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SYNTHESIS AND STUDY OF METAL-POLYMER NANOCOMPOSITES,
BASED ON A COPOLYMER OF POLYETHYLENE GLYCOL
MALEATE WITH ACRYLIC ACID, AND ITS CATALYTIC
PROPERTIES
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Abstract: Introduction. With the development of the chemical industry, the search for and synthesis
of new, and modification of the existing nanocatalytic systems are of great importance. In view of this, the
preparation of new catalysts by immobilization of transition metal metals in a polymer matrix becomes an
important direction in chemical synthesis. Purpose of this work is to submit experimental data on the
synthesis and study of the catalytic properties of silver and nickel nanostructures, immobilized in polymer
matrices, based on a binary system of unsaturated polyester — polyethylene glycol maleate — with acrylic
acid. Nanocomposites have been obtained by reducing a solution of nickel and silver metal salts with
sodium hypophosphite in the presence of an ammonia solution of silver chloride. Methodology. By the
methods of spectroscopy, microscopy the sizes, structure and morphology of polymer-stabilized
nanoparticles are determined. Results. The obtained nanocomposites contain isolated Ag® nanoparticles
with a diameter of 60£10 nm, predominantly spherical in shape and metallic Ni® with a cubic shape of
70+10 nm, uniformly distributed in the polymer matrix, as well as agglomerates on the surface of the
polymer matrix, the dimensions of which vary within 150-200 nm. The catalytic activity of the
synthesized nanocomposites, which show high efficiency in comparison with the standard metal catalysts,
has been also studied.
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1. Introduction

In recent years, many works have been carried out, aimed at creating various
types of nanoscale structures that include metal nanoparticles in combination with
the functional polymers. Such particles, having a significant reactivity and an
increased tendency to ion exchange, upon immobilization in the polymer
matrices, impart new properties to the resulting nanocomposites. The stability of
nanoparticles in polymer matrices is maintained for a long time. The scope of
application of nanocomposite materials is very extensive: from catalytic processes
in the chemical industry to the manufacture of medical and cosmetic preparations.
As a result, large-scale fundamental and applied research to develop innovative
materials and technologies, especially nanocomposites, is an urgent task, and is of
great scientific and practical interest [1, 2].

From a practical point of view, polymer-immobilized metal nanoparticles
(MPNs) are of great interest for obtaining a new generation of efficient and stable
hydrogenation and oxidation nanocatalysts operating on the principle of enzymes
under mild conditions (at the room temperature and atmospheric pressure).

Based on the foregoing, it can be concluded that the synthesis of new
nanocatalysts of the “metal-polymer matri” type, in combination with the
immobilization of catalytically active transition metals in polymeric supports,
opens up a wide range of their applications. Therefore, today the search for new
catalytic systems, in particular, nanocatalysts with high activity and selectivity, is
an urgent task.

In previous works, we presented the results of the research on the
development of new methods for the synthesis of “smart” polymers, based on
unsaturated polyesters, cured with the unsaturated carboxylic acids. The
properties of polymeric materials obtained on their basis are unique, providing a
wide range of their practical applications in agriculture, medicine, petrochemistry,
and chemical synthesis. In this regard, it should be noted that the synthesis of
“smart” copolymers with a high moisture absorption capacity, based on available
and inexpensive raw materials — unsaturated polyesters cured with ionic vinyl
monomers — and its further study is an important direction [3-6].

Previously, new mono- and bimetallic metal-polymer nanocomposites based
on the copolymers of polyethylene-(propylene)glycolmaleines (p-EGM, p-PGM)
with AA and metallic cobalt were synthesized. The possibility of using
copolymers of the above unsaturated polyesters with AA as a matrix for the
preparation of effective hydrogenation catalysts has been shown. Thus, it has been
found that the resulting MPCs contain isolated NPMs with a diameter of 30-120
nm, predominantly spherical in shape, uniformly distributed in the polymer
matrix [5].

The main purpose of this work is to study the physicochemical properties and
catalytic activity of nanocomposites, based on the smart polymer matrix p-EGM—
AA with metals, nickel and silver.
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2. Experimental part

The immobilization of metal particles into polymeric substrates of the p-
EGM-AA binary system with a composition of 14.8:85.2 wt.% was carried out by
reducing Ni*?, Ag* to Ni° Ag° with sodium hypophosphite (0.5 N) in a 0.5 N
solution of their nitrates, in the presence of a catalyst — an ammonia solution of
silver chloride. The reduction of Ni*?, Ag*! in the volume of the p-EGM-AA
polymer matrix was carried out in several stages:

— incorporation of Ni*2, Ag* ions into the polymer matrix;

— diffusion of reagents inside the polymer matrix;

—the reaction between nickel and silver nitrates and sodium hypophosphite,
proceeding with the formation of nanosized metal particles (NPs).

The salt reduction method used in this way had an important advantage over
the other methods of NPM synthesis: reproducibility of the results and the
possibility of obtaining large amounts of nanoparticles with a narrow size
distribution. The type of reducing agent in this case had a significant effect on the
formation of metal NPs. Thus, the MPCs of p-EGM-AA/Ag® and p-EGM-
AA/Ni® were obtained. Figure 1 shows the main structural fragments of p-EGM—
AA/AgQ:
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Figure 1 — Structural fragments of the p-EGM-AA/Ag monometallic polymer complex

The structure of the polymer and nanocomposites was studied by
microscopy. For example, an ultrathin sample was imaged, using a universal
thermal field transmission electron microscope (TEM) JEOL JEM-2100 200 kV
(Japan); The resolution at the optimal working distance was 0.8 nm at 2 kV, at the
convergence point was 1.2 nmat 1 kV Figure 2.
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The polymers molecular weight characteristics were analyzed by gel
permeation chromatography in dioxane on a PolymerLabs GPC-120
chromatograph with two PLgel columns. Molecular weight (MW) was calculated
according to calibration standards.

The study of the structure, morphology, elemental composition of the
synthesized complexes was established by microscopy on a MIRA 3 TESCAN
SEM “Oxford Instruments” (2012) with a high-performance silicon-drift detector
X-Act for elemental analysis at an accelerating voltage of 20 kV Figures 3, 4.

The amount of adsorbed metal in the complex was determined on a 4210
MP-AES atomic emission spectrometer (Agilent Technologies Bayan Lepas Free,
Malaysia), based on determining the elemental composition of the substance from
the optical emission spectra of atoms and ions of the analyzed sample excited by
nitrogen plasma.

The study of catalytic activity was carried out by pyridine hydrogenation in a
diaphragm electrocatalytic thermostatic cell, divided into anode and cathode parts
by an MK-40 membrane diaphragm, according to the procedure. The anode was a
platinum grid, and the cathode was a copper plate (type | conductor) with a
surface area of 0.048 dm?, which tightly adjoined the bottom of the electrolyzer
and serveed as a substrate for the catalyst. Hydrogenation of pyridine was carried
out at different values of the current strength and different temperatures. The
hydrogenation process included the following steps:

— start of the process — an introduction of the solutions and regulation of the
process conditions, 20% NaOH solution was used as anolyte, 5% NaOH solution
was used as catholyte;

— the resulting metal-polymer complexes were saturated with electrocatalytic
hydrogen for 30 min in the cathode part of the cell until the ratio of the volumes
of released Hz and O in the burettes was equal to 2:1;

— the hydrogenation process itself — a sample of the substrate (pyridine) was
introduced into the cathode space of the cell, and the volumes of the released
hydrogen and oxygen were noted every 2 min. The process was carried out until
the absorption of hydrogen ceased. The amount of absorbed hydrogen was used to
determine the rate of reduction of pyridine W) (mol-s™) and the hydrogen
utilization factor.

The hydrogenation reaction products were analyzed on an Agilent 7890A
chromatograph with a 5975C mass selective detector. The obtained samples were
extracted on catholyte with diethyl ether in a ratio of 1:1. Preliminary preparation
of samples was carried out on a CryoMill vibratory mill (Retsch, Germany, 2015).

3. The discussion of the results

For the synthesis of the polymer matrix, polyethylene (propylene) glycol
maleinate with a molecular weight of ~2820 Da has been used as the initial
monomer. The molecular weight of the polymer affects the copolymer swelling
degree and, accordingly, determines the pore size of the polymer matrix. The
degree of swelling of the studied p-EGM with AA binary systems has been

8
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~1900-2400%. The polymer matrix structure can have a significant effect on the
crystal structure and morphology of the resulting metal NPs; therefore, special
attention should be paid to the analysis of the surface morphology of copolymers.
For example, Figure 2 shows electron micrographs of the p-EGM-AA binary
systems studied by us.

Figure 2 — Micrograph of the polymer matrix — p-EGM-AA (14.8:85.2 wt.%)

According to the TEM results for the p-EGM-AA copolymer with a
composition of 14.8:85.2 wt.%, the pore size of network copolymers varies from
0.5 umto 1.1 um. It should be noted that the uniform pores of the polymer matrix
promote the formation and growth of individual particles in the bulk of the
polymer, preventing their aggregation.

Further, the nanocomposites, obtained by the reduction of a solution of salts
of nickel and silver metals with sodium hypophosphite in the presence of an
ammonia solution of silver chloride contain the isolated Ag® NPs with a diameter
of 50+10 nm, predominantly spherical in shape and metallic Ni°® NPs with a size
of 60+10 nm, cubic in shape (Figure 3a), evenly distributed in the polymer matrix.
In some cases, they form agglomerates on the surface of the polymer matrix with
sizes in the range of 150-180 nm (Figure 3b). Previously, it was found that metal-
polymer complexes based on copolymers of p-EGM with AA, immobilized in
them and reduced to Co®, are resistant to aggregation and oxidation, which gives
us the right to assume a similar behavior of our samples, containing Ag°® and Ni°.
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DNeKTpoHHOE n3ob6pa>xeHune 3 DNnekKTrpoHHoOe n3o6pa>XxeHue S

Figure 3— Electron micrographs of metal particles in nanocatalysts:
a-nickel in p-EGM-AA/Ni; b — silver in p-EGM-AA/Ag

The main part of NPs (about 80%) of the total mass is made up of the
particles with the sizes from 25 to 80 nm. A smaller part falls on larger
formations, 85-110 nm in size. Aggregates larger than 210 nm (about 15%) are
formed as a result of the adhesion of small particles that are marked on the
polymer surface.

The use of the p-EGM-AA binary system makes it possible to achieve a high
uniformity of the distribution of metal particles (Ni° in the volume of the
polymer matrix, as evidenced by the results of energy dispersive spectrometry,
shown in Figure 4.

Figure 4 — Micrographs of the distribution of individual elements in the volume of the polymer matrix

According to the results of energy dispersive spectrometry, the average
number of metal particles per 10 pm is ~1300+100 units. The particles for Ag°
and ~1000+100 units — for Ni% The content of Ag® and Ni° metals in
nanocomposites is ~20 wt.% of the total mass.

Figure 5 below shows the hydrogenation curve of pyridine, which
characterizes the course of the process without a catalyst. An analysis of this
curve shows that the character is not pronounced: it lies almost parallel to the
abscissa axis, while at the initial stage, absorption of a certain amount of
hydrogen is observed. In comparison with the process of hydrogenation without a

10
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catalyst, the hydrogenation curve of pyridine in the presence of p-EGM-AA/Ni°
and p-EGM-AA/Ag® shows intense absorption of hydrogen. The maximum
reaction rate is reached already by 20-25 minutes (Figure 5), and then drops
sharply. During this time, in the system with the participation of p-EGM-AA/NI°,
pyridine is hydrogenated up to 40% to the reaction products, and in the presence
of p-EGM-AA/AQ’, up to 45%. Among the reaction products, in addition to the
final product — piperidine — secondary products are found: in particular,
tetrahydropyridine (from 4 to 7%) and dipiperidyl (from 5 to 7%).

W(H2) mol/l/s

——Ni ——Ag < without kat

Figure 5- Change in the rate of pyridine hydrogenation during the reaction on catalysts:
p-EGM-AA/Ni® and p-EGM-AA/AQ®

As can be seen from the curve of the dependence of the rate (W) of the
reaction of hydrogenation of pyridine to piperidine on time (t), it has 3 sections,
similar for the both systems under study. At the first stage, hydrogen is
intensively absorbed, therefore, the main part of pyridine is hydrogenated at the
initial stage of the process. In the second section of the curve, a decrease in the
hydrogenation rate is observed, due to the consumption of a part of the pyridine
subjected to hydrogenation in the first stage. In the final section, the reaction rate
remains almost unchanged, which is proof of the completion of the process we are
studying.

Chromatographic analysis (Table 1) shows that, in addition to piperidine, the
catholyte after hydrogenation contains a secondary product, tetrahydropyridine, in
small amounts. Table 1 also shows the main results of the electrocatalytic
hydrogenation of pyridine at different current strengths in comparison. It has been
found that in the presence of p-EGM/AA-Ni® and p-EGM/AA-AQ°
nanocomposites at 1A, it has contributed to the uptake of ~70 ml and 60 ml of

11
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hydrogen, respectively, which is almost 3 times higher than in the presence of Ni
skeletal catalyst and in 7 times higher in the absence of a catalyst. The substance
yield of piperidine has been 88% under the conditions of 1.5 A, 25°C, using p-
EGM/AA-Ni°. The yield of piperidine on the substance as a whole varies within
70-88%.

Table 1- The results of the electrocatalytic hydrogenation of pyridine at different current strengths in
comparison

Catalyst Current Pressure, Volume of Process Product Secondary
strength, mm Hg absorbed duration, yield — products,
A Art. hydrogen min piperidine, %
(Vabsorbed Hz), %
ml

withoutcat 0.5 752 5.6 40 5.12 -
alyst 1.0 754 8.7 20 6.30 -
15 754 9.1 30 8.54 -

2.0 762 8.1 28 7.93 -

Ni 0.5 761 221 60 9.66 -
1.0 765 22.9 44 13.85 0.4

15 760 243 40 16.85 0.8
2.0 760 23.4 40 15.48 11
n-OT'M— 0.5 772 58.7 120 72.43 5.0
AK/NI® 1.0 780 68.9 82 82.71 4.3
15 772 76.7 66 88.21 35
2.0 772 67.2 54 86.47 8.0
n-OTM— 0.5 775 59.3 120 71.88 53
AKIAG 10 760 615 86 80.89 5.1
15 767 68.7 78 83.28 4.2
2.0 760 69.9 72 79.98 9.2
Experimental conditions: T= 25°C — not determined

MPC (Me?") p-EGM-AA/Ni° and p-EGM-AA/AgP perform a dual role in the
process: at the same time they accelerate the decomposition of hypophosphite and
further the nanocomposite accelerates the reduction of pyridine to piperidine:

NaH,PO,, H,O
212, oY o

MPC (Me2+) MPC (Mco) + H;PO; + H'

< :N-H + secondary
products
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The activity of p-EGM-AA/Ni® and p-EGM-AA/Ag® metal catalysts in
pyridinane hydrogenation is an order of magnitude higher than that of skeletal
nickel. So, for example, the reaction rate with the use of nanometallic systems
increases by ~5-6 times, as compared with skeletal nickel, and ~10-11 times
higher, as compared with the implementation of the hydrogenation process
without a catalyst. It should also be noted that the selectivity of the nanocatalytic
systems under study with respect to piperidine is ~3—4 times higher than that of
skeletal nickel.

4. Conclusion

As the studies show p-EGM-AA/Ni®, p-EGM-AA/Ag® exhibit a high
catalytic activity, chemical stability, and selectivity in the hydrogenation process.
Reducing the size of the catalyst particles to nanometric ones makes it possible to
increase the contact surface of the polymer with the reaction medium and,
thereby, to increase the efficiency of catalysis by several times, and the gel matrix
protects the particles from coagulation and oxidation. The obtained
nanocomposites under the new synthesis conditions contain the isolated Ag® NPs,
the diameter of which is 60+10 nm, having a predominantly spherical shape, and
metallic Ni® NPs, the size of which does not exceed 70+10 nm, having a cubic
shape, uniformly distributed in the polymer matrix. In some cases, on the surface
of the polymer matrix, they stick together into agglomerates, the dimensions of
which vary within 150-200 nm. The reaction rate of catalytic hydrogenation,
using the synthesized nanometallic systems increases by ~5-6 times as compared
with skeletal nickel, and by ~10-11 times as compared with hydrogenation in the
absence of a catalyst. On the basis of the data obtained, it has been established
that the selectivity of the nanocatalysts studied by us for piperidine is ~3—4 times
higher than that for skeletal nickel. The substance yield of piperidine has been
88% under the conditions of 1.5 A, 25°C, using p-EGM-AA/NI°.

The work has been carried out at the Research Institute of Chemical
Problems in the Laboratory of Biotechnology of the N-PLC of E.A. Buketov
Karaganda University (Karaganda, Kazakhstan), and on the basis of the analytical
and inorganic department of the University of Karlov (the Czech Republic).
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Tyiiingeme: Kipicne. XuMusi eHepKoCiOiHIH JaMybIMEH jKaHa MaTepHUalapibl i3[iey KOHE CHHTE3CY
JKOHE KOJIJJAHBICTaFbl HAHOKATAJIUTUKAIIBIK JKYienepai Monudukanusiay yIkeH MaHbI3Fa ue OOJbII OTBIP.
OcpbiFaH 0ailIaHBICTBI AyBICTIANIBI METAIAAP bl TIOJIMMEPIIi MaTpHLAa UMMOOHIN3ALUSIIAY apKbUIBI KaHa
KaTaJIn3aTopiap/sl JaiblHay XUMUSUIBIK CHHTE3/le MaHbI3/bl OaFbITKA aiiHamabl. JKymbicmoiy makcamol
— KaHbIKIAraH HOMMA(GUP — IOJMITUWICHITIMKOIb MaleHMHAT—aKpUI KbIIIKbUIBI OMHAPIBIK KyHeci
HETi3iHAeri  HOJNMMEpIiK — MaTpuiajapia  MMMOOWIM3AIUIAaHFaH —~ KyMiC — JKOHE  HHKEIb
HAHOKYPBUIBIMIAPBIHBIH CHUHTE31 KOHE KATAIUTHUKAIBIK KACHETTEpPIH 3epTTey OOWBIHIIA TKIpHOETiK
JiepekTepai ycbiHy. HaHOKOMIO3MTTEp HHKEIb JXOHE KyMIiC METal TY3JapbIHBIH EPITIHAICIH KyMic
XJIOPUIHIH aMMHaK epITIHAICIHIH KaThICYbIMEH HATpuil rUnodoc(uTiMEH TOTBIKCHI3AHIBIPY aPKbUIBI
anpiHAbl.  Odicmeme. CHNEKTPOCKOIHS, MHKPOCKONHS OIiCTEpIMEH MOJUMEPMEH TYpaKTaHIbIPbUIFaH
HAHOOOJIILIEKTEP/IIH ~ OJIIeMIepi, KYpbUIBIMBI ~ JKOHE  MOP(OIOTHICHl  AHBIKTAIJIBl.  AJIBIHFAH
HAaHOKOMIIO3UTTEP/IiH KypaMbIHaa auameTpi 60+£10 uM oxmaynanran Ag® HaHoOemmekTepi 6ap, mimmiHi
6aceM cepanblk skoHe Tekure mimimi 70+10 BM Meramnaeik Ni°, momumep MaTpunackiHma Gipkeski
TapajFfaH, COHbIMEH Kartap monumep Oetingeri emmemaepi 150-200 HM apasbIFbIHIAFBI arjioMepaTTap
6ap. CTaHmapTThl KaTaau3aTOPJIAPMEH CaJbICTHIPFAaHIa JKOFApbl THIMALTIK KOPCETETiH CHHTE3JCIreH
HAHOKOMIIO3UTTEP/IiH KaTaJTUTHKAIBIK OCICEHITIT 1e 3epTTeN/Ii.

Tyiiinai ce3aep: MONMITHICHITIMKOIb MAJICHHATHI, METAJUI-IOJIUMEPITi, HAHOKOMITO3HUT, KaTaJUTHKAJIBIK
OenceH 1K, HAHOKOMITO3HT, HAHOOOIIIIEKTED, MOIUMEP MATPHULIACH.
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CHUHTE3 W MCCJIEIOBAHME METAJLI-IMIOJUMEPHBIX HAHOKOMIIO3UTOB HA
OCHOBE COIIOJIMMEPOB MNOJIMATUJIEHIJIMKOJIb MAJIEMHATA C AKPUWJIOBOMN
KHCJIOTOM, U UX KATAJIMTUYECKHUE CBOMCTBA
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Pe3tome. Bsedenue. C pa3BUTHEM XMMHYECKOH IPOMBIIIIEHHOCTH OOJIBIIOE 3HAYEHHE HPHOOpPETaroT
MOHCK M CHHTE3 HOBBIX M MOJU(HKALS CYIIECTBYIOIINX HAHOKAaTAINTUYECKUX CHCTEM. B cBs3u ¢ 3TUM
MONyYCHHE HOBBIX KATAIM3aTOPOB ITyTeM HMMOOWIM3AUM HEPEeXOAHBIX METAalIOB B IOIUMEPHYIO
MAaTpHUlly CTAHOBUTCSl BAXKHBIM HAlPABICHUEM B XUMHYECKOM CHUHTe3e. Llens macmoswyeli pabomvl —
MPEICTaBUTh OIKCIEPUMEHTAIbHbIE JAHHBIE M0 CHHTE3Y W M3Yy4YEHHIO KaTaIUTHYECKUX CBOMCTB
HAHOCTPYKTYp cepebpa M HHUKeI, IMMOOMIH30BaHHBIX B IOIMMEpPHBIC MATPHIEI HA OCHOBE OMHApHOU
CHCTEMBl HCHACHINIECHHBIH MOMMI(QUP —IOMMATHICHITIUKONb MaJeuHaT — C aKPHIOBOH KHCIIOTOM.
HaHokOMIO3UTBI IMOJy4Yadd BOCCTAHOBJIEHHEM pacTBOpa cojeil MeTauloB Hukens U cepedpa
runopocHUToM HATpUs B HPHUCYTCTBMM aMMMAuHOTO pacTBOpa XJjopuua cepedpa. Memooonoeus.
MerogaMu CIEKTPOCKOINH, MUKPOCKOIIUH OIPENeIeHbl Pa3Mephl, CTPYKTypa H MOP(OIOrHs MOIUMEp-
CTaOMIM3HPOBAaHHBIX ~HAHOYACTHI. B  pe3ynemame  TONydeHHbIE HAHOKOMIIO3HTBI — COIEPXKAT
M30/MpOBaHHble HaHodacTHibl Ag’ juameTpoM 6010 HM MpeMMylIecTBEHHO chepudecKoil GopMbl U
meramueckuit Ni°® ky6uueckoit popmbl 70£10 HM, paBHOMEPHO pacripe/ie/ieHHble B TOIMMEPHOi
MaTpHIle, a TAKKE arJioMepaThl Ha HOBEPXHOCTH IIOIMMEPHAs MAaTPHIIA, pa3sMephl KOTOPOil KOIeOmoTcs B
mpeaenax 150200 ©m. HccnenoBaHa TakKe KaTalUTHYeCKas AKTHBHOCTh CHHTE3MPOBAaHHBIX
HAHOKOMIIO3UTOB, IPOSBISAIOIINX BBICOKYI0 3(Q(GEKTHBHOCTh IO CPAaBHEHHIO CO CTaHAApPTHHIMU
METAUINYECKUMHU KaTaIH3aTOPaMU.
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CURRENT STATE OF PROTECTIVE AND DECORATIVE
PROPERTIES OF WATER-DISPERSION ACRYLIC COMPOSITIONS
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Petropavlovsk, Kazakhstan
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Abstract. Introduction. The rapid progress of water-dispersion paints from the water-diluted group
is due to a number of their advantages over other paint and varnishes from the category of
environmentally friendly. The formulations of paintwork materials are dominated by aqueous dispersions
of acrylic copolymers, acrylic styrole copolymers, homo- and copolymers of vinyl acetate. One of the
main methods of targeted regulation of the properties of polymer composite materials and coatings is the
use of surfactants (surfactants). As a result of adsorption phenomena, their physical interaction with the
surface of dispersed particles and substrate, associations with film-forming molecules can significantly
change the deformation-strength, insulating, adhesive, coloristic and other properties of paint coatings.
The purpose of the work is a reasonable choice of polymer surfactants for obtaining water-dispersion
acrylic coatings with a given set of properties. This determines the relevance of research. Objects. Film
former - acrylic polymer, inorganic pigment - rutile-shaped titanium dioxide, modifying additives -
polyestersiloxane copolymer (PES) and sodium polyacrylate (PAN), aqueous solvent. Conclusion.
Analysis of the state and current trends in paint and varnish materials indicates the prospects of using
water-dispersion acrylic compositions. The study of the physical and chemical regularities of processes
involving surfactants, developed both in the volume of film-forming and at the interphase boundaries of
its interface with pigment and air, is an important prerequisite for the formation of scientifically based
approaches, when obtaining effective protective and decorative properties of coatings of water-dispersion
compositions.

Keywords: paint and varnish materials, water dispersions, acrylic polymers, surfactants, dispersed
particles, adsorption, titanium dioxide, polyestersiloxane copolymer,sodium polyacrylate

Lutsenko Aida PhD, E-mail: l-a.13@mail.ru

Alexandrovna

Dyuryagina Antonina Candidate of Chemical Sciences, Associate Professor, Head of
Nikolaevna department of Chemistry and chemical technologies, E-mail:

adyuryagina@inbox.ru

Citation: Lutsenko A.A., Dyuryagina A.N. Current state of protective and decorative properties of water-
dispersion acrylic compositions. Chem. J. Kaz., 2023, 2(82), 16-26. DOI: https://doi.org/10.51580/2023-
2.2710-1185.10

16


https://doi.org/10.51580/2023-2.2710-1185.10
mailto:adyuryagina@inbox.ru
mailto:l-a.13@mail.ru
mailto:adyuryagina@inbox.ru
https://doi.org/10.51580/2023-2.2710-1185.10
https://doi.org/10.51580/2023-2.2710-1185.10

ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

1. Introduction

Currently, when using paint and varnishes (paints), great attention is paid to
environmental aspects, which leads to a large-scale replacement of organ-diluted
paints with water-diluted paints.

As is known, in technological practice there are primary and secondary
aqueous dispersions of polymers, in which the dispersed phase consists of
spherical polymer particles with a diameter of less than 1 um, and the dispersion
medium is water. In the paint and varnish industry, primary dispersions obtained
by emulsion polymerization are the most common. As a result of emulsion
polymerization, unlike polymerization in a solution (secondary dispersion),
polymer macromolecules contained inside dispersed phase particles are obtained.
This allows the use of high-molecular polymers as filming agents for water-
dispersion paint and varnish materials (WD-PVM), which cannot be used as
solutions due to their high viscosity. As world experience shows, the formulations
of paintwork materials are dominated by aqueous dispersions of acrylic
copolymers, acrylic copolymers, homo- and copolymers of vinyl acetate. Due to
the multi-stage synthesis processes, polyacrylates are more expensive than styrene
and vinyl acetate, but have a number of significant advantages. Acrylic coatings
are almost transparent for ultraviolet rays, so the processes of destruction of the
filming agent in them are much slower, as a result of which they are not prone to
yellowing and retain shine under prolonged weathering.

However, despite the advantages of acrylic coatings, they, like all kinds of
water-diluted paints, are inferior to organ-dilutable ones in anti-corrosion
properties.

The organization of reliable and long-term coating protection is one of the
priorities in WD-PVM technology. Modern technological solutions are focused
on the introduction into their composition of surfactants (surfactants), which have
the ability to purposefully change the surface energy of film formers at the
interface with contacting phases (air, steel substrate, pigment), to regulate the
processes of wetting of pigment particles, their disaggregation and stabilization.
This allows you to obtain dense, impermeable to aggressive environments
insulating films of acrylic coatings. In addition, increasing the wetting capacity of
paint and varnish compositions of the steel surface increases the adhesion of the
coatings they form. High adhesive strength, in turn, prevents the formation and
spatial growth of corrosion products under the WD-PVM film, which improves
the protective capacity of coatings. However, there are no universal
multifunctional action modifiers.

2. Protective and decorative properties based on water-diluted paint
compositions

Various parameters characterizing the protective properties of water-
dispersion paint coatings (vapor permeability, moisture absorption, resistance to
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atmospheric factors and aggressive media) depend on the quality of dispersion of
pigments and fillers. According to modern ideas, the process of penetration of
various substances through the coating consists of sorption (dissolution), diffusion
and desorption on the back of the film. When filling polymers, factors not related
to interphase interactions make a certain contribution to their insulating
ability. These include an increase in the length of the diffusion pathway of
penetrant molecules associated with the need to bend the filler particles and a
decrease in the cross-section of the matrix available for penetration [1]. On the
basis of model ideas about the process of penetration of gases, vapors and liquids
through media containing impermeable inclusions, a number of mathematical
expressions linking the barrier and diffusion characteristics of filled polymers
with the volume fraction, shape and packaging density of dispersed phase
particles were obtained and tested in practice [2].The protective effect of coatings
depends on the specific properties of individual pigments, for example, on
photochemical activity, which can change when dispersion changes. Thus, the
size of pigment and filler particles also affects the protective and diffusion
properties of coatings, and, in most cases, the increase in dispersion helps to
increase the protective effect of paint coatings. Adhesive strength plays a special
role in the protective and decorative action of coatings.In general, adhesive
strength is a multifactorial indicator, depending on the nature of the polymer and
substrate and the conditions of coating formation. The highest adhesive strength is
provided by coatings made of monomeric or oligomere film formers, which are
converted into a polymer (three-dimensional) state directly on the substrate.
Monomers and oligomers are in some cases capable of chemosorption on the
surface of metals; their subsequent polymerization or polycondensation leads to
the formation of vaccinated polymers chemically associated with the substrate[3].
In the case of polymers, there is often a relationship between the adhesive
strength and the cohesion of the film material. Adhesive strength increases with
the increase in the content of functional polar groups in the film (-OH, -UN, -
SON, -SONHj, -SON, -OSONN), the cohesion energy of which is 25-65 kJ/mol.

The increase in the polarity of the somonomer ensures an increase in the
adhesive properties of films. Thus, when 4.3% methacrylic acid is introduced into
the acrylic copolymer, adhesion to glass increases from 8.2 MPa to 12 MPa [4],
with an increase in the methacrylic acid content first leading to increased
adhesion, and then the coating begins to crack and peel off. The existence of a
"critical™ concentration characteristic of all polar hydrophilic monomers, above
which there is a deterioration of properties, is due to the rapid evaporation of
water during film formation and a significant increase in internal stresses due to
strong intermolecular interaction. To a lesser extent, this is manifested in
copolymers containing etheric groups.

Among polymer protective colloids, polyvinyl alcohol with varying degrees
of acetylation, amides of polyacrylic and polymethacrylic acids,
polyvinylpyrrolidone, copolymers of maleic anhydride with styrene, copolymers
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of methyl methacrylate with methacrylic All these compounds have low surface
activity, but when they are adsorbed on the interphase surface, a protective
structural and mechanical layer with viscoelastic properties arises. Depending on
the specific conditions, the molecules of protective colloids on the interphase
surface can take different conformations. At increased concentrations of
protective colloids necessary for the formation of stable emulsions, they form gel-
like three-dimensional structures at the phase interface, and not all molecules of
the protective colloid are in direct contact with the surface.

The appearance of three-dimensional structures determines the stability of
the resulting emulsions, which is directly related to the mechanical properties of
interphase layers. However, a direct correlation between the structural and
mechanical properties of adsorption layers and their stabilizing effect is not
always observed. This is due to the fact that at high mechanical strength of the
adsorption layer, its components of the macromolecules of the protective colloid
have limited mobility. Under dynamic conditions of emulsion polymerization,
defects in the adsorption layer resulting from its deformation are eliminated very
slowly, which leads to a decrease in the stability of the emulsion [5]. It is believed
that there should be a three-dimensional structure with optimal mechanical
properties that ensure the formation of a viscous adsorption layer while
maintaining its mobility.

The action of another group of stabilizers, suspensions of finely dispersed
powders of water-soluble mineral compounds, is also based on the creation of a
structural and mechanical barrier at the phase interface that prevents the
coalescent of monomer drops [6]. For emulsion polymerization, such compounds
as C&SOs, Cas(PO4)2, Can, Mg(OH)z, MgC03, Mg3(PO4)2, Al(OH)g, BaSO4, etc.
are used as stabilizers of this type. The main ideas about the mechanism of action
of such stabilizers are formulated by Rebinder [7]. The surface of mineral
stabilizer particles has a complex structure. Most of it is hydrophilic and well
wetted with medium. At the same time, there are hydrophobic areas on the surface
of the stabilizer particles, thanks to which it is possible to contact the particles
with the monomeric phase due to the adhesion of particles by hydrophobic areas
of the surface to the drops of the monomer, a protective shell is formed on their
surface, which serves as a structural and mechanical barrier against the processes
of their coalescence. This protective shell can be a multi-layer coating that creates
a spatial coagulation frame that strengthens the protective layer. Mineral
stabilizers are often used in combination with low molecular weights, the role of
which is to partially hydrophobize the surface of stabilizer particles. It should be
noted that surfactants during emulsion polymerization can be formed directly in
the reaction system. It is shown that emulsion polymerization of styrene in the
presence of K;S;08, along with the simultaneous use of an oil-soluble initiator,
leads to the formation of small amounts of oligostyrene with terminal sulfate
groups due to partial polymerization of styrene in an aqueous solution.
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Oligomeric molecules are essentially surfactants modifying the particles of the
Cas(PO4), stabilizer. This technique has not yet been widely used, which may be
due to the risk of partial flow of the emulsion polymerization process, which is
known to be implemented even in the absence of surfactants when initiating a
reaction with water-soluble compounds such as persulfates.

In the future, protective coatings may not contain anti-corrosion pigments
and corrosion inhibitors used in our time, providing protection for the substrate
due to its excellent barrier properties. The structure of the coating, which provides
optimal barrier properties, is influenced by the chemical structure of the polymer
filming agent, the quality of dispersion of pigments and fillers, as well as the
affinity of the surface of the substrate and the polymer matrix. Improving the
structure of the coating leads to a decrease in its permeability to water,
electrolytes, gases, increased adhesion, resistance to cracking and other
mechanical damage. It is believed that modern development in the field of anti-
corrosion water-dispersion paints and varnish materials is aimed, to a large extent,
at improving the barrier properties of coatings through the use of high-quality
new generation filming agents and pigmenting additives, however, still
prevailing, quantitatively and effective, in terms of time, money and achieved
technological indicators, were a variety of methods of modifying water-dispersion
paint and varnish compositions by various modifiers.

The introduction of various modifiers into the formulation of water-
dispersion paints allows to improve technological (storage resistance, defect-free
application) and operational (adhesive strength, light, thermal, water, abrasion
resistance, scratch resistance) properties of coatings, intensify technological
processes, reduce raw material consumption, reduce the duration of the
technological process, energy and labor consumption per unit of produced paint
material, increase the environmental completeness of paints used in industry and
construction, contributing to the intensive replacement of traditional organ-
dilutable paint and varnish materials with these materials [8].

The theoretical basis for the effective use of additives, practical tests
assessing the effectiveness of their action in paintwork materials are the chemistry
and physicochemistry of polymers, the theory of surface phenomena and colloidal
chemistry [29]. One of the promising ways in this direction is to improve the
quality of water-dispersion paint and varnish compositions with the help of
various types of surfactants, which reduce production costs and are quite easy to
operate.The effectiveness of the modifier in a specific formulation depends on the
correct choice (according to the function that is required), on its presence in the
formulation at the optimal concentration and in the appropriate phase state
(molecule, associate, microstructure), on the presence of the additive "in the right
place” in the required concentration (wetting agent - at the border with the
pigment or substrate, etc.).

The effectiveness of the surfactant can be judged by its minimum
concentration in the recipe, which provides the desired result [9]. The action of
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surfactants is due to the formation of an adsorption layer on the surface of the
pigment and filler, the properties of which, in turn, are determined by the
formation of its internal and external parts. The inner part of the adsorption layer
is formed by the interaction of polar groups of surfactants with the active centers
of the surface, which contributes to the peptization of aggregated particles of
pigment and filler and the formation of elements of the coagulation structure. The
outer part of the adsorption layer is formed when the hydrocarbon radicals of
surfactant molecules are oriented into a polymer medium, increasing the
lyophilicity of the surface of pigment particles combined with it [10]. When
introducing polar hydrophilic pigments into non-polar hydrocarbon media,
modifiers with long hydrocarbon chains (hydrophobic agents) are used, for
example, saturated carboxylic acids, acrylates or their salts, as well as quaternary
ammonium salts and other compounds. For polar dispersion media, surfactants
are used as modifiers of the pigment surface, the molecules of which contain
polar groups in the hydrocarbon radical that are lyophilic in relation to the
polymer dispersion medium (i.e. bifunctional compounds of various types) [11].
This applies to all types of paint and varnish materials containing as a binder
solutions of polymers in organic solvents (or in water for water-soluble
polymers), water-dispersed binders. In recent years, polymer surfactants have
been developed and used, which, due to their high affinity for polymer filming,
can be even more effective than their low molecular weight analogues. An
important role is played by the nature of polar groups of surfactants and the
structure of hydrocarbon radicals of their molecules, as well as the chemical
nature of the polymer and the presence of polar functional groups in its
molecules. In suspensions of water-dispersion paints, the development of
aggregation and disaggregation processes depends both on the surface properties
of the solid-phase particles themselves and on the quantitative and qualitative
composition of film-forming, solvents and surfactants.

3. Modernization of paintwork forms based on the use of new film formers
The priority of a solvent is determined by its solvent and dilution capacity in
relation to filming agents, their impact on the technological characteristics of
suspensions during storage and operation (spraying, delamination), freshly
applied films on the substrate (fluidity, wetting of the substrate), dynamics and
quality of formation of coatings of paintwork coating In recent years, there has
been a steady trend in the formulations of water-dispersion paints and varnishes in
the content (up to the complete exclusion) of a number of traditional solvents
(solvent, toluene, xylene) due to their toxicity, as well as the economic feasibility
of using paints and varnishes with high dry residue [12]. The size of dispersion
particles affects many important properties of the filming agent, such as film-
forming ability, coating shine and the ability to penetrate porous substrates.
Moreover, the particle size strongly affects the area of the inner surface of the
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system and thus determines the required amount of stabilizer. The simplest
experimental method of determining the size of particles is to measure the
turbidity or light transmission of diluted solutions (0.01%) of dispersions: when
the size of particles decreases, their light transmission increases. In addition, the
color of the undiluted dispersions varies from milky white at a particle size of
more than 200 nm through light blue at a particle size of less than 100 nm to
almost transparent for dispersions with a particle size of less than 30-40 nm.

Dispersion producers often cite the light transmission value (the ratio of
turbidities of 0.01% of dispersion and water) as a parameter characterizing the
size of the particles. However, light transmission depends not only on the size of
the particles, but also on the difference in the refractive indexes of polymer and
water. Due to the higher refractive index of polystyrene compared to
poly(methyl)acrylates, styryl dispersions are characterized by lower light
transmission than pure acrylic ones, with the same average particle size.
Currently, accurate determination of the size of dispersion particles is carried out
by laser scanning. More complex methods such as analytical centrifugation,
electron microscopy with image analysis or capillary hydrodynamic fractionation
are used to obtain information on particle size distribution [13]. As noted above,
among aqueous paints, the most common materials are the dispersions of acrylic
copolymers (individual acrylates), acrylic copolymers (styrene acrylates), as well
as homo- and copolymers of vinyl acetate (with ethylene, ethylene vinyl chloride,
acrylic or methacrylic acid esters) [14]. The main components for their production
are methacrylic and acrylic acid compounds, acrylic acid esters, etc.

Acrylate links in the composition of the copolymer give the film elasticity,
and this effect increases with the increase in the length of the alkyl radical. The
copolymer can be introduced into ionogenic or non-ionogenic polar monomers
(acrylic and methacrylic acids, acrylamide, etc.) in large quantities leading to
water solubility, and in small ones (up to 5%) - to increased adhesion and the
ability of the copolymer to sew intermolecularly [15].

Improving the water resistance of films formed from a copolymer containing
methacrylamide is associated with the fibrillary orientation of the polymer in the
film, which leads to the greatest implementation of interaction between the polar
groups of the polymer [16]. The industrial production of acrylic acid and its
derivatives is well mastered: they are obtained from propane, and methacrylic
acid and its esters are obtained from 2-hydroxy-2-methylpropylonitrile, isobutane
or isobutyraldehyde as a result of multistage processes. It should be noted that the
listed monomers have a higher cost than styrene and vinyl acetate [17]. It should
be noted that methacrylic compounds have found the main application in the
production of solid polymeric materials and products based on polymethyl
methacrylate, and plasticized polymers of acrylic acid esters are mainly used in
the production of aqueous dispersions obtained by emulsion polymerization [18].
Such dispersions during drying form aging-resistant polymer films that have good
adhesion to most surfaces. Their disadvantages include low hardness (when using
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acrylic acid and its derivatives), as well as incompatibility with some functional
additives for paint and varnish materials.

Improving the water resistance of films formed from a copolymer containing
methacrylamide is associated with the fibrillary orientation of the polymer in the
film, which leads to the greatest implementation of interaction between the polar
groups of the polymer [19]. The industrial production of acrylic acid and its
derivatives is well mastered: they are obtained from propane, and methacrylic
acid and its esters are obtained from 2-hydroxy-2-methylpropylonitrile, isobutane
or isobutyraldehyde as a result of multistage processes. It should be noted that the
listed monomers have a higher cost than styrene and vinyl acetate. It should be
noted that methacrylic compounds have found the main application in the
production of solid polymeric materials and products based on polymethyl
methacrylate, and plasticized polymers of acrylic acid esters are mainly used in
the production of aqueous dispersions obtained by emulsion polymerization. Such
dispersions during drying form aging-resistant polymer films that have good
adhesion to most surfaces. Their disadvantages include low hardness (when using
acrylic acid and its derivatives), as well as incompatibility with some functional
additives for paint and varnish materials.

This problem is solved by copolymerization of acrylic compounds with a
number of other substances: siloxanes, vinyl acetate, simple esters, including
styrene, which further reduces the cost of dispersions obtained. In connection with
the above, it can be argued that the use of acrylic dispersions as a binder WD-
PVM allows to obtain coatings characterized by increased water resistance,
moisture permeability, hardness, gloss, it is worth noting that the cost of paints
obtained on their basis is much lower than that of materials on poly(met)acrylic
emulsions. Acrylate-based dispersions are among the most common paints on the
market, thanks to a good combination of price/quality criteria. As for pigments,
the increase in their nomenclature was carried out mainly due to the use of
materials with universal functional properties that provide effective mechanical
protection of the metal substrate from prolonged exposure to mechanical and
chemically aggressive media, as well as high decorative characteristics [20].

4. Conclusion

Analysis of the state and current trends in paint and varnish materials
indicates the prospects of using water-dispersion acrylic compositions. Modern
technological solutions for their improvement, in order to organize reliable and
long-term protection, are based on the modification of aqueous dispersions of
polymers with surfactants for multifunctional purposes.

Modification with the use of surfactants is favorably characterized by
multifunctionality and at the same time selectivity of the action, which is due to
the peculiarities of their composition, the possibility of localization (restriction) of
their functional activity within one effect due to their insignificant quantitative
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consumption or ensuring a complex manifestation through the simultaneous
introduction of several different-type additives into The role of surfactants in the
direct improvement of the protective and decorative properties of coatings of
water-dispersion compositions is to reliably isolate the substrate from contact
with aggressive media (oxygen, water) through the formation of impermeable,
dense coatings based on targeted dispersion of pigments and stabilization of
fineness states.

The range of surfactants with inhibitory and barrier mechanisms varies in
their type of functional groups and hydrocarbon radicals.

The stabilizing and dispersing activity of surfactants is determined by the
size and nature of adsorption (strengage strength, orientation in radical space,
packaging density of surfactant molecules and thickness of the adsorption layer)
respectively on the substrate and pigment and generally depends on the
composition of both the modifier (type and structure of add The mechanism of
formation of surfactant adsorption coatings is based on the general provisions of
the theory of adsorption of them from solutions; at the same time, in real paint
systems, it is necessary to take into account the adsorption of other components of
water-dispersion paint and varnish materials - filming agents competing with
surfactants. From the standpoint of resistance to long-term weathering and UV
irradiation, the shine of the formed coatings, as well as physical and chemical
prerequisites for modification, film-forming based on acrylic polymers are the
most preferable.

CY JUCHEPCHUSIIBIK AKPUJ KYPAMJIAPBIHBIH KOPFAY "KOHE COHKEPJIIK
KACUETTEPIHIH KA3IPTT KAFJAVDI

A.A. JIyyenxo, A.H. /Jiopazuna

«Manaw  Kosvibaes amvinoazer Conmycmix Kazakcman yuusepcumemiy KOMMEPYUSIbIK —emec
axkyuoHepuix Kogamvl, [lemponaen, Kazaxkcman
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Tyiiingeme. Kipicne. CyMeH CYHBUITBIIATBIH TONTAFHI CYJIbI-AUCHEPCHSIIBIK JTAK-005ly MaTepHasIapbIHbIH
(JIBM) sxpumaM idrepineyi SKONOTWSUIBIK KOJAWIBI CaHATTarbl Oacka Jak-00sy MaTepuaigapbIMCH
CaJBICTBIPFAHA OJIapbIH GipKaTap apTHIKUIBLIBIKTapbIHA GaitaHbIcTEL. JIBM penentypanapblHia akpiil
COMOJIUMEPIIEPiHiH, aKPWI CTHPOJ COMOJIMMEpPICpPiHiH, FOMO - )XOHE BHHMJIAIETAT COMOJIUMEpJICpPiHiH
cymsl aucmepcusiapsl  OackiM. [lommmepni KOMHOSHIMSIBIK MaTepHanmap MeH >KaObIHIApIbIH
KACHETTepiH MaKcaTThl PETTEYMiH Heri3ri omicrepinin 6ipi Gerrik Gencenni 3arrapasl (Bb3) maiimamany
OonbIn TaObUIABl. AJNCOPOLMSUIBIK KYOBUIBICTAPABIH, OJapblH JUCIEpCTi OemekTep MeH cyOcTpar
OeriMeH (HM3MKAIBIK ©3apa OpPEKETTECYiHiH, IUICHKAa Ty3yIli MOJeKyJalapMeH OaiiaHbIChIHBIH
HOTWKeciHIe JedopMalusHblH —OpIiKTiri, OKmiayiay, aAres3us, KOJOPHUCTHKANBIK JKoHE 0osy
»KaOBIH/IAPBIHBIH 0acKa KacueTTepi aiTapibIKTail e3repyl MyMKiH. JKymeicmbly makcamel — OepiireH
KacueTTep KelleHl 0ap Cy-IMCIepCHsUIBIK aKpWIl jkaObIHAApbIH any yiiH noiauMepii BB3 Herizpenren
Tayay. bys 3epTreyniH e3eKTUniriH aHbIKTaiabl. CycrneH3usuapAblH cunaTTaManapsl, OeTTik OenceHai
3aTTapMeH MOIMGMHKALMIAHFAH CYJIBI-OUCIICPCHSIIBIK aKpHJI J1aK-00sly MaTepuaiaapsl IUICHKaIAPBIHBIH
KYPBIIBIM/IBIK-MEXaHUKAJIBIK ~ JKOHE KOPFaHBIII-COHIIK KacHeTTepi 3epTTelil KOHE YCBIHBULIBI.
Obvexminep. TlneHka Ty3ylli-aKpui MoJuMepi, OCHOpPraHMWKANBIK MUIMEHT —PYTWIbAl MIlIiHAI TUTaH
IUOKCHAI, MOAM(UKALMSUIAYIIBl anauTHBTep — noimddupcmtokcan cononumepi ([I9C) xoHe HaTpHit
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nomakpmwiatsl ([IAH), cymsr epitkim. Kopwimeinowt. Jlak-60sly MaTepraiIapbIHbIH Kaii-Kyili MeH Kasipri
TEHJICHIUSUIAPbIH Tanuay Cy-TUCIEePCHUSLIIBIK aKpuII KOMIO3ULIUSIIAPbIH KOJIIaHYIbIH
MePCIIeKTUBAIBLIBIFBIH KopceTeni. CeHiMIl kKoHe y3aK Mep3iMIi KOpray/bl YHBIMIACTHIPY MaKCaTbhIHIA
oJapAbl KETULAIPYMIH 3aMaHAyW TEXHOJOTHSUIBIK IIeIIiMaepi Ken(yHKIMOHAIIBI OeTTik OelceHni
3aTTapMeH MOJMMEPICPIiH Cy MHUCIEPCHsUIaphIH ©3repTyre HerizmenreH. IlieHka Ty3ymr Keiemue ne,
OHBl MHUTMEHTIICH XOHE ayaMeH OenyaiH (a3zaapanblk IIeKapanapblHAa Ja JaMUTBIH 0a3 KaThICAThIH
NPOLECTEPiH  (U3HKA-XUMISUIBIK  3aHIBUIBIKTAPBIH  3€PTTEY  CYy-AMCIEPCHSUIBIK  KOMITO3HLHSIIAP
JKaOBIH/IAPBIHBIH, THIMI KOPFAHBIII-COH/IIK KACHETTEPIH aly Ke3iHAE FhUIBIMU HETi3/IeNreH Tacliaep/i
KaJIBIITACTBIPY YIIiH MaHbBI3/Ibl AIIFBIIIAPT OOJIBIN TaObLIA b

Tyitinai cesmep: Gostyaap MeH Jlakrap, Cy JUCIEPCHSCH, akpuil HoiauMepiep, Oertik Gencensi 3arrap,
Jqucrepeti  Genmekrtep, ancopOLMs, TUTaH JHOKCUJI, TNONMI(QUPCUIOKCAH COIOIMMEpi, HaTpui
MOJIMAKPUIIATHI.
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COBPEMEHHOE COCTOSIHUE 3AIIUTHO-TEKOPATUBHBIX CBOMCTB BOJJIHO-
JUCIIEPCUOHHBIX AKPHJIOBBIX KOMITO3HUIAM
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Pe3tome. Bsedenue. BeICTpbIii porpecc BOJHO-AUCIICPCHOHHBIX JTaKOKPACOUHBIX MAaTEPUAIOB U3 IPYIIIIbI
BOJIOpa30aBIIsIEMbIX OOYCJIOBJIEH PSIOM MX NPEUMYIIECTB 110 CPAaBHEHMIO C JPYTHMHM JIAKOKPACOUHBIMHU
MaTepuaiaMH W3 paspsifa SKOJOTHYecKH OnarompustHbiX. B penentypax JIKM mpeobianaror BomHbIe
JICTIEPCUM  aKPHJIOBBIX COIOJMMEPOB, AKPUICTUPOJIBHBIX CONOJIMMEPOB, TOMO- U COINOJIUMEPOB
BuHmnanerata. OJHMM M3 OCHOBHBIX METOJIOB IICJICHANIPABICHHOTO DETyJINPOBAaHUS CBOWCTB
MOJUMEPHBIX KOMITO3UIMOHHBIX MAaTEPUAJIOB M MOKPBITHH SBISIETCS HCIIONB30BAHUE IOBEPXHOCTHO-
aktuBHbIX BemecTB ([TAB). B pesynbrare ancopOIMOHHBIX SBICHHH, (HU3MIECKOTO B3aUMO/ICHCTBUS HX C
MOBEPXHOCTBIO JUCIIEPCHBIX YACTHI] U IIOJUIOKKH, ACCOLMAIMK C MOJISKYJIaMU IUIEHKOOOpa3oBaTesst
MOT'YT 3HAYUTENBHO H3MEHAThCA  Ae(OPMALMOHHO-IIPOYHOCTHBIE, H30JIMPYIOIIUE, aJre3UOHHEIE,
KOJIODUCTHYECKHE M JIpyrHe CBOMCTBA JIAKOKPACOUHBIX HOKpPBITHH. [leavio pabomel  sBIsieTcs
000CHOBaHHBIH BbIOOP nonuMepHbIX [TAB 11 nosmyueHust BOJHO-ANCIIEPCUOHHBIX aKPHIIOBBIX MOKPBITHIH
C 3aJlaHHBIM KOMIUIEKCOM CBOMCTB. ODTHM ONpEIENseTcsl aKTyaJbHOCTb HcCienoBaHU. V3ydeHsl u
MIPE/ICTABIICHBl XAapPAKTEPUCTUKH CYCHEH3UH, CTPYKTYPHO-MEXaHMYECKMX U 3allUTHO-IEKOPATUBHBIX
CBOMCTB IUICHOK BOJIHO-AMCIIEPCHOHHBIX aKPHJIOBBIX JIAKOKPACOUHBIX MaTEepHasioB, MOIU(DUIIMPOBAHHBIX
MIOBEPXHOCTHO-aKTUBHBIMH  BemlecTBaMu. Ob6wvexmot. [lneHkooOpa3oBaTenb — aKpHIOBBIA IMOJIUMED,
HEOPTaHUYECKUIl MUTMEHT — JHOKCH] TUTaHa PYTHIBbHOH (opmbl, MOTU(UIMPYIOIME aIJAUTUBBI —
nonudupcninokcanosiii conoimmep ([19C) u nommakpunar Hatpus (ITAH), BomHbIH pacTBOpUTEINS.
3axnouenue. AHaIM3 COCTOSHHS M COBPEMEHHBIX TEHJCHIUI JIAKOKPACOYHBIX MAaTepHaJIOB
CBUJIETEIILCTBYET O IEPCIEKTUBHOCTH TPHUMEHEHHS BOJHO-JUCIEPCHOHHBIX AKPHJIOBBIX KOMITO3HIIUIA.
CoBpeMEHHbIE TEXHOJOTMYECKHE pEeIIeHUS] IO HMX COBEPLICHCTBOBAHHIO, C ILEJbI0 OpraHu3aluu
HAJIOKHOW MU JIOJITOCPOYHOM  3aIlUUThl, 0a3upyloTcss Ha  MOAMGHUIMPOBAHMU BOIHBIX JUCHEPCUH
MOJIUMEPOB  MOBEPXHOCTHO-aKTUBHBIMM BEILIECTBAMHU MHOTO(YHKIIHOHAJILHOTO Ha3HAUCHUSL.
HccenenoBanne HU3MKO-XMMHUUECKUX 3aKOHOMEPHOCTEH Tporneccos ¢ yyactueM [1AB, pa3BuBaeMbIX Kak B
o0beMe IIIEHKOOOPasyIolero, Tak U Ha Mex(a3HbIX I'PaHHUIAX pasfeNa ero ¢ MUIMEHTOM U BO3JyXOM,
SIBJISICTCSl BA)KHOW MPEIIOCBUIKOH, a1 (OPMHUPOBAHUS HAYYHO-OOOCHOBAHHBIX IOJIXOIOB, IPH
MONYyYCHHUH S(Q(EKTHBHBIX 3alIUTHO-ACKOPATHBHBIX CBOICTB IIOKPBHITUH BOJHO-IHCIIEPCUOHHBIX
KOMITO3HIIUH.
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[MOBEPXHOCTHO-aKTUBHBIC  BEIECTBA, [TUCIEPCHBIC  YaCTHUIIBI, aAcOpOLMs, JWUOKCHJ  THTaHa,
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DEVELOPMENT OF A METHOD FOR OBTAINING A THIN TIO2 FILM
WITH THE PHOTOELECTRIC PROPERTIES BY THE
ELECTROCHEMICAL METHOD
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National Center on Complex Processing of Mineral Raw Material, Almaty, Kazakhstan
“E-mail: m.t.89@mail.ru

Abstract. Introduction. One of the most important sources of renewable energy worldwide is the
use of solar energy, which is developing rapidly, and solar power plants are becoming part of the energy
infrastructure of many countries. In this regard, titanium dioxide, which has photovoltaic properties, and is
used in the conversion of solar energy into electrical energy, is widely used. Purpose is to develop a method for
attaching nanostructured titanium dioxide, stable in aqueous solutions, to the surface of a metal titanium plate.
Objects. The mechanism of titanium dioxide formation on the titanium surface has been studied by removing the
potentiodynamic polarization curves of the anode-cathode cycle, and conducting electrolysis under the
potentiostatic conditions. It is established that during anodic polarization, its oxides are formed on the surface of
the titanium electrode in the solutions of sodium hydroxide (alkaline medium) and potassium sulfate (neutral
medium). Results. The curves of the anode-cathode polarization of a titanium electrode in a solution of
potassium sulfate with the concentration of 100 g/l have shown that an anode current appears in the region of the
potentials +0.2 V. Conclusion. It has been shown that during anodic polarization of titanium in the solutions
of sodium hydroxide and potassium sulfate, an oxide film forms on its surface. It is determined that the
formation of a titanium dioxide film occurs at a very low rate under the conditions of transpassivation.

Keywords: solar energy, titanium dioxide, coating, electrode, electrolysis, polarization
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Tyiiinaeme. Kipicne. Bykin onemae KalmblHa KENETiH 3HEPTUsi KO3JCPiHIH MaHBI3ABICHI - KYH CoyJeci
SHEPIUSCHIH MaljaNaHy >KOFapbl KapKbIHMEH JaMy/a, KYH DJIEKTp CTAaHLUMsUIApbl KONTEreH eniaepliH
SHEPreTHKAIbIK HH(PPaKYPBUIBIMBIHBEIH Oip Oeirine aifHamyma. Ocbl opaiija KyH coyleci HEPrHACHIH
9JICKTpP SHEPTUsIChIHA affHANIBIPY Ke3iH/e Mal1allaHbUIATBIH (POTOIIEKTPIIIK KACHETKE He TUTaH TUOKCU/II
KEWIHT1 Ke3/ie KeHIHEH KOJIaHbIC Tayblll Keneai. JKymbic Makcamol — CyJbl epiTiHIIepAe TO3IMAL OObII
KEJICTIH HAHOKYPBUIBIM/IBI TUTAH JUOKCHAIH METAJJbIK THTAH IUIACTHHKACBIHBIH O€TiHEe KOHIBIPHII
ayJbIH 9JIiCiH XKacay. Odicmep. Tutan OeTiHIe TUTaH JUOKCUJIIHIH TY3UIyiHIH MEXaHH3Mi aHO-KaTOThI
LUK TOTEHUHOJUHAMUKAIBIK MOIAPU3ALMSIIBIK KUCBIKTAPBIH TYCIPY JKOHE IOTEHIIMOCTATHKAJIBIK
JKaFIailaFbl  DIICKTPOJIU3  JKYPridy apKpuibl 3epTTemiHal. TuTaH anekTpoasl OETiHIAE aHOATHI
HOJIIpHU3aNIslIay Ke3iHAe OHBIH OKCHUATEPIiHIH Ty3UIETIHIIri HATPHil TUIPOKCUJI JKOHE Kaluid Cylab(aThl
epiTiHAIepinae aHbIKTaNAbl. Homuoicenep dicone mankviiay. TUTaH 3JEKTPOIBIHBIH KOHLIECHTPALUSICHI
100 r/n xanuii cynbhaThIHBIH EPITIHAICIHAE TYCIPUITeH aHOATHI-KATOATHI MOJSIPH3ALMSIIBIK KUCBIKTaphI
+0.2 B mnoreHumanmap aiiMarpiHAa Oactam aHOJ TOTbl TMaija OailKaaaThIHABIFBIH KOPCETTI.
ToTeHUHaIbIH aHOATHIK OaFbITTa OfaH 9pi JKBUDKYBIMEH MOJIIPOrpaMMajia aHOATHIK TOK IAMaChIHBIH
a3Jan >KorapbllaybIMeH Oipre TUTaHHBIH O€TiHAe KYPEH TYCTI OKCHITI KaOaTThlH Imaiiia OoJIaThIHIBIFbI
Gaiikanasl. «[lmroc» 0.5 B Gacran 2.0 B-ka aeifinri moTeHInam MOHIHIE aHOJ TOTHIHBIH ©CYl TEXeNlei,
Oyl KYObUIBIC THTaHHBIH TPAHCIIACCUBALMS KAFIAafbIHAA TOTBIFATBHIHABIFBIH KOPCETeMi, SFHU, OCHI
MOTCHIMAJIAp apabIFBIHIA TUTaH 63 OKCHAIH TY3€ OTBIPBII TOTBIFAJAbL. 3€PTTEY HOTHIKEIEpi, CYJbI
epiTiHAiIepAeri TUTAaH 3JEKTPOIBIHBIH AHOATHIK MOSIPH3ALMSICH KE3IHAE OPTYPIl AIEKTPOXUMHSIBIK
napameTpiaepaiy (AIEKTPOATAp apachlHIAFbl KEPHEY, ePITiHAIHIH KYpaMbl, 3JEKTPOIUT TeMIepaTypachl)
OCEpiHCH THTaH OJJIEKTPOIBIHBIH OCTIHAC THTaH AUOKCUIIHIH opTypii (opMamapsl TY3UICTIHAINH
kepcerti. Tyocuipuim. Hatpuit runpokcuai MeH Kanui cyib(harhlHbIH epiTiHIIepiHAe THTaHHBIH
AHOJTHIK TMOJSIPU3ALMAICH KE31HJC OHBIH OCTiHIE OKCHJ IUICHKAHBIH TY3LIETiHAIriH kepcerti. HaTtpwuii
THAPOKCUII MEH Kaluil Cynb(haThIHBIH EpITIHAUICPIHAC THUTAHHBIH AHOATHIK MOJSIPU3ALMSICHl KE3iH/Ie
OHBIH O€TIHJe OKCHJ IUICHKaHbIH TY3UICTIHAINiH KepceTinai. TuTaH NUOKCHUII IUICHKACBIHBIH TY31Iy
TpaHCIacCHBALKsI YKaFAaibIH/IA ©T€ TOMEH JKbULIAMIBIKIICH JKYPETiHAIr aHBIKTAIIIbL.
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1. Kipicne

CoHFBI OH XBULABIKTa OYKLJI 9JIeM/Ie KYH HEPreTUKAChIH Maiaiany Koraphl
KapKblHMEH JaMyla, KyH OJIEKTp CTaHLUMSUIapbl KONTereH  eJAepAiH
SHEPTEeTHKAIBIK HH(PAKYPBUIBIMBIHBIH Oip OediriHe aiiHamyna. Kyl coyneci
SHEPTUACHl TEXHOJIOTHSACHIHBIH JaMybl 3KOHOMHKara alTapibIKTail ocep eTeTiHi
KYMOH KeNTipMeiini. Annarel OH KbUIIBIKTA "KYH" pecypcrapbl Oap einep MeH
OHIPIIEP/IIH KYH 3JIEKTpP dHEPreTHKACHIHBIH KAPKBIHIBI JaMybl OPBIH aliajibl Jemn
KyTyre 6onasr [1, 2].

KyH coyneci »HeprusicblH 3JIEKTp OJHEPrusChIHA alHAIIBIPY Ke3iHjae
naiaanaHbUIaThiH (DOTOAIEKTPIIIK KACUETKE M€ THUTAaH JUOKCHII KEHIHIl Ke3le
KEHIHEeH KOJJIaHbIC TaOybl MYMKiH. COHJIali-aK, OJ1 XMMHSUIBIK TYPAKThI, 9pi ap3aH
TYpaTblH OONFaHIBIKTAH XUMHSUIBIK OHJIpicTe (OTOKAaTanu3aTtop peTiHae
naiinanansuiein keneni [3]. OcwifaH opaif, MeTamn OeTiHZE HaHOKYPBUIBIMIIBI

28



ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

TATAaH [OUOKCHOIH aNyAblH JKaHa DJIEKTPOXMMUSUIBIK — OIICTEepiH  ’kacay
MPAKTUKANBIK JKOHE TEOPUSITBIK MaHbI3Fa He.

Aiita ketry kepek, TutaHHblH Oetinge TixOy KypambIHIAFbl JKYKa OKCHJ
IJICHKAChl 0apibIK yaKbITTa OONanbl JkKoHE OYJI TaOWFW TJICHKAHBIH KAJTBIHJIBIFBI
20-40 um-nmen acnaiiael [4]. Bipak TutaH OeTiHae O0NaThIH OYJI OKCHATIK IUICHKA
(boToKaTaNUTUKAIBIK KoHEe Oacka na Kacuertepre ue emec [5-9]. Ocbiran
OaiilaHpICTBI, 013 TUTAHHBIH AHOMATHI TMOJIAPU3AIUAIAY KE3iHIEC OHBIH OCTiHIE
TATAaH [AWOKCHAIHIH TY3UTyiHE OpTYpdl MapameTpiepaiH JCcepiH 3epTTeliK.
AnaplH-ana JKYpri3iireH 3epTTeyliepiMi3, THTaH METaNbIHbIH O€TiHAe, CyJIbl
opTajia aHOATHIK TNOJsApU3alMsiIay KesiHiae Oenrini Oip Kypamaarbl THTaH
(hOTOKATATUTUKAIBIK KACHETTEPre Ue METAUT JUOKCHJI KaOBIKIIACHIHBIH alyFa
TY3UIETIHIITiH KOPCETTi.

Bysl KyYMBICTBIH HETi3rl MakcaTbl — CYJBI epiTiHIuIepae Te3iMAi OOJbII
KeJeTiH  HAHOKYPBUIBIMIBI ~ THUTaH  JHMOKCHIIHIH  METAIBIK  TUTaH
TJIACTUHKACHIHBIH OeTiHe KOHIBIPHIT ally IbIH SIICiH XxKacay.

3epTTey HOTHXKENEpPi, CyJbl ePITIHIICPACT]I TUTAH DJICKTPOJIBIHBIH aHOITHIK
MOJNSAPU3AIMSICEl  KE3iHAE OpTYPJi ANEKTPOXUMUSUIBIK —TapameTpiiH (SFHH,
ANIEKTPOATAP AapachIHIAFBl KEpHEyre, epiTIHAIHIH KypaMblHa, JIIEKTPOJHT
TeMIIepaTypachlHa *oHE T.0.) OCEPIHEH TUTaH 3JICKTPOABIHBIH OCTiHIE TUTaH
JOUOKCUIIHIH opTypii ¢opmanapsl Ty3UIeTiHAITIH KepceTTi. [lomspuzanms
JKarJaiibiHa OallaHBICTBI THTAaH OETiHAE OpTYPJl KYPBUIBIMBI Oap XoHe TYpii
TYCTI TUTaH JMOKCH/II Mai1a O0NATIH/IBIFBl AHBIKTAJJIBL.

2. 3epTTey amicTepi

Tutan OerTiHge TWUTAaH AMOKCUMAIHIH TY3UTyiHIiH MEXaHHW3Mi aHOJ-KaTOITHI
OUKIJII TOTEHIIMOJUHAMUKANIBIK TOISPU3ANMSIIBIK KUCBIKTAPBIH TYCIpY JKOHE
MOTCHIIMOCTATUKAJIBIK JKaFIaiaarsl AJIEKTPOJIU3 KYPrizy apKbUIbl 3€PTTEIIHI.
[loTeHnMoIMHAMUKANBIK TIONSPU3AIUSIIBIK KUCHIKTaphiH Tycipy ymriH CorrTest
Electrochemical Workstation (momemi CS120, KeItall) TOTCHIIMOCTATHI
KOJIJTAaHBUIBL.

Tutan onexTpoapl OeTiHAE aHOATHI TMONSAPU3ANMAIAY Ke3iHIe OHBIH
OKCHATEPiHIH TY3UICTIHIIrT HaTpuil THUAPOKCHAl (CULITUI OpTa) >KOHE Kaiuui
cyandatel (Oeritaparn opra) epiTiHauiepiHae 3eprreminmi. Taxipubenep keiemi
100 MJ1 IIBIHBI JIEKTPOJU3EPJE JKYPTi3iidi, KaToa PETiHJe THTaH IUIaCTHHACHI
KOJNJAHbUIABL. OJEKTPOJIU3 CTALMOHADPJBIK JKardaiaa, SFHA BIIEKTPOJIUTTIH
apaNacThIpybIHCHI3, O6JIMe TeMIlepaTypachlHaa >KYpri3uimi. OiekTpoarapibt
TYpaKkThl TOKNeH nossipusanusuiay yiriH GPS-1830D mapkanel TOk Ty3eTkirmi
(enmipymi Matrix, KeiTail) KongaHbuibl. ATanFaH 3epTTEy OAICTEpi ANIBIHFBI
AKYMBICTapBIMBI3JIa KENTipiireH [5].

