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BIOSOURCED SILICA/AG COMPOSITE MATERIALS AS A NEW
ADSORBENT FOR THE REMOVAL OF MERCURY IONS FROM WATER

S. Azat"?, U. Zhantikeyev?, U.Z. Tauanov?, K.Bekseitova?
'Satbayev University, Engineering profile laboratory, Almaty, Kazakhstan
2al-Farabi Kazakh National University, Almaty, Kazakhstan

ABSTRACT

In this study, the synthesis of a new composite adsorbent using rice biosourced silica, silver nanoparticles
and triethoxysilane as the raw materials for removal aqueous mercury ions from water is presented. The
new composite material was synthesised by modification of the surface of rice husk based silica with silane
groups and farther decoration with silver nanoparticles. Characterization was carried out through, Fourier
transform infrared (FT-IR) spectra analysis, N, adsorption-desorption (Brunauer-Emmett-Teller) and thermal
gravimetric analysis (TGA). Synthetic and real mercury containing water sampled from Balkyldak lake-reservoir,
Kazakhstan were tested. The results demonstrated that the affinity of the composite for mercury is high and
the removal mechanism is adsorption accompanied by an amalgamation reaction between silver and mercury.

Key words: Adsorption, silver nanoparticles, rice husk silica, silica/Ag composites, aqueous mercury ions
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Introduction. Currently water contamina-
tions with heavy metals have great interest. Even
at low concentrations, these metals have a toxic
affects to environment and microorganisms. Mer-
cury is one of the most harmful pollutants among
heavy metals. It is widespread in natural waters,
groundwater, draining water in urban areas, and
industrial waste [1]. Consequently, development
of efficient clean-up technologies for removal of
mercury from aqueous media has been required
testing various methods such as ion exchange,
precipitation, reduction, solvent extraction, re-
verse osmosis and so on. However, compared to
adsorbents all these methods have deficiencies
such as high cost, low efficiency, formation of
by-products, and unsuccessful at low toxic metal
concentrations (1-20 mg-L-1) etc. Hence, many
researches have been considered adsorption is

the most advantageous technique for elimination
Hg*" ions from wastewater [2].

According to United States Environmental
Protection Agency (USEPA) the minimum allow-
able limit of mercury concentration for drinking
water is 0.002 mg/l, whereas for World Health
Organization this was set at 0.006 mg/1 [3]. Be-
sides, mercury discharge into water sources has
been increased in Asia, South America, and Afri-
ca due to elevated mercury pollution from indus-
trial plants [4].

Kazakhstan is also vulnerable in terms of
ecological problems concerning mercury pollu-
tion of water resources. The brightest example
is the technical reservoir Balkyldak, which is
located near the industrial district of Pavlodar
city in the north of Kazakhstan. This waterbody
was intended to store and evaporate industrial
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wastes of several large-scale plants in Pavlo-
dar, among them are the Pavlodar Oil Chemical
Refinery (POCR) LLP, the Pavlodar Chemical
Plant “Caustic” JSC and the heat electric gen-
eration plant [5]. The industrial effluent entering
the reservoir contains various pollutants, such as
petrochemicals, heavy metal salts (Zn, Fe, Cr,
Hg etc.), chlorine, sulphates etc. Recent research
conducted by Karaganda State Technical Uni-
versity on monitoring of toxic metal contamina-
tion in the northern district of Pavlodar showed
that the mercury content in soil and groundwater
exceeds allowable limit, which verifies that this
region is still remains the main focus of mer-
cury pollution. In addition, mercury discharges
into Balkyldak reservoir was greatly enhanced
by operation of an industrial object so called
ex-“Chimprom”, which produced chlorine and
sodium through electrolysis with mercury cath-
ode between 1973 and 1992. During 14 years
the 1089.36 tons of metallic mercury was con-
sumed. In addition to small discharge of mercury
into waterbody during regular plant operations,
the significant leakages occurred during the
shutdown of the plant. Mercury discharge into
aquatic systems of the lake-accumulator Balky-
ldak has an adverse impact on flora and fauna
in this region. The analysis of tench fish, which
is inhabitant of the lake, showed that mercury
concentration in fish exceeds the allowable min-
imum limit in 0.53 and 3.73 times. The maxi-
mum amount of mercury content was found in
perch, which is equal to 5.6 times maximum per-
missible concentration (MPC) [5]. Furthermore,
comparison of water content in the Balkyldak
Lake and in groundwater showed that mercu-
ry concentration has increased in groundwater,
whereas the concentration of zinc and chromium
remains unchanged. The major concern relates
to the spread of mercury pollution into the Irtysh
River, which is one of the largest waterbodies in
Kazakhstan. In 1950s, mercury pollution from a
chemical plant in Minamata Bay caused contam-
ination of fish, which was the main food supply
for inhabitants of modest village. As a result of
this human tragedy 2252 people were affected
and 1043 people died. Therefore, efficient mer-

cury remediation technologies evolvement is ex-
tremely urgent [6, 7].

Based on mercury properties, the physical
adsorption between mercury and active adsor-
bents may not be effective. In majority of cas-
es, the adsorbent’s surface must be modified for
chemical adsorption. It has been reported that
several metals, such as palladium, platinum, rho-
dium, gold, zinc, aluminium, copper and silver
are ready to form amalgam with mercury. More-
over, these metal amalgams formed with mercu-
ry have relatively low solubility, which implies
negligible release of mercury after adsorption.
Among those metals, it has been noted that silver
has the lowest solubility, therefore, it was select-
ed to modify adsorbent support and create more
active sites [8, 9].

Activated carbon, carbon nanotube, zeolites,
clays and mesoporous silicas are have been wide-
ly used for removal metal ions from aqueous sys-
tem. However, because of their relatively high
cost today especial attention has been devoted to
finding inexpensive adsorbents [10].

Silica can be chosen as an efficiently adsor-
bent in water treatment processes because of its
granular structure, water insolubility, chemical
stability, high mechanical strength and its low
costs. Alternative sources of silica such as rice
husk and sugarcane bagasse have been used to
obtain amorphous silica by costly templates, sur-
factants and use of acid washing under high tem-
perature and atmospheric and thermal treatment
methods [11]. For instance, RHA with 87.5 %
silica content prepared by directly calcination of
RH at 650 °C for 2 hours was used to synthesize
poly inorganic silica with Fe and Al ions, which
are more favorable in removal of heavy metals
from wastewater [12, 13].

Different optimization approaches have been
used to improve the adsorption capacity of the
mesoporous silica. Katok et al. [14] have report-
ed synthesis of composite materials by immobili-
zation of silver nanoparticles on the silica surface
functionalized with hydride groups. They were
examined potential application of hydride silica
composites as adsorbents for mercury from aque-
ous systems. These novel adsorbents demonstrate
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high reactivity, pH sensitivity, capacity and can
be effective candidate materials for removal mer-
cury ions.

The method of silver nanoparticle immobi-
lization on the surface of modified silica, which
used in present work, has a list of significant ad-
vantages over other techniques. At first, it is eco-
nomically feasible since it requires the minimum
expense of the silver nitrate solution as a starting
material. Secondly, silica can be synthesized us-
ing rice husk as a raw material [15]. Besides, it is
anticipated that the synthesis of ‘chemically pure’
NPs results in hyperstoichiometry phenomena
by which more efficient toxic metal remediation
from water can be performed.

According to Katok et al. mercury ions in
solution interact with silver metal (Ag’) at a
Ag:Hg stoichiometric ratio of 2:1 resulting in
zero valent mercury [15]:

2Ag+Hg*—2Ag +Hg (1)

Based on this stoichiometric ratio Katok et
al. [15] described a hyperstoichiometric effect,
according to which the Ag:Hg ratio changes
depending on the Ag NPs size reaching 2:2.25.
This ratio was taken from the quantity of Hg*
reduced from solution with that of Ag" oxidized
into solution. However, this is only part of the
overall mechanism as redox is followed by amal-
gamation. The Hg*" reduction and amalgamation
were observed by Henglein and Brancewicz [16]
and Henglein [17] who suggested the following
reaction mechanism between Hg?* and Ag NPs:

Ag +Hg” —Ag ,Hg+2Ag’ 2

Harika et al. [18] studied the amalgamation
reaction by ultrasonically reacting liquid mercury
with an aqueous solution of silver nitrate. While
the formation and role of silver nanoparticles is
not discussed the authors observed schachnerite
and moschellandsbergite and mixed phases with
molar ratios of Ag:Hg from 2:1.33 up to 2:4. For
instance, assuming the 2:1 ratio in the redox re-
action and the formation of moschellandsbergite
the overall reaction is:

8Ag+ 3Hg”*— 6Ag" + Ag Hg, 3)
In the case of schachnerite:
29Ag+09Hg” — 1.8Ag"+Ag Hg , (4

Thus, the overall stoichiometric ratio could
be 2:0.75, 2:0.62 depending on the formed amal-
gam.

Thus, present research work explored the
preparation and characterization of new effec-
tiveness inexpensive adsorbent prepared from
agricultural wastes, namely rice husk silica to
remove aqueous mercury ions from water speci-
mens. The use of silica as an adsorbent not only
solve the problem of potential human health risk
and ecological disturbances related with toxic
heavy metals but also will expand the feasibility
of turning agricultural byproduct in to a valuable
resource.

Materials and methods

Materials and chemicals. Triethoxysilane,
glacial acetic acid, silver nitrate, mercury chlo-
ride were purchased from Sigma Aldrich and
used without further purification. Rice was used
as the main raw material for synthesizing silica
by physical and chemical treatment methods.
The mercury nitrate solution and microbiological
samples collected on the Balkyldak Lake-reser-
voir were used in adsorption experiments.

Characterizations. Fourier Transform In-
frared Spectroscopy (FTIR) was performed us-
ing Agilent technologies, Cary 600 series FTIR
spectrometer in transmission (T) mode at mid IR,
wavenumbers range 500-4000 cm™ to conduct
IR measurements. Band intensities can be also
expressed in absorbance mode, in which same
results are expected. The powder was then dis-
persed in a matrix of potassium bromide (KBr)
in the ratio of ~1:10. The absorption coefficient
of KBr is far less than 400 cm™', therefore no ab-
sorption peak of KBr appeared in the range of
measurement.

Physical parameters of nitrogen adsorption/
desorption for the Barret-Joyner-Halenda average
pore diameter (D), the Brunauer-Emmett-Tell-
er surface area (S, ) and the total pore volumes
(V__ ) was obtained by Autosorb-iQ Automated

total
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Gas Sorption Analyzer. Thermal characteristics
of initial and modified samples of silica were
measured by thermogravimetric analysis using
TG/DSA 6000 instument (Perkin Elmer).

The removal of mercury ions from aqueous
solution analyzed by RA-915M Mercury Analyz-
er with pyrolysis attachment (PYRO-915%).

Synthesis of silica by physical-chemical
treatment. The samples of rice husks were pre-
viously washed with water for the purification of
the composition from foreign substances. Then
the initial raw materials were dried in the labora-
tory drying oven at the temperature of 90 °C for
2 hours (for complete evaporation of the water
in the composition). All prepared samples (50 g)
were calcinated at 600 °C for 4 hours in a muf-
fle furnace (AAF series, Carbolite) to produce
white rice husk ash (WRHA). After the end of
the process, all organic compounds in the rice
husk are burned completely and eventually the
ash of white rice husks is formed. Subsequently
the WRHA was mixed with 100 ml of 2M NaOH
at 90 °C at continuous vigorous stirring for 2
hours in order to extract the solid silica into water
soluble sodium silicate. The water soluble sodi-
um silicate solution was filtered via the vacuum
pump to remove insoluble residues. After filtra-
tion, the water soluble sodium silicate solution
(the filtrate) converted into insoluble silicic acid
by reaction with concentrated HCI for 30 min-
utes, under continuous stirring.

Modification surface of rice husk silica
samples with silicon hydride groups

Batch (3 g) of the silica oxide was added into
a round bottom flask equipped with a reflux con-
denser. The flask was placed in a water bath with
constant temperature (90 °C) and solution of mod-
ifier (0.4 ml triethoxysilane (TES, Sigma Aldrich,
390143, 95%) in 60 ml of the glacial acetic acid)
was added under continuous stirring. After 2 h of
reaction, the mixture was cooled to room tem-
perature and filtered. Obtained solid was dried at
90 °C. Resulting modified silica samples were
used for reaction of the silver nanoparticles for-
mation.

Formation of Ag nanoparticles on the sur-
face of silica

Silver nanoparticles formation on silica sur-

face was as follows: 5 samples of modified silica
(1.1 g. each) were immersed into silver nitrate
(10 mmol-L") aqueous solution at ambient tem-
perature with different volume (5.5, 11, 22, 33,
44 ml) of silver nitrate; all experiments were car-
ried out in the light shielded conditions to prevent
the light degradation of the silver nitrate. Silver
nanoparticles are formed on the surface of silica
through the chemical reduction of silver ions into
zero-valence state as result of reaction with sili-
con-hydride groups on the silica surface (Table
1). The obtained samples were filtered and dried
for 12 h at 105 °C in the bench oven.

Mercury removal experiments

Silver nanoparticles deposited on the silica
surface were tested in reactions with mercury
chloride (HgCl)), for each experiment 0.1 g of
silver containing silica was placed in a conical
flask and 10 ml of HgCl, (Sigma Aldrich, M6529,
>299.5%) solution (100 mg/l) was added. The
mixture was continuously stirred at ambient tem-
perature for 1.5 hours. After reaction, the mixture
centrifuged and solution analysed for mercury
content. The real mercury containing solutions
were sampled from the lake-reservoir Balkyldak
and had an initial concentration 14836.6 ng/Il.
The residual mercury in the solution was anal-
aysed by using the RA-915M Mercury Analyzer
with pyrolyzer PYRO-915".

Results and discussion

Material characterization

Porosimetry. N, adsorption-desorption
measurement were performed to characterize
the textural properties of initial and TES-modi-
fied silica. Silica nanoparticles were obtained by
thermal treatment of rice husk (RH) followed by
separation of silica from the ashes of rice husks
(RHA) code-named RHA-Si and subsequent
modification by silane code-named RHA-Si/HSi
and modified with silver nitrite RHA-Si/HSi/Ag.

Table 1 show the data of low-temperature ni-
trogen adsorption in accordance with the sample
coding. Adsorption data for the silica samples
were used to calculate the specific surface area,
pore diameters and total pore volume by the BJH
and BET method.

Hosocmu Hayku Kaszaxcmara. Ne1 (156). 2023 = 9
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Table 1 — Porosimetry results

Surface area, ) )
Sample (BET) Surface area, (BJH) (BpJOIr-eI) (Bpﬁil)
[m?/g] [m?/g] [em¥/g] [nm]
RHA-SI 980 418 1.086 3.055
RHA-Si/HSi 285 166 0.895 4.723
RHA-Si/HSi/Ag 310 160 0.863 5.072
It follows from Table 1 that the RHA-Si/His i
and RHA-Si/HSi/Ag samples have a lower spe- g "E 600
cific surface area (166, 160 m*/g) than the initial 3 & 400
RHA-Si sample (418 m%g), which is due to the 5 2 200
modification of the sample by the silane, which C g 0
partially covers the silica surface. This is con- 7 000 050 100
firmed by a decrease in the pore volume of the ' ’ ’
modified samples (0.895, 0.863 cm?/g) compared Relative pressures (p/p0)

to the initial silica (1.086cm’/g).

The isotherms can be classified as type II Fig.
1b,c with macroporous and I'V in Fig. 1a, accord-
ing to ITUPAC classification (Sing et al., 1985)
[19] with an uptake in the low pressure region (p/
p, < 0.1) characteristic of microporous materials.
However, isotherm also shows a distinct hyster-
esis loop at intermediate to high relative pres-
sures, which is characteristic of the presence of
large micropores and mesopores (type 1V). This
is clearly shown on the graph of the pore size dis-
tribution in silica samples.

g 8 8

N2 volume
w
8

adsorption(cm3/g)

3

100500 050 1,00

Relative pressures (p/p0)

N Oy 00
8 8 8

N2 volume
8

adsorption(cm3/g)

o

0,00 0,50 1,00

Relative pressures (p/p0)

Figure 1 — Nitrogen adsorption-desorption isotherm of
initial RHA-Si, RHA-Si/HSi, RHA-Si/HSi/Ag samples

Thermogravimetric analysis. The thermo-
graph of the initial silica sample from the rice
husks code-named RHA-Si is shown in Fig. 2.

Figure 2 — Thermograph of RHA-Si sample

From the thermograph, it follows that when
the sample was heated to 950 °C, a monotonic
mass loss occurred throughout the entire period.
In the first heating section up to 100 °C, the sam-
ple loses 2 % of the mass due to evaporation of
water from the structure of the sample, which is
evident from the energy consumption curve (red
line). Further, there is a gradual loss of mass, but
starting from 500 °C, a sharp consumption of en-
ergy begins and ends at 800 °C, which indicates
that the unburned sodium salt is melted in the
structure of the silica. At the end of the thermal
analysis for a sample of silica from rice husk, it
was found that the sample is heat-resistant and
the weight loss is 9.1 %.
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Figure 3 — Thermograph of RHA-Si/HSi sample

The data of the thermograph of the RHA-Si/
HSi sample (Fig. 3) indicate a low mass loss (no
more than 2.5 %) due to the evaporation of water
at a temperature of 66 °C. Then there was a lin-
ear loss of mass without consumption or release
of energy, but from 500 °C to 900 °C, an endo-
thermic reaction occurred without a sudden jump
in mass loss, which indicates an intrastructural
change in the sample of the material. The total
weight loss did not exceed 14 %.

FTIR results. The FT-IR spectra of (a) the
unmodified silica, (b) the TES-modified silica and
silver NPs decorated silica were shown in Fig. 3.
Silica hydride groups anchored to the surface of
silica particles possess weak reducing properties,
which are sufficient for generating “chemically
pure” zero-valent silver by the reduction of silver
cation according to Equation (6).

= SiH + Ag" + 2H,0 — = SiOH + Ag’ + H,0" + % H, (6)
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In the IR spectra of Silica, stretching vibra-
tional bands of Si-O can be observed at 1860 cm'
(Fig. 3a). After the modification of silica with tri-
ethoxysilane, the IR spectra contained an intense
band with an absorption maximum at 2260 cm™.
This band corresponds to Si—H bond stretching
vibrations in surface chemical compounds (Fig.
3b). A broad absorption band at 3300-3800 cm!
is evidence of the presence of adsorbed water and
perturbed = SiOH groups in the surface layer. Af-
ter modified silica was brought in contact with a
solution of silver nitrate, and silver nanoparticles

were reduced in the surface layer of silica matri-
ces (Fig. 3c¢).

Mercury removal experiments

Synthetic solution. Different concentrations
of silver nanoparticles on silica substrate were
synthesized and calculated stoichiometric ratio of
Hg" to Ag’: 0.005 mmol Ag/g SiO,, 0.01 mmol
Ag/g Si0,, 0.02 mmol Ag/g SiO,, 0.03 mmol
Ag/g Si0,, 0.04 mmol Ag/g SiO,, 0.05 mmol
Ag/g Si0,, 0.1 mmol Ag/g SiO,, 0.2 mmol Ag/g
Si0,, 0.3 mmol Ag/g SiO,, 0.4 mmol Ag/g SiO.,.

All the obtained samples were assigned with
the terms given in Table 2.

Table 2 — Different silver containing silica samples for interactions with mercury nitrate solution

Sample name of silver containing silica

Interactions with mercury nitrate solution

Ag NPs with content of 0.005 mmol Ag/g SiO,

0.1 g 0f 0.005 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.01 mmol Ag/g SiO,

0.1 g of 0.01 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.02 mmol Ag/g SiO,

0.1 g of 0.02 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.03 mmol Ag/g SiO,

0.1 g of 0.03 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.04 mmol Ag/g SiO,

0.1 g of 0.04 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.05 mmol Ag/g SiO,

0.1 g of 0.05 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.1 mmol Ag/g SiO,

0.1 g of 0.1 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.2 mmol Ag/g SiO,

0.1 g of' 0.2 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.3 mmol Ag/g SiO,

0.1 g of 0.3 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

Ag NPs with content of 0.4 mmol Ag/g SiO,

0.1 g of 0.4 mmol of Ag/g SiO, was mixed with 10 mL of

100mg/1 of HgCl,

The produced silver nanoparticles immobilized on silica support were tested on removal the mer-
cury (II) ions from aqueous solution and calculated stoichiometric ratio of Hg" to Ag’ (Table 3).

