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FEATURES OF CHANGES IN CLIMATIC CHARACTERISTICS OF THE
REGIONS OF THE RUSSIAN ARCTIC ON THE LIFE OF INDIGENOUS
PEOPLES

Abstract: in the article, the authors explore the features of the Arctic territories of the country, where more than
half of the total number of indigenous peoples of the North live, the study of whose way of life becomes a separate
object of scientific research. The purpose of this article is to study the development of scientific approaches to the
study of the traditional economy of indigenous peoples of the North in the Arctic zone of the Russian Federation. The
main research method was a comparative analysis of publications from the beginning of the 20th century to the
present period of both domestic and international scientists studying the traditional types of economy of the
indigenous peoples of the Russian Arctic. The analysis of publications was carried out in all available branches of
scientific knowledge, not limited to a strictly economic focus, since the economy of the traditional economy of the
indigenous peoples of the Arctic is inextricably linked with technology, technical and organizational equipment of
farming and other areas. As a result of the study, high research activity on the topic under study was revealed,
especially since the increased attention of government authorities to the development of the Arctic territories.
However, it was determined that there is no comprehensive approach to studying the economic development of the
economies of indigenous peoples living in the Russian Arctic.
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Introduction
UDC 323.16:336.43.

The Arctic territory includes: A huge drifting ice
shelf located in the Arctic Ocean, the northern waters
of two oceans, the Pacific and the Atlantic, islands and
archipelagos, including Greenland, the polar lands of
North America and Eurasia, as well as many seas.

The official representative states on the shelf are:
Russia, Canada, Denmark, Norway, USA. A fairly
large part of the Arctic belongs to the Russian
Federation.

The land territories of the Arctic zone of the
Russian Federation are defined in accordance with the
decree of the President of the Russian Federation
dated May 2, 2014 No. 296 “On the land territories of
the Arctic zone of the Russian Federation” and they
are listed below, namely:

» Murmansk region (entirely).

» Nenets Autonomous Okrug (entirely).

» Chukotka Autonomous Okrug (entirely).

* Yamalo-Nenets Autonomous Okrug
(entirely).

* Some territories of the north of the Komi
Republic

» Some territories of the north of the Republic
of Karelia (added by decree of the President of the
Russian Federation of June 27, 2017 No. 287)

» Some territories of the north of the Republic
of Sakha - Yakutia

* Some territories of the north of the
Krasnoyarsk Territory

* Some territories of the north of the
Arkhangelsk region

» Lands and islands located inArctic Ocean,
specified in the resolution of the Presidium of the
Central Executive Committee of April 15, 1926 “On
declaring lands and islands located in the Arctic
Ocean as the territory of the USSR” and other acts of
the USSR.

Areas adjacent to the Atlantic and Pacific oceans
are warmer and have more rainfall, while the climate
of inland areas is colder and drier. In winter, the
effects of cyclones from the Atlantic Ocean intensify
in the Arctic regions. At this time, high air
temperatures, strong winds, maximum precipitation
and cloudiness. Anticyclones operate in the Siberian
part of the Arctic regions.

Research shows that temperatures in the Arctic
are rising twice as fast as in the rest of the world. This
could lead to the extinction of many plant and animal
species in the region. Warming also threatens the
existence ofindigenous peoples of the Arctic. Arctic

Doi: &Gos¥®f https://dx.doi.org/10.15863/TAS.2024.04.132.12

ice is of great importance for the Earth's climate
system. Ice capreflects the sun's rays and thus prevents
the planet from overheating. In addition, Arctic ice
plays a large role inwater circulation systems in the
oceans.

The activities of polar stations in the Arctic are
the basis for monitoring natural processes in the
environment: in the ocean and on land. These results
are needed not only for direct use in current human
activities in the Arctic, but also for accumulating and
improving the base of long-term observations, which
are necessary for studying natural processes that
influence the climate, and therefore the prospects for
human life throughout the globe.

Back in the 1870s, it became clear that the study
of the territories of the Arctic zone of the Russian
Federation by scattered expeditions could not produce
results that would allow conducting fundamental
research in the Arctic Ocean zone. In a word, the idea
of creating some kind of permanently operating polar
stations that systematically take readings was in the
air.

When talking about Russian polar stations in the
Arctic, people most often recall their rapid
development during the Soviet period. However,
Russia began to use them much earlier. During the
First International Polar Year (1882-83), two Russian
stations participated in research - Malye Karamakuly
on Novaya Zemlya and Sagastyr in the Lena delta. In
1913-1915, 4 more polar stations began operating -
Yugorsky Shar, 0. Vaygach, Marre-Sale station on the
Yamal Peninsula and on the island. Dixon. Due to
harsh climatic conditions and a rather inaccessible
location, weather stations are unfortunately not so
common in the Arctic region. In the USSR, the Arctic
zones were provided with much more polar stations
than they are now. The number of polar stations in the
Arctic decreased significantly in the 90s of the last
century. Lack of funding and lack of interest in this
sector in Russia has led to the closure of up to 50% of
stations. Today, unfortunately, there are not many
operating Arctic stations, namely.

« Arctic Research Station -
Yamalo-Nenets Autonomous Okrug.

+ Belomorskaya biological stationMoscow
State University - Primorsky village, Loukhsky
district, Republic of Karelia.

* Valkarkay - Chaunsky district, Chukotka
Autonomous Okrug.

* Willem Barents -
region.

» Hydrometeorological station named after.
M.V. Popova - Bely Island, Kara Sea.

Labytnangi,

Dikson, Krasnoyarsk
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» Dikson hydrometeorological station - Dikson
village, Krasnoyarsk Territory.

* Yenisei ecological station "Mirnoye"
Mirnoye village, Turukhansky district, Krasnoyarsk
region.

* lzvestia Central Executive Committee -
Troinoy Island, lzvestiya Central Executive
Committee Islands, Kara Sea.

* Lena-Nordenskiold - Bank of the

Bykovskaya channel of the Lena River, north of Tiksi,
Yakutia.

» Malye Karmakuly - Yuzhny Island, Novaya
Zemlya archipelago.

* Marre-Sale - North of Cape Marre-Sale,
Yamal Peninsula, Yamalo-Nenets Autonomous
Okrug.

» Cape Baranova (formerly Prima) - Cape
Baranova, Bolshevik Island, Severnaya Zemlya
archipelago.

* Cape Zhelaniya - Cape Zhelaniya, on the
Northern Island of the Novaya Zemlya archipelago.

» Ernst Krenkel Observatory - Hayes Island,
Franz Josef Land archipelago.

* Vize Island - Vize Island, Kara Sea.

* Wrangel Island - Rogers Bay, Wrangel
Island.

* Golomyanny Island - Golomyanny Island,
Sedov Archipelago, part of the Severnaya Zemlya
archipelago.

» Samoilovsky Island - Samoilovsky Island,
Lena River delta, Yakutia.

» Polar geocosmophysical observatory "Tiksi"
- Tiksi village, Yakutia.

» North-Eastern Scientific Station - Chersky
Village, Yakutia.

» Solnechnaya - Solnechnaya Bay, Bolshevik
Island, Severnaya Zemlya archipelago.

» Stolbovoy - Stolbovoy Island, Laptev Sea.

» Stolbovoy Cape - South Island, Novaya
Zemlya archipelago.

» Chelyuskin - Cape Chelyuskin, Taimyr,
Krasnoyarsk Territory.

There are also drifting polar stations in the
Arctic.

Therefore, in this regard, studies are being
conducted on the life of indigenous peoples of the
Russian  Arctic in the context of industrial
development. State policy in the field of subsoil use,
hydrocarbon production, and the very presence of
industrial companies in the Arctic regions today have
a powerful impact on the livelihoods of northern
aborigines, determining the need to adapt to existing
conditions and, to a large extent, socio-economic and
ethnocultural prospects. The world community is
concerned about the situation of indigenous peoples
and is looking for ways to solve their problems, ensure
free development, preserve cultures and languages,
use the achievements of modern society and
modernization. This can be judged from a number of

UN documents, numerous international conferences,
and a large number of scientific studies. The main
focus of the UN in 2013 was on the topic “Creating
Indigenous Alliances: Compliance with Treaties,
Agreements and Other Constructive Agreements.” Its
isolation from the entire spectrum of issues affecting
indigenous peoples is not accidental. The living
conditions, lifestyle, and worldview of these peoples
place them in a special position, which the world
community increasingly has to take into account. In
the Russian Federation, the issue of “control over
one's destiny” is also relevant for indigenous peoples.
Indicative are the numerous discussions of this
problem in the State Duma and the Federation Council
and the adoption of such important documents as
“Fundamentals of state policy in the Arctic for the
period until 2035, “Strategy for the development of
the Arctic zone of the Russian Federation and
ensuring national security for the period until 2035”).
state program “Socio-economic development of the
Acrctic zone of the Russian Federation for the period
until 2035.” The authors set themselves the following
tasks: to study the interaction of indigenous peoples of
the North and industrial companies in the context of
international, national, corporate and customary law;
consider the current economic and sociocultural
practices of the Aboriginal people; identify risks
associated with industrial development and propose
ways to overcome them. This approach is new for
domestic science and allows us to raise the question of
responsibility for the Arctic, as well as consider the
social and environmental policies of companies as a
platform for establishing a dialogue with indigenous
peoples. Today in the Russian Federation, indigenous
organizations of indigenous peoples of the North
demand the right to prior, informed and voluntary
consent to carry out industrial activities in areas of
traditional residence and to receive fair compensation
for damage caused. Industrial companies have their
own vision of this problem. In some regions,
particularly where multinational corporations operate,
interactions  between indigenous peoples and
businesses are established as part of broader social
dialogue. Aboriginal protests are evidence of the
existing contradictions between traditional and
industrial environmental management, folk beliefs,
skills and utilitarian-commercial knowledge and
approaches to the environment and its resources. That
is why achieving a genuine partnership between
indigenous peoples and industrial companies in the
Russian Arctic today is becoming one of the
conditions not only for the social well-being of
representatives of these peoples, but also for achieving
stability in Russian society, as well as protecting the
geopolitical interests of the state. In our book, we
sought to reflect the positions of the main actors in the
processes of interaction in the Arctic zone of Russia.
For a detailed analysis, two Arctic regions were
selected - the Yamalo-Nenets and Chukotka
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Autonomous Okrugs. The authors drew up a research
program that included interviews with different
groups of aborigines (reindeer herders, fishermen,
marine hunters, employees of agricultural enterprises,
teachers, doctors), with representatives of government
agencies and industrial enterprises. The work was
carried out in Moscow, Salekhard, Anadyr, in regional
centers and villages of the Yamalo-Nenets
Autonomous Okrug and Chukotka Autonomous
Okrug, as well as in the camps of reindeer herders,
fishermen, and hunters. The formulation of questions
and interpretations of answers were based on the
authors’ previous work experience in the North. Each
ethnographic study allows us to take a different look
at the problems from the point of view of new
practices that arise in the process of industrial
development of the Arctic, so we consider this book
as an analysis of a certain stage of interaction between
indigenous peoples and industrial companies. The
choice of study regions was determined by a number
of factors. First of all, the fact that large-scale
industrial projects related to the development of
natural resources are being developed and
implemented in these autonomous okrugs. At the
same time, nomadic reindeer herders, sea hunters and
fishermen live there. Among them, the original
features of ethnic culture have been preserved to this
day in their most “pure” form. At the same time,
against the backdrop of industrial expansion, the
traditional way of life of the northern aborigines is
being transformed. They were faced with a choice:
either preserve and develop their unique culture, or
abandon it and live like the vast majority of the
country's citizens. The ethnic situation in the Yamalo-
Nenets Autonomous Okrug has been the focus of
attention of the authors since 2008. The Yamal and
Tazovsky districts of the district became the base for
our research. Their choice is due to the dominant
population of indigenous peoples and active industrial
development. Great attention to Yamal among
scientists made it possible to attract additional
information and take into account the positions of
other authors on the topics raised in the work. Another
region of the study was the Chukotka Autonomous
Okrug. The impact of industrial development on the
indigenous peoples of Chukotka has been studied to a
lesser  extent, although indigenous  public
organizations have accumulated some experience in

interacting with mining companies. In 2023 Field
research was carried out in the city of Anadyr and the
Chaunsky, Anadyrsky, Bilibinsky, Providensky
districts of the Chukotka Autonomous Okrug. As in
the Yamalo-Nenets Okrug, this data was collected
among indigenous communities, in various state and
municipal government structures, and industrial
companies. The subject of special consideration was
the activities of the Kupol Fund, created by Kinross to
financially support the most promising projects in the
field of traditional environmental management,
preservation of ethnic culture, and languages of the
indigenous peoples of Chukotka. The role of public
organizations of indigenous peoples in the formation
of new relationships with industrial companies is
shown.

Main part

Russia is the first country to use drifting polar
stations. Each such station is a complex of station
houses installed on a drifting Arctic ice floe, in which
expedition participants live, and the necessary
equipment. For the first time, such a cheap and
effective way of exploring the Arctic was proposed in
1929 by Vladimir Wiese, a researcher who worked at
the Arctic and Antarctic Research Institute. Thanks to
this creation of drifting stations, Russian scientists
were able to explore the Arctic all year round. The first
drifting expedition, called "North Pole", landed at the
pole on May 21, 1937. The data obtained during the
expeditions expands scientists' knowledge of the
processes occurring in the natural environment of the
Central Arctic and will help explain the causes of
global climate change. Weather conditions in different
parts of the Arctic are quite different. Cyclones,
melting glaciers, polar nights and even solar radiation
play a role in their variability.

To carry out the study, it is necessary to create a
database obtained from Arctic stations to track
changes in the region. To study, we will consider two
polar stations on the territory of the Russian
Federation: Vise Island and the polar station of
Valkarkay.

Station coordinates: Valkarkai station70°05'06"
n. w. 170°55'21" E. d.;Vize island station79°30’ N. w.
76°54' E. d.The distance between stations is 2,564 km.
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Figure 1. Polar stations Valkarkay and Vize Island on the geographical map of the Arctic zone of the
Russian Federation.

Vize Island is located in the northern part of the
Kara Sea, stretching from southeast to northwest for
225 km, the island has a width of 5.5 km. The
coastline of the island is very slightly indented. Its
shores are gentle and only near the sea, mainly in the
northwestern part, in some places they form low sandy
cliffs. The eastern cape is located 10 km from the
station, the western (turning) cape, on which a
navigation sign is installed. 2 km. The island of Vize
is surrounded on all sides by a coastal rampart of
stones and small pebbles ranging from 7 to 30 m wide.
In some places the rampart is an embankment, in
others there are separate piles of pebbles at varying
distances from the water's edge. The territory of the
island is completely covered with hills, the height of
which reaches 15-30 m. The hills are separated by
narrow hollows, which in the summer are the beds of
streams and rivers. Closed depressions are filled with
melt water, forming shallow lakes, most of which dry
up in summer and freeze to the bottom in winter.
Coastal lakes are usually salty. There are two lagoons
in the southwestern and northwestern parts of the
island's coast. The first is separated from the sea by
sandy and rocky spits, the second by a wide isthmus.

The soil is sandy-clayey with inclusions of
broken flagstone. The island is located in the Arctic
tundra zone. There is almost no vegetation: reindeer
moss grows in patches, there are isolated hummocks
covered with lichens, a few colors. There are no
settlements on the island; the delivery of necessary
products is carried out during the navigation period by
ship, using a helicopter.

The climate here is no less harsh. Weather
features are determined by the island position of the
station. The average long-term air temperature is -13.6
C. The average monthly air temperature in the
warmest month. July is +0.5 C, at its coldest. March -
26.9 C. The absolute minimum temperature is -52.0 C.
The average long-term relative air humidity is 90%. In
the station area, 242 mm of precipitation falls
throughout the year. The prevailing wind direction is
southeast with an average annual speed of 6.4 m/s. A
stable snow cover forms in mid-September (13th), its
final melting occurs at the end of June (26th). Summer
is short and cold.

Since November 1, 1945, a hydrometeorological
polar station, one of the northernmost in the world, has
been operating on the southern coast of the island. The
polar station is located on the southern coast of Vize
Island in the Kara Sea. The Wiese marine
hydrometeorological station began its work on
November 1, 1945. Since September 1956, the
station's program has included aerological sounding of
the atmosphere. Since March 20, 1957, the duration of
sunshine has been recorded using a heliograph.
Actinometric observations have been carried out since
September 1957. On October 28, 1958, observations
of ice and frost deposits on an ice machine began. In
September 1988, observations began using exhaust
soil depth thermometers TPV-50 at depths of 0.2, 0.4
and 0.8 m. On July 18, 1993, the station used the BRS-
1 mercury-free barometer.
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Google
Figure 2. Vize Island on the map of the Arctic Ocean.

Valkarkay is a remote polar station on the Arctic
coast of the East Siberian Sea, within the Chaunsky
district of the Chukotka Autonomous Okrug of
Russia. Located on the spitpolar station of the same
name-created in 1932. It is located on a spit separating
the Valkarkay lagoon from the sea.The weather
station is located behind a very swampy pass, which
makes it extremely difficult to get there. In winter you
can get to it by snowmobile, and in summer only by a
powerful all-terrain vehicle like Trekol, and even then
- without guarantees. There have been many cases

where a car gets stuck in the middle of the road.
However, the inhabitants of the station are
accustomed to living independently and rarely travel
to Pevek. But the main difficulty is that the station is
located on the shores of the Arctic Ocean and is
separated from Pevek Chukotka Plateau, with heights
in this part up t0700-1100 meters.Once a year, a ship
docks at Valkarkai, unloading canned food, batteries
and everything you need for life.
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Figure 3. Valkarkay station on the geographical map of Russia.

The period from 2018 to 2023 was selected for precipitation and data on wind speed and direction for
the study. at the Valkarkai station and the Wiese each day, selected from Internet resources, were used
Island station. Meteorological data on air temperature, as initial data.

atmospheric  pressure, humidity, amount of

Table 1. Sorted atmospheric pressure data at Valkarkay station for each year by month.

March April May

s, |2020-  |2022-  |2018- |2020- |2022- |2018-  |2020- |2022-
2021|2023 |2019  |2021  [2023  [2019  |2021  |2023

7586|7558  |7729  |759.7  |757.0 |757.0 |7589  |7555  |760.5
7656 |756.4 |7639 |756.7 |7547 |7555  |762.8 |7546  |763.4
7612 |757.0 |7630 7558 (7558 |7549 |763.0 |7523  |766.3
7617 |756.1  |759.4  |758.4  |7565  |751.0 |757.0 |7543  |7653
7627 |7585 |7432 |7620 |7527 |7536 |7547  |7587  |7612
7620 |759.0 |741.1 |7643 |7541 |760.8 [757.4 |762.4  |756.7
7610 |7516 |757.8 |7675 |7562 |7615  |7585  |7613  |757.1
7652 |746.8 |759.1 |769.0 7612 |764.8 |762.4 |7576  |756.6
7618 |7532 |762.1 |769.0 |7647 |768.4 [761.2 |759.1  |758.4
7630 |7595 |7696 |7672 |7650 |7704 |7575  |759.9  |768.1
7640 |7679 |7702 |7685 |7621 |7645 |756.7 |7585  |767.9
7649 |772.0 |7696 |7695 |758.2 |764.0 [756.2 |7625  |762.6
7621 |7650 |757.3 |7638 7538 |759.1 |756.6 |7635  |7633
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7657 |766.3 |7515 |7623 |751.0 |768.7 [757.0 |761.9  |764.2
7641 |770.9 |7562 |758.0 |752.4 |760.4  [754.6 |763.0  |759.8
7624|7708 |761.0 |757.3 |759.1 |7621 [753.1 |760.2  |762.8
7695 |765.1 |7595 |756.1 |764.4 |7633  |754.6 |759.4  |765.1
768.1 |763.3 |761.8 |7558 |769.0 |761.0 [757.9 |7558  |768.7
7717 |761.4 |7648 |7703 |772.2 |7589 [764.0 |761.8  |765.3
7711|7591 |7666 |767.1 |768.1 |757.3 [765.3 |760.0  |758.3
7588 |7635 |7649 |7631 |7615 |758.0 [765.2 |7595  |756.4
7477|7714 |7579 |7588  |7549 |758.4  [7615 |7612  |760.0
7556|7675 |754.4 |7636 |7648 |7612 |758.8 |757.7  |766.2
759.1 |761.8 |754.1 |761.9 |769.3 |7651  [759.1 |759.7  |768.4
7704  |7655 |757.3 |7582 |773.0 |7660 [761.8 |760.8  |759.7
7768 |7659 |7615 |7540 |7741 |7628 [763.2 |766.6  |763.0
7784  |7641 |7606 |7541 |773.9 |7621 [7641 |764.0  |763.0
7759 |7682 |755.1  |756.1  |773.9 |7639 [762.2 7602  |762.2
7703 |761.7 |7628 |756.6 |7750 |767.6 [758.8 |757.0  |761.2
7737 |7465 |759.7 |7546 |771.7 |769.0 [7581 |760.8  |761.8
7767 7585  |750.2 759.9 [761.1  |761.1

To study the characteristics of temporal
variability, the following methods of time series
analysis were used in the work.

Arithmetic mean and standard deviation. The
arithmetic mean value of the statistical series (X)
characterizes its equilibrium point during various
fluctuations. Calculated usin%the formula:

B 1
X = N_Z Xy
=1

The standard (or mean square) deviation (o)
characterizes the average dispersion of the values of a
series from the arithmetic mean. Standard deviation is
related to variance (D). Calculated using the formula:

o=+D
Where D is variance

D —Nii(xi—f)z

i=1
limits of the confidence interval of the mean value, in
the case of 95%: x— 1.96 xo/n in the case of +95%: x
+1.96 xg/n

Also, between points with average values, you
can calculate the correlation using the following
formula:

- Yl — )i —¥)
\/E?=1(xi - f)z x/Z?:l(yi - )7)2

And the significance of the correlation was
determined based on the calculation of the standard

random error:
1-r?
g, =
vn—1

Analysis of meteorological parameters at the
station

Air temperature analysis

Let's consider data on air temperature in the
period from March to February at two stations from
2018 to 2023.

Table 2 presents calculated data on the average
temperature, minimum and maximum temperature,
standard deviation of temperature for each month of
the period under consideration at the Valkarkai
station.

Table 2. Calculated air temperature data at Valkarkai station.

Average °C RMS Min°C max°C
2018-2019
March -14.4 6.9 -29.6 3.4
April -9.5 6.2 -23.4 2.2
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May -2.8 3.2 -13.4 5.5
June 1.7 2.8 -2.7 16.7
July 6.9 3.9 1.2 20.3
August 7.2 4.1 -1.3 20.2
September 2.5 2.2 -2.2 12.1
October -3.5 4.6 -14.5 7.7
november -9.0 6.3 -23.8 3.6
December -15.7 6.7 -30.8 -2.7
January -21.1 8.1 -34.1 3.1
February -16.2 3.1 -23.4 -8.0
2020-2021
March -24.5 7.1 -37.6 -3.0
April -10.8 4.3 -20.2 0.3
May -6.6 5.2 -20.5 2.1
June 1.2 2.5 -5.8 12.2
July 5.0 5.8 -0.9 23.3
August 3.6 4.4 -2.4 20.0
September 6.8 4.2 -1.1 19.5
October -3.4 6.6 -18.6 13.4
Average °C RMS Min°C max°C
november -16.9 5.9 -31.1 -5.4
December -26.5 6.9 -36.4 -5.3
January -25.3 3.5 -34.1 -12.0
February -24.6 5.6 -38.2 -5.2
2022-2023
March -22.0 6.1 -36.9 -8.7
April -14.3 7.0 -28.3 2.5
May -5.2 4.0 -15.8 4.8
June 2.6 3.7 -2.8 16.9
July 55 4.2 -0.8 219
August 4.4 2.9 -1.0 14.5
September 1.6 2.2 -4.1 9.4
October -4.2 4.0 -17.2 1.7
november -11.6 6.3 -27.2 0.1
December -19.0 6.5 -32.9 -5.9
January -23.9 5.8 -35.7 -0.5
February -28.6 6.1 -39.8 -11.3

Based on the data, the lowest air temperature was
recorded in February 2023 and amounted to -39.8°C,
and the highest in July 2019 and amounted to 23.3°C.
It should be noted that during this period at the
Valkarkay station, the lowest temperatures were most

often observed in February, and the highest
temperatures in July. Let us graphically present the
minimum, maximum and average air temperature
values at the Valkarkai station and draw a trend line
(Figure 4 a, b, ¢).
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Figure 4. Minimum, maximum and average air temperature values at Valkarkai station, °C
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Having analyzed the data obtained from Figure
2 (a, b, ¢), we can conclude that in all cases the slope
of the trend line is almost identical. For minimum
temperatures it is 15.71°, for maximum it is 13.05°,
and for average it is 14.59°. Thus, in all cases it
contributes to the formation of variability in the

original series. Table 3 presents calculated data on the
average temperature, minimum and maximum
temperature, standard deviation of temperature for
each month of the period under consideration at the
Vise Island station.

Table 3. Calculated data on air temperature at the Vise Island station.

Average °C RMS Min °C max °C
2018-2019
March -19.4 6.8 -28.2 -4.7
April -15.1 3.4 -22.7 -8.4
May -10.1 3.2 -14.4 -3.2
June -1.7 1.4 -4.9 0.6
July -0.1 0.8 -1.8 1.6
August 0.3 0.9 -1.4 1.7
September -1.1 1.4 -4.1 1.2
October -5.5 3.4 -13.8 -0.3
november -12.5 4.5 -18.5 -3.4
December -19.4 4.8 -26.8 -7.1
January -18.9 6.1 -27.9 -3.8
February -17.4 6.7 -26.6 -3.7
2020-2021
March -27.4 4.2 -35.3 -20.1
April -19.2 3.2 -25.4 -12.7
May -7.6 2.9 -15.8 -3.8
June -0.8 15 -5.7 0.7
July 0.2 0.6 -1.1 2.0
Average °C RMS Min °C max °C
August 2.0 1.0 0.2 3.6
September 0.3 0.9 -1.4 2.0
October -2.9 35 -9.9 14
november -13.9 3.9 -21.2 -7.1
December -12.9 6.4 -23.8 -2.7
January -24.1 4.9 -31.8 -114
February -23.3 6.8 -32.7 -9.1
2022-2023
March -19.3 7.9 -32.0 -2.9
April -16.3 6.1 -28.9 -2.4
May -6.9 4.2 -18.7 0.1
June -0.6 1.0 -4.0 1.9
July 0.6 1.2 -2.3 4.3
August 1.2 1.2 -1.4 4.5
September -0.4 15 -4.8 3.6
October -3.3 2.2 -8.6 1.0
november -13.7 7.7 -31.2 -2.6
December -20.9 4.1 -30.8 -6.8
January -24.2 6.5 -34.9 -7.9
February -16.7 7.8 -30.2 -2.7

Based on the data, the lowest air temperature was
recorded in March 2018 and amounted to -35.3°C, and
the highest in August 2023 and amounted to 4.5°C. It
should be noted that during this period at the Vise

Island station, the lowest temperatures were most
often observed in March, and the highest temperatures
in July-August. Let us graphically present the
minimum, maximum and average air temperature

Philadelphia, USA

117

2 Clarivate
Analytics oo



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. ISl (Dubai, UAE) = 1.582 PHHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
values at the Vise Island station and draw a trend line
(Figure 5 a, b, ¢).
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Figure 5. Minimum, maximum and average air temperatures at the Vise Island station. °C

After analyzing the data obtained from Figure 5
(a, b, ), we can conclude that the trend lines have
different slope angles. For minimum temperatures it is
11.43°, for maximum it is 2.86°, and for average it is
3.45° In the case of maximum and average air
temperatures, the slope of the trend is not significant,
and in the case of minimum air temperatures, the trend

contributes to the formation of the variability of the
original series. In Table 4. calculated data on
atmospheric pressure - maximum, minimum, average
monthly atmospheric pressure and standard deviation
for each month of the period under consideration at
the Valkarkai station.

Table 4. Calculated data on atmospheric air pressure at Valkarkai station.

Average (mm.Hg) RMS | Min (mmHg) Max (mm.Hg)
2018-2019
March 765.5 6.8 747.7 778.4
April 761.3 5.3 754.0 770.3
May 759.4 34 753.1 765.3
June 756.8 4.3 746.7 764.3
July 755.6 49 746.8 764.7
August 758.5 5.2 746.7 766.4
September 756.7 4.6 747.8 764.7
October 757.2 6.5 738.5 766.2
November 755.4 9.8 729.7 7735
December 761.9 11.0 737.8 782.1
January 764.3 7.4 751.0 778.2
February 761.6 8.8 744.7 776.7
2020-2021
March 761.6 6.7 746.5 772.0
April 762.7 7.8 751.0 775.0
May 759.7 3.1 752.3 766.6
June 760.0 5.9 750.1 771.2
July 757.7 3.6 750.6 765.1
August 760.5 4.7 749.3 768.4
September 758.0 3.8 749.1 763.1
October 759.7 6.2 744.3 769.5
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November 766.1 6.6 755.5 780.8
December 764.2 6.5 749.5 775.6

Average (mm.Hg) RMS Min (mmHg) Max (mm.Hg)
January 763.0 6.3 7477 771.0
February 756.6 6.6 742.8 766.7
2022-2023
March 759.6 7.1 741.1 772.9
April 761.7 4.8 751.0 770.4
May 762.4 3.6 756.4 768.7
June 761.6 4.6 750.8 769.3
July 755.0 3.9 747.1 762.2
August 763.4 6.0 751.0 775.6
September 756.7 4.7 748.3 765.1
October 759.1 6.8 744.9 768.1
November 761.0 6.7 743.2 770.6
December 761.4 9.2 739.6 780.2
January 762.4 8.7 740.8 777.1
February 766.0 6.1 753.1 778.9
Let us graphically present the minimum, pressure at the Valkarkai station and draw a trend line
maximum and average values of atmospheric air (Figure 6 a, b, c).
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Figure 6. Minimum, maximum and average values of atmospheric pressure at Valkarkay station.

Having analyzed the data obtained, we can
conclude that the lowest pressure at the Valkarkay
station for the entire study period is 729 mmHg.
observed in November 2019 The highest pressure was
recorded in December 2022. and amounted to 782
mmHg. The slope of the trend line is insignificant in
all cases. For minimum values it is 0.48°, for
maximum 4.86°, and for average 3.47°. Thus, in the
case of minimum values of atmospheric pressure, the

trend does not make any contribution to the formation
of the variability of the original series.

In table 5. calculated data on atmospheric
pressure - maximum, minimum, average monthly
atmospheric pressure and standard deviation for each
month of the period under consideration at the Vise
Island station.

Table 5. Calculated data on atmospheric air pressure at the Vise Island station.

Average (mm.Hg) RMS Min (mmHg) Max (mm.Hg)
2018-2019
March 761.1 10.1 747, 776,
April 776.1 2.4 772, 778,
May 771.1 6.1 758, 776,
June 750.3 45 744, 757,
July 762.2 4.1 754, 766,
August 763.6 8.1 738, 768,
September 751.3 5.5 738, 759,
October 758.0 2.5 754, 762,
November 765.6 3.0 760, 770,
December 771.9 3.8 766, 778,
January 782.2 1.6 778, 784,
February 762.6 14.9 741, 782,
2020-2021
March 753.3 0.8 751, 754,
April 750.8 5.7 743, 763,
May 762.8 44 755, 767,
June 764.4 44 754, 768,
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July 774.1 2.6 768, 777,
August 774.6 5.3 764, 781,
September 763.1 4.3 757, 769,
October 752.3 5.1 745, 758,
November 743.8 2.1 740, 746,
December 741.0 5.3 731, 747,
January 744.9 6.5 732, 754,
February 738.0 4.7 729, 747,

2022-2023
March 735.9 1.8 732, 737,
Average (mm.Hg) RMS Min (mmHg) Max (mm.Hg)

April 747.0 3.1 738, 750,
May 755.9 2.0 751, 759,
June 760.6 3.1 755, 764,
July 758.6 2.1 754, 761,
August 752.9 7.2 741, 760,
September 747.4 1.7 742, 749,
October 743.4 6.7 733, 750,
November 750.2 5.9 738, 758,
December 733.6 7.2 723, 745,
January 730.2 5.6 723, 741,
February 742.2 45 732, 750,

Let us graphically present the minimum,
maximum and average values of atmospheric air
pressure at the Vise Island station and draw a trend
line (Figure 7 a, b, c).
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Figure 7. Minimum, maximum and average values of atmospheric pressure at the Vise Island station.

Having analyzed the data obtained, we can
conclude that the lowest pressure at the Vise Island
station for the entire study period is 723 mmHg.
observed in December 2021 The highest pressure was
recorded in January 2023. and amounted to 784
mmHg.

The slope of the trend line, in all cases, is quite
large and significantly affects the variability of the

original series. For minimum values it is 35.3°, for
maximum 37.9°, and for average 37.6°. It is also
worth noting that every year the values of atmospheric
pressure decreased, which is very clearly visible in the
graphs.

Table 6. Data on the amount of precipitation (mm.) for each month of the period under consideration
at the Valkarkai station.

2018-2019 2020-2021 2022-2023
March 2.3 4.3 14.5
April 1.8 1 4.4

Philadelphia, USA 124 |¢ Clarivate

Ana lytics indexed



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) =1.582  PHWHII (Russia) =3.939  PIF (India) =1.940
Impact Factor: ¢ (australia) =0564  ESJI(KZ)  =8.771 1Bl (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) =0.350
May 0.5 3.1 4.7
June 12.6 0.9 18.5
July 10.9 14.7 50.5
August 11.3 8.8 35.5
September 25.5 9.6 29.8
October 354 13 10.8
November 20 22.2 5.1
December 27.1 2.1 10.3
January 6.6 8.4 104
February 24.1 11.2 5.1
In a year 178.1 99.3 199.6
Figure 8 graphically shows the amount of
precipitation for each month in the period from 2018-
2023.
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Figure 8. Total precipitation at Valkarkai station for each month.

The lowest level of precipitation at Valkarkay
station was observed in May 2019 and amounted to
only 0.5 mm. per month. The highest level of
precipitation was in July 2022; for the month the
amount of precipitation was 50.5 mm.

Having carried out the analysis, we can say that
the driest months for the entire study period are April-

May, the amount of precipitation during this period of
time does not exceed 4.7 mm. The greatest amount of
precipitation falls mainly in September-October. The
driest period was 2021-2022, with 99.3 mm of
precipitation per year.

Table 7. Data on the amount of precipitation (mm.) for each month of the period under consideration at the
Vise Island station.

2018-2019 2020-2021 2022-2023
March 11.6 5 16.5
April 11.3 11.4 9.3
May 11.1 10.6 11.8
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June 13.1 8 315
July 14.2 43.3 18.2
August 108.9 26.9 31.4
September 18.8 34.8 63.7
October 23.2 29.3 124.3
November 17.9 25.2 8.9
December 15.6 24.6 27.8
January 23.1 11.7 8.1
February 21 12.6 18.5
In a year 289.8 243.4 370
Figure 9 graphically shows the amount of

precipitation for each month in the period from 2018-
2023.
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Figure 9. Total precipitation at Wiese Island station for each month.

The lowest level of precipitation at the Vize
Island station was observed in March 2018 and
amounted to 5 mm. per month. The highest level of
precipitation was in October 2022; for the month the
amount of precipitation was 124.3 mm. Having
carried out the analysis, we can say that the driest
months at the Vise Island station for the entire study
period are April-May, the amount of precipitation

during this period of time does not exceed 11.8 mm.
The greatest amount of precipitation falls mainly in
August-October. The driest period was 2020-2021,
with 243.4 mm of precipitation per year.

In Table 8, calculated data on relative humidity -
maximum, minimum, average monthly humidity and
standard deviation for each month of the period under
consideration at the Valkarkay station.

Table 8. Average monthly relative humidity values at VValkarkai station.

Average % RMS |  Min% Max %
2018-2019
March 87 8.6 65 95
April 87 8.4 63 95
May 92 5.4 77 100
June 90 10.5 54 100
July 81 14.9 39 100
L]
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August 81 16.3 47 100
September 84 10.1 53 97
October 88 7.4 72 100
November 88 6.8 68 95
December 86 7.6 65 96
January 83 8.8 55 95
February 88 7.8 60 100
2020-2021
March 80 6.9 68 91
April 89 5.4 76 95
May 90 7.6 71 100
June 91 12.3 53 100
July 84 16.4 30 100
August 90 16.5 41 100
September 86 144 56 100
Average % RMS Min% Max %
October 86 13.1 38 100
November 85 6.8 70 95
December 79 75 69 93
January 82 4.6 74 90
February 80 6.4 65 90
2022-2023
March 78 6.8 60 95
April 84 6.6 64 95
May 92 4.1 81 100
June 92 6.9 76 100
July 90 11.6 52 100
August 96 6.8 67 100
September 91 9.1 64 100
October 87 7.1 70 98
November 83 13.8 31 100
December 84 7.2 70 97
January 78 6.6 68 96
February 73 74 64 90
Let us graphically present the minimum,
maximum and average values of air humidity at the
Valkarkai station and draw a trend line (Figure 10 a,
b, ¢).
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Figure 10. Minimum, maximum and average humidity values at Valkarkai station (%b).

