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ABSTRACT

Ecotourism is an approach to the development of human coexistence and environment. Nowadays, it has
become remarkable in the development of regions that its development is required adequate of knowledge and
information, it has effective on the economic, social, and cultural problems and factors of each region. Ecotourism
has been for intent to visit of origins and natural habitats to protect of heritage as a useful economic option. This
kind of tourism consists social, economic, and environmental impacts. Its aim promotes the environment and
facilitate in applying measures, creating opportunities of jobs, income, and promote spiritual and cultural values
in host communities. This paper has tried introducing Afghanistan important ecotourism attractions examines
ecotourism development strategies in Afghanistan. Therefore, in this study, based on strategy partnership approach
and using descriptive-analytic methodology (combination of quantitative and qualitative methods) and using
SOWT and QSPM models tried until the main strategy to action in the field of Afghanistan ecotourism
development from the perspective of 40 experts and 100 people of ecotourism sites as sample identified and
presented. The findings show that in order to strengthen and develop sustainable ecotourism in Afghanistan,
different strategies need to be considered as strategic set of policies for management and ecotourism planning. The
main strategy has shown that people believe in conservative strategy and experts believe in a defensive strategy.
In fact, this difference in the focal strategy for ecotourism development only by the external aspect of the factors
affecting the ecotourism development is limited in the country. The views of both groups are close together in the
inner aspect.

ABCTPAKTHBIN

OKOTYpH3M - 3TO MOAXOA K PAa3BUTHIO YEJIOBEYECKOI'O COCYIIECTBOBAHUS M OKpYy)Karomed cpensl. B
HaCTOAIEE BPEMA CTAJIO 3aMCUYATCIIbHBIM B Pa3sBUTUM PETHUOHOB, YTO €ro PasBUTHC Tpe6yeTC$I JOCTAaTOYHBIM
3HAaHUAM U HH(popMaImen, 0HO 3P PEKTHBHO B OTHOIIEHUH IKOHOMHYECKHX, COI[HATIBHBIX U KYIbTYpPHBIX IPOOIIEM
1 (aKTOPOB KKJIOTO PETHOHA. DKOTYpPU3M MpeIHA3HAYANICS IS TIOCEIICHHS TPOUCXOKICHUS U €CTECTBEHHBIX
MECT O6I/ITaHI/I$I JUIA 3alIUThI HACJIE AU KaK MOJIE3HBI PKOHOMUYECKUI BapHUaHT. 3TOT BUI Typu3dMa COCTOUT U3
COLIMAJIbHBIX, SKOHOMHUYECKUX U 3KOJOTMYECKUX BO3ACUCTBUH. Ero nenb npoABUTraeT OKPYKAIOLIYH Cpeay U
CHOCO6CTByeT MIPUMEHCHUTIO MEP, CO3/IaHNTIO BO3MO>KHOCTEH pa6o'mx MECT, 1OXOI0B U CHOCO6CTBy€T AYXOBHBIM
U KYJbTYpPHbBIM LCEHHOCTSAM B COO6III€CTBaX MpUHUMAKOIIUX. B stom JAOKYMCHTC MOIBbITAJICA MNPEACTAaBUTH
A(l)l“aHI/ICTaH Ba)XXHbIC NOCTOIPUMEYATCIBHOCTH JKOTYPpHU3MaA, U3YYAIOIIHUE CTPATCTHUU PA3BUTHA DKOTYpHU3Ma B
A(l)l“aHI/ICTaHC. HOSTOMy B 3TOM HCCJICOOBAaHUU, OCHOBaHHBIA Ha MOoAXO0JAC K CTPATECTUYCCKOMY IMAPTHEPCTBY U
HCIIOJB30BAHMIO ONMCATEIIFHON aHAIMTUYECKOM METOA0JIOTHHN (COquaHI/Ie KOJIMYECTBCHHBIX M Ka4YC€CTBCHHBIX
METOZOB) H ncnoib3oBanust mozaeneit SOWT u QSPM, He npenHa3HaueHHBIX O OCHOBHOM CTPAaTerHy ACUCTBUS
B obmactm pa3BuTusl 3KoTypm3Mma Adranuctana ¢ Touku 3peHus 40 Dxcneptsl U 100 yenoBek w3 caiToB
OKOTypHU3Ma B KA4€CTBEC BBI60pKI/I BBISIBJICHBI Y IIPEICTABJICHBI. Pe3y.]'II)TaTBI IMMOKAa3bIBAIOT, UTO I YKPEIUICHUA U
Pa3BUTHS YCTOHYHMBOTO JKOTypH3Ma B AdraHucTaHe HEOOXOJMMO PacCMaTPHBATh Pa3IMUHBIC CTPATETHH Kak
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CTpaTeruuecKuii Habop MOJMUTHKH TS YIIPABICHUS U INTAHUPOBAHNUS dKoTypu3Ma. OCHOBHAS CTpaTeTns Mokasaia,
YTO JIIOAH BEPAT B KOHCEPBATHBHYIO CTPATETHIO, U SKCIIEPTHI BEPAT B 3alIUTHYIO cTpaTeruto. DakTudecky, 3Ta
pa3HHIa B OCHOBHOW CTPATETHUH Pa3BUTHS KOTYPH3Ma TOJIBKO IO BHEIIHEMY ACIEKTY (PaKTOPOB, BIHUAIONINX Ha
pa3BUTHE PKOTypU3Ma, OTPaHWYEHA B CTpaHe. Barmsampl o0ewx rpynm OMM3KH ApYyr K APYrY BO BHYTPCHHEM

ACIICKTC.
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Introduction

Natural attractions and geographically diverse
climates, along with the heritage of human civilization,
and ethnic racial diversification, have provided
valuable human capital for human beings. That the
exploitation of which requires the provision of various
conditions that, in general, depend on the stability of
the tourism sector (Drum and Moor, 2009). Today the
existence of natural and historical potentials in
Afghanistan, have changed this country one of the most
attractive tourism areas in the world. The traditional
features of Afghanistan have barred recognition of
tourism features. Also due to internal disputes and the
entry of Western countries in recent years, have
increased these disputes and insecurity and caused
resulting in inadequate infrastructure and tourism
system in the country. The imagenation of some
tourists about Afghanistan, also some administrative
problems in the course of arrival of the tourist and so
on up from one side these problems have negative
effect on the quality and quantity of tourism industry
and from other side the tourism issue does not deserve
to be considered serious in the country (Nazari, 2009:
2). It therefore seems to be one of the tourism capacities
is the advancement of the tourism industry in
Afghanistan. One of the kinds of tourism is ecotourism
which in fact, tourism based on environmental
sustainability with primary concentration to natural
environments experience which is the factor of
promoting culture and environment and is more in line
with the local community in Afghanistan. Despite
tourism industry of Afghanistan faces with more
challenges, weaknesses, Shortcomings, and threats.
This paper examines weaknesses, shortcomings,
threats, and opportunities of Afghanistan tourism
development in comprehensive strategies framework
analyses in long-term, till after coming peace ability to
run in all over of this country (Royan,2012:84).

Theoretical

Ecotourism is one of the most economic activities
in the various area in the world, that offers the suitable
opportunity for visitors until aware from importance of
cultures protection and how protect from local and
natural cultures.

These conditions can create good incomes for
local communities and distant natural area. The
ecotourism is this which a good tool for protection of
areas is included in.

The executive and ecotourism development
follows conclusions, such as:

e Increases the protected areas ecosystem
importance, and increases their economic values.

o Creation of direct income for protected areas.

o Creation of direct and indirect income for local
communities, and increases their motivation in
protection of environment.

e Leading to the formation of coherent from
protected areas in the local and national communities.

e Promotion of sustain use culture of natural
resources and motivated for decrease threats of
communities. (Drum and Moor, 2009: Preface).

According to given what was said, ecotourism is a
kind of responsible human of tourism in natural
environment that in addition to the material and
nonmaterial advantages follows the protection of
environment, and its conclusion stability of linkage
between sustainability of different dimensions with
ecotourism. (Nazari, 2009: 2).

For instance, Butler defines the sustainable
tourism a kind of tourism which can in determinant
environment in unlimited time continues and according
to humanity and physical does not hurt for environment
and to the extent possible that no harm for development
of other social activities and processes. Then,
sustainable tourism is a kind of tourism that facilitated
the development (Butler, 1994:4). On the other hand,
according to theoretical sustainable tourism approach,
ecotourism can do as a kind of sustainable tourism and
has benefits for present and future generations
(Dovabochesbam, 2005:2). Because today more
remained natural areas protect from several ways, that
ecotourism is one of them. Mainly ecotourism is a
strategy for control protected areas. This kind of
tourism with multi-purpose that’s mean protection of
environment, respect to local communities, and
promote cultural components which involved host
communities, which these goals have a conversation
and its main motto responsible journey to natural areas
for protection of environment and improvement of
economic conditions of local communities (Drum and
Moor, 2009: Introduction).

The tourism of that be according to sustainable
ecological that’s mean respond the present needs of
eco-tourists and for extent and protection of exist
opportunities for sustainable future and instead of hurt
the ecology tries with a long of ecotourism is called
sustainable (table 1).
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Table 1
Sustainable Ecotourism Principles

Using of sustainable
resources

Protect and sustainable use from natural, cultural, and social resources are very
important and motivate employment and perception in long-term.

Reduce excess
consumption and wastes

Reduce excess consumption and avoid from reconstruction of long term
environmental hurts and help to quality of tourism.

Management of
environmental diversity

Maintain and promote natural, social, and cultural diversity for sustainable
tourism and create base in necessary long term.

Resorts in planning

Tourism development is framework strategic planning in coherent national and
local. Evaluating of environmental impacts, motivate of increase long term in
tourism.

Support of local

Tourism which maintain of extent range of economic activities, local and
environmental expenditures and estimate long term benefit or economic and avoid

economies .
to help environmental damage.
Involved local General participation of local communities in part of tourism not only improve the
communities social insurance and environment but also help for quality of tourism projects.

Consultation and general

Consultation between tourism industry and local communities’ organizations and
foundations if necessary which they help together in potential conflict resolution

stakeholders

benefits.

Staff training

Staff training and the integration of sustainable tourism in ways, with or personnel
recruitment in all levels, and improve quality of tourism product.

Responsible tourism
marketing

The general tourism supply marketing and authorities according to natural and
social information’s and increase cultural environments in destinations area and
improve customer satisfaction.

Resource: Blamey, 2001, 21

Area of study

Afghanistan is a mountainous country that has
652225 km?area and it is located in the central heart of
Asia under the roof of Pamir at the point of East-West
Asia, in the vicinity of the Indian subcontinent and the
grassland of Central Asia. Afghanistan in the simplest
geographical definition is the mountain blade joined by
a coarse and elevated summit from the Pamirs to the
great Mountainsides of the Himalayas and Qar-e-
Karam, and permanent and temporary snowflakes give
it abundant water to the vast rivers, and on each side
there are small and large rivers to the stream.
Afghanistan country is a diversity land. This variety in
all its geographical features seem from humanity
problems up to natural features. The various tribes of
Afghanistan speak with different languages and live
together with different religious, Hindu Kush
Mountains with 7485 meters’ height and inside Amu
Darya beach is located that with lower height from level
of sea. Inside the country, surrounded mountainous
areas, dander’s and sandstones from all sides. With
least distance from lush forests east of country arrives
to the desert, even desert, steppic lands. Maybe we can
say in front of all of these diversity and variety be
climates of our country.

In fact, none of geographical features does not
show the diversity of spatial and temporal dispersion of
climatic elements (Mohammad Azim Azimi, 2012:22).
Afghanistan as a developing country which its
economic system despite has underground mines and
resources and its strategic location, unfortunately due
to the lack of planning and lack of expertise after long

wars, it still relies on the assistance of the international
community, and to get out of this situation needs to all
over sustainable development and also for income
alternative new resources, instead of international
community assistance, must use from All the features
and capabilities available. It is clear Afghanistan has
gentle climates and natural, historical, and cultural
attractions and Afghanistan is a country that from one
side has dependent economy to foreign countries and
on other hand has special location in the world
(Barbari, 3).

Also the balance of unemployment is increasing.
Hence according to economy this country needs to
domestic investment in this conditions, it is necessary
pay attention for domestic resources. Also improving
of domestic economy resources such as tourism
activities development can obstacle the regional
changes damages and pave the way employment for
people. Afghanistan in 1965 become membership in
world tourism organization and Afghanistan tourism
organization established in 1948. Afghanistan tourism
organization had considerable activities by 1978, but
after that due to wars become inactive (Mahammad
jafari:6).

Due to several decades of war Afghanistan has
damaged to ancient monuments and antiquities, despite
Afghanistan is one of the countries with a lot of
historical monuments and has rich historical
background that can attract thousands of tourists yearly.
It is expected that, if tourism is paid more attention in
Afghanistan, it can earn $ 4 billion to $ 7 billion
annually. Due to the fact that Afghanistan is considered
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one of the most important regions of the region due to
geographical location, beautiful nature, historical
buildings, and cultural values, there will be significant
growth in tourism. Afghanistan is relatively familiar
with the modern concept of tourism. More than two
times of short term military occupation of this country
by UK in 20 centuries, the boundaries of Afghanistan
are blocked for foreigners by 1950. Due to 1960 and
1970 years when the American and European eager
youth a short opening took place from Istanbul to
Katmandu through the dry roads but later in 1978 the
February coup took place on the left, followed by the
invasion of the Soviet Union the following year, and
more than two decades passed before the Afghans
could hope for peace in their country again. The April
coup took place on the left, followed by the invasion of
the Soviet Union the following year, and more than two
decades passed before the Afghans could hope for
peace in their country again (website Bamyan tourism).

The study of tourism in Afghanistan is important
because Afghanistan needs economic growth and
economic development as well as tourism-related
capabilities. Afghanistan has the capacity to attract
tourists because it has ancient monuments, natural
landscapes for recreational tourists and religious
symbols that can attract many tourists. For example,
you can mention the great castles of Balkh, Takht-e
Rustam in Samangan province, and the city of
Golghlah in Bamyan, as well as the Buddha of Bamiyan
and the minaret of Jam, and many other ancient remains
that have survived since ancient times. The areas of
Bamyan, Balkh, Herat, Kandahar, Ghor, Kabul,
Takhar, Parwan, Kapisa, Nuristan, Badakhshan, and
Ghazni are among the most popular tourist attractions
in Afghanistan. Afghanistan can specifically attract
tourists for its natural beauty. Afghanistan is a
mountainous country, and according to some surveys,
one third of its geographical extent is mountains, so
more natural landscapes can be found in the mountains
and peaks. The Mountainsides of Pamir Mountains,
Hindu Kush, Baba, Firoozkooh, Black Mountain and ...
have created beautiful natural scenery. In some areas
rivers have added to the natural beauty of natural
scenery. This mountain range can attract climbers and
tourists. Of the beautiful scenery, the Band e Amir in
Bamyan, for example, can be found in less than a part
of the world. In addition to natural attractions, there are
many monuments, and monuments in different parts of
Afghanistan that have added to the tourist attractions of
the country, each of which has its own unique features
and attractiveness, which can open thousands of
tourists to Afghanistan every year. Buddhist statues,
Zahak city, Golghah city, Chehelsoton in Herat,
Balahshar, Tomb of Soltan Mahmud, Sanayi’s tomb
and ... In Ghazni, Mobarakeh's cemetery (khairga
Mubarak) and Baba Garden in Kandahar, and Tangi
stoon Qalah Berber in Bamyan, Herat's mosque, castle
Historical Herat, minarets and tomb of Khoja Abdullah
Ansari in Shadian, and pilgrimage of Sakhi in Mazar-i-
Sharif can be examples of religious and recreational
tourists (website Bamyan tourism).

Islamic Republic of Afghanistan, with many
natural attractions, is one of the most beautiful and most

prosperous area in South Asia. In Afghanistan, natural
protected areas have been identified by the World
Conservation Organization since the 1970s, one of
which is a natural ecosystem and a vital variety. In the
identified natural habitat that has already been carried
out by the organization, it remains unchanged for the
first time, and its changes have been exposed of the
painful political upheaval and recent years. The
following areas are presented:

e Band -e- Amir: it is a national park and one of
natural heritages is the world that has 4200- hectares
area it was shelter birds to different kinds of fish in
1973.

e Ghazni backwater or standing water: it has
27000 hectares’ area and it is shelter of Aquatic,
indigenous, and immigrant birds in 1977, now it has not
this area, it become very less.

e Ghazni Nawere desert: it has 7500- hectares
area in 19700, it is shelter of wild life, indigenous, and
immigrant birds.

e Amon pozak: it has 35000 hectares’ area it is
located in Nemrowz province it was shelter of
indigenous and immigrant birds in 1973, now there are
a lot of changes and its current area reaches 1600
hectares.

e Hajar valley in Bamyan province: it has 4000
hectares’ area in 1978, it is the best shelter of different
wild life and plants.

e Large Pamir in Badakshan province: it has
67938 hectares’ area in 1978, it is the best shelter of wild
life, medical plants, and provider of the biggest
resources of water and rivers of our country. Large and
small Pamir that involved Khahan and Wakhan valley,
in fact it is one of large ecosystems of country,
furthermore it has environmental and vital impacts for
our neighbour countries such as: Pakistan, China,
Tajikistan and it is called a natural ecosystem between
region countries (Aman, 2016:100).

In addition of important diversity life sites that by
the World Conservation Organization in the 1970s
determinates there are other sites that should protect
and they are important, the following areas are
presented:

e Natural forests of Amu Darya River beaches
Darqad (Darqae island), Khoja Bahoddin, Dashte Qala,
Imam sahib, Ashraf valley belongs to Baghlan
province, Handerab areas, Shewa Badakshan,
Backwater or standing water of Weghnan belongs to
Warsaj district of Takhar province, Natural forests, and
beautiful valleys of Nuristan province, Khost province,
Laghman province, Paktia province, Paktika province
and Kunar province (Royan, Abdul Qadir, 2012:84).

Methodology

According to case of study issue and research
objective, descriptive-analytic methodology
(combination of quantitative and qualitative methods)
and used SOWT and QSPM models in analytic
methods. To conduct a field study, two study groups
selected, from the views of 40 experts and 100 people
of ecotourism sites as sample identified and presented,
in both of groups lack for the sake of official statistics
used from sampling that its conclusion based on
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selected of 40 experts and 100 people of ecotourism
sites and stakeholders. The useful analytical techniques
of SWOT and QSPM for conditions and decision
analysis, the evaluation of conclusions and options are
for selection not only now perspective, but also
considered opportunities and threats. Therefore, this
study is for achieving of goals, first, a questionnaire
based on the theoretical framework and situation of our
country in the form of a table SWOT, designed for
strategic model and offered samples (inclusive of of 40
experts and 100 people of ecotourism sites). After that
designed the strategic matrix till from this designing to
be identified weaknesses and threats and be offered
suitable strategies. So in this study not only the strategic
model considers the perspectives, but also the threats
and opportunities for country’s  ecotourism
development to be considered. The process of
implementing the SWOT model is carried out in two
external and internal environments, which include:
strengths and weaknesses, opportunities and threats.
(Figure) The process of accomplishing the work to
achieve the result in the strategic model is as follows.

First, internal factors and external factors are
identified. After identifying all the weaknesses,
strengths, threats and opportunities, the Internal Factor
Assessment Matrix (IFE) is a form of external factor
assessment matrix (EFE). Then, the strategies adopted
are scored using the QSPM matrix and each
implementation is prioritized. By using expert
interviews, the most important indicators of each of the
above criteria will be identified and then categorized as
weaknesses and strengths.

Using the hierarchical analysis model, the weight
of each of the indicators of internal and external factors
is determined. To prepare the IFE evaluation matrix,

first list strengths, then weaknesses, and assign each
weight factor between zero (meaningless) and one
(very important). In this case, the sum of the assigned
weight coefficients should be equal to one. After listing
each of the strengths, weaknesses, opportunities and
threats, and writing them in their respective cells, the
strategies are achieved according to the weighting order
from the intersection of each of them. Therefore, this
matrix always leads to four categories of ST, WT, WO,
and SO strategies. (Figure 2.)

The QSPM matrix is used to assess the
feasibility and sustainability of proposed solutions in
the face of environmental conditions and status quo.
The steps to create the QSPM matrix are as follows:

In the first column, the list of external strategic
agents list includes all the threats, opportunities and
strategic elements within the organization, including all
weaknesses and strengths. These factors are identical to
the IFE and EFE matrices. In the second column, the
weighted rating of each strategic factor is exactly
derived from the IFE and EFE matrices. In the
following columns, a variety of strategies are derived
from the SWOT matrix including four strategies WO,
ST, WT and SO. Each of the columns for each type of
strategy is divided into two sub-columns. One under the
AS column and one under the column TAS. In the AS
column, the attraction is given an appreciation, so that
each strategic factor is measured and rated by the
strategy. In determining the attractiveness of the
attraction, the question should be answered whether
this factor affects the choice of strategy? If the answer
to this question is positive, then the attraction score
should be given in a specific way and given the relative
attractiveness of each strategy to another strategy.

(SWOT) matrix =~ ————(Strengths) l (Weaknesses) |
(Opportunities) {SS¥strategy » (WO) strategy v
(Threats) (ST) strategy (WT )strategy

[ Determining of long term and short term development of]

Resource: (Movahed, 2013:193)

Analyses and Results

Forty persons of experts that 5 persons were
female and 35 persons were male which all of them had
higher education and 100 public people of country
which 85 persons were male and 15 persons were
female that all of them had higher education, education,
and diploma which they responded to the questionaries’
by taking data from questioners and classified them at

the first step for accessibility to the most priorities in
ecotourism development of Islamic Republic of
Afghanistan, formatted factors matrix by two groups,
experts and people, based on two in two factors under
the opportunities, weaknesses, strengths, and threats
groups, four strategies of ecotourism development is
identified in country (table 2).
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Ecotourism development strategic matrix

Table 2.

SWOT analysis

Internal

ernal

Existence of hospitality culture among

Climatic diversity.
vegetation diversity
Geomorphological location.
Ecological landscapes.
Provide the fields of happiness and
mental health for tourists.

Strengths) S(

people.

Low importance of tourism in

Lack of familiarity people with the
value of the natural environment

Inform about ecotourism sites of
Lack of general services in tourism

The relative interest of the general

Weaknesses) (W

country.

and its attractions.

Not contributing people in
ecotourism investment.
The transportation roads in
ecotourism site have security
problems in the country.

country are inadequate.
regions.

people in preserving the
environment and nature.

Table 2

Continue, ecotourism development strategic matrix

Opportunities
)O(

Being availible for capacity in
tourism investment sector.
Profitability and flow of capital and
income to the country.
Attention of government to
ecotourism and tourism in the
country.

Opportunity of and cultural
communication between different
ethnic groups.

The formation of new job
opportunities for local people in the
country.
Reconstruction and offer new

infrastractures in country( such as
transportation,communications roads,
hotels, and resturants and etc).

Competitive strategies /
Aggressive
)SO(

Improve the capacity
investment according to high
potentials of country.
Improve and attract invests for

advantage and income of
country.

Improve the investment for
creating of employment
opportunities of local people
according to available
capabilities.
Improve the social and
cultural communications
according to people
hospitality.

Improve and reconstruction of
tourism infrastructures and
create new infrastructures in

country for attract more

Diversity of strategies
) ST(

Diversify of invest capacities to
earn profits and income.
Diversify to social and cultural
communications for decrease of
tourism social and cultural
impacts.

Diversify and create new
infrastructures such as hotels and
restaurants for interest coming of

tourists to the country.
Diversify and attracting
participation of private sector to
invest in the country.

Diversify to regulations and
suitable public policy for attracting

supports of private sector.
Diversify and initiative in creating

of employments and new jobs to
attracting tourists.

tourists.
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Continue.

Table 2

Ecotourism development strategic matrix

Threats)T(Negative social and
cultural impacts tourism in the
country.

Immigrant and tourism to the
country.

Disregard for environmental laws.
The formation of social insecurities
in the country.
Unsuitable public policies for
ecotourism management in the
country.

Lack of suitable advertisements
and awareness.

Lack of suitable infrastructures for
attract and retain of tourists in the
country.

Review strategies /Clever change
direction) WO(Reviewing in
government policies in attracting
investment.

Reviewing in offered services and
facilitates related with tourism
infrastructures of country.
Reviewing the arrival tourists
over the country’s capacity.
Reviewing in regulations and
create security for welfare of
tourists.

Reviewing in using of responsible
and indigenous persons for more
guides tourists.

Review the misleading advertising
on the country’s security to
change the visitor’s visibility
towards the country.

Defensive strategies) WT(Avoid
the intruder and evil people, in
order to provide security for
tourists.

Avoid from environmental
degradation due to the emissive
arrival tourists to the country.
Avoid from the entry and impact
of alien cultures for the
preservation and customs of the
country.

Avoid from arrival tourists that do
not pay attention about
environment regulations.
Avoid from misleading
advertising about people and
security of the country.

So the results based on ecotourism development
strategies pattern, organized and their statistics in the

total rating templates, the relative weight conducted

from views of experts, and people in the country, which
is included in Table 3 &4.

