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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecriybriukacbl ¥nmmolk fbinibiM akademusicel "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miq xaHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeriyze KabbindaHraHbiH xabapnaldsl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicbl xypHanObl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday MaceneciH
kapacmeipyda. Webof Science 3epmmeywinep, asmoprap, 6acrnawsbinap MEH MeKeMmesiepae KOHMeHm
mepeHODiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapbl. XuMusi XXeHe mexHosioausi cepusicbl Emerging
Sources Citation Index-ke eryi 6i30iH KoFamdacmbiK yWiH eH 63eKkmi xoHe 6edendi XUuMUsibIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobiFbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo HayuyHbIl XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosoauiy 6bin
npuHam Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate
Analytics 0nsi danbHeliweao npuHamus xypHana 8 the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednasaem ka4yecmeo u
enybuHy KoHmeHma 0151 uccriedosameriel, asmopos, usdamernel u yupexdeHul. BknovyeHue Nssecmus
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawly MpueepXeHHoCmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam 01 Hauleeo coobujecmea.
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SORPTION OF IONS STRONTIUM WITH
NEW COMPLEX - FORMING IONITES ON THE BASIS
OF EPOXYACRYLATES AND COMPLEXONES

Abstract. Polycondensation of glycidylmethacrylate, acrylonitrile and nitrilotrimethylphosphonic acid (NTPA),
oxyethylidene diphosphonic acid (OEDA) complexes gave new complexing chelating ion exchangers with a static
exchange capacity of 0.1 N HCI 3.64 and 3.43 mg-eqv / g. The sorption of Sr* ions by complex-forming cation
exchangers of GMA-AKN-OEDA, GMA-AKN-NTFA was studied by the classical polarography method under
static conditions. The sorption of strontium ions under static conditions from a solution of strontium chloride
depending on their concentration and pH, as well as the time of their contact with ion exchanger was studied. It was
found that they possess high kinetic and sorption characteristics and surpass the known industrial ionites in their
absorbing capacity.

Key words: complexing ion exchangers, sorption, strontium ions, chelates, complexones, sorption capacity.

The element of strontium is the main source of pollution of the environment, in most cases due to the
testing of nuclear weapons and the nuclear industry. Excessive content of strontium ions in living
organisms becomes a real threat of the development of the level disease (Kashin-Bek disease), which is
revealed in joint disease, increased brittleness and bone deformity. In the regions (East Siberia, Northern
China, and North Korea) that are endemic for the abundance of strontium in soil and water, the level
pathology is observed not only in humans, but mainly among animals.

Strontium is one of the most difficult and widely spread radionuclides. The specific feature of
strontium isotopes is low sorbability and the high migration ability due to it in the environment. Sorption
processes on mineral and organic components of soils have a large effect on the regularities of migration
of strontium compounds. Sorption of radionuclides is often determined not by individual soil components,
but by their complex action, since humus substances can be sorbed on the surface of natural
aluminosilicates, oxides and hydroxides of iron, aluminum, etc., can be precipitated, which must be taken
into account when assessing the migration of radionuclides in the environment.

For chelating-forming sorbents, a particularly important characteristic is the sorption capacity, which
is caused by the interaction of the metal with the complexing groups of sorbent, which determine its
selective properties. Therefore, to characterize the sorption capacity of complex-forming sorbents, the
sorption capacity is determined under the conditions which the sorbent interacts with metal mainly to
chelating groups [1-3].

Among the chelating-forming ion exchangers, phosphoric acid cation exchangers are advantageously
distinguished by such practically important properties as a sufficiently high exchange capacity,
thermochemical and radiation resistance, mechanical strength of the polymer matrix, increased selectivity
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to many metal ions. Due to these qualities, they find wide application for the separation and concentration
of ions in hydrometallurgy, nuclear technology. They, obviously, will acquire great practical significance
in the new fields of science and technology [4].

A sorption-ionometric technique for removing strontium from water has been developed. The
technique can be extended to study the adsorption of various substances from other environmental objects
and with the use of other sorbents, for the purification of water from strontium ions, the flasks of the
Astrakhan region, which possess a high sorption capacity with respect to strontium, are used, the
developed method for water purification is used at the enterprise Astrakhan Oil and Gas Company
(Astrakhan Region, Kharabalinsky District) [5].

In nuclear power, under conditions of normal operation of nuclear power plants, emissions of
radioisotopes onto the environment are insignificant. In accidents, especially large ones, radionuclide
emissions, including strontium radioisotopes, can be very dangerous for the environment. Therefore,
studying the sorption of Sr* " ions remains an urgent problem.

The purpose of this work is to study the sorption of strontium ions by new phosphorus-containing ion
exchangers based on glycidyl methacrylate (GMA), acrylonitrile (ACN) and nitrilotrimethylphosphonic
acid (NTPA), oxyethylidenediphosphonic acid (OEDP).

Experimental part

The extraction of Sr* * ions by the GMA-AKN-NTFK and GMA-AKN-OEDP ion exchangers in the
H-form (grain size 0.5-1 mm) was studied under static conditions at a sorbent: solution ratio of 1: 400,
temperature 20 + 2 ° C , varying the concentration of strontium ions in SrCl, solutions and from 0.206 to
2.277 g/ 1 and their acidity in the pH range from 1.6 to 5.9 by adding 0.1N solutions of HCI or NaOH.
The duration of contact between the sorbent and the solutions was from 0.5 h to 7 d. For the preparation
of model solutions, the SrCl, - SH,O salt of the qualification "h.ch" was used. The sorption capacity (SC)
was calculated from the difference in the initial and equilibrium concentration of solutions, which was
determined by the classical polarography method against a background of 0.5 M NH4ClI in the recovery
wave of Sr*" (E 1/2 = -0.16 V). The polarograms were recorded on a universal polarograph PU-1 in a
thermostated cell at a temperature of 25 £ 0.5 © C using a mercury dropping electrode. Oxygen from the
analyzed solutions was removed by blowing argon for 5 minutes. A saturated calomel electrode served as
the reference electrode.

Results and its discussion

Chelate-forming sorbents often have a complex chemical structure. In addition to chelating groups,
they contain other reactive groups. These can be acidic or basic groups. Often, the chelating sorbents are
polyampholytes.

Acid-base properties of chelating-forming sorbents are an important characteristic of them and to a
large extent determine their selectivity. The sorption properties of chelating sorbents are affected by the
state of all ionogenic groups of sorbents.

To establish the acid-base properties of polymeric sorbents, the potentiometric titration method is
widely used. This method makes it possible to establish the presence of certain groups in the polymer
sorbent, and in some cases also their concentration, to calculate the dissociation constants of ionogenic
groups and the total exchange capacity of the sorbent [6].

Potentiometric studies were performed to evaluate the acid-base properties of synthesized
polyelectrolytes. The results are shown in Figure 1,2. As can be seen from Fig. 1, the potentiometric curve
of this ion exchanger has two inflections, this indicates the presence of two unlike active groups,
characteristic of polyfunctional ion exchangers. The acid-base properties of synthesized ion exchanger
based on the double copolymer GMA-AKN and nitrilotrimethylphosphonic acid (NTFK) (Figure 2)
indicate the presence of two kinks of the obtained new ion exchanger on the curves, indicating a medium-
acid character, and also indicate their polyfunctionality.

7 pr—
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Figure 1 - Curves of potentiometric titration of ion exchanger based
on the copolymer of GMA-AKN and OEDP
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Figure 2 - Curves of potentiometric titration of ion exchanger based
on the copolymer of GMA-AKN and NTFP

The sorption properties of complexing phosforus-containing ion exchangers based on the
copolymers GMA-AKN: NTFP and GMA-AKN-OEDF with respect to strontium ions were studied.
Figure 3 shows isotherms of sorption of strontium ions, showing the dependence of SC ion
exchangers on the equilibrium concentration of Sr** in solutions. It can be seen that with the increase in
the concentration of strontium ions in solutions of SrCl, from 0.175 to 2.057 g/ 1, the sorption capacity
(SC) of the ion exchanger GMA-AKN-NTFP for strontium ions increases from 56.8 to 358.4 mg / g and
SC of the sorbent GMA- AKN-OEDP increases from 37.6 to 315.2 mg/ g.
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Figure 3 - Isotherms of sorption of Sr** ions from a solution of SrCl, (pH = 5.8) by the ions of GMA-AKN-NTFP and GMA-
AKN-ODEEF in H + form. The duration of the contact is 7 days.

It is known that selective ion exchanger sorbs metal ions, which depends on the pH of the medium,
with change in which metal ions in solutions can be in different ionic states. The results of studies of the
sorption capacity of chelating-forming ion exchangers based on GMA-AKN-NTFP and GMA-AKN-
ODEF on strontium ions on pH are presented in Fig. 4. The pH was taken at intervals from 1.6 to 5.9. As
can be seen from Fig. 3, in the pH range from 1.6 to 3.5, the maximum sorption capacity of the GMA-
AKN-NTFP ion exchange (SC is 437.6 mg / g) is observed. As the acidity of the SrCl, solution decreases,
pH 3.5-5.9, the sorption capacity of the ion exchanger gradually decreases. The sorption capacity of the
GMA-AKN-ODEF ion in Sr*"ions, from pH 1.6 to 3.5, is constant and amounts to 458.6 mg / g, and with
the pH 4.6-6.9 SC of ion exchanger for Sr** ions begins to decrease by 358, 8 mg / g, respectively.
Reduction of SC with increasing alkalinity of the medium is due, obviously, to competitive sorption of
protons (H +).

] —8—  [MA-AKH-HTH
100 #—  [MA-AKH-O3/0

0 A L N e D I Y D D Y I B D |
1 2 3 4 5 6 7
pH
Figure 4 - Dependence of the sorption of chromium ions Sr by the ion exchangers GMA-AKN-NTFP (C =1.926 g/ 1)
and GMA-ACN-ODEF (C =2.016 g /1) on the acidity of SrCI2 solutions.
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Figure 5 - Kinetic curves of sorption of Sr ions by ion exchangers
of GMA-AKN-NTPK (C =1.926 g/ L, pH = 3.4) and GMA-AKN-NTFP (C=2.016 g/ L, pH =3.4)
versus time duration of contact with a solution of SrCl,

The degree of saturation of the ion exchanger with the absorbed ions depends on the contact time of
the sorbent with solutions. From figure 5, where the dependence of the SC of the ion exchanger GMA-
AKN-NTFP on the time of its contact with a solution of SrCl, (pH 3.4, concentration of Sr* 7 2.016 g / 1
ions), it follows that the equilibrium is established after 2 hours and the kinetic curves of sorption of
strontium ions the state of the GMA-ACN-ODEF ion-exchange resin and that between the model SrCl,
solution containing 2.016 g / 1 of Sr*" ions and having a pH of 3.4 occurs two hours later. Consequently,
this ion exchanger has good kinetic properties.
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A MODELING STUDY OF ALLENE OXIDATION
AND PYROLYSIS

Abstract. The present work is an extension and upgrade of the earlier published detailed DLR reaction
mechanism for the allene oxidation chemistry. Experimental data for ignition delay times obtained in shock tubes
(ST), laminar flame speed data and species concentrations measured in laminar flames were used for the model
revision and refinement. Threeoxygenated components C;H;00, C;H,OOH, H,CCHCO and their reactions, related
to the lower temperature oxidation reactions, were newly included in the model. The thermodynamical properties of
these species and reaction rate coefficients for H,CCCH+O,SC;H;00, C;H;005C;H,00H and
C;H,tHO,SC3H,00H were estimated using group additivity methods. The rate coefficients for most important
reactions were revised on the basis of literature data; their uncertainty factors were estimated using statistical
method. The developed mechanism was validated on the literature experimental data over parameters ranges of
initial pressure 0.03-10 atm, the temperature 300-2500 K, the equivalence ratio 0.7-1.7 for allene and its mixtures,
such as allene/propyne, allene/metane, allene/acetylene. The obtained model reflects well experimental data, but
there is some inconsistency between experimental data for ignition delay times. However, the performed
improvements in the C;H, oxidation chemistry led to progress in simulation of concentration profiles of the
polyaromatic hydrocarbon (PAH) precursors.

Keywords: reaction mechanism, allene, oxidation, ignition, flame.

Introduction

Better understanding of the C; hydrocarbon oxidation is an important scientific topic, due to two
reasons: they are key intermediates in the combustion of hydrocarbon fuels such as propane, n-butane, n-
heptane and iso-octane [1-3], and play an active role in the propargyl formation, which is one of the most
important PAH precursors.

Allene is a significant intermediate in the combustion of propene. The resonantly stabilized propargyl
(H,CCCH) radical, which plays the major role in formation of first aromatic molecule, benzene (A1), is
formed mostly in reactions of the allene decomposition and H-atom abstraction. The literature analysis
showed that only several studies, numerical and experimental [2,4-8] were addressed to the C;H4
combustion.

Fournet et al. [S] measured the ignition delay times of allene and propyne behind reflected shock
waves in the temperature range of 1000-1650 K and the rather narrow pressure range of 8.5-10 atm. On
this basis, their reaction mechanism for acetylene, propyne, allene and 1,3-butadiene was developed [5].
Besides their measured data [5], experiments on the species concentration profiles obtained in premixed
flames with fuels such as acetylene by Bastin et al. [9], Westmoreland et al.[10], and 1,3-butadiene by
Cole et al. [11] premixed flames were used for the allene sub-mechanism [5]validation.

Faravelli et al. [7] studied the oxidation of propyne and allene in a jet-stirred reactor (JSR) and
proposed the chemical kinetic scheme for the C;H,4 oxidation at the intermediate- and high-temperature
regions. Faravelli et al. [7]shown that the isomerization reactions proceeding via direct and H addition
routes are significant in the oxidation. The developed reaction scheme has been tested on the experimental
results obtained in ST experiments of Curran et al. [4], laminar flame of Miller et al. [12]and JSR [7].




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 1. 2018

Petrova et al. [8] proposed a detailed chemical-kinetic mechanism for the high-temperature
combustion of allene. It was shown that the combustion properties of allene and propyne are quite similar
and their ignition times measured in shock tubes are practically identical. The mechanism [8]was verified
against ST experimental data [4] and laminar flame speed data of Davis et al. [6].

The most detailed study was recently published by Vourliotakis et al. [2]. They extensively studied
existing uncertainties regarding the C;H, isomers chemistry and tested their model on the ST ignition
delay data [4]and on concentration species investigated by Hansen and co-workers [13,14] in laminar
flamesof allene and propyne. It was concluded [2] that the dynamics of allene and propyne breakdown are
more dependent on the initial stoichiometry, and less dependent on the isomeric structure.

The present study is a part of the on-going work aimed at optimizing the PAH kinetic mechanism
formation [15-17] and reports results of the C;Hy sub-model upgrade at lower temperature, i.e. the second
stage in the planned C; oxidation chemistry updating. The reaction model was improved on the
experimental data for ignition delay times obtained in the shock tubes, laminar flame speed data and
species concentrations measured in laminar flames. Overall integrated parameter ranges were: initial
pressure 0.03-10 atm, the temperature 300-2500 K, the equivalence ratio 0.7-1.7 for allene and its
mixtures, such as allene/methane, and allene/acetylene.

Kinetic Model

The detailed chemistry of C;H4 sub-model is a part of earlier published C;H, sub-mechanism of
Auyelkhankyzy et al. [15]at high-temperature, which consists of 111 species and 926 reversible
elementary reactions including the PAH chemistry up to 5-ring molecules. The C3H, sub-model upgrade
was carried out through the model optimization based on the experimental data from [4-6,12,13,18]. The
numerical calculations have been performed with Chemkin [19] and Chemical Workbench [20] software.
Constant-volume, homogeneous, and adiabatic conditions behind the reflected shock wave have been
used to model the shock tube experiments.

First simulations of ignition delay times revealed that the model [15] does not reproduce correctly
ignition delay data for lower temperatures: in this case 1100-1350 K. It was found out that the oxidation
of allene at lower temperature was inhibited with the H,CCCH formation. This has been explained with a
disbalance between the chain-branching reactions of a prompt dissociation and the chain propagation by
bimolecular reactions of chemically activated species.

The chain propagation bimolecular reactions being in the model

H,CCCH+O,«»CH,CO + HCO (R1)
H,CCCH+0,<>CH;CO + CO (R2)
HzCCCH+Oz<—>C2H3 + COz (R3)

are very important at high-temperature oxidation [18], but they did not influence the low-temperature
oxidation. The reaction channels which could contribute to propargyl consumptions significantly have not
found. According to the general reaction schemes [21,22]for low-temperature oxidation, we supposed to
include the peroxy radical, C;H;00, formation in the studied model

H,CCCH+0,5C;H;00 (R4)

The following sequence converts peroxy radicals to other radicals

C;H;005C;H,00H (R5)
C;H;005H,CCHCO+O (R6)
C;H,+HO,5C;H,00H (R7)

Four oxygenated components C;H;00, C;H,O0H, H,CCHCO, and C;H,0 were finally included in
the model. The presence of H,CCHCO in the system has been shown in the study of Nguyen et al. [17],
who investigated the H,CCHCO radical formation by oxygen attack of C;Hj.

The reaction rate coefficients for (R4), (R5) and (R7) have been evaluated applying group additivity
methods [23].The rate coefficient of (R6) was evaluated by analogy with similar reaction,
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CH,CHOO=CH,CHO+O, studied by Goldmith et al. [24] and finally the k6 was multiplied to 10. The
modification in the DLR mechanism [15] conducted in the present work is shown in Table 1.

Table 1 - Modifications in the DLR mechanism conducted in the present work

) k, cm’,s, mole, K Ref.
Reaction A n E,

R4 H,CCCH+0,5C;H;00 6.000E+12 0.00 0.00 This work
R5 C;H;005C;H,O0H 2.032e+08 1.14 17395.0 This work
R6 C;H;005H,CCHCO+0 5.220E+30 -4.71 21170.0 See text
R7 C;H,+HO,5C;H,O0H 1.000e+13 0.00 0.00 This work
R8 H,CCCH+H,05CH2CHCHO+H 6.000E+12 0.00 1042.0 [2]
R9 CH,CHCHO+HSH,CCHCO+H, 1.150E+13 0.00 12107.3 [25]
R10 CH,CHCHO+OHSH,CCHCO+H,0 8.000E+14 0.30 8304.0 [25]
R11 H,CCHCOSC,H;+CO 1.000E+15 0.00 8304.0 [25]
RI12 H,CCCH +0OsC;3H,0+H 2.100E+14 0.00 17300.0 [2]
R13 H,CCCH +OHsC3H,0+H, 1.400E+14 0.00 0.00 [2]
R14 C;H,05C,H,+CO 1.200E+13 0.00 0.00 [2]
R15 C;H,0+OSHCO+HCCO 8.510E+14 0.00 357229 [2]
R16 C;H,0+OHSHCO+CH,CO 1.000E+13 0.00 0.00 [2]
R17 H,CCHCO+HsC3H,0+H, 1.000E+13 0.00 0.00 [2]
RI18 H,CCHCO+0OsC;H,0+OH 6.000E+13 0.00 0.00 [2]

The rate constants are given at 1 atm (k(T) = AT"exp( — E,/T)) in cm’, mol, s, K units.

Results

Ignition of C3H/Oy/Ar mixtures

The simulations of experimental data [4,5] identified some discrepancies between these two data sets.
Despite the similar initial temperature and identical mixture compositions, the results obtained in these
studies demonstrate quite different trends. The data from [5], Fig.1, shows the faster ignition than it was
observed in [4] for temperature >1650 K, and are slower than data [4] at temperature lower than 1350 K
under similar conditions for equivalence ratio. The faster observations can be logically explained with the
higher pressure. One possible explanation for the deaccelerating of the ignition delay time with the
pressure growth could bean increasing the HO, production caused by higher pressure, i.e. ps=8.5-10.0
atm, in experiment [5], in comparison to ps=2.1, 3.5 and 5.0atm in experiment [4]. However, at studied
temperatures [4,5], Ts = 1350-1850K, this effect is no longer so strong to slowdown the ignition delay
time with factor of 2.5, as it follows from the experimental data comparison, Fig.1.The sensitivity analysis
has been carried out by changing the rate constant of C;H,+#HO,SH,CCCH+H,0, in ranges defined with
uncertainty analysis [15]. The results of this analysis indicate the nonsignificant influence of this reaction
in contribution to the changing of the ignition trends. This analysis can indicate on the possible
inconsistency of these two datasets.
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The introduced reactions (R4)-(R7) improved sufficiently the simulations of data from Curran et al.
[4]for T5<1350 K, Fig.1, and increased the disagreement with data of Fournet et al. [S]for these
temperatures: the model under-predicts measurements from [5]. Calculated values, as it was described
above, were used for k,, ks, k; without any changes. The rate constant ks was multiplied to 10 to accelerate
the ignition simulations at lower temperatures.

The obtained progress in experimental data reproduction is shown in the Fig. 2. The least square
residual for ignition delay time calculated with initial model and with the present one was reduced from
8.03E+01 to 2.96E+01.
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Figure 2 - Comparison between computed models and experimental ignition delay times of C;H,/O,/Ar [4,5]

Laminar flame speed of C3H /air mixtures

The present mechanism validated on the basis of the experimental data by Davis et al. [6], which
studied the oxidation of propyne/(18% O, in N,) mixtures in laminar premixed flames using the counter-
flow twin flame configuration. The sensitivity analysis is populated with reactions of hydrogen and C,
hydrocarbon species, and there are only a few reactions of allene and propargyl that influence laminar
flame speed at all stoichiometric conditions. The addition of the reactions (R4)-(R8) to the mechanism
lead to nonsignificant change in the laminar flame speed data at lean to rich equivalence ratio. This
modification leads to predict the shape of the laminar flame speed curve reasonably well. The results are
shown in [15].

Concentration species of C3H/O,/Ar mixtures

A successful reproduce the ignition delay times of both allene and propyne mixtures and laminar
flame speed data for propyne leads to main goal of this studys; it is to describe the major and intermediate
species formed in flames and to improve the reaction pathways of PAH formation and growth in
modelling tools to predict soot precursors formation in allene flame.

The initially validated against species concentration profiles data results show in excellent agreement
for major stable species, such as C;H,, O,, Ar, H,, H,O, CO, CO, in all flames. The model over-predicts
the CH; and CH4; mole fractions obtained from [13], but the experimental data observed from
[12]accurately reproduced very well, Fig. 3. It can be explained, as it noted from [13], in experimental
data obtained from [13 Jmole fractions of these components no detectable amount in the post-flame
region.

Concentration profiles of C,H,, C,H3, C;H4, and C,H¢ was obtained from [18] and [13]. Mole faction
of C,H, obtained from [13] predicted quite accurately, but experimental data obtained from [18] is over-
predicted almost 2 times. The data between each other is not consistent. Lower mole faction for C,Hj; is
observed with the present model compare the experimental data [13]. The mole fraction profiles for C,H,4
and C,H obtained in both experimental data from [13,18] model reproduced in excellent agreement.
Figure 4 shows the comparing of the experimental data and modeling results of C,H, and C,H,.
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Figure 5 - Mole fraction profiles of H,CCCH and C;Hs in C3H,/Oy/Ar flame [13]

Nevertheless, the detection the isomeric composition for C; hydrocarbons [13] in allene flame we
have only singlet propargylene (HCCCH) as C;H; and allene as C;H, in present model. The first reason is
the objective of achieving simplifications and secondly is the indistinguishable behavior of the ignition of
allene and propyne. Predicted and experimentally derived mole fractions profiles for radicals CsH; and
C;H; are in excellent agreement, Fig. 5. The C;H, mole fractions peak at experiment is 1.00x10%, but
prediction is 2.25x10". The present model is over-predicted the mole fraction profiles for molecules C;Hg

and C;Hg obtained from [18]. It is the next goals.
— 16 ——
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The present model reproduced lower mole fractions profiles for C4H, obtained [13] and [12], Fig.6.
Mole fractions profiles for C4H,4 obtained from [13] and [12] is inconsistency, for data obtained from [13]
model is under-predicted, but for data from [18] model is over-predicted. Mole fraction profiles for C4Hs
obtained from [13] are 2.00x10", but prediction is 2 times high. C4,Hs mole fractions profiles obtained
from [18] predicted accurately. The CsHs mole fractions peak at experiment is 1.50x10* from [13] but
prediction is 7.50x10°.
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Figure 6 - Experimental (symbol) [12,13,18] and computed (line) mole fraction profiles of C4H, and C4H, in C3H4/O,/Ar flame

Prediction the concentration profiles of benzene is too high for all these three flames. The prediction
of benzene profiles is possible after developing the sub-models to propene and propane.

Conclusions

A new detailed kinetic mechanism has been proposed to model the oxidation of allene and their
mixtures. The mechanism for allene is derived from recent mechanisms for the oxidation of acetylene and
allene and has been successfully validated using experimental results obtained in a shock tube reactor and
in laminar flames. The mechanism for the mixture can qualitatively reproduce the evolution of the
ignition delay times, laminar flame speed, and species concentration profiles observed. Three more of the
missing reactions with propargyl radical, which is not been previously reported in the literature have been
added. Addition of these reactions is given possibility reproduced the ignition delay time at lower
temperatures. Unfortunately, due to non-availability the experimental data of the oxidation of allene at
low-temperature T > 1000 K do not impossible to validate the mechanism. The hierarchical structure of
present C;Hy sub-mechanism will be used for further developing a sub-mechanism for propene that is
consistent with the available experimental combustion data for this fuel; then, finally, keeping these
mechanisms fixed, find a successful mechanism for propane.
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AJIVIEHHIH TOTBIF'YBIH )KOHE IINPOJIN3IH MOJAEJIBJAIK 3EPTTEY

Annotanusi. Ocel Makanana HAO-HBIH peakuusuiblK MEXaHU3MI HETi31H/le aIIEHHIH TOTHIFYBIHBIH XUMUSUIBIK
peakLHsIIapbl KEHEHTII KoHe JKaHAPTHULIBL. PeakIMsuIbIK MEXaHH3MIl TeKCepy JKOHE OHTaIaHIBIPy YIIiH COKKBI
TYTITiHJE albIHFaH TYTaHy YaKbIThl OOMBIHINA, JAMAHAPIIBI JKAJIBIH KbUIIAMIBIFBI OOMBIHIIA KOHE KOMIIOHEHTTEPIIH
KOHIICHTPaLUsUTapBIHBIH Tpodribaepi OOUWBIHIA aJbIHFAH SKCIIEPUMEHTTIK epeKTep KonmaHsuinel. HoTmxkecinae,
QUICHHIH TOMEH TeMIlepaTypaia TOTBHIFYbIH CHIIATTay YINiH MEXaHH3MI€ )KaHaJaH YLI OTTeriMeH OailbIThLIFaH
C;H;00, C;H,00H, H,CCHCO KOMIOHEHTTEPI JKOHE OJIAPBIH peakiusuiapbl eHri3iami. Ocbl KOMIIOHEHTTEPIIH
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TepMoAMHAMUKANBIK Kacuerrepi xoHe H,CCCH+0,5C;H;00, C;H;005C;H,00H, C;H,+HO,SC3H,O00H
PeaKIIsUIapbIHBIH KBUIIAMIBIFBIHBIH KO3 GUIIMEHTTEePl TONTHIK KOCBIHIBI 9iCi apKbpUIbl Oarananapl. EH MaHBI3IIBI
peaKIsIapAplH KBUIIAMABIK KOX(QQHUIMEHTTEepl ome0n AepeKkTep HeTi3iHae KalTa Kapalibl XOHE OJIapIblH
Oenricizmik (akTopiaapbl CTATUCTUKANBIK OHJEY apKbUIbl OaranaHibpl. OHJENreH MOJAEeNb o1edu TIxipHOeIiK
nepekrep Herizige KpickiM 0.03-10 at™, temmeparypa 300-2500 K »xome skBuBaneHTTIK KatbiHachl 0,7-1,7 TeH
AJUICH JKOHE OJIAPJBIH KOCHajJaphl aJUICH/IPONKH, AJUICH/METaH >XOHE aJUICH/alleTHIICH HETI3IHAEC TEKCepIi.
AnbIHFaH MOJENh OSKCIICPUMEHTTIK JIEPEKTEp/i JKAKChl CHUIATTAiIbl, OipaKk TYTaHy YaKbITTapbl OOWBIHIIIA
OKCIIEPUMEHTTIK JIEpeKTep apachiHna caiikeccizmik Oap. Anaina, CsHy TOTHIFYBIHBIH XMUMUSUIBIK PEaKLHSIaPBIHBIH
KeHelTiyi noiauapomattsl kemipcyTtekrepain (ITAK) xoHumeHTpanusiapslHbIH NpOQHIbISPIiH TOJIBIK CHIIATTAYyFa
QKEJIl.
Tipek co3ep: peakiisUIbIK MEXaHU3M, aJUICH, TOTBIFY, TYTaHY, KaJIblH

YK 541.183; 547.532:542.943; 547.91:542.943
M. AyenxankbizeiZ, H.A. CiaBunckas’', T.A. Illaéanosa’,3.A. Mancypos™

'Mucturyr Texnonoruii lopenust (HALL), Ityrrapr, [epmanns;
’Ka3axCKHil HALMOHAJIbHBIIA YHHUBEpPCHUTET NMeHU anb-Dapadu, Anmatel, Kazaxcran;
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MOJEJMPOBAHUE OKHUCJIEHUSA U ITIUPOJIN3A AJIVIEHA

AnHoranus. Hacrosmas paboTra TOCBAIIEHA pACIIMPEHHAI0 W YIYYIICHUIO paHee OMyOIHKOBAaHHOTO
mopobHOTo MexaHm3Ma peakuyd DLR i XuMun OKMCTICHHS ajieHa. DKCIIePIMEHTAbHbIE JaHHBIE TI0 BpEeMEHaM
3aJiep)KeK BOCIUIAMEHEHHs TOJIYYCHHBIX B YJApHBIX Tpy0ax, JaHHbIE [0 CKOPOCTSIM JIAMHHAPHBIX IIaAMEH |
npoduiIsiM KOHIEHTPAIlMM KOMIOHEHTOB, IOJyYeHHBIX B JIAMHHAPHBIX I[UIAMEHAX, ObUIM HCIOJIb30BaHbBI IS
TECTUPOBAHUS W ONTHMHU3AIMH PEAKIMOHHOTO MeXaHu3Mma. Tpu okcureHmpoBaHHbIe KommnoHeHThl C;H3;00,
C;H,00H, H,CCHCO wu ux peakiuu, KOTOPble Ba)XHbI IS HU3KOTEMIIEPATYPHOTO OKHUCJIEHUS, ObLTA BIEpPBbIE
BKJIFOYCHBI B HaCTOHHJ,yIO MOICJIb. TepMOJII/IHaMI/I'-IeCKI/Ie CBOﬁCTBa 9TUX KOMIIOHCHTOB U KO3(1)(1)I/IL[I/I€HTI)I CKOpOCTI/l
peakiuun  H,CCCH+0,5C3H;00, C;H;005C;H,O0H wu C;H,7HO,SC3;H,O0H  Obutn  OIlCHEHBI ¢
HCTOJIB30BAHUEM METOMa TPYIIOBON agauTHBHOCTH. K03((UIMEHTBI CKOPOCTH U HanOOJee BaKHBIX PEaKITHA
OBUTH TIEPECMOTPEHBI HA OCHOBE JINTEPATYPHBIX JAHHBIX M WX KOA(D(DHUIMEHTH HEONPEACICHHOCTH OLICHUBAIUCH C
HCTIOJB30BAaHUEM CTAaTHUCTUYECKOTO MeToaa. Pa3paOoTaHHBI MexaHW3M OBbUT TOATBEPIKIEH JIMTEpaTypPHBIMH
SKCIEPUMEHTANBHEIMA JaHHbIMH Tipu naBieHun 0,03-10 atM, temmepatype 300-2500 K, u nmpu koaddununenre
skBuBaneHTHOCTH 0,7-1,7 I alieHa W ero cMeced, TaKMX Kak aJUICH/TIPOIUH, aJUIeH/METaH, alUIeH/alleTHICH.
[TomyuerHass Mozens YHIOBIETBOPUTEIBHO BOCIPOM3BOAUT OSKCIIEPUMEHTAJIbHBIE NaHHBIE, HO €CTb HEKOTOpHIC
HECOTJIACOBAaHHOCTh MEXIY AKCIEPHIMEHTAIFHBIMH JaHHBIMH TI0 BpEMEHaM 3aJepkeK BocIiutaMeHeHus. OTHaKo
BBINIOJIHEHHbBIC yaydlleHus: B xuMuu okucieHus C;H, mpuBenn k mporpeccy B MOJCIMPOBAHHMU MPOGuiiei
KOHIIEHTpaIlUY ToJiuapoMaTuieckux yriaesogopoaos (IIIIAY).

KiroueBble cjioBa: peakilMOHHBIN MEXaHU3M, ajllIcH, OKHCIICHHUE, BOCIUIAMCHEHHUE, TITaMSI.
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TO CALCULATING THE EQUIVALENT DIAMETER
OF A COMBINED REGULAR-SUSPENDED PACKING

Abstract. Based on the analysis of operation of existing heat and mass transfer apparatus with a stationary
packing, there are shown the advantages of apparatus with a tubular packing of regular structure, due to which it is
possible to regulate the heat exchange process in the tubular packing directly in the contact zone when feeding the
heat transfer fluid to the tubes. Here, the contact occurs through the tubes’ walls, and the heat transfer fluid’s
movement in tubes does not affect the gas-liquid layerstructure in the apparatus. Additional advantages are given by
introduction into the contact zone of the discrete contact elements (balls, cubes, etc.), which under the operating
conditions provide the cleaning of tube space contact zone surfaces, maintain the in-phase operation of vortex
interaction and increase the interfacial area.

There has beenstudied the gas motionthrough the stationary packing along thewindingducts, formedbypacking
bodies. In respect to the heat and mass transfer apparatus with a combined regular-suspendedpacking, there have
been derivedthe equations to determinethe specific surface area of the tubular-ball packing, its volume porosity, and
also the equation to calculate its equivalent diameter.

There has been done the analysis of the influence of the tubes arrangementpitchesin the vertical and radial
directions, of the tubes and ball packing diameters on the equivalent diameter value.

Key words: regular packing, vertical pitch, radial pitch, tubes, balls, tubular-ball packing, specific surface area,
porosity, equivalent diameter.

Introduction.By now there have been developed a great number of heat and mass transfer apparatus,
used for carrying out the processes of absorption, rectification, extraction, cooling of gases and liquids[1-5].

In most cases, because of their design features, the developed apparatus can be used for carrying out
only one technological process[6-10] or concurrent processes[11-15]. For example, the absorptionof hot
gas, containing solid particles. The basic process is absorption, but in parallel to it the heat exchange and
the removal of solid particles arecarried out.Here there gulation of parallel running processes is
practically impossible.

The particularity of the developed and studied design of the apparatus with a tubular packing of
regular structure [16] is that it enables to regulate the heat exchange process directly in the contact zone
during the supply of a heat transfer fluid to the tubes. The contact here occurs through the walls of tubes,
and the heat transfer fluid’s movement does not affect the structure of the gas-liquid layer in theapparatus.

The disadvantage of the known apparatus is that in carrying out some mass transfer processes (for
example, in soda ash production by the ammonia method in the processesof ammonia and carbon dioxide
absorptionby the sodium chloride solution) there occurs the precipitation of fine solid particles, deposited
on the tube bank and walls of the apparatus, resulting in possible clogging of the shell side, causing the
disturbances in the in-phase operation and, hence, the considerable reduction in the efficiency of carried
out processes[17-19].

To avoid this, it is proposed to introduce into the contact zone the discrete contact elements (balls,
cubes, etc.), which under the operating conditions provide the cleaning of tube space contact zone
surfaces, maintain the in-phase operation of vortex interaction and increase the interfacial area. [20].

20 ——
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Research methods. To perform the studies, there were used the computer-aided numerical methods.

Researc hresults. The gas moves through the packing along the wind ingducts, formed by packing
bodies. The cross-section of these ducts is not constant over the height of the apparatus and, hence, the
gas velocity is also a variable value. In the study of packed absorbers the researchers proceed from the
average gas velocity, determined by dividing the volumetric gas consumption by the average cross-
sectionof ducts [2].

For packed apparatus with a stationary packing[2] the column cross-section area- S(m?), the packing
height- H (m) and its free volume-¢. Then the void volume in the packing, i.e. the volume of ducts, along
which the gas is moving, is equal to SHe (M"). The average length of ducts (the gas path length) is equal to
Hk (here k — the coefficient, taking into account the sinuosity of ducts). The average value of ducts is:

S-H¢ S-¢
KaH: = (1)
H-k k

Thevalue®@ = S / S = 8/ k ,equal to the ratio of the average duct cross-section to the column

KaH
cross-sectionis called the effective cross-sectionof the packing [2].
The average gas velocity:

v, V. w, -k

W —_— —_ p— , 2
S., S-o g @)
where w, =V, / S - the gas velocity, referred to the whole cross-section of the column.
Usually it is assumed that k=1,thenw=eand equation (2) takes the form:
w,
w=—", (3)
g

The equivalent packing diameter will be defined as the equivalent diameter of ducts,along which the
gas is moving[2]:
4e
d9K8 = 5 (4)
all
whereeg- the volume tric packing porosity; a,— the specific packing surface area per volume unit of the
apparatus.
To derive the equation for equivalent packing diameter with respect to the heat and mass transfer
apparatus with a combined regular-suspended packing [17], we will define the components of formula (4).
The specific surface area of a tubular packing is calculated under the formula:
wd
mp
a, =_——, 5
T2, ©)

where? - the value of tube spacing in the radial direction; ¢, - the value of tube spacingin the vertical

direction.
The specific surface area of a ball packing will be defined under the formula:
wd 54 ©
a, =————
2,0t

Herel- the size, equivalent to the length of tubes, m. For a ball packing it can be:

l=m-d, (7)
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Then
_ 7md, ®
2-m- {1,
The specific surface area of a tubular-ball packing will be:
a. =a _+a :ﬂ(m-dmp-l-dw) )
oM Demet ot
The volumetric porosity of a tubular packing can be defined under the formula:
{ 7d fw
Epp =177/ 10
p 2 . tp . tg ( )
To define the volume tric porosityof the ball packing layer, we’ll determine the layer volume:
V.,=h-6-1l, (11)
In this equation:
The relative height - 4 = n, -d, . The number of balls#/d , = n, ;
the relative width -6 = (¢, +d,,,) = n, -d,, . The number of balls (¢, + d,,,) /d,, = n,;
the relative layer length/.
Substituting the obtained values into equation (11), we’ll find:
sznl-nz-l-ﬂ-dw (12)
) 6
The volume unit of the apparatus:
Van=2-tp-ts-l (13)
Then the ball packing porosity:
V n-n,-z-d
gmzl_ o L2 7 Tw (14)
V. 12-¢,-1,
The volumetric porosityof a tubular-ball packing:
7-(6-d> +n-n,-m-d’
6‘06 :1_ ( mp 1 2 ut) (15)
Y 12-¢, -t
p ‘e
The equivalent diameterof a tubular-ball packing:
C2em[12:t, 4, ~7(6-d), 4y -d)) | »

3-7r(m-dmp+dm)
— ) ——
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Figures 1 and 2 give the results of calculation under the equations derived.
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Figure 1 — Dependence of the regular-suspended packing equivalent diameter d e ON the pitches of tube arrangement
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Figure 2 — Dependenceof theregular-suspended packingequivalentdiameter »xe ONthe pitches

of tube arrangement in the radialdirection tp /e

As it can be seen from Figure 1, when changing the pitches of tube arrangement in the vertical
directiont,/d from 2 to 5, as well as when changing the pitches of tube arrangement in the radial
directiont,/d from 1.5 to 2 (Figure 2), the values of variablesd  increase. It is obvious, since the

dependence of the equivalent diameter on the pitches of tube arrangement is directly proportional.

The calculation under equation (16) shows that with the increase in tubes diameter, the equivalent
diameter values increase, whereas with the increase in balls diameter, the equivalent diameter values
decrease.

Conclusions. There has been studied the gas motion through the stationary packing along the
winding ducts, formed by packing bodies. In respect to the heat and mass transfer apparatus with a
combined regular-suspended packing, there have been derived the equations to determine the specific
surface area of the tubular-ball packing, its volume porosity, and also the equation to calculate its
equivalent diameter.

There has been done the analysis of the influence of the tubes arrangement pitches in the vertical and
radial directions, of the tubes and ball packing diameters on the equivalent diameter value.
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COMMON APPROACH TO THE CALCULATION
OF HYDRAULIC RESISTANCE OF A TUBE BANK OF CONTACT
AND SURFACE HEAT EXCHANGERS

Abstract. Heat and mass transfer processes and apparatus are widely used at the enterprises of chemical, oil
refining, petrochemical, gas processing, metallurgical, food, chemical-pharmaceutical and energy industries in
Kazakhstan, as well as in the agro-industrial complex, building materialsproduction, dust and gas collection systems.

The existing designs are being constantly modernized, withthe new ones being created. The known methods of
heat and mass transfer intensification are the operating and the design ones. As the research has shown, the most
promising method of design intensification is the method, using the laws of vortex interaction of flows.Due to the
scientifically substantiated choice of distances between the turbulence creating elements, depending on their shape
and size, it is possible to change the phase interaction modes at a constant flow rate or to improve the mass and heat
transfer characteristics due to the vortex mixing within a single phase.

There has been done the analysis of the known data on streamlining around the packing elements,arranged
along and across the flow,with thecalculated dependences given for determination of the vortex interaction degree in
the vertical and radial directions. On the basis of the laws of interaction of vortices, being formed during
streamlining around regularly arranged packing elements, there has been created a class of apparatus with different
types of regular packing.

The established regularities and calculated dependencies have been used in thecommon approach to the
calculation of hydraulic resistance of contact heat and mass transfer and surface heat exchangeapparatus.

Key words: regular packing, vortices, vertical pitch, radial pitch, in-phase operation, vortex interaction degree,
hydraulic resistance, contact apparatus, surface apparatus.

Introduction.Heat and mass transfer processes and apparatus are widely used at the enterprises of
chemical, oil refining, petrochemical, gas processing, metallurgical, food, chemical-pharmaceutical and
energy industries in Kazakhstan, as well as in the agro-industrial complex, building materials production,
dust and gas collection systems. However, a large variety of applied designs does not always meet the
production requirements. One of the main reasons of the iridle and unprofitable work is that the
technology and technique applied have high material and energy indices. The latter index is of great
importance under modern conditions of market economy.

According to [1], when creating the new technique and technology, it is necessary to proceed from
the promising directions of scientific and design work in the specific field of knowledge with taking into
account the real conditions and requirements to the operation and manufacturing of the design. Besides,
when predicting the appearance of the designed object, it is necessary to proceed from the assessment of
positive and negative features of the known analogues.

There are two approaches to the heat and mass transfer intensification: the operating and the design
ones.
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In the first one the key parameter is the flow rate increase.This direction promoted the creation of co-
current flow motion apparatus, which has caused the sharp and unjustified increase in energy costs. In
recent years in Kazakhstan there are being carried out the studies [2,3] for purposive control of physical
and chemical properties of interacting phases to increase the efficiency of heat and mass transfer
processes.

Thekey parameters of the design approach are the contact device’s size, shape and arrangement of
elements. This direction has been first developed in the scientific school of the South-Kazakhstan State
University named after M.O.Auezov. It is based on the scientific discoveries[4,5]. It is a promising
method of intensifying the heat and mass transferand gas-cleaning apparatuses. Thus, it appeared that due
to the scientifically substantiated choice of distances between the turbulence creating elements, depending
on their shape and size, it is possible to change the phase interaction modes at a constant flow rate.The
example of realizing this task is the created class of apparatus with a regular movable packing. Such
devices out-perform greatly the widely applied designs of heat and mass transfer apparatus because of low
power capacity and high efficiency of the ongoing processes due to the fact that they are based on the
principle of creating the in-phase operation of interacting phases.

Research methods. Toper form the studies of hydraulic resistance, the method of direct
measurement was used, with applying the well-type manometer and the micro manometer.

Research results. With in the work, carried out byus, the re have been performed the studies of
hydraulic resistance (AP) across the tube bank of regular structure, depending on the operating and design
parameters, which are compared with the data, received in papers [1,6,7]. Depending on the gas flowrate,
there have been determined three hydrodynamic modes: film-dropping, dropping (of a developed
turbulence) and splash carrying away modes.

There sults of studiesof hydraulic resistance, depending on the pitches of tube arrangement in the
vertical and radial directions, are given in Figures 1 and 2.
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As it can be seen from Figure 1, when changing the pitches of tube arrangement in the vertical
directiont,/d from 2 to 5, the curve has two extrema ont,/d=2 and 4. A to ther pitch values there is a
decrease in the values of A P.

When changing the pitches of tube arrangement in the radial directiont,/d from 1.5 to 2 (Figure 2), the
values of hydraulic resistance decrease sharply, and aftert,/d = 2 this decrease is not great. The
explanation for this is as follows.

In papers [1,8,9-11] the vortex interaction mechanisms have been studied in the layer of a ball
packing, prismatic packing elements and plates. It is known that behind the spherical bodies there are
formed the toroidal vortices, and their separation occurs symmetrically. Behind the plates, prismatic
bodies with a round, square, x-shaped, triangular and other section there is a non-symmetrical separation
of vortices. Unlike the vortex trail, generated behind the sphere, having a period of motion, the trace
behind the plates and prismatic bodies has additionally a half-period. In there sult of this, the packing
elements, arranged with a pitch half less than in the symmetrical separation,will form vortices
simultaneously.

To determine the degree of interaction of vortices, formed behind the packing elements, arranged
along the way of the flow motion with a pitch z,, there is derived an equation [1,8]:

6’8:O,85+O,155in{§(4t“'sg+1\}. 1)

m, -6

By processing the results of studies of hydrodynamic parameters and the analysis of data, presented
in papers [1,8,12-14], we have derived the equations to determinen:

m, =c(l-e*"), 2

wherec — the coefficient, found by the processing of experimental data of hydrodynamic and mass
transfer characteristics (for example, for ballsc=0,868; cylindersc=0,487; rotating plate elements of a
round shapec=0,54, of a square shapec=0,326).
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The Strouhal number S , include dinto equation (1), set supa close relationship between the vortex
separation frequency f, flow rate Wrand body width b, and within a certain range of Reynolds numbers it
is a constant value, depending only on the geometric shape of the streamlined body. For balls S¢ =0,183,
for cylinders S¢ = 0,2, for plates S¢ =0,137+0,157.

The importance of considering the influence of the pitch of the stream lined solid bodies’
arrangement nearby across the streamlined flow (z,) is marked in papers [1,8,11,15,16]. Inpaper [5] there
is determined a certain critic al distance between solid bodies, the excess of which results in the formation
of vortices with a frequency, depending on the characteristic size of streamlined bodies. The arrangement
of solid bodies at adistance less than the critical one results in the fact that the vortex separation frequency
is determined not by the size of streamlined bodies, but by the size of a clearance, formed by the elements,
adjacent in the transverse direction. The smaller the gap, the greater the frequency of vortex formation and
separation. The growing number of vortices, generated with small clearance values causes the
considerable consumption of flow energy.

According to [5,8], the bodies, arrange dinoneline, perpendicularly to the streamlined flow, initiate
the generation of vortices of the size A. Forthebodies, arranged discretely inoneline, perpendicularly to the
streamlined flow, there are possible two cases: in the first one the size and frequencyof vortices are
determined by the body’s width (at#,>2d,4=d,), while in the second one - by the size of clearance between
the bodies (att,<2d,A=t,—d),).

From the condition of parallel vertical jets interaction nit follows that the coefficient, characterizing
the degree of vortex interaction in the radial direction, with taking into account the change in the vortex
formation frequency, @,can be determined by the formula:

t —A
P
-z 3)
’ t,—d,

Among the devices with regular arrangemen to packing elements there searchers’ attention is
attracted by the apparatus with a tubular packing. The particularity of the developed and studied design of
the apparatus with a tubular packing of regular structure is that it enables to regulate the heat exchange
process directly in the contact zone during the supply of a heat transfer fluid to the tubes. The contac the
reoccurs through the walls of tubes, and the heat transfer fluid’s movement does not affect the
composition of the gas-liquid layer in the apparatus.

The apparatus with a tubular packing of regular structure belongs to a large group of direct contact
type heat exchange apparatuses.

The flow pressure losses, spent by formation and interaction of vortices in the apparatus tube bank,
by change of the gas flow direction, by friction of gas on the surface of packing elements and the liquid
film, can be calculated by the following dependence [1,6,7,8]:

H pW?
L Irr , 4
Y 4)

6

APL:(:L

whereH — the packing height, m; Pr - the gasdensity, kg/m’; W2— the gasvelocity, m/s; &1 - there sistance
coefficient, taking into account the pressure losses by vortex interaction in the vertical and radial
directions, by friction of gas on the surface of packing elements and the liquid film; €e - the porosity of
the packing line

5'n='1—i
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By processing the experimental datalfz [6,7,17] there have been derived the almost identical
calculated dependences to determine the coefficientsér :

— 28 ——
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£ =0,25-0,-6,-Re), (6)
In formula (6) Re, — the Reynolds number:

U)K ) daKB
Re,= ——, (7
vV

X

where .EE! =L/3600 — the fluidvelocity, m/s; ¥ — the coefficient of kinematic fluid viscosity, m?/s; L — the
spraying density, m*/m”h; d,, — the equivalent packing diameter, m.

To calculate the pressure loss by friction on the shell sides of the surface heat exchanger, the
equations that take into account the design and regime parameters are proposed in [18-20]. We have

derived the equation, structurally similar to equation (4):
z

. b axW
&p — f‘_ -—-"::_m (8)
wT o, 2

Here D — the apparatus inner diameter, m; e — the tubes arrangement pitch along the way of a
moving flow.

To calculate the coefficient ET[}’ we have derived the equation, taking into account the vortex

interaction degree when streamlining the tubes along the way of and across the moving flow:

App = 2,275+, 6, Re~02 ©)

Coefficientsfm andfm in the equation are calculated by formulae (1) and (3).

Conclusions. There are described and experimentally proved the interaction mechanisms of vortices,
formed behind the tubes in the vertical and radial directions. There is shown the presence of in-phase
modes, when changing the vertical pitches, as well as the importance of the critical pitch in the radial
direction, differentiating the two mechanisms of vortex formation.

With using the common approach, there are derived the equations for calculation of hydraulic
resistance of contact and surface apparatus, with taking into account the vortex interaction degree.

REFERENCES

[1] Volnenko A.A. Nauchnyye osnovy razrabotki i rascheta vikhrevykh massoobmenykh i pyleulavlivayushchikh apparatov.
Dis..... dok.tekhn.nauk. Shymkent, 1999. 300 p. (In Russian).

[2] Brener A.M. Konvektivnyy teplomassoperenos pri dvizhenii zhidkosti v kanalakh i plenochnoy kondensatsii para v
usloviyakh bol'shikh gradiyentov temperatury v khimicheskikh apparatakh. Dis....dokt.tekhn.nauk. Chimkent, 1993. 350 p.(In
Russian).

[3] Tashimov L. Konvektivnyy teplo- i massoobmen v plenochnykh protsessakh khimicheskoy tekhnologii /Voprosy
modelirovaniya i ustoychivosti/. Almaty: Bilim. 1999. 200 p. (In Russian).

[4] Balabekov O.S., Petin V.F. Zakonomernost' vzaimodeystviya vikhrey, voznikayushchikh pri otryvnom obtekanii
potokom gaza ili zhidkosti diskretno raspolozhennykh vdol' nego tel /Diplom Ne144 na otkrytiye. M. 2000. (In Russian).

[5] Balabekov O.S., Volnenko A.A., Praliyev S., Korganbayev B.N., Balabekova M.O., Viktorov S.V. Zakonomernost'
formirovaniya parallel'no dvizhushchikhsya vikhrevykh struy pri techenii potoka gaza ili zhidkosti cherez sistemu poperek k
nemu raspolozhennykh diskretnykh istochnikov. Svidetel'stvo o nauchnom otkrytii Ne269. Mezhdunarodnaya assotsiatsiya
avtorov nauchnykh otkrytiy, M.2004.(In Russian).

[6] Bekibayev N.S. Nauchnyye osnovy sopryazhennykh teplo- i massoobmennykh protsessov v sinfazno-vikhrevykh
apparatakh: dis. ... dokt. tekhn. nauk. Shymkent. 2008. 240 p.(In Russian).

[7] Serikuly ZH. Razrabotka i raschet teplomassoobmennykh apparatov s podvizhnoy nasadkoy s uchetom masshtabnogo
perekhoda: dis. ... doktora PhD. Shymkent. 2015. 141 p.(In Russian).




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[8] Raschet i konstruirovaniye teplomassoobmennykh i pyleulavlivayushchikh apparatov s podvizhnoy i regulyarnoy
nasadkoy /Balabekov O.S., Volnenko A.A. Shymkent, 2015. 184 p.(In Russian)

[9] Mustafina A.I. Gidrodinamika i massoobmen v apparate s regulyarnoy podvizhnoy plastinchatoy nasadkoy v shirokom
diapazone nagruzok po zhidkosti. Dis. ... kand. tekhn. nauk. M., 1989. 180 p.(In Russian).

[10] Balabekov O.S., Volnenko A.A., Sermanizov S.S., Musin N.A. Printsipial'nyye osnovy razrabotki teploobmennogo
oborudovaniya s uchetom zakonomernostey vikhreobrazovaniya // Sovremennyye mashiny i apparaty khimicheskikh proizvodstv:
Sb. tez. dokl. IV Vses. nauchn. konf. Chimkent, 1988, V.2. P.3-5. (In Russian).

[11] Petin V.F. Razrabotka i modelirovaniye massoobmennogo apparata s regulyarnoy podvizhnoy nasadkoy na osnove
impul'snogo vzaimodeystviya faz. Dis. ... kand. tekhn. nauk. M., 1982. 241 p.(In Russian).

[12] Perri Dzhon G. Spravochnik inzhener-khimika. L.: Khimiya, Leningr. otd-niye, 1969. T.1. 639 p. (In Russian).

[13] Fage A. Johansen, F.C. On the flow of air behind an inclined flat plate of infinite span // Proc. Roy. Soc. London A,
1927. V.1.116 p.(inEng).

[14] Novak J., Svuss Csc. Vstahy mezi souiiinitelem odporu a strouhalovym fiislem teles // Strojirenstvi. 1978. T.28. NS.
P.282 -287. (in Eng).

