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INVESTIGATION OF THE MECHANISM OF SELECTIVE
EXTRACTION OF IONS OF VARIOUS SALTS FROM WATER,
USING POLYAMIDE MEMBRANES

A.M. Azimov'", B.M. Smaiylov!, C.T. Aravindkumar?, Usha K. Aravind®

'M. Auezov South Kazakhstan University, Shymkent, Republic of Kazakhstan
2Mahatma Gandhi University, Kottayam, India
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Abstract. Introduction. The processes of membrane separation and concentration belong to the
category of critical technologies for obtaining and processing the structural and functional materials for
water desalination. The supply of softened water to the reverse osmosis devices practically does not solve
the problem of membrane contamination with salt ions. The material, of which the membrane is made, has
a high affinity for the solvent (mainly water), and a low affinity for the dissolved component. The selected
objects and the subject of research - the diffusion of water salts on the surface of polyamide (PA) - allow
us to count on a possibility of confident membrane separation of the components of the aqueous solutions.
The prospects and advantages of polyamides membranes are determined on the basis of the analysis of the
kinetics of membrane separation, the polyamides membrane is resistant to the studied salt solutions. The
purpose of this work is to study the features and regularities of the mechanism of selective extraction of
salt ions from water by polyamide membranes. The methods of water purification are of great importance
in the selective extraction of salt ions from water, using polyamide membranes. Methodology. Polyamides
have a high selectivity with respect to salts, but the flow of water through them is slightly lower. At the
pH range of polyamides of 2.0 — 10, they withstand processing temperatures up to 100°C without
significant changes in the porous structure, allow a multiple regeneration, and are resistant to most acids,
depending on the pH of the medium. Results. According to the results of the pilot tests in the extraction of
salt ions from water, using polyamide membranes, it has been found that in the pH range of 6-7, the joint
presence of the main charged forms of salt ions is assumed. To prevent precipitation of larger forms, it is
necessary to work with the solutions, diluted by ions in the presence of the background electrolytes.
Conclusion. Thus, based on the results, it follows that the values of the diffusion coefficients of salt ions
in the membranes with the pore radii from 5 to 8 nm at pH of 6.5-7.5 are generally comparable to salt
ions. The revealed features of the diffusion of salt ions in the PA membranes (the exponential dependence
of the diffusion coefficient on the pore radius of membranes, the pH value) and comparison of the
obtained data with the available salts, make it possible to determine the prospects and conditions for their
separation in the PA membranes.

Key words: diffusion, membranes, salt ions, polyamides, water purification
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1. Introduction

The processes of membrane separation and concentration belong to the
category of critical technologies for obtaining and processing the structural and
functional materials for water desalination. The supply of softened water to the
reverse osmosis devices practically does not solve the problem of contamination
of membranes with salt ions. The material, of which the membrane is made,
should have a high affinity for the solvent (mainly water) and a low affinity for
the dissolved component. The selected objects and the subject of the study - the
diffusion of water salts on the surface of polyamide (PA) - allow us to count on
the possibility of confident membrane separation of the components of the
aqueous solutions.

The prospects and advantages of the PA membranes are determined on the
basis of the analysis of the kinetics of membrane separation, the PA membrane is
resistant to the studied salt solutions [1-2]. The calculation of the selectivity
characteristics of membrane desalination, on the basis of the fundamental
physicochemical characteristics of the solution, permeate, is a difficult task due to
a large number of the influencing factors [3].

The purpose of this work is to study the features and regularities of the
mechanism of selective extraction of salt ions from water by polyamide
membranes. The methods of water purification are of great importance in the
selective extraction of salt ions from water, using polyamide membranes.

2. Experimental part

Polyamide has a high selectivity with respect to salts, but the flow of water
through them is slightly lower. At the pH range (cleaning pH) of 2.0 — 10 (1-12)
of PA, they withstand the processing temperatures up to 100° C without
significant changes in the porous structure, allow multiple regeneration, and are
resistant to most acids, depending on the pH of the medium. The PA membrane
has a sufficiently large thickness of up to 150 microns. Such thick membrane
films lead to a sharp decrease in the mass transfer rate. However, this effect is
compensated by an extremely high membrane surface per volume unit: the
specific surface area reaches 30,000 m?/m? [4,7-8].

It was found [1-3,10] that the diffusion mobility of ions in the PA
membranes is generally lower than in the free solutions, even in the region of
significant pore radii. A decrease in the pore size leads to a decrease in the
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diffusion coefficients, associated with the difficulty of moving ions in the wall
layers of the solution. At the same time, the difference in the properties of the
boundary layers from the properties of the bulk solutions is associated with the
structuring of water on the polymer surface [1-3,10,13-14]. The orienting action
of the polymer surface of the OH groups leads to the rearrangement and ordering
of the intermolecular hydrogen bond grid of the wall water, to the restriction of
the molecular mobility, to an increase in the viscosity of the boundary layers [12;
14], to a decrease in the solvent capacity and dielectric permittivity of water in the
small-radius pores [13].

Determination of the porosity or free volume of the membrane material is
one of the most important factors, determining the kinetics of the membrane
processes [3-5]. Thus, the determination of the internal diffusion coefficient in the
membrane directly depends on this characteristic [3, 12].

If we assume that the entire free volume of the polymer membrane is evenly
distributed over all the structural fragments, which make up the membrane
substance, we can introduce the concept of free volume per fragment (Figure 1).

bbb :

1- Polymer membrane, 2 - Water molecules
Figure 1- Location of the molecules of water on the membrane surface

There is hydrogen at the surface of the PA membranes, when in contact with
water, a hydrogen ion is formed:

H--H-0O-H
e

~0-H--H-O-H

(NH(CH»)sCO),

For the polymer membranes, whose macromolecules are constructed from
the alternating fragments with a certain mobility, the free volume can be defined
as the sum of the free volumes per each fragment of the structure:

z :ZNiVif’
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where Ni is the number of particles per volume unit.
The formula can also be written as [3]:

Vi =2 oVir.,
1

where @; is the volume fraction of the fragments of macromolecules, which

make up the membrane in its matrix.

The specific free volume, determined in this way per a structural fragment,
depends on the temperature, pressure and chemical nature of both the polymer
substance of the membrane itself and the nature of the substance diffusing in it.
When describing the effect of the molecular weight of the membrane substance
on the diffusion properties of the matrix, which determines the structure of the
membrane, the issues of the formation of the internal structure in the contact
zones of macromolecules on the inner and end sections of the polymer chains
should be separated.

It is known that there are two main ways of organizing macromolecules in
the polymer matrix of the membrane [3, 6-11]. In the first case, the ends of a
polymer chains are free, whereas in the second case, they are “stitched”.

Consider a case of free ends of the polymer chains in the matrix. As follows
from the statistical physics, in this case, the thermal motion of the free end
fragments of the polymer chains of the membrane matrix can be considered as
performing thermal motion in relative independence from the thermal motion of
the main part of the chains.

Suppose that the type of connection of the end fragments with the main part
of the chain can be defined as a hydrogen compound with salt ions (Figure 2).

Lo bbb

Fe’t

1-membranes, 2 - water molecules, 3- ion elements.

Figure 2 — The arrangement of the water molecules and ion elements
on the membrane surface
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3. Results and discussion

The efficiency of membrane filtration is determined by comparing the values
of the diffusion coefficients of the separated or extracted components of the
solutions [9-12]. After substances are dissolved in water, hydrate shells are
formed around their particles: ions, molecules, small associates, micelles (large
associates), i.e. all particles (with rare exceptions), being charged, tend to attract
and orient the dipole water molecules around them, i.e. distort or even destroy the
original structure of water.

The degree of manifestation of this tendency depends on the size of the
charge and the configuration of the particle. At the same time, a two-layer hydrate
shell appears around ions, polar molecules and micelles, consisting of a dense
layer of the oriented water molecules and a loose layer of the semi-oriented water
molecules. The dense layer of the hydrate shell can be considered to consist of
water clusters interconnected by hydrogen bonds, the structure of which is
specific depending on the nature of the hydrated particle. This layer is quite
strong, strictly ordered under the action of an electric field, and the water
molecules in this layer are “frozen”. In the process of electrolysis, it moves along
with the ion. An approximate calculation for the solutions with a relatively low
concentration (0.1-0.5M) provides the size of the secondary hydrate shell of 1.5-
2.0 nm (15-20 A), which is commensurate with the pore sizes of the semi-
permeable PA membranes.

The thickness of the layer is determined by the charge density of the ion
(particle), i.e. the ratio of the charge value of the ion (particle) to its diameter. The
average lifetime of water molecules in the hydrate shell depends on the nature of
the particle, the concentration of solutes and temperature. The boundary condition
for the occurrence of such a system (i.e., the concentration of the electrolyte in the
solution) is called the boundary of the complete hydration of the aqueous solution
(HAS). For different electrolytes, this concentration is in the range from 2.14 to
4.63 mol/l.

After pilot tests at 3-Energoortalyk JSC, the surfaces of the PA membranes
have been examined for the content and location of the element composition of
the concentrate on a scanning electron microscope (REM) (Figure 3).
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90 - membrane paper (general microanalysis)
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Figure 3 — The content and location of the elemental composition of the concentrate of the surface
of the PA membranes

When the salt cations and anions, contained in water, interact, the following
reactions occur:

1) Cations form hydroxides

Na*+2H,O — NaOH + H3;0%; Fe?* + 2H,0 — Fe(OH)*+ H;0*;
K*+2H,0 — KOH + H30*; Fe(OH)* + 2H,0 — Fe(OH), + HsO*;
Ca*" + 2H,0 — CaOH" + H30%; Fe3*+2H,0— Fe(OH)?" + H;0";
CaOH" + 2H,0 — Ca(OH),+H3;0*;  Fe(OH)?* + 2H,0— Fe(OH)," + H30*;
Ba?* + 2H,0 — Ba(OH)"+H:0"; Fe(OH),* + 2H,0 — Fe(OH)s; + HsO%;
Ba(OH)* + 2H,0O — Ba(OH),+H3z0*;  Cr3 + 2H,0 — Cr(OH) 2"+ H30%;
Mg?* + 2H,0 — MgOH*+H30%; Cr(OH)?* + 2H,0 — Cr(OH) 2" + H30%;
MgOH* + 2H,0 — Mg(OH), + Cr(OH);* + 2H,0—Cr(OH) s + H3O".
H30+;

2) Anions form acids
Cl'+ H,O — HCI + OH; NOs + H,O — H NOs+ OH";
COs?+ H,0 — HCO3 + OH; S04* + H,0 — HSOs + OH;
HCOs; + H,O — H,COs+ OH, HSOs + H,O — H,SO4+ OH'.

It is almost impossible to unambiguously establish the form of the existence
of particles and their quantitative correlation in the aqueous solutions [5]. In the

10
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pH range of 6-7, the joint presence of the main charged forms of salt ions is
assumed. To prevent the precipitation of larger forms, it is necessary to work with
the ion-dilute solutions in the presence of the background electrolytes, which,
unfortunately, does not meet the conditions of the membrane filtration
experiments which we have accepted. In this regard, we have limited ourselves to
studying the diffusion of the aqueous solutions of salt ion with pH = 6-7, counting
on the manifestation of partial (caused by an increase in pH) ion di/trimerization
in the mass transfer parameters, which should be accompanied by a decrease in
the measured diffusion coefficient.

4. Conclusion

Thus, based on the results of the study of diffusion in membranes, it is
possible to consider a possibility of structural transitions in the transported
systems.

In this work, the difficulties, connected with the qualitative description and
guantitative definition of the parameters of diffusion transport of the solutions of
salt ions in the polymer membranes, were solved, taking into account the pore
sizes of membranes and the pH of the solutions.

It should be noted, however, that the values of the diffusion coefficients of
salt ions in the membranes with the pore radii from 5 to 8 nm at pH = 6.5-7.5 are
generally comparable to salt ions. The revealed features of the diffusion of salt
ions in the PA membranes (exponential dependence of the diffusion coefficient on
the membrane pore radius, pH value) and comparison of the data, obtained with
the available salts, allow us to determine the prospects and conditions for their
separation in the PA membranes.
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MNOJIMAMUATI MEMBPAHAJIAPIBI KOJIJAHA OTBIPBIII, CYJAH OPTYPJI
TY3JAPABIH HOHAAPBIH CEJIEKTUBTI AJ1Y MEXAHU3MIH 3EPTTEY
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Tyiiinaeme. Kipicne. MeMOpaHaiblK Geily >oHE KOHLEHTPALMSUIBIK YPHICTEp CYAbl TYIIBLIAHABIPYFa
apHaJFaH KYPBUIBIMIBIK >KoHE (YHKLIHOHAABIK MaTepualgaplbl OHAIpY MEH OHICYAiH MaHbI3/bI
TEXHOJIOTUSTAPBIHBIH CaHATHIHA >kaTafpl. Kepi ocMoc KYphUIFbIIAphIHA JKYMCAPTBUIFAH CyIbl Oepy Ty3
HOHIApBIMEH MeMOpaHaHBIH JIACTaHY MOCeNeCiH ic kys3iHme mremmeini. MemOpaHa sxacanraH
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MaTepHaN/bIH epiTKiliKe (HEri3iHeH Cy) »OFapbl )KaKbIHIBIFb JKOHE €pPIreH KOMIIOHEHTKE >KAKbIHIBIFbI
TemeH. Tawmanran oObekTinep MeH 3eprrey mnoni — mnonuamun (I1B) Oerinmeri cy Ty3aapbIHBIH
UG dy3usichl — Cyibl epiTiHALIEPAIH KOMIOHEHTTEPIH CeHIM/I MeMOpaHaIbIK 0671y MYMKIH/IITiHE CEHYTe
MyMKiHAiK Oepemi. [TommaMunari memOpaHamapiplH OosaliaFrbl MEH apThIKIIBUIBIKTAPhl MEMOpaHaHbIH
OesiHy KWHETHKAChIH Tajjay Heri3iHge aHbIKTalajabl, [OJHAMHUI MeMOpaHachl 3epTTEeNeTiH TY3
epitinginepine Te3imuinikke ue. Maxcamui. Byl *KyMBICTBIH MakcaThl — IMOJHAMUATI MeMOpaHaiap
apKbUIBI CyJaH Ty3 MOHJAPHIH IpIKTEN aly MEXaHH3MIHiH epeKIIENiKTepi MEH 3aHIbUIBIKTaphIH
3eprrey.Jlommamuari MemOpaHamap apKbUIBl CydaH Ty3 HOHAApbIH TaHJal alyfa CyIbl Ta3apTy
opicTepiHiH MaHBI3BI 30p. Memodonozuscer.IlonnamMunTep Ty3apra eTe CEIeKTUBTI, OipaK oiap apKbLIbL
OTCTIH Cy arbIHBI a3fan TeMeH Oonansl. 2—10 pH nuana3oHbIHZA MONMAMUITEP KEYEKTi KYpBUIBIMBIHZA
ajfrapibikrail esrepiccis 100°C-ka neifiHri eHzey TeMIiepaTypachlHa TeTel Oepe amajsl, OipHeme per
pereHepanusira MyMKIHIIK Oepesi skoHe opTaHbiH pH MoHIHE OaiilaHbBICThI KbIIIKBUIAAP/IbIH KOMIITIriHe
te3imai. Homuowceci.Ilonnamunri MemOpaHajapasl KOJNJaHy apKbUIbl CyIaH Ty3 HOHIAPBIH anyaa
TOXKIpHOETIK ChIHAKTAPBIH HOTIKenepl OoiibiHiia pH = 6-7 aliMarbiHIa Ty3 HOHAAPBIHBIH HETi3ri
3apsinTanFraH  (opMmanapbiHbIH  OipjeckeH Ooiybl aHBIKTaNAbl. YJKEeH (opMmaiapiaslH TyHOAChIH
OonapipMay VIIiH (OHIBIK SICKTPOIUTTEP/IH KATHICYBIMCH HMOHIAPMEH CYHBUITBUIFAH epITiHILIEpMEH
KYMBIC icTey Kepek. Kopuimeinoul.Ocbllaiiilia, HOTHXKeNepre cyiiene orsipbin, pH = 6,5-7,5 kesinge
KeyeK paauycTapbl 5-TeH 8 HM-Te JediHri MemOpaHanapiarbl Ty3 MOHAApPBIHBIH AU(QY3UIIBIK
KO3pULMEHTTEpIHIH  MOHJEpI o[eTTe Ty3 MOHAApbl YLIIH caibicThipMansl  Oomazxsl.  ITA
MeMOpaHaJapbIHAAFEl Ty3 MOHIAPBIHBIH IU(QY3UACHHBIH aHBIKTANFaH epekmenikrepi (qupdysus
k03 UIMEHTIHIH MeMOpaHalapablH KEeyeKTi paauycbiHa, pH MoHIHE SKCIIOHEHIMANIBI TOYEJIUIIr)
XKOHE AJIBIHFAaH MOJIIMETTEpAI YCTAIBIHFAH TY3JapMEH CalbICTBIPY OapbichiHma ITA memOpaHamapblHIa
Oosarrakrarsl THIMALTIT MEH OHBI KOJIIAHY JKarAaiiap/Ipl aHbIKTayFa 30p MYMKIH/IIK Oepei.
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HUCCIIEJOBAHHUE MEXAHU3MA CEJIEKTUBHOI'O HU3BJIEYEHUA HOHOB
PA3JIMYHBIX COJIEHM U3 BOJIbI C UCTTIOJIb30OBAHUEM MMOJUAMUJIHBIX MEMBPAH
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Pesiome. Bseoenue. Ilpouecchl MeMOpaHHOrO pas3feieHys U KOHLUEHTPUPOBAHMS OTHOCATCS K paspsmy
KPUTHYECKUX TE€XHOJIOTHH MONydeHHs: U 00pabOTKH KOHCTPYKIIMOHHBIX M (DYHKIIMOHAIBHBIX MaTepUaioB
Juist obecconuBanus BoJbl. [Tonaua Ha 0OPaTHOOCMOTHYECKHE anapaThl yMIT4€HHOH BOJBI IIPAKTHYECKH
He peraeT npoOiieMy 3arpsi3HeHUs MeMOpaH MOHaMM coyiell. Marepuaj, M3 KOTOPOIrO M3rOTOBJICHA
MeMOpaHa MMEET BBICOKOE CPOJICTBO K PACTBOPHTEINIO (IJIaBHBIM 00pa3soM K BOJE) M HU3KOE CPOJICTBO K
PacTBOPEHHOMY KOMIIOHEHTY. BEIOpaHHBIC 0OBEKTHI U IIpeAMeT HcceqoBaHus - 1uddy3us comeil Boasl
Ha moBepxHocTH  monuamupa (ITA) - HO3BOIAIOT paccUMTHIBATE Ha BO3MOXKHOCTH YBEPEHHOTO
MEMOPAaHHOTO pa3/iefieHHss KOMIIOHEHTOB BOJHBIX pPacTBOPOB. IlepcrmekTuBbl M NpenMylIecTBa
HONMAMUJHBIX MEMOpaH OIpPENeIIOTCS Ha OCHOBE aHAIM3a KUHETUKM MEMOpPaHHOTO pa3feleHH,
MeMOpaHa U3 HOJIMaMHIa MMEeT YCTOMYHBOCTh K MCCIEIYEMBIM COJIEBBIM pacTBOpaM. Llerbio NaHHOM
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paboTHI SABISCTCSA U3y4EHHE OCOOCHHOCTEIl M 3aKOHOMEPHOCTEH MEXaHHW3Ma CEICKTHBHOTO U3BIICUCHUS
HOHOB COJIeH U3 BOABI MMOJHAMHUIHBIME MeMOpaHaMu. Bolblioe 3HaueHHe UMEIOT METOIbI OUYUCTKH BOJIBI
IPU  CEJICKTHBHOM H3BJICYCHHHM HOHOB COJICH W3 BOJBI C IOMOIIBIO IOJHAMHIHBIX MEMOpaH.
Memooonozus. TlomuaMuns! 001aJal0T BBICOKOW CEIEKTHBHOCTBIO II0 OTHOLICHUIO K COJIIM, HO IIOTOK
BOJbI uepe3 HUX HeMmHoro Hike. [Ipu nuanazone pH 2-10 momuamuzabl BBIAEPKUBAIOT TEMIEPATypy
o06padotku 10 100°C 6Ge3 CyIIecTBEHHOr0 M3MEHEHUs TOPUCTOI CTPYKTYPBI, JOMYCKAIOT MHOTOKPATHYIO
pereHepanuo, yCTOHYMBBI K JEUCTBHIO OOJBIIMHCTBA KUCIOT B 3aBUcuMocTH OT pH cpeabl. MemOpana u3
ITA umerot nocTaTo4HO 0OMbBIIYI0 TOMIMHY A0 150 MkM. CTONb TOJNCTHIC MJICHKH MEeMOpaH MPUBOISAT K
PE3KOMY CHIDKEHHMIO CKOPOCTH MaccorepeHoca. OgHako 3TOT d(GQEeKT KOMIIEHCUPYETCs 4pe3BbIYaiiHO
BBICOKOHM MOBEPXHOCTHIO MEMOpaHbI B pacueTe Ha €AMHUIYY 00beMa: y/esbHasi OBEPXHOCTh JIOCTUTAeT
30000 m%/m3. Pesynomamst. Tlo pesyabTaTaM ONBITHO-IIPOMBIIUIEHHBIX HCTIBITAHME NPU H3BIECUEHUH
HOHOB COJICH U3 BOJIBI C MCIIOJIb30BAHHEM MOJIHAMUIHBIX MEMOpaH YCTaHOBJICHO, 4TO B oOnactu pH = 6-7
HPEJNONIaraeTcss COBMECTHOE IPHUCYTCTBHE OCHOBHBIX 3apsDKCHHBIX (opM HMOHOB coueil. [
HPEIOTBPAILCHYS BBIIAJCHNS B 0CaJOK Oosice KPyHHBIX (OpM HEOOXOMMMO paboTaTh ¢ Pa3baBICHHBIMU
[0 MOHAaM DPAcTBOPaMH B IPUCYTCTBHM (POHOBBEIX DIEKTPOIUTOB. 3akniouenue. TakuMm oOpa3oM, Ha
OCHOBaHHUH PE3yJIbTATOB CJICIYET, YTO 3HAUCHHs Kod(duImenToB nuddy3un HOHOB coleil B MeMOpaHax ¢
paauycamu op ot 5 1o 8 um npu pH =6,5-7,5 B 1esomM cousmepumsl Ui HOHOB couieil. BoisBieHHbIC
ocobennoctr auddysun uoHoB coneid B I[IA  MemOpaHax (3KCIOHEHIMAJbHAs 3aBHCHMOCTH
ko3 dunmenta muddy3un ot paguyca mop mMemOpaH, BenmuuuHa pH) M comocraBieHHe MOTYYEHHBIX
JIAaHHBIX C UMEIOLIUMHUCS COJIeH, MO3BOJIAIOT ONPEIENUTh NePCIEKTHBEI M YCIIOBUS UX paszaenenus B [1A-
MeMOpaHax.
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A3umoe A6dyzanu Mymanosuu PhD ooxmop
Cmaiinos Baxeim Mamkapumynot PhD odokmop
Aravindkumar C. T. PhD odokmop
Aravind Usha K. PhD odokmop
References

1. Elorm Obotey Ezugbe, Sudesh Rathilal. Membrane Technologies in Wastewater Treatment.
Membranes. 2020 May; 10(5): 89. https://doi.org/10.3390/membranes10050089

2. Abdullayev K.M., Agamaliyev M.M., Dadasheva O.0O. On the prospects of preparing additional
water for boilers and heating systems of thermal power plants from mineralized waters using reverse
osmosis //Energy problems.- 2002, No. 4. pp. 40-47.

3. Dytnersky Yu.l. Baromembrane processes, M., Chemistry, 1986, 272 p.

4. Akuzhayeva G. S., Chaika S. V., Gavronskaya Yu. Yu., Pak V./Comparative characteristics of
the diffusion mobility of aqueous solutions of calcium salts in porous glass membranes // J11X. 2013. Vol.
86. No.5. DOI: https://doi.org/10.1134/S1070427213050010

5. Nagai, K. Fundamentals and perspectives of pervaporation. In Integrated Membrane Science and
Engineering; Elsevier Inc.: Amsterdam, the Netherlands 2010. https://doi.org/10.1016/B978-0-08-093250-
7.00040-2

6. Vinogradov A. P. Analytical chemistry of uranium. M.: Publishing House of the USSR Academy
of Sciences. 1962. 432 p.

7. Katz D, Siborg., Morse L. Chemistry of actinoids. M.: Mir, 1999. vol. 3. 647 p.

8. Deryagin B.V., Karassev, V.V., Khromova E.N. Thermal expansion of water in thin pores //
Colloidal journal. 1986. vol. 48. No. 4. pp. 671-672. https://doi.org/10.1016/0079-6816(92)90067-P

9. Mazurin O. V., Roskova G. P., Averyanov V. P. Antropova T. V. Two-phase glasses: structure,
properties, application. L.: Nauka, 1991. p.276.

10. Antara Mazumder, Breanna M. Dobyns, Michael P. Howard and Bryan S. Beckingham.
Theoretical and Experimental Considerations for Investigating Multicomponent Diffusion in Hydrated,

13


https://doi.org/10.3390/membranes10050089
https://doi.org/10.1134/S1070427213050010
https://doi.org/10.1016/B978-0-08-093250-7.00040-2
https://doi.org/10.1016/B978-0-08-093250-7.00040-2
https://doi.org/10.1016/0079-6816(92)90067-Р

KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Dense Polymer Membranes. Membranes. 2022, 12 (10), 942;
https://doi.org/10.3390/membranes12100942

11. Churayev N. V. Physicochemistry of mass transfer processes in porous media. M.: Chemistry,
1990. 272 p.

12. Yukhnovskiy I. R., Kurylyak I. I. Electrolytes. Kiev: Naukova Dumka, 1988. p.166.

13. Deryaguin V. V., Churayev N. V. Structure of water in thin layers // Langmuir. 1997. v. 3. No.5,
pp. 607-613. https://doi.org/10.1021/1a970428k

14. Pak V.N., Nepomnyashchiy A. B., Stromova E. S. Diffusion transport of aqueous solutions of
alkali metal chlorides in porous glass membranes // Physical-chemical journal. 2007. vol. 81. No. 3. pp.
475-478. DOI: https://doi.org/10.1134/S0036024407030326

15. Apel P.Yu., Kolikov V.M., Kuznetsov V.I., Mchledishvili B.V., Potokin I.L., Samoilova L.I.
Porous structure, selectivity and performance of nuclear filters with an ultrathin selective layer // Colloidal
journal. 2012. DOI: https://doi.org/10.1134/S1061933X12040102

14


https://doi.org/10.3390/membranes12100942
https://doi.org/10.1021/la970428k
https://doi.org/10.1134/S0036024407030326
https://doi.org/10.1134/S1061933X12040102

ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

Chemical Journal of Kazakhstan
Volume 4, Number 80(2022), 15-25 https://doi.org/10.51580/2022-3/2710-1185.90

YK 544.77

PHYSICO-CHEMICAL STUDY OF THE ADSORPTION PROPERTIES
OF NATURAL MINERALS FOR THE SORPTION TREATMENT
OF WASTEWATERS

M.G. Murzagaliyeva®, N.S. Ashimkhan'*, A.K. Tanybayeva 2, A.A. Rysmagambetova?

Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: nazgul.ashimkhan@mail.ru

Abstract. Introduction. Due to the large number of the production facilities, the problems of
industrial water cleaning and waste processing often arise. Due to a decrease in the environmental
conditions, there is a need to tighten the requirements for the disposal of the industrial wastewaters and
wastes. Besides, there are requirements for creating effective methods in the field of industrial wastewater
treatment. The main goal of the research work is to study the chemical composition and structure of the
natural adsorbents for sorption purification of the industrial wastewaters from toxic metal ions, as well as
the adsorption properties. The method DRON-4-7, Co-anode, 25kV, 25mA, 26-5-800C of X-ray phase
analysis method has been used. The X-ray phase analysis has been used as a research method. Bentonite
montmorillonite (the Sredniy Tentek deposit), red bentonite (the Mukry deposit), zeolite (the Maytobe
deposit) and diatomite (the Ile deposit), produced in the Almaty region, have been taken as the research
objects. As a result of the research, it has been found that the main composition of the diatomite mineral
consists of silicon oxide of various forms, the composition of the zeolite mineral Laumontite is
CasAlgSiis04s- 14H20 (51.3%), and the composition of bentonites includes beidellite - montmorillonite. It
has been determined that the adsorption property of diatomite and zeolite is due to their high porosity, and
for bentonites, the penetration of various ions into the interpacket space between the layers of minerals.
The conclusion of the study is that natural minerals of the Almaty region, bentonite, montmorillonite (the
Sredniy Tentek field), red bentonite (the Mukry field), zeolite (the Maitobe field) and diatomite (the Ile
field) have high sorption properties, that is, sorption treatment of industrial wastewaters. These natural
minerals have been used during the sorption treatment of the wastewaters of the “Kaynar-AKB”
production.

Key words: waste water, natural adsobrbent, X-ray analysis,sorption purification, natural minerals
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KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

AFBIH/JBI CYJIAPAbI COPBLUUSAJBIK TA3APTY YIUNIH TABUFU MHUHEPAJIJJAPIBIH
AJJICOPBIUAJIBIK KACHETIH ®U3UKA-XUMHUAJIBIK 3EPTTEY

M.T. Mypzazanueea®, H.C. Amumxan*, A.K. T anvibaesa®, A.A. Poicmazambemosa®

1C 1. Acgpenouspos amvinoazor Kazax ynmmolx meouyunanvix yuueepcumemi, Anmamul, Kazaxcman
2on - @apabu ameinoazwl Kazax ynmmuix ynueepcumemi, Anmamot, Kazaxcman
e-mail: nazgul.ashimkhan@mail.ru

Tyiiinaeme. Kipicne. OHAipiC OpbIHAAPBIHBIH KONTEN allbUTyblHA OaMJIAHBICTBI OHIIPICTIK  CyIapbl
Tazanay JKOHE KAJIBIKTapibl KalTa ©HJey Typajbl Mocelenep Wi TybIHIaWAbl. DKOJIOTMSUIIBIK
JKaFIainapAblH TOMEH/CyiHe OaillaHbICThl, OHAIPICTIK aFbIHABI CyJNap MEH KaJJIbIKTapAbl TacTay
TaJIANTapblH KATaHAATy KAKETTirl TybIHIANAbl. OHIIPICTIH KaHChIChl OOJIMACBIH aFbIHIBI Cyllap MEH
KaJIIBIKChI3 JKYMBIC JKacamaiipl. OHIIpICTI jxo0anmay Ke3iHIe aFbIHABI CyNap/blH TY3LIyiH, ONapsl
apKapail Tazaiay JXoHE KalTa eHJey TIlTi KapacThIpbLIMaraH. OHAIPICTIK aFbIHIBI CYJIap/bl Kapamnainbm
TOCIIMEH, SFHU JKaKblH KaObuiiay OeiiMiHE Hemece Cy KyHMachlHa arbl3aThlH. AFBIHABI CYJIapbl OCHI
TOCUIMEH arbI3y KaHLIANBIKTBI 3USIH €KeHiH eckepinmereH. Kasipri yakpITTa eHJIIpICTIK CApKbIH Cy/lapabl
arpI3y Tocimepi e3repreH. COHBIMEH KaTap, ©HAIPICTIK aFbIHABI CyJaapjbl Tazanay caiachl OOWBIHINA
TUIMII TOCUIepAl jkacay TajanTapbl KapacThIPbUIFAH. 3epmmey JHCYMbICbIHbIY He2i32l Makcamol -
OHJIPICTIK aFbIHABI CyJapJAbl YBITTBI METal WOHAAPbIHAH COPOLMSUIBIK TaszapTy YIIiH, TaOufn
afcOpOEHTTEPIIH XUMMSUIBIK KypaMbl MEH KYpPbUIBIMBIH, aJCOPOLMSUIBIK KAaCHETIH 3epTTey OOJblI
Tabbutazel.  3epmmey 20ici JJPOH-4-7, Co-anon, 25kV, 25mA, 26-5-800C pentrenaik ¢azanbik tangay
oMici KOJIAHBUIABL 3epmmey HvicanOapbl PETiHAE AJMaThl OOJIBICBIHAH IIBIFAPBUIATHIH, OCHTOHHT
MoHTMOpHILIOHUT (Cpenuuit TeHTek KeH OpHbI), KbI3bl1 OeHTOHUT (MyYKpbI KEH OpHbI), LeoauT (Maiitobe
KEH OpHBI) koHe nuatoMuT (Ine keH OpHBI) aNbIHABL. 3epmmey Homudicecinoe TUATOMUT MHHEPAJIbIHBIH
HEri3ri Kypambl, (opMachl opTYpii KPEeMHHUIl OKCHIIHEH TYpaThIHbI, LUOJUT MHHepanbl Laumontite
kypambl CasAlsSiieOss-14H20 (51,3%) exeHi, GEHTOHUTTEp KypaMbIHAa OCHIEIUIMT - MOHTMOPHIUIOHHT
OOJNaTHIHBI AHBIKTAIIBL. J[MAaTOMHUT TIEH LUOJUTTIH aACOPOLMSUIBIK KAacHETi ONapAblH KEYEeKTLIIriHIH
JKOFapbl 0ONTybIHA, OCHTOHHUTTEp YIIiH MUHEPAIapAbIH KabaTTapsl apachlHAAFbl MAKETAPaIbIK KeHICTIKKE
OPTYpIIi MOHJAP/BIH €HE ajyblHa OailJIaHBICTBI €KEeHI aHBIKTAIIBL 3epmmey KOpblmblHObICHL - AJMAThI
OOJIBICBIHAH IIBIKKAH TAOUFU MUHEpaiapiblH OEHTOHUT MOHTMOPWLIOHUT (Cpennuii TeHTek KeH OpHbI),
KbI3bUT OeHTOHUT (MyKpbI KeH OpHBI), neonut (MaiTobe keH opHbI) koHe auatoMuT (lie keH OpHBI),
COpOIMSITBIK KACUETI JKOFaphl, SFHU OH/IPICTIK aFbIH/IbI CyIapbl COPOIMSIBIK Ta3auay YIIiH KOJIAaHyFa
OonaThlHBI aHBIKTAIABL. by Taburn munepannapiast «Kaiinap-AKB» eHAipiCiHiH aFbIHIBI CyJIapbIH
COpOLMSIIBIK Ta3apTy Ke3iHJe KOJIJaHIbl.

Tyiiinai ce3nep: arbiH/IBI Cynap, TaOUFU aACOPOSHT, PEHTICHAIK (a3aibIK Taaaay, COPOIMSIBIK Ta3apTy,
TaOWFH MUHEpaJAap

Mpypsazanueea Manuwiyk I'unaamoesna Xumus 26116IMOAPLIHBIY KAHOUOANbL
Awumxan Hazzyny Ceunxankoizol Xumusi ebLIbIMOAPLIHBIY KAHOUOAMbL
Tanwioaesa Aunyp Kaoopacynosna Xumusi ebLIbIMOAPLIHBIY KAHOUOAMbL
Pvicmazambemosa Aiina Axanogna PhD

1. Kipicme

AnaM JleHcaynbIFbIHA ocep eTeTiH (aKTOpJiapAblH IMIiHIE KOpIIaraH
opTaHblH (haKTOpJIaphl MaHbI3bI POJIb aTKapaabl. AJaMHBIH OHIIPICTErl dpeKeTi
Cy KOWMAaJapblHBIH YBITTHl 3aTTapMEH, SFHH METall HOHAAapbIMEH, MYHal
OHIMJICPIMEH, YJIbl CHHTETHKAJIBIK 3aTTapMEH JIaCTaHybIHA oKeyai [1].

Cynapl Ta3apTyablH OapiblK apHaibl 9MICTEPIHIH IMIIHAE aICOPOLMSIIBIK
olicTep €H KapamaiibiM, ap3aHbIpaK, KOJDKETIMJIL KOHE THIMIi OOMNBIT TaObLIaIbI

[2].
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Taburm mMuHepanasl COpOSHTTEPAl aACOPOIMSIIBIK MPOIECKe, SFHHU CYIBI
TazapTy MPOIECTEPIHIEC KOJJIAHY, OJapJAblH KYHBI ap3aH »OHE COPOIUSIIBIK
CBHIABIMABUIBIFBIHBIH JKOFapbl 00NybIHA OalnaHbICTHI OOJbIN TaObuianel. TaOuru
MUHEpaIAapAarsl copOuus mporecTepi Typaisl OachUTBIMIAPABl MIONY, Oy
MPOLIECTEPAIH a3 3epTTENTeHIH JKOHE OYJI cajaHbIH erKed-TerKelil 3epTreyai
KaxeT eTeTiHiH kepceTTi. COHBIMEH Karap, CyAbl Ta3apTyAblH KJIACCHKAJIBIK
TEXHOJIOTHSIAPBIH y3aK yaKbIT Ooibl maipaiaHy, TUIpocepaHblH OAaH Ia
JKOFaphl JlacTaHyblHA OKENJ, OYJI aFblHAbl CyJNaplbl Ta3apTyla IKaHa
CTpaTerusiap MeH TEXHOJIOTHsIIap bl KaXKeT eTeTiH kepcetedi [3].

3epTTey KYMBICHIHBIH HETI3ri MakKcaThbl - OTaHABIK TaOWFU MUHEpaIapablH
OHJIIPICTIK aFBIHIIBI CYJIApAbl Ta3apTyFa KOJNJaHy YIIiH, XUMHUSIIBIK KYpaMbl MEH
KYPBUIBIMBIH, aICOPOIHSUTBIK KACHETIH aHBIKTAY OOJIBIIT TaObLIAIbI.

OHipicTik aFblHABI CyJapAbl Ta3apTydbl 3epTrey OoibIHIIA TaOuFu
azcopOeHTTep pEeTiHAe OTaHABIK MHUHEpalgap - OCHTOHHT MOHTMOPHJUIOHHT
(Cpenuuit TeHTek KeH OpHBI), KbI3bUT OeHTOHUT (MyKpBI KE€H OpPHBI), IIEOJIUAT
(MaiiTobOe xeH opHBI) xkoHe AMaTOMUT (I1e KeH OpHBI) abIHABL.

3epTTeniHil OTHIPFaH HBICAHJAPABIH XUMHSJIBIK KYpaMbl MEH KYPBUIBIMBIH,
aACOpOIMSIIBIK KACHETIH aHBIKTay YIIIH pPEeHTreHIiK ¢asaiblK Tanmgay ofici
xacanpl. Pentrennik daszanbik tanaay ogici JIPOH-4-7, Co-anon, 25V, 25mA,
20-5-800C kypanbiHIa 3epTTEIII.

3epTTey HOTHXKECIHJIE AMATOMUT MHUHEPAJBIHBIH HETi3ri Kypambl, (GOopMachl
OpPTYPJIi KPEMHHI OKCHIIHEH TYPAThIHBI, I[HOJIUT MUHepalibl Laumontite Kypambl
CasAlgSii0as- 14H,0 (51,3%) exeni, OEHTOHWTTEp KypaMblHaa OedmesiuT -
MOHTMOPHWJUIOHUT  OONATBIHBI  aHBIKTAaNAbl. JIHATOMUT T€H  IHOJUTTIH
aJCOPOIUSITBIK KACHET] OJapAblH KEYEeKTUIIT1HIH )KOFaphl O0IybIHA, OSHTOHUTTEP
YIIiH MUHEpaIAapIblH KabaTTapbl apachlHIAFbl TAKeTapalblK KeHICTIKKE dpTypIi
WOHJIAp/IbIH €HE aTybIHa OalIaHBICThI €KEHI aHBIKTANIBl. 3€PTTEY KOPBITHIHBICHI
peTiHae AnMatbl OOJBICHIHAH NIBIKKAH TaOWFM MHHEPANIAp/blH OCHTOHUT
MoHTMOPHLUTOHUT (Cpenuuii TeHTek KeH OpHbI), KbI3bl1 OeHTOHUT (MyKpbl KeH
opHbl), 1eomutr (Mailitobe keH opHbI) jxoHe auatoMuT (Ime KeH OpHBI),
COpPOIMSITBIK, KACHETi JKOFaphl, SIFHU OHIIPICTIK aFbIHIBI CyNapIbl COPOIUSITBIK
Tazanay YIOiH KoJiaHyra OoJjaThIHBI aHBIKTAIABL. Kasipri 3epTrey MKyYMBICHI
TaOMFY MHHEPAIIAPAbl OHIIPICTIK aFbIHIBI CYJIap/Ibl TA3apTy MPOIECIHE YTHIMJIbI
KOJIJIAHBIII, j)x00ajiayFa KOMEKTeCyi MYMKiH.

2. HoTm:keJsiep :KoHe 0JIapabl TaJaay

3epTTey JKYMBICBIHBIH HETi3r MakcaTbhl - OHJIIPICTIK aFbIHIBI CYJIapibl
YBITTBI METaJI HOHJAPbIHAH COPOLMSIIBIK Ta3apTy YIIiH, TaOUFH afcOpOeHTTEPAIH
XMMUSUIBIK KYPaMbl MEH KYPBUIBIMBIH, aACOPOLMSIIBIK KACHUETIH 3epTTey OOJIBII
TaObLIaabl. TaOuFu aacopOeHT peTiHJe OCHTOHUTTEP, TUATOMHUT YKOHE ICOJIUT
anpiHapl.  Ocbl  MUHEpaizapAblH — OapyibIFbl  KYpbUIBIMBI MEH KacHETiHe
0alIaHBICTBl JKaKChl afgcopOeHTTep Oonbin Keieni [4-6]. AyimaTel 0oOJBICHIHIAA
IIBIFATEIH OCHTOHUT MOHTMOPWILIOHUT (Cpemumii TeHTeK KEH OpHBI), KBI3BLIT
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6entoHut (Mykpbl KeH opHbl), neonuT (Maiitobe KeH OpHBI) KOHE TUATOMHUT
aIcopOeHTTEp pPeTiHAe KOJIAaHbIIIBL.

AyBIp MeTaJ HOHAApbIHAH aFbIHIBI CyJapAbl Ta3ajay OOWBIHIIA 3epTTey
KYPri3y YIIiH alfbIMEH aJCOpOCHTTEPIiH XUMUSIBIK KYpPaMbl MEH KYPBUIBIMBIH
aHBIKTAy KaKeT. 3epTTeNliHil OTBIpFaH MHHEpaNJapAblH calajblK KOHE
JKapThUTall CaHABIK KYpaMbIH aHBIKTAy VIIOiH, PEHTreHIIK (asaiblK Tanmgay
’KaCaIIBIH/IBI.

1 cyperte nuaromutTiH ( liie KeH OpHBI) PEHTIeHOTPaMMAaChl KOPCETUITEH.
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i . ©
7 D] - 199]
| o Ollp o o) N ™
o~ Sl © < O N~ - [02]
— . M| © o N ™M 0 i
i b oMo I — ol ™ ©
L) (1A 1 o NN — —
7 Olo| © I Il Il
_ elne] © ©
0 \\\\\‘:\\\\!\\\\‘\\\\r\\!\f"\\}\\\’\\\\‘r’\!\"\\?\\\’\
15 20 30 40 50

2 THETA degrees
N 1 diatomite
ESiOZ-Cristobalite
ESiOZ—Quartz

Cyper 1- [lnaromurTin (I keH OpHBI) PEHTIeHOrPaMMachl

PenTreHorpaMmagaH ajiblHFAH 3€PTTEY HOTKIKENEPIH KOJJIAHBIN, OCHI
MUHEpaIIapAbIH KapThUTal CaHIBIK Tanaaysl skacanasl (1 kecte).

Kecre 1- /lTuatomutrtin (I1ie keH OpHBI) jkapThUIail CaHABIK TaNaay HOTHXENIepi

Formula %
SiO»-Cristobalite 95.7
Si02-Quartz 4.3

3epTTeniHill OTBIPFAH JUATOMUTTIH HEri3ri Kypambsl ¢opMacel SpTypii
KPEMHHH  OKCHJIIHEH  TYpPaThIHbl  aHBIKTAIIbl.  KpuctoOamut  Korapsl
TeMIieparypaza TypiaeHred kBapi SiO; Oomsin keneni. Kpucrodamur cheponut
HEeMece BHMHOTpaguH (pasmepsl 1 MM map Topi3ami) TypiHme oOcuanaHaa

18



ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

(ByNmKaHABIK IIBIHBI), COHBIMEH Kartap 0OocC KybIcTapma OoJajbl. Keiine
KPUCTOOAIUT  KPHUCTANAAPBIHAA,  KAIBIITHI  OKTAdIpJIEpAiH  TYHIPIIIKTI
IIOFBIPJIAPBIHIA ©CKCH TPUIUMUT TUTACTHHAIAPBIMEH, CUPEK KYpAeii Oayl YsuIbl
KYPBUIBIM TYPIiHJIE, TICEBIOKYOTHIK KpHcTaIIap (CepanblK MIIiHIlI KpHCTaIaap),
MaccHuBTIK (opmama Ooyramel. OMETTE OHBIH TYCI aKTaH CApFBINI YKOHE aIllbIK
KOHBIpFa Jieliin Oomansl. OHBIH KATTHUIBIFBI JKOFaphl (6-7), MEHIIIKTI CaJMaFbl
2,32-2,36 r/cm® TeH.

Ocbunaiilia, MeXaHUKAIBIK KATTBUIBIFBI JKOFAaphl, XKOFaphl TeMIleparypara
TO3IMIUNIT, COHIAH-aK UATOMUTTIH arpecCHBTI OpTara TYPAKThUIBIFBI OHBIH
KypamblHa OailJIaHBICTBI €KEHI aHBIKTAABL. JIMaTOMHUTTIH  aicopOIUsIIBIK
KacHeTTepi HeTi3iHeH OHBIH KEeYEeKTUTIriHIH >KOFapbl O00IyblHA OalIaHBICTHI €KEHi
AHBIKTAJIIBI.

Pentrenorpammana (2-cypeT) koHe 2-KeCTele IICONMTTIH HETi3ri Kypambl
(Maiite0Oe KeH OpHBI) KOPCETIITEH.

.
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2 THETA degrees
N 2 ceolite (Na,Ca)AI(Si,AI)308 CaCo3
@ Ca4A185i16048-14H20- EN(CaO-(Mg,Fe)O-ZSiOZ) M re03
@Ca(Si?AIZ)OlB-GHZO- LI Mg3Si4010(0OH)2-Vermi

Cyper 2- I{eonutTiH penTreHorpammacel (Maiite0e KeH OpHbI)

PenTrentreHorpaMmma TayJlayblHAH JKOHE KECTEACH KOpiHIN TypraH[ai,
LIEOJIUT O31HJIK CHUIaTTaMaliapbl MEH Kypambl 0ap, TaOUFM MUHEpaIap.IbiH
KYpJeli Kocrachkl OobIn TaObuiagbl. MBICANBI, JIOMOHTUT - CYIIbI KallbIWA
QTFOMOCWJIMKATHl HETi3iHAeri [eonuTTep TOObIHA jkarajsl. MoocC IIKamachl
OOWBIHINIA KATTBUIBIFBI 3,5-4, TBHIFBI3ABIFBI 2,23-2.41 r/cM°, AFHH oTe HO3IK
MUHepalFa katajapl. [ einaHauT MHUHEpajbl - LEOJUTTEp TOOBIHAH, KapKacThl
cumukar. Ansout (nmar. albus — ak) — Tay JKBIHBICTapBl TY3€TiH, KEH TaparaH
MUHEpalAapAblH Oipi, CHIIMKATTap KJIACBIHBIH MarMaibIK TEKTi, aKk TYCTi Aana
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IITAThI, TUIArMOKIIa3ap TOOBIHBIH aTFOMOCHIMKATBI. ABIHT (IPEK TUTIHEH o0y —
«Kapkbipay») — kiuHo-impokcenaepain Ca(Mg,Fe,Al)[(Si,Al)20s] TOOBIHAH,
JKBIHBIC TY3€TiH MHHepai. Tyci skackuimaH Kapara neiin Oomamel. KaTTBUTBIFEI
oolibinma 5-6,5 teq. O anme3ut, 6a3ansT, 1Uada3 KoHE HETI3I1 CUIIaTTarbl 0acKa
MarmaliblK Tay JKbIHBICTAPBIHBIH KYpaMbIHa Kipesi. ['eMaTuT - KeH TapajafraH TeMip
munepansl (Fe203), eH MaHbI3/IbI TeMip pyAadapbiHbiH 0ipi. CHHOHHUMIEP: KBI3bLT
TEeMIp pylnachl, TeMip KBUITHIPBI, KATTBUIBIFBI 5,5-6,5 TeH. Te3 CHIHFBIII.
Terp3aeirst 4,9-5,3 TeH. BepMukyuT — rugpocitoianap TOOBIHIAFEI MUHEPAT,
KaTTBUIBIFGl MAHEPATOTHSUIBIK IIKana 6oifbiama 1-1,5, Teiresaersr 2,4-2,7 r/cm®
(xeneitrinren — 0,065-0,130 r/cm®) Ten.

Kecre 2 - [leonutrin (MaliTeOe KeH OpHBI) JKapThLUIai CaHIBIK TAIAay HOTHKEIEPI

Formula %
CasAlgSi16048- 14H.0-Laumontite 51.3
Ca(Si7Al2)O18-6H20- Heulandite-Ca 16.1
(Na,Ca)AlI(Si,Al)30s- Albite 10.1
N(CaO-(Mg,Fe)0-2Si02)-(Al,Fe)203- Augite 7.6
SiO2- Quartz 6.6
CaCOs-Calcite 6.2
Fe20s3- Haematite 19
MgsSisO10(OH)2-Vermiculite 0.2
800 ]
700 —|
600 |
500 t
400 — g%
300 — i m'%?-
_ ‘ﬁ'\ﬁc
200 t Tis
100 ] Lk W -
(o} \\\H‘\\\\f\\\H‘\\\T\\HH‘\”\\\I\lrwww“\\\fw\‘\Flwlw F\\\\HT\”F\“\‘TFt‘\lr

5 10 20 30 40 50 60

2 THETA degrees
hAIN 3 bentonite Na0.61Al4.70Si7.32020(0OH)4 - 47-0197 (
SiO2-Quartz - 46-1045 (*)
CaCO3 - 85-0849 (A)

Cypert 3 - BeHTOHUT-MOHTMOPHJIIOHUT YIITICiHIH PEHTT€HOT PaMMAChI
(Cpennwmii TeHTek KeH OpPHBI)
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BepMukymuT OHONOTHSUIBIK TO3IMAL - O MHKPOOPTaHM3MIEP/IH SCepiHeH
BIIbIpayFa JKoHE Oy3bUTyFa YIIBIpAMaiIbl, >KOHIIKTED MEH KeMiprimrep YIIiH
KOJNalIbl OpTa eMec, COHBIMEH KaTap XUMHSIBIK HHEPTTI - CUITiep MeH
KBIITKBUIIAPABIH ocepine Oeiitapan. XXammel anranma, meonuttid (Maiitebe keH
OpHBI) HETI3ri KypamblHIA KATTBUIBIFBI MEH MEXaHUKAIBIK OCpiKTiIir
aifTapnbIKTail >korapbl MUHEpasaap Oap ekeHiH Oaiikayra Oonansl. Lleonurrepain
MaHBI3[bl KACHETI OHBIH KPHUCTANIBIK KYPBUIBIMBIHA OaillaHBICTBI MOH anMacy
Kabimeti OombIn TabbUTaABI, 01 SiO2/4 sk0HE AlO2/4 TETPAdAPIIIK TOMTAPHI APKHLTHI
TY3UITeH, OpTaK TeOeJIepMeH YII eNIeM/ Il )KakTayra OipiKTipiireH, KyblcTap MeH
KaHaJ1ap apKbUIbl ©Tei, enmeMi 2-15 anrctpem [7-8] TeH.

OcpiFan yKcac peHTTeHHiK (a3aiblK Tangay eki OSHTOHWUTKE KYPri3iimi.
Bipinmi OGeHTOHHT-MOHTMOPWIIOHWT YIIIH pEeHTreHorpamMma Yirici 3-cyperre
KOpCETLIreH. byt yiriHiH KpUCTanIaHy KacUeTi TOMEH OOJIFaHIbIKTaH JKapThUTal
CaHMABIK Talmaybl OKypridinMmeni. BeHTOHHT KaTmapmel casgapra KaTajsl,
COHJIBIKTAH OHBIH KYPBUIBIMBIHIA aWKbIH KpHCTANIAp OK, OVl amMop(dThl
Matepuain. JKammel, 3epTTeNieTiH OEHTOHUTTIH HEri3ri Kypamaac Oediri
OelimeruinT, Oackalla aWTKaHIAa MOHTMOPWIIIOHHT Oonbinm TaObuiaabl. by
KATIapibl CUJIMKATTAPJAbIH KOCAJKbl KJAachlHA JKATaThIH ca3 MHUHEpal. by
MUHEpaAbIH  KYpbUIBIMBIHA  OallaHbICTBl iciHy KaOinmeTi KyITi JKoHE
COpOLMSITBIK KaCHETTePi aliKbIH (4-CypeT).
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Cypert 4 - MOHTMOPHIJUIOHUTTIH KYPBUIBIMBI
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2 THETA degrees
N 4 bentonite IZl Kaolinite 1A - 80-0885 (C)
NaO.61AI4.7OSi7.32020(OH)4 - 47-0197 (
SiO2-Quartz - 46-1045 (*)

Cyper 5 - KbI3bu1 OGHTOHUTTIH peHTreHorpammacs! (MyKpu KeH OpHBI)

Ymr kabartel Kantama (2:1) TebenepimeH Oip-OipiHe KaparaH KpeMHUIA-
OTTEri  TeTpa’ApJIepiHiH €Ki KabaThl €Ki JKarblHAaH  AJFOMOTHAPOKCHI
OKTadApJIepiHiH KabaThlH xkabambl. OcblFaH OalIaHBICTHI, TTAKETTEP apaChIHIAFEI
OalijlaHpIC OJICI3, TaKeTapaiblK KaIIBIKTHIK YJIKeH, OFaH HWOHAAp MEH CYy
MoJieKyJanapsl Tyce anaasl. Coran OaiIaHbICThI, MUHEPAN CYJaHFaH Ke3/1e KATThI
icinemi. UzoMopdThI anMacTeIpynapsiH 0OTybl, MEHIIIKTI OCTiHIH ayJaHbl YIKESH
(600-800 M?%/r jieiiiH) ’oHe MOHAAP/IBIH IAKETAPANIbIK KEHICTIKKE €Hy JKEHiIIIr
MaHbI3/Ibl KaTHOH anMacy KaoineriMmeH (80—150 Mmoiin/100 ) aHBIKTANHIBI.

TepTiHmI yITiHIH KypaMbl YKcac, oJ1 KbI3bUT OeHTOHUT (MyKpH KEH OpHBI)
(5-cyper). Yurime anmplHFBI MHHEpaAd TOPI3Ai KypamblHAa O€HmeuuT -
MOHTMOPWUTOHUT Oap. Bipak Oy MuHepanga OCHICIIUT - MOHTMOPUJUIOHHUT
MeJIIIepi a3bIpax.

Ocpuraiiia, >Xypri3uireH peHTreHAiK QasaiblK Tajnay 3epTTeNill OThIpFaH
MUHEpaIJapAblH TONBIK XUMHUSJIBIK KypambiH Oepai. JKanmel anrasza,
MUHEpaIAapbIHBIH aJICOPOIUSITBIK KaCHETTepl, MbICAJIbl JHATOMUT TIEH [[EOIHUTTE,
KEYEKTUIITiHIH >KOFaphl OOMYyBIMEH oHEe OCHTOHUTTEp KadaTTaphbl apachIHAAFbl
MaKeTapalblK KeHICTIKKE HOHIAP/IBIH €HEe aTyblHa OalTIaHbICTEI 00JTYBl MYMKIH.

4. KopbITBIHABI

OHpuipicTiK aFbIHABL CyJapAbl Ta3apTydbl 3epTTey OOHbIHIIA TaOuFu
ajcopbenTrep periHae OeHTOHHT MOHTMOpWLIOHUT (Cpemauii TeHTeK KeH
OpHBI), KbI3bIT OeHTOHUT (MyKpHI KeH OpHBI), 11eoauT (Maiftobe KeH OpHBI) KoHE
nuatoMuT (Lie keH OpHBI) anbIHIbL.

3epTTey HOTHXKECIHIE AMAaTOMUT MHHEPAJbIHBIH HETi3ri Kypambl, ¢popMacsl
OPTYPJTi KPEMHHIA OKCHIIHEH TYPaTBIHEI, IIHOJIAT MUHEpabl Laumontite KypamsI
CasAlgSieOsg-14H20 (51,3%) ekeHi, OCHTOHHTTEp KypaMblHIAa OCHISUIUT -
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MOHTMOPHJUIOHUT  OONATBIHBI  aHBIKTANAbl. J[HATOMUT TI€H  IIHOJUTTIH
aJCOPOIUSITBIK KaCHET1 OJapAbIH K€YEeKTUTITIHIH )KOFaphl O0IybIHA, OSHTOHUTTEP
YLIiH MUHEpaJAapIblH KadaTTaphl apachblHIAFbl TAKeTapaiblK KEHICTIKKE 9pTYpIi
WOHJIAP/bIH CHE aTyblHa OalIaHBICThI €KCHI aHBIKTANJIBI. 3€PTTEY KOPBITBIHBICHI
petinme AJMaTel OONBICHIHAH IMBIKKAH TaOWFW MHHEpaImapAblH OCHTOHUT
MoHTMOpHUTOHUT (Cpennuii TeHTek KeH OpHBI), KbI3bl1 OeHTOHHT (MyKphl KeH
opHbI), meosuT (MaliToOe KeH OpHBI) >koHe auaromut (Ie KeH OopHBI),
COPOITUSIIBIK KACHETI JKOFApHI, SIFHW OHIIPICTIK aFBIHABI CYJIapIbl COPOITHSITBIK
Tazanay YIOiH KoJaHyFa OOJaThIHBI aHBIKTAIABL. Kazipri 3epTrey MKYMBICHI
TaOUFY MUHEpANIapAbl OHAIPICTIK aFbIHIBI CYJIapbl Ta3apTy MPOLECIHE YTHIM/IBI
KOJIIaHBIIL, )k00alayFa KOMEKTeCyl MyMKIiH.

Mynaesiep KaKTbIFbICHI: ABTOpiap OyJI Makajiaga e3apa My/Ieiep KaKThIFBICBIHBIH KOKTBIFbIH
MOJIIMIEH .

PU3UKO-XUMHNYECKOE HCCJIEJOBAHUE — ANICOPBIIMOHHBIX CBONMCTB
HNPUPOJHBIX MUHEPAJIOB /I COPBHUOHHOU OYUCTKH CTOYHBIX BOJ

M.T. Myp3azaﬂueea1, H.C. Awuumxan**, A.K. Tanvi6aeea®, A.A. Poicmazaméemosa?

Kazaxckuii nayuonanvuwiii meouyunckuii yuusepcumem umenu C.JI. Acghenouspoaa,
Anmamer, Kazaxcman

2Kasaxckuii nayuonanvuwlii ynusepcumen umenu anb-Papabu, Anmamol, Kasaxcman
e-mail: nazgul.ashimkhan@mail.ru

Pe3ome. Bsedenue. C pa3BuTHEM MPOMBIIIICHHOTO CEKTOpa BCE dYallle BCTAaeT BOMPOC 00 OYMCTKE
MIPOM3BOACTBEHHBIX CTOYHBIX BOJA M YTWJIM3AIHUU OTXOJIOB. YXYALIAETCS AKOJIOTHMYECKas CHUTYyalus,
BCJIEZICTBUE YETO BHIHYXK/ICHBI Y)KECTOYaTh TPEOOBaHMS K COPOCY OTXOJIOB M CTOYHBIX BOJ NMPEIIIPHSTHH.
Kak n3BecTHO, PaKTHYECKH HE OJHO MPEANPHIATHE HE MOXET paboTaTh 0€3 OTXOIOB M CTOYHBIX BOJ.
[Ipn npoexkTHpOBaHMM TPOM3BOJICTBA €Ie HECKOJIBKO JIET Ha3aJ He OCOOCHHO YYMTHIBAIM 0Opa3oBaHUE
CTOYHBIX BOJ, UX JaJbHEHIIYIO yTHIIM3alMI0 W o4uCcTKy. Kak mpaBwio, pemanocs Bce Oojee IpOCTHIM
CIoco0OM, CTOYHBIC BOJBI OTBOJWINCH Ha OMIDKAWIIYIO TOYKY MpremMa Wid Ha BomoeM. IlocrmencTBus
cOpoca CTOYHBIX BOJ HEe pacCYuThIBAIUCH. C MOSBICHHEM COBPEMEHHBIX METOMOB OYHUCTKH CTOYHBIX BO/I,
3aJaydl 10 OYMCTKM COpPOCOB Hayald HAXOIUTh CBOM pelIeHHs. Pa3HOOOpasHOCTH cOCTaBa CTOKOB
oIpeersieT MIMPOTY BBIOOpA Pa3iIMYHBIX TEXHOJOTHYECKHX CXEM M O0OpYIOBaHMS Ul WX OYHCTKH.
OcHOBHOTL Yebio UCCIe008ameNbCKoll pabombl SBIETCS M3Y4CHHE XMMHUYECKOTO COCTaBa M CTPOCHUS
MPUPOAHBIX aJCOPOSHTOB [UISl COPOLMOHHOM OYHMCTKH TPOMBIIUICHHBIX CTOYHBIX BOJA OT HOHOB
TOKCHYHBIX METaIOB, a TaKXe aJCOPOIMOHHBIX CBOWCTB. B Kkauecmee Mmemooa uccie008aHus
HCIOJIB30BAIM - MeToJ| peHTreHodaszoBoro ananuza JIPOH-4-7, Co-anoxn, 25xV, 25mA, 20-5-800C. B
Kawecmee 00bekmog uUccie008anuss ObUIM B3SATHl OCHTOHHUT - MOHTMOPHJUIOHHT (MECTOPOXKICHHE
Cpennuii TeHTek), KpacHbIit OCHTOHUT (MecTOpOXkIeHHE MyKpBbI), IEONUT (MecTopoxkaeHne Maiitobe) u
JIaToMuT (MecTopoxaenue Mnu), noOsiBaemble B AJIMAaTUHCKOH 00nacTu. B pesyrvmame uccredosanuii
YCMAHo08Ieno, 9TO OCHOBHOW COCTaB JHMATOMHUTA COCTOUT U3 OKCHIA KPEMHHS PasHYHBIX (OpPM, COCTAB
neomura  Laumontite  CasAlsSi1eOass-14H20 (51,3%), cocrtaB GEHTOHWTOB BXOAWT OEHAEIUTAT -
MOHTMOPWUTOHUT. OnpeeneHo, 4To aacopOIOHHOE CBOMCTBO AMATOMHTA M IICOJMTA OOYCIIOBICHO MX
BBICOKOI TOPUCTOCTBIO, a JUIsi OCHTOHMTOB IPOHWKHOBEHHEM pAa3JIMYHBIX HOHOB B MEKIAKETHOE
MIPOCTPAHCTBO MEXIY CIOSMH MHHEpANIOB. Bbi600 ucciedo6anuss COCTOMT B TOM, UYTO IPHPOIHBIC
MHHEpabl AIIMATHHCKOH 00J1aCTH 00J1a/1al0T BHICOKMMH COPOLIMOHHBIMU CBOMCTBAMH, TO €CTh HX MOXXHO
HCIOJIB30BaTh MPU COPOIIMOHHOW OYMCTKE MPOMBIIUICHHBIX CTOYHBIX BOJX. DTH NMPUPOJHBIC MHHEPAIIbI
HCTIOJIB30BAIMCH NP COPOLIMOHHOM OYMCTKE CTOYHBIX BOJ npou3BoacTa «KaitHap-AKby.
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OBTAINING AND STUDY OF THE PHYSICOCHEMICAL PROPERTIES
OF HYDROGEL OINTMENTSBASED ON THE COMPLEX OF POLY
(2-ETHYL-2-OXAZOLINE) WITH IODINE AND CARBOPOL

S. Yestemes, D.N. Makhayeva, G.S. Irmukhametova

Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: galiya.irm@gmail.com

Abstract. Introduction. lodine is a universal antimicrobial and antiseptic agent. Unlike antibiotics,
which act on specific microbes, iodine has a broad spectrum of antimicrobial activity. The limited use of
iodine is associated with irritation, staining and increased sensitivity of the skin, as well as its poor
solubility in water. The ability of iodine to form the charge-transfer complexes with some polymers has
made it possible not only to increase the solubility, but also to prolong its release and reduce the
equilibrium concentration in the free form. The goal of this study is the creation of new hydrogel
compositions based on poly-(2-ethyl-2-oxazoline) (POZ) iodophor for the treatment of wounded skin
areas, and study their physicochemical properties. Methodology of the work has included the preparation
of hydrogels, the study of the rheological properties, kinetics of iodine release and the study of the
adhesive properties of hydrogels. Results and discussion. From the analysis of the rheological properties
of the obtained hydrogel ointments, it follows that the viscosity characteristics of hydrogel ointments
depend only on the concentration of the thickener - carbopol, and the presence of aiodophor does not
affect their rheological properties. The study of the release of iodine from the obtained hydrogels, using
the Frans cell diffusion device has shown that the samples of hydrogel ointments based on carbopol-POZ
50 kDa - iodine/iodide release the smallest amount of iodine and show a prolonging effect. A possibility
of using the obtained hydrogel ointments as the dosage forms for the treatment of skin diseases has been
studied. Conclusion. Hydrogel ointments have been obtained based on POZ with the molecular weights of
50 and 500 k, daiodophores and carbopol of various concentrations. The study of the rheological
properties of the obtained hydrogel ointments have shown that they have thixotropic properties. The
kinetics of iodine release from the polymer matrix has been studied. It has been established that hydrogel
ointments containing the POZ-iodine/iodide complexes release iodine for a long time as compared to pure
iodine and carbopol-iodine. The experiment on flushing from the skin surface has shown that hydrogel
ointments are able to stay on the surface for 40 minutes and wash out without staining the skin with
iodine. The resulting hydrogels can be used as the antimicrobial dosage forms for the treatment of various
skin diseases.