Table 3.
SWOT Table of ecotourism development strategies from views of experts and people
Experts People
Experts SWOT | Normalized | Current | Weighted | Normalized | Current | Weighted
Weight situation Score Weight situation Score
scores scores
|| 01 0.05 4 0.20 0.1 3 0.3
8 02 0.1 3 0.3 0.1 4 0.4
= 03 0.03 4 0.12 0.1 2 0.2
g 04 0.1 2 0.2 0.05 3 0.15
o | 2 05 0.1 3 0.3 0.1 4 0.4
210 06 0.1 4 0.4 0.1 4 0.4
‘_wE 07 0.1 2 0.2 0.03 3 0.09
g T1 0.1 2 0.2 0.1 2 0.2
£ T2 0.03 2 0.06 0.03 2 0.06
wlg T3 0.03 3 0.09 0.1 1 0.1
£ T4 0.03 1 0.03 0.03 1 0.03
= T5 0.1 1 0.1 0.03 3 0.09
T6 0.1 2 0.2 0.03 2 0.06
T7 0.03 2 0.06 0.1 2 0.2
Total 1 2.46 1 2.68
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Table 4.
SWOT Table, pattern ecotourism development strategies from views of experts and people
Experts People
Experts SWOT | Normalized | Current | Weighted | Normalized | Current | Weighted
Weight situation Score Weight situation Score
scores scores

S1 0.03 4 0.12 0.04 4 0.16

" S2 0.1 3 0.3 0.1 3 0.3

;CSD S3 0.1 3 0.3 0.04 4 0.16

= S4 0.05 4 0.20 0.1 2 0.2

o | & S5 0.1 4 0.4 0.1 3 0.3

£ S6 0.1 4 0.4 0.1 4 0.4

f S7 0.1 3 0.3 0.1 2 0.2

o W1 0.1 3 0.3 0.1 2 0.2
2| g W2 0.03 2 0.06 0.03 2 0.06
-8 W3 0.1 1 0.1 0.03 3 0.09
g W4 0.03 1 0.03 0.03 1 0.03

S| ws 0.1 2 0.2 0.1 1 0.1

= T we 0.03 2 0.06 0.1 2 0.2

W7 0.03 3 0.09 0.03 2 0.06

Total 1 2.83 1 2.46

The Ecotourism development strategic concept map
0y
- From views of people
WO ::
= From views of experts
] >
= 1 =
CWT 1T (10 }]
(T '
Figure 3. The diagram of strategic analysis of ecotourism development from the point

of views experts and people.



14 HarnmonaneHast acconmanus yueneix (HAY) # 85, 2022

QSPM Table, Analysis pattern ecotourism development strategies from views of experts and pe(-)rp?Ibele >
Strate so1 S02 WO1 WO2 WO3 ST1 ST2 WT
; aﬂ% i \Qﬁ AlTA|A|TA|A|TA|A|TA|A|TA|A|TA|A|TA |A]| TA

. s| s |s|s|s|s|s|s|s|s|s|s|s|]s]|s]|s

Opportunities
or |01 3|08 2|02 s 08 2 02 g ) 08 3| 05 3|05 202
e O I A I A I A I A I A I A IR A P B
03 | o1 |22 s G2 2| G2 a2 S0 2|3
or | oos | 310 6/105 3 o(.y%)s 3 06/%)5 3 0(.;5 3 Oéyis 3 Oéyis 3 Oéylos 3 Oéylos
05 | o1 |a| G el St al Ot a A Ot la 0t a] 0t a] S
o/ IR P A I B v I v B Il I B I Il I Bl I B
o7 | 00z | 3 052,6 s 0(.)/102 3 0626 A 0622 3 0(.)26 A 0(.)/%)2 3 O&Q,G A 06/102

Threats
BN IR I v I B o I vl I B I I IV I B I I Il - W e
> ooz |20 (_;())6 ) o(,;())e ) 0(.)26 ) 0(.;))6 ) o(.)zs ) o(.)zs ) O(.;())G ) O(.;())G
3 ooz |30 (_;())6 ) o(,;())e 3 0(.)26 ) 0(.;))6 3 o(.)zs ) o(.)zs 3 O(.;())G ) O(.;())G
s loos |10 (_;())3 ) o(,;())e . 0[323 ) 0(.;))6 L o(.)zs ) o(.)zs 1 0(.;())3 ) O(.;())G
L S I T v I T vl I R IVl I vl I vl IS vl IO ol o
T6 | 01 | 2 %/02 2 %/02 2 ?,/02 2 %/02 2 %/02 2 %/02 2 %/02 2 %/02
= ooz |20 626 ) 062,3 ) 0£6 1 0;33 ) 0(.)26 L 0(.)23 ) O(Q)G . 0;23

Strengths

s1 | o003 | 4 o(_yloz 3 0(.)/102 A 05/{,2 3 06/{,2 A 0(.)/{)2 3 0(.)/{)2 A 06/102 3 06/102

s2 |01 |a| O3 a0 03] [0a] 05T, ToaT 03], 104

S B I R I T Bl B ol - Bl I I I ol T ol - e

ot | oos | 4l0 (_yzoo . o(,éo . 06/200 A 0(,;0 A 0(.)/%)0 A 0(,)/%)0 A o(.;)o A o(,;)o

ss (o1 a4l la| 00 a0 s 00 a0 s O3 a0t a2

R O I A I A I I I vl I Il I Bl P Il I o

s7 | 01 |3 ?,/f’ 4 ?,f 3 ?)/:’ 4 ?,):1 3 %/03 4 %)j 3 ?)/? 4 ?)):1

Weaknesses
VR IR v R vl I B vl N IVl I IRVl I Ivul I I o - B e
w2 | 003 |20 EQ,G ) o(,za ) o(.)ze ) o(.;())e ) 0(.)26 ) 0(.)26 ) o(.;())e ) o(.;())e
wa |0 | 1| o0 [ O], ooy forT, o2 o1, [02
wa | 003|110 (_23 2 o(.)gg . 0£)3 3 0(.29 L o(.st 3 o(.ng . 0&23 3 0&29
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0.3 0.1 0.3 0.1 0.3 0.1 0.3 0.2
W5 01 |3 % 1 % 3 % 1 % 3 % 1 % 3 % 2 %
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
W6 | 0.03 | 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 %
0.06 0.06 0.12 0.06 0.06 0.06 0.09 0.06
W7 | 003 | 2 % 2 % 4 % 2 % 2 % 2 % 3 % 2 %
Total 5.45 5.27 5.51 5.47 6.65 5.37 5.48 5.57
Table 6.
Selected strategies prioritize.
Selected Charm .
strategies score Priority Strategy
(WO3) 6.65 1 Reviewing the arrival tourists over the country’s capacity.
(WT) 557 5 Avoid the intruder and evil peopl_e, in order to provide security for
tourists.
(WO01) 551 3 Reviewing in government policies in attracting investment.
(ST2) 548 4 Diversify to social and cu!tural commum(_;atlons for decrease of tourism
social and cultural impacts.
(WO2) 547 5 Reviewing in offere_d services and facilitates related with tourism
infrastructures of country.
(S01) 5.45 6 Improve the capacity investment according to high potentials of country
(ST1) 5.37 7 Diversify of invest capacities to earn profits and income.
(S02) 5.27 8 Improve and attract invests for advantage and income of country.

As can be deduced from the diagram and
calculations (fig.3), from views of two groups' experts
and people of the country, the focal strategy is different
for ecotourism development of the country, because the
conclusions illustrated which people believe to the
conservative strategy and the experts believe to the
defensive strategies. In fact, this different is limited
only to external factors to the ecotourism development
in the focal strategy of the country. The final results of
the selected strategies from the QSPM model in Table
6 show that eight strategies are more prioritized. The
first strategy shows that Afghanistan has the potential
to attract more tourists and is a top priority for eco-
tourism. The second priority of the strategies is to
provide security for tourists. The third priority of Table
6 is the review of changes in government policy within
the framework of ecotourism.

Conclusion

Tourism is an old phenomenon which is existed
from a long time in the social communities, but today
tourism industry especially ecotourism, as a new
approach for human coexistence and community
development, for economic exploitation, it found a
suitable and special position in the area development.
Hence the areas have natural perspectives by
geographical and environmental situation according to
climatic, topographic, and hydrologic creates special
attractions. In this research, each one of strengths and
weaknesses with opportunity and threat participated
from experts and people groups in the strategic model
of ecotourism development. From the views of experts
for the sake of ecotourism’s opportunities and
attractions are high in the country, but the development
of ecotourism in the state of affairs in various aspects
threatens the country as well. However, from the views
of people the existence ecotourism potentials provide
suitable opportunity and external conditions in the
country. The total calculated scores from the views of

experts in the strategic model illustrate which the
strengths and weaknesses according to ecotourism of
country. From the views of people also the total
calculated scores for ecotourism development
weaknesses and strengths are high. So from people
views of the country, the bases and capabilities of the
ecotourism development in the Islamic Republic of
Afghanistan are stronger than its external opportunities.
This tendency towards the ecotourism development
from the view of the general public leads to the
conservative strategy, but from the experts' view, the
set of conditions is correct in the image of the people's
view and they do not consider the external conditions
governing the ecotourism development of country in
the current state of affairs. And for this reason, their
focal strategy for the ecotourism development lies
within the strategic defensive. According to insecurities
and Social and ethnic sensitivities, one of the fastest
accessibilities in tourism development is ecotourism in
the country.

In this context here are some practical
suggestions:

- Efforts to attract the full cooperation of
government agencies and private organizations related
to ecotourism of the country.

- Ensuring security ecotourism sites to attract
eco-tourists.

- Promotions for attention all
ecotourism area in the level of country.

- Hold the important sessions for local people
from advantages of ecotourism in the country.

- Improve the required infrastructures of
ecotourism for tourist’s increasing satisfaction and also
access faster and easier to the tourism areas.

- Creating tourism information bank.

about
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CO3JIAHUE ®U3UKO-TEOJJOTHYECKUX MO/IEJEl POTHO3UPYEMBIX
HE®TEHOCHBIX CTPYKTYP [0 TPABUTAIIMOHHBIM AHOMAJIHSIM
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Hnemumym eeonocuu u negpmezazosvix mexronoeuu UT'uHI'T

Kaszanckozo gpedepanvrozo ynusepcumema

CREATION OF PHYSICO-GEOLOGICAL MODELS OF PREDICTED OIL-BEARING
STRUCTURES BASED ON GRAVITATIONAL ANOMALIES

Slepak Z.M.

Institute of Geology and Oil and Gas Technologies 1GaOGT

of Kazan Federal University

AHHOTAIIUA

PaccmaTpuBaroTC  pe3ynbTaThl

T€OJIOTHICCKOM HUHTCpIpEeTAllMi TI'PaBUTAMOHHBIX aHOMaJHi pu

MPOTHO3UPOBAHNN HE(YTEHOCHBIX CTPYKTYP U APYrHX 00BEKTOB HETAHOI reosoruy.

ABSTRACT
The results of the geological interpretation of gravitational anomalies in forecasting oil-bearing structures and

other objects of petroleum geology are considered.

KonroueBble ci1oBa: rpaBupasBenka, HeTeHOCHas! CTPYKTYpa, HepTsIHAs Te0I0Ths
Keywords: gravity prospecting, oil structure, petroleum geology

Beenenne

Pemenne 3amad rpaBHpa3BEIKH, BBINOJIHACTCA
aBTOPOM  Ha  KOJHWYECTBEHHOM  YpOBHE IO
pa3paboranabiM B UTHHI'T TeXHONOTHSAM U OICHKOMH
UX JIOCTOBEPHOCTH MO allpHOPHBIM JAaHHBIM. OTO
MO3BOJISIET  TIOBBIIIATH JOCTOBEPHOCTH  BBISBIICHUS
HE(PTEHOCHBIX CTPYKTYP B OTJIIMYHE OT NPUMEHSIEMBIX
JPYTUX METOJOB HHTEPIpETalnd, OCHOBAHHBIX Ha
TpaHc(OPMHUPOBAHHBIX (MaTeMaTH4YeCKH
00paboTaHHBIX) TMOJIAX, COJAepXKaImUX  OoNbIIue
norpemuoctd. HekoTopsle mpuMepsl pe3yiIbTaToB
BBISIBIICHUS BBICOKOTOYHOM IpaBUPA3BEIKOM
MPOTHO3UPYEMbIX HE(PTEHOCHBIX CTPYKTYp B Ypalo-
IloBomkpe W JAPYTrHUX pErHOHaxX, IPHUBEICHBI B
BapuanTax 2D u 3D.

1. MeTrox rpaBUTALMOHHOIO MOJEJIHPOBAHMSA
(MI'M) pas perienust 3a1a4 HeTAHON reoJIorus

Pa3zpaboTaHHbBIi  aBTOPOM  METOJ  TI'e0JIOro-
reopusnueckoro monenupoBanus (I'TM) ocHoBaH Ha
pe3ysbTaTax HM3y4eHHs IUIOTHOCTHBIX OCOOEHHOCTEH
3eMHOM KOPHI M peIIeHNH NMPAMBIX 3a1a4. OH HaleleH
Ha MPOTHO3MPOBAaHWE IOTEHIHAIBHO HE(PTEHOCHBIX
CTPYKTYp W  U3yd4eHHE OJIOKOBOTO  CTPOCHUS
KpHCTaINYecKoro (pyHmaMenTa, KOTopoe B CTaThe HE
paccmarpuBaetrcs. Mertong ITM  3akmrouaercs B
pemeHnn 0OpaTHOW TMHEWHON 3a1a4i TPaBUPA3BEIKH
[1-4] u, ucknroyas HpPUMEHEHHE HCIOJIB3YEMbIX Ha
NpaKkTHKe  TpaHcpopManuii  MOJA,  MO3BOJISET
HEMOCPEACTBEHHO 110 aHOManuAM byre onHOBpeMeHHO
C TI0100pOM TOJIeH CO3aBaTh MOJICIIN TE€OJIOTHUECKUX
Cpel U OLIEHUBATh UX FE0JIOTUYECKYIO JOCTOBEPHOCTb.
Hanenenrocts MeToaa Ha YCTaHOBJICHHOM
3aKOHOMEPHOM Ppa3yIUIOTHEHWH MOPOJ Ha ydJacTKax
HE(TEHOCHBIX CTPYKTYP U CO37aeT BO3MOKHOCTH JUIS
UX ycHemHoro BbisiBIcHUS. (OCHOBBIBasICH Ha

Bblpa6OTaHHI>IX MOJCJIbHBIX  IMPCACTABIICHUAX 00
00BEKTaxX MMPOTHO3UPOBAHUA u YCTaHOBJICHHBIX
3aKOHOMEPHBIX 0COOEHHOCTSX HU3MCHYHBOCTH
IUIOTHOCTEH B ux npeaciax, aBTOPOM
paccMaTpuBacTCA TOPHU30OHTAJIBHO-CJIIOUCTAA
,I[ByXC.]'IOfIHafI MOACIb 3EMHOM KOpBbI, COCTOAIIAad U3

0CaJI0YHOI o KOMIIJICKCa n KPUCTATLITMYECKOTI'O
q)yHHaMGHTa C H3MeHHIOH.[eI>iC?[ B JlaTepaJibHOM
HalnpaBJICHUU IJIOTHOCTBIO. Taxas MOICIb

CPaBHUTEIHFHO IPOCTO OTOOpa)kaeTcsi IBYXCIONHOM
MareMaTuueckol mozenpto. BepxHuil cimoit mopenu
anmpOKCUMUPYET naTepajJbHyIo W3MEHYUBOCTD
TUIOTHOCTEH B OCAJ0YHOM KOMIUIEKCE, HIDKHUH — B
MOJICTHJIAIOIIEM €r0 KPUCTAIUTMYECKOM (pyHIaMEHTE.

[Ipumenenne metoga ['TM no3BosnsieT U3BIEKATh
JIOCTAaTOYHO HAAEXKHBIC CBEACHUS 00 W3MEHYHBOCTU
IUIOTHOCTEH, JOCTOBEPHOCTH KOTOPBHIX MOXET OBITh
MIPOKOHTPOIMPOBAHA IO JTA00PATOPHBIM H3MEPCHUIMHU
u panHsiM [MC. Coszpatorcss reomerpuyeckas u
MaTeMaTUYeCcKass MOJCIH HE(PTEHOCHBIX CTPYKTYP.
I'mybuna TIOBEPXHOCTH 30HBI JlaTepaibHOM
HU3MEHUMBOCTH IUIOTHOCTEN HA ydacTKax CTpykTyp Hi
ompezenseTcss ¢ TpeOyeMoil TOYHOCTBIO TO JaHHBIM
OypeHusT WIM JPYTHX TE€O(PU3UIECKUX METOJIOB.
CormacHO TEOpPETHYECKHM pacdyéraM ompezeiieHue
HIWKHEW KpomMku 30HbI H> Moxer onpeaensTbes
JOCTaTO4HO npubmxkeHto [1- 6, 8, 9].

[Mockonbky pemaeTcs 0OpaTHas JIMHEHHAS 3a/1a4a
3a1aéTCs TEeOMETPUSl CTPYKTYpbl B  OCaJ0YHOM
KOMILUIEKCE, KOTOpas ammpoKCUMHUPYETCs HabOpoM
OJIMHAKOBBIX 10 pa3MepaM NPSMOYTOJbHBIX MPU3M C
PaBHOMEPHO pacnpeei€HHON B HUX MJIOTHOCTHIO. I Tpu
onpeaeIeHuN JIaTepabHOM W3MEHYUBOCTH
IUIOTHOCTEH Ha ydJacTKaxX HE(QTEHOCHBIX CTPYKTYp B
0CaJIOYHOM KOMIUIEKCE HIDKHHUHM CJIOM 3amaércs
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npusMaMu  Oojee KpPYIMHOTO pasMmepa Uil ydéra
TPaBUTAllMOHHOTO BJIMSHHUA MacC «BMEIIAIOMINX)»
MOpOA,  TO3BOJSIIOIIMX  HCKIIOYaTh  (DOHOBYIO
COCTABJISIOLIYIO MOJISL.

B nponecce pemennst oOpaTHBIX 3a/1ad METOIOM
I'TM ocymecTBisieTcs TOAO0P TEOPETHIECKOTO TTOJIS,
COOTBETCTBYIOIIEr0 U3MEPEHHBIM aHOMaIMsIM byre c
0001 3alaHHOW TOYHOCTBIO. DTO HMMeeT OoJblIoe
3Ha4YeHHE, MOCKOJIbKY B W3MEpPEHHOE ITI0JIe YacTo Ha
MPaKTHKE BHOCATCS OOJBIINE IMOTPEIIHOCTH ITyTeM
OIMOOYHOTO  BBEAEHHS  Pa3JIMUHBIX  MOIPABOK
[1-6, 8,9].

2. IIpuMepsl NPOrHO3UPOBAHNA He(PTEHOCHBIX
CTPYKTYP M Ppe3yJbTaTbl OLEHKH HX (U3HKO-
reoJI0OTHYecKoi 10CTOBEPHOCTH

Merton Te0JIOr0-TeO(U3NIECKOTO
monemupoBanns (MIT) ycmemHO mnpuMeHéH Ha
MHOTHUX JIOKQJIBHBIX MOJHATHSAX Ypano — [ToBomkes 1
HCKOTOPBLIX PETUOHOB C HHBIMH OCO6eHHOCT51MI/I

T'€OJIOTUYCCKYIO

reoJOrn4ecKom

MPOTHO3UPYEMBIX CTPYKTYp o JaHHBIM
BBICOKOTOYHBIX TI'PAaBUMETPHYECKHX H3MEPEHUH B
BapuanTax 2/1 u 3 /1.

ApJiaHckas CTPYKTypa (Pectrybmmka

Bamxkupus) pacnonokeHa B mpenenax ApIaHCKO-
JIOpTIONMHCKON 30HBI BAJOMOAOOHBIX TOIHATHH
CEBEpPO-3allaJIHOr0 IMPOCTUPAHUS, NPHYPOUYEHHOH K
KpaeBoi 4acTu Bamrkupckoro JIEBOHCKOTO
NaJIe0CBOA, a MO IOBEPXHOCTH KPUCTAIIIMYECKOTO
¢byHmameHTa - K Ioro-3zamagHomy Oopty Kamcko-
Bensckoro ABJIaKOT'€Ha. Kpucranmueckuit
(dyHIaMeHT 37iech HaXOUTCs Ha TiIyOuHe Oojee IBYX
KWIOMETPOB U MEPEKPHIBAETCS MOLIHOW TOJILEH
pudeir-BeHnckux omnoxeHui. I[lo mepmMckuM u
KaMEHHOYTOJIbHBIM OTIIOKEHIAM CTPYKTypa
MIpeAcTaBIsieT coOOH MOJIOroe MOIHATHE BTOPOTO
TOpsIZIKa MIATOPMEHHOTO THIIA.

Pe3ynpraThl pemieHust 00paTHOM 3a/1a491 METOAOM
I'TM Bnonb npoduis, nepecekaroero CTpykTypy B

reoJIoru4eckoro crpoeHusi. OH IOKa3an BBICOKYIO — KPECT — IPOCTHPaHUs,  MPEACTaBICHb  (HU3UKO-
JOCTOBEPHOCTh MOJIY4a€MbIX  T'€0JIOTUYECKOU HWHTEpIPETANOHHON MOJEJIbIO
petienuit. Huke OPUBOAATCS HEKOTOpPbIE MPUMEPHI  Ie0JIOTHYECKOro paspesa (puc.l).
MHTCPIOPETAUMU  HM3YYCHHBIX U
ricM?
—— 0055
— 008
—— 0045
P L3 i3}
A — 035
— 0, 0%
—— 0025
|:|_ | — 002
e, — 0015
0 1 2 3 4 5 & X, KM — 0.0
T — { 1
P *:S’ ‘uj 0,005
I:I_ la-\. \S LV ]
™ SRR ]
o —.0.005
. % &
-2—&5 0, - 1.0.01
1
- — 0015

H.xm

Puc. 1. @usuxo-eeonozuneckas unHmepnpemayuoHHas Mooeib ApIancKol cmpyKkmypsl o npopuio
1. A - anomanvroe epasumayuonroe noie; B- niomnocmuas modens paspesa, 1-nabmodennoe none; 2-
meopumuyeckoe noie; 3-poOH06as1 COCMABNAIOUASL TOKATBHO20 MUHUMYMA.

Kak BuaHO, HaJg CTPYKTYpOM IpPOCIIEKUBAETCS
JIOCTATOYHO TMPOTSHDKEHHBIM  TMOJIOTUH  JIOKAJbHBIN
MUHUMYM. [IITOTHOCTHOM MOJENN Y9acTKy MHHUMYMa
COOTBETCTBYET YMEHBIIIEHHE IIJIOTHOCTEW MOpPOJ] Ha
0.02 r/cm®, a B Hauane npoduIA Ha 3aNaJHOM CKIIOHE
CTPYKTYpPBI HaOIIOAAeTCs WX BO3pacTaHHe, CTPOCHUS
CTPYKTYpbl BTOpPOTO IMOpSAJKa, MNPUYPOUYEHHOH M0
MOBEPXHOCTH KPUCTAJUTUIECKOro (hyHIaMEHTa K FOTro-
3amagHOMy Oopty Kamcko—bBenmbckoro aBiakoreHa u
HEIOYYETOM BIHSIHUS (JOHOBOM COCTABIISIOIICH MMOJIS.

SAmammHckas CTPYKTYypa (Pecmrybmmka
TarapcTaH) OTHOCHTCS K JIOKAJbHBIM ITOJHSITHSAM
BTOPOrO MOPSAKa M PAacIoaraeTcsi Ha 3alagHOM
ckioHe FOxHo-Tarapckoro cBofa.

Ha yuactke cTpyKTypbl MpOBeeHbI MPOQUIBLHO-
IUTOIaHbIE  BBICOKOTOYHBIE  TI'PaBUMETPHUYECKHE
W3MEpEHNS U NPOBEJICHbI PElIeHHss 00paTHOH 3a1a4u B
BapuanTax 2/l u 3[1 (puc. 2 u 3).
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Puc. 2. usuxo-ceonozuveckas uHmepnpemayuorHuas Mooeab AMauunckol cmpykmypbl o Rpo@uio
3. A - anomanvroe epasumayuonnoe noie; B -nnommocmuas mooenv paspesa; 1-nabnoodennoe none,
2-meopumuueckoe (paccuumannoe) none, 3-ghoHosas coCMasAIOWAs IOKANLLHO20 MUHUMYM.
3J] mooenu yuacmka cmpykmypol (puc.3):
Puc. 3. [Inomnocmuas 3/ mooenv ocadouno2o KoMniexkca Ha yuacmke
Amawunckoil HegpmeHOCHOU cmpyKmypul (U30AUHUL NIOMHOCHel 6 2/cm3).
B npenenax MOZeH BBIZCISIOTCS  TIEPMCKOMY CTPYKTYPHOMY TUTaHy ee
JOTIOJTHUTENBHBIC ICTANH JIaTePATbHON H3MEHYMBOCTH  MECTOPACHOJIOKEHHE TMPEINoNaraiock B Mpenenax
IUIOTHOCTEH: MIPOCMAaTPHBAIOTCS YYacTKM  BaJIONOJOOHOM 30HBI TOMHSATHH CEBEPO-3alajHOTO

Pa3yIUIOTHEHUSI TOPOJl, COOTBETCTBYIOIIUE B ILIAHE
JIOKaJbHBIM HOAHATUSM 00Jiee BEICOKOTO MOPSAIKa.

JlarepanbHas HU3MEHYUBOCTh TJIOTHOCTEH,
0TOOpa)keHHAs! HAa MOJEIIH, TOATBEPIKAACTCS JaHHBIMU
nc

AkTanbimickas  crpykrypa  (Pecmybnmxa
TarapcTaH), TporHo3upyemasi 10 OJHOH CKBaKHHE
Ne 22, Takske MOXKET CIYyKHUTb IPUMEPOM co3aaHust 2 ]|
u 3/ moneneit mo 2/1 monensm merogom ['TM. Ilo

MIPOCTHPAHKS, BBIACICHHON HAa BOCTOKE AKTaHBIII-
YUIIMUHCKOTO nporuda. ITlo ITOBEPXHOCTH
KPHUCTAJUIMUECKOr0 (pyHIaMeHTa OHa MpUypoYeHa K
ceBepo—BoCcTOUHOMY CKiIoHY lOxHO — Tatapckoro
CBOJIa, TIEPEKPHITOMY OTJIIOXKEHHAMHU IOT0-3aIaIHOTO
6opra Kamcko-besbckoro aBiakoreHa.

CrpykTypa BBISIBJIEHA aBTOPOM IO pe3ysibTaTaM
PO UITEHO-TUIOIIATHBIX BBICOKOTOYHBIX
rpaBUMETPUYECKUX HU3MepeHuil. Bpombp ueTspéx
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npoduieil ObUIM BbIJENICHBI JIOKATbHBIE MHHUMYMBI
IPaBUTAI[MOHHOTO TIOJII WHTEHCHBHOCTHIO OKOJIO 1
Mm['ama, momoOHBIE MHHUMYMaM, HaOIIOJZaeMBIM Ha
HE(DTEHOCHBIX ~ CTPYKTypaX, XapaKTepH3YIOIIUXCS
Pa3yILUIOTHEHHEM IUIOTHOCTEH B MX CBOJIOBBIX YaCTSX,
4YacTO MPOCISIKUBAEMbIE MO BCEMY T'EOJIOTHYECKOMY
paspesy Crpykrypa Oblla  OKOHTYypeHa  MpHU
nocneayromieM oypenu. [1-5, 9].