Having analyzed the data obtained, we can
conclude that the lowest humidity value at Valkarkai
station for the entire study period - 31% was observed
in November 2019. 100% humidity in this region is
observed mainly in the summer months. The slope of
the trend line for minimum values is 7.54°, for
maximum values 1.84°, and for average values 4.25°.
Consequently, the maximum significant trend lines do

not make any contribution to the formation of the
variability of the original series.

Table 9 contains calculated data on relative
humidity - maximum, minimum, average monthly
humidity and standard deviation for each month of the
period under consideration at the Vise Island station.

Table 9. Average monthly relative humidity values at Wiese Island station.

Average RMS Min (%) Max (%)
2018-2019
March 84 34 79 90
April 89 7.0 81 100
May 96 3.9 88 100
June 92 2.4 88 95
July 86 4.0 80 94
August 88 4.3 82 100
September 97 3.7 85 100
October 93 3.3 84 98
November 88 3.0 83 92
December 87 3.6 81 93
January 90 3.8 85 96
February 96 4.0 86 100
2020-2021
March 85 2.4 82 89
April 85 3.3 79 90
May 86 4.8 80 96
June 83 5.6 75 93
July 92 4.3 87 100
August 95 3.2 88 100
September 90 5.1 82 98
October 85 3.3 81 92
November 80 4.7 76 90
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December 80 35 74 85
January 86 6.3 77 100
February 84 3.2 78 90
2022-2023
March 92 5.6 80 100
April 87 3.1 80 91
May 86 3.2 79 91
June 83 3.2 79 90
July 94 4.9 80 100
August 86 5.1 75 100
September 87 6.1 80 100
October 87 5.6 79 96
November 92 4.7 85 100
December 91 11.7 33 98
January 94 3.5 89 100
February 91 4.0 80 95

Let us graphically present the minimum,
maximum and average values of air humidity at the
Vise Island station and draw a trend line (Figure 11 a,

b, ¢).
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Figure 11. Minimum, maximum and average humidity values at Vise Island station (%0).

Having analyzed the data obtained, we can
conclude that the lowest humidity value at the Vise
Island station for the entire study period - 33% was
observed in December 2019. 100% humidity in this
region is observed almost every season. The slope of
the trend line for minimum values is 16.2°, for

maximum values 1.4°, and for average values 2.47°.
Consequently, the trend line of maximum values does
not make any contribution to the formation of the
variability of the original series.

Table 10. Maximum wind speeds at Valkarkay station in the period from 2018-2023.

2018-2019 2020-2021 2022-2023

March 19 10 12
April 10 11 9

May 10 10 13
June 12 12 12
July 12 10 12
August 11 12 10
September 10 11 13
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October 15 12 14

november 21 7 20

December 13 13 14

January 16 12 12

February 13 19 16

According to Table 10, the highest wind speed
was recorded in November 2019 and amounted to 21

m/s.
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Figure 12. Distribution of wind directions by year at VValkarkai station.

Having analyzed the wind rose, we can conclude observed, their share in 2019-2021. amounted to 25%,
that in the period from 2018 to 2019. winds were and from 2022-2023. 29%. It is also worth noting that
predominantly observed in a southwesterly direction, there are practically no winds from the north, their
their share amounted to 20%. The diagram shows that share does not exceed 2.7%.

in the period from 2018-2023. At the Valkarkay
station, winds from the east were predominantly

Table 11. Maximum wind speeds in m/s at the Vise Island station in the period from 2018-2022.

2018-2019 2020-2021 2022-2023

March 12 13 12
April 14 11 10
May 11 11 10
June 15 15 13
July 10 16 12
August 13 11 1

September 15 14 12
October 14 12 12
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November 11 16 12
December 15 15 15
January 12 12 13
February 12 16 17
According to the table, the highest wind speed
was recorded in February 2020 and amounted to 17
m/s.
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Figure 13. Distribution of wind directions by year at the Vise Island station.

After analyzing the wind rose, we can conclude
that the wind directions at the Vise Island station are
distributed quite evenly, but still, over the entire
period under study, winds in the eastern direction
mainly predominate. Winds from southwestern
directions blow the least in this region, their share
does not exceed 4.4%. We examine the results of air

temperature obtained at the stations of Valkarkay and
the island of Vize in the period from 2018. until 2023
Figure 14 (a, b) shows how average monthly
temperatures, maximum and minimum temperatures
change between two stations over the entire study
period, by month.
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Figure 14. Graph of changes in average, maximum and minimum temperatures between two stations.
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Considering the average monthly temperature
values at two stations simultaneously, we can say that
the lowest temperatures occur in January-March. The
greatest range of values occurs in the summer months.
On the island of Vize, the maximum temperature in
the summer season did not exceed +3.6°C, when at the
Valkarkai station the maximum temperature in July
every year reached +20°C and above (the maximum

temperature at Valkarkai for this period was recorded
in July 2019 was +23,3°C).

It is worth noting that the average monthly
temperatures at the Valkarkai station and the Vise
Island station are quite close in value, this is
confirmed by the calculation of the correlation
coefficient which is equal to 0.96.
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Figure 15. Distribution of average monthly temperatures at two stations.

From the above graphs it can be seen that at the
Valkarkay station the largest number of average
monthly temperature values fall in the range from 0°C
to 10°C, at the Vise Island station from -10°C to -
20°C. In general, the bulk of average monthly
temperature values at Valkarkay station fall in the
range from 0°C to -15°C. And on the island of Vize

the average monthly temperatures are quite unevenly
distributed. Let us consider the results of atmospheric
air pressure obtained at the Valkarkai and Vize Island
stations in the period from 2018 to 2023. Figure 16
shows how atmospheric pressure changes between
two stations over the entire study period, by month.
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Figure 16. Graph of changes in atmospheric pressure between two stations (mmHg).

Having analyzed the graph, we can say that at the
Valkarkai station the atmospheric pressure values are
more uniform and do not fall below 750 mmHg. and
do not exceed 770 mm Hg. this indicates that the
pressure in this region is within normal limits. At the
Vise Island station, throughout the entire study period,
large fluctuations in average monthly atmospheric
pressure values are visible. It is also worth noting that
starting from mid-2019, pressure has been trending
downward. The nature of the variability of
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atmospheric pressure at the Valkarkay station and the
island of Vize is very different, this is also indicated
by the calculation of the correlation coefficient, which
is equal to -0.13, this determines the presence of an
opposite connection. A comparison of precipitation
data is shown in Figure 17.

Figure 18 shows data from two stations on the
amount of precipitation for each month from 2018 to
2023.
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Figure 17. Total precipitation for each month at two stations.
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The graph shows that at two stations the greatest
amount of precipitation falls in the summer and
autumn seasons. On the island of Vize, precipitation
is more abundant, the maximum level reached 124.3
mm, the minimum level of precipitation for each
month did not fall below 5 mm, when at the VValkarkai
station in the spring months the precipitation level
does not exceed 4.7 mm.
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Two stations have fairly low precipitation levels,
but Valkarkai station has a more evenly distributed
average monthly precipitation and a drier climate. The
correlation coefficient between stations is 0.13, the
relationship between the indicators is very weak.

A comparison of relative humidity data is shown
in Figure 18.
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Figure 18. Data from two stations on relative humidity for each month from 2018 to 2023.

The graph shows that at Valkarkai station the
humidity for the entire period was only in August
2019. exceeded 95%; in other months it did not exceed
92%. The humidity on the island of Vize is higher, this
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is due to the conditions of the marine climate. The
correlation coefficient between stations is negative
and equal to -0.01.
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Figure 19. Maximum wind speeds at two stations in the period from 2018 to 2023.
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From the graph data, it is clear that the maximum
speeds at the Valkarkai station reach 21 m/s, while on
the island of Vize the maximum speed does not exceed
17 m/s. The relationship between wind speeds
between stations is insignificant, which is confirmed
by a very weak correlation, the coefficient of which is
0.005.

It is also worth noting that at the Valkarkai
station, winds in the eastern direction mainly
predominate, and winds in the northern directions are
observed very rarely, their share is only 4% for the
entire observation period. On the island of Vize, wind
directions are more evenly distributed, but still more
easterly directions were observed.

Conclusion

In the process of globalization, large-scale
changes are taking place in the economic activities
and lifestyle of the indigenous inhabitants of the
Arctic. Today, Aboriginal people choose different
development strategies, but for most of them,
industrial development has become the most
important factor in modern life. The activities of
enterprises bring huge amounts of money to regional
budgets, part of which goes to finance targeted
development programs for indigenous peoples of the
North, to help the agro-industrial complex, to support
indigenous communities, and to compensate for losses
caused during the development of territories. Overall,
this has a positive impact on the well-being of
indigenous and local populations. Modern
infrastructure is developing in the Arctic: roads are
being built, modern means of communication and
energy are being used, residential buildings and social
and cultural facilities are being built. This creates
conditions so that indigenous peoples do not feel
outside the “benefits of civilization” and receive
comparable access to education, medical care and
culture as residents of other regions of Russia. The
process of interaction between indigenous peoples and
mining companies is regulated by federal and regional
laws. In addition, the districts have developed the
practice of concluding agreements and agreements
between communities and industrial enterprises. Of
particular note is the unique experience of the Yamal-
Nenets Autonomous Okrug in the creation of an
Ethno-Ecological Council, whose tasks include
making proposals to local governments to improve the
legal framework in the field of regulation of land legal
relations, environmental protection, environmental
management and subsoil use. It is advisable to apply
this experience in other regions. The policies of
industrial companies in the North of Russia have been
gradually changing for the better in recent years. Their
managers and employees come to the realization that
they are not pioneers of the northern and Arctic
territories, that their activities must not only be carried
out within the framework of the legal, primarily
environmental, field, but also comply with moral

standards. And since industrial development of the
Arctic began before the adoption of modern
environmental and socially oriented legal standards,
companies should use compensatory measures and
actively cooperate with local and indigenous
populations in the areas of their operations. The
management of many enterprises is aware of their
responsibility and adopts documents and regulations
that define the principles of activity and rules of
behavior of employees, especially in places of
traditional residence and traditional economic
activities of indigenous peoples. Against the
background of the material well-being of the visiting
population employed in the mining industry, the social
problems of the aborigines are especially visible. In
addition to the fact that the level of wages in fishing,
reindeer husbandry, and marine hunting is an order of
magnitude lower than in industry, The high level of
unemployment among indigenous peoples poses a
serious threat to social stability. As a rule, industrial
enterprises refuse to hire indigenous people due to low
qualifications, and there are no reserves for increasing
employment in traditional industries. In the reindeer
herding industry of the Yamal-Nenets Autonomous
Okrug there is even a problem of “oversupply” of deer
and shepherds, aggravated by the depletion of food
resources. In Chukotka reindeer husbandry, there are
other concerns - a shortage of reindeer herders and
livestock workers; the desired increase in livestock is
not happening, and therefore, the scope of
employment is not expanding. The authorities
associate the prospects for reducing unemployment
and developing the traditional sector of the economy
of the North with the development of communities
and processing of products from traditional sectors of
the economy. Traditional forms of economic
management of the Arctic peoples are increasingly
involved in the regional economy, and ethnocultural
heritage is recognized as an important resource for the
vitality of society, which not only needs to be
preserved, but also modern forms of working with it
must be found. Particular attention in our study is paid
to the education of indigenous peoples of the North as
the most important mechanism of adaptation. In the
educational process, the educational potential of the
basic means of the ethnic culture of the northern
peoples is widely used (oral folk art, arts and crafts,
folk games and toys, traditional physical
competitions, festive and gaming folklore). It is
probably worth considering the possibility of creating
new forms of educational structures that are more
adequate to the ethnic needs of northerners, as well as
paying more attention to the targeted training of
pedagogical specialists in the field of ethnocultural
traditions of education. In the context of increasing
industrial development, today there is an obvious lack
of resources for traditional environmental
management. The reduction of pastures and the
pollution of water bodies lead to the need to search for
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new ways of social adaptation in the context of the
curtailment of traditional forms of management.
Many Aboriginal families see a solution in young
people receiving vocational education and specialties
that are in demand in the labor market. At the same
time, many experts express thoughts about the need
for more flexible forms - perhaps nomadic, primarily
primary - education for children of reindeer herders in
order to mitigate the stress that is inevitable for
younger schoolchildren when parting with their
parents and during the first years of life and study in
boarding school It is also important to understand that
further development of traditional sectors of the
economy is impossible without a sufficient number of
Aboriginal people who have received both basic and
professional special education. Today you need not
only to herd deer, fish, hunt animals, but also have
knowledge of management, marketing, accounting,
and be economically and legally literate. So far in the
North there are very few such specialists among
indigenous peoples. After all, one of the reasons that
communities cannot develop successfully is
associated with financial reporting issues. A useful
measure could be closer interaction between industrial
companies and educational institutions in cities,
schools and boarding schools. Familiarity and
constant communication between the indigenous and
visiting populations are of great importance. Their
rapprochement would contribute to the establishment
of a favorable psychological climate and would help
graduates of boarding schools find their place in the
future, including in industrial enterprises. In Russia
and the world there are examples of successful
participation of industrial companies in educational
programs for indigenous and local populations in the
Arctic and training programs for activists of
indigenous social movements, which would be useful
to be widely covered in the media. Measures of
targeted government support for the development of
indigenous peoples in combination with assistance to
various forms of their self-organization are necessary.
Such a policy of interested federal and regional
authorities could guarantee movement towards
limiting state paternalism, forming partnerships and
mastering negotiation procedures by all their
participants. The monograph proposes legal measures
as mechanisms to overcome risks for indigenous
peoples of the North associated with the industrial
development of areas of their traditional residence and
economic activity. Among them are the improvement
of legislation, primarily the adoption of a special
Federal Law “On assessing the impact on the ancestral
habitat and traditional way of life of indigenous
peoples of the North, Siberia and the Far East”,
introducing changes to land and resource legislation
that correspond to the legal rights and interests of
indigenous  peoples, tightening  environmental

regulations in the Arctic. To improve the effectiveness
of the proposed measures, monitoring of law
enforcement practice will be required. It seems to us
that in such work, an interdisciplinary approach is
especially important, the joint activities of
anthropologists, lawyers, ecologists, and possibly the
involvement of biogeographers, economists and other
specialists. An effective means of improving the
quality of life of Aboriginal people could be the
development by industrial companies of a policy
focused on interaction and dialogue with indigenous
peoples, studying and taking into account their
interests. A fruitful practice in this regard appears to
be the practice of campaigns, recognized in many
countries, to accept obligations on social corporate
responsibility, based on international standards
formulated in the UN Declaration of the Rights of
Indigenous Peoples (2007) and the Guiding Principles
for Business Development in the Context of Human
Rights (2011). Company policies based on these
principles should combine direct financial injections
into the regions in which they operate with targeted
competitive  projects aimed at developing
communities and families of indigenous peoples,
supporting their cultures and languages. In this case,
primary importance should be given to the social
sphere - education and health care, construction and
support of enterprises for processing products of
traditional industries. Special measures are needed
both in relation to Aboriginal people living in cities
and towns with a mixed population, where different
economic and cultural structures coexist, and in
relation to ethnically homogeneous communities of
the indigenous population leading traditional
environmental management. The multivariate
approach proposed in the book takes into account the
ability of people of any culture and social environment
to innovate and gives preference to individual
strategies of people, their fundamental desire to
provide better personal and social living conditions.
At the same time, the industrial development of the
Arctic zone can contribute to the development of the
indigenous peoples of the region if government
authorities provide a legal framework and socio-
economic guarantees, increase the efficiency and
quality of education, realize the right of people to
reliable information, which in total will certainly
contribute to the formation of a favorable social
climate. Only taking into account all these
circumstances is it possible for the free, preliminary
and conscious participation of indigenous peoples in
decision-making that affects their interests, full
control over the activities of industrial enterprises, and
the application of high standards of social and
environmental responsibility to their activities in the
Aurctic.
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Abstract: The article discusses the international aspects of problems related to the Arctic, the improvement and
updating of strategies and policies in this zone of the European Union and a number of countries (India, USA,
Finland, Faroe Islands), withdrawal from projects in the Russian Arctic after the start of a special military operation
of a number of large European and Asian multinational companies. It is emphasized that Western states continue to
increase their military presence in the region. The situation was greatly complicated by the beginning of the process
of Finland and Sweden joining NATO, which strengthens the potential of the alliance and creates real military threats
to Russia in the Arctic direction. Using examples of decisions of the Government of the Russian Federation in 2022,
the problems of the Russian Arctic, especially related to the development of the Northern Sea Route and some subjects
of this zone for the next 15 years, are analyzed. Attention is focused on the nature of the activities of the country's
leadership, ministries and departments, legislative bodies, representatives of business and public organizations for
the integrated development and exploration of the Arctic in the light of unfavorable international events of 2020—
2022. It is noted that the real impact of the NWO on the Arctic region can only be determined by its final results. The
article also analyzes the strategic interests of Russia and China in the Arctic. It represents one of the most promising
and underdeveloped regions of the world. Russia, as an Arctic state, has its own interests in the northern territories
and is implementing policies aimed at strengthening its leading position in their development. China, on the other
hand, views its participation in projects for the development of the Arctic as an opportunity to establish stable ties
with this region, and here the comprehensive strategic partnership between the Russian Federation and the PRC
takes on new shape. In particular, it is economically beneficial for both countries to develop northern sea routes,
which will reduce the delivery time for goods from Asia to Europe and vice versa. It is noted that joint Arctic projects
make it possible to intensify the development of communications along the Northern Sea Route and ensure the
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environmentally friendly development of natural resources. In addition, mutual interest in cooperation is due to the

difficult international situation.
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Introduction
UDC 332.14:323.16.

In 2022, the strategies and policies of the Arctic
countries continued to be improved and updated.
Thus, on March 17, India’s Arctic Policy was unveiled
(Ministry of Earth Sciences... 2022), and on October
7, the White House published a new US Arctic
strategy until 2032 called “National Strategy for the
Arctic Region” (National Strategy... 2022). If Delhi's
position in the future allows India to be considered as
a potential partner of Russia in the northern direction,
then Washington's strategy, as before, is aimed at
consolidating its dominant position in the region,
gaining direct access to the Northern Sea Route
(NSR), and containing Russian influence. During the
opening of the Arctic Circle 2022 Assembly in
Reykjavik on October 17, 2022, the Minister of
Foreign Affairs of the Faroe Islands, Janis av Rana,
presented the Arctic strategy of his autonomy (Faroe
Islands launch... 2022), consisting of eight directions.
The significance of the document lies in the fact that
it temporarily replaces the Danish strategy of 2010.
After the adoption in October 2021 of the Joint
Communique “More active participation of the EU in
creating a peaceful, stable and prosperous Arctic”, the
European Union opened its representative office in
September 2022 Greenland in the city of Nuuk. Its
interest in strengthening ties with the Danish region is
driven by its rich mineral deposits and its ability to
produce and export renewable green energy.

A number of large European and Asian
transnational companies reacted to the events in
Ukraine after the start of a special military operation,
withdrawing from Arctic projects or revising their
plans to invest in them. Among them are the
Norwegian Equinor, the Anglo-Dutch oil concern
British Petroleum, the French oil and gas company
Total, the Indian state-owned crude oil and natural gas
corporation and the Singaporean company Trafigura.
They left Russian projects despite significant financial
and image losses. The European Commission has
imposed sanctions on the Kolarctic program, which
plays an important role in interregional cooperation.
Members of the Barents Euro-Arctic Council
announced the suspension of interaction with the
Russian Federation. Scientific cooperation with the
International Council for Science and the International
Arctic Science Committee was also significantly

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2024.04.132.13

limited. The activities of the Russian Federation in the
Nordic Council of Ministers have been terminated. In
March 2022, seven Arctic Council countries
(Denmark, Iceland, Canada, Norway, USA, Finland
and Sweden) refused to take part in all meetings
chaired by the Russian Federation on its territory,
despite the AC’s unified strategic plan. Later, on June
8, these states decided to limitedly resume the
activities of the AS, but without the participation of
Russia. All this ultimately resulted in a boycott of the
Russian Federation’s chairmanship of the Arctic
Council. Against the backdrop of a worsening
situation caused by EU sanctions, at the end of June
2022, thanks to the efforts of the Russian Foreign
Ministry, it was possible to resolve an acute conflictin
connection with Oslo’s blocking of cargo heading to
the Russian village of Barentsburg to ensure the
livelihoods of Russians and employees of the
Avrktikugol trust. Western states continue to increase
their military presence in the Arctic. The situation in
the region was greatly complicated by the beginning
of the process of Finland and Sweden joining NATO,
which strengthened the capabilities of the alliance and
created real threats to Russia in the Arctic direction.
NATO, as noted by the scientific director of the
Institute of the USA and Canada of the Russian
Academy of Sciences, Academician of the Russian
Academy of Sciences S.M. Rogov, moves on to
forming tools to contain Russia in the Arctic region,
which has not happened before.

Main part

In the current conditions, it was decided to
continue the chairmanship, directing the main efforts
to the development of the Arctic territories of the
Russian Federation, which already in 2022 led to
serious progress. More attention began to be paid to
the development of the Northern Sea Route, which
affected the volume of cargo transportation, which
reached 34 million tons in 2022, and the management
of the route. Meanwhile, international transit traffic
has declined. Within the structure of the Rosatom state
corporation, on the basis of the Headquarters of
Maritime Operations, the Federal State Budgetary
Institution “Main Directorate of the Northern Sea
Route” was created, which made it possible to
improve the management of shipping on the Northern
Sea Route. In order to ensure its sustainable growth,
increase freight transit and increase the efficiency of
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export logistics routes, the Chairman of the
Government of the Russian Federation approved a
plan for the development of the Northern Sea Route
until 2035. It is planned to allocate 1.8 trillion for its
implementation. rubles from various sources. At the
same time, paragraph 7 of the document states that the
order of the government of the Russian Federation
dated December 21, 2019 No. 3120-r “On approval of
the Northern Sea Route infrastructure development
plan for the period until 2035” is cancelled. The
previous version included 11 chapters and 84 specific
items for future activities. The updated plan includes
about 150 events. The issue of preparing a new plan in
2022 was considered at meetings of Deputy Prime
Minister A.V. Novak twice (February 3 and June 9)
and with the participation of Prime Minister M.V.
Mishustin during an operational meeting with deputy
prime ministers on August 1. Priority is given to the
development of the cargo base. An application
“Forecasted volume of cargo traffic along the
Northern Sea Route” has also appeared, which
provides for an annual update of the volume of cargo
transportation. This plan, which in its content is
actually a program for the development of the
maritime transport route of the Russian Far North,
made it possible to objectively determine that due to
the consequences of the pandemic and an insufficient
cargo base, we will not be able to transport 80 million
tons along the Northern Sea Route by 2024.
Particular attention is paid to the creation of an
Arctic orbital satellite constellation, renewal and
development of the icebreaker fleet and port facilities.
Thus, by 2024, two Arktika-M spacecraft should be
launched into orbit, which will provide data on the
hydrometeorological situation in high latitudes, as
well as three radar observation spacecraft: two
Condor-FKA spacecraft, one " Review-R". By 2026,
four Express-RV satellites will provide broadband
Internet access in the Russian Arctic zone. Without the
creation of an Arctic satellite constellation, the safe
passage of ships along the Northern Sea Route is not
possible.By 2026, four more nuclear-powered
icebreakers of Project 22220 will be put into
operation, and by 2027, the first icebreaker of the
Leader project will be commissioned. The ice-class
cargo fleet will be increased more than threefold by
2030. More than 30 tankers, 40 bulk carriers and 22
container ships need to be built. Currently, five
nuclear-powered icebreakers escort ships in the waters
of the Arctic Ocean. An order was signed to allocate
more than 470 million rubles to replace the power
equipment of the research vessel Pyotr Kottsov, which
is engaged in navigation and hydrographic support of
navigation in the Northern Sea Route region. Repair
work, which will increase the service life of the vessel
by at least 15 years and significantly reduce operating
costs, is being carried out in Kaliningrad. On
November 22, 2022, the hull of the nuclear icebreaker
Yakutia was launched at the Baltic Shipyard. The ship

should be handed over to the fleet at the end of 2024.
“The icebreakers of this series use waste-free
technologies... Emissions of soot or black carbon are
only 500 grams per year. If compared with emissions
from a conventional coal boiler house, this is 100
thousand times less,” noted Deputy Prime Minister of
the Russian Federation V.V. Abramchenko, who was
present at this event The second serial nuclear
icebreaker of project 22220 “Ural” built by the Baltic
Shipyard successfully completed the factory sea trials
program and on December 3, 2022, set off from the
port of Murmansk to the Kara Sea. At the government
level, access to preferential loans has been expanded
for investors implementing projects in the Far East and
the Arctic in industry, transport, and energy, which
will significantly reduce the risks of failure of
investment projects due to sanctions restrictions. In
November, Chairman of the Government of the
Russian Federation M.V. Mishustin signed an order to
allocate more than 2.6 billion rubles from the federal
budget. for the development of social, communal and
transport infrastructure in the Komi Republic,
Arkhangelsk and Murmansk regions, as well as the
Chukotka Autonomous Okrug, which will help
improve the socio-economic situation of the Arctic
zone. Work has begun on developing the transport
infrastructure of the Murmansk region. The
boundaries of the priority socio-economic
development territory “Capital of the Arctic” have
been expanded, which will allow the construction of a
marine transshipment complex for liquefied natural
gas in the waters of the port of Murmansk. As part of
the comprehensive development of the Murmansk
transport hub, financing is provided for the
construction of a 49.7 km railway to the port of Lavna,
where a coal terminal of the same name with a
capacity of 18 million tons per year is being built.
Attention should be paid to the work on recycling
ships that have exhausted their service life. At the
moment, four nuclear-powered icebreakers that were
previously used on the NSR routes - Sibir, Arktika,
Sovetsky Soyuz and Rossiya - are undergoing this
procedure. The 25th St. Petersburg International
Economic Forum played an important role in
developing modern approaches to the development of
the Arctic. at which the Ministry of Eastern
Development of the Russian Federation presented a
broad agenda for the work of regions in the context of
sanctions against Russia. The Yamal LNG and Arctic
LNG-2 projects are being successfully implemented.
A bench testing complex for hydrogen production is
being created at the Kola Nuclear Power Plant in the
Murmansk region. The world's first Russian floating
nuclear power plant, Akademik Lomonosov, is
successfully operating, commissioned in May 2020 in
the northern seaport of Pevek. Russia has begun
creating the international autonomous Arctic station
“Snezhinka”, which will be a research center on the
basis of which it is planned to conduct experiments,
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research, develop and implement technologies in
various fields, primarily in the fight against climate
change. Unfortunately, foreign investors are poorly
attracted to its construction; mainly budget funds are
used.

The progress of fulfilling the assigned tasks must
be constantly monitored by the State Commission for
Arctic Development. With the creation in 2019 of the
Ministry of Eastern Development, which is
characterized by activity in setting and solving
problems of development and development of the
region, the state’s attention to Arctic problems has
increased significantly. Issues of development of the
Arctic zone of Russia have acquired particular
importance in light of the unfavorable international
events of 2020-2022. Due to the “Covid crisis” and
the disruption of global supply chains, the Russian
government began to discuss proposals to increase
funding for projects in the Arctic Ocean, and several
rounds of Western sanctions intensified processes for
the development of Arctic territories and
modernization of transport corridors to Asia. All this
was reflected in the speeches of government
representatives at various levels. Employees of the
Analytical Department of the Nuclear Industry
Communications Center conducted a comprehensive
study of speeches by government officials on the topic
of Arctic development from October 31, 2021 to
November 1, 2022. According to their assessment,
five groups of “political figures” are clearly
distinguished: namely.

The first side is occupied by the President of the
Russian Federation V.V. Over the past year, Putin
mentioned or quoted in 100 publications on the topic;

The second line is occupied by the head of the
Ministry of Eastern Development of the Russian
Federation A.O. Chekunkov and his deputies, who
regularly report on the work to improve the legislative
framework, the investment attractiveness of the
region, and the infrastructure and business projects
implemented there;

in the third group we can highlight the Chairman
of the Government of the Russian Federation M.V.
Mishustin, his deputies Yu.P. Trutnev and A.V.
Novak, some federal ministers responsible for
achieving the goals of national projects and
presidential instructions. The focus of their speeches
was the quality of management, financing, scientific
and technological support for the development of the
Arctic;

the fourth group consists of governors of the
constituent entities of the Russian Federation in the
Arctic zone;

the fifth - heads of departments who mentioned
the Arctic among other subjects of their interest.

In terms of content, very similar motives are
noticeable in the speeches of government officials.
The focus of the discussion is the implementation of
territorial development projects: establishing transport

routes, building expensive infrastructure (primarily
for petrochemicals and shipbuilding), providing
comfortable living conditions for the population.
Statements about this are made in connection with the
implementation (less often non-fulfillment) of federal
plans and programs. Heads of regions and non-core
departments practically do not come up with
initiatives, and higher-ranking officials mostly “echo”
the President of the Russian Federation. The Arctic is
a region that is attracting increasing interest from the
international community. For a long time it was
isolated due to natural reasons, but growing
technological capabilities are opening up new
prospects for the exploration and development of the
region. In addition to large reserves of mineral
resources, the Arctic has significant potential for the
development of the most convenient transport and
communication routes in many senses, not only
connecting Europe with the Far East, but also opening
access to North America through Canada. Russia has
a long border with the Arctic, so its significant
economic interests are associated with this region,
supported by the growing geopolitical importance of
the northern lands. China, being a state not territorially
associated with the region in question, is seeking to
gain access to the Arctic zone in order to conduct
economic activities there, and also due to the growing
geopolitical importance of these territories. Russian-
Chinese relations are developing today at the level of
a comprehensive strategic partnership, and interaction
in the Arctic region seems to be a promising direction
for both powers. In the context of growing
international tension, Russian-Chinese cooperation
acquires additional value, however, it also has its
limitations, which also relate to the Arctic region.
Analysis of bilateral interaction in the northern
territories, determination of its trends and prospects is
an urgent research task. Russia began exploring the
Arctic back in the 17th century. However, until the
20th century, this direction could hardly be called an
unconditional priority of its national policy. During
the Soviet period, the Northern Sea Route acquired
strategic importance and industrial mining began. In
the 1990s, in fact, the Arctic complex, inherited by the
Russian Federation from the USSR, was abandoned to
the mercy of fate, which led to a general severe crisis
in the territories of the Far North and an outflow of
population. Since the beginning of the 21st century,
Russia has undergone a reassessment of the Arctic
strategy in terms of realizing the importance of the
region for the development of the country.
Fundamentally new decisions were made on the
development of the Arctic spaces, scientific research
expeditions were carried out, designed, among other
things, to prove that the Arctic mountain ranges
belong to Russia as part of the continental shelf.
Already in 2016, the Concept of socio-economic
development of the North until 2035 was adopted,
which indicated increased attention to the region and
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the strategic direction of Russian foreign policy. The
regulatory framework for Russia's activities in relation
to the Arctic consists of:

firstly, “Fundamentals of state policy of the
Russian Federation in the Arctic for the period until
2025 and beyond”, then extended until 2035;

secondly, “Strategy for the development of the
Arctic zone of the Russian Federation and ensuring
national security for the period until 2035.”

The basic principles and directions of Russian
foreign policy regarding the Arctic include the
following points:

1. The Arctic is the country's strategic resource
base, which will contribute to the modernization and
socio-economic development of the country.

2. The Arctic is a zone of peace and
constructive cooperation.

3. The Arctic is a territory whose ecological
system must be preserved.

4. The Arctic is the basis of the country’s
unified transport communications system through the
development of the Northern Sea Route.

Security for Russia is no less important than the
economic development of the Arctic. Thus, the Kola
Peninsula is a zone of particular importance in
military-political terms. It has access to the Atlantic
Ocean and has important military infrastructure
facilities. The sea-based nuclear forces of the Russian
Federation are also deployed in the Arctic region.
Atomic weapons allow the country to feel protected in
any situation and ensure deterrence of a potential
enemy, which “is not only a key element of Russian
military strategy and policy, but also a symbol and
guarantee of great power status.” Russia's security
forces have been tasked with neutralizing external and
internal military dangers and threats in peacetime,
ensuring strategic deterrence of potential adversaries,
and in the event of an armed conflict, repelling
aggression and ending hostilities. Analyzing the state
of the military component of Russia in the Arctic
zone, it should be noted that it is currently being
strengthened, characterized by the return of the
Russian armed forces to the northern territories. Thus,
at the beginning of 2016, work was completed on the
deployment and arrangement of six military bases in
the Russian Arctic: on Kotelny Island, Alexandra
Land, on Sredniy Island, on the Novaya Zemlya
Islands, on Cape Schmidt, on Wrangel Island. Closed-
circuit military camps, military airfields, and combat
positions of air defense and aerospace forces units
have been built or reconstructed there. In addition, in
2018, two separate anti-aircraft missile regiments
equipped with the S-400 Triumph air defense system
were formed and deployed on the Arctic coast. To
protect these systems from enemy air attacks, batteries
of the Pantsir-S man-portable anti-aircraft missile
system (ZRPK) have been deployed. In addition, a
coastal missile division equipped with the Bastion
complex is located on Novaya Zemlya. On other

islands of the Arctic Ocean and in some mainland
areas, coastal missile, anti-aircraft missile and missile
and artillery units and subunits are on round-the-clock
combat duty. At permanent bases along the NSR,
aviation control points and radio, radar and space
reconnaissance positions are equipped.

This entire extensive infrastructure is managed
by the Joint Strategic Command, created in July 2014
on the basis of the Northern Fleet, which includes a
number of units of the Western, Central and Eastern
Military Districts. Within a relatively short period of
time, this command took the necessary measures to
improve combat training and coherence of diverse
army forces and assets in the difficult natural
conditions of the Arctic. Ensuring military-strategic
parity in the region under study is unthinkable without
the participation of the Northern Fleet. Today it is the
largest, most powerful and modern in the Russian
Federation, protects the state border in the Arctic
Ocean, ensures the safety of navigation in the coastal
part of the Barents and White Seas, being one of the
factors in the sustainable functioning of economic and
transport systems in the northern and circumpolar
latitudes. The missile submarines of the Northern
Fleet are the most significant part of Russia’s strategic
nuclear forces in the region. In 2015, the flagship of
the submarine fleet Yuri Dolgoruky successfully
completed a voyage under the ice of the Arctic, and
the nuclear-powered strategic submarine cruiser
(APKSN) Alexander Nevsky made a trans-Arctic
transition to its permanent base in Kamchatka. In
addition, almost the entire surface nuclear fleet of
Russia is deployed in circumpolar latitudes: the
cruiser "Peter the Great”, large landing ships
"Kondopoga" and "Olenegorsky Gornyak™, as well as
icebreakers "Yamal", "Vaigach", "50 Let Pobedy" and
" Taimyr".

The need to maintain and develop the military
component of the Russian Federation in the Arctic is
dictated, on the one hand, by the presence of NATO
countries in the region, and on the other, by the desire
of non-Arctic countries to gain access to the
circumpolar seas. The growth of activity of the latter
will take place in three directions: financing of civilian
projects in the region, commercial and military
maritime activities.

The economic, environmental and strategic
interests of the Russian Federation in the Arctic region
include gaining access to the natural resources of the
Arctic (especially hydrocarbon reserves), as well as
their exploration and development. The largest and
most significant international projects in the field of
hydrocarbon production in the Arctic zone are Yamal
LNG, Sakhalin-1, Sakhalin-2. Foreign and Russian
companies take an active part in their implementation.
The Russian Federation considers the Arctic zone to
be the country's largest raw material reserve, in which
hydrocarbon and mineral resources have remained
intact. This fact has not only national, but also
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worldwide, global significance. The Arctic zone
contains the main reserves of the most important
minerals, which are decisive for the development of
the country's economy. Thus, the explored volumes of
industrial gas in this region account for 80% of the all-
Russian total. This area contains 90% of the
recoverable hydrocarbon resources of the entire
continental shelf of Russia, including 70% on the
shelves of the Barents and Kara Seas. The PRC's
Acrctic interests are officially concentrated in the areas
of ecology, scientific research, shipping, and
exploration and development of natural resources.
This policy stems from the desire of the new global
power to establish its presence throughout the world,
including in the World Ocean. Arctic policy is seen as
part of the process of forming a new world order,
where China intends to be one of the leading
guarantors of the new order. China's interest in the
Arctic took shape in 2018, when the option of using
the Northern Sea Route was developed as part of the
Belt and Road initiative. In general, China’s initiative
was aimed at developing the shortest Eurasian
transport routes connecting the Asia-Pacific region
(APR) and Europe without North America. Part of
China's Belt and Road project was the development of
sea communications across the Arctic Ocean. China
officially announced its intention to become a “polar
superpower” back in 2019. Later, in 2020, a
cooperation agreement was concluded within the
framework of the Eurasian Economic Union promoted
by Russia and the PRC Belt and Road project. This
cooperation also included support for the development
of the Northern Sea Route. In 2020, Beijing published
extensive material on its foreign policy in the Arctic.
It promised to pursue its national interests in the
region, and China is now planning its own fleet of
modern icebreakers and promoting the Ice Silk Road
project. The Northern Sea Route, or, according to
Chinese terminology, the “Ice Silk Road”, is
considered in the PRC as a priority direction for the
development of international cooperation in the
Arctic. The key factor here remains saving time on
transporting goods and the growing economic and
logistics potential of the region.