Key words: hydrogel ointments, carbopol, iodophores, poly(2-ethyl-2-oxazoline), antimicrobial
systems
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NOJYYEHME W MU3YYEHUE OUIUKO-XMMHUYECKHUX CBOMCTB T'HAPOTEJEBBIX
MA3EHN HA OCHOBE KOMIUIEKCA ITOJIA (2-9THAJI-2-OKCA30JIMHA)
C HOJJOM U KAPBOIIOJIOM 940
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Pe3tome. Bseoenue. Mox siBIsieTcsl yHUBEPCAIBHBIM aHTUMHKPOOHBIM U @aHTHUCENITHYECKUM CpeACTBOM. B
OTJIIMYME OT aHTHOMOTHKOB, KOTOPBIC JICHCTBYIOT Ha ONPEACICHHbIE MUKPOOBI, HOJ 00JIaJacT IHUPOKUM
CHEKTPOM aTUMHUKPOOHOro nedcTBus. OrpaHMYEHHOCTh NPUMEHEHUs MOJa CBSI3aHA C Pa3[pa)KCHHEM,
OKpaIlllMBaHWeM M Ciaboil pacTBOpUMOCTBIO B Boje. CrocoOHOCTh MOAa 00pa30BBIBATH KOMIUIEKCHI C
MIEPEHOCOM 3apsiJia C HEKOTOPHIMHU OJIMMEPAMH TT03BOJIMIIO HE TOJIBKO YBEJIWYHUTH PaCTBOPUMOCTH, HO U
MIPOJIOHTUPOBATh €ro BBICBOOOXKACHHE W CHU3UTH PABHOBECHYIO KOHIICHTPAIMIO B CBOOOIHOM
Bujie. Llenvio HACTOSIIETO HCCIIEAOBAHMS SIBJISCTCS CO3JAHME HOBBIX T'HAPOTEIEBBIX KOMIIO3MLMH Ha
ocHoBe wuomodopa monu-(2-sTmn-2-okcazonuua) (II03) mwis 00pabOTKM paHEBBIX YYAaCTKOB KOXKH H
H3y4YeHUE UX (PU3HKO-XUMHUECKHX CBOHCTB. Memodonozus paboThl BKIIIOYAJa MOJIy4YeHHE THIPOTeIeBhIX
Ma3ei, M3y4eHHE PEOJIOTHYECKUX CBOWCTB, KMHETHKH BBICBOOOXKAEHHS HOJA M3 Ma3ed M H3ydeHHE
aJIre3MBHBIX CBOMCTB THAPOTENEBBIX Maseil. Pezyavmamsl u obcyscoenue. V3 aHanmu3a peoIorHuecKux
CBOMCTB MOJIy4€HHBIX T'MAPOTeNeBbIX Ma3eil CIeayeT, YTO BS3KOCTHBIE XapAaKTEPHCTUKH THIPOTENEBBIX
Ma3ei 3aBUCAT JIMIIb OT KOHIICHTPAIMHU 3aryCTHTENS - KapOOoIosia 1 IpUCYTCTBHE Hoxodopa He BIHMSET HA
WX peoJIOTHYEeCKHe CBOMCTBA. lcciienoBaHue BBICBOOOXICHHS WOAA W3 IOJYYEHHBIX THAPOTEIEBBIX
Masell ¢ moMotnbio auysuonHoit ycranopku Frans cell mokasaso, uto oOGpasibl THAPOreNeBbIX Ma3el
Ha ocHoBe kap6omnon-I103 50 k/la - wox/moan BeIIEIAIOT HAUMEHBIIEE KOJTUIECTBO HO/Ia U MOKA3hIBAIOT
IpoJIoOHTUpYyoniee AeicTBre. V3ydeHa BO3MOXXHOCTh NMPUMEHEHHSI MOJYYEHHBIX THAPOTEIEBBIX Maseil B
Ka4yecTBE JIEKapPCTBEHHBIX (OPM JUISl JICUCHHs KOXHBIX 3a0oneBaHMi. 3akirouenue. Bpun momydeHs!
ruaporeneBbie Ma3u Ha ocHoBe [103 50 u 500 x/la ¢ MogOM U KapOOIOIOM Pa3THYHON KOHIIEHTPALIUH.
V3yyeHne peosornyeckux CBOMCTB IOJMYYSHHBIX THAPOTeJeBbIX Maseld IOoKas3ajo, YTO THIPOTeNd
00J1alal0T THKCOTPOITHBIMU CBOMcTBaMH. MccnenoBana KMHETHKA BBICBOOOKICHHS HO/IA U3 TIOIMMEPHON
MaTpUIBl. YCTaHOBJICHO, YTO THIPOTEIeBbIe Mas3M, colepikamue Komruiekesl [103-non/momun
MIPOJIOHTUPOBAHHO BBIJCISIFOT MO/ TI0 CPABHEHHIO C YUCTHIM HOJIOM U KapOOoIoI-HoIoM. DKCIIEPUMEHT Ha
CMBIB C TIOBEPXHOCTH KOXH TOKa3all, YTO THIPOTENEBbIe Ma3H CIIOCOOHBI YAepKUBaThcsl B TeueHun 40
MHHYT Ha TIOBEPXHOCTH U BBIMBIBATHCS 0€3 OKpaLIMBaHUs KOXH HOAOM. [loiyueHHbIe THAPOTEH MOTYT
OBITh HCIIOJNB30BAHbI B KA4eCTBE AHTHMHKPOOHBIX JIEKAPCTBEHHBIX (OPM s JICYEHHs Pas3IHYHBIX
KOXKHBIX 3200JICBaHUIA.

KioueBble cj0Ba: ruaporeneBsle MasHd, KapOomon, Homodopsl, IONH(2-3TUI-2-0KCa30IHH),
AHTUMUKPOOHBIE CHCTEMBbI
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Maxaesa /lanzna Hypranogna PhD ooxmopanm, nayuneni compyonux
Hpmyxamemosa I'anua Cepuxoaesna K.X.H., ACCOYUUPOBAHHBII NPOdeccop

27


mailto:sanzharpro1998@gmail.com
mailto:danelya.1993@gmail.com
mailto:galiya.irm@gmail.com
mailto:galiya.irm@gmail.com

KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

1. BBeaenue

AHTHMUKPOOHBIE CBOWCTBAa MOJa OBUIM M3BECTHBI UYEIIOBEUECTBY H3JaBHA
[1]. ITepBBIM TpemmapaToM, KOTOPHIH HaIIeN IPaKTHIeCKOe TPUMEHEHUE, SBISICTCS
pactBop Jlroronst [2]. On wucnomp3oBaics A OOpaOOTKM paH BO BpeMs
I'paxnanckoil BoitHbl B AMmepuke u IlepBoil MupoBoil BOHHBI ISl CHM)KEHUS
ciydaeB 3aboneBaHus TaHrpeHoidl [3]. OCHOBHBIMH HENOCTATKaMH IIEPBBIX
HOJHBIX IPenapaTroB SBISUIMCH Pa3Ipa)KeHUe, OO0Nb M OKpalllMBaHHE KOXH. B
cepennHe XX Beka ObuM pazpaboTaHbl HOTO(POpPHl — KOMIIIEKCH Hona C
MOJIMMEpPaMy, KOTOpbIE J[EeNalT MOA MEHee TOKCHYHBIM M  MEUIEHHO
BBICBOOOXKIAIOT €r0 W3 KOMIUIEKCAa B TEUCHHME IJIUTEIBHOTO BPEMEHHU. ITO
MO3BOJISIET CBECTH K MUHUMYMY TTOOOYHBIE 3 (PEKThI HCIOIB30BaHMsI CBOOOTHOTO
nona [4]. B mupe wm3BectHo okono 400 HauMeHOBaHMK (apMameBTHUECKUX
MperapaToB Ha OCHOBE MOJIa M PA3IMYHBIX TOJTMMEPOB (M010PopoB) [5], KoTopsIe
NPUMEHSIOTCA Ul MEPBUYHOM 00pabOTKM KOXKH, OTKPBITBIX paH, YYacTKOB
WHOHUIMPOBAHHS U Je3UH(PUIUPOBAHUS MPHOOPOB U YUACTKOB OpraHu3Ma Iepen
XUPYPTrUUECKUMHU OTEPALUSIMH.

[lonnokca3oauHbl —  HEHUOHHBIE, T'HIpPOGMIbHBIE, OHOpa3IaracMele
MOJUMEpbl, W  MEHee  TOKCHYHBIC, YeM  IOJUITHICHIJHMKOIL  [6].
[Tonnankuiokca3zoNuHbBl UCIONB3YIOTCA KaK BCIOMOTaTENIbHBIE BEIIEecTBa INpHU
JNOCTaBKEe JIGKApCTB M CHOy)XKaT MaTpuled Uil  yIydlleHus npoduiist
pPacTBOPUMOCTH M JUCIEPTUPOBAHHS AKTUBHOTO JIEKAPCTBEHHOTO BEIECTBA.
Lenplo HACTOSIETrO WCCIECIOBAHUS SIBISETCS CO3JaHUE HOBBIX THIAPO(HIBHBIX
reJeBbIX KOMIIO3UILIMI Ha OCHOBE HOJ0(opa MONH-(2-3THI-2-0KCa30JI1Ha) IS
00pabOTKH paHEBBIX YYAaCTKOB KOXH M H3yYCHHE HX (PU3MKO-XUMHUYECKHX
CBOMCTB.

2. DKCIepUMMeHTAJIBLHAS YacTh

2.1. Mamepuansi

Kap6omor 940 (Acros Organics), momu(2-3trn-2-okcazonun) (I103)
MouekysipHoit Maceet 50 u 500 k/la («Sigma Aldrichy, CIIA), MoiekyspHbIi
nox («Sigma Aldrichy, CIHA) u noaun kanus (KI).

2.2. Tonyuenue pacmsopa uooogopa

Jns npurotoBnenust pactBopa lo/KI cmemmBamu 0.16 T KpucTamim4ecKoro
nona u 3.2 v Kl B Bozie 1 mocie MOJHOTO PacTBOPEHUS TOBOAMIM 00bEM KOJIOBI
o 1000 mu. Momodopsr Ha ocaose I103 50 u 500 xJ{a (ITO3- I2/KI) roTosumm
nyteM pactBopenus 0.0622 r monrmMepa B HeKoTOpoM 00béMe pactBopa lo/KI u
noBoamIH 00beM Kko0J0bl 10 100 Mir pactBopom I2/KI. MonbHOe cooTHOLIEHHE
KOMIIOHEHTOB B monydeHHoM pactBope [[1O3]/[mon]= 1:1. Bce pactBopsl
XpaHWIKCh B TEMHOM MeCTe, IPU KOMHATHOW TeMIlepaType.

2.3. Honyuenue cuopozenesvix masei Ha 0cHo8e UO0OPopa

Jnst momryuenust mazeit k 20 mMi pactBopa noaohopa ¢ COOTBETCTBYIOIICH
MoutekyisipHoi Maccor 1103 moGamisiin kKapOomoa B Ka4eCTBE 3aryCTUTENS IpU
pH 6.5 u mOCTOSIHHOM NepeMElIMBaHUU 10 OJAHOPOJHON KoHcucTeHuuu. pH
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pactBopa wmomodopa perymuposanu jgoOasneHumeM NaOH. Konnenrpamuio
kapOorona BapeupoBaiu ot 0.5 mac.% mo 1.25 mac.%.

2.4. Peonocuyeckue c8oticmea cudpo2eieulx Masetl

W3ydueHrne peoNorMYecKMX CBOMCTB TONYYEHHBIX OOpas3loB Masel
npoBoauian Ha Anton Paar Modular Compact Rheometer 102 (Anton Paar GmbH,
ABCTpHS) ¢ IPUMEHEHNEM BPAIIAIOLIETOCs U3MEPUTEIBHOTO ANCKa. M3mepenus
npoBoawiauchk mpu temreparype 25°C u 37°C. Ilpubop mo3BOJSI U3MEPHUTH
KacaTelbHOE HAIPsKEHUE CIABUTa Tells IIPH cKopocTy casura 1.5 — 1312 ¢,

2.5. Bwidenenue uooa us euopozenegvlx mazeti

Nzyuenne BbicBOOOKIeHUs loin Vitro depes auanusHyio MeMOpaHy
npoBOAMIIOCH ¢ oMotk ycraHoBku Franz Diffusion Cell, morpyxenuoit B
TepMocTatupyeMyro 6anio (36-37°C). DkcnepuMeHT mpoBoauics B (pochaTHOM
oydepaom pactBope (DBP) (pH 6.0-6.5). O6bem DEP B akientopHoil 4actu
YCTaHOBKH COCTaBsuT 37 M, CKOpocTh nepemermBanus 100 o6/MuH mpH
nmoctossHHON Temmepatype. 0.35 r obpasia Ma3u MoMemand B JOHOPHYIO 4acTb
YCTAaHOBKU Ha TUATU3HYI0 MeMOpaHy. Uepes kaxkaple 10 MUH B TeueHHE 5 4yacoB
oTOHMpanuch Mpoobl 00beMOM 1 MII U3 aKIENTOPHON YacTh M u3Mepsud Ha Y D-
criektpodoromerpe Analytyc Jena Specord 200 npu mmuse BoiH 286 u 350 HM.
[Tocne xaxmoro oroopa mpoObl jgoiauBaiu 1 mi cBexkero ®BP B cucremy s
nojaepxkanus oovema. I[IporeHT BeicBoOOKACHNUS |2 B KaXKIbIii MOMEHT BpEMEHU
PACCUMTHIBAJIU C UCIIOJIL30BaHUEM KaIuOpoBouHOM kpuBoi mis I (R?=0.99).

2.6. H3yuenue aoee3usHuIx c80UCME 2UOPO2eie8bIX Ma3ell

HccnenoBaHnne  MPOBOAMIOCH Ui OICHKH  CTENCHW  yJEpIKaHHs
THJIPOTENIEBOM Ma3W Ha IMOBEPXHOCTH KOXXH CBHHBIX YIIEK MPU IMOCTOSIHHOM
ITIOTOKE BOJIBI C WCTOJIB30BAHHEM METOJIMKH, OIMCAaHHOW B pabote [7]. CBuHBIE
yIIKK ObLTH MpHOOpEeTeHbl Ha PhIHKE T. AJIMAThl M pa3JeficHbl Ha KBaJIPaTUKU
pasmepoMm 2*2 cMm. Pa3znmenmannbie oOpasubl koxu xpanmwu mnpu 0 °C u
WCTOJIB30BAJIN HA CIEAYIOMUH AeHb. Kaxkaplii SKCIepuMEHT ObUT BOCIPOU3BEACH
TPU Ppa3a C HCHOJB30BAHMEM pa3HBIX O00pa3loB OHMOJIOTHYECKONW TKaHH.
DKCIepUMEHT MPOBOIUIIM B MHKyOaTOpe MpH MOCTOsIHHOM Temmepatype 37 °C.
Ha cneunanpHON MOUIOKKE yCTaHaBIMBAJIM 00pasel] KOXKU O] HaKJIOHOM 45°.
[lepen KakApIM SKCIIEPUMEHTOM oOpasel CBUHBIX ymieil mpombiBamu 1 wmi
JTVCTWIITMPOBAHHON BOJBI JUIS YAAJCHUS TPSA3U W 3allUCHIBAIM W300paXKeHHs
¢ona Ha omrtryeckoM MHKpockore. [locne HaHeceHus: oOpasiia Maa3u Ha KOXY
HAYWHAJIU €ro MPOMbIBAaHHE IUCTHUTUPOBAHHOW BOAOH MIMPHUILIEBBHIM HACOCOM CO
ckopocThio ToToka 1 mi/muH. UYepes kaxiple 5 MUHYT (ororpadupoBanu
MOBEPXHOCTh KOXH C TIOMONIBIO ONTHYECKOr0 MHKpockomna. [lomydeHHbIe
n300paKeHrs1 aHAJIM3UPOBANIM C ITIOMOILBIO MporpaMMHOro obecriedenus Image J.

3. Pe3yabTaThl M UX 00CYy:KIeHUE

[IpeumymecrBamu UCTIOJIb30BAHUS kapbOomnoia B Ka4yecTBe
TpaHCIEPMAIILHBIX CPEJICTB SBISIOTCS OTIMYHBIC PEOJIOTMYECKUE CBOMCTBA [8],
XOpolasi albTepHATHBA MACIISIHBIM Ma3eBbIM IperaparaM, BBICOKAs BSI3KOCTh U
Omoanre3nBHBIE CBOWMCTBA [9]. B oTinume oT aHTHOMOTHKOB, NCUCTBYIOMHUX HA
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OIpe/IeICHHbIe MUKPOOBI, MOJ 00JIalaeT MIMPOKUM CIIEKTPOM aHTUMHKPOOHOTO
neiicteus [10]. Panee B pabote [11] ObLI10 M3yUeHO KOMILIEKCOOOpa30BaHUE HOIA
¢ I[TO3 50 u 500 x/la 1 OpTO TIOKA3aHO, YTO KOMILIEKC 00JIaaeT yIyqIIeHHBIMU
aHTUMUKpoOHbIMH cBoiicTBamu npotuB Candida albicans u Staphylococcus
aureus mo CpaBHEHHIO C YHCTHIM HOIOM.

Beii mosydens! rumporeneBble Ma3W Ha OCHOBE KapOorojia M KOMILIEKCa
noga ¢ I103 (ITO3- 1,/KI), cocTaB KOTOPBIX TpeacTaBieH B Tabmuie 1.

Ta6auua 1 - Cocras uccieyeMbIx Ma3seil Ha ocHoBe kapGoroia u [103-2/KI

O6o3HaveHNE Nel No2 No3 Nod

Kap6oron 1.0% 0.5 % 1% 1.25%

1103 0 0.311 % 0.311 % 0.311 %

Woa/momun /Bosia 0 0.16 % 0.16 % 0.16 %

pH 6.0-6.5 6.0-6.5 6.0-6.5 6.0-6.5

LBET OeCLIBETHBI. TEMHO- TEMHO- TEMHO-00PIOBbII
ITPO3PaYHBIN 0op10BBIiL 60p 0Bl

I'uaporeneBbie Ma3u 00JaAarOT oOpaTuMol nedopmaiuein. M3MmeHeHue
OCHOBHBIX II€PEMEHHBIX (AaKTOPOB, BIHUSIOIIMX HAa CHUCTEMY, TaKHX Kak
HampsDKEHUE CIBUTA, TEeMIleparypa, TPaJueHT CKOPOCTH CIBUTA W CTENEHb
TOMOTCHU3AIMM, BIUACT HA BEIWYUHY Bsi3kocTu reneil. C HaHHOM IENbIO
MpPOBEJEH psii  AHAINW30B 10  OMpPEJENCHUI0  PEOJIOTHYECKHMX  CBOWCTB
ruzporeneBbix Mazeil Ha ocHoBe I[103- I/KI 50 u 500 x/la u kapGomonom
Pa3TMYHON KOHIEHTPAIMHH.

[To pe3ysnbpTaTam 3KCIEPUMEHTAIBLHBIX TAaHHBIX MOJTyYeHHbIE 00pa3ilbl Mazel
WMEIOT CBOWCTBA YIIPYTOro Tea 6Jaroapsi HaTMYHI0 BOTHYTOTO y4acTKa KPUBBIX
TEUYEeHUs. YTPyTue Tella 1o CBoel mpupoze uMetoT odparuMyro aedopmanuto. Bo
BpeMs TPHJIOKEHUsT HArpPy3KH, MPEBBIMIAIONISH TpeleNbHbI MoKa3areib, Masb
cnocobHa Teub. Ha pucynkax 1 u 2 u3oOpaxensl rpadpuku aedhopmManuy npu
temneparypax 25 u 37 °C.

Hcxonst n3 monmydeHHBIX KPUBBIX TEUCHHUS, TPEACTABICHHBIX Ha PUCYHKax |
U 2, MOXHO TOBOPHUTH O TOM, YTO W3MEHEHHE TEMIIepaTypbl HE3HAYUTEIHHO
BIMSET Ha TEKy4decTh THApOresiel 3a uckiodeHnem obOpasma Nel (kapOomon B
orcyrctBun [103-mon/momun). [nst obpasma Nel wHabmiomaercs yBenudeHue
BS3KOYIPYTHX CBOWCTB C POCTOM TeMIeparypbl. PocT KoHIleHTpanuu kapbormona
TaK)k€ MPUBOAWT K YBEIMUYEHHUIO BSI3KOYNPYTHX CBOWCTB Tejei. Hambomprmmmu
3HAYEHUSIMM M HHTEPBAJIOM H3MEHEHMS HAaNpsDKEHUsl CIBUTAa 3aKOHOMEPHO
o6afaroT refau ¢ KoHmeHTparmeir kapoomona 1.2 % mis 1103 50- 1/KI u T103
500- I2/KI. TIpu maHHOM KOHIEHTpAIMK KapOomoia Masu 00i1agaroT OoJbImeit
YCTOWYMBOCTBIO K BHEIIHMM (DaKTOpaM M IPH BBICOKHX CKOPOCTSIX CIBHra
THIIPOTENEBbI KapKac HE pa3pyllaeTcs M HEepexOJuT B IJIACTUYHOE COCTOSHHE
(yuacTok «Boruytoro cermentay). Jiust rumporens I103 500-12/Kl-kap6omoin-1.2
% 3HaueHHWE HAINPSDKEHMS CIBUTA YBEIMYHMBAETCS B TPH pas3a MO CPABHEHHIO C
I1O3 50- I./KI. BeposiTHO, M3-3a BIUSIHUS [UIMHBI LeNHd Makpomousekyibl [103
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MPOUCXOJIUT YKPEIUICHHE TPEXMEPHOH CTPYKTYpHI KapOorosa Goyee JTUHHBIMA
mersivu 1103 500 x/a. Takum 06pa3om, Masu Ha ocHOBe KapOomona u I103- 1/KI

06HaHaIOT TUKCOTPOIHBIMHA CBOMCTBaMH.

Cropoen. camnra, lic
E

ey

N3

: 3
\\
.
3

N

Hanpuserme exura, Tla

Pucynok 1 - KpuBasi TeueHus (3aBUCIMOCTb CKOPOCTH CJIBUTa OT HAIIPSDKCHUS CABUTA) Ma3el Ha OCHOBE
T103 50 - I2/KI 1 xap6omona pa3mu4HO KOHIIEHTPALKK U TemiepaTtypax 25 u 37 °C

Cropoers, canra, 1ie

— -
s / s
™

150 200 250 300

' v = 0 = 00 o 50 100
Hanpscaseane canara, Ila Hanpaxenne casurs, a

Pucynoxk 2 - KpuBas TeueHus (3aBUCUMOCTh CKOPOCTH CABHTA OT HANPSDKEHUS CABHUTA) Ma3eil Ha OCHOBE
komrutekca [T03 500- 12/KI i kapGormona pa3mudHO# KOHIEHTpAiK U Temiepatypax 25 u 37 °C

C poctom ckopoctu capura (puc.3) BI3KOCTh 00pa3iia YMEHBIIIaeTcs, U3-3a
pa3pylieHuss W3HAYAJIbHON YIIAKOBKH MAaKpPOMOJIEKYN, KOTOpas HE YyCIeBaeT
BOCCTAHOBHUTKCS, T.€. 00pazer] MepexoquT B BI3KOTeKydee cocTosiHue. [Ipu aTom,
makpoMoniekysiel 1103 opueHTHpOBaHBl B CTOPOHY HAIpPaBICHUS TEUYCHHUS.
WHTepBan M3MEHEHUS BSI3KOCTH W BEITWYMHBI CKOPOCTH CIBWTA JJIS HA OCHOBE
103 500 k/la 3aKOHOMEpPHO JICKHT B 00JIaCTH 0O0Jiee BBICOKMX 3HAYCHMIA,
YBEIIMYHMBASICh C POCTOM KOHIIGHTpAaUK KapOoroja. 3HAYUTENBHOTO BIHSIHHS
npucytctBus komriekca [103-uog Ha Bs3KOe TeYeHHE THUApOrened He

YCTaHOBJICHO.
MeTtonoMm in Vitro Obuta M3yueHa KWHETHKA BBICBOOOXKICHHS HOJIA W3

rugporeneBbix Mazeid B Oydepuyto cpeny (PBP ¢ pH 6.0-6.5), uepes
TIOJTYTIPOHUIIAEMYTO TICIITION03HYI0 MeMOpany. Bonuerit pactBop Kl mobassiercst
B CHCTEMY HOJ-TIOJHMMEp IUIS YIYYLIEHUs PACTBOPHUMOCTH Iz, TIPH 3TOM MOKET
HabmromaThecst  oOpazoBanme wuoHOB [, I wm Is, yuactBylommx B
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KoMIUIeKkcooOpa3oBanuu. (OCHOBHOHM peakiMed, NpOTEKawolield B JaHHOU
crcTeMe, ABJISETCS Peaklysl KOMIUIEKCOOOpa3oBaHus C 00pa30BaHUEM TPHUHOIUI-
HOHA 10 CIEAYIOLIEN CXeMeE:

L+l

— N@1

Buikocth, Ha*c

Bamocrn, Tatc

Ne2 Wi

Ne3 ’ 2
Nog N3
N4

0 20 10 60 80 100 120 140 160 180 200
1o i 1o

Cropocth. cmnra, 1/c Cropocts. camura, 1/c

Pucynoxk 3 - KpuBast n3MeHEHUs BS3KOCTH THAPOresIeBbIX Maseil Ha ocHoBe KomIutekcos I103- 12/KI
monekysipaoit macest 50 u 500 x/la 1 kap6ormona pa3TUYHOI KOHIIEHTpauH U Temmepatype 25 °C

Nzmepenns Ha Y @-criekrpodoTomerpe mpoBoamin mpu A=286-290 M, 4TO
MPUHAUICKUT 00JIACTH moryomeHus Tpuuoauay l3 [12]. W3 kyMyJasSTHBHOTO
poduiist BEICBOOOXKICHHUS NOJa, TIOKA3aHHOTO Ha puC. 4, BUIHO, YTO THIPOTEIH,
copepxane Komruiekcbl I103- Io/KI (kpuBble 2 u 3) MOKa3bIBAIOT MEHbIIIEE
KOJIMYECTBO BBICBOOOXKICHUSI MOJAA BCJIEJICTBHE YACTHYHOTO €0 CBS3BIBAHHS C
O3. Mpu stom, obpazen; ¢ 1103 500 x/la BrICBOOOXHaeT OoJbIIe MOAA TIO
cpaBHernto ¢ 1103 50 k/la. Panee B pabGore [11] ObuIO MOKa3aHO OTCYTCTBHE
B3aMIMOJICMCTBUAS MEXAY I[OJIMAKPUIIOBOW KHUCIOTOH W WOJOM, a TakKxke
oOpa3zoBanue KoMmIuiekca Mexay mosekynamu 1103 u nomom. UmcThiii pacTBOp
nona (kpuBasi 1) BbICBOOOKAAaeT HOJ € OONbIIEH CKOPOCTHIO M OOJbIIEM
KOJIMYECTBE M3-32 OTCYTCTBUSI CBSI3BIBAHUS C TOJIMMEPOM. B pesyibrare, MOXKHO
c/eNaTh BBIBOJ O NPOJIOHTMPOBAHHOM BBIICIEHHUH HOAa W3 THApPOTresed
onarozgaps npucyrcteuio [103.

B pabote Obuta u3ydeHa criocOOHOCTh THAPOTENEBBIX Ma3eil yAep:KUBaThCs
Ha MOBEPXHOCTH CBUHBIX YILIEH, KOTOpBIE MCIOJIB3YIOTCS B KauecTBE aHAIora
YeII0BEYECKOM KOXH NP TPaHCAEPMAIbHBIX HCClieoBaHUsIX. Ha moBepXHOCTh
OMOJIOTHUECKUX 00pPa3LoB MOJABANIACH JUCTHNIMPOBAHHAS BOAA C MOCTOSHHON
CKOpOCTBhIO B TeueHrne 30 MHHYT M KaXAble 5 MUHYT Aenanuch ¢ororpaduu
MOBEPXHOCTH KOKU C HAaHECEHHOM Ha Hee TUpOorelieM C TIOMOIIBIO ONTHYECKOTO
MUKpockona. Ha pucyHke 5 mpelcTaBlIeHbl pe3yJibTaThl JKCIIEPHUMEHTA JUIs
obpasos, cogepxkammx komruiekcsl [103- /Kl 50 u 500 x/la. YcraHoBIEHO,
gTo MOJjeKkymsipHas macca [IO3 Ha BIusSeT Ha yAECPKUBAIONIYIO CIIOCOOHOCTH
THAPOTENIeBOIl Ma3W, MPH ATOM TOJHBIA CMBIB C KOXXH HaOmromaercs mocie 40
MuHyT. llomyueHnble B pa®oTe THAPOTeIM CMBIBAIOTCS BOJAOH, HE OKpalIUBas
KOXY HOJIOM.
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Pucynoxk 4 - KymyisituBable npoduin BeIcBoOOX aeH s Hoaa: Boxuslii pactop l2/KI (1);
kap6omnon -I103 500- 12/KI (2); kap6ormoxn -ITO3 50- 12/KI (3)

100 -
103 50 x/1a E 103 500 x/da

HuTeHCMBHOCTD, Yo

0 5 10 15 20 25 30 35 40

Bpems, Mmun

PucyHok 5 - Y nepxuBatonias cnocobHocTs runporeneii kapoomnon-I103- 12/KI 50 u 500 x/la

5. 3akaouenune

Takum 00pazom, OBUIH TIOJTYYEHBI THAPOTrENIeBbIe Ma3W HAa OCHOBE MOJH(2-
3THII-2-0KCa30JiMHa) MoJieKkymsapHoir maccoit 50 m 500 x/la ¢ womom wu
KapOOIIoJIOM pPa3InYHOM KOHIIEHTpauuu. M3ydeHue peosIorMYecKHX CBOWCTB
MOJTyYEHHBIX THUJPOTENCBBIX Ma3edl IoKa3alio, YTO THAPOTeNH O0JaJaroT
TUKCOTPOIHBIMU CBOWCTBaMH. VcciieqoBaHa KMHETHKA BHICBOOOXKIEHUS HOJA U3
MOJIMMEPHON MaTpHIlbl. YCTAHOBJEHO, YTO THAPOTEIIEBBIC Mas3W, COJEPIKaIlne
koMrutiekchl [103-non/moau  MpoIOHTUPOBAHHO BBIACISIOT MO IO CPAaBHEHHIO C
YUCTBIM HOJIOM U KapOOMOI-NOI0M. DKCIIEPUMEHT Ha CMBIB C IIOBEPXHOCTH KOXKHU
MoKasall, 4To THJIPOTeNeBble Ma3u CIIOCOOHBI YAep)KUBaThcs B Te4eHUH 40 MUHYT
Ha MOBEPXHOCTU U BBIMBIBAThCS 0€3 OKpallluBaHHs KOXH HoJoM. [lomydeHHBIC
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ruaporejii - MOTyT OLITh  HCHOJB30BAaHEI B  KauyeCTBE aHTI/IMI/IKpO6HI>IX
JICKApCTBCHHBIX (pOpM AJId JICYCHUS PA3JIMYHBIX KOKHBIX 3a00JIeBaHUM.

®uHancupoBaHue: Pabora BBINONHEHA NPU MOAACPKKE MpoekTa MHUHHCTEPCTBa 00pa30OBaHUs H
Hayku Pecny0Osnuku Kazaxcran AP08052780.

Konpaukr uHTepecoB: ABTOpBHI 3asBISIOT 00 OTCYTCTBMM KOH(IIMKTA HHTEPECOB MEXIY
aBTOpaMH, TPEOYIOIIEr0 PACKPBITHS B JAHHOW CTaThe.

HMOJ KOCBLIFAH IOJIM (2-3THJI-2-OKCA3AJIMH) KEHIEHI JKOHE KAPBOHO.I
HET'I3IHAE THAPOIEJBAI ) KAKINA MAWIAPBIH AJ1Y )KOHE ®U3UKA-XUMUSAIBIK
KACHUETTEPIH 3EPTTEY

C. Ecmemec, /I.H. Maxaesa, I'.C. Hpmyxamemosa

an - @apabu amvinoasel Kaszax ¥nmmoix Ynueepcumemi, Anmamet, Kazaxcman
E-mail: galiya.irm@gmail.com

Tyiiinaeme: Kipicne. Noa ombeban MHUKpOOKa KapChl )KOHE aHTHCENTHKAIBIK Kypasl OO TaObUIaIbL.
Benrini Gip MuKpoOTapra ocep eTeTiH aHTHOMOTHUKTEPCH albIPMAIIBUIBIFBI, HOATHIH MHKPOOKA KapChl
acepi keH. MoAThI KongaHy bIH IIEKTEIyl TEpiHiH TITIipKeHYIMEH, OOSUTybIMEH KOHE CE3iMTaJJIbIFbIHBIH
JKOFapbUIaybIMEH, COHJAH-aK OHBIH CyJa oici3  epirimTiriMeH OadmaHbICTBL. MoOATBIH — KeHOip
MOJIMMEPIIEPMEH 3apsIIThl TACKIMAIANTBIH KEICHeP Ty3Y KaOlieTi epiriluTirid apTThIPhIN KaHa KOWMaii,
OHBIH LIBIFAPBUTYbIH Y3apTyFa )KOHE epKiH TYpJie Tere-TeH K KOHIICHTPALUICHIH TOMEHICTYIe MYMKIiH/IIK
Oepai. bynm 3eprreynin maxcamwr TEpiHIH JKapalaHFaH S>KEpJIEpiH OHICY JKOHE oiapAblH (u3uka-
XUMHSUIBIK KACHETTEPIH 3epTTey YIuiH moju-(2-atui-2-okcaszonun) (I103) momodpopsl HerisiHme xaHa
ruapoUIBal Tenb KOMITO3MLUSUIAPBIH jKacay OonbIn Tabbutambl. JKymeic a0dicmemeci THIPOTENbII
JKaKMa aly/bl, PEOJOTHSIIBIK KACHETTEpiH, KaKMaaar HOITHIH OeJiHy KHHETHKACBIH 3epTTEYyIi KOHE
THIPOTENIbi KAKIAaHBIH JKaOBICKAK KaCHETTepiH 3epTTeydi KaMTbiubl. Homuoicenep owone manxoinay.
I'npporenbai  JKakmamapbiHBIH —TYTKBIPJIBIK —CHIATTAMalapbl TEK KOKOJAHIBIPFBINI - KapOomon -
KOHIIEHTPALIMSICHIHA TOYEN/l JKOHE MonuMepii uomodop KemieHiHIH OOJybl ONapblH PEOSOTHSIBIK
KacueTTepiHe ocep eTMeii eKeHi albIHFaH THIAPOTENbIi JKAKIMaIapbIHBIH PEOJOTHSIIBIK KaCHETTepiH
Tanpaynan Oenrini Gomabl. Frans cell nuddy3usuiblk KOHIBIPFBICH apKbUIbl albIHFAH T'HAPOTeNbi
JKaKmanapaaH HOATHIH OeniHyin 3eprrey kapoomon -I103 50 k/la - mon/uoansa Heri3iHAETrT THAPOTEb/Ii
JKaKIaiapAslH YJTIepl MOATBIH €H a3 MeJmIepiH Oellin, y3aKk ocep €TeTiHIH KepcerTTi. AJIbIHFaH
THIPOTENbJI JKaKIMalapJpl Tepl aypylapblH eMJAeyre apHaJlFaH Jopulik (opmanap peTiHAe KoJjaHy
MYMKIHAIT 3epTrenai. Kopeimeinobl. Op TYpii KOHUCHTpAIUsAarsl noj meH kapOomnomnsr 6ap 103 50
sxone 500 x/]a MonekymanbiK canMarsl 6ap HETi3iHAeT THAPOTesb/Ii KaKIa albIHIbI. AJBIHFaH THAPOTEIh
JKAKMaJapJblH PEOJOTHSIIBIK KACHETTEPiH 3epTTey THIPOTeNbASpPAiH THKCOTPONTHI KacHETTEpre He
ekeH/iriH kepcerTi. [loauMep MaTpuiacbiHaH HOATHIH O6liHy KHHeTHKach! 3eprreini. Kypambrama [103-
MOJ/MOAN KelleHaepi 0ap TMApOoreNnbi jKakma Ta3za HOANCH JKOHE KapOOoIoN-HOIIEH CajbICThIpFaH/a
y3aK yakbIT OOibI HOA O6JeTiHI aHBIKTaNAbl. Tepi OeTiHEeH XKyy KCHEPHMEHTI THIPOTeNb/i JKaKmna Tepi
Oeringe 40 MuUHYT ycrail anaThIHBIH JKOHE TepiHI HMoAneH OosiMail »Kyyra OOJATBIHIBIFBIH KOPCETTI.
AJIBIHFaH THIPOTENBACPAI OpPTYPI Tepl aypynapblH emiey YIIH MHKpOOKa Kapchl Aopulik ¢opmanap
petinge nainananyra oonamsl.

Tyiiinai ce3mep: ruaporenpIi jkakma Mainap, kapOoron, #omodopnap, monu(2-3Tin-2-0KCa30oirH),
MHKpPOOKa KapChl JKyitenep
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PHYSICO-CHEMICAL PROPERTIES OF AQUEOUS SOLUTIONS
OF POLYMER SURFACTANTS

A.N. Dyuryagina”, A.A. Lutsenke, T.V. Shirina, D.Yu. Kozik, G.B. Aubakirova

M. Kozybayev North Kazakhstan University, Petropavlovsk, Kazakhstan
E-mail: adyuryagina@inbox.ru

Abstract. Introduction. The rapid progress of water-dispersion paints and varnishes from the group
of water-borne ones is due to a number of their advantages in comparison with the other paints and
varnishes from the category of environmentally friendly ones. They provide a possibility of low-
temperature drying up to the room temperature. The goal is to establish the electrical conductivity and
degree of dissociation of the PAN and PES surfactants. Methodology of this work has included the
determination of specific electrical conductivity (x, mS/cm) and hydrogen index (pH) in the freshly
prepared and aged (t not less than 48 h) solutions with different content of additives (C = 0+4 g/dm?®) at T
= 298 K. Results and discussion. The study of the specific electrical conductivity of the solutions with
different contents of amphiphilic compounds indicates that the ability of molecules to dissociate in water
prevails in the PAN composition. It has been found that at comparable concentrations in water (from 0.25
to 4 g/dm®), PAN is characterized by a greater range of changes in specific electrical conductivity (from
6.21 to 16.97 mSm) than PES (from 3.48 to 4.11 mSm). According to the experimental data, sodium
polyacrylate is a polyelectrolyte dissociating in water to form polyacrylatemacroanions. Conclusion. The
degree of dissociation of PAN in the dilute solutions (0.25 g / dm?) is maximum, and is 28 %. An increase
in the concentration (from 0.25 g/dm?) is accompanied by a decrease in a down to the level of 8 % at Span
= 4 g/dm®. A polyethersiloxane copolymer, in turn, is a weaker electrolyte than PAN. The degree of
dissociation of its macromolecules in the dilute solution (0.25 g/dm?) is 1.5 times less, and is 19%). In the
region of the elevated concentrations (Cres = 4 g/dm®), a. does not exceed 2 %, that is, 4 times lower than
in the PAN isoconcentration solution. The dissociation of the amphiphilic compounds is accompanied by
the release of the slightly acidic functional groups, which provides a shift in the hydrogen index. With
respect to bidistilled water (pH = 5.4), pH gradually decreases down to a minimum level of 4.26 in the
PAN solutions and 4.64 in the PES solutions. As the duration of the exposure of the solution increases, the
change in a and pH is due to the accumulation of hydrolysis products, after 48 hours in the
isoconcentration solutions of PAN and PES, the values of the hydrogen index have changed by 0.1-0.8
and 0.1-0.4, respectively.The obtained results make it possible to use the studied polymer surfactants as
modifiers for the water-dispersion paint compositions.

Key words: surfactant, hydrogen index, electrical conductivity, degree of dissociation, IR
spectroscopy
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OU3UKO-XUMHUYECKHUE CBOMCTBA BOJAHbIX PACTBOPOB INOJIUMEPHBIX I1AB
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Pe3tome. Beedenue. BeIcTpblii porpecc BOJHO-AUCIIEPCUOHHBIX JaKOKPACOUHBIX MAaTEPUAIOB U3 IPYIIIIbI
BOJI0-Pa30aBiIsieMbIX OOYCJIOBJIEH PAJOM MX NPEUMYLIECTB B CPAaBHEHHWH C JIPYTHMH JIAKOKPACOUHBIMU
MarepHanaMyd U3 paspsjia SKOJOTMUECKH Oe30IacHbIX Ul OKpyxkaromei cpeasl. OHM obecneyuBaroT
BO3MOXHOCTb HU3KOTEMIIEPATypHON CYIIKH BIUIOTH 10 KOMHATHOW TeMIlepaTypbl. A IIpu BBEIEHUH B
COCTaB BOJAHBIX JUCIEPCUI IONMMEPOB, HCIOJIb3YEMbIX B KauecTBe MNEHOOOpa3oBaTenei, ux
MIPOMBIIUICHHBIA TOTEHIHAJ YBEIWYMBACTCS B pasbl. [/enb — YCTAaHOBJIEHHE DJIEKTPOIPOBOAHOCTU U
CTENEHH JIMCCOLUALMU 1oBepXHOCTHO-akTUBHBIX BemecT (ITAB) ITAH u II9C. Memoodonozcus nanHoi
paboThl BKIIOYAJA OINpEAENICHHE YAENbHOW 3JeKkTponpoBogHocTd (Y, MCM/CM) M BOZOPOIHOrO
mokasarenst (pH) B cBeXXenpUTroTOBICHHBIX U BBIIEPKAHHBIX BO BpEMEHH (T He MeHee 48 1) pacTBOpax ¢
pasmuaHEIM comepxkanneM anmutuBoB (C = 0+4 r/mm®) mpu T = 298 K. Pezyavmamut u o6cyacoenue:
HccnenoBanne ynenbHOH 3J1€KTPONPOBOAHOCTH PACTBOPOB C PA3IMUHBIM coJepxaHHeM aM(pudUIbHbIX
COEIMHEHUH yKa3bIBaeT Ha TO, YTO CIIOCOOHOCTH MOJIEKYJ K IMCCOLUAIIMN B BOJE PEBAIUPYET B COCTABE
ITAH. [Ipu comocTaBUMEIX KOHIIEHTparusaX B Bofe (oT 0.25 1o 4 v/avm°) [TAH xapakTepusyeTcs GOIbIIIM
JIMana30HOM M3MEHEHHUH ynenbHoH anekTponpoBoaHocTy (ot 6.21 1o 16.97 MCwm), yem I19C (ot 3.48 1o
4.11 MmCwm). llonuakpunmar HaTpust SIBJISETCS ITOJMMAJIEKTPOJIMTOM, JIUCCOLMHUPYIOLIMM B BOJAE C
oOpa3oBaHHEM MaKpOAHHOHOB ToJHakpunara. 3axawouenue. [1oMMIUPCUIIOKCAHOBBIH COMOIMMED
siBrsieTcst Oosee cimabbiM snekTponuToMm, dem I[IAH. CremeHp AuccONMAIMKd €0 MaKpPOMOJICKYNIT B
pasbasiennom pacteope (0.25 r/mm®) B 1.5 pasa Memsme u coctaBiser 19 %. Jlucconmanus
aM(pUUIBHBIX COSANHEHHE CONPOBOXKAAETCS BEICBOOOXKIEHHEM CIa00KUCIBIX (DYHKIIMOHAIBHBIX IPYIIIL,
4yro obecnedynBaeT CMeENIeHHe BOAOPOAHOro rmokazarens. C  yBEIMUYEHHEM HPOAOIDKHTEILHOCTH
9KCIIO3UIIMK pacTBOpa M3MeHeHHe o ¥ pH 0O0yciOBIEHO HaKOIUIEHHEM IPOAYKTOB THMAPOIH3a, MO
UCTEUCHUM C MOMEHTA IPUTOTOBJICHUs 48 YacoB B M30KOHIEHTPAlMOHHBIX pactBopax ITAH u I19C
3HA4YEHHUs BOJOPOIHOro mokasatens m3meHmwmnch Ha 0.1+0.8 m 0.1+0.4 coorBercTBenHO. [lomydueHHbBIE
Ppe3yJbTaThl MO3BOJISIIOT MIPUMEHSATH UCCIIEIOBaHHbIe ToJnMepHbie [IAB B kauecTBe MOAN(PHKATOPOB ISt
BOJIHO-IUCIICPCUOHHBIX JIAKOKPACOYHBIX KOMITO3MIHA.

Ki1roueBble ¢/10Ba: TOBEPXHOCTHO-aKTHBHOE BEIIECTBO, BOJOPOIHBIN MOKA3aTeNb, SJIEKTPOIPOBOTHOCTS,
creneHpb auccoruarmn, MK-crekrpockomnust
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1. Benenue

CoBpeMEHHOE COCTOSIHUE MHPOBOIO  IPOM3BOACTBA  JIAKOKPACOUHOU
NpPOAYKIMH  TOKa3blBaeT, YTO  TPaJWLMOHHBIE  OpPraHO-pPaCTBOPUMBIE
JJAKOKpacO4HbIe MaTepHabl, OKa3bIBAIOIINE BPEIHOE BO3ECICTBHE HA YETIOBEKa U
3arps3HAONIME  aTMocdepy, Bce B OonblIed CTENEHH 3aMEHSIOTCS Ha
MIPOTPECCUBHBIC, HE COIEPIKAIE OpTraHWYIeCKUX pacTtBopuTenei [1]. BeicTphrit
IIPOTpecC BOAHO-AUCIEPCUOHHBIX JJAKOKPACOYHBIX MAaTEPHAIOB U3 TPYIIIBI BOJO-
pa30aBisieMbIX OOYCIIOBJIEH PAIOM HX IPEUMYIIECTB B CPAaBHEHHU C APYTMMU
JIAKOKPACOYHBIMU MaTepHallaMd M3 pas3psaia SKoJoTHueckd Oe3omacHbiX. OHH
00ecreYnBalOT BO3MOXKHOCTh  HU3KOTEMIIEpAaTYpHOW CYIIKH  BIUIOTH  J0
KOMHaTHON TeMmmeparypbl. CHEKTp TEXHOJOTHYECKHX BO3MOXHOCTEM BOJHBIX
IUCIIEPCUIl  MOJMMEPOB, HCHONB3YEMBIX B KauecTBE IUICHKOOOpa3oBaTesei,
3HAYUTENIFHO PaCIIUPSETCS IMPH MCHOIb30BaHUM MOAMMDUIMPYIOUINX 100aBOK
[2].

HauOonbiiee  pacmpocTpaHeHMe B KadecTBE  aJJIUTUBOB  IpH
MOIUGHUIMPOBAHAN BOIHBIX JUCTEPCHH TMOJYYMIH TOBEPXHOCTHO-aKTHBHBIC
BemiectBa (IIAB). OHM BBIONHSAIOT POJIb 3MYJBraTOpOB, aHTHUBCIIEHHUBATENEH,
CTaOMIN3aTOPOB CYCIICH3UH, MPOMOTOPOB AATE3UM M HMHIMOMTOPOB KOPPO3UH,
n00aBOK, yIyYIIAIOIIMX AEKOPAaTHUBHbIE CBOWCTBA IOKPBITHH, CMadlBaHHE
MOJUIOKKH, pPAcTeKaHue IUICHKOOOpa3oBaTesed, NUCIEPrUPOBAHUE NHUTMEHTOB
[3].

CenexkTUBHOCTh WX JICHCTBHS — oOecrieyuBaeTcs 3a CcYeT mojxdopa
aMpuQHUIBHBIX 0 TPUPOJIEe (CoUueTaHne MOJSIPHBIX M HETOJSPHBIX TPYII) H, KaKk
ClIeICTBUE clieM(UIECKUX MO CBOWCTBaM BemecTB. CienyeT MoadepKHyTh, YTO
CTEIIEHb PAa3BETBJICHHUS LENH, MOJOXKEHUE MOJSPHOW TPYyMIbl M AJMHA LEHU
SIBIISIIOTCS. BOXKHEHIIMMH MapaMeTpaMH, ONPEACISIIOIIMMHA (PHU3UKO-XUMHUYECKHE
cpoiictBa [IAB [4]. Ilonspuas rpynmna [IAB moxeT ObITh MOHOTEHHOW WU
HEeHOHOreHHOM. B mepBoM ciyuae monekyna [TAB comepxut (hyHKIIMOHAIBHYIO
TpyIIy, CIOCOOHYIO K Arcconuanuu. B ciiyuae HemoHoreHHbix [1AB monekyna
HE HUMeEeT 3apsAa MpH JIIOOBIX YCIOBHSX, YTO B 3HAYUTENBHOW CTENEHU
OTIpeeIIsIeT CBOMCTBA MOBEPXHOCTHO-AKTHBHBIX BELIECTB.

B 31001 CBSI3M 1IETIBbI0 HALIMX MCCIEI0BAHUM SBISUIOCH ONpeliesieHre (YU3nKo-
XUMHYECKAX XapaKTepUCTUK BOJHBIX PAacTBOPOB JIBYX Pa3HOBHIHOCTEH
MOJIMMEPHBIX aM(PUPUITEHBIX COCTHHEHHH.

2. JKcnepuMeHTAIbHAS YACTh

Kommnekc ¢GU3MKO-XUMHUECKUX HWCCIEIOBAHMI BKIIOYANl ONpeesieHIe
YICTBHOM 3JeKTponpoBomHOCTH (), MCM/CM) M BOZOpOIHBIH mokazatens (PH)
KaK B CBEXKEIPUTOTOBIICHHBIX PACTBOPAxX, TaK M BBLICPKAHHBIX BO BPEMEHH (T HE
Menee 48 9) ¢ pasnuuHbM coaepxanueM aumuTuBoB (C = 04 r/nm®) npu T = 298
K.

B KavecTBe aMPUGUITHHBIX aJTUTHBOB HCIIOTb30BAIIN:
nonuddupcunokcanoBsiii cononumep (I1DC); monuakpunat natpus (ITAH).
CpeaHeMOJIeKyISIPHYIO Maccy aJIUTHBOB OTpeaesaIn

KPHOCKONMUYECKUM MeToaoM [5]. 3HaueHus M miist moan>GupCcuioKCaHOBOTO
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comoyiMMepa M IMOJIMaKpuiaTa HaTPUs COCTaBUJIM COOTBeTCTBeHHO 1120 m
1190.

CocTaB H CTPYKTYPHBIC XapaKTEPHCTHKH 00Pa3IOB YCTAHABIUBAIN METOIAMH
HK-cniexkrpockonmu [6].

B UK-cnektpax (KBrvmax,cM™) TOMMIPUPCHIOKCAHOBOTO —COMOIUMEPA
HAOMIOAAINCh y3KHE TOJOCHI TOIJIOMICHUS CO  CICAYIOUIMMH BOJHOBBIMHU
sHaueHusMu: 1259 cM?, Hammume cuinokcaHoBbix (parmentoB  Si(CHas),
HOJTBEPKAAIOT II0JI0CHI HOrIomERus B obmactu 1275-1260 cm™ (Pucynoxk 1) [6].
JlaHHOE BOJIHOBOE KOJIeOaHWE HE PpACIIEIUIAETCS, 4YTO XapakTepHO IS
cutokcanoBbix rpy Si(CHa)a.

Nornoaieen

a2

07—

Pucynok 1 - UK-criektpbl 06pa3ioB noaudGupcHiIokcaHoBOro cornoiammepa

Hannure nonoc B crnekrpanbHoii o6mactu 1090-1030 cm ™ xapaktepHo ms
3QUPHBIX CBsI3eH, OCYIIECTBISIEMBIX 4Yepe3 arToMbl KpeMHus. B crekrpe
uccneayemMoro obpasua oOHapyxkeHbl konmebamms  1033-1014  cm?,  uro
MpearnoiaraeT HaJlMuue KPeMHUEBBIX 3QupHbIX cBa3ell.OnHako B obmactu 1110—
1000 cm?, xapakrepubix a1 cBszeil Si-O-C, konebanuii He OOHAPYXKEHO, YTO
OJHO3HAYHO JIOKa3bIBAaCT HAJIMUYME JIMIIL 3QHUPHOI CBA3M TOJBKO YEpe3 aTOMBI
KPEMHUSI.

B o6mactm 1500-700cm™ Tak ke ecTth aedopManmMOHHBIE KOneOaHuS,
noKkaspIBaromue Hamuune cumaHoBeix Si(CHs) cBszeii. Tak, momoca B obmacTu
864 cm?, xapakrtepna s ¢parmenrta Si(CHs)z, a monmoca B obmactu 764 cm?
xapakrtepHa i cBsseid  Si(CHs)s,. Hamuume MeTHIBHBIX M METHIICHOBBIX
¢parmenToB dukcupyercs B o6mactu 2869-2963cm .

B pesynbrare, MOKHO clieNaTh 3aKIIOUCHHE, YTO JUIS JIAHHOTO CIIEKTpa
OyzieT nmpriemiieMa clieyromas CTpyKTypa Gpopmya:

C|HJ CH, CIH3
HC-Si—0+ %i—o-];sii_cm
CH, CH, CH,

n=12
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Jns monmakprinata HaTpus OOHApPYKHMBAIOTCSA 4acTOTHl B MHTEpBae 1800—
1500 cm? , rme HpPOABNAIOTCA CBA3aHHBIE KAPOOHMIIBHBIE TPYMIBI Pa3HON
MPUPOJIbI, PUHUMAIOIIUE yYacTHE KaK B MEKMOJICKYJSPHBIX CBS35X, TaK U B
mporieccax B3aWMOJICHCTBHSI ¢ MOJICKYJIaMH BOJbBI NMpU HaOyXaHHW TOJIMMEpa
(Pucynoxk 2). B UK-cniektpe BToporo obpasia, kapOOHHIIBI B COCTaBE KapOOKCHIIa
1 Kapbokcuiaata moromart npu 1733 em™® u 1633.39 cm? coorsercTBEHHO.
[Ipuyem nHTEHCUBHOCTH MoJock nornomenus C = O kapOOKcHiIa 3HAYUTEIEHO
BBIIIE YeM KapOOKCHIIATa, YTO TOBOPUT O YACTUIHON MOHU3AIMU TIOIUMEDA.

Nornowesme:

{3404.45

Pucynok 2 - UK-criektpbl 00pa31oB MnojauakpuiaTa HaTpHs

[MpucyTcTBHEe HEMOHM3HPOBAHHON (OPMBI JIOKA3bIBAET HANWYHE MOJIOC B
obnactu 847 cM’, XxapakTepHbIX I HEMOHU3UPOBAHHBIX GopM (960cm1-880cm™

b,
Hamnuve koneGanuii B obmactu 3404 cml, roBopuT 0 NpUCYTCTBHH
CBOOOTHOMKAPOOKCHITLHOW TPYTITHI HE CBA3aHHOW BOJOPOJIHBIMH CBSI3SMHU.
Hanwmune MeTHUITBHBIX ¥ METHIIEHOBBIX ()parMeHTOB (pukcupyercs B o0nacTu
2857cmt, 2923cm.
Hannsie UK ciekTpocKonuu MoATBEPKIAI0T HAIMYKE NOJIMAKpUiaTa, Kak U
MOJMAKPHUIIOBOM KUCIOTHI:

[— CH~CH(COONa)—], -
n=15

3. Pe3yabTaThl M 00Cy:KIeHHE

AHanmm3 yaenpHOW onekTponpoBonHoctd (Pucynok 1) pactBopoB ¢
pa3nuYHBIM colepxkaHueM aM(UuWIbHBIA COEAWHEHHWH CBHUIETEIBCTBYET, UTO
CHOCOOHOCTh MOJIEKYJI C AMCCOLMAalMUd B Boje mpeobnanaer B cocrtase [TAH
(Pucynok 1 a).
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. MKCM a % MECM §]
160 -
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Pucynok 3 - Bausuue xonuentpauuu [T1AH (a) u [19C (6) Ha yaenpHYy0 31€KTPOIPOBOHOCTh BOAHBIX
pacTBOpOB: 1 — CBEXKENPUTOTOBIIEHHBIE; 2 — BbIIEPIKaHHbIE BO BpeMeHH (48 1) pacTBOpbI

Kak moka3pIBalOT O3KCIIEpUMEHTalbHBIC JaHHBIE, B pa30aBICHHBIX
nzokonnenTpannonusix  (0.25 r/am®) pactopax IIAH u IIDC  ynensHas
3JIEKTPOIPOBOAHOCTH COCTABMIIA COOTBETCTBEHHO 6.22 1 3.48 MxCwm/cMm (Pucynox
3 a0; kpuBbie — 1). Ilo Mepe manbHEHINEr0 YBEJIUYCHUS KOHIIEHTPAILMU
nokasarenu y B pucyrcteun [19C (C > 1 r/nm®) crabunnsupoBainucs Ha ypoBHE
4.11+4.46 mxCwm/cMm, B To BpeMmsi kak pactBopel ¢ I[IAH nemoncrpupoBanmu
HEU3MEHHBIA POCT YICIIBHOM 31eKTponpoBogHoCTH (Y = 16.97 MxCwm/cM, Cran =
4 r/nmd).

YBennueHue NpOoJOKUTEIBHOCTH SKCHO3UIMH pacTBOpPoB (10 48 u) erme
Oosblie ycrinBaio pasHuly B 3HaueHUsX x Mexny [IAH u [I9C (Pucynok 3 a,0;
KpuBbIe — 2). B BbIIEpKaHHOM BO BpeMenu pastasnennom (0.25 r/mm®) pactsope
I[TAH ynenbHasi 3IeKTPONPOBOAHOCTH Bo3pocia B 5.6 paza u cocraBmia 34.95
MKCMm/cM (Pucynok 3 a, kpuBas 2). st pacrBopa [19C (PucyHnok 3 6, kpuBas 2)
IpH aHAJIOTHYHBIX ycnoBusx (T=48 u; C=0.025 r/am’) usMenenue y ObLIO
MeHee 3HauuTenbHBIM (0T 3.48 mo 4.48 wmkCwm/cm). 3a mpenenamu 3TOTO
KoHIEeHTpamronHoro ydactka (C>0.25 r/am®), cyas 1mo 3KCEepUMEHTAIbHBIM
3aBUCHUMOCTSIM, POCT YAEJBHOH 3JIEKTPONPOBOAHOCTH BO BpEMEHHM HamboJjee
CWJIBHO BBIpakeH Takke B pactBopax ITAH. ComocraBnenue 3HaueHuit y yepes 48
Y BBIIEPKKU M CBEKETIPUTOTOBJIEHHBIX pacTBopoB (0.4 r/am®) mokaseiBaet, 4To
ylleJbHas 3JIEKTPONPOBOIHOCTH B pacTBopax IIAH yBenmuuBaercs B 8.1 pasa (oT
16.97 mo 137.44 mxCwm/cm), B pactBopax [19C tonbko juib B 2.3 pasa (ot 4.11
10 9.50 MkCwm/cm).

YcTaHoBiIeHHOE MIPEBATTUPOBAHNE MOHHU3UPOBAHHBIX bopwm,
obecrieunBaronux OoJiee BEICOKUE MoKa3aTenu ¥ B pactBopax [TAH, oObscHseTcs
C IO3ULMH H3MEHEHHS MOJIIPU3YEMOCTH M 3HEPreTHYECKUX XapaKTEPUCTHUK
npornecca rugparannu. Mon Hatpus B coctaBe ITAH xapakrepusyetcs Oonbpmmm
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3HAYEHUEM TETUIOTHI THAPATAIIUK [0 CPABHEHUIO ¢ 3(QUPHOM TPYIION B cocTaBe
I[I9C. Hon HaTpus, KOOPAWMHHUPYS BOKPYT ceOsl AWIONH BOJIBI, BBI3BIBACT
MOJISIPU3AIMI0O  MOJIEKYJIBl M Toclenyromuil e€ pacmag ¢ obpa3oBaHHEM
MaKpOaHHOHOB MoJIMaKpwiata. V3-3a MeHbIIEH THApaTAlMK TMOJIIPHBIX TPYIII
[I9C crenenp auccomnumanuu ero MoJekyn (o, %) 3HauntenpHO HIke (Tabmmma

1).

Taﬁnnua 1 - ®OU3MKO-XUMHUYECKUE XapaKTEPUCTHUKU paCTBOPOB

C, r/mm® | CM, Monb/n1 b, Cuntfutoms o %
| I I 1l
ITAH
0.25 0.00019186 0.32398834 1.82148976 28.38196493 19.398187
0.5 0.00038373 0.1784224 0.95019972 24.44142411 10.1192728
1 0.00076746 0.09190059 0.59927576 12.58912192 6.38206347
2 0.00153492 0.06427569 0.46729489 8.80488863 4.9765164
4 0.00306984 0.05528629 0.4477108 7.573464384 4.76795314
I19C
0.25 0.00024108 0.144458248 0.18572255 18.6794404 29.4161867
0.5 0.00048216 0.066040308 0.16288781 14.4825237 24.9387867
1 0.00096432 0.046235682 0.07297991 10.1394039 14.3097867
2 0.00192864 0.022229132 0.03849033 4.87480965 7.54712333
4 0.00385728 0.010653101 0.02462823 2.33620636 4.829065
| — cBexenpuroroBnenubie; || — BeiIep:kaHHBIE BO BpeMEHH PACTBOPHI (48 1)

B pas6asnennsix (0.25 r/nm®) pacteope ITDC Ha J0MK0 HOHM3MPOBAHHBIX
(dbopM TPHUXOAMTCS HE MeEHee
n3okoHIeHTparoHHoM pactBope [TAH. Ilo Mepe yBennueHus KOHIIEHTpaluu
pacTBopa CTeNeHb TUCCOLMAIMM YMEHbIIAeTCsl U He npeBbimaeT 2 %, npu C =4
r/am3, uto B 4 paza meHbIue, yeM B pactsope ITAH (Ta6muna 1).

BricBoOOAMBIIMECS TIPH  AMCCOLMAINNMK  clIabOKHCible (DyHKIIMOHAIBHBIC
rpynnsl (Pucynok 4 a, 6, kpuBble 1) obecneuynBarOT yMEHBIIEHHE BOAOPOIHOTO
nokazarens oT 5.98 no 4.26 B pactBopax IIAH u ot 5.40 no 4.64 B pactBOpax
I12C mo Mepe yBeNIUUYEeHHs HX KOHIEHTpanuH B Boje oT 0.25 1o 4 r/nm3

%, YTO B

1.5 paza Huxe,

qeM

B
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pH a pH 0
7
6 -
2
5 .
4 4 1
O T 10 T T T 1
0 2 4 0 1 2 3 4
Criam, 171 Crpe. T/

Pucynok 4 - Bnusiaue konuentpanun [TAH (a) u [19C (6) Ha BOJOpoIHbII ITOKa3aTeab BOIAHBIX
pacTBOpOB: 1 — CBEXKENPUTOTOBJIEHHBIE; 2 — BbIIEPIKaHHbIE BO BpeMeHH (48 1) pacTBOpbI

[Ipu yBennueHnn MPOJOIDKUTEIHHOCTH SKCIIO3UITNH pacTBopoB (Pucynoxk 4
a,0, kpuBble 2) wu3MeHeHne pH 00yclOBICHO HaKOIICHHEM TNPOIYKTOB
ruaponu3a. Tak, mo wcreueHnn 48 yacoB (C MOMEHTa TPUTOTOBICHHS) B
M30KOHIEHTpallMoHHbIX pacTBopax IIAH wu IIOC 3HaueHuss BOAOPOAHOTO
nokasatesns usmeHuwiuch Ha 0.1+0.8 u 0.1+0.4 cooTBETCTBEHHO.

4. 3aknw4eHue

1. IIpu comocTtaBUMBIX KOHIIEHTparusx B Bojae (ot 0.25 go 4 F/I[MS) TTAH
XapaKTepu3yeTcs 00BpIITUM JTMaTIa30HOM W3MEHEHU I yAeTbHON
anexTponpoBogHOCTH (0T 6.21 mo 16.97 MCwm), wem I19C (ot 3.48 mo 4.11 MCwm).
[IpeBanmpoBaHne WOHHM3MPOBAHHBIX (GOPM, OOECTIEUMBAIONINX OOJiee BHICOKHE
nmokasarenu y B pactBopax I[IAH, oOycioBiieHO OOJibIIEH CIIOCOOHOCTBIO K
TUApATAllY TIOJIAPHBIX TPYIT (HATPUN) €ro MaKpOMOJIEKYJ, 1O CpPaBHEHHIO C
a¢upHO# rpynmoii B coctase [13C.

2. llonuakpuiat HaTPHSA SIBISIETCS TTOIUAIIEKTPOIUTOM, TUCCONUUPYIOIIIM B
BojZie C 0Opa3oBaHHEM MaKpOAHHOHOB mNonuakpuiara. CTeneHb AUCCOIHAINN
[TAH B pas6asnennbix pactBopax (0.25 r/am®) MakcuMainbHO 1 coctasiser 28 %.
IMosbimenne konuenTpanuu (C > 0.25 r/am®) conpoBOXKAAETCS YMEHBIIEHUEM 0
10 yposHs 8 % nipu Crian = 4 r/am®.

3. Tlonm>pUpCUIIOKCAaHOBBIM  comosMMmep — SIBIAETCS  Oojiee  CinaObIM
anektponutoMm, dem IIAH. Cremenp paucconmanmud €ro MaKpOMOJIEKYT B
pas6asnennom pactsope (0.25 r/nm®) B 1.5 pasa menbiue u cocrasnser 19 %). B
obnactu noseimenHbx conepxannii (Crne = 4 /1m°) o He npesbimaer 2 %, T0
€CTh B 4 pa3a HUXe, YeM B U30KOHLIEHTpalmoHHOM pactBope [TAH.