Takum  00pa3oM, TPUBEACHHBIC  IPUMEPHI
pelieHuss OOpaTHBIX 3aJad  CBUJCTEIBCTBYIOT O
MPAaKTUYECKOM COBIAJICHUM W3MEPCHHBIX MOJICH C
MOJOOPaHHBIMH M BBICOKOW  T'COJIOTHYECKOM
JIOCTOBEPHOCTH CO3/1aBaCMbIX IJIOTHOCTHBIX MOJENeH
metonoM I'TM.
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BUBI 3ATPAZHEHUA ATMOC®EPHOTI'O BO3JIYXA B I'OPOJAX 1 TYTU MUHUMMUN3AIIUN
UX HETATUBHOI'O BO3JIEMCTBUSA HA OKPYKAIOIIYIO CPEJY

3acceesa Jlyusza Ananosna
Onucaeeé Cepzeit Braoumupoeuu

@I'EOY BO Cesepo-Kaskaszckuli 20pHO-Memai1ypeutecKuti UHCIumym
(I'ocydapcmeennwiti Texnonoeuveckutl Yuueepcumem)" 2. Braouxaskas

TYPES OF ATMOSPHERIC AIR POLLUTION IN CITIES AND WAYS TO MINIMIZE THEIR
NEGATIVE IMPACT ON THE ENVIRONMENT

Zasseeva Luiza
Olisaev Sergey

FSBEO HE North-Caucasian institute of mining and metallurge

(State Technological University), Vladikavkaz

AHHOTALUSA
B craTtee paccMaTpuUBACTCA r[p06neMa 3arpsA3HCHUA aTMOC(bepHOFO BO3yXa B ropoJax, a TaKKE BHUbL
3arpA3HCHUA aTMOC(l)epHOFO BO3AyXa U IyTH MUHUMHU3AIHUHU UX HECTATUBHOT'O BOS}:[@ﬁCTBHH.
ABSTRACT
The article deals with the problem of air pollution in cities, as well as types of air pollution and ways to

minimize their negative impact.

KaioueBble cioBa: arMocdepHblii BO3IyX, 3arpsisHeHHE aTMocdepbl, MPUPOIO0OXPaHHBIE MEPONPUSITHS,

BBIOPOCHI BPEIHBIX BEILECTB.

Keywords: atmospheric air, atmospheric pollution, environmental protection measures, emissions of harmful

substances.

[TpoGnema 3arpsi3HEHHs aTMOC(HEPHOT0 BO3/1yXa B
ropojax sBIseTCS O4YeHb MHororpaHHod. OwHa
3aTparuBaeT u npodieMy 3a00JIeBaeMOCTH HACEICHHUS,
1 Ipo0OJIeMy HEraTUBHOTO BIMSHIS Ha Quiopy U (ayHy,
U B o0meM npoOieMy YXyIIIEHHUS SKOJIOTHYSCKON
CHUTYaI[l B TOPOJaX.

JlanHasi mpo0Jiema SIBJISISTCS OJTHOM U3 BaXKHBIX B
ropogax. OTO CBSI3aHO C TEM, YTO YCHJIHBAIOIEECH
3arpsi3HEHUE BO3JyXa HETraTHBHO CKa3bIBaeTCs He
TOJIBKO Ha )KUBOTHBIX M PACTEHHSIX, HO M Ha YeJIOBEKe.

Hcrounukn 3arps3HeHHst aTMOC(epsl MOTYT
OBITh €CTECTBEHHBIMH U HCKYCCTBEHHBIMH.
EcrecTBeHHBIMH ~ MCTOYHHMKAMH  3arpsi3HEHUS

aTMOC(I)CpLI CJIy’)KaT U3BCPIKCHUS BYJIKAHOB, JICCHBIC
MOKapbl, NbUIbHBIC 6ypI/I, IMMpOLECChl BbBIBETPUBAHUS,
Pa3IoKCHUC OPraHNICCKUX BECILIECTB.

K HCKYCCTBEHHBIM (aHTpPONOTeHHBIM)
WMCTOYHHUKAM 3arpsA3HEHUS aTMOC(Eepbl OTHOCATCS
MIPOMBIIIJICHHBIE u TETUIOIHEPTeTHIECKIE
NPEINPUSITHSA, TPAHCIOPT, CHUCTEMBI  OTOIUICHHUS

JKIJIAII, CEbCKOE XO3SHCTBO, OBITOBBIE OTXO/IBL.

EcrecrBenHble WCTOYHMKH 3arps3HEHHs
aTMoc(epbl TMPEACTaBISAIOT cO0OH TakWe TPO3HBIE
SBJICHUSI IIPUPOJBI, KaK M3BEPXKEHUS BYJIKAHOB U
HbLIBHBIE Oypu. OObI4HO OHHU UMEIOT
KaTacTpouueckuii  xapakrep. Ilpu u3BepkeHHH
BYJKaHOB B aTMocdepy BBIOpachIBaeTCsi OrpoMHOE
KOJIMYECTBO T'a30B, MAapOB BObI, TBEPIBIX YACTHII,
nersia ¥ nelid. [locnie mpekpaimieHus] U3BEpIKESHUs
o0mmii OamaHc Ta30B B atMocepe IOCTEHEeHHO
BOCCTaHABIIBACTCSL.

IIpy  wu3BepKEHHMH  BYJIKAHOB  HPOHCXOIUT
TETIJIOBOE 3arpsi3HEHNE aTMOC(ephl, Tak Kak B BO3IYX
BBIOPACHIBAIOTCS  CHJIBHO  HarpeTble  BEIIecTBa.
Temmneparypa ux, B TOM YHCIIE IAPOB U Ta30B, TAKOBA,
YTO OHU CXKHTalOT BCE HA CBOEM ITyTH.

CyImecTBeHHO 3arpsA3HAIOT aTMochepy KpyIHbIe
JecHble TOXkapbl. Yale BCEro OHU BO3HUKAKOT B
3acynuiuBble Tonbpl. B Poccum Haumbonee omacHbI
noxapsl B Cubupu, Ha JlansHeM Bocroke, Ha Vparne, B
Pecnybnuke Komu.

[Ts11bHBIE OypH BO3HHMKAIOT B CBSI3H C IIEPEHOCOM
CHIIbHBIM BETPOM MOAHATBHIX C 36MHOHM IOBEPXHOCTH
yacTul] NouyBbl. CHIIBHBIE BETPHI — CMEPYH U yparaHsl
— IIOZIHUMAIOT B BO3yX U KPYITHBIE O0JIOMKH MOPOJI, HO
JIOIr0 B BO3AyXe OHHM He AepxkaTbcs. [Ipu cHUIBHBIX
MIBUTBHBIX OYpsiX B aTMOC(hEpHBII BO3YX ITOTHUMAETCS
mo 50 muH. T meutk. [IpuumHAMH TBUIBHBIX Oyph
ABISIIOTCS.  3aCyXa, CYXOBEW, IPOBOLUPYIOT MX
WHTCHCHBHAs PaCIallka, BBIIIAC CKOTA, YHHYTOXECHUE
JecoB W KycTapHUKOB. Hambosee WacTo BO3HHKAIOT
MBIIBHBIE OypH B CTEMHBIX, MOJXYNYCTBIHHBIX U
NIyCTBIHHBIX pallOHAX.

Karactpoduueckre sBICHHS, CBS3aHHBIE C
W3BEP)KEHUEM BYIIKAHOB, JIECHBIMU IIOXapaMH U
MBUTBHBIME  OYPSIMH, TPUBOAAT K BO3HUKHOBEHHUIO
CBETO3AIIUTHOTO JKpPaHa BOKPYr 3€MIM, KOTOPBII
HECKOJIPKO M3MEHSET TeIUIoBOW OanaHC muaHeThl. B
LIEJIOM 9TU SBJIEHUSI UMEIOT 3aMETHBIN, HO JIOKAJIbHBIN
3¢ ¢eKT B OTHOWICHWH 3arpsA3HEHHS AaTMOC)EpHI.
CoBceM HE3HAYMTENBHBIN, MECTHBIX XapaKTep HOCHUT
3arpsi3HEHUE AaTMOC(EPHOr0 BO3AYyXa, CBSI3aHHOE C



22

Hanwnonansnas acconuanus yuensix (HAY) # 85, 2022

BBIBCTPUBAHUEM W PA3JIOKCHUEM  OPraHUYCCKUX
BCIICCTB.
I/ICKyCCTBeHHBIe HNCTOYHHUKH

3arpsA3HEeHUs Hanboee omacHbl s aTMocdepbl. OHM
CIOCOOCTBYIOT MOCTYIIIICHUIO B aTMOC(EPHBIN BO3IyX
WHOPOAHBIX, HE CBOMCTBEHHBIX E€CTECTBEHHBIM
ycloBUsSM Tra3oB W BemiectB. [lo arperatHomy
COCTOSIHUIO BCE 3arpsA3HAONINE BEILIECTBA
AHTPOMOTEHHOTO MPOUCXOXKICHUS MMOAPA3IEISIIOTCS Ha
TBEpAble, JKUJKHE W  Ta3000pa3Hble, MPUYEM
MOCJIE/THUE COCTaBISIIOT 0K0sIo 90% oT o0miei Macch
BBIOpPAChIBAEMBIX B aTMOC(Epy HMCKYCCTBEHHBIX
3arps3HAIONINX BEIIECTB.

JmmTtensHOE BpeMs B KadecTBE OCHOBHBIX
3arps3HATENE  atMocepsl B KPYIHBIX TOpoJax
paccMaTpuBanyd  TPOMBINUICHHBIE  TPEATPHITHSA,
KOTOpBIE SBJSUTACH HCTOYHHKAMH IOCTYIUICHHUS B
OKPY’KaIOMIYIO CPely CEPHUCTOTO Ta3a, OKUCIIOB a30Ta,
caxu, TBUIM W  psiia  JpYruX  BEIIECTB.
ABTOMOOMJIBHOMY  TPAHCHIOPTY KaK  HCTOYHHUKY
3arpsi3HEHUS HE YNIEISUIOCh TOMKHOTO BHUMAHUS, XOTS
W3BECTHO, UTO BBIXJIOTNIHBIE Ta3bl aBTOMOOMIEH
comepxar okoso 200 BpegHBIX KOMIIOHEHTOB. B
CpeIHeM, OIWH aBTOMOOWIB 3a TOA BBHIOpACHIBAaCT
okoJio 200 kr okucu yriaepoaa, 60 Kr OKHCIOB a30Ta,
40 Kr yrieBoAOpoJIOB, 3 KI METAJUIMYECKOH U
pe3uHOBOI MBLTH. TeM He MeHee, CHIKCHHE BEIOPOCOB,
JIOCTUTAaeMOe 3a cyer COBEPIIICHCTBOBAHUS
aBTOMOOWIICH M YCTAaHOBKH Ha HHUX PAa3UYHOTO BHIA
OUYHCTHBIX YCTPOHCTB, MEPEKPHIBAETCS YBEIMUECHUEM
qyciia aBTOMAIITHH.

B roponax 3arpsi3HeHHEe BO3llyXa B OCHOBHOM
o0ycaBIuBaeTCsa HATMYMEM OKCHIOB a30Ta, yriepoaa
U CepHl, a TAKXKE YTIIEBOJOPO/IOB 3a CUET 3HAYUTEIHHO
BO3POCILIETO KOJINYeCTBa aBTOMOOMIIEHOTO
TpaHcnopra. Tak, B T. MOCKBe 10 BpEIHBIX BEIIECTB,
BBIJICJIAIONINXCS C aBTOMOOWJIBHBIMH  BBIXJIOTIAMH,
cocraBmsier a0 90% Bcero BasoBOro BEIOpoca B
aTMocdepy.

ABTOMOOWIJIEHBIN TPaHCIIOPT 3arps3HSICT
aTMocdepy oTpaOOTaHHBIMU T'a3aMH, UCTIAPSHUSIMHE H3
6eH300ak0B M KapOropaTtopoB. Bce 3To mpuBOAMT K
JIOTIOJTHUTEIPHOMY  IOCTYIUICHHIO B  atMocdepy
BPEIHBIX  BEHICCTB, KOTOPbIC MPH  BBICOKHUX
TeMIlepaTypax U MOCTYIUIEHUU COJIHEYHOW pajraiiuu
JETOM MOTYT  CIOCOOCTBOBATh  BO3HUKHOBEHUIO
(hOTOXUMHIYECKOTO CMOTa.

Taxk, Harmpumep, ToHIOHCKUH cMmor 1952 r. yHec
4000 yenoBevecKux xku3Heu. B HLm-ﬁopKe OT cMora
B TOM Jke roay moru6mu 240 gemnosek, B 1963 r. - 170
yesnoBek, B 1966 1. - 200 genorek. B Snonuu B 1971 r.
0k0J10 30 THIC. YEIOBEK MPOIILTHA KyPC JCUYCHHS B CBSI3H
C OTpaBJICHHEM BBIXJIOITHBIMH Ta3aMHU.

3arpsi3HeHHE BO3/yXa Ha YJIHIAX ¥ MarucTpaysax
TOPOJIOB B CBSI3M C POCTOM aBTOTPAHCIIOPTA
MPEACTaBISIET OONBIIYI0 HKOJOTHMYECKYIO0 OIAaCHOCTB,
TaK KaK BBIOPOC Ta30B MPOUCXOTUT Y MOBEPXHOCTU
3emun (acanbTa) U UX PacCEUBAHUE OCYIIECTBIISIETCS
HAMHOTO ciabee, YeM BBIOPOCHI MPEANPHUATHH dYepe3
BBICOKHE TPYOBI.

HenocraTounoe 03€eJICHEeHUE TOPOJICKHUX
TEPPUTOPUH, HEepalMOHaIbHAST 3aCTPOWKA, Pa3BUTHE
TPAHCHOPTHOM CceTH W Apyrue (akTophl CO3AAIOT

TIOBBIIIEHHBIN ITyMOBO# (oH ropoja. boprda ¢ mrymom

B Tropojax SBJISETCA OCTPOM  TUTHEHUYECKOUH
mpobIeMoit COBPEMEHHOCTH, BBI3BaHHOU
YCUIMBAIOIIMMUCS TEMITaMU ypOaHU3aIHH.

[Ipobimema 00pBOBI c aTMOC(hEepHBIM

3arpsi3HEHHEM CJIOKHA M TpeOyeT MHOTO CHI H
cpenctB. OIHAKO COBPEMEHHBI YPOBEHb Hay4dHO-
TE€XHHYECKOTO0 Tporpecca MO3BOJSET YMEHBIIUTh
00pa3oBaHKe ONACHBIX BEIIECTB U Pa3padOTaTh MepHI,
MIpeIyNpexAatoiie 3arpsA3HeHIe UMH.

OCHOBHBIMU MepamH OOpbOBI C 3arps3HEHHEM
aTMoc(epsl SBISIOTCS:

IPaMOTHOE TPHUMEHEHHE HSKOHOMHUYECKHX
CaHKLHH, KOTOpBIE MpEAyCMaTpHBAIOT  KpPaTHOE
TIOBBIIIICHHE BBIIUIAT NP MPEBBIIICHUN IIPEICIBHO
JOIYCTUMBIX BBIOPOCOB MJIN HECAHKIMOHMUPOBAHHBIX

BEIOpOCax;
* CTPOTHI KOHTPOJIb BEIOPOCOB BPEHBIX BELIECCTB
c UCIIONB30BaHUEM rOCYAapCTBEHHBIX u

OOIIECTBCHHBIX 3KCIIEPTH3;
000CHOBaHHOE pEryJsipHOE (HHAHCUPOBaHHE
HIPUPOAOOXPAHHBIX MEPOTIPUATHH.

Kpome o0O0mmx MepomnpHsTHi CyHIECTBYIOT |
crieruduyeckue, MpOBOAUMBIE B 3aBUCUMOCTH OT BHJIa
WCTOYHMKA 3arPA3HCHHUS.

1. DHepreruueckas MIPOMBIIICHHOCTb.
BaxseiimmMu  crocobamMu  CHMDKGHHSI  BBIOPOCOB
SIBIISIFOTCS] 9HEPTOCOEPEKEHNE BCEMH MPEANPUATHAMHI,
nepeBox TOL] Ha ra3, HOBHIIICHHE PO OE30TXOTHBIX
UCTOYHUKOB 3Hepruu (BerpoBele OC, COJHEYHEIE,
HOpUIHUBHEIE U T. II.). OcoOyro poib A1 NpeInpusTHA
SHEPreTUKU WIPaeT OYHCTKa BHIOPOCOB Kak OT
B3BELICHHBIX TBEPBIX YaCTHUII, TaK M OT Ta3000pa3HBIX
BEIIIECTB Pa3HOI0 Kjacca OMacHOCTH.

2. [IpomblnuieHnsie  npennpusitusi. OCHOBHBIE
MEpOMPHATHS HANPABJIECHBI Ha CHIDKEHHE BCEX BHIOB
OTXOJIOB 3a CYET COBEPIICHCTBOBAHUS TEXHOJIOTHH,

3aMCHY TOKCHUYHBIX HCXOAHBIX  IIPOAYKTOB HEC
TOKCHYHBIMH, nepexon Ha 3daMKHYTbIC
TCXHOJIOTUYECKHNE  IHUKJIbI, IIOBBIMICHHUEC  CTCIICHU

OYHCTKH BBIOpOCOB. HemanmoBaXHBIM MepoIpusiTHeM
ABJISICTCS ONTHMAJIbHOE Pa3MEILICHHE MPEeIUpUATHSI U
co0JII0IeHHE HOPM CaHUTAPHO-3aLIUTHBIX 30H.

3. Aprorpancriopr. OJMH M3 OCHOBHBIX IyTeil
CHIDKEHHS BPEHOTO BO3AEHUCTBHS COCTOUT B OTKa3e OT
UCTIOJIB30BAaHMS  ATUJIMPOBAHHOIO  O€H3WHa, dTO
WCKJIIOYNT BBIOPOCHI COCIMHEHHWH CBHHIA M CHU3UT
JIOJII0 HEMpEAETbHBIX YII€BOJOPOJOB. DTO BO3MOXKHO
Ipu  IepeBoje  aBTOMOOMIEH Ha ra3 Wi
HESTHJIMPOBAHHBIH OCH3MH (TOKCHYHOCTH BBIOPOCOB
IIpHU 3TOM CHUkaeTcs noutu B 20 pa3). JlanbHeiimue
MEpOIPUATHSL CBSI3aHbI C yIIIyOJIEHHEM IIOJIHOTHI
cropaHusi OCEH3MHA IOCPEICTBOM aBTOMATHYECKOTO
YIpaBJIEHUS MPOIECCOM U Pa3pabOTKH CHEIHATbHBIX
CHCTEM H PETYIHPOBOK, YTO MOJIOKUTEITHHO OTPA3UTCS
u Ha pacxone OeHsuHa. [lepCrieKTHBHBIM Ka)eTcs
pelIeHne BOMpoca IO 3aMEHEe KapOropaTOpHBIX
OBUTATENEl  AW3ENbHBIMH,  JAONIIMH  MEHee
TOKCHYHBIE BBIOPOCHI, W TIEPEBOJl OOIIECTBEHHOTO
TPAHCHOPTA HA ANEKTPUUYECKYIO TATY.

3HAUNTEIBHYI0 POJb B PabOTe IO CHIKEHUIO
KOJIMYECTBA BPEIHBIX BBIOPOCOB  IIPOMBIIUIEHHO-
SHEPreTUUECKUMU KOMIIJIEKCAMU U aBTOTPAHCHOPTOM
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UrparoT apXUTEKTYPHO-TUIAHUPOBOYHBIE
MeponpuATHsa. OHH IPEAIOJaraloT CrelHaIbHbIC
Pa3BsA3KM M OOBE3NBI, YJIy4IIeHHE KadecTBa IOPOT,
COKpAILEHHE YYacTKOB HEHYHOT'O TOPMOXEHHS. DTH
MEpONPHATHS  IIO3BOJAT  YBEJNUYUTH  CPEIHIOKO
CKOpPOCTh IBIDKEHHS TpaHcmoprta ¢ 20 mo 60 kM/4, a
o01ee KOJMYECTBO BHIOPOCOB IIPH 3TOM CHU3UTCS B
cpenHeM B 2 paza. Jlnd  cHWKEHHS — ypOBHS
3ara3oBaHHOCTH ITIPaKTUKYETCSI BBIHOC JOpOT C
WHTEHCUBHBIM (TPAaH3UTHBIM) JBI)KCHUEM 3a MPEIEIIbl
KMJIBIX M PEKPEalMOHHBIX 30H, a TaKXkKe BBICAIKA
3eJIeHBIX HaCaXXJCHUI BIOJIb aBTOJIOPOT.
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CENbCKOXO3AUCTBEHHDIE HAVHH

BOJOIOTPEBJEHUE KOPMOBBIX KYJIbTYP B HEUEPHO3EMHOI 30HE POCCHUHU
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AHHOTAIUA

Kontekct. B ocHOBe pacuera peknMa OpPOIICHHS CEIBCKOXO3SIMCTBEHHBIX KYJIBTYp, HCIIONB3YETCs
CyMMapHO€ BOJIOTIOTpebIeHnEe. AHAIN3 M3BECTHBIX METOAOB pacdyeTa BOIAOMOTPEOICHISI KOPMOBBIX KYIBTYp, B
paccMaTpUBaeMbIX YCIOBHAX IOKA3al, YTO HH OJWH METOJ HE JaeT pe3ylbTaToB HeoOXoamMmoi TodHoctd. Ha
OCHOBAHHUH 3TOTO OBLIM BBIMOJHECHBI HAYYHBIC HCCIICIOBAHUS MO BOJOMOTPEOICHUIO KOPMOBBIX KyIbTyp. Llens.
Lenpto nmaHHO#M cTaThu sIBIsETCS pa3paboTka (GopMynbl pacueTa BOAONOTPEOJICHHS KOPMOBBIX KYIBTYP H
MOJYYCHUE COOTBETCTBYIOIUX K03 dhuimentoB. Mero sl Hayunble nccie1oBaHus MPOBOJUINCH B IU3UMETPAX,
Ha OMBITHBIX JeisHKaX u B Jjaboparopuu B 2010...2017 rr. Ilpu 3TOM, NPUMEHSIOCH (HUIUUESCKOES
MOJIETUPOBAaHUE, METOJI BOJHOTO OanaHca, TEOpHs MEepeToKa TPYHTOBBIX BOJ U MaTEeMaTHUECKOW CTATUCTHKHU.
KimroueBbie pesynpraTel. B pesymprate Oblma paspaboranHa ¢opmyia W MONydeHBl KOI(DQUITMEHTHI IS
OTpeNeNieHus] CYMMapHOTO BOJOMOTPEONICHHUS KOPMOBBIX KyIbTYp Ha JIEPHOBO-TIOA30JHCTHIX MOYBaX
BozopasaenoB HeuepHozemHoit 308 Poccun. BeiBoabl. OCHOBHEIM BBIBOJIOM SIBIISICTCS TO, UTO OBLIA MOJTYYCHA
(dopMyma anms pacuera CyMMapHOTO BOJOMOTPEOIICHUS KOPMOBBIX KYJIBTYpP B PacCMAaTPHBACMBIX YCIIOBHAX, U
HOBBIC paHee HEM3BECTHBIC HaydyHble 3HaHWA. OmpeneneHsl OHOIOTHYecKHe KOX(PQHUIMEHTH IS OBCSHO -
BHUKOBOW CMECH, MHOTOJICTHIX TPaB, JIOLEPHBI, KPACHOTO KJIeBepa U KOA(PGUIIMEHTHI, YIUTHBAIOIINEC CHIKCHUE
BJIQKHOCTH MOYBBI OT ONTHMAIBHBIX 3HAYCHHUMN IS JaHHBIX KylbTyp. [locnenctust. I[IpoekTHbIM GupMam mpu
pa3paboTKe MPOCKTOB CHUCTEM OpOINCHHS M (epMepaM NpPH IKCIUTyaTaI[Md JAHHBIX CHUCTEM, PEKOMEHIYETCs
HCIOJIb30BaTh MOJYYCHHYIO (OPMYTY C COOTBETCTBYIOUIMMH KO3(G(HUIMEHTaAMH JJIs pacyera CyMMAapHOIO

BOJIOTIOTPEOICHHS KOPMOBBIX KYJIBTYP.

KunroueBble cioBa: BojJa, CyMMapHOe BOIONOTPEOICHHE, IePHOBO-MO30JIUCTAs [T0YBA, OBCSHO - BUKOBBIC

CMeCH, MHOTOJIETHHE TPaBhl, JIIOIIEPHA, KPACHBIN KIIeBeP.

1. Beegenue

Tepputopust I0)KHO-TaeXHON TIOA30HBI
Heuepnozemuoil 30Hbl Poccum 3aHuMMaeT miomans
2,45 MiIH KB. KM. DTa IIOJI30HA JEIUTCS Ha JBE
npoBuHnuu: [Ipubantuiickyto u CpemHepyccKyro.
3emMenbHbIE pecypcsl CpenHepyccKoi MPOBUHIINH, TE
MIPOBOIMIINCH HAYYHBIE HCCIEIOBAHUS, BKIIOYAIOT B
cebq 9 MiH ra nmanrHy, KoTopas Ha 85% pacmoroxkeHa
Ha JePHOBO-TIO30JIUCTHIX MOYBax, mpuaeM 30% 3Tux

MoyB  COPMHUPOBAINCH  HA  BOAOPA3JACIBHBIX
IUIOIAMSIX.

