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ARTICLES

ANTHROPOGENIC SOIL POLLUTION WITH LEAD

Zenkina V.G., 'Solodkova O.A., 'Agibalova A.A., *Zenkin 1.S.
'Pacific State Medical University, Viadivostok, e-mail: zena-74@mail.ru;

’Far Eastern Federal University, Vladivostok

The intensity and scale of anthropogenic and geochemical pollution of nature is constantly growing. Heavy metals
occupy a special place among pollutants, as they actively participate in biological processes, being part of many en-
zymes and proteins. Soils are not the final stage of the influx of heavy metals, but the link in the chain of their migration,
where they can stay for a long time, interacting with its components and leaving the consequences of this interaction,
which often lead to a decrease in the productivity of terrestrial ecosystems and pose a real danger to humans. Deter-
mined the content of lead cations in soil samples on the territory of the Medical University of Vladivostok and the pos-
sibility of recovery. To determine the content of lead ions in the samples, the method of thin layer chromatography and
flame atomic absorption analysis was used. The analysis of the quantitative determination of lead showed a significant
excess of the norms by 6-60 times in soil samples taken at different parts of the university buildings, near and far from
transport routes. The optimal and affordable method of soil recovery from lead contamination is the phytoremediation
method, planting a dense “green curtain” near the roadway. Due to the discovery of plants that hyperaccumulate heavy
metals, phytoremediation is an effective and cost-effective method of cleaning the environment.

Keywords: soil pollution, heavy metals, lead dust, environmental monitoring, phytoremediation

The intensity and scale of anthropogenic
and geochemical pollution of nature is con-
stantly growing. Heavy metals (HM) occupy a
special place among pollutants, as they actively
participate in biological processes, being a part
of many enzymes and proteins. Most of them
are necessary for living organisms, however,
as a result of intense atmospheric dispersion in
the biosphere and significant concentration in
the soil, many of the metals become toxic to
biological objects [1, 2].

Soil is a non-renewable resource, i.e. in
case of loss or degradation, it cannot be re-
stored in a period comparable to the duration
of a human life. Soil conditions affect the food
we eat, the water we drink, the air we breathe,
our health and the health of all life on Earth.
Without healthy soils, we cannot grow food.
Indeed, it is estimated that 95% of what we
eat is directly or indirectly produced on the
soil. Healthy soils are key to food security
and our sustainable future. They help sustain
food production, contribute to climate change
mitigation and adaptation, they help filter wa-
ter, increase resilience to floods and droughts,
and much, much more. But there is an invisible
threat that jeopardizes the soil and everything
that they can give [2].

The use of hydrocarbon products as fuel for
power plants, transport, heating enterprises and
residential buildings has led to chemical con-
tamination of the biosphere, such substances as:
carbon monoxide, hydrocarbon products, lead
compounds, asbestos dust, mercury, cobalt, cad-
mium and other metals [3, 4]. Soils are, if not
the final stage in the influx of HM, then, in any
case, the link in the chain of their migration,
where they can be for a long time. So, the half-
time from the initial concentration is: for zinc —

70-510 years, for cadmium — 13-110 years, for
copper — 310-1500 years and for lead — 740-
5900 years! In the soil, HM interact with its
components and leave the consequences of this
interaction, which often lead to a decrease in the
productivity of terrestrial ecosystems and pose a
real danger to humans [2, 5, 6].

Heavy metals are highly capable of vari-
ous chemical, physicochemical and biological
reactions, are able to accumulate in plants, and
enter the body of animals and humans with
food [7, 8]. At present, HM pollution is becom-
ing a serious problem all over the world, toxic
metals enter the environment both as a result
of natural phenomena and as a result of large-
scale industrialization. Discharged wastewater
containing toxic HM mixes with soil or water
and changes its natural composition. These
HM have an adverse effect on living things and
cause damage to the vital organs of animals
and humans, leading to serious diseases: as-
thenic syndrome, encephalopathy, movement
disorders, polyneuritis, damage to analyzers,
changes in the blood system, metabolic and en-
docrine disorders, damage to the gastrointesti-
nal tract, of cardio-vascular system. Moreover,
HM pollution prevents the biodegradation of
chlorine-organic compounds (another type of
environmental pollution), interacting with me-
tabolizing enzymes and suppressing their ac-
tion. Some studies have shown that HM cannot
be completely removed from the environment,
but they can be effectively reduced or convert-
ed to a less toxic form to reduce their harm-
ful effects on the environment. In recent years,
more and more works have been devoted to the
transformation of heavy metals through the use
of the bioremediation potential of genetically
modified microorganisms. In addition, the use
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of plants for bioremediation of HM from the
environment is also discussed along with their
detailed mechanism [9].

Pacific State Medical University (TSMU)
in Vladivostok is located near the carriage-
way, above and below the road level. Thus,
the exhaust gases with HM are deposited in
the lower relief part of the soil. There are no
industrial enterprises or agricultural land near
the educational institution. Consequently, the
main source of HM and, in particular, lead,
entering the soil is motor vehicles. Some
gasoline companies add tetraethyl lead, an
antiknock agent, to it, which increases its
antiknock properties. When such fuels are
burned, lead added to gasoline is released
into the atmosphere along with carbon diox-
ide. Gases formed on the territory of the city
spread from it in all directions. Vladivostok
is located on the shores of Japan Sea with its
numerous picturesque bays and bays, unique
flora and fauna. Consequently, such an ar-
rangement leads to direct pollution not only
of the soil, but also of the water, since gases
full of various metals settle on the ground and
on the water surface of the sea [9, 10]. Peo-
ple, realizing the seriousness of the problem,
are already beginning to think about replacing
fossil fuels with natural ones.

Purpose of the study

Determine the content of lead cations Pb*
in soil samples on the territory of TSMU and
the possibility of phytoremediation.

Materials and research methods

Sampling was carried out using an alu-
minum cylinder, which was immersed in the
soil of this image by 10 cm. The study of land
samples was carried out from different parts of
the territory of TSMU in order to identify lead
cations in soil samples: Ne 1 — near the main
building, Ne 2 — near buildings 3, Ne 3 — be-
tween buildings 5 and 6, Ne 4 — near building 2.

The soil, which was in the cylinder,
was carefully removed and examined with-
out disturbing the location of the soil layers.
Then each sample was treated with hot water
(t=90-100°C) and infused for 10 minutes.
The resulting solutions were filtered first from
mechanical impurities using calico, and then
from the smallest particles using filter paper
(blue ribbon) until the complete disappearance
of turbidity in the solution. After filtration, the
solutions were evaporated in a porcelain dish
to a volume of 1 ml. The one stripped off solu-
tions were poured into test tubes and marked
with numbers.

To determine the content of lead ions in
the samples, we used the method of thin layer
chromatography. In this method, the chroma-
tography of substances occurs in a thin layer
of sorbent deposited on a solid flat substrate.
The separation mainly takes place on the basis
of sorption-desorption. In this case, the plate
had an aluminum substrate. First, a “start line”
is marked on the plate, which is 7 mm from
the edge of the plate. Then points are marked
on the line where the obtained one stripped off
solutions are applied. We got 5 points: at points
No 1-4 we applied solutions obtained from
samples 1-4, respectively, at point Ne 5 we ap-
plied the “witness” Pb(NO,),. Then a system
of solvents was prepared: n-butanol, distilled
water with the addition of CH,COOH until
pH =3 (C-1). After applying the sample solu-
tions, the plate was placed in a beaker with a
system (C-1) for 30 minutes. Then the plate
was removed and dried for 10 minutes. Then
the plate was treated with a K, CrO, solution.

For the quantitative determination of lead
in the samples, flame atomic absorption anal-
ysis was used. Soil samples dried in a drying
oven (t = 105°C for 1.5 hours) were placed in a
glass and decomposed in aqua regia [(3V HCI:
1V HNO,), 40 ml per sample], until the for-
mation of wet salts. Then the contents of the
beakers were transferred quantitatively into
volumetric flasks with a capacity of 50 ml and
made up to the mark with distilled water. The
prepared samples were installed in a Shimad-
zu AA 6601F atomic absorption flame emis-
sion spectrophotometer.

Research results and discussion

As a result of the study, it was found that
the content of lead in sample Ne 1 and Ne 4 is
higher than in samples Ne 2 and Ne 3, as evi-
denced by the size of the spot on the plate,
with the largest spot in the sample Ne 4.
Therefore, it can be assumed that exhaust gas-
es (one of the main sources of lead), after be-
ing thrown by machines into the soil, are not
immediately absorbed, but gradually descend
(there is a small slope near the university) and
then settle to the ground. Since the “sample
point” is located at the bottom, there is no
“washout” of the contamination. And we are
seeing the accumulation of lead cations. This
is also evidenced by signs of plant poisoning,
such as yellowing of leaves, their rapid death,
various mutations. Probably, such an ecologi-
cal picture unfavorably develops not only on
the territory of the university, but also for
the city, taking into account its landscape. It
is necessary to take measures to eliminate or
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reduce the penetration of gases into the terri-
tory of the TSMU. The most widely used soil
clean-up and remediation method is the exca-
vation and removal of the contaminated layer,
which is then processed or removed for stor-
age elsewhere. As a rule, these are expensive
methods, accompanied by strong pressure on
the environment. Moreover, in many cases,
extraction is difficult for financial or techni-
cal reasons. Therefore, the priority task is to
develop new technologies for removing pol-
lutants from soils.

The analysis of the quantitative determi-
nation of lead was carried out in the mode of
flame atomic absorption analysis, which re-
sulted in the following data: all soil samples
exceed the maximum permissible concentra-
tion for lead concentration; in sample Ne 4 —
60 times, in sample Ne 3 — 20 times, in sample
Neo 2 — 6 times, in sample Ne 1 — 25 times. The
results of the content of lead in the soil are not
very encouraging, therefore, the priority task
is to develop new technologies for removing
pollutants from soils. Various microorganisms
have been used quite successfully for a long
time to neutralize toxic organic substances
that enter the environment with wastes from
chemical enterprises. However, they are not
able to remove heavy metals harmful to health
from soil and water — for example, cadmium,
copper, mercury, selenium, lead, as well as ra-
dioactive isotopes of strontium, cesium, ura-
nium and other radionuclides. Another thing
is green plants, which extract from the envi-
ronment and concentrate various elements in
their tissues [3, 8, 11]. The plant mass is not
difficult to collect and burn, and the resulting
ash is either buried or used as a secondary raw
material. This method of cleaning the envi-
ronment was called phytoremediation — from
the Greek “fiton” (plant) and the Latin “re-
medium” (to restore). Phytoremediation be-
came an effective and cost-effective method
of cleaning up the environment only after the
discovery of heavy metal hyperaccumulator
plants capable of accumulating in their leaves
up to 5% nickel, zinc or copper in terms of
dry weight — that is, dozens of times more
than ordinary ones [10, 11, 12]. The biologi-
cal significance of this phenomenon has not
yet been fully disclosed: it can, for example,
be assumed that a high content of toxic ele-
ments protects plants from pests and makes
them more resistant to diseases. Based on this
property, you can clean the soil from HM.
Birch, manchurian ash, western thuja, juniper,
Sakhalin buckwheat, corn, Indian mustard
will help cleanse the soil from lead.

With the development of science, people
have learned to influence the germination of
the crop, its growth, composition; learned to
isolate new species of plants and animals with
even higher productivity. But behind these
advantages are huge disadvantages, indicat-
ing the price of all these innovations. The
biological relationship between soil and man
is carried out by metabolism, since with the
harvest, man removes mineral and organic
substances from the soil. Thus, the soil pro-
vides food for many representatives of flora
and fauna. Consequently, the deterioration
of soil quality, its contamination with HM,
pesticides and other harmful substances can
lead to adverse consequences in the biologi-
cal system: new diseases can arise, existing
ones become complicated, various mutations
are possible. This is due to the fact that some
of the substances introduced into the soil are
washed out and enter underground waters,
lakes and rivers, from where they directly af-
fect animals, including humans, which nega-
tively affects his health.

To determine the nature of the effect of
Pb* on plants, we studied the growth and
development of cress seeds (Lepidium sati-
vum L.) sown in soil samples taken on the ter-
ritory of the educational institution [12, 13].
For the purity of the experiment, a purchase
of “clean” soil was made, the content of HM
in which corresponds to GOST, in which the
seeds were sown. All soil samples were placed
in plastic containers labeled with the corre-
sponding sample numbers. For sowing the soil,
125 large watercress seeds were selected and
sown, 25 seeds in each container. After plant-
ing all 125 seeds, the soil was watered with pu-
rified warm water.

The duration of the experiment was 10 days
with regular watering (after 2 days), measuring
the height of each stem and daily records of
plant development (Fig. 1).

In the course of the experiment, the follow-
ing results were obtained: the plants of sam-
ples Ne 2 and Ne 3 turned out to be the closest
to the norm of their development. The highest
germination rate Ne 3, and the lowest — Ne 4.
At the initial stage of their development, some
Ne 4 and Ne 1 died or stopped in development
(Fig. 2). Based on the results obtained, it can
be assumed that Pb*" has a negative effect on
plants, reducing germination, slowing down
growth and inhibiting development. There-
fore, the optimal and affordable method of soil
recovery from lead contamination is the phy-
toremediation method, planting a dense “green
curtain” near the roadway.
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Fig. 1. Germination of watercress seeds in different soil samples

Growth of Lepidium sativum L.
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Fig. 2. Growth dynamics of watercress in different soil samples

Conclusion

In the 21st century, world civilization has
entered a stage in its development when the
problems of survival and preservation of the
natural environment, rational use of natural
resources have come to the fore. The modern
stage of human development has exposed the
problems caused by the growth of the Earth’s
population, the contradictions between the tra-
ditional economy and the growing rate of use
of natural resources, pollution of the biosphere
with industrial waste and the limited capac-
ity of the biosphere to neutralize them. These
contradictions hinder the further scientific and
technological progress of mankind, become a
threat to its existence.

The main problem of a modern city is
transport. During the operation of internal

combustion engines, nitrogen oxides, lead,
hydrocarbons and other substances are inten-
sively released, which settle on the soil surface
or are absorbed by plants. Lead is deposited
on plants, penetrates into the soil, where it re-
mains for a long time, since it dissolves slight-
ly. People living in cities near highways with
heavy traffic run the risk of accumulating toxic
substances in their bodies, which leads to a de-
terioration in their health.

Self-cleaning of soils is usually a slow
process. Toxic substances accumulate, which
contributes to a gradual change in the chemi-
cal composition of soils, disruption of the unity
of the geochemical environment and living or-
ganisms. Toxic substances from the soil can get
into the organisms of animals and people and
cause serious illnesses and deaths.
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In our studies, it was possible to identify
foci of lead dust pollution and it turned out that
the exhaust gases settle at the lowest point near
the surface of the earth and “spread” over it.
Based on the results of quantitative analysis,
we can talk about total soil contamination with
lead and other metals. In this regard, it is nec-
essary to reduce as much as possible the level
of input of heavy metals into the soil ecosys-
tem and the human body, since this causes not
only external changes, but also internal ones.
To achieve this goal, we believe that the sim-
plest and most inexpensive method of cleaning
soil from HM is the phytoremediation method,
which will allow cleaning not only the soil,
but also the air, thereby contributing to the
improvement of the ecological situation. The
implementation of constant monitoring of the
territory, the use of modern cleaning technolo-
gies, landscaping along transport routes, of
course, will help mitigate the negative impact
of harmful factors, including heavy metals, on
the human body.
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ACCESSMENT OF DROUGHT AND SALINITY STRESSES ONCONCENTRATION
OFPHOTOSYNTHETIC PIGMENTS AND NON-ENZYMIC ANTIOXIDANTS
OF BARLEY (HORDEUM L.) GENOTYPES

'"Majidova G.S., 'Garaybayova N.A., 'Shafizadeh S.I., 'Abdullayeva L.S.,
'"Rahimova O.H., 'Abisheva Kh.Sh., Hasanova S.G.
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2Sumgait State University, Sumgait

A number of physiological and biochemical processes occur during the effects of stress factors on the plant
organism. It is possible to study these processes with different diagnostic methods, to give basic information about
the resistance of plants to salinity and drought. Using these methods in the study, salinity and drought resistance of
three barley genotypes Nutans- Karabakh 7 variety, Nutans (Georgia) x. Spontaneum F7 and Nutans (FAQ mater
varp. Spontaneum) were studied. Initially, the effect of salt and drought stress on plant height was studied in com-
parison with the height of plants under stress and the height of plants in the control variant. As a result of the study,
growth retardation of stressed plants was observed in comparison with the control variant, and the growth retardation
increased with increasing stress intensity. One of the methods for assessing plant stress resistance is the study of
changes in the absorbance of chlorophyll. Under the influence of stress factors, destruction of chloroplasts leads to
a decrease of chlorophyll content. Resistance of samples depends on the degree of pigments exposed to change by
stress effect. According to this indicator, only one of the 3 genotypes of barley is Nutans (Georgia) x. Spontaneum F7
is considered as the most resistant to both salt and drought stresses. Studies of the proline, a biochemical marker of
resistance, also show that changes in the amount of this acid in the plant organism occur as a result of stress factors.
Thus, the amount of accumulated amino acids increases, as the increase of concentration of stress factors occurs. Our
studies have shown that with an increase in the concentration of stress factors, the effect of stress also increases and
significantly manifested in the morphological, physiological and biochemical parameters of the plant.

Keywords: barley, salt tolerance, growth retardation, chlorophill(a+b), proline

Recent climate change has aggravated the
environmental situationand led to the saliniza-
tion of arable land. Therefore, one of the ur-
gent problems of our time is the identification
of stress resistant, as well as economically im-
portant plant varieties and forms, and the pro-
vision of their cultivation on such lands. Under
the influence of stress factors (drought and sa-
linity) on the plant organism, first the organ-
ism tries to adapt, resisting the conditions [1].
At this time, in the plant organism a number
of physiological and biochemical processes
happens. Thus, the process of breaking down
starch into sugars, proteins into amino acids
leads to an increase in the amount of non-
protein nitrogen and, as a result, cell damage.
The activity of the enzyme ribonuclease also
increases and accelerates RNA decay and stops
DNA synthesis [2].

Stress factors (drought and salinity) also af-
fect plant growth. The accumulation of inhibi-
tors (abscisic acid and ethylene) occurs and the
number of stimulants, such as auxin and hib-
berlin, which stimulate growth, decreases. As a
result, the amount of growth-delaying hormones
exceeds the amount of growth-promoting hor-
mones, which slows down the plant’s growth.

Under the effect of stress factors (drought
and salinity), the amount of organic compounds
such as sorbitol, glycine concrete and especially
the amino acid proline increases several times.
Also, as a result of stress (drought and saliniza-
tion), plastids destruction occurs, which natu-

rally reduces the chlorophyll content. The de-
gree of changes in chlorophyll content impacts
the tolerance of plant, which makes it possible
to assess genotypes for resistance to stress.

If in such a situation the effects of stress
stops, physiological and biochemical processes
in the organism regenarate. If the plant is not
resistant, As the result of the impact of harmful
factors, the plant will weaken and even die.

Therefore, in recent years, various diag-
nostic methods have been used to determine
the resistance of plants to unfavorable environ-
mental factors, to study the physiological and
biochemical processes.

Materials and research methods

The study was conducted on 3 barley geno-
types. These are as follows:

1. Sowing number

2. Nutans-st Garabagh 7.

3. Nutans (Georgia) x var. Spontaneum F_.

4. Nutans (FAO mater. varp. Spontaneum).

The aim is to study the morphological,
physiological and biochemical changes caused
by stress factors in the above-mentioned barley
genotypes, and to provide diagnostic informa-
tion about the resistance of these genotypes in
relation to these changes.

During the study period, 100 seeds of each
of these barley genotypes were germinated
in Petri dishes at 210°C. 8-day-old seedlings
were subjected to drought stress with sucrose
solutionfor 10 hours at 10 and 20 atm and to
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saline stress NaCl solution at 7 and 14 atm. Ini-
tially, comparative phenological observations
were carried out on stressed plants of control
samples. Then the studies were continued us-
ing various diagnostic methods. Plant height
was measured with a ruler, chlorophyll density
was determined with a Spad 2 meter, and the
level of proline was determined by the Bates
method on a spectrophotometer (UV-3100PC)
at a wavelength of 520 nm. ...

Research results and discussion

Observations showed that studied due to
the large number of germinating seeds and
better plant development, Nutans (Georgia)
x Spontaneum F7 barley hybrid differed both
from the Standard Karabakh 7 and from other
barley genotypes.

After 24 hours of exposing of the studied
barley seedlings to stress factors, observations
showed that the effect of the sucrose solution
on the plants was more than the effect of salin-
ity. The 34 hours impact of salt did not cause
significant changes in plants. Afer these treat-
ments he salt tolerance of studied genotypes of
barley was observed.

As already mentioned, at the initial stage,
the effect of stress factors (drought and salin-
ity) on plant height was studied. It is known
that the process of accumulation of inhibitors
of growth retardation occurs under the influ-
ence of stressors, and growth retardation is
observed because their amount exceeds the

18
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Qarabag (Gurcustan) x mater. varp.
var. Spontaneum)
Spontaneum
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Fig. 1. Changes in plant height due to 24-hour
drought stress

amount of stimulating hormones. Therefore,
the height of stressed plants was studied in
comparison with the control. As a result of the
study, delays in the height of stressed plants
were observed (Fig. 1).

As can be seen from the figure, both during
a 24-hour drought and during salt stress, drought
stress (10 and 20 atm sucrose) had a greater ef-
fect on plant height than salt stress. Due to the
impact of 10 atm sucrose in the studied plants,
delays of 2-6 % in height were observed in com-
parison with the control plants. However, as the
concentration of the stress solution increased,
this indicator also increased to 20 atm. varies
within 4-7 % of the action of sucrose (Fig. 1).

As already mentioned, the studied samples
were more resistant to salt stress. Thus, NaCl at
7 and 14 atm caused a smaller change in plant
height compared to sucrose stress.

One of the methods for assessing plant
stress resistance is the study of changes in the
optical density of chlorophyll.

It is known that drought and salinity stress-
es change the optical density of chlorophyll,
disrupts its structure, and reduces its ability to
absorb light. Under strong stress, chlorophyll
pigments are destroyed. The degree of stress
depression was determined by comparing the
percentage change in pigments after exposure
to stress and the resistance of these samples to
stress factors. The samples with less the pig-
ments exposed to stress, are conidered as more
resistant the samples [3].
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Fig. 2. Changes in plant height due to 24-hour
salt stress
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Fig. 3. Changes in the optical density of chlorophyll under the influence of 24-hour droughtstress
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Fig. 4. Changes in the optical density of chlorophyll under the influence of 24-hour salt stress

By this method, we provided diagnostic
information on drought and salt tolerance of
3 barley genotypes. The results are shown in
Figures 3 and 4.

As can be seen from the figures, during
24 hours drought and salinity stress (10 atm.
And 20 atm. Sucrose) effect of drought on the
optical density of chlorophyll was more than
salt stress effect. 10 atm. Although the optical
density of chlorophyll in the leaves of barley
samples under the effect of sucrose varied
from 0 to 6 % compared to the control, this in-
dicator also increased with increase of stress
intensity (Fig. 3).

One of three barley genotypes studied for
chlorophyll optical density degradation, Nu-

tans (Georgia) x Spontaneum F7 was the most
tolerant to both salt and drought, Nutans-st
Karabakh 7 and Nutans (FAO mater. Varp.
Spontaneum) were more tolerant to salt toler-
ance yhan to drought (Fig. 4).

One of three barley genotypes studied for
chlorophyll optical density degradation, Nu-
tans (Georgia) x Spontaneum F7 was the most
tolerant to both salt and drought, Nutans-st
Karabakh 7 and Nutans (FAO mater. Varp.
Spontaneum) were more tolerant to salt toler-
ance than to drought (Fig. 4).

In general, the high tolerance of barley
samples to salt stress is explained by the fact
that the genes for salt resistance in this plant
are more active.
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Fig. 5. Changes in proline amino acid levels due to
24-hour drought stress

It is known that proline is one of the osmot-
ic protectors that helps to regulate the osmotic
potential in stressed plant cells. According to
some authors, there is a positive correlation
between plant resistance and proline levels.
Therefore, this indicator is used as a biochemi-
cal marker of resistance [4].

The study was carried out on leaves of bar-
ley genotypes exposed to stress solutions of var-
ious concentrations. Studies of the amino acid
proline have shown that the amount of this acid
in the body also changes as a result of stress [5].

This increase is 10 atm.varied from 1.0 to
1.1% of the effect of sucrose compared to con-
trol, 20 atm. under the influence of sucrose
ranged from 1.08% to 1.5% (Fig.5). 7 atm
compared to the control variant. The amount of
the amino acid proline in the variants of the ex-
periment under the action of the NaCl ranged
from 1.0% to 1.05 %, 14 atm, due to the action
of the NaCl salt, it varied between 1.1-1.6%
(Fig. 6). As the intensity of stress increased,
the amount of the amino acid proline also in-
creased. The increase in the amino acid proline
as a result of stress is the plant’s response to
these factors. In this case, the metabolism in
the organism temporarily stops, and the amino
acid proline accumulates without consumption
and protects the plant from stress [6].

According to this indicator, Nutans (Geor-
gia) x. Spontaneum F7 was rated as highly
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0,3 0,288
0,233 0,257 0,243 B Nazarat
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var. Spontaneum)
Spontaneum
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Fig. 6. Changes in the amount of the amino acid
proline due to 24 hours of salt stress

tolerant to both salt and drought compared to
other studied barley genotypes.

As a result of studies carried out using
various diagnostic methods, it was determined
that out of 3 genotypes of barley there are Nu-
tans (Georgia) x. Spontaneum hybrid is more
resistant to salt and drought than Standard
Karabakh 7 and Nutans genotype (FAO ma-
ter. Varp. Spontaneum). As the concentration
of stress factors increases, the effect of stress
increases and is significantly observed in the
morphological, physiological, and biochemical
characteristics of these plants.
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ECONOMETRIC FORECAST OF THE SHARE PRICE
ON THE EXAMPLE OF PJSC “OIL COMPANY “ROSNEFT”
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The company’s business planning is based on forecasting the development of its external and internal environ-
ment. The identification of objective patterns of development, expressed in the presence of relationships between
individual parties of the analyzed phenomena, reflected in the relevant indicators, is a necessary condition for mak-
ing the right management decisions, which confirms the relevance of this study. The basis of econometric research is
the construction of an econometric model, which is based on the assumption that there is a real relationship between
the characteristics. Due to the fact that there is currently a strong volatility in the oil market, the Public Joint Stock
Company “Rosneft Oil Company”, which is the leader of the Russian oil industry and the largest public oil and gas
corporation in the world, was chosen for this study. The purpose of the study is an econometric analysis of the fac-
tors that affect the share price of the Public Joint Stock Company “Rosneft Oil Company”, and the construction of a
model for its forecasting. Based on the results of the study as a whole and when checking the predictive properties
of the model on the control sample, it was determined that the model is working and adequate. However, it should
be assumed that there is a structural shift in 2020, which may give a false assessment of the adequacy of the model
under study.

Keywords: Econometric analysis, econometric forecast, econometric model, share price, EBITDA,
USD/RUB exchange rate, Urals, inflation

The company’s business planning is based
on forecasting the development of its external
and internal environment. The identification of
objective patterns of development, expressed
in the presence of relationships between in-
dividual parties of the analyzed phenomena,
reflected in the relevant indicators, is a neces-
sary condition for making the right manage-
ment decisions [1, p. 10], which confirms the
relevance of this study. The purpose of this
study is an econometric analysis of the factors
that affect the share price on the example of
the Public Joint Stock Company “Rosneft Oil
Company”, and the construction of a model for
its forecasting.

The basis of econometric research is the
construction of an econometric model, which
is based on the assumption that there is a real
relationship between the characteristics. An
econometric model is an equation or a system
of equations where the main quantitative rela-
tionships between the analyzed economic pro-
cesses and objects are described in mathemati-
cal form, and insignificant relationships are
ignored in the model [2]. In addition to study-
ing the real state of processes or objects, econo-
metric models can predict changes in their state
over time. The classification of econometric
models is as follows (Fig. 1).

The construction of an econometric model
begins with the specification, which consists
in determining the economic indicators (fea-
tures) that should be included in the model,
and the type of analytical relationship between
these features.

Due to the fact that there is currently a
strong volatility in the oil market, the Public

Joint Stock Company “Rosneft Oil Company”,
which is the leader of the Russian oil industry
and the largest public oil and gas corporation in
the world, was chosen for this study. The com-
pany is included in the list of strategic enter-
prises of Russia. Its main shareholder (40,4 %
of the shares) is ROSNEFTEGAZ JSC, 100 %
owned by the state, 19,75% of the shares be-
long to BP, 18,93% — to QH Oil Investments
LLC, one share belongs to the state represent-
ed by the Federal Agency for State Property
Management [3].

To perform the study, the shares of PJSC
“NK “Rosneft” were selected as an endog-
enous variable. One of the main factors influ-
encing the share price is EBITDA — the com-
pany’s profit before interest on loans, income
tax and depreciation. The share price is also
affected by the exchange rate of USD/RUB,
Urals and inflation.

EBITDA has the greatest impact on the
value of the company, so the share price can
directly depend on it.

Inflation in general has a contradictory ef-
fect on the stock market, however, the decline
in purchasing power is directly the result of ris-
ing prices, respectively, the inverse dependence
of the share price on inflation can be traced.

Due to the fact that oil prices are present-
ed in dollars, the weakening of the ruble will
have a positive impact on the ruble profit of
PJSC “NK “Rosneft”, and therefore on the
share price.

“Rosneft” is one of the main producers of
Urals oil, so it is correct to consider these indi-
cators among the factors influencing the com-
pany’s share price.
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Analytical models that study the
dependence of the values of
dependent variables on various
factors

— By content
Predictive models that allow you to
predict the change in the dependent]
variable over time
Paired (univariate) regression
models that use only one
independent variable
By the number of explanatory
™| variables
Multiple (multi-factor) regression
models using two or more
independent variables
Linear
Depending on the form of the
™ relationship between the variables
Non-linear

Spatial models built on the basis of
data related to the same time
period, but to different objects

models

=

According to the data used

Time models based on data for a
single object over different time
periods

Classification of econometric

Spatio-temporal

By the number of equations and the
number of variables explained

One-dimensional, describing the
behavior of a single dependent
variable

Multidimensional models that mode
the behavior of two or more
dependent variables

Causal models where the
independent variable plays the role
of cause and the dependent variable]
plays the role of effect

By the characteristics of the

relationship between the dependent]
and independent variables

Autoregressive models, where the
dependent variable is explained
through its same values in previous
time periods

Fig. 1. Classification of econometric models.
Source: Compiled by the author

Models of development trends in
which time acts as an independent
variable
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Table 1
Correlation matrix
Share Price | EBITDA, million URALS USD/RUB Inflation
(Close) rubles (Open) rate
Share Price (Close) 1
EBITDA, million rubles | 0,846811067 1
URALS -0,289057752 | -0,18995049 1
USD/RUB (Open) 0,793520906 | 0,718603868 |-0,674407691 1
Inflation rate -0,59474119 | -0,462877807 | 0,049506197 | -0,403065513 1

Source: Compiled by the author.

For the analysis, the quarterly price indi-
cators in rubles for shares for the period from
March 2007 to September 2020 were taken. In
order to collect a sufficient amount of analyzed
data and their comparability, it was decided to
consider quarterly values, since EBITDA is
published in the consolidated financial state-
ments provided once a quarter.

We will make a correlation matrix to show
the relationship between the selected exog-
enous variables and the endogenous variable
and the absence of multicollinearity between
the exogenous factors (Table 1).

From this table, it follows that EBITDA,
USD/RUB, and the share price have a very
strong direct relationship, and, as noted earlier,
inflation has a moderate inverse relationship.
A weak inverse relationship with the endog-
enous variable is demonstrated by Urals, but it
was decided to leave this factor in the model. It
should be noted that EBITDA and USD/RUB
strongly correlate with each other, but never-
theless, these are very important factors in the
model under study.

Based on the established economic rela-
tionships, the specification of the econometric
model can have the form [4]:

yt = aO T alxlt T a2x21 T a3x31 T a4x4t

where y — the value of the shares of PJSC “NK
“Rosneft”

a, — the risk-free rate of return, unrelated to the
studied parameters

x,,— EBITDA amount for the time period t
x,,— URALS for the time period t

x,,— USD/RUB for the time period t

x,,— USD/RUB for the time period t

u, — random residuals.

Thus, the first stage in the formation of the
econometric model, consisting in the construc-
tion of the specification, was completed.

The second stage is to collect statistics
on all the main variables. Since the reports in
all companies are published once a year (an-

+ u,

nual reports) and once a quarter (consolidated
reports), in order to collect enough data for
analysis, we will take quarterly values for the
comparability of all data.

Data on the share prices of “Rosneft”,
Urals, USD/RUB, and inflation were down-
loaded from the Thomson Reuters Eikon ter-
minal, and EBITDA data were calculated
manually from the consolidated financial state-
ments [3] using the formula:

EBITDA = Revenue from sales — Costs and
expenses + Depreciation and amortization.

Note that until 2011, the Company “Ros-
neft” reported US GAAP, where data are pre-
sented in million us dollars. The US, only
since 2012 has moved to IFRS where data
is presented in billions [3]. Therefore, for
comparability of indicators, it is necessary to
translate the data into billion rubles by con-
verting it to the exchange rate. Note that the
2012 financial statements also published data
for 2011 [3], which indicates that it is pos-
sible to reconcile the translated data at the
exchange rate and the data initially available
in rubles. Please note that the data do not con-
verge a little, as this is a error of their con-
version into another currency manually (so
not considered indirect factors that terminal,
Thomson Reuters Eikon, and the company
PJSC “NK “Rosneft”). This can later become
an artificially created structural shift, which
will need to be taken into account when
building the model.

Thus, the collected statistics are 55 values
for the period from March 31, 2007 to Septem-
ber 30, 2020.

For the best analysis of the specification,
it is necessary to check the data for outliers
and, if any, delete them. Let’s see clearly on
the graphs how many outliers are present in the
data. (fig. 2, 3).

This study presents only two graphs out of
five, as no outliers were found in the rest.
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Fig. 2. The presence of emissions in the share price of PJSC “NK “Rosneft”

Source: Compiled by the author
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Fig. 3. Presence of emissions in “Rosneft’s” EBITDA”

Source: Compiled by the author

As can be seen from the figures, the emis-
sions are present in the “Share Price” and
“EBITDA” factors, but it should be noted that
the emissions correspond to one point in time,
respectively, it is enough to remove the emis-
sions from only one factor.

For further research, you need to remove
the outliers. Outliers are elements of a varia-
tion series that do not belong to a segment.

— 1,5*IOR, x, ..+ 1,5*IOR].

Next, we calculate the boundaries of this
segment using such indicators as:

1) The first (Q, or x,,,) and third (Q, or
X,,5) quartiles

2) Interquartile range (IQR)

[x0,25 0,75

0,25

Item 1. The first and third quartiles (for the
share price) are calculated using the follow-
ing formulas:

0, = KBAPTWJIb. BKJI (B2: B56; 1)

0, = KBAPTWJIb. BKJI (B2: B56; 3)

Item 2. The interquartile range is found by
the following formula:

I QR = Q3 - Q1
After obtaining the values of the above in-
dicators, we determine the left end of the in-

terval (Q, — 1,5*IQR) and the right end of the
interval (Q, + 1,5*IOR).

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Economic sciences

Thus, after performing the necessary calcu-
lations, we will form a table with all the indica-
tors found (Table 2).

Table 2
Indicators for the removal of emissions

Using the obtained data, you need to re-
move outliers using the Filter tool. After that,
the graphs for the data under consideration will
look like this (Fig. 4, 5).

Thus, by removing outliers from the sam-
ple, we improved the quality of the specifica-
tion of the proposed model.

Share Price | EBITDA For further analysis of the specification,

213,835 | 136500 we will divide the sample into a training

320,975 307500 and a control sample, since all analysis will

be performed only on the training sample,

_ 107,14 | 171000 | and the control sample is necessary at the

last stage of building the model to check

[Q1-1,51QR;Q3+1,5IQR] its adequacy. _ ,

33125 120000 As arule, the control sample is taken in the

48f 685 564000 amount of 5-10% Qf ‘Fhe total sgmple. Based on

2 our volume of statistics, we will take a control

Source: Compiled by the author. sample of 4 values, namely (Table 3):
Share price
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Fig. 4. No emissions in the share price of PJSC “NK “Rosneft”

Source: Compiled by the author
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Fig. 5. No emissions in “Rosneft’s” EBITDA
Source: Compiled by the author

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Economic sciences

Table 3

Control sample

Date Share Price EBITDA, URALS, x2t USD/RUB Inflation rate, x4t
(Close), yt | million rubles, x1t (Open), x3t
30-Sep-2013 263,71 317000 107 32,8575 6,1
30-Jun-2016 330,00 320000 46,85 66,8057 7,5
30-Jun-2020 361,80 133000 44,16 78,2740 3,2
30-Sep-2020 383,00 304000 40,49 70,9500 3,7
Source: Compiled by the author.

To find the optimal estimates of the model
parameters, we will analyze the compiled spec-
ification according to the following points:

1. Check for possible errors, such as:

1) incorrect selection of the regression
function type;

2) inclusion of an insignificant explanatory
variable in the linear regression model;

3) omission of a significant explanatory
variable in the linear regression model;

4) the variability of the values of the pa-
rameters of the linear regression model in
the range of changes in the explanatory vari-
ables [5, p. 348].

2. Check the compliance with the condi-
tions of the Gauss-Markov theorem.

Let’s check the symptoms that indicate the
presence of an error in the model specification,
which consists in an incorrectly selected type
of regression function:

1. Mismatch of the scatter plot construct-
ed from the training sample to the graph of
the function;

2. Long-term constancy of the sign of ran-
dom residuals in the ordered data with increas-
ing values of the explanatory variable in the
observation equations;

3. A significant difference in the corre-
sponding estimates of the model coefficients
obtained from two identical parts of the obser-
vation equations with the most different values
of the explanatory variable.

Checking the graphical symptom is diffi-
cult, because in this work we consider a linear
model of multiple regression.

For the second symptom, it is necessary to
transform the sample by the sum of the mod-
ules of the explanatory variables in ascending
order, and also calculate the random residuals

(#5Uy,--51, ). To do this, we find the param-
eter estlmates for the “HI/IHEI/IH” function in

Excel and express u, from the specification
equation. After reviewing all the obtained ran-
dom residuals, we can conclude that the second
symptom of the type 1 error is absent, since the
long-term constancy of the signs of random re-

siduals in the equations of observations ordered
in ascending order of the explanatory variable
is not visible (with such a sample size).

When analyzing the third symptom, the
following parameter estimates were obtained
(Table 4).

Table 4
Estimates of the parameters of two samples
by the “JIMHEWH” function”

-1,61852 -1,37333 0,593161859 0,000237 183,7274
2,236047 2,866422 0,501876929 0,000285 105,2029
0,462596 2855337 #H/IT #H/I  #H/]
4303983 20 #H/I #H/  #H/
14036,07 16305,9 #H/JT #H/L  #H/]
-6,09939 3,584573 0,723365202 0,000247 30,57475
1,811427 1,553144 0,710000176 0,000115 107,3753
0,818927 34,32864 #H/I #H/0  #H/]
2261316 20 #H/IT #H/  #H/]
1065944 23569,11 #H/I #H/  #H/
Source: Compiled by the author.

It can be concluded that the third symptom
of the Ist type of error is absent, since it is pos-
sible to observe an insignificant difference in
the corresponding estimates of the coefficients
of the model.

It follows that the type of function in the
regression equation is chosen correctly.

Consider the second type of error. To check
the inclusion of an insignificant explanatory
variable in the model, we use the Student’s test
(t-test). Its algorithm is as follows:

1) find estimates of the parameters of the
compiled specification;

2) define ¢, for the model;

3) check the inequality

If this inequality is true, then the hypothe-
sis is accepted H : a,= 0 (where j=0,1,2,....k),
that is, the j-th variable is insignificant.
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For our model, the critical value of the t-
testisz, =2,014.

The values of the Student’s fractions for
each of the coefficients of the regression equa-
tion and the conclusions about the significance
of the corresponding variables are presented in
the table (7able 5).

Table 5§
Checking the second type of error

tKp 2,014103389

t0 | 2,364467 | significant n 50
tl |3,098228 | significant k+1 5
t2 | 1,094271 | insignificant n-(k+1) | 45
t3 |2,405578 | significant

t4 | -2,82773 | significant

Source: Compiled by the author.

Thus, it is revealed that the second ex-
planatory variable is insignificant, and by the
second variable we mean data on URALS, and
they need to be deleted. During the analysis of
the correlation matrix, which was carried out
earlier, it was pointed out that there is a weak
correlation between Urals and the share price.

After removing the variable x, from the
model and re-conducting the t-criterion for the
transformed model, we conclude that the error
of the second type is eliminated and all the re-
maining regressors are significant.

The third type of error in the model can be
determined using the Darbin-Watson test.

To check this error, you need to calculate
the estimates u,,u;, (u, —u, ;). Test statistics

t
are calculated using the formula:

(N
i, —1u,_
DW=2'2(t—ntl)=l,233.

1”’

By setting the boundaries of the critical
interval for the DW statistic, we find a posi-
tive autocorrelation between random residuals.
This may indicate a missing significant explan-
atory variable in the model (so, the presence of
a type 3 error).

Consider the Chow test to check the sta-
bility of the estimated model parameters. It is
based on the assumption that the random re-
mainder in the linear regression model is nor-
mally distributed, homoscedastic, and has no
autocorrelation [5, p. 355].

As mentioned, the model under study as-
sumes that there is an artificially created shift
due to the transfer of data to another cur-
rency. Therefore, divide the sample into two
parts — from 2007 to 2010 (inclusive) and from

2011 to 2020. We find two samples composed
of the values of the sum of squared residuals
ESS’ and ESS”, as well as the residual sum of
squares ESS for the whole sample.

We calculate the random variable of the
test statistics and its critical level according to
the Fisher distribution ' by formulas:

_ (ESS—(ESS’+ ESS”))/(k+1)
“T(ESS+ ESS”) /(' +n" —2(k+1))

F_=F.OBPIIX(a; (k+ 1);(n+n"—2(k+ 1))).

Ifz < F _, then the model parameters are in-
terpreted as the same for the two samples.

The calculated values of z=3,0893 and
F_ =2,594 indicate the presence of a structural
shift in the analyzed model.

To continue the analysis, we exclude the
data for 2007-2010 and re-run the Chow test
for a new sample. Between the last quarter of
2014 and the first quarter of 2015, there was
a fairly sharp jump in all the model variables,
so we will divide the sample again into two
parts: from 2011 to 2014 (inclusive) and from
2015 to 2020.

The testresultsatz=1,74u F_ = 2,74 sug-
gest that the parameters of the estimated model:

v, =148,68+0,0003x, +1,96x,, —6,05x,, +u, (1)
(23,07)(7,24E - 05)(0,53)(1,58) (32,91)

R>=0,84

are constant in the range of changes in the ex-
planatory variables over the entire sample size
n =34,

The optimality of the estimates of the pa-
rameters of the model (1) obtained by the least
squares method (LSM) can be ensured only if
the conditions of the Gauss-Markov theorem
are met in it, which are as follows:

1. The columns of the matrix of ob-
served values of the regressors X are linear-
ly independent.

2. E(u)=E(u,)=..=E(u,)=0.
3. Var(ul) = Var(uz) =..= Var(un): ..

4. Cov(u;u,)=0,ati#}.

The first condition for the model is met in
the course of an earlier analysis of the data for
the model.

The second condition can be checked
through the R-criterion and the F-test.

Let us introduce the hypothesis H, =a, =
=qg,=..=qa,=0.

The R-criterion implies finding the coeffi-
cient of determination, as well as the adjusted
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coefficient of determination, using the follow-
ing formulas:

no2
2 Z1ut
R?> =

2 r (y Ty )2
where y — the average value of the endoge-
nous variable

7 =1_ESS/(n—(k+1)) _
7SS /(n—1)
n—1
n—(k+1)

ESS

78S

=1-(1-R%)

According to the model under study
R*=0,835, a R*=0,819, which suggests a
very strong explanatory dependency, and the
specification is of good quality.

The F-test involves the analysis of a pre-
viously defined hypothesis. The following for-
mulas are used:

P R*/k ,
(1-R*)/(n—(k+1))

F_=F.OBPIIX(0; k; n— (k+ 1)).

If F<F,, the hypothesis H accepted,
and the specification is considered to be of
poor quality.

In our case, F=38,032, F =2922, so
F>F . Therefore, the hypothesis is rejected,
and the specification is recognized as high-
quality: the share price of 83,53 % is explained
by EBITDA, USD/RUB and inflation.

The second condition of the Gauss-Markov
theorem is also met.

The third condition of the Gauss-Markov
theorem is that the variances of the random re-
siduals are equal, and this means that the random
residuals are homoscedastic. We will check the
compliance with this condition using the Gold-
feld-Quandet test, which determines the validity
of the hypothesis H, =Var(u,)=Var(u,)=...
=Var(u,)=0.. To do this, the statistics
of the GQ test and its critical level for the
F-distribution are calculated using specially
prepared data. If GO<F _wu GQ'<F_, then
the hypothesis H, accepted. According to
the calculations, GQ=0,869, GQO'=1,15,
F = 3,438, therefore, the hypothesis H is ac-
cepted, which indicates the homoscedasticity
of random residuals.

The fourth condition of the Gauss-Markov
theorem indicates that the random residuals in
the model are uncorrelated. The analyzed hy-
pothesis — H: Cov (u; uj) =0,ati#].

The study of this condition by the Darbin-
Watson test does not allow the hypothesis H to
be either accepted or rejected. This is a con-
sequence of removing the structural shift, but
since earlier, using more statistics, a positive
autocorrelation between random residuals was
established for this model, which has certain
negative consequences for the LSM estimates
of the model parameters, then an adjustment of
the model is required. Let’s do this using the
Hildreth-Lou and Darbin algorithms. These al-
gorithms are quite similar in their goals-finding
the value of the autocorrelation coefficient that
minimizes the sum of the squares of the residu-
als of the transformed model, as well as obtain-
ing more accurate estimates of the parameters
to further verify the adequacy of the model.

If the model contains a relationship be-
tween adjacent levels of random residuals, its
specification takes the form:

yz = ao + alxlt + a2x2t + a3x3t + ut

ut = put—l +§t
E(u,)=0,

2

c

E(uf):cz = :

where £ — white noise (a stationary time series
with uncorrelated levels that have zero math-
ematical expectation and the same variance).

Consider the procedure for finding the
autocorrelation coefficient using the Hildreth-
Lou algorithm.

1. The regression function, which is
specified above, is written in a compact

form y,=a x +u, and the same equa-
tion is subtracted from it for the time vari-
able t-1, multiplied by the constant p, so
Py, =pd x,_, +pu,,. The final equation
looks like: y, —py, ,=a" (x, - pxt_1)+ g, .

2. An arbitrary value of p is set, with which
the estimates of the parameters of the equation
from point 1 are found.

3. Using the “Solution Search” tool, we op-
timize the resulting value of the sum of squares
€, as an objective function that tends to the
minimum when changing a cell with a constant

4. According to the new parameter es-
timates, random residuals of the trans-
formed model are found and checked
for autocorrelation.

According to the Hildreth-Lu algorithm,
the values of p = 0,31 were calculated for the
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sum of squares § ESS =26518,57. Checking
the model by the Darbin-Watson test allows us
to accept the H hypothesis.

According to the Darbin algorithm,
the minimum value of the sum of squares
ESS =24937,94 is achieved at p=0.218 and
the DW statistics confirm that the random re-
siduals are uncorrelated.

It is evident that the constant p is not the
same for the two algorithms, therefore, when
determining the optimal parameter estimates
to check the adequacy of the model must
use the algorithm by which the residual sum
of squares turned out the least in this case —
Durbin algorithm.

Thus, the estimated form of the model, tak-
ing into account the autocorrelation of random
residuals, is as follows:

¥, =131,815+0,0002x, +1,256x, —1,269x, +u,,
(8,67E —05) (1,347)(3,458) (32,36)  (2)
u,=0,218u,  +&,.

We will check the adequacy of the model
estimated by the parameters through interval
forecasting. To do this, we will see whether
the value of the endogenous variable from the
control sample is included in the confidence
interval or not (if it is, the model is considered
adequate). Let’s divide the verification stage
into several points:

1. Based on certain values of the regressors
from the control sample, we find the point pre-
dictive values of the endogenous variable.

2. We calculate the technical error of the

-1
forecast g, =%, (X X ) -X, and the standard
error of the forecast S, =c, *\/1+q .

3. Calculate the critical value
L= CTBbIOAEHT.OBPIIX(a; n — (k + 1)).

4. Find the confidence
Vo =Yoo= t.5-:¥ =¥, +tch;;]-

¥’

interval

The predicted confidence intervals con-
structed for model (2) for each share price
indicator from the control sample (7able 3) at
the significance level o = 0,05 are presented in
Table 6.

Let’s check whether the obtained interval
forecasts cover the actual value of y, from the
control sample:

— In September 2013, the share price was
263,71, and it belongs to the confidence inter-
val calculated above;

— In June 2013, the share price was 310,00,
and it belongs to the confidence interval calcu-
lated above;

— In June 2020, the share price was 361,80,
and it does not belong to the confidence inter-
val calculated above;

— In September 2020, the share price was
383,00, and it does not belong to the confi-
dence interval calculated above.

Table 6
Confidence intervals
| y- 168,9535
v+ 308,9438
5 y- 211,5723
v+ 3494153
3 y- 171,2433
v+ 342,6009
A y- 215,3058
v+ 358,3038

Source: Compiled by the author.

It can be seen that the model gave an un-
confirmed forecast when using data for 2020,
which can be explained by the factor of the
pandemic that was not taken into account in
the model, which caused serious deviations
in the price of the game from the average in-
dicators of previous periods. In the future, a
similar econometric analysis may show the
presence of a structural shift in 2020. In gen-
eral, the model is working and adequate with a
95 % probability.

Based on the conducted econometric anal-
ysis, a number of conclusions and generaliza-
tions can be made.

1. Consideration of the theoretical basis of
the study was a necessary tool for this analysis.

2. The specification of the linear multiplier
regression model was constructed and the most
significant factors were identified.

3. Numerical statistics on endogenous and
explanatory variables are collected, training
and control samples are defined for the analysis
of the constructed model,;

4. Various errors were eliminated from the
model, a shift was detected, and the model was
subsequently corrected. It is shown that the
proposed specification is of high quality. It is
established that the random residuals in the
model are homoscedastic and have a positive
autocorrelation. According to the Hildrett-Lu
algorithm, it was found that the autocorrela-
tion of the 1st order. Optimal estimates of the
model parameters are obtained using the Dar-
bin algorithm.
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5. Based on the results of the study as a
whole and when checking the predictive prop-
erties of the model on the control sample, it
was determined that the model is working and
adequate. However, it should be assumed that
there is a structural shift in 2020, which may
give a false assessment of the adequacy of the
model under study.
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STUDY OF THE INFLUENCE OF DIFFERENT FACTORS
ON TUMOR GROWTH ON A MODEL OF TRANSPLANTED
EHRLICH’S MAMMARY GLAND ADENOCARCINOMA

Savluchinskaya L.A., Ryzhova N.I., Deryagina V.P., Krivosheeva L.V., Khitrovo [.A.

N.N. Blokhin National Medical Research Centre of Oncology, Ministry of Health of Russia,
Moscow, e-mail: blood-research@yandex.ru

When conducting preclinical studies, it is necessary to use appropriate experimental models, which can further
increase the effectiveness of anticancer therapy. The review showed the relevance of using Ehrlich’s mammary gland
adenocarcinoma (EAC) model for this purpose, represented by two strains (subcutaneous and ascites). In this model, a
large number of substances have been successfully tested and their potential antitumor effect has been identified. The
use of EAC has been expanded to include the study of agents such as tumor necrosis factor, as well as nanoparticles as
targeted drugs. This model was used to study the unstructured protein apoptin of the chicken anemia virus (ApoA-1),
which is capable of causing the death of tumor cells. Molecular mechanisms of carcinogenic action, including expres-
sion, angiogenesis and apoptosis in tumors, were studied using the example of the investigated factors tested on the
EAC. The cell cycle and the role of macrophages in the tumor growth and inflammation have been investigated under
the influence of potential anticancer agents. The review provides examples of the use of the EAC model in testing natu-
ral drugs that help overcome the toxicity and drug resistance of chemotherapeutic agents. The successful use of EAC
has been shown in the study of various types of anticancer therapy (photodynamic, radiation, magnetic).

Keywords: Ehrlich’s mammary gland adenocarcinoma, tumor growth, chemical and physical factors

Over the past decade, thanks to the success
of fundamental and experimental sciences,
data have been obtained that concretize and
expand the understanding of oncopathogene-
sis. Advances in molecular biology have made
it possible to deepen the understanding of the
mechanisms of malignant transformation and
metastasis, to identify and study potential tar-
gets for the action of pathogenetic drugs [1].

At the same time, increasing the effective-
ness of chemotherapeutic treatment continues
to be an urgent task. The potential therapeutic
potential of a number of known pharmacologi-
cal agents and new chemical compounds for the
prevention and treatment of malignant tumors
remains unclear. Thus, there is a need to search
and use models that can most fully predict the
clinical response when testing compounds un-
der study. Such models should have the nec-
essary potential not only to confirm cytotoxic
activity, but also to obtain broader information
about the mechanisms of antitumor action (in-
cluding molecular ones), safety assessment,
dose level and regimen, as well as the effec-
tiveness of combinations of test compounds.

One of the approaches is the use of trans-
planted tumors as such models, which are still
actively used to identify antitumor compounds.
Information about the study of the interaction
of the model with the compounds tested on it
can contribute to obtaining new data not only
on the properties of the tested agents, but also
allows one to evaluate the biological charac-
teristics of the experimental models used. The
use of tumor strains transplanted into mice has
a number of advantages: they are highly re-
producible, can be stored for a long time, are
easily transplanted to animals, and at the same

time retain their initial histopathological char-
acteristics. Ehrlich’s mammary gland adeno-
carcinoma (EAC) is one such model.

According to the histological structure, it is
a spontaneous undifferentiated adenocarcino-
ma of the mammary gland of a mouse, usually
used as an experimental tumor by subcutane-
ous transplantation of tumor tissue into mice. It
lends itself well to transplantation, multiplies
rapidly, and is 100% malignant [2, 3]. The
model has proven itself well in the develop-
ment of antitumor agents, as well as for obtain-
ing the necessary information to understand the
mechanisms of the inhibitory effect on tumor
growth The use of this sensitive model made it
possible to test on it a large number of different
compounds with potential antitumor properties
in order to obtain new information on the pos-
sible mechanisms of their inhibitory action on
tumor growth. The results of studying the mo-
lecular mechanisms underlying the inhibitory
action of the compounds are analyzed, and a
search is made for possible therapeutic targets
that can be used in subsequent chemothera-
peutic treatment. The results of studies carried
out on the EAC model and summarized in this
review will allow a deeper assessment of the
prospects for its preclinical use. First of all,
due to the possibilities of studying antitumor
mechanisms, the action of which is carried out
by influencing the main processes of carcino-
genesis, suppressing cell proliferation, stimu-
lating apoptosis in transformed cells, as well as
by increasing antitumor immunity.

Chemical factors

Improving the effectiveness of chemo-
therapeutic treatment continues to be an urgent
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task of oncopharmacology. The use of molecu-
lar hybridization of anticancer compounds al-
lows the development of new drugs that can
demonstrate better affinity for tumor cells and
less severe side effects.

Acridine derivatives have attracted the at-
tention of researchers because they have antitu-
mor, antibacterial and antiviral properties. The
resulting hybrid thiophene-acridine compound
was tested in an EAC model and showed a
significant reduction in tumor volume and
cell viability. As a result, the compound was
characterized as possessing potential antitu-
mor properties, the cytotoxicity of which may
be associated with the action of nitric oxide
(NO) [4].

Another new compound, spiroacridine (at
doses of 12.5, 25 or 50 mg/kg given intrave-
nously), after seven days of treatment showed
inhibitory effects on EAC growth, cell cycle,
angiogenesis, and inflammation. The com-
pound actively reduced the total number of vi-
able cancer cells and the density of peritumoral
microvessels, and also caused an increase in
the G1 subpeak and the level of the Thl cy-
tokine profile. The antitumor effect of the drug
can be explained by the modulating effect of
the immune system on the Th1 cytokine profile
and a decrease in the process of angiogenesis
in the tumor [5].

The Ehrlich ascites carcinoma model has
been successfully used to study the antitu-
mor activity of a new analog of amsacrine —
N' - (2-chloro-6-methoxyacridin-9-yl) -2-cya-
no-3- (4-dimethylaminophenyl) acryloidrazide
(ACS-AZ10). It should be noted that am-
sacrine has pronounced side effects, including
those caused by the development of resistance
and low bioavailability. The new analogue am-
sacrine (ACS-AZ10) demonstrated greater an-
titumor activity compared to amsarkin due to a
significant decrease in tumor mass and volume,
viability of tumor cells and their total number.
The arrest of the cell cycle and a decrease in
the density of microvessels were also noted,
which indicates its antiangiogenic effect [6].

A study [7] used EAC cells to induce sub-
cutaneous tumors in 129/ SvJ mice to study
the effect of tumor on cardiac muscle function.
EAC mice exhibited a significant decrease in
left ventricular wall thickness, decreased ejec-
tion fraction, and severe muscle atrophy. In
this model, the key signaling molecule mTOR,
which is responsible for maintaining cell
growth and autophagy, was suppressed. The
same mechanism was observed in cancer pa-
tients in the course of tumor growth. Increased
expression of transcription factors TFEB and

FoxO3a, which are involved in the regulation
of the activation of genes for muscle atrophy,
genes for lysosomal biogenesis, and genes for
autophagy, was observed in the heart muscle of
mice with tumors.

Thus, the authors showed that Ehrlich’s
subcutaneous adenocarcinoma causes cardio-
myopathy in mice, which is associated with
atrophy, fibrosis, and dysfunction of the heart;
similar changes in the cardiovascular system
are observed in cancer patients. It is expect-
ed that this model can be successfully used
to identify potential therapeutic targets in the
treatment of heart failure in patients with can-
cer and during chemotherapy.

Treatment of cancer patients with cytostat-
ics leads to their pronounced toxic effect on
healthy tissues. In an experiment carried out in
mice, the possibility of using mTOR rapamy-
cin (RAP) as an inhibitor was shown, which
can reduce the adverse effects of paclitaxel on
normal crypts of the jejunum in the presence of
transplanted EAC [8].

As an experimental model, Ehrlich’s mam-
mary gland adenocarcinoma was used to study
tumor necrosis factor (TNF-alpha) [9]. A new
approach has been proposed to enhance the an-
titumor activity of TNF-alpha by extracorpor-
eal removal of soluble receptors. The authors
believe that such an increase in endogenous
TNF-alpha activity can provide increased
death of tumor cells without concomitant sys-
temic toxicity and be one of the approaches to
cancer treatment [10].

Lewis lung carcinoma and Ehrlich’s mam-
mary gland adenocarcinoma were used to study
a composite preparation containing TNF-alpha
and hematoporphyrin derivatives (PGP). The
data obtained indicate that the complex drug
was characterized by increased antitumor ac-
tivity in comparison with its individual compo-
nents. It inhibited both the primary tumor node
and the metastatic process. The complex drug
(TNF-alpha + PGP) is less toxic than the iso-
lated form of TNF-alpha [11].

Nanoparticles and other factors

The drugs developed on the basis of na-
noparticles are effective, provide minor side
effects and have a targeted effect on tumor
cells. The most commonly used materials for
the preparation of nanoparticle carriers are
dendrimers, polymers, liposomes, micelles,
inorganic, organic nanoparticles. For example,
anti-Mir-191 (Mir-191 — oncogenic micro-
RNA expressed in breast cancer), loaded onto
the liposomal complex of stearylamine, signifi-
cantlyincreased the sensitivity of breast cancer
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cells to chemotherapy compared to drugs such
as doxorubicin or cisplatin, if they were used in
a free state [12].

On the transplanted EAC, studies were
carried out using a complex lipid preparation
based on the micellar form of cisplatin and a
nanoferromagnet. An inhibitory effect on tu-
mor growth and an insignificant toxic effect
at the cellular and tissue levels were revealed.
The use of this model made it possible to ex-
plain the mechanism of the inhibitory action of
the drug due to the activity of connective tis-
sue cells, as a result of which the tumor node
was replaced by 60% with connective tissue
cells [13]. The use of such composite drugs in
clinical practice confirmed the observations
noted in the experiments. Such drugs were
characterized by a reduced toxic effect and in-
creased prolonged antitumor action, with tar-
geted delivery to target organs [14].

The results obtained on another experi-
mental model, Guerin’s carcinoma, also in-
dicate that cisplatin in liposomal form has a
higher specificity of antitumor action than the
free form of cisplatin, both in susceptible and
resistant animals with carcinoma in relation to
cisplatin [15]. Lipid platinum chloride nano-
particles (LPC NPs) encapsulated with cispla-
tin have also shown promising anticancer ef-
fects in models of melanoma, bladder and liver
cancer [16].

To determine the genotoxic and cytotoxic
effects of AgNP in mice with EAC, various
concentrations of AgNP (6, 24, and 48 mg/
kg) were used, which were administered intra-
peritoneally (IP) and intratumoral (IT) meth-
ods. It has been shown that AgNP significantly
increases (0.5-5 times) the level of malondi-
aldehyde (MDA) and reduces the activity
(32-64%) of superoxide dismutase (SOD). In
addition, AgNP caused a 2-3 fold increase in
comet parameters (comet analysis), such as
the percentage of tail DNA. Under the action
of AgNPs, the tumor volume decreased by
about 31-95% compared to the control. The
results obtained showed that AgNPs have cy-
totoxic and genotoxic effects against Ehrlich’s
tumors. This confirms the antitumor properties
of AgNPs [17].

Nanobiotechnology is a new alternative
method for the synthesis of biocompatible na-
noparticles. Phycobiliprotein was used in [18]
for the synthesis of silver nanoparticles. In or-
der to optimize the synthesis, phycoerythrin
was used, extracted from the cyanobacteria
Nostoc carneum using FCCD (centrally cen-
tered composite design). To characterize the
synthesized AgNPs, they were studied and

shown that it has a cytotoxic effect on normal
cell cultures and human breast cancer cells.
More informative results were shown using
Ehrlich’s ascites carcinoma (EAC). It was con-
cluded that the phycoerythrin protein has the
ability to synthesize AgNPs, which have anti-
bacterial, antihemolytic, cytotoxic activity in
vitro and in vivo. It was previously reported
that AgNP had anticancer efficacy against Ehr-
lich carcinoma in mice due to its potential oxi-
dative damage effect, evidenced by increased
levels of malondialdehyde (MDA) and H,O, in
solid tumor tissue, indicating lipid peroxida-
tion and free radical production in the tumor
and induction of apoptosis through activation
of caspases [19].

Thus, modern methods for the synthesis of
nanoparticles and advances in nanotechnology
have created the prerequisites for their biologi-
cal and medical applications. The results, re-
ceived on the ACE model, showed that nanopar-
ticles can change the functional activity of not
only normal, but also transformed cells due to
transmembrane transport into the cell. Also the
possibility of their use for targeting angiogen-
esis in various types of cancer, as well as for re-
modeling the tumor microenvironment in order
to improve cancer immunotherapy has been
shown. The transplanted EAC strain turned
out to be a convenient model for experimental
evaluation of new dosage forms — fluorescent
nanoparticles and their ability to bind to tumor
cells. The use of the methods of luminescence
microscopy and spectroscopy made it possible
to establish that the synthesized nanoparticles
of rare-earth elements (spindle-shaped, spheri-
cal and rod-shaped) have an antitumor effect in
vivo. The mechanism of realization of the anti-
tumor effect in vivo also depended on the con-
centration of nanoparticles. It was shown that
spindle-like nanoparticles at a concentration
of 0.87 g/l maximally inhibited the develop-
ment of the tumor process, while in vitro, only
spherical and spindle-shaped ones were able to
distinguish between cancer stem cells [20].

One of the main aspects of modern oncol-
ogy is the targeted transport of drugs to target
tumor cells, which reduces the dose load with-
out losing effectiveness. Ehrlich’s ascites carci-
noma was used to study the antitumor activity
and safety of a new targeted drug, dactinomy-
cin. The target for the action of the drug vector
protein was the alpha-fetoprotein (AFP) recep-
tor, and a recombinant glycoprotein was used
as the vector. The advantage of targeting the
drug to alpha-fetoprotein was that AFP recep-
tors are found only in tumor cells, and they are
absent in normal cells. Thus, the study carried
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out on this model confirmed the possibility of
using this drug for targeted drug delivery to tu-
mor tissue, which led to a significant decrease
in the effective dose and toxicity [21].

The development of targeted drugs, in-
cluding those using transgenes, is a priority in
the treatment of cancer patients. The Ehrlich
ascites carcinoma model made it possible to
study the possibility of cell transfection using
the lipofectamine 2000 protein, which is repre-
sented by apoptin (ApoA-1) and a transfection
reagent. The authors showed the possibility of
transfection and high cytolytic activity of apo-
ptin in relation to the process of apoptosis of tu-
mor cells. The use of the EAC model for these
purposes was carried out for the first time. The
creation of artificial liposomes containing high
density lipoproteins (HDL) and their protein
component ApoA-1 as a method for promising
drug delivery is of undoubted interest [22].

Macrophages and intracellular calcium

The spectra of intracellular proteins of tu-
mor-associated macrophages and peritoneal
macrophages of healthy mice differ in the con-
tent of apolipoprotein (APO-E), as shown by
the example of Ehrlich’s mammary gland ad-
enocarcinoma. This model has also been used
to study the role of macrophages in the regula-
tion of protein biosynthesis in normal and tumor
cells under the action of high density lipopro-
teins (HDL) and cortisol. The results obtained
showed that APO-E can play the role of nega-
tive feedback in the dynamics of the mechanism
of protein biosynthesis in tumor cells [23].

The data obtained by the authors were con-
firmed by other works in which the participa-
tion of macrophages in tumor progression was
studied. Studies have shown that the effect of
macrophages on tumor growth may be deter-
mined by their ability to produce ROS, NO-
radicals, and a number of cytokines.

In experiments on mice with subcutaneous
EAC transplantation, we studied the features
of NO synthase expression depending on the
growth rate of EAC. Immunohistochemical de-
termination of enzymes was performed in tu-
mors with different growth rates. It was shown
that iNOS expression was detected in tumors
with a higher growth rate at each growth pe-
riod. More pronounced tumor progression was
accompanied by an increase in the expres-
sion of both iNOS and eNOS. In tumors with
a slower growth rate, iNOS expression was
practically not detected. Expression of NO
synthase depends on many factors, including
an increased load of NO on tumor cells and
phenotypic characteristics of target cells [24].

