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PECULIARITIES OF EXTRACTING INGREDIENTS FROM
PLANT MATERIALS

Abstract. This article provides a review of carbon dioxide extraction, the specifics
of the extraction process from plant materials, and an analysis of the properties of
liquid carbon dioxide as a solvent for extracting ingredients from plant materials.
This article is intended for scientists, engineers, and technicians in the food and
processing industries, as well as the pharmaceutical industry. The development of
energy-saving technologies that enable the production of new, high-quality prod-
ucts in the pharmaceutical, perfume, and food industries is driven by the pressing
public demand for high-quality medicines and food products, as well as environ-
mentally friendly production. One solution to this problem is the use of liquefied
and compressed carbon dioxide as an extractant. Extraction with liquefied carbon
dioxide significantly expands the range of biologically active compounds extracted
and enables the production of concentrations of biologically active substances in
the final product that are impossible to achieve using any other known extraction
method. The structural features of our region's plant materials - fruit pits, grape
seeds, pumpkin, melon, etc. - require the development of technological extraction
modes using liquid and supercritical carbon dioxide, the kinetics and dynamics of
the extraction process, and the determination of the effect of the extraction pro-
cess on the yield and quality of the resulting product.

Keywords: Plant materials, extraction of plant materials, properties of extract-
ed material, obtaining bioactive components, CO2 extraction process, oil quality
analysis.

Introduction. Extraction is the primary technological process for ex-
tracting biologically active components from plant materials. Extraction
(from the late Latin extractio - extraction) is the process of extracting sub-
stances from solutions or dry mixtures using selective solvents (extract-
ants) that are immiscible with the solution but in which the substance dis-
solves better than in the primary solvent [1].

In a typical extraction process in a “liquid + solid” system, mass trans-
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fer occurs, characterized by the transition of one or more substances from
one phase (raw material) to another (extractant) by diffusion. A distinction
is made between the following types of diffusion: 1) molecular and 2) con-
vective.

Molecular diffusion is the process of gradual interpenetration of sub-
stances (liquid or gaseous) adjacent to each other and at macroscopic
rest, caused by the chaotic motion of molecules. The intensity of diffusion
depends on the kinetic energy of the molecules. The higher it is, the more
intense the diffusion process. For example, gases easily diffuse into each
other because their molecules move at high speeds. Liquids and solutions
in which molecular movement is more restricted diffuse significantly more
slowly [2].

Materials and Research methods. The driving force behind diffusion
is the difference in concentrations of dissolved substances in contacting
liquids. The greater the concentration difference, the greater the amount
of substance that will migrate, all other things being equal, in a given time.
The rate of diffusion increases with increasing temperature, as this in-
creases the speed of molecular movement. The rate of diffusion depends
on the relative molecular mass of the substance. Diffusion is naturally in-
fluenced by the size of the surface area separating the substances, as well
as the thickness of the layer through which diffusion occurs. Obviously, the
larger the surface area separating the substances, the more substances
diffuse, and the thicker the layer, the slower the concentration equaliza-
tion. Finally, the movement of a substance requires a certain amount of
time. The longer diffusion takes, the more substance passes from one me-
dium to another [1]. The aim of the study is to analyze review materials
on carbon dioxide extraction and extraction from plant materials.

The influence of factors on diffusion processes can be expressed
mathematically by the following equation:

d-M ycur -y

-d7=DF— —
here dM- is the amount of substance diffused during diffusion time dT; yary is
the concentration difference; F - is the phase boundary surface; d is the thickness
of the layer through which diffusion occurs; D- is the molecular diffusion coeffi-

cient, showing the amount of substance in kg that diffuses in 1s through a surface
of 1 m2 with a layer thickness of 1 m and a concentration difference of 1 kg/m3.

(1.1)

According to this equation, known as Fick’s law of diffusion, the amount
of diffused substance is directly proportional to the concentration differ-
ence, the phase boundary, the diffusion time, the diffusion coefficient, and
inversely proportional to the layer thickness [2].
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As for the diffusion coefficient, its mathematical expression was given
by Einstein: RT

NO 6nr/r' (1.2)

here R - gas constant 8,32 J/(deg-mol); T - absolute temperature; NG Avog-
adro’s number (6,061023; n - viscosity in H/(c m2); r - radius of diffusing particles
in m.

From the above equation, it is clear that the diffusion coefficient in-
creases with increasing temperature and decreases with increasing vis-
cosity of the medium and particle size of the substance. In other words,
the smaller the radius of the diffusing particles, the faster the diffusion.
For example, solutions of proteins, mucus, and the like diffuse very slow-
ly because, as high-molecular compounds, they have very low diffusion
coefficients. A completely different picture is observed in solutions of sub-
stances in a state of molecular or ionic-molecular dispersion. These sub-
stances, having relatively small particle sizes, diffuse incomparably faster.

In practice, numerical values for molecular diffusion coefficients are
taken from reference books or specifically calculated.

In the flow core, matter moves toward the phase boundary primarily
due to the movement of molar (composed of a large number of molecules)
components of the medium, i.e., convective diffusion. Inthe boundary lay-
er, it moves due to molecular diffusion. The total transfer of matter from (or
to) the phase boundary is called mass transfer [2].

The rate of the process in this case is:

ar =/? F(yn,-yal (1-3)

here p- convective diffusion coefficient, which is the amount of substance
transported 1 c through the surface in 1 m2 with a concentration difference equal
to 1 kg/m3; F - phase boundary; y_ - v, - the difference between the saturation

concentration of the solution and the average concentration in the bulk.

Convective transfer of matter occurs as a result of vibration, temper-
ature changes, mixing, etc. - that is, factors that cause the movement of
the liquid, and along with it, the dissolved substance, in a turbulent flow. In
other words, the mechanism of convective diffusion involves the transfer
of matter in the form of individual small volumes of its solution, with molec-
ular diffusion also occurring within these small volumes.

Convective diffusion obeys law (1.3), according to which the rate of
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convective diffusion increases with increasing phase contact area, con-
centration difference, process duration, and convective diffusion coeffi-
cient.

In convective diffusion, the size of the diffusing substance molecules,
the viscosity of the solvent, and the kinetic energy of the molecules be-
come secondary. Hydrodynamic conditions, i.e., the velocity and mode of
fluid motion, become primary factors determining the rate of convective
transfer of substances. Thus, molecular and convective transfers differ
from each other not only in their mechanisms but also in that their rates
depend on diverse groups of factors. Typically, the rate of convective
transfer is many times greater than the rate of molecular transfer.

The above discussion pertains to so-called free diffusion, i.e., to the
case where there are no barriers between contacting solutions or liquids;
in other words, when molecular and convective diffusion proceed freely,
unimpeded.

However, when extracting ingredients from plant materials with a po-
rous structure, substances diffuse from the internal structures of the ma-
terial particle, and the extraction process is complicated by a number of
factors [2].

The structure of plant substances subject to extraction is based on
capillary-porous systems [2].

The tissues that make up oilseed fruits and seeds are composed of
hundreds of cells, which are the fundamental functional units of higher
plants. Significant differences can be observed between cells of tissues
with different specializations. These differences allow us to determine the
tissue’s identity and specialization, and sometimes even the plant spe-
cies, using morphological characteristics [3].

The specialization ofthe underlying tissue determines the development
of intracellular structures that ensure the synthesis of cellular reserve sub-
stances. At the same time, individual cells, while varying in shape, size,
and chemical composition depending on the physiological functions of the
tissue, the type of oilseed plant, and age, retain a structural plan common
to all plant cells:
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Figure 1- Diagram of the structure of a plant cell [3].

A distinctive feature of plant cells is the presence of a membrane that
is impermeable to solid particles. The hard membrane, acquired by plants
at very early stages of evolution, provided the necessary protection for
intracellular contents, but also determined the specific nature of plant nu-
trition: nutrients can only enter the cell from the environment in a dissolved
state [3].

Beneath the cell membrane is the cytoplasm, which contains the nu-
cleus and numerous organelles of varying structure and function (Figure
1). When observed under an optical microscope, the cytoplasm of growing
plant cells, such as during seed maturation or germination, appears as a
transparent, semi-liquid, granular mass within which individual organelles
are visible. The nucleus is located in the center of a young cell, while in an
adult cell, it is located near the cell wall.

A characteristic feature of plant cells is the presence of a rigid (hard)
cell wall. The cell wall determines the cell's shape, provides mechanical
strength and support to plant cells and tissues, and protects the cytoplas-
mic membrane from destruction under the hydrostatic pressure generated
within the cell. However, this cell wall cannot be considered solely as a
mechanical framework.

The cell membrane has properties that allow it to withstand intracellu-
lar water pressure while also being extensible and capable of growth. It
acts as an anti-infective barrier and is involved in the absorption of min-
erals, acting as a kind of ion exchanger. The cell membrane is composed
of cellulose, hemicelluloses, pectin, lipids, and a small amount of protein.
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The components of the cell membrane are waste products of the cell.
They are secreted from the cytoplasm and undergo transformations on
the surface of the plasma membrane. Primary cell walls contain, on a dry
matter basis, 25% cellulose, 25% hemicellulose, 35% pectin, and 1-8%
structural proteins. However, these figures vary considerably. For exam-
ple, the cell walls of cereal coleoptiles contain up to 60-70% hemicellu-
lose, 20-25% cellulose, and 10% pectin. At the same time, endosperm cell
walls contain up to 85% hemicellulose. Secondary cell walls contain more
cellulose. The backbone of the cell wall is made up of intertwined micro-
and macrofibrils of cellulose. Cellulose, or fiber (C6H109n, is long, un-
branched chains consisting of 3,000-10,000 D-glucose residues linked by
p-1,4-glycosidic bonds. Cellulose molecules are combined into micelles,
micelles are combined into microfibrils, and microfibrils are combined into
macrofibrils. Macrofibrils, micelles, and microfibrils are linked into bundles
by hydrogen bonds. The diameter of a micelle is 5 nm, the diameter of a
microfibril is 25-30 nm, and that of a macrofibril is 0.5 mkm. The structure
of micro- and macrofibrils is heterogeneous (Figure 2) [2].

Figure 2 - Cell wall structure (according to Nach Lucasund Wolf, 1993) [2]
1-cellulose microfibrils; 2-hemicellulose; 3-rhamnogalacturonan; 4-extension
protein; 5-pectin substances.

The mechanical oil extraction method requires grinding the raw mate-
rial to partially disrupt the cellular structure and improve the subsequent
heat-moisture treatment process.

However, after grinding, the maximum passage through a 1 mm sieve
is 60%, whereas for cottonseed meal, according to [3], the plant cell size is
33.5 x17.5 pm, forsoybean 75.0 x 24.4 mkm, for sunflower 45.5 x 30.0 mkm,
and the cell wall thickness of oil-containing tissues ranges from 0.9 to
1.3 mkm. Therefore, at a kernel moisture content of 9-10%, rolling does
not ensure maximum disruption of the cellular structure, and prolonged
heat-moisture treatment degrades the quality of the oil and other kernel
components.
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All these structural elements of the plant cell create an obstacle to the
diffusion of substances dissolved in the vacuole. Diffusion (mass transfer)
phenomena predominate during the extraction process, based on the con-
centration equalization between the solvents (extractant) and the solution
of substances contained within the cell. The peculiarities of extracting sub-
stances from materials with a cellular structure are related to the fact that
the cell wall, whose physiological state can vary, stands in the way of the
substances contained within the cell. For example, a living plant cell has
a parietal layer of protoplasm of a certain thickness (Figure 2). It leaves
a special imprint on the properties of the cell wall, which acts as a barrier
separating the solution inside the cell (cell sap) from the fluid outside the
cell.

Until the protoplasm is destroyed (denatured), the cell wall is a semi-
permeable barrier, preventing substances dissolved in the cell sap from
escaping. Substance transport within the tissue occurs at an extremely
low rate. In this case, only the penetration of the extractant into the cell
(osmosis) is possible.

Therefore, plant tissue in which the protoplasm is not destroyed must
undergo special treatment (crushing, heating, freezing, fermentation, etc.)
before or during the initial stages of the extraction process.

After this treatment, the primary diffusion resistance is created by the
cell membranes of plant tissue. Microfibrils and macrofibrils, which form
the basis of cell membranes, are intricately intertwined and form pores of
varying sizes (from 0.5 nm to 20-25 nm), through which the primary trans-
port of substances from the cell occurs (Figures 2 and 3). Microfibrils, in
turn, are constructed from bundles of cellulose macromolecules (Figures
2 and 4).

6

Figures 3 - Schematic diagram of the structure of the cellulose membrane of a
plant cell [2]. a — transverse and longitudinal sections of a bundle of macrofibrils;
b — cross section at high magnification.
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Due to the small size of the pores of cell membranes and the cells
themselves (5-50 em), the substance in the liquid filling the pores is trans-
ferred solely by molecular diffusion. The total cross-sectional area of the
pores through which the transfer process occurs is smaller than the total
cross-sectional area of the particle in the plane under consideration; the
diffusion path is longer (due to the tortuosity of the pores); furthermore,
additional resistance arises due to the more frequent collisions of particles
with the pore walls. Therefore, the diffusion rate in a solid particle is low-
er than in a pure liquid. Thus, the molecular diffusion coefficient in plant
tissue (the so-called constrained diffusion coefficient), which should more
accurately be called the mass conductivity coefficient, will be numerically
smaller than in the corresponding solution in a free state.

Due to the destruction of protoplasm (plasmolysis), the cell wall loses
its semipermeable barrier properties and begins to allow substances to
pass in both directions (dialysis). In other words, the cell wall acquires the
properties of a porous barrier through which biologically active substances
whose molecules do not exceed the pore size can diffuse.

Figure 4 - Diagram of the structure of a stack of macromolecules [2].