China’s interests in ensuring its energy security
are also linked to the development of the Northern Sea
Route. The Arctic is potentially a rich source of
natural resources, primarily oil and gas, but their
development is expensive and environmentally
threatening. China counts on the presence of its
companies in this area, as well as in the areas of
shipbuilding, engineering, financing, and logistics, as
it has the necessary technological base to ensure the
safety of the region’s ecosystem. China has included
the Ice Silk Road in its new five-year development
plan for the period 2021-2025 and intends to
pragmatically participate in relevant Arctic projects
that are in line with China's long-term development
goals for the period up to 2035.

China dates its presence in the Arctic to its
accession to the 1925 Spitsbergen Treaty. The PRC is
a member of the International Arctic Scientific
Committee, it has organized eight scientific
expeditions, and founded its first polar research
station in Spitsbergen. China is included as an
observer in the Arctic Council, the key organization
that controls issues related to the region of the same
name. Non-Arctic countries cannot legally lay claim
to territory in the Arctic, but major powers such as
China are able to influence ongoing processes in this
region. The PRC finances Arctic scientific research,
related projects and organizes negotiations on free
trade with Arctic countries. Unlike other states, China
has powerful and free financial capabilities for this.
The prospect of developing Arctic, shorter sea routes
is one of the main principles shaping the
understanding of the growing Chinese interest in the
Arctic. Direct routes linking Asia, Europe and
America will have a major impact on global trade. For
China, three sea routes are key in this regard: the
Transpolar Sea Route, the Northwest Passage, and the
Northern Sea Route (Northeast Passage). Each is only
available for part of the season and requires the use of
icebreakers the rest of the year. But ongoing climate
change in the Arctic may mean it is a matter of time
before routes remain viable for increasingly longer
periods.

In 2020, China announced its intention to
cooperate in developing Arctic sea routes together
with other countries. The PRC emphasized the
importance of ensuring the rights of each country to
use potential routes for the delivery of goods. This is
Beijing's principled position. China advocates that the
Acrctic region is a common heritage for all mankind.
This excludes special rights of the Arctic states,
including Russia. The Arctic countries do not agree
with this and view China's claims as a threat to their
national interests and security. However, the PRC is
actively developing its initiatives in this direction and
cooperating with small states, in particular with
Norway - in the field of scientific expeditions or with
Denmark - in the field of investments, which generally
helps strengthen the position of the Celestial Empire
in relation to the Arctic. China's activity is causing
concern in Western countries, which are clearly wary
of its attempts to gain a foothold in the Arctic region.
For example, Finland refused to lease an airfield in the
Acrctic to Beijing, despite the economic attractiveness
of the proposal, while the Western “Five Eyes”
Intelligence Sharing Alliance, whose members
include the USA, Canada, Australia, Great Britain,
and New Zealand, announced its intention fight
Chinese influence in Greenland, pointing out that
Beijing already controls about 90% of the island's rare
earths. In Greenland, there is a clash of interests
between different countries, as Chinese, American,
and European organizations plan to explore energy
resources on the continental shelf. Chinese-controlled
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London Mining intends to develop large-scale iron ore
mining in the southwest of the island and is proposing
infrastructure and investment. Uranium deposits have
been discovered in the south of Greenland, in which
the United States and China are showing interest.
There is also a plan for the development of new
promising projects within the framework of aluminum
production. In Greenland, Chinese activity and rivalry
with other countries is causing debate as economic
benefits come with concerns about environmental
costs. In Denmark, too, the resolution of issues
regarding Greenland is ambiguous. The extraction of
raw materials was initially based on the availability of
cheap Chinese labor, but Denmark is keen to retain the
right to regulate immigration issues on the island.

The PRC considers Russia as its priority partner
in the Arctic. Beijing calls Moscow's political stability
a distinctive feature of cooperation, which serves as a
guarantee of its implementation of agreed decisions
and ensuring non-interference by third forces. This
factor is extremely important due to the existing
tension between Russia and the West and the growing
confrontation between China and the United States. In
the context of sanctions pressure on Russia, China can
provide it with investments and technologies for the
development of the Arctic region to create new
transport routes and implement infrastructure projects.
The capabilities of the PRC can give impetus to the
modernization of the territories of the North, including
the development of ports, construction of
infrastructure, creation of new routes for shipping,
exploration and extraction of natural resources. A
natural limitation to cooperation is the continued
possibility that the Arctic will be used by Beijing as
political leverage to establish itself as a new Arctic
power. At the same time, the Russian Federation
remains the largest military force in the northern
territories, which allows it to worry less about
competition from participants in projects in the Arctic.
Russia asserts its claims to exclusive control over the
Northern Sea Route, justifying them by its territorial
position and the presence of the longest access to the
Arctic region.

The development of the Ice Silk Road as part of
China's Belt and Road project corresponds to Russian
strategic interests in the context of the formation of the
Russian Northern Sea Route as a more competitive
project on a global scale under Russian control. Such
a scenario will provide an opportunity for Russia to
further strengthen its presence in the Arctic region,
and for China to participate in its development, but not
as a competitor to the Russian Federation. The Ice Silk
Road is viewed by China as a commercial and
geopolitical project, but for Russia it remains a vital
area of national interests and security. Noting the
weak population of the northern regions, which
sharply contrasts with its growing geopolitical role,
Beijing sets the task of improving the demographic
situation, developing Arctic ports, their technical

equipment, which will extend their operation and
establish policies for migrants. Meanwhile, the
Russian Federation and China are successfully
implementing joint projects to develop the natural
resources of the northern territories. The Arctic LNG-
2 project is aimed at establishing the production of
liquefied natural gas in a volume of 19.8 million tons
per year. During its implementation, three
technological lines were built and it is planned to
produce stable gas condensate with a total volume of
up to 1.6 million tons annually. China provided Russia
with investments and innovative technologies that
made it possible to organize gas production and
processing in Arctic conditions. The Utrenneye field,
which is located in the Yamalo-Nenets Autonomous
Okrug of the Russian Federation, has become the main
resource base for Arctic LNG-2. The project itself was
launched in 2018, when the main technical work was
completed and all project documentation was ready.
Following this, the process of technical and
engineering preparation and the actual construction of
facilities began, including drilling wells and building
an embankment with the possibility of mooring Arctic
ships. The project cost is estimated at a total of 21.3
billion US dollars, based on the 2019 situation.
Another project is Yamal LNG. It involves work on
the extraction, liquefaction and supply of natural gas.
Its main resource base is the South Tambeyskoye
field, where proven and probable natural gas reserves
reach a volume of 926 billion cubic meters. m. The
South Tambeyskoye field itself is located in the
northeastern part of the Yamal Peninsula. It was
discovered in 1974 and is now considered part of the
West Siberian oil and gas province. A plant should be
built on this territory that will produce liquefied
natural gas. In addition, it is planned to provide it with
transport infrastructure, including the sea and air port
of Sabetta. Thus, Russian-Chinese cooperation in the
Aurctic has come to the forefront of bilateral relations
and has become one of the most popular areas of
interaction. Meanwhile, China's Arctic policy is
constantly facing two main obstacles, namely:

firstly, its activation is perceived extremely
ambiguously by other Arctic countries and centers of
power. At the same time, Denmark, counting on
Chinese investment, states that China has legitimate
scientific and economic interests in the Arctic.
However, in most countries there is some degree of
wariness;

secondly, the practical implementation of the
PRC initiative is hampered by the lack of access to the
Arctic, which limits its potential. Canada is not
inclined to give privileges to China in its attempts to
gain access to the Northwest Passage, and Russia has
no intention of relinquishing control of the Northern
Sea Route.

As part of the “Concept of maritime
cooperation” published by Beijing in 2017, which
became part of the “One Belt and One Road”
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initiative, the Chinese side formulated priority
directions for the development of northern
communications, including the “blue economic
corridor” across the Arctic Ocean. It should reflect the
participation of the PRC in the development of the
Arctic region. This document became the first factual
and official confirmation of Beijing's intentions
regarding the Arctic. At the same time, the PRC takes
into account the role of the Arctic in monitoring outer
space, its military-political deterrence potential in the
northern geopolitical space. China intends to build on
Russian experience and its infrastructure in this
regard.

Since 2010, Russia has hosted the International
Arctic Forum “The Arctic — Territory of Dialogue,”
which has become the largest platform focused on
joint discussion of current problems and prospects for
the development of the region by representatives of
interested countries, including China.

In July 2017, the Russian Federation and China
jointly announced that their cooperation also concerns
the Northern Sea Route (“Ice Silk Road”). As part of
the implementation of the agreements reached, the
construction of “strong points” of the Ice Silk Road
began, which Beijing considers as the most promising
areas of strategic cooperation. According to A.A.
Fedorova, the “Ice Silk Road” of the PRC, after joint
modernization work, will reduce transportation time
from 33 to 20 days, and the cost of transport costs will
be reduced to 50 thousand dollars per day. Along with
this, the Northern Sea Route is still characterized by
harsh climatic conditions, therefore, the possibility of
its use is currently limited to only a few months a year.
However, for Russia it represents the main transport
artery in the Arctic, therefore, Moscow is interested in
cooperation with Beijing in this area.

The role of the Arctic in the modern world is
steadily increasing. Global warming is causing the ice
to melt faster, and it is predicted that by 2040 the
region could be ice-free. The melting of Arctic ice will
have a direct impact not only on the environment, but
also on geopolitics. This means a sharp intensification
of the international struggle for dominance over the
North Pole, in which China will play an active role.
Natural resource reserves, primarily oil and gas, will
become more accessible, which is of great importance
in the context of their demand in the Chinese
economy.

In the future, the Northern Sea Route, which is
now used exclusively by Russia and only at a certain
time, will be transformed into a year-round transport
route with huge trade potential and the prospect of
military use. The route from Asia to Europe could be
reduced by 35-40% compared to a similar route across
the Indian Ocean. Russia will be able to export its own
liquefied natural gas much more easily, increasing the
availability of supplies from the Arctic fields of
Siberia.

Thus, the Russian Federation and the People's
Republic of China consider the Arctic as one of the
most promising areas for cooperation, based on the
role of the region in global geopolitics at the present
time and its existing potential, which will be updated
in the future.

Russia, as an Arctic state with the longest
common border with the northern territories, is
expanding its presence in the Arctic, modernizing the
Acrctic legacy of the USSR and ensuring its military-
political and economic interests. Moscow offers
Beijing participation in its Arctic projects, primarily
in the development of natural resources and the
development of communications along the Northern
Sea Route. For China, the opportunities provided by
cooperation with Russia are also vital within the
framework of the implementation of the Ice Silk Road
initiative, and Chinese investments for Moscow,
currently, due to the implementation of Western
sanctions policy, have no alternative.

Conclusion

Sanctions of the United States and the European
Union against the Russian Federation and the
activation of NATO in the region negatively affected
the economic development of our country,
cooperation and interaction in the Arctic, but “... none
of what our enemy predicted for us happened,” the
Russian President noted at a meeting with members of
the Government of the Russian Federation on January
11, 2023. The withdrawal of seven AU countries from
the program and activities of the Russian Presidency
of the Council increased uncertainty regarding plans
for the development of the Arctic, violated solidarity,
undermined mutual trust, and increased tension. But
even in these conditions, Russia needs to complete its
chairmanship and hand it over to Norway with dignity,
although there may be other options. The situation in
the Arctic continues to develop dynamically, in some
aspects it is associated with increased risk and
uncertainty, a decrease in confidence in the military
field, which is due to a possible repetition of Ukrainian
scenarios in the north. At the same time, the real
impact of the NWO on the Arctic region can only be
determined by its final results. In response to NATO's
actions, Russia needs to continue to take the necessary
measures to strengthen national security, solve
problems of restoring its military infrastructure, and
provide favorable conditions for the activities of
economic entities, including the unimpeded
functioning of the Northern Sea Route. In the current
conditions, it is advisable to develop a separate
program of cooperation between Russia and Eurasian
partners and the BRICS countries in the Arctic. Thus,
mutual interest in effective interaction in the field of
development of Arctic territories and development of
their potential can become a solid basis for long-term
planning for the implementation of strategic initiatives
of the Russian Federation and China in the Arctic.
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Introduction

According to the concept of modern geotectonic
division, the southern slope of the Caucasus is a fold
system of the Caucasian segment of the Alpine-
Himalayan mobile belt [1]. The hydrogeological
peculiarities of theyoung fold tectonic unit, along with
other factors, are determined by the nature of its
geological structure.

The southern slope is distinguished by the
abundance of exit points of carbonated mineral waters
of different chemical composition. Since the end of
the 19™ century, researchers have become interested
in them. Mainly, the springs that were relatively easy
to access have been studied. S. Chikhelidze [2]
collected the related material availablein the printed
sources and geological funds, added the results of his

Doi: éros¥®f https://dx.doi.org/10.15863/TAS.2024.04.132.14

own research and published them as one paper in
1961.

A long time has passed since the on-site research
of mineral waters of the region was conducted. During
this time, as a result of natural events and human
economic activities, it is not excluded that in some
cases the location of springs and the chemical
composition of waters have been changed.
Considering the abovementioned, in 2018-2022 we
conducted a monitoring study of the mineral waters of
the region. Correspondingly, it was found out that: a)
as a result of landslides or floods several springs were
covered with proluvial or alluvial material; b) Gas-
saturated mineral water flowed from boreholes dug for
different purposes, and sometimes even erupted in the
form of a fountain (borehole in the valley of the river
Nakra (Fig. 1)).

Figure 1. The Borehole in River Nakra Valley.

The gaseous component of the mineral waters of
the southern slope is represented only in the form of
carbon dioxide [3, a]. As it is known, when CO;
dissolves in water it forms carbonic acid that is
considered to be a weak acid. However, it has
sufficient power to precipitate sedimentogenic salts
from sedimentary rocks and to leach chemical
elements, primarily sodium, from the friction material
in faultzones. As a result, the infiltration fresh water
becomes mineralized.

The chemical composition of the mineral waters
of the region is determined after carbon dioxide passes
through them.The saturation of infiltration waters
with CO; leads to the intensification of the leaching of
rock layers and the processes of precipitation of the

absorbed complex. As a result of leaching mainly
sodiumcan enter the groundwater through finely
dispersed (shale) fissured rocks, as well ascalcium,
magnesium, and rarely iron through porous fissured
ones (stones, carbonates, etc.); through the
precipitation of the absorbed complex from the porous
rocks mainly chlorine and sodium are transferred into
the water.

A close relationship between the chemism of
mineral waters and the lithology of geological
formations is clearly revealed, especially in waters of
medium mineralization (5.0 - 15.0 g/l). The following
regularities have been found: a) Alkaline or soda
waters (with NaHCOj3; content more than 75% eq.) are
almost all related to Lower and Middle Jurassic shale
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strata; b) Alkaline-saline waters (with approximately
equal content of HCO3 and NaCl) -to Middle Jurassic
(Bajocian) volcanogenic-sedimentary formations and
c) Saline-alkaline waters (NaCl> HCQ3) -to the Upper
Jurassic-lower Cretaceous carbonate flysch. Of
course, there are exceptions. In particular, in places
where there are layers of sandstones in the shale
stratum. Sedimentogenic NaCl gets into ground water.
Less mineralized (M<3.0 g/l) waters associated with
carbonate flysch, they are mostly calcium or calcium-
magnesium.

As a result of the mixing of medium mineralized
waters with groundwater, the quantity and flow rate
of low mineralized waters of various chemical
composition often exceeds the quantity of the first
ones.

It should be noted that within the fold system of
the Caucasus southern slope, bad hydrogeological
conditions have developed for the circulation of
underground waters. This is caused, on the one hand
by low filtering properties of the rocks and on the
other hand by intensive sedimentation and disturbance
of geological formations, in which layers are often
overturned. Here, the integrity of the layers and the
alternation of water-permeable and waterproof
horizons, characteristic of "quiet” folded zones, are
broken, and therefore there is no place for the
circulation of pressurized groundwater.

The presence of fissure, fissure-vein and porous-
fissure reservoirs in open hydrogeological structures
determines the nature of the hydraulic processes of the
region. Discharge of deep circulating groundwater
(flowing to the surface of the earth) occurs in fault and
shear zones, especially at fault junctions. The upward
circulation of groundwater in the South Slope fold
system is entirely dependent on the abundant flow of
CO,. The water-gas suspension formed during their
mixing flows to the surface due to the “gas lift” effect.

From the hydrogeological point of view, the
southern slope has unfavorable conditions for the
infiltration and circulation of the groundwaters, which
is caused, on the one hand, by the low water
permeability of the rocks of the region and, on the
other hand, by the intense folding and disjunctive
disturbances of the geological formations. Here the
layers are often upside-down (overturned), and
sometimes they are recumbentwith transverse-slip and
oblique-slip faults. Based on the lithological
characteristics of rocks fractured, fractured-veined
and fractured-porous aquifers  (water-bearing
horizons) can be observed here.

Natural exit points of mineral waters in the
region are usually associated with fault zones,
especially with the knots of intersecting faults.The
upward movement and surface runoff (discharge) of

these waters is almost entirely due to the abundance of
deep carbon dioxide in the fold system of the Southern
Slope.The specific weight of the suspension formed as
a result of the saturation of mineral water with CO; is
<1.0 t/mq, and it appears in the form of an ascending
spring due to the natural "gas-lift" effect.

Due to the special role of carbon dioxide in
formation and distribution of mineral waters of the
region, the issue of its genesis cannot be ignored.
Earlier it was stated that CO. is of abyssal origin.This
is true, but the source of its formation is unclear. A.
Vinogradov expressed a more or less justified opinion
on this issue [4]. He believed that carbon enters the
earth's crust as a result of global processes of mantle
degassing.

As mentioned above, exit points of CO.-
saturated waters are spatially linked to fault zones.
Particularly intense gas flow is observed in the areas
of magmatism centers of Tertiary, often of Holocene
period. Such as: the effusives of Keli Plateau, the
cones of extinct volcanoes preserved in the form of
peaks (especially in the upper reaches of the Terek
River). It seems that on the southern slope of the
Caucasus we have CO, of two origins: the first one -
coming from the mantle, andthe second one -released
from carbonaceous rocks as a result of contact
metamorphism. Based on previously conducted
carbon isotope studies, it was concluded that most of
the carbon associated with the carbonated waters of
the region is of the mantic origin, while the ones of the
metamorphic origin are relatively small in number and
are represented locally only [3, b].

Mineral waters of the southern slope are very
attractive in terms of consumption due to their
chemical composition, which determines their
pleasant taste and medicinal properties. The analogues
of the approved mineral waters, such as “Borjomi”,
“Sairme”, “Essentuki” can be found here [5]. Some of
them were bottled ("Utsera", "Kazbegi", etc.). Several
balneological resorts operated here as well. Currently,
the level of using valuable natural resource of the
region — carbonated mineral waters — is very low. The
industrious businessman can bring a lot of benefits
both to himself and to the region. Along with mineral
waters, there are excellent natural conditions for
establishing balneological resorts and creating a wide
network of mineral water bottling enterprises.

Finally, based on the actual identical nature of
the geological structure and the history of the
development of young-fold systems, it can be
assumed that the regularities of the chemistry of
genesis and hydrodynamics of carbon dioxide mineral
waters of the southern slope of the Caucasus- of one
of the components of the Alpine folded belt, are the
same for other zones of this belt.
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Introduction experience from parents to children. This helps to

Agriculture is an integral part of the economy preserve rural culture and traditions, as well as
and society of any country, including Kyrgyzstan. It is strengthen ties in rural communities. In addition,
of great importance not only from an economic point agriculture in Kyrgyzstan plays a key role in rural
of view, but also from a social and cultural one. development, providing residents with access to vital
Agriculture in Kyrgyzstan not only provides food resources such as food, water and labor opportunities.
security and economic development, but is also a Support and development of agriculture contributes to
traditional way of life for many rural residents. It improving the quality of life of the rural population
determines the sociocultural identity of the local and sustainable development of these territories. Thus,
population and plays an important role in preserving agriculture in Kyrgyzstan is not only an economic
traditions and customs. The majority of rural residents sector, but also a sociocultural phenomenon that
in Kyrgyzstan have been engaged in agriculture for determines the way of life and the development of
more than one generation, passing on knowledge and rural communities in the country.
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Table 1 - Share of agriculture, forestry and fisheries of the Kyrgyz Republic in the economy, for 2019-2023.1

2019 2020 2021 2022 2023
Share of agriculture in GDP, % 10,4 12,2 12,4 11,0 9,7
Share of operating economic entities in
agriculture, forestry and fish farming in the total 63,0 62,8 63,0 63,0 62,8
volume of operating economic entities, %
are of people employed in agriculture, forestry
and fishing in the total number of people 23,0 20,3 21,8 22,0 20,3
employed in the economy, %

As the data in Table 1 shows, although the share
of operating economic entities in agriculture, forestry
and fish farming decreased during the period under
review from 63.0% to 62.8% or by 0.2%, it (the share)
remains high in the total volume of operating
economic entities in country, i.e. more than half
(62.8%) of business entities are engaged in
agriculture.

In civilized countries, the  successful
development of this industry is often ensured by an
effective combination of government regulation, self-
regulation and sound financial and credit policy.
Government regulation may include various
instruments, such as subsidies, benefits, tax
incentives, purchases of products at competitive
prices, programs to support agricultural enterprises,
etc. Government intervention may be particularly
important to address issues related to market
instability, crises, natural disasters, access to finance
and other aspects. Self-regulation, that is, the actions
of agricultural producers themselves or their
associations, is also important. This may include the

creation of cooperatives, associations, production and
trade associations that can provide cost reductions,
increased competitiveness, improved product quality
and access to new markets. Competent financial and
credit policy also plays an important role in the
development of agriculture. Providing affordable and
long-term lending, developing insurance programs,
investing in infrastructure, supporting innovation and
developing sales markets - all this helps improve the
financial condition of agricultural enterprises and
stimulates their development. Thus, modern
development of agriculture requires an integrated
approach, including effective government regulation,
self-regulation and sound financial and credit policy
aimed at creating favorable conditions for the
sustainable development of this important industry.
For the purpose of state support for agricultural
producers, the Cabinet of Ministers of the Kyrgyz
Republic provides assistance with preferential
lending, so Table 2 shows the amounts of preferential
lending for three sectors of agriculture in 2023.

Table 2 — Volume of preferential lending to agricultural producers through commercial banks of the Kyrgyz
Republic in 2023.

Crop production Livestock Agroprocessing
etie i Aol e (thousand soms) (thousand soms) (thousand soms)
Quantity of | amount of | Quantity amount Quantity of amount
credits credits of credits | of credits credits of credits
OJSC "Aiyl Bank” 948 445464 1541 881562 79 | 191457
OJSC "RSK Bank” 1115 439260 1937 890900 42 | 120730
JSC "KICB" 200 74155 293 147235 14 61500
OJSC «Capital Bank» 53 10305 153 29297 2 1500
OJSC "CB Kyrgyzstan™ 131 29090 195 45425 8 29445
0JSC "Kyrgyzkommertsbank™ 2 4000
Total 2447 998274 4121 1998419 145 404632

! According to materials from the website of the National Statistical Committee of the Kyrgyz Republic [Electronic resource]. - Access mode:
https://www.stat.kg/ru/opendata/category/2314/
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State support for agricultural producers, photographs that helped farmers analyze crop health,

especially farmers in the form of preferential lending,
goes towards creating favorable conditions for them
by providing them with the necessary material and
technical means, fuels and lubricants, fertilizers,
agrochemicals, etc., but nowhere is there any mention
of the purchase of new innovative (information)
technologies.

Of course, issues of increasing productivity,
quality of seed material, proper methods of tillage, soil
water regime, application of fertilizers, control of
pests and plant diseases, as well as weeds are key to
the successful development of agriculture in
Kyrgyzstan. Effective management of these aspects
can significantly improve the productivity and
economic performance of agricultural production.
Crop vyields, animal productivity, labor costs, product
quality, land productivity, capital productivity, labor
productivity - all these indicators play an important
role in assessing the efficiency of agriculture.
Increasing these indicators requires an integrated
approach, including the introduction of modern
technologies, training of agricultural workers,
scientific research and innovation. In this regard,
instead of purchasing expensive agricultural
machinery (tractors, cultivators), it would be
advisable to purchase new, high-tech, efficient
technologies, such as unmanned aerial vehicles.

UAV, drone are different names for the same
device - an unmanned aerial vehicle, which is
controlled using a remote control or autonomously.
The main difference between these terms is what type
of aircraft they describe. UAV (unmanned aerial
vehicle) is a general term that can be used to describe
any unmanned aerial vehicle, regardless of its design
or flight principle. This can be either a quadcopter or
another type of drone. Drone is a harrower term that is
usually used to describe an unmanned aerial vehicle
with a multi-rotor design, such as a quadcopter or
multicopter (tri-, quad-, hexacopter). A drone often
has four or more rotors, which give it vertical takeoff
and landing and control in all directions. A quadcopter
is a specific type of drone that has four rotors and uses
the principle of multi-rotor stabilization to fly.
Quadcopters usually have a simple design and can be
used for both recreational and professional purposes
such as aerial photography or videography. So, all of
these terms can be used interchangeably, but have
some differences in how they describe an unmanned
aerial vehicle.

In recent years, the use of such aircraft in various
spheres of life has become widespread. One of the
promising areas of application of this technology is
the agricultural sector we are considering.

The history of using drones in agriculture begins
relatively recently, but their use is becoming
increasingly popular. In the early 2000s, drones began
to be used in agriculture to monitor crops and harvests.
They were used to produce high-quality aerial

determine yield levels and predict potential problems.
Drone technology has advanced significantly in
developed countries since 2010, leading to increased
use in agriculture. Drones have begun to be equipped
with specialized cameras and sensors that allow for
more detailed and accurate monitoring of crops and
harvests. They can detect plant diseases, determine
soil moisture levels, analyze weather data and other
parameters that help farmers make more informed
decisions.

Drones have great potential to improve
agricultural production efficiency, reduce costs and
improve product quality. For example, let’s look at the
experience of some countries in using drones in the
agricultural sector and evaluate its applicability in
Kyrgyzstan.

Advantages of using drones in the agricultural
sector.

The use of drones in agriculture can lead to
significant cost efficiencies. Here are some reasons:

A). Increased Productivity: Drones can help
agricultural businesses increase productivity. They
can quickly and accurately carry out tasks such as
monitoring crop areas, assessing plant health,
determining yield levels, etc. This allows agricultural
businesses to make more informed decisions and
improve the efficiency of their operations.

B). Reduced Costs: The use of drones can reduce
the costs of agricultural operations. For example,
drones can help determine the optimal time to water,
reducing water and energy costs. They can also be
used to identify areas that require pesticide or fertilizer
treatment, allowing agricultural operations to reduce
costs for these materials.

C). Increased accuracy and quality of work:
Drones can help improve the accuracy and quality of
agricultural work. For example, they can be used to
more accurately distribute fertilizers or pesticides,
which can lead to increased yields and reduced risk of
environmental damage.

D). Risk Reduction: Drones can help agricultural
businesses reduce risks associated with weather
conditions and plant diseases. They can be used for
early detection of plant diseases or pests, which allows
the necessary measures to be taken to eliminate them
and prevent damage to the crop.

However, it is worth noting that the use of drones
in agriculture also requires significant investment in
equipment and personnel training. Therefore, to assess
the cost-effectiveness of using drones in a specific
agricultural enterprise, it is necessary to conduct an
appropriate cost-benefit analysis.

Experience of some countries.

Statistics on drone use in agriculture by country:
USA: According to the American Drone Association,
agricultural drones make up about 22% of all
registered drones in the United States. They are used
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to monitor crops, monitor crop condition, determine
yield levels and predict weather conditions.

China: China is one of the leading producers and
consumers of agricultural drones. They are widely
used in the country for monitoring crops, spraying
fertilizers and pesticides, and watering fields.

Brazil: Brazil is also actively using drones in
agriculture. They are used to monitor the condition of
crops, determine yield levels and determine the need
for fertilizers and pesticides. European Union: In the
European Union, drones are used for crop monitoring,
soil analysis and water control. They are also used to
determine crop yield levels and predict weather
conditions. Overall, the use of drones in agriculture
continues to grow around the world. They help
farmers increase their efficiency, improve crop quality
and reduce production costs.

In January 2013, the Agricultural Aviation
Industry Innovation Technology Alliance was
established in Sanya City, Hainan Province (PRC) to
create a technical exchange platform. This
organization includes universities, research institutes
and enterprises that are mainly engaged in research
into related technologies and products to promote the
comprehensive application of agricultural drones. A
demonstration of the development and application of
a spectral remote sensing platform for low-level crop
imaging was created, and an application model based
on low-altitude hyperspectral remote sensing
information was developed. At the same time, a
remote sensing spectrometer inversion model for
disaster visualization was developed.

The Hohhot District Administration of Inner
Mongolia and Northwestern A&F University worked
with unmanned aerial vehicles to transport
experimental equipment related to obtaining soil
moisture and crop moisture information at two test
sites. This made it possible to expand the possibilities
of automation of irrigation zones and their directions.

In India, drones are used to monitor droughts and
monitor water resources, which helps in efficient use
of water and prevents the negative effects of drought.
In a bid to make drones more accessible to farmers,
India's Ministry of Agriculture has announced revised
guidelines for the Sub-Mission for Agricultural
Mechanization (SMAM) scheme. The guide will
make this technology accessible through assistance in
purchasing, leasing and demonstrating agricultural
drones. The SMAM scheme was launched in 2014-15
with the aim of increasing access to agricultural
mechanization for smallholder farmers as well as for
regions where availability of agricultural energy is
low.

In South Korea, “instead of farmers striding
through rice fields with canisters of herbicide on their
backs, people are now increasingly seeing drones
circling the fields spraying fertilizer for the upcoming
harvest,” writes Chang Yoo Chun, Staff Writer for
Korea.net. Access mode:

[https://russian.korea.net/NewsFocus/Policies/view?a
rticleld=137634]

Agricultural drone inspection guidelines and
standards have been set and announced by the
Ministry of Agriculture, Food and Rural Development
to encourage the use of drones in this area. In
accordance with the issued guidelines and standards,
agricultural drones will undergo various structural and
functional tests, during which their performance will
be verified. Basic metrics such as takeoff, landing and
mid-air stops will also be tested.

Agricultural drones that pass the tests will be
approved and receive support from the ministry.
Farmers willing to purchase drones will receive a
credit of up to 80% of the price.

Recommendations for Kyrgyzstan.

However, despite all the advantages, the use of
drones in the agricultural sector also faces a number
of problems and limitations. First, the cost of
purchasing and maintaining drones can be high,
creating additional costs for agricultural businesses.
Secondly, there is no legal framework regulating or
encouraging the use of UAVs in agriculture. Third,
there is a need to train personnel, and obtaining the
appropriate permits and licenses to operate drones can
be complex and time-consuming.

Based on the experience of other countries, a
number of recommendations can be proposed for the
introduction of drones into the agricultural sector of
Kyrgyzstan.

a) It is necessary to analyze the economic
efficiency of using drones and determine the specific
benefits for agricultural enterprises.

b) It is necessary to develop training and
certification programs for personnel to ensure
qualified use of drones.

c) It is necessary to analyze the geographical
features of Kyrgyzstan and determine the
opportunities and limitations for the use of drones in
various regions of the country.

d) And most importantly, the Ministry of
Agriculture needs to develop a bill that regulates and
encourages the use of UAVs by farmers.

Conclusion.

The use of drones in the agricultural sector has
great potential for increasing the efficiency of
agricultural production and improving product
quality. However, before introducing this technology
in Kyrgyzstan, it is necessary to take into account the
problems and limitations, as well as study the
experience of other countries and develop appropriate
recommendations.

Farmers across the country will be interested in
drones due to their productivity, which reduces labor
costs and pest control time. This is one of the reasons
why the entire scientific world and farmers'
representatives are increasingly demanding that the
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Kyrgyz government establish guidelines and rarely used in other fields of agriculture, especially in

standards for these mechanisms.

With the above information, it is not difficult to
understand that drones play an important role in the
development of the agricultural sector. At the same
time, the application of UAVs in agriculture at home
and abroad concentrates on crop protection and is
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TRACTION IN LOADED SIMPLE BOLTS

Abstract: Visualization of the loaded state of a simple bolt in a joint was demonstrated by the authors in the
article. The degree of deformation of the standard product was displayed by vectors of the ratio of force to the area
of the working surfaces of the bolt.
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Introduction

The bolted joint provides a detachable coupling
of several parts with bolts of various configurations.
Bolts are standard products that must be manufactured
in accordance with official documents [1-4].

During operation, the bolts are subjected to
various deformations (shearing, crumpling, and
stretching). Depending on the loading conditions of
the bolted joint, the dimensions, material, accuracy
and other characteristics of the bolts are selected by
calculating analytical equations, conducting an
experiment or modeling in computer programs of
engineering analysis [5-10]. By changing the shear
force of the jointed parts, the intensity of the contact
deformation of the bolt surfaces is determined. The
degree of bolt loading can be represented by the
force/area ratio, which allows us to estimate not only
the magnitude of the acting force on a specific surface,
but also to determine the type of deformation.

In this article, a vector array of the load
distribution of simple bolts with constant shear force
of the mated parts was obtained using the computer
program.

Materials and methods

The intensity of loading of the bolts that
connected the flange to the pipe was studied. A
constant transverse force acted on the flange. All parts
of the joint were made of structural steel having the
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following properties: density — 7850 kg/m®, Young's
modulus — 200 GPa, Poisson's ratio — 0.33. The
fastener was a simple bolt without a thread with the
following dimensions: diameter of the head — 38 mm,
thickness of the head — 15 mm, nominal diameter —
21.2 mm, bolt length — 34 mm. A washer with a
thickness of 4 mm and a hole diameter of 25 mm was
placed under the bolt head. The bolt stress area was
353 mm2. The calculation was carried out in the
Comsol Multiphysics software.

Results and discussion

The traction is the ratio of the acting force to the
area of the contact surfaces of the bolt. The traction
vectors in the loaded bolt were shown in the Fig. 1.
The vector length determines the amount of force. It
is noted that the maximum forces occur along the bolt
rod and at the junction of the rod and the head. At the
same time, forces act at a certain angle at the
boundary, thereby causing a shift in the layers of the
bolt material. The forces act in two directions, causing
both tensile and compression deformation. At the
same time, the compression deformation of the bolt is
smaller in magnitude than the tensile deformation
(vectors at the boundary of the end face of the bolt
rod). A lower intensity of loading is noted on the
surfaces of the bolt head. Thus, the greatest
deformation of the material occurs along the axis of
the bolt with a predominance of stretching.

i
\

T

Figure 1. Traction vectors in the loaded simple bolt.

Conclusion

Loaded bholts experience tensile, compression
and shear deformations. A visual representation of the
traction ratio makes it possible to analyze the
approximate effect of tensile, compressive and shear

forces on the contact surfaces of the simple bolt
without a thread. The results obtained will be useful to
design engineers when designing fasteners for
technological equipment.
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EXPERIMENTAL STUDY OF SHRINKAGE OF A PLASTIC PART
MADE BY 3D PRINTING

Abstract: The shrinkage of linear and diametrical dimensions of a PLA plastic part made on a 3D printer by
FDM was analyzed in the article. The smallest shrinkage value in percentage terms was noted after measuring the
overall dimensions of the part, the largest shrinkage value was noted after measuring small diameter holes.
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Introduction

Additive technologies in modern manufacturing
make it possible to produce high-quality parts with
complex configurations in small batches. The
possibility of manufacturing products from various
materials (plastic, metal, rubber, etc.) with a high
degree of flexibility makes this technology more
efficient than traditional methods of manufacturing
parts.

Layered 3D printing of parts on 3D printers is
widely used in industry and other fields. PLA-plastic
[1] has good strength at a low cost, which leads to the
widespread use of the material in the manufacture of
parts. Modern reviews of the possibilities of 3D
printing of PLA plastic parts have been carried out by
researchers, a number of which are presented in the
works [2-6].