[15] Ramatullayeva L.I., Volnenko A.A., Khusanov ZH.Ye., Petin V.F. Mekhanizm vzaimodeystviya vikhrey v sloye
regulyarnykh konicheskikh plastinchatykh elementov // Tr. Mezhd. nauch. konf. «Aktual'nyye problemy nauki i obrazovaniya v
sovremennykh usloviyakh». Shymkent: YUKGI im. M.Saparbayeva, 2008. P. 132-135. (In Russian).

[16] Bekibayev N.S., Volnenko A.A., Ramatullayeva L.I. Mekhanizm vzaimodeystviya vikhrey pri obtekanii diskretno
raspolozhennykh tsilindricheskikh tel //Nauka i obrazovaniye Yuzhnogo Kazakhstana. 2007. N5-6 (64-65). P. 146-150.(In
Russian).

[17] Sarsenbekuly D. Metodologiya rascheta i proyektirovaniya apparatov s trubchatoy nasadkoy regulyarnoy struktury: dis.
... doktora PhD. Shymkent. 2017. 143 p.(In Russian).

[18] Dytnerskij Ju.l. Osnovnye processy i apparaty himicheskoj tehnologii. M.: Himija, 1991. 496 p.(In Russian).

[19] Mashiny i apparaty himicheskih proizvodstv / Pod red. I.I. Chernobyl'skogo. M.: Mashinostroenie, 1975. 454 p. (In
Russian).

[20] Mashiny i apparaty himicheskih proizvodstv: Primery i zadachi. /I.V.Domanskij, V.P.Isakov, G.M.Ostrovskij i dr.; Pod
obshh. red. V.N. Sokolova. L.: Mashinostroenie, 1982. 384 p. (In Russian).




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 1. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 1, Number 427 (2018), 31 — 37

B.E. Savdenbekova', A.K. Ospanoval, N.F.Uvarov’

' Al-Farabi Kazakh national university, Almaty, Kazakhstan;
2 Novosibirsk state technical university, Novosibirsk, Russia
balzhan.savdenbekova@gmail.com; ospanova a@mail.ru

APPLICATION OF THE MULTILAYER ASSEMBLY (LBL) METHOD
IN ENGINEERING TECHNOLOGIES FOR OBTAINING PERSPECTIVE
COMPOSITE MATERIALS WITH PURPOSE PROPERTIES

Abstract. This report provides an overview of the use of the multilayer assembly method to obtain a new type
of composite materials with physical-chemical and chemical-biological properties. Polyelectrolyte multilayer (PEM)
technology alone covers the entire widespread spectrum of functionalization possibilities. The method is based on
the adsorption of successively alternating oppositely charged macromolecules and makes it possible to obtain
ultrathin films of a given thickness and composition from a large number of diverse systems on a charged surface of
any geometry both in air and at room temperature, illustrating the large versatility of the PEM technology.

Key words: composite materials, ultrathin films, multilayer assembly method.

Nowadays potentially promising scientific direction from the point of view of theory and practice to
date is the creation of composite materials with purposeful optical, electrical, biochemical and many other
useful properties. A special place among them belongs to thin polymer films exhibiting catalytic,
magnetic, antibacterial, biosensory, electrochromic and photoluminescent properties.

In [1], the author describes several methods for obtaining such thin films: deposition on a rotating
disk substrate, thermal deposition, chemical assembly, Langmuir-Blodgett method, layer-by-layer
deposition of polyions. Depending on the method of obtaining, thin films differ in their physicochemical
characteristics, such as the quality of the applied coating, roughness, stability, thickness, arrangement of
molecules and have various practical applications [2].

One of the cheapest and easiest ways to obtain such films is the multilayer assembly method, the so-
called layer-by-layer method, which attracts the attention of many researchers in connection with the
formation of uniform organized surface coatings with controlled thickness and roughness [1]. This
method is based on the adsorption of successively alternating oppositely charged macromolecules and
makes it possible to obtain ultrathin films of a given thickness and composition from a large number of
diverse systems, moreover, the assembly can be performed on a charged surface of any geometry both in
air and at room temperature.

At present, many polymeric materials are used by researchers to obtain multilayers, beginning with
biopolymers such as proteins [3] or DNA [4], as well as inorganic substances such as clays,
microcapsules, colloidal particles and even biological cells [5].

Until recently, it was believed that the bond in the layers of such films is mainly electrostatic. Later it
was found that the bonds can also be provided by hydrogen [6], hydrophobic and other forms of
interaction [7-9].

There are two main types of growth of such polymer films [10]: linear and exponential. The linear
dependence of the thickness (optical density) on the number of layers is explained by the constant amount
of polyelectrolyte adsorbed at each stage of bilayer production. Several models have been proposed to
substantiate the exponential growth.

The authors of [11] explain the growth pattern of the film roughness, which increases with the
number of deposited layers. Macromolecules adsorbed to the initial layers are strongly attracted to the
surface, resulting in a smooth configuration. With an increase in the number of deposited layers, the effect
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of the substrate decreases, and polyelectrolyte molecules begin to adsorb in a more coil-like (entangled)
state, increasing the surface area of the film. In this connection, a greater number of macromolecules can
be adsorbed at subsequent stages of the obtaining of multilayers. Another less common explanation of
nonlinearity is based on the diffusion of free polyelectrolyte chains in multilayers upon adsorption
[12-13].

In addition to polymer molecules, low-molecular compounds, for example, dyes, can participate in
the multilayer assembly method, which makes the method more universal in terms of creating thin
polyelectrolyte multilayers (PEMS) with the desired useful properties [14-15]. The assembly of films
containing dyes can be attractive when studying their electrochromic and optical properties. For example,
in a number of works phthalocyanine dyes exhibit good optical properties [16] and optical memory [17],
so that the electrochromism of dyes of this class can be used to create materials of a new generation.

In [12] the films were obtained from poly (vinyl alcohol) (PVA) with hydrophobic polymers -
polymethylmethacrylate, polystyrene, poly-D, L-lactide, polydimethylsiloxane. As is known, PVA is
insoluble in organic matter, while other components are insoluble in water. During the assembly process,
the intermediate drying of the film proved to be an important factor: PVA adsorbed on the surface of the
plate becomes insoluble in the aqueous solution due to the formation of hydrogen bonds between
hydroxyl groups and, possibly, water molecules.

The authors of [13], when obtaining films from organosoluble polymers, confirm the necessity of
drying (in contrast to the usual electrostatic assembly) and for other systems, where the chemistry of the
formation of films is also due to hydrophobic interactions and hydrogen bonds.

Metal-containing polyelectrolyte multilayers have been widely studied and found application in the
manufacture of polyelectrolyte membranes, in the creation and obtaining of nanoparticles, electronic and
optical materials, and in the preparation of nanoscale capsules for the controlled delivery of biologically
active compounds. One of the most important features of multilayers is their selective permeability for
various substances. The permeability of a multilayer film depends on the thickness of the layer, its
porosity, the structure, the chemical composition of the composition and the size of the penetrant. The
authors of [ 18] established that such films are impenetrable for macromolecules of large molecular weight
and size, but they are completely permeable to small polar molecules.

Tiake et al. [19] showed that PEMS can serve as a multifunctional membrane and can be used to
soften and distil the sea water. They obtained ultra-thin membranes by the LbL method by applying
various polymer compounds such as polyelectrolytes, calixarenes, hexacyanoferrate metal salts and Berlin
azure. It has been shown that polyelectrolyte multilayers can be used as nanofilters, molecular and ionic
sieves for the size-selective separation of neutral and charged aromatic compounds. Specific interaction in
such polymeric compositions goes by the guest-host mechanism, which transmits ions with hybrid
membranes from p-sulfonato-calixarenes and cationic polyelectrolytes. Membranes have a high selectivity
to various metal ions and can find application in various innovative technologies for separation of ions of
different nature. The authors also demonstrated the possibility of obtaining purely inorganic membranes
from Berlin azure and similar metal salts by successive adsorption of cations of transition metals and
hexacyanoferrate of the anion. Thanks to the porous structure of the Berlin azure, the membranes can be
used as an ion filter capable of separating, for example, cesium ions from sodium ions.

The authors of [20] used complexes of transition metals with polyelectrolytes to control the charge
density in PEPS films for the obtaining of ion-selective membranes. The method of alternative deposition
of oppositely charged polyelectrolytes on a porous carrier obtained ultra-thin ion-selective membranes.
Cu’" ions were used as a nucleus in PAK/PAA membranes to control the charge density and, therefore, to
increase the selectivity of anion transfer. Alternative deposition of PAA, partially bound to complexes
with Cu®* and PAA on a porous aluminum carrier followed by removal of copper ions and deprotonation,
allowed the formation of - COO™ positions in these films. A comparative analysis of two membranes
obtained under identical conditions showed that the Cu®" -containing PAA/PAA membrane has four times
the selectivity for C1/SO,> transfer as compared to the conventional PAA/PAA membrane.

In paper [21], the LbL method was used to incorporate ZnO nanoparticles into multilayer polymer
films from the polymer matrix PDDA-PSS on a quartz plate. A multilayer film containing ZnO
nanoparticles was prepared by multiple adsorption of zinc nitrate and subsequent precipitation with
ammonium hydroxide. UV-Visible spectroscopy studies indicate the regular growth of ZnO nanoparticles.

— 3 ——
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The authors have shown that by changing the number of precipitation cycles, can control the morphology
of nanoparticles. Increasing the number of cycles of precipitation of zinc oxide on the film (PDDA/PSS)
3.5 to 6, the authors succeeded in obtaining crystalline nanoparticles with better morphology and with a
diameter of 20 to 60 nm. A further increase in the number of cycles of precipitation of the reaction to 8
showed that most of the particles grew in a one-dimensional direction, forming nanostructures, and the
particle sizes remained practically unchanged. Changes in the number of bilayers also turned out to affect
the morphology of the particles. So, for example, with an increase in the number of PDDA-PSS bilayers
to 5.5, the results differ from data on a film with 3.5 bilayers PDDA-PSS. After four cycles of
precipitation, the particles remain dispersed in the matrix. However, with a further increase in the number
of cycles of the precipitation reaction to 8, the growth of individual particles in chips of crystals is not
observed.

Thus, the multilayer assembly method, being one of the simplest and cheapest, makes it possible to
obtain thin films from a large number of different systems, which can potentially have unique properties.
Interesting work in this regard was proposed by Wang and Lee [22] in which they obtained nanoscale Pd
catalysts attached to magnetic ferrite nanoparticles by LbL films and investigated the relationship between
the structure of these hybrid nanocomposites and their catalytic activity in the hydrogenation of olefinic
alcohols. To obtain nanoscale palladium catalysts, polyacrylic acid and polyethyleneimine-Pd (II)
complex (PEI-Pd (II)) were applied on the surface of magnetic nanoparticles (CoFe,O4, average size = 20
nm), followed by reduction of Pd (II) with sodium borohydride to Pd (0). Based on the results of studies
of the catalytic activity of these hybrid core-shells of nanocomposites with different numbers of bilayers
for hydrogenation of olefinic alcohols, it was concluded that palladium nanoparticles act as a catalyst only
in the upper layers, probably because of the difficulty of diffusion of olefinic alcohol molecules into the
crosslinked multilayered film. In this case, the catalyst is easily separated from the reaction mixture by an
external magnetic field and can be reused.

Makanas and others created a catalytic reactor by modifying microfiltration membranes from hollow
fibers by LbL adsorption of polyelectrolytes and stabilization by metal nanoparticles [23].

As the results of these studies have shown, metallic nanoparticles have unique physico-chemical and
catalytic properties, unlike conventional microfiltration membranes. For this purpose, the authors
synthesized metal nanoparticles stabilized by polymer inside functional polymeric membranes. For this
purpose, polymeric matrices with functional groups (for example, containing sulfonic acids) were used,
which primarily bind the nanoparticles and create the conditions for the growth of metal particles within
the polymer matrix. Two different strategies were used in the work. First, polyether sulfone
microfiltration hollow fibers were modified with polyelectrolyte multilayers. Subsequently, the
polysulfone ultrafiltration membranes underwent UV photocoupling, using p-styrene sodium sulfonate as
vinyl monomers. The catalytic properties of the fibers were tested by a model reaction-reduction of p-
nitrophenol in the presence of sodium borohydride and a metal catalyst, which is widely used to evaluate
new catalysts for reactions in the aqueous phase. The use of such catalysts could lead to the abandonment
of many costly catalysts, such as platinum, palladium and others. However, the use of catalysts of this
type is not entirely limited to this particular field of application. Synthesis of new metal-polymer ligand-
type catalysts in polyelectrolyte multilayer films deposited on solid carriers also opens up a huge field of
application, ranging from simple exchange reactions in inorganic and organic technology to sophisticated
processes in biotechnology.

In modern biotechnology, various methods of obtaining nanocapsules are used. Among them recently
use the method of encapsulation of medicinal substances using LbL technology, successively applying
polyelectrolytes to a special substrate. The capsules obtained in this way with a very small size and an
ultrathin wall suggest great prospects for their use in pharmaceutics. The main advantage of such
multilayer nanocapsules is the ability to vary the wall of thickness and diameter, using various
polyelectrolytes and different combinations and the nature of the solvents, as well as the growth
conditions of the polylayers. Depending on the type of polyelectrolyte, when applying layers, the driving
force can be due to electrostatic bonding, or due to the hydrogen bond.

In medical practice, there is a method for obtaining nanocapsules based on the nature of hydrogen
bonds. In particular, Kumar et al. propose the obtaining of a capsule by the complexation of polyacrylic
acid with non-ionized polyvinylpyrolidone in an aqueous solution [24]. The complex is formed in acidic
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medium at pH 2 and is destroyed in alkaline at pH 7. The properties of such hydrogen-bound films are
well described in the work of Sukhishvili et al. [25].

In Kumar's work, the anti-tuberculosis drug rifampicin is loaded into multilayer capsules, several
microns in size at pH 2. At 37 °C and pH 7.4, the drug is released almost 90 %. Carrying out experiments
in vivo and in vitro, it was found that encapsulated and free drugs have the same effect.

Zhao and others have automatically loaded nanocapsules from biocompatible and biodegradable
polymers like chitosan and alginate [26]. Calcium carbonate microparticles containing
carboxymethylcellulose with a porous structure were used as a backing core for the obtaining of hollow
capsules. The multilayers obtained in this way were crosslinked with a solution of glutaraldehyde at room
temperature. The CaCO; particles were dissolved in a solution of sodium ethylenediaminetetraacetate.
The obtained hollow microcapsules were immersed in a solution of the antitumor drug dexorubicin.

The potential for the use of polyelectrolyte multilayers for biomedical purposes has been discussed in
reviews [27-28]. Very often, clay particles are used as one of the constituents of LbL films [29]. LbL
films were obtained by the authors from positively charged polyelectrolytes, such as polydiallyl dimethyl
ammonium chloride, polyallylamine hydrochloride, polyethyleneimine and copolymers containing
quaternary acrylic ammonium monomers. The components were applied in a certain sequence to
negatively charged clay particles, and it was found that after the application of each layer of the surface,
the charge varies from positive to negative, and vice versa.

Hybrid organo-inorganic nanocomposites based on polymers and clayey plates enable the preparation
of advanced materials with new applied properties in pharmacy [30] for the obtaining of nanocapsules
with controlled release of drugs, biosensors [31], as well as for the obtaining of fireproof materials [32]
for fuel cells.

Thus, the use of the LbL method in modern nanotechnologies implies great potential in the field of
obtaining new multifunctional polymer compositions with the necessary physico-chemical and medical-
biological properties and have a great future especially in medicine.

Modern medicine in medical practice faces such negative problems as inflammatory processes, the
treatment of which requires great moral and material costs. Most often, inflammatory processes occur
against the background of hospital infections in traumatology, dentistry, surgical operations, etc. [33-36].
Hospital-acquired infections are often the result of bacterial colonization of biomedical products and their
devices. If colonization of the medical implant with bacteria occurs, it is often necessary to change it,
which leads to an increased incidence of patients and an increased cost of treatment for the health care
system not only in Kazakhstan but also in other countries. The high cost and high death rate of patients
associated with hospital-acquired infections led to the need to conduct research in the development of
conditions for obtaining antibacterial coatings for biomedical implants, bandages and sutures.

Timely prevention of the consequences of such processes can be solved using various antibacterial
and anti-inflammatory techniques at the initial stage of treatment. In this regard, modern medicine is keen
to develop optimal conditions for the obtaining of multifunctional antibacterial and anti-inflammatory
nanomaterials and nanocoats for medical and biological purposes, for which the use of the multilayer
assembly method will help solve important theoretical and applied problems.

One of the most promising varieties of antibacterial coatings in scientific and applied terms is thin
polymer films that release biological active substances in response to the appearance of bacteria. In this
respect, scientific achievements of US scientists have made great strides. For example, the results of US
Pat. No 5520664 ("Catheter with a surface permanently emitting antimicrobial agents"), US Pat. Ne
6261271 ("Medical devices with anti-infectious and antithrombogenic agents"), US Pat. No 5902283
("Impregnated with Antibacterial Drugs Catheters and Other Medical Implants") have significant
theoretical and applied achievements in this field. In [37] reported the conduct of infection-prophylactic
coatings on silicone urinary catheters. The catheter surface was first sonochemically treated in a
nanosphere to improve its antibacterial potential, then combined with a polyanion with hyaluronic acid
(HA) to create a step-by-step construction on silicone surfaces using the multilayer assembly method. The
antibacterial effect of the multilayers of the aminocellulose nanosphere was 40 % higher than that of the
coatings based on the aminocellulose solution. To prevent the formation of a biofilm of bacteria, 5
hyaluronic acid/aminocellulose nanoferrous bilayers were sufficient. Currently, a number of researchers
are trying to solve this problem by applying coatings with various antibiotics or silver deposition on the
implant surface [38]. The authors [39] developed a method for obtaining silver antibacterial coating of

— 34 ——




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 1. 2018

medical implants (Patent of the Russian Federation Ne 2536293, IPC A61L 27/30, A61C 8/00, published
on 20.12.2014, bulletin Ne 35). The method consists in the electrochemical coating of the surface of the
implant with silver ions, which have an antimicrobial effect. The cathode material and the anode material
are connected to each other in a conductive manner and form a plurality of local electrochemical cells,
thereby increasing the antimicrobial effect of the coating. In [40] work describes a method for the
obtaining of an antimicrobial coating based on silver in the manufacture of interstitial endoprostheses on a
titanium base (Patent of the Russian Federation Ne 2504349, IPC A61F 2/30, A61K 33/06, A61P 31/04,
C23C 4/12, published on 20.01. .2014, bulletin Ne 2). For this, a certain preparation of the silver-
containing solution, the implant surface and the formation of the coating itself is carried out. Preliminary
preparation of the surface of the implant is carried out by blasting the surface with powder of
electrocorundum under pressure. The coating is formed by plasma spraying first of a titanium sub-layer,
then a silver-containing hydroxyapatite powder. Such implants exhibit good and long-lasting antibacterial
activity. In [41] work, a method for coating with an antibacterial effect on a medical device was carried
out on the basis of a high molecular weight compound (Patent of the Republic of Belarus Ne 13256, IPC
CO08J 7/00, A61L 27/00, A61L 29/00, published on 30.06.2010). The antibacterial agent is layerwise
deposited on the surface of the article by a physicochemical method. In all the above methods, surface
activation is rather complex and expensive. Using the same multilayer assembly method is more
economical and environmentally beneficial. In this regard, modern innovative nano technologies use this
method to obtain antibacterial and anti-inflammatory nano coatings not only for biomedical products, but
also dressings. Modern bandage materials contain various active compounds that are useful for wound
healing [42]. Dressings can be made by multilayer assembly in such a way that biologically active
ingredients such as antimicrobial, antibacterial and anti-inflammatory agents of prolonged action are
adsorbed and fixed on the surface of nanocoatings, which greatly facilitates the healing of wounds.

For example, magnetic nanoparticles Fe;O,4 (NPs) were used in Ref. [43] to improve the mechanical
and antibacterial properties of composite nanofibrous films (membranes) based on chitosan (CS) and
gelatin (GE). The authors found that the inhibitory zones of Escherichia coli and Staphylococcus aureus
were significantly expanded by the addition of Fe;O,4. In general, membranes made of Fe;O,/CS/GE
composite nanofibers with individual mechanical and antibacterial properties are a promising material for
wound dressing.

Wound healing is a long and painful biological process and the ideal wound dressing should be able
to absorb excess exudate, maintain a wound layer moist, provide adequate gas exchange and act as a
mechanically strong barrier to the environment and have excellent antimicrobial properties to prevent
wound infection and speed up the process healing. Analysis of the authors' studies [44, 45, 46] showed
that dressings with silver nanocoating have antiseptic, antimicrobial and anti-inflammatory properties
when applied even to chronic diseases. Bandages with honey coating also showed an anesthetic properties
exceeding their effectiveness in antimicrobial action.

The authors of ref. [47] developed the physicochemical basis for the obtaining of polyelectrolyte
multilayers by the LBL method with catalytic and biological properties. Regularities of growth of
PEI/PAK, PEI/PSS, QPVP/PAK and QPVP/PSS multilayers were established by the LbL method of
applying oppositely charged polyelectrolytes on the surface of a solid carrier. For the first time, the
possibility of obtaining catalysts with multiple activity based on PMC Co2" and Cu®’ in the above
polyelectrolyte multilayer films was demonstrated. The influence of various factors on the formation of
multilayers has been studied: the pH, the nature of the polymer, the temperature, the mechanism of
formation of layers, and the absorption of metal ions on their surfaces. The dependence of the amount of
absorbed metal on PEMS films on the pH of solutions of applied polyelectrolytes and on the degree of
quaternization of QPVP was investigated. The catalytic activities of immobilized catalysts have been
investigated as a function of the number of bilayers and application conditions. It has been established that
between the components of the systems there is an acid-base interaction with the formation of double and
triple PMCs, the chemistry of their formation depends on the nature of the metal-complexing agent ion,
ligands, and also on pH, ionic strength, and temperature.

For the first time, ultra-thin coatings of clay/PAA with a large value of capacity with respect to the
antibacterial agent gentamicin were obtained. It was found that in a strongly acidic medium, binding of
clay and PAA plates in multilayers is realized mainly due to the dipole-cation interactions between
positively charged clay functional groups and protonated carboxyl groups of PAA. It is shown that the
obtained films are capable of exhibiting antibacterial activity, to isolate gentamicin in response to a
decrease in the pH environment, while the features of the pH-stimulated behavior of the film are due to
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the presence of a weak polyacid PAA in their composition. A mechanism is proposed for the pH of the
stimulated release of gentamicin from the clay / PAA film.

SEM and AFM methods, the structure and surface properties of PEMS (clay / PAA) n, (clay / PAA),
n-gentamicin and (clay / gentamicin) n were studied. A layered structure of clay-containing multilayers is
shown. They also showed that they have high antibacterial activity against gram-positive and gram-
negative bacterium bacteria S. aureus, and are cytocompatible with osteoblast cells.

Thus, the given far from complete list of works in this area points to the potential prospect of using
the multilayer assembly method to obtain a new type of composite materials with targeted properties and
is a general strategy of an innovative approach to the creation of new biotechnologies and tissue
engineering.
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NEGATIVE EFFECT OF CHEMICAL BLEACHERS
ON THE HUMAN ORGANISM

Abstract. The article contains information on the composition of household chemicals containing many
harmful substances that not only harm the fragile ecosystem, but also have a very detrimental effect on human
health, leading sooner or later to chronic human diseases. To date, especially used chemicals are bleaching agents in
everyday life and cosmetology. They are second in importance after everyday household chemicals. All these
substances differ in the mechanism of action, the effectiveness of bleaching and the severity of the toxic effect on
cells.

Keywords: chemistry, bleaches, negative impact, organism, chlorine, hydrogen peroxide.

According to most people with chemical phenomena and reactions can only be found in specialized
or school chemistry laboratories. In fact, we are confronted with chemicals in everyday life [1-2].

The composition of household chemicals includes many harmful substances that not only harm the
fragile ecosystem, but also have a very detrimental effect on human health, leading sooner or later to
chronic human diseases [3-5]. Producers argue that in household chemicals, the amount of harmful
substances is minimal, but they "forget" to mention the fact that the combined effect of all components
that causes real harm to health (Fig. 1).

3% of the
50% buy population

hypoallergenic studies the
drugs composition

Figure 1 - Consumption of household chemistry by the population

To date, highly consumed chemicals are bleaching agents. They are the second most important after
powders of household chemicals in the arsenal of home laundry. In Russia, up to the last century, linen
fabrics were bleached, alternating with their freezing on bright winter sol with soaking in the ice.
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Cotton bleaching was known back in ancient Egypt. Then this process was carried out under the
influence of solar color.

In England, until the 18th century, a special technology was used for bleaching cotton and flax:
alternating a long-lasting exposure of the laundry to the sun, soaking in sour milk, washing, rinsing and
subsequent aging.

In 1822, the Parisian pharmacist A. Labarrac produced a bleaching solution identical to the modern
"Asu", slightly improving the way of obtaining "zhaveleva water". Thus, a new generation of bleach was
in fact used in France since the XIX century [6-7]. Thus, among such compounds, hydrogen peroxide and
its inorganic derivatives are also widely used (Fig.2).
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Figure 2 - Use of chemicals in industries

The industry produces new varieties of bleaching agents for things. The main groups of
proposedtradeinfunds:

- optical - the feature of these means is the ability to reflect light by special particles. This
achieves the effect of whitening. Most detergent powders have reflective particles that give things
whiteness. But they are not capable of washing heavily soiled things. Wiping off these powders, you can
see that the colored linen shed;

- on the basis of chlorine-containing compounds - Chlorine and organochlorine compounds -
hypochlorite (CIO-) or sodium hypochlorite (NaCIO). Chlorine (Cl) and its compounds are found in many
products: bleaches - ACE (chlorine-containing bleaching agents) detergents for dishwashers and hand-
washing dishes (Prill) disinfectants - whiteness, Comet (gel or powder with chlorinol), Domestos (very
concentrated , practically "poison" for the respiratory system, cannot be used in everyday life) means to
combat mold;

- oxygen-containing - a new generation of bleach. They are able to delicately return the whiteness
even without boiling, suitable for fabrics from any composition. There are two types of bleach containing
oxygen: in bulk or in the form of a solution.

Chlorine has an irritant effect on the mucous membranes of the respiratory tract and eyes, leading to
primary inflammatory changes, to which a secondary infection is easily attached. With low and moderate
concentrations of chlorine, poisoning is accompanied by the following symptoms: rapid breathing pain
and chest tightness, dry cough, hoarseness of voice, lacrimation and pain in the eyes, fever, increased
white blood cell count, toxic pulmonary edema, bronchopneumonia convulsions, depressive conditions.

For healthy people, 4000-6000 milligrams of chlorine per day is sufficient. But you need to consider
that this includes chlorine, which is contained in ready-made food, in water, and in salt, which we throw
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into dishes. The maximum dose of chlorine - 7000 milligrams - still does not cause harm to humans, but it
is impossible to consume such doses at all times - there will be an excess of chlorine. If a person is hot, he
is actively engaged in sports and sweats (and chlorine is excreted with the products of decay), chlorine
needs more. As with diseases of the digestive tract [8-10].

The need for chlorine for children in milligrams is from 300 mg at the age of up to 3 months to 2300
mg at the age of 18. In more detail, children's doses of chlorides can be considered in table 1.

Table 1 - Need for chlorides, mg per day

children 0-3 months 4-6 months 7-12 months 1-2 years 2-3 years
boys 300 450 550 800 800
girls 300 450 550 800 800
PupilsandPreschoolers
Preschoolers Junior students Secondary school students Adolescents
3-7 years 7-11 years 11-14 years 14-18 years
1100 1700 1900 2300

In addition to whitening accessories, people also use bleaching agents in cosmetology and dentistry.
Cosmetic bleach agents can contain the following substances as active components: hydroquinone (CsHy4
(OH),), hydrogen peroxide (H,0,), kojic acid (C¢HsOy), arbutin (C;,H ;607 ¢ %2 H,O is a part of extracts of
bearberry, paper mulberry and some other plants), ascorbic acid derivatives (C¢HgOg), licorice extract, as
well as alpha hydroxy acids, retinoids and a number of other substances. All these substances differ in the
mechanism of action, the effectiveness of bleaching and the severity of the toxic effect on cells.

Most often, all kinds of peelings and scrubs are used to whiten the skin, since when the upper layer of
the skin is exfoliated, the tone becomes much lighter. On the type of skin, as well as on the intensity of
pigmentation will depend on what kind of tool you need.

Many bleaching products that have a strong effect have a lot of side effects, while "light" means do
not guarantee the required result and they need to be used for a very long time.

The strongest bleaching agent is hydroquinone, but it is also the most toxic. In fact, its toxicity is the
cause of its whitening effect. Hydroquinone inhibits the vital activity of all skin cells, but melanocytes
(cells producing melanin pigment) are several times more sensitive to it than other cells. This allows you
to choose a concentration in which melanocytes stop producing melanin, and the rest of the skin cells will
not suffer much. Hydroquinone is usually used in a concentration of 2-4%, depending on the severity of
pigmentation. Hydroquinone-based products are particularly popular in Asian and African countries,
where the lightest skin is considered to be the most beautiful. Hydroquinone is absorbed through the skin
into the blood, so it can not be used during pregnancy and feeding. With prolonged and abundant use of
hydroquinone, a rare skin disease can develop - chronic disease accompanied by darkening of the skin.

When using whitening pastes and powders, mechanical clarification in dentistry does not always give
the desired result, therefore people resort to chemical teeth whitening. Chemical whitening of teeth is the
effect of quite strong chemical preparations that not only change the shade of the coating, but also affect
its structure. If the enamel has acquired a yellowish color over time, it is not difficult to fix it. Much more
difficult and longer dentists are struggling with a brown or grayish color. The whitening mixture can only
act on the even surface of a healthy human tooth. A dentist can perform an operation of professional
cleansing or it can be done at home on his own, but only after the appointment of a doctor and under his
expert supervision. In this case, substances such as hydrogen peroxide (H,O,) or urea ((NH;) 2CO) of
high concentration are used. The concentration of peroxide in such a mixture is from 16 to 38%. To
enhance and speed up the effect, doctors use laser or light irradiation, which helps to activate the action of
peroxide.

- There are a number of contraindications to the operation of clarification, this is primarily:

- pregnancy of the patient or lactation period,

- small age of the patient - you can not bleach before the teenage period;
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- artificial teeth or crowns of polymeric materials;

- unprotected areas or defects in tooth fillings;

- damaged, painful teeth or caries;

- chronic diseases or presence in the body of any inflammatory process.

In the European Union since 1987, some chlorine compounds have been banned, or their use is
limited, as they can cause: hypertension, anemia, cardiovascular diseases, contributes to the development
of arteriosclerosis of the vessels, affect the condition of hair and skin, cause allergy, bronchial asthma and
emphysema, promotes the activation of pulmonary tuberculosis, increase the risk of oncology, reduces
immune defense, suppressing T and B lymphocytes.
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AJTAM AF3ACBIHA XUMUSUIBIK AFAPTKBIII 3ATTAPBIHBIH OCEPI

AHHOTamms1. Makanaza KyYHJIEIKTi TYPMBbICTa KOJIAHBUIATBIH KONTEreH XHUMUSUIBIK 3USH/IBI 3aTTAPbIHBIH YKOXKYHEere jxoHe
ajlaM ar3achlHa THTI3eTiH Tepic acepi Typaibl MarayMmarTap KenripiireH. By 3arrapiasl KOJJaHyIbIH COHBI CO3BUIMAIIBI aypy-
JIapFa OKeJil COKTHIPATHIHBI allKbIH. BYTiHIT TaHJa TYPMBIC IEH KOCMETOJIOTHAAA aca KOIl KOJIAaHbIIATbIH XMMHSUIBIK 3aTTap/bIH
ilTiHEH aFapTKBII KacueTTepi 0ap KOCHUIBICTap KeHiHEeH TapainfaH. Onap KYHICTIKTI TYPMBICTHIK XUMISUIBIK 3aTTapJaH KeHiHTi
EKiHIII OPBIHAAFBl MaHBI3EI 30p OOJNBIN caHanaabl. byl 3aTTapAbIH OapIBIFEL 9cep €Ty MEXaHH3Mi, aFapTy THIMIUIIT jKOHE jKacy-
IIaapra YIbUIBIK dCepi XKaFbIHaH aXKbIPAThLIAIBL.
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MesxayHapoaHbIH Ka3aXCKO-TypeLKuil yHuBepcuTeT uMeHH A.SIcaBu
HET'ATUBHOE BJIUSHUE XUMHUYECKHUX OTBEJIMBATEJIEA HA OPTAHU3M YEJOBEKA

AHHOTanus. B cTaTtee mpuBeneHBI CBeICHHUS cOcTaBa OBITOBOM XUMHH COAEPIKAIIEH MHOKECTBO BPEAHBIX BEIIECTB, KOTO-
pBIE HE TOJBKO BPEAAT XPYIKOU IKOCHCTEME, HO ¥ BEChMa MaryOHO BIHSIOT Ha 30POBbE YEIIOBEKA, IIPUBOIS PAHO HIIH MO3]THO K
XPOHUYECKUM 3a00JIeBaHUsIM YenoBeka.Ha ceromgHsmHuil eHp 0co00 yrnmoTpeOIsseMbIMI XHMUYCCKUMHE BEIIECTBAMU SIBIISTFOTCS
OTOCITUBAOIINE CPEACTBA B ObITY M KocMeToloruu. OHH SIBJISIOTCS BTOPBIMH IO Ba)KHOCTH IMOCJC MOBCETHEBHBIX CPEICTB
OBITOBOW XMMHUHU. Bce 3TH BelecTBa pa3iMyaroTcs MO MEXaHU3MY JACHCTBUSA, 3(p(HEKTUBHOCTH OTOCITMBAHUS U BBIPAKCHHOCTH
TOKCHYECKOTr0 JICHCTBHS Ha KJICTKH.
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THE STUDY OF CHEMICAL COMPOSITION
OF ATRAPHAXIS VIRGATA FROM THE ALMATY REGION

Abstract. The qualitative composition (moisture, total ash content, extractive substance) of the Atraphaxis
virgata plant, Polygonaceae family harvested in the ravine Aksay of Almaty region was determined. Atomic-
absorption spectroscopy studied the composition of macro- and microelements of the plant. The qualitative and
quantitative composition of the basic biologically active substances groups, the basic technological parameters for
obtaining the biologically active complex were studied.

Keywors: Atraphaxis virgata, moisture, total ash content, extractive substance, macro- and microelements,
biologically active substances.

The study is aimed at finding and improving new drugs based on the local flora. Unlike synthetic
drugs, there is a chain of privileges, such as a lack of (or fewer) side effects in phytopreparations,
biological similarity to the human body, lightness, long and steady effect, relative simplicity of
production, low cost with high demand.

The search for promising plants became possible due to the use of empirical data from folk and folk
medicine, from the least studied taxon and photochemical studies of taxa and related species.

At the same time, research aimed at using extracts of biologically active compounds in medicine and
industry, the use of new sources of raw materials, their use, storage and use is very important. This issue
is very important for Kazakhstan with a rich and unique flora. In this case, the plant Atraphaxis
Atraphaxis virgata of the Polygonaceae family is of interest.

Objective: Determination of biologically active substances on the surface of the plant Atraphaxis
virgata, belonging to the family Polygonaceae, collected from the Aksay gorge of Almaty, qualitative and
quantitative analysis.

Object of the study: Plants Atraphaxis virgata family Polygonaceae, collected in the Aksay gorge
of Almaty region of Kazakhstan.

Objectives of work: To achieve this goal, the following tasks were put forward:

e Authenticity of the plant surface 4. virgata (moisture, total ash, extractives)

¢ (Quantitative analysis of raw materials using spectrophotometry and titrimetry

e Development of basic technological parameters for obtaining a biologically active complex based
on plant raw materials.

The Polygonaceae has about 1250 species , distributed in about 55 genera. Here mainly perennial
grasses, although there are several tree-like and shrubby plant [1].

Atraphaxis - a height of 0.2 to 2 m, usually significantly branched directly from the soil level. The
bark is gray or brown, scaly. Shoots elongated and shortened, often ending with thorns. Flowers in apical
small hands, bisexual, perianth simple 4-5-membered. Stamens 6-8, at the base of fused into a glandular
ring, with nectaries. Leaflets of the perianth do not fall off with fruits and grow; outer, smaller, bend
downward; Internal, much larger[2].

In many places of the universe, as well as in the desert, in the foothills, in clay. It grows in 14 species
on the territory of Kazakhstan from 18 species of the Flora of the USSR [3].
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Biologically active preparations were obtained from rich flavonoids of Atraphaxis species [4,5].
In addition, polyphenolic compounds of some species of Atraphaxis plants are growing in Kazakhstan,
which for the first time were analyzed by Chumbalov T.K., Mukhamedyarova M.M. and Omurkamzi-
nova V.B.

In 1978, Doctor of Chemical Sciences Omurkamzinova V.B. studied the chemical composition of the
plant Atraphaxis. As a result, 21 phenolic substances and new derivatives not included in the literature
were identified: 8-oxflavonol and O-acylated flavonoid glycosides [6,7].

Atraphaxis is used to treat stomatitis, bleeding and acetaminophen tissue. In addition, in the desert
some species of plants are used for feeding camelids [8].

Practical part and results

The qualitative analysis of plant raw materials was carried out according to the methods adopted in
the 1st edition of the State Pharmacopoeia of Kazakhstan. The moisture, total ash content of the model
was determined during the drying of the Afraphaxis virgata plant growing in the Almaty region

Table 1 - Results of raw materials authenticity determination

Amount for absolute dry raw material.%

Name of plant Humidity Total ash content

A.virgata 8,02 8,94

Extractive substances are a complex of organic and inorganic substances that dissolve plant raw
materials in suitable solvents. Presence of extractant substances in vegetable raw materials is the main
quantitative indicator of its reliability [9].

Depending on the chemical composition of plant raw materials and the solvent used, the active and
additives therein may pass into the solvent. the results of the determination of extractives (Table 2)

Table 2 - Results of quantitative determination of extractive substances of the plant Atraphaxis virgata

Ne Extragent X, amount of extractive substances
1 Ethanol (50%) 27,26

2 Ethanol (70%) 21,27

3 Water 26,59

In the table it can be seen that the amount of extractant in the 50% alcohol solution is greater than

water and the extractant is 70% alcohol solution.
The total amount of macro- and microelements in the spectroscopic ash method was absorbed in the

ash (Table 3).

Table 3 - The amount of macro- and microelements of A.virgata plants

Macro and Microelements Amount in ash, % Macro and Microelements Amount in ash, %
Zn 0.025 Mn 0.078
Cd 0.0002 K 6.990
Cu 0.007 Na 1.396
Pb 0.0007 Mg 2.224
Fe 0.228 Ca 21.897
Ni 0.004
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According to the results of the study, the most important elements of the A4.virgata plant are Ca, Na
K, Mg, Fe and the smallest number of elements of Cd, Cu, Ni and Pb. the number of toxic elements does
not exceed established concentration [10].

Phytochemical analysis of A.virgata plant surface using the developer showed the main groups of
biologically active substances: amino acids, organic acids, carbohydrates, tannins, phenolic compounds,
flavonoids, alkaloids (Table 4).

Table 4 - Phytochemical analysis of A.virgata

Biologically active substances Developer A.virgata
Amino acids ninhydrin Purple
Carbohydrates O-Toluidine Brown, green
Tannins Iron alum Blue-green
Vanillin Red color
Phenolic compounds FeCls Blue-green
Flavonoids NH; White-yellow
AICly Yellow
Phenolic acids Diazotization of p-nitroaniline Red-yellow

This table shows the groups of biologically active substances of 4.virgata plant.

For determination of quantitative analysis of raw materials in groups of biologically active substances

using spectrophotometry and titrimetry.

Table 5 - Quantitative analysis of A.virgata plants

Amount for absolute dry raw material, %

Name of plant

Polysaccharides

Organic acids

Tannins

Flavonoids

A. virgata 1,12

3,45

3,59

5,5

As shown in the table, the plant contains a large number of flavonoids and tannins.

Extraction of dried and crushed material is a complex physicochemical process (diffusion). The
efficiency of the extraction process in the diffusion process depends on many factors that can be obtained
from the choice of extraction conditions. [11] The effects of an extractive, crude solvent, labor-consuming
effects are investigated. The choice of the extractant was determined using ethyl alcohol at various
concentrations and the cost of the biologically active complex from the plant Atraphaxis virgata (Table 6).

Table 6 - The yield of the biologically active complex obtained from Atraphaxis virgata when used with various extractants.

Extragent Ethanol (50%) Ethanol (70%) Ethanol (90%)

Output of the complex, % 25,74 20,27 12,83

Also, the ratio of the raw material to the biological activity is affected. Extragenic amount determines
the total release of biologically active substances in raw materials (Table 7).

Table 7 - Complex yield, depending on the "crude-solvent" ratio

Ratio of raw materials (g) and 1:4 155 1:6 18
extractant (ml)
Output of the complex, % 4,19 15,71 25,74 19,35
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It was found that the selected extractant is optimally equal to 1: 6 in the ratio of the starting material
to the extractant. The definition of "extract-raw material" parameters is mainly determined by the
economic concept, since the quantity of extractant used for the production enterprise is significant.

Table 8 - A.virgata is a complex of extraction processes that are time-dependent

Time, hours 24 48 72

Output of the complex, g 0,5851 0,4903 0,4344

Based on the properties of the raw materials and the extraction process, the extractant is 50% ethyl
alcohol, the ratio of crude and solvent is 1: 6, 24-250 ° C, twice the extraction time is 24 hours.

Conclusion:

As a result of the quantitative analysis of A.Virgata plant raw materials collected from the Aksay
gorge of Almaty region in accordance with the State Standard of Pharmacopoeia of the Republic of
Kazakhstan: humidity, ash content and extractives.

Atomic absorption spectrometry studied the mineral content of ash and identified 11 elements, of
which four are macro elements: magnesium, sodium, calcium, calcium, and the remaining trace elements,
copper, zinc, iron, nickel.

Within the biological active biological raw materials, tannins, organic acid, flavonoids and
polysaccharides have been identified.

The technology of extraction of plant raw materials is being studied. The investigations made it
possible to obtain the optimum value of the parameters (extraction agent, its ratio with raw materials,
extraction time and multiplicity), which influence the extraction of biologically active substances in the A4.
Virgata plant. Based on the properties of the raw materials and the extraction process, the extractant is
50% ethyl alcohol, the ratio of crude and solvent is 1: 6, 24-250 ° C, twice the extraction time is 24 hours.
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DISSOLUTION OF STAINLESS STEEL
UNDER ALTERNATING CURRENT POLARIZATION

Abstract. The present work studies the dissolution of stainless steel electrode (12X18H10T) under alternating
current polarization with frequency of 50 Hz in sulfuric acid solution. The impact of the current density (200-1200
A/m’) in a stainless steel electrode, the current density (20-120 kA/m?) in a titanium electrode, a concentration of
sulfuric acid solution (0,25-1,5 M), an electrolysis duration (0,25-1,5 hours) and an alternating current frequency
(50-250 Hz) on the electrical dissolution of an alloy based on iron-chromium were investigated. The preliminary
studies have shown that alloys do not practically dissolve under the polarization of two stainless steel electrodes by
the alternating current. And, when one of the stainless steel electrodes is replaced by a titanium wire, the alloy
dissolves intensively with the formation of Fe*', Fe’", Cr’* and Cr®" ions. This can be explained by the valve
property of the titanium electrode. Under the direct current polarization, the alloy dissolution at a very low current
efficiency was observed (12.7% for general iron ions, 3.9% for general chromium ions). As the current density in the
stainless steel electrode increased up to 400 A/m?, the dissolution rate of the alloy reached a maximum value (84%
for general iron ions and 17% for general chromium ions). The optimum current density of the titanium electrode
was detected; at a density of 60 kA/m?, 54% of the current efficiency is formed by iron ions while 15% by the total
chromium ions. At a sulfuric acid concentration of 0.5 M, the stainless steel electrode dissolution showed the
maximum value. It has been established that, as the duration of electrolysis and the frequency of alternating current
increase, the current efficiency of the stainless steel electrode dissolution decreases.

Key words: stainless steel, alternating current, sulfuric acid, iron, chromium, electrolyte.

Stainless steel (SS) has become one of the most widely used materials in the engineering industry.
This steel is used in the heavy and light industry since the beginning of the electronics industry [1]. The
difference between SS and other raw materials is its long-term use with its corrosion resistance property.
About 90% of the stainless steel is recycled in their last use. Even after ten years of their usage, stainless
steel items do not lose their properties after undergoing corrosion. However, many methods used in SS
production require complicated and special equipment and high-temperature processing [2,3]. It can be
assumed that the rational use of electrochemical methods for the production of SS wastes can be the
solution of these problems. The application of electrochemical method allows to process the alloy in a
simple mode and to obtain its compounds.

Due to the structure, stainless steel is divided into martensite, martensite-ferrite and austenitic -ferrite.
Martensite steel contains 12-17% chromium, 0.15% carbon and vanadium, tungsten, molybdenum and
nickel in small quantities. Martenite steel has high viscosity, but it is quickly transferred from a viscous
state to a fragile state at some temperatures. Martensite ferritic steel contains 13-18% chromium, 0.15%
carbon and additional elements as titanium, nickel and silicon. Such steels do not corrode in the
atmosphere and have a mechanical property in a weak acidic media. Austenitic ferrite steels are
characterized by a high content of chromium (18-22%) and nickel (4-6%) and by their durability and
corrosion resistance properties [4].
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SS consists of other elements than carbon and iron that produce different strength properties. Such
elements are called impurity elements. Steel containing chromium the mass fraction of which varies from
12% to 30% is specially designed for special aggressive environments. In various acidic media, the
chromium shows passive properties and is also resistant to pitting corrosion. The main disadvantage of the
steel containing chromium is its fragility. Nickel is added to stainless steel to eliminate such defects [5].

Although details on the physical and chemical properties of stainless steel are provided in literatures,
its electrochemical properties have not been fully studied. Many studies are aimed at investigating the
corrosion properties of SS [6-10]. .M. Zamametdinov, a Russian scientist, studied the corrosion
resistance of powder-like SS in the presence of sodium chloride and nitric acid electrolyte. Investigating
the corrosion rate of powder-like alloy of various grades in nitric oxide, he defined the low corrosion
quality of steel H17H2 [6]. In work [7], the electrochemical behaviour of type 321 SS was studied in
sulfide ions containing chlorinated aqueous media with by drawing cyclic potentiodynamic curves. It was
established, that the main factors influencing on the pitting corrosion of SS 321 are the concentrations of
CI ions, the pH solution and temperature. In the studies of K.V. Rybalka and others, electrochemical
behaviour of SS was investigated by Electrochemical Impedance and Rotating Disc electrode method [8].
The corrosion current was estimated and the steel passivation mechanism in the given electrolyte was
presented. In next study [9], the natural and induced passivation properties of duplex SS in alkaline media
were considered. In work [10], the electrochemical equilibrium of type SS 12X18H10T was studied and
indirect influence of titanium, chromium, magnesium and silicon on the chemical and electrochemical
equilibrium of stainless steel was determined. Though the corrosion properties of stainless steel in
aggressive environments have been described in detail, its dissolving processes by the electrochemical
method have not been studied. However, electrochemical properties of iron and chromium as a separate
element have been investigated [11-16]. In this regard, the investigation the electrochemical properties of
stainless steel in an acidic media and development a rational method for its processing are of great
importance.

In the present work, the electrochemical dissolution of the stainless steel electrode polarized by
alternating current in sulfuric acidic media was studied. A 100 ml thermostatic glass electrolysis device
was used to study the electrochemical dissolution of stainless steel electrodes. Our preliminary study
results showed that by polarization of two SS electrodes with alternating current in the acidic media the
alloy dissolved at a very low current efficiency (CE). The results of previous studies have shown the
dissolution of two iron and two chromium electrodes with high current efficiency by their polarization
with alternating current in sulfuric acidic solution [11-13]. When one of the stainless steel electrodes is
replaced with a titanium wire, an intense dissolution of the alloy by forming Fe**, Fe’™ Cr’*, Cr®" ions was
observed.

Stainless steel of austenite 12X18H10T was used as a working electrode for the study. Its elemental
composition is shown in Table 1 below. This alloy mainly consists of iron (63,83%) and contains a large
amount of chromium (18,79%) and a small amount of nickel (9,2%).

Table 1 - Elemental composition of stainless steel electrode

C 0 Al Si S Ti Cr Mn Fe Ni Cu
445 | 0,94 0,04 0,51 0,05 0,24 18,79 1,72 63,83 921 | 022

After the electrolysis, Fe* ions in the electrolyte composition was detected by the permanganometric
titration, while Fe*" ion by the complex ionometric titration [17]. A photometric method was used for the
analysis of chromium (VI) and its total ions. To determine the chromium (III) ions, the total amount of
chromium ions was determined by adding ammonium sulfate and silver nitrate to Cr’” ions contained in
the electrolyte and oxidizing it till Cr®" ions. The mass of chromium (III) ions was calculated by removing
the mass of chromium (VI) ions from the total mass of chromium ions [18]. Since the mass of nickel was
very low in the alloy, its detection in the electrolyte composition was impossible. This is due to the
positive value of its standard potentials relatively to iron and chromium.

The following reactions may take place in the anodic half-period by polarization stainless steel
electrode by alternative current with a titanium electrode [19]:
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Fe —2¢ — Fe*'E’=-0,440 B

Fe’' —¢ & Fe* ' E’=-0,771 B

Cr-3¢ o Cr'E’=-0,744 B

2Cr" + 7TH,0 - 6¢ > Cr,0,* + 14H E’= 1,36 B
Ni-2¢ - Ni*' E’=-0,27 B

In the electrochemical dissolving process of the alloy on the basis of Fe-Cr in the acidic media, the
effect of the current density in the steel electrode was investigated from 200 A/m”to 1200 A/m’® (Figure
1). During the experimental work, when the value of the current density in the SS electrode was increased
from 200 A/m” to 400 A/m’, the CE of the alloy dissolution increased from 65.2% to 84% for iron ions
and 15% for total chromium ions. As the current density value was increased further, a decrease in the
current efficiency was observed. This is due to the increase in the rate of additional reactions by
increasing the current density.
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Figure 1 - Effect of the current density in the stainless steel electrode on the current efficiency of the alloy dissolution: (a) is
the iron ions, (b) is the chromium ions
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Figure 2. Effect of the current density in the titanium electrode on the current efficiency of the stainless steel electrode
dissolution: (a) is iron ions, (b) is chromium ions

The impact of the current density in the titanium electrode on the dissolution process of the stainless
steel electrode is illustrated in Figure 2. An increase of the current density when increasing the current
density value from 40 kA/m” to 60 kA/m’ can be explained by the appearance of an oxide layer with
"valve" properties on the titanium electrode surface in the anodic half-period [20]. A further increase of
the current density in the titanium electrode has led to a reduction in the current efficiency of the steel
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electrode dissolution since the surface structure of the oxide layer in the titanium electrode changes and
becomes loose due to the increase in current density and its current correction properties reduce.
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Figure 3 - Effect of the sulfuric acid concentration on the current efficiency
of stainless steel electrode dissolution: (a) is iron ions, (b) is chromium ions

The effect of sulfuric acid concentration on the CE of the SS electrode dissolution polarized by the
alternating current was studied from 0.5 to 1.5 M (Figure 3). According to the research results, the current
efficiency of the stainless steel electrode dissolution increased to 0.5 M. Further, a decrease in the CE was
observed when the acid concentration was increased. This can be explained by the fact that as electrolyte
concentration increases, the ionic motion slow down, as the sulfate ions increase, the anode partial release
of oxygen increases, and the SS electrode passivate.
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Figure 4 - Effect of the electrolysis duration on the current efficiency of stainless steel electrode dissolution:
(a) is the iron ions, (b) is the chromium ions

The impact of electrolysis duration on the current efficiency of the stainless steel electrode
dissolution is shown in Figure 4. The more the electrolysis duration increases, the more the current off of
the steel electrode dissolution decreases. As the electrolysis duration increased, a gradual passivation of
electrodes with iron and chromium products with poorly soluble electrolysis products was observed.
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Figure 5 - Effect of alternating current frequencies on the current flow of the stainless steel electrode dissolution:
(a) is the iron ions, (b) is the chromium ions.

A decrease in the chromium ions formation and in the CE of stainless steel electrode dissolution due
to the increase in the alternating current frequency can be seen in Figure 5. This can be explained by the
incapability of alloy to provide the time required for direct oxidation of iron and chromium ions since the
periods rapidly change in high current frequencies.