Finally, there is another significant feature - the phenomenon of deso-
rption observed in the cell after the extractant has penetrated it. Since the
substances within the cell are bound by attractive forces, these adsorption
forces must first be overcome.

Let's represent a particle of material in an extractant as a diagram (Fig-
ure 5), and denote the average concentration of extractable substances
within the particle as y1 and on its surface as y2
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Figure 5 - Raw material particle in the extractant (diagram)

Then the amount of substance diffused from the internal structures of the
particle to its surface (the first stage) is proportional to its internal diffusion
coefficient Dint, the surface of the particle of material F, time ¢, the differ-
ence in concentration inside the particle yland on its surface y2, inversely
proportional to the particle size of the plant material | and can be written in
the form of an equation:

i - y2
dM —DintF =Y Zdr In aa

Here Dirt - internal diffusion coefficient, m2s; F - phase separation surface, m2
| - thickness of a material particle through which substances diffuse m; y1, y2-
concentration of a substance, kg/m3.

To express the diffusion coefficient in the pores of plant material, a
correction factor B is introduced into Einstein’s equation (1.2) for free dif-
fusion, accounting for all the complications of the process. The equation
for the internal diffusion coefficient in this case will be:

0

. -E_.
nt M enrjr B, (1.5)
For a material with a cellular structure, the internal diffusion coefficient
is significantly smaller than the free diffusion coefficient. For example, the
free diffusion coefficient for many natural compounds is in the range of
10-4- 105 mZs. For these same compounds, the diffusion coefficient in
the pores of a material with a cellular structure is 2-3 orders of magnitude
smaller, i.e., 10-6- 10-8 mZs [1].
In the second stage, substances diffuse from the particle surface (con-
centration y2 to the outer surface of the diffusion boundary layer (concen-
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tration y3. It is now generally accepted that a layer of extractant, called the
diffusion boundary layer, exists on the surface of raw material particles.
This boundary diffusion layer exerts significant resistance to the further
transfer of extractable substances into the extractant. The thickness of
this layer depends on the hydrodynamics of the process and, primarily, on
the stirring rate of the extractant. The greater the mixing rate, the thinner
the boundary layer thickness. Within the diffusion boundary layer 5, the
transfer of substances occurs according to the law of free diffusion and
can be written as Fick’s first law (1.1):

dM =B p (Ycur~Yavr)

dr 5

Next, the extracted substance is transferred by the moving extractant
from the phase interface and distributed throughout the entire mass of the
extractant (convective diffusion).

If we denote the average concentration of the extractant in the volume
surrounding the particle by y4, then the amount of substance transferred
into the extractant by convective diffusion can be calculated from equation

13).
( %ypically, the convective diffusion coefficient p is many times greater
than the molecular diffusion coefficient D.

The overall process of substance transfer from a particle of material to

the extractant is expressed by the fundamental mass transfer equation:

M=K F (y-y%, (1.6)

here y*- the equilibrium concentration in a given phase, corresponding to the
concentration of the distributed substance in the bulk (core) of another phase; K is
the mass transfer coefficient (m/s), which takes into account all the quantities that
are guantitative characteristics of the three stages of the extraction process and is
determined from the equation

(7)

The diffusion coefficient depends on temperature, concentration, struc-
ture of the material, physical properties of the extracted material and the
solvent.

Characteristics of carbon dioxide as a solvent. Carbon dioxide.
Other names are carbon dioxide, carbon dioxide, carbon dioxide, carbon-
ic anhydride, dry ice (solid). Formula - CO2 A colorless gas with a slightly
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sour odor and taste. Molar mass 44,0095(14) g/mol; in solid form - dry ice;
type - colorless gas; CAS number [26-27]; properties: density and phase
state 1,98 kg/m3, at normal conditions; 771 kg/m3, liquid; 1512 kg/m3, hard;
solubility in water 1.45 kg/m3; specific heat of fusion 25.13 kJ/mol; melting
point -57°C (216 K), under pressure; boiling point -78 °C (195 K), sub-
limes; acid dissociation constant (pKa) 6,35 and 10,33; viscosity 0,07 poz at
-78°C; structure: the shape of the molecule is linear, symmetrical O=C=0
with a C=0 distance of 1,162 A; chemical bonds between atoms of a mol-
ecule are covalent and polar; dipole moment is zero; The crystal lattice is
quartz-shaped [4,5].

Carbon dioxide is non-toxic but does not support respiration. High con-
centrations in the air cause suffocation (hypercapnia), while a lack of carbon
dioxide is also dangerous (hypocapnia). The concentration of carbon diox-
ide in the Earth’s atmosphere is 0.038%.

Dehydrated carbon dioxide, both gaseous and liquid, does not corrode
metals, but when watered it can cause quite severe corrosion.

Carbon dioxide is not flammable and does not support combustion due
to the fact that it reduces the concentration of oxygen at the site of com-
bustion. In high concentrations, it does not support respiratory processes,
which can be used as a sterilizing factor.

Chemical properties [6,7,8]. According to its chemical properties, carbon
dioxide is classified as an acidic oxide. When dissolved in water, it forms
carbonic acid. Reacts with alkalis to form carbonates and hydrocarbons.

Figure 6 - Phase equilibrium diagram of CO2
(A - triple point, B - critical point)

From the phase equilibrium diagram of carbon dioxide it follows that
this substance has a rather high triple point A. It is characterized by:
tt=-56.57 £ 0.010C, Pt=518.6 + 3 kPa, rt= 1501 + 9 kg/m3]6].
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The critical point is low (B). Its parameters: tad = 31.05 + 0.020C,
Pa=7383 + 5 kPa, ra=468.16 + 3 kg/m3[1-5].

At atmospheric pressure and room temperature, carbon dioxide ex-
ists only as a gas. Under pressure in the temperature range of -56.6 to
31.10°C, it readily liquefies. When cooled below its triple point or throttled
above its melting point, it transforms into a solid, snow-like mass.

Under certain thermodynamic conditions, the interaction of gaseous
carbon dioxide with water results in the formation of crystalline hydrates in
the form of a wet, snow-like mass.

The viscosity of a liquid is a physical quantity that determines many
properties of a substance, among which the potential movement of mol-
ecules of another substance within it plays a significant role. The lower
the viscosity of a liquid, all other things being equal, the more intense its
ability to attract particles during diffusion and mass transfer. The influence
of viscosity is determined by the cohesive forces between molecules and
is closely related to the magnitude of the energy barrier that diffusing mol-
ecules must overcome.

The viscosity of liquid carbon dioxide is the lowest in comparison with
the viscosity of other common solvents. Thus, at 200C, the viscosity of
liquid carbon dioxide is 6330 ppm407, which is 16.7 times lower than that
of water, 17.8 times lower than that of ethyl alcohol, 16 times lower than
that of carbon tetrachloride, 5.5 times lower than that of n-hexane, 4.5
times lower than that of freon-12, 2.7 times lower than that of butane, and
2 times lower than that of propane (Frank-Kamensky, 1947; Staskevich et
al., 1994). This comparison speaks in favor of the technical advantages
of liquid carbon dioxide as a solvent with good diffusion properties [6-12].

The subcritical region is characterized by a smooth increase in density,
provided that the temperature of the medium is maintained. A decrease in
temperature leads to an increase in density, even with little or no increase
in pressure. These factors must be taken into account when planning the
use of carbon dioxide in its liquid or solid state.

The dissolving power of liquid carbon dioxide in the subcritical region
is directly dependent on the density of the solvent. There are observations
(Bork M., 2000; Maeyer V.S., 1999) that as the molecular weight of the
dissolved substances increases, their solubility in liquid carbon dioxide
increases with increasing density of the dioxide. In this situation, this is
associated with a decrease in temperature. It is known that the highest
solubility of a number of carotenoids and fatty acid components occurs at
a temperature of 10-120C (Kas'yanov, Shaftan, 1997) [13-15].
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Liquid carbon dioxide is highly soluble in alcohol and ether.

Liquid carbon dioxide is a moderately selective solvent for many
non-polar aromatic compounds (Frencis, 1994). This is consistent with
the well-known rule that like dissolves like, the solubility of non-polar com-
pounds in the same non-polar solvent increases proportionally with the
molecular weight of the solute, and, finally, low solubility implies high sol-
vent selectivity, and vice versa. The above also applies to liquid carbon di-
oxide. It dissolves most terpenoids, high-molecular-weight fatty acids and
their esters, phenols, coumarins, carbonyl compounds, waxes and wax-
like substances, medium-molecular-weight resins, and, to some extent,
alkaloids, azulenogens, ethers, and esters. Among the substances dis-
solved in liquid carbon dioxide, fat-soluble vitamins and provitamins such
as carotenoids, tocopherols, sterols, essential fatty acids, some hormonal
substances, groups of compounds with bactericidal or bacteriostatic activ-
ity, and natural phytopcides are present in significant quantities. It is also
worth noting the cosolubility of a number of substances with noticeable
polarity in solutions of non-polar components in liquid carbon dioxide. The
latter phenomenon is widely used in extraction technology (Kas'yanov,
Kvasenkov, 1998) [15-20].

In the boundary region around the critical point, the solubility of carbon
dioxide drops sharply. Here, the condition clearly applies: at the transition
point, the liquid’s properties have already been exhausted, while the com-
pressed gas has not yet fully acquired its properties as a working fluid.

CO2is used for the extraction of plant materials in the following states
[9,10]:

» liquid subcritical at t<ty P<Pgs

» critical t=t , P=P ;

« liquid supercritical t<t ,P>P ;

* gaseous supercritical t>t , P>P .

A substance in a supercritical state is a substance at a temperature
and pressure above the critical point (a certain temperature Ta and pres-
sure Pa, at which the difference between liquid and gas disappears). At
the critical point, the density of the liquid and its saturated vapor become
equal, and the surface tension of the liquid drops to zero, so the liquid-va-
por phase boundary disappears [21].

Although the substance externally resembles a liquid, a special term
is now used to describe it: supercritical fluid (from the English word flu-
id, meaning “capable of flowing”). In modern literature, the abbreviated
designation of supercritical fluids (SCF) is accepted. A large number of

140



HoBocTu Haykmn KasaxcTaHa. Ne 1(168). 2026

substances are capable of existing in a supercritical state; in fact, the tran-
sition to a supercritical state is limited by the decomposition temperature
of the substance [21-26].

Thus, the supercritical state of a substance is a state at a temperature
and pressure above critical (T>Ta, P>Pa), and in a confined space below
critical (Vkp).

The properties of a substance in a supercritical state are intermediate
between those of the gas and liquid phases. For example, an SCF has a
high density, close to that of a liquid, and a low viscosity like gases. Thus,
the density of a supercritical fluid differs slightly from that of a liquid, i.e.
The fluid has significant capacity, viscosity close to that of a gas, and
an intermediate diffusion coefficient, which significantly accelerates mass
transfer processes. This combination of properties makes supercritical
fluids extremely effective as substitutes for organic solvents in laboratory
and industrial processes [27].

One of the most important properties of the supercritical state is its
ability to dissolve substances.

The main advantages of supercritical fluids as solvents are [3,4,9]:

- a combination of the properties of gases at high pressures (low vis-
cosity, high diffusion coefficient) and liquids (high dissolving power);

- rapid mass transfer due to low viscosity and high diffusion coefficient;

- a combination of negligible interfacial tension with low viscosity and a
high diffusion coefficient, allowing supercritical fluids to penetrate porous
media more easily than liquids;

- high sensitivity of the dissolving power of supercritical fluids to chang-
es in pressure or temperature;

- ease of separation of supercritical fluids and their dissolved substanc-
es upon pressure release.

By varying the temperature or pressure of a fluid, its properties can be
altered over a wide range. Thus, it is possible to obtain a fluid with prop-
erties similar to either a liquid or a gas. The dissolving power of a fluid in-
creases with increasing density (at a constant temperature). Since density
increases with increasing pressure, varying the pressure can influence
the dissolving power of the fluid (at a constant temperature). In the case of
temperature, the dependence of fluid properties is somewhat more com-
plex: at a constant density, the dissolving power of the fluid also increases,
but near the critical point, a slight increase in temperature can lead to a
sharp drop in density, and, consequently, dissolving power. Supercritical
fluids mix with each other without limitation, so when the critical point of
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the mixture is reached, the system will always be single-phase.

In a supercritical state, as noted above, a substance expands, occu-
pying the entire available volume like a gas, but has a high density like a
liquid.

It is the unique properties of CO2in a supercritical state that enable
its application in various industries: petrochemical, food, perfume, phar-
maceutical, and others. Supercritical CO2(SC CO2 exhibits faster mass
movement than traditional liquid organic solvents due to its low viscosi-
ty and high diffusion coefficient (10 times higher than that of a liquid) at
a density only slightly different from that of a liquid. Thus, supercritical
CO2can penetrate the extracted material significantly better than a classic
solvent, absorbing and transporting dissolved components. This property
of supercritical gases is widely used in the extraction of various organic
compounds. Furthermore, the solvent capacity of a fluid in the near-critical
region undergoes significant changes with small changes in temperature
and pressure. This, in turn, enables fractionation of the feedstock and sol-
vent regeneration without additional energy consumption. Simply chang-
ing pressure and temperature parameters allows for the concentration of
substances in the extract to be controlled. This ensures the most complete
extraction of substances, while the use of carbon dioxide allows for its
complete and gentle separation from the extract and carrier material, un-
like conventional solvents [15-21].

The use of carbon dioxide allows for its complete and gentle separa-
tion from the extract and carrier material, unlike conventional solvents,
whose removal is not always complete. In other words, extracts obtained
using this method are completely solvent-free.

The energy consumption for solvent regeneration is in many cases
lower than with traditional extraction. Furthermore, excess pressure in the
system prevents oxygen penetration during extraction, eliminating oxida-
tion processes.