4. Jlucconuarys amM(pHUGUITBHBIX COoeUHEHNE COIPOBOXKAAETCS
BBICBOOOXKJICHEM CIA0OKHUCTBIX (PYHKIMOHATIBHBIX TPYII, YTO OOecreyuBaeT
CMEIIIEHNE BOMOPONHOTO ToOKazarens. OTHOCHUTENHHO OWAMCTHIIIIMPOBAHHON
Boxabl (pH=5.4) mpoucxomuT mocreneHHoe yMeHblleHne pH 10 MUHHMaTbHOTO
ypoBus 4.26 B pactBopax IIAH u 4.64 B pactBopax I19C.
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5. C yBenn4eHueM MpOA0JDKUTEIBHOCTH SKCITO3UIIMU PAaCTBOPa U3MEHEHUE 0
u pH 0OyCIIOBIEHO HAKOILUIEHUEM NPOAYKTOB THIPOJIHM3a, 10 HMCTEYCHUU C
MOMEHTA TPUTOTOBJICHUS 48 YacOB B M30KOHIIEHTPAIMOHHBIX pacTBopax IIAH u
I[I5C 3Havenwss BomopomHOro Tokasarens m3MmeHmwmmch Ha 0.1-0.8 m 0.1+0.4
COOTBETCTBEHHO.

®unancupoBanue: PaboTa BbINONHEHA NPH MOJJIEPKKE MpoekTa MuHUCTEpcTBa 00pa3oBaHus U
Hayku Pecny0Osnuku Kazaxcran AP08856284.

Kongaukr mHTepecoB: ABTOpHI 3asBISIOT 00 OTCYTCTBHH KOH(JIMKTA HHTEPECOB MEXIY
aBTOpaMu, TPeOYIOIIEro pacKpbITHs B JaHHOI CTaThbe.

MNOJIUMEPJII B3 CY EPITIHAIVIEPIHIH ®U3UKA-XUMUAJIBIK KACUETTEPI
A.H. Tiopazuna”, A.A. Iyuyenxo, T.B. Hlupuna, /I.1O. Kosux, I.b. Ay6axuposa

Manaw Koswvibaee amvinoazer Conmycmix Kazaxcman ynugepcumemi, [lemponaen, Kazaxcman
E-mail: adyuryagina@inbox.ru

Tyiiinaeme. Kipicne. Jlak-00sty ©HIMACPIHIH NIEM/IIK OHIIPICIHIH Ka3ipri )KaFaiibl ajaMFa 3UsSH/IBI dCep
€TeTiH JKoHe aTMocdepaHbl JACTANUThIH AICTYPJIl OpPraHUKAIBIK-ePUTIH JIaK-00sly MaTepuanaapbl OapraH
cailbIH POTPECCUBTI, KYPaMbIH/Ia OPTaHUKAJIBIK €PITKIIITEP JKOK OOJIBIN aybICTHIPBLIATBIHBIH KOPCETE/II.
Cy nucnepcri Gostylap MeH Jak-00sly MaTepHalJapblHBIH Cy-IUCIEPCTi Oosiynap TOOBIHIAFBI JKbUIIAM
uirepineyi  onapAblH  OKOJOTMSUIBIK —Ta3za caHaTTarbl Oacka OosdylgapMEeH JKOHE  JIaKTapMeH
CaJIbICTBIpFaH/arbl OipKaTap apThIKIIBIIBIKTApbIMEH TYCiHAipineni. Onap Genme TeMnepaTypacbiHa JeiiH
TOMEH TeMIleparypaja Kentipyre MyMkinaik Oepeni. Cy aucnepcusiapblH €3repTy Ke3iHle aJIuTHBTEp
perinzge eH ken TapanraH Oertik Gencenai 3artap (bBb3) 6onubl. JKymsic makcamor — ITAH xone T19C
BB3 »neKTpeTKI3rilTirin KoHe IUCCONMANUIIAHy Jopexecin Oenriney. byn owcymbicmoly adicmemeci
JKaHaJaH IadbIHIAIFaH jKoHe eckipreH (T keminme 48 car) op Typai Kocmamapel Gap (C = 0+4)
epiTiHainepaeri MEHIIKTI 31ekTp oTkisrimTirin (), MC/cMm) skoHe cyrteri mHaekciH (pH) aHbIKTaymsl
kamrugel. v/av°) T = 298 K xesiume. Homuoicenep men mankwinay. Kypamsinma optypii ambudmmbai
KOCBUIBICTapbl 0ap epiTiHAUIepAiH MEHMIKTI IeKTp eoTki3rimTirin 3eprrey ITAH KypambiHga
MOJIEKyJIJIapJIbIH CyJa JUCCOLMaNnusuIaHy KaOuleTiHiH 0ackiM eKeHAIriH kepceremi. CanbICThIpMalIbI
koHueHTpauusiapaa cy (0.25-ten 4 r/mm3-xe neiiin) [TAH snekTp OTKI3TIITITIHIH €3repyiHiH YJIKEH
nuarnazoHeiMeH cumattanansl (6.21-nen 16.97 MCwm-re neiiin) [19C (3.48-men 4.11 MCMm-Tre neifin).
Harpuit moinaxpuiaaThI-NONMANEKTPOINT, CyJa TUCCOLUANMSIAHBIN, MOJHAKPUIAT MaKpOAHUOHIAPHIH
ty3enmi. Tyorceipoiv. Tlommadupcunokcan comonumepi [TAH-ra kaparanga onci3 3MEKTPOIUT OOJNBII
Tabbutapl. CyHBUITBUIFAH EPITIHIINCTI OHBIH MaKpPOMOJICKYJIadapbIHbIH AUCCONMAIMSIAHY TopekKeci
(0.25 r/am®) 1.5 ece a3 xome 19% Kypaiinpl. AMGUGMUIIL IUCCOMMANHNSA KOCKUIBIC CyTeTi MHIEKCiHiH
CBICYBIH KaMTaMachl3 €TETIH a3Jal KBIIIKbUI (YHKIHMOHAJABI TONTApABIH OelliHyiMeH Oipre xypemi.
EpiTiHAiHIH SKCIIO3MIMS Y3aKTBIFBIHBIH YJIFAalObIMEH o koHe pH esrepyi Tuapoims eHIMAEpiHiH
JKMHaKTanyblHa Oaitmaneictl, I[IAH xoHe IIDC wm3okoHueHTpiik epitiHnuiepinge 48 carar
JabIHAFAaHHAH KeHMiH cyTeri KepceTkiliHiH MoHaepi coiikecinie 0.1+0.8 sxone 0.1+0.4-xe e3repai.
AJIBIHFaH HOTIDKENEp 3epTTeNreH nosimMepiti BB3-Hbl Cynbl-TUCHePCHSIIBIK JTaK-0051y KOMITO3HMIHSIAPBI
YIIiH MOIU(UKATOp peTiHae KONIaHyFa MYMKIHIIK Oepeni.

Tyiiin ce3aep: OeTTik-Oencenai 3aT, CyTEKTIK KOPCETKIIl, 3JIEKTPOTKI3TIIITIK, JUCCONHUAIHS TopPexKeci,
HK-cnekTpockonust
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STUDY OF THE THEORETICAL FOUNDATIONS FOR OBTAINING
A STABLE FORMULATION OF A SUSPENDED FUNGICIDAL
COMPOSITION AND ITS EFFECT ON THE YIELD OF COTTON,
THE DEGREE OF CO; RELEASE FROM THE SOIL

N.N. Yesserkeyeval", S. Usmanov?, D.E. Fischer?, Ye.N. Ramazanova?, B. Tolkyn?,
A.E. Trenova?, O.V. Myachina®, B.S. Zakirov 2

A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
SInstitute of General and Inorganic Chemistry, Academy of Sciences, Tashkent, Uzbekistan
E-mail:nazka_0791@mail.ru

Abstract. Introduction. The used seed disinfectants of the agricultural crops, and in particular cotton,
do not provide plants with additional nutrient nitrogen and do not contribute to a high yield of raw cotton.
In this work, the task is to create an active substance and, on its basis, a preparative form of a composition
of a multifunctional action, which simultaneously makes it possible to reduce diseases of cotton plants,
increase the accumulation of easily hydrolysable nitrogen in the soil and obtain a high yield of raw cotton.
The goal. Synthesis and study of the theoretical foundations for obtaining an active substance and the
formulation of the composition for dressing the cotton seeds based on methylolureas and molybdenum
phytocompounds. Results.The mechanism of the effect of the pH of the medium, temperature and storage
time on the stability of the preparative form, which ensures a high biological efficiency, is substantiated.
The mechanism of the influence of the preparative form of a double compound based on monomethylol
urea and molybdenum phytocompound on the yield of cotton and the greenhouse effect has been
established. It has been revealed that during the growing season the composition provides the
accumulation in the soil of an additional content of easily hydrolysable nitrogen and mobile forms of
phosphorus pentoxide, reduces the release of carbon dioxide into the gas phase and increases the yield of
raw cotton. Conclusion. The optimal storage parameters of the composition have been determined to
ensure a high biological efficiency: pH 6.5-7.5, temperature 20°C and 35°C, and storage time 3-6 months.
A decrease in the release of carbon dioxide in the soil by 22 - 32 mg/m? per hour and an increase in the
yield of cotton by 20.58% - 37.51% have been established.

Key words: monomethylol urea, molybdenum phytocompound, carbon dioxide, readily
hydrolysable nitrogen, mobile forms of phosphorus pentoxide, cotton, raw cotton
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HCCJIEJOBAHUE  TEOPETHYECKHMX OCHOB  NOJIYYEHUS CTABUJIBHOM
NPEITAPATUBHOU ®OPMbl CYCHEH3MPOBAHHOU ®YHI'MIIMTHOU KOMIIO3U1IUN
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Pe3stome: Bgedenue. Ha mnoceBax XJIONMYAaTHMKA IIPOTHB KOPHEBOW THWJIM M TOMMO3a MCIIOJB3YIOT
IOPOTpaBHTENN CeMsH. llcmome3yemble IIpOTPABUTENM CEMSH XJIOMYATHHKA HMEIOT  BBICOKYIO
TOKCHYHOCTb, KOTOpbI€ HETaTHBHO BIHMAIM HAa IIONE3HY0 MHKpodiaopy mous. lcmomb3yemsie
HPOTPABHUTENN CEMSH CENIbCKOXO3SHCTBEHHBIX KYJIBTYpP, U B YaCTHOCTH XJIOIYATHHUKA, HE 00CCICUUBAIOT
pacTeHUs NONONHUTEIBHBIM IHTATENBHBIM a30TOM U IIOJTYyYCHHEM BBICOKOTO YpOKasl XJIOIKa-ChIpIia.
HenoctaTkoM mpoBeeHHBIX PadOT Tak ke SABIACTCA OTCYTCTBHE B HHMX HCCICIOBAaHUH IO HaPHUKOBOMY
spdexry. HeobXomumpl HOBBIE  pEIICHHS  IOJYYCHHS  BBICOKMX  KA4YECTBEHHBIX  ypOXKacB
CEIBCKOXO03HCTBEHHBIX KyJIBTYpP, B YACTHOCTH XJIOIMYAaTHUKA HPH AeUIUTE MUHEPAIbHBIX yI00peHHi 1
COXpPaHEeHHs IOYBEHHOTO IUIONOPOIMS IIyTeM CHIDKCHHsA IapHuUKoBoro sddexra. B manHOl pabote
CTaBHTCS 3aJada IO CO3JAaHMIO ACHCTBYIOIIEIO BEIIECTBA UM HA €0 OCHOBE IIPEMapaTHBHOU (HOpMbI
KOMITO3UIMY TOMN(YHKIHOHAIBHOTO JCHCTBHS, IO3BOJLIIOIIAS ONHOBPEMEHHO, CHH3HUTH OOJIE3HH
pacTeHU XJIONMYATHHKA, YBEIMYUTh HAKOIUICHHE B IIOYBE JIETKOTHJIPOIM3YEMOrO a30Ta U MOIY4YHTh
BBICOKOTO ypOXkas XJIONKa-chIpua. [[ens. CHHTE3 U HCCICIOBAaHHE TEOPETHYECKHX OCHOB IIONYYCHUS
JEHCTBYIOIIETO BEIIECTBA M IIPENapaTHBHOH (GOPMBI KOMIO3HIMH I HPOTPaBIMBAHHSA CEMSH
XJIONTYAaTHAKA HA OCHOBE METHJIOJIMOYEBHH W (puTocoenuHeHnid monmoaeHa. Pezyismamel. OO0CHOBaH
MeXaHU3M BiUsHHSA PH cpenbl, TemiepaTypbl M BpeMs XpaHEHUs Ha CTaOHIBHOCTH IpErapaTUBHOH
(hopMBI, 0OECTICUNBAOIIYIO BEICOKYIO OHOTOTHYECKYIO 3(PEKTUBHOCT. Y CTAHOBICH MEXaHU3M BIHSHUS
HpenapaTUBHOM (OPMBI JBOWHOIO COCANHCHVS HAa OCHOBE MOHOMETHIIONIMOYEBHHBI U (DUTOCOCHUHEHUS
MosOIeHa Ha ypOXKAHHOCTh XJIONMYAaTHUKA M MAPHUKOBBI 3¢ dekT. BBIABICHO, 4TO B EPHUOA BEreTallMU
KOMITO3HIS 00ECIIeYNBaeT HAKOIUICHHE B MOYBE JONONHUTEIBHOTO COACPIKAHUS JIETKOTHAPOIN3YEMOTO
a30Ta M HOJBIDKHBIX (HOPM IEHTaoKcHaa (Gocdopa, CHIKAET BBIICTICHUE B Ta30BYI0 (pa3y YIIICKUCIOTH U
MOBBILIACT YpOXKall XJIONKAa-ChIpLA. 3axmouenue. OUpenencHbl ONTHMAIbHBIC ApaMETPhl XPaHCHHUS
KOMITO3HLIUH, 00ECIIEYMBAIOLINE BHICOKYIO Onosorndeckyto addexruBrocts: pH 6.5-7.5, temneparypa 20
°C u 35 °C u Bpems XxpaHEeHus 3 — 6 Mecs1eB. Y CTAHOBJIEHO CHI)KEHHE BBIZICTICHHUS YIIIEKUCIOTH B TIOYBE
Ha 22 — 32 Mr/M? B 4ac ¥ NOBBIIIEHUE YPOXKaiHOCTH XJTomuaTHuka Ha 20.58 % - 37.51 %.

KioueBble cj10Ba: MOHOMETHIIONIMOYEBHHA, (DUTOCOCAMHEHHE MOIMOACHA, YITIEKHUCIBIH Ta3,
JIETKOTUIPONII3YEMBIi a30T, HOABIDKHEIE (OPMBI IIeHTaoOKCcHAa (ochopa, XTOMIaTHUK, XJIOTIOK-CHIPEI]

Ecepkeesa Hazzyno Hyprkacoimosna  M1aowull HAyyHwlil cOmpyoHUK
Yemanos Cynman npogheccop, 0OKMOp MmexHu4eCcKux Hayx
Duwep /lamemxen Eounosna KaHOUOAm XUMUYECKUX HAYK

Pamaszanoea nv3upa Hypaounoena  nayumviii compyoHux
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Tonkvin banzvin MAAOWUTE HAYYHBLTL COMPYOHUK

Tpenosa Apaiinvim Ezuzzepeesna doxmop PhD

Msauuna Onvea Bnaoumuposna cmapwiuil HayuHelll compyoOHuK, OOKMOp OUONOSUYECKUX
HAyK

3akupoe Baxmusap Cabupicanosuy npogeccop, AOKMOp XUMUUECKUX HAVK

1. BBeaenue

Ha moceBax xjom4aTHHKa MPOTUB KOPHEBOW THUIU U TOMMO3a HCIOJIB3YIOT
[IPOTPABUTENN CEMsIH. VcIonbp3yeMble IPOTPABUTEINN CEMSH XJIOMYaTHUKA UMEIOT
BBICOKYI0 TOKCUYHOCTb, KOTOPbIE HETaTHBHO BIMSJIM Ha IOJIE3HYI0 MHUKpPO(IOpY
nouB [1]. Pazpaborannsie B Hayane 2000 ro10B MaJIOTOKCHYHBIC MPOTPABUTEIN
CeMsIH HE OTBEYAIOT TPEOOBAHUSAM MIPAKTHUKH.

s pemieHus: HEAOCTATKOB IPHMEHSEMbIX Ha IOCEBaxX XJIOMYaTHHKA
nporpaButenn cemMsH B AQO «MHCTUTYT XuMudeckux Hayk umenn A.b.
BektypoBa» ObUTM MPOBEACHBI HMCCICAOBAHHUS TEOPETHUYSCKHX OCHOB CHHTE3a
JNEUCTBYIOLIMX  BEIIECTB W MpemapaTHBHOM  (GOpMBI  KOMIIO3ULMU
NONM(PYHKIHOHATBHOTO JCHCTBHS HAa OCHOBE MOHO-, JMMETHIIOIMOYEBHUHBI U
¢buTocoeMHEeHUIT MM, IIMHKA U KoOanbTa [2-7].

[Tpu BBICOKOH AHEKTUBHOCTH pa3padOTaHHBIX JIEHCTBYIONINX BEIIECTB U Ha
UX OCHOBE IIpenapaTuBHON (GOpMBI KOMIO3ULMNA MOJU(YHKIHOHAIBHOTO
JecTBUS B cilydae Ae(dUIMTa a30THOTO NMUTAHUS HE HaOMI0Janoch JOKHOTO
HOBBIIICHUS ypoxkasi Xuyorka-ceipua [8].Henocratkom mpoBeieHHBIX paboT Tak
XKe SIBIISIETCS OTCYTCTBHE B HHMX HMCCJEIOBaHUI MO nmapHUKoBOMY 3¢ddekrty. Ilo
nanHbM JlaypeatoB HobGenerckoit npemuii 3a 2007 roj; OCHOBHBIM UCTOYHHKOM
Jerpajanyii 3eMellb, IyTeM Pa3JIoKeHHs TyMyca MOYB M BBIJCICHHS B Ta3oBYIO
(asy yriaekucioro rasa sBisieTcss MUHepaibHoe yaoopenue [9].

Heo0xo1uMBI HOBBIE PEHICHUS MOJTyYeHHsI BLICOKUX Ka4eCTBEHHBIX YPOKaeB
CENTbCKOXO3SMCTBEHHBIX KYJIBTYP, B YaCTHOCTH XJIOMMYaTHUKA TIPU JePHUIINTE
MUHEpaJIbHBIX YIOOpEHHH M COXpPaHEHUs MOYBEHHOTO IUIOJOPOAMSA IIyTeM
CHIDKEHUS TApHUKOBOTO A dheKTa.

2. DJKcnepHMeHTAJIBLHAS YacTh

2.1 HUccrnedosanue meopemuyeckux OCHO8 NOAYYeHUs CMaOUIbHOU
npenapamueHoll  Qopmbl  CYCHEH3UPOBAHHOU YHUYUOHOU KOMNO3UYUU HA
oCcHOoBe 080111020 coeourenus - Oeticmeyioujezo sewyecmea
monomemunoamouesunvl (MMM) u pumocoedunenui monudboena (PCMo).

s uccnenoBaHus TEOPETHYECKUX OCHOB IIONyYEHHS CTaOMIIbHON
npenapaTiBHOM  QOpMBI  CYyCHIEH3MPOBAaHHOHW  (YHTHUIUIHOW  KOMIIO3UIMU
BXOJIHBIMH TIapamMeTpaMu ObUTH 0003HAYEHBI CIICAYIOIIHUE:

- KOHIIEHTpalus pactBopa 2.5%;

- pH pactBopa 5.4; 6.4 u 7.7;

- remneparypa 20 °C u 35 °C;

- Bpems xpaHeHus: 3 u 6 MecsIeB.

ObocHoBaHNE BXOIHBIX TAPAMETPOB:
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1 Konuentpamus pactBopa 2.5% oOycioBieHa pPacTBOPUMOCTHIO,
CTaOMJIBHOCTBIO KOMITO3MLIMM M 3aTpaTaMH, CBSI3aHHBIMH C OOBEMOM Taphl,
XpaHEHUEM, IEPEBO3KON U IPUMEHEHHEM.

2 3nauenne pH pacTtBopa ompexaensieT CTeNeHb W BpeMsl KOHACHCALUU
MMM 1npu XpaHeHMH C OOpa3oBaHMEM W BBIIAJCHHEM B  OCAJIOK
METHJIOJIMETHIICHOBBIX TIPOU3BOIHBIX, YTO PE3KO CHMXKAET OHOJIOTHYECKYIO,
MHUKpPOOHOIIOTHYECKYIO,  arpOXHMMHYEecKyl0  3(Q(PEKTUBHOCTH  IMPENapaToB.
3nauenue pH ceMsH u pactenuii coctaBmusiet 5.4 - 5.7, npUMeHEHHE MIpenapara c
3raueHneM pH Ommskoii pH pacTeHunii He MPUBOIUT UX CTPECCY.

3 Temmepatypa 20 °C ompezeneHa cpeqHell TeMIIEpaTypoll B CKIAICKHX
MTOMEIIEHUSIX B OCEHHE-BECEHHUX MOTO/IHBIX YCIOBUSX, a 35 °C B JIETHHUX.

4 Cpoku xpaHeHUs 3 U 6 MecsleB CBS3aHBl CO BPEMEHEM MPHUTOTOBJICHUS
[penapaToB B OCEHHUE, 3MMHHUE U BECEHHHE MEPUOBI M €T0 HCIIOIb30BAHUEM IS
00pabOTKN ceMEHHOTO MaTepHaa.

BrixoaHbIME TapaMeTpaMH MCCIIEA0BaHUM OBIITH OMPEIEIICHBI:

- BsI3KkocTh, Mlla-c;

- INIOTHOCTB, T/cM®;

- HAJIMYUE B paCTBOPE METUJICHOBBIX TPYIII;

- Oouonoruueckas 3(p(GEeKTUBHOCTh MPOTUB KOPHEBOH T'HMJIM U TOMMO3a He
Hmke 85 %.

2.2 M3yuenue 6IUAHUA KOMHOZUYUU HA YPOICAUHOCMb XJIONYAMHUKA U
cmenens gvroenenus COz u3 nousw.

Ilpy  WCHONB30BAaHMM  MHUHEPAIBHBIX  YIOOpEHMH  yBeJIMYMBACTCA
YHUCJICHHOCTh OJHUIOTPOPOB M JEHUTPUPHUKATOPOB pazjiaraloliux TyMyc U
HUTPATHBIH Q30T TIOYBBI, BCIEACTBHE YEro B Ta30BYI a3y BBIIACISETCS
YIJIEKUCTBINA Ta3 U HUTPUTHI a3ota. [lapHukoBeiii 3ddext B armocdepe 3a cyer
MUHEpalbHBIX ynoOpeHuil cocraBmser 20-22%. HurtpaTel u HUTpUTHL a3oTa
3arpsI3HSIOT BOAOEMBI, aTMOC(EPY M Ka4eCTBO MPOAYKTOB ITUTAHHSI.

Hamu, Ha BereTrammoHHBIX COCyJaX Ha IIOCEBaX XJIOMYaTHHWKA, H3YYEHO
BIIMSIHUE TIPETapaTUBHON (OPMBI CyCIIEH3UPOBAHHON (DYHIHIUAHONW KOMITO3ULIMU
Ha OCHOBE JIBOWHOTO coeMHEHHs — JeiicTBytoiero BemectBa MMM ®CMo npu
[IOJIHOM HOPME M CHIKEHHH HOPMBI MHHEpANbHBIX ynoOpeHwil B 2 pa3a Ha
coJiep>KaHue JIETKOTHAPOJIM3YEeMOro a30Ta M HOABHXKHBIX (OPM TMEHTaOKCHIA
¢docthopa, BbaeTeHHE B Ta30BYI0 (asy yrJIEKHUCIOro raza B (asy IBETEHHUs U
yposkast XJIOTIKa ChIpiia. BapuaHTHI B OMBITaX C TPEXKPATHOM MOBTOPHOCTHIO.

B Tabnmumax 3 u 4 mpencTaBiieHbl BXOIHBIE ITApaMETPhI IT0 HOpMaM U CpOKaM
MPUMEHEHUS! MUHEPAIbHBIX YIOOpEHHH M CTAaOMJIBHOM NpenapaTHBHON (opMbl
CYCTICH3UPOBAaHHOW (QYHTHUIIUAHOW Kommo3uiimu MMM-®CMo. B kadectBe
A30THOTO YZOOpEHWs WCIONB30BAM aMMHAYHYIO CenuTpy, (HocopHOro-
aMModoc, KaJHHHOrO — XJIopuA Kanuia. AMMO(Oc U XJIOPHI Kajusi BHOCWIH B
MOYBY IpU HAaOMBKE COCYAOB. AMMHA4yHas CeIUTpa BHOCHJIOCH NPH HaOWBKE
cocynoB B ¢a3zy 3-4 HACTOSIIMX JIMCTbEB, OYyTOHH3AIMM W IIBETCHHUsA. B
BapuaHTax 1, 2 pacTeHUs MOJy4aid MOJHYI0 HOPMY MUHEpAIbHBIX YIOOpeHHi
(100%). B BapuanTe 3 pacTeHus MOTyYaIl MUTATEIbHBIE 3JeMEHTHI Ha 50%.
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T'omoBass HOpMa a3zoTa, HEOOXOIMMOTO ISl PacTeHHWsS B BapuaHTax 1 u 2,
coctaBisieT 7 T/cocyn, nenraokeuaa hocdopa — 5 r/cocyn, auokcuna kanms — 3.5
r/cocyn, a B BapuaHTe 3 asora — 3.5 r/cocyn, meHTtaokucrma gochopa — 2.5
r/cocyn, nuokcuaa kamus - 1.75 r/cocyn. Bcro romoByr0o HOpMY TEHTAOKCHIA
tdochopa m nuokcuma Kamus BHOCHIM B 1 CpoK Tpu HAOWBKE COCYIOB.
KomnuecTBo a3ora mpu HaOMBKE cOCynOB B BapuaHtax | m 2 cocraBmsuio 2
r/cocyn, 3 - 4 HaCTOSIILMX JIUCTHEB - 2 I/cocy, B a3y OyTaHu3zauuu — 2 1/cCocyl U
uBereHus 1 r/cocyn. B Bapmante 3 KOMM4eCcTBO a3oTa IpH HAOWBKE cocyna
cocraBisuio 1 r/cocyn, B ¢aszy 3 - 4 HacTosImMX JUCTheB — 1 r/cocyn, B (azy
Oyranuzaruu — 1 r/cocy u nsetenus 0.5 r/cocy.

Taﬁ.rmua 1- HOpMBI 1 CPOKH NPUMEHEHUSI MUHEPAJIbHBIX yI[O6p€HHI>’I B BCICTAallTUOHHOM OIIBITC

Ne | Bee T'onoBas Hopma IIpu mocese, daza 3-4 ®daza ®aza
BapUaHTHI yao0peHui, r/cocyn HACTOSIIMX | OYTOHU3ALMH, | LBETCHHS,
OIBITa r/cocyn JICTHEB, r/cocyn r/cocyn

r/cocyn
N | P20s | K2O | N | P20s | K20 N
1 | N20oP20s 140 | 7 5 35 | 2 5 35 2 2 1
K20 60
Kr/ra
2 | N20oP20s 140 | 7 5 35 | 2 5 35 2 2 1
K20 60
Kr/ra
3 | NwoP20s70 | 35| 25 | 175 1| 25 | 175 1 1 0.5
K20 30
Kr/ra
Ta6auna 2 - Cxema npumerenust npernapata MMM ®CMo B BereTaiioHHOM OIIBITE
Ne T'onoBast HOpMa KomuuectBo npenapata MMM ®CMo, ni/ra
MUTATENIbHBIX 3JIEMEHTOB,
Kr/ra =
Oo6paboTka Oo6paboTka pacTeHuit
CCMsTH 3-4 nmucTbeB OyToHH3aIHs LIBETEHUE
1 | N-200; P20Os- 140; K20s- - - - -
100. MMM-®CK
2 | N—200; P20Os- 140; K20s- 0.1 0.4 0.7 1.0
100. MMM - ®CMo
3 N —100; P20s- 70; K20s- 0.1 0.4 0.7 1.0
50.MMM - ®CMo

[MpenapaTtuBHas popma GYyHTHIUIHBIX KOMIO3UIMH B BapHaHTax 2 U 3 1pu
00paboTke ceMsiH npuMeHsun B koimyectse 0,1 s/ra B pasy 5-7 nmuctees 0.4 n/ra,
B Oyranusaiuu 0.7 ji/ra, B uBerenus 1.0 j/ra.
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Becyr mepuwon Beretanuu - XJIOMYaTHUKA OCYIISCTBISUICS —TINATEIbHBIN
MOCTOSIHHBIA yXOJ 32 PACTCHHSIMH: IMOJIUB B 3aJaHHOM KOJIMYECTBE, PHIXJICHHE
MOYBBI,  MPOPEKWBAaHUE,  MOJKOPMKA,  MIPOBOIWINCH  (PEHOJIOTHUECKHE
HaOJIIOJICHUS U OMOMETPUYCCKUEC U3MEPCHMUSL.

3. Pe3yabTaThl HCCIeI0BAHUIA:

PesymnbraThl mpoBeIeHHBIX NCCIIEOBAHNH TPECTaBIeHBI B Ta0mmmax 1, 2.

AHanu3 MONYYEHHBIX PE3yJbTaTOB HCCIENOBaHU NpenapaTuBHONW (HOpMBI
nBoitHOoro coemuHeHns MMM-®CMo mokaszana, YTo TpH  3-X  MECSIHOM
xpanenud, npu tremnepatype 20 °C u 35 °C u ucxomaom pH 5.4, Bce KoMno3unmu
UMEIOT Masioe cHkeHue pH 5.3-5.4, He3HAUNUTETFHOE KOJIUYECTBO METUICHOBBIX
rpynn (0.7% - 2.8%), Xopolue pEoJOTHYECKUE XapaKTepUCTUKH W,
COOTBETCTBEHHO, BBICOKYIO OHOJIOTHYECKYIO 3(PPEKTUBHOCTH MPOTHB KOPHEBOM
ramu (95.7% u 97.2 %) u rommoza (96.1% u 97.5%). OmgHako mpu 6-TH
MECSYHOM cpoke XpaHeHus 3HaueHue pH cuuzmnocs 1o 4.3 u 3.8, KonuyecTBo
00pa30BaBIIMXCS METHJICHOBBIX rpymn coctasisier 47% u 65%, Bsazkocts 99.7
mIla-c u 124.5 wmlla-c, mmotHocTs 1.350 r/cm® m 1.440 r/cm®, mpu KOTOpHIX
ouonornueckas 3pQGEKTUBHOCTh MPOTUB KOPHEBOH T'HMIM cocTaBisieT 62,3% u
45,2% u rommo3za — 62.7% wu 45.7%, 4YTO HE COOTBETCTBYET TPEOOBAHUIO
ononormueckoit 3¢ (HeKTUBHOCTH MPETIapaToB.

Tabauua 3 — BimsHue ycrnoBWii W CPOKOB XpaHEHHsS Ha W3MEHEHWs 3HaueHus pH, KommdecTtBo
HEPAaCTBOPUMBIX METHIICHOBBIX I'PYII U PEOJIOTHUECKHUE XapaKTEPUCTHKU CYCIICH3UI

pH Temmep Cpoxu pH KonmuectBo He | Peonormueckue xapakTepuCTHKA
arypa, Xpanenns, pacteopa pacTBop. BSI3KOCTB, MIla-c IUIOTHOCTH
°C Mec. npu METHJICH. r/emd
XpaHEHUU rpymn, %
54 20 3 54 0.7 40.5 1.232
6 4.3 47 99.7 1.350
35 3 53 2.8 48.1 1.246
6 3.8 65 1245 1.440
6.4 20 3 6.4 - 39.3 1.218
6 53 7.8 106.8 1.371
35 3 6.3 0.4 39.7 1.213
6 4.4 51 115.1 1.408
7.7 20 3 7.5 - 39.2 1.218
6 6.3 0.2 40.0 1.228
35 3 7.3 - 39.8 1.221
6 5.8 1.31 44.1 1.240

VYcranoBneno, uto npu ucxogHom pH 6.4 mpu temmeparype 20 °C 3-x
MecSYHOM XpaHeHHH # mpH 35 °C KOJWYECTBO HEPACTBOPUMBIX METHUIIEHOBBIX
rpynn coctaBisieT 0 u 0.4%, COOTBETCTBEHHO CyCIEH3Usl 00JalaeT XOpOLINMHU
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PEOJIOTHICCKIMH XapaKTepUCTUKaMH - BI3KOCTh 39.3 m 39.7 mlla-c, mioTHOCTH
1.218 u 1.213 r/cM®. IM€IOT BBICOKYIO OHOIOTHYECKYIO 3()(PEKTUBHOCTE TIPOTHB
kopHeBori rHWIM (98.2% u 95.9%) u rommoza (98.5% wu 96.0%). Ilpu
temmeparype 20 °C uw mpu 6-TH MECSYHOM CpPOKE XpaHEHHS KOJIUIECTBO
METHJICHOBBIX TPYIN cocTaBisieT 7.8%, BA3KOCTh U IUIOTHOCTb IPU 3TOM HMMEET
sgauenus 106.8 wmlla-c 1.371 r/ecm®. B 3Tux ycnoBusX Tak ke obecredeHo
BbICOKasi Ouonorndeckasi 3Q¢GeKTHBHOCTh MPOTHB KOpHEeBOW rHWIM 83.4% u
rommo3a 84.1%. Opmnako mpu Temmepatype 35 °C B ocazok Beimamaer 51%
METHJIEHOBBIX Tpynm, BsaskocTh 115.1 wmlla-c, muotrocts 1.408 r/cm®, mpm
KOTOPBIX Ouonormyeckas 3QQeKTUBHOCTh MPOTHB KOPHEBOW THUIU COCTABIISCT
62.0% u rommo3za — 63.2%, 9TO HE COOTBETCTBYET TPEOOBAHUIO OMOJIOrMYECKON
3¢ (heKTUBHOCTH MPETapaToB.

IMokazano, yto npu ucxoaHoM pH 7.7 kak npu 20 °C tak u 35°C 3-x u 6-t1
MECSIMHOM  XPAaHCHHWH KOJIMYECTBO HEPACTBOPUMBIX METHJIEHOBBIX TIPYMII
HE3HAUUTEIbHBI,  CyCIeH3usi  o0JajaeT  XOpOIIMMH  PEOJIOTHUYECKUMHU
XapaKTePUCTUKAMU, UMCIOT BBICOKYIO OHONOTHUYeCKYH 3¢ (eKTUBHOCTH (Ooee
90 %) npoTuB KOpHEBO# THUIM 1 romMo3a. Tak mpu 20 °C, 3-X U 6-TH MECIYHOM
xpaHeHuH, 3HaueHne pH 7.5-6.3, KoiIMUYECTBO HEPACTBOPUMBIX METHIIEHOBBIX
rpynn coctaBisier 0 u 0.2%, Bsaskocts 39.2 u 40.0 mlla-c, mmotrHocts 1,218 u
1,228 r/cm®, kopHesas rumib 98.5 1 96.6 %, rommosa 98.7 u 96.7%. Ilpu 35°C,
3-Xx W 6-TM Mecs4yHOM XpaHeHuu, 3HadueHue pH 7.3-5.8, KOJIMYECTBO
HEPACTBOPUMBIX METHIEHOBBIX Tpymm coctaBisgeT 0 u 1.31%, Bsaskocts 39.8 n
44.1 mIla-c, muotHocts 1.221 m 1.240 r/cm®, kopreBas rauib 98.2 u 96.4 %,
rommo3a 98.4 u 98.3%.

Ta6auna 4 — BiusiHue yciioBuil 1 CPOKOB XpaHEHHUsI Ha OHOIOrHYeCKy0 3 PEeKTHBHOCTH MpenapaTuBHOM
(hOpMBI KOMITO3HITHIT

pH Temneparypa, Cpoxu Komnunuectso He buonornueckas 3¢ pexTuBHOCTD,
°C XpaHEHUs, MEC. | PacTBOP. METHIICH. %
rpynt., % KOpHEeBas THUIIb, TOMMO3,
% %
54 20 3 0.7 97.0 97.5
6 47 62.3 62.7
35 3 2.8 95.7 98.1
6 65 452 45.7
6.4 20 3 - 98.2 98.5
6 7.8 83.4 84.1
35 3 0.4 95.9 96.0
6 51 62.0 63.2
1.7 20 3 - 98.5 98.7
6 0.2 96.6 96.7
35 3 - 98.2 98.4
6 131 96.4 96.3
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[lonmy4yeHHble pe3yabTaThl SBISAIOTCS HAyYHOH OCHOBOH IOJIyYSHHS
BBICOKO()()EKTHBHBIX  CYCHEH3MPOBAHHBIX  (DYHTHIMOHBIX  KOMIIO3WLIH,
00ecneunBamMUX WX BBICOKYIO OHONOTHYECKYI0 3¢ (EeKTUBHOCTh TIPU
JUINTETLHOM XPaHeHHU.

OmnpeneseHsl ClEAyIOMIME ONTUMANIbHBIE CPOKH XPaHEHHs MpenapaTHBHBIX
¢opM KoMmo3WIWK B 3aBHCHMOCTH OT 3HaueHWil pH u Temmeparypsl, mpu
KOTOPBIX OHH HMEIOT BBICOKYIO OHOJIOTHYECKYIO, arpOXMMHYECKyl, |
9KOJIOTHUYECKYIO 3(p(PeKTUBHOCTD:

- pH 5.4, remmieparypa 20 °C, cpok 3 mecsa;

- pH 6.5, temneparypa 20°C, cpok 3 Mmecsna, npu temmepatype 35 °C - 6
MECSIIIeB;

- pH 7.5, temneparypa 20°C, cpok 3 mecsua, npu temmeparype 35 °C - 6
MeECSIIEB.

B rtabmmume 5 mpencTaBiieHBl JaHHBIE IO BIMSHAIO KOMITO3WIIMH Ha
BBIACIICHUC YTJICKHUCIIOTEI B (ba3y OBCTCHUA W YpOiKad XJIOIIKa ChbIpla. 3
MOJTyYEeHHBIX JIaHHBIX CIIEAYeT, YTO KOMITO3HUIWS CIIOCOOCTBYET CHIDKEHHUIO
BBIIETICHUSI YTIIEKHUCIOTHI U3 TIOYBHI, MTOBBIIIAET YPOKAWHOCTh XJIOMYaTHUKA. Tak,
OpU TOJHOH HOPME MHHEPAIbHBIX YJOOPEHHH KOMIIO3HMIUS CIOCOOCTBYET
CHHJKEHMIO BBLIEJIEHHMS B Ta30Byl0 (a3y YIIEKMCIOTHI 22 Mr/mM?> B 4ac M
MOJTyYeHHUI0 MPUOaBKU Beca xyomnka-ceipia 31.7 r/cocya. Ilpu cHmxeHMA HOPMBI
MUHEPAJbHBIX yAOOpeHUil B JBa pa3a JOCTUTHYTO CHIDKEHHE BBIJEIECHUS B
rasoByio ()azy yrJIEKUCIOTH 32 MI/M? B 4ac M MOJydeHHe TPUOABKH BECa XJIOMKa-
ceipia — ceipua 21.9 /ra.

Ta6auna 5 - BriusiHue CyCleH3MpOBaHHON KOMITO3HIIMK Ha BbIZEIeHHE B ra3oByo a3y CO2 u ypoxas
XJIOIIKa-ChIpLa

Howmep l'onoBas Hopma MuHepanbHBIX | Beinenenne Bec ITpubaska Beca
BapuaHTa ynoOpeHwuid, Kr/ra CO2 B ¢a3ze XJIOTIKa- XJIOTKA - CBIpIA
LBETCHUS chIpLa
N P20s K205 MTI/M2 B 9ac r/cocyn r/cocyn %
1 200 140 100 128 84.5 - -
2 200 140 100 106 116.2 317 37.51
3 100 70 50 96 106.4 21.9 20.58

4. 3axaiouyeHue

B ycrnoBusx BereraiMoHHBIX COCYZOB YCTaHOBJICHO, YTO INpernapaTUBHAs
dbopma ¢yHrUTIHAHONW KoMIo3ummii Ha ocHOBe MMM -®CMo B CcpaBHEHHH ¢
kommosunuer, comepkameir MMM-®CCo B ¢azax 3-4 HACTOSIIMX JINCTHEB
OyTOHHM3aIlMU U I[BETCHUS MPH TIOJTHONH HOPME ¥ CHIKCHUU HOPMbI MHHEPAITbHBIX
yIoOpeHuit o0ecreunBaloT JIOTIOJTHUTEJIEHOE coJepKaHue
Jerkoruapoian3yemMoro azora Ha 0.65 — 4.2 MI/KT MOYB W TOABHXKHBIX (GopMm
nenraokcuaa gocdopa 0.31 — 2.18 mr/kr mous.

B ¢a3y makcumanbHOE UCIIOIH30BAHHE MMUTATEIBHBIX 3JIEMEHTOB B OTIBITHOM
Bapuantre (MMM-®CMo) B cpaBHeHun ¢ odtaoHoM (MMM:-®CCo)
HaOJI0NaeTCsl CHIKEHUE BBIJCICHHUS B ra30BYIO (pa3y yriaeKucioTsl 22 — 32 mr/m?
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B dYac, 4YTO SBIIIETCS OCHOBHON COXpaHEHHs ITOYBEHHOTO IUIOAOPOAMS H
CHIKEHHUE TTapHUKOBOTO 3 deKTa.

OyHrunyaHas Kommosuiuss Ha ocHoBe MMM-®CMo, B cpaBHEHUH C
STAIOHOM TIPH TIOJIHOM HOpPME MUHEpPaJbHBIX yAOOpPEeHHH CIOCOOCTBYET
MoJTydeHuto TmpubaBku Beca xJjomka-ceipma 31.7 t/cocynm (37.51 %), a mpum
CHIDKCHMH HOpPMBI MUHEpalbHBIX yHoOpeHud B aBa pasza 21.9 wra (20.58%).
[TomyueHHbIe JaHHBIC YOSTUTEIHHO JTOKA3bIBAIOT, YTO (DYHTHIIMTHAS KOMITO3UIIUS
Ha ocHoBe MMM-®CMo mnosemmaer KIIJ[ wmuHepampHBIX ymoOpeHuil u
MOOUIU3YIOT ITOYBEHHBIC PECYPCHI.

®unancupoBanmne: Pabora BbimonHeHa B IMHCTUTyTe XUMMYecKuX Hayk umeHu A.b.
BexrypoBa 1o nmporpamMe eneBoro pUHaHCUPOBAHUS HAay4HBIX HccienoBaHuii Ha 2021-2023 rogpl,
ocymiectBiasiemoro Komurerom Hayku MunmncTepcTBa 00pa3oBanus u Hayku Pecnybnuku Kasaxcras,
no npoekram BR10965255.

KoH)anKT mMHTepecoB: ABTOpHI 3asBJIIIOT 00 OTCYTCTBHUHM KOH(IIMKTa HHTEPECOB MEKIY
aBTOpaMu, TPeOYIOIEro PacKpbITHS B JaHHOI CTaThbe.

CYCIIEH3USIJIAHFAH OYHI'MIOUATIK KOMITO3ULUSHBIH TYPAKTbI
NPENAPATTBIK TYPIH AJYAbIH TEOPUAJIBIK HEI'I3JEPIH KOHE OHbIH MAKTA
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Tawxenm, O36excman
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Tyiiinaeme. Kipicne. Makra nakpUIIapbIHIa TAMBIP LIIPITi MEH TOMMO3Fa KapChl TYKbIM YIIAFBIII 3aTTap
KOJIIaHBUIBIN Keneni. KommaHelmFaH MakTa TYKBIMBIH YJIaHABIPFBINI 3aTTap TOIBIPAKKA Iaiijia oKeNeTiH
MHUKpOG]IIOpackiHa Tepic acep eTETiH )KOFaphl YBHITTHIIBIKKA He. AybUT NIapyallbUIBIFbIHIA MaliaTaHaThIH
JIAKBbUIIAPBIHBIH, COHBIH IIIIHAE MaKTa TYKbIMIAPBIHBIH TAiiaJaHbUIATBIH  YJIAHIBIPFBIITAPEI
©CIMIIKTEp/Ii KOCBIMIIIa KOPEKTIK a30TIICH JKOHE IIMKI MaKTaHbIH )KOFapbl OHIMIH allyMEH KaMTaMachl3 €Te
anmaiapl. JKypriziireH skyMbICTapJbIH KEMIIUTIr — ojlapja NapHUKTIK 3 ¢deKT OoHbIHIIA 3epTTeynepain
6onmaysl. [TapHUKTIK acep/i TOMEHETY apKbUIbl MHHEPAJIIbl THIHANTKBIILITAPIBIH JKETICIICYLIITIr )KoHe
TONBIPAK KYHApPJIBUIBIFBIH CaKTay Ke3iHAe JKOFaphl camaibl JaKbUIIap/aH, aran aWTKaHAa MakKTaaaH
JKOFaphbl camajbl OHIM allylblH jkaHa IemiMaepi Kaxer. bys Oepinren skymbicta GenceHnl 3aTThl Kypy
JKOHE OHBIH HETI3iHJe MaKTa eCIMAIKTepiHIH aypyJapblH a3alTyra, TONIPAKTa XKEHUI THAPOIU3IECHETIH
a30TTHIH JKMHANYBIH apTTBIPyFa JKOHE IIMKI MaKTaZaH >XOFapbl OHIM ailyFa MYMKIHIIK OepeTiH
MONMU(YHKIMOHAIIBl KOMITO3UIMSHBIH JTalbIHIBIK (OpMachlH Kypy MiHIeTi Koibuiansl. Maxcamol.
MeTnioaMoueBiHA KOHE MONHMOACH (HUTOKOCBUIBICTAPhI HETi3iHIE MaKTa TYKbIMBIH MapHHaJTayFa
apHaiFaH OCJICEHIl 3aT INeH KOMIIO3WIMSHBIH JAibIHIBIK (OPMAChIH allyAbIH TEOPHSUIBIK HETI3AEpiH
CHUHTE3JIey JKoHe 3epTrey. Homuoiwcenepi. KopliaraH OpTaHBIH, TEMIIEpaTypaHbIH JKOHE CaKTay
yakbITbIHBIH PH-HBIH KOFapbl OHONOTMSUIBIK THIMIUIKTI KaMTaMachl3 €TeTiH mpenapar TYpiHiH
TYpPaKTBUIBIFBIHA OCep €Ty MeXaHH3Mi Heri3zeqreH. MOHOMETHIIONIMOYEBHHA JKOHE MOJIMOJICH
(UTOKOCBUIBICHI HETi3iH/eri KOC KOCBUIBICTBIH TPENapaTThIK TYPiHIH MaKTa OHIMIUIINT MEH NMapHHUKTIK
acepre ocep €Ty MeEXaHM3Mi OpHATBUIFaH. Bereranusuiblk Ke3eHJe KOMITO3MIMS TOIBIPAKTa JKEHLI
THIPOJIM3/ICHETIH a30TThIH JkoHE (ocdop TNEHTAOKCHUIIHIH IKBUDKBIMAIBI TYPJIEPIHIH KOCBIMIIA
KYpaMbIHBIH JKHHAIYBIH KAMTaMachl3 eTelli, ra3 (a3achiHa KOMIPKBILIKbUI I'a3bIHBIH OOiHYiH a3aiTabl
JKOHE LIMKI MaKTaHbIH OHIMIUITIH apTTeipansl. Kopuimeinovl. YKorapbsl OHONOTMSUIBIK THIMIUTIKTI
KaMTaMachl3 €TeTiH KOMIO3HLUSHBI CaKTayJblH OHTAaWNIbl MapameTpiepi aHblKraigsl: PH 6.5-7.5,
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temneparypa 20 °C xone 35 °C xoHe cakTay yakpIThl 3 — 6 ail. TomblpakTa KeMIpKBILIKHUI ra3bIHBIH
GeminyiHiH carateiHa 22 — 32 Mr/M? TeMeHfeyi koHe MakTa oHiMitirinig 20.58% - 37.51% - ra apTysl
aHBIKTAJIIBL.

Tyiiin ce3aep: MOHOMETHIIOIMOYEBHHA, MOJIUOICH (UTOKOCBUIBICHI, KOMIPKBIIIKBIUT Ta3bl, KEHLI
THAPOIU3JEHETIH a30T, Gocdop IMeHTaOKCUAIHIH XKBUDKBIMAJIBI TYpIepi, MaKTa, IIHKi MaKTa

Ecepkeesa Haszyn Hypkacbimoena KiWti 26116IMU KblZMEmKep

Yemanos Cynman MEXHUKA EbLILIMOAPLIHBIY OOKMOPbL, npogheccop
Quuwep /lamemxen Eounosna XUMUSL 2bIILIMOAPBIHBIY KAHOUOAMbl

Pamazanoea Snv3upa Hypaounoena 2bIIbIMU KblZMemKep

Toakwin banzvin Kiwti 2bLIbIMU KbI3MemKep

Tpenosa Apaiinvim Ezuzzepeesna PhD dokmopsi

Mauuna Onvza Braoumupoena 6U0N102Us 2bITBIMOAPBIHBIY OOKMOPbI

3axupoe baxmuep Cabupicanoguu XUMUSL 2LLTBIMOAPbIHBLY OOKMOPbL
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Chemical Journal of Kazakhstan
Volume 4, Number 80(2022), 58-68 https://doi.org/10.51580/2022-3/2710-1185.94

V]IK 546.05: 546.273: 535.37

SYNTHESIS AND LUMINESCENCE OF CERIUM DOPED KSrY (BO3):

Y.A. Zholdas'", A.K. Bolatov!, A.B. Kuznetsov?, K.A. Kokh?3,
B.M. Uralbekov'4, A.E. Kokh?

ICenter of Physical Chemical Methods of Research and Analysis,
Al-Farabi Kazakh National University, Almaty, Kazakhstan
23oholev Institute of Geology and Mineralogy, Novosibirsk, Russia
3Novosibirsk State University, Novosibirsk, Russia
4EcoRadSM LLP, Almaty, Kazakhstan
E-mail: yerassylzholdas1996@gmail.com

Abstract. Introduction. The rare-earth borate compounds are widely used in various fields of
science and technology as solid-state lasers, LEDs, and plasma panels. Development of blue emitting
phosphors typically involves doping with cerium ions various matrices, exhibiting high
photoluminescence quantum yields for LEDs. However, the main problem of such compounds, in addition
to the concentration quenching, is the presence in the matrix of both the trivalent Ce3* and tetravalent Ce**
states of cerium ions. The goal. Study of the luminescent properties of the new KSrYo.g5(BOs)2:0.05Ce%*
compound. Experimental. New phosphors based on complex borate KSrY(BOs)2 doped with cerium ions
have been obtained by the solid-phase synthesis. The mixture of the starting materials after grinding in an
agate mortar has been calcined at 700°C in a platinum crucible for 12 hours. The calcination temperature
has been increased in steps of 50°C with re-ground of the mixture at each stage. The
KSrYo.es(B03)2:0.05Ce**sample has been annealed in hydrogen at 900°C for 8 hours. Results and
discussion. The X-ray phase analysis has shown that the new compound crystallizes in the monoclinic
space group P2:/m. The calculated unit cell parameters for KSrYo.ss(BO3)2:0.05Ce%*are: a = 9.2861(23) A,
b =5.3654(6) A, c = 6.5854(14) A, V =289.7(1) A%. In the crystal structure of KSrY(BOs)2, each B atom
is connected to three O atoms, forming a BOs triangle. The planar groups (BOs)s are distributed layer by
layer in the plane. The Y atoms are surrounded by six oxygen atoms, forming an octahedral structure and
occupying interlayer positions.Ce®" ions in the crystal lattice mainly replace the Y*3positions based on the
similarity of the ionic radius and valency of Y*3 (r = 0.90 A, CN = VI), Ce* (r = 1.01 A, CN = VI).
Conclusion. At a wavelength of 440 nm, the excitation spectrum exhibits one absorption band with the
2F72 — 5D energy transition, which corresponds to the excitation of the cerium ion from the ground state
to the excited state. A decrease in the luminescence intensity of the KSrYo.os(B03)2:0.05Ce** sample has
been found for 3 hours after its annealing.

Key words: borates, KSrYo.ss(B03)2:0.05Ce®*, crystal structure, doping, luminescent material
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CHUHTE3 U JIIOMUHECUHEHLUHUS JJETUPOBAHHOI'O HOHAMMU LEPUS KSrY(BO3);
E.A. JKonoac*', A.K. Fonamos*, A.b. Kysneyos?, K.A. Kox**, B.M. Ypanéexos'*, A.E. Kox?

Ylenmp pusuxo-xumuueckux mMemooos uccie006anus u anamsa,

Kaszaxckuii nayuonansmwiil ynueepcumem umenu anw - Qapabu, Armamer, Kasaxcman
2Uncmumym 2eonozuu u munepanozuu umenu B.C. Coboneea, Hosocubupck, Poccust
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Pe3tome. Bgeoenue. CoequHEeHHs DPEIKO3EMENbHBIX 0OpAaTOB IIMPOKO HCHOJB3YIOTCS B Pa3IMYHBIX
cdepax HaAyKd M TEXHHKH B KAaueCTBE TBEPJOTEIBHBIX JIa3€POB, CBETOAUOIOB M IUIA3MEHHBIX IIaHENCH.
Pa3paboTka MOMIHO(GOPOB C M3ITyYCHUEM CHHETO IBETa, KaK MPAaBUJIO, BKIIOYAET JICTHPOBAHUEC HOHAMHU
LepHsl Pa3IUYHbIX MATPHUI, JEMOHCTPUPYIOLINX BBICOKHE KBAHTOBBIE BBIXObI ()OTOTIOMHHECHCHIINH JUIS
cBeTono0B. OTHAKO TTIABHOW MPOOIEMOM TaKUX COSTUHEHHN, TOMHUMO KOHIIEHTPAIIMOHHOTO TYILICHUS,
ABJIAETCA TPMCYTCTBUE B MATPHUIE OJHOBpeMeHHO TpexpaneHTHoro Ce®* m werwipexBaneHTHOro Ce**
COCTOSIHMH WOHOB Iepus. [lers. U3ydeHWe IJIOMHHECLEGHTHBIX CBOWCTB HOBOTO COCAUHCHUS
KSrYoos(B03)2:0.05Ce**.  Memodonozus. MetonoM TBepao(a3HOrO CHHTE3a TONyYEeHBbI HOBBIE
moMHHOMOpBl Ha ocHOBe cioxHoro Oopara KSrY(BOs),, nermpoBanHble HoHamu wepus. Cmech
WCXOJHBIX MAaTEPHUAJIOB IIOCIC W3MENBYEHHS B araToBOM CTymke mnpokammBaiack mpu 700°C B
IJIATUHOBBIM THIJIE B TeueHue 12 gacoB. TemmepaTypa mpokaiamBaHusi HoBbimanack ¢ marom 50°C ¢
MepEIMXTOBKOH cMecn Ha KakaoM ostame. O6paseny KSrYoss(BO3)2:0.05Ce* omxuramu B cpene
Bozopoaa npu 900°C B Teuenue § wacoB. Pesyavmamsl u oOcyscoenus. MeTooM peHTIeHO(pa30BOro
aHaJIM3a M0Ka3aHO, YTO HOBOE COCIMHEHUE KPHCTAIUIM3YEeTCs B MOHOKIMHHOM IIPOCTPAHCTBCHHOM IpyIIe
P21/m. PaccumTaHHBIe 3HAYeHHs MApaMETPOB dIeMeHTapHOH sueifku mms KSrYoes(BOs)2:0.05Ce®*
cocrapmsioT: a = 9.2861(23) A, b =5.3654(6) A, c = 6.5854(14) A, V =289.7(1) A3. B xpucramiueckoit
crpykrype KSrY(BOs)2 kaxmblii atoM B coemuHer ¢ tpems atomamu O, oOpasyst TpeyroisHuk BOs.
ITnockue rpymms! (BOs)s pacnpeneneHsl HOCIOHHO B INIOCKOCTH. ATOMBI Y OKPYXKEHBI IIECTBI0 aTOMaMH
KMCIIOpOosia, o0pasys OKTa3pUYECKYI0 CTPYKTYpy M 3aHMMass Meskciaoeble nosuuud. Monsl Ce® B
KPUCTAJIMYECKOH PEIETKE MPEUMYILECTBEHHO 3aMeNaloT No3uiuu Y+ Ha OCHOBE CXOIHOCTH MOHHOTO
paamnyca u BaneaTHOCTH Y3 (r = 0.90 A, CN = VI), Ce®* (r = 1.01 A, CN = VI). 3axmouenue. Tpu mmne
BoJHBI 440 HM B cHEKTpe BO30YXICHHS HaOIIOIAeTCsl OIHA MOJIOCA IMOTJIOMICHHS C YHEPreTHYCCKHM
nepexoom 2F72 — °Di, oTBevaromieif BO3OYKICHHIO HOHA IEPUA M3 OCHOBHOIO COCTOSIHMS B
BO30yXIeHHOEe cocTostHHe. OOHApY)KEHO YMCHBIICHHE WHTCHCHBHOCTH JIFOMHHECLCHIMH obpasla
KSrYo.95(B03)2:0.05Ce** B Teuenue 3 4acos nocie €ro OTKUIA.

KutoueBbie caoBa: 6opatsr; KSrYoos(B03)2:0.05Ce®; kpucTammueckas cTpyKTypa; JIETUPOBAHHE;
JIFOMMHECLICHTHBIH MaTepuai

Konoac Epacein Aitoocyns doxmopanm 3-Kypca

Bonamos Acem Kyanviuesuu PhD

Kysneuoe Apmem bopucoguu HayuHbltl compyOHUK

Kox Koncmanmun Anexcanoposuu Kanouoam 2e01020-MuHepanosUieckux Hayx,

cmapuuii npenooasamenns
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KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Ypanoexoe bonam Mypamosuu npogeccop

Kox Anexcandp Ezoposuu O0OKMOp MEeXHUYEeCKUX HAYK

1. Benenue

CoenuHeHUsT PeNKO3eMENbHbIX OOpaToB LIMPOKO HCIONB3YKOTCS B
pa3nuyHbIX cepax HAyKd M TEXHUKH B KauecTBE TBEPAOTEJBbHBIX JIa3epoB,
KPHCTAJUIOB HEIMHEWHON ONTHKH, CBETOJHONOB M IUIa3MEHHBIX Hanenei [1-3].
Pazpabotka moMrHO(DOPOB ¢ U3IIyUYCHHEM CHHETO LIBETa, KaK IIPABUII0, BKJIIOYAET
JIeTMpOBaHKe MOHAMH 1iepust pasnuuHbix Matpull, (Y3Als012:Ce, CsBaYBeO12:Ce,
CasSc;ySiz012:Ce n Sr3Y2Ges012:Ce), 1eMOHCTPUPYIONIHX BBICOKHE KBAHTOBBIC
BBIXOBI (DOTOMOMHUHECIICHIINK Il CBeToAnonoB [4—7]. OpmHako TinaBHOU
npobaeMoil TakMX COEIMHEHUH, IOMHUMO KOHLEHTPALMOHHOIO TYILEHHS,
ABJIAETCS TPUCYTCTBHE B MAaTpHIlE OJHOBPEMEHHO TpexpaneHtHoro Ce** wu
yethipexBaeHTHOro Ce*" cocrosHuil moHoB 1epus [8-9]. Takol mepexom MOXKeT
MIPOMCXOIUTh KaK BO BpPEMsl CHHTE3a, TaK M B Ipouecce padoThl JTIOMUHOGOPA,
4ro 00yCNOBIMBAE€T HEOOXOAWMOCTh HCIONB30BaHHS BOCCTAHOBHTEIHLHON
aTMoc(epbl IPU CHHTE3C M LEpHid coaepkanux JroMuaopopos [10—11]. Takum
0o0pa3oM, M3y4YE€HHE JIIOMUHECLEHTHBIX CBOMCTB LEpUH  CcOIepiKalIuX
JIIOMUHECLICHTHBIX COEIMHEHMHM IPEICTABIACTCA aKTyaJIbHOM 3ajadeld BBUIY
HEOOXOIUMOCTH CTaOMJIM3AlUU €r0 B TPEXBaJCHTHOM COCTOSHUHM B Pa3IMYHBIX
CTPYKTYypax, B TOM ducie ooparHbix [12].

Cpenu TEpCHEKTUBHBIX KAHOUAATOB Ul TaKUX COCAMHEHHH MOTYT
BHICTYNaTh OOpaThl, KOTOpPBIE, B 3aBUCHMOCTH OT KATHOHOB METAaJIOB,
pacoyoXKeHHs] ¥ TUIOTHOCTH aHHMOHHBIX rpymnn B-O, crnocoOHbI 00pa30BHIBATH
0oJIbIIOE KOJMYECTBO Pa3HOOOpasHBIX CTPYKTYyp. Tak, Hampumep, B CHUCTEME
R203-Me0O-M20-B203 (rme M — mienounoit Metaiui, Me — IIe0YHO3EMENTbHBII
MeTaul, R — peakozeMenbHBIN METa) CYIIeCTBYET psii OOpaTHBIX COCIMHEHHH,
XapaKTePU3YIOUIMXCSI  CTPYKTYPHBIMHM M ONTHYECKUMH  OCOOCHHOCTSIMH,
MO3BOJISIIOIIMMH  MIPEeANoiaraT HX YCIEUIHOE NPUMEHEHHE B KauecTBe
moMHUHOQOpOB. BapbupoBaHwe Marpuii B 9TOH  CHUCTEME  IO3BOJISIET
KOHTPOJIMPOBAaTh HMHTCHCUBHOCTh IHKOB H3JIy4YE€HHS] W HMX IOJOXKEHHE, YTO
IpeanonaraeT OrPOMHBI TOTEHLMAl MaTepuajoB ¢ obmeil  Qopmynoi
MMeR(BOs),, manpumep, NaBaR(BOs),, KCaR(BOs3);, KSrR(BOs),. st Beex
3THX OpPTOOOPAaTOB MOXKHO OTMETHUTh HAJTUYHE CIOMUCTONW KPUCTAJUITMYECKOH
CTPYKTYpBI, KOTOpasi OO0EcleuMBAaCT ONTUMAJIBHBIE PACCTOSIHUS  MEXKIY
JIFOMUHECIICHTHBIMH IIeHTpaMu. KpoMe Toro, OTHOCUTENFHO HHU3Kas TeMIleparypa
CHHTE3a, a TaKkKe (PU3NUECKasi U XUMUYeCKasi CTaOMIIbHOCTh JIENAI0T 3TH OOpaThl
MEPCHEKTUBHBIMU KaHIWAATAMH 11 HOBBIX JIIOMHUHECLIEHTHBIX MaTepHalioB MpH
M3rOTOBJICHUH CBETOJMO/IOB U IUTa3MEHHBIX naneneii [13-15].

B cBi3m ¢ 9THM, [eNBI0 JAaHHOTO  HCCIEAOBAaHUS  SBJSUIACH
BBICOKOTEMIIEPAaTypHbI TBepAo(da3Hblii CHHTE3 HOBOIO CJIOXHOro Oopara
KSrY(BOs), neruposannoro nonamu nepusi Ce®, a Taxxe m3ydeHHE BIMSAHMS
cootHomenus Ce**/Ce** ma GoTomoMIHECIIEHTHBIE CBOKCTBA.
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2. DKCepUMEHT

2.1 Iloocomoska obpazyos

Coenunennss  KSrYi,(BOs):xCe® (x = 0.02, 0.05, 0.07) Obum
CHUHTE3MPOBAHBl  JBYXCTaTUIHONW  BBICOKOTEMIIEpATypHOH  TBepaodazHoit
peakrmeii. CTeXHOMETpHYECKHE KOTHUUECTBA HCXOMHBIX MaTepraioB K,COs (99.9
%), SrCOz (99.9 %), Y203 (99.9 %) HsBOsz (99.5 %) u CeO2 (99.9 %) (Bce
pearentel XumKpadrt, Poccus) Obuim B3BelIEHBI Ha aHAIMTUYECKUX Becax,
IepeMeIanbl U THIATEJIbHO M3MENbUeHbl B araTtoBoi crymke. Ilocne cmech B
IUIATUHOBOM Turene mnpokamuBanach npu 700°C B Teuenune 12 4, nanee,
TeMIepaTrypa IpOKaJWBaHUS MOBHIIANIAck ¢ ImaroM 50°C ¢ mepemnxTOBKOM
CMECH Ha KaXKJIOM JTalle.

O6pazen; cocraBa KSrYoes(BO3)2:0.05Ce*" nomemanu B NOpOTOYHBIH
KBapLEBbI peakTop ¢ HapyXHBIM (24 MM) 1 BHyTpeHHUM (19 MM) quameTpamu, B
KOTOPOM B KauecTBE MCTOYHHKA ra3a BOJOPOAA CIY)XWUJ I€HepaTop BOAOPOAA.
CkopocTh TOTOKa BOAOPOAAa B KBapIeBOM peakTope cocTaBmsma 15 /4.
Harpepanue NpoBOAMIIM B LIEHTPE KBAPIIEBOIO peakTopa npu temneparype 900°C
B TeueHue § yacoB. KoHTposb TemmepaTypsl 00pasiia OCYIECTBISIIN C TIOMOIIBIO
TEpMOIIapbl TUNA S, BBEJCHHONW HETIOCPEICTBEHHO B 00BEM PEaKTopa.

2.2 Hccenedosanue u onucanue oopasyos

®a30BBIi aHANIMU3 TONYYCHHBIX COCIUHEHHHM OBbLI OINPEACICH METOJA0M
PEHTICHOBCKOM AM(PAaKIMK Ha TOPOIIKE C HCIOJIIb30BaHHEM AH(PAKTOMETpa
Miniflex 600 (SInonust) ¢ CuKo u3nyuenuem, ¢ 1uana3oHOM CKaHUPOBAHHS OT 3°
10 90°, mar ckanupoBanus 0.02°/mar. Yrounenue no meroy Le Bail mposonnmm
JUISL TIOJyYeHHs MapaMeTpoOB JIEMEHTApHOH SIUEHKH € HMCIOJb30BaHUEM MaKeTa
nporpamMm GSAS-II [16]. Cnextpsl doromomunectenimu (PL) u Bo30yxxneHus
(PLE) ObuTH TOJIYYEHBI ¢ MCIOJB30BAaHUEM CIIEKTPO(IyOpUMETPa C KCEHOHOBOM
nammoit SOLAR CM 2203 (benapycs). [Ipeaenst ApA gomyckaemoit aOConMOTHON
MOTPEIIHOCTH  CHEKTPO(IyopuMeTpa 3alJaHHOM JAJMHBI MOHOXPOMAaTOPOB
BO30Y)XJEHHUS U TFOMUHEcHEeHIMH — £1.0 HM.