However, along with the advantages of the
method in 3D printing (as in any thermodynamic
process of manufacturing parts), there is a change in
the dimensions of plastic parts caused by volumetric
and linear shrinkage [7-9]. The value of shrinkage
depends on the plastic used. At the same time, the
shrinkage range of PLA is minimal. Determining the
shrinkage value depending on the size of the element
located on the outer or inner surfaces of the physical
part will allow you to adjust the final dimensions of
the projected electronic model of the part for further
import to a 3D printer.

i esaaan

Materials and methods

The linear shrinkage of the part made of PLA on
a 3D printer of the PICASO Designer Classic model
[10] was subject to the study. To manufacture the part
using 3D printing, a three-dimensional model of the
"plate" type part with nine through cylindrical holes of
various diameters was created. The following overall
dimensions of the part were adopted: length — 104
mm, width — 20 mm and thickness — 7 mm. The
diameter of each subsequent hole increased by 1 mm,
starting from 2 mm. After saving the solid-state model
of the part to the STL format, the following
parameters were set for 3D printing: one nozzle with
a diameter of 0.5 mm; wire diameter — 1.75 mm;
number of layers — 70; layer height — 0.1 mm; width
of the internal filling line — 0.5 mm; internal filling
density — 20%j; filling pattern — grid (2D); intersection
with perimeters and shell — 15%; number of
perimeters — 3; indent from the edge when smoothing
— 0.1 mm; pattern — zig-zag; feed ratio — 10%; regular
clearance — 0.3 mm; print speed — 20 mm/s. The
plastic and the table were heated to temperatures of
210 and 50 °C, respectively. It took 2 hours and 49
minutes to print the physical part with a wire
consumption of 3324 mm.

The part model built in the "Kompas" software
and prepared for 3D printing in the "Polygon X"
software is shown in the Figs. 1-3.

Figure 1. The solid-state model of the part created in the ""Kompas™ software.
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Figure 2. The part model prepared for 3D printing in the ""Polygon X" software.
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Figure 3. Detailing the quality of the part model before 3D printing.

Results and discussion

The partially printed part on the 3D printer is
shown in the Fig. 4. After manufacturing the part, it
was subjected to stripping operations (chamfering
along the contours of the overall dimensions and in the

As a result of the measurements, the following
size values were obtained:

Length: size by model — 104 mm, the actual size
of the physical part — 103.8 mm, shrinkage — 0.19%;

Width: size by model — 20 mm, the actual size of
the physical part — 19.92 mm, shrinkage — 0.4%;

Thickness: size by model — 7 mm, the actual size
of the physical part — 6.81-6.83 mm, shrinkage — 2.43-
2.71%;

Hole diameters:

size by model — @2 mm, the actual size of the
physical part — @1.69 mm, shrinkage — 15.5%;

size by model — @3 mm, the actual size of the
physical part — @2.61 mm, shrinkage — 13%;

size by model — @4 mm, the actual size of the
physical part — ©@3.72 mm, shrinkage — 7%);

size by model — @5 mm, the actual size of the
physical part — @4.66 mm, shrinkage — 6.8%;

size by model — @6 mm, the actual size of the
physical part — @5.78 mm, shrinkage — 3.67%);

size by model — @7 mm, the actual size of the
physical part — @6.74 mm, shrinkage — 3.71%;

size by model — @8 mm, the actual size of the
physical part — @7.74 mm, shrinkage — 3.25%;

size by model — @9 mm, the actual size of the
physical part — @8.75 mm, shrinkage — 2.78%);

" Figure 4. The partially pri

holes). This minimized the errors in measuring the
dimensions of the part with a caliper with an accuracy
of 0.01 mm. Each size was measured three times to

calculate the arithmetic mean.

ed part on the 3D printer.

size by model — @10 mm, the actual size of the
physical part — @9.76 mm, shrinkage — 2.4%.

The size of the thickness of the physical part
changed by 0.02 mm. The largest size was defined in
the middle, the smallest to the edges of the part.

Based on the results obtained, it can be
concluded that the largest shrinkage occurs in small
diameter holes, and the smallest shrinkage occurs in
terms of the overall dimensions of the part (length and
width).

Conclusion

When manufacturing parts using 3D printing, it
is necessary to take into account the shrinkage of the
material after cooling. The dimensions of the
electronic part model must be adjusted to obtain the
required dimensions of the physical part.
Experimental results show that during the application
of layers, the actual thickness (height) of the part
settles somewhat and a bulge forms in the middle. The
larger the size of the part along the Z axis, the greater
this deviation will be. At the same time, the remaining
overall dimensions of the physical part have a
shrinkage of no more than 0.5%. The greatest
shrinkage of the material is observed when making
holes, and depending on the size of the hole can reach
2.4-15.5%.
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STAGES OF WORK OF SUPPORT CIRCUITS OF DRAWING SYSTEMS
IN FIXING AND OPERATING CONDITIONS
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CTAJIMMHOCTH PABOTHI OIIOPHBIX KOHTYPOB BUCSYUX CUCTEM B MOHTAXKHBIX U
IKCILTYATAIIMOHHBIX COCTOSHUAX

Annomayusn: [lpusoodsmces pesyibmamsl UCCIEO08AHUS  HANPAICEHHO-0EPOPMUPOBAHHO20 COCHOAHUS
ONOPHBIX KOHMYPOB BUCIYUX CUCTEM 8 CAOUSIX NPEeOBAPUMENbHO20 HAMSANCEHUS. BAHM, A4 MAKI’CE 8 MOHMANCHBIX U
IKCHILYAMAYUOHHBIX COCMOSHUSX. Bolsenen xapakmep pabomol onopHuixX Koley om 63aUMHOU CEA3AHHOCIU NOSICO8
U om 0bpwvIBa 6ANNM, OMKA3A AHKEPHBIX KPENLEHUL U NOOAMAUBOCHIU ONOPHBLX KOJIeY.

Knwuesvle cnosa. gucauas cucmema, CmMaoutiHocmv pabomvl, ONOPHBIL KOHMYD, MOHMAJICHbLE,
IKCNILYAMAYUOHHBLE COCIOSIHUSL.

BBenenue HampsoxkenHno-nedhopMupoBanHoe COCTOSIHUE
YK 624.012.074 OIIOPHBIX KOHTYPOB BHCAYUX CHCTEM Ha CTaIUsAX
MIPEeIBAPUTEIFHOIO HANpPsSXKEHHUsS BAaHT, B CTaAUAX
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MOHTa>xa nu nepexoaa B OKCILTYaTallMOHHOC CHOCO6H])I BOCIIPUHUMATH TOPU30OHTAJIbHBIC

COCTOSIHUE UCCIIEA0BAIUCH C LENbIO:

— BBIIBUTH OCOOEHHOCTH Pa0OTHI HapyKHBIX H
BHYTPEHHUX  OIOPHBIX  KojJell B  CTauuiax
IIPEABAPUTEIIBHOIO HATSOKCHHMS BaHT IBYXIIOSCHBIX
BAHTOBBIX CHUCTEM M II€PEX0Ja KOHCTPYKLHU B
MOHTA)XHBIE U DKCIIIyaTallMOHHbIE COCTOSHUS;

— BBIABUTH XapakTep paboThl HAPYXHBIX U

BHYTPEHHUX  OIOPHBIX  KOJIE€Ll OT  B3aUMHOH
CBA3aHHOCTU IIOSICOB BaHT IIPU PA3JIMYHBIX CXEMax
3arpy KEHUs;

— BBIABUTH XapakTep paOOThl HAPYXHBIX U
BHYTPCHHUX OTOPHBIX KOJICI OT OOpBIBa ITOSICOB BAaHT
M OT OTKa3a aHKEPHBIX KPCIUICHWH BAHT K KOJBIIAM
MOKPBITHS;

—  BBSIBUTH  XapakTep  paboOTBI  Bceit
MPOCTPAHCTBEHHOH CHCTEMBI OT TOJATIMBOCTH
OTIOPHBIX KOJIEI] B TOPH30HTAIHHOM M BEPTHKAITEHOM
HaTPaBJICHUSX;

Padora ONMOPHBIX KOHTYPOB  BHCAYHX
MOKPBITHI B 3aBHCMMOCTH OT BHAAa W YPOBHA
3arpysKeHHsI

Ilpu wWccnenoBaHUM — KOHTYPHOTO — KOJIbIIA
BUCAYCTO IMOKPBITUA TIpU pas3IMYHbIX BHJAAX U
YPOBHSIX 3arpy>KCHUs YCUIIUS B BaHTaX KaK B CTauH
MpEIHANPSDKCHUS, TaK W B CTAJAUAX MOHTaXa W
JKCIUTyaTalluy SIBIIIOTCS BHEIIHEH HArPy3KOM.

IIpu >TOM BHEIIHSS Harpy3ka Ha KOHTYpPHEIC
KOJIBIIa MOXKET OBITH paBHOMEpPHO-pACIpeeicHHOH,
OJTHOCTOPOHHEH, MECTHOM (JToxaIbHOM),
COCpPEAOTOYEHHON U Jp., UMEIOIIEH MPOU3BOJIbHBII
XapakTep BO3JIEHCTBHUS.

OCHOBHOW OCOOEHHOCTBIO OMOPHBIX KOHTYPOB

BHUCAYHUX HOKpLITI/Iﬁ SABJIACTCA HGO6X0)II/IMOCTB
BOCIpUATHA LHCITHBIX yCI/IJII/Iﬁ oT TMMOKPBITHUA,
UMCHOIIUX BCPTUKAJIILHBIC u TOPU30OHTAJIbHBIC
COCTaBJIAOIIHNC.

FOpI/I?)OHTaJ'H)HLIe COCTaBJIAOIINEC YCI/IHI/IP‘I oT
IMOKPBITUA 3HAYUTCIBHO YCJIOXHAKT KOHCTPYKIHIO
OIIOPHOI'0 KOHTYpa, YBCIWMYUBAIOT €ro Marepuaio-

€MKOCTb M TIPHBOAAT K €ro 3HAYUTEIHHOMY
YIGIPHOMY BeCy B  TEXHHKO-KOHOMUYECKHX
nmokazatemsix. IloaToMy TpM  NPOEKTHPOBAHUH

COOPYKEHHsSI HEOOXOINMO CTPEMHUTHCS K CO3IAHHIO
HanOosee ONAroNmpHUATHBIX YCIOBHH 1T pabOThI
OMOPHBIX KOHCTPYKITUH.

Jnst 3naHUB Kpyriaoro WM 3JUIMITUYECKOrO
TUIaHa HaWIy4lled W MOYTH eIWHCTBEHHOU (hopMmoii
OINOPHOI KOHCTPYKLHUH BHCSYEro HOKPBITUS OYAyT
JKEJIe300€TOHHBIE WJIM  METaJUIMYECKHe  KOJblia,
nexane Ha KojoHHax (puc. 1). Takume xonpna

COCTABJIIONIUE IEMHBIX YCHJIMH OT MOKPHITHS,
JIOKANU3ysl UX B IUIOCKOCTH TOKPBITHH H TIepeaaBast
Ha HIDKETISKAIIYIO KOHCTPYKIIHIO T
BEepTUKAJbHBIE ycWimsa. [Ipm  HepaBHOMEPHBIX
Harpy3Kax Ha TOKPHITHE B KOJbBIE IOIOTHHUTEIHEHO
MTOSIBIISIFOTCS] MOMEHTBHI.

PesroMupyss pacCMOTpEHHE CXEM OIOPHBIX
KOHTYPHBIX KOHCTPYKLUMH BHUCSYHUX IIOKPBITUH,
MOXKHO OTMETHTh, YTO HauOoyiee OJArOMPHUSITHHIC
YCIIOBHS JIII WX PabOThI CO3MAIOTCS B 3aMKHYTBIX
KPYIJIBIX KOJBIIAX, PACIIOJIOKCHHBIX Ha KOJIOHHAX B
YpPOBHE  TMOKPHITHS. Takue  KOJbIIA  HUMEIOT
HAUMCHBIIIHE APXUTEKTYPHO-TEXHOJIOTHICCKUE
OTPaHMWYCHHUS B PEIICHUSAX BCErO 3MaHUS U UMEIOT
HAWTy4IIHe TEXHUKO-dKOHOMHYCCKUE IIOKa3aTellH.
O0a 3TH 00CTOATENBCTBa 00ECIICUMIIN UM Hamboee
gacToe TMPHMEHEHHEe B BHCIYAX  IOKPBITHSIX,
0COOEHHO TIpH OOJBINX pa3Mepax.

W3 TexHOMOTHYECKUX COOOpaKCHUH pa3Mepsl
BHYTPEHHHUX KOJIEI| BUCSYETO MOKPBITHS MOTYT OBIT
MaJbIMUA M OonpIIMMH. B TeXHUYECKOU JuTepaType
MOKPBITHS, HMCIONIUE CPEIHUC OIMOPHBIC KOJbIIA
6OJ'II)IJJI/IX PasMEpoOB, IMIPUHATO HA3bIBATH NOKPBLITUAMU
¢ Oonpmumu mpoemamu. Hanumume mpoemoB
pa3IMYHBIX pa3MEPOB B OCHOBHOM BIHUSCT Ha
XapakTep paclpeielicHus BHEIIHUX HArpy30K Ha
mokpeITre. [Ipy MEUHHMANBHBIX pa3sMepax CpPeIHUX
OTIOPHBIX KOJIEIl Harpy3ka pacrpenensercsa IIo
TpeyroibHOMYy 3akoHy. [Ipm Gompmomx pasmepax Imo
Tparnernen1aITbHOMY 3aKoHyY (puc. 1).

B TexHuueckoil nureparype moka HET YE€TKOTO
OTIpENIEICHUS VIS OIICHKHA pa3MepoB KOJIEI C TOYKH
3peHHsI X BIUSHHUS Ha pabOTy MPOCTPAHCTBEHHOTO
BHCSYETro MOKPHITUSA. B cBA3M ¢ 3TuM OylieM CUMTarh,
4TO eciu pasmep cpeanero kouseia o = 0,05 Ry —
MeHblie 5% OT paamyca HapyXKHOTO KOJbIa
MOKPHITHAS Rg, TO pacmpeneneHue Harpy30K MOXKHO
CUHTATh MO TPEYTOJIHHOMY 3aKOHY. 31eCh CIICAyeT
OTMETHUTh, UTO C YBEIWYCHHEM pazMepa CpeaHEro
KOJIbIIa YBEIMYMBACTCS €r0 BEC, KOTOPHIA JOJDKCH
VYHATBIBATBCS B BHIE COCPEIOTOUYCHHOW  CHIIBI
(mMacchr).

B pabote JI.H.ITokposckoro [1,2], mokasaHo, 9To
COCPEIOTOUYCHHYIO MacCy B TMHAMHUYECKHX PacdeTax
CleqyeT yYHTHIBaTh, KOTJIa COCPEJOTOUCHHAs Macca
CpaBHHMA C MacCOil BCErO MOKPBITHS 31aHHUS.

Xapaktep pabOThl OMOPHBIX KOJCI[ 3aBUCHT OT
B3aMMHOM CBSI3aHHOCTH BCPXHUX W HUKHUX ITOACOB
BaHT MPH Pa3InYHBIX CXeMax 3arpyxenus (puc. 1).
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Puc. 1. Cxembl 3arpyskeHusi IBYXNOSICHbIX BUCSYMX MOKPBITHI ¢ MaJILIMU (2) M ¢ 00JIbIIUMHU
(0) BHyTpPEeHHUMHM ONOPHBIMH KOJIbIAMHU (IIPOeMaMM)

[Ipu cBsI3aHHOCTH BEPXHUX M HUXKHUX TIOSICOB Ha
BCEM MPOTSHKEHHHM Mpojéra MOKpbiTus (puc. 1,a)
NporuObl  BEpXHUX M HIKHUX TOSICOB  OYyAyT
OJITHAKOBBI.

310 CrIocoOCTByeT pPaBHOMEPHOMY
paclpeieNieHHI0  TOPU3OHTANBHOIO — pacrmopa  OT
TI0SICOB BaHT Ha BEPXHUE M HI)KHHE ONOPHBIE KOJIBIIA.
Ilpu  sTOoM  crabmwimm3auust  TOKPBITUS ~ OT
HECHMMETPHYHBIX 3arpyxeHui 3aMETHO
HOBBIIIAETCS.

[Ipu cBS3aHHOCTH BEPXHHUX M HIDKHHX MOSICOB
TOJILKO B IIEHTPAJIBHOH 30HE C MOMOIIBIO CPEAHETO
JIByXTIOSICHOTO Kouibila (Oapabana) (puc. 1 0),
MaKCHMaJIbHBIH MPOru0 HHMXKHEro Iosica BaHT OyJeT
paBeH IporuOy HIDKHETO I0sica CPEAHEro KOJIbIIa.
[Ipy  oTOM  HIWKHHME T1OsSca  BaHT  OyayT
COCPE/IOTOYCHHO 3arpyKeHHBIMH OT  HarpysKH,
nepefarolencss epe3 cpegHue Konbla. OmopHsie
CpeIHHE KOJNbla HWKHEro I0sca M HapyXHOTO
KOJIbLIA HCIIBITHIBAIOT COCPEAOTOYCHHBIE 3arpy KSHHSL.

BepxHuii mosic BaHT pabOTaeT aHAIOTUYHO,
TOPU30HTAIILHON pacIiop nepeaaeTcs K BHyTPEHHUM U
Hapy>kKHBIM KOJIbLIaM paBHOMepHO. IIpu 3ToM nporud
Mosica BaHT B cepelluHe mpoinéra OyaeT Oonblie, yem
MpOru0 HUIKHETO MOsICa BaHT.

HanpsbkeHHO-1e()OPMUPOBAHHOE  COCTOSTHHE
HApY)XHbIX M BHYTPCHHUX (KOHTYPOB) KOJEIl BO
MHOTOM 3aBHCHUT OT XapakTepa 3arpyXeHus (puc.
1,2).

B craausx npeaBapuTenbHOIO HATSAXKEHUS! BAHT
U PaBHOMEPHOIO 3arpyK€HHsI MOKPBITHS OIOPHBIE
KOJIbLIa HCIBITBIBAIOT PAaBHOMEPHOE CXKAaTHE WIIU
pacTsbkeHne OT ycwinii  (pacmopoB) BaHT. B
JIBYXIIOSICHBIX BAHTOBBIX CHUCTEMAX OT YCHJIMM BaHT
BEPXHUM II0SC BHYTPEHHETO KOJbLA HCIBITHIBAECT
CXKaThe, HUKHUM I0SAC 3TOr0 KOJIBLIA HCIBITBIBAECT
pactsbxkenue. [Ipu 3ToM OT ycunuil BaHT B CJI0KHOM
HaIpsbKeHHO-1e(hOPMUPOBAHHOM COCTOSIHUU
OKa3bIBAETCSI HApy)KHOE KONbLO MOKpbITHA. OT
YCUIMsI BEPXHEro I05Ca BAaHT HAPYKHOE KOJbLO
HCIIBITHIBAET PACTSHKEHHE, OT YCHIIUSL HUKHETO Iosica
BaHT UCIBITBIBAET cxkatue. [Ipuuem yepes ouH BaHT
YCWIME pacTsDKEHHS M CXKaTHS  4epeayroTcs
paBHOMEPHO. DTO CO3[acT OJIATONPHUATHBIC YCIOBHUSL
paboTHI HAPYKHOTO OTIOPHOTO KOJIBIIA.

B mpouecce HarsKeHUs BaHT, INEPEXOAA OT
MOHTQXXHBIX COCTOSIHMM B 3KCIIIyaTallMOHHYIO U B
SKCIUIyaTallMOHHBIX  CTaAuAX  OT  IEperpy3ku
OTAETBHBIX YYaCTKOB BHCSYUX MOKPBITUH, MOTYT
MPOU30UTH OOPBIBBI OJHOW WM HECKOJBKHX BaHT,
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MOT'YT TaKXe OTKa3aThCsl aHKEpHBIE KPETIeHUs (pHC.
2 r-e).

)

r)

f

EF*

Puc. 2. Cxema ycuJmii 0T BAHTHI B O/JHO H IBYXIIOSICHBIX KOJILIAX IIPH PABHOMEPHO-PAaCIpeeIeHHbIX
CKUMAIOLIMX (2), pacTAruBawmux (0), CXKUMAKIIMX U PACTATMBAIOIIMX (B) JIOKAJIBbHBIX (I) M €
0Cpe0TOYEHHBIX (1,e) BO3AelHCTBUSX.

B sTOM cnydae OT BHE3amHBIX yCHJIMI BaHT B
HEBBITOJAHEHILIEM CIIydyae OTKAa3blBAIOT KOHTYpPHBIE
KOJblLla  BHUCSYMX  NOKpelTHd.  Taxxe — mpu
OAHOCTOPOHHUX WIN  JIOKAJIBHBIX 3arpyKCeHUAX
BUCAYCTO IOKPBLITHA B HCBbIFOZ[HGFIHJGM COCTOsSTHHUH
MOTYT OKa3aTbCid OTJENIbHBbIE YYacTKH KOHTYPHOTO
konbua. Jlns MOpeJoTBpAlleHUss dSTUX  SIBJICHUM
KOHTYPHBIE KOJbLIA HCCIEAYETCS, BBIABISIOTCA
MPUYUHEl ~ HEJOMYCTUMBIX  Je(QOPMUPOBAHHBIX
COCTOSHUH  OTAENBHBIX  YYacTKOB W OymyT
pa3pabarTbIBaTbCs  CHEIHMATbHBIC  pacUeTHBIE U
KOHCTPYKTHBHBIE MEPOIIPUSATHSL.

Bb100p ceTOK BAHTOBBIX CHCTEM M3 YCJIOBHA
01aroNpUATHBIX CTATHYECKUX PAGOT KOHTYPHBIX
KoJ1eny

5 3 MPUMECHACMBIX BaHTOBBIX CETOK MOXHO
COIIOCTaBUTHh PabOTy paJUalbHONW M IEPEKPECTHOM
cerok. [IpuHUMNuansHOe pazinyue B pabore ITHX
CeTOK MOKHO YCTaHOBUTH II0 OJIaronpusiTHOMY
XapakTepy padOTHI OIIOPHBIX KOJIEII.

ITycts 00e ceTkM 3akpemyieHl B OINOPHOM

KOHType  KpYrOBOTO  OUYEpTaHUS W  HMEIOT
OJIMHAKOBYIO CTpeNy TPOBUCAHUS B IieHTpe. [lpm
JICUCTBUM  PACIPEACICHHOW  HAarpy3Kd  BaHTbI

panuaNbHOW CETKH MMEIOT TOBEPXHOCTH BpAICHUS
Mo KyOudeckoi mapaboie, Torna Kak mepeKkpecTHast
ceTka oOpasyeT mapaboiou] BpalleHHs BTOPOTO
nopsiaka. Cuuras paccMaTpUBaeMoe IIOJIOKECHUE
KaXJIOH M3 CETOK Je(OpPMUPOBAHHBIM, MBI BIpaBe
MCIOJB30BaTh MpPH OINPEACICHHH pacropa BaHT
dhopMyJIBl U HEpacTSKUMOM HUTH. B paauanbHOM
CUCTEME Pacrop OJTUHAKOB:

H =gsR 2/6f
r7ie  — MHTEHCUBHOCTH HATPY3KH; S — IIIar BaHT.
B mepekpectHOll ceTke B CHIIy CBOWCTB
MTOBEPXHOCTH MapaboJjouAa BpAIIEHUS BTOPOTO
nopsaaKa UMEEM JIs BCEX BAHT

2/ f; = const .
YuureiBas 3T0 PaBC€HCTBO, IMOJYYHUM JJId BCEX

BaHT NEPEKPECTHON CETKH ONHY H Ty XK€ BEIHUIHHY
pacmopa

H =qa(2R)?/16 f =qaR?/4f ,
IJi€ a — 11ar BAHTOBOM CETKH.

Breraucnum TCOCpb B CAWMHUYHLIX YCIOBUAX
pacxoj Marepualia Ha €AWHMILY IUIOMIATU KaXKIOH
cetku. [IpuBeneHHbIN pacxo MaTeprana COCTaBUT:

JUTSL pauialibHOM CeTKU

2CgsR3/6fsR=CqR?/3f ,

JUISl IEPEKPECTHON CETKU

2Cqa®R?|4fa® = CqR?/2f . (4)

Kpome Toro u3 mpou3BOJACTBEHHBIX YCIOBUMN
3aKpeIyIeHUEe PaJualbHbIX BaHT K KOHTYPHBIM
KOJbllaM  TpeOyeT MHHHMAIBHOTO  KOJUYECTBA
AHKCPHBIX KPCIUICHHH W CHIDKACT YCWJIHMS BaHT,
mepeaBaeMbIe Ha KOJbIO, B 1,5 pasza

MN3rndHoe cocTosiHUEe KOHTYPHOIO KOJIbLA
NMOKPBITHI KPYTOBOI0 04epTAHUS

Pacuer KOHTYpHOTO KOJIbIla BAHTOBOM CHCTEMBI
B CTPOrodl TIOCTaHOBKE SIBJSIETCA  CJIOKHOM
KOHTakTHOM 3amaueii. OmHAKO C JIOCTaTOYHOMN
TOYHOCTBIO IPEACTABJIACTCA BO3MOXKHBIM YIIPOCTUTH

@)

)

®3)
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y4eT COBMECTHOU pabOTHI KOJbIIA ¢ AehopMUpyeMoit
BAHTOBOM CETKOM.

PaccmoTpuM 0cOOCHHOCTH pacueTa KOHTYPHOTO
KOJIbLIa pagualibHONH BaHTOBOW CHCTEMBI, KaK IpH

IJIOCKOM, Tak W NpU  HPOCTPAHCTBEHHOH
nedopManuu.
JIm1ss  ONTHMMajIbHOTO  COCTOSIHHS  BaHTOBOU

CHCTEMBI, KOTJla KOHTYPHOE KOJbIIO OE3MOMEHTHO,
OyzmeT paccMaTpUBAaThCs 3a/laua YCTOWYHMBOCTH; IS
JIPYTHX COCTOSIHMH — 3ajiauya pacuyera Ha C)KaTHe C
M3rHOOM.

Juddepenunansuple  ypaBHEHHS  W3ruoda
KOHTYpHOTO  Kojbla. Bpibepem Hawano ocu
koopauHat. OOO03HAUMM W3rHOAIOINIT MOMEHT H
MONIEPEYHYI0 CHIIy, JCHCTBYIOIIME B IUIOCKOCTH
KOJIbIIa, 4epe3 M1 u Q1 To ke, U3 MIOCKOCTH - Yepes3
M> u Q2, Kpy TSI MOMEHT W TIPOIONIEHYIO CHITY —
COOTBETCTBEHHO uepe3 M1, u N.

BrinennB 06CKOHEYHO MaIbIil DJIEMEHT KOJIBLIA
JUTHHOM (S, COCTaBUM ypaBHEHHs PABHOBECHS €O B
Je(OPMHUPOBAHHOM COCTOSHUH:

. N ., N
Q+—+0y =0, |Q2+—+0,=0,
P1 P2
M
N-Dig=0, (Mg, =0, (5)
P1 P1
M'-Q =0; My, M2 _g
P1
3mecb Qn, Ot, Op — KOMIIOHEHTHl BHEIIHEH

MIOTOHHOW Harpy3KH KOHTYPHOTO KOJIBIA; P1, U P2 —

pamnychl KpHWBH3HBI Ae(QOpMHpOBaHHON ocH, a
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KOTOPBIE BBIPAKAIOTCS Yepe3 MPUPANICHHS KPUBU3H,
%1 ¥ Y2 CICAYIONIMM 00pa3oM:

1 1
PL="7 ~p(l-yp), P2 =—"-
e X2

p

I'eomeTprueckre COOTHOMICHUS, CBSI3BIBAIOIIIHE
JUHEHHBIE W YIJIOBBIE  MEpPEMEINEHUS  C
nedopManusamMu, IMEOT BUL:

. u LW LW
W=—, 0y =u+—, 23 =0y, O, =v+—,
P P P

X1:6X+%, T=G'X+e—X

(6)
p

3mechr U, U 1 W — KOMITOHEHTHI NepeMEIICHUS
OCH KOJIbLIA BJIOJIb X, Y | Z;

Ox, Oy 1 6, — yrJBI TOBOPOTAa OTHOCUTEIHHO TEX
K€ OCel; T — yroj Kpy4eHus.

3aBUCHMOCTh BHYTPEHHHX YCHJIMH KOJbIA OT
nedopManuii BaHT HMeEET JUIS CTEPKHH Majioi
KPUBH3HBI TAKOH K€ BHJ, KaK JJIsl MPSIMOYTOJIBHOTO
CTEPIKHSL:

M, =-BJy=-Ax;

M,=-E,x, =-Bx,;
M, =-Gl,r=-Cr, @)
rne C=-GJy — KeCTKOCTb CTEPIKHS IPH KPyIEHHUH.
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BHUHKJICPOBCKOT'O THIIA.
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PACYET OPTOI'OHAJIBHBIX BUCSYUNX CUCTEM CJIOKHOI TEOMETPHUU

Annomayusn: Ilpugooumcs memoouxa pacsema 00IbULENPONENHbIX, NPOCMPAHCTNEEHHBIX GUCAUUX 0D0NI0YEK
cnogicHoti  eeomempuu.  [lonyuenvl  paspewiaiowue cucmema ypasHeHull OJis OnpeoeneHuss HANPsHCeHHO-
0ehopMUPOBAHIO20 COCMOAHUS BUCAYUX 0O0NOUEK, ONOPHO20 KOHMYPA, HECYWUX U CIADUTUSUPYIOWUX BAHMN.

Knrouegvie cnoea: paspewaiowas cucmema, pacuem, GUCAYUL ODONOYKU, CILOICHOU 2eOMempuu, Hecyujue,
cmadunusupyrouue 6anmoi.

Beenenue poMOHMYEcKHe T'e0Ae3UUECKUE U AP., IPU 3TOM BaHTHI
YK 624.012.074 MOTYT ONHMpaThCsl Ha HKECTKUH JeopMHUpYeMBbIit
KOHTYD.

BanroBele cuctembl, oOpa3yeMble B3aHMHO PaccMoTpuM BHCSUNX O0OJIOYEUHBIX CHUCTEM —
HEePeKPEIUBAIONIUMUCS ~ TPOCAMHU,  Ha3bIBAIOTCS OPTOrOHANBHBIC CETH, OMEpPThie Ha JBYX J>KECTKUX
ceTsiMH.  [IpUMEHSIOTCS  CeTH  OPTOTOHANBHEIE, 3aMKHYTBIX ~ KPHBOJHMHEHHBIX KOHTYPHBIX  apoK
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(pI/IC.}). OpTOroHAJIBHEIMA Ha3bIBAIOT CETH W3 JBYX 7= 482/ 3 + 4fcy2 N2, 1)
CEMCHUCTB BaHT, PacCmoJI0KEHHBIC B IIJIAHE o
T1apaLIEITBHO HATPABIICHHBIX B3aHMHO A€ B JaJJbHCHUIIEM, HHICKC «H» COOTBCTCTByeT
nepn eH,III/IKyJI, ADHO HECYLIMM, a MHAEKC «C» — CTaOMIM3UPYIOLIUM
OOHO CeMENCTBO BAaHT HMEET INPOBEC BHH3 BaHTaM.
(Hecymme), Jpyroe —  BHIIYKIOCTh  BBEPX PacueT CI0XHYIO0 BUCAYYIO CHCTEMY BBIIOIHIM,
(CTaGI/IJII/ISI:IpyIOH.[I/Ie). Hpe,IIBapI/ITeHI)Hoe HpI/IHI/IMaﬂ 3a UCXOOHOC COCTOAHHUC HOKpI)ITI/Ie HpI/I

Hapr{)KeHI/Ie CUCTCMBI CO31aeTCA HaATSKCHHUCM
CTaOMIM3UPYIOLIMX BaHT. Bce BaHTBI  OJHOTO
CeMeﬁCTBa pacnonomeﬁm C OOAMHAKOBBIM IIIaromM B
MapajyieIbHBIX BEPTUKAIBHBIX IUIOCKOCTSIX. [lpu
PaBHOMEPHO  PACHpECICHHON  Harpyske  Ha
MOKPBITHE TAPaJUICIBHO PACIIOIOKCHHBIC IOJIOTHE
BaHTHl TMONYYarOT (GOpMY KOHTPYIHTHBIX Iapabo,
OTJIMYAIOIINXCS TOJIBKO OPIUHATON BEPIIMH, UMEs
ypaBHEHUE MOBEPXHOCTH THIIEPOOIUIECKOTO
napabononaa:

a) )

A

R e e

JIeWCTBUE MOJHON pacueTHOM Harpysku. I[lo Teopun
BHucauuX cucteM uccinegoanusmu B. K. Kauypuna
[1] ycraHoBIEHO, YTO MOBEPXHOCTH OPTOrOHAIBHOM
CHCTEMBI IIOCJIE HM3MEHEHHsS Harpy3kKu HECKOJIBbKO
OTIIMYAIOIIEECS OT MOBEPXHOCTH THITEPOOITMIECKOTO

mapabooua. Kpussie MIPOBUCAHUS BaHT
OTIIMYAIOTCS OT mapabolr, a Harpy3Ka, mepenaBaeMast
CTaOMIM3UPYIONMIMA ~ BaHTaMH  Ha  HECYyIIHe,
HECKOJIBKO OTIIMYaeTCs oT pPaBHOMEPHO
pacrpeeeHHOM.

6)

._._........--4-T

= N

Y

fe
)

Puc.1. OpTOFOHaJILHLIe BHCSIYHME CUCTEMBI CJI0KHBII reomMeTpum:
a — C AJIVIMINTUICCKUM OIOPHBIM KOHTYPOM; 0-— 'y, C KOHTYPOM B BU/€ IBYX IIJIOCKHX apOK;
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PaccMmoTpuM cucteMy ¢ ABYMS 3JLTUITHYECKUM
apOYHBIM OTIOPHBIM KOHTYpoM (puc.l a). Tak kak Bce
mapaboibl  OJHOTO CEMEWCTBAa KOHTPYIHTHBI, TO
pacriopsl B HHX OT OJWHAKOBOH paBHOMEPHOI
HaTPY3KH PaBHBI MEXITy COOOM.

Peakmus OJIHOTO ceMelicTBa BaHT,
Mepenaromascs Ha OMOPHBIA KOHTYP MOXKET MPUHSTA
B BHUJE pPaBHOMEPHO pAaCIpeNeieHHOW TOTOHHOMN

Harpy3Ku
p,=H,ld, n p.=H.ld, )
VYpaBHEHHE BIUIMIICOBUIHOTO KOHTYpa HMMEET

BUJI
4x2 N2 +4y% 12 =1 3)

B pacuere cetu mnpeanonaraercs, 4TO BaHTHI
yIpyrue, a KOHTYp — aOCONIOTHO JKECTKHIA.

BaHTbI HECYT MOJIHYIO pacyeTHYIO HArpy3Ky OT
MOKPBITHS W JIOTIOJHUTEIbHYIO  HAarpy3ky oOT
HATsDKEHHS CTaOMIM3HPYIONINX BaHT B pa3mepe 10—
15% ot sToil Harpy3ku. J[1s UCXOAHOTO COCTOSIHHS
CHCTEMBI TIPOBECHI TaBHBIX TpocoB f; m fo Oymem
CUMTATh 33JJaHHBIMH. Y CHIHS B TJIABHON HeCylel u
CTa0MIM3MPYIOIIEH BaHTaX, a CIEIOBATEIbHO, U BO
BCEX z[pymx CJTy4asix MOTYT OBITh OTPE/ICIICHBI

q,d,12/@8f,) n H.=q.d.?/@8f.). (4)
B X0Jle JAJbHEWIIEro pacuera ONpEeNeIIseTcs
CCUCHHUC HGCYH.II/IX BAHT U BBIINIOJHSIACTCS HpOBCpKI/I.
CeucHue CTaOMIM3UPYIONIMX BAHT 3aJAIOTCS B
CIIEAYIOIIUX Mpeaeaax:
o.=(02+04)on,d./d, (5)

rne o, =AJE., o, =4,E., - xecrtkoctu
CTaOMITM3UPYIONIETO W HECYIIEro BaHTa; Ac, U A, -

(By, + By )x> —=3(By, f, + By f.)x? + (4, + Ay + 2By, £ 2 + B f2)x - (q—qy) =0

, =8H, I(d,\2); 4. =8H./(J?);

By, =640, I(31d,m3); B, =64, /(32d.m3);
- TIOJTHAS HArpy3Ka MCXOIHOTO COCTOSTHUS; M = Sy/l,,
m = S//l. - oTHOIIEHHE UIMHBI BaHT K HMX IPOJIETY
COOTBETCTBYIOLIMX HAIPABJICHUII BaHT.

PaccMoTpuM cuctemy, MpUBEICHHYIO Ha puc. |
B,r. Cerb Kak ¥ paHee, HMEET MOBEPXHOCTh
runepboTHYeckoro mapaboionma 1 omepra Ha JBe
IUIOCKME  HAKIIOHHBIE apKd  [apaboMYecKoro
OYepTaHUsL.