Conclusion. The use of carbon dioxide allows for its complete and
gentle separation from the extract and carrier material, unlike traditional
solvents, which are not always completely removed. In other words, ingre-
dients obtained using this method are completely solvent-free.

The energy consumption for solvent regeneration is often lower than
with traditional extraction. And the excess pressure in the system prevents
oxygen penetration during extraction, eliminating oxidation processes.

Based on the results of our work, we developed and manufactured
a laboratory setup for CO2 extraction research, designed for local raw
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materials. The laboratory setup for studying the extraction of ingredients
from plant materials using SC-CO2 consists of a tank, a heat exchanger,
a high-pressure extractor, a separator, a compressor, a condenser, a CO2
gas cylinder, and a coil extract heater. The chemical and physical charac-
teristics of the test subjects (local oil-containing raw materials) and target
products (oils, lipid complexes) were studied. Methods for analyzing the
quality of the resulting oils were determined.1
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0C1IMA1K WMK13ATbIHAH MHITPEOAVEHTTEPAOL ANTY EPEKLUENLIKTEPL
TywHaeMe. Makanaga KeMipKbIWKbI rasblH 3KCTPaKuMsnayfbiH Wony mare-
prvangapbl, eamaT WnlaTbiHaH 3aTTapbl any npouecllll epekllentepy cyiibik
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KEM/PK;bILLK;bIN Fa3blHblH €aM K WnaTblHaH UHIpeaneHTTep any YLiH epiTkiw
peTiHOeri kacueTTepH Tangay xacanafbl. Makana Tamak X3He kaiTa eHaey
OHepK8ci6i cananapblHbIH, COHAal-ak hapMaleBTUKa CasiaCbliHbIH TbI/IbLIMU X3HE
NHXEHeP/IK-TEXHUKaNbIK Kbl3MeTkepnepiHe apHanraH. ®apmauesTuka, napdome-
pusi )XaHe TaMak eHepkaabblae xaHa cananbl OHiMaep anyra MmYMKiHAIK 6epeTiH
3Heprusa-pecypc YHemaey TeXHOMO0rManapbiHbiH 34iCTEePiH AaMbITy Xorapbl cana-
Nbl A3pi-A3pMeKTep MeH a3bl K 1TKe, COHAAan-ak aKoNornanbik Tasa eHgipicrtep-
re gereH KoraMmgblk KaeTTiflikke 6ainnaHbICTbl 60/1bIN OTbIP.

Byn maceneHuw, wewimaepiHiH 6ipi CylibITblNraH X3He CbirblaraH KOMIPKbILWKbI
rasblH 3KCTpareHT peTiHAe kongaHy 60nbin Tabbinagbl. CyhbiTbiNraH ~iige-
ri KOMipKbIWKbIN rasbliH any 6enbleTbl 6uonornsanbik 6enceHi KocbinbiCTapabiH
CMEeKTPIH efayip KeHelnTeaK COHbIMEH KaTap 6acka 6enr” aKkcTpakumsa afTepLLy
eLwKancbICblH ana anMaiTblH COHIbl eHiMAaeri 6uonornsanbik 6enceHai 3aTrapabiH
KOHUEHTpaUMsCcbiH anyra MYMKIHAK 6epedi. ©36eKCTaHHbIH eCciMAiK WukisaTbl -
XEMI TykbiMaapbl, XY3iM TykbiMAapbl, ackabak, KayblH X3He T.6., Kypbl/bIMbl-
HbIH epekKLenikTepi CynblK XaHe CynepKpUTUKasbliK KeMIPKbILIKbIA ras3blH KongaHa
OTbIPbIM, 3IKCTPAKUUAHbIH TEXHOMOTUANbIK PeXUMAEPIH, IKCTPakuusa npoLeciHiH
KMHETMKacbl MEH AMHAMMWKACbIH, KCTPAKLMA NPOLECIHIH afblHraH ebIMHLL, LbIrbl-
Mbl MEH canacblHa 3cepbl aHbiKTahabl.

TYWiHai ce3gep: ecimaik Wno3aThl, eciMiK LNK3aTblH any, aKCTpakKuManaHaTbiH
MaTtepuangblH KacuetTepi, 6UMOaKTUBTI KOMMOHeHTTepai any, CO2akcTpakuus
npoueci, mannapabiH canacblH Tangay.

* k%

Xanunnos N.M.1 Myxamaaues b.T.2 Xanunosa ®.M.3 Mup3aeBa LL.Y.3
Mcomosa W.M.3

MHcTnTyT Mukpobuonornn Akagemumn Hayk Pecny6nukn YsbekucTaHd, r. bByxapa,
Y36ekuctaH

2Byxapckuii rocyfapCcTBeHHbI TEXHUYeCKnii yHuBepcuTeT, . byxapa, Y36ekucrtaH
3byxapckuii rocyapCTBEHHbI yHUBepcuTeT, I. Byxapa, Y3bekuctaH

OCOBEHHOCTW 3KCTPAKUNWN NWHITPEAWEHTOB N3
PACTUTENBbHOIO CbIPb4d

AHHOTauuss. B cTatbe npuBefeHbl 0630pHbLIE MaTepuasnbl  3KCTpakuuu
YINIEKNCNOTON, OCOGEHHOCTM MpoLecca 3KCTpakUuMM BeLecTB U3 PacTUTEsIbHOro
Cbipbsi, NPOBEAEH aHasM3 CBOWCTB XUAKOTO Yr/IeKUCNOro ra3a kak pacTBopuTens
[ONSi NONYYEHUSI UHTPEANEHTOB U3 pacTUTENbHOrO chipbs. CTaTbsl NpejHa3HayeHa
ONSi HayUHbIX U WHXEHEPHO-TEXHUYECKMX PaBGOTHUKOB OTpacneil nuweBol u
nepepabaTbiBalolleli NPOMbIWIEHHOCTY, a Takke hapMaleBTUYECKO oTpacnu.
Pa3BuTe MeTOOB 3Hepro-pecypcocbeperamlimx TEXHOOorMi, Nno3BonswoLme
NOSTyYUT HOBbIE KaueCTBEHHbIE MPOAYKTHI B (hapMaLeBTUYeckoli, napthoMepHOii n
NLLEBOM NPOMBbILINEHHOCTN, 06YCNOBAEHO OCTPOIi 06LLECTBEHHON MNOTPEOGHOCTLIO
Ha BbICOKOKAYECTBEHHbIX JleKapcTBax W B MNPOAOBO/SILCTBUSIX, a Takke B
3KOM0rMYEeCcKN UYUCTbIX Npou3sBoacTBax. OAHUM U3 peLlleHuid AaHHOW npobnemsl
ABNAETCA MPMMEHEHWE B KA4yeCcTBE 3JKCTpareHTa CXMKEHHOro U CXaToro
YINEKNCNIOro rasa. JKCTpakuus YINekUCNbIM ra3oM B CKWKEHHOM COCTOSIHWAU
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CYLLEeCTBEHHO paclumpseT CNekTp BblAenseMblX OWOMOTNYECKM aKTUBHbIX
CoefiMHeHWl, a Takxe Mo3BOMSAEeT NoJjlydyaTb Takme KOHLEeHTpauunm 6uonornyecku
aKTVBHbIX BeLLECTB B KOHEYHOM NPOAYKTe, KOTOPble HEBO3MOXHO MNONYYUTb HU
OfHUM U3 APYrUX W3BECTHbIX METOAO0B 3KCTpakumum. OCOBEHHOCTU CTPYKTYpbl
pacTUTeNnbHOro Cbipbs Y36ekucTaHa - NA0A0BbIX KOCTOYEK, CEMSAH BMHOrpaja,
TbiKBbl, AblHW W Ap., npegnonaralT pa3paboTkm TEXHONOTMYECKUX PEXUMOB
9KCTPakuUM C NpPUMEHEHUEM XUAKOTO U CBEPXKPUTMUYECKOTO YIrNeKncnoro rasa,
KMHETUKM W OUHAMWUKM npouecca 3KCTpakuuy, onpefenieHus BAUAHUSA npolecca
9KCTPaKuUN Ha BbIXOA, Y KAYEeCTBO MOJIy4aemMoro npoaykra.

KntoueBble cnoBa: pacTuTeNlbHOE CbIpbE, 3KCTPAKLMA PacTUTENbHOTO CbipbS,
CBOWCTBa 3KCTparmpyemoro marepuana, nosydeHue 61MoakTUBHbLIX KOMMOHEHTOB,
npouecc CO2akcTpakunn, aHanm3 kayecTsa mMacer.

Information about the authors

Khalilov Ilkhom Mamatkulovich - Doctor of Biological Sciences, Professor of the
Institute of Microbiology of the Academy of Sciences of the Republic of Uzbeki-
stan, Bukhara c., Uzbekistan, ilkhom2002@yahoo.com

Mukhamadiev Bakhodir Timurovich - Candidate of Biological Sciences. Associate
Professor of the Department of Industrial Ecology of the Bukhara State Technical
University, , Bukhara c., Uzbekistan, shohista.m@rambler.ru

Mirzaeva Shohista Usmonovna - Doctor of Technical Sciences (PhD), Associate
Professor of the Department of Biotechnology and Food Safety, Bukhara State
University, Bukhara c., Uzbekistan, shohista.m@rambler.ru

Isomova lkbolabonu Pulot kizi - master's student of Bukhara State University,
Bukhara c., Uzbekistan, gilichgalam@gmail.com

Khalilova Feruza Mamatkulovna - teacher, Bukhara State University, Department
of Biology, Bukhara c., Uzbekistan, ilkhom2002@yahoo.com

ABTOpnap Typaabl ManlMeTTEp

Xanunos inxom MamaTKyn0BWY - 61M010TUA ThiNbIMAAPbIHBIH OKTOPbI, ©36€eKc-
TaH Pecny6nvkacbl FbinblM akagemusicbl MUKPO6GUONOTNS WMHCTUTYTbIHbIH NPO-
heccopsbl, Byxapa k, ©36ekcTaH, ilkhom2002@yahoo.com

Myxamagmes bBaxogup Tumypysbl - 6UMON0rNS ThiIbIMAAPbIHBIH KaHAuAaTbl. By-
Xapa MeMmJsiekeTnK TEXHUKasbIK YHUBEPCUTETHLL ©HepKaanTK 3Konornsa kadea-
pacbiHblH foueHT, Byxapa kK, ©36ekcTaH, shohista.m@rambler.ru

Mup3aeBa LloxucTa YCMOHOBHA - TEeXHWKA TblIbIMAAPbIHbIH  AOKTOPbI
(PhD), bykapa MeM/ieKeTnK YyHMBepcUTeTHW, bBuotexHonornsa xsHe Ta-
Mak ebiMaepblw, kaytasall kadepgpacbiHblH AoueHT, Byxapa k, ©36ekcTaH,
shohista.m@rambler.ru

McomoBa NkbonaboHy MynoTkbi3bl - Bykapa MemnekeTnK YHMBEPCUTETHL, Ma-
rmcTpaHnTbl, Byxapa k, ©36ekcTaH, gilichgalam@gmail.com

Xanunosa depy3a MamaTKynoBHa - OKbITylWbl, Bykapa memnekeTnk yHMBepcu-
TeT, Buonorusa kaceapacol, bykapa k., ©36ekctaH. ilkhom2002@yahoo.com

146


mailto:ilkhom2002@yahoo.com
mailto:shohista.m@rambler.ru
mailto:shohista.m@rambler.ru
mailto:qilichqalam@gmail.com
mailto:ilkhom2002@yahoo.com
mailto:ilkhom2002@yahoo.com
mailto:shohista.m@rambler.ru
mailto:shohista.m@rambler.ru
mailto:qilichqalam@gmail.com
mailto:ilkhom2002@yahoo.com

HoBocTu Haykmn KasaxcTaHa. Ne 1(168). 2026

CeefieHnst 06 aBTopax

Xanunos Nnxom MamaTKynoBu4y - [AOKTOpP 6MONOrMYEeckMx Hayk, npodeccop,
VIHCTUTYT mMukpobuonornn Akagemun Hayk Pecnybnuku Y3bekuctaH, r. bByxapa,
Y36ekuctaH, ilkhom2002@yahoo.com

Myxamagmes Baxogup TumypoBuY - KaHAuAAT OGMONOTMYECKUX HaykK, OOLEHT,
Kadenpa MNpomblwieHHan 3konornsa, byxapckuili rocygapCTBeHHbIi TeXHUYeCKuii
yHuBepcuTeT, . byxapa, ¥Y36ekuctaH, shohista.m@rambler.ru

Mwup3aeBa LloxucTa YCMOHOBHA - AOKTOP TeXHMYeckux Hayk (PhD), goueHT, Ka-
heapa BuotexHonorusa u nuuwieas 6e30nNacHOCTb, Byxapckuili rocyfapCTBEHHbIN
yHuBepcuTeT, . byxapa, ¥Y36ekuctaH, shohista.m@rambler.ru

McomoBa Vk6onaboHy MNynoT-ku3n - mMarnctpaHtka, byxapckuii rocysapcTBeH-
Hblli yHUBepcuTeT, . byxapa, ¥Y36ekucTtaH, gilichgalam@gmail.com

Xanunosa ®epysa MamaTKynoBHa - npenogasaTens, byxapckuii rocygapcTeeH-
Hblli yHUBepcuTeT, Kadeapa «brnonorus», r. byxapa, Y36ekucraH,
ilkhom2002@yahoo.com

147


mailto:ilkhom2002@yahoo.com
mailto:shohista.m@rambler.ru
mailto:shohista.m@rambler.ru
mailto:qilichqalam@gmail.com
mailto:ilkhom2002@yahoo.com