The regulation of tumor growth by mac-
rophages is usually considered from two points
of view — inhibitory and stimulating activity.
APO-E can be one of the factors in the imple-
mentation of the antitumor effect. It follows
from the literature that APO-E can suppress
cell proliferation in various tissues, including
tumor ones. It is also able to reduce gene ex-
pression through the B-catenin Wnt-signaling
pathway, the activation of which plays an im-
portant role in carcinogenesis. Thus, depend-
ing on the implementation of the synthesis
activation program, cell proliferation can be
suppressed, or HDL and steroid hormones can
be absorbed with the formation of a biological-
ly active complex that enhances protein biosyn-
thesis in tumor cells and APO-E secretion [25].

Intracellular calcium (Ca,+) is a mediator
that regulates proliferation, differentiation and
apoptosis in tumor cells. In addition to it, ROS
and pH are involved in these processes. These
factors (CA, +, ROS, pH) are interrelated. The
study of inhibition of proliferation processes
is important for the study of the mechanisms
of carcinogenesis and cancer prevention. For
this purpose, the EAC ascites model was used,
which is a rapidly multiplying population of
cells and has receptors on the cell surface capa-
ble of regulating intracellular transport and the
concentration of calcium ions Ca,+ [26, 27].

The results obtained for the first time on the
EAC model show that the dynamics of the con-
tent of Ca cations in ascites cells depends on
the presence of reactive oxygen species. The
amount of Ca cations depends on the phase of
tumor growth, and their supply is carried out
by calcium cations from different sources —
intracellular depots or extracellular space. A
relationship was also found between intracel-
lular signaling parameters such as Ca,+, NAD
(P) H and pH. The authors conclude that the
data obtained may indicate that during chemo-
therapy treatment, depending on the stage of
tumor growth, instead of the cytotoxic effect,
hyperproliferation may develop, aggravating
the course of the oncological process [28, 29].

Natural compounds

The effect of herbal biologics with the po-
tential to increase the effectiveness of antican-
cer therapy has also been studied in the EAC
model. A significant amount of data has been
obtained on the use of these drugs as chemo-
therapy modifiers [30].

This model made it possible to identify a
number of substances with antioxidant, antimu-
tagenic and antiangiogenic properties. These
properties of the studied drugs were explained

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Medical sciences

by the presence of certain compounds, such
as natural polysaccharides, polyprenols (PP),
fullerenols and aconites. Their action increased
antitumor resistance. An increase in the induc-
tion of interferon (IFN) in the blood serum of
animals with Ehrlich’s mammary gland adeno-
carcinoma was revealed in animal experiments
when studying polyprenol (a preparation ob-
tained from the needles of the common spruce
Picea abies (L.) Karst). Combined therapy with
polyprenol and cyclophosphamide (CF) in the
EAC model increased the lifespan of mice by
50% compared to the control and by 25%
compared with the use of CF and reduced the
toxic effect of the cytostatic without reducing
its antitumor activity [31].

An aqueous suspension of Shiitaki mush-
rooms (Lentinus edodes) was studied on a
transplanted EAC model. It was shown that the
main component of the suspension, the poly-
saccharide lentinan, inhibiting tumor growth
by 42-53% (p <0.05), activated nonspecific
antitumor protection by stimulating the func-
tional activity of peritoneal macrophages [32].

The development of anticancer drugs
of plant origin is actively used at the present
time, therefore, experimental studies aimed
at assessing their biological, cytotoxic and
antitumor activity are of great interest for re-
searchers. Various models are used for these
purposes, including the Ehrlich’s mammary
gland adenocarcinoma model (EAC).

Extracts from leaves, rhizomes and other
parts of medicinal plants widely used in folk
medicine, have shown pronounced antitumor
activity against adenocarcinoma cells [33, 34].
The extracts had an inhibitory effect on EAC,
significantly reducing tumor volume. When ex-
posed to human cell cultures (cell lines of the
mammary gland, liver and larynx), they caused
an antiproliferative effect. In addition, in an ex-
periment on mice with tumors, a decrease in
the level of malondialdehyde (MDA) and an
increase in the levels of superoxide dismutase
and catalase in the liver tissue were observed
under the influence of the studied natural plant
products [35, 36].

Piperine is an amide alkaloid that has anti-
tumor activity, but is highly toxic. The antitu-
mor activity of a modified analogue of pipirin
(pipranate N) was studied after intraperitoneal
and intravenous administration on Ehrlich car-
cinoma cells [37].

The study showed a decrease in the vi-
ability of tumor cells and the density of peritu-
moral microvessels; in addition, an increase in
the level of the cytokine profile of Thl helper
T-lymphocytes, the content of reactive oxygen

species and the production of nitric oxide was
observed. Thus, the piperine analog studied in
this model showed low toxicity, and its antitu-
mor effect included modulation of the immune
system to the Thl cytotoxic profile. A similar
effect on enhancing the antitumor effect was
obtained by combining natural polysaccha-
rides (pectins, chitosans) with cyclophospha-
mide (CP) [38].

The antitumor effect of the combination
of fucoidans from the sulfated polysaccha-
ride family with cycrophosphamide (CF) was
shown in the EAC model. The inhibition of
vascular development in the tumor and the an-
timetastatic effect of fucoidan were noted. In
addition, anticoagulant, antithrombotic, antivi-
ral and anti-inflammatory activity of the drug
was observed in mice with tumors, and a de-
crease in the fixation of Helicobacter pylori on
the gastric mucosa was noted [39].

In combination with CF, the antitumor ac-
tivity of the components of the polyphenolic
complex of the herb Zostera marina, studied in
prophylactic and therapeutic modes, has been
shown [40]. Tincture of Aconite soongaricum
showed the presence of antitumor and antimet-
astatic activity in the study on the experimen-
tal EAC model. The authors believe that with
further improvement, its use may be useful in
clinical practice [41].

The immunomodulatory properties of
BioBran’s arabinoxylan, derived from rice
bran extract, were investigated in Ehrlich’s
mammary gland adenocarcinoma. It has been
shown that the mechanism of its antitumor ac-
tion is associated with the ability to influence
such parameters as apoptosis, tumor necrosis
factor alpha, gamma-interferons, immunosup-
pressive cytokine (interleukin-10) [42].

According to the results of a study [43], a
modified drug BioBran / MGN-3 can comple-
ment cancer chemotherapy. The data obtained
on the EAC model indicate the possibility of
their further study in clinical practice as poten-
tial candidates for improving the quality of life
of cancer patients.

Physical factors

In clinical practice, research is being ac-
tively carried out on methods of treatment us-
ing radiation and photodynamic therapy (PDT)
and magnetic fields. The mechanisms of their
effect on a wide range of tumors are being
studied. Transplantable Ehrlich’s mammary
gland adenocarcinoma has proven successful
for this type of experimental study. This model
was used to study the process of the effect of
PTD on the dynamics of tumor damage. It has
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been shown that when the tumor is exposed to
the following changes occur in sequence: mi-
crocirculation disturbance, necrotic changes,
hypoxia. All this took place against the back-
ground of the formation of scar tissue [44].

When carrying out chemotherapeutic treat-
ment, patients often develop resistance to the
drugs used. To prevent such phenomena, it is
necessary to study dose-dependent effects, in-
cluding with the involvement of experimental
studies. Analysis of literature sources showed
that such studies were successfully performed
on transplanted tumors (for example, EAC).
In experiments on F (NEAxC,BL/6) mice,
which were transplanted with Ehrlich ascites
carcinoma cells, a model was developed to
study the effect of radiation exposure on anti-
tumor resistance [45].

Post-radiation injuries are common in pa-
tients with malignant neoplasms who have re-
ceived effective radiation therapy [46]. There-
fore, there is a need for techniques that can
prevent the adverse effects of radiation. An
eNOS inhibitor was used that significantly re-
duced radiation damage to the skin in animals
with Ehrlich’s mammary gland adenocarcino-
ma. The effectiveness of radiation therapy has
not decreased [47].

Another study examined the effects of dif-
ferent modes of exposure to electromagnetic
radiation on animals with solid adenocarci-
noma. A pronounced dependence of the effect
on the dose of exposure and the possibility
of obtaining a persistent antitumor effect are
shown. It was concluded that the mechanisms
of radiation antitumor action may be associ-
ated with a change in the immune status of the
organism [48].

At present, the phenomenon of the antitu-
mor effect of weak magnetic fields and their
mechanism continues to be studied. The com-
bined effect of constant and alternating low-
frequency magnetic field mechanisms has been
studied in Ehrlich ascites carcinoma cells. It
has been shown that the effect of magnetic
fields of different frequencies affects the pro-
cesses of apoptosis and necrosis, as well as the
flutter of the plasma membrane and the produc-
tion of nitric oxide [49].

The production of nitric oxide (NO) plays
an important role in the effect of magnetic fields
on tumor growth. From the literature data, it
follows that under the influence of NO, the
expression of the heat shock proteins Hsp90,
which provides antioxidant protection, as well
as the nuclear protein P53, increases. In this
case, there is an active expression of Bcl-2 pro-
teins, which determine the cytotoxic activity

of macrophages. Under the action of magnetic
fields on animals with tumors, the survival pe-
riod of experimental animals increases, which
may be associated with the effect on cells at
an early stage of apoptosis. At the same time,
it was found that an increase in the amount of
NO, which is produced by tumor cells, can
stimulate tumor growth and thus suppress the
activity of intratumoral T-lymphocytes, which
is an unfavorable factor [50].

Conclusion

Thus, the review summarizes data based on
numerous studies confirming the feasibility of
using the model Ehrlich’s mammary gland ad-
enocarcinoma for the following purposes:

— possibility of studying the molecular
mechanisms of inhibition of tumor growth
was shown using the examples of the tested
compounds. This model allows one to iden-
tify the mechanisms of the therapeutic effects
of the compounds, which are mediated by in-
hibiting cell proliferation and angiogenesis,
inducing apoptosis, increasing the level of
P53 protein, suppressing the nuclear factor
kappaB, decreasing the expression of genes
for oxidative stress and decreasing the expres-
sion of EGFR;

—study of the antitumor activity of new
chemotherapeutic drugs and / or herbal drugs,
allows to identify with their help antitumor,
antioxidant, antiangiogenic and antimutagenic
properties of the substances under study. Al-
lows you to assess their potential as new can-
didates for cancer treatment or as modifiers of
the antitumor effect in order to increase the ef-
fectiveness of chemotherapeutic treatment and
reduce the toxic effect of cytostatics in an ex-
perimental study;

— this model can be used in the study of
targeted drugs, enhanced by the action of
a transgene, which increases the possibil-
ity of targeted delivery to tumor tissue and
significantly enhances the therapeutic effect
of chemotherapy;

— with the use of EAC, the presence of cy-
totoxic, genotoxic and antioxidant properties
of nanoparticles was shown and their directed
transport to tumor cells was studied. The possi-
bilities of using nanoparticles for targeting an-
giogenesis were investigated and determined,
the relationship between the shape and size of
nanoparticles and the ability of transmembrane
penetration into tumor cells have been shown.
The data obtained on the EAC model can sup-
plement clinical and experimental studies for
the development of effective tactics for the
treatment of tumor diseases;
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—the role of macrophages in the regula-
tion of tumor growth in the EAC model can
be considered both in terms of inhibitory and
stimulating activity;

—the subcutaneous Ehrlich’s mammary
gland adenocarcinoma can be used to study
tumor cardiomyopathy due to the similarity of
phenotypic features in the heart of mice and in
cancer patients and the mechanisms of damage
to the heart muscle due to the suppression of
mTOR, a key signaling molecule. The result-
ing model can be used to identify potential
therapeutic targets that may be present in can-
cer patients at risk of developing cardiomyopa-
thy and in the presence of cardiac side effects
during chemotherapy;

— The Ehrlich’s mammary gland adenocar-
cinoma model can be used to study the effect
of PDT on a tumor. This allows you to study
the processes of damage to tumor tissue, mi-
crocirculation disorders and the formation of
scar tissue;

— certain modes of exposure to radiation
can be worked out on the EAS model, which
makes it possible to study the dose-dependent
effect of magnetic fields on tumor growth;

— experimental data obtained on this mod-
el using physical factors of influence may
contribute to their wider use in the treatment
of tumors.
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PATRIOTIC EDUCATION OF CHILDREN OF SENIOR
PRESCHOOL AGE THROUGH PROJECT ACTIVITIES
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The paper presents the issues of patriotic education of children of senior preschool age based on the use of
project activities. The purpose of the study: to reveal and experimentally substantiate the pedagogical conditions of
patriotic education of children of senior preschool age in project activities. The article reveals the definitions of “pa-
triotic education”, “project activity”, substantiates the practical significance of the study for the spiritual and moral
education of children. The formation of patriotic feelings in preschool age is of great importance. An analysis of the
definitions of various authors on the problem is given. The authors proceeded from the position that the organiza-
tion of project activities has a huge potential in the formation of patriotic feelings and cooperation between adults
and children. The preparation of projects helps to develop children’s independent search for knowledge and use it
in practice. Children develop cognitive activity, creativity, love and pride in the history of their native land. Experi-
mental work was carried out on the basis of the senior group “Micheer” of MBDOU No. 89 “Parus” in Yakutsk. The
article presents the materials of an experiment on the organization of patriotic education of preschool children in the
process of working on the project. The description of the project passport, project implementation stages, expected
results is given.

Keywords: patriotic education, preschool age, project activity, technology, love for the Motherland,
traditions, spiritual and moral education

The fundamental basis for the future of
our country and our children is patriotism. At
the heart of this concept are unyielding values:
love and respect for our Homeland and its tra-
ditions, the spiritual heritage of our ancestors
and the multinational people, responsibility for
our country and its future. The problem of spir-
itual and moral education of children is one of
the key issues of modern society.

Unfortunately, the real situation that has
developed in our country in the politics, econ-
omy and culture of Russia, it emphasizes the
loss of patriotic consciousness among people.
In this regard, the role of educating the younger
generation in the spirit of patriotism and citi-
zenship is significantly increasing. There is
a growing need for the transformation of all
spheres of society, both in the restoration and
renewal of spiritual principles, a deep knowl-
edge of our historical values, the heroic past
of the Fatherland, high self-discipline, will and
citizenship of people.

Without patriotism, it is impossible to raise
a decent citizen, to develop a stable immunity
from the negative effects of the surrounding
reality. Patriotic education should begin with
preschool age. In the Federal State Educational
Standard for Preschool Education, great im-
portance is attached to the formation of a sense
of pride and love for the native land, people of
labor, and veterans. In the year of the anniver-
sary of the Victory in the Great Patriotic War,
the theme of patriotism is the most relevant.
Children should know about the exploits of
Soviet soldiers during the Great Patriotic War,
about fellow countrymen, grandfathers, great-
grandfathers who fought for the Motherland.
“No one is forgotten! Nothing is forgotten! “

is the motto of our memory. Search work, new
research add to the history of our republic, the
names of heroes, relatives, fellow countrymen
who fought on the fronts of military operations
and veterans of the home front, who worked
for the cause of victory in the rear, come to life.

This problem is of great importance in the
system of preschool education. It is in pre-
school childhood that such qualities as love for
the Motherland, the history of the native land,
war and home front veterans, and war children
begin to form.

Patriotic education in kindergartens and
preparatory groups should be carried out not
only through theoretical information, but also
through practical activities, which include var-
ious types of children’s activities. We chose the
organization of project activities.

The purpose of the study: To theoretically
and practically substantiate the pedagogical
conditions of patriotic education of children of
senior preschool age through project activities.

Materials and methods of research.

The methodological basis of the research
is the works of Vodovozova E.I.,, Kazako-
va A.P., Knyazeva O.L., Kozlova S.A., Kom-
ratova N.G., Kondrykinskaya L.A., Lugo-
vinov V.I., Leonov N.N., Makhaneva M.D.,
Netochaeva N.V., Nikonova L.E., Pisare-
va A.E., Ragimova L.I., Sukhomlinsky V.A.,
Ushinsky K.D., etc.

Currently, the issues of educating the patri-
otism of the younger generation in the unstable
and changing political situation in the world
are raised. According to Aleshina N.V., “ in
modern conditions, when there are profound
changes in the life of society, one of the cen-
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tral areas of work with the younger generation
is the education of the foundations of patriot-
ism. In a period of instability in modern soci-
ety, there is a need to return to the origins of
their people, to their age-old traditions, to such
eternal concepts as Homeland, native land, kin,
kinship” [1].

Planning of project activities is carried out
taking into account the age capabilities of chil-
dren, their mental and individual characteris-
tics. Project activities are implemented on the
principle of “from simple to complex”, consist-
ing of thematic blocks. The main blocks are:
“My family”, “My pedigree”, “My city”, “My
Russia”, “Dear corner”, “Defenders of the Fa-
therland”, “No one is forgotten, nothing is for-
gotten”, and others.

According to S.A. Kozlova, “patriotic ed-
ucation of preschool children is a purposeful
process of pedagogical influence on the child’s
personality in order to enrich his knowledge
about the Motherland, education of patriotic
feelings, formation of skills and skills of moral
behavior, development of the need for activi-
ties for the general benefit” [2].

“Patriotism (from the Greek “patris” —
“homeland”, “fatherland”) means love for the
fatherland, devotion to it, the desire to serve
its interests by their actions. Elements of pat-
riotism, in the form of attachment to the na-
tive land, language , traditions, are formed at
an early age” [3].

“The first institution of education is un-
doubtedly the family. Parents tell the growing
child about the history of the family in which
he was born, because patriotism is, among oth-
er things, respect for the memory of their an-
cestors, because the history of the entire nation
is formed from private stories. A child should
know about how his ancestors lived, what they
did, what trace they left in the history of their
country... A good example is the march of the
“Immortal Regiment”, which takes place every
time during the celebrations on May 9. We can
observe how young children and teenagers to-
gether with adults carry portraits of their rela-
tives who took part in the Great Patriotic War.
We see pride and joy on the faces of young
citizens, from which we can conclude that they
have fully assimilated one of the foundations
of patriotism — respect for the history of their
country” [4, p. 61].

Of great importance in this matter is the
use of the project method. One of the most
interesting, effective and appropriate forms is
project activity, which allows creating a natu-
ral situation of communication and patriotic
interaction between children and adults. The

project method is a pedagogical technology,
the core of which is the independent activity
of children — research, cognitive, productive, in
the process of which the child learns the world
around him and embodies new knowledge in
real products [5].

The experiment was conducted on the ba-
sis of the senior group “Micheer” of MBDOU
No. 89 “Parus” in Yakutsk. The experiment in-
volved: 6 children from the control group and
6 children from the experimental group (see
Appendicel) and 12 parents.

The experimental work included three in-
terrelated stages. The purpose of the first stage
(the ascertaining stage of the experiment) was
to identify the value orientations and the lev-
el of knowledge of older preschool children
about the history of their native land. The goal
of the second stage (the formative stage of the
experiment) was to develop a methodology for
patriotic education and its implementation in
the process of familiarizing older preschoolers
with the history of their native land. And the
third stage (the control stage of the experiment)
to identify changes in the levels of patriotic ed-
ucation of children of older preschool age.

The following methods and techniques
were used in the study:

1. The methodology of V.S. Mukhina “In-
dividual conversation on the topic “My na-
tive city”.

2. Individual conversation “Victory Anni-
versary”.

3. Survey of parents.

Methodology 1. When conducting a con-
versation according to the methodology of
Mukhina V.S. on the topic: “My native city” in
order to determine the level of knowledge of
children about their native city and identify the
personal attitude of preschoolers to their native
land, the following questions were asked in an
individual form:

1. What city do you live in?

2. What is the name of the capital of the
Sakha Republic of Yakutia?

3. What is the name of the President of the
Republic of Sakha Yakutia?

4. What are the main streets and squares
you know?

5. What is the name of the street where
your kindergarten is located?

6. What is the name of the street where you
live? Why is it called that?

7. What monuments
you know?

8. What parks and squares do you know?

9. What great people who made our city fa-
mous do you know?

of our city do
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10. How do you know this? Who told you
about this?

11. What places in the city do you like to
spend your time most?

12. Do you like living in this city?

Criteria:

— full detailed answer, child’s interest —
3 points,

— the answer is incomplete, the child is dis-
tracted, loses interest — 2 points,

— the question is answered with difficulty,
there is no desire to talk about the proposed
topic — 1 point.

During the conversation, it turned out that
most of the children know where they live. In
the control group, the indicators did not differ
much from the experimental group. It was dif-
ficult for them to answer such questions as
The main streets and squares?”, “ What parks
and squares do you know?”, “ What great peo-
ple who made our city famous do you know?”.

It should also be noted that about a fifth
of children confuse the city with the republic,
the republic with the country and the city, the
country with the city. This indicates that chil-
dren’s knowledge is not systematic, as well as
the lack of certain specific ideas in children.

Experimental group

m High level ® Intermediate level = Low level

There is such a feature of children’s ideas
about their native city: they have seen many
sights of Yakutsk, visited them with their par-
ents, but do not know their names, give incor-
rect answers.

The analysis of the results of the ascertain-
ing stage of the study showed low and average
levels of children’s communication skills, low
level of children’s knowledge about the sights
and history of their native city, its people, and
veterans. There is a low level of attention, pa-
triotic ideas.

Statistical analysis of the data revealed the
following levels of patriotism formation in old-
er preschoolers (see figure 1).

In the experimental group, 50 % had good
knowledge and interest . Of the control group,
30% (2 children — 002, 006) showed no inter-
est in the conversation, with great difficulty an-
swering the question. The rest of the children
gave incomplete answers, lost interest, and
were sometimes distracted during the conver-
sation itself.

Method 2. Individual conversation with
children on the topic “Victory Anniversary”.
The diagnostic results are shown in (see Dia-
gram 2).

Control group

= High level = |[ntermediate level

Low level

Fig. 1. The level of knowledge of children about the sights of the city (the ascertaining stage of the study)

Experimental group

m High level = Intermediate level = Low level

Control group

= High level = |Intermediate level

Low level

Fig. 2. Analysis of the results of an individual conversation at the ascertaining stage of the study
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According to this method, the high level
was not shown in both groups, in the experi-
mental group, the average level was shown by
50% of children, in the control group, the aver-
age level is 30 % of children.

Method 3. Questionnaire survey of parents.

Purpose: to study the features of patriotic
education of children in the family. 12 parents
took part in the survey.

The results of the study are as follows, the
answers are shown in the form of a diagram.

Parents consider the problem of patriotic
education of preschoolers to be very urgent.
Most parents believe that it is necessary to in-
troduce preschool children to the symbols of
the state, traditions, and sights. 70% of par-
ents said that patriotic education is love for the
Motherland. Half of the parents would like to
expand their children’s understanding of their
native land, the capital and the sights of the
city. Moreover, 100% of parents agree that
they should.

Research results and discussion of the re-
sults. At the formative stage of the study, we
implemented a project on patriotic education of
older preschool children. Purpose: Formation
of ideas about the Great Patriotic War (educa-
tion of patriotic feelings in preschool children)
on the basis of existing ideas about the war,
preservation of the continuity of generations,
formation of preschool children’s respect for
the military history of Russia, civil positions,
education of patriotism and a sense of pride
for their Homeland, fellow countrymen, rela-
tives — war and labor veterans, war children.

Objectives of the project

1. Conduct a search work to collect mate-
rial on memories and family archives about
relatives, war veterans and home front of their
native village (city) together with their parents.

2. Prepare an album or presentation.

3. To defend the report in the competition
for the best project.

Table 1

Project program passport

Last name, first name, patronymic of the author | Olga Stepanovna Okhlopkova

The name of the educational institution

“Micheer” MBDOU No. 89 “Parus” Yakutsk.

Project type

Search and Research

The theme of the project “Winners through the eyes of grandchildren and great-

grandchildren”

The leading idea of an innovative project Introduce the history of the Motherland, the contribution
of Yakutsk, relatives in case of Victory in great Patriotic
war, preserve the family’s history during world war II,
the memory of veterans of war, labour, participation in
events for the 75th anniversary of the great Victory in the

online format

The subject areas within which the project is | Artistic and aesthetic, educational.
conducted.
The age category for which the goals of the | Senior group
training project

Table 2
The stages of the project

Preparatory course — project development;

— setting goals and objectives;

— definition of the main forms of work;

— collection of information, literature, and additional materials;

— Implementation of project tasks

The main one

Final report — Evaluation of the project effectiveness;

— Project protection.
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The problem of the project: The modern
generation knows little about the Great Patri-
otic War and the patriotic feeling does not arise
by itself. This is the result of a long, purposeful
educational impact on a person, starting from
childhood. In this regard, the problem of mor-
al and patriotic education of children becomes
one of the most relevant, starting with the fam-
ily, the history of the family during the Second
World War. The heroes of the children’s reports
can be great-grandfathers or other relatives, war
veterans. Children know especially little about
relatives who are no longer alive. It is necessary
to restore the memory of them. There is no fam-
ily that has not been affected by the war. You
can prepare a material about the veterans of the
home front, their work and help to the front in
the rear. This year, the generation of “Children
of War”, whose difficult childhood was spent
during the war years, is officially recognized.

The intended result of the project

As a result of working together with par-
ents, children will learn the biographies of their
great-grandfathers and relatives, about their
contribution to the Victory in the Great Patri-
otic War.

Experimental group

9

= High level = Intermediate level

Low level

Results of work on the project

The organization of work on the project
was carried out in a remote format. The main
work was carried out with parents and children
online, because the parents were also at home,
they paid great attention to their children, were
in close contact with the teacher and received
tasks from him.

Consider the results of repeated diagnosis at
the control stage of the study (see diagram. 3).

Analysis of the results of the control exper-
iment showed that in the experimental group,
the percentage of children with a high level in-
creased, which is 50% ; with an average level
of representations, 30% of children; the low
level of representations remained only in 20 %
compared to the ascertaining stage (50 %).

It can be concluded that the knowledge of
the children of the experimental group about
the war has significantly enriched.

The results of the control group did not
change much, a high level was shown in one
child of 20 %, 30 % — 2 children showed an av-
erage level and the rest-a low 50 % (3 people).

The obtained statistical data on the results
of the study are presented in the diagram (see
diagram 4).

Control group

d

= Intermediate level

= High level

Low level

Fig. 3. Levels of development of patriotic ideas in older preschoolers at the control stage of the study

Experimental group

m High level = Intermediate level = Low level

Control group

P

= High level ® |Intermediate level

Low level

Fig. 4. Levels of children’s knowledge about the war (control stage of the study), (in %)
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The survey of parents showed that they
consider the problem of patriotic education of
preschoolers very relevant. 100% of parents
agree that it is advisable to introduce modern
children to the family lineage, family history,
the contribution of grandparents to the his-
tory of their native land, and the protection of
the Motherland.

Summarizing the survey data, we can
conclude that parents recognize the need to
educate older preschoolers with a sense of
love for their native land, familiarization
with the traditions, history and culture of
their native city.

Conclusion

Thus, the results of the experimental work
showed positive results. Project activity is an

effective means of patriotic education of chil-
dren of senior preschool age.
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The assessment of student’s knowledge completeness was carried out using non-classic probabilistic-statistical
method, according to which each student is identified by a distribution function (probability density), which defines the
probability to find him in a single area of the information space. A system of formulas has been obtained, that allows
calculating two-step model distribution functions, that identify a student in the process of assimilating knowledge, taking
into account different values of the knowledge measurement error. The calculation of the model distribution functions is
based on the fact that there is an unambiguous relation between the amount of information, measured in bits and intended
to be assimilated by a student, and his knowledge assessment score, measured with points; the probability of detecting a
student in the entire information space (within the measurement scale) is equal to one; the measurement error of student’s
knowledge assessment is known; knowledge assessment score in points, received by a student at the control event (math-
ematical expectation) is known. The measurement error of knowledge assessment put bounds to the values of mathemati-
cal expectation used in modeling the distribution functions. An increase of the knowledge measurement error reduces the
resolution capability of ranking students by the level of knowledge, since the overlapping of the distribution functions
grows. So, even with a 20% relative error, distribution functions of students, who obtain at the control event 5 points or
4 points on a 5-point scale, completely overlap and, therefore, in terms of degree of assimilation of the learning material
these students are indistinguishable. When the error in measuring students’ knowledge tends to zero the conditional prob-
ability of assimilating the material by students, who obtain a grade of 5 points on a five-point measurement scale, increases
and tends to one, while the conditional probability of assimilating the material of an academic discipline by students, who
obtain grades of 4 points and 3 points, decreases and tends to 0.6 and zero respectively.

Keywords: student, probabilistic-statistical method, assessment of knowledge, scale, measurement error,
distribution function, mathematical expectation

It is known that the determinism of any hu-
man activity, including the activity in the pro-
cess of assimilating knowledge by a student, is
realized through randomness [1]. This is due to
the random nature of the mental and somatic
states of a human. In this regard, to describe
student behavior in the process of assimilat-
ing knowledge, the non-classic probabilistic-
statistical method of scientific research is used,
according to which individual is identified
by a distribution function in the information
space. The article [2] describes the process of
modeling the individual distribution functions
of students. Two-step functions were used as
model distribution functions [3].

Purpose of the study

The aim of this work is to study the influ-
ence of the error in measuring student’s knowl-
edge on the modeling of distribution functions
and on the estimation of the probability of as-
similating the material of an academic disci-
pline by an individual.

Materials and research methods

The modeling of distribution functions is
based on the use of the following statements:

—there is unambiguous relation between
the amount of information, measured in bits
and intended to be assimilated by a student,
and his knowledge assessment score, measured

in points. So, for example, the maximum score
of the measurement scale corresponds to the
maximum amount of information, contained in
an academic discipline;

— the probability of detecting a student in
the entire information space (within the meas-
urement scale) is equal to one;

— the knowledge assessment score in points
(mathematical expectation), obtained by a stu-
dent at the control event is known;

— the error in measuring the knowledge of
students is known.

A typical two-step model distribution func-
tion in dimensionless form is shown in fig. 1.
Calculation of the distribution function was
carried out according to [2].

p*
2.0

a*t
1.5

1.0 -

1l O DD
0.5

Fig. 1. Model distribution function
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Here ¥'(¢")=¥(0)o,, is a model dis-
tribution function in dimensionless form;
6 =0/0,, isa dimensionless coordinate; 6
is a coordinate in points; c__ is the maximum
value of the measurement scale (upper limit);
Y(o) is a model distribution function in ordi-
nary coordinates; a" =ao,,, is the height of
the left step of the distribution function in di-
mensionless coordinates; a is the height of the
left step of the distribution function in ordinary
coordinates; b =ho_,  is the height of the
right step of the distribution function in dimen-
sionless coordinates; b is the height of the right
step of the distribution function in ordinary
coordinates; ©, ., =0,/ C,,. isa dimension-
less median; 6, isa median in ordinary coor-

dinates; <6 >'=<06>/0,,_ isa dimensionless
mathematical expectation; <> is a mathemati-
cal expectation in ordinary coordinates.

Model distribution function ¥*(c") is actu-
ally a universal function. It has the same form
in all the point grade measurement systems,
which allows to study the behavior aspects of
such a function and then to translate them to
model distribution functions in any point grade
measurement system, for example, in a 5-point,
20-point and 100-point grading systems. This
can be achieved by changing the scale along
the coordinate axes, namely, by multiplying all
numbers on the ordinate axis by the maximum
value of the selected scale (6=0" -G, ) and
by dividing all numbers on the abscissa axis
by the maximum value of the selected scale
(P(o) = ¥*(c*)/o,_ ).

In [2] the dependences of the coefficients
a*, b* and the median o, , on the values of
the dimensionless mathematical expectation
<o0>=<0>/0,, (knowledge assessment
scores of the students) were found for the case
of the relative error in the measurement of
knowledge equal to 66 = 0.05 (66 =Ac /0o, »
Ac is the absolute measurement error of the
knowledge assessment). Reasoning similarly
to [2] we ﬁnd the dependences of a*, b* and
G, on <c>" for certain values of the rela-
tive error dc. Three areas of possible values of
mathematical expectation are distinguished.

The first area of values of mathematical
expectation

86<<0>"<0.5(0.5+060):
a'=(1+8c-2<06>")/8c;
b'=2<0> -86)/(1-80);

G,.4=05806+0.5(1-80)b" /a". (1)

The second area of values of mathematical
expectation

0.5(0.5 +80) << 6> < (0.75 —0.580) :
a'=05/(2<6> —0.5);
b*=0.5/(15-2<06>");
C,g=2<0>"-05. 2)

The third area of values of mathematical
expectation

(0.75-0.580)<<0>'< (1- 60):
a’ =[2(1-<0>")-86]/(1-50);
b'=2<0> -1+80)/80;
6" =(1-0.580)-0.5(1-80)a" /b". (3)

The existence of three ranges that limit
the values of dimensionless mathematical ex-
pectations is due to the presence of the scale
boundaries of point-grading systems, used to
measure students’ knowledge, and the width of
the left step in the first area and the width of the
right step in the third area of model distribution
functions remain invariant and equal to the rel-
ative error ¢ for all the values of mathemati-
cal expectation [2]. It should also be noted that
the relative error 66 inﬂuences significantly the
values of a”, b* and &, (systems of equations
(1) and (3)) in the first and the third areas. At
the same time in the second area the measure-
ment error doesn’t affect the mentioned param-
eters (system of equations (2)).

Research results and discussion

Fig.2 presents in the dimensionless,
100-point and 5-point systems of knowledge
measurement the model distribution functions,
that identify students, who received grades of
5, 4 and 3 points on a 5-point scale at the con-
trol event. Distribution functions for the grades
of 5 and 4 points (mathematical expectations)
were calculated using the system of equations
(3), and for the grade of 3 points — using sys-
tem of equations (2). During the calculation the
relative measurement error 6c was taken equal
to 0.1 (10%).

Analysis of the data presented in
fig. 2 shows that distribution functions 1, 2 and
3 overlap within the range of 4.5 — 5 points.
Since the error of 0.5 points, specific for a
5-point measurement system, defines the lower
limit for the values of the mathematical ex-
pectation in assessing knowledge, the range
of 4.5 — 5 points corresponds to a “relative”
assessment of 5 points at the control event.
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Fig. 2. Distribution functions identifying students, who received on a five-point scale of measuring
knowledge: 1 — 5 points; 2 — 4 points (dotted line); 3 — 3 points

Then the integration of any individual distri-
bution function (probability density) over the
coordinate from 4.5 to 5 points refers to the
probability (w=38c-b"=0.1»"=0.5b) for a
student to get a grade equal to 5 points. In this
case, student who received a grade of 5 points
received it for the fact that the probability of
assimilating the learning material was 0.9.
Students who received grades of 4 points and
3 points could have received a grade of 5 points
with probabilities of 0.7 and 0.15, respectively.
These probabilities are actually “conditional”
probabilities of assimilating the learning ma-
terial of a discipline by students. They are
in fact conditioned by the error in measur-
ing knowledge.

It follows from the above that the error in
measuring students’ knowledge plays an im-
portant role in calculating the individual dis-
tribution functions and finding the conditional
probabilities of assimilating the learning mate-
rial of a discipline by a student. Fig. 3 presents
the dependencies of the conditional probability
of assimilating the learning material of a dis-
cipline on the relative error in measuring stu-
dents’ knowledge.

It can be seen that with a decrease in the
measurement error, the probability of assimi-
lating the learning material by students who
receive grades of 5 points tends to 1. This
means, that a student with a zero error in mea-
suring knowledge can get a S-point grade only
in case of 100% assimilation of the learning
material. In the limit its distribution function

becomes equal to the Dirac delta function
¥'(6')=8(c" —1), presented in dimension-
less coordinates (infinitely high and infinite-
ly narrow, square under which however is
equal to 1).

0.5 00

Fig. 3. Dependence of the conditional probability
of assimilating the learning material
of a discipline on the relative error
in measuring knowledge: 1 — grade
of 5 points; 2 — grade of 4 points;
3 — grade of 3 points; 4 — grade
of 2 points; 5 — grade of 1 point

For students who receive a grade of
4 points at the control even, when the score
measurement error tends to zero, the probabil-
ity of assimilating the learning material of a
discipline decreases and comes to 0.6 at zero
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error. Distribution function that identifies a stu-
dent who receive a grade of 4 points can be
written down as ¥'(6")=0.4+0.68(c" —1).
The presence of Dirac delta functions in the ex-
pressions of distribution functions for students,
who received grades of 5 points and 4 points
at zero error, results from the presence of the
upper boundary of the measurement scale. The
situation is different with distribution functions
identifying students who received grades of 3,
2 and 1 points at the control event. The upper
boundary of the measurement scale doesn’t in-
fluence these distribution functions when the
measurement error tends to zero. In this con-
text, when the measurement error tends to zero
the probability of such students to assimilate
the learning material also tends to zero, since
the area where distribution functions overlap
for grades of 3, 2 and 1 points and grade of
5 points becomes equal to zero. With regard
to students who received grades of 3, 2 and
1 points in this case we can only talk about the
probability of finding them in one or another
area of the information space. The probability
of finding them in the entire information space
is always equal to one. It should be noted that
starting with a relative measurement error of 0.2,
distribution functions identifying students who
received grades of 5 points and 4 points become
indiscernible, and starting with a relative mea-
surement error of 0.4 a function identifying stu-
dents who received a grade of 3 points is added
to indiscernible functions (the form of the distri-
bution function, the values of the mathematical
expectation and the probabilities of assimilating
the learning material of a discipline coincide).
Distribution functions identifying students who
received grades of 2 and 1 points at the control
event, starting with oo = 0.4, coincide. With a
relative measurement error of 0.5, the distribu-
tion functions of students who received grades
of 5,4, 3, 2 and 1 points become identical, that
is, they completely coincide. In this regard, it
becomes impossible to rank students by the lev-
el of knowledge.

In the process of assimilating the learning
material of a discipline the student, commonly,
engages in several types of activity such as
studying lecture material, mastering methods
for solving practical problems, performing a
laboratory practice etc. In accordance with a la-
bor intensity, for each type of activity a certain
number of points is allocated out of 100 points
given for the academic discipline as a whole.
As a result of control events, for each type of
activity the student receives a certain number of
points, which are summed up as a result. Here,
the traditional (classical) point grading method

of assessing knowledge is used, according to
which a student in the process of assimilat-
ing knowledge is identified by a mathematical
point moving in the information space [4]. The
resulting assessment of the student’s knowl-
edge is translated from a 100-point measure-
ment system to a 5-point system according to
specified rules. However, there are currently no
uniform translation rules [5, 6]. To solve this
problem one can employ the results of model-
ing the distribution functions (fig. 2). So, at the
relative error 66 = 0.1 we can unambiguously
assume that the assessment ranges of 90 —
100 points, 70 — 89 points and 50 — 69 points
in a 100-point measurement system will cor-
respond to the grades of 5 points, 4 points and
3 points in a 5-point system with the condi-
tional probabilities of assimilating the learn-
ing material of a discipline equal to 0.9, 0.7 u
0.15, respectively.

With the decrease of the relative error of
measuring knowledge, the extent of overlap-
ping of distribution functions decreases and it
becomes possible to more finely rank students
by the level of knowledge. So, if 66 = 0.05, a
5-point system of measuring knowledge actu-
ally turns into a 10-point system, since to as-
sess the knowledge within the limits of error,
one can use integer values as well as fractional,
such as 4.5, 3.5, 2.5, 1.5, 0.5, or pass directly
to a 10-point system. With the increase of the
relative error of measuring knowledge, the ex-
tent of overlapping of distribution functions
increases and, hence, the resolution capability
of assessment of student’s knowledge drops.
For example, at 6 = 0.2 distribution functions
identifying students who received 5 points and
4 points at the control event, as was mentioned
above, completely coincide and, hence, stu-
dent ranking by the level of knowledge in this
case lose its meaning. Such large errors can
be realized in practice. So in [7] it is shown,
that when using a 5-point scale examiner in
some cases gives the grades with an absolute
error of £1 point, that is, with a relative error
of 20% (6o = 0.2). It follows that for the same
knowledge, a student can be assessed by differ-
ent examiners for “2”, “3” or “4”. Moreover,
in [7] it is noted that the same examiner at dif-
ferent moments of time, for example with an
interval of one month, also can assess the same
answer differently (the experiments include
videos recordings of the examinees’ answers).
Such large errors are due to the imperfection of
a “measuring instrument”, which is a human,
whose activity entirely depends on his psycho-
somatic state, which is constantly changing in
a random way.
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Conclusions

1. Systems of formulas (1) — (3) have been
obtained allowing for the different values of er-
rors in measuring students’ knowledge (math-
ematical expectations) to calculate distribution
functions, that identify a student in the process
of assimilating knowledge.

2. With the increase of the error of meas-
uring knowledge, the extent of overlapping of
distribution functions increases and, hence, the
resolution capability of the method drops. So,
at 0.2 relative error distribution function of stu-
dents, who received the grades of 5 points and
4 points coincide.

3. When the error in measuring students’
knowledge tends to zero, the conditional prob-
ability of assimilating the material by students
who receive a grade of 5 points on a five-point
measurement scale (“1” on a dimensionless
scale), increases and tends to one, while the
conditional probabilities of assimilating the
material of an academic discipline by students,

who receive grades of 4 and 3, 2 and 1 points
(0.8 and 0.6, 0.4 and 0.2 grades on a dimen-
sionless scale), decreases and tends to 0.6 and
zero, respectively.
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INVESTIGATION OF CHARACTERISTICS OF FRACTAL WIRE ANTENNAS
MADE IN THE FORM OF KOCH CURVE

Ilichev V.Y.

Kaluga Branch of Bauman Moscow State Technical University, Kaluga, e-mail: patrol8@yandex.ru

Wire antennas have become widespread due to the ease of implementing almost any of their geometric con-
figurations, one of which is a fractal (self-similar) structure. A characteristic type of fractal wire antenna is a Koch
curve antenna. The purpose of this study was to develop a simple and visual method for constructing a fractal shape
and obtaining the characteristics of such antennas, in particular, resonance frequencies and radiation patterns, as well
as their comparison with the characteristics of the classical simplest antenna — a half-wave dipole. To determine the
coordinates of characteristic points of the fractal antenna, the Python programming language is selected using the
Pandas function library to work with data arrays and output results to an Excel file. After a small processing of this
file, you can obtain a source data file for the program for determining the characteristics of wire antennas 4NEC2,
which uses the so-called moment method in calculations. Using the developed technique, the characteristics of a
wire antenna sample in the form of a Koch curve, as well as a half-wave dipole having the same main resonance
frequency, are calculated. A comparative analysis of the results was made, as a result of which conclusions were
drawn and recommendations were developed on the scope of application of fractal antennas of the configuration
considered. Directions of further improvement of wire fractal antennas are outlined.

Keywords: fractal, antenna, beam pattern, Python language, Pandas module, 4NEC2 program, moment method

Wire antennas are extremely widely used
due to its advantages [1]:

—ease of manufacture and availability
of materials;

— design repeatability;

— possibilities to achieve high efficiency;

— availability of software for calculation of
this type of antennas.

The main requirements for designing wire
antennas are [2]:

— formation of a beam pattern in accord-
ance with the purpose of the antenna (narrow
main lobe of the pattern with minimization of
the value of the remaining lobes to achieve
acute beam, or implementation of a uniform
circular beam);

—provision of antenna resonance at a
certain frequency (or several frequencies) or
broadband property;

— consistency with transmission line im-
pedance;

—reduction of maximum overall dimen-
sions.

Recently, the study of the capabilities and
properties of fractal antennas [3, 4], the form
of which has the property of self-similarity
(there are a lot of such forms), has gained
great popularity. However, the methods con-
sidered in the literature are either too time-
consuming, or are devoted to the study of any
separate characteristic. The general theory of
wire antennas of any configuration does not
yet exist.

Therefore, at the current stage of develop-
ment of this direction, it is necessary to create
a fairly simple and universal methodology for
the least time-consuming study of the charac-
teristics of fractal wire antennas, on the basis of
which they can be optimized.

Purpose of the study

In connection with the above considera-
tions, the purpose of the work was to develop
a universal method for creating and calculating
models of fractal antennas and consider it using
the example of an antenna in the form of a di-
pole geometrically representing a Koch curve.

The study includes the creation of a Python
program to find the coordinates of the begin-
ning and end of the sections of the curve form-
ing the antenna profile, bringing these coor-
dinates into a special program for calculating
the characteristics of antennas and finding the
following indicators: antenna resonance fre-
quencies according to the values of the reflec-
tion coefficient, as well as the construction of a
beam pattern in two planes — horizontal H and
vertical E. The method being developed should
be simple and convenient to use.

Also, for comparison, it is necessary to cal-
culate the characteristics of a simple antenna
of a classical form — a half-wave dipole having
the same resonant frequency as antenna in the
form of a Koch curve.

Based on the results of the study, it is neces-
sary to draw conclusions on the feasibility and
areas of use of antennas having the fractal form
under consideration and develop recommenda-
tions for further research of fractal antennas.

In this work, one of the embodiments of the
Koch curve (Fig. 1), located in the coordinate
system X, Y, Z, is considered.

The length of the entire antenna along the
X axis is taken to be 1 m, based on which the
fractal Koch curve is built. At the point of in-
tersection of the curve with the Y axis, a sinu-
soidal electric signal of a certain frequency f,
Hz (with the corresponding wavelength A, m)
is supplied.
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Fig. 1. Design diagram of the studied fractal antenna

Materials and research methods

To create models of wire antennas in the
form of fractal curves, you need a tool to cal-
culate the coordinates of their characteristic
points. In Fig. 1, the characteristic points are
the beginning and end of the curve, as well as
the vertices of the numerous angles from which
it consists. As such a tool, it was decided to use
the Python program, which is distinguished by
the availability of all the tools necessary for
this, the simplicity of writing program code
and the free use of all function libraries.

To date, the author has accumulated quite
a lot of experience in creating programs using
this universal language, including already there
is a developed program for constructing Koch
curves [5]. To solve this problem, this program
has been modified as follows: using the Pandas
library, it is organized to output the coordinates
of all characteristic points to the Excel table.

The coordinates of points obtained with the
help of the program are used to form the original
data file for the 4NEC2 program, which is also
free and easy to use, but has the functionality
and accuracy necessary for solving the tasks.

Calculation of characteristics in this pro-
gram is performed using moment method [6].
The antenna is represented by separate intercon-
nected straight wire sections (for example, for
the antenna shown in Fig. 1, there are 65). At the
point located on the Y coordinate axis, a small
area (indicated by a circle) is pointed to supply
electric current (the current parameters are se-
lected automatically by the program). The wave
resistance of the supply conductor is assumed
to be 50 ohms (impedance of the coaxial cable).

According to the method of moments, each
antenna wire is divided into several segments
in which concentrated loads are located [7]. In
this case, to ensure high calculation accuracy,
the number of segments of each conductor is

taken to be 9. The lead conductor is located on
the middle segment of the 33rd wire.

In the underlying program 4NEC2 method,
the integral equation characterizing the antenna
field is laid out according to a system of basic
orthogonal functions, followed by reducing the
problem to a system of linear algebraic equations.

The Python-based coordinate file for Excel
is simply converted to the structure required
by the 4NEC2 program (with few additional
antenna system input parameters added to the
point coordinates) and then saved in a text
file with the .nec extension. After loading the
received file into the program, the geomet-
ric model of the antenna shown in Fig. 1 is
4NEC2 obtained.

The 4NEC2 program makes all subsequent
calculations, which include:

1. constructing a dependence of the reflec-
tion coefficient on the frequency of the sup-
plied signal and finding resonant frequencies
of the fractal wire antenna;

2. drawing a directional pattern of a fractal
antenna in a horizontal plane in a polar coordi-
nate system,

3. embodiment of claims 1 and 2 for a sim-
ple wire antenna, a half wave dipole.

Research results and discussion

An antenna with a length of 1000 mm
along the X coordinate axis, with a conductor
thickness of 1 mm, is examined. Is it necessary
to consider an antenna — a half-wave dipole of
the same length along the X axis (half-length
of the A/2 = 0.5 m), for which the resonant fre-
quency is

c 310°
A 05

=150 MHz

(c is the speed of light, m/s), then for a frac-
tal antenna the resonance should be lower than
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this value, since the total length of the conduc-
tor of the antenna in question significantly ex-
ceeds 1000 mm.

Therefore, the calculation of the reflection
coefficient was carried out in the 4NEC2 pro-
gram at frequencies of 150 MHz and below
(up to a frequency of 10 MHz) with a step of
changing the frequency of 1 MHz. Conven-
tionally, we call this calculation preliminary,
since the frequency step is quite large (this had
to be done forcibly, since the number of points
on the graph should not exceed 256, accord-
ing to the requirements of the program). The
resulting graph is shown in Fig. 2.

The graph shows that the reflection coeffi-
cient K has the smallest value at a frequency of
about 71 MHz, there is also a decrease in K at
a frequency approximately 2 times lower. From
the presented results, it can be concluded that
the resonant frequencies of the antenna are close
to these values, however, in order to find them
more accurately, it is necessary to make calcula-
tions near the presented frequencies, but with a
smaller frequency change step (with an updated
calculation, it is adopted equal to 0.1 MHz).

The graph obtained when calculating the
reflection coefficient K near the frequency of
71 MHz is given in Fig. 3.

71 MHz
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Fig. 2. Results of preliminary calculation of antenna reflection coefficient
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Fig. 3. Results of refined calculation of antenna reflection coefficient
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According to Fig. 3, the refined main reso-
nant frequency of this antenna is 72.4 MHz.
Similar calculations were carried out near
twice the frequency — it turned out that there
is a second resonance of the antenna system,
but the reflection coefficient there is higher
(about -6 dB).

Further, for the main resonance of the
72.4 MHz system, the antenna directivity pat-
terns in the horizontal and vertical planes were
built using the 4NEC2 program.

It turned out that in the vertical plane the an-
tenna is non-directional, like a half-wave dipole.
The directional pattern in the horizontal H plane
(X-Y as shown in Fig. 1) is shown in Fig. 4.

It can be seen from the figure that the an-
tenna has no acute directivity in any direc-
tion — the diagram is complex, but does not
allow using the studied fractal antenna as a di-
rectional one.

The next stage was the task of creating a
model and studying an antenna — a half-wave
dipole having the same resonant frequency as
a fractal antenna in the form of a Koch curve
(72.4 MHz). Since the length of each arm
of the half-wave dipole is one quarter of the
wavelength A /4, it is

A e 310°

e . —1,035m.
4 4f 4.72,4-10

The length of the entire dipole is thus
2.07 m (that is, more than 2 times the length of
the fractal antenna).

Tot-gain [dBi]

724 MHz

In the 4NEC2 program, a model of this
half-wave dipole was built, the arms of which
are located on the X axis, and the current sup-
ply is at the origin.

The method of calculating the half-wave
dipole using the 4NEC2 program is no differ-
ent from the method of calculating the fractal
antenna. As a result of the calculation, the an-
tenna resonance frequency was verified to a
minimum of reflection coefficient, and direc-
tional patterns were built in the planes H and E.
The theory was confirmed that in the vertical
plane E the half-wave dipole does not have
directivity (radiation in all directions is the
same). In the horizontal plane, the directivity
pattern characteristic of the half-wave dipole is
also obtained (Fig. 5).

The figure shows that the dipole in question
has a certain orientation along the Y axis, more
pronounced than that of the fractal antenna in
the form of a Koch curve.

Conclusion

The obtained results make it possible to
draw conclusions and develop recommenda-
tions on the design and use of fractal wire an-
tennas made in the form of a Koch curve:

1. the main advantage of a fractal antenna
is its much shorter length compared to a half-
wave dipole having the same main resonance
frequency, so a fractal antenna can be recom-
mended for use in small devices (and at small
wavelengths — and in mobile devices);

Horizontal plane

0

Fig. 4. The directional pattern of the fractal antenna in the H plane
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Tot-gain [dBi]
72.4 MHz

Fig. 5. The directional pattern of the half-wave dipole in the H plane

2. the fractal antenna in this case has two
resonant frequencies multiple of each other,
but the smaller resonant frequency has a higher
reflection coefficient, and at this frequency the
antenna operates less efficiently;

3. compared to the usual half-wave dipole,
the fractal antenna has less directivity in the
horizontal plane, so it is recommended to use it
for such devices as radio and television receiv-
ers, digital signal receivers, electromagnetic
radiation meters.

The dimensions of the fractal antenna while
maintaining the given resonant frequency can
be reduced even more, increasing its fractal di-
mension (by reducing the size of self-like ele-
ments — triangles and increasing their number).
To achieve even smaller dimensions, a fractal
antenna could be designed to operate at a sec-
ond, lower, resonant frequency.

In further studies, it is also necessary to
check the effect of conductor thickness on
the characteristics of the fractal antenna — this
seems important in this case, since increasing
fractal dimension requires reducing the thick-
ness of the conductor, otherwise it will be im-
possible to correctly repeat fractal parts of the
antenna of small size.

As can be seen from the study, fractal an-
tennas in the form of a Koch curve are suit-
able for use in the same wavelength ranges as
half-wave dipoles, however, as the above stud-
ies showed, for each frequency there is only
one optimal dimension ratio. To turn a fractal

antenna into a wide-loose antenna, it seems
that it is necessary to increase the complex-
ity of the fractal structure and simultaneously
use a system of antennas of different sizes (as
is done, for example, for television antennas,
which can consist of a large number of half-
wave vibrators).

Summing up the work done, the following
tasks can be noted:

— substantiation of the need to create a
new, easy-to-use method for calculating fractal
wire antennas;

— the algorithm was compiled and the pro-
gram code was written to calculate the coordi-
nates of the characteristic points of the fractal
antenna in the form of a Koch curve, using the
Python language modules and functions neces-
sary for this;

— it is shown how the calculated fractal
structure can be used in the calculation pro-
gram of wire antennas 4NEC2 to find reso-
nant frequencies and construct directional
patterns;

— comparing the calculated characteristics
of the fractal antenna and a half-wave dipole
having the same main resonance frequency;

— recommendations on the scope of fractal
antennas in the form of the Koch curve, as well
as on their further improvement, were devel-
oped on the studies carried out.

The approach described in the article is
also useful for the optimal design of wire an-
tennas having any fractal configuration [8], but

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Technical sciences

for each type of fractal structure it is necessary
to develop its own program code for calculat-
ing the coordinates of characteristic points us-
ing the Python language, using the correspond-
ing function libraries [9]. In particular, when
creating an array of data on the coordinates
of a complex antenna module, the Numpy li-
brary [10] can be successfully used.
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MATEPHAJIBI XIII MEX/IYHAPOJHO! CTYIEHUECKOI HAYUHOI KOH®EPEHLIMN
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JEPMATOMMUMKO3bI: OCOBEHHOCTHU JIMAT'THOCTUKHU U TEPAITMU

SAxmmbaena JI.A., KuszeBa O.A.
DI'BOY BO «bawkupckuii cocyoapcmeennblil ynusepcumemy Munucmepcmea Hayku i 8blCuie20
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B nannOM 0030pe 0000MICHB! HMEIOIIIECS JIUTepaTypHbIe JaHHBIC II0 BOIIPOCY UICHTH(HKALNH, TaTOTeHHO-
ro AeiicTBHsA rpubOB HA OPraHU3M U TEPAINH JepMaToMHK030B. Ilatorennsie rpudsl nopaxator 20-30 % HaceneHus
3eMHOTO0 11apa, BBI3BIBAIOT J10 95 % Oose3Hell CellbCKOXO3SHCTBEHHBIX KyIBTY], SBJISIOTCS OJJHOW M3 OCHOBHBIX IPH-
YMH CMEPTHOCTH ITAIIMEHTOB IPH OOJBIIMHCTBE HEU3ICUHMBIX 3a00ieBaHHi. [[epMaTOMUIETHI SBIISIOTCS TTOBEPX-
HOCTHBIMH I'pUOAMH, HE CIIOCOOHBIMU HPOHUKATH ITYOOKO B TKAHH HIIH OPraHbI BCIICACTBUC BIICIICHUS Hecenupu-
4yecknx OapbepHbIX (akTopoB. MH(pEKIH, BEI3BaHHBIE HMH, IIPOTEKAIOT OT C/1a00 BBIPAKEHHBIX (OPM JIO TSIKEIIBIX,
YTO SBISIETCS PE3yJIBTATOM OTBETHOH PeaKIMM OpraHu3Ma Ha MeTa0oIMuecKHe MPOAyKTHI Ipuda. [y mocTaHOBKU
KJIMHUYECKOTO AMArHO3a U BIOOPA JIGKAPCTBEHHBIX CPE/ICTB P JICICHHH ACPMATOMULICTOB HEOOXOIMMO YUUTHIBATH
(aspl pa3BUTHS: aHAMOP(BI BBIBIBAIOT OOJIE3HETBOPHBIE IEPMATOMHUKO3bI, TEIEMOP(MBI HE ABJISIOTCSA MAaTOTCHHBIMH.
Vcnonb3yroTes MEKPOCKOIHYECKHUE, Ky/ITYpaIbHbIC, IIOMAHECHCHTHBIC, IMMYHOJIOTHUeCKHE, OHOIOTMIeCKHe U TH-
CTOJIOTHYECKUE METObI uaeHTHGHUKaMK. JlepMaTtoGuThl IMEIOT 0COOCHHOCTH K AEPMATOTPOINU3MY U CHOCOOHBI BbI-
3bIBATh IIOPaXKEHHUE POTOBOTO CJIOS SMHAEPMHUCA, BOJIOC U HOITEi. B HEKOTOPBIX Cllydasix pacrpocTpaHeHHe MUKO30B
4yepe3 CHCTEMY KPOBH MOXKET IPUBOIUTH K TSDKEJIOMY MUKOTHYECKOMY TTOPAKEHUIO IIEHTPAIBHON HEPBHOI CHCTEMEL,
KOCTHOM CHCTEMBI U IPYTUX TKaHEeH n opraHos. [l peIoTBPAIICHHS 3TOr0 BCEria HEOOXOAMMO HapsiLy C JICYCHUEM
OCHOBHOTO 3a00JICBaHHUs HA IIEPBOM 3Tarle MPOBOIHTE POTUBOIPHOKOBYIO CHCTEMHYIO M HAPY/KHYIO TEPAITHIO.

KiroueBbie ci0Ba: JepMaTOMHIIETHI, 1ePMATO(GUTHI, 1epMATOMHKO3bI, 1epMATOTPONN3M, aHaMopda, Teaeomopda,
NaToreHHoe JeiicTBHE

DERMATOMYCOSIS: FEATURES OF DIAGNOSTICS AND THERAPY

Yakshibaeva L.A., Knyazeva O.A.
FSBEI «Bashkir State University» of the Ministry of Science and Higher Education
of the Russian Federation, Ufa, e-mail: Lianabells@mail.ru

This review summarizes the available literature data on the identification, pathogenic action of fungi on the
body and therapy of dermatomycosis. Pathogenic fungi infect 20-30 % of the world’s population, cause up to 95 %
of agricultural crop diseases, and are one of the main causes of death of patients with most incurable diseases.
Dermatomycetes are superficial fungi that are unable to penetrate deeply into tissues or organs due to the release
of non-specific barrier factors. Infections caused by them run from mild to severe forms, which is the result of
the body’s response to the metabolic products of the fungus. To make a clinical diagnosis and select drugs in the
treatment of dermatomycetes, it is necessary to take into account the development phases: anamorphs cause disease-
causing dermatomycosis, telemorphs are not pathogenic. Microscopic, cultural, luminescent, immunological,
biological and histological identification methods are used. Dermatophytes have a feature of dermatotropism and
can cause damage to the stratum corneum of the epidermis, hair and nails. In some cases, the spread of mycoses
through the blood system can lead to severe mycotic damage to the central nervous system, skeletal system and other
tissues and organs. To prevent this, it is always necessary, along with the treatment of the underlying disease at the
first stage, to carry out antifungal systemic and external therapy.

Keywords: dermatomycetes, dermatophytes, dermatomycosis, dermatotropism, anamorphs, telemorphs,
pathogenic effect dermatomycetes, dermatophytes, dermatomycosis, dermatotropism, anamorph,
teleomorph, pathogenic effect

['puOBI — OTHY M3 CaMBIX 3araJIOYHBIX U Ma-
JIOU3YYCHHBIX CYIIECTB, HACEISIONINX 3EMITIO.
Ux BunoBoe pasHooOpaszue B 6 pa3 IpeBbIIIACT
paszHooOpasue pactenuid, B 50 pa3 — pasHoO-
Opasue Mo3BOHOYHBIX, HO OOIIUH YPOBEHH H3-
YYEeHHOCTH €/IBa MpeBbITIaeT 5 %.

95% 0one3Heil CeIbCKOXO3SIMCTBEHHBIX
KYJIBTYp BbI3bIBalOT TpuObl. OHU paspyina-
FOT MPOMBIIICHHBIE MaTepUalbl U MHINEBHIC
MIPOJYKTHI, BHI3BIBAIOT OTPABJICHHS, a TaK JKe
TSDKEJICHINE, 3a9acTyI0 CMepTENbHbBIE 001e3-
Hu. [larorennsie TpuOBI, mopaxaromme 20-
30% denmoBeuecTBa, O CHUX IOP OCTAIOTCS
B Tend [1, c. 32].

[puObl  SBISIOTCS  OCHOBHBIM — MCTOUHH-
KOM CMEPTHOCTH TAIUEHTOB MPU OOJIBIIHMHCTBE
HEM3JIeYNMBIX 3a00J7€BaHNl — PaKOBBIX, ayTO-

UMMYHHBIX W HWMMYHOAC(HIMTHBIX. MUKO3bI
BeibBalOT 70% ocnoxuaenuit npu CIIN /e
u 75% cMepTeNbHBIX CiydaeB Yy OOJIbHBIX
neiikemueil. Jleuenne aHTHOMOTHKAMH, KOPTHU-
KOCTEpPOUIAMH, IIATOCTATUKAMH U MMMYHOCY-
npeccanTaMu B 90 % BBI3BIBaET pa3BUTHE MU-
KO30B [2, c. 266].

B ocHOBHOM TpHOBI TPOSBISIOT cebs
KaK BTOPHYHBIE TATOrE€HBbl Ui MAIMEHTOB,
Y TOJILKO HEMHOTHUE U3 HUX OTHOCST K IIEPBUY-
HBIM TIaTOTE€HaM, HAIpUMeED, JIePMATOMUIICTHI.
OTtnenpHBIE BUABI MEKPOMHIIETOB MPOSBIISIOT
ce0sl M Kak MepBUYHBIC, U KaK BTOPUYHBIC I1a-
ToreHsl, Hanpumep, Cryptococcus neoformans
var. neoformans [3, c. 288].

JepmMaTtoMHLIeTsl — MOBEPXHOCTHBIE TPH-
OB, JIOKATH3YIOIIHECS Ha KOXKe, BOJIOCAX U HOT-
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TsX. OHM He TPOHUKAIOT OOBIYHO B ITyOOKHE
TKaHHU WJIM OPraHbl, IOCKOJIbKY HE MOTYT MHpe-
0J10JIeTh Hecrenupuyeckue OapbepHbIe (ax-
TOPHI (CBIBOPOTOUYHBIC, BKITFOYAsT WHTHOUTOPHI
kepatuHassl) [4, ¢. 433]. Uadekmun mpoTeka-
IOT pa3In4HO OT ciabo BBIPaKEHHBIX (HopM
JI0 CEPbEe3HBIX — KaK pe3yJbraT OTBETHOH pe-
aKIUM MaKpoopraHu3Ma Ha MeTaboJHYecKue
MPOIYKTHI TPpHUOA — MaToreHa, BUPYICHTHOCTb
MOCIIETHET0, AHATOMHYECKOH CTPYKTYphI TKa-
HU (OpraHa) ¥ MECTHBIX OKpY)Karommux (pakTo-
poB [5, c. 26]. ['pubsI umeroT 43 anaMmOpQHBIX
BHJIA JICPMATOMHUIICTOB: 2 — U3 pona Epider-
mophyton, 16 — w3 pona Micrisporum, 24 —
u3 pona Trichophyton u 1 — u3 pona Lacazia.
Breiaenstor 4 3K0JIOrMYecKUe rpymmbl AepMa-
TOMHUIICTOB: aHTOPOMIOPHUIBHBIC, 300(HUIHHBIC,
reduibHbIe, THAPOGUIBHBIE [6, c. 124].

HdepmatomuiieTsl cBOE 00JE3HETBOPHOE
JeHCTBUE MPOSIBISIIOT TOJNBKO B aHaMOPQHOMH
(dase pasBuTHA, HX TEICOMOPQBI SBISIOTCS
HE TATOTCHHBIMH. DTO HEOOXOJMMO 3HATH,
4100 NPABUILHO OLICHUTH BUJI BBIIENISIEMOTO
rpuba B MaToIOTHUECKOM Marepuae, a TaK e
TOYHOM MMOCTaHOBKH J1a0OPaTOPHOTO U KIIMHU-
YECKOro JJMarHO30B M BBIOOpA JIEKAPCTBEHHBIX
CPEJICTB, JUIS JICYCHHUS] KOHKPETHOTO OOJBHO-
ro[7,c.48; 8, c. 3].

Ieas uccnenoBanms

Ilenpro wccnenoBaHWs SIBUIOCH 0000-
MICHUC HUMCIOIUXCA JIMTEPATYPHBIX JaHHBIX
[0 BOIPOCY HICHTU(PHUKALNHU, TAaTOTEHHOTO
JIEHCTBUS TPUOOB HA OPraHU3M M TEparuu
JIEPMATOMHKO30B.

MaTepna.m)l U METOAbI UCCTCAOBAHUA

MarepuaiaMu HCCIEIOBaHHS CTAIH aKTy-
aJbHBIC MYOIMKAIMH TI0 BOIIPOCAM OCOOCHHO-
CTell MMKO30B Ha COBPEMEHHOM JTarie.

Pe3ynbrarhl Heeae10BaHusA
U UX 00CYy:KIeHue

Umerotest pasnuuHble MyTH MPOHUKHOBE-
HUs rpuOoB B opranusM. [lepBuunsiii ouar 00-
pasyercs [9] B 001acTu BXOTHBIX BOPOT. Bxos-
HBIMH BOPOTaMH HEKOTOPHIX MHKO30B MOTYT
CTaTh OpraHbl JIBIXaHUs, HO B OOJBITHHCTBE
CllydaeB TPHOBI MOMAIal0T B OPraHU3M 4Yesio-
BEKa Yepe3 MOBPEKICHHYIO KOXKY U CIIU3UCTbIE
obomoukwu [10, c. 43].

MOXHO BBIJEINUTh HECKOJIBKO TEPHOIOB
B pa3BUTHHM TPHOKOBBIX 3a0ojeBaHuid. MHKY-
OaMOHHBIN TePHO, HACTYAET Cpasy e Io-
cie BHenpeHus rpuda. [IponomKuTenbHOCTD
€ro OT OJIHOM HEENH 10 HECKOIBKUX MECSIIEB,
II0CJIE 3TOTO HACTyMaeT MepUOJ] ITPEIIIECTBEH-
HUKOB [11]. Jlng 7nedeHus MHKO30B HYKHO
YETKO OIPEJIe]ICHHOE JIeueHue, T.K. 0e3 Hero
HEKOTOpPbIE MHKO3bl MOTYT MPOSIBISITHCSL B Te-
YyeHue Bcel u3Hu 0oibpHOTrO. [lpn riryOokmux

CENTUKOMUEMHYECKUX (OpMax U pU Topake-
HUY KU3HEHHO BYKHBIX OPT'aHOB HAOIIONAETCS
JeTanbHbIM ucxon [12].