3. Pe3yabTaThl U 00CyxKIeHHE

3.1 Kpucmanauuecxas cmpykmypa

PentrenoBckue mudpaxkrorpamMmsl (pUCyHOK 1) TOIy4eHHBIX 00pasloB
cpaBHUBaIM C pacyetHOi audpaktorpammoit KSrY(BOs), [17]. CoriacHo
MOJYYCHHBIM JITaHHBIM, MOJy4YeHHBIE cMecH H30CTpYKTypHBI KSrY(BOs), wu
KPUCTAJUIM3YIOTCSI B MOHOKJIMHHOM CHHIOHMHM C IPOCTPAHCTBEHHOW IpyNIou
P2:/m. Pe3ynbTaThl nokassiBaroT, 9to uoHsl Ce** ¢ xonnentpanusmu 0.02 u 0.05
ycnemHo BHezpsitorcsi B perietky KSrY(BOsz)z, kpucraummueckas CTpyKTypa
CYIIECTBEHHO He wu3MeHsieTcsa. Haubomnee 3aMeTHBI CIBUT OTMe4aeTcsl st
TU(PAKIMOHHBIX MUKOB B AuanazoHe 20 = 19.5 — 20.5°, koTopble MOCTEIIEHHO
CMEINAIOTCS B CTOPOHY MEHBUIMX YIJIOB [0 MEpE YBEIMYEHUS KOHLEHTpaluu
nonos Ce**. Ilpum BHeapenun uoHoB Ce®* 00bEM >IEMEHTAPHON sSYeiKH
YBEIMYMBAETCS, yKa3bIBas Ha TO, 4TO HOHBI Ce®" 3aHMMAaIOT MEHbIINE KATHOHHBIE
nosuuu B pemerke. Momsr  Ce** B kpucTammueckoil  pemerke
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NPEMMYIIECTBEHHO 3aMEMIAIOT MO3MIMH Y’ Ha OCHOBE CXOJHOCTH HMOHHOTO
paauyca u BaneatHoctH Yo (r = 0.90 A, CN = VI), Ce® (r = 1.01 A, CN = VI),
K*(r=1.38 A, CN=VI) u Sr* (r = 1.18 A, CN = VI). [18]. IIpu nerupoanuu
OopaTHOM MaTpuubl MOHaMu Lepusi B kKoHUeHTpauuu 0.07, Ha PEHTIeHOBCKOM
nudpakTorpaMMe MOXKHO 3aMETHTh TIOSBICHHE HE3HAUYUTEIbHBIX IHKOB B
nHaTepBaie 20 = 34 — 35° dro cBs3aHO C 00pa3oBaHWEM TPUMECHOH (Da3wl
KSrs(BOs)s. Pentrenorpammer KSrY(BO3),:0.05Ce** yTouHéHHBIE ¢ MOMOIIBIO
nporpamMmmbel  GSAS-II  npencraBmensl Ha  pucyHke 2. Bugno, 4TO
SKCIICPUMCHTANIbHBIE ~ JaHHBIE  XOpPOIIO  COTJIACYIOTCS € pacyeTHOH
PEHTTEHOTPaMMOi, 4TO TAaKKe MOATBEPKAaeT H30CTPYKTYpHOCTH ¢ KSrY(BO3)2.

| \ “ \ ; KSrY(BO,),: 0.07Ce®
SRS SO NP 'S Y S Y N .0 R S

u

| ud 'uL.AJLN h KSIY(BO,);: 0.05Ce?

‘ KSrY(BO,),: 0.02Ce**
L_J JL I JR\J‘J"‘\.MP‘MNJ)‘UML\_‘MM

OTHoCUTENbHAs UHTEHCUBHOCT, .€.

‘ l & ALJ . ) KSIY(BO,),

(0] 10 20 30 40 50 60 70 80 90

20, rpag.

Pucynok 1 — Pentrenorpammbl nopomrkos: KSrY(BOs)z, KSrY(BO3)2:0.02Ce%,
KSrY (BO3)2:0.05Ce% u KSrY(B03)2:0.07Ce*
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Pucynok 2 — DxcniepuMeHTanbHas (CUHAS) U pacCUNTAHHAs (3eJ1eHas) PeHTIeHOrPaMMBbl U UX
Pa3sHOCTHBIN Npodub (romy6oit) ans pentrenorpammel KSrY (BO3)2:0.05Ce®* no metoxy Le Bail
¢ ucnosnb3oBaHueM nporpammsl GSAS-11
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B kpucrammyeckoii crpykrype KSrY(BOs), kaxapiii atom B coemuneH ¢
tpemst atomamu O, oOpasys TpeyroibHuk BOs. Ilnockue rpymmsr (BOs)s
pacmpe/eneHsl OCIOHHO B MJIOCKOCTH. ATOMBI Y OKPYXKEHBI IIECTHIO aTOMaMH
KHCIIOpOJa, 00pa3ys OKTadAPHUYECKYI0 CTPYKTYpy U 3aHHMas MEXCIIOCBBIE
no3uuuu. PagoM ¢ GopaTHBIM clioeM BHEAPSIIOTCS OuH cioit aromoB K u oauu
cinoir atomoB Sr. PaccumrTamHbIe TIapaMeTphl dIEMEHTApHON sdeiikm oOpasia
KSrY(BOs),:0.05Ce*, ¢ yrounennem no Le Bail, mpusenenst B Tabmure 1.

Taémuua 1. Kpucrawrorpaduueckume ngamHele u  napamerpsl  yrounenuss KSrY(BOs)z u
KSrY(B03)2:0.05Ce**

KSrY(BOs)2 KSrY(BO3)2:0.05Ce**
Kpucramiiyeckas cucrema MOHOKJIMHHAS MOHOKJIMHHAS
IIpocTpaHCcTBEHHAs TpyINa P21/m P21/m
apamerps! sueiiku, A a=9.2743(3) a =9.2861(23)
b =5.35919(12) b = 5.3654(6)
¢ = 6.5749(2) ¢ = 6.5854(14)
06bem sueiiku V, A 289.386(14) 289.7(1)

3.2 Jlromunecuenmuvie ceolicmea

Jlns u3ydeHus JTIOMHHECIICHTHBIX CBOMCTB ObLia BBHIOpaHA MPOMEXKYTOUYHAS
koHreHtpanust 1epust 0.05 BBHIY OTCYTCTBUS MOOOYHBIX (a3 COMIACHO
pe3ysibTaTaM peHTreHoda3oBoro aHanusa. Ha criektpe Bo30yKICHUs COSTUHEHUS
KSrYo9s5(B03)2:0.05Ce®" npu mmne Bonubl 440 HM. HabmIOJaeTCs MIMPOKas
MoJioca MOMIOIeHHs Npu 342 HM, OTBEYArOIIeH BO30YKIACHUIO MOHA IEPHs U3
OCHOBHOTO COCTOSIHMSA *F7/2 B BO30YkKIEHHOE COCTOsIHUE D1,

Ha PHCYHKE 3 MpecTaBIeH CHEKTP JFOMHUHECIICHIH
KSrYoes(BOs)2:0.05Ce* npu mmmme Bomel 342 HM, KOTOpPBIA 0OYCIOBIEH
3JIEKTPOHHBIMH TIE€PEeX0JaMH OT BO30Y)KIECHHOIO COCTOssHHUS S5D1 B OCHOBHOE
cocrosiuue 2F7, 4TO Takke OTBEYAET MCIYCKAHHMIO CHHEr0 LBeTa. B crekTpe
JIOMUHECTICHITNY Ha0JI0IaeTCs OJHa MIMPOKas 1Mojoca ¢ MakcuMyMoM Tipu 440
HM. JlIoMHHECLEHTHOe noBeneHue coenuHenns KSrYoos(BOs3)2:0.05Ce* mocne
BOCCTAHOBJICHUSI PETUCTPUPOBAIH B TeueHre 360 MUH JJIsl OLIEHKHA CTAOMILHOCTH
creneHn okucienus nepus (+3). Kak mokasaHo Ha pUCYHKE 5, HHTCHCHBHOCTD
JIFOMUHECIICHIIUN CHIDKACTCSI ¢ TSUCHHUEM BPEMEHHU.
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PucyHok 3 — 3aBUCUMOCTH JTIOMHUHECLIEHIIMY OT BPEMEHH MPH JJIUHE BOTHBI
342 um as KSrYoes(BOs)2:0.05Ce%* . Ha BcTaBke Moka3aHa 3aBUCHMOCTh HHTEHCHBHOCTH
momuHecteHuu Ce®* oT BpeMeHH U3MepeHus

IlpeacraBieH pe3yiabTaT KUHETHKH OKHCICHHMS HOHOB IepHs (BCTaBKa,
pucyHok 3). BugHo, 4TO B TedeHHE MEpPBHIX 3 YaCOB HAOIIOJAETCS CHIIBHOE
YMEHBIIIEHHE WHTEHCHBHOCTH JOMUHecueHimu noHoB Ce**. Tlocne 3 wacos
YMEHBIIEHHE UHTEHCUBHOCTH JIIOMHHECLICHTHOT'O MCITyCKaHUSI HE HaOJ0AaJI0Ch,
TaKUM 00Pa3oM MOXHO OLIEHUTH A0i0 (~50 %) OKHCIEHHOrO MOHA LIEPHs Kak
OTHOUIEHUE 3HAYCHMH HAYaJIbHOM M KOHEYHOM WHTEHCHBHOCTH IIHKA,
OTHECEHHOTO K DHepreTudeckoMmy nepexomy SDi —  2F7,.  Bo3smosknoe
YMEHbIIIEHHE HWHTEHCUBHOCTH  JIIOMHUHECIIEHTHOTO CBEUEHHUS CBA3aHO C
OKHCJICHUEM LIEpHA B NPHUIIOBEPXHOCTHBIX CJIOSX MOPOLIKA W/WIM C HAINYHEM
pasHbIX KpUCTaIOrpadUuecKuX MO3MLMN LEPHS U BO3MOXXHOCTBIO OKHCIICHHMS
HOHOB B OJTHOW W3 HUX.

4. 3akn04eHne

Metonom TBepAo¢azHOro aHain3a ObLIM YCHEIIHO CHHTE3MPOBAaHBI HOBBIC
nromMuHectieHTHbIe Matepranbl KSrY(BOs),, iernpoBaHHbIC HOHAMH IEPHS:

— PaccunTanbl mapamerpbl KPUCTATMYECKOW PEIIETKH ISl COCIMHEHHUSI
KSrY(B0Os3)2:0.05Ce*" , koTOpoe KpHCTauIU3yeTcsi B MOHOKJIMHHOM CHHTOHMH C
MPOCTPAHCTBEHHOM rpymmoit P2:/m.

- N3yuenune JIFOMHAHECIICHTHBIX CBOICTB COEMHEHHUS
KSrYo.95(BO3)2:0.05Ce*" mokazano Haamuue MMPOKOM MOJNOCH BO3OYKICHHUS OT
300 1o 390 HM B crieKTpe BO30YKICHHS.
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— Hanmmume mmkoB XapakTepHBIX Mg woHa Iiepust oT 400 mo 575 uMm B
CIEKTPE JTIOMUHECIICHIIUU TIOJITBEPIKAACT BHEPECHUEC MOHOB IICPUS B CTPYKTYpPY
KSrY(BO3)..

®uHancupoBaHue: Pabora OblIa BBIIOJIHEHA 33 CYET IPAHTOBOrO (DMHAHCHPOBAHUS HAYYHBIX
uccienopannii  MuHHCTepcTBa o0pasoBaHMs M Hayku PecnyOomuku Kaszaxcram mo Tteme: MPH
AP08855427 KpucramioxuMudeckuil Ju3aiiH HOBBIX IIOMHHO(OPOB Ha OCHOBE OOpAaTOB IEIOYHO-
PEIKO3eMEIBHBIX 3JIEMEHTOB U rocyaapcTseHHoro 3ananus MI'M CO PAH.

Kongaukt mHTepecoB: ABTOpHI 3asiBISIOT 00 OTCYTCTBHH KOH(JIMKTA HHTEPECOB MEXIY
aBTOpaMu, TPeOYIONEro PacKPHITUS B JAHHOM CTaThbe.

LIEPUI1 HOHIAPBIMEH JETUPJIEHTEH KSrY(BOs), CHHTE3I )KOHE
JIOMHUHECHEHIASICBI
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Tyiiingeme. Kipicne. cupek xep 0oparTap FhUIBIM MEH TEXHHUKAHBIH SPTYPJIi cajanapbiHia KaTThl JCHEIl
Jlasepiep, SKapbIKAMOATAp KOHE IUIa3MallbIK IIaHEeNbJep peTiHge KeHiHeH KonpaHbutagsl. Kek Tyc
WIBIFAPATBHIH  JIOMHHO(MOPIAPIABIH  JaMybl, OIETTe, IKAPBIKAMOATHI  IIAMAAp  YIIH  JKOFapsbl
(OTOIOMUHECLICHIMST  KBAHTTBIK IIBIFBIMIBUIBIFBIH  KOPCETETIH OPTYpJli  MaTpuUaiapipl Lepuit
HOHIAPBIMEH  JIETHpJEYAi  KaMTHIbl.  Auaiina, MyHOall  KOCBUIBICTApIBIH  HETI3ri  Maceleci,
KOHIIEHTPAIUSUTBIK COHY d(deKTiciHen Gacka, MaTpuiana nepHii HoHaapbIHbH yin BanentTi Ce®* kone
topt Banentri Ce*  Kkyiinepinin Oodyel Gonbim  Tabbumamel.  JKymeic  makcamoi. Kana
KSrYo.os5(B03)2:0.05Ce**  KOCBUIBICHIHBIH JIOMHUHECIEHTTIK KacHeTTepiH 3epTrey. Odicmep. llepwmit
nonnapsiver Jerupieared KSrY(BOs)2 Gopar Herizinzmeri jxaHa mroMHHOGOpIAp KAaTTI(pa3aibl CHHTE3
apKBUIBI aNBIH/IBL. bacTankpl MaTepHangapAblH KOCIACHl araT epiTiHIICIHAe YHTAaKTalFaHHaH KeiiH 12
caraT iminge ruatuHa Tureninge 700°C TemmepaTypaaa KbI3ABIPBUILABL Op Ke3eHIEC TEeMIIepaTypaHbl
50°C-ka feifiH KeTepy apKbUIBI Kochma Kaiita yriTimmi. KSrYo.ss(BOs)2:0.05Ce®* KoCHIIBICE CyTeri
atmocdepacsiana 900°C kesinage 8 carat Oobl yctanabl. Homuowcenep men manxvliay. PeHTreHpasanbik
Talnjgay Ke3iHAe jkaHa KOCBUIBIC MOHOKIMHAI P21/M KeHicTik TOOBIHAA KPHCTAJNAHATHIHBIH KOPCETTI.
KSrYo.95(B03)2:0.05Ce** yimin Gipiik ysAmbIK mapaMeTpiepinin ecentenren Monepi: a = 9.2861(23) A, b
= 5.3654(6) A, c = 6.5854(14) A, V =289.7(1) A3, KSrY(BOs): kpucTanislk KypbUIbIMEIHIA opOip B
aTombl yir O aToMbIMeH Gaiinansichin, BOs ymOypeimsiH Kypaiiasl. JKaseik Tontap (BOs)s xKa3bIKTEIKTA
KabaT-kabar Tapasa OpHAJAcKaH. Y aroMJapbl aiThl OTTErl AaTOMBIMEH KOpINAJFaH, OKTadJpIIiK
KYPBUTBIM/TBI KYpaii/ibl skoHe KabaT apajblK MO3UIMsIapasl anaasl. Kpuctamasik Topaarsl Ce* nonmapsr
Y3 (r=0.90 A, CN= VI), Ce** (r=1.01 A CN= V1) HOHABIK PanyChl MEH BaJCHTTLUITIHIH YKCACTBIFBI
meriziage Y3 TO3UIMSUIAPBIH alMacThIpanbl. Kopuimbinovl. TONKbIH Y3bIHABIFEL 440 HM Ke3iHJe KO3y
CIIeKTpiH/ie Iepuil MOHBIHBIH Herisri Ky#jeH KosraH Kyiire eTyine skayanm Oeperin 2Frz — °Di
9HEPTeTHKAIIBIK aybICYbIMEH Oip KYThLTy konarbl Oaiikanmangsl. Cyrteri aTMocdepachiHia KbI3IbIPbUIFaH
KSrYo.s5(B0s)2:0.05Ce®* yiriciHig 3 caraTTaH KeWiH JIOMMHECLEHIMS KapKbIHIbUIBIFBIHBIH TOMEHICYI
AHBIKTAJIIBL.

Tyiiin cosmep: Gopartap, KSrYoes(BO3)2:0.05Ce®*, kpucTaqmplk KypbUIbM, JETHpIEY,
JIIOMUHECLIEHTTI MaTepUA
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STUDY OF THE INHIBITORY PROPERTIES OF SODIUM
TRIPOLYPHOSPHATE IN THE “OIMASH SALT-HO-NaTPP” SYSTEM

R.A. Kaiynbayeva®, G.Sh. Sultanbayeva, N.N. Kozhabekova, A.K. Shakirova,
R.M. Chernyakova, U.Zh. Dzhussipbekov

A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
E-mail: raushan_1972@mail.ru

Abstract. Introduction. Water inhibitors should be used to prevent corrosion of the pipelines and
heat exchangers. The phosphorus containing compounds include phosphates, polyphosphate,
thiophosphates, pyrophosphates, phosphonates, etc., as the corrosion inhibitors. They are anode inhibitors
and, when used on a metal surface, form soluble compounds of oxides, hydroxides and salts, which slow
corrosion. The goal of the work. Study the influence of sodium tripolyphosphate concentration on the
corrosive aggressiveness in the “Oimash salt — H2.O —-NaTPP” system, depending on the type of waters
used. Methods. The studies have been carried out by the gravimetric method at the room temperature.
Results and discussion: It follows from the obtained results that in the marine water with the addition of
NaTPP in concentrations from 20 to 100 mg/l within each of the studied concentrations of the Oimash
salt, the corrosion rate Veor decreases as compared with the control experiment (Vcor— 0.762mm/year).
The results have shown that an increase in the Oimash salt concentration up to 30% in the
“Oimash—-H20-NaTPP” salt system leads to an increase in the solution density from 1.090g/cm?® up to
1.165 g/cm®, and the corrosion rate of steel is reduced intensively. At sodium tripolyphosphate
concentrations of up to 250 mg/l, Veorr decreases down to 125 mm/a and at specified Cnatee the protection
level is 83.58%. The addition of NaTPP to the “Oimash Salt — Waste H20” system increases the
corrosion rate of steel, while the corrosion rate of steel relative to the test experience decreases 0.118-
0.165 mm/year. The highest protection (50.6%) is achieved at Cnater = 20 mg/l. Conclusions: In the
composite systems a high degree of protection is found in marine (83.58%) water. The marine water with
the additives of Oimash salt and NaTPP can be used for the preparation of the composite fluids jamming.

Key words: Oimash salt, sea water, waste water, Killing liquid, sodium tripolyphosphate, corrosion
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HUCCIEJOBAHUE TPUIIOJIUPOCPATA HATPUS B CUCTEME
«COJIb OMMALIIA - H;0 - TII®H»

P.A. Kaiininoaeea”, T.III. Cynmanéaesa, H.H. Koscabexosa, A.K. Illakuposa,
P.M. Yepnsakosa, Y.JK./Ixcycunoexos

AO Uncmumym xumuyeckux Hayk umenu A.b. bexmyposa, Anmamul, Kazaxcman
E-mail: raushan_1972@mail.ru

Pe3tome. Bseoenue. TexHolOrndyeckue >KHUIKOCTH HAa OCHOBE KOHLIEHTPHUPOBAHHBIX PAaCTBOPOB
HEOPraHWYECKUX COJIeH, He coJep)Kaliue TBEpAbIX (a3, IO3BOJISIOT MAKCHMaJIbHO CHH3UTh
ce0eCTOMMOCTh M COXPaHHUTb KOJUIGKTOPCKHE CBOWCTBA INPOAYKTHBHBIX IUIACTOB M 00OpPYZOBaHMS.
V3yuenne BAMSHMS pasiu4HBIX (HAKTOPOB HA BHIOOP THIIA TEXHOJIOTHYECKOH JXKMIAKOCTH 0e3 TBepaoit
(a3bl 1M03BOJISET CO3/1aTh OTEUECTBEHHOE HMPOU3BOJICTBO TEXHOJOTHYECKHUX KHUAKOCTeH. OUeHb BaXKHBIM
rapaMeTpoM IpH BHIOOPE JKUIKOCTEH JUIsi MPOMBIBKM W PEMOHTA CKBAKHHBI SIBISICTCS KOPPO3MOHHAS
AKTMBHOCTbB, JUISl NPEIOTBPALICHUSI KOTOPOH ClefyeT MPUMEHATh o0paboTKy BoAbl MHruOuropamu. M3
(dochopconepKalinx COCOUHEHUH B KAuecTBE HWHTHOMTOPOB KOPPO3UH HUCMONB3YIOTCA (ocdatsl,
nonudocdarel, THODOChaThl, mupodocharsl, pocdonarel U aAp. KoToppie OTHOCATCA K aHOIHBIM
HHrHOMTOpaM W IPH HCIOJNB30BAaHWM HA IIOBEPXHOCTH MeETala 00pasyloT TPYAHOPACTBOPUMBIC
COCIMHEHUSI OKCHIIOB, THAPOKCHIOB M COJIeH, 3aMeMIAIOIUX Kopposuto. [lens. M3yunTh BIMsHHE
KOHIIEHTpaluu Tpunonudocdara HaTpust HA KOPPO3HOHHYIO arpeccUBHOCTH B cucteme «Conb Ofimara —
H20 —-TII®Na» B 3aBHCHMOCTH OT THIIa NMPUMEHSEMBIX BOA. Memoowl. MccnenoBaHus MPOBOAMINCH
IpaBUMETPHYECKHM METOIOM IIPU KOMHATHOH Temrepatype. Pesyrbmamul u 06cyscoenue: TlomyueHHble
pe3yabTaThl OKa3aiu, 4TO IPH yBeIMYeHHN KoHLeHTpauuu conu Ofimarna 10 30% u TII®PNa B cucreme
«Conp Oitmama — H2O — TII®Na» MpuBOAUT K MOBBIIIEHHIO MIOTHOCTH pacTBopoB oT 1.090r/cm® no
1.165 r/cM® M MHTEHCHBHO YMEHBIIAET CKOPOCTH KOPPO3UH cTanu. [Ipu KoHuIeHTpanusx Tpunoiudpocdara
Hatpust 10 250 mr/n cHmkaercst Viopp 10125 MM/ron v nipu yka3aHHBIX Ceomn U CTnon CTENEHb 3alUThl Z
paBHa 83.58%. IobaBka TII®Na B cucremy «Comp Oiimama — crounas H20» moBblmaeT CKOpOCTh
KOPPO3UH CTalli, TNPU 3TOM CKOPOCTb KOPPO3HHM CTAJd  OTHOCHTENBHO KOHTPOJBHOTO OIbITA
ymenbmaercs 0.118 - 0.165 mm/rox. HamGombmas crenens samuthl (50.6 %) nocruraercs npu
koHueHTpauun Crnon = 20 Mr/m. Bwigoowi: HalizeHO, 9TO B KOMITO3MIIMOHHBIX CHCTEMaX BBICOKas
CTEIeHb 3alUTHI JocTHraeTcst B Mopckoii (83.58 %) Bome. Mopckast Boja ¢ job6aBkamu conm Oiimaria n
TII®Na MoxeT IPUMEHSITBCS JUIsl TPUTOTOBJICHHUS KOMITO3UIIMOHHBIX KUAKOCTEH TITyIICHHS.

KuaroueBbie cioBa: conp Oiimamia, Mopckas BOAa, CTOYHas BOJA, CMEIIaHHAS BOJA, JKHIKOCTh
[IIYIICHUs, TpUTIOIH(OCQAT HATPHSI, CKOPOCTH KOPPO3UH

Kanvinoaesa Paywan Anubexosna Kano.mexu. nayx, sedywuii Hayunsiii compyoHux

Cynmanbaeea I'uma Lllamunvesna Kano.mexu. nayx; eedywuii Hayunwlii compyoHux

Koocabexosa Hazvim Hypzyoviposna — Kano. Xxum. nayk, HayuHblti cOmpyOHUK

Hlakuposa Aiunyp Keizvipoexosna Kano.xum. nayk, 6e0yujuil HayyHwlii COMPYOHUK
Yepnarkosea Pauca Muxaiinoena Jlokmop mexH. Hayx, npogeccop

Jocycunberkoe Ymupzax unen xopp HAH PK, npogheccop, Ookmop mex.Hayk
AKymacunosuu
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1. Benenue

Ha coBpemeHHOM JTame JKCIUIyaTaMHd HEPTAHBIX MECTOPOXKICHUN
BO3POCIIO  HCTOJIb30BAHUE KHUIKOCTEH TIyOICHUS, TPUMEHSEMBIX MpHU
CTPOUTENBCTBE M PEMOHTE CKBaXMH. B Hacrosmee Bpemsi HauOoiblnee
pacnpocTpaHeHHE B BHAE TEXHOJIOTMYECKUX >KUAKOCTEH IOIy4WIM PacTBOPHI
KaJblMs, HAaTpud W Kanusi. TEeXHONOTMYecKHWe JKUAKOCTH Ha OCHOBE
KOHIIGHTPUPOBAHHBIX PACTBOPOB HEOPTaHMUYECKUX COJIEH, HE coJepiKaliue
TBepIbIX (Da3, MO3BOJIAIOT MAKCHMAJIbHO CHHU3HUTh CE0ECTOMMOCTh M COXPAaHHUTh
KOJIJIEKTOPCKHE CBOMCTBa MPOAYKTUBHBIX IUIACTOB M 00opynoBanus. WzyueHue
BJIMSIHUSL Pa3IMYHBIX (DaKTOPOB Ha BBIOOP THIIA TEXHOJIOTHUYECKOH KUIKOCTH 0e3
TBepAoH  (aspl  mo3BONIET  CO34aTh  OTEYECTBEHHOE  MPOU3BOJICTBO
TEXHOJIOTHYECKUX XKUAKocTed mmotHocThio 1100-1200 kr/m?. Ilpm sTOM OdYeHB
BaXHBIM TIapaMeTpOM TpPH BBIOOpE >KUAKOCTEH Uil MPOMBIBKM WM PEMOHTA
CKBAa)XMHBI SIBIISICTCS KOPPO3MOHHAs AaKTHUBHOCTh. Hus3kas Koppo3noHHAs
AKTHUBHOCTb XHIKOCTEH U1l OypeHus] 1 peMOHTa CKBa)XKMH IO3BOJIET M30€XaTh
KOpPpPO3UM Ha3eMHOTO0 U BHYTPUCKBOXXHWHHOTO obOopynoBanusi. Kopposwus,
BBI3BaHHASl PAacCOJIOM, BO3HHMKAET B PE3YJbTaTe DJICKTPOXUMUYECKUX PEaKIIHi,
KOTOpBIE CIIOCOOCTBYIOT IPOBOAMMOCTH PACTBOPOB.

B Hactosiiiee BpeMs B KaueCTBE peareHTa Ui MPUTOTOBICHUS >KUIKOCTEH
TIIYIIeHUs] IIHPOKO KCIob3yeTcs pactBop xiopuaa Harpust (NaCl), npumenenne
KOTOPOTO OOYCIIOBJICHO €€ JEIIEBU3HOW M XOpOILIeH PacTBOPUMOCTBIO B BOJE.
OnHako NPUMEHEHHE TOJBKO PAcTBOPOB Ha OCHOBE XJIOpUAA HATPUS MOXKET
MPUBECTH K YCUIICHUIO KOPPO3HOHHBIX MPOLIECCOB.

Jns  mpenoTBpalieHUs KOPPO3WH  TPYyOONPOBOJOB M TEIUIOOOMEHHBIX
anmapaTtoB CleAyeT MNPUMEHSITh 00paboTKy Boxabl HHruOuTopamu. U3
dbocdopcoaepkamuXx COCIUHEHU B  KaueCTBE MHIHMOUTOPOB  KOPPO3UHU
ucnojib3ytorcs  tHodocdarsl, mnupodocdarel, dochopamusap, (HochoHOBBIC
KHCIOTHI, (hocoHaThl, Tuankmi- u auapuidocdarel. Docdarer n nonwdochaTs
TaKXe HaXOJsAT NIPUMEHEHHE B Ka4eCTBE 3aMeUINTeNeH KOPPO3HUH CTalll B BOAE U
paccomax. B kadecTBe WHIHOMTOPOB cCiefyeT NPUMEHATh Tpumnoiaudocdar
HaTpus, rekcameradochar  HATpPHUSA, TPEXKOMIOHEHTHYIO  KOMIIO3HMLIUIO
(rexcameradocdar wnu Tpunonudochat HaTpusa, cyabpar LUHKA U OMXpoMaT
Kanmus), cuinukaT HaTpus u gp. [1]. Bce ¢ocdarer oTHOCATCS K aHOIHBIM
WHTHOMTOpaM — TIUICHKOOOpAa3oBaTeNsiM, KOTOpbIE TIPH HCIIOJIb30BaHUM Ha
MOBEPXHOCTH MeTayia 00pa3ylioT TPYJHOPAaCTBOPUMBIE COEIMHEHHUSI OKCHIOB,
TUAPOKCHUIIOB U COJICH, 3aMEIIIIONINX KOPPO3HUIO [2].

[Ipu wcnonb30BaHUM WHIMOWUTOPOB W 3alIUTHBIX IOKPHITHUH B CHUCTEMax
00OpPOTHOTO BOJOCHAOXKEHHsI cIielyeT NpeaycMaTpuBaTh TIIATEIBHYIO OYHUCTKY
TEIUI00OMEHHBIX anmnapaToB U TPyOONPOBOJOB OT OTIOXKEHUH M oOpactaHuii. B
KayecTBE WHTUOMTOPOB  CIelyeT MpHUMEHSATh Tpunonudochar HaTpus,
rekcameTadocdar HaTpusl, TPEXKOMIIOHEHTHYIO KOMIIO3ULMIO (rekcameTadocdar
win tpunonudocdar HaTpusi, cynbdaT HUHKA M OMXpOMAaT Kayus), CHUIHMKAT
Hatpus ¥ Ap. [Ipu ucnoas3oBanuu Tpunoaudochara u rekcameradocdara
HaTpus U1 CO3JaHusl 3alUTHOH  (ocdaTHOM IJIEHKM KOHLIEHTpalus
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WHTUOMTOPOB B BOjAe OOOpOTHOW CHUCTEMBI B TeueHHE 2-3 CyT. IOJDKHA
npunumatecsi 100 mr/n (B pacuere Ha P>Os) B noGaBouHoil Boje uist
noaaepxanus docdarHoit wienku - 7-15 mr/m mo P20s. Ilpu sTomM ckopocTh
JBIDKEHHS BOABI B TEIJIOOOMEHHBIX ammapaTtax AoJDKHa ObITh He meHee 0.3 m/c
[3].

B pabGore [4] s wHrHOWpOBaHWS BHYTPEHHEW KOPpPO3WH U
coreoOpazoBaHms B 00OPOTHBIX CHCTEMax HMCIIONB30BaH COCTaB, coaeprkariuii 90
— 100 (mr/n) tpunomudochara Hatpus u 0.9 — 1.2 (mr/m) cynbdara nuHKa.
ABTOopamu paboT cHHTE3MpOBaHbI MoardochaTsl HATPHS, MOIU(DHUIIMPOBAHHBIC
OKCHJIOM LHHKa XU B Ja0OpaTOpHBIX YCIOBUSIX II0KAa3aHO, YTO B BOJAX C
MOBBIIIEHHBIM coziepxkanueM cynbgaTr-uonos (1000 mr/i) noaudocdartsr HaTpus-
UMHKA MHTHOMPYIOT CKOPOCTh KOPPO3HH JIATYHU B JTMAra30He KOHIGHTpAIMi 5-
40 mr P,Os [5].

H3BecTHO, 4TO OOJBIIMHCTBO HedrenpombicioB KazaxcraHa HCHBITHIBaET
NeQUIUT TPECHOW BOJBI, B PE3yNbTaTe HYEro B TEXHOJIOTHYECKUX WENsIX st
MIPUTOTOBJICHUS JKUAKOCTEH IIIyIIEHUS HCHONB3YIOT IUIACTOBYI0 M MOPCKYIO
BOJY, @ TAKXXE CMECh MOPCKOM M IJIACTOBOW BOABI B cooTHOweHuUsx 2:1. s
TUTACTOBBIX 1 MOPCKUX BOJ HE(TSHBIX MECTOPOIKACHUH XapaKTepHa MOBHIIICHHAS
MUuHepanu3alua. B ux coctaB BXOIST: XJIOPUIBI, KaJbIMI WIH THAPOKapOOHaTa
HaTpHsl, HE3HAYUTEIbHOE KOJIMYECTBO CYIb(aToB U 1Ip.

CBsi3u ¢ 3TUM B paboTe OBUIO H3YYEHO COBMECTHOE BIIMSHHUE Pa3IUUHBIX
TUTIOB BOJBI M J100aBKkH TpumonndochaTa HATpUsi B KaueCTBE WHTHOMTOPOB
Koppo3uu MetaiioB B cucteme «Comp Oiimama — HoO».

2. DKCNepUMEHTAJbLHAS YACTh

HccnenmoBanne KOPPO3MOHHON aKTUBHOCTH JKUAKOCTEH TIyIIEHUS U
METOJIMKAa  OIIEHKHM  WHTUOWPYIOIIUX  CBOWCTB  PAacTBOPOB  IPOBEICHO
TPaBUMETPUUECKIM METOJIOM [6]. B kauecTBe 00pa3IioB UCIOIB30BANIA CTATLHBIC
miactuaku  (Ct3) pasmepamu 28x48x1mm. HcecnemoBaHue TPOBOAWIA TIPH
KOMHATHOH TeMIieparype.

Panee mpoBeneHHble paboT TO BBIOOpY pPabOuUMX  KOHICHTPAIMHA
nobasngemolt Texanueckor conu Oifmama (MecTopokaeHus MaHTBICTayCKUN
00J1.) IpU TPUTOTOBICHUE KUJAKOCTEH TIIYIIECHUs, TTOKA3ald, YTO MpU J00aBKe
comu oT 1 mo 30% yBenuuuBaeT CKOPOCTh KOPPO3UU METAlJa U IMOBBIIIAET
IJIOTHOCTh pacTBOpa JKHUIKOCTEH TurymieHus. Mcxoas U3 TONYYEeHHBIX
pe3yabpTaToB, B KauecTBe pabouel KoHIeHTpanuu conn Oiimaiia, mpu KOTOPOH
MIPOBOJIMJIN JTajbHEHIINE UCTIBITaHus, OblIa BeIOpaHa koHIeHTpanus 30% (p-
1.160 r/cm®, Vkop-0.198 mm/roxn).

3. Pe3yabTaThl M 00CyKIeHHE

IlonyyeHHble pe3ynbTaThl MCCICAOBAHUNA BIUSHUA KOHILIEHTPALUU COJIEH
TII®Na ma ckopocts Koppo3um crainu B cucteme «Comp Olimarma — Mopckas
H20» ¢ paznuunbiMu conepskanusiMu coiu Oiimaria npeacTaBieHbl PUCYHKE 1.
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W3 momydeHHBIX pe3yabTaToOB CIEAyeT, YTO B MOPCKOW BOJE IpH J0OaBKe
TII®Na B xonmeHntpammsix ot 20 mo 100 wMr/m B mpememax Kakmod u3
uccieayeMblx KoHUeHTpauuii comu Oiimama (pucyHok 1, KpuBble a, 0)
CHIDKAETCSI CKOPOCTHh KOPPO3UU Viopp MO CPABHEHUIO C KOHTPOJIBHBIM OITBITOM
(Vkopp—0.762Mm/To).  BbisiBieHo, 49ro mobaBka pactBopa TII®Na B
KOPpPO3UOHHYIO Cpely, coaepxkauryto 25 % conu Olimamia ymeHbIIaeT VKOpp
OTHOCHUTEIBHO KOHTpOJibHOrO ombiTa Ha 0112-0,344 mwm/ron. s kaxmod u3
WCCIIeTyeMbIX KOHIIEHTpanuii conm moblmenne copepxanus TIION a Taxoke
yMeHbIIaeT Viopp M YBEIMYMBACT CTENEHb 3allUTHOrO aerictBus Z (ot 14.48-
46.27%).
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Pucynok 1- 3aBucumoctb CKOpOCTH Koppo3un oT koHueHrpauuu TTI®Na B Mopckoii Boze:
(a) — ¢ nobaskoii 25 % comu Oiimama, (6) — ¢ nobaskoit 30 % comm Ofimania,
B - kortpons 6e3 nodasku TIIDNa

[TonoxxurenbHBI APPEKT AOCTUTASTCS TPH YBEIMUYEHHHM KOHIICHTPAIUU
conu Oiimama 10 30% u xonuentpauuu Crnon 10 250 mr/n. OnHOBpeMEHHOE
noBeIieHne KoHreHTpamuu coiu Ofimamra w1 TIIONa moBbImaer IIOTHOCTH
pactBopoB ot 1.090r/cm® 1o 1.165 r/cM® B cucTeMax M MHTEHCHBHO YMEHBIIAET
CKOpOCTh Koppo3um craiu. [Ipm xoHueHTpauumsx tpumoiudocdara HaTpus OO
250 Mr/nm Viopp cHUKAETCS 10125MM/To. VKOPP OTHOCHUTENHHO KOHTPOJLHOTO
ombITa B 6,1 paza ¥ MOBHIMIAET CTENICHB 3amUTH Z NPH YKa3aHHBIX Ceom B Crrion
paBHa 83.58%. Ilpu stom cucrema «conmb OiimMama — H2Owopexas — TIIDNa»
XapaKTepU3yeTcsl Kak MajoarpecCHBHasl.

Brusaue xornentpanun TIIONa Ha ckopocts Koppo3uu B cucteMe «Coib
Oiimama — crounas H.O» ¢ xoHunenTpauumeit conu OliMamia 25% mokasano, 4To
nobaska TII®Na B quamazone koHreHTpanmii ot 20 10 100Mr/1 B uccieyeMbIx

73



KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

mpefenax — MOBBIIIAET CKOPOCTb KOPPO3WH CTalld, HO 3HAYEHUS CKOPOCTH
KOpPpPO3UM HW)KE 4YeM B KOHTPOJIBHOM ONbITe 0e3 J00aBKH HHIHOUTOpA
(Vxopp=0.282mm/ron) (pucyHok 2).IIpm 3TOM CKOpPOCTH KOPpPO3WH CTallk
OTHOCUTENIBHO KOHTpOJbHOrO ombita yMmenbmaercs 00,118-0,165 wmwm/ron.
Haunbonpmas crenens 3ammtel (50.6 %) nmocturaercs Npu KOHIEHTPAaLUU
Crnion=20 Mr/n. B crounoit Bome Tpumonudocdar paboraetr B 00JaCTH €ro
HM3KUX KOHIIEHTpaILUM.

B cTouHoi1 Bosie 3HaUeHUE TUIOTHOCTH PAacTBOPOB MoBkImaeTca oT 1.084 mo
1.091 r/em®. Takum o6pasom, BBenenme TIIONaA He3aBHCHMO OT  €ro
KOHIIEHTPAITUH 3aMETHO YMEHBIIAET V opp.

V eorr,mm/year

= = = = a b

0 20 40 &0 20 100

c NaTPP, ING/1

PucyHok 2 - 3aBUCHMOCTh CKOPOCTH KOoppo3uu oT KoHieHTpaiuu TII®Na B cTouHoit Bome(a),
B KOHTPOJILHOM ormibITe 0e3 nobaBku TIIDNa(6)

CornacHo faHHbIM pucyHka 3 B cmernaHHoi BOAE (Ceom=25 %) MIOTHOCTD
pacTBOpOB yig  BceX Hccuenyembix koumeHtparuii  TIIONa  wmensiercs
HesHauntenbHo (1.180-1.182 r/cm®) m Gnmska k koHTponbHOMY ombITy (1.180
r/cm®). U3MeHeHME CKOPOCTH KOPPO3MH B 3aBUCHMOCTH OT KOHIEHTPALUH
TII®Na HOCHT BOMHOOOpA3HBIH XapakTep, Aocturas muaumyma (0.117 u 0.112
mm/ron) npu C mnen paBHOH 80 n 100 mr/n. Ilpun yka3aHHBIX KOHIEHTpPALMIX
cTeneHb 3amuThl coctaBisieT 70.36 u 71.74 %. CkopocTh KOppO3UU MpU A00ABKE
80 1 100 mr/n TII®Na coorBercTBeHHO MeHbIne Ha 0.278 u 0.283 Mmm/Toz, 4em B
KOHTpoJbHOM ombiTe (0.395 mm/ron).
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PucyHok 3 - 3aBucuMocTb ckopoct kopposuu ot koHuenTpauuu TII®Na B cucteme «Coinb Oiimamia —
cmemanHoit H20 — TII®Na » (a), xoHTpons B cucteme «Conp Ofimaina — cmentannas H20» (0)

BonaHo-coneBas cucrema xapakTtepusyercs kKak crnadoarpeccuBHast (Viopp B
mpenenax 0.01-0.1mm/rom). Cnemyer oTtmeruts, uro nobaBka TIIDNas
CMEIIIaHHYIO COJIECOACPIKAIIYIO BOJY CHHUXKACT VioppB 1.3-3.5 paza mo cpaBHEHUIO
€0 Viopp KOHTpOIIBHOTO O11bITa (63 TTIDNA).

Tabauna — Ontumanbhbie KoHleHTpanuu conun Oimaina u TITONa

Tun Boab! Ccom, | Crmona, | IMoTteps o} Vopps Vkopps Z, %
% % Macchl, rlem® | r/emZcyT | mMm/rox
Amrt
MOpCKast Bojia 30 250 0.0160 1.165 | 0.113 0.125 83.58
CMellIaHHas BoJia 25 100 0.0143 1.181 0.101 0.112 71.74
CTOYHAs BOJa 25 20 0.0238 1.084 | 0.106 0.117 50.60

Takum 00pa3oM, YCTaHOBJICHO, 4YTO B HCCIEAYEeMBIX CHCTEMax C
ONTUMABHBIMU KOHIEHTpanusiMu conn Oiimamra 1 TIIDNa Beicokas crerneHb
3aIUTHl TOCTUTaeTcs B MOpckoit (83.58 %) Boae. TIIONa okaspiBaeT 3amuTHOE
JeiicTBre 3a cYeT 0oO0pa3oBaHMsI Ha TOBEPXHOCTH JKeie3a KPHUCTaUINYECKON
dbocharHOll  3amUTHOW IUICHKH, COCTOSIIas W3 THIAPOKCHAA  IKelesa,
yIuioTHeHHOTO (ocharom xkeneza (hocharupoanue MeTania). IHHEKTUBHOCTD
TII®Na B Mopckoit cosecoepkaiieil cucteme o0ycioBieHa BeicokuM pH (>7),
4TO OO0ECIeYnBaeT ero ciaOblii TUAPONW3 U, KaK CJEICTBUE, OOpa3oBaHHE
MajopacTBOPUMEBIX (oc]aToB M MOIKHUCICHHUE DIIEKTPOINTA HAa TPAHUIE pa3jelna

das [7], [8].
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4.3akn04enune

[MomydeHnsl  pe3ynbTaThl  BiusiHHIO  KoHueHTpauuto  TII®ONa  nHa
KOPPO3MOHHYIO arpecCUBHOCTH cTanu B cucreme «Comnp Ofimama — HoOMopckas
—TII®Na» mnoka3aii YTO OJHOBPEMCHHOC IOBBIIICHUE KOHIICHTPAIIMH COJIH
Oiimama u TII®ONa nosblmaeT MIOTHOCTH pacTBopoB oT 1.090r/cm® mo 1.165
r/cM® ¥ MFHTEHCHMBHO yMEHBIIAET CKOPOCTh KOPPO3HHU CTaiM. [Ipy KOHIEHTpamusx
tpunonudochara HaTpus g0 250 Mr/m cHIKaeTCSViopplo125MM/TOn W TipH
yka3aHHBIX Ceom B CrronaCTeNeHb 3amuThl Z paBHa 8.58%. B cucreme «Coib
Oifimama — ctounas HoO —TTI®Na» ckopocTh KOPPO3WH CTad OTHOCHTEIHHO
KOHTposibHOTO ombiTa ymeHbmaercs 0.118-0.165 Mm/ron, mpu 3TOM CTemeHb
samuThl (50.6 %) mocturaercs npu koHieHtpaiyu Crnon=20 mr/in. B cucreme
«Conp Onimama —HyO cmerrannas —TIIONa» cHuxaercsaVioppB 1.3-3.5 pasa mo
CPaBHEHUIO CV copp KOHTPOIHHBIM OIBITOM.

®dunancupoBanue: PabGora BeimonHena B MHcTHTyTe XUMHUYECKMX Hayk wuMmeHu A.B.
BexrypoBa 1o nmporpamMe eneBoro pUHaHCUPOBAHUS HAay4HBIX HccienoBaHuii Ha 2021-2023 rogpl,
ocymectBisiemoro Komurerom Haykn MuHHCcTEepCcTBa 00pazoBanus u Hayku Pecry6nuku Kaszaxcras,
no npoekram BR10965255.

Konpaukr uHTepecoB: ABTOpHI 3asSBISIOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIEro PACKPHITUS B JTaHHOU CTaThe.

«OUWMAII TY3bI - H,0 - TII®Na» )KYUECIHIAET'T HATPUM TPUITIOJIUP®OCPATHIHBIH,
HUHI'UBUTOPJIBIK KACUETTEPIH 3EPTTEY

P.9. Kaiininoaeea”, I Ill. Cynmanéaeea, H.H. Koxcaberosa, A.K. Illokiposa,
P.M. Yepuaxosa, 60.2K. Kycinéexos

AK O.F. bexmypoe amviHOazel Xumusi ebliblmMoapvl uncmumymol, Aimamet, Kazaxcman
E-mail: raushan_1972@mail.ru

Tyiiinaeme. Kipicne. KypambiHga KarThl ¢azanapbl *OK OeHOpraHMKaJIbIK TY3JapIblH KOHLEHTPII
epiTiH/IIIepiHe HETI3/IeNTeH TEeXHOIOTHSIIBIK CYHBIKTBIKTAp IIBIFBIH/IBI OaphIHINA a3alTyFa YKOHE OHIMI
KabaTTap MeH a0IbIKTap/AbIH KOJJIEKTOPIIBIK KaCHETTEPiH caKrayFa MyYMKiHAIK Oepemi. Karter dasacei3
TEXHOJIOTUSUIBIK CYHBIKTBIKTBIH TYPiH TaHIAyFa opTYpii (akTopiapIblH dCEPiH 3epTTey TEXHOIOTHSIIBIK
CYWBIKTBIKTApP/IbIH OTAHIBIK OHIIPICIH KypyFa MYMKIHIIK Oepei. ¥HFBIMAHBI XKYY JKOHE JKOHACY YIIiH
CYHBIKTBIKTap/Ibl TAaHAAY KE3iH/e 6Te MaHbI3bl apaMeTp KOPPO3MSUIBIK OeJICeHITiK OOMNbIN TaObLIaIbl,
OHBIH QJIIBIH aJly YIIIH WHrHOWTOpJIapMeH CyAbl eHIeyaAi KonmaHy kepek. Kypambirma dochopsr Gap
KOCBUIBICTAap/IbIH  ILIIHEH  KOppo3ust ~ MHruOMTOpyapsl  peringe  docdarrap, nomudocdarrap,
TtHodocdarrap, mupodocdarrap, pocdonarrap xaHe T.0., 0OJap AaHOATH HHTUOMTOPIIAPFA JKATA/IbI JKIHE
Metaul O€TiHAe KONJAHFaHAa OKCHATEpPAiH, THAPOKCHATEPIIH JKOHE TY3JapIblH a3 epHTIH
KOCBUIBICTApbIH TY3€/i. KOppo3usiHbl Oocenpereni. JKymeic  maxcamvi. KonnaHeulaThIH cy TypiHe
OaitnanpicTel  «Ofimamr  Ty3sl — H20 — NaTIld» xyitecingeri HaTtpuit TpHnonudochaTsIHbIH
KOHIICHTPAMSCBHIHBIH KOPPO3USIFa 9CepiH 3epTrey. Odicmepi. 3epTreyiiep OenMe TemIepaTypachblHAa
IPaBUMETPHSUIBIK OMICIIeH Kyprizunai. Homuoicenep ocone mangvinay. AnbiHFaH HOTIKenepaeH Oimar
TY3BIHBIH 3€pPTTENIT€H KOHIIEHTPALUSUIAPBIHBIH OpKaichichiHbIH Iuerinne 20-gaH 100 mr/m-re neifinri
koHneHTpanusiiapaa NaTTId KockuiFaH TeHI3 CybIHAA KOPPO3US JKBULAAMIBIFBI Viopp-MEH OaKbLIay
skcriepuMeHTIMeH (Viopp — 0,762 MM/5KBUT) CaJIBICTBIpFaH/Ia TOMEHICHTIHI Oalikanabl. An «Oimarr Ty3sl
— H20 — NaTIl®» xyitecinne Oiimam Ty3biHBIH koHe NaTIlI® konuentparnmsceiabiy 30%-fa aeiin
JKOFapbIIaybl epiTiHAIIEpiH THFBI3ABFBIHEIH 1,090 r/cM® nen 1,165 r/cm®-ke neifin  sxorapbliaybiHa
OKENETIHIH JKoHE 00JIaT KOPPO3MSICHIHBIH JKbUIAAMIIBIFBIH KApKBIHIBI TYPAE TOMEHACTETIHIH KOPCETTi.
Harpuit tpunomudpocdareiaeiy 250 Mr/n neiliH KOHUGHTPALUMACHIHAA Viepp 125 MM/KbUIFa JeiiinH
ToMeHzei i, an kepceriired Crys xxoHe NaTIld kesinne Z xopray nopexeci 83,58% kypaiiabl. «Olimar
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Ty3el — Ho0» xyitecine NaTII® kocy GonaTThlH KOPpO3HS SKBUIAMIBIFBIH apTTHIpajbl, an Ooyar
KOPPO3USACBHIHBIH JKBUIIAM/IBIFEl OaKblIay ToxipuOeciHe KatbicThl 0,118-0,165 MM/ KblUIFa TeMEHACHIL.
Tyorcvipuim. Komnosurtik sxyienepae TeHizne (83,58%) cyna KOpFaHBICTBIH JKOFaphbl JAOPEKECiHE KOJ
KETKi3ieTiHi aHbIKTaIIbl. KOMIIO3UTTIK COHIIpY CYMBIKTBIKTApAb! AaibiHAay ymiH OifiMamn Ty3sl MeH
NaTII® kochLIFaH TEHi3 CybIH Haiinananyra 6oIasl.

Tyiiinai ce3mep: OiiMain Ty3bl, TEHI3 Cybl, arblHIBI Cy, apajac Cy, OIIipy CYHBIKTBIFbI, HATPHi
Tpunonudocarsl, KOPPO3Hs KbUIAAMIHIFbI

Kanvinoaesa Payuwian Anubexosna Texnuka ebLibIMOapbIHbIY KAHOUOAMbL
Cynmanoaeea I'uma Illamunvesna Texnuka 2oL1bLMOAPbIHGIY KAHOUOAMb
Koosrcabexosa Hazvim Hypzyoviposna Xumus 26LIbIMOAPBIHBIY KAHOUIAMbL

Lllaxuposa Aiinyp Kvizvipoexosna Xumus 26116IMOAPBIHBIY KAHOUOAM b

Yepuakosa Pauca Muxaiinosna Texnuxa 2bLabIMOAPLIHBIY OOKMOPbL, NPOopeccop
Jcycunbexos Ymupsak JKymacunosuu KP YFA koppecnondenm myuweci, npogeccop,

TexHuxa ebliblMOapbiHblY 0OKMOPbl
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DETERMINATION OF THE METAL IONS CONCENTRATION IN
THE SOLUTIONS, USING A VOLTAMMETRIC ANALYZER
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M. Kozybayev North Kazakhstan University NLP, Petropavl, Kazakhstan
2A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
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Abstract. Introduction. lon exchange materials are successfully used for solving a number of
practical problems, such as the creation of the waste-free technology-based production processes,
industrial wastewater treatment, rational natural resources and environmental protection use. The study of
the physicochemical and sorption characteristics is required for the determination of the promising areas
of application of ion exchangers. However, chemical research methods are laborious, and atomic
absorption spectroscopy is not always available. The goal of this work is to find and use available
methods, which do not require complex technological equipment for the determination of metal ions
concentration in the solutions, finding the actual areas of practical application of the voltammetric
analyzer “Ecotest BA”. Methodology. Stripping voltammetric determination of metal ions by the addition
method has been used to determine the equilibrium concentrations of metal ions in the analyzed solutions,
which participate in the reversible chemical exchange reaction until a state of dynamic equilibrium is
reached. The main point of this method is that first, a polarogram of the background solution is taken,
hereafter referred to as the test solution, a certain amount of the standard solution with the known
concentration of the determined ion is added, and the polarogram is taken again. By determining the wave
heights of the initial and final solution, the concentration of the metal ion after the sorption is calculated,
using the formula. Results and discussion. The methods of determining the concentration of non-ferrous
metal ions have been developed and used on the voltammetric analyzer “Ecotest BA”, which is a real
economical alternative to the expensive methods of analysis. Stripping voltammograms of samples, which
contain cadmium and copper, zinc, lead cations; vanadate ion, molybdate ion have been constructed. The
ions concentrations in the equilibrium solutions after the sorption are calculated under the static
conditions, polyfunctional anion exchangers in the OH form based on reactive epoxy compounds and
some amines. Conclusion. The stripping voltammetric method is convenient for studying the complexing
properties of the sorption and ion-exchange materials; it also allows one to determine several metals
without their preliminary separation resorting.

Key words: voltammetric analyzer, voltammogram, electrode, background solution, addition
method, metal ions concentration
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ONPEJEJEHUE KOHIEHTPAIIUA HOHOB METAJIJIOB B PACTBOPAX
BOJbTAMIIEPOMETPUYECKHUM METOJOM
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Pe3tome: Bgeoenue. Jns pelieHus aKTyaJIbHBIX IPAKTUYECKHX 3a/1ad CO3/1aHMs OE30TXOMHON TEXHOJIOTUHI
MIPOU3BOACTBEHHBIX MPOLIECCOB, OUMCTKH IPOMBILIJIEHHBIX CTOYHBIX BOJI, PALIMOHAIILHOIO UCIIOIb30BAHUS
MPUPOJHBIX PECYPCOB M OXpaHbl OKPYXAIOIIEH Cpeibl YCHEIIHO HPUMEHSIOTCS HOHOOOMEHHBIC
Marepuansl. [l OmNpeleneHus] NEepPCHeKTHBHBIX o00JacTeldl HCMOJb30BaHHUS HOHHTOB Tpebyercst
UCCIIe0BaHUEe UX (PM3UKO-XMMHYECKHX M COPOLMOHHBIX XapaKTEPUCTUK, OAHAKO XUMUYECKHUE METOJIbI
HCCJIENI0BAHUS BECbMA TPYAOEMKH, a aTOMHO-a0COPOLIMOHHAs CIIEKTPOCKOIIHSL HE BCEra A0CTynHa. [lens.
ITorck ¥ HCMOJNB30BAaHUE JOCTYIHBIX, HE TPEOYIONMX CIOXKHOIO TEXHOJOTHYECKOro 000pYyIO0BaHHMS,
9KOHOMHYHBIX METOJOB OINPECICHUS KOHICHTPAMd HOHOB METAUIOB B PACTBOpPAaX, OTIMYAOIIMXCS
OBICTPOTOH AHAIMTHYECKOrO KOHTPOJISI U BBICOKOM YYBCTBHTEIBHOCTBIO, MO3BOJISIOLICH HCCIIENOBaTh
MHKpOZO3bl  BemlecTB.  HaxokieHume — akTyadbHbIX — 00JacTeil  NMPakTHYeCKOro  NPUMEHEHUs
BOJIETAMIIEPOMETPHYCCKOro aHamuzaTopa «JKkorecT BA». Memoowl. s ompenencHus paBHOBECHBIX
KOHIIGHTpAIllMii MOHOB METAJUIOB B aHAIM3HPYEMbIX PACTBOPaX, TO €CTh YYacTBYIOIIMX B OOpaTHMOIi
XMMHYECKOH peakiuu oOMEeHa 0 JOCTHIKEHHS COCTOSHHUS AUHAMMYHOTO PABHOBECHS, HCIIOJIb30BaJU
HHBEPCHOHHO-BOJIBTAMIICPOMETPHYECKOE ONpPEICICHAE HOHOB METAUIOB MeTonoM nobaBok. CyTb
JTAHHOTO METO/Ia 3aK/II0YaeTCsl B TOM, YTO CHayalla CHUMAIOT IIOJIIpOrpaMMy (POHOBOTO pacTBOpa, Aajiee —
HCCIIEAYyeMOr0 pacTBOpa, 3aTeM JOOABIISIOT ONPEJeIeHHOS KOJMYECTBO CTaHAAPTHOTO PACTBOpa C
W3BECTHOW KOHIIEHTpAIMEeH ONpenesieMoro HoHa U BHOBb CHUMAIOT mossiporpammy. Onpenensisi BBICOTBI
BOJIH TEPBOHAYAIBLHOIO M KOHEYHOTO pacTBopa, Mo (OpMylie pacCUYMTHIBAIOT KOHIIEHTPAIMIO HOHA
MeTaiia mocie copOuun. Pesynemamosl u obcyscoenue. OTtpaboTaHa M WCIIOJIB30BaHAa METOAMKA
OIpesieNieHlss KOHIIGHTPAMd HOHOB I[BETHBIX METAJUIOB HA aHAJIN3aTOPe BOJIBTAMIIEPOMETPUUECKOM
(momsiporpad) «Okorect BA», KOTOpBI SIBISETCS peanbHOW AKOHOMHYHOH — ajlbTepHATHUBOI
JIOPOTOCTOSIIIUM  METoJiaM aHaiik3a. I[l0CTpOeHbl WHBEPCHOHHBIC BOJIBTAMIICPOTPAMMBI  MOJEITBHBIX
pacTBOpOB, COIEpKAIIMX KATHOHBI KaJMHUsl ¥ MeIH; LMHKA, KaAMUs, CBUHIA;, BaHAaJaT-HOH; MOIMOIAT-
nOoH. PaccunMTaHbl KOHIIGHTPAl[Md HMOHOB B PaBHOBECHBIX PAacTBOpax IOCJe COPOIMU B CTATHYECKUX
YCIOBUAX MONU(YHKIMOHANBHBIME aHHoHUTaMH B OH-opMe Ha OCHOBE pPEaKIHOHHOCIIOCOOHBIX
SIMOKCHIHBIX COSAWHEHUH U HEKOTOPBIX aMHHOB. 3akuiouenue. VIHBEpPCHOHHO-BOJIBTAMIIEPOMETPHUYECKHIA
METOJ yIOOeH NpH MCCICAOBaHMU COPOILMOHHBIX M KOMILIEKCOOOPA3YIOUIMX CBOHCTB MOHOOOMEHHBIX
MaTepHaioB, MO3BOJSET ONPENENATh KOHLEHTPALMM HMOHOB HECKOJBKHX METAa/UIOB, He mpuleras K
IpEIBapUTEIFHOMY X Pa3CICHHUIO.

KiroueBsle cj10Ba: BOIBTaMIEPOMETPHICCKUN aHAIM3aTOP, BOIBTaMIIEPOrPaMMa, 3IEKTPOH, (HOHOBBIH
pacTBop, MeTOA 100aBOK, KOHIIEHTPAIHsl HOHOB METaJLIOB.

Bezenosa baxvim Ecmexenosna OOKMOP XUMUYECKUX HAYK, OOYEeHm
Xaxkumoonamoea Kamuna Kanouoam XumMu4eckux Hayx,
Xakumbonamosna accoyuuposannwiii npogeccop
Ocmacpeiruyx Hamanos Maz2ucmp Xumuu

Bnaoumupoena
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1. BBenenue

B pelieHuH  aKTyaJdbHBIX  9KOJOTMYECKHX  MPOOJeM  HEoOXO0auMo
KOHTPOJIMPOBATh COJIEPKAHME TSIKENBIX METAUIOB W JPYTHX BPEIHBIX JUIS
37I0POBbsI COCAMHCHUI B 00BEKTaX OKPY)KAIOIICH Cpeibl, MPOAYKTaX MUTAHUS H
KopMmax. JIns  OCyIIECTBIICHHMS  A3TUX  3aAad  ymo0CH  WHBEPCHOHHO-
BOJIbTAMITIEPOMETPHUYECKHUI METOJI C TIPUMEHEHHEM YHHUBEPCAIBLHOTO aHAIU3aTopa
«9korecT-BA», KOTOPBIi MO3BOJISIET MPOBOIUTH U3MEPEHHsT 0€3 HCIOIb30BaHUS
KHUIKOH pTyTH. J[OCTOMHCTBOM MaHHOTO HM3MEPUTEIBHOTO HPHOOpa SIBISIETCS
BO3MOKHOCTh  MPOBOAMTH  OOJIBIIOE YKHCIO H3MEPEHHH  OJHOBPEMEHHO,
00HapyXMBaTh He3HAUYUTeNbHOE cofepxkanue Bemects (Cd, Pb — 0,05 mxr/mm3),
NPOBOJUTh aHAIM3 CMeCH 0e3 pasieieHHs Ha OTACIbHbIC KOMIOHEHTHI,
OTCYTCTBHE CJIOXKHOT'O TEXHOJOTHYECKOT0 000PYI0BAHHS.

2. DKcnepuMeHTAIbHAs YacTh [1-5]

B pabote ucmonb30Baiy yTrONbHBIH, XJIIOPCEPEOPSHBIN U BCIOMOTaTEBHBIN —
TTATHHOBBIN 3JICKTPOIBI.

B paboTe ucnosb3yroTcs pacTBOPHI:

®onosie pactBopsl: 0,1 M NaNO3z; 1M H,SO4

Hcxoonvie pacmeopwi

1 PactBopst Cu(NOs), ¢ xoumentpammeir Cu 1.5 r/m u CdCl, ¢
kontenTparmeit Cd 1 r/n

2 PactBopst ZN(NOs3), ¢ koumentpanueii Zn 1 /a1, CACl, ¢ koHIeHTpanuei
Cd 1 r/m u Pb(NOs), ¢ xourmentparueii Pb 1.5 r/m.

3 PacrBop meraBanamata ammonus (NHsVO3) ¢ konnenTpanueii V 3 r/i.

4 PacrBop monmubnata Hatpus (NaxMoOs) ¢ koHneHTpanueit Mo 3 1/n/

Xoo onpedenenus. B pabore WCMonp30BalM  TMONMH(YHKIIMOHATIBHBIC
aarounTsl B OH-hopMe, CHHTE3NPOBAHHbBIE Ha OCHOBE AIOKCHIHBIX COCTHHEHUI
U HEKOTOpBIX aMUHOB. CoJiepaHue ONMpeesieMbIX 3JIEMEHTOB B HCCIICAYEMbIX
o0pasnax u3MepsIi METOIOM J00aBOK. B monsporpaduyeckyto siueiiky BHOCUM
20 My (OHOBOIO pacTBOpa M CHHMaeM BoJbTamIieporpammy ¢ona. [lanee
CHMMaeM  BOJIbTAMIIEPOrpaMMy  HMCXOJHOTO  pacTBopa C  HM3BECTHOM
KOHIICHTpaIeld. 3aTeM CHUMaeM BOJBTAMIIEPOrpaMMy pacTBOpa HEHU3BECTHOU
KOHIICHTPAITUH TIOCTIE COPOIIHH.

KoHIIeHTpaI1uio HOHOB MOCIIe COPOLIMK PACCUMTHIBACM 110 (PopMyIie:

I “V306°C
C — x+106" Y 106"~ 106 2 ) 1
Ix 'V}:[06+(IX-IX+HO6) vV ( )

Ix — BBICOTa BOJNHBI (ITMKAa) HA BOJBTaMIIEPOIpaMME HCXOJHOIO PacTBOpA,
MKA;

Ix+106 — BBICOTA BOJIHBI (ITMKA) HA BOJETAMIIEPOTPAMME ITOCIIE IOOABKH, MKA;

V 106 — 00bEM JOOABIEHHOTO PACTBOPA ONPEIENIIEMOr0 KOMIIOHEHTA, MJT;

V — 00beM aHATU3UPYEMOTO PacTBOPA, BKIIOUasi 00beM (OHOBOrO pacTBOpa,
ML
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Cii06 — KOHIICHTpAIIHS UCXOAHOTO pacTBopa, I/ JI.