OuepraHus KOHTYpa HaJ0 BEIOHPATh TAK, YTOOBI
B IUTaHE HE BO3HUKAIM M3rHOAOIIHEe MOMEHTHI, T. €,
KOHTYp ObLT Oc3MOMEHTHBIM. Kak moka3aHo B paboTe
[3-5] HauGoee BHIrOAHBIM SIBISETCS SIUTHIICOBUTHBIN

rac

KoHTYp  (pumc.la), mpuYeM  YCIIOBHE  €r0
0e3MOMEHTHOCTH HUMEET BHJ
dc =a/(f, fc -1 12)
WITH
=L+ e /(F, — fel. (13)

YcnoBue 06E3MOMEHTHOCTH KOHTYPa MOJKET
OBITH TOCTUTHYTO BBIOOPOM MPOBECOB IVIABHBIX BAHT

TUTOIIA N MX TI0 IepeyHoro ceueHus; Ec u E, - Mmoyns
YIPYTOCTH.

3a MCXOHOE COCTOSIHHE CHCTEMBI IPHHUMAIOT
BaHTOBasi ceTh 0e3 Harpy3kd COOCTBEHHBIM BECOM,
mpeHeOperaroT  TMO0  HArpy3Ky €€ BecowM,
HE3aMOHOJIMYECHHBIX IUIUT B COYETAHWH C BETPOBBIM
OTCOCOM.

PaccmoTpuM  yciioBHe paBHOBECHS BaHTOBOM
CCTU IIPU CHATUHN YaCTU HAI'PY3KHU

e+ o+ Qe (6)

rne (i - BHEIIHSS Harpy3ka B HOBOM COCTOSIHUHM
CUCTeMBl, a (, U (c - Harpy3ku, BOCIPHHUMAaeMbIe
BaHTaMH COOTBETCTBYIOIINX HalPaBICHHUMH.

3HaueHWe HArpy3KH Ha BaHTY IOJYyYHUM Kak
NPOU3BEICHUE paclopa Ha MpoBec BaHTHL. Pacmop
Hecylleil BaHTBl NPH CHATHM 4YacTH Harpy3Ku
YMEHBIIUTCS, TaK K& KaK ee POBEC:

2
q, =8M,/(d,1;;) =8(H, - AH,)(f,
AHaNOru4HO

¢ =8(He — AH)(fe + 0)/(d 1E), ®)

rae x=Af, = Af. Heu3BecTHOE mpuUpaleHne npoBeca.

IIpupamenue pacnopoB AH, u AH. ompenenum 1o
dhopmynam

2.2
4 =80, (2F, —x)x/(3l;m;). 9)

AH, =80, (2f, +x)x/(312m?) . (10)

[ToxcraBum nonydeHnsie Beipaxkenus (9) u (10)
B ¢opmyisl (7) u (8) a 3arem B (6). B pesynbrate
MOJYYUM pellIeHHE B BHJIE KyOMYECKOro ypaBHEHUS
OTHOCHTEJIBHO TIPHPAICHUS ITPOBeca:

~x)[(d,15) (7)

(11)

U COOTHOIIEHHEM HAarpy3oK, MPUXOIAIIMXCS Ha
Hecylle ¥ CTaOMIM3HMPYIOIIUE BAHTBI, TOJIBKO NPH
ONpENETICHHOW Harpy3ke, €€ WM3MEHEHUH MEHSIOT
MIPOBECH BaHT M OE3MOMEHTHOE COCTOSIHUE KOHTYypa
HapyIaeTcs.

be3amMoMeHTHOE COCTOSIHHME KOHTypa BBITOJHO
nojo0pate AT Harpy3kd, MEXIY ITOCTOSIHHOH H
MaKCHUMAaJIbHOM, MMOJOBUHBI CHETOBOM Harpy3ku. [Ipu
3TOM MOMEHTBHl B KOHTYPE BO3HHMKAIOT KakK IIpH
OTCYTCTBUH CHETa, TaK U MPH IOJIHOM CHETe, OJJHAKO
o a0COMIOTHON BEINYHNHE OKa3bIBAIOTCS
MHUHHUMAaJIbHBIMH.

B pacger wm3ruba KoHTypa Ha JAEHCTBHE
PaBHOMEPHO pacCIpeie/IeHHBIX Harpy3ok yIo0HO
BECTH METOAOM CHJI. 3aMKHYTO€ KOJbBLIO TPUXKJIBI
CTaTUYEeCKU HEoNpeaenuMo. Brens mapHups! B AByX
JIUAMETPaIbHO  MPOTHBOMONOXHBIX  CEUEHMSX,
IIPEBPATHM €r0 B CTAaTUYECKH olpeaennmoe (puc. 1a).
[To ycnoBHSM CHMMETPUHM TpPETbE HEU3BECTHOE —
Nepepe3bIBAIOIIIE CHITBI B IIAPHUPAX — oOpamiaercs B
HyJlb, a HOpMalbHBIE JaBieHHA — B  pclJ2.
HewnsBecTHBIE MOMEHTHI B IIAPHMAPAX TAaK)KE PaBHEI
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MeX Iy co0oii. PerieHne crucTeMpl CBOTUTCS K OJTHOMY Z=2(f, - f./(, - f) (14)

YpaBHCHHIO METOAa CHUJI C OJAHHMM HCU3BECTHBIM —

I/I3I‘I/I6aIOH.[I/IMI/I MOMCHTaMH, B HIapHupax.
MaxkcuManpHbIe 1o abCOIFOTHO BCINYHUHE
I/I3I‘I/I6a}OH.II/IC MOMEHTBI B KOHTYPHOM KOJIBIE

BO3HHUKAIOT B CEUCHUX, PACIIOJIOKECHHBIX Ha TTIAaBHBIX
0CSX 3JUTHTICA.
YpaBHEHHE TIIOCKOCTH, B KOTOPOM JIEKHUT apKa:

2f, cos?ax? /1, +(4f,cos? a?/l, —sina)x =4f,y22/12

Ecnu B aTOM BBIPAXKCHWHU ITOJIOKUTH

2xcosox/l, =n; 2y/l.=¢& wu f,/f.=1 (16)

10 oHO mpmvet B AnZ +(L-A)n = &2,

roe & wWMeeT JACHCTBUTEIHHBIC

1+2(n-1)=>0.

Tak Kak 1 U3MEHSETCS B TpejeliaX OT HYJIsI 10
eMUHUIIBL, TO pi N—0 yCIIOBUE ACHCTBUTEIBHOCTH
obpamaercsi B A < 1 wim f, < fe.

st o0erdeHus BEIYUCICHUS KOA((OUIIMESHTOB
MIPU HEU3BECTHBIX CBOOOIHBIX YJICHOB KAHOHHUYECKUX
YpaBHEHHI ONpeIeuM H3ru0arole MOMEHTHI B
JT000M CEYCHHUHM KOHTYpPHOH apku B OCHOBHOM
cHucTeMe.

Pacuer ceTH BBIOJHEH TaK JKe, KaK U B
MpeAbIIyIIEeM ciryvae. KonTypHbIC apKu
paccuuTHIBAIOTCSI  Ha  JEHCTBUE  PaBHOMEPHO
pacmpeielieHHbIX HArpy30K py, U p.. Harpy3ku ot BaHT
packiIabIBalOTCSl Ha JIBE COCTABIISIONIME — OJHA B
TUTOCKOCTH OMOPHO# apKu, Ipyras — HOPMaJIbHO K Hel
(puc. 1,B).

OuepTaHue apku JOJDKHO OBITh BBIOPAaHO Tak,
YTOOBI 110 BCEH JUTHHE TIEPECEKATHCS C TOBEPXHOCTHIO
CETH COTJIACHO BBIpaXkeHHIO (1).

VYcinoBue 3TO HECOBMECTUMO C  yCIOBHEM
06e3MoMeHTHOCTH KoHTypa (12). JlelcTBUTENBHO,
eciu ¢ cocraBisier 10-20% oT (, TO Ha OCHOBaHUH
(12) A = 5+10. OueBuaHO, YTO KOHTYpPHBIE APKH
CYIIECTBEHHO MOMEHTHBI.

3HA4YCHUA IIpU

M, =1212(q, cosa + g cosa)(U(4l,) + p 12 I(4cosa)

B omopHOM miapHupe apku OT €AMHUYHOTO
MOMEHTa

My =n (20)
To ke, B KIIFOYEBOM MIAPHUPE OT MOMEHTA:
My =(1-m) (21)

Haxsion apku ¥ 1OpoBeCbl TPOCOB BBITOJHO
moao0paTh Tak, 4TOOBI cocTaBisiroimue ycumuit N,
HaIPAaBJICHHBIC BBEPX HOPMAJIBHO K TUIOCKOCTH apKH,
YpaBHOBEIIMBAIUCH COCTaBIsItoNIeH ee Beca Q. Torma
apku padOTarOT TOJBKO B CBOCH IUIOCKOCTH, a
MOJIICP>KUBAIOIIHNE UX CTOMKHU BKIIFOYAIOTCS B PadOTy
JUIIF  Tpd  U3MEHCHWW  Harpy3kd.  Kpome

[Toyuum ypaBHEHHE OCH apKH OTHOCHTEIIBHO
LeHTpa ceTu. Pemras 9To BeIpaxeHue coBMecTHO ¢ (1),
npeoOpa3yss ero Tak, 4YToObl HayaJl0o KOOPIMHAT
JIeKalio B KJIFOYE apKH, a OCh X OblLIa HaIlpaBJIeHa 110
OoCH €€ CHMMETPHH, TOTJla YPaBHEHHE OCH apKH
MIPUMET BHU[

(15)

Omnpenenenve  yCuiaui, JOEHCTBYIOIIMX B
KOHTYPHBIX apKaX, MOXET OBITH BBIIIOJIHEHO METOOM
cun. Ilpm 3TOM B KadecTBE OCHOBHOH CHCTEMBI
y1oOHO paccMaTpUBATh TPEXIIAPHUPHBIE APKH, BBOJIST
LIAPHUPBI Ha TTIABHBIX OCAX KOHTYpa.

Tak kak ycunus B NPOTHBOIOJIOKHBIX
HIapHUpaX TNpH pPAaBHOMEPHOW Harpys3Ke IOMapHO
paBHBL, TO 3ajaya peIIaeTcsi CHCTEeMOW M3 JBYX
KaHOHUYECKUX YPaBHEHUH.

st obnerueHyst BBIYUCIICHNST KO PHUIMEHTOB
NpU  HEW3BECTHBIX W CBOOOJIHBIX  YJICHOB
KaHOHMUYECKHX YPAaBHEHHH OIpeneanM H3rubdaromue
MOMEHTBHI B JIIOOOM CEYEHMH KOHTYDHOH apKu B
OCHOBHOH CHCTEME.

W3 ycnoBum paBHOBECHS ITOTyapKu HOPMAIbHOE
yCHIIHE B KIIFOUEBOM IIAPHUPE

N, = p,l2cosa(dl,)+ pl?/(4cosa)  (17)
chms{, I[eﬁCTBymHIHC B IINTTIOCKOCTH apKI/IZ
) :qnl,f cosa/8f, (18)

Do = qclc2 cosa/8f,

W3rubarornuii MOMEHT B apKe s TOYKH C
KOOpAUHATAMH (X, V)

M, = me—pHyZ/Z—pch/Z
IMoncraBuB B 31y (opmyny 3HaueHue N, u
npou3Beqsl Bce HEOOXOAWMBIC YNPOLICHHS U

mepexoAss K OOOOIIECHHBIM KoopauHataM 1 # &,
MOJTY4UM

(19)

U3JI0’KEHHOTO pacuera Ha PaBHOMEPHO
pacupesielieHHyl0 HarpysKy, CYyIIECTBYIOT JApYIue
METOABI, MO3BOJIOIIME pPACCUMTATh CHCTEMY Ha
Oosee CIIOKHBIE BHJIBI Harpy3oK, HalpuMmep Ha
HEPaBHOMEPHYIO CHETOBYIO Harpys3Ky.

Henuneilinyto 3agady pacuera CHCTEMBI MOKHO
3aMEHUTb JIMHEWHOH, BBECTM OJHY IIOINpPAaBKY,
YUUTHIBAIOUIYIO y/UIMHEHHE, 3aTeM BTOPYIO M Tak
Janee, A0 TeX NOp, MOKa He OyxeT moirydeHa
YZIOBIETBOPHUTENbHAS CXOAUMOCTb PE3YIIBTATOB.

IIpumenenne  MeToga  NOCJIENOBATEIbHBIX
NpUONMMKEHUI K  pacueTy ceTed TNPHBOAUT K
PELICHUIO  3HAYUTEIIBHOTO  KOJIMYECTBA  CUCTEM
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JMHEHHBIX YpaBHEHUH C OOJBIINM YHCIOM YICHOB U
MOXeET OBITh OCYIIIECTBIICHO TOJIBKO Ha KOMIIBIOTEPE.

Pewenue cucremMbl HENMHEHHBIX YpaBHEHUH
MOXET OBITh TaKKe 3aMEHEHO PEKyPpPEHTHOH
MOCJIEZIOBATEIBHOCTRIO  JIMHEMHBIX YpPaBHEHUH C
MEHSIOIUMUCS KO3 PHUIHEHTaMH, KOT/Ia Harpyska
MPUKIAIBIBAETCS K CHCTEME MalbIMH IOPIHAMH
pelias CUCTEMY JIMHEMHBIX YPaBHEHUH U 110JIOTast U
3TOM Ka)KJJ0€ IPEAbIIYyIIee COCTOSIHUE 32 HCXOIHOE.

PaccmoTpum pacyer Bucsiuei 000J0YKM Ha
TeMIIepaTypHble BO3AECHCTBHUSL.

OnpenenuM ycuiaus B CETU NPU HU3MEHEHHU
Temmepatypsl Ha At = (t — t1), cumras, 9yTo IPOBECHI
IJIaBHBIX BaHT U JEHCTBYIOIINE B HUX JIO U3MEHEHHUS
TeMIepaTypbl yCuIns n3BecTHHI. [lonoxumM, 4to npu
YMEHBIIEHUN  TeMIepaTypbl  IpoBeC  IJIaBHOMH
HECyIleil BaHTHI YMCHBIUUTCS Ha BennuuHy x(t) a
MpOBEC  TJAaBHOW  CTaOMIM3MPYIOIIEH  BaHTEHI
BO3pacTeT Ha Ty )K€ BeNMUuHy. Pacriops! BaHT 00onx

HANpaBICHUN TpPU yMEHBIICHUH TEMIIEpaTypsl
YBEIHYarcsl.

Tak MaK OTHOCHTEIILHOE YKOPOUCHHE BCEX BAHT
OIHOTO HANpAaBJICHWS OJWHAKOBO, OIMHAKOBBIM
OyZeT M IpHUpaleHne PaclopoB B HHUX, YTO MOXKHO
paccMarpuBaTh M Kak pe3yibTaT IPHPAIICHUS
Harpy3ku.

YpaBHeHHE paBHOBECHS [0 AHAJOTHH C
MIPEIBIAYIINM UMeeT B (6) a 3HaUeHHS Harpy30K:

0, =8(H,, — AH,)(f, —x(t)/(dHIS);} -
0c = 8(H, — AH.)(fe —x(0)/(dcI2),

rae x — IpUpallCHUE IMPOBECA TJIABHBIX BAHT, OT

BIIMSIHHS TEMIIEPATYPHI,

Ilo ycioBusM paBHOBECUS [JO U3MEHEHUS
TEeMIIEpaTypbl

8H,,f,1(d,12)=q+8H, . /(d.12).

Torma mpu moxcTanoBke ypaBHeHus (22) B (6)
nMeemM

[AH,, (f, —x() - H,x(®©)]/(d,12) = [AH (. +x(t) — Hx()]/(dc12) (23)

[Ipn ymenbmieHun TemrepaTypsl Ha At nu
ko3(dunreHTe  JIMHEHHOr0  paclIMpeHus 1
YJUIMHEHUE TPOCOB

AS = AHMS / ® —nAtS

Ha ocroBanuu ypaBuenus ()

AS, =-8x(D)[2f, - x(©)]/(3 );
AS, =8x(t)[2f, + x()]/(31,).

(By, — By )[X(®)° 18— (By, f, — By f¢)3x2 18+[By, f,2 14+ By f2 14+

[TpupaBHHBas IpyT K APYry MpaBble YaCTH STHX
BBIPA)KEHUI1, BEIYUCIUM NIPHPAILEHHE PACIOPOB:

AH,, =—8w,[2f, - XO)IX(1) /(3S]) +nAtw, /m,;
AH, =8wc[2f, — X()]X(t)/(352) +nAtw, /M.

Ioncrasus B Qopmyny (23) 3Hauenust AH, u
AH. w3 (24) monmyynM KyOMYeCKOoe ypaBHEHHE
OTHOCHTEJIBHO MpUPAIEHHS IIpoBeca

(24)

(25)

+C, +Ce +H,, /(d 12)+H, /(d I2)]x—(C, f,-C,f;) =0,

rae C, =nAtw, /(d,12m,) u C, =nAtw, /(d 12m,);

Bi1, n By mpunsTe o (11).

(By, - By )XV /8~ (By, f, — By T )3AX(0)1? /8+[By, f,2 14+ By f 214~

ITpm BoO3pacTaHuM TeMIlEpaTypbl B CHCTEME
BeIpaxkeHue (25) npuodperaer BUJ

(26)

~C,y +Co +H, /(d,12)+H /(D)D) - (C, T, ~C, Tc).

HpI/IBe}IeHHaﬂ pacue€THad METOAUKA IMO3BOJIACT

3alIpOCKTUPOBATH 60J'H>HICHpOJ'I€THI)I€ BUCAYHUC
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Introduction
Many problems of mathematical physics are
reduced to linear integral equations of the form:

b

A[K(xt)p(t)dt = f(x).a<x<b (1)
b
(o(x)—/ij.K(X,t)(o(t)dt: f(x),a<x<b )
concerning the unknown function gp(x),which are Here we consider a linear Fredholm equation of

called Fredholm integral equations of the 1st and 2nd the 2nd form:

kind, respectively.[1]
b
¢(x)—ﬂIK(x,t)¢(t)dt= f(x), a<x<b, ®)
a
where K (X, 1) is degenerate kernel. One of the methods of finding the solution of
equation (3) in explicit form is the method of reducing
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the original integral equation to a system of linear
algebraic equations. According to the definition of the
degenerate kernel, K(Xx,t)can be represented as a

finite sum of the product of functions, each of which
depends on only one variable:

KD =Y pMa®. @

where each of the functions ¢ (t) , 3, (t) are linearly
independent. [2]Substituting (4) into (3), the equation

takes the form:
b
)_[ d; (t)§0 t

_/12:1 pi(X

b

J-Qk (X)(D(X

a

Using the notations for the integrals in (7):

Cy

= dxa

f(x)a, (x)

D ey T

j p

the last expression will have the form [3], [4]:

N -
C, -4 .Ciay = f,, k=LN.

Jix-23:C, () ()

Taking C, I,B )dt the equation is

written:

—~ zi Cia; (x)= f(x). )

Whence the solution of equation (3) will be
represented by this formula:

olx)= 1(x)+ 13 Car (x)

i=1
To find the coefficients C;, multiply equation

(6)

(3) by the function qk(x)and then integrate the

obtained expression within the range from ato b . As

a result of these steps, equation (3) has the following
form:

x)dx = | f(x)g,(x) dx. @)

!
x) dx, f, i f(x)g, (x) dx, (8)

Thus, we obtain the set of equations (9), which is
defined as a system of n linear equations with respect

- ©) to nunknowns C; with matrix [5]:
1-day, —Aay — Aoy,
Aoy, 1-Aa,, —Aay,
A =
—Aayy  — Ao,y 1-Adoyy
If Ain equation(3) is not the same as any of the
roots of the equation:
1-Aa,, —Aay —Aday,
—Aa 1- Ao - A
D(1)=detA, = 12 2 N2 -0, (10)

— Aoy — Ao,y 1- Aoy

namely A # A,,S = l,_ N -system has a solution and

where the determinants D, (/“L) are obtained from the

: — determinant D(A ) by replacing the i - column by the
c =B iy (11) (#)by replcing id
D(4) column of free terms (f,  f, o) :
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1-Aay, —Aay, L —Aday
D,(2)= -Aa, 1-da,, ..f,.. —Aday,
— Aoy —Aa,y Ty 1-Adagy
Substituting the values of C,by (11), the right-hand sides. Therefore, integral equation (3) is
solution of equation (3) can be written in the form: insoluble at arbitrary function f (X).[3]
( ) If D,(4,)=0, D(4,)=0, then system (9)
N D.(A AP . . .
)= f(x)+ i (x). 12 has infinitely many solutions. The integral equation
gp( ) ( ) ﬂ'; D(g) a,( ) (12) (3) will also have infinitely many solutions.[3]

An alternative method of finding a solution to
equation (3) is implemented in the computer
g . mathematics system Maple.[7] Let us implement the
roots of equation (12): : A = A, which means, solution algorithm and find a solution to the Fredholm

D(/I) =0 - the system (9) is insolvable at arbitrary equation of the 2nd form:

If Ain equation (3) coincides with one of the

b
o(x) - I(3x +2t)p(t)dt =8x* —5x, 0<x <1
a
Calculations are performed in the Student
package. [8] Enter the original equation:

restart; with(Student[ Calculusl]);
eql = phi(x) = 8- 2 —5x+ int((3-x 4+ 2-¢)-phi(¢),£=0..1);
1
eql =(x) = 8x° —5x +J' (Bx+2¢)0(2) de
0
Let us rewrite the equation in the form:

phi(x) =8-x* — 5-x + 3-x-int(phi(¢), t=0..1) 4 2-int(¢-phi(¢),¢=0..1);

Jlt(b(t) dz]

0

1
o(x) =8x% —5x + 3xU o(7) dz] +2

0

1
We insert the notationsClzj p(t)dt
0

1
C2= _[ to(t)dt , according to which the solution
0
of Equation go(x)will be written in the formula:
sol = subs(int(phi(¢),t=0.1) =CI, int(¢-phi(¢),t=0..1) = C2, %);

sol =0(x)=3CIlx+ 83> +2C2 —5x
We integrate the last equation [7]:
el = int(lhs(sol),x=0.1) = rhS(Rule[ '+'](Int(rhs(sol),x =0.1 ) ) );

1 1 1 1 1
el :=J ¢(x)dx=| 3xC1dx+[8x2dx+[ zczdx+[ (-5x) dx
0 “0 "0 0 "0
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We multiply the integrated expression €lby X
and integrate again in the range from to [7]:

e2 = int(x-lhs(sol),x=0..1) = rhs(Rule['+']|(Int(expand(x-rhs(sol)),x=0..1)));

1 1 1 1 1
e2 ::qu)(x)dx:[ 3Clx2dx+[ 8x3dx+[zczxdx+] (-5:2) dx
0 "0 "0 "0 "0

We make a system of algebraic equations to find
the constants C1, C2:

ell = subs(int(phi(x),x=0..1) =Cl, lhs(el)) = value(rhs(el));
e22 = subs(int(x-phi(x),x=0..1) = C2, lhs(e2)) = value(rhs(e2));

e]]::CIZ%C1+%+2C2

e22:=C2=C1+% + C2

Here we find the solution of the system:
res = solve({ell,e22}, {CIl, C2}); assign(res);

res = [CI = —%, C2= 0]
Let's write down the solution of the initial equation:

sol;

so. O(x) = 8x> — 6x

Let's check the found solution:

simplify(lhs(eql) — rhs(eql));

0
Let us consider the reduction to a system of b
linear algebraic equations the Fredholm integral go(x)—j(3x+2t)(p(t)dt:8X2 —bx.
equation of the 2nd kind , determining directly the a
coefficients ¢, and f,in formula (9) for C, by The kernel K(X,t)=3X+ 2t by definition of
formulae (8 ) on the example of Eq.: degeneracy of the kernel is represented in the form
@0
2
K(x,t) =" p,(x)a; () = p.(x)a, (1) + p.(X)q, (). (13)
i=1
where  p,(x)=x, q,(t)=3, p,(x)=2, Then by formulas (8) we calculate a,;, a,,,
qz(t)zt- Ay, 8y, fi 1y
1 1 1 1
ay = [ pu(t)a,(t)dt:ay, = [ p,(t)a,(t)dt; &, = [ p,(t)a, (O)dt: &, = [ p,(t)a, ()t
0 0 0 0
1 1
f,= [ a.®f@dt: f, = [ g, (t)f )dt.
0 0
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Let us perform the calculations in Maple[8]-[9]
environment:

plx == x; qlt := 3, p2x := 2;q2t :=t, fx := 8% — 5x;

fr = fx +lambda-(CI-(plx) + C2-(p2x));
all := int((subs(x=t,plx))-qlt,t=0.1);
al2 = int((subs(x=t,p2x))-qlt,t=0.1);
a2l = int((subs(x=t,plx))-q2t,t=0..1);
a22 = int((subs(x=t,p2x))-q2t,t =0..1)
f1 = int( (subs(x
f2 = int( (subs(x

E

2

))-qlt,t=0.1);

Yy
=t/x))q2t,t=0.1);

plx =x
qlt:=3
p2x:=2
q2t =t
ﬁc:=8x2 —5x
fri=8x +xCl —5x+2C2

all =

3

NS}

al2:=6

a2l =

Let us make a system to calculate the constants
C1, C2 (in the system denoted by C11,C22,
respectively ) and find its solution:

s:= ({Cl1 — (all-C11 4 al2-C22) =f1,C22 — (a21-C11 + a22-C22) = f2});

rs == solve(s, {C11, C22}); assign(rs);

-

L=

1
3 3’

—% Cll —6C22=

7]

rsi={CII=-1,C22=0}

Substituting the values of Clland C22with
the subs command, the solution of the equation is
written:

req = subs(Cl1=Cl1,C2=C22, fr),

req =8x> —6x .

For the complete solution of the integral
equation, both in the first and in the second case, the
analytical study of the degeneracy of the kernel

K(x,t) was not carried out: the degeneracy of the

kernel was accepted as a fact. In order that the
mathematical realization of the validity of finding the
solution of the equation is carried out, we use the

criterion of degeneracy of the kernel of the integral
equation.[10]. The wording of the criterion is as

follows "For the kernel K(x,t) to be degenerate it is
necessary and enough that det A [K](x,t)= 0,
det A, [K](x,t)=0, for Ym>n, where the
matrix A, [K](x,t) is of the form:
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K K! K ()
K’ K" K (m)
A [KIxt)=] » ™y o] (13)

K KO,

y(mD)

Let us realize the criterion for the kernel
K(X,t):3x+2t. We construct the matrices

AQ[K](X,t)and AS[K](x,t), by computing the

(2m-2)
x(m1)y(m-1)

coefficients, according to (13), then calculate the
values of the determinants AQ[K](X,t) u

A [K](x,t)81-[91:

k11 = Kxt; k12 = diff (Kxt,x$1); kI3 = diff (Kxt, x$2);

k21 = diff (Kxt, 1$1); k22 := diff (Kxt, x$1, t$1); k23 = diff (Kxt, x$2, 1$1);
k31 = diff (Kxt, 132); k32 = diff (Kxt, x$1, 1$2); k33 := diff (Kxt, x$2, 1$2);
DK2 = Matrix(2,2, [k11, k12, k21, k22]); zDK2 := Determinant(DK2);
DK3 = Matrix(3, 3, [kl11,kI2,kl13,k21,k22, k23, k31, k32, k33]); zDK3

:= Determinant(DK3);

DK2 =

3x+2¢3

0

zDK2 = -6

DK3 =

3x+2¢t30

00
00

zDK3 :=0

As we see, the value of the determinant
AZ[K](X,t)is different from zero: zDK2 = -6,

the value of the determinant A,[K](x,t)is zero

zDK3=0.
Let's compose a conditional if statement:

ifzDK2 # 0 and zDK3 = 0 then print ('"Yadro_uravneniya_ virogdenno ');

else print ('Yadro_uravneniya_NE_virogdenno');

fi;

print Yadro_uravneniya_virogdenno

Knowing that the kernel of the equation is
degenerate, we find the solution of the integral
equation[8]-[9] in the loop:
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ifzDK2 # 0and zDK3 = 0 then

plx :=x; qlt :== 3, p2x := 2;q2t := ¢, fx = 8-x° — 5x;
fr = fx +lambda-(CI-(plx) + C2-(p2x));

all = int((subs(x=t,plx))-qlt,t=0..1);
al2 = int((subs(x=t,p2x))-qlt, t=0..1);
a2l = int((subs(x=t,plx))-q2t,t=0..1)
a22 = int((subs(x=t,p2x))-q2t,t=0..1)
f1 = int( (subs(x=t, fx)) -qlt,t=0.1);

2 = int((subs(x=t,fx)) q2t,t=0.1);

B

B

s = ({C11 — (al1-C11 +al2-C22) = f1, C22 — (a21-C11 + a22-C22) = 2});

rs = solve(s, {C11, C22}); assign(rs);
req == subs(C1=CI1,C2=C22, fr);
fi,

The code of the solution of the integral equation
3) is:

restart, with(LinearAlgebra) -

S = 8- — 5x; Kxt := 3-x +2-t; lambda := 1;

eq = phi(x) = fx + lambda-int( Kxt-phi(z),t=0..1);

k1l = Kxt, k12 := diff (Kxt,x$1); k13 := diff (Kxt, x$2);

k21 = diff (Kxt, t31); k22 = diff (Kxt, x$1, 131); k23 := diff (Kxt, x$2, t$1);
k31 = diff (Kxt, t$2); k32 = diff (Kxt, x$1, t$2); k33 = diff (Kxt, x$2, 132);

DK?2 = Matrix(2,2, [kl1,k12,k21,k22]); zDK2 := Determinant(DK?2);
DK3 = Matrix(3,3, [kI1, k12, k13, k21, k22, k23, k31, k32, k33]); zDK3

:= Determinant(DK3);

ifzDK2 # 0 and zDK3 = 0 then print ("Yadro_uravneniya virogdenno ');

else print ('Yadro_uravneniya_NE virogdenno');
fi;
ifzDK2 #+ 0 and zDK3 = 0 then

plx = x; qlt == 3;p2x := 2;q2t :==t, fx = 8-x2 —5x

fr == fx +lambda-(CI-(plx) + C2-(p2x));
all = int((subs(x=t,plx))-qlt,t=0.1);
al2 = int((subs(x=t,p2x))-qlt,t=0.1);
a2l = int((subs(x=t,plx))-q2t,t=0..1)
a22 = int((subs(x=t,p2x))-q2t,t =0..1)
f1 = int((subs(x=t, fx))-qlt,t=0.1);

12 = int((subs(x=t, fx))-q2t,t=0.1);

b

>

s:= ({Cl1 — (al1-C11 4 al2-C22) =f1,C22 — (a21-C11 + a22-C22) = f2});

rs = solve(s, {C11, C22}); assign(rs);
req = subs(Cl1=CI11,C2=C22, fr),
fi;

As can be seen, the function f(x), the kernel
K(x,t), Aare inserted at the initial stage. Then the
integral equation (3) is written down. In the second
cycle we insert pl(X) =X, ql(t) =3, pz(x) =2,
d, (t) =1, according to the representation K(X, t)

in the form (13). The solution of the integral equation
is performed in the LinearAlgebra package.
Approbation of the code on numerous examples of the
form (3) allowed us to automate the solution of the
Fredholm integral equation with a degenerate
kernel[11].
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NUMERICAL INFORMATION SUPPORTING THE EXTRACTED
KNOWLEDGE ABOUT HIDDEN TRACES OF ACCIDENTAL
DISASTER, ACCIDENT, EARTHQUAKE, LARGE FLOOD

Abstract: A cognitive model has been developed for a system of 5 semantic equations with 10=5+5 semantic
variables: meaning(yi),...,meaning(ys), meaning(zs),...,meaning(zs), multiplied by parameter values equal to the
components 5  pseudo-eigenvectors  satisfying the matrix semantic equality of the form
meaning(Zms)=meaning(YmsC'ss), where meaning(Zms)=meaning(z.) @... @meaning(zs),
meaning(YmsCss)=meaning(Ymsc'1) @meaning(Ymsc'2) @meaning (Ymsc's)@meaning(Ymsc's) @meaning(Ymsc's). The
problem without restrictions was solved: (lss,ls5)=>(4ss,Css) and its solution was obtained: 4ss=diag(1.0594, 1.0560,
0.9933, 1.0198, 0.8714), matrix Css (Table 1). A new meaning has been found, based on numerical information,
extracted hidden knowledge about the hidden traces of an accidental catastrophe, accident, earthquake, large floods.
The meaning phrase is constructed by solving a semantic equation with the semantic unknown variable meaning(ys).
Type of equation: meaning(ys)=meaning(zs)*0.1191 @meaning(z4)*0.3556 @meaning(zs)*0.9116. The understanding
of the right side of the equation is formulated in the form of the phrase: “weak (with a force c?15=(0.0001)?)
temperature fluctuations occur (meaning (y1)), but without fluctuations (with a force c2;s = (0.0048)?) precipitation
level (meaning(z2))". This phrase reasonably alludes to the constant high temperature from a strong fire. At the same
time, with the force c2s = (0.3556)?, the degree of growth in the intensity of strong winds increases (meaning (z4))
and a strong (with the force c%s = (0.9116)?) deviation from 0 to the right (increase) of the relative level (a rise in
the water level (“sea”) supplied from fire water cannons), formed when extinguishing fires with water. The share of
this phenomenon (with the meaning (ys)="..") accounts for As/(Aa1+...+15)=0.8714/((1.0594+1.0560+
0.9933+1.0198 +0.8714)=17.43 % of information taken into account by the model. The model cannot use 100% of
the information; it takes into account the information that is contained in it plus the information it extracts. Model
formulas of correlated z-variables influencing uncorrelated model y-factors ys, ...,ys turned out to be effective: the
model revealed the presence of the y-variable ys (absent in the initial model data) with weak syllables: (yis*0.1191,
y5*0.1191, y5*0.1191). in the z-variable zj3, (ys*0.0048, ys*0.0048, ys*0.0048) in the z-variable zj;. The model
revealed the absence of the y-variable ys (see ys*0.0001) in the z-variable zil. But the model also revealed a slightly
noticeable presence of the y-variable ys (ys*0.0001) in the z-variables zi,( y5*0.3556, y5*0.3556, y5*0.3556), Zis
(y5*0.9116). These little noticeable model values also provide numerical information that substantiates the extracted
knowledge about the hidden traces of a random catastrophe, accident, earthquake, or large flood. The model
requires: henceforth, strictly consider the sub-factors of meanings meaning (zs)= “increasing the degree of damage
to ecological systems and biological diversity in them (which will entail a reduction in opportunities for services,
livelihoods and a reduction in income), meaning (zs) = “deviation from 0 to the right (increase) of the relative level
(sea level rise) caused by the expected increase in temperature".