Thus, the effects of the basic electrochemical parameters on the stainless steel electrode dissolution
polarized by the alternating current with the frequency of 50 Hz in the sulfuric acidic media were studied
and the iron and chromium ions dissolution with high CE was detected. As a result, the effective
conditions of the alloy dissolution were established: ir; = 60 kA/mZ, is= 400 A/mz, [HSO4]= 0,5 M,
t=20°C, v=50 Hz. The fact that the CE of the formation of iron (II), iron (III) and chromium (III),
chromium (IV) ions in the sulfuric acid solution was 10%, 74% and 5.4%, 12% respectively under these
effective conditions was shown for the first time.
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AVHBIMAJIBI TOKIIEH NOJIAPUSALIASAJIAHFAH TOT BACIIAUTBIH BOJIATTHIH EPYI

AHHOTanMsi. ¥YCHIHBUIFAH JKYMbICTAa KYKIPT KBIIIKBUIBI epitiHmiciHme xwuimiri 50 'l alfHBIManbl TOKIEH
noJjsipu3anysulanran  ToT Oacmaiitein  Oosmat  (12X18H10T) snmexTponsiHbH  epyl 3eprreninai. Temip-xpom
Heri3iHAeri KyWMaHBIH JJIEKTPOXMMUSUIBIK €pyiHIH TOK OOWBIHIIA UIIBIFBIMBIHA TOT OacmaiThiH OoJyat
3JEKTPOJBIHAAFBl TOK THIFBI3IBIFBHBIH (200-1200 A/M%), ThTanH ANEKTPOIBIHAAFE TOK THIFBI3IBIFBIHBIH (20-120
KA/M%), KYKIPT KBIIKBLIBI epiTiHjici koHnenTpamumscenby (0,25-1,5 M), anextponus y3akrhiFbHbH (0,25-1,5 car)
JKOHE alHbIMaibl TOK Jkuiniriig (50-250 I'm) ocepnepi 3eprrenai. AJJIbIH-ana 3epTTEy JKYMBICTaphl aiHBIMAJIbI
TOKIIEH NOJSIPU3ALMsUIaHFaH €Ki TOT OacmaiThiH 00JaT 3JIEKTPOATAPHIHBIH HAIIAp €PUTIHIITIH KepceTTi. All, TOT
GacmaiiThIH GONAT SNEKTPONBIHBIH OipiH THTAaH CHIMBIMEH aIMacThIpFaHma, Kyiimamei Fe’', Fe’', Cr', Cr*
MOH/APbIH TY3€ KapKbIHAbI €PUTIHMIT aHBIKTANAbl. MYHBI THTaH 3JICKTPOJBIHBIH BEHTHWIIBAIK KACHET KOPCETYIMEH
TyciHaipyre Ooxanpl. TypakTel TOKIEH NOJNSpU3alMsUIaHFaHAa KyWMaHblH aHarypisiM TemeH TII epurinairi
Oaiikanapl (Kaimel TeMmip WoHmapbl ymiH 12,7%, xanmbl XpoM HOHIapsl YiniH 3,9%). AWHbIManbsl TOKIEH
TOJISPU3ALMSIAHFAH TOT OACTIAMTBIH GOJIAT AMEKTPOIBIHAAFHI TOK ThIFBI3ABIELIH 400 A/M* [eifiH KOFapbUIATKAHIA
KyMMaHBIH epyiHiH TOK OOMBIHIIA MIBIFBIMBI MAaKCUMAJIIBI MOHI KOPCETTI (KajIbl TeMip MOHIaps! yuriH 84%, ai
JKaJITIbl XpOM HOHJaps! YiiH 17%). Tutan aneKTpOAbIHAaFE! TOK THIFBI3ABIFBIHBIH OHTAMIIBI JKaFAaibl aHBIKTAJIBII,
60 KA/M® TOK THIFBI3IBIFBIHIA TEMip HOHIAPBIHBIH Ty3inyinin TIL 54%, an salumsl XpoM HOHIAphl GoiibiHIIa 15%
Kypaznel. Tor OacmalThiH OoJIaT 3JEKTPOABIHBIH €pyiHIH TOK OOWBIHINA IIBIFBIMBI KYKIPT KBIIKBIIBIHBIH
KoHUeHTpauusicel 0,5 M Ke3iHne MakCHMaJIAbl MOHI KOPCeTTi. DJIEKTPOJIN3 Y3aKTHIFBIHBIH JKOHE aliHBIMAajbl TOK
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KIWIITIHIH oCepiHeH TOT OacmaiThlH OONAT ANEKTPOJBIHBIH €PYIHIH TOK OOMBIHIIA IIBIFBIMbI TOMEHIEHTIHIIT
AHBIKTAJIJIBL.
Tyiiin ce3aep: ToT 6acmaiiTeiH 60JIaT, AHBIMAJIBI TOK, KYKIPT KBIIKBLIBI, TEMIP, XPOM, JJIEKTPOJIHT.
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PACTBOPEHME HEPKABEIOIIEN CTAJIYA ITPA MOJAPU3ALIMA NEPEMEHHBIM TOKOM

AnHoTauus. B manHOW paboTe wHcclaemoBaHO pacTBOpeHHE HepikaBetomero craasHoro (12X18HI0T)
AJIEKTPOAA TP MOJIAPU3AIMU TIEPEMEHHBIM TOKOM ¢ dacToToi 50 I'm B pacTBope cepHOM KUCIOTHL. McciaemoBaHo
BIHSIHEE TUIOTHOCTH TOKA HA HEPXKABEIOLIEM CTATBHOM 71ekTpoze (200-1200 A/M?), IIIOTHOCTH TOKA HA THTAHOBOM
anextpoze (20-120 kA/M?), KoHIEHTpaLHH cepHOil KucraoTsl (0,25-1,5 M), IpoRo/KHTeIbHOCTH dIeKTpotu3a (0,25-
1,5 waca) m gactoTel mepemeHHOro Toka (50-250 I') Ha AIEKTPOPACTBOPEHHE CIIaBa Ha OCHOBE KEJIE30-XPOM.
[IpenBapuTensHble WCCIIEAOBAHHS TOKA3ajM, YTO NPH TOJSPU3AINH [IBYX SJIEKTPOIOB M3 HEP)KaBEIOLIEH CTaid
MEPEeMEHHBIM TOKOM CIUIaBbl TPAKTHYECKH HE pACTBOPSIOTCS. A TIpM 3aMEeHEe OIHOTO W3 JJIEKTPOAOB U3
HEpIKABEIOMIEH CTATM HA THTAHOBYIO MPOBOJIOKY CIUIAB MHTEGHCHBHO PACTBOPSIETCS C 0OpasoBaHmeM HOHOB Fe’',
Fe', Cr*', Cr". D10 MOXHO OGBSCHHTH BEHTHIBHBIM CBOICTBOM THTAHOBOTO SJIEKTpoa. IIpW momspHsariu
MOCTOSIHHBIM TOKOM HaOuofanack Oosiee Huskasi BT pactBopenus cruiasa (12,7% 1uis moHOB o01iero xenesa, 3,9%
JUIE HIOHOB ob1iero xpoma). Ilpu yBenndeHnn MIOTHOCTH TOKA Ha 3JIEKTPOJE U3 HepkaBeromei ctamu g0 400 AN,
CKOpOCTb PacTBOPEHUsI CILIaBa JIOCTHINIA MakcHMalibHOe 3HaueHue (84% Juis noHOB obmiero skene3a u 17% s
HOHOB o0mero xpoma). OnTumanpHas IJIOTHOCTh TOKAa THTAHOBOTO 3JIEKTPOJAa YCTaHOBJIEHA MPH IIOTHOCTH 60
kA/M* ¢ BT 54% 06pasoBaHmst HOHOB 00IIero xenesa u 15% moHOB 06mero xpoma. IIpy KOHIEHTPALNH CEPHOH
kucnotel 0,5 M BT pacTBopeHHs] HEpXKABEIOMIETO CTAJBLHOTO 3JIEKTPOJa MOKa3al MaKCHMalbHOE 3Ha4YeHHE.
YCTaHOBIEHO, YTO TPH YBEIHUYEHHH MPOTODKUTEIBHOCTH JJIEKTPOJIM3a M YacTOTHI IepeMeHHoro Toka BT
PacTBOPEHUS IEKTPOA U3 HEPIKABEIOMIEH CTaIN YMEHBIIACTCS.

Ki1roueBble cjioBa: Hep)KaBEIOIIas CTajb, IEPEMEHHBIN TOK, CepHAasi KHCIIOTa, KeJe30, XPOM, SJIEKTPOIIHT.
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PHYTOCHEMICAL ANALYSIS AND DEVELOPMENT
OF PRODUCTION OF BIOLOGICALLY ACTIVE COMPLEX
ON THE BASIS OF RAW MELISSA OFFICINALIS L

Abstract. In this study, there was developed a comprehensive study of wild and cultured plants of the genus
Melissa (Melissa officinalis L). It was determined the purity of the raw materials: moisture, total ash, ash insoluble in
10% HCI, sulphate ash, extractives. Macro- and microelement composition of total ash by atomic absorption
spectroscopy was analyzed. The analysis of the component composition of the main classes of natural substances
was conducted. There were worked out the basic technological parameters of obtaining biologically active complex
of the studied plant species by varying the nature of the extractant, its ratio of raw materials, time, and frequency
extraction.

Key words: Melissa officinalis L, extractives, moisture content, total ash, ash insoluble in HCI , sulphate ash,
macro - and microelement composition, atomic absorption spectroscopy, phytochemical analysis.

One of the priorities of the development of home science and practice of chemistry of natural
compounds is the more complete use of own resources of wild and cultivated plant raw materials and the
creation of effective drugs based on it, affordable and not inferior in quality to foreign analogues. Among
natural biologically active compounds used for the treatment of upper respiratory tract diseases, special
attention should be paid to plants of the family Lamyaceae Lindl (clear flow) [1].

The genus Melissa (melissa) includes from 2 to 10 species. It grows like a weed plant in orchards,
roads, fields, occasionally wild in the lower belt of mountains, and this plant is also cultivated. The most
valuable species is Melissa officinalis L (lemon balm), home to which is the eastern Mediterranean region.
Cultivate melissa medicinal in many countries of the world, where it is registered as pharmacopoeial
plants.

In the culture this plant is introduced throughout Europe and North America and in Kazakhstan the
plant is introduced in the regions like South Kazakhstan (Shymkent), Zhambyl (Taraz), Kyzylorda,
Almaty regions. Wild species of Melissa officinalis L are common in Central and Southern Europe, the
Caucasus, Middle and Near Asia, North Africa and North America [2].

The biological value of the raw material of lemon balm is caused by a complex of biologically active
substances, such as ether compounds, phenolic substances, vitamins.

Phenolic compounds of Melissa officinalis are represented by phenolcarboxylic acids and their
derivatives, flavonoids and coumarins. Analysis of literature data shows that, in the lemon balm
medicated grown in Europe, n-coumaric, ferulic, kaftaric and coffee acids have been identified. Other
researchers have identified rosemary, coffee and protocatechuic acids.

In addition, flavonoids, the glycosides of luteolin and apigenin, are characteristic of this plant. The
aqueous extract of lemon balm contains hydrolysable tannins in an amount of 4.32% and flavonoids in an
amount of 2.06% [3].

Healing properties of the aerial part of the lemon balm are caused by the high content of essential oil.
Its most characteristic components are monoterpenes - citral, geraniol, nerol, citronellol, citronellal.
Melissa essential oil also contains linalool, geranilacetate, myrcene, n-cymene, beta-cariophyllene oxide,
beta-cariophyllene and other terpenoids, and more than 200 compounds have been isolated and described
in total.
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The second group of components of essential oil are phenylpropanoids, among which the most
characteristic is rosmarinic acid. Phenylpropanoids are a class of plant organic compounds of the aromatic
series, which are synthesized in a shikimate way, mainly through the amino acid phenylalanine. A
characteristic structural fragment is a benzene ring with a branched three-carbon chain attached to it.
Phenipropanoids have a wide range of functions - protection from herbivorous animals and microbial
diseases, protection against ultraviolet light, serve as structural components of cellular stains, pigments,
act as signal molecules. Phenylpropanoids are also represented by ethyl ester of rosmarinic acid, caffeic
acid, chlorogenic acid, n-coumaric acid, ferulic acid and synapic acids. The content of rosmarinic acid in
melissa leaves is from 0.54 to 1.79% [4].

Melissa leaves also contain triterpenes - ursolic and oleanolic acids (0.50% and 0.17%, respectively)
and their derivatives, terpenoids - nerol, geraniol, nerolic acid glucosides. They are found bitterness,
coumarins (esketuin), up to 5% tannins, succinic acid, mucus, tetrasaccharide stachyose (a combination of
two galactose residues with glucose and fructose), carotene (0.007-0.01%), vitamins C (0.15 %), B1, B2,
E[1,2].

Melissa is widely used in medicine, in the perfumery, cosmetics and food industries in many
countries. Raw melissa has sedative, spasmolytic, immunomodulating, antidepressant, antihistamine,
antioxidant, anti-inflammatory and antimicrobial effects. In addition, it was found that this plant has
antiviral activity against viral infections, such as smallpox, influenza, herpes [5].

Medicines, which include lemon balm, have pronounced soothing, antispasmodic and carminative
properties. It has been established that melissa shows an easy hypnotic effect. Such pharmacological
activity is mainly due to the components of the essential oil. Sedative and spasmolytic effects are
manifested with the application of small doses of lemon balm, and the subsequent increase does not
enhance these effects [6].

In the seeds of lemon balm it contains up to 20% of fatty oil as it contains up to 20% of fatty oil.

Melissa tincture shows protective effect with experimental stomach ulcer. At the same time, it is
established that it enhances the motility of the stomach, has choleretic and haemostatic properties. In the
experimental animals, the antispasmodic effect of melissa has been established. Its tincture reduces the
tension of the smooth muscles of the intestine, shows bronchodilator properties.

Melissa essential oils show anti-inflammatory, bacteriostatic and antiviral properties. Japanese
scientists conducted a study of the antimicrobial activity of essential oil components of the plant Melissa
officinalis L against a number of pathogenic fungi and microbacteria of tuberculosis. The most active
were aldehydes (citral, citronelal), and less active alcohols (geraniol) essential oil of the plant [7].

The purpose of the research work is to substantiate the possibility of using the cultivated and wild-
growing species Melissa officinalis L, introduced under the conditions of the Almaty region to obtain an
extract with the subsequent study of the chemical composition.

The objects of the study are samples of a plant of the family Lamiaceae genus Melissa (Melissa) and
its appearance Melissa officinalis L (Melissa officinalis). Raw materials were individually cultivated at the
experimental site of the laboratory of medicinal plants of the institute of phytointroduction and botany
under the Ministry of Science and Education of the Republic of Kazakhstan, the city of Almaty and the
wild type of lemon balm prepared in Almaty region.

Experimental part and discussion

The selection of raw material is determined by its former prisms and personal indications (to exert, to
keep, to contain explosive substances).

All the indications of the distribution were determined by the methods of the SP RK, the Euphemistic
Map and other literature sources [8, 9]. The data are presented in Table 1.

Table 1 — Numerical requirement for publication of the type of Melissa officinalis L

References are requested Plant Melissa officinalis L

Cultured Wild-growing
Implication,% 5,36 4,42
Total wt% 7,91 10,60
Sulphate Salt,% 15,36 15,74
HCl of ash,% 13,80 14,68
Containment of detective substances (70% alcohol) 41,40 38,03

— 54 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 1. 2018

As can be seen from the data presented in Table 1, the resistance of the plant in a plant of the
cultivated species (5.36%) is greater than that of the plant in the sample of the wild-growing species
(4.42%) less.

The content of extractives in medicinal plant raw materials is an important numerical indicator that
determines its good quality, especially for those types of raw materials in which the quantitative
determination of active substances is not carried out.

Depending on the chemical composition of the medicinal plant material and the solvent used, certain
active and concomitant substances pass into the extraction.

The solvent, which should be taken when determining extractive substances, is indicated in the
relevant specification for this type of raw material. Usually it is the same solvent that is used when
preparing a tincture or extract from this raw material. Most often it is ethyl alcohol (50 or 70%) or water.

From the data of Table 1 it follows that the greatest amount of extractive substances is extracted by
the cultivated plant species.

In the plant raw material, the ash of total, sulfate ash, ashes are insoluble in 10% HCI, which is the
residue after treatment with the total HCl ash and consists mainly of silicates, which are a natural
component for some objects, but more often the result of contamination of the raw materials with sand,
earth and stones. Thus, the increased content of insoluble in hydrochloric acid part of the ash indicates a
significant content in the vegetable raw material of the mineral impurity. The amount of sulfate ash is
commensurate with the content of metals in plants that form sulfate-insoluble in water. The content of all
ash species in the aerial part of the plant does not exceed the maximum acceptable value for
pharmacopoeial samples.

The next parameter of the definition is the mineral composition. The investigated plant species have a
high ash content.

Mineral elements by their content in the plant are divided into macroelements, microelements and
ultramicroelements. The macroelements include Na, K, Ca, Mg, their content in the ash is measured in
hundredths of a percent. Microelements: Zn, Cu, Ni, Mn, Fe.

The aboveground part contains macro elements: K, Ca, Na, Mg; microelements: Mn, Fe, Cu, Zn, Ni.
Potassium and sodium play a leading role in regulating the water-salt balance and acid-base balance of the
body. Calcium plays a huge role in the life of the human body. The human body contains 1000-1200 g of
calcium, 99% - is included in bone tissue, dentin, enamel of the teeth, and 1% plays an extremely
important role as intracellular calcium, blood calcium and tissue fluid, that is, it plays an important role in
the formation of bones. Magnesium participates in many processes occurring in the body - in energy
production, glucose assimilation, neurotransmission, protein synthesis, bone tissue building, regulation of
relaxation and tension of blood vessels and muscles. Manganese affects the development of the skeleton,
participating in the process of osteogenesis, and therefore is necessary for normal growth. Manganese
participates in the reactions of immunity, in blood and tissue respiration, supports reproductive functions,
participates in the regulation of carbohydrate and lipid metabolism. Zinc is part of the active center of
several hundred metal-enzymes. It is necessary for the functioning of DNA and RNA polymerases, which
control the processes of transmission of hereditary information and the biosynthesis of proteins, and
thereby the reparative processes in the body. Nickel is involved in stimulating the processes of
hematopoiesis, the activation of certain enzymes. It has a high ability to enhance redox processes in
tissues. Nickel in combination with cobalt, iron, copper participates in the processes of hematopoiesis, and
independently - in the exchange of fats, providing cells with oxygen. In certain doses, it activates the
action of insulin. /ron is the most important trace element, takes part in respiration, hematopoiesis,
immunobiological and oxidation-reduction reactions, is part of more than 100 enzymes [10, 11].

In the total ash, the content of macro- and microelements was determined by atomic absorption
spectroscopy. The data are presented in Table 2-3.

From the data of Tables 2 and 3, it should be noted that the greatest amount of macro- and
microelements is in the plant Melissa officinalis L, a wild-growing species. In the above-mentioned mass
of the cultivated and wild-growing species, the predominant micelles are Fe. In the cultivated form of the
plant, an increased content of macroelements as K, Na, Ca and in the wild form Mg and K is noted. The
content of heavy metals does not exceed the maximum permissible norms [11].
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Table 2 - Macroelements content - K, Ca, Na, Mg

Macroelements Plant Melissa officinalis L
Cultured, % Wild-growing, %
K 1.173-10° 0.737-10°
Na 0.802-10° 0.221-10°
Ca 0.639-10° 0.178-10°
Mg 0313107 1.401-107

Table 3 - Micronutrients content of Fe, Zn, Mn, Cu, Ni

Microelements Plant Melissa officinalis L

Cultured, % Wild-growing, %
Cu 0.716:107 0.394-107
Fe 4387107 1.266:10°
Mn 0.361-107 0.677-107
Ni 0 0.502-107
Zn 0.486-107 0.335-107

A comparative phytochemical analysis of the above-ground mass of the plant on the main classes of

biologically active substances was carried out. The data are presented in Table 4.

Table 4 - Phytochemical analysis of the distribution of Melissa officinalis L cultivated and wild-growing species

BAS Developers Melissa officinalis L
Cultured Wild-growing
Carbohydrates o-toloidin green green
Tanni ZHAK blue blue
annins FeCl; blue blue
Flavonoids NH; yellow yellow
AlCly bright yellow bright yellow
SiHNO orange-red orange-red
Cataracts KMnO, bleaching bleaching
Alkaloids Phosphoric acid bleaching bleaching
Amino acids ninhydrin purple purple
Carboxylic acids urea brown brown
MgAc, - -

Through phytochemical analysis using diagnostic gums in the aerial part of a plant of the type
Melissa officinalis L, there were discovered the main groups of biological active substance such as
tannins, amino acids, alkaloids, phenolic compounds, organic acids, flavonoids, carotenoids [12].

Method of paper chromatography in the use of reliable samples in the following types of pockets
identified carbohydrates and amino acids.

The optimal technology for isolating the extract from the melissa plant was developed taking into
account the requirements of the SP RK for the processing of plant raw materials [13, 14].

An important parameter in the technology of obtaining a plant extract is the ratio of raw materials and
solvent from 1: 4 to 1: 8. Over 5 g of the aboveground part was extracted with different volumes of 50%,
70%, 90% ethyl alcohol. The constant factors of the extraction process were: extraction time (24 hours)
and temperature (23-25 ° C). These parameters for obtaining the plant extract are shown in Table 5.

From these tables it follows that the optimal extractant was 70% ethanol. The greatest yield of the
percentage of the extract shows extraction with 70% ethanol at a feed: extractant ratio of 1: 8, the amount
of dry extract in cultivated form was 7.94%, and in the wild 10.264%.

Another important parameter in the technology of extracting extracts is the ratio of the selected
extract with the custome. To determine the optimum volume, the selected extractor changes the content of
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the raw material and the filter from 1: 5 to 1: 8. To 5 g of the nasis part of the cultivated and wild-growing
species Melissa officinalis L 70% ethyl alcohol. With this constant factor, the process of extraction was:
time of extraction (24 hours) and temperature (23-25 ° C). The data are presented in Table 6.

Table 5 - Determination of the optimum extractant for the extraction of the raw materials

m,r t hour T.oC m(r):v The amqunt of dry ex.tract,%
const Solvents const const (ml) Melissa oﬁ‘icznalzs.L .
Cultured Wild-growing
1:4 0,528 0,783
5 50% ethanol 24 23-25°C 1:6 2,501 2,670
1:8 5,124 8,574
1:4 2,604 3,211
5 70% ethanol 24 23-25°C 1:6 3,25 4,454
1:8 7,94 10,264
1:4 0,447 0,695
5 90% ethanol 24 23-25°C 1:6 1,121 1,880
1:8 3,344 3,212

Table 6 - Determination of the optimum ratio of raw material and extractant

Mass of raw materials, g const 5 5 5
Extraction time, hour, const 24 24 24
Extraction temperature, ° C const 23-25°C 23-25°C 23-25°C
Ratio of raw materials (g) and extractant (ml) 1:4 1:6 1:8
V2 volume of the filtered Cultured 3,5 5,0 9,5
extract, ml Wild-growing 4,0 6,7 11,3
Extraction amount,% Cu}tured - 1,76 3,25 5, 24

’ Wild-growing 2,24 4,62 6,89

With the selected extract (70% ethanol), the optimum value of the extract 1:8 is shown in cultivated
form, the amount of the extract is 5.24%, and in the dicorbic form 6.89%; at a temperature of 24-25 ° C
and a time of 24 hours.

The accuracy of the parameters of the parameters "raw-extractor" is determined primarily by
economic measures, as for a business, but the amount of the used extrac- tor is significant.

Determination of the extraction time is an important parameter, so it is necessary to determine when
the entire complex of biological active substances is recovered. The influence of the extraction time of the
raw material on the yield of the extract was studied. Extraction was carried out with 70% ethanol at a raw
material: extractant ratio of 1: 8. The data are presented in Table 7.

Table 7 - Determination of extraction time

Extractant (ml), const 70% ethanol 70 % ethanol 70 Y%ethanol
Ratio of raw materials (g) and extractant (ml), const 1:8 1:8 1:8
Time, (hour) 24 48 72
V2 volume of the filtered | Cultured 17 2 7
extract, ml Wild-growing 13 8 11

. Cultured 0.3939 0.0605 0.1365
Extraction amount,% - -

Wild-growing 0.2902 0.2785 0.2336

On the basis of these arguments and the data obtained, the following regime was proved to be
optimal: extraction of 70% by ethanol in 24 hours at a temperature of no more than 23-25 © C with raw
materials: extractant ratio 1: 8. Under this regime, the amount of extract was 0.3939% cultivated,
0.2902% in the wild.

Acknowledgement. According to the results of the research work, a comparative analysis of the
chemical composition of the above-ground part of the cultivated and wild-growing species of the family
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Melissa (Melissa officinalis L) of the family Lamiaceae was performed; Technological parameters were
worked out: different concentrations of extractants; dependence of the ratio of raw materials - solvent; the
process dependence on time and the number of extractions. The optimum condition for obtaining a plant
substance is an extractant of 70% ethyl alcohol, the ratio of extractant and raw material is 1: 8, extraction
time is 24 hours, temperature is 23-25 ° C.
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JK.H. Kemekoaii, 3.b. XaamenoBa, A.K. Ym0eroBa, A.F' bucenoaii
an-®apabu areiaarsr Kazak yiTTeIK yHUBepcuTeTi, AnMatsl, Kazakcran

MELISSA OFFICINALIS L ©CIMAITT HET'IBIHAE ®UTOXUMUSAJIBIK AHAJIN3 )KACAY
KOHE BUOJIOT'UAJIBIK BEJICEH/AI KEIITEH AJTY

Annoramms. byn 3eprreyne Melissa (Melissa officinalis L) TyKpIMIachlHa >KaTaTbIH ©CIMAIKTIH MSICHH JKOHE Kabaiibl
TYpJEpiHiH KemeHai Herisi xetungipinai. 1Iukizar camaigbUIbIFbl: BUTFANABUIBIK, Kaimbl kKyigitik, HCl-ma epiMedTiH KyIIiTiK,
Cynb(aTThl KYJIOUIK, SKCTPAaKTHUBTI 3aTTap aHBIKTAJIABL. ATOMIBIK-a0COPOIMSIIBIK CIEKTPOCKOMMUSIIBIK OJICTICH KaJIIbl
KYJIUTUTIKTIH MaKpo- >KOHE MUKPOJIEMEHTTIK KypaMbl TajjaHibl. Tajnay KOMIIOHEHTTIK KypaMHBIH HETi3ri KiacTapbl TaOuFu
3arTap. 3epTTENiHIN OTHIPFAaH OCIMIIK TYpJIEpiHEH SKCTPareHTTiH TaOWFaThIH, OHBIH IIHMKI3aTIIEH KaThIHACBHIH, 3KCTPAKTiIEy
YaKBITHl MCH JKHIJIITIH ©3rePTe OTBIPHII, OUOJOTHSIIBIK OCJICEH T KSICH I a1y TEXHOJIOTHSCHI OHICII.

Tyiiin ce3nep: Melissa officinalis L, SKCTpakTHBTI 3aTTap, bUIFAILABLIBIK, ainsl Kynaitik, HCl na epimeiftin xymnaiiik,
Cynb(aTThl KYJIAUNIK, MakKpo- >KOHE MUKPOAJIEMEHTTIK KypaMbl, aTOMBIK-a0COPOLMSIBIK CIEKTPOCKONUS, (HUTOXUMHSIBIK
QHAITH3.
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INFLUENCE OF PERFLUORODECALIN WITH GAS TRANSPORT
FUNCTION ON GROWTH OF MICROORGANISMS

Abstract. In the work influence of perfluorodecalin on growth and development of microorganisms of different
groups is investigated. Entering into liquid nutrient mediums perftororganical connections with gas-transport
function is shown, that, in particular perfluorodecalin in concentration of 0.2-2 % provides a gain of a biomass of
microorganisms. The opportunity of use of perfluorodecalin in biotechnological processes of cultivation bacteria of
Rhodococcus, Escherichia, Pseudomonas and Bacillus and micomicetes Penicillium, Fusarium and Saccharomyces is
shown. Investigation of influence of perfluorodecalin in Chapek-Dox media upon change of micromycethes biomass
has a certain interest. Results of experiments testify that the maximal content of biomass quantity have been noted in
each 48-96 hours at the growth of culture of micromycethes P. chrysogenum MB 104, F.moniliforme BY 245,
F.graminearum 534, S. cerevisiae K on Chapek-Dox media with addition of 2 % of perfluorodecalin, concentration
peak of biomass on the media without perfluorodecalin have been obtained on 48 hours later. Herewith maximum
values of the biomass on media with perfluorodecalin in 2 times (penicill and fuzaries) exceed the maximums,
reached on ambience without perfluorodecalin.

Key words: perfluorodecalin, microorganisms, biotechnological processes, gas-transport function, Chapek-Dox
media.

Introduction. Lately development and putting into practice of modern technologies of
microorganisms cultivation, obtaining of the microbe biomass and biological active compounds - products
of activity of bacteria and micromycethes, have the major practical meaning. Nowadays the various
nourishing products, protein preparations, amino acids, organic acids, spirits, physiological active
substances - antibiotics, enzymes, hormones, facilitators of the growing, vaccines against infectious
diseases of the person and animal, facilities of the fight with insect and rodent - a vermin of the
agriculture are obtained by help of microorganisms.

The majority of microorganisms using by human in biotechnology for growth, development and
production of biological active substances need oxygen for providing of high energetical exchange [1].
Oxygen is the most important elements using by the microorganisms for building of structural
components of microbial cell, for energy obtaining, and it participates in various biochemical reactions,
providing the processes for the microbe activity. Provision by oxygen or it’s removal for anaerobes, as
well as removal of exhaust fumes and metabolism products is one of the most important factors of
efficiency of biotechnological processes, defining the productivity of their biomass accumulation and
synthesis of biological active substances.

The majority of microorganisms using by human in biotechnology need oxygen during processes of
development. It is known that more high output of target product is provided by the deeply cultivation in
fluid nourishing media. For normal growth of aerobes in deep layer of media the aeration and
improvement of condition for transport gaz into microorganisms cells are required [2].
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Putting into medical practice of the new class of efficient and safe preparations with gaz transport
function on the base of perftororganic compounds (PFOC) is typical for the end of 21th century. As a
result of multiple investigations the variety of new preparation including Oxygent, Therox, Oxyfluor
(USA); Fluosol-DA (Japan); Emulsion II (China); Perftoran (Russia) has been created. Perftororganic
compounds have complex of practically useful properties: high chemical and biological stability, absence
of toxity for living organisms, abilities to dissolve gases (until 50 % O,, 200 % CO,, 300 % C,Hg etc.) and
change the permeability of the cell’s membranes, herewith relieving transport of substances [3].

The review of the literature has shown that at present PFOC have usage in technique, medicine,
cosmetologies, but usage of that class of compounds in biotechnology doesn’t have discussion and
realization. In this connection study of possibility of usage of fluid PFOC in composition of nourishing
media for improvement of gastransport process of microorganisms cultures has the big interest.

The purpose of the present work is an estimation of possibility of usage of perfluorodecalin with gas
transport function in biotechnology for improvement of cultivation processes of practically useful
microorganismes.

Methods

The influence of putting into cultural media the various concentration of Perfluorodecalin on the
growth of bacteria and microscopic fungi (micomycethes) have been investigated. Rhodococcus
erythropolis BY 43, Escherichia coli M 17, Pseudomonas putida PP 44, Bacillus subtilis 3 from bacterial
cultures, from micromycethes the strains of Penicillium chrysogenum MB 104, Fusarium moniliforme BY
245, Fusarium graminearum 534, Saccharomyces cerevisiae K have been used. Culture of given
microorganisms have been choosen, because in biotechnology at production of practical useful products
the big amount of strains of this species are used for gained of expensive antibiotics, eybiotics,
micoproteins, food products, facilitators of the growing of plants - hibberelines. Pseudomonas and
rodococcus are used as the kxenobiotics of biodestructirs.

For growth of bacteria and micromythetes the meat-peptone bouillon and standard media: agar
Chapek, media Chapek-Dox have been used [4]. For growing of streptomythetes and fuzariouz fungi the
fluid nourishing media that contain starch - 3,0 %: (NH4),C4H4O¢ - 0,05 %, (NH4),SO;4 - 0,4 %; CaCO; -
0,8 %; KoHPO, - 0,01 %; glucose - 1,5% (entered in sterile nourishing media); water until 100 % have
been used. Cultivation are carried out in Erlenmeyer flask with capacity of 250 sm® and volume of fluid
nourishing media 80 sm’, that contains sowing cultures, corresponding strain, and from 0,2 to 2,0 %
Perfluorodecalin. Growing have been carried out at the 27 °C and constant mixing with velocity of the
rotation 230 rotations per minute, culture in flasks with media without Perfluorodecalin served as a
checking culture in all experiments. The tests sampled in each 8 hours on 2 ml for determination of
quantity alive cells of Pseudomonas and Rodococcus in cultural media by method of sowing of serial
breedings on thick nourishing media on the base of meat-peptone agar (MPA) (table 1).

Table 1 - Growth of culture of bacteria Pseudomonas putida, Rhodococcus erythropolis, Escherichia coli
and Bacillus subtilis on the meat-peptone bouillon (MPB) with addition of perfluorodecalin

Strain Content of perfluorodecalin in Quantity of alive bacteria/sm’ in each: hours
media, % from beginning of cultivation ('10%)
0 12 24 36 48

P. putida PP 44 I. 0 45 96 1899 5029 4340
2. 02 45 163 6986 5732 4433

3. 20 45 251 8475 6348 4900

R. erythropolis BY 43 4. 0 42 77 1087 2438 2295
5. 0,2 42 85 1584 2953 2564

6. 2,0 42 97 3948 3732 2325

E.coliM 17 7. 0 43 109 2436 6423 5563
8. 02 43 112 2662 7484 5431

9. 20 43 125 8425 6617 5042

B. subtilis 3 10. 0 52 74 985 2261 2138
11. 0,2 52 77 1112 2532 2315

12. 2,0 52 80 2933 2397 2254
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Results and discussions

Results of experiment, presented in the table 1, testify that addition of 0,2 % Perfluorodecalin into
media brought about reinforcement of the growth of bacteria under investigation in comparison with
control that particularly is distinctly noted under growth of P. putida. At growing of the bacteria cultures
P. putida, R. erythropolis, E. coli and B. subtilis on MPA with adding of 2 % perfluorodecalin already
maximum contents of quantity of alive bacteria were noted in each 24 hours in media.

Investigation of influence of Perfluorodecalin in Chapek-Dox media upon change of micromycethes
biomass has a certain interest. Results of experiments presented in the table 2 testify that the maximal
content of biomass quantity have been noted in each 48-96 hours at the growth of culture of
micromycethes P. chrysogenum MB 104, F. moniliforme BY 245, F. graminearum 534, S. cerevisiae K on
Chapek-Dox media with addition of 2 % of Perfluorodecalin, concentration peak of biomass on the media
without Perfluorodecalin have been obtained on 48 hours later. Herewith maximum values of the biomass
on media with Perfluorodecalin in 2 times (penicill and fuzaries) exceed the maximums, reached on
ambience without Perfluorodecalin.

Results presented in tables 1 and 2 are an average arithmetical results on the 3 definition of content of
biomass and concentration of alive bacteria. Degree of the deflection of the determination from average
arithmetical did not exceed 15 %.

Results of experiments testify that entering of Perfluorodecalin in culture brought to intensification of
change of mass characteristics, that is confirmed by increase of velocity of growth and increase of
biomass output or absolute quantity of microorganisms.

The expenses on use of PFOS under cultivation of bacteria and micromycethes will be profitable
because of the more high output of the target products.

Table 2 - Change of biomass of micromycethes at cultivation on Chapek-Dox media with addition of Perfluorodecalin

Biomass of micromycethes (mg %) in Chapek-
Strain Content of Perfluorodecalin Dox media in the process of growth

in media, % 0 48 96 144 192 240

P. chrysogenum MB 104 0 36 259 705 816 794 745
2,0 36 682 1656 1518 1356 880

F. moniliforme BY 245 0 48 272 764 858 803 731
2,0 48 743 2145 1652 1493 976

F. graminearum 534 0 42 264 687 795 783 645
2,0 42 729 1964 1421 1245 927

S. cerevisiae K 0 65 440 497 220 204 134
2,0 65 632 518 321 242 128

Conclusion. Perfluorodecalin in concentrations from 0,2 % to 2 % promoted the intensification of
growth in comparison with control. So, results of the investigation of the influence of Perfluorodecalin on
growth and development of microorganisms of the various taxonomic groups has shown that entering of
PFOS with gas transport function, in particular Perfluorodecalin in concentrations of 0,2-2 % into fluid
nourishing media, provides the increase of the biomass of microorganisms. Possibility of usage of
Perfluorodecalin in biotechnological processes of cultivation of bacteria of Rhodococcus, Escherichia,
Pseudomonas, Bacillus and micromycethes of Penicillium, Fusarium and Saccharomyces has been shown.
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2,Z[.B. CoKONBCKUI aTBIHAAFHI )KaHAPMaH, KaTann3 XKoHE IIEKTPOXUMHUS HHCTHTYTHI, AIIMaTHI;
*M. OyesoB arsiHaarsl OrrycTik Kasakcran MemexeTTik yauBepenterti, ILbIMKeHT)

MUKPOOPTIAHU3M/JEPAIH OCYIHE I'A3 TACBIMAJIIAY KbIBMETI AP
MNEP®TOPAEKAJIMHHIH 9CEPI

Annotanusi. JKymbIcTa 9pTYpili MUKPOOPraHU3MIIEPAIH ©cyiHe >KoHE JaMyblHa Nep(TOpIAeKaJHHHIH acepi
3eprrenred. IlepdropaekannHHiH MUKPOOPraHM3MAEPl TEPEHJETINl ecipreHjeri raz TachiMaiiay (QyHKIUSCHIH
aTKapysbl %aHe OMOCHHTE3 NPOLECiHIH KbUIaMaaybiHa acepi kepcerinreH. Rhodococcus, Escherichia, Pseudomonas
MeH Bacillus GakTepusuiblK TYBICTBIFBIH JkoHe Penicillium, Fusarium and Saccharomyces mukomumerTepacH
TepeHJIeTIl ecipyaeri ra3 taceiMangay (yHkuumsiceiHa nepdropaekanuani 0,2-2% naiganaHy MYMKIHIITIHIE 6ap
eKeHAIri Toxipubemk Typae monenaeHni. Mukpomurer OnomaccachiHBIH e3repyiHe Yamek-Jlokc oprachiHma
nepdTopaekaInHHIH acepi 3eprrenreH. P. chrysogenum MB 104, F. moniliforme BY 245, F. graminearum 534, S.
cerevisiae K mukpommuner xyiasrypanapase 2% nephropaexanuni 6ap Yanek-J[okc opraceiana ecy kesinae 48-96
caraTTaH KeiiH OMOMAacCaHbIH MaKCHMaJbIbl MeJmepi Oaikaiasl, an mephTOpacKalnHI KOK opTaga Omomacca
KOHLICHTPALMSIHBIH MaKCUMYMBbI OapJIbIK jKaraainapa yakelT OoiibiHma 48 caratka KelikTipin Ty3iireH. by ke3zne
nepdTopaekainHi 06ap oprachlHIa OMOMAacCaHbIH MaKCUMaJIbl MOHJEpi (NEHULMILI KoHE (y3apuiliiep YILiH)
nepTOpACKAINHI KOK OpPTaAarbl MAKCUMYMAApbIMEH calbicThIpranaa 2,0 ece >Korapbl O0JIIbl.

Tipek ce3aep: mnepdTOpAEKaINH, MHKPOOPTraHM3MAEP, OMOTEXHOJOTHSUIBIK IpOLEecTep, Ia3 TachIMajuay
KbI3MeTi, Yanek-/lokc opTackl.

A. MaMblpﬁeKOBal, A.B. Baemonz, M.K. KacmMOBa3, A. MaMprﬁeKOBal

(lMemz[yHapoz[HHﬁ Ka3axCKO-Typeukuid yausepcutet uM. X.A. fcasu, Typkecran, Ka3zaxcras;
WucTuTyT TOIIMBA, KaTanu3a u snekrpoxumun uM. [|.B. Cokonsckoro, Anmarsr;
*JOxnH0-KazaxcraHCknii rocy1apcTBeHHbIH yHIBepeHTeT HM. M. Ay3308a, IIIbIMKeHT)

BJUSHUE NMEP®TOPJIEKAJINHA C TASOTPAHCIIOPTHOM ®YHKIIUEN
HA POCT MUKPOOPT'AHN3MOB

AHHoTamus. B pabore wm3yuyeHo BnusiHUE nepTOpACKaIvHA HA POCT W Pa3BUTHE MHKPOOPTaHHU3MOB
pas3IMYHBIX rPymil. Pe3ynbTarhl nccienoBaHus BIUSHUS NepTOpAeKaliHA Ha POCT U Pa3BUTHE MHUKPOOPTaHM3MOB
Pa3HBIX TAKCOHOMHUYECKHMX IPYIII [TOKA3aJIH, YTO BHECCHHE B XKHIKHE MHUTATEIbHBIE CPebl Mep(HTOPOpraHuuecKux
COEAMHEHUH ¢ ra30TpaHCIIOPTHON (yHKIHEH, B yacTHOCTH nepdropaekanuaa B KoHneHTpanuu 0,2-2% obecnieun-
BAaeT MPUPOCT OMOMACCHI MUKpOOpraHu3MoB. [Toka3aHa BO3MOXKHOCTh HCIIOJIb30BaHUs IEPPTOPACKAINHA B OHOTEX-
HOJIOTMYECKHX TMpolieccax KyJlbTHBHpoBaHus Oakrepuil pogoB Rhodococcus, Escherichia, Pseudomonas u Bacillus u
MHUKpoMulieToB ponoB Penicillium, Fusarium u Saccharomyces. OnpeneneHHbIii HHTEPEC MPEICTABISIIO HCCIIEI0-
BaHUe BIMsHUS nepdropaekanuna B cpeae Yameka-J[okca Ha n3MeHeHHEe OMOMACChl MUKPOMHUIICTOB. Pe3ysbTarhl
9KCIIEPUMEHTOB CBHJIETEJILCTBYIOT, UTO IPH POCTE KyJIbTYp MUKpoMuLeToB P. chrysogenum MB 104, F.moniliforme
BY 245, F.graminearum 534, S. cerevisiac K Ha cpene Yaneka - J[okca ¢ mobasnenuem 2 % nepdropaexanuna yxe
yepe3 48 - 96 4acoB KyJbTHBHPOBAHUS OBUIO OTMEYCHO MAKCHMAIBHOE COJCpKAaHHE KOJIUYecTBa OHOMACCHI, MPU
9TOM IHK KOHLICHTpAlMU OHoMacchl Ha cpeze 6e3 mepdropaekaniHa ObUT MOMYYeH BO BCEX Clydasx Ha 48 yacos
no3xe. [Ipu 3TOM MakcuManbHbIe 3HAYCHH OHMOMacchl Ha cpee ¢ nepdTopaekanHoM B 2,0 pasa (Ui MEHULMILT U
(hy3apreB) MpeBbIIaTd MAaKCUMYMBI, TIOCTUTaeMBbIe Ha cpefe 6e3 meppTopaeKatnHa.

KioueBble ciioBa: nepropaeKalni, MUKPOOPTaHU3MbI, OHOTEXHOJIOTHYECKUE MPOLIECChI, Fa30TPAHCIOPTHAS
dyrkmms, cpena Yaneka-/lokca.
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MICROWAVE ACTIVATION OF ADDITION
OF 1-HEXENE AND BUTANOIC ACID REACTION

Abstract.The possibility of carrying out the synthesis reaction hexylbutanoate (flavor in the food and perfume
industry) by butanoic acid joining 1-hexene in the presence of sulfuric acid under microwave irradiation is
demonstrated. Optimum process conditions (microwave irradiation power, duration, and the ratio of the initial
reactants catalyst) were determined. The product yield gradually increases with increasing irradiation power, with
further increase of microwave power resinification reaction mass and a reduction in yield are observed. The optimal
condition for the synthesis of a ratio of the starting reactants and catalyst [butanoic acid]: [1-hexene] [conc. H2SO4]
=1: 1: 1.7-107, the microwave irradiation power = 600 W, the process time 6 min. The yield of the product under
found conditions is 74.4%. The strongest impact on the course of the reaction has a power of microwave irradiation,
the weakest influence has aratio of the starting reagents. The yield was determined by gas chromatography-mass
spectrometry using a capillary column HP-FFAP 30 m and an inner diameter of 0.25 mm, consisting of
nitroterephtalic acid modified polyethylene glycol. Our proposed method of obtaining hexylbutanoate, compared
with the known methods can significantly reduce the duration of the process and consistent with the principles of
green chemistry.

Keywords: microwave synthesis, hexylbutanoate, butanoic acid, 1-hexene, irradiation power.

1 Introduction

Carboxylic acid esters are widely used as practical medicines component, food essences and
components of various perfumes [1,2]. Hexylbutanoate ester has a characteristic fruity odor similar to the
smell of pineapple [3]. In nature, it can be found in the composition of fruits and berries, as part of the
essential oils of lavender and lavandula [4]. It is used as a flavoring of food products (bakery products, ice
cream, candy, soft drinks) and in the perfume industry [5].

Chemical synthesis under microwave irradiation (microwave radiation) is currently the fastest
growing method of organic synthesis [6-10]. Application of microwave irradiation in the chemical
synthesis depends on its ability to accelerate many chemical reactions to tens and hundreds of times and
theability of rapid volumetric heating of the liquid and solid samples. This feature microwave irradiation
consistent with the principles of "green chemistry" — the scientific direction in chemistry, which can be
attributed any improvement of chemical processes, which has a positive effect on the environment [8].
Opportunities offered by using microwave radiation in chemistry, have aroused great interest in the study
and uses of microwave exposure effects.

Known methods for the synthesis of carboxylic acid esters direct esterification reaction under
microwave irradiation [6, 9-11]. In the present study, we investigated the addition reaction of 1-hexene to
butyric acid in the presence of aconcentrated sulfuric acid catalyst under microwave irradiation.
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Scheme 1. Synthesis of hexylbutanoate

2 Experimental

A series of experiments were conducted to obtain hexylbutanoate to determine the optimum
conditions, i.e. irradiation power impact on the yield, process time, ratio of reactants and catalyst.

Reactive butanoic acid, 1-hexene and concentrated sulfuric acid were used without purification. The
test was performed in the microwave.

The yield was determined by chromatography on a gas chromatography-mass spectrometer Agilent
7890A /5975C (USA).

Chromatographic conditions: mobile phase (carrier gas) - helium; evaporator temperature 210°C,
flow discharge (Split) 1000:1; column oven temperature onset 50°C (1 min), the temperature rise of 5°C
per minute, the end of 200°C, held at this temperature for 1 minute, the total analysis time 32 min;
ionization mode of the mass by electron impact detector. Capillary chromatography column HP-FFAP,
column length 30 m, internal diameter 0.25 mm, stationary phase - nitroterephthalic acid modified by
polyethylene glycol. Hexylbutanoate retention time 8.8 minutes (Figure 1)
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Figure 1 - The chromatogram of 1-hexene and butanoic acid addition reaction product

The reaction product — hexylbutanoate is identified by mass-selective detection, themass spectrum of
the product is shown in Figure 2. Mass-fragments of hexylbutanoate are present in the mass spectrum,
mass spectrum data is consistent with the data of NIST08 base.
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Figure 2 - The mass spectrum of hexylbutanoate obtained by the addition reaction of hexene and 1-butanoic acid

3 Results and discussion

Previously, it has been found that microwave radiation can be successfully used for the synthesis of
esters of carboxylic acids with alcohols esterification reaction [6, 9-11].
The possibility of using microwave irradiation in the synthesis hexylbutanoate in the presence of
sulfuric acid was presented. Table 1 shows the results of experiments for finding the optimal conditions of

the addition reaction of 1-hexene to butyric acid.

Table 1 - Connection of 1-hexene and butanoic acid in the presence of sulfuric acid under microwave irradiation

Ne The ratio of the reactants, mol Reaction conditions The yield,%

Butanoic acid 1-Hexene . . Power of microwave Time, min (W)

Sulfuric acid . .
irradiation

1 1 1 1,7:107 100 3 4,2
2 1 1 1,7-107 180 3 9,3
3 1 1 1,7-1072 300 3 18,6
4 1 1 1,7-102 450 3 24,1
5 1 1 1,7-102 600 3 32,4
6 1 1 1,7:107 900 3 14,4
7 1 1 1,7-107 600 4 41,9
8 1 1 1,7-1072 600 5 58,7
9 1 1 1,7-102 600 6 74,4
10 1 1 1,7-102 600 7 67,8
11 1 1 1,7:107 600 8 55,7
12 1 0,8 1,7-107 600 6 54,5
13 1 0,9 1,7-1072 600 6 58,8
14 1 1,1 1,7-102 600 6 70,6
15 1 1 8,5:107 600 6 24,7
16 1 1 2,5:107 600 6 36,1

The optimum capacity of the microwave radiation is 600 W (Table 1, item 5). With increasing the
irradiation power the yield gradually increases. With further increase in the power of microwave
irradiation to 900 W yield decreases, resinification reaction mass is observed (Figure 3).
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Figure 3 — Effect of irradiation on the microwave power
on output hexylbutanoate ([butanoic acid]: [1-hexene] [sulfuric acid] = 1:1:1,7-107, t =3 min)

Further experiments were carried out with a power of 600 W. The optimal duration of reaction is 6
min (Table 1, item 9).

Effect of duration on the course of theprocess has an extreme nature, with increasing duration from 3
to 9 minutes, the yield gradually increased with a peak at 6 min, further increasing of duration leads to
resinification of reaction mass and adecrease in yield of the target product (Figure 4).

The yield, %

1 § ]
Figure 4 — Effect of duration of microwave radiation
on the output hexylbutanoate ([butanoic acid]: [1-hexene] [sulfuric acid] = 1:1:1,7-102, the irradiation power = 600 W)

We also investigated the effect of the initial reagents ratio, while varying the ratio of butanoic acid
and 1-hexene from 1:0,8 to 1:1,1, respectively, hexylbutanoate output gradually increases with a
maximum yield at 1:1, ratio, further increase the ratio to 1-hexene butanoic acid reduces yield of product
(Figure 5).
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Figure 5 — Effect of the ratio of the initial reagents on the yield hexylbutanoate
(sulfuric acid == 1,7 102, T = 6 min, irradiation power = 600W)

To determine the effect of the catalyst on the yield contact product runs were conducted at different
molar ratios of sulfuric acid, lowering the molar ratio of sulfuric acid twice reduces theyield of product
threefold, increasing catalyst ratio leads to resinification reaction mass and correspondingly reduces the
yield of the product (Figure 6).

The yield, %

Catalyst, mole

Figure 6 — Effect of molar ratio of the catalyst to yield
hexylbutanoate ([butanoic acid]: [1-hexene] = 1: 1, T = 6 min, irradiation power = 600 W)

The optimal value of the molar ratio of the starting reactants and the catalyst is [butanoic acid]: [1-
hexene]:[conc. H,SO4] = 1:1:1,7-107 (MW radiation power = 600W, 1= 6 min).

As it can be seen from obtained data to determine the optimal process conditions, the most powerful
influence on the course of the reaction has a power of microwave irradiation (Table 1, items 1-6, Figure
3), weakest influence has the ratio of the initial reagents (Table 1, items 12-14, Figure 5).
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4 Conclusions

The possibility of using microwave irradiation in the synthesis hexylbutanoate addition reaction of 1-
hexene and butyric acid in the presence of sulfuric acid. The optimum parameters of the process were
determined. The optimal parameters are theratio of the starting reactants and catalyst [butanoic acid]:[1-
hexene]:[conc. H,SO,4] = 1:1:1,7-107, the microwave irradiation power = 600 W, duration 6 minutes.
With found conditions, the yield reached 74.4%. Our proposed method of obtaining hexylbutanoate,
compared with the known methods can significantly reduce the duration of the process.
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N.J. Ecnanosa, JI.A. KycynoBa, A.C. Tanasosa, H.O. Anna3os
KopkpIT ATa ateiHgarsl KpI3siopia MeMJICKeTTiK yHUBepeuTeTi, Kpi3butopaa k., Kazakcran

I'EKCEH-1 MEH BYTAH KbIIIKbIJIBIHBIH KOCBLTY PEAKIIUACBIH
MUKPOTOJIKBIHABIK BEJICEHAIPY

AHHOTanusi. MUKPOTOJKBIHIBIK COYJIENEHIPY JKaFJalbIHAa KYKIPT KbIIIKbUIBI KATBICBIH/A TeKCeH-1-/11 OyTaH
KBIIIKBUIBIHA KOCBUTY PEaKLMsChl apKbUIbl MeKCHIIOyTaHOAT (TaraM »oHe mapdroMmeplli eHEepKacinTe naiiiaiaHbl-
JaThlH apoOMaTH3aTOp) CHHTE3IH JKYPrizy MYMKIHIIr KenTipiareH. YpAIicTi Kypri3y/AiH OHTaWiIbl >Kardaiiapbl
aHBIKTaJIFaH (MUKPOTOJIKBIH/ABIK COYyJENEHIIPY KyaTbl, Y3aKThIFbl, OacTalKpl peareHITep MeH KaTaiau3aTop
KaThIHAChl). MUKPOTOJIKBIHABIK COYJIEIEHAIPY KyaThlH KOOEHTKEH CaiiblH OHIM WIBIFBIMBI JKOFAapbUIAil Tyceni,
CoyJeNeHlipy KyaThIHOJaH opi KeOeHTKeH/Je peakUMsUIBIK MAacCaHblH INaWbIpiIaHybl JKYPill, ©HIM IIBIFBIMBI
TeMeHeini. CHHTE3 1 KYPri3yJiH eH OHTaMIIbI )KaFJalibl 0acTalKbl peareHTTEp MEH KaTalu3aTop KaThiHACKI [OyTaH
KpIIKBIEL]: [rexcen-1]: [konm. H,SO4] = 1:1:1,7%107, MHKPOTONKBIHABIK COyIeneHaipy KyaThl = 600 BT xoHe
YpAic y3aKThiFbl 6 MUH OoOJibil TaObUTaAbl. TaObUIFAH KaFmalifarbl OHIMHIH IIBIFBIMbL 74,4%-1b1 Kypailibl.
PeakuusiHbIH KYpYiHE MUKPOTOJIKBIH/IBIK COYJIEIEHAIPY KyaThl €H YJIKEeH, ajl 0acTanKpl peareHTTepAiH KaTbIHACHI €H
TOMEH acep ereii. OHIMHIH IIBIFBIMBI Y3bIHABIFBI 30 M jkoHe imki quamerpi 0,25 MM, IMOJUITHICHITIUKOIBMEH
MoauduKalMsIaHFaH HUATpoTepedTanb KbIKbUIbIHAH TypaThiH HP-FFAPkanumnspibl KonoHKacklH nHaiaaiaHy
apKbUIBI Ta3[[bl XPOMATO-MACC CIIEKTPOMETPHS S/IiCIMEH aHBIKTAI/bl. Bi3/iH YCBIHBIN OTBIPFaH T'€KCHJIOYTaHOATTHI
aiy 9Jici Oesriii onicTepMeH CajbICThIPFaHIa YPIIC Y3aKThIFbIH alTapibIKTall KbICKapTyFa MyMKIHIIK Oepeli )koHe
KAChUT XMUMUsI NPUHLIUITEPIHE COMKEC Kele .