Toxipubenep  HOTWXKECIHIE  allblHFAH TUTAaH  JUOKCHIIHIH  OETTIK
KYpBUIBIMBIH ~ aHBIKTay MakcatelHIa JSM-6610 LV  mapkansl 3aMaHayn
"CKaHEepIEeHTIH 3NEeKTpOHABl MuKpockomus" (eHmipymi Jeol KommaHUsCHI,
JKanoHust) KOHIBIPFBICEIHAA MUKpodoTorpadusiap Tycipiimi.
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3. 3epTTey HOTHKeIEPi MeH TAIKbLIIAHYBI

KypbUIFBIHBIH, ~ KOFapbl  CE3IMTAJIBIFBIMCH ~ aJbIHFaH  aHOJTHI-KaTOThHI
nostpu3atiust Kuceikraps! 100 1/ kanwii cynshaTeHBIH epiTiaaiciaae mioc 0.2 B
MOTCHIMAN AP aiMarbIHIa OacTal aHoJ | TOTHI Maiia OaliKamaThIHABIFBIH KOPCETTI
(cyper.l.). TloTeHUManmblH aAHOATHIK OarbITTa OJAaH Opi  KBUDKYBIMEH
MOJISIPOrpaMMaia ANFAIIKbIa AaHOATHIK TOK IMAMACBIHBIH a3Jall >KOFaphLUIaybl
Oaitkanmampl. OCBI COTTE€ TUTAaHHBIH OCTiIHIE KYPEH TYCTI OKCHATI KaOBIKIIAHBIH
naiina 6onaTeHABIFEIH Kepyre 6onaapl. [lmoc 0.5 B motenumansinan 6acram 2.0
B-ka neitin aHOA TOTHIHBIH ©cyi Texeneni, Oyl KyOBUIBICHI THTAHHBIH
TpaHCIACCUBAIIMS JKaFJaiblHa TOTBIFATHIHIBIFEIH KepceTedi. Jlemek, ochl
MOTCHIMANIAD apajbIFbIHAa THTAH 63 OKCHJIH TY3el OTBIPHIN TOThIFaAbl. OnaH
opi aHONTHIK MOTCHUUANBIHBIH "mroc" 2.0 B neliin skoFapbuiaybl Ke3iHIE
ANEKTPOBIHBIH O€TiHIEe OTTETiHIH ra3bIHBIH O6JiHyiHe OaiikanmMaiapl. TUTaHHBIH
MTOTEHIIMANBI Kepi KaTOATHl OaFrbITTa BIFBICKAH Ke3Jle IoJsIporpaMMaza "MuHyc"
1.0 B-ka >xakblH TOTEHIMAJIAAp KE3iHAE CyTeri MOHAAPBIHBIH TOTHIKCHI3JIaHY
TOTHI OaliKamajpl.
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| (Adcrm®)
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Cyper 1 — Kanuii cynbhatsl epiTiHIiCiHACTI THTAH 3IEKTPOIBIHBIH aHOATHI-KaTOATHI IUKIIIK
MMOTCHIMOANHAMUKAIIBIK MOIApH3alusuIBIK KUCBIKTapbl: K2SO4 — 100 /1, V = 100 MB/c, t=25°C

Hatpuii rugpokcuai epiTiHAICIHASTT THTaH 3JIEKTPOIBIHBIH aHOJI-KAaTOIThI
MUKIJIK TONSIPU3AIUSIIBIK KUCBIKTaphl Tycipiiai (2-cypet). Tlonsipu3amnusiibik
KHCBIKTapbl aHOJIOTHSJIBIK CHIIATKA HWe, OipaK MOoJIsAporpamMMaiaFbl aHOATHIK
TpPaHCIACCUBAIMS  TOTBIHBIH ~ MOJIIEpl  Korapelpak Ooyiafbl. THUTaHHBIH
noTeHuManbl aHoAThIK OarbiTTa "mmoc" 2.0 B-ka xpupkbiTKadga, 0.25 B
MOTeHIMANAp alMarblHAa HEWTpanbai oprafga OalkanMmaitfaH —aHOJITHIK
MaKCHUMyM Taiina Oomnajabl, OYHBl TUTAaHHBIH AHOJTHIK TOTBIFYbI KE3iHJIC TUTAH
TUOKCHIIH 0Oacka MOIU(MUKALMACBIHBIH  TY3UIyiIMeH  OalIaHbICTBI  JEIl
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Kopamangayra Oomaipl. AN THTaHHBIH ITOTEHIHANBI Kepi KaTOATHI OarbITTa
BIFBICKAH Ke3Zle mossiporpammaza "muHyc" 1.5 B ke3iHze cyTeri MOHIAPBIHBIH
TOTBIKCHI3IaHy TOTBI OalKana b,
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Cypet 2 — Hatpwuit rugpoKcui epiTiHAiCiHAeTI TUTAH 3JEKTPOIBIHBIH aHOATHI-KATOATHI IIMKJIIII
MOTCHIIHOANHAMUKAIIBIK, TONApH3aIsUIbIK KuchiKTapbl: NaOH — 80 r/m, V = 100 mB/c, t=25°C

Ocpinaiiima, aHOATHIK-KAaTOATHl MUKIIK MOISApU3anns KACBIKTAPBIH Tallaay
HEri3iHe, aHOATHIK NOJApU3AlMs Ke3iHJIe THTaH OeTiHAe Kapa TYCTI OKCHI
IUICHKACBIHBIH,  TY3UICTIHJINH 9HE METaUl ©T¢ TOMEH JKbUIIAMJBIKICH
TOTHIFATHIHBIH Oalikayra Oonaabl. Byi »karjaiija TUTaH aHONTHI JKapThUTAH
MEePHObIHIA OOJIFaHIa TOMEH/IET] PeaKIUsIap apKbLIbl TOTHIFYbl MYMKiH [10]:

Ti -3e — Ti** E°=-123B (1)
Ti + 2H,0 — 4e — TiO, + 4H* E°=-1.00B ()
Ti + H,0 — de — TiO? + 2H* °~.0.88B  (3)

Tutan OKCHIIHIH MeTama OeTiHAe TY3UIyiHiH MEXaHW3MiH aHBIKTay YIIiH
AJIEKTPOJIN3 TMOTEHIIMOCTATUKAJIBIK JKaFmaiaa sKyprizuigi. 3epTrey HOTHXKelepi
KOpCEeTKeH/Iel, Oenrinmi Oip TOK THIFBI3JBIFBIHAA THUTAH JJIEKTPOJBIH AHOJTHI
noJisipu3alisyiay MYMKiH eMec, ©iTKeHi MerTanablH Oeri OipAeH >kapThuiai
OTKI3IiI KacueTi 0ap OKCHI KaOaThIMEH KalTaJIbIIl Kajlabl, OChIFAaH OaiIaHbICThI
TpaHCIAacCUBAIUS KYOBLIBICHI OPBIH aajibl, HOTHXKECIHIE TI30CKTEH OTETIH TOK
Meumepi ge TeMeHzaelai. OcblFaH OalJIaHBICTBI, AJIEKTPOATAP apPaCHIHAAFBI
KEpHEY/IH TUTAHHBIH €pyiHE JKOHE OHBIH OCTIHIErl OKCHATI IJICHKAHBIH TY3LIy
TOTBIHA OCEPIH KAH-)KAKTHI 3ePTTEIIII.
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Hatpuit rugpoxcuiiHig opTypili KOHUCHTPAUMSICHIHAAFH THTAaH OKCHIIHIH
TY3UIy TOTBIHBIH MOHIHE 3JICKTPOATAP apachbIHAAFbl KepHEYAiH acepi 3epTrenmi (1
XKoHe 2 Kecrenep). 3epTTey HOTIDKEIepl dJeKTPOATAp apachIHAarbl KEepPHEYAiH
eCyl JK9HE CINTI KOHUEHTPALMSICHIHBIH KOFapbUIaybl, TATAH AUOKCUAIHIH TY31LTy
TOTBIHBIH ©CeTiHAITiH kepcereni. CinTi koHneHTpanusicel 80 /1, an kepuey 4 B
OosraHa aHOATHEI TOKTHIH MoHI 3.3 MA, 12 B —r1a 36.6, an 24 B Oonranma 58.0
MA-re teH (1-kecTe).

OnekTpoATap apacelHAarel KepHeyai 12 B erinm opHaTkaHaa, 3JEKTPOIUT
koHneHTparuscel 40, 80 sxome 120 1/m OonraHma, TUTaH TUOKCHIIHIH TY3LTY
aQHOATHI TOK MOHIEpi colikecinme — 21.0 MA, 36.6 MA xoHe 84.3 MA-Fa TeH
Oonabl.

Kecte 1 — Hatpuil runpokcuiHiH opTypili KOHLEHTPALMACBIHAAFEl TUTAH OKCHUAIHIH TY3LIy TOTBIHBIH
MOHJIEpiHE DJIEKTPOATAp apachIHAAFrbl KEpHEYAIH ocepi (TOK Meuiepi KepHey OepiireHHeH KeiiH 3
MHUHYTTaH COH eunieni): t=25°C, t=1car

AHOJTHI TOK MOHI, MA

0 4 8 12 16 20 24
NaOH,r/n ’
40 0 1.3 17.1 21.0 43.0 45.6 53.1
80 0 3.3 25.0 36.6 46.8 47.2 58.0
120 0 4.7 37.2 84.3 95.9 60.0 60.2

DOJNeKTpOoiM3 Y3aKTHIFBIHBIH JKOFAPBHUIAYBIMEH TUTAH OKCHIIHIH TY311y
AQHOJTHI TOTBIHBIH MOHI TOMEHJeHi. byn TuTan OeTiHe Koraphl Keaeprici 6ap
JKapThUTall OTKI3TIIITIK KAaCHETKE W€ OKCHATIK KabaTThIH ecyiMeH OOJybIMEeH
0aiiIaHBICTHI.

A¥iTa KeTy Kepek, JJICKTPOJTap apachiHaa opTYpJii KepHEY OpPHBIKKAHA,
QIIFAIIIKBl COTTE O©T€ YIIKEH TOTBIFY TOFBI OPBIH aJlajibl, COJIaH COH 3 MUHYT yaKbIT
OTKEeH COH TUTaH JWOKCHUJIHIH TY31y aHOATHI TOTBIHBIH MOHI KYPT TOMEHAEUII
(2-xecte). Bys1 KyObLIbIC JMAJIEKTPUKTIK KacueTiHe ue kexaeprici xorapbl TixOy
KOCBUIBICHIHBIH TY311yiMeH OaiIaHbICThI.

Erep 2-kecrere Hazap aymaparhlH 0ojcak, anramksl carte (t=0) kepuey 4.0,
12.0, 20.0 B Gonranga aHOATHI TOKTapbIH MoHI coiikecinme 21.0; 194.6; 225.3
MA, ajl 3JIEKTPOJIM3 YaKbIThl 24 MUHYT ©TKCHHEH KeHiH coiikecinme 0.2; 10.4;
11.2 MA — re teH. Kepuey 28.0 B Oonran ke3me aHOATHI TOKTBIH KYPT ecyi
OaMKaaapl.

Kanmuii cynbdarbiHblH epiTiHAICIHAS YKcac Tayeiaulikrep Oaiikamamsl (3
xoHe 4 kecrenep). Kanuii cynbdaTbHBIH opTYpIi KOHIICHTPAIMSICHIHAAFbl TUTAH
OKCHJIHIH TY3UJy TOTHIHBIH MOHIHE 3JIEKTPOATAP apachlHAAarbl KEPHEYIiH acepi
JKOHE JJICKTPOJATAP apachIHAArbl OPTYpJl KepHEyJep Ke3iHIEri aHOATBHIK TOK
MOHIHE 3JIEKTPOJU3 Y3aKTHIFBIHBIH 9cepi KapacThIPbUIABL. AHOATHI TOK IIaMachl
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KepHey OepiireHHeH KeWiH 3 MHUHYTTaH COH OJIIEHIN OTHIPhULABL. Eki opTaHbI
CaJBICTRIpAa Kejle, HATpUH THUPOKCHOINEri aHOATH TOK MOHIMEH IIamaniac
EKeH/IIT1H Kepyre 00Ja bl

Kecre 2 — Hatpuii ruipokcuai epiTiHmiCiHAeT] 3IEKTPOATAP apachIHAAFB! OPTYPIIL KePHEYIEp OPHBIKKAH
Ke3iH/Ieri aHOATHIK TOK IIaMachiHa AJIEKTPONIN3 Y3aKThIFbIHbIH ocepi: NaOH — 40 r/n, t=25°C

AHOJTHI TOK MOHI, MA
T,

MUH. 0 3 6 9 12 15 18 21 24
U,B

4.0 21.0 1.3 0.7 0.4 0.4 0.3 0.3 0.2 0.2
12.0 1946 | 21.0 18.7 16.1 155 14.2 13.0 10.5 10.3
20.0 2253 | 45.6 20.1 16.2 14.8 145 13.1 11.9 11.2
28.0 295.0 | 78.8 61.2 64.2 58.4 57.2 55.4 50.1 45.3

KetiiHri 3epTTeynepimisae TUTaH AMOKCUIIHIH TY3UTy 3aHIBLIBIKTAPhl KaJIUN
cynabhaThl epITIHIICIHAE 3epTTEmi: HEHTpanasl OpTaaa, CUITLI  opTaMeH
CANBICTBIPFaHNa THTAaH MAWOKCUIIHIH TY3UTy TOFBIHBIH MOJIIEPIHIH TOMEH
OONaTBIHABIFEl AHBIKTAIABL. 3epTTey HOTIXKenepi 3 JkoHe 4 Kecrenepue
KEJTIPUITeH.

Kecte 3 — Kammii cynpdaThIHBIH opTypili KOHIEHTPAUMSICHIHAAFBl THUTAH OKCHAIHIH TY3LTy TOTBIHBIH
MOHIHE AIIEKTPOATAp apachIHIAFbl KEPHEY/IiH ocepi (TOK mIaMachkl KepHey OepiireHHeH KeiliH 3 MUHYTTaH
coH emmeni) t=25°C, tx=1car

AHOITBI TOK MOHI, MA
B
K2SOur 0 4 8 12 16 20 24 28
60 0 0.13 0.21 0.36 0.49 23.0 34.0 39.1
80 0 0.15 0.29 0.61 0.61 37.0 46.1 59.3
100 0 0.41 2.88 13.2 26.2 31.2 354 51.3

Kecre 4 — Kammii cynbdaTbl epiTiHAICIHAETT I€KTPOATAp apachIHAAFbl OPTYPIIi KepHeylep Ke3iHeri
AHOJTHIK TOK IIAMACBIHA AIIEKTPOIN3 Y3aKThIFbIHBIH ocepi K2SO4 — 100 /i, t=25°C

AHOITBI TOK MOHI, MA
T,

MHH. 0 3 6 9 12 15 18 21 24
U,B

4,0 210 0.41 0.29 0.24 0.21 0.19 0.18 0.17 0.16
12,0 87.2 13.2 12.3 13.6 135 135 134 13.3 129
20,0 146.2 | 31.2 24.2 231 20.3 17.2 16.8 14.7 13.2
28,0 1712 | 51.3 49.3 48.2 40.2 375 35.3 31.0 24.2

Ousnka-XUMUSIIBIK, ~Taljady HOTIDKENepi OapiblK JKarjaiiapia THTaH
oeringe TiO; KypambIHAarkl TUTaH OKCHJI TY3UICTIHIITH aHBIKTaIbl (5-Kecte).
Okcua KypamblHAAFBI TUTaHHBIH Meimiepi 60.37% anaTeIHABIFBEIH KOpyTe
Ooampl.
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Kecre 5 — Harpuii ruapokcumi epiTiHIiciHAe 3MeKTpoa OeTiHae maiaa OONFaH OKCHJ IJICHKACHIHBIH
anemeHTTiK Kypambl: NaOH — 80 r/n, U=20 B, t=1 uac., t=25°C

Coekrp o} Ti Si Al Fe Zn Hroro
criextp 1 37.09 62.42 0.09 0.07 0.26 0.09 100
crekTp 2 39.55 59.79 0.10 0.05 0.37 0.14 100
criekTp 3 40.28 58.90 0.09 0.09 0.37 0.28 100
Cpennee 38.97 60.37 0.09 0.07 0.33 0.17 100

Opi Kapaii JSM-6610 LV mapkanel 3amanayn "CKaHEpIEHTIH 3JIEKTPOH/BI
MHKpOCKomus" KOHJIBIPFBICHIHIA MukpodoTorpadusiap TYCIpii.
MuxpodoTtorpadusina (3-cyper) Hatpuii rugpokcuninig (120 r/m) epitinaicinae
aJIBIHFaH TUTAaH JTUOKCHUJIIHIH IJICHKACHIHBIH MOHOKIUHIIK Moaudukanusuibl Ti0;
KYPBUIBIMBI Oap KoHE TUTaH JUOKCHJIIHIH aHaTa3abl (a3amarsl Kyii Oalikanaabl.
3000 ece ynkeitinren 3-cyperre TiO2 mieHKacbIHBIH O€Ti Teric xoHe OipKemki
eKeHJIIT1 KepiHei.

\ —
g T SRS 2 o
SEI 20kV S50pm SEI 20kV WD8mm $S820 x3,000 Spm
Sample 14880 2 Sample 14883 15 Nov 2021

Cyper 3 — TutaH 371eKTPOABIHBIH OeTiHae Ty3inren tutan quokcuaiiy (TiO2) IeHKaChIHBIH
MHKpogoTorpadusiapsl.

4. KopbITHIHIBI

3epTTey HOTWXKeNepi Heri3iHae, HATpPUH THAPOKCHAI MEH Kajaui
Cynb(aThIHBIH €pITIHALIEPIHAE TUTAHHBIH AHOATHIK MOJSPU3ALMACH Ke3iHze
OHBIH OCTiH[E OKCHJ IICHKAHbBIH TY3LJICTIHAINH KopceTTi. OKCUATIK MICHKAHBIH
KaJIBINTACYy JKbUIIAMJBIFbIHA — EPITIHIIHIH KypaMbl, 3JEKTPOATApP apachlHIarbl
KEepHEYy, epITIHIIHIH KOHICHTPAIMACH KOHE DJIEKTPOIHM3  Y3aKTHIFbIHBIH
afTapibIKTall ocep eTeTIHMAIr aHBIKTAbl. THTaH OKCH/ TUICHKACBIHBIH TY3L1y
TpaHCIACCUBAIMS  JKaFJaiblHAa ©T€ TOMEH  KbUIIAMJBIKICH KYPETIHIIr
anbIKTanabl. Tycipinren mukpodororpadusiiap, TuraH OetiHne OipKenKi THTaH
aunokcui (TiO2) kKabaThIHBIH TY31ICTIHAIN KOPCETIII.

Kap:xsutanabipy: byn xymeic KP MMM nHIYCTpUSIBIK DaMy KOMHTETI KapKbUIaHIBIPATHIH
BR09458955 "Cupek xoHe CHUpeK Kep dJIeMEHTTEepi Heri3iHe JKOFaphl Maiianany KacueTTepi Oap jxaHa
KOMIO3HLUSIIBIK MaTepHanaap skacay" FhUIBIMH-TEXHUKAIIBIK OaFapiiaMachl IeHOEpiH e OPbIHIIbI.

Aarbic:  JI.B.Cokonbckuit  ateimarel UTKD  Mekemecinin @Dusukanslk 3epTTey  omicTepi
naboparopusceiHbIH Oaciibickl A.P. Bpockuii MbIp3aFa KepCeTiireH KOMeK YIIIiH ajFbIC OlLIaipeMis.

Myajesnep KakThIFbICHI: ABTOpiap OyJl Makaiaja e3apa My/eNep KaKThIFBICBIHBIH JKOKTHIFBIH
MOTIMIEHTI.
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PA3PABOTKA CIIOCOBA NOJIYYEHMS DJIEKTPOXUMHUYECKUM METOJOM TOHKOWM
IJIEHKH T102, OBJIAJAIOHIEH ®OTO3JEKTPHYECKUMU CBOUCTBAMMU

A. Baewos, A.C. Kaoupébaesa, A.A. Kapmenos, M.H. Typavibexosa”

«Hayuonanvuvlil yeHmp no KOMIIEKCHOLU nepepabomke MUHEPaiIbHo20 coipbs Pecnybnuku Kazaxcmany,
Anmamer, Kazaxcman
"E-mail: m.t.89@mail.ru

Pe3wome. Bseoenue. OMHIM M3 BOKHEHIINX HMCTOYHUKOB BO30OHOBIIIEMOI DHEPIHMH B MHpPE SBISETCS
HCIOJIb30BAHUE COJIHEYHOM SHEPIrWH, KOTOpas pa3BHBACTCsS BBICOKUMHM TEMIIAMH, a COJHEYHBIC
JNIEKTPOCTAHIIMU CTAHOBSATCS YaCThIO SHEPreTHUECKONW MH(PPACTPYKTYpbl MHOTUX CTpaH. B cBsi3u ¢ 3THM
OIMPOKO TIPUMEHSETCS IUOKCHJ THTaHa, oOnamaomuil  (OTORIEKTPUYECKUMH  CBOMCTBAMH U
HCTIOJIb3YEMbIil TIPH MPEOOPa30BaAHUK COTHEYHOW SHEPTHH B 3JIEKTPUUECKYIO. [lens pabomei. PazpaboTka
croco6a NPUKPEIICHNs] HAHOCTPYKTYPHUPOBAHHOTO JMOKCHA TUTAHA, yCTOWYNBOTO B BOJHBIX PAacTBOpax,
K TIOBEPXHOCTH METAJUIMYECKOH THTAaHOBOW IUIACTUHBL. Memooonoeus. MexaHn3M 00pa30BaHHS
JUOKCH[Ia THTAaHa HA [OBEPXHOCTH THUTAHA UW3y4add [yTEeM CHATHS [OTCHIMOJMHAMHYCCKUX
MOJSIPU3ALMOHHBIX KPUBBIX UM TPOBEACHHS JJIEKTPOIN3a B IMOTEHIUOCTATHYECKUX  YCIOBHSIX.
Y CcTaHOBIIEHO, YTO TIPH aHOTHOH HOJIIPU3AIMK HA MOBEPXHOCTH TUTAHOBOTO JIEKTPOAA 00pas3yroTcs ero
OKCHJIBI B pacTBOpax THAPOKCHIA HATpUS U Ccyibdara kamus. Pesyrvmamul u o6cyscoenue. Kpubbie
aHOJIHO-KATOAHOW MOJISPHU3ALHKA TUTAHOBOTO JJIEKTPOAA B pacTBOpe Cyib(daTa Kaaus ¢ KOHILEHTpaIHen
100 r/n, mokasanm, 94T0 B 00aacTu moreHuanoB + 0.2 B mosBisieTcs aHoaHbIA TOK. IIpu mampHeHIeM
CMEIICHNH TIOTEHIMalla B aHOJHOM HAalpaBiICHUHM OBUIO 3aMEUCHO, YTO B IOJSIpPOrpaMMe Hapsiay C
HE3HAYHMTEIIFHBIM YBEIIMUCHWEM BEJIMYUHBI aHOJHOTO TOKa Ha IIOBEPXHOCTH THUTaHa o00Opasyercs
OKCHJIHBIH CJIOH myprnypHoro ngeta. [1pu 3Hauennn notennuana ot + 0.5 B 1o 2.0 B poct aHoHOTO TOKA
TOPMO3UTCS, 3TO SBJICHHE CBUJICTEIBCTBYET O TOM, YTO THTAH OKHCIISIETCS B YCJIOBHUSIX TPAaHCIACCUBALIUH,
T. €. MEXAy OSTHMH TOTEHIHMAJIaMH THUTAaH OKHUCISeTcss ¢ o0Opa3oBaHMEM OKcupaa. PesymbraTs
HCCIIIOBAHMS [TOKA3aJM, YTO MPU aHOTHOM MOJSIPU3AIMK THTAHOBOTO SJIEKTPO/A B BOAHBIX PAacTBOPax
TO]] BIMSIHUEM Pa3JIMYHBIX JIEKTPOXUMHUUECKHUX MApaMeTPOB (HAMPSIKECHHST MEX/Ty JICKTPOAaMH, COCTaBa
pacTBopa, TeMIepaTypbl 3JIEKTPOINTa) 3akioueHue. BpUI0 TOKa3aHO, YTO TPU AHOJHOW MOJISIPH3ALUN
THTaHA B PacTBOPax TMAPOKCHA HATPUsI U Cyib(ara Kajus Ha ero MOBEPXHOCTH 00pas3yercst OKCHIHAS
mieHka. Beuto oOHapyKeHo, 4To 00pa3oBaHKE IUICHKH JAWOKCHAA THUTAHA MPOUCXOAUT C OYCHb HH3KON
CKOPOCTBIO B YCIIOBUSIX TPAHCIIACCUBALIUH.

KiloueBble cjI0Ba: COJNHEYHAs DJHEPTUsl, MOUOKCHJ THUTAaHA, TIOKPHITHE, OJJIEKTPOJ, JIIEKTPOIHU3,
TIOJISIPU3AIHS
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DETERMINATION OF THE QUANTITY FATTY ACIDS AND
VITAMINS IN THE ACANTHOPHYLLUM PUNGENS PLANT
COMPOSITION

A.S. Abseyt!, N.S. Yelibayeval, G.G. Abdikarim¥*, Zh.S. Abseyt!, Fatih Duman?

Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 University of Erciyes, Kayseri, Turkey
“E-mail: gulzat.abdikarim@mail.ru

Abstract. This article presents the results of the quantitative determination of fatty acids and
vitamins, contained in Acanthophyllum pungens plants, belonging to the Caryophyllaceae family growing
in Khantagi, located near the city of Kentau, Turkestan region. As a result of gas chromatography of fatty
acids, obtained as a result of studies of plant materials, it has been found that Acanthophyllum pungens
contains 87% of unsaturated fatty acids, and 13% of saturated fatty acids. Saturated fatty acids: myristic,
palmitic, stearic, pentadecanoic acids, while unsaturated fatty acids: palmitic, oleic, linoleic, and linolenic
acids. As a result of quantitative analysis, it has turned out that oleic and linoleic acids are contained in
large quantities, and the content of linolenic acid is much lower. It has been established that the plant
Acanthophyllum pungens contains water-soluble B3-nicotinic acid, B5-pantothenic acid, B9-folic acid and
vitamins A, C, E. It has also been found that the relatively high content of vitamin B5 (pantothenic acid),
and the content of vitamins B6, B1, B2 and D are absent altogether. The phytochemical studies of the
aboveground part of the Acanthophyllum pungens plant collected during the budding phase have been
carried out in accordance with the methodological recommendations of the State Pharmacopoeia of the
Republic of Kazakhstan. Using Clarus-600 gas chromatography, the amount of fatty acids (high-carbon
acids) contained in the Acanthophyllum pungens plant has been determined. A qualitative analysis has
been carried out by paper chromatography (PC) and gas-liquid chromatography (GC). A certain amount
of vitamins and fatty acids of the Acanthophyllum pungens plant has been recommended for the first time.

Keywords: Fatty acids, vitamins, Acanthophyllum pungens, paper chromatography, gas-liquid
chromatography
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BO3TIKEH (ACANTHOPHYLLUM PUNGENS) OCIMAITTHIH KYPAMBIHIAFBI MAI1
KBIIKBbLIIAPBI MEH JOPYMEHIEPIH MOJIIIEPIH AHBIKTAY

A.C. B6ceiim*, H.C. Enubaeea’, I.T. O60ixapin*", JK.C. Doceiim*, ®amux Jyman?

10n-Dapabu amvinoaser Kazax, ¥immuix ynusepcumemi, Anmamor, Kazaxceman
23poacuec Vuusepcumemi, Kaiicepu, Typkus
“E-mail: gulzat.abdikarim@mail.ru

Tyiiinaeme: by makanana Typkictan o6abicel, KeHnTay kasacel, Kaparay Taybl MaHbIH/IAa OpHAJIACKaH,
XaHTarel enji MeKeHiHIe ocerin Kamammsipaap (Caryophyllaceae) TykpiMiacsiHa skaTaThiH TiKEHI
OostikeH (Acanthophyllum pungens) eciMAIriHIH KypaMblHAa OOJaThIH Mal KbILIKBUIIAPEl MEH
JOpYMEHIEpIiH  caHAbIK Meumepi kepcerinred. Acanthophyllum pungens ecimairiniy Immkizat
KypaMblHaH aHBIKTAIFaH Mai KbIIKbUIAAPbIHBIH 87 % KaHbiknaraH, an 13% KaHbIKKaH Mai KbIIIKbUIBI
ekeHl kepcerinreH. KaHBIKKaH jxorapbl Mail KbIIIKbUIJApbIHA MHUPHCTHHII, MaJbMUTHHAI, CTEapHHAI,
MeHTAZIeKaH b, al KaHbIKIAFraH JKOFapbl Mail KbIIIKbUIAPbIHA HANIbMUTOJNCHHI, OJNEUH[I, JMHOJL,
JIMHOJICHI KBIIKbULAAp Jkatagpl. CaHIBIK capanTaMa HOTHXKECIHIE OJICHH JKOHE JIMHON KBIIIKBUIBI
JKOFapbl MOJIIIEPAE, ajl TMHOJIEH/Ii KBIIIKBUT MOJIIIepi ijeKaiiia ToMeH 0oJbI mHIKTEL. TikeHai 603TikeH
(Acanthophyllum pungens) ecimuiri KypambiHga cyaa epuTiH B3-HUKOTHH KbINIKBLIBI, BS5-maHtoTeH
KbIKbUIBI, B9-donuit keimkpuisl xoue A, C, E mopymennepi 6ap exeni anbikranipl. COHBIMEH Katap
canbIcThIpMabl Typae BS nopymeHi (TaHTOTEH KBIIIKBUIBL) XKOFapbl ekeHi, B6, Bl, B2, D nopymennepi
Myige koK ekeHi adkeiHmamusl. Acanthophyllum pungens ecimairinin Oyronusaums Qasacsiama
JKHHAIFaH Jkep ycTi Oenirin ¢uroxumusuisik 3eprreyiep KP Memekerrik dapmakomnesicbiHaarsl |
olicTeMeNniK HYCKayJibIKTapra cail o kypriziami. TikeHai O03TikKeH oCIMAIrT KypaMbIHIarbl —Mai
KbIIKBUIBIHBIH ~(3KOFapbl KapOOH KbIMIKbULIApBI) MeJmepiH aHblkray kedinge Clarus-600 razmsl
XpoMaTorpaduschl KOJIAHbUIIbL. AJl camnayblk Tangay ekixyiien karasasl xpomororpadust (KX) xoHe
ra3-cyisik xpomotorpadusabie (['CX) xaHa omicTepi apKbUIbl aHBIKTANBIHABL. JKOFapbiga aHBIKTAIFaH
JIOpyMEHJIep JKoHe Maill KhIIKsupiapbl Memmepi Acanthophyllum pungens ecimpiri yuiH amram per
YCBIHBUIBII OTHIP.

Tyiiin ce3nep: Maii KpIIIKBUIIAPHI, IOpyMEHEP, TiKeHAiI 003TikeH, Acanthophyllum pungens, Kara3msi
xpomotorpadusi, Ta3-CyibIK XxpoMoTorpadus

doceiim Anmuinoex Cepikoaiiynnt JKapamuinvicmany vlibimMoapuiibly macucmpi
Enubaesa Hazvim Caudunvoaegna PhD

900ikapim I'ynzam Fanvimocankoizol Kapamuinvicmany eviibimoapuvlinbly masucmpi
Qoceitm Kancas Cepikoaiikoizol Xumus 2bITLIMOAPLIHBIY MASUCTPI

Damux /[yman Ilpogpeccop, doxmop

1. Kipicne

Acanthophyllum pungens — mea MeH »a3bIK YOHE TaCThl KyMaapJa ©CeTiH
KOIDKBUIABIK MenTeciH ecimuik. Tipurinik ¢opmackl TikeHEKTI OyTa Topi3ai.
Oumemaik T1yp Acanthophyllum pungens ecimairi 3aiican, bernaknana,
Moiibinkym, Kaparay, JKonrap Anartaysl MeH bBankamn aygaHbiHma Ke3aecesi.
Acanthophyllum pungens ecimairiniy AOpUTIK MIMKI3aTBl PETIHIAE Kep YCTi
Maccacel Kosmanbutagel. Acanthophyllum pungens ecimpairiHiH TambIpsl TiK,
JKaKChl TapaMAayFaH, KaIBIHABFE 5-15 mMm. Tameiper 1-2% adup wmaiipiHaH,
TaHWHHEH, aiibipaan, 12-18% wuHcynuHHEeH Typansl. Acanthophyllum pungens
eciMmairi Oyiipek aypyiapblHa, Tepi aypylapblHa, OKIEHIH KaObIHybIHa, Hecel
afimaya, TepJIeTEeTIH AOpi-TOpMEK PETiHAe, BETCPUHAPIIBIK MEIUIINHA CalaChIH/IA
iIIeK KypTTHI aliIafrbIl peTiHae Koamanams [1].
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Anmam  aF3achlHa  JIOpYMEHZIEpIiH  KaXeTTiunri erte a3, OipHemre
MHKPOTPpaMMHAH OHJIBIK MIJUTHTPaMMFa JIeHiH, OipaK OipKaJBITITHI TIPIIUTIK YITiH
eTe KaKeT. ACTBIK KypaMmblHIA [OpyMEHAEp a3 MeJlIepAe Ke3AeCKEHIMEH,
OJIapIBIH ar3ara THTI3eTiH ocepi ere ynkeH [2]. [lopymenzep 3ar aamacy
MIpoIIeCiHe HEMece aaaM ar3achlHBIH KeHOip KYpBUIBIMIAPBIHA >KAKCHI BIKIAT
Turizeni. Ar3aga (GepMeHTTepAiH TY3idyiHe KaTbIcalpl, 3aT ajMacy MpoLeciHe
KapkbIHAbl ocep eremi. COHIBIKTAH JOPYMEHIEP/i JKETKUIIKTI MeJepae
KaObUTAay KONTereH KayilTi aypyiapAblH aJIblH anagsl, aF3aHblH op TYpiil
KYKIAIBI aypyJiapFa Kapchl KYPECY KaOUIeTIH KyIISHTe Tl )KOHE aJlaMHBIH JKYMBIC
icTey KaOuneTiH xakcaptaabl. CoHbIMEH Katap opOip JOpyMEHHIH aF3aja epeKile
OpBIHJIAUTHIH 63 MiHAeTi Oap [3,4].

Arzara Tarammap apKpUIBI KEJN TYCETiH OENOKTapAbIH, Mailap/IbiH,
KOMIPCYIapAblH KOHE MHHEPAIIbIH TY3IapAblH aJIMacyblH TE3ACTETIH KOHE
perTelTin  nme gopymenzaep. JlopymeHmepai  TeK  IopPI—I9pMEK  peTiHIe
KapacThIPbIN, OJapAbl TYpJl aypylaplblH aljJblH aiblll KYPecy YIIiH
KOJNJaHBUIATBIH 3aTTap JeN Kapay KaTe. byjapabl TaramIbplK 3aTTap Jen
KapaybIMbI3 THIC, ©HTKCHI JOpPYMEHJEp TaFraMHBIH KypaMblHA KipMece, OHJa
TIPIILTIKTIH KAJBIITHI )Kalbl OY3bLTAIBI.

Hopymennep Gpusnka—XuMHUSIIBIK KACUETTEPl, XUMUSUIBIK TaOUFaThIHA COUKEC
KikTenin, opinTik mMonmeH OenrieHeni (A,B,C,D,E,K,). bipak Oyi1 xikremy
JOPYMEHICP/IIH TOJBIK KACHETIH KOpCeTe alMaraHIbIKTaH, OJlapibl CyJa epPUTIiH
YKOHE Malila epuTiH Aemn ekire Oenei [5,6].

B mob6wr 0apymendepi — ar3ara KaXeTTi, OpraHU3MJIET] OapibIK yaepicrepre
KaTbicalipl, cyna epui. Ar3ama Oenruni mejiiepi Oaypipia CiHIpUIEHl, apThIK
MeJIIepi HECETT KOJAaphl apKbUIbI IIbIFAphuTaabl. COHIBIKTAH KYHIENIKTI TaFraM
M33ipiHAEC JOPYMEHIEP MeJIepi  KEeTKUmKTI  0oiayel  Tmic. B ToOBI
nopymenepinid 11 typi 6enrini: Tuamun (B1), pubodnasun (B2), auanun (B3),
xonuH (B4), mantoreH KpimukpDibl (BS), mumpogukcur (B6), Ouorun (B7),
nnozuton (BS), domuit kemnkeuter (B9), mapaammaOOeH301 KBIIKBUIEL (B10),
nuanokobanamun (B12) [7]. Hopymenrekti 3artapra B ToObiHBIH B4, B7, BS,
B10 exinmepi karampl. Omap [mopyMeHAIK KACHeT Kepcerenmi, Oipak
KETICTICYIILIIITT HeMece aF3aja Ker Meiepae OONybl elIKaH i MaToIOTUSIIBIK
e3repicTepre ymblpaTnaisr [8].

Kanbiknaran Mail KbIIIKBULJApPHL  aJaM  JKOHE KaHyap aF3achlHla
OMONOTHSUTBIK  OCJICeHIII 3aTTaplblH OWOCHHTE3iHe Karbicanbl. Maii ar3ara
KOKETTUIINHE Kapail SMyJbCHS TYpPIHIAE KaH IUIa3Machl apKbLIbl OaybIpra
JKeTKi3ueni. baybipian opi Kapait 6acka J1a aF3ajapra JKETKI31IiI, SHEPreTHKAIBIK
JKOHE IJIACTUKAJIBIK MaTepran eceOiHe KOoJIanbuias [9].

Maii KpIIKbUTIaphl TUMUATEPIIH HETi3T1 KYPBUTBIM/IBIK 3JIEMEHTI, COHBIMEH
Katap OapJjblK MOJICKyJara MOJISPJIbl €MeC CHIIAT OepeTiH, KeI O0eiri MmoJspiibl
eMec OaimaHbICTap TYPaThIH KapOOH KBIIIKBIIBIHBIH Y3bIH Ti30€Tr1H YChIHAIBI.

Maii KpIIKBIIIAPEI Tipi opranusmMaepae OipHeme GyHKUMSIAPAbl aTKapabl
JKOHE JKOFaphiIa aWThUTFAHMAW, OJapAblH MaHBRAB (QYHKIHSIIAPBIHBIH Oipi
OMOJIOTUSITBIK, MEMOpaHaIapABIH HET13T1 KOMIIOHEHTTEP1 XKOHE OpTraHU3MICPAC CH
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KOl Ke3JeceTiH OuomonekynanapislH Oipi Oonbln TaObIATBIH JUNHATEPAIH
MaHBI3/1bI 06JIiri OOJIBINT TaOBUIAIBI. AKYHI3 )KOHE KOMIpCyJapMeH Oipre Tipi.

Maii KpIIIIKBUTBIHBIH KYPBUIBIMBIHBIH TOYENIUTITiHE OaiilaHbICTRI Oec HeTisTi
TonkKa Oesieqli, KaHBIKKAH MoJieKylaga 4-TeH 24-Ke KOMIPTEK aTOMBbI TiK
Ti30ekTepMeH Oailinanbicagpl. KaHbIKmaraH Mosiekynana Oip, €Ki, YII JKoHE
SKIHIIUTIK OaimaHeIicTapMeH Typanbl. JKeke «asrbD» Y3bIH THAPOPOOTHI JKOHE
ruApoGUILAl «0ackl» Mail KBIIIKBUIAAPBIHA JIMITHATEPTE CHCIU(PUKAIBIK KaCHET
Oepeni. Mpicanbl, JUNHATED 3MYJIbCHS TY3y AapKbUIbl WJCAIbl KOMITIOHCHT
00JaThIH 6CIM/IIK JKacyIIachlHAa MeMOpaHaHbl TYpakTaHasIpaas! [10].

Maii KpIIIKBUTIAPBIHBIH OPraHU3MIe Malaanbl KACHETIHE TOKTAIBIN KETCEK:
OJICUH, JIMHOJI, TAJIbBMETUH JKOHE CTEApUH KBIIIKBUIBI J1a Mail KypamblHa Kipemi
KOHE OpraHM3MIe€ TaFaMMEH CHill, OWOJOTHSJIBIK MeMOpaHaHBIH Ty3iTyiHe
KaTBICA b, SHEPTeTUKAJIBIK KYHIbUTBIFBI skoFaphl [11].

Enimizne 6y ecimaiktin Tikenai 6o3riken (Acanthophyllum pungens), 6e3mi
6o3tiken (Acanthophyllum glandulosum), mamakrsr 6o3tiken (Acanthophyllum
paniculatum), akkan6ak Tycrti 603tiken (Acanthophyllum gyptophiloides regel)
Typaepi kezneceni. Tikenmi 6o3tiken (Acanthophyllum pungens) ecimmiri xaibik
MEIUIIMHACHIHA KOJJIAaHBUIFAH MEH KYpaMbIHJIaFbl OHOJIOTHSUIBIK OCJICeH I
3arrap (bB3) TombIK 3epTTENTeH.

2. 3epTTey dnici.

3eprrey HbicaHbl perinae 2021 xbiibl MaMblp aiibiaaa TypKicTaH 0OJIBICHI,
Kenray kanacel, Kaparay Ttaysl MaHpIHZAa OpHajacKaH, XaHTafrbl eJAl
MeKkeHiHeH >xwuHamraH Kaavrbpuiap (Caryophyllaceae) TykpimmachiHa KaTaThiH
TikeHai 6o3riken (Acanthophyllum pungens) ecimuiridin xep YCTi O6iri ajbIH/IbI

Byt ®yMBICTBIH MakcaThl OypbIH 3epTTenMereH TypkicTan o0ibicel Kaparay
MaHbIHIa eceTiH, Kagammblp (Caryophyllaceae) tykbiMaacsiHa KaTaThlH TiKEHII
oosriken  (Acanthophyllum  pungens) eciMmmiriHiH  KypambIHIarbl — Mai
KBIIIKBUIAPBI MEH IOPYMEHAEP/IiH MOJIICPiH 3epTTey.

Acanthophyllum pungens ecimairiin Mail KbIIIKBUIBI (KOFapbl KapOOH
KBIIKbUIapel) Kypamel Clarus-600 ra3mel xpomarorpadusChiHIIa aHBIKTAJJIbL.
Mail KpIIIKbUIIApBl: Ta3 — TachIMaJJAFbIl — TEJIUH; >KbUTy—HOH3AI[MOHbI
JIETEKTOP

XpomarorpadusHbl )XKYPrisy MapTTapbl:

Umnxekrop Temneparypacsl —188 °C;

HetexTop Temneparypacsl — 230 °C;

[lewtiy Temneparypacsl — 188 °C;

Capanray yakpITel — | carar.

Maii KBIIIKBUTBIHBIH aHANN3i: YCaKTaIFaH IUKI3aT MAaccachlH XJIopohopm-
MeTaHon (2:1) KocmacklMeH 5 MUHYT SKCTPaKUMsUIAHIbl. DKCTPaKThl Karasbl
(UIBTp apKbUTBI CY3ill, KOHLIEHTpJeH . AnbIHFaH sKcTpakTire 10 mu1 metaHodm, 2—
3 TaMIbl XJIOPJIbl aneTwi sxoHe 60—70°C-ne apHaiibl xyiiene 30 MUHYT METHIIACY
JKYprizineai. MetaHoAbI pOTOPJIbI OyJIaHABIPEBIII KOMETIMEH KOHIIEHTPICHII, all
yarinepai 5 Mi1 rekcaHMEH 3KCTPakLMs XKYprizeai skoHe 545 abcopOeHT meonut

40



ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

WAW xpomocopbinme «CARLO-ERBA-420» ra3asr xpomaTorpaduschiHa
eHri3eni.

KommoHneHTTepaiH KypaMblH ilIKi HOpMasay oiciMeH Tabaabl, ONapbIH
KOHIIEHTPAIMACH Keneci (hopMyaMeH ecenTene/i:

Si
Cl = Z‘l(l:lsi (1)

MyHzarbl Sj — KOMIIOHEHT OMIKTITiHIH ayIaHbl.

Acanthophyllum pungens ecimairinin OyToHm3arms (a3achblHIa KHHAIFAH
kep  yeri  OemiriH  GUTOXMMHSUIBIK ~ 3epTreynep KP  Memiekertik
dapmakonesceiHaarsl | oicTeMenik HyCKaybIKTapFa cai )Kypri3uiii.

3. Hotu:keJiep KoHe TAJIKbLIAY

Bepinren omicreMe OolbIHINA KAHBIKKAH YKOHE KaHBIKIIAFaH JKOFapFbl Mai
KBIIIKBUAAPBIHBIH ~CapanTaybl Ta3lbl-CYUBIKTBIKTBI Xpomarorpadus 9IiciMeH
«CARLO-ERBA-420» mpubopsl kemerimMeH xyprizinmi. KaHpIKkaH >koHE
KaHBIKIIAFaH YKOFapFbl Mal KBIIIKBUT KOMIIOHCHTTEPIHIH UACHTU(DUKAIUACH! OChI
JKOFapFhl Mal KBIIIKbULAAPBIHBIH METHIAI 3(QUPIHIH CTaHIAPTTHI CPITIHAICIHE
KATBICTHI YCTay yaKbITHI OOMBIHIIA JKYPTi3iiai. AHATU3IENETIiH KOCIIaHbIH CaHIbIK
AHBIKTATYbI MUKTEPiH ayJaHbl apKbUIbl HOPMaU3aIUsIIay 9ICIMEH JKYPri3isi.
Hoatmxkenepi Temenzeri 1-1mi kecteMeH 1-CyperTe KOpCeTiIreH.

Kecte 1 — Acanthophyllum pungens ecimzix muKi3aThIHBIH Maii KBIIIKBULIAPEI KYPaMbl

KpIkpi1apapiH atays KpIken1 namgexci Memmepi, %
Mupuctunai C14:0 2.50
IenTaaexas bl C15:0 0.80
IansMUTHHLII C16:0 6.90
TTaneMuTONEHHA] Cl6:1 1.10
Creapunmi C18:0 2.80
Outenni C18:1 56.60
JInuoJai C18:2 29.00
Jlunonenmi C18:3 0.30

Maii KbIIIKbUIIAPbIHBIH KOMIPCYTEK Ti30€riHIH Y3bIHIbIFbI, SACTTE, KOMIPTEK
aTOMJApbIHBIH KYII CaHbIHA M€ >XKOHE Oy oJapAblH TY3i1yl OMOCHHTETHUKANBIK
MPOLIECIICH THIFBI3 OailIaHBICTHI, OUTKEHI ONapAblH 6Cyi KeMipTeri XynTapblHaa
Kypeni.
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OcHoOBHOI1
OcHOBHOM
OcHOBHoO1
OcHoBHoOM
OcCHOBHOW
OcHoBHoOM1
OcHoBHoOM

Cyper 1 — Tikenzi 6o3riken (Acanthophyllum pungens) ecimuiriszeri Maii KbILIKbLIAAPBI MOJILIEP]

la3apl xpoMmarorpadus HOTHXKECiHAE TikeHai Oo3tiken (Acanthophyllum
pungens) eciMIiK IIHKi3aThl KypaMbIHAH aHBIKTAIFaH Mail KBIIIKbUIAPBIHBIH
87% kaspIkmarad, an 13% KaHBIKKAH Mal KBIIIKBUIBI €KEHl1 aHBIKTAJIIbL.
KaHbIKKaH sKOFaphl Mail KbIIIKbIIIAPbIHA MUPUCTHH/II, TaJIbMUTHH/II, CTCAPUHI],
MEHTAICKAH/Ibl, AJIKAHBIKIIAFaH KOFapbl Mal KbIIIKbUIAPbIHA MaIbMHUTOJICHHII,
OJICWH/Ii, JIMHOJJI, JUHOJICHAI KbIIKbUIIAp skatanel. CaHIbpIK —capantaMa
HOTHXKECIHJIC OJICUH YKOHE JIMHOJ KBIIIKBLIBI JKOFApPhl MOJIIIEP/IE, ajl JIMHOJICH I
KBIIIKBLI MOJIIIEPI dJIJIeKalia TOMEH OOJIBIIT IIBIKTHI.

Maii KpIIKBUTIAPBI KATaH JKaFAaiaap/ia ©CeTiH eCiMIIKTep YIIH MaHbI3IbI
KOMIIOHEHT, OJlap METOOOJUTTEp JKOHE SHEPIUsHBbIH KO3l PEeTiHAe KbhI3MET
apkapazpl, ©CIMJIIK KacyllaJapblHBIH Kypamjac OeJjiri OoJbil TaObLIAIbL.
Maiinap kem HeMece a3 MeJIIepae oCIMIIKTEPIiH OapiblK KacyIIachblHaa JEpJIiK
Ty3ineni. KaHplkmaraH wmail KBIIIKBUIIAphl aJaM JKOHE JKaHyap ar3achblHa
OMOJIOTHSUTBIK O€JICeH Il 3aTTapiblH OHMOCHHTE3iHe Karbicaabl. COHBIMEH KaTap
Mail KbIIIKbUIAAphl KaH I1a3Machl jkapakaTTaHFaHla KOCHIMINA JHAarHOCTHKAJIBIK
TecT OOJIBIN TA0OBUIA b

HdopymeHn pgenm OapiiblK TaraM MEH a3bIK-TYJIK OHIMAEPIHIE, >KEeM-LIeNTe
IIaFbIH MOJIIIepJe FaHa Ke3JEeCETiH, ajl ajaM MEH >JKaHyapiiap ar3achlHa
OIpKaNbINTBl TIPLIUNK YIIIH ©T€ KaKET TOMEHI1 MOJIEKYJaJlbl OpPraHUKAJbIK
3arTapnabl  aWtaMmbi3. JlopymeHaep 3arT anmacy NpoIleciHe, COHmai-ak aaam
ar3aChIHBIH KEHOIp KypbUIbIMIApbIHA KAKChl BIKMAJ THUTI3el. OCIMIIK IIHKi3aThl
KypaMblHaH JIopyMeHaep Mesmepi  aHbiktanasl.  1llukizatr  KypambiHzaa
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TOpyMEHIIep MeJIIIepi oTe a3 MeJIepiae Ke3[ecKeHIMEH, ar3a YIIiH THUTi3eTiH
naimacel ete korl. Hotmxkeci 2-11i kecTeMeH 2- cyperTe OepinreH.

Kecre 2 — Tixenai 603riken (Acanthophyllum pungens) ecimaik MmHKi3aTBIHBIH JopYMEHIEP KYpaMbl

Hopymen Meniepi, MKr/T
A 0.141
B1 -

B2 -

B3 1010.78
B5 3912.7
B6 -

B9 188.36
C 15.8

D -

E 47.2

JKorapeinarel kectere colikec BUTaMHUHIH Kail Typi Kell HeMece a3 eKeHiH
TeMeHeri rpaduKTeH Kapan Oaiikayra Oomanasl. CamsicTeipMansl Typae B3 nen
B5 Buramuni xorapsel ekeni, B6, B1, B2, D mopymenzaepi mynae ®OK eKeHJIri
aHBIKTaJIFaH.

OCHOBHOIA
OCHOBHOM

OCHOBHOM

OCHOBHOM

OCHOBHOM

OCHOBHOM -

OCHOBHOMN - OcHOBHO

OCHOBHOM

OcHoBHOWM +~ OCHOBHOV OCHOBHOW (. o it OcHOBHOM

5 - - - -
OcHoBHOM T T T T T f

A B3 B5 B9 C E
JIOpYMEH1 JOpYMEHI IopyMeHi IOpyMeHI AOpyMeHi ITopyMeHi

Cyper 2 — Tixenzi 603tiken (Acanthophyllum pungens) ecimairinneri opymenaep Memuiepi

Tikenmi 6o3riken (Acanthophyllum pungens) ecimmik IIuKi3aTBIHAA KOII
Menuepae cyga eputii B ToObl nmopymenaepi B3-mHukoTwH KpImikeuibl, BS-
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MaHTOTEH KBIIKbUIBI, B9—homuii keimkeuiel xoHe A, C, E mopymenmepi Oap
ekeHi aHbIKTaIbl. COHBIMEH KaTap CalbICTRIpMaibl TypAe BS mopymeni
(maHTOTEeH KBIMIKBUIB) JKOFapsl ekeHi, B6, B1, B2, D mopymenaepi Mymae KoK
CKCHI alKbIHAJIIbI.

B5 nopymeni xoJecTepuH, TeMOTJIOOWH, TUCTaMUH, AllCTHIIXOJIMH, ar3ard
KQXKETTI Mall KbIIIKBUIIAPhl CUHTE3IHAE, KOMipCy, aMHHKBIIIKBUI aliMacybIH/Ia
MaHBI3IBI pejl aTKapamsl. A KodepMeHTI KypamblHa Kipemi, OpTraHH3MICTi
AIWIJICHY JKOHE TOTBHIFY-TOTBIKCHI3IaHy peaKIusyIapblHa KaTbicagsl. Erep
TIOPYMEH JKeTicllece, acKa JeTeH T0eT >KOFalla/ibl, ecy MpOIeCci TOKTAam, JeHere
Kapa Tyceni. byiipek 0e3i 3aKpIMIaHBII, ICHEICT1 TYKTEPAiH JKOHE IIAIITHIH TYCi
e3repe/i.

4. KopbITBIHABI

la3apl xpomarorpaduss HOTHXKeCiHAE TikeHai Oo3tiken (Acanthophyllum
pungens) eciMaiK MIMKIi3aThl KypaMBIHAH aHBIKTAJIFAaH Mal KBIIIKBUIIAPBIHBIH
87% kanpIkmarad, an 13% KaHBIKKAH Mal KBIIKBUIBI €KEHl1 aHBIKTAJIIbL.
KanbIkkaH sxoFapsl Mail KbIIKBUIaPbIHA MAPUCTHH]II, TATBMHUTHH/L, CTEAPUHIL,
MEHTAICKAH/Ibl, AJIKAHBIKIIAFaH KOFapbl Mad KbIIIKbUIAPbIHA MaIbMHUTOJICHHII,
OJICUHJII, JIMHOJII, JIMHOJCHJI KBIIKbULIAP JKaTamel. CaHIBIK —capanraMa
HOTIDKECIHJIE OJIEWH JKOHE JIMHOJ KBIIIKBUIBI JKOFaphl MOIIIEpP/E, al JIMHOJICH/I
KBIIIKBLI MOJIIIEPI dJIeKala TOMEH OOJIBIIT IIBIKTHI.

Tikenai 6o3tiken (Acanthophyllum pungens) ecimmiri KypambiHza cyna
eputiH B3-HUKOTHH KBIIKBUTEI, B5-TaHTOTeH KBIIKBLUTBI, B9—(onmii KITIKBITBI
xoHe A, C, E pgopymenmepi Oap exeni aHbpIKTangsl. CoOHBIMEH KaTap
callbICTBIpMaNbl Typae B5 nmopymeHi (MaHTOTEH KBIIIKBUIBI) JKOFaphl eKeHi, BO,
B1, B2, D nopymenzaepi Mmyzie )KOK €KeHi ailKbIH IaJIIbI.

Acanthophyllum pungens ecimuairi Oyiipek aypynaapsiHa, Tepi aypy/iapbiHa,
OKICHIH KaObIHYbIHA, HECeNl aijgayja, TEpJIeTETIH Jopi—IopMEK peTiHae,
BETEPHHAPJIBIK ~MEIUIIMHA CajlaChlHAA 1K KYPTThl alJarbllll  PETiHIAC
KOJIJaHa/bl.

JKorapbizia aHBIKTAIFaH IOPYMEHACP MEH Mal KbIIIKbUIIAPbIHBIH CaHIbIK
mesmiepi Acanthophyllum pungens ecimairi yiimis anFai petT YChIHBUIBII OTBIP.

Kap:kbuianasipy. Byt 3epTrey ChIpTKbI KapyKbUIAHIBIPY/IBI aJFaH JKOK.
Myaaesep KakThIFBICHI: ABTOpIap Oyl Makanaga e3apa MyIenep KaKThIFBICHIHBIH JKOKTBIFBIH
MoiMIEH .

OINPEJEJIEHUE KOJIMYECTBA KUPHBIX KHCJIOT n BUTAMMWHOB
COJEPKAINUECA B PACTEHUAX KOJIOYEJIUCTHUKA (ACANTHOPHYLLUM
PUNGENS)

A.C. Abceiim ', H.C. Enubaesa *, I.T. A6ouxapum™,* JX.C. Abceiim *, ®amux Jyman?
Kaszaxckuii Hayuonanshuitl Yruusepcumem umenu anv-Dapabu, Anmamet, Kazaxcman

2 Vuusepcumem pooicuec, Kaiicepu, Typrus
E-mail: gulzat.abdikarim@mail.ru
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Pe3ome. Bsedenue. B maHHOW cTaTbe IPEACTaBIEHBI PE3yNbTaThl KOJIUYECTBEHHOIO ONPEHENICHHS
JKHPHBIX ~KHCJIOT ¥ BHTAMHHOB, COACPXKAIIMXCS B PACTCHHSAX KOJIOYErO  KOJIOYEIHCTHHKA
(Acanthophyllum pungens), npuHamiexammii K cemeiictBy rBo3auunbix — (Caryophyllaceae),
[POU3PACTAIONIEM B HACEICHHOM IIYHKTE XaHTarW, HaxXOMSIIUHCI psgoM ¢ ropoxoMm Kenray,
TypkecTaHCKOil o00NacTH pacHoNOKEHHBbIH y monHokus ropsl Kaparay. B pesynbrare ra3oBoit
xpoMaTorpaduu KUPHBIX KUCIOT OHoiormdeckux akTuBHBIX BemiectB (BAB) monmydenHoro B Xxone
HCCIIEMI0BAHMS M3 PACTHTEIBHOIO CHIPhSI YCTAHOBJICHO, YTO KoJroumii komouyenucTHuk (Acanthophyllum
pungens) conep:kuT 87% HEHACBILEHHBIX XUPHBIX KHUCIOT, a 13% HACBIMEHHBIX XKUPHBIX KuciaoT. K
HACBIIICHHBIM BBICIIMM JXHPHBIM KHCJIOTAM OTHOCSTCS MHUPHCTHHOBAs, MaJbMUTHHOBAs, CTEAPUHOBAs,
[CHTA[ICKAHOBAs, a K HEHACBIICHHBIM BBICIIMM >KHPHBIM KHCJIOTAM OTHOCSTCS MajJbMUTOJCHHOBAS,
OJICHHOBAsI, JIMHOJICBAs!, IMHOJICHOBAsI KUCIOTA. B pe3yspTaTe KOMMIECTBEHHOTO aHAIM3a OKa3aloch, YTO
OJICMHOBAsl U JIMHOJICBAsI KUCJIOTA COACPIKUTCS B OONBIIMX KOJUYECTBAX, a COACPINKAHHE JMHOJICHOBOM
KUCJIOTHl 3HAYUTENBHO HIDKE. DBBUIO OOHAapy:KEHO, 4YTO pAcTEHHE KOJIOYEro KOJNIOYEIUCTHUKA
(Acanthophyllum pungens) comepkut BogOpacTBOPUMYIO B3-HUKOTHHOBYIO KHCIIOTY, B5-IaHTOTEHOBYIO
kuciory, B9-domuesyro xuciory u Butamunsl A, C, E. Taxxke 6bUI0 YCTaHOBICHO, YTO OTHOCHUTEIIBHO
BBICOKOE COJIEp)KaHKMEe BUTaMUHA BS5 (TaHTOTEHOBOM KUCIIOTHI), a copepxaHue BUTaMuHoB B6, B1, B2 n
D BooG1e 0TCYTCTBYIOT. PUTOXHMHYECKHE UCCIIEM0OBAHUS Haa3eMHol yact pactenus Acanthophyllum
pungens, cobpanHoii B ¢a3e OyTOHM3AIMU, MPOBOJMINCH B COOTBETCTBHM C | METOAMYECKUMHU
pexomennarmsimMu  [ocynapcrBennoit  @apmakomen PK.  TasoBas  xpomarorpadus —Clarus—600
HCIIONIb30BAJIACH IIPU  ONPEACIHCHUN KOJIMYECTBA JKUPHBIX KHUCIOT (BBICOKOYIJIEPOAUCTBIX KHCIIOT),
COZICPIKAIINXCS] B PACTCHHH KOJFOYEro KOJFOYCIHCTHHKA. KauecTBEHHBIN aHAIN3 OMPEICIsUICS HOBBIMH
METO/aMH JABYXCHCTeMHON OymakHOit xpomotorpaduu (BX) u razo-xumxorr xpomororpaduu (IKX).
Kony4ecTBO BUTAaMUHOB ¥ JKHPHBIX KHCIJIOT, OIPEAECNICHHOEC BBINIE, BIICPBHIE PEKOMCHIYCTCS IO
orHourenuo K pacrenuro Acanthophyllum pungens.

KiroueBbie ciaoBa: JKupHble KHCIIOTBI, BHTamuHBI, KoiodenuctHuk, Acanthophyllum pungens,
OymaxkHoi xpomotorpaduu (bX) u razo-xunkoit xpomororpadun (IKX)
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MODIFICATION OF BITUMENS WITH OIL INDUSTRY WASTE

Y.1. Imanbayev!", Y.K. Ongarbayev'?, Y.A. Akkazin*?, A.Ch. Bussurmanova®,
A.N. Boranbayeva®, A.Sh. Akkenzheyeva®

YInstitute of Combustion Problems, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3Yessenov University, Aktau, Kazakhstan
“E-mail: erzhan.imanbayev@mail.ru

Abstract. Introduction. A literature review on the topic of the study has shown that there is not
much work with the use of oily waste in the modification of bitumen. Many methods of bitumen
modification include the oxidation of a heavy oil residue to obtain the target product and its further
compounding with the finished bitumen. Old oil sludge from oil sludge storage tanks has been used as the
oil residue. Oil sludge is prepared by dehydration, the water content should not exceed no more than 5 wt.
% and separation of mechanical impurities up to a content of not more than 16.4 wt. %. Purpose of the
work. The main objective of the study is to develop a technology for modifying oil bitumen with industrial
waste for the disposal of oil sludge, and to show the possibility of improving the physical-chemical,
rheological characteristics of modified bitumen. Results. In the process of bitumen modification, the
physical-chemical characteristics of the modified bitumen have been studied. It has been established that
the composition of oil sludge from the Uzen and Zhetybai oilfield of the Mangistau region contains a
significant amount of heavy oil residues and a small amount of mechanical impurities. From the
conducted laboratory esearch, it has been found that oil sludge can be used as a filler in the modification
of bitumen. Conclusion. Used oil sludge can be used as a bituminous base modifier without removing the
mechanical impurities. Polymer-bitumen compositions have been prepared and the optimal parameters for
the process of preparing polymer-bitumen binders have been determined.

Keywords: bitumen, oilsludge, modification, industrial waste disposal, modifiers
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MOAUD®UKALIUA BUTYMOB OTXOJAMU HE®TEINPOMBIINJIEHHOCTH
E.H. Hmanbaes®, E.K. Onzapoaes*?, E.A. Axkazun*?, A.4. Bycypmanoea®,
A.H. Bopanéaesa®, ALl Axxenmceesa®

YUnemumym npobrem copenus, Aamamel, Kazaxcman

2Kasaxckuii HayuoHanbuwiil yHusepcumem umenu anb-Papabu, Anmamer, Kazaxcman
3Kacnuiickuii ynusepcumem mexnono2uii u unsicunupunza umenu L. Ecenosa, Akmay, Kazaxcman
“E-mail: erzhan.imanbayev@mail.ru

Pe3tome. Bsedenue. JlutepaTypHblii 0030p 1O TeME UCCIIEIOBAHUS TTOKA3all, YTO pabOThl ¢ NPUMEHCHUEM
HedTecoAepKaIMX OTX0A0B B MoJudUKaIlMi OUTYMOB HE TaKk MHOr0. MHOrue cnoco0bl MoauQUKaiumu
OMTYMOB BKJIIOYAET OKUCIECHHME TSDKEJIOro HE(TIHOro OCTAaTKa C IOJYYEHHEM LEJIEeBOro IPOAYKTa
JAJIBHEWIIAM  €r0  KOMIIAYHJIMPOBAaHHEM C TOTOBBIM OHTYMOM. B KauecTBe HE(TAHOrO OCTaTKa
HCIIOJIB30BANICS  3acTapenible Hedrenuiambl u3 ambapHbix Hedrenuiamo Hakornuteneil. Hedreuuiam
MOATOTABJIMBAIOT IyTeM 00€3BOKUBAHUS, COJEPIKAHUS BOJIBI HE JIOJDKEH MPEBbIIATh He Oonee 5 Mac. % u
OTJIEJICHUSI MEXaHMYECKUX MpUMecei o copepxanus He 6onee 16,4 mac. %. Llenv pabomwr. OcHOBHAS
3ajaya  MCCIENOBAaHMS — O9TO pa3paboTKa TEXHONOrMHM MoaupHKanuu HedTsIHbIX OUTYyMOB
MPOMBIIUICHHBIMUA OTXOJAaMH AJI YTHIM3alLMM He(PTEIUIaMOB M IOKa3aTh BO3MOXKHOCTb YIIyUIISHUS
(U3UKO-XUMHYECKHX, PEOJOTHYECKUX XaPAaKTEPUCTHK JOPOXKHBIX OUTYMOB. Pesynomamer pabomosi. B
nporuecce MOAU(UKAMH OUTYMOB H3y4eHbI (DU3MKO-XUMHUUCCKUE XapaKTePUCTHKH MOIU(PUIIMPOBAHHBIX
OMTYMOB. YCTaHOBJIEHO, YTO B COCTaBe He(TEULIAMOBHE(TSHBIX MecTOpoxacHUH Y3enn XKerbiOait
MaHrucTayckoil 00acTH COAEPIKATCS 3HAYMTENBHOE KOJIMYECTBO TSDKENbIX HE(TSHBIX OCTATKOB U
HEeOOJIbIIOE KOJIUYECTBO MEXaHUYECKHX mpumeceil. V3 mpoBeqeHHOro 1abopaTopHOro HCCIeI0BaHUS
YCTAaHOBJICHO, YTO MOXXHO NPHMEHSATh HE(TEUUIaMbl B KAaueCTBE HAMOIHUTENS MPH MOAUDHUKALUH
OouTyMOB. 3axaouenue. Vicnonb3oBaHHble HedTenuiaMbl MOTYT OBITh IMPUMEHEHBI B Ka4yeCTBE
MoaudukaTopa OUTYMHON OCHOBBI 0€3 ylalleHusi MeXaHH4YeCcKuX npumeceii. [IpurotoBnensl momumep-
OMTYMHbBIC KOMITO3HIIMK U OIPEJICNICHbI ONTUMaIbHBIC TapaMeTpbl poliecca IMPUTOTOBICHHS OIUMEp -
OMTYMHBIX BSDKYIIHX.

KaioueBble cioBa: HedTsHble OMTYMbI, HepTeuIaM, MOAUGUKALUS, YTHIM3ALHS MPOMBIIUICHHBIX
0TXO0/10B, MOAU(DHUKATOPHI

Epoycan Hmanbaeeuu Hmanobaes PhD, Accoyuuposannwlii npogeccop, cmapuiuii HayuHbwii
compyOHuK

Epooc Kanumynnaynet Onzapoaes Jlokmop xumuueckux HayK, npogeccop, 3a8edyowuii
aabopamopueil

Epycan Acemoeuu Akkazun Kanouoam xumuueckux nayx, u.o. ooyenma, cmapuiuii
HAYYHbIL COMPYOHUK

Axkxensce Yanwmaposna Bycypmanosa Kanouoam xumuueckux nayx, u.o. ooyenma

Acus Hypay na bopa Mmazucmp, OOKMoparm

Anap Hlvinabaesna Akkensceesa Kanouoam xumuyeckux HayK, u.o. 0oyeHma

1. BBenenne

Hedtsanas npomsinuieHHocTh Kazaxcrana sBiseTcss OZHOW M3 KIIOYEBBIX
oTpacield pecnyOaMKH U B OOJIBIION CTENEHH ONpenessieT SKOHOMUKY CTpPaHbl,
COLIMAJBHYIO TOJNIMTHKY W COCTOSHHE OKpyKaromiei cpenpl. B 3amagnom
KazaxcraHe OCyIIECTBISIOT TNPOM3BOJICTBEHHYIO JesTeNnbHOCTh Oonee 10
KPYIHBIX TpeAnpusTuil HedrerazonoObiBatomieli u HedrenepepadaThiBaroLIeh
MIPOMBIIIIICHHOCTH, a4 TAaKXE TPAHCIIOPTa YIJICBOJOPOAHOI'O CBIPbHA. C KaXXIbIM
rogoM no0brda HeTH yBeIWUMBaeTcs. B mpomecce 100BIMM M SKCIUTyaTaluu
HE(PTSHBIX MECTOPOXKICHUH, TPAHCIIOPTHPOBKE M XPaHEHUH HEPTEMPOLYyKTOB
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Hen30eKHO oOpa3zoBaHne HE(QTSHBIX MIJIAMOB, TPEICTABIIAIONINX COOOHW CTOHKHE
He(TSHbIE SMYNIbCUH, CBOMCTBA KOTOPBIX NIEPEMEHHBI BO BPEMEHU U 3aBHCAT OT
MHOXecTBa (PakTOpoB, B TOM YHWCIIE HauyWHasi OOBOJHEHHOCTH HEQTIHBIX
CKBO)XHH, crocoba moObMH M KOMIIOHEHTHOTO COCTaBa HE(PTH, HAIHINS
MeXaHU4YeCKuX npumecedl u T.n. HedremmaMmel xpaHsTCs ATUTEIBHOE BpeMs B
OTKPBITHIX am0apax W Mpynax, 3TO MPHUBOAUT K BO3PACTaHUIO YCTOHYMBOCTH
HEPTSHBIX CHCTEM C TMPHUMECSAMH. [IpOMCXOAUT 3TO BCIEACTBHE «CTapEHHSD»
SMYNbCUH, HCHApeHHs JerKuX (pakuuii HedTH, YBEIMUCHHS MEXaHHYECKUX
npuMeceii 3a cueT aTMOC(EpHOH MbUTH, OCMOJICHNsT HeQTENPOIYKTOB U T.1. [1]

[To aHanmu3aM Hay4HBIX pa0OT MpPUMEHEHHE NepepaboTaHHBIX HEPTIHBIX
OTXOZOB B JIOPO’KHOM CTPOMTENILCTBE SIBISAETCS OJHOH M3 BOCTPEOOBAHHBIX U
MIPUOPUTETHBIX 001acTel, B KOTOPOH MCIIONb30BaHUE HedTeluiama peacTaBiIeHa
HauOosee mupoko [2-5]. C 370l 1ennbio HeTeOTXO0 bl HCIIOJIB3YIOTCSA B COCTaBaxX
ac¢anpTo0eTOHOB, HE(PTETPYHTOB, NMUIAMOOETOHA, IIEMEHT TPYHTAa B KadeCTBE
3aMeHbl WIM J00aBKM K OUTYMHOMY CBS3yIOILIEMY, YJIydllas KadecTBO
acanbTOOETOHHBIX CMeced 3a CYeT TIOBBIIICHUS  BOAOYCTOWYHMBOCTH,
MEXaHUYECKOW MPOYHOCTH, CHW)KEHHUS BOJIOIOTJIONICHHS, MOPO30CTOHKOCTH,
CMEIIMBAEMOCTH, HaOyXaHHUs JOPOKHOTO TTOKPBITHS.