MOXHO WCTONB30BaTh YIPOIIEHHBIA BHJ (OPMYIBI JUISI OIMpPEIeIeHHUs
KOHIICHTPAIUU:

C= —‘X*Mi’cm - Cros (2.2)

[Ipu cobmogennn TpeOOBaHWM MO  KBadM(UKAMKM PEAKTUBOB U
WCIOJNBb30BaHUK YHCTOW IMOCYIBI U JIEKTPOAOB B ()OHOBOM DPACTBOPE IOJKHBI
OTCYyTCTBOBaTh MWKH (puUcyHOK 1, kpuBeie 1 m 2). CHavajma CHUMArOT
BOJIbTAMIIEpOrpaMMy (OHa, KOTopas He IOJDKHA cojepykaTh NMHUKH. s storo
HCIOJIB3YEMBIC pAaCTBOPbI W XHUMHUUYCCKasA IIOCyJda OOJIKHBI OBITh nacaJIbHO
yucThIMH. B mocnemyromeM npu ucciaenoBaHMM 00pasloB KpuBas (¢oHa
BBIYUTAETCS] aBTOMATHYECKH.

el T ’f.Pf REA
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Pucynoxk 1 — BosbTamrieporpamMMsl ¢ HEOATOTOBJICHHOH (1) ¥ TOArOTOBJICHHOM
(2) MOBEPXHOCTHIO AEKTPOIA

3. Pe3yabTaTthl U 00Cy:KIeHUE

st ompeneneHus KOHIEHTPAIMM I[BETHBIX METAUIOB B  00pasmax
WCTIONB30BAIM  METOA J00aBok [6]. Jlms 3TOro cHayalia perucTpUPYOT
BOJIbTaMIIEPOTpaMMy  aHAJIM3UPYEMOTO pacTBOpa, 3aTeM JeNaloT 100aBKy
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CTaHIAPTHOTO  pPAcCTBOpa  ONPENEeIIeMOr0 HOHA C TOYHO  W3BECTHOM
KOHIICHTpAIMed ¥ CHUMAIOT BOJIBTAMIIEPOTrPaMMy TPH TOH e YyBCTBUTEIBHOCTU
nossiporpada. Ompenensss BBICOTBI BOJH IEPBOHAYAIBLHOTO W KOHEYHOTO
pacTBOpOB, JIETKO pACCUUTATh KOHICHTPAIMIO HCCIEAYEeMOTro pacTBOpa,
rcnons3ys Gopmyiy (2.1)

A) PacTBOp, coneprkaIiuii KaTHOHBI MEIU 1 KaMus (Tabiuna 1, pucyHok 2):

C(Cd2+) B 6.39 MxA-1 mir'1 /i — 0.099 o/
9.04 MKA-1 Mi+(9.04 MKA-6,39 MKA) 21 Mt

c(cu?t) 9.25 MxA-1 mn-1.5 r/n 03121/
u = =0.
10.85 MkA-1 Ma+(10.85 MKA-9.25 MKA)-21 w1 i

Taoauua 1 — Konnentpanus metanna (r/71) B pacTBope, coepxamtem Cd?* u Cu?*

PacTBopbl CdCl; Cu(NOz)>

Vcxoanblii pacTBop, 1/ 1.000 1.500

PactBop mociie copouuw, r/i 0.099 0.312
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18 /f
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|
|
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1
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1 Cd ‘ _cu
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MoteHupan, mB

PucyHok 2 - AHOTHASI HHBEPCHOHHAS BOJIBTAMIIEPOrpaMMa 06pasia,
coziepsxamero katuonsl Cd?*u Cu?*
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B) PactBop, conepxamuii KaTHOHBI IIMHKA, KaAMHS 1 CBHHIA:

C(Zn2* 11.39 mxA-1 mir-1 1/ 0.097 1/
n?t) = =0.
(M) = 1621 AT Mt (1621 MxA-T1.39 vxA) 21 win r
C(Cd?H) = 10.55 mMxA-1 mir-1 t/n 0,440 1/
(™) = {776 vrA T st (11,16 MxAT0.55 MxA) 21 an 40 7%
C(Pb2+ B 15.53 MxA-1 mr-1.5 /0 0,599 1/
)~ 16,59 wxA 1 st (16,50 MxA15.53 mxA) 21 o 000 70

Tabauna 2 — Konrentpanus Metanna (I/71) B pacTBope, cogepskamem Zn?*, Cd?*, Pb?*

PacTBOpEI Zn(NOs)2 CdCl; Pb(NO3)2
HWcxomublit pacTBop, r/1 1.000 1.000 1.500
f/?ICTBOp mocje copouuu, 0.097 0.440 0599

o /

18

gl /)

I\ 77\

QN N
\ |

TR [ — |

o

4 zn i ® Pb
-900 -800 -700 -600 -500 -400 -300 -200 -100 0 100 200
[NoTeHuman, mB

Pucynok 3 - AHo/iHas HHBEPCHOHHAS BOJNLTAMIIEPOrpaMMa 06pasiia,
cofepykamiero katuonsl Zn?, Cd?*, Pb?*
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B) PactBOp, comeprkamuii BaHagaT — HOHBI:

COVY = 0.72 MxA-1 mi1-3 T/ 1860 1/
V)= 0.74 MxA-1 mir+(0.74 MkA-0.72 MkA)21 M1 i

Taoauua 3 — KoHueHTpaiys MeTaiia B pacTBope, copeprkamniem VO3

NH4VOs V, /n
HWcxoauslii pacTBop, 1/ 3.000
PacTBop nocine copOruu, r/1 1.862
/ /
d
Y %
/
-1
/
///
S O S S S IS N SN v
1(‘!5 liO 11‘5 léU 12‘5 1:‘50 léS “““

Toteruvan, MB

PucyHok 4 - AHOIHAs HHBEPCHOHHAS BOJIbTaMIIEpOrpaMMa obpasia,
cozepxaero anuons! VO3

I') PactBoOp, comeprxamuii MOTUOAAT — NOHBL:

CMo) = 0.19 MxA-1 M- 3 /11 13901/
(M0) = 5 20 MicA T 1 (0.20 MkA-0.19 wxA) 21 o200 T/
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Tabauna 4 — KoHIleHTpaius MeTanna B pacTsope, cofepskameM MoOs>

Na:MoO4 Mo, r/n
HWcxonublit pacTBop, r/1 3.000
PacTBop nocne copOruu, r/mn 1.390

/ 0,205
02

0,195 /

0,19

0,185 / /

0,18 /

0,175 / /

e [
[/
. /
/ //
. /

/

0,13

0,125
0,12
0,115

S

110 120 130 140 150 160 170 180 190 200
MoTeHuwan, mB

PucyHok 5 - AHoZiHas HHBEpCHOHHAs BOJIbTaMIIeporpaMma oopasia,
cozepskamiero annons MoO42

4. 3akJjiodyeHue

Takum 00pazoM, AJsl ONpeleseHUs] PaBHOBECHBIX KOHIEHTpPALMid HOHOB
METaJUIOB B PAacTBOPAx MCIOJIB30BaH MoJsiporpaduuecKkuil Meron aHanmuza [2],
OTJIMYAIONIUICS OBICTPOTOH W TOYHOCTBIO, HE TPEOYIOMIUH  CIOXKHOTO
TEXHOJIOTHYECKOT0 00opyaoBaHus. JaHHBIA MeTon ymoOeH NpH HCCIeIOBaHUU
COpPOLMOHHBIX U KOMILIEKCOOOPA3yIOIIMX CBOWCTB MOHOOOMEHHBIX MaTEpHaNOB,
T.K. OTIMYaeTCsl OBICTPOTOW AHATUTHYECKOTO ONpEICICHUS W  BBICOKOH
YyBCTBHUTEJIILHOCTBIO,  TIO3BOJISIIONICH  ONpENeNsiTh ~ Majble  KOJMYecTBa
HCCIIETyEMBIX BEIIECTB. JocTonHcTBoM MeToza WHBEPCHOHHOM
BOJITAMIIEPOMETPHU  SIBISIETCS. TaK)K€ BO3MOXKHOCTh OJJHOBPEMEHHO BECTH
olpeJieNieHre HECKOJIbKAX METalioB, He Tpuberas K MpelBapuUTeIbHOMY HUX
pasnenenuto [2].
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KoHpanKT mHTepecoB: ABTOpHI 3asBIIIOT 00 OTCYTCTBHM KOH(IMKTa HHTEPECOB MEHKIY
aBTOpaMu, TPEOYIONET0 PAaCKPHITUS B JaHHOU CTaThe.

BOJIbTAMIIEPOMETPUSIIBIK AHAJIM3ATOP KOJIJAHY APKbLJbI EPITIHALJIEPJEH
METAJIJI HFOHJAPBI KOHUEHTPAIIMAJAPBIH AHBIKTAY

B.E. Bezenosa', K.X. Xaxumbonamosa?®, H.B. Ocmagpeiinyx*”

M. Kosvibaee amwvinoazer Conmycmix Kazaxcman ynueepcumemi KeAK,, Ilemponaen, Kazaxcman
24.B. Bexmypoe amuvinoazel Xumus eoinvimoapst uncmumymol AK, Anmamol, Kasaxcman
E-mail: nataly-2708@mail.ru

Tyiiingeme. Kipicne. VloHanMacTBIPFBIII ~ MaTEepUANAap OHAIPICTIK MHPOLECTEPAIH  KAaJIBIKCHI3
TEXHOJIOTHSICBIH KYPY, OHEPKACIITIK aFbIH/IbI CyJIap/Ibl Ta3apTy, TAOUFU peCypCTap/Ibl YThIM/IbI Mali1anany
JKOHE KOpIIAFaH OpPTaHbl KOpFay CHSKTHI OipkaTtap ©3eKTi MPaKTHKAIBIK MOcelelepii WISy YIIiH
TaOBICTBl KOJJaHBUIA/Abl. VOHAIMACTBIPFBIITAP/ABl KOJJAHY/ABIH IEPCIEKTUBTI OarbITTApbIH AHBIKTAY
YIIiH onmapiblH  (PU3MKa-XMMHSUIBIK JKOHE COPOLMSJIBIK CUIATTaMallapblH 3€pTTEY KaKeT, anaiina
XUMUSUIBIK 3€PTTEY OJicTepi Kem eHOEKTI KaXeT eTeii, ajl aTOMIBIK-a0COpOLMSUIBIK CHEKTPOCKOIHS
opKallaH KoJ >keTiMui emec. Makcamei. Epitinpinepaeri MeTaml HOHIAPBIHBIH KOHLEHTPALMSACHIH
aHBIKTAY/IbIH KOJDKETIM/II, KYP/Ei TeXHOIOTHSUIBIK )KaOIbIKThl KOKET STICHTIH, YHEM/Ii, aHATUTUKAIIBIK
0aKpUIay KBUIIAM/BIFBIMEH XKOHE 3aTTap.blH MHKPOI03aJIapblH 3epTTEyre MYMKIHAIK OCpeTiH KOFapsbl
Ce3IMTABIFBIMEH ~ EPEKIIENICHETIH  OAiCTepiH  i31ey JkoHe  madpamany. «Okorect  BA»
BOJIbTAMIIEPOMETPHUSUIBIK aHAIU3ATOPbIH MPAKTUKAJIbIK KONJIAHY/IbIH ©3€KTi cananapbiH Taly. ddicmep.
TanmaHaTeiH epiTiHALIEpACT], SFHU AMHAMUKAIBIK TEMe-TeHIIK KYiiHE KETKEHIIEe KAaUThIM/bI XUMUSIIBIK
anMacy peaklMsChIHA KAThICAThIH, METAIAAp MOHAAPBIHBIH TENe-TEeHIIK KOHLIEHTPAUUSIapbIH aHBIKTAY
YIIIH KOCYy o[iCIMEH HHBEPCHSIIBIK-BOJIBTAMIIEPOMETPHSIIBIK aHBIKTAY KOJIAHBULIBI. Byl omicTiH MoHi
MBbIHaJIa: aJiibIMeH ()OH epITIHIICIHIH, COlaH KeliH 3epTTeNeTiH epiTIHAIHIH MOIIpOrpaMMach! aJIbIHAIbI,
COJlaH KeliH aHBIKTATAThIH HOHHBIH OENrili KOHIEHTPALUICHl Oap CTaHAapTTHI epiTiHAiIHIH Oenrimi Oip
MeJIIIepl KOChUIAbl JKOHE KaWTalaH MOJIporpaMma aiblHa[ibl. bacTamKpl >KOHE COHFBI EpITIHIIHIH
TOJIKBIH OMIKTIKTEpIH aHBIKTay apKbLIbl cOpOLMsAAaH KeHiHri MeTajul HMOHBIHBIH KOHILIEHTPALMSICHI
¢dopmyna OoiibiHIIa ecenreneni. Homuowcenepi men mankvinay. «korecT BA» BompTaMIepoMeTpHsIIBIK
aHaymzaropaa (mossiporpad) TYCTi MeTallyl HMOHAAPBIHBIH KOHIEHTPAUMSICBIH aHBIKTAy oJicTeMeci
93ipIIeH/Ii JKOHE MaiiaaHbLIIbI, OJ KBIMOAT Tanaay oMiCTepiHe HAKThI YHeM/Ii OamaMa OOIbI TaObUIaIbL.
KypambiHaa kaamuil KoHE MBIC KaTHOHAAPBI; MBIPBILI, KaJIMHH, KOPFACchIH; BaHAIaT-UOHbI; MOIHOIAT
HOHBI 0ap yJTUIEpAiH HHBEPCHSIIBIK BOJIETAMIIEpOrpaMMalapbl  KYpPacThIPbULIBL.  Tere-TeH K
epiTiHALIepiHeT] MOHIApABIH KOHIIGHTPALMSICHl PeaKHst KaOLIeTTi 3MOKCHUATI KOCBUIBICTAp MEH KeHOip
amungep Herizingeri OH-Typinzeri HOMU(YHKIMOHANABI AHHOHAIMACTHIPFBIIITAPMEH CTATHKAIBIK
JKaraaiia copOumsian Keilin ecenteniuai. Kopvimolnovl. VHBEpPCHUSIIBIK-BOIBTAMIIEPOMETPHSIIBIK, JIiC
HOHAJIMACTBIPFBIII MaTepUaIapIbIH COPOLHMSIIBIK JKOHE KEIIEHTY3Yy KAaCHETTepiH 3epTTey[de BIHFaJIbI,
COHBIMEH KaTap OipHelle MeTalaap sl all/IbIH ajla OeJMeii-aK aHbIKTayFa MyMKIHIIK Oepei.

Tyiiin ce3aep: BOIbTaMICPOMETPHSUIBIK aHAIN3ATOP, BOIBTAMIIEPOrPAMMa, dIEKTPOS, HOHIBIK epiTiHi,
KOCy 9JlicTepi, METaJlI HOHJAPhl KOHILEHTPALUsIAPbI

Bezenosa baxvim Ecmekenkpizol XUMUSL 2LILIMOAPBIHBIY OOKNOPbL, OOYeHM
Xakximoonamoea Kamuna XUMUSL 2bLILIMOAPBIHbIY KAHOUOAMb,
Xaxkimoonamxuizol KayblMOacmulpuli2an npogheccop
Ocmacpeiruyx Hamanos Xumus mazucmpi

Bnaoumupoena

87


mailto:nataly-2708@mail.ru

KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Cnucok JuTepaTypsl:

1.Bynuukos I'. K., Maiictperko B.H., BsiceneB M. P. Diekrpoxumuieckue METO/IbI aHanu3a. - M.:
bunowm, 2003. C. 370-378. https://bik.sfu-kras.ru/elib/view?id=BOOK1-54/5%2090-567979

2.Beigpa @ Y., Hltymux K.II., FOnakoBa 3.A. MHBepcuoHHas BombTamIepomeTpus. - M.: Mup,
2000. — 265 c. https://search.rsl.ru/ru/record/01001007945

3.Crow D. R. Principles and Applications of Electrochemistry // S. Acad. Prof. — 2004. 4th. - P. 124
—129. https://doi.org/10.1201/9780203742211

4.Wang, B. Zhang, J. Cheng, G. Dong. Amperometric enzyme electrode for the determination of
hydrogen peroxide based on sol-gel/hydrogel composite film // S. Anal. Chim. Acta. - 2000. - Vol. 407. -
P.111-118. DOI: 10.1016/S0003-2670(99)00778-3

5.Xenne I'. INomsporpadust u BonpTammepomerpus. TeopeTHUecKHe OCHOBBI M aHAJIMTHYECKas
mpaktuka - 2-e u3a. - M.: BUHOM., 2014.- 398 c.

https://www.studentlibrary.ru/book/ISBN9785001015093.html

6.Speimes H.I'., ITankpatoB JI.A., Tokapes M.U., Kamxun H.H., Ponskuna C.H. ®wusnueckue
METOAbI UCCIICAOBAHUS U UX IMPAKTUYCCKOC IPUMEHECHUE B XUMUYCCKOM aHaJIU3€. - M.: HpOMCTCﬁ, 2012.-
420 c. https://www.studentlibrary.ru/book/ISBN9785990613461.html

References

1.Budnikov G. K., Maystrenko V.N., Vyaselev M.R. Electrochemical methods of analysis, Binom,
2003, 370-378, (in Russ) https://bik.sfu-kras.ru/elib/view?id=BOOK1-54/6%2090-567979

2.Vydra F.1., Shtulik K.P., Yulakova E.A. stripping voltammetry. - M.: Mir, 2000. - 265, (in Russ)
https://search.rsl.ru/ru/record/01001007945

3.Crow D. R. Principles and Applications of Electrochemistry // S. Acad. Prof. — 2004. 4th., 24 —
129, (in Eng) https://doi.org/10.1201/9780203742211

4.Wang, B. Zhang, J. Cheng, G. Dong. Amperometric enzyme electrode for the determination of
hydrogen peroxide based on sol-gel/hydrogel composite film // S. Anal. Chim. Acta. - 2000. - Vol. 407.,
111-118, (in Eng.) DOI: 10.1016/S0003-2670(99)00778-3

5.Henze G. Polarography and voltammetry. Theoretical foundations and analytical practice. 2nd ed.
M.: Binom, 2014. 398, (in Russ) https://www.studentlibrary.ru/book/ISBN9785001015093.html

6.Yaryshev N.G., Pankratov D.A., Tokarev M.I., Kamkin N.N., Rodyakina S.N. Physical research
methods and their practical application in chemical analysis. - M.: Prometheus, 2012.- 420, (in Russ)
https://www.studentlibrary.ru/book/ISBN9785990613461.html

88


https://bik.sfu-kras.ru/elib/view?id=BOOK1-54/Б%2090-567979
https://search.rsl.ru/ru/record/01001007945
https://doi.org/10.1201/9780203742211
http://dx.doi.org/10.1016/S0003-2670(99)00778-3
https://bik.sfu-kras.ru/elib/view?id=BOOK1-54/Б%2090-567979
https://search.rsl.ru/ru/record/01001007945
https://doi.org/10.1201/9780203742211
http://dx.doi.org/10.1016/S0003-2670(99)00778-3

ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

Chemical Journal of Kazakhstan
Volume 4, Number 80(2022), 89-99 https://doi.org/10.51580/2022-3/2710-1185.97

VK 661.74

INVESTIGATING COMPUTATIONALLY THE FORMATION
MECHANISM OF METHYLTRIPHENYLPHOSPHONIUM BROMIDE
AND ETHYLENE GLYCOL - BASED NATURAL DEEP EUTECTIC
SOLVENT AND ITS APPLICATIONS IN THE PURIFICATION
OF BIOFUEL
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Al-Farabi Kazakh National University, Almaty, Kazakhstan
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Abstract. Introduction. Biodiesel is a new replacement for various types of traditional fuels. There
are many advantages of biofuel, including renewable ones, of less-flammability, and cheaper as compared
with the traditional fuel, reducing the greenhouse gas emissions, and others. However, the primary
challenge of the biofuel production in the large-scale production is related to the purification of its
undesirable impurities such as glycerol, water, methanol, soap/catalyst, free fatty acids, glycerides and
others. Herein, glycerol is an undesired impurity of biofuel, which leads to the problems including i)
deposition in the bottom of the fuel tank, ii) decantation, iii) engine durability problems, iv) setting
problems, v) injector fouling, vi) storage problem, and others. Consequently, there are many ways to
remove glycerol, and herein, the one alternative is the extraction of glycerol from biodiesel via the Natural
Deep Eutectic Solvents. The goal of this work. The mixture of a methyltriphenylphosphonium bromide
and ethylene glycol, as a the Natural Deep Eutectic Solvent is effective in removing glycerol from biofuel.
Methodology. We have investigated the formation mechanism of methyltriphenylphosphonium bromide
and ethylene glycol, as the Natural Deep Eutectic Solvents, and the extraction of glycerol from biofuel via
the Natural Deep Eutectic Solvents via implementing the Quantum Chemical Calculations, using the
HyperChem software. Results. The results imply that there are strong ionic and covalent interactions
between bromine, methyltriphenylphosphonium and ethylene glycol according to the optimized structures,
bond length, energies, and others. Conclusion. The extraction of glycerol from biofuel is mainly achieved
via bromine ion of the Natural Deep Eutectic Solvent, and the structure of the Natural Deep Eutectic
Solvent is remaining unchanged after this process, meaning its stability, and can be reused.

Keywords: methyltriphenylphoshonium bromide, ethylene glycol, glycerol, biofuel, extraction
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1. Introduction

There has been a requirement of the new world demand for the replacement
of the energy sources, based on the traditional petroleum-based fuel, due to the
security issue caused by crude oil, continuously burning of petroleum-based fuels,
climate change, and others [1-3]. At this stage, the biofuel is one of the important
biodegradable fuels, which can replace traditional petroleum-based fuels,
including natural gas, coal, and oil. In this regard, biodiesel is an oil-based fuel,
containing alkyl ester long chains, and is mainly produced via the reaction of
lipids with an alcohol to obtain fatty acid monoesters. Biodiesel could be easily
prepared from animal fats, vegetable oils, oleaginous microbial biomass, pine
trees, soybean and others [2-5]. Herein, there are many advantages of biofuel
including renewable, less-flammability, and cheaper fuels as compared with the
traditional fuel, reducing greenhouse gas emissions, and others. Although, the
major challenge of biofuel production in the large scale is connected with the
purification of its undesired impurities, including glycerides, glycerol, water,
methanol, soap/catalyst, free fatty acids, and others [3-6]. Due to this, it is highly
important to remove glycerol from the biofuels content. Glycerol causes many
problems in the biofuel content including i) storage problems, ii) setting
problems, iii) injector fouling, iv) engine durability, v) deposition in the bottom of
the fuel tank, vi) decantation and others [6-10]. At this stage, there are many ways
to remove glycerol from biofuel, and one of the important ways is related to the
extraction of glycerol from biofuel by the Natural Deep Eutectic Solvents.

In the modern society, the Natural Deep Eutectic Solvents are new types of
Deep Eutectic Solvents, lonic Liquids, and traditional solvents. Hence, the
Natural Deep Eutectic Solvents have attracted great attention of the scientists,
because of their many advantages, including the formation from the natural
compounds, high stabilization and extraction potential, bio-degradable, simple
preparation technique, low cost, sustainability, low volatility and others [10-13].
Sequentially, there are many applications of the Natural Deep Eutectic Solvents,
including i) stabilization, enzyme reactions, iii) extraction, iv) biotransformation,
v) bioactivity enhancement, vi) purification of biofuels and others [13-15].
Interestingly, some Natural Deep Eutectic Solvents have been explored, which
can extract glycerol from biofuel [13-17]. For example, 1:1 mixture of glycerol
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and quaternary ammonium salt has been implemented to remove glycerol from
biofuel, and consequently, it has been found that choline chloride and glycerol -
based Natural Deep Eutectic Solvent has been effective in removal of glycerol
from the biofuel content [18]. For instance, 51 wt% of glycerol has been extracted
from biofuel via choline chloride and glycerol - based Natural Deep Eutectic
Solvent at the ratio of 1:1 [18]. Moreover, choline chloride/trifluoroacetamide,
and choline chloride/ethylene glycol - based Natural Deep Eutectic Solvents have
been shown also as an effective for the extraction of glycerol from palm oil
derived biofuel [19]. In addition, Shahbaz et al. reveal that the Natural Deep
Eutectic Solvents formed from methyltriphenylphosphonium bromide and
ethylene glycol are highly effective for the removal of the glycerols, diglycerides,
and monoglycerides from the biofuels content [20]. In this line, a comprehensive
investigation of the formation mechanism of methyltriphenylphosphonium
bromide and ethylene glycol - based Natural Deep Eutectic Solvents and their
application in the extraction of glycerol from biofuel via Natural Deep Eutectic
Solvents are important at the molecular level [17-25].

Herein, we are going to study the intermolecular formation of the
trimethylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents and their extraction ability of glycerol from biofuel, using the
guantum chemical calculation. We had implemented the PM3 method of the
HyperChem software for quantum chemical calculations. Basically, we have
studied the optimized structures, energies, molecular electrostatic maps, and
molecular orbitals for the formation of the Natural Deep Eutectic Solvents and
extraction of glycerol from biofuel via the Natural Deep Eutectic Solvents.

2. Methods and materials

The HyperChem with the PM3 method have been implemented for quantum
chemical calculations in order to get optimized structures, calculate molecular
electrostatic potentials, molecular orbitals, bond distances, and energies[25].
Herein, we have selected methyltriphenylphosphonium bromide (MTPPBI),
ethylene glycol as a computational model of the Natural Deep Eutectic Solvents
(NADES), and glycerol with methyl linoleate as a model of biofuel.

The designed simulation systems are presented in Table 1. As can be seen in
Table 1, initially we have performed quantum chemical calculations for pure
methyltriphenylphosphonium bromide (MTPPBr), ethylene glycol, and then the
mixture of methyltriphenylphosphonium bromide (MTPPBTr) and ethylene glycol
as a Natural Deep Eutectic Solvent. After that, we have simulated a pure modeled
biofuel, which consists of glycerol and methyl linoleate as a mixture and as a
separate form. Finally, we have performed the quantum chemical calculations for
the  process of  extraction of  glycerol from  biofuel via
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents.
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Table 1 — The designed simulation system for the study of the Natural Deep Eutectic Solvent Its
formation and application in the extraction of glycerol from biofuel

MTPPBr EthyleneGlycol Glycerol MethylLinoleate IntendedPurpose
1 - - - PureMTPPBr
- 1 - - PureEthyleneGlycol
1 1 - - NADES
- - 1 - PureGlycerol
- - - 1 PureBiofuel
- - 1 1 Biofuel
1 1 1 1 Extraction
Ebinding = Eas — (Ea —EB) 1)

The calculation formula for binding energy is shown in equation 1. By the
analytical calculations of the second derivatives of energy, stationary points have
been confirmed to be the minima for their potential energy surfaces, respectively.

3. Results

The formation mechanism of methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvents. The 2D structures of
methyltriphenylphosphonium bromide, ethylene glycol, glycerol, and methyl
linoleate are presented in Figure 1. Firstly, to study the intermolecular interactions
for the formation of the Natural Deep Eutectic Solvents, we have studied the
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents in terms of the optimized structures, molecular electrostatic
maps, molecular orbitals and energies. We have begun our quantum chemical
calculations analysis on methyltriphenylphosphonium bromide and ethylene
glycol - based Natural Deep Eutectic Solventsas can be seen in Figure 2, 3, 4 and
in Table 2.

Ky

A) N B) -
,7_«\%’:7 & HO\/\OH @ (Lithylene Glycol)
/] .
C D ':o"
KON oH )\ WW\ Ii‘t L
OH 0
(Natural Deep Eutectic Solvents)
Figure 1 -The 2D chemical structures of Figure 2 — The quantum chemical calculation -
A) methyltriphenylphosphonium bromide, based optimized structures of
B) ethylene glycol, C) glycerol, and D) methyl methyltriphenylphosphonium bromide, ethylene
linoleate. glycol, and the Natural Deep Eutectic Solvents.

The key colors: black: hydrogen; grey: carbon;
green: phosphorus; red: oxygen; yellow: bromide.
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TIOMO

o

(MTPPBr)

J“ (MTPPBr)

(Ethylene Glycol)

}* (Natural Deep Eutectic Solvents) &
(Natural Deep Eutectic Solvents)

Figure 3 — The quantum chemical calculation - Figure 4 — The quantum chemical calculation -
based molecular electrostatic maps of based molecular orbitals of

methyltriphenylphosphonium bromide, ethylene methyltriphenylphosphonium bromide, ethylene

glycol, and the Natural Deep Eutectic Solvents. glycol, and the Natural Deep Eutectic Solvents.

Table 2 — Energies for the formation of the Natural Deep Eutectic Solvents. Unit: kcal/mol

MTPPBr Ethylene Glycol Natural Deep Eutectic Solvent

Energy (kcal/mol) -69182.50 -21044.70 -90331.40

Extraction of Glycerol from Biofuel via the Natural Deep Eutectic Solvents.
Secondly, we have studied the extraction of glycerol from biofuel via the Natural
Deep Eutectic Solvents. Herein, we have analyzed quantum chemically calculated
optimized structures, molecular electrostatic maps, molecular orbitals, and
energies for extraction process of glycerol from biofuel via the Natural Deep
Eutectic Solvents as can be seen in Figure 5-7 and in Table 3.

(Methyl linoleate) @&

&
by A
2 gigdele ‘ at e
% 5 & w
(Natural Deep Eutectic Solvents) - }}:g‘ (Natural Deep Futectic Solvents) - ﬁ »
* + ﬁ
ﬁlt‘ (Extraction process) ﬁ)}‘ (Extraction process)
(Glycerol) (Glycerol)
Figure 5 — The quantum chemical calculation - Figure 6 — The quantum chemical calculation -
based optimized structures of the Natural Deep based molecular electrostatic maps of the Natural
Eutectic Solvents, glycerol, and methyl linoleate. Deep Eutectic Solvents, glycerol, and methyl
The key colors: black: hydrogen; grey: carbon; linoleate. The key colors: black: hydrogen; grey:
green: phosphorus; red: oxygen; yellow: bromide. carbon; green: phosphorus; red: oxygen; yellow:

bromide.
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Figure 7 — The quantum chemical calculation - based molecular orbitals of the Natural Deep Eutectic
Solvents, glycerol, and methyl linoleate. The key colors: black: hydrogen; grey: carbon; green:
phosphorus; red: oxygen; yellow: bromide.

Table 3 — Energies for the formation of the Natural Deep Eutectic Solvents, glycerol, and methyl
linoleate. Unit: kcal/mol

Glycerol Methyl Linoleate Natural Deep Eutectic Solvent +
Biofuel
Energy (kcal/mol) -31376.50 -77595.70 -199310.00

4. Discussion

The first part of our work has been devoted to the study the formation of
methyltriphenylphosphonium bromide ethylene glycol - based Natural Deep
Eutectic Solvents. Initially, we have built and optimized the geometrical structure
of a pure methyltriphenylphosphonium bromide, ethylene glycol, and their
mixture as a Natural Deep Eutectic Solvent. Figure 2 has illustrated the results of
the optimized structures of the methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvent. It can be seen clearly that
bromine ion acts as a connecting agent between the methyltriphenylphosphonium
and ethylene glycol. Moreover, the shortest distances between bromine and
methyltriphenylphosphonium, and between bromine and ethylene glycol have
been 4.92 A and 4.01 A, respectively.

Secondly, we have studied the molecular electrostatic maps for the
geometrical structure of a pure methyltriphenylphosphonium bromide, ethylene
glycol, and their mixture as a Natural Deep Eutectic Solvent. Figure 3 has
illustrated the results of the molecular electrostatic maps of the
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvent. It can be seen that the charges are localized around the bromine
ion which is located between methyltriphenylphosphonium and ethylene glycol.

Thirdly, the HOMO and LUMO molecular orbitals have been represented for
the geometrical structure of a pure methyltriphenylphosphonium bromide,
ethylene glycol, and their mixture as a Natural Deep Eutectic Solvent. Figure 4
has illustrated the results of HOMO-LUMO of the methyltriphenylphosphonium
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bromide and ethylene glycol - based Natural Deep Eutectic Solvent. We can note
from Figure 4 that the HOMO orbital is mainly located around bromine ion, while
LUMO is populated around phenyl group of the formed Natural Deep Eutectic
Solvent.

Fourthly, the total energy for MTPPBr has been -69182.50 kcal/mol, and the
total energy for ethylene glycol has been -21044.70 kcal/mol, while the total
energy for the formation of Natural Deep Eutectic Solvent has been around -
90331.40 kcal/mol. Herein, the binding energy for this formation process of the
Natural Deep Eutectic Solvent can be calculated as below:

Ebinging= -90331.40 kcal/mol — (-69182.50 kcal/mol - 21044.70 kcal/mol) = -
104.2 kcal/mol

Herein, a low value of Epinging @S 0bserved in the above calculation suggests a
low melting point of the methyltriphenylphosphonium bromide and ethylene
glycol - based Natural Deep Eutectic Solvent, as compared with the constituent
components.

The second part of our work is related to the extraction of glycerol from
biofuel via the Natural Deep Eutectic Solvents. Initially, we have been built and
optimized the geometrical structure of a pure glycerol, methyl linoleate, and their
mixture as a biofuel with the Natural Deep Eutectic Solvent. Figure 5 has
illustrated the results of the optimized structures of the glycerol, methyl linoleate-
based biofuel in the presence of the Natural Deep Eutectic Solvent. It can be seen
clearly that bromine ion acts as a connecting agent between the glycerol,
methyltriphenylphosphonium and ethylene glycol. Moreover, the shortest
distances  between bromine and glycerol, between bromine and
methyltriphenylphosphonium, and between bromine and ethylene glycol have
been 2.43 A, 2.62 A and 2.65 A, respectively.

Secondly, we have studied the molecular electrostatic maps for the
geometrical structure of a pure glycerol, methyl linoleate, and their mixture as a
biofuel with the Natural Deep Eutectic Solvent. Figure 6 has illustrated the results
of molecular electrostatic maps of the glycerol, methyl linoleate, and their mixture
as a biofuel with the Natural Deep Eutectic Solvent. It can be seen that the
charges are localized around the bromine ion, which is located via glycerol,
methyltriphenylphosphonium and ethylene glycol.

Thirdly, the HOMO and LUMO molecular orbitals have been represented for
the geometrical structure of a glycerol, methyl linoleate, and their mixture as a
biofuel with the Natural Deep Eutectic Solvent. Figure 7 has illustrated the results
of HOMO-LUMO of the glycerol, methyl linoleate, and their mixture as a biofuel
with the Natural Deep Eutectic Solvent. We can note from Figure 7 that the
HOMO orbital is mainly located around bromine ion, while LUMO is populated
around phenyl group of the formed Natural Deep Eutectic Solvent.

Fourthly, the total energy for glycerol has been -31376.50 kcal/mol, and the
total energy for methyl linoleate has been -77595.70 kcal/mol, and the formation
energy of the Natural Deep Eutectic Solvent has been -90331.40 kcal/mol, while
the total energy for the extraction process of glycerol from biofuel by the Natural
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Deep Eutectic Solvent has been around -199310.00 kcal/mol. Herein, the binding
energy for this formation process of the Natural Deep Eutectic Solvent can be
calculated as below:

Ebinding= -199310.00 kcal/mol — (-31376.50 kcal/mol -77595.70 kcal/mol -
90331.40 kcal/mol) = -6.40 kcal/mol

Herein, a low value of Enindging @S 0Observed in the above calculation suggesting
a preferred extraction efficiency of the glycerol from methyl linoleate-based
biofuel via the Natural Deep Eutectic Solvents.

5. Conclusion

In this work, the formation of methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvents and then the extraction of
glycerol from biofuel via Natural Deep Eutectic Solvents have been studied via
the quantum chemical calculations.

The first part of our work has demonstrated that bromine ion acts as a
connecting agent between the methyltriphenylphosphonium and ethylene glycol
according to the optimized structures, molecular electrostatic maps, molecular
orbitals, and energies.

In the the second part of our work we have concluded that the bromine ion
acts as an extracting and connecting agent within glycerol, the
methyltriphenylphosphonium and ethylene glycol.

The current work could help us make the rational design and improve the
extraction process of glycerol from biofuel by the Natural Deep Eutectic Solvents.
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BPOMMU/I )KOHE DTUWJIEHI'JIMKOJI HEI'IBIHAEI'T TY31J1Y ME3AHU3MIH KOHE OHBIH
BUOOTBIH/bI TA3AJIAY A KOJIJAHBIJTYbIH ECEIITIK )KOJIMEH 3EPTTEY
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Tyiiinaeme. Kipicne. bruonusens—ka3ipri TaHa I9CTYpIli OTBIHHBIH OPTYPJIi TYpJIEPIH aIMacThIpa ajJaTblH
TUIMII OTBIHHBIH TYpi. BHOOTBIHHBIH 0acKa OTBIH TYpJIEpiHEH KONTEreH apTHIKIIBUIBIKTAphl 0ap, OHBIH
ilIiH/Ie JKaHAPTBUIATHIH, a3 TYTAHFBIII JKOHE TOCTYPIIi OTHIHMEH CAaJbICTBIPFaH/a ap3aHbIpak, MapHUKTIK
ra3jiap UIBIFYBIHBIH a3al0bl KOHE Tarbl Oacka. JlereHMeH, ayKbIMABI ©HIIpiCTeri OMOOTBHIH OHIIPICIHIH
HETI3rl MIHJETi OHBIH INIMIEPHH, CY, METaHOJ, Ca0bIH/KaTaIn3aTop, 00C MaKBIIKBLUIIAPEI, TIHLEPUATED
JKOHE Tarbl 0acka KaeTci3 KocHalapblH Ta3apTyMeH OaiimaHbIcThl. byi skepie riHIeprHO MOOTHIHHBIH
KakeTci3 Kocrackl OonsIn Tabbuianel, o |) skaHnapMaii GarelHblH TYOiHAE TyHABIPY, 1) mexanrarms, I11)
KO3FaJITKBILITBIH Y3aK )KYMBIC icTey npobiemanapsl, V) opHaty akaynapbl, V) HHKEKTOPJBIH JaCTaHYbI,
V1) cakray maceneci xoHe Oackanap. J{eMek, TIUIepUHIl JKOIIbIH KOIITEreH JKOJIIaphl 0ap jKoHe MyH/a
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6ip Oanmama — TabUFU TEPEH IBTCKTUKAJBIK €PITKIINTEp apKbLUIbl OHOAN3ENBICH IUIepHHL any. Taburu
TepeH EBTEKTHKANBIK epITKimTep OacKa epiTKIIITEpACH apTHIKIIBUIBIFEI Oarachl ap3aH, SKOIOTHsFa
3USIHCBI3, ICHCAYJIBIKKA KayiICi3, KOJ KeTIM/Ii )KOHE Tarbl 0acKa apThIKIIBLIBIKTAPHI 0ap. By dcymbicmbiy
Maxcamel TaOUFU TEPeH OSBTEKTHKAIBIK epiTKi peTiHne Merwiarpupenmwipochoruii Opomuai MeH
STHJIEHITIMKOJIb KOCIIACHIHAJIBIN, OMOOTHIHHAH INIMIEPHUHII OCBl KOCIAMEH KeTipy. Odicmemeci. Bi3
Ta0Wfu TEpeH OBTEKTUKANBIK epiTkirep perinae wetuarpudernidocdhonuit OpoMHIiHIH KOHE
STWJICHIJIMKOIB/AIH ~TY3Uly MEXaHu3MiH 3eprrenik, coaaH keiliH HyperChem Oarnmapnamanbik
’KacaKTaMachlH IalijlallaHa OTBIPHII, KBAHTTBHIK XUMISUIBIK €CENTEYNIepi SHIi3y apKbUIbl TaOMFH TepeH
9BTCKTHKAJBIK EpITKIIITEp AapKbUIBl OWOOTHIHHAH TIVIMLIEPHHII AIABIK. JKymvicmuly Hamudcenepi.
Hotwxkenep oHTailmaHABIPbUIFAH KypbUIbIMZApFa, OailflaHbIC Y3bIHABIFBIHA, DHEPrUsUIapFa JKOHE Tarbl
Oackara colikec O6poM, MeTunTpupeHnnHocHOHMIT KOHE ITHIICHIIUKONb apaChIHAA KYLITI HOH/BIK JKOHE
KOBAJICHTTIK ©3apa 9peKeTTeCyNep/iH 0ap ekeHiH kepcerei. Kopbimuiidvl. BUOOTHIHHAH TIUIIEPUH]I Aty
HETi31HEeH TaOUFU TEpPeH BTEKTUKAIIBIK €PITKIIITIH OpOM MOHBI apKbUIBI JKY3€re achIpbUIajibl, all TaOUFu
TEpeH OABTEKTHKAJBIK EPITKIIITIH KYpbUIBIMBI OCBI TMPOLIECTEH KEHiH e3repicci3 Kamaabl, Oy OHBIH
TYPAKTBUIBIFBIH O111ipe/ii xoHe KaifTa naiigananyra 601aThlH KOpceTesi.

Tyiiinai ce3nep: metunrpuderundocdop OpOMUI,ITHICHTIUKOIb, TIUIEPUH, OMOOTHIH,3KCTPAKIIHS
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Pe3tome. Bseoenue. buonuszens — 3(h(EKTHBHOE TOIUIMBO, CIIOCOOHOE CEroJHsI 3aMEHHTh pa3lIHYHbIC
BUJIbI TPAJIMIUOHHOTO TOIUIMBA. BHOTOIUIMBO MMeET MHOTO MPEMMYLICCTB [0 CPAaBHEHHIO C IPYTHMH
BUIAMH TOILUIMBA, B TOM YHCIEe BO30OHOBIEMOCTh, MCHEE BOCIUIAMEHSIONIEEC U Oojee ACLIeBOe, YeM
TPaAMIMOHHOE TOIUIMBO, OOJiee HHM3KHE BBIOPOCHI MAPHUKOBBIX Ta30B M MHOroe japyroe. OnHako
OCHOBHasi mpobiieMa IPOM3BOACTBA OHOTOIUIMBA B KPYITHOMACIUTAOHOM IIPOM3BOJCTBE CBS3aHA C
OYHCTKOM €ro HeXeJaTeNbHBIX NPUMECeH, TaKMX Kak TIIMIEPHH, BOJA, METaHOJN, MBUIO/KATaIU3aTop,
CBOOOJHBIC JKUPHBIC KHCIOTHI, TIHLEPHIABI M JpyrHe. 3Aech TIMLEPUH SBISACTCS HEXelaTeIbHOM
MIPUMECHI0 OMOTOIUINBA, KOTOpasi MPUBOIHUT K MpobiieMam, BKItouyas ) OTiIokeHHEe Ha JTHE TOIUIMBHOIO
6axka, Il) nexantauuto, Il) mpobiemsl ¢ gonroBeynocTsro aBurarens, V) npobuemst ¢ HacTpoiikamu, V)
3arpsizHeHue GopcyHok, V1) npobiiemsl ¢ xpaneHuem u apyrue. CiieoBaTeNnbHO, CyIIECTBYET MHOKECTBO
croco0OB ynaleHHs TIMIEPUHA, ¥ B JAQHHOM Cllydyae OJHOM W3 aJbTepPHATUB SIBISICTCS H3BICUCHHE
TIHLEepUHA U3 OHOIU3ENIBbHOTO TOIUIMBA C TIOMOIIBIO HATYPAIbHBIX PACTBOPHTENEH TITyOOKO# 3BTEKTHKH.
IIpeuMymiecTBa  NPUPOAHBIX  [IyOMHHBIX ~ OBTGKTHYECKMX  PACTBOPHUTENCH  Mepex  APyrHMHU
PAaCTBOPHUTEISAMH 3aKIIOYAIOTCST B MX JCLICBH3HE, OKOJOIMYHOCTH, OE30IMAaCHOCTH I 3I0pPOBbS,
JOCTYIIHOCTH " T.JA. Llenvto damnoii pabomel SBIAETCA ylaleHUE TNIHIEPUHA M3 OHOTOIUINBA CMECHIO
Metmwitpupermndochonuss OpoMuIa U STUICHIIIUKOIS B KA4ECTBE IPUPOAHOTO PAaCTBOPUTENS TITyOOKOM
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9BTEKTUKH. Memooonoeus. Msi HCCIIeI0BaN MEXaHHU3M obpa3oBaHust OpomMucToro
MetuitpupeHnnGocHoHnsT U OSTUICHIIIMKONS B KAyecTBE IMPHPOJIHBIX PACTBOpUTECH TIi1yOOKOit
9BTEKTUKH, & 3aTeM M3BICKIM [JHMUICPUH M3 OHOTOIUIMBA C IMOMOIIBIO MPUPOJHBIX PAaCTBOPHUTEICH
rIyOOKOW JBTEKTHKHM IIyTEM peallM3allid KBAHTOBO-XMMHYECKHX pPAcyeTOB C HCIOJIB30BAaHUEM
nporpammuoro obecrieueruss HyperChem. Pesyismamut. Pe3ynbraThl MOKa3blBAlOT CUIIBHBIE HOHHBIC U
KOBAJICHTHBIC B3aMMOJCHCTBUSI MexIy OpoMoMm, MertunTpupeHuipochoHHEM U STHICHIIIMKOIEM B
COOTBETCTBUH C ONTUMHU3UPOBAHHBIMU CTPYKTYpaMH, AJIMHAMH CBSI3€H, SHEPTHAMH U T. 1. 3aKiloueHue.
W3Bneyenne rmmnepuHa u3 OMOTOIUIMBA B OCHOBHOM OCYIIECTBIISIETCS MOHOM Opoma INpPUPOIHOTO
pacTBOpHTENsT I'TyOOKOW OBTEKTHKM, INPU OTOM CTPYKTypa NpPUPOAHOTO pPACTBOPHUTENS IIyOOKOM
IBTEKTUKH IOCJIE ITOTO IMPOLECCa OCTACTCS HEU3MEHHOM, YTO CBHUIETEIBLCTBYET O €ro CTaOMIBHOCTH U
BO3MOXHOCTH MTOBTOPHOT'O HCIIOJIb30BAHHSI.

KawueBble ciioBa: Mmeruntpudenmnpochonuii OpOMUI, STHICHIIIUKONb, [JIHLEPHH, OHWOTOILIUBO,
IKCTPAKIHS

Caiinay Kacynan Acxamynuol ooxmopanm 3-20 Kypca
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Towmaii Kaiinayoex ooxmop PhD
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STUDY OF THE PHYSICO-CHEMICAL PROPERTIES OF THE ROAD
BITUMEN ORB 70/100
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Abstract. Introduction. The practice of the motor roads operation in the Republic of Kazakhstan
shows that the durability of asphalt concrete pavements on them is much lower than the standard terms.
Therefore, maintaining roads in a condition, which meets the requirements of traffic flows is impossible
without the use of new, progressive materials and technologies. The main factor influencing a sharp
decrease in the service life of the road surfaces is the use of low-quality bitumen as a binder in asphalt
concrete mixtures, since microcracks develop mainly in its film. The goal of the work. In this paper, the
physical and mechanical properties of bitumen of the grade ORB(0oil road bitumen) 70/110 of the Aktau
bitumen plant have been studied. Methods.To improve the operational characteristics of bitumen,
modification with polyethylene and polystyrene waste has been carried out. Results and discussion. It has
been shown that after the addition of the modifying additives, the main indicators of bitumen have
improved. For polyethylene: the depth of needle penetration has decreased from 70 down to 61 mm, the
extensibility of bitumen has decreased by 52 ¢cm, which indicates an improvement in the plasticity and
elasticity, the softening temperature along the ring and ball has increased from 49 up to 59 °C, which
leads to reducing the tendency of bitumen deformation, and the brittleness temperature has been within
the normal range - not less than -20 °C. In case of using polystyrene, the penetration characterizing the
bitumen hardness decreases from 70 mm down to 61 mm,; the extensibility of bitumen increases by 10 cm,
which indicates an improvement in the elasticity and strength, due to the presence of the resulting
structural network. Conclusion. The softening temperature of bitumen increases, which leads to an
improvement in the heat resistance and viscosity.

Key words: petroleum road bitumen, ORB 70/110, polymer waste, polyethylene, polystyrene,
penetration, extensibility, softening and brittleness temperature
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1. Introduction

One of the topical issues in the oil refining industry is the problem of
improving the quality of petroleum products, which include petroleum bitumen.
Despite the fact that the performance properties of bitumen meet the necessary
requirements, the road surfaces based on them do not always meet the climatic
conditions of operation in our country.

Road oil bitumen is sensitive to the temperature changes, i.e. become brittle
in the cold, and soften at elevated temperatures, leading to punching and
deformation of road surface [1].

The performance properties of bitumen under the influence of the aggressive
environment also deteriorate, and may not always meet the desired performance
requirements.

Thus, petroleum bitumen is the cheapest and most versatile material for using
as a binder for the construction of the road surfaces [2].

Often, up to 30% of various products are added to tars and heavy residues of
oil refining, which is necessary to improve the quality of the binder produced. If
the additives are not added, the resulting binders become brittle and lose their
elasticity.

The main physical and chemical indicators of bitumen, which affect its
performance properties include: penetration, brittleness temperature, softening
temperature, extensibility. Improvement of these indicators can be achieved by
introducing waste polymers into the composition of the bituminous compositions
[3-7].

The addition of polymer waste to oil road bitumen increases its elasticity and
strength, making the road surface more durable and resistant to the thermal and
mechanical stress. Also, the addition of a polymeric material improves the spatial
structure of a binder [8-11].

The construction industry occupies one of the first places among the largest
consumers of polymeric materials. The widespread use of polymeric materials in
construction is facilitated not only by the high chemical resistance, good
decorative properties of many of them, but also by the comparative ease of use,
manufacturability, etc.

Therefore, at present, the problem of processing the waste polymer materials
is becoming relevant not only from the standpoint of environmental protection,
but also due to the fact that in the conditions of a shortage of polymer raw
materials, the plastic wastes often become a raw material and energy resource
[12].

The involvement of a number of wastes from the petrochemical industries
will significantly improve the technogenic situation at the enterprises and make it
possible to more efficiently use the useful potential of the secondary wastes.

However, the use of the waste polymeric materials as additives in the
Republic of Kazakhstan has been little studied. Therefore, the research in the field
of improving the physical and mechanical properties of road bitumen by
introducing the polymer waste remains relevant to this day.
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2. Experimental part

The study object is the oil road bitumen ORB 70/100 of the Aktau bitumen
plant. Bitumen of this grade is a large-tonnage product of oil refining, has a
complex of valuable technical properties and is widely used in the manufacture of
asphalt concrete mixtures in the road construction. The raw material for the
production of bitumen is tar (heavy oil residue of vacuum distillation). The
physical and chemical properties of ORB 70/100 bitumen are presented in Table
1.

Table 1 - Physical and chemical properties of ORB 70/100

Indicator Value
Needle penetration depth, 0.1 mm:
-at25°C 70
-at0°C 22
Softening temperature for ring and ball, °C 49
Extensibility at 25 °C, cm 71
Brittleness temperature, °C -21

To improve the performance properties of bitumen, various modifying
additives are used, in particular the polymer waste. The use of the waste polymers
can significantly save the primary raw materials and electricity. For example, the
production wastes of polystyrene and polyethylene do not differ from primary raw
materials in their physical, mechanical and technological properties. They are
returnable and are mainly used at the enterprises where they are formed. They can
also be used as independent raw materials in the production of various products.
And in order to improve ecological and economic situation in our country,
polymer waste can be effectively used as modifying additives.

Secondary polyethylene and polystyrene are taken as the road bitumen
modifiers. Before the modification process, polystyrene and polyethylene are
processed, washed with distilled water, dried and turned into a homogeneous
material. Secondary polyethylene is added together with the used industrial oil
grade 1-40, which is a plasticizer. The plasticizer reduces the mixing time of
bitumen with the polymer, increases the viscosity and improves the properties of
the resulting polymer-bitumen binder.

Polystyrene is introduced into bitumen without a plasticizer, because it
simultaneously serves as a modifier and plasticizer, due to its cyclic structure,
which in turn leads to the rapid adhesion of bitumen and polystyrene
molecules.The experiments have been carried out as part of the laboratory studies,
S0 yogurt waste has been taken as polystyrene.

3. Results and discussion

To improve the performance characteristics of bitumen, a modification of
polyethylene and polystyrene with waste has been carried out.

Method for the preparation of polymer bitumen binder. The required amount
of bitumen is heated in a metal container, a plasticizer is added in an amount of
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3% by weight of bitumen, and then heating is turned on. At a temperature of 150-
160 °C, secondary polyethylene is introduced into the molten bitumen in the form
of flakes, in the amount of 1, 2, 3% by weight of bitumen, then the heating
temperature is brought to 180-200 °C. Mixing is carried out for 30-40 minutes.
Bitumen is modified with polystyrene without a plasticizer by a similar method.
Table 2 shows the component composition of a polymer bitumen binder based on
polyethylene and polystyrene.

Table 2 - Component composition of bitumen, modified with polyethylene and polystyrene

Bitumen + polyethylene Bitumen + polystyrene
Materials SampleNo. SampleNo.
1 2 3 1 2 3
ORB 70/100, g 300 300 300 300 300 300
Secondary polyethylene, g 3 6 9 - - -
Secondary polystyrene, g - - - 3 6 9
1-40, ¢ 9 9 9 - - -

Physical and mechanical properties of bitumen have been evaluated by the
penetration, ductility, softening points, viscosity and brittleness, which give an
almost complete picture of it.

The parameters of polymer-bitumen binder modified polyethylene have been
studied: the needle penetration depth, ring and ball softening temperature,
extensibility at 25 °C, brittleness temperature. The experiment results are
presented in Table 3.

Table 3 - Characteristics of bitumen modified with polyethylene

Indicator Value

Modifier amount, % 0 1 2 3
Needle penetration depth, 0.1 mm:

at 25°C 70 67 64 61
at 0°C 22 24 23 23
Extensibility at 25 °C, cm 71 47 27 19
Softening temperature according to ring and ball, °C 49 51 55 59
Brittleness temperature, °C -21 -21 -21 -20

As can be seen from Table 3, the required performance properties of bitumen
can be achieved by varying the modifier content i.e. recycled secondary
polyethylene. From the data obtained, it can be seen that in case of introducing
polyethylene into bitumen at 25 °C: penetration decreases down to 61 mm,
extensibility decreases from 71 down to 19 cm, which indicates an improvement
in the plasticity and elasticity of bitumen. The softening temperature along the
ring and ball has increased from 49 up to 59°C, which leads to a decrease in the
tendency for bitumen deformation. The brittleness temperature is within the
normal range - not less than -20°C. As an example, Figure 1 shows the graphical
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dependence of the needle penetration depth on the quantitative content of
polyethylene.

58 VB‘J\
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modified bitumen penetration, 0.1 mm
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% modifier content in bitumen

Figure 1 - Dependence of the needle penetration on the percentage
of polyethylene

Table 4 shows the results of modifying the ORB 70/100 bitumen, using the
secondary polystyrene.

Table 4 - Characteristics of bitumen, modified with polystyrene

Indicator Value

Modifier amount, % 0 1 2 3
Needle penetration depth, 0.1 mm:

at 25°C 70 65 63 61
at 0°C 22 24 23 23
Extensibility at 25°C, cm 71 74 75 81
Softening temperature according to ring and ball, °C 49 50 54 57
Brittleness temperature, °C -21 -21 -21 -20

Table 4 shows a decrease in the penetration depth of the needle at 25°C from
70 mm down to 61 mm, which characterizes bitumen hardness. The extensibility
increases by 10 cm, which indicates an improvement in the elasticity and strength
of bitumen, due to the presence of the resulting structural network. The softening
temperature increases, which leads to an improvement in the heat resistance and
viscosity of bitumen. Figure 2 shows a graphical dependence of the softening
point on the % content of polystyrene.
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Figure 2 - Dependence of the softening temperature on the percentage
of polystyrene

Thus, according to the study results, it can be concluded that the use of
polymer waste as a modifier significantly improves the performance of the road
bitumen of the grade ORB 70/100. The best results are obtained with the addition
of 3% polymers, in the both cases. With an increase in the percentage of polymer
waste in bitumen, the softening point increases and thereby increases the heat
resistance.With a decrease in the bitumen penetration, its rigidity increases and
resistance to the thermal and mechanical tiredness increases, wear resistance
increases. The temperature resistance, hardness and elasticity of the obtained
polymer-bitumen binder allow the road structure to have high resistance to
deformation and an ability to operate in the regions with the elevated temperature
climate.

4. Conclusion

In this paper, bitumen of the grade ORB 70/110 from the Aktau oil refinery
has been studied. To improve the physical and mechanical properties of bitumen,
a modification with polyethylene and polystyrene waste has been carried out. It
should be noted that by choosing the right mixing conditions, the type and ratio of
the polymer components, it is much easier to obtain materials with the required
properties than to synthesize new ones. The resulting composite materials have
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improved the physical, mechanical and thermal properties as compared with the
materials from the traditional raw materials [13].

Polymer waste polyethylene and polystyrene in the form of flakes are mixed
with hot oil bitumen, while bitumen penetrates into the polymer particles, causing
them to swell and melt.

The efficiency of the modification process of the bitumen depends on a
number of factors: the smaller the particle size of the polymer, the greater their
surface area and the faster its penetration. The higher the process temperature, the
faster the polymer particles penetrate into the bitumen; the better the mixing, the
faster the uniform distribution of the polymer and its complete fusion with
bitumen is ensured.

In the process of modifying bitumen, an intermolecular force of adhesion of
structural elements in a dispersion medium is created. The combination
mechanism takes place at the elevated temperatures and constant stirring,
followed by the formation of a homogeneous system. An important factor in this
case is the structural stability of the polymer bitumen binder, which prevents the
further separation of bitumen and polymer.

Thus, the use of recycled polyethylene and polystyrene waste can save
primary raw materials, and also has a positive impact on the country's ecology,
making it possible to process the stocks of the secondary polymer raw materials
and waste oils, while improving the performance of the organic binders.

BHJ 70/100 MAPKAJIBI KOJI BUTYMbIHBIH ®U3UKAJBIK-XUMUSJIBIK
KACHUETTEPIH 3EPTTEY
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Tyiiinaeme. Kipicne. Kazakcran PecryOnuKachblHBIH aBTOMOOWIIB JKOJIApbIH MaiinanaHy TaxipuOeci
acdanpTOeTOH B! XKAOBIHAAPABIH TO3IMALIINT CTAaHAAPTTHI MEP3IMHEH AJIIeKaiiila TOMEH SKeHiH KOpCeTe/Ii.
CoOH/IBIKTaH jKaHa, MPOrPECCHBTI MaTepHaliap MEH TEXHOJOTHsIApAbl KonaaHOai >KOJIaapIbl KeIlik
arbIHBIHBIH TaJIaNTapblHA JKayan OepeTiH jkarjaina ycray MyMKiH eMec. JKoin TeceMiHiH KbI3MET ery
Mep3iMiHIH KYPT TeMEHAeyiHe ocep eTeTiH Herisri ¢akrop achanbTOETOH KocHalapblHIa
0aliIaHBICTBIPFBILI PETIHIE carnackl3 OUTYMIbI Haiiianany OOMNbIN TaObuIaIbl, OHTKEHI MHKPOXKApPBIKTAP
HeTi3IHEeH OHBIH KaOBIFbIHIA maina Oonaipl. JKymbvlc makcamvl - TOIMMEp KalIBIKTApbIH NaiganaHa
OTBIPBII, IKCIUTyaTalMsIIBIK KACUETTepl JKaKCapThUIFaH ac(aibTOeTOH aiy. Odicmep. ANBIHFAaH OHIMHIH
KYpaMbl MEH KAaCHETTepiH 3epTTey YIIIH XHMISUIBIK JKOHE (HM3MKA-XUMUSUIBIK Talgay oficTepi:
PEHTTeH(IIIOOPECIICHTI CIIEKTPOCKOIUS JKOHE PACTPJIl ANEKTPOHIBI MUKPOCKOMNUSI KOJLAAHBLIIbI. Amanzan
a0icmepmen Axtay outym eHuey 3aybIThiHbIH BH/I 70/110 mMapkaibl OUTYMBIHBIH (DH3HKA-MEXaHHKAIBIK
KacueTTepi 3epTTenii. BUTYMHBIH SKCIUTyaTalMsUIBIK KAaCHETTEepiH jkakcapTy yiuiH nommdtwien (I19)
xoHe noauctupon (I1C) kanaplkrapbiMer Moauduimpiey sxyprisinai. Exinmi pertik I19 M-40 mapkaist
(mnactudukaTop) eHepKocinTik MaiiMeH Oipre Kocbugbl. I[lnactudukarop OWUTYMIbl MOTUMEPMEH
apayiacThIpy YaKbITBIH a3aliTajbl, TYTKBIPJIBIKTHl apTThipaipl jkoHe anbiHFan [IBB  kacuertepin

106


mailto:sataeva_safura@mail.ru

ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

wakcapTazsl. IIC 6uTymra miacTHGHUKATOPCHI3 CHIi3ineni, oiTKeHi o1 Oip yaKbITTa MOAU(UKATOP XKOHE
acTUGUKaToOp peTiHae KpI3MeT eteli. Homuoicenep ocane manksiiay. Momuduuupieymn Kocrnanapasl
KOCKaHHAH KeWiH OUTYMHBIH HETI3rl KOpCeTKIITepi jKakcapraHbl KepceTiireH. [IoMu3THIeH KOCachl
YLIiH HHEeHIH eHy Tepeniri (nexerpamus) 70-TeH 61 MM-Te JeiiH, CO3BUIFBILITHIFBI 52 CM-Te a3aiibl, OyI1
OWTYMHBIH IUIACTUKAIBIK JKOHE CEpHIMIUTK KacHeTTepi >kakcapraHbslH kepceremi, Kulll GoiibHina
KyMmcapTy Temneparypacsl 49-nan 59 °C-ka meiiin octi, Oyn GuTymHBIH gegopmanusra OediMaimiriniy
TOMEH/ICYiHE aJbIll KeJel, al ChIHFBIIITHIK TEeMIIePaTypachl KAIBINThI Adana3oHa, srau -20 °C TeMeH
emec. [lonucTuposasl naiaanaHFad xaraaitia OMTYMHbBIH KATTBUIBIFBIH CHNATTANTHIH neHerpamus 70
MM-7ieH 61 MM-Te neitin TeMenzeiini; co3puIFbIITHIK 10 cM-re apTabl, Oy naiaa 60JaThiH KYPhUIBIMABIK
XKeJNHIH OoIyblHa OaillaHBICTBI OMTYMHBIH CEpHIMIINIri MeH OepiKTIriHIH >aKcapraHBIH KepPCETel.
XKymcapTy Temmeparypachl KOFapbUlaiipl, OyJ1 OUTYMHBIH BICTBIKKA TO3IMILIITI MEH TYTKBIPJIBIFBIHBIH
JKakcapyblHa anbin Kenemdi. Tyorcvipoim. 11D sxone TIC KangplkTapblH NaiganaHy 0acTamKbl IIUKI3aTThI
yHemzaeyre MyMkiHmik Oepeni. CoHnaif-ak OpraHMKaJbIK TYTKbIp MaTepHAIApIbIH SKCILTyaTallHsIIBIK
CHIIaTTaMaJlapblH XKaKcapTa OTHIPHIN, KaiTanama IOJTUMEpII MIMKi3aT IeH HaiifalaHbUIFaH MaillapIblH
KaJIIBIKTAPBIH KaliTa OHCYre MYMKIH/IIK O€pe/Ii KoHe IKOJIOTHsIFa/Ia OH dCep €TEeTiHI aHBIKTAIIbL.

Tyiiinai ce3nep: myHaii sxon 6utymsl, BH/I 70/110, nonumep KaiAbIKTapbl, MOMUITUIICH, MOTUCTHPOL,
€HY, CO3bUTY, )KYMCapTy YKOHE CHIHFBIIITHIK TEMIIEpaTypatapbl
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Pe3tome. Bgeoenue. IlpakThka »SKCIUTyaTalun aBTOMOOWIBHBIX jopor PK  mokaseiBaer, uto
JIOJITOBEYHOCTh  ac(halbTOOCTOHHBIX TIOKPBITUH HAa HHUX 3HAYUTENBHO HMXKE HOPMATHUBHBIX CPOKOB.
IMosToMy mnoanepkaHue aBTOMOOWJIBHBIX JOPOT B COCTOSIHUM, COOTBETCTBYIOIIEM TPeOOBAHHAM
TPaHCIIOPTHBIX IOTOKOB HEBO3MOXHO 0€3 NPHMEHEHHS HOBBIX, IPOTPECCUBHBIX MATEPHAIOB U
TexHONOTHH. OCHOBHBIM (DAKTOpOM, BIHSAIONIMM Ha PE3KOEe CHIDKEHHE CPOKOB CIIYKOBI JOPOXKHBIX
TIOKPBITHH, SIBISETCS IPUMEHEHHE B ac(halIbTOOETOHHBIX CMECSX B KaUeCTBE BSKYIIEro, OMTyMa HU3KOrO
KayecTBa, TaK KaK MMKPOTPEIIMHBI Pa3BUBAIOTCS MPEUMYILIECTBEHHO B €ro IuleHke. [fens - IlonmydyeHue
acdanpTo0eTOHA ¢ YITy4IIEHHBIMH SKCIUTyaTAlMIOHHBIMU XapaKTEePUCTUKAMU C HCIIOJIb30BAHHEM OTXOJ0B
HOIUMEPOB. Memodonoeusa paboThl BKIIOUATa HCCIENOBAHHE (HU3MKO-MEXaHHYECKHIX CBOMCTB OHTyMa
mapku BHJI 70/110 Axrayckoro 6utyMHOro 3aBoza. /Iisi MOBBIICHHUS YKCILUTYaTAIIMOHHBIX XapKTEPUCTUK
OuTyma npoBeieHO MoaudupoBanue orxonamu noiudTwieHa (I13) u momuctupona (I1C). Bropuynsrii
I13 nobaBnsian BMecTe ¢ OTpaOOTAaHHBIM HHIYCTPUAJbHBIM MacioM mapku M-40, KoTopwld sBiseTCS
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iactudukaropom. Ilnactudukarop ymeHblIaeT BpeMs CMeIIeHUS OMTyMa C IOJIMMEPOM, IMOBBIMIAET
BSI3KOCTh W ynydmiaer cBoiictBa moay4daemoro I16B. TIC BBousT B Outym Oe3 miactudukatopa, T.K. OH
OJTHOBPEMEHHO CIY)KHT Kak MOAU(HUKATOp U IUIacTudukarop. Pesyrbmamul u obcysucoenue:
[Nony4eHHbIe TaHHBIC aHAIN3a [TOKA3aJIH, YTO MOCIIE JOOABICHUsSI MOAU(DHIUPYIOIINX J00aBOK OCHOBHBIC
nokasarenu Outyma yaydumanuck. s [19: rimyOuHa npoHUKaHMs Ukl (MIEHETPALKs) YMEHBIIHIACH C
70-tu 1o 61 MM, pPacTHKHUMOCTh CHHU3WIAch Ha 52 CM, YTO CBUJAETEIBCTBYET 00 yIydlICHHH
IUIACTHYHOCTH U DJIACTUYHOCTH OUTYMa, Temieparypa pa3msrdenus outyma no Kulll moBeicuiacek ot 49
10 59°C, 4TO NPUBOIUT K CHM)KCHUIO CKJIOHHOCTH OMTyMa K JedopMaluy, a TeMIeparypa XpyrnKoCTd
HaxoAWUTCS B mpenenax HopMbl, T.e. He MeHee -20 °C. B caydae ucnonb3oBanus IIC menerpanus,
XapakTepu3ymlias TBepAocTh Outyma yMmenbliaercs ¢ 70 MM 10 61 MM; pacTs)KUMOCTb YBEIUYHUBACTCS
Ha 10 cM, 4TO CBHIETENLCTBYET 00 YIYYIICHHUH 3IaCTHYHOCTH M NPOYHOCTH OWMTYyMa, 3a CUET HAJIMYUS
oOpa3oBaBmIelicst CTPYKTypHOH ceTku. lloBbImmaercss TemrepaTypa pa3MsIdeHHs, KOTopas BeIeT K
YIAYYIICHUIO TEIUIOCTOMKOCTH M BSI3KOCTH OuTyMma. 3axiouenue. YCTaHOBICHO, YTO INPUMEHEHHE
BTOpu4HbIX OTX0M0B I1D m IIC mO3BONAIOT COKOHOMHUTH NEPBUYHOE CHIPbE, a TAKXKE OKa3bIBAeT
MOJIOXKUTEIBHOE BIIMSIHUE HA HKOJIOTHIO, TO3BOJSS IepepaboTaTh OTXOIbl BTOPUYHOIO MOIMMEPHOTrO
CBIpbS W OTpaOOTaHHBIX Macell, INpPH OTOM YIYy4INAIOTCS OJKCIUTyaTallMOHHBIC XapaKTEPUCTHUKU
OpPraHMYECKUX BSOKYIIMX MAaTEPHAJIOB.