Kiar ce3mep: MHKDPOTOJKBIHIBIK CHHTE3, T€KCHJIOYTaHOAT, OyTaH KBIIIKBUIBI, T€KCEH-1, KYKIPT KBIIIKbUIBI,
KYpJeiti apupIep, CoyIeaeHIIPY KyaThl, XpOMATO-MAaCcC CIIEKTPOMETPHSI
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N.J. Ecnanosa, JI.A. KycynoBa, A.C. Tanasosa, H.O. Anna3os
Ko3pu1opanHckuii rocyaapcTBeHHbIH yHUBepeuTeT UM. KopkeiT ATa, r. Kei3suiopaa, Kasaxcran

MHUKPOBOJIHOBASA AKTUBALIA PEAKIIUN
IPUCOEJIJMHEHUS TEKCEH-1 U BYTAHOBOM KUCJIOTHI

AnHoranus. [Toka3aHa BO3MOXHOCTh MPOBEACHUS CHHTE3a NeKCHIIOyTaHOoaTa (apoMaTH3aTOp B IMUINCBOW U
nap(roMepHON TPOMBIIIJICHHOCTH) PEaKIUeil MPUCOCAMHEHHUS T'eKCeHa-1 K OyTaHOBOW KHCIOTE B MPUCYTCTBHU
CEPHOW KHCJIOTHI B YCJIOBUSX MHKPOBOJHOBOTO oOydeHHs. OmpeneineHbl ONTHMAIbHBIC YCIOBHUS IPOBEICHHUS
nporecca (MOIHOCTh MUKPOBOJIHOBOTO OOJYYCHHS, MPOJOKUTEIFHOCTh, COOTHOIIICHIE MCXOMHBIX PEarcHTOB H
Karanuzaropa). [Ipu yBenndeHHU MOUTHOCTH OOJYYCHHS IMOCTEIICHHO YBEIMYUBACTCS BBIXOJ IIEIEBOTO MPOIYKTA,
MpHU JaTbHEHIeM IOBBIICHHH MOIIHOCTH MHUKPOBOJIHOBOTO OOJydeHHs HAOIIOAETCS OCMOJICHHE PEeaKIMOHHOW
Macchl M CHIDKCHHE BBIXOJa TpomykTa. Hambonee ONTHMAaIbHBEIM YCIOBHEM TIPOBEICHUS CHHTE3a SBISCTCS
COOTHOIIICHUE UCXOHBIX PEareHTOB W KaTanuiaropa [OyraHoBas kuciota): [rexces-1]: [konm. HySO,4] = 1:1:1,7*10°
2, MOIITHOCTh MHKPOBOJHOBOrO obmydenus = 600 Bt, mpomomxurensHOCTs mporecca 6 MHH. BbIXon meneBoro
MPOAYKTa NMpY HAMIEHHBIX YCIOBUSAX cocTaBisieT 74,4%. Hanbonee cunpHOE BIMSHUE HA XOJ MPOTCKAHUS PEAKIHH
OKa3bIBaeT MOIIHOCTh MHKPOBOJIHOBOTO O0ONy4eHHs, Haubojee ciaboe BIHMSHUE OKa3bIBA€T COOTHOIICHHE
HCXOJHBIX PEAarcHTOB. BBIXOJ MpOAyKTa OMpEAesUId METOJOM Ta30BOM XpOMAaTo-MacC CICKTPOMETPUH C
UCTOJb30BaHueM KanmuiapHoi koynoHkun HP-FFAP mnunoit 30 M u BHyTpeHHMM auameTrpoM 0,25 MM, cocTosmien
U3 HUTporepedTaneBoil KUCIOTH MOAWGMHUIIMPOBAHHOW MOMUATWICHTIHKONIeM. [IpemraraeMeiii HamMu CIocoo
MOJyYCHHsI TEKCWIOYTaHOATa, 1O CPABHEHUIO C HM3BECTHBIMH CIIOCOOAMHU IMO3BOJSCT CYIIECTBEHHO COKPATHTH
MPOJOJDKUTEIBHOCT MPOIIECCa H COOTBETCTBYET MPUHIIATIAM 3€JICHON XUMHH.

KiroueBble cJI0Ba: MUKPOBOJHOBBIN CHHTE3, TEKCHIIOYTaHOAT, OyTaHOBasi KUCIIOTa, TeKCeH-1, cepHast KUCIIOTa,
CJIO>KHBIE 3(HUPBI, MOIITHOCTH OOIYYIEHUS, XpPOMaTO-MacC CHEKTPOMETPHUS
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HOTHOUSES OF NEW GENERATION

Abstract.The principle of thehothouse of thenew generation was first mined-out for the terms of continental
climate of Kazakhstan. It is set that for the continental climate of Kazakhstan traditional hothouses as the protected
area of soil with a glass or pellicle protection do not provide the required efficiency. Traditional hothouses allow to
increase a production of fruit and vegetable goods volume due to a few cycles of growing (in spring are up to 2
cycles, in winter are up to 3-4 cycles). Additional costs on theconstruction of thebuilding, on heating and
supplementary lighting increase expenses, that at modern market prices on vegetable products results in the height of
fruit and vegetable unit cost, and also to that the term of recoupment of hothouse makes 6 and more. Fundamental
technical solutions are offered for the hothouse of the newgeneration, that allow to produce fruit and vegetable
products in any region of thecountry during the whole year round. It will provide substituting for an importin the
vegetable sector of theeconomy, assists strengthening of food safety. The hothouse executed as a trench with the use
of local and cheap building materials having small losses of thermal energy in that technology of growing is based
on full application of artificial terms and many-tier shelving will provide high technique-economic indexes and small
term of recoupment of expenses on thebuilding.

Keywords: hothouses, sun, wind, steady development, proceeded in energy sources, energy-savings.

In the world, there is an extensive experience of year-round production of vegetables thanks to the
use of greenhouses. Thus, in Spain, Japan, and Turkey, total greenhouse area reach 40000-50000 hectares
or more, and a specific area of the protected ground has values from 1.177 to 0.576 ha per 1000 people.

The Republic of Kazakhstan has taken a number of measures on development of greenhouse
technologies. Greenhouse Association of Kazakhstan was established. In Shymkent, a factory for the
production of greenhouse components was launched. The Programme for the Development of Agro-
Industrial Complex (AIC) of the Republic of Kazakhstan for 2010-2014 plans an annual input of at least
10 ha of greenhouse space. In the follow-up Programme for the development AIC RK for 2014-2020
"Agribusiness-2020", the necessary area of greenhouses in the period from 2014 to 2017 should increase
from 364 to 461 hectares and stabilize at this level until 2020, as providing the market demands in early
winter and vegetables [1].

The typical greenhouses have several disadvantages. Thin films of glass fencing or plastic is a poor
thermal insulation, that in the cold period of the year leads to great losses of heat. So, the heating system
of various designs used in the greenhouses. This leads to increased cost of funds. E.g., in the continental
climate, for heating 1-hectare plot in winter one needs to spend up to 200 t of fuel equivalent per year.
The fuel component in the cost of products reaches 40 to 80% depending on the region and type of
greenhouses. In fact, the rate of energy consumption of greenhouses is the most critical in terms of the
commercial viability of production of greenhouse products. This is why increasing energy conservation is
often the primary goal of all greenhouse complexes [2].

Among the options to reduce the cost of energy consumed for heating and lighting modern
greenhouses, the most popular is the use of alternative heat sources [3-10].
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The cost of alternative energy sources is quite high, and these sources have a number of significant
disadvantages: occupy large areas depending on weather conditions, time of day, season. Despite rapid
growth in recent years, the use of wind and solar energy remains an exotic and expensive experiment.
Some energy specialists claim that the total share of alternative energy by 2020 will not rise significantly
above 1% of world energy consumption.

To ensure the efficient use of renewable resources and energy as a factor of sustainable development
of economy of the Republic of Kazakhstan, the Ministry of Environmental Protection, in accordance with
the Concept of Transition of the Republic of Kazakhstan to Sustainable Development for 2007-2024,
approved by the Presidential Decree Ne 216 dated November 14, 2006, developed the strategy “Efficient
Use of Energy and Renewable Resources of the Republic of Kazakhstan for Sustainable Development
until 2024”.

A year-round production of vegetables requires greenhouses with suitable microclimate both in
winter and summer.

In 2011-2014, under the auspices of the Ministry of Education and Science, the work was carried out
under the Programme «Scientific and Technological Support of the Energy Sector of Economy of the
Republic of Kazakhstan (renewable energy sources, energy saving)". Within the Programme, a project has
been accomplished "Development and Testing of Combined Technologies of Renewable Energy)".

In the process of work, for a real study, the combined system/greenhouse using renewable energy
(solar, wind) and commercial energy (gas, electricity) as a consumer of energy was built - area 75 m >
equipped with vacuum solar heaters, PV panels, wind generators, battery and automatic control unit.
Characteristics were obtained for the combined power system [11-20].

Photo 1 - Elements of using solar and wind energy in the experimental greenhouse

It has been established that in the continental climate of Kazakhstan conventional greenhouses as a
protected plot of ground with glass or plastic fencing do not provide the required efficiency. Based on
that, the principle of greenhouses of a new generation for continental climate conditions of Kazakhstan
has been formulated. The table below shows the principal technical solutions for the new generation
greenhouses.
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Table - Principal features of new generation

Conventionalgreenhouse

Newgenerationgreenhouse

The "greenhouse" term - hothouse
construction for growing seedlings, vegetable, fruit
and ornamental crops, as well as for breeding and
preservation of tropical and subtropical plants,
conducting biological studies, etc.; room of coated
glass or transparent foils and plastic. Heating
greenhouses - solar, biological (biofuels), technical
(water, steam, electric). Winter greenhouses to
operate year-round, spring - in spring, summer, and
autumn.

The notion of the term 'greenhouse of
the new  generation”-  agro-industrial
production facility for all season mass
production of fruit and forage crops in
conditions of artificial microclimate and
application of special energy and agricultural
greenhouse production technology.

Production building of greenhouse is made in
the form of a carcass from light elements with
transparent fence walls and roofs made of glass,
special transparent film or cellular polycarbonate.

Production building of greenhouse is
made in the form of the industrial type
construction element, including multilevel and
multilayered ones with the walls of construction
materials (bricks, hollow blocks, foam concrete,
aerated concrete, special sandwiches, etc.) and
the roof with low thermal conductivity. To
reduce costs, in frame/carcass structure it is
preferable to use local building materials: raw
brick, adobe, straw plaster panels, blocks of
pressed straw, etc.

Planting area. Natural soil is used. Feature -
during the cultivation season, in the soil without
natural winter freezing nematode (special kind of
worms that can irreparably damage the root system
of the plants) grows in number. Soil regeneration is
performed by replacing the topsoil that is labor-
intensive operation.

The planting area. Planting is done on
multi-tiered shelves that allow you to have a
planting area several times larger than the
territory occupied by the greenhouse.

Substrate for plant root system. Soil layer
with organic and mineral fertilizers.

Substrate for planting. The artificial soil
in trays (regeneration of soil by replacing trays),
hydroponic version applies a substitute soil
(gravel, etc) or the substrate for the root system
is not used in the aeroponic version.

Heating system. Combined heating, solar
radiation, penetrating through the transparent
barrier, as well as (in winter) artificial heating
systems: gas, liquid or solid fuel. The peculiarity of
the heating system when growing on soil - growing
area is determined by the greenhouse area, whereas
the entire volume of greenhouse air needs to be
heated under large square wall covering with low
heat-insulating properties.

Heating system. Entirely based on
industrial heating systems. To reduce the cost,
cheap energy is used such as power plants’
exhausted steam, excess gas from oil
companies, coal from local collieries,
substandard wood sanitary clearing of forests. It
is preferable to use renewable sources of
energy, thermal water, the Sun. The energy of
sunlight is used by special systems, including
vacuum solar collectors, seasonal and daily
water heat accumulators as part of the main
circulating heating systems.
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Ventilation system and creating the desired
gas composition of air.
Ventilationiscarriedoutbymeansofopenabletransoms.

Ventilation and averaging the
temperature and gas composition s
implementedvia ventilation system with forced
convection. Air carbon dioxide enrichment
through special systems (running CO, through
cylinders, hydrocarbon fuel combustion, etc.).

Power supply source. Power supply for
electricity consumers (lamps, lighting, pumps,
irrigation systems, etc.) is carried out from
centralized sources of electricity - electricity

networks with a fixed tariff.

Power supply source. Power supply for
electricity consumers is carried out from
centralized sources of electricity or from
autonomous sources of electricity on gas or
solid fuels. Having obtained economic
justification,  generating electricity = from
renewable energy sources (solar PVs, wind
generators, micro-hydropower plants) using
chemical batteries wunit is feasible. The
electronic automatic control system is applied to
coordinate the use of different energy sources
and to use optimal mode.

Lighting conditions. Use of sunlight entering
through the transparent barrier. This light can
influence only plants, located at the same level, i.e.
on greenhouse soil, in addition, transparent glass,
fence or polymer barrier, especially in the context of
a dusty fence conduct not the whole stream of
sunlight, distorting the natural spectrum of sunlight.

Lighting conditions. Artificial light
sources are used for each tier shelving, special
lamps for greenhouses or energy luminescent
bulbs, as well as particularly efficient LED light
sources with a special biological range. The
lighting period and intensity and duration of
"artificial night" is regulated for plants of
different kinds by a special automatic system.
Prospectiveloweradditionallightingofplants.

Summer mode. In the midst of the summer
season greenhouses with transparent fence are
usually exposed to excessive overheating. To
prevent this, the screening system is applied with
special reflective coatings. Screening large areas of
greenhouses is a tedious operation. The excess solar
energy just dissipates in the environment.

Summer mode. Conditions for maintaining
the microclimate is unified for winter and
summer mode. Lighting conditions of plants
using artificial light sources on the multi-tiered
shelves inside greenhouses are the same for
summer and winter modes, as they are regulated
by the special lighting system.

Watering and fertilizing. To create the
required humidity of soil, sprinklers are applied,
fertilizers introduced via usual method when
preparing the soil for planting and during the growth
period in the form of inter-seasonal feeding by types
of cultivation in the open ground.

Watering and fertilizing. Drip irrigation is
used when applying special drip systems. With
hydroponics, they are an integral part of the
technology. Additives in water solutions are
used during irrigation. In the aeroponic system,
a similar system with nozzles to create an
aerosol and irrigate the root systems is used.

Mechanization of production. Mechanization
tools in line with cultivation technology in the open
soil (low power tractors, electric cars, etc.) are used.

Mechanization of production.
Mechanization tools: from the usual small-scale
mechanization  equipment (electric  cars,
elevators to service the upper tiers of shelves) to
vertical or horizontal mechanized conveyor

systems with a full cycle of cultivation
mechanization  when  planting, growing,
harvesting, regeneration planting substrate

operations, etc.
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Conventional greenhouses allowto increase production of fruits and vegetables through a few cycles
of cultivation (in spring - up to 2 cycles, in winter-up to 3-4 cycles). Additional costs for construction of a
heating facility and for additional lighting increase the expenses, which in the current market prices of the
vegetable products leads to an increase in the cost of fruits and vegetables, and the greenhouse payback
period becomes 6 years and more.

The new generation of greenhouses allowsto produce horticultural products in all regions of the
country all year round. This ensures the import substitution in the vegetable sector of the economy,
promotes food security. Feed direction in greenhouse technologies allows developing cattle breeding in
the desert regions of the country.

Set out principles were tested on a single module greenhouse shelve.

The shelved greenhouse is a construction from the bent corner profile with perforation collected on
bolted connections into a single spatial frame in dimensions (length, width, height)-3000 x 3000 x 1000
mm.

On the shelves, as on one pilot module, the necessary technologic requirements for a new generation
of greenhouses were reproduced.
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Figure 1 - Scheme of a greenhouse shelve frame and its dimensions:
1 -corner racks; 2 -central racks; 3 -frame shelves; 4 -grids of shelves

Greenhouse shelve equipment is shown in the photo below.
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Photo 3 - Gas regulation fan (photo on the left). "Cold steam" and air ionization device and (right)




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

-
--:l--.$l"“

Photo 4 - Shelve for growing plants

Left - case for regulating gas lifted for servicing, right - cover protects shelving, creating an optimum microclimate for plants.
Photo 5 - Hothouse shelve during in vitro cultivation experiments

Experiments with greenhouse shelving fully confirmed the reality of technology of cultivation of
vegetative production totally in artificial conditions.

On the basis of such technical solutions, we have developed several options, both for businessmen
and for large greenhouse facilities, for the production of hydroponic green fodder.
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Figure 2 - Scheme of trench greenhouse (left): the operating room; 2-strip foundation; 3-metal racks; 4-wall-covering; 5-filling
of the insulating material; 6-ceiling overlap; 7-thermal insulation of the roof with waterproofing; 8-laminated window glazing;
9-wall slopes; 10-slope waterproofing; 11-waterproof chute

1 11

(=]

Figure 3 - Scheme of arrangement of trench greenhouses (right): 1-soil level; 2-wall; 3-heating system radiators; 4-roof; 5-multi-
layered hothouse rack; 6-sources of artificial lighting; 7-trays for cultivation; 8-security lighting lamp; 9-process passage; 10-fans;
11-double-glazed light aperture
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For the industrial mass production of vegetables, optimized trench greenhouses were designed. Due
to the trench profile, cost of construction walls is reduced. Besides, cultivation area increased due to two
rows of shelves with a width of 2 m each with the possibility of two-way servicing of shelves
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Figure 4 - Optimizing construction of trench greenhouses

Such technological elements, as a source of thermal energy in the form of the heat source with
coolant circulation system, motor generator when applying autonomous power supply run in a separate
compartment of the greenhouses. Greenhouse power supply is possible from commercial energy (solid,
liquid or gas) and renewable energy (solar, wind, micro-hydropower plant, etc.).

The principle of fully insulated greenhouses has been tested during an industrial experiment. The
experiment was carried out in the experimental greenhouse, executed according to the scheme of gelio-
greenhouse, i.e. with three walls heat insulated and transparent fence for south wall. The transparent fence
was made of insulating cellular polycarbonate. To create an environment completely isolated, the
transparent fence was closed both outside and inside, which prevented the flow of sunlight, as well as
provide additional thermal insulation. Lighting in the industrial experiment was provided by sodium
lamps.

Photo 6 - Transparent fencing insulation of the experimental greenhouse from outside
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Photo 7 - Transparent fencing insulation of the experimental greenhouse from inside
(on the photo, artificial lighting bulbs visible)

The experiment consisted of two cycles of growing cucumbers, from September to December 2014,
and from January to April 2015. The experiments fully confirmed the correctness of the choice of a new
design of greenhouses.
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Photo 8 - Plant parameters were monitored in the process of growth, development, and fructification

Overall, the greenhouse made in the form of a trench with the use of local and low-cost building
materials, with small loss of thermal energy, which is based on the application of the artificial cultivation
technology and multi-tiered shelving, will yield high technical and economic results and will have a small
payback of the construction costs.
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H.K. Haaupos, B.I'. Hekpacos, E.B. Conon0Ba, T. Cpbivos, JI.T. Cyxan6epaueBa, M.A. Kyarope
’KAHA BYbIH KbLJIBIJKAWDI

Annarna. Ka3zakCTaHHBIH KOHTHHEHTAIBIBl KIMMAT JKaFlailbl YIIIH anfanl peT jkaHa OYBIHIBI
MAPHUKTIK IPHHIUIITI )KbUTBDKAN JKacallIbl.

Kazakcran KOHTHHEHTaNAbl KIMMAThl YIIiH LIBIHBI HeMece KaObIpIIaKThl KOpIIayMeH KOprajiFaH
JIOCTYPITi )KBUTBDKANIAp KAKETTI THIMIIITIKTI KAMTaMachl3 €TIIeHTIHAITT aHBIKTaJIBL.

JocTypai KeUTbDKalmap ecipymiH OipHemie IUKIARI (KOKTeMAe - 2 MHUKITe, KpIcTa - 3-4 IHKITe
JIeiiH) ecipycangapblHaH, KeMiC-KOKOHIC OHIMICPIHIH KOJIEMIH apTThIpyFa MYMKIHAIK Oepeni. KbUTbITY
JKOHE JKapBIKTaHABIPY YIIiH FHMapaTThl CAIyIblH KOCBIMINA INBIFBIHAAPHI, KOKOHIC ©HIMICPiHIH
arpIM/IaFbl HAPBIKTHIK Oaranapbl >KeMic-KOKOHIC KYHBIHBIH ©CyiHe, COHIai-aK >KbUIBDKAIIBIH eTely
Mep3iMi 6 )KBUT HeMece OJIaH JIa KON YaKbITKA CO3bLIATHIH IIBIFBIHAAPEIH aPTTHIPAIBI.

XKein Ooiibl emiMi3ziH Ke3-KeJNreH OHIpJIEpiHAe >KeMic-KOKOHIC ©HIMIEpiH MIBIFapyFa MYMKIHAIK
OepeTiH jKaHAa YpPHAKThl JKbUIbDKaiFa apHaJFaH HEri3ri TEXHUKAJIBIK MICHIIMAEP YCHIHBLIAIBL. by
HKOHOMHKAHBIH KOKOHIC CEKTOPBIHIA HMIIOPT AaJIMAacCTHIPyAbl KaMTaMachl3 €Tedi JKOHE a3bIK-TYIIK
KayIMCI3/iTiH HbIFATa bl

XKeprimikri koHe ap3aH KYpbUIBIC MaTepHajapblH NalIaidaHbIl, MIYHKBIP TYPIHIAE >KacajfaH
KBUIBDKAlIa ©cipy TEXHOJOTHACHI TOJIBIKTAl >KacaHbl JKaFlaiiap/bl jKOHE JKMHAKTAJIFaH TipeKTepi
naianaHyFa Heri3IereH )KbUTy SHEPTHSICHIH a3 XKOFaITalbl, )KOFaphl TEXHUKAIBIK )KOHE DIKOHOMUKAIBIK
KOPCETKIIITEP/i ’KoHE KYPBUIBIC IIBIFBIHAAPHIH KbICKa MEp3iMIe OTEY i KaMTaMachl3 eTei.

Tyiiin ce3aep: XbUIbDKaH, KYH, JKeJl, TYPAaKThI JaMy, SHEpIus Ke31epi, SHepTus YHEMIEY.
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COPBLIMA HOHOB CTPOHIIMA HOBBIMH
KOMIIVIEKCOOBPA3YIOIIUMHU NOHUTAMMH
HA OCHOBE 3IIOKCHAKPUJIATOB U KOMIIVIEKCOHOB

Annotanus. [TonnkoHneHcanmel MMIUANIMETaKpUIIaTa, aKpUIOHUTPHUIA U KOMIIEKCOHOB HUTPUJIOTPHME-
tiocponosoit kucnorsl (HTOK), okcmatmmunenmudocdononoii kucinorsl (O3AP) ObuM MONyYEHBI HOBBIE
KOMILTIEKCO00pa3yomie HOHUTHl XeJIaTHOW CTPYKTYpBI CO CTaTHYecKOl oOMeHHO# emkocThio mo 0,1 H pacTBOpY
HCI 3,64 u 3,43 mr-ske/r. MeToqoM KiaccH4ecKoil moisiporpaduu B CTATUYECKHX YCIOBHSAX H3ydeHa COpOLHs
HOHOB Sr** KOMILTeKcooOpasyromumy Katnorutamu TMA-AKH-ODJ]®, TMA-AKH-HT®K. Hccnenosana cop6-
IIUsI HOHOB CTPOHILUSI B CTATHYECKUX YCIOBHUSIX M3 PACTBOpPA XJIOPHIA CTPOHIHMS B 3aBUCHMOCTH OT UX KOHIIGHTpa-
iu ¥ pH, a Takke BpeMEHH HX KOHTaKTa C HOHUTOM. Y CTAaHOBJIEHO, YTO OHH 00JIalal0T BEICOKMMH KHHETUIECKUMHU
U COpPOIMOHHBIMH XapaKTEPUCTUKAMHU U IPEBOCXOSAT 10 CBOEH MOTJIOMIAOMIEH CIIOCOOHOCTH M3BECTHBIE MPOMBIII-
JICHHBIC NOHUTHI.

KiroueBble cJIoBa: KOMILICKCOOOPA3yIOIMEe WOHUTHI, COPOIUI, MOHBI CTPOHIIHS, XEJaThl, KOMIUIEKCOHBI,
COpOLIMOHHAST €EMKOCTb.

DONeMEeHT CTPOHIUS SIBIISIETCS OCHOBHBIM HMCTOYHHUKOM 3arpsi3HEHHsI OKpPY)KaIOIUX Cpefpl, B
OOJBIIMHCTBO CIy4YaeB M3-3a UCIBITAHUS SIEPHOTO OPYXKHUS U MPEAIPUATHS aTOMHOW MPOMBIIIIIEHHOCTH.
UpesMepHoe cojiep)KaHHEe HOHOB CTPOHIMSA B JKMBBIX OpraHH3Max CTAHOBHUTCA pEAIbHOHN Yrpo3oif
pa3BuTUsl ypoBCKOW Oone3nm (Oonesnn KamumHa-beka), BwIsBNsIOIelics B 3a00JeBaHUHM CYCTaBOB,
MTOBBIIIIEHHON JIOMKOCTH M YPOJCTBOM KOCTell. B sHAEMHYHBIX TIO H30BITOYHOMY COJEPKAHHUIO CTPOHIIHS
B mouBe W Boje permoHax (Bocrounas Cubups, CeBepnbiii Kutaii, Ceepnas Kopes) ypoBckas
MaToJIOTHUs HAOJI0AaeTCs He TOJBKO Yy JI0/eil, HO B OCHOBHOM CPE/IX )KUBOTHBIX.

CtpoHIuil SABISETCS OJHUM U3 HanOoJiee TPYAHOYJAIIEMbIX W PacIPOCTPAHEHHBIX PaIHOHYKIHIOB.
Crienuudeckass 0cOOEHHOCTh W30TOIOB CTPOHIMS — Maias cOpOMpYeMOCTh M OOYyCJIOBJIEHHAas €lo
BBICOKAsl MUTPALMOHHASI CIIOCOOHOCTH B OKpYyXaromlei cpeae. bonbinoe BiIMSAHWME HA 3aKOHOMEPHOCTH
MUTpAI COSAMHEHUH CTPOHIMS OKAa3bIBAIOT IIPOLECCHl COPOIMM Ha MHHEPAIBHBIX U OPraHUYECKUX
KOMTOHEHTax 1mouB. CopOIHIo pafnOHYKINI0B YacTO ONPENEISIIOT He OTAeNbHBIE KOMITOHEHTHI TPYHTOB,
a WX KOMIUIEKCHOE [eiicTBHe, TaKk Kak Ha IIOBEPXHOCTH MPUPOIHBIX aJIOMOCHUIMKATOB MOTYT
COpOMPOBATHCS T'YMYCOBBIE BEIIECTBA, OCAXKIATHCS OKCHIIBI M THIPOKCHUIBI XKeje3a, allOMUHUS U T. 1.,
YTO HEOOXOAMMO YUHTHIBATH IIPH OIICHKE MUTPAIlMU PAAHMOHYKIIUIOB B OKpyskaromeii cpene[1-3].

O KoMIueKcooOpa3yromux COpOSHTOB  0COOEHHO BaKHOM  XapaKTEPUCTHKOH  SIBISIETCS
cOpOLMOHHAs EMKOCTb, OOYCIOBJICHHAs B3aMMOJACHCTBHEM MeTajula C KOMIUIEKCOOOpa3youuMu
rpynmaMu copOeHTa, KOTOPhIE ONPEEISIOT ero CelleKTUBHBIE CBOMCTBa. [103TOMY Ui XapaKkTepHCTHKH
COpPOITMOHHON CITOCOOHOCTH KOMITIIEKCOOOPa3yIONIuX COPOCHTOB OIPEACIAIOT COPOIMOHHYI0 €MKOCTh B
TE€X YCJIOBHSX, HpPU KOTOPBIX COPOEHT B3aWMOJCHCTBYET C METaJUIOM B OCHOBHOM 3a CYET
XenaTooOpasyrommux rpymm [4-6].
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Cpenu xenaroo0pa3yonmx HOHUTOB (OCHOPHOKUCIBIE KATHOHUTHI BHITOJHO OTIMYAIOTCS TaKHUMU
MPAaKTHYECKH BKHBIMH CBOMCTBaMHM, KaK JOCTATOYHO BBICOKas OOMEHHasi eMKOCTh, TEPMOXHUMHYECKAs U
paJvaliOHHAs CTOWKOCTh, MEXaHMUYECKas MPOYHOCTh MOJMMEPHOW MATpPHUIIbI, MMOBBIIICHHAS CEJICKTHB-
HOCTh KO MHOTHUM MOHAM METaJUIOB. biiaroaps 3TUM KauecTBaM OHHM HaXOJST IIUPOKOE MPUMEHEHUE IS
paszeneHus ¥ KOHIIGHTPUPOBAHUS MOHOB B THAPOMETAILTYPIHH, sAepHOW TexHonorud. OHU, OYEBHUIHO,
MPHOOPETYT OOJBIIOC TPAKTHICCKOE 3HAUCHHIE B HOBBIX 00JIACTSAX HAYKH M TEXHUKH [7].

Pa3zpaborana copOLMOHHO-MOHOMETPHYECKAsT METOJUKA YAAJCHUsS CTPOHIMS M3 BOABL. Meroauka
MOXET OBITh pPacHpOCTpaHEeHa ISl W3Y4YeHHs aJCcOpOIHMH Pa3IMYHBIX BEIIECTB U3 JPYTUX OOBEKTOB
OKpYKaroIel Cpeasl U C MCIOJIIb30BaHUEM APYTUX COPOEHTOB, JUI OYHCTKH BOJBI OT MOHOB CTPOHIIHSA
UCIIOJIb30BAHbI ONMOKM ACTpaxaHCKOH o0iacTd, oOnajaroiye BBICOKOH COPOIMOHHON EMKOCTBIO MO
OTHOIIICHUIO K CTPOHIIMIO, Pa3pa0OTaHHBIH CIOCO0 OYUCTKH BOJBI HUCIONB3YETCS Ha MPESANPHITHU
«AcTtpaxanckas HererazoBas kommanusy (AcTpaxaHckas 00acTb, XapabanuH-cKkuid paiion) [8-10].

B aroMHOi1 3HepreTuke B YCIOBHSIX HOpMalbHOM skcruryaTari ADC BBEIOPOCHI Ha OKpPYXKaromiei
Cpelly paIuoW30TONOB HE3HAYUTENbHBL. B  yclIoBHAX aBapuii, OCOOCHHO KpYIHBIX, BBIOPOCHI
PaMOHYKIUAOB, B TOM YHCJIE PaJHOHU30TONIOB CTPOHIUA MOTYT OBITh OY€HBb OIACHBIMH JUISI SKOJIOTHH.
[Io9TOMy M3ydUeHHs COPOIHMIi HOHOB SI° 0CTAaeTCs aKTyaIbHOI MPOBIEMOIA.

Ienpto maHHOW pabOThI ABJISCTCS HCCIEAOBaHHWE COPOIMH HMOHOB CTPOHIMS HOBBIMH (ocdop-
collepKallMMHA HOHUTaMH Ha OocHoBe rimmumuiMerakpmiata (I'MA), axpunonutpuna (AKH) u Hut-
punorpumeTmipochononoit kucinotel (HTDK), oxcudTrnmmaenandochoroBoit kuciaotsl (O3 1D).

3KCHepHMeHTaJ’IbHaH 4acTb

UsBneuenne nonos Sr* monutamu [MA-AKH-HT®K u TMA-AKH-O3/1® 8 H-popme (pazmep
3epHa 0,5—1MM) U3y4anu B CTATUYECKUX YCIOBUSIX IPU COOTHOIIEHUH COPOEHT: pacTBop, paBHOM 1 : 400,
KoMHaTHOH Temneparype 20+2 0 C, Bapbupys KOHIIEHTpanuto B pactBopax SrCl, HOHOB CTPOHIUS U OT
0,206 mo 2,277 r/n M uX KUCIOTHOCTH B mpeaenax pH ot 1,6 mo 5,9 mo6asnennem 0,1r pactBopoB HCI
win NaOH. I[IpomomkuTenbHOCTh KOHTaKTa COpOeHTa ¢ pacTBopamMu coctasisuia oT 0.5 4 mo 7 cyt. s
MIPUTOTOBJICHUST MOJAENBHBIX PAacTBOPOB Hcmonb3oBaiu coib SrCly'SH 2 O xBamudurammm «x.9».
Copommonnyio emkocth (CE) paccunThIBaImM MO Pa3HOCTH HMCXOMHOW M PAaBHOBECHOHW KOHIICHTpAITUH
PacTBOPOB, KOTOPYIO OIMPEICSIISIA METOJOM KilacCHueckoi nossiporpaduu Ha doue 0,5 M NH 4 Cl no
BonmHe BoccraHosiaeHus Sr (E 12 = —0,16B). IlomsporpaMmbl CHHMAlTM HA yHUBEPCAILHOM
nonsiporpacde [1Y-1 B TepmocTatupoBaHHOM sdeiike npu Temmeparype 25+0,5 0 C, ucnons3ys pTyTHBIN
Kanaromuil anexrpon. Kucinopox u3 aHanu3upyembIX pacTBOpOB YAAJLUIM IIyTeM NPOAYBaHMS aproHa B
Te4eHHe 5 MUHYT. B kauecTBe 351eKTpojia CpaBHEHHS CITY KHJI HACHIILEHHBINH KaJIOMENbHBIHN 31eKTPOI.

Pe3yabTaTthl 1 ux o0cy:KkIeHue

XenarooOpasyromue COpOCHTHI YaCTO UMEIOT CIOKHYI XUMHUYECKYIO CTPYKTypy. KpoMe xenaroos-
pasyomux TPyHI, OHH COAEPXKaT APYTHe XUMHYECKH aKTHBHBIE TPYIIBL. IJTO MOTYT OBITH TPYIIIBI
KHCJIOTHOTO WJIM OCHOBHOTO XapakTepa. Yacto xemaTooOpasyromiye COpOEHTHI SBISIIOTCS IOJIHAM-
domuTamu.

KucnoTrHO-OCHOBHBIE ~ CBOWCTBA  XENaTOOOpa3ymoIIUX  COPOCHTOB  SIBISIOTCS  BaXHOHW WX
XapaKTEPUCTHKOW W B 3HAYMTEIHLHON Mepe OMPEesIoT UX CeNeKTUBHOCTh. Ha copOImonnble CBOMCTRA
XeIaToo0pa3yox cCOpOCHTOB OKAa3bIBACT BIMSHUE COCTOSIHUE BCEX HOHOT'CHHBIX TPYIII COPOCHTOB.

Jis yCTaHOBJNEHUS KUCIOTHO-OCHOBHBIX CBOMCTB MOJHMMEPHBIX COPOEHTOB IIUPOKO NMPUMEHSETCS
METOJl TOTEHIHOMETPHYECKOTO THTPOBAHUA. OTOT METOA IIO3BOJISIET YCTAaHOBUTh  HAJMYWe
OMMPEACICHHBIX TIPyNIl B IOJIUMCPHOM cop6eHTe, da B HCKOTOPBIX ClIydadaX MW HUX KOHUCHTpPAIUIO,
paccuuTaTh KOHCTAHTHI JUCCONMAIMM HOHOTEHHBIX TPYII M IOJHYID OOMEHHYIO €MKOCTh copOeHTa
[11,12].

HHH OILICHKU KHCJIOTHO-OCHOBHBIX CBOWCTB CUHTC3UPOBAHHBIX ITOJIM3JICKTPOJIIMTOB ObLIIH MIPOBCICHLI
MOTCHIIMOMETPUYECKUe uccienoBanus. [lomydeHHble pe3ynbTaThl MpeacTaBieHbl Ha pucyHke 1,2. Kax
BUJHO W3 pHCYHKa |, TOTEHIIMOMETPUYECKH KpPWUBOM OSTOTO0 HOHHWTAa HMMEeT JBa Iepernda, 3TO
CBUETENHCTBYET O HAJMYMU ABYX PAa3HOMMEHHBIX aKTHBHBIX TPYII, XapaKTepHO LIS TMOIH(PYHKINO-

— g2 ——
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HAJTLHUX WOHUTOB. KHUCIOTHO-OCHOBHBIC CBOWCTBA CHHTE3UPOBAHHOTO HWOHUTA HA OCHOBE JBOWHOTO
conomumepa 'MA-AKH wu mwmrpunorpumetmiidochornoroit kucnorel (HTDK) (pucyHox 2) cBuue-
TCJIBCTBYCT O HAJIMYHUU IBYX HepeFI/I6OB IMOJIYYE€HHOTO HOBOI'O MOHHUTA HAa KPHUBBIX CBUACTCILCTBYET O
CPEIHEKUCIIOTHOM XapaKTepe, a TAKKE YKa3bIBAIOT Ha UX MOJM(YHKITHOHATBHOCTD.

pH
Lo v bva g b by B Py b

0 | T 17T | T 17T | T 1T | T 1T | T 1T | T 17T | T 17T |
il 0,5 1 1,5 ] 2,5 3 3,5
0,5HKOH, mn

Pucynok 1 - KpuBble mOTeHIHOMETPHUUECKOTO TUTPOBAHMUS HOHUTA Ha ocHOBe cononumepa 'MA-AKH u O3 1d

=
|

[=1

| T T 1T | L | T 1T | T 1T | L | T 1T | T 1T |
0 0,5 1 1,5 ] 2,5 3 3,5
0,51 KOH, mn

Pucynok 2 - KpuBble MOTEHIMOMETPHUYECKOTO TUTPOBAHUS HOHUTA Ha ocHOBe conommmepa MA-AKH u HTOK

HccnenoBanbl COpOLIMOHHBIE CBOWCTBA KOMILIEKCOOOpasywommx (pocodpocoaepkaiiyx HOHUTOB Ha
ocHose comoimMepoB T MA-AKH:HT®K u TMA-AKH-O3/1® 110 OTHOIICHHUIO K HOHAM CTPOHITHS.

N
=
=

CE, mr/T
[
=S
=
Lo b v b v b by vna bvnaa |

350

—8—  TMA-AKH-HTDK
4 [MA-AKH-03/0

=

CpasH, rin
Pucysok 3 - M30TepMbl copOumu noHOB Sr°™ u3 pactsopa SrCl, (pH =5,8) nonuramu TMA-AKH-HT®K
u TMA-AKH-OJID® B H'- dopme. TIposomKHTeNEHOCT KOHTAKTa — 7 CyT
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Ha pwuc.3 mpezacraBneHpl U30TepMBbl COPOIMHM MOHOB CTPOHIVSI, MOKasbIBatomme 3aBucuMocth CE
MOHHTOB OT PABHOBECHOH KOHIEHTpamMH S’ B pacTBOpax. BHIHO, 4TO C MOBBIIICHHEM CONEPKAHHS
KOHIIEHTpaIlMd MOHOB cTpoHnus B pactBopax SrCl, ot 0,175 mo 2,057 r/n copbunonnast emkocth (CE)
nonuta [MA-AKH-HT®K no nonam crponmus Bo3zpactaer ot 56,8 no 358,4 mr/r u CE copbenta TMA-
AKH-O2/1® Bozpacraer ¢ 37,6 mo 315,2 mr/r.

W3BecTHO, YTO CENEeKTUBHBIE HOHOOOMEHHWKH XOpOIIO COPOUPYIOT HOHOB METAJUIOB, KOTOpHIE
3aBUCAT OT pH cpenapl, ¢ U3MEHEHUEM, KOTOPOIO HOHBI METaJIOB B PAacTBOpPax MOTYT HAaXOIUTHCA B
pa3sHBIX MOHHBIX COCTOSHUSAX. Pe3ynmbTaThl MCCIEeNOBaHUN COPOIMOHHONM CIIOCOOHOCTH XelaTooOpa3yro-
mux noHUTOB Ha ocHOBe | MA-AKH-HT®K u 'MA-AKH-O/I2® no monam crpormus ot pH cpenbr
npeacTaBiieHbl Ha pucyHke 4. beumn B3sThl pH ¢ uHTepBasam ot 1,6 1o 5,9. Kak BunHO U3 pucyHka 2, B
obmactu pH ot 1,6 mo 3,5 mabmomaercs MakcuManbHas cOpOLMOHHAs emkocTh nonmta ['MA-AKH-
HT®K (CE pasno 437,6 mr/r). C ymeHpenueM kuciotHoctu pactsopa SrCl, pH 3,5-5,9 mocrenenHo
CHUXKAETCs COpOIMOHHON criocoOHOCTh moHuTa. CopoOruonHas emMkocTs noHuta [MA-AKH-OAD2® mo
wonam Sr* , oT pH 1,6 mo 3,5 nocrosiHHkIif 1 coctaiser 458,6 mr/r, a ¢ pH 4,6-5,9 CE nonuTa no nonam
Sr*" HaumHaeT K cHWKeHMIO 358,8 Mr/r cootBeTcTBeHHO. YMeHbmeHne CE [IPU NOBBILICHUH IETOUHOCTH
cpeibl 00y CIIOBIIEHO, OUEBHTHO, KOHKYPEHTHOH copOrmeii mpotoHos (H).

500

400

300

200

—8—  TMA-AKH-HTDK

10 +—  [MA-BKH-0300

CE, Mr/r
[T N T N T T T T T [N Y A B AN A |

D|IIII|IIII|IIII|IIII|IIII|IIII|

1 2 3 4 5 3 7
pH

PucyHok 4 - 3aBucumocTtb copbimu noHOB xpoma St norutamu [ MA-AKH-HT®K (C=1,926 r/1) u TMA-AKH-O10®
(C=2,016 r/m) ot xucnoTHOCTH pacTBOpoB SrCl, NPOTOIHKUTENFHOCTS KOHTAKTa 7 CYT
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Pucynok 5 - Kunetndeckue kpussie copouun nonos Sr nonntamMu I MA-AKH- HT®K (C=1,926 r/n, pH=3,4) u TMA-AKH-
HT®K (C=2,016 r/n, pH=3,4) 0T BpeMeHHN IPOJOIKUTEILHOCTH KOHTaKTa ¢ pacTBopoM SrCl,
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CreneHb HACHIIICHUS HOHUTA TIOTJIOIIAEMBIMA HOHAMH 3aBUCHUT OT BPEMEHHU KOHTAaKTa COpOEHTa ¢
pactBopamu. M3 pucynka 5, rae npencrabiena 3aBucuMocTs CE noanta TMA-AKH-HT®K ot BpemeHun
ero koHTakTa ¢ pactBopoM SrCl, (pH 3,4, koHuenTpanus noHos Sr*” 2,016 r/i1) cieayer, uto paBHOBECHE
YCTaHABIIUBACTCA 32 2 4 M KMHETUYCCKHUE KPUBBIC COPOLIMU MOHOB CTPOHIIMSI PAaBHOBECHOE COCTOSHHE
noantoM 'MA-AKH-OJI9® u uto mexay monensHbiM pactBopoM SrCl, compeprkamim 2,016 /1 noHOB
Sr*" u mmerommm pH 3.4 Hactymaer uepes mBa daca. ClieoBaTeIbHO JaHHBI HOHOOOMEHHHK O6IagacT
XOPOIIMMH KHHETUYECKUMU CBOMCTBAMHU.
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SIMOKCHAKPUJIIAT ITEH KOMIIVIEKCOHIAP HETI3IHAEI'T )KAHA KOMIIVIEKCTY3I'TIH
HOH AJIMACTBIPFBIIITAP APKBLJIBI CTPOHIIMIA HOHJIAPBIH COPBIIUSIAY

AnHoranus. ['mumununverakpuiaar (I'MA), akpuionutpun (AKH) sxone HUTpmtoTpuMeTrHioCchOH KpIIii-
KBUTbI MEH OKCHATHJICHIU(POCHOH KBIIIKBUIBIHBIH ITOJIMKOH/ICHAUACHI APKBUIBI CTATHKAJIBIK aJIMACy ChHIHBIMIBLIBIFBI
0,1 u HCI epitinaici Ooitbiama 3,64 xone 3,43 Mr-ske/T OOJIATBIH JKaHA XEJIATThl KOMIUIEKCTY3YIII HOH ajiMac-
TBHIPFBIII MIOHIpIep CHHTE3AENTIN anbiHAbl. KitacCHKaabIK HOJsIpurpad omiciMeH CTAaTHKAJIBIK JKaraaiaa CTPOHIIUH
nonnapeiH Sr*’ TMA-AKH-HT®K sxone TMA-AKH-OD/]® KaTHOHUTTEpiMeH copOLusch 3epTTeimi. CTaTHKATIbIK
JKaFJaiia CTPOHIIUH XJIOPHII SpITIHAICIHEH CTPOHIIUM HOHAAPBIH COPOIUSIIAY IBIH EPITIHAIHIH KOHIICHTPANUACHIHA,
pH opTackiHa, COHal aK HOHHUTTIH dCep €Ty yaKbIThIHA KATBIHACHI 3ePTTENIl. Byl HOHUTTEp JKOFaphl KHHETUKAJIBIK
JKOHE COPOLMSUIBIK CHUTAaTTaMallapbl Oap JKOHE OHBIH CIHIPY CHIMBIMIBUIBIFBI JKOFAphl, OHMIPICTIK MIAWBIp EKeHi
AHBIKTAJI/IBI.

Tipek ce3aep: KOMIDIEKCTY3yIli HOH alMacTHIPFRINITApP, COPOLHs, CTPOHIMI MOHBI, XeJaT, KOMILIEKCOHAAP,
COPOIUSUTBIK, CHIMBIMABLIBIK,.
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SORPTION OF IONS STRONTIUM WITH NEW COMPLEX - FORMING IONITES
ON THE BASIS OF EPOXYACRYLATES AND COMPLEXONES

Abstract. Polycondensation of glycidylmethacrylate, acrylonitrile and nitrilotrimethylphosphonic acid (NTPA),
oxyethylidene diphosphonic acid (OEDA) complexes gave new complexing chelating ion exchangers with a static
exchange capacity of 0.1 N HCI 3.64 and 3.43 mg-eqv / g. The sorption of Sr*" ions by complex-forming cation
exchangers of GMA-AKN-OEDA, GMA-AKN-NTFA was studied by the classical polarography method under
static conditions. The sorption of strontium ions under static conditions from a solution of strontium chloride
depending on their concentration and pH, as well as the time of their contact with ion exchanger was studied. It was
found that they possess high kinetic and sorption characteristics and surpass the known industrial ionites in their
absorbing capacity.

Key words: complexing ion exchangers, sorption, strontium ions, chelates, complexones, sorption capacity.
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K PACHETY 3KBUBAJIEHTHOI'O TUAMETPA
KOMBUHHUPOBAHHOMU PEI'YJISAPHO-B3EIIEHHOU HACAJIKHA

Annoranusi. Mcxoas 3 aHanuza paboThl CYIIECTBYIOIIMX TEIIOMACCOOOMEHHBIX amNapaToB CO CTalMOHAp-
HOW HACaJKOW, MOKa3aHbl MPEUMYIIECTBA ammapara ¢ TpyO4YaToil HAcaIKOH PEeryispHOW CTPYKTYPHI, 3aKIF0Yar0-
IIMecs B TOM, YTO B TPyOuYaTOH HacaJke BO3MOXKHO PEryJIMPOBaHHE MPOIEcca TEIIO0OMEHA HEIOCPEACTBECHHO B
30HC KOHTAaKTa MpPH MOJade TEIUIOHOCUTENS B TPyObl. [Ipy STOM KOHTaKT IPOUCXOAMUT 4Yepe3 CTCHKH TPyO H
JIBIDKEHUE TEIUIOHOCHUTENS B TPYOax HE BIHMSET Ha CTPYKTYPY Ta30’KUAKOCTHOTO CJIOS B armmapare. JIomoTHITebHbIe
MperMyIIecTBa JaeT BBEJCHHE B KOHTAKTHYIO 30HY AMCKPETHBIX KOHTAKTHBIX 3JIEMEHTOB (UIaphl, KYOWKH U T.II.),
KOTOpBIE TpH pabodMX YCIOBUAX OOECIIEYMBAIOT OYHCTKY IOBEPXHOCTEH KOHTAKTHOW 30HBI TPYOHOTO MpOC-
TPaHCTBa, COXPAHSAIOT CHH(A3HBINA PEKUM B3aUMOJICHCTBISI BUXPEH U YBEINYMBAIOT MEX(Pa3HYIO TOBEPXHOCTb.

PaccmoTpeHo ABIDKEHHWE Ta3a depe3 CTAliOHApHYI0 HacaaKy I10 H3BHJIMCTBIM KaHayiaM, 0Opa30BaHHBIM
HAcaJOYHBIMU TeJlaMH. [I[pUMEHHTENbHO K TEIIOMacCOOOMEHHOMY ammapary ¢ KOMOWHHPOBAHHOW PETyIsSpHO —
B3CIICHHON HACAJKOW MOJYYCHBI YPABHEHHUsS I OMPEICNICHUS YJCIbHOW IMOBEPXHOCTH TPyO4yaTro - IIapoOBOU
HacaJIKi, UX 00beMHOH IIOPO3HOCTH, a TAKXKE YPaBHEHHE Ul PacyeTa ee IKBUBAICHTHOTO TUaMeTpa.

Jlan aHamu3 BIMSHUS [IArOB PACIIONOKEHHS TPYO B BEPTHKAIHLHOM M PaJUabHOM HAINPaBICHUSIX, THAMETPOB
TpyO W IIapOBO HACAJKU HA BEIMYMHY SKBHBAJICHTHOTO JHAMETPA.

KiroueBble cJIOBa: peryisipHas Hacajka, BEPTHKAJBHBIN IIAr, paJHalbHBIA IIar, TpyObl, IIapsl, TPyOUaTo-
IapoBasl HacaJKa, yAelbHas OBEPXHOCTh, TOPO3HOCTh, SKBUBAJIEHTHBIN AUAMETP.

BBenenme. B Hacrosmiee Bpems pa3paOb0TaHO OOJNBIIIOE KOJIHYECTBO TEIMJIOMacCOOOMEHHBIX
anmnapaToB, HCIOJB3YyEeMBIX Ui MPOBEIACHHUS IMPOLECCOB aOCOpOLUHU, pEKTU(HUKAIUHN, SKCTPAKIHH,
OXJIKICHUSI Ta30B U KUAKocTew [1-5].

B GonpmmHCTBE CiTydaes, B CHITYy CBOMX KOHCTPYKTHBHBIX OCOOCHHOCTEH, pa3padoTaHHBIC aIrapaThl
MOTYT OBITH HCIIOJIb30BaHbI JUIA MPOBEJACHUA TOJIBKO OIHOTO TEXHOJOTrHYecKoro mpouecca [6-10] win
comyTcTBytommx mpoueccoB [11-15]. Hampumep, abcopOuust ropsuero rasa, CoAepiKalllero TBEpIbIe
gacTuil. OCHOBHBIM ITPOIIECCOM SIBIISIETCS a0COPOIHs, HO MapalljIeNIbHO i OCYIIECTBISIETCS TEIII000MEH
M OYHCTKAa OT TBEPIBIX dYacTuIl. lIpm 3TOM perynmpoBaHHe MapauIeTbHO IMPOTEKAOIINX MPOIECCOB
MPaKTUYECKU HEBO3MOXKHO.

Oco0eHHOCTBIO pa3paboOTaHHON W UCCIEAOBAaHHOW KOHCTPYKIMH ammapara ¢ Tpy04aroil Hacaakou
PETYISIPHON CTPYKTYPHI [16] sABISETCS TO, 9TO B HEH BO3MOXKHO PETYIHUPOBAaHUE MPOIecca TeII000MeHa
HEIOCPEICTBEHHO B 30HE KOHTAKTa MPH TMoJaue TeIIOHOCUTENS B TPYOBL. [Ipr 3TOM KOHTaKT MPOUCXOIUT
Yyepe3 CTCHKH TPyO M ABIKCHUE TEIJIOHOCUTENS B TPyOax He BIMSET Ha CTPYKTYPY Ta30KHUIKOCTHOTO
CJIOs B ammapare.

He):[OCTaTKOM MU3BECTHOT'O alrapara aBJII€TCA TO, YTO INPHU MPOBCACHUHN HEKOTOPBIX MaCCOOGMeHHI)IX
npoleccoB (HampuMep, B IPOU3BOACTBE KAIBIUHUPOBAHHON COABI aMMHAYHBIM CIIOCOOOM B IIpolieccax
abcopOIuM aMMuaka W YIJIEKHCIOrO Ta3a PacTBOPOM XJIOPHIA HATPHs) MPOUCXOAUT BHINIAJCHUC
TOHKOJMCTIEPCHBIX TBEPHABIX YACTHIl, OTJIAraloMIMXcsi Ha TPyOHOM TIydyKe WM CTEHKax ammapara, B
pe3yJbTaTe 4Yero BO3MOXKHO 3apacTaHHe MEXTPYyOHOrO IMPOCTPAHCTBA, MPHUBOISIIIETO K HAPyIICHHIO
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cuH(pa3HOTO pEeXHNMa, a, CIeNOBaTEeNbHO, K 3HAYHTEIHLHOMY CHIDKEHHIO 3((EKTUBHOCTH MPOBOIMMBIX
mporeccos [17-19].

Jlis MCKITIOYGHMSI 3TOTO MPEUIaracTCs BBECTH B KOHTAKTHYIO 30HY JUCKPETHBIC KOHTAKTHBIC
JeMeHThl (IIapbl, KyOMKM W T.J.), KOTOpbIE MNpPU pPabOYMX YCIOBHSIX OOCCICUUBAIOT OYUCTKY
MOBEPXHOCTEH KOHTAKTHOH 30HBI TPYOHOTO TIPOCTPAHCTBA, COXPAHSIOT CHH(A3HBIH  PEXAM
B3aMMOJICHCTBHS BUXPEH M YBETHIHBAIOT MEX(Da3HyI0 MOBEPXHOCTH [20].

Metonpl uccaenoBaHumii. [ mMpoBeeHUS WCCIICIOBAHUN HCIIOJIb30BaHBI YHCICHHBIC METOIBI C
npumeHeHueM OBM.

Pesyabrathl uccaenoBanuii. ['a3 gBmkeTcss depe3 HacamKy M0 W3BWIMCTBIM  KaHajaM,
00pa30BaHHBIM HacaJ04YHbIMHU TenaMu. CeueHue 3THUX KaHAJIOB HE MOCTOSHHO IO BBICOTE ammapara H,
CJIeIOBATEIbHO, CKOPOCTh Ta3a TAKXKe SBISCTCS MEPEMEHHOW BenuuuHOW. [IpyM M3ydeHUM HacaJIo4HBIX
abcopOepoB MCXOMAT U3 CPETHEH CKOPOCTH Trasa, KOTOPYIO HAXOJAT JIeIeHHeM 00BbEMHOTO pacxoja rasa
Ha CpelHee ceueHue KaHaioB [2].