HpaHckuMH y4eHBIMU OBUIM HCCIIEIOBAaHbI Iporecc MoauduKkanus outyma
HedTenaMamMu JUIsl IPOU3BOJICTBA ac(habTOOCTOHHOM CMECH U JUIS YTHIIN3aluu
HeTsHBIX oTX0#oB. [lo pesynpTaram uCCIeIOBaHUH YCTAaHOBJIEHO, YTO
CHIJKAaeTCsl CTaOWJIBHOCTH MOJIEKYJbl OHWTyMa, TemIlepaTypa BOCIUIAMEHEHUS
OuTyMa M CONPOTUBIICHUE NOPOXKHOTO OuTyMma. [Ipn mo0aBieHnn cepbl B OUTYM C
HepTenulaMaMyd TPHUBEIO K CHIDKCHUIO CONPOTHBIICHHS M HE TIPUBEIO K
MOBBIILIEHUIO MPOYHOCTH 1o Mapmamny. Bmecte ¢ Tem s Mogudukannu Obl1
ucnonb3oBad CBC-momumep 9TO Aano TONOXKUTENBHBINH 3((EKT W MOBBICHIO
OKHCJIMTENbHYI0 CTOWKOCTh O0pasioB. Pe3ynbpraTel aHanm3a IOKa3ald, 4YTO
CTOMKOCTh ac(aabTOOETOHHON CMECH MOBBILIAETCS IPH MCIIONB30BAHUH OT 25 10
50% cepol u 2-7% CBC-nonumepa. IlosTomy ObUTM NPHUTOTOBIEHBI OOpa3LbI
acanprodbeToHHOM cmecn Mapmamn ¢ goOaBiaenmeMm  cepel 30% ¢
UCHONb30BaHUEeM Outyma u HedrenuiamoB. Hammydmum 3KOHOMUYECKH
BBITOJHBIM pe3ynbTaroM cradl 50% HedremmamoB B Outyme u 2% CBC
mosiumMepoB U 15% HedreriaMoB ¢ Outymom [6].

B HacTosiiee Bpemst pa3padaThIBalOTCS U BHENIPSIFOTCS TEXHOJIOTHH, KOTOPBIC
JEeNaloT BO3MOXHBIM ~ YTHIM3AIMIO M MNEpepadOTKy TBEpABIX HEQTIHBIX
nutamoB[7-10]. OmgHako B pecmyONMKe CYIIECTBYET MPOOJIEMBI YTHIIM3AINH,
BTOPUYHOTO UCIIONIL30BAHNS, Pa3eIbHOTO cOOpa HEPTIHBIX OTXOJOB C IENBI0 UX
MaKCHUMaJIbHOM BOBJICYEHHOCTH B KOMIUIEKCHYIO TiepepaboTky. Bmecte ¢ Tem
BO3HHKAE€T HEOOXOTUMOCTh NPHUMEHEHHS HEQTSIHBIX OTXOAOB IJIsi BBIABICHHUS
MPUTOAHOCTH He(TEILTAMOB JJIsl HCIIOJIb30BAHUS B KAYECTBE BTOPUYHOTO CHIPBS.

2. JKcnepuMeHTAJbHASA YaCTh
Js YCTaHOBJICHHUS COOTBETCTBUS IPUTOTOBJIEHHBIX cMmeceit
HOJIUMEPOUTYMHBIX BSDKYIIMX OINPEAEICHBl CIEAYIONe OCHOBHBIE (PH3MKO-
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MEXaHUUECKHE  XapaKTepPUCTHKH:  TeMmIepaTypa  pas3MsrdeHusi, TIiyOuHa
MPOHHUKAHUS UTJIBI (TIEHETpanus), pacTsHKUMOCTh (IyKTHIBHOCTB) M TEMIepaTypa
xpynkoctu no Ppaacy. Temmeparypy pasmsrdeHuss OUTyMma OIpeelsiin
MetogoM «Kombo u map» mo CT PK 1227. I'myOuHa NmpOHMKHOBEHMS WTJIBI
OUTYMOB ompeAemsuin aBTomMartudeckuMm mnenetpometpom mo CT PK 1226.
PactsoxumocTs Outyma onpenensiin gykruiomerpom LIKb-974H mo CT PK 1374.
Temneparypa xpynkoctu Outryma mo Ppaacy ompenensuid Ha anmapare Jis
orpeeneHus Temrepatypsl xpynkocta outymoB ATX-04 mo CT PK 1229.

B pabote B kauecTBE OOBEKTOB HCCIEIOBAHUS HCIIOJIB30BATMCH JOPOXKHBIN
outym kommanmu TOO «CII «CASPIBITUM» u nedrenmamsl u3 He(TSIHBIX
MecTopoxacHuid Y3enb u JKerumOaii B Manrucrayckoii oOmactu. OCHOBHBIC
XapaKTepUCTUKU OUTyMa HeTSIHOTO JOpokHOro Bsizkoro mapku BHJ] 100/130
npencranieHa B Tabmuie 1. Pe3ynbraTel nCcnbITaHUi IOKa3ald, 9T0 (haKTHIEeCKHe
mokazaremn bBHJI 100/130, Takne kak Temmeparypa pa3MArdeHus MO KOJbIY U
mapy 44 °C, pactsoxumocts pu 25 °C — > 150 em, nipu 0 °C — 6.9 cM, BA3KOCTH
muHammdeckas mpu 60 °C — 138 Ila*c, Bsa3kocts kuHEMaTndeckas mpu 135 °C —
352 mm?/c, Temneparypa Benbimku — 282 °C, xpymkocts no ®paacy — 24 °C,

conepkanue mapapuHoB — 0.4 % u Bce moka3aTesd COOTBETCTBYIOT TPEOOBAHUSIM
mo CT PK 1373-2013.

Ta6auna 1- Xapakrepuctuka 6utyma HeTIHOrO JOpOKHOro Bsiskoro mapku BH/I 100/130

HanmeHnoBaHue mmokasarteinst BHJ{ daxr. Meron
100/130 3HAYCHHUE HCTIBITAHHS
IMenerpauus npu 25 °C, 0,1 MM 101-130 113
Tlenerparusmpu 0 °C, 0,1 mm 30 32 CT PK1226
Temneparypa pa3msraenns °C, He HIDKE 43 44 CT PK 1227
PactsoxumocTs, He MeHee: TipH 25 °C, cm 90 >150
Pactspkumocts, He Meree: mipu 0 °C, cm 4.0 6.9 CTPK 1374
Bsiskocts qjuHamuueckas npu 60 °C, [Ta*c He MeHee 120 138 CT PK 1211
BsiskocTs knHemaTnueckas npu 135 °C, mm%/c He MeHee 180 352 CT PK 1210
Temneparypa Benbiiky °C, He HUXKE 230 282 CT PK 1804
Temnepartypa xpynkoctu o @paacy °C, He Bbiie — 22 —24 CT PK 1229
PactBopumocts %, He MeHee 99.0 99.9 CT PK 1228
Copneprxanne napaguHOB %, He BbIIIE 2.5 0.4 CT PK 1230

boum  ompenmeneHsl  QU3MKO-XMMHUYECKHE  COCTAaBBl  HE(TEIIaMOB.
Pe3ynbTare mpoBeaeHHBIX aHAIM30B PYUBEAEHBI B Ta0mmie 2 u 3.

W3 tabmuupl 2 BUIHO, UYTO COJEpKAHUE MEXaHHYECKUX HpuUMecen
(0,0025%), xnopucthix coneii — 21.5 mr/mm3, a Boga oTCyTCTBYeT. YBenuueHHE
KOHIIEHTPAIIMN MEXaHWYECKUX NMpPHUMEceil B OTCTOMHHMKAaX OOBACHSAETCS TEM, YTO
IIpH KOAJIECHEHIIMN Kareidb BOJBl HA TpaHMIEe pasfena ¢a3 MPOUCXOOUT
KOHIIEHTPUPOBaHWE MEXaHWYECKUX MpHMECe W YacTHll CTaOWIN3aTOpPOB B
MIPOMEXKYTOYHOM CJIO€, TOCKOJIBKY MEXaHWYeCKHe MPUMECH, BXOIAIINE B COCTaB
3alIUTHBIX 000JI0UeK TJI00YJ BOABI, HE MEPEeXomsiT B BOAHYIO (asy. Brixon
¢pakuuu 1o 300 °C cocraBun 38.2 % mac., 3T0 0 TOM, YTO JieTKue (pakuuu
HepTH HE MOJHOCTHIO Hcmapuics. MaccoBoe coaepkaHue cepsl B HedTu
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cocraBun 1.2 % wmac., mapadunsr 18.5 % mac. m xapakTepu3yercsi BBICOKOI
maotHOCcThI0 (0.92 r/cM®) M BBICOKOM KHMHeMaTHuecKod BsiskocThio (140.4
MM?/ceK).

Taéauna 2— OcHOBHbIC (HPH3UKO-XHMMHYECKUE XaPaKTCPUCTHKU He(TeNIaMa B MECTOPOXKICHHH Y3eHb

Ha3Banue napamerpo I,E;e;iﬁ;i; ) (O —
InotaocTs mpu 20 °C, kr/m® 920.3 CT PK 2.153-2008
InotHocTs mpu 15 °C, kr/m® 924.1 CT PK 2.153-2008
Conepxanue napaduna, mac. % 18.5 I'OCT 11851-85
Coneprkanue Bojbl, Mac. % 0.0 T'OCT 2477-65
KoHIIeHTpalus XJOPUCTBIX cojieit, Mr/am® 215 I'OCT 21534-76
Conep:kaHie MEXaHUUECKHX IpuMmeceil, mac. % 0.0025 CT PK 2.153-2008
Brixon dpaxuuu, % 00.:
10 200 °C 215 I'OCT 2177-99
10 300 °C 38.2 I'OCT 2177-99
Temnepatypa norepu Texydecty, °C -6.0 I'OCT 20287-91
CozepxaHnue cepbl, Mac. % 1.2 I'OCT P 51947
BsiskocTs knHemaTnueckas npu 50 °C, mm?/cek 140.4 I'OCT 31391-2009
CoJiep>kaHie CepoBOJ0poJia, ppm 0.0 CT PK 1473-2005

OcHoBHBIMH (haKTOpaMH, BIMSIONIMMU Ha U3MEHEHHs COCTaBa HedTelniama
B 3HAYMTENBHOW CTETICHU, 3aBUCHT OT YCIIOBHU 3ajieraHus He(TH B 3alieKH, OT
crnocoba pa3pabOTKM M OIKCIUIyaTallMM HE(QTSHBIX MECTOPOXIACHUH, OT
MPUMEHAEMON U TEXHOJOTHH J0OBIYM, TEXHOJIOTMYECKHUX PEKUMOB pabOTHI
(TemniepaTypa, JaBJICHHE, CKOPOCTH JBIIKEHHS YKHIKOCTH, CTPYKTypa MOTOKA,
COCTOSIHUE TIOBEPXHOCTH MeTaiia TpyOONnpoBOIOB.), cOopa U TpaHcmopTa HedTH
Ha TIPOMBICNIAX, a TaKkKe OT Iepuoja pa3pabOTKH, B KOTOPOM HaXOJUTCS
IKCILTyaTHPYEMOE MECTOPOXKICHHE.

Ta6auna 3— OcHOBHbIE (PHU3UKO-XUMHUYCCKAE XapaKTepPUCTHKA HeTeniaMa B MECTOPOXKICHUMN
XKerbi0aii

HaumeHoBaHnue nokasarens PesynbraT Merton
WCTIBITAHUH WCTIBITAHHS
Coneprxanue Bogpl, Mac. % 38.9 T'OCT 2477
CoJiepkaHie MEXaHUYECKHX ITpuMeceii, Mac. % 37.8 I'OCT 6370
CoJiepkaHue XJIOPUCTBIX COJIeH, MI/JI 2339.4 I'OCT 21534
Conepxanue napaduna, mac. % 225 I'OCT 11851
Conepxxanue cMmou, Mac. % 8.4 T'OCT 11851
CopeprxaHue achanbTeHOB, Mac. % 0.5 I'OCT 11851

[lo pesynbratam ananuza (tabmuna 3) OBUIO YCTaHOBIIEHO, YTO MAacCOBOE
coJiep>kaHue BOJIbI B HedTenuiame Mectopoxkaenus XKerubait moutn 39 mac. %,
MEXaHWYeCKMX TpuMecell B  HedTelniaMe  XapaKTepU3yeTcsi  BBICOKHM
cogepxanuem — 37.8 mac. %. CyMmmapHoe coxepXaHW€ CMOJHCTO-
acQaabTEeHOBBIX KOMIOHEHTOB cocTasisieT 8.9 mac. %. [lo pesynpTaram aHamuza
BU/IHO, 4TO o0a HedremuiamMa IO COCTaBy IMOXOXKH Ha BBICOKOMapaHHUCTHIC
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HepTH. Ha ocHOBE MpoBeneHHBIX aHANM30B HE(TEIUIAMOB YCTaHOBJICHO, YTO B
HUX HMMEETCS  3HAUUTEIbHOE  KOJNWYECTBO  HE(TEHNpOIYKTOB, KOTOpHIC
MpeACTaBIsIeT Hepel coboif B OCHOBHOM Tshkenble (pakmmu HedTu. CoriacHo
MOJYYeHHBIM JIaHHBIM, OCHOBHBIMH COCTaBIIOLIIMMH He(dTenuiaMa SBISIOTCS
yCTOWYMBasE TPEXKOMIIOHEHTHAsI ccTeMa (TBEepAble YacTHILIbI, Macio, BOAa). JTO
TOBOPHTH, YTO MPHU Pa3HBIX YCIOBHAX W UCTOUYHUKAX HAKOIUICHUS He(TEIIaMOB,
B pe3yibTaTe WX XPAaHEHUS W MPOUCXOAAIIUX TPU 3TOM (HHU3HKO-XHUMHUYECKUX
mpoleccax NPOUCXOAUT MOCTEIICHHOE YCPEHEHNE COCTaBa U CBOHCTB HIJIAMOB.

MeTomKa PUTOTOBJICHHS JIA0OPATOPHBIX 00PA3IOB MOINMEPHO-OUTYMHBIX
BSDKYIIUX: B OWTyM, HarpeTslii B peaktope 1m0 175-180 °C mobGasisem
omnpeaescHHOe KoaudecTBo Hedrenuiama ot 20 10 40 mMac. % ot mMacchl OuTyMma,
noyimMepHoro orxonxa ot 0.5 mo 3 mac. % oT Maccel Outyma U MoaupUKaTopa
3aTeM CMEIIMBaeM B TeUeHHUH 3 9acoB co cKopocThio 1000 060poTOB B MUHYTY.
[locme octeiBarmMs 00pa3ioB ObUIM OMpeneleHbl HX (HPU3UKO-MEXaHUIEeCKUe
MOKa3aTeH.

3. Pe3yabTaThl U 00CyxKAeHHE

B Tabmmnax 4 u 5 mpuBencHB (U3UKO-MEXAaHHMYECKHE XapaKTEPUCTHKH
MOJYYEHHBIX 00pa3ioB MOAUGUIMPOBaHHBIX OUTYMOB ¢ Mogudukaropom CBC B
konuyectBe 5 Mac. % u Hedrenulamamu MectopoxkaeHuil Ysenp (YHIL) u
XKerudari (KHI) B paznuunbix cootHomeHusx. [Tomumep CBC npumensics B
KadecTBe 100aBKH JUIsl JTy4IIET0 CMEUIeH!s] He(hTeluiaMoB ¢ OUTYMOM.

Kak BumHO u3 Tabiumsl 4 ¢ yMeHbIICHHEM KOJIMYecTBa Hedremiama
HaOJIo1aeTCs MOBBIICHUE, 3aT€M CHIKEHHE TTTyOMHbBI IPOHUKAHUS UIJIBI TIpH 25
°C. C yBenuyeHHEM COAEp)KaHUs HedTelriaMa pacTsHKUMOCTh —IOIHMEpP-
outymHubix Bsokymux (I16B) monmxkaercs. Pa3msiraenre OUTYMHBIX BSDKYIIUX IO
Kulll ymenpmaercs mpu coaepkanuu 35 % HedTenuiama, 3aTeM pPe3KO
MOBBIILIACTCS. Pe3ynbTaTsl HCIBITAHUNA MOKA3aJH, YTO U3 MOJYYEHHBIX 00pa3IoB
MOIUGHUIMPOBAHHBIX OMTYMOB C HEe(TELUIAMOM M3 MECTOPOXKACHUI Y3eHb Npu
conepkanun 40 % COOTBETCTBYET (PAKTHUSCKHUM IOKA3aTeNIIM TPEOOBAHHH I10
TV IIBB 40. Bsxymee ¢ coxepxanveM 20 % HedTenuiama mo moxasareisiMm
TEXHUYECKU yAoBieTBopsier TpeboBanus TY na [1bB 90.

Tadoauna 4— OU3MKO-MEXaHNUECKUE XapaKTEPHUCTUKH MOTU(UIMPOBAHHBIX OMTYMOB C He(TEIUIaMOM
MECTOPOXIeHUH ¥Y3eHb

HaunmenoBanue I1EB ¢ go6askoit YHIII
noxazarens 40% | 35% | 309% | 25% | 209 | PB4 1B 90
Tewmeparypa 50 | 46 | 58 | 63 | 71 | Heweneese | TCMeHee
pa3msiruenus, °C 51
Tenerpanus, 0,1 MM 40 96 100 86 87 40 90
}C);cmxmmocn npu 25 °C, 14 17 27 24 30 He menee 15 He IggHee
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Hedremmam wmecropoxnenmii Kermbait (OKHIL) mnpencraBmser coboit
MAQJIONOABWXHYI0  MacCy C  BBICOKMM  COACp)KaHHMEM  HapaUHUCTHIX
yraeBoJOpooB.  Pe3ynpTaTel  aHanM3a  IOKa3bIBalOT, YTO  yBEJIUYEHHUE
coJep)kanusi, 1obasnsieMoro Hedrenuiama 6osee 30 % 10 OTHOIIEHHIO K OUTYMY,
HE TIPHUBENIO K TMIOJOXHUTENbHBIM pesynbrataM (Tabmuma 5). Bspkymee ¢
cojepxanueM 25 % HedTenuiama mo Mmokas3aressiM TEXHUYECKH YIOBIETBOPSET
tpeboBanuss TY mna IIBB 60. Kak mnoka3biBalOT TaOMW4YHBIE MAaHHBIE, C
yYBEIMYEHHEM  KOJM4YecTBa  gobOaBisieMoro  Hedremmiama — TeMmepaTypa
pas3MsrdeHus He3HAYMTENbHO TOBBIIIACTCA, HO 3aTreM mpHu nobaske 15-20 %
cHmkaercs. ['myOuHa mpoHunkHOBeHUS Wbl mpu 25 °C OUTYMHBIX BSDKYIIHX
MOHIKAETCsI, HO 3areM mnpu jgobaBke 20 % moBbimaeTcs. PacTsumocTh
MOJYYEHHBIX 00pa310B JOCTUTAET MaKCUMAIILHOTO 3HaUeHHs Npu Jgo0aBiaeHun 20
% mnedremtama. Bspkymee, ¢ comepkanmem menee 15 % Hedremntama mo
TEXHUYECKUM TOKa3aTessiM, COOTBETCTBYET HOPpMAaTUBHBEIM 3HaueHusM [1BB 40.

OTU  [aHHBIE  BEPOSTHO, OOYCIOBICHO TPOTEKAaHHEM  IPOILECCOB
CTPYKTypHUpOBaHUSI ~OWTyMa, BBbI3BaHHBIX B3auMoOJeHcTBHEM  mapaduHo-
Ha(TCHOBBIX YIJIEBOJOPOAOB C MOJUMEPHOH cocTaBisionield Hedremiama.
Bricokoe conepikaHne MeXaHHMYECKHX TMPHMEce B coCTaBe He(TelIaMOB He
MNOBIMSIO Ha (DPU3NKO-MEXAHHMUYECKHE XapaKTEePUCTUKU OMTYMHOI'O BSKYILETO,
TaK KaKk MEXaHMYECKHE TMPUMECH NPEACTaBICHbl B OCHOBHOM B BHUJE
€CTeCTBEHHOW aTMOC(QEpHON TMbBUIM, KOTOPBIH oOpa3oBajics IMOJ JACHCTBHEM
MpUPOAHBIX BeTep. Ho moBbllieHHOEe copepkaHue Hedrenuiama Goinee 30 %
MOJKET HPUBECTU K HAOYXaHHUIO MOJIMMEPOB M PA3PYLICHUIO CTPYKTYPUPOBAHHUS
OutymMa B YIJIEBOJOPOJTHBIX pacTBOpUTENsX. HeoOXoauMo OTMETHUTh, YTO
MUHHMAaJIbHbIE 3HAUCHHS PACTSDKUMOCTH OUTYMOB C YBEIHUCHHEM COJICPKaHHMs
HedTeniaMa CBUAECTENbCTBYIOT O HAJMYUM B TOTOBOM IPOAYKTE MapadrHOBBIX
coeauneHui. IloBrienne conepxanus HedreniaMa NpUBOJUT K 00pa30BaHHIO
HaunboJiee MPOYHON KOJUIOMTHON CUCTEMbI OMTyMa.

Tadoauua 5— OU3HKO-MEXaHWYECKHE XapaKTePHUCTUKH MOTU(DUIIMPOBAHHBIX OMTYMOB C He(TEILIAMOM
MectopoxaeHuit Kerndait

HaumenoBaHue noxasaresns p;i:;“:sg 2;};1,)2C HeHeTIi;Em’ 0.1 Paﬂ???é?z:r i
5% 54 49 21
10 % 67 45 17
15 % 53 40 22
Maccosoe 20 % 57 79 27
colepKaHue
SKHII 25 % 73 61 20
30 % 74 57 13
35% 78 51 9
40 % 85 46 8
Tpeoosanus mo TY I1EB 40 He menee 56 40 He menee 15
Tpebosanns mo TY TIBB 60 He menee 54 60 He menee 25
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Hanee mpoBeneHbl UcCIEIOBaHUS ¢ MPUMEHEHHUEM JKMIKOTO TMOJIMMEPHOTO
Moau(duKaTopa Ha OCHOBE CTUPOJI-OyTanueHoBoi aucnepcuu (Butonal). JlanHbIH
MIPUMEHSIEMbIH MOAU(UKATOP HCIONB3YIOTCS AJS YIy4IIEHUs] CBOWCTB OMTyMa,
OUTYMHBIX SMYJIbCUH M acdanmbTobeToHa. MoaudukaTop OTHOCHTBCS K Kiaccy
TepmodnacromiactoB  tuna SBR  (StyreneButadieneRubber), cozepkanue
kotoporo 63-71% ot o6meit wmaccel monuMmepa. DU3HKO-MEXaHUYECKHe
XapaKTEePUCTHKH MOIUPHUITIPOBAHHBIX OuTYMOB HedTemIamamMu c
Monudukaropom Butonal npuBeneHs! B Tabmuie 6.

Tabmuma 6 xapakTepusyeT OWTYMHBIE BSDKyIIHE, MOTU(PUIIMPOBAHHBIE
moauukaropom Butonal mpu comepxannu 1 % ymoBnerBopsier TpedoBanus TY
6B 90 u ymyumaer (U3MKO-MEXaHWYECKHUE XAPAKTEPUCTHKH MOIYy4aeMOro
MPOAYKTa. YBENWYCHUE COAepKaHHe MOAU(PUKATOpa MPHUBEIO K YMEHBUICHHUIO
Temnepatypsl pasmsrderns g0 40 °C, a riyOWHAa TPOHUKHOBEHHS WTIIBI
yBenuumiicsa 1o 194 npu remnepatype 25 °C.

Tadauna 6— du3uKo-MEeXaHWYECKUE XapaKTEPUCTUKH MOIU(UIMPOBAHHBIX OUTYMOB C He(TEIUIAMOM
MecTOpoXxIeHHH ¥Y3eHb u MoaudukaTopom Butonal

HaumeHnoBanue mokasarens Cootnomenne, mac. %: burym/YHIIl/Butonal
75025/5 | 70/30/3 | 70/30/1 | 8072073 | sojzois | 1PB90
;feMl'[epaTypa pasMsryeHus, 47 42 45 40 7 He gf[izﬂee
IMenerpanus, 0,1 MM 157 194 165 107 103 90
Pactsoxumocts mipu 25 °C, cm 48 465 33 85 355 He gflgHee

Pe3ynpraThl aHanM3a TO3BOJSET MPEIINOJOXKHUTH, YTO IPUCYTCTBHE
MonuduKaropa B OHTyME TPEISITCTBYET NPOYHOMY CIEIJICHHIO OuTyma C
napa)MHOBBIMU YTJIEBOJIOPOJIAMH M CQOPMHUPOBATH 30Jb-TEIEBYIO CTPYKTYPY
outyma.

B tabmune 7 mokazaHbl pe3ysbTaThl aHATN3a MOJTUPHUIIMPOBAHHBIX OUTYMOB
c He(TenmulaMoM H3 MecTopokaeHuit Kernbaii m momudukaropom Butonal.
Panee m3-3a mioxoil coBMecTHMOCTH Moaudukaropa Butonal ¢ medrenmamom
MECTOPOKACHUH  Y3€Hb  HCCIEJOBaHUS  NPOBOAMIM B  COOTHOILEHHU
burym/nedrenmam (80/20) B paznuyHoMm conepkanuu Moaudukatopa Butonal.
W3 tabnuner 13 BugHO, 9TO B cooTHOomeHnu burym/medrenuram (80/20) B 3 %
coJiep>kaHuM MoJIu(HUKaTopa MOANGUIMPOBAHHBIN OUTYM MOYTH yJOBJIETBOPSET
tpedoBanus TY I1bB 90.

Tadauna 7— Ou3MKO-MEXaHWYECKUE XapaKTEPUCTUKH MOIU(UIMPOBAHHBIX OMTYMOB C He(TEILIAMOM
MecTopoxaeHuit XKerubaii u mogupukatopom Butonal

HaumeHoBanue nokasatens CootHomenue, Mac. %: butym/2)KHIII/Butonal [EB 90
80/20/5 80/20/3 80/20/1
Temneparypa pa3msaraenns, °C 57 46 42 He menee 51
Ilenerparus, 0.1 MM 80 88 107 90
Pactspxumocts mpu 25 °C, cM 61 86,5 142 He menee 30
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U3 npoBeneHHOTO 1a00PaTOPHOTO MCCICIOBAHUS YCTAHOBJICHO, YTO MOXKHO
MPUMEHSITH He(TeIIaMbl B KAYeCTBE HAMOIHUTENSI IPH MOAUMDUKAIH OUTYMOB.
B Heckonbkux 00pasnax Mmoka3aHO MOBBIIICHUE KAUeCTBA CMECH, YBEITUYMBACTCS
MPOYHOCTh, KPOME TOTO PEIIAIOTCS JKOJOTHYECKUE BOMPOCHI MO YTHIM3AIUU
OTXO/I0B He()TEPONU3BOJICTBA C HANMEHBIIIMMHU SKOJIOTHYIECCKUMH HArpy3KkaMH Ha
OKPY’KaIoIIyI0 Cpemy.

4. 3aki1109eHne

[To pesynbTaTaM HcciaeqOBaHUS MOKHO CHAENATh BBIBOJ, YTO B KauecTBE
3aMEHHUTENS KOMIIOHEHTa OMTYMHOI'O BSDKYIIETO, HeTelniaM MpUMEHHM ISt
MonudHuKanuu OUTYMOB TOJIBKO MPUCYTCTBHH MOJHMMEpPHOro mMoaudukatopa. ¥
BceX OOpa3LoOB CHWXKAETCAd TeMIlepaTypa pa3MArdeHUss W PacTsDKUMOCTb,
MOBBIIIACTCSI TIYOMHA POHUKHOBEHUS Uriibl (cBbime 20 Mac. % Hedrenama B
oOpasie, ONTyMHOE BsDKyIIHE BeleT ceOs HecTaOWIbHO, KOTOPHIH MPUBENET K
BOJIATWJIBHOCTH TTOKa3aTeneit). HekoTopheix ciydasx moOaBieHne HedTenriaMane
JlaeT KaKuX-TU00 ymydIIeHHH SKCIUTyaTalliOHHBIX CBOHCTB MOJIMMEP-OUTYMHOTO
Bsokymiero. [Ipu mpuMeHenun HedTemIaMOB HEOOXOIMM THIATENBHBIA aHAIU3
IPYIIIOBOTO COCTaBa, COACPKAHUSI MEXaHHUECKHUX IPUMECEdl M METalJoB,
OuHCcTKa HeTeliaMa OT BOJIBI, €CIIM UCIIOJIB30BaTh €ro MpU HEeMoCpeJCTBEeHHON
MoauduKanuu OUTYMOB.

YcTraHoBNeHO, YTO HauOojee MOAXOMSIIMM C TOYKH 3PEHHUSI COAEpKaHUS
pa3NMYHBIX NpUMecell sBisieTcs: oOpasen HedTeliaMa MECTOPOXKACHHUS Y3€eHb,
TaKk Kak CHIDKEHHOE COJiep)KaHUe BOJbI M MEXaHWYECKHX IpHMecell olsierdaer
MEPBUYHYIO TOJTrOTOBKY HedTeniaMa K KOMIAayHJUpPOBaHUIO C OUTYMOM.
Hcnonb3oBanue HedrenuiamoB MectopoxaeHus JKernbaii 6e3 npeaBapuTenbHON
MOJITOTOBKM TPUBOJUT K HaOyXaHWIO OWTYMHOTo BspKymiero. Iloatomy
npejiaraeTcs npeABapuTeNbHAsS OYUCTKA HeTeniama OT BOJIBL.

Ilo pesynpTaTam HCCIEAOBAaHMA ObUIM  ONPEAEIEHBl  ONTHMAJbHBIC
COOTHOLICHHUS M (DUBUKO-MEXaHHUUECKHE XAPAKTEPUCTHKH MOIUPHULINPOBAHHBIX
outymoB HedTenuiamamu. JIJiss TPOM3BOACTBEHHBIX TMPOIIECCOB IpEIIaraercs
cieaylomas peuentypa godasienuem Hedrenuiama: 20 mac. % HedTenuiama, 5
% CBC momudukartopa unu 1 % Butonal, ocranpHOe OuTyMHas Macca.

MYHAM OHEPKOCINTIK KAJIBIKTAPMEH BUTYM/Ibl MOJUGUKALUSIAY
E.HU. Hmnanbaes”, E.K. Onzapbaes'?, E.A. Axkazun*?, A.4. Bycypmanosa®,
A.H. Bopanéaesa®, A.IIl. Axxenxnceesa®

YKany npobnemanap uncmumymeor, Anmamet, Kazaxeman

20n-Dapabu ameinoaze Kazax yimmelx ynueepcumemi, Anmamol, Kasaxcman

3111 Ecenos amwindasbr Kacnuii mexrnonozusiap sicane undicunupune ynusepcumemi, Axkmay, Kasaxcman
*E-mail: erzhan.imanbayev@mail.ru

Tyiiingeme. Kipicne. 3epTrey TakbIpbIObl OOMBIHIIA 9nebHeTTEpre MIOMy OUTYMIBI MOIUGbHKaNUsIIAYIa

MYHaMJIbl KaJJbIKTap/ibl Maiganany OOWBIHIIA JKYMBICTBIH KOI XKYPri3iIMEHTiHIH KepceTTi. butymms
Momu(HKANUIAYIbIH KONTEreH oicTepiHe MaKCaTThl OHIMIl aly YIIIH ayslp MyHaWKalJbIKTapbIH
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TOTBHIKTBIPY JKOHE OHBI JaliblH OMTyMMEH opi Kapail OipikTipy jkxaTajgpl. MyHall KaJablFbl peTiHIE
MYHaHIIUIAMBIH CAKTaWThIH pe3epByapiaplIarbl €CKi MyHail MHUIaMbl NaiganaHelUiibl. MyHail IITambl
cychI3aHbIpyCcy bl Menepi 5 mac. % acmaybl kepek jkoHe 16.4 mac. % acmaiiTelH Kypamaarsl
MEXaHHKaJIBbIK KOCTIanapabl 0611y apKbLIbl JalbIHIaaabl, Kymbic Makcamopl. 3epTTEYAiH HEri3ri MaKkcaThl
— MyHaWlIJIaMBIH KOJIeTe jKapary yIIiH MyHail OMTyMBIH ©HAIPICTIK KaJAbIKTapMeH Moaudukaiusiay
TEXHOJIOTHSICBIH JKacay JKOHE MOAW(HKALMSUIAHFAH OWTYMHBIH (DH3MKa-XUMHUSUIBIK, PEOJOTHSIIBIK
CUMaTTaMalapblHkK aKcapTy MYMKIHIITIH kepcery. JKymvic namuoicenepi. Butymasl Momudukamusiay
npollecinae MoaAnHUKaALUsIIAaHFAaH OUTYMHBIH (pU3MKa-XHUMUSUIBIK CHIIATTAMANAphl 3epTTenai. MaHFbicTay
00bICHIHBIH O3¢H xoHe JKeribait MyHallKeH OpbIHAAPBIHBIH MYHAHIUIAMBIHBIH KYpaMbIHIa MYHaWIbIH
ayBIPKANIABIKTAPBIHBIH €I0YIp MeIIiepi MeH MEXaHHKAJbIK KOCHalapiIblH a3 Meuepi 0ap ekeHi
aHbIKTAIIBL. JKYpri3iireH 3epTXaHabIK 3anmnaMmH ouTyMIbl MoaMHKaMsIIAy A
TOJNTBIPFBIII  peTiHAe NaijanaHyra Ooma anapl.  Kopwuimeinow.  Ilaiinananbuiran
MYHaWIUIaMbIH MEXaHHMKAJIBIK KOCHAalapabl KeTipMmei, 6I/ITyMleI Heri3ni Moxudukarop periHne
naiigananyra Oomazabl. IlomuMep-OMTYM KOMIIO3MLMSUIApbl  AaibIHAQNABL  KOHE IOJIMMEP-OUTyM
0aiiIaHBICTHIPFBIITAPBIH AAMbIHIAY TPOLIECIHIH OHTAMIBI HapaMeTpJiepi aHbIKTAIIIbI.

Tyiiinai ce3mep: MyHail OMTYMBI, MyHail IUIaMbl, MOIUGUKALVS, OHAIPICTIK KaIABIKTApABI KoJIere
*apaty, MoauduKaTopiap
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Kbl3MemKep
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POTENTIAL OF IMIDAZOLE-CONTAINING DERIVATIVES FOR
PRACTICAL APPLICATION (Review)

A.B. Kaldybayeva 2, K.D. Praliyev !, A. Sergazy 2, A.E. Malmakova !, V.K. Yu!

LJSC «A.B. Bekturov Institute of Chemical Sciencesy, Almaty, Kazakhstan
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: altin_28.94@mail.ru

Abstract. Introduction. The imidazole ring is becoming a popular structural fragment in synthetic
pharmaceuticals, being an ionizing and aromatic component, which activates pharmacokinetic properties.
The imidazole cycle is present in many antiprototic, antifungal and antihypertensive drugs, antibiotics and
others. These structures are effective against various strains of microorganisms. The imidazole block is
contained in the anticancer drug mercaptopurine, which has an effect by interfering with the DNA activity
in the treatment of leukemia. Purpose: to review imidazole derivatives with various types of physiological
and/or other actions published in the scientific literature over the last twenty years. Objects of research:
imidazole derivatives. Results.An imidazole fragment is contained in a large number of natural products
and clinically active drug molecules. Most of the publications relate to the study of the therapeutic
possibilities of new structures of the class of imidazole derivatives for medical use. However, the potential
of imidazole-containing molecules is not limited only to BAS, their other properties are interesting, in
particular such one as corrosion inhibition. Conclusion: The introduction of a highly active imidazole
fragment into an organic molecule stimulated the appearance of notable achievements in the field of
chemotherapeutic and antibacterial agents. The active synthetic search for highly active imidazole
compounds continues not only in the field of biologically active compounds, but also as the potential
anticorrosiveand other agents.

Keywords: imidazole derivatives, biological activity, antiviral, antifungal, anti-inflammatory,
analgesic, anticancer activity
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HOTEHIMUAJ MPAKTUYECKOM MPUMEHUMOCTH
HUMUJA3O0JCOJEPKAIIIMX ITPOU3BO/JHBIX (0O030p)

A.B. Kanowvibaesa?, K.JI. Ilpanues', A. Cepzasvi®, A.E. Manmarosa’, B.K. F0*

A0 «HMncmumym xumuyeckux nayx umenu A.B. bexmyposay, Anmamol, Kazaxcman
2 Kazaxckuii HayuonanbHwlil ynuéepcumem umenu anv-Dapabu, Anmamol, Kazaxcman
E-mail: altin_28.94@mail.ru

Pe3tome. Bseoenue. IMUIa30iIbHOE KOJIBIIO CTAHOBHUTCS IOMYJISIPHBIM CTPYKTYPHBIM (bparMeHToM B
CHUHTETHYECKMX  (DapMalleBTHYECKHX Mpenaparax, sBISACH HOHHM3HUPYIOIMM M apOMaTHYECKUM
KOMITOHEHTOM, KOTOpO€ AaKTHBUPYET (papMaKOKMHCTHYECKHE CBOMCTBA. VIMHMIAa30JIBHBIA  IMKI
[IPUCYTCTBYET BO MHOTHMX aHTHIIPOTO30MHBIX, MPOTUBOIPHOKOBBLIX M THIIOTEH3MBHBIX Iperaparax,
aHTHOMOTHKAX © Apyrux. JlaHHele CTPYKTYpbl 3()(EKTHBHBI MPOTHB PA3JUYHBIX  IITAMMOB
MHUKPOOPraHu3MOB.  VIMHIa30/ibHBIA ~ OJOK  CONCPIKUTCS B IPOTHBOOIIYXOJEBOM  IIperapare
MEPKANTOIYPHH, OKAa3bIBAIOIIMM JICHCTBHE ITyTeM BMemareibcTBa B akTuBHOCTH JIHK mpu sedenuun
nerikemun. [Jeas. TIpoBectr 0630p MPOU3BOAHBIX HMHA30J1A C PA3IMYHBIMKM THIIAMHU (PU3HOTIOTHIECKOTO
W/WIH APYroro JEHCTBHs, ONYOJMKOBAHHBIX B HAYYHOM JIMTEpAType 3a MOCIEIHEe IBaAlAaTHIETHE.
O6vexmbl ucciedoganusi POU3BOAHBIE UMUA30IIa. Pezynomamspl. OparMeHT UMHIA30/1a COACPIKUTCS B
GOJIBIIIOM KOJIMYECTBE HATYPaJbHBIX MPOAYKTOB M KIMHUYECKM aKTHBHBIX MOJIEKYJI JIEKAPCTBEHHBIX
cpeacTB. Bonblnas 4acTh NMyONUKALMA OTHOCHTCS K HMCCIIEJOBAHUIO TEPANEBTHYECKHX BO3MOXKHOCTEH
HOBBIX CTPYKTYp KJIacca MPOM3BOHBIX UMHU/Ia30JIa ISl MEIUIIUHCKOTO puMeHeHust. OJHAKO, MOTEHIIHa
AMHJA30J1-COAEPKAIIMX ~ MOJICKYJI HE OrPaHHUYHBAETCS TOJBKO OHOJIOTHYECKOH aKTHBHOCTBIO;
HWHTEPECHBIM JIPYTHE WX CBOMCTBA, B YAaCTHOCTH, TAKHE KaK WHTHOMPOBAHHME KOPPO3UH. 3akiroueHue.
BHeapeHne BBICOKOAKTUBHOIO MMHIA30JbHOIO0 ()parMeHTa B OPraHHYECKYIO MOJIEKYJY CTHMYJIMPOBAJIO
[TOSIBJICHUE 3aMETHBIX JOCTHKEHHI B 00JACTH XMMHOTEPANIEBTHYECKUX U aHTHOAKTEPUAILHBIX CPEICTB.
AKTHBHBIM CHHTETHYECKHI IOMCK BBICOKOAKTHBHBIX HMHIA30JIbHBIX COCIAWHEHHUM IPOIOIKACTCA HE
TOJBKO B  00JacTH OHOJNOTMYECKM AaKTHBHBIX  COEAMHEHHMH, HO M Kak [OTEHIHAIbHBIX
MIPOTHBOKOPPO3HUIHBIX M APYTHX CPEICTB.

KiroueBble cJjioBa: IpOM3BOAHBIC WMHKZIA30Jla, OWONOTHMYECcKas aKTHBHOCTh, IIPOTHBOBHPYCHAS,
MIPOTHBOTPUOKOBAs, MPOTHBOBOCHAIUTENbHAS, 00€300JIMBaIOIIasl, IPOTHBOPAKOBAsI aKTUBHOCTD

Kanovioaesa Anmuinaii bekoonkwizel PhD, nayunveiii compyonuxk, npenooasamens

Ilpanues Kanowoait /Jrcaiinososuu Axademuk Hayuonanvroul akademuu Hayk
Pecnybauxu Kazaxcman

Cepzazvt Auoa Cmyoenm

Manmaxosa Auzynv Epoocvinosna PhD, geoyuyuii nayunvii compyonux

IO Banenmuna Koncmanmunoena Hcnoanaowuii 06s13aHHOCIU 306€0YI0Ue20
aabopamopueil. OOKMOP XUMUHECKUX HAVK,
npogeccop

1. BBenenne

buonmornueckn  3HAYMMBICE ~ MOJIEKYJIBI, BKJIIOYas  OOJIBIIOE  YHCIIO
JICKAPCTBEHHBIX CPEJCTB, HMMEIOT B CBOEM COCTaBE€ TI€TEPOLUKINYECKUN
¢parmenT. YacTto TPHUCYTCTBUE TETEPOATOMOB W/WiIM  (PYHKIMOHAIHHO-
3aMEIICHHBIX TPYII MNPUAAeT MPEUMYIICCTBEHHYIO CIHCHU(PUYHOCTh HUX
OMOJIOTMYECKUM  CBOMCTBaM. XHMHS TIETCPOLMKINYCCKHUX COCIAUHEHUH U
M3y4YCHHUE WX OWMOJEWCTBUS MPEICTABISICT MEPCICKTHBHYI0 HAy4YHYHO 00JacTh
HCCICAOBAHUM, a HKMHUIA30J SIBISICTCS OJHUM W3 KOMIIOHEHTOB, KOTOPBIM
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MpUBJICKaeT BHUMAHUWE YYEHBIX H3-32 €ro pacTyliero IOTeHIUada Jyis
MEIUITMHCKOM XumuHu [1].

B nacrosmemM 0030pe mpeAnpruHATa MOMBITKa COOpaTh M MPOAHAIN3UPOBAThH
“HGOPMAIUIO 33 TMEpPHOJ TOCICIHETO JBAIUATHICTHS TI0 OHOJOTHYECKU
AKTUBHBIM [IPOU3BOJIHBIM UMHUIA30J1A.

2. buojioruveckue CBOiiCTBAa MPOU3BOIHBIX HMH/IA30J1a

2.1 Hoevlie npousgooHvlie  umuoazona ¢  NPOMUBOBUPYCHOU U
npomueocpUOKOGOL AKMUEHOCIBIO

Sharma D. ©® KoIern CHHTE3UpOBAIN (3aMEINEHHBIN  (eHmm)-[2-
(3amereHHbIi heHmT)uMuAa30-1-mi|meranonsl (1 @, b) u mpoBeaH CKPUHUHT
MNPpOTHUB BUPYCHBIX HITaAMMOB. B coorBeTcTBHU C MNOJIY4YCHHBIMU PE3YyJIbTaTaMH
OomockpuHuHTa 1 a, b BeIOpaHBI B KauecTBE CHIIBHEHININX MPOTHBOBUPYCHBIX
cpencts [2].

R1:H, R2:H, R3:Cl OI‘NOz’
N R,=H,Rs=H, X =Br

la,b

B paGote [3] npu olieHKE MPOTHBOTPHUOKOBON AKTUBHOCTH MPOM3BOJIHBIX
MMHJI03071a [OKa3aH BBICOKHI  pe3ysibTaT CIocoOHOCTH JjmraHma  (2)
uarubuposats poct rTpubos Candida albicans, Aspergillus fumigatus wu
Scedosporium apiospermum. CToOWT OTMETHTH, 4YTO 2 0O0JagaeT BBICOKOH
akTBHOCTBIO B oTHomennn Candida albicans maxe mpu koumeutparmu 0,1
MKI/MI, uTo B 10 pa3 HHXKE KOHTPOJHHOH KOHIIEHTPAIUU MPOTHBOTPUOKOTO
amphotericin B. (1 mxr/m).

N OH

=N

NS
\=N

C yueroM Ouojorudeckoil 0e30HaCHOCTH IS IPOTHBOTPUOKOBBIX
UCCIIEeJOBaHNI MPOM3BOAHBIX MMHIA30JIa B KaUeCTBE PENPE3CHTATHBHBIX BUJIOB,
aBTopamu [4] BBIOpaHBI HEMATOTEHHBIC TPUOBI W JPOXOKH. MccremoBaHUS
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MPOBEJEHBl IIyTEM MOHUTOPHHTa H3MEHEHWH onTtudeckoil miotHoctu (OD)
IpOXOKeH, MHKYOMPOBAaHHBIX C YETHIPhMS IPOM3BOAHBIMH WMHUAazoia DPI-B,
DPI-A, DPI-BP u DPI-In (3 a-f) B BogHoii (haze. biraronaps Hanu4mio ¢pparmMenrta
nupuauans B DPI-BP npousBoaubie (3 €, d) 61aronpusiTCTBYIOT MATOXOHIPHSIM
JUI  TIONYYCHUST W300paXKeHWH CHenu(UUECKUX OpraHeNll C  BBICOKHM
paspemenuem. DPI-In (3 e, f) siBnsiercst HanGonee MOLIHBIM TPOTHBOTPUOKOBBIM
CPEACTBOM CpEOW HCCICAOBAHHBIX CTPYKTYp, JACMOHCTPUpPYS  JyYIIyIO
3¢ (HeKTUBHOCTH, Y€M KOMMEPUYECKH IOCTYMHBIH MPOTHBOTPUOKOBBIN Mperapar
MHKOHa301 [4].

NQ DPlB N>‘ AN DPI-BP
L Q%
OO
N

3¢,d
N
W >/ N
\ N /PF6
N
\ DPI-A DPI-In

3ef

ABTOopaMu [5] akTHUBHOCTH MPOM3BOAHBIX MMHIazona (4, 5 a-C) mpoTus
rpubka Cryptococcus neoformans usydanace quckoBbiM MeTo10M Kup6u-bayaspa,
KOTOPBIM JaeT OBICTPYI0 M KauyeCTBEHHYI0 HMH(GOpMALUIO MO OHMOJIOTHYECKON
aKTUBHOCTU MoJieKys. CoriiacHO pe3ysbTaTaM HCCIe0BaHMsl, BCE MPOU3BOIHBIE
(4, 5 a-Cc) moruu OBITh aKTHBHBIMHU B 00J1acTH 3HaYeHUI TopMOkeHus (1-3,7 cm)
OT Xopommx [0 cpegHux (1 cM oO3HadaeT, 4YTO TOPMOKEHHA HE ObLIO).
Homonmautensno mist 4, 5 a-C  omnpeneneHbl 3HAYCHUS MHUHHUMAIBHOM
KOHIIeHTpanyu uHrubuposanus (MKH).

o 0 o
X O/ X O/ AN 0/
Q7 O 0
5a \§N sp N 5¢ ‘EN

CuHTE3upOBaH HOBBIM PAa MPOU3BOAHBIX 2,4,5-Tpudenmn-1H-umnaazon-1-
wia W TpoTecTHpoBaHa IN Vitro ux (¢apmakomorumyeckass aKTUBHOCTH C
WCTIOJNB30BAaHMEM  KJIOTpHMasoyia  (MIPOTHBOTPHOKOBas),  IUNpPOdIOKCcaIlMHA
(mpotuBoMuKpoOHas )1 (peHHIOyTa30Ha (MIPOTHBOBOCHAIUTENbHASA) B KadeCTBE
CTaHJIAPTHBIX TpernapaToB CpaBHEHHs. Bce NMpOW3BOJHBIC MPOTECTHPOBAHBI Ha
aKTHBHOCTL B  oTHomrenmn r1pubOkoB Candida albicans, a Taxke
mukpoopraam3moB Bacillus subtilis u Escherichia coli mpu atom coenunenue (6)
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MoKa3ago HauOONBLIYI0 aKTUBHOCTh. YCTAaHOBJIEHO, uTO coeauHenue (6), mpu
koHneHTparuu 100 mr/kr, npeacrasiser 76,11 % uHruOupoBanus ooObeMa OTeKa
KPBICHHOI1 Jartbl uepe3 4 gaca, Torja Kak CTaHJapTHBIA mpenapaTt GeHnI0yTa3oH
B 3TO BpeMs mokasan 85,07 % wuHruOupoBaHuss o0beMa OTE€Ka KPBHICUHOMW JIamibl

[6].
(D
N
)
A

CH,4

2.2 Ilpomusogocnanumenvrule u 0be3001usaowue NPoOU3Bo0oOHble UMUOA301A
u beHzuMudazona

OO6HapykeHO, YTO HOBbIE MPON3BOIHbIC MTHPUMHUIO [1,6-a] GeH3UMEIa301a 1
MUPUMHUIOUMHUIA30 [4,5-b] MUPUANHA SBTISIFOTCS CHIILHBIMHU
MPOTUBOBOCHIANIUTEIBHBIMU U 00e300muBaroniumu cpeactsamu. Coeaunenue (7
a) TI0Ka3aJl0o HaWOOJBIIYI0 TPOTUBOBOCIAIHUTENRHYI0 H 00€300IHBAOIILYIO
aKTUBHOCTb, a mnpom3BogHoe (7 ©) oOkasanoch Haubojiee aKTHBHBIM
MIPOTUBOMHUKPOOHBIM CpecTBOM [7].

N\ N-OH
| 4 7a R=C(H,Cl
N NH 7b R =C,H;
N
R
7a,b

IIpoussoausie o amuHorpyime N-[(2-3amementoro dennn)-4,5-nupeHn-
1H-umunazon-1-nn)(benmn)mermn|amuaa (8  a-C)  CHHTE3UPOBaHBI U3
MPOU3BOAHBIX 2-3aMenieHHoro 4,5-audeHuTumMuaa3ona, Ucxods u3 OeH3wia u
apomatmyeckoro anpaeruaa [8]. CHHTe3npOBaHHBIE COENWHEHUS MPOBEPEHbI Ha
aHaJIbIETHYECKYIO U TIPOTHBOBOCIIAUTENBHYIO aKTUBHOCTh Ha KPBICAX METO/IaMH
ropstueit wnactuakn (55 £ 0,5 °C) u BBenenumem kapparmHana (0,1 mim 2 %
Mmac./00.). Oka3zanock, 4to 8 a-b mpomeMoHCTPUPOBaAIN TPOTHBOBOCTIATUTEIBHYIO
AKTUBHOCTb, B TO BpeMs Kak 8 a-C MoKa3aJid XOPOIIUH aHAJIbIeTUYECKUI AP heKT
npu KoHueHTpauuu 50 Mr/Kr maccel Tena. B kadecTBe craHmapTHOro mpemnapara
ObUIM  WCIONIB30BaHBI AWKIO(EHaK HaTpus (NMPOTHBOBOCHANUTENbHAS) U
HUMeCYNH] (aHATBreTHIEeCKas).
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»,

=R, O
H,N
\@ >_<:> Glacml acetic acid N7\ O 2N/ N\ N\
CH 3;COONH,4 \ NH @_{0 N
Reflux 4-6 h H

W, \
R, Ry
8a R;=2,4-Cl; Ry=2-Cl-4-CHy; 8 b R, = Ry

5-Br-2-OH; R, =2,4-CH;3; 8 a-c
8¢ R, =2-F-4-Br; R, =2,6-Cl

O=O
(‘) o]

e

[Toxazano [9], 9To cepusi MPOU3BOIHBIX 2-MeTHIaMUHOOEH3MMHUAa30Ma (9 a-
e), B wactHocTH (9 @), mokaszama Xopomwuid aHambreTmdeckuil 3¢dexT mo
CpPaBHCHUIO CO CTAHAAPTHBLIM IIPpEIIapaTOM HUMECYIUAOM.

N 9a R,;=Br; R,=Cl

\>_\ 9b R, =Br; R,=Br

N HN R 9¢ Rl—Br; R2=CH3
R; i 9d R, =NO,; R,=Br

9e R;=NO,; R,=0CH;
9 a-e

HoBble  WMHma30ibl  ObLIM  CHHTE3UPOBAHbBI M OIGHEHBI  Ha
MPOTHBOBOCIATUTEIHHYIO u 00e3001MBaIoNIYI0 AKTHUBHOCTb.
[TpoTHBOBOCTIAUTENPHYIO AKTUBHOCTh HOBBIX COCAMHEHHN OMPEACISTH O
BbI3BAHHOMY KappardHaHOM OTEKYy 3aJHedl Jambl C  HCIOJIb30BaHUEM
MHIOMETallMHA B KauecTBE CTaHAapTa, a aHaJbIeTHYSCKYI0 aKTHBHOCTb
OLICHUBAJI METOJIOM TOPSYEH TIACTHHBI, ObIJIO OOHAPYKEHO, YTO B MPOrpaMMe
IGEMDOCK coemunenus (10 a) u (10 b) xopormo coderaroTcs ¢ OelKoM
mukiookcurenasoit (ITOI-1) [10].

0)

0
HO 1‘? § /CKI\OH
SJ\N> [ P o
H N
10b

10 a

2.3 Ilpou3zgoonvle umudasona, obnadaiowjue npomueopaxosoll u
npoOmMuUeoOmMy6epKyIe3Hot AKMUBHOCMbIO

Ozkay Y., Iskar I, Incesu Z., Akalin G.E. mokasanyu, 9TO TPOM3BOHBIC
nMugazona-(0ens)azona wW  uWMHAazojadmmmepaswHa (11 a-c)  TposBISIOT
IIPOTUBOOMYXOJIEBYIO aKTUBHOCTh B oTHomeHuu kietok HT-29 m MCF-7 B
nuranaszone koHueHTparwmii 0,64—80 mr/mi. MccnenoBanue mpoBOIMIN C METOJIOM
MEKpETHOHAIBHBIM TpaH3uTTeIeKoM (MTT) u ¢ mpuMeHeHneM IUCIIaTHHA Kak
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crannapra. 3nauenue 1Cso 11 a-c cocraBunsier 10.7-3.2, 1.6-4.5, 2.7-3.2 Mxr/mn
npotus kinetok HT-29 u MCF-7, coorBercTBenHo [11].

/
(T

CHj; NHCOCH,S-R
SRS

R:

N AN
4171)\ \IT])\ CHj S
CH, CH,

11a 11b 11c

Hecsatp  apwiumugazonoB 12 (a-K) ¢ XUMHOTEepaneBTUYECKUMHU
¢dapmakodopamMu CHHTE3MPOBaHBI U TPOBECHA OLIEHKA MX aHTUOAKTEPUATLHON U
MIPOTUBOOIYX0JIEBOM aKkTUBHOCTH. OKa3ajoch, YTO 3TU COEIMHEHUs obiananu
xopommM feiictBuem npotuB Oakrepuit Klebsiella pneumoniae u Escherichia
coli B xouuentpauusx 8-16 mx/miu. Kpome Toro, omucaHHble MPOU3BOIHBIC
HMMH1a30J1a TIPOSIBIIIN BBIPAXKECHHYIO [MTOTOKCHYECKYIO aKTUBHOCTBH Ha KJIETKaxX
Ehrich Ascites Carcinoma (EAC) u Dalton Lyphoma Ascites (DLA). Coeaunenne
(12 c, e) Bmecte co CTCso (Common toxicity criteria 50) co 3umauenmem 500 u
489,34 MKr/MI mOKa3ajo HawiydIillue pe3yibTaThl MPOTHB paka kietok EAC u
DLA B no3upoBke 98,56 u 31,25 mkr/mi [12].

. cl
N, /. pae
12a R, o\ N Rr*Q—OMe 12f R,=—QC00H;R2=~©
. cl
N\ 126 R =N (T R2=—QOH 12¢ RI=OCOOH;RZ=OOH
| >7R2 0= CH
1T 12¢ Ry = o\ N RZ:@_N:CH%; 12h R, =—©—COOH; Rz=@
R, g _ Cl Cl
12d R =N, (T R2=© 12 R, = —O—OH; R2=@
] a cl
12 a-k ZeRi= —N_/ =\ .
o\ /N, z——QNOz 12k Ry = —@OH; Ry = @

B cnenyromeit pabore [13] monuamuaet (13 @, b), cBs3bIBaromye ¢ Manoi
00opo3aKoH, TouHee ¢ Oonee y3koi M3 AByX 0opo3x B aBoitHO# cnupamu JJHK
HIMUIBKY  (TTOCIIE0BATEIbHOCTh  HYKJICOTHIIOB) —mUppoi-umugazon (Py-Im),
npensitcTBoBany aktuBHOCTH PHK-mmonmmepassr 11 (RNAP2) B kynbType KIIeTOK.
O6paboTka KJIETOK ¢ MOJMaMUAaMH aKTHUBHpOBala INepelady CHUTHAIOB P53 B
KJIETKaxX paka mpejacrarenbHo >kene3bl LNCaP 6e3 3aMeTHOro MOBpEkKICHUS
JHK u mpu 3TOM TpOSIBIAIM IPOTUBOOIYXOJIEBYIO AKTUBHOCTH B MOJENU
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KCEHOTPAHCIIAaHTaTa OMYXOJW TPEJCTATEIBHOW Kele3bl C OrpaHHYCHHOU
TOKCUYHOCTEIO cO 3HaueHueM 1Csp 7.0+2.8 MkM.

DY

N
0.0 NVOKN i EYEN_S 0 )

&14 H uo /N §

O g\'ﬂ 0 I‘\I
HN\/\/I\\IH\/\/pI S ITI
: N
o l 13aR1=;:*ff{IH3 R,=H O@
13b R, =H R, = ;fiN)ko
H

[Tony4yeHHsle mNpou3BOIHBIE (ypoXpoMa W OKCa30LMHA OLIEHEHbl Ha
AaKTUBHOCTb Ha JBYX JMHHUIX KJIETOK Y€JIOBEKa - MPOTHUB TeNaToleUTIONIIPHON
kapuuHoMbl (Hep G2) u paka monounoit xene3sl (MCF7). PeaynbpraTsl nokasanm,
4yTo npousBoaHble (ypoxpoma (14 a-h) axtusnbl npotus MCF7 no cpaBHeHuto
CO CTaHAapTHBIM TMpemapaToM jaokcopyounmHom [14]. Kpome Toro,
MOJICKYJISIpHAsl CTBHIKOBKA HOBBIX IPOM3BOJHBIX (ypoxpoMa U OKCa30I[MHA
MoKaszajia XOpOLIYI0 KOPPEJSLHUI0O CO CBOMMH OHMOJOTMYECKHMH pe3ylbTaTaMu
[IPY U3YyYEHHUH XapaKTepa UX CBSA3bIBaHUA M OMU30cTH K akTuBHOMY caity EGFR
(PDB ID:5CAV) wMeronoM MOJEKYJISPHOTO JOKHHTa C HCIIOJIb30BaHUEM
nporpammel MOE 2008.10.

OMeO
CHO
Ph MeOH
+ R—NCO + N—NH, + R,-COOH stirring
OMe
14 a-h
14a R, =R, = Ph; 14b R, = C¢H,; R, =Ph

14¢ R;=Ph, R, =4-NH,-C¢H,; 14d R, = C¢Hyy R, = 4-NH,-CgH,
14e R;=Ph R, =4-NO,-C¢Hy; 14f R, =C¢Hj R, =4-NO,-CeH,
14g R, =Ph,R,=CsH,N; 14h R, =CgH,; R,=CsH,N

2.4  Hmuoazoncooepxcawjue npou3eooHvle ¢  AHMUMUKDOOHBIM U
aHMUbAKMepuaIbHLIM Oeticmeuem

OyHKIMOHAM3AMEH  Pa3NUYHBIX  AHWIMHOB W CyJib(haHWIaMHIOB
CUHTE3UPOBAHbI MPOM3BOJHBIC |-3aMEIICHHOI0 HMMH/A30J1a M HCIBITaHbI Ha
MIPOTHBOOITYXOJIEBYIO U MPOTHBOMHUKPOOHYI0 akTHBHOCTH. Coemunenue (15 a)
MoKa3ajlo  BBICOKYIO  MPOTHUBOOMyXOJieByto, coeaunenue (15 b) -
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MPOTUBOTPHOKOBYIO, a coeanHeHue (15 C) - aHTHOAKTepUATBbHYIO aKTHBHOCThH

[15].

Cl Et;N, CgH, AN-R
(\N + RNH, —2 66 (\N
N/ 0 30 min, 5-15 °C N/ 0

15 a-c

N. 7~
cl 8

20
O g"LCH Q =
15a R= F 15b R= Os-NH 3 15¢ R= OgNH
O (0]

Haiineno, uto 4'-{(2-Bytun-4-xiop-5-(ruapokcumerin)-4,5-auruapo-1-[(4-
x70p-5-(ruapokcumeTin)-4,5-quruapo- 1 H-umuaaszon- 1)-wi | metnn } udeHmn-2-
kapOoHoBast kucimora (16) B koHmeHTpammu 100 MKr/mMm B THUTaTeIbHOU
arapu30oBaHHON cpezie 00J1aaeT aHTHOAKTEPHATbHON aKTUBHOCTBIO B OTHOIIICHUHU
Staphylococcus aureus u Bacillus subtilis [16].

OH

adl N HO 0
—_—

CunresupoBanbl  coeauHenust  (4-xnopdennn)-1H-umunazon-2(5H)-on/
umun/TioH (17 a-¢) W OlEeHeHA WX AHTUMHKPOOHass akTHBHOCTH [17].
ITpomsBoaHbIe W3y4eHBI B OTHOWICHMH MHKpoOOB Staphylococcus aureus,
Escherichia coli, Salmonella typhi, Proteus vulgaris. Oxa3anocs, uro Proteus
vulgaris mposBIIsUT 4yBCTBUTENIBHOCT MPAKTHYECKH KO BCEM CHHTE3MPOBAHHBIM
reTepolurKiiaM, Torja kak B otHomenun Staphylococcus aureus naGmromanach
HHU3Kass YyBCTBHTEILHOCTh. YCTAHOBJICHO, 4YTO TPOU3BOJHBIC HMMHIA301a
o0saaroT Xopolel akTUBHOCTBIO B oTHOIIeHHH EScherichia coli u ymepenHoii -
B otHomenuu Salmonella typhi.

(0] N HN N S N
I \ Cl I \ Cl I \ Cl
HN HN HN
17 a 17b 17 ¢

AHTUMHUKpOOHBIE  CBOWCTBa  ()yMapaTHBIX aHHUOHHBIX  IPOU3BOJHBIX
umugazona [BMIM] [MRF] (18 a-d) usyuwanu Ha apoxokax Saccharomyces
cerevisiae, onoxurtensHoM mramme Bacillus subtilis u orpuniatensaom mramme
Escherichia coli, orennBas axkTHBHOCTH IIyTeM H3MEPEHHUS AUAMETPa 3OHBI
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WHIHOMPOBAHMS ~ POCTAa  IITAMMOB  MHKPOOPTraHM3MOB.  IloKa3aHO, dYTO
[BMIM][MRF] (18 a-d) 6but Gosiee aKkTHBEH, 4€M KOMMEPYECKH JIOCTYITHBIMH
copbar Kaiaus (auameTp 30HBI <9,2 MM JUIS BCEX MPOTECTHPOBAHHBIX IITAMMOB).
[Tpou3sBoIHbIE C IPYTHMH aHHOHAMH (XJIOPHJI, OKCAJIaT, MajieaT U TapTpaThl), KaK
U OXKHIAJIOCh, TECTHPYEMBIE IITAMMBI HE TPOSBISUIA YYBCTBUTEIBHOCT K HUAM

[18].

./ PO N coor

18 a-c [BMIM][MRF]

B pabore [19] omumcanma axkTHBHOCTH mpow3BoAHbIX (19 a-C) mporus
rpamnonoxuTenbHbx  (Staphylococcus aureus, Staphylococcus epidermidis,
Bacillus subtilis) u rpamorpunarensubix Oakrepuit (Kelebsiella pneumoniae,
Escherichia coli, Enterobacter aerogenes), kotopas ompenensiach METOI0M
pasz6asnenus. Coenunenus (19 b) u (19 ¢) mokasanu 6osice BBICOKYIO aKTHBHOCTb
MPOTHUB TPAMIIOJIOKHUTEIBHBIX OAaKTEpHi MO CPABHEHUIO C IPaMOTPUIATEIbHBIMA
B go3ax 2-8 Mkr/mi u 8-16 MKI/MI, HO YCTYNaldW TaKOBOW y JTAIOHHOTO
npermapata HopduiokcanuHa. [IpomsBomnoe (19 a) He nposBISLIIO 3aMeTHOU
aHTHOAKTEPUAILHONW aKTUBHOCTH.

NO,  N—nN

N \ 19a Y= CH;CONH

(3\ /4 )\Y _ 0N~
s 19b Y= \(Q

N VAR
| o O
C
19¢ Y= OZN\N(/\,N
19 a-c P n(

Ulu¢am G. u ero koiieru [20] ompenessuii OHONOIMYECKYHO aKTHBHOCTh
cosieil mmMmIazoncoaepxKammx npousBoaHbIx (20 a-d) in vitro Ha Oaktepusx u
HEKOTOPBIX JIMHUSAX PAKOBBIX KIETOK METOJIOM pa30aBliCHHS B COOTBETCTBUU C
pexoMeHmausaMi MHCTUTYyTa KIMHUYECKUX M JabopaTOpHBIX cTaHAapToB [21].
Bpomuna 1,3-6uc(2-ruapokcustin)umunazonuauaus (20 a) m Opomunm 3-(2-
ATOKCH-2-0KCc0aTIN )-1-(3-amunonpornmin)-1H-umunazomuauaus (20 b) mokaszanu
sdpdexTrBHOCT, TIpoTB Bacillus cereus American Type Culture Collection
(ATCC 11778) npu xoruentpauuu 1,6 MkM (3Hadenne ICspcoctaBmimo 17 u 29
MKM mpotuB Bacillus cereus), B Tto Bpems kak 1,3-Ouc(2-xkapOokcuaTnin)-4-
Metmi-1H-umunazon-3-uym Opomun (20 €) Obul 3PPEKTUBEH B OTHOIICHHU
JUHAKA pakoBeIX Kierok (HelLa) meitHoro otmenma uemoBeka, a  3-(2-

H;

67



KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

KapOoKcHITHN)-1-(3-amunonponmi)-1H-umunazon-3-uym 6pomus (20 d) - aunmii
paka nedyenu 4yenoseka (Hep G2).