Hekoropsie BumbI TPHOOB 13 TIEPBUYHOTO
oyara MOI'yT IIEpeMEIIaThCs [0 CUCTEME KPOBH
U JuMGPaTUYECKON CHCTEME IO BHYTPEHHUM
opraHam, IJie JJIsi HHX KIMEeTCs OJIaronpusTHas
cpena Juis AallbHEHIIero pa3MHOKEHHUs, COOT-
BETCTBEHHO TIOPAKEHHSI BHYTPEHHUX OPTaHOB,
LIEHTPAJIbHOM HEPBHOM CUCTEMBbI, KOCTHO-MbI-
IIeYHON crucTeMbl. MHOTHE TpUOBI 00IagaroT
Tporu3MoM [13], T.e. crmocoOHBI U30MpaTEITb-
HO MOpaXkaTb omnpezeiicHHble TkaHu. [Ipu mo-
paKEHUU BHYTPEHHHX OPraHOB 4allle BCTpPe-
YyaeTcsl TOpaKeHHE JIETKUX W KHUIIEYHUKA,
pexe — CeNe3eHKH, TIEYeHN U Ceplla, U OueHb
penko — mopakeHWst HepBHOM [14], KocTHO-
MBIIIEYHOM cuctemsl [15, ¢. 27]. B pe3ynbra-
T€ TMATOJOTMYECKUX W3MCHCHHI BHYTPCHHUX
OpraHoB  HAONIONAIOTCSI  TPaHyJIeMaTO3HbBIE
W3MEHEHMs pa3jMJHOW WHTeHCHBHOCTH. Ha-
THOWTENbHBIE MUKO3BI HAOIIOAAIOTCS TIPU XPO-
HUYECKOM KOKIIMMO03¢ M OnmactoMukose 16,
c. 73]. Jepmarodutel 00nagar0T CBONCTBOM
JIEPMATOTPONM3MA M TIOPAKAIOT B OCHOBHOM
POroBOI CJON 3MUIIEPMHUCA, BOJIOC U HOITEH.
HepmaroTpori3m y aepMaTtopuTOB pa3BHIICH
B TIpOIIeCCe WX IBOIIOIMOHNPOBAHUSI U MHOTO-
BEKOBOI'0 IMapa3sUTHUPOBAHUS HAa KOKHBIX I10-
KpOBax 4YejOBeKa U )KUBOTHBIX. JlepMaropuTh
B Ka4eCTBE MHUTAHUS UCIIOIB3YIOT OCJIKH Kepa-
THHA 32 CUeT Halu4us (pepMeHTOB, 00Jaar0-
IIMX KEepPaTONMTHYECKOW W JIUMOIUTHYECKON
aKTUBHOCTHIO [17].

[ITupokoe pacnpoCTpaAHEHUE UMEET MUKO3
BOJIOCUCTOM YacTH roJIOBbl. 3a00JieBaHUE BbI-
3BIBAIOT TPUOBI pona Trihophyton u Microspo-
rum, HO BBIPQYKEHHBIC TIOPAKEHUS BOJIOCUCTOMN
YaCTH IOJIOBBI BEI3BIBAIOT M. audouinii, T. vio-
laceum. OT >KOIOTHH BO3OYIHWTEINS 3aBUCHUT
KIMHUYECKass KapTHHAa MHKO30B BOJIOCHUCTOH
4acTu TOJIOBBI. Pa3inyaror aHTponoduibHbIe,
300¢mibHbIe (reodunbHble TpHUOBI). Tak xKe
3Ta 3aBHCUMOCTh HaONIOIaeTcs OT crocoda
pacTIONIOKEHHS AIIEMEHTOB Tprda B CTPYKType
BOJIOCA (QHIOTPHUKCHI, IKTOTPUKCHI) B OT CTe-
[ICHU BBIPAKEHHOCTH BOCHAJIUTEIILHOW peak-
[IUU KOXKHOTO MTOKPOBa. BO3MOXKHBI pa3inyHbIe
BapHaHThl TECUCHUS MHKO30B BOJIOCHUCTOHN Ya-
cTH ToJIOBbL. CIIOHTAHHO MOXKET Pa3perInuThCs
WHQUIBTPaTHBHO-HATHOUTEbHAS (hopMa TpH-
xo(utHnn, BBI3BIBaeMast 300(UIHLHBIMHA TPHOa-
MU, 1 MUKPOCTIOpHs, BeI3BaHHAsA M. audouinii.
Tak sxe TpuXo(pUTHS BOJIOCHCTOM YaCTH TOJI0BbI
MOXET MPUHUMATh XPOHUYECKOe TeueHue. 13-
pelika MUKO3 BOJIOCHCTOW YaCTH TOJIOBBI MOXKET
OBITH BBI3BAaH CMENIaHHOW WH(EKIneld u Me-
HATh KIIMHUYECKYIO0 KapTuHy Oone3nn. B oc-
HOBHOM MMKO30M BOJIOCHCTOW YaCTH TOJIOBBI
OoseroT ety B Bo3pacte oT 4 1o 14 net [18].
YV B3pocCIbIX 00JIE3HB MPOTEKAET HA (JOHE CHHU-
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JKEHHOTO MMMYHHTETa ¥ BO30OYIUTEISIMA MU-
K032 y HUX SIBJISIFOTCS JIMIb HEKOTOPBIC BUBI
tpuxodurtoHos [19, c. 344; 15, c. 31].

PaznuualoT HECKOJBKO Pa3HOBUIHOCTEM
MHKO30B BOJIOCHCTOH YacTH TOJIOBHI: TIOBEPX-
HOCTHAsI TPUXO(PUTHUS, XPOHUYECKasT «IepHO-
TOYEUHAS»  TPUXOPHUTHUS,  HM30JMPOBAHHAS
XpOHHUYECKass TPUXOPUTHS, TIIyOOKash TPUXO-
(uTus, Mukpocnopus, dasyc.

B cenbckoit MecTHOCTH, Cper pabOTHUKOB
CKOTOBOTYCCKUX M MOJIOYHBIX (hpepM HabIIo0-
JlaeTcsl OpaXCHUE MHUKO30M OOpOJIbI M YCOB.
OdeHp 4acTO MHUKO3 BBI3BIBAIOT JIE€PMATOMHU-
ueTsl Buna 1. mentagrophytes var. gypseum,
T verrucosum, pexe — M. canis u T. erinacei.
Hckimodenne COCTaBISIFOT aHTPONO(UIHHBIE
rpudsl 7. violaceum, T. schoenleinii, T. meg-
ninii u T rubrum. VICTOUHMKOM 3apa)keHUsI
SIBJISIFOTCSL KPYIIHBIM pOraThlid CKOT, JIOLIAJH,
cobaxku, mbitm. KinnHU4Yeckas kapTuHa 3a0oJe-
BaHUS: aCCUMETPHYHO PACIIOIOKCHHBIE BBICHI-
MaHus, TPEUMYIIECTBEHHO JIOKAIN30BaHHbBIE
Ha KOKe MO/M00POAKa, IIIeH, BEpXHEH W HIDK-
Hell yemoct. OOpasyrorcsi MHOWIBTPATHUB-
HBI€ Y3716l OT CHHET0 10 KPacHOTO I[BeTa, UMe-
IOLUE MMACTO3HYI0 KOHCUCTEHIUIO, YCEsTHHbIE
OOJBIITUM KOJMYECTBOM TEPU(OILTUKYISIPHBIX
IyCTyJ, KOTOPbIE, IPUBOIAT K 00pa30BaHHUIO
adcreccoB. B myctynmax oOpasyeTcst cepo3Ho —
THOWHOE cofepumoe. B odarax mopakeHus
BOJIOCHI TYCKIIbIE, JIOMKHE; OHU BBINAIAI0T Ca-
MOCTOSITEJIEHO WJIH JIETKO SMUINPYIOTCA. Y3IIb
IIPY HArHOGHUHW MOTYT BCKPBIBaThCs ¢ 00pa3o-
BaHUEM THOMHBIX nosiocteit. [20, c. 78-80].

B crpanmax c¢ TemmbIM KIMMAaTOM darie
BCTpEYaloTCsl JAEPMATOMUKO3BI IJIaJIKOW KOXKHU
u koxu ymua (Tinea corporis, Tinea faciei).
Boiiensitor  aBe  opMmBI:  KIIacCHYECKYIO
1 ¢ TIIyOOKMMHU BOCHATUTEIHFHBIMUA O4YaraMu.
IIpu kimaccuueckoit hopme 3a00TCBAHIST MOXK-
HO YBHWJIETh KOINIBLIEBUIHBINA OdYar C TPHIION-
HATON TI'PAHMIIEH, HA MOBEPXHOCTU HMEHOTCS
IJIOCKHE MIeNyIIAlie Mamyibl WIH BEe3UKYJIbI.
BocnanurenpHplifi oyar B LEHTPE HUMEET KO-
pUYHEBATHIH [BET, 110 IepU(EPUH MISTyIICHAE
coxpansieTcsi. BOITbHBIX B OCHOBHOM O€CITOKO-
AT 3yA. 300pWIbHBINA TpHOOK 7. verrucosum
MOJKET BBI3BIBaTh TIIyOOKHE BOCIAJIUTEIHHBIC
ovaru. KnuHnveckn HaOMIOAalOTCs 10CTAaTOU-
HO KpYIIHBIE 0Yark BOCHaJleHHs, 00pasyromue
(hoITHKYISIpHBIE ITyCTYJBl KPAacHOTO IIBETa
C MIPUIIOIHSTON MOBEPXHOCTHIO [21].

MuKo3bl IIaJIKOM KOXKH pas3lieiaioTcs Ha:
MUKO3, BBI3BaHHBIH 1. rubrum; rimyOoKyIo Tpu-
xoduTHio; rpanyinemy Majocchi u dasyc.

[TaxoBerii nepmaromuxos (7Tinea cruris) sB-
nseTcss WHQEKIUeH, Mopakaroie KpyImHbIe
CKITagKh (B OCHOBHOM IIaxXOBBIE) W OJH3IIe-
JKalllie YJacTKH KOXH. boneror vamie TydHbie
MY’KYHMHBI C HApyIIEHHUEM YIJIEBOIHOTO 0OMeHa
1 MOBBILLIEHHOW MOTJIMBOCTHI0. MUKO3 BbI3bIBa-

1t Epidermophyton floccosum, Trichophyton
mentagrophytes var. interdigitale, T. rubrum.
WnduurpoBanue NPOUCXOAUT IPH COIPU-
KOCHOBEHUH C OONBHBIM M dYepe3 TpPeaMeTh
JIMYHOU TUTHEeHbl. YacTo MHKO3 pacmpocTpa-
HSIETCS 32 MPEJICIIbl TAXOBbIX CKIIAJ0K: Ha BHY-
TPEHHIOIO TIOBEPXHOCTH OeJiep, TPOMEKHOCTB,
NepuaHajgbHyl0 00JaCTh M MEXBSITOAUYHYIO
ckiragky. OOpasyercsi KpynHOE IOpa)kKeHHE
¢ (pecTroHUATHIMU KOHTYpaMH, CKIOHHOE K TIe-
pudepuaeckomy pocty [21; 22, c. 130].
Muxko3sl cron (7inea pedis) MMEIOT -
pOKOe, MOXKHO cKa3aTh Oojiee MaccoBO€ pac-
NPOCTPaHEHHE, IO CPaBHEHHIO C HWHBIMH
Muko3amu. Hawubonee pacmpocTpaHeHHbIH
BO30YIAHUTETh MUKO3a CTOM — 1. rubrum, pexe —
T. mentagrophytes, var. interdigitale [23], emte
pexe — Jpyrue JepMaTtoMHIEThl. MuKo3oM
CTOTI, YEJIOBEK, KaK MpaBUIIO, HHOUIHPYETCS
B CEMbE, UMES TECHBII KOHTAKT C 3apa’KeHHBIM
M ero BemaMu. Muko3, BeI3BaHHbIN 1. rubrum,
AMeeT XPOHHYECKOE TeUCHHE — XPOHWYECKas
CKBaMO3HO-THIIEpKepaToTHIecKas ¢opmMa Mu-
Ko3a cTom («MOKAacHHOBBIN THIT»). Kiunmnue-
CKH TIPOSIBIISIETCS B BUJE JIETKOTO OKPACHEHHS
MOPaKEHHOW 001aCTH, YMEPEHHOTO MU BBI-
PaKEHHOTO MLIENYLICHHUS, a TaK € TOJCTOrO
CJIOSl TUTIEpKEparo3a B TOYKaX, HECYIINX Hau-
Oomprryto Harpysky [24, c. 330]. 3apaxenue
MHKO30M CTOII, BBI3BaHHBIM 1. mentagrophytes
(amImIepMa: MHUKO3 CTOTI), TaK K€ TMPOUCXOIUT
B MeCTax OOILECTBEHHOIO TIONb30BaHUS —
CIOPTUBHBIX 3ai1ax, OaHsX, cayHaX, Oaccei-
Hax. [Ipu snmaepMoMuKo3e CTOT OOBIYHO JaIle
rmopaxaetrcs MexnanbieBas Qopma Tinea
pedis. B 3-ii, 4-i1, nnorna B 1-il MexmnanbpIie-
BOW CKJIaJKe oOpasyeTcsl TpelrHa, Mo KpasiMm
MOSIBJISIETCS TTOJIOCKA HAOyXIero 3MuaepMuca
c Oenoif kaiitmMoil Ha (hOHE OKpyXKaroLeH pu-
TEMBI. DTH SIBIIEHUS MOTYT COIPOBOXIATHCS
HETIPUSATHBIM 3armaxoM (0COOCHHO TPH TIPHCO-
€/IMHCHNU BTOPUYHOW OakTepHaIbHON HH(EK-
IIH) U, KaK MpaBuiio, OoJie3HeHHBI. B HekoTO-
PBIX ClTydasix MOpakaloTCsl OKPYKaroIas Koxa
u HortH (I m V) manwies cromsl [25; 26, c. 70].
Hepmaromukossl kuctelt (Tinea manuum) —
rpuOkoBass WHGEKIHA, WMEIOIas JIOKaau3a-
[UIO Ha KHCTSAX PyK. Y JeTell ObIBaeT pejko,
pa3BUBacTCSl MEAJICHHO B TEUECHHE HECKOJIBKUX
MecsleB U Jaxe JeT. [lepMaToMHUKO3 KIMHU-
YECKH IMPOTEKAET TaK XKe, KaK KIacCHUeCcKast
(hopMma nepMaToMHKO3a IIaKOH KOoH. JlaHHas
nH(DEKIHA Ha JIAJOHAX FMEET TaKyro ke Kap-
TUHY, 4TO M TUTIepKeparoTnieckas (popma mo-
JIOIIBEHHOTO JiepMaToMuko3a [27, ¢. 272].
Hepacnosznannsiii  aepmatomuko3 (Tinea
incognito) — MecTHasi rpuOKoBass HMHQEKIHS
KOXKH, Yallle MMopa)karolias MaxoByl 001acTh,
JIMLIO, ThUI KUCTEW. B pe3ynbrare npuMeHeHus
HApYXHBIX KOPTHKOCTEPOH/IOB, KIIMHHYECKAS
KapTUHA MHK03a MeHseTcsl. OueHb 4acTo Bce-
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ro ee OMIMOOYHO HHTEPIPETUPYIOT KaK IK3eMY
JaJI0HeH, ¢ HA3HAYEHUEM TOIIMYECKUX CTEPOU-
noB. [Ipu npuMeHeHNH MECTHBIX KOPTHKOCTE-
pOUIOB BOCIIAJIEHUE YMEHBIIACTCS, CO3ZaBast
OLIYIIEHHE MHHMMOIO OJIaronojydus, OIHAKO
rpuOKoBasi WHQEKIHs Pa3BUBACTCS BTOPHY-
HO TIOCJIC BBI3BAHHOW CTEPOHMIAMH JIOKallb-
HOW uMMMyHocynpeccud. Ilocne oxoHuaHuUs
JICYCHUSI MOXKET BO3HUKHYTH PELUANB BBICHI-
[IaHUH, NIPU 3TOM WX KIMHHYECKas KapTHHA
Oyner npyras. BoaMOXXHO OTCyTCTBHE LIETYy-
mieHust o nepudepun ovaros [25], cHuKe-
HUE YETKOCTH TpaHul, pa3Butue auddy3Hoi
9pUTEMBbI, Ayl WIA IIyCTYJl, KOpUYHEBas
TUIIEPIUTMEHTaLuSI.

OCHOBHBIM METOZIOM MIEHTU(UKALMU AEpP-
MaTOMMLETOB SIBJSIETCSI  MHUKPOCKOIINYECKOE
WCCIIeIOBAaHUE TIATOJIOTHYECKOr0 Marepuasa
Ha TpuObL. [Ipor3BOIAT €r0 B HATHBHBIX M OKpa-
LIeHHBIX Npenaparax. KyiprypanbHoe uccneno-
BaHME JIEPMATOMULIETOB — METOJ, SIBJISTFOLLIMIACS
BBICOKOUYBCTBUTE/IbHBIM M CHELU(PUIECKUM
B 1a00OpaTOPHOI MHArHOCTHKE MHUKO30B. Hesa-
BUCHMO OT PE3yJILTaTOB MHKPOCKOITHH €ro HeoO-
XOZHMMO BBITIOJHSTD, TAK KK IIPH IIOMOIIX 3TOTO
METO/Ia MHOT/IA YAETCsl BBIABIATH BO30YAUTENS
[P OTPHLATEJIBHBIX JAHHBIX MHKPOCKOIIHH,
a TAKXKe MOKHO ONIPEAEIIATH POA U BU BO30OYAHU-
TeJsl, IPOBOIUTD aJE€KBaTHYIO TEPAIUIO U IIPO-
¢bunaktuky 3aboneBanus. OcoOCHHYIO MONB3Y
KyJIBTypasibHbI METOJI HECET JUIsl TUarHOCTUKHI
JIATEeHTHBIX (OPM MHUKO30B, HOCHTEIILCTBA JIep-
MaTOMMIIETOB 310poBbIMU JtonbMu [28]. Tlon-
TBEPIUTH (P(HEKTUBHOCTD JICUCHUS TTO3BOJISICT
JIOMUHECTICHTHRIM MeTof [29, c. 12]. s ce-
POJIOTHYECKOW JTMarHOCTHKH JIEPMAaTOMUKO30B
1 BBISIBIICHHUS CIe(PUIECKUX U3MEHEHUH B Op-
raHu3Me MPHUMEHSIOT UMMYHOJIOTHUECKHE Me-
Tozpl. JlabopaTopHasi AMArHOCTHKA DITYOOKHX
MHKO30B 3aKJIIOYaeTcs B HCCIEAOBaHUM OHMO-
JIOru4ecKoro Meroza. st 3Toro JKMBOTHOE 3a-
PaKarOT NaTOreHHBIM TPHOOM HII MaTepPHAIIOM,
B KOTOPOM OH cofepxurcs. Ilocnennuii meton
UACHTU(HUKALMN JIePMAaTOMHUIIETOB — THCTOJO-
rHYecKoe uccienaoBanue. st HOCTaHOBKHU JUa-
THO32 HEOOXOJMIMO OOHAPYKUTH DJIEMEHT Tproa
B TUCTOJIOTMUECKOM IIperiapare, 4To HeBO3MOX-
HO 0€3 I'MCTOJIOrn4ecKoro okparnupanus. O0-
HapY>XUTh MOJHCAXapHUJIbl B KIIETOYHOW CTCHKE
rpuboB no3Bossier peakuus PAS (Periodic Acid
Schift) [30, c. §].

JleueHue TPOBOIUTCS B COOTBETCTBUU
C METOIUYECKUMH DPEKOMEHIALMAMU C HC-
MOJIb30BAHMEM CHCTEMHBIX aHTUMHKOTHKOB.
OCHOBHBIM IIpenapaTroM IpH JICUCHUH MUKPO-
crniopuu siBisiercs rpuzeodynassuH 0,125 u3 pac-
yeta 22 Mr/Kkr maccel Tena. [Ipu Tpuxodutun
HazHadaetcsi rpmseodymsBuH 0,125 w3 pac-
geta 18 wmr/kr [31]. Mcnons3yroTcss Tak ke
npenaparbl  dk3uduH, wurpaszon [32, c. 228].
Jist Hapy»KHOTO JIeueHHs — CepHasi Ma3b, pac-

TBOp Hoxaa 2 % cniupToBoi, 9k3u(UH Kpem, Mu-
k030:10H [33, c. 176]. [Ipu neyeHun OOIBHBIX
C MHKO30M CTOIl BBICOKO3()(DEKTUBHBIM U J0-
CTYITHBIM TIpETapaToM sBIsieTcsl TepOnHaduH
250 mr [34, c. 70; 35, c. 146].

3aKkjIoueHue

Takum 00pa3oM, Ipu JTIFOOOM IIPETIOIOKE-
HUW Ha OPECAMCT 3a6OJ'IeBaHI/I$I ACPMAaTOMUKO-
3aMH, HEOOXOIHUMO TIIATEIbHOE KIMHHUKO-JIa-
OoparopHoe oOcienoBanue. JIrodast rpubKoBast
WH(EKIMS 3HAYUTENLHO BIUSET HAa Pa3BUTHE
n TedeHue aepmarosa [36, c.310]. Bo3moxk-
HBl OCIIO)KHCHHUS, CIIOCOOCTBYIOITHE pa3BU-
TUIO QJUIEPTUYECKON PEakKIliH, BBI3BIBAIOIINE
PE3UCTEHTHOCTb K Tepamuu. OTO SBISIETCS
OHUM u3 (HaKTOPOB BO3HUKHOBCHHUS PEIU-
nmuBa 3aboneBanus [37]. s mpemotBparie-
HUSI ATOTO BCerJa HEOOXOIUMO Hapsy C Jie-
YEHWEM OCHOBHOTO 3a00JIeBaHUSI Ha TEPBOM
JTane MPOBOJAMTH TNPOTHBOTPHOKOBYIO CH-
CTEeMHYI0O W HapyXHyI0 Tepamuio. Jlis mpo-
GUITAKTUKE pElUIMBa JCPMATOMHUKO30B Ia-
[UCHT JIOJDKEH COOMIONaTh MpaBHia JIMYHOM
rurueHsl [38, c. 186].
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COBPEMEHHBIE NPEACTABJIEHUSA Ob 9TUOJIOI'UHU, TATOT'EHE3E,
OCHOBHBIX HAITPABJIEHUAX IUAT'HOCTUKH, IEYEHUSA
N IMMPOPUTTAKTUKH PAKA HHEUKHU MATKH
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Pax mreffky MaTK{ BXOAUT B YHCJIO YACTO JHATHOCTHPYEMBIX 3JI0KaUeCTBEHHBIX OIyXOJei KEHCKOH OI0BOH
cucteMbl. MHOTHE (pakTOpBI CIOCOOCTBYIOT Pa3BUTHIO OOJIE€3HHU, HO OCHOBHBIM, IPUBOASAIINM K Pa3BUTHIO 3a00Ie-
BaHM, ABJIACTCS 3apayKCHUE BUPYCOM MAIMIIIIOMbI YeJI0BeKa. BUPYC N3MEHAT F'eHOM YelloBeKa B SITUTEIHHU MICHKH
MarTKH, TeM CaMbIM yTHeTas CIIOCOOHOCTh OpraHM3Ma K IOJaBJICHUIO 00pa3oBaHus omyxonei. s yenoBeka, Hau-
6onee kanueporenusl BITY-16 u BITY-18, koTopbie BBI3BIBAIOT PaK IIEHKKM MATKH Yallle OCTAJIbHBIX TUIIOB BUPYCa
MaMUIUIOMBI YeJIOBEKa BO BCEM MUpE. BhIsBICHHE MPEAPaKOBIX MOPAKEHNH MOKET HPEIOTBPATUTh MPOTPECCHPO-
BaHHUE IIpoIiecca [0 paka MeHKH MaTKH. B HacTosiee BpeMs IUIsl pAaHHETo OOHApyKEHUs 3a00IeBaHHs HCIIOIb3Y-
€TCs MHOXKECTBO COBPEMEHHBIX METO/IOB CKPMHUHIA U ANATHOCTHKH PakKa MIEHKN MaTKH. BbiI0 BBISBICHO, YTO HO-
paxkeHHs, KoTopble JuarHocTupytorcs kak CIN 2-3 crenenu, sBISIOTCS NPE/IIIECTBCHHUKAMH PaKa MICHKH MaTKH.
Jleuenue Jare BCEro HOCUT KOMIUICKCHBIN XapaKTep, BKIIOUAIOMIH XHPYPIrHIeCKHE METO/bI, XHMHOTEPAIIUIO, HM-
MYHOTEpaIuio, 00JIy4eHHe, 4TO MO3BOJISET YBEIMYUTh BBKMBAEMOCTh MAIMEHTOK U YITYYIIHTh Ka9€CTBO UX KU3HH.
Jlydimmm MeTos1oM NpodHIaKTHKH 3TOT0 OHKOJIOTHYECKOTO 3a00JIeBaHMS ABJIACTCS BAKIIMHUPOBAHHE, KOTOPOE CIIO-
COOHO 3aIIUTUTH OPraHU3M OT HaHOoJIee YacTo BCTPeUaeMbIX (JOpM BHpyCa MaIUIOMBI YelIOBEKa M 3HAYHTEILHO
CHU3HTH 3a00JICBACMOCTh PAKOM IICHKH MaTKH.

KuroueBble cj10Ba: pak ImeiKH MATKH, BUPYC NANMIJIOMbI YeJI0BeKa, BAKIIMHALMS, CKDHHUHT PAKa INeHKH MaTKH,
JiedeHue, NPOPHIAKTHKA

MODERN CONCEPTION OF ETIOLOGY, PATHOGENESIS, MAIN DIRECTIONS
OF DIAGNOSIS, TREATMENT AND PREVENTION OF CERVICAL CANCER

Aristova A.S., Gulyaeva L.L.
Federal State Budgetary Educational Institution of Higher Education «Academican Ye.A. Vagner
Perm State Medical Uneversityy of the Ministry of Healthcare of the Russian Federation,
Perm, e-mail: asaristova@mail.ru

Cervical cancer is one of the most commonly diagnosed malignant tumors of the female reproductive system.
Many factors contribute to the development of the disease, but the main one leading to the development of the disease
is infection with the human papillomavirus. The virus will alter the human genome in the cervical epithelium, thereby
inhibiting the body’s ability to suppress tumor formation. For humans, the most carcinogenic HPV-16 and HPV-18,
which cause cervical cancer more often than other types of the human papillomavirus worldwide. Identification of
precancerous lesions can prevent the progression of the process to cervical cancer. Currently, many modern methods
of screening and diagnosis of cervical cancer are used for early detection of the disease. It has been shown that
lesions diagnosed as grade 2-3 CIN are precursors of cervical cancer. Treatment is most often complex, including
surgical methods, chemotherapy, immunotherapy, radiation, which can increase the survival rate of patients and
improve their quality of life. The best method for preventing this cancer is vaccination, which can protect the body
from the most common forms of the human papillomavirus and significantly reduce the incidence of cervical cancer.

Keywords: cervical cancer, human papillomavirus, vaccination, cervical cancer screening, treatment, prevention

Hecmotpss Ha pa3paboTKy METOHOB paH-
HeH JWarHOCTUKW (CKPUHWHTA) W JIEUYCHUS,
a Tak K€ BeChbMa XOpOIIO HW3y4YeHHBIE ITHO-
JIOTHIO W TAaTOTeHe3 3a00JIeBaHUA, PaK MICHKH
maTku (PILIM) — BTopoe 1o pacipocTpaHeHHO-
CTH OHKOJIOTHYECKOE 3a00JIeBaHNE Y JKEHIUH
nociie paka rpyau. B P® B 2017 r. 3apeructpu-
poBana 17587 Gompnas PLIM. JletanpHOCTH
Ha iepBoM Toxy — 14,3 % [1]. Xots, B oTmmuun
OT APYTUX BHUJOB paka, ero B HEKOTOPOH cTe-
MIEHH MOKHO MPEJOTBPATUTH C TIOMOMIBIO PaH-
HeW AMarHoCTUKH U BakuuHauuu. B 2018 romy
OBLT OMyOJMKOBAaH aHAIM3 CTaTHUECKHX JIaH-
HBIX, B KOTOPOM IIPEJCTAaBIIEHBI CBEICHUS
0 TOM, YTO TIPOIEHT 3a00JIEBAEMOCTH PaKOM
meiku Matku B PO Bripocio Ha 2 % 3a mepuo
2010-2017 rompt [2]. OCHOBHBIM TPUYUHHBIM

(akTOpOM paka IIeWKH MATKH SBISIOTCS BH-
pychl mamiomsl genoseka (BITY) Beicokoro
pHUCKa, KOTOPBIE TAK)KE aCCOLMUPOBAHEI C APY-
TUMH aHOTEHHWTAJHHBIMU BHJIAMH paKa, a Tak-
JKe ¢ HeOOJIBION JI0JIeH paka roJIOBBI U LICH.
Bonee 99% cnydaeB paka Iieiiku MaTKu y ue-
noBeka cBsizanbl ¢ BITY, nepenaBaeMbiMu no-
noBeIM TryTeM [3]. Imeromuecs B HacTosiee
BpeMsi TPOPUIAKTHIECKHEe BaKI[UHBI, HHTHU-
Oupyromye HHOUIMPOBAHHUE TTOMHOKECTBOM
BITY BBICOKOTO pHCKa, 00CIIAIOT CHU3UTH 3a-
00JIeBaEMOCTh PaKoM ILIEHKH MaTKH y Oymy-
IIMX TOKOJICHWH JKeHIUH. CTOUT OTMETHUTH,
YTO B TIOCIIEHNE TOJBI U3-32 OTCYTCTBHS d(h-
(EKTUBHBIX METOIOB MPOQHIAKTHKH/CKPH-
HUHTa 3200J71eBaEMOCTh PAKOM IIEHKH MaTKH
BCE €lIe PacTeT B pa3BUBAIOIINXCS CTPaHaX.
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Tamoghuzuonoeus paxa wielku Mamxu

OCHOBHOE MECTO B Pa3BUTHH paka IIei-
KM Marku 3aHuMaer 3apaxenue BIIY, npu-
TOM JBYMsI OCHOBHBIMH YCIIOBUSIMH pHCKa
MPEACTABISIOTCS  XpOHWYECKas HMHOEKIUs
BIIY Beicokoro pucka (HR) u Headdexrus-
HbI KkiMpeHc Bupyca. HccaenoBanusi no-
kazanu, yto BIIY HR wmenser oudepemnoctu
TeHOMa, YTO CYIIECTBEHHO BIIMSET Ha (PHU3NO-
JIOTHIO SKEHIIHWHBI U MPUBOIUT K OTYETIINBBIM
KIMHUYECKUM TposiBieHusM [4]. Llutomoru-
YECKHE MCCIICOBAHMUS BBIABMIM HU3KoAu(Dde-
PEHLUUPOBAHHBIE IUIOCKOKJIETOYHBIE HHTpad3-
MUTEIUATbHBIEC TOPAKEHUS 10 IBYX JIET I1OCTIE
KIIMpeHca WHPEKINH Yy HEKOTOPBIX JKEHIIIWH.
Wudexmus BITY B snuTenuu meWkn MaTKu
MPUBOAUT K H3MEHEHHUSIM TIeHOMa YeJoBeKa,
YTO NPHUBOAUT K YTHETEHHIO BCEBO3MOMKHBIX
(hakTOpOB, TMONABJISIONIUX OITyXOJb, C OJHOM
CTOPOHBI, 1 K a0eppaHTHOMY (PyHKITMOHHUPOBA-
HHIO Pa3HOOOpPa3HBIX (DAKTOPOB, CIIOCOOCTBY-
oIMX (GOPMUPOBAHUIO OIYXOJH, C JIPYTOM.
Haunbonee uacto BcTpewaromumcs MposiBiie-
HHUEM MpOAYKTHUBHOTO BozaeicTBus BIIY sB-
JSIIOTCS. MHO>KECTBEHHBIE MANUJUISIPHBIE BbI-
pPOCTBI, NANWIJIOMbI U KOHJIWUJIOMBI, OCHOBOU
KOTOpBIX sABIsieTCS (hUOpHMHO3HAS TKaHb, TO-
KpBITas TNIOCKUM MHOTOCTIOWHBIM 3THUTEIHNEM.
Pesynbrarom TpanchopMHpPYIOMIETO JeHCTBUS
BIIY moryT OBITH BHYTPUIIIUTEIHAIBHBIC TIO-
pakeHus, Hampumep nucruiazus. JucOamanc
W HECTaOWIBHOCTD, aKTUBH3UpoBaHHBIe BITYU
B T€HOME JITUTENNATBHBIX KJIETOK IEHKN MaT-
KM XO35MHA, IPUBOJAT K MPOrPECCHPOBAHUIO
HEOIJTACTUYECKUX MPOIECCOB B TEUEHUE MHO-
rux jer [5]. BupycHasa perumkanus npoucrte-
KAaeT B SIUTEIUAIBHON KJIETKE B TEUCHUE €€
nukira auddepennmposku [6]. Lukn gudde-
PEHITMPOBKM HYXKEH JJIS CO3MAaHUs BHPYCHBIX
YacTUIl Ha IJIOCKOM JMHTEIHH. Permkarus
JHK BIIY nHaumnaercsi, korna ayOnupyercs
JIHK 0a3anbHoii KIeTKH.

Knaccugpurayus BIT4

BIIY sBnslercss omHuM W3 Hamboyee pac-
MIPOCTPAHEHHBIX MATOTEHOB, IEPENAIOIIIXCS
nosioBeIM nyTeM. Cunraercs, 4to 80 % cekcy-
AJIbHO aKTUBHBIX JIFOJICH 3apaskeHbl STUM BUPY-
coM. BrrsiBnieHo 6osnee 100 pa3nmu4HBIX THIIOB
BITY, xoTopeie pa3feleHbl Ha JBE TPYIIIbI
B 3aBHCHUMOCTH OT MIX TKAaHEBOTO Tpomu3ma [7].

Bocewmb Hanborsee pacipocTpaHeHHBIX TH-
OB pakKa Iieiiku MaTku Biurouatot BITY 16, 18,
31, 33, 35, 45, 52 u 58. BIIU-16 oTrBeTCTBECHCH
32 OOJBIIMHCTBO BUAOB paKa IICWKH MaTKH
BO BceM Mmupe. ['pamamusi mporpeccupoBaHus
paka IMmeHKM MAaTK{d BKJIIOYAET SIUTEITHAIIb-
HYIO TKaHb B ()a3aX OT HOPMaJIbHOTO SITUTEIHS
JI0 UEpPBUKAJIbHON WHTPA’NUTEINAIIBHON He-
orasuu (CIN) 1-3, a 3aTeM HHBa3UBHOTO paKa

welkun Matku. [lopaxeHus, KOTopble AUarHo-
crupytores kak CIN 2-3 crenenu, cuuTaroTcs
MPE/IIeCTBeHHUKAMH paKa IIEeHKNA MaTKH.

Kosxueie turel (Harpumep, BITU-5 1 -8) 3a-
paxaroT KOXKY U BBI3BIBAIOT OOPOTABKH, a HHO-
I7a U HEMEITAHOMHBIA pak Koku. CIu3ucThie
TUIBI TIOPAXKAIOT JMUTEIUATBHYIO BBICTHIIKY
AHOTCHUTAJILHBIX TPAKTOB U MOJIOCTH pTa [8].

OHM AENSITCA HAa THUIIBI HU3KOTO M BBHICO-
koro pucka. BITY Hu3KorO prcka (Hampumep,
BITY-6 u -11) accomuupyroTcss TOIBKO C JO-
OpOKaueCTBEHHBIMU TOPAKCHUSAMHU, TaKUMHU
KaK T'eHHUTaJbHbIe OOpPOJIABKH W TAINMJIOMBI
ropranu. BITY Bwicokoro pucka (Hampumep,
BITY-16 u -18) BBI3BIBAIOT pa3iH4YHbIC BUJIBI
paka, BKJIo4Yasi paK MICHKH MaTKH, BIIarajIvINa,
3aJTHETO MPOXOa U MOJIOCTH pTa. B wacTHOCTH,
BITY-16 u -18 orBercTBeHHs! 3a 60% u 20%
CIy4yaeB paka IICHKW MaTKd COOTBETCTBEHHO.
Takum 00pa3oM, COBpeMEHHBIC TPOQUIAKTH-
YeCKHE BaKIUHBI OOBIYHO HALEJICHBI Ha JTH
JiBa ocHOBHBIX Tura BITY BbicoKoro purcka.

Bupuonsr BITY npencrasnsaior coboil He-
Pa3BUTHIE UKOCAIIPUICCKUE YACTHUIIBI, 3AKITIO-
yaroiue B ceoe aByxienodeunbiii JJHK-rerom
nuHoi 7,9 Kb. BITY konupyet BoceMb I'€HOB,
cpemu kotopeix ES, E6 u E7 obmamator oHKO-
T€HHOM aKTUBHOCTBIO. /[Ba U3 ATUX BUPYCHBIX
onkoreHoB, E6 m E7, Hem3MeHHO JKcmipeccu-
PYIOTCSl TIpU pake IICWKH MAaTKh YeIOBEKa,
M UX TOCTOSHHAs 3KCIPECCHsl HeoOXoauma
IUISL TOJACPXKAHUSL PAKOBOTO COCTOSHUA[I].
OcHoBHble oHkonpoTeunsl ES, E6 u E7, konu-
pyemble reHoMoM HPV, sIBIsitoTCSt OCHOBHBIMU
JBIDKYIIAMH CHJIAaMH OHKOT€HE3a B HOPMallb-
HOM DIUTEINH INEHKA MAaTKd W HapyIIaroT
HOpMaJIbHOE  (PYHKIIMOHUPOBAHUE OCHOBHO-
ro Komruiekca rucrocopmectumoct I (MHC
class I), p53 u Rb, Notchl, Wnt, MAPK,
mTOR u STAT-acconumpoBaHHBIE ITyTH, KO-
TOpBIC SBJISIIOTCS IEHTPAIBHBIMU yUaCTHUKA-
MU, KOHTPOJHMPYIOIMIMMH HOPMaJIbHBIA POCT
KJIETOK, Jau(pQepeHunanuio u HMMYHHYIO
¢yuknuto. [loBbIICHHAS aKTHMBHOCThH TEIIO-
Mepasbl, KaK M3BECTHO, CBs3aHa C MMMOpTa-
JIM3alieH SIHUTEIHABHBIX KIETOK M OHKOIe-
HezoM, a hrHPV-E6, xak u3BecTHO, ycUIuBaeT
AKTUBHOCTh TEJIOMEPAa3bl B SIUTEIUH IICUKH
Mmatku [9]. Takum 00pa3oM, OHKOI'CHHBIC KOM-
noneHTsl E6 u E7 renmoma BIIY oGnamaror
CMOCOOHOCTBIO  PENpPOTPaMMHPOBATH TEHOM
XO34HHa, MPOTEOM W BHYTPHUKJIECTOYHYIO CHUT-
HaJbHYIO CETh B HHUIIE DMIUTEIUS IICHKNA Mat-
KM, 4TOOBI MOJJCPKHUBATH M CIIOCOOCTBOBATH
BUPYCHOMY OHKOTCHE3Y.

Daxmopwvl pucKka paka weiuku Mamxu

Crnenyer OTMETHTb, YTO CYLIECTBYIOT
1 Takue (aKkTOpbl, KOTOPBIE TIPEAPACTIONararoT
K Pa3BUTHIO paka Imeikn marku. Hanboiree n3-
YYeHHBIM W3 HHUX SBIIETCA KypeHue Tabaka,

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Medical sciences

KOTOPOE HrpacT OMPEACIICHHYIO pOJIb B pas-
BUTHM paka IIEHKH MaTku. bbuio Takxke mo-
Ka3aHO, YTO JUIUTENBHOE WCIIOJIb30BaHUE TIe-
POpaNBbHBIX U MHBEKIIMOHHBIX TOPMOHAIBHBIX
KOHTPAIICTITUBEI TIOBBIMIAIOT PUCK Pa3BUTHL
paka meiiku matku [10]. OnHako UX BIUSHUC
MOKET OBITh U KOCBEHHBIM, TaK KaK JKEHIIIH-
HbI, HCIOJB3YIOIIUE OSTU KOHTPALCITHUBBI,
Ooiee cekcyallbHO aKTHBHBI M HE HCIIOJB3Y-
IOT CIIEPMUIIUIAIFHBIMI areHTaMu U 0apbep-
HBIMH METOJaMH KOHTPAIEIHH, MO3TOMY
OoJiee TOZBEPIKEHBI BO3ICHCTBHIO MH(EKIIHU-
sIM, TIEPEAAIOIIUMCS TOJIOBBIM MyTeM. Takke
HEKOTOPbIC TOPMOHBI, HAMpHUMEpP, 3CTPOreH
MTOBBIIIAIOT PUCK Pa3BUTHS paka MICHKH Mart-
KH. DCTPOT€H W €ro PEelenTopbl y4acTBYIOT
B Pa3BUTHHU U MPO(UIAKTHKE PA3TMYHBIX BH-
nmoB paka [11]. B To BpeMs kak mieiika mar-
KU OYEHb YYBCTBUTENIbHA K ICTPOTEHY, POJb
ACTpPOreHa B pake IICHKU MaTKU M3y4ycHa He-
nmoctatoyHo. HemaBHue wccienoBaHHs TOKa-
3aJli, 9TO ACTPOTEH U €T0 AAEPHBIA PEerenTop
CIOCOOCTBYIOT Pa3BUTHIO paKa IIEHKH MaTKH
B coueraHuu c¢ oHkoreHamu BITY. Bosbiioe
KOJIMYECTBO DMHUIEMUOJIOTHUYECKUX HCCIEH0-
BAHMUI MOATBEPKAACT HAIUYHE ITOH 3aKOHO-
mepHOCTH [12]. Ecniu naHHbIM BUA paka 3aBU-
CHUT OT 3CTPOTeHA, TO IpernapaThl, HalleJICHHbIE
MIPOTHB 3CTPOT€HA M €r0 PEHEeNTOPOB, MOTYT
ObITh d(D(HEKTUBHBIMU B JICUCHHH W/WIJIH TIPO-
(uakTHKe paka MmeHKH MaTKH.

Cospemennovle memoowl ouacnocmuxu BITY
01151 npoBedeHUsl CKPUHUHEA PaKa
welKu Mamxku

[TockombKy mepcucTupylomas HHPEKITH
C BBICOKMMU THIIAMH PUCKA BHpycCa MANUIIIO-
MbI YEJIOBEKa SIBJISICTCS HEOOXOIUMBIM YCJIO-
BHEM KaHIICPOTeHe3a IMEeUKH MATKH, B TOCIEI-
Hue roasl BoisiBiienre BITY nocrenenHo crano
OCHOBHBIM METOJIOM CKPUHMHIA PaKa IICUKHU
MAaTK{d BMECTO LIMTOJIOTHU IIEUKH MaTku [13].
Pazpabotka TecroB Ha BIIY mo-mpexHemy
OBICTpO pa3BuBaeTcs. Ha cerogusmHmii 1eHB
JIOCTYIHO TI0 MeHbIel Mepe 193 paznuuHbIx
tecrta ans BeisiBiaeHus BITY B oOpa3nax reii-
k1 Matkd. OJHAKO U3 3TUX TECTOB TOJIBKO
110 (57%) Obun npounTHpOBaHBl OoJIEe Of-
HOTO pa3a B JIUTeparype, u ToIabKo 69 (35,7 %)
OB TIPOAHATM3UPOBAHBI WM KIHHHYECKU
OIICHEHBI B myOiukamuu. st onenku 3 dek-
TUBHOCTH HOBBIX METOJIOB HEOOXOJHMMBI Ha-
JIe)KHbIE KIIMHUYECKUE JIaHHbIe [ 14].

I'mopunneii Tect JJHK HPV 3axBara
2 (HC2) mmpoxo Hcmonb3yercs A oOHapy-
xeHust napunupoBanus BITY u paka meiiku
Matku. [l 9TOro MeTofa CYUTaeTCsl, YTO €ro
YYBCTBUTIILHOCTh K JIAHHOMY BHJy 3a00JieBa-
Husl BappupyeT oT 84,9% no 100%, a cneu-
nuarocts — ot 69,5% 1o 95,.8% . Ha nan-
"I MoMeHT ¢ 2009 roga BO MHOTHX KJIMHUKAX

UCIIONIB3YETCs TaK Ha3biBaeMblll TecT Cervista
HPV HR. Ilocne psaa npoBeaeHHs KIMHHYE-
CKUX MCCIIEAOBAaHUN BBIICHWIOCH, YTO TECT
Cervista HPV HR-tect moxer Oosnee TO4HO
BbIABIATE BITY BbICOKOrOo pucka Mo cpaBHe-
auto ¢ HC2-tectoM.A ¢ 2011 roxa B KIuHUYE-
CKYyI0 MPaKTUBKY ObUI BBejeH TecT T Ha BIIYU
Cobas 4800 [15]. KinnHHYeCKHE UCCIISTOBAHMS
MOKa3aJIH, YTO YyBCTBUTEJIbHOCTE TecTa Cobas
ObuIa COIIOCTaBUMA C YyBCTBUTEIBHOCTBIO TE-
crta HC2, no tect Cobas umen ymy4IIeHHYIO
cnenu(UIHOCTh, IOCKOJIBKY OH MMeeT Oolee
HU3KUH YPOBEHb IIEPEKPECTHON PEaKTUBHO-
cti ¢ apyrumu tunamu BITY Hu3koro pucka.
OnHako JIO)KHOOTPHULATENIbHBIE PE3YJbTaTh
MOT'YT BO3HHMKaTh M3-3a TOro, yto reH L1 Te-
psieTcs, KOT/Ia BUPYC WHTETPUPYETCS B TEHOM
X034MHA Y 3HAUNTEJILHOTO YHCIIa MallieHTOB.
Brnocnennee Bpemsi 00HapyKeHUE OHKOTCH-
noit MPHK BITY E6/E7 crano ansrepHaTnBoit
tecty JIHK BITY. VMccrnenoBanusi noKa3bIBaloT,
gyto HeOompmas skcrpeccus MPHK E6/E7 mo-
&KeT ObITh OOHApYKEeHa MTPU TPAH3UTOPHBIX WH-
(bexnusax, HO MPH MEPCUCTUPYIOIUX HH()EK-
nusix MPHK E6/E7 cBepxakcmpeccupyercs.
Takum 00pa3om, oOHapy>KeHHE MOBBIILICHHOM
skcnpeccun MPHK E6/E7 moxet ObITh Hemo-
CPEACTBEHHO CBSA3aHO C HPOIPECCUPOBAHUEM
3a00JIeBaHMS M MOXKET eI1ie OOJIbIIe COKPaTUTh
YHUCJIO HAPaBIEHUH Ha KOIBIOCKOMHIO [16].

Jluacnocmuka paxa wietiku Mmamxu

Lumonoeuueckoe uccnedosanue mMaskos
(Ilan-mecmuposanue)

[Tan-tect — 3TO TECT, ¢ MOMOIIBIO KOTOPO-
IO MOXKHO ONpENeNIUTb MPEAPAKOBbIC WIN Pa-
KOBBIE KJIETKH BO BJIATaJUINE W IIEHKE MaTKH.
I'maBHOE OTIHWUYME OT CTaHJAPTHOTO ITMTOJIO-
TUYECKOTO MCCIIEIOBAHMS 3aKIII0YaeTCs B JI0-
MOJTHUATENFHOH (PUKCAIMU CIMPTOM MaTepHaa
NpU TPUTOTOBJICHUH CTEKJa, YTO TOBBIIIACT
TOYHOCTD aHAJIHM3a.

IIpn mpoBeaenun llam-TecToB anomamuu
TUTOCKOKJIETOYHBIX U HKEJE3NCTHIX KIETOK pac-
CMaTpPHUBAIOTCS OT/IENBHO. ATHITHYHBIE TITOCKO-
kieroynble kineTkd (ASC) aBnsroTcst Haubomnee
yacToil anoManuei npu Ilan-tecrax, koropsie
nensites Ha ASC-US u ASC-H. ASC-US Ilep-
Basl KaTeTOpHsi OTHOCUTCS K aTUIUYHBIM TUIO-
CKOKIJIETOYHBIM ~ KJIETKAM HEOTIPE/IEeTICHHOTO
sHageHuss (ASC-US). DOTu TUIOCKHE KIETKH
He Ka)KyTcs MOJTHOCTHI0 HOPMaJIbHBIMH, HO CY-
IIECTBYET HEONPEJEIEHHOCTh B OTHOIIEHUU
MPHUPOJBl  KIETOUYHBIX H3MEHEHUH, KOTOPHIE
MOTYT OBITh CBSI3aHKI ¢ HH(puIMpoBanuem BITY
wm npyrumu (axropamu. Bropas kareropus
OTHOCHUTCSI K aTUITUYHBIM IUIOCKOKJIETOYHBIM
KJIETKaM C BO3MOYKHOCTBIO MHTPAIIHUTEIHAIb-
HOTO MJI0CKOKJIETOYHOTO BEICOKOH CTENEHH 10~
paxenust (ASC-H). Kak u ASC-US, stu xier-
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KM TaK)Ke HE K&Ky TCSI HOPMAJIbHBIMH, HO MOTYT
UMETh 00Jiee BBICOKHI PUCK IPEIOITyXOJIeBO-
IO Pa3BHUTHUS 10 CPABHEHHWIO C TOPAKEHUSMHU
ASC-US. C pgpyroil CTOpOHBI, KIETKH, He-
CyIIHe JIETKHE AWMCIIIIACTUYECKHNE W3MEHEHUS
B SIUTEJIUU IIEHKA MAaTKH, BhI3BAHHBIC MHTE-
rpauuei BITY, paccMarpuBaroTcs Kak IM10CKO-
KJICTOYHBIC WHTPAdIUTEINAILHBIC TIOPAKSHUS
HU3KOM CTENeHH 37I0Ka9eCTBEHHOCTH, U3BECT-
HBIE TaKKe KaK MHTpadIUATENHaIbHas Heora-
3Usl WKW Marku | cTemeHn. DUUTeTnallb-
HbIC KJICTKH MICHKNA MaTKH, HHTETPUPOBAHHbBIC
¢ BITY, ¢ 6onee BbIpa)keHHBIMHA H3MEHEHHSIMH,
paccMaTpHUBarOTCs KaK IUIOCKOKIICTOYHBIC MH-
TpadIUTENNATIbHBIE IOPAKSHHUS BHICOKON CTe-
nenu 3iokadectBeHHocTH, i CIN2, CIN2 /
3 uiu CIN3 B 3aBHCHMOCTH OT CTETICHU TshKe-
CTH TIATOJIOTMYECKUX HM3MEHEHUN. DTH H3Me-
HEHUS C OOJIBIIION BEPOSTHOCTHIO Pa30BBIOTCS
1o kapuuHombl (CIS) mnn paka melku MaTky,
€CIIi UX He JeunTh [17].

HnempymenmanvHole Memoobt uccieoo8anus..
Konvnockonus

Kompnockonmueckoe nccieoBanne — Me-
TOJZl BHM3YallbHOIO OCMOTpa OJIIHUTENUSl BIIa-
TaaWIHON YacTH IIEMKUM MATKH C HCIOJb-
30BaHMEM KOJIBIIOCKONA TOA yBEIHYCHUEM
B 10, 20 mmu 30 pa3 c (HOKyCHpOBaHHBIM
OCBEIIICHUEM.

JKeHIMHBI ¢  TOMOKUTENBFHBIM  PE3YITb-
taroM Ha hrHPV-16 wiau hrHPV-18 nosmxHb
MPOMTH KOJBIIOCKOMTMYECKOE 00CIe0BaHHE.
JKeHIIMHBI C OTpULIATENBHBIM PE3YIBTATOM
na hrHPV-16 u hrHPV-18, HO ¢ mnomoxu-
TEJBHBIM PE3yJbTaTOM Ha OJIUH U3 12 apyrux
hrHPV nomkner mpoitn Ilam-Tect, d9TOOBI
OIPEICNTUTh HEOOXOAMMOCTh KOJILITOCKOIIHH.
JKenmunsl ¢ quarsozom CIN-2 wnu nipu Oosiee
3aMyLIICHHBIX MOPAKEHUSX TOJDKHBI MTOTY4aTh
JanpHeHIIee JIeueHHe B 3aBUCUMOCTH OT BO3-
pacTa, craryca OEpeMEHHOCTH M COCTOSHUS
(eprunpHOCTH. BapuaHThl nedeHus BKIIOYa-
0T TIETJIEBYIO DJICKTPOXUPYPrHUYECKYIO TIpoIie-
nypy ucceuenust (LEEP), kpuorepanuio (CIN
HU3KOH CTENeHn ), Ja3epHylo Tepanuto [18, 19].

CymiecTByIOT PEKOMEHIAINU, PeriaMeH-
TUPYIOIIME TAKTHUKy Bpada IpH HEOoIlpese-
JICHHBIX pe3yJbTaTax CKPUHUHTOBBIX TECTOB.
B pexomennanusx ASCCP (American Society
for Colposcopy and Cervical Pathology)
yKa3blBaeTcs, 4YTO HEOOXOAMMO  IpOBe-
JCHHE  KO-TECTUPOBAHUS  KOJIBIIOCKOMHUEH
yepe3 | rox, ecnu coxpansiercs BITY Tumnos
16 n 18, uanu eciiv LMUTOJOIUS OTKJIOHSETCS
OT HOPMBI. Y HEKOTOPBIX KEHIINH 3TH Pe3ylib-
TaTbl COXPAHSIOTCS B TEUYEHHE MHOTHX JIET,
1 BIIOCJIEACTBUU UX MOTYT HarpaBysITh Ha TO-
BTOPHBIE €KETOHbIC KOJIBIIOCKOIHH.

Sawaya G.F. u coasroper (2016) mpen-
JaraloT CTPAaTU(HUIMPOBATH OTHX IKSHITUH

[0 pe3yJibTaTaM KoJbllOCKonuu. [JaHHble Hc-
cinenoBanuss ASCUS — LSIL Triage Study
NPEANONAraroT, 4YTO  KOJbIIOCKOIMYESCKHUI
CJICTIOK MOXET WJICHTU(UIIMPOBATh TOArPYII-
Iy >KEHIIVH, MTOAXOMSIIUX /I MEHEE UHTCH-
CHBHOTO HAOIIONEHUS, a 3HAYUT J1JIs OoJjIee ma-
JsIero Mmetoaa oocieaoanus [20].

Jleuenue paka wietiku mamxu

BoBpems He mpoBeAeHHBIN CKPUHUHT C 10-
CIIEIYIOIUM TPOPHUIAKTHISCKUM JIeYCHUEM
TIPH TIPEPAKOBOM COCTOSTHUHM MOYKET IMTOBBICUTH
PHCK pa3BUTHS paka merdku marku. Ha panaux
cramusx (GpopMHUpOBaHUs paka MUKW MaTKH
XUPYPrUueCcKoe BMEIATeIbCTBO SBIIAETCS Me-
TooM BbIOOpa. CTaHaapT JeYeHUs! MpU Mpo-
TrPpecCHUpYIOIeM pakKe MIEHKH MaTKH BKITIOYaeT
CHUCTEMHYIO XUMHOTEPAITHIO Ha OCHOBE IJIaTH-
HbI B COYETAaHUU C JIy4eBOM Tepanueit. Ummy-
HOMOJTYJIMPYIOIasi BaKIIMHAIUS SBJISIETCA elle
OJTHUM BBIOOPOM 1Sl () (HEKTHBHOTO JICUEHHUS
paka, uHrerpupoBanHoro c¢ BIIY, xoropyto
MOYKHO WCIIOJNB30BaTh OTNEIHHO HIH B CO-
YETaHUU C XMMHOIy4yeBOH Tepanued. OnHOU
3 hopM dPPEKTUBHOTO JICUCHUS paka IMeHKH
MAaTKH SBJISIETCS aJ[ONTUBHAS UMMYHOTEpaIus
MHTEPICHKUHOM-2 ¥ JTUM(OKUH-aKTHBHPO-
BaHHBIMHM KHJUIEpaMHU. DTa Tepanus Mperyc-
MaTpUBAeT BBEJCHHWE B OPraHU3M OOJBHOTO
ayTOJIOTMYHBIX WA aJUIOT€HHBIX UMMYHOKOM-
METEHTHBIX KJIETOK, aKTHBUPOBAHHBIX W TEHe-
PHUPOBaHHBIX eX Vivo U 00JaJIaroIuX POTHBO-
omyxoJieBbIM 3 dextom. B psizie nccienosanuit
nokazaHo, 4ro JIAK (JumQokuH-akTUBUPO-
BaHHBIE KWIIephl) Hapsaay ¢ NK (HarypaibHbI-
MMH KWJUIEpaMH) CIIOCOOHBI BBI3BIBATH JIH3UC
OITYXOJIEBBIX KJIETOK, & TaKXKe CHHTE3UPOBATH
Y BBICBOOOKIaTh OMOJIOTHUECKH aKTUBHBIC Be-
IeCTBa, Takue Kak IUTOKUHBI [20]. Kakmbrit
U3 TEPEYUCICHHBIX METOJOB JIEYEHUS HUMEET
CBOW OTIpe/IeTIEHHbBIE MTPEHMYIIeCTBa M HEIO0-
CTaTKH, U HAa3HAYE€HUE TOTO WM WHOTO METO-
Ja oOCieoBaHMsl 1 JICYCHUS MAIMEeHTKA HO-
CHUT CTPOTO MHJIMBUAYaIbHBIN XapakTep.

Baxyunayusa npomue BII9

Baxmunanuio ot Bupyca nanusauioMbl 4eso-
BEKa IIPOBOAAT BO MHOTHX Pa3BUTHIX CTpaHaX
mupa. B Hacrosimiee BpeMsi CyLIECTBYET psij
BakiuH npotuB BIIY: nByx-BaneHTHas (Hare-
JIEHHAs Ha TUIIBI BEICOKOTO prcka BITY16  18),
YeThIpex-BaJieHTHasl (HalleJICHHAs Ha THIIbI
BBICOKOTO pucKa Bmul6, 18 u HM3KOro pucka
6 u 11) u newsaTH-BajcHTHas (HallCJICHHAS
Ha BITY6/11/16/18 u eme 5 TUIOB BBICOKOTO
pucka). Bce oHM mmokasanu nmpeBoCXomHY0 (-
(EeKTUBHOCTb IPOTUB IIpeApaKa HIEHKN MaTKH,
a TOCJIC/IHUE J[BA — TAKXKe MPOTUB HAPYKHBIX
TeHUTANBHBIX OopoxaBok [21]. B Oyaymem
MBI, BEPOSITHO, OyzneM HaOmoaaTh 3PQPeKTuB-
HOCTh BaKLUMHALWHU NPOTUB 3HAUYUTEIBHOHN Ya-
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CTH aHAJBHOTO paka U paka IMOJIOBOTO HJICHA,
IIpH KOTOpBIX fomMuHupyeT BITH16 [22].

Hanwmuue GonbIIOT0 KOJIMYECTBA UCCIE0-
BAHMI Ha TeMy paka LICHKH MaTKU ChIrpajio
poib B hOpMHUPOBAHUH OOIIECTBEHHOTO B3TJISI-
na Ha BaknuHanuto mpotus BITY [23]. B 6omnee
paHHUX WCCJICNOBAHUSAX IMPEACTABICHA WH-
dopmarst 0 3(H(HEKTUBHOCTH BaKIMHAIUH
cpenu JEBOYEK MOILIKOJIBHOTO Bo3pacta [24].
OpHako B TIOCTEIHUE TOMBI MPEIOKEHO TPO-
BOIWTH BaKIWHAIMIO JKEHIIMH B BO3pacTe
ot 30 mo 45 ner. Ilocnenyromue uccaenoBa-
HUS TIOKa3ajH, 4YTO pPE3yJabTaT BaKIMHAIIUU
C IEIbI TPOPUIAKTUKUA 3a00JICBaHUH, BbI-
3BaHHbIX BIIY, aHamoruyeH Takxe U y Malb-
quKoB. /{711 AeBOYEK M MaJBYMKOB, HAYMHAIO-
X BaKIIMHAIIMIO B Bo3pacTe oT 9 no 14 mer,
PEKOMEHIYEeTCS IByXI030BBIA PEKUM; 3 O3B
PEKOMEHIYIOTCS TEM, KTO HA4YMHAET CEPHUI0
B Bo3pacTte oT 15 10 26 71etT, u TeM, KTO UMEET
ocnabneHHbIit uMMyHUTET. [Ipobiema dhopmu-
pOBaHUs KOJUIEKTUBHOTO UMMyHUTeTa 0T BITH
IIpH TIPOBEJICHUH BaKIWHAIIMH €Ie HeJ0CTa-
TOuHO m3ydeHa. CyIeCTBYIOT PEKOMEHIAIIUN
MPOBEJICHHS BaKLIMHAIIMK JJIsi BCEX TPYIII Ha-
cenenus. Hapsiy ¢ aTuM HeoOXOMMO MPOBO-
JUTh CKPUHUHT KaK BaKIMHHUPOBAHHBIX, TaK
1 HEBAKIIMHUPOBAHHBIX >KeHIIMH. Takoil oxBar
BaKITMHAITUEH CIIOCOOCTBYET OBICTPOMY POCTY
cHmwkenns 3abonesaemoctu ot BITU, obecrre-
YUBasi B TO )K€ BPEMs MPSIMYI0 POPUIAKTUKY
paka Kak y *CHIIUH, TaK U Y MY>KYHH.

3ak/oueHue

Takum 00pa3oM, COBpEMEHHbBIE aHHBIE,
MIPUBOIMMEIE B JIUTEPATYPE, CBUICTEIHCTBYIOT
0 TIOJMATHOJIOTHYHOCTH paka IEHKH MaTKH,
P PTOM MHOTHE aBTOPHI CUUTAIOT, YTO Be-
JlyIliasi poJib B MHUIIMAIIUK 3TOTO 3a00JIeBaHUS
MPUHAJICKUT XPOHUUECKOMY BOCIAJICHUIO,
BBI3BAHHOMY BHPYCOM MAaNUUIOMbI YEJIOBEKA.
B nHacrosiee BpeMst MpakTHUKYeTCs] KOMIUIEKC-
HBIA MTOIXO/ KaK K JTWAarHOCTHKE, TaK U Tepa-
MU TPEIOMYXOJCBhIX 3a00JicBaHUI U paka
LIEWKH MaTKH.

CymectBytoT aBa 3(p()eKTUBHBIX MPUHIIH-
na npo(UIAKTHKY paka MK MaTKH — BaK-
[IWHAIMS TPOTUB BHpPyCa TAIMJUIOMBI YeJIo-
Beka (BITY) m ckpWHUHT paka IMEHKA MaTK{
¢ IepBUYHBIM TecTUpoBaHueM Ha BIIY c¢ nmo-
CIEIYIONIUM JICUCHHEM BBISIBICHHBIX MpEl-
pakoBeIX mopaxkeHui. [IpodumakTuka paka
IIeHKH MaTKu, cBsa3aHHoro ¢ BITY, ocHoBbIBa-
€TCsl Ha IPUMEHEHHUH JIOPOTOCTOSIINX BaKIIUH
npotuB BITY 1 MOBTOPHBIX CKPUHUHIAX paka
IMEWKU MaTKH. XOTS B ITOCJICTHHE TOIbI BaKIH-
HbI [TOKa3aJIi MHOTOOOCIIAIIINE PE3y/IbTaThl,
peanu3anus YHUBEPCAIbHBIX CTPaTEruil Bak-
uuHauud npotuB BIIY sBnsiercs noporocto-
SILed 1 pa3BuBaroluxcsa ctpad. Hecmorps
Ha TO, 4TOo OBUTM pa3paboTaHbl d(PQeKTHB-

HBIC CTPATEruu, OCTACTCS PsiJi PoOJIeM B BO-
Mpocax JUArHOCTUKHU U JICUCHUSI PAKOBBIX 3a-
OoneBanuii, BeI3BaHHLIX BITY. 3HaunTenbHOE
COKpalieHne 3a00JIeBaeMOCTH 3aBUCHT OT d(-
(eKTUBHOCTH TPOBOJUMON MPODUIAKTHKH,
KOTOpasl HaIpaBlieHA HA BBISBICHHUE U JiCUe-
HUE NPEPAKOBBIX 3a00JICBAHU IIEHKHA MaTKU
JIO TOTO, KaK OHU TPaHC(HOPMUPYIOTCS B PaK.
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KO3®PUIUEHT BBIHOCJIMBOCTH KAK NMPOTHOCTUYECKUM
KPUTEPUH YPOBHSA CTPECCOYCTONMYUBOCTH U ATATITAHMOHHBIX
BO3MOXHOCTEU CTYAEHTOB MEJUIIUHCKOTI'O BY3A

JleonoB C.A., Copokuna B.B., Mokamena Ex.H., Mokamena Er.H.
®@I'EOY BO «Boponesicckuu eocyoapcmeernmbiil meouyunckuil yrusepcumem um. H.H. Bypoenko»
Munszopasa P®, Bopoueorc, e-mail: savhrebet@ya.ru

Crpecc TpOsIBISIET CBOE BO3JCHCTBUE HA BCE ACHEKThI KM3HHU YeJIOBeKa. He UCKIFOYEHHE U CTYACHTHI, KOTO-
pbie 3a Bpemsi 00yYeHHUsI B BBICIIEM YUeOHOM 3aBEACHUH MMOCTOSHHO MOBEPralOTCsl BCEBO3MOXKHBIM CTPECCOBBIM
(baxTopam, CBI3aHHBIMH CO CIa4eii 9K3aMCHOB, 3a4€TOB  HEOOXOIMMOCTBIO a/IANTAIINH K HOBBIM YCIIOBHSIM JKH3HU
B oOmexutiu. CTYJICHTBI-MEJIMKA B CBSI3U C OCOOCHHOCTSIMH OOYYEHHs B MEJHMIMHCKOM BYy3€¢ OCOOCHHO MOJBEp-
JKEHBI TIOJOOHBIM BIMSIHHSM, TAakKe HA HUX HAYHHAIOT BO3ICHCTBOBATH MOMONHHUTEIBHBIC CTPECCOBBIE (BAKTOPBI,
CBSI3aHHBIC C HAYaJoOM OOy4CHHs Ha KIMHUYECKUX 0a3ax U MOCTOSHHBIM KOHTAKTOM C TAlUEHTaMH, TPEOYIOMNMU
OIPEJICTICHHOTO YPOBHSI CTPECCOYCTOWYMBOCTH CO CTOPOHBI O0yYaroMXcs. B HCCleOBaHUY TPHUHSIIO Y4acTHE
68 crynenrtoB 3 xypca BTMY um. H.H. Bypaenko, kotopbie oTBeTHIM Ha BOnpockl bocToHCKOro Tecra Ha cTpec-
coycToiYMBOCTh U L1IKasbl OLEHKH BBIPAKEHHOCTH MCUXO(U3HOTIOTHIECKON Peaki[ui Ha cTpecc. Y BCeX CTYACH-
TOB OBUIM M3MEPEHBI ITYIIbC, APTEPUATIBHOE JAaBJICHHE, POCT, BEC, YaCTOTA JbIXAaTCIBbHBIX JBIKCHUI M MOCYMTAHbI
Takue (GpU3MoIOrnYeckue MHACKCHI, Kak Kod(duimeHT BhIHOCIMBOCTH, uHAeKe Kepno, ynapublii o0bem cepana,
nHIeKe XUIbaeOpaH/aTa, THIT CAMOPETYIISLHN KPOBOOOPAIIeHHS, KO (OUIHEHT SKOHOMHUYHOCTH KPOBOOOPAIIICHHSL.
Bce ucnbiTyeMbie TIOIEICHBI HA 5 TPYIIN B 3aBUCUMOCTH OT YPOBHS KO3 duIeHTa BEIHOCIUBOCTH. [Ipy aHanmmse
110 TPYTIIaM HANXY/IIINE TOKA3aTelH 10 (PU3HOIOTHICCKIM HHAEKCAM OTPEAeSUTHCE B Tpytme [V i V, ypoBeHb Ko-
a¢dunreHTa BBIHOCIUBOCTH B KOTOPBIX ObLT OT 21 1 Bhime. Takke B JaHHBIX IpynIax ObUT BBILIEC YPOBEHb CTpecca
W IIPEIPACIIONOKEHHOCTh K Pa3BUTHIO 3a00JI€BaHMIl COMIACHO ONMPOCHUKAM. MOXKHO IMPEAIIONIOKHUTh, YTO TOJY-
YEHHBIC PE3Y/IBTATHI CBA3AHBI C 00JIee HU3KUM TOTCHIMAIOM a IallTalliK CPEIH dTHX JABYX MCCIIEIYeMBbIX TPYIIIL.