Table 3 — Removal of Hg2+ from aqueous solution

Stoichiometric ratio of Concentration of Hg?" in
L Hg" to Ag° water after sorption Removal of Hg
Sample description g g P
[ng/1] [%e]
0.005 mmol Ag/g SiO, 7.4:1 21014.8 79
0.01 mmol Ag/g SiO, 3.7:1 9741.3 90
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0.02 mmol Ag/g SiO, 1.85:1 2927.9 97
0.03 mmol Ag/g SiO, 1.2:1 376.6 99.6
0.04 mmol Ag/g SiO, 0.925:1 797.6 99.1
0.05 mmol Ag/g SiO, 0.74:1 21431.5 78
0.1 mmol Ag/g SiO, 0.37:1 20431, 78
0.2 mmol Ag/g SiO, 0.185:1 17156.3 83
0.3 mmol Ag/g SiO, 0.12:1 15557.3 84
0.4 mmol Ag/g SiO, 0.09:1 14650.9 85
100 - Mercury adsorption onto hydride silica com-
° posites is a fast and efficient process, allowing the
L 80 1 loading of up to 0.02, 0.03, 0.04 mmol of Ag/g
5 60 4 SiO, adsorbent with a stoichiometric molar ratio
E 40 - 1.85:1, 1.2:1, 0.925:1 between Hg" and Ag® on the
€ 5o silica surface.
« 0 . Conclusions. 1. The adsorption of ionic mer-
N o N F W oo N oMo cury (II) from aqueous solution on functionalized
2 @ @ @ 9 @ g o o o . - . . .
2 © S S S O w ow ow w hydride silicon materials was investigated.
% W B W oW« L < < . }
LT L 2. The FTIR spectrum of a triethoxysilane sur-

Silver content samples

Stoichiometric ratio,

Hg:Ag

O P, N W & U 3 N
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Figure 5 — Hg2+ removal in modular solution after
sorption (left) and stoichiometric ratio Hg:Ag in reaction

of mercury uptake (right).

face-modified silica sample exhibits an intense ab-
sorption band at 2250 cm! that is typical of silicon
hydride groups, in addition to the vibration bands
observed for the native silica obtained from rice
husk.

3. Experiments were carried out to investigate
the effect of silver nitrate concentration, initial
mercury concentration of the aqueous solution on
mercury loading. The effectiveness of ionic mer-
cury removal from an aqueous solution by adsorp-
tion onto silica with grafted silicon hydride groups
occurs mainly by a redox mechanism: oxidation of
=SiH groups and reduction of Hg" ions.

4. Mercury adsorption onto hydride silica
composites is a fast and efficient process, allowing
the loading of up to 0.2, 0.3, 0.4 mmol of Ag/g
SiO, adsorbent with a stoichiometric molar ratio
0.185:1, 0.12:1, 0.09:1 between Hg" and Ag° on
the silica surface.

Hosocmu Hayku Kasaxcmara. Ne1 (156). 2023 13



Xumusi

REFERENCES

1 Ganzagh, M.A.A., Yousefpour, M., Taherian, Z., 2016. The removal of mercury (ll) from water by Ag
supported on nanomesoporous silica. Journal of Chemical Biology. 9, 127-142. https://doi.org/10.1007/s12154-
016-0157-5.

2 Arshadi, M., Mousavinia, F., Khalafi-Nezhad, A., Firouzabadi, H., Abbaspourrad. A., 2017. Adsorption of
mercury ions from wastewater by a hyperbranched and multifunctionalized dendrimer modified mixed-oxides na-
noparticles. Journal of Colloid and Interface Science. 505, 293—-306. https://doi.org/10.1016/j.jcis.2017.05.052.

3 Atwood, D.A., Zaman, M.K., 2006. Mercury removal from water. In: Atwood D.A. (Eds.) Recent Devel-
opments in Mercury Science. Structure and Bonding, Springer, Berlin, Heidelberg, pp. 163—-182. https://doi.
org/10.1007/430_013.

4 Girginova, PI., Daniel-da-Silva, A.L., Lopes, C.B., Figueira, P, Otero, M., Amaral, V.S., Pereira, E., Trin-
dade, T., 2010. Silica coated magnetite particles for magnetic removal of Hg?* from water. Journal of Colloid and
Interface Science. 345, 234—-240. https://doi.org/10.1016/j.jcis.2010.01.087.

5 Ullrich, S.M., llyushchenko, M.A., Kamberov, |.M., Tanton. T.W., 2007. Mercury contamination in the vi-
cinity of a derelict chlor-alkali plant. Part |: sediment and water contamination of Lake Balkyldak and the River
Irtysh. Science of the Total Environment. 381, 1-16. https://doi.org/10.1016/j.scitotenv.2007.02.033.

6 Schroeder, W.H., Munthe, J., Lindqvist, O., 1989. Cycling of mercury between water, air, and soil com-
partments of the environment. Water, Air, and Soil Pollution, pp. 337-347. https://doi.org/10.1007/BF00283335.

7 Wang, Q., Kim, D., Dionysiou, D.D., Sorial, G.A., Timberlake, D., 2004. Sources and remediation for
mercury contamination in aquatic systems—a literature review. Environmental Pollution. 131, 323-336. https://
doi.org/10.1016/j.envpol.2004.01.010.

8 Bootharaju, M.S., Pradeep, T., 2010. Uptake of toxic metal ions from water by naked and monolayer
protected silver nanoparticles: An X-ray photoelectron spectroscopic investigation. The Journal of Physical
Chemistry C. 114, 8328-8336. https://doi.org/10.1021/jp101988h.

9 Khunphonoi, R., Khamdahsag, P, Chiarakorn, S., Grisdanurak, N., Paerungruang, A., Predapitakkun, S.,
2015. Enhancement of elemental mercury adsorption by silver supported material. Journal of Environmental
Sciences. 32, 207-216. https://doi.org/10.1016/j.jes.2015.01.008.

10 Yu, Y., Addai-Mensah, J., Losic. D., 2012. Functionalized diatom silica microparticles for remov-
al of mercury ions. Science and Technology of Advanced Materials. 13, 1-11. https://doi.org/10.1088/1468-
6996/13/1/015008.

11 Kumar, S., Sangwan, P, Dhankhar, R., Mor, V., Bidra, S., 2013. Utilization of Rice Husk and Their Ash: A
Review. Research Journal of Chemical and Environmental Sciences. 1, 126—129. Available Online http://www.
aelsindia.com.

12 Abo-El-Enein, S.A., Eissa, M.A., Diafullah, A.A., Rizk, M.A., Mohamed, F.M., 2009. Removal of some
heavy metals ions from wastewater by copolymer of iron and aluminum impregnated with active silica derived from
rice husk ash. Journal of Hazardous Materials. 172, 574-579. https://doi.org/10.1016/j.jhazmat.2009.07.036.

13 Sun, L., Gong, K., 2001. Silicon-based materials from rice husks and their applications. Industrial &
Engineering Chemistry Research. 40, 5861-5871. https://doi.org/10.1021/ie010284b.

14 Katok, K.V., Whitby, R.L.D., Fayon, F., Bonnamy, S., Mikhalovsky, S.V., Cundy, A.B., 2013. Synthesis
and application of hydride silica composites for rapid and facile removal of aqueous mercury. ChemPhysChem,
14, 4126-4133. https://doi.org/10.1002/cphc.201300832.

15 Katok, K.V., Whitby, R.L.D., Fukuda, T., Maekawa, T., Bezverkhyy, I., Mikhalovsky, S.V., Cundy, A.B.,
2012. Hyperstoichiometric interaction between silver and mercury at the nanoscale. Angewandte Chemie Inter-
national Edition. 51, 2632-2635. https://doi.org/10.1002/anie.201106776.

16 Henglein, A., Brancewicz, C., 1997. Absorption spectra and reactions of colloidal bimetallic nanoparti-
cles containing mercury. Chemistry of Materials. 9, 2164—2167. https://doi.org/10.1021/cm970258x.

17 Henglein, A., 1998. Colloidal silver nanoparticles: Photochemical preparation and interaction with O2,
CCl4, and some metal ions. Chemistry of Materials. 10, 444—-450. https://doi.org/10.1021/cm970613;.

18 Harika, V.K., Kumar, V.B., Gedanken, A., 2018. One-pot sonochemical synthesis of Hg-Ag alloy mi-
crospheres from liquid mercury. Ultrasonics Sonochemistry. 40, 157-165. https://doi.org/10.1016/j.ult-
sonch.2017.07.008.

19 Sing, K.S.W., 1985. Reporting physisorption data for gas/solid systems with special reference to the
determination of surface area and porosity (Recommendations 1984). [IUPAC Commission on Colloid and
Surface Chemistry Including Catalysis. Pure and Applied Chemistry. 57, 603-619. https://doi.org/10.1351/
pac198557040603.

14



Xumusi

CYOAFbl CbIHAN MOHOAPbLIH TA3APTYFA APHANFAH XXAHA AOCOPBEHT PETIHOE BUOIO-
rMANbIK KO3AEPOEH ANbIHFAH KYMIC XXOHE KPEMHWUMA OUOKCUAI HETI3IHAEN KOMMO3UTTIK
MATEPUWANQOAP

Tyninaeme. byn 3epTTeyae cyaaH Cynbl CbiHaM MOHAAPbLIH KETIPY YLIH LWIMKI3aT peTiHOe KypiWwTeH anbiHFaH
KpPeMHUI gnokeugi, Kymic HaHobenweKkTepi )oHe TPUITOKCMCUITaH KonAaHbINaTbiH XaHa KOMMO3NUMAnbIK aa-
COPOBEHTTIH CUHTESI yCbiHbIFaH. YKaHa KOMMo3nuusanblk Matepuan Kypiw KabblfFbl HETi3iHAEr KpeMHE3EMHIH,
BeTiH cunaH TonTapbiMeH MoauduKauusanay XeHe ofaH api kKyMic HaHoGernwekTepMeH 6e3eHaipy apkbinbl
cvHTesgenai. Cunattama ®ypbe Typrenaipy nhdpakbidbin (FT-IR) cnektpnik Tangay, N2 agcopbuunanbik-ge-
copbumanbik (bpyHayap-OMmmeT-Tennep) xaHe TepMusnbIk rpaBumeTpusansik Tangay (TGA) apKbinbl xy3e-
re acblpbingpl. Kazakctangarsl bankbingak ken-cy KoMMachiHaH anbiHFaH CyAblH KypambiHOa CUHTETUKanbIK
XX8He HaKTbl CbiHan 6ap. HaTmkenep KOMNO3UTTIH, CbIHaMKa XakbIHAbIFbl )KOFapbl EKEHIH XXaHEe KO MeXaHW3Mi
KYMIC NeH CcbiHan apacbiHAaFbl amarnbrauus peakumsiCbiMeH XypeTiH aacopbLums ekeHiH kepceTTi.

Tynin ce3pep: Agcopbuus, Kymic HaHoBenLwekTepi, Kypiw Kabblfbl KDEMHUIM AMOKCUAi, KpeMHUin/Ag KoMno-
3UTTepi, Cynbl CblHan noHaapsbl

Mpadumkanbik pedepat
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Agt .
CEeTINreH.
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KOMNO3UTHbLIE MATEPUAIIbI HA OCHOBE OUOKCWUOA KPEMHUA U CEPEBPA U3 BUOJIOIU-
YECKUX UICTOYHUKOB B KAYECTBE HOBOIO AOCOPBEHTA ONA YOANEHUA MOHOB PTYTU U3
BOObl

AHHOTaums. B gaHHOM uccriegoBaHMM NpeacTaBrieH CMHTE3 HOBOrO KOMMO3UTHOro agcopbeHTa ¢ MCnonb3o-
BaHWeM AMoKCcuaa KpeEMHUSA U3 puca, HaHo4acTuL, cepebpa 1 TPUSTOKCHCHNaHa B Ka4eCTBE Cbipbs AN yaane-
HMS1 BOOHBIX MOHOB PTYTW U3 BOAbl. HOBbIN KOMNO3ULMOHHbIV MaTepuan Obin CMHTE3NpoBaH NyTemM moandu-
Kauuy NOBEPXHOCTN KpeMHe3ema Ha OCHOBE PUCOBOW LUEMYXW CUMaHOBbIMU FpynnamMun 1 ganbHenLwero 4eKko-
pvpoBaHusa HaHo4YacTMuamm cepebpa. OnpeperneHve xapakTepuMCcTK MPOBOAMIN C MOMOLLIbIO MHPPaKpacHOro
CreKkTpanbHoro aHanmaa c npeobpasosaHmem ®ypbe (FT-IR), agcopbumm-gecopbumm N2 (bpyHayapa-OmMmeT-
Ta-Tennepa) n TepmorpaBmumeTpuyeckoro aHanusa (TT'A). Beinu npoTecTupoBaHbl 06pasLbl CUHTETUYECKOW
N HacTosILLEen pTyTbCoAepKallen Boabl U3 o3epa-sogoxpaHunuwa bankeingak, KasaxcraH. PesdynstaTbl no-
Kasanu, 4YTo CPOACTBO KOMMO3MTa K PTyTWM BEMMKO, @ MEXaHU3M yaaneHus - agcopbums, conpoBoxaaemas
peakumeln amanbraMmpoBaHns Mexay cepebpom 1 pTyTblo.

KniouyeBble cnoBa: agcopbunsi, HaHoYacTMLbl cepebpa, KpeMHe3eM PUCOBON LUEMYXM, KOMMO3UTbI KpeMHe-
3em / Ag, BOOHbIE UOHbI PTYTHK.
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SHgt + 280, JI'LAs;Hs, soyAghPs R OCH.CH, HOBE PMCOBON LLUENyXu nokasaH Ha puc.0.
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®UTOXUMNYECKNIA AHANN3 CbIPbA CALLIGONUM LEUCOCLADUM
BUNGE

I.T. EcxxaHosa’', K.C. Bekcelimosa?, [.T. PaxumxaHosa’

"HAO «Kasaxckuin arpotexHuyeckuii yHnsepcuteT um.C.Celidynnuna, r.Hyp-CyntaH
2TOO «Hay4HO-TEXHMYECKMIA NPON3BOACTBEHHBIN LIEHTP «>KanbiH», r.AnMaTsbl

AHHOTALMKA

B paHHOM cTaTbe npefAcTaBrieHbl pe3ynbTaThl UCCnegoBaHns MopdOrnorMyeckoro CTpoeHusl, nokasarenum go-
BpokadecTBeHHOCTYU cbipbs C.leucocladum B. - gons Bnaru B cbipbe coctaBnget 5,91+0,03%, maccoBasi gons
3onbl 7,2310,01%. MNonyyeH aTaHOMbHBIN 3KCTPaKkT n3 kopHen u ctebnen C.leucocladum B. AmuHokmcnoT-
HbI cocTaB uccrnegoBany metogom TCX, obHapy>KeH HanbonNbLUNIA NPOLIEHT COAEPKaHMS TPEOHMNHA, BanuHa,
TMPO3MHAa W FyTaMUHOBOW KMUCMOTbl. HavMeHblUMe KOHLEHTpaUMM COCTaBAsNN aMUHOKMUCAOTbI U30MENLUH,
LUCTENH U NU3UH. ATOMHO-SMUCCMOHHBIM METOAOM YCTaHOBIIEH MUHEparbHbI cocTaB (32 anemeHTa). Kave-
CTBEHHbLIMW LBETHBIMW peakumMsaMn oBHapyXeHbl dnaBoHOMALI, ankanongbl, KyMapuHbl, 4yOunbHble BeLle-

CTBa.

Knroyeenie cnoga: Calligonum leucocladum, cbipbe, 3KCTpakT, MUHeparnbHbI COCTaB, aMUHOKUCHOTbI

BBenenne. B Hacrosimee BpeMs Bce OO0Jb-
1iee BHUMaHUE YICIAETCS M3bICKAHUIO, TTOHCKY,
W3TOTOBJICHUIO U MPUMEHECHHIO JICKAPCTBEHHBIX
BEIIIECTB PACTUTEIBLHOTO MPOUCXOKICHHS. DTO
CBSI3aHO C HAMMEHBIITUM TIPOSBICHUEM ITOOOYHBIX
peaKuii, MaJIol TOKCUYHOCTHIO, OTHOCHUTEIIbHOM
JISIIEBU3HOM 1 JOCTYITHOCTHIO UX U3TOTOBJICHHS.
[Ipu 5TOM, MOCTOSSHHO COBEPIICHCTBYIOTCS TEX-
HOJIOTHH TIOJyYCHHS] OMOJOTHUYECKH aKTHBHBIX
HayvaJl U3 JIEKAPCTBEHHOTO PACTUTEIBHOTO CHIPHS,
Ha OCHOBE KOTOPBIX pa3padaThIBAIOTCS HOBBIC
MIPUPOAHBIC JICKAPCTBEHHBIC Mpernaparsl, MUIIe-
BBI€ M KOPMOBBIE T0OABKH, BBISBIISIOTCS MUIIIEHU
ux BozneiictBus Ha opranu3m (Mneuna W.I, Py-
nmaxosa M.II., Cameuimna M.A., 2013, Suleimen
E. M. u np., 2018) [1, 2].

MHorwue BelecTBa pacTeHH He0OXOIUMBI B
CaMbIX Pa3JIMYHBIX 00JIACTSAX MPOMBIILICHHOCTH
U, KPOME TOTO, IMEPCIIEKTUBHBI JIJIs1 UCIIOJIb30Ba-
HUS B OMOTEXHOJOTHH. JIJIs TTIONIOJTHEHUST accop-
THUMEHTA JICKAPCTBEHHBIX PACTCHHUH, HCIIONB3Y-
EMBIX U1 HYXI (papMareBTHUYECKOU, mapdro-
MEpHOM, MUILIEBOIN U APYTUX OTpaCiIeid MPOMBIII-
JICHHOCTH U B CEIIbCKOM XO03SMCTBE, HEOOXOIMMO
ITyOOKO€ U BCECTOPOHHEE N3yUYCHHE XMMUYECKO-

ro cocTraBa U OMOJIOTUYECKUX CBOMCTB OTAEIb-
HBIX COCTUHEHHUH U (PUTOKOMILIIEKCOB.

K mepcnekTHBHBIM PacTEHUSM MOXKHO OT-
Hectu Calligonum leucocladum (xy3ryn 6erno-
KOpBI) U IpyTUe pacTEeHUs pojia JKy3TryH.

Calligonum  (JKy3ryH, KaHIbIM, CEM.
Polygonaceae) — kycrapHuk, BeicoToit 50-120 cwm.
B nycThIHHBIX U MONMYNyCTHIHHBIX cTensax Kazax-
cTaHa BcTpeyaercs okosio 30 BUIOB, BCETo ke Ha-
cuuThiBaeTcs 6osee 150 BUAOB ATOr0 pacTeHUs.
JIxy3ryHbI-kcepoduThl, aJlanTUPOBaHHbIE K yC-
JIOBUSIM IYCTBIHb WJIW TOJNYIYCThIHb. PacTeHus
U3 pojia J)KY3TYH MOJKHO BCTPETUTH B ITYCTBIHAX
u niecuanbix cremsx CesepHoit Adpukwu, 3ama-
Hout Cubupwm, Ilepenneit u LlenTpanbpHOl A3uu.
Kopuu yxonsat B mryouny 10 30 METpOB, TOXOAAT
JI0 TPYHTOBBIX BOJ; K TOMY K€ TMECKHU 3aJepKu-
BalOT BOJY, TO MO3BOJISIET PACTEHUIO W3BIIEKATh
BlIary yxxe Ha rmyoune 1,5 m. Buasl mkysryHa
0€3/MCTHBI, a UX KOPOTKHE ACCUMUIISIIMOHHBIC
nmo0eru JeToM cOpachIBalOTCS: BETKOMA/l B 3acy-
Xy. Buzpl pKy3ryHa akTUBHO HCIIONB3YIOTCSI Kak
3aKpeNUTEeNN TIeCKOB, pa3paboTaHbl CIOCOObI
CO3/1aHusl JOJITOBPEMEHHBIX IUIAaHTAllMU Ha Tec-
Kax.
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JIXy3ryH — poJi MHOTOJIETHUX JIMCTONAIHBIX
BETBUCTBIX KYCTApPHUKOB C OOIIMPHON KOPHEBOM
CHUCTEMOM M a)XypHOM KpOHOM. JIMCThs pacre-
HUIl KOpPOTKHE, HMIJIOBHJHBIC, I[BETKH OJMHOY-
Hble, HeOObIIKe, OT OebIX 10 po3oBaro-(uo-
JETOBBIX. TUIHUYHBIMU 3JIEMEHTAaMHU CTPOEHUS
C. leucocladum sBnsercs BTOpPUYHOE aHATOMM-
YeCKOE CTPOEHHE MHOTOJIETHETO CTeO sl U KOpHS,
HaJIM4YMe BMECTHJIMIL, PaCIOIOXKEHHUE MPOBOJIS-
IIMX AJIEMEHTOB [3].