KawueBblie ciaoBa: HedTsHoN nopoxkbiii 6utym, BHJ[ 70/110, moiaumepHbie OTXObI, MOIMITHICH,
[OJIMCTUPOJI, [ICHETPALIMS, PACTSHKUMOCTD, TEMIIEpaTypa pa3MArdeHust U XPYIKOCTH

Camaesa Canypa Canueena odokmop Ph.D, ooyenm

Xam3suna Baan Enemecoena odoxkmop Ph.D, cm. npenooasamens

Hasaposa laypua Cazunovikosna Mazucmp mexHuKu u MmexHoI02ul, Cm. npenooasamens
Aoopaxmanoea Aitoapwa I'yoaeena Ma2ucmp mexHu4eckux HaykK, cm. npenooasameid
Epowcanosa Kaovipa Totizanueena cm. npenooasameinb

Kasrcumosa Aitoana Kackaiipamosna mazucmp obpazoeanus, cm. npenooagamens
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STUDY OF THERMAL DECOMPOSITION OF THE COPOLYMER
BASED ON POLYETHYLENE GLYCOL FUMARATE WITH
METHACRYLIC ACID

S.Zh. Davrenbekov?, U.B. Toleuov'", A.N. Bolatbail, D. Havlicek?,
T.0. Khamitova®, E.J. Zhakupbekova®

Ye.A. Buketov Karaganda State University NPJSC, Kazakhstan
2Charles University, Prague, Czech Republic® The Department of Soil Science and Agrochemisrty,
Agronomic Faculty, Saken Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan
E-mail: bekalolsl@gmail.com

Abstract. Introduction. Thermal performance of the copolymer based on polyethylene glycol
fumarate and methacrylic acid in a dynamic mode, in an inert nitrogen environment are considered in the
present work. Kinetic evaluation of thermal decomposition process has been conducted, using three
different data processing methods (Friedman, Ozawa-Flynn-Wall, Kissinger-Akahira-Sunose). Utilizing a
mixed-method approach the kinetic triplets Ea, A, g(a) have been received. The received kinetic
parameters have been used to calculate the thermodynamic characteristics of Gibbs energy (AG), enthalpy
(AH) and entropy of activation (AS). A negative value of AS indicates a decrease in the random effects at
the gas-solid interface, and a decrease in the degree of freedom of substances in the process of thermal
degradation of the copolymer. The thermal gravimetric analysis (TGA) and differential thermogravimetric
analysis (DTA) of the curves have been used in the nitrogen environment, using a heating rate of 2.5, 5,
10 or 20°C/min. The method of the Invariant Kinetic Parameters has been used to identify the reaction
model and pre-exponential factor. The main phase of the copolymer decomposition has been established,
which has occurred within a narrow temperature interval, and is evidenced by the spike on the differential
curve. In the range of 30-150°C there is a slight loss of mass with the release of volatile compounds. The
second stage occurs in the range of 150-300°C; the weight loss is ~10% of the total mass of the substance.
The third stage of decomposition at which the main loss of the sample is observed, is the key one and
begins at the temperature of 300°C and ends at 500°C. The mass of the substance residue has been ~15%.
It can be seen that the temperature of the DTG peaks is related to the heating rate: with an increase in the
heating rate, the temperature at the DTG maximum increases, and the temperatures at the beginning and
end of the process are shifted towards higher values.The kinetic parameters for the p-EGF:MAA
copolymer have been obtained from the slope and intersection of the graph E and InA. The values for the
13 reaction models have been received. The used methods have resulted in a proper energy activation
alignment within 223-229 kJ mol™. The design and experimental data have provided the close values. The
TGA and DTA curve analysis has shown a sufficient thermal stability of these copolymers in the nitrogen
environment. According to the results of the calculations, it can be seen that the values found by these
methods do not strongly depend on the conversion.

Keywords: dynamic thermogravimetry, thermal decomposition, copolymer based on polyethylene
glycol fumarate and methacrylic acid, energy activation, isoconversional kinetic analysis
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HUCCIIEJOBAHUE TEPMHUYECKOI'O PA3JIOKEHHUA COITOJIUMEPA
HOJMATUJAEHTTAKOJIb®YMAPATA C METAKPUJIOBOM KMCJIOTOM

C.K. /laspenoexoe*, Y.B. Tyneyoe*', A.H. Bonaméaii*, /I. Xaenuuex?,
9.K. XKaxynéexosa', T.0. Xamumosa®

Xumuueckuii paxynomem HAO Kapazanounckuii ynusepcumem umenu axademuxa E.A. Byxemoea,
Kapaeanoa, Kazaxcman

2Kapnos Yuueepcumem, Ipaza, Yexus

3Kagheopa nousosedenus u azpoxumuu azponomuueckozo axyromema, Kasaxckozo azpomexnuyeckozo
yuusepcumema umenu Caxena Ceugpyinuna, Hyp-Cynrman, Kazaxcman

E-mail: bekalolsl@gmail.com

Pe3wme. Bseoenue. B Hacrosmieil paboTe pacCMOTPEHBbI TEPMHUYECKHE XapaKTEPUCTHKU COMOIMMEpa
HOJIMATHICHITINKOIb(yMapaTa ¢ METAKPHUIOBOH KUCIOTOH B JTHHAMHYECKOM PEXXHME, B HHEPTHOH cpefe
aszora. Kunernueckuil ananus npouecca TepMUUECKOH JECTPYKIMHU IPOBEIEH IPH TPEX PasHBIX METoAax
obpaborku nanHelx (@puamana, O3asel-duuna-Yomta, Kuccunmkepsl-Axaxupbi-Canysa). Hcrone3sys
KOMOHMHAIIMY pa3IMYHBIX METOAOB, IIOTy4eHbl KuHeTHYeckue Tpumiersl E., A, g(a). Ilomydennsle
KHHETHYECKUE IapaMeTpbl ObUIM HCIOIB30BAHBI OIS pacueTa TEePMOAMHAMUYECKHX XapaKTEPHCTHK
sneprun I'md6ca (AG), suransnuu (AH) u sHTponuu axrusaiuu (AS). OrpunatensHoe 3HaueHHe AS
TOBOPAT 00 YMEHBILIEHHU CITy4alHbIX 3()(EeKTOB Ha rpaHUIle ra3-TBEpPJOE TENO U YMEHBIICHUH CTENEHU
cBOOOABI  BEMIECTB B  Ipolecce  TePMHYECKOH  Jerpajanuu  comonmuMmepa.  KpuBsle
TepMorpaBumerpuueckoro aHamusa (TTA) u auddepeHnransHOro TepMOrpaBUMETPUUECKOro aHallk3a
(ATA) cononumepa Oblin U3yueHbl B aTMoc(epe a3ora IpU CKOpocTH HarpesaHus 2.5, 5, 10, 20°C/MuH.
Hcnonp3oBaH METOJl MHBAPHAHTHBIX KMHETUYECKUX NApAMETPOB Ul ONpEENeHHs MOJENU PEaKUuH U
MPEIPKCIOHEHIIMANBHOTO  MHOMKHMTENS. YCTaHOBJIEH OCHOBHOM OTal  pas3jlOKeHUs COnojmmepa
MPOUCXOMAIIME B y3KOM HHTEpBale TeMmIeparyp, KOTOpPBI MOATBEpXKIaeTcs IMKOM  Ha
mpdepenunansHoil kpusoil. B unrepsane 30-150°C npoucxoQuT He3HayMTeIbHas IMOTEPS MacChl €
BBIJICJICHAEM JIETKOJIETYINX COelnHeHu. Bropas crammst mpoucxoant B mHTepBane 150-300°C moteps
Maccel coctaBsieT ~10% or oOmel Macchl BemecTBa. TpeTbs CTagus Pa3loKEHHS IPU KOTOPOH
HaOuro1aeTcss OCHOBHast yObUIb oOpaslia sBIsieTcs KI0ueBoi M HaumHaercst npu temreparype 300°C u
oxaHumBaercst npu 500°C. Macca ocTaTka BellecTBa cocTaBuia ~15%. BUAHO, 4TO TeMIlepaTypa MHUKOB
JTT cBsi3aHa cO CKOPOCTBIO HAarpeBa: C yBEIMUYEHUEM CKOPOCTH HArpeBa YBEIWYMBAETCS TEMIIEpaTypa B
makcumyme JTT, a Takxke TemriepaTypbl Ha4aao M KOHLA IPOILECcca CMELIEHbI B CTOPOHY 00Jiee BBICOKHX
3HaueHni. Kunernueckue napamerps! juisi conosnuMepa n-OI'@:MAK Obuti mosrydeHbl M0 HAKJIOHY U
nepeceyennto rpapuka E wm InA. beumn momydensl 3Hauenust Jjuit 13-m Mopenedl  peakuuu.
Vcnonp30BaHHBIE METOBI AAH XOPOIIEE COrTIaCOBAHUE YHEPTHH aKTHBAIMM B mpenenax 223-229 x/lx
Monb!. PacdeTHble M 3KCTEpUMEHTaNbHbIE NaHHbIEe Aalu Onuskue 3Hadenms. Awamus TCA u JITD
KPHBBIX, MOKa3aJ JOCTATOYHYIO TE€PMOYCTOWYMBOCTH AAHHBIX CONOJUMEpPOB B arMocdepe aszora. Ilo
pe3ynbTaTaM pacuyeToB MOXKHO YBUJETh, UTO 3HAUEHUs], HAalJEHHBIE NAHHBIMH METOJAMH, HE CHIIBHO
3aBUCAT OT KOHBEPCHUH.

KurwueBble ciioBa: JAWMHAMUYCECKass TEPMOIrpaBUMETpHUSA, TEPMUUCCKasAs JACCTPYKIHUSA, CONOJIUMED

MOJUATHICHNIMKONIb()yMapaTa ¢ METAKpUIIOBOM KHCJIOTOM, SHEprusl aKTUBALMH, M30KOHBEPCHOHHBIN
KUHETUYECKHI aHaIn3
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/laspenoexoe Canmain Kanaounosu Ilpogeccop, dokmop xumuyeckux Hayxk
Tyneyoe Ynyzoex bopawesuu Jloxmopanum
bonamoaii Advinaiixan Hypmanoeuu Hoxmopanm
Xaenuuek /lasuo Loyenm
Xamumoea Tonxkein Onoupucoena Jlokmop xumuueckux HayK
Kaxynoexoea Inomupa Kymamaesna KAHOUOAM XUMUYECKUX HAVK

1. Benenne.

B nocnennee BpeMmsi MHTEpeC K HEHACHILIEHHBIM NOMHA(GHUPHBIM CMOJaM B
MHpE CYIIECTBEHHO BO3pOC. OJTO OOBSICHAETCS HEKOTOPHIMH OCOOBIMHU
XapaKTePUCTUKAMH TPOAYKTA, IOJYYCHHBIMH HAa HX OCHOBE, TAaKUMH Kak:
BBICOKasi MPOYHOCTb, YIPYroCTh, BBICOKAas CTOWKOCTh K BHOpalMOHHBIM
HarpyskaMm, Xopollee TeIIOM30SIMOHHOEe CBOWCTBO, PaJHOIpPO3pavyHOCTb,
JOCTATOYHAS JKECTOKOCTh KOHCTPYKIIMI M HU3KUH yIeNnbHbIH Bec [1], 94To BhIBena
WX B PSii KOHCTPYKLUHOHHBIX MaTEpHaliOB, MMEIOLIMX 0C000€ MPEUMYIIECTBO
nepes APYyrdMH MaTepHallaMM CO CXOXXMMHU KadecTBaMu. MMes TakoW CHEKTp
IIOJIE3HBIX CBOI\/'ICTB, noaAXo A MMHU 00BEKTaMH A TMIOJIYUCHUs, ABJIAIOTCA
HaOyXIIIMe B paCTBOPHUTENIE CITUTHIE TIOIMMEPHI - TOJIMMEpHBIE e [2].

Tepmuueckuil  aHalW3 IIUPOKO  PACOPOCTPAHEH B HUCCIACAOBAHUU
TepMHUUECKON cTaOwinbpHOCTH BeimiecTB [3,4]. HMccnemoBaHue KUHETHUYECKUX
napaMeTpoB BaXKHO C TOYKH 3peHHsS pPa3pabOTKH Mporecca JUIs MOTyYCHHUs
MPOAYKTa C YETKO ONpelesieHHbIMH cBoiicTBamMH. [lomumo Toro, mHpopmamms,
MOJydeHHasi B pe3yjbTaTe KHHETHUECKMX MCCIECOBAaHUM, IIOJ€3HAa MpHU
OTIpe/IeTICHNH ONITUMANIBHBIX YCIIOBHI Mpollecca Aerpajaliii, a UMEHHO Tepruoa
OTXHWTa, HAanOOJIBIIEH TEMIIEPATYPHI H PEXKMMa HarpeBa COMoJInMepa.

B nannoit pabote Oblta muccinenoBaHa KHHETHKA TEPMHUYECKON Aerpajaliii,
paHHEE CHMHTE3WPOBAHHOIO comojuMepa [5-6] monm3TWiIEeHIIMKoNIb(ymapara ¢
METaKpHJIOBOW KUCIIOTOM.

2. JKcnepuMeHTAJbHASA YaCTh

2.1 Tepmuueckuti ananus

B kauecTBe 00BEKTOB HCCIIEIOBAHMS MCIIOIB30BAIM CHHTE3NPOBAHbIE paHee
[5] comomuMepsl TONMHATHICHINIMKONbGyMapaTa (n-DI'd) c MerakpuiaoBoi
kucnoroit (MAK) 42.09:57.91 macc.%. HccrnemoBaHue TEpMHUYECKHX CBOWCTB
cononuMepoB N-DI'®:MAK ocymecTsiastin Ha mnpuOope Uisi CHHXPOHHOT'O
tepmuueckoro ananuza Labsys Evolution TG-DTA/DSC ¢upmsr «Setaram» B
TUHAMHYECKOM pexuMe B mHTepBajie Temnepatyp 30-600°C mpu HarpeBaHuH B
turiie Al203 co ckopocthio ot 2.5, 5, 10, 20°C/MHUH B HHEPTHOM cpejie a30Ta Co
CKOPOCTBIO MIOTOKa 30 MJI/MUH. KanuGposky npudopa JUIS
TEPMOTPaBUMETPUUECKUX HCCICAOBAaHUM M TEIUIOBOTO IMOTOKa MPOU3BOAWIN Ha
cragmaprax CaCO3 u In cootBercTBeHHO. OOpabOTKY 3KCHEPUMEHTAIBHBIX
JAHHBIX BBIMOJIHAIN ¢ UCIOJIb30BaHKeM mporpamm Microsoft Exel, Processing u
Origin.
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2.2 Kunemuueckuii ananus
KuHeTnka TepMUYECKOTrO pas3iioKEHUS BBIPAKACTCS JAaHHBIM YPABHCHUEM:
9 k(1)1 () (1)
dt
TJIe oL — CTETEHB PEBPAIlEHHs BEIECTBA, t — BpeMs peakunu, K — KOHCTaHTa
CKOPOCTH Pa3NIOKEHHS, KOTOpas ABJsieTCs] PyHKIMEH, 3aBHCUMOMN OT
TEMIIEPATYPhI, U ONUCHIBACTCS YPaBHCHUEM AppeHuyca:

-E
k(T)=Aexp| — 2
(T) p( = j (2)
CrnenoBatenbHO, 00N BU ypaBHeHH (1) 3amuchIBaeTCs Kak:
da -E
—=Aexp| — |f(a 3
" xp( = J () 3)

rae A — rpes SKCIIOHEHIMATIbHBI MHOXHTENb, E - sHeprus akTuBanmy,

R - yauBepcanbHas ra3osas nocrosunas (8.314 JIx - moms™ - K1),

a T - rtemneparypa (K). DOueprus aktuBanmu (E) MoxxeT ObITH mMoONydeHa
UHTETpATBbHBIME U T hepeHInaTbHEIMUA METOIAMH.

2.3 Tepmoounamuueckoe ucciedosanue
TepMoIMHAMHYECKHUE MTApaMETPBl MOYKHO MOJYYHUTH U3 OCHOBHOTO
BeIpaxkenust [7-8]:

XekBT As¢ E
k= exp exp| —— 4
h R [ RTJ @
raie 7y - Ko3puIHEHT TPOXOXKACHWS PABHBIA  EOUHHIE  JIJIS

MOHOMOJIEKYJIAPHBIX peakiuii, K - mocrosinHas Bonbimana, N - mocrosuuas
[lnanka, e - umcno Hemepa, m S- uW3MEHEHWE SHTPONUU TMpH OOpa3OBaHHS
AaKTUBHOTO KOMILIEKCA.
C y4eroM MpeadKCIOHEHITMAIBHON KOHCTAaHTH A U3 ypaBHeHMH AppeHuyca
MTOJTy4aeTCs CIEAYIOIIEee BEIpaKECHHE:
ekgT
x&e exp AS”
h R
ITocne mpeobpazoBanmst ypaBHeHU (5), H3MEHEHNE YHTPOITUU aKTHUBHOTO
KOMITJIEKCa MOKHO BBIPA3nUTh ypaBHEHHUEM (6):

A= (5)

XekBT
AS” =R(In A-In

) (6)

Wsmenennss cBoOomHOM »sHepruu [mOOca W BHTANBIUM aKTHBHOTO
KOMIIJIEKCa MOXKHO BBIPAa3HUTh U3 M3BECTHBIX TEPMOJMHAMUYECKUX YpaBHEHHH (7)
u (8):
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E, =AH+RT @)

AG =AH —TAS (8)

AS, AH u AG paccunranbl mpu TemmnepaTypHbsix mmkax JTI, dro
COOTBETCTBYET HAMOOJbBIIIEH CKOPOCTH MPOIecca TEPMUIECCKOHN JECTPYKITHH.

3. Pe3yabTaThl M 00CYXKIeHUS

Tepmuueckast ASCTPYKIHsI COMOJIMMEpa MOJIMATHICHIIUKOIb(yMapara ¢
METaKpHJIOBOW KHUCIIOTOH MPOMCXOAMIIA TIPH PA3IUIHBIX CKOPOCTAX Harpesa (2.5,
5, 10, 20°C/mun) B unTepBasie Temmepatyp 30-600°C. JlaHHbid momxoj ObLT
HCO6XOI[I/IM AJ1d TTOJTYYCHUSA KHUHCTHYCCKHUX IapaMETPOB COIIOJIUMEpPA. I[aHHI)IC
Obum  oOpaboranel  Mmertomamm  @Dpuamana, O3zaBel-OnuHH-Yomma U
Kuccunmxepa-Akaxupei-Canysa. Kpusble TI' u JTT' mns pa3HbeIX ckopocTei
Harpesa IOKa3aHbl Ha pUCYHKe 1.

5
100 4 —7G25°C/min
f—= - -TG 5 *C/min 0 T SRR
—— =% = =TG 10°*Cimin = b LT /—ﬂ
) 1 cragns N, == 16.20Cimin N/
\ 54 ; '
@ ——dTG 2.5 °C/min
> 60 dTG 5 °C/min
E_ 104 — - —dTG 10 °C/min
9 dTG 20 °C/min
404
154
204 -~
3 crapua il
[} : : - - . v - X : : ’ 0 0
m= 5% 300 400 500 800 0 100 200 300 400 500 600 700

T,°C Sample temperature

Pucynok 1 - Kpussie TT'A u ATT conomamepa n-OI'@:MAK 42,09:57,91 macc.%

[annsle Ha pucyHke | MOKa3bIBAIOT, YTO NPHU YMEHBIIEHHH CKOPOCTHU
HarpeBaHUsl COMOJIMMED HAauMHAET pasllaraThCsi ObICTpee, YTO CIPAaBEIUIMBO IS
BCEX HEU30TEPMUYECKUX TmpoueccoB. Ilpu  TepMuueckoil  nerpamauuu
Habmomaetcs 3 cragmm mnotepu Beca. B wmHTepBasie 30-150°C mpomcxoaut
HE3HAa4YHUTeJIbHasl TOTEePS MAacChl C BBIJEIIEHHEM JIETKOJIETYUYUX COEIMHEHHM.
Bropas cragus npoucxogur B uaTepBane 150-300°C moTepst Macchl COCTaBIsIET
~10% ot obmielr Macchl BemiecTBa. TpeThsl CTamus Pas3lIoKEHUs, IPU KOTOPOH
HaOro/IaeTcss OCHOBHASI YOBLIb 00pasia SBIseTcs KIFUeBOW U HAaYMHAETCS MPU
temnepatrype 300°C u oxanumBaetrcs mpu 500°C. Macca ocTtaTka BellecTBa
cocraBmia ~15%.

Kpuseie TI', momydeHHsle IpU pa3jM4YHBIX CKOPOCTSX HArpeBa, 3aTeM
WCTIONIB30BANIM JIJISl pacdeTa dHEPTUU aKTHBAIMKA Ea W TpeadKCIOHEHIMATIBFHOTO
koddduumenta A. ObUTH yCTaHOBJICHBI IpaUueCKH HA PUCYHKE 2.
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Pucynoxk 2 - Jluneapuzamysi JaHHBIX TEPMOTPABUMETPUH HCCIEAYEMBIX cononnmMepoB n-O1'®: MAK npu
Pa3HBIX CKOPOCTSIX HArpeBa, HCXOAHOM CooTHOIIeHnH:— 42.09:57.9. macc.%. (B armocdepe a3ota)
¢ romouibio MeTo10B: (2) — O3aes-DuuHH-Yoiuia; (b) — Kuccnumxepa-Axaxupsi-Canysa.

Kak BumHO 1o rpadukam, TOYKH, MMOTYYCHHBIE MHTETPAIbHBIMA METOJIaMU
OzaBbI-OnuHHE-Y 0r1a u Kuccunmxepa-Axkaxupei-Canysa HMEIOT
HE3HAYUTEIIbHbBIC OTJIMYMS M CPEIHSS SHEPrUsl aKTUBALMH, IOJTy4YEeHHAasl TaHHbBIMU
METOJIaMH, UMEET CXO0XKee 3HaUCHHE.

Tadauna 1 - 3aBUCUMOCTb SHEPIUH aKTHBALIUKM TEPMUUECKON JecTpyKIHHu conoaumepos 1n-0I'd ¢ MAK
OT CTEIICHH MPEBPAILEeHUS

k]I Momp t

o dpuamana OzaBbl-OauHH-Yormta Kuccunmxepa- Axaxupsi-Canysa
0.05 225.89 209.18 209.93
0.10 246.47 228.03 229.51
0.15 251.52 236.58 238.37
0.20 246.80 237.76 239.53
0.25 246.84 243.04 245.02
0.30 239.32 238.29 239.95
0.35 232.38 232.32 233.63
0.40 228.86 230.05 231.18
0.45 223.64 225.37 226.20
0.50 223.14 224.99 225.75
0.55 219.41 220.78 221.29
0.60 212.79 214.43 214.55
0.65 214.43 214.66 214.75
0.70 212.89 211.48 211.34
0.75 213.29 209.57 209.26
0.80 214.90 208.02 207.57
0.85 228.66 215.41 215.24
0.90 236.42 221.49 221.52
0.95 244.14 229.43 229.68
cp. o 229.57 223.73 224.44

Kak BHUIHO IIO Ta6m/1ue, 3HA4YCHUA BHCPFHfI AKTUBAallUM H3MCHAIOTCA B

3aBUCUMOCTH OT CTEIICHM NpeBpaiieHus o. [Ipyn HayalbHBIX CTENEHSIX KOHBEPCUU
3HAYCHUS DHEPTUH aKTHBAIIMM WUMCEIOT TEHICHITHIO K yBenuueHuto. [Ipu o = 0.25
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SHEPrHs aKTUBALMM UMEET MAKCUMAaJbHOE 3HAUYCHHE, Pe3yJbTaT Ipeanosaracr,
YTO UMEHHO IIPU 3THX 3HAUYCHHSX Pa3pyIIACTCs MOJIMMEPHAsi CETKa UCCIIEyeMOTro
BEI[ECTBA, T10CJIE YEro DHEPrus aKTHBAIMM HAYMHACT YMEHBIIATBCS U HAXOAUT
cBoii MuHUMYM mipH o = 0.75 - 0.80.
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Pucynok 3 - Habmroaemslit 3¢ ¢eKT KOMIEHCAMU MEXY NTPEAIKCIIOHCHIIAIBHBIM MHOXHTEIIEM U
KaXXyLIeWcsl PHEPTUEH aKTUBALUH [Tl TEPMUYECKOTO pa3iokeHus conomumepa n-OI @:MAK
NPH Pa3InYHbIX CKOPOCTAX HarpeBa

Pucynok 3 mokassiBaeT Koppemsnuto, Mexnay InA; u Ei momydeHHbIC
merogoMm CE (ABS). 3nauenwusi, momyueHHBIE I BceX 13-u Mojeneil peaxiuii.
MoxHO HabmoAaTh, YTO KO(PGUIMEHT KOppesiuuu ONM3HUTCS K €AUHULE MpPU
ucronp3oBaHun Bcex wmozeneit (R=0.99), 4to cBUAETENBCTBYET O XOpoIIen
KOppeIsSIIMA  MEXAy BCEMH TapaMeTpaMd HE3aBUCHMO OT HCIIOJIb30BaHUSA
MOJEIEH.

Hns  yrayOneHHOro wu3y4eHUs MeXaHM3Ma TEPMUYECKOW Jerpananuu
coronnMepa, ObUTM paccUnTaHbl H3MEHEHHs SHTpoIuH (AS), cBOOOIHON SHEPTUU
I'n66ca (AG) u suTansnuu (AH). 3HadeHus npuBeaeHb! B Tabuie 2.

Tabauna 2 - TepmMoarHAMUYECKHUE TTAPAMETPBI JIETPAIalii COMOJIUMEpa

B (°C/mun) AH x]Jx/mMorns AG x]Ix/mMoib AS JIx/monb
25 224.490 333.488 -298.625
5 220.465 330.351 -301.057
10 203.849 314.258 -302.491
20 224.039 333.814 -300.753

Wcrnone3yss ypaBHeHust (4) OBUIM pPacCUWTaHbl TEPMOJAMHAMUYECKHE
xapakTepucTuku sHepruu ' uooca (AG), surponuu akruBanuu (AS) v SHTaTBINN
(AH) mpu pasHbIX ckopocTsx Harpesa. [lomoxwurenbHble 3HaueHus ['n60ca AG
CBHUJETENLCTBYET O BBIHY)KICHHOM IIpOLIECCE€ pa3pyLICHUs COIOJIMMEpA.
OtpuriaTeibHOE 3HaUeHHE AS rOBOPAT 00 YMEHBIIICHUH ClTydaiiHbIX () (EeKTOB Ha
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TpaHWIle Ta3-TBEpAOE TeJI0 W YMCHBIICHUW CTENeHH CBOOOJBLI BEIIECTB B
mpoliecce TEPMUIECKOH JAerpaialliy COMOIMMEpA.

Ha pucynke 4 npencrasiieH rpaduk 3aBUCUMOCTH TAPaMETPOB KOMITEHCAIIUU
i comorMepoB comonumepa -3 d: MAK —42.09:57.91 macc.%.

-5,0 T T T T

Equation y=a+bx
5,5 Intercept 36,00079 + 0,57924
! Siope -226,01508 + 3,09998
R-Square (COD) 099962

6,0 4

6,54 4

7,04 4

7.5 T T T T T T
0,182 0,184 0,186 0,188 0,190 0,192

b*

Pucynok 4 - I'paduk oTHOLIEHHSs KOppeisiuuy a* u b*

Kunernueckue napamerpsl s cononumepa n-OI' @:MAK Obuin nosmydeHs!
10 HakJIOHY M mepeceueHuto rpaduka E u INA. 3HaueHUs] SHEpruM aKkTHBAIUH
MOJIy4Y€HHbIE TAHHBIM METOJIOM CXO0K CO 3HAYEHHSIMU MOJTYYeHHBIMH METOJaMU
OzaBol-OnuHH-Yoia; @puamana; Kuccunmxepa - Axaxupbel-Canyza U
cocTaBIgrOT E=226x [/ MOb.

4. 3axi1r04eHne

B pesynbrare mpoBeneHHsS KMHETUYECKHX pPacdyEToB, MOITYYECHHBIE TaHHBIE
Ype3BbIYAHO MOJIE3HBI Il ONTHMHU3ALMH IPOLIECCOB NMUPOJIN3a U MOTYT OBITH B
JlaJbHEMIIIEM MCIOJIb30BaHbl B MAaTE€pUATIOBEIECHUU. TepMOrpaBUMETPHUUECKUN
aHalmM3 TOKa3aJl, YTO TepMHUUYecKas CTaOMJIBHOCTH JAaHHOTO COIOJHMEpa
MPOUCXOAUT B TpU cTaguu. KuHeTHueckue pacdeTbl, MOITy4YEHHBIE METOAaMHU
OzaBel-Onmna-Yomna, Kuccuumkepoi-Akaxupel-Cany3a wu  PaccumTtannble
TEPMOJMHAMHYECKHE XapPaKTEPUCTHUKH COMONHMMEpa TOKa3ald, YTO IIpoIecc
Jerpajialliy MPOUCXOANT BBIHYXJAEeHHO. C HCIIONB30BaHMEM METOJOB Axapa-
Bpenmnu-Illapna ©  WHBapHaHTHBIX KHHETHYECKUX  IApaMEeTpoOB  ObUIH
paccunTaHbl KHHETHYECKHE TPHILIETH comojnMepa. B pabore mpejacraBieH
oOmMpHBIA aHanu3 Aerpagauun cononMepa n-OI'@:MAK c¢ wncnonb3oBanueM
HaunOoJiee MOMyJISPHBIX KHHETHYECKHX METOJIOB PacyeTa.

®dunancupoBanme: lccrenoBanue He TMOIydYaJo HHUKAaKHX TPAHTOB OT (DMHAHCHPYIOIIUX
OpraHu3aluii rocy1apCTBEHHOT0, KOMMEPYECKOT0 MIIM HEKOMMEPYECKOTO CEKTOPOB

KondaukT wHTEpecoB: ABTOpHI 3asBIIOAT 00 OTCYTCTBUM KOH(DIMKTA HHTEPECOB MEXKIY
aBTOpaMHU, TPEOYIOIIEro PacKphITUS B JAHHOH CTAThe.
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NOJUITUJIEHT INKOJb®YMAPATTBIH METAKPUJ KbIIIKbIJIBIMEH
COINIOJIMMEPIHIH TEPMUSJIBIK BIIBIPAYBIH 3EPTTEY
C.JK. Taypenbexos', ¥.B. Toneyos*, A.H. Bonaméait’, /. Xaenuuer?,
T.0. Xamumoea®, 3.7K. JKaxvinoexosa*

Xumus @axyrememi, Boxemos amwinoazer Kapazanovr Yuueepcumemi, Kapasanowt, Kasaxcman
2Kapnoe Yuusepcumemi, Ilpaza, Yexus

STonwipaxmany orcone azpoxumusi xagpedpacel, Coxen Ceiligpyiun  amvinoazst  AspomexHuxanbix
ynusepcumem, Hyp-Cyaman, Kasaxcman

E-mail: bekalolsl@gmail.com

Tyiiingeme.  Kipicne. JXympicTa  NONMATHICHTIMKONB(YMAPATTBIH  METaKpUI  KBIMIKBUIBIMEH
COMNOJIMMEPiHIH AUMHAMHUKAJIBIK PEXUMJIE, a30TThIH MHEPTTI OPTACBIHIAFbI TEPMUSIIBIK CHIIATTaMasapsbl
KapacThlpbUIFaH. TepMHSIBIK JECTPYKLHUs IPOLECIHIH KHHETHKAJBIK capanTamMachl MAJiMeTTepai
OHJICY/IIH YII 9p-Typ:ii oxictepi kesinne (Ppuaman, O3aBa-Onun-Yomn, Kuccunmkep-Akaxupa-Canysa)
wyprizingi. Typai oamicrepaiH KOMOMHAIMACHL KOJJAHbLIA OTHIpbIN, Ea., A, g(a) KHHETHKaJIBIK
TPHIUICTTApBbl aJIbIH/IBL. AJIBIHFAH KUHETHKANBIK apamerpiep I'n66c sueprusicsl (AG), suransnus (AH)
JKOHE AaKTHBALMs ODHTPONHSCHIHBIH (AS) TepMOAMHAMHKAIBIK CHIIATTAMATIAPBIH CCENTEy YLIiH
kommanbuiasl. Tepic AS ['a3 - KaTThl 1IeKapajarbl Ke3ACHCOK dCepiep/iH a3arobl KOHE COMOJIUMEPIiH
TEPMUSUIBIK  BIbIpAY IIPOLIECIHAE 3aTTaplblH EPKIHOIK JIOPEXKECIHIH TOMEHAeyl Typalbl aiTaibl.
Cononumepain TepmorpaBuMerpustiblK aHanusi (TTA) Men auddepenuanablK TepMOrpaBUMETPHSIIBIK
ananusiif (JTA) kuceIKkTapbl a30T amtochepachliHaa KbUIBITY KbUIIAMIBIFBIHBIH 2.5, 5, 10, 20°C/Mun
Ke3iHAe 3epTTemiHAi. Peakuuss MoJeni >XOHE OSKCIOHCHIMAN albUIbIK KOOCHTKIIITI aHBIKTAy YIIiH
WHBAapUAHTTBl ~ KUHETUKAJbIK  IapaMerpiaep  ofici  KongaHbuiabl.  CoHoMMMEp  bIABIPAYBIHBIH
T epeHINANIBIK KUCHIKTAFbl IBIHBIMCH JIOICIICHICH, TEMIIepaTypaHblH Tap HHTEPBAJIBIHAA KYPETiH
Herisri ke3eHi aHbIKTangsl. 30-150°C apaneirbiaga JKeHim YINKBIIN KOCBUIBICTAPABIH OeTiHyiMEeH
MacCaHblH IIaMaiibl Korainybl Oaifikananel. Exinmi kezen 150-300°C apanblfblHAa XKypeldi MacCaHbIH
JKOFayBl 3aTTBIH JKalNbl MaccachbiHbIH ~10% Kypaiinel. blnplpaynblH YIIHON Ke3€Hi, OHIA YJITiHIH
Temeneyi Oabikamamel xoHe 300°C Temmeparypama Oacrambin, 500°C Temmeparypama asKTajaibl.
Kanmeik maccacet 15% DTG mibiHIapslHblH TeMIlepaTypachl KbI3AbIPY KbUIAaMIBIFBIMEH OaillaHBICTHI
CKEHIH Kepyre OomaJpl: KBI3ABIPY IKBUIIAMIBIFBIHBIH SkorapbliaybiMeH DTG MakCHMyMBIHAAFBI
TeMIIepaTypa >KOrapbUIai/ibl, COHBIMEH KaTap IPOLECTIH OacTalybl MEH asiKTallybl Ke3iH/I€ XKOFapbl MOHIe
aybICKaHbIH Oaiikayra Oomaabl p-EGF:MAA comomuMepiHiH KHHETHKaNbIK mapamerpiepi E sxone InA
rpaduriHiH eHici MeH KHUBUIBICYBIHAH aNibIHABL  PeakiusHblH 13 MoOJeNmiHIH MOHAEpPI aJBIH/BL
KoniaHbutran 9JlicTep aKTUBAIMS JHEPTHACHIHBIH 223-229 kJlk MOb™ apalbIFbIHAA JYPHIC KETiCiMiH
Oepai. EcenTik jxoHEe 3KCHEpHMEHTANIBIK MoniMerTep ykcac monaepre ue Oomasl. TT'A men JTT
KHUCBIKTApBIHBIH ~ CapanTtaybl aTajfaH COMNOJMMEPIEpAiH a30T aTMoc(epachlHIAFbl  KCTKITIKTI
TEePMOTYPAKTBUIBIFBIH KepcerTi. Ecenteynep HoTwkenepi OoiblHIIA Oyi omicTep apKblibl TaObuFaH
MOHJIEp TYPJICHAIPYTe KaTThl TOYeI i eMec eKeHiH Kepyre Oonaibl.

Tyiiin ce3jep: JTMHAMHKAIIBIK TEpMOTPaBUMETPHS, TEPMUSLITBIK JIECTPYKIIUS,
MOJIUATHICHINKONIbQYMapaTThlH ~ METAKPWJI  KBIIIKBUIBIMEH —COIOJIMMEpi, AaKTHUBAIMS SHEPIrHSCHI,
N30KOHBEPCUOH/IBIK KWHETHKAIIBIK aHAIIN3

[aypenoexos Canmaii Kanabinynv npogheccop, Xumus ebLIbIMOAPLIHLIY OOKMOPb
Toneyoe ¥nvikoex bopaurynv Hoxmopanm

bonaméai Aovinaiixan Hypmanyno Hoxmopanm

Xaenuuex /lasuo Joyenm

Xamumoea Tonkvin OHOIpicKbizbl Xumus 2ei161MOapbitblly OOKMOPb
Kaxynoekosa Inomupa Kymamairoizel Xumus 2o11b1MOAPbIHGIY KAHOUOANbI
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OBTAINING A COPPER-MOLYBDENUM (V1) OXIDE COMPOSITE
COATING WITH CATHODIC POLARIZATION

A. Bayeshov, M. Turlybekova®, A.Sh. Tazhibayeva, A. Bayeshova, 4. Zharmenov

National Center on Complex Processing of Mineral Raw Materials of the Republic of Kazakhstan
E-mail:m.t.89@mail.ru

Abstract. Introduction. The processes of the formation of electrochemical composite coatings with
the corrosion-resistant properties are of interest for various branches of engineering and industry. The
basic principle of obtaining such coatings is the deposition of metal on the surface of the cathode together
with dispersed particles of various substances from the electrolyte-suspension. The dispersed particles,
which make up the coating change many of its surface properties. The goal: obtaining a composite
electrochemical coating by introducing molybdenum (V1) oxide into a copper matrix. Objects. The deposition of
the coating has been carried out by electrolysis in the aqueous sulfuric acid solutions, containing copper (I1) ions
and molybdenum (V1) oxide as a dispersed phase. The cathode has been a titanium plate, the anode has been a
copper plate. The elemental composition of the resulting coating has been determined, using the energy-
dispersive X-ray fluorescence spectroscopy in the INCA Energy 450 energy-dispersive microanalysis system
installed in a scanning electron microscope. The proportion of molybdenum (V1) oxide, included in the coating
composition, has been determined by the difference in the current output in the main electrolyzer and in a
coulometer, sequentially connected to the electrochemical circuit. Results. During electrolysis, copper (ll) ions
are reduced at the cathode, elemental copper is deposited together with molybdenum (V1) oxide, and a coating is
formed. The influence of the concentration of copper ions in the range of 5-50 g/I, molybdenum (V1) oxide — 5-
20 g/l, current density 50-300 A/m? has been studied. It has been found that with an increase in the concentration
of the MoO;particles in the solution, the content of this component in the coating increases. An increase in the
concentration of molybdenum (V1) oxide to 10 g/l contributes to an increase in its share in the composition of the
coating up to 1.2%. Conclusion. As a result of cathodic polarization, a composite electrochemical coating
“copper-molybdenum oxide” is formed on the surface of the titanium cathode, the composition of which
is identified by the elemental analysis. It is shown that the coating with the inclusion of molybdenum(V1)
oxide has greater corrosion resistance in the 3% sodium chloride solution as compared with the copper
coating.

Keywords: composite coating, electroplating, copper, molybdenum trioxide, corrosion, electrolysis,
electrode, cathodic polarization
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MBIC-MOJIMBEH (VI) OKCUJII KOMITIO3ULHSIbI KATTAMACBIH KATOATBI
MOJISIPU3ALIUSIIIAY APKBLIBI ATY

A. Baewoe, M.H. Typavioexoea”, A I Taxc esa, A.K. b , A.A. ZKapmenoe

Kasaxcman Pecnybnukacviibly MuHepanoblk WUKI3ammyl KeuleHOl Kaima eHoey HCOoHiHOe2l
yammulx opmanvievl, Aimamei, Kasaxcman
E-mail: m.t.89@mail.ru

Tyiiinaeme. Kipicne. Kopposusira Te3iMai Kacuerrepi 0ap 92MEKTPOXMMHSIBIK KOMIIO3ULIUSIIBIK
Kanramanap/bl ajxy OpTYpJl TEXHMKAa MEH OHAIPIC cajanapblHlIa KbI3BIFYIIBUIBIK TyIblpyaa. MyHpaii
KanTaManap/bl adyablH HErisri OpUHLOMII — KaTroaTa MeTangapMeH Oipre 3JIEeKTPOIUT-CYCICH3Us
KypaMbIHIaFbl SPTYpPJIi MeJIIepAeri 3aTTapblH JucnepeTi Oesekrepin KoHablpy. Kantama kypaMbiHa
€HIeH IMCHepCTi OeJIIEKTep OHBIH KONTereH OeTTIK KacuerTepiH esreprenl. JKymwic maxcamol:
momubeH (V1) OKCHIIH MBIC MAaTPHUIIACHIHA SHTI3Y apKbLUIbl KOMIO3UIMSJIBIK JCKTPOXUMHUSIIBIK KarnTama
aiy. Odicmep. Kanramansl any mporeci Kypambinaa meic (II) monmapsr Men aucrepcti (asa perinzge
momubnen (VI) oxcuai Gap cyibl KYKipTKBIIIKBUIABI €PITIHALIEPAE DIEKTPOIU3 OMICIMEH XYPriingi.
TuTaH IUIACTHHACBL — KaTO[, ajl MbIC aHOJ PETiHAE KbI3MET eTTi. AJIBIHFAH KalNTaMaHbIH JJICMEHTTIK
KypaMbl CKaHepJIeyIili eKTPOH bl MUKpockonTa opHaTeiiFan INCA Energy 450 sHeprus-AucepCusuibiK
MHKPOAHAIIN3 KYHECiHe SHEPrUs-AMCIIEPCHSUIBIK PEHTIeHAIK (IIyOpPECHEHIHSIBIK CIIEKTPOCKONHUSHBI
naiianana OTBIPBINT aHBIKTAAABl. KanramanapIslH KOppO3WsFa Te3IMIUIINH aHbIKTayFa apHaJFaH
ToXiprbenep XUMHSIIBIK OHACY apKbUIbl xKyprizingi. KantamaneiH kypameiaa kiperin monubaeH (VI)
OKCH[IIHIH YJeCl Heri3ri 3JeKTPONM3epAeri XOHE 3JICKTPOXUMUSIIBIK Ti30eKKe Ti30eKTell KOCBUFaH
KYJOHOMETPJEri TOK IIBIFBIMBIHBIH aWbIPMAIIBUIBIFGI  OOWBIHINA aHBIKTANABL. Homudicenep dicane
mankslaay. Dnekrponu3 6apeichiHaa kaToara Mbic (II) HOHIAPBIHBIH TOTHIKCHI3AAHYbBI XKYPEIi, JIEMEHTTI
mbic monubeH (V1) okcuaimMen Gipre anmekTpos 6eriHe KoHbIM, Kantama Ty3ineai. Meic (II) nonmapbiHbIH
— 5-50 r/1, MonubGaen okcuainin 5-20 1/11 apajibIKTarbl KOHIEHTPAIUSICHIHBIH, TOK THIFbI3AbIFBIHBIH (50-
300 A/M?) acepi 3eprrenmi. Epitingigeri MoO; GemmekTepiHiH KOHIEHTPALMACBIHBIH KOFaphlIaybIMeH
KarTaMa/aFbl OHBIH MeJIIIepi apTaThlHAbIFbl KepceTinai. Momubaen (VI) okcuaiHiH KOHIIEHTPAUSICHIH
10 r/n peiiiH >KOFapbUIaTy OHBIH KalTaMa KypaMbIHIaFbl yiecid 1,2% - Fa aeifiH apTThIpyFa BIKIAT eTe/i.
Tyorcorpoim. KaToATel MONAPU3ALMS HOTHXKECIHIC TUTAaH KaToAbIHBIH Oerinme "mbic-momubnen (V1)
OKCHI" KOMHOBUIMSIIBIK 3JIEKTPOXUMHMSIIBIK KalTaMachl TY3UIIi, OHBIH KypaMbl 3JEMEHTTIK aHaIu3
apkpUIbl  aHbIKTamael.  MomuOnen (V) OKCHAI KOCBUIFAH KallTaMaHbIH MBbIC KalTaMachbIMEH
canbIcThIprana 3% HaTpUH XJIOPHUI epiTIHIICIHAE KOPPO3UsAFa TOIMALIIT XKOFapbl eKEH/Ir KOpCeTii.
DIEeKTpoJIN3 HapaMeTpIiepiH ©3repTe OTHIPbIN, Oeirini O0ip KacueTrrepre ne OONaThIH KOMITO3HIHSIIBIK
KanTamayap/sl aJly MyYMKIiH/AITT alKbIHIAIIBI.

Kinr €o3/iep: KOMIIO3HMUUAJIBIK KallTaMa, raJlbBAaHOTCXHHKa, MBIC, MOJTI/IGJICH Tp]/IOKCI/UIi, Koppo3us,
QJICKTPOJIN3, DJIEKTPOI, KAaTOATHI NOJIApU3alUsL
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KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

1. Kipicne

byrinri ranpBaHOTEXHWKA CajJachIHAAFBl ©TE MAaHBI3IBI calajdapibslH Oipi
ANEKTPOXUMUSIIBIK KOMITO3UIMSUTBIK,  Karnrramanapasl (OKK) amy OarbrTeiazma
KYPri3ijin kaTkaH >kymbicTap Ooisbin TaObutagnl [1-6]. OKK amynsiH Herisri
OPUHIMII — KaTOATa METalAapMeH Oipre 3JIeKTPOJIUT-CYCIEH3UsI KYpPaMbIHIAaFbl
opTYpIi MemmiepAeri 3aTTapAblH TuUcCHepcTi OemmekTepiH KOoHAbIpy. Kamrama
KYpaMblHa €HTEH ITUCIIEPCTI OOJIIIEKTep OHBIH KOINTEreH OCETTIK KacHeTTepiH
esrepreai. Onap KaTTBUIBIFBL, KOPPO3USIFa KapCHUIBIFBI, IIBIAAMIBUIBIFEl KOHE
Oynapaan 0Oacka aHTU(QPUKIUSAIBIK, MAarHUTTIK, KaTaJUTTIK JXoHE e Oacka
Kacuertepre ue Oomamsl. Com ce0GenTi KOMITOZWIUSIIBIK 3JIEKTPOXUMUSIIBIK
KanraManap MallhHa jkacay, MpuOOp jkacay, XUMHS OHJIpicTepiHne KeHiHeH
KOJIJAHBIC TAYBII KEJIC/].

byrinri kynre aeitin OKK amynsiH opTypii omicTepl KONJAHBUIBIN KENEIi.
OJleTTe apaNacThIPBUIBII OTBIPHUIFAH 3JCKTPOIHUTKE OPTYPJi KOCBUIBICTAP.IBIH
(Al,03, TiO,,Zn0,,Si0, »xoHe T.0) Maiima YHTaKTapblH KOCBIN, METaJLI
TYPIHIETI 3JICKTPOATAPABIH OCTIH KOMIIO3MIMSIBI  KalTaMalapMEH KanTayra
0OJaTBIHABIFEI  oneOueTTepie KepceTuireH. KeliHri ke3jge  KypaMbiHza
HaHOeNIIeMIlI OelmekTep 0ap KOMITO3UIMSIIBI KanmTama aiy OarbIThIHAA Ja
3eprreyiep xyprisinyae [7-13].

FoutbiMu onebuertepae KenTipiireH JepekTep OOWBIHIIA KOMIO3ZHIMSUTBIK
ANIEKTPOXUMUSUIBIK KanTamajap/blH KaToJ| OeTiHe TY3iayl MbIHAZail MEXaHU3M
apKBUIBI icKe acaThIHIBIFEI KopceTinred. DKK Ty3iny npouecine kemneci catbuiap
OpBIH aNajipl: JUCIEPCTi OOINIMIEeKTepAiH Karon OeTiHe KeTKi3idyi, COll CoTTe
KaTOITHIH Pa3psATaNIbI O6JiHII KaTKaH MeTaaMeH Oypkenyi. OpuHe, oTe Maiiia
JucriepeTi  OeNmeKTepAiH Karoll OeTiHe IKeTyl DJIEKTPOJIUTTI apajacThipy
apKBUIBI, OPOYH/IBI KO3FAJIBIC HEMECE TPaBUTAIMSIIBIK KYIITEP HOTHXKECIH/IE, O/1aH
Oacka ajcopOIys Heri3iHIe Jie icke acybl MYMKIH JiereH mikipiep Gap [14-15].

Kanrramamapnpiy aimyan TypiiniriHe KapamacTaH MBIC KamnTaManapbl ol
KYHI€ JIeHiH KeHIHEH KOJIJaHBUIA bl AJIali[la MBIC BUIFAJIMEH, KOMIPKBIIIKBLIIbI
JKOHE KYKIPTKBIIIKBULIbI KOCBUIBICTAPMEH OHAl opeKeTTecel, OKCHATI KabaTIeH
KanTajbll, KYHriprTeHeni. COHIBIKTaH MBIC KalTaMaapbl HETi31HEH KOPFaHBIIII-
JEKOPAaTUBTI XoHE (QYHKIMOHAJABI XaOBIH PETiHAE AQHEKEepJeydi >Kakcapry,
AJIEKTp OTKI3Till Kadarrapisl Kypy, a30TTaHy Ke3iHaeri 0ojar OeJiekrepii
JKEPrimiKTI ~ KOpFay  VIIIH JKOHE  TaJbBaHOIUIACTHKAAA  KOJJIAHBLIAJIbI.
lanpBaHWKANBIK MBIC KalTaMallapbIHBIH KEHIHEH KOJIAaHBUIATHIHBIH ECKepe
OTBIPHIN, OJapiAbl aly MpOLECciHAe SPTYPIl AUCIEPCTi KocmajapAbl HaiganaHy
3aMaHayH rajibBAaHOTEXHUKAHBIH 0aCThl MaKCATTAPBIHBIH Oipi OOJIBIIT OTHIP.

Ocbl MakcaTTa >KYpri3umreH 3epTTey >KyMmbichiHa [13] MbIc HeriziHpmeri
ANEKTPOXUMUSUTBIK  KOMIO3HMIMSIIBIK ~KalTaMaiapibl aly Ke3iHJe YHTaKThI
HaHOANMa3JapAbl KOCY OJIapJAbIH  aJre3wWsChlH HaIlapiaTiacTaH > KaObIH
IOHJACPIHIH  eJIIIeMICepiH  apTThIpyFa  MYMKIHIIK ~ Oepim,  KanTaMaHbIH
MHKPOKATTBUTBIK KOHE TO3yFa TO3IMIUNIK KACHETTEPIH KOFaphlIaTaThIHBIH
KOPCETKeH. AJ, KOMIpPTEKTI HAHOTYTIKIIENEpAi MBICTBIH KOMIIO3UIMSIBIK
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KanTamajgapblH alylna KOJJaHy METaJJblH TOK OOWBIHINA IIBIFBIMBIHA, MBIC
KaIllTaMaChIHBIH KAaCHETTEepiHE YKOHE AJICKTPOJIMTTIH OpTYpPJi KacHEeTTepiHEe ocep
eTeTIHMIrT KapacTelppUFaH [14]. YHTakThl KOMIPTEKTI HAHOTYTIKIIEIep
KateichiHAa anbiaFan OKK MeTannblH anre3wschlH JKOFapbhlUIaTyFa OH dcep
ETETIHIITT KOPCETIITEeH.

Msic matpunaceiHa Al-Cu-Fe sxyiieni KBa3HKpPHCTabIH €HTi3Y apKbUIBI
QJIBIHFaH KOMITO3UIIMSUIBIK Kantamaiap YHKEeNeTiH MeTall KYITapAblH TYHiceTiH
KBUDKBIMAIIBI ~ OETTEpiHIH TO3ybIH TOMEHAETyre MYMKIHAIK OepeTiHmiri
aHbIKTaNFaH [15]. AJBIHFAaH KOMITO3HIMSIIBIK MaTepHan OEpiKTiri MeH YHKemic
koad¢urmenti typreickiHaH [IA BpOX men bpOSLSCS, bpO12 mapkansr kKona
KyliManapblHaH )KOFapbl OOJIaTHIHIBIFEI OaiiKaFaH.

Mpic  KanTamanapelHBIH ~ (U3UKA-XUMUSUIBIK ~ KAaCHETTEepiH  JKakcapTy
MaKCaTBhIH/IA JKYPTi3iJIeTiH 3epTTey KYMBICTApPHI ©3€KTi Macelie OO TaObLIa b

Momubaen (V1) TpHOKCHII ©HEpPKACiTe KeHIHEH KOJIAHBIC TAYBIN K.
On HeriziHeH Oonar *oHe 0acka Ja KOppO3usra Te3iMJi KOphITIajapra Kocra
petinae Konaaneansl. CoHman-aK, @HEPKACINTe KaTalln3aTop, TUTMEHT, [IBIHEI,
KepaMHKa JKOHE SMallb KOMIIOHCHTI, MOMU3(Up IIalbIpiIapbl KOHE XUMHSIBIK
peareHT peTiHae MonubOeH eHIMAEpIH oHIipyae Komaaneuiaasl [16]. Moaubaen
OKCHJIIHIH MYHJail KacHUeTTepi MBIC KalTaMachlHA KOPPO3USAFa KOHE BICTHIKKA
TO3IM/Ii KacueTTep Oepe/Ii Ien eCenTeTiHe .

Onebu nepekrepnai tammay [17] MBIC TIeH MeTaul OKCHUATEpI HeTi3iHIeri
KOMIO3UIMSIIBIK,  KalTAMANapblH TY3UIyiHE OpTYpii MapaMeTpiepiH acep
eTeTiHiH kepceteni. Onap MbIC BIIEKTPOJUTIHIH Kypambl, AHCHepcTi (a3aHbiH
KOHIIGHTPAIHSICHI, JIEKTPOJIU3 YaKbIThI, apallaCThIPy KbUIIAMIIBIFBI, 3JICKTPOIHT
tTemreparypackl xoHe T.0. Con cebenTi  YCBHIHBUIBIN OTBIPFAH 3EpTTEY
JKYMBICBIHBIH MAaKCaThl - KaTOJThI MOJIAPU3AIMIIAY apKbLIbl KYPAMBIHIA YCaK
mucniepcti MoO5  GesiiekTepi 6ap MbIC KOMIIO3UIUSIIBIK JKa0bIHAAPABIH TY3UTYiH
3eprrey.

2. 3eprTey anicTepi

3epTTeyiep 3JICKTPONIM3 JMICiMEH JKyprizuimi. KaToarsl mossipusanuysiay
ke3inme Meic-monubnaeH (V1) OKcHAI  KOMIO3MITHSUTBIK — DIIEKTPOXHAMHMSIIBIK
XaOBIHAAPABIH TY3UIylHE HETI3r1 JIIEKTPOXUMHAJIBIK IapaMeTpiepaiH acepi
seprrenni. Kypambiana 40 r/n mMeic nonaapbl 6ap Mbic cynbarbiHbiH (CuSOy
5H,0) 100 rv/n xykipT KelmkpuIbIHIaFel (H,S0,) epiTiHIiCI KONJIaHBUIIBL.
KanTamanbel anmyra KaToj peTiHIAE THTaH OJJIEKTPOJAbI JKOHE MBIC aHOJIBI
KOJIJaHbULABL. DJIEKTPOATAP/IbI TYPAKThHI TOKIEH nonspu3auusuiay ymid MATRIX
APS-3005D wmapkaner Tok Ty3erkini MeH IKA RCT basic MarHuTti
apaNacTBIPFBINIBI  KOJNJAHBUIABL. TYpakThl TOKMEH KaTOATHI MOJSpU3aIisIiay
apKBUIBI DJIEKTPOIIN3 JKYPri3yre apHalFaH KOHABIPFHI 1-CypeTTe KopCceTiIreH.

123



KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

°

4

3
1

; 5
Cyper 1 - DnekTpoiu3 apKbUIbl KanTaManapAblH TY311yiH 3epTTeyre apHalFaH KOHbIPFbIHbIH

NPUHIMITHAIIBI CXeMAachl: |- 3JIeKTpOIH3ep; 2- KyJIOHOMETP; 3- MBIC SJIEKTPOATAPLI; 4- THTAaH JIEKTPO/Ib;
5- MarHMTTI apanacTHIPFHILI, 6- TOK KO3i; 7-aMIepMerp

Msic cynb(aThIHBIH KOHIIEHTPAIUSCHIHBIH JJEKTPOJIN3 HOTIKECIHE ocepiH
3epTTey OapbichiHna qucnepcTi da3a monuoaeH (V1) OKCHAiHIH KOHIIEHTPAIUSCHI
Typaktel etin 10 r/n ameiaabl. Toxipube Oip OipiMeH Ti3OekTell >kanraHraH
ANEKTPOXUMUSIIBIK YAIIBIKTapAa SKyprizinmi. OmapabrH Oipi — KaTOATHIK TOK
OoiibiHIIa mbFEIMEL 100% 00maThiH MBIC KYJIOHOMETpi, €KIHIIICI — KypambIHIa
yHTaKTanran aucrnepcti MoO3, KyKipTKBIIIKBIIBI MBIC €pITIHICI 6ap XKoHE MbIC
JKOHE THUTAaH DIEKTPOATAPHl OPHANACTHIPBUIFAH JIIeKTpoiu3ep. KanramaHbiH
OIpKENKIJITiH KaMTaMachl3 €Ty JKoHE AWCIEPCTi MOJIMOICH OKCHIIHIH epiTiHIl
KesieMi OoWbIHINIA OIpKAIBINITHl TapajdfaH Kyiae ycray YIIiH MAarHuTTi
apanacThIpFBIII  KOJAaHbUIABL. Kanrtamaner amy mpomeci 200 A/M?  TOK
TBIFBI3IBIFBIHAA JKYPri3iiai. OpOip SKCHEPHUMEHTTI XYpPridy YINIH KypaMblHAA
mousinOeH (V1) okcui yHTaKTaphl Oap yaHa JICKTPOJIUT AalbIHAAIbI. AJIBIHFaH
Kantamaiap Oipael skarmaija kenTiprim mkadra KenTipingi. DieKTponu3
asKTaJFaHHAH KEHMiH aHaIMTUKAIBIK Tapasbuiapjga OKK maccackl aHBIKTaNIIBI,
OKK wmaccacel MeH KYJIOHOMETp KATOJBIHBIH MAacCachl  apachIH/IaFbI
afBIpMAIBUIBIK  OOMBIHINIA MBIC KamTamacbiHmarbl MomubaeH (V1) okcumiHig
MeJiiepi ecenTednin, cofaan keidin momauoaen (V1) okcuaiHiH Kantama KypambiHa
€HY IaibI3bI €CEIITEI/Ii.

Yuraktel MonmoOaeH (V1) OKCHIiHIH MBIC MaTpUIAChIHA €HTi3y OOWBIHINIA
Taxipudenep xyprizupgi. OX yiIiH MbIC CYJIb(aTBIHBIH JJIEKTPOJIUTIHE dp TYpIi
moimepaeri MmonuoaeH (V1) okCcHmiHIH ycak AUCTIEPCTi YHTAFB! KOCHUIIBI.

Herisri 3eprreynepae apanacTelpy XbUIOamzblrbl TypakTsl 300 ain/MuH
00161, CoHlaii-aK, KaTOATHI MOJIAPHU3ALMsIIAY KE31HJE MBICTBIH KOMITO3UIHSITBIK
KaIlTaMaChIHBIH MaCcCachl aHBIKTANBIN OTHIPHUIIHI.

Meic-monmubneH (VI) okcuai KantaMachIHBIH 3JIEMEHTTIK KypaMbl JSM 6610
LV (JEOL, Xamnonwus) CKaHEpJEYIIi JJIEKTPOHIL MHUKPOCKOITA OpHATHUIFAH
INCA Energy 450 sHeprus-aucnepcHsUIbIK MUKPOAHAIN3 KYHECIHIE dHEPTHs-
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IHMCIEPCHSUTBIK PEHTTEHIIK (DIyopecHeHIMsIBIK CHeKTPOCKONMSAHBI TaiianaHa
OTBIPBINT aHBIKTaNABl (aHblkTay Kateniri £ 0.01%), muxpodoTorpadusiap
Tycipinmi.

3. 3epTTey HOTHKeIEpi MeH TAIKbLIIAHYBI

Mpeic (II) MOHTAPBIHBIH KOHIICHTPAIIUSACHIHBIH TY3UIETIH KOMITO3HITHSITBIK
KalTaMaHBIH MaccachlHa dcepiH 3epTrey 5-50 1/11 apansikra *Kyprizuigi. 3eprrey
Hotmwxkenepi MeIc (1) MOHIAPBIHBIH KOHIICHTPAIUACH apTKAH CalibIH KalTaMaHbIH
Kypambina eHren wmoaubmen (V1) okcumimiy Meimmepi TOMeHIEHTIHIITIH
kepcerti. Meicanbl, mpic (II) HWOHEAPBIHBIH KOHIIEHTPAIMACHI 5 T/ KesiHme
aJbBIHFaH KanTaMaHbIH KypambiHa 2.4% MoOs eHnce, konmeHntpanusael 10 ece
JKOFApBUTIATKAHNA, SFHU KOHIeHTparms S50 r/n OoiFaHIa MBIC MaTpPHUIACHIHA
0.29% mucriepcti monubaen (VI) okcuai enreni Oaitkannst (cyper 3). Jlereamen,
2.4% wmomubnen (VI) OKCUAIHHIH MBIC MaTpUIAChIHA KOHYBIH TOJIBIKKAHIbI
KOMITO3UIFSUTBIK  KanTama anblHabl jaen arayra kemmeiai. Cebe6i mbic (II)
WOHIIAPBIHBIH a3 KOHIICHTpalusICchiHAa, Kypambeiaaa moiuoaeH (VI) oxcumi Gap
KOMITO3HUIMSUTBIK KanTaMa OOpIbUIIaK TYPiHIE TY3UIS/II.

m, % N

2,5 1

2,0 4

0,0 T T T T T >
10 20 30 40 50 Cu(Il),r/a

Cyper 3 - Kypamsiaga momu6aes (V1) okeuai (MoO3) 6ap DKK rysinyinin Tok GoitbHira
biFbIMbIHA MBIC (I1) HOHAAPBI KOHIICHTPALIUSICHIHBIH dcepi:
H,S0, — 100 r/n; MoO3— 10 r/x; i=200 A/m?%; =1 wac; t=25°C

Karoarsl TOK ThIFBIBABIFBIHEIH 50-300 A/M? apanbIFblHAa JKYpri3iireH

3epTTeyiep, TOK THIFbI3ABIFBIHBIH aPTYBIMEH MBIC MAaTPULACHIHA €HETIH MOJTUOICH
(VI) oxcuninig MeIIepi a3aar apTaTblHbIH KOpCeTTi (4-cyper).

125



KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

m, %

1,1

1,0 T >

L] Ll L] ]
50 100 150 200 250 300§ ASm?

Cyper 4 - Monu6aen (V1) okcuainin (MoO3) KaThIChIHIa KATITAMAHbIH TOK OOMBIHINA IBIFHIMbIHA
KaTOJTBI TOK THIFBI3ABIFBIHBIH dcepi: Hy SO, — 100 r/i; Cu(1l) — 40 r/1; MoO5 — 10 r/m; t=1yac; t=25°C.