JIst HACAOYHBIX ANApaToOB CO CTAIMOHAPHOM Hacamkoil [2] MIOMah CedeHMs KOIOHHBI S (M),
BbIcOTa Hacaaku H (M) u ee cBoOOHBIN 00BheM €. Toraa o0beM MyCcTOT B Hacaake, T.e. 00beM KaHAJIOB, 110
KOTOPBIM IBHKeTCs Ta3, coctaBimser SHe (M°). Cpemmsisi oinHA KaHanoB (IHHA MyTH rasa) pasHa Hk
(3mecb k — KO3(pGUIMEHT, YUYUTHIBAIOUINN HM3BHWIMCTOCTh KaHaioB). CpeaHee 3HAUCHUE KaHAJIOB
COCTaBJISIeT:

_S'He¢ §S-¢

Kan H-k - k (l)

BGJ'II/I‘lI/IHy w = S /S: g/k, PaBHYIO OTHOLICHUIO CPEAHETO CCUYCHUSA KaHAJIOB K CCUCHUIO

KaH
KOJIOHHBI, HA3BIBAIOT YKUBBIM CEUCHHEM Hacajku [2].
CpenHssa CKOpoCTh rasa:

v .

KaH

rac WO = I/Z /S - CKOpPOCTh Ira3a, OTHECCHHAas KO BCEMY CCUCHHIO KOJIOHHBI.

OO6b1yHO puHUMalOT k=1, Torga 0= € U ypaBHeHHE (2) MPUHUMAET BHUI;
w=— 3)

OKBUBAJICHTHBIN THAMETP HACAIKH ONPEACIUM KaK SKBHBAJCHTHBIN JUaMETP KaHAJIOB, 10 KOTOPHIM
JIBYOKETCs Ta3 [2]:

4e
d3K8 = a_ ’ (4)
H
rae & - oObeMHasi MOPO3HOCTh HACAIIKU; @, — YJAENbHas MOBEPXHOCTh HACAAKH B €AMHUIIC 00beMa
armmapara.
Jdns  BbIBOAa  ypaBHEHHWS  DKBHBAJCHTHOTO  JMaMeTpa  HAcaJKd  NPUMEHUTENBFHO K
TEIIOMAacCCOOOMEHHOMY ammapaTy ¢ KOMOMHHUPOBaHHOW pETyJSIpHO — B3CIEHHOW Hacanko [17]
OTIpEICTTUM COCTaBIIsIOIIHE (POPMYITHI (4).

Y aenpHas MOBEPXHOCTH TPyOUATON HaCAIKN PACCUUTHIBAETCS IO (hopMyIie:

d

mp

App =5 > &)
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re f,- BCNMYMHA IIara MeXIy TpyOaMu B paanaibHOM HANPABICHHM] f,- BEIMYMHA ILIara MEKIY

Tpy06amu B BEpTUKAIbHOM HaIlPaBICHUH.
VY nenpHas MOBEPXHOCTH ILAPOBOM HACAIKU OMPENeTIHM o (opMyIie:

2
rd

@y =5, 7 (6)
w
21,11
3neck [ — pa3zmep SKBUBAJICHTHBIN JAHHE TPYO, M. 171 11apoBoii HacaJ KW MOKHO TIPE/ICTaBHTh:
[=m-d, (7
Tornma
nd,
w SN ®)
2:m-t,-t,
VY nenpHas MIOBEPXHOCTh TPYOYAaToO - MIAPOBOM HACAIKU COCTABHUT:
a, =a, +a _rmd,, ) ©)
oy = =
oo e 2-m-t -t
p s
O0BeMHYI0 TIOPO3HOCTH TPyOUaTON HACAAKH ONPENENUM 10 GopmyIie:
2
rd,,
S =10 (19)
P 6
Jnst onipeziesieHust 00bEMHOM TTOPO3HOCTH CIIOS IIAPOBO HACAIKU OTPEICITHM 00BEM CIIOS:
V.=h-6-1, (11)
B 3TOM ypaBHeHHU:
OTHOCHUTeIbHAsI BBICOTA - h = n, -d, . KonuuecTso mapos h/d,, =n, ;
OTHOCHTEJIbHAs INpUHA - 6 = ({, +d, ) = n, -d,, . Konuaectso mapos (¢, +d,, ) / d, =ny;
OTHOCHTEINIbHAS JUTUHA CIIOs /.
[MoxcraBnsst moydeHHbIe 3Ha4eHHs B ypaBHeHue (11), momyymnm:
no-n,-l-m-d
I/m — 1 2 w (12)
6
Ennanma o6bpema ammapara:
Ve =2-1,-1,-1 (13)
Torna mopo3HOCTh MIAPOBOI HACAKHU:
V n-n,-m-d
gmzl_ﬂzl_M (14)
V. 12-¢,-1,
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O0BeMHas TOPO3HOCTH TPYOUATO-IIAPOBOH HACAIKH:

7-(6-d> +n -n,-r-d*
goﬁm :1_ ( mp 1 2 m) (15)
12+, -,

OKBHMBaJCHTHBIN JUaMeTp TpyOUaTO-IIapOBOM HACAIKU:

i - 2-m-[12-tp-t6—7z-(6-d,ip +nl-n2-di)]
3-7(m-d,, +d,)

(16)

Ha pucynkax 1 u 2 mpuBeZieHBI pe3yJIbTaThl pacyera 10 MOJYyYSHHBIM YPaBHEHUSIM.

0,5 I
i
' |V
:E = 03 //
5 -
oS /
(]
SE o2
£ =
= <
2 =
Ol 0,1
0
1 2 3 4 5 6

BeprukanbHblii mar #,/6

PI/ICyHOK 1 — 3aBUCHMOCTH IKBUBAJICHTHOTO AruamMeTpa perJIinHO-B?;BeIHeHHOﬁ HacaJaKu daKs

OT IIAroB PacroOKeHus TpyO B BEPTUKAILHOM HANPaBIEHUU [, /e

0,4
0,3
=
z "
©
S 02
[
5 &
m O
SE=
m <
& & 0,1
0

1 2 3 4 5

PannanbHslif mar ¢,/6

PI/ICyHOK 2 — 3aBHUCUMOCTh YKBHBAJICHTHOTO AruamMeTrpa perJIinHO-B?;BeIHeHHOﬁ HacaaKu daKs

OT IIaroB PacHoNIOKEHHU TPYO B paJHalbHOM HAPaBICHUH tp /6
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Kak BumHO U3 prucyHKa | pyu W3MEHEHHUH IIaroB PacIoioKeHUs TpyO B BEPTHKAILHOM HaIPaBICHUH
ty/d oT 2 10 5, TaKke KaKk M IpU M3MEHEHUH 1IaroB pacrojoKeHHs TpyO B paJiaabHOM HaIpaBieHuH ty/d
or 1,5 mo 2 (pucyHox 2) 3HaYeHUE BEIUYMH d _ PAcTyT. JTO OHYEBHMIHO, TaK KaK 3aBUCHMOCTD

9KBUBAJICHTHOI'O JMaMeTpa OT IIaroB PacIoyIoKeHHs TPyO IpsSMO IPONOPIHOHATIbHA.

Pacuer mo ypaBHenuto (16) mokaspIBaeT, 4TO C yBEJIWYEHHEM AHaMeTpa TpyO 3HAUEHUS BEIWYHH
9KBHUBAJICHTHOTO IMaMETpa YBEIUUNBAIOTCS, TOTJIa KaK C YBEIHMUEHHEM JUaMeTpa [LIapoB CHUXKACTCS.

BeiBoabl. PaccMOTpeHO ABMKEHME rasa uyepe3 CTalMOHAPHYI0 HAcalKy 10 M3BHWJIMCTHIM KaHalaMm,
00pa30oBaHHBIM HACaJOYHBIMH TenaMmH. [IpUMEHHTENbHO K TEIIOMAacCOOOMEHHOMY ammapary ¢
KOMOMHHMPOBaHHOH DEryJspHO — B3CIICHHOW HAcaJKOH IOJNyueHbl ypaBHEHHUS MAJs OIpenelieHHs
YACIBbHOW MOBEPXHOCTH TPyOUaTo - MIAPOBOM HACaOKH, UX OOBEMHOH MOPO3HOCTH, a TAaKXKE YpaBHEHHE
UL pacdeTa €€ SKBUBAJIEHTHOTO JUaMeTpa.

JaH aHanu3 BIMSHHA ILArOB PAclojOXEHUS TPyO B BEPTUKAIGHOM M paJWaIbHOM HANpaBICHUSX,
IUaMeTpOoB TPYO U IMIapoBOil HACaJKU Ha BEIMUMHY SKBUBAJICHTHOTO AUAMETPA.
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KYPAMAUJIBI TYPAKTHI - KAJIBIKTAMAJIbI CAIITAMAHBIH
9KBHUBAJIEHTTI AJUAMETPIH ECEIITEYTE

Annoranusi. KoJmaHbpIcTarbl CTallMOHAPIIBIK calTaMaMalbl JKbUIyMaccaaliMacy KYpbUIFBUIAPBI KYMBICHIH
TaJay HETi3iHIe TYpaKThl KYPBUIBIMHBIH KYOBIpJIBI canmTamachl Oap KYPBUIFBIHBIH apTHIKIIBUIBIFBI, OHJAFbI
KYOBIpJIBI canrTamaja JKbUIy ajlMacy IIpOLeciH Tikeled TyHiCy ayMarblHAa KyObIpyiapra >KbUIyTachIMajliarbIIIThI
Oepy kesinze perreyre 6osanel. by xarnaiina acepiecy KyObIpiap/bH KaObIpranapbl apKbUIbl ©TEl KoHE KYObIp-
JaFbl CYHMBIKTBIKTBIH KO3FAJBICHl AlIapaTThblH Tra3-CYHbIK KaOaThIHBIH KYpbUIBIMBIHA acep erneimi. Koceimina
apTHIKIIBUTBIKTAP TYWICY ayMmaFblHA IUCKPETTI TYHicmerni sieMeHTTepni (mapiap, TEKIIenep oHe T.0.) eHrizyre
MYMKIHIIK Oepemi, omap >KYMBIC >KarmaiblHAa KYOBIPIBI KEHICTIKTIH TYHICY ayMarbIlHBIH O€TTepiH Ta3asiay.bl
KaMTaMachI3 eTe/ll, KYHbIHAAp/IbIH 63apa dpeKeTTeCyiHiH CHH(A3aIbIK PeXKUMIH CaKTaibl JkoHe (azaapaiiblk OeTTi
YIAKEHTE .

la3gplH canraMansl JieHeNepMEH Naiifa OOJNAThIH MpeK KaHalJapMeH CTallMOHApibl canraMa apKbUIbI
KO3FaJIBIChI KapacThIpbULIBL. Kypamaibl TypakThl - KalbIKTaMallbl canTaMachl 0ap jKblUIyMaccaalMacy annapaTbiHa
KOJIIaHBLIATBIH KYOBIPIIBI-IIAPIIbI CallTAMaHbIH CaJIbICTHIPMaJIbl OETiH, OJap/blH KOJIEeMIIK KeYyeKTUIIrH aHbIKTayFa
apHaJIFaH TeHJIeyJIep, COHBIMEH KaTap OHBIH SKBHBAJICHTTI ANAMETPIH €CeNTeyre apHaJIFaH TCHIEYJIep albIH/IbI.

KyObipiapapIH Tik KoHE paauanabl OaFrbITTaplarbl OpHajacy KaJaMIapblHBIH, KyObIpiap »KoHE IIapiibl
canrtaMaHbIH JUaMeTpiiepiHiH SKBUBAIEHTTI IMaMeTp IIaMachlHa 9cepi capanTaibiln Oepuii.

Ty#iin ce3mep: KaJbINTHI camTama, TiK KaJaM, pagdanibl Kagam, KyObIpiap, mapiap, TYTiKIIeTi-Imapibl
camnTaMa, CaJbICTEIpMAIIbI OeT, KeYEKTLTIK, SKBUBAICHTTI THAMETD.

UDC 66.02.071.7
A.A.Yeshzhanov', A.A. Volnenko', A.E. Levdanskiyz, B.N. Korganbayev1

'M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan;
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TO CALCULATING THE EQUIVALENT DIAMETER OF
A COMBINED REGULAR-SUSPENDED PACKING

Abstract. Based on the analysis of operation of existing heat and mass transfer apparatus with a stationary
packing, there are shown the advantages of apparatus with a tubular packing of regular structure, due to which it is
possible to regulate the heat exchange process in the tubular packing directly in the contact zone when feeding the
heat transfer fluid to the tubes. Here, the contact occurs through the tubes’ walls, and the heat transfer fluid’s
movement in tubes does not affect the gas-liquid layer structure in the apparatus. Additional advantages are given by
introduction into the contact zone of the discrete contact elements (balls, cubes, etc.), which under the operating
conditions provide the cleaning of tube space contact zone surfaces, maintain the in-phase operation of vortex
interaction and increase the interfacial area.

There has been studied the gas motion through the stationary packing along the winding ducts, formed by
packing bodies. In respect to the heat and mass transfer apparatus with a combined regular-suspended packing, there
have been derived the equations to determine the specific surface area of the tubular-ball packing, its volume
porosity, and also the equation to calculate its equivalent diameter.

There has been done the analysis of the influence of the tubes arrangement pitches in the vertical and radial
directions, of the tubes and ball packing diameters on the equivalent diameter value.

Keywords: regular packing, vertical pitch, radial pitch, tubes, balls, tubular-ball packing, specific surface area,
porosity, equivalent diameter.
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EJUHBIN MOAXO0/ K PACUETY THPABJIUYECKOTO
CONPOTUBJEHUS TPYBUATOI'O TYYKA CMECUTEJBHOI'O U
MOBEPXHOCTHOI'O TEIVIOOBMEHHUKOB

AnHoTanus. TernaoMaccooOMEHHbIE TPOLIECCH U allapaThl IHPOKO HCIOIB3YIOTCS Ha IPEANPHATUIX XUMHUH-
yeckor, HedrenepepabaThiBaroNel, HeQTEXUMUUECKOH, razonepepadaTbiBaoniell, METaUIypruuecKoi, MUILEeBO,
XMMHKO-(QapMalieBTHIECKONH M 3HepreTrueckoil orpacieil Kazaxcrana, a Takke B NMPOM3BOACTBAX arpoIpOMBIII-
JICHHOTO KOMIUIEKCA, CTPOUTEIbHBIX MaTepPHaIOB, B CHCTEMAaX MbUIEra30yIaBIuBaHUS.

Cy1ecTByrone KOHCTPYKIUH MOCTOSIHHO MOJEPHU3UPYIOTCS U CO3JAI0TCS HOBBIE. MI3BECTHBIMU METOIaMU
WHTCHCU(UKAIINH TEIUIOMAcCOOOMEHa SIBIISIOTCS PEXMMHBIA W KOHCTPYKTHBHBEIA. Kak mokas3amu HCCIeTOBaHHSA,
HanboJee MEepCIeKTUBHBIM METOJOM KOHCTPYKTHBHOW WHTCHCHU(HUKAIMH SBISACTCS METOM, MCIIONB3YIOMHNN 3aK0-
HOMEPHOCTH BUXPEBOTO B3aUMOJICHCTBHS TIOTOKOB. briaromapst Hay9HO 000CHOBaHHOMY BBIOOPY PACCTOSTHUN MEKIY
TypOYIH3UPYIOUIMMH 3JIEMEHTAaMH, 3aBUCIIINX OT MX (OPMBI M Pa3MepoB, MOXKHO IPH IHOCTOSHHONH CKOPOCTH
MOTOKOB M3MEHHUTh PEXUMbI B3aUMOJEHCTBUS (a3 WM yCHIINTh XapaKTEPUCTHKUA Macco- M TEIooOMeHa 3a Ccuer
BHUXPEBOT0 NIEpEMEIINBAHUS B MIPE/Ieax 0HOil (a3bl.

JlaH aHanu3 M3BECTHBIM JaHHBIM MO OOTEKaHWIO BJIEMEHTOB HACAJKH, PACIOJOXEHHBIX BIOJIb M IIOIEPEeK
MOTOKA, W TIPEJICTAaBJIEHBl pAcCUeTHBIE 3aBUCUMOCTH Ui OMpENeNeHHs CTEeNeHH B3aUMOJEHCTBHS BHUXpEH B
BEpTUKAJIBHOM M paJuaibHOM HanpasieHusix. Ha oOcHOBaHMM 3aKOHOMEPHOCTEM B3aWMOJEHCTBHS BUXPEH,
oOpazyroumxcs mpyu 00TeKaHUH PETYISIPHO PacIioiOKEHHBIX HAacaJO0YHBIX AJIEMEHTOB, CO3/1aH KJIacc alaparoB C
Pa3NMYHBIM TUIIOM PETYJISIPHON HACAAKH.

YcTaHOBIIEHHBIE 3aKOHOMEPHOCTH M pacyeTHbIE 3aBUCUMOCTH OBUIM HCIIOJIB30BAHBI MPH €JMHOM IIOJIXOJE K
pacueTy THAPABINIECKOTO COMPOTUBICHUS CMECUTEIHHBIX TEIFIOMACCOOOMEHHBIX M MOBEPXHOCTHBIX TETLIOOOMEH-
HBIX anmnaparos.

KiroueBble cjoBa: peryisipHas Hacaigka, BHXPH, BEPTHKAJIbHBIN IIar, pagWaibHBIA IIar, CUH(pa3HOCTH,
CTENEHb B3aUMOJIECHCTBUS BUXPEH, I'MIPABIMUYECKOE CONPOTUBIICHUE, CMECUTENBHBIE aIlllaparhl, [MOBEPXHOCTHbIE
arnmaparsl.

BBenenue. TeruiomaccooOMEHHBIE TIPOIIECCHI U allapaThl MIMPOKO MCIIONB3YIOTCS HA TIPEIPUATUSIX
XUMHYECKOH, HedrenepepabaTriBaromield, HeTEXUMUIECKON ra3onepepadaThIBaIOIe, METaLTypriudec-
KOW, THINEBOH, XUMHKO-(papMareBTHIECKOM M dHEpreTudeckoil oTpacieit Kazaxcrama, a Takke B
IMPOU3BOJACTBAX AarpoOIPOMBIIIIICHHOTO KOMIUICKCA, CTPOUTCIIBHBIX MAaTcpuajioB, B CHCTEMax IIbLIC-
ra3oyjiaBiuBaHus. Bmecte ¢ TeM Ooiblioe pa3HOOOpa3we NPUMEHSIEMBIX KOHCTPYKIMH HE Bceraa
YAOBJIETBOpsSieT TpeOoBaHWSAM Tpon3BoACTBA. OMHOW W3 OCHOBHBIX IPHYWH WX TPOCTAUBAHUS H
HepeHTa6eJH)HOCTI/I pa60TbI ABJIACTCA TO, YTO MCIIOJB3yEMas TCXHOJOIHUA U TEXHUKA o6naﬂaeT BBICOKHM
MaTepUAIBHBIM U PHEPreTUYCCKUM HHIIEKCOM. [locnequuii moka3arenb UMeeT CYIIECTBEHHOE 3HAUCHUE B
COBpPEMEHHBIX YCIIOBUSIX PHIHOYHOW AIKOHOMHKH.

CormacHo [1] mpum co3maHMM HOBOW TEXHHUKA MW TEXHOJOTHH HEOOXOIUMO HWCXOIWUTh U3
MEPCIICKTUBHBIX HANPAaBJICHUI HAayYHBIX U MPOCKTHO-KOHCTPYKTOPCKHX PabOT B KOHKPETHOW 00JacTu
3HaHHS C yYETOM pEaNbHBIX YCIOBUH M TpeOOBaHWI K HKCIUTyaTallid W W3TOTOBIEHHUIO Pa3pabOTKH.
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[Ipruem mpu MPOTHO3UPOBAHUM OOJIMKA MPOEKTUPYEMOTO 00BEKTa HEOOXOAMMO WCXOIUTh M3 OLIEHKU
MTOJIOKUTENBHBIX ¥ OTPUIIATEFHBIX MPU3HAKOB U3BECTHBIX aHAIOTOB.

CylecTBYIOT JiBa MOJX0/1a K HHTEHCU(HUKAIINN TeIUIOMAaccoOOMeHa: PeKUMHBIA M KOHCTPYKTHBHBIH.

B nepeom ompexpensiomyMMy NapaMmMeTpaMH SIBIAIOTCA TOBBIIIEHHE CKOPOCTEH IMOTOKOB. ITO
HampaBJIeHHE CITIOCOOCTBOBAIO CO3/IaHUIO allapaToB C MPSIMOTOYHBIM JBHKEHHUEM MOTOKOB, YTO TIPUBEJIO
K pe3KOMy W HEOIIPaBJIaHHOMY YBEIMYECHHUIO dHepreTHdeckux 3arpar. B mocnexnne roasl B Kazaxcrane
NPOBOZSATCA HUcchenoBaHusi [2,3] MmO IeNeHanpaBiICHHOMY YOPABICHUIO (H3UKO-XUMHUECKUMH
CBOMCTBaMH B3aUMOJIEHCTBYIONMX (pa3 C IeNbl0 TOBBIIEHUS 3(()EKTUBHOCTH TPOLECCOB TEIIO- U
MaccollepeHoca.

OnpenensomyMyA  TapaMeTpaMi  KOHCTPYKTHBHOTO TOJXOJA SBISETCS pasMepbl, (GopMbel U
pacronoKeHHe JIEMEHTOB KOHTAaKTHOTO YCTpOMcTBa. DTO HampaBiE€HUE BIIEPBBIE PAa3BUTO B HAay4HOU
mkoste HOxuo-KazaxcTanckoro rocygapcTBeHHOTo yHuBepcuTeTa uM. M.O.Ay330Ba. OHO OCHOBaHO Ha
HAYYHBIX OTKPHITUAX [4,5]. DTO - NMEPCHNEKTUBHBIA METOJ] MHTCHCHU(HUKAIIUK TEIIOMACCOOOMEHHBIX H
ra300YMCTHBIX amlnaparoB. Tak, 0Ka3aJoch, YTO Oarogapst Hay4HO 0OOCHOBAaHHOMY BBIOOPY PacCTOSHHI
MEXIy TypOyJIM3UPYIOIIUMH 3JEMEHTaMHU, 3aBHCAIIMX OT HX (OPMBI M pa3MepoB, MOXXHO NpH
MTOCTOSTHHON CKOPOCTH TIOTOKOB M3MEHHUTH PEXUMBI B3aMOJICHCTBUSA (a3. [IpruMepoM peannsamnun Takoi
3a/lauyl SIBISIETCSl CO3JIaHHBIM KJIACcC alapaTroB C PEryJIspHOM MOABMXKHON Hacaakod. Takue anmapartsl
3HAYUTENFHO MPEBOCXOIAT IIMPOKOIPUMEHSEMbIE KOHCTPYKIIMHM TEIUIOMacCOOOMEHHBIX aImapaToB
BCJIE/ICTBHE HEBBICOKOW YHEPTOEMKOCTH TPH BBICOKOH A((EKTUBHOCTH MMPOBOANMEBIX ITPOIIECCOB, 32 CYET
TOTO, YTO B HUX 3aJI0KEH MPUHIIUI CO3AaHUs CHH(A3ZHOTO PEKUMa B3aUMOJICHCTBYIOMIMX (a3.

Metoapl ucciaenoBaHuil. J[ns mNpoBeneHUS HCCIENOBAHUN THAPABIMUYECKOTO CONPOTUBICHUS
WCTIONB30BAJICS METOJI HEMOCPEACTBEHHOTO HW3MEPEeHHs C NPUMEHEHHEeM 4YallleyHOrO0 MaHOMeTpa H
MUKpPOMaHOMETpa.

Pe3yabTaTrhl MccienoBanmii. B pamkax mpoBoguMoil HamMu pabOTHl HPOBEOCHBI HCCIIEIOBAHUS
TUpaBIHYecKoro comnpotuBieHust (AP) TpyOHOro mydka perymsipHON CTPYKTYpHI B 3aBUCHUMOCTH OT
PEKUMHBIX W KOHCTPYKTHBHBIX ITapaMETpPOB, KOTOpPBIE COIMOCTABJICHBI C JAaHHBIMH, IONy9€HHBIMHA B
paborax [1,6,7]. B 3aBHCHUMOCTH OT CKOPOCTH ra30BOT0 IOTOKAa YCTAHOBJICHBI TPH THIAPOJIUHAMUYECKUX
peXrMa: TUIEHOYHO-KAaIIeIbHBIH, KaleIbHbIN (Pa3BUTOH TypOYJICHTHOCTH) H PEKUM OpBI3TOYHOCA.

PesynpraTel mccnemoBaHWE THUAPABIMYECKOTO COMPOTHBICHHS OT MIATOB PACHOJOXKEHHs TpyO B
BEPTUKAJIFHOM U PaJUaibHOM HANPaBJICHUSX MpeCTaBIeHbI Ha pUCyHKax 1 u 2.
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Pucynok 1 — 3aBHCUMOCTB THAPABINYECKOTO CONMPOTHBICHUS AP 0T maroB pacmnonaoxeHus Tpyo
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Pucynok 2 — 3aBHCHMOCTB THAPABINIECKOTO COMPOTHUBIEHNS AP OT maros pacronoxeHus Tpyo

B PaJMaIbHOM HArpasieHuy | » /6

Kak BunHO U3 pucyHKa 1 npu M3MEHEHHH IIAroB PacloyIOKEHU TPyO B BEPTUKAILHOM HallpaBICHUU
t/d oT 2 10 5 KpuBas 3aBUCHMOCTH MMEET J[Ba SKCTpeMyMa Mpuxojsmuecs Ha t,/d=2 u 4. [Ipu npyrux
3HAYCHUSX I1aroB HaOJI0AAETCs CHIDKEHUE BeInnH AP.

IIpn n3MeHeHnH 1aroB pacnonoxeHus TpyO B paauanbHOM HanpasiieHud ty/d ot 1,5 1o 2 (pucyHok
2) 3HaueHHUE BEIMYMH THPABIMYECKOTO CONPOTUBIICHHUS PE3KO CHMXKAETCA, a nocie t,/d=2 3To cHuxkKeHue
He3HauuTeIbHO. OOBSICHEHUEM 3TOMY SIBIIIETCS CIEAYIOIIeE.

B pa6orax [1,8,9-11] paccMOTpeHBI MEXaHH3MBI B3aUMOJCHCTBHS BUXPEH B CI0€ MIApOBOW HACAJIKH,
NPU3MATHYECKUX HACaJOYHBIX JJIEMEHTOB W IUacTUH. M3BecTHO, 4TO 3a COEpUUYECKUMH TellaMH
00pa3yloTcsd TOpOMJANbHBIE BUXPH M CPBIB MX MPOHCXOAMT CUMMETPUYHO. 3a IUIACTHHAMH, MpH3Ma-
TUYECKUMH TeJIaMU C KPYIJIbIM, KBaJpaTHBIM, X-00pa3HbIM, TPEYTOJIbHBIM H T.II. CEUEHHEM OCYIIECTB-
JIIeTCS HeCUMMETPUYHBIA CPBIB BUXpei. B ornmume ot oOpasyromieiics 3a cepoil JOPOKKH BUXPEH,
oOnanaromnieil mepuoaoM IBMKEHHA, CJIe] 3a IJIaCTHHAMU M NPU3MATHYECKHMMH TeJaMH MMEEeT ellle U
nonaynepuos. B pesynbraTe 3TOro Hacalo4HbIE JJIEMEHTHI, PACIIOJNIOKEHHBIE C IIAroM BIIOJIOBUHY
MEHBbIIIE, 4YeM IIPH CUMMETPUYIHOM CpbIBE, OyAyT (POPMHUPOBATH BUXPU OJHOBPEMEHHO.

st onpeneneHus CTeNeHn B3aUMOICHCTBHSI BUXPEH, 00pa30BaHHBIX 32 HACAJIOYHBIMH 3JIEMEHTAMH,
pacmonoKeHHBIMH 10 X0y JBM)KEHHUS MIOTOKA C LIaroM f#, mpeioxkeHo ypasHenue [1,8]:

0, =0,85+0,15sin LIPUAN N )

m, -6

B pesynprate 00paboTKH pe3ybTaTOB MCCIENIOBAHUNA THAPOJMHAMHYECKHX MapaMeTpOB M aHAIH3a
JTAaHHBIX, IPEJCTABICHHBIX B paboTax [1,8,12-14], HaMu MOSyYEHBI ypaBHEHUS JJIsl ONPECIICHUS My

m, =c(1—-e™""), ()
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rae ¢ - kod(hdunueHT, HalAeHHBIH 00paOOTKON IKCIIEPHUMEHTANBHBIX JaHHBIX THAPOJUHAMHYECKUX U
MacCOOOMEHHBIX XapaKTePHUCTHK (M1 mpuMepa, y mapos ¢=0,868; mumuaapos ¢=0,487; TuracTHHYATHIX
BpAILAIOIINXCA JIEMEHTOB Kpyriioit popmel ¢=0,54, kBaapaTHO# Gopmbl ¢=0,326).

Bxomsiiee B ypaBuenue (1) umcio Crpyxans S/, ycTaHaBIHMBAaeT TECHYIO CBSI3b MEXIY YaCTOTOM
cpeiBa Buxped f, ckopocThio moroka Wr M IIMPUHON Tena b, W B ONpeleIeHHOM WHTEpBalie YHCEl
Pelinonbca sBISIETCS BEIMYMHON IMOCTOSHHOMW, 3aBHCSIICH TOJBKO OT TI'€OMETPUYESCKOU (POPMBI
obrekaemoro Tena. s mapos S¢ =0,183, ms mumuaapos S¢ = 0,2, mmactua S¢=0,137+0,157.

BaxxHOCTh ydeTa BIWSHUSA IIara pacloNOXKEHUS OOTEKaeMBIX TBEPABIX TENI PSIAOM IOIEPEK
obTexaeMoMy MOTOKY (Z,) oTmedeHo B paborax [1,8,11,15,16]. B pabGore [5] ompeneneHo HEKOTOpoe
KPUTHYECKOE PACCTOSHIE MEXIY TBEPABIMHU TEJIaMH, MPEBBIIICHHE KOTOPOTO MPUBOIUT K 00pa30BaHUIO
BHXPEH C 4acTOTOM, 3aBUCSIIICH OT XapaKTEPHOTO pa3Mepa 00TEKaeMbIX Tell. PacmonoxeHne TBEPAbIX Tel
Ha pPACCTOSIHUM MEHEe KPUTHUYECKOrO0 MPUBOIUT K TOMY, UYTO YaCTOTy CphIBa BUXPEH OMpeienseTr He
pa3Mep o0TeKaeMbIX Tej, a BEJIMYMHA 3a30pa, 00pPa30BaHHOTO COCEAHWMH B IOMEPEYHOM HAIPABICHHUH
aneMeHTamMu. YeM MeEHBINE 3a30p, TeM OOJbIIe YacToTa OO0pa3oBaHUS W cphiBa BuXpeil. Poct dmcna
00pa3oBaHHBIX BUXpPEH MpPH MaJbIX BEIMYMHAX 3a30pa MPUBOIUT K 3HAUYUTEIHHOMY MOTPEOJICHUIO
SHEPrUU MOTOKA.

CortacHo [5,8] Tema, pacmoioKeHHBIE B OJHOM PSAOy MEPIEHANKYJIIPHO K 00TEKaeMOMY ITOTOKY,
WHUIIMAPYIOT 00pa3oBaHUe BUXpel ¢ macmTabamu A. JIJs AMCKPETHO PaCIONOXEHHBIX TEJN B OJHOM
psay, MepIeHAnKYISIPHO 00TeKaeMOMY MOTOKY BO3MOXKHBI JIBa CIIydas: B IEPBOM CIydae MacmTad u
4acToTa BUXpPEH onpenensaoTcs mupuHoil Tena (npu ¢,>2d, A=d,), a BO BTOpOM Clly4ae pa3zMepoM 3a30pa
Mex1y Teaamu (IpH ¢,<2d, A=t,—d,).

W3 ycnoBus B3auMOJEHCTBHS TapajlIeNbHBIX BHXPEBBIX CTPyH criemyeT, 4To Kod(hduumeHT,
XapaKTEPU3YIOIIEH CTENEHb B3aUMOJCHCTBHS BUXPEH B PAJMaIbHOM HANPABICHUU U YUYUTHIBAKOLIUI
M3MEHEHHE 4aCTOThl BUXPEe0Opa30BaHHUs, 6, MOXKET ObITh OIPeieIeH 110 hopMyIe:

t, =1

0, =—-— 3)
g Z, _dp

Cpenu ammapaToB € PEryJISIipHBIM PAacIOJIOKEHHEM HAacaJ04HbIX JJIEMEHTOB BHHMaHHUE HCCIENO-
BaTeNiell MPUBJICKACT ammapar ¢ TpyouaTol Hacanakoi. OCOOCHHOCTBIO Pa3pa0OTaHHOW M MCCIEIOBAHHON
KOHCTPYKI[MM ammapara ¢ TpyOuaTOW HAacaJKOW pEeryJspHOH CTPYKTYyphl SBISETCS TO, YTO B HeEH
BO3MOKHO PEryJIHpOBaHHE MpoIlecca TEIUI00OMEeHa HEMOCPEACTBEHHO B 30HE KOHTAKTa TPH ToJade
TEIUIOHOCUTENS B TPYOBL. IIpM 3TOM KOHTAaKT MPOUCXOIHUT Yepe3 CTEHKU TPYO M JBUKCHUE TCILIOHO-
cuTels B TpyOax He BIMSET Ha CTPYKTYPY Ta305KUIKOCTHOTO CIIOS B ammapare.

Ammapat ¢ TpyO4YaToil HacagKod PEerysIpHON CTPYKTYpPBl OTHOCHTCS K OOJBIINOH TPYyIITe TEII000-
MCHHBIX alliapaToB CMECUTCIILHOT'O THUIIA.

[ToTepu Hamopa moToKa, 3aTpadyrBacMbie Ha 00pa30BaHHE M B3aUMOJICHCTBHE BHXpEW B TpyO4aToM
MydYKe ammapara, Ha W3MEHEHHE HaIpaBlieHHs Ta30BOTO ITIOTOKA, Ha TPEHHWE Tra3a O IOBEPXHOCTb
HacaO4YHBIX J3JIEMCHTOB U IUICHKY XHWJIAKOCTHU MOTYT OLITh BBIYMCIIECHEI 110 cne):[yromef/i 3aBUCUMOCTHU

[1,6,7.8]:
H pW’

— I I , 4
L 22 4)

8

A})L=§L

rae H - BBICOTa HACAIKHU, M; .- INIOTHOCTb rasa, Kr/M°; We — CKOpocTb Tasa, M/c; &, - KodbduIueHT
COTIPOTHBIICHUS, YUNTHIBAIOIIKI MOTEPU MABJICHHUS MPU B3aMMOJACHCTBUU BHUXpEl B BEPTHKAILHOM H
paaMaibHOM HAlpaBJICHHUSX, Ha TPEHHE ra3a O IOBEPXHOCTh HACAIOYHBIX O3JIEMEHTOB W IUICHKY
KUJKOCTH; & -IOPO3HOCTH Psijia HACAKH

d
g =1-1 )
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OO0paboTKOI 3KCIepUMEHTANBHBIX NaHHBIX AP, [6,7,17] mony4eHbl NPAKTUYECKH HIICHTHYHBIC
pacyeTHbIE 3aBUCHMOCTH IS OTIpeeIeHUs KO3 DUINEHTOB &

£ =0,25-6,-6,-Re), (6)

B dbopmyne (6) Re, — uncno Pelinonbaca:
Re, = ——, (7)

rae U,.=L/3600 - cKOpOCTh KHUAKOCTH, M/C; V,,.— KO3()PUIUCHT KHHEMATUIECKONW BSI3KOCTH JKUAKOCTH,
m*/c; L — IIOTHOCTD OPOIIICHWS, MM d; doyy — SKBUBAJICHTHBII TUAMETP HACAIKH, M.

Jna pacduera moTepu [aBieHHA Ha TpPEHHE B MEXTPYOHOM IPOCTPAHCTBE ITOBEPXHOCTHOTO
TernoobMeHHnKa B pabortax [18-20] mpennokeHBl ypaBHEHHS, YUYHUTHIBAIOUINE KOHCTPYKTHUBHBIE H
peKUMHBIE TapameTpbl. Hamu npeasnoxeHo ypaBHeHHE, aHAJIOTHYHOE 110 CTPYKTYpE ¢ ypaBHEHHEM (4):

2
D P W

APy = 2 ®)

mp t, 2

3nece D — BHyTpeHHMIA TuaMeTp ammapaTta, M; t, — IIar pacroyIoKeHHs TPyO 10 XOAy ABHXKYIIErocs
MOTOKA.

Hdns pacuera xodddunneHTa ﬂmp HaMM TIPEUIOKCHO YypaBHEHHE, YUYMTHIBAIOIIEE CTEIECHb

B3aHMOZ[€ﬁCTBHﬂ anpeﬁ npu O6TCKaHI/II/I pr6 0 X044y U MOIICPEK ABMXKYLICTOCH MMOTOKA:
— -0,2
Ay =22756,6," Re (9)

Bxonsimue B ypaBHenue kodduumnentst 6, u 6, paccunrrisarorcs no Gopmynam (1) u (3).

BobiBoabl. OnyvcaHbl U HKCIEPUMEHTAIBHO MOATBEP)KICHBI MEXaHHW3Mbl B3aUMOACHCTBHS BHXpEH,
0o0pa3oBaHHBIX 3a Tpy0aMu B BEPTHUKAIPHOM M paJuaJbHOM HampasieHusAX. [lokasano Hanudme
CUH(]A3HBIX PEKUMOB MpPU HM3MECHEHWH BEPTUKANBHBIX IIaroB W 3HAaYeHHWE KPHUTHUYECKOTO IIara B
panuanbHOM HalpaBIeHUH, Pa3TPaHUYUBAIOIIETO JBA MEXaHU3Ma 00pa30BaHMs BUXPEH.

Hcnonp3yss eouHblii IOAXOH, MPEIJIOKEHbl ypaBHEHUS JUId pacdyera T'MIPaBIMYECKOIo
COTIPOTUBIICHHUSI CMECUTENBHBIX U TTOBEPXHOCTHBIX alllapaToB, YYUTHIBAIOUINE CTEIEHb B3aMMOCHCTBUS
BHUXpEH.
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BETTIK ’KOHE APAJTACTBIPFBIIITHIK XKbILTY AIMACTBIPTBIIITAPABIH KYBbBIPJIbI
IIOFBIPBIHJIAFBI ' IPABJIMKAJIBIK KEJEPTTHI ECENITEY/IIH BIPIHFAN TOCLIJIEMECI

Annoranus. JXpurymaccaanmacy npouectepi MeH Kypbuirbuiapbl Ka3zakctaHHbIH XUMUsL, MyHall eHaey, MyHaii-
XMMUSI, Ta3 OHJEY, METAJUTYyprusl, a3bIK-TYJIK, XUMUSI-(hapMalleBTHKA JKOHE DHEPreTHKa CallajlapblHAa, COHIal-aK
arpoeHEePKACINTIK KeIeH e, KYpPbUIbIC MaTepHaIapbIHia, IIaH MEH a3 ycTay JKyHelnepinae KeHIHeH KOJIJaHblIa bl

KonmaHbicTarbl KypbUIBIMAp YHEMI MOJAEpHHU3aLMsUIaHa bl JKOHE >KaHAchl Kypbutaabl. JKburymaccaanmacysl
KapapKbIHIATyIbIH 0TI 9JIicTepi PeXUMAL KOHE KOHCTPYKTHBTI OOJBIN TaObUIaabl. 3epTTeysep KepceTKeHaeH,
KOHCTPYKTHBTI KapKbIHABUIBIKTBIH €H IHEPCIEKTHBAIBI TICUTI arbIHIApABIH KYHBIHABIIBIK OPEKETTECY 3aHAapbIH
KOJIJAHATHIH dfic. O3MepiHiH MilliHi MEH eJIIeMiHe ToyenIi TypOyJIeHTTi AIeMEHTTep apachIHIAFhl KAIIBIKTHIKTHI
FBUIBIMH TYPFBIZIAH HETI3/ICNTeH TaHAAy apKachlHAa (a3alblK e3apa opeKeTTecy PEeKUMICPIH TYPaKThl aFbIHMEH
e3repTyre Hemece Oip (asa aschlHIa KYHBIHIBI apanacThIPyJbIH apKacklHAa Macca MEH JKbLTy anMacy cuIlaTTaMana-
PBIH JKaKcapTyFra O0omaapl.

Cantama 37eMeHTTepl aifHanachlHIA JKOHE arblH OOWBIH/AA OPHAJIACKAH aFbIHAAp Typasbl OENriii Aepekrepre
TaJIay KYPTi3Uil ®oHe KYHBbIHAAPBIH TiK )KOHE paauaibl OarbITTaplarbl ©3apa dPEKETTECY IOPEKECIH aHbIKTayFa
€CeNTIK TAYCJAUTIKTepl YCHIHBULABL TYpPaKThl OpHAJACKaH CANTaMANbIK 3JEMEHTTepAlI Ooiiail ary OapbIChIHIA
KaJIbINTacKaH KYWBIHAAPIbIH 63apa 9PEKEeTTEeCy 3aHAbUIBIKTapbIHA HETI3eIreH, 9p TYPJll TYpPaKThl canramaiapbl 0ap
anrmapar KJachl )KacaJlibl.

Benrinenren 3aHIBUIBIKTap MEH €CENTEMEINIK TOYESIAUTIKTEP apalacThIPFBIIITHIK KbUTyMaccaauiMacy JKoHe OeTTiK
JKBUTyaJIMacy arnmaparTapblHAarbl THAPaBIUKAIBIK KeEpriHi ecenTey/iH OipbIHFail TocinaeMecine naiaaaanbllIbl.

Tyiin ce3mep: TypakTHl canTaMa, KYHBIHAAp, TIK KaJgaM, paauaiabl KagaMm, CHH(Aa3alblK, KYHpIHAAPIBIH e3apa
OPEKETTECY ApekKeci, THAPABINKAIBIK KeIePri, apalacThIPFBINI KYPBUIFBLIAP, OSTTIK KYPBUIFBLIAP.




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 1. 2018

UDC 66.02.071.7
D.K. Zhumadullaev', A.A.Yeshzhanov', A.A. Volnenko', A.E. Levdanskiy2

'M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan
Belorussian State Technological University, Minsk, Belarus
e.mail: nii_mm@mail.ru

COMMON APPROACH TO THE CALCULATION OF HYDRAULIC RESISTANCE
OF A HOLLOW BEAM OF CONTACT AND SURFACE HEAT EXCHANGERS

Abstract. Heat and mass transfer processes and apparatus are widely used at the enterprises of chemical, oil
refining, petrochemical, gas processing, metallurgical, food, chemical-pharmaceutical and energy industries in
Kazakhstan, as well as in the agro-industrial complex, building materials production, dust and gas collection
systems.

The existing designs are being constantly modernized, with the new ones being created. The known methods of
heat and mass transfer intensification are the operating and the design ones. As the research has shown, the most
promising method of design intensification is the method, using the laws of vortex interaction of flows. Due to the
scientifically substantiated choice of distances between the turbulence creating elements, depending on their shape
and size, it is possible to change the phase interaction modes at a constant flow rate or to improve the mass and heat
transfer characteristics due to the vortex mixing within a single phase.

There has been done the analysis of the known data on streamlining around the packing elements, arranged along
and across the flow, with the calculated dependences given for determination of the vortex interaction degree in the
vertical and radial directions. On the basis of the laws of interaction of vortices, being formed during streamlining
around regularly arranged packing elements, there has been created a class of apparatus with different types of
regular packing.

The established regularities and calculated dependencies have been used in the common approach to the
calculation of hydraulic resistance of contact heat and mass transfer and surface heat exchange apparatus.

Keywords: regular packing, vortices, vertical pitch, radial pitch, in-phase operation, vortex interaction degree,
hydraulic resistance, contact apparatus, surface apparatus.
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MPUMEHEHUE METOJA MYJIbTUCJIOMHOI CEOPKH (LBL)
B MHKEHEPHBIX TEXHOJIOTHUSIX JJISI TOJIYUYEHMS
MEPCIEKTUBHBIX KOMIIO3UTHBIX MATEPHUAJIOB
C LHEJEHATIPABJIEHHBIMUA CBOMICTBAMHU

AnHoTanusi. B 1aHHOM cooOLIeHn MPUBOIUTCS 0030p 110 MCIOJIB30BAHUIO METO/a MYJIBTHCIOWHON COOpKH
JUIsl TIOJMydEeHUs] HOBOTO THIA KOMIIO3UTHBIX MaTE€pUAIOB C (DU3UKO-XUMHUYECKUMH M XUMHKO-OHOJIOTHYECKHMH
cBoiicTBaMu. MHOrocnoiiHas NOJUAIEKTPOIUTHAs TEXHOJOTHsI OXBAThIBAET BECh LIMPOKO PACIPOCTPAHEHHBIN
CHEKTp BO3MOXKHOCTEH (yHKuMoHamu3auud. MeToJ OCHOBaH Ha aJcOpOLMM IOCIIEAOBATENIFHO UYepelyIOIUXCs
MIPOTHUBOIIOIOXKHO 3apsKEHHBIX MaKPOMOJIEKYJI M TIO3BOJISIET ITOJyYaTh YJIbTPATOHKHE IJICHKHU 3aJaHHON TOJIINHBI 1
coCTaBa M3 OOJIBIIOTO KOJIMYECTBA PA3HOOOPA3HBIX CHCTEM Ha 3apsDKEHHON MOBEPXHOCTH JIFOOOHM reoMeTprH Kak Ha
BO3/lyX€, TAK ¥ ITPY KOMHATHOH TEMIIEpaType, YTO WILIIOCTPUPYET OOJBIIYI0 YHHBEPCAITEHOCTD TEXHOJIOTHH.

KaroueBble c10Ba: KOMIIO3UTHBIE MAaTEPUAIIBL, YIBTPATOHKHE IJICHKH, METO MYJIbTUCIOHMHON COOPKH.

[loTeHnManbHO MEPCTIEKTUBHBIM HAay4YHBIM HAIpaBlIEHHEM C TOYKH 3pEHHUS TEOPUH M MPAKTUKH Ha
CETOAHAIIHUI JEHb ABIAETCS CO3JaHUME KOMIIO3WTHBIX MAaTEpUaloOB C LEJICHANPaBICHHBIMU
ONTUYECKUMH, HJICKTPUUYECKUMH, OMOXMMHYECKMMHU M MHOTHMMH JPYTUMH IOJE3HBIMH CBOMCTBaMH.
Ocoboe MecTo cpel HHX 3aHUMAlOT TOHKHE IOJIMMEpHbIC TUICHKH, MPOSIBISIONIAE KAaTAIUTHYECKHE,
MarHuTHbIC, aHTHOAKTepUAIbHBIC, OMOCEHCEPHBIE, ANIEKTPOXPOMHEIE U (POTOTIOMHHECIICHTHBIE CBOWCTBA.

B paGore [1] aBTOp OnMCHIBaeT HECKOJIBKO METOJOB MOJTYYEHHUS] TAKUX TOHKHX IJICHOK: HAHECCHUE
Ha BpAILAIOIIYIOCS IUCKOBYIO IIOAJIOKKY, TEPMHUYECKOE OCaKICHUE, XHMHUYECKas CcOOpKa, METox
Jlenrmiopa-brnomxeTT, mocnoliHoe HaHECEHHE MOJIMMOHOB. B 3aBHCUMOCTH OT METOAa MONy4YEeHUsI TOHKHE
IUIGHKM PAa3IUYaloTCsl 10 CBOMM (PM3MKO-XMMHYECKHM XapaKTEepUCTUKAaM, TAaKHMMHU KaK KadecTBO
HaHECEHHOTO IMOKPBITH, IIEPOXOBATOCTh, CTAOMIIBHOCTD, TONIIMHA, PACIIOIOXKEHUE MOJICKYJ U MMEIOT
MIpU 3TOM pa3IuyHble MpakTH4eckue npumeHeHus [2]. Kaxaplii u3 MeTof0B MMEET MON0KUTEIbHBIE U
oTpuIaTenbHble CTOpoHBl. Tak, wmeton JlenrMmiopa-bromxkeTr mo3BoJsfeT MOJNyYaTh IUICHKU
KOHTPOJIMPYEMOH TOJIIMHBI U MOJICKYJISIPHOW OPHUEHTALUH, OJHAKO 3THM CIIOCOOOM CIIOM MOTYT OBbITh
HAHECEeHbI TOJBKO Ha IUIOCKHE MOBEPXHOCTH MaJoM IuIomaiu. MeToJ HaHeceHHsI Ha BpallaloIlyocs
JIUCKOBYIO TIOJUIOKKY HE JTA€T BO3MOYKHOCTh KOPPEKTHO KOHTPOJIUPOBATH TOJIIIMHY MOIYYaeMbIX IJIEHOK
1 MOJIEKYJISIPHYIO OPHEHTALUIO B CIIOSIX.

OpnHuM u3 Hambonee AELIEBBIX U IPOCTHIX CIIOCOOOB IMOJIyYEHHS TaKUX IUIEHOK SIBISCTCA METOX
MYJIBTUCIOMHON COOPKHM, TaK Ha3bIBa€MbIi METOJl MOCIOHHON COOPKH, NPHUBICKAIOIIUN BHUMaHHE
MHOTHX HCClIeioBaTeleld B CBA3M C 0OOpa3oBaHHUEM OJHOPOAHBIX OPTaHW30BAHHBIX IOBEPXHOCTHBIX
MTOKPBITUHA ¢ KOHTPOJIMPYEMOU TOJIIMHON M IMIEPOX0OBATOCTHIO [1]. DTOT MeToa OCHOBaH Ha amcopOITMu
MOCTIEIOBATENFHO YEPEAYIOIUXCSA TPOTUBOIIONI0KHO 3apsKEHHBIX MAKPOMOJIEKYJT M TIO3BOJISIET MOJIy4aTh
YIIBTPATOHKUE IJICHKH 3aJJaHHOM TOJIIMHBI U COCTaBa U3 OOJBIIOTO KOIWYECTBA pa3HOOOPA3HBIX CHCTEM,
K TOMY ke cOOpKa MOKET IPOBOIUTHCS Ha 3apsDKEHHOM MMOBEPXHOCTH JIF000I reoMeTprM Kak Ha BO3IyXe,
TaK ¥ IpU KOMHATHOM TeMneparType.
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B mHacrosmee BpeMs Uil TONy4YeHHs] MYJIBTHCIOEB JaHHBIM METOAOM HCCIENOBATEIISIMU
HCITOJIB3YIOTCSI MHOTHE TIOJTUMEPHBIC MaTepHaNbl, HAUYMHAs ¢ OMOTIOJUMEPOB, TaKUX Kak Oenku [3] mmu
JHK [4], a Taxke HEOpraHHYECKHE BEIECTBA, TaKHe KaK TIMHBI, MUKPOKAIICYJIbI, KOJJIOWIHBIE YaCTULIBI
U Jake OMOJIOTHYECKHE KIETKH [5].

Jlo HemaBHEro BpEMEHU CUUTANIOCh, YTO CBA3b B CJIOSX TaKWX IUICHOK HOCHT B OCHOBHOM
aNEeKTpocTaTHUecKuii xapakTep. llo3mHee OBIIO BBISICHEHO, YTO CBSI3M MOTYT OOECHEeUMBATHCS TaKKe
BOJOPOAHBIMH [6], THAPOQOOHBIMU M APYTUMH BUAAMH B3auMoJeHcTBUs [7-9].

Brimenstor OBa OCHOBHBIX BHJA pOCTa TaKUX MNOJUMEPHbIX IUIeHOK [10]: nuHelHbId u
OKCIIOHEHITHANBHBINA. JIMHEHHAS 3aBUCHMOCTH TOJIIMHBI (ONTHYECKOW IUTOTHOCTH) OT YHCIA CIIOCB
OOBSICHSIETCS TTOCTOSTHHBIM KOJIMYECTBOM MOJIHMANICKTPONINTA, afcOpOMPYIOUIETOCs Ha KaKIOH CTaiauu
noiy4enus oucnoes. [ 000cHOBaHMS SKCIOHEHLIMAIBHOTO pOCTa MPEIOKEHBI HECKOJIBKO MOJENEH.

ABTOpPBI paboTHI [11] OOBSICHIIOT XapakTep pOCTa MIEPOXOBATOCTHIO TUICHKH, YBEITMUNBAIOIICHCS C
YHCIIOM HAHECeHHBIX CJI0eB. MaKpOMOJeKyJbl, aACOpPOMpYIOIIMecs B HadadbHBIE CJIOH, CHJIBHO
MPUTATUBAIOTCS K TOBEPXHOCTH, B pE3yJbTaTe Yero MNPUHUMAIOT TIIAIKyl KoHpurypamuio. C
YBEIMYEHHEM 4YHCIa HAHECEHHBIX CJIOEB, BIHSHUE TOMJIOXKKA CHIDKACTCI, M  MOJIEKYJIBI
TTOJIMAJICKTPOIIUTOB HAYMHAIOT aICcOpOHMpOBaThCs B Oojiee KITyOKOOOpa3HOM (3allyTaHHOM) COCTOSTHUH,
yBEIMYMBAs IUIOIMIAh MOBEPXHOCTH IJICHKH. B CBA3M C 3THM Ha MOCIEAYIOUIMX CTaAUAX MOIY4YCHHS
MYIJIbTUCIIOEB MOXKET aJCcOpOMpoBaThcs OOJblllee KOJMYECTBO MakpoMousiekyn. Jlpyroe, wmeHee
pacmpocTpaHeHHOEe OOBSCHCHHWE HEIMHEHWHOCTH OCHOBAHO Ha sBJICHWHM AUGQGY3UH CBOOOTHBIX
MOJIMAIEKTPOIUTHBIX IIETIOYEK B MyJIBTUCIION TIpH afncopOruu [12-13].