HO - +
\/\ﬁ/\N/\/OH Br HZN/\/\N/AN/\]/ N7 |Br
20 a 20b
O O O

HO)\/\&/\N/\)KOH Br HZN/\/\&/\N/\/[KOH Br

\_k /

20 ¢ 20d

Parab R.H. u Dixit B.C. uccnenoBanu npousBoanbie (21 a-h) ma in vitro
MIPOTUBOMHUKPOOHYIO aKTHBHOCTH [22]. Okaszanoch, 4ro U3 8 COeAWMHEHUH
umugazona IMMD (21 a), IMBD (21 ¢), IMDM (21 f) noka3zanu ymepeHHOE
WHTUOMPOBAaHHE B OTHOLICHWM TI'PAMOTPHULATENBHBIX OakTepHil, B 4aCTHOCTU
Escherichia coli, rorma xax IMBD (21 ¢), IMDM (21 f) u IMOTD (21 d)
MPOSIBISIA MaKCHMAIBHYI0O aKTHBHOCTh Ha INTaMMaxX OOJIBIIMHCTBA B3STHIX B
AKCIIEPUMEHT TPaMOTPHIIATEIBHBIX MUKPOOPTaHU3MOB B J03ax 12-35 Mkr/mi. A
IUIs  TPaMIIOJIOKUTEIbHBIX  OPraHM3MOB  IIOYTH  BCE  IPOU3BOJHBIC
MPOJICMOHCTPUPOBAIIM MaKCHMaJIbHOE HHTHOUpoBanue, ocooenHo IMPD (21 b) u
IMBD (21 c) mokasanu camoe BbICOKOe HHruOMpoBaHue mnpotuB Bacillus
megaterium, a IMMD (21 a) u IMDT (21h) - nporus Candida albicans.

R, 21a IMMD R=R,=H, R,=NH,
7 < 21b IMPD  R;=R,=H, R=NH,
N SN R 2lc IMBD  R,=R,=H, R=C,H,-NH,
CHj N 21d IMOTD R;=H, Ry= CH; R=C;H-NH,

21e IMDS  R,=R,=H, R= C;H,SO,-NH,
21f IMDM  R,=R,=H, R= C,;H¢-NH,
21g IMDA  R,=R,=H, R= C4H;sSO,NH,

21 a-h 21h IMDT R;=NH, R,=H, R=CHj

[Mokazano [23], uto 2-(2-meTnn-5-uuTpo-1H-ummnaszon-1-un)sranon (22 a)
u 1-metun-5-aurpo-2-[(E)-2-benmwmrennn|-1H-umunazon (22 b) B
koHmeHnTparusax 2.1 m 39 MKM, COOTBETCTBEHHO, B aHA’POOHBIX YCIOBHUIX
o0nailaeT aHTUMUKPOOHOH aKTHBHOCTBIO B oTHOLIeHnu Giardia lamblia.
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O f&©
O,N 1\\1W O,N 1\\1 \

OH

AHTUMHKPOOHAsI aKTHBHOCTb C HCIIOJIb30BaHHEM MeToja aAuddy3uu arapa
Ha yvameykax 2,4,5-Tpu3aMelICHHBIX MPOU3BOJAHBIX uMHUmasoia (23 a-f) B
oTHOIIEHHH momoxkuTeNnbHEIX (Staphylococcus aureus, Bacillus subtilis) u
orpurarenbHbix Oaktepuit (Escherichia coli) moarBepmena B Hccie10BaHHU
[24]. Oxkazanock, uyto 5-(4-mertokcudpenmn)-2,4-nupennn-1H-umunazon (23 d)
NpPOSBISI  HAMOOJNBIYI0  aKTHBHOCTh NPOTHB  Staphylococcus —aureus u
Escherichia coli mpu 23 u 24 MKr/MI1, COOTBETCTBEHHO.

23a Ar=

OH
23b Ar= Cf

N \ 23¢ Ar= O B O
Ar/( 23d Ar= @(OCH3

23e Ar=\<€]

23 a-f OH

23 ¢ Ar=/©

Hryniewicka A. ®m ee KoJulerm ONpeAeNsuli aHTHOAKTEPHAIbHYIO U
MPOTHBOTPHOKOBYIO ~ aKTHBHOCTh  HMMUJIAa30JIMEBBIX coneir (24 a-C) B
KOHIIeHTpau oT 2 mo 128 mkr/mm mpotue Oakrepuanbubix (Staphylococcus
aureus, Escherichia coli, Bacillus cereus, Enterococcus faecalis, sxonornueckux
mrammoB Corynebacterium spp. u Brevibacterium spp.) u rpudkossix (Candida
albicans) BumoB ¢ METOIOM MUKPOAMIIONKHN OyI60HA B 96-TyHOUHBIX MIaHIIETaX
[25]. BeLsBieHO, UTO COCAMHEHUS MMOKA3aIH BHICOKYIO aKTUBHOCTh B OTHOLICHUU
rpammoioxuTenbHbX Oakrepuit u Candida albicans B quana3one KoHIEHTpanuii
or 4 10 64 MKI/MII, a TaKKe XOPOIIYK) COBMECTUMOCTh C IPEACTABUTEIIIMHU
KJIETOK-X035leB B KOJHMYECTBaX, COOTBETCTBYIOIIMX 3HAUCHHIO MUHUMAJIbHBIX
uHrnoupyromux koruentpauu (MIC).
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24 b Rl = C3H7; Rz = C3H7

HO 24 a-c

[Ipon3BogHble WMHAA30Ja, TONYYEHHBIX W3 3aMENIEHHBIX MHPUMHINHA
OIICHEHBl Ha aKTUBHOCTh TMPOTHUB TPEX H30IATOB JBYX THIIOB OaKTepuit
(Escherichia coli, Proteus vulgaris) wu msyx tumos rpubos (Aspergillus niger,
Penicillium chrysogenum)c ucronbp30BaHHEM TpeX pa3iIHYHbIX KOHICHTpAIHii (5,
10, 20 mkr/mim). ITlokazaHo, 4TO TIPOM3BOAHBIE MMHJIA30JIa O0JIANal0T BBICOKOM
3¢ (HEeKTUBHON aKTUBHOCTHIO IO OTHOIICHHUIO KO MHOTHM THIIAM OakTepuil u
rpuboB [26].

Oxkazanmoch, 4YTO HEKOTOphIE IPOM3BOAHBIE HMHIA30Jia  OONamaroT
crocobHOCTRIO  0OHapyxkuBarh runoxiaoputr (HOCI/CIO™) in vivo, kortopoe
WCTIONB3YyeTCsl Ui BBUIBICHHS WM BH3yanu3anumu uHbexnuu. B pabore [27]
cooOmaeTcst 00 HCIIONIB30BaHUM WMHUAAa30IuH-2-THOHOB (R1SR»), KoTOpHIE Kak
mo3BoIsItoT BeIBUTE ClO™, Tak 1 yHHUTOXKUTH Oaktepun. Kpome toro, DIM (25
a), KOTOpBIH OBLT TONyUYeH B pesynbrare obopaborkum DSM (25 b) rumoxmopur-
annmonom (CIO") B pmozax 1-8 wu 20-140 MKM, mOpOJEMOHCTPHPOBAI
aHTHOAKTEepHaTbHYI0 J(PQPEKTUBHOCT, HE TOJBKO B OTHOIICHWH KHIIEYHOH
mamoukn (Escherichia coli) u 3omormcroro cragpumokokka (Staphylococcus
aureus), HO ¥ B OTHOIIEHHWH METUIMJUIMHPE3UCTEHTHOTO 30JIOTUCTOTO
crapunokokka (MRSA) u mpoxyumpyromeit B-nmakramasy Escherichia coli
pacumpensnoro crnektpa aedcteua (ESBL-EC), To ecTb ycTOWYMBBIX K
aHTHOMOTHKAM OaKTepuii.

Br. Br.
Br Br

N N

s D
N

N
\ \
DSM 25 a DIM 25 b

AHTHOaKTepUaIbHAS AKTUBHOCTh UMHUJIa30J10B X UMHIa30JIMEBbIX coliei (26-
28 a-C) B 3HAYMTEIBHOW CTEIEHU 3aBHCUT OT WX JUNO(HILHOCTH, KOTOPYIO
MOXKHO PETyJINpOBaTh ITyTeM BBEICHHS PA3INIHBIX THAPO(HOOHBIX 3aMeCTUTENeH
Ha aToMax a30Ta WMHUAA30JbHOTO WM HMHJIA30JIMEBOTO KOJIbIA MOJEKYIIBI.
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[IpuHUMAast 3TO BO BHUMaHHE, aBTOPBI UCCIIETOBAHUS [28] CHHTE3UPOBAIA CEPHIO
HMUIA30J0B M HMHJA30JIMEBBIX  COJEH M IPOTECTUPOBAIM  HX
aHTHOAKTEPHATBHYIO aKTUBHOCTH MPOTHUB JIBYX MOJICILHBIX IIITAMMOB OaKTEePHiA -
rpamorpuiarenbHex Escherichia coli u rpammonoxurensaeix Bacillus subtilis co
snaueHusiME [Cso 0.8-61 Mkr/mi. Pe3ynbrarsl mokasanu, 4to coeauHenus (26 a, b
u 28 a, b) Obutn Hambomee axkTwBHBI B oTHomeHun Bacillus subtilis B
KOHIIEHTPAIUHU 16 MKI/MII WJIH HUXKE.

©
f\ R Br f~\ R
N No N
P 4 NH ©ﬁ@v NH
\ O \]K
2

O R,
26 a R{=CH(CHs),; R,=dodecyl 26 b R;=CH(CHs;),; R,=dodecyl
27 a R;=CH(CHj,),; R,=butyl 27 b R,=CH(CH,),; R,=butyl
28a R;=CH,Ph; R, =dodecyl 28 b R;=CH,Ph; R,=dodecyl
S} €]
Br Br
— — R
R, r \ I \ 1
No 4 N N S N
o oV NH
HN \
/0 o
R2 RZ

26 ¢ R{=CH(CH3;),; R,=dodecyl
27 ¢ Ry=CH(CHj3;),; R,= butyl
28 ¢ Ry=CH,Ph; = R,=dodecyl

HccnenoBano [29] aHTHOaKTEepUAlbHOE W TPOTUBOIPUOKOBOE JICHCTBHE
umuaa3onwibHbIX  1,4-HadToxunonoB (29) (I-1-1-4; l-ankun-2-metmn-1H-
Ha(To[2,3-dlumunazon-4,9-qon (ankun=C-Cs)).  Ilokazano, dro  3TH
MPOU3BOJHBIE HMMHIA30JIa TPOSBISIOT IIHPOKUH CHEKTP aHTHOAKTepUabHOU
aKTHBHOCTH B OTHOIICHHU TECTHPYyeMbIX mTamMmoB Oaktepwuii (Escherichia coli,
Bacillus subtilis, Proteus vulgaris, Staphylococcus aureus) B koHmeHTpanusx 8-

64 MKr/MiI.
O

N 29 11 R=CH,4
\>; 29 12 R = C,H;
\ 29 14 R =C,Hy

R
29114

2.5 Ilpou3zgoonvle umuoasona ¢ Opyeou akmueHoCmvio

Or1ieHEeH MPOTHBOCYAOPOKHBIN MOTEHIMAT U HEHPOTOKCHYHOCTh HEKOTOPBIX
apuncemukap6azonoB (30 a-b) , comepxkammx ummmaszososeii dparment [30].
Coenunenne (30 b) mmeno akTHBHOCTh Kak HaumOoJiee aKTHUBHBIA Cypporar,
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nemoHcTpupytonuii 100% 3ammury B 103¢ 636 MKMOJIB/KT 0€3 HEUPOTOKCUYHOCTH
pu ckpuHuHre scPTZ.

1
NH\]/O
N/NH
|
T T D
/ = \ﬁ/
X 30 a-b

30a R=C¢Hs; X=Br
30b R=CgHs; X=0CH;,

WHTepecHble pe3ynbTaThl MOJYYEHBI MO OHOJOTMYECKON aKTHBHOCTH iN
vitroB oTHomienun BuaoB Leishmania B psimnpounssogaubix N,N'-qu3aMenieHHbIX
stuneHanaMuHoB [31]. CuHTE3MpOBaHHBIE COEAMHEHHWS TOKAa3aId XOPOIIYIO
aKTHBHOCTB NMPOTHB mpomacturot Leishmania amazonensis u Leishmania major.
1,2-buc(n-MeTOKCHOSH3M )3 THIICHANAMIH (31 a) u 1,3-6mc(m-
MeToKcuOeH3mn)umMuaa3ouauH (31 b) B gozax or 30.0 1o 2.0 MKI/MJI OKa3ajnch
3¢ (HEeKTUBHBIMY BHYTPUKICTOYHBIMU amacturotamu ¢ ICso 2,0 u 9,4 Mxr/mit.

H
H N_ N
mco@—/ H3C04©—/ v @oem

31a 31b

NIN

UccrnenoBano aHTUKOPPO3MKHHOE JACHCTBHE AJIKAIOUAHOTO AKCTPAKTa
pacrenust Boraginaceae Trichodesma indicum (Linn) wa crams C38 B 1 M
pactBope HCI meToioM nioTepu Beca npu pas3inuysbix Temiieparypax (30-60 °C) B
COTIOCTABIIEHUH C WMHUAA30IbHBIME coequHeHusMu. [lokazano [32], drto
JIKAJOWIHAS YaCTh KCTPAKTA C UMHUIA30JI0M M OCH3MMHUIA30JI0M ACHCTBYET KaK
XOPOIINH UHTUOUTOP KOPpo3uu. MaKCUMaJbHbBIH HHrUOupyromuil ¢ dext (94,5
%) nabmonancs npu 30 °C B KOHIEHTPAIIMU 75 MI/JI 9KCTPaKTa.

Oxkazanoch, 4TO Tpou3BomHOe wmMupasona (32; 30 Mr/kr) Moxer OBITh
3¢ GEKTUBHBIM JIeYeOHBIM CpPEACTBOM TMPH TMAaTOJOTMYECKHX 3a00JeBaHUsIX
KOCTEH, JICYeHUH W/WITU POQUITAKTUKE TIOTEPH KOCTHOW MacChl, B TOM YHCIIE TIPU
0CTeOoIopo3e u nepuogonture [33].
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IS

N
32

IToka3aHo, 4TO CHHTE3UPOBAaHHBIC MPONU3BOAHBIE MMUAa3ona (33 a, b) umeror
Oosee BBICOKYIO CTENCHb pACHPEICNCHHS B BOJHOM BHYTPHUKJIECTOYHOM
MUKpPOOKPYXXEHHH B nuana3zoHe KoHueHtpauuid ot 10 go 20 MkM. D10 cBOHCTBO
CBS3BIBAHUS MOJXKET CTaTh IOJE3HBIM MHCTPYMEHTOM Uil MOHUTOPHHTa U
HCCIIEI0OBAHUS BHYTPUKJIETOUHBIX MPOLIECCOB, TAKUX KaK COPTHPOBKA «TPY30BY,
TepeMeIeHIe OpraHell, IeJIeHIe KJIEeTOK W TPAHCTIOPT B )KUBOW TKaHU [34].

I -
€] N N
33a 33b

Pesynbratel uccrnenoBanus [35] Ha MbIIaX MOATBEPAMIIMA, YTO MPOMHUOHAT
nmunasona (34) BelpabaThIBaeTCs U3 TUCTHIMHA B KHIIEUYHUKE B 00Jiee BHICOKUX
KOHIICHTPAIUSAX TIPU HMCIIOJIb30BaHUU (DEKATbHOM MHKPOOMOTHI M yXYJIIAeT
TOJIEPAHTHOCTh K TIOKo3e. Kpome TOro, mpomuoHaT uWMHAa30ida NpH
KoHIeHTparu 50 MKM yMeHbIIaeT nepefady CHTHAJIOB MHCYJIMHA Ha YPOBHE
cyOcTpaTa perenTopa HHCYJIMHA IOCPeICTBOM akTuBaiuu p38y MAPK.

(¢}

HO N

34 N=/

Wmunazonunbhbie  anbaokcumbl (35 a-g) [36] cuHTe3upoBaHBI s
YBEIMUECHHS CKOPOCTH peaKTHBALUH KOHBIOTaTa opraogocgara-
OytupunxonuHactepassl yenoBeka (OP-hBChE). BrisicHuinocs, 4to moiydeHHbIE
anpiokcumbl - npu 0.67 MM 00magaroT MOTEHLIMANBHON  CIIOCOOHOCTHIO
npusiiekatb hBChE ¥ uHMIMHpPOBaTH KaTajlMTUYECKylo nerpazaiuio  OP
HETNOCPEACTBEHHO B  TOPaXCHHOW TKAaHM W BBI3BIBAET  MOCJIEACTBUS
XOJIMHEPIUYECKOI0 IEPEBO30YKICHU.
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35a R=CH,CH=CH,

[ 1:1 35b R=C(CH,)s
35¢ R =CH,C¢Hs
N)W 35d R=CH(CHs),
NOH 35e R=CH,N;
35f R=CH,CH,N
Bag R 35g R = (CHyCH,

Oxkazanoch, YTO HMMHUAA30JI B IOCIEOHHME TOIbl SBISETCS (hparMeHToM,
UCHONB3YeMbIM  JUII  CHUHTE3a  DPa3IMyYHBIX  COCAMHEHMH, O0O0Nafarolux
AKTUBHOCTBIO MPOTHB MHKpOOOB [37] m Oaktepuit [38, 39], mis ncueHus
nedeKTOB HEpBHOW W CEepAeYHO-COMUCTHIN cuctembl [40-42], mpoTtuB paka u
TyOepkyne3sa [43], a Takke 0O0JamaAlONIMX MPOTUBOKOPPOZUHHBIMA U
AHTUKAOTYJISTHTHBIME CBOMcTBamu [44, 45].

3. 3akioueHue

NmupazonbHblii  ()parMEHT NPUCYTCTBYET BO MHOTHX —OHMOJIOTMYECKU
AKTUBHBIX TETEPOLMUKIMYECKAX COEAMHEHUSAX ¢ KOMIDIEKCaX, KOTOpbHIE
MPEJICTABISIFOT IUPOKHIA MHTEPEC M3-3a MX Pa3HOOOpPAa3HBIX OHMOJIOTMYECKUX WU
KJIIMHUYECKUX CBOHMCTB. [loka3aHO, YTO CTPYKTYpPHO MPOCTOE HMMHUIA30JbHOE
KOJBIIO 3aHMMAaeT BAaXKHOE MECTO B MEIWIWHCKOW XuMuu. Pa3paboTtaHbl
(hapMaKoJIOrMUeCKre CPelICTBAa HAa OCHOBE WMUJIa30j1a, BBHIBECJCHBI HA PBIHOK U
ITUPOKO MCIIONB3YIOTCS B KIMHHUKE JIIS TMPOPUIAKTUKA U JICUSCHHUS Pa3IUUHBIX
TUTIOB 3a0O0JI€BaHW C HU3KOH TOKCUYHOCTBIO, BBICOKOW OHMOMOCTYITHOCTHIO,
XOpoIei GHOCOBMECTUMOCTBIO U AP PEKTHBHBIM JIe4eOHbIM JelicTBreM. Bee 3To
yOCIUTEILHO CBHJICTCILCTBYET O OE€3rpaHWYHOM IOTEHIMANe IPOU3BOIHBIX
nMuaazona. Takum oOpa3oM, JIUTEPATYpHBI 0030p TOKa3all, HACKOJIBKO BEITUKU
MEPCIEKTHBBI MPUMEHEHHS MPOU3BOJHBIX UMHJA30JIa TPU JICUCHUH DPA3JIMIHBIX
MaTOJIOTUYECKUX COCTOSIHUM, a TAKXKE U JIJIsL IPYTUX LEEH.

®unaHcupoBanue: Haydno-uccnenoBarensckast pabora ocymecTBieHa B pamkax 1D
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Tyiiinaeme. Kipicne. Wmupazon cakuHacbl (apMaKOKHHETUKAJIBIK KAaCHETTepHi OeJCeHIipeTiH
HOHJAYLIBI JKOHE apOMaTThl KOMIIOHGHT 0oja  OTBIPBIN, CHHTETHKANBIK  (DapMaleBTHKAIBIK
npenaparrapiarbl  TaHbIMaJd — KYpPBUIBIMIBIK ~ Oeiikke aidHanabl. MMHIa301 UMK KemnTereH
AHTUIIPOTO3aNIb/l, 3€HIEPre >KOHE THIEPTEH3MsAFa KapChl Iperaparrapjia, aHTHOMOTHKTEPIE IMKOHE
Oackanapbinaa 00Jaabl. Byl KypbUIbIMIap MUKpOAF3aaapIbIH OPTYpIli IITaMMIapbiHa KapChl THIMIUTIKKE
ue. Imuaason 6norst neiiko3nsl emaeyae JJHK Oencenninirine apanacy apKbLIbl 9Cep €TETiH ICIKKe KapChl
MEpKanTONypuH Mpenaparsl KypambiHa Kipemi. Makcamoi. COHFbI JKHBIPMa JKbULAAFBl FHUIBIMH
oneduerTepae JKapWsUIAHFAaH HMMHAA30J1  TYBIHABUIApPbIHA  (DU3HONOTHSUIIBIK  JKoHe/Hemece Oacka
OpEKeTTEpiH 9p TypJiepiHe LIONY Kacay. 3epmmey HbicaHOapbl UIMUA30J1 TYbIHABLIAPBL. Homuoicenepi.
Wmupnazon GpparMeHTi KenTereH TabUFK OHIMIEP/C KOHE KIMHUKANBIK OCICeH I JOpiIiK MOJIeKyIanapaa
Ke3jeceni. bachuibIMIapAbiH Kem 0emiri MeAMUMHANBIK KOJAaHY YVIIIH HMMH/IA307 TYbIHABLIAPHI
KJIACHIHBIH JKaHa KYPBUIBIMIAPBIHBIH MK MYMKIHIIKTEPiH 3epTTeyre KaThICThl. Anaiijga, KypaMbIHaa
UMHAa30J1 0ap MOJIEeKyJanap/blH MoTeHuuansl Tek BB3-meH FaHa mieKkTenaMeii, KOPpO3UsSHBI TEKey
CHSIKTBI 0acKa Ja KbI3BIKTHI KaCHUETTEp TOH. KopbimuiHovbl. OpraHUKaJIbIK MOJICKYJIaFa KOFapbl OeJceH/l
UME1a3071 (PPArMEHTIH eHTI3y XUMHOTEpanus )oHe OaKTepusFa Kapchl MpenapaTrap calachblHIaFbl eaeyi
JKETICTIKTEp/IiH mMaifa OONybIH BIHTANAHIBIPAbI. BENCeHAUTIr KOFapbl MMHAA307 KOCHUIBICTAPBIHBIH
CUHTETHKAJIBIK JKOJIBIH 13/1€y TeK OHOJIOTHSUIBIK OEICEH i KOChIIBICTAP CAllaChiHIa FaHa €MEC, COHbIMEH
KaTap KOppO3HsiFa KapChl jKoHe OacKka areHTTep peTiHe KajFacy/a.

Tyiiinai ce3mep: MMHIA30J TYBIHABUIAPBI, OMONOTUSIIBIK OCICEH[IITIK, BUPYCKa KapcChl, 3€HIE KapcChl,
KaObIHyFa KapChl, aHAJIbI€THUKTEP, ICIKKE KapChl OEICeHIITIK
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Abstract. Introduction. The rapid economic, scientific and technical development of the Republic
of Kazakhstan in order to achieve the modern level of technological development requires a wide
production of metal products and equipment, using technically and economically effective methods. For
this purpose, one of the main ways of producing corrosion-resistant and efficient metal products and parts
is cadmium plating. Cadmium plating is flexible, easily amenable to rolling, stamping, bending. Freshly
prepared sheathing is better welded on acid-free fluxes than zinc. Goals and objectives. A study of the
technology of cadmium tape, made of stainless steel, grade 2X18H10T. A comparative analysis of the
types and composition of cadmium electrolytes has been carried out. The factors affecting the quality of
the resulting packaging are investigated, the calculation of the observed main indicators of products after
electrolysis has been carried out. Results. Before coating the surface of metal products, geometric
calculations of the surface of the coated products have been carried out, and their results have been
processed to correctly select the density and current strength for a given operating mode. It has been
established that the quality of the coating undergoes changes depending on the composition of the
electrolyte, its temperature and current density. The surfactant has contributed to the production of a
durable packaging layer with the possibility of increasing potency during use, including the work with
such surfactants as dextrin, gelatin, carpentry glue. Conclusion. It has been shown that the cadmium-
coated tape has no gloss unless a surfactant is used. It has been found that when the current is
overvoltaged, the tape is covered with fine-grained granules and darkens. When the tape has been
cadmated, the cadmium layer has deposited on the surface of the tape increasing with a time increase.
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1. Introduction

The Republic of Kazakhstan is one of the most developed countries of
galvanic production. The development of galvanic industries is high, as various
coatings are used in order to protect metal products from corrosion. Cadmium
coatings are in demand most of all for corrosion protection of steel parts, because
cadmium is stable to corrosion in the atmospheric and marine conditions.
Cadmium coatings are stable (especially in alkaline environments) and have
different colors, as well as high ductility of the protective layer. The products for
galvanic plating are usually contaminated with lubricants as a result of
mechanical processing, and covered with oxides after heat treatment, or as a result
of an atmospheric exposure.

Cadmium plating is a material deposition process that coats products with a
thin protective layer of cadmium metal. Coatings are applied in several ways,
including immersing receptacles in vials of cadmium salt solution through which
an electric current flows. Cadmium plating processes involve mechanical and
vacuum methods for smaller items and the transfer of highly uniform coatings.
Cadmium is a popular coating material because it provides the products with high
corrosion resistance, low friction coefficients and high degree of electrical
conductivity. The use of cadmium coating material has been brought under strict
control due to the environmental problems [1, 2].

Cadmied coating is a durable and versatile metallic coating. Cadmium is a
soft white metal that acts as a “sacrificial coating”, which corrodes in front of the
substrate material when applied on steel, cast iron, ductile iron, copper and
powder metal. To increase the corrosion protection of the cadmium coating,
chromate conversion coatings that give a golden color can be applied over the
plated metal. Other colors are also available, such as an olive color [3].

Different types of cadmium plating compositions and processes are known,
but many of them are not adapted for commercial use due to their existing cost or
complexity of processing or difficulty in maintaining product uniformity.
Galvanic coating always begins with the surface preparation, which is an integral
part of the entire process, i.e. cleaning the surface of the coated products from fat
and oxides [4, 5]. Thorough surface cleaning is an indispensable condition for the
further galvanic operations.

2. Experimental part

An inexpensive and easy way to clean things before electroplating is to wash
them in alkaline baths, containing hydroxides, carbonates, phosphates,
polyphosphates, metasilicates, surfactants and detergents. Most of the cadmium
coating is carried out in alkaline cyanide baths, prepared by dissolving (cadmium
oxide in the sodium cyanide solution. Sodium hydroxide and sodium carbonate
are formed as a result of reactions in the composition, and are part of them [6].
Cadmium balls suspended in steel wire meshes serve as cladding anodes. Sodium
hydroxide has a high washability, but is aggressive to copper, zinc and aluminum
alloys. Due to the possibility of silica formation in the parts to be cleaned, it
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cannot be used as an additive for electrolytic anode degreasing [7]. The
composition of alkaline solutions for chemical degreasing is presented in Table 1.

Table 1 - Solution for electrochemical degreasing

Component, g/l Type of solution
No.1 No.2 No.3
Sodiumhydroxide 200 - 35
Liquidglass 500 35 -
Sodiumphosphate 280 15 14
Anhydrouscarbonicacid - - 62
Humidifier 30 2 6

The solution No.1 is applied to steel and cast iron products. All components
are dissolved in 0.6 L of water, and water is added to 1 L of volume. In practical
use, the resulting concentrated solution should be diluted in the ratio of 1:10 to
1:30. Solution No.2 dissolves all components in 0.6 L of water and add additional
water in a volume of 1 L. Solution No.3 is used for copper parts and its alloys. All
components are dissolved in a small amount of water, and water is added in a
volume of 1 L [8, 9].

In the course of experimental work, a tape made of non-oxidizing steel has
been used according to the dimensions of the electrolyzer (tape of the brand
12X18H10T). The very first step in making work is to clean it with rat paper, the
granules of which come in different sizes (coarse or fine). At first, the work has
been carried out on processing products with coarse-grained rat paper. To
completely eliminate large scratches on the surface of the product, the parts have
been thoroughly washed with distilled water and degreased with sodium
hydroxide. Later cleaned with a weak solution of sulfuric or hydrochloric acid.
After processing, the tape has been dried in a desiccator and wrapped in white
clean paper.

The degreasing process has been carried out in the presence of sodium
hydroxide, with a current of 0.36 A/dm? for a period of 10 min. Electrochemical
purification has carried out with sulfuric acid (H2SO4) with a current of 0.36
A/dm? in the presence of 20 min. In electrochemical cadmiling, the tapes made of
non - oxidizing steel grade 12X18H10T have been used as cathodes (the total area
of the tape is 8 cm?). Graphite has been taken as an insoluble anode. Cadmium
electrolyte containing cadmium salt, ammonium salt and various additives, such
as NF dispersant, Carpenter's glue, undecylphosphinic acid diethanolamine salt, is
known. The disadvantage of this electrolyte is that at the stage of formation of
electrode plates of alkaline batteries, active materials exfoliate due to a dense
smooth glossy precipitate.

3. Results and discussion

To prepare simple acid electrolytes, all components are dissolved separately
in warm water, and galvanic baths are filled with water up to half. Later, the salt

81




KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

solutions are gradually added to it, after first carefully pouring sulfuric acid into
it.

It is necessary to calculate the entire surface of the product to be coated, the
formulas and values of the geometric calculation are presented in Table 2.

Table 2 - Geometric calculation formulas and values of the product surface

No Formula Values
1 | Rectangle F=ab F - area, sm? 8 cm?
surface area a - tape length, sm;
b - tape width, sm.
2 | Rectangle face S = | S-surface area of the product, sm?; 23.968 cm?

20P(a+b)/ab P - product weight, g;
a - tape length, mm;
b - tape width, mm

3 | Weight of the | G=10Say G - weight of deposited metal, g; 6.183 g
metal to be S - the surface to be coated, dm?;
coated a - thickness of the deposited metal
shell, mm;
vy - specific weight of the deposited
metal, g/sm?
4 | Weight of the | P=Cltn/100 P - weight of the metal deposited at the | 0.64 g
metal deposited cathode, g;
at the cathode | - transmitted current strength, A;

t -electrolysis time,hours;
n- output by current

5 | Volume of | V=Ply P - weight of the metal deposited at the | 0.074 cm®
deposited metal cathode, g;
vy - specific weight of the deposited
metal, g/sm®
6 | Coating h=VIS S - surface area of the product, sm? 31 mk
thickness
7 | Current density i=1/S i - current density, A/dm? 0.36 A

| - transmitted current strength, A

The use of the proposed electrolyte allows you to give the surface of the
product specific physical and chemical properties: to obtain good adhesion of the
precipitate and its loose (porous) structure in a short exposure time. This makes it
possible to obtain galvanic coarse-grained casings with a developed surface for
use in the technology of manufacturing cadmium electrodes in nickel-cadmium
lamellate alkaline batteries [10, 11].

The surface area of the product and any parts has been calculated in order to
correctly select the current density and the required current strength during the
installation of the operating mode before the metal bags. The area of the parts is
first calculated separately and then summed up. The coating of the product or
parts performs the task of obtaining a protective layer of metal of a certain
thickness provided for by the technical specifications. It is also necessary to
determine the time, required to obtain a precipitate of the same specific thickness,
or the thickness of the precipitate, obtained at a certain time of electrolysis. To
determine the effect of surfactants on cadmium coating, the applications that are
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not involved in the cathodic process, but have good electrical conductivity are
added, to increase the electrical conductivity of electrolytes.

Salts of acid ions of the same name can be added to acidic electrolytes, and
NaOH, KOH can be added to alkaline electrolytes. Weakly acid, neutral, and
weakly base electrolytes include salts of alkaline or alkaline earth metals so that
electroconducting applications do not alter the acidity of the electrolyte.

Since many electrolytes work in the known ph interval, the buffered
applications are introduced for monitoring. Most often, boric acid, sodium
acetate, acetic acid, etc. are used [12, 13]. By adding surfactants to the electrolyte
during the cadmiling process, a high-quality, smooth product can be obtained. In
the industrial conditions, the surfactants such as sintanol DS-10, gelatin, glue,
DCU fixative, starch, op-10, dispersant NF-5, thiocarbamide are added to the
electrolyte solutions. During this experiment, gelatin, dextrin and carpentry glue
have been used.

The sedimentation rate of cadmium, depending on the cathode density and
the dependence of the applied current at different current yields, is shown in table
3.

Table 3 - Cadmium sedimentation rate (mkm/hours) depending on the current output

Current Current output, %
density, Dk, 75 80 85 90 95 100

Aldm?
0.5 9.1 9.7 10.3 10.9 115 12.1
1.0 18.2 19.4 20.6 21.8 231 24.2
2.0 36.4 388 41.2 43.6 46.2 484
3.0 54.6 58.3 61.8 65.4 69.3 72.6
4.0 72.8 77.6 825 87.2 92.4 98,8
5.0 91.0 97.0 103 109 115 121
6.0 109.2 116.6 124.0 130.8 138.6 145.2
7.0 127.4 136.0 144.6 152.6 161.7 169.4
8.0 145.6 155.2 165.0 174.4 184.8 197.6
10.0 182.0 194.0 206.0 218.0 231.0 242.0

In all electrolytes, cadmium is present in a divalent form, and its
electrochemical equivalent is 2.2 g/A hours. The sedimentation rate of cadmium
varies depending on the current density of the cathode being used and the current
output [14]. Further, the change in the structure of cadmium precipitates upon
changing the current density is tracked.

Change in the current density in the electrolyte solution with 3 drops of
dextrin solution:

1A/dm?: a gray film is formed on the surface of the tape. A coarse-grained
film is formed on the metal base, which is well integrated.

1.5 A/dm?: a whitish-gray film is formed on the surface of the tape. The
surface of the tape is coated almost evenly.
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2 A/dm?: a gray film is formed on the surface of the tape. The formed film is
poorly fused to the surface of the tape, and the plate surface is flaky.
Depending on the composition, temperature, mixing intensity of the electrolyte,
the current density can be used in the interval of 0.5-5 A/dm2. With an average
approximate cadmium concentration of 20 g/l, the current density is 1.5 - 2
A/dm?, with the cadmium concentration of 40 g/l, the current density is 3-4
A/dm?. In the usual simple mode, the anode current density, which ensures a
stable electrolyte composition, should not exceed 2 A/dm?. Often the temperature
is kept in the range of 20-35°C, but it can be increased, if necessary. The current
output varies between 85-98%, which often corresponds to 90-95%. The output of
cadmium in the electrolyte in terms of current increases if the concentration,
temperature, and mixing intensity are increased. With an increase in temperature,
a concentrated electrolyte is used, because the solubility of the initial components
increases. Besides, the electrical conductivity of the electrolyte increases and the
passivation of the anode decreases. All these factors require the use of high
current densities. But, due to an increase in temperature, the processes of
dissociation and diffusion increase, leading to a decrease in the cathodic potential
of the sludge. The effect of temperature, combined with an increase in the current
density, leads to the formation of fine crystal packs. At the temperature of 30°C, a
gray film with a metallic sheen is formed on the surface of the tape. This film is
not well combined with the metal base, and covers only part of the tape. The
temperature of 45°C resulted in a gray color with a metallic sheen on the surface
of the tape. The shell is not evenly coated. Well combined with a metal base. A
dense, fine crystalline precipitate can be obtained with the high temperature at the
current density and continuous mixing. Mixing is carried out with continuous or
periodic filtration, as undissolved particles settle at the cathode with a convection
flow, which leads to the formation of a poor-quality coating.

To control the quality of the coating, the first assessment is made, using
daylight or artificial light, based on the appearance. Lighting should not be lower
than 300 Ik. According to the results of the appearance assessment, it can be
attributed to one of the valid, defective, unsuitable groups. A part is considered
defective if it is necessary to remove poor-quality packaging and carry out
repeated planting, and if it is included in the above list of parts, which require
complete processing without removing the packaging. Defective parts include the
foci of corrosion, mechanical and other defects.

The corrosion resistance of a metal will depend on the ability to withstand
chemical or electrochemical disturbances, caused by the environmental influences
due to its transport. A more correct opinion on the corrosion resistance of parts
can be obtained by testing under natural operating conditions. But it is not
suitable for use in the industrial conditions due to the long duration of conducting
such a sample. This is because in the production conditions, the 3 fast-performing
test types are used. To speed up the test, it is necessary to mix the solvent, as well
as hold the sample in the solution one by one. The principle of repeated removal
of the sample into the solution is performed automatically in some installations.
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The simplest and most affordable method for determining the corrosion resistance
of metals in electrolytes is testing in an open container, which allows one to use
most of the corrosion indicators. The samples are hung on a glass hook or nylon
thread and tested by full, partial or alternating immersion in a stationary or mixed
corrosive solution, through which air, oxygen, nitrogen or other gas passes.
During testing, the samples of each metal to be tested are placed in a separate
container. The model is sometimes mounted using a glass or plastic stand.

The thickness of the resulting galvanic coating is determined by the drip
method, for which the solutions are gradually dripped onto the metal-coated
product and dissolved by holding it for a certain period of time. The operation is
performed by wiping the dripped areas with filter paper until an entire area of the
base metal is visible. The drop method differs from the removal method by the
fact that in the drop method the thickness of the coating in a certain area of the
part can be determined. The disadvantage of this method is that for thick-layer
coatings, such a test is carried out at the long intervals. The drip method is not
suitable for measuring the thickness of the coating on the surface of complex
shapes and small parts. This is because the solution flows without being caught
during the drip period. Although this method is simple in terms of technical
execution, it only gives errors when determining the thickness of a thin coating.
For a coating with a layer thickness of 2 mm, the accuracy of this method is
variable in the area of £30%.

On the tape covered with a layer of cadmium, a solution of potassium iodide
has been dripped every 30 s according to the results of the drip method, the
thickness of the coating has been 31 microns.

In accordance with the state standard 9.303-84, cadmium-coated products
are allowed to be used for protective purposes during the experiment.

4. Conclusion

A study has been conducted on the technology of cadmiling of stainless steel
tapes of the 12X18H10T brand. A detailed description of the cadmiling process
and metal products covered with cadmium coating has been presented, its
technological features have been noted. A comparative analysis of the types and
composition of cadmium electrolytes has been carried out. The factors affecting
the quality of the resulting coating have been studied, and the calculation of the
main observed indicators of the products after electrolysis has been carried out
(surface area, metal weight, current density, volume of deposited metal, coating
thickness, weight of deposited metal at the cathode, current density). It has been
found that the quality of the coating undergoes changes depending on the
composition of the electrolyte, its temperature and current density. The surfactant
(dextrin, gelatin, carpentry glue) is able to increase the potential during the use,
and has helped to obtain a strong coating layer. If the surfactant is not used, the
cadmium-coated tape has no shine. It has been found that when the current is
supplied in excess, the tape becomes coated with fine granules and darkens. In the
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process of cadmiling the tape, as the time value increases, the layer of cadmium
deposited on the surface of the tape increases.
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Tyiiingeme. Kipicne. Ka3ipri 3amMaHfbl TEXHOJIOTHSIIBIK JAaMy JEHreriHe KoJ KeTki3y yuriH Kaszakcran
PecryOnuKkachlHbIH 3KOHOMHKAIBIK, FBUIBIMU-TEXHUKAJBIK KAPKBIHIBI AaMybl TEXHHKA-3KOHOMMKAIIBIK
JKaFbIHaH THIM1 9iCTep/Ii KOJIAHbII, METaJlT OyibIMIapsl MEH KYPBUIFBUIAPBIH KeHIHCH OHIIPYl KaXeT
ereni. Con MakcaTTa KOppO3usiFa Te3IMI, opi THiIMII MeTaiul OyHbIMIAapbl MeH OelIeKTepiH OHAIPYyIiH
HETI3r1 KOJAApBIHBIH Oipi - Kaamwuiiiney Oonbln TaObuiagsl. Kaamuid kanmramackl MKEMJ, JKaHIIBII
KanTayFa, LITAMIObUIAYFa, OYriayre >KEHIN YIIbIpam, >XKaHaJaH TY3UIMeH KamnTaMmanapbl MbIPBIIIKA
KaparaHIa KbIIIKBUICHI3 (hiaroctapaa JKakcel HoHekepreHedi. Makcam new minoemmepi. 2X18H10T
Mapkanbl OoOnaTTaH JKacanfaH TOTBHIKIANTBIH TAclaHbl KaJAMHHJICYJIH TEXHOJOTHSICHIHA 3EpTTeY
Kyprizingi. Kaamuit a5ekTpoiauTrepiHiH Typiepi MeH KypaMblHa CajbICTBIPMalbl Tajiay XKyprizingi.
AJIBIHATBIH KalTaMaHBIH calacblHa dcep eTeTiH (akTopyap 3epTrenin, OyHbIMAApAbIH 3JIE€KTPONIH3ICH
Keifinri OalKanaTblH HEri3ri KepceTKilTepiHe ecentey >yprisuini. KantamanslH camacs! 31€KTPOIUTTIH
KypaMblHa, OHBIH TEMIEpaTypachlHa >KOHE TOK THIFBI3/IBIFbIHA OailIaHBICTBI ©3repicKe YIIBIPAWTHIHBI
aHbIKTAIABL. Homuoicenep. ByiibiMpapabie OCTTIK ayflaHbIH METaJIMEH KanTap ajIbIHIa )KYMBIC PEXUMIH
OpHaTy OapbICBIHAA TOK THIFBI3IBIFBIH KOHE KAXKETTI TOK KYIIiH AYPHIC TaHIAN ajly YIIiH KanTajaTbH
OYHBIMHBIH OCTTIK ayJaHbl €CeNTellin, KeWiH >KUBIHTHIKTaNIbl. KanTaMaHbIH camacsl 3JIEKTPOJIMTTIH
KypaMblHa, OHBIH TEMIEpaTypachlHa >KOHE TOK TBIFbI3JbIFbIHA OailIaHBICTBI ©3repicke YIIBIPaWTHIHBI
aHbIKTAJABL. beTTik akTHBTI 3aT maijganaHy OapbIChIHIA MOTEHIMA apTy MYMKIHAITiHe ue 6oblir, Oepik
KanTaMa KabaThlH anyra cenTirid Turi3ai. COHbBIH ilIiHAE ACKCTPUH, YKEIATHH, CTOJSP MKETiMi CHIKTHI
OCTTIK-aKTUBTI 3aTTAPMEH JKYMBIC Kacammbl. Tyoicuipvimoap. BeTTik-akTHUBTI 3aT KOJJaHBUIMaraH
JKarJaia KaJMUAMEH KanTajJlfaH TaCTIaHbIH JKBUITHIPIIBIFBIHBIH 00JIMalThIHBI KOpinal. TOK maManaH Thic
OepiireH Kesie Tacna Mailja TYHIpIIIKTEPMEH KanTalbll, Kapalblll KeTETIHAIN aHbIKTangbl. TacrnaHsl
KaJMHiney OapbIChblHAA YaKbITTBIH MOHI apTKaH caiblH Tacna OeTiHe IIeriireH kaaMmuil KabaTel apTa
TyckeHi Oabikanapl. MeMCT 9.303-84 colikec ToxipuOe OapbIChbiHIA KaJMUMMEH KanrtajaraH OyHbIM
KOPFaHBIIITHIK MaKcaTTa KOJIAaHbUIyFa pykcar erinesi. KantamaHbIH KaJBIHIBIFBl KaNTaIFaH OyHbIMFa
epiTiHaIepal OIpTiHAEN TaMIIBUIATHIN, Oenriimi Oip yakbIT apaiblFbIHIA OHBI YCTay apKbUIbI epiTyre
Heri3nenreH. TammibUIaTy OAICIHIH HOTIIKECIHJAE aJlbIHFaH KanTaMaHbIH KaJIbIHABIFEI 31 MKM eKeHi
aHBIKTAJIIBL.

Tyiiinai ce3aep: rajipBaHUKAJIBIK KanTamasiap, KaAMHIAICY, KaMUIICHTeH KanTama, MeTaul Oyisimuap,
3NIeKTPOIHT, BA3, 37IEKTPOIN3, TOK THIFBI3ABIFBI
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OCOBEHHOCTU HAHECEHMSA TAJIbBBAHUYECKHAX MOKPBITHI
HA OCHOBE KAJIMUA

I'.JK. Couxoea”, A.2K. Illamunosa

3anaowno-Kazaxcmanckui yHusepcumem umenu M.Ymemucoesa, Ypanock, Kazaxcman
“E-mail: sdikova.guliya@mail.ru

Pe3tome. Bseoenue. Jlnsi NOCTHXKEHHS COBPEMEHHOTO TEXHOJIOIMYECKOIO YPOBHS, CTPEMUTENBHOTO
SKOHOMUYECKOTO U HaydyHO-TeXHHYeckoro pas3sutus PecmyOiuku Kazaxctam TtpeOyercs mmpoxoe
IPOM3BOACTBO METAUIMYECKUX U3/ U 000pyIOBaHMSA C IpUMEHeHHeM 3(G(PEKTHUBHBIX C TEXHHUKO-
SKOHOMUYECCKOH TOYKH 3peHHs MerTojoB. JlIi 3TOro ONHMM M3 OCHOBHBIX CIIOCOOOB IIOTy4eHUS
KOPPO3UOHHOCTOWKUX U 3()(EKTUBHBIX METAJUIMYECKHX M3AENUHA U Jeraneil sBIseTcss KaJMHUpPOBAaHUE.
KanmupoBaHHOE MOKpBITHE THOKOE, JIETKO MOANACTCA CMATHUIO, IITAMIIOBKE, M3rHOy, JTydlle Hasercs B
HEKUCIIOTHBIX ()JIIOCAX, YEM MOKDBITHS HA OCHOBE LMHKA.[Jeau u 3adauu. TIpoBeeHbI HCCIEN0BaHUS 110
TEXHOJIOTUM KaJMUpPOBaHUs jeranu u3 Hepxasetomeid cramu 2X18H10T. IIpoBeneH cpaBHUTENbHbIH
aHaJIU3 THIOB M COCTaBa KaJMUEBBIX DJIEKTPOIUTOB. I3ydeHBI (haKTOphI, BIHMAIOMIUE HAa KaueCTBO
MOJIy4aeMOr0 IIOKPBITHS, PACCUUTaHBl OCHOBHBIC IIOKA3aTeNH, HAOMIOJAaeMble IIOCIE 3JIEKTPOIIH3a.
Pesynomamur.Ilepen, HaHeCeHMEM IOKPBHITHS IOBEPXHOCTH METAJUIOM3JENMH  ObUIM  HPOBEICHBI
IEOMETPUUECKUE PACUEThl MOBEPXHOCTH HOKPBIBAEMBIX H3Jenuiin 00paboTaHbl MX PE3ylbTaThl, IS
IPAaBUIBHOTO I0A0Opa IUIOTHOCTHH CUIIBI TOKA IPU 3aJaHHOM DPEXHME DPabOTHLYCTAaHOBICHO, YTO
Ka4eCTBO MOKPBITUS MEHSAETCS B 3aBUCHUMOCTH OT COCTaBa JJIEKTPOJINTA, TEMIEPATYPhl M INIOTHOCTU TOKA.
Bo Bpemst ucnone3oBanust [IAB noTteHuman yBenuuuics 4to CIocoOCTBOBANIO IMOIYYEHHIO HPOYHOIO
Closl TOKPBITUS. B KauecTBE NOBEPXHOCTHO-AaKTHUBHBIX BELIECTB OBUIM HCIIONB30BAHbl IEKCTPUH,
JKEJIAaTUH, CTOJSIPHBIN Kieil. 3akmouenue. bpuio 0OHAPYXKEHO, YTO TUIACTUHKA C KaMUEBBIM MMOKPBITHEM
HEe UMeeT OJiecka B OTCYTCTBHME MOBEPXHOCTHO-aKTUBHOIO BEILECTBA, NPH YPE3MEPHOM YHOTPEOIeHHU
TOKa METaJUIMYecKasl IUIACTUHKA MOKpPBIBAETCS MEJIKMMH BKpAIUIGHUSMHM M depHeeT. [Ipu HaHeceHuM
rajgbBaHUYECKOIO MOKPBITHS HA OCHOBE KaJMUsl OTMEUEHO, YTO CJIOH KaJMMs, OCAXKIEHHbIM Ha
MMOBEPXHOCTH TUIACTUHKH YBEIMYWICS MO HcTedeHne Bpemenu. B coorBerctBum ¢ ['oCT 9.303-84
JIOITYCKAeTCsl UCTIOIb30BAaHNE MOJYYEHHOTO B XO/1€ SKCIIEPUMEHTa KaIMUPOBAHHOIO M3/IENUSI B 3aLIUTHBIX
nenstx. TommyHa MOKPEITHS OCHOBAaHA Ha PACTBOPEHUH MOKPHITOrO M3/EINHS IYTEM KalelbHOro MeTosa ¢
MOMOIIBIO PACTBOPOB U BBIIEP)KKU B TEUEHHE ONPEEIECHHOTO NIepHoia BpeMeHH. bbllo onpeneneHo, uto
TOJILIMHA TOKPBITHUS], TIOIYYEHHOTO B PE3yJIbTAaTe KAleIbHOTO METOA, COCTABIAET 31 MKM.

KioueBble clioBa: TajibBaHHUYCCKHE TOKPBITHS, KaIMHUPOBAHUE, KAJMHPOBAHHOE IOKPBITHE,
METAJUIOU3IEIHS, dNEKTPOIUT, [TAB, anekTponus, IIoTHOCTh TOKa

Couxkoesa I'ynun Kymezamueena Kanouoam xumuuecxux nayx, doyenm
Hlamunosea Anmazyne /Konamanoena Maeucmp, npenooasamens
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SYNTHESIS AND ROOT FORMING ACTIVITY OF THE INCLUSION
COMPLEXES OF HETEROCYCLIC THIOANHYDRIDES WITH
ARABINOGALTAN

Ye.S. Sycheval, I.N. Anuarbekova?, D.B. Markina'?, M.S. Mukanova'?",
G.S. Mukanova®

A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
SRSE “Institute of Botany and Phytointroduction” CFW MEGNR RK, Almaty, Kazakhstan
“E-mail: chem_mukan@mail.ru

Abstract. Introduction. Nitrogen-containing heterocycles are structural elements of many synthetic
and endogenous biologically active substances. In this regard, they have particular interest as objects of
study of the relationship between the structure and biological activity. The aim of this work is the
development of new plant growth stimulants, based on nitrogen-containing heterocyclic dithiocarbamic
acids and their inclusion complexes with arabinogalactan, and the study of their root-forming activity.
Results and discussion. Synthesis of sodium dithiocarbamate of 5-amino-1,3,4-thiadiazole-2-thiol and its
carbonyl derivatives cycloprapane, 4-fluoro- and 4-methoxybenzoic thioanhydrides has been carried out.
Conditions for synthesis of the inclusion complexes of thioanhydrides 2-4 with arabinogalactan (AG) have
been developed. The synthesis of the bioorganic inclusion complexes of substrates with AG has been
carried out in the mass ratio of the initial reagents 1:1 in dimethyl sulfoxide, the duration of the reactions
has been 8 hours at the temperature of 55-60 °C. The inclusion complexes with arabinogalactan have been
obtained with the yield of 62-88%. The structure of the synthesized heterocyclic thioanhydrides has been
established based on IR and *H and **C NMR spectroscopy. Field tests have been carried out to identify
the root-forming activity of the obtained compounds and to determine the effect of the growth stimulants
on the growth of the root system of vangutta spirea cuttings. Conclusion. It has been found that
biocomplex 4-methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic thioanhydride with
arabinogalactan 7 increases the rooting and survival of the planting material and at the concentration of
100 mg/I shows a high yield of the rooted spirea cuttings (90%), as compared with the control (13% ) and
standards Kornevin (20%) and AN-16 (36%).

Key words: 5-amino-1,3,4-thiadiazole-2-thiol, dithiocarbamate, thioanhydrides, biocomplex, root
forming activity
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1. Introduction

At present, an interest in arabinogalactan (AG) has been increased
significantly due to the high content in plant materials and unique properties [1,
2]. AG occupies a special place among polysaccharides. In recent years, studies of
biological activity of AG have intensified sharply. This is facilitated by its
properties such as high solubility in water and biological activity, uniquely low
viscosity of solutions and biodegradability. AG can serve as a targeted carrier for
the delivery of diagnostic and therapeutic agents, as well as enzymes, nucleic
acids, vitamins or hormones to specific cells [3-6]. AG is used in medicine in the
treatment of various gastrointestinal diseases [7], has adhesive properties and
exhibits antimicrobial [8], antimycobacterial [9], antioxidant and immunological
[10], antiviral [11] and anticancer [12] activity.

If earlier AG was used mainly as an auxiliary substance in the production of
various dosage forms, now due to a detailed study of the properties of AG, it is
considered as an independent biologically active additive. Using AG in veterinary
medicine is very promising. Feeds with the addition of AG maintain the level of
bifidobacteria and lactobacilli in the gastrointestinal tract of animals, thereby
improving nutritional efficiency, increasing weight gain and reducing the need for
conventional antibiotics [13].

Another direction of using AG is its use as a matrix for creating bioorganic
complexes of growth-stimulating action to improve solubility and improve the
quality of germination, productivity and yield of plants and crops [14].

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, an eluent was ethanol. IR spectra were
recorded on a Nicolet 5700 spectrometer in a thin layer. The melting points of the
compounds were determined on a Hanon MP450 instrument. The *H and **C
NMR spectra of the compounds were recorded on a JNM-ECA 400 spectrometer
(Jeol) with the operating frequency of 400 (*H) and 100 MHz (*3C) of the
deuterated pyridine-ds solution. All reagents and solvents were received from
Sigma-Aldrich and used without further purification. An elemental analysis was
carried out on a Rapid Micro N Cube elemental analyzer (Elementar, Germany,
2015).

Sodium (5-mercapto-1,3,4-thiadiazol-2-yl)carbamodithioate (1). A solution
of 2.4 g (0.075 mol) of NaOH in 5 ml of distilled water was added to a mixture of
10 g (0.075 mol) 5-amino-1,3,4-thiadiazole-2-thiol in 40 ml of ethanol. Then a
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solution of 5.7 g (0.075 mol) carbon disulfide was added dropwise. The reaction
mixture was stirred at r.t. at 22°C for 4 h. The solvent was distilled off in a water-
jet pump vacuum. The product was purified by recrystallization from acetonitrile.
The yield of the compound 1 was 13.21 g (76%), R 0.79 (ethanol). Found, %: C
15.69; H 1.02; N 18.29; S 55.29. C3H2N3NaS,.Calculated, %: C 15.58; H 0.87; N
18.17; S 55.45. IR spectra, v, cm™: 3309 (N—-H), 1018 (C=S), 686 (C-S). NMR
'H spectra (pyridine—ds), 5, ppm: 7.93 (broad singlet, 2H, SH; NH). NMR **C
spectra (pyridine—ds), 6, m.xa.: 164.7 (SH-CH=N; S—CH=N); 179.3 (C=S).

Cyclopropanecarboxylic  (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride (2). A solution of 0.9 g (0.0086 mol) of cyclopropane chloride was
added dropwise to a solution of 2 g (0.0086 mol) sodium (5-mercapto-1,3,4-
thiadiazol-2-yl)carbamodithioate in 25 ml of chloroform with stirring. The
mixture was stirred at the room temperature of 22°C for two hours. The solvent
was distilled off in a water-jet pump vacuum, the product was isolated by
recrystallization from ethanol. The yield was 1.55 g (65%), m.p. 225 °C. Found,
%: C 30.45; H 2.37; N 15.27; S 46.41. C;H;NsOS,. Calculated, %: C 30.31; H
2.54; N 15.15; S 46.23. IR spectra, v, cm™: 3236 (N-H), 1712 (C=0), 1068
(C=S), 690 (C—S). NMR *H spectra (pyridine—ds), 5, ppm: 0.78 (t, 2H, CH,); 1.04
(t, 2H, CH); 1.82 (m, 1H, CH); 8.07 (br. s, 2H, SH; NH). NMR **C spectra
(pyridine—ds), o, m.o.: 9.1 (2CHp), 145 (CH), 153.7 (S—CH=N); 162.7
(SH-CH=N); 173.1 (C=0); 185.7 (C=S).

4-Fluorobenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic thioanhy-
dride (3) was synthesized in a similar way. The yield was 2.52 g (88%), m.p. 223
°C. Found, %: C 36.37; H 1.95; N 12.80; S 38.55. C1oHsFN3OS.. Calculated, %:
C 36.24; H 1.82; N 12.68; S 38.70. IR spectra, v, cm™: 3221 (N-H), 1666 (C=0),
1060 (C=S), 671(C-S). NMR *H spectra (pyridine—ds), 8, ppm: 6.97 (t, 2H, Ar);
8.24 (t, 2H, Ar); 8.11 (br. s, 1H, SH; 1H, NH). NMR *3C spectra (pyridine—ds), 5,
ppm: 115.5, 130.9, 131.2, 163.8 (Ar); 162.8 (SH-CH=N); 163.9 (S—CH=N);
166.4 (C=0); 183.3 (C=S).

4-Methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhy-dride (4) was synthesized in a similar way. The yield was 2.37 g (81%),
m.p. 225 °C. Found, %: C 38.61; H 2.83; N 12.54; S 37.55. C11HoFN3O3Ss.
Calculated, %: C 38.47; H 2.64; N 12.23; S 37.34. IR spectra, v, cm™: 3278
(N-H), 1651 (C=0), 1026 (C=S), 636(C—S). NMR H spectra (pyridine—ds), 5,
ppm: 3.61 (s, 3H, OCHa); 6.89-7.11 (m, 4H, Ar); 8.16 (br. s, 1H, SH; 1H, NH).
NMR %C spectra (pyridine—ds), 8, ppm: 55.4 (OCHjs); 114.2, 130.1, 130.7 (Ar);
162.7 (SH-CH=N), 163.6 (S—CH=N); 166.3 (C=0); 183.4 (C=S).

Complex of cyclopropanecarboxylic  (5-mercapto-1,3,4-thiadiazol-2-
ylcarba-mothioic thioanhydride with arabinogalactan (5). A mixture of 0.6 g of
AG and 0.6 g of cyclopropanecarboxylic (5-mercapto-1,3,4-thiadiazol-2-
yl)carbamothioic thioanhydride (2) in the mass ratio of 1:1 were dissolved in 10
ml of DMSO and stirred at the temperature of 55-60°C within 8 hours. After
completion of the reaction, the complex was precipitated with acetone. The
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formed precipitate was filtered off and dried. An inclusion complex with AG 5
was obtained as a white powder, the yield was 1.06 g (88%).

Complex 4-fluorobenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride with arabinogalactan (6) was synthesized in a similar way. The
yield was 1.02 g (78%).

Complex 4-methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride with arabinogalactan (7) was synthesized in a similar way. The
yield was 0.86 g (62%).

Field tests were carried out in the Institute of Botany and Phytointroduction
to determine the root-forming activity of the new synthesized compounds.

Cuttings of spirea vanhutta (Spiraaeaxvanhouttei) were used in the
experiment. Semi-lignified cuttings of spirea 8-9 cm long with three buds in an
amount of 30 pieces were soaked in the solutions of substances with
concentrations (50 mg/l, 100 mg/l) for 6 hours. The cuttings were planted in a
greenhouse with a prepared substrate (soil:sand). The duration of the experiment
was 5 months. The survival rate of the planted cuttings was determined one
month after planting. The following parameters: the number of rooted cuttings;
the formed roots; the length of the roots were used to determine the biological
activity.

The scheme of the experiments on cuttings:

1. Control (Water);

Kornevin (standard), (50 mg/l, 100 mg/l);
EN-16 (standard), (50 mg/I, 100 mg/l);
Compound 5 (50 mg/l, 100 mg/l);
Compound 6 (50 mg/l, 100 mg/l);
Compound 7 (50 mg/I, 100 mg/l).

ook wN

3. Results and discussion

In order to synthesize new carbonyl dithiocarbamine derivatives,
heterocyclic thioanhydrides have been synthesized from sodium (5-mercapto-
1,3,4-thiadiazol-2-yl)carbamodithioate. Acylation of dithiocarbamate has been
carried out by  reacting sodium (5-mercapto-1,3,4-thiadiazol-2-
yl)carbamodithioate 1 with acid chlorides (cyclopropane, 4-fluorobenzoic and 4-
methoxybenzoic) in chloroform at the room temperature for 3 hours. Heterocyclic
thioanhydrides 2-4 have been obtained in the form of crystals with the yield of
65-88%.
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2,5 R = cycle-C3H; 3, 6 R = 2-FCgH,; 4, 7 R = 4-CH;0C¢H,.

AG is a promising synthon for the synthesis of water-soluble complexes on
its basis due to its diverse biological activity and the content of hydroxyl groups
in its structure. The synthesis of the supramolecular inclusion complexes of
heterocyclic thioanhydrides with arabinogalactan has been carried out in dimethyl
sulfoxide at the temperature of 55-60°C for 10 hours. As a result, the inclusion
complexes with arabinogalactan have been obtained with the yield of 62-88%.

The structure of the synthesized compounds 2-4 has been established based
on elemental analysis, IR spectroscopy and *H and *C NMR spectroscopy.

There is an absorption band of stretching vibrations of the C=S group in the
region of v 1026-1068 cm™ in the IR spectra of thioanhydrides 2-4. Stretching
vibrations of the C-S bond are manifested in the region of v 636-690 cm™ and
absorption bands are also observed in the regions of v 3221-3278 cm*, which are
characteristic for the NH group. The presence of a characteristic absorption band
in the region v 1651-1712 cm* confirms the introduction of the C=0 group into
the molecules of the new compounds.

In the *C NMR spectra of compounds 2-4, the signals for the carbon atoms
of the C=0 and C=S groups are found in the low field region ¢ 166.3-173.1 ppm
and 183.3-185.7 ppm, respectively.

The study of the effect of root-forming activity of the synthesized
compounds on cuttings of spirea vanhutte (Spiraaeaxvanhouttei) has been carried
out in the field.

The treatment of cuttings with the compounds has led to an increase in the
survival rate of the rooted cuttings. A more stable positive trend of root formation
has been noted in variants 6 and 7, taking into account the applied concentration
and the degree of development of the root system.

A high percentage of rooting of semi-lignified cuttings has been recorded at
the concentration of 100 mg/l for the compound 7-90%, which exceeds the
control by 6.9 times, and the reference standard (Kornevin) by 4.5 times and (AN-
16) by 2.5 times (Figure 1).
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Figure 1 — Influence of the compounds 5-7 on the number of rooted cuttings of spirea vanhuttei
(Spiraaeaxvanhouttei) at the concentrations of 50 and 100 mg/I.

An analysis of the test results has shown that the compound 7 at the
concentration of 50 mg/l exhibits a high root-forming activity on the cuttings as
compared with the control and standards (Kornevin and AN-16). The number of
roots and the length of the formed roots at the concentration of 50 mg/l have been:
for the control 2.75 pcs and 4.01 cm, respectively; for Kornevin standard 3.67
pieces and 3.4 cm; for AN-16 4 pcs and 2.42 cm and using the compound 7, 4.62
pcs and 2.29 cm.

The compounds 5, 6 have shown the same root-forming activity at the level
of the reference standard AN-16 (Figure 2).
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Figure 2 — The effect of the compounds 5-7 on the number and length of roots of spirea vanhuttei
(Spiraaeaxvanhouttei) at a concentration of 50 mg/I.
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The compound 7 has shown a high number of root-forming centers (4.88
pcs) at the concentration of 100 mg/l as compared with the control (2.75 pcs),
Kornevin standard (3.2 pcs) and AN-16 (3.5 pcs) (Figure 3).
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Figure 3 — An influence of the compounds 5-7 on the number and length of roots of spirea vanhuttei
(Spiraaeaxvanhouttei) at a concentration of 100 mg/I.

4. Conclusion

New heterocyclic thioanhydrides of dithiocarbamic acids, based on sodium
(5-mercapto-1,3,4-thiadiazol-2-yl)carbamodithioate, and their supramolecular
inclusion complexes with the natural polysaccharide arabinogalactan have been
synthesized as a result of the performed study.

It has been established that using the inclusion complexes of heterocyclic
thioanhydrides with arabinogalactan increases the rooting and survival of the
planting material. The complex of 4-methoxybenzoic (5-mercapto-1,3,4-
thiadiazol-2-yl)carbamothioic thioanhydride with arabinogalactan at the
concentration of 50 mg/l has provided up to 90% survival of semi-lignified spirea
cuttings, and contributed to the increased root formation in the initial period of
growth.
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Tyiiingeme. Kipicne. Kypambinia a3ot 6ap rerepouukigep KONTEreH CUHTETHKAJBIK KOHE dHAOTCHIIK
OHONIOTHSIIBIK, OENICeHAl 3aTTapIblH KYPhUIBIMJBIK dJieMeHTTepl 00JbIin Tadbutanbl. OckiFaH OaiIaHbICThI
oJIap KYPbUIBIM MEH OHOJOTHSIBIK OEJICeHAUTIKTIH OaiaHbICBIH 3€pTTey OOBEKTUIep] peTiHie epeKiie
KBI3BIFYIIBUIBIK TYIbIpaabl. JKymeicmoly Makcamvl KYpaMbIHAa a30T 0ap reTepOLUKIIl TUTHOKapOaMUuH
KBILIKBUIIAPBI, OJAP/IbIH apaOMHOraTakTaHMEH KElIeH I KOChLIBICTAaphl HETi31He JKaHa OCIMIIKTIH 6CyiH
BIHTAIAH/BIPFBIIITAD Ay >XOHE OJIAPABIH TaMBIPTY3rilll OeJNCEHIUNriH 3epTTey OONBIN TaObLIAMIbL.
Homuorcenep owcone mankpiiay. 5-amun-1,3,4-traana3on-2-Ton HaTpUi JUTHOKApOAMATBHIHBIH JKOHE
OHBIH KapOOHWIAl HuKIonponaH, 4-Gprop- xoHe 4-METOKCHOCH30# THOAHTUAPHATEP] TYBIHABLIAPBIHBIH
CHUHTE31 )KYy3€ere achIpbUIIbl. 2-4 THOAHTHAPUATEPAiH apabuHoranakTanMen (Al') KemeHai KOChUIBICTapbIH
CHUHTE3/ICY XKaFJailiapbl )KacalblHIbl. ApaOUHOraTaKTaHMEH CyOCTpaTTap/IbiH OHOOPraHMKAIIBIK KEIICH I
KOCBUIBICTAPbIHBIH ~ CHHTE31  JuMeTHiICYIbGoKcHaTeri OacTanmkpl peareHTrepaid 1:1  Maccaibik
KATBIHACKIHIA JKYPri3ifijl, peakuusuiapiably y3akThirbl 55-60 °C temmepaTypaga 8 caraTThl Kypasbl.
CHHTe3IeNreH TeTePOLUKIIAl THOAHTHAPUATEPAIH KypbuibiMbl MK crieKTpoCKOMUsIChI xKoHe 1H sxome 1BC
SIMP CHEKTPOCKOMHUACHI MOIIMETTEPi HETi3iHAE aHBIKTANIbl. AJIBIHFAH KOCBUIBICTAPIBIH TaMbIPTY3Tilll
OCJNCEHAUNIIH  aHBIKTAY JKOHE BAHTYTTa CIHUPEACHl KECIHIUIEpiHIH TaMblp KyieciHe ecyiH
BIHTAJIAH/IBIPATHIH OCEPIH aHBIKTAYy YIIIH [aiaiblK ChIHAKTAap Xyprizinmi. Kopeimeinowi. Kapbamotno
KBIIKBLTBI 4-meTOKCHOEH30i (5-mepkanTo-1,3,4-trHaanazon-2-ui) THOQHTHJIPUIHIH
apaOuHOraakTaHMeH 7 GHOKEIIeHI OTBIPFBI3Y MATEPHAJBIHBIH TAMBIPJIAHYBl MEH JKEpPCIHYIH apTThIpabl
xoHe 100 wmr/m koHuentpaumsga Oaxputaymen (13%), KopueBun (20%) sxome AH-16 (36%)
CTaH/MAPTTApPbIMEH CAaJBICTBIPFAHIA CIUPESHBIH TaMBIPJIbl KECIHIJIEPIiHIH IKOFapbl IIBIFBIMABLIBIFBIH
(90%) xepcerrTi.
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Pe3rome. Bsedenue. A30TcOnepiKallye I'eTEPOLMKIBI SBIAIOTCS CTPYKTYPHBIMH DIEMEHTAMH MHOTIHX
CHHTCTHYECKUX U HIOTCHHBIX OMOJIOTMYECKH aKTUBHBIX BELIECTB. B CBA3M C 3THM, OHU HPEACTABIIOT
0cO0bIH UHTEPEC KaK OOBEKTHl M3YUESHUs B3aUMOCBSI3U CTPYKTYpPBl U OMOJIOTHYECKOI aKTUBHOCTH. [{enbio
JAHHOH paboThl ABIAETCS pa3paboTKa HOBBIX CTHMYIATOPOB pPOCTa PACTCHUH HA OCHOBE
A30TCOZICPIKAIMX TEeTEPOLUKINIECKAX NUTHOKApPOAMUHOBBIX KHCIOT, MX KOMIUICKCOB BKIIIOYCHHS C
apa0MHOraJakTaHOM M H3Y4eHHE WX KOpHEOoOpasylollleid aKTUBHOCTU. Pezyibmamvl u 006CydcoeHue.
Ocyl1iecTBICH CUHTE3 AUTHOKapOamarta HaTpus S-amuno-1,3,4-THaaua3on-2-THosa U ero KapOOHUIIBHBIX
IPOM3BONHBIX IHUKJIOIPONAHOBOTO, 4-GTop- M 4-METOKCHOCH30MHBIX THOAHTUIPHIOB. Pa3paboTaHbI
YCJIOBHSL CHHTE3a KOMIUICKCOB BKIIIOYEHHS THOAHIHAPUIOB 2-4 ¢ apabunoramakraHoM (AI). CuHre3
OMOOPraHNYECKUX KOMIUIEKCOB BKJIIOUEHHUS cyOcTpaTtoB ¢ Al mpOBOAMIM MPU MacCOBOM COOTHOLIEHHU
HCXOJHBIX peareHToB 1:1 B quMetnicyab(okcuae, IpoJoKUTEIbHOCTh PEaKInil cCoCTaBuiIa 8 4acoB Mpu
Temneparype 55-60 °C. KoMIUIeKChl BKIIOUCHUS ¢ apaOHHOralaKTaHOM HOJIYYEHBI ¢ BeIXogamu 62-88%.
CTpoeHHE CHHTE3UPOBAHHBIX I'ETEPOLUKIMYCCKUX THOAHTUJPHUIOB YCTAHOBJICHO HA OCHOBAHHY JAHHBIX
UK crextpockomuu u crekrpockonuu SIMP 'H u °C. [IpoBefens! moneBble UCIIBITAHIS 110 BEIBIEHHIO
KOpHEoOpa30BaTeIbHON aKTHBHOCTH MOJIYYCHHBIX COCAUHCHHUN U OIPEACNICHUIO JEeHCTBUS CTUMYIISTOPOB
pocta Ha POCT KOPHEBOW CHCTEMBI YEPEHKOB CIHMPEH BaHIYTTA. 3axmouyeHue. Y CTAHOBJICHO, 4YTO
OHMOKOMILIEKC 4-MeTOKCHUOEH30MHOr0O (5-mepxkanro-1,3,4-Tuagnua3zon-2-mi) THOAHTUPUA
KapOaMOTHEBOH KHCIIOTBI C apaOWHOTaJaKTaHOM 7 TMOBBIIAET YKOPEHSIEMOCTh M IPHKHMBAEMOCTh
[I0CaI0YHOr0 MaTepuana M B KoHIeHTpamuu 100 MI/n mokasblBacT BBICOKHII BBIXOJ YKOPCHEHHBIX
yepenkoB crmpen (90%) mo cpaBHeHuto ¢ koutponeM (13%), crannapramu KopreBun (20%) u AH-16
(36%).