Muuwesas n nepepa6aTb|Barou.|,a;| NPOMBbILLNTIEHHOCTb

NEPEBO/[, CTATbV /| MAKA/TAHbIH AYAAPMACHDI

Xannnos U.M.1 Myxamaanes B.T.2 Xanunosa ®.M.3
Mwvp3aeBa LL.Y.3 NcomoBa U..3

MHcTnTyT Mukpobronorun Akagemun Hayk Pecny6nvkn Y3bekncTaH,
r. byxapa, Y36ekucrtaH

2Byxapckuii rocyapCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET,

r. byxapa, Y36ekucrtaH

3byxapckuii rocyapCTBEHHbIN yHUBepcuTeT, I. Byxapa, Y3bekucrtaH

OCOBEHHOCTWN SKCTPAKLN MHITPEOVNEHTOB
N3 PACTUTEJIbHOIO CbIPbA

AHHOTauKnA. B cTtaTtbe npuBefeHbl 0630pHbIE MaTtepuasbl 3KCTPaKUMm yriekuc-
NoToli, 0CO6EeHHOCTN npoLecca IKCTpakuyMy BELWECTB U3 pacTUTEsIbHOrO CbipbS,
npoBefeH aHann3 CBOWCTB XWAKOTO YINeKUCNOoro rasa kak pactBoputens ans
NoNyYeHNss WHIPEeSUEeHTOB U3 pacTUTENbHOro CbipbsA. CTaTbs npegHasHavyeHa
0N HayUHbIX U NHXEHEPHO-TEXHNYECKNX paboTHMKOB OTpacsieli NuLLeBoin 1 ne-
pepabatbiBaloLeli NPOMbIWAEHHOCTU, a Takke dapMmaleBTUYecKoil oTpacnu.
Pa3BuTe MeToA0B 3Hepro-pecypcocbeperarLmx TEXHOOMNA, NO3BONSAOLLINE
NONYYnUT HOBble KAYeCTBEHHble MPOAYKTblI B hapmaueBTU4eckoi, napdromep-
HOM W NULLEBOIN MNPOMbILI/IEHHOCTU, O06YCNOBMNEHO OCTPOM 06LLEeCTBEHHON no-
TPeOHOCTbI0O Ha BbICOKOKAYECTBEHHbIX JiekapcTBax W B MPOAOBO/IbLCTBUAX, a
TakkKe B 3KOIOTMYECKN YUCTbIX npom3BogcTBax. OAHUM U3 pelleHunid AaHHON
npobnembl ABAAETCA NPUMEHEHUE B KAYECTBE 3KCTpareHTa CXMKEHHOro U cxa-
TOr0 YrNeKUCnoro rasa. 3KCTpakuusa yriaekncsibiM ra3oM B CKVKEHHOM COCTOS-
HUW CYLLEeCTBEHHO pacluupseT cnekTp BblAenseMblX 6M0N0rMYecKkn akTUBHbIX
coefiMHeHWI, a Takke No3BOAAET NoNyyYaTb TakMe KOHUeHTpaumm 61uonornyeckm
aKTUBHbIX BELEeCTB B KOHEYHOM MPOAYKTE, KOTOPble HEBO3MOXHO MONYUYUTb HU
Of4HWUM U3 APYrMX M3BECTHbIX MEeTOA0B 3KCTpakumm. OCOBEHHOCTU CTPYKTYPbI
pacTUTENBHOTO Chipbs Y36ekncrtaHa - Nno4O0BbIX KOCTOUEK, CEMSH BUHOrpaaa,
TbIKBbl, AbIHW W Ap., npeAanonaratlT pas3paboTkMn TEXHOOTMYECKUX PEXMMOB
9KCTpakuMy ¢ NPYUMEHEHUEM XNAKOTO U CBEPXKPUTUYECKOTrO YI/1eKNCNoro rasa,
KMHETUKN N AMHAMUKN npouecca 3KCTpakuuu, onpefeneHns BAUAHUSA npouecca
9KCTPaKLMy Ha BbIXOA W KA4ecTBO NOJSyvyaemoro npoaykra.

KntoueBble cnoBa: pacTUTeNIbHOE Cbipb&, 3KCTPaKuMa pacTUTesIbHOTo CblpbS,
CBOWCTBa 3KCTparmpyemoro marepuana, nosyyeHme 6M0akTUBHbIX KOMNOHEHTOB,
npouecc CO23kcTpakunn, aHanm3 kayectsa Macers.
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BBegeHne. OCHOBHbIM TEXHO/IOTMYECKMM MpOLEeccoM, MO03BONA-
IOWUM  U13BMekaTb 6GMONOTMYECKU aKTUBHbIE KOMMOHEHTbI W3 pacTu-
TE/IbHOTO CbIpbs, SABNSIETCSA 3KCTpakuus. IKCTpakuusa (oT mo3gHenar.
extractio - u3BneYeHNe) - NpoLLeCcC N3BMEUYEHNS BELLECTB N3 PacTBOPOB
UK CyXoi CMecu C NMOMOLLbI n3bupatenbHbiX (CENEKTUBHbLIX) pacTBO-
putenei (aKkcTpareHToB), He CMeLlMBaloLWMecs ¢ 3TUM pacTBOPOM, HO B
KOTOpPbIX BELLeCTBO pacTBoOpsieTcs fyylle, YeM B NepBOM pacTeBopuTene
[1]. B 06bl4HOM npouecce 3KCTparupoBaHMWsA B CUCTEME <«KUAKOCTb +
TBepAoe Teno» NPOUCXOAUT Macconepegava, xapakrepusyemas ne-
pexoAoM OAHOr0 MM HECKObKMX BeW,ecTB M3 0AHONM (hasbl (Cbipbs) B
Apyryto (akcTpareHT) nytem guddysmn. PasnuuatoT gudpdysuto: 1) mo-
NeKYNSAPHY0 1 2) KOHBEKT UBHYH.

MonekynsipHoin guddy3vein HasbiBaeTcsi 06YCNOB/EHHbIA XaoTwu-
YeCcKMM [ABMWXEHVMEM MOJIEKY/T MPOLEeCC NOCTENEHHOro B3aMMHOro Mnpo-
HUKHOBEHUSI BeLWecTB (KUOKUX WU ra30006pasHbix), rpaHuyalmux apyr
C APYrOM U HaXOASALIMXCSA B MAKpOCKOMUYECKOM Mokoe. VIHTEHCUBHOCTb
andpdpy3nm 3aBUCUT OT KUHETUYECKON 3Heprum mosekyn. Yem oHa
BbllLe, TEM MHTEHCUBHee npoTekaeT AN dY3NOHHbIA npouecc. Hanpu-
Mep, rasbl ierko AudyHANPYIOT APYT B Apyra, NOCKObKY MOAEKy bl UX
ABWXYTCS € 60NbWIMMU CKOPOCTAMMW. XKXUAKOCTM U pacTBOpbI, ABWKEHNE
MOMIEKy/s1 B KOTOpbIX 60M1€ee orpaHuyeHo, AnyHANPYIOT 3HAYNTENBHO
megneHHee [2].

MaTepuanbl 1 MeETOAbI NCCnepoBaHni. Asuxywei cnnoi guddy-
3MIOHHOTO npouecca ABNAeTCA pa3HOCTb KOHLUEHTPaUUil pacTBOPEHHbIX
BeLLeCcTB B conpukacawwmxcsa xungkoctax. Uem 6onblie byaeT pasHu-
La KOHLEeHTpauuii, TemM 60/blliee KO/IMYECTBO BeLLeCcTBa NepemMecTuTcs
npy BCEX NPOYMX PaBHbIX YCMOBUAX 3@ O4HO U TO Xe Bpemsl. CKOpOCTb
audpdpy3nm yBenmumBaeTcs npy NOBbILIEHUN TEMMNEPATypPbl, NOCKOMbKY
npu 3TOM BO3pacTaeT CKOPOCTb ABWXEHUS Monekysl. CKkopocTb anddy-
31MM 3aBUCUT OT OTHOCUTENIbHON MOJIEKY/ISPHON Macchl BelwecTBa. Ha
AN dY3NOHHbBIN npolecc, eCTeCTBEHHO, BAUAET BeAnYMHa NoBEpPXHO-
CTW, pasgensiollein BewecTsa, a Takke TOJ/ILNHA C1osl, Yepe3 KOTopblii
npouncxoaunt auddysusa. OueBugHo, Yem 60OJbLLIE MOBEPXHOCTb paspe-
na, Tem 60nble npo AndyHAMPYIOT BewecTsa, U YeM ToJLWe CroN,
TeM MefJjieHHee WAeT BblpaBHMBaHME KOHUEHTpauuu. HakoHel, nepe-
MelleHne BellecTBa TpebyeT onpefesieHHOro BpemeHu. Uem fosnblie
anutca auddysus, Tem 60blIe BelecTBa NepexoauT U3 04HON cpeabl
B Apyryto [1]. Lenb nccnenoBaHuini - aHanm3 0630pHbIX MaTtepranoB
Mo 3KCTpaKUMmn Yr1eKNCc/I0TON 1 3KCTPakKLum BELWEeCcTB M3 pacTUTENbHOro
CbIpbS.

BnusaHue hakTtopoB Ha npouecchl guddysnn moxeT 6biTb BblpaXxe-
HO MaTeMaTMyecku cneayLnumM ypaBHEHNEM:
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(TT Ywce-Y
dx d (11)

rpe dM - kKonmndecTBO npoaudchyHanpoBaBLIEro BewecTBa 3a BpeMs aud-
dy3un dr; yHacy - pa3HOCTb KOHUeHTpauuii ; F - noBepxHoCTb pa3sgena dgas;
d- TonwmHa cnos, yepes KoTopblii npoucxoauTt andcysus; D - KoappuyneHT
MOJIEKYNAPHON Andchy3umn, nokasbiBalowWmnii KONMYECTBO BeLLeCcTBa B K, KOTO-
poe npoandyHamMpyeT 3a 1c yepe3 NOBEPXHOCTb B 1 M2, Npu TONLWUHE Cnost

1M 1 pa3HOCTM KOHUeHTpauunii B 1 kr/m3.

CornacHo 3aToMy ypaBHEHWI0, Ha3blBaeMOMY 3aKOHOM Anddy3un
®duka, KONM4eCTBO Npo- AN dyHAMPOBaBLLEro BellecTBa NPsMO Mpo-
NOpUMOHAaNIbHO Pa3HOCTU KOHUEeHTpauuii, NoOBEPXHOCTU pa3sgena gas,
BpemeHun andpcpysunmn, koadpduumneHTy anddysmm n obpatHo nponopuu-
OHasIbHO TosIWKMHe cnos [2].

Uto kacaeTca koadpduuneHTa guddysum, To ero matematmyeckoe
BblpaXeHue 6b110 gaHo A. DHLWTENRHOM:

RT 1

NO BT’ 12)

rpe R - rasosas noctosiHHaa 8,32 [Ox/(rpag-monb); T - abconwTHas Temne-
patypa; NO- umcno Asoragpo (6.06-1023; g - BSI3KOCTb B H/(C M2); - paauyc
AN hyHANPYOLWKX YacTul, B M.

M3 npuBefeHHOro ypaBHeEHNSA BUAHO, YTO KO3huumeHT anddysumn
yBen4MBaeTCsa C NOBbILEHWEM TeMnepaTypbl MyMeHbLIAeTCH C yBeau-
YeHneMm BA3KOCTU cpefbl M pa3Mepa vacTul BelwecTBa. MHadve rosops,
yeM MeHblle paguyc AMPOYHAUPYOLWUX YacTuy, Tem 6bicTpee unget
anddysma. Hanpumep, pactBopbl 6€nKOB, cAvsein u T.n. audpdyHanpy-
0T OYEeHb MeASIEHHO, NOTOMY YTO OHU KakK BbICOKOMOJIEKY/SIPHbIE COe-
OVHEHNSA MMEKT OYEeHb HU3KME KoahduumeHTsbl guddysnn. CoBepLueH-
HO Apyras KapTuHa HabngaeTcs B pacTBOpax BellecTB, HaX0ASALWMNXCH
B COCTOSIHUM MOJIEKYNIAPHOA WAN WMOHHO-MOMEKYNSAPHOW Aucnepcun.
OTW BellecTBa Kak MMelLlmne OTHOCUTESIbHO Masible pasmepbl YacTul,
AN PYyHANPYIOT HecpaBHUMO BbiCcTpee.

B npakTuke uymcneHHble 3HaYeHUs KO3IPUULNEHTOB MONEKYNSAPHONA
anddysnn 6epyT U3 CNpaBoOYHUKOB UK CNeuMasibHO pacCcymThiBaloT.

B sagpe noToka BelLecTBO NepemeliaeTcs K rpaHuule pasgena das
rnaBHbiM 06pa3oM 3a cyeT fnepemelleHUss MOMAPHbIX (COCTOALWMX U3
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60/bLIOr0 KosMyecTBa MOMEKyn) 4vacTteil cpefbl, T.e. KOHBEKTUBHOM
anddpysnun. B norpaHUYHOM C/ioe — 3a cYeT MOJIEKYNApHOW Anddy3unn.
CymMMapHbIi nepeHoc BewecTBa OT rpaHulbl (M K rpaHuue) pasgena
a3 HoCcuT Ha3BaHWe maccooTgaum [2].

CKopocCTb npouecca B 3TOM cnyvae:

N = P MYHac-Ycp) (13)

rpe "-koaddnumMeHT KOHBEKTUBHOW aAnddy3umn, npegctaBnsawowmini cobon Ko-
Nn4ecTBO BelLecTBa, NepeHocumoe 3a 1c Yyepes NOBEPXHOCTb B 1 M2, npu pas-
HOCTW KOHUEHTpauuii, paBHo 1 kr/m3; F - NoBePXHOCTb pasgena das; yHcy @
- pa3HOCTb MeXAy KOHLeHTpaLuu HacblleHUs pacTBopa U cpefHell KOHLEeH-
Tpauun B OCHOBHOI Macce.