KuroueBble cjioBa: cTpecc, CTpPeccoyCTOHYHBOCTD, (PYHKIMOHAILHBIE IPOOBI, aHTPONIOMeTpHst, BocToHcKkHii TecT,
CTYIeHTbI, METUIIHHCKHUIL BY3

ENDURANCE COEFFICIENT AS A PREDICTIVE CRITERION
OF THE LEVEL OF STRESS RESISTANCE AND ADAPTIVE
CAPABILITIES OF MEDICAL UNIVERSITY STUDENTS

Sorokina V.V., Leonov S.A., Mokasheva Ek.N., Mokasheva Evg.N.
Voronezh state medical University named after N.N. Burdenko,
Ministry of health of the Russian Federation, Voronezh, e-mail: savhrebet@ya.ru

Stress affects all aspects of a person’s life. Students who are constantly exposed to all kinds of stressful factors
associated with passing exams, tests and the need to adapt to new living conditions in the hostel are no exception.
Medical students, due to the peculiarities of studying at a medical University, are particularly susceptible to such
influences, and they also begin to be affected by additional stressful factors associated with the beginning of training
at clinical bases and constant contact with patients who require a certain level of stress resistance on the part of
students. The study involved 68 3rd-year students of the Burdenko VSMU, who answered the questions of the
Boston stress tolerance test and the Scale of assessment of the severity of the psychophysiological response to
stress. Also, all students were measured pulse, blood pressure, height, weight and respiratory rate and calculated
such physiological indices as endurance coefficient, Kerdo index, heart stroke volume, Hildebrandt index, type of
self-regulation of blood circulation, efficiency coefficient of blood circulation. All subjects are divided into 5 groups
depending on the level of endurance coefficient. When analyzing the groups, the worst indicators for physiological
indices were determined in group IV and V, the level of endurance coefficient in which was from 21 and higher.
Also, in these groups, the level of stress and predisposition to the development of diseases was higher according to
the questionnaires. It can be assumed that the results obtained are associated with a lower adaptation potential among
these two study groups.

Keywords: stress, stress tolerance, functional tests, anthropometry, Boston test, students, medical University

Crpecc 0e3 COMHEHHI Ha CETOAHSIITHUI
JIeHb TIPUCYTCTBYET B JIFOOOM acIieKTe KU3HU
gyenoBeka. He 00XoauT oH cTopoHOM U mozapac-
Tarollee MOKOJeHHE, 0COOEHHO CTY/IEHYEeCKOoe
coo011ecTBO, KOTOpPOE M3-3a CBOMX OCOOCH-
HOCTEW BBIHY)XJIEHO TOCTOSHHO CTaJKUBaThb-
csi ¢ OOJBIIMM KOJMUYECTBOM CTPECCOBBIX CHU-
Tyalluii B yHHBepcHTETCKoW xu3HH. Ctpecc
KaK YCJIOBHME HMHTEJUIEKTYyaJbHOTO TpyAa CTy-
JIEHTOB CBSI3aH C KOJOCCAJbHBIMU CTaHIapTa-
MU O0yueHHs B By3ax, TpeOyIOIIMMHU H3yde-
HUSL OTPOMHOTO KOJMYECTBA TEOPUTHUECKUX

3HAHHWM, OCBOCHHUSA B IOJIHOM OObEeME HEOO-
XOIMMBIX TPAKTHYECKUX HABBIKOB M TPHUCIIO-
CcOOJIEHNS K OBICTPO CMEHSIOIIMMCS yIeOHOM
U conmasibHOM cpenam [1].

OOyueHue B yHUBEPCUTETAaX U UHCTUTYTAX
SIBIISICTCS. UHTCHCUBHOUM pabOTON Ui JIF000T0
yenoBeka. HemocraTok pecypcoB opraHusMa
BMECTE C OTpPaHWYCHHEM BpPEMEHHBIX pecyp-
COB, HETNPABWJIBHBIM TMHUTAaHUEM W HECOOIIO-
JICHUEM PEXHMMa JIHS BEJCT K OTPHUIATEIIbHBIM
3MOIIUSM BO BPEMs 3aHSTHH, K TIOAPBIBY CTPeC-
COYCTOMYMBOCTH, YTO B CBOKO OYepe/lb IpH-
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BOIUT K cO0I0 B chepax dMOLUI, MOTHBALIUI
U noBesieHus [2].

OcobeHHo Oonbiue ydeOHbIE HArpy3Kd
HCHBITHIBAIOT CTyIEHTbI-MenuKku. OOyueHue
B MEIHUITMHCKOM By3€ 001a/1aeT psioM 0cobeH-
HOCTEH, OTIIMYAIONIMX €ro OT APYTHX: HACHI-
LICHHOCTH IPOTPaMMBI, HEOOXOIUMOCTb Iepe-
JOBIDKCHHMS MEXIy KIMHUYECKUMHU Oa3amu,
KOTOpPBIE MOT'YT HAXOJUTHCS B Pa3HbIX paiioHax
ropofa, o0OIIeHue ¢ NalueHTaMu BO BpeMs ca-
MOCTOATEJIPHON Kypaluu Ha 3aHATHSIX, HE0O-
XOJUMOCTh 00pa0OTKH OOJILIIOTO KOJIMYECTBa
BU3YyaJIbHOM, CIYXOBOH, TakTWJIBHOW HH(Op-
MalMH [IPH OCMOTPE MAMEHTa A1l OCIeayI0-
LIMX BBIBOAOB M MOCTAHOBKM AMArHo3os. Bce
9TO TpebyeT OOJNBIIOr0 HANPSDKEHHS B padoTe
BBICILIEN HEPBHOM AEATEIBLHOCTH, YTO CO Bpe-
MeHeM 0e3 JOJKHON KOPPEKIIMH MOXKET BhI3bI-
BaTh CHIDKEHHE pabortocrocobHoctu. Cpemu
MEJIMKOB ITOJIaBIIsifONIee OOJBIIMHCTBO MMEET
MpU3HAKU Ae3afantanuu. [Ipu sTom spue Ha-
OJIOAlOTCSl MPOSIBIICHUS CpbIBa aJalTalui
A YXyOIIeHUS paboTOCTIOCOOHOCTH. ITOMY
CIOCOOCTBYET XpOHHYECKass IMOIMOHAJIbHAS
Harpys3Ka 1 IOBBIIIIEHHas OTBETCTBEHHOCTS [3].
Jannble HeratuBHbIC (AKTOPHI OTPULIATEIBHO
BJIMAIOT Ha 3J0POBbE M 0OOIIEEe CaMOYyBCTBHUE
CTYIACHTOB, CIIOCOOCTBYSI CHM)KEHHIO YPOBHS
[IOCELIAEMOCTHU OUHBIX 3aHATUH CPEIU CTyAEH-
TOB, YTO MaryOHO BJIMSET HA YPOBEHb 3HAHUI
U YCIIEBaEMOCTh Cpeu 00yUarOIIiXCs.

[Ipobnema cTpeccOyCTOMYMBOCTH COBpE-
MEHHBIX CTYJCHTOB-MEIUKOB SIBISCTCS BaX-
HOM HE TOIBKO Ul IEAATOTMKH B BBICIIEH
MEIULMHCKOH IIKOJIe, HO U I OyayIlero me-
JTUIWHBL B 11esioM. [1o3TOMy Ha aHHOM JTare
pa3BUTHS KIMHUYECKOH M TpoduiiakTniaeckon
MEIMIMHBI U3y4YeHHUE BIUSIHUS CTpecca Ha cep-
JIEYHO-COCYUCTYI0 CHCTEMY OOy4aroIuxcst
SIBIIIETCSl BaKHOW TemaTukod. Psp wmccneno-
BaHUH I[O3BOJIAET BBIIBUTH OTPHULATEIBHOE
BO3JIeiicTBHE cTpecca Ha (PU3HOJIOTHYECKUE
[OKa3aTeau Cep/IedHO-COCYIUCTON CHCTEMBI,
YTO SIBJISIETCS BXKHOM TEMOM JUIst OyTyIuX HC-
CJICZIOBaHUH, TaK KaK MOXKET IIOMOYb B pa3BU-
TUH NPODUIAKTUKY I1aTOJIOTHH OPTaHOB Cepll-
Lla U COCYIOB IIOAPACTAIOILEIO IIOKOJIEHUS
CTYJICHTOB YK€ Ha dTare 0O0y4eHHUs B BBICIIEM
yueOHOM 3aBEJICHUHU U CTaTh OCHOBOH IS pas-
JUYHBIX CIIOPTHBHBIX M TPOCBETUTEIBCKHX
nporpamum [4]. BaxsHOocTh naHHOW mpoOie-
Mbl TPYOHO HEPEOLCHUTh, TaK Kak Oyayluue
Bpauu OynyT CTaJKUBAaTbCS B CBOCH KIMHU-
YECKOW TMPAaKTUKE CO BCEBO3MOKHBIMH TPY/I-
HOCTSIMHM, TpeOYIONIMMH OT HHUX XOPOIIETo
YPOBHSI ajanTtaiuu. Ba)kHO COXpaHUTb HMe-
IOLIMHCS B MOJIOAOM BO3pPAacTe aJalTalldOH-
HBIH MOTEHIMand OOyYaroLUIMXCs BO BpeMs
00y4eHUs B MEAULIMHCKOM By3€, KOTOPBII IIpu-
TOJIUTCS UM yKe Ha dTare padoThl B TpaKTUYe-
CKOM 3/1paBOOXPAaHEHHUH.

Ilensro nccnenoBaHus ABIAETCS U3yUYEHUE
BIMSIHUSL ypOBHS Kod(puIMeHTa BBIHOCIHU-
BOCTH Ha aJalTallOHHBIA MOTEHIWAJ, Ypo-
BEHb CTPECCOYCTOMYNBOCTH M BBIPAXKEHHOCTH
HNCUXO(U3UOJIOTHUECKON pPEaKLUH Ha CTPEecC
y ctyneHToB BIMY nMm. H.H. Bypaenxo.

MatepuaJjbl 1 METOAbI HCCIIETOBAHUSA

B wuccrienoBaHuM TpUHUMAIN  y4acTUE
68 uenoBek — ctyneHTsl 3 kypca BIMVY um.
H.H. Bypnenko, cpenHuil BO3pacT KOTOPBIX
coctaBun 19,9+ 0,99 ner. bouio mposeneHo
AHKETHPOBAHHWE WCIBITYEMBIX C TIOMOIIBIO
BocToHCKOTO TEcTa Ha CTPECCOYCTOMUNBOCTH
u lllkaibl OIIEHKH BBIPA)KEHHOCTH TICUXO(H-
3MOJIOTHYECKON peakluu Ha cTtpecc [5, 6].
Y crymeHTOB OBUIM W3MEpPEHBI TaKHWE aH-
TPOTIOMETPUYECKHE ITOKa3aTelu, Kak IJIn-
Ha ¥ Macca Tela, a Tak)Xe JacToTa cepied-
HBIX COKpAICHUH, apTepUallbHOE TaBICHHIE
M 4acToTa JbIXaTelIbHBIX JBMKeHHH. Ha oc-
HOBaHUU BHIIIE IEPEUYUCICHHBIX MOKa3aTe-
Jiel OBUIM PacCUYMTAHBI CIEAYIOIINE UHIACKCHI,
SBIIAIOIIHAECS KPUTEPHUSAMHU aJalTaIlliOHHOTO
MOTEHUMala: BereraruBHbll uHIeKkc Kep-
o, ymapueiii ooseM cepamna (YOC), uamekc
XunpaeOpanara, THII CaMOPETYJISIIUU KPO-
BooOparienust (TCK) u ko3 duiueHT 3K0HO-
Mu4HOCTH KpoBooOpamenus (KOK) u koad-
(UIIMEHT BEIHOCINBOCTH.

Bce momydennbie pe3ynbpTaThl OBLUTH 00-
paboTaHbl MPH IOMOIIM CTAHIAPTHBIX MeE-
TOJIOB CTAaTUCTHKH C KCIIOJIb30BAaHUEM I1a-
kera npuknagHeix nporpamm STATISTICA
version 6.0 u Microsoft Office Excel 2011. Pe-
3yIBTATHl aHAN3a CYUTAIUCH CTATHCTUYECKU
3HaYUMBIMH TIpH P < 0,05.

Pesyabrarsl ucciiefoBaHus
H UX 00Cy:K/IeHue

[IpunsiBIIMe yyacTHe B HCCIEIOBAHUN
68 cTyneHTOB OBLTM MOJENEHBl HAa 5 TPyl
B 3aBHCHMOCTH OT 3HaueHUi KodpduuneH-
ta BeiHOCTUBOCTH (KB): rpynma I co 3Haue-
aueMm KB mmxke 12, B KOTOpyr0 BOILIN 5 WC-
caenyembix (7,2 %); rpynma Il co 3HaueHnEM
KB ot 13 10 15, B kxoTOpYy10 OBLIO BKJIFOUEHO
6 crynentoB (8,6%); rpymnma III co 3Haye-
HusMu KB ot 16 no 20, B koTOpy!0 BOIIIU
27 crynentoB (39,1 %); rpynna IV co 3Ha-
geansiMa KB ot 21 g0 25, B xoTopyro ObLIH
BKiroueHsl 13 uccnenyemsix (18,8 %); rpyn-
na V co 3nauenusiMm KB Gosiee 26, B koTopyto
Bonwin 17 crynentos (24,6 %) [7]. Obpamiaet
Ha ce0st BHUMaHMUEe TOT (aKT, YTO B IpymIisl |
u II ¢ Hannyumnmu nokasaressimu KB nomnano
HauMEHbIIee KOJIMYECTBO CTYICHTOB, a Hau-
Oompmryro mo oobeMy cocraBuna rpynma 11
co cpeaaumu 3HaueHussMu KB. B rpynmax IV
u V, B kotopeix KB oTpakaer Hauxy/mue mo-
Ka3aTeJy BBIHOCIMBOCTH M TpedyeT OTKasza
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OT CHJIOBBIX Harpy3o0K, B CYMMapHOM KOJIU4e-
ctBe nomnaino 30 uccienyeMbIX, YTO B MPOICH-
Tax coctaBuiio 43 % oT 001Iero yucia uccie-
JyeMbIX cTyneHTOB (puc. 1).

Puc. 1. I[Ipoyenmnoe pacnpedenenue cmyoeHmos
8 3a6UCUMOCTIU OM YPOBHS KOdDPuyuenma
BbLIHOCTIUBOCTIL

IIpu cpaBHeHuM moOKazareneil uHAEKcCa
Kepno, xoTophelii OTBeyaeT 3a BEreTaTUBHBIN
craryc, B rpymre [ ¢ KB mo 12 y o6cnemyembprx
cTyneHToB mnokasarens 0,97 + 0,04 naubonee
nipuOkeH K 0, TO €CTh HOPMOTOHUH, KOTJIA I1a-
pacuMmIaTu4eckast U CUMIaTH4YecKasi HepBHbIC
CUCTEMBI HaxOJIATCSl B pABHOBECHH, YTO B HAU-
MEHBIIIEH CTEMeHN CIOCOOCTBYET pa3BUTHH
XpoHudeckoi matonoruu [8]. B To ke Bpems
B rpynme IV ¢ KB B rpanune or 21 g0 25 un-
nekc Kepno pasen 15,38 0,76, a B rpynme V,
rne KB ot 26 u Bbllle, cpeqHUE 3HAYCHUS UH-
nekca Kepno cocrasunu 10,93 + 0,54. Jlanubie
MTOKa3aTeIy TOBOPAT O MPeodalaHuy CHMITa-
TUYECKUX BJIMSHUWA B BEr€TaTUBHOW HEPBHOM
CUCTEME, YTO B CBOIO OUEpPE/Ib MOXKET CIIOCO0-
CTBOBaTh Pa3BUTHIO COOTBETCTBYIOIICH IaTO-
noruu (Tabnuia).

[Ipu cpaBHeHHMH ©OKa3aTeleld YAAPHOTO
o0bema cepiia, HaAWIydIIne IMOKa3aTeld OT-
megarotcs B rpymme | — 74,14 + 3,70. Hauxyn-
mue 3HadueHus YOK BbIsiBICHBI B Tpymme V —
51,53 £2,57. JIns ucciemyemblx U3 JTaHHOM
TpyMITBI TOKA3aTely YIapHOTO 00beMa cepia

HAXOJISITCSl HA HUKHEW TPaHUIIe HOPMBI, KOTO-
pas Haxoautcs B auanazone ot 50 mo 75 mu,
YTO TOBOPUT O HEOOXOIUMOCTH JIOTIOTHUTEIb-
HBIX 00CIIEIOBaHUI Cpelld CTYJCHTOB, BOIIEI-
LIMX B IaHHYIO CPYIIITY.

Wunexke  XwunpaeOpanara — oToOpakaeT
MEXCHUCTEMHBIE B3aUMOJICHCTBHSI B Kapauope-

OTpymma I cruparopHoii cucteme. HopmanbHble 3Haue-
HHUs JaHHOTO MHJEKCca HAXOAATCS B IPaHMIAX
OI'pynma II or 2,8 1o 4,9 [9]. B rpymmax I, II u III gan-
HBII MHJEKC HAXOMUTCSA B IPAHULAX HOPMBI:
BIpymmalll 6 4 0.20; 4,69+0,09 u 4,82 +0,24 coor-
B [pynma IV BeTCTBEHHO. B rpynmax IV u V cpeanue 3Ha-
yeHMs uHjekca XWIbAeOPaHATa BBHIXOAAT
B [pymma V 3a nokasareau HopMbl: 5,03 + 0,25 u 5,180,25.

ITomoOHBIE TOKA3aTENN TOBOPAT O paccoria-
COBAHMU B JICATEIBHOCTH CEPIIEYHON U JbIXa-
TEJILHOW CHCTEM W HEOOXOIUMOCTH JIOTOIHU-
TEJIbHBIX 00CIIeA0BaHNH.

IIpn ananm3e cpeaHUX 3HAUEHUIl IIO-
Kazareyis THIIA CaMOPETYISIHA KPOBOOOpa-
menuss B rpynmax I, II u III ompenensitor-
¢ ciaenmyrome Tokazarenu: 99,02 +4,95;
94,31 +£4,71 1 103,58 + 5,17 cOOTBETCTBEHHO.
Hannsie 3nauennst TCK cooTBeTCTBYIOT cMe-
IIAHHOMY THUITy Perylslud WIH CEpAeYHO-
COCYAHCTOMY, KOTODPBIM OTpaxkaeT Haumboiee
cOalaHCUPOBAHHBIN THIT CaMOPETYJISIIHA KPO-
BooOpamenusi. B rpymmax IV u V cpegnme
sHayenuss TCK 84,61 £4,23 u 89,06 +4,45.
JlaHHbBIE 3HA4YE€HUS COOTBETCTBYIOT CEpJEYHO-
My THIy CaMOPEryJISLUU KpOBOOOpalleHus,
KOTOPBIN CBSI3aH C HANPSHKEHHOCTHIO (PYHKIIU-
OHHMPOBAHUS CEPIIEIHO-COCYIUCTON CHUCTEMBI
¥ BO3MOYKHOCTBIO a/IaliTallii K KPaTKOBPEMEH-
HBIM BO3JICUCTBHSIM BHEITHEH cpeanl [10].

3HaueHUsT HOPMBI KOX(PPUIMEHTa DKO-
HOMHYHOCTH KPOBOOODAIEHUST HAXOMISTCS
B npenenax ot 2500 mo 3000 [11]. B rpynne
V 3nauenus KOK 2087,05 + 104,35, yto ro-
BOPHUT O HEOOXOAMMOCTH JOTOJTHHUTEIHHOTO
o0cie/IoBaHus, TaK KaK CPEJHHC 3HAYCHHS
JAHHOTO KOX(PUIMEHTa 3HAYUTEIBHO HIKE
HOPMBI. B OCTajIbHBIX rpyIiax JaHHBIH MTOKa-
3areslb HaxXOAHWTCs MO0 B TpaHUIAX HOPMBI,
00 TPEBBIIAET €€, YTO CBHJIETEIHCTBYET
00 HPKOHOMHYHOM pAacXOJ0BAaHHUU DPE3EPBOB
CepIEUYHO-COCYUCTOM cucTeMsl [12].

M3menenne (1)I/I3I/IOJ'IOI‘I/I‘-IeCKI/IX HUHACKCOB CPpCaN UCCICAYCMBbIX I'PYIIL

Wnnexcer Wnnexc YOC Wnnexc TCK KBOK
Kepno XwunpaeOpanara
rpynma | 0,97 £ 0,04 74,12 +£3,70 4,16+0,20 99,02+4,95 | 3961,0+ 198,05
rpymma I1 5,68 +£0,28 68,14 £3,40 4,69+0,09 9431+4,71 | 4063,83 +203,19
rpymma lll | -3,58£0,17 58,06 +2,90 4,82+0,24 103,58 £ 5,17 | 2913,96 + 145,69
rpymmalV | 1538+0,76 59,56 £2,97 5,03 +0,25 84,61 £4,23 | 3056,69 + 152,84
rpymma V 10,93 £0,54 51,53 +2,57 5,18 +£0,25 89,06 £4.,45 | 2087,05+ 104,35
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CrpeccoyCcToHunBOCTh

IIpenpacmonoxxeHHOCTH K
pa3BuTHIO 3a001€BaHuUil

Puc. 2. Pacnpeoenenue cpeonux 3nauenuti no bocmonckomy mecmy na cmpeccoycmotivusocmo u Lllkane
OYEHKU BbIPAINCEHHOCIU NCUXODUIUOLO2ULECKOU PEaKYUU HA CIMPecc CPedu UCCIe0YeMbIX SpYnn

IIpu ananuze ypoBHSI CTPECCOYCTONYUBO-
CTH IO MCCIIEyeMBbIM Tpylnmnam B rpymmax I,
II u III cpennue 3HaueHus no bocToHCKOMY
TECTYy Ha CTPECCOYCTOWYMBOCTH PaBHSIOTCS
23,0+ 1,15; 22,0+ 1,10 u 28,5+ 1,42 coot-
BeTcTBeHHO (puc.2). Bce Tpm moxazarens
HaxoasaTcs B auanaszone ot 10 mo 30, mosrto-
My YPOBEHb CTpecca B MEPBBIX TPeX IpymIax
MOYKHO HHTEpPIPETUPOBAaTh KaK HOpMallb-
Hell. B rpynme IV u V cpennne 3HaueHus
110 onpocHUKY paBHbI 34,1 + 1,701 33,8 £ 1,69,
YTO CBUIETENIBLCTBYET 00 IOBBILICHHOM YPOB-
HE cTpecca CpeAM JaHHBIX IPYyINI UcClexye-
MBIX CTYACHTOB [5].

[logoOHasi 3aKOHOMEPHOCTH HaOIONAeT-
Ci W NpH aHaiu3e cpeaHux 3HaueHuil [llka-
Jbl OLEHKH BBIPAKEHHOCTH MCUXO()U3NOIO0-
TUYECKOW peakuuu Ha ctpecc. B rpymmax I,
IT n I noxkaszarenu mo JaHHOHM Iajge Haxo-
nsarcs B npenenax otr 40 mo 75 U paBHSIOTCS
63,2+3,16; 63,3+3,16 u 64,2+3,21 coort-
BEeTCTBEHHO. llomydeHHbIe pe3ynbTaTbl MOXK-
HO MHTEPHPETHPOBaTh KaK MUHHMAJIbHYIO
BEPOSITHOCTh pa3BUTHsL 3a00J€BaHUM cpenu
MEPBEIX TpeX UcCIexyeMbIx rpymm [6]. Cpen-
HHe 3HadeHus B rpynmnax IV u V paBHsAroTCH
80,8 4,04 u 853+426 COOTBETCTBEHHO
U HaxonATcs B rpanunax ot 76 go 100, uto ro-
BOPUT O HEOOJIBIIION BEPOSITHOCTH Pa3BUTHS 3a-
0oseBaHNi Cpear JaHHOUM TPYNIIBI CTYJCHTOB.

Crienyer OTMETHUTb, YTO HAUXYyJILIUE IO-
KazarelH Mo YPOBHIO CTpecca W BEPOSTHOCTH
pa3BUTHS Pa3IMYHONW MATOJIOTMHU OTMEYEHBI
cpeau rpynn IV u V, kosddunmeHT BbHOC-
JMBOCTH KOTOPBIX HAaXOAWJICA B JAMaNa3oHe
ot 21 u Beime. Takke B 3TUX ABYX TpyIIax
CPEAU UCCIELYyEeMBbIX CTYIEHTOB BBISBJICHBI
HauOOJbIINE OTKIOHEHUSI 10 PACCYMTAHHBIM
¢usnonornueckuMm uHAekcam. Crout oOpa-

THUTh BHUMaHHE Ha TO, YTO B OOIIEM K JaH-
HBIM JBYM Tpymnmnam oTHocatcs 30 dyeroBek
n3 68 yuwammxcsd, 4Tto COOTBETCTBYeT 43 %
U SIBIISIETCSI BeCbMa BECOMOHM 4acTbio OT 00-
el BBIOOPKH.

BriBoabI

W3 Bcero BhIIIE CKa3aHHOTO MOYKHO CIIETaTh
HPEIIONIOKEHHE, YTO Yy HCCIEAYeMBIX C KO-
3¢ GUIMEHTOM BBIHOCIMBOCTU OT 21 U Oosee
BEPOSITHOCTh Pa3BUTHs 3a00JIEBaHUN BBIIIE,
CTPECCOYCTONYHMBOCTh HIXKE, & (PU3UOJIOTHYC-
CKHE T0Ka3aTesIn KpOBOOOPAIIEHUS XYKe, YeM
y crynenToB ¢ KB Himke 20. D10 MOXKET OBITH
CBSI3aHO ¢ OoJiee HU3KHUM a/IallTUBHBIM ITOTEH-
LUAJIOM CPEJU JaHHOU TPYIIIbI PECIIOHICHTOB,
YTO B CBOIO 04epeIb TpeOyeT Oosiee BHUMATEIb-
HOT'O OTHOMICHUS K CTYACHTaM C IOJ0OHBIMH
MOKa3aTes MU K03 UIIeHTa BBIHOCINBOCTH.
[TomyueHHBIE pe3yaBTATHl HCCIETOBAHUS MOXK-
HO HCTIONB30BATh JUIS MOATOTOBKH PA3IHMYHBIX
NpOrpaMM O MPOPHUIAKTHKE PA3BUTHUS U KOP-
PEKUMH BO3MOXKHOM MATOJOTMH CpelaH yda-
HIMXCS Y)Ke Ha dTarne oOy4deHus B By3e.
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MEXAHUM3MbI THITIOKCHUMU ITPU SARS-COV-2 UHOEKIINU

2PeBa I'.B., 2JlonmaxosB K.A., ’Kopookun A.H., *I'opéapenko P.C.
' Meatcoynapoonviii MeouyuncKull Hay4HO-00PaA308aMeNbHbLIL YEHMp,
Braousocmor, e-mail: RevaGal@yandex.ru;
2[lanonesocmounwlil pedepanvholil ynusepcumem, Biaousocmox, e-mail: shindinanl999@mail.ru

B cratbe paccMaTpruBaroTCs MEXaHH3MBI TUIIOKCHH Y MTAIMEHTOB, HHPHUIMpoBaHHEIX SARS-COV-2. beut npo-
BEJICH aHAIIN3 JaHHBIX KIMHUICCKHX U OHOXMMHYECKHX aHAIN30B KPOBH, a Takoke OMONTaTa JIETKHX, Cepaua, me-
YEHH ¥ MOYeK yMEpHIMX OT MH(EKIMH MAalHeHTOB C KJIACCHYECKHM METOIOM I'MCTOJIOIMYECKOTO MCCIIEI0BaHHs.
ITo MHEHHUFO aBTOPOB, TEMOTIOONHONATHS, CBA3aHHAS C HAPYIIEHUEM PETYIISIIMI 0OMEHa XKele3a, TUIOKCHS U Tepe-
rpy3Ka KICTOUHBIX JKeJIe3 MOTYT UrpaTh JOIOJTHHTEILHYIO POIb B IaToreHese HoBoil mHpexmmu SARS-COV-2.
B xozne uccrnenoBanus OblIM yCTaHOBJIEHHI J[BA BAKHBIX MEXaHM3Ma Pa3BUTHs IMIOKCHU: HEPBBIi CBA3aH ¢ rube-
JIBIO M3-32 BUPYCHOTO 3apaKCHMS AJIbBEOJIOIMTOB W TOBPEXKIACHINEM 3HJOTENNS KAIMLIAPOB JIETKUX, YYacTBYHO-
MIUX B BO3AYNIHO-TEMATOIOTHIECKOM Oaphepe; BTOPOil MEXaHNW3M THIOKCHH CBA3aH C pa3pyIICHUEM SPUTPOLIUTOB
B TKaHAX C HAKOIUICHHEM FeMOCHEPHHA U YMEHBIICHHEM UX KOJIMYECTBA B KPOBH. BLIABIEHBI OCHOBHBIE ITATONIO-
THYeCKHe MyTH MeTaboIn3Ma, BO3HUKAOIIHME B PE3yNIbTaTe JICHATypallii TeMOTTIOONHA U HAPYLICHHs PEeryIAny
oOMeHa JKene3a, a Takke KIMHUYECKHE CHMITOMBI, CONPOBOKIAIONINE JIaHHBIH mponecc. Caenan BRIBOA O POITH
B Pa3BUTHH TMIIOKCHH y MANUEHTOB, HHPUImpoBaHHEIX SARS-COV-2, a Tarke 0 IPOrHOCTHYECKON 3HAYHMOCTH
COJIeprKaHUs MAaTOJIOTNYECKUX (POPM IPUTPOLIMTOB U ypoBHs remornodnna B ucxoge COVID-19.

KarodeBble cji0Ba: aHeMusl, THIIOKCHS, Sars-cov-2, covid-19, 3puTpouuTsl, reMor;i00uH, GpeppuTHH, Ke1e30

MECHANISMS OF HYPOXIA IN SARS-COV-2 INFECTION
2ZReva G.V., ZLonshakov K.A., 2Korobkin A.I., "*Gorbarenko R.S.

!International Medical Research and Education Center, Viadivostok, e-mail: RevaGal@yandex.ru;
’Far Eastern Federal University, Viadivostok, e-mail: shindinanl999@mail.ru

The paper deals with the mechanisms of hypoxia in patients infected with SARS-COV-2. The analysis of
data from clinical and biochemical blood tests, as well as biopsy material of the lungs, heart, liver and kidneys
of deceased patients was carried out. According to the authors, hemoglobinopathy, hypoxia, and cellular gland
overload may play an additional role in the pathogenesis of SARS-COV-2 infection. Two significant mechanisms
for the development of hypoxia have been established: the first is associated with the death of alveolocytes and
damage to the endothelium of lung's capillaries involved in the air-blood barrier due to viral contamination; the
second mechanism of hypoxia is associated with the destruction of erythrocytes in tissues and a decrease in their
number in the blood. The main pathological pathways of metabolism resulting from denaturation of hemoglobin and
dysregulation of iron metabolism have been identified, as well as clinical symptoms accompanying this process. A
conclusion was made about the role in the development of hypoxia in patients infected with SARS-COV-2, as well
as the prognostic significance of the content of pathological forms of erythrocytes in the outcome of COVID-19.

Keywords: anemia, hypoxia, SARS-COV-2, COVID-19, erythrocyte, hemoglobin, ferritin, iron

The COVID-19 pandemic at the present
stage is one of the most dangerous and seri-
ous global problems [1, 2, 3]. The rapid spread
of the SARS-COV-2 virus from China to al-
most all countries of the world, has reached the
number of infections of more than 3,236,787.
In Russia alone, 24,150 patients are registered
per day, 19,847 recovering daily and daily
deaths 504. Lack of real etiotropic treatment,
the inability to predict the outcome of the dis-
ease, high mortality from COVID-19, as well
as little-studied consequences for patients who
have undergone SARS-COV-2 infection, de-
pending on the severity of the course of the
disease, indicate the importance and high rel-
evance of research conducted in the direction
of studying the mechanisms of pathogenesis of
COVID-19 [4, 5, 6]. The consequences of the
postponed COVID-19 infection at the present
stage are not known, however, the results of
numerous studies have indicated the role of mi-
croorganisms, especially viruses, as promoters
of tissue malignancy, inducing carcinogenesis

in various systems of human organs [7, 8, 9].
At the same time, the authors associate tissue
malignancy with impaired iron metabolism in
the body of virus-infected patients, which leads
to hypoxia and anemia. These data determined
the direction of our research in terms of study-
ing the mechanisms of hypoxia during SARS-
COV-2 infection.

The aim of the research

The aim of the study to determine the
mechanisms of hypoxia during SARS-
COV-2 infection.

Material and research methods

The material for the research was the re-
sults of observations and data from clinical
and biochemical studies in patients undergo-
ing inpatient treatment in infectious diseases
hospitals in the Primorsky Territory. The pa-
per analyzes and discusses the results of our
own blood tests of patients who died from
COVID-19 caused by SARS-COV-2, with
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PCR confirmation. To obtain data on the dis-
tribution of erythrocytes in the blood vessels of
the tissues of deceased patients, a biopsy ma-
terial was examined, obtained in accordance
with the order of the Ministry of Healthcare
of the Russian Federation dated 04.29.94 N
82 “On the procedure for conducting patho-
logical autopsies”, according to the rules of the
instructions governing the procedure for autop-
sies in medical institutions. The control group
consisted of 14 patients who died as a result
of injuries incompatible with life, presumably
without somatic pathology at the age of 24 to
76 years. The results obtained in age groups
in which the age of patients ranged from 21 to
91 years are considered. The clinical material
was divided by sex and age groups; a total of
61 patients were considered, of which 33 were
men and 28 were women. As a result of treat-
ment, 29 people (15 men, 14 women) were dis-
charged for outpatient treatment and observa-
tion, 32 people died (17 men and 14 women).
The biopsy material was recorded according to
the prescription for preparation for histologi-
cal examinations immediately after collection.
The exclusion of possible artifacts is based on
data obtained during a special study on dogs,
indicating that when corpses are stored at a
temperature of 4 °-7 °C for 24-26 hours, micro-
scopically visible changes in the morphology
of various organ systems are not observed, ex-
cept for a slight decrease in the intensity of spe-
cific reactions to enzymatic activity. We used
classical histological research methods with
staining with hematoxylin and eosin to obtain
a general morphological picture. The morpho-
logical method of the study consisted in the
preparation of sections from paraffin blocks of
biopsies of the lung, liver, heart, spleen, kid-
neys of the victims of SARS-COV-2, followed
by staining with hematoxylin and eosin in ac-
cordance with the classical protocol. Analysis
of preparations and production of illustrations
were performed using an Olympus Bx52 mi-
croscope and a DP25 digital camera with pro-
prietary software.

Research results and discussion

Coronavirus disease, COVID-19, refers
to infectious and inflammatory diseases that
mainly affect the respiratory system. Invasion
of SARS-CoV-2 into a human cell is mediated
through receptors for angiotensin-converting
enzyme-2 and a number of other cellular re-
ceptors, which causes an imbalance in the re-
nin-angiotensin system, vasoconstriction and a
pro-inflammatory effect. Angiotensin-convert-
ing enzyme-2 is present on the cells of the al-

veolar epithelium, which determines the dam-
age to the respiratory system, damage to the
vascular endothelium of the lungs, contributes
to the development of acute respiratory distress
syndrome and is the most important link in the
pathogenesis of their damage in COVID-19.

However, an analysis of scientific infor-
mation from the available literature and data
from our own studies indicate two key patho-
genetic mechanisms in the development of hy-
poxia in patients infected with SARS-CoV-2:
1) the development of severe acute respiratory
syndrome as a result of damage by the SARS-
CoV-2 coronavirus to structures in the compo-
sition airborne barrier: respiratory epithelium
in the alveolar wall, as well as endothelium
(Figure, a) and 2) the appearance of pathologi-
cal forms of erythrocytes with an increase in
the number of hypochromic red blood cells
(Figure, b, c).

In the field of view, hypochromic eryth-
rocytes are identified (indicated by an aster-
isk), echinocytes are observed in the lumen of
the vessels, as well as erythrocytes with Jolly
bodies. The presence of an excess of normal
numbers of altered forms and sizes of eryth-
rocytes indicates anisocytosis and poikilocy-
tosis. Also, macrophages with phagocytosed
hemosiderin are identified (Figure. c, indicat-
ed by an arrow). The presence of hemosiderin
granules in the cytoplasm of macrophages
may indicate blocking of the transport protein
for iron, which is required for the synthesis of
hemoglobin in the red bone marrow [10, 11].
The destruction of red blood cells in tissues
outside the spleen also indicates a violation
of hematopoiesis in the direction of the eryth-
roid lineage and changes in iron metabolism
in the body of patients infected with SARS-
CoV-2. We also noted that hemoglobin levels
were lower in the older age group, among
them there was a higher percentage of pa-
tients with diabetes, hypertension and general
concomitant diseases, which contributed to a
greater severity of clinical manifestations in
older patients.

Considering the high importance in hemat-
opoiesis of the mechanisms for the induction
of iron transport into the red bone marrow,
cellular signaling interactions in this process,
the role of ferritin and its regulation in the he-
matopoietic system, it is necessary to note the
insufficient study of these issues. The concept
is known according to which SARS-CoV-2 in-
teracts with the hemoglobin molecule through
CD147, CD26 and other receptors located on
the precursors of erythrocytes and other blood
cells, inducing the hepcidin-mimetic action
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of the viral spike protein, which causes the
blocking of ferroportin. Ferroportin is the only
known protein-exporter of cellular iron, there-
fore, when it is blocked, the adsorption of iron
in the intestine is significantly reduced, which
can result in iron deficiency anemia. Research
in context of SARS-CoV suggests that iron
is essential for replication of the virus family
Coronaviridae. Due to the presence of angio-
tensin-converting enzyme-2 receptors, SARS-
CoV2 can colonize macrophages, enterocytes
and hepatocytes. These cells sequester iron in
cytosolic ferritin to limit it for viral replica-
tion [4, 12].

Penetration of the SARS-CoV-2 virus into
the human body can trigger the activation of
an excessive number of immune cells, which
will cause the secretion of cytokines and
chemokines such as TNF-a, IFN-y, IL-6 and
IL-8. These immune responses are associated
with Kupffer cells (specialized hepatic mac-
rophages) and intrahepatic cytotoxic T cells,

which leads to hypoxia, ischemia. Due to is-
chemia and hypoxia, lipid accumulation, gly-
cogen consumption, and adenosine triphos-
phate depletion in hepatocytes, cell survival
signaling can be suppressed, which quickly
leads to hepatocyte death. In severe cases of
COVID-19, imbalanced immune responses are
observed, in which liver damage is accompa-
nied by coagulation and fibrinolytic pathways
with necrosis of liver cells and changes in iron
metabolism and activation of macrophages.
Consequently, IL6 is a major inflammatory
mediator involved in iron processing as it in-
duces hepcidin production.

Disorders of iron metabolism after the on-
set of the disease can persist for at least two
months. Such prolonged hyperferritinemia
leads to a decrease in the physical performance
of patients and to aggravating lung patholo-
gies. It also follows that screening serum fer-
ritin levels may be a readily available test of
disease severity.

Lung of a person infected with SARS-CoV-2. Staining with hematoxylin and eosin.
Microphoto. Uv.x400.a) a blood vessel with damaged endothelium;
b) hypochromic erythrocytes; c) macrophage with hemosiderin
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The following pathological pathways of
metabolism, resulting from denaturation of he-
moglobin and dysregulation of iron metabolism,
have been identified: 1) decrease in the level of
functioning hemoglobin; 2) iron overload of tis-
sues and hyperferritinemia; 3) the release of free
circulating iron and its release into tissues with
a toxic effect on cells; 4) hypoxemia, local and
systemic hypoxia; 5) mitochondrial degeneration
and apoptosis. At the same time, several clinical
syndromes begin to develop, such as pulmonary
edema due to vasoconstriction in the pulmonary
artery system against the background of changes in
the structures of the air-blood barrier, sideroblast-
like anemia, endotheliitis, vasospastic acrosyn-
drome and arteriovenous thromboembolism.

Excessive accumulation of iron in cells can
lead to ferroptosis with oxidative stress. Ferrop-
tosis morphologically will be characterized by
a change in the size of mitochondria with an in-
crease in the density of their membranes. Classical
manifestations of apoptosis, such as condensation
of chromatin and subsequent fragmentation of the
nucleus, are not typical for it. Ferroptosis causes
cell death due to the accumulation of lipid ROS
(reactive oxygen species), which causes fatal
changes in the biological membranes of the cell.

The formation of ROS under the influence
of iron ions is one of the possible causes of cell
death during infection with SARS-CoV-2. In-
creased serum transferrin activity or intracellular
iron ion concentration increases the risk of cell
ferroptosis, so iron chelating agents may be use-
ful in treatment strategies in these patients.

Iron chelators also exhibit immunomodula-
tory effects. They can attenuate acute respiratory
distress syndrome and help control the course
of infection through the following mechanisms:
1) inhibition of viral replication by limiting the
iron required for this; 2) activation of B-cells;
3) improving the titer of neutralizing antiviral
antibodies; 4) inhibition of endothelial inflamma-
tion by blocking IL-6; 5) prevention of pulmo-
nary fibrosis by reducing iron deposition in the
lung tissue.

Thus, we believe that in COVID-19, in addi-
tion to the classical point of view on pulmonary
immune inflammation, it is necessary to take into
account the mechanisms of hypoxia due to the
dysregulation of iron metabolism. A more com-
prehensive diagnostic and therapeutic approach
to COVID-19 is proposed, which will use the
necessary adjuvant conservative methods in or-
der to increase the hemoglobin content, reduce
excess iron deposition in the tissues of various
organs, control its delivery to the spleen, and also
search for methods to relieve the general hypoxic
state in addition to artificial ventilation.

Conclusions

1. The number of hypochromic erythrocytes,
as well as parameters of the level of hemoglobin
concentration, poikilocytosis and anisocytosis of
erythrocytes are one of the key indicators in as-
sessing anemia and hypoxia in COVID-19, and
also serve as prognostic markers in assessing the
severity of the prognosis.

2. Patients with low hemoglobin and hy-
pochromic anemia require intensive therapy
with oxygenation through the mechanisms
of erythropoiesis.

The study was financially supported by the
International Medical Research and Education
Center (Vladivostok, Russia).
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PA3PABOTKA CUCTEMBI OCBEIIEHUA BEJTOCHUIIETHOM DCTAKAIbI

3ere A.H., I'puropsesa T.IO.
Mockosckuil agmomoounIbHO-00POAUCHBLIL 20CYOAPCIMEEHHBI MEXHUYeCKU YHUSePCUmen,
Mocksa, e-mail: zegel 999@mail.ru

OOBbeKTs HHPPACTPYKTYPbl HEMOTOPH30BAHHOTO TPAHCHOPTA SIBILIIOTCS. HCTOYHUKOM ITOBBIIICHHON ONacHO-
ctu. Hemocrartounoe ocBelieHHe HIN €r0 HeNPaBUIbHAS OPraHU3alis CIIOCOOHBI OKa3bIBATh HETaTHBHOE BIUSHHE
Ha BOCIIPHATHE YEJIOBEKOM IIPOCTPAHCTBA M €TI0 IIOBE/IEHHE, &, CIIEI0BATEIbHO, ABIATHCA NPHUMHON BOSHUKHOBEHUS
PA3INYHBIX TPABMOONACHBIX CHTyamuil. [103TOMy parioHaIbHO CIPOSKTHPOBAHHOE OCBEIICHHE IMOJIOKHTEIEHO
CKa)XETCSl Ha NMCUXO(U3HOIOIMYECKOM COCTOSHUM YeJIOBEKa M MO3BOJIMT M30ekKaTh HeraTuBHBIX 3(Q¢ekToB. B Ha-
CTOslIllEe BPeMs IIPH CBETOTEXHMYECKUX PacyeTax MCIONb3YIOTCs Pa3AMYHbIe PyYHBIE METOAUKHM M MPOrpaMMHbIE
KOMIUICKCBI, CPEI KOTOPBIX CIEIYeT BBIICIUTh HNporpaMmubiii komiuieke DIALux, paspaborannbiii Hemenkum
Wucruryrom Ipuknannoit Ceerorexuuku. DIALux ucnonesyercs s 3D-MoaeaupoBaHust pacdeTHbIX 00bEKTOB
C LE/IBI0 HAMITYHIIErO y4eTa XapaKTEePHBIX KOHCTPYKIHOHHBIX OCOOCHHOCTEH 00BEKTa pacueTa M ONTUMAIbHOIO
Pa3MeIleHNs IPUMCHSCMBIX CBETHILHUKOB, a TAKXKE OH II03BOJISICT BU3YalbHO OTOOPA3UTh OCOOCHHOCTHU pacipe-
JeJIeHNs] CBETOBBIX MOTOKOB U H30JIMHUII OCBEIIEHHOCTH. B cTaTbe MPUBOIHUTCS CBETOTEXHUUECKUH pacueT OcBe-
LIEHUS BEJIOCUIIETHOM 3CTaKabl ¢ MOMOMIbI0 IporpaMmuoro komrmiekca DIALux. B pesynsTate npoBeneHHBIX
pacdeToB JUIsl 00ECIICUEeHHsI OCBCIICHNS BETIOCUIICHOM dCTaKaibl OBUIH MOI0OpaHbl CBETONMOIHBIC CBETHIBHHKI
1 OIpeZieNieHa CXeMa HX Pa3MEILCHHs C y4eTOM CO3IaHUs CBETOBOM CPeibl, yAOBIETBOPSIONICH TpeOoBaHUAM Aeii-
CTBYIOIMX HOPMAaTHBOB, a TAK/KE CMOJICITMPOBAHO BU3YalbHOE OTOOPAKEHNE OCBEIICHHOCTH B (PUKTHBHBIX [[BETaX.

KirodeBbie cj10Ba: ocBellleHUe, CBeTOTeXHUYecKHii pacyet, DIALux, BeJiocuneHas 3cTakajga

DEVELOPMENT OF LIGHTING SYSTEM FOR BIKE OVERPASS
Zege A.N., Grigorieva T.Yu.

Moscow Automobile and Road Construction State Technical University,
Moscow, e-mail: zegel 999@mail.ru

Non-motorized transport infrastructure is a source of increased danger. Insufficient lighting or its incorrect
organization can have a negative impact on a person’s perception of space and his behavior, and, consequently,
cause different traumatic situations. Therefore, rationally designed lighting will have a positive effect on the
psychophysiological state of a person and will avoid negative effects. Currently, various manual methods and
software packages are used for lighting calculations, among which the DIALux software package developed by
the German Institute of Applied Lighting Engineering should be highlighted. DIALux is used for 3D modeling of
calculated objects in order to best take into account the characteristic structural features of the object of calculation
and the optimal placement of the lamps used, and it also allows to visually display the features of the distribution
of light fluxes and light isolines. The article presents the lighting calculation of the bicycle overpass lighting using
the DIALux software package. As a result of the calculations for lighting bicycle overpasses were selected led lights
and the scheme of placement with the creation of the light environment that meets the requirements of the applicable

standards, as well as the simulated visual representation of light in a fictitious colors.

Keywords: lighting, lighting calculation, DIALux, bicycle overpass

[Ipy  TpPOCKTHPOBAHUM  TPAHCIIOPTHBIX
00BEKTOB HEMAaJIOBXXHYIO POJIb UTPAET pas-
paboTka CHUCTEMBI MCKYCCTBEHHOTO OCBeIlle-
HUS, TOCKOJNBKY HEJOCTAaTOYHOE OCBEIICHHE
WM K€ €r0 HempaBWUJIbHAs OPTaHMU3alus MO-
JKET TIPUBECTH K TPABMOOIIACHBIM CHTYAIIUSIM.
OcBelieHre UrpaeT BaXHYIO POJib B BOCIIPH-
SITUW TIPOCTPAHCTBA YEJIOBEKOM, a TaKXkKe BIIH-
sieT Ha ero noseneHue. OcBelieHrne CrocoOHO
OKa3bIBaTh BIMSIHME HA TICUXOJOTHYECKOE CO-
CTOSTHHE YeJIOBEKa, YTO B CBOIO OUepe]h CKa-
3BIBACTCSI HA NMPAKTUYECKON cepe: CKOpOCTH
peaKiuu, yTOMJISIEMOCTH, TOYHOCTHU BBITIOTHE-
HUS OIpeeIeHHbIX 3ana4 [1].

CuctemMbl OCBENICHUS JOJDKHBI TIPOEK-
THUPOBAThCA C TapaHTHEel KadecTBa W A dek-
TUBHOCTH, YTO BO3MOJKHO TOJBKO TIPH ydeTe
3apy0eIKHOTO U OTCYSCTBEHHOIO OIIbITA, Ha-
LISMIIETO OTPAKCHHUE B TOJIOKEHUSIX MEKIY-
HapOJHBIX U POCCHHCKUX HOPMATHUBHBIX Mpa-
BOBBIX JIOKyMEHTOB [2].

Lenpro gaHHO# pabOTHI SIBIISETCS BBIMOJ-
HEHUE CBETOTEXHUYECKOTO pacuera OCBETU-
TEJBHBIX YCTAHOBOK JJISI OCBEILEHUS BEJIOCU-
TIeTHOM DCTaKaIbI.

MarepuaJjibl 1 METOAbI UCCJIEOBAHUS

IIpu TpPOEKTHPOBAHWHM OCBEIICHUS BHI-
MIOJTHAETCSI CBETOTEXHUUYECKHUI pacdeT, KOTO-
PBI TPOBOIUTCS C ILIENBIO OMPEACICHUs He-
00XOIMMOI'0 KOJIMYECTBA CBETHILHUKOB M HX
MPaBUJIBHOTO Pa3MEILEHUs AJI1 CO3aHus OIl-
TUMaJIbHBIX CBETOBBIX ycCJIOBUH. s 3TOrO
Yarie BCEro MPHUMEHSIOTCS TPH METOIa pac-
YyeTa: yAeIbHONH MOIIIHOCTH, CBETOBOTO MTOTOKA
Y TOYCUHBIH [3].

Merton ynenbHOM MOITHOCTH SIBJISICTCST Me-
TOJOM TpHONMKEeHHOTo pacueta. OH mpHuMe-
HSIETCS JUISl TIPEBAPUTEILHOTO OMpeeTIeHUs
MOIITHOCTH OCBETHUTEIILHON YCTAHOBKH U KOJIH-
YeCTBA CBETHIILHUKOB, HEOOXOIUMBIX JIJIsSI CO3-
JaHusi TpeOyeMOoro YpOBHSI OCBEIIEHHOCTH,

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Technical sciences

cootBerctBytomiero CII52.13330.2016 «Ecre-
CTBEHHOC U UCKYCCTBEHHOE OCBelIeHue» [4].

Ecmu He TpeOyercss OONBIION TOYHOCTH,
TO €r0 MPUMEHSIOT U JUISI OKOHYATEIHHOTO pac-
yeTa. DTOT METOJ] He MOXKET OBITh IPUMEHEH
JUTSL pacdeTa JOKaJTU3UPOBAHHOIO OCBEIICHUS,
OCBCILCHUSI HAKJIOHHBIX U BEPTUKAIBHBIX I10-
BEPXHOCTEH W MOMEIIEHUI C IUIOMAAbI0 Me-
Hee 10 M2,

MeTon CBETOBOTO TOTOKA SIBIISIETCST OoIiee
TOYHBIM, YE€M METOJ YIEIbHOH MOITHOCTH.
OH mpuMeHSIeTCs ISl pacueTa paBHOMEPHOTO
00IIIero OCBEIICHMs TIOMEIICHUS TPU OCBe-
LICHHOCTU B TOPU30HTaJIbHOMN TIOCKOCTH.

TouedHBIN METOJ| IPUMEHSIETCS IS pac-
YyeTa JIOKaJTU3UPOBAHHOTO, MECTHOTO U KOM-
OMHMPOBAHHOTO OCBEICHUSA, OCBEUICHUS Ha-
KJIIOHHBIX ~ BEPTHKAJbHBIX  IOBEPXHOCTECH,
a TaKkKe JUI1 TPOBEPKH OCBEIIEHHOCTH
B Toukax nomemieHus. OH TpeOyer Oobiieit
TOYHOCTH, OOJIee CIIOXKEH /I peanu3alu,
YeM METOJl CBETOBOTO ITOTOKAa M MPUMEHUM
pu  JTIOOOM PACTIONOKEHWH CBETHJIHHHKA
U TIOBEPXHOCTH.

[Ipy  BBITOJHEHUH CBETOTEXHUYECKOTO
pacuera Haubosiee BaXKHBIM SIBJSICTCS TIOJI-
0Op OCBETUTENHLHOTO 00OPY/IOBaHMS HA OCHO-
BaHWU THUIAa BHIOPAHHOTO HCTOYHWKA CBETa,
MOIIIHOCTH CBETHJIbHWKA, CBETOBOTO ITOTOKA,
3HaueHHus SHEprodH( EeKTUBHOCTH W KPHBOI
cwibl cBera. BeiOop 00opymoBaHUS C COOT-
BETCTBYIOIUMH IapaMeTpamMu OMPEACIseTCs
TpeOOBaHHUSIMH CYIIECTBYIOIINX HOPMAaTHBOB
K 00BexTy pacuera. ONTHMAaIbHBIA TOHOOP
CBETHJIbHUKA C COOTBETCTBYIOIIMMH Xapak-
TEPUCTUKAMHU O00CCIICYMBACT HEOOXOAUMYHO
PaBHOMEPHOCTh OCBeIleHUsl. Takke BakeH
k03 HIMEHT 3amaca OCBETUTEIBHOW ycCTa-
HOBKH, KOTOPBI 3aBUCHUT OT 3arps3HEHHOCTH
CBETHIILHUKOB B TEUEHHE CPOKA IKCILTyaTaIluN
OCBETHTEIHHOTO 000PYI0BAHNS.

CerofiHs TPOCKTUPOBIIUKU OTKA3aJIUCh
OT YNPOILICHHBIX PACYCTHBIX AJITOPUTMOB,
0a3upOBABIIMXCS HAa TEXHOJIOTUU PYYHOTO
TpYyJa, U IPUMEHSIOT CBETOTEXHUYECKOE IPO-
rpaMMHOE O0ecCTie4eHrne C WCIOIb30BaHUEM
CHETMATFHBIX MaTeMaTHYeCKuX METOJIOB, T0-
3BOJISIFOIIMX BBIMIOJIHUTD PacyeT ¢ 3aJaHHOMN
CTEMEHBI0 TOUHOCTH [2].

B Hacrosimiee Bpemsi CyIIecTBYeT J0-
CTaTOYHOE KOJIIMYECTBO IPOTPaMMHBIX TIPO-
JYKTOB, MTOMOTAIOIIUX BBIMTOIHATh CBETOTEX-
HUYECKHE DPACYEThI, CPeIN KOTOPBIX CIEAYeT
BBIJIEJINTh TporpaMMHbIH Komriuieke DIALux
(paspabarsiBactcsi ¢ 1994 roma Hemenkum
Wuctutytom  [lpuknannoit  CBETOTEXHHKH
DIAL GmbH) [5], mo3Bomnstommii ocyIiect-
BIISITH PACYeThl OCBEIIEHHS IS Pa3IMIHBIX
menei [6, 7].

CBETOTEXHUYCCKUH pacueT Jyis BEJIOCH-
II€JHOM ACTaKa bl BBIIOIHEH B Tporpamme DI-

ALux, xoTtopast siBisieTcsi IpoeCCUOHATBHON
MPOrpaMMOi JUIsi MPOCKTHPOBAHUSI BHYTPCH-
HETO W Hapy>KHOTO OCBEIIICHUSI.

IIporpamma DIALux no3Bosser:

—BOCCO3/aTh OCOOEHHOCTH TIOMEIIECHHS,
B KOTOPOM Oy/IeT IPOSKTUPOBATHCS OCBEIIICHHE;

— BBIOpATh THUII, MOIHOCTH U CBETOpACIIpe-
JesieHre HeoOXOAMMOTO CBETHIILHUKA;

— oneHUTh 3(H(HEKTUBHOCTh BBHIOpAHHOU
CHCTEMBI OCBEIICHHS,

— BBITIOJIHUTH aBTOMAaTHYECKHH pacyueT Orl-
TUMAaIILHOTO PACIIONIOKEHHS CBETUIHHUKOB;

— MPOU3BECTH PacueT HOPMUPYEMBIX TTOKa-
3aresneil ¢ y4eToM ONTHMHU3ALHH;

— IIPEAOCTaBUTh  PE3YJbTATHI
JUTSL BOCTIPUATHS BUJIE.

Cormacno CII 52.13330.2016 «EcrectBen-
HO€ M HCKYCCTBCHHOE OCBEIICHHUEY», CPEIHSIS
OCBELICHHOCTh Ha BEJIOACTAKaAe I0JKHA OBITh
HE MeHee 75 JIK, XapaKTepUCTHKa 3pUTEIbHOM
pabotsr VIII 6 [4].

JI1s oCBeIeHNsI BEJIOCUIIETHOM ACTaKa bl
HEO0OXOMMMO TOI00paTh ONTHMAIBHBIA THI
CBETHJIbHUKA. CBETHIIFHUKH  Pa3IUYalOTCs
M0 UCTOYHHKY CBETA:

— JIaMITbl HaKaJMBaHWUS — TJIABHBIM IPCH-
MYIIIECTBOM JIAMIT HAKAJIMBAHUS SIBIISIETCS TOU-
HOCTPH IIBETOTIEPEIauH, TPH ITOM TaJIOTEHHBIE
JaMIIel — O0osiee 2((HEKTHBHBI, UEM JIAMITHI Ha-
kanuBaHug (Ha 20 % Gosblie cBeTa Mpu OiMHa-
KOBOM MOTPeOIIsIeMOil MOIITHOCTB );

— JIIOMUHECHEHTHBIE JIAMIIBl — K TPEUMY-
IIECTBAM MOYKHO OTHECTH HH3KHE DHEProro-
TpeOeHne 1 TeTUIOBbIIeTICHHE;

— CBETOIMOJHBIC JIAMITBI — B CPaBHEHUU
C OCTaJIbHBIMH BUJIAaMH JIaMII CBETOJIUOJ HMe-
eT JIy4llyl0 SKOHOMHYHOCTb, IOJTHH CpPOK
CIIy’KObI, BBICOKYI0O MEXaHMUYECKYI0 IpOu-
HOCTh, KOMITAKTHOCTb.

yI00HOM

Pe3y.]'leaTbI CBETOTEXHUYIECKOI'0 pacuera
U UX 00Cy:KIeHne

Ucxonss W3 ONMHCAHHBIX BBINIE MPEUMY-
LIECTB, JUIsl BEJIOCUIICTHON dCTaKa bl BIOMpA-
FOTCSl CBETOJIMO/THBIC CBETHIILHUKH.

B kauectBe cBeToBOTO IIpHOOpA I OCBE-
IICHUS BEJIOCUIICIHOM dCTaKalbl BEIOpaH CBe-
tibHEK [I11052-13-301 Optimus 840 (puc. 1),
NpEeHA3HAYCHHBIA JIsi OOIIEro OCBEIICHHUS
OOIIICCTBCHHBIX, aJIMHHUCTPATUBHBIX, OQuC-
HBIX ¥ MHBIX TTOMENIeHuH [8].

XapaKkTepUCTHKH HCIIONB3YEeMOTO MPHU OC-
BEIICHUU BEIIOCUIICTHOW 3CTaKabl CBETHIIb-
HUKA MPECTABICHBI B Ta0M. 1.

[Ipu poBeZICHUH CBETOTEXHUYECKOTO pac-
YyeTa BEJIOACTAKaJbl HCIOJIb30BAIUCH HCXOJ-
HBIC JIAHHBIC, TIPEJICTaBJICHHbBIC B Ta0II. 2.

3Ha4YeHUs, MTOJyYSHHBIE B pe3yJIbTaTe pac-
4yeTa OCBEIEHUS, COMOCTABISUIMNCH C HOpPMa-
TUBHBIMH 3HAYCHUSIMU JIJIS1 COOTBETCTBYIOIIMX
mokasarenei (cM. Tabm. 3).
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a) 0)

Puc. 1. Ceemunvrux JI1052-13-301 Optimus 840 [8]: a — enewHuil 6uo, 6 — Kpusbie cuivl cema

Tabaununa 1
Xapaxrepuctuku cBetminbHuKa J{I11052-13-301 Optimus 840 [8]
XapakTepucTHKa 3HadyeHue
CBETOBOM IMOTOK CBETHIIHHUKA, JIM 1416
MomHoCTh cCBeTHIbHMKA, BT 13
CaetoBas otava, 1M/Bt 109
Kiacc 3a1muThl OT MOpaKeHHs! AEKTPHIECKUM TOKOM I
T'aGapuThl, MM 330x104x64
Marepuan kopiryca IMonmkapOoHar
PaccenBarens OrnasioBbIii M3 MOJIMMEPHOTO MaTepraa
Macca, Kr 0,45
YeraHoBKa MoOHTaX MHIUBUTyaJIbHO
Tabauma 2
Hcxoanble faHHBIE 171 pacyeTa OCBEICHUS BEJI0ITaKa bl
XapakrepucTrka 3HaueHne
Bricora, m 3
nprHa, M 6,5
Jlina, M 100
Bericora noneeca, M 0,07
CpeHsisi HOpMaTHBHASL OCBEIIEHHOCTb, JIK 75
Ta6auma 3

PesynwraTs! pacuera ocBemieHus, BRIIOJTHEHHOTO B TporpaMMHoM Komruiekce DIALux,
U UX COIOCTABJIEHHE C HOPMATHBHBIMHU TPEOOBAHUSIMHU

Hopmupyemslit nokasarens Hopmarusroe | Pacuernoe
3HAYCHIEC 3HAYCHIEC

OcBeneHHOCTH (TIpU crcTeMe o0miero ocsenienns) Ecp, ik 75 79
OTHOIIIEHNEe MUHUMAITLHOM OCBEIIEHHOCTH K HOPMUPYEMOM Cpe/iHel OCBEleH- >0,9 0,82
Hocti Emin/Ecp
[penenbHas paBHOMEPHOCTE pacrperiernienus ocseniennoctn Uy 0,3 0,5
PexomeHyemasi cBeToBasi OTZiada CBETOBBIX MPHOOPOB (IUIsi OOIIETo OCBEIIle- >90 109
Hust), IM/BT
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Puc. 3. Pacnpeoenenue huxmusHoix yeemos npu eu3yaiusayuu 0ceeujeHus

B npomnecce pacdera, ucxoast U3 yCIOBHs
ONTUMAJILHOTO pa3MeEIIeHUs], ObLIO PEKOMEH-
oBaHO Ha Kakaple 100 M IIMHBI BEJIODCTAKAIbI
HCTIONB30BATh 2 Psifia CBETUIHHUKOB 110 22 IIT.
Pacnonoxxenue CBETHILHUKOB M M30JIUHHAH OC-
BEIIICHHOCTH IPEJICTABICHEI Ha pHC. 2.

BmsyanbeHoe pacmipenenenue (UKTHBHBIX
[IBETOB TIPY BH3YaJIM3allN{ OCBEIICHUS TIPEJ-
CTaBJICHO Ha puC. 3.

[TonmyueHHble  pe3ysbTaThl  CBETOTCXHHU-
YECKOTO pacyeTa OCBELICHUS BEIOCUIECIHOMN
ACTaKa/bl COOTBETCTBYIOT TPeOOBaHUSAM Jeii-
CTBYIOIINX HOPMATHBOB U MOTYT OBITH HCITOJb-
30BaHBI B KAYE€CTBE PEKOMEHIAIIUH TIPH Opra-
HHU3AILUU OCBEICHUS.

BriBoanl

1. OGocHOBaH BBIOOP B KayecTBE OC-
BETUTEILHBIX  MPUOOPOB  CBETUIHLHUKOB
AI1052-13-301 Optimus 840 (Tun UCTOYHU-
Ka CBETa — CBETOIMOIHBIN).

2. C ucronb30BaHUEM IPOTPAMMHOTO KOM-
ruiekca DIALux BBITIOTHEH CBETOTEXHUYECKUI
pacdeT OCBEIIECHUS BETOCUTICTHON dCTaKaIbl.

3. [NonyuyeHHbIE pacueTHbIC 3HAYCHHSI HOP-
MHUPYEMBIX [1apaMeTPOB OCBEHICHHOCTH OBbLIU
COIIOCTABJICHBI C JCWCTBYIOIIUMH HOPMATHUB-
HBIMH TPEOOBaHUSIMHU.