Pactenuss u3 poma Ky3ryH He SBISIOT-
csi papMaKoNeWHbIMU, U HE NMPUMEHSIOTCS HU B
ouLmanbHOM, HU B HApOJHON MEIUIMHE, Of-
HaKO XMMHUYECKUH COCTaB PacTEHUs MO3BOJSET
yTBEpPXKJaTh, YTO OHM OOJIAZal0T 3HAYUTEIHHOMN
OMOJIOTUYECKON aKTUBHOCTBIO.

Yueting Zhang, Ying Feng, Wenjun Li et
al. (2020) B cBOMX HCCIIEIOBAHUAX MPHUBOASIT
CBEJIEHHsI TI0 CUCTEMAaTHU3allUU U U3YyYEHHIO 00-
JacTedl pacHpOCTPaHEHMs pPA3JIMYHBIX BHUI0OB
Calligonum. ABTOpHI yKa3bIBalOT Ha MOpdoio-
TMUYECKYIO Pa3MBITOCTh TPAHULl MEXKAY BUIAMHU
U CBHUJIETENILCTBYIOT O HEOOXOAMMOCTH H3yde-
HUSI MEXBUJIOBOI THOpUAN3ALINY, TeHETUYECKON
muddepeHIMau ¥ aJalTUBHOM 3BOJIIOLUU
KaJuiuronuHa [4].

Kak u Bce mycThIHHBIE PACTEHMS, PACTECHHS
BUJA JDKY3TYH coliepKar 1yOuibHbIe BEIIeCTBa,
KaTeXHMHBbI, JAETHIPOKATEXUHbI, 3(pUpHbIE Macla,
¢naBonounsl (KapomaroB U.JI., Typaesa H.U.,
2016) [5].

Tuney6epau H.H., TyprymbaeBa A.A. (2019)
B XMMHYECKOM cocTtaBe pacTteHus Calligonum
aphyllum o6napyxunu ¢raBoHOUIBI, JTUMOH-
HYIO KHCJIOTY, TyOM/IbHbIE BEIlECTBA, CATIOHUHBI,
aJIKaJIou bl U JielikoanTouuaHuuHbl. [Ipu onpe-
JIeIeHUM aMUHOKHCIOTHOTO COCTaBa pacTEeHUs
ObUIO BBISBICHO, YTO HAaWOOJbIIEEe KOJIUYECTBO
BO BCEX OpraHax pacTeHUs NMPUXOAMUTCS Ha IIy-
TAaMHHOBYIO KHCJIOTY U Ha acmaprtar. Hanmenee
peodIaJarolliMU AMUHOKHUCIOTAaMU SIBIISIFOTCS
LUCTENH, OKCUIIPOJIMH U OPHUTHH, COJEpKalllu-
€csl BO BCEX YacCTsIX PacTEeHHs B PaBHBIX KOJIMYe-
cTBax, B npeaenax 0.1 -0.12 % [6].

Yahia, Y., Bagues, M., Zaghdoud, C., Al-
Amri, SM. u ap. (2019) onpenenunu GpeHonb-
Hel mpo¢miis pactenus Calligonum arich L.

Pesynbrarel mokasanu, 4yTo oOIiee coaep:KaHue
nonudenonos coctasuio or 32,02 mr GAE/r
J1B B xopHsix 10 34,27 mr GAE/r DW B nucthsx.
Oob1ee comeprxanue GpIaBOHOUIOB BApbUPOBATIO
ot 22,79 no 26,41 mr QE/r DW B cTebnsax u u-
CTBSIX, COOTBETCTBEHHO. KauecTBeHHBIN U KOJIH-
yecTBeHHbIN aHanu3 BOXKX BeisaBun Hanuuue 14
(eHONBHBIX COeTMHEHU, KOTOPbIE 3HAYUTETHLHO
BapbUPOBAIHCH B 3aBUCUMOCTH OT YacTel pacre-
Hus [7].

Pervaiz, 1., Saleem, H., Sarfraz, M., Imran
Tousif, M. u ap. (2020) uccnenoBanu (HUTOXU-
Mu4eckHii cocraB 3kcTpakToB C.polygonoides B
4yeThIpex Buaax pactBoputens. Haubombiiee co-
neprxanue (heHona ObUI0 0OHAPYKEHO B IKCTPAK-
Te xsopodopma (76,59 mr GAE /r skcrpakra),
YTO MOXET OBITh CBSI3aHO C €ro 0osiee BBHICOKOI
CIIOCOOHOCTBIO TOMIIONIATh paaukanbl. H-Oy-
TAQHONBHBIM JKCTPAKT, COAEPKal MaKCHUMallb-
Hoe KonuyecTBO (hraBoHonaoB (55,84 mr RE/r
OKCTPAKTa). ABTOPHI CUUTAIOT, YTO IKCTPAKTHI
C.polygonoides MOXHO ObLIO ObI TOTIOTHUTEIb-
HO pacCMOTpETh MAJis BBIACNEHUS TPUPOTHBIX
¢uToKOMMOHEHTOB| §8].

B skcrpakre kopHs Calligonum polygonoides
ObUIO MIEHTU(DUIIUPOBAHO TPHUIALATH OIHO COe-
JTUHEHHE, OCHOBHBIMU KOMITIOHEHTAMU KOTOPOTO
ObUTM MHPOTAJUION U MaJTbMUTHHOBAsS KHUCIIOTA,
oOmajaroniye MPOTUBOMUKPOOHON U  aseno-
natnueckoil aktuBHOCThIO (Ahmed M. Abd-
ElGawad, Younes M. Rashad, Ahmed M. Abdel
Azeem u ap., 2016) [9].

KazaknaeBoii A.D., Paxmamuesoii C.b.,
Ammp6ekoBoii  A.K., HmekoBoit ['M. (2020)
MPOBEJICHO HW3yYeHHE MHUHEpPaJbHOTO COCTaBa
mucTbeB U KopHel Calligonum arborescens Litv.
OOHapyeHbl MHUKPO- MaKpOIJIEMEHTHI: IHHK,
Maprasen, Lepuii, Meab, OOp, JTUTHIA, CBUHEII,
XpoM, THUTaH, aJlOMUHUH, xkene3o, Qocdop,
CTPOHIMI1, Oapuil U yIBTPAMUKPOIIEMEHTHI: UT-
TpHii, Topuil. Bo Bcex opranax pacteHust ooHapy-
KEHBI TSDKEJIble METAIIbI, IPU 3TOM BCE, KpOoMe
Kelesza, Meu, MapraHiia U IUHKa, COOTBETCTBY-
10T NPEAENIbHO JOIMYCTUMOM KOHIIeHTpauuu[10].

Ilenpto Hamieit pabOThl SBUJIOCH W3YyYEHHE
Moponorun pacteHusi, BBISIBICHHE OHOIOTH-
YeCKH AaKTHBHBIX BELIECTB M KOJIHMYECTBEHHOE
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OIpeJesIieHue MUHEpPaJIbHOTO U aMHUHOKHCIOT-
Horo cocraBa C. leucocladum B, paccmorpenue
BO3MO)KHOCTH HOJTy4€HHUs (pUTONpenaparoB Ha
€ro OCHOBE.

Metoabl ucciaenopanmusa. COop pacTeHHs
npousBoauin B CozakckoM paiione TypkectaH-
ckoit oonactu. Kopau u cre6au C. leucocladum
B. ObuM OTCOpPTHpPOBaHBI Ui yAAJNEHHUS BCEX
MIOCTOPOHHUX BEIIECTB W BbIcylleHbl. Cym-
Ka CBIpbsl Ul YAAJICHUS U3 CBIPbS BIArU MyTeM
€e UCMapeHus M OTBOJ 00pa30BaBIIMXCS MAPOB
MIPOBOAMJIACH B BAKYYMHOM CYIIMJIBHOM IIKady
Memmert 500, npu 150°C, B Teuenue 1 yaca.
Nzmenvuenue coipbsa C. leucocladum ocymect-
BJISIOCH B 1IapoBOil MenbHUIle. Pa3mep usmens-
YEHHOT0 KOHEYHOT o NpoayKra: ToHKuii—200—-150
MK. M3MenbueHne npuMeHseTcst JUIsl yaydIleHus
OZHOPOJIHOCTU CMeceH, sl yCKOPEHHsI U MOBbI-
LIEHUs ITyOMHBI IPOTEKAHUSI XUMHUECKUX peak-
LIUH1, TOBBIILIEHUS] UHTEHCUBHOCTH COUYETAEMBbIX C
HUM JIPyTUX TEXHOJOTHUYECKUX MTPOLIECCOB.

[TpuroTtoBieHue SKCTpakTa MPOBOAMIM Ha
anmnapare Cokciiera KUITYeHUEM HaBECKH ChIPbs
C. leucocladum B 95 %-HOM 3THUJIIOBOM CIIUpTE,
IIOCJIE Yero SKCTPAKT YMapuBalIM Ha POTOPHOM
UCTIapuTere.

Okerpaktel C. leucocladum B. Obutn mon-
BEPrHYThl KAQUECTBEHHOMY aHAJIN3Y Ul pa3iiuy-
HBIX UCHBITAaHUM, TaK aJIKaJIOMUbl ONPEIEIISIN C
noMolpi0 peakTuBa Jparennopga, n1youabHbIe
BEIIECTBA C MOMOIIbIO T€CTa C XJOPHBIM JKelle-
30M M CBHMHILA alleTaTOM, (IABOHOMJIBI C IOMO-
b0 [MaHuA0BOM mpoOsl (mpobda Chinoda), ca-
MIOHUHBI C TOMOIIIBIO TPoObI JlaoHa, KyMaprHbI
C MOMOIIIBIO JTAKTOHHOM MPOOBHI.

HccnenoBanre MOp(hOJIOTHH ChIPbs [KY3TY-
Ha 0GeJI0KOPOro MPOBOJWIN MPU MOMOIIM CKAHU-
PYIOLIETO 3JIEKTPOHHOTO MUKPOCKOIIA.

HccnenoBanne MaccoBOM 107U BJIaru U 30J1bl
B cbipbe C.leucocladum B. onpenensiiu mo F'OCT
24027.2-80.

OmnpeneneHue >IE€MEHTHOIO COCTaBa JKYy3-
IryHa HPOBOAMIOCH C TOMOIIBIO PAcTPOBOIO

anekTpoHHoro mukpockomna Quanta 2001 3D (FEI
Company, CIIA) (TOO «Kanbin», AJmarbl)
U aTOMHO-3MHCCHOHHBIM METOJIOM B YCIIOBHSAX
TOO «Duroxumus», r. Kaparanaa.

AMUHOKHCIIOTHBIH COCTaB CBIPbS
C.leucocladum B. ompenensiniu meromom TCX,
1o HopmatuBHOMY nokymenty MBU MH 1363-
2000.

Omnpenenenne copOMHOBOM M OeH30MHOM
kucnoT (OCT 33332-2015) nmpousBoAMIIOCH B
AKHJIKOM 3KCTpaKTe U OBIJIO OCHOBAHO Ha U3BJIE-
YeHHH UX U3 TPOOKI OyPepHBIM pacTBOPOM arle-
TaTa aMMOHHUS, COAEPIKAILMM METaHOJ, OYMCTKE
MOJYYEHHOTO HKCTPAKTa U MOCIIEAYIOIIEM KOJIU-
YEeCTBEHHOM OIIpe/eNIeHMH COpOMHOBOIM U OeH-
301{HOM KHUCJIOT B 3KCTpaKTe METOZO0M obOpaiie-
HO-(pa30BOH BBICOKOAI(D(DEKTUBHON >KHIKOCTHOM
xpomarorpaduu (BOXKX).

Pe3yabTarsl Hcciie1oBaHus

HccnenoBansl 2 00pasiia pacTUTENBHOTO Chl-
PBs KY3TyHa OETTOKOPOro (PUCYHKH 2, 3).

Mopdosiorust mosydyeHHbIX 00pa3loB IMO-
POLIKOB HMMeeT aMOp(HYI HEyHOpsI0YEHHYIO
CTPYKTypy pucyHku 2 A, B. Pacnpenenenue ya-
ctull B nopouike mupokoe (1,5 — 50 mxm), uto
XapaKkTepHO Ui MOPOILIKOB PACTUTEJILHOTO MPO-
UCXOXKJICHHSL.

B oOpasmax Ne2 BcTpewaroTcs ynopsiodeH-
HbI€ YaCTHUIbl C KPUCTANIMYECKOW CTPYKTYypOi
(pucynok 3, B), uro 0o0ycloBIE€HO HAJIUYUEM B
aneMeHTHOM cocTaBe Ca. DTH 4acTHUIbl UMEIOT
YEeTKO OUYepUYCHHBIE TI'PAHUIIBI, MPSMOYTOJIBHYIO
dopMy U y3KO€ pacmpeseleHue IO pa3Mepam

Pucynok 1 — Buennnii B u3mMensaeHHOro cbipbs C.
leucocladum B.
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Pucynox 3 — Mopdosnorus nsmensaerHoro celpbs C.leucocladum B., o6paser Ne2

B pe3ynprare wuccienoBaHus MacCOBOM
JIOJIM BJIard ¥ 30JIbI B PACTUTEIBHOM ChIPbE
C. leucocladum ObuM mONyYEHBI ClEAYIO-
e OaHHBIC: AOJIA BJIaru B ChIPbE COCTABJIACT
5,91+0,03%, maccoBas gois 306l 7,23+0,01%.
[lomyyeHHble JaHHBIE XapaKTEpHBI IS PaCTH-
TCJIBHOT'O CBhIPbs, HC MPEBLIIIAIOT HOPMATHUBHBIX
roKa3aTesieil U CBUJETENLCTBYIOT 00 3HEpreTu-

YEeCKOW IIEeHHOCTHU HCCJIElyeMOro pacTeHUs. JTH
JaHHBIe, B JaJbHEHIIeM, ObUIM HCIIONE30BaHbI
MIPH pacyeTe MPOU3BOJICTBEHHON PElEenTyphl U B
TEXHOJIOTHYECKOM TIpoIiecce.

[Ipu mocTaHOBKE NBETHBIX XUMHUYECKUX pe-
aKIMK B 9KCTPAKTE JDKY3ryHa OEIIOKOpOro oOHa-
PYKEHBI aJKaJIOHJIbl, (HJIABOHOMJIbI, TYOUIIbHbBIE
BEIIECTBA, KyMapHHbI, CATTOHUHBI OTCYTCTBOBAIIH.

Taﬁ.lmua 1- Pe3y.]'ll)TaTbI KAa4Ye€CTBCHHBIX XUMHNYE€CKHUX pealcunﬁ

Okerpakt JIPC ®D1aBOHOUBI Kymapunst

CanoHuHBI

JlyOunbpHBIE BemecTBa AnKamonsl

C. leucocladum + +

- + +

LleHHOCTH J1FOOOTO JIEKAPCTBEHHOTO PacCTH-
TEJILHOTO CHIPbsI 3aBUCHT OT SJIEMEHTHOTO COCTa-
Ba. Pactenus cocrost u3 Boast (70-90%), cyxoit
opranundeckoit maccol (5-20%) u 301b1 (1-5%).
B xuMuueckuil cOCTaB OPraHUYECKUX COEqUHE-
HUI B KOJMYECTBE OT AECSTHIX IO COTHIX JIOJIEH
MPOIIEHTa BXOAAT MAaKpOAJIEMEHTHI — YIJIePO.
(45% cyxoit maccnl), kuciopon (42%), Bogopon
(6,5%), azort (1,5%) 1 30JIbHBIE XUMHUECKHUE DJIe-
MeHThI — pocdop, kKanmii, KanplIui, MarHui, Ha-

TPHIA, 5Kene30, cepa, alfoMUHUS (CymMMapHO 5%).

Hamu ObUTH B3SITBI JUIS MCCIIENOBAHUS TaK-
e 2 oOpasua n3MenbueHHOro ceipbst Calligonum
leucocladum.

[To pe3ynbTaram Hccie0BaHUN CoOpepIKa-
HUE XUMHUYECKUX 3JIeMeHTOB B obOpasue Nel: C
—53,53 %, 0—-31,96 %, Ca—5,56%, K—4,01%,
Na — 2.18%. Bo Bropom o6pasue Ne2: C — 54,97
%, O — 41,50 %, Ca — 1,58%, K — 0,63%, Na —
0,52% (cm. Tabnuiy 2).
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Tadnnua 2 — DaeMeHTHBII cocTaB mopomka Calligonum leucocladum

Ob6paszer Nel Oo6paszer Ne2
Element Wt% Element Wt%
C 53,53 C 54,97
(0] 31,96 (0] 41,50
Na 2,18 Na 0,52
Mg 0,82 Mg 0,31
Al 0,11 Al 0,16
Si 0,15 SI 0,08
S 0,40 S 0,12
Cl 0,44 Cl 0,06
K 4,01 K 0,63
Ca 5,56 Ca 1,58
Fe 0,86 Fe -

Pesynbrarel onpenenenus anemeHTHoro cocrasa Calligonum leucocladum metonom atomHo-3-

MHUCCHOHHOM CIIEKTPOCKOTIMH B 3TaHOJILHOM 3KcTpakTe Calligonum leucocladum.

Ta6auua 3 — MunepaibHblii cocTaB dkcTpakTa Calligonum leucocladum B.

No S IeMEHTEL O6bem Mr/kr Jlrana3oHbI H3MEPEHUS TOITyCTUMOTO
00KeMA DIIEMEHTOR
1 JINTAN Li, mr/kr 4,85 0,5-1000
2 Oeprunit Be, Mr/kr 2,26 0,7-2,0
3 HATPHIA Na, % 1,16 5,0-1000
4 Martui Mg, % 1,05 0,25-0,45
5 ATFOMUHUI Al % 0,18 0,065-0,10
6 ¢dochop P, % 0,41 0,10-1,0
7 KaJni K, % 2,17 0,10-3,5
8 KaJIbIIHA Ca, % 5,05 0,05-2,8
9 CKaHII Sc, Mr/Kr 0,95 -
10 BaHa MK V , Mr/kr 2,21 42-102
11 XpOM Cr, Mr/kr 22,85 5-30
12 Maprasen Mn, mr/kr 267,9 10-1500
13 KOOAJIBT Co, Mr/kr 0,72 5-10
14 HHUKEJb Ni, Mr/xr 11,93 10-50
15 Meb Cu, mMr/kr 38,59 3-57
16 LIUHK Zn, Mr/Kr 46,75 15-100
17 TaJIni Ga, Mr/kr 4,60 -
18 TepMaHui Ge, MT/KT 0,02 -
19 MBIITbSIK As, MI/KT 0,36 0,6-2,0
20 pyouanit Rb, mr/kr 6,18 25-100
21 CTPOHIMH Sr, Mr/kr 219,80 40-1000
22 IUPKOHUHT Zr, MI/Kr 5,25 0,9-57,8
23 HUOOMI Nb, Mr/kr 1,74 -
24 MOJIUOIEH Mo, mr/kr 1,24 2,3-3,0
25 KaJIMHU I Cd, mr/kr 0,14 0,7-2,0
26 WHJIAR In, mMr/kr 0,00 -
27 0JIOBO Sn, Mr/kr 1,11 3,1-5,7
28 cypbMa Sb, mr/kr 0,31 0,04-4,5
29 e3ui Cs, MI/Kr 0,03 0,013-0,5
30 Oapuit Ba, mr/kr 146,70 65-250
31 CBHHEI] Pb, mr/kr 12,73 14-46
32 BUCMYT Bi, mMr/kr 0,22 -
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Kak BuaHO M3 TabnuIBl, B COCTaBEe pPacTH-
tesibHOU opmbl Calligonum leucocladum 6bu10
BBISIBJICHO 32 xuMu4eckux sneMenta. Conepxa-
HUE OOHAPY)XEHHBIX XHUMHUYECKHX BEHIECTB HE
MPEBBILIANO JOMYCTUMbIC 3HAUEHUS, 32 UCKIIIO-
yenuem Al, Ca, Be.

Pesynprarel ucciaenoBaHusl aMHHOKHCIOTHO-
ro coctaBa C. leucocladum npuBeneHs! B Tabmu-

e 3.
! Tadnnua 3— AMHUHOKHCJIOTHBIN cocTaB chIpbsi C.
leucocladum
oo | o %

I'myramMuHOBast KuCIOTa 0,20
Cepun 0,17
luctugun 0,18
| Qigingsict 0,16
Tpeonun 0,38
AprunuH 0,12
Annanux 0,15
Tuposun 0,20
Hucrenn 0,03
Banmun 0,31
MeTunonuna 0,06
Denunaganud 0,08
Jletinuu 0,17
W3onennun 0,03
JIn3una 0,04

ITpu onpeneneHN aMUHOKHUCIIOTHOTO COCTa-
Ba pacTeHUsl ObUIO BBISBIEHO, YTO B HCCIeqye-
MOM ChIpb€ HauOOJBIIUI MPOLEHT COAEPIKAHUS
IIPUXOIUTCS HA AMUHOKHUCIIOTHI TPEOHUH, BaJIUH,
TUPO3UH U NIyTaMUHOBYHO KHUCiOTy. HanmeHs-
IMe KOHIEHTPAUU COCTABIIIIA AMUHOKHCIIOTHI
W30JICULINH, [IUCTEHUH U JIN3HH.