Toxipube HoTHKEIEpI KepceTKeHzaeH, epitiHmigeri MoO; OesekTepiHiH
KOHIICHTPAIMSCHIHBIH KOFAPhUIAYBIMEH MBIC KANTAMACBIHBIH KYPaMBIHAAFBI OCHI
KOMITOHEHTTiH Memepi aptasl (5-cyper). Epitinaineri MoO3; KOHIIEHTpALUSIChI
1,0 r/n-re TeH OoJIFaH/a, OHBIH KaTOATHI KanTamanarbl Memepi 0.9%, an 5.0 r/in-
ne — 1.12%, 10 r/n-ne — 1.42% OonaThIHBI aHBIKTABI. AJT TUCTIEPCTI OOJIIICKTIH
KOHIIeHTpanusichl 20 I/ Ke3iHJe OHbIH KanTaMa KYPaMbIHJAFbl YJeCi TOMEHIETI,
1.11% xypansr.

m, % A
1.5 4
1,4 4
1,3 4
1,2 4

1,1 4

1,0 5

L T L} Ll -

5 10 15 20 C(MoO3),r/a

Cyper 5 - KypaMbIHIa MBIC jK0HE MOIHOICH OKCH/I Oap KalTaMaHBIHTY31IyiHe MomubaeH (VI)
OKCHIiHIH KOHIeHTpausicbiHbIH acepi: H, S0, — 100 r/im; Cu(1l) — 40 r/; i=200 A/M?; 1=luac; t=25°C

Mpic-MOIMOIEH OKCHII KanTaMachlHbIH KypaMblHa €HETIH JIHCIIEPCTI
oemmekTiH (MoO3) onTuManasl KOHIIEHTPAIMICH 3epTTey Oapbichinaa 10 /i
Ooxpin anbIKTanabl. OHBIH Memiepi 15 r/m-neH xofapbl OonFaHma, MOIUOIEH
(VI) okcuninin 6ipa3 Oeiri epiTiHai Kejemi OOMBIHINA OipKAIBINTHI TapaaMai,
onapablH Oipa3 Oemniri epiTiHAiHIH TyOiHe WIerim, «GKYMBICCHI3» Kyiile KaTThl.
KommoHeHTiH KanTama KypaMblHIAFbl YJECIH apTTHIPMajbl, ©Te >KOFaphl
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KOHIIEHTpAIMs/1a, KepiciHie, KOIOJaHFaH TUCIEePCTi OemeKTep MBIC KaTOIb
0eTiH macCUBaLUsUIBIK KYHTe Tycipeni.

Bipueme

SEl  20kV
Sample

WD9mm

TOXIpHOenep HOTHXKECiHIe
epiTIHIICIiHAEe KaToATa KOMITAKTHI
MuKpodoTorpadusap Tycipiiaret (6-cyper).

§s20

14545 23 Sep 2021

SEl  20kV
Sample

KYKipT KeimikpUIIel  Mbeic  (II)
KOMITO3HIIMSIIBIK ~ KanTamajaap —aJIbIHIIBL,

WD9mm  $520

100pm  —
14547 23 Sep 2021

Cyper 6 - Kypambinga momubaer (V1) okcuzi 6ap KOMITO3HIIUSIIBIK MBIC KATAMachl OCTiHiH
mukpodotorpadpusiapsr: Cu(ll) — 40 r/i; H,SO, — 100 r/m; MoOs— 10 r/m; i=200 A/m%; 1=14ac; t=25°C

MukpodororpadusinapaaH alblHFaH KalTaMaHblH O€TiHIH OYIbIPIBIFbIH
Oalikayra Oomnanpl. By MonmbOaeH okcuIi MbIC MATPUIACKIHA TUCTIEPCTI TYHIpLIIK
TYpiHJIE CHETIHIH KOpCeTei, SFHM, KaToATa JUCHEPCTI O6JIIeKTep MBICIICH
KariTajia OTBIPBIN KOMITO3ULHUSUIIBIK 3JIEKTPOXUMHUSUIIBIK Karrama Ty3emi.

OJEeMEHTTIK aHalnu3 TITHXKeNepi

OoiiblHIIA KaToh OeTiHme Ty3iIreH

KOMITO3UIMSUIBIK KallTaMaHbIH KypaMbIHaarbl MoymbaeH (VI) okcuzai mesepi
1.2% Ten exenairi kepcetingi (kecte 1).

Kecre 1 — Kypambiaga nucnepeti monmubzaen (VI) oxenai 6ap KOMOOZHLMSIIBIK MBIPBIII JKaObIHBIHBIH
snementtik Kypambl: Cu(IT) — 40 r/i1; H,S0, — 100 r/m; MoO5— 10 r/m; i=200 A/m2; 1=14ac; t=25°C.

Criektp (0] Al Si S Cu Mo bapibIrst
Crextp I 1 o 0.14 0.10 0.09 98.32 047 100.00
Criektp 2|  gg 0.08 0.07 0.05 98.21 0.72 100.00
Cnektp 3| 067 0.11 0.11 0.07 99.04 0.00 100.00
Oprama 0.81 0.11 0.09 0.07 98.52 0.40 100.00

Mpic-MOJIMOJIEH OKCHJII KalTaMachlH XUMUSUIBIK Koppo3usra 3% HaTpuid
xmopuni (NaCl) epitiHAiciHIE CBhIHAY >KYMBICTBIPBIHBIH HOTHXKECI aTallFaH
Kantamanely,  Mosbaen (V1)  okcumincis

KOppO3usiFa TO3IMJILIIT )KoFapbl €KSHIITH KepceTTi (kecte 2).

aJIbIHFaH MBbIC

KarnTaMaCblHaH
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Kecrte 2 - Mpic xone Mbic - MoO3 kanramanapblH HaTpuil xsuopuaiHid 3% epitiHaicine OaTbpraHFa

JIeiiiH XoHe 0JjaH KeHiHTi MaccalapbIHbIH aifbIpMAIIbUIBIFBL.

Am, T T, TOYJIK
3 6 9 12
Cu-MoO; 0.0309 0.0312 0.0328 0.0332
Cu 0.0311 0.0342 0.0357 0.0364

by momubaen (V1) okcuIiHiH MBIC KallTaMaChIHBIH KYPaMBIHIAFEl MOJIIIEP]
1.5% Oonranna anpiaFaH MmoamiMmertep. Erep kantamanmarsl momuOaeH (V)
OKCH/IiHIH YJIECIH apTThIpca, KOPPO3WsFa TO3IMIAUIIT OyIaH aa jKoFaphl KanTaMa
aryra OOJaTHIHBIH OOIDKayFa OONaIbl.

4. KopbITbIHIBI

KopbeITeIHABUTAM Kelle, KaTOATHl TMONApU3AIMUIay Ke3iHAae KypaMbIHIa
mucreperi momuOmer (V1) okcumi Gap MBIC HEri3iHAETI KOMITO3HIIMSIIBIK
ANEKTPOXUMUSUIBIK KalTaMaJlaplblH Ty3utyl 3eprrenii. KypambiHna monubacH
(V1) okcuai KOMITO3HMIIMSUIBIK MBIC KalTaMachlH ajlyFa OpTYpJIi mapaMeTpiaepaiy
ocepl aHBIKTaNbl. DIEMEHTTIK aHAJIM3 HOTWKECI MbIc MaTpuuacbiHa 1.2% neiin
momubaen (V1) okcumi eHridyre OodaThIHABIFBIH KepceTTi. Ochbuiaiiiia,
AJICKTPOJIM3 TapaMeTPiICpPiH ©3repTe OTHIPhIN, Oenriai Oip KacueTTepre ue
00JaThIH KOMITO3WIMSUTBIK — KalTaMaiapAbl aly MYMKIHAIM  afKbIHIAIIBL.
Anpbiaran Meic-Monuoaen (V1) OKcHai  KOMMIO3HITHSUTBIK — KallTaMaChIHBIH
KOppO3usiFfa TO3IMJIUIr KapamalbiM MbBIC KanTaMachlHa KaparaHja >KOrapbIpak
E€KEH/IIT1 aHBIKTAJIAbL.

Kapaxbuianapipy. by sxymeic KP UAJIM uHAYCTPUSITBIK aMy KOMHUTETI Kap KbUIAHBIPATHIH
BR09458955 "Cupek >xoHe CHpeK jKep 3JIeMEHTTepl HeTi3iH/e )KOFaphl NaiIaiaHy Kacuerrepi 6ap xaHa
KOMIO3HLUSIIBIK MaTepHaap skacay" FhUIBIMU-TEXHUKAIIBIK OaFapiiaMachl IEeHOepiH/Ie OpbIHAAIIBI.

Aarpic. J[.B.Coxonbckuit ateiHgarsl UTKD wmekemeciniy @usukamblk 3epTrrey omicTepi
nabopatopusceiHblH Oaciibicel A.P. Bpomackuii Mbip3ara sxone ain-Dapabu ateinaarsl Kaz¥ YxaHbIHAAFbI
Tannaynsig (dU3MKa-XUMMSUIBIK  ozicTepi OPTAIBIFBIHBIH ~ DJIEKTPOXUMUSUIBIK ~ ©HJIpicTep
nabopaTopusicbIHbIH MeHrepyrici @.1. Manbunk MbIp3ara KOpCETUIreH KOMEK YILIH alFbIc Oi1aipemis.

Myaaesep KakTbIFbIChI. ABTOpiap Oyl Makaiana e3apa MyJJelep KaKTHIFBICHBIHBIH JKOKTBIFBIH
MoiMaeH .

NOJYYEHME KOMIIO3UITUOHHOI'O TOKPBITUA MEJIb - OKCUJ] MOJIMBJIEHA (VI)
IIPU KATOAHOU MMOJIAPU3ALIUA
A. Baewoe, M.H. Typavioexosa”, A 1. Taxn

, A.K. bae , A.A. ZKapmenoe

Hayuonanvhublil yeHmp no KOMRIEKCHOU nepepabomke MUHepaibHo2o coipvs Pecnyonuku Kazaxcmarn,
Anmameul, Kazaxcman
E-mail: m.t.89@mail.ru

Pe3rome. Bseoenue. Iporieccsl  HopMUPOBaHHS  IJIEKTPOXUMHYCCKHX KOMITO3UIIHOHHBIX  TTOKPBITHIA,
00naaloNX KOPPO3HOHHOCTOMKUME CBOWCTBAMHM, IPEICTABISIOT MHTEPEC JUIS PAa3IUYHBIX OTpaciieit
TEXHUKH M TPOMBIIUICHHOCTH. OCHOBHOW NPHUHIIMII TIONYyYSHHS] TAaKUX TOKPBITHHA 3aKII0YacTcs B
OCaXICHUU Ha IOBEPXHOCTH KaToja MeTajjla COBMECTHO C JUCIEPCHBIMH YacTULAMH pa3IU4YHbIX
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BEILECTB U3 AJICKTPOJINUTA-CYCHCH3UH. [{MCTIepCHBIC YaCTHUIIbI, BXOSIINE B COCTAB MOKPHITHS, H3MEHSIOT
MHOTHE €ro IOBEPXHOCTHBIC  cCBoiicTBa. [Jens  pabomei:  NOMydeHHE  KOMIIO3HIMOHHOTO
EKTPOXMMHYECKOTO IOKPBITUS IyTeM BBeAeHHs okcupa Monubnena (VI) B MemHyro MaTpuily.
Memooonozus. Tlpomecc OCaXHCHHS HOKPHITHS IPOBOJMIM METOLOM O3JIEKTPONU3a B  BOJHEIX
CEPHOKHCIIBIX PAacTBOpax, comepxkamux nousl Meau (1) u oxeun monubaena (V1) B kadecTBe AUCTIEPCHOIM
¢a3pl. KaTonom ciykuia THTAHOBas IUIACTHHA, aHOJAOM — MeJHas. DJIEMEHTHbIH COCTaB MOJIy4€HHOTrO
MOKPBITHS ~ ONPEAS/SIM  C  NOMOILIbI0  CHEKTPOCKOIMH  DHEProAMCIIEPCHOHHOW  PEHTI€HOBCKOH
(byopecueHIy B cucteMe 3HeproaucnepcuoHHoro mukpoananusa INCA Energy 450, ycTaHOBIICHHO# B
CKaHUPYIOIIEM YJIEKTPOHHOM MHKPOCKOIE. DKCIIEPHUMEHTBI, TOCBSIICHHBIC OMPEACICHHIO KOPPO3HOHHOM
CTOMKOCTH TOKPBITHH, MPOBOAWIM IMYTEM XUMHYECKOH oOpabGorku. [Jomo okcuma momuOaena (VI),
BKJIIOYEHHOT'O B COCTAaB IOKPBITHUSI, OIPEEISUIN 110 PA3HHULE BBIXO/A 110 TOKY B OCHOBHOM 3JIEKTPOJIM3Epe
U B KyJIOHOMETpE, IIOCICHOBATCIbHO BKIIOYEHHOM B ODJICKTPOXUMUYECKYIO L. Pesyibmambvl u
06cydicOenue: B XO/ie NEKTPOIIM3a poTeKaeT BoccranosIeHne noHoB Meau (1) Ha xaToze, snemeHTHasI
MeJlb OCakaaeTcs coBMecTHO ¢ okcuaoM moiuOnaena (VI), dopmupyercs nokpeitue. M3ydensl BiausHue
koHuenTpaunn noHos meau (I1) 5-50 r/n, okcnga MoimbGrena B npenenax 5-20 1/, mwioTHoCTH ToKa 50-
300 A/M% YCTaHOBJIEHO, YTO C yBENMYEHHEM KOHIIEHTparuu dacTuil MoO; B pacTBOpE YBEIHMUHBAETCS
coziepyKaHue JTaHHOTO KOMIIOHEHTa B MOKPBITHH. YBEIHYCHHE KOHICHTpaunu okcuaa momdaena (V1) no
10 1/n cnocoGCTBYET MOBBILICHUIO €r0 JIOJIX B COCTaBE MOKPHITHA 10 1,2%. 3axmouenue. B pesynbrate
KaTONHOM IOJNAPH3AaLUM Ha IIOBEPXHOCTH THUTAHOBOIO KaToa (OPMHUpPYETCS KOMIIO3ULMOHHOE
NEKTPOXMMHYECKOE IOKPBITHE «MEJIb-OKCHJl MOJIMOJEHa», COCTaB KOTOPOro HJISHTU(GHULHPOBAH
JJIEMEHTHLIM aHauu30M. [I0oKa3aHo, YTO IOKPHLITHE ¢ BKIoYeHueM okcuzaa momubaena (V1) oGmamaer
OoJbIICH KOPPO3HOHHON CTOMKOCTBIO B 3% pacTBOpe XJIOpUIAa HATPHUS IO CPABHEHUIO C MEIHBIM
nokpbiTieM. IIpn W3MEHEHMII mapaMeTpoB 9JIEKTPOJIM3a II0Ka3aHa BO3MOXKHOCTH (DOPMHPOBAHUS
KOMIO3HLIMOHHBIX MMOKPHITHH, 00JIaIAIOINX ONPEAEICHHBIMU CBOHCTBAMH.

KioueBble c€J10Ba: KOMIIO3UIIMOHHOE IIOKPBITHE, TaJIbBAHOTEXHUKA, MEIb, TPHOKCHJ MOIHO/CHA,
KOPPO3Usl, SIIEKTPOIIU3, JEKTPOJ, KAaTOAHAS MOISIPH3ALIUST

baewos A6dyanu OOKMOP XUMUYECKUX HAYK, npogeccop,
axkademux HAH PK

Typavioexosa Maxknan Honmanzanueena  Ma2ucmp, HayuHwll cOmpyoHux

Tasxcuoaesa Aitzepum Illomaesna mazucmp, PhD

Baewosa Axcap Kocnanosna O0OKMOp MeXHUYeCKux HayK, npogeccop

Kapmenos A60ypacyn Andawesuu O0OKMOp MexXHUYeCcKux Hayk, npogeccop,
axkademux HAH PK
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OBTAINING ANTI-CORROSION COMPOSITIONS BASED ON
SECONDARY POLYPROPYLENE AND POLYETHYLENE
TEREPHTHALATE

A.Sh. Kydyraliyeva?, O.K. Beissenbayev?, K.S. Nadirov!, Ye.A. Tussupkaliyev?"

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan
2A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
E-mail: t_ersin@mail.ru

Abstract. Introduction. Available domestic materials for the production of anti-corrosion coatings
are still not widely used in the corrosion protection of the equipment of the oil production and storage
facilities. The goal of the work is to create new anti-corrosion compositions based on secondary polymers
and some natural resins. The composition of a new composite material for the protection of the bottom of
oil tanks from corrosion is proposed. Methods. Secondary polypropylene itself does not have significant
physical and chemical properties, so one of the effective and economical ways to improve its properties is
to add various organic or inorganic fillers to it. The introduction of fillers allows one to increase the
additional strength, electrical, thermophysical, chemical and other properties of polypropylene composite
materials (PPCM). Results and discussion. The microscopic images of the corrosion products on the metal
surface of the metal bottom of the tank show that pitting corrosion occurs with a needle penetration to the
depth of 4-6 mm per year. When the concentration of polypropylene in the mixture decreases, adhesion
decreases by 10-15%. The addition of gossypol resin, along with sevilen, increases adhesion by an
additional 10-12%. As shown above, the change in the amount of fillers, which play the role of a
stabilizer, leads to a change in the nature of the intermolecular interactions. Concept. An addition of
gossypol resin and sevilen to the composition of the composite contributes to the inhibition of the speed of
the oxidation destruction process, and also increases the adhesion to the metal surface by an additional 10-
15%. The resulting composition of polymer anti-corrosion compositions based on savilene, secondary
polypropylene, crushed polyethylene terephthalate and gossypol resin is an effective anti-corrosion
coating and can be used to protect the bottom of oil storage tanks from corrosion. According to the
obtained results, the most effective composition of anti-corrosion polymer compositions has been
selected, mass.%: sevilene - 8; secondary polypropylene - 20; gossypol resin - 10-15; the rest is crushed
polyethylene terephthalate.

Keywords: extrusion, gossypol resin, sevilen, corrosion, composition, storage tank, polypropylene,
polyethylene terephthalate
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EKIHIIUIIK TOJUIPOIIUJIEH JKOHE TIOJUITUIEHTEPE®TAJIAT HEIBIHAE
KOPPO3USFA KAPCbBI KYPAMJIAP/JbI AJTY
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M. Byezo6 amvindazvt Oymycmix Kazaxcman ynusepcumemi, Illotmxenm, Kazaxcman

24.B. Bexmypos amvindagol Xumus uiavimoapsl uncmumymot AK, Anvamer, Kasaxcman
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Tyiiingeme: Kipicne. Koppo3usira Kapchl KOpFaHbIC >KaObIHIAPBIH OHAIPYre apHaifaH Koiga Oap
OTaHJBIK MaTepHalap MyHall eHJIpy XoHE caKTay KoWMallapblHaH Kypal->KaOIbIKTapIbl KOPPO3UsIaH
KOpFayzia i Jie KeHiHeH KOJlaHbUIMail keneni. JKymbic Makcamul KiHIIIIK ITOIMMEpIep MeH KeHoip
TabUFU IIalBIpIIap HETi3iHAC KOPPO3MSFa KapChl XKaHA KOMIIOZHIMSIAPIbI jkacay OOJBIT TaObUIAabL.
MyHaii KoliManapblHbIH TyOiH KOPpPO3HUsJaH KOpFayFa apHaJFaH jKaHa KOMIIO3ULMSUIBIK MaTepUasblH
KypaMmbl YCBIHBUIAABL. Odicmep. EKIHIITIK MOMUMNPONHUICHHIH 631 aiTapiblKTail (HU3MKANbIK >KOHE
XUMUSUIBIK KacHETTepre e eMecC, COHIBIKTAH OHBIH KACHCTTEPIH JKaKCapTyABIH THIMII JKOHE YHEMII
opicTepiHiH Oipi OFaH OpraHUKalblK HeMece OeHOpraHHKalbIK OPTYpPJi TOITBIPFBIITAPABI KOCY OOJIbII
Ta0bu1aibl. TONTHIPFBILITAP/IBI €HTI3y MOIUIPONMICHII KOMIO3uTTiK Matepuaigapra (IIITIKM) koceimiia
OepiKTIK, 3JEKTPIIK, TepMO(PU3UKAIBIK, XUMHSIBIK XOHE OacKa KAaCHETTEPiH apTThIpyFa MYMKIHJIK
Oepeni. Homuowenep owone mainkvinay. PesepByapnslH Metamn TYOiHIH MeTaimn OeTiHIEri Kopposus
OHIMJIEPiHIH aJIbIHFaH MUKPOCKOIMSIIBIK CYpeTTepi OCHI XKaFaainapia HHCHIH eHy TepeHNIri xKblIbHa 4-6
MM KYPaWTBIH LIYHKBIPJBI KOPpPO3HMs OpbIH anaapl. Kocmajmarbl MOJUIPONMIEH KOHLEHTPALUSCHI
TeMeHiered kesze aaresusinbl 10-15% temenaereni. ['occumonapl maibIpabl, COHBIMEH Oipre COBHIICHI
Kocy axresmstHbl 10-12% - ra KocwhiMina aprreipansl. JKorapeina KepceTiIreHIei, TypaKTaHIbIPFBIIT
peJliH aTKapaThIH TOJNTHIPFBINITAD MOJILIEPIHIH ©3repyl MOJEKYJIaapalblK OpPEKETTECY CHIIATHIHBIH
o3repyine okeneni. Tyocwipvim. KOMIIO3UT KypamblHa TOCCHIION IIAWBIPHI MEH COBHIICHHIH KOCBUTYBI
TOTBIFY ECTPYKIMSCHI TPOLECIHIH KBULAAMIBIFBIH TEXKEyre BIKMan eTeldl, COHIAi-aK MeTaa OeTiHe
anresussHel KockiMma 10-15% - ra aprreipagsl. CaBuileH, EKIHIIUIIK MOJHIPONWICH, YCaKTalFaH
HOJIMATHICHTEpe(TaaT >KOHE TOCCHION INAWbIphl HETi3iHAeri IOIMMepili KOpPO3UsFa KapChl
KOMITO3UIIMSUTAP/IBIH HOTHIKECIH/IC alibiHFaH KOMIIO3UIMS KOPPO3WsSFa Kapchl THIMI JKaObIH OOJBIIT
TaObLUIA/IBl )KOHE MYHAW CaKTAHTHIH pe3epByapiapasiH TYOiH KOppO3HsSJaH KOpFay YIIiH MaiialaHbLTybI
MYMKIiH. AJIBIHFaH HOTH3KeJep OOMBbIHIIA KOPPO3UsFA Kapechl MOIMMEpPIIl KOMIO3ZHLMSIAPIBbIH €H THiMI
KYpaMbl TaHAAIIBL, Macca.%: CIBIWICH — §; SKIHIIIIIK moyMIponuieH - 20; roccunon maisipsl - 10-15;
KaJIFaHbl - YCaKTaJIFaH NOJIMITWICHTepedTanar.

Tyiiin ce31ep: dKCTPY3Hsl, TOCCHUIION IANWBIPBL, COBUIICH, KOPPO3HsI, KOMITO3UIINS; pe3epByap,
TMOJIUIIPOIIMIICH, MONUATHIIeHTepedTanar

Koiovipanuesa Aizyno Illaxcanuesna PhD ooxmopanm

KBeiicenoaes Opan Kypzanoexosuu Texnuxa evbiiblmMoapuiHbly 00KMOopbl, Npopeccop
Haoupoe Kaszum Caovikosuu Xumus 2e1eiMOapbibly OOKMOpbl, npogeccop
Tycynkanuee Epcun Aouemoguu Xumus 2o1161MOaPbIHbIY KAHOUOAYL

1. Kipicne

Kazipri yakpITTa KeH OpbIHAapHa, 3aybITTapja MYHail CaKTalTbIH
pesepByapiapabl  KOPpO3HMSAZAaH KOpFayFa apHalFaH KOPPO3USFAa  Kapchl
XaOBIHAAPABIH OPTYPJ HYCKalapblHBIH Oipereili mojauMepii MarepuaigapMeH
OKILIAyJay YJIKEH OpbIH amajgsl. MyHaiabl cakTayFa >KoHE TachIMallgayFra
apHaJFaH KOHIBIPFBUIAPABI KOPPO3UAIAaH KOpFayaa KOPPO3HAFa Kapchl KOPFaHBIC
MaTepHaIapblH OHIIpyre apHajFaH eiMizae 0ap OTaHIBIK MaTepHajgap i ae
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KeHIHeH TMalfalaHblll yirepMered. byi MoceneHl MIemry >KOJIJapbIHBIH Oipi
EKIHILILTIK MOJIMMep OHIMAEPI HEeTi31He KOPPO3UsIFa Kapchl JKaHa MaTepHaiiapIbl
airy 60s1bIT TabbLTaas! [ 1-4].

ITommatunentepedramar (II9T) kasipri TaHma onemae KeH TapaiFaH
nojuMep OOJBIN TaObUIaAbl, OJ TYPMBICTHIK cajiafa opTYpii CYCHIHAAp, CY,
eCiMIIK, MUHEpaJIILl Maiiiap, TYPMBICTBIK XHMHS ©HIMIEpi >koHe Oacka ma
MaKcaTTap VIIIiH JKy3ere acansl. OJIeMHIH Oipa3 enaepinme, Mbicaibl, AKII nen
Eypona enpmepinge TypMbicTa NalAajaHbUIATBIH IOJUATHIICHTEpedTanaTTan
YKacallFaH BIIBIC TEK Oip peT KaHa KOJIaHBIIAAbI )KOHE KOCHIMINA KaiiTa OHIeyCi3
KaiiTa KOJIaHy VIIH MMaifanaHbIMaiael. Adjaiina, Oyl IacTHK TaOuFw
XKaraalaa y3ak yakeiT, OipHeine Faceipyiap OOWBI BIABIPAMANTHIHBIH aTal ©TKEeH
xeoH. JXorapeima aifTeutranmai, Oy mpobiemMa KOopIiaraH OpTaFa DKOJOTHSUIIBIK
Kayil TeHAipeai, Oy MaTepHallIbIH KOl MeJIIepi oJeMHIH cy OaccelHaepinme
kuHananel [5]. JKorapelma aWThUIFaHAapra CyHeHEe Kele, MaiianaHbUIFaH
IUTACTHKTI YTHIM3ALMsiIay >KOHE OHBI 9p TYpJli NPaKTHKAJIBIK MakcaTTapaa
nmaianaHy VIIH KaiTa eHIey Maceneci ©3eKkTi Oompin Tabbutagpl. by
KYMBICTBIH MAaKcaThl — TOJHUIPOIWICH KOHE MOJHMATHICHTepedTalaTThl Kaiita
OHJICY, OJIApABIH HETi3iHAe MYHall CaKTalWTBIH pe3epByapiapiblH TYOiH
KOPpPO3UsZAaH KOpFay VINIH KOJJAHbUIATBIH KOMIIO3HLMSUIBIK — ITOJIMMEPIIi
MaTepuaiapabl axy OONbIT TaObLIa kL.

PezepByapiap TyOiHiH imki OeTiH KOpFay MakcaThIHIa OCBHIFaH YKcac
XKYMBICTap OYphIH KOMIIO3UIMSJIBIK XKaOBIHAAPABl KONJAHYMEH XKYpriziiares [6].
Byn okarmaliza KOMHOZWMIMSUIBIK —TOJIMMEpNI  MaTephaijapisl ainy YIIiH
MOJIMIIPONIMJICH  MEH  TOJMITWICHTepeTanaTThlH  eKIHIIIK  MOJuMep
MaTepHanaapbl KOJIIaHbUIIBI.

2. Toxipubesik 601im

ExiHIIITIK MTONMHAIIPOTMIIEHHIH 031 alfTapIIbIKTal (PU3UKANBIK KOHE XUMHISLTBIK
KacueTTepre ue eMec, COHJBIKTAH OHBIH KACHUETTEPiH JKaKCapTYIbIH THIMII XKoHE
YHEMJII 9MicCTepiHiH Oipi OFaH OpPraHUKAaIbIK Hemece OeHOpraHWKaJbIK OpTYpIi
TOJNITBIPFBIIITAPABI  KOCY  OOJBIT  TaObuiaabl.  TONTBIPFBILTAPALI  EHI13Y
MOJUIMPOTTHIIeHAI KoMo3uTTik martepuangapra (ITTIKM) kockimina OepikTik,
ANEKTPIIK, TePMO(U3HUKAIBIK, XUMHSIIBIK JKOHE Oacka KacHeTTepiH apTThIpyFa
MYMKIHIK Oepei.

AJBIHFaH KOMITO3UIIMSIAFbl MOIMATHIICHTEpedTaNaT ic Ky3iHIe elIKaHaan
XUMHUSUTBIK, OCJICEHIITIKKE e eMeC TOJTBIPFHIM 0ombi Tabbutasl. [lommadupnep
KJIACBIHBIH €H KOIl TaparaH OKii, STUICHIJIUKOJIbIIH TepedTalaT KbIIIKbUIBIMEH
MTOJIMKOHICHCAIMSUTaHYbIHBIH ©HIMI; KaTThI, TYCCI3, aMOP(ThI Kyiae MOJIIIp KoHE
KPUCTAIIBIK 34T, aK, MeJIIip emec [7].

AJBIHFaH KOPPO3UsFa KAPChl KOMIIO3UIIMAFA IJIACTUKAJIBIK CUSKTBI KOCBIMIIIA
KacueTTepi Oepy VIIIH KOCHaHBI JNAHbIHIAY CATHICHIHIA Mad KBIIKbUIIAPbIH
BaKyyMIIbl aljayJblH TOMEHT1 KaJIBIFBl MakKTa Malbl OOJBIN TaOBUIATHIH
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TOCCHIIOJN IIabIpel KockiMina eHrizineni [8]. ['occumonmpl maibipasiH G0TysI
KOppO3HsAFa Kapchl KOMIIO3WIMSFA TYpaKTAaHIBIPY CHAKTBI Kacuerrep Oepeni,
COHBIMEH KaTap OHOJOTMSUIBIK TYPaKTBUIBIK IeH (DU3HMKaIbIK-MEXaHUKABIK
KacueTTepi Oip mesrinae xkakcapraasl. COHBIMEH KaTap, TOCCHUIIO)N MIANBIPHIHBIH
KYpaMbIHIAFsl PEHOIAB KOCBUTBICTAPIBIH (TOCCHIION JKOHE OacKalapsl) KOPPO3Hs
MpoIeciH Texey KalineTi aHpIKTamFaH [9].

Byn kymbpIcTa ycakTanFaH IUlacTMacca — IOJUATHICHTEpe(TataTThl
KOMITO3HIIMSIIBIK ~ MAaTepUAIIApAbIH  KypaMblHA €HTI3y JKY3ere achbIpBUIIbL.
Kommosunusamnslk MaTepuaigapAslH KypaMmblHa YCaKTaJlFaH IUIacTMacca EHTi3y
OHBIH KAaCHUETTEPiH >KaKCapTy YIIIH: COKKbIFA TO3IMINIK; BICTHIKKA TO3IMILUIIK,
CEepIIMILUTIK MOy, OEpIKTiK; OETKI KapBIKTapABIH Taina 00MybIHA TO3IMILTIKTI
apTTHIPY KaKeT 0oJaabl. bys acepre ety yuIiH KOMIo3uTTiK Kocmara 11104-030
MapKajibl BHHHWIANETAT (CEBWICH) Oap ASTHICHHIH COIOJUMEDIH a3 MeJIIIepiae
KocThIK [10-14]. Bacrankpl KocmaHbl perenT OoibiHIIa MOAXGDHUKALUSIIAY YIIiH
MOJIMMEp Kypambl OankpIManappl 3epTXaHANBIK KOm (QPYHKIUSIBl SKCTPYyIepAe
apanacTeIpy apKbUIbl aNBIHABL OKCTPYACPAiH KyaT aliMarbIHBIH OHIMAUIIT €Ki
allHanmBIM ~ apachlHAarsl  00OC  KeleMmMre JKoHEe MaTepHalIbl  KETKI3yIiH
OipKeNKiTiriHe OalNaHbICTBI OOJIIBL. DKCTpyHeple Kejeci MpOoIecTep KYpemi:
MaTepHalbl TYCIpy *KoHE alblH-ajla KbI3AbIPY; TIacTU(GUKAIMS (KbI3ABIPY KOHE
arioMepanys); OaJKbIMaHBl Ta3ChI3AHIBIPY; TOJBIK OAJKBITY, TOMOTCHU3AINSI
YKOHE MaCcCaHbl MbIFapy OOJBI TaObLIAIBI.

Ocbunaiiiia, dKCTpyleple MaTephaljibl Kecy, HWJey >KOHEe YHTaKray
MpOIIECTePi THIMII )KY3€eTre achIphLIa/IbL.

3. HoTu:kesep koHe TAJIKbLIAY

AJBIHFAaH MOJIMETTEp KOMIO3MIMNA KOJAAHBUIATHIH TOJTHIPFBIMLTAPABIH
KpUCTaIJJaHy mpolieciHe Oenriiai Oip ocep eTeTiHAIriH kepcereni. EHrizinren
TOJNTBIPFBILTAP KPUCTAIAAHY SOPOJIAPbI PETIHAE OpEeKeT eTeadl, COHABIKTaH
TONTBIPFBILTApEl  Oap MarepuaigapAblH KPUCTANIBUIBIK JIOpeXeci Taza
MoJIMMepre KaparaHja KOFapbl, Oy *Kepje TONTHIPFBII KOHIEHTPALHUSICHl MEH
©JILICHETiH MapaMeTp apachlH/ia Typa MPONOPLHOHANIB! OaiiaHbIC Oap.

EKiHIIUTK MOJMOPONWIEH JKSHE MOJNMATWIEHTepedTanar, COHIal - ax
COBHJICH OHE TOCCHIION INAWBIphl HETi3iHJEe alblHFaH pelent OOHbIHIIA
Moaupukanus eHimin colikecteHaipy Pike Technologies ¢upmaceinsin Miracle
TOJBIK iIIKi MAFbUILICHIHBIH npedukci G6ap 4000-500 cM™ TONKBIHABIK caHmap
apaneirbiHaa  Shimadzu ir  Prestige-21  UK-®ypbe-cniekrpomerpaeri  MK-
CHEKTPOCKOIHSI KOMETiMEH 1CKE acThl.

Tomyonmarel Oactankbl roccunonasl manbipasiH UK-ciektpiaepi 1-cyperrte
KOPCETLITEH.
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Cyper 1 - Tonyonaarsl roccurmnod maibipeiabig MK ciexktpiepi

Toccunon maiieipeibiy. UK cnextpiepinen (1-cyper) 2800-3000 cwm*
IWBIHAApEl O0ap cinipy xonakrapein CHs- (2977 cm?) sxome - CH2 -(2927 xone
2877 cm?t) Tomrapeigarel C-H GailnaHbICBIHBIH BaleHTTIK (V) TepOericine
JKATKpI3yFa OOJATHIHBIH Kepyre OoJambl XoHe 2-CypeTKe colkec OacTamlKsl
KOCBUTBICTAp MEH MOTU(UKAIMIIAHFaH KoMIo3uiusl kepcerinred. 1380 — 1105
cm!  aymareiHmarel  TepOemicTepii HETi3iHEH TOCCHIION MOJIEKYIACHIHIAFbI
OeciHII KeMipTeri aTOMBIHBIH OpPHBIHIA OpHaNTacKaH u3onpomnui ToosiHa (CHs)-
CH-C xarkpizyra Gomanel. bacramkel kocmackl 1300 cm? sxome 1240 cm?
sTepuduKanys OHIMI VIIH CiHIpY KOJaKTapbIHBIH KapKBIH/BUIBIFBl pEaKIUsiFra
TYCKEH Maii KbIIIKbUIIAPBIHBIH HOJISAPIIbI (KapOOKCHIT) TOOBIMEH 0ailyIaHBICTHI.

AnviHFaH KOMIO3WIMSUTBIK KypamHblH WK crektpiame (2-cyper) C-H
ToNTapAbIH OalaHbICTapBIHBIH JehopMaIsuIbIK (0) Tepberici 1454 eM-1 (e,
CHs), conbiver katap 1373 cm-! (e, CHs m CH,) MakcHManbl sKolaKTapra
calikec kenemi. 1725 - 1705 cm-! aliMarbIHIarsl MIBIHBL, KOC OailIaHbIC o skoHE P
MO3UIMSIIAPhIHAa OONMMAaNTBIH Mal KBIMIKBUIBIHA JKaTajbl, CHHTE3 OHIMiHIH
yIiriciHze adTapiblkTaii TeMeHze#mi. ['ocCUNon MeH OHBIH TYBIHABUIAPBIHBIH
HaQTamMHIK saponapbiHa skatateiH 1300-2800 cm-! skomakrap aliMarblHga
CiHIpY KapKbIHABUIBIFBIHBIH 78-1eH 54%-Fa neliin TeMeH eyl OHBIH OCHI KOcIaia
ilmiHapa KOHBEpCHSUIaHFAHBIH alfakTaiinbel. Tyractail anFaHia KOMITIOHEHTTEpIi
TepMUIIBIK oHey HoTmwkecinae 700-neH 1750 cm-1-re meifinri ciHipy skonaKrapbl
JMaTa30HbIHIA KAapKBIHIBUIBIKTBIH ©3repyl Oaiikamansl. Momudukanusianrad
enimze 1800-1900 cM-! ke3iHae KochIMIIA LIBIHIAP Taiiaa 0oapl.
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CypeT 2 — 3epTxaHaJbIK SKCTPYAEp/Ie alblHFaH KOMIO3UIMSUIIBIK KypamHbIH UK cnekrpi

PenienT OoiipiHIIa MOM(UKALIMSTIAHFAH JKaFIala, )KoFapblia alThUIFaHIaMl,
KOMIIO3UTTIK KOCIIaHBI ally YIIiH KOJJaHBUIATHIH MOJHMATHICHTEpedTanaT *KoHe
TIOJIMIIPOTIMIICH, SFHH CKIHIIUIIK ITOJIMMEpJep XUMHSIUIBIK OelICeHIl eMec.
[Monumepni KOMMO3WIMS KYPBUIBIMBIHAAFBl HETI3r1  e3repicTep TOCCHUIION
IIANBIPBIHBIH KYPaMbIHJIa OOJIATHIH COBUJICH MEH XHUMUSJIBIK KOCBUIBICTAP.IBIH
OomybpiHa OalmaHbICTEL. COMOJIMMEpIeTi COBIIICHHIH (BUHMIaNeTar) Memmepi 10-
15 macc.% Oomnca, OHIa BUHWIIAIIETAT TONTApPhl COMONUMEPIIH apbip OeciHmmi —
CH: ToObIHma opHanacaabl gen Ooibkayra 0odambl. ['OCCHITON MOJIEKYIaChIHBIH
IIPOTOHBI COTIOJIMMEP/IIH TEPMHHAJIIBIK MOJIEKYJIaJapbIMeH CYTEKTIK OaiilaHbic
Ty3eni Aen Ooipkayra O0ojaasl. KOMITO3UTTIH O0KaMIbl KYPBUIBIMBI 3-CYpeTTe
kepcetinreH. COHbIMEH KaTap, CeBUIIEH KapOOKCHII TONTAphIHBIH KOMeriMeH 0oc
Mail KpIIIKBUIIApBIMEH illiHApa dpeKeTTece anaabl. [ 0ccumon manbipeiHaars! 60c
Mal KbIIIKBUTIapbIHBIH Memepi 45-ten 60% - Fa neiin xeremi [8].

ATBIHFaH KOMITO3UITUSTHBIH KYPaMbIHIaFbl COBUJICH JKOHE Mai KBIIIKbUIIAPHI
KEUICHIHIH YCHIHBUIATHIH KYPBUIBIMBI 3-CypeTTe KOpceTiireH. ANWTa KeTy Kepek,
KaHBIKIIAFaH KYPBUIBIMHBIH ©O0OC Mail KBIIMIKBUIAAPHl TOCCUIION IIAHBIPHIHBIH
KypambIH/ia OONIaThIH, SFHH OHBIH KYpaMBbIHJAa KaHBIKIIaraH OaifmaHeicTap Oap,
KOMIPTET1 aTOMIaPBIHBIH COBUIICHMEH ©3apa dPEKETTECYiH KEHUIIETE .

-HC CH: _CH;-

CHz CH

PN
HE S0 n

CypeT 3 - AnbiHFaH KOMIIO3ULUSIHBIH KYPaMbIHJaFbl COBHUJIEH KOHE Mait KBIIIKBIIbI KeIIIeHiHiH
¥CBhIHbUIFaH KYPbUIbIMbI
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ANBIHFAaH  KOMIIO3UIMSANA  KYKIPTCYTEK IEH  KOMIPKBIIIKBUT — ra3bl
KOPPO3MSCBIH TEXKEyre TONSIPIbl eMec (alKuil) KoHe IONApNbl (BUHWIIAILETAT,
THIPOKCHI, KapOOKCHI KOHE ajbJIeTHa) TONTaphel OH acep Oepeni. AlTa KeTy
Kepek, TI30EeKTIH ajaKuiI 6eJiri KOMIO3UTTiH MYHAl CaKTalThIH pe3epByap TYOiHIH
MeTal1 OeTiH KOppo3usAaH KOpFayAa THIMAUIITIHE ocep eTeTiH menryri (GakTop
Oonpin TaObUTIafgbl. SIFHU, OacTamkbl COMONMMEpPre AajlKWil TONTAPbIH EHTi3y
KOppO3usifa Kapchl KYpPaMHBIH KOPFAaHBIC OCEpIH JKaKCapTy MYMKIHJIITIH
apTTHIPYBI BIKTHMAJT.

Ocpunaiiia, cyteri OaiiaHpIcTapbl KOMIO3WLUSHBIH TY311yiHE, COHOai-aK
aTMoc(epalblK JKarmaiaa 11a, )Kep acThl Y4acKeJepiHIe e MYHa#Ibl cakTayra
apHaJFaH pe3epByapAblH TYOiHIETI KOPPO3Ws HWHTHOWUTOPHI PETiHAE aNbIHFaH
COTIOIMMEPTiH THIMILTITIH apTTHIPYFa BIKIAJ KaCai Ibl.

4-cypette pesepByap TYOiHIH (a) MeTayun OeTiHIeri KOppo3usl eHIMIEpiHiH
MUKPOCKOIUSUTBIK CypeTTepi OeliHeneHTeH. Pe3epByapblH amblK OETiHAETI TOT
KBIPBUIBIT, YCAKTANBIN, COJAH KCHiH TOJYOJIFa TOCCHIION IMAHBIPhIHA KOCBLIIBI,
COJaH KeWiH TONyoyiJarbl CYCHEH3HWs TYpiHIE ajblHFaH KOMIIO3HIIUS
MUKPOCKOITUS YIIiH claiaka Tycipiii.

Cyper 4 - Meraju1 GeTiHeH KOPPO3Ust OHIMIEPiHIH MUKPOCKOIMSUIBIK CypeTTepi (a) koHe OFaH
KOJIJIaHBUIATHIH KOMITO3HIIMSITBIK Kocmamnap (0)

MUKpPOCKOIUSUTBIK CypeTTep (a) ChIHAK YaKbIThIHAA KapOoHATTap MEH TeMip
THJIPOKCUIITEPIHEH TYPAaThIH KOPPO3USl OHIMIEPIHIH TY3UIETIHIH KepceTesi.
KOppO3usi MpPOLECIHE KOMIp KBIIIKbUIBI KAThICAAbl, OJ KEHIHHEH CyTeri
WOHJApBIHBIH ~ OediHyiMeH JuccouuanysiaHaibpl.  AJAbBIH — aja  aJbIHFaH
MosiMeTTep OOMbIHIIA MeTayul OETiHIH MUKPOCKOIUSIIBIK CypeTTepiHle WHEHIH
eHy TepeHJiri 4—6 MM/KbII OOJIATHIH IIYHKBIPIBI KOPPO3us Maijga Oonaabl. 40-
CypeTTe KOppOo3usira Kapchl KOCIIAMEH KalTajlraH MeTayll O0eTi KepceTiireH. Opi
Kapaii Tonteipreitapsl (I1I1B, I19T) Oap KOMNO3UTTEPAIH TEPMUSIIBIK TOTBHIFY
poreci JKoHE KaTThI KyHzaeri TOCCHIIOJN IaUbIPHI, SIFHU
MONMATHIICHTepePTAIATTEIH 0alKy TeMIlepaTypacklHaH TOMEH TemIieparypania
3eprrengi. CIBUICHHIH KaTbICybIMEH KOMIIO3UTTIH TOTBIFY KWHETUKACHIH 3€PTTEY
110 °C xoHe otTeri KbIcbIMbI 500 MM. ChIH.O0aF. OOWBIHIIA KaIH THAPOKCHIMEH
TOTBIFYBl ~ VIIKBINI ~ OHIMIAEPIH  CIHIpyMEH  MaHOMETPIIK  KOHIBIPFBIIA
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xyprizinmi[15]. Komno3unus KOCIIACBIHJAFbI TOJITBIPFBILITAPABIH
KOHIIGHTPALMSIChl TOTHIFY NPOLIECiHE acep eTeTiHl aHbIKTa nbel. KaTTel dazagarst
TOTBIFy HOTHXelnepi (5-CypeT) TONTHIPFBIILITHIH ThIFBI3IBIFEI HEFYPJIBIM TOMEH
Oosca, KOMITO3MLMSUIAPIBIH TOTBIFYBl COFYPJIBIM KapKbIHABI ~OONaTBIHBIH
kepceteni. KoMmosuTTiH KypaMblHA TOCCHUIONIABI MIAWBIPABI KOCY TOTBIFY
JNEeCTPYKLHs MPOLECIHIH KbUIIAMIBIFBIH TEXeyre bIKHan eteni. Jemek, cyibIK
(azana TOTHIFY Ke3iHEe MPOLECTIH KbULAAMIBIFbI KOMIIO3ULMSIIAPABIH XUMHUSIIBIK
KYpaMbIMEH aHBIKTANAIbI, a1 KaTThl (ha3aliblk TOTBIFY Ke3iHae 0apiblK 3epTTENreH
MaTepuanmapaplH MophoNOTHiaCH (KYPBUIBIMBI) HETI3rl peyt aTKapadpl el
KOPBITBIH/BI JKacayFa O0sabl.

1,6 1
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3 /
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KoMro3utTiH Kypamsl, Macc.%: CIBHIICH - 8; mosumpornmieH - 20; roccuron maibipsl (5-15);
Kasransl - ycakranrad [19T. Toccurmod mraiisipeiasie Memepi, %: 1-5; 2-10; 3-15

Cypet 5 - 110°C Temneparypana xone 500 MM. CbIH.0aF. OOWBIHIIA OTTETi KBICBIMBIH/IA KOMITO3UTTIH
TOTBIFY JKBULIAM/IBIFBIHBIH TOCCUTION MIANBIPBIHBIH KypaMblHa GailIaHBICThI TOYEIILIIT

OpTYpii KOMOMHAIMSUIAD MEH BapHalusiapJarbl KOMIO3UIMUIBIK Kypam
YIIiH  anre3us  3epTrenji.  l-kecTeme — alnblHFaH — JIGPEKTEp  COBUJICH
KOHIIeHTpaIUsAChIHbIH 8-10% - Fa JIeliH JKOFapbUIaybIMEH aJre3us IaMachIHbIH
apTybIH KepceTe/i. [MonuaTunenrepedranat TOJITBIPFBIIIBIHBIH
KOHIIEHTPAIUACHIHBIH KOFaphUIayhbl albIHFaH KOCIAHBIH OoyiaT OeTiHe anre3usra
ocep erneiini. Kocmamarbl MOIUIPONUICH KOHIEHTPAIMACH TOMEHICTEH Ke3Je
aaresusubl  10-15% Temenzaereni. I'occumonapl MIAMBIPAbI, COHBIMEH Oipre
coBuiieHAl Kocy anre3usHbl 10-12% - ra KockiMia apTThipaibl. JKorapbina
KOPCETUIreHACH,  TYPaKTAaHABIPFBIII  POJIiIH  aTKapaTblH  TOJTBIPFBIIITAD
MOJIIIEPIHIH ©3repyl MOJIEKYJIaapaliblK OpEKETTEeCY CHIAThIHBIH ©3repyiHe
okenemi. [9,10] eHOekTepiHme  aWTBUIFAHIAW, 3€pTTENTEH  KyHeneple
KYPBUIBIMABIK TOp TYHIHIEPiHIH KeJIeMiHiH e3repyiMeH OalIaHBICTHI iIIKi
miacTUGUKAIUS alMaKTapbl KOHE TYHIHIACP apachlHAAFbl KAIIBIKTBIKTHIH
YJIKEIOIMEH TiKeJiel 0aliIaHbICThl CHIPTKBI TUIACTH(UKAIMS KOPiHEI.
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Kecte 1 - Kommosuius KypaMbIHEIH 001aTKa aAre3ns MaMachHa acepi

Kommo3umusaars! KOMIIOHEHTTEPAIH Ma3MYHbI, Macc. Anresust
mamacsl, H/m?
TlonusTunentepedranar Tonumnponunex T'occunon CaBuiieH
IAHBIPBI
50 20 - - 1427
60 10 4 - 1496
50 20 4 - 1546
40 30 8 4 1880
50 20 10 6 1890
50 20 12 8 1910
60 10 6 4 1900
60 10 15 2 1915
50 20 15 8 1935
50 20 15 10 1940

ATnBIHFAaH  HOTIDKENep  OOWBIHIIA  KOPPO3WsAFa  KapCchl  IMONHAMEpITi
KOMITO3UIIMSUIAPIBIH €H THIMAI Kypambl TaHAaIAbl, Macca.%: cIBWiIeH — §;
SKIHIIUNK monunponwieH - 20; roccumon imadbeipel - 10-15; kamraHel -
yCaKTalFaH MoJIMITHIIeHTeped Tanar.

TONTHIPFBIIITEIH TYpiHE OaMJaHBICTHI KOMIIO3UIMSJIBIK MaTepHaap/IbIH
THIFBI3ABIFBI maMaMeH 1,02-1,11 r/cm® GonaTbIHIBIFBl aHBIKTANIBI, JEMEK, oyt
Ta3a TOJMIPONMIIEHHIH ThIFbI3AbIFbIHAH (0,91 r/cMm®) sxoFapbl. Onbetre, 6yi1 ocep
TOJITBIPFBIIITEl  KAMTHTBIH ~ KOMITO3UTTIH  aMOp(Thl  (ha3achIHBIH  BIKIIAM
KYpBUTBIMBIMEH TYCiHIipisieni. CIBUIIEH MEH TOCCUTION MANBIPHIH KOMIO3UIUSIFA
€HT13y THIFBI3JIBIKKA Al TapIIbIKTall ocep eThemi.

4. KopbITBIHABI

JKyprizinren 3eprreyiep HeTi3iHAe MyHail pesepByapiapablH TYOiH
KOPpO3UsZIaH KOpFayFa apHaJFaH jKaHa KOMITO3MIIUSUIBIK MAaTepPHAJJIBIH KypaMbl
yChHBULABL.  CHEKTpIIK 3epTTEeyliep HETi3iHlAe albIHFaH KOMTIO3UIUSIIBIK
KOppO3UsiFa Kapchbl >KaOBIHHBIH KYPBUIBIMBI TYpaibl KOPBITBIHABI >Kacajjbl,
IKCTPYAEpAC KOCMaHbl MOAM(UKAIMIAY Ke3iHAe OOJNaThIH €H BIKTHMA
XUMUSUTBIK TIPOIIECTEp, SFHH BUHHIAIECTATTBHIH TOCCHIION MOJEKYJalapbIMeH,
OHBIH  TYbIHIOBUIAPBIMEH,  COHJAW-aK  TOCCHUION  INAHBIPBIHBIH ~ Mai
KBIITKBUIIAPBIHBIH  00C MOJIEKYJIaIaphIMeH OpeKeTTecyl OOJbIT  TaObIIambL.
Kommo3zunusra roccuIion maibIpsl, COHAN-aK COBUICHHIH KOCBUTYBI aJ[I€3UsHBI
KoceiMma 10-15% aptTeipass!.
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MNOJYYEHUE AHTUKOPPO3UOHHBIX COCTABOB HA OCHOBE BTOPUYHOI'O
MNOJIMITPOIMUJIEHA U OJINDTUIIEHTEPE®TAJIATA

A.IIL Kviovipanuesa®, O.K. Beiicenéaes*, K.C. Haoupoe*, E.A. Tycynkanuee®”
YOuxucno-Kazaxcmanciuii ynueepcumem umenu M. Ayszoea, Ilvimxenm, Kasaxcman

240 Hncmumym xumuueckux Hayk umenu A.B. Bexkmyposa, Anmamol, Kazaxcman
E-mail: t_ersin@mail.ru

Pe3tome: Bgeoenue. VImerommecs OTCYECTBEHHBbIC MaTepHaibl IS HOJYYCHUS aHTHKOPPO3HOHHBIX
MOKPBITHH JI0 CUX MO HE HAILIN HIXPOKOTO MPUMEHEHHSI TP aHTUKOPPO3HOHHOM 3a1ute 000pya0BaHUs
00BbEKTOB J00bIYM U XpaHeHus: HedTH. [lenb pabomul SBISIETCS CO3AHME HOBBIX aHTUKOPPO3HOHHBIX
KOMIIO3MLIMH Ha OCHOBE BTOPUYHBIX MOJIMMEPOB U HEKOTOPBIX MpUpPOAHBIX cMmoi. [Ipemnaraercs cocras
HOBOIO KOMIIO3MI[MOHHOTO MaTepHaja JUls 3allUThl AHWINA HE(TIHBIX pPE3epBYapoB OT KOPPO3HU.
MemoObi. BropndHbIil TOJUIPONIIICH caM 10 cebe He 001aaaeT 3HaYUTEIbHBIMU (DPU3NKO-XUMHYECKUMH
CBOMCTBaMH, MOJTOMY OXHHMM M3 3(P(EKTUBHBIX M SKOHOMHYHBIX CIOCOOOB YIIy4IIEHHs €ro CBOMCTB
SBJIseTCS HOOABICHUE B HETO PAa3JIMYHBIX OPraHMYECKUX MM HEOPraHMYEeCKUX HaIOJIHHUTENeH. BeneHue
HaIlOJIHUTEIICH HO3BOJSICT  IOBBICUTH  JIOIOJHHUTENBHBIC  IIPOYHOCTHEIE, JNIEKTPUYECKUE,
Temo(pu3nyecKre, XMMUUECKUE U IPYrue CBOWCTBA MOJIMIIPONMICHOBBIX KOMIIO3UILMOHHBIX MAaTepHAIIOB
(ITIKM). Pesyromamuvl u obcysucoenue. TlomydeHHbIe MHKPOCKOMHYECKHE H300paKCHHS IMPOIYKTOB
KOPPO3HH Ha IIOBEPXHOCTH METa/lla METAUINYECKOTO JHA Pe3epByapa B ITHX YCIOBHSX MPOMCXOAUT
SIMOYHAsE KOPPO3Hsl C ITyOMHON NpPOHMKHOBEHUs UIJIBI 4-6 MM B rof. [Ipu CHIKEHHH KOHIICHTpAIUH
MOJIMIIPONIMJICHA B cMecH aare3us cHikaercs Ha 10-15%. JloOaBieHre roCCHIIONBHON CMOJIBI, a TaKKe
COBWJICHA [IONOJIHUTENBHO YyBenuuuBaer anresuto Ha 10-12%. Kak noka3aHo Bbllie, H3MEHEHHE
KOJIMYECTBA HAIOJHHUTENEH, KOTOpble JCHCTBYIOT Kak CTaOWJIM3aTOPbl, NPHBOJAUT K H3MEHEHHIO
XapakTepa MEXMOJICKYJSIPHBIX B3aHMMOJICHCTBHH. Bsisod. JlobOaBieHHe B cOCTaB KOMIO3UTAa CMOJIBI
TOCCUIIONAa M COBHWJICHA CIOCOOCTBYeT WMHTHOMPOBAHHIO CKOPOCTH MPOIECCa OKHCIUTEIBHOTO
paspyLieHUs, a TaKkXe JONOJHHUTEIIFHO YBEIMYMBAET aJAre3dio K IMOBEPXHOCTH MeTauia Ha 10-15%.
CocraB, NOJTy4CHHBIH B pe3y/IbTaTe MOIMMEPHBIX aHTHKOPPO3HOHHBIX KOMIIO3UIINI Ha OCHOBE CIBHJICHA,
BTOPUYHOTO TMOJUIPONUIICHA, U3METbYEHHOTO MOJNMATUICHTepeTaNnaTa U CMOJIBI TOCCHIIONA, SIBISETCS
3¢ GeKTUBHBIM aHTHKOPPO3HOHHBIM MTOKPBITHEM U MOXKET MCIOJIb30BAThCS IS 3AlIUTHI JIHA PE3epBYapoB
Juist XpaHeHus: HedTu oT Koppo3uu. Ilo nomydeHHbIM pe3ysbrataM ObuUl BeIOpaH Hanbosee 3¢ GeKTHBHbIH
COCTaB aHTHKOPPO3HOHHBIX MOJIMMEPHBIX KOMITO3UINH, Macc.% : COBHJICH-8; BTOPUYHBIH MOJUIIPONUICH
- 20; cmona roccumnona - 10-15; ocranbHOE - H3METbUSHHBIN MOMHATHICHTEpedTanaT.

KinioueBble €JI0Ba: SKCTPY3Hsl, TOCCHUIIONOBAsh CMOJA, CABUJICH, KOPPO3Ms, KOMIIO3MLMSA, pe3epByap,
TIOJIUIIPOIIMIICH, MONUATHIIeHTepedTanar
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KBeiicenoaes Opan Kypzanoexosuu O0OKMOp MEeXHUYeCKuUx HayK, npogeccop
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[TpaBuna odopmiteHns cratei B XKypHaie
«XUMMYECKHUI ’KYPHAJ KASAXCTAHA»

1. OBIIIME ITOJIOKEHUSA

Kypnan «Xumuueckuit xypraan Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BEITycKaeTcs opaeHa TpymoBoro KpacHoro 3mamenn AO «/HCTUTYTOM XHMHYECKUX
Hayk mM. A.b. bextypoBa» 4 pa3a B rog M myOIuKyeT pabOTHI IO MIMPOKOMY KPYTY
(yHAaMEHTANbHBIX, TPUKJIAJAHBIX ¥ WHHOBALMOHHBIX NCCIEJOBAaHUN B 00JACTH XUMHHU U
XMMHUYECKOH TEXHOJIOTUH.

S3BIKM TyONMUKAINK: Ka3aXCKUW, PYCCKHUH, aHTIHicKkmid. JKypHanm WHAEKCHpYeTCS
KazaxcraHnckoit OHOMMOMETPHYECKONW CHCTEMOH H BKIOYCH B llepedeHb wW3IaHUA,
pekomeHayeMbix Komurerom 1o KoHTposto B cdepe o0OpazoBaHMS W HayKH
MunucrepcrBa o0pa3zoBaHust M Haykd PecnyOmuku Kazaxcran pns myGnukauuu
OCHOBHBIX pE3yJIbTAaTOB HaquOﬁ JCATCIBHOCTHU.

W3nanue uMeeT Caeayroue pyopuKu:

1. O063opHbIe cTaThu 10 20 IEYaTHBIX CTPAHHUI]

2. OpuruHanbHBIE cTaThH (10 8—10 MeYaTHBIX CTPAaHUIT)
3. Kparkwue cooOmenns (qo 4—5 nedaTHBIX CTPaHHMIL)

2. IPEJICTABJEHME CTATEM

Pemakiyst mpuHUIMaET cTaThi OT Ka3aXCTAHCKHX M 3apyOeKHBIX aBTOPOB. B memax
nonynspuzannu JKypHana, peIakIiMOHHONW KOJUIETHel MPUBETCTBYETCS MPUEM CTaTeill Ha
AHIJIMICKOM SI3BIKE.

Jnsi perucTpauuy M NMyO0JIMKaNMHM CTAaTBU MaTepuall CTaThH NPENCTaBIAETCS B
pelaKkiMI0 uepe3 CHCTeMy OJIIEKTPOHHOM moja4u cTaTthl Ha caiite JKypnana
(https://www.chemjournal.kz/) B komIiekTe O CIIEIYIONIMMHU JOKYMEHTAMM:

1. DnekrponHas Bepcus cratbu B popmarax Word u PDF co BCTpOGHHBIMHU B TEKCT
TaOIUI[AMH, CXEeMaMH, pUCyHKamu (¢aiin moimkeH OBITh Ha3BaH MO (haMWIIMK TIEpBOTO
aBTOpa Ha aHTIMHCKOM S3BIKE).

2. ConpoBoUTEIFHOE MHCHEMO, a/ipecoBaHHOE B Penakiio XnMHYecKoro xypHaia
Kazaxcrana or opraHm3anuu, B KOTOPOH MJaHHOE WCCIICOBAHUE BBINOJHEHO, C
YTBEpK/IEHHEM, YTO MaTepHaJ PYKOIHCH HUTAE HE ITyOJIMKOBAaiCs, HE HAXOAWTCA Ha
paccMOTpeHHMH JIsl ONYOJIMKOBaHMS B JIPYTHX JKypHalax M B Marepualax CTaTbH
OTCYTCTBYIOT CEKPETHBIC JJaHHbIE. B CONPOBOIUTEIILHOM MHChME YKa3bIBAIOTCS CBEIICHUS
00 aBTOpe Ay KOppecnonaeHmu: Damusns, UMs 1 OTYECTBO aBTOpA, CIyKeOHBIN axpec
C YKa3aHHEM MOYTOBOTO MHIIEKCA, a[Jpec IEKTPOHHOI mouTkl, Tenedon u ORCID.

3. Bcee craThm, omy0aukoBaHHBIE B XuMHudeckoM xkypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsl B OTKpPHITOM Jgoctymne. UYToObl obecneduTh
CBOOOIHBIA JIOCTYI 4YHTaTelIsM M TMOKPHITH pPAacxoJbl Ha SKCIEPTHYIO OLEHKY,
pelaKTHpOBaHUE, MOJJIEpP)KaHUE CalTa J>KypHayua, JOJTOCPOYHOE AaApXMBHPOBAHUE |
BeJCHHE JKypHajla, B3uWMaeTcs IulaTa 3a oOpabotky crareu. I[lpaBuia omatel 3a
oITyOJIMKOBaHKME IPUHATOHN K II€4aTH CTaThH HaXOIATCS B OTAEIBHOM JOKYMEHTE Ha caiite
XKypnana «Ormnata 3a onyOJIMKOBaHHE).

4. Crarbe IpycBauBaeTCs PErHCTPAIMOHHBIA HOMEp, KOTOPBIH coo0IIaeTcs aBTopamMm
B TEUCHHE HEJEJH MOCIIE MOJyYeHUs] YKA3aHHOTO MEepeyHs JOKYMEHTOB; Ha 3TOT HOMEpP
HEOOXOANMO CCBIIATHCS IPH MEPETIHCKE.
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5. IpuHATEIM K Te4YaTH CTaThsIM TIpHCBaWBaeTcs NH(POBOH umeHTH(HUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTbiBas HEBO3MOXHOCTh MPOBOAWTH CTaTbl HAa Ka3axCKOM S3BIKE depe3
CHCTEMY aHTHIUIAruar, OyOyT YYWTHIBAThCS (DOPMYIHUPOBKH DPEICH3EHTOB W PEIICHHE
U3JaTeIbCKON KOJUIETHH.

7. CtaTb 1OIKHBI OBITH 0OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPBIH MOKHO CKadaTh
B pazzene «OTHpaBka MaTepHalIoB» Ha caifite Xumuueckoro Kypnana Kaszaxcrana.

3. CTPYKTYPA NYBJIMKALIUIA

3.1. B Hauase 0030p0OB, OPMIMHAJIBHBIX CTaTell M KPaTKUX cOOOIEeHMII Ha
MIepBOH CTPOKE YKa3bIBACTCS HOMEp 10 YHHBEPCATBHOW NECATUYHOHN KiaccuuKarmn
(YAK wmm UDC), cooTBeTCTBYIOIMIUIA 3asBICHHON TeMe. J{aeTcs mponrcHBIMU OyKBaMu B
BEPXHEM JIeBOM yriy. Takke Ha MEpBOH CTPOKE CIIpaBa IPONMCHBIMU OyKBaMu
nonmyxupHeIM mpupoM Ne 14 ykaseBaercs Ha3paHme kypHama XUMHUYECKHM
KYPHAJI KA3AXCTAHA (KA3AKCTAHHbBIH XHUMHUsI JKYPHAJIbBI,
CHEMICAL JOURNAL OF KAZAKHSTAN), ron, HomMep.

3.2. Jlanee uepe3 CTPOKY MPUBOAUTCS MEXTYHAPOIHBIN CTaHAAPTHBIA CepUaNbHBINA
HoMmep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromei cTpoke cieBa
npusoautcs DOI: xoTopslit OyieT UMEeTh 3HaUeHUE 1OCIIe IPUHITUS CTaThH K N1eYaTH.

3.3. Hanee, mocne OTCTyHa CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThM IPOIHCHBIMU
OykBamu, mpudrt Ne 14 — momyKHpHBIH, BbIpaBHHBaHHE TEKCTa MO LEHTpY. Ha3panwue
JOJDKHO MAaKCHMaJIbHO IOJHO M TOYHO OIMCHIBATh COJCP)KAaHHWE CTAaThH, BKIIOYATH
KJIFOUEBBIE CII0BA, OTPAXKAIOIINE HANPABJICHUE W/MIM OCHOBHOH PE3yJIbTAT HCCIIE0BAHUS,
HO B TO € BpeMsI ObITh KOPOTKHM H SICHBIM U HE COJIEPKaTh COKPAIICHUH.

3.4. lanee, mociie OTCTyNa CTPOKH, YKA3bIBAIOTCS HHULHUAJIBI M (paMuaIuu aBTopa(-
OB) CTpOYHBIMH OykBamu, TPUPT Ne 12 mMoIyKUPHEIA, KYpCUB, BRIPABHUBAaHUE TEKCTA TI0
uentpy. ®amunms aBTOopa, C KOTOPBIM CJIEOYeT BECTH IEPENHCKY, IOJDKHAa OBITh
orMedeHa 3Be3n0ukoit (*): C.C. Camaesa™, A.M. /[ncyoananuesa.

3.5. Uepe3 ctpoky mpudprom Ne 12, cTpoyHbIMH OyKBaMH, KypCHUBOM C
BBIPAaBHUBAHHMEM TEKCTa MO IIGHTPY CJIEAYI0OT HaMMeHOBaHMe(s) opraHu3anmmu(ii) C
yKa3aHHEM YacTH Ha3BaHUS OPTaHU3aIMH, KOTOPAsi OTHOCUTCS K MOHATHIO IOPUIMUECKOTO
nuna (B aHMVIMHCKOM TEKCTe HEOOXOOMMO YKa3bIBaTh O(QHIMANBHO MPHHATHINA IEpPEeBO
Ha3BaHU:), TOPOJ, CTpaHa. B aHrmmiickoM BapHaHTe agpecHbIe CBEIEHHS JOJKHBI ObITh
TIPE/ICTaBIICHBI HA aHTJIMICKOM SI3bIKE, B T.4. TOPOJI M CTPaHa.