[ToMuMO mMONMMMEPHBIX MOJIEKYJ, B METOJIE MYJBTHCIOWHOW COOpPKH MOTYT Yy4YaCTBOBaTh H
HU3KOMOJIIEKYJISIPHBIE COeIMHEHUS, HApUMep, KPacUTeNld, YTO JIelaeT MeToH Ooyiee YHUBEPCAIbHBIM C
TOYKH 3pEHHSI CO3MaHUS TOHKUX TONHAIIEKTPONUTHBIX MynbTHCIOEB ([I9MC) ¢ HyKHBIMH TOJE3HBIMU
coiictBamu [14-15]. COopka IUIIEHOK C COAEp)KaHMEM KpacuTeJed MOXeT ObITh HpHUBJIEKaTeNbHa MpH
M3YYEeHUH MX DIIEKTPOXPOMHBIX U ONITUYECKHUX CBOUCTB. Tak, HampuMep, B psjae padoT (hrarormaHnHOBBIC
KpacHUTEH MPOSBIIAIOT XOPOIINE ONTHYSCKHE CBOMCTBA [16] M onTHUecKyro maMsITh [17], B CBA3H ¢ YeM
AIIEKTPOXPOMH3M KpacHUTelIeld AaHHOTO Kiacca MOXET OBITh HCIOJB30BaH MPU CO3IAHWH MaTepHaoB
HOBOTO TTOKOJICHHS.

B pabote [12] murenku Obimu moirydeHsl n3 monu(BuHmioBoro cuupta) (IIBC) ¢ ruapodoOHBEIMEU
MOJTIUMEPaMU — TOJIMMETHUIMETAKpHIIaT, MOJUCTHPOI, nonu-D,L-nmaktua, monmuauMmerwicuiaokcad. Kak
n3BecTHO, [IBC HepacTBOpHM B OpraHuke, a Jpyrue KOMIIOHEHTH — HEpAaCTBOPUMBI B Boze. B mpouecce
COOPKH BaXKHBIM (JaKTOPOM OKa3aJI0Ch MPOMEKYTOYHOE BhIcymmBanue mieHku: [IBC, ancopOupoBaHHBIH
Ha TIOBEPXHOCTH IUIACTHHKH, CTAHOBHTCS HE PAcTBOPHM B BOJHOM pacTBOpe 3a cdeT o0Opa3oBaHHA
BOJIOPOHBIX CBS3CH MEXK]y TUAPOKCIILHBIMU TPYIIIIAMU ¥, BO3MOXKHO, MOJICKYJIAMHU BOJIBI.

ABtopamu pabotel [13], mpW TOJNyYEeHHH IIJICHOK W3 OPraHOPACTBOPUMBIX MOJIUMEPOB,
MTOATBEPKAACTCS HEOOXOIMMOCTh MOACYITUBAHUS (B OTIUYHE OT OOBIYHOM DIIEKTPOCTATHICCKOH COOPKH)
W A1 IPYTUX CHUCTEM, TAE Takke XUMHU3M (OPMHUPOBaHUS IUICHOK HIET 32 cyeT THApOPOOHBIX
B3aMMOJICHCTBUI U BOJOPOJHBIX CBS3EM.

Meramicoaepxaiiiue MOJIMIIEKTPOJIUTHBIE MYJBTUCION OBUIM HIMPOKO WCCIENOBAaHBI W HAIIIIH
MpUMEHEHHE B MPOU3BOJCTBE MOJUAIEKTPOIUTHBIX MEMOpaH, B CO3JaHUU M TOJYYEHHH HAaHOYACTHIL,
AJNIEKTPOHHBIX W ONTHYECKUX MATEPHAJIOB, a TAKXKE B MPUTOTOBJICHUM HAHOPAa3MEPHBIX KarCyJsl JJis
KOHTPOIIUPYEMOW JTOCTaBKH OWOJIOTUYECKH AaKTHBHBIX coeluHeHWiH. OIHUM U3 CaMBIX BaXKHBIX
OCOOCHHOCTEW MYJBTHUCIOEB SIBISETCS WX CEJIEKTHBHASs NPOHHWIAEMOCTh JUIS Pa3UYHBIX BEHIECTB.
[IpoHuIaeMoCcTb MyJNBTHUCIOWHOW TUIEHKH 3aBHCHUT OT TOJIIMHBI CJIOS, €r0 MOPHUCTOCTH, CTPYKTYpHI,
XUMHYECKOTO COCTaBa KOMITO3WIIMM W pa3Mepa MPOHUKAMIIEro BemecTBa. B paborte aBTopor [18]
YCTaHOBJIEHO, YTO TaKWe IJICHKH HEMPOHHUIIAEMBI JJISI MAaKPOMOJIEKYJ C OOJBIION MOJIEKYISIPHOW MacCoi
Y pa3Mepamu, HO OHH MTOJIHOCTBIO MIPOHHUIIAEMBI JIJTSI MAJIBIX MOJIAPHBIX MOJIEKY.

Tueke u coaBtopsl [19] mokazanu, yro [IIMC MOTyT CIyXHUTh B Ka4eCTBE MHOTO(YHKIHOHATBHBIX
MeMOpaH U MOTYT OBITh WCIOJB30BAHBI JUIS CMITYCHHUS M JAUCTHILIAIUM MOPCKOHM Bombl. Mmu Obutn
MOJYYEHBI YIbTPATOHKHE MeMOpaHbl MeTosloM LbL HaHeceHHeM pa3iIMYHBIX TOJIUMEPHBIX COCTMHEHHH,
TaKUX KaK TOJHMAJIEKTPOHTHI, KAIWKCAPEHBI, T'eKcanmnaHopeppaTHble COJMH METauIoB W bepimHCcKas
nma3ypb. bBUTO MOKa3aHO, YTO MOJMAIEKTPONHUTHBIE MYIBTHUCION MOXXKHO HCIIONB30BaTh B KayecTBE
HaHO(UIBTPOB, MOJEKYIJISIPHBIX M MOHHBIX CHUT JUIS pa3Mep-CEeNIEeKTUBHOTO Pa3/eieHUs HEWTPaTbHBIX U
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3apsHKEHHBIX apoMaTWYecKuX coeanHeHuil. Crenuduaeckoe B3aWMOJCUCTBHE B TaKUX ITOJTHMEPHBIX
KOMITO3ULMAX HAYT 110 MEXaHU3MY TOCTb-XO035MH, IPOITYCKAIOIINX HOHOB C THOPUIHBIME MeMOpaHaMH U3
p-cynb(QOHATO-KATUKCAPEHOB M KATHOHHBIX MOJUAJIEKTPOIUTOB. MemOpaHsl 005a1al0T BBICOKOI
CEJIEKTMBHOCTBIO K pa3IMYHBIM HOHAaM METaVIOB M MOTYT HaWTH TNpPUMEHEHHE B PazIHUYHBIX
WHHOBAIIMOHHBIX TEXHOJOTHSX JUISI Pa3leleHHs HOHOB DPa3HON MPHPOIBL. ABTOPHI TakXe MOKa3aJn
BO3MOKHOCTH TOJyYEHHUS YUCTO HEOPraHWYeCKHX MeMOpaH W3 OepiMHCKOW JIa3ypH W aHaJOTHYHBIX
coleil MeTayuloB TyTeM TIOCJIeNOBAaTeNbHOW aicopOIMM KAaTHOHOB TIEPEXOAHBIX METAIJIOB U
rekcanuanogeppar aHuoHa. biarogaps MOpUCTOH CTPYKType OEpIHMHCKOW Ja3ypH, MEMOpaHbI MOTYT
OBITh UCTIOJIB30BaHbBI B KAYECTBE MOHHOTO (DMIIBTPA, CIIOCOOHOTO ISl OT/ACICHUS, HAapUMeEp, HOHOB 11e3Hs
OT NOHOB HATpHsl.

ABtopbl [20] wWCmONMB30BANM KOMIDIEKCHl TEPEXOMHBIX METAUIOB C TIOJMAJIEKTPOIUTAMH  JUIS
KOHTpOIIMpoBaHus IioTHOCTH 3apsna B [IDIIC mneHkax nis moNydeHUS WOHCEICKTHBHBIX MeMOpaH.
MeTo0M anbTepHATUBHOTO HAHECEHHUSI IIPOTUBOTIONOXKHO 3aPsHKEHHBIX MOJIUAIIEKTPOIUTOB Ha MIOPUCTHIN
HOCHTE/b OBUIM TOTYYeHBI YIbTPATOHKHE HOHCEICKTHBHBIC MeMOpanbl. Moms: Cu’’ mpuMensmuce B
kadectBe siapa B [IAK/ITTAA meMOpaH At KOHTPOJIUPOBAHUS TUIOTHOCTH 3apsijia |, CIe0BATENLHO, IS
MOBBIIIIEHNSI CEJIEKTMBHOCTH TepeHoca aHMOHOB. AunbTepHaTHBHOe HaHeceHne IIAK, wactuynO
cBs3aHHyI0 B Komruiekchl ¢ Cu”” u ITAA Ha MOPHCTHI ATIOMHHHEBBIH HOCHTENb C IOCICTYIOLINM
yAaleHreM HOHOB MEIU U JAeTPOTOHUPOBAHHUS, MTO3BOIMIO co31aTh — COO™ MoN0KEeHUs B 3TUX TUICHKAX.
CpaBHHUTE/IBHBIA aHANN3 JByX MEMOPaH MONY4YeHHBIX MPH OIMHAKOBBIX YCIOBHAX mokasan, uro Cu’'-
conepxkamias [IAK/TTAA memOpana o0OnagaeT B 4eThIpe pa3a OoJible CeNeKTUBHOCTHIO Mpu nepeHoce Cl
/SO,* 1o cpaBHeHuIo ¢ 00bryHOMN [TAK/TIAA MeMOpaHoii.

B pab6ore [21] meton LbL Opin mcmons3oBaH s BHenpeHUs HaHodacTUI] ZnO B MHOTOCJIOWHEIE
MMOJIMMEPHBIC TUICHKU 13 TtoimMepHor MaTpuisl [TJJJJA-TICC Ha kBapreBoi IracTHHKE. MHOTOCIIORHYO
TUICHKY, COJepXallyr0 HaHodacTHIbl ZnO, TONy4Yald MHOTOKpPATHOH ajcopOunmeldl HUTpaTa IHWHKA U
MOCTIEAYIONIMM OCaXICHUEM C THAPOKCHIOM amMoHus. MccnemoBanus Y D-BUAUMOW CHEKTPOCKOMHEH
YKa3bIBaIOT Ha PEryJSpHBIA pocT HaHowacTHL ZnO. ABTopaMy OBUTO MOKAa3aHO, YTO MEHSS KOJIUYECTBO
[UKJIOB OCaXJICHHS, MOKHO KOHTPOJIUPOBATH MOP(OJIOTHIO HAHOYACTHUII. Y BEJIMYUB KOJIMYECTBO LIUKIIOB
ocaxnenus okcupa nuHka Ha TuieHke (ITIJJA/TICC);s mo 6, aBropam yaanoch IOTY4YHUTb
KPUCTaJUIMYECKUE HAHOYACTHUIIHI ¢ JIydiied Mopdororueit u ¢ auamerpom ot 20 mo 60 M. JlampHelee
YBEIMYEHHE YHCIa [UKIOB OCAKICHHUS PEaKIMH A0 8 TMOoKa3allo 4To, OOINbINasl 4acTh YacTHUI] POCIH B
OJTHOMEpPHOM HampaBIeHUH, 00pa3ys HAHOCTPY)KKH, U pa3Mepbl YaCTHUI] MPAKTUYECKH HE H3MEHHIIUCH.
W3meneHuns KoimvecTBa OUCIIOEB 0Ka3aJ0Ch TOXKE BIUSAET Ha MOP(HOJIOTHIO YacTHLl. Tak, HalmpuMmep, Mpu
yBenuueHnn konmuectBa oucioes IIJJIA-IICC mo 5,5, pe3ynbTaThl OTINYAIOTCS OT JAaHHBIX IO TUICHKE C
3,5 oucmosmu IIJIJA-TICC. Ilocne YeThipeX NHMKJIOB OCAXKICHHWS, HYACTUIBI OCTAIOTCS JTUCTICPTH-
poBaHHBIMH B MaTpuile. OTHaKO, IPH JATbHEHIIIEM YBEITMICHNN YHCIa IUKIIOB PEAKIINH OCKISHIS 10 8,
POCT OTIENBHBIX YACTHII B CTPYKKH KPHUCTAIJIOB HE HaOIrO1aeTCsl.

Takum 00pa3oM, METO] MYJIBTUCIOWHON COOPKH, SBISSCH OJHUM U3 HanOOJee MPOCTHIX U ICIICBHIX,
MO3BOJIACT MOMYYaTh U3 OOJBIIOTO KOJIMYECTBA Pa3HOOOPA3HBIX CHCTEM TOHKHE IUICHKH, KOTOPBIE MOTYT
MOTEHIIMAIIBHO 00J71a1aTh YHUKaJIbHBIMH CBolicTBamH. IHTepecHas pabGora B 3TOM IUIaHe ObuIa
npemioxkeHa Banrom u Jlu [22], B KOTOpoil OHHM MoJydyand HaHOpa3MepHBIE KaTamu3aTopsl Pd,
MPUKPEIUICHHBIE K MarHUTHBIM (PepPUTOBBIM HaHOYACTHIIAM ¢ moMombio LbL mneHok u wmccienoBanmm
B3aMMOCBSI3b MEXIY CTPYKTYPOU 3THX THOPUIHBIX HAHOKOMITO3UTOB M X KATAIUTUYECKOH aKTHUBHOCTHIO
MIPH TUAPUPOBAHUH OJEPUHOBBIX CIIUPTOB. J[JIs moydeHNs HAaHOPAa3MEPHBIX KaTalIH3aTOPOB MaJUIaIns,
MetonoM LbL HaHOCHIM MONMaKpuUiIoBYyrO kKucioty U noiamsTuineHnMuH-Pd (II) kommeke (ITOU-Pd (11))
Ha TIOBepXHOCTH MarHuTHeIX HaHowacTull (CoFe,O,, cpemumii pasmep=20 HM) ¢ mOCIEIYIOIIUM
BoccranorienueM Pd (1) Ooprumpumom Hatpusi go Pd (0). Ilo pesysnbratam uccienoBaHUN
KaTaIUTUYECKOW aKTHUBHOCTH JTHX THOPHUIHBIX «SIAPO-000JI0YKa» HAHOKOMIIO3UTOB C Pa3HBIM
KOJIMYECTBOM OWCIIOEB JIJIS THAPUPOBAHUS OJIe(hMHOBBIX CITUPTOB OBLI CIENaH BBIBOJ, YTO HAHOYACTHUIIBI
Majiaus TOJNBKO B BEPXHUX CJOAX paboTaloT B KadecTBE KaTallM3aTopa, BEPOSTHO, H3-3a
3aTpyAHEHHOCTH AUPQY3UH MOJEKYT OJNeHHOBBIX CIUPTOB B CIIMUTYIO MHOTOCIOWHHYIO TUIeHKY. [Tpu
3TOM KaTajJu3aTop JIETKO OTAETSETCS OT PEaKIMOHHONH CMECH C TIOMOIIBIO BHEITHETO MarHUTHOTO IOJIS U
MOYeT OBITh MHOTOKPAaTHO UCIIOJIb30BaH.
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MaxkaHac 1 ApyrHe CO3[ali KaTAIUTUYECKHA PeakTop MyTeM MOAM(HKAINHA MUKPOMOUIBTPAIOH-
HBIX MEMOpaH W3 TOJBIX BOJIOKOH MeTomoM LbL amcopOnuy MONMAICKTPOIUTOB M CTAOMIIH3AITIH
HaHOYacTHUIIaMHu MeTajia [23].

Kak mokazanu pe3ynbTaThl 3TUX UCCICAOBAaHUMN, METAUIMYECKUE HAHOYACTHUIBI O0JIaaroT
YHUKATBHBIMA  (PU3UKO-XUMHUYECKUMH ¥ KATaIUTHYECKUMHU CBOWCTBAMHU, B OTJIIMYHE OT OOBIYHBIX
MHUKPOGUIBTPAIMOHHEIX MeMOpaH. /[ »Toro aBTOpaMu OBIIM CHHTE3UPOBAHBI CTAOMIM3UPOBAHHEBIC
MOJIUMEPOM METAJUIMYCCKUE HAHOYACTHUIIBI BHYTPU (DYHKIIMOHAIBHBIX IMOJIMMEPHBIX MeMOpaH. C sToi
[ENBI0 TPUMEHSITH TOTUMEPHBIE MAaTPHIBI C (YHKIHOHAIBFHBIMUA TPyNIaMu (HampuMep, CoJlepiKaline
Cynb(OKUCIIOTHI), KOTOPBIE, TPEX/Ie BCEr0 CBA3BIBAIOT HAHOYACTHIIBI M CO3JAIOT YCIOBHS U pOCTa
YacTUI] MeTaJsla BHYTPH MOJUMEpPHONH MaTpuIbl. B paboTe OBIIM HMCIOMB30BaHBI IBE PAa3HBIE CTPATETHH.
CHavana mnonudGupcyibGoHOBEIE MUKPO(DUIBTPAIIMHHBIC TOJBIC BOJOKHA ObUTM MOAUMDUIIUPOBAHBI
MOJTUAIIEKTPOIUTHBIMA MYJIBTHCIOSAMHU. 3aTe€M MOJMCYITH()OHOBBIE YIbTPAQUIBTPAIIMOHHBIE MEMOpPAHBI
nojBeprainuck Y ®-GoToNprUBUBaHHIO, C HCIOIL30BAHUEM P-CTHPOJN Cyib(OHATa HATPUS B KauecTBE
BUHUJIOBBIX MOHOMEpPOB. VcIbITaHnEe KaTaJUTHYECKUX CBOWCTB BOJOKOH OCYLIECTBISIOCH C MOMOIIBIO
MOJICTPHON peakIi - BOCCTAHOBIIEHUS pP-HUTpod)eHONa B TPUCYTCTBUU OOpPTUApUIA HATPUS U
METAJUTMYECKOTO KaTaau3aTopa, KOTOPBIA MIMPOKO UCIIOIB3YeTCs ISl OIIEHKH HOBBIX KaTallN3aTOPOB IS
peakuuii B BomHOW ¢aze. [IpyMeHeHHME TaKMX KaTaJU3aTOpPOB MOIJO Obl NPUBECTH K OTKa3y OT
WCTIOJIB30BAHMSI MHOTHX JIOPOTOCTOSIIIMX KAaTallu3aTOPOB, TaKWX, KaK IUIATHHA, MaJUIAuid U APYTHX.
OpnHako NMPUMEHEHWE KaTall3aTOPOB JAHHOTO THITA COBEPIICHHO HE OTPaHUYMBACTCS TOJBKO NaHHOU
ob0nacTteio mnpuMeHeHHd. CHHTE3 HOBBIX KaTajlM3aTOPOB THMA METAUI-TIOJUMEPHBIM JUTaHI B
MOJIUAIIEKTPOIUTHBIX MYJITUCIIONHBIX TUICHKAX, HAHECCHHBIX HA TBEPJbIC HOCUTENIU, OTKPHIBACT TAKKE
OTPOMHYIO 00JacTh WX NPHUMEHEHWs, HadWHasi OT TMPOCTBIX peakiuii oOMeHa B TEXHOJOTHU
HEOPraHWYEeCKMX W OpraHMYecKWX BEIIeCTB, W 3aKaHYMBas CIOXKHEWIIMMH TpoleccaMd B
OMOTEXHOJIOTHUSX.

B coBpeMEeHHBIX OHOTEXHOJIOTHUAX NPUMEHSIOTCS PA3IUYHBIE METOABl TONYdYeHHs HaHOKAICYJI.
Cpenn HHX B TIOCIETHEE BPEMs FKCIIONB3YIOT METOJ KarCyJIMPOBAaHWS JIEKAPCTBEHHBIX BEUIECTB IIO
TexHonornn LbL, mocnenoBaTenbHO HAHOCS TOJHMAJICKTPOIUTHl Ha CHEUUATBHYIO TOJJIOKKY.
[lomydeHHble TakuM TIyTEM KallCylbl C OYE€Hb MAJCHBKHM pa3MepoM U YIbTPATOHKOW CTEHKOU
MpenoIaraloT OOJbIINE MEPCIEKTUBBl MX WCIOJIB30BAaHHUA B (hapMaleBTHKE. | TaBHOE MPEenMYIIECTBO
TaKUX MYJIBTUCIONHBIX HAHOKAICYJl — 3TO BO3MOXKHOCTh BapbHpOBaTh TOJIIIMHY CTEHOK M JHAMETD,
UCTOJB3YS PA3UYHBIC TOJUICKTPOIUTH U Pa3HbIe KOMOMHAIMU U MPHPOJIBI PACTBOPHUTEICH, a TaKKe
YCIIOBHUS POCTa MOJHUCIOEB. B 3aBUCHMOCTH OT THTIA TIOTUAJIEKTPOINTA IIPH HAHECEHUH CIIOEB JIBUKYIIAs
CHIIa MOKET OBITH 3a CUET AIIEKTPOCTATHUECKOTO CBSI3BIBAHMSA, JIN0O 32 CUET BOJOPOTHOM CBS3H.

B MenunuHCKON IpaKTHKE CYIIECTBYET METO[| MOTYy4YeHHs HAHOKAICyJ, OCHOBaHHBIN HA HCIOJB30-
BaHWU TIPHUPOJBI BOJOPOAHBEIX cBsi3eil. B wactHocTH, Kymap m mp. mpejuiararoT NoOJdydeHHE KarcCyJiibl
KOMIUTEKCOOOPa30BaHNEM TTOJIMAKPUIIOBOW KHCIOTHl C HEMOHW3WPOBAHHBIM TOJMBUHILIITUPOIAIOHOM B
BoHOI cpene [24]. Kommekc oOpa3yercss B kucnoit cpene npu pH 2 u paspymraercs B IMIETOYHON TpU
pH 7. CBoiicTBa TakuxX BOJOPOJHOCBS3aHHBIX IJICHOK XOPOLIO onKcaHbl B pabore CyxumBuny u ap. [25].

B pabore Kymapa mpoTHBOTYOEpKyJIe3HBIM mpenapar puGaMIIAIAH 3arpyKeH B IOJHCIOWHEBIC
Karcymbl, pa3MepoM Heckoibko MukpoH mpu pH 2. Ilpu 37 °C u pH 7.4 nexapcTBO BBICBOOOXKIACTCS
noutu Ha 90 %. [IpoBozs SKCIEpUMEHTHI in Vivo | in Vitro, ObUIO YCTaHOBJICHO, YTO MHKAICYJINPOBaHHBIC
Y CBOOOJTHBIE JIEKAPCTBA OKA3bIBAIOT OJJMHAKOBOE JICHCTBHE.

B pabore JKao m apyrux NPUTOTOBIEHBI aBTOMATHYECKH 3arpy’KaeMble HAaHOKAICYJBl W3
OMOCOBMECTUMBIX M OHONETPaTUPYEMBIX IOJIMMEPOB KaK XWTO3aH W anbruHaT [26]. MUKpOYaCTUIIBI
KapOoHaTa KaJbIHsd, COJAEpKallhne KapOOKCUMETHIEIUIION03y C MOPUCTOW CTPYKTYpOW ObUIH
WCTIOJIB30BaHbl B Ka4deCTBE SAPA-TIOJIOKKH ISl MPUTOTOBICHUS TONBIX Kamncyi. IlomydeHHble Takum
00pa3oM MyJIBTUCIION CUIMBAJIM PAcTBOPOM IIIyTapajiblerujia Mpu KOMHATHOW TemmepaTrype. YacTuiist
CaCO; ObuUM pPacTBOpPEHBI B PAacTBOpPE OTHJICHAMAMUHTETpaaleraTa HaTpus. [lodydeHHBIE MOJbIe
MUKPOKAIICYJIBI OBLTH IMTOTPYKEHBI B PACTBOP MPOTHUBOOITYXOJIEBOTO TIperapara AeKCopyOHIIHHA.

[ToTeHuman BO3MOXXHOCTH MPUMEHEHUH MOIMAICKTPOIUTHBIX MYJIBTHUCIOEB A OMOMEIULIMHCKUX
Hesix ObUT 00CykJIeH B 0030pax [27-28]. O4eHb 4yacTo B Ka4eCTBE OJHOM U3 cocTaBisromux LbL mieHok
UCTIONB3YIOT dYacTHmbl TIHuHBL [29]. LbL mieHkn ObUTM TOMy4YEeHBI aBTOPaAMH W3 TIOJOXHUTEIHHO
3apsHKEHHBIX MOJMAIIEKTPOINTOB, TAKMX KaK MOJUAHAIUIAI IUMETHII aMMOHHUXIIOPU], TTOMHATAIAMAH
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THOPOXJIOPUA, TOJUITUWICHUMHUH U COIONHMMEPOB, COACPKAIIUX YETBEPTHUHBIE MOHOMEPHI aKpUIOBOTO
aMMOHMs. KOMIOHEHTB! OBIIM HaHECEHbl B ONPEICICHHOW MOCIENOBAaTEIbHOCTH Ha OTPHUIATEIBHO
3apsDKCHHBIC YacTHUIIBl TJIMHBL, TPU 3TOM OBUIO YCTaHOBIJIEHO, YTO IOCJE HAHECEHHS KaKIOTO CIOs
MOBEPXHOCTH MEHSIOT 3apsA] OT MOJOXKHUTENBEHO K OTPULATETILHOMY, H HA000pOT.

['ubGpuznHble OpraHO-HEOPraHWYECKUE HAHOKOMIIO3UTHI HAa OCHOBE IOJMMEPOB M TJIMHHUCTBHIX
IUTACTUHOK ITO3BOJISIIOT NMOATOTOBUTH COBPEMEHHBIE IPOJBUHYTHIC MaTepHallbl C HOBBIMHU NPHKJIATHBIMU
cBolicTBamu B (apmaneBTuke [30] AnsS MONTy4YeHUs] HAHOKAINCYJ ¢ KOHTPOJIHUPYEMBIM BBICBOOOKEHHEM
JeKapceTB, OnoceHcopoB [31], Takke A MPUTOTOBICHHSI OTHECTOMKUX MaTtepraiioB [32] ISl TOTLTMBHBIX
3JIEMEHTOB.

TakuM 00pa3oM, UCIOJB30BAHWE B COBPEMECHHBIX HAHOTEXHOJOTWsAX MeToaa LbL mpenmonaraer
Oonplive TOTEHIWAIbHBIE BO3MOXKHOCTH B 00JAacTH TMONYYEHHsS HOBBIX MHOTO(YHKIHOHAJIBHBIX
HOJMMEPHBIX KOMIO3UIUH C HY>KHBIMH (DU3UKO-XUMHYECKHMHU U MEIUKO-OMOJIOTHYECKUMH CBOWCTBAMHU
¥ UMEIOT OoJpInioe Oymyree 0COOCHHO B MEIHIIMHE.

CoBpeMeHHas MEIUIMHA B JIEUeOHOH NMPAKTHUKE CTAJKUBACTCS! ¢ TAKUMH HETaTHUBHBIMHU MpoOIeMaMu
KaK BOCHAJIUTEIbHBIC MPOLECCH], JEYCHNE KOTOPHIX TpeOyeT OOJBIIMX MOPAIBHBIX M MaTepHaJIbHBIX
3aTpaT. Yale Bcero BOCTIaIUTENIbHBIE MIPOLIECCH IIPOUCXOIAT Ha (POHE BHYTPHUOOIBHHYHBIX HH(EKIuil B
TPaBMAaTOJIOTHH, CTOMATOJIOTUH, XHPYPrUUECKUX omepammsix u T.a. [33-36]. BayrpubomsHUYHBIC
MHQEKIUH YacTO SIBJSIIOTCS PE3yJlbTaToOM OaKTepUaIbHBIX KOJOHHM3AUUH MEIUKO-OMOIOTHUECKUX
M3IENMH M UX YCTPOWCTB. B ciydae, ecim NPOUCXOOUT KOJOHHU3ALMA MEIULIHMHCKOIO HMMIUIAHTAaTa
OakTepusMH, TO YacTO €ro HEOOXOJUMO 3aMEHSATh, YTO NPUBOJUT K MOBBIIICHHON 3aboieBaeMoCTH
MAI[EHTOB U MOBBIIIEHHON CTOMMOCTH JIEUEHUS AJIl CUCTEMBI 3/[paBOOXpaHeHHs He Toibko Ka3axcTaHa,
HO M JpyTuX rocynapcTB. Bwicokas cronmocTh M Oouibllias CMEPTHOCTh OOJBHBIX, CBSI3aHHBIX C
BHYTPHUOOIBHUYHBIMU WH(EKINIMH, MPUBETH K HEOOXOAMMOCTH MPOBOJIUTH HAay4YHBIE MCCIEIOBaHUS B
oOmacTu pa3pabOTKH YCIOBHH MOMYYCHUS! aHTUOAKTEPHUANBHBIX MOKPBITHH IS MEIUKO-OMOTOTHUECKIX
MMILIAHTATOB, MEPEBA30YHBIX M IIOBHBIX MaTepuaiioB. CBOEBpEMEHHOE NPEAOTBpAILCHUE MOCIEICTBHN
TaKuX IPOLECCOB MOXHO PELINTh, HCIOJb3Ys pa3IMyHble aHTUOAKTEPHUAIbHBIE U IIPOTHBOBOCHAIIH-
TeJbHbIE TPHUEMBl Ha Ha4aJIbHOM 3Tare JIedyeHHs. B CBA3M ¢ 3TUM B COBpEMEHHOW MEIUIIMHE OCTPO CTOUT
BOIIPOC Pa3padOTKU ONTUMAIBHBIX YCIOBHH MOTY4YE€HUS] MHOTO(QYHKIHOHANBHBIX aHTHOAKTEPHAIbHBIX U
IIPOTHBOBOCHAIUTEIBHBIX HAHOMATEPHAJIOB M HAHOMOKPBITUH U1 MEIUKO-OMOJIOTMYECKHX LEeNeH, Ui
KOTOPBIX HCIIOJIb30BAHUE METOJIa MYJIBTUCIOHHOW COOPKH TOMOXKET PEHINTh BaXKHBIE TECOPETHUECKHE U
NpUKJIaJHbIE 3a/1a9H.

OpHuM u3 Hambojee MEPCHeKTHBHBIX B HAYYHOM M TNPHKJIAZHOM OTHOIIEHHH Pa3sHOBUAHOCTEH
AQHTUOAKTEPUATIbHBIX IOKPBITUHA SBISIOTCA TOHKHME IIOJIMMEpPHBIE IUIEHKH, KOTOpBIE BBICBOOOKAAIOT
OMOJIOTHUECKUE AaKTHUBHBIE BEIIECTBA B OTBET HA MOsBJICHUE OakTepwil. B 3TOM OTHOIIEHWH OOJBIIMX
YCHEeXOB JOCTHUIIIH Hay4Hble pa3paboTku ydeHbix CIIIA. Hampumep, pesympratel mateHTOB CIHIA Ne
5520664 («Kartetep ¢ TMOBEpPXHOCTBHIO, UIMTEIHLHO BBIICIAIONIEH TPOTHBOMHUKPOOHBIEC IIPEIapaTh»),
naterta CIIIA Ne 6261271 («MenumuHCKHe YCTpOMCTBa C MPOTUBOMH(EKIIMOHHBIMA U aHTHUTPOMOO-
TeHHBIMU TIpenapatamu»), mnatenta CIIA Ne 5902283 («[IpomurtanHble aHTHOAKTEpHAIbHBIMU
npenapaTaMy KaTeTepsl U Apyrue MEAMLMHCKHE UMIUIAHTAThl») UMEIOT 3HAYUTENbHbIE TEOPETUIECKUE U
MPUKIIAJHBIC TOCTHXKECHHS B 3TOH obOsactu. B pabore [37] cooOmiaercs o mpoBeACHUN HHQEKIIMOHHO-
NpOQHUIAKTHYCCKUX TOKPBITHHA Ha CHIMKOHOBBIX MOYEBBIX KaTeTepax. [loBepXHOCTh KaTreTapa cHayana
00pabaThiBajli COHOXUMHUYECKH B HaHOcepe Ui yNydIleHHs €ro aHTHOAKTEpHalbHOTO MOTEHIHMAJa,
3aTeM OOBEIUHSIIN C TIOJTUAaHUOHOM THATypOHOBOU KrciaoToi (HA) mis co3maHus mO3TAIMHONH KOHCTPYK-
UM HA CHJIMKOHOBBIX TOBEPXHOCTSX METOJOM MYIBTHCIONHON COOpKH. AHTHOAKTEpHUATbHOE ACeHCTBHE
MYJIBTHCIIOCB aMHHOLICIUTIONO03HBINH HaHocdeps! Obi1o Ha 40 % BBIIE IO CPAaBHEHUIO C MOKPBHITUSAMH Ha
OCHOBE aMHUHOIICIITION03HOTO pacTBopa. st mpemoTBpamenns oOpa3oBaHus OMOIUICHKH OaKTepuii ObLITO
JOCTaTOYHO 5 OMCIIOEB THANYPOHOBAsl KHCIOTa / aMUHOIIEIUTIONO3HBIH HaHocdepa. B HacTosmiee Bpems
psn WccienoBaTeNieil MBITAaeTCs PElIUTh 3Ty NpoOJieMy NpW TMOMOIIM HAHECCHHS Ha TOBEPXHOCTH
MMIUTAaHTaTOB TMOKPBITHIA C Pa3IWYHBIMH aHTUOMOTHKAMH MO0 HambuieHHeM cepebpa [38]. ABTopamu
[39] pa3paboran croco0 MOJyUeHHUS CEepeOpPSHOTr0 AaHTUOAKTEPUATIBHOTO TOKPBHITUS MEIUIIMHCKUX
umiutantaToB (Ilarent PO Ne 2536293, MIIK A61L 27/30, A61C 8/00, ony6u. 20.12.2014, 6romn. Ne 35).
Meron 3akirodaeTcs B 3JICKTPOXHMMHUYECKOM IOKPHITUM IMOBEPXHOCTHM HMMIUIAaHTaTa MOHaMu cepedpa,
KOTOpBIE M OKa3bIBAIOT NMPOTHBOMHUKPOOHOE BO3AcHcTBHE. KaTOmHBIN MaTepwan M aHOMHBIN MaTepHai
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COCUHSIOTCS JPYT C IPYrOM TOKOIIPOBOJSIIUM CIOCOOOM M OOpa3OBHIBAIOT MHOXKECTBO JIOKATBHBIX
TaJIbBAHWYECKUX DJIEMEHTOB, B pe3yJbTaTe 4Yero MPOTHBOMHKPOOHOE AEHCTBHE TOKPBHITHA YBEIHYH-
Baercs. B pabote [40] omucan MeTOX MOJSy4eHUS aHTUMHKPOOHOTO MOKPBITHS HAa OCHOBE cepedpa mpu
W3TOTOBJICHUH BHYTPUTKAHEBBIX SHIONMPOTE30B Ha TUTaHOBOH ocHoBe (IlareHt PO Ne 2504349, MIIK
A61F 2/30, A61K 33/06, A61P 31/04, C23C 4/12, omy6x. 20.01.2014 r., Gromm. Ne 2). Jlms aToro
OCYIIECTBIISIIOT OIpPEIENIeHHYI0 TIOATOTOBKY cepedpocoepKaiero pacTeopa, MOBEPXHOCTH UMILIAHTaTa
u GOpMUPOBAHHE CaMOro TMOKPHITUS. [IpenBapuUTENbHYIO TOATOTOBKY IOBEPXHOCTH WMILIAHTATa
OCYIIECTBIISIOT IyTeM CTPYHHOH 00paOOTKH MOBEPXHOCTH MOPOIIKOM AJIEKTPOKOPYH/A MO/ AaBICHUEM.
DopMHUpOBaHHIE TOKPHITHS MPOU3BOIAT IIa3MEHHBIM HAITBUIEHHEM CHadajia THTAHOBOTO TOJICIIOS, 3aTeM
cepebpocojiepKaliero MOpoIIKa THUAPOKCHAanaTuTa. Takue HUMIUIAHTAThl TMPOSIBIAIOT XOPOLIYI0 U
JUTUTENBHYIO0 aHTUOAKTEPUATBHYIO aKTUBHOCTh. B pabore [41] cmoco0 HaHeCeHHs TTOKPHITHS C aHTUOAK-
TepHaTbHBIM JEHCTBHEM Ha METUIIMHCKOE HW3/IeHe IPOBEIEHO Ha OCHOBE BBICOKOMOJEKYIISIPHOTO
coequnenus (Ilatent PecnyOmumku bemapyce Ne 13256, MIIK C08J 7/00, A61L 27/00, A61L 29/00,
omy0Ois. 30.06.2010 1.). AHTHOAKTEPHATBHBIA areHT IOCIOWHO OCAXKIAIOT HAa IOBEPXHOCTH W3JICIUS
(U3UKO-XUMUYECKUM METOJIOM. BoO Bcex BHIIENPUBEICHHBIX METONAX AaKTHBAIMS ITOBEPXHOCTH
JIOBOJIGHO CIIOKHAsI W JoporocTosmas. lMcmoimp3oBaHMe e MeToja MYJILTHUCIOWHOW cOOpku Ooiee
SKOHOMHUYECKH M SKOJIOIMYECKH BBIFOJHO. B CBSI3U C 3TUM B COBPEMEHHBIX WHHOBAI[MOHHBIX HAHO
TEXHOJIOTHSAX MPUMEHSIOT 3TOT CIIOCO0 YIS MONYYSHUST aHTUOAKTEPUAITBHBIX W MPOTUBOBOCIIATUTEILHBIX
HAHO TOKPBITUH HE TONBKO TSI MEAWKO-OMOJIOTHYECKHX H3AETHH, HO W TEepPEBA30YHBIX MaTEepPHAaJIOB.
CoBpeMeHHbIE OMHTOBBIC MATEPHAIbI COACPXKAT PA3TUIHBIC aKTUBHBIE COCAMHEHUS, KOTOPHIE TOJE3HEI
Ut 3axuBieHus paH [42]. [lepeBsi3ouHble MaTepHalibl MOTYT OBITh HM3TOTOBJICHBI METOJIOM MYIIBTH-
CIIOHHOW COOpPKU TakuM 00pa3oM, YTO HA MOBEPXHOCTH HAHOIIOKPBITHH aICOPOUPYIOTCS M 3aKPETUISIOTCS
OMOJIOTMYECKH aKTUBHBIC WHIPEAMCHTHI, TaKWe KakK IMPOTHUBOMHUKPOOHBIC, aHTUOAKTCPHAIIbHBIC U
MPOTUBOBOCIIAIUTENBHBIC CPEJCTBA IPOJIOHTHPOBAHHOTO JCWCTBUS, YTO 3HAYUTENBHO OOJerdyaer
3aKUBJICHHE PaH.

Hampumep, B pabote [43] ObuIM HMCIONB30BaHBI MarHWTHBIE HaHOYacTHIBI FesO4 (NPs) mst
YIIyYIICHUS] MEXaHMYSCKUX U aHTHOAKTEPHAIbHBIX CBONHCTB KOMIIO3UTHBIX HAHOBOJOKOHHBIX IUIEHOK
(memOpaH) Ha ocHoBe xuto3aHa (CS) u xxenatunsl (GE). ABTOpBI yCTaHOBWIIH, YTO 30HBI HHTHOWPOBaHUS
Escherichia coli m Staphylococcus aureus 3amMeTHO pacmupsuuch no6aBkoit Fe;O,. B memom memMOpaHbI
13 HaHOBOJIOKHa W3 Kommo3uta Fe;O,/CS/GE ¢ umHAMBHIyalbHBIMA MEXaHHMYECKMMH U aHTHOAKTe-
PUAIEHBIMUA CBOMCTBAMU SIBJISIFOTCSI IEPCIIEKTUBHBIM MAaTEPHATIOM JJIsl TICPEBS3KU PaHbIL.

3aKUBJICHUE paH MPEACTaBIsieT COOOW NIUTENbHBIH W OOJE3HEHHBI OMOJOTMYECKUH TMpOLecC U
uzeanbHas paHeBas IMOBS3Ka JOJDKHA OBITH CIIOCOOHA MOTJIOMIATH W3JMINKK IKCCYJaTa, MOIep KUBaTh
CJION paHbI BIaXXHBIM, 00CCIICYMBATh a/ICKBATHBIN Ta3000MeH U JICHCTBOBATh KAK MEXaHUYECKH CHIIBLHBIN
Oapwep s BHeIIHeH cpefbl W 001anaTh MPEBOCXOMHBIMH IMPOTHBOMHKPOOHBEIMY CBOWCTBAMHU, YTOOBI
MPEIOTBPATHTh PAHEBYIO MH(EKINIO U YCKOPHUTH MPOIIECC 3aKUBIICHUS. AHAIN3 UCCIEJIOBAHUN aBTOPOB
[44, 45, 46] mokasan, YTO TOBS3KU C CEpeOPSHBIM HAHOMOKPBITHEM OOJAAIOT AHTUCEHNTHUCCKUMH,
MPOTUBOMUKPOOHBIMH U TIPOTHBOBOCTIAIUTEIILHBIMUA CBOMCTBAMU TIPU MIPUMEHEHHUH JTAXKE K XPOHUUCCKUM
3a0oneBaHUsIM. BHHTBI € MEIOBBIM MOKPHITHEM TAaKK€ IPOJEMOHCTPHUPOBAIN 00€300IMBaIOIIHe
CBOWCTBA, IpeBbIarole ux 3Q(GEKTUBHOCTh B IPOTUBOMUKPOOHOM JICHCTBHUH.

ABTtopamu paboTsl [47] ObuIH pa3paboTaHbl (PU3UKO-XUMHYECKUE OCHOBBI TIOJTYUYCHHS TOIUIICKTPO-
JUTHBIX MYIJIBTUCIOEB MeTogoM LBL ¢ karanuthyeckuMu W OHOJOTHYECKUMH CBOWCTBaMH. bwinm
YCTaHOBJICHBI 3aKOHOMepHOCTH pocta MmyibTucioeB [IDU/TTAK, IIBU/TICC, QIIBIT/ITAK u QIIBII/IICC
MeTonoM LbL HaHeceHHs MPOTUBOIIOIOXKHO 3aPSHKEHHBIX TOJIUMICKTPOIMTOB HA MIOBEPXHOCTH TBEPIOTO
Hocutens. BriepBele Oblla MOKa3aHa BO3MOXKHOCTh TIONYYCHHS KaTalIM3aTOpPOB C MHOTOKPAaTHOM
aKkTHBHOCTBIO Ha ocHoBe IIMK Co’" m Cu’" B BbIIIENepedrCICHHBIX TOMMAICKTPOIUTHBIX MYJIbTH-
CIIOMHBIX TUIeHKaX. M3y4eHO BIMSHUE Pa3MYHBIX (PAaKTOPOB HA MPOIEeCC (GOPMHUPOBAHMS MYJIBTHCIOEB:
pH, mpupona nmonuMepa, TeMreparypa, MexaHu3M 0Opa30BaHUs CIOEB M a0COPOIMsS HOHOB METAJIIOB Ha
WX TOBEPXHOCTH. bhlla MccienoBaHa 3aBUCUMOCTh KondecTBa abcopbupoBanHoro meramia Ha [IOMC
mwieHKkax oT pH pacTBOpOB HAHOCHMEIX MOJMAJCKTPOJIUTOB M OT cTemeHu kpaTepHuzarmu QIIBIL
Karanurnyeckue akTHBHOCTH MMMOOWIN3MPOBAHHBIX KATAIM3aTOPOB OBUIM HMCCIICIOBAHBI KaK (DYHKIIUS
KOJIM4ecTBa OWCIIOEB M YCIOBHUN HAHECEHHs. Y CTaHOBJIEHO, YTO MEXKIy KOMIIOHEHTAMH CHCTEM HICT
KHCIIOTHO-OCHOBHOE B3aUMOJCHCTBHE C 00pa3oBaHWeM NBOWHBIX B TpoiHBIX [IMK, xuMm3m dhopmupona-
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HUSl KOTOPBIX 3aBHCHT OT MPHUPOJBI MOHA METaJlla-KOMILIEKCOOOpa3oBaTens, JIMTaH 0B, a Takxke oT pH,
WOHHOW CHJIBI, TEMIIEPATYPBL.

BriepBele monyueHsl ynbTpaToHKHE MOKpbITHs ThuHA/[IAK ¢ 0onpmIiM 3Ha4eHHEM EMKOCTH II0
OTHOLICHHUIO K aHTUOAKTEPHATbHOMY areHTy - FeHTaMHLUHY. Y CTaHOBJICHO, YTO B CHJILHO KHCIIOH cpene
CBsI3bIBaHUE IIACTMHOK INuHBI U IIAK B MysnbpTHCIOM peanu3yeTrcss B OCHOBHOM 3a CYET AUIOJb-
KaTHOHHBIX B3aWMOJEHCTBUI MEXAY TIOJIOXKHUTEIHHO 3apsKEHHBIMH (YHKIIMOHAIBHBIMHA TPyHIIIaMA
TJIMHBI U POTOHHPOBAaHHBIMH KapOokcuiabHbeIME rpynmnaMu [TAK. ITokazaHo, 4To moyueHHbIE MJICHKH
CIIOCOOHBI TIPOSIBIIATH aHTHOAKTEPHAILHYI0 AaKTHBHOCTh, T.€. BBIIEISATh TEHTAMHIWH B OTBET Ha
cHmkenne pH-cpenpl, mpu 3ToM 0co0eHHOCTH pH-CTUMYIHMPOBAaHHOTO MOBEACHUS TUIEHKHA 00YCIOBIIEHBI
HajguuueM B Mx cocTtaBe cimabort monmkuciaotel [TAK. Ilpemnmosken mexanusm pH cTUMyIHpOBAaHHOTO
BBIJICJICHHUS TeHTaMUIMHA U3 TieHku rauaa/[TIAK.

CoM mw ACM wMeromaMHl HCCIECIOBAaHBI CTPYKTypa ¥ TIOBEPXHOCTHBIE cBoiictBa [IOMC
(rmuua/TTAK),, (rmuaa/TIAK),-reHTamMunnH 1 (TTUHA/TEHTAMHIWH),. [loka3zaHa ciouctas CTPYKTypa
TIIMHACOIEPKAINX MYJBTHCIOEB. TakKe BBIABICHO, YTO OHM 00IaJar0T BBHICOKOH aHTHOAaKTEpUaIbHOU
aKTUBHOCTBIO TI0 OTHOIICHHIO K TPaM-IIOJIOKUTENBHBIM M TpaM-HeraTUBHBIM OakTepwsiM bacteria S.
aureus, 1 SBJISIFOTCS] IUTOCOBMECTHMBIMH C KIIETKAMH OCTe00JIacTa.

Takum 00pa3oM, IPUBEJACHHBIN aleKo He MOJHBIN MepedyeHb padoT B 3TOM 00JacTH yKas3bIBaeT Ha
MOTEHIIUAEHYIO TEPCIEKTUBHOCTh HCIOJIB30BaHUS METOAAa MYJBTHCIOWHOW COOpPKH JUIS TONYYEeHHUS
HOBOTO THIIAa KOMITO3UTHBIX MAaTepHaOB C IleJICHANPABICHHBIMI CBOWCTBAMH W SIBJSETCA OOIIeH
CTpaTerveil MHHOBAITMOHHOTO MOAX0/1a K CO3/TAHMIO HOBBIX OMOTEXHOJOTHI U TKaHEBOM HHKEHEPHUH.
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WHKEHEPJIIK TEXHOJIOTHSIIA BEJTLII BIP MAKCATTBI KACUETKE
HE NEPCIEKTUBAJIBIK KOMIIO3UTTI MATEPHAJIIAPBI AJTY YIITH
MYJIbTHKAHAKTAY DJICIH (LBL) KOJJIAHY

AnHoTanusi. byJ sxymeicTa (QU3HKAIBIK-XUMUSIIBIK KOHE XUMUSUIBIK-OMOJIOTHSUIBIK KacHeTKe He JKaHa THUITI
KOMITO3HUTTI MaTepHalapAbl ajly YIIiH MyJIBTHKA0aTThl )KMHAKTAY S/ICIH KOoJJaHy OOWBIHINA KBl IIOJY JKaca-
nbiHFad. [1oMMAIeKTpoNInTTI MyJIbTHKA0ATThl TEXHOJIOTHS (DYHKIMOHAJIIAHIBIPYABIH MYMKIH OOJNaTBIH ©Te KeH
TaparaH OapilBIK CHEKTPiH KaMTHUABI ATaiFaH 9IiC Kapama-Kapchl 3apsiITaliFaH IOJNHAIEKTPOIHTTEPAIH OipiHeH
KeliH OipiHiH amcopOUMsIIaHybIHA HETi3IEeNTeH JKOHE ayaaa COHBIMEH KaTap 0elMe TeMIlepaTypachlHaa Ke3 KelTeH
TeOMETPUSIIBl 3apsATalFaH TOCEMIIele KONTereH op TYpJi JKyHelepaeH yIbTpakyka KaObIKIIa amyFa MYMKIHIIK
Gepei.

Tipex ce3/1ep. KOMIIO3UTTI MaTepHaiap, yabTpakyKa KaObIKIIa, MyJIbTHKA0ATTHI JKHHAKTAY ICI.

B.E.Savdenbekoval, AK. Ospanoval, N.F.Uvarov*

' Al-Farabi Kazakh national university, Almaty, Kazakhstan;
’Novosibirsk state technical university, Novosibirsk, Russia

APPLICATION OF THE MULTILAYER ASSEMBLY (LBL) METHOD
IN ENGINEERING TECHNOLOGIES FOR OBTAINING PERSPECTIVE COMPOSITE MATERIALS
WITH PURPOSE PROPERTIES

Abstract. This report provides an overview of the use of the multilayer assembly method to obtain a new type
of composite materials with physical-chemical and chemical-biological properties. Polyelectrolyte multilayer (PEM)
technology alone covers the entire widespread spectrum of functionalization possibilities. The method is based on
the adsorption of successively alternating oppositely charged macromolecules and makes it possible to obtain
ultrathin films of a given thickness and composition from a large number of diverse systems on a charged surface of
any geometry both in air and at room temperature, illustrating the large versatility of the PEM technology.

Key words: composite materials, ultrathin films, multilayer assembly method.
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AJIMATBI OHIPTHJAET'T ATRAPHAXIS VIRGATA ©CIMAIT'THIH
XUMMUAJIBIK KYPAMBIH 3EPTTEY

Annoranusi: Polygonaceae TykpiMiacbiHa xataTbiH 2016 KbUTbl asipianFad AMathl Kajackl AKcail naTka-
JbIHAH KWHAIFaH Atraphaxis virgata eCIMIITiHIH LIBIHAWBUIBIFBI (BUIFAIIBUIBIK, Kbl KYJIUTIK, SKCTPAKTUBTI
3aTTap) aHBIKTAIAbl. BUOMOTHSUIBIK OCIICEH I 3aTTapblH HETI3r CaHJBIK JKOHE CalaliblK KypaMbl Oemriai OoJbIm,
OuoNOrHsIBIK OeceHli KelleH ally VIIiH HEeri3ri TeXHOJOTHSUIBIK Mapamerpiep eHAENIl. ATOMAbI-a0COpUHUsIIBI
CHEKTPOCKOIMSIIBIK 9/1ICIMEH ©CIMAIKTIH MaKpO- )KOHE MUKPOAJIEMEHTTEPIHIH MeJIIIepi aHbIKTaJI/IbL.

Tyidin ce3nep: Atraphaxis virgata, BUTFAIIBUIBIK, KYJIIUTIK, 5KCTPAKTHBTI 3aTTap, MUKPO-, MaKpOIJIEMEHTTED,
OmoNOTHSITBIK OeJICeH Il 3aTTap.

JKeprimikTi hopa Heri3iHIET] )KaHa TOPLTIK IpenapaTTapabl i31eyTe KoHe KEeTUIIIpyTre OarbITTaFaH
3epTTE€Y JKYMBICTAPBI KBI3BIFYIIBUIBIK TYAbIpaabl. CHHTETUKANBIK IOPUTIK Kypaljgapra KaparaHnaa,
¢uTompenaparTapia xKaHaMa dpeKeTTep i 0oaMaybl (HeMece a3 9CepJIiri), agaM ar3achbiIMeH OHMOJIOTHSIIBIK
VKCACTHIFBI, JKCHUIIUTIT, Y3aK JXOHE TYPaKTHl ocepi, OHMIPICTIH CANBICTHRIPMABl KapamalbIMIBIIBIFGI,
JKETKIUTIKTI )KOFapbl CYpPaHbIC Ke3iHAe TOMEH KYH/IBUIBIFBI CUSKTHI apTHIKIIBUIBIKTAp Ti30€T1HEH TYpaIbl.

IlepcriekTUBTI  OCIMAIKTEPIl i37Iey, XAJIBIKTBIK JKOHE JOCTYpJi MEAMIMHAHBIH ASMITHUPUKAIBIK
JToNieTieMeNepiH KOJAaHy apKbUIbl a3 3epTTeNreH TaKCOHAAp apachlHaH XoHE OepiireH TaKCOHIApIbIH
JKOHE OJIAp/BIH TYBICTBIK TYPIEPiHiH (OTOXUMUSITBIK 3epTTEYIepi HOTHKECIHIE KYPri3inei.

CoHbIMEH KaTap, MeEAMLMHAaga >KOHE OHJIpicTe OHONOTHSNBIK OelceHAl KOCBUIBICTapAbIH
OKCTPAKTBUIAPBIH, JKaHA MIMKi3aT Ke3JepiH Taly, aly TOCUIAEepiH KeTUAipy, cakTay Karmaliapsl,
KOJIJITAaHBUTYbIHA OaFbITTalFaH FBUIBIMH 3€pTTEyJiep oTe MaHBI3IBI KoHEe ©3eKTi Macerne. by macene Gait
skoHe Oipereli diopacsl 6ap Kazakcran yurin ete MaHb3abl. Ochbl opaiina, Polygonaceae TYKbIMIAChIHBIH
Atraphaxis TexTi Atraphaxis virgata 6CiMIIiT1 KbI3BIFYIIBUIBIK TYIBIPAIBL.

KyYMBICTBIH MaKcaTbl: AJMaThl Kamackl AKcall ImaTKaibiHaH >kuHaimFaH Polygonaceae
TYKBIMJIACBhIHA JKATaThIH Afraphaxis virgata ©CIMAITIHIH ep ycTi OeMiriHiH KypaMbIHIAFbl OUOIOTHSIIBIK
OeJiceHl 3aTTapAbl aHBIKTAY, CallaNIbIK KOHE CAaHIBIK capanrama Xyprizy.