KuaroueBsbie ciioBa: 5-amino-1,3,4-Tuanua3on-2-Tuol, AMTHOKapOaMar, THOAHTHIPHU/IbI, OHOKOMILIEKCHI,
KOpHeoOpasyromiast aKkTHBHOCTh
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INFLUENCE OF SOLID LIQUID STATES RATIOS ON THE
COMPOSITION AND PROPERTIES OF HUMATE-CONTAINING
ORGANO-MINERAL FERTILIZERS

U.Zh. Dzhussipbekov, G.O. Nurgaliyeva“, Z.K. Bayakhmetova

A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, the Republic of Kazakhstan
*E-mail: N_gulzipa@mail.ru

Abstract. Introduction. Human economic activity leads to removal of nutrients from the soil along
with the crop. Nutrients losses also occur because of natural processes (erosion, leaching, etc.). It is
necessary to replenish the missing nutrients with the use of humate-containing organomineral fertilizers to
preserve soil fertility and increase productivity. The purpose of this work is to study the processes of iron
(1) phosphates interaction with potassium humate and to obtain humate-containing organomineral
fertilizers. Methodology. Chemical analysis, infrared spectroscopy, X-ray phase analysis methods have
been used. Results and discussion. The processes of obtaining humate-containing organomineral fertilizers
by the interaction in the systems “iron dihydrogen phosphate - potassium humate”, “iron hydrogen
phosphate - potassium humate” and “iron orthophosphate - potassium humate” have been studied. It has
been determined that an increase in the S:L ratio from 1:3 to 1:6 leads to an increase in the content of the
digestible forms of P20s up to 44.70%, nitrogen up to 1.85% and the output of humic substances up to
79.23%. An analysis of the IRS data indicates the multicomponentness and complexity of the composition
of humate-containing organomineral fertilizers samples. Conclusion. It has been shown that the absorption
bands of humic compounds of various functional groups and various substitutions phosphates are
superimposed, while the shape of the absorption bands distorted, and their maxima have shifted to the
high- or low-frequency area. It has been found that, regardless the phosphate ionnature, an increase in the
ratio of S:L leads to a decrease in the absolute content of total, water-soluble and assimilable forms of
P20s. Concurrently, the phosphate part almost completely converted into the assimilated form. It has been
defined that adding of the potassium humate, makes all phosphorus, which is in the indigestible form in
the iron phosphates, almost completely pass into a mobile and assimilable form. It has been revealed that
the addition of potassium humate into the systems with iron phosphates of various degrees of substitution
makes it possible to neutralize the residual acidity of the pulp, and the neutralization process proceeds
without P2Os retrogradation. The resulting products have good physical, mechanical and fertilizer
properties.

Key words: iron dihydrophosphate, iron hydrophosphate, iron orthophosphate, potassium humate,
humate-containing organomineral fertilizers
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MEH KACHETTEPIHE KATTbI CYUBIK KYMJIEPIHIH KATBIHACBIHBIH OCEPI

O.K. XKycinbexos, I.0O. Hypzanuesa', 3.K. Baaxmemosa

«9.b5. Bexmypoe amvinoazel xumus evinvimoapsl uncmumymoly AK, Aimamor, Kasakcman
“E-mail: N_gulzipa@mail.ru

Tyiiinaeme. Kipicne. AnaMHBIH LIapyalIbUIbIK OPEKETi yaepiciHae eriHMeH Oipre TOMbIpaKTaH KOPEKTIK
3aTTap KOUBLIANBI, ONAPIBIH JKOFAIYbl TAOUFH YIepicTepliH Ae (3po3us, MIaifbLTy koHE T.0.) acepiHeH
Gomansl. TONBIPAaKTBIH KYHAapIBUIBIFBIH CaKTay >KOHE OCIMIIKTepAiH OHIMIUNIIH apTTeIpy YIIiH
KypaMbIH[Ia TyMaThbl 0ap OpraHOMUHEPas/ibl THIHAWTKBIITAP/ABI KOJIAHY apKbUIbI KETICIECHTIH KOPEKTIK
3aTTap/bl TOJBIKTBIPY KaxeT. Kymeicmoiy maxcamor — Temip (I11) docdarrapbiHbly Kanuid ryMaThiIMeH
OpEeKeTTeCy YAepicTepiH 3epTTey jKOHE KypaMbIHIA I'yMaThl 0ap OpraHOMHHEPAJIbl THIHANHTKBIIITap bl
any. Odicmepi. XUMUSIBIK Talaay, HHQPAKBI3bLT CHEKTPOCKONNS, PEHTTEH K (a3alblK Taunay daicTepi
Konnaueuabl. Homuowcenep men mankwinay. «Temip muruapodocdarsl — Kanui ryMaTbl», «TeMmip
ruapodocdarbl — Kaluid TyMaTb» OHE «reMip oprodocdaTbl — Kalui rymarbl» KyHenepinueri
OpEeKeTTeCY apKbUIBl KypaMblHZA TyMaThl 0ap OpraHOMHMHEPAJIBl THIHAWTKBINTApABl Ay yAepici
seprrenai. K:C kareiHaceiabiH 1:3-TeH 1:6-ra korapbeuiatkanga P20s ciHipiMai TypiepiHiH Meiepi
44.70%-ra, a3oTTeiy 1.85%-Fa xoHE TYMUHIIK 3aTTap/blH IIBIFBIMBIHBIH 79.23%-Fa [eifiH apTaThIHBI
alikpiHganapl. MKC  MmomiMerTepiH — Tanjay — KypaMmblHZA — rymMartsl  0ap — OpraHOMHHEpabl
THIHAWTKBIITAP/BIH YITUIEPiHIH KYPAMbIHBIH KOIKOMIIOHEHTTLNINH J>KOHE KYPIEIUIriH Kepceresi.
['yMuHAI  KOCBUIBICTAPIBIH ~ OPTYpii  (DYHKIMOHAIIBI TONTAPBIHBIH JKOHE HETi3Amiri  opTypui
(docdarTapablH KYThUTY JKOJIAKTapbl KabaTTacaThIHBI, COJAH KYTHUTY JKOJAKTapbIHBIH IMillIiHI €3repir,
OJapABIH MAaKCHMyMJapbl JKOFapsl HEMece TOMEH JKUUTIKTI aiiMakka BIFBICATBIHBI AHBIKTAJEL.
Kopwvimuinowi. ®ocar noHbIHBIH TaburathiHa KapamactaH, K:C KaTbhIHACBIHBIH KoFapbuiaybl P2Os-Tig
JKaJIbI, CyJa ePUTIH KOHE CIHIPIMAL TYpJepiHiH aOCOMOTTI MOHIHIH TOMEH/ICYiHE OKEJIETiHI aHBIKTAIIbL.
Byn xarnaiina docdar Gesniri ToIbIFBIMEH AEpIiK CiHIpiMIi Typre aliHanazael. Kanuii rymMaTbiH eHrisreH
ke3ne Temip QocdarTapblHiarsl  CiHIpUIMEHTIH Kyineri Oapiblk  Qochop TONBIFBIMEH JepIliK
JKBUDKBIMAJIBI JKOHE CIHIPTIIITIK Typre eTeTini kepcerinmi. Herizainiri optypii temip docdarrapsr Gap
Kyiienepre Kaiuii r'yMaTblH KOCY KOMBIPTIIAHBIH KAJABIK KbIIIKBUIIBIFBIH OeHTapanTanablpyFa MYMKIHIIK
Oeperini, Oeiitapanranaplpy yaepici P20s peTporpafalusiCblHChI3 KYPETiHI aHBIKTAIAbL. AJIBIHATHIH
OHIMIEP/IiH JKaKChl (PU3NKA-MEXaHUKAIBIK )KOHE THIHANTKBIIITBHIK KACHETTEPre He CKCHMITT aHBIKTaJ bl

Tyiiinai ce3nep: temip auruapodocdatsl, Temip rumpodocdatsr, Temip oprodocdaTs, Kamuidi TyMaThl,
KypaMblH/1a TyMaThl 6ap OpraHOMHHEPAJI/Ibl THIHANTKBIIITAD

Kycinoexoe Omipzax Kymacwinyno Texnuxa oliblMOApbIHbIY OOKMOPbL, Npogeccop
Hypzanuesa I'ynzuna Opvoinmaiixpizot Xumus 26116IMOAPBIHBIHE OOKMOPbI
Bbasxmemosa 3amupa Kenecoexkkpizvt Xumus 26I16IMOAPBIHBIY KAHOUOANbL

1. Kipicne

Kazipri yakpiTTa XanblK CaHBIHBIH KapKBIHIIBI ©CYiHE, CY PecypCTapbIHBIH
TaNIIBUIBIFEL, TOMBIPAKTHIH JAaCTaHybl MEH TY3JIaHyblHa OalIaHBICTBI XaIBIKTHI
a3bIK-TYJIKIEH KaMTaMachl3 €Ty YILIIH aybll MIapyallbUIBIFBIHAA KYpaMbIHAA
rymarbl 0ap OpraHOMHMHEPAIIBITBIHANTKBILITAPABI KojjaHy Kaxer [l, 2].
Kazakcranma oOChbIHAAW THIHAWTKBIIITAPIbI allyFa KEPEeKTi IIHMKi3aT —Oap:
¢dochopurrep, OHIIpIC KAIABIKTAphl, KYpaMbIHIa ©CIMAIKTIH 6Cyl MEH JaMybIHA
KaXeTTi KOpeKTik 3arrap (docdop, kanuii, Mapranen, 00p, TyMHHI KOCBUIBICTAp
JoHe T.0.) 0ap KOHBIp KeMipiep.

Asropnap [3-5] opramoMuHepamAbl THIHANUTKBIITAPABI (GochopuTTi asor
xoHe (pocop KBIIKBUIAAPBIMEH, COHOAN-aK OChl KBIIIKBUIIAPIBIH KOCIACBIMEH
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BIIBIPATy YIepiciHe KYpamblHAa TYMHH KOCBUTBICTAPHI 0ap KapamripikTi KOCy
apKpUIBl  ay  OMICTEpiH 3epTTedi. bynm MuHepanapl  KbIIKBUIIAPIBIH
CTEXHOMETPHIaH TOMEH MOJIIEPiH KOJIIaHyFa MYMKIHJIIK Oepe/Ii, SFHU KBIITKbLT
pearentTiH meFbIHEIH 50%-Fa azafitagpl. KapammipikTiH KypambIHAAFsl TYMHH
KBIIIKBIIIAPhl  KANBIUIAMEH opeKeTTecyl HaTwkeciHae ¢ochopasiH muUTparTa
JKOHE CyJla epHUTIH TYPJICpiHiH Ty3unyiHe coiikec keneTiH CaO/P;0s xaThIHACHIH
perreyre OONATBHIHIBIFBIH KepceTTi. An [6, 7] >KyMmbIcTapa MHHEpPaIIbI
THIHAUTKBIIITAD MEHIYMHHII KOCBUIBICTAD OPEKETTECKEHAE KaJIbLUi MEH
MarHuiig TyMaTTapsl TY3UIETIHIIKTEH TONBIPAKTaFbI ¢dochaTTeIH
¢ukcanuscelazaiibil, QOCPOpABIH  CiHIpLIYiH apTThipyra  OONATHIHIIBIFBI
aHBIKTaJFaH. [8] )KyMBICTa TYMATTHIH 9pTYpIi cynepdocdaTrapMer spekerTecyi
KapacTBIPBUIBIN, TY3UIeTiH Qochar-MeTauryMaT KeleHAepi ThIHANTKBIIITAFbI
(dochopabIH TYPaKTHI )KOHE OCIMAIKTEPre CiHIPIMII TYpAETi KOCBIIBICTAPHI OOJIBII
TaObUIATBIHABIFBl AHKBIHIAJIFaH.

Kanmel, fFeIBIMH  onmeOueTTepre JKacalfaH Tajjay OpraHOMHMHEpPAaJIbl
THIHAWTKBIIITAP (POCHATTHI IIMKI3aTThl KBIIIKBUIMEH BIIBIPATY KE3iHIE HEMece
OHJIpICTEe INBIFAPBUIATEIH MUHEpAIJbl THIHANTKBILITAPFA Kapallipik, KOHBIP
KeMip HeMmece T'yMmaTTapAbl KOCY apKbLibl ajJbIHATBIHIBIFBIH KOpCeTTi. Amaina,
Oacramnkbl GochaTThl MIMKI3aTTHIH KYpaMbIHIAKAIBIUNAIIH, MATHUNAIH, TEMIpIiH
JKOHE ATIOMUHHUHIIHMOIIIEPIHIH KOFapbl OOJybIHA OaiaHBICTBI KBIIIKBUIIBIK
peareHTTep Kem KyMcanajbl jkoHe (ochOpabIH eciMIiKkTepre CiHipiMAl Typre
Tyl KubIH Ooyaapl. by TEXHONOTHSUIBIK VAEpICTepIiH aWTapibIKTai
KypJCleHyiHe OKele/li JKOHE allblHFaH OHIMJCpiHIH camachlHaKepi ocepiH
turizeqi. Ocbl Maceneaepi TYMUH/II KOCBUIBICTAPAbI KOJIJIaHY apKbUIbI IIICIIyTe
OoJIaabl.

Kympictein makcatel Temip (III) docdarrapsiably Kanwii rymMaTbIMEH
opeKeTTecyy/AepicTepiH  3epTTey  JKOHe  KypamblHaa  ryMaTel  Oap
OpTraHOMUHEpaAbl THIHAUTKBIIITAPBI aJTy.

2. Toxipubenik 60im

Toxipube sxacay yumiH Oacranksl KoMHoHeHTTep petinge Oilikaparait
(Anmatel 007.) KEH OpHBIHBIH KOHBIP KOMIpiHEH Kaluil THUAPOKCHAIMEH
SKCTPAKIUANAY apKbUIbl albIHFAHKAIMH I'ymaThl, Kypambl (Mac. %): HA%M —
80.35; A* — 18.80; W2 13.35, temipain auruapodocdatsl, Kypamsl (Mac. %):
P>0s — 61.38; Fex0O3 — 23.05, ruapodocdater, kypamsl (Mac. %): P20Os — 53.25;
FeoOs— 40.0 xone opTodocdarsl, Kypamel (Mac. %): P,0s — 47.02; Fe,O3 — 52.98
KOJIJTAaHBLIIBL.

TeMipaiH AMTHIPO-, THAPO- K9HE OopTodochaTTAPbIHBIH Kalluii T'yMaThIMEH
opekerrecy ynaepicine K:C kaThIHACBIHBIH ocepi 3epTreniai, Taxipuoe60°C
Temreparypaga 60 MuH SKYpri3iii, KOWBIPTHAHBIH KaJiFaH KbIIKbULILIFE 5%
aMMMaKTBIH Cyibl epiTinaicimen pH 3.5-4.0 neitin Oefirapantanapl. Onan KediHn
anblaFaH KoubipTia 75-80 °C temmeparypana canMarbl OipKasIbITBI OOJFaHFA
JCiiH KenTipiimi. AJIbIHFaH ©HIMHIH KypaMbiHaarsl P2Os-TIH)XaIbl, Cy1a €PUTIH
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JKOHE CIHIpIMII  TYpJICpiHIH, a30TThIH Meimepiepi [9] JkoHE TyMuH
KBIIIKbUIIAPbIHBIH IIBIFBIMBI HA%10] XuMHATIBIK O/IICTEPMEH aHBIKTAJIIBI.

Yarinepain UK-cnextpockomusnbik 3eprreyi MK-Dypbe-ciekTpomerpinae
(Nicolet 5700, AKIII) 4000-400 cM ! Tonkplngap Auana3oHbHAa xKyprisimn, UK-
CHEKTpJIEpeTi JKYThUTY JKOJAKTapbhlH Tangay o9/ebu IepekTepre coikec kys3ere
aceippuiabl  [11-13].  Yorinepmin HWK-cmektprepin  amy ymia  0.5-1.0 wmr
MemIepAeri 3aT emmeHAiciHne kamuii OpomumiH (0.25 MI) KOCBIIT MYKHST
apanacTBIPbUIABI JKOHE TabNeTKara TpecTenii. AJNbIHFaH YATIepAiH (a3anbik
kypambl «/IPOH-3» mudpaxromerpinge (MoK,— IIaFpiIybl) aHBIKTAIIBL, TOK
Kyl —20MA JKOHE KepHeyl - 25 kB.
Y rinepaiHpeHTreHorpaMMaliapbIHBIHAACH THQHKALIHSCH STAIOHJIBIK
pEHTreHOTpaMMaliapMeH KOHE 9JICOMETTIK MANIMETTEPMEH CalbICTHIPY apKbLIBI
xyprizinmi [14].

3. HoTu:kesiep KoHe TAJIKbLIAY

«Temip murumpodocdarel — Kamuil Tymartb», «remip ruapodochaTsl —
Kalluil TyMaTbD» XKoHE «TeMip opTodocdaTsl — Kanmuid TyMaThD» KyHelepiHjeri
opekerrecy yaepicine K:C KaThIHACBIHBIH 9CEpiH 3€pPTTEy KE3iHJEC aJbIHFaH
HOTHXelep 1-cypeTTe KepceTiireH.
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1 — P20s wanms, 2 — P205cinip., 3 — P205 cyna ep., XKYHE: @ — «TeMip quruapodocars! — kanuit rymatsn»; b —
«reMip runpodocdaTsl — KU TyMaThI»; ¢ — «TeMip opTodocdaTsl — Kalnui ryMaThh»

Cypet 1-P20s-TiH apTypri Typnepi MorzepiHiH K:C KaTbIHaChIHA GaliIaHBICTHI ©3TEpYi

K:C xarpinacein 1:3-TeH 1:6-Fa jaeiiiH xorapbiiaTkanga gochaT MOHBIHBIH
TaburarteiHa Kapamactan P;Os-TiH JKaiumel, cyla epuTiH >KoHE CiHipimai
TYpJIepiHiH a0COJIOTTI MOHAEPIHIH TOMEHACHTIH/IIT aHBIKTaAabl. MbIicaiibl, 2.5%
KaJuii TyMaThIHBIH epiTiHgici Temip auruapodocdaTbIMEH opeKeTTECKEeHAe
sxanrbl P2Os-TiH Memmepi 56.94-ten 46.91%-ra neitin, cidipimai P2Os — 44.70-
TeH 38.13%-ra nmetiin xoHe cyna eputin P,Os— 35.37-ten 30.14%-ra Temenaei i
(la-cyper, 1-3 kucwikTap), Temip rugpodocdarbiMeH, coiikecinme — 48.15-teH
41.27%-ra neitin, 36.58-nen 31.83%-ra neitin xone 28.13-ten 24.79%-ra neiiin
(16-cypet, 1-3 KHCBIK CBI3BIKTap), ajl Temip oprodochaTbIiMEH, COMKeCiHIIEe
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45.09-man 39.42%-ra neitin, 32.37-nen 29.21%-ra xone 13.85-ren 13.54%-ra
neiiin (1B-cyper, 1-3 KHCBIK CBI3BIKTap) TOMEHAEHIi. Ajalija KaTHOH aiMacy
peaKIMsIapBIHBIH HOTHXKECIHIIE TEMIp TyMaTTaphl )KOHE KalTUHIiH JTUTHAPO- XKOHE
ruapodocdaTrapsl TY3UICTIHAIKTEH cyaa epirimrTik  kodddummenti 34.34-
64.18%-ra, an ci"ipiMaiik koahduimerti 74.09-81.28%-ra aeitin apTausl.

Toxipube nmotmxkenepi K:C xateiHaceiHbIH 1:3-TeH 1:6-Fa neliin apTkaHza
TYMUH KBIIIKBUIIAPBIHBIH IIBIFBIMBI aPTHIT, a30T MOJIICPIHIH TOMEHACUTIHIITIH
Kepcerti (kecre). Mpicambl, Kanmuid TryMmarteITeMip AuruapodochaTeiMeH
OPEKETTECKEHIE TYMMHI KOChUIbICTapabiH Mommepi (HA®") 78.89%-ra neiiin,
temip rugpodocdareiven — 79.23%-ra neitin xoHe TeMmip opTodochaTbIMEH —
78.50%-ra nmeliin aptagel. An asor mednmepi coiikeciHme 1.32 sxoHe 0.71%-ra
neitin TeMenaeii, (kecte 1). bysr opTaHbIH KBIIIKBUABIFEIH OeWTapanTaHAbIpyFa
KYMCaJIaThIH aMMHUaK IIBIFBIHBIHBIH TOMEHJICYiHEe OKEJIeTiH TYMHUHAI 3aTTapIIbIH
Oeifrapantanaplpy KaOineriHe OaitmanpicTel. AN Temip optodocdarer Oap
Kyheneri OPTaHBIH KaJJIbIK KBINIKBLIBIFBI KaJui ryMaTbIMEH
OeiiTapanTanaTbIHIbIFBl aHBIKTANbL. COHTAN-aK, aMMHUaK, Oop oHe Oacka Jna
OeliTapanTaHABIPFINI 3aTTapbl KOJJaHyAaH alblpMAIIbUIBIFBI, KAl TyMaTbhlH
naigananranga Oefitapantanasipy yaepici P2Os perporpaganuscbIHCHI3 KYpei.
AJNBIHFaH OHIMIIEp KaKChl (PU3UKAIBIK-MEXaHUKAIBIK KaCHETTepPre Me, COHbIMEH
Karap a30THEeH JKOHE (H3HONIOTHSIIBIK OENCeHOlI TYMHUHII KOCBUIBICTAPMEH
OabITHUTFaH.

Kecre 1- K:C KaThIHACBIHBIH TYMHH KBIIIKBUTAAPBIHBIHIIBIFHIMBIHA KOHE a30T MOJIIIepiHe acepi

K:C KaThIHACKI ‘ HA% mac.% N, Mac.%
«reMip TUruapodocdatsl — Kalui TyMaThhy
1:3 75.30 1.85
1:4 76.62 1.70
1:5 78.16 1.56
1:6 78.89 1.32
«reMip rupodochaTbl — KaIuid ryMaTh»
1:3 76.91 1.32
1:4 77.34 1.01
1:5 78.31 0.95
1:6 79.23 0.71
«reMip oprodocdaTsl — Kaauil ryMaThDy
1:3 75.69 -
1:4 76.43 -
1:5 77.79 -
1:6 78.50 -

Yuarinepnin UK-cnekrpnepin tangay (2-cyper) optyprni K:C xaTbiHackiHIa
aBIHFAH ~ OHIMIEp TYMHHII KOCBUIBICTapFa TOH CIHIpY KOJaKTapbIMEH
cunarranateiHbiH kepceredi[8-10]: 3460-3450, 3370-3350 »xone 3230-3220 cm
laliMaFpIHIAFBl JKYTBUTY JKOJNAKTAphl MOJEKYJAapaIbIK CYTEKTIK OaliJaHbICKaH
OH-tonrapsiHblH koHe NH-TONTapbhIHBIH BajCHTTIK aybITKyaapbl, 1630-1620
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xome 1400-1390 cm?! — KapOOKCHI TONTapbIHBIH aCCHMETPHSIBIK JKOHE
CUMMETpHNIBIK, TepOemicrepi, 1280-1260 cm™— ¢enonasik OH-Tonrapiasiy
nehopMaIisIIbIK,apOMaTThl KapOOH KBIIIKBUIAAPhl MEH Kypaem s¢upaepaid C-
O-ronrapeiabi Tepbemictepi, an 1050-1000cmM™— GipinHwmigik cnupTrep MeH
spupnepnin  C-O-romrapblHBIH ~ BaleHTTIK  aybITKymapel. bynm  ciHipy
JKOJAKTApbIHBIH KapKeIHABUTBIFEl K:C KaThbIHACHI JKOFapbUIaraH caiiblH aprta
TyceTini aHpIkTanael. 1630-1600, 1020-1000 sxome 550-520 cm? aiimareinma
TeMip TyMmMaTTapel MeH (ochaT-HOHAAPBIHEIH CIHIPY >KOJIAKTaphl KaOaTTachlIl,
OJIap/IbIH BIFBICYBIHA JKOHE KOChUTYbIHA bIKMan ereai. 980-960, 790-780, 670-660
xkoHe 580-520 cm?! aiimarbIHmarbl JKYTBUTY JKONaKTaphl TEMip TyMaThIHBIH
kemenaepinae Me-O OalnaHbICBIHBIH TY3UnyiH pactaiinbl. Conpaii-ak, WK-
CHEKTp Tanjgaylapbl TYMUHII KOCBUIBICTAPABIH OpTYpJi  (YHKIHOHAIIBI
TONTAPBIHBIH JKOHE HET3AUIT opTypiidocdarTapablH KYTBUTYy KOJAKTaphl
KabaTTacaThIHBIH, OYJI OJAapbIH MIlIiHIHIH ©3repil, OJapAblH MaKCHMyMAAphI
JKOFapbl HEMECE TOMEH KHULTIKTETi aliMaKKa bIFbICATBIHBIH KOPCETTTI.
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Oprypai K:C kareinaceiaaa anbiaran enimaep: 1 — 1:3, 2 — 1:4, 3 - 1:5, 4 — 1:6,xyiie: a — «TreMip
quruapodocdatsl — kanuit rymatse»; b — «remip oprodocdaTsl — kanuit rymaTh»

Cyper 2 — AnblHFaH OpraHOMHHEPAI/IbI THIHAWTKBIITAPABIH Yiritepinin UK-coekrpiepi

PDA notmxkenepi (3-cypeT) aiblHFaH YITUIEplE KWW JUTHAPO- KOHE
ruapodocdarrapsiHbiH 00mybiH pactaiinsl [11]. Penrrenorpammanarsr d,=5.07;
3.69; 2.55; 1.93; 1.70A aiimareiHmarsl AUGPAKIMANBIK MAKCUMyMIap Kajuif
nuruapodochateiHa, an 0,=6.31; 4.26; 3.45; 3.01; 2.96; 1.84; 1.52; 1.45A
aMareIHIAFRl  TUGPAKIMASIBIK CBIBBIKTap Kamnid TuapodochaTeiHa COUKeC
keneni. WK-crekrpnepinge aHbIKTaNFaH TeMmip TyMmaThl amMOp(THUIBIFbIHA
0aliIaHBICTBl pEHTTEHOTpaMMaliapaa TipKeIMen .
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Oprypai K:C kateiHackinaa anbiaFan eHimzaep: 1 — 1:3, 2 — 1:4, 3 — 1:6, xyiie: a — «remip
auruapodocdaTel — Kl ryMaTh»; b — «TeMip THapodocdaThl — KaJmii ryMaThl»; ¢ — «TeMip
opTodochaTsl — Kauil TyMaTh»

Cyper 3 — AsbIHFaH YITUIepAiH ITPUX-IHarpaMMaapbl

4. KopbITbIHIBI

ConpiMeH, xypriziiren 3eprreyinep K:C  KaThIHACBIHBIH —3€pTTENTCH
IUAma30HbIHAA «TeMmip Auruapo/ruapo/oprodocdarsl — Kauid TymarTb»
KyHenepiHe  TyMHHAI ~ KOCBUIBICTApABl  CHTI3y  HOTIDKECIHAE  TeMip

dochaTTapbHBIH KypaMbIHAAFb! POCHOPIBIH CiHIPUTMEHTIH TYpiepi TOJIBIFBIMEH
IEepIiKk CiHipiMAl Typre eTeTiHAiriH kepcerti.HoTmxkecinme cyma epirimrik
koadurmenti 64.18%, cinipimainik xkoaddummenti 81.28%, xaimpl a30TTHIH
moutepi 1.85% jxoHe TyMHMH KBIIIKBULIAPBIHBIH IIBIFBIMBI 79.23%-Fa neiiin
OoNaTelH KypamblHIA Tymarel 0ap OpraHOMHHEpPANJbl  THIHANUTKBILITAp
aneiHapl. Kyilere kamuid rymatelH  Kocy P2Os-TiH perporpamamust  ypaicin
TEeXKEHTIHIITT JKoHE O00C KBIIKBUIABIKTEI OeHTapanTaHAbIpyFa IKYMCajaThbIH
AMMHaKTBIH MOJIIIEPIH TOMEHJETETIH/Ir, al «reMmip optodocdarTsl — Kanui
TYMaThD» XKYHECl YIIH opTypii OeiiTapanTaH bIPFhINI peareHTTep i KOIIaHy IbIH
KaxeTi OONMaMTBIHABIFBI aHBIKTAIABL XUMISUIBIK, JKOHE  (DU3MKA-XUMMSIBIK
Tajajay  OMICTePIHIH  HOTIKENEpl  TEeMIpAiH  JWTHApPO-, THAPO-  KOHE
opTodochaTTapsl KaJuid T'yMaTbIMEH SPEKETTECKeHIEe KaIWNAIH IUTUAPO- KOHE
ruapodocdaTTapsl )KoHE TEMIp TYMaThl TY3UIETIHIITT aHBIKTAIIBL.

Kap:xbuianasipy. 3eprrey xymbicsl Kazakcran PecryOnukacs! OutimM KoHE FhIIBIM MHUHHUCTPIIITI
rbutbIM Komureri GarnapiamaisiK Helcanais! Kapxkbeiiansipy JKTH BR10965255 «Taburu mukizat nex
OHJIIPICTIK KaJJbIKTApFa HETi3/eNreH HHHOBAIMIBIK KOI(YHKIMOHAIAB MaTepHaniapy» OaraapiaMachl
OOUBIHIIIA OPBIHIAIIIBL.

Myiesiep KaKThIFBICHI: ABTOpJIAp OCHI MaKajaja KeITIpiIreH JepeKTepiie aBTopiap apachiHa
MYZIeIep KaKThIFBICHIHBIH )KOKTBIFBIH MOJIIMACH .

BJIMATHUE COOTHOIIEHMI TBEPJOI'O HA XUJIKOIO COCTOSIHUE HA COCTAB
CBOUCTBA 'YMATCOJEPKAIIUX OPTAHOMMWHEPAJIbHBIX YIOBPEHUU

VK. JIncycunoexos, I.O. Hypzanuesa', 3.K. Baaxmemosa

Y40 «HMncmumym xumuveckux nayk umenu A.B. Bexmyposay, Anmamel, Kasaxcmarn
“E-mail: N_gulzipa@mail.ru
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Pe3wome. Bsedenue. B mporecce X03s1CTBEHHON AESATENBHOCTH YEIOBEKa BMECTE C YPOXKAEM M3 MOYBBI
BBIHOCATCS TUTATENbHbIE BEIIECTBA, HX IMOTEPU TAKKE IPOMCXOIAT B pe3yibTaTe HpPOTEKAHUS
€CTECTBCHHBIX IIPOLECCOB (3pO3MUsl, BEIMBIBAHHE U Jp.). I COXpaHEHUS IUIOAOPOIHS OYB U MOBHIIICHHS
YPOXKAHHOCTH HEOOXOJMMO BOCIIONHHTH HEJOCTAIOI[NE IHUTAaTENbHBIC JJIEMEHTHl C IPUMEHCHUEM
IyMaTCOAEPXKAIMX OpraHOMUHEPAIbHBIX  ynoOpeHuit. [lenb pabomwi - H3ydeHHE IPOLECCOB
B3aumojeictBus  docdaroB xkenesa (Ill)c rymarom KamMs M HONydYEHHE T'yMaTCOACPIKAIIUX
OpraHOMHHEPANbHBIX Y100peHHH. Memodsl. [IpUMEHSIIN METOIbI XUMHYECKOT0 aHAIIN3a, HHPPAKPaCHYIO
CHEKTPOCKONHUIO, peHTreHo(ha3oBbli aHamu3. Pezynemamer u obcysicoenue. VIccnenoBaHbl IPOLECCH
MOJy4YEHHUs] I'YyMaTCOAEPIKAIIUX OPraHOMHUHEPAIbHBIX YIOOpPEHHH IyTeM B3aMMOJCHCTBUS B CHUCTEMax
«muraapodocdar xemesa — rymar Kalams», «ruapodocdar xenesa — TymaT Kamms» U «oprodocdar
XKelle3a —TyMaT Kalus».YCTaHOBIICHO, 4To HoBblmieHue cooTHomeHuil T:XK or 1:3 mo 1:6 mpuBoaut k
pocty conepkanue ycBoseMbix ¢popm P20s no 44.70%, a3ota no 1.85% M BbIXO/1a T'YMHHOBBIX BELIECTB
o 79.23%. Ananu3 nansaeix MKC cBHIETENbCTBYET O MHOTOKOMIIOHEHTHOCTH M CIIOKHOCTH COCTaBa
00pasIoB IyMaTCoOIepKAIUX OPraHOMHHEPAIBHBIX yHoOpeHuil. [IokazaHO, YTO MPOUCKOINUT HAJIOXKCHUE
HOJIOC MOIVIONMICHUS PA3NUYHBIX (DYHKIMOHAJBHEIX TIPYHN TYMHUHOBBIX COEIMHECHHH H QocdaTo
Pa3IMYHON 3aMEIEHHOCTH, IPU 3TOM HAOIIOAASTCS HCKaXKEeHHEe (POPMBI MOJIOC TIOTJIOIIEHUS M CMEIeHHE
HX MAaKCHUMYMOB B BBICOKO- MJIM HU3KOYAaCTOTHYIO 00JIaCTb. 3axutouenue. BEIBICHO, 4YTO HE3aBUCUMO OT
npuponsl (pochaTHOro-MoHa IoBbIIEHHE cooTHomeHui T:DK NpHBOIUT K CHIDKEHHIO abCOIIOTHOTO
cofepkaHus OOIIEro, BOAHO PACTBOPHMBIX M ycBosieMbix (opm P20s. Ilpu stom docdartHas yvacts
MPAKTHYECKU MOJIHOCTHIO NEPEXOJMT B ycBoseMyto dopmy. [lokazaHo, YTO NpH BBEJECHHU yMaT Kaus,
Bech (ocop, Haxopsmmiics B docdartax xene3a B HeycBosieMoil (opMme, NMPAaKTUUECKU IOIHOCTBIO
HEPEXOUT B NMOABIDKHYIO U YCBosieMyro (opMy. BrIsBIIeHO, 4TO n00aBlIcHHE ryMaTa KaJus B CHCTEMBI C
¢docdaTamu kene3a pasHOM CTENEHM 3aMEIIEHHOCTH I03BOJSIET HEWTPaIM30BaTh OCTATOYHYIO
KHUCJIOTHOCTh IIYJIBIIBI, MPOIECC HeWTpanu3aiuu mporekaer 0e3 perporpagaimu P20s. Iomyuaemsie
HPOYKTHI 00JIaJAl0T XOPOIIMMH (PH3HKO-MEXaHUYECKUMHU U yIOOPHTEIBHBIMU CBOHCTBAMH.

Kirwuessbie ciioBa: guruapodocdar xenesa, ruapodocdar xenesa, opropocdar xenesa, rymar Kaus,
ryMaTcozep KaIiue OpraHOMUHEpalIbHbIE YI00pEHHUS

Jcycunoexos Ymupszak Kymacunosuu O00KMOp MeXHU4ecKux HayK, npogeccop
Hypzanueea I'ynzuna Opvinmaegna OOKMOP XUMUYECKUX HAVK
Basxmemosa 3amupa Kenecoexosena KaHOUOAm XUMU4ECKUX HayK
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FEATURES OF THE SCANDIUM IONS INTERACTION WITH THE
INTERPOLYMER SYSTEM LEWATIT CNP LF (H*) - AB-17-8 (OH")
SYSTEM

T.K. Jumadilov?, Kh. Khimersen®?*, Zh.S. Mukatayeva?, Zh.K. Korganbayeva?,
J. Haponiuk®, A. Imangazy*

1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3Gdansk University of Technology, Gdansk, Poland
“E-mail: huana88@mail.ru

Abstract. Introduction. The sorption of the interpolymer systems on the basis on Lewatit CNP LF
and AB-17-8 industrial ion exchanges in the relation to scandium ions has been studied. The purpose of
this research has been to study the sorption capacity of the interpolymer system “Lewatit CNP LF:AV-17-
8” in relation to scandium ions. Methodology. To calculate the sorption parameters, the optical density of
the solutions has been measured on the Jenway-6305 spectrophotometer. The obtained results have shown
that the maximum sorption degree of the “Lewatit CNP LF:AV-17-8" interpolymer systems during 48 h
of interaction has occurred in the molar ratios (3:3, 2:4 and 1:5) of polymers, the sorption degrees have
been 26.4%; 27.9% and 26%, respectively. As can be seen, the value of the sorption degree is maximum
at the ratio of 2:4. The value of the sorption degree in this ratio is higher by 32.5% and 28.5%,
respectively, as compared with the degree of sorption of individual ion exchangers Lewatit CNP LF (6:0)
and AV-17-8 (0:6).The highest values of the polymer chain binding degree after 48 h with scandium ions
in the interpolymer system “Lewatit CNP LF:AV-17-8 for the ratios of 3:3; 2:4 and 1:5 have been
4.87%, 5.25% and 5.01%, respectively. The values of the polymer chain binding degree of the individual
Lewatit CNPLF (6:0) and AV-17-8 (0:6) ion exchangers, after 48 h have been 3.68% and 4.26%,
respectively. Conclusion. The obtained results have shown that the mutual activation of ion exchange
resin the interpolymer system leads to a significant increase in their sorption capacity.

Keywords: interpolymer system, lewatit CNPLF, AB-17-8, remote interaction, mutual activation,
scandium ions, extraction degree
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CKAH/INi1 MIOHJAPBIHBIH JIEBATHT (H+) JKOHE AB-17-8 (OH-) HHTEPIIOJIMMEP.II
KYUECIMEH OPEKETTECY EPEKHIEJIIKTEPI
T.K. Ircymaounos’, X. Xumapcon*?", K.C. Mykamaesa?,
JK.K. Kopzanéaeed®, I0. Xanonwor®, A. Hmanzazvr*

1«O.B. Bexmypoe amviioazsl xumus euireimoapl uncmumymuly AK, Anvamel, Kazaxcman
2Ab6aii amvinoazwl Kazax ynmmuix nedazosuxansix ynusepcumemi, Anmamot, Kazaxcman
3 0anvck mexnonozusnvix ynusepcumemi, Ionvuia

*E-mail: huana88@mail.ru

Tyiiingeme. Kipicne. Jleeatut CNP LF xone AB-17-8 eHmipicTiK HOHAIMaCTBIPFBILI MIAWBIPIAPHI
HETI3iHAe KYpBUIFaH MHTEPIONMMEpIi JKyHelaepaiH CKaHIWi HOHIapblHA OalIaHBICTBI COPOLMICHI
seprreni. JKymvicmoiy makcamel. Jleatur CNP LF xone AB-17-8 HETI3IHAE KYpbUIFaH
HHTEPIIOIUMEPIIi KYHeNnepiH CKaHIMH HOHJApblHA KATHICTBI COPOLMSIBIK KaOlIeTiH 3eprrey. 9dicmepi.
Copbuust mapametpiepin ecentey yuriH Jenway-6305 cnekrpodoromerpinne (CK)  epitinainepain
ONTHUKAJIBIK THIFBI3BIFI OIIIEHAI. Anvinean Hamuoscenep. JleBatutr CNP LF — AB-17-8 unrepnonnmeputi
KyienepiHiH MakcuMalIpl copOims gopexeci 48 carar opekerrecy kesinie nonumeprepain 3:3, 2:4
XoHe 1:5 MONSIpiBIK KaTbIHACTapblHAA OONATBIHBIH KOPCETTi, copOuus aopexeci colikeciHuie 26.4%;
27.9% xone 26%. CopOrust I1opeKeciHiH eH KOFaprbl MOHI 2:4 KaThIHACKIHIA €KEHI aHbIKTauabl. by
KaTbIHACTarbl copOums Jopexecinin momi jxkeke Jlesarut CNP LF (6:0) xone AB-17-8 (0:6)
MOHAJIMACTBIPFBIIITAPJIBIH COPOLIUS JOpEekKECiMEH calbICThIpraHia colikecinme 32.5% xone 28.5%-ra
JKOFapbl ekeHi Oenrimi 6omapl. MHTepmonuMep KyheciHaeri momumep Ti30eriHiH CKaHAWN HOHIaphIMEH
OaiiIaHbICY JAOpEKECiHIH eH jXorapbl MoHIepi 48 cararran keitin Jlesarur CNP LF - AB-17-8 3:3; 2:4
#oHe 1:5 KarblHacTapbiHIa colikecine 4.87%, 5.25% xone 5.01% kypansl. An xeke Jlearur CNPLF
(6:0) xome AB-17-8 (0:6) MOHAIMACTHIPFBILITAPBIHAA IOMUMEP Ti30O€riHiH OailnaHbICy NopexKeciHiH
MoHzepi 48 caraTTaH KeiliH TuiciHme 3.68% jxoHe 4.26% Kypansl. KopuimbinOvl. AJBIHFAaH MAJTIMETTEp
HHTEPHOIMMED KYOBIHIaFbl HOH aIMAaCTBIPFBILI MIaibIpIIapbIH ©3apa aKTHBTEHYI OJap/BbIH COPOLHSIIBIK
KaOleTiHIH alTapibIKTall )KOFapbUIaybIHA SKENIETIHIH KOPCETEei.

Tyiiin ce3nep: wunTepmomumepii xyie, jgesatut CNPLF, AB-17-8, kamibikTaH opekerTecy, e3apa
aKTHBTEHY, CKaH/IHi HOHBI, COPOLIHS TopexKeci

Jocymaounoe Tankwioek Koscamaesuu Xumust Fol1blMOapbIHLIE OOKMOPbL, NPOdeccop

Xumapcrn Xyanzyn PhD ooxmopanm

Mpyxkamaeea Kanap Cazaméoexoena Xumust 26116IMOAPLIHGIY KAHOUOAMbL,
KayblMoacmuipulizan npogheccop
Kopzanoaesa Kanap Koscamoepoikpizol — Xumusi 2bl1bIMOAPbIHGIY KAHOUOAMbI, AA OKbINYULLL

103e¢h Xanonrwx IIpogheccop, I'danbck mexHONOSUANBIK YHUBEPCUTEMT

HUmanzazvt Anoan Foinvimu Kbizmemxep

1. Kipicne

ITommanektpommrrep (I1D) 03BIK  TEXHOJNOTHSUIAP MEH MOJEKYIATBIK
OWoNMOrUsiiIa  MaHBI3ABI  PONT  aTKAPATHIHIBIKTAH  COHFBI  OHIKBUIIBIKTA
FaJILIMIAP/IbIH Ha3apblH ayaapbill Kejie KaTKaH €H ©63€KTi KOCBUIBICTApAbIH Oipi
0oJbin Kana Oepemi. [1oMMaNeKTpOIUTTEp ACT Ke3 KEJIreH MOHAAYIIbI ePITKIIIKE
camranaa (mbicarsl  HoO) sKOFapbl 3apsiATaifaH  TMOJMMEP MOJICKYJIachiHA
JUCCOIMAIIVSIIAHBIN, OH HEMece Tepic 3apsATaliFaH IOJMMEPIIK Ti30eKTep
TY3€TiH, KalTallaHaThIH OYBIHAAP/IAH TYPATHIH MAKPOMOJIEKYJIATIbl OJTHUMEPIeP/i
anTajabl.
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3apsncei3 kyiaeri 11D KampInTel MaKpOMOJIEKyJalap CHSKTHI SPEKEeT eTell,
0ipak MOHIBIK TOMTAPIBIH AWCCOIMANMSIAHY JeHredi TemeH 0ojca, oJapiblH
KacueTTepiHAe KeiOip KapKeIHABI e3repictep Oomysl MyMKiH. MOHIBIK
TONTApABIH IimIiHApa HEMece TOJBIK IUCCOLMAIMUIAaHybIHA OallIaHBICTHI
JNEKTPOCTATUKAIBIK JpeKeTTecylep Mmaiga Oonbln, Oy TOJMMEpIepAiH
KAaCUETTEPiHIH e3repyiHe oKelyl MYMKiH. TYTKBIpIBIK, epirimTik, pH, noHnany
TYpakThIChl, Tudpdy3us kodhduurenTi xoHe T.6. cuakTol [ID KacueTTepiH ke3
KEJTeH JKaHa MOH/ABIK TONTApAbl MOIUMEPITIK Ti30eKKe €HT13y apKbUIbI ©3repTyTe
Oonansi [1-4].

biznin 3epTreynepiMiz MakpOMOJICKYJIAIbl MMOJIMMEPIIEP HETi3IHIE YKOFaphl
COPONMSAIIBIK KACHETTepl JKOHE CENEeKTHBTUIIrL 0ap MHTEpHOIMMeEp KyhelepiH
KYPY apKbUIbI CHPEK JKep 3JEMEHTTEPIHIH JKOHE 171eCrie MeTaIap/AblH HOHIAPbIH
TEXHOJIOTHSUIBIK SPITIHIICPACH ipiKTen 06y oHe COpOLHUsIay TEXHOIOTHSICHIH
Kypyra OarpiTTasFad. WHTeprionnMep JKyHenepiHeri HWOHAAHY NPOIECiHiH
€pEeKIIeNiri HOHJAFaH TONTapia Kapchl HOHHBIH O0iMaybl. by mommMepnepin
e3apa aKTHUBTEGHYiHE JKoHe monuMmep Ti30eri OoWbIHIA TEHrepiIMereH
3apsATapAplH TMaina OoJyblHAa OKENETiH HMHTEPHOIUMEPIIK OpEeKeTTeCyIepaiH
canaapbl. KplIKpUTIBIK TOTUMEPIIEPIiH TUCCOIMAIMIIAHYBI Ke31He POTOHHBIH
KapOOKCHI TOOBIHAH aXbIpaybl JKOHE OYJ HMOHHBIH CYJBl OpTaaa HeTi3IiK
MOJIMMEPTIH TeTePOATOMBIMEH KOCBUIYBI HOTHIKECIHJIC OeHTapanTtaiMaraH 3apsi
Ty3ineni. byn skarmaiima HETi3MIK MMOMUMEPIIH 3apsi THIFBI3ABIFEl KBIITKBUIIBIK
MOJUMEPIIH ~ JUCCOIMALMSIIAaHY  J9peKeciMeH  Imekreneai. HoTmxkecinae
MOJIMKBIIIKBUT HOH/IAHYFa, COMaH KEiiH KapOOKCUI TOOBIHBIH JAMCCOIMALIUACHIHA
VIIBIPAWIBI, COMAH KEHIH TOJUHETI3MIH TIeTepoaToOMbIMEH IPOTOHIAPIbIH
ACCOIMAIUSACHl JKYPEli, HOTHXKECIHJEC €Ki TOoJMMep Je Kapchl HOHAAPCHI3
TyHiHapanbIK Ti30eKTep/iH OybIHIApbIHAa Oipjel 3apsATairaH TonTap OOJajbl.
Conm cebenTi ’keke MOJNUMEpIIEPMEH  CaNBICTBIPFaHIa  HMHTEPIIOIHMMEpITi
Ky#enepaiH copOIMsIIBIK KabiseTi )orapbl 6osaasr [5-9].

Annerarel 3eprreynepae Jlesatur CNP LF xone AB-17-8 enmipicTik mMoH
QIMACTBIPFBIN MIAWBIPIAPBIHBIH JJIEKTPOXUMUSIIBIK KAaCHETTEPiHE 3epTTeyiep
Xyprizinared 6oxateiH. by 3eprreynin makcatsl Jleeatur CNP LF xone AB-17-8
HETi3iH/Ie KYPBUIFaH HHTEPIIOIMMEPITi KYHEIepAiH CKaH Ui HOHIaphIHA KATHICTHI
COpOLMSIIBIK KaOIJICTIH 3epTTey.

2. JKcNepUMEeHTTIK 06J1iM

Kypan-kaonpikrap. CkaHauii MOHAAPHIHBIH KOHIICHTPAIMACHIH €cernTey
YIIiH CKaHIU# cynbdaThl epiTiHIUIEPiHIH ONTHKAIBIK THIFBI3IBIFE Jenway-6305
cnekrpodoromerpinae (CK) aHbIKTanapl.

JKexe uon ammacmuipevi  wanblpaapobly  COpOYUANLIK  Kacuemmepin
3epmmey:

1) Kyprak kyiineri opOip noH anmacTeIprbinl manbsipaapasiH (Jlesatur CNP
LF, AB-17-8) ecenrtenreH wmemmepi apHaidbl MNOJMIPONMICH TOpJiapblHa
CaJIBIHIBI.
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2) Cxanamii wnonnmapeiH sxeke Jleeatutr CNP LF xome AB-17-8 wuon
QJIIMaCTBIPFBINI MIaHBIpIaphl apKbUIBI coponusiay 48 caraT 0oiibl Kypri3iimi.Ocbl
YaKkpIT 1IIHAE€ CKaHAWH WOHIOAPBIHBIH KOHLEHTPALMACHIH AaHBIKTAYy YLIIH
QIMKBOTTAp AJILIHABL.

Hnmepnonumepnix scyiienepoiy copoyuAnbiK Kacuemmepin 3epmmey:

1) ©umipictik uoH aaMacTeIprei maiisipaap (Jlesarutr CNP LF, AB-17-8)
HETi31HIe MOJIIIK KaTBhIHACTaphl OPTYPJIl HMHTEPIIONMMEPi JKyHenep KYpPBUIIbL:
Jlesatut CNP LF-AB-17-8;

2) Kyprak typmeri opOip mosuMepsi MakpOMOJIEKYJIadapablH €CenTeIreH
MeJIIIEepi apHaiibl OJIMIPONIWIIEH TOPIapblHa CAJIBIHIb;

3) Ocbl UHTEpHONUMEpITL KYHelepMeH CKaHIUui MOHAAphIH copOuusnay 48
carar OOWMBI KYpPri3uidi, KCWiHHEH CKaHAWH HOHIAPBIHBIH KOHIEHTPAIUSICHIH
aHBIKTAY YIiH aJIMKBOTTAap aJbIHABIL.

Copbyus napamempiepin ecenmey. Ckanauii cyiabpaTeiHbIH epitigici (C =
100 Mr/m) wuoHcHI3aHFaH cyMeH aiibiaganael (x = 10 mMx® /cm; pH = 6.95).
CkaHIuit HOHAAPBIHBIH 0N aTy Jopekeci MbIHA TEHJIEYTe COMKeC eCenTeN i

Co—C
=% 100%,
Co
myanarel  C, —  epiTiHmimeri CKaHIWH  HWOHAAPBIHBIH  OacTamKbl
KOHIeHTparuschl, Mr/im, C. — CKaHIWH WOHAAPBIHBIH EPITIHIIAC KaJiFaH

KOHIICHTPAIUACHI, MI/JL.

[Momumep Ti30eriHiH TyHiHApalbIK OYyBIHAAPHIHBIH OalIaHBICY Iopeeci

Keneci popmyra OOWBIHINA €CenTeN/Ii:
Vcop6
0= % * 100%,

MYHJIAFBI Veops — COPOLMSIIAHFAH CKAaHAWN MOHIAPBIHBIH MOJIIepi, MOJb; V —
MOJIMMEP MaccachlHbIH Medepi (erep epiTiHmize 2 monumep OonFaH
XKaraaiaa,0Ha OJlapAblH OpKANCHICHIHBIH MeJIIIEPiHIH KOCBIHABICHI PETiHAE
KapacThIPbUIAbI), MOJIb.

JKeke moHamMMacCTBIPFBINI MIAWBIPIAP/IBIH )KOHE HHTEPIIOIUMEPIIEP KYHECiHIH

TUIMI TUHAMUKAIIBIK aIMacy Ka0ineTi ToMeHzeri popMyia OOMBIHIIIA €CeTTeNi:
_ Vcop6

MeopGent
MYHIAFBI Veops — COPOLIMSUIAHFAH CKaHIWKA HMOHJAPBIHBIH MOJIIIepi, MOJIb; m
— 3epTTeyre ajblHFaH MOJMMEP Maccachl (erep epiTiHaige 2 monumep OosFaH
XKaraalaa, OHIA ONapIblH OPKAWCBICBIHBIH MacCachIHBIH KOCBIHIBICHI PETiHAE
KapacTBIPBUIaJBI), T.

3. HoTikeJiep ’k9He OHBI TAJKBLIAY

Ocplfan JefiH KYpPri3UIreH 3epTTey HOTHXKEIEpiHeH (yHKIHMOHAIIBI
MONMMEPIIEP/IiH ~ ©3apa  aKTHBTEHY KYOBUIBICTAphl METalll HMOHJApPBIHBIH
copOuusiaHy mpouecTtepiie ne Oaiikany Kepek aen Ooipkayra Oonaabl. by
OoKaMIpl TEKCepy YVIIIH CKaHAWH HWOHAApbIHA KATBICTBI HMHTEPIIOIMMEPIi
KyHenepaiH CopOIUsIIBIK KacueTTepine 3eprrey xkyprizmik. Jlesatut CNP LF -
AB-17-8 wuHTeprmonuMep KyieciMeH copOumsiay Kesinge Sc®' HMOHIApBIHBIH
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KOHIICHTPAIMSICHIHBIH MOJISIPJIBIK KaThIHAC TICH yaKbITKa OaiIaHbICThl e3repyi 1-
kecrefe KepcerinreH. CopOrusi mporeciHiH OacTankpl YaKbITBIHAA CKaHAWN
HMOHJIaPBIHBIH KOHIICHTPAIMSICH )KOFaphl O0JiFaH. bipak KalllbIKTaH opeKeTTeCYIiH
24 xome 48 caraT yaKbITBIHAA KOHIIGHTpAIMS MOHI KYPT TeMeHJAereH. by
WHTEPIIOIMEPIT KYHenepaiH 2:4 KaTbIHACHIH/IA alKbIH KOpiHe . OpeKeTTeCy IiH
48 caraThlHJIa CKaHJWN WOHJAPBIHBIH COPOLHUACHI MAKCUMAIIbI MOHTE YKCTKCH.
AN KeKke MOH aJIMaCTHIPFBINI IIAWBIPIapAbIH cOpOIms MoHAepi 6 caraT meH 48
caraT apaJbIFbIHIAa aca KATThl ©3repMercHiH kepyre Ooiansl. bynan
MHTEPIIONIUMEDITT  JKYHeNep/ieri TOoJUMep JKYNTAaphIHBIH ©3apa aKTUBTCHYI
OJIAPJIBIH COPOLMSIIBIK KaOIJICTIHIH 6CYiHE BIKIIA] ETETIHIH 00JDKayFa 00Ia b,

Kecre 1 — CNP LF - AB-17-8 uHTepnonumep kyileci apkpuibl copbuusiay kesinge Sc®*
KOHIICHTPALIMSICHIHBIH MOJISIPJIBIK KATHIHAC TIEH YaKbITKa OainaHbICThI ©3repyi, (C, Mr/m)

t, caraT 6:0 51 4:2 3:3 2:4 1:5 0:6
6 79.81 79.81 79.81 79.79 78.26 79.5 80.12
24 79.81 79.81 77.64 77.02 76.08 76.39 78.26
48 78.88 78.26 77.02 73.6 72.05 73.91 78.26

Jleatur CNP LF - AB-17-8 uaTepnonuMep XyHeciHiH CKaHAUNA HOHAAPBIH
MOJIPJIBIK KAThIHAC TICH yaKbITKa OallaHbICThI Oejiin ajry Japexkeci 1-cyperre
KepceTireH. 1-cyper copOuus A9pekeCiHiH yaKbIT 6TKSH CailblH apTa TYCETiHIH
KepceTel. OpeKeTTeCyAiH alfalllKbl YaKbIThIHAA MOJISIPJIBIK KaTblHacTapsl 5:1,
4:2, 3:3 xoHe 1:5 wuwHTepmomumepni  Kydenep MeH KEKe  HOH
anMacteIpreinTapasie (6:0, 0:6) copOuus IopeKeciHae KaTThl albIPMAIIbUIBIK
XKOK. byn yakpiTra MakcumMyMm Tek 2:4 KaTblHachlHAa FaHa Oaiikamanel. Al
opekeTTecyliH 24 caraThlHAa WHTepHonuMepii xyienepmiy 4:2, 3:3, 2:4 xoHe
1:5 ™Monspnblk KaTblHacTapblHAa CcOpOIMS  Jopekeci OipiramMa  ©CKeH.
[Mapamerpmin  MakcuMmanabl  MoHAepi 48  caraT  opekeTTecy  KesiHje
WHTETNOJINMEpPIiK Kyienepaid 3:3, 2:4 >xoHe 1:5 KaThlHAacTapblHIA CAaKTaIFaH,
copOuums nopexeci cotikeciniie 26.4%; 27.9% xone 26%. A xeke Jlesatut CNP
LF (6:0) ymrin 21.1% sxone AB-17-8 (0:6) yruin 21.7%. Copbuust 1opexeciHiy ey
XKOFapFel MoHI 2:4 KaTblHACBIHAA €KeHIH Oaiikayra Oomanpl. Byn xarbiHacTarbl
copOuus AopekeciniH MoHi eke MoHanMmactelpreimTap seBatut CNP LF (6:0)
xone AB-17-8 (0:6) copOums nopekeciMeH calbICThIpFania coiikecinmie 32.5%
xoHe 28.5% -Fa Korapbl eKeHi aHbIKTaiabl. EH >xoraprbl copOLUs >KYpeTiH
HWOHUTTEP KaTbIHACHI YaKbITKa OaiyaHblcThl e3repMmeri. byn 2:4 (Monb:mosb)
KATBIHACBIHJIA TEK COPOIHSI JIOpEKEC KYpT oceIi.
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28 —=— 6h
1 —e— 24h
27 —4— 48h

26
25 1
24 1
23 1
22 ]
211

20

T T T T T T T T T T T T T
6:0 5:1 4.2 3:3 2:4 1:5 0:6

. 3+
Lewatit-AB-17-8-Sc

Cyper 1 — CNP LF - AB-17-8 unrepnonumep xyifecinin SC* nonnapbin 6eiin any JopeKecitin
MOJISIPIIBIK KaThIHAC MEH YaKbITKa OailIaHbICThI 03repyi

Jleeatur CNP LF - AB-17-8§ wunHTepnonmumep XKyHeciHAETi MOIUMED
Ti30eriniH OalaHbICy JopeXkeciHiH (CKaHIUN MOHAAphIHA KATBICTBI) YyaKbITKA
OailyIaHBICTBI TOYSAUIIT 2-KecTene kepcetiired. [lomumep TizOeriHiH cKaHIuH
HMOHJIapbIMEH OailIaHbICy JOPEKECi MOJUUOHHBIH XUMHSIIBIK TaOUFAaThIHA KOHE
WOHJaHy Jopexecine OainanbicTel. CoHpaii-ak OaiilaHbIC  KapaMa-Kapchl
TaHOAJIbI 3apSATap/blH Ta3a AJICKTPOCTATHUKAIBIK TapThUIybIMEH je, Oacka naa
epeKIIe ocepiiecyMeH OaiaHbICThl 00ybl MyMKiH. MHTeprionumep xyhecinaeri
rmomMep Ti30eriHiH OailaHbICY JA9pEeKECiHIH €H JKOFapbl MoHepi 48 caraTTaH
keitin Jleearur CNP LF - AB-17-8 3:3; 2:4 xoHe 1:5 kaTeiHacTapbIHIa
coiikecinme 4.87%, 5.25% sxone 5.01% kypaznpt. An Jlearut CNP LF xone AB-
17-8 >kexe MOH aJMAaCTBIPFBINI IIAWBIpIapBIH MOMUMep Ti30eTiHiH OaillaHbICy
IopexeciHig MoHAepi 48 cararTaH keHiH TriciHie 3.68% xoHe 4.26% Kypaasl.

Kecre 2 — [Tonumep Tiz6ekrepiniy Oaitnansicy mopexeci (0, %)

t,carar 6:0 5:1 4:2 3:3 2:4 15 0:6
6 3.52 3.58 3.65 3.73 4.09 3.93 3.89
24 3.52 3.58 4.05 4.24 4.50 4,53 4.26
48 3.68 3.86 4.16 4.87 5.25 5.01 4.26

Kecre 3 — TuiMai AMHAMUKAIIBIK COPOIMSIIBIK CUBIMIBUIBIK (Q,MMOJIB/T)

t,carar 6:0 5:1 4:2 3:3 2:4 15 0:6
6 0.001872 | 0.001651 | 0.001478 | 0.001338 | 0.001314 | 0.00114 | 0.001024
24 0.001872 | 0.001651 | 0.001636 | 0.001522 | 0.001446 | 0.001313 | 0.00112
48 0.001958 | 0.001778 | 0.001682 | 0.001748 | 0.00169 | 0.001451 | 0.00112
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3-Kecrene Jleatut CNP LF - AB-17-8 wuHTepnonuMep >KyHeCiHiH THIMII
JMHAMUKAIIBIK aJMacy CHBIMIBUIBIFBIHBIH YaKbIT OOHBIHIIA ITOJIMMEpIEpIiH
MOJISIPBIK ~ KaThbIHACBIHA TOYENAUIIrT KepCeTUNreH. AJBIHFAH MOIliMETTep
MHTEPIOINMED KYOBIHIAFbI HOH aJIMACTBIPFBII MIAHBIPIAp/IbIH 63apa aKTUBTECHY1
TAIMAl ~ JAWHAMUKAIBIK ~ anMacy  KaOumeTiHiH  MOHAEpIHIH  alTapIibIKTail
KOFapbUIayblHA  OKENETiHIH KepceTedi. TWiMII  JAWHAMHKAJBIK — anuMacy
CHIABIMABUIBIFBIHBIH, ~ MaKCUMalAbl MOHAEPl MonuMepliepiiH 48 caraTThIK
KAIIBIKTBIKTAH opekeTrecyi kesime 6:0, 5:1 xome 3:3 KarblHacTapbiHAa
Ke3zecei.

Epitinpigeri ckaHmuii cynbgaTel MEH HOHUTTEPAIH (QYyHKIIMOHAJIBI
TONTapbIMEH 9peKeTTeCyiH OblIail cumarTayra O0oIaIbl:

EpitiHmine TeMeH KoHE JKOFapbhl  MOJEKYJAIbIK  KOCBUIBICTapIbIH
opeKeTTecyi HOTHKeciH e Keneci nonaap naiina 6onamss: -COO—, H* , Sc 3* sxone
8042 T

Epitiaaine keneci XUMUSIIBIK peakuusiap Xypei:

1. Ckanauii Cysab(paThIHBIH JUCCOIMALIUSIAHYbI

Scy(SO4)3 > 2Sc ¥+ 35042

2. VoH anMacTHIPFBINI INAHBIpIApAbIH (YHKIMOHAIAB TONTAPBIHBIH CY
OpTachIHAA MOHAAHYHI XKOHE AUCCOLUSIIAHYBI

-COOH « -COO + H*

=NOH «-=N*+ OH"

3. HoH anmacThIpfblll IIANBIpIApABIH  (YHKIMOHAIIEI TONTApPBIHBIH
CKaH/IWH HOHJApbIMEH SPEKETTeCyi:

3-COO + Sc *— -CO0sSc

3=N + Sc* — =N+3Sc

4. H+ OH'—-H0

Ochl peakiusiiap HOTHKECIHIE €Ki HOHUTTEH OOJIIHI'€H TOMEH MOJICKYJIaIbIK
OeIIIIEKTEeP/IiH OPEKTTECYl MUCCOLMSIAHY IOPEXeci TOMEH Cy MOJIEKYJIachIHBIH
Ty3inyiHe oken coransl. Jle-lllarenbe nmpuHIMII OOMBIHIIA XUMHUSUIBIK TeTie-
TEHJIIK OHFa Kapail BUDKBIFaHIBIKTaH KOCHIMINA JAUCCOIUSIIAHY TPOIIECi XKy3ere
acanpl. OCBIHBIH CaJAAapbIHBIH OYBIHAAPIABIH HOHAAHY JOpEeKeci oceli KoHe
HOHUTTEPIIiH COPOLMSIIBIK KaCHETI KylIenei.

4. KopbITBIHABI

3eprrey HoTwXKenepi OoibIHIIA OacTanmKbl KaTHOHAIMACTBIPFBILITAD MEH
AQHMOHAJIMACTBIPFBIIITAP/BIH,  MHTEPIIONUMEpIi  KyHelepjeri  KallbIKTaH
opeKeTTecyi Ke3iHJIe OJapIblH JKOFaphl HOHJAIIFAH KYHre aybICaThIHBIH O0JDKayFa
Oomnanpl. CopOuus 1opeKeciHiH eH XKOFapFbl MOHI HHTEPIIOTUMEpIIi JKYHeHiH 2:4
MOJISIPJIBIK KaThIHACBIHIA Ke3aecedi. bysl KaTblHacTarbl copOLMs A9pEKECiHiH
moaHi teBatuT CNP LF (6:0) xone AB-17-8 (0:6) skeke HOHAIMACTHIPFBIIITAPIBIH
copbums nopexeciner 32.5% xone 28.5%-ra xorFaphbl.
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Kap:xbrianapipy: 3eprrey xymbichl Kasakcran PecnyOnukackl FeulbiM jkoHE KOFapbl  OiiMm
MUHHCTPIIr FBIIBIM KOMHUTETIHIH TPAaHTTHIK KapKbLUIauablpy OoiibiHina No.AP14870002 »xobackiMeH
Kap KbLIaHIbIPBUIBL.

Myageiep KaKTbIFBICHI: ABTOpiap Oyl Makanaga e3apa MyJJIeliep KaKThIFBICBIHBIH JKOKTHIFBIH
MomiMAEH .