Crpokun ¢ QaMwiusiMH aBTOPOB W Ha3BaHWSMHM OpraHU3alUil  cojepKar
HAJICTPOYHBIE MHJIEKCH (Tmocie QaMwiIMM W Tepel Ha3BaHWEM OpraHW3aluy),
yKa3bIBalolIHe Ha MECTO pabOThI aBTOPOB.

Ha cnenyrommeii crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BElpaBHUBaHUEM
TEKCTa 10 IEHTPY YKa3bIBAETCs AIEKTPOHHBIN aapec Il IePETHUCKH.

3.6. Pe3tome (Abstract, Tyiiingeme) cocrout u3 Kparkoro tekcra (He menee 150—
250 cmos, mpudt Ne 12) Ha s3p1Ke crarthi. AbStract myGmukyercs B MEXIyHAPOIHBIX
6a3ax, TaHHBIX B OTPBIBE OT OCHOBHOTO TeKCTa. Pe3toMe NOmKHO OBITH aBTOHOMHBIM, BCE
BBOJUMBIC 0003HAUECHHSI U COKPAIIEHUS HEOOXOAMMO pacIu(poBaTh 371ECh Ke.

[IpuBeTcTBYETCS CTPYKTYpHUPOBAaHHOE PE3IOME, MOBTOPSIONIEE CTPYKTYPY CTaTbH H
BKITIOYAIOIICE: GBeOeHUe, Ueau U 3a0ayu, Memoobl, pe3yibmamsl U 00cydcoeHue,
3akaodenue (6b1600b1). B TO ke BpeMs, IIeIH U 33aJja4d ONHMCBHIBAIOTCS, €CIIM OHU HE SICHBI
U3 3ariaBHs CTaThbU, METOMABI CIEAYET ONUCHIBATh, €CIM OHHM OTJIMYAIOTCS HOBU3HOU. B
pe3toMe BKJIIOYAIOTCS HOBBIE PE3yNbTaThl, UMEIOIUE JOATOCPOUYHOE 3HAYCHUE, BaXKHbIE
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OTKPBITUS, OINPOBEPrarollie CYLUIECTBYIOIINE TEOpUU, a TaKXkKe JaHHbIe, HMEIOIIHe
npakTudeckoe 3HayeHue. ClieyeT HCIONb30BaTh TEXHUYECKYIO (CIEHHAaJIbHYIO)
TEPMHUHOJIOTHIO Balllel AUCIIUIUINHEL.

Pestome naercs 0e3 ab3alHOrO OTCTyHa CTPOYHBIMH OyKBaMH; OHO HE JIOJDKHO
coJiepKaTb HOMepa COeAMHEHUH, IKCTIEpIMEHTAIbHbIE JaHHbIE U CCBIIKU Ha JIUTEeparypy.
Pe3rome TOIBKO OZHO — B Ha4aJle TEKCTa.

3.7. Janee Ha si3bIKE CTaThU 0e3 a03aIlHOTO OTCTYIA CTPOYHBIMH OYKBaMH MIpH(TOM
Ne 12, BeIpaBHHBaHHE TEKCTA IO JICBOMY KPAro MPHBOIATCS KJII0YeBbIe ¢JIoBa (OT 5 10
10 mT.), obGecreunBaromue HanbosIee MOTHOE PACKPHITHE COACP KaHUS CTAThH.

3.8. B kparkux coobmeHusx npuBoautcs pesiome (150-200 cnoB), KITtO4eBEIC
CJIOBa, HO JEJICHUS Ha pasjensl He TpeOyercs. JlaeTcs TEKCT KpaTKoro COOOIIECHHS Ha
OJTHOM M3 TPEX SI3bIKOB C BBINOJIHEHUEM TpeboBanuii k YK, Ha3BaHUIO cTaThy, MEPEUHIO
ABTOpPOB, HAMMEHOBAHUI OpraHU3alWi, B KOTOPbIX OHU PabOTaIOT, YKa3aHUIO aBTOpa JJIs
nepenucky. B TekcTe KpaTKoro cooOLIeHWs] NPHUBOASATCS KOHKPETHBIC CYIIECTBEHHO
HOBBIC Ppe3yJbTAaThl, Tpeldylolue 3aKpenyieHUsl INPUOPUTETa C HEOOXOAUMBIMU
SKCIIEPUMEHTAIBHBIMU  TOAPOOHOCTSIMH.  3aTeM  CIEIYIOT: uHpopManus O
(¢uHAHCHpPOBaHHUH, OJIArOTAPHOCTH, CBECHHUA O KOH(IUKTE WHTEPEeCcOB, HH(popMaus 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbs HaumHaeTcd C BBeJEHHsI, B KOTOpOM (opmymupyercss Ieiab H
HEOOXOANMOCTh IIPOBEACHUS NCCIEIOBAHMS, KPATKO OCBEIIAETCS COCTOSIHHE BOIPOCA CO
CCBUIKAaMM Ha HanOoJjee 3HAUYMMble IMyOIHMKAIMK ¢ M30CTaHMEM CCBUIOK Ha YCTapeBIIHME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJE JAHHOTO HCCIICIOBAHUS.
Yka3bpIBaeTCs CTPYKTypa CTaThH.

3.10. DkcnepuMeHTAJILHAsI YacTh COJEPXKUT OIUCAHHE XOJa M Pe3yJbTaToB
9KCIEPUMEHTA, XapaKTepUCTHKY MOJTyYeHHBIX COCTUHEHUH. B Hayaie
SKCHEPUMEHTAIBHOW  YacTH  NPUBOIATCS  Ha3BaHUS  NPUOOPOB, HA  KOTOPBIX
3aperuCTPUPOBaHbl  (PU3MKO-XMMHUYECKHE XapaKTEPUCTUKU BELIECTB M YKa3bIBAIOTCS
YCIOBHS W3MEPEHUs; TaKkkKe YKa3bIBAIOTCS JHOO HCTOYHMKH  HCIHOJIB30BAHHBIX
HETPHUBUAJILHBIX PEarcHToB (HaIpuMep, «KOMMEpUYECKHe MpenapaThl, Ha3BaHue GUpMbD»),
700 AI0TCS CCHIJIKM HAa METOAMKH UX TOJTyYEeHHSI.

Kaxneii maparpad SKCIIEpUMEHTAIbHOW YacTH, ONMCHIBAIONIMH  IIOJydeHHUE
KOHKPETHOTO COEAMHEHUs, JIOJDKEH CcoJlepKaThb €ro II0JHO€ HaWMEHOBaHHWE 110
HomeHnkiarype UIOITAK u ero mopsimkoBeIii HOMep B cTathe. B MeToankax o0s3aTeTbHO
yKa3pIBaTh KOJNMYECTBA PEAreHTOB B MOJBHBIX M MAcCOBBIX €OUHMIAX (VI
KaTaJn3aTOPOB — MAacCy M MOJIbHBIE TPOIEHTHI), 00BeMBl pacTBopuTeneil. MeTtoanka
9KCIIEPUMEHTA U3JaraeTcs B npouteduiem BpEMEHH.

J1s M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OMYOIMKOBAaHHBIM paHEE METO/OM,
HEOOXOIMMO TPUBECTH CCHUIKY Ha JIMTEpaTypHBIE NaHHbBIE. J{Js M3BECTHBIX BEIIECTB,
MOJYYEHHBIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
MIPE/ACTaBICHBI UX (PM3MYECKNE M CIIEKTPAIbHBIE XapaKTePUCTHKH, UCHOIb30BaHHbIE LIS
TIOJTBEPKICHNST MICHTUUYHOCTH CTPYKTYpBI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHBIE
JIaHHBIE.

[ Bcex BIEpBbIE CHHTE3MPOBAHHBIX COEAMHEHHI HEOOXOAMMO NPUBECTH
JI0Ka3aTeNNbCTBA PUIHCHIBAEMOTO UM CTPOCHUS U JJaHHbIE, TI03BOJIIIONINE CYAUTHh 00 MX
WHJIMBUYAJIbHOCTH W CTENEHHM YHCTOTHI. B 4yacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JAHHBIE YIEMEHTHOTO aHAJIN3a WIIM MacC-CIEeKTPHI BEICOKOTO paspemteHus, K criekTpsl u
cnextpsl SIMP 'H u BC.
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JlaHHBIE PEHTT€HOCTPYKTYPHOTO aHANIM3a MPEICTABIAIOTCS B BHIC PHCYHKOB H
Tabauu. Bce HoBbIe coequnenns, nanapie PCA KOTOPBIX MIPUBOAATCS B CTAThE, TOJDKHBI
ObITh 3aperncTpupoBansl B KemOpuakckoii 6a3e CTPYKTYPHBIX JaHHBIX M HUMEThH
cootBercTByone CCDC HoMmepa.

Ecnu, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBBIE COCAMHEHUS HE OblIH
yJIOBJIETBOPHUTEIHLHO OXapaKTePH30BaHbl, CTAaThs HE OyIeT NPUHATA K NIeYaTy.

Ipumep METOIUKH: 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 226228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C1sH12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Buumanue! B crarbsx, NMOCBAIIEHHBIX CHHTE3Y HOBBIX COCAWHECHHUH, NOMYCKAacTCs
pa3MelIeHe IKCNePUMEHTAIBHOM YacTH 3a paszzenoM Pe3yasTaThl 1 06cysKIeHue.

3.11. B paszmene Pesyabrarbl m o00cyxKIeHUe, KOTOpBIH sBIsSeTCS HambOolee
Ba)XHBIM, CJIElyeT OOCYOUTh M OOBSCHHUTH IIOJy4YeHHbIE B paboTe pe3yJabTaThl,
MIPOAaHATU3MPOBATh OCOOEHHOCTH CHHTE3a, IPOAEMOHCTPUPOBATh U yKa3aTh BO3MOJKHBIC
OTpaHUYCHUA. HpOBeCTI/I CpaBHCHUC IIOJYYCHHBIX PE3YJIbTATOB C OHy6HI/IKOBaHHLIMI/I
panee. Bce HOBbIe COEIMHEHHS JOJDKHBI OBITh IIOJIHOCTBIO OXapaKTepPH30BaHBI
COOTBETCTBYIOIIMMH CIEKTPAJIbHBIMU U JIPYTUMH (HU3UKO-XMMUYECKHUMHU JaHHBIMH. B
TeKCTe 0000MIAIOTCS ¥ Pa3bACHIIOTCS TOJIBKO T€ CIEKTPaIbHbIE JaHHBIE, KOTOpPHIE
UCTIONB3YIOTCS ISl TOATBEPXKACHHS  CTPYKTYPHl  TOJyYEHHBIX  COEIMHEHHH.
[lepeuncnenne OXHMX M TeX >K€ NaHHBIX B TEKCTe, TaONMIAX W HAa PUCYHKax He
nomyckaercst. sl HOBBIX METO/IOB CHHTE3a JKEJIaTeIbHO OOCYINTh MEXaHU3M PEaKIUH.
Jnst 06001IeHns JaHHBIX HEOOXOIMMO HCIIOJIb30BATH IOHATHBIE PUCYHKH W TAaOJIHUIIBIL.
HpeI[CTaBHeHHI)Ie JAHHBIC JOJIKHBI TOA1aBaTbCA MHTCPIIPETALINN.

Ilpu oOcyxaeHHMH pE3yJbTaTOB  CIEAYeT IPUACPKHBATHCS  OQHUIUAIBHOM
tepmunosoruu [UPAC. Pe3ynpTaTel peKOMeHAyeTCs U31arath B IPOIIEAIIEM BpeMeHH .

OO0cy:kneHne HE JODKHO TOBTOPSATH ONMCAaHHE pPE3ylIbTaTOB HCCleAOBaHHUA. B
TEKCT€ JIOJDKHBI OBITh HCTOJB30BaHBl OOIIENIPUHATHIE B HAYYHOU JHTEparype
cokpamieHus. HecTaHTapTHBIE COKpAalIeHUS MOJDKHBI OBITh pacmu(ppoBaHBl IOCIE
NIEepBOTO IOSBJICHUSI B TeKCTe. ENMHMIBI M3MEpeHHMi JODKHBI OBITH YKa3aHbl B
MexnyHapoanoit cucreme CH.

3.12. 3arem pexomeHnyeTcs cOpMYJIMPOBATH 3aKJII0YeHHe, B KOTOPOM yKazaTb
OCHOBHBIE JOCTHXEHHUS, IPEACTaBICHHbIE B CTaTbe, U OCHOBHOM BBIBOJ, COZAEpKaIUN
OTBET Ha BOIPOC, MOCTABJIICHHBIA BO BBOJHOW YacTU CTaThH, a TAaKKE BO3MOXHOCTh
HCIIOJIb30BAaHUA mMarepuaia CTaTbHu B (I)yH}laMeHTaHBHLIX HIIN IIPUKJIaTHBIX
HCCIICTOBAHMSIX.

3.13. [IpuBoautcs uaGOpMAIHsI O PUHAHCHPOBAHUYU WCCIICTOBAHMA.

3.14. BelpakaeTcst 6J1aro1apHoCTh T€M, KTO TTIOMOT BaM B IMOATOTOBKE Barei
paboThI.

3.15. B pykommcu JOMKHO OBITH 3asBIEHO O TOM, HMEETCS JIM KOH(JIMKT
HHTEPEeCOB

3.16. B undopmammn 00 aBTOpPax YKa3bIBalOTCA: Yy4€Has CTENEHb, 3BaHUE,
noJokHocTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHYMBAETCS CHUCKOM JIMTEPATYPhI CO CCHUIKAMU Ha PYyCCKOM (WX
Ka3aXCKOM) f3bIKE M CCBUIKAMU Ha s3blke opuruHana. CcbUIKM Ha JIMTepaTypHBIE
WUCTOYHHKHM B TEKCTE IMPUBOJSATCS IMOPSIKOBHIMU apaOCKMMHU ILMdpaMu B KBaJpaTHBIX
ckoOKax 1O Mepe YNOMHHaHMs. Kaxrmas ccpulka JOJDKHA COJEp)KaTh TOJNBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEKHMH M AKTyalIbHBIMH HCTOYHHKAaMH 0€3 M3IHIIHEro caMonuTHpoBaHusA(He Ooree 20
mporieHToB). Jlns crareil jkemareneH CIHCOK M3 He MeHee 10 CCBUIOK CO CTpoKaMu
JOCTyTIa B HHTEPHETE.

3.18. Ob6s3arenpHa uHpopManusi 00 aBTopax. B Hell yka3bpIBaloTCs: ydeHas
CTeTeHb, 3BaHue, A0HKHOCTE, e-Mail, ORCID, daMuiius, uMsi, 0TYECTBO TTOTHOCTHIO Ha
TpeX sI3bIKAX.

HNudpopmanus o6 apTopax:

Jbxycun6exoB Ymupsax JKymacunoBud — AO «VMHCTUTYT XMMHYECKHX HAayK HM.
A.b. BekrypoBa», 3aBenyloumil jabopatopuell XMMHUHM COJieH W ynOOpeHuil, dYiieH-
koppecnionzieHT HanponanpHol akagemuu Hayk PecnyOnukn Kaszaxcran, npodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypranuesa I'ynp3zuna OpplHTaeBHa — JOKTOp XUMHuYecKuX Hayk, AO «HCTUTYT
xumuueckux Hayk uMm. A.b. BekrypoBay», Anmarter, Pecnybnuka Kaszaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

BasxmeroBa 3ammpa KenecOexkoBHa — KaHAMIAT XMMHYECKHX HAYK, BEIYIINIH
HayuyHbI coTpynHuk, AO «HCTUTYT XMMHUYecKuX HayK UM. A.b. bektypoBa», Anmatsl,
Pecnybnuka Kasaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
0001-7261-2215.
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Comcok  mutupyeMod — nmuTeparypbl  oopmusieTcsi B COOTBETCTBHHM  C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B koHIe cTaThM IOCIIE CIUCKAa JIUTEPATYpbl OONOIHUMENbHO TPUBOJUTCA
nepeBoj Pe3tome Ha kasaxckuit (Tyiinaeme) u Ha anriuiickuit s3piku (Abstract). Cnoso
Pesiome (Abstract, Tyitingeme) maercs mo wnentpy. Ha crnemyromieir crpoke ¢
BBIPABHUBAHUEM 110 JIEBOMY Kparo NPOIUCHBIME OyKBaMH HONY>KUPHBIM IpudTom Ne 12
NPUBOJMTCS Ha3BaHWE CTaThbH. Yepe3 CTpoKy Oe3 a03amHOro OTCTyna KypCHBOM,
MOTYXUpHBIM mpudTom Ne 11 matoTcs MHUIMANE U (GaMUITHHA aBTOPOB.

Ha cnenyromei crpoke 6e3 ab3amHOrO OTCTyHa KypCHBOM, CTPOYHBIMH OyKBaMmH,
mpudrom Ne 11 mpuBozsTCss MecTa pabOTHI aBTOPOB € HaACTPOYHBIMH MHJIEKCAMH (IIOCIIe
(damMnnnu ¥ Tepen Ha3BaHWEM OPTaHW3AINM), YKAa3bIBAIOLINE HA MECTO pabOTHl aBTOPOB.
3areM dYepe3 CTPOKY ¢ a03allHOrO OTCTYIA C BBIPABHHBAHHEM TEKCTA IO INUPUHE HIET
TEKCT pe3toMe, HaOpaHHBIH cTPOYHBIM mIpudTOM Ne 12.

Janee uepe3 CTpoKy ¢ ab3alHBIM OTCTYIIOM CTPOYHBIME OykBamu HpudTom Ne 12, ¢
BBIPAaBHUBAHMEM TEKCTa 10 HIMPHHE IPUBOIATCS KJIKOYeBbIe cjaoBa (oT 5 mo 10 mrt.),
obecrieunBaronie Handosee NOJHOE PACKPBITHE COIECPIKAHUS CTAThH.

3.20. [ns cratelt, mojaBaeMbIX Ha SI3bIKE, OTJIMYHOM OT aHTJUHCKOTO (Ha Ka3aXCKOM
W PYCCKOM SI3bIKE), B KOHIIC CTaThbH HAXOAMTCsA aHrimiickuit Gmok (Abstract,
Information about authors, References).

3.21. Bce crpaHuiibl pyKONIMCH CIIEYET IPOHYMEPOBATh.

4. TPEBOBAHHUSA K O®OPMJIEHUIO PYKOIIMCEN

4.1. O0bBeM cTaTby, BKIIOYAs aHHOTAIUIO U CITUCOK JINTepaTyphl: 10 8—10 cTpaHwmII.
O063opHbIe cTathil MOTyT OBITh 10 20 cTpanun. CraTksi HODKHa OBITH HamedaTaHa Ha
onHoi cropoHe sucrta A4 mpudprtom Times New Roman, pasmep kerns 14 T,
MEXCTPOYHBIH MHTEPBall — OAMHAPHBIA W moysiMu: BepxHee — 2.0 cM, HuxHee — 2.0 cm,
neBoe — 3.0 cm, mpaBoe — 1.5 cM; paccTaHOBKA IEPEHOCOB HE JIOMyCKaeTcs; aO3aIHbIi
orcrym — 1.0 cM; popmarupoBanue — 1o mupuHe. J[oKeH ObITh UCIIOJIb30BaH TEKCTOBBIH
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gojiee mo3aHue.

Jisi KpaTKOCTH M HArJIIJHOCTH OOCYXIICHHs COEIMHEHHsI, YIOMHHaeMble Oolee
OJIHOTO pasa, CIEAYeT HyMepoBaTh apa0CcKMMM LM(paMu B COUYETAHHUH CO CTPOYHBIMHU
JIATHHCKHMH OykBaMu (Juiss 0003HA4YeHHs COCJMHEHHH C NMEPEMEHHBIM 3aMECTUTEIIEM).
[Tpn ynoMuHaHNY MTOJTHOTO HAa3BaHUsI COEAMHEHNUS MHU(p AaeTcs B CKOOKax.

CrepeoXnuMH4YecKne CHUMBOJIBI M TPUCTaBKH, XapaKTepH3YIOIIHME CTPYKTYpHBIE
0COOCHHOCTH WJIM TIOJIOXKEHUE 3aMECTHTENsI B MOJIEKYJe, CIeAyeT HaOupaTh KypCHBOM
(italic): (R)-smantuomep, mpem-OyTuil, napa-KCWiol. BMeCTO IpOMO3JKHX Ha3BaHUUN
HEOPraHUYECKHX U YacTO yIOTPEOIIIeMbIX OPIraHUUECKHX COCIMHEHHUI ClleayeT 1aBaTh UX
¢dopmynsr: NaBr, TsOH Bmecto Opomua HaTpus M TOIyoJCyIb(poOHOBas KucioTa. llpu
UCIIOJIb30BAHMK TEPMHHOB M O0O3HAYCHHH, HE HMMEIONIMX HIMPOKOr0 MPUMEHEHUs B
JUTEpaType, UX 3HAYCHHs MOSICHSAIOTCS B TEKCTE MU MEPBOM YHOTpPeOICHHN: HAIIPHUMED,
oy tuneHTepedTanat (IIDTD).

Jns m300paskeHnst CTPYKTYPHBIX (GOPMYT XUMHUYECKHUX COEAMHEHUH HE0O0XO0IMMO
HCIIONB30BaTh pelakTtop xumudeckux ¢opmyn ChemDrawUltra. Bee Haamucu Ha
cXeMmax IpHUBOISTCS Ha AHIVIMHCKOM s3bIKe. B cxeme HeoOXoAMMO YyKasblBaThb BCe
YCIOBHUSL pEaKkIMi: HaJl CTPEJIKOW — peareHThl, KaTalu3aTopbl, PacTBOPHUTENH, IIOX
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CTpENIKOW — TemIiepaTypa, BpeMs, BBIXOJ. Eciin yclioBHs peakiuil CHIBHO 3arpysKaroT
CXeMY, UX MOXHO NEPEHECTH B KOHEI] CXeMbI, paclii(poBbIBas OYKBEHHBIMHU HH/ICKCAMH,
Hampumep, i: HCI, H20, 80 °C, 5h. Takoit ke OyKBCHHbIH HHACKC AOKCH OBITh yKa3aH
HaJl CTPEJIKOI COOTBETCTBYIOLIEH pEaKLUH.

4.2. YpaBHEeHHs1, CXeMbl, TaOJIMIbl, PUCYHKH U CCBUIKU Ha JINTEPATypy HyMEpPYIOTCS
B NOPAIKE UX YINOMHHAHHUS B TEKCTE U OO0JICHLI OblMb 6CMABAEHbL 8 MEKCM CMambu
TI0CJIE IEPBOTO YIOMHUHAHUA. TaOIUIbl U PUCYHKH JOJDKHBI COIIPOBOXKIATHCS TTOIHCHIO;
3arOJIOBKH K CXEMaM JaroTCsl TP HEOOXOJMMOCTH.

4.3. Tlo BO3MOXHOCTH CIEIYyEeT TOTOBUTh PHCYHKHM C IIOMOIIBIO KOMIIBIOTEDA.
OnHOTHITHBIE KPHUBBIE IOKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MacIITa0e Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKMMU LudpamH, KOTOpbIe
pacun(poBHIBAIOTCS B MOJMNMCAX K pHCYHKaMm. [l BceX PHCYHKOB HEOO0XOIMMO
npencraBuTh rpaduueckue daitnel B Gopmate jpeg ¢ MUHHMANBHBIM paspemenaeM 300
dpi. Hamnucn Ha pUCYHKaxX O/DKHBI OBITh HA AHTJIMICKOM SI3bIKE U MO BO3MOXKHOCTH
3aMeHeHbI Hu(pamu, paciinppoBKa KOTOPBIX JAETCS B MOJIKUCH K PUCYHKY.

OnuHOYHBIE MPSMBIE, KaK MPABUJIO, HE TIPUBOJIAT, a 3aMEHSIOT ypaBHEHHEM JIMHUH
perpeccun. Ilepeceuenne oceit KOOPAMHAT CIEAyeT PAacHoyaraTh B JIEBOM YTy PUCYHKa,
CTPENKM Ha KOHI[AX OCEH He CTaBATCS, JHWHHH, OTPAaHMYMBAIOLINE MOJIE PUCYHKAa HE
MIPUBOJSTCS, MacmTaOHas ceTka He HaHocuTcsa. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCyXJaeMble B CTaTh€ CHEKTPHI, BOJHTAMIIEPOTPAMMBI M APYrHE 3aBHCUMOCTH HE
myOmuKyIoTcs. PHCYHKH CHEKTPOB He J0JLKHbI ObITh BBINOJHEHBI OT PYyKH. Bce
PUCYHKH JOJDKHBI MMETh HYMEpalHio apaOckuMu nudpamu (eciu PUCYHOK HE OJMH).
CnoBo «PHCYHOK» M HAaMMEHOBAHWE IOMEINAIOT I0CJe IOSCHUTENBHBIX NaHHBIX W
pacnofyararot cienyronmm oopasom: Pucyrok 1 — [letanu npubopa.

4.4. Kaxxgas tabamua JTOJDKHA MMETh TEMaTHYECKHH 3arojIOBOK M ITOPSAKOBBIM
apabckuii HoMep (0e3 3Haka No), HA KOTOpBIM JaeTcs CChUIKa B Tekcte (Tabmmma 1).
Ha3Banue Tabmumpl pacronaraercs HaJ TaOuuiel ciea 6e3 ab3aIlfHOro OTCTyHa B OJHY
CTPOKY C €e HOMEpOM uepe3 THpe 6e3 Touku nociie HazBaHus. ['padbl B Tabnmnile 1OKHBI
UMETh KPAaTKWE 3aroJIOBKH, OTPAXKAIOIIME MapaMeTphl, YHCICHHbIE 3HAYEHHS KOTOPBIX
TIPUBEICHBI B Ta0JIMIE; OHM NHIIYTCS B MIMEHUTEIFHOM MaJiekKe €AMHCTBEHHOTO YHCIIA C
MIPONIMCHOM OYKBBI M Uepe3 3aIsTyl0 CONPOBOXIAIOTCS COOTBETCTBYIOIIMMH €IUHHUIIAMA
n3MepeHus (B COkpamieHHOW ¢opme). PHUcyHKN wimm cTpyKTypHBIE popMynsl B Tpadax
Tabnui He pomyckatotcs. [Ipomyckn B rpadax Hpu OTCYTCTBHM JaHHBIX 0003HAa4aroT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUSI - 3HAKOM «THPE».
[Mpumeuanns k TabiWIaM HHACKCHPYIOTCS apaOCKUMH IU(PpaMH W TOMENIA0TCA B
rpaHunax TabauIpl moa MaTepuanoM tabmuibl. CioBo «lIpuMeyaHue» ciemayeT nevarath
¢ mpornmcHOi OykBHI ¢ ab3amna. Eciu nmpuMedanne omHo, TO mocie cinoBa «lIpuMedanne»
CTaBUTCS THUPE W NPUMEYaHHUE [e4aTaeTcs ¢ NPONUCHON OyKkBbl. Heckonbko npumeuanuit
HYMEpYIOT II0 TOPSIKYy apaObckuMmu IudpaMn 0e3 NpOCTaBICHUs TOYKH M IeYaTaroT C
abzama. B Tabnumiax MCHoib3yIOT TOT e WPUPT, YTO U B TEKCTE CTATBhH; JOIMYCKAeTCs
yMmeHblIeHHbIH (He MeHee Ne 10 mpudrt TimesNewRoman).

4.5. Tlpu BBIOOpE €AMHMI] U3MEPEHUs] PEKOMEHIYETCSl MPHUIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETP, MHUKPOH); HM (HAHOMETP, MIJUTUMHKDPOH); M
(maxometp); A (amrcTpem); ¢ (cekyHna); MuH, 4 (yac), ' (repi); MI'n (merarepir); D
(apcren); I'c (raycc); B (BosbT); 3B (anmektponBosibT); A (ammep); Owm, Ila (mackans);
MIla (meramackanp); tlla (rexkromackanb); JIx (mkoyms); K (kemsBuH), °C (Tpamyc

Henwcus); [ (ebait).
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B ngecATHYHBIX APOGAX Wedasi 4acTh OTHAeJsieTcsl OT APOOHOI He 3amAToOH, a
TOYKOIA.

Hcnonp3yroTcss CleAyIOMHUe COKpAIIeHUS: T.KAM. M T.UL (TOYKA KHIICHUS H
IUTaBIICHUA) — Tmepen nudpamu; KOHI. (KOHIEHTPHUPOBAHHBIA Tmiepen (popmyIoi
coemuHeHus); M — MONleKyJsipHAs Macca), MOJb, Kaj, KKaji, H. (HOpMaJbHBIH), M.
(MOJIAPHBIH); KOHIIEHTPAIMsS PacTBOPOB 0003HauaeTcs (r/cmS, 1/11, MOMB/I).

Jns Bcex BHepBble CHHTE3UPOBAHHBLIX COENMHEHWI 00s3aTeIbHBI JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JIU00 Macc-CNEeKTPbI BHICOKOTO pa3pemenmus.

B 6pymmo-gopmyrax snemenTsl pacnonaratorcs B cienytomeM mopsiake: C, H u
Jlaee COrJacHO JIaTWHCKOMY andaBuTy. DOpMysbl MOJCKYJSIPHBIX COCIUHCHUH U
OHHEBHIX cOJel marotcs depe3 Touky (Hampumep, CsHsN.HCI). [Ipumep 3amiicn KoHCTaHT
Y JaHHBIX dJIeMeHTHoro aHaimsa: T.kum. 78°C (100 mm prt. ct.), T.Iwr. 50°C (EtOH),
ds%°0.9809, n?°1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Brraucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK u Y® coekrpsl. B skcnepumentansHoit wactu ans UK u YO cnekrpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKUE YaCTOThI MOJIOC, [UIMHBI BOJH MaKCUMYMOB
MOTJIOIIEHHSI, KO(PPHUIIMEHTHI SIKCTUHIHY (WK UX JIOTAPUPMBI) U YCIOBUS, PH KOTOPBIX
3aImcaH CHeKTp.

Hpumepwr 3anucu: UK crextp (Tonkwmii cnoit), v, cm™: 1650 (C=N), 3200-3440 (O-
H). YO cnextp (EtOH), Amax, HM (Ige): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u BC. JlomkHbl ObITH yKa3aHbl pabouas dyacToTa mpuoopa,
WCTIONB30BaHHBIN CTAaHIAPT W pPacTBOpUTENb. [IPOTOHBI B COCTaBe CIIOKHBIX TPYIII, K
KOTOPBIM OTHOCHTCSI CHTHAJ, CIeAyeT NONYepKHyTh cHm3y — 3.17-3.55 (4H, w,
N(CH2CHs)2); s moitoskeHust 3aMeCTUTENEH HCIoab30Barh o0o3Hauenus 3-CHs; s
o00o3HaueHns mosoxkeHust atomMoB — C-3, N-4 u T.n. Ecnm kakoi-HHOynb CHUTHAI B
CIICKTpE OIMHUCHIBACTCA KaK MyONeT, TPUIUIET WK AyOJeT MyOJieToB U T.I. (2 HE CHHTJIET
WM MYJBTHUILIET), HeoOXoauMo mpuBecTu coorBercTBytonme KCCB. Ecau mpoBeneHs
JIOTIOJTHUTENbHBIE HMCCIIEIOBAHMS ISl YCTaHOBJICHHSI CTPOEHHS WIIM MPOCTPAHCTBEHHBIX
B3aUMO/ICHCTBUIT aTOMOB, JIOJDKHBI OBITh YKa3aHbI UCIIOJIb30BAaHHBIC JIBYMEPHbIE METO/IBL.
B onucanuu cnexktpos SIMP 3C oTHecenne KOHKPETHOTO CUrHANA K KOHKPETHOMY aTOMY
yriieposia TPHUBOAUTCS TOJBKO TOTAA, KOI/IA OIpEeZeieHHe IPOBEJCHO Ha OCHOBE
JBYMEPHBIX 3KCIIEPUMEHTOB.

Ilpumepul 3anucu:

Crexrp SIMP'H (400 MI'u, CDCls), 8, m. 1. (J, ['m): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, k,

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

Cnexrp AMP3C (100 MTI'u, IMCO-ds), 8, M. a. (J, Tn): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH2CHa); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl MPUBOIATCS B BHIE YHUCIOBBIX 3HAYCHHH M/Z ¥ OTHOCHUTEIbHBIX
3HAYCHUH HOHHOTO TokKa. HeoOXoauMo yKasblBaTh METOJ W DJHEPTHI0 HOHHU3AIH,
MACCOBBIC YHCIIAa XapaKTePUCTUYECKAX HOHOB, WX HHTCHCHBHOCTH IO OTHOIICHUIO K
OCHOBHOMY HOHY U IO BO3MOXKHOCTH MX T'eHe3HC. B ciryyae XMMUUecKoil HOHM3AIMK IPU
onucaHuM INpubopa HEoOXOAMMO YKa3zaTh ra3-peareHT. B Macc-criekTpax BBICOKOTO
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paspelieHus] HalJCHHbIC W BBIYMCICHHBIC 3HAYCHHS M/Z TPHUBOAATCS C YCTBIPHMSI
JCCSITUYHBIMU ~ 3HAKAMH; €CIIM  HAiiJlcHHOe 3HaueHne M/Z COOTBETCTBYET HE
MOJICKYJIIPHOMY HOHY, OpYyTTO-(pOpMyla W BBIUHCICHHOC 3HAueHHe M/Z TakKe
MPUBOTUTCSI AT TOTO JKEe HOHA.

Ipumep 3anucu danuwvix macc-cnekmpa: Macc-criektp (OY, 70 3B), M/Z (lom, %):
386 [M]* (36),368 [M—H.0]* (100), 353 [M—H20-CH3]" (23).

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

Ilpumep 3anucu 0aHHBIX MACC-CREKMPA BbICOKO20 PA3DEUICHUA:

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

Brruuciieno, m/z: 282.1828.

4.6. /lanHble PEHTTeHOCTPYKTYPHOTO0 HMCCJIEIOBAHUSI CIETyeT NPEJOCTaBIATh B
BHJIE PUCYHKa MOJIEKYJbl C MPOHYMEpPOBaHHBIMH aromamu, Hampumep, C(1), N(3) (mo
BO3MOXKHOCTH B MPE/ICTABICHUH aTOMOB JUIMIICO M JAMUTEIUIOBBIX KoJjiebanuii). [lonHble
KpucTajulorpauyeckue JlaHHble, TaOJMIBl KOOPAMHAT aTOMOB, JUIMH CBs3ell U
BaJCHTHBIX YIJIOB, TeMIlepaTypHble (akTopsl B JKypHajie He IyOnuKylooTcs, a
nenoHupyoTces B KeMOpumkckoM OaHKe CTPYKTYPHBIX NAHHBIX (B CTaThbe yKa3bIBaeTCs
PETHCTPAIMOHHBIA HOMEP JICIOHCHTA).

4.7. Tlo TpeOoBaHMAM MEXKIYHApOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature npu oOleHKe NyONMMKanuid Ha S3bIKaX, OTIMYHBIX OT AaHMIUIICKOrO,
OubnuorpaduyecKue CIMCKH JOJDKHBI JaBaThCA HE TOJBKO HA S3bIKE OpUTHHANA, HO U HA
narunuie (pomaHckuM andasurom). [ToaToMy aBTOpEI cTaTei, MoJjaBaeMbIX Ha PyCCKOM
U Ka3aXCKOM S3bIKE, JIOJDKHBI IPENOCTABILSITh CIIMCOK JIMTEPATyphl B JBYX BapHaHTax:
00un na sizvike opueunana (CIIMCOK JIMUTEPATYPLI), a APYroit — B pomanckom aigasume
(References). TlocenHuii CMCOK BXOJANUT B AHTIHMHACKUIN GIIOK, KOTOPBIH PACIONOXKEH B
KOHIIE CTaThH.

Ecnu B crnucke ecTh CCHUIKM Ha HMHOCTpPaHHbIE IMyOJNMKAllMM, OHU IOJHOCTBHIO
noBTopsitotcst B cnucke References. Ilpu OUTHPOBaHWM PYCCKOS3BIYHOIO SKypHaua,
NEePEBOMMOT0 3a pyOeKOM, B PycCKOs3bIUHOI Bepcun CrHcKa JUTEPaTypsl HEOOXOAMMO
NPUBECTH TOJHYIO CCBUIKY Ha pYyCCKOs3bIUHYlO Bepcuto, a B References — na
MEXIYHAPOIHYIO.

Crrcok MCTOYHUKOB B References momkeH ObITh HalMCaH TOJBKO HA POMAHCKOM
andasure- naTuHMOE (MIPU 3TOM OH JOJDKEH OCTaBaThCs MOJHBIM aHamoroMm Crucka
JIUTEPATypbl, B KOTOPOM HCTOYHHMKU OBUIM TpPEICTaBIICHBl HA OPHUI'MHAIBHOM SI3bIKE

OIyOJIMKOBAHUA).
Jlyist HarMCcaHusl CChUIOK Ha PYCCKOS3BIYHBIC NCTOUYHUKH (M MCTOYHMKH HA WHBIX, HE
UCIMIONB3YIOMIMX ~ POMAHCKHIA andasur, S3bIKAX) CliellyeT  HCIOJb30BaTh

O®UIINAJIBHBIN EPEBOJI u TPAHCJIUTEPAILTMIO (cm. TpeGoBatus K TepeBojy
U TPAHCIUTEPALINH).

B References tpebyercs cienyromias cTpykTypa Oubianorpaduyueckoil cChbUIKH U3
PYCCKOS3BIYHBIX UCTOYHHMKOB: aBTOPHI (TpaHCIUTEpaNys), IEPEBO]] Ha3BaHUS CTaTbH WM
KHUTH Ha aHIVIMHCKUH S3bIK, HA3BaHWE MCTOYHMKA (TpaHCIUTEpalus — Ui TeX U3JaHui,
KOTOpBbIE HE HMMEIOT YCTaHOBJEHHOT'O pelaKkIMed aHTIMHCKOrO HA3BaHMs), BBIXOJHBIC
JaHHble B IIM(POBOM (opMmare, yKa3aHHE Ha S3bIK CTaThH B cKOOkax (in Russian mim in
Kazakh).TpanciuTepaliiio MOXHO BBIITOJHUTH Ha caitre http://www.translit.ru.

VYCIOBHBIC COKpAICHUsI HA3BaHWH PYCCKOS3BIYHBIX JKYPHAJIOB M CIPABOYHHKOB
HPUBOJATCS B COOTBETCTBHH C COKPAILCHUSMH, IPUHATHIME B «PedepaTuBHOM KypHaie
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XUMUS». QHITOSI3BIYHBIX M JIPYTHX WHOCTPAHHBIX JKYpPHAIOB — B COOTBETCTBHH C
COKpAIICHUSIMH, PEKOMEHIyeMBIMH Hu3faTelhcTBOM «Springer and Business Mediax:
http://chemister.ru/Chemie/journal-abbreviations.htm. Jlns  crareit Ha pycckoM ©
Ka3aXxCKOM s3blKax Ha3BaHue XypHana «Xumudeckuil Xypnan Kazaxcrana» cienyer
cokpamate: «Xum. Kypu. Kaz.» u «Ka3. Xum. KypH.» COOTBETCTBEHHO, a AJIsl cTaTel Ha
anrnuiickoM s3bike: «Chem. J. Kaz.». [IpuBonsatcs Gamunuy 1 MHUIMAIEI BCeX aBTOPOB
(coxparenus u Jp. u et al He gomyckaroTcs).

B Cnucke nuteparypst u B References sce paGotsl nepeuncisitorcss B IIOPSIJIKE
HOUTUPOBAHUSI, a HE B andaBuTHOM mOpSIKE.

DOI. Bo Bcex ciywasx, Koraa y IHMTHPYEMOro MarepHana ecTh MHU(ppOBOI
UACHTH(HUKATOP, €ro HEeoOXOAMMO YKa3bIBaTh B CAaMOM KOHIIE OINHCAHHS HCTOYHHKA.
Iposepsite Hanuuue doi y ucrouHHMKa cienyeT Ha caiire http://search.crossref.org wim
https://www.citethisforme.com.

Jns  QopmupoBaHus crnmcka JUTEpaTyphl (Bcex 0€3 HCKIIIOYEHHS CCBUIOK) B
Kypnane npuraT Oubmuorpadudeckuit craHaapt 6e3 UCIOIB30BAHUS PA3ICITUTEI «//»:

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

J11s Ka3axCcKo- MM PYCCKOSI3BIYHOTO HCTOYHUKA!

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).

Hiwxe npuBenensl 00pasipl 0(OPMIICHUST Pa3IMYHBIX BUAOB JTOKYMEHTOB, KOTOPBIX
HEOOXOANMO TIPHICP)KUBATHCS aBTOpaM IIpd  O(GOPMIICHHM pPOMAHCKOTO CITHCKa
References.

Onucanue cTaTbM 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 crarbu ¢ 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 MHTEpHeT-pecypea:

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).

HJIn

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

N

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

Onucanue CTaTbU U3 JIEKTPOHHOTI0 KypHaja:

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).
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Onucanne cTaTby U3 NPOAOJIKAIONIErocs H3AaHUA (COOPHUKA TPYI0B)
Astakhov M.V, Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
composite»]. Trudy MGTU
«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU
«Mathematic Modeling of the Complex Technical Systems»], 2006, No. 593, 125-130.

Onucanne MmaTepuaJioB KOHGepeHmii:

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 neftegazootdachi» [Proc.
6™ Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexxenarenbHO OCTaBIATH OJHO IEPEBOAHOE Ha3BaHUE KoH(pepeHIMH (B ciiydae
€CIIM HET INEePEeBEe/ICHHOTO Ha aHTJIMWCKUII A3bIK Ha3BaHUS KOH(EPEHIMH), TaK KaK OHO
TIPH TOIBITKE KeM- 00 HANTH 3T MaTepHaibl, KACHTUDHUIPYETCS ¢ OONBIINM TPYIOM.

Onucanue KHUru (MoHorpagum, cCOOpHHKA):

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

Onucanue nepeBOJHON 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 quccepTanuuy UM apropedepara qucceprauuu:

Grigor’ev Yu. A. Razrabotka nauchnykh osnov 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 ustroisty [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.

HJIn

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).

Onucanue NaTeHTa:

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.
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4.9. IlpuMep aHIJIOA3BIYHOrO OJI0KA JJIsl MPEACTABJIEHHUS CTATHU, HAMUCAHHOIM

Ha A3bIKE, OTIUYHOM OT AHTJIMICKOro:
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.

References

1. Evdokimova G.A., Gershenkop A.Sh.,Mozgova N.P., Myazin V.A., Fokina
N.V. Soils and waste water purification from oil products using combined methods under
the North conditions. J. Environ. Sci., 2012, 47, No. 12, 1733-1738,
https://doi.org/10.1080/10934529.2012.689188

2. Badrul 1. Petroleum sludge, its treatment and disposal: a review. Int. J. Chem.
Sci., 2015, 13, No. 4, 1584-1602. https://www.tsijournals.com/articles/petroleum-sludge-
its-treatment- and-disposal--a-review.pdf (accessed on 2 April 2021).

3. Krzhizh L., Reznik D. Technology of cleaning the geological environment from
oil pollution. Jekologija proizvodstva, 2007, No. 10, 54. (in Russ.).
https://www.ripublication.com/ijaer18/ijaerv13n7_44.pdf (accessed on 2 April 2021).

157


mailto:n_gulzipa@mail.ru
https://doi.org/10.1080/10934529.2012.689188
https://www.tsijournals.com/articles/petroleum-sludge-its-treatment-and-disposal--a-review.pdf
https://www.tsijournals.com/articles/petroleum-sludge-its-treatment-and-disposal--a-review.pdf
https://www.tsijournals.com/articles/petroleum-sludge-its-treatment-and-disposal--a-review.pdf
https://www.ripublication.com/ijaer18/ijaerv13n7_44.pdf

KA3AKCTAHHDBIH XUMUAJIBIK ’KYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

4. Nocentini M., Pinelli D., Fava F. Bioremediation of soil contaminated by
hydrocarbon mixtures: the residual concentration problem. Chemosphere, 2000, No. 41,
1115-1123, https://doi.org/10.1016/S0045-6535(00)00057-6

5. Cerqueira V.S., Peralba M.C.R., Camargo F.A.O., Bento F.M. Comparison of
bioremediation strategies for soil impacted with petrochemical oily sludge. International
Biodeterioration & Biodegradation, 2014, 95, 338-345,
https://doi.org/10.1016/j.ibiod.2014.08.015

54. Zemnuhova L.A., Shkorina E.D., Filippova I.A. The study of the sorption
properties of rice husk and buckwheat in relation to petroleum products. Himija
rastitel'nogo syr'ja, 2005, No. 2, 51-(in Russ.). http://journal.asu.ru/cw/article/view/1659
(accessed on 2 April 2021).

8. Mokrousova M.A., Glushankova 1.S. Remediation of drill cuttings and oil-
contaminated soils using humic preparations. Transport. Transportnye Sooruzhenija.
Jekologija, 2015, No. 2, 57-72. (in Russ.).
https://www.dissercat.com/content/razrabotka-nauchnykh-osnov-primeneniya-
guminovykh-veshchestv-dlya-likvidatsii-posledstvii (accessed on 2 April 2021).

9. Teas Ch., Kalligeros S., Zanikos F., Stournas S. Investigation of the effectiveness
of absorbent materials in oil spill clean up. Desalination, 2001, No. 140, 259-264.
http://www.desline.com/proceedings/140.shtml (accessed on 2 April 2021).

10. Ivanov A.A., Judina N.V., Mal'ceva E. V., Matis E.Ja. Investigation of the
biostimulating and detoxifying properties of humic acids of different origin under
conditions of oil-contaminated soil. Himija rastitel'nogo syr'ja, 2007, No. 1, 99-103. (in
Russ.). http://journal.asu.ru/cw/issue/view/6 (accessed on 2 April 2021).

11. Dzhusipbekov U.Zh., Nurgalieva G.O., Kuttumbetov M.A., Zhumasil E.,
Dujsenbaj D., Sulejmenova 0O.Ja. Pilot-industrial tests of the processing of oil-
contaminated  soil.  Chem. J.  Kazakhstan, 2015, No. 3, 234-240.
http://www.chemjournal.kz/images/pdf/2019/01/2019-1-2.pdf (accessed on 2 April 2021).

12. Patent RU 2486166. Sposob obezvrezhivanija neftezagrjaznennyh gruntov,
sposob obezvrezhivanija otrabotannyh burovyh shlamov [The method of disposal of oil-
contaminated soils, the method of disposal of waste drill cuttings]. Kumi V.V., 2013.
http://www.freepatent.ru/patents/2491266 (accessed on 2 April 2021).

13. Kozlova, E.N., Stepanov, A.L. & Lysak, L.V. The influence of bacterial-humus
preparations on the biological activity of soils polluted with oil products and heavy
metals. Eurasian Soil Sc., 2015, 48, 400-409.
https://doi.org/10.1134/S1064229315020052.

158


http://dx.doi.org/10.1016/S0045-6535(00)00057-6
http://www.sciencedirect.com/science/article/pii/S0964830514002637
http://www.sciencedirect.com/science/article/pii/S0964830514002637
http://www.sciencedirect.com/science/article/pii/S0964830514002637
http://www.sciencedirect.com/science/journal/09648305
http://www.sciencedirect.com/science/journal/09648305
https://doi.org/10.1016/j.ibiod.2014.08.015
http://journal.asu.ru/cw/article/view/1659
http://journal.asu.ru/cw/article/view/1659
https://www.dissercat.com/content/razrabotka-nauchnykh-osnov-primeneniya-guminovykh-veshchestv-dlya-likvidatsii-posledstvii
https://www.dissercat.com/content/razrabotka-nauchnykh-osnov-primeneniya-guminovykh-veshchestv-dlya-likvidatsii-posledstvii
http://www.desline.com/proceedings/140.shtml
http://journal.asu.ru/cw/issue/view/6
http://www.chemjournal.kz/images/pdf/2019/01/2019-1-2.pdf
http://www.freepatent.ru/patents/2491266

ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

FolasiMu KapusaJaHBIMHBIH 3TUKAChI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — /Kypuaj) 6acnacbIHbIH
ajgKacbl MeH O0ac pegakTopbl <«OKapusulaHy »3THKAchl KOHiHIeri KOMUTeT —

(Committee on Publication Ethics - COPE)»
(http://publicationethics.org/about),«Eyponaibik FBUIBIMH peIaKTopJIapaAbIH
KaybIMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xkoHe FbLIBIMH KapHAaHBIM 3THKACBIHBIH KOMHUTETIiH/E
(http://publicet.org/code/) kaGbLIIAHBUIFAH XAJIBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacna kpI3meriHzeri ofienke caii eMec ic - opekerTepai (IUIaruar, skajFaH akmnapat
xKoHe T.0.) OonmplpMayra >KOHE FBHUIBIMH OKAPHATAHBIMAAPIBIH JKOFaphl CanachlH
KaMTaMachl3 eTy YIIiH, KOJI KeTKI3TeH FhUIBIMH HOTIDKENEPAl KYPTIIBUIBIKKA JKapusiiay
MaKCaThIH/IAa PEJaKkIus anKachkl, aBTOpJap, PEIEH3EHTTep, CoHpaii-ak Oacma ynepiciHe
KATBICATBIH MEKEMeJIep STHKAIbIK HOpMalap MCEH epekesep/i caKTayFra MIHACTTI JKOHE
onmapablH Oy3puiMayblHa — OapnblK ImIapanapiasl maiinananysl Tmic. Ocbl  yaepicke
KATBICYIIBIIAPIBIH OapJIBIFBIHBIH FBUIBIMU JKapIsUIAHBIMAAP 3THUKACBIHBIH €peXelepiH
CaKTaybl, aBTOPJIAPJBIH 3UATKEPIIK MEHIIIK OOBEKTUICPIHE KYKBIKTAPBIH KaMTaMachi3
eTyre, >XapHsJIaHbIMJAp CalachlH apTThIPYFa JKOHE aBTOPJBIK KYKBIKICH KOpFalfaH
MaTepHaIapabl JKEKe TYIFANIapIblH MYIICCi YIIiH MaiganaHy MYMKIHIITIH JKOIOFa
KOMEKTECE/Ii.

Penaknusra xiOepinreH OapiblK FBUIBIMH Makajajap MIHICTTI TYpAe €Ki jKaKThl
Kynusi capanTamara xioepinezi. JKypHanaslH perakIusiIbIK adKackl MaKaJaHbIH JKypHA
TaKpIpbIOBIHA HKQHE TaJNANTAPbIHA COWKECTIriH aHBIKTAN/IBI, )KypHAJFa TipKey YIIiH OHBI
JIABIH ajla capajayFa >KypHAIIBIH JKayanTbl XaTIIBIChIHA kidepeni. On Koynka3O0aHbIH
FBUIBIMHM KYH/BIIBIFBIH aHBIKTAI, MaKaJla TAaKbIPHIOBIHA JKaKbIH FHIJIBIMA MaMaH/IBIKTapbI
O6ap  eKki Toyenci3 capamlmIbIHBI aHBIKTAHABl. Makananapasl peJaknusUIBIK ajKa JKoHE
pPEelaKIMsUIBIK alKa MYyIIesepi, COHAal-aKk 0acka enjep/eH MIaKbIPbUIFaH PELEH3CHTTEP
capanTaiipl. MakallaHbl capanTay yIIiH peleH3eHTTep/i TaHJay Typalibl HiemimMai oac
penakrop KabOsuimaiiapl. Capantay mMep3imi 2-4 anra )oHE PELEH3CHT OTiHilI OoibIHIIA
OHBI 2 anrTara y3apTyFa 601asl.

Pepaknusi MeH peleH3eHT Kapayra KiOepiireH jxapusiianOaraH MaTepuaaap by
KYIMSUTBIIBIFBIHA KNIk Oepeni. YKapusiiay Typasbl MICIIM KYPHAIIBIH PEAaKIHSIIbIK
aJIKachl TEKCEPreHHEH KeiliH KaOwuimaHamel. Kaker Oosran jkardaiina (pemakrop(iiap)
JKOHE/HeMece PeIeH3eHT(JIep) TapanblHaH €CKepTYJIepAiH O0iybl) Koibkazba aBTOpIapra
KOCBIMIIIAa Ty3eTyJiepre kioepijie/i, Coan KeliH ol Kaira Kapajajbl. DTHKa HOpMaJaphl
Oy3bUIFaH >KaFjaiia, MakajaHbl >kapusilaylaH 0ac TapTy KYKbIFbIH Penmakums esine
Kanaplpaabl. JKayanTsl pefakTop Makanaja IUlarar Aerl ecenTeyre JKeTKUIIKTI aknapar
OoJrraH >KafF/iaiiia OHbI XKapusiayra pykcar oepmeiii.

ABTOpJAp penakuysra xKioepinreH MaTepuaaIapabliH KaHa, OYpHIH XKapusiiaHOaraH
KOHE TYNHYCKAa eKeHZIriHe Kemiamik Oepeni. ABTOpmap FBUIBIMH HOTHXKEIEPIiH
CEeHIMJTriT MeH MaHBI3IBUIBIFBIHA, COHAAW-aK FBUIBIMH OJTHKAa KaFUJAATTapbIHBIH
caKTalyblHa, aTan aiTKaHAa, FbUIBIMH JTHKaHbl Oy3bUIMayblHa (FBUIBIMH JEpeKTepii
KOJIJIaH jKacay, 3epTTey IepeKTepiH Oypmanayra oKeNleTiH Oypmalnay, TUlaruar >KoHe
JKayFaH OipJecKeH aBTOPIIBIK, KaiiTanay, 0acka amaMaapblH HOTHKEIEPiH HEMICHY JKOHE
T.0.)TiKenei KayarTsl.

MakanaHsl penakiusra Oepy aBTOpJIapIblH MakajaHbl (TYITHYCKaza Hemece Oacka
Tingepre Hemece TUAEH aynapMmana) Oacka >KypHajira(jiapra) >kibepMereHiH >koHe Oyl
MaTepualiblH OYphIH kapusiianOaranslH Oinmipeni. Onait OonMaraH >karjaiia makana
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aBTOpyapra «ABTOPJBIK KYKBIKTBI Oy3FaHbl YIIIH MakKaJlaHbl JKapusulamay» JAereH
LIeiMMeH Kaitapbiiaasl. backa aBTopbIH TyBIHIBICHIHBIH 10 alibI3aH acTaMblH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKe3re CiuITeMenepii KepceTne ce30e-ce3 Keulipyre Kol
OepinmMeiiii. ANBIHFAaH Y3iHAITIEp HEMece MAJliMJIeMeNep aBTOp MEH JePEKKOe3/i MiHIETTI
TYpZe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
maiinanaHy, COHOaif-ak Ke3 KeNreH HBICAHIAFbl IUIardaT, COHBIH IMIiHAE IoieKci3
noiiekce3nep, Oacka amaMaapAblH 3epTTEYNEpiHIH HOTIKENepiH HeMIeHY JTHKara
KaTmaiiapl KoHe KaOpupmaHOaumpl. 3epTrey OaphICBIHA KAaTBIHACKAH 0apITBIK
TYIFaJapIblH YJIeCiH MOWBIHAAY KaXeT JKOHE MaKajala 3epTTeyli JKYpri3yae MaHBI3IbI
OomraH JKyMBICTapra cinrtemenep Oepimyi kepek. bipmeckeH aBTopmap apacwiHaa
3epTTeyre KaTbICIaraH alaMJapAbl KepceTyre kol OepiiaMeii.

ABTop(J1ap) KYMBICTapbIHAa KaTelikTep Oailkasca, Oy Typalsl Jepey peldaKkTopra
xabapar, Ty3eTy Typajbl YChIHBIC Oepyi THiC.

Komxka3banbl Oacklll mibIiFapygaH 0ac TapTy Typaibl LICHIIM peLeH3eHTTEpIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, pPEAaKLHsl ajJKaChIHBIH OTHIPBICHIHAA KaObUIIaHa Ibl.
PepakuusnbIK ajgKaHbIH LIENTIMIMEH jKapusUlayFa YChIHBUIMaraH Makaja KaiTa Kapayra
KaObuTnaHOaiapl. XKapusinaynaH Oac TapTy Typansl xabapiiamMa aBTOPFa JJICKTPOHIBIK
TIOIITA APKBLIBI XKiOepinemi.

KypHanaplH penakuusuIblK allkackl MakKallaHbl JKapusulayra pykcaT Oepy Typalsl
HIemiM KabbuTIaraHHaH KeHiH peIakHsIIbIK allka Oyl Typasbl aBTOpFa Xabapiaiiasl xoHe
Kapusay MmapTTapelH Kepcereni. Makanara OepinreH mikipaepAiH TymHyckacel JKypHan
PeOaKLIUACHIHAA 3 JKBUT CAaKTaJIbIHAIBI.
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Dmuka nayunvix nyoaukayui

Penakuuonnas KOJLJIerusl H IJIABHBIH peaAakTop HAY4YHOI0
sJKypHa1a « XumMuyeckuii s;kypHai Kazaxcrana» (nanee — XKypHau) npuaep:kuBarorcs
NPUHSATBIX MeKIYHAPOIHBIX crangaproB «Komurera 3THKH no
nyoaukamuam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «kEBponeiickoii accouMauu HAYYHBIX
pexakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo 3ITHKe HAYYHBIX MNYOJIHKALUNA»

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

Bo usbexanue HeTOOPOCOBECTHON MPAKTUKH B MyOJUKAIMOHHOW CSITEIHHOCTH
(HJ'IaFI/IaT, H3JI0OKCHHUC HEJOCTOBCPHBIX CBeHeHHﬁ n I[p) U B LICJIIX o6ecnequI/m BBICOKOI'O
Ka4yeCTBa Hay4YHBIX Hy6J’IHKaHHﬁ, MIpU3HAHUA O6IIICCTBGHHOCTI)IO, TMOJIYUYCHHBIX aBTOpPOM
HAay4YHBIX PE3yJbTAaTOB, WICHBI PEIAKLHOHHOIO COBETA, aBTOPHI, PELCH3CHTHI, a TaKxkKe
YUPSKACHHUS, YIaCTBYIOIINE B H3IATEIBCKOM IpoLecce, 00S3aHbl COOMIONaTh ITHYCCKUE
CTaHOapThl, HOPMBI ¥ TpaBWIA M IPHHUMATh BCE MeEpBl U NPEIOTBPAILCHUS HX
HapymeHuid. CoONIoIeHHe MpaBWi 3THKH HAYYHBIX MyOJHMKAIWil BCEMH yYacTHHKaMHU
9TOr0 TpoIecca CIHOCOOCTBYeT OOECIEYCHHIO NpaB aBTOPOB HAa HHTEIUICKTYAJIBHYHO
COOCTBEHHOCTh, TOBBIILICHUIO KayecTBa H3JAHHUSA W HUCKIIOYECHHIO BO3MOXHOCTH
HEMPAaBOMEPHOI'0 MCIOJIB30BaHUA aBTOPCKUX MAaTCPUAJIOB B UHTEpPECaX OTACIbHBIX JIUII.

Bce HayuHble cTaTh, NOCTYNHUBIIHME B pENAKIHIO, IMOJUIEKAT 005S3aTEIbHOMY
JBOMHOMY CJIETIOMY perieH3upoBaHuio. Penaknus XKypHana ycTaHaBIMBaeT COOTBETCTBHE
crateu npodumo XKypHana, TpeboBaHUsAM K O(QOPMIICHUIO W HAINpaBiIsIeT €€ Ha MepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOpBIH ONpesessieT HaydHYIO
IEHHOCTb PYKOIMMCHU W Ha3HA4YaCT ABYX HE3aBUCHUMBIX PEUCH3CHTOB — CIICIHUAJIUCTOB,
UMEIOIUX Haubosiee GIIM3KME K TeMe CTATbU Hay4HbIe ClielUaIn3auny. PereH3npoBaHue
CTaTell OCYLIECTBIIACTCS YWICHAMH PEJaKLIHOHHOTO COBETa W PEJaKLUHOHHOMN KOJUIETHH, a
TaKKe NPUIJIALICHHBIME PELEH3eHTaMH JIPYrux cTpaH. PemeHue o BbIOOpe TOro WM
WHOTO PELCH3eHTA JUIsl MPOBEACHHUS IKCIIEPTH3bl CTAThH NPUHUMAET TJIABHBIH PeIaKkTop.
CpoK pelLieH3UpOBaHHs COCTaBIseT 2-4 HEAeNu, HO MO MpochOe PELeH3CHTa OH MOXKET
OBITH MPOJJICH, HO He OoJiee YeM Ha 2 HeJeH.

Pepaknmsi M pemeH3eHT TapaHTUPYIOT COXpaHEHHE KOH(PHUICHIUAIBHOCTH
HEONyOJMKOBAaHHBIX MAaTepUalioB IPHUCIAHHBIX HAa PacCMOTpeHue pabot. PerieHue o
nyOJIMKaluy NPUHAMAETCS PEAAKIMOHHOM Kosuierneid JKypHaia mocie pereH3upoBaHus.
B cnygae HeoOxoanMocTH (HaIm4yue 3aMedaHuid pelakTopa(-0B) U /WK pereH3eHTa(-0B))
PYKONUCHh HAampapjiseTcs aBTopaM Ha JopabOoTKy, IOcje 4Yero OHa MOBTOPHO
peuensupyercs. Pepakiust ocraBisier 3a OO0 MPaBO OTKIOHUTH MyOJMKALMIO CTaThH B
cllyyae HapyleHHs MpaBWJl 3THKH. OTBETCTBEHHBIH PENAKTOp HE JIOJDKEH JIOMYCKaTh K
myOmMKanuy MHGOPMAIMIO, €CIIM MMEETCsl JIOCTaTOYHO OCHOBAHWH II0JIaraTh, 4TO OHA
SIBIISIETCS TUIATNaTOM.

ABTOpBI TapaHTHPYIOT, YTO IPEJCTaBJICHHBIE B PENAKIHIO MATEPHUANBI SIBISIOTCS
HOBBIMHM, paHee HEONyOJMKOBAaHHBIMH M  OPUTHHAJIBHBIMH.  ABTOpHIl  HECYT
OTBETCTBEHHOCTh 3a JOCTOBEPHOCTH M 3HAYMMOCTHb HAYYHBIX PE3YJIbBTATOB, a TaKXE
CO6J'[IOJICHI/IC IMPUHIUIIOB Hay‘{HOI\/’I OTUKH, B YaCTHOCTH, HCIAONYIICHUEC (baKTOB
HapyIIEeHUsI HAyIHOH 3TUKH ((haOpuKaIys HayIHBIX JaHHBIX, (hanbCupUKaIs, Beaymas K
HNCKAXXCHUIO HCCJIICA0BATCIIbCKHUX JAaHHBIX, iaruar n JIOKHOC COaBTOPCTBO,
IyOMpoBaHUe, MPUCBOCHUE Ty KUX PE3YJIBTATOB U JP.)
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HampaBiienue craTbu B pelakiMIO O3HAYaeT, YTO aBTOPHI HE INepeliaBaii CTaThio (B
OpHUTMHAJIC WJIN B IEpeBOAE HA APYIHe SI3bIKM WIM C JPYTHX SI3BIKOB) B JpYyroi(-ue)
XKypHaJI(bl) ¥ YTO 3TOT Marepuan He Obul paHee omyOinKoBaH. B mpoTuBHOM ciydae
CTaThsl HEMEUIEHHO BO3Bpalaercst aBropaM ¢ (GpopmMynupoBkoil «OTKIOHUTH CTaThio 3a
HapylIeHHe aBTOPCKHX mpaBy». He nomyckaercst aocioBHOe KomupoBanue Oonee 10
MPOLICHTOB pabOThI IPYroro aBTopa 0e3 yKa3aHHs ero aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3anMcTBOBaHHBIE ()ParMEHTHl WM YTBEP)KACHUS HODKHBI OBITh O(OpMIICHBI C
00s13aTeTIbHBIM yKa3aHHEM aBTOpa M INEPBOMCTOYHHKA. Upe3MepHBle 3aUMCTBOBaHHMS, a
TakXKe IUIaruat B 1000 opme, BKiIoUas Heo(pOpMIICHHBIEC IIUTATHI, Tiepedpa3upoBaHUe
WY TIPUCBOCHHE TIPaB Ha Pe3yJIbTAThl Uy)KUX HCCICAOBAHUN, HEITUYHBI H HEPHUEMIIEMBI.
HeoOxoaumo mpu3HaBaTh BKJAJ BCEX JIMI, TaK WJIM HHAa4Ye IOBJIMSABIIMX Ha XOJI
HUCCJICA0OBAaHUA, B YaCTHOCTHU, B CTATHC JOJI2)KHBI OBITh MPCACTAaBJICHBI CCHIJIKM Ha pa6OTbI,
KOTOpbIE HWMEJNM 3HAaueHHe IIpU NpOBeJCHUH wuccienoBaHus. Cpeau COaBTOPOB
HEAOMYCTUMO YKa3bIBATh JIMI, HC Y4aCTBOBABIIUX B UCCJICIAOBAHUU.

Eciu aBtopom(-amu) oOHapyxeHa omuOka B pabore, HEOOXOJMMO CPOYHO
YBEIOMHTH PElaKTOpa U BMECTE MPUHATH pelieHne 00 UCIpaBICHHN.

Pemenne 06 oTkaze B myONMKALMM PYKOIHMCH TPUHHMACTCS Ha 3aceJaHHH
PEOAKLMOHHOM KOJUIETHH C YYeTOM peKOMeHIauui peneHseHToB. CrtaTbsi, He
PEKOMEHIOBaHHAs PELICHHEM DPEJAKIMOHHOW KOJUIETMH K ITyOJIMKAlM{, K IOBTOPHOMY
paccMoTpeHuto He npuHEMaerca. CooOleHne 00 oTKase B MyOJIHMKAIUMHM HalpaBiLeTCs
aBTOPY MO JJIECKTPOHHOMU MOYTE.

Iocne mnpuHaTHs peaxowterneid JKypHama pemeHnss o JOIMycKe CTaTbU K
myONMUKanuy penakius “HGOPMUPYET 00 3TOM aBTOpa M YKa3bIBA€T CPOKH IMyOJIUKAIIUH.
OpuruHanel pereH3uil Xpanarcs B pefakuuu JKypHana B TedeHue 3 neT.
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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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