B pesynprare Hammx HCCIENOBAaHUN IIPH-
CYTCTBHE COPOMHOBOUN M OEH30HHON KHUCIOT B

CIMUCOK JINTEPATYPbI

Calligonum leucocladum nHe oOHapykeHO, Of-
HAaKO, COTJIACHO JIUTEPaTypHBIM HUCTOYHHKAM, B
pactenusax u3 pona Calligonum BbisiBIEHBI (e-
HOJIKapOOHOBBIE KUCIIOTHI.

HecmoTpst Ha TO, 4TO W3y4alUCh pPa3HbIC
Buael Calligonum, HammM nony4eHHbIE JAaHHbBIE
COTJIaCOBBIBAIOTCS C PE3YJIbTaTaMM HCCIe0Ba-
Huii Ahmed H. u np. (2016), KazakmaeBoii A.D.,
PaxmanueBoit C.b. (2020), Tuneybepnu H.H.,
Typrymb6aesoii A.A. (2019).

Takum 00pa3oM, MOJTYYECHHBIE PE3YNbTAaThI
WCCIIC/IOBAaHHUS CBHJCTEIBCTBYIOT O TOM, YTO B
Calligonum leucocladum cogepxxut OombIOE
KOJTMYECTBO MHUKPO- U MaKpOdJIEMEHTOB, aMU-
HOKHUCJIOT ¥ APYTUX OHMOJIOTMYECKH AKTHUBHBIX
BEIIECTB, CIIOCOOHBIX Y4acCTBOBATh B PETYISIIUU
pPa3IUYHBIX (U3HOJIOTHYECKUX CHCTEM, B aKTH-
BallM METa0OTMYECKUX IMPOIECCOB M MMMYH-
HBIX (QYHKIHMH opraHu3ma.

Bricokoe conepxkaHue B JKy3ryHE TyOuib-
HbIX BeniecTB (10 10-12%), TMMOHHON KUCIOTHI
(mo 5%), ankanounos (mo 1,3%), ¢pmaBoHOMIOB
(0,31-0,61%), monucaxapuaoB, KyMapHHOB, H
NEHKOAHTOIMAHUIMHOB C TPOTUBOBOCIIATUTEIb-
HBIMH, MPOTUBOMHKPOOHBIMHU, AHTH-OKCHJIAHT-
HBIMH H TIPOTHBOOIYXOJICBBIMH CBOWCTBaMH,
OoJbllIMe 3amachl ChIPbsi B MPUPOJE-TIO3BOISIIOT
paccmarpuBath C.leucocladum B. kak Bo3MOXK-
HbI€ UCTOYHUKHU JICKAPCTBEHHOTO CHIPhsI, HAa OC-
HOBE KOTOPOTO MOKHO Pa3BUBaTh IMPOU3BOACTBO
IpernapaToB, 00eCIeUnBAIOIINX XOPOIIHii Je4e-
HBIN 2 PeKT.

Jnst npoBenenust a3pdexTuBHON U Oezomac-
HOM (puTOTEpanMKu HE0OXOTUMO UMETH MTPEICTAB-
JIeHUEe HE TOJIBKO O OMOJIOTMYECKHX CBOMCTBaxX
JICKApCTBEHHOTO PACTEHHsI, HO U O €r0 BO3MOX-
HBIX HEONArOMpPUATHBIX BIUSHUSIX HA KUBOH Op-
raHu3M. JTO, B CBOIO OYepe/lb, JUKTYeT HEe00XO0-
JUMOCTh OoJiee yrIyOJIeHHOTO M3yYEHHs XUMHU-
yeckoro cocrana C.leucocladum B.
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CALLIGONUM LEUCOCLADUM BUNGE WUKISBATbIHA PUTOXUMUANDBIK TAITIOAY

Tyninaeme. byn makanaga C. leucocladum B. wwuki3aTbiHbIH, MOPGONOrMANbIK KypbIIbIMbIH 3epTTey HOTU-
Xenepi, cananblk KepCeTKilUTepi KeNTipinreH — wukisaTTarbl biFangbik, yneci 5,91y0,03%, kynain maccanblik,
yneci 7,23y0,01% kypangbl. C. leucocladum B. Tambipnapbl MeH cabakTapblHaH 3TAHON CbIFbIHABICHI allblH-
Obl. AMVH KbILLKbIbIHBIH, KypaMbl XXyKa KkabaTTbl xpomaTorpadus oaiciMeH 3epTTenai »xoHe TPEOHMWH, BanuH,
TUPO3UH, FMyTaMUH KbILKbITbIHBIH €H Ken nanbi3bl Tabbingpl. EH a3 KoHUeHTpaumst a u3onenuuH, LMCTeEnH
XoHe N3nH 6onabl. ATOMAObBIK-OMUCCUATbIK 84iCMEH XY3riHHIH MMHepanabl Kypambl (32 anemeHT) 6enrineHreH.
dnaBoHoMAaTap, ankanovarap, KyMapuHaep, TaHMHAep canarnbl TYCTi peakumsinapgaH Tabbingpl.

Tyningi ceapep: Xy3riH, LUMKI3aT, CbiFbIHABI, MUHEPanbl Kypam, aMUH KblLKbIAaphb.

PHYTOCHEMICAL ANALYSIS OF RAW MATERIALS CALLIGONUM LEUCOCLADUM BUNGE
Annotation. This article presents the results of a study on the morphological structure, which are indicators
of the quality of raw materials of C. leucocladum B., the proportion of moisture in the raw materials is 5.91 y
0.03%, the mass fraction of ash is 7.23 y 0.01%. An ethanol extract was obtained from the roots and stems
of C.leucocladum B. The amino acid composition was studied by Thin-layer chromatography, the highest
percentage of threonine, valine, tyrosine and glutamic acid was found. The lowest concentrations were the
amino acids isoleucine, cysteine and lysine. The atomic emission method established the mineral composition
(32 elements). Flavonoids, alkaloids, coumarins, tannins were detected by qualitative color reactions.

Key words: Calligonum leucocladum, raw materials, extract, mineral composition, amino acids
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MCCNEOOBAHUE NMPOLIECCOB NINPEHUA TA3ON'EHEPUPYIOLLUNX
KAPTPUOXEN NNAMEFACUTEJNIEX C OOBABKAMMW YITIEPOOHBIX
FOPHOYUX OOBABOK

E. Alimeros!, ®.HO. A6dpakosa’, XK.b. bekcynmaH’', XK.K. Mbiwsbiposa’, M.U. Tynenos’
'Kasaxckuit HaumoHanbHbIn YHUBepcuTeT M. anb-®apabwu, r. Anmartsl, KazaxctaH

AHHOTAUMUA

Llenbto paboTbl sBNSETCA NOUCK ONTMMAaribHbIX COCTABOB ra30reHepupytoLLMX KapTpuaxen nnaMmeracutenen,
KOTOpble [OOJSPKHbI 3aropeTbCHa 3a OYeHb KOPOTKME MPOMEXYTKM BPEMEHU, u3mepsieMbix B npegenax 10-
15 mMnunucekyHa, B CBA3W C 3TUM, NPOBOAWUMNUCH WCCrefoBaHUS TemnepaTypbl BCMbIWKXA MPU MUHYTHOW
3agepKke BOCNMaMeHeHNs MMPOTEXHNUYECKNX KOMMOHEHTOB. YCTaHOBIEHbI TemMnepaTypa BCMbILLKA NCXOOHbIX
KOMMOHEHTOB, BKItoYasi HaHO antoMuHum T = 420°C. OnTtumaneHbI coctaB nnameracutens HA — 80; HaHo
Al -5; HaHo C -15, npu aTom cocTaBe TemnepaTypa BCMbIWKN CHWkaeTca go T = 350°C. Takke crneayet
OTMETUTb MYHUMAIbHYIO YYBCTBMTENBHOCTbL 3TOrMO cocTasa, koTopas pasHa 0,02 Mla. B cnyyae yBennyeHns
KonuyecTtBa yrrnepoga o 20% TemnepaTypa ropeHusi, Kak U CKOPOCTb MOHMXKAIOTCS HACTOMbKO, YTO NoTepu

Tenna 3a cyeT U3nydeHna npnuBoaAT K 3aTyXaHUO ropeHuns.

Knro4desbie cnoea: [asoreHepupylowme
HaHoannM1UHUK, yrrnepoa.

KapTPUOXW,

nnamMmeracuTenu, TeMneparypa BCMbILLUKW,

Beenenne. B Kazaxcrane ocymiectBisieTcs
no6pr9a 6osee 110 MITH. TOHH YTIJIS B TOJI, OTHUM
U3 METOJIOB JTOOBIUM SIBISICTCS 3aKPBITHIN IIaXT-
HbI criocoO [1]. [maBHOM mpobiaemMoit 1o0BIN
YIS 3aKPBITBIM CIIOCOOOM SIBJISIETCSI CKOILJICHHE
ra3onblJIeBOM CMECH METaHa U YTOJIbHOM IbLIU B
MpOCTpaHCTBe MAaxThl. ECTeCTBEHHO, YTO B MpO-
1ecce BbIpaOOTKH MOBBINIAETCS BEPOSTHOCTh Ha-
KOTLJICHUS Ta3a, JaHHAsI Ta301bLIeBasi CMECh JIETKO
BOCIUIaMeHsIeTCa. ExXerogHo B MUPOBOM yToJib-
HOM MPOMBIIIJIEHHOCTH PETUCTPUPYETCS OTPOM-
HOE KOJIMYECTBO aBapuid, CBSI3aHHBIX C BOCILIA-
MEHEHHEM MeTaHOBOU cmecu [2]. Obecnieuenune
0€30IaCHOCTH JKU3HEEATEIBbHOCTH IAXTEPOB B
YTOJIBHBIX BBIPAOOTKAX 3aKPHITOrO THIIA SIBJISET-
Csl MPUOPHUTETHOMN 3a7a4ueit Tr000T0 TOCyaapCTBa,
OCYUIECTBIISIIONIEH 100BITY, TPAHCTIOPTUPOBKY U
HKCIOPT LIEHHOTO TOTUIMBHOTO CHIPbSL.

HeoOxoqumbIM  yCIOBHEM  B3PBIBO3AIIUTHI
ABJISIETCS OBICTPO/IEHCTBHE B3PBIBOILIIAMETacUTe-
nei. OnpenensitonuM (GaKkTOpOM SIBISIETCS Bpe-
Msl, B TEYEHHE KOTOPOTO MPOUCXOAT IMOJTHOE BbI-
TECHEHHUE OTHETYIIANIETO MOPOIIKa U3 KOHTEIHe-
pau (GhopMHUpOBaHKE BOJIHBI PACIbLIa CMECH.

[To TexHUYECKUM XapaKTepUCTUKaM B MEpH-
O] B3pbIBa METAaHOBO3IYIITHOM CMECH BpeMs cpa-
OaThIBaHMSI TJIAMETACUTEINSI TOJIKHO COCTABIISTh
nopsizka 35-50 mc. B aTOM citydae, oka3biBaeT-
Cs BOBMOXHBIM MEpeXBaT ABMKYIIEHCS yaapHOM
BOJIHBI CO cKopocThio 0 V < 150/0,05 = 3000
M/c [ 3.,4].

BcenenctBue storo, cpabarbiBaHHe IIame-
racurTens JA0JDKHO UMETh aKTUBHBIM KOMITOHEHT,
MMEIOIIUI BBICOKYIO YHEPrOEMKOCTh M B TO e
BpeMsi cpabaThIBalOIIMii B oOmactu Ooyiee HU3-
KHMX TeMIIepaTyp BCIIBIIIKH.

Metonbl uccaenoBanmsi. lIpeaBapurens-
HbIEC MCCJIEIOBaHUA TMOKa3anu [5,6], 4To HaHOAa-
JIIOMUHHUM XapaKTepHU3yeTCsl BBICOKOW MHTEHCUB-
HOCTBIO TOPEHUs, U UMEET HU3KYIO TeMIIeparypy
BOCIUIAMEHEHHUA. B CBsI3U ¢ 3TUM rOTOBMIICS CO-
CTaB C Pa3UYHBIM COOTHOILIEHHUEM KOMIIOHEH-
TOB: HUTpPAT aMMOHMSI, MOPOIIOK HaHOAIIOMHU-
HUS, HAHOYIVIEPOJl U MHUIMHUPYIOIIUN COCTaB, B
BUJIe 6€3IBIMHOTO TIOPOXa U MarHusl, MOCIeTHUN
3aKJIaJbIBAJICS B BBEPXHEM 4YacTU KapTpHIIKa.
KoMmoHeHTHI B3BeIIMBaIN Ha 3JIEKTPOHHBIX Be-
cax W nepemMenmrBany B papdopoBoii cTymnke.
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CocTaB 3akjiaJpIBajCs B TOJCTOCTEHHYIO
KapTOHHYIO TpyOy, ¢ nuamerpoM 1,5 cMm, ¢ BbICO-
Toit 22,7 cM ( pucyHOK 1).

I'opeHne MHMLMUPOBAJIOCH C BEpXHEHM ya-
CTH TPYOBI ¢ MHUIMUPYIOUMM cocTaBoB (50 %
Mg+50% Oe3nbIMHBIN MOPOX) C BHIXOJOM Ha
OTHENPOBOJHBIN HIHYp. Takoil crnocod momxku-
raHusl OOBSCHSETCS TeM, YTO paclpoCTpaHEeHUe
IUTaMEHU BO3MOXKHO B 0OoJiee y3KOM HHTEpBajie
KOHLIEHTpalu. Bpems cropanust coctaBa ¢uk-
cUpoBajlach CeKyH10MeTpoM. CKOPOCTh TOpEHHUS
cocTaBa OINpeeNsiIach €JICHUEM BbICOTHI TPYOBI
Ha BpeMs CTOpPaHHUs COCTaBa.

be3npIMHBIA TOPOX, COCTOMT OOBIYHO U3
TPEX KOMIIOHEHTOB: CEJIUTPBI, yIIIsd U cepbl. [lpu
CrOpaHMM MOpOXa CEeNUTpa AAET KUCIOPOI JUIs
CKUTAHUS YIVIS; cepa — IIEMEHTHPYET YIojb-
HO-CEJIUTPsIHYI0 cMmech. Kpome Toro, obmanas
Oosiee HHM3KOM TeMIlepaTypol BOCIJIaMEHEHUs,
YeM YIoJib, cepa yCKOpsieT Mpoliecc BOoCIIaMeHe-
HUS 110poXa.

OcHOBHBIMH ~ 0a30BBIMH KOMIIOHEHTaMH
ra30reHepUpPYIOLIET0 COCTaBa SBSUIUCH OKHC-
JUTEIN U HAHOYIVIEPOAHBIE TOpIOYME J00aBKU
[7-9]. Onpenensnach CKOPOCTb TOPEHUS HAHOA-
JIOMHHUS, B 3aBUCUMOCTH OT €ro KOJIM4YeCTBa B
cocraBe. ba3oBblil cocTaB, B Macc, %: HUTpaT
ammonust (HA) — 80; manoamomunauu (Hano Al)
-5; nanoyrnepon (Hauno C) -15.

Pucynok 1 — KoHCTpyKIHs XUMHYECKOTO Tra30XUMHUYIe-
CKOTO KapTpUAKa - TNIAMETacUTENs
1- orHENPOBOHON IIHYD, 2 — KAPTOHHBIN KOPITYC

PesyabTarel ucciaenoBanus. [Ipu paGote
ra3oreHepUpyoIuX KapTpuakKel IIameracu-
TEJeH COCTaB JIOJDKEH 3aropeThbCsl 32 OYEHb KO-
POTKHME TNPOMEKYTKH BPEMEHM H3MEPSIEMbIX B
npeaenax 10-15 MamIMceKyHa, B CBSI3U € ITHUM,
MPOBONMJIMCH  MCCIENOBAaHUS  TEMIIEpaTyphl
BCIIBIIIKY IIPY MUHYTHOW 3aJ€PAKKE MUPOTEXHU-
YECKUX KOMIIOHEHTOB. TemmepaTypa BCIBIIIKU
KOMIIOHEHTOB (DMKCHPOBAJIACh ONTUYECKOM IHU-
pomerpoMm Raytek 31 1M.

[IpoBoauINCH SKCIIEPUMEHTHI Ha BOCIIPOU3-
BOJIMMOCTb, Ha Ka)K[IbIil ITOJIy4YE€HHBIM PE3yNbTaT
HCCIIE0BAHNUE NIPOBOAUIIOCH LIECTh pa3. [anee
BBIBOJWJIOCH cpeaHee 3HaueHue. [lomydeHHble
JlaHHBIE CBEJIEHBI B pUCYHOK 2. Kak BuaHO u3
PHUCYHKa 2, CKOPOCTb TOPEHHUS UCCIIEYEMOI0 Ta-
30reHepUpyIoLIEro cocrasa Bo3pacrana ot 0,33
1o 1,25 MM /c.,lipy yBEIMUYEHUH COAEPIKaHUS Ha-
HOAQJIIOMUHUS.

[IpuBeneHHass npsMONMHENHAs KpHUBas Ha
PUCYHKe 2 IOKa3aja, YTO 3TOT COCTaB SIBISAETCS
ONTUMAaJIbHBIM COCTAaBOM [UIsl Ia30I€HEPUPYIO-
HIETO COCTaBa, IOCKOJIBKY CKOPOCTH TOpPEHHS
HMeeT NPSAMYIMHEHHYIO 3aBUCUMOCTb U UCKIIIO-
YalOTCA CIydal MOCIOWHOIO TOPEHMS, UTO HEXKe-
JIATEeJIbHO I COCTAaBOB T'a30XMMMUYECKHX Kap-
TPUIKEH.

IIpucyTcTBUE B OKHCIUTENBHOU CPENE HEKO-
TOPOM JOJIM YaCTUL HAaHOAIIOMHUHHUSA TO3BOJISET
MIEPEBECTH PEaKIMIo TOPEHUs yriieposia Ha boee
MHTEHCUBHBINA YpoBeHb. CHI)KEHUE TOTEHIINAIIb-
HOTO 06apbepa XUMUYECKHUX peakLuil OKUCIIEHuS,
32 CUET IOBBIIIEHUS DHEPreTUYECKOI0 COCTOS-
HUSl HUCXOJIHBIX BEIIECTB, CIIOCOOHO W3MEHUTh
XOJl XMMHYECKOTO aKTa B LIEJIOM.
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Pucynok 2 — 3aBUCUMOCTb CKOPOCTH TOPEHUS OT COAEP-
’KaHMs HaHO- aaroMuHus B coctase HA — 80; Hano Al -5;
Hano C -15
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Taxxke TPOBOAMIMCH OKCIICPUMEHTHI 10
OTIPE/ICIICHUIO YYBCTBUTEILHOCTH MMUPOTEXHUYE-
CKUX KOMITOHCHTHBIX COCTABOB, IMOCKOJIBKY MHU-
HUMaJlbHAasi YYBCTBUTEIILHOCTh CpadaThIBaHUS
CHUCTEMBI IUTAMETAIIEHNs 3aBUCUT OT JaBJICHHS
(bpoHTa yaapHO-BO3IYITHON BOJHBI.

Pesynbrartel Hccie0BaHUM CBEACHBI B Ta-
Omury 1.

Tabauua 1 - Temneparypa BCIBIIIKHA U YYBCTBUTEJIb-
HOCTHh MUPOTEXHUYECKHUX KOMIIOHEHTHBIX COCTABOB

Hcxousre HA Hano Al Hano C
COCTaBBI
Temmnepary-
pa BCIIBIII- 338 750 340
ku, T °C
UyscTBU-
TEJIbHOCTb, 0,05 - -
MIla
HA — 80;
’ HA - 80;

ITnameracu- HA — 80, Hario Hano ’

Hamno Al -5; Al -10;
TN Al -15;

Hano C -15 Hano Hatio C - 5

C-10

Temnepary-
pa BCObILI- 350 420 430
ku, T °C
UyBCTBH-
TEILHOCTD, 0,04 0,03 0,02
MITa

Kak Bugno w3 Tabmuubl 1 Temmeparypa
BCIIBIIIKK HCXOIHBIX KOMIIOHEHTOB, BKJIFOUYast
HAHO AJIFOMUHHUH BBICOKA, HO KOMOHMHAIIMOHHAs
CMECh M3 HUTpaTa aMMOHHS, HAHOQIIOMUHHUS, B
MPUCYTCTBUH YIIIEPO/a TIO3BOJISIET 3HAYUTEIHHO
CHM3HUTH TEMIIeparypy BCHBIMKH. ONTHMab-
HBIA cocraB miaMeracureiss HA — 80; Hano Al
-5; Hano C -15, mpu 3TOM cocTaBe TemIiiepary-
pa Bembimku cHmkaercs 10 T = 350 °C. Taxoke
CJIelyeT OTMETUTh MUHUMAJIbHYIO YyBCTBUTEIIb-
HOCTb 3TOr0 cOCTaBa, kotopas pasHa 0,02 Mlla.