OCOBEHHOCTH B3AMMO/JIEMCTBUS MOHOB CKAHAUS C AHTEPITIOJIMMEPHOM
CHUCTEMOMU JIEBATHUT (H*) - AB-17-8 (OH)

T.K. Irucymaounos’, X. Xumapcon'?', JK.C. Mykamaesa?, K.K. Kopzanéaeea?,
IO. Xanonwx®, A. Hmanzazvt

YAO «HMncmumym xumuyeckux nayx umenu A.B. bexmyposay, Aimamowl, Kazaxcman
2Kasaxckuii nayuonanouwlii nedazo2udeckuil ynusepcumem umenu Abas, Aimamol, Kasaxcman
3 oanbexuti mexnono2uueckuii yrugepcumem, I oanck, Honvuwa

“E-mail: huana88@mail.ru

Pe3tome. Bgeoenue. VccnenoBana copOLus HOHOB CKaHIMs MHTEPIOIUMEPHBIMU CUCTEMAaMH Ha OCHOBE
MPOMBINUTEHHBIX HOHOOOMeHHbIX cMonl Jleatut CNP LF u AB-17-8. Ilenv pabomer. WccrnemoBanue
COpOILIMOHHOW EMKOCTH HMHTEPIOIMMEpHBIX cucteMHa ocHoBe Jlearmra CNP LF u AB-17-8 mo
OTHOUIGHHIO K WOHAM cKaHausi. Memooonoeus. [lns pacyera mapaMeTpoB cOpOLMH H3MEpsuIn
ONTUYECKYI0 IUIOTHOCTh pacTBOpoB Ha cmekrpodoromerpe Jenway-6305 (CK). [lonyuennvie
pesyromamsl. MakcuMalnbHas CTElieHb copO1mu nHTepronumepHsix cuctem Jlesatut CNP LF - AB-17-8
MIPOMCXOUT IO MCTEYEHHH 48 U B3aUMOJCHCTBUS MOJIMMEPOB IPH MOJIBHBIX COOTHOIICHMsX 3:3, 2:4 u
1:5, mpu koTopbIX cTeneHn copbumu coctaBuan 26.4%; 27.9% u 26%, cOOTBETCTBEHHO. YCTAaHOBIICHO,
YTO MAaKCHUMAJIbHAsI CTENEHb COPOLMM MOHOB CKAHAMS MPOUCXOMUT IPH COOTHOIICHUH MPOMBIIUICHHBIX
nonooOMeHHbIX cmout Jleatut CNP LF u AB-17-8 kak 2:4. Taxke ObUIO YCTAaHOBJICHO, YTO BEJIMYHMHA
CTEreHH COpOIMU NIPH 3TOM COOTHOIICHWH Bbime Ha 32.5% wm 28.5% 1O cpaBHEHMIO CO 3HAYECHUSIMHU
CTeNeHu COpOLMKM WHIMBUIYaIbHBIX HOHOOOMeHHBIX cmoi Jlesatur CNP LF (6:0) u AB-17-8 (0:6).
HawnGonplune 3Ha4YeHHs] CTENICHU CBS3bIBAHMS MOJUMEPHOH IIEMM 1O OTHOIICHWIO K MOHAM CKaHIUS B
unrepnomumepHoit cucreme Jlesarur CNP LF - AB-17-8 nabmoznaercst npu cootHomenusix 3:3; 2:4 u 1:5
o ucredeHnu 48 4, yto coctaBmio 4.87%, 5.25% u 5.01%. 3HaueHns CTENEHN CBA3BIBAHUS ITOJIMMEPHON
nenu nHauBUayansHbIX HOHUTOB JleBatur CNPLF (6:0) u AB-17-8 (0:6) no ucreueruu 48 4 cocTaBuin
3.68% u 4.26%, cooTBeTCTBEHHO. Bbi600. [lonydeHHbIe pe3ynbTaThl MOKa3ajin, YTO B3aUMHAs aKTHBALUS
HOHOOOMEHHBIX CMOJI B HHTEPIOJIMMEPHON Mape TNPHUBOAWUT K 3HAYUTEIBHOMY YBEJIMUYCHHIO HX
COpOIMOHHOM EMKOCTH.

KioueBble cjioBa: uHTeprnonuMmepHas cucrema, Jjeatur CNPLF, AB-17-8, nucranunonsHoe
B3aUMO/ICHCTBHE, B3aUMHAas aKTUBALS, HOHBI CKaHJIMS, CTENIEeHb COPOLIUH

Jorcymaounoe Tankwvioex Koowcamaeeuu Jlokmop xumuueckux HayK, npogeccop

Xumapcan Xyanzyn Ph.D ooxmopanm

Mpykamaeea Kaszupa Cazaméexosna Kanoudam xumuyeckux Hayk, acCoyuuposanbiii
npogeccop

Kopzanoaesa Kanap Koscamoepovikizot Kanouoam xumuueckux Hayx, cmapuiuil
npenodasamens

H03eqh Xanoniok IIpogpeccop, Kagedpa nonumepnvix mexnonoauil,
Loanvekuil mexnonocuyeckuil ynusepcumen

Hmanzazor Anoan Hayunvlii compyonux
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V]IK 547.53.554+541.183.3

PROMISING MULTIFUNCTIONAL ANIONITES FOR THE
EXTRACTION OF CHROMIUM (VI) IONS

T.V. Kovrigina'®, K.Kh. Khakimbolatova?, T.K. Chalov!, B.Y. Begenova?

A.B. Bekturov Institute of Chemical Sciences JSC, Kazakhstan, Almaty
2M. Kozybayev North Kazakhstan University NPLC, Kazakhstan, Petropavlovsk
“E-mail: kovriginatat@mail.ru

Abstract. Introduction. 30% of the chromium ore reserves in the world are concentrated in
Kazakhstan, during the processing of which large volumes of wastewater containing toxic chromium salts,
are formed. Chromium is one of the priority components both in terms of emission and toxicity (for
Cr(VI), the maximum permissible concentration is 0.05 mg/l). The compounds of chromium (lll) and
especially chromium (V1) have a general toxic, allergenic, carcinogenic, mutagenic effect on the human
body, and are among the most dangerous pollutants for the environment. The aim of this work is to
develop a technological scheme for the extraction of Cr (VI) ions by multifunctional ion
exchangers. Methods. Anionite, based on diglycidyl ether of dioxyphenylpropane, allylglycidyl ether and
polyethylenimine — lonite No. 1 has been synthesized by polycondensation, and epoxyamine has been
synthesized from benzylamine and epichlorohydrin, by the condensation of which lonite No.2 has been
obtained with polyethylenimine. The sorption of chromium ions on newly synthesized anionites has been
studied, using model solutions with the concentrations of 25, 50, 75 and 100 mg/l Cr (VI). Results and
discussion. It has been established that lonite No.1 exhibits greater affinity for Cr (VI) ions. So, its
maximum sorption capacity is 13.5, and that of lonite No.2 is 11.7 mg/g. Conclusion. We have proposed a
basic technological scheme of a desalination plant, consisting of modular units: reagent-mechanical,
sorption, membrane, ion exchange and bacterial purification. It has been established that reagent-
mechanical purification is the initial stage of water treatment, designed to isolate insoluble coarse- and
fine-dispersed impurities.

Keywords: anionite, chromium (VI) ions, water purification, ion exchange method, sorption,
schematic flow diagram, modular unit, water hardness
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HNEPCHEKTUBHBIE NOJIM®YHKIHHOHAJBHBIE AHUOHUTBI
JJIs1 U3BEJIEYEHUSI HOHOB XPOMA (V1)

T.B. Kospuzuna ¥, K.X. Xaxumoonamosa *, T.K. Yanos *, b.E. Bezenoga *

A0 «HMncmumym xumuyeckux nayx umenu A.5. bexmyposay, Kazaxcman, Anmamot
2HAO "Cesepo-Kazaxcmanckuii ynusepcumem umenu M. Kosvibaesa" Kazaxcman, Ilemponasnosck
“E-mail: kovriginatat@mail.ru

Pe3tome. Bsedenue. B Kazaxcrane cocpenoroueno 30% MHPOBBIX 3amacoB XpPOMOBOH pyabl, Npu
nepepaboTke KOTOpoit 00pa3yroTes 6oblre 00BEMbI CTOUHBIX BOJI, COACPIKAIUX SITOBUTHIC COIM XPOMA.
XpoM — OIMH U3 HNPHOPHUTETHBIX KOMIOHEHTOB KaK IO AMUCCHH, TaKk U 1o TokcuuHoct (s Cr (VI)
IPEIENIbHO JOIycTHMas KoHIeHTpauus coctasisier 0.05 mr/m). IlostoMy mpobneMa OYHCTKH CTOYHBIX
BOJI OT COCAMHEHHUII XpoMa sIBJIsIETCS 0c000 aKTyanbHOH. [[envio 0aHHO# paboThI sBIsIETCS pa3paboTka
TEXHOJIOTUYECKOil cxembl n3Biedenns noHoB Cr (V1) noandyHKIMOHAIBHBIME HOHOOOMEHHHKAMH.
Memooom mnonukoHAeHcanyy ObUI CHHTE3UPOBAH AHHOHWUT HA OCHOBE IMINIMIHUIWIOBOTO 3dupa
JMOKCUAN(EHUINPONana, aJIHINIMIHIUIOBOro dhupa 1 noaudTuieHnMuHa — Monur Ne 1, a taxoke u3
OeH3MJIaMMHA W OHHUXJOPTMJAPUHA CHHTE3UPOBAH OIOKCHAMHUH, KOHJEHCAalMed KOTOporo ¢
HOJIMATHICHNMUHOM Obul monydeH WMorut Ne 2. B paGore m3ydeHa copOLYsS HOHOB XpoMa Ha HOBBIX
CHHTE3UPOBAaHHBIX aHHOHUTAX C UCIIOJIb30BAHUEM MOJICJIBHBIX PacTBOPOB C KOHIEHTpanuel 25, 50, 75 n
100 mr/n Cr (V). Pesyrbmamol u obcyscoenue. Ycranosieno, yro Mouur Ne 1 mposiBisier Gosbliee
cpoacto K monam Cr (VI). Tak ero MmakcumaibHasi COPOLIMOHHAs eMKOCTb coctasisieT 13.5, a MonuTa Ne
2 — 11.7 wr/r. 3axmouenue. Hamm npeyioKeHa NPUHIMINATIBHAS TEXHOJIOTMYECKas CXeMa
OIIPECHUTENILHOH ~ YCTAHOBKH, COCTOSIIAs M3 MOAYJbHBIX OJIOKOB: peareHTHO-MEXaHHYECKOl,
COpOLIMOHHOW, MeMOpaHHOW, HWOHOOOMEHHOW u OaKTepHalbHOW OYUCTKUA. YCTAHOBJIEHO, YTO
peareHTHO-MeXaHUYecKasi OYHMCTKA  sIBJseTCsl  NEPBOHAYAJIBLHOI cTagueil  BOJOMOJATOTOBKH,
IpeIHa3HAYCHHOM JUIS BBLIEICHUS HEPaCTBOPUMBIX I'Py00- I TOHKOJUCIICPCHBIX IIPUMECCH.

KiroueBbie ciaoBa: annoHut, WoHbl xpoma (VI), ourcTka BOIBI, MOHOOOMEHHBIH METOM, COpPOLHS,
MPUHIUITHATBHAST TEXHOJIOTHYECKast CXeMa, MOIYJIbHBIN OJIOK, dKEeCTKOCTh BOJBI

Koepucuna Tamvana Bacunvesna Kanouoam xumuueckux nayx, accoyuuposanmuiil
npogheccop

Xaxumoonamosa Kamuna Xaxumoonamosna  Kanouoam xumuueckux HayK, adcCOYUUPOBANHbLI
npogheccop

Yanoe Tynezen Kamenosuu Jloxmop xumuueckux Hayx, npogheccop

bezenosabaxvimEcmekenosna Jloxmop xumuneckux Hayx, doyenm, npogpeccop

1. BBeaeHue

CrouHble BOJABI TALBAHHYECKOTO TPOW3BOJICTBA, COJCPIKAIINE HOHBI
TSDKEJIBIX METAJJIOB, HAHOCST OIPOMHBIA 3KOJIOTHUECKUH ymiepd. MHoronetHue
HaOIoAEeHUs 32 JMHAMHUKON KayecTBa MOBEPXHOCTHBIX BOJ BBISIBHIIM TEHJIICHLIUIO
KpOCTy WX 3arps3HeHus. Bricokue KoHIEHTpaunu noHoB xpoma (VI) comepxar
MIPOM3BOJICTBEHHBIE CTOYHBIE BOJbI, B KOTOPBIX MPEIEIHLHO JOMYCTHMbIE HOPMBI
(ITIK) mpessimraror mouru B 200 pa3 [1]. [logoOHBIE mpoOaeMBbl CYIMIECTBYIOT U
Ha JIPYTUX TPEINPUITHSIK, HCIONB3YIOIUX B CBOEM TEXHOJOTHMUYECKOH cxeme
mporecchl XpOMUpOBaHus. [ pelieHus: Takux 3a/a4 MPUMEHSIOT Pa3udHbIe
MeTOABl (HampuMep, XUMHYECKHe, (PU3MKO-XUMHYECKHE, 3IEKTPOXUMHUYECKHE,
Ouonoruueckue). BaxkHoe MecTo cpenu BBIIIEYKa3aHHBIX CIIOCOOOB 3aHHUMAIOT
COpOIIMOHHBIE METOJBI, KOTOPHIi MMEET BBICOKYIO CTENEHb M3BJICUEHHUS HMOHOB
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MeTauioB. Pa3zpaboTka BBICOKOA((EKTHBHOTO M HSKOHOMHYHOTO Mpolecca
O4MCcTKU CTOKOB OT MOoHOB xpoma (VI) mo nopm IIHK sBisiercs akTyanbHOI
3amadeii CerOqHATIIHETO THA [2].

[TpoGnema ourcTku cTOKOB OT MOHOB Xxpoma (VI), BbI3bIBaCT TPyIHOCTH Y
OONBUIMHCTBA TPEANPUATHH, HCHOJB3YIOIIMX HX B CBOEM MPOM3BOJCTBE.
3arpsA3HeHHe BOJOEMOB COCIMHEHMSMH XpOMa CBA3aHO C HX BBIOPOCOM CO
CTOYHBIMU BOJAMM Pa3JIMYHBIX MPOU3BOJACTB, 3aHUMAIOIIUXCS IEepepabOTKON
XpPOMHTOBBIX pya [3,4]. BOJBIIMHCTBO MAIIMHOCTPOUTENBHBIX NPEATPUATHH B
CBOEM COCTAaBE€ HMEIOTIaJbBAHWYECKUE I1€Xa WIM TEXHOJIOTHYECKUE YUACTKH
HaHECCHHS TATBBAHOIIOKPBITHH [5, 6]. 'anpbBaHWYECKHE TIPONU3BOJICTBA SBIISIOTCS
OJHUMH U3 KPYMHBIX MOTPEOUTENICH IIBETHBIX METAIJIOB M BOABI U OTIMYAIOTCS
BBICOKUMH O0BEMaMH KHIKUX OTX0IoB. K HamOompmiemy 3arpsS3HeHHUIO
MPUPOAHBIX BOJ COCAWHEHUSMH XpOMa MPUBOAUT HENOCTATOYHO TINATEIbHAS
OYHCTKA IPOMBIBHBIX BOJ LIEXOB.

CopOIMOHHBI METOJT OYUCTKH CTOYHBIX BOJ — OJHMH U3 HauOosee
3(¢(HEeKTUBHBIX W TEXHOJOTHYECKH TMPOCTBIX CIOCOOOB yrameHus Xxpoma. B
Ka4yecTBE TAKMX COPOCHTOB MPUMEHSIOTCS, HAIPUMEpP, CHHTETUYECKUE COPOCHTHI,
OTXOJBl TPOU3BOJCTBA, AKTHBHpOBaHHblE YriM W T.A. Ilpomecc usBiaeueHus
xpoma(V1) IpoBOAST MPUUHTEHCUBHOM MEpEMENINBAHUU COPOEHTA C paCTBOPOM,
a 3ateM (uIBTPOBAaHMEM pacTBOpa uepe3 cioiicopOenra. IIpenmyiiecTBamu
JAHHOTO METO/A SIBJISIFOTCS: BO3MOKHOCTh COBMECTHOTO y/IaJ€HUs Pa3INYHBIX 110
npupoe 3arpssHureneii, ourctka no HopMm I1IK, BO3MOXHOCTH pexymnepanuu
cOpOMPOBaHHBIX BEIIECTB M BO3BPATa OUMILEHHON BOJBI C 33JaHHBIM 3HAUYCHHEM
pH [7].

B nacrosimee Bpems CyIIeCTBYIOT MHOKECTBO METOOB H3BJIEUEHHS MOHOB
METAJUIOB Pa3IMYHON MPUPOBI U3 CTOUYHBIX BOJ I'aJIbBAHUYECKOTO IIPOU3BOICTBA.
CyuecTByOIe METOJbl OYUCTKH MOXKHO KJIACCH()UIMPOBATH CIIEAYIOLINM
oOpa3oM: COpOIMOHHBIE, pEareHTHbIC, MEXaHUYECKHE, KOaryJsIlMOHHO-
(IIOTallMOHHBIE, MEKTPOXUMHUUECKUE, MEMOpaHHble, Oroorniyeckue u T.1. [Ipu
3TOM BaXKHOM 3amadell sBIsieTCs pa3padoTKa TEXHOIOTMYECKOM CXeMbl OYHCTKU
CTOYHOM BOJIBI C YUETOM KOHKPETHOTO €€ COCTaBa U TPeOOBaHUI! K e KauecTBy.

YCTaHOBKM i OYHUCTKA BOABI OT HOHOB XpoMa NPHUHATO HAa3bIBATh
MoayibHbIMH. [log MomynemM 3ayacTyl0 MOHHUMArT HEYTO YHHBEPCAIBHOE,
KOMITaKTHOE U TepenBHxkHOe. COOTBETCTBEHHO MOJYJIbHAs YCTaHOBKAa OYMCTKU
BOABI IMPEIACTABJIAET COOOM EIMHCTBO MOJIYJICH, KaKIblH W3 KOTOPBIX
OPHUEHTHPOBAH HAa PEIIEHHE OMpPEEIIEHHOW 3aJa4d W, B 3aBUCHMOCTH OT BHJIA
MOCTaBJICHHBIX 3a/1a4, COOTBETCTBEHHO NOAOMpPAETCs KOMIUIEKC Ppa3inYHbIX
MomyJei [8].

Hawnbonee gacTo wcmonp3yeMble METOJBl OYHCTKH BOJABI OT MOHOB Xpoma
MO/Ipa3AesAoTCs Ha peareHTHEIE (xumuyeckue), Ouosoruueckue,
AIIEKTPOXUMHUYECKHUE, (IIOTAMOHHBIE, COPOLUMOHHBIE. TpaguLIMOHHBIA cr10co0
ounctku oT xpoma (VI), ocHOBaHHBIII Ha OCAKIACHWH MaJOPACTBOPHUMOIO
THIPOKCHUIA XpOMa, He Bceria o0ecreunBaeT TpedyeMyto CTeneHb ounucTky [9].
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Panee Hamu OBUTH CHHTE3MPOBAHBI AaHHOHUTHI HA OCHOBE 3TOKCHUCOETMHEHHI
s copoumu monoB Cr (V1) [10]. Iensto HacTosiei pabOTHI SIBISETCS CHHTE3
HOBBIX MOJH(YHKIIMOHATBHBIX HOHOOOMEHHUKOB /i1t copOimu nonos Cr (V1).

2. DKCNepUMEHTAJIbHAS YaCTh

C uenbto usyuenus copouuu Cr (V1) Ha ocHOBe AMIIHIUAWIOBOro 3upa
muokcuanpenmnponana (3/-20) (1), ammunrmunuauioBoro sdupa (AID) (2) u
nommatuneHnmuHa  (IT9M)  (3) CcHHTe3UpOBaH aHUOHUT CO  CJCIYIONICH
cTpyktypHO# popmynoii (Mouut Ne 1) (pucyHok 1).

CHy CH — CH,— Q—CgH, -C(CHy),-C4H,— O— CHz~ CH —CH,

N/ N/

—CH2—CH2—NH—] E——
n

CH, =CH—CH,—O0—CH —CH, +

N/ 3

CHg
H Ha | H, H
H2c|:—(|:—c —0 <|: o0—cC —clz—CH2
~— N, OH CH OH |_

S 5

= z

£ S

O I

OH OH o

H, = H Ha H H Ho Ha
—C'—0—C'—0—C'—CHH,C);—C—C —0—C —C—C —N—

_

Tonite No. 1

Pucynok 1 — Cxema nonydenns Monura 1.

Honnt Ne 1 momyuyanu crienyroomuM o0pa3oM: CHavajga HPOBOAWIH
kougencanuio J/[-20m AI'D ¢ IIOM B pactBope JAMPA mnpu maccoBoMm
cootHomernn JJ[-20 : AI'D : IIOU, paBubix 1 : 0.5 : 0.4, COOTBETCTBEHHO,
temneparype 80°C u npopomkuTensHocTH 4 4. [lomydeHHBIN Tefb 0TBepkKAaan
npu 100°C B Teuenue 24 4, 3aTeM HeCKoNbKo pa3 mepeBojuin u3 Cl-popmbl B
OH-dopmy, oOpabateiBass S5%-HbBIMM PAacTBOpPAMH  COJISHOH  KHCJIOTBI U
rugpokcuna Harpus. Monutsl B OH-hopme oTMBIBaM TUCTUINTUPOBAHHON BOJIOH
0 HeWTpaibHOM peakuumn ¢Quiabrpara mo QeHondTanenny. 3aTeM CMOIY
u3MeNnpyYan M noiydann HoHUT Ne 1 ¢ pasmepamu yactun 0.5-1.0 mm. B
pe3yabTaTte ObLI CHHTE3MPOBAH HOHOOOMEHHHK MPOCTPAHCTBEHHOTO CTPOCHHUS
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cocTatnieckoi oOMeHHo# emkocThio mo 0.1 H pactBopy HCI 3.75 mr-sks/r,
KOTOPBIi MOXET OBITh HWCIOJB30BaH B THAPOMETAILIYPTHU W JUIS PEIICHUS
AKOJIOTHICCKUX ITPOOIIEM.

UK-cnextp Monut Ne 2, B tabnerkax KBr (v,d cm?):anokcuanoe KoJbIo
(760, 848), 2800-3400(3r=N, r.NH), BAJICHTHBIC U AeHOPMAIIMOHHBIC KOJeOaHUS N—
H-cBsizu (v:3200-3500, &: 1600-1700), 1020-1220 (vcn), 1460-1470 (3¢ -m),
BUHWIBbHBIE TpymTsI (910).

OnementHeld aHamu3. Hatimeno, %: C 63.98; H 8.45; N 10.92; O 16.65.
C13H170,. Beraucneno, %: C 63.24; H 8.93; N 10.82;0 17.01.

W3 6ensunamuna (BA) (1) u smuxmopruapuna (2) B npucyrcrsurn NaOH
(t50°C) B Teyenue 6 4 CUHTE3UPOBAH SMOKCHAaMUH (3) (PUCYHOK 2).

H,C—CH—CH,

H
o
[ 2 H,C—CH—CH,~Cl . N—CH,
N—CH, + 7N/ 2 NaOH, 50°C, 6k | +2HCI
—_—
1'{ o]

H,C—CH—CH,
1 2

3

PucyHok 2 — Cxema noxydeHus dSIOKCHaMUHa 3

Konpencamueit smokcuamuna (3) ¢ mommstmienumuaoMm (IIDH) (4) B
pactBope nmumetuipopmamuaa (IM®DA) npu pa3HbIX MAaCCOBBIX COOTHOIICHUSX,
temmeparype 60 —65°C  ®  OPOAOKUTEIBHOCTH  5—60  TOMy4dIN
nonuyHKIroHanbHbI aHHOHUT — HMonuT Ne2 (BA-OXI-IIOU) (pucyHnok 3).
3aTeM peakIIMOHHYIO Maccy oTBep:kjanu rnpu tremmeparype 100°C B Teuenue 16—
24 4,

UK-cnektp Monut Ne 2, B tabnerkax KBr (v,6 cm?):1599-1600 (Sn-+),
10201220 (ven), 3500 (vo-), 1502—1504 (vcar-H).

OnementHbId coctaB. Hatimeno, %: C 70.72; H 17.61; N 7.81; O 3.86.
C34H56NsO4. Brraucneno, %: C 70.92; H 17.48; N 8.09; O 3.51.

CH,C4Hs
l H, H, Hy |
N—C —a—CHs—N—C —O—C —N
H,C—CH—CH, ) |
\/ | = 3
N T—CHZ DMFA & on o £
H,C—CH—CH = 7
N/ 2 65°C, 5-6 h | 1
o Z =

3 =

a1 1
[EE——e el JR— (e} [}
+ [ CH,—CH,—NH L 2 oH o 2
4 | H, I H, | Hy, 7T
N-—C'—C—CHz—N—C —C—C —N

" l
CH,CsHs

TIonite No. 2

Pucynok 3 — Cxema nomydenus Honwnra 2
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C menpio  ompeneNeHHMs TEPCIeKTHBHBIX — oOnacTeil  MpakTHYEcKOro
NPUMEHEHUS! MOHHUTOB, a TakkKe OTPAOOTKM TEXHOJIOTMYECKOW CXEMbI OYHCTKU
BoJbI copOumst nonoB Cr (V1) mpoBoauiack Ha MOZICNBHBIX pacTBopax. B padote
OBITH MCIIOJIE30BaHBI MOJEIBHBIC pacTBOPH Omxpomara kamms (0.25; 0.50; 0.75;
1.0 mr/x Cr (V1)).

3. Pe3yabTaThl M 00CyKIeHHE

M3BectHO [7], 9TO COPOIMOHHBIA MeTOA SIBIsIeTCS Hanbonee 3()PEeKTHBHBIM
Ui cCOpOIMM HWOHOB PAa3NUYHBIX MeTauloB. Hamm ObUIM CHHTE3MpOBaHBI
NONMQYHKIHOHATFHEIE HWOHUTHI, TOJY4Y€HHE KOTOpPBIX OMWCAaHO Bhbime. B
tTabnmumax 1, 2 TmpUBEAEHB OCHOBHBIE (DH3UKO-XUMHUYECKHE M COPOIMOHHBIC
cBoiicTBa aHnOHUTOB. Kak BumHO U3 Tabmuis! 2 Morut Ne 1 mposiBrisieT Oombimee
cpoactso k noHam Cr (VI). Tak, ero makcumanbHas copounonnas emMkocts (CE)
cocrasusaeT 13.5, a Monura Ne 2 — 11.7 mr/r.

OpHuM w3 ompenensouMx (aKTOPOB, BIMAIOLIMX Ha COPOLMIO HOHOB
METaJUIOB, JJISl psiia COPOSHTOB SBISETCS KUCIOTHO-OCHOBHAS XapaKTepUCTHKA
pactBopoB [4]. U3BecTHO, UTO B 3aBUCUMOCTH OT BEIMYUHBI pH IIECTHBATICHTHBII
XpOM HaxXOAMTCS B BUAE PAa3IUYHBIX MOHOB. Tak, npu pH < 7 pacTBopbl conei
xpoma (V1) comepxar uonst Cr,07%, HCrO4 u CrO4*, mpu pH >7 — HCrOs u
CrO4*. B 0.5 — 2.0u pactBopax H,SO4 o6pasyrorcsa anuonst CrsOio® u CrsOis®.
I[Tpy KCTIOIB30BAHMK APEBECHBIX OMUIIOK ISl OYUCTKH BOJ OT HOHOB xpoma (V1)
ycraHoBineno [11], uyro mpu pH < 2 pa3BuBalOTCSI OKUCIUTEIBHO-
BoccTanoBuTeNbHBIE mporiecchl ¢ nepexonom Cr (V1) B Cr (111). B uatepnane 3 <
pH < 7 mporekaer npouecc copouuu noHoBCr (VI), a mpu pH > 7 onnm
MPAKTUYECKU HE COPOUPYIOTCSI.

Ta6auna 1 — OcHoBHBIE HU3UKO-XUMHUUECKHE CBOMCTBA CHHTE3MPOBAHHBIX HOHUTOB

Xumuueckas yCTOWIHBOCTh B PACTBOPAX, Tepmuueckas

COExc, | Vyn, % YCTOWYHUBOCTH B BOJIE,

AHHOHHTBI Mr- M1/ 5 H H2S04 5uNaOH | 10% H20: %
9KB/T r

fomr e 1375 | 32 98.2 98.9 75.0 96.1
fomir e | o5 | 57 97.9 98.7 72.0 94.1
rae COEncl — cratndeckast oOMeHHast eMKocTs anuonuTa o 0.1 u pactsopy HCI, Vy, — ynensHbrit
00bEeM aHHOHHTA
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Ta6auna 2 — CopOLUnOHHbBIE CBOHCTBA CHHTE3UPOBAHHBIX HOHUTOB

HcxonHast KOHLEHTpanus Konnentpauus Cr (VI) mocne CEcr, M/t
Cr (V1) B MmomenbHOM cOpOLUH HOHUTAMHU, MI/JT
pactBope, Mr/i Honut Ne 1 Honut Ne 2 Honut Ne 1 Honwut Ne 2
8.51 0.12 0.105 3.4 3.4
19.94 0.2 0.71 7.9 7.7
25.01 0.64 2.37 9.7 9.1
34.82 1.58 5.52 135 117

[IpeAmnonoKUTEeNbHO TMOTJOMIEHHE OUXPOMAaT-HOHOB CHHTE3WPOBAHHBIMU
annonutamu B OH-popme mporcxo Ut aHaTOTHYHO MTPOMBIIIJICHHOMY aHUOHUTY
3/13-10I1 B 3aBucumoctr ot pH [12]. CE mpoMBIIIIEHHOTO TeIeBOT0 aHUOHUTA
mapku AMII npu cop6uuu nornos Cr (V1) u3 pactsopa, comepsxaiero 2.56 r/am®
xpoma (pH 0-2) u cooTHOIIeHNU aHUOHHUT : pacTBOp 1 : 100 paBHseTcs 240 mr/T.

B xone mampHeHmnX wWcclemoOBaHWN HAMU pa3padoTaHa MPHHIUMUAIbHAS
TEXHOJIOTHYECKAsT CXEMa OIPECHUTENBHON YCTaHOBKH, KOTOpas COCTOHT U3
MOJYJIbHBIX OJIOKOB: pEareHTHO-MEXaHWYECKOW, COpPOIMOHHOW, MEMOpPaHHOM,
HOHOOOMEHHOMW U 0aKTepHaIbHOW OYUCTKH (PUCYHOK 4).

IIpyHIMNIMATBHBIE TEXHOJIOTHYECKHE CXEMBI MOyUEHUsS] TEXHHYECKOW BOBI
JUIs1 IPOU3BOICTBEHHBIX HYK/]] IPEICTABICHBI HA PUCYHKaX 5-7.

PeareHnTHO-MexaHH4YecKasi OUMCTKA SIBJISIETCS MEPBOHAYAJIBLHOM cTaanen
BOJIOTIOATOTOBKH, MpeIHa3HAYEHHOW AJISl BBUIENEHHUS HEPacTBOPHUMBIX Ipy0o- M
TOHKOJUCIIEPCHBIX NPUMECEH METOJaMU MPOLEKHUBAHUS depe3 PEIIETKH, CHUTA,
CeTKH, OTCTaWBaHUs, (QUILTPOBAHUS YEpe3 IMEeCOK M IEeHTPU(PYTHpOBaHUS B
THIPOLMKIOHAX W ILeHTpudyrax, rae Moj IeHCTBUEM LEHTPOOESKHBIX CHII
MEXaHMUYECKHE INPUMECH OTOpachIBalOTCI K CTEHKaM M OCENAl0T Ha JIHO.
Hobapnenne KoaryiasiHTa W BBICOKOMOJIEKYJISIPHOTO (UIOKYISHTa B BOJY
WHTEHCU(QUIUPYET TIPOLIECCHl OTCTaMBaHWs M (WIBTPAMH B Ppe3yibTare
YKPYIIHEHUS] M BBIICICHHA 4YacTHIl M3 KOJUIOMJHOTO pacTBOpa B BHIE
XJIOTIbEBUAHOTO OCajKa. B KayecTBe KOAryjissHTOB HCIHOJB3YIOT CYyJb(paThl
aMMOHHMS, Kelle3a WM alloMHUHUS; (IIOKYISHTaMH, B OCHOBHOM, SIBJISIOTCS
MOJINAKPHIIAMUJ, TOJIMITUIEHUMHUH,a TAKXKe JKUPHBIE KUCIOTHI, MbIIA U JIP.

124



ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

IITaxTHA% Boga PactBop koarymanTa, daokyaaHTa
- / IITnaM B BBIpabOTAHHYEO
A -
[ PEATEHTHO - MEXAHWYECKA] OUICTKA J "
IITOIBHIO
AncopbeHt

—_—\ OcBeTIICHHOH CIIHB

[ ATCOPBEIIMOHHA S OYIICTRA ]

COpOLHOHHBIH
thunsTpar

1 Texmuueckan Boga ama
| npomseopcTBenHEX HyMT

[ MEMBPAHHAA OTHICTEA

AHHOHHT

", AJ
TexHHUecKad BOAA 1714

[ HOHOOBMEHHA A OUHCTKA | >
| TpOHM3BONCTBEHHBIX HYXI

[ BAKTEPHAJIBHA A OUFCTEA ]

!

IIuTeeBas Boga

Pucynok 4— IpuHUMTHATIBHAS TEXHOJIOTHYECKAs CXeMa JIeMUHEpaTH3alii
1 00€3BpEKUBAHUS.

IIlaxTHA7 Boga PacTBOp EoarymnaHTa, QIoKyIaHTa
Y / \ OTBaIBHBIH TOTHTOH
[ PEATEHNTHO - MEXAHNYECKAA OUMCTKA ) >
AncopbeHT

— OcBeTIeHHOH CIIHE
A 4

ATCOPBIMOHHAS OUIHCTEA
(myHreT, HeonnT)

P“CyHOK 5- anHHI/IHI/IaHBHaH TEXHOJIOIMYECKas CXeMa IOJYUYCHUT TEXHUYECKOU BOJBI
C HCIIOJIb30BAHUEM METOa a[[COpGHI/IOHHOﬁ OYHUCTKHU IIPUPOAHBIMU COpGeHTaMI/I.
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IlaxTHaz Boxa PacTBOp KOArymaHTa, QIOKyIHHTA

L | / OTBaIBHBIH TOTHTOH

[ PEATEHTHO - MEXAHHYECKAS OUYHCTKA ]

OcBeTIeHHOH CTHB

v

h

MEMEP OTICTKA ) TexHuueckad BOOA IIA R
‘ (BHIEJKI})ELO;EHU Ia:mg} ‘ MPOH3BOICTBEHHEIX HYH >

MHEpoQHIBTpALHA ] [YEBTP?@E'JBTPamH ] [Haﬂotimnbrpaunﬂ ]

PucyHnok 6 — [IpuHIMnIUansHas TEXHOJOTHYECKAsl CXeMa MOJTyUYeHHs TEXHUIECKOH BOABI C
HCIOJIb30BAHUEM MEMOPAaHHBIX METOZO0B OUUCTKH.

ITaxTHA% BOdA PacTBop KoaryimiHra, GIoKyIaHTa

E | / OTBaIBHBIH TOIHTOH

[ PEAT'EHTHO - MEXAHHYECKAS OUHCTKA ]

v

OcCBeTICHHOH CITHB

A 4

JIOHOOE | TexHuueckas Boga mma N
MEHHA TPOH3BOACTBEHHBIX HY v
OUHCTEKA

PHCyHOK 7 - HpI/IHLII/IHI/IaJ'[BHaﬂ TCXHOJIOI'NYECKas cXeMa IoJIy4CHUs TEXHUYECKOU BOJIBI C
HCIIOJIb30BAHUEM METOIOB HOHHOT'O obMeHa.

AncopOnMOHHasT OYHMCTKA IMPEeIyCMOTPeHa i Oojiee TOJHOTO yJIaJCHUs
TOHKO B3BCIICHHBIX YaCTHL, BBIACICHHUA TPYAHOPACTBOPUMBIX HCOPraHHMYCCKHUX
coseil QUIBTPYIOIIEH MOBEPXHOCTBIO aICOPOCHTOB 1 CTAOWIM3ALUH BOJKI .

4. 3akn04eHne

Takum o0pazom, HaMH CHUHTE3UPOBAHBI  BBICOKOI((EKTHBHBIC
MO YHKITHOHATLHBIC aHHOHUTHI J7Ist copO1u uonoB Cr (V). Ha mMoaenbHBIX
pacTBopax U3y4yeHbl UX COPOLMOHHBIE CBOICTBA.

*Cmabuauzayus 600bl — npoyecc 6000NM0020MOGKY, HANPAGIEHNbII HA NPedomsepalyeHie Koppo3uu u
omaodceHUll KapboHama Kaivyus 6 mpybonpogooax, 0Oopy0osaruu u annapamax u npou3eo0uUmcs ¢
Yenblo YIYUueHUs Kauecmea 600bl, XOMmsl U He SA8ISAemCsl OUYUCTIKOILL.
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VYcranoieHo, yro Mouut Ne 1 mposiBiiser 0osibliee cpoacTBo K moHam Cr
(VD). Tak, ero MmakcuManbHas COpOIMOHHAs EMKOCTh cocTaBister 13.5, a MonuTa
Ne 2 — 11.7 wr/r. Pazpaborana npuHUMOHNATbHAS TEXHOJOTHYECKAas CXema
ouncTky Boasl oT noHOB Cr (VI), cocTosmmas n3 MOIyIbHBIX OJIOKOB peareéHTHO-
MEXaHWICCKOH, COPOIMOHHON, MeMOpaHHOW, HOHOOOMEHHOW M OaKTepHaIbHOU
OYHCTKHU.

®unancupoBanue: Pabora BbinonHeHa B MHcturyTe XuMuueckux Hayk uM. A.b. bekrypoBa 1o
nporpamme BR10965255 ueneBoro ¢unHaHcupoBaHWs Hay4HbIX uccienoBanuid Ha 2021-2023 roasl,
ocymecTBisieMoro KomureroM Haykn MuHHCTEpCTBa HayKH M BbICIIEro oOpasoBaHus PecryOnuxu
Kasaxcran.

KonauKT HHTEpecoB: ABTOPHI 3asBIISIOT 00 OTCYTCTBUM KOH(IMKTa HHTEPECOB.

KEPEKTI KOII ® YHKIUAJBIK AHOHUTTEP XPOM (VI) HOHJIAPBIH
SKCTPAKLHHUAJIAY YIUIH

T.B. Koepuzuna **, K.X. Xaxumbonamosa *, T.K. Yanos ', B.E. bezenosa ?

Y«O.5. Bexmypoe amvinoazvl xumus euiasimoapul uncmuymoly AK, Kazaxcman, Anmamot
"M. Kosvibaes amuvinoaevr Conmycmix Kasaxcman ynusepcumemi” KEAK, Ilemponasn, Kasaxkcman
“E-mail: kovriginatat@mail.ru

Tyiiingeme. Kipicne. Ka3akctanaa XpoM KeHiHIH oleMIiK KOpbIHBIH 30% IMIOFBIpIaHFaH, OHBI ©HJCY
Ke3iHAe KYpaMbIHAAa XPOMHBIH YIIBI TY37apbl Oap CapKbIHABI CYIapiblH YJKEH KeJieMi Ty3ilemi.
lanpBaHUKANBIK OHIIPIC COHBIMEH KaTap KOpIIaFraH OpPTAaHBI ayblp METANIapMeEH JacTay Ke3l OOk
TaObutaAel. OnapAbIH IOIHIE XPOM SMHCCHS JKOHE YBITTBUIBIK OOWBIHIIA GachIM KOMIOHEHTTEp.iH Oipi
Ooubin Tabbutanbl (Cr (VI) ymin mekti pykcar erinren konuneHtpamus 0.05 mr/m xypaiiner). Xpom
KOCBUIBICTAaphl aJlaM aF3achblHa J>KaJIbl YBHITTHI, aJUIEPreHMl, KaHIEpPOTeHI, MyTareHAi ocep eTesi.
CoOHJIBIKTaH aFbIHABI CYyNapAsl XPOM KOCBUIBICTApbIHAH Ta3apTy MOceNeci epeKmie ©3eKTi OOJbII
TabbUTa/Ibl. BYJT )KYMBICTBIH MaKcaThl Kom (QyHKIMOHAN6 noH aaMacTeipreiitapmer Cr (VI) nongapeia
ayblH TEXHOJIOTHSIIBIK CXEMAaChIH Kacay Oonbln TaObutaabl. Odicmepi. IloaukoHIeHCANUs OmiCiMEH
JUOKCUIU(ECHUIIPONIAHHBIH JUTTHIAAWT 3upi, ammunruiug ddupi sxone Ne | mOmMITHICHUMUH —
HMOHUT HETI3IH/Ie aHHOHWUT CHUHTE3MCN[i, COHMail-aKk OCH3MIaAMHUH MCH JMUXJIOPTUAPHHHEH 3MOKCHAMUH
CHHTE3/IeNIi, OHBIH KOHIeHcanusachl nonudtiieHnmuaMern Ne 2 Wonut anetaasr. XKywmeicta 25, 50, 75
sxone 100 mr/m Cr (VI) koHumeHTpauumsickl Gap MOJAENBAIK EPITIHAUIEpl KOJNAaHA OTHIPBIN, KaHA
CHHTE3/IENTeH aHHOHUTTEPIET1 XpOM MOHAAPBIHBIH COPOLMSCH 3epTTei . Hamuoicenep scane mankvliay.
Hon anmacy oniciMeH Cyzbl TazapTy OapibIK Tepic 3apsATalFaH KaTThUIBIK TY3/IapbIH aHUOH aiMacy
mIaiibIppIMEH Te3 CiHIpy apKbuibl kypeTiHi aHblkramasl. Ne 1 Honur Cr (VI) nonnmapbiHa kebipek
JKAKBIH/IBIK KOpceTeTiHi aHbIKTaNibl. COHIBIKTAH OHBIH MaKCHMAJIbl COPOLHSIIBIK CHIHBIMIBUIBIFGI 13.5,
an Ne 2 Honut - 11.7 mr/r. Kopeimuinowi. biz Mopynbaik OnokTapiaH TYPATbIH TY3CBI3IAHIBIPY
KOH/IBIPFBICHIHBIH HETi3I TEXHOJOTHSIBIK CXEMAChlH YCBIHIBIK: PEarcHT-MeXaHUKAIbIK, COPOLUSIIBIK,
MeMOpaHaJbIK, HOH alMacy JXoHe OaKTepHsUIBIK Ta3apTy. PeareHTTi MeXaHHKalbIK Ta3apTy epiMeWTiH
OpECKeN JKIHE KYKa AUCIIEPCTI Kocnalap bl OKIIayJayFa apHaJIFaH Cy/bl JaibIHAayAbIH OacTalKbl Ke3eH]
OonbIll  TaObLIAABL.  AJICOPOLMSIIBIK Ta3apTy aAcOpOCHTTepHiH cy3ri OeTi apKpUIbl epiMelTiH
OeflopraHUKaJIBIK  Ty31apiabl  Oeim, JKyKa TOKTATBUIFAaH O6JIIEKTEpAi TOJBIFBIMEH KOO  YIIiH
KOJIIaHBIIa b

Tyiiin ce3nep:annonut, xpom uoHnaps! (VI), cyasl TazapTy, HOH aiaMacy opici, copOIus, MPUHIMOTI
TEXHOJIOTHSIIBIK CXeMa, MOYJIbIIK OJIOK, CYIbIH KePMEKTIrl
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Koepuzuna Tamwvana Bacunvesna Xumus 261161MOAPbIHBIY KAHOUOAM b,
KaybLMOAcmulpblLI2aH npogeccop

Xaxkumoonamoea Kamuna Xumus 2b116IMOGPLIHBIY KAHOUOAMbI,

Xaxumbonamosna KayblMOacmulpblizan npogheccop

Yanoe Tynezen Kamenosuu Xumus 2oinbiMOapeinbly 0OKMopbl, npogeccop
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Abstract: Introduction. To date, accumulated industrial waste creates serious environmental
problems in the regions. Therefore, their processing in order to obtain valuable products is an urgent task.
As a result of the reduction electric smelting of phosphorite raw materials in the Novo-Dzhambul
phosphorus plant, about 150-160 kg of cuttrel dust is formed per 1 ton of yellow phosphorus. The
resulting cuttrel dust is considered as a secondary raw material, it can be used to obtain phosphorus-
containing mineral fertilizers, since the boiler dust contains a proportion of phosphorus and other useful
components. The purpose of this work is the processing of phosphorus production waste - cuttrel dust
with the use of sulfuric acid to obtain phosphorus-containing mineral fertilizers. Methodology. For the
processing of cuttrel dust under experimental conditions, instrumental test methods were chosen using a
scanning electron microscope (SEM) of the Jeol JSM-64901 V brand, a multi-parameter portable
cyberscanner (PCD 650 Eutech) and a Q-1500 Derivatograph. Results. According to the results of
microscopic studies, it was determined that the content of the main useful component in the cuttrel dust
P20s in the range of 30-31%. The thermodynamic regularities of the process of decomposition of cuttrel
dust with the help of a solution of sulfuric acid have been studied. The standard thermal effects of changes
in the enthalpy, entropy and the value of the Gibbs energy of the system at a temperature of 333-363K
were determined using the HSC-6 complex program. The methods of mathematical processing are
considered in order to determine the reliability of the results of the experimental work. The optimal
technological parameters of this process have been established and determined. Conclusion. A technology
has been developed for obtaining phosphorus-containing monocalcium phosphate based cuttrel dust from
the waste of the Novo-Dzhambul phosphorus plant using sulfuric acid solutions. The advantage of the
resulting phosphorus-containing component is that it has a high solubility and absorption of phosphorus to
plants. They are also characterized by a high content of phosphorus-containing substances, which ensure
the growth and productivity of agricultural plants and plant resistance to environmental stress factors.

Key words: Cottrel dust, calcium monophosphate, technogenic waste, sulfuric acid, phosphorus-
containing fertilizers
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Pe3tome: Beeoenue. Ha ceronHsmHui JeHb HAKOIUICHHBIC IPOMBIIICHHBIC OTXOJIBI CO3/IAI0T CEPhE3HBIC
9KOJIOTHYECKHe TpobiieMbl B perMoHax. IloaToMy uXx mepepaboTka C IEIbI0 IOMYYeHUsS] LEeHHBIX
MPOAYKTOB SIBJISIETCS. aKTyaJbHOM 3ajadeil. B  pe3ynbraTe BOCCTAHOBUTENBHOM —AIIEKTPOILUIABKH
¢docdopurHoro ceipbsi B Hoo-/xxamOyiickoM pocdoproM 3aBojie Ha | TOHHY MPOIYKIHOHHOTO JKEITOr0
¢docdopa obpasyercss okosno 150-160 kr xorrpenmbHOM mbUTH. OOpa3zoBaBIIascs KOTTpPENbHAS IIBLIb
CUNTAETCSI KaK BTOPHYHOE CBHIPbE, €€ MOXKHO HCIOJNb30BaTh M8 mHosydeHus ¢ocdopconeprammx
MHHEpaJbHBIX yI00PEHNH, TaK KaK B COCTaBE KOTPEIbHOI MBLIM NPUCYTCTBYET N0 hocdopa u apyrux
MIOJIC3HBIX KOMIIOHEHTOB. [[enblo JTaHHOW pabOTHI sBisieTCcs mepepaboTka orxona (GocopHOro
MPOU3BOACTBA - KOTTPEJBHOM MBUIK C TPUMEHCHHEM CEPHOM  KHCJIOTBI U  IIOJYyYeHHUS
(bocdopconepkamux MHUHEpaJIbHBIX yHnoOpeHuit. Memoodwr. J{ns nepepaOOTKH KOTTPENbHON MBUIH B
IKCIICPUMEHTAJIBHBIX YCIOBHSAX BBIOPAHBI HMHCTPYMEHTAJbHBIE METOIbl HCHBITAHHH C MOMOLIBIO
pacTpoBoro 3iekTpoHHoro mukpockona (POM) mapku Jeol JSM-64901 V, MHoromapaMeTpuyeckoro
nopratiuBHoro kubepckanepa (PCD 650 Eutech) u [epuBatorpad Q-1500. Peszyasmamer. Ilo
pe3yipTaTaM MHKPOCKOIIMYECKHX HCCIIENOBAHHUI ONPENENICHO, YTO COACP)KAHUE OCHOBHOTO IIOJIE3HOTO
KOMITOHEHTa B KOTTpenbHOU mbutn P20s Haxomuthest B mpenenax 30-31%. CraHmapTHble TEIUIOBBIC
3¢ deKxThl U3MEHEHUSI SHTANIBIINK, SHTPONHMU W 3HAYCHHUS dHepruu ['mOOCa CHCTEMBI TpH TemIieparype
333-363K  ompenemsuiick ¢ NOMOIIbIO  KOMIUIEKCHOH — mporpammbl  «HSC-6»  M3yuenst
TEPMOJMHAMUYECKAE 3aKOHOMEPHOCTH MPOIECCa PA3JIOKEeHHs KOTTPEJIbHON TMBUIM C  MOMOLIBIO
pacTBOPOM CEpHOIT KHCIOTHL. PaccMOTpeHbI METOIbl MaTeMaTHueCKol 00pabOTKHU C LENbIO ONpeIeICHUs
JIOCTOBEPHOCTH PE3yJIbTATOB IPOBEACHHBIX AKCIHEPUMEHTAIBHBIX Pa0OT. YCTAHOBIEHBI M OIpe/eIaHbl
OIITUMAaJIbHbBIC TEXHOJIOTHYECKUE MapaMeTpbl JaHHOro npouecca. 3axnoueHue. Pa3paboTaHa TEXHOIOTH
noiydeHus: ochopcoepxkaniero MOHOKaIbIMH (ocdara Ha OCHOBE KOTTPENIBHOM MBUTH M3 OTXOIOB
Hogo-/Ixam0ysckoro ¢hochopHOro 3aBojia ¢ MPUMEHEHHEM PAaCTBOPAaMHU CEpHOiT KUCIOThI. [IpumyrecTBo
noiy4eHHoro  ocgopcoiepkaiero KOMIIOHEHTa COCTOMT B TOM, 4YTO 00JamaeT  BBICOKOM
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PacTBOPHMOCTBIO M YCBOsIeMOCThIO (hocopa k pacteHusiM. PazpabotanHoe yo0peHHEe XapaKTepH3YHOTCs
BBICOKUM cozepkanneM (ocdopcomepraiux BEIeCTB, KOTOPBIE 00ECIEUYNBAIOT POCT U yPOXKAHHOCTD
CENbCKOXO3SIMCTBEHHBIX PACTCHUH M YCTOWYMBOCTH PACTEHHI K CTPECCOBBIM (DaKTOpaM OKpYKaromiei
cpenpl.

KitoueBble cj10Ba: KOTTPENbHAs bLIb, KAbLUI MOHOGOC]AT, TEXHOTEHHbBIE OTXO/IbI, CEPHAsl KUCIIOTA,
bocdopconepikarine ynoopeHus

Cmaiinoe Baxkeim Mamxkapumynot PhD

3akupoe Baxmusp Cadoupicanosuy Hoxmop xumuueckux Hayx, npogeccop
Kowkapoaesa Illaiizaoa Typmaesna Kanouoam mexnuueckux nayx, npogeccop
Kaoupoaesa Anmazyn Akkoneeena Kanouoam mexuuueckux nayx, npogeccop
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Hcaobaee Hypneiic Hypzanuynot PhD

1. BBeaenue

Ha coBpemMeHHOM »3Tame pa3BUTHA HAayKd W TEXHOJOTHMM OJHOW W3
BOXKHEHIINX MPOOJIeM SBIETCS Iepepad0TKa NPUPOAHBIX U TEXHOTCHHBIX
0TX0J10B. B mocnennue roapl HaKOIUIEHHBIE MPOMBIIUIEHHBIE OTXOJbI CO3/A0T
Cepbe3HBIE DKOJOTMYECKHE MpobieMbl B perrnoHax. [loaTromy mx nepepaboTka ¢
LIEJTBIO TIOYYEHHUS [IEHHBIX TPOAYKTOB SBISAETCS aKTyaabHOU 3aadei.

Ha ceromusmiHnMii 1€Hb TOJHOIIEHHO OOOCHOBAaHHBIX  TEXHOJIOTHH
nepepadoTKu OTX0J0B HeT. [IpuMmepoM sBIsieTcss NPOU3BOACTBO Qocdopa,
KOTOPBIN IIUPOKO BocTpeOoBaH kak B Kaszaxcrame, Tak m 3a pyoOexxom. Ero
MoJTydeHre 00yCIIOBIIEHO 00pa30BaHUEM OOJBITUX TEXHOTCHHBIX OTXOJ/IOB B BUJIC
nuiaka, gpeppodocdopa, hochopHoro nuiaMma u KOTTpesibHOM nbLIH. KonndyecTBo
¢dochopHOrO mUIaMa, HAKOTUICHHOTO B COBETCKOE BPEMSI U IPEJCTABISIONIETO
co0oif ocraTku ObIBIIETO (HOCPOPHOTrO 3aBOJIA, PACIIONOKEHHOTO HENAIEKO OT
ropoga IlemmMkent, coctaBiasier 500 Thicsy TOHH. HakoIJIeHHBIE OTXOIBI
CUMTAIOTCSI CIIOKHOW M TPYNOEMKOH paboToi ¢ TOYKH 3pEHUST XUMHUYECKOTO M
IpaHyJIOMETPHUYECKOTO COCTaBa, a TaKkXkKe MepepadOTKA Ha OCHOBE COBPEMEHHBIX
TexHoorui [1].

Hacrostmiee Bpemsi B pe3ynbTaTeé BOCCTAHOBHUTENBHOM AJIEKTPOIIABKU
¢dochoputHOro Cchipbs Ha oxHOM JHiIL HoBo-/IxxamOyickom dochopHOM 3aBozIE
Ha | ToHHY )enToro (ocdopa odopaszyercst okosio 150-160 Kr KOTTpEIbHOHN TBLIH,
KOTOpass B BHJE CYCIIEH3WH — KOTTPEIHHOIO MOJIOKAa cOpachiBaeTcsi B
ucrnapurenbHbie Oacceitnbl. O0pa3zoBaBmasics KOTTPENbHAS IMbUTh CUATAETCS Kak
BTOPUYHOE CHIPhE, €€ MOXKHO HMCIIOJIB30BATh ISl MTOJMYUYECHHUS yIOOPEHUH, TaK KaK
B COCTaBE KOTPEIBHOM IMBUIM MPHUCYTCTBYET 10Jis1 dochopa U APYyrux MOJIE3HBIX
KOMIIOHEHTOB.  [Ipm  3TOM  mOsBIsieTcd  BO3MOXXHOCTh  TOJYYEHHUS
¢dochopconepkamiux MHHEPANbHBIX YIOOpEeHHH C BBICOKMM COJEpKaHHEM
MOJIE3HBIX KOMIIOHEHTOB M MHKPOAJIEMEHTOB[2].
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2. DKCNepUMEeHTAJbHAS YaCTh

Jns mepepabOTKH KOTTPENBHOW MBUTH B JKCIEPUMEHTABHBIX YCIOBUIX
BBIOpAaHBI METOJABI HUCHBITAHUA C TOMOIIBIO PACTPOBOTO  3JICKTPOHHOTO
mukpockorra (POM) wmapku Jeol JSM-64901 V, wMHOromapaMeTpHIecKoro
nopratuBHOro kmoepckanepa (PCD 650 Eutech) m JlepuBarorpad Q-1500. Ha
pUCYHKax | mpeacTaBieHBI JSpPUBATOTPAMMBI KOTTPEIBHOW ITBUIH MTOJIYYCHHBIC C
nomoripio Jepusarorpada Q-1500.
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Pucynox 1 - lepuBatorpamMma KOTTPEIbHOM MBLTH

KpuBas nuaus muddepeHnnaabHO-TEPMUYECKOr0 aHalu3a Ha pHCYHKe 1
XapaKTePU3yeTcsl HEMHTEHCHBHBIME SH103GdexTamu mpu 260 °C, 580 °C, 780 °C
u 800 °C. Ilepswii sumospdexr npu 260 °C xapakrepusyer ynaneHue
MOBEPXHOCTHOM W rTuaparHoit Bimaru. Ilpm 580 °C npomcxomut ynanenue
OCTaTOYHOW KPHUCTAUIOTHAPATHON Biard. HewHTeHCHBHBIN 5HI03PQEKT npu
780-800 °C cBumeTenbCTBYeT O JIeKapOOHM3ALMKM  MArHUMCOAEPKALINX
MPUMECHBIX COEJIMHEHUH M MOCIEHUA O pa3iokeHnH KapOoHaTOB Kamblus. Ha
kpuBoii JITA HaGmogaercs Tpu HocCiIeqOBaTeNbHBIX dK303(dekta npu 590 °C,
835 °C wu 875 OC. IlepBblii 5K309(D(PEKT XapaKTEpU3yeTCs OKHUCIEHUEM
HEe3HAYUTEIHbHOTO cBOOOIHOTO (pocdopa. [IBa BTOphIx K303 dekTa XapakTepHbI
i pasnoxenus ¢GochopHbIX coequHeHuid. B rtabmuue 1 mpencrasieH
AJIEMEHTHBIA 1 MUHEPAJIOTHYECKHH COCTaB KOTTPEIBHOM MBIIH.

Tabauna 1 - DeMEeHTHBIH 1 MUHEPAJIOTHYECKUI COCTaB KOTTPEJIBHOM MUK
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DnemMeHT BecoBoii cocras,% Oxcupl B nepecuere Ha okcupl, %
o 421 - -
Na 0.84 Na.O 1.13
Mg 0.91 MgO 1.51
Al 1.05 Al20s 1.98
Si 7.31 SiO2 15.6
P 134 P20s 30.7

5.91 K20 7.12
Ca 6.35 CaO 8.89
Fe 0.58 Fe20s3 0.82
Cc 17.6 CO2 -
Zn 0.55 ZnO 0.68
F 2.99 - -

W3 ananmuza Tabmuusl 1 ciemyer, 4TO COlEpKaHWE OCHOBHOTO TOJIE3HOTO
KOMITOHEHTa B KOTTpesibHOM mbutn P>Os Haxomuthes B mpenenax 30-31%, uto
BIIOJIHE TOCTAaTOYHO JUIsI MX MCIIONB30BaHUS B KaudecTBe (hochopconeprkaiiero
KOMIIOHETA JUTSI TOJYYEeHUS] MUHEPAIBHBIX yIOOpeHui.

[Mpouecc momydeHust QocopcoaepKalero KOMIOHEHTa Ha OCHOBE
KOTTPENbHON NBUIM B J1a0OpaTOpHBIX YCiIOBHSAX B coorBeTcTBUM ¢ ['OCTom
21560-82.  Ilpomecc  momyudeHuss  Qocdopcoaepkamiero  KOMIIOHEHTa
NPOM3BOJMTCS HEMPEPLIBHBIM TepeMeninBanueM npu Temmneparype 60-90°C B
tedenne 60-120 muuyT pactBopamu 20%-HOW cepHOM KucioThl. B cBszu ¢
MOBBIILIEHNEM KOHIIEHTPALMA CEPHOM KHUCIIOTHI, NPUMEHSIEMOW B Ipolecce
noyiyueHus:  ¢ocopcopepKalero  KOMIIOHCHTa,  YBEJIUYHMBACTCA  BBIXOJ
noxydaemMoro npojykra [3-4]. XuMu3Mm JaHHOTO Tpoliecca MOYKHO OIHCHIBAThH
CJICAYIOIIEM BHJIE:

2Cas(PO4)3F + 7H2SO4 + 5H,0 = 3Ca(H2P0O4)2 -H20 + 7CaS04:2H,0 + 2HF (1)

IIpoBeneH 37MEeMEHTHBIN aHaIW3 C MOMOIIBIO0 AJIEKTPOHHOW MHKPOCKOIIHU
(JSM-64901 V, Jeol. SInonus) Ha obpasmuax phochopcoaeprkaiero KOMIOHEHTA -
MOHOKaJbIMi(ochaTa, MOJYYCHHOIO Ha OCHOBE KOTTPEJILHOM MBUIM M3 OTXO0ja
HA®3. Pe3ynbTathl riccieoBanuii MOKa3aHbl B TaOHIIE 2.

Tadumua 2 - DneMeHTHBIH coCcTaB MOHOKaJbLuipocdaTa

DeMeHT Mg Al P S Ca Na Fe

MaccoBass 10J1d,

o 0.04 0.25 11.45 0.08 8.05 - 0.6
0
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W3 tabnuuer 2 cnexyet, uto npu 10% KOHIEHTpaMy cepHON KUCIOTHI U IIPU
temneparype 90C Bbeixon ¢ocdopa cocraBmser 11.45%, Takoe copaepikaHus
docdopa 10CTATOUYHO MHCIONB30BATh €ro B KadecTBe (ocdopcoaepiKaliero
KOMITOHEHTA.

PucyHok 2- MUKpOCKONMYECKHH CHUMOK MOHOGOChaTa Kamblus

Ha ocHoBaHmm naHHBIX puC.2, OmMHCaHO OOpa3oBaHHWE KPHUCTAJUINYECKOU
CTPYKTYpPBl B MHUKPOCTPYKTYPHOM H300paXK€HWH 00pa3zoBaHHOTO MoHodocdara
KaJblMs. YCTaHOBIICHO, YTO COCIUHECHUE CONIEPXKHUT Kanblui, ¢ochop u
HEOOJIBIIIOE KOJTMYECTBO MarHus, XKene3a U anoMuHusi[5-7].

CrannapTHble TeIUIoBble dPQEKTHl H3MEHEHHs JHTAJbIIMU, JHTPONHU U
3HaueHus sHeprun ['mb60ca cucremsl npu Temiieparype 333—363K onpexnensiuch
C IMOMOIIBI0 KoMIuleKcHoH mporpammbel «HSC-6» [8]. IlomyueHHble naHHBIE
MpeACTaBJIeHbl B Ta0uuIe 3 1 Ha pUCYHKE 3.

Tadauua 3 - 3HayeHus: TePMOJIUHAMUYECKUX [T0Ka3aTelell B MPOIecce Pa3IoKeHUs! LT

Temneparypa, | AH,xJDx/ | AS, Jx/ | AG,x/bx/ | Temneparypa, AH, AS, JIx/ AG,
K MOJIb (Mo K) MOJIb K kx/ | (Mmons'K) | wJhx/
MOJIb MOJIb
333 -399.29 -321.2 -292.28 353 -406.96 | -343.57 -
285.63
338 -401.25 -327.0 -290.66 358 -408.80 | -348.75 -
283.89
343 -403.19 -332.7 -289.01 363 -410.61 | -353.77 -
282.14
348 -405.09 -338.2 -287.33 - - - -

Ha ocHoBanmu naHHBIX TAOMMIBI 3 BHJHO, YTO MPHU B3aMMOICHCTBUU
(dropanaTuTa M pacTBOpa CEPHOM KHUCIOTHI Mexay Temieparypoit 333 — 363K
3HaueHue 3Heprun ['uOOca usmensiercs ot -292.28 mo -282.14, a npoTekaHue
XUMHYECKON peaknmuu OOBSCHSAETCS OTPUIATEIbHBIM 3HAYECHHUEM JHEPIUu
I'u66ca. M3MeHeHue TEePMOIMHAMUYCCKUX ITOKA3aTelIed XMMHUYECKOUW PeaKiMu
MMOKa3aHO Ha PUCYHKeE 2.
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Teummeparypa, K
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Pucynok 3- 3aBHCHMOCTh TEPMOAMHAMUYECKUX [TOKA3aTeNeH peakiuy OT TEMIIEPaTyphl B IpoIecce
Pas3NoKEHUs bUTH

Ha puc. 3 mokazaHo, 4TO W3 3a MOBBINICHUS TEMIEPATyphl 3HAYCHHUS
SHTAJBIIUM M DSHTPONUM B CHCTEME yMEHbLIAOTCs, a »dHeprus ['ubbca
nproOperaeT OTpULATEIbHOE 3HAUEHUE U TIPOUCXOAUT XUMUYECKask PEaKIHs.

PaccMoTpeHbI MeTO/IbI MaTeMaTH4eCKOW 00pabOTKH C HEJbI0 ONpeeTIeHHUs
JOCTOBEPHOCTH M JOCTOBEPHOCTH PE3yJbTATOB 3KCIEPUMEHTAIBHBIX padoT,
MPOBEICHHBIX B 1a00OPaTOPHBIX yClIOBUAX. [lokazaHO ypaBHEHHE 3aKCH CTENICHN
pas3NoKeHUsI MBLTH KOTTPEIsl HA OCHOBE JIMHEWHOW MaTeMaTH4ecKol (QyHKIINH:

Z =16,7213+0,4602*x+0,2009 (2)
OKcrepuMeHTaNbHbIE JaHHbIE, 00paOb0TaHHBIE C TIOMOIIBIO MaTEMAaTHIECKON

q)YHKI_[I/II/I mnmpounecca pasjIoKCHU KOTTpCJ'IBHOfI IbUIA, OPCACTABJICHBI B Ta6J'II/II_[€
4.
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TaGJmua 4 - 3aBHCHMOCTh CTEICHU Ppas3jIoKEHUs KOTTpCJILHOfI IbUIM OT U3MCEHCHUS TEMIIEPATyphbl BO
BpEMCHU

Temneparypa, VYaxpIT, Crenenb Temneparypa, VYakpIT, CreneHb paznoxeHus
°C MHH Pa3noXeHns °C MUH KOTTPENIbHOM IbLIH
KOTTpEJIbHOU o
TBUIH, O
60 60 51.0 80 60 65.5
60 80 60.1 80 80 70.2
60 100 65.4 80 100 72.3
60 120 70.5 80 120 74.8
70 60 62.2 90 60 70.5
70 80 68.3 90 80 76.2
70 100 70.1 90 100 78.3
70 120 73.3 90 120 80.4

W3 maHHBIX TabIHIB! 4 BUAHO, YTO C yBEIMYCHUEM TEMIIEPaTyphl H BPEMEHU
CTEICHb Pa3JIOKEHUsI MbUTH yBenuuuBaeTcs B mporecce [9-10]. Marematnuecku
oOpabotanHslii 3D BapuaHT mpecTaBiIeH Ha puc.4.

a0

g5
g w B - 50
28 77
=] TE
%‘-’-?ﬂ 72
2 []=<67
23 [C]=«62
B8 w I < 57
"% B - 52

Pl/leHOK 4- 3aBHCHMOCTD CTETIEHH pasjioKeHUus KOTTpeJ'[LHOﬁ TIBUIX OT TEMIIEPATYPbl BO BDEMEHU
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Hcxons w3 maHHBIX Ha puC.4, YBEIMYCHHE CTEIECHU PAa3JIOKEHHS TOJ
JeiCTBUEM BPEMEHH, TEMIIEpPaTyphl B MPOLECcCe Pa3IoKEHHUs KOTTPENbHON MBUTN
XapaKTepu3yeTcsl M3MEHEHHEM KBaJPaTHOTO BHJA IUIOCKOCTH C 3€JIEHOTO Ha
HACBILLICHHBIA KPACHBIH 1BET.

3. Pe3yabTaThl M 00CyKIeHHE

Ilo pe3ympraTaM MHUKPOCKONHYECKAX WCCICIOBAHUA OMIpPEEeNIeHO, YTO
coJiep)kaHUEe OCHOBHOT'O TIOJIG3HOTO KOMIIOHEHTa B KOTTpelbHOW mbut P2Os
HaxonuTbesa B mpeaenax 30-31%. [lpu uccnemoBanuii onpeaencHo, YTO CTENCHb
pasyiokeHusi KOTTpenbHOW mbimk cocTtaBnsier 80.4,% mpu pacTBOpOM CepHOU
KHCIOTh KoHIeHTpaned 20% u temmeparype 90C. O6mas mons okcuaa P2Os
HaxoJuThcs B mpezaenax (ocdopa 24-25%, 4ro BHOJMHE MOCTATOYHO IS HX
KCIIOJIb30BaHUS B KadecTBe (ochopcomepiraniero KOMIIOHETa IS MONTY4YCHUS
MUHEPATBHBIX YI0OpEHUI.

WzydeHnsl TepMOIMHAMHYECKHE 3aKOHOMEPHOCTH TMpOIecca pPas3ioKEHUs
KOTTPENBHON MBUTM C TOMOIIBI0 PAacTBOPOM CEpHOW KHUCIOTHL. OmpeleneHbl
mapaMeTpsl 3HaYeHWH B CHCTEME JHTANBIINW, SHTPONUHU M 3Hepruus ['mbbca c
MOMOIIIBIO YPaBHEHUSIMU | TIPOrpaMHOM Komiiekcom Outokumpu HSC-6.

4. 3aka04eHue

Pazpaborana TexHomorus monydeHus: gochopcomepikanero MOHOKANBIAN
¢dochara Ha OCHOBE KOTTpEIbHOW mbuUM M3 0TX0a0B HoBo-/[xamOyickoro
dochopHOro 3aBojja ¢ NPUMEHEHHEM pPAcTBOPaMHU CEPHOM  KUCJIOTHL
Pa3spaboranHass TexHOMoOrus monydeHus: (ocdopcoaepxamero MOHOKAIBIHHA
(docpaTa HareneHa Ha COKPAIICHHE HAKOTUICHHBIX MPOMBIIUIEHHBIX OTXOJ0B, YTO
CBOIO OYepe/lb MO3BOJISIET PErYJIMPOBATh U YIIyUIlIaTh KOJOTHYECKYIO CUTYAIIUIO
B pErvoHe.