3eprTey HbIcanbl: Kazakcran AnMaTel oONbICHl, AKcail maTkanblHAa >kKuHAFaH Polygonaceae
TYKBIM/JIACBhIHA KATaThIH Atraphaxis virgata Teri eCiMAiri.

KymsbicTbin Minaeri: Ke3nenren makcatka )XeTy YIIIH MbIHaAal MiHACTTEp ajiFa KOWBIIIBL:

e A.virgata eciMIiTiHiH xep OeTi OeJIriHiH NIBIHAWBUIBIFEIH aHBIKTAY (BUIFAIIBUIBIK, KAJIIbI
KYJIIUTIK, SKCTPAKTHBTI 3aTTap)

e [lImki3aTKa CIEKTPOPOTOMETPHSLIBIK JKOHE TUTPIIEY SIICTepiMEeH CaHABIK capariTay.

e OciMIIK IMUKI3aThl HETi3iHIe OMOJOTHSIIBIK OSICEH Al KeIIeH ally YIIiH HEeri3ri TeXHOJOTHSIIBIK
mapameTpiep i oHaeY.

Polygonaceae tTyxpimaacer — 55 ek xxoHe 1250 Typi Oap eki OemikTi eciMaik TyKpIMAackl. by Typre
KOIDKBUIIBIK OCIMIIKTEpMEH aFalll TeKTeC, IBIPMAayBIK KoHe OyTanap Kipemi[1].

Atraphaxis TEKTI OCIMIIKTEp > KamlbIpaKTaphl Wi TIKEHEK KEJIeTiH, KaTThl, KOH TOpi3di JKoHE
TapMaKTaJiFaH, OyTanapel OWiKk HeMmece aynaca 0ojaabl. ['yijepi KOC JKBIHBICTBI, T'yJcepiri 4-5 OemiKTeH
TYpaTblH KapamaidbiM OOJBIN KeJeli, jkeMic OepeTiH Ke3ie 2 CHIPTKBI Kalblpakiianapbl TOMEH Kapai
Oypkeneni, aj iMKi >KambIpaKIagaphbl KaWbUTBII OCIM KEeMiCTIeH KOWBIHIACAAbl. ATalbIFBI 6 Hemece 8,
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JKITIIIeNepi YIFARbI CaKMHAMEH KOCBUIBIT ©CKeH. TOo3aHIBIKTaphl COMaKIa XKoHE JIOFal, aHaIbIFBI 2-3
KbICKa, 00c Ooylamel >koHE 0Oac Topi3Ai aHaJBIK ay3bl MEH JKyaHJaraH OaraHaHBIH JKOFAphl JKaFbIHA
KOCBLIBIN ocei. XKaTbiH Oip ysIbl, )KeMici — YKaHFaK, YII KbIPJIbI HEMECE YKAJIMUFAH JKACBIMBIK TOPi3i,
YpHIK Oyrinmeni 6omeimn xkemexmi[2].

FanamMHbIH KemIIimK >KepiepiHfe, COHmal-ak OapiblK MIOJAi XKepiepAe, OamllblK, ycaK TacCTh
aiimaktapna, tay ererigme Ttapanrad. OueiH CCCP ¢dmopaceaaa ke3geceridn 18-typinen Kazakcran
aymarbiaga 14-typi eceni[3].

Atraphaxis Tekrti eciMaikTepaiH (iaaBoHouATapra Oail Typi aHBIKTANbIN, OMOJNOTHSIIBIK OenceH i
mopimik mpenaparrap ansiaran[4,5]. ConeiMeH Katap, Kaszakctanma eceTiH Atfraphaxis TEKTI eCIMIIK-
TepAiH Keibip TyprepiniH nomudenonas! kKocbuisictapeiHa T.K. Uymbanos, M.M. MyxamenpsipoBa KoHe
ey anram B.b. OMypkamM3uHOBa Tanjgay »Kypri3reH.

1978 xwomel X.F.K. B.b. OMypkamM3amHOBa AWICCEPTAIlUSIIBIK JKYMBICHIHAA Atfraphaxis TeEKTi
OCIMIIKTEp/IiH XUMISUIBIK KypamblHa 3epTTey XyprisreH. Hormxkecinnme 21 ¢deHonasl 3aTrap >KoHE
oncOMeTKe EHTI3IMEreH aHa TYBIHAbUIAp: 8-okcudiaBoHon MeH O-anMIHpICHTeH (IABOHOUITHI
TIIMKO3UATEPAl uAeHTH(DUKanusarad[6,7].

Atraphaxis TEKTi eCIMIIKTEp XallbIK METUITMHACBIHIIA CTOMATHT, KaH TOKTATYIIBI, acKa3aH-iIIeKk
aypyJiapblH emzeyne KoinaHbuianpl. COHBIMEH KaTap, IIeln Aajiajga eCiMIIKTIH KelOip Typnepi Tyliere
JKEM peTiHe naiinananpuiasi]8].

Taxipubesik 00J1iM KoHE HITHKeIepi
KazakcranapiH MemitekeTTik (apMakonesiChiHbIH 1-11i 0achUIBIMBIHAA KAaOBLUIIaHFaH oJlicTEMENep
OolibIHIIIA 6CIMIIK IIMKI3aThIHA CalaIbIK TaJAAy KYPri3uial. AJIMaThl OHIpiHAe eceTiH Atraphaxis virgata

OCIMJIITIH KeNTipy Ke3iH/Ie YATiHIH bUFaIIBUIBIFGL, KAl KYJIIUTITT aHbIKTa k! (1-kecTe).

1 kecte - 11IUKi3aTThIH NIBIHAWBUIBIFBIH AHBIKTAY HOTHIKENIEPI.

AOCOIOTTI KypFaK IIUKi3aTKa ecenTenren Memmepi.%

Ocimpix aThr blnranpuibk XKaurms! Kysimik

A.virgata 8,02 8,94

Kecrene xepinrenneit eciMIiKTiH bUFAIIBUIBIFBL §8,02% O0nFaH Ke3/ie kammbl Kynaimiri 8,94%-mer
KYpasbl.

OKCTPaKTUBTI 3aTTap AETEHIMI3 - OCIMIIK IIMKI3aThIH COMKEC KEJIETIH epITKIMITEepe epiTil, oaaH
ANbIHFaH OPraHUKAIBIK JKOHE OeHOpraHMKAaNbIK 3aTTap KelleHi. OCIMIIK IWKi3aThIHAA SKCTPaKTHBTI
3aTTapblH OOJYBI OHBIH IIBIHAWBUIBIFBIH aHBIKTAYABIH HETI3T1 CaHIBIK KOPCETKIMIi 00BN Ta0bLIambI[9].

OCIMIIIK MHKi3aThl MEH KOJJIAHBUIFAH ePITKIIITIH XUMHUSIIBIK KypaMblHA OaiIaHBICTBI OHIAFBI oCep
eTYII X9HE KOCHIMIIA 3aTTap epiTKIIIKe ©Tyi MYMKiH. DKCTPaKTHBTI 3aTTapAbl aHBIKTAY HOTHXKeNepi
KepceTiireH (2 — KecTe)

2 kecte - Atraphaxis virgata eCIMIITiHIH SCTPaKTHBTI 3aTTapbIH CaHIbBIK aHBIKTAY HOTIKENIEpi

Ne DKCTpareHT X, 9KCTPAKTHUBTI 3aTTapIbIH Meepi,%
1 Orun cnupri (50%) 27,26

2 Ot cmpri (70%) 21,27

3 Cy 26,59

Kecrene Gepinren monaepneH 50% CyJbI-CIUPTICH aJIbIHFAH KCTPAKTTHIH KYPaMBIHIAFbI SKCTPaK-
THUBTI 3aTTapIbIH Memepi cy xaHe 70% CyJbI-CIIUPT epiTiHAICIHEH allbIHFaH SKCTPAKTTaH apThIK eKeHiH
OalKalMBbI3.

XKanmnbl kynme aroMabpl-a0COpOIHSIIBI CIIEKTPOCKOMUSIIBIK diCIMEH MaKpo- KOHE MHKPOIJICMEHT-
TEPJIiH MeJIIepi aHbIKTAIBI(3-KecTe)

3epTTey HoTHXKeci OOWBIHINA A.virgata eciMIIri KYpamMbIHAa eH Kol CaHIbIK yiec KypaiTeiaaap Ca,
Na K, Mg, Fe anementtepi, an eq a3 cauaslk menmepai Cd, Cu, Ni, Pb snemeHTTepi €KEHAITIH KOpyTe
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Oomajpl. YIIbI SNIEMEHTTEPIH MOJIIIepi 3USHChHI3 el OCNTiICHIeH KOHIECHTpaUIapIaH aciaupl, SFHH
OyT-aitMaKkTapabIH ayblp METAIapMEH JJacTaHOAFaHHBIH aWKBIH Oenrici 00 Tadsutansi[ 10].

AWKBIHIAYBIIITAPABI TAlIaIaHa OTHIPHIN, A.virgata eCiMAIriHIH jxep OeTi Oeirine GUTOXUMHUSIIBIK
Tanmay »kacay OapwiceiHna Herizi bb3 ToObl abikTangel. Onap aMUHKBIIKBUIIAPHI, OPTaHUKAIBIK
KBIIKBUIZIAP, KOMipCyap, Tepi Wilerim 3aTTap, (eHON KOCHUTBICTAPHI, (PIIABOHOUATAD, aTKaIouaTap, (4-
KecTe)

3 kecre - A.virgata eciMairidiz sxep 6eti GeMIriHAEri Makpo- )KoHE MUKPOIJIEMEHTTEPIIH MeJIIIepi.

Makpo xoHe Kynneri memmepi,% Makpo xoHe Kynneri menmepi, %

MHKPOAJIEMEHTTEP MHKPOAJIEMEHTTEP
Zn 0.025 Mn 0.078
Cd 0.0002 K 6.990
Cu 0.007 Na 1.396
Pb 0.0007 Mg 2.224
Fe 0.228 Ca 21.897
Ni 0.004

4-kecre. A.virgata ecimairine GUTOXUMHUSIIBIK TAIAAY

BB3 AWKBIHAAFBIITAD A.virgata
AMMHKBIIKBUIIAPHI Hunrunpun Kyunrin
Kewmipcynap O-TonyuauH Konplp, jxacbul TyC
Tepi unerim 3arTap KAK Kexurisi-»achui Tyc
BaHWINH KBI3FBIIT TYC
DeHoJT KOCBUIBICTaphl FeCly Kexkmrin-xkachun Tyc
®daBoHOUATAD NH, alIbIK-Capbl TYC
AlCl; Capsl TYC
DeHo KBIIKbUIAAPHI JBITHA Kp13bL1-CapHI TYC

byn xecreme A.virgata ecimMuiriHiH KypaMbIHIarbl OWOJOTHSUIBIK OEJNCEHIl 3aTTapiblH TONTaphl
KOepCeTLIreH.

A.virgata ecimairinin KypambiHa Bb3-Fa jkacanfaH caHABIK aHATU3 CHEKTPO(POTOMETPHSIBIK JKOHE
TUTpIIEY SAiCTepIMEH aHBIKTAIHI (5-KecTe).

5 xecre - A.virgata 6CiMIITiHIH CaHJBIK capanTay HOTIDKeNepi

AOGCONIOTTI KYpFaK IIMKI3aTKa ecenTeNrer Memepi.%
OciMIiK aTbl
Kemipcyiap OpraHuKabIK Tepi uneriu 3arTap drnaBoHouaTap
KBIIIKbULIAD
A. virgata 1,12 3,45 3,59 5,5

Kecrene xepcerinrennei, ociMaik KypaMmblHIa (IaBOHOMWATAP MEH Tepi WIIETIII 3aTTap Memepi
JKOFapBhl.

Kenripinren jkoHe ycakTalFaH INUKI3aTThl JKCTpaKOWsiaay Kypaedi (H3HKa-XUMHSITBIK YpAic
(muddys3us) Oonpm TabbuTamel. Auddy3HIIBIK YPIOIC pETIHAETI AKCTPAKIMsUIAy YPAICIHIH THIMILIITI,
OKCTpaKUMs IIApTHIH TaHAAay Ke3iHIe alblHAThIH, KONTereH bIKNangapra Toyenai Oomamel. [11]
DKCTpareHT Typi, MIMKI3aT-epPITKIMI KaThIHACKHI, YaKbIT HIBIFBIHBIH AHBIKTAHTBIH BIKIAJAAP 3EPTTENII.
OKCTpareHT TaHAayJda OpTYpJi KOHIEHTpPAUMSAAArbl STHJI CIUPTI KOJNTAHBUIBIN, Atraphaxis virgata
OCIMJIIrHEH OHOJIOTHSUTBIK OCICEH/II KEIIIeH IIbIFIHBI aHBIKTAJIIBI (6-KeCTe).

6 KecTe - OPTYpJIi IKCTPAreHT KOJIJIAHFaH Ke3aeri Atraphaxis virgata TeTiHEH albIHFaH
OHOJTOTHSITBIK OCTICEH Tl KEIICH MIBIFBIMBI

OKCTpareHT 50% sTaHON 70% >TaHon 90% >TaHON
Kemen mbirbvMer, % 25,74 20,27 12,83
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BB3 mibiFpIMBIHA «IIUKi3aT-€PITKIID» KATBIHACKHI J]a 9cep €Telli. DKCTpareHT MeJIepi MUKi3aTTaFbl
OMOJTOTHSITBIK OCIICEH I 3aTTap IbIH TOJIBIKTAal O6iHYiH aHBIKTalHas! (7-KecTe).

7-xecte. «l1IukizaT-epiTKiID) KaTHIHACBIHA TOYENl KEIICH IIBIFBIMbI

[Iukizar (T) XKeHE IKCTPareHT 1:4 1:5 1:6 1:8
(MJT) KaThIHACKI
KemeH mbirbiMbl, % 4,19 15,71 25,74 19,35

TaHganFaH SKCTPareHTTEe «IIUKI3aT — SKCTPAreHT» KAThIHACKIHAA 1:6 ONTHMAN/IBl €KeHi aHBIKTAJIbI.
«I1Inki3aT-3KCTpareHT IMapaMeTpiIepiHiH aHBIKTAy MAaKCaThl €H aJJAbIMEH JKOHOMHKAJBIK TYCIHIKICH
aHBIKTANIA/Ibl, OUTKEHI OHMIPICTIK KOCINOPBIH YIIIH MalAajaHbUIFaH SKCTPAreHT MOJIIepi MaHBI3IbI
OO0JIBII TaOBLIAIEI.

8 xecre - A.virgata TeTiHEH KCTpaKIUs YPAICIHIH yaKbITBIHA TOYEJIl KSIIESH MIBIFBIMBI

VYakbIT, car 24 48 72

KertieH mbIFBIMBL, T 0,5851 0,4903 0,4344

OCEHI aJIbIHFAH MOHJIEP MEH HOTHIKENepre Heri3aese OTHIPHII, SKCTPAKLUAHEIH Keneci pexumi— 25 °C
Temmeparypana, 1:6 «mHKi3aT-epiTKIiID» KaThlHACHIHAA, 24 caF yakeT apanbirbiHaa, 50% sTaHod
EPITIHIICI TAHIAJIBIIN AJTBIH/IBI.

KopbITbIHABI:

Kazakcran PecryonmkacsiHeiH MemieketTik dapmakoriess HopMacklHa caii AiMathl 00IBICH AKcait
IIaTKAJbIHHAH JKUHAIFaH A.virgata ©cCIMIIK UIMKI3aThlHA CaHIBIK Tallay >KYPridy HOTIKECIHE:
BUTFAJIBUTBIFBI, KYJJILTITT, 3KCTPAKTUBTI 3aTTap aHBIKTAJIIBL.

OciMIK KYiHIH KYpaMbIHAaH MUHEPAJIIbI 3aTTap aTOMIIBI-a0COPOIUSIIBI CIEKTPOMETp KoMerimeH 11
DJIEMEHT aHBIKTANBI, COHBIH INIHAE TOPTEYi MAaKpOAXJIEMEHTTEp: HATPUH, KaJWi, MarHUH, KajabITHi
KaJIFaH )KeTeyl MUKPOAJIEMEHTTEP: MBIC, MBIPBIIL, TEMIpP, HUKEIb, MapraHell.

uxkizaTTeiH KypaMmblHOarel BB3-Fa cannplk Tanmay »Kyprize Keje Tepi WieTill 3aTTap, OpraHUKaJIbIK
KbILIKbIIAAD, (IIABOHOUATAP JKOHE IOIMCAXAPUATEP AHBIKTAIIIBI.

3epTTeniHin KaTKaH ©CIMJIK HIMKIi3aThIH ally TEXHOJOTHSCHI jkacaiabl. JKypri3iiren 3eprreynep
A.virgata eciMuiriHgeri OHONOTHSNBIK O€JCeHAl 3aTTapAbl OJKCTPaKUUsIAay YpAiciHe ocep eTeTiH
KOPCETKIITePIiH (KCTpareHT TYPIILIiri, OHBIH MIMKI3aTIeH KAaThIHACHI, IKCTPAKIUS YaKbITHI MEH €CeJIiri)
OHTaMJIBI MOHIH anmyra MyMKiHAiK Oepmi. IllukizaT KacueTiHe KoHE DKCTpaKIMsIay YPAiCiHE HETi3elne
OTBIPBII, SKCTPAreHT — 50 % JTHII CIUPTI, IIHKi3aT-epiTKiin KaThiHackl — 1:6, 24-25°C Temneparypana,
€Ki eceJiK 9KCTPaKLUs YaKbIThl — 24 caF )Karnaiibl TAHAAJIBI aTbIHIIBL.
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HCCIEAJOBAHUE XUMHNYECKOI'O COCTABA ATRAPHAXIS VIRGATA AIMATHHCKOI'O PETHOHA

AnnoTtamms. Onperenen 100pOKaYeCTBEHHBIN COCTaB (BIaXKHOCTb, 00I11ast 30JIbHOCTh, SKCTPAKTHBHAS BEIIECTBA) PACTCHUS
Atraphaxis virgata cemeiictBa Polygonaceae 3aroToBleHHBIE B ylienabe Akcail ATMaTHHCKON o0OnacTy. M3y4yeHbl KadyecTBEeHHBIH,
KOJIMYECTBEHHBIH COCTAB OCHOBHBIX TPYII OMOJIOTMYECKH AKTMBHBIX BemecTB. OTpaboTaHbl OCHOBHBIE TEXHOJIOIMYECKHE
napamMeTpbl ISl MOJTy4YeHHsT OHOIOTHYECKH aKTUBHOTO KOMIUIeKca. M3ydeH METoJaM aTOMHO-aOCOPLMOHHOM CIEKTPOCKOIHEH
COCTaB MaKpO- ¥ MUKPOAJIEMEHTOB PacTCHHUS

KnioueBble caoBa: Atraphaxis virgata, BIaXHOCTb, o0OIIas 30JBHOCTh, OKCTPAaKTHBHOE BEHIECTBO, MAakKpo- U
MHKPODJIEMEHTHI, OMOJIOTHUECKN aKTHBHBIC BEIECTBA.

A.K. Umbetova, G.O. Slan, A.T. Omarova, G.Sh. Burasheva, K. T. Abidkulova
Kazakh national university named after al-Farabi, Almaty, Kazakhstan

THE STUDY OF CHEMICAL COMPOSITION
OF ATRAPHAXIS VIRGATA FROM THE ALMATY REGION

Abstract. The qualitative composition (moisture, total ash content, extractive substance) of the Atraphaxis virgata plant,
Polygonaceae family harvested in the ravine Aksay of Almaty region was determined. Atomic-absorption spectroscopy studied
the composition of macro- and microelements of the plant. The qualitative and quantitative composition of the basic biologically
active substances groups, the basic technological parameters for obtaining the biologically active complex were studied.

Keywors: Atraphaxis virgata, moisture, total ash content, extractive substance, macro- and microelements, biologically
active substances.
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®UTOXVUMHUYECKUN AHAJIN3 U PABPABOTKA IIOJIYUEHUSI
BHOJJIOTHYECKHN AKTUBHOI'O KOMIIVIEKCA
HA OCHOBE CbIPbA MELISSA OFFICINALIS L

AnHotanusi. B nanHoMm mccnenoBanuu ObuTH pa3paboTaHbl OCHOBBI KOMIUIEKCHOTO HCCIIEIOBAHHS KYyJIbTUBH-
POBAaHHOIO W JWKOpacTyliero pacrenus poxa Melissa (menucca). OrpeneneHsl H0OPOKAUECTBEHHOCTH ChIPHSI:
BJIIAXXHOCTB, 00mIas 3oma, 30ia He pactBopumas B 10 % HCI, cynbdaTHas 305a, SKCTPaKTHBHBIE BEIECTBA.
[Ipoanamm3upoBaH Makpo- W MHKPODJIEMEHTHBIH COCTaB OOMIEH 3011 METOJOM aTOMHO-a0COpPOLIMOHHOM
cnexkrpockonueil. IIpoBeneH aHanmm3 KOMIIOHEHTHOTO COCTaBa Ha OCHOBHBIC KJIACCHI HPHUPOJHBIX BELIECTB.
OTtpaboTaHbl OCHOBHBIC TEXHOJIOTHUECKHE IapaMeTphl IOIydYeHHS OHOJIOTHUECKH AaKTUBHOTO KOMIUIEKCa W3
UCCIIESyeMbIX BHJOB PACTEHHH BapbHPOBAHHEM NPHUPOABI SKCTPATEHTA, €T0 COOTHOIIEHHEM C CHIPbEM, BPEMEHHU H
KPaTHOCTH 3KCTPAKIHH.

KiawueBnie ciaoBa: Melissa officinalis L, SKCTpaKTUBHBIC BEIIECTBA, BIAXKHOCTh, OOINas 30ja, 30ja HE
pactBopumass B HCI, cynbdarHas 3051a, Makpo- M MHKPODJIEMEHTHBIH COCTaB, aTOMHO-a0COPOIMOHHAs
CHEKTPOCKOIHS, PUTOXUMHUYECKUI aHAIHU3.

OgHMM W3 TPUOPUTETOB pAa3BUTHA OTCYSCTBEHHOW HAYKHM W TIPAKTUKA XHMUW TIPUPOITHBIX
COEMHEHHUH SIBIIIETCS 0OJee TONHOE WCIONIh30BAHHE COOCTBEHHBIX DPECYpCOB IHKOPACTYIIETO H
KYJIETUBHPYEMOTO PACTUTEIBHOTO CHIpbS M CO37aHue I(PQPEKTHBHBIX NpEnapaToB Ha €ro OCHOBE,
JOCTYITHOE MO IeHaM W He yCTymawllee Mo KayecTBY 3apyOexHeIM aHanoram. Cpeau NpHpPOTHBIX
OMOJIOTHYECKH aKTUBHBIX COSAMHEHUH, TPUMEHIEMBIX JUTS JISYeHUS 3a00JIeBaHII BEPXHHUX JBIXaTEIbHBIX
myTei, oco0oe BHUMaHUE 3aCTy>KUBAET pacTeHus ceMeiicTBa Lamiaceae Lindl (ssicHoTkoBEIC) [1].

Pon Melissa (menucca) Bxmrouaer, ot 2 1o 10 Bugos. PacteT xak copHOe pacTeHue B cafax, y AOpOT,
HAa TOJISIX, U3PEeKa OIMYAIIBIM B HIDKHEM TIOsICE TOp, TaK K€ TaHHOe pacTeHue KynbTUBUpYoT. Hanbomee
neHHell BUA Melissa officinalis L (Menncca JekapCTBEHHas.), POAMHONH KOTOPOHM SBISIETCS paiioH
BocTouHOTO Cpenn3eMHOMOpbs. KymbTHBHPYIOT MEJIHCCY JIEKapCTBEHHYIO BO MHOTHX CTpaHaX MHpa, Tie
OHa BXOJIUT B peecTp papMaKOIEHHBIX PaCTEHU.

B xynpTypy maHHOe pacTeHHe BBeleHO 1o Bceil Emporme m CeBepHoit AMepuke a B Kaszaxcrame
pacrenne uHTpoayuupyioT B IOxHo Kazaxcranckoir (r.Ilsimkent), JKamOwuickoit (r.Tapa3s),
Ke3butopannackoit, Anmatunackoi oonactax. Aukopactymue Buasl Melissa officinalis L pactipocTpaneHbl
B llentpanbnoit u lOxnoit Epone, Ha KaBkaze, Cpenneli u bmmkneit Aszum, CeBepHoii Adpuke u
CesepHoii Amepuke [2].

Buonornueckas LEHHOCTb CBIPbS  MEIUCCHl  JICKAPCTBEHHOW  OOYCIIOBIEHa  KOMILIEKCOM
OMOJIOTHYECKH aKTUBHBIX BEIECTB, TAKUX Kak 3(pHUpHBIC COSAMHEHNUS, ()EHOIBHBIE BEIECTBA, BUTAMUHBI.

®enonpHBIe coenuHeHuss Melissa officinalis npenctaBiaeHs! (HEHOTKAPOOHOBBIMH KHUCIOTAMU U UX
MPOU3BOJHBIMH, (PITAaBOHOMAAMH W KyMapuHaMu. AHaIW3 JHTEPAaTYPHBIX NAHHBIX MOKA3bIBaeT 4YTO, B
MeJHcce JIEKapCTBeHHOM, BhIpalieHHo B EBpone, ObuIH MACHTU(UITUPOBAHBI #-KyMapoBasi, (hepyoBas,
kadrapoBas u KodeiHas KucIOTHL. JpyruMu wmcciemoBaTeNssMH OBUIM BBISIBIEHBI PO3MapHUHOBAS,
KoQeiHas U IPOTOKATEXOBasI KUCIOTHI .

Kpome Toro, xapakTepHbIMU ISl JAHHOTO PACTCHUS SIBISETCS (PIIABOHOMIBI — TIIMKO3UIBI JIIOTEOINHA
W anureHuHa. BoOHBIA SKCTPAaKT MENHCCHl JIGKAPCTBEHHOH COJEPKHUT THUAPOIU3yEeMble AyOHIbHBIC
BemiecTBa B konndectse 4,32 % u ¢maBoHONH! B Konmmuectse 2,06 % [3].
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LleneOHbIe CBOWCTBA HAA3EMHOW YaCTH MEJHCCHl JIEKAPCTBEHHOW OOYCIOBIIEH BBICOKHM
conepkanueM 3¢upHoro macna. Ero Hanbomnee xapakTepHBIMH KOMIIOHEHTAMH SIBISIOTCS MOHOTEPIIEHBI
— LOUTpalb, TEPAHUON, HEPOJI, UTPOHEIUION, UTPOHEIUIa b. D(PHUPHOE MACIO MEIUCCHI JICKAPCTBEHHOM
COICPKUT TaKXKe JHMHAIOON, TIepaHujamneTar, MHpPLEH, N-IUMOJ, OeTa-KapuoQuuIeHOKCHa, Oeta-
Kapuo(UUIeH U JIpyTHe TEPIIEHOW B, MPUYEM B OOIIEH CIIOKHOCTH BBIIENEHO W omucaHo Oomee 200
COETMHEHUM.

Bropoii rpynmoii KOMOOHEHTOB 3(HUPHOrO Macia SBISIOTCS (EHHINPONAHOUIBL, CPEOH KOTOPBIX
HauboJyiee XapaKTepHOW SIBISETCS PO3MAapUHOBas KHCIOTa. DEeHMITPONaHOUIBl — KIACC PACTUTENBHBIX
OpPraHWYEeCKUX COCIWHEHHH apOMaTHYeCKOTO pA/la, KOTOpPble CHHTE3WPYIOTCS IIMKUMATHBIM ITyTEM,
MPEUMYIIECTBEHHO Yepe3 aMUHOKHCIOTY (eHHIANaHWH. XapaKTepHbIM CTPYKTYPHBIM (parMeHTOM
aBJsieTcsi OEH30JbHOE KOJIBIO C MPUOCOMHEHHOHM K HEMY pa3BETBICHHON TPeXyriepogHOH LEeHbio.
DeHnnponaHonIsl 00aJal0T MIMPOKUM CHEKTPOM (YHKIUH — 3aluTa OT TPAaBOSTHBIX XKHUBOTHBIX U
MHUKPOOHBIX 3a00JIEBaHNUH, 3aIlIUTa OT YJIbTPa(UOIECTOBOIO CBETA, CIIYXKAT CTPYKTYPHBIMUA KOMIIOHECHTAMHU
KJIIETOUYHBIX CTHEOK, ITUTMEHTOB, BBIMOJMHSIOT POJb CUTHAIBHBIX MOJIEKYJT. OeHUIIPONnaHOU b
MIPEJICTABIICHBI TAKXKe ATHIIOBBIM 3(HPOM PO3MAPUHOBOI KHCIOTHI, KOGEHHONW KUCIOTON, XJIOPOT€HOBOM
KHCIIOTOH, N-KyMapoBOW KHCJIOTOH, (hepysToBOi M cuHAmoBOH kuciotamu. ComepikaHue pO3MapHHOBOM
KHCJIOTHI B JIUCThIX MeJMcchl cocTaBisgeT ot 0,54 mo 1,79% [4].

JIucTbs Menmucchl ColepiKaT TAKKEe TPUTEPIIEHBI — YPCOJIOBYIO U oneaHoloByto KUCIOTH (0,50% wu
0,17% COOTBETCTBEHHO) M MX MPOU3BOIHBIE, TEPIICHOMIBI — TIIFOKO3H/IBI HEPOIla, FepaHuoa, HepPOIOBOU
KHCTIOTHL. B HHUX HaliaeHBl ropedr, KyMapuHbl (3CKyJleTHH), A0 5% AyOMIBHBIX BEIIECTB, SHTapHas
KHCIIOTa, CIM3b, TeTpacaxapuj cTaxuo3a (COCOTUHEHHE ABYX OCTATKOB TallaKTO3bl C TIIOKO30H H
¢pykro30ii), kapotus (0,007-0,01%), suramunst C (0,15%), B1, B2, E [1;2].

Menucca HaXOHUT MHPOKOE MIPUMEHEHHE B MEIUIIMHE, B MapPIOMEPHO-KOCMETUIECKOW M MHIIEBON
MPOMBIIUIEHHOCTSIX BO MHOTHX cTpaHax. CpIpbe MeIHcChl 00JalaeT CeJaTHBHBIM, CHa3MONUTHUECKUM,
UMMYHOMOYJTUPYIOIINM, aHTHACIIPECCUBHBIM, AHTUTHCTAMUHHBIM, aHTHOKCHUIAHTHBIM, IPOTHBOBOC-
MAATENBHBIM B aHTUMHUKPOOHBIM neiicTBHeM. Kpome Toro oOHapy»eHO, 4TO 3TO pacTeHue oOyajaer
MIPOTHUBOBHUPYCHOM aKTUBHOCTHIO B OTHOIIIEHUH BUPYCHBIX MH(EKINH, TAKUX KaK Oclia, TPHIIIL, Teprnec [5].

JlexapcTBEHHBIC CPE/ICTBA, B COCTAB KOTOPBIX BXOJHUT MeENMcca, 001aIal0T BRIPAKEHHBIMU YCTIOKOU-
TEIBHBIMH, CIIA3MOJINTHYECKIMH W BETPOTOHHBIMU CBOWCTBAMH. Y CTaHOBJIEHO, YTO MEJHCCA MPOSBISET
JIETKOE CHOTBOpHOE JnelicTBue. Takas (hapmakojoruueckas akKTHUBHOCTH OOYCIIOBIHMBAETCS B OCHOBHOM
KOMIIOHeHTaMH 3¢upHOTro Macia. CeqaTMBHOE M CIa3MOJIMTHYECKOE NEHCTBUE MPOSBISACTCS MpPU MpH-
MEHEHHH HeOOIBIINX 7103 MEJIHCCHI, a TIOCeIyIolIee X YBeIMIeHNE He YCHITUBAET 3TUX 3 deKToB [6].

B cemenax wmenmcchl JiekapcTBeHHOM copepkutcs 10 20% >KUPHOTO Macia Tak e CONEPIKUTCS 10
20% >xUpHOTO Macia.

Hacrolika Menmucchl TpOSBIISIET MPOTEKTUBHOE NIEHCTBHE NMPHU 3KCIEPUMEHTATBHON SI3BE JKETYIKa.
IIpm 3TOM yCTaHOBIEHO, YTO OHA YCWIMBA€T MOTOPHKY JKETyIKa, OONamaeTr >KeTYerOHHBIMH U
reMOCTaTUYeCKUMH CBOMCTBaMH. Ha MOJOMBITHBIX )KMBOTHBIX YCTAHOBJIEHO CIIa3MOJIUTUYECKOE JeicTBHE
Menuccel. Ee Hacroiika yMeHbIIaeT HANpsDKEHUWE TJIAJKUX MBI  KHUIICYHUKA, MPOSBISET
OpOHXONMMUTHYECKNE CBOHCTBA. OQUpPHBIE Maciia MEeJHCCHl MPOSBISET MPOTHBOBOCHAIUTEIBHBIE,
OakTepruocTaTHUECKHE U MPOTUBOBUPYCHbIE CBONWCTBA. SIMOHCKMMH Y4YE€HBIMH NPOBEAEHO HCCIIEIOBaHUE
MPOTHUBOMHKPOOHOH aKTUBHOCTH KOMIIOHEHTOB 3(upHOro Macia pacteHuu Melissa officinalis L B
OTHOIIICHUH PAJIa TATOTeHHBIX TPUOOB U MUKpoOakTepuil TyOepKyie3a. Hanbonee ak THBHBIMU OKa3aJIiCh
agpaeTUABl (IUTpadh, MUTPOHENATh), a MEHEE AaKTHMBHBIMH — CIUPTHI (TepaHuoi) 3(UpPHOTO Macia
pactenus [7].

Leabio HayYHO-MCCIIEOBATENBCKONH PabOTHI SBIsIETCS 000CHOBaHWE BO3MOXKHOCTH WCIOJIH30BAHHS
KyJIbTHBHPOBAaHHOTO M JAWKOpacTymero Buna Melissa officinalis L, WHTpOIYyIMPYEMOTO B YCIIOBHSIX
ATNMaTHHCKOHM 00JIaCTH JUIS TTOJIyYEHHUS SKCTPAKTa C MOCIEAYIOUTIM H3YIeHHEM XUMUYECKOI0 COCTaBa.

O0bekTaMH HCCIEIOBaHMs CIy>KaT oOpaslbl pacTeHHss ceMmelcTBa Lamiaceae pon Melissa
(merucca) wm ee Bum Melissa officinalis L (memucca nexapctBeHast). Chlpbe HHIUBUAYAITBHO
KyJIbTHBHPOBAHHOTO  HA JKCIEPUMEHTAJIBHOM Yy4YacTKe JabOpaTOpPHH JIEKAPCTBEHHBIX pacTeHHUH
WHCTUTYTa (UTOMHTPOMYKIIMH M OOTaHWKH Tpu MUHHCTEPCTBE HAaykd M oOpa3zoBaHus PecmyOnuku
Kazaxcran, ropoma AnMaTel W JWKOPACTYHIMA BHUJI MEIUCCHl JIEKAPCTBEHHOH 3aroTOBJICHHOW B
ATNMaTHHCKOHM 00NIacTH.
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IKCHepUMeHTATbHAS YaCTh U 00CyKIeHHe

J10OpOKa4eCTBEHHOCTh CBIPhS  OMPEACNSICTCS €ro BHEITHUMH TPU3HAKAMU H  YHCIOBBIMHU
MOKa3aTeNIIMU (BIIAYXKHOCTh, 30JIbHOCTD, COJICPIKAHUE IKCTPAKTUBHBIX BEIIIECTB).

Bce mokazarenu moOpokauecTBEHHOCTH ompeaeisuck mo meroaukam ['® PK, Esporefickoii
dapmakonen u IPYTUMH JIATePaTyPHBIMHU HCTOTHUKAMU [8;9]. JlaHHbIe TpeacTaBIeHB B TabmuIe 1.

Tabnuua 1 — YucnoBsle nmokaszatenu 100poOKauecTBEHHOCTH pacTeHuu Bujaa Melissa officinalis L

P: Meliss inalis L
Tloka3zarenu 106poKaueCTBEHHOCTH acrenme Melissa officinalis
KynpTuBupoBaHHbIH JukopacTtyuiuii

Bunaxuocts, % 5,36 4,42
O6uias 30ma, % 7,91 10,60
CynbatHnas 301a, % 15,36 15,74
HCI 3ona, % 13,80 14,68
ConepxaHue SKCTPAKTHBHBIX BEIICCTB

(70% criupr) 41,40 38,03

Kak BHAHO W3 [aHHBIX, MNPEINCTAaBICHHBIX B Tabinuue 1, comepkaHWe BiIarM B PACTCHUU
KYJIETUBUPOBAaHHOTO 8uda (5,36%) Oomnbie, yeM coxepkaHue B 00pasie IUKOPacTyIIero BUIA PacTEHUU
(4,42%) meHbIIIE.

CopneprxkaHue 3KCTPAaKTUBHBIX BEILECTB B JIEKAPCTBEHHOM PACTUTEIHHOM ChIPhE—BaXKHBIN UHCIOBOM
MOKa3arelb, ONpEeACISIIOINA ero 100pOKaueCTBEHHOCTh, 0COOEHHO U TEX BHIIOB CBHIPbS, y KOTOPBIX
KOJIMYECTBEHHOE OTpe/iesieHHe NeHCTBYIONINX BEIIECTB HE MPOBOIUTCA.

B 3aBHCHMOCTH OT XMMHYECKOTO COCTaBa JIEKAPCTBEHHOTO PACTUTEIBHOTO CHIPbS U MCIIOJIB3YEMOTrO
pacTBOpUTENS B U3BJICUEHHE NIEPEXOAT TE WIN UHBIE NEHCTBYIOIIUE U COMMYTCTBYIOIUE BELECTBA.

PacTBOpuTENB, KOTOpHIA cieqyeT OpaTb NpH ONPEAETICHHUH 3KCTPAKTHBHBIX BEILECTB, yKa3zaH B
coorBerctBytomeid HTJl Ha manHbI Bupn chipbs. OOBIMHO 3TO TOT K€ PACTBOPUTENb, KOTOPBIH
MPUMEHSIOT MIPU MPUTOTOBICHWH HACTOMKHM MM 3KCTPAKTa M3 ITOTO CHIPhs. Yale BCero 3To 3THIIOBBIN
crupt (50 nmu 70%-Helit) WK Boaa.

W3 nanHbIX Tabauiel 1 cieqyeT, 4To HaubobIee KOJIMYECTBO IKCTPAKTUBHBIX BEILIECTB U3BICKAETCS
KyJIbTHBHPOBAHHBIM BUJIOM PACTEHHUSL.

B pacturensHOM cChIphe MPOBOIHUTCSA ONpEACTICHUE 305kl OO0IeH, cynb(aTHON 30IbI, 30JbI
HepactBopumoii B 10%-Hoii HCI, kotopas npezactaBisieT co00i ocTaTok mocie o0paboTKH 0O 30561
HCl u cocTouT B OCHOBHOM W3 CHJHMKATOB, SIBISIOMIUXCS Ui HEKOTOPBHIX OOBEKTOB E€CTECTBEHHOMW
COCTaBHOM YacThIO, HO HYallle Pe3yJbTaTOM 3arps3HEHHs CBHIPbs MECKOM, 3eMJIel M KaMeIlKaMH. TakuMm
00pa3oM, MOBBILIEHHOE COJEPKAHWE HEPAaCTBOPUMON B COJISIHOM KHCIIOTE YacTH 30Jbl YKa3bIBaeT Ha
3HAYUTEJIEHOE COICP)KAaHHE B PACTHTEIBHOM ChIPbE MHHEpaJIbHOM mpumecu. KommuectBo cynbghaTHON
30JIb1 COM3MEPHUMO C COJEp)KaHHEM METAJIOB B PAacTEHHAX, OOpa3yloIMX HEPACTBOPHMBIC B BOAE
cynbdatel. ComepkaHrue BCeX BUAOB 30JIbI B HAIA3EMHOM YacTH PACTCHUS HE MPEBBIIIAET MAKCUMAJILHO
MPUEMJIEMOT'0 3HAYCHUS 111 (hapMaKOIeHHBIX 00pa3IoB.

CrnenyiomyM TmapaMeTpoM OIIpeNelIeHUs SBIAETCS MHUHEpadbHBIA cocTaB. Mcciemyemble BHIBI
pPacTeHUH OTIIMYAOTCS BBICOKMM COAEPIKaHUEM 30IIBI.

MuHepanbHbIE 3JEMEHTBl 10 HMX COACPKAHHIO B PACTEHUM [JENAT Ha MaKpO3JIEMEHTHI,
MHKPO3JIEMEHTBl M yJibTpamMukpodsneMeHTl. K Makpoanementam otHocaTes Na, K, Ca, Mg wux
coJep>KaHUe B 30JIe H3MEPSIETCS] COTBIMH AOJISIMH MporenTa. MukposiaemeHTsl: Zn, Cu, Ni, Mn, Fe.

B namzemuoit yactu comepkarcst makpoanemeHTsl: K, Ca, Na, Mg; mukpoanemenTs: Mn, Fe, Cu, Zn,
Ni. Kanuii u Hampuii ATPAIOT BEAYLIYIO POJIb B PETYJIMPOBAHHH BOJHO-COJICBOTO OanaHca W KHCIOTHO-
IIEJIOYHOTO PAaBHOBECHS OpraHm3Ma. Kanbyuii WUrpaeT OTPOMHYIO pOJIb B KH3HEIEATEIBHOCTH
YeJI0BEYECKOro opranusma. B opranmsme denoseka cogepxurcs 1000-1200 r xansnus, 99% - BkinrodeHo
B KOCTHYIO TKaHb, JIEHTHH, 3Maib 3y00B, a 1% wurpaer HCKIIOUMTENBHO BAXKHYIO pOJIb Kak
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BHYTPHUKJIETOUHBIA KalbIUi, KaJbIUNA KPOBU U TKAHEBOU >KUIKOCTH, TO €CTh UIPAET BAXKHEUIIYIO POJIb B
¢opmMupoBaHUH KOCTeH. MaeHuii ydyacTByeT BO MHOTHX MpOLIECCax, MPOUCXOISAIIUX B OpraHU3Me — B
BBIpaOOTKE PHEPTHH, YCBOEHHUH TIIIOKO3BI, Nepefaue HEepBHOTO CHUTHajla, CHUHTE3e OENIKOB, MOCTPOSHHUU
KOCTHOW TKaHH, PEryJSIUH pacciablieHHs W HaNpsKeHUs COCYJIOB W MBII. Mapeaney BIUSET Ha
pa3BUTHE CKelleTa, YIaCcTBYS B MPOIECCEe OCTEOTeHe3a, a MO3TOMY HEOOXOIMM UTsi HOPMaJbHOTO POCTA.
Maprasen y4yacTByeT B peaklUIX UMMYHHUTETA, B KPOBETBOPEHUU U TKAHEBOM JbIXaHUU, MOAAEPKUBACT
penpoayKTUBHBIE (DYHKIINHU, YUaCTBYET B PETYIIALNN YTIACBOJHOTO U JIUMHIHOTO OOMeHa. [[uHK BXOAWT B
CTPYKTYpy AaKTHBHOI'O LEHTpPa HECKOJNbKHUX COTeH MeTautopepmenToB. OH HEoOXoouMm  uis
¢yukumonuposanus JJHK- u PHK- monnmepa3s, KOHTpOTUPYIOIUX MPOLECCH epeadl HaclaeJCTBEHHON
uHpoOpMaIK ¥ OMOCHHTE3 OCJIKOB, a TeM CaMbIM W pelapaTHBHBIC NPOIECCHl B opraHu3me. Hukenb
y4acTByeT B CTHUMYJIHPOBAHHH TMPOIECCOB KPOBETBOPEHMS, aKTHBAllMM HEKOTOPHIX ¢epMmeHToB. OH
o0namaeT BBICOKON CIOCOOHOCTBIO YCHIIMBATh OKHCIUTEIHLHO-BOCCTAHOBUTEIBHBIC MPOLECCHl B TKAHSX.
Hukenr B coderaHunm ¢ KOOAbTOM, »Kelle30M, MEIbI0 YydYacTBYeT B TIpoIleccaX KPOBETBOPEHUS, a
CaMOCTOSITETIbHO - B OOMEHE XHPOB, 00ECIeYeHUH KJIETOK KUCIOpOJOM. B ompeneneHHBIX 103ax OH
aKTUBU3MPYET MAEUCTBHE HHCYNIWHA. JKene3o SBISETCS BaKHEHIIMM MHUKPOIJIEMEHTOM, IPUHUMAET
y4acTue B JIbIXaHUHM, KPOBETBOPEHUH, UMMYHOOHOJIOTHYECKHX M OKHCIHTEIHbHO-BOCCTAHOBHTEIHHBIX
peaknusx, BXomuT B coctas 6osee 100 dhepmenTon [10;11].

B o00m1eit 301e MeTo10M aTOMHO-20COpOIMOHHON CIIEKTPOCKOIHEH OIIPENIEIeHO CoAepKaHne MaKpo-
Y MUKPORJIMEHTOB. J[aHHBIE TIpeCTaBIIEHBI B TaOmuIe 2-3.

Tabnuua 2 — Coneprxanue MakpoasieMeHnToB - K, Ca, Na, Mg

MakposemenTbr Pacmenue Melissa officinalis L

KyJIbTUBHPOBAaHHBIH, %0 JUKOpacTymui, %

K 1.173:107 0.737-10°

Na 0.802:107 0.221-10°

Ca 0.639-10° 0.178:10°

Mg 0.313-107 1.401-10°

Ta6muua 3 — Coneprxanue mukpoanementos Fe, Zn, Mn, Cu, Ni
MukposemenTh Pacmenue Melissa officinalis L
KYJbTUBUPOBAHHBIH, %o JKopacTyumii , %
3

Cu 0.716:10 0.394-107

Fe 4.387-10° 1.266-10°

Mn 0.361-107 0.677-107

Ni 0 0.502:10°

Zn 0.486-107 0.335-107

W3 pmawHbIX Tabmum 2 W 3 cleayer OTMETHUTh, YTO HauOONbIee KOJIWYECTBO MakKpo- W
MHKPOJJIEMEHTOB COCTaBJIseT B pacteHuu Melissa officinalis L mukopactymiero Buma. B HagzeMHO#
MAacCC€ KYJIbTUBHUPOBAHHOIO U AUKOPACTYHICTO BHUJa NOMUHUPYIOIMIMMU MUKPOIJIEMCHTAMU ABJIACTCA Fe.
B KyapTUBHPOBAaHHOM BHJE PACTCHUS OTMEUEHO MOBBIIICHHOE COAEpKaHNe MaKpolieMeHToB Kak K, Na,
Ca a B mukopactymeM Buge Mg u K. ComepkaHre TSXKeNbIX METAIJIOB HE IMPEBBINIACT MPEAETbHO
JIOTTyCTUMBIX HOpM [11].

[IpoBeneH cpaBHHUTEIBHBIN (PUTOXUMUYECKHN aHAIU3 HAJI3EMHOM MAacChl PAaCTCHHS Ha OCHOBHEIC
KJIaCChl OMOJIOTUYECKH aKTUBHEIX BellecTB. JlaHHbIe TIpe/icTaBleHb! B Tabmue 4.
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Ta6nuua 4 — Gutoxumunueckuii ananu3 pacrenun Melissa officinalis L KyIbTUBHPOBaHHOTO M AUKOPACTYILIETO BUAA

Melissa officinalis L

BAB IIposiBuTENH — —
KyJIbTUBHPOBAHHBIN JUKOPaCTYIIUH
YrieBoabl 0-TOJIyUJIUH 3€JICHBIN 3€JIHBIN
KAK CUHUI CUHUI
JyOunbHbIe BemecTBa — —
FeCl; CHUHHI CUHUI
NH; JKEITOE SIPKO-JKEITOE
®dJ1aBOHOU B AlCIy SIPKO-)KEJITOE SIPKO-3KEJTOE
SiHNO OpaHKEBO-KpacHOE OpaH)KEBO-KPaCHOE
Kapotunoust KMnO, obecIBeUnBaHNE obecIBeYNBaHNE
DochopHo-
AJKaIone obecrBeUnBaHNe obecIBeYrBaHNE
MonuOAEeHOBAasl KUCIO0Ta
AMUHOKHUCIIOTHI HUHTUIPUH ¢uoneroBoe (uoneroBoe
MOYEBHHA KOpHYHEBOE KEITO-KOPUIHEBOE
KapOoHoBbIe KHCIOTE
MgAc, - -

DUTOXMMHUYECKUM aHAIM30M C HCIOJB30BAHUEM IUATHOCTHPYIOIIMX IPOSBUTEICH B HaI3E€MHOM
JacTh, pacteHnn Buma Melissa officinalis L Opimm 0oOHapy>keHbI OCHOBHBIE Tpymmbl BAB, Takume kak
IyOWIIbHBIE BEIeCTBa, aMHHOKHUCIIOTHI, alIKaJoubl, (PeHOIbHBIE COENUHEHUs, OPraHMYECKHUEe KHUCIIOTHI,
(h1aBoHOMIBI, KAPOTHHOUAHI [12].

Metonom OymaxHOM Xxpomarorpaduu IPHU HCIOIb30BAHUM TOCTOBEPHBIX 00PA3LOB B UCCIIELYEMBIX
BUJIOB PAaCTCHUH WACHTH()UIIUPOBAHBI YTIIEBObI 1 AMHHOKUCIIOTHI.

OnrtumanbeHasi TEXHOJOTHs BBIACICHUS SKCTpaKkTa W3 PACTEHHUM MENMCCHl Oblia pa3paboTaHa c
yuerom TpeboBanmii ['® PK k nepepaboTke pacTurenbHOTO Chipbs [13;14].

BaxxHpIM mapaMeTpoM B TEXHOJOTHH MOJIYYEHHS PACTUTENBHOTO SKCTpPaKTa ABJISETCS COOTHOIIEHHE
ChIpbs M pacTBOpHTens oT 1:4 mo 1:8. [lo 5t Han3eMHOH YacTH KCTparupoBaiu pa3sHbM o0beMoM 50%,
70%, 90% stunosoro crupra. IIpu 3ToM noCcTOSHHBIME (haKTOpPaMH MpolLecca HKCTPAKLMK OBLIH: BpeMs
skcTpaknuu (24 waca) m Temmeparypa (23-25°C). JlaHHble mapaMeTphl IONYYEHHUS PACTHTEIHLHOTO
IKCTpaKTa MPEACTABICHBI B TAOIHIIE 5.

Tabuuia 5 — OnpenencHue ONTHMANBHOTO YKCTPATreHTa ISl OKTPAKIIUH PACCIISIYyEMOTO ChIPbs

KommaectBo cyxoro skctpaxra,%
m,r t,gac T,°C m(r):v . o
PactBopuTenu Melissa officinalis L
const const const (M) = =
KynbTuBupoBaHHBIH JUKOPACTYIIUN
0% . 1:4 0,528 0,783
5 0 ITHIIOBBIH 24 23-25°C 1:6 2,501 2,670
CIUPT
1:8 5,124 8,574
0% . 1:4 2,604 3,211
5 0 OTHIIOBBIH 24 23-25°C 1:6 3,25 4,454
CIUPT
1:8 7,94 10,264
90% . 1:4 0,447 0,695
5 0 OTHIIOBBIH 24 23-25°C 1:6 1,121 1,880
CIUPT
1:8 3,344 3,212

U3 paHHBIX TaOmuUIl clelyeT 4TO ONTUMAJIBHBIM JKCTPareHToM okazanoch 70%-HbI 3TaHOIL.
HauGonpmmii BBIXOI TMPOIEHTHOTO CONIEP’KAaHUS AIKCTPaKTa ITOKas3bIBaeT 3KcrtparupoBanue 70%-HbIM
STAHOJIOM TIPH COOTHOIIIEHHU CHIPhE: HKCTPAreHT 1:8 KOIMYEecTBO CyXOro 3KCTPaKTa B KyJIbTHBUPOBAHHOM
BHJIe cocTaBmiio 7,94%, a B mukopacrymiem 10,264%.

Eme ogHMM BakHBIM MapaMeTpOM B TEXHOJOTHH TOJNYYCHHS DKCTPAKTOB SIBISIETCS COOTHOLICHUE
BEIOPAHHOTO IKCTPAreHTa C ChIpbeM. J[J1s ompeeeHust ONTUMAIIEHOTO 00beMa, BRIOPaHHOTO SKCTPareHTa
M3MCHSIOT COOTHOIIEHHWE CHhIpbs u pactBoputens ot 1:5 mo 1:8. Ilo 5 r Ham3eMHOW dYacTu
KyJIETUBHPOBAaHHOTO M JUKOpacTyuiero Buna Melissa officinalis L 70 % stunoBoro cnmpta. Ilpu 3ToM
MOCTOSTHHBIMHU (paKTOpaMH IIpoLecca SKCTPAKIUK OBLTH: BpeMs dKcTpakmuu (24 daca) W Temreparypa
(23-25°C). [lanHbIe TIpeACTaBICHE B TAOIHIIE 6.
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Tabnuna 6 - OnpeneneHue ONTUMAIBHOTO COOTHOLICHUS ChIPbSI U KCTpareHTa

Macca cbIpps,I const 5 5 5
Bpewms skcTpakuuu, gac const 24 24 24
Temmepatypa sxcrpakuun, °C const 23-25°C 23-25°C 23-25°C

CoOTHOIIICHHE CBIPBS (T) U OKCTpareHTa (M) 1:4 1:6 1:8

V, 00beM OTQUILTPOBAHHOIO SKCTPAKTA, MII KyJAbTHBUPOBAHHEIF 3,5 3,0 9,5
> JTMKOPACTYIIHIA 4,0 6,7 11,3
KosmecTso skeTpaxim, % KYJIbTUBUPOBAHHBIN 1,76 3,25 5,24

’ JIMKOPACTYIIHHI 2,24 4,62 6,89

[pu BeIOpanHOM 3KcTpareHTe (70 %-HBI 3TaHOI), ONTHUMAIBHBIM O0Ka3aJOCh COOTHOIICHHE CBHIpPhE-
9KCTareHT 1:8 B KyJIbTHBHPOBAHHOM BHIE KOJIMYECTBO DKCTPAKTa COCTaBWIO 5,24% a B AMKOPCTYIIEM
Buze 6,89%; npu tenmeparype 24-25°C u Bpemenu 244aca.