Takum 00pa3oM MPUXOANM K BBIBOJLY, UTO TIPH
yIaJIEHUH COCTaBa CMECH OT CTEXHOMETPUYECKO-
TO COOTHOIICHHUSI WM YBEIUYCHHU CONEpPKAHUS
N00aJeHUN B COCTaB YIJIEPOAHOTO KOMITOHEHTA,
MBI MOJKEM TIOJTyYHUTh PE3KOE CHIDKCHHE TEMITepa-
Typsl Benbimkn Hawo Al no 420°C. B atom city-
Yyae TemIeparypa TOpeHHusi, Kak ¥ CKOPOCTh IO-
HIDKAIOTCSL HACTOJIBKO, YTO TIOTEPH TEIUIA 32 CUET
W3ITyYeHHS TIPUBOMIAT K 3aTyXaHUIO TOPCHHUS.

3aryxaHue ropeHusi 00yCJIOBJIEHO TEII0O0T-
BOZIOM H3JIyYeHHs HaHOYIJIEPOIOM BBEIEHHBIM
B COCTaB IIJIAMETacUTENs, KOTOPBI MEHSET KOH-
[EHTPALUUOHHBIE TpPEAebl PacIpOCTPAHEHUS
IUIAMEHH, COOTBETCTBEHHO, OBICTPOTOPSIINE
B3pBIBUaTHIE ra3oBbie cMecu ¢ Hano Al OynyT 3a-
BUCETH OT TETUIONPOBOIHOCTH CUCTEMBI.

Hamu mpoBoguimich ucciae0BaHUs TIOBEPX-
HOocTH HA Ha mpeaMeT MOKpbITas HaHOATIOMH-
HUEM U HAHOYTJIepOJIOM (PUCYHOK 3).

-

L RERT

Pucynok 3 — MUKPOCHUMOK HAaHOAJIIOMUHUS B COCTABE
AC+HA

Mopd¢onoruton CTpyKTypy cocTaBa H3y-
qaJil METOJOM CKaHUPYIOIEH 3IEKTPOHHOMN
Mukpockonuu (SEM) Ha MHKpOCKOIlE MapKu
QUANTA 3 D 200i. 3 MHKPOCKONHUYECKHUX
CHHUMKOB BUJHO, 4YTO Ha rpanyine AC uMmerorcs
HAaHONOPbI, HAHOYIIIyOJIeHNe, HAaHOTPEUIHA, B
KOTOPBIX LIETKO AEPKYTCs HAaHOAIIOMUHUEBbIE
Y HAaHOYIJIEPOJHBIE COCTABHI.

Takum o0pa3oM, B pesynbTaTe HccleqoBa-
HUS NIOJy4eH ra30reHepUupyroIIHil cocTaB ¢ Ha-
HOYIJIEPOJAOM M HAHOATIOMMHHEBBIMH 100aB-
kamu. Ckopoctbh ropenus cocraa HA — 80%;
Hano Al -5%; Hano C -15% cocraBuna 1,25
MM/c. OmpepneneHa Temmeparypa BCIBIIIKH
mrameracutenns cocraba HA — 80%; Hano Al
-5%; Hano C -15% , xoTopas cocraBuia 430
°C 1 MUHUMAJIbHASl YyBCTBUTEIBHOCTH BCIBILII-
ku npu ynape B 0,02 MIla. UccnenoBansl 3a-
KOHOMEPHOCTU TOPEHHUsl Ia30reHepUpYIOIIEeTo
COCTaBa B 3aBUCHMOCTH OT COZEpP’KaHUs HAHO-
AJTIOMUHUS.
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Crenyroumii cocTaB ra30XMMHYECKUX Kap-
tpumkeit ['XK (tabnuna 2) paspabarsiBancs u
ONITHMU3UPOBAJICS TI0J] ONPEACICHHYIO 3aaady
- TIOBBIIICHWE CKOPOCTH BOCIUIAMEHEHHS U TO-
penus cocraBa [’ XK, obecneuns, Mo BOZMOXKHO-
CTH, MEHBIIYIO Tepeaady SHepruu (GpparMmeHTam
paspyuraronierocsi 00bekTa, HO COXPaHSIOMIEMY
B3pbIBonaAaBisomnu dpdekt. [losTomy k oc-
HOBHBIM KOMIIOHEHTaM JI00aBJISLTICh HUTPOIIEN-
JIOJIO3HBIE TBepAble TomuBa. OCHOBHasE (yHK-
ST HUTPOIMJUTIONIO3HOTO TBEPAOTO TOILIMBA

(HTTI) - perynupoBaTh 6051€e-MeHee MOCTOSHHOE
JIaBJICHNE U JIOBECTHU JABJICHUE B YCTPOWUCTBE 110
900-1000 krc/cm?.

s omnpenencHus: 3HEPIMM M MOIIHOCTH
B3pbIBa IUIAMATACAIIMX Ia30T€HEPUPYIOLIUX CO-
CTaBOB IPOBOJWINCH HCIIBITAHUS Ha IOJUTOHE
HaJ MMHEpaJIbHOM IOPOJOW BOJIYHOTAJIMYHU-
koM. HeoOxoanmo ObU10 HAWTH TIPOMEKYTOUHBII
JHEPrOEMKHUI COCTaB, KOTOPBIM MMEIl CBOMCTBA
B3PBIBOIIO/IABIIEHUS, HO U HE SIBIISIICS HHULIUATO-
POM pas3pylLICHHUS.

Tadnuua 2 - CocTaB ra30XuMH4ecKUX KapTpuKaei

CocraB ' XK-1 Macce,% CocraB 'XK -2 Macc,%
KamenHoyronpHblil apeH 10 KameHnHOyronbpHbll apeH 10
Cepa 10 Cepa 10
Oxucmurens(NH,NO,) 80 Oxucmurens (NH,NO,) 70

Hutpouemmtono3abie 10
TBEp/IbIC TOIUINBA

B xone ucnpiTaHuM yCTaHOBJIEHO, UYTO CEHC-
MHYECKHE MNposBIeHUSI HE cBoMcTBeHHBI XK.
Ecnu 11s1 TpaauMOHHBIX B3pbIBYATHIX MaTepu-
aJoB ceilcMHuYecKoe IMpPOSBICHUE BbI3bIBACTCA
YIIapHOW BOJIHOM B Mperpaje OT ACTOHAIUH 3apsi-
Jla ¥ BO3AYILIHOW yIapHOW BOJIHOM, BO3JEHCTBY-
IOLlEH Ha MOYBY M KOHCTPYKLHUH, TO MPHU Cropa-
Huu coctaBa ' XK ocymectsisercst 6e3ynapHoe,
KBa3UCTaTUYECKOE pa3pbIBHOE BO3JEHCTBUE Ha
Mperpaay, 4To HEMaJIOBaXKHO B YCIOBUSAX Pa0OThI
YTOJIbHBIX HIaXT.

Taxum 00pa3oM, pe3ylIbTaThl IKCIIEPUMEHTOB
MoKaszayiu, 4yTo 0oJiee paBHOMEPHOE JpoOIeHUE
IIpY HE3HAUUTEJIBHOM pasiiere (pparMeHToB Impo-
UCXOJUIIO TP COJAEPKAHUM KaMEHHOYTOJIbHOTO
apeHa KA- 5,5-6,5%. OueBugHO, 3TO BBI3BAHO
TEM, YTO Npu OOJbLIEH CKOPOCTHU HapacTaHUs
naBJeHUs 3apsa pabortaer 0ojiee CHHXPOHHO, U
JIpOOJICHHE OCYIIECTBISIETCS MO 00Jiee CIIOKHO-
My COYETAHMIO MOJIEH HampsHKeHHsl OT 3apsja.
CHuxeHue ke MaKCHUMaJIbHOTO BO3MOXKHOTO /1aB-

JIEHUS] Ha 3TOT IMPOLIECC HUKAK HE CKa3bIBaeTCs,
TaK KaK MPOYHOCTh OETOHA, ]a U KaMHs Ha pa3-
PBIB Ha MOPSJIKYA MEHBIIIE STUX BEJTUYHH.

BriBoaLI:

1. B pe3ynbprarte uccienoBaHus MOJIYYEH Ta-
30r€HEPUPYIONIMI COCTaB C HAHOYIIIEPOAOM U
HaHOAJIIOMUHUEBBIMU JoOaBkamMu. CKOPOCTh To-
penus coctaBa HA — 80%; Hano Al -5%; Hano
C -15% cocraBuna 1,25 mm/c. Onipenenena Tem-
reparypa BCIBIIIKY iameracurena coctaa HA
— 80%; Hano Al -5%; Hano C -15% , xotopas
cocraBmia 430 °C u MUHUMAITbHAS YYBCTBUTE b~
HOCTBh BenblIkK nipu yaape B 0,02 MITa.

2. IlpucyTcTBHUE B OKHUCIMUTEIIBHOW cpene
HEKOTOPOM J0JIM YacTHUI] HAHOAJTIOMUHUS 1103BO-
JISieT MEepPEeBECTU PEaKIUI0 TOPEeHus yriepoaa Ha
0oJjiee MHTEHCUBHBIA ypoBeHb. CHIDKEHHE IIO-
TEHIMAIbHOTO Oaphepa XUMHUYECKHX peaKIuil
OKHCJICHUS, 32 CYET MOBBILICHHS SHEPTETHUECKO-
IO COCTOSIHMSI MCXO/IHBIX BEIIECTB, CIIOCOOHO H3-
MEHUTh XOJ] XUMUYECKOT0 aKTa B LIEJIOM.

26



Xumusi

CMUCOK JINTEPATYPA

1 Tulepov, M., Mansurov, Z., Sassykova, L., Baiseitov, D., Dalelhanuly, O., Ualiev, Z., Gabdrashova, S.,
Kudyarova, Z. Research of iron containing concentrates of Balkhash deposit (Kazakhstan) for processing of
low-grade coal. //Journal of Chemical Technology and Metallurgy SJR: 0.331 (IF: 0.63). Volume 54 Iss. 3,
2019, 531-538 pp.

2 Tulepov M. I., Mansurov Z. A., Kazakov Yu. V., Abdrakova F. Yu., Chikhradze N. and Chikhradze M.N.
Methods of Reducing the Front Performance Flame at the Underground Mines Work, Orient. //J. Chem. -2018.
- Vol. 34(6). -P. 3037-3043.

3 Edgar Mataradze, Nikoloz Chikhradze, Nika Bochorishvili, Irakli Akhviediani, Dimitri Tatishvili.
Experimental Study of the Effect of Water Mist Location On Blast Overpressure Attenuation in A Shock Tube,
2017 World Multidisciplinary Earth Sciences Symposium (WMESS 2017)

4 E. Mataradze, N. Chikhradze, |. Akhvlediani, N. Bochorishvili, T. Krauthammer. New design of shock tube
for the study of vapor cloud explosion. Proceeding of the World Multidisciplinary Earth Sciences Symposium.
- Prague, 2016. -P. 733-737.

5 Kasakos FO.B., Anunbaee A.H., MaHcypos 3.A. YrnepogHble maTtepuansl (0TXodbl NPOM3BOACTBA) B
cocTaBe ObIMHbIX nopoxoB // Matep. VI mexagyHap. cumn. «lopeHne n nnasmoxmmusi». - Anmatbl: Kasak
yHuBepcuteTi, 2011. — C. 181-184

6 Mansurov Z.A., Tulepov M.I., Kazakov Y.V., Tursynbek S., Abdrakova F.Y., Baiseitov D.A. The study of
combustion process of chemical gas-generating cartridge (CGG) in the composition of ammonium nitrate and
nano aluminum combustible additives // MaTtepuans VIII MexgyHapogHoro cumnosunyma «lFopeHve 1 nnasmo-
XuMnsiy 1 MexgyHapogHON Hay4HO-TEXHUYECKOW KoHpepeHumnn «OHeproaddekTnBHocTb-2015». —Anmartsl,
2015. — C.137-140.

7 YnbsiHosa E.B., [eHuctok A.l1., E 3o Tee, [.J1. PycuH. BannuctntHble nopoxa ¢ HUTpaTtom aMMoHus //
Ycnexu B XuMun u xummndeckon texHonorum. — 2011, — T.25, Ne12. -C.30-34.

8 http://www.neochemical.kz/price 1296111766

9 http://www.neochemical.kz/ditsiandiamid-dicyandiamide

KOMIPTEK XAHFbILl KOCIMANAPBLIMEH »XANbIH COHAOIPETIH TA3GHAOEY KAPTPUIXKAOEPIHIH
XXAHY MNMPOLECIH 3EPTTEY

Tyningeme. XymbicTbiH MakcaTbl 10-15 MIMnuMcekyHA LeriHae enLeHeTiH eTe KbiCKa yakbIT apanbifbiHaa
XaHybl TUIC XanblH COHAIPrWTEPAIH ra3 reHepaunsnanTbiH KapTPUOKAEPiHiH OHTawnbl KypaMaapbiH isgey
Bonbin Tabbinagbl. OcbiFaH 6annaHbICTbl MMPOTEXHMKANbIK KOMNOHEHTTEPAIH, TyTaHYbIHbIH, MUHYTTbLIK Kigipici
KesiHAoe TyTaHy TemnepartypacbiHa 3epTTeynep Xyprisingi. bactankel KOMNOHEHTTEPAIH TyTaHy TemnepaTty-
pachbl, OHbIH, iWiHAe HaHO antoMUHKIA T = 420°C, anblH ceHaiprilTiH oHTansbl Kypambl HA — 80; HaHo Al -5;
HaHo C -15, 6yn kypamaa TyTaHy TemnepaTtypacbkl T = 350°C peniH Temengenai. CoHpan-ak, 6yn komnosu-
umnsHeliH 0,02 MlMa-Fa TeH MMHUManabl cesiMTanablfbiH aTan eTKeH »eH. KeMipTeriHiH xaHy TemnepaTypachl
20%-fa geniH caHbl kebenreH xarganaa, XolngaMablfbl Aa COHWANbIKTLI a3anbin, cayneneHy ecebiHeH xaHy-
OblH CeHyiHe anbin keneai.

TyninAai ce3pep: rasgpl reHepaumanNanTbiH KAPTPUOXKAEP, XKanblH COHAIprilTep, TyTaHy TemnepaTypachl, Ha-
HOANMIOMUHUIA, KEMIPTEK.

INVESTIGATION OF THE COMBUSTION PROCESSES OF GAS-GENERATING FLAME EXTINGUISHER
CARTRIDGES WITH CARBON COMBUSTIBLE ADDITIVES

Annotation. The aim of the work is to search optimal compositions of gas-generating flame extinguisher
cartridges, which should catch fire in very short periods of time, measured within 10-15 milliseconds, in this
regard, studies of the flash point with a minute delay in ignition of pyrotechnic components were conducted.
The flash point of the initial components, including nano aluminum T = 420°C, has been established. The
optimal composition of the flame extinguisher is NA - 80; Nano Al - 5; Nano C - 15, with this composition the
flash point decreases to T = 350°C. It should also be noted the minimum sensitivity of this composition, which
is 0.02 MPa. In the case of increasing carbon content up to 20%, burning as well as its speed, decrease to the
extent that it leads to the decay of combustion through radiation heat loss.

Key words: Gas-generating cartridges, flame arresters, flash point, nanoaluminium, carbon.
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OPUTNHAJIbHbLIE PA3SPABOTKWU ON1A OTEYECTBEHHOIO
®APMALEBTUYECKOIO NMPON3BOOCTBA

A.K. CadaHosg’, B.3. bepesuH’, b.b. batimaxaHosa’', I.B. JlykmaHosa’,
C.3. Opasbimbem’, O.H. Jlaxk’, A.C. banaeumbaesa’, J1.I1. TpeHoxHUKO8a’,
H.H. laspunoea’, N.A. PamHukoea’

"TOO «Hay4HO-NPON3BOACTBEHHBIV LIEHTP MUKPOBUONOr1M 1 BUpyconorun», r.Anmarsl, KasaxcraH

AHHOTaumsa. Ha cerogHAWHWN geHb dhapmaueBTUYECKUM PbIHOK KasaxcTtaHa nouvTM MOMHOCTbH 3aHAT
npenapatamMmu MMMOPTHOIO NPOM3BOACTBA. B TO e Bpemsi Hayka KasaxcTtaHa MOXeT BHOCUTb OOCTOMHBIN
BKMag B pa3sutve dapmaiueBTnyeckon oTpacnu. B Hay4yHo-npon3BOACTBEHHOM LEHTpe MuKpobmonorum u
BMPYCOIOrMM MPOBOAATCHA UCCMEAOBaHMUSA, pe3ynbTaTtOM KOTOPbIX SABMSIOTCS npenapaThl, Haxo4swmecs Ha
pasHol cTaguu paspaboTku. PaspaboTaH M BHeApeH B MpaKTUYECKoe 34paBOOXpPaHEHME OpPUrMHarbHbIN
NeKapCTBEHHbIV Npenapar Ans Nie4YeHns MOBEPXHOCTHbLIX MUKO30B « Po3eodyHrnH-AC». HoBas nekapcTBeHHas
dopma aHTUrpMOKOBOro mnpenapata Ha OCHOBE aHTUOMOTMKA PO3eOyHrMHa O7iS FieYeHUs BarMHanbHOro
kaHanpo3sa «Kanlpo®em AK» 1 HOBbLIN NeKapCTBEHHbI NpenapaT NPOoTMB BOCNANUTENbHbIX N MHPEKLMOHHBIX
3aboneBaHU XenygovHo-kKuweyHoro Ttpakta «AC-TpoOvoHopM» [OMyLeHbl K MPOBEAEHUIO KITMHUYECKMX
ncnbitaHnii. Ocobyo akTyanbHOCTb B HalM AHW nprobpena npobrnema HexBaTku MpenapaTtoB ANS feYeHus
N NpOoUNaKTUKN OCTPbIX PECMMPATOPHBIX BUPYCHbIX WHPEKLMI. B 3TOM CBS3M BbINOMHSAETCS paspaboTka
OpUrMHanbHbIX OTEYECTBEHHbIX NpenapaToB, 3 dekTUBHbIX B 0THoweHun COVID-19 u rpunna.

Knroyeeblie cnoea: pa3paboTka NEKapCTBEHHbIX NpenapaToB, po3eodyHrVH, NPOOMOTUK, MPOTUBOBUPYCHBIN

npenapar.

PapManeBTUYECKUN PBIHOK — BAXKHBIN CEK-
TOpP SKOHOMHUKHM JTI000H CTpaHbl, KOTOPBIH CITy-
KUT KPUTEPUEM €€ IKOHOMHUYECKOTO M COLHU-
anpHOro pazButus. CerofgHs peanbHas OIS
OTEYECTBEHHBIX IIPENapaToB Ha Ka3aXCTaHCKOM
pBIHKE cocTaBiseT Jub okosio 11%. Ilpu atom,
OTEUeCTBEHHbIE (DapMIIPOM3BOIUTENN BBIITYCKa-
I0T TIPOCTBIE JIEKAPCTBEHHBIE CPEICTBA — AHTHU-
CEeNTHKU U TaK Ha3bIBa€Mbl€ TaJICHOBBIE Mpera-
parhl, WIM Ipenaparbl-IKEHEPUKU Ha OCHOBE
cyOcTaHIMi, 3aKynaeMbIx 3a pyoexom [1]. MHo-
rMe OTEYECTBEHHbIE (PapMKOMITAHUU 3aHUMAIOT-
Csl IUIIb pac(acoBKOM UMIIOPTHBIX CyOCTaHLIUH.
OpuruHanbHblE OTEUECTBEHHBIE JIEKAPCTBEHHbIE
mpenaparbl pakTHUYeCKu He mpousBoasarcs. Pe-
3yabTarhl pestensHoct TOO «HaywHo-npouns-
BOJICTBEHHBIN LIEHTP MUKPOOHUOJIOTUH U BUPYCO-
aorun»(HIIL] Mukpobuonoruu U BUPYCOIOTUN)
[0 MPAKTUYECKOM peanu3ali CXeMbl «HayuHas
ujes — TEXHOJIOTHsI — BHEJPEHUE — KOMMEPLIHU-
anu3anusy J10Ka3blBaIOT, 4TO Hayka KazaxcraHa
MOXET OBITh KOHKYPEHTOCHOCOOHOH M BHOCHUTh

JOCTOMHBINA BKJaA B pa3BuUTHE (papmarieBTHUe-
ckoi maaycTpun Pecryonuku.