4. CormacHO pesynbTaraM pacdera oc-
BCUICHUA, BBIIIOJIHEHHBIM B IMPOIrpaMMHOM
komiuiekce DIALux, Obulo  ompeneseHo,
4TO JIJISL CO3JIaHMsI TPEOyeMO# OCBEUICHHOCTH
Ha BEJIOCHIICIHON dCTaKaje JIMHOM 1 KM mo-
Tpedyercst 440 CBETONMOMHBIX CBETHIIHHHKOB
JAI1052-13-301 Optimus 840.
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IMPEMMYUIECTBA HCTTOJIb3OBAHUS AI'POITOKAPHOI'O TUPUIKABJIS
JJIsI PELHIEHUWA 3AJTAY CEJIBCKOT'O XO3NCTBA
N IMPOTUBOITIOKAPHOMU 3ALINTHI

Karun O.U., besnozepos B.B.
@I'HOY BO Jlonckoii 2ocyoapcmeenHblii mexHudeckuil yrusepcumem, Pocmoes-na-/[ony,
e-mail: okatin96@mail.ru, safeting@yandex.ru

B crarbe mpoBOAUTCSI aHAIH3 COBPEMEHHBIX PELICHNH 1 TEHCHIUH B CEIIECKOM XO3SIHCTBE U IPOTUBOIIOXAP-
HOH 3aIIUTe CEeIbXO3YTOMHi U JIECHBIX MacCHBOB. PaccMaTpuBaroTcst Hanboliee COBpEeMEHHEIE PEIIeHHs B cepax
00pabOoTKH MOoNel XMMHKAaTaMU, MOHHTOPHMHIA M aHAJN3a COCTOSHHUS CEIbCKOXO3SHCTBEHHBIX KyJIBTYp C IOMO-
IIBIO IPOHOB, JIETKUX JIETATENIbHBIX aIlllapaToB, MAJIOi aBUAaLlK U BePTOJIeToB. [IpoBOIUTCS X CpaBHEHHE B 4aCTH
3aTpaT ¥ IPOU3BOIUTEILHOCTH. Takke aHAM3UPYIOTCS PEIICHHS, IPUMEHIEMbIC IS TYIICHHUS CTEITHBIX H JICCHBIX
noxkapoB B Poccun, paccMaTpHBaloOTCs MX CHIBHBIC U CIa0ble CTOPOHBL. ONHCHIBAIOTCS MOCIEAHUE A0CTUKEHHUS
B pa3paboTke aupmkadneil 1 ruOpuaHbIX auprokadneil. [Ipeqmaraercst cmocod MX MUCHOIB30BAHUS IPH MATPYIIH-
POBAaHHH TPYAHOAOCTYIHEIX U YAAICHHBIX TCPPUTOPHI ULl OOHAPYKCHHS H OOPBOBI € IOXKapaMH ¢ IPUMEHEHUEM
HAHOTEXHOJIOIMH Ia30pa3/Ae/IeHUs ISl 3aMEHbI OCHOBHOTO OTHETYIIAIIETO CPpeicTBa (BO/b) Ha aTMOC(EpPHBIiT a30T.
TakuM 00pa3oM HCKIFOYaeTCs TNIABHBIH HEJOCTATOK COBPEMEHHOI MPOTUBOIIOKAPHON aBHAIMN — HEOOXOJHUMOCTh
BO3BpaTa K BOJOEMY MIIH a3POAPOMY IS IOMOIHEHUS 3aIIaCOB BOJBL, M 3HAYUTEIHHO CHIDKAIOTCS 3aTpaThl HA Ty-
LICHHE TTOXKapOoB 6obLIoi rurornany. [IpeaaraeTest COBMEIIeHHE TPOTHBOMOKAPHBIX (DYHKIMI U arpOTEXHOIOTHI
TOYHOTO 3eMJICEIINS B arporoxkapHoM auprkadie. Takoe coBMeIIeHHe O3BOJISIET MOBBICUTH YPOBEHb NTOKapHOU
0€30IaCHOCTH B CEIbCKOXO3SHCTBCHHBIX PETHOHAX.

Ki1io4eBbie ¢J10Ba: arpoTeXHOJIOTHH, 0eCIUJIOTHBIE JIeTaTe/IbHbIE anapaTthbl (011a), CeJibCKOX035iCTBEHHAs] AaBHAIINS,
NPOTHBOIOKAPHAS ABHAIHSI, MeMOpaHHbIe H TePMOMATHHTHbIE HAHOTEXHOIOTHH, HHTErPanus
TEeXHOJIOrMii 6e3011aCHOCTH M arPOTEXHOJIOT Uil

ADVANTAGES OF USING AN AGRO-FIRE AIRSHIP FOR SOLVING
PROBLEMS OF AGRICULTURE AND FIRE PROTECTION

Katin O.I., Belozerov V.V.

Don State Technical University, Rostov-on-Don, e-mail: okatin96@mail.ru, safeting@yandex.ru

The article analyzes modern solutions and trends in agriculture and fire protection of farmlands and woodlands.
The most up-to-date solutions in the fields of chemical treatment, monitoring and analysis of crop conditions
using drones, light aircraft, small aircraft and helicopters are considered. They are compared in terms of costs and
productivity. Solutions used to extinguish steppe and forest fires in Russia are also analyzed, and their strengths and
weaknesses are considered. Recent developments in the development of airships and hybrid airships are described.
A method is proposed for their use in patrolling hard-to-reach and remote areas to detect and fight fires using the
nanotechnology of gas separation to replace the main fire extinguishing agent (water) with atmospheric nitrogen.
This eliminates the main drawback of modern fire-fighting aviation — the need to return to a reservoir or airfield
to replenish water supplies, and significantly reduces the cost of extinguishing large-area fires. It is proposed to
combine firefighting functions and precision agriculture in an agro-firefighting airship.

Keywords: agricultural technologies, unmanned aerial vehicles (UAVs), agricultural aviation, fire-fighting aviation,
membrane and thermomagnetic nanotechnologies, integration of safety technologies and agricultural
technologies

The current global trend in agriculture is
the introduction of agricultural technologies
for precision farming, the foundations of which
were laid in the last century by academician
1.S. Shatilov [1]. Methods and means of influ-
encing crops with various chemical composi-
tions are actively developed and implemented
to control pests and increase the quantity and
quality of the crop. Systems for monitoring the
state of crops at all stages of growth and meth-
ods for managing yields are being developed
and applied. The most striking example is mod-
ern Aero-hydroponic greenhouse complexes,
in which the number of controlled parameters
reaches its maximum. Ideal conditions for
plants are created for temperature, humidity,
nutrients, cycle and spectral intensity of il-
lumination, which significantly increases the

growth rate. However, significant amounts of
crops are grown in fields whose combined area
is so large that it can make up a large part of
the territory of a single region. This fact makes
it necessary to use mobile technical solutions
that can provide monitoring and processing of
a large area.

Purpose of research

Solution analysis and integration to tasks
of agriculture and fire protection of farmlands
and forests.

Materials and research methods

For this reason, trikes and small aircraft
used in agriculture do not lose their relevance.
These aircraft have a long range and load ca-
pacity, which allows you to process and control
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a large area. But it is worth noting that the cost
of operating these funds is quite high [2].

Light aircraft such as “Snipe”, “SU-38”,
“Spectrum”, “NARP” are in great demand.
They are able to process more than 1000 hec-
tares per day. For processing smaller territories,
trikes equipped with special spray installations
are actively used. Some models have been de-
veloped for this task. Among them, the most
common are “T-2M CX”, “Wind”, “Vulture”,
“Horizon”. At the same time, the productivity
of such devices reaches 500 hectares per day.
It should also be noted the dangerous effect
of chemicals on a person piloting vehicles of
this type.

Helicopters are also used to spray chemi-
cals. Their distinctive feature is the accuracy of
processing, which is greater than that of trikes
and airplanes, and the effect on the sprayed
substance by air flows from the propeller,
which ensures an even distribution of the sub-
stance. The most affordable option today is the
Robinson R44. Its productivity is 700 hectares
per day.

It is quite difficult to implement the “pre-
cision farming” approach by the means listed
above due to the significant speed of flight, the
inability to hover in one place, etc. The excep-
tion is helicopters, but the cost varies around
40 thousand rubles per flight hour [3].

The rapid development of satellite and op-
tical navigation technologies in recent years
has led to a rapid increase in the number of
unmanned aerial vehicles that are used in
various fields of human activity. However,
such drones are usually equipped with sat-

ellite navigation functions for determining
the distance and automatic return, and opti-
cal navigation functions for hovering over a
given point. Also, some models support the
ability to follow the operator, which indicates
the use of rather complex video processing al-
gorithms in conjunction with control and po-
sitioning algorithms [4].

Obviously, this development and reduc-
tion in the cost of such devices have led to an
increase in their number in professional fields.
Currently, drones are being actively introduced
into agriculture [4]. The above-mentioned op-
tical and satellite navigation capabilities pro-
vide accurate positioning in a given area, for
example, for processing the territory with vari-
ous compounds in order to prevent crop diseas-
es or control pests. And processing the image
from the drone’s camera provides the ability to
recognize a variety of signs, such as the spread
of diseases or pests.

Examples of such multifunctional drones
include the P4 Multispecial and Agras T16 mod-
els, which are manufactured by DJI. These
models are applied according to the scenarios
described above, thanks to a modern system
of cameras of various spectrum and software
algorithms for data processing (Fig. 1). At the
same time, the P4 Multispecial flight time is up
to 28 minutes and the signal transmission ra-
dius is up to 7 km, which allows you to inspect
a significant area with minimal costs [5]. The
characteristics of the Agras T16 drone provide
the ability to control at a distance of up to 5 km
and process an area of up to 10 hectares per
hour [5].

Fig. 1. Crop condition scanning with the DJI P4 Multispecial drone [5]
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All this has also become possible thanks to
the development of “battery technologies”, since
the power source is one of the main elements of
the drone. Its charge rate, duration of operation,
weight and durability determine all the design
solutions used. Currently available technologies
provide the ability to fly within a few hours and
a load capacity sufficient to place the necessary
equipment on the drones. However, even with
these characteristics, the restriction of the cul-
tivated area makes it impossible to use them in
remote or hard-to-reach places.

Research results and discussion

Airships can be a solution to this problem.
Currently, this area is actively developing, new
approaches are being developed that help to
overcome the typical difficulties of managing
in adverse conditions, improve safety and load
capacity. It is also worth noting the direction of
creating hybrid airships that combine the fea-
tures of aircraft and airships.

The main advantage of airships is the mini-
mum energy consumption for maintaining alti-
tude, because by regulating the lift force, they
are able to hover at a certain height due to the
aerostatic effect, without reducing their load ca-
pacity. Due to this, the operating cost of the air-
ship is approximately 1000 times lower than the
operating cost of the helicopter, and the cost of
production is 10 times less than the cost of pro-
duction of the helicopter [3]. Another significant
advantage is the fact that airships do not need
specially equipped airfields to land and take off.

Hence their effectiveness in solving the
problems of “precision farming”. Equipped
with modern navigation equipment, sensors
and cameras, the airship is able to follow the
specified route as accurately as possible, meas-
ure parameters in individual sections of fields
and scan them in various spectral ranges, while
creating detailed maps with the coordinates of
damaged areas. With a power reserve signifi-
cantly superior to drones, airships can perform
their functions over a large area.

At the same time, in the spring-summer-
autumn seasons, i.e. during periods of inten-
sification of agrotechnical processes of ag-
riculture, crop production, horticulture and
forestry, including due to the “human fac-
tor” and high air temperature, the probabil-
ity of fires increases. The ability to detect a
fire early and respond before the fire spreads
over a large area would significantly reduce
the damage and cost of fighting farmland and
woodland fires. For this purpose, the devices
described above could be used, which would
combine agricultural technologies with early

detection of fires, notification of fire services
and fire extinguishing. Modern image recog-
nition technologies allow you to find fires dur-
ing the day and at night by analyzing the vid-
eo stream from visible spectrum cameras and
infrared cameras. The use of neural networks
for this task provides real-time image process-
ing, as well as high recognition accuracy [6].

At the same time, extinguishing forest
and steppe fires from the air is most often car-
ried out using fire-fighting aircraft or helicop-
ters with special equipment.

The Russian emergencies Ministry has a
large and well-equipped fleet of fire planes
and helicopters. These include the world’s
largest mi-26 helicopter, IL-76TD and BE-
200 aircraft. The IL-76TD is equipped with
42,000 liter tanks and can empty them in 8 sec-
onds. Its main advantage is the discharge of
water in high concentrations. However, to fill
the tanks, it needs to return to the airfield [7].

The BE-200 series aircraft, which have
been delivered to the Ministry of emergency
situations since 2012 in the form of the most
modern modification of the BE-200ChS, do
not have this disadvantage. Their main feature
is the ability to fill the tanks with water for
16 seconds in the planing mode above the sur-
face of the reservoir. In conditions when there
is a reservoir at a distance of up to 10 km from
the fire source, this aircraft is able to deliver
320 tons of water to the fire site in one refu-
eling. Also, due to the possibility of refueling
in reservoirs in the fire zone, “pauses” are re-
duced when extinguishing fires [7].

Fire helicopters MI-8MTV-1 and MI-26T
perform the task of extinguishing the fire with
greater accuracy. To do this, the helicopters are
equipped with special external suspended spill-
ways that are filled with water in the nearest
reservoirs. The MI-8 can deliver up to 4 tons
of water and discharge directly to the fire. The
MI-26T is equipped with an APU-15 spillway
and can deliver up to 15 tons of water to the fire
site. At the same time, helicopters can transport
personnel to the fire site or perform evacuation,
as well as carry out effective extinguishing on
terrain with difficult terrain, access to which is
difficult for aircraft [7].

The main disadvantages of using helicop-
ters and airplanes are significant costs, as well
as the lack of reservoirs and airfields near the
sites of fires and fires. These factors impose
time restrictions on the extinguishing process
itself, since the equipment needs time to refuel
and move between the reservoir and the fire
centers, as a result of which the fire has time to
cover a large area.
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Fig. 2. Hybrid airships a) Airlander 10, b) P-791, c) Au-12, d) Au-30

Some models of airships have outstand-
ing characteristics and could be used for fire-
fighting and agricultural tasks after moderni-
zation. The most famous are the Airlander
10 of Hybrid Air Vehicles (Fig. 2, a), and the
P-791 of Lockheed Martin (Fig. 2, b). Fly-
ing Whales is also working with the Chinese
state-owned aircraft manufacturer General
Aircraft Co., Ltd. to develop a promising
airship with a rigid frame and a load capac-
ity of 60 tons. Lockheed Martin is develop-
ing a hybrid airship LMH-1, which can carry
21 tons of cargo and up to 19 passengers, to
solve the problems of transporting goods to
remote regions where there is no prepared
landing airfields . The Russian company
“RosAeroSystems” was noted for the devel-
opment of airships models Au-12 (Fig. 2, ¢)
and Au-30 (Fig. 2, d), which have been suc-
cessfully tested and are used for transporta-
tion and monitoring of emergency situations.
There are known Russian studies on the de-

velopment of a diving fire airship [8] and a
fire airship with continuous water supply by
a supply airship [9].

Due to the considerable duration of the
flight, they can be used for patrolling hard-
to-reach areas and detecting fires.

The solution to the problem of resupply of
fire extinguishing agents is a promising meth-
od of extinguishing a fire using nanotechnol-
ogy to extract atmospheric nitrogen from the
air and supply it to the fire zone. The princi-
ple of extinguishing is to reduce the concen-
tration of oxygen required to maintain fire in
the fire zone [10, 11, 12]. The nitrogen mem-
brane installation container can be attached
to the airship and also serve as a mooring or
landing device. It can be supplemented with
structures for transporting firefighters and
evacuating people. At the same time, the air-
ship can hover over fire centers until they are
completely localized and eliminated, moving
from one to another (Fig. 3).
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Fig. 3. Application of agro fire airship
to extinguish a forest fire

Conclusion

Thus, the synthesis of all the advantages of
airships and the method of extinguishing fires
with atmospheric nitrogen is an ideal solu-
tion to the problem of extinguishing forest and
steppe fires. In Russia, this is especially impor-
tant, since most of the territory of woodlands is
difficult to access, remote, and does not have
the necessary infrastructure for the most effec-
tive use of other solutions.

The proposed combination of agricultural
and fire-fighting functions makes it possible to
increase the level of fire safety in agricultural
regions by continuously monitoring the sur-
rounding area while performing agricultural
tasks with the possibility of early detection and
extinguishing fires.
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KPBIIITHOE O3EJJEHEHUE KAK ITYTh O31O0POBJIEHUSI
roroACKOU CPEAbI

JlutBunoBa A.U., @enorockuii O.E., Bunorpanos P.A., EBcTurneesa H.A.
Mockosckuil agmomoouIbHO-00POACHBLUL 20CYOAPCMEEHHBI MEXHUYeCKU YHUSEPCUMen,
Mocksa, e-mail: th_confl@mail.ru

PaccMoTperb! HeraTHBHBIC TIOCTIEACTBHS TIpoLiecca ypOaHN3aIMK ISl COCTOSIHUS OKPY’KAIOIICH Cpefibl U 370po-
BbsI TOPOZICKOTO HACENCHHS. YKa3aH OIUH U3 IyTeH O3MOPOBICHHsS CPEibl OOUTAHUS TOPOKAaH — yBeIMYEHHE ILIOMIa-
JI1 03€JICHEHHBIX TEPPHTOPUI MOCeIeHNHA. PacKphIThl NPUUKHBI, HE MO3BOJISIONINE YBEIUUYUTH IUIOMIAIb O3€ICHEH S
C HCIONB30BAHUEM TPAJUIHOHHBIX PELICHHIl M IOTOMY TpeOyIoIlHe IOUCKA aIFTePHATUBHEIX BapuaHTOB. [IpuBenen
aJITePHATUBHBIN ITyTh O3€JIECHEHHs TOPOACKON TEPPUTOPHU — «HATypaIu3alusl 3aCTPOUKN», MO KOTOPOH MOHUMAIOT
MPOEKTUPOBAHKE, BO3BEICHNE U COACPKaHNE PACTUTEIBHOTO MOKPOBA HA JIFOOBIX MOBEPXHOCTAX 31aHUH M COOPYKCHHU.
Inpoxoe NpUMEHEHUE KPBILIHOTO U BEPTUKAIBHOTO AIEMEHTOB «3€JICHOI» apXUTEKTYPbI MO3BOJISET 3HAYUTEIBHO YBe-
JIMYUTH YAENbHYIO TUIOIIA/b O3EJICHEHHS H TeM CaMbIM IOBBICHTH KaueCTBO JKM3HH ropokaH. Ha ocHoBe MarepuanoB
OTKPBITHIX JIATEPATyPHBIX HCTOYHNKOB, BKITIOYast COOTBETCTBYIOIIHE PyKoBozicTBa ToposioB Dunazensust (CILIA), Ben-
mmarToH (HoBast 3enaniust), Hcce0BaHbI JOCTOMHCTBA M HEOCTATKU KPBIIIHOTO 03€ICHeHHS. PacCMOTpEeHEI OCHOBHEIE
THIIBI «3€JIeHBIX» KpbIIL [IpuBeieHa KOHCTPYKIHS «3€IC€HOM KPBIIIM U €€ OCHOBHBIC YIeMEHTHL. YKa3aHbI TPeOOBaHHs
(B 3aBUCHMOCTH OT THIIA «3€JICHOID KPBIIIH) K CyOCTpaTy ¥ BHICAKMBAGMbIM B HETO pacTeHHsIM. OIICaHbl MEPOIPUSATHS
110 O0CITY>KMBAHHIO «3€JICHBIX» KPBIII. PacKphIT IIOTEHINAN IIPIMEHCHHS «3€JIEHBIX» KPBII B TOPOJCKHX ITOCEICHUSX.
ITo pe3ynsraTaM BBIIOITHEHHOTO HCCIICIOBAHKS CEIAHbI BHIBOJIBL.

KuroueBrble ciioBa: ypﬁanmaunﬂ, nJIoTHast 3ach0ﬁKa, OKpYyRamlas cpeaa, ropoackoe HacejieHue, 310poBbE,
«3eJieHas» KpbIlia

ROOF GREENING AS A WAY OF URBAN ENVIRONMENT RECOVERY
Litvinova A.l., Fedotovskiy O.E., Vinogradov R.A., Evstigneeva N.A.

Moscow Automobile and Road Construction State Technical University,
Moscow, e-mail: th_conflwmail.ru

The negative consequences of the urbanization process for the state of the environment and health of the urban
population are considered. One of the ways to recover urban environment is indicated. It is an increase of green areas
in settlements. The reasons that do not allow to extend the greening area with traditional solutions are disclosed.
Therefore, the search of alternative solutions is required. There is an alternative way of urban area greening. It is the
«naturalization of buildingsy, it means designing, constructing and plants maintaining on all surfaces of buildings
and structures. The widespread use of roof and vertical green architecture can significantly increase the specific area
of greening. It allows to improve the quality of urban population life. The advantages and disadvantages of roof
greening based on open literature sources, including the city guidance manual of Philadelphia (the USA), Wellington
(New Zealand) have been investigated. The main types of green roofs are considered. The construction of the green
roof and its main elements are presented. Requirements (depending on the type of green roof) for the growing
medium and the plants are indicated. The measures for the maintenance of green roofs are described. The potential
of green roofs using in urban settlements is revealed. Conclusions based on the study results are made.

Keywords: urbanization, dense building, environment, urban population, health, green roof

Poct uncieHHOCTH HaceJIeHUs IJIaHETHI
IIPOMCXOMII OHOBPEMEHHO C MPOLECCOM yp-
0aHu3alMK, BBIPAKAIOIUMCS B IIOBBIICHUU
POIH TOPOJIOB B Pa3BUTHH OOIECTBA. DTOT IPO-
LIECC MPHUBET K YBEIMYCHUIO YHCIIa TOPOACKHX
MIOCEJICHUH U KOHIICHTPALUK B HUX HACEJICHUSI.
ITepBonauansHo — ¢ koHua XVIII Beka — mpo-
necc ypOaHM3alMKM OXBATHJ IPOMBILIICHHO
pa3BuThIe cTpanbl 3anaanoi EBponsr u Cesep-
Hoii Amepuku. B Poccun Hauano ypOanuzanuu
oTHOCAT K Hauamy XIX Beka, korma Aonsi ro-
pozckoro HacesneHus npesbicuia 4 % (tadm. 1).
B nactosimiee Bpems no nose ropoxan Poccust
HaXOAUTCSI HAa CPEOHEEBPOIEHCKOM YpOB-
HE: TPU YETBEPTU €€ HACEIECHUS IPOKUBACT
«B roponax, 3anumaromux 0,65% Ttepputo-
pun ctpanbl» [1]. Hambonpias mioTHOCTH
HaceneHus: npuxoautcs Ha MockBy u CaHKT-
ITetepOypr, coorBeTCTBEHHO 4 956,06 Yen./km?
u 3 843,90 wen./km> (DaHHBIC TPHBEICHBI
1o coctostHUIo Ha Hadaso 2020 1) [2].

Bue Bcskoro coMHeHHMs, ypOaHHM3aLus
crocoOCTBOBajga IO3UTUBHOMY DPa3BUTHIO
SKOHOMUKHM — POCTY IPOU3BOJCTBA, IIOBbI-
HICHHUIO €T0 YHEPTOBOOPYKEHHOCTHU U MPOH3-
BOJIUTEIBHOCTH, YBEIUUCHUIO BUIOB M YHUC-
Jla TPAHCIIOPTHBIX CPEICTB, HO BMECTE C TEM
IpHUBENa K PsIly HETaTUBHBIX MOCIEACTBHIM:

— 3arps3HeHuto (puznaeckoMy, XUMHUe-
CKOMY, OHOJIOTHYECKOMY, ICTETHICCKOMY)
cpenbl OOMTaHUs TOPOKaH, YTO OTPA3UIOCH
Ha COCTOSIHUU WX 3A0POBBS (Tabm. 2);

— U3MEHEHHMIO BOJHOro OanaHca Tep-
PUTOPUM 3@ CYET CTPOUTEIbCTBA BOJO-
HETPOHHUIIAEMBIX TOBEepXHOCTeH (achanb-
TOOCTOHHBIX IOKPBITHH, KPOBEJb 3JaHUH
U COOpPYXEHHIH), YTO MpPHUBENO, C OJHOUI
CTOPOHBI, K YBEJIUYEHUIO 00beMa U CKOPO-
CTU CTOKa JIOKJIEBBIX, TAJBIX BOJ, a C APY-
roi CTOPOHBI, K YMEHBUICHUIO 00bEMa BOJ,
MOIOJHAKIINX IOI3EMHbIE BOJOHOCHBIE
TOpu30HTH (puc. 1).
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Tabauna 1
Yposens ypoanunsanuu B Poccuu / CCCP [3, 4]
Ton Hauano | Hagamo | Cepemuna | 1887 | 1913|1926 1940|1960 |1990| 2019
XVIIB. | XIXB. XIX B.
Poccuiickas nmmepust CCCP PCOCP | Poccust
Josnst roponckoro 3 Cs. 4 8 Cs.13 | 18 18 | 33 |54,7|73,6| 74,6
Hacesenus, %

Tabauma 2

CpaBHeH#He 320071€Ba€MOCTH TOPOACKHUX U CEIbCKUX xuTelneit Poccum,
Ha 100 ThIC. yenoBek HaceseHus [5, ¢. 52, 54|

bonesnn Ton
2005 2010 2015 2016 2017 2018

3aperncTpupoBaHo 3a00JIeBaHUK 370Kade- | 342.1 376.3 415.8 4223 435.3 438.5
CTBEHHBIMH HOBOOOPa30BaHMAMHM (IparHo3 | 294.8 3214 364,8 369,3 376,9 387,5
YCTaHOBIICH BIIEPBBIE B )KM3HH)

Ocrpble nH(EKINK BEpXHUX JbiXarebHbix | 21 193.9 | 23 073.4 | 23 699,0 | 25251.6 | 25262.8 | 245129

myTei 11607,6 | 10558,0 | 11169,6 | 11 165,6 | 11 135,1 | 10687,7

[punm 670.9 225 389 70.6 404 30.6
5538 9,6 19,8 31 18,5 13,9

OcTpblie KUIIeUHbIC HHD)CKIIN 493.6 6479 586.2 614.6 596.9 608.4

2972 | 3488 | 3287 | 330,01 | 3145 | 3120

IIpumeuanue. Hax ueproii yka3zaHbl CTaTHCTUYCCKHE JaHHBIC 3200JICBACMOCTH TOPOJICKUX JKUTE-
TIeH, TIof YepToil — NaHHbBIC 32a00JIeBAEMOCTH CEITbCKUX KHUTEICH.

40% — MapHoe 38% — cymmapHoe
ucnapeHu ucnapeHu

30% — cymmapHoe
ucnapexu

Puc. 1. H3menenue pacnpedenenus nocmynaroujeli Ha n08epXHOCHb 600bl 8 3A6UCUMOCTIU
om cmenenu ypbanuzayuu meppumopuu [6, c. 5]

OgHuM ©3 TyTeH O37OPOBICHUS TOPOA- CS B HACTOAIICE BPEMsS TOUCYHOM 3aCTPONKH
CKOM cpenbl sBisieTcsl o3eneHeHue. OMHAKO B CTaphIX palloOHAX TOPOAOB, PACIIMPEHUS rO-
BCIICAICTBUE YK€ CYLIECTBYIOIICH IUIOTHOM 3a-  POICKUX aBTOMAarucTpajeil v yiaul] cOKpalia-
CTPOMKH, a TAK)KE 33 CUET aKTUBHO BEAYILICH-  IOTCSI TEPPUTOPUU C TPAAULIMOHHBIMU BUJAMU
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03€JICHEHUSI, pa3MeIllaeMbIMU BO JIBOpax, ca-
Jlax, CKBepax, OyJbBapax, napkax u T.II., U OJI-
HOBPEMEHHO YBEITMYMBAETCS IO BOJIOHETIPO-
HULIAEMBIX MOBEpXHOCTEH. B crnoxuBmMxcs
YCIIOBHUSIX €IUHCTBEHHBIH CIIOCO0 COXPAaHUTH
COOTBETCTBYIOIIYIO POCCUUCKUM HOpMaM, pe-
mmamentupyemeim CIT42.13330.2016, ynens-
HYyI0 IJIOIIA/ib O3eJicHeHUs (TUIOIah O3elie-
HEHUS, IPUXOJIAILYIOCS Ha OJTHOTO YeJIOBEKa),
HEOoOXOAMMYIO /TSt o0ecTiedeHnss KoM(OPTHBIX
YCIIOBUH TPOKUBAHHS TOPOXKAH, — ITO MOHUCK
AJIBTCPHATUBHBIX BApPUAHTOB O3CJICHCHHUA TO-
poackux TteppuTopuil. Takum anbTepHATHB-
HBIM IIyTEM SBJISICTCSl «HATypaiau3anus 3a-
CTPOMKM», TIOA KOTOPOIl TOHUMAIOT «CO3/IaHUE
U cofiepKaHHe Ha JIFOOBIX MTOBEPXHOCTAX 3/1a-
HUA U COOpPYXEHUH — BEPTUKAIbHBIX, TOPH-
30HTAJIBHBIX W HAKJIIOHHBIX — PACTUTECIBHOT'O
MOKpoBa M3 CleUaJIbHO HOI[O6paHHI>IX BH-
JIOB PAaCTCHUM, COOTBETCTBYIOIIUX MECTHBIM
reorpa)uIecKuM yCIOBHUAM, TPAJ0CTPOUTEIb-
HBIM XapaKTEPHUCTHUKaM, a TaKXKe IapaMmeTrpam
KOHKPETHOTO CTPOMTEIHLHOTO 3eMeHTay [1].
st 6GonpinHCTBa paitonoB Poccnu, yunTheiBas
HX KJIUMAaTHYECKHE OCOOEHHOCTH, Hamboliee
palMOHANBHBIM MPEACTABISICTCS UCIIONIB30BA-
HUE KPBIITHOTO 03€JIEHEHHSI — TaK Ha3bIBAEMBIX
«3EIIEHBIX» KpBIIIL. SICHO, YTO TOJNBKO O3ele-
HEHUE — TPATUIMOHHOE W albTepHATHBHOE —
HE CIOCOOHO PEIINTh 3aJady JOCTHKCHUS
YCTOWYHMBOTO pa3BUTHS YpOaHW3UPOBAHHBIX
TEPPUTOPHIA, OJHAKO OHO CIIOCOOHO 3HAYU-
TEBHO CMSITYUTH HAPYIIEHHOE B TOPOJIaX IKO-
JIOTHYECKOE PAaBHOBECHE U €T0 TIOCIIEICTBHSI.

Lenmsto HacTosmmelr pabOTHI  SABISIOCH
HCCTICIOBAHNE TIPEUMYIIECTB M HEJAOCTar-
KOB TPUMEHEHUS KPBIIIHOTO O03CJICHEHUS
B ropojiax.

MaTepna.nbl U METOAbI UCCTCAOBAHUA

MarepuanaMu HUCCICAOBAHUS  CITY KU
JUTEPATypHBbIC  HWCTOUHHUKH,  HAXOJSIIIUECS
B CBOOOIHOM ITOCTYTIC, B TOM YHCIIC 3apyOeiK-
HbIE€ PYKOBOJACTBA (METOAMYECKHE PEKOMEH-

- B, i Hahd 2
i 1T R R

g

JAlM1) 10 TIPOCKTUPOBAHUIO, CTPOHUTEIBCTBY
U JKCIUTyaTalluH «3eJIeHbIX» Kpelml. Ha ocHo-
B€ YKa3aHHBIX HCTOYHHMKOB BBIIIOJHEH aHAJIN3
KPBIIITHOTO O3CJICHEHUs, TO3BOJIMBIIUN J0-
CTUYb MOCTABJICHHOM 1I€JIN UCCIIECIOBAHUSI.

Pesyabrarsl ucciienoBaHus
U MX 00Cy:K/IeHue

VYCTaHOBIIEHO, 4YTO NIPUMEHEHHME KpBIII-
HOTO O3€JICHEHHS HE SIBJSIETCS YeM-TO HO-
BEIM B HWCTOPWUM YEJIOBEYECTBA M HACUUTHI-
BaeT YK€ HECKOJBKO COTEH JieT [7, c.226;
8, ¢.53]. B gacTHOCTH, TepBBIC YIOMHUHA-
HUSI O PYCCKHX CaJiaX Ha KPBIIIAX OTHOCSTCS
k XVII Beky [7, c. 226]. B 1920-¢ ronb! 1mio-
CKHE KPBILIM C 3JIEMEHTaMH O3CJICHCHUS HC-
TOJTb30BAJIM TIPH MIPOSKTHPOBAHNH 3[IaHUI CO-
BETCKHE apXUTEKTOPHI [7, c.227]. N3BecTHBI
OTJeNbHBIE peann3oBaHHbe B Poccuu B KoHIIE
XX — nagane XXI Beka NPOEKThI «3EJIEHBIX)»
KpbIl [7, ¢. 228], HO MaccoBOTrO pacrpocTpa-
HEHHMS B HallIeH CTpaHe KPBIIIHOE O3eJICHEHUE
TIOKAa HE IMOJTyYMJI0: B OTIUYNE OT JPYTUX CTPAH
aCIeKTHl ATBTEPHATHBHOTO O3elieHeHus B Poc-
CHU Pa3BUBAIOTCS JIUIIHL B Teopuu [9, c. 167].

3a pyOeskoM ke «3elIeHbIe» KPBIIIN (green
roofs, roof gardens, eco-roofs) CTaHOBSITCS
«Bce Ooee MOMyISIPHBIM JIEMEHTOM KOJIOTU-
YECKOIo CTpouTenscTBay [8, c. 53]. Ux ceron-
HSl COOPYKAIOT B PA3IUYHBIX KINMATHIECKAX
30HAaX, BKJIIOYas 30HY YMEPEHHOTO KJIMMarta |8,
c. 57], Tne cpemHeMecsUHas TeMIepaTrypa ca-
MOTO X0JI0JJHOTO Mecsiia roga Hike 0 °C.

Knaccughuxayusa «3enenvix» kpwviut. B 3aBu-
CHUMOCTH OT XapaKTepa UCTIOIb30BaHUs Pa3Iiu-
YaloT JIBA OCHOBHBIX THTIA «3€JICHBIX)» KPBIIIL:

— unmencuenvle (intensive green roofs),
UMEIIe MHOTO(QYHKIMOHAIBHOE Ha3Ha-
YeHUE, B HUX COUYETAIOT O3EJCHEHHBIE MpO-
CTPAHCTBA C TUIOIIAAKAMH JJIsl OT/IbIXa, CIOPTa
u np. (puc. 2);

— BKCMeHCUBHble (extensive green roofs),
Ha KOTOpBIE JOCTYIT MMEET TOIBKO OOCITYKH-
BAIOIINN WX TEXHUYIECCKUN TIepCcoHal (puc. 3).

Puc. 2. Unmencuenas «zenenasy kpouwa [10, c. 16]

Puc. 3. Dxemencuenas «3enenasny Kpviua
Ha npomvlunerHnom 30anuu [11, c. 105]
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Puc. 4. Koncmpykyus «3enenoiiy kpvluiu: ocHoguwle anemenmsl [11, c. 179]

Poccuiickumu  aBTOpamu (B 4aCTHOCTH,
Bebepom A.A., KyuepoBeim A.C., JIbmio-
BbIM A.C.) IpUMEHSIOTCS TAK)Ke Ipyrue Ha3Ba-
HUS yKa3aHHBIX THITOB «3EJIEHBIX) KPBIII — 3KC-
ITyaTHpyeMble U HEIKCIUTyaTHPyeMbIe CaJlbl.

OcHognbvie dnemeHmol «3e1eHOU» Kpblli.
KoHcTpykuust «3eneHoi» Kpbllld, BHE 3a-
BHUCUMOCTH OT TOTO, K KaKOMy THILy OHa OT-
HOCHUTCSI — MHTEHCUBHOMY WJIH 3KCTEHCHBHO-
My, — B CBOEM COCTaBE WMeEET OJHHU U T K&
OoCHOBHBIC eMeHTHI [11, c. 107; 12, ¢. 56; 13,
c. 6] (puc. 4):

— TUIPOU30JISIIUOHHBIN CIIOW;

— KOPHE3AIUTHBIN CIIOH;

— JPEHaKHBII CIIOM;

— (DMITBTPOBAIBHBIN CIION;

— MUTATENbHYIO CPEIy JUISl BHIPAIIUBAHU
pactenuii (cyocTpar);

— pacreHusl.

OTBOx M30BITOYHBIX JIOKAEBBIX, MOJIH-
BOUYHBIX M TaJBIX BOJ Ha O3CJICHEHHBIX KPBI-
max OCYMIECTBIAETCS C HCIONb30BaHUEM
MIPEeTyCMOTPEHHOTO B 3[aHUH MK COOpPYXKe-
HUU BOJOOTBO/IA.

KoHcTpyKuus «3emeHoi» KphIIH MoJ00Ha
KOHCTPYKIMHU JOXKIEBBIX caJoB (rain gardens),
B KOTOPBIX TIOCTYIAIONIUE TOBEPXHOCTHBIE
CTOYHBIE BOJBI (OXIEBBIE, Tajble, TOJHUBO-
MOEUHBIE), PO/ CHEeNHaIbHO CIIPOEKTUPO-
BaHHYIO (DUIBTPYIOLIYIO 3arpy3ky (cyocrpar)
C BBIC)KCHHBIMHU B HEHl BBICHINMH PACTCHUS-

MU, OTBOSTCS MO JApeHa)xHoM cucteme [13,
c. 6]. JloxneBble cazbl HallUIM HIMPOKOE MPH-
Mmenenue 3a pyoexxom (CLUA, Kanana, 3anan-
HOEBpoIelickue cTpabl, ABcrpanus, Hoas
3emannus, Kuraif) nis OYUCTKHA MOBEPXHOCT-
HOTO CTOKa, B TOM YHCIIE CTOKA C YJINYHO-JI0-
POKHOM CeTH HaCeJEeHHBIX MyHKTOB [14].

Obnacmv npumenenus. «3eIEHBIC» KpPbI-
IIX MOTYT OBIThb CIIPOCKTUPOBAHbI AJIS 3AaHUH
U COOPY)KEHHH, YK€ IIOCTPOCHHBIX U BBEICH-
HbIX B 3Kcrutyatauuio. Ho 31mech kiroueBoi
npoOieMoli SBISICTCS HAIMYHE HECYIeH KOH-
CTPYKIMHU KPBILIM 3[aHUSI WK COOPYKCHUS,
CHOCOOHOM  BBLAEP)KATh  JIOMOJHUTEIBHYIO
Harpy3ky (Bec), a Takke HaJMYue HaACKHOU
THIPOM30IALUU. B CcBsI3u ¢ 4eMm panuoHalb-
Hee MpeaycMaTpuBaTh YCTPOMCTBO «3€JIEHOM»
KPBIIIX €lle Ha CTaJul MPOCKTUPOBAHHMS 3/1a-
HUSL Wik coopyxeHus. CorlacHO peKOMEH-
nanusM [13, c¢. 7] Ansg OpoeKTUPOBAHUS «3e-
JICHBIX» KpBIII TPEOYIOTCS IUIOCKUE KPOBIH
C YKJIOHOM:

— Il MHTEHCHUBHBIX «3€JICHBIX» KPBbIILL:
ue 6oiee 10 %;

— JIUI DKCTEHCUBHBIX: MeHee 25 %.

Pacmenus u cyocmpam. JInst SKCTEHCHB-
HOM «3€JE€HON» KPBIIIN HCIOJNb3YIOT T'a30H-
HBbIE TPABbI, IOUYBONIOKPOBHbIE PACTCHUS U MXH
(MS'TIIMK, OBCSIHULIA, TIOOPOKHUK, KAMHEJIOM-
Ka, SICKOJIKa, CEAyM H JIp.), IPH 3TOM MOIIIHOCTh
cyOcTpara (MUTaTenbHON Cpelibl) BapbUPYETCs
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or 30 MM (yst mxoB) 10 150 mm (st raso-
Ha). Jnsg o3ejeHEeHHs MHTCHCUBHOM KPBILIT
MOKHO HCITOJTb30BaTh HE TOJBKO TPABSIHUCTHIE
pacTeHns, HO TaKkKe KyCTapHUKH M JePEBbA.
MomHocTs cyocTpara — ot 150 MM (1711 TpaB)
mo 1 M (s kycrapaukoB) [8, ¢. 54]. Ot Han-
JIeKAILEero o100pa pacTeHU 3aBUCHT YD pek-
TUBHOCTbD «3€JICHBIX» KPHIIIL.

TpeOyemast MOIITHOCTD MUTATEITHLHOTO CIIOS
(cybcrpara) u ero coctaB 3aBUCSAT Kak OT MECT-
HBIX KJIMMAaTHYECKHUX YCIOBHUHU, TaK W OT IPH-
MeHseMbIX pacteHuit. [Ipu 3Tom cybcrpar —
JUIE  YMEHBIICHWsI Harpy3Kd Ha Hecyllue
KOHCTPYKIHNH 31aHHS (COOPY>KEHHS) — TOJDKEH
COCTOSITh U3 JIETKOTO MUHEPAaJhbHOTO MaTepH-
ajla ¢ MHUHHMAaJbHBIM KOJIWYECTBOM OpTaHU-
geckux BemectB [11, c¢. 108]. B wactHOCTH,
B METOAMYECKUX pekoMeHmammsx [12, c. 56]
B KadyecTBe CyOcTpara mpeniaraercsi UCIolb-
30BaTh CMECh, COCTOSIIIYIO U3 KepaM3uTa, ByJl-
KaHWYECKUX TOPOJI, TIEPIUTA C CONEPIKAHUEM
oprannueckux BemecTB oT 10% mo 20 %.

C mempl0o co3maHus — ONarompUATHBIX
YCIIOBUW  JUIi  pAcTEHHH, BBICAKUBACMBIX
Ha KpbIIaX MHOTOATAXHBIX 37aHWH, MpHMe-
HSIOT CIEUUaJbHbIE KOHCTPYKLHMH COJIHILIE-
U BETPO3ALUTHBIX 3KpaHoB [7, ¢. 227]. Takxke
pEKOMEH/IyeTCS «BKJIFOUaTh BOIHBIE yCTPOM-
CTBa, OXJIAK/IAIOMIHE U YBIAKHAIOIINE BO3AYX;
IIpelyCMaTpyUBaTh AKTUBHBIN ITOJIUB PACTEHUM
U JPEeHHPOBaHKE MUTATENBHOTO CIOSI TPYHTA,
YKpBITHE TPpyHTa B 3UMHee BpeMs» [10, c. 15].

Obcnysicusanue. «3eNEHBIE» KPBIIIHA Tpe-
OyIOT PperyisipHOTO yXOAa, BKIJIFOYasi TIOJIHB
B 3aCyNIUIMBBIC NEPUOIBI, MPOTMOJIKY, KOIIIe-
HHE PaCTUTEIBHOCTH, OOPHOY C BPEAUTEISIMHU.
B cBs3u ¢ uem mommkeH OBITH MPEayCMOTpPEeH
JOCTYIl Ha KpBIIIYy TEXHUYECKOro IepCoHa-
7a Juisi 0OCIy)XKUBaHHsS, a TaKke obecrieueHa
ero 0e30TMacHOCTb.

Ilpeumywecmsea u neoocmamiu. Hecmo-
TpsL Ha TO, YTO TNPOEKTHPOBAaHHE M CTPOU-
TEJILCTBO «3€JICHBIX)» KPBIII SBISIOTCS 3aTpar-
HOW cTpaTerueid, ux SKCIUTyaTanus crocodHa
00eCreunTh BECOMBIC MPEUMYIINECTBa, BKIIIO-
yaromue [7, ¢. 227; 8, c. 53-54; 11, c. 105; 12,
c.56;13,c.7]:

— yBeJNIMYEHHE  IUIOMAAM  O3EJICHEHHS
1 OaroycTpoicTBa TOPOACKUX MPOCTPAHCTB;

— BOCCTaHOBJICHHE HAPYILIEHHOTO BOIHOTO
OaaHca Ha TEPPUTOPHH TOPOJICKOTO TOCee-
HHS (TTOCPEICTBOM 3BAIOTPAHCIIHPAITNH );

— MOBBIIIIEHWE ~ KadecTBa  aTMocdepHo-
ro Bo3ayxa (Ipekae BCEro 3a C4eT IMpolec-
ca oTocHHTE32);

— yIydIllleHUEe TapaMeTPOB MHKpPOKIMMA-
Ta TOPOJICKOW Cpenbl (CHIDKEHHE TeMITepary-
PBI ¥ TIOBBIIIIEHUE BIAKHOCTH BO3yXa B JIET-
HEe BpeMs);

— CHIDKCHHUE YPOBHS IIyMa (3a cYeT 3BYKO-
MOTVIOIICHUS PACTEHHSIMU B CYOCTPaTOM);

— NIOJIOKUTEIbHOE BIUsIHAE Ha (Qu3nde-
CKO€ M NICUXMUYECKOE 3/[0POBbE HACEIICHUS,;

— CO3JJaHuE JONOJTHUTEIBHBIX MECT O0UTa-
HUSI )KUBBIX OPIaHU3MOB, BKJIIOUAsi MUTPUPYIO-
LI1E BUJBL;

— CIIOCOOCTBOBAaHME  OUWIICHHUIO  J0-
JKAEBBIX BOA OT 3arps3HSIONIMX BEIIECTB
(mytem ¢uibTpanuu 4epe3 cyocTpaTr C BbI-
COKCHHBIMHM B HETO PACTCHUSIMH M aKTUBHO-
CTH MHKPOOPTaHU3MOB);

— YMEHBILICHHE CTOKa JOXAEBBIX BoA (32
CUET IBAINlOTPAHCIHPAIINN, a TaKXKe yepiKa-
HUSI BOJ CyOCTpaToM M JPEHaKHBIM CIIOEM);

— CHIDKCHHME TMKOBBIX HArpy30K Ha TOPOA-
CKHE KaHAIN3aUOHHBIC CETH;

— YBEJIMYEHUE CPOKa CIY>KObI KPOBIIHU 37a-
HUS (COOpPYKEHUS) B ABA-TPHU pasa (3a cUeT ee
3alIUTBl OT BO3ACHUCTBHS HEOJIATONPHUATHBIX
BHEIIHHUX (PaKTOPOB).

B kauecTBe HEOOCTATKOB «3EJICHBIX»
KpbILI B JUTEparype oTMmedvaror [7, c. 228,
230-231, 8, c. 54]:

— BBICOKYIO HAarpy3ky Ha HECYILIHE KOH-
CTPYKIIMU KPOBITH, KOTOPYIO HEOOXOIUMO Y4H-
TBIBaTh MIPU MPOCKTUPOBAHUH;

— BBICOKHMI YPOBEHb BIQXXHOCTH CIIO-
€B  KOHCTPYKLUMH, TpeOylomui  HaJaex-
HOH ruapOU30IISIIIY;

— BO3JEHCTBUE MUKPOOPraHU3MOB, XUMHU-
YEeCKHMX BEIIECTB M KOPHEBOW CHUCTEMBI Ha TH-
JPOM30JISIIUOHHBIN MaTepua;

— HEOOXOAMMOCTh  MPOQECCHOHATBHOTO
nox0opa pacTeHuH, NpeABaPUTEILHOTO UX BbI-
palMBaHus B CIIEUUAIbHBIX YCIOBHSX, a TaK-
K€ HaJIAXKEHHOH CiIy:k0bl yXola 3a pacTeHHUs-
MU Ha 3Tare dKCIUTyaTaliun;

— BBICOKYIO CTOMMOCTBH IPOEKTHPOBAHHMS,
CTPOUTEJILCTBA U PEMOHTA.

B mnactosmee Bpemss B Poccum nHame-
TWICS MEpejoM B NPUMEHEHHH M pa3BU-
TUU «3€JEHBIX» TEXHOJIOTUH B CTPOUTEIb-
ctee: ¢ 01.06.2020T. BBexeH B JAeiicTBUE
I'OCT P 58875-2020, koTOpbIii  BIEpBbIE
0003HaYMWJI ~ HAIIMOHAJIBHBIE  TEXHUYECKHE
1 9KOJIOTHUYECKHE TPEOOBAaHUS K 03CJICHEHHIO
KpbILI 3[aHUN U coopyxeHud. Tem cambiM
[IPOEKTHBIE, CTPOUTEIIbHBIC U IKCILUIyaTUPYIO-
[IMe OpraHM3aluy MOJYYHIIH HOPMATHBHYIO
MOJ/ICPKKY B YacTH peaju3aliyl MPaKTHKH
WCIIOJIBb30BAHUSL O3CJICHEHUS] KPBIII 3IaHUH
U COOPYKEHHH, YTO JaeT OCHOBAHUS IIPOTHO-
3UpoOBaTh B Onmkaiimiem OymyiieM BKIOUE-
HHUE «3€JIEHBIX» KPBIII B 0053aTEJIbHYIO TaK-
THKY OOECHeUeHHs] YCTOMYMBOTO pPa3BUTHS
TOpPO/IOB U, KaK CIEACTBHE, O3J0POBICHUE
TOPOJICKOM Cpelibl.

BriBoaBI

1. ObocHOBaHa aKTyaJbHOCTb IPUMEHE-
HUSI KPBIIIHOTO O3€JICHEHHS B COBPEMEHHBIX
TOPOJCKUX TOCEJICHUSIX.
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2. PaccMOTpeHBl OCHOBHBIC THUIIBI «3€Jie-
HBIX» KpBIII, WX KOHCTPYKTHBHBIC OCOOCH-
HOCTH, a Takke TpeOOBaHUS, MPEIbIBIIsIC-
Mble K TPOCKTHPOBAHUIO, CTPOUTEILCTBY
1 00CITy>)KHBaHHIO.

3. PackpbIThl IpeuMyIIiecTBAa U HEIOCTAT-
KM ITPUMEHEHUS KPBIIIIHOTO 03CJICHEHUS B Ipa-
JIOCTPOUTEIHHOMN JICATEIBHOCTH.
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Ob HEOBXOIUMOCTHU PABPABOTKH CUCTEMBI
ABTOMATU3UPOBAHHOI'O KOHTPOJISI IAPAMETPOB
SMART-TEIUVIMIbI HA CEI'OJHAIIHUU JEHb

Ooyxos I1.C., lemuenxo B.B.
Jlowckotl cocyoapemeennblii mexnuueckutl yrusepcumem, Pocmos-na-/[ony,
e-mail: viktoria_d17.97@mail.ru

Jnst pa3BuTHsI TU(POBON SKOHOMHKH COBEPIIACTCS BBEICHNE HH(POPMALIMOHHBIX TEXHOJIOTHI BO Bce Oe3 nc-
KITIOYEHUsI 00J1aCTH IeATeIbHOCTH CTPaHbl. B ¢BsA3M ¢ mocTpoeHnem nnuppoBoii SKOHOMUKH HPOUCXOIUT BHEPEHUE
HH(OPMALIMOHHBIX TEXHOJIOTUI BO BCe cepbl IEATEIPHOCTH rocynapcTsa. [IporpaMMHoO-anmapaTHble pereHus
SIBJISIFOTCS KJIFOUCBBIM HAIIPABJIICHUEM BBIPALIMBAHUS CEIbCKOXO3SIMCTBEHHBIX PACTCHUN B 3aKPBITHIX CHCTEMaXx.
SMART-Temma — CelnbCKOXO3SMCTBEHHBI OOBEKT Ul TOJMyYEeHHs NPOAYKIMI pacTeHUEBOACTBA, aBTOHOMHO
U poOOTH3UPOBAHO PaOOTAIOLINIA, B aBTOMATHYECKOM PEKUME M H30JMPOBAHHBIA OT BHEIIHUX (AKTOPOB U BO3-
JEWCTBUI ¢ MHUHUMAJIBHBIM Y4aCTHEM YeJIOBeKa. B HUX NMpPUMEHSETCsSl aBTOMAaTH3UPOBAaHHAS CHCTEMa KOHTPOJIS
KJIMMAaTa ¥ TOJJIeP)KaHUs YCIOBUI HEOOXOAMMBIX ISl TOY4EHHS 3710pPOBOTO Ypoxkas. PoOOTH3MPOBaHHBIE HHTEI-
JICKTyaJIbHbIC TEXHOJOTHHU JAI0T BO3MOXKHOCTb COKPATHTh PACXOABI POM3BOACTBA, & TAKKE MOBBICHTH d(P(HEKTHB-
HOCTB Tpyna. C UCIOIBb30BaHUEM MOIOOHOTO POJIa TEXHOJIOTHIA IPUHUMAKOTCS PEIICHNS, TIO3BOJISIFOIIUE TIPOIyMaTh
3a1a4u 00paboTKM MaccuBOB MHGpOpMaluK B IM(PPOBON SKOHOMHKE, a TAKXKE MPEOIOJIECBAIOTCS HAyYHO-TEXHU-
yeckue npensrcTBus. Co3naHue COOTBETCTBYIOIIEH MPOAYKIMH JUIs arpapHOrO PbIHKA IMOJIOKUTEIBHO CKaXeTCst
Ha UMIIOPTO3aMEIICHUU U Pa3BUTUH CTPAHbL. ABTOMATH3UPOBAHHBIC CUCTEMBbI KIIMMAT-KOHTPOJIS C MCHBIIUMH 3a-
TpaTaMy U MPOCTOTOH MCIIONB30BAHUS CHU3ST CTOMMOCTb M COJICP/KaHUE CaMUX TEIUTHIL, UCKITIOYas CyIeCTBEHHbIE
(rHAHCOBBIC 3aTpaThl. AKTYaJIbHO U HCIOJIb30BAaHNUE TEXHOIOTUH MHTEPHET BELICH JUTsl peaau3aluy aBTOMATH3H-
POBaHHOTO MUKPOKIIMMATHYECKOTO KOHTPOJIS, ITOCKOJIBKY 3Ta chepa MPOYHO 3aHMMaeT BCe chephl )KM3HHU 001IecTBa
U TIOCTOSIHHO Pa3BUBAETCA.

Kuirouesble ciiopa: SMART-reninua, TenyimuHblii 0M3Hec, aBTOMATH3UPOBAHHbIE CHCTEMbI, KIIMMAT-KOHTPO.Ib,

HMHTEPHeT Belei

ABOUT THE NEED TO DEVELOP A SYSTEM FOR AUTOMATED CONTROL

OF SMART-GREENHOUSE PARAMETERS TODAY
Obukhov P.S., Demchenko V.V.

Don state technical University, Rostov-on-Don, e-mail: viktoria_d17.97@mail.ru

Information technology is being implemented in all areas of the country’s operation for reaching the growth of
the digital economy, without exception. Despite this, growing crops in closed systems may have a lot of solutions
as a successful key performance indicator to SMART-greenhouse. The main idea is to reduce costs of production
and increase productivity, also obtain crop products from an agricultural facility by a SMART greenhouse, which
operates autonomously, robotic, and isolated from external factors and influences with minimal human participation.
In addition, using an automatic climate control system and maintaining the appropriate conditions for a healthy
harvest. Intelligent robotic technology allows reducing manufacturing costs and increasing labor productivity with
improving performance efficiency. Using these innovations, a lot of decisions are taken that facilitate the collection
of information arrays in the digital economy to be considered which allows removing scientific and technological
obstacles. The production of suitable agricultural products is going to have a significant economic impact on the
country’s effect substitution and growth. The cost and management of greenhouses are lower and ease-of-use
automatic systems for climate control that eliminate substantial financial costs. The use of the Internet of Things
technologies in the automated management of microclimates is also significant, as this sector is strongly engaged
and continuously expanding across all areas of society.

Keywords: SMART greenhouse, greenhouse business, automated systems, climate control, Internet of Things

[lo omenkam »KCTEpPTOB, caMasi BBICOKAs
penradenpHocTh 0 EBITDA y depmepos-
MIPOM3BOAMTENCH TEIUIMYHBIX OBOILEH: 3a TOJ
OHa YBEJIMYMJIACh Ha 8 MPOLEHTHBIX MyHKTOB
(m.1m.) o 52 %.

bricTpoe pasBuTHe TerIMYHOTO OW3HEca
Havanock B 2014 romy mocie BBEICHHS TIPO-
JTYKTOBOTO 3M0apro W JieBaJIbBAIUU PyOIs.

Bricokas MpOW3BOAMTENBHOCTh TapaH-
TUPYET PEHTAa0CIbHOCTh COBPEMEHHBIX Te-
mun. C 1 KB. M. MOXKHO TOJY4YUTh ypoxkai
1o 80 Kr, a IleHa Ha OBOIIM, 0COOEHHO BHE
CEe30Ha, B 3UMHEE BpeMs M paHHEW BECHOU
CJIMIITKOM BBICOKA.

Y WHBECTOPOB TMOCTPOMBIINX COOCTBEH-
Hble MUHU-TOL] U1t 060TpeBa U JOCBETKU Te-
TUTHI] PEHTAa0EIBbHOCTD €IIIe BHIIIE.

B 2015-2019 rr. 6onee 200 mupn pyoO.
OBLJIO MHBECTHPOBAHO B TEIUIUIIBL. 3aJI0KEHO
ceermie 1100 ra HoBEIX Terumn. B Poccnn mo-
npexxHemMy okoio 40 % ToMaToB UMITOPTHPYET-
Cs1, TEM HE MEHEE OTr'ypliaMu COOCTBEHHOTO BblI-
palMBaHus cTpaHa oOeceueHa MOJIHOCThIO.

B 2015-2017 rr. TemIn4Hbli OU3HEC SIB-
JSUICS CaMbIM peHTa0eIbHBIM HalpaBICHUEM
CENbCKOro Xo3siicTBa. B Hacrosiiee Bpems
Mapka OONBIIMHCTBA TEIUIMIl HUKE OICHKHU
Poccenbxo3banka. BeICOKMM TOKa3aTesib ObLI
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B 2017-2018 rr. okono 50%. B To Bpems 00-
pazoBaJicss ACPUIMT MOCIE 3anpeTa MOCTaBOK
u3 Typuumn.

Ceilyac JOCTATOYHO CaMbIX MOMYJSPHBIX
HEJIOPOTUX TOMATOB, a OOJIBIIMHCTBO KPYII-
HBIX MPOU3BOJUTEIICH OCBAMBAIOT IMPEMU-
AJTBHYIO MPOIYKIUI, TaKyI0 KaK MOMHUOPHI
yeppH, hacoBaHHBIC U OPEHIUPOBAHHBIE OBO-
. J[aHHBIH TIPOAYKT M IOPOXKE, HO U 3aTpa-
THI BBIIIIE.

B Hacrosimee Bpemsi pEeHTAOETHHOCTH
EBITDA Temmui coctaBisier 45% u He pac-
TeT. B cBA3U ¢ 9TUM OoTMeYaeTcs BIUSHUE OT-
MEHBI KOMIICHCALUU KallUTaJbHbIX 3aTpar [1].

PocT KOHKypeHIIMW SBISAETCS TPUIHHOMN
CHIDKCHHS PEHTA0CTBLHOCTH TEIUTMYHOTO OM3-
Heca. 3arparhl MOBHIIIAIOTCS M3-3a POCTa Ta-
puGOB Ha BIEKTPOIHEPTHIO, & BOT CTOMMOCTh
OBOLIEHN HE YBEIUUMBAETCS.

PenrtabenpHOCTh TEIIMYHOrO OH3HECA
3a TIOCTIEIHUH TOJl HE TIOBBICHIIACH, XOTS B Oy-
IyIEM TI0 OILIEHKE JKCIIEPTOB MapiKa YBEIH-
YUTCS 0 TMPESKHUX TTOKA3aTEIICH.

CTOUT TaK)Ke YYUTHIBATh U CPOKH OKYyIlae-
MOCTH JIJIsl OIICHKU WHBECTUIIMOHHOW MPUBJIC-
KaTeJIILHOCTH OTpaciiu. V3-3a OTMEHBI KOMIICH-
CaIM KalTaIbHBIX 3aTPaT OHU yBEITUYHINCH
¢ 7,5 no 12 mer.

B cBs3u co BceM BBINIECKA3aHHBIM Hau-
OOJIBIIYIO TOMYJISIPHOCTh HAYMHAIOT HAOUPATh
SMART-renaunel. IHosBunnuces B Poccun co-
BCEM HEJIaBHO, OKOJIO 3X JieT Ha3zaJl. Habupatot
MIOMYJISIPHOCTH B KPYIHBIX TOPO/IaX CTPAHBI.

Ananusz npumenenus SMART-mennuyot

SMART-Temmuna — CelIbCKOXO3HCTBEH-
HBIL OOBEKT HJIs TIONYyYCHUS TMPOTYKITHH
pacTEHHUEBONICTBA, ABTOHOMHO M POOOTH3H-
poBaHO paboTarONUii, B aBTOMaTHYECKOM pe-
JKUME U U30JUPOBAHHBIN OT BHEHIIHUX (haKTO-
POB U BO3ICHCTBUN ¢ MUHUMAJIBHBIM y4aCTUEM
YeJnoBeKa.

YuuteIBas 3aTpaThl U POCT MOTPEOUTEND-
CKOTO CIIPOCa, CUCTEMa ONTHMH3UPYET IKOHO-
MUKy 00BEKTA.

[Ipunumas BO BHUMaHHE arpodKOJIOTHYe-
CKYIO OIICHKY, MCCJIEIOBAaHUSI TPYHTOB, COpTa
pacTeHud B yMHOM TeIIMLE HPUMEHSIOTCS
nudpoBeie TeXHONIOTHH, Takue kak RFID, nH-
TEPHET BEILIEH, HCKYCCTBEHHBIH WHTEIIEKT.
HopmaTuBbl, CBA3aHHBIE C 3KOJIOTUEW U CaHU-
TapHOU TUTHEHON BBITIOTHSIOTCS.

Hus  pasButug LUPPOBOH SKOHOMHUKHU
COBEpIIAETCS BBEJCHHE WHPOPMAITMOHHBIX
TEXHOJOTHH BO Bce 0e3 HMCKIoueHus obna-
CTH JHESITEIBHOCTH CTpaHbl. lIporpammuo-
amnmapaTHbIC PEIICHUS SIBISIOTCS KITIOUEBBIM
HaMpaBlICHUEM BBIPALIUBAHUS  CEIBCKOXO-
35IUCTBEHHBIX PACTEHUIl B 3aKpPBITBIX CUCTE-
max (SMART-rerumnmax).  PoGoTtusupoBaH-
HbI€ HHTEJJICKTYyaJbHbIE TEXHOJOTMH Aar0T

BO3MOXXHOCTh COKPAaTUTh PAacXolibl MpPOU3-
BOJICTBA, & TaKXe MOBBICUTH 3()(HEKTUBHOCTD
Tpyna. C ucrnonb3oBaHHEM HOAZOOHOTO pona
TEXHOJIOTUI NMPUHUMAIOTCS PELICHHUS, T103BO-
JISTFOTIHE TIPOAYMAaTh 3amadqn 00pabOTKU Mac-
CUBOB MH(OpMaLnu B HIU(HPOBOI IKOHOMUKE,
a TaKKe NPeoJ0JIeBaIOTCs HayYHO-TEXHUYe-
CKHE TPEISATCTBUS.

Co3pnanne XapakTepUCTUK CHCTEMBI aBTO-
MaTU3UPOBAHHOIO KOHTPOJISI YMHOHM TETIJIULIbI
C TENbI0 W3TOTOBIICHUS IMTPOJIOBOJILCTBEHHBIX
TOBapoOB JaeT BOBMOXXHOCTh COKPaTHTh PacXo-
Ibl JUISL YK€ MMEIOLIMXCSl KOMIUIEKCOB 3a HC-
KJIIOYCHHEM 3HAYUTEJIBHBIX JKOHOMHYECKUX
pacxomoB B mepeoOopynoBaHuu JHO0 chop-
MHPOBATh COBpPEMEHHBbIC 00BEKTH. OHH ITOI-
pasyMeBaloT TIPEIOCTABICHUE YCTOHYMBOCTH
B TIOBBIIIICHUH TPOU3BOJICTBA MPOJYKTOB pac-
TEHHEBOJCTBA B 3aKPHITOM TPyHTE, Mpuodpe-
TEHHE MHHOBATOPCKUX KOHUEMLHUHI Ui 3aIiu-
IIEHHOH MOYBHI (PEe3yJIbTaTUBHOE cOepeKeHne
SHEPruy, KJIMMaT, CBET U JIPYroe), CHUKEHHUE
9HEPrOEMKOCTH TIPH BBIPAIIUBAHUH, & TaKKe
YBEJMYEHHE MMUTATEIbHOCTH ITPOIOBOJILCTBEH-
HBIX TOBapOB.

SMART-Tennuips! 0OCHaIIAOTCS:

— HVAC-o6opynoBanuem (xomrLIeKC,
BKJIIOUAIOIMI B cebs CUCTeMy OTOILICHUS,
BEHTWISIIIMIO W KOHJIUIIMOHUPOBAHUE ITOMeE-
menus. Ienpto cucrem HVAC B Temmmax
ABJISIETCSl MOJIEpKaHue Oe3ynpeuyHor Temrie-
parypbl B MHTEepecax KpYIJIOTOAMYHOTO B3pa-
IIMBaHMS ONPEAETICHHBIX CEJIbCKOX03IHCTBEH-
HBIX KYJBTYp JIN0OO 3K30THYECKHX, CMITY€HUE
OTpUIIATENILHBIX YCIOBUM OKpY’Karouien cpe-
nel. JloctonnctBa HVAC cocTosT B yMEHbIIIE-
HUU TPYIOBBIX 3aTpar);

— CseroguonueiMu  (LED) mpoexropamu
(BcrioMoraresbHOE OCBELICHHE AJIsl B3pall-
BAaEMbIX KyJIbTYp B yMHOM Teruuue. Hau-
JyYIIIHEe OCBETUTENbHBIC KOHCTPYKIMH OOJa-
JAIOT MajorabapuUTHBIM JH3aiiHOM, a TaKKe
NPOJOJKUTEIBHBIM TIEPHOIOM paboThl (0T
30 1o 50 TheicsY yacoB) U MOTPEOIISIOT 3HAYH-
TEJILHO MEHBLIE YHEPTUH);

— JlaTunkaMu (BEpOSITHO pa3iIMyHOE coue-
TaHMe TaKUX JJATYNKOB KaK TeMIIepaTryphl, Bia-
TH, DKCIIOHOMETpPa, KOHTPOJIS KauyecTBa BOIBI
JUIsl oporieHus U apyrux. KomOunanuu 3aBu-
CAT OT MoTpeOHOCcTel PepmepoB) [2].

VIMEeHHO Takue TEXHOJIOTHM, KaK BBILIE-
NEPEUUCIICHHbIE, JENa0T TEIUIUIY «YMHOM».
DTO MO3BOJISIET MOJIHOCTHIO ABTOMATH3UPOBATh
npoliecc BhIPALIMBAHUS PACTEHUH MPU MHHU-
MaJIbHOM YYaCTHH YeJOBeKa.

Heobxooumocmov npumenenus
SMART-menauy cecoonus

Poct umcna wnHacenenws, ypOaHHU3aIUsA
¥ M3MEHEHHs KIMMara BeIyT K pOCTy CIpoca
Ha TPOIYKTHI.
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[TossBnenne SMART-Ternn mpou3Beno
PEBOJIIOLIMIO B CEJIBLCKOM XO3SIHCTBE, MOCIO-
co0cTBOBaB 3(P(PEKTHBHOMY BBIPAIMBAHHIO
arpoKyIJIbTYp B CEBEPHBIX IIHPOTAX.