KOHBEKTMBHBI/ NepeHoC BelecTBa NPOMCXOANT B pe3ynbTaTe coTps-
CEeHUsl, U3MEHEHMA TemnepaTypbl, NepeMeLInBaHma u T.4., T.e. NPUYLH,
BbI3bIBAKLLMX NepeMeLLeHNEe XULAKOCTU, a BMECTe C Heli 1 pacTBOPEH-
HOro BellecTBa BTypOYyNeHTHOM NOTOKe. IHaue roBopsi, MexaHU3m KOH-
BEKTMBHOW Audpy3un cocTOUT B MEPEHOCE BeLLecTBa B BUAe OTAENb-
HbIX HEGOMbLUIMX 06BEMOB €ro pacTBopa, NPUYEM BHYTPU 3TUX MasibiX
06bEMOB UMeEET MECTO 1 MosekynspHaa agnddysms.

KoHBekTuBHasA gnddysuna nogumHsaeTcs 3akoHy (1.3), cornacHo KoTo-
pPOMYy CKOPOCTb KOHBEKTMBHOWN Audhcpy3um Bo3pacTaeT C yBENUUYEHNEM
MOBEPXHOCTW KOHTaKTa has, pas3HOCTM KOHLEHTpauuii, NpoaomKUTe Nb-
HOCTM npouecca un KoadpduumneHTa KOHBEKTUBHON ANAIGY3unn.

Mpn koHBeEKTUBHON Andhdy3nn pasmep monekyn guddyHampytoue-
ro BelecTBa, BA3KOCTb PACTBOPUTENIS, KUHETUYECKAs 3HEPrusi MOSEKY/T
CTaHOBATCA BTOPOCTENEHHbIMU. [NaBHbIMY AN51 CKOPOCTWN KOHBEKTUBHOTO
nepeHoca BelLecTBa CTaHOBATCA rMApOANHaAMUYECKUE YCIOBUS, T.€. CKO-
POCTb U PEXUM ABWKEHUS XUAKOCTU. Takum 06pa3om, MONMEKYNSpHbIA U
KOHBEKTUBHbI NEpPeHOCHl BELLECTBA OT/INYAOTCA APYT OT Apyra He TOfb-
KO MEexaHU3MOM, HO M TeM, YTO CKOPOCTb UX NPOTEKaHWs 3aBUCUT OT pas-
HOPOZAHbIX rpynn chakTopoB. O6LIYHO CKOPOCTb KOHBEKTUBHOTO NepeHoca
BELLECTB BO MHOFO pa3 60/iblle CKOPOCTU MOJIEKY/IIPHOTO NepeHoca.

Pa3bupaeMbie NOMOXEHNS, MPUBEAEHHbIE Bbile, 0THOCATCA K Tak
HasblBaemoin cBobogHol andpdysum, T.e. K Takomy crydat, Korga
MeXay conpukacalLumMmucs pacTBOPaMmn UANXUAKOCT AMU HET HUKa-
KUX Neperopojok, uHavye roBopsi, KOrga MosiekynsipHas U KOHBEKT MB-
Has anddy3um npoTekalw T cBOGOAHO, HE BCTpeyYasi Ha CBOEM NyTHU
Kakux-nubo nperpag.
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A npun aKCcTparnpoBaHUM NHrpegueHTOB U3 pacTUTENBHOIoO
Cblpbsi C MOPUCTOWN CTPYKTYpPOI nageT andhdysvsa BewecTB U3
BHY TPEHHMX CTPYKTYpP YacTuubl MaTepnana U Nnpouecc ussre-
YeHMs BELLECTB OC/IOKHSAETCA psAAoM ocobeHHocTEN [2].

OCHOBY CTPYKTYpbl pacTUTesIbHbIX BeLllecTB, NoABepraembiX 3KC-
TpakLMu, COCTaB/AT KanuinapHoO-NOPUCTbIe CUCTEMBI [2].

TkaHWn, 13 KOTOPbIX COCTOAT Mac/n4yHble njoabl N ceMeHa, cnara-
IOTCA N3 COTEH KNEeTOK, ABMANLWNXCA OCHOBHbIMMU (byHKLI,VIOHafIbeIMVI
eagnHnyamMmmn BblCLLUX paCTeHMﬁ. Me>K/J,y KneTkaMun pasHbiX no cneuna-
nn3aunmn TKaHel NpocaexmnBaeTcsa CywecTBEHHOe pasinumne. ITo pas-
NMyre No3BONSAET, NOMb3YyACb MOPJONOrMYEeCKMMN NpusHakamu, ycra-
HaB/iMBaTb NpUHaA/IeXHOCTb TKaHN N ee cneynann3aynio, a nHorga m
BUA, pactenus [3].

Cneynanunsaymnss OCHOBHOI TKaHM 00GyCMOBNMBAET pa3BUTME B HUX
BHYTPUK/TETOYHbLIX CTPYKTYD, OﬁECI‘IeLII/IBa}OLLI'VIX CUHTE3 3anacHbIX Be-
LecTB KNeTKu. B 10 Xe BpemMA OTAENIbHO B3ATblE KMNETKU, pa3/sinyascb
no coopme, BEIMUYMHE U XMMNYECKOMY COCTaBy B 3aBUCMMOCTU OT Pu-
3nonornyecknx beHKU,I/IVI TKaHW, Bnaa MacJ/IM4HOro pacteHuna n BO3-
pacTa, COXpPaHAKT efuHbllii 4NA pacTUTENbHO KeTKM NaaH CTPOeHMUs
(pncyHok 1)

CreHka
KNeTKN K/10po nnacTbl
LieHTpanbHas Mnasvarnyeckas
BaKyO0/lb membpaHa
MuToxoHapun
Annapat _ Mna3mogecma
It
i NTN30COMbI
Pu6ocombl
O6onoyka
AAPbILLKO---------==----~
[paHynapHas
Fnapkan JHewm asmat nyeckas

JHAO0NMa3MAT X e ckas
CeTb

CceTb

LinTonnasma

PucyHok 1- Cxema cTpoeHus pacTUTenbHON kneTku [3].
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Cneumndunyeckoin 0COH6EHHOCTbI pacTUTENIbHOW KNeTkn SABNseTcs
Hanuune y Hee 060/104KM, He CNOCOBHONW MponyckaTb TBepAble YacTu-
ubl. TBepaas obonoyka kneTku, npuobpeTeHHas pacTeHUsAMU elle Ha
OYeHb paHHWX CTyneHsax 3sonwuun, obecneynsasna HeobxoauMmylo 3a-
LWNTY BHYTPUKNETOYHOTO COAEPXMMOro, Ho 0bycnoBunia Takxe cneuu-
h1Ky NUTaHUs pacTeHus - U3 OKpyxatlLiel cpeabl B KNeTky nutatesib-
Hble BellecTBa MOryT NonacTb TO/IbKO B PACTBOPEHHOM COCTOAHUNK [3].

Mopg 060104KOM KNETKU pacnosiokeHa uuTonsiasma, B Hee Mnorpyxe-
Hbl AP0 KMNEeTKU U MHOTOYNC/IEHHbIE OpraHoMAbl pPas3/IMYHOro CTPOEHUS
n pyHKumnii (pucyHok 1). Mpu HabNAeHUUn B ONTUYECKUIA MUKPOCKOM
uuTonnasma pacTyliMx pacTUTesNbHbIX KIeTOK, Hanpumep npu cospe-
BaHWM WAWM npopacTaHuy cemsH, npeacTaBnseT cob60i Npo3payvHyio
NONYXWUAKYID Maccy 3epHUCTOr0 CTPOEHMUS, B KOTOPON BUAHbI OTAEfNb-
Hble opraHouAbl. 4p0 B MOJSIOAOW K/eTKe pacnosiaraeTcs B LEHTpe, ay
B3POC/ION - B6AM3N KNETOYHON CTEHKW.

XapakTepHOW OCOBGEHHOCTbI pPacTUTEsIbHOW KNeTku sABNseTcs Ha-
nuune xecTtkoli (TBepAoW) KIeTOYHOW CTeHku. KneTouyHas o6osiouka
onpegensieT opmy kneTkn, npupaeT kKieTkaMm W TKaHAM pacTeHui
MexXaHMYecKylo MPOYHOCTbL U Onopy, 3aluliaeT LuTonaasmMmaTuveckyto
MeM6paHy OT paspylleHus noj BAUSHUEM rMapocTaTUveckoro aasne-
HVS, pa3BMBAeMOro BHYTPWU KneTku. OAHaKo Takyl 060/104KY Heslb3s
paccmatpuBaTb TO/IbKO Kak MexaHW4YecKuii Kkapkac.

KnetouHas obonoyka ob6nagaeTt Takmmy CBOMNCTBaMu, KOTopble No-
3BONSAIOT NPOTUBOCTOATH AaBIEHUI0 BOAbl BHYTPU KIETKU, U B TO Xe
BpemMs obnagaeT pacTsHXUMOCTb M CNOCOGHOCTLIO K pocTy. OHa B-
nseTca NpoOTUBOWHMEKUMOHHbIM 6Gapbepom, MpMHUMAeT ydvyacTue B
NOrNoLWEeHNN MUHepasbHbIX BeLecTB, SABNAACL CBOeOOpPa3HbIM MOHO-
06MeHHMKOM. B cocTaB KneTOYHOW 060/104KM BXOAAT LeNsno3a, re-
MULLENN0103bl, NEKTUHOBbIE BeLLecTBa, MMNnabl U He6obLoe Konye-
cTBO 6enka. KOMMNOHEHTbl KNeTo4YHOM 060104KN ABAAKTCA NpoAyKTamu
XUsHefeAaTeNnbHOCTN kieTku. OHU BbIAENSATCA U3 LUMTONAasmbl U npe-
TepneBaloT NpeBpaLLeHNs Ha NOBEPXHOCTN naa3ManeMmbl. MepBruYHbIe
KNeTouHble CTEHKM cofepXaT U3 pacyeTa Ha cyxoe BewecTBo: 25%
uennnosbl, 25% remuuenntonosbl, 35% NeKTUHOBbLIX BelwecTB N 1-8%
CTPYKTYpHbIX 6enkoB. OgHako uudpbl BecbMa konebnwTca. Tak, B CO-
CTaB K/IETOUYHbIX CTEHOK KOfleonTusei 3nakos BXxoaAnT go 60-70% remu-
uenmonos, 20-25% uennwonosbl, 10% NekTMHOBLIX BelwecTs. BmecTte ¢
TEeM K/eTo4YHble CTEHKM aHAOCMNepMa cogepxart Ao 85% remuuenntonos.
BO BTOPUYHbIX KNE€TOUYHbIX CTEHKaX 60bLUue Lensnno3bl. OCTOB KNeTou-
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HOI 060/104KN COCTAaB/IAT NepensieTeHHbIe MUKPO- U Makpogmbpunsbl
uenntwnosbl. Lennionosa, win knetyatka (CEHI00Hn, npepcrtasnset
co60i ANVMHHbIE Hepa3BeTB/IEHHbIe Lenoyku, coctoswme n3 3-10 ThbiC.
ocTaTkoB D-rnioko3bl, coeANHEHHbIX b-1,4-rnMnko3ngHbiMn cBA3AMU. Mo-
Nekynbl Uennwno3bl 06beAnHeHbl B MULENIy, MULenbl 06beauHeHbl
B MUKpOMbpunny, Mukpodunbpunasl o6begMHeHbl B Makpohuopunny.
Makpounbpunnsl, MULenibl 1 MAKPOOUOPUANBLI COeAUHEHbl B MyYKu
BOAOPOAHLIMU CBA3AMU. lnameTp MuLLeNNbl coCcTaBnsgeT 5 HM, guameTp
MUKponbpunnbl - 25-30 HM, Makpodubpunnsl - 0,5 Mkm. CTpykTypa
MUKPO- U Makpoubpuna HeogHopogHa [2].

PucyHok 2 - CTpykTypa kneToudHoi cteHkn (no Nach Lucasund Wolf,1993) [2]
1-MukpothnbpuNbl Lenaao3sbl; 2-reMULEeNoao3a; 3- paMmHoranakTypoHaH;
4-6en0K 3KCTeHCcUKn; 5-NneKTMHOBLIE BellecTBa.

MeToj, M3B/ieYEeHUA Mac/ia MexaHU4yecknm Crnocobom 3akniyaeTcs
B TOM, YTO U3Me/ibYeHWe Cbipbs HEOOXOAMMO ANA YACTUYHOIO paspy-
LIEeHUsA KNeTOYHON CTPYKTYpPbI, a Takxe A9 yAydlleHnsa npouecca gab-
Heliwei ero BNaroTensioBoit 06paboTku.

OfHako, nocne usmenbyeHusl, MakCumasbHblii npoxos yepes 1 mm
cuta cocTtaBnsieT 60%, Torga Kak Ans XJ10NKOBO MATKM pa3Mepbl pac-
TUTENbHON KNeTkn no AaHHbiM [3] cocTaBnatoT 33,5x17,5 MKM, Ana cou
75,0x24,4 MKM, ana nogconHevyHnka 45,5x30,0 MKM, a To/LWMHA K1eTou-
HOli CTEHKM Macnocogepxalimx TKkaHeil HaxopuTcsa B npegenax ot 0,9
bo 1,3 mkMm. B cBA3M € 3TUM npu BnaxHoctu agpa 9- 10% BanbLeBaHn -
eM He o6ecrneunBaeTca MakCumasibHOe paspylueHue KNeTOYHOW CTPYkK-
Typbl, a AnuTenbHasa Bnarotensosas o6paboTka yxyAlwaeT KayecTBo
mMacna u Apyrmx KOMNoHeHTOB sagpa.