CeromHst pbIHOK (hapMalleBTUYECKUX IIpe-
naparoB B Kazaxcrane noutu Ha 99% 3aHAT um-
IIOPTHOM MPOAYKIMEN, YTO CBUAETEIBCTBYET O
KaTacTpo(uyecKo HEepa3BUTOCTU OTEYECTBEH-
HOTO cekTopa GapMUHAYCTpHH. B TO BpeMs kak
o0ecrieueHne CTpaHbl COOCTBEHHBIMH JI€Kap-
CTBEHHBIMU CPEJICTBAMU SIBIISIETCS HE TOJBKO
npo0IeMoil 31paBOOXpaHEHUsI U SKOHOMUKH, HO
¥ BOITPOCOM HaIllMOHAJIBLHOM Oe30macHoCTH [2].

OnHolt u3 Haubosee Cepbe3HBIX MEAMIIMH-
CKUX mpoOiemM, TpeOyromel MOCTOSHHOTO BHHU-
MaHusl, sBjsieTcss 0opbba ¢ rpuOKOBBIMU MHPEK-
nUsAMU U co3fanue 3PGEKTUBHBIX CPEICTB IS
ux nedenus. [lo ganasim BO3, Muko3zamu crtpa-
maet oT 1/4 no 1/3 uwacenenus 3emim. B Kazax-
CTaHe YMCJIO0 CTPAJAIONINX MUKO3aMHU JIFONIEeH, IO
pa3HbIM o1leHKaM, konebnetcs ot 30 1o 45%, T.e.
cocTaBigeT 6,5-9 MITH. YeJIOBEK.

[TpoTuBOrprOKOBBIE Tpemaparbl IS MeECT-
HOTO IPUMEHEHUS], KOTOPBIE SBIISIOTCS Hauboee
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BOCTpeOOBaHHBIMU CpeAM OOMIMPHOM TIpPYIIIbI
MIPOTUBOTPUOKOBBIX MpENnapaToB, MPAKTUYECKU
MOJIHOCTBIO uMnopTupytores B Kaszaxcran. Or-
€4ECTBEHHBIE Mpernaparbl COCTABISAIOT TOJIBKO
3% obwvema mpopax. Kpome Toro, nMmeromuecs
Ha pbiHKe KaszaxcTaHa MMIIOpTHBIE Ipenaparbl
JUTSI JIEYeHUST TPUOKOBBIX MH(MEKIMH BechMa J10-
pOrOCTOSIIIIN ¥, COOTBETCTBEHHO, MAJIOA0CTYTIHbI
LIIMPOKUM CJIOSIM HaceneHus. Takum o0pas3om, B
KazaxcTtane ocTpo cTout nmpobiema paciupeHust
ACCOPTHMMEHTA OTEYECTBEHHBIX JIEKAPCTBEHHBIX
CPEICTB, B TOM YHUCJIE€ POU3BOJICTBA 3D HeKTUB-
HBIX U HEIOPOTUX MPOTHUBOTPHOKOBBIX Ipernapa-
TOB [3].

C nenpio U3bICKAHUS HOBBIX MPOTUBOTPHUO-
koBbIX cpenctB B HIIL[ mMukpoOuonoruu u Bu-
PYCOJIOTHH TPOBEACH LUK (yHIAMEHTAIBHBIX
U TPUKIATHBIX HCCIIEAOBaHUN U pa3paboTaH U
BHEJIPEH B IPAKTUYECKOE 3APABOOXPAHEHUE HO-
BbIIi OPUTMHAJIBHBIM JIEKAPCTBEHHBIN IIpernapar
«Pozeodpynrun-AC, maszp 2%»[4].0t0 equn-
CTBEHHBIII OTEYECTBEHHBIN Ipenapar i Jede-
HUS TIOBEPXHOCTHBIX MHUKO30B Pa3JIMYHON ITHO-
JIOTUU HA OCHOBE OPUTHMHAJIBHOIO aHTUOMOTHKA
po3eodyHruHa. B cpaBHUTENBHBIX HCCIEI0BA-
HUSX TIOKA3aHO, YTO CIIEKTP MPOTHBOTPHUOKOBOM
AKTUBHOCTH PO3€0(QYHTHMHA 3HAYUTEIBHO ILIUpPE
110 CPAaBHEHUIO C JIPYTUMH MOJIMEHOBBIMHM aHTH-
OMOTHKaMU, IPUMEHSIOIUMUCS B MEAULIMHCKOM
MIpaKTHKe: HUCTATUHOM, aMm(poTepulIMHOM B, re-
BOPMHOM U Jp. B ominumne oT Ipyrux noiaveHo-
BBIX aHTUOMOTHUKOB, p03€0QYHTHH UMEET Oojee
BBICOKYIO aKTUBHOCTb M B OTHOIIEHHH 39 BUIOB
MaTOTeHHBIX JEPMATOMHIIETOB, OONaAaeT JIyd-
el cTabMIIbHOCTBIO U MEHbIIIEH TOKCUYHOCTBIO
[5].

I'maBHBIM HpeumyiecTBOM Ipenapara «Po-
3eopynruH-AC, Ma3b 2%» 10 CPaBHEHHIO C UM-
MOPTHBIMU aHANOraMH (KJIOTPUMA30Jl, JTaMU3UI
U J1p.) ABJISIETCS OTCYTCTBUE K HEMY YCTOMYMBBIX
¢dbopM Bo3OyauTENEH, KPaTKUH KYpPC U BbICOKAs
spdexTuBHOCTL JeueHus [6, 7, 8]. Ilpemapar
YCIICIIHO TPOIIEN JOKIMHUYECKHEe U TpU (ha3bl
KIMHUYeckux ucnbiTanui. B 2017 r.  nekap-
cTBeHHBI npenapar «PozeopyHrun-AC, maspb
2% 3apeructpuponat B PecriyOnuke Kazaxcran
(ITpukaz M3 PK ot 8.09.2017 NeN010336, Pe-
ructpaunoHHbiii Homep PK-JIC-5Ne023225) u
BkiodeH B locymapctBenHbii Peectp Jlekap-

ctBeHHbIX CpenctBM3 PK. B 2018 r. mpenapar
«Po3zeoynrun-AC» Bomen B Ilepeuens nexap-
CTBEHHBIX cpencTB KimHHYeckoro mpoTokoia
JTUArHOCTHKHU M JieueHus nepmaroputuii M3 PK
Ha 2019-2023 romer (omobpen OOBeAMHEHHOM
Komuccuent mo xadyecTBy MEIMIIMHCKUX YCIYT
M3 PK or 5.12.2018, IIpotokon Ne48) [9],a B
2019 r. Buecen B Kazaxcranckuit Hanuonamb-
el JlekapctBennblit @opmyinsap  (pemaxius
npuka3za MuHuctpa 3apaBooxpaHenuss PK ot
18.05.2021 . Ne KP JICM-41). Ha 6aze TOO
«IIpombIiieHHass MUKPOOHMOJIOTHS)  CO3/IaHa
MIPOU3BOJICTBEHHAs JIMHUS O BBIMYCKY Ipena-
para «Pozeodynrun-AC, Masb 2%, peanu3amus
KOTOPOTO BEJETCS Yepe3 alTeYHYI0 CETh B CEMHU
ropogaxKazaxcrana

«Pozeopynrun-AC» - 3T0 mepBas W TOKa
€IMHCTBEHHAsl MOJHOCTBIO OTE€YECTBEHHAs pas3-
paboOTKaMHOBOTO JIEKAPCTBEHHOTO CpEACTBAa Ha
OCHOBE OPHUTMHAJILHOTO Ka3aXCTaHCKOTO aHTH-
OMOTHKa, KOTOpasi MPOIIjia MOJHBIA UK OT Ha-
YYHO-HCCIIEIOBATENBCKONM PabOThI 10 YCTIEITHBIX
KIIMHUYECKUX HCIBITAHUH W PEeajbHOTo TMpH-
MEHEHHUs B MEIUUMHCKON mpaktuke. [upokuit
CHEKTp JEHUCTBUS U YHUKAJIBHOE COUYETAHHE MPO-
TUBOTPUOKOBOM M aHTUBUPYCHOM aKTUBHOCTHU
JieJlaeT 3TOT aHTUOMOTHK BechMa IMEPCHEKTHB-
HBIM JUIS pa3pa0OTKU HOBBIX JIGKAPCTBEHHBIX
dbopM IS IedeHHsI COYETaHHBIX MHUKO30B M BH-
PYCHBIX MOPaXEHHUH KOKU U CIM3UCTBIX 000JI0-
YEK, 4aCTO BCTPEUAIOIIUXCS MPU ONPEIACICHHBIX
BHJIaX MATOJIOTHH U UMMYHOIE(PUITUTHBIX COCTO-
stHusx [10].

Bo MHOrmx crpanax mupa OTMEYaroTCs BbI-
COKHE TEMIIbl POCTa PaclpOCTPAHEHHOCTH Ba-
TUHAIBHBIX HMHQPEKUUH, KOTOpbIE 3aHUMAIOT
BEJyIlIE€ MECTO B CTPYKTYpE aKyIlIepCKO-THHE-
KOJIOTMUECKOHW 3adoiieBaeMocTd. B mocriemnune
TObl YBEIMYMBACTCA YHCIO OONBHBIX BYIIHBO-
BarvHaJbHBIM KaHIUJI030M, KOTOPBIN PETUCTPU-
pyeTcs He TOJIbKO KaK caMOCTOsSITeIbHOE 3a00I1e-
BaHWE, HO U KaK COMYyTCTBYIOIee MH(EKIUIM,
MepeaBacMbIM MOJIOBBIM IyTeM. KaHana03HbIH
BYJIbBOBATUHUT — HH(EKIIMOHHOE TMOpaKeHUE
CIIM3UCTON BYJIbBBI M BIIArajivilia, BbI3bIBAEMOE
rpubamu poga Candida, mons kKoToporo cpemu
UHEKIUOHHBIX 3a00J€BaHUI HIXKHETO OTneia
TeHUTAJIBHOTO TpakTa coctasisieT 3545 % [11].

[To nanHBIM JUTEpaATYpHl, OKOIO 75% *KEeH-
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IIMH B BO3pacTe J10 25 JeT UMEeJIM KaK MUHUMYM
OJIMH 3MNU30/] BYJbBOBAarMHAJIBHOIO KaHAMI03a
B aHamHese [12,13]. OcHOBHBIMEH BO30yaUTE-
JSIMU  YPOTE€HUTAJIBHOIO KAaHIUA03a SBISIIOTCS:
C. albicans — B 80%, C. glabrata — B 15-30%,
C. tropicalis, C. krusei, C. Parapsilosis B 4-7%
ciydaeB. [ puOkoBbIe HHPEKIIMHA OTTAaCHBI CBOUMH
OCJIOKHEHUSIMU, TOCKOJIbKY MOTYT HPOHHUKATh
BO BHYTPEHHUE OpraHbl MOYEIIOJIOBOW CUCTEMBI,
BBI3bIBasl pa3jnuHble 3a00JieBaHUsl 3TOM cepsl
BIJIOTH 10 Oecruoaust [14]. OcHoBHO# mpoOe-
MOl IIpH JIeYEeHUH BarMHAJIbHOTO KaH/KM/103a SIB-
JISIeTCSl YCTOMYMBOCTh MH(PEKIIUU K TepANH, YTO
0OyCIIOBIIMBACT JUIMTEIbHOE TEUCHHE U OYCHD
BBICOKYIO PAacIpOCTPAaHEHHOCTh 3a00JeBaHUs
[15]. /JlaHHOE OOCTOSTEILCTBO BBI3BIBACT MOBBI-
LICHHBIM HAy4YHO-IIPAKTUYECKUM MHTEPEC K CO-
BEPIICHCTBOBAHUIO OpraHM3aluu Meauko-pap-
MAaleBTUYECKON MOMOIIM OONMBHBIM, a TaKkKe K
pa3paboTKe HOBBIX OPUTHHAIBHBIX O€30MacHBIX
1 3P PEKTUBHBIX TPENaparoB.

Taxum 06pazom, THHEKOJIOTHUYECKHEe TPHOKO-
BbIe 3a00JI€BaHUS Y KEHIIUH SIBISIFOTCS CEPhe3-
HOU yIpO30ii 310POBbIO, €CIIU UX HE JIEUNTh. [
JICUECHHUsI BYJbBOBAarMHAJIBHOIO KAaHAMJI03a UC-
MOJIB3YIOT IpenapaTsl pa3IMyHbIX I'PyMI, B OC-
HOBHOM TIOJIMEHOBOTO psiia (HUCTATHH, JIEBOPUH,
HaTaMHIMH, aM(oTepuiud B); MMIIa3010BOTO
psanga (KJIOTpHUMAasoll, KETOKOHA30J, MHKOHA30Il,
OyTOKOHA30:1); TprUaszosaoBoro psaaa (paykonasodn,
WTPAKOHA30J1) UJIU KOMOWHHUPOBAHHKIE Mpemnapa-
ThI [16].

OnHako, HECMOTPS Ha HAIMYHE PA3ITUYHBIX
MMIIOPTHBIX JIEKAPCTBEHHBIX CPEACTB MPOTH-
BOIpMOKOBOI Tepanuy, 4acToTa KaHIWIO3HBIX
NOpaXEHUU BYNIBBBI M BJArajuila HE HUMEET
TEHACHIIMM K CHUKEHHIO U OCTAETCs aKTyallb-
HOM[17,18]. Jns moctmxenus ycnexa B npodu-
JaKTUKE U JICYEHUH ITOro 3a0oyieBaHUs HEOO-
XOIMMBI Kak (YHJaMEHTAIbHBIC HAyYHBIE WC-
CJIEJIOBAHUS, TaK U MOUCK HOBBIX 3((HEKTUBHBIX
MIPOTUBOTPUOKOBBIX TPENapaToB, 00IaAAFOIINUX
BBICOKOH (papMaKoJIIOTHIECKOW aKTUBHOCTHIO B
otHomennu Candida.

Yuensimu HIIL[ MukpoOuonoruu u BUpyco-
JIOTHH pa3paboTaHa HOBas JIEKAPCTBEHHAS popma
aHTUTPUOKOBOTO Tpernapara Ha OCHOBE aHTHOHO-
TUKa po3eo(yHTHHA 7S JICUSHUS] BarHHAIBHOTO
kaHauo3a — cynnosuropun «Kanllpo®em AK»y,

KOTOpasi B JAHHOE BpeMsl YCMEIIHO MpoIlia CTa-
JIUIO JIOKJIMHUYECKUX UCTIBITAHUM U JIOMYIIEHA K
MIPOBEJICHUIO MEPBON (pa3bl KIMHUYECKUX HCIIbI-
Tanuit [19 —22].

Eme onna akrtyanmpHas mpoOiiema 3apaBo-
OXpaHEHHusl BceX CTpaH, B ToM uucie u Kazax-
crtaHa — octpelie kumeunbie nHpeknuu (OKN).
IloBcemecTHast pacnpOCTPaHEHHOCTh, BBICOKAs
4acToTa Pa3BUTHUS CPEIHETSDKEIBIX U TSDKEIIBIX
dbopM, OCIOKHEHUH, OMPENeNsIIoT HeoOXOIH-
MOCTb ITOMCKA IIyTel ONTUMU3ALUN TaKTUKHU Jie-
YeHHsl JaHHOU Tpyniibl 3a0oneBanuii. Hanbonee
94acTOW MPUYMHON KUIIEYHBIX MH(EKUUH sBIs-
IOTCS Takue BO30OyIHMTENTH, KaK KOJIUOAKTEepHH,
CaJIbMOHEJIBI, @ IPU ONPEEIIEHHBIX YCIOBUSIX U
sHTEpOoOaKTep, UUTpodaKTep, Kiedcuenia, mpo-
TEH, TPOXKKENOJ00HBIE TPUOBI, areHThl BHPYC-
HOW mnpuponbl. YacTel ciiydaud BO3HUKHOBEHMS
Pa3HOOOPA3HBIX BOCHAIUTEIBHBIX U CENTHYE-
CKHX MPOIIECCOB, 00YCIOBIEHHBIX NaTOT€HHBIMU
KOKKaMH, cpean KOoTopeix Staphilococcusaureus,
Streptococcuspyogenes, Pneumococcus (Diplo-
coccus) pneumoniae u 1p.[23].

[ToBcemecTHast pacpoCTPaHEHHOCTb, BHICO-
Kasi 4acTOTa Pa3BUTHS CPEIHETSKENIBIX U TskKe-
JBIX (OPM, OCIIOKHEHUH, ONPEIENIIIOT He00X0-
JUMOCTh TOHMCKA MyTeH ONTHUMH3AIUU TaKTHKU
JieYeHusl JaHHOW rpynmnbl 3a0oneBaHuil. Crox-
HOCTh JieUeHUs HWH(EKIIMOHHBIX 3a00JIeBaHUI
CBSI3aHA C MaCCOBBIM HEPAlMOHAIBHBIM UCTIONb-
30BaHMEM AaHTHOMOTUKOB M XHWMHOTEpPANCBTHU-
YEeCKUX IpenapaToB, NPUBOAAIIUM K Pa3BUTHIO
MHOXKECTBEHHOW JIEKAPCTBEHHOM YCTOWYHUBOCTHU
natoreHoB [24]. CoBpemMeHHasi cTpaTerusi Tepa-
muu OKU otmaer nmpuopurter jedueOHBIM Mepo-
NPUSATUSAM, HAIPAaBICHHBIM Ha KOPPEKLHUIO KH-
LIEYHOTO0 MUKPOOMOIIEHO3a C 1IEIbI0 YyCTPAaHEHUS
JIOKQJIM30BaHHOTO B KUIIEYHUKE OYara XpoHu4e-
ckoii mHbpekuuu [25, 26].

B cBs3u ¢ 3TUM, B ocienHee BpeMsi B MUpe
JUIS JIeYEHUS] KUIIEYHbIX WMH(GEKIM Bce yale
BMECTO AaHTUOMOTHUKOB PEKOMEHAYIOT MCIOJb30-
BaTh IPOOMOTUKY Ha OCHOBE MUKPOOPTaHU3MOB -
CUMOHMOHTOB JKEJTyTOYHO-KHUIIICUHOTO TpakTa [27,
28, 29]. Jlannble npenaparbl ObICTPO MOAABISAIOT
MAaTOr€HHYI0 MHUKPOQIIOpY, aKTHUBU3UPYIOT HM-
MYHHYIO CUCTEMY Opranusma yenoseka [30].

B Hacrosiiee Bpemsi Ha pbIHKE MOSIBUIOCH
MHOTO0 MPOOMOTHYECKUX MpEernaparoB Ha OCHO-
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BE€ KUBBIX MUKpoopranusmoB. B Kazaxctane He
MIPOU3BOJAT JIEKAPCTBEHHBIE IMPOOHOTHYECKUE
Ipenaparsl, a UCIOIb3yIOT UMIIOPTHBIE.

Jlnst pemieHust JaHHOM mpoGieMbl pa3pado-
TaH HOBBIW OT€YECTBEHHBIN JICKAPCTBEHHBI Ipe-
napatr «AC-ITpoOGnoHOpM» IIUPOKOTO CHEKTpa
JeMCTBUSL MPOTUB BOCHAIMTENbHBIX U HHQEK-
IIUOHHBIX 3a00JIEBAaHUH JKEITYyIOYHO-KHIIIEYHOTO
TpakTa 4YeJoBEeKa ISl MEePOPaJIbHOIO INpUMEHE-
Hus. IIpenapar co3naH Ha OCHOBE accolanuu
MOJIOYHOKHUCIIBIX OaKTEepHid HAIPaBIEHHOTO JIeH-
CTBHUS, YTO IO3BOJSET MAKCUMaJbHO MOBBICUTH
ero tepaneBruueckuii 3¢ dext [31]. Pazpaboran-
HBIH Mpenapar Mmo3BoJIseT, IPU HEOOXOAUMOCTH,
WCIIOJIb30BaTh €r0 B KOMIUIEKCHOM Tepaluu ¢ aH-
TUOMOTUKAMU.

JlokazaHo, 4TO BXOJSIIME B COCTaB IIpe-
napara «AC-IIpoOuonopm» mnpoOHOTHUECKUE
Oakrepun 0O0JIAAAIOT BBICOKOH AKTUBHOCTHIO B
OTHOILIEHWU BO30ynUTENeH KHUIIeYHBIX 3a00-
JIEBaHUM, CHUHTE3UPYIOT BUTAMHUHBI Ipymibl B,
HE3aMEHHUMBbIE AaMHWHOKHUCIOTBI W TUIPOJIUTH-
yeckue (EepMEHTBI, CTUMYIHPYIOT UMMYHHYIO
cucteMy uesnoseka. llITaMMbl MOJIOYHOKHC-
aeix  Oakrepuit Lactobacillusfermentum 30 u
Lactobacilluscellobiosus 36 3amuieHsl IareH-
tamu PecnyOnuku Kazaxcran [32, 33].