Key words: cognitive model, extracted knowledge about the hidden traces of a random catastrophe, accident,
earthquake, large floods.
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YUCJIOBAS HHOOPMAILIUSA, OBOCHOBBIBAIOIIASA U3BJJEYUEHHOE 3HAHUE OB CKPBITBIX
CJIEJAX CIYYAMHOMN KATACTPO®bI, ABAPUH, 3SEMJISATPSICEHUS, BOJIBIIINAX ITABOJIKOB

Annomayusn: Paspabomana KoeHUMUBHASL MOOENb O/l CUCIEMbL U3 5  CMbICI08bIX ypasHeHutl ¢ 10=5+5
CEMAHMUYECKUMU NePeMEHHbIMU: CMBICA(V1), ...,cMbICIL(V5), CMBICA(Z1), ...,CMBICI(Z5), YMHONCEHHbIX HA 3HAYEHUs
napamempos, pAGHbIX KOMHOHEHMAM 5 NCe800COOCMEEHHbIX 6EKMOpPOs,  YOO8IemE0 pPIIOUUX MAMPULHOMY
cmbicniosomy  pasencmsy  6uda  cmblci(Zms)=cmoicn(YmsClss), 20e  cmwicn(Zms)=cmoici(z1) @... Bemvica(zs),
emwvien(YmsClss)=cmuicn(YmsC'1) Bemvicn(YmsC'2) Bemvren(YmsC's) @ emvicn(YmsC's) Bemvica(YmsC's). Pewiena 3adaua,
nuwennas oepanuyenuil. (Iss,155)==>(As5,Css) u nonyueno ee pewenue: Ass=diag(1.0594, 1.0560, 0.9933, 1,0198,
0.8714), mampuyy Css (Tabauya 1). Haiioen Ho8blill cMblcl, 000CHOBAHMBIN YUCLO801 UHGDOpMayUuel, U3681e4eHHbIM
CKpbIMbIM 3HAHUEM 00 CKPbIMbIX Cledax CIy4auHou Kamacmpoghvl, asapuu, 3eMiampsaceHus, 00abuuUx nagooKos.
Dpaza cmvlcia KOHCMPYUPYEMCsi NpU  PeuleHun CMbICI08020 VPAGHEHUsI C CeMAHMUYECKOU HEeUu3B8eCcmHol
nepemennoil cmuica(ys). Buo ypaenenus: cmwvici(ys)=cmoica(z3)*0,1191 Eemwbicn(z4)*0,3556 @emvicna(z5)*0,9116.
Ocmbicnenue npasou 4acmu ypasHeHus Qopmyaupyemcs 6 eude @paszvl: «npoucxoosm  ciabvle (¢ cunou
c?15=(0,0001)?) xonebanus memnepamyput (cmvicia(yi)), Ho 6e3 konebanus (c cunoii c?25=(0,0048)?) yposus ocadkoe
((cmbicn(z))». Oma paza 060cHOBAHHO HAMEKAem HA NOCMOSHHO 8bICOKYIO MEMNepamypy om CUibHO20 NoHCapa.
B mo aice epems ¢ cunoii c?4s=(0,3556)? nosviuiaemcs cmenens pocma UHMEHCUSHOCIY CUTbHBIX 6eMpPO8 (CMbLCI(14))
u Habnodaemcs cunvHoe (¢ cunoti css=(0,9116)?) omxnonenue om 0 6npaso (ysenuuenue) OmHoOCUMENbHO20 YPOGHHS
(noovema yposHs 800bl («(MOPA»), NOOABAEMBIX U3 NOICAPHBIX BOOOMEMOB), 00PA3068ABULIC20CS NPU 2AUEHUY 8000
ocHell nooscapa. Ha  oOomo  asmoeo  smozo  sasenenuss (¢ cmblcnom(Ys)=«...»)  NpUXoOUmMcs
Asl(Aat... +25)=0.8714/((1.0594+1.0560+0.9933+1,0198+0.8714)=17,43% uHgopmayuu, yuumoleaemou
Mmooenvio. Modenv ne modcem ucnonvzoéams 100% ungopmayuu, ona yuumeieaem my ungopmayuio, KOmopas 6
Hell 3an0JiceHa NuoC usgieyenHas el ungopmayus. MoodenvHbie (opmynbl KOpPeIUpoSaAHHbIX I-NePeMEHHbIX,
GUSIIOUSUX HA HE KOPPETUPOBAHHbLE MOOETbHbBLE Y-(AKMOPbL V1, ...,)5 OKAZAIUCH IPPHEKMUSHBIMU: MOOEb BbISGUNLA
npucymcmeue Y-nepemeHHou Ys (Omcymcmeogasuieli 8 UCXOOHbIX OAHHBIX MOOeNU) CO CLADbIMU CULAMU: (CMOMPU
yis*0.1191?) - 6 z-nepemennoii zis, (cmompu Ys*0.00482%) - ¢ z-nepemennoii Zio. Mooens 6vis6uULG OMCymcmeue Y-
nepemennoli Ys (¢ éecoma craboii cunoti Ys*0.0001%) ¢ z-nepemennoii zin. Modenv 6viAGULG MALO 3GMEMHOE
npucymcmeue Y-nepemennoil Ys (¢ ouens manoti cunoti Ys*0.00012) ¢ z-nepemennvix - Zia (c cunoii ys*0.35562), - zis
(¢ cunoii  ys*0.91162). Dmu mano 3amemmuvie MoOelbHbIE FHAYEHUS MAKICE NOCMABNAIOM COOOU UUCLOBYIO
unpopmayuio, 060CHOBLIBAIOWYIO U3GIIEUEHHbLE 3HAHUSL 00 CKPLIMbIX Cle0ax CAy4auHol Kamacmpogvl, asapuu,
semasmpsicenusi, bonbuux nasookos. Moodenv mpebyem: 6npedb Cmpo2o paccmampusams HOOPAKMOPbL CMbLCIO8
CMBLCI(24 ) =Y BeNUYEHUE CMENeHU YiepOa HKON02UYECKUM CUCEMAM U OUONIOSUYECKOMY PA3HO00pA3UIo 8 HUX (YmO
nogieyem 3a coOOU  COKpawjenue 603MONCHOCHEL OMHOWEHUU O0OCIYHCUBAHUs, Obecneyenust cpeocms K
Cyuecmeo8anuIo u CoOKpaweHue 00X0008), cmvici(Zs)= «omxionenue om () 6npago (veeaudenue) omHOCUmMenbHO2O
VPOBHHSA (HOObEMA YPOBHS MOPSL), 8bI36AHHBIM 0AHCUOAEMBIM NOBbIULEHUEM MEMNEPATYDbLY.

Kntouesvle cnosa: xocHumugHas Mooens, U36JeUeHHOe 3HaHUe 00 CKPbIMBIX CIedax CLYYAUHOU Kamacmpoguvl,
asapuu, 3eMaAAmMpACcerus, OOIbUUX NABOOKOS.

Beenenue genoBeka (Ys). [TapameTpom ciiaraeMoro cMmeicia (U3

CucremMa MHOTOCMBICIIOBBIX ~ YPaBHEHHH  C CYMMBI CMBICIIOB)  CMBICII(Zik)*Ckj SIBISIETCS CHIIA
CEMaHTUYECKUMHU TIEPEMEHHBIMH U C IapaMeTpaMH, NpOsIBIIEHHs C2=COIT2(Zik,Yj)<l paBHas noie BKIana
paBHBIMH  SIBISIETCSI  (DOPMYNBHBIM  BBIPQKEHHEM cMbIcIa K—Oi Z-TepeMeHHOW B CMBICH J—OH Y-
aIIUTUBHOTO MBIIIJICHUS 4eloBeka. B pasroBopHOi MIEPEMECHHOI: eMbIc(Vij)=. .. DcMbICI(Zik) *CiiD. . .
peur 4eJoBeK ONMMpaeTcs Ha CMBICIBI, 000CHOBBIBAS 31ech «BeC Ckj IBJISICTCS BBIACIEHHBIM KOMIIOHEHTOM
CYTh IPOM3HOCHMOTO JIOTMYECKUMH, CMBICIOBBIMH, IICeBJI0COOCTBEHHOTO BEKTOpa ¢ HoMepoM j. Cucreme
CHMBOJIbHBIMH, YMCIIOBBIMH JIOBOJAMH C YUETOM CHII CMBICTIOBBIX ypaBHEHHH COOTBETCTBYET CHCTEMa
MIPOSIBJICHUS] CHJIBI CBSI3M OJHOTO HE3aBHCHUMOTO Y- aredpanyecKux YpaBHEHHUIH, COZIepIKaINX
(hakTOpa (KOJIMYECTBO MX MOXKET OBITh paBHO 1 WM BBIJICTICHHBIC ~ KOMIIOHCHTHI  IICEBIOCOOCTBEHHBIX
JOpYyroMy 4HCIY), 3aBHUCANIETO OT HECKOJIBKHX BEKTOpoB. KorHuTHBHas MoOIeNb H3MEHUUBOCTEH
3aBUCAIIMX ApYr oT Jpyra Z—(akropos [1-3]. B TmokKa3areyiell KJIMMaTra M HEeraTHBHBIX IOKa3aresei
Ka4eCTBE CEMAaHTUYECKHX IEPEMEHHBIX PacCMOTPHM JesATEeIbHOCTH YeIOBeKa B CTaThe OMUCAHA.
MMEHA-CMBICIIBI, TPHCYIINE HM3MEHEHUSIM KINMaTa 31eck TpuBeieM, B HCXOMHBIX JTAHHBIX KOTOPOM
(bakTopst Y1, Y2,Y3,Y4), K3MEHCHUSIM HX TIOCICICTBHIA MPUBEACHBI  TONBKO  9=4+5  ceMaHTHYEeCKHMH
Ha JIeATENbHOCTD uenoBeka ((hakTopsl Z1, Z1, Z1, Z2, Z3, MePEMEHHBIMU: CMBICH(Y1),.. ., cMbICi(Ya),
24, Z5), ¥ IPSAIMBIM U3MEHCHUSIM OT aBapHii, KatacTpod CMBICII(Z1),. . .,CMBICI(Z5), YMHOXKCHHBIX Ha 3HAUYCHUS

npu paboTre npeAnpusiTHi, paboTarommx A Ojara
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apameTpoB, PaBHBIX KOMIIOHEHTaM 4-x MEX JUCLMILUTUHAPHEIE Teopun BO3JIEHCTBUS

TICEBIOCOOCTBEHHBIX BEKTOpPOB. be3 yuera cmbicia
(ys) 5-o#f mepemeHHOM, OTpakaromieil ciydaiiHoe
npsMOe W3MEHEHHE KIMMaTa OT aBapuil, KaTacTpod
npu paboTe MpeArpusTHi, paboTarolybk s Oiara
yenoBeka. Huke mokazaHo: ¢ y4eToM JI0JIei BKIaI0B

cMbIcia(zs), cMbIcia(zs), cMbICTa(Zs),
HOBBIT cMmbicn  (Ys) uMeer apyryio  ¢pasy,
O00OCHOBaHHYI0  KOHKPETHBIMH  JaHHBIMH  —

CMBICIIOBBIMH, YHCJIOBBIMHU. [IpHMEHNM ONMCaHHYIO
CHCTEMYy B KOTHUTHBHOW MOJIENIH, KOJINYECTBEHHO H
M0 CyTH OOOCHOBAaHHO W3BJICKAIOIIYIO 3HAHUSI 00
OIHAPYKEHHBIX CJelax CIy4alHOW KaTacTpodel,
aBapuM, WM DKOJOTMYECKHX 3arps3HEHHH  IIpH
no0bIye, mepepadboTke HedTH, rasa.

M3MeHeHne kiuMmara — OJUH M3 BOIIPOCOB
pa3BuTud. BBuUIy He OTBpPaTUBHOIO BO3ACHCTBUSA
9TOrO SIBJIEHUS HA MHOTHE acTeKThl )KU3HU UeJIOBeKa,
CEroJIHs1, BEPOSITHO, OHO IIPE/ICTABIAET COOOH OJIUH U3
HaMBa)XHEHIHMX (HaKTOPOB KiMMara. YepHOObUIbCKAs
aBapus, asapusi Ha ADC @ykycuma, JApyrue
KatacTpobl TpeOylOT BBOAAa B MOJENb CMBICIA
¢akropa: cMbici(ys). C LeNbr0: CMOXKET JIH MOZIEIb B
¢pasze, CJIOBECHO nepenatomeii  cMbIci(Ys)
«HaMEKHYTb WM 00OCHOBAaHHO BBIACIUTH 3HAHUE 00
cmbicae(Ys), TPUBEACHHOM B HMCXOIHBIX JAHHBIX K
mozenu». IIpM HanmM4MM Takoro HaMeKa MOXKHO
MOJIETM  IPUCBOUTH HE TOJBKO  ITO3HAIOIIYIO
CIOCOOHOCTh, HO U CHOCOOHOCTH OJHApYKUBATh
cinensl  HewsBecTHoro. Hamek  momxeH  OBITH
KOMIIETCHTHO TMEPECHPOBEPEH COOTBCTCTBYIOIIUMU
CIelMaIuCTaMHt, PAaCcOoIararolluMI COBCEM APYTUMHU
JaHHbIMH. HeratuBHOe BO3AEHUCTBHE NEATEIBHOCTH
YyeJoBEeKa Ha KJIMMAaT CKpPbIBAETCS 3a BBICOKHMHU
3abopamu TIPOMBIIIUICHHBIX u CBIPBEBBIX
MPEANIPUATHH, a pelKHe KaTacTpo(bl, MHIIUICHTHI
(BOpoc B Mope HedTH W3 OypoBBHIX IardopM, U3
TOHYIINX TaHKEPOB, OTpaBicHHE (ayHBI, (IOPEI
OKE€aHa HEYCTAaHOBICHHBIMH JIMIIAMH, WIH TpH
ommOKaXx BO BpeMs YYEHHH, 3aIlyCKOB JIETAIOIIMX
00BEKTOB) OBICTPO JIMKBUAUPYIOTCS, HO OCTAIOTCS
TMOCJICACTBUSA, IMOPTALNIUEC KIIUMAT. 3aMeTuM: 3HaHUS U
ONBIT B ONpENeNEHHON cdepe He CTOUT MyTaTh C
YMEHHMEM HMHU ToJib30BaThca. Hampumep, eciu B
KOMIIAaHUU OTKpPBITa BaKaHCHs IOPUCTA, TO 3aHATh €€
CMOXET TOJBKO YENIOBEK C BBICIIUM HOPUANYECKUM
o0Opa3zoBaHHEM M C JAPYrMMH KommeTeHuusmMu. Ho
HaJIMYUe JTUIIOMa HE TapaHTHUPYeT KOMIIETEHTHOCTH
COMCKaTeIEH. HerartusHoe BO3JIEHCTBUE
JIEITENIbHOCTA ~YeJlOBeKa Ha KJIWMaT  SBISIETCS
Ba)XKHEHIIeH mpoOieMol, 3Ty mTpoOIeMy TOJDKHBI
pelIaTh JIOAU ¢ APYTUMH CTaTyCaMHu.

Ms! OyzeM HccleoBaTh CHCTEMY «HU3MEHEHHE
KiIuMara - MMPpUPOJAHBIC u XO3SMCTBEHHBIC
BO3ZCUCTBUS», CHCTeMa O00JajaeT acHuMMeETpHUEH
I/IH(I)OpMaHI/II/I W HCITIOJIHBIMU JAHHBIMHU. Ho ocHoBHEIE
CMBICIIBI H3MEHUUBOCTEH CYIIECTBYIOT, TPEOYETCs X
000CHOBaHHBIE ONMHUCAHUS. AKTYaJbHBIMHU SIBISIOTCS
CUCTEMHbIE (opMann3oBaHHbIE

ACATCIIBHOCTH YCJIOBEKA Ha KJIMMAT U BIIMSAHUA
U3MEHEHHH KJIMMaTa Ha JIeTeIbHOCTh YellOBeKa.
Iloka OrpaHUYUMCs MOJCIUPOBAHUEM B CHUCTEMC
«M3MEHCHUC KJIMMarta - IpupoJHLIC 1 XO3SIMCTBEHHbBIC
TIOCJIC/ICTBHS», TIOMCKOM TPOSIBICHUH HEMBICITUMBIX
CUTYallMi, OHLINATBLHO HE OTPAKAEMBIX B JICIOBBIX
CKa3Kax IIPOCKTOB KOMIIaHHH, 3agada KOTOPBIX —
MoracTe B CIHCOK  WCIOJNHHUTENEH  IIPOEKTa,
CBOEOOPa3HO PEerJIaMEHTHPYIOIINX €T0 Pe3yIbTaThI.

Hame HCCIIEJOBAaHNE OTINYAeTCA oT
pa3sHOOOpa3HBIX  WCCIEIOBaHWI,  MOCBAIICHHBIX
pa3HBIM acHeKTaM HW3MEHEHHs  KJIMMaTa 3eMIIH,
MPOBEJACHHBIX B PaMKax pa3HbIX OTpacied 3HaHUU.
Wmerorcst kpaTkue CKaTble B CIOBECHbIE (hpasbl
pesynbpTatel. Cpeau HHX BBIOEPEM pe3yNIbTaThl,
NpUBEJICHHbIE B MaTepuanax BcemupHoro OaHka
(3aka3 OOH). «borarsle cTpaHBI, KOTOpBIE IaBHO
BXOAAT B YHCJIO HPOMBIIUIEHHO Pa3BUTHIX, HECYT
OCHOBHYIO OTBETCTBEHHOCTH 32 BO3HHKHOBEHHE
mpoOeMbl M3MEHEHHs KJIWMara, B TO BpeMs Kak
OcmHeimiie OOIMUHBI W CTPaHBl OOJBIIE BCETO
CTpaJaroT OT MOCJIEACTBHH, TOCKOJIBbKY, KaK IIPaBHIIO,
MMEHHO OHM NPUHUMAIOT Ha ce0s TIaBHBIA yOap
CHWJIbHBIX HAaBOJHEHWH, 3acyX, Oypp H ApYrux
MpeICKa3yeMbIX SBICHUH, cpencTB Ha () (HEKTUBHYIO
60pp0y ¢ KOTOPHIMH Y HUX He xBataeT». [lo cytu, us-
32 M3MEHEHHUS KIMMaTa, OCTAaBISIOIIETO JIOACH B
HUIIETE, MOXKHO OTEPSTh TO, YEr0 YJaJI0Ch JIOOUTHCS
B chepe MUPOBOTO pasBHUTHsD» [1].

JleaTenbHOCTh YeJloBeKa SBISIETCS NPUYUHOM
HEeraTMBHBIX M3MEHEHWH KimMmara. V3MmepeHus
ToKasaresiedl M3MEHEeHni kiauMara Oojiee JTOCTYIHEI
(MX MOXHO CYMTaTh TIOJHBIMH), YeM H3MEPEHUS
MOKa3areynel HeraTMBHOW JESTENIbHOCTH  OIHHUX
JMoJel, NpuBeaUIed K H3MEHEHUIO KiuMmaTa. Mbl
paccmarpuBaeM IpYryl0 TpYIIy JIIOJEH, Ubs
JIEATCNBPHOCTh  yXYOUIIMIach W3-3a  M3MEHEHUH
KIMMaTa. Mbl HIKe (OPMaATU3yeM CIIOKHYIO CHCTEMY
KJIMMAaT- YEJIOBEK.

BBenem mokazarenu JesTENbHOCTH YeloBeKa U

HETaTUBHBIX U3MEHEHUH! KJIUMara, BBEIEM
rapameTphl, [IepEMEHHBIE, HW3MEHYUBOCTHU
MIEPEMEHHBIX, MaTeMaTH4eCcKue GbyHKIMHA,
YpaBHEHMsS,  CHUCTEMbl  ypaBHEHUH,  CHCTEMBI
MHOTOMEPHBIX ~ KOTHUTHBHBIX  YpaBHEHUH IS

CMBICIIOB M3MEHYMBOCTEH IEpPEMEHHBIX, KPUTEPHH,
(YHKIIMM OTpaHUYEHHH, HENIEBYI0 (QYHKIIHIO.

Hcxonuplie nanHbIe

WCXOOHBIMH  CJIOBECHBIMH  JaHHBIMH  [4-6]
SIBJISIFOTCSI UMEHA-CMBICITBI (JAKTOPOB, a HE YKCIIOBbBIE

3HA4YEHUs HIPOSIBIICHU I HOPMAaJIbHBIX WU
QHOMAJIbHBIX KJIIMMaTU4YECKUX SBICHUM U
nokasaresen HEraTUBHBIX IIPOSIBJICHUI

NEeATENLHOCTH OIoAcH. DTH CBEACHHUS HMEIOTCI B
MaTepHanax BceMupHOro 0aHkal M aHAIM3MpPYIOTCS
OOBIYHBIMH ~ METOJAMH, HEIOCTAaTKOM  KOTOPBIX
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ISRA (India) =6.317  SIS(USA)  =0912 ICV (Poland) = 6.630
. ISl (Dubai, UAE) =1.582  PHHII (Russia) =3.939  PIF (India) = 1.940
Impact Factor: G\ (australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
ABIISAETCS J00bIlua  IOBEPXHOCTHBIX — 3HAHHM. cMbIcT(Yis)=CMBICI(Zi1) *C15DcMBICII(Zi2) * CosDeMmbIc(

HckiroueHne COCTaBIAIOT XHMHYECKHE METOAbI
00pabOTKM BHOBb O0OPa30BABINUXCS BEIIECTB, MHBIX
MarepuaioB OT paspylueHuid cpensl. ClioBecHbIE
JaHHBIC MOr'yT BbIpaXXaTb JaXe HAay4YHO
HEOOBSICHCHHEIC, HCTIOHATHBIC (dakTopsl
KIIMMAaTUYEeCKUX SIBJICHUI. [ J1aBHBIC HETaTHBHBIC
MoKa3aTeiu (BaMAHBIC TIEPEMCHHBIC MOJCIIH)
NEATETPHOCTH YEJIOBCKA, TOCIEICTBAS KOTOPBIX
BEAyT B pe3yNbTaTe K M3MCHEHHUIO KIMMara 3eMIIH.
Wx nepedeHs (OOWH W3 M3BECTHBIX) COCTOUT U3 4-X
mokaszaresneil. CMBICIBI 9TUX TTOKa3aTeNe B3SITH U3
MatepuaioB BcemupHoro 6anka (CMOTpPHUTE B CTaThe
[1]). Ha3HaumM wHCXomHBIE CMBICIABI-UMEHA Y—
IIEPEMEHHBIX

1) Kosnebauus temmepatypsl (cMbici(y1)).

2) KoneGanust ypoBHs ocanakos ((cMbici(y1))Y2).

3) TomoBoii ypoOBeHb OCAIKOB, MPOUCXOMANIAX C
OOJBIIUMK HMHTEpBaaMH, B BHJE Topa3no Oojee
CIIIBHBIX ¥ KPATKOBPEMCHHBIX JIMBHEH, BBI3BIBAFOIIINX
yCUIIeHUE 3acyX U HaBoAHEHUH ((cMbIci(Y1))Vs).

4) CreneHb pocTa HHTEHCUBHOCTH CHIIbHBIX [IITOPMOB
1 yparanoB (cMbICI(Ya)).

Hcxonabivu WMEHaM-CMBICIIAMU 5 z-
W3MEHYHBOCTEH (5 Z-TIepeMEHHBIX) HAa3HAYM:
CMBICII(Z1) — YBENMYCHHE CTETNEHh HETaTHBHOTO
BO3JICHCTBUS HA CEJIbCKOE XO3SIMCTBO B TPONMKAX U
cyOTpomnukax (yrpo3za MPOIOBOJILCTBEHHOM
0€30MacHOCTH);

CMBICI(Z2) - JajbHEIIee yMEHBICHHES KOIMYECTBA
BOJbI U YXYAIICHUE €€ KaueCTBa B PEruoHax, rie
OcmHbIC OOIIMHBI 3aBHCAT OT JOXJICBOW BOJIBI,
WCTONB3YEMON TSI ITOJTUBA 36PHOBBIX U JUIS ITUTHS,
CMBICTI(Z3) - YBEJIMYECHUE CTENEHH PACIPOCTPAHEHHUS
MaIIPUH, JTUXOPAJKH JCHTe W IPYrux Ooje3Hel B
TPOMTUYECKUX U CYOTPOITMICCKUX PETHOHAX (TaM, TIe
3paBOOXpaHeHHEe M 0e3 TOro IUIOXO pPa3BHUTO,
MIPOU30WIET MOBHIIICHIE YPOBHI CMEPTHOCTH);
CMBICI(Z4) - yBeNWYEHWE CTEIEeHW  ymiepba
OKOJIOTHYECKUM CHCTEMaM H  OHOJIOTHYECKOMY
pa3sHOOOpa3uid B HHUX (YTO MOBJIEYET 3a COOOM
COKpalleHue BO3MOKHOCTEH 00CITy)KUBaHHUS,
obecrieueHnsi CPEACTB K  CYIIECTBOBAHHUIO H
COKpaIlleHUE 10X00B).

CMBICII(Z5) - yBEJIMYEHHE OTHOCHTEIHLHOIO YPOBHSI
(mogbpemMa ypoBHST MOpsI), BBI3BAHHBIM OXKHJACMbIM
MOBBIIIICHUEM TEMITEPATYPHI.

KommuectBo ~ z-lepeMeHHBIX ~ paBHO 5,
KOJIMYECTBO Y -TIepeMeHHbIX paBHO 4. Ha3zHaumm 1o
MOMEHTa OOHapy>KeHHs (He BBOJS B MOIEIH) CMBICI
IUIE  5-0if  Y-TIepeMeHHOH:  CMBICT(Ys5)=«T0I0BOMH
YPOBEHb HEM30CKHBIX 3arps3HEHUil MpH IOOBIUE,
nepepaborke He(dTH, Ta3a, 3EMISITPECEHHH, IPH

Oonmpmmx mMaBoAKOB». @dpaza ITOrO  CMbBICIA
OTCYTCTBYET B TEKCTax HCIOJB3YyEMbBIX HaMHu
MaTepuaioB BcemupHoro Oamka. ®pazy «...» u3

cMbicia(ys) MOXKEM HCIOJB30BaTh TOJBKO TOTJA,
KOTJIa TMOSIBUTCSI 3aMETHBIH «Bec» Cys Ke {1,2,3,4,5}, B
CMBICIIOBOM YpaBHEHUH

Zi3)*Cas®cMBICI(Zis) *CasDeMbIC(Zis)*Css. Ecim 10T
KpHUTEpHUil He OYAET BBITOIHATHCS, TO CEMaHTUIECKas
mepeMeHHas CcMBICH(Ys5)=«...» HE (QUTypupyer B
KOTHUTUBHOM MOJIENN: KIMMAaTHYECKUE SIBICHUS U
JIEATEIBHOCTh JIIOACH MPOXOAMT IIpU  HYJIEBOH
CTENEeHU «3arpsi3HEHUH 1pu a00bIve, nepepadboTke
HeTH, Ta3za, 0e3 3eMIATPECCHUH, OOJBIIUX
naBo/KOB». Takoi creHapuil 3anoxeH B Ou3Hec-
IUTaHe KOMITaHWHM, WHaue Obl HEJPOIIOIb30BaTeNb HE
man Obl el JureH3ur. VICXOMHBIMH YUCIIOBBIMH
JMAHHBIMH SIBISIFOTCS | 3HaueHWe «Becay: Ca4=0.86.
OTtuM MBI n30eraeM MPUCYTCTBUS JaHHBIX, KOTOPEIC
MoryT  moxckazate  mporpamme  GRD2 o
CYIIECTBOBAHNH 3aMETHOW BEIIMYMHBI KOMITOHEHTHI B
coOcTBeHHOM BekTope No5, m Torma mMOsSBUTCA
3aMeTHbIl «Bec» Cks Ke{1,2,3,4,5}, B cMBICIIOBOM
ypaBHEHUH

cMBICT(Yis)=CMBICII(Zi1) *C15@DCcMBICII(Zi2) * Cos@cMBbICTI(
Zi3)*C35DCMBICII(Zis) * CasDeMbICI(Zis) *Css.  CrioBECHO
OTMETUM, HE BBOJsSI B MOJIEIIb HE MPEIYCMOTPEHHBIX
OTO/KETOM TIPOSIBICHUS KaTacTpod, 3eMIISTPECEHHUH,
OonpmMX MaBOOKOB. Ecnmm Momenp  ciay4aiHO
CMOJICIIUPYET XOTs1 Obl OJHY 3aMETHYIO BEIHYHHY
KOMIIOHEHTHI B COOCTBEHHOM BekTope NeS5, To oHa
MO3HAET CiIydaifHOe MPOsBIEHHE XOTsI Obl OHOTO M3
O0em:  karacTpodbl,  3eMIIATPECCHHS,  OOJBIIUX
naBoyikoB. Ecnu B cMopenupoBanHol marpuie Css
OTCYTCTBYIOT YKa3aHHbIC HWHAWUKATOPbLI, TO MOJCJIb
UCKIIIOYAeT CIIyYyaiHOe MpOSIBJICHUE KaTacTpodsbl,
3eMJISTPECCHUSA, OOJBIIMX TAaBOJAKOB. TyT HET
MOHHTOpPHUHra TeKymux (akropos. EcTe mo3HaHue
CHCTEMbl «HM3MEHCHHE KIIMMAara - MPUPOJAHBIE H
XO3HCTBEHHBIE TTOCICICTBUS.

CrnoBecHBIE ONTUCAHUS KOPPEITUPOBAHHBIX Z-
H3MEHUYMBOCTEH KJIMMaTa M Z-U3MEHUYMBOCTEH MX
MOCJIEACTBUM OT IE€ITEILHOCTH Y€JIOBEKA

CroBecHbie onucanus [4] cBsi3aHHBIX MOMApHO
JIpyT C JAPYroM HM3MEHEHUU KIMMaTra U HEeTaTUBHBIX
MOCJHEACTBUN OT XO3SMCTBEHHOMN JeATeJIbHOCTH
YenoBeKa (CIOCOOCTBYIOMIMX M3MCHCHISIM KITMMATA)
HYXHBI JUIs  (OPMYJIHpPOBaHUS KpaTtkux (pas,
MIePEIAFOIIUX CMBICITBI BBOIUMBIX (JUIs1 KOTHUTHBHOM
MOJICNIN) Z-TIGPEMEHHBIX, BAUAHBIX (BBIYHACIIICMBIX )
HEU3MEPSEMBIX (HO MOJCTHPYEMBIX) Y-TIepEeMEHHBIX

(3aBHCAIIMX OT HEKOTOPBIX BBIYUCICHHBIX  Z-
MEPEMEHHBIX ) MareMaTHYeCKO MOJIETH,
MTOCTAaBIISAIOIIEH YHCIIOBYIO uH(popMaIuIo,
O00OCHOBBIBAIOIIYI0 ~ W3BJICYCHHBIE 3HAHUA 00

CKpBITBIX CliellaX CIIy4daiHOW KaracTpodbl, aBapwuw,
3eMIIITPSICEHUS, OOJIBIINX ITABOJIKOB.

CrnoBecHble OIMCaHUs W3MEHSIOIINXCS
YHCIIOBBIX ITOKa3aTesied cieaylomue: KojeOaHus
TeMOepaTypsl (Z1), KoJaeOaHs YPOBHS OCAAKOB (Z2),
TOAOBOM YPOBEHb OC3AKOB, TPOUCXOMAIIUX  C
OONBIIMMH WHTEPBAJIAMH, B BHJE ropasno Oonee
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582 PUHI] (Russia) = 3.939 PIF (India =1.940

Impact Factor: GIF((AustraIia) ) 0564  ESJI (K(Z) = 8771  IBI ((India)) = 4.260

JIF =1.500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350
CHIBHBIX W  KPAaTKOBPEMEHHBIX JIMBHEH  (Z3), c13). Homepy 3 Yy-mepemMeHHOW B MaTpHYHOU
BBI3BIBAIOIINX YCHJICHHE 3aCyX W HaBOIHCHHUH (Za), MaTteMaTHueckoi Mosient Y ms=ZmsCss COOTBETCTBYET
POCT MHTEHCUBHOCTH CHJILHBIX IIITOPMOB M YparaHoB PaBEHCTBO  Viz=Zi1*C13+Zi2*Co3+...+Zi5*Cs3, c
(zs). Kpatkwe ¢pasbl CMBICIOB 5 HU3MEPACMBIX k03¢ dunreHramu, PaBHBIMH KOMIIOHEHTaM
(CTpyKTypaMH TOCYIZApCTBEHHBIX OKOJOTHYECKUX C13,C23,...,Cs53 3-ro COOCTBEHHOTO BECKTOpa

CIyk0) Z-TIEPEMEHHBIX MOJIEH JIOJIKHBI (C13,C23,...,C53) T .

COOTBETCTBOBaTh  IPHUBEJICHHBIM  BBIIIE  THIIAM 4) CteneHb pocTa HHTEHCUBHOCTH CHIIBHBIX ITOPMOB

M3MeHeHHs kimMara. Kpatkue Qpasbl CMEBICIOB
UMCH-CMBICIIOB 5 Z-U3MEHUYMBOCTEH (3HA4eHUH 5 z-
MEPEMEHHBIX)  WACHTHUYHBI  BBINICIIPUBEICHHBIM
cMmbiciam [1]:

z1 — ortkioHerue ot ( (yBeiamucHHE/YMCHBIICHHUE)
CTCTICHH HETaTHBHOTO  BO3JCHCTBHS Ha CEIBCKOE
XO3SIICTBO B TpOmHMKax U cyOTpommkax (yrposa
TIPOIOBOIILCTBEHHOW OE€30IaCHOCTH);

Z, - JmanmpHeWIee yMEHBIIEHHEe KONIWYECTBA BOABI U
YXyALICHHE €€ KadecTBa B PETHOHaX, rae OeaHbIe
OOIIIMHBI 3aBUCST OT JOXKIEBOH BOJBI, HCIOIB3yEMON
JUTS TIOJIBA 3€PHOBBIX H IS IIUTHS;

Z3 -yBEJIMUCHHE CTCIICHH PACIIPOCTPAHCHUS MAJISIPHUH,
JTUXOPAJIKK JIEHTe U JpyTrux 00JIe3HEH B TPOMMUECKHUX
U CcyOTpomWuyecKMX  peruoHax  (Tam, T
3[paBOOXpaHeHHEe M 03 TOro IUIOXO pPa3BHUTO,
MIPOU3OUICT MOBBIIICHUE YPOBHS CMEPTHOCTH);

Z4 -yBEJIHWUYCHHE CTCICHU yImepOda 3KOJIOTHYCCKUM
cucTeMaM M OHOJIOTHYECKOMY Pa3sHOOOpAa3HI0 B HUX
(aro moBieueT 3a co00W COKpaIIeHHE BO3ZMOKHOCTEH
OTHOIIICHUH OOCITYXKUBaHHUS, 00CCIICICHUS CPEICTB K
CYIIECTBOBAHUIO U COKPAIICHUE TOXOIOB).

Zs — otknoHenne ot 0 BmpaBo (yBenndeHHeE)
OTHOCHTENBHOTO YPOBHHS (ITObEMa YPOBHS MOps),
BBI3BaHHBIM OXHIAEMBIM HOBBIILIEHUEM
TEMIIEpaTypsl.

Tenepp  ¢dopmambHO  HepedopMyIHpyeM
CMBICIIBI  4-X y—nepeMeHme A KOIHUTHBHOI'O
(1OTIONHUTENPHO ~ TO3HAHUSI) HMX  COOTBETCTBHSA
BBILICTIPUBEICHHBIM CMBICIIaM 5 Z-TIEpEMEHHBIX,
BXOJSIINX B KAXIBIH W3 CMBICIOB 4-X Yy—

MEPEMEHHBIX.  HUCXOJHBICE  CMBICIBI-UMCHA
TIePEMCHHBIX:

1) KoneGanust temmeparypsl (Y1). ITo cMmbIcay Y1
OKa3pIBaC€T 3aMETHOE BIMSHHE Ha I[OKa3aTeib
«CTemeHp ymepda HKOJOTHYECKHM CHCTeMaM M|
OHOJIOTHUECKOMY Pa3HOOOPa3Hio B HUX» (Z4).

2) Konebanust ypousi ocankos (Y2). ITo cmbiciy Yo
OKa3bIBa€T 3aMETHOE BJMSHHE Ha IOKa3aTelb
«CTereHb HETaTUBHOTO BO3JCHCTBUS Ha CEJIbCKOE
XO03SIUCTBO» (Z1), YMEHBIIEHUE KOJMYECTBA BOJIbBI U
YXyALIEHWE ee KadecTBa B  peruoHax  (z2),
OTHOCHTENBHBIN YPOBEHB TOIBEMA YPOBHS MOPS (Zs).
3) TomoBoOii ypOBEHb OCAIKOB, TMPOUCXOIANIAX C
OONBIIMMKM WHTEpPBAJIaMH, B BHJAE ropasno Oosee
CHUJIBHBIX Y KPATKOBPEMCHHBIX HHBHeﬁ, BBI3BIBAKOIIUX
yCHUJICHHE 3aCyX M HaBOIHEHUH (V3). ®dopmyna
W3MEHUMBOCTH Y—TiepeMeHHOW Ne3 wumeer Buj
yi3:Zi1*Cl3+Zi2*023+...+Zi5*053. ITo CMBICILY 3TOT
BAIMIHBIA IIOKa3aTeNb 3aMETHO  BIHSCT Ha
W3MEHYHBOCTh Zi1 «CTETCHU HEraTUBHOTO
BO3JICHCTBUS Ha CEIBCKOE XO3SIMCTBO» (C «BECOM)

y_

u yparatoB (cMbIci(Y4)). DTOT BIMAHBIN [TOKA3aTeIb
3aMETHO  BIUSIET Ha MOKa3aTelb «CTETCHb
HEraTHBHOTO BO3JCHCTBHUS Ha CENbCKOE XO3SHCTBO»
(z1), «cremnenp yuiepba SKOIOTHYECKHM CHCTEMaM U
OmonornYeckoMy pasHOOOpa3ui0 B HHX» (Zs), Ha
[OKa3aTellb ~ «OTHOCHTEIBHBII YPOBEHb IOJbEMA
ypoBHS Mopsi» (Zs). Ilokasarens Y4 mmeer Oomee
TPUBBIYHBINA CMBIC CKOPOCTH BeTpa (H3MEHYHBOCTh

pacCTOSIHUM  3a  €OMHHUIY BPEMEHHU ds/dt).
WHTEeHCUBHOCTH CWIBHBIX  IITOPMOB €
MEHSIOMIUMHCSA  CKOPOCTSAMHM  CO3/AI0T  pasHbIe

YCKOpPCHHUsSI CKOpocTed BeTpa u yparanoB (dv/dt-
00beM BOJIBI 33 €IMHUILY BPEMEHHU). DTOT BaJIHIHBIH
MOKa3aresib 3aMETHO BIHMSET  HA  IIOKA3aTelb
«CTeTNeHb HETaTHBHOTO BO3JEHCTBHSA Ha CENBCKOE
XO3SMCTBO» (Z1), Ha TMOKa3areldb «OTHOCHTEIBHBIN
YPOBEHB MMOJBEMA YPOBHS MOPs» (Zs).