W3ydyeHbl ~ KMHETHYECKHE  3aKOHOMEPHOCTH  Mpollecca  MOJNyYCHUS
dbocdopcoaepxaiiero MoHOKanblMA  (ocdara, TMOJYYSHHOIO Ha OCHOBE
KOTTpeJIbHOM buH U3 0TX0/10B HoBo-/I)xaMOysickoro ocdopHoro 3aBoja.

H3ydeHbl OCOOCHHOCTH JJIEMEHTHOIO M MHUHEPAJOrMYeCKOro COCTaBa
KOTTPENFHONH MBUIM W TMOJYYEHHOro QocdopcoaepiKamero MOHOKAIbIHN
docdara. YcTaHOBICHBI ONTHMAIBHBIC TEXHOJIOTHYECKHE MapaMeTphbl TaHHOTO
mporiecca W METOJbl MaTeMaTHYeCKHe IUIAHUPOBAHHS DKCIEPUMEHTAIBHBIX
pabor.

[MpumytiecTBO mosyueHHOTo (hochopcoaepKaiiero KOMIOHEHTa COCTOUT B
TOM, 4YTO OO0JIaJlaeT BBICOKOW PACTBOPUMOCTBIO M YCBOSEMOCThbIO (hocdopa K
pacTeHHUSIM. Taroke XapaKTePU3YIOTCS BBICOKUM coZIepyKaHuEeM
(dhochopcoaepKanimx BEMECTB, KOTOPHIE O0SCIEYHBAIOT POCT U yPOKAWHOCTH
CeIbCKOXO03UCTBEHHBIX pacTenuii [10-11].

Konduukr unrepecon: KoH(IMKT HHTEPECOB MEX/y aBTOPAMU OTCYTCTBYET.
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Tyiiinpeme: Kipicne. bByrinri Ttanma >KHHaKTaJFaH OHIIPICTIK KalJbIKTap eHipiepae Kypaeni
9KOJIOTHSUIBIK TTpoOieManapabl TyFbi3yaa. COHABIKTaH KaJIbIKTapbl OHACY apKblIbl OaFajibl OHIMIEp aty
o3eKkTi Mocenenepiin Goubin Tabbutansl. JKana-)KamOweut docdop 3aybsiTbiHma (HOCHOPHUT IMINMKI3aTHIH
MEKTPMEH OalIKbITYIbI OapbiChblHAA HOTHXKeciHAe 1 ToHHa capbl ¢docdopran mamamen 150-160 xr
KOTTpenb MiaHel Ty3itenai. JKuHakTaaraH KOTTpeNbi IIaH KaiTalama MIMKi3aT PeTiHIe KapacThIPbUIAIbL,
OHBIH Heri3iHae ¢ocopKkypamaac MUHEPAIIbl THIHAWTKBIIITAPABl alyFa OONajbl, OWTKEHI KOTTPENb
HOIaHpIHAA KypaMblHAa (ochopIblH JkoHEe Oacka maijanel KOMIIOHEHTTEPHiH Yieci Oap exeHmiri
aHbIKTAIABL. ByJ1 orcymeicmoty maxcamor Hochop OHAIPICIHIH KAIABIFB — KOTTPEb LIAHBIHA KYKIPT
KBILIKBUIBIH MaljanaHa oOThIpbI, (ochopKypammac MHHEpaIIbl THIHAMTKBILTAPABI axy Oobin
TabbuIaAbl. Odicmep. Toxipubenik >karjaiiapaa KOTTpenb WIaHbH oHaey yuid Jeol JSM-64901 V
MapKaJjbl CKaHEepJIeYIIi 3IeKTpoHaAbl MuKpockon (SEM), ker nmapamerpii nmopratusti kudepckanep (PCD
650 Eutech) xone Q-1500 JepuBarorpad KOHIBIPFBIIApHl Ja apKbUIbl ACHANTBIK ChIHAK oAicTepi
TaHganabl. Homuoiceci. MUKpPOCKOIHMSUIIBIK 3€PTTEYNIEpAiH HOTHKeNepl OOMbIHIIA KOTTPEIb HIAHBIHIAFbI
¢dochop oxcuuinin P20s Herisri maiiganel komroHeHTiHIH Meuepi 30-31% apanbiFblHIa eKeHi
anbIkTanapl. Ypaicti 333-363K Temneparypana apacklHaa JKYHEHIH SHTaIBIUSICHI, SHTPOIUSCHI JKOHE
I'u60OC >HEPrUsACHIHBIH MOHI ©3repreH Ke3zieri craHaapTTsl kbuty sddekrimepi «HSC-6» kemenmi
OarmapiaaMachl KOJIAHBUIBII, COHBIH HOTH)KECIHIIE aHBIKTAIBI. DKCIIEPUMEHTTIK YKYMBIC HOTIDKEICPIHIH
CEHIMJIUINH aHBIKTay MaKCaThIHIa MaTeMaTHKAJbIK OHJEY oAicTepi KapacThIpbUIIbL. Bys mpouecrin
OHTAMIIBl TEXHOJOTHUSJIBIK MapaMeTpiepi aHbIKTANIbl XKOHE OpHATBULLBL. Kopuimbinovl. YKana-XKamObu1
(dochop 3aybITBIHBIH KaIABIKTapblHA KYKIPT KBIMIKBUIBI EPITIHALIEPIH MaiaanaHa OTBIPHIN, KOTTPEIb
mIaHel Herisinae Gocdopkypamaac Kanbipi MOHOMOCHATHIH Ay TEXHOJOTHSICHI d31pieH . O3ipiacHreH
THIHAWTKBIII aybUIMIAPYAIIbUIBIK ©CIMIIKTEpiHIH ©Cyl MEH OHIMJIUIIIH , COHBIMEH KaTap KOpLIaraH
OpPTaHBIH KOJAWChi3 (haKTOpiapblHA OCIMIIKTEpPAiH TYPAKTHUIBIFBIH KaMTaMachl3 €TETiH KypaMbIHAa
(docdops! bap 3aTTapAbIH KOFapbl MOJIIIIEPIMEH CHITATTAIAIBI.
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INVESTIGATION OF MODIFIED POLYACRYLAMIDE FOR OIL
DISPLACEMENT

A.B. Issa !, O.K. Beissenbayev !, A.Sh. Kydyraliyeva !, M.M. Yessirkepova !,
E.A. Tussupkalyiev 2, Zh.N. Kainarbayeva 2

1 M. Auezov South Kazakhstan University, Shymkent, Kazakhstan
2A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
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Abstract. Introduction. At present, the use of surfactants and water-soluble polyelectrolytes, which
act as stabilizing and selective agents, is inextricably linked with the successful solution of the
technological issues in the world of chemical, oil and other industries. The purpose of the work is to
synthesize and study the physicochemical properties of modified polyacrylamide with gossypol resin and
further crosslinking in the presence of potassium persulfate and sodium sulphate to displace oil. Methods.
To establish the spectral characteristics of the modified PAA, IR spectra have been taken on an IR-Fourier
spectrometer. For the structural-elemental composition (SEM), a Jeol JSM-64901 V electron microscope
has been used. The viscosity of modified PAA solutions has been measured in a Ubellode capillary
viscometer with a hanging level. Results and discussion. The studies, carried out by the authors of the
study of the colloid-chemical properties of polymer composites, allow us to conclude that the reagents
obtained during the hydrolysis of vat residues of fatty acids distillation with sodium hydroxide with
further cross-linking in the presence of potassium persulfate and sodium sulphate have good surface-
active and emulsifying properties, which is important when displacing oil from layers. The surface tension
of polymer compositions has been studied. With an increase in the concentration of the solution, the
surface tension decreases, i.e., the surface activity increases. Conclusion. The research results show that
the injection of a polymer reagent solution can increase the oil displacement efficiency by 6-7%.

Keywords: modification, surfactants, viscosity, polymer flooding, oil displacement
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KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

HUCCIIEJOBAHUE MOAU®UILITUPOBAHHOI'O MMOJIMAKPHIAMMUJA JJISA
BBITECHEHUS HE®THU

A.B. Hca %, O.K. Beiicenéaes %, ALl Kviovipanuesa *, M.M. Ecupkenosa *,
E.A. Tycynkanues >, JK.H. Kaiinapéaeea *

YOuxcno-Kazaxcmanciuii ynueepcumem umenu M.Ayszo6a, vimkenm, Kazaxcman
240 «HMucmumym xumuueckux nayk umenu A.5. Bekmypoeay, Anmamvi, Kazaxcman
“E-mail: t_ersin@mail.ru

Pe3ome. Bsedenue. B Hacrosimiee BpeMs HCIIONb30BAaHHE IIOBEPXHOCTHO-aKTHBHBIX BELIECTB W
BOJIOPACTBOPUMBIX OJIMAJIEKTPOJIUTOB, BBINOJHAIONIMX pPOJb CTAOWIM3UPYIOIMX M H30UpaTeNbHBIX
areHTOB, HEPA3PHIBHO CBSI3aHO C YCIEIIHbIM PEIICHUEM B MUPE TEXHOJIOIMYECKHX BOIPOCOBXUMHYECKHX,
He(TSHBIX W JAPYTHX OTPACIM TPOMBIIUICHHOCTH. [lenv pabomei SBISETCS CHHTE3 M HCCICIOBaHUS
(HU3UKO-XUMHYECKHX CBOMCTB MOJU(HLIUPOBAHHOIO IOJHAKPUIIAMUIA C TOCCHUIIONIOBOM CMOJIOH H C
JaNbHEWIel CIIMBKOM B NPUCYTCTBUM mepcynbpara Kajius ¥ CEpHOBATHCTOKHMCIOrO HATPHS AJIs
BBITeCHEHUsI HepTH. Memoowl. [ yCTaHOBICHHUS CIIEKTPAIBHBIX XapaKTEPUCTHK MOIU(UIIMPOBAHHOTO
nomuakpuiamuzia (ITAA) Osum cHatel MK-cnekrpsr Ha MK-@ypre crextpomerpe. st CTpyKTypHO-
aneMeHTHOro coctaBa (POM) HCMOb30Baid BIEKTPOHHBIH MHUKpockon Mapku Jeol JSM-64901 V.
Usmepenue BSI3KOCTH  PacTBOpoB  MoaupuiupoBaHHbiXx [IAA  mpoBOAMIOCH B KaNMJUISIPHOM
BUCKO3MMETpe YOesone ¢ BUCSYUM YPOBHEM. Pesyibmamul u obcyscoenue. IIpoBeneHHbIE aBTOpaMu
HCCIICIOBAHMS 10 M3YYCHHIO KOJUIOMJHO-XMMHYECKHX CBOMCTB ITOJMMEPHBIX KOMIIO3HTOB ITO3BOJISIOT
cenaTh BBIBOJ, YTO IOJYYeHHbIE, IPU THIPOIU3e KyOOBBIX OCTATKOB AUCTHIULSILIUM )KUPHBIX kucaot (KO
JOKK) THIpOOKHCHIO HATpusi C JaibHEHIIedl CIIMBKOM B NPUCYTCTBHH Iepcyibdara Kaius Hu
CEpHOBAaTHCTOKUCIIOIO HATpHs, pEarceHThl O0JaJaloT XOpOIIMM MOBEPXHOCTHO-aKTUBHBIMH U
SMYJIBTUPYIOIMMU CBOMCTBAaMM, YTO BaXHO IPH BBITECHEHMM HepTH U3 IUIacToB. l3ydeHo
MOBEPXHOCTHOE HATSDKEHHE TIOJMMEPHBIX COCTaBOB. [IpM yBeNMYEHHM KOHIEHTPAIMM pPacTBOpa
CHIDKAeTCsl TIOBEPXHOCTHOE HATsHKeHWe, T.e. [lOBBINIaeTCS IOBEPXHOCTHAs AaKTUBHOCTB. Bbig00.
Pe3ynbraThl MCClIEJOBaHUH I10KA3bIBAIOT, YTO 3aKayka pAacTBOpa MOJIMMEPHOIO peareHTa MO3BOJISIOT
YBEIHUUUTh KO PHUIHEHT BhITecHEeHHs HeTH Ha 6-7%.

KialoueBbie cJioBa: Monu(bmcam/m, TIOBEPXHOCTHO-AKTUBHBIC BEIIECTBA, BA3KOCTH, IIOJIMMEPHOC
3aBOOIHCHUC, BBITCCHCHUC HC(i)TI/I

Hca Asuza bBakeimacanosna PhD ooxmopanm

beiicenoaee Opan Kypzanoexosuu Jloxmop mexnuueckux Hayk, npogeccop
Kuotovipanuesa Aiizyns Illasxcanuesna PhD odoxkmopanm

Ecupkenosa Mapan Maxmyodoena PhD

Tycynkanuee Epcun Aouemoguu Kanouoam mexnuueckux nayk
Kaunapoaesa Kanus Hypoexosna Mazucmp

1. BBenenue

OCHOBHBIM HCTOYHHKOM SHEPTUU M BAXKHBIM CBHIPHEM JUIS XUMHYECKOM
IIPOMBIIIJICHHOCTH SIBJISICTCSL He(i)TI). 3HayuTeNbHAS qacCTb He(bTS[HI)IX
MecTopoxacHu KaszaxcraHa HaxOguUTCS Ha TMO3MHEH CTaauum pa3paboTKw,
KOTOpasi OMpENeNseTcs HEYKIOHHBIM CHW)KCHHEM YpOBHs N0ObIMM HepTH U
COIYTCTBYIOIIMM pPOCTOM €€ oOBomHeHHOCTH [1,2]. MeTonasl MOBBIIEHUS
HeTeoTIauM HEOOXOAUMBI It d3PPEKTUBHONW AOOBIYM YBEINYMBAIOIICHCS JTOJIH
3amacoB He()TH, HaXOMSMIUXCS B MAJOMPOAYKTHBHBIX UM  OOBOJHEHHBIX
kouiekTopax. (OCHOBHOW MeETON JOOBIMM HE(TH 3aKIF0YACTCS B BBITCCHCHUU
HepTrm BOMOH, HO TakoH METOJ TO3BOJIIET U3BIEeYL TONbKO 50-55%
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reoJoTHUecKknx  3amacoB, mpu 23toM 20-45% wHedTm ynmepxuBaroTCs
KamWUIAPHBIMA CHJIAaMH, a Tak)Ke HepaBHOMEpPHOE BHITECHEHWE HE(PTH BOIOH
OCTaBJISICT 3HAYUTEIILHOEC KOJMYECTBO HE()TU B HU3KONPOHMIIAEMBIX TUIACTaX M
mporutactkax.  Jms  BBITECHEHHS — KaNWULIPHO — yAepXuBaemMod  HedTH
WCTIONB3YIOTCSL  PAacTBOPHI  TOBEPXHOCTHO-aKTHBHBIX  BemecTB (IIAB) m
KOMIIO3UIIMKM Ha uX ocHoBe. Ha pucynke 1 mpencraBieHa guarpaMma
HAJICKHOCTH METO/IOB yBeIMUeHHs HedTeoTaauu miactos [3].

B

1-napoobpabotka, 2- BeITeCHEHHE HE(pTH MMapoM, 3 — BHYTPUILIACTOBOE TOPEHHE,
4 — MULIEIUTSIPHOE 3aBOJJHEHHUE, 5- OIMMEPHOE 3aBOJHEHUE, 6 — LIENIOYHOE 3aBOJJHEHHUE, 7 — 3aKauka
YIJICBOJIOPOJHBIX T'a30B, 8 — BHITECHEHUE JTHOKCHUA yriepona, 9 — 3akauka JbIMOBBIX Ta30B, A — ycriex,
b — neynaua, B — HeonpeieneHHOCTD.

Pucynok 1- Jlnarpamma HaJe)KHOCTH METO/IA.

[Ipumenanue: Kaxnaas Touka Xapakrepuzyercs TpeMs KOOpJIHHATAMHU, COOTBETCTBYIOLUIMMH OTHOIICHUIO
YHCJIa HKCIIEPUMEHTOB C IOJOXKUTEIbHBIMU, OTPHLATEILHBIMU U HEONpPEISNICHHBIMU pe3yibTataMu. B
yrnax 100% ycnex, 100% neynaua, 100% HeonpeneneHHOCTh, B LIEHTPE BCE KOOPAWHATHI PaBHBI.

B HacTodmee BpEMA BO MHOTHX CTpaHax MHUpa OOJIBIIIOE BHHMAaHUE
ynensercs co3ganuio [IAB ¢ momm¢yHKIIMOHANBHBEIME CBOHCTBAMH, ITyTEM
mo0opa pa3TUYHBIX COCTaBOB MOMUMeEpoB. Kpome Toro, pa3paboTka TEXHOIOTHH
nonydeHusi [IAB Ha oOCHOBE BTOPUYHOTO XUMHUYECKOTO CBIPbsSl SIBISETCA
MPEeIMETOM HayYHBIX UCCIIEOBAHUH, TAK KaK PEIIAeT 3KOJOTHIESCKHUE MTPOOIIEMBI,
CBA3aHHBIC C YTHHPISaHI/Ieﬁ OTXOJI0B ¢ ITOBTOPHBLIM HCIIOJIB30BAHUEM, KOTOPHBIC
BIIMSIIOT HA SKOHOMHKY M Pa3BUTHE XUMUYECKOH MPOMBIIIIICHHOCTH [3].

ITo psmy aBropoB [4] IS palMOHAIBHOTO WCIONB30BAHUS HU3KO- U
BBICOKOMOJIEKYJIIpHBIX [IAB B perynmpoBaHnr CBOWCTB AHWCIIEPCHBIX CHCTEM
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HEOOXOIUMBI ~ HUCCTeNoBaHUS  (YHKUHMOHAIBHOTO  COCTaBa, CTPYKTYpHO-
KMHETHYECKOI'0 cOCTOsHU pacTBopoB [IAB, a Tarke BIMSHHE ITOBEPXHOCTHBIX
SBICHUH MeX(a3HbIX TpaHML, BIUSIOIMX Ha KommuiekcoB [IAB ¢
oM YHKIHOHATLHEIMA CBOHCTBAMH.

Pa3paOoTka HOBBIX TIOJMMEPHBIX ITOBEPXHOCTHO-AaKTUBHBIX  BEIIECTB
HampaBleHa Ha TOBBIIIEHHE WX PACTBOPUMOCTH, pacIIUpeHHe cdepsl HuX
MPUMEHEHUS W YIy4YlIEHHE UX KOJUIOMJAHO-XUMHUYECKHX XapaKTEPUCTUK. OTH
(dakTOoppl B COYETAaHMM C IIOBEPXHOCTHOM AaKTHBHOCTBIO BJIMAIOT HA
3¢ GEKTHBHOCTD UCTIOB30BAHUS TTONUMEPHBIX TOBEPXHOCTHO-AKTUBHBIX BELIECTB
B TIporiecce HePTeOTaauH.

Monmudukanus momumepoB u cMmeceil [TAB mpuBomuT k HeoOXommumMocTu
n3ydenus BiusHusg [IAB Ha pasnuuHble cBOMCTBa.

Hcnonp3oBanne moBepxHOCTHO-aKTUBHBIX BemiecTB (I[IAB) B kauectBe
TEXHOJIOTMYECKUX O00aBOK LIMPOKOTO CIEKTpa AEHCTBUS BCErga BBI3BIBACT, U
OyzeT BBI3bIBATH HAYYHBIM W MPAKTHYECKHH MHTEpeC. AKTyalbHBIMH OCTArOTCS
uccnenoBanus no noucky Oonee 3hdextuBHbX [TAB 1 3 dexTuBHBIX ycnoBuit
X WCHOJb30BaHMS;, W3ydeHHE MexaHn3Mma BiusaHuA [IAB Ha peonormueckne
CBONMCTBAa cMmeceil. M3ydeHMIO B3aUMOJACMUCTBUS IONMMEpPAa C AKTHBHBIM
HaIoOJTHUTENIEM, OCHOBaM II€peBOJia HEAKTHBHBIX HAIlOJHHUTENEH B aKTUBHBIC
nocBsIeHs paboTel yuensix A.ll. Pebunnepa, b.A. Jloragkuna A.b. TayomaHoM
u np. [4-8].

[[upokoe mpUMeHEHHE B PA3IWYHBIX OTPACISIX MPOMBIIUIEHHOCTH WMEIOT
AHNOHOAKTHBHBIE W KaTHOHOakTHBHbIE [IAB, cuHTE3npyemMbple Ha OCHOBE
CHHTETUYECKUX KUPHBIX KUCIOT U BHICIINX CIIUPTOB [9].

Hapsny ¢ nmpuMeHEHHEM «UHCTBIX» XMMHYECKHX MpPEnaparoB JUIsl CUHTE3a
I[TAB Hamu npoBeAEHBI UCCIIEAOBAaHUS 110 BO3MOKHOCTH HCIIOIB30BAHUS MHOTO
TOHHQXHBIX OTXOJOB XHMHYECKOH U TepepabaThiBaroliel, B YaCTHOCTH
MacJI0KHPOBOM POMBIIIIIEHHOCTH.

Kak mnokaseiBaroT pesynbraTel u3ydeHus coctaBa KO JKK B Hem
cojepxarcst oT 52 no 60% KapOOHOBBIX >KUPHBIX KHUCIIOT, KOTOPBIE SIBIISIOTCS
LIEHHBIM CBIpbeM Juts nTosryueHus [1AB [10].

Kak BupHO w3 tabmuusl 1, dusmko-xuMmuyeckue cBoiictBa u cocrtaB KO
JUKK 1o3BOJISIE€T CIIy>)KUTh CBIPBEM ISl NOJydeHHs paszauuHblx [IAB. MeTosl
cuare3a [IAB B OOJBIIMHCTBE CilydyaeB OCHOBaHBl Ha IMOCIENOBATEIHLHOM
MPOBEIECHNH OOIIEU3BECTHBIX PEAKIINN OPraHnIeCKON XUMHUH.

Taoauua 1 - dusuko-xumuveckue cBoiicta u coctas KO JKK [11]

| TTokazarens [lepBerii BUg | Bropoii Buzg

144



ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

BHewnuii Buj OpHOpojHas Macca Bsizkorekyuyast
IlBer OT TeMHO-KOPHUYHEBOTO Jo gepHoro
Kucnornoe uncno, mr KOH 70-100 50-70
Conepsxanue 30761, % 1.0 1.2
CozepaxaHue BIaru u JIETy4ux 4.0 4.0
BelecTB, %

PactBopuMocCTS B aneTone, % 80 70
VnenbHast Macca, r/cm® 0,98-0,99

Yucno omeuienns, mr KOH Ot 80 10 130

IIpumepHBIi COCTaB FOCCUIIONIOBON

cMotbl, %

JKupHble ¥ OKCH>KUPHBIE KACIIOTHI 52 52
TIpoayKThl peBpalieHHs 36 36
AzoTtcojepikaliue CoeIMHEHUS 12 12

Kak mnokaspiBatoT pesynbraTel u3ydeHus coctaBa KO JIKK B Hem
cogepxkarcst oT 52 no 60% KapOOHOBBIX KHPHBIX KHCIIOT, KOTOpBIE SIBIISIOTCS
IICHHBIM ChIpbeM st oyueHus [TAB [11-16].

Metonsl  cunte3a [IAB B OOJBIIMHCTBE CiIy4aeB OCHOBAaHBI Ha
MOCJICIOBATEIbHOM — MPOBEICHUH OOIIEU3BECTHBHIX PEAKIHUH  OpraHUYeCcKON
XMMUH.

B manHO# paboTe mpencTaBieHbl CHHTE3 W CBOMCTBa KomiuiekcoB 1IAB Ha
ocHoge [TAA B mpucyrcteun KO JIKK.

bbutn m3y4yeHbl BA3KOCTHBIE XapaKTEPUCTHKM IIOJyYEHHBIX KOMIUIEKCOB C
pasnuuHbIMH  KoHOeHTpaumsimu  IIAB, wu  mpoBemeHo — TecTHpoBaHHE
3¢ (HEeKTUBHOCTH B TUIACTOBOM BOJIE JIJISl BBITSCHEHHS HE(TH.

2. JDKCIepUMMeHTAJIBLHAS YacTh

Oo0wexToM uccnenoBanust anst noiydeHus [TAB oObm mpunst KO JIXKK
OxHO — Kazaxcranckoro Macio xupokomoOuHara («KaitHapy).

KO JIKK npexncrasiser coboil u€pHyo, TYCTYIO, BSI3KYIO U JIUIIKYIO Maccy €
motHocThI0 0.9-0.91 r/em®, BnaxkHoCThIO He BbIE 0.3%.

B cocrae KO JIXKK conepxarca mo0 60% BBICOKOMOJNEKYISPHBIX
MOJMMEPH30BAaHHBIX JKUPHBIX KHCJIOT, a Takke TUApoGOOHbIE TPOIYKTHI,
MojlydyaeMbleé MNpPHU NUPOTCHETUYECKOM  PAa3JIOKEHWH  COAICTOKa  (JKHPHI,
dbochaTtuaer, KapOTHHOWIBI, TOCCHUIION), B MPOIECCE €r0 BAaaKyMHOW pPa3TOHKH.
KO KK pactBOpsieTcs B OpraHHYeCKHX PACTBOPHUTENSX: OCH3WHE, NTHU3EIHHOM
TOIIMBE, HEPTU U CIUPTAX.

B xadectBe wuccnenyeMoll HeTH HCHONB30BATM HepTh KyMKOIbCKHX
MECTOPOXK/IEHHH. Bbutn B3sTHI 06pasisl HedpTh MmIoTHOCTEI 812—819 Kkr/me.
MuHepanu3zanus BoJsl (XJIOpOKaIbLKeBas) B Iiactax cocrasuia 49.7-84 r/i.

B okcnepuMeHTE HCHONB30BAaH  IMOJIMAKPWIAMUA  (QUPMBL  «AJHTa»
Kazaxcran. Xumuueckas hopmyiia:
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[ ycTaHOBJIEHUS! CHEKTPAJbHBIX XapaKTEPHUCTHUK MOIAH(PHULIUPOBAHHOTO
nojuMepHoro pearenta Obutu cHATH UK-criektpel Ha UK-Dypre criektpomerpe
Shimadzu YR Prestige-21 ¢ mpucTaBKOii HApyIICHHOTO IOJHOTO BHYTPEHHETO
orpaxxenus Miracle.

Hnst ctpykTypHO-371€MeHTHOTO cocTtaBa (POM) ncnonp3oBanu 371eKTpOHHBIN
MuKpockorn Mapku Jeol JISM-64901 V.

Hamee, wu3MepeHHe BSI3KOCTH pacTBOPOB MOAUPHUIHUPOBaHHEIX [TAA
MPOBOJMIIOCH B KalMIUISIPHOM BHCKO3UMETpe YOeluiofe ¢ BUCSYUM YpPOBHEM
(Bpems ucrtedenus pactsoputens ~ 100-120 cexynn) mpu temnepatype 25+0.1°C.
To4yHOCTH M3MEPEHHUS TPUBEIEHHOM Tnp. BA3KOCTH cocTaisiia £1%.

3. Pe3yabTaThl U 00CyxKAeHHE

C nenpio ompejeNieHUs] ero MPUroJHOCTU JUIA TONYYEHHUS MOJUMEPHOTO
KOMIIO3UTa OBLIM  INPOBEAEHBl  (DU3UKO-XMMHUYECKHUE HCCIECJOBAaHUS  €ro
KOMIIOHEHTHOT'O COCTaBa. XapakKTepuCTHKH oTaenbHbIX ¢(pakuuii KO KK -
MPUBEICHBI B TAOIHUIIE 2.

Tadauna 2 - dusnko - xumuueckue xapakrepuctuku ¢pakmuit KO KK

No Dpaxaun Brixon (B T, °C IBer CocraB ¢pakuuu

% x Becy

KO JIXK)
1 Heomblnsiemas 21-22 - Temno- Yraesonopousr: C27,Cag,

4acTh KOPUYHEBBII Ca
C2s, Cao, Ca32
CIIUPTHI M CHTOCTCPUH
2 Kupno- 52-55 - YepHslii JKupHble KHCTIOTBI
KHCJIOTHAsI 9acTh Ci-Cis
3 DeHombHAs 22-23 180-181 OT KOpUUHEBOTO DeHomnb
JI0 TEMHO-
KOPUYHEBOTO

Kak Bumno u3 Tabmmubl 2 Heombuisemas uacth KO JIDKK comepxut
yrIIeBOAopobl, HO ux konmuectBo Hepenuko (0.75-1.0% k Becy ¢pakumu KO
JIKK).

B cBsI3u ¢ BBIMICH3I0KEHHBIMH aBTOPAMHU H3Y4€HbI BBICOKOMOJIEKYJISIPHBIC
yraeBoAopobl, cogepxaniuecs B KO JIKK.

CocraB cMeceii yrieBoaopoaos, nonyueHHbsix u3 KO JKK cnemyrommii (%):

C27Hse — 8, CsoHez2 — 6, C29Heo — 41, Cs2Hes — 1, Cs1Hea — 37, CszHeg — .
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Baxnasim mokazatenmem KO JIJKK sBimseTcs KHCIOTHOE YHCIO, KOTOPOE
XapaKTepu3yeTcsl COIEp)KaHHEM OCTaTKOB MPENENbHBIX U HENpPeIeTIbHbIX
XKHUPHBIX KucinoT. B pabore Obut ucnombs3zoBan KO JIDKK MIKK «Kaitnapy,
KHCJIOTHOE YKCIIO KOTOpOro kosebercs B npegenax 60-90 mr/KOH.

B naGopaTopHBIX yCIIOBHSX OBUIM MOJIyY€HBI IOIMMEpPHbIE KOMIIO3UIUU Ha
ocHoBe nonuakpunamuna 1 KO JIKK, n nanpHelen CIIMBKON B MPUCYTCTBUU
nepcyibQara Kalus U CEpHOBATHCTO KHUCIIOTO HATPHSL.

B mpouecce moaudukanuy B NPUCYTCTBUM KUPHBIX KHCIOT TOCCUIIONOBON
CMOJIBI TIOJIUMEP TPHOOPETAaeT IOBEPXHOCTHO-aKTHBHBIE CBOMCTBA. Hns
YBETIMUCHHUS BSA3KOCTH W BBICOKOMOJICKYJISIPHBIM (pakiud B MaKpOMOJEKYJe
[poBEeEHa CIIMBKAa (HEMPOpEarupoBaBLICH M OJIMIOMEPHON (paKIMU KUPHBIX
KHCIIOT ToccumnoiioBoii cmoisl ¢ [IAA) B TpUCYTCTBMM WHHUIMATOPA
OKHCJIMTEIbHO-BOCCTAHOBUTENBHOW  cUCTeMbl  (mepcynbdarta  Kamuss |
ceproBaructo-kucioro Harpust 0.1% ot maccel), npu Temneparype 40-60°C B
teueHuu 1.0 yaca. B pe3ynpTaTe CIIMBKH BSI3KOTEKy4as mMacca IMPEBPALLACTCS B
reneo0pa3HOE  COCTOSIHME, TIpM  OTOM  HaONromaeTcs  BBICOKHH  BBIXOJ
BBICOKOMOJICKYJIIpHOW (ppakumu (OTHOCHTENbHAs BSI3KOCTh 1%-HOrO pacTBopa
mouduuupoBannoro ITAA pasna 5.9 mm%/c, a mociie cumBku pasen 11.5).

OTnUUNTENbHOH  0COOCHHOCTBIO TIPOJYKTa SBISIETCS €ro  XOpouias
BOJOPAaCTBOPUMOCTD KAK B XOJIOJHOM, TaK U ropsiYeil BOJE.

Ilpu pacTBOpeHMM B BOJE OTAENbHBIE Kycoukn ombiieHHONM KO JIKK
MEpBOHAYAILHO CJIerKa HaOyXaloT, 3aTeM IOCTENeHHO pactBopsiorcs. [lpu
MEXaHUYECKOM IMePEeMEITNBAHUN MTPOIIECC PACTBOPEHHUS YCKOPSIETCS.

[ony4yeHue momuMepHBI KOMIO3HUIUKM U3 TOJHAKpUIIaMHZIa ¥ KyOOBOT'O
oCTaTKa JUCTUJIJIMPOBAHHBIX KUPHBIX KHCIOT, OCYILECTBICHO Ha JabopaToOpHOI
yCTaHOBKE (PUCYHOK 2).

|

IIpuroToeaenHe
OMELTAFOMIEH CMecH

Loccrmomoran

cenvoma(KO JURK) Il

- TmgpookucE
pollecc IOMVIeHHd HaTpu 0TX0T
TIOMHMEPHEIX TITXK
KOMITOZHTOR
Vmaxoexa [TAB

PucyHok 2- Xumudeckas cxema IIpOU3BOICTBA.
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BoaHbie pacTBOpBEI CHHTE3UPOBAHHBIX MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA
ocHoBe KO JIXKK xapakTepusyroTcs 1eI04HON peakuuei.

C pocToM KOHIIEHTpanuy, 3Ha4eHust pH BOAHBIX pacTBOPOB ITOBEPXHOCTHO-
aKTHUBHBIC BEILIECTBA BO3PACTAIOT.

Kak BuIHO U3 pHCyHKa 3 H30TepMa MOBEPXHOCTHOTO HATSHKEHHUS! PAaCTBOPOB
HOJIMMEPHBIX ~ PEarceHToB  (PHCYHOK 3) yMEHBLIACTCS C  MOBBILICHHEM
KOHLEHTpAlMd. OTO, BHIUMO, OOYCIIOBICHO pPa3IMYHBIM COAEPKAHUEM
MOBEPXHOCTHO-aKTUBHBIX 3BEHBHEB.

70

50 ag—

— 1
50

40

o= 10-3 JTw/m2

30
20

10

PucyHok 3 - 1130TepMbI TOBEpXHOCTHOTO HATSDKCHHS B 3aBUCHMOCTH OT KOHIIEHTPAIIHH BOIHBIX
pactBopoB nosmakpuanamuzaa (1)
1 MoIuHIMPOBaHHOrO Nonakpmwiamunaa B npucyrersun KO JKK (2).

IIpoBeneHnple aBTOpaMy HCCIAEAOBAHUS IO HM3YYEHHIO KOJIIOWIHO-
XMMUYECKHUX CBOMCTB IOJIMMEPHBIX KOMIIO3UTOB HO3BOJISIIOT CAEATh BBIBOJ, YTO
nosryueHHsle, pu rugposmse KO JDKK ruapookncero HaTpusl ¢ AanpHEHIIeH
CIIIMBKOH B TIPUCYTCTBUU TMepcylibdara KaIus W CEPHOBATHCTOKHCIOTO
HaTpHUs, peareHTsl OO0JIAAAal0T  XOPOLIMM  IOBEPXHOCTHO-aKTUBHBIMH U
SMYJBIUPYIOLUIMMHU CBOMCTBaMH, YTO Ba’KHO IPH BHITECHEHUH HE()TH U3 TUIACTOB.

B Tabmune 3 mpeacraBieHbl M3MEHEHHS JUHAMHYECKOH BA3KOCTH HEPTH
KyMKOJIBbCKMX MECTOPOXKICHUH MpH JOOaBICHHN TOJMMEPHBIX KOMIIO3UTOB B
konnuectBe 450 r/T B 3aBHCMMOCTH OT ckopocTH casura npu 40 °C. PesynbraTsl
pacdeToB MOKa3bIBAIOT, YTO MCIIOIH30BAHNE MTOJTUMEPHOTO KOMITO3UTA B KaYECTBE
TIOHIDKUTENS TUHAMHYECKOHN BA3KOCTH (L) IPUBOANT K HAWIYUIINM PE3yIbTaTaM
npu nobaBnenun ero B HepTH KymKonbckux mectopoxkaenuil. [lpu ysenmueHnn
crenenu casura ot 9 g0 439 ¢! Bo Bcex uccnemyeMbIX HE(TAX OTMEYAIOTCS
3HAYHTENIbHBIE TIOBBIICHUS HHACKCOB 3 dekTuBHOCTH (Jo¢¢) TIPH UCTIONB30BAaHUN
MTOJINMEPHBIX KOMIIO3HUTOB.
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Tadauua 3 - V3MeHeHust [1uHaMuueckol Bsi3kocTH HeTH KyMKOJIBCKHX MECTOPOMXIECHHH ¢ 100aBKOH
HOJIMMEPHOr0 KOMIIO3UTa B KoiudecTse 450 I/T B 3aBUCUMOCTH OT CKOpOCTH csHra mpu 40 °C

CkopocTb Junamuyeckas Bsi3kocTh Hedrei (1), [Ma-c
c/BUra HanmeHoBaHHe MECTOPOXKICHHS HETH
(), ¢* Nel Nod NeS Ne2 Ne3
(KOHTPOJIB)
UCXOJL c HCXOJL c HCXO/H c UCXOIH c HCXO/IH c
Hast IK Hasi K ast TIK ast MK ast MK
9 4418 | 40.7 | 98.52 | 92.1 7325 | 68.1 81.12 76.2 78.54 72.8
49 21.13 | 18.1 | 3443 | 31.1 30.16 275 | 35.27 30.7 28.12 25.1
83 16.14 | 141 | 2455 | 20.1 19.84 156 | 21.18 17.1 19.43 16.8
245 1011 | 7.72 | 16.74 | 125 1115 | 8.12 13.54 10.2 12.81 9.64
439 9.27 | 544 | 1457 | 9.74 10.44 | 6.35 11.85 6.75 10.17 6.22

Takum 00pa3oMm, MpOBEACHHBIE HCCIEJOBAaHUS MO3BOJSIOT PEKOMEHIOBATh
CHUHTE3UPOBAHHBIC TIOJUMEPHBIE KOMIIO3UTHI K HCIIOIB30BAaHUI0O B KauecTBE
TTOHU3UTENS BA3KOCTh HEPTH.

4. 3axiovyenue

Takum 00pa3oM, BBISBICHBI ONTHUMAJIbHBIE YCJIOBHS IpOLIECCA IMOIyYCHHS
MOJIMMEPHOTO KOMIIO3MTAa Ha OCHOBE IOJHAKpWIaMUAa B MNPUCYTCTBHUU
TOCCHUIOJIOBOM cMombl. [lonmydeHHbIe AaHHBIE TMO3BOJAT Oojee 3PQeKTHBHO
MOJIJINPOBATh MPOLECC BBITECHEHHS] OCTATOYHON BBICOKOBSI3KOM HEPTH U3
HEOJHOPOIHO-TIOPUCTON  cpenpl.  McciaemoBaHo — BiaMAHME — TEMIEparyphl,
KOHIIeHTpanuu, pH cpedpl, CcTemeHW MUHEpalu3aldd BOJABI Ha MpoIecc
MOJIYy4YCHUA MMOJIMMEPHOTO p€arcHTa B KOMIIO3UTHBIX JUCTICPCHBIX CUCTEMAax.

[Tonmy4yeHHBI KOMIIO3ULMOHHBIA IONMMEPHBIA PEareHT MpPH BBITECHEHUU
HepTH KyMKONBCKOTO MECTOpOKACHUS MaéT HaWIydlllHe pe3yibTaThl, TO €CTh
3aKayka pacTBOpa IMOJUMEPHOT0 PearcHTa MO3BOJIMJIA YBEIMYUTh KOIPPHUIIMESHT
BbITecHeHHUs1 He(hTH Ha 6%.

®dunancupoBanme: PaboTa BBINONHEHAa 10 TpOrpamMMe IENeBOro (HUHAHCHPOBAHHUS HAYYHBIX
uccnenoBanuii Ha 2022-2024 ropel, ocyiiectisiemoro Komuterom Haykun MuHuCTEpCTBa 00pa3oBaHus U
nayku Pecry6nuku Kazaxcran, o npoexram BR18574042

KonguaukT uHTepecoB: ABTOPHI 3asBISIIOT 00 OTCYTCTBHH KOH(JIMKTa MHTEPECOB, TPEOYIOLIEro
PacKphITHS B JAHHOH CTaThe.

MYHAM/IbI bIFBICTBIPY YIIIH MOJUO®UKALUAJIAHFAH MOJUAKPUJIAMUAITI
3EPTTEY

A.B. Hca ', O.K. Beiicenéaes ', A.I1l. Kviovipanuesa *, M.M. Ecupxenoea *,
E.A. Tycynkanuee >, JK.H. Kaiinapéaeea ?

M. Oyeso6 amvinoazer Oymycmix Kazaxcman ynueepcumemi, Lllvivmxenm, Kazaxcman

2¢A.B. Bexmypoe amvinoazel Xumus eoinsimoaput uncmumymoly AK, Anmamel, Kazageman
*E-mail: t_ersin@mail.ru
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Tyiiingeme. Kipicne. Ka3ipri yakpITTa TypaKTaHIBIPFBILI XKOHE CEJCKTHUBTI areHTTEpP PETIHAEC OpeKeT
eTeTiH OeTTiK-OeNCeH Il 3aTTap MEH Cy/ia EPUTIH MOJIUAICKTPOIUTTEP/Il MaiianaHy dJeMIe XUuMHs, MyHaii
KoHe Oacka Ja cananapiarbl TEXHOJOTHSUIBIK MOcelenep i TaObICThI MEIIyMEH aXbIlpaMac OailllaHbICTHL.
JKymvic makcamuvr xanmuii nepcynabhaThl MCH HATpUil CyIb(aThIHBIH KATHICYBIMCH MYHAU/Ibl BIFBICTHIPY
YILIiH TOCCHUIOJ/IBI IIaWBIPMEH MOJU(DHUKALIMIIAHFAH MOJUAKPUIAMHITIH (QU3HKA-XUMUSIIBIK KACHETTEPiH
CHHTE3Jly JKOHE 3epTTey IKOHE OJaH opi OalmaHblcThIpy. OOlicmep. MopuduxanusianraH
nomakpunamuy, (ITAA) cmekrpiik cumarramanapblH  aHelkray yimin MWK-cmexrpiepi IR-@ypse
CHeKTpOMeTpiHae anbiHabl. KypbUlbIMABIK-2eMeHTTIK  Kypam (SEM) yumin Jeol JSM-64901 V
3NIEKTPOHBI MUKPOCKOM KoimaHbuiabl. Moaupukauusinanran [TAA epiTiHAiIepiHIH TYTKbIPIBIF LTy
nenreiti 6ap Ubellode kanuiisipiblK BHCKO3HUMETpIHAE OJNIICHAI. Homuoiceiep MeH MAaiKbliay.
IMonumeprti KOMIO3UTTEPiH KOJUIOMTHI-XUMISIIBIK KACHETTEPIiH 3epTTey OOMBIHIIA aBTOPIIAp XKYpPri3reH
3epTTeysep Mail KbIIIKbUIIAPBIHBIH AUCTHUILMACHIHBIH KaJIBIKTAPbIHATPUH THIPOKCHIIMEH THAPOIN3I
Ke3iH/Ie aJbIHFaH pearcHTTep Kaiui nepcyinbhaTbl MEH HATPHid Cyab(aThIHBIH KaThICYbIMEH Opi Kapaii
allkacaThIHJIBIFBl Typajbl KODPBITBIHIBI JKacayra MYMKIHIIK Oepeai. xakchl OeTTik-OenceHil KoHe
SMYNBIUpPJIEYII Kacuerrepre ue, Oy KabaTTaplaH Maiibl BIFBICTBIPY Ke3iHAe MaHbI3Ibl Ilomumepii
KOMITO3ULIMSUITAPbIH OCTTIiK Kepinyi 3epTrenii. EpiTiHai KOHIEHTPAUUSICHIHBIH JKOFApPbLIAYBIMEH OETTIK
Kepiy asasjbl, AFrHU OerTik OenceHAUTK aprajabl. Tyorceipbim. 3epTITey HOTHXKENIEPl KOpPCETKeHAEH,
MOJIUMEPITi peareHT epiTiHICiH alijay MyHaiJbIH BIFBICY THIMAUIITIH 6-7% apTThIpyFa MyMKIHIIK Oepei.

Tyiiin ce3nep: moaudukaims, 6eTTiK-OeNCeHAl 3aTTap, TYTKBIPIBIK, TTOJIUMEPIi CyIaHABIPY, MYHANHIBIH
BIFBICYBI
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Abstract. Introduction. Currently, the urgent task is to accelerate the development of alternative
plant protection measures, which is associated with the aggravation of the environmental situation, the
desire to reduce pollution of agricultural landscapes and obtain agricultural products with minimal use of
agrochemicals. Poplar extract is a plant growth stimulant due to the presence in its composition of
saturated and unsaturated fatty acids, lipids, phenolic and polyphenolic compounds, amino acids, essential
oils, vitamins, which provide a stable growth-stimulating effect. The advantages of biological
preparations, based on balsamic poplar, include their low cost, the absence of a negative effect on plant
productivity, high specificity, low toxicity. The main difference between biological preparations and other
plant protection products is that they are able to stimulate the natural protective abilities of the plants
themselves, thereby affecting harmful organisms. The use of such drugs is one of the ways to solve
environmental problems in agriculture and a powerful means of increasing the effectiveness of both plant
protection from phytopathogens and crop production in general. The purpose is to evaluate the stimulating
activity of the extracts of the buds of poplar balsamic Populusbalsamifera on the seed productivity of flax.
The objecvtives: to isolate the sum of flavonoids from balsamic poplar; to establish the growth-stimulating
activity of the extract of the buds of balsamic poplar in relation to flax seeds. Methodology. The method of
obtaining the proposed balsamic poplar extract includes the use of balsamic poplar buds, air drying,
grinding, extraction with 90% ethanol in a Soxlet apparatus, filtration and evaporation until the target
product is obtained. The results. The obtained results and conclusions. In the course of the study,
flavonoids have been isolated from the buds of balsamic poplar. The presence of flavonoids in the ethanol
extract is confirmed by qualitative reactions. The composition of poplar kidney extract has been
investigated by thin-layer chromatography. Conclusion. It has been found that the extract from the poplar
buds mainly contains substances of a flavonoid nature. The results of studying the growth-stimulating
activity of the extracts of balsamic poplar Populusbalsamifera showed high seed productivity of flax of
Tomsk selection in the control group; reproduction conditions have positively affected the yield of flax.
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1. Introduction

More than 5 thousand species of plants grow in Kazakhstan, in the North
Kazakhstan region - more than a thousand species of 95 families of higher plants
[1]. The balsam poplar (Populusbalsamifera) has been chosen as the object of
study due to its wide distribution and availability in the territory of Northern
Kazakhstan.

Poplars, numbering more than 15 species in Kazakhstan, are interesting in
their diversity, reserves and possibilities for practical use. The buds are ovoid
objects with a pointed apex, sticky reddish-brown, 1.5-2 cm long and 0.6-0.8 cm
thick. Balsam poplar grows everywhere in the Northern Kazakhstan [2-3]. A
poplar extract is a plant growth stimulant due to the presence in its composition of
saturated and unsaturated fatty acids, lipids, phenolic and polyphenolic
compounds, amino acids, essential oils, vitamins, which provide a stable growth-
stimulating effect [4]. In the current situation, the use of physiologically active
substances (PAS) deserves special attention: growth regulators, vitamins, humic
substances, antibiotics, organic acids, microelements, etc. Physiologically active
substances in small doses improve nutrition, increase crop yields, and improve the
quality of the products obtained [5].

The advantages of biological preparations based on balsam poplar include
their low cost, the absence of a negative effect on plant productivity, high
specificity, and low toxicity. The main difference between biological preparations
and other plant protection products is that they are able to stimulate the natural
protective abilities of the plants themselves, thereby affecting harmful organisms.
The use of such preparations is one of the ways to solve environmental problems
in agriculture and a powerful tool for increasing the efficiency of both plant
protection against phytopathogens and crop production in general [6]. In the buds
of balsamic poplars growing in the Northern Kazakhstan, the presence of such
compounds as pinostrobin, pinocembrin, chrysin, tectochrysin has been observed
in the composition of polyphenols. apigenin, kaempferol, quercetin, myricetin,
galangin, isalpinin, isorhamnetin, rhamnetin, 2,6-dihydroxy-4'-methoxychalcone
and 4',6'-dihydroxychalcone. Poplar buds also contain protocatechuic, gallic,
transcinnamic, p-coumaric, ferulic, and caffeic acids [7].

The aim of the study has been to evaluate the stimulating activity of balsam
poplar bud extracts on the seed productivity of flax.

Tasks:

1. Select the amount of flavonoids from balsam poplar.

2. To establish the growth-stimulating activity of the balsamic poplar bud
extract in relation to flax seeds.

1. Experimental part
The isolation of the amount of flavonoids from the plant materials. Based on
the results of a qualitative analysis of the main groups of biologically active
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substances, the selection of the optimal extractant was carried out, with the help
of which it seems possible to determine the entire complex of compounds in the
plant materials. The solvent must meet the following requirements: to extract the
active substances from the raw materials to the maximum extent, to be affordable
for the production from an economic point of view, to wet the plant material well
for free penetration through cell membranes. Ethyl alcohol was chosen as the
solvent due to its environmental friendliness, good preservative capacity and low
boiling point. The method for obtaining the proposed balsamic poplar extract with
growth-stimulating activity includes the use of balsam poplar buds, air drying,
grinding, extraction with 90% ethanol in a Soxhlet apparatus for 24 hours,
filtration and evaporation to obtain the target product [8-9].

Identification of flavonoids in the obtained extracts. Identification of
flavonoids was carried out using the method of thin layer chromatography and
color reactions with 2% aluminum chloride, Synod's test, Briant's test, 1% lead
acetate solution, 10% sodium hydroxide solution.

To conduct a qualitative analysis, a 5 g sample of dry raw materials, crushed
to 1-2 mm, was poured with 90% ethyl alcohol to 50 ml and boiled in a water
bath under reflux for 2 hours.

Quantitative determination of the amount of flavonoids in plant materials.

To quantitatively determine the content of flavonoids in the balsamic poplar
extract, the reaction of complex formation of flavonoids with aluminum chloride
in a slightly acidic medium by spectrophotometry was used, since this reaction
gave the most stable results. To do this, the raw material was crushed by crushing
to 0.4-2 mm, then a sample of 1 g of the crushed raw material was placed in a
flask with a thin section, 30 ml of 90% ethanol containing 1% concentrated
hydrochloric acid was added, and heated in a water bath for 30 minutes with
reverse refrigerator. Cooling was carried out under running cold water to a
temperature of 20 degrees. The contents of the flask were filtered through a paper
filter into a volumetric flask with a capacity of 150 ml. The above process was
repeated two more times, the combined extracts were filtered into the same
volumetric flask, the volume of the filtrate was adjusted to 150 mm with 90%
ethanol (solution A).

2 ml of solution A was placed in a volumetric flask with a capacity of 25 ml,
1 ml of a 1% solution of aluminum chloride in 95% ethanol was added and the
volume of the solution was adjusted to 25 ml with 95% ethanol; after 20 minutes,
the optical density of the solution was determined on a spectrophotometer at a
wavelength of 430 nm in a 10 mm cuvette. The reference solution was prepared
as follows: 2 ml of solution A was placed in a 25 ml volumetric flask and the
volume of the solution was brought to the mark with 95% ethanol.

The content of the sum of flavonoids in terms of quercetin and absolutely dry
raw materials was determined by the formula:
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_ D¥100%100+100%25
T 764,6xmx2+(100-w)’

where D is the density of the test solution; 764.6 - specific absorption index
of the complex of quercetin with aluminum chloride at 430 nm; m is the mass of
raw materials in grams; w - weight loss during drying of raw materials in%.

Evaluation of the effectiveness of the balsam poplar bud extract on the seed
productivity of northern flax. The buds were crushed to a size of 0.4-2 mm,
ground to a homogeneous mass, extracted with ethanol for 24 hours when heated
in a water bath at 60 degrees. The extracts were then filtered through two layers
of cloth. Flax seeds (50 pieces each) were germinated in Petri dishes in 0.5%
solutions of the studied extracts in the light at 20-22°C for 20-24 hours. Distilled
water was used as a control. The count of germinated seeds in the experiment was
carried out after reaching a 50% level of seed germination in the control, using a
3-fold repetition.

2. Results and discussion

The composition of the extract of poplar buds has been studied by thin layer
chromatography. In the system petroleum ether-ethyl acetate-acetic acid (4:2:0.1)
on a Silufol plate. Inspection of the chromatogram has shown the presence of a
large number of spots. Spots have been identified under the action of ultraviolet
light. The Rf values, color, in visible light and under UV, of the detected spots are
shown below (Table 1).

Table 1 - Thin layer chromatography of the poplar extract

No. | oy Spot color in visible light Spot color in UV Assumed

spot compound class
1 0.58 Light yellow Bright yellow acids

2 0.47 Lighty ellow Dark brown acids

3 0.37 Light yellow yellow flavone

4 0.29 Light yellow Dark brown flavonol

5 0.24 No No flavonol

6 0.18 yellow-green Dark brown flavone

7 0.05 orange red-brown pigments

. start red-brown red-brown polyflavonoids

Identification of flavonoids during color reactions with 2% aluminum
chloride, Synod's test, Briant's test, 1% basic lead acetate solution, 10% sodium
hydroxide solution shows the following results. As a result of the qualitative
reactions, characteristic reaction results have been obtained in all studied samples,
confirming the presence of flavonoids (Table 2).
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Table 2 - Color reactions for flavonoids

Qualitative reaction Observation Reaction results

Reaction with 2% | Yellow staining +

aluminumchloride

Sample of the Synod Orange-red coloration +

Briant'stest The both layers (octanol and | The raw materials contain

the original phase) were stained | flavonoids both in the form of
glycosides and in the form of

aglycones
Reaction with a 1% solution of | Pink staining +
lead acetate basic
Reaction with 10% sodium | Green staining +

hydroxide solution

The determination of the presence of flavonoids in the initial alcohol extract,
obtained from the balsam poplar buds has been carried out using UV
spectroscopy (Figure 1).

Figure 1 shows that the UV spectrum of the alcohol extract of balsam poplar
buds has a main absorption maximum at a wavelength of about 290 nm. Similar
results have been obtained for a pinostrobin sample solution [10-11]. In addition,
this region of the UV spectrum contains one of the absorption maxima of
hydroxycinnamic acids, in particular ferulic acid (A max 291 nm), which are
present in poplar buds. It is known that a solution of caffeic acid (A max 299 nm),
also found in the extract from poplar buds, has a similar UV spectrum [12]. The
comparison of the obtained results with the literature data has made it possible to
conclude that the nature of the absorption curve of the poplar bud extract is
determined mainly by the substances of a flavonoid nature.

D, eon
0.7

0.6 4

0 -+ = = = = = = = = = = A. HM

240 250 260 270 280 290 300 310 320 330 340 350
Figure 1 - UV spectrum of the alcohol extract of balsam poplar buds

One of the most important functions of phenolic substances is their
participation in the process of respiration due to reversible oxidation and
reduction; in addition, these compounds also perform protective functions in
plants, associated with the exposure to the adverse environmental conditions [13—
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14]. Phenolic compounds are involved in the process of plant growth, acting as
stimulants, and are formed most intensively in young, vigorously growing tissues,
which include plant buds [15-18].

The effectiveness of the growth stimulator on the seed productivity of
northern flax has been carried out according to two options: option 1 - control,
soaking the seeds in distilled water; option 2 - soaking the seeds in a 0.05%
aqueous solution of poplar bud extract.

As can be seen from the data in Table 3, there is a significant difference in
the growth-stimulating activity of the drug Option 2, that is, poplar bud extract.
Compared to the control, in which the germination energy is 54-60%, the
introduction of the poplar bud extract increases the germination energy up to 86-
88%.

Table 3 - Parameters of the quality indicators of northern flax seeds

No. Parameters Number of germinated seeds, pcs
Variant 1 Variant 2

1. Days
1 Missing Missing
2 24-29 48-52
3 53-39 65-70
4 61-63 81-85
5 64-66 89-94
6 69-73 94-100
7 76-80 100
8 80-85 100

2. Germination energy, % 52-58 83-87

3. Germination, % 80-85 100

The effect of treatment of seeds and crops of flax with the extract from the
balsam poplar buds, collected in the awakening phase, on the productivity
indicators is presented in Table 4.

Table 4 - The effect of seed treatment and flax crops with the extract from the balsam poplar buds,
collected in the awakening phase, on the productivity indicators

Parameters Values
1 | Additional seed dressing efficiency, % 15.2
2 | Increasing the laboratory energy of seed germination, % 9-10
3 | Increasing laboratory germination, % 2-3
4 | Increase in the field germination, % 8.9-9.4
5 | Decrease in weedseeds, % 32-44
6 | Increasing the germination energy of the grown seeds, % 15-18
7 | Increasing the germination of the grown seeds, % 3-4
8 | Additional productivity, c/ha 2.8-3.3
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The effect of the drug on the process of growing flax:

- pre-sowing treatment of seeds with the drug increases the energy of
germination and seed germination, forms a powerful branched root system,
increases the resistance of plants to diseases and adverse climatic conditions
(drought, low temperature, soil salinity);

- pre-sowing treatment of seeds with the preparation is compatible with seed
treatment with disinfectants, enhances their effectiveness, while the need for the
latter is reduced by 30-50%;

- foliar feeding of crops with the preparation in the tillering phase increases
the intensity of plant respiration by 2-4 times, the intensity of transpiration (water
consumption) decreases by 1,8-2,4 times;

- foliar top dressing of crops with the drug is compatible with the treatment
of crops with herbicides, without reducing the effectiveness of weed damage,
while there is no onset of a disease state of crops after treatment with herbicides;

- an increase in sowing density by 10-11%, a decrease in infectious diseases
by 39-47%, a decrease in weed infestation by 25-42%.

4. Conclusion

During the study, flavonoids have been isolated from the balsam poplar buds.
The presence of flavonoids in the ethanol extract has been confirmed by
gualitative reactions.

The composition of the extract of poplar buds has been studied by thin layer
chromatography. It has been established that the composition of the extract from
poplar buds mainly contains substances of a flavonoid nature.

The results of studying the growth-stimulating activity of the extracts of
balsam poplar Populusbalsamifera have shown high seed productivity of flax of
the Tomsk selection in the control group. Reproduction conditions has had a
positive effect on the yield of flax.

Thus, balsamic poplar extract has a high stimulating activity and can be used
as a natural plant growth stimulator.

Conflict of Interest: The authors declare that they have no competing interests.

POPULUSBALSAMIFERA BAJIb3AM/Ibl TEPEK BYMAPEI'T ChIFBIH/IbIJIAPBIHBIH
DJIIABOHOUATAPBIHBIH OCYIH BIHTAJTAHABIPATBIH BEJICEHALJIIK
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KOMMEPYUANBIK eMec akyuoxepik Kozamvl, Ilemponasn, Kaszaxcman
“E-mail: Mechshanova_a@ptr.nis.edu.kz

Tyiiingeme. Kipicne. Ka3ipri yaksITTa eciMIikTepai KOprayabH OanaMa mapaiapblH KeAeaaeTy MiHIeTi
TYp, OyJI KOJOTHSUIIBIK XKaFIaiIbIH HalllapilayblHa, arpOXHMMHKATTap/bl OapblHIIA a3 MaiiajgaHa OThIPHII,
ArponannmadTTapablH JIACTaHYBIH a3aiTyra jKoHE aybLIIApYaIlbUIBIFl OHIMIEPIH allyFa YMTBUTy MEH
GaitmanbeicTel. Tepek CBHIFBIHIBICHI KYpaMbIHIA KAHBIKKAH JXOHE KaHBIKIAFaH MAaiKbIIIKbULIAPHIHBIH,
JMOUATEPAIH,  GEHONAbl  JKOHE  HOIM(EHONIbl  KOCBUIBICTAPABIH,  AMHHKBIIIKBIIIAPBIHBIH,
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s¢upMainapblHbIH, TYPAKThl ©CY/i BIHTANAHIBIPATHIH OCEPAlI KaMTaMachl3 €TeTiH IopyMEHICpPIiH
OolyblHa OaifTaHBICTBI OCIMIIKTEPIIH ©CYiH BIHTAIAHABIpaTbl. Tepek Oanb3aMblHA HETI3JENTeH
OHOJIOTHSIIBIK, [TPeHapaTTapAblH apTHIKIIBUIBIKTAPbIHA OJap/bIH TOMEH KYHBI, OCIMIIKTEP/IIH OHIMIUIIrH
eTepiC ocepeTneyi, KOFapbl EPEeKIICNiri, TOMEH YBITTBUIBIFBI JKaTaJbl. BHONOrHSIIBIK MpenapaTTapIbH
eciMIiKTepAl KOprayiblH Oacka KypaljapblHaH OacThl allbIpMAallbUIBIFBI-0JAp ©CIMIIKTEpAiH TaOHFu
KOpPFaHBIC KaOileTTepiH BIHTANAHABIPYFAa KaOLIeTTi, OChUIAWIIA 3HUSHIABI OPraHU3MJEpPre ocepeTesi.
MyHaaii nmpenapaTTapibl KOJAAHY aybUIIapyallbUIbIFbIHAAFEl DKOJOTHSUIBIK MOCceNeNepai ey i
OipKOIIBI JKOHE OCIMIIKTEp/l (PUTONATOTSHIEP/ICH JKOHE JKaMIIbl 6CIMAIK MapyalIbUIBIFBIHAH KOPFAYIbIH
THIMIIIITIH  apTTBIPYABIH KyaTThl Kypajabl Ooibln TaObuiamsl. JKymsic maxcamvr —Oanb3aMIbIK
populusbalsamifera  Tepex  Oypuiiri  CBHIFBIHABUIAPBIHBIH ~ 3BIFBIP  TYKBIMBIHBIH  OHIMIiIiriHe
BIHTAJIAH/IBIPYLIBI  OCNCeHAUTIriH Oaranay. Mingerrepi: Oanb3aMIbIK TEPEKTeH (IaBOHOMITAP/bIH
KOCBIH/IBICBIH OOJIIIT aly; 3bIFbIP TYKbIMBIHA KATHICTHI 0aab3aM/IbIK TEPEK OYPIIIri ChIFBIHABICHIHBIH OCYIH
BIHTAJIAH/IBIPATHIH OCJICEHALTITIH aHbIKTay. OJicmep. YCHIHBUIFAaH Oallb3aM/IBIK TEPEK CHIFBIH/BICHIH ally
Tocimi, Oanp3aMIBIK TepeK OyplIikTepiH maiimanaHynasl, ayana Kentipydi, yHrakrayasl, Cokcie
tanmnaparsiaaa 90% sTaHONIBI alydbl, MAaKCATThl OHIMAI aiFaHfa JeifiH cy3yni jkoHe OymaHIBIPYIbI
KaMTHIbl. Homudwcenep owcone mankwiaay. 3epTrey OapbIChiHIa Oanb3aM TEperiHiH OypIuiKTepiHeH
(aBoHOMATAD OKLIAYNAHIBI. DTAHOJ CHIFBIHABICHIHAA (DIIABOHOMATAPIBIH OOyl camaibl peakiusiap
apKbUIbI pacTajiajpl. Tepek OyHPEeKCHIFBIHIBICHIHBIH KypaMbl JKYKa KabaTTel Xxpomarorpadus omiciMeH
seprrenai. Tyowceipuiv.  Tepexk OyplIiKTEpiHEH allbIHFaH CHIFBIHABIHBIH  KYpaMbIHAA HETi3iHEH
(GIaBOHOMATHI CHUMATTAFBl  3aTTap Oap CKeHAIri aHelKTanusl.  bamssamasik  populusbalsamifera
TEPEKCHIFBIH/IBUIAPBIHBIH OCYIHBIH TANAH/IBIPATHIH OCJICEHIUTITIH 3epTTey HOTHXKEIepl Oakpuiay TOOBIHIA
TOMCK CeneKIHSIChIHBIH 3bIFBIPBIHBIH JKOFAPhI TYKBIM OHIMIUTINIH KOPCETTi; KoOew kKaFaailnapsl 3bIFbIP
OHIMIUTITIHE OH 9CEPETTi.

Tyiiingi cesmep: ¢uasonouarap, Populusbalsamifera, ecimai bIHTamaHABIPATHIH — GEJICEHILIK,
SBIFBIPTYKBIMBI, CHIFBIHIBI
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Pe3tome. Beeodenue. B HacTosimiee BpeMst OCTPO CTOMT 3a/laua YCKOPEHHOH pa3pabOoTKu allbTepHAaTHBHBIX
Mep 3alIMThl PACTEHMH, YTO CBA3aHO C YCYryOJeHHEM OKOJOTMYECKOH CHTyallHH, CTPeMIIEHHEM
YMEHBUINTh 3arpsi3HEHHE arpoNaHAmadToOB HW IIOTyYaTh CEIBCKOXO3SAMCTBEHHYH TMPOMYKIHIO C
MHUHHUMAJIBHBIM HCIOJIb30BAHNEM arpOXMMHKATOB. JKCTPAKT TOMOIS SBISIETCS CTUMYISTOPOM pOCTa
pacTeHnii Onaroapsi HAJMYMIO B CBOEM COCTABE HACBHIMICHHBIX M HEHACHILICHHBIX JKHPHBIX KHCIIOT,
JIMIUI0B, (EHONBHBIX W TONH(MEHONBHBIX COSIUHEHHH, aMHUHOKHCIIOT, S(UPHBIX Macei, BHTaMHHOB,
KOTOpBIE 00ECIIEUNBAIOT CTAOMIBHOE POCTOCTHMYIHpYFOIIee AeiicTBre. K JOCTOMHCTBAM GHOIOTHYECKHX
MPEapaToB Ha OCHOBE TOMOJS 0agb3aMHYECKOr0 MOXKHO OTHECTH MX HH3KYIO CTOMMOCTB, OTCYTCTBHC
OTPHLATEIBHOTO BIMAHHSA Ha [PONYKTHBHOCTH PACTEHUH, BBICOKYIO CHEUU()HYIHOCTb, HH3KYIO
TOKCHYHOCTh. OCHOBHOE OTJIMYHE GHOJIOTMYECKHX MPENapaToB OT OCTAIBHBIX CPEACTB 3alUThl PACTEHHIT
COCTOMT B TOM, YTO OHH CIIOCOOHBI CTHMYJIHPOBATh CCTECTBEHHBIC 3aI[MTHBIC CIIOCOOHOCTH CaMHX
PACTEHHIA, BIHSSI TEM CaMbIM Ha BPEAHbIE OPraHU3Mbl. [[pUMEHeHHe TaKUX MPENapaToB sABJISETCA OJHUM
U3 IyTell pereHus SKOJIOrHYECKUX TIPOOJIeM B CElIbCKOM XO35iCTBE U MOLIHBIM CPEJCTBOM MOBBIILIECHHS
5} (HEKTUBHOCTH KaK 3alIUTBHI PACTCHHH OT (HUTONATOrCHOB, TAK W PACTCHUEBOICTBA B IIEJIOM

ILlenp - OUCHHUTH CTUMYJIUPYIOUIYIO AKTHBHOCTH 3KCTPAKTOB MOYCK TOMOMS Oalb3aMHYECKOTO
Populusbalsamifera wa cemeHHyr0 NpOAYKTHBHOCTD JIbHA. 3aJa4d: BBIACIUTH CYMMY (JIABOHOHIOB M3
Tononst 6aIb3aMHYECKOr0; YCTAHOBUTh POCTOCTHMYIHPYIOLIYIO AKTHBHOCTh 9KCTPAKTa MOYEK TOINOJIS
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0anb3aMUYECKOro IO OTHOILICHUIO K CeMeHaM JibHa. Memooonocusi u HaydHbele noaxonbl: Croco0
MOJTy4YeHHsT TIPEIaraeMoro SKCTPAaKTa TOMOJsS 0ajb3aMHYECKOrO, BKIIOYAET HCIONB30BAHUE IOYEK
TomoJsl Oanb3aMHYECKOro, BBICYLIMBAHHE HA BO3/yXe, U3MENIbUCHHE, JKCTpakiuio 90% OSTaHOIOM B
anmnapare Cokciera, (GUIBTPALMIO U yIapUBaHHE O MOJYYCHHs IIEIEBOro NMpOAyKTa. Pezynvmamol u
obcyscoenue. B mpouecce wucCcClnenoBaHHS ObUIM  BbLACICHBI  (IABOHOWABI M3 MOYEK TOIMOJIS
Ganp3amuueckoro. IIpucyrcTBue (hIaBOHOHMJOB B 3TaHOIBHOM JKCTPAKTE HMOATBEPXKICHO C IOMOIIBIO
KaueCTBCHHBIX peakUuid. BbUI HCClIeNOBaH COCTaB IKCTPAaKTa IOYEK TOIOJS METOAOM TOHKOCIOHHOM
xpomatorpapun. Buleoobl. YCTaHOBICHO, YTO B COCTAaBE JKCTPAKTA M3 IMOYEK TOMOJS B OCHOBHOM
cojiepXKaTcsl  BellecTBa (DIIABOHOMIHOM MNPUPOABLL. Pe3ynbrarhl HM3y4deHHsT POCTOCTHMYJIHMPYOLIEH
aKTHBHOCTH JKCTPAaKTOB TOmONs Oamb3amuueckoro Populushalsamifera mokasami BBICOKYIO CeMEHHYO
MPOJAYKTUBHOCTb JIbHA TOMCKOIl CEJEKIMH B KOHTPOJIbHOH TpYIIE, YCIOBHUS BOCHPOU3BOJICTBA
OJIOXKUTEILHO MOBJIMSUIA Ha YPOXKAHHOCTD JIbHA.