B pesynbprare NOKIMHMYECKHX HCCIEI0Ba-
Huii npemnapara «AC-IIpo6uoHopm» BBISBICHA
BbIcOKast 3(dekTuBHOCTh M 0€30MaCHOCTH €ro
MPUMEHEHHUS, aKTUBHOCTh B OTHOILLIEHUH OCHOB-
HBIX BO30yIUTENEH OCTPBIX KUIIEYHBIX HH]EK-
LUA: JMIEPUXUH, CATbMOHEIT U CTa(UIOKOK-
KOB, YCTAHOBJIEHA MOJOXHUTEJIbHAs JTUHAMHUKA B
COCTaBe MHKPOOMOTHI KHIIEYHUKA >KMBOTHBIX.
IIpenapar «AC-IIpobnoHopm» nomyiiex k npo-
BEJICHUIO NEepBON (pa3bl KIMHUYECKUX HCIHbITA-
HUU.

B cBa3M ¢ maHpemuend KOpPOHABUPYCHOM
nHpeknun 0coOyr aKTyaJIbHOCTh MpuoOpena
mpoOiieMa HEXBaTKW MpenaparoB AJs JEYEHHS
U MPO(QUIAKTUKUA OCTPHIX PECHHPATOPHBIX BU-
pycubix uHbpeknuit (OPBU), B unciao koTopsix
Hapsily ¢ JpyTMMH BHUPYCHBIMM areéHTaMH BXO-
a1 COVID-19 u rpunn. B pamkax IIporpamm-
HO-11€JIeBOT0 (pMHAHCUPOBAHUS 1O JWHUU Mu-

HUCTEpPCTBa 00pa3oBaHUs W Hayku PecmyOnuku
Kazaxcran, Ha 6a3e Harieil opraHu3aIuy BbIION-
Hsercs nporpamma BR10965178 «Pazpaborka
OPUTHMHAJLHBIX OTEYECTBEHHBIX MPENapaToB C
MIPOTUBOBUPYCHON aKTUBHOCTHIO, 3 PEKTUBHBIX
B otHomeHnu COVID-19 u rpunmay» (2021-2023
rT.). JlaHHas mporpamMma mpemycMaTpuBaeT pas-
paboTKy IBYX JIEKAPCTBEHHBIX MpPENaparoB s
O0pBOBI C OMACHBIMHU MaHIEMUYECKUMHU HH(DEK-
uusimu — COVID-19 u rpunmom.

Pa3paboTka mpemnaparoB BeleTCs Ha OCHOBE
OMOJIOTUYECKH AKTUBHBIX COCAMHEHUN pacTH-
TEJILHOTO ¥ MHKPOOHOTO MHpoucXokaeHus. s
3TOTO MPOBOJUTCS CKPUHUHT SKCTPAKTOB Ka3ax-
CTAHCKMX pACTEHUH, MOTCHIIMAIBHO COMEpXkKa-
IIMX COSAMHEHUS C TPOTUBOBUPYCHON aKTHBHO-
CTBIO, a TAKKE CKPUHUHT IKCTPAKTOB aKTUHOMHU-
LIETOB, BBIJICJIICHHBIX B PETHMOHAX C AKCTpPEMalb-
HBIMH YCJIOBUSIMU OOUTAHUSI.

B Hacrosiiiee Bpems u3 psiga pacTeHui ¢io-
poi Kazaxcrana momy4eHsl coeTMHEHUS (hIIaBOHO-
WHOW U TEPIICHOUJIHON PUPOIbI, 00Ia1atome
AHTUBHPYCHOW AKTHBHOCTBIO. Takke IOJydeH
psAIl TpernapaTroB, OONANAIONIMX AHTUBUPYCHOMN
AKTUBHOCTBIO, U3 IKCTPAKTOB IKCTPEMOPUITBHBIX
aKTUHOMUIIETOB. [IpoBOAUTCS aHAN3 U UICHTH-
(bUKaIys MOTYyYEHHBIX MPENapaToB, U3yUYCHHUE UX
CTPYKTYpPBI U UCCJIEI0BAHUE ITPOTUBOBUPYCHOTO
JIEUCTBUSI B OTHONIICHUH BHPYCOB TPHUIIIA U KO-
poHaBupycoB. Jlanee OyayT MpOBENCHBI JTOKIIU-
HUYECKUE HWCIBITAaHUS OTOOpaHHBIX HauOolee
MEePCIEKTUBHBIX MPEnaparoB, 0TpaboTKa TEXHO-
JIOTUHA WX TPOU3BOJICTBA M IOJATOTOBKA JJIS TO-
CJEeIYIOIUX KIMHUYECKUX UCTIBITAaHUMH.

Pa3paboTka HOBBIX JIE€KapCTBEHHBIX TIpe-
MaparoB, TEXHOJOTHMH HX MPOU3BOACTBA, WC-
OBITaHUS MX APPEKTUBHOCTH U 0E30MacHOCTH,
BHEJIPEHUE WX B KIMHUYECKYIO MPAKTUKY — JTO
CJIOKHBIW, TPYIOEMKHW M MHOIOCTYIEHYAThII
MPOIIECC, BKIIIOYAIONIUN psn dTanoB. [lorTomy
JUTSl YYEHBIX — pa3pabOTUYHMKOB U TIPOU3BOIUTE-
Jeil OpPUTMHAJIBHBIX OTEYECTBEHHBIX JIEKAPCTB
HeoOXouMa BCECTOPOHHSS moiepxka [ocy-
JapCTBa C IENbI0 POCTAa UMIIOPTO3AMEIICHHS H,
Kak CJICICTBHE, IOBLIIICHUEM O0M0O0E30I1aCHOCTH
¥ HaIlMOHAIBHOM Oe3omacHocTr Kazaxcrana.
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OTAHAbLIK PAPMALIEEBTUKAIBIK MPEMNAPATTAPObI ©HOIPYTE APHAJFAH TEHOECI )KOK 93IPJIE-
MEJIEP

Tyningeme. bByriHri TaHoa KasakcTaHHbIH (hapMaueBTUKanblK HapbIFblH TONbIFBIMEH AEPSiK UMMNOPTTLIK,
nopinep anbin xatblp. CoHbIMeH kaTap, KasakCTaHHbIH fbifbiMbl dapMaLeBTMKa canacbliHblH, AaMyblHa
NamrbIKTbl YreciH koca anagbl. Mukpobuonorus xeHe BUPYCONOMNS FbiflbIMU-OHAIPICTIK OopTanbiFbiHAA Fbiflbl-
MU-3epTTEY XYMbICTapbl XYPridinyae xaHe OHbIH HOTWXKECI ap Typni Aamy KeseHnaepiHaeri npenapattap 60-
nein Tabeinagel. beTki KabaTTarbl MUkO3aapAbl emaeyre apHanFaH «Po3eodyHrnH-AC» Gipereii gapinik npe-
napar a3ipreHin, npakTukanblk AeHCaynblK CakTayFa eHridingi. Po3eoyHrmH aHTMBNOTHK HerisiHaeri KbiHan-
TbIK KaHOWOO034bl eMAeyre apHanfFaH 3eHre kapcol xxaHa «CanProFem AK» npenapaTbiHa XeHe ackasaH-i-
LLeK XXonAapblHbIH, kKabbIHY COHbIMEH KOCa acka3saH >Xyknarbl aypynapblHa apHanfaH xxaHa «AS-Probionorm»
npenapaTTapbliHa KIMHUKanbIK CbiHAKTap Xypridyre pykcat eTingi. Kasipri yakbiTta Xegen pecnupatoprbik
BUPYCTbIK MHDeKUMsnapabl eMAey XaHeonapablH, aniblH-anyfa apHarnfaH 0api-09pMeKTepaiH, xeTicneyLwiniri
e3ekTi macerne 6onbin oTbip. OckbiFaH opat COVID-19 xxaHe TyMayfa Kapcbl TMiMAi oTaHAblK npenapaTtTapably,
Oamybl XXy3ere acblpbinyga.

TyniHai ce3pep: oapi-AapMeKTepai a3iprey, po3eodyHrnH, NpodroTHK, BUpYCKa Kapcbl npenapar.

ORIGINAL DEVELOPMENTS FOR DOMESTIC PHARMACEUTICAL PRODUCTION
Abstract. Currently the pharmaceutical market of Kazakhstan is almost completely represented by imported
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products. At the same time, the science of Kazakhstan can make a worthy contribution to the development of
the pharmaceutical industry. The Scientific-productional Center of Microbiology and Virology, has been carrying
out research projects which are currently at different stages of development. “Roseofungin-AS” is an original
drug for superficial mycoses has been developed and introduced into practical health care. “CanProFem AK”
is the new form of an antifungal drug based on the roseofungin antibiotic for vaginal candidiasis and “AS-
Probionorm”, a new drug for inflammatory and infectious diseases of the gastrointestinal tract are approved for
clinical trials. The problem of lack of drugs for the treatment and prevention of acute respiratory viral infections
has become particularly relevant lately. In this regard, the development of original domestic drugs effective
against COVID-19 and influenza is being carried out.

Key words: drug development, roseofungin, probiotic, antiviral drug.
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AHHOTALIUA

B HacTosilen paboTe mpeAcTaBrieHbl COBpPeMeEHHble B3rMsAbl K akTyarbHbIM npobremam XpoHo6uonorim
M XpOHOMEeOMLMHbI Ha COBPEMEHHOM 3Tane pasBUTUS Hayku. PaccmaTpuBaloTCs OCHOBHbIE BXOAHbIE U
BbIXOAHble haKTOpPbI, BUSIOLLIME HA OEATENbHOCTL BMONorMyecknx YacoB. PesynbTaTbl 9TUX UCCrieqoBaHUN
NMo3BOSIUT OpPraHM30BaTh B HACTosILLEE BPEMS 1 B ByayLLem CMCTEMHbIE U KpynHoMacLUTabHble nccreqoBaHmst
Mo BbISABIIEHMIO MEXAHN3MOB reHepaLuy G1onorM4ecknx pUTMOoB.

Knroueenie crioea: xpoHoGUonorusi, BUopuUT™M, XpOHOMEAMULIMHA, BPEMEHHAS OpraHM3auusi GrocucTem.

BBenenmne. M3BecTHO, YTO XapakTepHas yep-
Ta pa3BUTHS 000N HAyKHWB TOM YHUCIE U OHO-
JIOTUH, €CTh HenpepbIBHas AuddepeHuanus Ha
OTJENIbHBICOTPACIH, & 3HAYUT BBIJICIICHUE HOBBIX
00BEKTOB SIBICHUI WJIM NPOLECCOB, KOTOPBHIE,
OKa3bIBaeTCs, HEOOXOIMMO AETAIbHO HCCIENO0-
BaTb. Takoll MyTh Pa3BUTHS HAYKU: pacujICHe-
HUE CII0’KHOTO, 00IIero Ha 0oJiee MPOCThIE KOH-
KpETHBbIE COCTAaBHBIE YaCTH U HUCCIEIOBAHUS UX
MPUPOJIBI CBOMCTB U OCOOEHHOCTEN — MOTyUn
Ha3BaHHUe peAyKIUMOHHOMY. OUH U3 €ro sSpKux
MIPUMEPOB — BOSHUKHOBEHUE Takoil (yHIaMeH-
TaJbHOM HAyKH COBPEMEHHOW OMOJIOrHH, Kak
MOJIEKYJIipHasi OUOJIOTHsl, U3y4darolas KOHKPET-
HbII, @ UMEHHO MOJIEKYJISIPHBIN YPOBEHb Hepap-
XMYECKOU CTPYKTYpPHI JKUBBIX cuUcTeM. OpHako
uccienoBaTesiel MHTEPECYIOT HE TOJNBKO OT-
JieNbHbIE, CIIEIUaIbHbIE BOIIPOCHl OMO0OBEKTOB,
HO 1 HauOoJiee 00IIME 3aKOHBI JKU3HU, KOTOPHIS
ObLIM OBl paBHOM Mepe MPUMEHUMBI K JTHO0BIM €€
dhopmam u 6azupoBaIKUCh HA MaTEpHAe OTIACIb-
HBIX 00J1aCTH OMOJIOTHH. DTOT MyTh MCCIIEIOBA-
HUS 0003HaYaeTCsl Kak MHTErpaTU3M B HayKe, TO
€CTh O CJIOKHOM CYIST Ha OCHOBE COBOKYITHOTO
aHaim3a ero yacreil. To ecTb B TaHHOM cilydae
pedb UAET O CUCTEMHOM, UHTETPAIbHOM IOAXO-
ne, OazupyromeMcs Ha OOIIe TEopum CUCTEM
1 Ha Teopuu OuocuctemM. COTIacHO OCHOBHBIM
MpPUHIUIIAM TEPMOJAMHAMMKY IOJICUCTEMOIICIIe-
NyeT TMOHUMAaTh COBOKYIHOCTbMaTepUalbHBIX
00BEKTOB, OTPAaHUYECHHBIX KaKUM-JIHOO o0Opa-
30M OT OKpysKarolen cpensl. EctecTBeHHO, 3TH

MaTepualibHble OOBEKThl HAXOAMUTCS B ONIpe.e-
JNEHHBIX OTHOMICHMSIX JPYr K APYTyH K Cpele.
Peanuzanust oTHOIIEHUH MEXIy dJI€MEHTaMu U
UX B3aMMOCBS3b HEPA3PHIBHO CBSI3aHO CO CBOM-
CTBaMHU OMOCHCTEM, KOTOPHIEOOECTIEUNBAIOT UM
OTIPE/CNIEHHYI0 OpPraHU3allii0 U LETOCTHOCTD.
Ha ocHOoBaHuU CKa3aHHOTO MOYKHO 3aKJIIOYUTh,
YTO IIABHOW 3aJja4uel HAyKW CHCTEMHOTO MOJXO-
na sBiseTcs pazpaboTka v (GopMyIupOBaHHE He-
KOTOPBIX OOLIMX 3aKOHOB, a TaK)K€ MPUHIUIIOB
CYILLIECTBOBAHUS U Pa3BUTHUS KUBBIX OOBEKTOB,
KOTOpbIE€ B paBHOW MepeObuld Obl MPHUCYLIMUM
BCcEeM 0€3 UCKIIIOUEHUSI.

CrieunanucThl pa3HbIX HaNpaBICHUH pa-
00Tal0T HaJa BBISICHEHHMEM IMpoOieMbl, Ha OcC-
HOBE KaKUX 3aKOHOMEpHOCTeHuAET oOpa3oBa-
HUE OMOJOTUYECKUX CHUCTEeM. be3yclioBHO, 3TO
BECbMa CJIOKHBII MPOIECC, OJHAKO HECMOTPS
Ha 3TO MOKHO IOTBITAThCS BBIACIUTD 311€Ch P
MOMeHTOB.Tak, MepBO€ — BCHUCTEMY JIOJIKHO
BXOAMTHh HEKOE KOJINYECTBO AJIEMEHTOB. Bo-BTO-
pPBIX — HEOOXOAMMO, YTOOBI 3TH 3JIEMEHTHI OT-
JUYAJIUCh IpYT OT Jpyra mo KakoMy-To Habopy
MPU3HAKOB (MHAue 3TO OyJdeT OJIMH 3JEMEHT) U
OHM JOJDKHBI OBITh KOMIUIUMEHTAPHBIMH JpYr
Ipyry, 100 B MPOTUBHOM CJIy4yae UX HEBO3MOXK-
HO paccMaTpuBaThb BMECTE€ KaK COBOKYITHOCTD.
HeobxonumMo cymiecTBoBaHHE KaKMX-TO CBA3EH
MEXAY JIeMEHTaMH U, CJIEJOBaTeIbHO, B3aUMO-
JEUCTBUS. A B3aMMOOTHOIIIEHUE MEK]TY DJIEMEH-
TaMM, T.€. UX XapakTep, CTENEHb BBIPAXKEHHO-
CTH U T.Jl. U CAMHU DJIEMEHTHI NPUAAIOT CUCTEME
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orpeziesIeHHyI0 opranuzanuio. JKuBas cucrema
— 3TO OTKpbITas TEPMOJMHAMHUYECKas CHCTe-
Ma, UMEIOIIas CBS3U C OKPYX AKOUIEH Cpeslon ye-
pe3 sHepruto u BemectBo. Mrakas cucrema Jist
CBOEr0 CyLIECTBOBaHUS, U MOAJIEPKAHUS CBOEH
OopraHu3aluy JOJKHA pacrioyiaraTb aHTU3HTPO-
MUIAHBIMH, T.€. HETIHTPONMUNWHBIMU MEXaHU3Ma-
MU, IPEMSTCTBYIOIMMU PACCEUBAHUIO €10 SHEP-
MU B IPOCTPAHCTBE, T.€. CTPEMIICHHE K MOPSAKY
Y LEJIOCTHOCTH.

[Ipu obcyxnenun npobdiaemMbl opraHu3alnn
OMOJIOTMYECKUX CUCTEM B KauecTBE €€ OCHOB-
HBIX TIPUHITUTIOB BBIJEISIOT MPOCTPAHCTBEHHBIN
U BpeMeHHOU. M3BecTHO, 4TO CTpyKTypHas (T.e.
MIPOCTPAHCTBEHHAs) OpraHU3allisg HE ucuYep-
MBIBAET TMOJHOCTBIO crienuduky omocucrtem. K
MIPOCTPAHCTBEHHOMY TpEXMEpPHOMY (akTopy
no0aBisieTCs YeTBEPTOe U3MEPEHUE — BpeMsl, a
BpeMsi BHOCUT COBEpPLICHHO HOBBIM, HE3aBUCH-
MBIIl U HE IpeIcKa3yeMblil diieMeHT. Mcxons n3
CKa3aHHOI'O MOKHO YTBEpXkJaTh, YTO IJIABHOE
HampaBJIeHHE pa3BUTHs Ouosioruu OyneT cBs3a-
HO C CHCTEMaMH U MOWJET Yepe3 OpraHu3aluio
CUCTEM B IPOCTPAHCTBE U BO BPEMEHH.

Ecnu npocTpaHCTBeHHYIO (CTPYKTYPHYIO)
OpraHu3alrio0NOCUCTEMU3YYalOT  MOp(OJIOTH
(aHaTOMBI, IIUTOJOTH, THUCTOJIOTH), TO 3aKOHO-
MEpEeH BOIPOC, @ KTO 3aHMMAETCSI U3yYEHUEM
X BpeMEHHOU opranuzanuu? CeromHst Ha 3TOT
BOIIPOC MOKHO JIaTh BIOJHE KOHKPETHBIA U yT-
BEpAUTEIbHBIN OTBET. BpemeHHast opranuzanus
YKUBBIX CUCTEM IpEACTaBISIET COO0H 1IEHTpasIb-
HYI TpoOjeMy B HOBOM 00JacTH OMOJIOTHH,
MOJIy4MBIlIEH Ha3BaHHe XpoHoOuosoruu. Ha-
CEro/IHsg MOXKHO CUWTaTh, YTO OCHOBHas 3aja-
4ya XpOHOOMOJIOTMH 3aKJIIOYAETCSl B BBISICHEHUU
ponu (QaxTopa BpEMEHU B CYyIIECTBOBAHMM U
pa3BUTHH KUBbIX cucTeM. CyTb Jieia B TOM, YTO
MpoLIeCChl, MPOTEKAOIIME B JKUBBIX CHCTEMaX,
OCYULIECTBIISIOTCSA YIOPSAI0UEHHBIM 00pa3oM BO
BpeMEHHU. DTO - OCHOBA UX BPEMEHHOM OpraHu-
3alMHU.

OCHOBHBIM TOHSITHSIM XPOHOOUOJIOTUU SIB-
nsercst Ouoputm.CeronHsi 10Ka3aHo, 4TO OHO-
JIOTUYECKUH PUTM MpeACTaBiIsieT co0oil oauH
13 Ba)KHBIX MHCTPYMEHTOB HCCJIEI0BAHUS POJIU
(hakTopa BpeMeHH B JICSITEIbHOCTH KUBBIX 00b-
€KTOB U WX BpeMeHHOW opranuzanuu. [lockonb-
Ky OJHa M3 OCHOBHBIX 3a/1a4 XPOHOOHOJIOTUU
SBIISIETCA M3YYEHUE BPEMEHHOM OpraHu3anuu
KUBBIX CHUCTEM, TO 3TO CBHJIETEILCTBYET, UTO
XPOHOOHMOJIOTHSI ¥ BOKHEUIIMKA pazaen oOmiei

U TeOpeTHUecKoi Ouonoruu u spusercs GyHna-
MEHTAJIbHOM, MHTETPAIbHON U MEXIAUCLUILIN-
HapHOM HAyKOH O JKU3HHU.