Takue ¢dakTopsl Kak BIaKHOCTb, OCBE-
[ICHUE, TEMIICPATypHBIH PEKUM  SBISIOTCS
OCHOBOM JKM3HENEATEIbHOCTH pacTeHU. Ma-
JeiiMe HapylleHUs] B OKpYy)Kalouenl cpe-
JIe OTPHIIATENIFHO BIHUSIOT Ha TEMIT POCTa,
ypoxkaitHocTh. [lomnepxanne HEOOXOTUMBIX
TEIUIMYHBIX YCIOBUM — ATO CIOXKHBIA U TPY-
JOEMKHUH Tpoliecc, sl KOTOPOTro HEO0OXOIUM
MOCTOSIHHBIA ~ KOHTpoib. SMART-temuna
CHOCOOCTBYeT MUHHMMAJIBHOMY YYacTHIO Ye-
JIOBEKa B JJAHHOM IIPOIIECCEe, TEM CaMbIM OCBO-
OOKITaeT BpeMsi ¥ TIO3BOJISIET KOHTPOJINPOBATh
pPOCT pacTeHHH Ha PACCTOSHUHU M YIIPABISATH
JTAHHBIM TIPOIIECCOM.

ABTOMaTHYECKOE  MOAJIEPKAHUE  YCIIO-
BUH OKpY’KaloLIEH cpenbl MpeCTaBiIseT Co-
0ol yripaBieHue:

— TeMITepPaTypPHBIM PEKUMOM;

— OCBEIIECHHUEM;

— TIOJIUBOM;

— MOJIOTPEBOM TTOUBBI;

— TIOAKOPMKOH.

Oco0oe BHHMaHUE OTBOJUTCS MOHHUTO-
PUHTY TIPOILIECCOB W OMNEPAaTUBHOW peakinuu
Ha J1I00bIe OTKIIOHEHHS.

Ha ceromgusammunii neir SMART-remnnia
MMeeT NPeuMYIIecTBa nepea 0ObIYHOHN Teru-
e TaKue Kak:

— IlpenoxpaHeHne OT pe3KUX CKaYKOB TEM-
meparypsl M OKCTPEMANbHBIX TIOKa3aTeseu.
CoxpaHeHne W yIpaBlIeHHE TeMIepaTypHBIM
JIMara3oHOM HWMEIOT TJIABHYIO 3HAYUMOCTb
B TeIunie. 3a CUUTAHHBIE Yachl IEpenajibl
TEeMIIepaTypbl MOTYT HNPUBECTH K MOpUe JUO0
ITOJTHOMY YHHUYTOXCHHIO pacTeHui. Peskue
KoNeOaHus TeMIIepaTypbl MOTYT OBITh ITPEIOT-
BpallleHbl 32 CYET CHCTEMBI IHUCTaHIIMOHHO-
IO MOHUTOPHHTA;

— Hanzop 3a HHBEHTapeM U OCTAJIBHBIM OC-
HaieHueM B Terunne. CiaeayeT rapanTUpOBaTh
[IEJIOCTHOCTh MHCTPYMEHTOB, a TaK)Ke YCIIeIll-
Hyl0 paboTy CHCTeM KOHJAWIIMOHUPOBAHUS,
noJiAep KaHus BIIary u apyroe. lllance! Ha cma-
CCHHME MMYIIECTBA M PACTCHUI yBEIMYNBAIOT-
Csl IPH PaHHEM BBISIBICHUU ()epMEPOM CHHUKE-
HUS TEMIIEpaTyphl THO0 OTKa3a 000pya0BaHHUSI.
PaGoTHUKN UMEFOT BCE MIAHCHI CTPEMHUTEIBHO-
TO pearupoBaHHA Ha pPa3IUYHbIE OMACHOCTH
B PEXHME HACTOSIIETO BPEMEHHU C TTOMOIIBIO
CHCTEM YIaJICHHOTO MOHUTOPHHT A,

— Habnronenue 3a yciaoBusiMH B TEIUIHIIE.
B citydae ecnut TOT WM MHOW TapameTp BbBIXO-
JUT 33 TPAHUIIBI TIEPBOHAYAIILHO OIPEJEIICH-
HOTO JHaIta3oHa, CUCTeMa JIN00 MPHUOOp MIHO-
BEHHO YBEIIOMHUT I10 YJICKTPOHHOH mourte, SMS
6o TeneoHy OTBevarolMii 3a pabory Te-
[UTMLBI TITAT.

Kak mpaBuiio cooOuieHust 0 4pe3Bblyaii-
HBIX CHTYallUsX YBEIOMIISIOT (hepMepoB 00:

— U3MEHEHHSAX TeMITEPaTyPhI;

— HEeKa4YeCTBEHHOM MPOBETPHBAHUN;

— 3HAYMTENTLHON CTEMNEH! YIIEKUCIIOTO Ta3a;

— U3MCHCHHH BJIATH;

— HapYIUICHUHU OCHAIICHUS;

— YTEUYKE BOJIBI.

— IlpenoTBpamienne Oojie3Hell B Tpome-
JKYTOK BereTanu. CHCTEMBI YMHBIX TETUTHI]
OCYIIECTBIISIIOT KOHTPOJIb MapaMeTpoB OKpY-
JKaroImend cpefpl Ha TMPOTSHKEHUU BCETO Be-
TeTAIMOHHOTO JTamna. lIpuMeHsroTcs paBHO
KaK TPOBOIHBIE, TAK U OECIPOBOHBIE JATYHKU
JUTSI TAHHOU T1ed. | TaBHYFO 3HAYMMOCTh B TIpe-
JTIOTBpAIIIEHUH TIJIECEHH, OONEe3He U B yBEIH-
YEHHUH YPOXKaHHOCTH MMEET COXpaHEHHE yCTa-
HOBJICHHBIX ~ XapaKTEPUCTHK TEMIEPaTyphl,
BJIary, a Takye HUPKYIAIUU Bo3ayxa [3].

K memoctarkam SMART-Temmuunsl MoOX-
HO OTHECTH:

— 3aBHCUMOCTH OT UCTOYHHUKOB MMUTAHUS;

— 3TpaTsl HAa TPHOOPETECHUE 000PYIOBAHUS.

Ho nemocraTtok ¢ aBTOHOMHOCTBIO MOXKHO
PEIINTh 32 CUET aKKyMYJIATOPOB, TCHEPATOPOB
1 €MKOCTEH ¢ BOJIOM.

LleneBble MHIUKATOPHI U ITOKA3ATEIH:

— Texnonmorus SMART-tennunel yMeHb-
IaeT W3JEPKKHA TIPOU3BOJCTBA TPOIYKTOB
MUTaHMS B 3aKPBITHIX cucTeMax Ha 15 % oTHO-
CUTEIIHO aHAJIOTMYHBIX TEIUTUI] O€3 IPUMEeHe-
HUS TEXHOJIOTHIA;

— VYMeHbIIaeTcss  UMIIOPTO3aBUCHUMOCTh
B pou3BojacTBe oBouleil Ha 70 % 3a cueT BHe-
npeanst SMART-rerutter [4].

Wmrmopro3aMelieHne — TJIaBHbBIN (akTop
YMEHBIIICHUS 3aTpar B TCIUIMYHOM OHU3HEce.
CTOMMOCTh UMIIOPTHBIX MPOAYKTOB BBIIIIE OTE-
YECTBEHHBIX aHAJIOTOB IPUMEPHO B 2 paza. Jlo-
KaJbHOE PACTOJIOKEHUE TEIUTHIl, UCKITIOYeHUE
TaMOXKEHHBIX IIJIAaTEXEW, YMEHbIICHHE TPaHC-
MOPTHBIX PACXONIOB, CHUKCHHE TPyd03aTpar,
BCE 9TO MOXKET CHU3UTH CTOMMOCTH TETUTUIHO-
ro xomruiekca Ha 30%. B atom 3akmiouaeTcs
OJTHO W3 BAXKHBIX MPEUMYIIECTB MPUMEHEHUS
SMART-Temuinl ceroass.

Paspabomxa sckuznoti 0okymenmayuu
na «SMART-mennuyy»

SMART-temuna, Kak  CEIbCKOXO3SIM-
CTBEHHBIN OOBEKT MMOJTyUEHUS MPOAYKIIUN pac-
TEHUEBOJICTBA, PA0OTAIONINI ABTOHOMHO U aB-
TOMaTH4ECKH, MOKET BKJIIOYATh B CEOs:

— KOMITAKTHOE PaCIOJIOKEHUE;

— CUCTEMY aBTOMATUYECKOIO IOJINBA;

— MOOMJIBHYIO CHCTEMa OCBEIIICHHS,;

— aBTOMAaTHYECKH pPEryIMpyeMblii Temrie-
paTypHBINA PEKUM.

st Gonee KOMIIAKTHOTO PACHOJIOKEHHUS
pacteHuii SMART-Teruiy MOXHO Ipencra-
BUTH B BUJIE JIBYX ITAXKEH.
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Ha puc. | u3o0pakeH BHEIIHUN BHUI Te-
IUTMIBI — BHUJ cniepend M cOOKy C OKHaMH
JUIT aBTOMAaTHYECKOTO TPOBETpUBAHHA. Tak
JUTSL PACTEHUH TEIUTHUILY HEOOXOIMMO €3KETHEB-
HOE POBETPUBATH, YTOOBI IPEIOTBPATUTH Pa3-
MHOXEHHE OO0JIC3HETBOPHBIX OPTraHU3MOB.

Ha mnane puc. 2 BUIHBI IOCA0YHBIE TIIO-
magu. O3eleHeHne TEIUTHIBI OCYIIECTBISTH
TakuM 00pa3oM, uYTOOBl 00ECTIeYHTh OOJb-
muid 00beM BMECTHTENBHOCTH W TOJTYYEHUS
ypoxas.

IlepenBmkHas cucTeMa OCBEIICHUS II0-
CIOCOOCTBYeT OoJiee TOJHOMY —OCBEIICHHIO
BCEX pPaCTEHUH.

[lon xpwelmed TemaHLbl YCTaHOBHUTH Oak
C BOAOH OCYIIECTBISAIONINA aBTOMaTHUYECKUI
TTOJTUB TIPY HEOOXOTUMOCTH.

Vrpasineane SMART-termmuier  mpowuc-
XOIUT 4epe3 KOHTPOJUIEP, KOTOPBIM TO3BOJIUT
peann3oBaTh caMble CIIOXKHBIE BapHUaHTHI IO-
CTPOEHUS YIpPaBIEHMs, CUNTHIBasg depe3 Aar-
YUKH UH(POPMALKIO O COCTOSIHUM TETIMLBI [S].
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wan ocsemer 1.2 yrawedi

Paspes 1-1

Puc. 3. Cucmema oceewjenus

st Toro, 9ToOBI TOMYYUTH 3MOPOBBIM
1 OOMJIbHBIN yposKal, HyHO co3iaath SMART-
TEIUIAILY C OJIATONPHUSATHBIM U KOM(pOPTHBIM
IUIsl pacTeHuil kiuMatoM. B sTomM momoryT
pPacCMOTPEHHBIE BBILIE: CUCTEMA MPOBETPUBA-
HUS, TIEPEeIBIKHAS CHCTEMa OCBEIIIEHUS, aBTO-
MAaTUYECKH HACTpamBaeMbI TeMIlepaTypHbIN
pEeXuM, CHCTEeMa aBTOMATUYIECKOTO TTOJINBA.

3akaouenue

B Poccun nepcrieKTUBHBIM HaIlpaBICHHEM
saBisgeTca co3ganne SMART-remnul, B KOTO-
pBIX MPUMEHSETCS aBTOMAaTU3UPOBAHHAS CH-
cTeMa KOHTPOJsS KIIMMara W TIOAJEpIKaHUS
YCIIOBUH HEOOXOMUMBIX ISl TIONYYEHHUS 370-
poBoro ypoxas. Co3gaHWe COOTBETCTBYIO-
el TPOMYKIUU ISl arPapHOTO PHIHKA TOJIO-
JKUTENBHO CKAXKETCSI HA HMMIIOPTO3aMEIECHUU
U Pa3BUTUU CTPaHBbIL.

ABTOMAaTH3MPOBAHHBIE CHCTEMBI KIIUMarT-
KOHTPOJISI C MEHBIMUMH 3aTrpaTaMH M TIPo-
CTOTOM HCIIOJB30BAHUSI CHH3SIT CTOMMOCTD
U CONEpKaHME CaMUX TEIUIUI. AKTyalbHO
U HUCHOJb30BAaHUE TEXHOJIOTUU HUHTEPHET Be-

mel Uil peanu3alMyd aBTOMAaTU3HMPOBAHHOIO
MUKPOKJIMNMATHIECKOTO KOHTPOJIS, TIOCKOJIBKY
9Ta cdepa MPouyHO 3aHUMAET Bce Cephl KU3-
HU 0011ecTBa U OCTOSTHHO pPa3BUBACTCSI.
JaHHble 1711 HAYYHOH MCCIeI0BaTEeNIbCKOM
paboThl OBUTH B3STHI W3 Pa3IMYHBIX JIATEPA-
TYPHBIX HUCTOYHHMKOB M 3JIEKTPOHHBIX pecyp-
coB. Ha ux ocHOBe ObLIM CleJIaHbl BEIBOILI.
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Mocksa, e-mail: savinal 6091997@gmail.com

Pa3BuTHE HEMOTOPHU30BAHHON MOOMIIBHOCTH H B YaCTHOCTH BEJIOCUIIEIHOTO TPAHCIIOPTA IOAPa3yMeBaeT CO3-
JIaHUE YCIIOBUIL [T TOBCEMECTHO JIOCTYITHOTO, OE30aCHOTO M yI0OHOr0 XPAaHEHHs TEXHUYECKUX CPE/ICTB MH/IU-
BuayanbHOi MoGmisHOCTH (TCHUM) 1 BenorpancnoptHbix cpeacts (BTC). CymiecTByronye B HACTOSIIEE BpeMs
KOHCTPYKIUH BeronapkoBok 1 xpaummmn TCHUM, a Taxoke IPUHIHIBI UX Pa3MEIIeHUs Ha TOPOACKON TepPHTOPHU
BechMa pasHooOpasHbl. He Bce M3 HUX 00eCIHeYMBAIOT COBOKYIHOE KayeCTBO BEJIOIMAPKOBOYHOIO MPOCTPAHCTBA,
YTO NPUBOAUT K HEIP(PEKTUBHOMY HCIIOIB30BAHUIO CPEICTB, BBIACISIEMBIX HAa PA3BUTHE HEMOTOPH30BAHHONW MO-
OrbHOCTH. BO3MOXKHOCTB NpUIIApKOBaTh BEIOCHUIIS] HA JKEIE3HOJOPOXKHON CTAHIMHU, Y METPO, Ha aBTOOYCHOIT
OCTAHOBKE CTHMYJIUPYET JIF0ieil KOMOMHUPOBATH BEJIOCHIIE C OOIIECTBEHHBIM TPAHCIOPTOM. Pa3Hble THIIBI OCTa-
HOBOK TpPEOYIOT Pa3iIMYHON KOMOWHAIIMM BO3MOXKHOCTEH [l MApKOBKH BEJIOCHIICJIOB. BenocumenHbie CTOSHKH
JIOJDKHBI PACIIONararsCsl B HEIOCPEICTBEHHON OIM30CTH K OCTAHOBKAM U CTAHIMSM OOIIECTBEHHOTO TPAHCIIOPTa
u obecrednBath OBICTPYIO U YI0OHYI0 mepecasky. IIpe/uiaraemast B JaHHON CTaThe METOAMKA MO3BOJISECT OLCHHUTD
HanboJiee 3HaYMMBbIE aCTIEKThI, ONPE/ICIISAIOIINE CTEIEHb HCIIONb30BaHMs BeonapkoBok 1 xpanuum TCHUM noten-
LUAIbHBIME T10JIb30BATEISIMU. DKCIIEPTHBIC OLIGHKH TEX HJIM MHBIX KPHUTEPHUEB KaueCTBA BEJIOIMAPKOBOYHOTO IIPO-
CTPAHCTBA OTPAXKAIOT BUICHUE aBTOPOB Ha JAHHYIO MPOOJIEMATHKY, CHOPMUPOBABIIICECs B XOIE H3y4YCHHUS MHPOBO-
TO OTIBITA U AHAJIN3a ONPOCOB IT0JIB30BATEIICH.

KitioueBble ¢j10Ba: BeJIOCHIIE], BeJTOMH(PACTPYKTypa, BeJI0NapKOBKA, TEXHUYECKOE CPeJACTBO HHAHBUAYAJIbHOM
MOOHJILHOCTH, HEMOTOPH30BAHHBII TPaAaHCIOPT

DEVELOPMENT OF AMETHODOLOGY FOR EXPERT ASSESSMENT
OF THE QUALITY OF BICYCLE PARKING SPACE IN URBAN AREAS

Savina V.S., Shelmakov S.V.
Moscow Automobile and Road Construction State Technical University (MADI),
Moscow, e-mail: savinal 6091997@gmail.com

The development of non-motorized mobility, and in particular bicycle transport, implies the creation of
conditions for the universally accessible, safe and convenient storage of individual mobility equipment (IME) and
bicycle transport vehicles (BTV). The current design of bicycle parking and storage facilities for IME, as well as
the principles of their placement on the urban territory, are very diverse. Not all of them provide the overall quality
of bicycle parking space, which leads to inefficient use of funds allocated for the development of non-motorized
mobility. Bicycle parking at train stations and metro, tram, light rail and bus stops encourage cyclists to make
combined longer trips. Each type of stop needs a suitable mix of parking and storage to cater for various cyclists’
needs. This must be nearby and convenient for smooth interchange. Major train stations have huge cycling potential,
and can be equipped as bicycle stations, including a range of additional bicycle services. The methodology proposed
in this article allows us to evaluate the most significant aspects that determine the degree of use of bicycle parking
and storage facilities of IME by potential users. Expert assessments of various criteria for the quality of bicycle
parking space reflect the author’s vision on this issue, which was formed during the study of the world experience
and the analysis of user surveys.

Keywords: bicycle, cycling infrastructure, bicycle parking, individual mobility equipment, non-motorised transport

Mepsl 1O yBEIWYEHUIO HUCIOJIB30BAHUS
BEJIOCHUIIEIa KaK CpEeACTBAa IOBCEIHEBHOTO
TepeIBIKEHNS OJIaroNpHUsITHO BO3IEHCTBYIOT
Ha DJKOJOTHYECKYIO, TPAHCIOPTHYIO, 37Apa-
BOOXPAHUTEIbHYIO, COIHUAIBHYIO WU HKOHO-
MHUYECKYI0 OOCTaHOBKY B TOpOJIe U CTpaHe.
B mHacTosiiee BpeMs MONUTHKA PAa3BUTHUS
BEJIOTPAHCIIOPTa PaccMaTpPUBAETCS BO MHO-
TUX CTpaHaX Kak HeoOXomWMas cocTaBHAas
4acTh TPAHCHOPTHOM, IKOHOMHUYECKOH, KO-
JIOTUYECKOW TOJMUTUKH, TEePPUTOPHAIBHO-
IJTAHUPOBOYHOM, MOJUTHKH B 00JIaCTH 37Apa-
BOOXpaHeHUs U Typusma [1, 2].

Co3aHue KaueCTBEHHOM BEJIOCUIICAHOU
MH(PACTPYKTYpPHI TOIpa3yMeBaeT CO3/IaHNe
YCIIOBHH /ISl TOBCEMECTHO JOCTYIHOTO, 0€3-
OIAaCHOTO M YAOOHOIO XpaHEHUs TEeXHHYe-

CKUX CPEACTB HMHAMBU-IyaJbHOH MOOHIBHO-
ctu (TCHM) 1 BenoTpaHCHOPTHBIX CPEICTB
(BTC) [3]. CymectByromue B HacTOsIIEe
BpeMsl KOHCTPYKIIMU BEJIOIAPKOBOK M Xpa-
Huum TCUM, a Takke MPUHIUIBI UX pas3-
MEILEHHS Ha TOPOJICKOH TEPPUTOPHH BechMa
pasHooOpasnel. He Bce n3 Hux obecrneunBa-
IOT COBOKYITHOE Ka4e€CTBO BEJIONAPKOBOYHOI'O
MPOCTPAHCTBA, YTO MPUBOANUT K HEIP(PEKTHB-
HOMY MCIOJIb30BaHUIO CPEJCTB, BbIIEJISAEMBIX
Ha Pa3BHTHE HEMOTOPU30BaHHOH MOOHMIIBLHO-
cTi. BemomapkoBouHOE MPOCTPAHCTBO JIOIIK-
HO paccMaTpuBarThCsl Kak eIUHBIN pacrpe-
JeAEHHBIA 10 BCEM TOpPOACKOW TEppUTOPUHU
KOMIIJICKC YCIIYT, @ OLICHKA €T0 KauyeCcTBa JIOJIK-
Ha 0a3MpoOBaThCs, IPEXKIE BCETO, Ha aHaJIM3e
TpeOoBaHMii Mob30Barenei [4-6].
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KauectBo BE/IONapKOBOYHOro
NPOCTPaHCTBa FOPOACKOI TePPUTOPUN

— be3sonacHocTb — AocrynHocTb — Ypobcrso
PasmelyeHue TepputopranbHo- BeckoHPAUKTHOCTL
KONMYecTBeHHanA
KoHCTpyKUuA Yaan€éHHocTb oT
L—{ obcnykuBaemoro
TpaHcnopTHaA obvekTa
®ukcauuma
JlononHutensHble
OxpaHa WUHKNO3MBHaA CepBuUChbl
Komdopt
— OcseweHne

Cmpyxkmypa kpumepueg 0Jisl OYeHKU Ka4ecmea 8en0NapKo8oUH020 NPOCMPAHCMEA 20POOCKOl MePPUMOpUU

Kpumepuu ona oyenxu xauecmaa genonap-
K0680YH020 npocmparcmed. OCHOBHBIMH KpPH-
TEPUSMHU IIPEJJIaraeTcs CINTATh (PUCYHOK):

1) nocTymHOCTS;

2) 6e30MacHOCTb;

3) ynobcTBo.

TeppuropnanbHO-KOMUYECTBEHHAS  J0-
CTYITHOCTh — 00ECIEUEHHOCTh BCEX OOBEKTOB
TPAaHCIIOPTHOTO MPHUTSHKCHUSI Ha paccMaTpu-
BaeMOH TOPOJICKOH TEPPUTOPUH BEIOMAPKOB-
kamu U xpanwiuimamu TCHUM B nocrarou-
HOM KOJIMYECTBE.

TpancnopTHass JOCTyMHOCTH — BO3MOXK-
HOCTh 0€30IacCHOr0, OBICTPOro M YAOOHOIO
nepemenienus Ha Benocunenax, BTC u TCUM
10 PACCMATPUBAEMOM TOPOACKON TEPPUTOPUU
B LIEJIOM.

WHkimo3uBHAs TOCTYITHOCTh — JOCTYTI-
HOCTHh BeJomapkoBok u xpanwmmuim TCHUM
JUISL BCEX KaTeropuid Mojb30BaTeNei.

BesomacHocTh pa3sMenieHuss — OILIGHKa
BIIMSIHHUSI Pa3MEIeHHs] BEJONapKOBOK H/HMIN
xpaamwnun; TCHUM Ha 0e30macHOCTh TOJb-
30BaTelel W COXPAHHOCTb TPAHCIOPTHBIX
cpencts (TC).

be3omacHOCTh KOHCTPYKIIMH — OIEHKa
BJIMSIHNA KOHCTPYKLHWHU BEJIOIMIAaPKOBOK I/I/I/IHI/I
xpanunun TCHUM na Ge3omacHOCTh MOIB30-
Batenelt u coxpanHocts TC.

bezomacHocTh (ukcanyuu — OIEHKA BIIUS-
Hus cniocoba ¢ukcarum TC Ha BeIomapKoBKe
n/mmu xpanwiuiie TCHM Ha 0e30macHOCTh
rosip3oBaresei u coxpanHocts TC.

BezonacHoCTh OXpaHbl — OLIEHKA BIMSHUS
crioco0a OpraHu3alMy OXPaHbl BEIOMAPKOBOK
n/win xpanwuiy TCHUM Ha 0e30macHOCTb
ronp30Baresei u coxpanHocts TC.

beckoH(MIUKTHOCTh — OLIGHKA BIMAHUS
pa3MENIeHUs BEIONAPKOBOK W/HIIM XPaHUIIHII]
TCHUM Ha BO3MOXHOCTH KOH(IIMKTA C APYTHU-
MH YYaCTHHUKaMH JIOPO’KHOTO JABMKEHUSI.

VYnan€HHOCTh OT 00CIY)KUBAaEMOro 00b-
€KTa — OLIGHKAa BJIMSHUS pa3MELICHUs BEJO-
napkoBok w/mian xpanuwiuil TCHM Ha Bpemst
JOCTyIa TOJIb30BaTesieil K 00CITyKuBaeMo-
My OOBEKTY.

JlomonHUTENbHBIE CEPBUCH] — OLIEHKA BIIH-
SIHUS TOTIOJTHUTEIIBHBIX CEPBUCOB HA Y100CTBO
M0JIb30BaHMs BEJIONAPKOBKON W/MIIM XpaHUIIU-
meM TCHUM kpaTKoCpOIHOTO, CPETHECPOTHO-
IO WJIM JOJITOCPOYHOIO XpaHEHUS.

Kompoptr — omeHka BIMSHHUS COCTOSHHUS
OKpYXXaroleh cpeasl Ha yZoOCTBO MOJb30-
BaHMs BEJIONAPKOBKOM H/MIM XPaHWIHILEM
TCHUM  KpaTKOCpPOYHOTO, CpPETHECPOYHOTO
WIN IOJITOCPOYHOTO XPAHEHHUS.

OcselleHHUe — OLIEHKA BJIUSHUS OCBELIEH-
HOCTH Ha Y/I0OCTBO MOJIb30BaHUsI BEJIONApKOB-
kol u/mmu xpanuiaumem TCUM.

Oyenxa meppumopuanIbHO-KOIUYECMEeH-
Hotl docmynHocmu. bannbHas oOIeHKa JaH-
HOT'O KPUTEpUSl PACCUMTBHIBAETCS KaK Cpel-
HEB3BEIICHHOEC 3HAUCHHE J0JeH O0O0bEeKTOB
TPAHCIOPTHOTO TMPUTSDKEHHS, 00ECTICUCHHBIX
BejonapkoBkamMu M xpanunuimamu TCHUM
B JIOCTaTOYHOM KOJHMYECTBE (OMpeneliseTcs
Mo pe3ysibTaraM O00CIeOBaHUS TEPPUTOPHN),
U OTHOCHUTEJIbHOH BECOMOCTU 3THX OOBEKTOB
(3amaércst oskcmeptHo). Ilog «mocTarodHbIM
KOJIMYECTBOM» B CIIydae NMPOEKTHOM TOKyMeH-
TaluU MOHUMAETCs HOPMATHUBHOE KOJIMYECTBO
(B ciiyyae Hamuuusi HOPMaTHBOB) WMJIM PEKO-
MEH]IyeMO€ KOJIMYECTBO (B CJIyyae OTCYTCTBHS
HOPMAaTHBOB, HO HAQJINWYMS PEKOMEHAAINi),
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a B cllyyae UccieqoBaHHs (PaKTHYECKOTO CO-
CTOSIHUSI CYLIECTBYIOLETO BEJIONAPKOBOYHOTO
MIPOCTPAHCTBA — PE3YIbTaThl 00CIEI0BAHUS
(B 3TOM cilydae BEJIONAPKOBKH, HE HMEIOILUE
CBOOOZIHBIX MECT CIIEAyeT IIpHU3HaBaTh Iiepe-
nosiHeHHbIMU). [Ipenensabie 100 6ayioB Mo-
KEeT HaOpaTb TEpPPUTOpHS, TAE BCEe OOBEKTHI
TPAHCIOPTHOTO  NPUTSDKEHHST — 00ECICUeHbI
BelonapkoBkamMu W xpanunumamu TCHUM
B JocTaroyHoM koauuectse. [Ipumep pacué-
Ta JUIs TMIIOTeTUYECKON TEPPUTOPUU IIOKa3aH
B BUE TaOm. 1.

Oyenxa mpancnopmuol 00CMynHOCMU.
BannpHast oueHKa JaHHOTO KPUTEPHs paccdu-
TBIBACTCA KaK CPEIHEB3BELICHHOE 3HAYCHUE
JI0JIel  BEJIOMApLIPYTOB Ka)XXIOW KaTeropuu
KauecTBa Ha pPacCMaTpUBAEMON TEPPUTOPUHI
(ompenensercs Mo pesyabraTam 00cienoBa-
HUSI TEPPUTOPUH) U DKCIICPTHOH OICHKH 3Ha-
YUMOCTH Ka)JI0i KaTeropuu BeJIOMapLIpyTOB.
Kateropust BenmoMapuipyToB  omnpenensercs
COIVIACHO 3HAYECHUIO YPOBHS CEPBHCA BEJIOCHU-
nequctoB CLOS, ornieHmBacMoMy coryacHo [7].

[penenvupie 100 GamioB MoxeT HaOparh
TEPPUTOPHSI, TIE BCE BEIOMAPIIPYThI HMeE-
IOT OLICHKY YPOBHS CEpBHCa BEJIOCHUIICIUCTOB
CLoS Bblllle BOCBMHUIECSATH 0alIOB, T.€. BCS
TEPPUTOPHSI IPUTOHA /IS TIEPEMEIICHUs Be-
JOCUTIEANCTOB U Tonb3oBareneiit TCUM Bcex
BO3pacToOB W KBanmudukauuu. [Ipumep pacué-
Ta I TUIIOTETUYECKON TePPUTOPHH MOKa3aH
B BUJe Ta0m. 2.

Oyenka  UHKTIO3UBHOU  OOCHIYNHOCMIUL.
bannpHas omeHka MaHHOTO KpUTEpHUsS pac-
CUMTBIBACTCSl KaK CPETHEB3BEIICHHOE 3Haue-
HUE JI0JIel BEJIOMapKOBOK, MMEIOLINX COOT-
BETCTBYIOIINE CIICIHAIN3UPOBAHHBIC MeCTa
(ompenensiercs Mo pesyibTaraM 00CieaoBa-
HUS TEPPUTOPHH), U OTHOCHTEIHHOH BecCo-
MOCTH TIPU3HAKOB MHKJIIO3UBHOCTH (3aAaETCs
skcneptHo). [Ipenensupie 100 6amioB MoxeT
HaOpaTh TEpPpPUTOPHS, TAEC BCE BEJIOMAPKOB-
KH CIPOCKTHPOBAHBI C YYETOM MPUHIUIIOB
WHKIIIO3UBHOTO nu3aifHa. [lpumep pacuéra
JUISl THIOTETUYECKOW TEePPUTOPHH TIOKa3aH
B BHIE Ta0I. 3.

Taoauna 1
O1eHKa TeppUTOPUATIEHO-KOIMUECTBEHHON JOCTYITHOCTH
Ne HaumenoBanue 00beKTOB OtHocutenbHas | Jlosis1 00beKTOB, o0ecniedennasi | baaast
TPAHCHOPTHOIO MPUTSIKEHUS BECOMOCTbD BeJIONAPKOBKAMM B 10CTATOY-
HOM KoJin4uecTBe, %o
1 |V xunaes 20 5 1,00
2 |V mect pabothl/Ou3Heca 15 5 0,75
3 |V 00BEKTOB TpaHCTIOPTA 20 20 4,00
4 |Y mect yu€Onl 10 B 0,50
5 |'Y Mmect TOproBiu 15 20 3,00
6 | Y Mmect nuTaHus 15 10 1,50
7 |V Mmect pekpearun/ 10CTOpUMe- 5 10 0,50
qaTeslbHOCTEelH
Hroro 100 11,25
Taoauma 2
OueHKa TPaHCIOPTHOM JOCTYITHOCTH
Ne Kareropusi BeiomapuipyTos Ouenka | [losis Be1oMapuIpyToB Kaxa0ii | Basbl
no yposHio cepucs CLoS KaTeropuu Ha paccMaTpHuBae-
MOii TeppuTopuH, %
1 |CloS <= 30 — NOJHOCTHIO HE TPUTOIHBIC 5 50 2,50
JUTSL IBU)KEHMS BEJIOCUTICINCTOB
2 |30 < CloS <= 50 — npuroaHsie TOILKO 20 45 9,00
JUISL OY€Hb OTIBITHBIX BEJIOCHIIEANCTOB
3 |50 < CloS <= 80 — mpuronHsIe s 80 3 2,40
OOJIBIINHCTBA «CPEAHECTATHCTHUECKIX)
BEJIOCHIIE/IICTOB
4 |80 < CloS <= 100 — npuroHbie st 100 2 2,00
BEJIOCHIIEICTOB BCEX BO3PACTOB M KBa-
TUPUKATTAT
Hroro 100 15,90

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



TexHn4yeckmne Hayku

Taonauna 3
OreHKa WHKIIIO3UBHOM TOCTYITHOCTH
Ne HaumenoBanue npusnakoB | OtHocuTenbHasi | {0151 MapKOBOK, HMEIOLIHX Banabl
HHKJIIO3UBHOCTH BECOMOCTh COOTBETCTBYIOLIHE CIIelHaIU-
3MpOBaHHbIE MecTa, %
1 |Hamu4une crienuann3npoBaHHbBIX 50 85 42,50
MECT JJ1s1 OOBIYHBIX BEJIOCHIIE/IOB
2 | Hanuawue crienmain3upoBaHHBIX 15 15 2,25
mect juist TCUM
3 |Hanuuune crienuaau3upoBaHHbIX 12,5 2 0,25
MecT st rpy3oBbix BTC
4 |Hannuue cnenuann3upoOBaHHBIX 10 1 0,10
MECT Ul BEIIOMOOMIEH
5 |Hamnuue cnenuaan3upoBaHHBIX 12,5 1 0,13
MecT ayst nHBaMAHbIX TC
Hroro 100 45,23
Taonuna 4
OreHka 0€30MacCHOCTH Pa3MeIleHUs
Ne IlpusHaku pa3meneHust Ouenka | JloJist BeJIONAPKOBOK KAK/I0M banasl
BeJIONAPKOBKHU KaTeropuu Ha paccMaTpuBa-
eMoii Tepputopuu, %
1 | OO01IeCTBEHHOE MTPOCTPAHCTBO — ILIOXO 10 30 3,00
IIPOCMAaTpPUBAEMOE MECTO
2 |YacTHas oxpaHseMas TeppUTOpUs — 60 5 3,00
TUIOXO MPOCMATPUBAEMOE MECTO
3 | OOIIECTBEHHOE MTPOCTPAHCTBO — XOPO- 80 60 48,00
1110 ITPOCMATPHBAEMOE MECTO
4 |YacrHas oxpaHsiemMas TEPPUTOPHS — 100 5 5,00
XOPOUIO MPOCMATPUBAEMOE MECTO
Hroro 100 59,00
Oyenka  be3onacHocmu  pasmeujeHus. Uil THIIOTETUYECKOH TEPPUTOPHUU TIOKa3aH

bannpHas omeHKa JaHHOTO KpUTEpUs pac-
CUMTBIBAETCS KaK CpEIHEB3BEIIEHHOE 3Haue-
HUE JI0Jel BEIONMApKOBOK KAXKION KaTeropuu
Ha paccMaTpUBacMOM TeppUTOpUH (Ompees-
€TCs TI0 pe3yJIbTaraM O0CIIeIOBaHUS TEPPUTO-
pHH), ¥ DKCTIEPTHOH OIIEHKH 3HAYMMOCTH KakK-
JIOTO TIpU3HAKa pa3MeNIeHUs] BEJIOMapKOBKH.
[penenbubie 100 6ay0B MOXKET HAOpaTh TEP-
pUTOpHS, TA€ BCE BEJIOMAPKOBKY U XPAHUIINIIA
TCHUM pacrosoxkeHbl Ha YacTHBIX OXpaHsie-
MBIX TEPPUTOPHUSIX B XOPOIIO IMPOCMATpHBAE-
MbIX MecTax. [Ipumep pacuéra mns rumoreTn-
YeCKOHM TepPUTOPHH MOKa3aH B BuC Ta0mI. 4.
Oyenxa  Oezonacnocmu  KOHCMPYKYUU.
bannbHasg oleHKa JaHHOTO KpuUTepus pac-
CUUTBHIBACTCSl KAaK CPEIHEB3BELICHHOE 3Haue-
HHE JI0JIEH BEJIONAPKOBOK Ka)XJOW KaTeropuu
Ha paccMaTpHUBaeMOU TePPUTOPHUH (OTIpeners-
eTcs TI0 pe3ylibTaTaM 00CIeIOBaHUs TePPUTO-
pHH), M DKCTIEPTHON OIICHKH 3HAYMMOCTH KaX-
JIOTO TIpU3HAKa KOHCTPYKIHMH BEIOMAPKOBKU.
[Ipenenpubie 100 6aioB MOXkeT HAOpaTh TEp-
PHUTOPHSL, T/I€ BCE BEIOMAPKOBKH M XPAHHIIUINA
TCHM oTHOCATCS K KaTerOpuH aBTOMaTHUe-
CKUX poOoTH3MpOBaHHBIX. [Ipumep pacuéra

B BUJIE TAOIL. 5.

Oyenxa 6ezonachocmu gurcayuu. banb-
Hasl OLIEHKA JaHHOTO KPUTEPHS PACCUUTHIBACTCS
KaK CpeIHEB3BELICHHOE 3HaYCHHE JI0JIeH Bemo-
MApKOBOK Ka)KJOHM KaTreropuu Ha paccMaTpuBa-
eMOi1 TeppuTopuH (OIpenessIeTcst 0 pe3ybTa-
Tam 00CJIeI0BaHMS TEPPUTOPUH), U DKCIIEPTHON
OLICHKH 3HaYMMOCTH KaXXJIOTO Mpu3HaKa (puk-
cammu TC na BenmomapkoBke. IIpenenbHble
100 GannoB MOXeT HaOpaTh TEPPUTOPHS, TIe
Bce BenmonapkoBku 1 xpanwmwiwia TCUM ortHo-
CATCS. K KATErOpUM KOHCTPYKIMHA C 3alUTHOU
obosoukoit. [Tpumep pacuéra i runoTeTHYe-
CKOH TEeppUTOPHH MOKa3aH B BHE Ta0Il. 6.

Oyenka 6ezonachocmu oxpausl. baiib-
Hasl OLICHKa JaHHOI'O KPUTEPHUsSl pacCcUUTHIBA-
€TCs KaK CPEe/IHEB3BEILICHHOE 3HAUEHHUE J0JIeH
BEJIONIAPKOBOK Ka)K[IOW KaTeropud Ha pac-
CMaTpUBaeMoOil TEppPUTOPHU  (OTpEeIIseTCs
MO pe3ynbTaraM 00CIIeIOBaHUSI TEPPUTOPHH),
M DKCIICPTHOH OLEHKH 3HAaYMMOCTH Ka)KIOTO
npu3Haka opranuzauuu oxpansl TC Ha Beno-
napkoBke. Ilpenensapie 100 GammoB MOXeT
HaOpaTh TEPPUTOPUS, € BCE BEJIONAPKOBKU
n xpanwmima TCHUM oTHocATcs K Karero-

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Technical sciences

pUU KOHCTPYKIIMH C aBTOMAaTH3UPOBAHHBIMHU
YCTPOMCTBaMU JJIsi IOCTAHOBKHM Ha XpaHEHUE
B 3amuiaeMoe nomeuieHue. Ilpumep pacué-
Ta JUISl TUITOTETUYECKON TePPUTOPHH TTOKa3aH
B Buje Tad. 7.

Oyenra OecKOHPIUKMHOCMU pa3MelyeHUs.
senonapkoeok. bamibHas OlIeHKa JAHHOTO KpHU-
TEpUsT PACCUMTHIBACTCS KaK CpPEIHEB3BEIICH-
HOE 3Ha4YeHHWE JI0JIeH BEIOMapKOBOK KaxI0i
KaTeropuy Ha paccMaTpUBaeMOW TEPPUTOPUH
(ompenensercs 1Mo pe3yabTaraM 00CIICIOBAHHS

TEPPUTOPHUM), M SKCHEPTHOW OLIEHKH 3HAYU-
MOCTH Ka)KJ0T0 MpH3HaKa 0eCKOH(INKTHOCTH
pa3MmelneHus BenonapkoBok. OLieHKa ypOBHS
cepsuca nemexonoB PCL mpomsBoaurtes co-
macHo [7]. [Ipenenbubie 100 6amioB MoXkeT
HaOpaTh TEPPUTOPHS, IJE BCE BEJIIOMAPKOBKHU
n xpanwinia TCUM He yXyamaroT ycloBUs
MEePEBUKEHUS MEIEX0A0B, U MOIbE3] K HUM
OCYIIECTBIISIETCS] PA3E€AbHO OT MEMIEXOJHOIO
notoka. [Ipumep pacuéra njst rUIIOTETUYECKOM
TePPUTOPHH TTOKA3aH B BUAC TaOIM. 8.

Tabauuna S
Orenka 0€30MaCHOCTH KOHCTPYKIIUN
Ne | TIpu3Haky KOHCTPYKIUM BeJIO- Ouenka | J1oJisi BeJIONAPKOBOK KAMK/I0M Basabl
NAPKOBKH KATEropuHu Ha paccMaTpuBae-
MO¥i Tepputopuu, %
1 | Croiika-onopa ¢ OZHUM MECTOM 30 44 13,20
¢ukcanmu TC
2 | Croiika-onopa ¢ JByMsl MECTaMH 50 50 25,00
¢ukcanmu TC
3 |3anuparoutuiics KOHTEHHEP 90 1 0,90
4 |CnennanbHO 000pYyTOBaHHOE TTOME- 95 5 4,75
LIEHUE WU COOPYKEHHE
5 | ABromarmyeckasi poOOTH3NPOBAHHAS 100 0 0,00
MapKOBKa
Hroro 100 43,85
Taoauna 6
Orenka Oe3onacHocTH ukcanuu TC Ha BelonapKoBKax
Ne Hpusnaxku puxcanuu TC Ouenka | JloJist BeJIONAPKOBOK KaXK- Basbl
HAa BeJIONIApPKOBKeE JI0ii KaTeropuu Ha paccMa-
TpUBaeMOii TeppuTopuu, %
1 | C xpOHIITEHHOM IS OTIIIHOHATBHOM 30 84 25,20
(UKcanyy ¢ MOMOIIBIO PHCHOCO0Ie-
HUH nosib30BaTeIen
2 | Co BCTpOCHHBIMU MEXaHU3MaMH MeXa- 40 15 6,00
HUYECKOH (pHKcan
3 | C 3anuTHON 000JI0YKOI 100 1 1,00
Hroro 100 37,85
Tabauua 7
OreHka 0€30MacHOCTH OXPaHbI BEIOMaPKOBOK
Ne IIpu3Haku cucTeM OXpaHbl Ounenka | Jloss1 Be10NIAPKOBOK KaMK/10M Banisr
BeJIONAPKOBOK KaTeropuu Ha paccMaTpuBae-
MOii TeppuTopuu, %o
1 |He oxpansiemble 0 75 0,00
2 |C aBTOMaTHYECKUMH YCTPOUCTBAMHA 70 10 7,00
CIICKEHHMS
3 | C omeparopoM-0XpaHHHKOM 95 10 9,50
4 | C opraHu3aiucii ayTeHTU(UKAIIMOH- 90 5 4,50
HOTO PEeXHMMa JIOCTyIIa B 3alHII[aeMoe
[IOMEIICHUE
5 | C aBTOMaTU3MPOBAHHBIMU YCTPOIi- 100 0 0,00
CTBaMHU JUIs IOCTAHOBKU HA XPaHEHUE
B 3aIIMIIAEMOE IOMEIICHUE
Hroro 100 21,00
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Oyenxa  yoanéunocmu  6€10NAPKOBOK
om obcayacusaemozo obvekma. bannpHas
OIICHKAa JIAHHOTO KpPUTEPUS PACCUUTHIBACT-
Cs KaK CpEeJHEB3BEIICHHOE 3HAYCHHE J0JIeH
BEJIOMIAPKOBOK KaKJOW KaTeTOpHHM Ha pac-
CMaTpuBaeMoON TEepPUTOPUHU  (OMpEeAensieTcs
Mo pe3ynbTaraM 00CIeI0BaHUsl TEPPUTOPHUH),
U OKCIEPTHOW OUEHKH 3HAYMMOCTH KayKHO-
ro nmnpusHaka ypanéHHoctu. llpenenbHbie
100 6ammoB MokeT HaOpaTh TEPPUTOPHS, TIIE
Bce BesomapkoBkn U xpanmiunia TCUM kpa-
TKOBPEMEHHOTO XpaHEHHs YAaJeHbl MEHee,
4yeM Ha 25 M oT BXxoja B 00CITy:KUBaeMbIi 00b-
eKT TPAHCIOPTHOTO MPUTSDKEHHS, BCE BEJO-
napkoBku u xpanwiima TCHUM cpennecpou-
HOTO XpaHEHHs yJIaJeHbl MeHee, ueM Ha 50 M
OT BXOZa B OOCITy)KMBaeMBIi OOBEKT TpaHC-
MOPTHOTO TPUTSKEHUS, a BCE BEJIOMAPKOBKHU
u xparmwnuia TCUM monrocpouHoro xpaxe-
HUA yaajaeHsl MeHee, yeM Ha 150 M oT Bxona
B 00CIyXuBacMblii OOBEKT TPAHCIIOPTHOIO
nputshkerud. [Ipumep pacuéra ams THIIOTETH-
YeCKOHW TepPUTOPHH ITOKa3aH B BUAE Ta0MI. 9.

Oyenka y0oo6cmea OONOIHUMENIbHBIX Cep-
6ucos. bannbpHas OIECHKa TAHHOTO KPUTEPHS

paccuMThIBaeTCs KaK CpeIHEB3BEIICHHOE 3HA-
YeHUE J0JIeH BENONapKOBOK, MMEIOLIMX CO-
OTBETCTBYIOLIME JONOJHUTEIBHBIC CEPBUCHI
(ompenensieTcs O pe3yabraTaM 00CIeT0BaHMs
TEPPUTOPUH), U OTHOCHUTEIBHOW BECOMOCTH
MIPU3HAKOB HAJINYHS dTHX CEPBUCOB (3a1a&TCsl
skcneptHO). [Ipeaensubie 100 6amioB MOKET
Habparh TEppPUTOpHs, TAE BCE BEIOMAPKOB-
KH CIIPOEKTHPOBAHBI ¢ YYETOM BO3MOKHOCTH
IIPEAOCTABICHNS AOIOIHUTEIbHBIX CEPBUCOB.
IIpumep pacuéra 1 TUIIOTETUUECKOU TEpPH-
TOPHUH MMOKa3aH B Buje Tadi. 10...12.

Oyenka KomgopmHocmu  6e10NapKOBOK.
BannbHas oLeHKa JaHHOTO KpUTEpus pac-
CUMTBHIBACTCSl KaK CPEIHEB3BELICHHOE 3Have-
HUE J0JI€M BEJIONApKOBOK KaKIOW KaTeropuu
Ha paccMarpUBacMON TEppUTOPUU (OIIpenesis-
eTcsl 1Mo pe3yabraraM 00CIIeA0BaHUs TEPPHUTO-
pHHM), B DKCIEPTHOH OLIEHKH 3HAYUMOCTH KaxK-
Joro mpusHaka komdoprtHoctu. I[IpenenbHbie
100 GanoB MOXeT HaOpaTb TEPPUTOPHS, TIE
Bce BemomnapkoBku M xpaHwmima TCUM BwI-
IIOJIHEHBI C 3aLIUTOI OT OCAJIKOB, BETPa U TEM-
neparypsl. [Ipumep pacuéra s runorerude-
CKOM TEppUTOPHH TTOKa3aH B Buze Tadm. 13...15.

Ta6auna 8
OreHka 0eCKOHMIMKTHOCTH Pa3MEIICHHUS BEIOIapKOBOK
Ne pusnaxu 6eckOHPIUKTHOCTH Ouen- | JloJist Be10NApKOBOK Kaxka0il | basibl
Ka KATEropuy Ha paccMaTpHuBae-
Moii TeppuTopuu, %o
1 | BenmomapkoBKka yXyAIIaeT yCIOBHS MEPEIBIDKESHIS 10 35 3,50
nierexosioB 710 ypoBHst PCL menee «By»
2 | Benomapkoska HE yxymiaer ycnoBus nepeaBuke- 60 55 33,00
HMSI TICILIEXOZI0B, OJTHAKO TTO/IbE3]] K HEl ocyIecT-
BIISICTCS| B CMCIIIAHHOM C TICIIIEXOIAMH ITOTOKE
3 | Benonapkoska HE yxynuaer ycnosust nepeaBuske- 100 10 10,00
Husl nemexonoB Y nogbes K Heil oCyIecTBIseTcs
PA3JIEJIBHO ot nemexomHoro moToxka
Hroro 100 46,50
Ta6auua 9
OreHka yJTa€HHOCTH BEJIOMAPKOBOK OT 00CTYKHMBAEMOTO 00BEKTa
Ne Ipu3naku ynanéaHocTu Ouenka | Jlosis1 BeJIONApKOBOK Ka:k1oi | Baiibl
KaTeropMy Ha paccMaTpuBa-
eMoii TeppuTopuu, %o
1 |BenomapkoBka KpaTKOBPEMEHHOTO XpaHEHHS 10 10 1,00
yaanena BOJIEE vem Ha 25 M OT Bxo/ia B 00bEKT
2 |BenonapkoBKka KpaTKOBPEMEHHOI'O XPaHEHMUs 100 50 50,00
ynanena MEHEE dem Ha 25 M oT BX0o1a B 00BEKT
3 | BenomapkoBKa CPeIHECPOUHOTO XPAHSHUS y/a- 30 10 3,00
neHa BOJIEE 4em Ha 50 M OT BX0z1a B OOBEKT
4 |BenomapkoBKa CPEJHECPOYHOIO XpaHEHUs ynia- 100 10 10,00
stera MEHEE 4ewm Ha 50 M o1 BX0za B 00BEKT
5 |BemomapkoBKa JOITOCPOYHOTO XpaHEHHS yAaIe- 50 10 5,00
Ha BOJIEE yem Ha 150 M oT BXO11a B 00BEKT
6 |BenonapkoBka 10IrOCPOYHOrO XpaHEHUs yase- 100 10 10,00
Ha MEHEE gewm ra 150 M oT BXOz1a B 00beKT
Hroro 100 79,00
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Tao6auna 10
OreHka y100cTBa 3a CYET MPEOCTABICHHS TOMOJHUTEIBHBIX CEPBUCOB
Ha BEJIONAPKOBKAaX KPaTKOCPOYHOTO XPAHCHUS

Neo Hpu3Haku HAJTHYHSA Ounenka | /o BeJIONAPKOBOK Kaxk- | Basbl
JOTIOTHUTETLHBIX CEPBUCOB J0# KaTeropuyu Ha paccMa-
TpUBaeMoii TeppuTopun, %o
1 | C ynyroii napKoBKH 70 100 70,00
2 | C KOMIIJIEKTOM HHCTPYMEHTOB JJISl CaMo- 15 20 3,00
CTOSITETIHHOTO 00CITY)KHBAaHU
3 |C myHKTOM TEXHHYECKOTO 00CITyKHBa- 0 10 0,00
HUS K PEMOHTA
4 | C mo¥iko# 0 3 0,00
5 | C xamepoii XpaHEHHS 15 5 0,75
6 |C nymeBol U pa3aeBajIKoi 0 5 0,00
7 | C marazuHom 0 1 0,00
8 | C mpokaroMm 0 2 0,00
9 | C 1opuIuYeCKUMH yCIIyraMu 0 0 0,00
Hroro 100 73,75
Tabauna 11
OreHka yo0cTBa 3a CYET MPEJOCTABICHHS JJOMOJHUTEILHBIX CEPBUCOB
Ha BEJIONIAPKOBKAX CPEIHECPOYHOTO XPaHEHUS
No Ipuznaku HATMYHUSA Ouenka | Jloas BenonapkoBok kaxk- | bajbl
JAOTIOJIHUTEIBHBIX CEPBUCOB J0H KaTeropuu Ha paccMa-
TpUBaeMoii TeppuTopum, %
1 |C ynyroi napkoBKH 50 100 50,00
2 | C KOMITJIGKTOM HHCTPYMEHTOB TSI CaMO- 10 20 2,00
CTOSITEIILHOTO 00CTY)KHBaHUI
3 |C myHKTOM TEXHHYECKOTO 00CITyKHBa- 10 10 1,00
HUSL U PEMOHTA
4 | C molikoit 10 3 0,30
5 | C xamepoii XpaHCHHUsI 10 5 0,50
6 | C nymieBoi M pa3ieBaIKoM 5 5 0,25
7 | C marazuHom 3 1 0,03
8 |C npokarom 1 2 0,02
9 | C opuJIMYeCKUMU yCIIyraMu 1 0 0,00
Hroro 100 54,10
Taoauma 12
OreHka y100cTBa 32 CYET MPEOCTABICHHS JJOTTOIHUTEIFHBIX CEPBUCOB
Ha BEJIOIIAPKOBKAX OITOCPOYHOIO XpaHEHUS
No IpuzHaku HAJTMYHSA Ouenka | [loss BeIONapKOBOK Kaxk- | Banisl
JOTIOTHUTETLHBIX CEPBHCOB J10if KATEropuyu Ha paccMa-
TpuBaemoii TeppuTopuu, %
1 | C ynyroil mapkoBKU 80 100 80,00
2 | C KOMIIJIEKTOM HHCTPYMEHTOB JJIsl CaMo- 5 20 1,00
CTOSITENTFHOTO 00CTY)KHBaHUS
3 | C IyHKTOM TEXHHYECKOTO 00CITyKUBAHUS 5 10 0,50
¥ PEMOHTA
4 | C motikoit 5 3 0,15
5 | C kamepoii XxpaHeHUs 5 5 0,25
6 | C nymeBoil u pa3faeBaKkoi 0 5 0,00
7 C marasuHom 0 1 0,00
8 | C mpokarom 0 2 0,00
9 | C ropuau4eCKUMH yCIyraMu 0 0 0,00
Hroro 100 81,90
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Taoauna 13
OreHka KoM(OpTa BEJIOMAPKOBOK KPATKOCPOUHOTO XPaHEHHS
Ne Ipuznaxu komdopra Onenka | /{o/1g Be10MapKoBOK Kaxao0il | basibl
KaTeropuM Ha paccMaTpuBae-
MoOii TeppuTopnu, %o
1 |BenonapkoBka 0e3 3aIUThl OT aTMOC(HEPHBIX 70 80 56,00
YCIIOBHH
2 | BenomapkoBKa ¢ 3aIIUTOM OT OCAJKOB 90 10 9,00
3 |BenomapkoBKa ¢ 3alIMTOM OT OCAJKOB M BETpa 95 5 4,75
4 |BenomapKoBKa C 3aIIUTOH OT 0CAIKOB, BETPa 100 5 5,00
U TeMIIepaTypbl
Hroro 100 74,75
Ta6auna 14
OreHka KoM(pOpTa BEJIOMAPKOBOK CPEIHECPOUHOTO XPAHCHHS
No Ipusnaku komdopra Onenka | Jlonsi BeJIONapKOBOK Kaskao0# | bajibl
KATeropuu Ha paccMaTpuBae-
MO¥i TeppuTopun, %o
1 |BenomapkoBka 63 3aIIUTHI OT aTMOC(HEPHBIX 30 50 15,00
yCIIOBUI1
2 | BenonapkoBKa C 3alMTON OT OCaJIKOB 50 30 15,00
3 | BenonapkoBKa C 3allIMTOM OT 0CAJIKOB U BETpa 80 10 8,00
4 | BenonapkoBKa C 3alllUTON OT OCAJIKOB, BETpa U 100 10 10,00
TEMIIEPATyPHI
Hroro 100 48,00
Tabauua 15
OrneHka KoM(OpTa BEJIOMAPKOBOK JIOITOCPOYHOTO XPaHEHHS
Ne IIpu3naxu komdopra Onenka | Jlossi Be10NapKOBOK Kazk1o0il | baibl
KaTeropuu Ha paccMaTpHuBae-
MOii TeppuTopuu, %
1 | BenonapkoBka Oe3 3alUThI OT aTMOC(EPHBIX 0 0 0,00
YCIIOBUI
2 | BenomapkoBKa ¢ 3alIMTOM OT OCAIKOB 5 0 0,00
3 | BemomapkoBKa ¢ 3aITUTON OT OCAJIKOB 1 BETpa 60 50 30,00
4 | BenomapkoBKa C 3aIlIMTO OT OCaJIKOB, BETpa U 100 50 50,00
TeMIepaTypsl
HToro 100 80,00
Taonauna 16
OrieHKa OCBEIEHHOCTH BEJIOMAPKOBOK
No IIpu3Haky ocBeIIEHHOCTH Onenka Joss BesionapkoBok Kaxka0ii | banibl
KaTeropuu Ha paccMaTpuBae-
MOii TeppuTOpuH, %o
1 |BenonapkoBka 6e3 HOpMaTUBHO 50 10 5,00
OCBEHIEHHOCTH
2 |BenonapkoBka ¢ HOpPMaTUBHON 100 90 90,00
OCBELIEHHOCTHIO
Hrtoro 100 95,00

Oyenka oceewjénHocmu  8e10NAPKOBOK.
bannpHas oreHka JaHHOTO KPUTEpHUS pac-
CUMTBIBACTCS KaK CpPEIHEB3BEIICHHOE 3HaYe-
HHUE J0J1eii BEJIOMapKOBOK KaXK/10H KaTeropuu
Ha paccMaTpuBaeMoil Teppuropun (ompe-
JensieTcsl 1O pe3ysbTaTaM 00cieoBaHUs
TEPPUTOPUH), U DKCIIEPTHON OIEHKH 3HAYU-

MOCTH KaXXJIOTO TpH3HAKA OCBEIIEHHOCTH.
IIpenensupie 100 OammoB MoxeT HabpaTh
TEPPUTOPHUSI, TJIC BCE BEJIOMAPKOBKU U Xpa-
Hunuima TCHM BBINOTHEHB C HOPMATHUB-
HBbIM ocBelenuneM. [Ipumep pacuéra mis ru-
MOTETUYECKON TepPUTOPHH TOKa3aH B BUIE
Tabi. 16.
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Ta6auna 17
OrneHKa TOCTYITHOCTH
BEJIOMAPKOBOYHOT'O IMPOCTPAHCTBA

Ne | HammenoBanue | OtHocuTesbHasi | Bamibl
KpHTEepHeB BECOMOCTh
1 | TepputopransHo- 40 11,3
KOJTMYIECTBEHHAS
2 | TpancmoptHas 35 15,9
3 | UHKIIIO3MBHAS 25 452
HTtoro 100 21,4
Tadoauua 18
Orenka 6e30MmacHOCTU
BEJIONAPKOBOYHOTO MTPOCTPAHCTBA
Ne | HaumenoBanue | OrHocuteabHas | bamibl
KpHUTepueB BECOMOCTh
1 | Pa3memienue 20 59,0
2 | Korcrpyxums 45 43,9
3 | dukcarys 10 379
4 | Oxpana 25 21,0
Hroro 100 40,6
Tadoauuna 19
OreHka yno0cTBa
BEJIONAPKOBOYHOTO ITPOCTPAHCTBA
Ne | HammenoBanme | OTHOCHTeIbHAs | Bamibl
KpHTepUeB BECOMOCTh
1 | beckormHKT- 30 46,5
HOCTh
2 | YnanéHHocTs OT 30 79,0
00CITy>KHBAEMOTO
00beKTa
3 | JlonoiHUTeIbHbIC 20 71,5
CEePBUCHI
4 | Komdopr 15 70,5
5 | OcBernieHue 5 95,0
HToro 100 67,3
Tadauma 20
OreHKa KayecTBa
BEJIONAPKOBOYHOTO ITPOCTPAHCTBA
Ne | HammenoBanue | OTHocuTeabHas | banabn
KpUTEpHEB BECOMOCTh
1 | JoctynHoCTb 45 21,4
2 | be3zonacHocTh 35 40,6
3 | YnobeTBO 20 67,3
Hroro 100 37,3

Oyenka oOocmynnocmu, 6e3onacHocmu
u yoobcmea 6e1onapKogoYHO20 NPOCMPaH-
cmea. bamipHasi OlLlGHKa JaHHBIX COCTAaBHBIX
KPUTEPHUEB PACCUMTHIBACTCSI KaK CPEIHEB3BE-
LIEHHOE 3HaueHHe OaJUIbHBIX OLEHOK BCEX
YACTHBIX KPUTEPUEB, U SKCIEPTHON OLIEHKU
3HAUUMOCTH KaXKJOr0 YacTHOTO KpHTEpHSI.
[Ipumep pacuéra i TUIOTETHYECKON Teppu-
TOpPHUHM NOKa3aH B Buze Tabm. 17...19.

Oyenka kauecmea 6e10naApKOBOYHO20 NPO-
cmpancmea. bannbpHas OLEHKAa MTOTOBOTO
KPUTEPUsl PACCUUTBIBACTCA KaK CpPEIHEB3BE-
HICHHOE 3HaueHHWe OaJUTBHBIX OLIEHOK BCEX
YAaCTHBIX KPHUTEPUEB, M OIKCIIEPTHOH OLECHKH
3HAUUMOCTH KaXKJIOTO YacTHOTO KPHUTEPHS.
TIpumep pacuéra njst TUIIOTETUYECKON Teppu-
TOpHH TTOKa3aH B Buae Tadi. 20.

BrIiBOaBI

Pa3zpaborana MeTomuKa, IO3BOJISIONIAS
MIPOBOJIUTH KOMIUIEKCHYIO OLEHKY Ka4decTBa
BEJIOIIAPKOBOYHOIO  IIPOCTPAHCTBA  IOPOZ-
CKOW TeppuTopuH. MeTonuka mpenHa3Ha-
yeHa JUIsi 0OOCHOBAaHHS Pa3paOOTKH IUIAHOB
[0 PAa3BUTHUI0 HEMOTOPH30BAaHHOM MOOMIIb-
HOCTH, a TakXe [Ulil ayQuTa CyIIEeCTBYIO-
mux Tteppuropuil. JlanpHeimee pasBuTHE
JTAHHOM METOJMKH ITUIAaHUPYETCs IMPOBOIUTH
B HampaBlieHUU €€ MPaKTHYECKOH armpodanuu
Y YCTAHOBJICHUS IPAHUL] KAUECTBEHHON Xapak-
TepU3alK KayecTBa BEJIONApKOBOYHOIO IIPO-
CTPaHCTBA T'OPOJICKOM TEPPUTOPHUH.
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AHAJIM3 M1 OB30P COBPEMEHHBIX PEIIIEHUI
B COEPE JUCIIETYEPU3ALIUN U MOHUTOPUHTA
NPOMBIIIJVIEHHOT'O OBOPYIOBAHUA

IlepcToduTos S1.E., Bopoones B.B., Jlykbsinos A./L.
Jlowckotl cocyoapemeennblii mexnuueckutl yrusepcumem, Pocmos-na-/[ony,
e-mail: stalinleninseva99@gmail.ru, sherstl55@mail.ru

B nocnexnee BpeMst pacTyT TEMIIbI aBTOMATH3AIMU PA3HBIX BHJIOB IIPOU3BOICTBA, B OTOH CBSI3H BO3HUKACT
npobiemMa HeoOXOIMMOCTH KOHTPOJIS IIPOMBIIICHHOTO 000pyIoBaHusA. B 1aHHOH cTaTbe MPOBOAUTCS aHAIHU3 CO-
BPEMEHHBIX PCIICHUH B 001aCTH CHCTEM MOHUTOPHMHIA M jaucrerdepusanuu craHkoB ¢ UITY. PaccmarpuBarorcs
COCTaB U THUIIBI JaHHBIX CHCTEM, OL[CHHBAIOTCS (DyHKIIMOHAIBHEIE BO3MOXKHOCTH, B TOM YHCIIE PEasIH3allus MOHH-
TOPHHTA CTAHKOB C YHUCIOBBIM IIPOTPAMMHBIM YHPABICHUEM PA3HBIX NIPOU3BOAMTENECH U roOB BhITycKa. Takike
AQHAJIM3UPYIOTCS] CUCTEMBI, KOTOPbIE IPUMEHSIOTCS B HACTOSIINE BPEMsI Ha COBPEMEHHBIX TIPOU3BOJICTBAX. [laHHBIE
CHCTEMBI II03BOJISIIOT YHAJIICHHO IIPOBEPSTH COCTOSHHE CTAHKOB, MX 3arpy’KCHHOCTb, IIPOM3BOIUTH OIIEPATHBHEIN
OHJIAH KOHTPOIIb 332 paboTOH 000pyIOBaHUS H IIEPCOHANA, COBEPIIAT: MOHUTOPHUHT HEPro3aTpaTr 000pyJ0BaHUS
1 KOHTPOJIb COOIIOJICHNS TEXHOJIOTHYECKOTO TIporiecca. be3 Takux cucTeM HEBO3MOXKHO MPEACTABUTh COBPEMEH-
HOE KpyIHOE MpPEINpPUITHE, TaK KaK MOHUTOPUHT ¥ JUCHETYepU3aLys JI0ObIX BHIOB 000PYNIOBaHMS HCOOXOMUM,
KakK JJIs1 KOHTPOJISE 32 TIPOM3BOICTBOM IIPOMYKIHH, TAK U IS OLIEHKU IapaMeTpoB 3G (HeKTHBHOCTH pabOThI yuacTKa
B 3aBOJICKOM 1IEXy MIIH JK€ CO3J[aHMs IIEJIOCTHBIX OTYETOB. L{elbIo JaHHOI cTaThH SBJISETCSA 0030p OCHOBHBIX TPHH-
LUIIOB ¥ BO3MOXKHOCTEH JAHHBIX CHCTEM, a TaKiKe aHAJIN3 CYIIECTBYIOMIX CHCTEM MOHUTOPUHTA U IUCIeTYepU3a-
LIUM U BBIJENICHUE HanOoee MOMy/IIPHBIX U3 HHUX, BIOOABOK HalIeM 0COOCHHOCTH TOH MIIM HHON MOJIEIH.

KiioueBble cj10Ba: NPOMBIIIJIEHHOE 000pyI0BaHHe, CHCTEMAa MOHUTOPHHIA, CHCTEMa JUcHeTYepH3anum,
HHpopManHOHHAsA cucTeMa, cranku YIIY, nepexaya nanubix

ANALYSIS AND REVIEW OF MODERN SOLUTIONS IN THE SPHERE
OF DISPATCHING AND MONITORING OF INDUSTRIAL EQUIPMENT

Sherstobitov Ya.E., Vorobiev V.V., Lukyanov A.D.

Don State Technical University, Rostov-on-Don, e-mail: stalinleninseva99@gmail.ru, sherstl55@mail.ru

Recently, the pace of automation of various types of production has been growing, in this area there is
the problem of the need to control industrial equipment. This article analyzes modern solutions in the field of
monitoring and dispatching systems for CNC machines. The composition and types of these systems are considered,
the functionality is estimated, including the implementation of monitoring of machines with numerical control
of different manufacturers and years of manufacture. The systems that are currently used in modern production
facilities are also analyzed. These systems allow you to remotely check the status of machines, their workload,
perform online control over the operation of equipment and personnel, monitor equipment energy consumption and
control compliance with the technological process. It is impossible to imagine a modern large enterprise without
such systems, since monitoring and dispatching of any types of equipment is necessary, both for controlling the
production of products, and for assessing the parameters of the efficiency of a site in the factory shop, or creating
complete reports. The purpose of this article is to review the basic principles and capabilities of these systems, as
well as analyze existing monitoring and dispatching systems and highlight the most popular of them, in addition, we
will find the features of a particular model.