[Momyyenne MakCcUManbHOH HPOAYKTHBHOCTH
CEJIbCKOXO3SIICTBEHHBIX ~ KyIbTYp  3aBHCUT  OT

MOJAJEpKaHUSI B IEPUOJ BEreTalMd ONTUMAIbHOIO
BOAHO-BO3AYUIHOIO  pe&XHMa  IOYB,  KOTOPBIH
JIOCTUTAETCS c MTOMOILIBIO COBpPEMEHHBIX
OpOCHTENBHBIX CHCTEeM. B mpomecce pa3paboTkm u
JKCIUTyaTallid JaHHBIX CHCTEM BO3HHUKAaeT 3ajava
pacuera pexuMa OpPOIICHMS CEIbCKOXO35HCTBEHHBIX
KyJnpTyp. IIpm 3TOM OCHOBHOW pacxogHOW cTaTben

pexuMa OPOIICHUS SIBJISICTCS CyMMapHOe
BOJONIOTpEOICHNE WM CyMMapHOE  HCIapeHue
pacTeHHiA.

CyMMapHOEe BOJOMOTPEOJIEHHE — 3TO CyMMa

(hU3MYeCKOTo MCIApeHUs U TPAHCIUPALUU PACTCHUM.
Ha wucnapenue ¢ NOBEpXHOCTH IOYBBI OKAa3bIBAIOT
BIMSIHAC TOJIBKO BHEIMHUE (PAKTOPHI W BIAXKHOCTH
MOYBBI, @ Ha TPAHCIHMPALIUIO BO3JACUCTBYIOT Kak
BHEIIIHUE, TaK ¥ BHyTpeHHHE (akTopsl pacTeHuit. [Ipu
ONTUMAJIbHOM BJIAXKHOCTU IOYBBI, a TAKXKE Pa3BUTOM
KOPHEBOW CHCTEME KOPMOBBIX KYJIbTYp B IE€pPHOJ

CMBIKaHUS JHCTHEB — 3TO MOTEHIIHAFHOE CyMMapHOe
BOJIOTIOTPEOIICHIE PACTCHUH.

B Poccun Opir pazpaboTaHbl pa3InIHBIC METOIBI
OTIpeIeIIeHUs CYMMapHOTO BOJIOTIOTPEOTICHAS
pacTeHuil, ciaenyromuMH y4eHbIMU: AunateeB A.M.,
Ocrammuuk B.II. (1971) [1], Byasiko M.H. (1956) [3],
Hanmnpuenko H.B. (1978) [4], Hdy6enox H.H.,
Bopomerues B.B., UYeuxko P.A., (2017) [5],
KoncrantunoB A.P. (1968) [6], KocTsixkos A.H. (1960).
[7], Omprapenxo WM.B., Ddpennues M.C. (2016) [8],
Ca¢pun X.M., JlykmanoBa A./l., 3oroBa H.A. (2016)
[11], Xapuenko C.W. (1975). [7], u mp.

3a py0OexoM BOIpOCaMHU pacyeTa CyMMAapHOTO
BOJIOTIOTPEONICHHUS pacTeHUH 3aHMMalnch: Aboamera
M.A., Aly S.M.; Aha Y.M. 2000 [13], Badr A.E,;
Bakeer G.A.; El-Tantawy M.T. 2006[14], Eid H.M.;
Ainer N.G.; Metwally M.A. (1987) [15], FAO (1985)
[16], Klatt F.1967 [17], A.S.Ovchinnikov, V.V.
Borodychev, M.N. Lytov, V.S. Bocharnikov, S.D.
Fomin, O.V. Bocharnikova, E.S. Vorontsova [18],
Steven R. Evett, Kenneth C. Stone, Robert C. Schwartz,
Susan A. O’Shaughnessy, Paul D. Colaizzi, Scott K.
[19] Zin El-Abedin T.K.2006 [20] u ap.

OnHaKo pe3yJIbTaThl PacYeTOB U CPABHUTEIIBHBIH
aHaJIN3 TIOKa3aJIi, YTO HU OJIHA U3 N3BECTHBIX METOIUK
OIIPEAEIIEHNs BOJONOTPEONICHNSI OBCSHO - BHUKOBBIX
CMecei, MHOTOJIETHMX TpaB, JIIOLEPHBI, KPacHOTroO
KJIeBEpa B YCIIOBHSIX MPOBEICHUS HCCIEIOBAaHHU, HE
Jlana pe3yapTaToB He00XoanMoi TogHoCTH [9]. B 3T0ii
CBSI3M BO3HHUKAeT 3aj1ada pa3paborarb popmyny ms
pacueTa BOIOMOTPEOICHNS OBCSIHO - BUKOBBIX CMECEH,
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MHOTOJICTHUX TpPaB, JIOICPHBI, KPACHOTO KIIEBEpa, a

TakKe YTOYHHTH KOX(PQUIMEHTHI, BXOJIAINIHE B
dbopmyny, Ui YCIIOBHH TMPOBEJCHUS HAYYHBIX
HCCIIETOBaHUM.

[To pesympTaTaM HcCiIeIOBaHUM ObLIA MOTy4YeHA
dopMyma ms pacdera BOJOTOTPEOICHHUS KOPMOBBIX
KyJIbTYp ISt paccMaTpuBaeMbIX YCIIOBHIA.
YcTaHOBIICHBl AMIUpUUYECKHE KOA(PQUIMEHTHl st

JaHHOTO YpaBHCHHA, 3aBUCAIINEC OT MTPUPOAHO-
KIMMaTUYECKOM 30HBI n II0YB. OHp CICIICHBI
OMOJIOTHYECKHE KO3(1)(1)I/IHI/ICHTLI 4 OBCAHO -

BUKOBBIX CMecel, MHOTOJISTHUX TpaB, JIIOLEPHBI,
KpacHOTO KJeBepa M KOX(P(PHUINEHTHI, YINTHIBAIOIINE
OTKJIOHGHHE BJIXHOCTH IIOYBBl OT ONTHUMAJIBHBIX
3HAYCHUH JUIS TaHHBIX KYJBTYP.

Llenvio  Oanmbix  uccnedosamull  A6AAEMC
paspabomxa Gopmyne ons pacuema
600onompebenus KOPMOBbIX KYibmyp HA OepHO80-
NOO030IUCMBIX NOYBAX 8000PA30ETLHBIX MePPUMOPULL
yenmpanvroi vacmu Heueprnosemnoii 3ouwvt Poccuu.

2. MaTtepuaJbl M METOIbI

3eMeTbHbIe pecypesl Cpennepycckoit
IIPOBUHLIMHY, PpACIOJIOKEHHOH B  FOYKHO-TAEkKHOU
nox3one  HewepHozemuoit 30Hbl  Poccum, rne

MIPOBOIIIINCh HAYYHBIC HCCICIOBAHUS, BKIIOYAIOT B
ce0s1 9 MJIH ra mamHu, Kotopast Ha 85% pacrmooxeHa
Ha JIE€PHOBO-TIOJ30JIMCTHIX MoYBax, npuueM 30% 31ux

[104YB c(hopMHUPOBAITICH Ha BOJIOPAa3ICIEHBIX
IIOIIASX.
2.1 Kaumar 1 mouBsI
Kiaumar Cpennepycckoii MIPOBUHIIUS

XapaKTepPU3yeTCs KaK YMEPCHHO- KOHTHHEHTAIBHBIHN C
OTHOCHUTEIILHO MSATKOW 3UMO¥ U TEIUIBIM CPAaBHUTEIHHO
BIQXHBIM JieToM. CymMMa OWOJIOTUYECKH aKTHUBHBIX
TemImeparyp Bo3ayxa konebaercs ot 1600 mo 2200°C,
a TIPOIOJDKHUTENBHOCTE Ieproa Bererarun — 110-140

JTHEM. KonnuectBo aTMOC(EPHBIX 0CaJIKOB,
BBIIIAJIAIONINX 3a roJi, cocTaBiisgeT 550 — 650 mm. Jletom
OBIBAIOT  3acyNUIMBEIC MEPHONBI  0€3  MOXKIeH,

MIPOIOJDKUTEIIEHOCTE KOTOPBIX COCTABIIET OT 4 — 6 10
10 — 30 cyToK, 9TO BBI3BIBAaET AC(HUIUT BIAarH B MTOYBE.
Ha ombITHOM yuacTke CpelHss TeMIepaTypa BO3ayxa
3a mepuoj Maif — ceHTs0pp cocraBmwia B 2010 r —
20,2°C, 2011 r —18,2°C, 2012 r -16,8°C, 2013 r —
17,8°C, 2014 r -17,3°C, 2015-16,0°C, 2016 — 22,1°C,
2017 - 19,3°C,, a armocepHbIE  OCAIKH
COOTBETCTBEHHO IT0 rojgaM cocrtaBuiau 103, 195, 239,
189, 183,252,213, 179 MmM.

[To TemmepaType BO3ayxa 3a Mail — CEHTIOpPb
2010, 2016 rr oxa3zaincs >xapkumu, 2011, 2013, 2014,
2017 rr — TerbiMu, 2012, 2015 rr — cpegaumu. Ilo
KOJIMYECTBY BBIMABIIMX ocankoB 2010 T Obwr
octpo3acynumBbiM, 2011, 2013, 2014, 2016, 2017 rT —
3acynuiuBbME, 2012, 2015 rr — cpegHUMH.

B cpemHepycckoil TpOBHHIMU TpeoOsIagaroT
JIEPHOBO-TIOA30JIUCTBIC  TOYBBI  Pa3HOW  CTENECHH

OTIO/I30JICHHOCTH ¥ MOIIHOCTH JIEPHOBOTO  CIIOSI.
ITouBennas Kaprta LIEHTPAJILHOM 4acTu
HeuepnozemHoii 30Hb1 Poccun npencraBieHa Ha puc.
1.

Jannsie JTUTEPATyPHBIX HUCTOYHHUKOB
MMOKA3BIBAIOT, YTO JIEPHOBO-TIOA3OJNCTHIE TOYBHI
comepxar 0,8-2% rymyca, kucinotHocts pH 4,0-5,5,
HaCBIIICHHOCTh OCHOBaHUSMU — 710 80%, OemHbI
azotoM, (Qochopom, kanbumeMm. buonornueckas
AKTUBHOCTH HEOKYJIbTYPEHHBIX JIEpHOBO-
MOJ30JIMCTHIX MOYB HU3Kas. 3HAYUTENIbHbIC IUIOIIAAN
€CTECTBEHHBIX KOPMOBBIX YIOAMH W MAIlHH B CEBEPO-
3aalHOM W CEBEPO-BOCTOYHOM paifoHaxX 3aCOpEHBI
kamHsMu.  IlouBsl  HeuepHO3eMHOH  30HBI 1O
TpaHyJIOMETPUIECKOMY  COCTaBy  IPEACTABIICHBI
CYTJIMHKaMH, CYTIECSIMH U TIeCYaHBIMH TIOYBAMH.

[IpoBeneHHbIC HAYYHBIE UCCIICAOBAHUS 10 BOJHO-
(U3NIeCKUM H arpoXMMHUYECKHM CBOHCTBAM IIOYB
MOKA3bIBAIOT CIIEAYIOIIKE pe3ynbTaTel. M3MeHeHue
IUVIOTHOCTH €CTECTBEHHOI'O CIJIOXKEHHUsSI IOYBHI 110
wiomaau u raybune cocrtasuger 1,37...1,80 r/em®.
[11OTHOCTP MaXOTHOTO TOPH30HTA IOYBBI MEHBILE, a
HIDKHHUX TOPU30HTOB BhIlIe. [I10THOCTH TBEpIO# (asbr
MTOYBHI KOJIEOJIeTCs 1O TITyOnHe B quana3zone ot 2,40 no
2,70 r/cm®. Vi3sMeHeHMe MOPUCTOCTH HOYBBI COCTABIAET
0,43...0,35 B momsax or obbema (cm¥/cm®). 3HaueHHs
niostHO# Biaroémkoctr (I1B) xonebmorest ot 0,40 mo
0,31 B momsx oT oObema. M3MeHeHUS mpenenbHOMH
MOJIEBOM  BIArO€MKOCTH (TII1B) COCTaBIISIIOT
0,37...0,25 B gomax or obwema (cm¥emd).
MakcumanbHasi TATPOCKOIIMYHOCTh MaJlo MEHSETCS 110
npodumo, u u3mensiercst ot 0,055 no 0,04 B nonsax ot
obbema. BopjonpoHHuIaeMOCTh MOYBBI  OINBITHOTO
yuacTka Huzkas; kodpduuuent ¢unbrpanun (K¢) B
BEPXHEM IaXOTHOM ropu3oHTe coctasisieT 0,23 M/cyT,
a B Ooyee TIryOOKOM WILTIOBHANFHOM Topu3oHTe (80
cMm) - 0,42 M/cyT.

Uszmenenue cooepoicanue 2ymyca cocmagnsem om
1,08 00 3,69 % u 6 cpeonem no onbLIMHOMY Y4ACMKY -
2,34 %. Kucnomunocmv nougvl no pHco, cocmasuna
6,6—7,7. Cooepacanue numpammnozo azoma (NOs)
cocmasuno 19,9-25,3 me/ke, ammonutinozo (NHi) -
6,43-13,18 me/xe, pocghopa (P20s) - 6,43—13,18 me/ke,
kanus (K20) 55,49-78,62 me/ke.

2.2 XapakTepHCTHKA YCJI0BHii MpoBeIeHUs

NOJIEBbIX HCCJICJOBAHUI

HccnenoBanus MPOBOIMINCH HA CTAI[OHAPHOU
JKCIIEPUMEHTAIbHOM ~ 0a3e, paclojio)KEHHOH  Ha
BOJIOPA3JIENILHOM TepPUTOPUHI c JIEPHOBO-
MOJI30JIMCTBIMU TTOYBaMM B LieHTpe HeuepHozemHOI
30HbI Poccuiickoit denepannn MockoBckoi obmacti
CeprueBo-Ilocagckoro  paiiona. [I'eorpaduueckue
KOOpAWHATH  JKCIEPUMEHTANbHOH  0a3pl  56°34'
ceBepHO# mUpoTHl, 38°09' BocTOUHOM A0TOTHL. Cxema
IKCIIEPUMEHTANIbHOW 0a3bl MPOBEJCHUST MOJEBBIX
OTIBITOB MTOKa3aHO Ha pHC. 2.
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OnbiTHblE AensHkyn OnbITHbIE AENAHKN  OnpiTHbIE OENSHKMA

(MHoOroneTHue TpaBbl) (mouepHa)

Ne 1 Ne 3 Ne 2 Ne 3

Ne2  Ned

OnbITHbIE AENSIHKN

BMKO-OBCSIHasi CMeCb  (KpacHbIN knesep)

Ne2  Neit

KoHTponb

KoHTponb

KpacHbIn
Knesep

OHTPONb

JInsnmeTpsl

BUKO-OBCSHAs|  MHOTONeTHMe
ecb TpaBb!

nwouepHa

Puc. 2. Cxema sxcnepumenmanvhoti 6a3vl npogeoeHs Noaesvix Onviimos
1- konodey Ha nocenxosoli 6000NPOBOOHOU cemu; 2- HAKOnuMebHbuliL bak 3 m3;
3- HacocHas cmanyus (Ko100e3H020 muna); 4- HanopHwlll pacnpederumenbHulll 6000NPOBOO,
5- cudpanmet; 6- nonugHot mpyb6onpo8ood; 7- cOpocHoll Konooey

DKCIIepUMEHTaIbHBIC HCCICJOBAHUS TI0 PEKUMY
OpOIICHHS OBCSHO - BHKOBBIX CMECEH, MHOTOJICTHHX
TpaB, JIOLEPHBI U KPaCHOTO KJIeBepa OBLIH MPOBEICHBI
B 2010-2017 rr. Ha ombITHOM yuacTke PITAY-MCXA
umenu K.A. TumwupsizeBa B MockoBckod o0yactu
Ceprueo-Ilocanckom paitone B6mu3u nep. Cenkoso.
JlensiHKM, Ha KOTOPBIX MPOBOJMIKCH OIBITHI, OBUIN
pasmepom 80 M? Kak/Jas B TPEXKPATHOH MOBTOPHOCTH.
BapuanTter: | — nQuama3oH BIaXHOCTH TOYBBI OBLI
npussT (0,6-0,7) IIB (IIB - momHast BIaroeMKocTb); 2
— toxe B jguanasone (0,7-0,8) IIB; 3 — Toxke B
muamazone (0,8-0,9) TIB; 4 (koHTpomp) — 0e3
OpOIICHUS.

VY4acTOK HayYHBIX UCCIICIOBAHAIN PACIIONOKECH Ha
JIEPHOBO-TI0/I30JIUCTON CPETHECYTTTMHUCTOMH MOYBE Ha
MOKPOBHOM CYTJIMHKE. EKeroHo B nepuo/| BereTannu
KOPMOBBIX KYJIBTYp BHOCHJIHCH CJEIYIOIINE J103bI
ynoopennii - N12oPeoKioo,

[MonuB  moXAeBaHMEM  OCYIIECTBISICS — C
nomonplo cucreMbl Rain Bird mpu ucnosnb3oBannu
pacTbLUTUTENCH C BBIIBIKHON 9acThio (Momenb 1812),
pacxon pacusumatess — 0,84 M3/4, paguyc monusa — 4,5
M. 3aMepBl BIaKHOCTH ITOYBBI TPOBOIMIN JIO TITyOUHBI
0,5 ™M, mnocnoiiHo wuyepe3 10 cm. [ns »sToro
UCIIONIb30BANI dJIeKTpuyeckuii Biaromep TRIME —
FM ¢ TtpyOuareiv patumkom — T3. Bmaromep
TapUpOBald TEPMOCTATHO-BECOBBIM MerojoM. Ilo
nporpamme Microsoft Office Excel 2007 swrmonssiin
MaTreMaTUueckhue W CTaTHCTHYecKue pacuerbl. [l
orpeieIeHusI CYMMapHOT0 BOJIONIOTPEOICHNUS
UCCIIEyeMbIX KYJIBTYP HCIIOJB30BAINCh KPYTIIble
METANTMYECKUE JTM3UMETPHI ¢ HOAJOHOM U TpyOamu
MHQUIBTpaMy 1 KOMIICHCAIIUH.

Bricota nmnmHAPOB JU3MMETPOB 0€3 IOJI0OHOB
npuHATa 1,8 Merpa, a Iona b MornepeyHoro CeYeHus
PaBHOM JBYM KBaJpaTHBIM MeTpaM. JIu3uMeTps! Obln
YCTaHOBJICHBI C MOHOJIMTAMH ITOYBHI 0€3 HapyLICHHS ee
CTPYKTYpPBL. ATPOXHMHYECKHE M BOITHO-(PU3UIECKUE

MOKAa3aTeal ONPEAENIUCh B CHELUAIN3UPOBAHHON
MabopaTOpHH.

Bnaxunoctb MIOYBbI B JIM3UMeETpax
peryiupoBanack B mpeaenax ot 0,7 mo 0,8 momHoi
BJIaroeMKocTH. DUKCHUpOBaHME TPYHTOBBIX BOJ Ha
rryouHe 1,7 M, Py ONTUMAJIbHON BIAKHOCTH TIOYBEI,
HUCKIIIOYHJIIO BO3MO>XXHOCTb IIOAIINTBhIBAHUA 30HbI
a’paIy co CTOPOHBI IPYHTOBHIX Box [9, 10].

2.3. Pacuer BoonorpedieHust

CyMMapHOe BOZONIOTPEOICHIE OBCSHO - BUKOBBIX
cMeceil, MHOTOJIETHUX TpaB, JIOLUEPHBI U KPAacHOIO
KJIeBepa  NOJy4yald C  TOMOIIBIO  KPYIUIBIX
METAUIMIECKHUX JIN3UMETPOB C MOAJOHOM W TpyOaMu
KOMICHCAIINH W WHOWIbTpanud. JIM3UMeTphl UMEIOT
CleyroIIne MapaMeTpsl: BbicoTa 6e3 moanona — 1,8 M,
IUIOIIA/lb TIOTIEPEYHOTO CeYeHUs — 2 M2, YpaBHEHHE
BOJHOrO OajiaHCa 30HBI a’palud JH3UMETPOB U
pacueTHOTo CJos JEeNSHOK HMEeT CIeAyIoUmi Buf (B
MM):

AW=0c+m=+q-E (1)

rne AW = Wk — Wr — KOHEUHBIC W HaYaJbHEIC
BJIAro3amacekl MOYBBl; OC — OCamkd; M — TOJMBHAS
HOpMa; +(Q — BOJAOOOMEH KOPHEOOHTAaeMOTO CJOs
MMOYBBI C HHXKE PACIOJIOKEHHBIMH CIIOSIMH; -0 —
WHOGUIBTPAIMS BJIArd B MMOYBE; +( — MMOIIHTHIBAHHE
30HBI a’palMd CO CTOPOHBI TPYHTOBBIX Bom; E —
CYMMAapHOE BOJIOTIOTPEOICHUE HCCIICYEMBIX KYJIBTYP.

Bce anemeHTHI BOAHOTO OanaHca JIM3HMETPOB,
Kpome BOJIOTIOTPEOICHUS HU3MEPSIIHCH, a
BOJOTIIOTPEOJICHHE OBCSHO - BHKOBBIX CMECEH,
MHOTOJICTHUX TpaB, JIOIEPHBI U KJIeBepa KpPacHOTO
OIPENeISIIOCH KaK HEeBSI3Ka YPaBHEHUS.

Pacuer MOTEHIMAIBHOTO CyMMAapHOTO
BOIOIOTPEOICHHSI KOPMOBBIX KYJIBTYP OCYIIECTBIISUIICS
C TIOMOIIBIO 3aBUCHMOCTH (2), METOIMKA TTOTyYCHHUS
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KoTopoi Obuia mpemioxena [TuenkuasiM B.B. (2003)

[9].
nd
= b
EH a _Z;,-dsi @
1=

rne  E moTeHUHMAaNbHOE BOIOMOTPEOIICHIE
HCCIIeIyeMbIX KyJIbTyp, MM/JICK;

¥dsi — cymMma CpemHECYyTOYHBIX HE(PHIUTOB
BJIQXKHOCTH BO3/yXa B | JieKaay MepHoa BereTaluu,
MO/ 1ieK;

nd - KOJHMYECTBO JACKal 3a MEPHO] BEreTalHu
OBCSIHO - BHKOBBIX CMecel, MHOTOJETHHX TpPaB,
JIFOLICPHBI U KJIeBepa KPacHOTo;

a, b — omnupuueckue KO3 (UIMEHTHI,
3aBUCAINNE OT KIMMATHYECKOH 30HBI, THIIA MOYBBI M
KYJIBTYPBL

3. Pe3yabTaThl M UX 00CyKIeHHE

BaXHBIM 3JEMEHTOM TpH pacueTe pexuma
OpOILEHHUE SIBISETCS BOXONOTPEONICHUe, Ul pacyuera
KOTOPOTO MU3BECTEH LieNel psia GpopMyn kKak B Poceun,
Tak U 3a pyOekoM. BO3MOKHOCTH HCIONB30BaTh TY
WIA WHYI (GOPMYyIy BOIOMOTPEOICHUS KOPMOBBIX

KyJIbTyp CBs3aHa C HEOOXOAUMOCTBIO  HUMETh
OMOKIIMMaTH4YeckKue | Apyrue  Kod(hQHUIUCHTHI,
Bxomsamme B Qopmyinbl.  OngHako — JaHHBIE

K03 (GUIKEHTBl OBIIM TOJNYYEHbI B KOHKPETHBIX
NPHPOJHO-KIMMATHYECKUX 30HAX, MII KOHKPETHBIX
KYyJBTYp, IOYB U IEPEHOC UX B IPYTHE YCIOBUS CTAaBUT
3a1a4y 10 WX KOPPEKTHPOBKE U  YTOYHEHHIO.
HeobOxoqumMo ~ OTMETHTB,  4YTO  OMOJOTHYECKHE
K03 PUIMEHTHI 3a JEKaJHbIe MEPHOIBI I OBCSHO -
BUKOBBIX CMECEil, MHOTOJETHHX TpaB, JIOUEPHBI U

BOJIONIOTPEOJICHUS] HE B IOJHONH MEpe WM COBCEM HE
YUYUTBHIBAIOT YPOBEHb YBIKHEHHOCTH MOYBBI, KOTOPast
CYIIECTBEHHO BIMSET HA BEIMYUHY CyMMAapHOTO
BOJIOTIOTPEOTICHHUS PACTCHHA.
3.1 IToryyenune IMNUPUYECKUX KOIPPUIHEHTOB
JIJTS1 KOPMOBBIX KYJbTYP B dopmy.ie (2)

B cesa3u ¢ mem, umo anauz uzeecmuvix gopmyn
pacuema 8000nompednIeHUsi KOPMOGLIX KyIbmyp OJis
VCR08UIL NPOBedeHUst UCCTIEO08AHUL NOKA3AT, YMO HU
00HA U3 HUX He 0ana pe3yibmamos HeoOXooumou
mounocmu [9]. [losmomy 6o3nuxaa 3a0ava noayyums
IMAUPULECKYIO dopmyny no pacuemy
600onompebieHus KOPMOBbIX KYIbmyp HA OepHOB0-
NOO30UCTBIX NOUBAX B000PA30ETbHLIX MeppUmopuli
Heuepnosemnotui 3onv1 PO.

Hcnonb3ys JIaHHbIC MOTEHIUATBHOTO
CYMMAapHOTO BOJOMOTPEOJICHUSI OBCSIHO - BHUKOBBIX
CMeceil, MHOTOJICTHHX TpaB, JIOIEPHBI M KIEBepa
KpacHOro U jaedUIMTa BIAKHOCTH BO3AyXa 3a
JIeKaJHbIC MIEPHO/IBL, ObLIH COCTAaBJICHBI
CTaTHCTUYECKHE pAasl W3 15 map i Kaxaou
KYJIBTYPbl M TIOJY4EHBI ypaBHeHUs perpeccuu. [Ipum
9TOM HCIIOJIH30BANIN CTENICHHYIO (DYHKIUIO.

Pe3ynbTaThl CBS3H MOTEHIUATHHOTO CyMMapHOTO
BOJIONIOTPEOICHUSI KOPMOBBIX KYJBTYp, C CYMMOMR
CPEIHECYTOUHBIX E(QUIIUTOB BIAXHOCTH BO3IyXa 3a
2010-2017 rr. mpeacTaBieHbI HA puc. 4.