Taxxe OHUM U3 JOCTUKEHUS COBPEMEHHON
OMOMETUIIMHCKON HayKHu SIBJISETCS XPOHOMEIH-
nuHa. E€ 3amada HaliTH ciocoObl MpUMEHEHHS
XPOHOOHMOJIOTMYECKUX JTaHHBIX JJISI COBEpILEH-
CTBOBaHHUSl NPOQUIAKTUKH, OLIEHKH, JUArHo-
CTHKHU U TMOBBILIEHHE 3(P(PEKTUBHOCTH JEUEHUS
3a0oJeBaHMs y JIOJeil Ha OCHOBE XPOHOCTPYK-
TYPHBIX NTapaMeTPOB OMOJIOTMUECKUX PUTMOB.

B cocraB XpOHOMEIULMHBI BXOAAT TaKue
HanpaBJIeHUs, KaK XpOHONPO(UIAKTHKA, XPOHO-
[aToJIOTUs, XPOHOTEepanus, XpOHO(apMaKoiIo-
I'Us U XPOHOAMArHOCTHKA.

Baxneimumu npoGiieMaMu COBPEMEHHOM
XPOHOOHMONIOTMH M XPOHOMEIUIMHBI SIBIISIOTCS
YCTAHOBJIEHUE MEXaHM3MOB I'eHepaluu OHoIo-
TUYECKUX PUTMOB B HOPME U IIPU NATOJIOTUH, OT
0COOCHHOCTEH Mpuposbl OMOPUTMOB U 00 00-
el CTPYKType BpEMEHHOW OpraHu3anuu OHo-
CUCTEM.

N3BecTHO, 4TO OpraHu3M, UEro BpeMEHHas
OpraHu3alnus HE HU30JIMPOBAHBI OT OKpPY)Karo-
LIeN cpefpl, a, HAIIPOTUB, C HEW TECHO CBA3aHBI.
Baxneimium 13 BHEMIHUX (DAKTOPOB, TO €CTh
JaTYNKOB BPEMEHM, BIIMSAIOIUMX HAa OHOPUTM
Opranusma, sBisieTcss (pOoTo MepUOAUYHOCTb. Y
BBICIIUX JKUBBIX CUCTEM CYILIECTBYET J1BA CIIOCO-
6a poTonepruoauueckoil perynsanus OMOPUTMOB.
IlepBblii — yepe3 opraHel 3peHUAN Jaliee dyepes
PUTM JBUTATEIIBHOW AKTMBHOCTU OpPraHU3M U
BTOPOU - IIyTEM DKCTPACEHCOPHOIO, TO €CTh HE
yepes 1i1az, Bocnpustue ceera. M3 Hux 6osee us-
yUeHINepBbIi crocoO.

[Tocne cetuaTku masza TpaHc(opMUpOBaH-
HBII CBETOBOM HMMITYJIbC MPUXOAUT B CyIpaxu-
azmarnyeckoe sapo (CXS), pacnonokeHHOE B
IepeHue JOJIA TUIOTalIaMyca TOJIOBHOIO MO3-
ra. Jluig MmHOTUMX npoueccoBB camoMm CXSI xapak-
TEpHBIM puTMHUYECKUe KojeOaHus. Paspymenue
CXJl Bener k pe3KuM HU3MEHEHHMsIM OMOPUTMOB
opranusma. [lo cymectBy, CX sBnsercs mias-
HBIM T'€HEepaTopoM OMOPUTMOB B OpPraHU3ME, TO
€CTh LIEHTPAJIBHBIM IEHCMENKEPOM, MEXaHMU3-
MOM, CYNE€pPBU30POM OMOPUTMOB.

A Ha nyTH nepeaayu (QOTONEPHOANYECKO-
IO CHUIHaJla HaXOAUTCS €II€ BEPXHUH LICHHBIN
CUMIIATUYECKUN TaHIVIMU, OTHOCALIUNCS K Be-
reTaTUBHOM HepBHOU cucreme. M Hakoner,
HENPEMEHHBI yYacTHHK B IpPOBEACHUU (OTO
NEPUOINYECKOTO BO3ACHCTBUS — 3TO MU pU3:
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BEPXHHUM MpPHUIATOK MO3ra, 00JaJarolmii 3H10-
KpuHHbIMH (yHKUuaMu. [locymecTBy, snudus
ABJISIETCS. BTOPBIM LEHTPAJbHBIM NEHCMENKe-
pom, cyriepBuzopoM duopurma. Takum o6paszom,
HEpBHBIC 00pa3oBaHUs M AMU(PU3 B Pe3yabTaTe
CBOEH JUHAMUYECKON I€STEIbHOCTH YYACTBYIOT
B OpPraHM3alMU U MOAJEPKKHU Pa3INuHbIX OHO-
JIOTUYECKUX PUTMOB B OpTaHU3ME.

Cy1iecTByeT HECKOJIbKO MEXaHU3MOB JHO-
TFE€HHOIO PEeryIupoBaHUsOMOPUTMOB. Brinenum
Tpu n3 Hux: l. Perymsanus ¢ yyactueMm KieTod-
HbIX MeMOpaH. 2. KubepHeTnueckas peryssiu-
au 3. ['eHeTn4ecKas peryssnms.

Konuenuust o poiau OHONIOTMYECKUX MEM-
OpaH (opraHou[ibl, KJIETKH, OPTaHbl U T. J.) pe-
TYJISIUM PUTMA TIPEIoJaraet, 4YTo ux reHepu-
pOBaHHME CBS3aHO C MEPUOIUYECKHUMH H3MEHe-
HUSMHU [TOTOKOBUOHOB Yepe3 MEMOpPaHbI KIETOK.
[lepememienue yepe3 mMemMOpaHy HMOHOB HOCST
XapakTep aBTOKoJieOaHUl, HO, KaKk ObLIO ycTa-
HOBJICHO, UX TPAHCIOPT HCIBITHIBAET Ha cebe
U BIIMSHUE CBETOBBIX UMITYJIbCOB. Takxke B 3TOT
MpoliecC BHOCUT CBOIO JIENTY peuentopsl.Taxk,
B OCHOBE OMOPUTMOB YYBCTBUTEIBHOCTH KJle-
TOK U TKaHel K JIeWCTBUIO XUMHUKO-(DU3UUECKUX
(hakTopoB Nexar KosedaHue YUCIa [UTO pelen-
TOopoB. Takke MOXKHO 3aKJIIOYUTh, YTO ITH PUT-
MbI OOYyCIJIOBJIEHBl BPEMEHEM MOTEHIIMAJIbHOMN
TOTOBHOCTH, CBA3aHHBIMC COCTOSIHUEM (YHKIIUU
pa3HbIx (hazax e€ OmopuTMma.

Taxum oOpa3om, ucciae0BaHuE BPEMEHHON
opraHu3anuu OMOCHCTEMHEOOXOAUMO Ha3Ha-
yuTh JABe mpobiem. IlepBas — m3ydeHwe 3TOM
CUCTEMBbl KaK KOMILIEKCa OMOPUTMOB pa3HbIX
¢GbyHKUui opraHuszma, o 4éM ObUIO CKa3aHO
BbIlIe. Bropoe — ycTaHOBIIEHHE BpEMEHHON Op-
raHu3alud U CTPYKTYpbl OMOPUTMOB OJHOU M
TOM k€ PyHKIMH. DTa CTPYKTYypa KOMIUIEKTYET-
Csl U3 PUTMOBC Pa3HON NEPUOAUYHOCTBIO.

CymHocTh KHOEpHETHYECKON Mojaenu B
TOM, 4YTO OHa MaTreMaTU4ecKu OOOCHOBBIBAECT
BO3MOXKHOCTb TI'€Hepalud OUOPUTMOB MOCPE.-
CTBOM B3aMMOJEHCTBUS MHOTHX OCLUJUISTOPOB
(MexaHM3MOB) B OpraHu3Me, TO €CTh MYJIBTHOC-
UMJUIATOPHAS] MOZCIb.

HaunbGonee BaXHBIM U UHTEPECHBIM SIBIISICT-
CSITEHETUKO-MOJIEKYJISIPHBIA ~ MEXaHU3MIeHepa-
uuu OuoputrMmoB. Eciu mpeacTaBuTh MPOCTYIO
CXEMy TEHETHUKO-MOJIEKYISIPHOTO MeXaHHU3Ma
reHepalud OHOJOTMYECKUX PUTMOB, TOOHA
BBIIVISIAMT CIIEAYIOIMM 00pa3oM: TIJe IiIaBHast
MpyXUHA MEXaHHW3Ma IIpe/cTaBlieHa OenkamMu

TIM(timeless) uPER(period), kKoTopble IepUOaU-
4yecku ONOKHPYIOT akTUBHOCTH cuHTe3a PHK Ha
co0cTBeHHBIX TeHax. benok7T/M 3amumaer PER
OT Jierpajaluy U IMOMOTaeT €My IPOHUKHYTH B
saapo. Taxke NaHHOM MexaHU3ME 3aJeHCTBO-
BaHbl JIOTIOJTHUTEIbHBIE W PUTMHUYECKUE Oel-
ku, a umenno, CLK (clock), CYC (cycle), DBT
(double-time) u CPY (cryptochrome). Ponb mo-
MOJIHUTEIBHBIX OEJIKOB 3aKII0YAeTCs B CIEIYIO-
meM, Tak, CLKuCYCaKkTUBUPYIOT T€HbI OEJIKOB
TIM n PER, KOTOpBIE CBOIO O4EPEb ITOAABIISIOT
akTuBHOCTECLKuCYC. A Genok DBTyckopsieT
nerpanauuio PER u nomoraer yacam (purmam)
HAaCTPOUTHCS HA NpaBUWIbHBIA pUTM. benokCPY
HACTpamBaeT OMOJOTMYECKHE Yachl MO OCBe-
meénHoctu. [IpencraBinennas reHeTUKO-MOJIEKY-
JspHas cxeMa BHYTPEHHEro XpoHOMeTpa pado-
TaeT OJIMHAKOBO BO BCEX KJIETKAX IOYTHU y BCEX
YKUBBIX CYIIECTBEHHO M YTO [NIABHOW MPYKUHOMN
CIIy’KaT MepUOJUIECKUEe KOJIeOaHUsI HECKOJIBKUX
MOJIEKYII, YIPABISAIOIMINUX COOCTBEHHBIM CHHTE-
30M.

Ha ocHoBaHue BCero BBIIIEU3TI0KEHHOTO
MOXKHO C(OpPMYIUpPOBaTh OOIIYIO CTPYKTYpYy
BPEMEHHOH oOpraHu3anud OUOJOTHYECKUX CH-
CTEM.

EcrecTBeHHO, YTO NpU M3YyYEHUU BPEMEH-
HOH opraHu3anuu OMOCUCTEM HEOOXOIMMO aHa-
JIN3UPOBATH €€ B3aUMOJICHCTBUS C BHEILLIHEN Cpe-
JI0#, YIIPaBIISAIOIINE MEXAaHU3MbI U PE3YJIbTaThl B
PUTMHUUYECKOU AEATETbHOCTU CUCTEMBI B LICJIOM.
Ha ceronusamnuii neHp o0IIyr0 CTPYKTYpy Bpe-
MEHHOH OpraHu3any OHOIOTUYECKHX CUCTEM
MOXKHO TMPEACTaBUThH CIEAYIOIUM 0O0pa3oM u
OHa COCTOHUT U3 CIEAYIOLIUX yacTeil: 1 - BHew-
HsAS cpena (CBET, DJIEKTPOMArHUTHBIC BOJIHBI
TeMIleparypa u Jip.); 2 - Apyrue OuoIornuecKue
cucTteMbl (JIHOM, )KUBOTHbBIE, PACTEHUS, MUKPO-
OpraHu3Mbl); 3 - 4acTh, CBSI3bIBAIOIIAS BPEMEH-
HYIO OpraHu3alliy JKUBBIX CHUCTEM C BHEIIHEH
cpenoit u apyrumu OuocucreMamu (pa3iuyHbIe
OopraHbl YyBCTB - 3p€HHUE, CIyX, OOOHsHHE); 4
- perymsauus BpEeMEHHOW opraHuzanuu(reHe-
paTopbl, BOJIWUTENHU, MEUCMENKEphbl, XPOHOHBI,
CYNEpBU30PBI); 5 - 4YaCTh, BOCHPUHHUMAIOIIAS
CUTHAIIBI perymasuuu (3To oOIMpHas o0nacTh
OMOpPEEenTOPOB, B TOM YHCIIE LIUTOPELENITOPHI);
6 — pabouas (3¢pdexTopHasi, UCIOTHUTEIbHAS)
4acTh BPEMEHHOM OpraHU3allH, KOTOPBIM BbI-
pa)kaeTcsi KOHEUHbIH pe3yibTaT AesITeIbHOCTU
WM TIOBEJCHUE CHCTEMBbl BO BpEeMEHH (3TO U
€CTh COOCTBEHHO MHOXECTBO OMOPUTMOB). DTH
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yacTu o011el BpeMEeHHOM opraHu3aly B3auMo-
JEMCTBYIOT MEXay COOOW Kak MpsIMBIMHU, TaK U
OoOpaTHBIMU CBSA3SIMU. BUOPUTMBIABISAIOTCS MO
CYILECTBY KOHEYHBIMH IOKA3aTEIIIMU JEATENb-
HOCTH U (DyHKIIMM BCEX 3THUX 4YacTeil BpeMeH-
HOHM OpraHM3aluy >KMBBIX CUCTEM. BpemeHHas
opranuzanus O6uocucteM (QyHKIMOHUPYET Kak
HelpoknOepHeTHYeCKass M OTKpbITas TepMO-
JuHamudeckas cucrema.binaromaps npsamon u
0o0paTHOM CBs3M BPEMEHHOM OpraHuzanuu oode-
CIIEUYMBAETCS. YCTOMYMBOCTbH, IIACTUYHOCTH H
7a0UIBHOCTD KUBBIX cucTeM. HeoOxoaumo ot-
METHUTb, YTO NpPEUIOKEHHAasi 00Ias CTPYyKTypa
BPEMEHHOM OpraHu3alluy - YHUBEPCAJIBHO, OHA
MPUMEHUMO K JII000H OMOCHCTEME He3aBHCHMO
OT €€ CIIO)KHOCTH KaK UMEHHO.

B Guocucreme HeT HUYEro, YTO HE XapakTe-
PHU30BAIOCH ObI y MOPSIOYHOCTH MPOTEKAOIINX
B HEH IIPOLIECCOB, B TOM 4Hcie BO BpemeHH. [1o-
9TOMY MOXHO MPEANONIOKUTh CYyLIECTBOBAaHUE
BPEMEHHOH YNOPSIAOYEHHOCTH U COITIACOBAHHO-
CTU PUTMOB U B KQXKJOW U3 4aCTEd BPEMEHHOU
OpraHu3allid CHUCTEMBI. HapyLICHHE CONIAco-
BAaHHOCTHU TE€YEHHE PUTMOB(IECHHXPOHO3) MO-
&KeT OBbITh HE TOJILKO MEX/1y YacTIMU BPEMEHHOMN
OpraHu3allid, HO U B KaX10M 13 HUX. B nepBoM
Cllydae Mbl IMEEM JI€JI0O CUCTEMHBIM JECUHXPO-
HO30M, @ BO BTOPOM —TIOZCCTEMHBIM.

3akiouenune. Takum 00pa3oM MOXKHO 3a-
KJIFOYUTh, YTO OCHOBHBIE HAIIPaBICHMSI XPOHO-
OMOJIOTUH M XPOHOMEIULUHBI 4ETKO 0003Ha-
YEHBI, YCTAHOBJICHHBIE MEXAHW3MBbl T'€HEpaluu
OMOJIOTUYECKUX PHUTMOB, BBISBIEHBl OCOOEH-
HOCTH MPHUPOJBI PUTMOB U pazpaboTaHa oOIas
CTPYKTypa BpPEMEHHOM OpraHu3alyM >KUBBIX
CUCTEM, KOTOPBIM NOCYILIECTBY SBISETCA [0-
POXKHOM KapTOW pa3BUTHS XPOHOOHOIOTMH U

CMUCOK JINTEPATYPbI

XpOHOMeIUIUHBL. V13 puBeeHHbBIX (PaKTOB BbI-
TEKaeT, YTO XPOHOOHOIOTUS U XPOHOMEIUIIMHA
ABISIETCS TUOPUAHOM, MEXAUCLUUIUIMHAPHON
HayKoH, Omarojapsi yemy IMO3BOJUT HaM IONY-
YHUTh UCUEPIIBIBAIOILYI0 HH(OpMaIio 06 n3yya-
eMBIX Mpolieccax U ABICHUSIX, MPOTEKAIOIUX B
KHMBBIX CHUCTEMax Kak B HOpME, Tak M NpH Ia-
TOJOTMM (HapyIIEHUH), TO €CTb COBPEMEHHas
XPOHOOHMOJIOTHS, BCKPBIBAsIOCHOBOIIOJIATAIOIINE
3aKOHOMEPHOCTH CBOMCTB M OpraHu3aluu OHo-
CHUCTEMbI, BHOCUT 3HAUUTENbHBIH BKJIax B pe-
IIEHHE MHOT'MX HPUKIAJAHBIX BOMPOCOB, B TOM
gucie B o0sacTd MeauuuHbl. Ha Ham B3misa, B
3TOM OTHOIIEHHHM XPOHOOMOJIOTHUS MpPEeACTaBIIs-
eT co0oM JajneKo yleaAunii Buepesa pasae Teo-
peTudeckoi u obieit OMOJIOTUHU, KOTOPBIM OKa-
3aJICsl OIMHAKOBO BAXKHBIM U JUISl TEOPHUH, U JIIIS
npakTuku./lymaercs, 3To 00ycia0BIEHO TEM, UTO
OCHOBHBI€ HalpaBJIEHUs Pa3BUTHUS XPOHOOHOIIO-
MM ¥ XPOHOMEIUIMHBI UIYT 10 MyTH UHTErpa-
TUBHOTO MO3HAHUS KHU3HU.

Taxoke MOXXKHO 3aKJIIOUUTh, YTO B JaJIbHEN-
meMOyayT perieHsl npoOiaemMbl OMOIOTUYECKOTO
BPEMEHM U MPOCTPAHCTBEHHO-BPEMEHHOM opra-
HU3aLUU JKUBBIX CUCTEM, CO3/1aHbl OCHOBBI JJIS
peryasiuy MHAMBHUIYaJIbHOTO Pa3BUTUS uYepe3
BO3CHUCTBUS HA OMOPUTMBI, IIUPOKO BHEIPEHbI
XPOHO/IMArHOCTUKA W XPOHOTEpanus B Melu-
LIMHCKYIO MPaKkTUKy. Pa3BuTtHe XpoHOOMOIOTMU
U XpOHOMEIMIIMHBI TPUBEAET K BOZHUKHOBEHHIO
JNeMCTBUTENBHO (PU3HOIOrMYECKOr, mpoduax-
THYECKOM MeIMLIMHBI U K 00ecredeHnIo npodec-
CHOHAJIbHOM JIeATEIIbHOCTH JIOJEH B Pa3InYHBIX
YCIOBHSX ONTUMAJbHBIMU PEXKUMAMM Tpyla U
OT/bIXa, pa3pabOTaHHBIMM HAa OCHOBE WHIUBH-
IyaJbHBIX XPOHOI'PAMM 4Y€JIO0BEKa.
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XPOHOBMOINOIrMA MEH XPOHOMEOUMUUHAHDBIH ©3EKTI MOCENENEPI

Tyninaeme. Byn xyMbiCTa fFbiNbIMHbIH, Ka3ipri Jamy ke3eHiHgeri XxpoHoOMonornss MeH XpoHOMeAMUUHAHbIH
©3€eKTi MacerienepiHe 3aMaHayu ke3kapacTap YCbIHbINFaH. buonoruaneik caratTapabiH, KbIBMETiHE 8cep eTETiH
Heriari Kipic »oHe LWhbIfbIC dhakTopnapbl kKapacTtbipbinagsl. Ocbkl 3epTTeynepaiH HaTwxkenepi Kasipri yakbiT-
Ta xaHe OonalwakTta Guonornsanblk bipFakTapAbl reHepaumsanay TeTIKTepPiH aHblkTay GoMblHLA XyNeni aHe
ayKbiMObl 3epTTeyrnepAi ynbiMaacTbipyFa MyMKiHAIK 6epeai.

TyniHai ce3pep: xpoHobmonorus, GUoOpUTM, XpoHOMeaULUMHA, BoXxyenepain yakblTka Tayenai yibimaacyb.

ACTUAL PROBLEMS OF CHRONOBIOLOGY AND CHRONOMEDICS

Annotation. This paper presents modern views on the current problems of chronobiology and chronomedicine
at the present stage of the development of science. The main input and output factors affecting the activity of
the biological clock are considered. The results of these studies will make it possible to organize at present and
in the future systematic and large-scale studies to identify the mechanisms of generation of biological rhythms.
Key words: chronobiology, biorhythm, chronomedicine, temporal organization of biosystems.
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