Keywords: industrial equipment, monitoring system, dispatching system, information system, CNC machine,
data transmission

CucreMa MOHUTOPHHIA IIPOM3BOJICTBEH-
HBIX TIPOLIECCOB SIBIISIETCSI CBEPXHEOOXOMAH-
MBIM H TPOAYKTHBHBIM CpPEICTBOM, KOTOpOE
MO3BOJISIET OBICTPO U APPEKTUBHO OLICHUBATH,
1 VICCIIE/IOBATh TEKYILYIO CUTYAIHIO U BOBPEMS
NPUHAMATh HYKHBIE YIPaBICHYECKHE pele-
Husg. CucreMa MOHHUTOPHHTA M JUCIICTYEPH-
3aI[11 IPECTaBIIsACT U3 ceOsl HEeNOCTHBIA KOM-
IUTEKC TPOTPAaMMHBIX M alfapaTHbIX CPEACTB.
JBycTopoHH:s1 paboTa 3TUX CHCTEM rapaHTu-
PYeT KOHTPOJIb YIPABICHUS U COCTOSHHS MPO-
M3BOZICTBEHHOTO 000OPY/IOBAaHMS TIPEATIPUATHS.

CucreMa MOHHTOpPHMHTA OOBEIUHATH BCE
CHCTEMBI aBTOMAaTHUYECKOTO CIIOco0a yrmpasie-
HUS B OOHY HH(OpMaLMOHHYIO cdepy.

ABTOMaTH3MPOBAHHBIE CHCTEMBI MOHHUTO-
pHHTa, KOHTPOJS M JUCIEeTYepPU3aii 03BO-
JISTIOT MUHAMHU3HPOBATH 3aTPAaThI 110 KOHTPOITIO,

a TaK K€ YCTPaHEHHWIO HEeTOJIAZIOK MPOMBIII-
JICHHOTO O0OpymoBaHus wiu c0osi pabouero
mpolecca, MoMorasi B IMOJIy4eHHUH BBICOKOKa-
YECTBEHHOT'O MPOJYKTA.

3a cyer nuCHeTYEpH3AlHUH pa3HbIE IOJI-
CHCTEMBI TIPOHM3BOJICTBA MOTYT OPTaHM30BHI-
BaThCsl M B3aMMOJICHCTBOBATh MEXIY COOOM
W JpYyrUMH CHUCTEMaMH, OJlarofapsi 3TOMY
y CIEUUATHCTOB TMOSBISAETCS BO3MOXKHOCTH
MIPOBOJIUTh ABTOMATU3UPOBAHHBINA OIEPATUB-
HbII KOHTPOJIb. AHAJIU3UPOBAB BCE 3TO MOXK-
HO Cpa3y IMOHSTH, YTO B COBPEMEHHBIX peal-
X €CTh OIPOMHasl MOTPEOHOCTh B YCTAHOBKHU
JUCTIETYEPU3allMY Ha ITPOU3BO/ICTBAX.

[maBHBIME 3(d(dexTamMu OT BHEIPEHUS CH-
CTEeMBbl JUCIETYEpU3alUUd MOXKHO Ha3BaTh
CHIDKEHUS 3aTpar Ha WCIOJIh30BAHUE YHEPIo-
PECYPCOB TPEANPHUATHS W 3aTpaT Ha JIKCILTY-
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aTanuio, a TakKe MOTHITUIO MPOU3BOAUTEIb-
HOCTB TPY/a U3-3a CO3AaHUs Ha IPOU3BOACTBE
Ooree OMArompUsATHBIX YCIOBUH A pabOTHI
IIepCoHaA.

CucreMa MOHMTOpPHHIa M JUCIIETYEPU3A-
UM 9TO 3aMeHa OTPOMHOTO KOJHMYECTBa JO-
POTOCTOSIIINX M YCTapEBUIMX MEXaHHMYECKUX
camonucueB Toibko omuuM [IK nucmeruepa
C BO3MOXKHOCTBIO OIIEpUPOBATh MH(OpMALIUEH
B 3JIEKTPOHHOM BH/J€E ¢ YIOOHOH BHU3yanu3auu-
et HeoOX0oTUMOM HH(pOPMAITHH.

C TOMOIIBbI0 HOBEHIIUX TEXHUYECKHX
CpezacTB paboTa CUCTEMBI CTAHOBUTCSI HE TOJIb-
KO 3(QQEeKTUBHON, HO U KOMPOPTHOH. MOXKHO
0e3 yBennueHus yuciaa pabOTHUKOB TIOBBICUTD
HaJIe)KHOCTh MHKEHEPHBIX ceTeit [1].

OcHOBOM B cuCTeMax aBTOMAaTH3aLUHU
W JIUCTIETYEPU3AH SBIISICTCS TPOIPAMMHOE
obecnieuenue. [10 KOHTponMpyeT BceM Mexa-
HU3MOM MPOM3BOJCTBEHHOTO IIpoliecca, a Tak-
Ke MOJJICPKUBACT CBA3b C YHAAJCHHBIMU O0B-
€KTaMH U IIPY BO3HUKHOBEHUH HEUCTIPABHOCTH
HE3aMEeUINTENIbHO IPUHUMAECT MEpbl Ul ee
pemenus. I10 obecrieunBaeT Moixy4eHue mo-
CTOSIHHOM, TOYHOW W MPaBANBOW MHPOPMAH
00 TEeXHOJOTHYECKHX Mpoleccax Hiu o0opy-
noBanud. CucteMa MOHHUTOPHMHIA M JIUCIIET-
Yyepu3aluu 3apaHee COoOOLIaeT O BO3MOXKHBIX
mpo0emMax, 9To MO3BOJISET 3a0IarOBpeMEHHO
MIPUHSTH MEPBI JIJIsl IPEJOTBPAILCHHS aBapHH,
npeasuaeB e€. Takum oOpa3oM, Ha Tpennpu-
SITMU HE OCTAHOBHUTCS MPOM3BOACTBO, YTOOBI
HAlTH ¥ PEIINTh HEUCIPABHOCTb.

PaccmarpuBast 3T CHCTEMBI, BO3HHKAET
Borpoc: «YUTo ke B HuX T1aBHoe?y». Crienmanu-
CTBI C OOJIBIINM OTIBITOM PabOThI C JaHHBIMH
CHUCTEMaMHU YTBEp)KIAIOT, YTO — JTO HaJexkK-
HocTh. OObEKTUBHAS M HE MCKaKEHHasl pas-
HBIMHU (DaKTOpaMu TeXHHUYEecKast HH(popmanus,
KOTOPYIO MOYKHO KOHTPOJIUPOBATH LIEJIBIN 1€Hb
0c3 TIepepHIBOB.

OO0OpaboTaHHBIE CUCTEMOW JHCIICTYCPHU3a-
UM JaHHbIe, CTAaHIAPTU3UPYIOTCS U 00beau-
HSIOTCSI B TOTOKH MH(OPMAIMK Pa3HOTO BUJA,
KOTOpBIE MIEPEAAIOTCS B 00JIaUHbIC XPAaHHIIUILA
U TIOCHIEAYIomEe 0O0paboTKH M XpaHEHUS.
Wudopmarnus, momydeHHas TaKAM CIIOCOOOM
JOCTYITHA B JII00O€ BpeMs, Ha ee ocHoBe (op-
MHUPYIOTCSI OTUETHI [2].

Yempoticmeo cucmem oucnemuepusayuu

Cucrema jamcrieT4epusalii — 23TO Ha-
0Op MPOrpaMMHBIX W amlllapaTHBIX CpPEICTB
JUIT  KOHTPOJISI TMPOU3BOJCTBEHHBIX CHCTEM
W pajInYHBIX MporeccoB. Hampumep, Takue
KaK MH)XCHEPHBIC U YHEPrOCHAOKEHHUS CHUCTE-
MBI, CHCTEMBI CHaOKeHUs pecypcamu. Cucrema
MOHHUTOPHUHTA IO3BOJIAET BCIO HH(OpMAIUIO,
MIOTIAJIAIONICI0 B HEE, He3aMe INTEIHHO BBIBO-
JIUTh HAa MOHUTOPBI ONEPATOPOB-TUCIIETUCPOB
BCE HYXKHBIE JaHHBIE MO MX 3ampocam. Takum

MOHHTOPOM MOXeET ObITh, Kak 3kpaH [1K, anek-
TPOHHBIN IUIAHIIET WIH MPOCTON CMapTQOH.
Ha kpymHBIX TPON3BOICTBEHHBIX MPEATIPHUSITH-
SIX 1711 paOOTHI CTAaHAAPTHOW CUCTEMBI THCIICT-
YepU3aIlii TOJDKEH OBITH OMH WITH JBa ITKaga
ABTOMATUKH, a TAKXKE JUCHETUYEPCKHUM ITyHKT.
Be3 Bcero atoro obopymoBaHusl HE MOTYYHT-
cs Cco3laTh MPABWIBHO (YHKIIMOHHUPYIOIIUE
yhopaBjeHHe W cOOp JaHHBIX, MOCTYHAIOIINX
C TEXHUYECKOTo 0bopyaoBanus. B aucmerdep-
CKOM HYHKTG JOJIDKHBI HAXOAUTHCS HECKOJBKO
IIK, Ha KOTOpPBIX yCTaHOBIJIEHBI HYKHBIE NPO-
rpamMMmel. Bee o0OopynoBaHue, MOAKIFOYCHHOS
Kk cucreme, oowenuHeHo ¢ IIK mucmerdepa
4yepe3 TEXHOJIOTHYECKYIO0 CeTh. Takue MOMEH-
THl KakK, KOJMYECTBO IMKA(POB M UYHCIO CET-
MCHTOB, IIOAKJIIIOYCHHBIX K CCTH, OFpaHI/I‘IeHO
TOJILKO yCTaHOBJIEHHBIM coyroM. Cama CTpyK-
Typa HOCTPOEHHSA CHUCTEM IUCIETUYEPU3ALNHU
MPOSKTUPYETCS HMHIUBUAYAIBHBIM 00pa3oM
OTHOCHUTEIIFHO XapaKTEePUCTUK OOBEKTa M I0-
TOKa oOpabareiBacMoii HH(pOpPMAIIHIH, KOTOPHIS
3aBUCST OT XapaKTEPUCTUK 00bEKTa U 00beMa
o0OpabarbsiBaeMOit HHPOpPMAIH

Cocmas cucmem MOHUMOpUHeA
u Oucnemqepmab;uu

CucremMa MOHUTOpUHIA M JIUCIETYEpHU3a-
MU POPMHUPYETCS U3 HECKOIBKUX YPOBHEH!

— HwkHult ypoBeHb — 3TO 000pyIOBaHHE,
KOTOpPO€ HEOOXOIMMO JIJISl U3MEPEHHUS FITH CHS-
THS JAHHBIX HEMOCPEICTBEHHO ¢ 0ObekTa. Ha-
IIpUMeEpP: JATYUKH TEMIIEPATYpPHI, TOKA, BIIaX-
HOCTH U T.1I.

— CpenHuii ypoBeHb — 3TO MOJYJIM BBOJIA,
MOJIEMBI, KOHTPOJUIEPHI, CPEICTBA Iepenadu
JTAHHBIX.

— Beicokuit ypoBens — 310 I1O mnum mpo-
rpaMmmupyemble KoHTposuiepbl. OHHU 103BO-
JSIFOT B3aUMOJICHCTBOBATH C TIOJIB30BATEIIEM
CHUCTEMBI.

Cucrema aucrieT4epu3anui, B 3aBUCHMO-
CTH OT XapaKTEPHUCTUK 00BEKTa U pazMepa 00-
pabarbiBaeMoii HH(POPMAIIUKA MOXKET Peajn30-
BBIBATHCS I10-PA3HOMY.

Tunwvi cucmem ()ucnemuepusauuu

Ilo xapakTepy ynpaBieHUs 1 KOHTPOJIS MOXK-
HO pa3/ieNIUTh CUCTEMbI MOHUTOPUHIA U TUCIIET-
Yyepr3aluy Ha JIOKAIbHbIC U YaJICHHBIC.

Jlokanvnas cucmema ducnemqepus’auuu

JlokanpHast cucremMa — 93TO COBOKYII-
HOCTh 00OPY/IOBaHHSI, KOTOPOE HCIIOB3YeTCs
JUIL MECTHOTO YIpPaBJICHMSI, 3alIMUTHI, KOH-
TpOJIsi, MOHUTOPHHIA, cOOpa U mepenayy Tex-
HOJIOTUYECKHUX JaHHBIX 00OpyIOBaHUs. OTH
CHCTEMBbl aBTOHOMHBI U MOTYT paboTaTh 110 3a-
JAHHOMY LMKy O3 KOHTaKTa C CHCTEeMaMH
BBICOKOI'O YPOBHS. [laHHBIE ITEpeNaroTCs € TeX-
HU4eckoil cucremsl npsimukoMm Ha I1K omepa-
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Topa. MBI IToJTyyaeM 3aMKHyTasi CUCTEMa, €CIIN
MIPaBUJIBHO TOBOPUTH TO, LEHTP JUCHETUEPHU-
3aLlMH, KOTOPBIH HaXOAATCS B Mpeesiax OJHO-
IO 3aHMUS.

Cucmema yoanennou oucnemuepezayuu

CucreMa ynajgeHHOW AMCIETYEPU3ALUU —
9TO KOMIUIEKC NPOTPaMMHBIX M armnapaTHbIX
CPE/CTB, TpeaHa3HaYeHHBIH JUIs LEHTpaIu-
30BaHHOTO KOHTPOJISI 32 TEXHUYECKHMHU CH-
CTeMaMH M mpoleccamMu. JTa cucTema Io-
MOTaeT KOHTPOJIMPOBATh COCTOSIHUE Pa3HBIX
TEXHUUYECKUX OOBEKTOB, KOTOpBIE pPAacIIOjo-
JKCHBbI Ha ylaJeHUH OT TJIABHOTO JHCIeTYep-
CKOTO TIYHKTa, B KOTOPOM BEIyT OHJIAH
MOHUTOPHHI, KOHTPOJb MPOLIECCOB M COCTO-
ssHAE pabOThl TEXHUYECKOTO OO0OPYIOBAHMS.
[Ipoucxoout nepenada AaHHBIX ¢ 00OpyIOBa-
HUS1 OT OHOM MJIi 00JIee aBTOMAaTU3UPOBAHHBIX
CHCTEM C yJaJCHHBIX 00BEKTOB Ha LEHTPallb-
HYIO CTaHIUIO JUCIIETUYEPU3AIIH C TOMOLIBIO
pPa3HOOOpPa3HBIX KaHAJIOB MEpeAavyd JaHHBIX.
YacTtu cucTeMbl MOJACOSANHEHBI Yepe3 pajnuo-
kaHaJ, Internet, Bluetooth u T.1. Takas dhopma
[epeiaun AaHHBIX JIOBOJIBHO yAOOHA U Ipak-
TUYHA TaK Kak, CTaHIMUS JUCIIETYCPH3ALUH
HaxOIUThCsl B cMapT(doHe, a caMm oreparop
32 HECKOJIbKO IECATKOB HJIM COTEH KWJIOMe-
TPOB OT MPOM3BOACTBEHHOTO MPEATIPUATHUS
1 TIPY 3TOM OH MOXKET IIPOM3BOANUTEH KOHTPOJIb.
CeronHst yajeHHbIE JIETKO IPUMEHUMBI U T10-
BCEMECTHO HMCIOJIB3YIOTCS HA TaKUX 00bEeKTax
KaK: CKJIaZICKHE KOMIUIEKCHI, TEIUTUIIBI, BOJO-
KaHaJIbl, TOPTOBBIE IUIOMIAJKH, Pa3HOOOpa3-
HbIC IPOMBIIIICHHBIE OOBEKTHI.

Hucnieryep oTcnexuBaeT padboTy 060pyI0-
BaHUs U (POpPMHUpYET aHATUTUYECKUE OTYETHI.
B aBromarnueckoM peuUMe BEIETCs JKypHA
BCEX MPOMCLIECTBUN M JEHCTBUM Oleparopa.
Benytcst rpaduku u3MeHeHHs BceX mapame-
TPOB, 38 KOTOPBIMHU HEOOXOAMMO CIICAUTH.

[IpucyTcTByeT BO3MOXKHOCTH LIEHTPANb-
HOW CTaHUUM [UCIETYEPU3ALUH I0TYy4aTh
WHPOPMAIHIO OT aBTOMATU3UPOBAHHOM CUCTe-
MBI Ha yAaJCHWH, YTO 00eCreynBaeTcsi ¢ To-
MOIIBIO pa3HOOOPA3HBIX KaHAIOB CBSA3H [3—5].

Cucmemwi MOHUmMOpUHea

B kauectBe mpuMmepa cyMTald HEOOXO-
JUMBIM PAcCMOTPETh HECKOJIBKO KPYIHBIX
Ha CETOAHAIIHHUI JeHb CHCTEM MOHWUTOPHHIA
1 AWCTIETYEPHU3AIH, I O3HAKOMIIEHUS C UX
(GYHKIUSMH, TPUHIUIHATIBHBIMA BO3MOYKHO-
CTSIMM U 3aJladaMMU:

AUC «/{lucnemuep»

OnHOll W3 caMbIX pacHpOCTPaHEHHBIX
CHCTEM MOHUTOPUHTAa W JUCICTUCPU3AIUH
seisiercst AUC «/lucrietyep». Dta cucrema
MPEICTABISIET U3 ceOsi KOMIUIEKC 3araTeHTo-
BaHHBIX alllIapaTHBIX U IMTPOrpaMMHBIX CPCACTB

JUTSL HEIPEPBIBHOI'O MOHUTOPUHTA U KOHTPOJIS
MPOMBILUIEHHOTO 00OpYIOBaHUs B PEajlbHOM
BpPEMEHH U 00pabOTKH Pe3yJbTaToB.

Kak 3asBisier npou3BOAMTENb, BHEAPE-
aue cuctemel AVC «/lucmetaep» He TpedyeT
OOJIBIIMX KamnuTaja BIOXKCHUH, HO TPH ITOM
OHa J]aeT BO3MOXKHOCTb TOYHO U KauyeCTBEH-
HO OLIEHHTH 3arpy3Ky M HPOHU3BOIUTEIHHOCTD
KaK COBPEMEHHOIO, TaK M YCTapeBILEero 00o-
PYIOBaHMS U NIPUHATH CBOEBPEMEHHBIE U ITpa-
BUJIBHBIC PEUICHUS 110 ONTHMHU3AIMHA U OOHOB-
JICHWW TPOM3BOJCTBA. 3aKa34MKaMH JTaHHOTO
NpOrpaMMHOT0 00OpYIOBaHUSI B OCHOBHOM
ABJSIFOTCSL.  KPYITHBIE MPOMBILUICHHBIE TIpel-
npusitust PO u CHI.

Cucrema CpeACTBOM OOBCAMHCHHS TIONY-
YEHHBIX JIaHHBIX M pacdyera MepBOCTEINEHHBIX
nokasareneit npousBoautensHoctH (KPI) yBe-
muauBaeT 3P PEKTUBHOCTH pabOThI 000PYI0Ba-
HUSI, MOBBILIACT MTPOU3BOAUTEILHOCTE TPYA,
JIaeT BO3MOKHOCTb IPUHUMATh BEPHBIC YIIPaB-
JICHYECKHE PELICHUs U UCCIIEA0BaTh S3KOHOMU-
YecKuit 3PEKT OT UX BHEAPCHUSI.

Oyukimonan AUC «/Jucnetdaepy:

1) OnepaTuBHBIN OHJIAHH KOHTPOJIb 32 pa-
0oTol 00OpyIOBaHMSI U TIEPCOHATIA.

2) MOHUTOPHHT 3HEpro3arpar 00opynoBa-
HUSL.

3) KonTponb coOmroneHuss TEXHOJIOTHIC-
CKOTO TIpoIiecca.

4) Cozmanvie W aHaIM3 IoKasareneil 3¢-
¢exruBHocTu (KIID) pabotsl mpeanpusitus.

5) Ilepenava 1o ceTH ympapIisIONINX TPO-
rpamMM Ha ctaHku ¢ UITY.

6) [lmannpoBanue W KOHTPOJIb MPOU3BOI-
CTBa MPOAYKIIMH B IIeXaX.

CMIIO «Foremany

CucremMa MOHHTOPWHTA TPOMBIILICHHO-
ro obopynoBanus «Foreman» HeoOxonuma
JUTSE MOHUTOPHHTa paboThl 000pyHOBaHUS
U TIOBBIMICHHUS D(PPEKTUBHOCTH TPOU3BOI-
CTBEHHBIX MTPOIECCOB.

Cucrema 0ObEIMHSIET, KaK COBPEMEHHBIE
UMIIOPTHBIC, TAaK U POCCUICKHE CTaHKU TIpe-
JIBITYIUX TIOKOJICHUN B €IMHOE WH(pOpMAIIH-
OHHOE TIPOCTPAHCTRO.

bnaronaps cucteme MoBBIIIAETCSI CKOPOCTH
peaxIuy Ha 3apOoChl O TTOJIOMKaX ¥ He0OXOaH-
MOCTH PEMOHTa WM OTCYTCTBHH PEXKYILETO
WHCTPYMEHTA WU 3aroToBok. Oneparop craH-
Ka IMOJy4yaeT BO3MOXKHOCTH Y3HABaTh 3aJIaHUC
U CPOKH €T0 BBITIOJHEHHS HETOCPEICTBEHHO
Ha MOHHTOpE y cTaHka. /laHHas cuctema To-
3BOJISIET TIPOU3BOJICTBY CTaTh 3(PPEeKTHBHBIM
U COBPEMEHHBIM, a TaKKe MO3BOJISIET KOHTPO-
JMPOBaTh COCTOSTHHE OOOpYHIOBaHUS W Jes-
TEJILHOCTH IEPCOHAIA.

Komrexc MOHUTOpHHTA MTO3BOJISIET CTaH-
kam ¢ UITY npuHuMaTh nepenaHHbie Mporpam-
MBI 110 JIOKQJIbHOM CEeTH.
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Puc. 2. Apxumexmypa CMIIO «Foremany

Taxxe cucreMa MOXET KOHTPOJIMPOBATH
MTUTAOIIETO HAMIPSHKCHUS: yep)KaHUe CpeaHe-
r0 3Ha4€HHe, KOHTPOJIb BCILIECKOB, IIPOBAJIOB,
OOpBIBOB, KOHTPOJIb MOTPeOsieMbIX (a3HbIX
TOKOB. [lo3BONIsIeT paccunTarh 3aTpaThl dJIeK-
TPOIHEPTUH HAa N3TOTOBJICHHUE ITPOTYKIIHH.

Hcnons3ys cuctemy, Mbl IOTyYaeM BO3-
MOXHOCTh (DOPMHUPOBATh CMEHHO-CYTOYHOE
3a7aHie COOCTBEHHBIMH CpEJICTBAMHM, MO0
HMIIOPTUPOBATh €r0 M3 CHCTEMBl BEPXHErO
ypoBHsi. KomIutekc B mpomnecce mpou3BOACTBA

MOKET OTCJISKUBATH NIPOTrpecc paboThl U MPo-
MHPOPMUPYET B ciIydae OMMOKH WM OTKJIOHE-
HUH OT 3amaHus. [IpucyTcTBYeT BOBMOXHOCTD
NPUHUMATh JaHHble cpa3zy u3 cucremsl YITVY.
EcTh BO3MOXKHOCTH Iepeadyn pa3inyHbIX Ha-
pamMeTpoB CTaHKa IO JOKaibHOW cetn B 10
KoMIUTekca. KoMIuiekc MMeeT BO3MOXKHOCTh
OTHPAaBIATE HHPOPMAIMIO O (HAKTHUECKOM
COCTOSIHUM OOOPYJIOBaHHS U TMONy4aTh OMNTHU-
MaJIbHBIA pacdeT W paclpesieieHue 3aJaHui
JUTSL K&XKI0TO 000PY/I0BaHUSI.
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3akjaouenue

B xome pab®oThl, MBI TIPOM3BEITN KOMILIEKC-
HBI aHaJM3 CHCTEM MOHHTOPHHTA W JIUCIICT-
Yepu3aly, W3y4YWIH OCHOBHBIE TapaMeTphl,
3aj7[aud ¥ BO3MOKHOCTH TaKUX CHCTEM. AHaJIM-
3y OBUIM TIOJIBEPIKCHBI JIBE KPYIHbIC KOMITAHUU
M0 TIPOU3BOJCTBY CHCTEM Ha pbIHKe Poccuu
n CHI. Hrtorom naHHOW HEATCIHLHOCTH CTa-
710 (OpPMHUPOBAHME KOHIIENTYaIbHOTO TOIXO0Ma
K pa3paboTke IMOXOXKEH HE3aBHCHMON W aBTO-
HOMHOM CHCTEMbI JUISl HAIIMCAHUS BBITYCKHBIX
KBaM(MKAIMOHHBIX Pa0dOT MO JIAHHOW TeMaTH-
ke. Ha ocHOBe mony4eHHbIX 3HaHUI ObLIH Onpe-
JIeTIeHbl OCHOBHBIE HAIpaBJeHHs Haiel pado-
ThI, c(hOPMUPOBAHBI TPUHIUITHATIBHBIC 3a]1a91
JUTSL CO3AHUS THITOBOW CHCTEMBI, YITEHBI MUHY-
CBI M HEZIOCTATKU CYLIECTBYHOIIUX I1aT(GOPM.

Hccneoosanus sbinoansiucs noo oouum
PYKOBOOCMBOM 3asedyrowe2o Kapeopou «As-

momamu3ayus. npou3e00CmMeEeHHbIX NPOYECCO8
u npouzeoocmey Jlonckozo Iocyoapcmeenmo-
2o Texnuueckoeo Ynueepcumema, kanouoama
mexHuyeckux Hayx, ooyenma A.Jl. JIykesanosa.
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CUCTEMHOE NPEACTABJIEHUE KPUTUYECKHUX HEYCTOHWYHBBIX
COCTOSAHMU B UHAYCTPUU T'OCTEITPUNUMCTBA

I'peuxo M.B., Biacosa B.C.
@I'A0Y BO FOoicnouii @edepanvhuiii Yuusepcumem, Pocmog-na-/{ony,
e-mail: mvgrechko@inbox.ru, aavl303@mail.ru

AKTyallbHbIM BOIPOCOM COBPEMEHHOH SKOHOMUYECKOH HAayKM SIBISETCS HCCIIENO0BaHME KPUTHYECKUX He-
YCTOHYUBBIX COCTOSIHUI B MAaKpO- M ME30-CHCTEMaX, B TOM YUCJIE B MHIYCTPUH FOCTEIIPUUMCTBA, IIPEICTAaBICHHYIO
C MCIIOJIb30BAHHUEM I103HABATCIIBHOIO MOTEHINAIA CHCTEMHOTO aHanu3a. B kadecTBe HayuHOW Leanm o0o3HauYeHa
npo0iemMa CHCTEMHOTO aHAJIN3a IPH IIPOBEICHUN PEKOHCTPYKIIHMU KPUTHUESCKUX HEYCTOHIMBBIX COCTOSIHUN B HH-
JIyCTPUM TOCTEIPHUMCTBA C IOCIELYIOIMM ONpPEeieeHHeM UX OHTOJIOTMYECKOro craryca. IIpm sTom, oTmeTum,
YTO MHJIYCTPHUsI TOCTENPHUMCTBA PACCMATPUBAETCS KaK OTKPBITAas CUCTEMA C MPUCYIIUMH €l MMMaHEHTHBIMHU TIPO-
LeccaMy M BEPOSTHOCTHBIMH BEKTOPaMH BOJIIOIMOHHOTO pa3BHTHs. VccienoBanue 0asupyeTcsi Ha METOLOIOTHU
CHCTEMHOTO TIOAIX0/1a, JABILIEr0 BO3MOKHOCTh a[eKBATHO IIPOAHAIN3UPOBATh CTPYKTYpPY IPEIMeTa UCCIeNOBAHUS
1 €ro OHTOJIOTHYECKHi Kapkac. IIpuMeHeHne cTpyKTypHO-JIOTHYECKOTO METO/a B paMKaX CHCTEMHOIO MOJIX0/a 110-
3BOJISIET BOCCO3/1aTh MHIYCTPHIO OCTENPUUMCTBA KaK LIEJIOCTHOCTb, KOTOPYIO BO3MOMKHO BHM3YyalM3UpPOBATh 3KC-
MIUIUTHO. VHCTPyMEHTaNbHOCTh KOHKPETHO-HCTOPUUECKOTO METOIA B HCCIECIOBATEICKOM KOHTEKCTE, TeHEe3HC
KOTOPOTO MJIET OT KJIACCHYECKOH I'yMaHHUTapPHOH MBICIIH, 00ECIEUHIIO BO3MOXKHOCTD BBISIBUTh M OMHCATh KPUTHYE-
CKHE COCTOSTHUS HCCIIeyeMOoro 00bekTa B HetopuueckoM KonTekere X X-XXI Bexos. Pesynsrarsl. Onupasics Ha 11o-
3HABATEIbHBIA MOTEHIMA CHCTEMHOTO MOIXO/a, CTPYKTYPHO-TOTHIECKOI0 METOa M KOHKPETHO-HCTOPHIECKOTO
METO/Ia, aBTOpPaMH pa3paboTaHa CTPYKTYPHO-JIOTHYECKast CXeMa MPE/ICTABICHUS HHIYCTPUN TOCTCIPUUMCTBA (pH-
CYHOK). /IaHO TepMHUHOJIOTHYIECKOE YTOUHCHHE KPUTUICCKUX HEYCTOHUMBBIX COCTOSIHHN CHCTEMBI II0 OTHOIICHHIO
K HHIYCTpHHU TocTenpuuMcTBa. OCyIIecTBICHa KOPPEKTHAs H L[eIeco00pa3Has SKCTPANoIIus HayIHBIX OHITHI
CHHEPIreTHKH Ha XapaKTePUCTHKY KPUTHYECKUX HEYCTOHUYMBBIX COCTOSIHUI. B TabnmuuHoit opme (Tabmuiia) cucre-
MaTU3UPOBaHbl OCHOBHBIE KPUTHYECKUE HEYCTOMYUBBIE COCTOSHUS OTEYECTBEHHOM MHIYCTPUM IOCTENPUUMCTBA
XX-XXI BekoB. B akTyanu3upoBaHHOM TEKCTE CUCTEMATU3UPOBAaHbI OCHOBHBIC BBIBOABI 110 MPOBEACHHOMY HCCIIe-
JoBanuIo. [TomyueHHbIC pe3ysbTaThl JOKHBI CTaTh BIIOCIECACTBMU OCHOBOMW JITs (DOPMHPOBAHHS HCCIIE0BATEIb-
CKOM TEOpeTHUecKoil HaydHOW 0a3bl yNpaBICHUSI COOTBETCTBYIONIMMH CIa00CTPYKTYypPUPOBAHHBIMH OOBEKTaMU
Y CHCTEMaMH, HAXOASAIIMMHUCS B JTUHAMUYIECKH HEPABHOBECHBIX COCTOSHUSX.

KuroueBbie cjioBa: cucTeMa, CHCTEMHBII OX0/1, MHIYCTPHSI FOCTENPHUMCTBA, KPUTHYECKHE HEYCTOHYNBBIE
COCTOSIHHS, CTPYKTYpa

SYSTEM REPRESENTATION OF CRITICAL UNSTABLE STATES
IN THE HOSPITALITY INDUSTRY

Grechko M.V., Vlasova V.S.

Southern Federal University, Rostov-on-Don, e-mail: mvgrechko@inbox.ru, aavl303@mail.ru

An urgent issue of modern economic science is the study of critical unstable states in macro-systems, including
in the hospitality industry, have presented with using the cognitive potential of system analysis. The study is based
on the conceptual resource of the systemic approach, which provided an opportunity to sufficiently analyze the
structure of the studying subject and its ontological framework. The practice of structural-logical method in the
framework of a systemic approach allows us to imagine the hospitality industry as integrity, which can be patently
visualized. The instrumental nature of the clearly historical method in the research context, the genesis comes from
classical academical point of view, it gave the possibility to identify and describe the critical states of the studying
object in the historical context in XX-XXI centuries. Based on the cognitive potential of the systemic approach, the
structural-logical method and the clearly historical method, the authors have developed a structural-logical scheme
for representing the hospitality industry (Figure). A terminological clarification of the critical unstable states of the
system is given in relation to the hospitality industry. In schedule form (Table), the main critical unstable conditions
of the domestic hospitality industry are systematized in XX-XXI centuries.

Keywords: system, systems approach, hospitality industry, critical volatility, structure

AKTyanbHOCTb MPEJCTAaBICHHON TEMbI 00-
YCJIOBJICHA IIPOTUBOPEYNEM MEK/TY CYIIECTBY-
fomeil B COBPEMEHHOH HayKe MOTPEOHOCTHIO
UCCIIEOBAHUS KPUTHUECKHX COCTOSHHMH Cia-
OOCTPYKTYpUPOBAaHHBIX OOBEKTOB W  XO35H-
CTBEHHBIX CHCTEM, BO3BMOXHBIX CIIOCOOOB HX
aJlanTaluy ¥ OTCYTCTBUEM B Pa3BUTHU Hayuy-
HOM MBICIIM aJIeKBaTHBIX METOJOJIOTHYECKHX
OCHOBaHMH WCCIIEOBAaHUS OHTOJOTHYECKUX
MPOTUBOPEUHI B pyClie CHCTEMHOTO aHAJIH3a.

Kak u3BecTHO, OONBIIMHCTBY MPUPOIHBIX,
TEXHUUYECKUX U COLMAIBbHBIX CHCTEM HMMa-
HEHTHO TPHUCYIIM KPUTHYECKHE HEYCTOHYH-

Bble coctosiHus (nanee KHC), mockonmbky 3T
CHUCTEMBI SIBISIOTCS OTKPBIThIMU. K 1107100HO-
TO poAa cucTreMaM, OTHOCHUTCS W OTPacib ro-
crenpuuMcTBa. JJis 11000r0 SKOHOMHUYECKOTO
areHTa, HaxoMAIIerocsi B CUCTeMe MHJIyCTPUHU
TOCTENPUNUMCTBA, MPEACTABISAETCS BaKHBIM
MOHUMATh CIIOCOOBI M MEXaHU3MBbI CBOEH ajarl-
Tanuu B Heil. MzyueHune npoOiieM MHIyCTpUU
TOCTENPUHUMCTBA, SBIISIONIEICS YaCThIO O0IIIe-
CTBEHHOW CHCTEMBI, MOXET TIOMOYb YIITyOUTh
3HaHHE 0 BO3MOXKHBIX CIIOCO0axX ee ajanTaiun
B KpU3HCHBIE NIepro/Ibl. BaxkHO Takxke ykazaTh
Ha CYILECTBYIOIME MPOTUBOPEUUs B INPOBO-
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JKOHOMUYECKNe HayKu

JUMBIX Hay4HbIX uccienoBaHusx. C opHoit
CTOPOHBI, €CTh paboThl O MPOOIEMHBIX COCTO-
SIHUAX WHIYCTPUHM TOCTENpPUUMCTBA. BMmecre
C TeM, B HHX, KaK IIPaBHJIO, CHCTEMA TOCTENPH-
MMCTBa HE PAacCMaTPHUBAETCSl KaK LENOCTHAs
COBOKYITHOCTH 3JIEMEHTOB.

[IpaBoMepHO OyneT 3aKIIOYHTh, YTO pa3pa-
0O0TKa CHCTEMHOTO NpeACTaBICHHUS NpeaMeTa
HCCIIEZIOBAHUS U TMPOBEJICHUE PEKOHCTPYKIUH
KPUTHYECKHNX HEYCTOMYNBBIX COCTOSHUN B HH-
OYCTPUHM TOCTEINPHUUMCTBA C IOCIEAYIOIUM
OTIpEeNIEJIeHNEM HX OHTOJOTHMYECKOTO CTaTy-
ca SBISIETCS aKTyalbHOW Hay4yHON 3ajadeil.
WnpycTpus rocrenpuuMCTBa aHAJIU3UPYETCS
KaK OTKpBITasl CHCTEMa C MPHUCYIIUMHU € UM-
MaHEHTHBIMH IPOLECCAMH M BEPOSTHOCTHBI-
MU BEKTOPAMH 9BOJIOLUOHHOTO PA3BUTHSL.

Beck 3TOT QUCKYypCHBHBIA NPOEKT U CO-
CTaBJIET MpeIMET MCCIEe0BAHNS HacTOSAIIEH
paboThL

Lenp uccnenoBaHMs: B KauyecTBE Hayd-
HOM menmu oOo3HaueHa MpoldiieMa CHCTEMHO-
IO aHaJM3a IPU MPOBEICHUH PEKOHCTPYKLIUH
KPUTHYECKUX HEYCTOMYMBBIX COCTOSIHUM B NH-
JIYCTPUM TOCTENPUUMCTBA C IOCIEAYIOLUIUM
OIpENIEJICHHEM HX OHTOJIOIMUYECKOrO cTaryca.
IIpn »TOM, OTMETHM, YTO HMHAYCTPHUSA TOCTE-
MIPUMMCTBA PACCMATPHUBAETCS KaK OTKpPBITast
CHUCTEMa C NPHUCYIIUMH €Hd HMMaHCHTHBIMH
MpoIecCaMU M BEPOSATHOCTHBIMH BEKTOPaMHU
3BOJIIOLIMOHHOTO Pa3BUTHS

Ananuz cospemennozo cocmosiHus
uccnedosanuii no meme (0030p aumepamypot)

Hayunblii umHTEpec Kk npeaMery uccie-
JIOBaHUS OBLT YIOBIETBOPEH, MPEXIE BCETO,
Omaromapsi 0OpaIeHNIo0 aBTOPOB K METOMOJIO-
TUYCCKOW MOJAENTH aHaju3a JIF000H CHUCTEMBI.
dyHaaMeHTaabHas TpopadOTKa CUCTEMHOTIO
moj(xojia ObUIa MPOBEACHA IIKOJIOH CTPYKTYp-
HOTO (DYHKIIHOHAJIN3MA.

[Ipuopurer memoro Haja dYacTAIMH, He-
CBOIMMOCTH COITHAIBHONW CHUCTEMBI K CyMME
JJIEMEHTOB, OOBSICHEHHE 3JIEMEHTOB C IO3HU-
WA TEJOTO — ITU MPUHIUIBI CTalld OCHO-
BOIoyararomumMu B Teopuu cucrem. 1. Ilap-
coHC [1], MpoaOMKUBLINI H3BICKAHUS CBOUX
MIPEIIIIECTBEHHNKOB, TOKa3aJl B3aMMO3aBH-
CUMOCTBH TIOACHCTEM U DJIEMEHTOB Kak (yH-
JTAMEHTAJTLHOCTh CBOMCTB CHCTEMBI M YBHUICI
BO B3aMMOJICUCTBUM MOPAIOK, BXOJBI U BBIXO-
JIbl, PABHOBECHE U CaMOTOAACPKUBAIOLTYIOCS
LIEJIOCTHOCTD KaK CIIOCOOHOCTh CUCTEMBI.

Kraccukum BeIIENAIN caMOOPTaHU3YIOIIN-
€CsI DJIEMEHTBI CHCTEMBI, XOTSI OHU U HE CTaBU-
U BOTIPOC O MEXaHU3Max CaMOOPTaHH3AIUU
B IICHTP CBOUX HccleaoBanuii [2]. B nanpheii-
meM B pabOThl YYCHBIX, 3aHSBIIUXCS AHAJIH-
30M OTKPBITBIX CUCTEM, 3TU UACH BOLLIH.

Jus  aBTOpOB  OBIIO BaXKHO  BBIUIIE-
HUTh CMBICIIOBOE 3HAUE€HHE UJIEH MbICIUTENEH

0 CBOMCTBax OTKPBITOM CHCTEMBI, O MPUHIIU-
nax uzomopdusma u QpakTaabHOCTH, O JIETH-
TAMAIK OUdypKanmii U QIyKTyanuid, 0 pH-
CKax, SKBU(DMHAIBHBIX 00pa30BaHUSX.

PaboTrl, TIe KpUTHYECKHE HEYCTOWYUBEIC
COCTOSIHUS B UHyCTPUU TOCTETIPUUMCTBA BBI-
CTYMAaOT CaMOCTOSITENIbHBIM MPEAMETOM HC-
CJIeIOBaHUs, MO3BOJIMIIN UCIIOJIB30BATh SMIIU-
pUYECKHI MaTepraj yU4eHbIX IS TOTO, YTOObI
MIEPEUTH K METOTY BOCXOXKICHHS OT a0CTPaKT-
HOTO K KOHKpeTHOMY. JIMCKypC O TepHIeTH-
SIX KPUTHUYECKUX HEYCTOWYMBBIX COCTOSHUSX
B UHAYCTPUH TOCTCIPUUMCTBA Pa3BUBAIOT
Takue uccrnegonarenu kak: M. bemoycosa [3],
M. O6opwuH [4], }O. Cymxo [5], uybu pabOTHI
JlaJi BO3MOXHOCTb HAIIOJIHUTH KOHKPETHBIM
conep KaHueM pa3padOTaHHYIO MTAPAIUTMY.

Hrorom aHanu3a creneHH pa3padoTaHHO-
CTH TPOOJIEMBI SIBJISICTCS 3aKJIHOUEHUE O He-
MOJTHOTE M (PparMEeHTapHOM XapakTepe HMe-
fommxcss paboT 1Mo 3asBIEHHOW Mpodieme
uccienoBanus. Kpome Toro, B MaccuBe Hayu-
HOM JTUTEepaTypbl KpUTHUYECKUE HEYCTOWYMBBIE
COCTOSIHUSIT B WMHIYCTPUH TOCTETIPUUMCTBA,
KaK MPaBUIIO, HE PACCMATPUBAIOTCS KaK ecTe-
CTBEHHBIN aTpuOyT (PyHKITMOHUPOBAHUS WHY-
CTPUHM B Ka4E€CTBE OTKPHITON cuctembl. Cama
UHJYCTpUSl TOCTEIPUUMCTBA HE HMEET SIPKO
BBIPAXKEHHBIX KOHHOTAIMM OTKPBITOM CHCTE-
MBI B HAy4YHOU JIUTEpaTypeE.

CmpykmypHo-n102uieckuli Lo0xXo0
8 UCCIe008aHUU UHOYCIMPUU 20CENPUUMCINEA
6 napaoueme CUCMeMHO20 AHANU3A

Hcnons3zoBaHuEe CTPYKTYPHO-JIOTUYECKOTO
MOJXO0JA, CYyTh KOTOPOTO 3aKJIIOYaeTcs B aHa-
JIU3€ COCTaBHBIX YacTe WHAYCTPHU TOCTE-
NPUUMCTBA U e¢ (YHKIMH, TIO3BOJISIET OTpa3-
UTh B3aHMOCBS3b CTPYKTYpPHBIX DJIEMEHTOB
CUCTEMBI KaK JacTell LeJIOT0, YIOPSII0UEHHBIX
[0 OMNpPENEICHHOMY 3aKOHY WM NPUHIIUILY.
CTpYKTYypHO-JIOTHYECKHAN TIOIXOM OOS3BIBAET
PEKOHCTPYUPOBATh CBOMCTBA HUCCIEAYEMOU
cuctemsl. [IpeoKeHHbIN OAX0/] aKTyaTu31-
pyeTcsl BBISBICHHEM II€HHOCTHO-KYJIBTYpPHOM,
TICUXOJIOTMYECKON COCTaBIIAIOIINX, O3BOJISIO-
HIMX BOCCO3AATh LIENTOCTHOCTh CHCTEMBI.

WMHaoycTpust TOCTENPUUMCTBA B PYCIIE€ CH-
CTEMHOI'O aHaju3a INPEICTaBICHA B BHUJIE CO-
OTBETCTBYIOLLEH CTPYKTYPHO-JIOTMYECKOM
cXeMbl. B niepBoii 4acTu CXeMbl UHIyCTPHSI I'O-
CTENPUUMCTBA XapaKTepU3yeTcs KaKk COIHallb-
Hasl CHCTEMa, ITIaBHOW 0COOEHHOCTBIO KOTOPOH
BEICTyTaeT ee GOpMHUpPOBaHHE B KauecTBE 00-
pa3oBaHus, I1€ CTPYKTypa, €€ DIEMEHTHI, B3a-
MMOJICHICTBHS W OTHOIIEHHS BO3HUKAIOT B pe-
3yJabTaTe CO3HATENBHBIX IIeJICHANPaBIEHHBIX
neiictBuil. Takast ”HTEHIIMOHAIBHOCTh OTJINYA-
eT Mo0yI0 COLMANbHYIO CHCTEMY U OpraHu3a-
LUI0 OT HEOPTaHUYECKNUX CHCTEM, KaK, HalpH-
Mep, TeXxHH4eckux u ap. CucteMHblil noaxoxn
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BKJIIOHACT B CC6§I PAA MBICJIUTCIBHBIX UTEpa-
Luii: abcTparupoBaHue, KOHKpETH3aLus, aHa-
JU3, CUHTE3, HCTOPU3M, UEPAPXUIHOCTh, B3a-
AMOCBSI3b C OKPYXAIOIIAM MHPOM, XOJHU3M.
OTH TPUHIUIBI, U3BECTHBIE B KIIACCHYECKOM
napajurMe, 3aJI0KeHHbIE TereJIeBCKON 1 MapK-
CHCTCKOM JIHMAJIEKTHKOHM, oOoramieHsl oOIei
TEOpHEH CUCTEM, B KOTOPOH JUIsl HAC 0COOCHHO
Ba2)KHBIMHU BBICTYIIAIOT YCTAHOBKH M30MOPHU3-
Ma (rmomobue) u (ppakTaaTbHOCTH (CaMOTIOHO-
Ome). AIEKBaTHBIM B HCCJICHOBAaHWUH JTAHHOMN
CHCTEMBl CTAHOBHTCS BOCIIPOHM3BEIICHHE ¢
B €IMHCTBE TaKUX 4YacTell Kak: Typu3M, Io-
CTMHUYHBIA W pECTOpaHHbId OuzHec. OTH
TPH YacTH COCTAaBISIOT €IWHCTBO, KOTOPOMY
MIPHUCYIIE CBOHCTBO SMEP/KEHTHOCTH, BHIpa-
JKaromeecs B KOMIUIEKCHOM YIOBJIETBOPEHUH
norpedHOCTel 4YenoBeka ((U3UOIOTHICCKHX
1 COLIMOKYJIBTYPHBIX).

BaxHo moHHMMarh, YTO 3MEPIKEHTHOCTH
MIPUMEHUTENBHO K TIO0OHOTO pojia cHCTeMaM
HE €CTh HOBas OHTOJOTHYECKas CYIIHOCTB,
BO3HHUKAIOMIasi Hapsy C WHAYCTPHEW TrocTte-
NIPUMMCTBA, 4 UMMAaHEHTHOE CBOMCTBO 3TOH
cucTeMbl. XOIHU3M, I[POHU3BIBAIOLIUN CIIOXK-
HYIO B3aMMOCBS3b B CHCTEME, C HEOOXOIUMO-
CTBIO JUKTYET B3I Ha OOIIECTBO, KHU3Hb,
B TOM YHCJI€ ¥ HAa UHIYCTPHIO TOCTEPUAMCTBA
(dacTb OOIECTBEHHON CHUCTEMBI) KaK CIHH-
CTBO HECOBEPILIEHHOTO M COBEPIICHHOTO, He-
raTMBHOIO M MO3UTHBHOIO. K KPUTUYCCKHUM
HEYCTOMYMBBIM COCTOSIHHSIM MOKHO OTHECTH
BOJIATHJILHOCTh Ha CEPBUICHBIE YCIIYTH, Tep-
PHUTOPHATFHO-TIPOCTPAHCTBEHHYIO  HEPaBHO-
MEpHOCTh B PAacCHOJIOKEHWH OOBEKTOB U T.II.
Wnes 1enocTHOCTH, JTOBEACHHAsl JIO CBOETO
JIOTMYECKOTO 3aBEpIICHHUs, OKa3bIBACT BIMS-
HUE Ha MHUPOBO33PCHHE YEJOBEKa, YTO MMEET
CYIIECTBEHHOE 3HaueHWe Juis (HopMUpoBa-
HUSl KapTHHBI MUpPa B €r0 CO3HAHUH. XOJIH3M
TaK)Ke BKIIIOYA€T B C€0S TICHXOJIOTHYECKYIO
Y [IEHHOCTHYIO COCTAaBJISIFOIYI0, KOTOpast Cy-
LIECTBYET Be3[e, I/Ie HaxoaaTcs jtoan. K Heit
CIIelyeT OTHECTH MOTHUBBI CyOBEKTa, Iepe-
JKUBAHHSI, APXCTUITNICCKUE YCTAHOBKH, TaKHe
KyJIBTYpHBIE YHUBEPCAJIHH KaK CTHIIb KU3HU
Y JKM3HEHHBIC TPaKTHUKU. Bce 3T yHUBepca-
JWH TPUCYIIM Kak pabOTHUKAM WHJIyCTPHH,
TaK M ee KJIUEHTYpe.

CucTeMHBIH TIOAXO0]] B HCCIEI0BAaHUN 000-
3HAYEHHOTO TMpEIMEeTa MPEeIIoIaracT BBISC-
HEHHUE MEepapXuu B3aMMOCBS3EH, a TakkKe He-
papxuu BHYTPEHHEH W BHEIIHEH IOJICUCTEM.
Ha sT0#i 0CcHOBe BBIJICNICHA B CTPYKTYPHO-JIO-
THYECKOM cxeMe CcyOOpauHalusi B3auMOCBS-
3eil B cucteMe W cyOOpAMHALUS 3IEMEHTOB
BO BHYTPEHHEH U BHEILIHEH Cpelie.

[lonsiTHE WHAYCTPUH TOCTENPHUUMCTBA
paccMmarpuBaeTcs HaMH KakK «WeabHBI» THTT
(M.Bebep), B OCHOBE KOTOPOTO JISKHUT palld-
OHAJIBHOE IOBEJICHUE XO3AHUCTBYIOIETO CyOh-

eKTa. DTO, KOHEYHO, HE 3HAYMT, YTO JIaHHas
CHUCTEMa €CTh TOJBKO PE3yJbTaT LieJeparuo-
HAJBHOTO COITMAILHOTO JieicTBHs. TeMm He Me-
Hee, 9TOC WHIYCTPUH B OCHOBHOM OTIPEHEIs-
eTCs IeNepanoHaTbHBIMA MOTHBAMH.

Bo BTOpOI1 UacTH CTPyKTYpHO-JIOTHYECKOI
CXEMbI NPEAMCTOM HCCJICAOBAHUS BBICTYIIACT
UHJyCTpUS TOCTEIPUUMCTBA KaK OTKPBITAsI, T.€
MOCTOSIHHO BCTYTAOIIasi BO B3aMMOJICHCTBUS
C BHEITHUM MHPOM, aJaTUPYIONIAsICcS K HEMY
C MIPUCYIIIEH eil cO3HATEIbHON MHTEHIIMOHAIIb-
HOCTBIO collMajbHast. MOYKHO BBIJICIUTH J[Ba €€
OCHOBHBIX CBOMCTBa — OOMEHHBIC MPOIIECCHI
Y HEJIMHEHHOCTh pa3Butusi. K oOMeHHbIM Tpo-
1eccaM OTHOCATCS OOMEH ¢ BHEITHHM MHPOM
BEIIIECTBOM, dHepruei u mHdpopmarmei. [Ipu-
MEHHUTENFHO K WHIYCTPHH TOCTEIPUUMCTBA
STHM TEPEMEHHBIM COOTBETCTBYET OOMEH yc-
Jyramu (JIEUCTBUSMU), KaJpaMH; TEIUIOBBIMH,
SHEPreTUYCCKUMHU U DICKTPUUCCKUMHU CETIMU,
00OMEeH TEeXHOJOTUAMHU; OOMEH MHOTOACIIEKT-
HoW wH(popMarmeit. MuHmycTpus rocrenpu-
MMCTBA KaK COIMaJIbHAs CHCTEMa MMEET BXOJ]
U BBIXOJ, TMOJydyaeT WHPOPMAIUIO W TPHHU-
MaeT pemeHus. HenuHeMHOCTH Mpoleccos
00yCJIaBIIMBACT TOJYYCHUE BEPOSTHOCTHBIX
pE3yNBTaToB, MHOKECTBEHHOCTh  PEIICHUI
W TIOSBJICHWE HOBIIECTB. [J1aBHOE COOBITHE
B BEPOSTHOCTHBIX TIPOIECCAX IMPHHAICKUT
OudypKanusM, OICHUBAIONIUMCS B HAyYHOH
JUTEpaType nocratouHo amObusanentHo. C ox-
HOW CTOPOHBI, OM(YpPKAIUU PAaCCMATPUBAOTCS
MIPENIOCHUIKOM HajIoMa MpPEIIeCTBYOIIETO
BEKTOpa Pa3BUTHS M pa3pbiBa C HUM, C IPYTOit
CTOpPOHBI, OUdypKaIus ONpenensaeTcs Kak Me-
XaHH3M IIOABJICHUA HOBUICCTB.

OTkphbITast cucTeMa MPEACTAeT KaK IPOTH-
BOPEYHBHII (DEHOMEH, HAIIOJIHEHHBIN MapaJioK-
CaJbHOCTHIO. MoOIeTh «Iopsiika depe3 IrykK-
Tyaluio» TIOKa3bIBaeT HaM HEYCTOHYHMBOCTH
MHUpa, TA€ HEJIMHEWHBIE IMPOIECChl MOTYT
MOPOXK/JIaTh  YIOPSIOYEHHOCTh,  YCTOMYH-
BOCTh, a TaKXK€ MPUBOAUTH K Pa3pyIICHUIO
TOTO K€ MOPAIKA, K HOBOU CTPYKTYpE, pOXK-
nmaromieiics mocne Oudypkamun. OTKpPBITBIE
COIMAJIbHBIE CHCTEMBI TI0 OIPEEIICHUIO SIB-
JSIOTCS  HEpaBHOBECHBIMH, HecOaJaHCHPO-
BAaHHBIMH, HEYCTOMYMUBBIMUA U PA3HOPOJHBIMHU
(muddepeHumpoBaHHBIMMI).

Craryc OTKPBITON CUCTEMBI CBSI3aH C reTe-
POTEHHOCTBIO, KOTOPAast pACIIUPSIETCS C LSO
MIPEOIONICHUS] SHTPONNH. 3HAYNTENbHAS OITac-
HOCTh B Pa3BUTHUH HMHIYCTPHH TOCTEHPUNM-
CTBa KPOETCSI B €€ TATE K SHTPOIHH, K HHEPT-
HOCTH, K ToMeocTasucy. imenHo mobena 3Tux
CBOICTB MapKUpyeT MPHU3HAKH BBICOKOM 3SH-
TPOIINH, W, B KOHEYHOM WTOTEe, THOEIb CUCTE-
MBl. B cinywae mpeoOnmamaHus SHTPOTHITHOMN
MOJIENI MHIyCTPHUS TOCTENPHUUMCTBA BBICTY-
MmaeT Kak Oosee MPUMHUTHBHAsS, MepecTaronas
COIIPOTUBJIATHCA 3HTpOHHI>'IHbIM mnmpoueccam.
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JKOHOMUYECKNe HayKu

WHaycTpust TOCTENPUUMCTBA, — SIBISISICH
HE caMOil OOJBIION TIO KOJWYECTBY JHOICH
Y CYIIECTBYOIINX MOACHCTEM COIIMATLHON CH-
CTEMOM, COIEPIKUT B ceOe JIEMEHTBI CaMOOP-
TaHU3aINUH, K KOTOPBIM MOXKHO OTHECTH: MOTH-
BbI, aPXCTUITUYCCKUE YCTAHOBKHU, COI[MAJIEHOEC
CaMOYYBCTBUE, KOMIICHCUPYOIIUE YITYIICHUS
B IPOIECCaX CO3HATEIBHOTO YIPAaBJICHUS, HE-
MPaBUIIbHBIC PEIICHHUS aJMUHUCTPATHBHOTO
ammapara. OTH JJIEMEHTH CaMOOPTaHU3aIIHI
HAaKJIaJIGIBAIOTCSI HAa CO3HATEIBHBIC YIIPABIICH-
YECKHE MPOIIECCHI [6].

Takum 00pa3oM, HHIYCTPHSI TOCTEIPUUM-
CTBa MMEET BCE OCOOCHHOCTH OTKPBITOW CH-
CTEMBI, KOTOpasi MOXET HaXOJUTHCS B HEKOTO-
pBI€ MOMEHTHI KaK B YCTOHYHMBOM COCTOSHUHU
C XapakTepHBIM IS HETO JOMUHHUPOBAHHEM
JICTCPMUHM3MA, TaK U B HEYCTOWYMBOM C Ha-
JUYMEM MaKpO- ¥ MUKPOCKOIHMYECKUX (IIyK-
Tyanuii, Oudypkauuii, SHTpONUH (PUCYHOK).

Buisignenue u cucmemnoe npedcmasnenue
KPUMUYECKUX HeYCIMOU4UBbIX COCMOSHULL
6 UHOYCIPUU 20CMENPUUMCMEA

Hns ycrpaHeHus: TEpMUHOJIOTMYECKON He-
OTIPENIETICHHOCTH, HEW30€XHO BO3HMKAIOMIECH
opu CUCTEMHOM MNPCACTABICHUN MEKAUCIU-
IJTMHAPHBIX KaTerOpHUH, OMpEeAeTuM MOHATHE
KPUTHYECKOIO0  HEYCTOWYHMBOIO  COCTOSHUS.
B HacTosimeM TekcTe MmoJ KPUTUYECKUM HEy-
CTOHYHMBBIM COCTOSTHHEM Oy/ieM IMOHUMATh Tie-
PEXOAHBIC CTPYKTYPHO-MHCTUTYIIMOHAJIbHBIC
(I)OpMI)I, OTIIMYUTCIIbHBIMU TIPU3HAKAMU KOTO-
PBIX SIBISIOTCS. MUKPO- U Makpo-(QIyKTyaluH,
HapylIeHUs] PaBHOBECHS, BOSHUKHOBEHHE 3H-
TPONMM U HApacTaHUE PACCEUBAHUS HYHEPTUU
(muaccumaruBHOCTH) [7].

st MHAYCTPUM TOCTENPUMMCTBA KPUTH-
YEeCKO€ HEYCTOWYHBOE COCTOSHHE BOJATHIIb-
HOCTM O3HauaeT BO3HHUKHOBEHHE YCIIOBUI
JUIl U3MEHEHHMS JIMHUM Pa3BUTHS U 00Opaso-
BAHHE BO3MOXKHOCTEH [UIsl OCYILIECTBICHUS
HOBOIl peajbHOCTH M HOBOIO BEKTOpA pas-
BUTHA. KpuTuueckue HeycToHuMBBIE COCTO-
SIHUSL OOBEKTOB, KaK TPaBHJIO, SIBISIOTCS ca-
MOCTOSITENIBHBIM ~NIPEIMETOM  HCCIIEI0BaHUS
B (hu3uKe, XMMUHU, OMOJIOTHYECKUX CUCTEMAX,
TEPMOAMHAMHUYECKUX Ipoueccax U T.I. B ry-
MaHHUTAPHOM e MBICIIH JJI1 aHAIU3a KPUTHYE-
CKHX HEYCTOMYMBBIX COCTOSHUU pa3paboTan
MOHSATUNHBIN anmapar, KOTOPbIA BKIJIKOUAET
B ce0s1 cleyIoLIre MOHATHUS: KPU3HC, IEPEXO]L,
CIly4yailHOCTb, aHapXus, OECKOHTPOJIBHOCTD,
OecropsiIoK, TMOMYCTUTENsCTBO.  HecmoTpst
Ha yCleXd B Pa3BUTHUU HEJIWHEWHOW mapa-
JUTMbI MBIIJICHUSA, KPUTHYCCKUEC COCTOSHUSA
yalle BCEero OI[eHUBAIOTCA KaK HexeaTeabHble
u omnbouHble. Teopust couuanabHON SHTPOIIUT
OTpHIIAET KOHCTPYKTHUBHYIO POJIb Xa0Ca B POIIN
MIPOBOJIHUKA BHEUTHUX BO3JEHCTBHIA, YTO 00e-
CIICYMBAET CHCTEME OTKPHITOCTH [8].

IlosToMy B JaHHOM KOHTEKCTE, ¢ Hallei
TOYKH 3pEHUs, CIeTyeT MOoKazaTh COJEpKAHUE
U POJIb KPUTUUECKUX HEYCTONUUBBIX COCTOSTHUI
B MHIYCTPUHU TOCTENPHUUMCTBA. AHAIN3 ITHX
0003HaYEHHBIX TPOIIECCOB HEOOXOANMO TTPOBO-
JIUTh B COOTBETCTBUU C MPUHIIUIIOM UCTOPU3MA,
KOTOpBIH TpeOyeT MOMEILCHUSI ONPe/IeNICHHOTO
KHC B KOHKpETHO-UCTOPUUECKUI TPOMEKYTOK
BpeMeHH. MHBIMU clI0BaMH, JIOTHKA MPEICTaB-
JICHHOTO MHCCIIEJOBaHUS OOYCJIOBJIEHA CTpEM-
JICHWEM ONpENENUTh CTaTyC KaKI0ro KpPUTH-
YecKoro ()eHOMeHa B ONpe/eIICHHBI Tepruo
oredecTBeHHOM ncrtopun XX-XXI Beka.

Ha ocHoBe ¢mykTyanuii mokazaHbl Hpo-
CTPAHCTBEHHO-BPEMEHHBIE oudypkanuu,
OTpPa)KEHbl JHTPONMIHBIE IPOLECCHI, Mpel-
CTaBJICH AaBTOPCKUN B3I OTHOCHUTEIHHO
OCHOBHBIX CIIOCOOOB CHW)KEHHSI HETaTUBHO-
o0 BO3JIEHCTBHSI KPUTHUYECKU HEYCTONYMBBIX
COCTOSIHUM Ha MHIYCTPHUIO TOCTENPUUMCTBA
(Tabmua).

3akjoueHue

Taxum 006pa3zom, IPOBEIEHHOE UCCIIEA0BA-
HUE TIO3BOJIMJIO TIOYYUTh CIEAYIONTHE dMITH-
PHUYCECKUC BBIBOABI, CYTh KOTOPBLIX OTpaXar0T
CJIEYIOIUE TTOJIOKEHMS.

Bo-nepguix, aBTopamu pa3padborana CTpyK-
TypHO-JIOTHUYEeCKass cxema (PUCYHOK) TIpe-
CTaBJICHUS  WHIYCTPUU  TOCTEIPHUHUMCTBA,
cocTosei u3 AByx yacteid. O0e 4acTu CTpyK-
TYpPHO-JIOTHYECKOW CXeMBbI B3aUMOCBSI3aHbI CH-
CTEeMHBIM aHaJIHM30M, TPEOYIOIINM HCCIeI0Ba-
HUSI CTPYKTYPBI, B3aUMOJCHCTBUM 3JIEMEHTOB,
BO3ZHUKAIONINX B PE3YyJIbTare CO3HATEIbHBIX
JEeHCTBHUII CyOBEKTOB cCHCTEMBL. MHIycTpus
TOCTENIPUMMCTBA BOCCO3aHAa KaK OTKPBITas
cucrema ¢ ee (QyHJIaMEHTaIbHBIMU CBOHCTBA-
MH, a TaKXe C BKJIIOYEHHEM B CTPYKTYpy OT-
KPBITOH CHCTEMBbl TaKHX COCTaBIISIOLIMX,
KaK [IEHHOCTHAsl W TICUXOJIOTHYECKasi, 4TO CO-
OTBETCTBYET COBPEMEHHOMY MOCTHEKIIACCHYe-
CKOMY BH/JICHHIO.

Bo-emopuix, naHo TEPMHHOJIOTHYECKOE
YTOYHEHUE KPUTHUECKUX HEYCTOMYMBBIX CO-
CTOSIHUH CHCTEMBI 10 OTHOLICHHIO K HHIY-
CTpHH TOCTETIPUUMCTBA. B TabnmuHOU opme
(Tabmuiia) CHCTEeMAaTH3WPOBAHBI  OCHOBHBIC
KPUTHYECKHE  HEYCTOHYMBBIE  COCTOSHUS
POCCUICKOM  HMHJIYCTPUH  TIOCTENPUUMCTBA
XX-XXI BexoB. Kpome Toro, mpeanoxeHbl
OCHOBHBIC HAalpaBJeHUsl BBIXOAA M3 00O3Ha-
YEHHBIX COCTOSHHUIA.

B-mpemvux, B iporiecce NIUTEIBHBIX JHC-
KyccHuil 0 ctaryce qurykTyanuii u Oudyprarimit
B COIIMAJIBHBIX U3MCHCHUAX ITIOKa3aHO, 4YTO CO-
BpPEMEHHOE OOIIECTBO HE MOXKET MO3BOJIUTH
cebe abcoiOTHO OECKOHTPOJILHOE HapacTa-
HUE SHTPOIUU W MOJYMHEHUE CO3HATEIHHBIX
BOJICBBIX JIEHCTBHN BCEBJIACTHIO Oecropsaka
1 HEOTPEeIEHHOCTH.
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COBEPHIEHCTBOBAHUE CUCTEMBbI YITPABJIEHUA OBOPOTHBIM
KAIIUTAJIOM TPAHCITIOPTHOI'O XOJIIUHT'A

PomanoBa E.B., I'antep B.B.
Cubupcruil eocyoapcmeennwvill yrusepcumem nymeti coooujenus, Hosocubupcx,
e-mail: elena_romanova_1979@list.ru

Hayunast cTaTbsi IOCBSIIIEHA HCCIIEIOBATEILCKOMY aHAIM3Y aKTyaIbHBIX IPOOJIEM CHCTEMBI yIIPaBICHUS 000-
POTHBIM KanuTaaoM TpaHcrnoptHoro xoiuuara OAO «PXK]I» u nmoucky myTeit ux pemeHus. AKTyanbHOCTb UCCIe-
JIOBaHHs 00YCIIOBICHA BBICOKOH POJIBIO YIPaBICHHsS OOOPOTHBIM KAaITUTAJIOM HPH 00CCIICYEHUH 3KOHOMHYECKOH
Ge3onacHOCTH X03siicTBeHHOI fesitensHocTH KoMmmannu OAO «PXK][» u Hu3kuM ypoBHe ee 2(Q(EeKTHBHOCTH Ha Te-
KylleM JTarne. B paMkax cTaTbé pacCMOTPEHBI TEOPETUUECKUE ACIEKThl IOHATUS «00OpPOTHBIH KarmuTam». Ilepe-
YHCIICHBI Hanboliee mpooJIeMaTHYHbIE PUCKU JUIst S3(Q(GEKTHBHOCTH yIPaBICHHUS 000OPOTHBIM KaIITAJIOM KOMITAHUH
OAO «PX]1», ¢ KOTOpBIMU Ta CTAaJIKUBACTCS B COBPEMEHHBIX YCIIOBHSX POCCHIICKOH KOHOMHKH M CEKTOpa JKe-
JIe3HOIOPOKHBIX IePeBO30K. OMUCaHbI OCHOBHBIE IPUHITHIIBI A()(EKTUBHON IPOIEYPhI YIIPaBICHHS 000POTHBIMU
aKTHBaMu npeanpustys. [Ipoananusnposana CTpyKTypa U JMHAMUKA H3MEHECHUsI 000POTHOTO KaluTajla KOMIaHUK
OAO «PX/I». s ahdexTuBHOrO mporecca ynpasieHus 000poTHeIM KarutanoM kommanuun OAO «PX]I» BbI-
SIBJICHBI BO)KHEHILIME NMPUHIUIBI. YCTAHOBICHO, YTO Ba)KHEHIIEH HpOIeaypoll ynpaBieHHs 0OOpPOTHBIM KallkTa-
JIOM TIPEJUIPUATHS SIBISICTCS €T0 ONTUMH3anus. PaccMoTpeHa IMHaMKKa 0O0POTHOTO KaluTajda U ero CTPYKTYpEI
komrannu OAO «PXJI» B nepuon 2017-2018 rr. TIpeioxkeHbl MEXaHU3MbI U METOJIbI, KOTOPBIE CIIOCOOCTBYIOT
ONTHMU3ALUH M COBEPIICHCTBOBAHUS CHCTEMbI YIPABICHUSI 000POTHBIMHU aKTHBAMU MPEITIPUSITHSA Yepe3 TOBapHO-
MaTepHalbHbIC [IEHHOCTH, 1eOMTOPCKYIO 3a/I0JDKEHHOCTD 1 JICHEKHBIC CPE/ICTBA.