Koaddunuent xoppensuuu 3TOH CBA3M IS
OBCSHO - BHKOBHIX cMmeced, paBeH 0,984+0,046,
MHoOrojeTHux TpaB - 0,971+0,064, nrouepHbr —
0,947+0,089, neepa kpacuoro — 0,942+0,093, a
K03 UIMEHT neTepMUHALUK COOTBETCTBEHHO 0,97,
0,94, 0,90, 0,89. DT0 03Hauaer, uto B 97, 89, 94, 90 %
cilydaeB KoJieOaHHs IOTEHLUAIbHOTO CyMMapHOTO
BOJIONOTPEOIIEHHSI OBCSHO - BUKOBBIX CMECEH, KiieBepa

KJIEBEpa KPacHOTO Ha JEPHOBO-TIOJ30JIUCTBIX T0OYBAX  KPACHOTO, MHOTOJETHHX  TpaB, JIOICPHBI B
BomopaszienoB  HewepHozemHoii  30HBI  Poccum  paccMaTpuBaeMbIX YCIIOBUSIX 00yCIIOBJICHBI
oTcyTcTBYIOT. CylIecTByIOIIME METOJbl pacdera  KoJeOaHUsIMU JAePHUIUTA BIAKHOCTH BO3IYXa.
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Puc. 4. Césa3b nomenyuanbno2o 6000nompedieHus Kopmogwix Kynemyp (En) ¢ cymmoii cpednecymounuix
Odeuyumos eraxcuocmu 6030yxa (2dsi)
1 - ogcsano - suxogvie cmecu, 2 — Kpacuwiil Kiesep, 3 — MHO2oemHue mpaswl, 4 — noyepha

CBs3p  TOTEHIIMANIBHOTO  BOIOIOTPEOICHUS
KOPMOBBIX KYJIBTYp C CYMMOH CpEIHECYTOUHBIX
JneUIUTOB BIaXKHOCTH BO3/1yXa OINpenessuiach 3a
MepUO/]] BeTeTalluu:

OBCSIHO BUKOBBIX cmeceit  2010-2012 rr;
MHorosieTHUX TpaB 2012-2014 rr; nonepHbl, KPaCHOTO
kneBepa 2015-2017 rr.

Heob6xonumo YYUTHIBATh TO, 49TO B
CTaTUCTHYECKHUE pPSAABl OBUIM BKIIOYCHBI JIEKaJHEIC
3HAYCHHUsI CyMMapHOTO BOJOMOTPEOICHUS KOPMOBBIX
KYJIBTYp B TEPHOABI C XOPOIIO Pa3BUTOW KOPHEBOM
CHUCTEMOW W JINCTOBHIM amllapaToM. YUYHUTBIBas 3TOT
(akr, B pacueThl OBIIIN BKIIOUCHBI:

10 OBCSHO - BUKOBBIM CMECSIM, JJAHHBIE CO BTOPOH
JIeKaJbl MIOHSA 1O 3 JAeKaxy HWIONd, a HCKIIYalHuch
BEJIMYMHBI BOJONOTpeOIeHus 3 nexansl mMasg u 1-e
nekaapl uioHa W asrycra 2010 r. B 2011 r. B
CTaTUCTHYECKHE PSB! BKIIOUAINCH JAHHBIE CO BTOPOI
JIeKaJbl MIOHS 10 2 JeKaxy aBrycTa, a UCKIOYAIUCh
BEJIMYMHBI BOJOMOTPeOIeHUs 3 Hekansl mas u 1-e
JIeKa/Ibl HIOHS U 3 IeKabl aBryCTa;

0 KJIEBEPY KPaCHOMY JaHHBIE C IIEPBOI AEKaIbI
UIOHS 10 BTOpyl0 nekaay urois B 2013 roxmy, u ¢
HepBOM JeKa bl HIOHS 10 TPEThIO Aekany utond B 2014
rogy. COOTBETCTBEHHO HCKIIOYAJIUCh BEIMYUHBI
BOJIOTIOTPEOJICHUS BTOPOH M TpeTheil IeKaabl Mas,
TpEeTbEH NIeKaJbl MIOJIA U IEpBOM JAEKaAbl aBrycTa B
2013 roxy u BTOpOH-TpeThel IeKaabl Mas U IepBOH
nekaznsl aBrycra B 2014 1.

[0 MHOTOJICTHAM TpaBaM TpPH AEKaabl HIOJIS B
2012 roxy. 310 CBSI3aHO C IOCEBOM MHOTOJIETHUX TPaB
28 mas 2012 r., mepBoii nekansl aprycra B 2013 — 2014
IT. MCKIIIOYAJI TPETBIO JIeKay Masi U BTOPYIO JEKaay
MIOHS, a BKIIIOYAJIHN TIEPBYIO U TPETHIO JAEKaIbl HIOHS U
TPH AEKaJbl aBTycCTa;

o siroriepHe B 2015 1. BKIIOYATN ABE MOCTETHUX
JeKaabl WIOHS, a TaKKe TNMEpPBYIO M TPEThIO JIEKaibl
utons. B 2016 — 2017 rr. B cTaTUCTUYECKHE PSIIbI
BKJIIOYAJIH MOCIIETHIO0 eKaay Masi, IEPBYIO M TPETHIO
JIeKaJIbl MIOHS 1 JIBE TIEPBBIX JeKa bl HIOJIS.

3Ha4YeHNs SMIHUPUYECKUX K03((GHULIHEeHTOB a u b
TIpeAcTaBIeHbI B Tabauna 1.

Tabmuma 1

IMnupuyeckue Ko3ppuuueHTsl a U

CenbCKOXO035HICTBEHHAS KYJIBTYpa

OBCSIHO - BUKOBBIX cMecei MHOTOJIETHHE TPaBbl JIFOLIEPHBI KpacHBIH KIeBep
a 1,21 1,12 1,31 1,16
b 0,81 0,82 0,78 0,79

3.2 Onpenenenue 6HoIOrHYecKUX K03(ppuneHTOB
JJISl KOPMOBBIX KYyJbTYp B opmy.ie (8)
I[Ipu pacuere BomomoTpebICHHUS HEOOXOIUMO

YYUTHIBATH Omonornueckue 0COOEHHOCTH
nccienyeMbix KyabTyp. C 3Toi menbio B hopmyny (2)
HE00X0TUMO BKJIFOYUTH OHMOJIOTHYECKHE

K03((UINEHTHI, KOTOPBIE ONPEALISUINCH IO (hOopMyJIe

@3).

k6 =E¢/En, 3)

rne Ed — BogomoTpebiienne KOPMOBBIX KyJIBTYD,
OTIpe/ieIeHHOe TI0 BOAHOMY OaJaHCy JHM3MMETPOB,
MM/JIEK.;

En MMOTEHIIUAIBHOE CYMMapHO€
BOJOTIOTPEOICHIE KOPMOBBIX KYJIBTYp, PACCIMTAaHHOE
o gopmyie (2), MM/ IIeK.

Jus anmpokcuManuu - 9KCIIEPUMEHTAIBHBIX
3HAUYeHUH Ouosorndecknx Kod(QQUIMEHTOB BHUKO-
OBCSTHOM cMecH, KJieBepa KPacHOTO OBLIM COCTaBIJICHBI
cTatmueckue paasl ¢ 1 mo 9 gexansl mepuoga
Bereranuy coorsercTBeHHo At 2010 — 2012 u 2015-
2017 rr, mHOrONeTHUX Tpas ¢ 1 no 10 u mouepns ¢ 1
mo7 AeKaabl Mepruojia BereTaii COOTBETCTBEHHO IS
2013- 2014 wu 20162017 rr. Onpeaemsuiuch
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3aBUCHMOCTH  MEXKIY  HOMEpPOM  JeKaJabl U
OuonorudaeckuMu kodpdurenramMmu. Takum oOpazom,
OBLTH TOJTyYeHBI YPABHEHUSI PETPECCUH AJISI: OBCSHO -
BUKOBBIX cMmecedl, (4), xmeBepa KkpacHoro (5),
MHOTOJIETHUX TpaB (6), motepHsI (7).

k6 =0,0013 1% - 0,027717 + 0,1901n +
0,5859 (4)

k6 =-0,012n2 + 0,1635n + 0,4579 (5)

k6=-0,0006n* + 0,01561° - 0,1506n° +

k6=-0,0156n° + 0,1915n + 0,4207 (7)

rae k6—  Omomormueckuit
KOPMOBBIX KYJIBTYP;

N — HOMep JeKaibl IepUo/ia BEreTaluH.

PesynbraThl pacyeroB OMOJIOrMYECKUX
K03()(PUIIMEHTOB KOPMOBBIX KYJBTYp MO YpPaBHEHUSIM
(4), (5), (6), (7), cBencnnl B Tab. 2. [Ipu BBeJcHUU B
bopmymy 2) 3HAYCHUH OHMOIIOTHIECKHX
KOA(PHUIIEHTOB KOPMOBBIX KyJIbTYp (opMmymna s
pacdeTa CyMMapHOTO BOJOMIOTPEOICHUS IpHoOpeTaeT
CIIeAYIOIIHN BU (MM):

KO3 PHUIHIEHT

+0,6246n + 0,075 (6)
Tabnuma 2
Buosornyeckne K03 puuueHTH KOPMOBBIX KYJIBTYP II0 JeKaIamM
CeHBCKOXOS}IﬁCT'BeHHaﬂ KYJIbBT a HOMep ACka/lbl
YARTYPA 77 2 4 5 (6] 7 ] 8 | 9 | 10
OBCSHO - BHKOBBIE CMECH 073 | 084 | 093 | 1.00 O'ff’ 1099 1 882 -
Ny 0.85 0,83
KpacHsrit kneep 0,62 | 0,74 | 0,84 0,91 0.98 1]1,01] 1,00 0.98 -
MHOFOTICTHHE TpaBhI 060 | 080 (095 | 1 [%® 11 1 | 1 |%B 00
0.85
monepHa 061 | 073 | 0,83 | 085093 | 097 [1 |7 | - | - | -

nd b
Ep =k;a iZidSi @

Onpeodenenue koIppuyuenmos ¢ gopmyne (9),
YUUmbI6AIOUUX OMKIOHEHUE 6ILANCHOCIU NOYEbL O
ONMUMATIBHBIX 3HAYEHUT

ITomMumo OHOJIOTHYECKUX 0COOCHHOCTEH,

nouBsl. C 1IeIbI0 yueTa BIaXKHOCTH MOYBHI B (hopMyIty
(8) cnemyeT BBeCTH COOTBETCTBYIOLIMN KOA(PQUIIHEHT
(kw).

AHanu3 pe3ynbTaToB UCCIIEJOBAHUHN MTOKa3bIBACT,
YTO C yBEINYEHHEM BIAXXHOCTH MOYBHI yBEINIHBACTCS
BOJOTIOTpeONIeHHe KOPMOBEIX KynbTyp mo 0,72 IIB.
JanpHeiimee  yBeIWYEHHWE  BIAKHOCTH  MOYBBI
MIPAaKTHYECKH HE OKA3bIBACT BIMSHNE HA NX CYMMapHOe
BOJIONIOTPEOIEHNEe KOPMOBBIX ~ KYJIBTYp. 3Ha4eHUs

CyMMapHO€ BOJIOTIOTpeOJIEHHe pAcCTeHHH Tak ke K0d(puunenTos, Y4UTBIBAIOINX CHHKCHHC
3aBHCHT M OT BJIAXKHOCTH KOPHEOOMTAeMOro cjosi  BITXKHOCTH IOYBBI AaHBI B TaOI. 3.
Tabmuma 3
Ko3a¢uuneHntpbl, yYUTHIBaIOIIHE CHUKEHUE BJAKHOCTH OYBBI
BuaxHocts KopmoBas kyneTypa
TIOYBBI OBCSIHO - BUKOBBIE CMECH MHorosieTHHE TpaBbl JlronepHa KpacHslii knesep
0,7-0,9 I1B 1,0 1,0 1,0 1,0
0,69 T1B 0,94 0,94 0,93 0,92
0,6511B 0,83 0,83 0,88 0,87
0,60 T1B 0,63 0,67 0,80 0,82
0,55 0,39 0,45 0,72 0,77

B wurore, smmupudeckas gopmynia sl pacyera
BOJIOTIOTPEONICHUST KOPMOBBIX KYIBTYp OyIeT MMeeT
CJeIYIOIINIA BUI;

E. =k,k.a
PSS 4 @)

1=1

Ha puc. 7 npexacraBieH rpaduk CXOJUMOCTH
(hakTHUIECKOTO BOJOMOTPEOICHUSI KOPMOBBIX KYJIBTYP,
¢ pacuetHeiM 10 ¢opmyne (9). Koadduimentst
KOPPEJIALIUY JJTS Pa3IMYHBIX KYJbTYP PABHBL: OBCSIHO -
BUKOBBIX cMmeceit 0,954+0,0642, kpacHOro Kieepa
0,958+0,0593, wmmHoromeraux tpaB 0,988+0,0335,
aroriepus 0,953+ 0,0752, 4TO rOBOPHT O TECHOM CBA3U
MEXIy PacCMaTpHBACMbIMH IIPU3HAKAMHU.
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Puc. 7. Cxooumocmsv gpaxmuuecxkozo 6o0onompebienus KOpMossixX KyJIbimyp
(Eg - oannvie 0enanok) c pacuemuwvim (Ep) no gpopmyne (9).
1 — uxo-oscanas cmecw, 2 — Knegep KpacHwvlil, 3 — MHO2OAEmHUe MPAbl, 4 - ToOYepHA

Takum obOpa3om, pesynabTaThl Tadbmun 1, 2, 3, a

TaKxKe TecHas KOppeNsAIHOHHAas CBSI3b,
NpeAcTaBiIeHHass Ha pHcyHKax 1, 2, 3, 4 Mexny
paccMaTpuUBaeMbBIMH MIPU3HAKaAMH, MO3BOJISIOT

pEeKOMEHA0BaTh SMIHpHUEcKy0 Gopmyny (9) mis
pacdyera CyMMapHOTO BOJONOTPEOJICHHS KOPMOBBIX
KyJIBTYP TIPH OIIPEACICHNH X PEKUMa OPOILICHHUSI.

BriBOABI:

C mensio co3naHus cTabMIBHON KOPMOBOM 0a3bl
it 3(GEeKTHBHOTO BEICHUS JKMBOTHOBOJCTBA B
ueHTpaigbHOW vactu HeuepHozemnHoi 30Hbl Poccun
HEoOXo/MMa  MEJNMOpAlUsl  OPOIIAEMBIX  3E€MElb.
Crioco6 monuBa-goxaeBanue. [IpoBeeHHOEe HaydHOE
UCCJIe/IOBaHNE YHUKAJIBHO MOTOMY, YTO Ha JIEPHOBO-
MOA30JICTBIX MOYBAaX BOAOPA3ZEIOB LEHTPAILHON
yacti  HedepHo3emnoii  30Hbl  Poccum  npu
BBIDALIIMBAHUM  OBCSHO -  BHKOBBIX  CMeECeH,
MHOTOJIETHHX TpaB, JIIOLEPHBI, KPAacHOTO KJIeBepa
paspaborana ¢opMmyna s pacyera CyMMapHOTO
BOJIONIOTPEOIEHUS] UCCIENYEMBbIX KYJIbTyp, IPH 3TOM
MOJy4eHbl IU(POBBIE JTaHHBIE IO AMITMPHUYECKHM,
O6uonorndyeckuM koddunnenram u koddduimenram,
YUUTBHIBAIOIINM CHIDKCHUE BJIAKHOCTH TOYBBI HIDKE
ONTHUMAJIbHBIX 3HAYCHHH. OMmnupuyeckne
K03(hGHULNEHTBHI ClIeyeT NPUMEHS T B 3aBUCHMOCTH OT
BUJIa CEJIbCKOXO3SIMCTBEHHBIX KYJBTYP: OBCSHO -
BUKOBBIX cMeceil a-1,21, b-0,81; MHoroneTHUX TpaB a-
1,12, b-0,82; mrouepusr a-1,31, b-0,78; xpacHoro
KJIeBepa a-1,16, b-0,79. Buonornueckue
K03((PUINEHTH! JOJKHBI OBITH TU(depeHIMpOBaHEI B
3aBUCHMOCTH OT IIEPHOJA BEreTalMd KOPMOBBIX

KyJIBTYp. B ciyuae cCHIKeHHS BIIaXKHOCTH ITOYBBI HUXKE
ONTUMAJBHBIX IIPEAETIOB HEOOXOIMMO IPHUMEHSThH
K03()(PUIIMCHTHI, YYUTHIBAIOIINE YPOBEHb CHIDKCHHUSI
BJIAXKHOCTH TIOYBBl M BHUJ[ CEJIbCKOXO35HCTBEHHOU
KyJbTYpbl. Pe3ynbTaThl pacdyeToB MO 3MIMPUYECKOU
(dopMyne JOJKHBI OBITh COMOCTABJICHBI C JIAHHBIMHU
TOJIEBBIX SKCIIEPUMEHTOB.

B pesynpTare mNpoOBEAEHHOIO HCCIEIOBAHUS
HayYHOE COOOINECTBO MONydmiIo (opMmyry pacdera
CYMMAapHOTO BOJIOIIOTPEOICHUST KOPMOBBIX KYJIBTYp Ha
JI€PHOBO-TIOA30JUCTBIX MOoYBax BOZIOpAa3/esioB
neHTpainbHOM yactu HeuepHo3emHol 30HbI Poccuu u
HOBBIE paHee HEN3BECTHBIC HAyYHBIC 3HAHMUS.

[TpoexTHBIM tupmam peKoMeHayeTcs
UCTIONIB30BaTh (OpMYITy JUISI pacdera CyMMapHOTO
BOJIOTIOTPEOICHUS HCCIIETyEeMbIX KYJIBTYP,
SMIOHUPHUYECKUE, Ouosorndeckne KOIQQUIMEHTH |
K03()HUIIMEHTBI, YUUTBIBAIOIINE CHIDKEHHE
BIaXXHOCTH T1o0uBbl. depmepam  peKOMEHIyeTcCs
HCIONb30BaTh PE3yNbTaThl HAYYHBIX HCCIEIO0BAHUN
IIPU IKCILTyaTallUd OPOCUTEIBHBIX CUCTEM.

Iomutrkam cnengyer OpPUEHTUPOBATH
CEJIbCKOXO3SIIICTBEHHOE MPOU3BOACTBO Ha BHEJPEHUE
MOI00HBIX HAYYHBIX Pa3paboTOK W AIKOHOMUYECKH HX

CTUMYJIHUPOBATE.
3aKOHOZIaT€J'lI/I JOJDKHBI TNPHUHHUMATh 3aKOHBI,
TIO3BOJIAOIINEC YCKOPEHHO BHEAPATH Hay4YHBIC

pa3paboTkl B O00JaCTH MENHOpalMy OPOIIaeMbIX
3eMeJIb B CeIbCKOXO03SHCTBEHHOE IPOU3BOICTBO.
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B OymymeMm mnaHupyeTcs pacIIupUTh HAaydHBIC
WCCIICIOBAaHHUSA C JIPYTHMH CEIIbCKOXO3SIICTBEHHBIMHI
KYJIBTypaMH ¥ HHBIMH CIIOCOOaMH TIOJIHBA.
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ITuenkun Bukmop Bnadumuposuu — Ooxmop
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«Poccuiickuii 20Cy0apcmeenHulil azpapmbiii
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OIIEHKA CKOPOCTHU ®OPMUPOBAHUA JIEJSAHBIX 3AKJIAJOYHBIX MACCHUBOB B
POCCBIITHBIX IIAXTAX KPHOJINTO30HBbI
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EVALUATION OF THE RATE OF FORMATION OF ICE STOCKING MASSIFS IN
PLACER MINES OF THE CRYOLITHOZONE

Yu.A. Khokholov, V.V. Kiselev
Institute of Mining of the North. N.V. Chersky SB RAS,
FSBSI FRC "Yakut Scientific Center SB RAS",
Russia, 677980, Yakutsk, Lenin Ave., 43
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AHHOTALUSA
PaCCMOTpCH BOIPpoOC (1)OpMI/IpOBaHI/I$I JICAAHBIX 3aKJIaA04YHBIX MAaCCHUBOB B BBIpa6OTaHHOM MPOCTPAHCTBC
POCCBIIMHBIX MAXT KPHOJIUTO30HBI. BrimonHeHO MaTeMaTHYECKOe MOACIUPOBAHUEC TTPOLECCOB (I)OpMI/IpOBaHI/Iﬂ
JICAAHOIO MacCuBa MOCIOHHBIM HaAMOPA)XNBaHUCM. HOKaSaHO, qTO A 3a,I[aHHOI7I TOJIIIUHBI C€IUWHUYHOI'O
HaJIMBAaE€MOTIO CJIOS1 CYIIECTBYET ONTHMAaJIbHOE BpEMs 3aMOPaXXUBAHUSA, IIPU KOTOPOM CYMMapHOE BpeMs
(dhopMUpOBaHUS 3aKIAJOYHOTO MAacCHBa MUHHMManbHO. C HCIIOIB30BAaHHEM pa3pabOTaHHON MaTeMAaTHYECKOM
MOJ€JIN paCCYUTAHbI IPOAOJLKUTEIBHOCTH COOPYKCHUA JICAAHOIO MacCMBa B 3aBUCUMOCTU OT BpEMCHU Haydajia
€ro (I)OpMI/IPOBaHI/IH, TOJIOWHBI HAJIUBAEMOI'0 CJIOA M pacxoJia XOJOJHOI'0 BO3JayXa. HOJI‘IepKI/IBaeTCH, qTO
obOecreueHue BBICOKOI CKOpPOCTH BO3BCACHUA JICAOBOI'0 3aKJIaJOYHOI0 MacCHUBa B pOCCbIHHOﬁ mraxTe CeBepa
MOKET OBITh JOCTUTHYTO YBCIIMYCHUEM KOJIMYECTBA HArHETAEMOI'0O B 3UMHEC BpPEMs XOJOAHOI'O BO3AyXa C
MOBCPXHOCTH, a4 TAK K& YMCHbBUICHNEM TOJIIUHBI HAMOPAXKXNBACMBIX CAUHUYHBIX CJIIOCB.
ABSTRACT
The issue of formation of ice filling massifs in the worked-out space of alluvial mines in the permafrost zone
is considered. Mathematical modeling of the processes of ice mass formation by layer-by-layer freezing has been
performed. It is shown that for a given thickness of a single poured layer, there is an optimal freezing time, at
which the total time of formation of the filling mass is minimal. Using the developed mathematical model, the
duration of the construction of the ice mass was calculated depending on the time of the beginning of its formation,
the thickness of the poured layer and the flow of cold air. It is emphasized that ensuring a high rate of construction
of the ice backfilling massif in the alluvial mine of the North can be achieved by increasing the amount of cold air
injected from the surface in winter, as well as by reducing the thickness of the frozen single layers.
KuiioueBble ciaoBa: JleAsHOW 3aKiIaJJOUYHBIA MAacCHB, POCCHIITHAS IIaXTa, KPHOJIUTO30HA, TEMIIEpaTypa,
MAaTEeMaTH4CeCKOC MOACIMPOBAHUEC, BPEMS 3aMOPAKNBAHUA.
Key words: Ice filling massif, placer mine, cryolithozone, temperature, mathematical modeling, freezing
time.

Beenenune TEeMIICpaTypHBI PEXHUM MEp3JIOTHBIX TOPHU30HTOB
INonzemHuas paspabotka MecTopoxaeHuil  pyaHukoB CeBepa 1o3BosisieT pOpMHUPOBATH B 3UMHHH
MOJNE3HBIX MCKONAEMBIX CHCTEMaMM C 3aKIaAKOH  MHepHojx JEAsSHYI0 WIN JIBIOMOPOJHYIO 3aKJIaJKY,
BBIpab0OTaHHOTO HPOCTPaHCTBA MO3BOJIIET  3aMOPAKUBAEMYIO C HCIIOJIb30BAHHEM E€CTECTBEHHOTO

CYIIECTBEHHO CHHU3UTh IIOTEPH M Pa3yO0OKHBaHUE
LEeHHBIX pyA. Ha pynHukax KpUOJIWTO30HBI, B
OCHOBHOM, IPHMEHSIOT TBEPIACIOIIYIO 3aKJIAAKy Ha
LIEMEHTHOM OCHOBE [UIsl CO3[aHUsl MCKYCCTBEHHBIX
LEJINKOB U 3aKJIaJ0OYHBIX MacCUBOB. OJJHAKO HIMPOKOE

IMPpUMEHCHUEC ,HaHHOﬁ TCXHOJIOTMU Ha  T'OPHBIX
MNpeAnpUuATUAX KPHOJMTO30HbBI CACPIKUBACTCSA
HOpOFOBI/BHOﬁ CTPOUTCIILCTBA 3aKJIaJOYHbIX
KOMIIJICKCOB, ﬂe(l)I/IIII/ITOM BAXKYHIUX MaTepualioB,

CJIOKHOCTBIO TPAHCIIOPTHON CXEMbI WX JOCTaBKH, a
TaK)Ke HHU3KOH CKOpPOCTBIO TBEPACHUA LEMEHTHOI'O
3aKJIQ0OYHOTO  MacCHBa  IPHU  OTPHUIATEIBHBIX
Temrieparypax [1-3]. B To ke BpeMsi, OTpUIIaTeIbHBIN

xoyiofga. JlaHHBIH crmoco0 OTIMYaeTcsl HHU3KHMH
pacxoaamMu 1o CpaBHCHUIO C TpaaIuIIMOHHBIMHU
TECXHOJIOTUSIMHA 3aKJIaKHu Bl)lpa60TaHHOFO

npoctparctBa [4-10]. Bce 310 B mepByo ouepens
TpeOyeT pa3pabOTKH METOIUKH pacueTa IHHAMHUKU
HapaNIMBaHUS TOJIIWHBI JICSTHOTO MAacCHBa C YUETOM
OCHOBHBIX ITApaMETPOB.

ean ucciaenoBanus

Llenbro sIBJISIETCSl MTPOBEJCHNE OLIEHKH CKOPOCTH
BO3BCACHUS JICASHBIX 3aKJIaAOYHBIX MACCHUBOB Ha
npuMepe OIIBITHO-ITPOMBIIIIJIEHHON [IAXTBI
«Boctounas» poccemuoi maxter  (OII) AK
«AJIPOCAY, pazpabaThIBaromiei aiMa3ocoaepKaniyro
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POCCBIIIb.