JobaBum YCIIOBHYIO CEMaHTHYECKYIO
mepeMeHHy0  cMCI(Ys5)=«T0JOBOH ypOBEHb IIPH
nobwrge, mepepaborke HedTH, Traza, KaTacTpod,

CITYYJaifHOTO 3eMIIATPSICEHHS, OOJBIINX TTABOIKOBY (C
¢dpazoit ee cwmbicaa, KOTOpas OOOCHOBBIBACTCS
YHCIIOBOM nHpopmanuei u ¢dbopmupyer
CKpbIBaBIlIeeCs, HO H3BJICYCHHOE 3HaHUE 00
CllydyaHOW KaTtacTpo(bl, aBapuu, 3arps3HEHHH,
Oospmmx  maBoAkoB). [lpu  3TOM  MHOMKATOP
MIPUCYTCTBUS 3HAHUSI HE PUTYpUpPYyET B KOTHUTUBHOM
mogenu. Ho ecim oH nosiBUTCS, T.€. XOTS OBl O1HA M3
BeNUYMH Cis=COIr(zy,ys), k=I1,...,5, Oymer umeth
3aMETHOE 3HA4YEHHE, TO MOJEINb IOKaKET CIydaiiHoe
mposiBieHne cmeicna(ys) B Moxern. Ee cuima
MPOSIBIIEHHs C4s M €€ H3MEHYMBOCTD HE U3BECTHBI, HO
OynyT cMonenupoBanbl. OHU OYIyT MOTYYESHBI HUXKE
B 2-X HE3aBUCHMBIX MOJICIbHBIX BBIYUCICHUSAX
(cmotpute Humxke). Yucnooil Y-hakTop Ys Oynmer
HEKOPPEJIMPOBAHHBIM C JApYruMH Y-akropamu, ndo
COOTBETCTBYET He3aBUCUMOMY cMbICTy(Ys). Hms-
cMbIcT Y-¢akTtopa Ys copMmMyiIHpyeM Tak, Kak
MO0Ka3aHO HIbKe. Bo3MoXHBI apyrue ¢passl, 10
CMBICITy HAMEKAIOII1e Ha CYyTh CMbICTA(Ys).

5) I'onoBo#i ypoBeHb HEM30EKHBIX 3arpsi3HEHUN TIPH
nobwsrde,  mepepaboTke — HedTH, Taza,  IpH
3eMJITPSICCHUN, OONBIIMX TaBOAKax. JlaHHBIH
MI0Ka3aTeNb BBEACH B JIONOJHEHHE K THINYHBIM 4
(axropam. OOBMHO 3TOT 00BEM U3ICPKEK HE
IUIAHUPYETCS, CKPBITHO OOEMIAal0T HE JOMyCKaTb
BpPEIHBIX BBIOPOCOB B aTMmocdepy, B IOUYBY, B
BogoeMbl. Eciu B pesynbrare YII npoucxogut
3arpsi3HEHUE OKPYXKaIOIIEH Cpelibl, TO BEIOMCTBO I10
OXpaHe JKOJIOTHH TOYHO YCTAaHOBHT CyMMBbI yiie0a,
mrpadoB. I[loaToMy MBI HE MOXXEM B HCXOIHBIX
JaHHBIX ~ Ha3HAYUTh  IUIAHMpPYEMOE  3Ha4yeHHUE
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uHIuKaropa cks=Cjrr(zk,ys). Ho npakrtuka mokasaina,
YTO aBapuu Ha OYpOBBIX YCTAaHOBKax, Ha y4acTKax
UKJIa TepepaboTk  He(TH, ra3a, CTUXHUHHBIC
oencreus OPOUCXOIAIT M JHKBHIUPYIOTCS,
HENTpanu3nupyoTCs. CyMMBI mrpados,
BBIIUTAYMBACMBIX ~ KOMIAHUSIMHM,  MOTYT  OBITH
3aJI0’KeHbI B OM3HEC-IIJIaHbI POEKTOB KOMITaHUH, HE
3aBUCAT OT Apyrux y—pakropoB. Ham wuHTEepeceHn
OTBET Ha BOIPOC: CMOXET JIM Hallla KOTHUTHBHAS
MOJIETIb CMOJIETIMPOBAaTh caMa KakKoe-TO 3HAa4YCHHUE
UHAUKATOpA Cks=CjIT(Zk,Y5) CIy4ailHO BO3MOXXHOTO
3arps3HEHUS ! Hcnons3oBanne HaMH JaTYMKa
ClyJyalHBIX YHCEN HE MWCKII0YaeT JTOro (Kak
yoenuMcss HIDKE). MBI HE BBOJWUM HH OIHOTO
nHauKaTopa. llatu  mokasarensM  Z-U3MEHEHUH
KJIMMaTa Mbl B MOJIEJIN [IOCTaBUJIM B COOTBETCTBUE 5
y—-TiepeMeHHBIE.

3agava: pa3paboTaTh CUCTEMY U3 5 CMBICIOBBIX

YpaBHEHUI c 10=5+5  ceMaHTHYECKUMU
NepeMEHHbBIMU: CMBICT(Y1),- . -, cMBICI(Ys),
CMBICT(Z1),. ..,CMBICT(Z5), YMHOXXCHHBIX Ha 3HAYCHUS
apameTpoB, PaBHBIX KOMITOHEHTaM 5
MICEBJOCOOCTBEHHBIX BEKTOPOB, YJOBJIETBOPSIOLINX
MaTpUYHOMY  CMBICIIOBOMY  PaBEHCTBY  BHJa
eMBICI(Zms)=cMBICT( Y msCTss), rae

CMBICT(Z ms)=CMbIC(Z1)D. . .DcMbIci(Zs),

eMBICT(Y msCTss)=cMbIcn(YmsC'1)®cmbicn(YmsC'2)®c
MBICT('Y msCT3) ®eMbICH(Y msC ) Dembici(YmsC's).
Cron6upbl MaTpuibl Css SIBISIOTCS OPTOTOHAIBHEI, HO
HE HOPMHPOBAHBL. DTOMY MAaTPHYHOMY CMEICIIOBOMY
PaBEHCTBY COOTBETCTBYET MaTeMaTHIeCKOe
MaTPUYHOE PAaBEHCTBO C YHCIOBBIMHU MEPEMEHHBIMH
BUA: Zm5:Ym5CT55.

Pemtum 3amaay: (Iss,ls5)=>(Ass,Css) ¥ momyaum
ee pemenne: Ass=diag(ri,\z2,...,As)=diag(1.0594,
1.0560, 0.9933, 1,0198, 0.8714), marpumy Css
(Tabnuna 1).

Martpuna Css comepkaT TOJIbKO | MHIUKATOP.
ITocne pemenus 3anaun ONTUMH3ANUN MBI YBUIUM,
Hanpumep, y-nepemeHHoil Nel coorBercTByrOT 3
UHIMKAaTOpa C11=COrr(Z1,Y1),Co1=COrr(22,y1),
C51=COIT(Z5,Y1), TPUCYTCTBUSI 3HAHHI JJIT HEKOTOPBIX
U3 5  Z-NepeMEHHBIX, BXOJSALIMX B KaXKIbIM U3
CMBICIIOB 5-X y—TICpEMCHHBIX.

Ornnune  Hamleii KOTHUTHBHOM MOJIEIH OT
MPEeXHEW MOJENH COCTOHT B OTCYTCTBHHM MO3AaWKH
HHIUKATOpOB [3-6].

Mpl  BBIHYKICHBI IPUMEHSITH, BTOPOE MPABUIIO, TaK
KaKk Hamia Iedb — peluTh 3aaady, a He
KOHCTAaTHPOBAaTh OTCYTCTBHE MeTona pemieHus. Tor,
KTO XO4YeT PCIIUTh 3a7ady, a HE YTBEPKAaTh 00
OTCYTCTBUM  TOYHOI'O  pEIICHUs,  MPHUMEHSCT
SMIUPUICCKUC TIPUEMBI, MIPUBHOCSIIIIUC
morpenHocTd. Ham HyXXHO pemwuTh 3amady, a He
000CHOBBIBATh OTCYTCTBHE TOYHOTO pemIeHHS. MBI
pa3pabarteiBaeM KOTHUTHUBHYIO MTO3HAOIIYIO
MHOTOMEPHYIO MOJEJb, COCTOSIIYI0 W3 CHCTEMBI
CMBICIIOBBIX ypaBHeHHH. CHcTeMa  CMBICIOBBIX
ypaBHEHHH (dopmupyercst u3 CHCTEMBI

MaTeMaTH4eCKuX ypaBHeHHH BHAa Yms= UmsAY2ss,
cnydaifHas — gekoppenupoBanHas  Matpuia  Ums
obnagaer csoiictBoM (1/M)UTmsUms=lss, momxomur
and  MOZEenUpoBaHUS MATpuibl  Yms=UmsAY%ss ¢
aro0biM criekTpoM As.  Ham MopenbHBIH cHEKTp
Ass=diag(1.0594,1.0560,0.9933,1.0198,0.8714)
SIBJIAETCS OJHUM M3 HHUX. B TO e Bpems Marpuiia
Y ms YIOBIETBOPSIET PaBEHCTBY Y ms=ZmsCss, KOTOpOE
CBSI3BIBACT H3MEHUHBOCTH Y-TlepeMeHHBIX Y=ZC,
Cs5CTs5=1s5. Cs5C 557155
Vis=Zi1*C13+Zi2*Co3+...+Zi5*Cs3, i=1,...,m, [
W3MEHYHMBOCTSAMHU Z-TIEPEMEHHBIX. OTH (OPMYIIBI
yIMOOHBI IS TTOTyYEHUsI CMBICIIOBBIX YPaBHEHHUH TS
CMBICI(Y1), . ..,CMBICI(Ys).

[lomyuyennble  mocie  pemeHHss — 3amgadu
OnTUMU3aIMK KaXK10€ CMBICTIOBOE YpaBHEHHUE MOCIIE
OCMBICJICHHSI €  OOOCHOBBIBAIOUIMMH:  CHJIAMH

MIPOSIBIIEHUN CMBICIIOB, BEJIUYUH OTKIOHEHUH oT 0
BIIPaBO\BIICBO, JAIOT HOBBIC 3HAHUSI, CONPSDKEHHBIC C
CMBICIIAaMHU CMBICT(Y1), ..., CMBICI(Ys).

U3 TIOKa3aTeNied CBSA3M Y-TIepeMEeHHOH (M3MEeHEeHWH
KIIMMaTa) paBeH CyMMe JApYTHX I[oKazareiei (z-
TIEPEMEHHBIX) C COOTBETCTBYIOIIUMH «BECAMI» H
M3MEHYHBOCTSMHU «BECOB». OTHUM MBI BEIpakacM He
TONBKO CMBICJIOBYIO, HO W YHCIIOBYIO CBSI3b MEXKIY
M3MEHEHISIMU KITMMAaTa 1 MOCISICTBISIMA H3MEHEHHS
KJIIMara. IlocnencTBust BBIpaXEHBI B BHIE
HETaTHBHBIX IPHUPOIHBIX, SKOJIOTHYECKHX (PaKTOpPOB,
BO3ACUCTBYIOIIMX  Ha  JEATENbHOCTh  JIIOJEH,
00BETUHCHHBIX B KPYITHBIC KOMITAHUH.

Marpuna Css CBA3BIBaCT 2  MAaTpHIIBL
WU3MCHYMBOCTH Z-TIEPEMEHHBIX (Z ms) U HK3MCHUYHUBOCTH
y —niepemenHbIX (Yms). [locnencrus (M3MeHYMBOCTH
z -TIIePEMEHHBIX ) TIPOSIBIISIFOTCS B
BEIIIICTICPEUNCIICHHBIX ~ HETaTUBHBIX  ITOKa3aTelei
pe3yIBTaToOB TSI TETHHOCTH YeIoBeKa.
M3meHunBocTM S5 Z -NEPEMEHHBIX BXOAAT B
HW3MEHYHBOCTH COOTBETCTBYIOIIECH j-OM BaTHIHON Y—
TIepeMeHHO co cBoMMH KodduuueHTaMU
C1;,C2j,. . .,Csj: yij=Zi1*C1j+Zi2*Czj+. . .+Zi5*C5j, j=1 %
bopmyiie Yij=zi1*C1j+Zi2*Cojt. . . +Zin*Cnj, IPUCYTCTBYET
CMBICIIOBOE YpaBHeHHe. HensBecTHast H3MEHYHBOCTD
Vi1 (B MOMeHT Bpemenn i€ {1,2...,m}) mepeMeHHOH Y1
BBIUUCIIACTCS TIPH U3BECTHBIX CMBICTIaX HEM3BECTHBIX
3HaYCHUH H3MEHYUBOCTH Z-TIEPEMEHHBIX Z1,22,23,24,Z5
c H3BECTHBIMHU CMBICIIaMHU
cMBICT(Yi1)=CMBICI(Zi1) * Ck1+CMBICI(Zi2) * Ckot
CMBICTI(Zi3)*Ck3tCMBICII(Zia) * CkotCMBICII(Zi5) * Cia,
k=1,2,3,4.

CMBICT Yj paBeH CyMME CMBICIIOB Z-TIepEMEHHBIX
Zi1,Zio,. . -, Zin. Hmena-cMBICITBI Z-TIepeMEHHBIX
71,23,23,24,Z5 TIPUBEIICHBI BHIIIE. Y CIIOBHE BXOXKICHHS
CMBICJIOB Z-TIEPEMEHHBIX B CMBICII TOM WJIM WHOH Y -
MIEPEMEHHOHN BBIIIOJIHEHO.

IlceBnoco0cTBeHHBIE BEKTOPBI CHMMETPHYECKOI
MAaTpPHIbI
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IIceBnocoOcBeHHBIE BEKTOPHI HEUCIOIB3yEMOU
CUMMETPUYECKOI MaTpPULIbI Ws5=Cs5A55Cs5,
MOJICIUPYIOTCS Tpu pemieHnH ONTHMH3alHOHHON
3amaun, UCXOIsl U3 MATPHUIBI COOCBEHHBIX YHCET W
Marpulbl Iss coOCTBEHHBIX BekTOpoB. M onHOro
nHaukatopa c44=0.86. Ilomyuennass wmatpuna Css
MICEBJJOCOOCTBEHHBIX BEKTOpOB  Takas, 4YTO:
Cs5CTss=ls5, CTs5Cs5=ls5, CjCTj:(l.OOOOO,l.OOOOO,
1.00000, 1.00000, 1.00000), j=1,...,5.

B OTHICHIBAEMOM HUXKE MoJienu
MCEBIOCOOCTBEHHBIC BEKTOpPHI [7-11]  sBHstOTCS
MNpeanouTuTeIbHbIMU.  OHM  MOTYT  COAEpXarb

WHJIMKATOpPBl TPUCYTCTBUSl 3HAHWH, 3HAYCHUS UM
Monenupyet nporenypa GRD2, kotopas yduTeIBaeT
OTpaHUYCHUSA BUIa CT55:|55, CT55C55:¢|55,
¢ic'j=(1.00000,1.00000, 1.00000, 1.00000, 1.00000),
j=1,...,5. 3HaueHNs OCTAJIBHBIX DJIEMEHTOB MATPHIIBI
Css Mopenupyrotest mporpammoit GRD2.

B paccmarpuBaemMoM ~ HMXKE ~— TIpUMepe
TICEBJIOCOOCTBEHHBIE BEKTOPHI TIOKa3aJld  CBOM
3aMeyaTesbHbIe CBOHCTBa. Marpuna

Zms=YmsCTss=[zi] comepxuT B KauecTBE CBOMX
JJICMCHTOB 3HAUCHWS HECTAHAApPTU30BAaHHBIX  Z-
usmenunBocrei, Touku {z;},i=1,...,m, BOHcaHbI B
UUNCcouA.  JIIWHBI  TMONyOCeH  DIUTUIICOMIA,
cojiepiKamero To4ku (Zit,Zi,...,Zis),i=1,...,m, paBHbI
anementam  Matpunbl  Ass=diag(1.0594,1.0560,
0.9933,1,0198,0.8714). HampapnstomuMy BEKTOpaMH
MOJIyOCEH THIEPAUIUIICOUTA SIBISIIOTCS 5 B3aUMHO
MEPIICHANKYISIPHBIX ~ BEKTOPOB —  COOCTBEHHEIC
BEKTOPHl C EAMHWYHBIME JAjMuHamMu. KoopauHaTsl B
JICKApTOBOH  CHUCTEME  KOOPIMHAT  SIBIISIOTCSI
KOMIIOHECHTaMHU 5 COOCTBEHHBIX  BCKTOPOB,
o0beanHeHHbIX B Matpully Css. Hama nony4enHas B
pesynbrare peumeHus ONTUMH3ALMOHHOW 3amayuu
MaTpuiia CcOOCTBCHHBIX BekTOpoB Css oOmamaet
CBOWMCTBOM OPTOTOHAIBHOCTH, HO HE CBOWCTBOM
opronopmupoBanHocTh:  CssClss=lss, CTs5Css=lss.
CyMMa [UTHH TIOyOCEeH JJUIMTICOMAA W CyMMa IIJTHH
COOCTBEHHBIX BEKTOPOB paBHBI 5:
Ass=diag(1.0594,1.0560, 0.9933, 1,0198, 0.8714).
JNuaronanphas Mmarpuna Ass=diag(1.0594, 1.0560,
0.9933, 1,0198, 0.8714) (me [1] Ass=diag(0.9784,
0.7080,1.3301,1.9602,0.0233), mnpu  BBOmE 7
WHAWKATOPOB) SABJISIETCS CIIEKTPOM HEHCIIOIB3yeMOU
HaMM cHUMMeTpudeckoil Matpuibl Wss, MoTyueHHOM
npu pemienun  OnrtuMu3alMoHHOW 3amaun  0e3
HHJIWKATOPOB: (A55:|55,C55:|55) :>(A55,C55).

Ham mporiecc 4YMCIEHHOTO MOJCIUPOBAHHS
marpuiel  Css u300pasum Tak: (lss,lss)=>(Ass,Css),
rae lss HagampHast MaTpuIla COOCTBEHHBIX BEKTOPOB,
lss —mmaroHanpHAas MaTpHIa, TpPUMEHSAeMas st
KOHTPOJIS cBOMCTB MaTpuibl Css 1 MaTpUIIBI (Ass=lss,
Cs5=l55)=>(A55,Cs5), TIe TMONydYCHHBIE MATPHITBI
TAKOBBI, UTO C55CT55=|55, CT55C55¢|55. 910 - O6paTHa;1

CnextpansHas  3agada  (lss,lss)=>(Ass5,Css), Tae
CssCTss=lss,  CTssCss#lss, Css - marpuma
[ICEBIOCOOCTBEHHBIX BEKTOPOB. YuciaoBeIM
MatpuriaM  (Ass,Css) COOTBETCTBYET MOZEIbHAS

YUCJIOBAs MAaTpula Ymn 3HAYEHUH H3MEHYHMBOCTH
HEKOPPEIMPOBAHHBIX Y—TICPEMEHHBIX Y1,Y2,Y3,Y4,Y5 C
mucniepcusmu disp(y1)=A1, disp(y2)=A2, disp(ys)=As,
disp(y4):k4,disp(ys):stO. ManI/IHa Ym5:Um5A1/255
monenupyercsa (Tabmuma 3) ornensHO, OHA TaKoBa,
4YTOo (1/m)YTmnYmn:A55,7\.1+7\.2+7\.5+7\.4+7\.5=5, nainee
Marpuna Yms Mpeodpasyercsi ¢ MOMOMIBI0 MaTPHIIbI
CTs5 cOOCTBEHHBIX BEKTOPOB B MATPHMIly 3HA4eHMil
WU3MEHYMBOCTH KOPPEIMPOBAHHBIX Z—TIEPEMEHHBIX
21,22,...,25 no dopmyne Zms=YmsC'ss. st
MOJIC/IbHBIX 3HAYCHHUH Y—TIEPEMEHHBIX Y1,Y2,Y3,Y4,Ys
3HAYCHUS Z—TIEPEMCHHBIX Z1,Z2,...,Z5 BBIYUCIAIOTCS
o hopmyam:
21=y1*0.9698+y,*0.0000+y3*0.0146+y,*0.2435+ys*
0.0001;
2,=y1*0.0000+y,*0.9705+y3*0.0143+y,*0.2408+ys*
0.0048;
Z3=Yy1*0.0004+y,*0.0004+y3*0.9851+y,*0.1244ys*
0.1191;
z4:y1*0.2439+y2*0.24ll+y3*0.1276+y4*0.8600y5*
0.3556;
z5=y1*0.0003y,*0.0090+y3*0.1836+y4*0.3676+ys*
0.9116.

Ot QopMmysbl  SBISIOTCS  OCOOEHHOCTHIO
CMBICJIOBOTO  PaBEHCTBA  BUAA  CMBICI(Zms)=
embIci(YmsCTss). B3auMHuble JUHAMUKY 3HAYEHHMI Z—
MEPEMCHHBIX Z1,Z2,...,Z5 , IOJIyUYCHHBIX 10 (opMyaam
W IUHAMHKH BIUSIONIMX HAa HUX CIyYailHBIX Y—
NepeMeHHbIX n300paxkeHsl Ha Pucynkax 4-13.

KoruuTuBHast Moaejb M3MEeHYHBOCTEH
noka3aTejieil KJIMMaTa | ImokKa3areJiei
HEraTUBHOM 1eATEJbHOCTH YeJI0BeKa

CMbBICIIOBBIE yPAaBHEHUS IPH BBIYUCIICHHBIX
(cxoas M3 MOJICNIBHBIX 3HAUCHHH — Y—TIepEMEHHBIX )
3HAUCHUSIX ~ Z—TIEPEMEHHBIX UMCIOT BHI.
cMbIci(Y1)=cMbIci(Z1)*0,9698+cmbici(Z2)*0,0000+
eMbIci(Z3)*0,0004+cmbici(Z4)*0,2439+
cmbIci(zs)*0,0003;
embIci(y2)=cmbici(Z1)*0,0000+cmbic(z2)*0,9705+
cMbIci(Z3)*0,0004+cmbicin(z4)*0,24 1 1+cmbici(zs)*0,
0090;
cmbici(Ys)=cMbIci(Z1)*0,0146+cmbicim(z2)*0,0143+
cMBICT(Z3)*0,985 1+cMbicin(Z4)*0,1276+cmbici(zs)*0,
1836;
cMbICT(Y4)=cMBbIC(Z1)*0,243 5+cMbici(Z2)*0,2408+
cMbICi(Z3)*0,1244+cMmbici(Z4)*0,8600+cmbici(zs)*0,
3676;
embici(Ys)=cmbici(Z1)*0,000 1 +cmbici(z2)*0,0048+
cMbIci(Z3)*0,1191+cMmbicin(Z4)*0,3556+cmbici(zs)*0,
9116.

HayneM  KOHCTpyHpOBaHHE  CMBICIOB Y-
(baKTOpOB ¥5,Y4, Y3, Y2,Y1. VIX HOBBIC CMBICIIBI IOJKHBI
JIOTIOJTHUTH UCXOAHBIE CMBICIBI Y-()aKTOpOB Y1,...,Ys,
a Mojelb JOJDKHA II0Ka3aTh CBOIO IO3HAIOIIYIO
CMOCOOHOCTh M3BIICKATh HEU3BECTHBIC MIIH CKPBITHIC
SHAHUSI 00 HEU3MEPEHHBIX CcBOifCcTBaX
OOHApYKEHHBIX CHUTYaIHil, 0TOOpaXKaeMbIX Ha A3BIKE
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BBEJIEHHBIX B MOJIEIb KO3(P(QUIIMEHTOB MAPHBIX (Z,Y)- (dpasoii: HOBBIN_CMBICH(Y3)=«yBEeTHICHUE (c
cBA3eH, Z-M3MEHUMBOCTEH, (OPMyJI 3aBHCHMOCTH Oompmioit  cuimoit  ¢33=(0,9851)?)  crenenu

MEXIy BBEACHHBIMHU TepeMeHHbIMH. CMBbICIOBas
dbopmyna y-hakTopa COCTOMT CyMMBbI He Oosee 5
CllaraeMblX,  KaxJI0oe M3  KOTOPBIX  paBHO
MIPOM3BEJICHUIO KOHKPETHOTO 3HAYECHUS  «BEcCay,
YMHOKEHHOT'O Ha CMBICJI OZIHOH Z—TIepEeMEHHOM.
Haiinem HOBBII MHPOPMAIMOHHO
000CHOBaHHBIN CMBICTT
cmbici(Ys)=cmbici(Z3)*0,1191+cmbicn(z4)*0,3556+

cMbIci(Z5)*0,9116.  OcMBICIEHHE TIpaBOi  YacTH
YpaBHEHHS: TIPOUCXOMAT cmabpie (¢ cmioit
c15=(0,0001)?) KoneOaHus TeMIIEpaTyphl
(cmbIca(y1)), HO 06e3 xonebanmst (C  CHIIOH

c%5=(0,0048)?) yposus ocanxos ((cMmbici(Zz)). DTa
(hpa3a 0OOCHOBAaHHO HaMEKaeT Ha TOCTOSHHO
BBICOKYIO TEMIlEpaTypy OT CHIbHOro moxapa. B to
xe BpeMs ¢ cunoit c45=(0,3556)? mnoBblmaercs
CTENeHb pPOCTa HMHTEHCUBHOCTU CHJIBHBIX BETPOB
(cmpIcn(Z4)) W HaOmIOmaeTcsl CHWIBHOE (C  CHIIOW
c%5=(0,9116)%)  orknomenme or 0  BhOpaBo
(yBennueHHe) OTHOCHUTENHFHOTO YpPOBHS (TOIBEMa
YPOBHS BOJIbI («MOpS»), MOABAEMbIX U3 MOMXKAPHBIX
BOJIOMETOB), 0OPa30BABIIETOCS MIPU TAIICHUH BOJIOM
OrHen mokapa. Ha momto 3toro sBimeHus (c
cMmbiciioM(Ys)) TIPUXOTUTCS
As/(Aat...+As5)=0.8714/((1.0594+1.0560+0.9933+
1,0198+0.8714)=17,43% nHpOpPMALINH,
YUYUTBIBAEMOU MOJEIBI0. SICHO, UYTO MOJIEb HE MOXKET
ucnons3osath 100% nHGOpMannu, OHA yUUTHIBACT Ty
uH(pOpMAIIMIO, KOTOpass B HeW 3alloKeHa ILTIOC
u3BiedeHHas e uHbopmamus.  OcTaibHYHO
I/IH(bOpMaLII/I}O HaJI0 HM3BJICKAaTbhb U3 APYIrux JaHHBIX.
Mopenb He MOXET BCE OOBSCHUTb, HE MOXKET
II0Ka3aThb BCC BO3MOXHBIE CHMIITOMbI cnyqaﬁHo
BO3MOXKHOM TEXHOTEHHOW KaTacTpo(bl CO CMBICIOM
PaBHBIM CMBICITY(Y5)=«T0T0BOM YpOBEHb
HeM30eXKHBIX  3arps3HEHUH npu  go0brve,
nepepaboTke HeTH, ra3a, 3eMIATPCCHU, OOIBIINX
MaBOIKOB». BrIBox; ¢ BepostHOCTHIO 0.17 (cpemm 5
y-pakTopoB) Bo3MOXKHa KatacTpoda, y KOTOpoi Z—
(haKTOpHI Z1,22,Z3, Z4, Z5 TIPOSIBATCSI C CHIIAMH 0,00017,
0,0048%, 0,1191%, 0,3556%, 0,91162. Cymma cun
nposienenuil pasHa 100%. Mopenp KOTHYECTBEHHO
TOYHA B PAMKaX €€ UCXOJIHBIX TAaHHBIX.

PaccMoTpuM ci1eqyromyio Y-repeMeHHYIO Ya,
Haugem HOBBIH 000CHOBAaHHBIHI CMBIC]I
HOBBII_CMBICI(Y4)= «...».
cMBICT(Y4)=cMbIC(Z4)*0,8600+cMbici(zs)*0,3676.
HoBblii_cMbICi(Y4)=«IPOUCXOAUT (C  CHMIOH Cc%54=
(0,3676)?) yBenuueHHE OTHOCHTENLHOIO YPOBHS
(mobeMa ypoBHSI MOPS), BBI3BaHHBIM 0)KHIAAEMbIM

pacCIpOCTpaHEHUsT MaJsIpUU, JUXOPALKA IEHIC U
Jpyrux OoJie3HeH B TPONMYECKUX U CyOTPOITUUECKHX
peruoHax (Tam, IAe 3[paBooXpaHeHHe U 0e3 TOoro
TUIOXO PAa3BUTO, INPOU3OMAET ITOBBIIICHHE YPOBHS
CMEPTHOCTH)».

AHanornyHo 0O0OCHOBBIBACTCSl CEMaHTHUYECKast

TepeMeHHast HOBBIN 00OCHOBaHHBIH ~ CMBICI
HOBBIH _cMBICH(Y2)=cMBICN(Z2)*0,9705  mepemaercs
(pazoii: HOBBIN_cMBICH(Y?2)=«IaTbHENIIICe

yMeHblieHue (¢ cunoit ¢?22=(0.9705)?) komuuectsa
BOJbI M YXY[IIICHHE €€ KaueCTBa B PEruoHax, rie
OeaHbIE OOIIMHBI 3aBUCAT OT HOXKIEBOH BOJIBI,
I/ICHOHB3yeM0ﬁ JUIA TI0JIMBa 3€PHOBBIX U UIA ITAUTHA).

OGOCHOBBIBaHHE HOBOTO CMBICIIA EPEMEHHOI
Y1 ¢ Hambombineir uHMOpMaTHBHOCTHIO A1=1.0594
cremyromee: HOBBIM _ cMbIci(y1)=cMbici(Z1)*0,9698
nepenaeTcst (bpazoii: HOBBIH_cMbICT(Y1)=
«yBeJMYeHNE/YMEHbIIEHHE (C OUYeHb OOJIBIION CHIIOH
c?11=(0,9698)?) cTemeHu HEraTMBHOIO BO3JEHCTBUS
Ha CeNbCKOE XO3SHCTBO (yrpo3a Mpoa0BOIbCTBEHHON
0€3011acHOCTH )».

MopenupoBaHue 3Ha4YeHUIl H3MEHYMBOCTeM
nokasarejieil KJIuMaTa H H3MeHYHBOCTeH
noxKasareJieii HeraTHBHBLIX BH/I0B
JAeSITeJIbHOCTH YeJI0BEKA
ANTOPUTM  BBIYUCICHHS Css:
(Is5,155)=>(As5,Css), rue
Ass=diag(\1,\2,...,A5)=diag(0.9784, 0.7080, 1.3301,
1.9602, 0.0233), 3HaueHus A1, A2,...,As PABHBI JJTHMHAM
nosyocei TUIIEPAJUIAIICOU/IA. Jmabl 5
MEePNEHAUKYSPHBIX  MOJIyOCE€H,  HalpaBJICHHBIX
BJIOJIb 5 COOCTBEHHBIX BEKTOPOB PaBHBI 3HAYCHUAM 5
COOCTBEHHBIX umcell: C€'1€1=1.0000, 21=0.9784,
¢"2c2=1.0000, A,=0.7080,cT3c3=1.0208, A3=1.5501,
c"4c4=1.0075, A4=1.9602, c"sc5=0.9718, A5=0.0233.

MaTPHIIBI

3mech MBI BHAMM  chlabyro  BBIPaKECHHOCTD
MICEBIOCOOCTBEHHOCTH BEKTOPOB.
IlosnyueHHbIe B pe3yapTare  pElICHUs

OnTuMu3alMoOHHON 3a/1a4M HOBBIE JNTUHBI  TIOTyOCer
B CyMME paBHbI 5, 4YTO CBHICTEILCTBYET 00
KauecTBeHHO  pabore  mporpammbl  GRD2.
T'unepannuncousi ¢ 3TUMH MOJENBHBIMHU JITUHAMH
nonyoceir 0.9784, 0.7080,1.3301, 1.9602, 0.0233
OTIMYAIOMIUMUCS APYT OT APYyra JITUHAMH ITOTyOCCH
MOITy4YeH ¢ IPUMEHEHHEM MaTpuIlsl Css K THIIEpIIapy
C eMUHWYHBIMU JummHamu panwmyca: (1,1,1,1,1). Jns
kakgoit marpunbl Cpn, N>2, CymecTByeT CBOH N—
MepHBI runepaumicons. 3Hadenns omH (1,1,1,1,1)

MOBBILICHHEM  TeMIeparypel (¢ CMbICIOM(Zs)), HaYaJbHBIX BEKTOPOB MBI HHTEPIPETHPOBAIH KakK
MPOMCXOANT  YBENWHCHME  CTEMeHH  ymepoa HEHTpabHBIC COOCTBEHHBIC qrca,
9KOJOTMYECKHUM CHCTeMaM H  OHOJOrHYeCKOMY COOTBETCTRYIONIHE HEHTPATHHOM P—
pasHo0Gpasiio B HUX (MPOSBIEHHOTO (akTopoM ¢ coOCTBeHHBIX BEKTOpOB Iss=Css. Llems coctout B
CMHCHOM(Z“P»' . TIOMCKE MaTpHULBI Css, npu pelieHuu
HoBblii  000CHOBaHHBIN CMBICT  CMBICI(Y3)#
HOBBIW _cMbIci(Y3)=cMbIci(Z3)*0,9851  mepenaercs
I
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OnTUMHU3aIMOHHOM 3a1a9u oe3 HaITUYUS coOcTBeHHOTO BekTopa. I[lpm 3TOM mmuHam 4-x
HHAUKATOPOB. M MBI €€ TOCTUTIIH. BEKTOPOB  (MTHOPHUPYS  BCSYCCKM  3HAYCHHS
KOMITOHEHT 5-TO BEKTOpa) MO3BOJIsieM ObITh OOJIbIle
OnTuMn3zauuonHas 3ajaya ¥ HOBbIE 1, Te. wMarpuma MOXeT ObIThb  MaTpullel
orpaHuYeHust TICEBJI0COOCTBEHHBIX BEKTOPOB: Cs5CTs5=lss,

Cs5C 55155,

HoBble ¢(yHKIMM  OrpaHUYEHUil  MOMOTYT Oror mpueM, Korga u3beraeM Ha3Ha4yaTh

pabote mporpammbl GRD2 u30aBHTBCS OT JMIIHUX
OrpaHu4eHuil B paMkax ONTHMU3AIMOHHON 3afadM.
[ycTh 3agaHpl 3HaYCHHE PA3MEPHOCTH N=5 ISl Taphl
Hen3BeCTHBIX MaTPHI] (Ass,Css), TS KOTOPBIX 3aJaHBI
HayaJbHbIC 3HAYCHUS JIUArOHAIBHBIX 3JIEMCHTOB
MaTpHIbI COOCTBEHHBIX qucen
Ass=diag(A1,A,...,As)=diag(1,1.1,1,1), cobcTBEHHBIX
BeKTOpOB Css=ls5. MaTpuma coOCTBEHHBIX BEKTOPOB
IOJDKHA o0JazaTh CBOMCTBOM
OPTOHOPMHPOBAaHHOCTH  CTPOK M CTOJOLOB:
diag(C55CT55)=diag(l,l.l,1,1),
diag(CTssCss)=diag(1,1.1,1,1). 3zmech 3amansl 5+4=9
OTpaHHWYEHUN, a He 25 T1pH OrpaHUYCHHUH
Cs5CTs5=ls5, CTs5 Cs5=Iss. [Ipy 3aqaHHBIX 3HAYEHHAX
€e  BBJICNICHHBIX OJJIEMEHTOB —  HMHAUKAaTOPOB
NPUCYTCTBUS CKPBITHIX 3HaHWi: €41=0.40, c12=0.58,
C22=0.56, 05220.17, 015:0.50,01420.25,044:0.86.
Tpebyercst cmonenupoBath mapy Marpul] (Ass,Css):
(Is5,155)=>(As5,Css).

Hamomuum, 4T0 HaMm TpeOyeTcs HallTH MaTpHULLy
COOCTBEHHBIX YHCEN ¥ MATPUILy NICEBAOCOOCTBEHHBIX
BEKTOPOB, MCIIONB3Ys mporieaypy Soler (Hamcrpoiika
Tock pemenns B OT Dkcerp), rae nporpamma GRD2
UTEPaTUBHO BBUHCIAET MeTomoM HploToHa mapy
Matpurl  (Ass5,Css).  Hukakux — IOMOTHUTETHHBIX
orpaHuueHuid, kpome S5+5+5+1 mHa 25+5=30
DJIEMEHTOB MATpHIl, HE [OJDKHO OBITh B OKHE
OrpaHUYEHU HpOLEypHI Soler, Kpome
BBILIETIEpeYCICHHBIX: N=5, c4=0.86 - ¢ 3ameTHO
BBICOKHM 3HaYE€HHUEM.

IIpuem u3zbderaHusi OT ABOHHOIO U HoJiee
NMONa/IaHNUsl 3HAYEHHUs OTHOT0 dJIeMeHTa U3
¢yHkuuii orpanudenuii nist nporpammbl GRD2

B ponu m3MeHsEMBIX sUeek mporeaypsl Soler
(PucyHnok 3) Ha3HauMM Bce 25 3JIE€MEHTOB MaTpPHIIBI
coOCTBEHHBIX BEKTOPOB Css5, 3THM MBI ITO3BOJISIEM
nporpamme GRD2 n3MeHsTh Bce 3HaUCHUS, BKIFOYAst
3aganHoe oaHo c44=0.86.