KimioueBble cii0Ba: 000pOTHBIN KanuTAaJjl, ynpapjieHne 000pOTHLIM KAIIMTAIOM, 000POTHBIE AKTHBEI, 000POTHbIE
CpelCTBa, TPAHCIOPTHBIA XOJIIMHT, 020 «PHKI»

IMPROVEMENT OF THE WORKING CAPITAL MANAGEMENT SYSTEM
OF TRANSPORT HOLDING

Romanova E.V., Galter V.V.
Siberian State Transport University, Novosibirsk, e-mail: elena_romanova_1979@list.ru

The scientific article is devoted to the research analysis of topical problems of the working capital management
system of the transport holding of Russian Railways and the search for ways to solve them. The relevance of the
study is due to the high role of working capital management in ensuring the economic security of the economic
activities of the Russian Railways company and the low level of its efficiency at the current stage. The article
considers the theoretical aspects of the concept of «working capital». Listed are the most problematic risks for
the efficiency of managing the working capital of the Russian Railways company, which it faces in the modern
conditions of the Russian economy and the railway transportation sector. The basic principles of an effective
procedure for managing the company’s current assets are described. The structure and dynamics of changes in the
working capital of the Russian Railways company are analyzed. The most important principles have been identified
for the effective process of managing the working capital of the Russian Railways company. It is established that the
most important procedure for managing the working capital of an enterprise is its optimization. The dynamics of the
working capital and its structure of the company «Russian Railways» in the period 2017-2018 is considered. The
mechanisms and methods that contribute to the optimization and improvement of the management system of current
assets of the enterprise through inventory, accounts receivable and cash are proposed.

Keywords: working capital, working capital management, current assets, working capital, transport holding,
Russian Railways JSC

CoBEpIIEHCTBOBAHUE MeEXaHHW3Ma YIpaB-
JIeHUsI OOOPOTHBIMM CPEICTBAMU M KallUTaIoM
IPEANPUSTUS. SBJIACTCS ONHUM M3 IJIABHBIX
(haxTOpOB TOBBINICHHS SKOHOMUYECKOH (-
(hEeKTUBHOCTH MPOM3BOJCTBA HA COBPEMEHHOM
JTane pa3BUTUS SKOHOMHUKU. B ycroBusx co-
LUAJIEHO-3KOHOMUYECKON HECTaOMIBHOCTH
1 U3MEHYMBOCTH PBHIHOYHOM MH(PACTPYKTYpbl
Ba)XKHOE MECTO B TEKylLIeH paboTe MeHeIkepa
3aHMMAaeT yIpapjeHHe OOOPOTHBIMU CPE/ICTBA-
MH, TaK Kak UIMEHHO 3/IeCh KPOIOTCS OCHOBHBIE
NIPUYMHBI YCIEXOB U HeyJgad BCEX MPOM3BOJ-
CTBEHHO-KOMMEPYECKHUX oneparuid pupmsi [1].

AKTyaJIbHOCTb HAy4HOTO MCCJICAOBAHUS
00yCIIOBJIEHA BBICOKOM PpOJIBIO yIpPaBICHUS
OOOPOTHBIM KalmHWTajJoM IpH 0OeCIeUeHUH
IKOHOMHUUECKOH 0€30MacHOCTU XO3AHCTBEH-

HoM gesarenbHOCTH KommaHuu OAO «PXK]I»
Y HU3KUM YpOBHE ee d(h(hEeKTHBHOCTH Ha TEKY-
1IEM 3Tarle.

IIo »TOli mpuunHeE, NENb HAYYHOU CTaTbU
BBICTYIIAET MCCIIEAOBATEILCKUI aHaU3 aKTy-
AIbHBIX NPOOJIEM CHUCTEMBI yHpaBiIeHHs 000-
POTHBIM KaITUTAJIOM TPAHCIIOPTHOTO XOJIIMHIa
OAO «PX]1» u moncky myTel X penieHusl.

OOOpOTHBIN KalUTall — 3TO CPENCTBA, KO-
TOpBIE BIIOKCHBI B 00OPOTHBIC aKTHBBI TIpel-
OpUATHS,  LUKIMYECKA  BO30OHOBISIEMbIC
JUISL HETIPEPBIBHOCTH TMpoLecca ACSITEIIbHOCTH
XO3SHCTBYIOLIETO CyObEKTA.

JIBI>KeHne 00OPOTHBIX CPECTB MPEANPH-
SITHSI TIPOXOISIT YETHIPE OCHOBHBIX dTamna [2]:

1. JleHe)kHBIE  CpEICTBA  MCIOJIB3YIOTCS
JUTSL IPUOOPETEHUS TOBAPOB.

EUROPEAN JOURNAL OF NATURAL HISTORY Ne2, 2021



Economic sciences

2.3anacel MaTepHaJbHBIX  OOOPOTHBIX
CPEICTB TIPEBPAIAIOTCS B 3allachl TOTOBOM
MIPOAYKIIUU KOMITAHUH.

3.3anacel TOTOBOW MPOAYKUMHU pEau-
3yIOTCSl Ha pPBIHKE MOTpEeOuTeNedl W 10 WX
OIIJIaThl PE0OPa3OBBIBAIOTCS B JEOUTOPCKYIO
3aJJOJDKEHHOCTb.

4. Peanu3oBaHHasi TPOAYKLMS OIUIaueHa
W TIpeBpallaeTcs B JICHE)KHBIE CPEICTBa, KO-
TOpBIE MOTYT XPaHUTHCS B BBICOKOJIUKBHI-
HBIX aKTHBAX.

VYnpaBieHUeCcKOMy anmapary TpaHCIIOPT-
noro xommuara OAO «PXKJ» nHeoOxomumo
MIOCTOSIHHOE PEIICHHE CIICAYIOIIEr0 OCTPOro
BONPOCA: OMpPEISIUTh HAWIYUIIYI0 MOAEIH
W METOA Ui yIpaBieHus OOOPOTHBIM Karld-
TaJOM CBOEH KOMIIAHWH C LEJIhI0 MaKCHMHU3a-
MU ee (PMHAHCOBBIX TOKa3aresieh, KOTOpPhIE,
B CBOIO OYepellb, BIHUSIOT Ha 3(PHEeKTUBHOCTD
Ou3Hec-aeATeNbHOCTH [3].

B Tekymux ycrnoBHSX POCCHICKOM SKOHO-
MUKH U CEKTOPA KEJIEe3HOTOPOKHBIX MEPEBO30OK,
CYITICCTBYIOT HanboJee mpoOIeMaTHIHBIC PUCKH
st O(PQEKTUBHOCTH YIPABICHHUS 00OPOTHBIM
KariTanoMm kommanud. K Hum otHocsTes [4]:

— neUIUT TEHEKHBIX CPEJICTB JIJIsl BBEJIC-
HHs OM3HECA;

— HEJIOCTaTOYHOCTh COOCTBEHHBIX KPEIHT-
HBIX BO3MOKHOCTEIH;

— HEJIOCTaTOK HWJIM HU30BITOK IPOU3BOJI-
CTBCHHBIX 3allaCOB NMPECAIIPUATUS

— BBICOKMH HM3HOC OCHOBHBIX (DOHJIOB
TPAHCIIOPTHOTO KOMILIEKCA TPEATIPHUSTHS,

— M3AITHAA 00beM HENMKBHUIIHBIX aKTH-
BOB B 00OPOTHOM KarlTAaJIE;

— BBICOKUH YPOBEHb KPEIUTOPCKOM 3a10J1-
JKEHHOCTH, 0COOEHHO KPaTKOCPOYHO (co cpo-
KOM JI0 MECSIIA).

Jus addextuBHOTO TMpollecca yrpasie-
HHS 00OPOTHBIM KamuTaioM kommanuu OAO
«PX]l» HeoOXoauMo COOJIOACHUE BaXKHEH-
IUX TPUHITATIOB [5]:

— NPUHLUUI HOPMHUPOBaHHS  (TO3BOJISIET
YCTaHOBUTH CTaHIAPT pa3Mepa COOCTBEHHOIO
00OpOTHOTO KamuTala, pasMep KOToporo o0si-
3aH COOJIOMAThCS W CIOCOOCTBOBAThH IPOM3-
BOJICTBEHHOW aKTHBHOCTH MPEATIPUATHS);

— IPUHIMUI  WCTIOJB30BaHUS 0OOPOTHO-
ro Kamyraja CTPOrO IO LEeJIeBOMY Ha3Hade-
HUIO (IIO3BOJISIET OOE30MACUTh IPEIIPUITHE
OT B3BICKaHHS CPEICTB C OOOPOTHOTO KaInTa-
Jla Ha Pa3InYHbIE HETPUHYKIEHHBIE TUIATEeKH.
B ciyqae, ecnu cpenctsa OymyT BBITATHBATHCS,
a pazMep 00OPOTHOTO KaruTalla CHUKATHCS —
OTO MOXKET MNPUBECTU K HETATHBHLIM MOCJICA-
CTBUSIM B BH/IC 32/I0J’KCHHOCTH IIEPe]] OCTaB-
[IUKaM¥, pa00YMM MTEPCOHAIIOM U TaK Jaliee);

— IIPUHIAI  COXPAaHHOCTH, PalMOHAIBHO-
IO WCIIONB30BAaHHUS M yCKOPEHHUs 00opadmBa-
eMOCTH (ITO3BOJIIET COXPAHUTh OOOPOTHBIM
KaruTalJl OT HOKPBITUA Y6I)ITKOB, KOTOPBIC BO3-

HUKAIOT M3-3a (PMHAHCOBO-TIPOU3BOJICTBCHHOMN
JIESITSIIbHOCTH OPTaHHU3aIIHHN ).

OpHako, Takke Ba)KHEHIIEH Mpoueaypoi
yIpaBJIeHHsS 00OPOTHBIM KAITUTAJIOM IIPEIITPH-
ATUS SBJSIETCS €ro ONTHUMH3alus. B mepByto
ouepesib, MPEXkKIe, YeM MbI MEpeiieM K pac-
CMOTPCHHUIO OCHOBHBIX METOA0B OIITUMU3ALIUN
00OpPOTHBIX CPEICTB OpPraHU3aIluK, OTMETHUM,
YTO JIaHHAsl MPOIeypa COCTOUT W3 HECKOJNb-
KUX HarpaBJIeHUH.

Kaxnprii BeKTOp ONMTHMH3AIHH 000POTHO-
TO KanuTajga OTHOCHTCS K ONpPEJeNICHHOM cTa-
The 00OPOTHBIX CPEACTB, Pa3leIAIOUINXCS Ha:

— TOBapHO-MaTepUaIbHBIC 3aI1achl;

— 1eOUTOpCKAast 3a/I0JKEHHOCTb;

— JICHEXHBIE CPENICTRA.

Taxoke, obparnuMcs K JaHHBIM PHCYHKA,
IIe OTOOpaskeHa OCHOBHAsl CTaTHCTHYECKAs
MHpOpMaIHs, OTpa)kalollas CTeNeHb YIpaB-
JieHust 00OPOTHBIM KaIllUTAJIOM TPAHCIIOPTHOTO
xomauara OAO «PX».

Hcxons u3 pucyHKa MOJKHO 3aMETHUTh, UTO:

—00BeM  00OpPOTHOTO KamuTajga KOM-
nmaHuM  BbIpoc ¢ 4554 wapn  pyOsei
1o 476,4 muipn pyoneii;

— OCHOBHYIO  JIONII0O  OOOpDOTHBIX  aK-
THBOB  3aHMMAIOT  JICHE)KHBIE  CPEJICTBA
M WX DKBUBAJICHTHI, KOTOPBIA MPOAEMOHCTPH-
poBayM CBOE CHIDKEeHHE ¢ 162,5 mupa pyoneit
1o 140,1 mupn pyOneit;

— 00BbeM JIeOUTOPCKOH 3a10KEHHOCTH BbI-
pocc 113,8 mupa py6ueii no 127,3 muipa pyOinei;

—o00beM  MarepuaIbHO-TPOU3BOJCTBEH-
HBIX 3amacoB BeIpoc ¢ 104,7 mupn pyOneit
o 118,5 mapm pyomeit.

Takum 00pa3oM, U3MEHEHHS B CTPYKTYpe
oboporHoro kamutana OAO «PX]I» xapak-
TEPU3YIOTCS POCTOM  MaTepHaIbHO-IIPOU3-
BOJICTBEHHBIX 3aITacOB, POCTOM JeOUTOPCKOM
3aJI0JUKEHHOCTH W OJHOBPEMEHHBIM CHHXKE-
HUEM JCHEXHBIX cpeactB. MccmemoBanue
CyII€CTBYIOIIUX MHOT'OYUCIICHHBIX METOI0B
B 00J1aCTH yrpaByieHUs1 000POTHBIM KallUTAJIOM
MO3BOJISICT MPEUIOKUTh KOHKPETHBIE METOJIbI
JUTSI TIOBBITIEHHS 3(QEKTUBHOCTH YIIpaBICHUS
M0 KKAOMY U3 0003HaYEHHBIX BEKTOPOB.

Tak, ipy onTUMI3AIIHA 00OPOTHOTO KaITuTa-
JIa yepe3 ynpapiieHUe TOBAPHO-MaTepHaTbHBIMU
3armacamMu HauOosee MOMYJIAPHBIMA METOJaMH
BBICTYIAIOT METOJ[ MPSMOTO CYeTa, aHAIUTHYC-
CKUi MeToT ¥ KO3(h(DUIMEHTHBII METO]I.

Mertoz psIMOTO cYeTa — €ro 0COOEHHOCTHIO
SBIIAETCS OTPEACICHHE ONTHMAIBHOTO pazMe-
pa 00OpOTHBIX CPENICTB YISl POU3BOJCTBEHHON
JeATENbHOCTH NPEINPUSTHS Yepe3 pacyeT HOp-
MarrBa OOOPOTHBIX AKTUBOB W HOPMHPOBAHUS
HOpPM 3araca I0 €ro OT/AENBHBIM JJIEMEHTaM.
IIpenmytecTBamMu SIBISFOTCSI TOYHOCTH U JIOCTO-
BEPHOCTh IKOHOMHYECKH-MATEMaTHYeCKUX pac-
yeToB. Hegocrarkam BeICTyHaeT TPYIHOCTb IIPO-
BeJICHA ONTUMHU3ALUH OOOPOTHOTO KaIUTaA.
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Jlunamuxa obopomrozo kanumana u e2o cmpykmypsi komnanuu OAO « PXKI]»
6 nepuoo 2017-2018 ze., ¢ mapo. pybaeu [6]

AHaIUTHYECKUH METOIl — ero 0COOCHHO-
CTBIO SIBJISIETCS] PACHTHPEHHBINH pacueT 000poT-
HBIX CPEJICTB, B pa3Mepe UX cpeiHe (akruue-
CKUX OCTATKOB U HCTOJNB3YETCsl B TOM ClTydae,
KOTJIa B TUTAHHPYEMOM TIEpHOJIe HEe TpeTycMa-
TPUBAIOTCSI 3HAYNTEILHBIC H3MEHEHHUS B Pado-
Te mpeAnpusThs. [IpenMyIecTBOM BBICTYITaeT
BO3MOXKHOCTh MOKMCKA M3JUIIKOB TOBAPHO-Ma-
TepUaNIbHBIX 3amacoB. HemoctatkoM — HU3KUI
YPOBEHb JIOCTOBEPHOCTH OIICHKH M PACYCTOB.

KonddutimeHTHBIN MeTO — €T0 0COOCHHO-
CTBIO BBICTYIAET pacdeT 0a30BOW BEIMYHHBI
00OPOTHBIX CPEJCTB B OOIIEM 10 BCEMY IPE/I-
npusaTuio. [IpenMyIecTBOM BRICTYAET TTOUCK
CIoco0a yCKopeHHst 000payBaeMOCTH 000POT-
HBIX cpefcTB. HemocTarkoM — TpyIOeMKOCTb.

[Mpu ontumuzanmu OOOPOTHOTO KaIH-
Tana uepe3 yIpaBleHUE JeOMTOPCKON 3a-
JIOJDKEHHOCTBRIO TIPEANPHUATHS Hanbosee To-
MyISPHBIMA  METOJAAMH  BBICTYMAIOT METO/
KJIACTEPHOTO aHain3a, MeTojl (haKTOpUHra
U KpeJUTHAsSI MOJIUTHKA.

Mertoj| KJIACTEPHOTO aHalln3a — €ro 0co-
OCHHOCTBIO SIBIISIETCS TIO/Ipa3JielIeHIE BCeX Jie-
OWTOPOB OPraHU3aIlMK Ha OTACIbHBIC TPYIIITHI
U KJIAaCTepbl, KIACCU(PHUIUPOBAHHBIC C LENIBIO
KOM(OPTHOTO Tpollecca yIpaBlIeHUsS UX 3a-
JIOJDKEHHOCTBIO. [IperMYyIIEeCTBOM BBICTYIIACT
pacrpejeneHue JeOUTOPOB Ha KIIaCTEpHBIC
rpymmnsl. HemoctarkoM — HEKOPPEKTHOCTH 00b-
eIMHEHUS 1eOUTOPOB B ITUPOKHE TPYIIIIHL.

Merton (akToprHra — ero 0COOCHHOCTHIO
SIBIISICTCSL YACTHYHAs OIuIaTa JeOUTOPCKOit 3a-
JIOJDKCHHOCTH TIOKYTNATeIsIMUA, & OCTallbHBIC

JICHE)KHBIC CPEJICTBA OTUTauMBaeT (PUHAHCOBBIT
KOHTpareHT, Hampumep, Oank. IIpeumyrue-
CTBOM BBICTYIIA€T YBEINYECHUE 000padrBacMO-
CTH OOOPOTHBIX CPENICTB M pazMepa MPHOBLTH
OT OCHOBHOW JI€ATENBHOCTH TPEAIPUATHS.
Henocratkom — BO3MOXHBIM OTTOK JCHEXK-
HBIX CPEJICTB.

KpenutHast monuTuka — ero 0COOEHHOCTBIO
BBICTYIIaeT  (popMHUpOBaHHE PYKOBOJICTBOM
MIPEINPUATHS KPEAUTHOM MTONIUTUKH JIJTSI CBOUX
JeOUTOPOB, B paMKax KOTOPOH (opMHUpyrOTCS
LeNd, 33Ja4l W WHCTPYMEHTHI TTOBBIIICHUS
WIN CHIDKCHUsI JIeOUTOPCKOM 3a10J1KEeHHO-
ctd. [IperMyIecTBOM BBICTYNaeT COBPEMEH-
HBI BO3BpAT ACHEKHBIX CPEACTB U KOHTPOJIb
3a nmeburopamu. HemoctarkoM — TpyAHOCTH
TIpH BEIOOPE TPAMOTHOW TIOJTUTHKH.

[Ipu onTumu3anuu 00OPOTHOTO KarMTaa
yepe3 yNpaplcHUE JCHEKHBIMU CPEICTBAMHU
NpEANpUATUS. HanOosee MOMyISIPHBIMA METO-
JIaMH BBICTYIIAIOT KOCBEHHBIH W TPSIMOHN Me-
TOJBI aHANN3a JICHE)KHBIX TTOTOKOB W MOJIEIH
bamyonsa-Toouna n Munnepa-Oppa.

KocBeHHBIIT W TpsSAMON METOIBI aHAJH-
3a JICHEX)KHBIX TOTOKOB — HX OCOOEHHOCTHIO
BBICTYIIAaeT OLEHKAa OT4YeTa O JBW)KECHHH JIe-
HEKHBIX CPEACTB M MPEBPALICHUS NPHOBLIH
B JIEHEXKHBIE cpencTBa. lIpenMymecTBOM BbI-
cTynaet 3pQEeKTUBHOE OTPAKEHHE JIBUIKCHHUS
JICHEe)KHBIX TIOTOKOB mpearnpustus. Hemocrar-
KOM — HU3Kast 3 PEeKTUBHOCTD.

Mogens bamyons-Toouna, Mumiepa-Op-
pa — ee 0COOCHHOCTBIO SIBIISICTCSI pacyeT pas-
Mepa CpeTHETr0 OCTaTKa JIEHEKHBIX CPEJCTB
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MPEANPHUITHS, YUYUTHIBass 00bEM €ro IJIaTex-
Horo oOoporta. IIpenMyiecTBOM BBICTyIAET
YETKUH MareMaTHYeCKU pacyeT ONTHMallb-
HOTO KOJINYECTBA OCTAaTKa JIEHEKHBIX CPEACTB.
Henocrarkom — oTcyTCTBHE yuyeTa KoyieOaHuUs
JICHE)KHBIX IMOCTYTUICHHUH.

Takum 00pa3om, TOABOJS UTOTH HAYyYHO-
ro MCCJIECIOBaHMS, MOKHO IPUUTH K CIEAYIO-
LIUM 3aKII0YCHUSM:

— ynpasjieHHe 000pOTHBIM KallMTaJIOM I10-
3BOJISIET 00€ECIICUUBATh PYKOBOICTBOM KOMIIa-
HUM SKOHOMHYECKYI0 0€30MacHOCTh U (PUHAH-
COBYIO YCTOWYMBOCTbH OM3HECa;

— 11 3QPEKTUBHOTO MpolLecca yrnpasie-
HUSL 000pOTHBIM KanuTajgoM komnanuu OAO
«PXI» HeoOxoaumMo coOM0IeHIE BaXKHEHIIMX
IIPUHLUIIOB, CPEIH KOTOPBIX MPUHIMII HOPMU-
POBaHUsI, TPUHIIMT UCTIONB30BaHUsI 000POTHO-
0 Kaluraia CTPOro Mo LeleBOMY Ha3HaYECHHIO
1 IPUHIMIT COXPAHHOCTH, PAlJHOHAIILHOTO HC-
MOJIb30BAHMS U YCKOPEHHsI 000padnBaeMOCTH;

—C LENbI0 COBEPILIEHCTBOBAHUS CHCTe-
Mbl YIpPaBICHUS OOOpPOTHBIM  KalMTaJIOM
TpancnoptHoro xojauHra OAO «PX]/I» ne-
o0xXomuMa ee ONTUMH3alMs IO OCHOBHBIM
HaMpaBJICHUSAM HPU TOMOIIM HCIIOJIb30BAHUS
Pa3NIUYHbIX METO/OB;

— B pe3yJbTaTe NPOBEJEHHOTO HCCIIEA0Ba-
HUSl OIpENEeNIEHbl OCHOBHBIE BEKTOPbI ONTHU-

MH3alUH CUCTEMBI YIIPaBICHUS OOOPOTHBIM
KaluTajJOM XOJJMHTa U PacCMOTPEHBI KOH-
KPETHbIC ONITUMU3AIIMOHHBIC METO/IBI JUIS KaXK-
JIOTO BEKTOPA.
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Crarbsi OCBSIICHA UCCIIETOBAHNIO IIPAKTHYCSCKOI PO IIIATEXKHOTO OaaHca Kak MeXaHH3Ma H HHCTPYMEHTA
YIIpaBICHHS JCHEKHBIM 000POTOM B (HIIHaje TPAHCIOPTHOI KOMIAHHU Ha IPHUMepe HEHTPaIbHON TUPEKIHH HH-
dpactpykrypst OAO «PXK». AKTyanbHOCTh HAyIHOTO HCCIIEIOBAHHMS 110 BHIOPAHHON TeMe 00yCIIOBICHA BRICOKOIT
POJIBIO YIIPABICHHS AEHEXKHBIM 000POTOM B 00€CIIeUEHHN IKOHOMIYECKOH 0€3011aCHOCTH XO3sIHCTBEHHOM AesITelb-
Hoct OAO «PXK]» B ycIOBHSIX OTPaHUYCHHOCTH (PHHAHCOBBIX PECYPCOB U HEBLICOKOM YPOBHE JIMKBUTHOCTH KOM-
naHuu. PaccMoTpeHs! npenMyIiecTBa pUMEHEHUs IIaTeXHOro 6anaHca repes] OI0[KeTOM IBHKEHHUs IEHEKHBIX
cpencTB B unanzax KoMraHuu. [IpoaHanu3upoBaHsl TEKyIHe MPOOIEMBI H TPYIHOCTH B YIPABICHUH ACHEKHBIM
000pOTOM U MOTOKaMH (hHIHaza KOMIAHHU. B paMKkax cTaTbu paccMaTpHBAIOTCS 3HAUYCHHE H 0coOeHHOCTH (op-
MUPOBaHHMS [UIATEKHOTO OanaHca JUPEKIMH HHPPACTPYKTYPhl, COCTABIISIOLINE €€ J0XO0A0B H pacxonoB. OmucaHsl
MEXaHH3MBI CHCTEMBbI IUIATeKHBIX 0aJaHCOB, II03BOJISIONINE YIECTh BpeMEHHbIE JIard, BO3HHKAIOIINE H3-32 HECO-
BIIAJCHHS TIEPHOJOB HAYUCICHUS BHIPYUKH U €€ B3BICKAHHS, a TAKXKE H3-32 HECOBIAICHMS IEPHONOB CIMCAHUS
MIPOU3BOJCTBEHHBIX 3aTpPaT M MPOBEICHUS IJIaTeKel 110 JoroBopam. B mpakTuyeckoi 4acTH aHAJIN3a IIATEKHOTO
Gananca npeInpusITHst OBUIH MOJBEACHBI NTOTH (P(PEKTHBHOCTH yIPaBICHHS ICHSKHBIMH OTOKAMH B THPEKIIHI
nudpactpykrypsl OAO «PX/I». BRIBICHBI HEJOCTATKH IIIATEKHOTO OaTaHca KaKk HHCTPYMEHTA yIPaBICHHUS Jie-
HEXHBIMH 000POTOM JMPEKIMK HHOPACTPYKTYpbl. I1peyionkeHo BHEAPHTD TIPUHIIUI CYIECTBEHHOCTH TP (hak-
THYECKOM HCIIOIHEHHH TUIATeXKHBIX OATaHCOB JUIs HOBBILICHNS] THOKOCTH IIPH YIIPABICHUN JCHEKHBIM 000POTOM.

KioueBsble ciioBa: miiatexnblii 6ananc, nuudpactpykrypa OAO «PK]», ynpasiieHnue AeHe:KHBIM 000poTOM,
AHAJIN3 JIEHe;KHOT0 000POTa, 000POTHBIE CPEICTBA, IBNKeHHNE IeHE/KHBIX CPEe/ICTB

BALANCE OF PAYMENTS AS ONE OF CASH MANAGEMENT TOOLS
IN THE INFRASTRUCTURE DIRECTORATE OF JSC «RZD»

Tsepenko E.A., Lunina T.A.
Siberian Transport University, Novosibirsk, e-mail: eeelson(@mail.ru

The scientific article is devoted to the research analysis of the practical role of the pay balance as a mechanism
and tool for managing money turnover in the directorate of infrastructure of a company with a holding structure
of management of JSC Russian Railways. The relevance of scientific research on the selected problem is due to
the high role of money management in ensuring the economic security of the economic activities of the Russian
Railways company and the low level of its efficiency at the current stage. Within the framework of the article, the
features of the formation of the balance of payments of the enterprise and its significance are considered. The current
problems and difficulties in managing the cash turnover and flow of the Russian Railways company are analyzed.
The main tasks of the analysis of cash flows and turnover of the enterprise are listed. The features of the formation
of the organization’s balance of payments and the components of its income and expenses are considered. The
mechanisms of the balance of payments system of an enterprise are described, which allow taking into account
time lags resulting from the mismatch of the periods for writing off production costs and making payments under
contracts, and due to the mismatch of the periods for calculating revenue. In the practical part of the analysis of the
balance of payments of the enterprise, the results were summarized on the efficiency of cash flow management in
the directorate of infrastructure of the Russian Railways company.

Keywords: pay balance, Russian Railways JSC infrastructure, money management, analysis of cash turnover,
working capital, cash flow

B coBpeMEeHHBIX YyCIOBHSAX 3KOHOMUKHU
Ul PE3yJbTaTUBHOTO  (DYHKLIHMOHUPOBAHUS
KOMITaHWH, TOAJIepKaHus (DPUHAHCOBOTO Ora-
TOTONIyYds] B HACTOSIEM W (POPMHUPOBAHUS
3aJaTKOB JUIsl €e pocTa B OyaylieM, CTAHOBHT-
csl HeoOXOOUMBIM 3(P(PEKTUBHO OPraHM30BaTH
ynpaBieHHE JCHEXHBIM oboporoMm. B pabore
MEHEDKEPOB OCOOCHHO Ba)KHO 3HAHHME U HC-
[10JIb30BaHME HA IPAKTHKE aKTyaJbHbIX MeXa-
HU3MOB OpraHU3allMyd W YIPaBJICHUS JICHEXK-
HBbIM 000POTOM.

AKTyanbHOCTb HAay4YHOTO HCCJICIOBAHMS
Ha BBIOpaHHYIO TeMy OOYCIIOBJIEHAa BBICOKOI
pPOJIBbIO  YIPaBJIECHUS JCHEXKHBIM 000pOTOM
pHu 00eCTICUeHNH YKOHOMUYIECKOM Oe30TTacHO-
CTU XO3SIICTBEHHOW JESTEIbHOCTU KOMIIAHUU
OAO «PX][», ee punnanoB u CTPYyKTypHBIX

MOJIpa3AeliecHU B YCIOBUSIX OMPAaHUYEHHOCTH
(MHAHCOBBIX PECYPCOB W HEBHICOKOM YpPOBHE
JIMKBU/IHOCTH KOMITAaHHH.

JleHEe)KHBIC MMOTOKHU TIPEICTABIISIOT COO0M
COBOKYITHOCTb IIOCTYIUJICHUH U BBIILIAT JCHEK-
HBIX CPEJICTB B MpoLiecce ONEPALMOHHOM, UH-
BECTHUITMOHHOW W (PMHAHCOBOW JIEATEIHHOCTH
KoMITaHuH [1].

Hecmotpst Ha TO, 4TO OIOMKET ABMIKEHUS
JIEHEKHBIX CPEACTB SBISCTCS OJHUM W3 HaU-
0oJiee MOMyJSPHBIX B MUPOBOU IPAKTHKE WH-
CTPYMEHTOB YIIpaBlIeHUs] (DMHAHCOBBIMH pe-
CypcaMH, TaK KaK OCYILECTBIISET B3aUMHYIO
YBA3KY JEHEXHBIX IOTOKOB OpraHu3aluu
M0 BUJAM JEATEIHHOCTH (OTepanoHHON, WH-
BECTHIIMOHHOW U (UHAHCOBOH), TAaHHBIH MeXa-
HU3M (DMHAHCOBOTO MEHE/KMEHTA HE ITO3BOJIs-
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€T B MOJHOU Mepe obecrneunTh 3(P(HEKTUBHOES
yIpaBJICHHUE JICHEKHBIM 000POTOM HH B (DUIIH-
ajax KOMIIaHWH, HU TeM OoJiee B €€ CTPYKTYp-
HBIX TIoJipazaeneHusx [2, c. 105].

Beuny toro dakra, yto (Qrinamsl Komma-
HUU HE MOTYT 3aHHUMAaTbCs (PUHAHCOBOW Jiesi-
TEJILHOCTBIO, MPEporarnBa KOTOPOH NpuHAI-
JICKUT TOJIOBHOH KOMIIAHHH, a TAKXKE 00sI3aHbI
B TOM YHCJIE OCYIIECTBISTH Pa3/eibHbBIN yueT
JIOXOZIOB M PACXOAOB TI0 BUIaM JICATEIHHOCTH
(ocHOBHas, MOICOOHO-BCIIOMOTATEIIbHAS, WH-
BECTHIIMOHHAS, BHEpealn3allMOHHas1), Hanbo-
Jiee IPUMEHUMbBIM HHCTPYMEHTOM YIIPABIICHUS
JICHEX)KHBIM 00OpPOTOM Ha ypOBHE (huimana
KOMIIaHHUH SIBJISICTCS TUIATSKHBIN OayraHe [3].

Cucrema IDIaTeXHBIX OaNaHCOB CITIOCOO-
CTBYET PEIICHUIO CICAYIONINX 3a1a9 KOMITaHUH:

— moJyiepkaHus (PUHAHCOBOHM yCTOWYHMBO-
CTH U IIaTEKECIIOCOOHOCTH;

— ONTHMHU3AIMKU  YPOBHSI  J1€OMTOPCKOM
1 KPEIMTOPCKOH 3a/I0J1’KEHHOCTH;

— OCYIIIECTBJICHHAS KOHTPOJIS 3a pacyer-
HOW TUCLUILUINHOM.

Ha ypoBHe ympaBieHYECKOW MNPaKTUKU
B rutHaiax ¥ uX CTPYKTYPHBIX ITOJIPa3/ICICHU-
SIX IIJIaTEXKHBIA OanaHc, 0000IarOIUI IBUKE-
HUE JICHE)KHBIX CPEJICTB 10 BCEM OAHKOBCKUM
cderam, SBJISETCS OCHOBHBIM HHCTPYMEHTOM
YIPaBICHUS JCHEKHBIM 000POTOM.

Hannast pabora TOCBAIIEHA  HCCIe-
JOBaTelIbCKOMY  aHalU3y  NPaKTHYECKOH
poNu IIaTeXHOro OajaHca Kak MEXaHH3Ma
Y WHCTPYMEHTa YIPaBICHUS JIEHEXKHBIM 000-
pOTOM B KOMITAHWW C XOJIAHMHTOBOM CTPYKTY-
poit ympasinenus OAO «PX]/[» Ha mpumepe
JTUPEKIHA UHPPACTPYKTYPHI.

st 3TOTO, B paMKax HAy4HOI'O MCCIEI0-
BaHMsI HEOOXOANMO pEIlICHHE CICAYIOMHUX T0-
CTaBJICHHBIX 3a/1a49:

— paccMOTpeTh OCHOBHBIE IIENTH W 3aja-
YW TPOBENEHUS aHAJIN3a JIEHE)KHOTO 000poTa
MIPETPUSTHUS,

— paccMOTpeTh 0COOEHHOCTH (OPMHUPO-
BaHUsl IUIATEXKHOTO OalilaHCa JUPEKIUU HH-
(hpacTpyKTyphl ¥ COCTaBIISIONINE €T0 JJOXOIO0B
1 Pacxo/IoB;

— IIPOAHAM3UPOBATh AKTYyaJbHBIE TIPO-
OJIeMBI TIPU YTIPABICHUN JICHEKHBIM 000POTOM
JUPEKIH UHPPACTPYKTYPBHI;

— 0003HAYHUTh TIPEUMYIIECTBA W HEIO-
CTaTKH TIATEKHOTO OanaHca KaKk MHCTPYMEH-
Ta YIpaBJIeHHs JEHEKHBIM 000POTOM IHMpEK-
U HHOPACTPYKTYPHIL.

[lepen  ympaBieHUECKUM  armaparoMm
TpancnoptHoro xoiauara OAO «PXJ» octpo
CTOUT BOIIPOC OMNPEACICHHUS HAWIY4IICH MO-
JIEJIA ¥ METOJIOB YTIPABIICHUS JIEHE)KHBIM 000-
POTOM C TIENIbI0 MAaKCUMU3AIUN (PHHAHCOBOTO
pe3yibTaTa i CTOMMOCTH KOMIIaHHH.

B uacTHOCTH, aKTyalbHOCTh JJAHHOW 3a-
Ja4u OOyCIIOBJICHA CIIOKHOW OpraHM3aluoH-

HOM CTPYKTYpOM KOMIIAHWH, TaK, TOIBKO JIUIb
paccmarpuBaeMblii B pabore ¢unuan Komma-
Huu LleHTpanbHas aupexius HHPPACTPYKTY-
pbl, UMeeT 13 CTPYKTYpHBIX NOAPA3AEICHUIN:
12 TeppUTOpHATBEHBIX TUPEKITUH HHPPACTPYK-
TYpBl U JUPEKINIO0 JUATHOCTHKH M MOHHTO-
pUHra HWHPPACTPYKTYPBI, OOBEAMHSIONIYIO
TEPPUTOPHATILHBIE ~ LEHTPbl  JTHArHOCTHUKHU
Y MOHUTOPHHTA HHPPACTPYKTYPHI (PHCYHOK).

MaTepna.mﬂ U METOAbI UCCJICA0OBAHUSA.

MarepuanaMu HMCCICIOBAHHS ITOCITYKH-
i HOpMaTuBHBIE NOKyMeHTHI OAO «PX ]Iy,
CTAaTUCTUYECKHUE JIaHHBIC, JAHHBIC aHKETHPO-
BaHUsl. VCMoNB30BaINCh METO/bI CUCTEMHOTO
aHaIM3a, AHAJUTHYSCKUE METObI, METOJbI
CTaTHCTUYECKON 00pabOTKH TaHHBIX.

Pe3y.1'll)TaTbI HCCJICAOBAHUSA
U HUX 00CyKIeHne

B Texymmx ycioBUSX POCCHMCKOM 3KO-
HOMHUKH U CEKTOpa KEJIEe3HOJOPOKHBIX Iepe-
BO30K, MOYKHO OTMETUTH CIIEIYIOLIHE YTPO3bI
3¢ PEKTUBHOCTH yNpPaBICHUS TEHEKHBIM 000-
porom komnanuu OAO «PXK/I»:

— Ne(UIMT JICHEKHBIX CPEJICTB JJIsl Belie-
HMs OM3Heca;

— HEJIOCTAaTOYHOCTh COOCTBEHHBIX KPE/INT-
HBIX BO3MOKHOCTEIH;

— HEAOCTaTOK WIIM HU30BITOK NPOU3BOJ-
CTBEHHBIX 3aI1aCOB MPEIIPHUSITHUS;

— BBICOKMH HM3HOC OCHOBHBIX (DOHJOB
TPAHCIOPTHOTO KOMIUIEKCA MPEITPHSITHS;

— BBICOKHH 00bEM HEJIMKBUIHBIX aKTHBOB
B 00OPOTHOM KalHTae;

— BBICOKHH ypOBEHb KPEIUTOPCKOM 3a/1071-
JKEHHOCTH, 0COOEHHO KPaTKOCPOYHOH (CO cpo-
KOM JIO MECs11a).

Baxuelimumu nponeaypaMu yrpabieHUst
JICHe)KHBIM 00OpPOTOM B cHcTeMe (UHAHCO-
BOTO MCHE/DKMEHTA KOMIIAHHUHM BBICTYIAET UX
aHaJu3, 3aJa4aM1 KOTOPOTO SIBIISTIOTCS:

— OLICHKa JIMHAMUKUA WM3MCHEHHUS Jie-
HEXKHBIX MMOTOKOB B OOIIEM U B pa3pes3e BU-
JIOB JICATEIILHOCTH;

— OIIEHKa COCTaBa U CTPYKTYPBI (GOPMHUPO-
BaHUS JICHE)KHBIX TOTOKOB;

— ONpe/CIICHuEe W PacueT CTETNEeHU BIU-
sHAA (PakTOpoB Ha (OPMHUPOBAHHE JIEHEK-
HBIX [TOTOKOB;

— ONpeJieliecHue U OlEHKAa PEe3epBOB BO3-
MOYKHOTO TOBBIIICHHS TIOJIOKUTEIBHOTO TPH-
TOKa JICHE)KHBIX MIOTOKOB;

— pa3paboTKa MEpONPHUITUH 10 ONTHMHU3A-
[IUU JICHE)KHBIX TIOTOKOB MPEITPHUSITUS.

HeoOxomuMocTh  MPOBEICHUS — aHAIM3a
JICHEKHBIX 000POTOB 3aKITFOYAETCS] B OIpaHU-
YEHHOCTH JICHS)KHBIX PECYpCOB Ha TpEAIpu-
ATUM U 00YCIIOBITUBACTCS 1ICTIbIO TTOBBILICHUS
ypoBHS 3P HEKTUBHOCTH OPraHU3ALUH JICHEXK-
HBIX TIOTOKOB.
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BocTouHO-CHOHpPCKAs THPEKIH HHPPACTPYKTYPHI

T OpBEKOBCKAs JUPEKIHs HH(GPACTPYKTYPEI

3abalikanhckast THDEKTTHS HHhDACTHVKTVDRT

TOxHO0-Vpansckas JHPeKIHSI HHPPacTPYKTYPEI

CBep/IOBCKAas JHPEKIHST HHPACTPYKTYPEI

3anaiH0-CHONpCKas aupeKnus HHYPACTPYKTYpPEI

CeBepHas JHPEKIHA HEGPACTPYKTYPEI |

OAO IlenTpansHas
«PXKI» JHPEKIHs
HHPPACTPYKTYPEI

KanuHUHrpajacKas JUPEKIHI HHPPacTPYKTYPEI I

INN NN NN

CeBepo-KaBka3zckas JHpeKIHs HHPPACTPYKTYPhI |

KpacHosipcKas JHPeKIHA HHPPacTPyKTyphl

KyiiObImeBcKkas THPeKIHs HHPPACTPYKTYPBI

OKTAGpBCKad AUPEKIA HHPPACTPYKTYPHI

JlupeKius JINAarHOCTHKH i
HH(PACTPYKTYPEI

MOHHTOpPHHT A

Opeanuzayuonnas cmpykmypa Llenmpanohoii oupexyuu ungpacmpykmypuol

OnHUM M3 HCTOYHHMKOB AaHANN3a JCHEX-
HOro 000poTa IpeAlpUsATHs BbICTYIIAeT IuIa-
TeXHbIH Oananc. [lnaTexHblii OajlaHC Mpej-
CTaBJIsIeT COOOH TabMNHILy, COCTOSIIYIO U3 IBYX
OCHOBHBIX pa3efioB (IOXOOHAA W Ppacxol-
Hasi 4acTh) W COHCPXKALIYI0 IEpEedYeHb CTa-
TEH MOCTYIUICHHS M PAcXOIOBAHUS JICHEX-
HBIX CPEICTB B pa3pe3e BUIOB JESITEIbHOCTU.
[Ipu TOM cucTeMa mokasaTesiel IIaTeKHOTO
OanaHca 10JDKHA OTpakaTh peajibHbIe TpoLec-
Cbl B cepe ACHEKHOro OOpalIeHUs] ¢ Takou
[IyOMHOHN | MOJTHOTOW, KOTOPBIE oOecrieunBa-
FOT HEOOXOIUMBINA JJISi BBICOKOA(P(PEKTHBHOTO
yrpaBjieHus 00beM HH(POPMAIMOHHBIX, 00b-
SICHUTEJIBHBIX U MPOTHOCTUYCCKUX (DYHKITHIMA,

B mnarexxHoMm OanaHce ycTaHaBIUBAIOTCS
3aJaHMsl 110 B3BICKAHMIO BBIPYYKHA M JIUMHUTHI
pacxoooBaHUsl CPEACTB IO BHIAM [JESITENb-
HOCTU W OIPEHENSIOTCS ACHEKHBIE ITOTOKH
IUPEKINH WH(PACTPYKTYphl Ha IUIaHHpYe-
MBbIW MTEPUOA.

[InarexHbIit Oananc HCIIONIb3YEeTCs
JUIsl yIpaBJIeHHUS JACHEKHBIM 000pOTOM B Kpa-
TKOCPOUHOM IIEpHOZE, IPU 3TOM cama pas-
paboTka TUTaTeXHOTO OajaHca OpraHM3aANNN
OCYILECTBIIsICTCd Ha 1 KaJleHIapHBIA Mecsl,
KBapTaJ Win rof [4].

[InatexxHplii OajgaHC BBICTYNACT PpEryiH-
pyromiei cucteMoit SJKOHOMUYECKUX MOKa3aTe-
JIei 3a11acoB U JIBMKCHHUS JEHEKHBIX CPEACTB.

Ero cTpykTypy MOKHO OTOOpasuTh MO CICTy-
roreit popmysie:

3amac JeHeKHbIX CPEJICTB Ha HAaYaJlo
neprona + [IpuTOK T€HEeKHBIX CPEICTB
3a epruox = OTTOK JICHE)KHBIX CPENICTB
3a mepuon + 3amac IeHEKHbIX CPEJCTB
Ha KOHell Iepuoza.

Jupexius HHPPACTPYKTYPHI BBICTYIAET
OJTHUM W3 OCHOBHBIX IEHTPOB 3aTpaT KOM-
nannn OAO «PX]» u He B cocTrosHUM Te-
HEpUPOBATh JICHEKHBIE TIOTOKH B OO0BEMeE,
HEOOXOAMMOM ISl (PMHAHCHPOBAHUSI CBOEH
MIPOU3BOJCTBEHHO-XO35IICTBEHHON  JIeATENb-
HocTu. Tak, pacxomHble JE€HEXHBIE IOTO-
KU OoJiee ueM B 2 pa3za MPEBBIMIAIOT MOTOKH
OT JOXOIHBIX mnocTymiaeHuil. HemocraTok
COOCTBEHHBIX ICHEKHBIX CPEJICTB IS TOKPbI-
TUSl PACXOIHOM YacTH IJIATEKHOro OasaHca
JUpEeKUUd UHPPACTPYKTYphl obecrednBa-
eTCs HampaBleHHEM JIEHEr C IIeHTPabHOTO
pacuetHoro cueta (manee — [IPC) xommanuu
B MpeJeNax yCTaHABIMBAEMOTO B IJIATEKHOM
OaylaHCce TI0 CTPOKE «IUIaH HampasieHus (u-
HaHcupoBaHus ¢ [{PC».

B cTpykType nOXOOHBIX MOCTYIUIEHUH
mupekuuu  uHpacTpyktypsl  84,7%  dop-
MHUpPYeTCS 3a CUeT TOCTYIUICHHH BBIPYUKH
OT TIPENOCTABICHUs YCIyr HH(PacTpyKTyphI
T0 MACCAXUPCKUM IIEpEeBO3KaM B JAJIbHEM Clie-
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noBanuu (57,6 %) v B IPUTOPOIHOM COOOIIIE-
uuu (27,0 %). Beipyuka oT moJcobHO-BCIIOMO-
rareilbHON JIEeSATENbHOCTH, TAKOH KaK PEeMOHT
TTOJIBUKHOTO COCTaBa, peaju3allisi MeTalio-
JoMa, c/lada B apeHay WMYIIECTBa U APYTOH,
coctasiseT 14 % ot o0rmeil cyMMBbI JOXOIHBIX
nocrymjaeHuid. Ha ocraiibHbie BUABI JOXOAHBIX
MIOCTYIUICHUH (B TOM YHUCIIC OT HMHBECTUIIUOH-
HOM JIesITeNIbHOCTH, TIPECTaBIEHHON B OCHOB-
HOM TIpOfIaykel 0OBEKTOB HEIBIKUMOTO UMY-
[IeCTBA) IPUXOAUTCS 0KoI0 1 %o.

CJ'IC,Z[yeT OTMETHUTH, YTO B CUCTECMC IlIa-
TEXHBIX 0aJTaHCOB MPEIYCMOTPEH MEXaHU3M,
ITO3BOJISIFOIINI yYUTHIBATh BPEMEHHBIC JIarH,
oOpa3yromecs: U3-3a HECOBIIAJEHUS TIEPUO-
JIOB HAYMCJICHWs BBIPYYKH M €€ B3bICKaHUS,
WM SBIISIETCA HOPMAaTHB aBaHCOB M 00si3a-
TenbCTB 1Mo goxoxam (nanee — HAO/). HAO/]
MIPUMEHSETCS JIJISl OIIPEICICHUS T1aHa OCTY-
IJICHUH JIGHEeKHBIX CPEJICTB C YYETOM 3ajia-
HUS 110 B3BICKAHWIO aBAHCOBBIX MOCTYIIIICHUH
1 JOXOJIOB OYyIyIINX TIEPHUOIOB U IOMyCTHMO-
ro o0bemMa OTIOKEHHBIX 0053aTENBCTB MOKY-
raTeNieil M 3aKa3uyuKOB Tepe]] OpraHu3alueH,
BO3HHKIIMX MPU UCIIOJHEHUU CBOJHOTO OIOJI-
JKETa JIOXOJI0B.

Hupeknus wHQPACTPYKTYpPHI €XKEIHEBHO
AKKyMYJIIPYEeT Ha CBOEM CUETe JOXOIHBIE IT0-
CTYIUICHHSI OT CBOWX PETHOHAIBHBIX TOpa3-
JIeTICHUH U J1ajiee pachpeieNsieT U HalpaBJsieT
JCHCXKHBIC ITOTOKH Ha MOrali€cHue CBOUX 065[-
3aTeNbCTB ¥ (DMHAHCHUPOBAHUE HIKECTOSIIUX
MOAPa3ACICHUM.

HeBbImloTHEHNE YCTAHOBICHHOTO IIIaHa
BBIPYUKH JIMIIAET AUPEKIHNIO HHPPACTPYKTY-
pPBl BO3BMOXXHOCTH TPO(GUHAHCUPOBATH CBOU
pacxollHble OIepaluyd B TIOJHOM OObeMe,
TaK KaK TMOKpbITHE Je(UIMTA TUIATEKHO-
ro Oananca ¢ I[PC ocymecTBusercs TONBKO
Ha pa3HMILY C IJITAHOM COOCTBEHHOTO B3BICKa-
HUS BBIPYUKH.

MeHeKMEHTY JUPEKIIMH HHPPACTPYKTY-
Pl IPUXOOUTCS yCTAaHABIMBATL IPUOPUTETHI
B moraiieHu# o0s3aTenbeTB. CucTemMa IaTex-
HBIX OQJTaHCOB IO3BOJISICT HAIPABUTH IEJIEBOE
(hvHAHCHPOBAaHNE HIKECTOAIINX TOApaszere-
HUW JUPEKINU Ha TEPBOOYEPENHBIC TUIATEKHI
U pas3acinTb ACHCKHBIC ITIOTOKMW II0 CTEIIC-
HU CPOYHOCTH.

B pacxomHO# yacTu 1uiaTexHoro OajgaHca
Ha (PMHAHCUPOBAaHHE 0053aTEIHCTB O OTLIATE
Tpy/na pabOTHUKOB M OTYMCIICHHUH Ha COIMAITb-
HbIe HYXXIBI TpuxoauTcs 56 % Bcex pacxon-
HBIX JICHEXKHBIX MOTOKOB. Ha mpuobOpereHue
marepuanioB Bcero 0,4%, Tak Kak Ha caMo-
CTOATENBbHOE TPHOOPETeHHUE TOBApPHO-Ma-
TEPUANBHBIX IIEHHOCTEH OTBOAUTCS JIUIIh
HeOombIIas 4acTh OIOIKETa 3armacoB W 3a-
KYIIOK, HE BXOJMIIas B HOMEHKJIATypy LEH-
TpaJIn30BaHHBIX MOCTAaBOK PockenmopcHada.
Ha npouue marepuanbHble ¥ MPOYHE PACXO-

IIbl B COBOKYIHOCTHU HampasisieTcs 17 % ne-
HEXHBIX cpelncTB. HampaBneHue aupexnueit
WH(PACTPYKTYPHI J€HEKHBIX CPEJICTB HA PU-
HAaHCHUPOBAHHNE WHBECTUIIMOHHOMN MPOTPaMMBbI
B 2020 romy coctaBuiio 6 %, 00beM JaHHBIX
JICHEKHBIX TTOTOKOB 3aBUCHUT OT HAIOJIHCHUS
WHBECTHIIMOHHOM MpOTpaMMbl, yTBEpK/ae-
Mot OAO «PXK/I» Ha KakJbli TUIaHUPYEMBII
roz. B HacTosee Bpemsi B AupeKun nHQpa-
CTPYKTYpPBI PEaTu3yroTCsi WHBECTHIIMOHHBIE
MPOEKTHl 110 MOJEPHHU3AUNU HH(PPACTPYKTY-
PBI KEIE3HOJOPOKHOTO TPAHCTIOPTA, HAIPaB-
JICHHBIC B TIEPBYIO OUEPe/ib HA CHATUE HH(]pa-
CTPYKTYPHBIX OTpaHWYCHUN Hu oOecreyeHue
TEXHOJIOTUYECKOW yCTOWYMBOCTH IMPOU3BOJI-
CTBEHHOTO TIpOIlecca.

3a CcoOONIONEHUEM YCTAaHOBICHHBIX IITa-
TEXHBIMHU 0ajlaHCAMU JIMMUTOB OCYIICCTBIISCT
KOHTPOJIb Ka3HAYEHCKUN anmapar KOMIIAHUU.
[TnarexHple OaaHCHI CIIOCOOCTBYIOT YCTaHOB-
JICHWFO KOHTPOJIS 32 IEJIEBBIM PacX0JJ0OBaHUEM
JICHE)KHBIX CPENICTB, 32 COOTBETCTBHEM (hu-
HAHCHPOBAHMSA YTBEP)KICHHBIM [OKA3aTesIM
CBOJIHBIX OIOJKETOB 3aTpar.

[IpenenbHBIMU BEJIMUYUHAMHY JJIs YCTAHOB-
JICHUSI TUTAHOB TUTATEXKHOTO OallaHca JUPEKIUU
WHPPACTPYKTYPHI CITYyKAT TTOKA3aTeNN «IIpaBa
Ha (hMHAHCHPOBAHHE OO0SI3aTEIBCTB MO OION-
xxetam» (naee — I[1DOB), chopmupoBanHbIe
HAa OCHOBAHHMM IOKA3aTeje yTBEPKICHHBIX
CBOJIHBIX OIOJKETOB 3aTpar.

[IOOb ompenenser 00beM OTIOKEHHBIX
TUTaTeXXel ¢ y4eTOM aBaHCOB BBIJIaHHBIX U pac-
XOJIOB OyAyIIMX TIEPUOJIOB, MOIEKAIINX CITH-
CaHUIO B TeKylleM (puHaHCOBOM rofy. Pacuer
[I®OBb BeneTcst HapacTAOIUM UTOTOM C Hada-
Jla Tof1a, IPU ATOM JUIs Liened (UHaHCHpOBa-
HUSl COOTBETCTBYIOLIUE OFO/KETHBIC TIOKa3are-
1 yBenuuuBatotTcs Ha ctaBky H/IC.

ITokaszarenu CBOIHBIX OIOMKETOB 3aTparT,
He ToIexkamue (uHaHCHpOBaHUIO (Ha-
MpUMEp aMOPTHU3alMsI), a TaKXKe IUIATeHKHU
U TIOCTaBKH B paMKax MEK(HIHaIbHBIX OT-
HOIIIGHUW W IIEHTPAJTU30BAHHBIX JOTOBOPOB,
YYHUTBIBAIOTCS B rpadax IUIaTeKHOTo OaliaH-
ca «0Oe3IeHEeKHbIE pacyeThl» W IAUPEKITHS
MHQPACTPYKTYpbl HE MOMKET MPETeHIOBaTh
Ha pUHAaHCUpOBaHME HA OCHOBE IaHHBIX OO
JKETHBIX JIMMHUTOB.

B rpacdax «JieHeKHBIE CPEACTBa» yUUThI-
BAaIOTCS JIBM)KCHUS JICHEKHBIX CPEJICTB 10 BCEM
OaHKOBCKMM CYETaM, OTKPBITBIM II0 MECTy
HAXOX/ICHUS OpraHa ympaBleHus ¢uiiaia
U €r0 CTPYKTYPHBIX TOApa3aeneHuit [5].

B ciywae Hanmuums 1OTOBOPOB Ha YCIO-
BUSIX aBAHCUPOBAHUS TMOCTABOK CIEIYIOIINX
MIEPUOJIOB TEKYIIETO Toja, IJIaH IIIaTeKHOTO
OasraHca MOXKeT OBITh YCTaHOBJIEH CBepX cop-
MHPOBAaHHOTO HAPACTAIOIINM HUTOTOM C Hadaja
rojia mpaBa, HO CTPOTO B IIpeJieNax TOI0BO-
ro [1®OBb.
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JKOHOMUYECKNe HayKu

IInarexxublil OajlaHC UMEET CIIELHaIbHBIE
CTaThU MO3BOJISIONINE YYUTHIBATH MIPABO MPO-
[UIBIX JIET TPHU TOTANICHHH KPEIUTOPCKOM
3aJI0JDKEHHOCTH CO CPOKOM BO3HHKHOBEHHS
mo 1 ssHBaps TEKyIIero rojia M y9uThIBaTh (hu-
HaHCHUPOBAHHME PACXOJIOB OYIyIIUX MEPHOJIOB,
B Cllyyae €CJM OIulaTa COIIaCHO YCIIOBHSM
JOrOBOpa TpedyeTcsi B TEKyIIEM Tofy, a CIIu-
caHme 3aTpaT OyJeT OCyIIECTBICHO B TIO3HEE
31 mexaOpst TEKyIIero roja.

CremgyeT OTMETUTB, YTO (opMma TUIATESK-
HOro OaiaHca KOMIIAHMM E€XETOAHO TMpeTep-
IeBacT HU3MCHCHUA, MCHAIOTCI HAWMMCHOBA-
HUsl, TPYNIIMPOBKA CTaTed, WX JeTalln3alus,
a B TIOCTIeTHUE TO/bI (hopMa PACXOIHON YaCTH
matexxHoro oananca kommanuu OAO «PX Iy
mIyOOKO JAeTalnM3upoBaHa W HaumOojiee TMpH-
OmmkeHa K TIOKaszaTessiM Oropkera 3aTpar,
YTO IIO3BOJIACT CHUHXPOHHU3UPOBATH OTU ABa
BECbMa BaXKHBIX JIJISl YIPABIICHUS 3aTpaTaMu
WHCTPYMEHTA.

Koppensiiiust  mokazareneid  IjiaTexXHOTO
OanaHca ¢ MOKa3aTeIsiMU CBOTHOTO OIOKeTa
3aTpar TO3BOJISIET OCYIIECTBISATH KOHTPOIb
32 COOTBETCTBHEM (DaKTHUECKOTO JIBUKECHUS
(PMHAHCOBBIX PECYpCOB ILIAHOBBIM IOKa3are-
JISIM, B TOM YHCJI€, KOHTPOJIh 3a BHITIOJIHEHUEM
YTBEPKIEHHBIX IOKa3aTejaed MOCTYIJICHUH
B 4acTu cOopa BBIPYYKH, a TAKXKE 32 COOTBET-
CTBHUEM q)aKTI/I‘IeCKI/IX pacxoaoB BbIACIACMBIM
cpeactBaMm  (¢uHaHcUpoBaHus. [lmaTexHble
OanaHchl SBISIOTCSL 0a30i Al MPOBENEHHS
(bHAHCOBOTO aHajW3a JEATEIHHOCTH JIUPEK-
MU HHQPACTPYKTYPHI B TIEJIOM U €€ CTPYKTYP-
HBIX TIOJIpa3/IeJIeHUM.

ComnacHO TPOBEIEHHOMY 3KCIEPTHOMY
OTIPOCY, PECIIOH/IEHTHI BBLACTSAIOT CIEAYIOINe
HEI0CTaTKU IJIATEKHOT0 OaaHca Kak MHCTPY-
MEHTA yIPaBJICHUS JICHS)KHBIMH 000POTOM JIH-
pexuuu HHPPACTPYKTYPHI:

— ITUTENHHOCTh coracoBaHms. Ha mpak-
THUKE YTBEP)KACHUE IUIATC)KHBIX OaJaHCOB
Ha TEKyLIUMH MECslL HNPOUCXOAMT HAa BTOPOH
paboueii Hezene Mecsna, 10 MOMEHTA UX yT-
BepXKJIeHUs (PMHAHCUPOBAaHHE HE TIEPBOOYE-
PEMHBIX pacueToB OCYIIECTBISETCS B KpaliHe
OTPaHWYEHHBIX pa3Mepax, YTO IMPOBOIHPYET
HaKOIUICHHE TIPOCPOYCHHBIX TUIATeXKel M BO3-
HUKHOBCHHE PHUCKOB IO MPEABABICHUIO IIpE-
TEH3UH OT KOHTPAreHTOB 3a HECBOECBPEMEH-
HYIO OIUTATy 3aJI0JPKEHHOCTH;

— OTCYTCTBHE THOKOCTH, MaHEBPEHHOCTH.
Bricokass nmeTanm3MpOBaHHOCTH PACXOTHBIX
cTareil IulaTe)XHOro OaylaHca, HEBO3MOXK-
HOCTD IPCBBINICHUA YCTAHOBJICHHLIX JINMUTOB
Ha cyMMy cBbilIe | ThIcsiuM pyonel 6e3 odu-
[MATBHOTO COTJIACOBAaHUS C JIeMapTaMEHTOM
KOpIIOpPATUBHBIX ()MHAHCOB, KpailHEe OTpaHh-
YUBAeT PYKOBOAHWTENCH AUpEeKIuu WuHPpa-
CTPYKTYpBl B OIIEPATUBHOM YIIPABICHUM Ji€-
HEKHBIMU CPECACTBAMU,

— BBICOKAsl 3HAYUMOCTH KOMIIETEHTHOCTHU
COTPYIIHUKOB (pUHAHCOBOTO OJIOKA, MPHUHU-
MAaIONINX yJacTHe B pa3paboTKe MmokazaTelneit
MJIATC)KHBIX 0aJIaHCOB.

Crenyer OTMETHTbD, UYTO TP HCIIOJTHCHUH
CBOJTHBIX OFOJPKETOB 3aTpar IOMyCTHUMbI HEe3Ha-
YUTEJIbHBIC B MPOICHTHOM WM a0COTHOTHOM
3HAYCHUSAX OTKJIOHEHUS (DAaKTUYECKHX 3aTpar
OT TUIAHOBBIX B TIpe/eNiaX OJHOTO AIIEMEHTa
3aTpaT, HO Takas TpaKTHKa HE paclpocTpa-
HSETCS Ha INIaTeXKHbIC OajlaHCHl, M COINIACo-
BaHME OIUIaThl 0Opa3oBaBIleiics TakuM o0pa-
30M KPEIUTOPCKOW 3aI0JDKEHHOCTU 3aHUMAET
KpaiiHe IPOI0JKUTEIBHOE BPEMs, BHE 3aBUCH-
MOCTH OT pa3Mepa MoTpeOHON CyMMBI JICHEkK-
HBIX CPEIICTB.

B nanpreiimem mokazarend IIaTeKHBIX
0amaHcoB JHMPEKIMUA HHPPACTPYKTYpHl HC-
MOJIL3YFOTCS  JUIsL  Pa3pabOTKU  TUIATEIKHBIX
KaJeHIapeil — WHCTPYMEHTOB OIEPAaTHBHOIO
TUTAHUPOBAHUS, YIIPABICHUS U KOHTPOJIS JIBU-
J)KEHHUH M OCTATKOB JIBMYKEHHMH JEHEKHBIX I10-
TOKOB B €)KCHEBHOM JICTAIIM3AIIHH.

IInmarexuerii  Oamanc, 00€CIIEYNBATOIIMI
PYKOBOJICTBO IOJHOM MH(popManuen o GpuHaH-
COBBIX IOTOKAaX ISl MPUHSTHS CBOCBPEMCH-
HBIX ¥ OOOCHOBaHHBIX YIPAaBICHUYECKUX pe-
IIEeHUH B 001acTH (PHHAHCOBO-X03SHCTBEHHOM
NeATEILHOCTH, BBICTYIIACT OJHUM W3 OIITH-
MaJIbHBIX MHCTPYMCHTOB YIPaBJICHUS JCHEK-
HBIM 000POTOM B AWPEKLNHU HHPPACTPYKTYpHI
xosauHroBor komnanuu OAO «PXK».

3akjoueHue

Takum 00pa3oM, MOXKHO TIPUITH K CIIEAY-
FOIITIM 3aKJTFOYCHHSIM

1. CoBepiieHCTBOBaHIE MEXaHM3Ma YITPaB-
JICHUSI JICHEXKHBIM 00OPOTOM  MPEANPHUSITHS
SABJICTCA BE€CbMa CYHICCTBCHHBIM q)aKTOpOM
TOBBIIIICHUST ~ DKOHOMHYECKOM  3(QeKTUB-
HOCTH yHpaBJIeHHs] OOOPOTHBIM KaIUTaJIOM
KOMIIAaHUU H ee (PUInajioB M, CIIeOBATENHHO,
B LIEJIOM €€ MPOU3BOJCTBEHHO-XO3SIMCTBEHHOU
JICSITEJIBHOCTH Ha COBPEMEHHOM 3Tare Pas3BH-
THUA SKOHOMUHKMU.

2. [InatexxHplii OanaHc sBISETCS HEOO-
XOAUMBIM W ONTHMAaIIbHBIM HHCTPYMEHTOM
yIpaBlIeHUs JEHEKHBIM 000pOTOM B (hHUIH-
ajax KOMIAHWU M €€ CTPYKTYPHBIX IOApas3-
JICJICHUSIX, MOCKOJIbKY OTOOpakaeT paBHOE
COOTHOILIGHHWE 3amaca W MPHUTOKa/OTTOKA
JICHEeX)KHBIX CPEACTB Ha HAa4yalo M KOHEIl OT-
YETHOTO IepUo/a, JUHAMUKY MOCTYILICHHS
JIEHe)KHBIX CPEJCTB W HX OTTOK, CTPYyK-
Typy TIOCTYIUICHHS JEHEXHBIX CPEICTB
H HUX OTTOK B 3aBUCHMOCTH OT HalpaBJIC-
HUA OJCATCIBHOCTH.

3. B mensax noBwileHUss THOKOCTU CHCTE-
MBI TUIATEKHBIX OallaHCOB IIEIECO00pPa3HO
MPEeIyCMOTPETh TPUHIUI CYIIECTBEHHOCTH
pH uX (paKTHUIECKOM HCIIOTHEHHH.
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