Bce 3TW CTPYKTYpHble 3N€MEeHTbl PacTUTENbHOW KNeTku co3jarT
npenaTtcTeve Ansa auddy3nm BeLwecTs, PacCTBOPEHHbIX B BaKyO/In.
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B npouecce m3BnevyeHns npeobnagatT anddysnoHHbie (Maccoob-
MEHHbIE) SIB/IEHUS, OCHOBAHHbIE HA BblPpaBHUBAHUN KOHLEHTpaLUN MeX-
Ay pacTBOpUTENsAMU (3KCTPareHT) U pacTBOPOM BELLECTB, COAepXaLnX-
csa B KNeTke.

Oco6eHHOCTN U3BNEYEeHUS BeLecTB U3 MaTtepuasoB C KIETOYHOW
CTPYKTYpOIi CBSA3aHbl C TEM, YTO Ha NYTU K BELLeCTBaM, COAepXaLlmMcs
B K/IeTKe, HaXOAMTCA KMeTouyHas CTeHKa, (hn3nonoruyeckoe cocTosiHme
KOTOPOW MOXeT ObiTb pa3/inyHbiM. Tak, XuBasi pacTuTesnibHas kneTka
MMeeT NPUCTEHHbIV C/I0l/ NpoTOon/iasMbl onNpeaesieHHOl TOWMWHbI (pu-
CYHOK 2). OH HaknafablBaeT 0CO0ObI/i 0TNevyaToK Ha CBOICTBA KNETOYHOWA
CTEHKW, Kak neperopoaku, OTAENsOLWen pacTBOp BHYTpU kneTku (kne-
TOUYHbIA COK) OT XMWAKOCTU BHE KNETKN.

Moka npoTonnasma He paspylleHa (AeHaTypupoBaHa), KneTouyHas
CTeHKa fABNseTcsa NoAynpoHULAaeMoil neperopoakoi, He nponyckatowei
HapyXy BellecTBa, pacTBOpPeHHble B K/IETOYHOM coke. lNMepeHoc Belle-
CTBa BHYTPW TKaHW MPOMCXOAUT C HUYTOXHO MaJsioli CKOPOCTbo. B aToM
c/lyyae BO3MOXHO /MLIb MPOHWKHOBEHUE 3KCTpareHTa BHYTPb K/IEeTKU
(ocmoc). MoaTomy pacTuTesibHas TkaHb, B K/IeTKax KOTOpoi npoTonnas-
Ma He paspylleHa, Ao/KHa nepeg npoBeAeHMeM npouecca akcTpakumm
WNN B HavyaslbHOI ero ctagun nogsepraTbcs cneunanbHOW ob6paboTke
(apobneHnto, HarpeBaHUo, 3aMOpaXXMBaHUO, chepMeHTaLmmn 1 ap.).

Mocne Tako 06paboTKn 0OCHOBHOE AN hY3nOHHOE CONPOTUBIIEHNE
co34alT K1eToYHble 060/104YKN pacTUTENbHON TKaHu. Mwukpodmnbpun-
bl 1 MaKpOgMOPUINbLI, COCTaBAAOLWME OCHOBY KNETOUYHLIX 0O60/0YEK,
CNOXHbIM 06pa3oM nepensieTardTca Mexay coboin n o6pasyoT pasHoro
pasmepa nopbl (0T 0,5 HM Ao 20-25 HM), Yepe3 KOTOpble OCYLLecTBAS-
eTCs OCHOBHOU TpaHCMOPT BeLecTBa M3 KIeTKM (PUCYHOK 2 u 3). Mu-
Kpogombpunnbl B CBOK ovepedb MOCTPOEHbl M3 Nayek MakpoOMOJIEKYN
Lennono3bl (PUCYHKN 2 1 4).

Bnarogapsi masomy pasMepy Mnop K/eTOYHbIX 060/104EK M caMux
kneTok (5-50 MKM) BeLLeCTBO BXUAKOCTU, 3an0/HAOLWER Nopbl, NepeHo-
CUTCS1 NCK/IIYNTESNIBHO 3a cYeT MonekynsapHoi auddysum. CymmapHas
naowajb cevyeHns nop, Yepes KOTOPY NPOUCXOANT NpoLLecc nepeHoca,
MeHbLLEe, YeM 06Lasa naowajb cCe4YeHnss YacTullbl B paccmaTpuBaemol
nNockocTn, NyTb Anddy3nm 60onblue (M3-3a M3BUINCTOCTU MOP), Kpome
TOro, AONONHUTENbHOE CONPOTUB/IEHNE BO3HUKAET u3-3a 60see yacTto-
ro coyapeHus 4acTul, co cTeHKaMu nop. MoaTomy ckopocTb Anddy3nm
B TBEPAON YacTuLe MeHbLLE, YeM B YUCTOWN XMAKOCTU. TakuMm o6pasom,
KOathpULUMEHT MOMEKyNapHO anddy3num B pacTUTENbHON TKaHu (Tak
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Ha3blBaeMblil KOIPPULUNEHT CTECHEHHON AN AY3MM), KOTOPbIA TOUYHEE
cneposasio 6bl HasbiBaTb KO PULUMEHTOM MaCCONPOBOAHOCTM, Oy-
JeT YACNEeHHO MeHbLUMM, YeM B COOTBETCTBYIOLLEM pacTBope, Haxoas-
emMcs B CBO60AHOM COCTOSHUMW.

PucyHok 3 - Cxema CTPYKTypbl LLeN/IH0N103HOM 060104KM pacTUTesIbHON kieTku [2].
a- MonepeuyHbIn 1 NPOAO/bHBIA paspesbl Nyyka Makponbpuin;
6 - nonepeyHbli pa3pe3 B 60/bLIOM YBENNYEHUN.

BcneacTteue rmbenu npotonnasmbl (Na1asmonunsa) KnetouHas cTeHka
TepsieT xapakTep NoMynpoHMLAEMOI Neperopofkn M HauyuHaeT npony-
CKaTb BelwecTBa B 06e CTOpPOHbI (guanus). To ecTb KNeToyHas CTeHka
npuobpeTaeT CBOWCTBA NOPUCTON Neperopofkun, vyepes KOTOPYH MOryT
andpcyHanpoBate 6MONOTMYECKN aKTUBHbIE BELLECTBA, MOMEKY bl KO-
TOpbIX He NpeBbILIAT pasmepa nop.

PucyHok 4 - Cxema CTpOeHMsA naykn makpomonekyn [2].

HakoHeL,, umeeTcs elle ofHa cyll,ecTBeHHasi 0COBEHHOCTb - siBMe-
HWe gecop6uuu, HabslgaeMoe B KieTke Nocsie NPOHUKHOBEHUS B Hee
aKcTpareHTa. [MOCKOMbKY BeLWeCTBA BHYTPU KIE€TKM CBA3aHbl CUIaMu

156



HoBocTu Haykmn KazaxcTaHa. Ne 1(168). 2026

NPUTSXKEHUSA, TO HEOBXOANMO MpeXae BCEro npeoaosieHne aTux agco-
POLMOHHBIX CWA.

MpenctaByum B BuAE cxembl (PUCYHOK 5) yacTuuky martepuana, Haxo-
OSLWYOCS B 3KCTpareHte, 1 0603Ha4YMM CpeAHIo KOHLEeHTpauni 3Kc-
Tparupyembix BEWECTB BHYTPW YacTULbl yp a Ha ee NOBEPXHOCTU - Y2

PucyHok 5 - HacTuua cbipbsl B 3KCTpareHTe (cxema)

Torga konnyecTso npogmdyHaANpOBaBLIEro BewecTsa U3 BHyTpeH-
HUX CTPYKTYpP 4YacTuubl Ha ee NOBEPXHOCTb (MepBas cTagus) NponopLu-
OHasIbHO ero K03 (PUUNEHTY BHYTPEHHe anddysnm i B4, NOBEPXHOCTU
yacTuubl mMaTepuana F, BpeMeHUW T, pa3HOCTU KOHLEeHTpauuu BHYTpU
yacTuubl Y11 Ha ee NOBEPXHOCTM Y2, 06paTHO MPOMNOPLMOHAbHO pas-
Mepy 4acTul, pacTUTEsIbHOTO CbipbsA | 1 MOXeT BbITb 3anncaHo B Buae
ypaBHEHNSA:

Yn—y2
1.4)

rae Dbth- koadhhuumeHT BHyTpeHHel andpdysumn, mac; F - NnoBepxHOCTb pasfge-
na as, M2 | - ToNwmHa YacTuubl MaTepuana, Yepes KOTopyro AnddyHaANpyOT
BellecTBa M; Y,y 2- KOHLUeEHTpauus BewecTtsa, Kr/m3.

[Ons BbipaxeHus koapduuneHTa Anddy3mm B nopax pacTUTeNIbHOTO
Martepunana B ypaBHeHue A. JiiHwTeliHa (1.2) ana ceobogHoli anddy-
31N BBOASAT MOMPaBOYHbIN KO3 PULUEHT B, yuntbiBaloLmii Bce 0CNOX-
HeHUs npouecca. YpaBHeHue KoadpmuneHTa BHyTpeHHeln anddysnm B
3TOM cnyyae 6yaeT MMeTb BuA;

_RT 1
NO 6wr 9

(1.5
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[Ons matepuana c KeTOYHOW CTPYKTYpOi 3HavyeHue koadduymneHTa
BHYTpPEeHHeW Auddys3un 3HauYNTeNbHO MeHbLUe, 4YeM 3HauvyeHue Koa-
huymeHTa cBo60aHON Anddy3un. Tak, BenuunHa KoagpumumneHTa cBo-
604HON Any3nn AN MHOTUX NPUPOAHbLIX COeAWHEHUI HaxoauTcs B
npepenax 10-4 - 10-5 m2c. Ans aTUX Xe coeAnHEeHU 3HaYeHne Koaddu-
uneHTa aAndpcpysmm B nopax mateprana ¢ KNeTouHol CTPYKTypoli Ha 2-3
nopsigka meHblue, T.e. 10-6 - 10-8 m2c [1].

Ha BTOpoi cTtaguu naet auddys3usa BelLecTB OT NOBEPXHOCTU ya-
CTuUbl, (KOHLEHTpauusa y2 K Hapy>XHOl NOBEepPXHOCTU AN IPY3NOHHOTo
norpaHnMyHoro csos (KoHueHTpaums y). B HacToslee Bpems obuwienpu-
3HaHO CyLLecTBOBaHME Ha NOBEPXHOCTU KYCOYKOB CblpbS MPUCTEHHOrO
C/0s 3KCTpareHTa, Ha3blBaeMoro AMgdy3MoHHbIM MOrPaHUYHbIM C/0-
eM. lMorpaHuyHbli AN AY3NO0HHLIM CNoli OkasbiBaeT 60/blLIOE CONpo-
TUBMEHME AafbHelilleMy MepeHoCcy 3KCTparnpyembixX BeL,ecTB B 3KC-
TpareHT. To/IWMHa 3TOro C/105 3aBUCUT OT TMAPOAUHAMUKM npouecca U,
B OCHOBHOM, OT CKOPOCTU nepeMellMBaHuUa 3KcTpareHTa. Yem 60blue
CKOpPOCTb NepemMellnBaHns, TeM MeHbLle TO/WUHA NOrpaHnYHOro Cos.
B npegenax Angdys3noHHOro norpaHUYHOro cnos 6 nepeHoc BellecTs
OCyLLecTBSAETCA N0 3aKOHY CBO6OAHON AN AY3nN U MOXET ObITb 3ann-
caH B Buae nepsoro 3akoHa ®uka (1.1):

(YHac  Ycp)
8

[anee npoucxogut nepeHoOC aKCTparmpyemoro BellecTBa, ABUXY-
LLMMCS 3KCTpareHToM OT NOBEPXHOCTU pasfgena a3 u pacnpepenexHve
ero no Bceil Mmacce akcTpareHTa (KOHBEKTUBHasA Anddy3uns).

Ecnn 0603HauYnTh CpefHIo KOHLEHTpaLuio sKkcTpareHTa B oobeme,
OMbIBaKLLEM 4YacTUuky, Yyepes y4, TO KOMYECTBO BelLecTBa, nepeHe-
CEHHOro B 3KCTpAareHT 3a cYeT KOHBEKTUBHOW Anddpy3un, mMoxeT BbiTb
BblYMCNEHO U3 ypaBHeHus (1.3).

O6bIYHO KO3(hPULMEHT KOHBEKTUBHON AMdddY3Mn B BO MHOro pas
6onblwe KoadhuuneHTa MoekynsapHoin anddysuu D.

CymMMapHbIlii npouecc nepeHoca BellecTBa U3 YacTuubl mMaTepuana
B 3KCTpareHT BblpaXaeTcs OCHOBHbIM ypaBHEHWEM mMacconepegadu:

M=Ky F (y-y*), (16)

rae y*- paBHOBECHas KOHLEHTpauusa B JaHHON dhase, COOTBETCTBYOLLAS
KOHLLEHTpauun pacnpepensieMoro BellecTBa B OCHOBHOI Mmacce (sigpe)
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apyroin casbl; Ky- koagpdmnymeHT macconepegaun (m/c), KOTOpbIA yUnTbI-
BaeT BCE BE/INYMHbLI, ABMSOLWMNECS KONMYECTBEHHbIMWU XapaKTepucTuka-
MW Tpex cTaguii npouecca 3KCTpakumMm u onpegenseTcsa us ypaBHeHuUs:

1
Ky - t @.7)

OBH+

KoadphumumneHT gudpdpysum 3aBuCUT OT TemnepaTtypbl, KOHLEeHTpa-
UMM, CTPYKTYpbl MaTtepuana, hu3nyeckux CBOWCTB 3KCTparupyemoro
Marepuana u pactsopuTens.