LenecooOpa3HOCTh oOmpeneneHusl MapaMeTpoB ‘‘ChIPhE-IKCTPAreHT” ONpEAenseTCsl MPEeXAE BCEro
SKOHOMHUYECKHMH COOOPKEHISIMMH, TaK KaK sl TPOMBIIIEHHOTO MPEANIPHUITHS, BOIIPOC O KOJINYECTBE
WCTIOJIB3yEeMOT0 DKCTPAreHTa SIBIIIETCS CYIIIECTBEHHBIM.

Onpenenenue BpEMEHH SKCTPAKLUU SBIISETCS BAKHBIM IMapaMeTPOM, TaK HY>KHO OIpENeINTh, KOr/ia
M3BIIEKAETCS BECh KOMIUIEKC OHMOJOTMYECKHWH aKTHBHBIX BEIIEeCTB. BBUIO WM3y4YeHO BIUSHHE BPMEHU
OKCTPAaKIMHA DPATUTENFHOTO CHIPhS HAa BBIXOJ DKCTpaKTa. DKCTPAarmpoBaHHE MPOBOAMIOCH 70%-HBIM
3TAaHOJIOM IIPH COOTHOIIIEHHUH ChIphE: dKcTpareHT 1:8. JlaHHbIe npeacTaBieHbl B TadIuIe 7.

Tabnuua 7 — OnpeneneHue BpeMeHH SKCTPaKIUU

OkerpareHT (M), const 70 %-Hbli 3TaHON 70 %-HbIi 3TaHON 70 Yo-nbiii

9TaHOJ
CooTHOIIEHHE ChIPBS () ¥ SKCTpareHra (M), const 1:8 1:8 1:8
Bpewms,( gac) 24 48 72
V, 00beM OTGHUIBTPOBAHHOTO KyJIbTUBUPOBaHHBIN 17 2 7
9KCTpPaKTa, MJI JMKOPACTYIIUH 13 8 11

Boixort cycranimm,% KyJIbTUBHPOBAaHHbII 0.3939 0.0605 0.1365

’ JIUKOPACTyIIUN 0.2902 0.2785 0.2336

Ha ocHoBaHMi1 3TUX pacCyKACHUH M MONyYSHHBIX AaHHBIX, ONTUMAIbHBIM OKa3aJoCh CIEAYIOIINi
pexxnM: skcrpakmust 70% staHonmoM B TedeHmid 249acoB mpu Temmeparype He Oomee 23-25°C mpwm
COOTHOIIEHUH chIpbe:dkeTpareHT 1:8. Ilpum TakoM pexuMe KOJUYEeCTBO OJKCTPAaKTa COCTaBHIO B
KynbTHBHpoBaHHOM BHJE 0.3939 % , B quxopcetymiem 0.2902 %.

BeiBoabl. [lo pesynpraTaM Hay4YHO- HCCIIEOBATEIHCKOW pPabOTHI OBLT MIPOBEACH CPaBHHUTEIHHBIN
aHaJIN3 XMMHYECKOTO COCTaBa HAJ3eMHOW YacTH KyJbTHBHPOBAHHOTO W AMKOPACTYIIETO BHIAa PaCTEHHUS
pona Melissa (Melissa officinalis L) cemeiictBa Lamiaceae; OTpaOb0oTaHbl TEXHOJIOTHUECKUE TAPAMETPBI;
pa3IMYHBIX KOHIIGHTPAIUHA OKCTPAreHTOB; 3aBHUCHMOCTh COOTHOIIEGHHUS CBIPbS - DPacTBOPHUTEI;
3aBHCHMOCTH TIPOIIECCAa OT BPEMEHHM M HYHCIa JIKCTpakuuid. ONTHUMAaTbHBIM YCIOBHEM JUIS TOJXYYCHHS
pacTUTENbHON CyOcTaHIIUU sIBIsIeTCs dKcTpareHT 70% JTHIOBBIM CIHPT, COOTHOIIEHHWE DKCTpPareHra u
ceIpbs 1:8, BpeMs IByXKpaTHOH AKCTpakuuu 24 yaca, remnepatypa 23-25°C.
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K.H. Kemekoaii, 3.b. XanmenoBa, A.K. YmoeToBa, A.F' buceno6aii
an-Mapabu areinaarel Kazak yirTeik yHuBepcuTeTi, Anmarsl, Kasakcran

MELISSA OFFICINALIS L ©CIMAIT'T HET'IBIHAE ®UTOXUMUSAJIBIK AHAJIN3 dKACAY
7KOHE BUOJIOTUAJIBIK BEJICEH/I KEIIEH AJTY

Annorauus. byn seprreyne Melissa (Melissa officinalis L) TYKpIMAAChIHA JKaTaThIH OCIMAIKTIH MOIICHH JKOHE
»kabalfbl TYpIIEepiHiH KemeHAi Heri3i ketinmipinai. [IukizaT canmambUTbIFel: BUTFAIIBUIBIK, JKammel Kynaumik, HCI-ga
epiMeHTIH KYIAUTK, Cynb(aTThl KYIIUTIK, SKCTPAKTUBTI 3aTTap aHBIKTAIABL. ATOMIBIK-a0COPOIMSIBIK CHEKTPO-
CKOTIHSITBIK, QJIICTICH KB KYJAUIUTIKTIH MaKpo- )KOHE MUKPOAJIEMEHTTIK KYpaMbl TalnaHabl. Tanmay KOMIOHEHT-
TIK KypaMHBIH HETi3Ti KiacTapbl TaOWFHW 3aTTap. 3epTTENiHINl OTBHIPFAaH OCIMIIK TYpPJEpiHEH JKCTPareHTTiH
TaOWFATHIH, OHBIH INHKI3aTIEH KATBIHACHIH, SKCTPAKTLIEY YaKBITBI MEH JKULIITIH €3repTe OTBIPHIN, OHOJIOTHSIBIK,
OernceH 1 KemeH i ATy TEXHOJIOTHSICH OHICII/II.

Tyiiin ce3nep: Melissa officinalis L, SKCTpaKTUBTI 3aTTap, BUIFAIABUIBIK, *amnsl Kynautik, HCl na epimeiitin
KYJIUTIK, CyTb(aTThl KYJIIUTIK, MaKpO- XKOHE MUKPOIIEMEHTTIK KYPaMbl, aTOMIBIK-a0COPOIISITBIK CIIEKTPOCKOTIHS,
(DUTOXMMHSUITBIK aHAITH3.
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Zh. N. Komekbay, Z. B. Halmenova, A. K. Umbetova, A.G Bisenbay
Kazakh national university named after al-Farabi, Almaty, Kazakhstan

PHYTOCHEMICAL ANALYSIS AND DEVELOPMENT OF PRODUCTION OF BIOLOGICALLY
ACTIVE COMPLEX ON THE BASIS OF RAW MELISSA OFFICINALIS L

Abstract. In this study, there was developed a comprehensive study of wild and cultured plants of the genus
Melissa (Melissa officinalis L). It was determined the purity of the raw materials: moisture, total ash, ash insoluble in
10% HCI, sulphate ash, extractives. Macro- and microelement composition of total ash by atomic absorption
spectroscopy was analyzed. The analysis of the component composition of the main classes of natural substances
was conducted. There were worked out the basic technological parameters of obtaining biologically active complex
of the studied plant species by varying the nature of the extractant, its ratio of raw materials, time, and frequency
extraction.

Key words: Melissa officinalis L, extractives, moisture content, total ash, ash insoluble in HCI , sulphate ash,
macro - and microelement composition, atomic absorption spectroscopy, phytochemical analysis.
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TEIIJIMIBI HOBOI'O TIOKOJIEHUSA

AnHoTanusi. BriepBble Obl1 BbIpa0OTaH MPHUHIMIT TEIUIMIBI HOBOI'O TOKOJICHUS JUIS YCJIOBUM KOHTHHEHTAJIb-
Horo kinumara Kaszaxcrana.

YCTaHOBIIEHO, YTO AJIsl KOHTHHEHTAIbHOTO KinMaTa Kazaxcrana TpaluIMOHHBIE TEIUTHLBI B BHE 3aIllMIICH-
HOTO y4YacTKa TPyHTa CO CTEKJIIHHBIM WJIM IUICHOYHBIM OTpakJeHHEM He oOecreunBaroT Tpedyemoil a(deKTus-
HOCTH.

Tpa MIIMOHHBIE TEIUTHLBI ITO3BOJISIOT YBEIHYUTh O0BEM NMPOHM3BOJCTBA IUIOZOOBOIIHON MPOAYKLIUH 32 CUET
HECKOJIBKUX LMKJIOB BBHIPAIIMBAHUA (B BECCHHHX — 1O 2 IMKJIOB, B 3UMHHX — 10 3—4 IUKIIOB). J{OMOJHUTENBHEIC
3aTpaThl Ha COOPY)KEHHUE 3[aHUs, Ha 000TPEB M JOCBETKYYBEJIMYMBAIOT 3aTPAThl, YTO NPU COBPEMEHHBIX PHIHOYHBIX
[IeHaX Ha OBOLIHYIO NMPOIYKIHMIO MMPUBOAUT K POCTY CE0ECTOMMOCTH ILUIOAOOBOIIHOM MPOAYKIHH, & TaKKe K TOMY,
YTO CPOK OKYIIa€MOCTH TEIUIHIBI COCTABIIAET 6 JIeT 1 GoJee.

Hpe)lﬂal"a}OTCﬂ MNPUHIUIIUAJIIBHBIC TCXHUYCCKUE PCEHICHUA [JId TCEIJIUWIbI HOBOI'O IIOKOJICHUA, KOTOPBLIC
TMO3BOJIAIOT MPOU3BOAUTD IJIOJOOBOUIHYIO IMTPOAYKIIUIO B J'IIO6])IX peruoHax CTpaHbl Ha MPOTAKCHUN KPYTJIOro roja.
3TO TO3BOJMUT 00ECIIEYUTHIMIIOPTO3aMEIIEHHE B OBOIIHOM CEKTOPE SKOHOMUKHU M YKPEIUTh IPOJOBOJIbCTBEHHYIO
6e3onacHocTh. Terummiia, BBIMOJIHEHHAs B BUJE TPAHIIEH C NPUMEHEHHWEM MECTHBIX M JICHIEBBIX CTPOMTENIBHBIX
MaTepHalioB, UMEIOIIAsi Majble MOTEPH TEIUIOBOM SHEPruH, B KOTOPOH TEXHOJOTHWS BBIPAIMBAHWS OCHOBaHA Ha
NPUMEHEHHUHU TIOJIHOCTBHIO MCKYCCTBEHHBIX YCIOBHH M MHOTOSPYCHBIX CTeJUIaXel 00ecHedlT BBICOKHE TEXHHMKO-
9KOHOMHUYECKHE MOKA3aTEeNN U MaJIblif CPOK OKYIIAEMOCTH 3aTPAT Ha COOPYIKECHHE.

KnroueBble ci10Ba: TEIUIMLBI, COJHIE, BETEp, YCTOHYMBOE Pa3BUTHE,BO300HOBIISIEMBbIE UCTOYHUKH SHEPTHH,
sHeprocOepexeHue.

B MupoBoil mpakTuke uMeeTcs OONBIION OIMBIT BCECE30HHOTO IMPOU3BOACTBA OBOIIEH Onaromaps
npumeHeHuto Terul. Tak, B Mcnmanuu. Anonun. Typruum cymMmapHble IUIOMIAANA TEIUIAL AOCTUTAIOT
40000-50000 ra u Ooiee, a yaenpHOE 3HAYCHHE IUIOMIAAM 3alIMINEHHOTO TPYHTA WUMEIOT 3HAYCHUS OT
0,576 mo 1,177 ra B pacuere Ha 1000 gen.

B PecniyOnuke KazaxcraH ObUT MPHHAT PSi MEp IO Pa3BUTHIO TEIUIMYHBIX TexHojoruil. Co3maHa
Accommanust  terumn Kazaxcrana. B LllepiMkeHTe 3amymieH 3aBOA MO MPOW3BOACTBY  TEIUIMYHBIX
komIuiekTyromux. B Ilporpamme pasButus arpomnpomsbliiiuieHHOTo komiuiekca PK na 2010-2014 rr.
MOCTaBJIeHa 3ajada eXeroJHoro BBoja He MeHee 10 ra TemnuuHBIX IUTomazei. B mocnenmytoreit
nporpamme pazsutusi AIIK PK na 2014-2020 rr. «Arpobusnec-2020» motpeOHasi Iomans TEIUUL B
nepuon ot 2014 no 2017 r. momkHa Bo3pacTH OT 364 10 461 ra u cTaOUIN3HPOBATHCS HA TOM YPOBHE 10
2020 r., kak obecreunBaroIIas MOTPEOHOCTH PHIHKA B PAHHUX M 3UMHHUX oBoIax [1].

TunoBsie TEMIUIBI UMEIOT PSIJT HEIOCTATKOB. TOHKOE OTpaXkICHUE U3 CTEKIIa, IJICHKU WU TIACTUKA
SIBIISIETCS TUTOXOH TETUIOM3O0IISALINEH, YTO B XOJOJHBIN TIEPHUO/ I'0J]a TIPUBOAUT K OOJBIIUM TIOTEPSIM TeIIa.
[losTromMy B Temnmumax MPUMEHSIOT CHUCTEMBI OTOIUICHHS PA3IMYHOM KOHCTPYKIWH. DTO TPUBOAHUT K
MOBBIIIICHHBIM 3aTpaTtaM CpeACTB. Tak, B YCJIOBUSAX KOHTHHEHTaJIBHOTO KJIMMaTa Ha oOorpeB 1 ra
WIoOWEAAM B 3UMHUH mepuon 3atpauuBaercs 10 200 T yCIOBHOrO TOIUIMBA B roA. TOIUIMBHAas
COCTaBJISIONIAA B C€0ECTOMMOCTH MpOoAyKIwH gocturaet oT 40 1o 80% B 3aBUCHMOCTH OT peTHOHA U THIIA
Termibl, PakTHYECKH, TOKA3aTeNb SHEPro3arpaT padoTaIOICH TeIUIMIIBI SBISICTCS CaMbIM KPUTHYHBIM C
TOYKH 3pPCHUS KOMMEPYECKOH IIeJIeCO00pa3HOCTH MPOU3BOJACTBA TEIUIMYHONW NpPOAYKIUHU. MMeHHO
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MO3TOMY TIOBHIIIEHHE JHEProcOEpPEKEHUsT 3a4acTyi0 SBISETCS TJIABHOW NENBI0 BCEX TETUIMYHBIX
KOMITIIEKCOB[2].

Cpenn BapHaHTOB CHMKEHHSI CTOMMOCTH TOTPeOJIEHHOW SHEPrHH Ui OTOIUIEHHS M OCBEIICHHUS
COBpPEMEHHBIX TEIUIHILI, HanOoJiee MOIMyJIIPHO UCIOIb30BaHIE AIbTEPHATUBHBIX HCTOYHUKOB Teral3-10].

CTOMMOCTH aNbTEPHATUBHBIX HCTOYHMUKOB YHEPTHUH ITOKA JOBOJBHO BEJIHMKA U ATH UCTOYHUKH UMEIOT
PSA CYIIECTBEHHBIX HEIOCTAaTKOB — 3aHUMAIOT OOJNbIINE IJIOMIaaW, 3aBUCSAT OT TOTOTHBIX YCIOBHH,
BpPEMEHH CYTOK, ce30Ha. HecMoTps Ha OypHOe pa3BUTHE B MOCIEIHUE TOJbI, CIIOIB30BaHNE BETPOBOU U
COITHEYHOUW PHEPTHH OCTAETCS AK30THUYECKUM H JOPOTHM DKCHEpUMEHTOM. HeKoTophie crienuanucTsl B
00JIacTH PHEPTeTUKN YTBEP)KIAIOT, YTO MPH BCEX YCWIMAX JOJS albTepHATUBHON 3HepreTukud k 2020
roJly He MOAHUMETCS CYIIECTBEHHO BHIIIE 1% OT MHPOBOTO SHEPTrONOTPEOICHHUS.

Hns obecrieduenust 3((EKTUBHOTO HCMOJIB30BaHUS BO30OHOBISEMBIX PECYpCOB M HMCTOYHHKOB
JHEPruu Kak (hakTopa YCTOHYHMBOTO pa3BUTHS dKOHOMHKH PecmyOmmkm Kaszaxcran, MuHHCTEpCTBOM
OXpaHBl OKpYyKaromied cpenasl B cooTBeTcTBUU ¢ Konmemnmuedr mepexona PecnyOnmkn Kazaxcran k
ycroitunBomy passutuio Ha 2007-2024 roxsl, ogobpennoit Ykazom Ilpesunenta Pecnybnuku Kazaxcran
ot 14 Hos6ps 2006 roga Ne 216 Ovina paspaboTana crparerus «9PQEeKTHBHOE UCTIONB30BaHUE YHEPTUH U
BO300OHOBIIIEMBIX pecypcoB PecrryOmmku Kazaxcran B mensax ycroiauBoro pa3sutus 10 2024 rona ».

Jdnst  KpyriorogWM4HOTO  TPOM3BOJCTBA  OBOIIEH  TpeOYIOTCS  TEIUIMIBI, OOeClednBarone
MHUKPOKIIUMAT, KaK 3UMOM, TaK U UCKIIOYAOIIUE TTEPETPEB JICTOM.

B 2011-2014 rr. mo nmHMH MuUHHCTEpCTBA O0pa30BaHUSA W HAyKd NPOBOAMIACE paboTa IO
nporpamme «Hay4Ho-TeXHOIOTHYEeCKOEe 00eCTIeYeHNE IHEPTETHIECKOTO CEKTOPa DKOHOMUKY PeciryOnnku
Kazaxcran (Bo300HOBIsieMble MCTOYHHMK JHEPIHH, dHeprocoOepexkeHue)». B cocraBe 3Toi mporpaMmsl
BHITIONTHSIIACh pabora «Pa3paboTka u ampoOamus TEXHOIOTHH KOMOWHHPOBAHHOW BO300HOBIsIEMON
SHEPTETHKH)».

B mponecce paboTs! A7 peaqbHOroO HcciaeJ0BaHUs KOMOMHUPOBAHHOM CUCTEMBI SHEPTOCHAOKEHHUS C
MpUMEHEHHEeM BO300HOBIIIEMBIX (CONHIlE, BETep) H KOMMEPYECKHX JSHEproHocuTeiei (ras,
JIEKTPOJHEPrHs) B KAYECTBE NOTPEOHMTENs SHEPrMHM ObLIa MOCTPOGHA TEMIMIA IUIOMAnbi 75 M7,
o0opynoBaHHas BaKyyMHBIMHU COJTHEYHBIMHU HarpeBaTessIMH, ¢doronpeodpazoBaTeIAMH,
BETPOTCHEPATOPOM, aKKyMYJSITOPHOH OaTapeeii m OJIOKOM aBTOMATHYECKOTO yIpaBleHHs. bpumn
MTOJTYICHBI XapaKTepUCTUKH KOMOWMHUPOBAaHHON CHCTEMBI dHeprocHa0xkenwus [11-20].

®oto 1 — DneMeHTHI UCTIONB30BAHHSI COTHEYHOM U BETPOBON SHEPTUU HA ONBITHOM TETUIHIIC

OnuH U3 IIaBHBIX BBIBOJOB IIO pa60Te 3aKJII049a€TCd B TOM, YTO AJIs1 KOHTHHCHTAJIBbHOI'O KJIIMMaTa
Kazaxcrana TPpaAUIUOHHBIC TCIUIMIBI B BHJAC 3aAIIHIICHHOI'0 Yy4YacCcTKa I'pyHTa CO CTCKIMAHHBIM HIIN
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IUICHOYHBIM OTpaXkIeHHEeM He oOecreunBaloT TpeOyeMol 3(QQeKTUBHOCTH BBHAY OONBIINX MOTEPH
TEIUIOBOH 3Hepruu, OoNbLIMX 3aTpaT Ha AOCBETKy. Ha ocHOBaHMM 3TOro Obul BRIpaOOTaH HPUHIIMII
TEIUIMLBI HOBOT'O TOKOJICHUS JJIsl YCIIOBHI KOHTHHEHTanbHOTO kimMmaTa Kaszaxcrana. Hwxke B Tabmuie
MIpUBEIEHB! TPUHLIUIHAIBHBIE TEXHUYECKHUE PELLIEHH sl TEIUIULIBI HOBOTO MTOKOJICHMUS.

Ta6m«1ua - HpI/IHIII/IHI/IaJ'ILHI)Ie MPU3BHAKUTETIIIMIBI HOBOI'O ITOKOJICHUS

Tpazmunonnaﬂ TeImimua Teaua HOBOro NMOKOJIEHUSI
MMousitue TEePMHUHA «TEIVIMHA»—TCIUIUIA COOPYIKECHUEC MMousitue TePMHUHA «TEIJIMLA HOBOI'0 MOKOJICHUA»—
3alllMIICHHOI'O I'pyHTa JJId BhIpallluBaHUs paccalibl, OBOIIHbIX, HpOPI?,BOZ[CTBCHHBIfI 00BEKT arponpoOMbIIIJICHHOT'O

IUTOIOBBIX M IEKOPATUBHBIX KYJIBTYD, @ TAKXKE PA3MHOXKEHHUSI U | MIPOM3BOACTBA ISl BCECE30HHOTO MacCOBOTO IPOU3BOCTBA
COXpaHCHUS] TPONHMYECKHX M CyOTPONHMYECKHX pACTCHHH, | IMUIOMOOBOLIHBIX M (YpPaKHBIX KyJIbTYp B YCIOBHSIX
MpoBeleHUs OWOJOTMYECKUX HCCIEOOBAaHMA H T. 1. | HCKYCCTBEHHO CO3JAaHHOTO MHKPOKIMMATa M MPUMEHEHHS
MMOMEIIEHNE C TIOKPHITHEM M3 CTEKJIa MM MPO3PAYHOl INICHKH | CHEHUANBHBIX  JHEPreTHYECKUX W arpoOTeXHHYECKUX
¥ wiactuka. OOOTPeB TEIUIUI] — COJNHEYHBIH, OHOJOTUYECKUI | TEXHOJOTUH TEIUTHYHOTO MPOU3BOJICTBA.

(TemoM OMOTOINMBA), TEXHWYECKHH (BOASHOH, NapoOBOH,
JJIEKTPUYECKHIA). 3UMHHIE TEIUIMLIbI B DKCIUTyaTalli KPyTJIbId
T0JI, BECCHHHE - BECHOM, JIETOM M OCEHBIO.

[IpousBoacTBeHHOe 3AaHMe TeIUIMIbI BbINOJHEHO I[IpousBoacTBeHHOe 31aHHME TEIUIMIBIBLIIOIHEHO B
BBHIC Kapkaca U3 JIETKUX OJEMEHTOB C TMPO3PadHbIM | BHAE CTPOHUTEIHFHOTO BJIEMEHTA IPOMBIIUICHHOTO THUIIA, B
OTpaXIECHHEM CTEH W KPOBIM M3 CTEKJIa, CHENUAIBHBIX | T.4. MHOTONPOJETHOTO M MHOTOSPYCHOTO C BBHIIOJTHEHHUEM
MPO3PaYHBIX IJICHOK WA COTOBOTO MONIHUKapOOHAaTa. CTEH M3 CTPOHUTENBHBIX MaTepHaoB (KUPIHY, IyCTOTEbIC
ONOKH, TEHOOCTOH, TOPUCTBIA OCTOH, CIEUUAIbHEIC
COHIBUYH  WIH  T.IL) u KpOBJIU c HHU3KOH
TEIJIONPOBOAHOCTBIO. [IJis yieieBIeH s IPEANOYTUTENILHO
NPUMEHEHUE TPU KapKaCHOM KOHCTPYKLHH MECTHBIX
CTPOMUTENIFHBIX MAaTEPHANOB: CBHIPLOBBIA KHUPIHY, CaMaH,
THIICO-COJIOMEHHBIE MaHeNH, OJIOKH MPECCOBAaHHOM COJOMBI
M T.IL.

[ocagounas mnuomaap.Mcrnons3yercss ecTecTBEHHbII Mocapounas momaas — [locanka npousBoauTcs Ha
rpyHT. OCOOCHHOCTh — B TCUCHHM CE30HA BBIPALIMBAHUS B | MHOTOSIPYCHBIX  CTEIUIAXKaX, MO3BOJISIIOIIAX ~ HWMETh
rpyte 0e3 eCTECTBEHHOTO 3UMHEr0  3aMOpPa)XHMBaHHS | MOCAJO0YHYIO IUIOUIAIh B HECKOJBKO pa3 OOJbINE TUIOIA M
pasMHOXKaeTcss  Hemaroga — O0coOble  BHABI  YEPBEH, | TEPPUTOPHH, 3AHUMACMOU TCTUTHIICH.

MOBPEXKAAOLIME KOPHEBYIO CUCTEMY pacTeHMH. Perenepanus
IrpyHTa IPOBOAUTCA IyT€M 3aMEHbl IOYBEHHOTO CJIOS, 4YTO
SIBJISIETCSL TPYIOEMKOH onepanuei.

Cy0cTpar Al KOpPHeBOH CHCTeMbl pacTeHMii. Cy6cTpar aas mocagku. VICKyccTBeHHBIH TPYHT B
[louBeHHBIIT CIIOH ¢ TIpPUMEHEHHEM OpraHMYeCKMX M | JIOTKax (pereHepamust TpyHTa IPOU3BOAUTCS 3aMEHOMN
MHUHEpAIIBHBIX y00peHHI. JIOTKOB), B THJIPOIOHHOM BapHaHTe IPHMEHSIETCS

3aMEHUTENb TpyHTa (KepaM3uT WIM T.I.), Ju0O B
AJ’POIIOHHOM BapHaHT CyOCTpaT IJIsi KOPHEBOH CHCTEMBI
BOOOIIIE HE UCIIOJIB3YETCSl.

Cucrema oborpeBa. O0orpeB KOMOWHHPOBAaHHBIH, 3a Cucrema  oborpeBa.llomHOCTRIO  Ha ~ OCHOBE
CYeT COJHEYHOH paanaliu, MPOHHKAIOLIEH Yepe3 Npo3payHoe | MPOMBILIICHHBIX cucTeM oborpeBa. Jliisi CHIDKEHHUS 3aTpar
OrpakAeHHe, a Takke (3UMOI) MPU MOMOIIM MCKYCCTBEHHBIX | HCIIONIB3YIOTCS JieTIeBbIe SHEPrOHOCUTEINHN, Kak

cucTeM 00OrpeBa Ha Ta30BOM, JKHJKOM HIIM TBEPJOM TOIUIMBE. | OTPA0OTAaHHBIH  MHap  JJEKTPOCTAHNIWH,  M30BITOYHBIN
Oco0GeHHOCTh cHCTeMBbl O0OrpeBa IpH BBIPAIIMBAHUM Ha | MOMYTHBIH Ta3 HedTeI0OBIBAIOINX NPEIIPHATHH, Yroib
IPYHTE — IUIOIIAJb BBIPAIMBAHMS ONPENESeTCS IUIOMIAAbI0 | MECTHBIX yTIIe00BIBAIOIINX MIPEANPHUSTHH,
TEPPUTOPUM TEIUIMLBI, a [porpeBatb TpeOyercs Bech | HEKOHAMLMOHHAS JIPeBECHMHA CAHUTAPHOH  PacUMCTKU
BO3IYLIHBI 00BEM TEIIMYHOTO MOMeUIeHUs NpHu Oombmioi | ynecoB. JKenaTenpHO HCIOIB30BAaHHE BO30OHOBIISEMBIX

Iomann CTCHOBBIX orpaxq:[eHI/Iﬁ C HU3KUMHU | UCTOYHUKOB DHEPIUM, TCPMaJIbHBIX BOJ, COJIHILIA. 3Hepr14${
TEIIONU30JINPYOIIUMHA CBOMCTBaMHU. COJIHCYHOI'0  M3JIYUYCHHS MCIOJB3YCTCAd NpPU TNOMOIIA
crieqruaIbHbIX CUCTEM, BKIIFOHAKOIIHUX BaKyyMHBIC

COJIHCYHBIC KOJUJICKTOPbI, BOJASHBIC AKKyMYJIATOPBI TEILIa
CE€30HHOI'0 U CYTOYHOI'0O Ha3dHAa4Y€HHSA B COCTAaBE€ OCHOBHBLIX
HUPKYJSIMUOHHBIX CUCTEMAX o60rpeBa.

CucreMa BeHTHWIANMH M CO3AaHUS  Tpedyemoro BenTnasinusa M ycpefiHeHHe cOCTaBa TeMIIEPATYPbI
razoBoro cocTaBa BO3AyXa. BeHTHIALMA OCYIIECTBISETCS | M ra30BOI0 COCTaBa — PEAJM3yeTcsl IPH MOMOIIUBEHTHIIS-
TP TIOMOIIY OTKPBIBAEMBbIX (pamyr. LUOHHOMH CHUCTEMBI C TPUHYIUTENBHOW IUPKYyIAIHeit

Bo3myxa. OOoramieHue BO3IYLIHOM Cpenbl YITIEKHCIBIM
ra3oM IpH MOMOIIHX CIIEIHANBHBIX cucTeM (mogaun CO, u3
0aJIOHOB, CKUTAHHEM YTIICBOJAOPOJHOTO TOIUIHBA H T.IL.).
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HcToyHuKM  3JIEKTPOCHAGKEeHUS. DIEKTPOCHAOKEHNE
MOTpPEeOHUTENEH DIEKTPOIHEPTUH (JIaMIBI JTOCBETKH, HACOCHI
CHCTEeMBI ~ IOJMBA W T.aI.)  OCYWIECTBIAETCS  OT
LEHTPAJIN30BaHHBIX ~ HUCTOYHUKOB  DJIEKTPOCHAOXKEHUS  —
NEKTPUYECKHX CeTeil ¢ oraToii no Tapudy.

HcroyHuk 3J1eKTpOoCcHA0KeHUs1. DIeKTPOCHA0KEHNE
MOTPEeOUTENICH  JJNEKTPOIHEPTHU  OCYIIECTBISIETCS  OT
LEHTPAJIM30BaHHBIX JJIEKTPHYECKUX ceTeldl, 1mbo oT
ABTOHOMHBIX MCTOYHHUKOB JIEKTPOIHEPT U HA Ta30BOM MIIH
TBEPAOM TOIUIMBE. BO3MOXHO MpH IKOHOMHYECKOM

000CHOBaHUHU HOJIy4eHHUE IJIEKTPOIHEPTUH oT
BO300HOBIIICMBIX HCTOYHUKOB SHEPrUx
(porompeobpaszoBareneit COJTHEYHOU SHEPIuHy,

BeTporeHeparopoB, Mukpo-I'9C) ¢ mnpumeHenune Oyoka
XUMHYECKUX aKKyMyJISATOPHbIX OaTapeid. s coriacoBaHus
HCTIONB30BaHUS ~ Pa3HBIX ~ HCTOYHHMKOB  DHEPTUH U
peanm3anuy  ONTUMAIBHOTO  pEeXHMa  IPHMEHSIOTCS
JICKTPOHHBIC CUCTEMBI aBTOMATHYECKOTO YIIPABICHHUSI.

YecaoBusi ocBelleHHOCTH. lcnonb3yercs COJIHEUHbIH
CBET, NPOHUKAIOIMI uepe3 Ipo3padyHoe orpaxkiacHue. llpu
9TOM CBET MOXKET BO3JECHCTBOBATh TOJBKO HA PACTEHUS B,
pacIonoXXeHHbIe Ha OJHOM YpPOBHE, T.€. HA TPyHTE TCIUIHIIBI,
KpOME TOTO, IPO3PAYHOE OTPAKACHHUE N3 CTEKIA, IUICHKH HIIH
MoiuMepa, OCOOCHHO B YCIIOBUSIX 3albUICHUS OTPaKACHHS
NIPOITyCKaeT HE BECh IIOTOK COJIHEYHOTO CBETa, HCKaxas
€CTECTBEHHBIH CIIEKTP COTHEYHOTO CBETA.

YenoBusi ocBelleHHOCTH.VICTIONB3YOTCA UCTOYHUKHI
HCKYCCTBEHHOTO CBETa ISl KaXJOro sipyca CTeJlIaxew,
MIPUMEHSIOTCS CHEUHANbHbIE JIAMMbl JUIs TEIUIUI, J100
SHEPrO3KOHOMHBICTIOMHHUCIICHTHBIE JIaMITBI, a TaKke
0c000 SKOHOMHBIE CBETOJHOJIHBIC HCTOYHHKH CBETa CO
CIICIMAIBHBIM  OHOJIOTHYECKHM crekTpoM. Ilepuom w
MHTECHCUBHOCTb OCBELICHHOCTH u JUINTEIILHOCTD
UCKYCCTBEHHOM HOYM» peryjupyercs Uil pacTeHUi
pa3sHbIX BUJIOB CHELUAIBLHONM aBTOMATHUYECKOH CHUCTEMOH.
IlepcrieKTMBHO HMYKHEE JOCBEUMBAHHUE PACTEHUI.

JleTHmii pe:xxuM. B yciioBusIX J€THEr0 C€30HA TEIUIUIBI C
MPO3pavHbIM OTPAKACHHEM IIOABEPraloTCcs, KaK IPaBUIIO,
H30BITOYHOMY HeperpeBy. Jist mpeRoTBpaIeHus IpUMEHSeTCs
3alITOpPUBAHUE CIEeLUAIbHBIMU CBETOOTPAXKAOUIUMU
MOKPBITUSIMU. [Ipn GobIIO# IIIOIMany TEIUIHI] 3aIITOPHBAHUE
— Tpynoemkast onepauys. Ilpu sTom u30bITOYHAs CONHEYHAs!
SHEPIHs MPOCTO PACCEUBAETCS B OKPYKAIOIIEH cpere.

JleTHmii pexum. VYenosus TOAJIEPKAHUS
MHUKpOKJIMMAaTa €JuHas U 3UMHETO U JICTHETO PEeXHMa.
VYcioBus  ocBelleHMs ~— pAacTEHUH — NpH  [OMOLIM
HUCKYCCTBEHHBIX HCTOYHUKOB CBE€TA Ha MHOIOSPYCHBIX
CTeJUIa)kaX B  3aKPbITOM IIOMEIICHUM TEIUIUIBI He
pasiuyaroTcs B JIETHEM M 3UMHEM pEeXHUME, TaKk Kak
PErynupyoTCs CeLMaIbHON CUCTEMON OCBELLCHMUS.

HonuB wu ynodpenme. J{ns cosmanus TpeOyemoro
BJIQ)KHOCTHOTO PEXHMa ITOYBBI PUMEHSIOTCS 10XK/IEBaIbHbIC
YCTaHOBKH, YO0OPEHHUS B MIOYBY BBOJATCS OOBIYHBIM METOZOM
IIPY TIOJTOTOBKE ITOYBHI K ITOCAJKE M B IEPHOJ POCTA B BHIE
MEKCE30HHOH MOAKOPMKH TI0 THITY TEXHOJIOTUH BBIPAIBAHHS
Ha OTKPBITOM IPYHTE.

HonuB u ynoGpenue.llcronb3yloTcs KamenbHBIN
TIOJIMB TP IPUMEHEHUH CHEIUATBHBIX KAeIbHBIX CHCTEM.
IIpy ruApomOHMKE OHHU SBJISIOTCS COCTABHOM YacThIO
TexHojoruu. IIpy 5TOM MpH MOIUBE MCIOIB3YIOTCS
N00aBKH B BOAY pacTBOpOB ynoOpeHHH. B aspomonHoi
CHCTEMe HCHOJIb3yeTcsl NoN00Has cucreMa ¢ (hOpCyHKaMu
JUISL CO3JJaHMS @3PO30JIs M OPOLIEHHs] KOPHEBOH CHCTEM.

Mexanu3zauusi npousBoiacTsa. Mcnonb3ylores cpencTsa
MEXaHW3alUW 10 THUIy TEXHOJNOTUH BBIPAIIUBAHHUI B
OTKPBITOM TPYHTE (TPaKTOPHI MAJOH MOIIHOCTH, SIEKTPOKAPHI
U T.IL).

Mexanuzauusi ~ NPOM3BOACTBA.  Mcmonb3yrorcs
CPeACTBA MEXaHW3aIMM OT OOBIYHBIX CPEICTB Maioif
MeXaHHU3aLUu1 (9mexTpoKapsl, HNOJbEMHUKU UL
oOCIIy’)KMBaHUSI ~ BEpXHHX  SIPyCOB  CTeJUIaKeH) 10
BEPTUKAIBHBIX WU TOPU30HTAIBHBIX MEXaHU3UPOBAHHBIX
KOHBEHEPHBIX CHUCTEM BBIPALIMBAHUS C IOJIHBIM LIUKIOM
MEXaHU3aLUH MIPU [0CaKe, BBIPAIIMBAHUH, COOpe ypoxKasi,
ornepanusx 1o pereHeparyu nocajo4Horo cyobcrpara u T.11.

TpaI[I/II_II/IOHHBIe TCIUIMIBI MO3BOJISIIOT YBCIUYHNTDH

00BeEM MMpoOU3BOJACTBA ILUIOJ00BOIIHOM npoAyKIUN

3a CUET HECKOJBKUX IMKJIOB BEIpaNIMBaHHUA (B BECEHHHUX — N0 2 IUKJIOB, B 3UMHHX — J0 3—4 IIMKIIOB).
JomonHuTeNnbHBIE 3aTPaThl HA COOPY KEHHE 3/IaHMs, Ha 000TPEB M JOCBETKY YBEIMYUBAIOT 3aTPATHI, U4TO
IPH COBPEMEHHBIX PHIHOYHBIX IIEHAX Ha OBOIIHYIO MPOIYKIUIO MPUBOAUT K POCTY CEOECTOMMOCTHU
TUTOZI00BOITHOM TPOAYKIIUH, & TAKXKE K TOMY, YTO CPOK OKYITaEMOCTH TETLIHUIIBI COCTABIISACT 6 JIeT u Ooee.

Temmuil HOBOTO TOKOJICHWS TIO3BOJISIIOT TMPOWU3BOJUTH IUIOAOOBOITHYIO MPOAYKIHIO B JFOOBIX
pPErMOHaxX CTPaHbl HAa MPOTSKEHUU KPYIJIOro roja. ITo 00eCreurnBaeT UMIIOPTO3aMEIICHUE B OBOIIHOM
CEKTOpE JKOHOMHKH, CIIOCOOCTBYET YKPEIUICHHIO IPOJOBOJILCTBEHHOW Oe3omacHocTu. DypaxkHoe
HampaBJIeHUE B TETUIMYHBIX TEXHOJOTHUAX TT03BOJISIET Pa3BUBATh )KHBOTHOBOJICTBA B ITYCTBIHHBIX PETHOHAX

CTpaHBI.

W3noxxeHHbIe TPUHIUIBI ObUTA alpOOUPOBAHbI HA €IMHUYHOM MOYJIC TEILUTUIBI-CTEIIIaKE.

Temnuua cremiaxHas TPEACTABIACT COOOW KOHCTPYKIMIO W3 THYTOTO YIJIOBOrO Mpouis c
nepdoparnreii, coOpaHHBIX Ha OOJTOBBIX COCJIMHCHHSX B €JWHBIA TPOCTPAHCTBEHHBIH Kapkac B
rabaputax (BbicOTa, JuynHA, mupunHa) — 3000 x 3000 x 1000 mMm.
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BOCITPOU3BCICHBI

Ha crennaxke, Kak eIWHAYHOM ONBITHOM MOJyJe OBLIH
TEXHOJOTMYECKHE TPEOOBAHUS K TEIUIHIE HOBOTO IIOKOJIEHHS.
1000 1000 1000
b .
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HEOOXOIUMBIE

Pucynok 1 — Cxema kapkaca CTeIaxa TeIUIMIbI ¥ rabapuTHBIC pa3Mepbl: / — YIJIOBbIe CTOWKHY;

2 — LeHTpajbHbIE CTOMKY; 3 — paMbl OJIOK; 4 —pEIIETKH MOJIOK

OcHharienne TEIIMYHOTO CTeJIaXka 000pyI0BaHUEM ITOKA3aHO Ha (POTO HIDKE.

doro 2 — EMKOCTB, HacoC noJa4u BOAbI U MUTATEJIBHOI'O PACTBOPA, & TAK)KE CUCTEMA KaIl€JIbHOI'O IT0JIMBa
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D010 3 — BeHTWISATOp peryIupoBaHus ra30Boil cpebl (GoTo ciieBa). AIapaT «X0JIOJHOTO Tapay
¥ MOHH3AIIUK BO3/IyXa U (CIIpaBa)

®ot10 4 — CTeniaxx IpH BEIPAIIUBAHUYI PACTCHUN

CreBa —4eXO0J TS PeTyIUPOBAHNS Ta30BOM CPEABI OAHSIT JUIS 00CITyKHBAHHUS, CIIPaBa — Y€XO0J YKPBIBACT CTEILIAK,
co3/1aBasi B 30HE CTEJIaXa ONTUMAIBHBIH MAKPOKIIMMAT JJIS PACTEHUI.
@oto 5 — Cremrax TEIUTHYHEIN B IPOIECCE OMBITOB MO BHIPAIIMBAHUS B HCKYCCTBEHHBIX YCIOBHIX
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OmBITHI ¢ TEIUIMYHBIM CTEJUIAXKOM IIOJHOCTHIO TMOATBEPAUIIN PEATIBHOCTD TEXHOJIOTUH BhIpalllUBaHUA
paCTHTCJ’IBHOﬁ OPOAYKIHHU MMOJTHOCTBIO B HCKYCCTBCHHBIX YCJIIOBUAX.

Ha ocHOBaHMH TaKMX TEXHHUUYECKHX PEIICHHUH ObUTH pa3paboTaHbl HECKOIBKO BApUAHTOB TEILIUI], KaK
Ul OpeAIpUHUMATENIed, TaKk M Uil KPYNHBIX TEIUIMYHBIX XO34MCTB, B T.4. IS T'HMAPOIOHHOIO
IIPOU3BOJCTBA 3€JIEHOI0 KOpMa.

l. i : 6 1.‘ 8
‘I""‘.‘ \ \ \
Voo
\ o\

1

/

o
4/ 3/ 2

1/

Pucynok 2 — Cxema TpaHIIeHHO# Teruuib! (cieBa): pabodee moMenieHne; 2 —ICHTOYHbIH (yHIaMeHT;
3- MeTaIMYecKue CTOUKH; 4- CTEHOBOE MOKPBITHE; 5 — 3aChINKA U3 TEIJIOU30JILUOHHOT0 MaTepuana; 6 — MOTOJI0YHOE
MIEPEKPHITHE; 7 — TEIUIOU3OIIALHS KPOBJIH C THAPOU3OISIIEH; 8 — OKHO W3 MHOTOCJTIOIHHOTO CTEKIIONaKeTa; 9 — 0TKOCH cTeH; 10 —
THIPOU3OJISIIS OTKOCOB; 11- BOZOOTBOIAIINIA KeT00

1. 2 3 4 56 7 B 9

10 11

Pucynok 3 — Cxema 00ycTpoiicTBa TpaHIIEHHON TeIUIHIBI (cripaBa): 1 — ypoBeHb IPyHTa; 2 — CTEeHa; 3 — pauaTopbl CUCTEMBI
oborpeBa; 4 — KpoBJIsl; S — CTEJUIAX TEIUTMYHBIH MHOTOSIPYCHBIH; 6 — HICTOYHHKH UCKYCCTBEHHOT'O OCBEILCHUS; 7 — JIOTKH JJIst

BBIPAIIMBAHNUS; 8 — CBETHJIBHUK JCKYPHOTO OCBEIIEHHST; 9 — TeXHOonmoruueckuit mpoxox; 10 — BentmiiaTopsl; 11 — cBeToBOi
[POEM CO CTEKJIONAKETOM
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Jis  mMaccoBOro MPOMBIIUIEHHOTO TIPOW3BOJCTBA OBOIEH pa3paboTaHa ONTUMH3UPOBaHHAS
KOHCTPYKITUSL TpaHIIEHHOW Terumiel. B Helt 3a cuer mpoduis TpaHIIen yMEHBIICHBI 3aTpaThl Ha
COOpYKEHHE CTeH. A TakKe yBEJNMYeHa IUIOIIAAb BBIPALIMBAHMS 3a CUYET JABYX PANOB CTEJIaXed mpu
HIUPUHE 2 M KaXIbIH C BO3MOXKHOCTBIO IBYXCTOPOHHETO I()6CJ'Iy)KI/IBaHI/ISI cTesuaxen

3 x 1000 = 3000

VposeEn
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30000

A
F
¥
¥
F Y
h

L

10000

- B
L

PucyHnok 4 — Ontumusanus CTpOUTENIbHOM KOHCTPYKIUY TPAaHIICHHON TEeIUINIBI

Takue TEXHOJIOTHYECKUE DIEMEHTHI, KaK MCTOYHUK TEIUIOBOM DHEPTHH B BUJE MCTOYHHKA TEIUIA C
CHUCTEMON  IUPKYJALMU  TEIJIOHOCUTENS, MOTOpreHeparopa NpU NOPUMEHEHHU AaBTOHOMHOTO
ANIEKTPOCHAOKEHUST BBITIONHSIIOTCS B OTAEIBHOM OTCEKE TEIUTHIBL. B »HEprocHaOXeHWH TeTUTUIIBI
BO3MOJKHO HCITOJTb30BaHME KaK KOMMEPYECKHX JHEPrOHOCHTENeH (TBEPAOTO, JKHUAKOTO WM Ta30BOTO
TOIUIMBA), TaK U UCIOJIb30BAHUE BO30OHOBJISCMBIX MCTOYHUKOB SHEPruM (CoyHIA, BeTpa, MUKpol DC u
T.IL).

[IpyHOHIT TONHOCTHIO TEIUIOM30JIMPOBAHHOW TEIUIMIBI OBUT MPOBEPEH Ha MPOMBIIUIEHHOM
skcriepuMeHTe. OTBIT MPOBOIUIICS HA OMBITHON TEILIUIIE, BBHITIOJHEHHOM MO CXeMe TeTHOTEIUIUIIE, T.€. C
TEIJIOU30JMPOBAHHBIMU TpPeMsI CTEHAMU M IIPO3PayHBIM OTpaKIeHUEM IoXHoMcTeHbl. [Ipu 3TOM
Mpo3pavyHOe  Orpaxk[eHHe OBLJIO0  BEHIIOJNHEHO K3 COTOBOTO  MOJNUKapOOHATa, 00JIaJaroIiero
TETUTH30JIMPOBAHHBIME CBOICTBaM. UTOOBI CO3/aTh YCIOBHUS TIOTHOCTHIO HM30JMPOBAHHON OTBHEIIHUX
YCIOBUMTEILTUILY, MIPO3PAYHOE OTPAXKACHHUE 3aKPHIBAIOCH KAK CHAPYXKHU, TaK U U3HYTPH, YTO UCKIIOYAIO
MOCTYTUIEHHE BTEIUIMILY COJIHEYHBIX JIy4ei, a TakkKe 0O0eCleYrBalio JOIMOIHUTEIHFHYI0 K COTOBOMY
moMuKapOOHATy TEIIOBYIO M30IIAINI0. OCBEIIEHHE B IIPOMBIIITIEHHOM 3KCTIEpUMEHTE 00€CTIeurnBaIoch OT
HATPHUEBBIX JIAMIL.

®Doto 6 — 305511 po3pavyHOro OrpaXICHUs ONBITHOHN TEIUIHLIBI C BHEIIIHE CTOPOHBI
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®doto 7 — Uzonsmus MIPO3pavHOTro OrpaXaACHUs ONBITHOUN TETUTHIIBI C BHyTpeHHeﬁ CTOPOHBI
(Ha (bOTO BUHBI JIaMIIbI U1 UCKYCCTBEHHOT'O OCBeI_IICHI/IH)

OKCIepUMEHT 3aKII0YaliCsl B BRIPAIlMBAHUH JIBYX IIUKJIOB OTYPIIOB,C CEHTIOps moaekadps 2014 r.u
csHBapsl mo ampenb mecsay 2015 r. OmNBITEI MOJHOCTHIO MOATBEPIWIIM MPAaBUIBHOCTH BBHIOOpa HOBOM

KOHCTPYKIUHA TCIUIHLBI.

T
]
L

-..

dorto 8 — B nporecce pocta, pa3BUTHA U IJIOJOHOIICHHUS BEJICS yUeT IapaMeTpOB pacTCHUM

B eJIoM, TCIUIMIIA, BBIIIOJIHCHHAA B BUAC TpaHIICHU C MPUMECHCHUEM B CTPOUTCILCTBE MCCTHBIX U
JACHICBBIX CTPOUTCIIbHBIX MATCPpUAJIOB, HUMCIOIIAA MaAJbIC IOTCPHU TCIJIOBOM OHEpruu, B KOTOpOfI
TEXHOJIOTUA BBIpalllUBAaHUA OCHOBaHa Ha IMPUMCHCHUH IIOJHOCTBHO HCKYCCTBEHHBIX yc.]'IOBI/Iﬁ n
MHOT'OAPYCHBIX creutakeil 00eCIeUnT BBEICOKME TEXHHUKO-DKOHOMHYECKHME ITOKA3aTed W MaJIbIi CpPOK
OKYIIa€MOCTH 3aTpaT Ha COOPYIKCHUC.
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’KAHA BYbIH KbLIBI)KAWBI

AnHotanusi. KazakcTaHHBIH KOHTHHEHTAIIB/Ibl KIIMMAT KaFIaibl YIIIH anfail peT jkKaHa OybIHIbl MapHHUKTIK
MPUHIMITI XKBUIbDKAH yKacanbl.
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KaszakcTaH KOHTHHEHTA/Ibl KJIMMAThl YIIiH HIBIHBI HEMece KaOBIPIIAKTHI KOPIIAYMEH KOpFajFaH JSCTYpIi
JKBUTBDKAMIAP KAKETTI THIMALTIKTI KAMTaMachl3 eTIIEHTIHIIT] aHBIKTAJ/IBL.

Hoctypri >kpUTBDKAMIap ecipydiH OipHemie HUKIABI (KOKTeMae - 2 MHKITe, KbicTa - 3-4 OUKIre ACHiH)
ecipycaapblHaH, JKEMIC-KOKOHIC OHIMAEPIHIH KOJeMiH apTThipyFa MYMKiHAIK Oepeni. JKbUIbITy KoHE
KAPBIKTAHABIPY YIUIH FUMapaTThl CAlyJblH KOCBIMILIA IIBIFBIHIAPHI, KOKOHIC OHIMJEPIHIH aFbIMIIaFbl HAPBIKTHIK
Oaranapbl KEMiC-KOKOHIC KYHBIHBIH OCYIHE, COHJal-aK JKbUIbDKAWIbIH 6TeNly Mep3iMi 6 KblI HEMece OJlaH Jia Kell
YaKbITKa CO3bUIATBIH IbIFBIHAAPBIH apTThIpaabl.

Kbt GO¥ibI emiMi3lIiH Ke3-KEeJITeH OHIpIepPIHIe KEeMIC-KOKOHIC OHIMIIEPIH MIbIFapyFa MyMKIH/IIK OCpETiH jkaHa
YPUaKThl JKbUIbDKalFa apHalfaH Heri3ri TEeXHUKAJIBIK LICHIMIEpP YCHIHBUIQABL. Byl 9KOHOMHUKAaHBIH KOKOHIC
CEKTOPBIH/Ia UMIIOPT AJIMACTHIPY/ bl KAMTAMACHI3 €TE/Ii YKOHE a3bIK-TYJIIK KAYilCi3/IiriH HbIFATa/IbL.

JKeprifgikTi koHE ap3aH KypbUIBIC MaTepUaJIApbIH MalJalaHblll, MIYHKBIP TYPIHAE JKAcalfaH KbUIbDKahaa
oCipy TEXHOJOTUACHI TOJBIKTAM KACaH (bl JKAFIalIap bl )KOHE KUHAKTAIFAH TipEKTep/i MaiilanaHyFa Heri3jieireH
JKBUTY SHEPTUSCHIH a3 KOFAITA/bl, YKOFAPhl TEXHHUKAIBIK OHE HKOHOMHKAJBIK KOPCETKILITEP/l JKOHE KYPBLIbIC
IIBIFBIHIAPEIH KBICKA Mep3iMIIie 6Tey i KaMTaMachl3 eTeli.

Tyiiin ce3aep: *KbUIbDKA, KYH, JKell, TYPAKThI 1aMy, SHEPTHsl KO3/1epi, JHEPTUs YHEM/IEY.
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N.K. Nadirov', V.G. Nekrasov', Y.V. Solodova', T. Srymovz, D.T. Suhanberdieva’, M.A. Kultore’

'National Engineering Academy of the Republic of Kazakhstan, Almaty, Kazakhstan;
*Al-Farabi Kazakh National University, Almaty, Kazakhstan

HOTHOUSES OF NEW GENERATION

Abstract. The principle of thehothouse of thenew generation was first mined-out for the terms of continental
climate of Kazakhstan. It is set that for the continental climate of Kazakhstan traditional hothouses as the protected
area of soil with a glass or pellicle protection do not provide the required efficiency. Traditional hothouses allow to
increase a production of fruit and vegetable goods volume due to a few cycles of growing (in spring are up to 2
cycles, in winter are up to 3-4 cycles). Additional costs on theconstruction of building, on heating and supplementary
lighting increase expenses, that at modern market prices on vegetable products results in the height of fruit and
vegetable unit cost, and also to that the term of recoupment of hothouse makes 6 and more. Fundamental technical
solutions are offered for the hothouse of the newgeneration, that allow to produce fruit and vegetable products in any
region of thecountry during the whole year round. It will provide substituting for an importin the vegetable sector of
theeconomy, assists strengthening of food safety. The hothouse executed as a trench with the use of local and cheap
building materials having small losses of thermal energy in that technology of growing is based on fullyapplication
of artificial terms and many-tier shelving will provide high technique-economic indexes and small term of
recoupment of expenses on thebuilding.

Keywords: hothouses, sun, wind, steady development, proceeded in energy sources, energy-savings.
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