MecTopoKaeHHE PACIIOIOKEHO B 30HE
CILIOLIHOTO

pacnpocTpaHEeHUs «BSTBIX»

MHOTOJIETHEMEP3IbIX Hopon. [lo maHHBIM 3amMepoB B
TEPMOMETPHIECKUX CKBaXHHAX TEMIIEPaTypa TOPHBIX
MOPOJ Ha ITyOMHAX 3aJeTaHus MPOIyKTUBHOTO IIacTa
BappupoBana ot -1°C go -1.5°C, T.e. mOpoasl HMEIOT
OTHOCUTENIBHO  BBICOKYIO  TEeMIeparypy,  4To
3HAYUTEIBHO OCJIOKHSET TOPHOTEXHUYECKHE YCIOBUS
0TpabOTKH MECTOPOKACHHS.

[Mpunsra LEHTPaJIbHO-OTHECEHHAs! cxeMa
BCKPBITHSI ~ MECTOPOXAEHUS C  PACHOJIO0KEHUEM
BCKPBIBAIOIIMX CTBOJIOB B LIEHTPAJIBHOM YacTU IO
JVHUH TPOCTHPAHUS MIAXTHOTO IIOIsT 32 30HOM
CABIDKEHHWS TOpPHBIX mopod. JlaHHas  cxema
XapaKTepU3yeTcs TeM, UYTO BCKPHIBAIOIINE BBIPAOOTKH
pacromiaratT o JVHUH YCTaHOBJIEHHOTO
ONTHMAJIHOTO CTBOPA MX 3a510keHUs. C TOUKH 3pEHUS
MHUHUMH3AIIHA TPAHCIIOPTHBIX 3aTpaT M PacxoioB Ha
BCHTHJIALIUIO OYHUCTHBIX KaMep HaI/I6OHee
paluOHaJIbHBIM PACIIOJIOKEHUEM HAKJIOHHBIX CTBOJIOB
ABJIACTCA CE€p€ArHA JIMHBI NPOCTHpPAaHUA IHAXTHOT'O
noJist. IIpu naHHOM cXeMe BCKPBITHUS CBEXHUM BO3LYyX

CeBepHBIH TPaHCIIOPTHBIH MITPEK

MOCTYIAaeT B INAXTy MO OJHON M3 BCKPBIBAIOLINX
BBIPAa0OTOK, PAa3BETBISCTCS HA KPBUIbS IIAXTHI,
OMBIBAaCT TIOATOTOBUTENBHBIE W OYHCTHBIC 3a00W;
0TpabOTaHHBIM BO3AYX OBIKETCS K LICHTPY IIAXTHOTO
MOJs W BBAACTCA HA MOBEPXHOCTh IO BTOPOH
BCKPBIBAIOIICH BEIPabOTKE.

VYuutsiBas pazMepsl maxTtHoro noius (= 800x100
M) U CXeMY BCKPBITHS, IPETyCMOTPEHO JeJICHHUE €ro Ha
JBa KpblJla - CEBEPHOE U IOKHOE - C BEJICHHUEM
JOOBIYHBIX PaboT 0OpaTHBIM XOZOM IO HalPaBJICHUIO
K  [EHTPAJbHBIM  BCKPBHIBAIOLUIMM  BBIPAOOTKaM.
Pa3mepsl KpbUIBEB MO NPOCTHPAHHUIO COCTABISIOT <~
350-400 M, mo mmpure — ~ 80-100 M. [Togroromka
IIaXTHOTO 0TS OCYIIECTBIIACTCA yTeM
OKOHTYPUBAHHUSA TPaHHULL OINII [JIABHBIM
BEHTWIALMOHHBIM, TPAHCHOPTHBIM M ()JIAHTOBBIMHU
(ceBepHBIM U 10)KHBIM) IITPEKAMHU.

Juns  oTpaboTKM  MECTOPOXKAEHHS  IIPUHSTA
KaMEepHO-JIaBHasl CHCTeMa, TNPHHILUIHNAJIbHAS CcXeMma
HOJTOTOBKHU IIAXTHOTO MOJIS MpHBeaeHa Ha puc. 1. B
KayecTBe Kpemu ouucTHoro mpoctpancrtsa OIIIII
(xaMep) pelIeHO UCTIOIb30BATh JICASHYIO 3aKIaAKYy.

HOsxHbBIH TpaHCIOPTHBIH ITpeK

giaiein

éf_ CeBepHbIH BEHTHIAHOHHBIH MITPeK

§

g =)

a

2

=

=

=)

CeBepHOe KpPbIIO 5

g

BeHTHASLAOHHBIH

IOxHoe xpblno

Puc. 1. lpunyunuanvuas cxema noocomosku waxmmuozo noas Ol «Bocmoynasy.

s YCKOpPEHUs BO3BEJIEHUS JIEJITHBIX

3aKJIaJI09YHBIX MAaCCHBOB MOXKET OBITh PEKOMEHIOBAHO
UX TOCIOWHOE HAaMOpaKMBAaHWE B BBIPAOOTAHHOM
MPOCTPAHCTBE POCCHITHON MIAXTHI ¢ IPUHYIUTEIbHBIM
00lyBOM  HHM3KOTEMIIEpaTypHBIM

aTMoc(epHBIM
BO3/1yXOM [8-10]. IIpu

9TOM TOJIIIHMHA

HaMOpaXXMBAcMoOTro JICAOBOI0O MacCuBa HaAIPAMYHO

3aBUCUT OT TEMIEPATYPbl U CKOPOCTU HAPYKHOTO
BO3lyXa HarHetacMoro B 01pa60TaHHy}0 KaMepy. C

HO3I/IIIHI71 ITIPAKTUKH, H606XOI[I/IMO YCTaHOBUTH
3aBUCUMOCTHU JUHAMHUKHU HapalldBaHUsA MOIIHOCTH
JE€AAHOro mMacCvBa OT  TOJIIMHBI  HaJIMBACMOI'O



34

HanunonanbHas accouuanus yuensix (HAY) # 85, 2022

€IMHUYHOTO CJIOS, BPEMEHHM Hadana (hOPMHUPOBAHUS
MAacCHBa, Pacxoja I0AaBaEMOro XOJIOJHOTO BO3yXa.
Marepuaj 1 MeTObI HCCIeJ0BAHMSA
Onrumu3arst GOpMUPOBAHNUS JICASTHON 3aKIaIKA
COCTONT B MUHHMH3AIUU BPEMEHH IOCIOHHOTO
3aMOpaKMBAaHMS BOJBI U SIBISIETCS] HECTAI[MOHAPHOM,
HEeJIMHEeWHOM U MHoromapaMmeTpudeckoil 3amgaueil. Ha
NPOJODKUTENLHOCTE  HaMOPa)KUBaHUS BIIHSIIOT
MHOXXECTBO  (DaKTOpOB,  KOTOpble  HEO0OXOIMMO
YUUTHIBaTh B UX B3aUMOJCHCTBHH. DTO - 00BEM W
HayallbHash TeMIIepaTypa 3aMOpaXMBaeMOHW BOJIbI,
TeMIepaTypa PyAHHYHOIO BO3JyXa U CKOPOCTb €ro
IOBIDKCHUS,  TEMIepaTypa  TOPHOTO  MAacCHBa,
TeMIepaTypa ApoOJEHBIX IMOPOA, MX KOIMIECTBO H

rpaHcoCTaB, TpeOyemas KOHEYHas TeMIeparypa
3aKJIaIOYHOTO MaccuBa. TONBKO MPH ONTHMAaIbHOM
COOTHOIICHWH BCEX JTHUX IapaMETPOB BO3MOYKHO
BO3BECTH MOHOJHUTHBIA MCKYCCTBCHHBIH IETHK (WIIH
MacCHB) C HEOOXOIUMBIMHU MIPOYHOCTHBIMU
CBOWCTBaMH 3a 33JaHHBIN Tiepuoz Bpemeru [10].

Jns  ompeneneHuss — TEMIIEPATypHOTO  TOJS
JEIIHOTO 3aKJIAJ0YHOTO ¥ TOPOJHOTO MAacCHBOB
HCII0JIb30BaHa pa3paboraHHast JIByXMepHast
MaTeMaTHYeCKas MOJENb TEIIOOOMEHa IIaXTHOTO
BO3/lyXa C BO3BOJAMMON JEASHOW 3aKIajKol u
OKPYXKAaIOIIUM MAaCCHBOM TOpHBIX mopon [9-11].
PaccmarpuBaeTcst ceueHMe 0O JUIMHE OYUCTHOM
kaMepsl. PacueTHast cxema mpuBeieHa Ha puc. 2.

Y
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Puc.2. Cxema ghopmuposarnus nedsanoeo 3axnadoynozo maccuea ¢ ompadbomarntoi kamepe OILL:
1 - maccug eoprvix nopoo, 2 — HAMOPOIHCEHHBIU 3AKAAOOYHBLI Maccus (1ed), 3 - CloU 3amMopaNCU8AEMOU 800bL,
4 - gvipabomanHoe NPOCMpPAHCMEO.

BpeMSI 3aMOpaXKNUBaHUA CAUHHUYHOI'O CJI04
3agaercs. Ilocnmegnuit cioit 3amep3aeTr 3a CcYET
AaKKyMYJIMPOBAaHHOTO XOJOJa TIOPOAAMH  KPOBIH

TOPHOW BBIPAOOTKHM M HWKHHUX CJOSAX 3aKJIaJIOYHOTO
MaccuBa. Bpems cueta ocTaHaBiIMBaeTCs MoOCIe
3aJMBKH  TIOCIEAHETO CIIOS TPH  JTOCTHKCHUH
TeMITEpaTyphl 3aKiIaJKu 3agaHHoro 3HadeHus -1,5°C,
KOTOpasi COOTBETCTBYET €CTECTBEHHOH TemIepaType
OKPYXarOIIUX HOPO/I.

Pe3yabTaThl Hcc/ieq0OBAHUS U UX 00CYKAeHUe

[ OUEeHKH CKOPOCTH BO3BEACHUS JIEASIHOTO
3aKJIaJOYHOT0O MAacCHBa IPOBEAEHBI pPACYETHl IO
pa3paboTaHHON METOUKE TIPH CIIETYIOIINX UCXOIHBIX
JAHHBIX: BBICOTa Kamepsl 1/4 M, UIMHa Kamepsl

COOTBETCTBYET LIMPHUHE TIAHEIH U paBHA §1 M, mupHHa
Kamepsl 14 M, ynaenpHas TemiaoeMKocTs mopox 900
Jx/(xr-K), BraxxHocTh 5 %, MIOTHOCTH ckeneta 2500
Kr/M°, KOI(Q(QHUIMEHT TEIIONPOBOJHOCTH MEP3IbIX
nopon 2 Br/(m-K); Tambix 1,8 Bt/(Mm'K);
€CTECTBEHHAs TemrepaTypa mopoj -1/5°C, HayanbpHas
TeMIieparypa mojaasaeMoit Bojsl +1°C.

Ha puc. 3 mnpuBemeHsl pe3ynpTaThl pacyera
TIPOJIOJDKUTENIEHOCTH COOPY)KEHHMS JISITHOIO MaccuBa
c | pmexabpst mpW HayalnbHOM TeMmIeparype clos,
pasHoii +1°C. W3 rpadukoB BUAHO, UTO JJIs 3aJaHHOK
TOJIIMHBI CJIOSl CYLIECTBYET OINTHMAlIbHOE BpEeMs
3aMOpaXMBaHMs, INPH KOTOPOM CyMMapHOE BpeMs
(hopMHpOBaHU 3aKJIaJOYHOTO MacCHBa MHHUMAJIBHO.
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Bpema saMopaxHBaHNA 1 crnos, Yac

Puc.

3. HpOOOJZJfCMm@JZbHOCWlb qbopzvzupoeanuﬂ 3AKAAOOYHO20 MACCUBA 8 3ABUCUMOCIU OM 6pemMeHuU

3amopasitcueanust 1 cnos npu pasjiuvdHsvlx moauHax COUHUUHO20 CTLO5.

HeobOxomuMo OTMETHTB, YTO daxe HEOOIBIIOEe
OTKJIOHEHHE BPEMEHH 3aMOPAKUBAHUS B CTOPOHY
YMEHBIIICHUS BEIET K PEe3KOMY YBEIHMUYCHHIO OOIIEro
BpeMeHH (OPMHPOBAaHUS 3aKIaJOYHOTO MAacCHBa.
VYBenuueHne BPEMEHH MPOMOPO3KH KaKIOTO CJOA
MPOTIOPIMOHATIFHO ~ yBEIMYWBAeT  oOmee  BpeMs
dbopmupoBanust 3aknanku. llodToMy Ha MpaKTHKE
BpEMSl 3aMOpPaXUBAHUS JIOJDKHO BBIOUpPAThCA C
HEKOTOPBIM 3aIacoM, 4YTOOBI TapaHTUPOBAThH TOJHOE
MPOMOpPaKMBAaHME  3aKJIQJ0YHOTO  MaccHBa  3a
3a/IaHHBIN IPOMEKYTOK BPEMEHH.

ITockonbky TemmepaTypa HapyXKHOTO BO3yXa
SIBIIIETCS. TIEPEMEHHOW 10 BPEMEHHU B JaJbHEHIINX

pacdeTax MPHHATO, YTO OYEPETHOU CIION 3ajMBacTCs
IoCJIe TIOJTHOTO TPOMEP3aHUs MPEIBIAYIIEro Mo Beei
TUIOIIAIA KaMephI 10 3aJiaHHO# TeMiepartypsl (-1,5°C).
Brum  paccumtaHBl  00IIHE  MPOJOIDKHUTEIBHOCTH
(dhopMUpOBaHUS JIEASHOTO 3aKJIAJOYHOTO MACCHBA JIO

temneparypbl -1,5°C mpu pa3iIMyHbIX 3HAYEHMSIX
pacxoza M0ZIaBaEMOTO BO3JIyXa, TOJIIITHHBI
3aJMBAaEMOr0 CJIOS M BPEMEHH Hadajla BO3BEICHUS
3aKiafoyHoro  MaccuBa  (tabmmma 1), Tamoke
OIIPE/IEIEHBI cpenHue 3HA4YCHUSA BpEMEHU
3aMOpPaXMBAaHUS €TUHUIHOTO CIIOS.

Tabmuma 1

IIpoaonxuTe LHOCTH (POPMUPOBAHUS JIEASHOI0 3aKJIAJ0YHOI0 MaccuBa 10 TeMneparypsl -1.5°C
(B yncauTE e — 001Iasi MPOIOKUTEIBLHOCTD, B 3HAMEHATe1e — CPeTHSAS MPOJ0IKUTEIbHOCTh
3aMOpPaKMBAHMS eTMHHYHOTO CJIOSI, Yac)

Hauano Tonmmua cios, Pacxon Bo3nyxa, m3/c
BO3BEICHUS M 8 12 16 20 24 28
0,05 1060/38 765/27 602/22 514/18 435/16 387/14
1 HOSIOpS 0,1 1384/99 | 1079/77 911/65 796/57 714/51 656/47
0,2 1842/263 | 1608/230 | 1565/224 | 1573/225 | 1622/232 | 1686/241
0,05 736/26 394/14 278/10 203/7 152/5 122/4
1 nexaOps 0,1 1083/77 790/56 636/45 539/39 464/33 412/29
0,2 1451/207 | 1153/165 | 1008/144 | 916/131 | 861/123 | 837/120
0,05 526/19 292/10 193/7 129/5 99/4 73/3
1 ssHBapS 0,1 1016/73 703/50 545/39 448/32 384/27 334/24
0,2 1475/211 | 1060/151 | 872/125 | 767/110 | 705/101 667/95
0,05 665/24 321/12 201/7 143/5 99/4 71/3
1 deBpans 0,1 1377/98 823/59 615/44 494/35 422/30 362/26
0,2 - 1629/233 | 1210/173 | 1006/144 | 882/126 | 805/115

AHanu3upysl JaHHBIE TAaONWIBI MOXHO CHETaTh
3aKJIOYCHNE, YTO B HayaJe 3UMBI HEOOXOIMMO
3aMBaTh CJIOM BOJABI MEHBIIEH TONIIMHBEI (HOpPSIKa
0.05 M) npu pacxoje Bo3ayxa IOJDKEH OBITh HE MEHee
20 m%c, a B cepeauHE 3MMBI TONIMHY CJIOS MOMKHO

yBenuuuth 210 0.1 M npu pacxoze Bosayxa 12 m¥/c. Tlpu
TaKUX IapaMeTpax BO3MOXKHO BO3BECTH JIEISHOM
MaccuB B oTpadoTtanHoi kamepe OIIII nmpumepno 3a 1
3UMHHUNA MecsI1I.
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Takum o00pa3oM, HaMOpaXKMBaHHE JIEASHOTO
3aKJIaIOYHOTO B OTPabOTAaHHOW TON3EMHON Kamepe
MaccHuBa HEOOXOIMMO MPOU3BOIUTH TOHKAMH CIIOSMH
IPH T0/1a4€ OTHOCHUTEIHHO OOJBIIOTO KOIHMYECTBA
XOJIOZHOTO BO3AyXa IO/ TOCTOSHHBIM KOHTPOJIEM 3a
TEMIEPaTypPHBIM COCTOSHHUEM BO3BOAWMOTO JIEJSTHOTO

3aKJ1aJIOYHOTO MaccuBa. HemanoBaxxapiM
TpeOOBaHUEM TPU 3AIMBKE BOJABI TOHKHUMH CIOSMHU
mepesil  3aMOPO3KOH  SABJISIETCS  HEOOXOIUMOCTh

obecrieueHns: PaBHOMEPHOTO pPACTEKaHHS BOJBI 110
BCeH IuIomaau Kamepbl. Tak Kak HecoOJroeHne
JAHHOTO YCJIOBHSI MpHBEJET K TOMY, YTO IOJ
BOJONOJAIONIMMH  CKBOKUHAMH JIEASHOW MAacCHB
Oymer wHamep3arb ObicTpee, YTO TIPUBEHET K
00pa30oBaHMIO IIyCTOT B OTHAJCHHBIX YYacTKax
KaMepbl, HAJIMIHE KOTOPBIX MOKET MIPUBECTH K 00BaITy
TOPHBIX OPOJ KPOBIIH, YTO HEJOIYCTUMO O ETnuHBIM
npaBmwiaM  OesomacHoctu.  [lostomy — TommmHa
eJIMHUYHOTO  CJIos,  ompezdeiseMas  00beMOM
3aJMBAaEMOM BOJBI, IOJDKHA OBITH ONTUMH3UPOBAaHA
MPUMEHHUTEIBHO K KOHKPETHBIM YCIOBUSIM.

BriBOBI

VYuuteiBass HeOOJBIIOW CPOK CYIIECTBOBAHUS
pocchimHON MmaxTel (= 3 roma) M JUIMTEIHHOCTH
nepuoja BO3BEICHUS JeIsHON 3aKJIaJIKH,
PEKOMEHAYETCSI B LIEJIIX 00ecedeH st 0e30MacHOCTH U
MOTOYHOCTH BECTH OYHCTHBIE PAaOOTHI MapauIesIbHO C
3aKJIaJOYHBIMU.

B mensx mHTEHCH(UKAINU TPON3BOJCTBEHHBIX
MPOIIECCOB  BEHTUIMPOBAHUE OTPAOOTAaHHBIX MpPH
BEJCHUU 3aKJIaOYHBIX pabor JIOJDKHO
OCYILECTBIIATECS Yepe3 BEHTHIAMOHHBIE CKBAXKUHBI
mpoOypuBaeMbIe ¢ TOBEPXHOCTH.

Bricokas CKOpOCTh 3aMOpaKUBaHMSA IOCIOWHO
BO3BOJUMOIO JIEISHOIO 3aKIaJOYHOTO MaccuBa B
0TpaboTaHHO! KamMepe MOXeT OBITh IOCTUTHYTa
YBEJIMUYECHUEM KOJIMYECTBA HarHeTaeMoro c
MIOBEPXHOCTH aTMOC(EPHOTO BO3AyXa C HHU3KOH
TEMIEpPaTypoil, a TaK K€ YMEHBIICHUEM TOIIIUHBI
HaMOPAKUBAEMBIX €IUHUYHBIX CIIOEB.

Hans obecrieueHus MOHOJIUTHOCTH
JBIONOPOJAHOTO  MacCHMBa M INPEIyNPeKACHUST
o0pa3oBaHMsI B HEM TMyCTOT W HEJOCTaTOYHO

MPOMOPOKEHHBIX YYaCTKOB B JICASTHOM 3aKJIaJI0YHOM
MaccCuBe CHIDKAIOIINX KOMITPECCUOHHBIE
XapaKTePUCTUKKM HEOOXOJWM KOHTPOJIh 3a €ro
TEMIEePaTypHBIM COCTOSTHUEM BO BpEMs BO3BEICHHSI.

Pacxox xomomHOro BO3AyXa aTMOC(EPHOTrO
BO3AyXa  HEOOXOMUMOTO I  HaMOpaKWBaHU
JIESTHOTO 3aKJI1aJI0YHOTO MaccuBa SIBJISIETCS
ompeneNIomuM (GaKTOPOM M UCXOTHBIM ITapaMeTpoM
npu pacuerax KOJINYECTBa H nuameTpa
BCHTUJIIIUOHHBIX CKBa>XHH, HpOI/I3B0)II/ITeIIBHOCTI/I
BCHTI/IJ’[HTOpa, KOMIIOHOBKH BEHTHIISIITUOHHBIX IIOTOKOB
U T.J.

Hcnoap3oBanne METOJIUKHU obecreunT
BO3MOXHOCTH OHTI/IMI/IBI/IpOBaTB TCXHOJIOTHUYCCKHUC

mapaMeTpsl  MOCJAOMHOTO  HAMOPaXMBAaHUSA  IPHU
3aKJaJKe BBIPA0OTAHHOTO MPOCTPAHCTBA  JIHIIOM,
MO3BOJIUT (POPMHUPOBATH 3aKJIAJ0YHBIII MAacCHB B
OYMCTHBIX BBIPa0bOTKAX KPHOJIUTO30HBI c
HEOOXOAMMBIMH TMPOYHOCTHBIMU CBOWMCTBAMH, HYTO
OyzmeT crmocoOCTBOBATH IOBBIIMICHUIO OE30MMACHOCTH
BEJICHUS TOPHBIX pabOT W YCKOPCHHIO CPOKOB
0TpabOTKH MECTOPOXKACHUS.
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AHHOTALIUS

B cratee paccmoTpeHa Moneib, ONpEACISAIONas YCIOBHS SKBUBAJEHTHOCTH COCTOSSHUNA aOCTpakTHBIX
COSHaHHfI, COOTBCTCTBYIOIIUX TOYKE 1 YHHBepcaHBHOfI MeTpOHOFPI‘IeCKOﬁ HIKaJIbl 9BOJJIOIHHA. HOKaBaHO, YTO 3TOT
KJ1accC a6CTpaKTHLIX CO3HAHHH SBIISETCS NPpUMUTHUBHBIM B TOM CMBICJIE, YTO Jro0as Q)opMa €ro YIPOIICHUA
HCBO3MO’KHA, TaK KaK B 3TOM CJIy4Yac MATCMATHYCCKHUC YPABHCHHA €r0 MOJACIHU CTAHOBATCSA DKBUBAJICHTHBIMU
YpaBHEHUSM CMEPTH.

ANNOTATION

In the article it is considered the model that defines the terms of equivalence of the conditions of abstractive
consciousnesses that are matched to the point 1 of universal metrological scale of evolution. Demonstrated that
this class of abstract consciousnesses is a primitive one: any form of simplification for it is impossible as in this
case the mathematic equations of its model become equivalent to the equations of death.

Pe3tome. Crarhsi moCBsillleHa HHXEHEPHO-(PHU3MYECKOMY M MaTeMaTHYECKOMY OIpENEeNICHUI0 TOYKH |
«IIPUMHUTUBHOE CO3HAHME)» Ha YHUBEPCAIbHOI METPOJIOTHUECKON IIKajIe 3Boronuu. [TokazaHo, 94To abcTpakTHOE
CO3HaHUC OINPCACIIACTCA KaK IPUMUTUBHOC B TOM ClIy4ae, KOraa Jmroboe YMCHBIICHHUEC YHCJIa YJICHOB YpaBHCHUA,
OITMCBIBAKOIIECTO 3TOT KJIaCcC COBHaHHﬁ, HCBO3MOXHO H3-3a MAaTCMAaTH4YCCKHUX OI‘paHPI‘ICHPIfI, HajJlara€MbIX Ha 3TO
YpaBHCHUC YpaBHCHUSAMU CMEPTHU. W Bce m3BecTHBIC q)OpMLI JKM3HM Ha HalleH IUIaHeTe OTHOCATCS K KJ1accy
MNPUMUTHUBHBIX a6CTpaKTHLIX co3Hanmii. Onmcan pana CJ'IGI[CTBI/Iﬁ n3 YCJ'IOBI/Iﬁ SKBUBAJICHTHOCTH COCTOSHUH
a6CTpaKTHOFO CO3HaHHUS B Touke 1 CIIPHUMHUTUBHOC CO3HAHHMC) HIKAJbl SBOJJOIUH. B ToM umncie OIIPEACIIAIOINX
CO3J1aHHUE€ HOBOI'O ri100aJIbHOTO KOHIJIOMEpAaTa HaYKH, pa3BE€AKH, IMOJIUTUKHU, OusHeca u apMui U1l JOCTHUKCHU S
MOHOIIOJIMH BJIACTU B TOCTUHAYCTPHUAJIbHBIX TEXHOJIOTHYCCKUX CpEaax.