XapaKTepucTuka yrfiekucsioro rasa Kak pactsopuresnia. Juokcug
yrnepoga (Carbon dioxide). [ipyrne Ha3BaHus - Yrnekucsblii ras, yrne-
KMCNOTa, ABYOKUCb yrnepoga, YrosbHblli aHrngpua, cyxoin nep (Teep-
Ablin). ®opmyna - CO2 becuBeTHbI/ ra3 co cnerka kucnosartbiM 3ana-
XOM K BKycoMm. MonspHasa macca 44,0095(14) r/monb; B TBepAoM Buae
- cyxoli nep; Bug - 6ecuBeTHbIR ras; Homep CAS; cBoiicTBa: N/IOTHOCTb
n chbaszoBoe cocTosiHMe 1,98 kr/M3, npu Hy.; 771 kr/m3, xuakuii; 1512 kr/m3,
TBEpPAbI; pacTBOpuMOCTb B Boge 1.45 kr/m3; yaenbHas Tennota nna.-
nenuns 25,13 kx/monb; Touka nnaeneHnsa -57°C (216 K), nog nasneHu-
eM; Touka kuneHus -78 °C (195 K), BO3roHsieTcs; KOHCTaHTa guccouuna-
unn kncnotel (pKa) 6,35 n 10,33; BaskocTb 0,07 n3 npu -78°C; cTpoeHue:
hopMa Monekynbl - ANHEeNHasa, cummeTpmyHas O=C=0 c paccTosiHUEM
C=0 paBHbIM 1,162 A; XMMUYECK/E CBA3N Mexay artoMamMu MOJIEKY/Ibl
KOBaneHTHbl W MNOASPHbI; AUNONbHBIA MOMEHT paBeH HYMH0; KpucTaniu-
yeckas pelwéTka kBapuesugHas [4,5]. [uokcupg yrnepoga He TOKCUYEH,
HO He noggepxusaeT AbixaHwe. bonblwas KOHUEHTpauus B BO3gyxe
Bbi3blBaeT yaylwbe (TMnepkanHusa), HeJoCTaToK YI1eKUC/ioro rasa Toxe
onaceH (rnnokanHus). KoHueHTpauus yrnekucnoro rasa B atmocgepe
3emnu coctasnseT 0,038%.

O6e3BOXEHHbIN gnokcug yrnepoga, kak razoobpasHblid, Tak U Xua-
KWl He Koppo3upyeT MeTas/ibl, HO Mpu 06BOAHEHUN MOXET Bbl3blBaTb
[0BOJIbHO CU/IbHYO KOPPO3UIO.

[Ovokcug yrnepofa He ropwoy U He nogfepxuBaeT ropeHus Bcneg-
CTBME TOrO, YTO CHUXAEeT KOHLUEeHTpauuo Kucsopoa B MecTe ropeHus.
B BbICOKMX KOHLEHTpauMsax OH He NnoAaAepXuBaeT U gbixaTesibHble Npo-
Lecchl, YTO MOXeT OblTb MCNO/Ib30BAHO, Kak CTePUIN3YIOLWNIA chaKTop.

Xumunyeckne cpoiicTBa [6-8]. Mo XMMUYECKUM CBOMCTBAM ANOKCUA
yrnepoga OTHOCUTCA K KNCMOTHbIM okcugam. Mpu pacTBOpeHun B BoAe
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obpasyeT yronbHyt Kucnoty. Pearnpyet co wenovyamu ¢ o6pas3oBaHu-
eM kapboHaToB.

Cyb6kpUTrka
7,38
Kputnueckas
TouKa

Teeppoe
Teno
XKngkocTb

56,6
Temnepatypa, C

PucyHok 6 - Auarpamma hasosoro pasHosecus CO2:
(A- TpoliHaa Touka, B - KpuTnyeckas Touka)

N3 gnarpammbl ha3o0BOro paBHOBeCcUA AMOKcuAa yrnepoga crne-
JyeT, 4TO [aHHOe BELWEeCTBO WMeeT A0BOJIbHO BbICOKYH TPOHYIO
Touky A. Ee xapaktepusytoT: tm= -56,57+0,010C, PT= 518,6 £+ 3 klla,
rm= 1501+9 kr/m3[6]. m m

Kputnuyeckas touka Hu3ka (B). Ee mapametpsbl: tK = 31,05+0,02°C,
Py = 7383%5 «lMa, rp= 468,16+3 kr/m3[1-5].

Mpu aTMochepHOM AaBfeHUU N KOMHATHOW Temnepatype AMOKCuA,
yrnepoja cyuiecTByeT TONbKO B Buge rasa. log gelictBuem gaBneHus
B o6nactn Temnepatyp ot -56,6 go 31,10C oH nerko cxwmkaetcs. MNpwu
oxXnlaxAeHun Ao Temnepatypbl HUXe TPOWHON TOYKM UAKM ApOoccenunupo-
BaHWM B 061acTu Bbllle NIMHUM NAaBAEHMA OH TpaHcdopMupyeTcs B
TBEPAYIO CHEro06pa3Hy Maccy.

Mpn onpegeneHHbIX TEPMOAMHAMUYECKUX YCNOBUAX B pesynbrare
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B3aumoeincTBna guokcuaa yrnepoga B ra3006pasHoM COCTOSHUM C BO-
[0 06pasylTcsa KpucTanaorugpatbl B BUAE BNaXHOW CHeroobpasHom
Macchbl.

BA3KOCTb XMAKOCTU - husmyeckas BenuunHa, obycnasnusatoLlas
MHOrMe CBOWCTBa BellecTBa, Cpenu KOTOpPbIX HEMaslOBaXHYH posb
urpaeTt BO3MOXHOEe nepeaBuXeHUe MOSEeKy/sl APYroro BeliecTBa B HEl.
UeM HMXe BA3KOCTb XUAKOCTM MPU NPOYMX PasBHbIX YCNOBUAX, TEM WH-
TEHCMBHEe MPOSABAAIOTCA ee 3axBaTblBawliMe cnocob6HOCTU npu And-
dy3mm n macconepeHoce. BnusHMe BA3KOCTM O6BYC/IOBAEHO Ccuaamu
cuenneHns mexay Mosiekynamy 1 TeECHO CBA3aHO C Be/INYMHON aHepre-
Thyeckoro 6apbepa, KOTOpbIi Heob6xoAuMO npeogoneTb AndhyHanpy-
IOLWNM MOSIeKy1am.

BA3KOCTb XWAKOTO OMOKCMAa yrnepoga B CPaBHEHUU C BA3KOCTbIO
OPpYrnx pacnpocTpaHeHHbIX pacTBopuTeneli ABASeTCA HauMeHbLUeN.
Tak npu 200C BA3KOCTb XWAKOro pguokcuga yrnepopa cocrtasnseTr
6330 n3107 4TO MeHbLUE BA3KOCTW BOAbl B 16,7 pas, 3TUMI0BOro cnupra
- B 17,8 pas, yeTblpexx/iopucToro yrnepoga - B 16 pa3, H-rekcaHa -
B 5,5 pasa, (ppeoHa-12 - B 4,5 pasa, 6yTtaHa - B 2,7 pasa, nponaHa -
B 2 pasa (PpaHk-KameHckuid, 1947; CtackeBuy un ap., 1994). NogobHoe
CpaBHEHWE TOBOPUT B MOJIb3Y TEXHUYECKUX NPENMYLLECTB XUAKOTo AN-
okcuaa yrnepoga, Kak pacTtBopuTens, € Xopowumu AnNggy3voHHbIMU
BO3MOXHOCTSAIMM [6-12].

[Onsa pokputuyeckoil o6nactu xapakTepHO MaBHOE yBefunyeHue
MIOTHOCTWU NPU YC/IOBUWN COXPaHeHUs TemnepaTtypbl cpefbl. [ToHMXe-
HYe TemnepaTypHOro nons BJiedyeT 3a CO6OM POCT NAOTHOCTM faxe
npy¥ He3HauynTesIbHOM MOBbIWEHUN AaBAeHUS WM Xe 6e3 Hero. ITn
obcToATeNbCTBA HEOOXOAMMO Y4YUTbIBATH MPUM NAAHUPOBAHWUWU YCO-
BUIA MCNOMIb30BAHUA AMOKCUAa yrnepoga B XUAKOM WM TBEPAOM CO-
CTOSTHUN.

PacTBOpstowan cnocobHOCTb XWUAKOFO AMoKcuaa yrnepoga B A0-
KpuTnyeckoit o61actn HaxoAuTCA B NPSAMOM 3aBUCUMMOCTM OT NAOTHO-
cTu pactBoputens. Vimetotcs Habnwoaennsa (Bork M., 2000; Mayer B.C.,
1999), yTo N0 Mepe yBe/IMYEHUST MONEKYNSAPHOM Maccbl pacTBopsie-
MbIX BELLECTB UX PacTBOPMMOCTb B XWAKOM AWOKCUAE yriiepoga BO3-
pacTtaeT ¢ yBenuyeHneM MJIOTHOCTU Auokcuaa. B pgaHHoOl cuTyauumu
3TO CBA3a@HO C MOHWXeHWeM Temnepartypbl. VI3BECTHO, YTO Hanb0Osb-
lwas pacTBOPMMOCTb psAfa KapoTUHOWUAOB, XXUPHO-KUC/IOTHLIX KOMMO-
HEHTOB npuxoauTca Ha Temnepatypy 10-120C (KacbsHoB, LWadTaH,
1997) [13-15].
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Xngkuii gnokeng yrnepoga xopowo pactsopsieTcs B cnvpte u adu-
pe.

Xngkuin  gnokcup yrnepoga aBnasetcsa usbupaTtesbHbIM pacTBO-
putenem cpegHel cunbl ANA MHOTMX HENONSAPHbIX apomMaTnyeckux
BewecTB (Frencis, 1994). lNpn aTomM [elcTByeT M3BECTHOE MpaBuno,
cornacHo KoTopoMmy nofobHoe pacTBopsieTcs B MNoA06HOM, pac-
TBOPUMOCTb HEMOAPHbIX COeAUHEHNI B OAHOM W TOM Xe HEenosiipHOM
pacTtBopuTene MoBbILIAETCA COpasMepHO C POCTOM MOJIEKYNSAPHONM
Maccbl pacTBOPSEMOro BellecTBa W, HaKoHel, Masias CnocO6HOCTb
pacTBOpeHUs 03Ha4vyaeT BbICOKYIO CENEeKTUBHOCTb PacTBOpPUTENSA U Ha-
060poT. BbileckazaHHOE NOMHOCTbI OTHOCUTCS U KXUAKOMY ANOKCUAY
yrnepoga. B Hem pacTBOpstoTCA 6O0/bLIMHCTBO TepneHoUAoB, BbICO-
KOMOEKYISAPHbIE XUPHbIE KACNOTbl U UX 3dompbl, hEHObI, KyMapuHbI,
KapboHWbHbIE COeMHEHNS, BOCKM U BOCKOMOAOOHbIE BellecTBa, CMO-
Nbl CO cpefHel MOMEeKySPHON MacCcoi, YacTUUYHO ankanouibl, asyne-
HOreHbl, MPOCTble W CNOXHble achupbl. Cpean pacTBOPSAEMbIX BXUAKOM
anokcuge yrnepoja BelLecTB B 3aMeTHbIX KO/iM4ecTBax NPUCYTCTBYIOT
XUpOpacTBOPUMbIE BUTAMUHbI U NPOBUTAMUHBI, Takue Kak KapoTUHOMW-
Obl, TOKO(heponbl, CTEPUHBLI, HE3AMEHUMbIE XUPHbIE KUC/OTbl, HEKOTO-
pble rTopMOHasibHble BellecTBa, rpynmnbl coefuHeHUl ¢ 6akTepuunagHoi
nnn 6aKkTepnocTaTuyecko akTUBHOCTbIO, eCTeCTBEHHble uTonuuabl.
CTOUT OTMETUTb M COPaCTBOPUMOCTb psja BelLecTB ¢ 3aMeTHON nonsp-
HOCTbI0O B pacTBOpax HenosiipHbIX KOMMOHEHTOB B XWAKOM AuOKcuae
yrnepoga. rocnefHee fiBNeHNE LUMPOKO UCNONb3YETCH B 9KCTPAKLUOH-
Holi TexHonorumn (KacbsHoB, KBaceHkoB, 1998) [15-20].

B npurpaHuyHoin o6n1acTn BOKPYr KPUTUYECKOW TOYKM pe3ko najaeT
pacTBopslLlas cnocobHOCTbL Anokcuaa yrnepoga. 34ecb, 04€BUAHO,
AelicTByeT ycnoBue, Korga B nepexoiHbli MOMEHT CBOMCTBA XUAKOCTH
yXXe ucyepnanu cebs, a cxaTblii ras eule He obpen cBolicTB pabouero
areHTa B NoJsiHOl Mepe.

[na akcTpakumm pacTutenbHOro cbipbs CO2uncnonbL3yeTcs B creny-
IoWmnx coctosHmax [9,10]:

* XNOKOM OOKPUTMYECKOM Npun t<t , P<Pup;

* KpuTHMyeckom t=t , P=P ;

* XNOKOM CBEPXKPUTUYECKOM t<tkp, P>Pxp;

* ra3006pa3HOM CBEPXKPUTUYECKOM t>th, P>PKp.