KimoueBnie caoBa: ¢uasonoumasl, Populusbalsamifera, pocroctumynupyrommas akTHBHOCT, CeMEHA
JIbHA, KCTPAKT
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[IpaBmna opopmieHns crareii B xKypHaie
«XUMHYECKHM KYPHAJ KASAXCTAHA»

1. OBIIME MMOJIOXKEHUA

Kypnan «Xumuueckuit xxypraan Kazaxcranay (ISSN 1813-1107, eISSN 2710-1185)
BhITycKkaeTrcsa opaeHa TpymoBoro KpacHoro 3namenun AO «/HCTUTYTOM XUMHUECKUX
Hayk uM. A.b. BekrypoBa» 4 pasa B roj u myOiuKyeT paOOThl IO LIMPOKOMY KPYTy
(dyHIaMEHTaIbHBIX, TPUKJIAJHBIX 1 WHHOBALMOHHBIX UCCIEIOBAaHUN B 00JIACTH XUMHUU U
XMMHYECKOH TeXHOJIOTUH.

SI3bIkK MyONMMKAaLMK: Ka3aXxCKUW, pycCKui, aHriamickuid. JXypHanm MHIEKCHpyeTcs
Kazaxcranckoit OHOIMOMETpHYECKONH CHCTEMOH H BKIOYCH B llepedeHp W3IaHUMA,
pexkomeHayeMblx KomureTrom mo KoHTposmo B cdepe 00pazoBaHHS U HAYKH
MunucrepcrBa o0pa3zoBaHust M Haykd PecnmyOmukm Kasaxcran amst myOmukanun
OCHOBHBIX PE3Yy/IbTaTOB HAYYHOH NEATEIBHOCTH.

W3nanue uMeeT creayroniie pyopuKu:

1. O063opHbIe cTaThu 10 20 MEYATHBIX CTPAHMIT

2. OpwuruHanbHble cTaThk (10 8—10 neyaTHBIX CTPaHUIL)
3. Kparkue coobmenus (10 4—5 neyaTHbIX CTPaHUIL)

2. IPEJICTABJIEHME CTATEM

Pemakiyst mpuHUMaET cTaThi OT Ka3aXCTAHCKHX M 3apyOeKHBIX aBTOPOB. B memax
nonysspuzanun JKypHana, peAakIMOHHOW KOJUIeTHEH IPUBETCTBYETCS PUEM cTaTel Ha
AHTJINHCKOM SI3BIKE.

Jasi perucTpauuu M My0JMKAOMHM CTATBU MaTepual CTaThbH NPEJCTaBIACTCS B
pEelaKIMIO Uepe3 CHCTeMY OJJICKTPOHHOM TMojadu CTaThM Ha caiite JKypnama
(https://www.chemjournal.kz/) B komruiekTe O CleIyIONIMMHU JOKYMEHTAMH:

1. DnexrponHas Bepcus cratbu B popmarax Word u PDF co BCTpOGHHBIMHU B TEKCT
TabauIlaMU, cXeMaMH, pucyHkamu (¢ai Ao/KeH ObITh HA3BaH MO (HaMUIMK MEPBOTO
aBTOpA Ha aHTJIHICKOM SI3BIKE).

2. ConpoBoUTeNbHOE MHCHMO, a/ipecoBaHHOe B Penakiio XuMHYecKoro xypHaia
Kazaxcrana oT opraHu3anuu, B KOTOPOHW JaHHOE HCCIEIOBAaHHWE BBINIONHEHO, C
YTBEPXKIEHUEM, YTO MaTepHal PYKOIHMCH HHIJIE He IMyOJIMKOBAJICS, HE HAaXOAWTCS Ha
pacCMOTPEHHMH MJIsI OIYyOJIMKOBAaHMS B JAPYIMX JKypHalaX M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKPETHBIE JJaHHbIE. B CONPOBOIUTEIIEHOM NHChME YKa3bIBAIOTCSI CBEJICHUS
00 aBTOpe Ayt KoppecnonaeHmu: Gamuims, UM 1 0TYECTBO aBTOPA, CIIY>KEOHBIH aspec
C YKa3aHHEeM MOYTOBOTO MHJIEKCA, aJJpec MIEKTPOHHOI mouTsl, Tenedon u ORCID.

3. Bee craTbu, onybnukoBaHHbIe B XuMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsi B OTKpPHITOM goctymne. UToObl obecneduTh
CBOOOJHBIA JIOCTYI 4YHTaTeIIM M MOKPBITh PAacxXoJbl Ha SKCIHEPTHYIO OILEHKY,
pellakTHpOBaHWe, TMOJICpPKAHUE CalWTa JKypHaya, JOJTOCPOYHOE AapXMBHUPOBAHUE U
BEJICHWE JKypHaja, B3UMaeTcd Iviata 3a oOpabotky crathu. [IpaBmia omumaTel 3a
orny0JIMKOBaHHE PUHATOMN K MeYaTH CTAThH HAXOSATCS B OTIEIBHOM JOKYMEHTE Ha caiiTte
Kypnana «Omnara 3a oy 0IMKOBaHHEY.

4. Crarbe IpycBauBaeTCs PETHCTPALIMOHHBIN HOMEp, KOTOPBIH coo0IIaeTcs aBTopam
B TEUCHHE HEAENIH IOCIIE TOJIyYeHUs] YKA3aHHOTO MepeyHs IOKYMEHTOB; Ha 3TOT HOMEpP
HEOOXOAMMO CChIIATHCS IPH MEPEIHCKE.

165


http://www.chemjournal.kz/ru/

KA3AKCTAHHBIH XUMHA )KYPHAJIBI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

5. TlpuHATBIM K TI€4aTH CTaTbsiM IIpUCBauUBaeTCs LUPPOBOH HAEHTH(DUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTbiBas HEBO3MOXXHOCTh NPOBOJUTH CTaThl Ha Ka3axCKOM SI3BIKE uepe3
CHUCTEMY aHTHIUIAruar, OyqyT YYWTHIBAThCS (DOPMYIHUPOBKH DPELCH3EHTOB U peEIICHHE
U3aTeNLCKON KOJIIETHH.

7. CtraThy TOMKHBI OBITH 0(OPMIIEHBI COTIIACHO MIA0IOHY, KOTOPHI MOXKHO CKadaTh
B pazzene «OTnpaBka MaTepraioB» Ha caiite Xumudaeckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IYBJIUKAIIAM

3.1. B Hauase 0030pOB, OPMIMHAJBHBIX CTaTell M KPaTKHX cOOOIIeHHil Ha
NepBOH CTPOKE YKa3bIBAETCSl HOMEp 110 YHHBEPCAJIHHOW NECATUYHOHN Kiaccudukarun
(YK wnmu UDC), coOTBETCTBYOIINI 3asBJICHHOM TeMe. J{aeTcs mponmucHbIMU OYKBaMu B
BEpXHeM JIeBOM yriay. Tamxke Ha NepBOM CTpOKe CIpaBa IPONHCHBIMU OyKBaMHU
nonmyxupHeiM mpupoM Ne 14 ykaseiBaercss HasBaume skypHama XUMHUYECKHUM
KYPHAJI KA3AXCTAHA (KABAKCTAHHBIH XHMUSA JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), roa, Homep.

3.2. lanee yepe3 CTPOKY NPUBOAUTCS MEKAYHAPOIHBIM CTAaHAAPTHBIA CEpPUANIbHBIN
Homep xypHaia (ISSN 1813-1107, eISSN 2710-1185) n Ha crnemyromei cTpoke cieBa
npusogutcst DOI: koTopslii OyeT nMeTh 3Ha4eHHUE TOCIIe IPUHATHS CTaThH K IICYaTH.

3.3. Jlanee, mocne OTCTyma CTPOKH YyKa3bIBAaeTCs 3arjiaBHe CTAThH IIPONUCHBIMHU
OykBamu, mpudpt Ne 14 — momyXupHBIA, BRIpaBHUBAaHUE TEKCTa MO LeHTPY. Ha3Banwme
JOJDKHO MAaKCHMaJIbHO IOJHO M TOYHO OIMCHIBATh COJCp)KAaHHWE CTAaTbhH, BKIIOYATH
KJIFOUEBBIE CJIOBA, OTPAXKAIOIINE HANPABICHUE W/UJIM OCHOBHOW PE3yJIbTaT HCCIIEI0BaHUs,
HO B TO K€ BpeMs ObITh KOPOTKHUM U SICHBIM U HE COJIEPXKATh COKPAIICHHH.

3.4. anee, mocie OTCTyIa CTPOKH, YKA3bIBAIOTCS MHULIMAJBI H (haMuJInu aBTopa(-
OB) CTPOUHBIMH OyKkBamu, WpUQT Ne 12 1oyKUPHBIA, KypCHB, BHIpABHUBaHHE TEKCTA 110
neHtpy. @amminsg aBTOpa, C KOTOPBIM CIEAYyeT BECTH MEpPenucKy, IOJDKHa ObITh
orMedeHa 38e3n0ukoit (*): C.C. Camaesa™, A.M. /[ncyoananuesa.

3.5. Yepes crpoxy mpudrom Ne 12, cTpoyHBIMH OYKBaMH, KYPCHBOM C
BBIPABHUBAHUEM TEKCTa MO ILEHTPY CIEAyIOT HAauMeHOBaHMe(s1) opranu3aumm(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OPraHU3allH, KOTOpPas OTHOCUTCS K TIOHATHIO IOPHIMYECKOTO
muna (B aHTIIMHCKOM TEKCTe HEOOXOAMMO YKa3blBaTh O(MIMANBHO NPHHATHIN MEpeBOx
Ha3BaHUs), TOPOJ, CTpaHa. B aHrnmiickoM BapMaHTe ajpecHbIC CBEACHUS JOJKHBI OBITH
IIPECTaBJICHbI HAa aHTJIMHCKOM S3BIKE, B T.4. TOPOJI M CTpaHa.

Crpokn c¢ (¢amMmwiusaIMH aBTOPOB M HA3BaHMSAMH OPTraHW3AIM  coAepiKar
HAQJICTPOYHBIE HWHAEKCH (mocie ¢GaMuiInk © Tepel Ha3BaHHEM OpraHHW3aluu),
YKa3bIBAIOIIHE HA MECTO PaOOTHI aBTOPOB.

Ha cnenyrommeii cTpoke KypCUBHBIM HauepTaHueM, mpudt Ne 12, ¢ BEIpaBHHBaHHEM
TEKCTA 10 IEHTPY YKa3bIBAETCS AIEKTPOHHBIN aapec sl IePETHUCKH.

3.6. Pe3rome (Abstract, Tyitingeme) cocTout U3 KpaTtkoro tekcra (He MeHee 150—
250 cnos, wpudt Ne 12) Ha s3bike crathu. AbStract myGiukyercs B MEXAyHAPOIHBIX
6azax, JaHHBIX B OTPHIBE OT OCHOBHOT'O TeKcTa. Pe3toMe T0KHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAYECHHUS M COKPAIIEHHs HE00X0IMMO pacuinpoBaTh 3/1€Ch XKe.

IIpuBeTcTBY€ETCSI CTPYKTYpUPOBAaHHOE PE3IOME, MOBTOPSAIOLIEE CTPYKTYPY CTaTbH U
BKITIOYAIOIICE: GBeOeHUe, Ueau U 3a0ayu, Memoobl, pe3yibmamsl U 00cydcoeHue,
3aKntoueHue (8b1600b1). B TO ke Bpems, IeTTH U 3a7auil ONMCHIBAIOTCS, €CIIM OHU HE SICHBI
13 3arjaBusi CTaTbH, METOIBI CIEAYET ONUCHIBAThH, €CIM OHHM OTIMYAIOTCS HOBU3HOI. B
pe3roMe BKIIFOUAIOTCS HOBBIC PE3yJbTaThl, MMEIOIIHE JOITOCPOYHOE 3HAUCHHE, BaXKHBIC
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OTKPBITHS, OIPOBEPraiOIINe CYMIECTBYIOIINE TEOPUH, a TaKXKe [aHHBIC, HMEIOLINE
mpakThdeckoe 3HadeHwe. CleayeT WCIONB30BaTh TEXHUYECKYI0 (CHEIHANBHYIO)
TEPMHUHOJIOTHIO BallleH ANCIUIUINHEL.

Pesrome maercs 6e3 ab3alfHOrO OTCTyNa CTPOYHBIMH OYKBaMH; OHO HE TOJDKHO
coJiep)kaTbh HOMepa COeTMHEHHH, 3KCIIEpUMEHTAIbHBIC JaHHBIE U CCBUIKM Ha JIUTEpaTypy.
Pe3iome TOJIBKO OZIHO — B Ha4aJle TEKCTa.

3.7. Jlanee Ha s13bIKe cTaThM 0€3 a03aI[HOTO OTCTYINA CTPOYHBIMH OyKBaMH LIPUPTOM
Ne 12, BEIpaBHUBaHUE TEKCTA IO JIEBOMY Kpato NPUBOAATCS KJIIOYeBbIe cJIoBa (0T 5 110
10 mrt.), obecneynBaromye Haubosee MOJTHOE PaCKPHITHE COJIEPIKAHHsI CTAaThU.

3.8. B kparkux coo0meHusx npusoautcs pestome (150—200 cnoB), kiIrodeBbIe
CJIOBa, HO AETCHUS Ha pasfensl He TpeOyercs. JlaeTcsd TEKCT KPaTKOTO COOOIICHMS Ha
OJTHOM M3 TPEX SA3BIKOB C BBINONHEHNEM TpeboBaHuil k YIK, Ha3BaHUIO cTaThu, MEPEYHIO
aBTOPOB, HANMECHOBAHUH OpraHU3alni, B KOTOPHIX OHU pabOTalOT, YKa3aHUIO aBTOpa A
MepenMcKi. B TekcTe KpaTKoro coOONIEHWS] NPHUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedyloliHe 3aKpelJieHus: NPHOPUTETa ¢ HEOOXOIMMBIMHU
9KCIIEPUMEHTAIBHBIMA  MOJAPOOHOCTAMH.  3aTeM  CcieayloT:  uHGopMmamus o
(buHaHCUPOBaHWUHU, OJArOAPHOCTH, CBECHHUS O KOH(IMKTE WHTEPECOB, MH(pOpMAIHs 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HauuHaeTcs C BBeJEHHsl, B KOTOpoM (Qopmymnupyercss Leilb |
HEOO0XOIUMOCTh NPOBEJCHUS UCCIIEIOBaHUA, KPATKO OCBEIIACTCSI COCTOSIHHE BOIIpOCa €O
CChUIKaMH Ha HauboJjiee 3HAUYMMble MyOJIMKAMK ¢ M30EraHueM CChUIOK Ha YCTapeBLIME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJE JAHHOTO HCCIICIOBAHUS.
VYka3bIBaeTCs CTPYKTypa CTAaThH.

3.10. DxcnmepuMeHTAJNILHASI YacTh COJCPXKUT OIMCAHHE XOAa W pe3yJbTaToB
9KCTIEPUMEHTA, XapaKTEePUCTUKY MOJTY9EHHBIX COCMHEHUI. B Havasne
SKCIIEPUMEHTAIbHOM  YacTH  TPHBOAATCS  HA3BaHWA  INPHOOPOB, Ha  KOTOPBIX
3aperuCTPUPOBAHbl  (PM3UKO-XMMUYECKHE XapaKTEPUCTUKM BEIIECTB M YKAa3bIBAIOTCA
YCIOBUSL M3MEPEHMs; TaKKe YKa3bplBalOTCsA JIMOO HCTOYHHMKH  MCIOJIb30BaHHBIX
HETPHUBUAJIILHBIX PEareHToB (HalpuMep, «KOMMEpUYECKHe MpenapaThl, Ha3BaHue GUpMbI»),
7100 A0TCS CCHIIKM HA METOAMKH UX HOJIy4YESHHUSI.

Kaxnpiit mnaparpad 5SKCHEpHUMEHTAIBHOM 4YacTH, OIMCHIBAIOUIMN IOJy4eHHE
KOHKPETHOTO COCIMHEHMs, [OJDKEH COJepXaTb €ero IIOJHOC HaNMEHOBAHHE IO
Homenkiatype MIOITAK u ero mopsiikoBslii HOMep B cTaThe. B MeToankax o0s3aTeIbsHO
yKa3blBaTh KOJIMYECTBA pEAreHToB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (Ui
KaTaJM3aTOPOB — Maccy M MOJIbHBIE ITPOLEHTHI), 00BbEMBI pacTBopHTeseil. Meroanka
SKCIIEPUMEHTA U3J1araeTcs B npouieouiemM BpeMeHH.

Jlnsi M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OITyOJIMKOBAaHHBIM paHEe METOIOM,
HEOOXOAMMO TPHUBECTH CCBUIKY Ha JINTEpPAaTypHbIE JaHHbIE. J{1 M3BECTHBIX BEILECTB,
MOJYYEHHbIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
NPE/ICTAaBICHBI UX (PU3MYECKUE M CHEKTPAJIbHBbIE XapaKTePUCTHKH, UCIOIb30BaHHbBIE IS
MOJTBEPKIAEHNUST UIICHTUYHOCTH CTPYKTYDPbI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHbIE
JIaHHbIE.

Jnsi Bcex BIEpBbIE CHHTE3MPOBAHHBIX COEAMHEHHII HEOOXOAMMO MNPUBECTH
JIOKa3aTeNbCTBA TPUIMCHIBAEMOTO UM CTPOCHUS U JIaHHbIE, TI03BOJISIONINE CYAUTh 00 UX
WHJIMBUYAJIbHOCTH W CTENEHHM YHCTOTHI. B 4yacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JIaHHBIE IIEMEHTHOT'O aHAJIM3a WM Macc-CIEKTPhI BEICOKOTO pasperieHus, K crekrpsr n
cniextpsl SIMP H u B°C.
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JlaHHBIE PEHTIeHOCTPYKTYPHOIO aHalu3a MPEACTaBIAIOTCA B BHUJEC PUCYHKOB H
Tabanu. Bce HoBbIe coequnenns, fanHble PCA KOTOPBIX MPUBOAATCS B CTAThe, TOJKHBI
ObITh 3aperucTpupoBanbl B KeMOpumkckoii 6a3e CTPYKTYPHBIX JaHHBIX U HMETh
cootBercTByone CCDC HoMmepa.

Ecnn, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBBIE COEAWHEHUs HE ObLIM
YAOBJIETBOPUTEIHHO OXaPaKTEPU3OBAHBL, CTAThs HE OYIeT NPUHATA K ICUaTH.

IMpumep METOIUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 218 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 vyield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Brumanue! B cTaThsX, MOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, OMYyCKaeTcs
pa3MeleHe IKCIePUMEeHTANBHON YacTH 3a paszenoM Pe3yabTaThl U 00cy:KaeHHe.

3.11. B pasgene Pe3yabTarhl W 00Cy:KIeHHe, KOTOPBIA sIBIsieTCs HamOojee
BaXXHBIM, CJIEJyeT OOCYAWTh M OOBSCHHTH TOJyYCHHBIE B padoOTe pe3yJIbTAThI,
MIPOAHATM3NUPOBATE OCOOCHHOCTH CHHTE3a, IPOJEMOHCTPHPOBATh U YKa3aTh BO3MOXKHEIC
orpannueHus. [IpoBecTn cpaBHEHHE IONYYCHHBIX PE3yIBTATOB C OMYOIMKOBAaHHBIMU
panee. Bce HOBBIE COCOUHEHHUS MOIDKHBI OBITh IOJHOCTBIO OXapaKTepHU30BAHEI
COOTBETCTBYIOIIUMH CHEKTPATBHBIMA U JPYTHUMH (QH3UKO-XMMHUYECKUMHU JaHHBIMH. B
TeKCcTe OOOOINAIOTCS M PA3BACHSIIOTCA TONBKO TE€ CHEKTPaNbHBIE JaHHBIE, KOTOPHIE
HCTIONB3YIOTCS AN TOATBEPXKICHHUS  CTPYKTYPhl  ITIONyYEHHBIX  COCTUHEHUIL.
Ilepeuncienne OOHMX M TeX >K€ MJAaHHBIX B TEKCTe, TAaOMMIIaX M HA PUCYHKAax HE
Jorryckaercsi. [l HOBBIX METOMOB CHHTE3a JKEJIaTeNbHO OOCYAMTh MEXaHU3M PEaKIHH.
Jis 0000meHnsT JaHHBIX HEOOXOJMMO HCIIONB30BAaTh MOHATHBIE PUCYHKH M TaOIHIBL.
[IpencraBneHHbIe JAHHBIE TOJDKHBI TOAJABATHCSA HHTEPIPETAIIUH.

IIpu oOCyXkIeHHH pe3yJbTaTOB CIICAYeT MPHICPKHUBATHCA  OPHUIIMATEHON
tepmuHonoruu [UPAC. Pe3ynbTaTsl peKOMEHy€eTCs M3arath B MpOLIEAIEM BPEMEHH.

OO0cy:xnenne HE MODKHO TIOBTOPSATH OIHCAaHHE pPE3yJIbTaTOB HCCIEAOBaHHUA. B
TEKCTE [IOJDKHBI OBITH HCIIONB30BaHBI OOIIEHPUHATHIE B HAYYHOW JIATEpaType
cokparieHus. HecTaHDapTHBIE COKpAmICHUS JMOJDKHBI OBITH pacmmu(poBaHBl TIOCIE
IIEPBOTO IMOSIBIICHUSI B TeKCTe. EWHMIBI W3MepeHHH MODKHBI OBbITh yKa3aHbI B
Mexaynaponnoii cucteme CU.

3.12. 3arem pekomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYEeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTHXXCHHMS, IPEACTaBICHHBIE B CTaTbe, 1 OCHOBHOM BBIBOJI, COAEPIKAIIHA
OTBET Ha BONPOC, MOCTABJICHHBI BO BBOJHOW YaCTH CTaThH, a TaKkKe BO3MOXKHOCTh
WCTIONB30BAaHUSl ~ MaTepuaia CcTaTbl B (YHAAMEHTANBHBIX WM  NPHUKIATHBIX
HCCIIEIOBAHUSIX.

3.13. IIpuBoanTcs nadopmanust 0 GUHAHCHPOBAHMH HCCIICIOBAHHM.

3.14. Boipaxkaetcs 6J1aroIapHoOCTh T€M, KTO TOMOT BaM B MOATOTOBKE Balllei
paboThI.

3.15. B pykomucu MAOIDKHO OBITH 3asBICHO O TOM, HMEETCS JM KOH(QJIHKT
HHTEPEeCOB

3.16. B undopmanmuu 00 aBTOpax YKa3bIBAIOTCI: ydYeHas CTETNEeHb, 3BaHUE,
noikHOCTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHIMBACTCS] CIUCKOM JIMTEPATYPbI CO CCHUIKAMHU Ha PyCCKOM (HIH
Ka3aXCKOM) SI3bIKE M CCBUIKAMH Ha sA3bIKe opuruHana. CCBUIKM Ha JINTEPaTypHBIC
UCTOYHUKHM B TEKCTE IMPUBOJSITCS IMOPSIKOBBIMH apaOCKMMHU IM(paMu B KBaJpaTHBIX
ckoOKax 1O Mepe ynoMmMuHaHMA. Kaxnmas cchulka MOJDKHA COJEP)KaTh TONBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEXHMMU U aKTyaJbHBIMU MCTOYHHKAMU 0€3 U3NHIIHEro caMolUTHpoBaHus(He Oosee 20
mnporeHToB). Ml crareil jkemareneH cnMcOK U3 He MeHee 10 cchbUlOK CO CTpOKaMu
JIOCTyIIa B UHTEpHETE.

3.18. OGs3arensHa uHpoOpManusi 00 aBTOpax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, JTOHKHOCTD, e-mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MMOJHOCTHIO HA
TpeX S3bIKAX.

HNudopmauus 06 aBropax:

JoxycunoexoB Ymupsak XymacwioBnd — AO «VHCTHTYT XHMHYECKHX HAayK UM.
A.b. bekrypoBay, 3aBemyromuii jTabopaTtopueil XMMHHU COJeH W YHOOOpSHHH, HIICH-
KoppecnionneHT HamnumonansHol akagemnu Hayk PecryOnmkn Kaszaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypranuesa I'yip3una OpblHTaeBHa — AOKTOp XuMudeckux Hayk, AO «MHcTUTyT
xumuueckux Hayk uMm. A.B. BekrypoBa», Ammatel, PecmyGmuka Kasaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

basixmeroBa 3ammpa KenHecOekoBHa — KaHIUJAT XUMHUYECKUX HAyK, BEIYIIMMA
Hay4HbII coTpyaHuk, AO «MHcTUTYT XuMHu4Yeckux Hayk uM. A.b. bektypoBay», Anmarsl,
Pecniybnuka Kasaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
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Coucok  murtupyeMod  nurepatypbl  odopmisieTcss B COOTBETCTBHHU — C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B KoHIe CTaThM TOCIIE CIIUCKA JIUTEPATYPHl OONOMHUMENbHO TPUBOTUTCS
nepeBos Pe3rome Ha kasaxckuii (Tyiinaeme) v Ha anrmiickuit si3piku (Abstract). Ciioso
Pesiome (Abstract, Tyiiinmeme) maetrcs mo teHtpy. Ha crenmyromeit crpoke ¢
BEIPAaBHUBAHHEM II0 JIEBOMY Kpalo IMPOMICHBIMU OyKBaMH IIONYKAPHBIM mmpudTom Ne 12
MIPUBOANTCS Ha3BaHHWE cTaThH. UYepe3 CTpoKy Oe3 abd3almHOTO OTCTyma KypCHBOM,
Oy KUPHBIM 1prdToM Ne 11 Har0TCss HHUIUAIIBL U (PaMUJITHH aBTOPOB.

Ha cnenyromeii ctpoke 06e3 ab3allHOro OTCTyNa KypCHBOM, CTPOYHBIMH OYKBaMH,
mpudrom Ne 11 npuBozsiTCs MecTa pabOThl aBTOPOB C HaJCTPOUYHBIMH MHJIEKCaMU (IIOCIIe
(aMuuy ¥ mepes Ha3BaHWEM OpPraHHM3allMK), YKa3bIBAIOLIME HA MECTO pabOThl aBTOPOB.
3areM uyepe3 CTPOKY ¢ ab3alHOro OTCTYNa C BHIPAaBHMBAaHHEM TEKCTa IO INUPUHE HIET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HiprdTom Ne 12.

Jarnee gepes cTpoKy ¢ ab3allHBIM OTCTYIIOM CTPOYHBIMU OykBamu mpudToM Ne 12, ¢
BEIPAaBHUBAHHUEM TEKCTa 110 IIMPHHE MPUBOIATCA KJIOYeBbIe cjoBa (oT 5 mo 10 mr.),
obecrieunBaroye Hanooee MOTHOE PACKPBITHE CONEPKAHUS CTATHH.

3.20. JIns cratel, mogaBacMbIX Ha SI3bIKE, OTIIMYHOM OT aHTJIUHCKOTO (Ha Ka3aXCKOM
WIK PYCCKOM s3bIKE), B KOHIIC CTaThH HAXOAWUTCs aHrimiickuii Onok (Abstract,
Information about authors, References).

3.21. Bce cTpaHuIlbl pyKOIMCH CIICAYET IPOHYMEPOBATh.

4. TPEBOBAHHUS K O®OPMJIEHUIO PYKOIIMCER

4.1. O6bem cTaTby, BKIIOYAs aHHOTAIMIO U CITUCOK JINTepaTypsl: 10 8—10 cTpaHwmII.
O030pHbIe cTaTht MOTYT ObITh 10 20 crTpanmil. CTaThs MO/DKHA OBITH HaleyaTaHa Ha
onnoi cropore sucrta A4 mpuprom Times New Roman, pasmep kerns 14
MEXCTPOUYHBII MHTEpBal — OJAWHAPHBIA U NoJsMu: BepxHee — 2.0 cM, HuxHee — 2.0 cwm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa IIEPEHOCOB HE IIOMYCKAaeTCsl; a03aIHbII
orctyn — 1.0 cM; popmaTupoBanue — o mupHHE. J{oKeH ObITh HCIONb30BaH TEKCTOBBIN
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gojee mo3aHue.

J KpaTKOCTH M HarJIJHOCTH OOCYXIICHHS COCIMHEHHs, yIOMHHaeMble Ooiee
OJIHOTO pasa, CleAyeT HyMepoBaTh apaGCcKMMM LU(paMu B COUYETAHUHM CO CTPOYHBIMHU
JATUHCKUMH OykBaMu (A1 0003HaUCHHS COSAMHEHHWH C TMEPEMEHHBIM 3aMECTHTEIIEM).
[Tpu ynmoMuHaHIY TOJTHOTO HA3BAHMS COSAMHEHMS MHU(pP HaeTcs B CKOOKaX.

CrepeoXUMHYECKHE CHMBOJBI M TPHCTABKH, XapaKTEPHU3YIOIIHE CTPYKTYypHBIE
OCOOCHHOCTH WJIM TIOJIOKEHHE 3aMECTHTENS B MOJEKyJe, cleayeT HaOupaTh KYypCHBOM
(italic): (R)-smantuomep, mpem-OyTuil, napa-KCWiol. BMeCTO IpOMO3JIKHX Ha3BaHUU
HEOPraHMYECKHUX U YacTO YIOTPEOIIIeMbIX OPIraHUUECKUX COCMHEHUH CIIeayeT AaBaTh UX
¢dopmynsr: NaBr, TsOH Bmecto GpoMun HaTpust W TOIyoJcyib(poHOBas kuciora. [lpu
UCIIONIb30BAaHMH TEPMHHOB M 00O3HA4YEHHH, HE HMMEIONINX MIMPOKOr0 NPHUMEHEHUs B
JUTEpaType, UX 3HAYEHHS TOSCHAIOTCS B TEKCTE MPHU MEPBOM YHOTpeOIeHHN: HAapHMeD,
noyyTIeHTepedranar (II9TD).

Jns m300paskeHnst CTPYKTYPHBIX (GOPMYT XUMHUYECKHUX COEAMHEHUH HE0O0XO0IMMO
UCIIOIB30BaTh pemaktop xumumdeckux (opmyn ChemDrawUltra. Bce waamucu nHa
CXeMax MpPHBOIATCA Ha AHIVIMHCKOM s3bIKe. B cXxeme HeoOXOoAmMO yKa3blBaTh BCE
YCIIOBUSI PEaKIUi: HaJ CTPENKOM — pearcHThl, KaTalu3aTopbl, PacTBOPUTENH, MOX
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CTpEJIKOM — TemImepaTypa, Bpems, BbIXol. Ecin ycioBusd peakuuil CUIBHO 3arpysKaroT
CXeMY, HX MOXHO NIEPEHECTH B KOHEI] CXEMBI, paclIn(poBbIBas OYKBEHHBIMU HHACKCAMH,
mampumep, i: HCI, H20, 80 °C, 5h. Takoif ke OYKBCHHbIH MHIEKC JOJKCH OBITH YKa3aH
HaJ| CTPEJIKON COOTBETCTBYIOILEH PEAKLIUH.

4.2. YpaBHeHUs], CXeMbl, TaOJIMIbI, PUCYHKU U CCBUIKM Ha JINTEPATypy HyMEpYyIOTCS
B TOPSJKE WX YIIOMHHAHHUS B TEKCTE U OO0IJICHLI OblMb 6CMAGIEHb 8 MEKCM CMambu
IOCJIe IEPBOTO YIOMHUHAHMS. TaOJUIbl U PUCYHKH JOJDKHBI COITPOBOXKIATHCS MTOIIHCHIO;
3aroJIOBKH K CXeMaM JaloTCsl TP HE0OXOJUMOCTH.

4.3. Tlo BO3MOXHOCTH CIJIElyeT TOTOBUTh PHCYHKH C IIOMOIIbIO KOMIIBIOTEpA.
OIHOTHITHBIE KPHUBBIE JOJDKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MacIITa0e Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKUMH mudpamH, KOTOpPbIE
pacu(pOBBIBAIOTCS B TMOJNHCAX K pPHCYHKaM. [l BceX PHCYHKOB HEOOXOIMMO
npencraBuTh rpaduueckue daitnel B Gopmate jpeg ¢ MUHUMaNBHBIM paspemenueM 300
dpi. Hapmuen Ha pucyHKax IOJDKHBI OBITh Ha AHTIMHCKOM SI3BIKE M IO BO3MOXKHOCTH
3aMEeHEHBI Iu(pamMHu, pacin(poBKa KOTOPHIX AAETCS B MOIIHICH K PUCYHKY.

OnuHOYHBIE MPSMBbIE, KaK MPABUJIO, HE MPUBOJIAT, a 3aMEHSIOT ypaBHEHHEM JIMHUH
perpeccun. Ilepeceuenne oceil KOOpAKUHAT ClIEAyeT paclojaraTbh B JIEBOM YTIIy PHCYHKa,
CTpEJIKM Ha KOHI[AX OCeH He CTaBATCS, JMHHM, OIPaHUYMBAIOLIME MOJIE PUCYHKAa HE
NPUBOJSITCS, MacliTaOHas CeTka He HaHOcUTCs. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCyXJaeMble B CTaTh€ CHEKTPHI, BOJbTaMIIEPOrPaMMbl M JAPYrHe 3aBHCUMOCTH HE
nyOMuKyIoTcs. PHCYHKH CHEKTPOB He JOJUKHBI ObITH BBINOJHEHBI OT pykKH. Bce
PHCYHKH JOJDKHBI MMETh HYMEpalHio apaOCKuMH mudpamu (€ciad PUCYHOK HE OIMH).
CnoBo «PHCYHOK» M HaNMEHOBAaHHE IIOMEINAIOT I0CJE ITOSICHUTENBHBIX NaHHBIX W
pacrioararot cienyromum oopasom: Pucynok 1 — Jleranm npudopa.

4.4. Kaxnas TadJuua JOKHA UMETh TEMAaTUYECKUH 3arojlOBOK M IOPSIKOBBII
apaOckmii HOMep (0e3 3Haka Ne), Ha KOTOPBIH JaeTcs cChUTKa B Tekcre (Tabmmma 1).
HasBanue tabnuupl pacronaraercst Haja Tabnuueil cieBa 0e3 ab3allHOTO OTCTYyNa B OJHY
CTPOKY C €€ HOMEPOM uepe3 Tupe 0e3 Touku mocie HazBaHus. [padbl B Tabuuile JOIKHBI
HUMETh KPaTKUE 3arojIOBKH, OTPaXKAIOIIME MapaMeTphl, YHCIICHHbIE 3HAYE€HHS KOTOPBIX
NIPUBEJICHbI B Ta0JIMIIe; OHU MHUIIYTCS B UMEHHUTEJILHOM MaJie)ke eJMHCTBEHHOTO YHCIIa C
MIPOIIMCHOM OYKBBI M 4Yepe3 3alsTyl0 CONPOBOXIAIOTCS COOTBETCTBYIOIIUMH €IUHUIAMU
n3MepeHus (B COkpamieHHOH ¢opme). PHcyHKH uimm cTpyKTypHbIE (GopMyinsl B rpadax
Tabnui He pomyckatotcs. [Ipomyckn B rpadax Hpu OTCYTCTBHM JaHHBIX 0003HAa4aroT
Tpems TOYKaMH, pu OTCYTCTBUH SIBJICHUS - 3HAKOM «THPE».
[Mpumeyanuss k TabiaunaM WHIEKCHPYIOTCS apaOCKMMU HU(GpaMH W TOMEIIAITCS B
rpaHuIax TabauLel 1o MarepuanoM tabumubl. CroBo «IIpruMedaHue» cienyer rneJaTarb
¢ mponucHoi OykBHI ¢ ab3ama. Eciu npumedanue ogHo, To nocie cinoBa «lIpumeuanne»
CTaBUTCS THUPE W NPUMEYAHHUE IeHaTaeTcs ¢ IMPONHCHON OyKkBbl. Heckombko nmpumeyanuit
HYMEpYIOT TI0 HOPSIKY apabckumu mmdpamu 0e3 MpOCTaBICHUS TOYKH W IEYaTaroT C
ab3ama. B Tabnmumax MCHONB3YIOT TOT ke MPHUQT, 9TO M B TEKCTE CTATBH; JOIYCKaeTCs
ymenbeHHbIH (He MeHee Ne 10 mpudTt TimesNewRoman).

4.5. Tlpu BbIOOpE €AMHMI] U3MEPEHUSI PEKOMEHIYETCSl MPUIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETp, MHUKPOH); HM (HAaHOMETP, MIWUIUMHKPOH); MM
(maxometp); A (amrcTpem); ¢ (cexynna); MuH, u (yac), I'u (repi); M (merarepi); D
(operen); I'c (raycc); B (Bonbt); 3B (anmexTpoHBOiBT); A (ammep); Owm, Ila (mackanb);
MIla (meramackane); rlla (rexromackamns); JIx (mkoyns); K (xensBun), °C (rpamyc

Henbcus); 1 (debait).
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B pecATHYHBIX ApOGAX Heaasi YacTh OTHAeNsieTcsl OT IPOOHOW He 3amsATol, a
TOYKOM.

Hcnonb3yloTcs ClieAyroNie COKPALIeHHs: T.KMI. M T.IUI. (TOYKH KUICHUS H
IUIaBJIeHHUs1) — Tmepex Ludpamu; KOHI. (KOHLIEHTPHPOBAHHBIM mepen (opmyion
coenanHeHus); M — MojekyJsipHas Macca); MOJb, KaJl, KKajd, H. (HOpMaJbHbIH), M.
(MOJIApHBIA); KOHIIEHTPALMs PACTBOPOB 0003HaaeTcs (r/cmS, 1/11, MOJIb/I).

Jnsi BceX BHepBble CHHTE3HPOBAHHBIX COeJWMHEHHH 00s13aTe/IbHbI [JaHHbIE
3J71eMEHTHOI'0 aHAIU3a JIH00 Macc-CeKTPbl BBICOKOTO pa3pelieHus.

B 6pymmo-gopmyrax 3nemMeHTH pacnonararorcs B cieayiomeM nopsake: C, H u
Janiee COrjiacHO JaTuHcKoMy andaBuTy. DOpMynsl MOJEKYNAPHBIX COCAMHEHUH H
OHHMEBBIX coJlell natotes uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3anucu KOHCTaHT
U JAHHBIX JIeMeHTHoro aHammsa: T.kum. 78°C (100 mm prt. ct1.), T.Iu1. 50°C (EtOH),
d42°0.9809, n%1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcNgOe.
Brruucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK n Y® cnexktpbl. B skcnepumentansHoit wactu aas UK u Y@ cnekrpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKUE YAaCTOThI MOJIOC, [UIMHBI BOJH MaKCUMYMOB
MOTJIOMIEHHS, KO3((GUINEHTH! SKCTUHINY (MIIH UX JIOTapU(MBbI) ¥ YCIOBUS, IIPU KOTOPBIX
3aIiCcaH CHEKT.

Ipumepst 3anucu: VK cuextp (ToHKHI coif), v, cM™: 1650 (C=N), 32003440 (O—
H). Y@ cnextp (EtOH), Amax, M (Ige): 242 (4.55), 380 (4.22).

Cnektpsl SIMP 'H u ®C. Jomkubl ObITh ykKa3aHbl pabouas 4acToTa mpuoopa,
HCIIOB30BaHHBIN CTaHIApT U pacTBOpuTenb. IIpOTOHBI B cOCTaBe CIIOKHBIX TPYII, K
KOTOPBIM OTHOCHTCSI CHTHAJ, ClieNyeT NOA4YepKHyTh cHuzy — 3.17-3.55 (4H, wm,
N(CH2CHs),); mist monoxeHust 3aMeCTUTENEH HCIOb30BaTh 0003HayeHust 3-CHs; s
obo3HaueHus nojoxeHus atomMoB — C-3, N-4 u T.n1. Eciim kakoi-HMOynb CHrHam B
CIIEKTpE OIMHUCHIBACTCA Kak MyOneT, TpUIJIeT WK AyOJeT ny0sieToB U T.II. (2 HE CHUHIJIET
WM MYJBTUILIET), HeoOXoauMo mpuBecTu coorBercTBytonme KCCB. Ecaun mpoBeneHs
JIOTIOJTHUTENBHBIE HCCIICIOBAHMS ISl YCTAHOBJIGHHSI CTPOEHHS WIIM TPOCTPAHCTBEHHBIX
B3aUMOICHCTBHUII aTOMOB, JIOJDKHBI OBITh YKa3aHbBI UCIIOJIb30BAaHHBIE IBYMEPHbIE METO/IBL.
B omucanuu crnektpos SIMP ¥C oTHeceHHe KOHKPETHOIO CHTHAIA K KOHKPETHOMY aToMY
yrieposa NUPUBOAWUTCS TOJBKO TOTJA, KOTAA OIpEJeNieHHEe IIPOBEIEHO Ha OCHOBE
JBYMEPHBIX 9KCIIEPHIMEHTOB.

Ilpumepul 3anucu:

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

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

Cnexrp AMP3C (100 MT'n, IMCO-ds), 3, M. a. (J, T'm): 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 BHIC YHCIOBBIX 3HAYCHHH M/Z M OTHOCHTENBHBIX
3HAUEeHUH HOHHOrO ToKa. HeoOxoanmo yKa3blBaThb METOJ M OHEPrHI0 HOHM3AINH,
MacCOBBIE YHCJIa XapaKTEPUCTUUECKHX HOHOB, MX HMHTEHCHBHOCTb 110 OTHOILICHHUIO K
OCHOBHOMY HOHY U TIO BO3MOKHOCTH HX T€HE3HC. B ciryyae XuMUUECKOi HOHM3AIMN TIPU
ommcaHuM TNpudopa HEOOXOAMMO YKa3zaTh Tras3-peareHT. B Macc-CriekTpax BBICOKOTO
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paspelieHus] Haf[ICHHBIC W BBIYHCIICHHBIC 3HAYCHUSI M/Z TPUBOIATCS C YCTHIPHMS
IECATHYHBIME 3HAKaM{, €CIIM HAaWJCHHOE 3HAa4YeHHE M/Z COOTBETCTBYET HE
MOJICKYJISIPHOMY HOHY, OpyTTO-QopMyna W BBIYHCICHHOE 3HA4YCHHE M/Z TaKKe
OPHUBOAUTCSI TSl TOTO JKE HOHA.

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

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

Ilpumep 3anucu OAHHBIX MACC-CREKMPA BbICOKO20 PA3PEULEHUA:

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

Brruncieno, m/z: 282.1828.

4.6. laHHBbIEe PEHTTeHOCTPYKTYPHOI0 HCCJIEAOBAHHUS CICAYCT NPEIOCTABIATH B
BHJC PUCYHKa MOJCKYJBI C IPOHYMEpOBaHHBIMH aromamu, Hampumep, C(1), N(3) (mo
BO3MO>KHOCTH B TIPE/ICTABICHUH aTOMOB JIUIAIICO W TAMHUTEILUIOBBIX KoJeOaHwmif). [lomHbIe
Kpuctamorpaduieckie MaHHBIC, TAaONHIBI KOOPAMHAT AaTOMOB, JMJIHH CBs3eH W
BaJCHTHBIX YIJIOB, TeMIlepaTypHble (akTopsl B JKypHaie He IyOnuKkylooTcs, a
JenoHupyrorcest B KeMOpumkckoM OaHKe CTPYKTYPHBIX JAHHBIX (B CTaThe yKa3bIBacTCs
PETUCTPAIIMOHHBIN HOMEp JICTIOHEHTA).

4.7. Tlo TpeOoBaHMAM MEKAYHAPOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mnpu oOlLeHKEe NyOJIMKAlMi Ha $3bIKaX, OTIMYHBIX OT AHTJIHMHCKOTO,
O6ubnrorpaduyuecKre CIUCKU JOJIKHBI IaBaThCsl HE TOJBKO Ha SI3bIKE OPUIHMHAlA, HO M Ha
nmatuHUIE (poMaHCKUM anpaBuToM). [103TOMY aBTOpHI cTaTel, MOIaBaeMBIX Ha PYCCKOM
M Ka3axCKOM SI3BIKE, JOJDKHBI MPEIOCTABIATH CIIMCOK JIUTEPATyphl B JBYX BapHaHTaX:
00un na sizvike opucunana (CHUCOK JUTEPATYPHI), a APYTOi — B poMAHCcKOM angasume
(References). TlocnenHuii CIIUCOK BXOJUT B aQHIVIMHCKUN OJIOK, KOTOPBIN PACIONOKEH B
KOHIIE CTaThH.

Ecnmn B cmnmcke ecTh CCBUIKM Ha WHOCTPAHHbIE IyOJIMKAaIMM, OHHU IIOJIHOCTBIO
noBTopsifotcst B cmucke References. Ilpu muTHpoBaHWHM PYCCKOSI3BIYHOTO SKypHAua,
MIEPEBOIUMOT0 3a pyOekoM, B pycCKOsS3bIHON Bepcun CIHCKa TUTEpaTypsl HEOOX0IUMO
NPUBECTH TOJHYIO CCBUIKY Ha pPYCCKOsA3bIUHYIO Bepcuio, a B References — wna
MEXTyHapOAHYIO.

Crcok ucrounnkoB B References nomkeHn GbITh HAlUCAaH TOJNBKO Ha POMAHCKOM
andaBuTe- JaTuHUIE (TIPH 3TOM OH JOJDKCH OCTaBaThCs ITOJNHBIM aHamoroM Crmcka
JUTEPaTyphl, B KOTOPOM HCTOYHHMKM OBUIM TpEICTaBJICHHl Ha OPHUI'MHAIBHOM SI3bIKE

OITyOJINKOBAHMS).
[l HarmcaHust CChIIOK Ha PYCCKOSI3BIYHBIE HCTOYHHUKH (M UCTOYHHWKH HA WHBIX, HE
UCTIONB3YIOMINX ~ POMAHCKHH andaBuT,  A3BIKAx) CllellyeT  HCIOJIb30BaTh

ODULIMAJILHBIN TTEPEBOJI u TPAHCJINTEPALHIO (cm. TpeOoBaHUS K TEPEBOTY
Y TPAHCIIUTEPAIINH).

B References tpebyercs cieayromas CTpykTypa OHOIMOTpadUUeCcKOil CCHUIKH W3
PYCCKOS3bIYHBIX UCTOYHHMKOB: aBTOPHI (TpaHCIUTEPALINS), IEPEBO]] HA3BAHUS CTAThbH HJIH
KHUTY Ha aHIVIMICKUI S3bIK, HA3BaHWE MCTOYHMKA (TpaHCIUTEpalus — Ui TeX U3JaHui,
KOTOpbIE HE HMMEIOT YCTAaHOBIEHHOI'O pelaKIMedl aHTJIMHCKOro HAa3BaHMsI), BBIXOJHBIC
JaHHble B IIM(POBOM (opMmare, yKa3aHHE Ha S3bIK CTaThH B cKOOkax (in Russian mim in
Kazakh).TpancauTepaiiio MOXKHO BBIIIONHUTH Ha caiite http://www.translit.ru.

VYCIOBHBIE COKpaIleHHsT Ha3BaHUH PYCCKOA3BIYHBIX JKYpPHAIOB M CIIPAaBOYHHKOB
MIPUBOJISITCS. B COOTBETCTBUM C COKPAILCHUSIMU, MPUHATEIMU B «PedepaTnBHOM KypHaie
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XUMUS». AHIVIOSI3BIYHBIX M JIPYTMX WHOCTPAHHBIX JKYpPHAlIOB — B COOTBETCTBUH C
COKpAIIICHUSIMH, PEKOMEHIYyeMbIMH HU3JaTenbcTBOM «Springer and Business Mediax:
http://chemister.ru/Chemie/journal-abbreviations.htm. JIns  crareit Ha pycckoM ©
Ka3aXxCKOM s3bIKax HasBaHue >XypHaya «Xumuueckuid JKypHan Kazaxcrana» ciemyer
cokpamate: «Xum. Kypu. Kaz.» u «Ka3. Xum. KypH.» COOTBETCTBEHHO, a JJIsl cTaTel Ha
anrmiickoM s3bike: «Chem. J. Kaz.». [IpuBoasarcs haMuIny 1 MHAIAATEL BCeX aBTOPOB
(cokpartenus u dp. u et al He gomyckarorcst).

B Cnucke nureparypst u B References Bce pabots nepeuncisitorcss B IOPSAIKE
OUTUPOBAHMUSI, a HE B andaBuTHOM OpSIKE.

DOIl. Bo Bcex cmywasx, KOrga y IHTHPYEeMOTO MarepHhaia ecTh IH(poBOit
I/IZlCHTI/I(l)I/IKaTOp, €ro HCO6XO[[I/IMO YKa3blBaTb B CaMOM KOHIIC OIIMCaHUA HWCTOYHHKA.
Iposepsts Hamuume doi y WCTOYHMKA criemyeT Ha caite http://search.crossref.org wmu
https://www.citethisforme.com.

Hdns dopmupoBaHust crnmcka JuTepatypbsl (BceX ©0€3 HCKIIOUEHHs CCHUIOK) B
XKypnane npunsaT 6udnrorpaduuecKuii craHIapT 0e3 UCTIONB30BaHMS PA3ICTUTENS «//»:

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

J11st Ka3aXCKO- HITH PYCCKOSI3BIYHOTO HCTOYHHKA:

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).

Hwmxe npuBeneHsl 00pa3mbl 0(OPMIICHHS Pa3IMIHBIX BHIOB TOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIECPKUBATHCS aBTOpaM MpH O(OPMIEHHH pPOMAHCKOTO —CHHCKa
References.

OnucaHue 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 cratsu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/S1023193508080077.

Onucanne UHTEepHeT-pecypca:

Kondrat’ev V.B. Global’naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost 2011-
07-18.html (Accessed 23.06.2013).

N

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
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4.9. HpnMep AHTJIOS3BIYHOIO0 0JIOKA AJi NPEACTABJICHUA CTATbH, HATIHCAHHOM

Ha fI3bIKE¢, OTJUYHOM OT AHTJIHICKOro:
Abstract

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

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

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

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

E-mail: n_gulzipa@mail.ru

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

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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FplibiMu KAPUAJTAHBIMHBIH 3THKAChI

«Ka3zaKkcTaHHBIH XMMHUSJIBIK KypHaabD» (0yaaH api — 7KypHaj) OacnacbIHbIH
aJlKacel MeH Oac penakropsl «JKapusiiany 3THKachl :KeHIHJeri KOMHTeT —

(Committee on Publication Ethics - COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMH peaaKTopJIapabIH
KaysiMaacTeirbl  » (European Association of Science Editors — EASE)

(http://www.ease.org.uk) xoHe FbpLIBIMH :KapUsaHBIM 3THKACHIHBIH KOMHUTETiH/E
(http://publicet.org/code/) kadpLITaHBLIFAH XAIBIKAPAIBIK TATANTAPABI YCTAHABI.

Bacna xp3MeTiHzAeTi oenke caif eMec ic - opeKeTTephi (IUIaruaT, JKalFaH aKmapar
KoHE T.0.) OONOBIpMayFa KOHE FBUIBIMH JKAapHUSsJIAHBIMIAPIBIH JKOFAphl CamachlH
KaMTaMachl3 €Ty YIIiH, KOJ JKCTKI3reH FhUIBIMU HOTHXKEIEP/l )KYPTIIBUIBIKKA JKapusiiay
MaKkcaThIH/Ia PENaKIMs alKachl, aBTOpJap, PCICH3CHTTEP, COHAal-aKk Oacma ymepiciHe
KaThICATBIH MEKeMeJep STHKAIbIK HOpMalap MEH epexelepi cakTayra MIHJACTTI jKoHe
onapaelH Oy3pUIMayblHAa  OapiblK Imapaigapabl maimananysl Thic. Ochkl  yaepicke
KATBICYIIBIIAPABIH OapIbIFBIHBIH FHUIBIMU JKapUsIAHBIMIAP 3THKACBIHBIH epeKeIepiH
CaKTaybl, aBTOPJAP/bIH 3USATKEPIIK MEHIIIK OOBEKTiepiHe KYKBIKTAphIH KaMTaMachl3
eTyre, XapHUsJIaHBIMAD CAlaChlH apTTBIPYFa JKOHE AaBTOPIBIK KYKBIKIICH KOpFalfaH
MaTepuaIapabl JKeKe TYIFalapIblH MYAIeci YIIiH NaiganraHy MYMKIHIITIH JKOIOFa
KOMEKTECET].

Penmakmmsira xiOepinreH OapibplK FRUIBIMH MaKamajap MIHAETTI TYpAE €Ki *KaKThI
Kynusi capantamara xioepinesi. JKypHanablH pelakUsIbIK aaKachl MaKaJaHbIH JKypHA
TaKpIPbIObIHA IKOHE TaNaNTapblHA COWKECTITiH aHBIKTAM/IbI, )KypHAJIFa TipKey YIIIH OHBI
IJBIH ajla capajayra >KYPHAIIBIH JKayanThl XaTIIBIChIHA Ki0oepemi. O KoymKa30aHbIH
FBUIBIMHM KYHJBUIBIFBIH aHBIKTAI, MaKaja TaKbIPhIObIHA KAKBIH FHUIBIMH MaMaHIBIKTaphI
0ap  eki Toyesci3 capallliblHbl aHBIKTaiabl. Makasanap/pl PeIaKIMsUIBIK aiKa JKOHE
PEeNaKIMsUIIBIK allka MyUIeiaepi, coOHmaii-ak 0acka elepCH IIAKbIPhUIFAH PEICH3CHTTEP
capanTaipl. MakaiaHbl capantay YIUIiH PElCH3CHTTepAl TaHIay Typasbl miemrimiai 6ac
penakrop KabOeumaiinpl. Capanray mMep3imi 2-4 anTa )oHE pPELEH3eHT OTiHImI OoMbIHIIA
OHBI 2 anTara y3apTyFa 00Ja/bl.

Penakuusi MeH pemeH3eHT KapayFra kiOepinreH jkaprsuiaHOaFaH MaTepHaAapIbIH
KYIUSUTLIBIFBIHA KEMiik Oepemi. YKapusiiay Typasbl HICIIIM KYPHAIIBIH PEAAKIHSIBIK
aIIKachl TEKCepreHHeH KeliH KaOwpuimaHanmel. Kaker OonraH »karmaiina (pemakrop(iiap)
JKOHE/HEMece PeIeH3eHT(Jiep) TapamblHAH €CKepPTYJIepaAiH 00Jybl) Ko/bka3ba aBTopiapra
KOCBIMIIIA TY3eTyJiepre xioepinemi, colaH KeiiH ol KaiTa Kapajgaapl. DTHKa HOpMaaphl
Oy3bUTFaH JKaraioa, MakKaJaHbl jKapusiayldaH 0ac TapTy KYKbIFbIH Pemakius e3iHe
Kanapipaabpl. JKayanTel perakTop Makajiajaa Iularuar JIel ecenTeyre JKEeTKUTIKTI akmapar
OounFaH XKaFmalia OHBI XKapusIayFa pykcat oepmeini.

ABTOpJAp pelakuysra xKiobepinreH MaTepuaaIapabliH KaHa, OYpBIH XKapusiiaHOaraH
JKOHE TYIHYCKa CeKEHIIriHe Kemiamik Oepelmi. ABTOpIap FBUIBIMH HOTHXKEIEPIiH
CEHIMIITIrT MEH MAaHBI3IBUIBIFEIHA, COHIAH-aK FHUIBIMA STHKA KaFHIATTapBIHBIH
CakTallyblHa, aTanm alWTKaHIa, FRUIBIMH 3THKAHBI OY3bUIMayblHAa (FBUIBIMH JEpEKTEpIi
KOJIJaH jKacay, 3epTTey JCpeKTepiH Oypmanayra oKeleTiH OypMmanay, IUIardat >KoHE
JKaJFaH OipJIeCKeH aBTOPIIBIK, KaiTanay, 0acka aiaMaapIblH HOTIDKEIECPIH HEMICHY JKOHE
T.0.)TiKenei KayarTsl.

Makanansl penaknusra O0epy aBTOpJIapIbIH MaKajaHbl (TyIMHYCKala Hemece Oacka
TUIepre HeMece TUIICH aynapmajna) Oacka sKypHaira(iapra) skibepMmereHiH oHe Oyl
MaTepHuaablH OYphIH KapusiaanOaraneiH Ournipeni. Omail OomMaraH >karmaija Makaiaa
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aBTOp/Iapra «ABTOPNBIK KYKBIKTBI Oy3FaHBl YIIIH MaKaJaHbl >Kapusulamay» AereH
IIenTiMMeH KaiTapbeiiaasl. backa aBTOpABIH TYBIHABICHIHBIH |0 MalibI31aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKO3Te ClITeMenepi KepceTnedl ce30e-co3 Kemripyre Ko
Oepinmeiini. ATBIHFaH Y31HIUIEp HEMece MalliMeMeNep aBTOp MEH IepeKKo3i MiHIeTTi
TYpe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
nalijanany, coHjAaii-ak Ke3 KeJIreH HbICaHAarbl IUIaruaT, COHBIH IIIiHIe Joiiekci3
noiiekce3nep, Oacka amaMaapAblH 3CpPTTEYICPiHIH HOTHXKEICPIH HEMJICHY JTHKara
KaTHaapl SkoHe KaObulmaHOalabpl. 3epTrrey OapbIChlHa — KaThIHACKAaH 0apIbIK
TYJIFaNIap/IbIH YJIECIH MOMBIHIAY KaXKeT KoHEe Makajajga 3epTTey.i Kyprisyae MaHbI3bl
OosrFaH JKYMBICTapra cinTemenep Oepimyi kepek. bipimeckeH aBTopnap apachiHzIa
3epTTeyre KaThICIaFaH alaMIapAbl KepceTyre ol OepiaMeii.

ABTop(J1ap) JKYMBICTaphIHA KaTelikTep Oalikaica, Oy Typaisl Aepey pedaKTopra
xabapJarr, Ty3eTy Typajbl YCHIHBIC Oepyi THiC.

Komka30aner Oacelll mpIFapymaH 0ac TapTy Typaisl WICHIIM pPELEH3CHTTePIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, PEAAKIHs aTKACBIHBIH OTBIPBICHIHAA KaObUIAaHA b,
PemakiuanbIK adKaHBIH MIENTIMIMEH JKapusulayFa YChIHBUIMaraH Makaja KaiWTa Kapayra
kabpuInanOaiapl. JKapusiaynan O6ac TapTy Typajibl xabapiiamMa aBTOPFa 3JICKTPOHIBIK
TOLITa apKBUIBI XKibepineni.

KypHanaplH peaakuusUIbIK ajlkachl MakKajlaHbl jKapusulayFa pykcaT Oepy Typajbl
nIemriM KaOblljaraHHaH KeHiH peJakUMsUIBIK aJika OyJ1 Typalibl aBTOpra xabapaiibl )koHe
JKapusiay mapTTapbelH Kepcereni. Makanara OepiireH mikipiaepaiH TymHyckachl JKypHan
peNaKIMACHIHA 3 KBUT CAKTaJIbIHA/IBI.
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Omuka nHayuHvlX nybauxayuil

Pepakuunonnas KOJLJIEerust | rJIaBHBIH peaaxkTop HAYYHOTO
sKypHasa «XuMmnveckuii :xypHan Kasaxcrana» (nanee — )KypHau) npuaepxkuBarorcst
MPUHATBIX MeKIYHAPOIHBIX crangapToB «Komurera 3THKH no
nyoaukamusam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii accoumauuu HAYYHBIX
peaxakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KoMuTera Mo »JTHKe HAYYHBIX NyOJIHKANHIA»

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

Bo wn3bexanne HeJOOPOCOBECTHOI MPAKTUKH B MyONHKALMOHHON IEATEIBHOCTH
(TTaruart, U3J0)KEeHUEe HEJOCTOBEPHBIX CBEICHUI M Ap.) U B IIENIAX 00CCIICUCHHUS BBICOKOTO
KauecTBa HAYYHBIX MyOJHMKALMi, MPU3HAHHUSA OOIIECTBEHHOCTHIO, OJNYYEHHBIX aBTOPOM
HAay4YHBIX PE3yJIbTAaTOB, WICHBI PEIAKLHOHHOIO COBETA, aBTOPHI, PELCH3CHTHI, a TaKxkKe
YUPEXICHUS, yIaCTBYIOIINE B U3aTEIbCKOM Ipolecce, 00s3aHbl COOMI0AATh ATHYECKHUE
CTaHAapThl, HOPMBI M IpaBWia M NPUHUMATh BCE MeEpbl Uil NPEJOTBPAILCHHUS HX
HapymeHnid. CoOio/ileHne NpaBWI ATHKA HAYYHBIX MyOJUKAalWil BCEMH yYacTHHKAMHU
9TOTO Mpollecca CHOCOOCTBYET OOECIIEUEHHMIO IpaB aBTOPOB Ha HWHTEIUICKTYAIbHYIO
COOCTBEHHOCTb, IIOBBIIICHHIO KauecTBa H3JaHUS W MCKIIOYEHUIO BO3MOXKHOCTH
HEMpaBOMEPHOTO MCIOJIb30BaHUs aBTOPCKUX MaTEePUAIOB B MHTEPECaX OTACIbHBIX JIULL.

Bce Hay4HBIC CTaTbW, IOCTYIHBIIME B pENAKIUIO, IOJUICKAT 005A3aTeIbHOMY
JBOMHOMY CJIETIOMY pereH3upoBaHuo. Penakims JKypHasia ycTaHABIHBaeT COOTBETCTBUE
ctateu npodmiro XKypHana, TpeboBaHHAM K ODOPMIICHUIO M HAINPAaBIISET €e Ha IepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapro JKypHania, KOTOPBIH ONpenensieT HaydHYH
LEHHOCTh PYKOIIMCH M Ha3HAa4YaeT JBYX HE3aBHCHMBIX PELICH3EHTOB — CIICIIHAJIMCTOB,
UMEoUIMX Hanbosee ONM3KME K TeMe CTaTbu Hay4dHbIE ClielManu3aluu. PeneH3upoBanme
CTaTeil OCYLIECTBIISIETCS] WICHAMH PENAKIMOHHOTO COBETA M PEAAKLIMOHHOM KOJUIErnH, a
TaKKe MPUTJIALICHHBIMH PEIeH3eHTaMH JPYrux cTpaH. PerieHue o BbIOOpE TOr0 MM
WHOTO PELEH3EeHTa JJIsl MPOBENICHNS] SKCIEPTHU3bl CTAThU NMPUHUMAET TJIaBHBIH PElaKTOP.
CpoK pelieH3UpOBaHUs COCTaBIIsAeT 2-4 HENENH, HO MO MPOchOe PEleH3eHTa OH MOXKET
OBITH MPOJJICH, HO He OoJiee YeM Ha 2 HeJeH.

Pemakumsi W peleH3eHT TapaHTHPYIOT COXpaHeHHE KOH(HACHINAIBHOCTH
HEOIyOJINKOBaHHBIX MAaTEepPHAJIOB IMPUCIAHHBIX Ha paccMOTpeHHe pador. PerreHne o
nyOJIMKaluK IPHHUMAETCs PeIaKIHMOHHOM Koyuterned JKypHaia mocie peleH3upOBaHus.
B ciyuae HeoOxoquMocTH (HalmM4yKe 3aMeYaHnii pelakTopa(-oB) U /Ui pereH3eHTa(-0B))
PYKOIIUCHh HAampaBisieTcs aBTopaM Ha JIOpadOTKy, IIOCIE€ 4Yero OHa IIOBTOPHO
peuensupyercs. Pepakiust ocraBisier 3a cO00H MPaBO OTKIOHUTH MyOJMKALMIO CTAThH B
cllyyae HapylleHHsi MpaBuil STHKU. OTBETCTBEHHBIH PENAaKTOp HE JIOJDKEH JIOMYCKaTh K
nyOmuKanu MHGOPMAIMIO, €CIIM MMEETCsl JI0CTATOYHO OCHOBAHMU IoJyiaraTh, 4TO OHa
SIBJISIETCS TIAarUAaTOM.

ABTOpBI TapaHTHPYIOT, YTO MPEJCTaBICHHbIE B PEJAKIHI0 MATEPHAIbl SIBJISIOTCS
HOBBIMH, paHee HeONyOJMKOBaHHBIMH M  OPUTMHAIBHBIMH.  ABTOpbI  HECYT
OTBETCTBEHHOCTh 32 JIOCTOBEPHOCTb M 3HAYMMOCTh HAYYHBIX pE3yJbTAaTOB, a TaKXe
coOojieHNe TPHHLMIIOB HAayYHOW OTHKH, B YaCTHOCTH, HeJoIymieHue Qakros
HapylIeHHUs HayqHOH 3THKH (padbpHKais HayYHBIX JaHHBIX, (panbcuduKarys, Beymas K
UCKaKEHUIO  HWCCIENOBATEIbCKUX  JAHHBIX, IUIAarMaT M JIOKHOE  COaBTOPCTBO,
IQyOnIMpoBaHKeE, IPUCBOCHUE YY)KUX PE3yJIbTAaTOB H AP.)
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HanpasneHnne cTaThyl B PEAAKIHIO O3HAYACT, YTO aBTOPHI HE TEPENABAIN CTAaThIO (B
OpWTHHAJIC WIH B TEpeBOJle HA JPYTHe S3BIKM WM C IPYTUX S3BIKOB) B NIPYToii(-ue)
KypHaJI(bl) U YTO 3TOT MaTepuayl He ObUI paHee omyOiMKoBaH. B mpoTtwBHOM ciydae
CTaThsl HEMEUIEHHO BO3BpAIacTCsl aBTOpaM ¢ (HOpMyIUpOBKOil «OTKIOHHUTH CTAaThIO 32
HapylIeHHe aBTOPCKHX mpaBy». He nomyckaercst nocioBHOe KomupoBanue Oonee 10
MIPOLIEHTOB pabOoTHI APYroro aBropa 0e3 yKasaHUs ero aBTOPCTBA U CCHUIOK HA UCTOYHUK.
3auMcTBOBaHHbIE ()ParMEHTHl MJIM YTBEPXKICHUS JOJDKHBI ObITh O(OpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3mMepHble 3aMMCTBOBAaHUS, a
TaKke Iuiaruat B Jroboi opme, BIItOYas HeO(OPMIICHHBIE IIUTATHI, TepedpasupoBaHie
WJIN TIPUCBOEHHE NPaB Ha Pe3yJbTaThl Uy>KUX MCCIICTOBAHUM, HEITUYHBI U HENPUEMIIEMBI.
Heobxoanmo mpu3HaBaTh BKJad BCeX JIMI, TaK WJIM HWHA4Ye IOBIMSBIIMX Ha XOI
HCCIIEJOBAHMS, B YACTHOCTH, B CTAaThe JOJDKHBI OBITH IPEICTABICHBI CCBUIKH Ha paboTHI,
KOTOpBIE HWMENM 3HAauYeHWe IIpM MPOBEACHUHM wHccienoBaHus. Cpeou coaBTOPOB
HEJIOITyCTHMO yKa3bIBATh JIMII, HE YIaCTBOBABIINX B HCCIICAOBAHUH.

Ecmu aBTOpoMm(-amm) oOHapykeHa omuOka B padoTe, HEOOXOOHUMO CPOYHO
YBEIOMHUTB PEIaKTOPa M BMECTE MPUHSTH penieHne 00 NCIpaBICHHN.

Pemenne 006 oTkaze B NyOJMKAaLUMHM PYKONHMCH NPUHMMAETCs Ha 3acelaHud
PEIaKIMOHHON KOJJIETMM C YYe€TOM pPEKOMEHJaluil peneH3eHTtoB. CrTarhs, HE
PEKOMEHIOBaHHAs PEUICHHEM pEelIaKIMOHHOW KOJUIETMH K ITyOJIMKAaluH, K HOBTOPHOMY
paccMoTpeHuo He npuHuMaeTcs. CooOiieHne 00 OTKasze B MyOJHKAIMK HAMPaBIIsACTCS
aBTOpY I10 3JIEKTPOHHOH 1OYTE.

Ilocne mnpumsTus pegkomtermeid JKypHama pemieHHss O JOMyCKEe CTaTbU K
MyOIMKanuy pegaknusi HHPOPMHUPYET 00 3TOM aBTOPA M YKa3bIBaeT CPOKH IMyOJMKAIIUH.
OpuruHainsl peueH3uid xpansaTes B pegakuuu JKypHana B TeueHue 3 Jer.
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Scientific Publication Ethics

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

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

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

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

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

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

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

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

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