Summary. The article is dedicated to engineering and physical and mathematical definition of point 1
“primitive consciousness” at the universal metrological scale of evolution. Demonstrated that the abstractive
consciousness is defined as a primitive one in a case when any decrease of quality of equation members that
describing this class of consciousness is impossible due to mathematical limits come to this equation from
equations of death. And all the known forms of life at our planet are in the class of primitive abstract
consciousnesses. Described a number of consequences from the terms of equivalence of conditions of abstractive
consciousness in a point 1 “primitive consciousness” at evolution scale. Including the ones that define the creation
of new global conglomerate of science, intelligence service, politics, business and army for achieving the
monopoly of power in postindustrial technological environments.

Kaiouesnie ciioBa: DBomonyst. [IcuxonrkuanpuHr. AOcTpakTHOE co3HaHue. [locTnHtycTpranbpHas BoHa.
IlocTuHAyCTpUANbHBIE TEXHOJIOTHYECKHE cpelibl. MeTposiornyeckas 1kaia 3poiatonuu. [IpumurusHoe co3HaHue.
YpaBHenus cmepTH. Sdeiika maMsaTH caMOOCO3HaHUS. Y TIpaBiIeHUE 3BOJIIOIUEN HACUIBCTBEHHBIMU CPEACTBAMU.
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B pabore [1] Oputa mocraBicHA
CHCTEMHOTO MIPOEKTHUPOBAHUS YHHBEpCaTbHON
METPOJIOTHYECKOH  IIKaJIBl  3BOJIOIMU. PemieHue
KOTOpOH IpeamnonaraeT 00s3aTesibHOe BBITIOIIHEHUE 4-
X KIIIOUEBBIX YCIIOBHH.

IlepBoe. Jrta mIKama JOMKHA COOTBETCTBOBATH
Hay4HO-METPOJIOTTYECKUM TpeOOBaHUIM K
MacmTabHOW (M3MepuTenapHOW) 1mKane. KoTtopeimMu
SIBIISTIOTCS SKBHUBAJICHTHOCTh u CTporoe
YHOPSIOYMBAHUE COCTOSHHM W HMHTEPBAJOB MEXIY
HUMH, a TAaK)KE YaCTHBIX OT JCJICHUS COCTOSTHHM [2].

Btopoe.  YHuBepcasibHas ~ METpPOJIOTHYECKAs
IIKaja SBOJIONWH JOJDKHA OBITh OCHOBaHAa Ha
SKBHBAJCHTHOCTH W  CTPOTOM  VIOPSAIOYMBAHHUA
COCTOSIHUH 3BOJIOIMOHUPYIOMIETO UHOuguda (HO He
IMBUJIM3AIUN WM YEJIOBEUECKOro BHJA B IEIOM). A
HMHTEpBAJIbl U YaCTHBIC OT ACJICHUA ITHUX COCTOSTHUH
JIOJDKHBI YKa3bIBaTh Ha BHYTPEHHIOIO CTPYKTYPY 9TOr0
HWHAWBHUAA, KOJIUYCCTBCHHBIC HW3MCHCHHSA B KOTOpOﬁ
OTIPENeNAIOT M BBIPAKAIOT €r0 JBOIONHOHHBIC WIIH
WHBOJIOIIMOHHEIE TpaHC(HOPMAIIHH, a TAKKES METOBI U
TPaGKTOPUU WX CIyYaHHBIX WIN  YIPaBISIEMBIX
W3MEHEHUH.

Tperse. MckoMmas mKkana JOIDKHA HUMETh TOUKY
Hynsa. T.e. momKHa OBITH 3aJaHA TOYKA, OT KOTOPOI
HaYMHACTCA OTCUYET PAa3BUTHA SBOJIIOIIUN U B KOTOpOﬁ
JKU3Hb YMHUpaeT MNpH OOpaTHOM, HHBOJIOIIMOHHOM
JIBUKEHUM 110 1IKae. M, roBops ApyruMHU CI0BaMH,
B KOTOPOH JKHU3Hb YHMUYTOXKAE€TCS, a IPU PELIEHUU
o0paTHOM 3ajau¥ — He)KUBasi MaTepus IIpeBpalaeTcs B
JKHBYIO, CIIOCOOHYIO K CaMOCTOSITEJIbHOW DBOJIOLUH.
[pruem 3a1aTh TOUYKY HYJISA Tpebyercs
MaTeMaTHYECKUM o00pa3oM Ha OCHOBE TOH iKe
WH)XEHEPHO-(PU3NIECKON MOJIEIH, YTO U OIPEICICHU
BCEX OCTAJIGHBIX TOYEK ITOH IIKAIIBI.

Hakonen, uerBeproe ycmosme. CHCTeMHOE
MPOCKTHPOBAaHUE YHUBEPCAIBHOW METPOIOTHIECKOM
IIKaJIbl SBOJIOLUH JIOJKHO OBITH BBINIOJIHEHO Ha 0Oaze
TNCUXOUHXUHHUPUHTA — C€AWHCTBEHHOI'0 HHKXCHEPHO-
(u3MyecKoro HampasJeHUs, B paMKax KOTOPOro
YIAJIOCh 3aJI0KUTh KOMIUIEKCHOE PpeIlleHHe 3a/1auu

3a7a4a

DBOTHOITHA

CO3JaHMS TEOPUU U INPAKTUKU MOCTHHIYCTPUAIbHOMN
BOHHBI, B KOTOPBIX peaJu3yercsi YIpaBJICHUE
SBOJIIOIMENH HACUIIbCTBEHHBIMU cpeAcTBaMH [1].

JlaHHasT KOHLEIIMS BOMHBI Oasupyercs Ha
BHYTPEHHE CaMOCOTJIACOBAaHHON CHCTEME TEXHOJIOTHIA,
uMeroleii 4 OCHOBaHMSL.

(1) CucremMHOe NPOEKTHPOBaHUE aOCTPAKTHBIX
(T.e. He YYMTHIBAIOUIUX CBOWCTBA TEI-HOCUTENEH)
CO3HaHMH. A TaKKe Ha UX NPUKIIATHBIX pealn3aluiax —
B TEXHOJIOTUAX IMPOEKTUPOBAHMS JKMBBIX KBAHTOBBIX
MamwuH (aHAJOTOBBIX WM THOPUAHBIX aHAJIOTO-
OU(POBBIX KBAHTOBBIX KOMITBIOTEPAaX Ha JKUAKHIX
cpeIax) M B BOGHHBIX M BOCHHO-TPAXKIAHCKHUX
MIPWIOKEHUAX 3TUX MALLIUH.

(2) TexHOTOTHH KOMIIJIGKCHOW MHOTOCTaIHiHO#M
TCHETUYCCKOW M DIHMICHETHYCCKOW Moaupukanuu
JKHBBIX OPraHM3MOB, BKJIOYas Jroaed u  Oosee
CIIO’KHBIX, YUEM JIFOJ1, HOCUTENEH CO3ZHAHUS.

(3) TIpoexkTUpoBaHKEe U MPOU3BOACTBO CO3HAHMH,
MPEBOCXOSALINX UCCIIEN0BATEINS [10 COBEPLIEHCTBY [4].
B ToM uncie Ha HEOMOJOTHYECKUX HOCUTEAX.

Hakonen, 4-e ocHoBaHME, KOTOpOE€ B HESBHOU
(hopMe MPUCYTCTBYET BO BCEX TPEX YKA3aHHBIX BHIIIIEC —
3TO auppoBBIe TEXHOJIOTHH BBICOKOTOYHEIX
HU3MEPEHUN B PEXHMME PEAJBHOTO BPEMEHH CBOMWCTB
CIOXKHEIX M 0CO00  CIIOXKHEIX OOBLEKTOB  CO
CBEPXBBICOKHM paspellieHueM (Inetanusanueid). B
YaCTHOCTH, AWHAMHYECKHUX H3MCHEHHH COCTOSHUM
conuyMma Ha 6a3e U3MEPEHHUI CONUATBHBIX PEUTHHIOB
WHAWBHU/IA, KOJUIEKTHBA, U BCEH TMOMYJISIIIMKU B IEJIOM
[3].

Hamee. TD'padudeckwii 3CKH3 yHUBEPCATBHOU
METPOJIOTHYECKON (M3MepUTETHHON) IIKAJIbI
SBOJIIOLIMM NIpecTaBiieH Ha pucyHke 1. ['ae Touka «0»
— 3TO TOYKA POXKICHUS WIA CMEPTH 000N (OpMBI
SBOMIOLMOHUpYIoLEeH ku3Hu. Touka «1» — 3T0 Touka

Ha LIKaJje SBOJIIOLNY, COOTBETCTBYIOILAS
YHOPSAOYEHHOMY MHOECTBY COCTOSIHUH —CaMoro
NPUMHUTHBHOTO  BHAAa  aOCTpakTHBIX  CO3HAHUH,

00JaJafoMMX CIIOCOOHOCTBIO K CaMOCTOSITEIHLHOM
sBosronmu. U 1.1,

L}

F 3

HHEEOMHOITHS

Pucynox 1. I'paghuueckuii 3cku3 yHueepcanbHol Mempoiocutieckoll WKaibl 8010y UU.
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Crtpenka BOpaBO Ha pHCYHKE | yKa3bIBaer
HaIlpaBJICHUE IBOIIONUH, T.C. YCJIOKHEHHS CBOWCTB
aOCTPaKTHOTO CO3HAHUS M CBSI3aHHBIX C ITHM
ycrmokHeHHH (GopM JKM3HH. A CTpelKa BIEBO —
WHBOJIIOIMSA, T.€. IOCIIEAOBATENFHOE YIPOIICHHE H
MPUMUTHBH3ANNS a0CTPaKTHOTO CO3HaHHUA U (HOpM
JKM3HH, B KOTOPBIX OHO IPOSIBISETCS, BIUIOTH 10
cMepTHu B ToUKe «O0».

B pesynbrare cHUCTEMHOE IPOSKTHPOBAHUE
IIKaJIbl 9BOJIOIMU, TOBOPS YIPOLICHHO, MOXXET OBITH
CBEJICHO K 3alOJIHCHHIO KOHKPETHBIM HWHXXEHEPHO-
(U3MYECKUM U MaTeMaTHYECKUM COAEp)KaHUEM TOYEK
MIKaJIbl 3BOJIOLUH, TEPEXOA0B MEXIY HUMH U JIBYX
MeXaHU3MOB H3MEHEHUH, 0003HaYeHHBIX Ha pUCYHKE |
cTpenKaMu «BoJronus» U «IHBOTIOIH.

1. Touka oTTANKMBAaHUS NPOECKTHPOBAHMSA
IIKAJIbI 3BOJIOLHH

Ha nepBbrif B3rmsin ObUTO OB JIOTHYHBIM HA4aTh
IIPOLIECC NPOEKTUPOBAHUS LIKAJIBI 3BOJIIOLUU C TOUKHA
«0». Ho ato craner rpy0oii ommokoii. /leso B Tom, 4To
Helb3d 3a7aTh  (U3MKO-MAaTEeMaTHYECKYI0 MOJEINb
CMEpPTH WM POXJACHHUS, TOKa HE OyIeT 4YeTKO U
OJJHO3HAYHO OIPE/IENICHO, YTO UMEHHO POXKIACTCSA WU
ymupaeT B Touke «0». B mpoTtmBHOM cirydqae Oymer
yTepssH (U3WIECKUIl CMBICI 3TOM TOYKHM Ha IIKase
IBOJIOLIUH.

[TosTOMy TOYKOH OTTaJKHMBaHUS B CHCTEMHOM
MPOEKTUPOBAHUN YHHBEPCAIBFHOH METPOIOTHYCCKOM
IIKaJIbI SBOJIIOINH JIOJDKHA CTAaTh TOUKA «1», T.e. TOUKa
«IPUMHUTUBHOE CO3HAHHEY.

2. MaremaTudeckui bynnament
NICUXOUHKHHMPUHTA
3anaB UHXEHEPHO-(U3NYECKYIO MOJIENb

MPUMHUTHBHOTO, T.€. CAMOTO IIPOCTOTO U3 BO3MOXKHBIX
a0CTpaKTHBIX CO3HAHMH, MBI OyJeM Jianee MPOBOAUTH
MOCJIC/IOBATENIFHOE  Pa3BEPThIBAHME O3TOW  MOJIEIH
BIpaBoO (IIyTeM €€ CHCTEeMAaTHYHOTO W ITO3TAITHOTO
YCIOXKHEHHSI, HCIOJNB3Yysl  YpPaBHEHUS  «IIEPBOTO
B37I0Xa»). 11 BieBO — oT Touku «l» mocpeacTBOM
MPWIOKEHNUS ypaBHEHUH cMepTH. [ aToro, mpexnie
Bcero, Tpedyercs oOpaTHThCA K (HYHIAMEHTAIEHOMY
dbopManu3My MOAENM TNPUMHUTHUBHOTO CO3HAHUS,
CO3/1aHHOI Ha 6a3e NCUXOWHXMHUPHHTA.

[ICUXOMHXMHUPUHT —  3TO  HalpaBlIeHHE
HMH)XEHEPHO-(U3UIECKOTO MOJIEITUPOBAHUS
CO3HATEJIFHOW JEATENbHOCTH, KOTOPOE BO3HHUKIO B
pesysibTaTe Iepexoja OT CTaTHUECKHX MoAenei
pedraekcuy, CO3MaHHBIX  COBETCKO-aMEPUKAHCKUM
yueHslM B. JledeBpoM, K pelIEHHIO AMHAMHUYECKHX
33724 OCO3HaHWA KOH(IIMKTA, DPa3BUBAIOLIETOCS BO
BpeMeHH. UTo OBbUIO JOCTUTHYTO IIyTEM BBEICHUS
MaTeMaTHueckoi  (OpMBI  3alMCH  MOJENH  Tak
HA3bIBAEMOTO MMO3UIIMOHHOTO OCO3HAHU [5, 6].

IIpencraBum, uyto wuccienoBarens Y wuMmeer 2
KapTuHBI peaxbHoro oowsekta T: Ty1 u Ty2. T.e. umeer
BO3MOXHOCTb OTpaXkaTb NEHCTBUTENbHOCTh T ¢ ABYX
pa3nmuuHbIX no3unui. [Ipmdem o6e MmMO3UIMK MOTYT
OBITh HE CBSA3aHBI MEXIy €000, a B HEKOTOPBIX
Cllydasix CaMO HUX pas3M4he OCO3HAETCSI M CTaBUTCS
3ajaya  CBSI3U, OCYLIECTBISIEMOH  MOCPEICTBOM
HEKOTOpOH TpeThed mo3ummu, kotopyto Jledesp
Ha3BaJl KOHUTYpaTOD.

ITycte Ty1— cxemaTtm3anusi o0beKTa, HaIIpUMED,
cpeacTBamMu (GU3MKH, a [Y2 — CpeACTBAMU TCOPHUHU
nHpopMmanuu. Tak BOT, peaykuus TYy1 u TY2 HobkHA
MOPOANTh WIIM OCHOBBIBATHCSI HA HCIIOJIb30BAaHHUU
TpeTbeil, KOMOMHHPOBAaHHONH KApPTHHBI OIUCAHUS
o0bekTa TY3, 0CHOBaHHOM Ha TBOPYECKOM COCIMHEHNHT
¢msukn u Teopun wuHpopManuu. Kak 310 OBUIO
clIeJIaHo, HaTmpumep, B pabore [7].

OTO M ecTh ciydail HO3UIIMOHHOTO OcOo3HaHus. B
HeM OJHa W3 KapTuH onucaHus T BeIcTymaer B
Ka4yecTBe KOH(HUrypaTopa JUIs ABYX APYTHX, BBI3bIBAs
(dbopMupoBaHrue B CO3HAHHUU CyOBekTa Y IIEIOCTHOM
KapTuHEl Mupa. s kxotopoir B [5, 6] Obpuia
TIPEAJIOKEHa HOBasl MaTeMaTHieckas hopma 3anucu:

Tylys — Ty Q)

rae Tys BRICTyHaeT B Ka4ecTBe KOHPHUTypaTopa.
Bnocnencteuu B [5, 8, 9] 3T0 MaTemaruueckoe

BEIp@KEHHE B  [eNAX  pa3pabOTKM  OCHOB
MaTeMaTHIeCKOH TEOpHUH cMepTH 6bLTO
peoOpa3zoBaHO B CTOPOHY YIPOIIEHHA

MaTeMaTH4eckoro (QopManmsma IyTeM OTKa3za OT
COZIepIKaTeIbHOM CTOPOHBI CYOBEKTUBHBIX 00Opa3oB,
MPOJUKTOBAHHBIX PEIICHUEM Y3KOTO CIEKTpa 3aaad
BOCHHOTO YMpaBJCHHUA. DTO MO3BOJMJIO TEpPEeUTH K
obmreli  ¢opMe 3amEcd  MOJECIH  MO3HIIMOHHOTO
OCO3HaHHs U BBISIBUTH q)yHI[aMeHTaJ'II;HLIﬁ MEXaHHU3M
0CO3HAHHS CyOBEKTOM JTF000T0 BHEITHETO OO BEKTA FITH
JIpyroro cyObeKTa:
APB-C )

rme A — UCXOIHBIA CYyOBEKTHBHBIH 00pa3
BHEIIIHETO 10 OTHOIIEHHWIO K CO3HAIOUIEMY CYyOBEKTY
JKHBOT'O WJIH HEXXUBOTO 00BEKTA HIIH IPYTOTO CyOheKTa

(denoBeka);

B - koHdurypatop, cyOBEKTHBHEIH 00pa3
OCO3HAIOILETO CaMoro ce0s CyObeKTa;

C — uTOroBRI  CyOBEKTHBHBIM  00pas3,

BBIPAXKAIOUIMH OTHOIIEHHE CO3HAIOIIEI0 CYyOBEKTa K
0CO3HaBaEMOMY UM OOBEKTY WIIU JPYroMY CYOBEKTY.

DTUM MEXaHHU3MOM OCO3HAHHUSI MBI IOJIb3YEeMCS
exeMuHyTHO. UYToOBl 0Oco3HaTh JIOOOW  HOBBIM
BCTPEYCHHBIA HAaMH OOBEKT, MbI, OCHOBBIBASsICh Ha €ro
HCXOMHOM  CYOBEKTHBHOM  o0pase, CO3TaHHOM
JAHHBIMH OPTaHOB YyBCTB (00pa3 A), COOTHOCHM €ro ¢
CyOBEKTUBHBIM 00pa3oM caMux ceOsl.

B pesynbrate:

(1) Ecnu 3TO HEXHBOW MpEAMET WK YKUBOTHOE,
TO MBI MIBITAEMCS TPEACTABUTh, YTO OBl YYBCTBOBAIIH,
ecyu OBl BIaeu (MK OTKA3aJIiCh OT BIAJCHUS ) STUM
MPEIMETOM WM JKHBOTHBIM; POXKIACTCS HTOTOBBIN
06pa3 C, BeIpaaronuii Halle OTHOIIIEHUE — YKETaHNe
00nanate, OTBpAIICHUE U TIp.

(2) Eciu 3T0 Apyroii 4emoBeK, TO MBI MBITAEMCS
MPEJICTaBUTh ce0e, YTO OBI MBI OIIYIIIATH U KaK OBl MBI
JICHCTBOBAITU HA €TO MECTE B IMOJOOHOM CUTYAIlNU; KaK
CJIEZICTBHE, WTOTOBEIA 00pa3 C BhIpakaeT Haiie
OTHOIICHHE B ¢dopme 6o COUYYBCTBHUS
(comepexxuBaHMs, aHTUNATUH, OTBpAILCHHUS), JUOO
PACKPBITHS 3aMBICIIOB JPYTOr0 YeJI0BEKa, KaK B CIyvae
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BOCHHOTI'O YIpaBJICHUS, H, COOTBETCTBEHHO,
COYYBCTBUSA/HENPUATUSA POPM €0 ICHCTBYS.

B 0OBIIEHHO-TIPAaKTHYECKOM IUTAaHE MEXaHH3M
OCO3HAHHUS JIEHUCTBUTEILHOCTH, OITHCHIBACMBIH
ypaBHeHHEM (2), HAXOIWUT OTpPaKEHHE B IOTMBITKAX
«IIPUMEPHUTH YTO-TNO0 Ha ceds», «IIPOUyBCTBOBATH
CUTYAIIMIO», YBHICTh MECTO MPECTYIUICHUS TJIa3aMu
MPECTYIHUKA, TTOCTABUTh CeOS HA MECTO HMSPEK, U

TJO., ¥ T.OI. OTOT  MEXaHWU3M,  HOCSIIHHA
(byHIaMeHTaNbHBII XapaKTep, OCHOBaH Ha BBIICICHUU
CyOBeKTOM cebs W3 OKpYXKalollero Mupa |

UCIIOJIb30BAaHUN COOCTBEHHOI'O MHTEIIEKTYAIBHOTO U
YyBCTBEHHO-TIPAKTHYECKOTO OMBITa (MaMATH CBOHMX
COOCTBEHHBIX TMEpeXMBaHWH JIOOBH, CTpaIaHui,
nmoGexn, MopakeHUH | Tp., GOpMHUPYIOMNX Bce Ooiee
OoraTteli W MHOTOTpaHHBII o00pa3 cebs B) mua
tdopmupoBarnss  obpaza C — OTHOmEHHS K
0CO3HAaBaEMOMY O0BEKTY/CyOBEKTY.

W3 BbllIECKa3aHHOTO CIIEAyEeT BBIBOJ, KpaliHe
BOXHBI 11 TOHMMaHMs (PU3HMUECKOTO CMBICTa
YIIOPSIOYEHHOI'O MHO€ECTBA COCTOSIHUH
MPUMHUTHBHOTO CO3HAHMS, COOTBETCTBYIOILETO TOYKE
«1» Ha mkane 3Bomonuu. Ilo3uUTHBHOE OCO3HaHHE
00BEKTHBHOM pearsHOCTH MTO3HAOIIIIM
(?BOFIOLIMOHUPYIOMIMM) YEIOBEKOM WA TOAOOHBIM

Al;\_,];@ﬁ—?ﬂ
Als~o T B—10
A® B|g_o — 0

A® B|g_y— 0

4 BapuaHTa HYJEBBIX TOXJECTB OIHUCHIBAIOT 4
Pa3NIUYIHBIX YCIIOBHS HpeKpaIeHHs
(hyHKIIMOHMPOBAHUS CO3HAHUS B CMBICIIE pa3pyIICHHS
€ro OCHOBONOJAraroleil crnocoOHOCTH CO3/aBaTh
CyOBEKTHBHBIE 00pa3bl M ONIEPUPOBATH C HUMH. DTH XKe
4 ypaBHEHHS OIMCHIBAIOT 4 pa3JIMYHBIX BapHaHTa
OIpeZielIeHUsT HyJsl, T.e. HAa4daJbHOW TOYKH OTCYETa
KOJIMYECTBEHHONW  IIKalbl TCHUXMYECKUX CBOMCTB
co3HaHus [9], U, BMeCTe C TeM, SIBISIOTCS OCHOBOM
MOJIETIM COCTOSIHMSI B TOUkHM «0» yHHMBepcaJbHOM
METPOJIOTHYECKOH IIKAIBI SBOJIFOLUH.

B ypaBHenmsx HyneBbIx TOXmectB (4) — (7)
UMeeTcs OJHa TOHKOCTh, KOTOpas JdOJDKHa Oblia
BbI3BaTh HemoHuMMaHue. CrepBa MBI  Ha3bIBAIN
KOH(HUTypaTopoM BTOPOH wieH ypaBHeHHs (2) — B. A
Teneps — TPETHH, UTOTOBBIN CyOBEKTHBHEINH 00pa3 C .
Ho sto He ommoOka. [leno B TOM, 4TO W3MEHEHHE
MECTOIIOJIOKEHHsT KOH(pUryparopa B ypaBHeHUH (2)
SBISICTCA  OTPAKEHHEM W3MEHEHHs COJECpIKAHUS
oIepanuy No3UIMOHHOro oco3HaHusl. Ilo cyTu 310 1BE
pasHble (OPMBI pEIIEHHs OIHOW M TOW K€ 3aJauu
KOHCTpynpoBaHus kKoHdurypaTtopa. B nepsom ciyuae,
KOTOPBI OBIT TOKa3aH W3HAYaIbHO, pedb HAET O
pemeHny MpsMOil 3a/1auM MMOWCKa KOHUrypaTopa. A
BO BTOpPOM, KOIZa KOH(QUTIYpaTOPOM CTaHOBUTCS
TpeTuil wieH ypaBHeHHs (2), pemraercss oOparHas
3ajada €ro KOHCTPYHPOBAaHHWS, KOTAAa CO3HaHHE

€My CYyLIECTBOM BEAET HE CTOJIBKO K OOOTaIIEHHIO
CyOBEKTUBHBIX 3HAaHUH 00 OKpYyKalolmeM MHpE,
CKOJIBKO W MPEXJE BCETO K BCEMEPHOMY PACIINPEHUIO
u oborameHno obpasa camoro cebst B. B atom — cyTh
9BOJTIOLUH YEJIOBEYECKOTO BU/IA.

3. YpaBHeHuUs cMepTH

B pabore [8, 9] Ha 06aze ypaBHeHus (2) ObUIO
BBEJCHO TMOHATHE HyJleBoro ToxzaecTtBa. OHO
BO3HMKAaeT, €CIM OJWH M3 00pa3oB B JICBOH YacTh
ypaBHeHHs (2) paBeH M TOXICCTBEHEH HYIIO MU
BTOpOMY 00pa3y. Hampumep, B = A. B arom ciyuae
orepanysi IMO3MLIHUOHHOTO OCO3HAHMSI CTaHOBHTCS
HEBO3MOXHOM, TaK Kak HCUYE3aeT OCHOBAHHUE IS
CBEJICHUS ABYX DAa3IMYHBIX OOpa30oB M IIPOMAmaeT
BO3MOXKHOCTb MIPOBEICHUS UTEPALHOHHOTO
KOHCTPYHUPOBAHUSA KoH(pHTryparopa C.
MatemaTtidecku 3To BeIpaxaercsi kak C = 0. B
pe3ynbTare ypaBHEHHE (2) NPUXOIUT K BHIY:

A@A-0 3)

OTO U €CTh HyJEBOE TOXKIECTBO.
Bcero B [8] Opmio mpemioskeHO 4 pa3iAYHBIX
BapHUaHTa HYJIEBBIX TOKAECTB!