BeliecTBOM B CBEPXKPUTUYECKOM COCTOSAHUW Ha3blBalOT Bele-
CTBO MpuW TemnepaTtype ¥ AaBfE€HUWN Bbllle KPUTUYECKON Touku (onpe-
AeneHHON TemnepaTypoit Te M AaBneHvem Pkp, Npy KOTOPbIX ucyesaet
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pasnuuue mexay XMAKOCTbI U ra3oM). B KpUTu4eckoi ToUuke NAOTHOCTb
XUAKOCTU M €€ HacbILWEeHHOro napa CTaHOBATCH paBHbl, a NOBEPXHOCT-
HOe HaTshKeHue XWAKOCTU najaeT A0 HyNns, NOTOMYy mMcyesaeT rpaHuua
pasgena das xugkocTb-nap [21].

HecMoTps Ha TO, YTO BHeLIHe BeLlecTBO HanoMUHaeT XWUAKOCTb,
B MPUMEHEHUN K HEMY celldac UCMOMb3yeTcsa cneuuanbHblil TEPMUH -
cBepxKpuTuyeckuin dnwoung - supercritical fluid (ot aHrnuiickoro cno-
Ba fluid, To ecTb «CNOCOGHbLIV Teub»). B cOBpeMeHHOW nutepatype npu-
HATO cOKpalleHHoe 0603HayYeHne cBepxKkpuTudeckux pnongos - CK.
B cBEpPXKPUTMYECKOM COCTOSSHUM CMOCO6HbLI HaxoAuTbcs 60NblIOe KO-
NINYecTBO BellecTB, hakTUYeCku nepexon B CBEPXKPUTUYECKOE COCTOSA-
HVe orpaHuMyeH TemnepaTypoil pasnoxeHus BewecTsa [21-27].

TakuMm 06pa3oM CBEPXKPUTUYECKOEe COCTOSHME BelecTBa - 3TO CO-
CTOSIHME MNpu TemnepaType U AaB/eHUN Bbille KPUTUYECKNX

(T>Tkp, P>PK)), B 3aMKHYTOM 06beme mMeHble kputunyeckoro (Vi9.

CBoiicTBa BellecTBa B CBEPXKPUTUUYECKOM COCTOSSHUU MPOMEXYTOU-
Hble MeXAy ero ceolicTBaMu B ra3oBoil U xuakoi dase. Tak, CKP obna-
[aeT BbICOKOW N/IOTHOCTbIO, GMM3KON K XUAKOCTU, U HU3KOW BA3KOCTbIO
Kak rasbl. Tak, NJIOTHOCTb CBEPXKPUTMYECKOro oatonga HesHauuTesibHO
OT/InYaeTCs OT MNIOTHOCTM XUAKOCTU, T.e. hntong obnagaeT 3HaUUTE Nb-
HOli €MKOCTbIO, BA3KOCTb 6/1M3Ka K BA3KOCTM rasa, KoaduumneHT aud-
dy3nmm nmeeT NPOMeXyToUYHOe 3HayeHue, YTO CyLLeCTBEHHO ycKopsieT
npoueccbl macconepeHoca. Takoe coyeTaHue CBOICTB AenaeTt Ypes3Bbl-
YahHo 3hPEKTUBHLIM UCMNONb30BaHMNE CBEPX KPUTMUYECKUX (hIOMa0B B
KauecTBe 3amMeHuUTesfieil opraHuyeckux pacTsopuTeneli B nabopaTop-
HbIX M MPOMBbILLINIEHHbIX nNpoueccax [27].

OfHO 13 Hambonee BaxXHbIX CBONCTB CBEPXKPUTUYECKOTO COCTOSA-
HMA - 3TO CNOCOGHOCTb K pacTBOpeHUto Bel,ecTB. OCHOBHbIMU MNpeu-
MyLLecTBaMU CBEPXKPUTUYECKUX PIIONA0B Kak pacTBoputeneli aBns-
totca [3,4,9]:

- coyeTaHue CBOWCTB rasoB Mpu BbICOKMX AaBfeHusax (Hu3kas BA3-
KOCTb, BbICOKMIA KOadhpuumneHT anddys3nmn) nxuakoctel (Bbicokas pac-
TBOpSAtoLLasa CNOCO6HOCTD);

- ObICTPbIA MaccONepeHoC, OCYLLeCTBASAEMbli 6rnarogaps HU3KOWM
BA3KOCTW N BbICOKOMY KO3(hhuumeHTy anddysunu;

- coyeTaHue npeHebpexMMo Masnoro MexdqasHoro HaTsXKeHUs C HU3-
KOl BA3KOCTbIO M BbICOKMUM KOo3hduumeHTom andpdysnn, nossonstuiee
CBEpPXKpUTUYECKMM (paomaam npoHukaTb B nopuctele cpeabl 6onee
N1erko no CpaBHEHUIO C XUAKOCTAMMU;
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- BblCOKasi 4yBCTBUTE/IbHOCTb pacTBopstoweli cnocobHocTn CKP K
N3MEHEHWI0 AaBNeHUs uam Temnepartypsl;

- NpocToTa pasfeneHns cBepxXKputmyeckux ainaoB 1 pacTBOPEH-
HbIX B HUX BeLLECTB Npu cbpoce AaBfeHus.

V3meHsAs TemnepaTtypy win gasneHve donga MOXHO MEHATb ero
CBOWCTBa B LUMPOKOM AuanasoHe. Tak, MOXHO nonayuutb dawoug, no
cBolicTBaM 61M3KMIA NGO K xmakocTn, nmbo K rasy. PacteBopsiowas
CNocob6HOCTb hounaa ysesmumBaeTcs € yBenimyeHMeM njaoTHOCTU (npu
NOCTOSIHHOM TeMnepaType). NoCcKoNbKY NI0OTHOCTbL BO3pacTaeT npu yee-
NIMYeHUN faBneHus, T0 MeHss AaBfieHMe MOXHO BAUATb Ha pacTBops-
IOy cnocobHocTb dhritonga (Npu NOCTOSIHHONM Temnepartype). B cny-
Yyae c TemMnepartypoi 3aBUCUMOCTb CBOMCTB (haomaa Heckosbko 6onee
CNOXHass — npy NOCTOSIHHON MNOTHOCTU pacTBopstowas cnocobHOCTb
dhnonga Takke Bo3pacTaeT, 0AHAKO BOHAN3N KPUTUYECKOW TOUKM He3Ha-
YnTesibHOe yBenuuyeHne TemnepaTypbl MOXET MPUBECTN K pe3koMy na-
OEHUI0 NMA0THOCTU, W, COOTBETCTBEHHO, pPacTBOPSOLEN CNOCOOHOCTU.
CBepxkputnyeckne nwounabl HeorpaHMYeHHO CMeLlnBalTCa ApYyr C
ApYyrom, noaToMy npuv AOCTVXKEHUW KPUTUYECKON TOUKM CMecu cuctema
Bcerga 6yget ogHogasHoli.

B cBEpPXKPUTUYECKOM COCTOSIHUM, KaK yKa3aHo Bbllle, BelLecTBO pac-
lmMpseTcs, 3aHMMas BeCb NpefoCTaB/ieHHbI 06beM Nog06HO rasy, HO
MMeeT BbICOKY MSIOTHOCTb, KakKy XWUAKOCTU.

VIMeHHO yHuKanbHble cBolicTBa CO2 B CBEPXKPUTUYECKOM COCTOS-
HWM fenakT BO3MOXHbIMU €70 MPUMEHEHUS B Pas/INYHbIX NHAYCTPUSIX:
HedhTeXMMNYeCcKol, nNuLeBoi, napdroMepHOi, hapmaLeBTUYECKONn U
ApYrux oTpacnsx NpoMbIWIeHHOCTU. Tak, cBepxkputuyecknini CO2(CK
CO2 obnagaeT xapakTepucTuKkoin 6onee 6bICTPOro MaccoBOro nepe-
OBWXEHUA MO CPAaBHEHUIO C TPAAULMOHHBIMU XUAKUMU OpraHuyecKnumm
pacTBopuTensamu, 6narogaps HU3KOM BS3KOCTU U BbICOKOMY KO3agohm-
umeHTy anddysum (8 10 pas Bbille, YEM Y XMUAKOCTU) MPU MNAOTHOCTH,
He3HaunTeNbHO OT/IMYAIOLWENCSA OT XUAKOCTU. TakuMm 06pas3om, cBepx-
KpuTunyecknin CO2MOXeT NpUHUUNUANBHO Nyylle, 4eM Kriaccuye-
CKUil pacTBOPUTE/Ib NPOHNKATb B 3KCT parupyemsiii maTepuan, no-
rnowaTb W TpaHCNoOpTUpPOBaThb pacTBOpsAeMble COCTaBAAKLLIME.
OTO CBOWCTBO CBEPXKPUTUYECKUX Fa30B LWINPOKO MpUMeHseTcs npu
3KCTPaKLMN pa3nyHbIX OpraHMyeckmx coeguHeHuii. Kpome Toro, pac-
TBOpSAOLWAasa cCnoco6HOCTb haounaa B 61M3KpUTMUHECKOW obnacTu npe-
TepneBaeT 3HAYUTE/IbHbIE U3MEHEHUA MNpU MasbiX U3MEHEHUAX TeM-
nepaTtypbl 1 AaBfeHus. 9T0, B CBOK ovepelb, NO3BONAET NPOBOAUTL
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hpakyMoHUpoBaHMe UCXOLHOMO Chipbs U pereHepauuio pacTsopuTens
6e3 [ONONHUTENbHbLIX 3HepreTudyecknx 3atpart. [pocToe M3MeHeHue
napaMeTpoB [faBfieHUsa U TemnepaTtypbl MO3BOMIAET peryaumposaTtb
KOHLEeHTpaLuio BelecTB B aKCTpakTe. Bce aTo ob6ecneynBaeT Hanbo-
Nee MOJIHYI0 3KCTPakuMio BeLLecTB, NMpu 3TOM MPUMEHEHME YI/IeKUCo-
ro rasa no3BOJIAET MOJIHOCTbIO M B WAAAWEM pexumMe oTAeNATb ero
OT 3KCTpaKTa U mMartepuana - HOCUTEsIA B MPOTUBOBEC K/1ACCUYECKUM
pactBoputenam [15-21]. MNpumeHeHWe Yrnekucnoro rasa nossonseTr
MOJIHOCTbLIO U B WAJALEM pexnme OTAeNATb ero OT 3KCTpakTa u mare-
puana - HocuTena B NPOTMBOBEC KaCcCUYECKUM pPacTBOPUTENAM, Bbl-
Be[eHNe KOTOPbIX He Bcerga okasblBaeTCcs NOJHbIM. VHbIMK crioBamu,
9KCTPaKTbl, MOMYYEHHble NPY MNOMOLLM AAHHOW MeToAMKM, abCOMTHO
CBOOOAHLI OT pacTBopuTens. MNoTpebneHne aHeprum AN pereHepa-
UM pacTBOPUTENA BO MHOMMX CNyyasX MeHblue, YeM Npu TpaguLnoH-
HOW akcTpakunun. A n3bbITO4YHOE AaBneHne B cucteMe npegoTepallaer
NMPOHUKHOBEHWE KMCMOPOAAa BO BPeMs 3KCTPakuuu, 4To NPpUBOAUT K UC-
K/IOUYEHUI0 NMPOLLECCOB OKUC/EHUSA.

BbiBog. lpumeHeHWe yrinekncsioro rasa no3sosisieT NoSIHOCTbIO U
B WajAweM pexume OoTAesNIATb ero OT 3KCTpakTa M Martepuana - Ho-
CUTeNns B NPOTUBOBEC K1laCCUYECKMM pacTBOpuUTESIAM, BbiBELEHNE KO-
TOPbIX He BCerga oka3sblBaeTCs MOJIHbIM. VHbIMW cnoBamMu, UHrpeau-
€HTbl, NOJIyYeHHble NpU NOMOLWM AaHHOW MeTOoAUKU, abCoMIOTHO CBO-
604HbI OT pacTBoputens. MoTpebneHue aHeprun NS pereHepauuu
pacTBOpuUTENIA BO MHOMMX CNyyasiX MeHblle, YemM Mpu TpaauLMOHHOM
aKcTpakumun. A un3bbITOYHOEe [JaBfieHWe B cCUcTeMe npepoTBpawaet
NMPOHMKHOBEHME KUC/IOpOAa BO BPEeMS 3KCTpakuuu, 4Yto NPUBOAUT K
NCK/TIDYEHUIO NPOLLeCcCoB OKuUcneHus. Mo pesynbrtatam MpoBefeHHbIX
paboT pa3paboTaHa W M3roToBsieHa nabopaTtopHas ycTaHOBKa Ans
nposefeHnsa uccnepoBaHuii npouecca CO2akcTpakuumn, paccymTaH-
Hble Ha MecCTHOe Cbipbé. JlabopaTopHas ycTaHOBKa Ans uccneposa-
HUS MONIYYEHUSA WHITPEAUEHTOB U3 PaCTUTENIbHOTO CbIPbA C NPUMEHe-
Huem CK-CO2cocTonT n3 EMKOCTU, TEN/IOOO6MEHHMKA, 3KCTpakTopa
BbICOKOrO [fgaB/ieHus, cenaparopa, Komnpeccopa, KOHAeHcartopa,
6annoHa c rasom CO2 1 3MeeBUKOBOro nojorpeBaTesid aKCTpakTa.
M3yyeHbl XMMUKO-(PU3NYECKME XapaKTepuCTUKM 06BbEKTOB Mccneno-
BaHWsA (MecTHOe macrocojepxalliee Cbipb&) U LeneBbiX NPOAYKTOB
(macen, nunuaHblx Komnaekcos). OnpeaeneHbl MeToAbl aHanusa Ka-
yecTBa noJsiyyaeMblx Macen.

(Cnucok NuTepaTypbl CMOTPETb Ha CTp. 143)
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