[Mporpamma - Tabmuna OnNTUMU3AUMOHHON
3amaun (Pucynok 1): meneBas (YHKOUS HMeEeT
AithotAstAstAs=5, QyHKIMM OrpaHWYEHHH 3a1aeM
HE B BUJIE OTPAaHUYECHUI Ha BCe 25 3JIEMEHTOB MaTPHI]
Ass, Cs5:Cs5CTs5=lss, CTs5Css=lss, a B BHEE 6
HIDKETIPUBEJICHHBIX PAaBEHCTB, Tle B HX (popmMynax
MPUCYTCTBYIOT KBaApaThl 3HAUCHUI 7 BBIOEICHHBIX
KOMIIOHEHT 4-X (13 5) cOOCTBEHHBIX BEeKTOpOB. Camu
7 SJEeMEHTOB Mbl HE Ha3HAuaeM WHIAUKATOPAMH,
OOHApPY)XUTh HWHAWKATOPHI JO/DKHA IpOrpamMma
GRD2, B MCXOAHBIX JAHHBLIX K HEHW HET HaMeEKa Ha
CYIICCTBOBAHUE  HHIUKATOPOB-KOMIIOHEHT  5-TO

(hyHKIMY OTpaHUYCHUIN B BUJIC Cs5C 55155, Ha30BeM
«rpueM u30eraHus OT ABOMHOrO U Oolee TmomnagaHus
3HA4YeHHs OJHOTO 3JIeMEHTa W3 pa3HbIX (QyHKUMit
orpaHndeHui». KommoHeHTBl 5-r0 coOCTBEHHOTO
BEKTOpa OTCYTCTBYIOT B (popMyiax OrpaHWYEHHH.
OtuM MBI 1aeM cBobony nporpamme GRD2 (22 (u3
30) osmeMeHTa CBsI3aHBI OrPaHWYCHUSIMH) B €¢
WUTEPAIIOHHON paboTe MO MOCTHKEHUIO TPEeOyeMBIX
3HaueHUH U paBeHCTB. Ecnu 1mocie peuieHus
(As5,Css): (Iss,ls5)=>(As5,Cs5) mporpamma GRD2
CMOJIETTPYET (HaieeMcs MbI) XOTs OBI OTHO 3aMETHOE
3HaueHue ks, Ke {1,2,3,4,5}, To crmaraemoe Zik*cks B
(bOpMyJIe yi5:Zi1*C15+Ziz*C25+. ..+Zi5*Cys5,  CMBICT
MEPEMEHHOH Y5 paBeH CyMME CMBICIOB Z-
MEPEMEHHBIX  Zi1,Zi2,...,Zin, CMBICI(Y5)=«». DTUM
MOJIETb (hopmanbHO OOHAPyKHUT HaJIN4ue
JIOTIOJTHUTENBHOTO Y-(pakTopa C CMBICTOM(Ys5)= «».
Oro Oyner Tak, eciau (hpasa HOBOro cMbIcia (ys) HE
MPOTHBOPEYHT Ppase cmbicia(ys). MIHaue BOSHUKIIHIA
KOTHUTHBHBIM [UCCOHAaHC HE MO3BOJMT CUMTATh
000CHOBaHHBIM CMBICIIOBOE paBEHCTBO
CMBICII(Y5)=CMBICI(Z1)*C15CMBICII(Z2) * Co5D
CMBICII(Z3) * CasDeMbIcT(Zs) * CasDeMbIc(zs) * Css.
Hasznauum it mporpammel GRD2 n3mensiembie
snaueHus:  martpuna  Ass=diag  (A1,Az,...,As).
HasnaumMm  npyrme  QyHKOMH ~— OTpaHHUYCHMM:
diag(C55CT55)¢diag(l,l.l,l,l),
diag(CT55C55)=diag(1,1.1,1,1),
C?11+C%1+C% +C2a+C251>1,
C2a1+C%4p+CPa+CPaa+Co5=1,
C212+C?00+C230+C24p+Co52>1,,
C%51+C?52+C%53+C254+C55=1,
C213+C%p3+C233+C23+C2s3>1,
C214+C224+C234+ C244+025421, A+ Ao+ As+Aa+As=5.
ITouemy ucmnosnp3yeM 5TH 7 paBEHCTB (BMECTO
5+5 orpaHuueHHil, BO3ACHCTByOIMX Ha 5*5=25
3JIEMEHTOB, OJHH 37eMeHTHl U3 Css MOANAAaoT IO
pa3HbIe YCIIOBUSI, UX MPOrpaMMa He MOXKET y4ecTb U
BBINOJIHUTG) B BHAE (QYHKIMH orpaHuueHunii? B
ctatbe [1] ObUTM Ha3HAYEHBI KOHKPETHBIC 3HAYCHUS 7
aneMeHTOB €41=0.40, ¢12=0.58, ¢2=0.56, c5,=0.17,
¢13=0.50, ¢14=0.25, c44=0.86. Temeps B 3TOH cTaThHE HE
Ha3HayaeM  KOHKPETHBIE  3HAYCHUs  OTHM 7/
JJeMeHTaM, a 3amaeM 7 (QYHKIHH OTrpaHWYeHUH,
BIMSAIONINX OJMH Pa3 Ha OAMH 31eMeHT MaTpHUbl Css
JUis map MHIEKCOB 53TUX 7 DJIIEMEHTOB [JOJIKHBI
BBINIOJHATBCA 7%2=14 paBenctB. CocTaBUM TalJIHILy
COOTBETCTBMH 7 DJJIEMEHTOB K BULY (yHKUMIA
OTpaHUYEHUH, YJaJIUM IOBTOPSIOIIMECS, IIOIyduM 7
(GYHKIMI OrpaHUYeHHH (OKpAILICHBI B )KEJITHIH L[BET):
cq1=0.40, i=4, j=1 => c?1+c%+cy+clu+cis=1,
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CZ41+CZ42+C243+CZ44+CZ45=1,

C12=O.58, i=l, j=2 =>

CZ12+C222+C232+CZ42+CZ52:1,
C11+C212+C23+C24+C25=1,

€22=0.56, i=2, j=2 => CZ+C%n+C%+ C2ao+C25=1,
C11+C%1+C%00+C%3p+C%4p+C%50=1,

c52=0.17, =5, j=2 => C21p+C%0+C%0+ C%2+C%0=1,
C251+C?52+C253+C64+C%55=1,

¢13=0.30, i=1, j:3 => C213+sz3+0233+ C243+C253:1,
C211+C212+C23+C?1a+C%5=1,

c14=0.25, i=1, j:4 => C214+C224+C234+ C244+0254:1,

C211+C212+C23+C214+C25=1,
c44=0.86, i=4, j:4 => C214+C224+0234+ 0244+C254=1,
C241+C%0+C2ya+C2a+C2s=1.

WICKITIOYMB TTOBTOPHBIE PAaBEHCTBA, MMEEM 7
PABEHCTB M HEPABEHCTB IS IPUMEHEHHUS B KAUECTBE
(GYHKIMIA OrpaHUYEHHH.

0,9698 | 0,0000( 0,0146 | 0,2435 | 0,0001 | 1,0000
0,0000 | 0,9705( 0,0143 | 0,2408 | 0,0048 | 1,0000
0,0004 | 0,0004 09851 | 0,1244 | 0,1191 | 1,0000
0,2439 | 0,2411( 0,1276 | 0,8600 | 0,3556 | 1,0000
0,0003 | 0,0090( 0,1836 | 0,3676 | 0,9116 | 1,0000
1,0000( 0,0036 0,0336 0,2695 0,0187| 1,0741
0,0036| 1,0000 0,0691| 023383 0,2031] 1,1605
0,0318| 0,0324 1,0000 0,2709 0,2605| 1,1433
0,4946| 0,4882 0,2599| 1,0000] 0,3720| 1,6889
0,0463| 10,0635 0,3873 0,5537 1,0000| 1,4628
{c41=0.6, c12=0.6; : c22-0.6, c52=0.6; c13=0.6; c14-0.6, c44-0.6, c54-0.6} 5,0000
ci 0,40 1,0000| 1,0000
c12 0,29 1,0000 0,0000
c22 045 0,0000
c52 0,13 1,0000 0,4479
c13 0,30 1,0208 0,0925
cl4 0,26 10075
cd4 0,86

Pucynok 1. Tabauna-nporpamma pemenusi OnTuMu3anuoHHoil 3axaun

YCTaHOBUTDL LIENEBYI0 SUeiKy:

PaBHOW: () MAKCMMaNbHOMY 3HAUEHMIO

(") MUHWMANBHOMY 3HAUYEHMH
N3MeHaa SUerkn:

SAS11:$E$15;5G$11;$H$12;$1513;51514;$K$15 |55

lNowck peweHna
| —

53 BoinonHutb

(@) 3HAYEHMID: 5

3aKpbITh

[lapameTpbl

OrpaHuyeHus:
I ~| [ oo
$D$24 >=1
50527 >~ 1 E
Fono1 X

BoccTaHoBuTb

Cnpaexa

P

Pucynok 2.0kHo HagcTpoiiku «Ilouck peureHus» pemeHus
Jast nporpamMmbI-Tadanubl OnTUMH3aLHOHHOMI 3axaun
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MapameTpbl NoOMCKa pelleHmna ﬁ ‘
MaKCHMaNbHOE BPEMs: 1000 Y] OK
MpenenbHoe YUCNo HTepaLuii: 10000 OTmMeHa

OTHOCUTENbHEA NOrPeILHOCTb:
[lonycTUMOE OTKNOHEHHE:

|| CxoaumocTb:

[] Nnneitnas mogenn

["] HeoTpuuaTenbHbIE 3HAYEHMS

0,00000000001

0

%

0,00000000001

COoXpaHuTb MOLENb...

Cnpaeka

l |
l l
| 3arpyauts mogens... |
l l
l l

| AeTomaTuyeckoe MacuraupoBaHne

"] NokasbiBaTh pe3ynbTaTsl MTepaLMii
MeTop nowcka

OueHKK PasHocTi
i (@) nuHeliHas @) npamMblie
o ) keappaTnuHas (") UeHTpanbHble

(@) HbioToHa

() CONpsBKEeHHbIX [PAANeHTOB

— — T — —— e

Pucynoxk 3. ITapametpsl nporpaMmbl — Tadanubl ONTUMU3ANMOHHOM 3axaun

Ta6auua 1. MogeiabHbie 3HaYeHUs «BecoB» Css KiumMara
M HeraTHBHBIX I0KAa3aTeJIell JesATeILHOCTH YeJI0BeKa
(npu cnexrpe Ass=diag(1.0594, 1.0560, 0.9933, 1,0198, 0.8714)

Ne cl Co C3 C4 Cs

|c]— | 1.0000 | 1.0000 | 1.0208 | 1.0075 0.9718 "]
1 0.9698 | 0.0000 | 0.0146 | 0.2435 0.0001 1.0000
2 0.0000 | 0.9705 | 0.0143 | 0.2408 0.0048 1.0000
3 0.0004 | 0.0004 | 0.9851 | 0.1244 0.1191 1.0000
4 0.2439 | 0.2411 | 0.1276 | 0.8600 0.3556 1.0000
5 0.0003 | 0.0090 | 0.1836 | 0.3676 0.9116 1.0000

Tadanna 2. Matpuna UmS gexkoppenpoBaHHBIX MepeMeHHBIX
€ eITHHNYHBIMH AU CTIEPCUSIMHA

1 -0.7016 -0.9343 2.0007 0.4379 | -1.3853
2 0.3578 -0.2303 0.6739 -1.6480 | -0.1526
3 -0.5641 0.0295 -1.4800 0.0623 1.7922
4 0.4132 0.6219 -1.4043 1.4924 | -0.5706
5 2.5272 0.1132 -1.3276 -0.9840 | -0.6011
6 -0.0813 0.9842 0.6397 -1.9603 0.6260
7 -0.3182 0.8229 -1.5703 0.7121 0.2875
8 0.2962 0.3621 -0.1774 0.8905 0.6430
9 1.5905 -0.6824 -0.0665 1.7102 0.2861
10 0.6046 0.1983 -0.0153 -0.4762 1.8268
11 -0.4636 -1.2013 -1.5190 -0.8297 | -0.2170
12 -0.8385 1.9626 0.2563 -0.4332 | -0.3963
13 -1.2432 2.3348 -0.1417 0.1865 | -0.7910
14 -0.7099 0.2016 0.7614 1.1353 1.6461
15 -0.6010 -0.6983 1.1184 1.6857 0.4065
16 -0.4747 -1.6261 0.7747 -0.4129 0.7879
17 -1.2833 -1.4178 -0.1666 0.1153 | -1.0149
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18 | -0.5437 1.1126 11332 | 09262 | 0.0976
19| 05356 | -0.9952| 00587 | -1.0012 | 1.1755
20| 15301 0.6093 1.5856 1.0078 | 0.3098
21| -17024| -0.7574| 09814 | -0.5728 | -0.4003
22| -04225| -05754| -0.8971 0.6461 | -1.5257
23| 1.1506 05651 |  0.4378 0.0294 | -1.9231
24| 09422 -07993| 0.3068 | -0.8670 | -0.9070
0.0000 0.0000  0.0000 0.0000  0.0000
1.0000| 1.0000| 1.0000]  1.0000] 1.0000
Tadanna 3. MaTtpuna Yms Y-0TKIOHEHUH
yl y2 y3 v4 y5
1] -07221]  -0.9602 1.9940 0.4422 [ -1.2932
2| 03683] -0.2367 0.6716 -1.6642 | -0.1425
3| -0.5806 0.0303 | -1.4751 0.0629 | 1.6730
4] 04253 0.6390 |  -1.3996 15071 | -0.5327
5] 26012 0.1163 | -1.3232 -0.9937 | -0.5612
6| -0.0836 1.0114 0.6375 -1.9796 |  0.5843
7] -0.3275 0.8457 |  -1.5651 0.7191 | 0.2684
8| 03048 03721 | -0.1768 0.8992 | 0.6003
9 16370 | 07013 |  -0.0662 1.7270 | 0.2670
10| 06222 0.2038 | -0.0152 -0.4809 |  1.7053
11| -04771| -1.2345| -1.5139 -0.8378 | -0.2025
12| -0.8631 2.0168 0.2554 -0.4375 | -0.3699
13| -1.279% 23993 | -0.1412 0.1883 | -0.7384
14| -0.7307 0.2071 0.7589 1.1465 | 15366
15| -0.6185| -0.7176 1.1147 1.7023 | 0.3795
16 | -0.4885 | -1.6710 0.7721 -0.4169 | 0.7355
17| -1.3209 |  -1.4570 |  -0.1660 0.1164 | -0.9474
18 | -0.5596 1.1434 1.1294 -0.9353 | 0.0911
19| 05512 | -1.0227 0.0585 -1.0111 | 1.0973
20 1.5749 0.6262 1.5803 1.0177 | 0.2892
21| -1.7522| 07784 -0.9781 -0.5784 | -0.3737
22| -04349| 05913 | -0.8941 0.6524 | -1.4242
23 1.1843 0.5808 0.4364 0.0297 | -1.7952
24| 09697 | -0.8214 0.3058 -0.8755 | -0.8467
0.0000 0.0000 0.0000 0.0000 | 0.0000
1.0594 1.0560 0.9933 10198 | 0.8714
Taéauua 3. Matpuna Zms Z-0TKJIOHeHHIi oT 0
z1 z2 z3 z4 z5
1]-0563577 | -0,802928 | 1,864577 | -0,232777 | -0,65908
2 | -0,038273 | -0,621491 | 0,437648 | -1,363426 | -0,62032
3| -0,569207 | 0,0314012 | -1,246249 | 0,326511 | 1,27757
4| 0758921 | 0,9604421 | -1,254203 | 1,1858589 | -0,18274
5| 2261265 | -0,148078 | -1,492675 | -0,560448 | -1,11805
6 | -0553764 | 05167695 | 0,451698 | -1,189847 | -0,06878
7 | -0,165405 | 0,9726721 | -1,420066 | 0,6381274 | 0,22918
8| 0512034 | 0577973 | 0,009495 | 1,1283371 | 0,84876
9| 2007169 | -0,264366 | 0,181793 | 1,8020242 | 0,86021
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10| 048624 | 00899105 | 0,128555 | 0,3918733 | 1,37707
11 | -0,688877 | -1,422455 | -1,62038L | -1,399785 | -0,78187
12 | -0,939789 | 1,8538181 | 0,153605 | -0,199443 | -0,43314
13 | -1,197189 | 2,3682343 | -0,203134 | 0,1476615 | -0,60856
14 | -0418263 | 0,495333 | 1072884 | 1,5010202 | 1,9633
15 | -0,169041 | -0,268709 | 1,354409 | 14172945 | 1,1697
16 | -0,563969 | -1,707473 | 0,79534 | -0,520497 | 0,64381
17 | -1,255102 | -1,392845 | -0,263018 | -0,931482 | -0,8649
18 | -0,753888 0,001 | 1007284 | -0,488649 | -0,04318
19 | 0289326 | -1,229884 | 0,062314 | -0,583903 | 0,63037
20 | 1,798233 | 0,8767811 | 1,718686 | 1,714903 | 0,93401
21| -1,854461 | -0,910474 | -1,081051 | -1,370255 | -0,74037
22| -0,27607 | -0,436354 | -0,969621 | -0,308179 | -1,22821
23| 1,161992 | 0,5683948 | 0,220549 | -0,128332 | -1,53998
24| 0,731672 | -1,007627 | 0,091536 | -0,976542 | -1,04473
0,0000 0,0000  0,0000 0,0000  0,0000
10570 [ 10539 |  0,9920 1,0051 [ 0,8956
3,00 A
2,00 M \
\% .
0,00 \ /

IY\

\

—y1 —_—y2

—y 4

Pucynok 4. B3anumMHble TUHAMMKH HEKOPPEJTHPOBAHHBIX Y-TIePeMEHHBIX Y1, Y2,Y3, Ya,Y5,
(1/m)YTmsYms=diag(0.9784,0.7080,1.3301, 1.9602,0.0233), 0.9784+0.7080+1.3301+1.9602+0.0233=5
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2,00
1,50 \\
1,00
0,50
0,00 -
-1,00 V v
-1,50
-2,00
Pucynok 5. B3aumMHasi JMHAMMKA IIePEMEHHBIX Z3, Z4, Z5,Y5
zi3 = Yir* 0.0004+ yi2*0.0004+ yis*0.9851 yisa*0.1244 +yis*0.1191
Zis = ¥i1*0.2439+ yi2*0.2411+ yis*0.1276+ yis*0.8600+Yis*0.3556
zis = ¥i1*0.0003 yi2*0.0090+ yi3*0.1836+ yia*0.3676+Yyis*0.9116
ys, i1=1,...,24 (Ta6auua 3)
2’00 | | |
1,50
1,00
o \ /
0,00
7 ) \ 1 14 15 20 23\ 24
-0,50 -
-1,00 - V
-1,50 -
-2,00
——7 4 —7 5 — 4
Pucynok 6. B3anMHasi JMHAMMKA NePEMEHHBIX Z4, Z5,Y4
Zia = yi1*0.2439+ yi2*0.2411+ yi3*0.1276+ yia*0.8600 yis*0.3556
zis = ¥i1*0.0003 yi2*0.0090+ yi3*0.1836+ yia*0.3676+Yis*0.9116
Vs, i=1,...,24 (Ta6auua 3)
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a2 A ’A\

; A\
05 4 -'/ 2 23%\24
1 .
a4
1,5 v \ /
Vv VN
2
-2,5
z1 z2 z3 z4 z5 y5 y4
Pucynok 7. B3anMHasi IMHAMHMKA NepeMeHHbIX Z1,Z2, 73,24, Z5,Y4
71 = y1*0.9698+ y,*0.0000+ y3*0.0146+ y4*0.2435+ y5*0.0001
z2 = y1*0.0000+ y2*0.9705+ y3*0.0143+ y4*0.2408+ y5*0.0048
z3 = y1* 0.0004+ y>*0.0004+ y3*0.9851 y4*0.1244+ ys*0.1191
Zia = Yin*0.2439+ yi2*0.2411+ yi3*0.1276+ yis*0.8600+ yis*0.3556
zis = ¥i1*0.0003 yi2*0.0090+ yi3*0.1836+ Yyis*0.3676+Yis*0.9116
Vs, i=1,...,24 (Ta6auua 3)
2,5
2

1,5 \
1

64 7 9 19 1182 13 14 15 16 17 18 19 20 1242324

Pucynok 8. BzaumMHasi AMHAMHKA IlepeMeHHBIX Z3,Y3
zi3 = yin* 0.0004+ yi2*0.0004+ yi3*0.9851 yia*0.1244 yis*0.1191
ys, i=1,...,24 (Ta6auua 3)
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Pucynok 9. B3aumMHasi IMHAMMKA NepeMeHHbIX Z1,Z2, 3,24, Z5,Y3
71 = y1*0.9698+ y>*0.0000+ y3*0.0146+ y4*0.2435+ ys*0.0001
72 = y1*0.0000+ y2*0.9705+ y3*0.0143+ y4*0.2408+ ys*0.0048
z3 = y1* 0.0004+ y2*0.0004+ y3*0.9851 y4*0.1244+ ys*0.1191
24 = y1*0.2439+ y2*0.2411+ y3*0.1276+ y4*0.8600 +ys*0.3556
25 = y1*0.0003 y2*0.0090+ y3*0.1836+ y4*0.3676+ys*0.9116.

y3, i=1,...,24 (Ta6aunua 3)
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Pucynok 10. B3auMHasg JUHAMHKA NEPEMEHHBIX Z2,Y?
z2 = y1*0.0000+ y2*0.9705+ y3*0.0143+ y4*0.2408+ ys*0.0048
Y2, i=1,...,24 (Ta6auua 3)
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Pucynok 11. B3auMHasi TMHAMHMKA NepeMEHHBIX Z2,24,Y2
22 = y1*0.0000+ y2*0.9705+ y3*0.0143+ y4*0.2408+ y5*0.0048
24 = y1*0.2439+ y2*0.2411+ y3*0.1276+ y2*0.8600 +ys*0.3556

Y2, i=1,...,24 (Ta6auua 3)
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Pucynok 12. B3aumHasi JMHaMHKa NepeMeHHBIX Z1,Y1
71 = y1*0.9698+ y.*0.0000+ y3*0.0146+ y4*0.2435+ ys*0.0001
y1, i=1,...,24 (Ta6auua 3)
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Pucynok 13. B3auMHasi JUHAMHKA NEepeMEHHBIX Z1,Y1
71 = y1*0.9698+ y»*0.0000+ y3*0.0146+ y4*0.2435+ ys*0.0001
24 = y1*0.2439+ y»*0.2411+ y3*0.1276+ y4*0.8600+ ys*0.3556
y1, i=1,...,24 (Ta6auua 3)

anyaﬂmaunﬂ B3aMMOCBSI3AHHBIX JTHHAMHUK
H3MEHYHUBOCTEl Mmoka3arejiel KiuMara u
noKa3areJieid HeraTUBHBLIX BU/IOB J1€ATEJIbHOCTH
YyeJaoBeKa

Huxe MPUBCACHBI NUHAMUKHN B3aUMHbBIX CBs3€EH

COOCTBEHHBIX H3MEHYMBOCTEN HeU3MepseMbIX
MoKa3aTejJe HM3MEHEHHHM KJIHMMAaTa M IOKa3aTeiaeH
HETAaTUBHBIX  TOCHCACTBHH I  JOEITEIBHOCTH
yeJIoBEKA.

Harnsgaeie rpadudeckre WJUTIOCTPAIHH
IOUHAMHUK 3HAQUCHHH IIOKa3aTejaed  ITOKa3hIBAIOT
aJIeKBAaTHOCTh pEalbHBIM CBS35IM B  CHCTEME

«M3MEHEHHE KIINMaTa - IPUPOIHBIE U XO3SHCTBEHHbIE
nocneacTBus». OnucaHue B3aMMHBIX JTUHAMUK, JUIS
HaTJSIAHOCTH CTPYNIMPOBAaHHBIX 1Mo 2, 3, 4, 5 mTykK
NoKasaTejed KiMMaTa M JAeATEeIbHOCTH 4YelOoBeKa
cieiyroniee.

Ha Pucynkax 5-13 B MoaenbHBIX (opMyiax
KOPPENNPOBAHHBIX Z-TIEPEMEHHBIX, BJIMSIOIINX HHA
HE KOPpEIHpPOBAaHHbIE MOJEIbHBIE  y-(haKTOPEI
Y1,...,y5, MOAENb BBISIBWIA IPHUCYTCTBUE Y-
MEepEeMEeHHON Y5 (OTCYTCTBOBaBIIEH B HMCXOTHBIX
JAHHBIX Monenn) co cinabeiMu tumamu: (Yis*0.1191,
ys*0.1191, ys*0.1191). B Z-TIEpEeMEHHOH  Zj3,
(ys*0.0048, ys*0.0048, ys*0.0048) B z-mepeMeHHOi
Zip. MoJzienb BBISIBUJIA OTCYTCTBHE Y-TIEPEMEHHOH Y5
(ys*0.0001) B z-niepemenHoit Zi1. Ho Momenb BbIsSIBHIIA
MaJl0 3aMETHOE IPHUCYTCTBHUE Y-TIEPEMEHHOH Vs
(ys*0.0001) B  Zz-nepeMeHHBIX,  Zis,(ys*0.3556,
y5*0.3556, y5*0.3556), zis (y5*0.9116). Dti mano

3aMeTHbIe MOJIEJIbHBIC 3HAUCHUS TaKKe MOCTABIIAIOT
co00i1 uKciIoBy0 MH(pOpMaLUIO, 000CHOBBIBAIOIIYIO
U3BJICYCHHBIC 3HAHMSI 00 CKPBITHIX ClIe/IaX CITydaifHOM
Karactpodbl, aBapuM, 3eMISATPICEHHUs, OOJIBLIMX
naBoAKoB. Tpedyercst BIIpeab CTPOro paccMaTpuBaTh
moGaKTOpsl  CMBICTIOB  CMBICTI(Z4)=«yBEIHMYCHUE
CTENeHN YymepOa SKOJIOTHYECKHM CHUCTEMaM M|
OuoorMYeckoMy  pazHoOOpasuio B HUX  (4TO
MOBJIEYET 3a COOOM COKpalieHHEe BO3MOXKHOCTEH B
OTHOIICHUH OOCTYKMBAaHUS, 00ECIIEICHUS CPEICTB K
CYIIECTBOBAHHIO M  COKpalleHHe  JOXOIOB),
CMBICI(Z5)= «oTKI0HeHHe oT ) BIpaBo (yBeIWYCHNUE)
OTHOCHTEIIHOTO YpPOBHS (IIOJBEMA YPOBHSA MOpS),
BBI3BaHHBIM OXHAAEMBIM HOBBIILICHUEM
TemrepaTypbl». [IpakTHdeckuil BEIBOA: MPEATIOKUTh
MHUHHCTEPCTBY OKOJIOTMHM CO3[aTh YUYPEKACHHE C

(YHKIMOHATIBHOU 00513aHHOCTbIO: paHHee
OOHAapy)XEHHE  CKpBITBIX  CIIEIOB  CIIyYaiHOM
KaracTpodbl, aBapvH, 3EMICTPSICEHHs, OOJBIINX

MIABOAKOB U YyBEJIOMJICHHE TOCOPraHOB 00 3THX
CKPBITBIX CJIe/Iax.

Ha pucynkax Bce anHamuku 3HadeHHH
M3MEHYHMBOCTEH Tap (TPOEK, YETBEPOK) IIePEMEHHBIX

BH3YaJIbHO  TIOKa3BIBAIOT  CYIIECTBEHHYIO  POJIb
HEKOTOPBIX Z-TIEpEeMEHHBIX Z1, Z2, 23, 24, Z5
COOTBETCTBEHHO Ha Y-TIepeMEHHBIE VY1, VY2, V3

(Pucynku 8,9,10-13). Ha y-nepeMeHHYIO Y4 CHIIBHO
U COBMECTHO BIIUSIIOT Z-TIEPEMEHHBIX Z4, Zs, a Ha Y-
MEPEMEHHYIO Y5 aHAJIOIMYHO CHIIBHO BIMSIOT Z-
TIepeMeHHBbIe Z1, Z4, Zs (Pucynku 5,6,9,13). Pucynok 6
SICHO ~ TIOKa3blBaeT  B3aWMHBIC JMHAMHKA
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NPUBEACHHBIX B BBIBOJAX IEPEMEHHBIX Z4, Zs,Y4, TI€
3HAYCHUS Z-TiepeMEHHBIX
zi4:yi1*0.2439+yi2*0.2411+yi3*0.1276+yi4*0.8600
yis*0.3556,
zi5=Y;i1*0.0003+Yi>*0.0090+Yi3*0.1836+Yyi4*0.36 76+
yis*0.9116, 3aBuCAT OT CiydaiHBIX 3HA4YCHUH Y-
nepemeHsbix Y1, ..., Vs, i=1,...,24, u3 cTONOLOB
Matpuib! Yms= UmsA255[9]

3aki0ueHue

WzBneyenne unpoBbIX 3HAHUH W3 YHCIOBBIX
MOJIETIBHBIX JJAHHBIX 110 MaTeMaTHYECKH BBEACHHBIM
WH/IMKATOPOB TPHCYTCTBHS 3HAHMH ITO3BOJMIIO HaM
HE HCIOJIb30BATh MO3aUKy HHIUKATOPOB, MpH
JIOMTYCTHMBIX 3HAYCHHSIX HAIINX WHIAUKATOPOB HAWTH
MaTpully Css COOCTBEHHBIX BEKTOPOB M MAaTpPHILY
cobctBennbix umcen  Ass=diag(0.9784, 0.7080,
1.3301, 1.9602, 0.0233). Haiinen  HOBBIii
000CHOBAaHHBIN CMBICH, OOOCHOBAHHBINA YHCIIOBOM
nHpopmanreil, O0OOCHOBBIBAIOUIYIO H3BICYCHHOE
3HaHHE 00 CKPBITHIX CIIEAAX CIy4alHOU KatacTpodsl,
aBapHH, 3eMISITPSICEHUS], OONBINNX MaBoAKoB. Ppaza
CMBIC/Ia KOHCTPYUPYETCS IIPU PELIEHUN CMBICIIOBOTO
YpaBHEHHsI C  CEeMaHTHYEeCKOW  HEU3BECTHOM
NepeMEHHOM cMbIci(Ys). Bun  ypaBHeHHs:
eMbici(Ys)=cMmbIci(Z3)*0,1191+cmbicn(z4)*0,3556+
cMBIC(Z5)*0,9116.  OcMBIClieHHWEe TpaBoOi  4acTh
YpaBHEHUSI:  [TPOUCXOMAT cmabeie (¢ cuioi
c?15=(0,0001)?) Kone0aHus TeMIIepaTyphl
(cmbIca(y1)), HO 0e3 xoyeOanmst (C  CHIIOH
c?25=(0,0048)?) ypoBHs ocankoB (cMbIcI(Z)). DTa
(paza 000CHOBAaHHO HaMEKaeT Ha TIOCTOSTHHO
BBICOKYIO TEMIlEpaTypy OT CHIbHOro moxapa. B to
xe BpeMs ¢ cunoit c45=(0,3556)? mnoBblmaercs
CTCIICHb PpOCTa HWHTCHCUBHOCTHU CHJIbHBIX BETPOB
(cmbIci(Z4)) ¥ HaOMIOmaeTcsl CHWIBHOE (C  CHIION
c%5=(0,9116)%)  orknonmenme or 0  BhOpaBo
(yBenuueHHe) OTHOCHUTENHHOTO YpPOBHS (IOIBeMa
YPOBHS BOJIBI («MOPS»), MOABAEMbIX M3 MOXKAPHBIX
BOJIOMETOB), 0OPa30BABIIETOCS [IPU TAIICHUH BOJIOM
OrHen mokapa. Ha momio 3toro sBimeHus (c
CcMBICTTOM(Ys5)=«») MPUXOJUTCS
Asl(A1t...+h5)=0.8714/((1.0594+1.0560+0.9933+
1,0198+0.8714)=17,43% nHpopmanuy,
YUUTBIBAEMON  MOJenbio. Mojenb He MOXKET
ucnons3osath 100% nHpOpManny, OHA yUUTHIBACT Ty
uHpOpMAIIMIO, KOTOpass B Hel 3aloKeHa ILII0C
u3BIeUeHHas €0 mHpopmanuA.  OcTaipHYIO
MH(OpPMALIMIO HAJ0 W3BJIEKaTh M3 JPYTHX JIaHHBIX.
Mogenb He MOXKET BCe OOBSICHHUTb, HE MOXKET

MI0Ka3aTh BCE BO3MOXKHBIC CHMIITOMBI CIy4aiHO
BO3MOXXKHOM  TEXHOTCHHOH  KaracTpodbl (ue
NPEyCMOTPEHHBIX  OIO/DKETOM  3eMILSITPECEHMH,
OOJIBIINX TIABOJIKOB) CO CMBUIOM DPaBHBIM CMBICITY
(Ys)=«romoBoii ypoBeHb mpu a00bIue, TepepaboTke
HeTH, rasza, 3eMJIATPICEHHUs, OONBIINX MABOJKOBY.
Brison: ¢ BepositHOCTHIO (.17 Bo3MoOKHA KaTacTpoda,
y KOTOpO# Z—(aKTopsl Z1,22,23,24,Z5 TPOSBAITCS C
cunamu 0,00012, 0,00482, 0,11912, 0,35562, 0,91162.
cymma cun npossineHuir paBHa 100%. Monens
KOJIMYECTBEHHO TOYHA B paMKax €€ HMCXOJHBIX
JAHHBIX.

MopgenbHble (HOPMYIIBI  KOPPEIUPOBAHHBIX Z-
MEPEMEHHBIX, BIUSIONMX Ha HE KOPPEIUPOBAHHBIC
MOJeTbHBIE  y-(DaKTOPBl  Y1,...,Y5 OKa3aJIiCh
3G (GEKTUBHBIMU: MOJIENIb BbISIBUJIA MPUCYTCTBHUE Y-
MEPEMEHHON Y5 (OTCYTCTBOBaBIIEH B HCXOIHBIX
JaHHBIX Mojienu) co cnadbivu tumamu: (Yis*0.1191,
ys*0.1191, ys*0.1191). B z-mepemenHnoii Zzjs,
(ys*0.0048, ys*0.0048, ys*0.0048) B z-nepemeHHOI
Zip. Mozenb BBISIBHIIA OTCYTCTBHE Y-TIepEMEHHOH Y5
(ys*0.0001) B z-mepemenHo# zi1. Ho Tarke monenb
BBISIBAJIA MAJI03aMETHOE MPHUCYTCTBUE Y-TIEPEMEHHOM
ys (y5*0.0001) B z-nepemennsix, Zia, (Yys5*0.3556,
y5*0.3556, y5*0.3556), zis (y5*0.9116). Dt mano
3aMETHBIE MOJEJIbHBIC 3HAYCHHSI TAK)KE TTOCTABIISIOT
co0OH YHCIOBYI0 MH(POPMAIIIO, 0O0CHOBBIBAIOIIYIO
W3BJICYCHHBIC 3HAHUS 00 CKPBITHIX CIIEAaX CIy4aitHON
KaTacTpo(bl, aBapuu, 3EMISATPSACCHUS, OOJBIINX
naBojikoB. Mopenbs TpeOyeT: BIOpeAb  CTPOTo
paccmarpuBaTh no(aKTopsl CMBICJIOB
CMBICII(Z4)=«yBeIHYCHUE CTETIEHU ymepba
9KOJIOTHYECKUM CHCTEeMaM M  OHMOJIOTHYECKOMY
pa3sHooOpa3ui0o B HHUX (YTO TOBJIEUET 3a COOOH
COKpallleHHe  BO3MOXKHOCTEH B OTHOLICHUH
00CITy KHBaHUS, obecrieueHus CpenCTB K
CYIIECTBOBAHMIO M  COKpAalIeHHE  JOXOJOB),
CMBICI(Z5)= «oTKIoHeHHe oT 0 BIpaBo (yBeNIWYICHNUE)
OTHOCHTEIIEHOTO YpPOBHS (IIOJBEMa YPOBHS MOpS),

BBI3BAHHBIM 0’KHJIaEMBIM MIOBBILIEHUEM
TEeMIIepaTypbl».
U3  nmawHoit  paboThl  MOAENHM  HMEEM

[IPAKTUYECKUM BBIBOJ: IIPEIUIOKUTb MUHUCTEPCTBY
9KOJIOTHHU CO3/IaTh yUYpPEeXICHUE C (PYHKIMOHAIBHOM
00S513aHHOCTBIO: paHHee OOHapyKeHHE CKPBITBIX
CJIEJI0B cllydaitHOI KaTacTpodsl, aBapuy,
3eMIICTPSICEHUs, OOJIBIINX MABOJIKOB M YBEIOMJICHHUE
TOCOPTaHOB 00 3THX CKPBITHIX CIIeIax.
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