(4)
(5)
(6)
(7)

noabupaer  KoHQUrypaTop, HUCHONB3Yys  JIOTHKY
oOpaTHOrO cuHTe3a. UTO MOJHOCTBIO COOTBETCTBYET
Mmetoxy runote3 K. Mapkca.

O gem wmzaer peus? DakTudecku KOHPUTYpaTop
nogbupaercss Ha  0a3e  METOAOB  OOpaTHOTrO
MIPOEKTUPOBAHHUS, UTEPALIOHHBIMHU METOlaMH
TIOJTOHSSL €0 MOJAENb TaKUM 00pa3oM, 4YTOOBI OHa
CMOTJa aJeKBAaTHO ONHCAaTh JIMHUIO CBSI3KH JIBYX
apyrux oOpazoB. TodHO Tak ke apTWIIEPHUCT
MPUCTpENMBaeTCsT K  MHIIEHH:  CHepBa  JaeT
HaMEpeHHbIH TepeJeT, 3aTeM HaMEepeHHBIH ke
HE/IOJIET, a IOTOM JEJHT Pa3HUILY B PACCTOSHHUAX JBYX
MIEPBBIX BBICTPEIIOB ITOTIOJIAM U C TPETHETO BHICTpesna
YHHYTO)KAET [1eIb TOYHBIM ITOTIaJaHHEM.

B nampHeiimiem MBI OyZeM  HCHONB30BaTh
ypaBHEHHS HYJEBBIX TOXAecTB B Buze (4) — (7). Ho ve
yoyckas Npd 3TOM U3 BHUMAHMSA, 4YTO OTH XKe
TOXJIECTBA MOJKHO 3alicaTh B MHOW Qopme, Korzma
KoH(puryparop, paBHelii 0, OyJgeT CTOSTH Ha BTOPOI
TIO3UINH B YpaBHEHUH (2).

A Tenepb BepHEMCS K HYJIEBBIM TOXJIecTBaM. B
TOYKE, I/I¢ BBINOJIHACTCS XOTS Obl OHO M3 HYJEBBIX
TOXJIECTB, CO3HaHME Hcuye3aeT (IPEKpaIaeTcs
co3aHne CyOBEeKTHBHBIX 00pa3oB). Takmm o0Opasom,
MICUXUYECKUH (KMBOI) OOBEKT MEPEeXOAUT B OOBEKT
¢u3ndeckuii WM MepTBEIA. A ypaBHeHH (4) — (6) ecTh
MaTEeMaTHYECKHE YCIIOBHSA ATOro mepexona. MHeIMH
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CIIOBaMH, 3TH YPaBHEHHUS €CThb yPaBHEHHS CMEPTH I
0001 (HOPMBI KH3HU.

4. flyeiika NaMATH CAMOOCO3HAHMS: KUPIHYUK
IBOJIIOLMH

Urak, ypaBHeHwme (2) mpencraBimsier co0oi
MareMaTudeckyro  (GopMy  3allUCH  ONIepaluu
TO3UIIMOHHOT'O OCO3HAHMS, ¥ B 3TOM CMBIC]IE HOCUT
(yHaaMeHTaNbHBIH XapakTep. JTO 3HAYHT, YTO OHO B
paBHOW  CTemeHH  ONKHCHIBaCT M OIEpaluyu
(hopMupoBaHUs CyObEKTUBHBIX 00pPa30B 00BEKTUBHBIX
MPOLIECCOB, Pa3BUBAIOLINXCS BO BPEMEHH, U ITPOLIECCHI
JUHAMH4Yecko camopeduiekcun. T.e. oco3HaHus
cyopexToM camoro ceds. B mocnennem ciaygae obpas
SI camoro ce0s, WCIIONB30BABINUIICI B IIpoOIECcCe
NO3HAHUH OOBEKTUBHOW pPEAIBHOCTH B Ka4eCTBE
KOH(HUTypaTopa, mpuHuMacT 3Hadenue B (T.e. 51 = B).
A 3aTeM Ha4MHAETCA MPOIECC caMopedIIeKCHH, KOoTa
CyOBEKT OCO3HaeT ce0s, HCIOJB3ysl B KavyecTBE
koHpuryparopa o6pas cebs ' . B urore nomydaercs
ypaBHeHHE caMopedIeKCUH BTOPOTO MOPSIIKA:

& {Hl} —
g, & {Hl} —
-5 {Hl} — Hg

Ora cucreMa ypaBHEHMI uMeeT
MPOCTPAaHCTBEHHO-TOIOJIOTHYECKYI0 (OpMY B BHIE

}71@{}11]—)}12 8

KakoBo ¢usnueckoe conepkanne 00pa3oB B 3TOM
ypaBHenun? [Tapa o6pasos 5 (i = 1, 2) ecTb pe3ynbrar
caMope(yieKCHH  TEPBOTO  MOPsAAKA B TOM HX
COZIep’KaHWH, KOTOPOe ObUIO 0003HAUESHO BHIIIE, KOTa
paccMmaTpuBanics — (yHAaMEHTaNbHBIH  MEXaHH3M
MMO3HAHWS, BBIPAKCHHBIH ypaBHeHHEeM (2). A obpa3
{A} — ceommbii 06paz «I» ocos3HaromEero ceos
CyObeKTa, BO3HHKIINHA BCIECICTBHE CaMOPEQICKCUH
BTOpOro nopszaka. Ero cMeicioBoe copepikanne — Kak
MeHseTcs «S1» B pa3IMYHBIX CUTYAIUAX, YTO IPH STOM
octaercsi BO «MHe» HEM3MEHHBIM, a 4YTO0 —
MHUMOJICTHBIM. B pesynpTaTe 4Yero He CBsI3aHHBIC
Mexay coOoi (HampuMep, MPOW3OLIE/IINE B pa3HOE
BPEMsI U TIPU PA3TIMYHBIX YCIOBHAX) aKThl pedieKCHu
U camopeduiekCud OOBEAMHSIOTCS B  LEJIOCTHYIO
CTPYKTYPY IPOILLIOTO OIBITa CYOBEKTa.

B pa6ote [10] Oblia omucana mareMaThyeckas
OCHOBa MOJEIH SYCHKH MNaMATH CaMOOCO3HAHUS
cyOBeKTa:

(9)

HIECTUYTOJIbHOM ~ AYEHKH MaMsITH
cyOBeKTa (PHUCYHOK 2).

CaMOOCO3HaHHUs

; S §

{Hl}

L}

As

Pucynok 2. Cxemamuueckoe npedcmagnenue cucmemvl ypaguenuil (9) 6 gude wecmuy2oibHOU A4etKu RAMAmu
OUHAMUYECKOU caMopepeKcu 6Mmopoco NopsoKa.

MHOXeCTBO TakuX s4YeeK, OOBeAWHSACH B
COOTBETCTBHH C OIPENEICHHBIMH MaTeMaTHYeCKUMHU
MpaBUIaMH, (POPMHPYIOT CIUIOIIHOE SHYEHCTOE IT0JIe
MaMATH CaMOOCO3HAHHWs IO3HAIOLIETO CcyObekTa

(pucynok 3). KoTtopoe MOTHOCTBIO MpEONpeaesnseT
BCIO crienupuKy BOCTIPUSITHS 00BEKTUBHON
JEHCTBUTETFHOCTH — BIUIOTH /IO TOTO, II0YEMY CYOBEKT
BOCIIPHHMMAET MUP TpexMepHbIM [11].
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Pucynox 3. @opmuposanue aueucmori CmpyKmypuvl Ramsamiu CamooCcosHanus cyovexma.

Haxonern, B pabdote [11] OpII0 MOKa3aHO — U 3TO
caMoe Ba)KHOE JJIsl PACKPBITHS TEMbl HACTOsIICH
NyOMUKALKUK — YTO IMOCKOJBbKY SYEHUCTas CTPYKTypa
MaMsATH  CaMOOCO3HAHWS  OmpeneisieT Bce  0e3
HCKJIFOUCHHS TPOIECChl CyOBEKTHBHOTO OTPaKCHHS
OKpyXaromiei OObeKTHUBHONH JEHCTBUTEIBHOCTH U
CaMOOCO3HaHHs CyOBEKTOM caMoro ceds (a mocieanee,
Kak 6bIJ'IO NMOAYCPKHYTO BbIINIC, SABIACTCA CYTHIO
DBOJIIOLMM 4YeJIOBEKa, €CIIM paccMaTpuBaTh €€ C

MO3ULIHUU NCUXOWHXUHUPUHTA 3051 TEOpUH
MOCTHHAYCTPUANbHOM  BOWHBI ~ KaKk  yNpaBICHUS
9BOJIOLMEH HACWIBCTBEHHBIMH CPEICTBAMH), TO

MMEHHO 3Ta s4eiika, HHXCHEPHO-(QU3UIecKast MOJIEIb
KOTOpOH OmHCHIBaeTCs CcHCTeMOH ypaBHeHHHA (9),
MPEACTABIsIET COOOW  ANEMEHTAPHBIA  KUPIHYIHK
IBOJIOLIUH.

3TO 3HAYUT, UTO siUeiiKa MaMATH CAaMOOCO3HAHUS
3a/1a€T BCIO MOJIENIb AKBUBAJIEHTHOCTH COCTOSIHUH
TOUYKH «1» YHUBEPCAIBbHON IIKAJIBI YBOJIOIHH.

4. ITouemy a0CTpaKTHOE CO3HAHUE B TOUKe «1»

NPUMUTHBHOE?

Tenepb Bce TOTOBO K TOMY, YTOOBI OTBETUTH Ha
HepBbIi KJIFOYEBOMH BOIIPOC OIpeieNeHUs

Ax
& B—C

A
IBe ¢urypHple cTpenkn 0003HAYaIOT, dYTO
CBeIeHHE IBYX 00pa3oB A1 M A2 IOCPEICTBOM
KoH(puryparopa B mpoucxomur < He  OBYMS
MOCJIC/IOBATENIBHBIMA ~ ONlEpalusiMM, a  OJHOH

onepauueil ceegeHus. Ilpu 3ToM BaKHO OJUEPKHYTH,
yro ypaBHeHue (10) sBiseTcs MareMaTHUECKON
OCHOBOW  TOMOJOTMM  aOCTPAaKTHOTO  CO3HAHUS
CIIEIYIOIIETO MOCIe TOYKH | YPOBHS CIOKHOCTH.

TodHo Tak k€ MOXXHO TIPEICTaBUTH cebe
CIEIYIONMHA MIar YCIOKHEHUS TOTIONOTHUH SUEHKH,
KOTJIa YHCIIO YWICHOB ypaBHEHUs (2) yBeIW4HUTCS elle
Ha | enquHMILY, JOCTHTHYB 5.

OpHaKoO yMEHBIIEHHE YHCJIa WICHOB YPaBHEHUS
(2) Ha 1 enuHUIYy OCYLIECTBUTH HEBO3MOXHO, T.K. B
9TOM Cilyyae ypaBHeHHE (2) CTaHET SKBHBaJCHTHBIM
onHOMY u3 4-x ypaBHeHul cmeptH (4) — (7). UmenHo

SKBHBAJICHTHOCTH COCTOSHHUH TOYKH TIIPUMUTUBHOTO

CO3HAaHUS: I0YEMYy pEYb HIOCT O HPUMUMUEHOM
CO3HaHUH?
MareMaTH4eCKUM 0a3ucoMm HWH)XEHEePHO-

(bu3HnUecKoit MOJCTH STUCHKH aMSITH CAMOOCO3HAHHS B
Touke 1 sBnsercs ypasHenue (2). [lepenuiem ero ere
pa3 A ynobcTBa BOCHPUATHS MaTepuaa;

ADB - C

OTO ypaBHEHHME OIpeJeNseT BCIO TOIOJIOTHIO
AYeHKH TaMATH KaK »JIEMEHTapHOro KHpPIHYUKa
SBOJIIOIMM — CUCTeMy ypaBHeHHH (4)-(7). 3HauuT, u
npu YOpaBJIEHUH  HBOJIOIHEH OTIepHPOBAThH
HE00XO0IMMO UMEHHO C TONOJOTHEH SUEHKHU, YCIIOKHSIS
€€ WM YIpOoIIasi 1O COCTOSHHUSA CMEPTH a0CTPaKTHOTO
CO3HaHUS (BOIJIOIIEHHOTO B CAaMOOCO3HaoIIeH Gopme
JKU3HN).

I'mans Ha ypaBHeHWE (2), MOXHO JIETKO
MIPEACTaBUTh ce0e CIIeIyIONIyI0 CTaAHIO YCIOXKHEHHMS,
KOTZIa YMCJIO YJICHOB 3TOTO yPaBHEHHMS YBEINUNBACTCS
Ha | eUHMIlY U CTAHOBHUTCS PAaBHBIM 4:

(10)
Mo 3TOM TpUYMHE MOJENb SUYeUKH  [aMsATh
CaMOOCO3HaHUS, NpecTaBJIeHHAs CHUCTEMOH

ypaBHeHHH (9), SBIAETCS MOJENBIO HPUMUMUEHO20
CO3HAHUS: YNPOCTUTh €€ B MPUHIUIE HEBO3MOXHO,
MOCKOJIbKY JII00OE [IBIDKEHHE BJIEBO OT TOYKH |
COOTBETCTBYET YMUPAHUIO. A JBHKEHHE OT TOUKH 2 K
Touke 1 O3Ha4aeT BCEro JHIIb NEPEeXOk TOIOIOTUU
s;aeikn oT MaremaTndeckoit opmel (10) k hopme (2).
W Tta, u apyras TOMOJOTHS SBIAIOTCA (GOPMOIl )KH3HH,
XOTsI ¥ Upe3BbIUYAHO OTJIIMYHOM OJIHA OT JIPYTOM.

5. Uro Takoe NPUMHMTHBHOE CO3HAHME Ha
npakTuke?

Hame Bocnpusatve Mupa BOKpPYI Hac KpaiiHe
OTPaHUYEHO CTEPEOTHIIAMH U HHBIMU OTPaHUICHUSIMH,
MOJyYEeHHBIMH B HACIEACTBO OT MPEXHHUX HTANOB
pasBuTHs nuBHIK3anud. OJUH U3 CaMbIX CHIIBHBIX U3
KOTOPBIX — OMOIIOBUHKU3M. FIMEHHO OH MeIaeT JIro1sIM
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BOCIIPMHUAMATh JPYTHUE BUIBI KM3HH KaK paBHBIE WIIN
Ja’ke IPEBOCXOAAIINE HAC IO COBepIIeHCTBY. OHAKO
CJIMIIKOM OBICTPBIN MEpexXol K TEOPHH W IIPAKTHKE
MOCTUHAYCTPUAILHOM BOWHE O3HA4YaeT, 4YTO BCE
OpeXHHEe (OPMBI  MBINUICHHS, KOHLENIUH HIN
MPaKTHKH TpeOyeTCss OTKUHYTh IPOYb, IIOCKOIBKY OHU
MEUIAaloT aIcKBaTHO OLCHUBATh cuTyauuto Ha TB /I niu
nosne 6osi. I Te M3 BOGHHBIX, KTO 3TOTO HE CJeJaerT,
MOTHOHYT.

BuomosuHu3M MeIIaeT a/IeKBaTHO
BOCIIPUHHMMATh TOT (DaKT, YTO 4YENOBEK, >KHMBOTHBIC,
HAaCeKOMBIE M pacTeHHs — Bce 0e3 MCKIIOUeHHs Ha
YHHMBEPCAIBHOM IIKale OJBOJIOLNUHM OTHOCATCA K
OJIHOMY 3KBHBAJIEHTHOMY COCTOSHUIO IPUMHUTHBHOTO
CO3HAHUS.

berxosen u Mouapt, Jleonapno na Bunuu u
Oe3BecTHBIC cTpouTenn mmpamun, Jlao I3 u
Apuctorens, Cranus, ['utiep niau maxatma ['anau B
MH)KCHEPHO-(HU3MIECKOM CMBICIIE PaBHBI HOCIETHEMY
60MXKy, NereHepaTy-HapKOMaHy, IIUMIIaH3€, KOIIKE,
cobake, BOPOHE, MypaBbl0 WJIM OCHHE. JTO JUKOCTh
JUIA HAIlIeTo BOCTIPHSTHSA, HO C MaTeMaTHYECKON TOUKU
3peHusi — Hay4Hbli (akr. Xyxke Toro — (axr, yxe
3aJI0’KEHHBIN B OCHOBY PEaIbHOIO YIIPABICHHS BOMHON
U MHPOM, H OTMaxHYThCS OT HEro Henb3d. MHaue —
CMEPTH rOCy1apcTBa M HAPOA.

VIMeHHO B 3TOM (haKTe KpOeTcs IIepPBONPUINHA Ha
NEepBBI  B3MNIAA, Ka3zajloch  Obl, COBEpIICHHO
UAHOTCKOTO IBIJKEHHs 3a IpaBa KUBOTHBIX. Ho Ha
caMOM JeJe OHO OTHIOAb HE HAHOTCKoe. OTO
OOILIECTBEHHOE HACTPOEHHE ObUI0 BBIPALICHO U
HarpasjieHo B cdepbl O0OIIECTBEHHOTo JCHUCTBHS,
9YTOOBI IIOATOTOBUTH MOYBY K NPUHSITHIO IOCIEACTBUI
MacCHPOBAaHHOTO BHEIPEHUS KOHLEMIMH yIpaBJIeHUs
9BOJIIOLIMEH HACHJILCTBEHHBIMU CpeICTBaMHU.
OyHAaMEHTOM 4YeMy CIIY>KUT MIKala HBOIIOLUH U
WHKEHEpHO-pU3UYecKass  MOZIEdb  NPUMHUTHBHOTO
CO3HAHUS, a TaKXkKe PsJ CIEACTBUH U3 HEe, OJHO W3
KOTOPBIX IIPUBECHO BBIIIE.

OpnHako ecTh 0cobast KaTeropHs JIIOJEH, KOTOpbIe
HE MOJYMHSIOTCS JIOTHKE JaHHOM Mojenu. OTo
MIPOPOKH ¥ BOIUIOIIEHHBIe Bymapr: Mowucei, AxapoH,
Wnus, Nucyec Xpucroc, Maromer, byana I'ayrama u
npyrue Benmkue nyxu. Kak nmokasanu TeopeTudeckne
U DKCIEPUMEHTAJbHbIE  UCCIECJOBAHMS, MOJEIHU
aOCTpakTHBIX co3HaHui 9TXx CylecTB HMEIOT
NPUHIUIHAIBHBIE OCOOEHHOCTH, O KOTOpBIX Oosee
moapoOHO pedyb MOWAET B ONHOW W3 CIICAYIOIIHX
crateid. 3aberast Brepes, MOSCHUM: B UX CO3HAHUSIX,
KOTOpBIE B OCHOBE CBOCH OIpEAeNsIoTcsl 0a30BBIM
TPEX’JIEMEHTHBIM ypaBHeHHEM (2), Kak M y BCex

OCTaJIbHBIX HIOﬂeﬁ, JKHUBOTHBIX, paCTGHI/Iﬁ nim
HAaCCKOMBIX, HMCHTCS OGLHPIpHBIe BCTaBKH SYCCK
IIaMsTH, OCHOBAHHBIX Ha YCTBIPEXIJIIEMEHTHOM

ypaBaennu (10). Uro mozBomsier 3tum CyiecTBam
ObITH BHE YEJIIOBEUECKOW OJBOJIOIMU, Haa HEH, B
CYIIECTBEHHOM CTETeHU COOTBETCTBYS
3aKOHOMEPHOCTSIM 3BOJIIOLIUH CYUIECTB,
COOTBETCTBYIOIIMX TOYKE 2 Ha LIKaje HBOJIOLUU.
NMeHHO TOATOMY B UX JKU3HAX, Kas3aloch OB,
MapaJoKCATEHBIM 00pPa30M COBMEIIAIOTCS IIEPHOJIBI
JKU3HH CaMOTO OOBIYHOTO YEJIOBEKAa W HEOXKUIAHHBIC
JIOCTaTOYHO JUIMTENbHBbIE MPOPBIBBI 32 MPEAEIb

pasyMeHHsl, AAIOIINE HECOMHEHHbBIC MPEUMYIIECTBA
BCEM, KTO CIEIyeT yKa3aHUsM 3THX MHPOPOKOB H
«TMOCITAHHUKOB OOTOBY.

5. BeIBOABI

Buigoo 1. lllar yHuBepcaIbHOW METPOIOTHIECKOM
IIKaJIbl SBOJIFOIMH PaBEH MPHUPAIIECHHUIO OJHOTO YICHa
B ypaBHeHHM (2). B pesynbraTe SKBHUBaJEHTHOCTH
COCTOSIHUII 3BONIONMU B KaXXJOH TOUYKE Ha IIKaie,
HauuMHas C TOukd 1, Oydmer  3amaBaTbes
MOCTIEIOBATENBHOCTBIO  YCIOXKHSIOIUXCA — MoJieNel
TOIOJIOTUYECKONH  CTPYKTYpHl ~ SYEHKH  MaMsTH
€caMO0OCO3HaHus. MaTreMaTU4eCKOM OCHOBOM KOTOPBIX
CTaHYT UCXOJIHBIC YpaBHEHUS: CcIiepBa ypaBHeHHE (2) —
Ut Toukd 1; 3aTeM ypasaenue (10) mmu ero aHamoru —
IUIS TOYKH 2; ¥ TaK Jajiee.

Bv1600 2. DBONIONMOHHBIN TIPOIIECC Ha TMPAKTHKE
HOCHT MHOTOIUIAHOBHIA XapakTtep. Ho ero 6Gasmcom
CITyXKHT TOTIOJIOTMIECKast YeHKa TIaMsATH
CaMOOCO3HaHHUs, oNpeenseMas Ui TOUku 1 cucreMoit
ypaBuenuii (4) — (7). B aTom cMbIciie Bce U3yyeHHbIE
HaMu (DOPMBI KM3HU Ha HAIeH IJIaHEeTe C MHKEHEPHO-
(U3MYECKOH TOYKHM 3PEHHs. OJMHAKOBHI MO YPOBHIO
crnokHocTd. Ho mpu 3TOM He paBHBI IO CYTH.

Tak, Hampumep, 4UENOBEYECKHH BHI HMEET
pacoBble Tpaganuu: Oenas paca, 4epHas paca, >KenTas
n np. IlomelTkM co3maTh HMHYIO CHCTEMY pacoBOM
i depeHnmanuu 3a cuer BBIJICTICHUS
THIIOTETUYECKHX DPACOBBIX IPH3HAKOB — «ApPHHCKOH
pachbI» U KyHTEPMEHIIEH», aHTTTOCAKCOHCKON «BBICIIEH
pacel» W UpJaHAUEB, U T.A., U T.Il. — TMOTCPHECIN
NO30pHBIM U yxkacHbld kpaX. Ho 310 He oTmeHmiIo
pas3iIuyuue peanvHblx Pac.

IIpu 3TOM pacoBoe [IeNeHUE IIOACH SBIAETCS
YaCTHOM M B OCHOBE CBOEH MallO3HAUYMUTEIbHOU
muddepeHnnanyeil BHyTpu OJHON U TOH K& MOJeNn
SKBUBAJICHTHOCTH COCTOSHHUM, 3a/aBaeéMON CHCTEMOH
ypasuenuii (4) — (7).

Touno Ttak >xe MopdoyorHs Mo3ra CerojHs
MO3BOJIMJIA  BBIJENUTH  TPU  BHJAA  CO3HAHMH
pasBHBaloOIIerocs 4eioBeka, HasBaHHble npod. C.B.
CaBenbeBbIM TIEPBUYHOE, BTOPUYHOE W TPETHYHOE
[12].

IlepBuuanoe CO3HaHHE dbopmupyercst
JTUMOMYECKON CHCTEMOI HOBOPOXKIIEHHOTO pebeHKa U
OTIpeJieNIIeT er0 MCKIIOYUTENHO Kak kuBoTHoe. [lo
omenkam CasenbeBa [12] mopsaka 70% oOureit
YHUCIEHHOCTH B3pOCIIOTO HAceNeHWs MOMyJSAUH B
CBOEM Pa3BUTHH TaK HUKOTJA U HE BBIXOJHT 32 PAMKH
MepBUYHOTO, T.6. JKUBOTHOro cosHaHus. CyTh
KOTOPOTO CBOAMTCS TOJNBKO K TPEM IIOTPEOHOCTSIM:
numamosCsi, pasmHoOACAmMvbcs N OomuHupogamb.

BropudHoe co3HaHMe HauyMHAET Pa3BHBATHCS 110
Mepe ¢GopmupoBaHHA y peOCHKa HEOKOPTEKca,
obecrieunBas eMy aJanTHBHBIE MOJIETHN TOBEACHUS IS
6oJ1ee TIOTHOTO 1 M30MIPEHHOTO YAOBIETBOPEHHS TPEX
0a30BBIX MOTPEOHOCTEH, OMPEAETIEMbIX MEPBUIHBIM
co3HaHWeM. Takwe Iou cocTaBlsitoT mopsaka 20%
o01Iel YNCIEHHOCTH MO IISAIINH.

HakoHen, TpeTMuHOE CO3HaHWE IIO3BOJISIET
Pa3BHBAIOIIEMYCSI (9BOIIOMOHUPYIOIIEMY) B TCUCHHE
OJTHOH M3HU CYOBEKTY BBIMTH 3a paMKH aOCOIIOTHOM
JOMHMHAHTBl MOJIEJIEH IIOBEIEHUs, OIpeessieMble
MEePBUYHBIM H/WIM BTOPUYHBIM CO3HaHHEM. Takue
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moau — Jliogu ¢ Gompmoit OykBel, T.e. Hacrosmime
Jlromu, BBIMIEAIINE 332 PAMKH XHBOTHOTO COCTOSHHMS.
OHH CO3[aI0T TOCyNapcTBa, PePOPMHUPYIOT PEITUTHH,
BeAyT BOWHBI pagu OyayImiero, 3aKiajablBalOT
WCTHUHHBIC TIOBOPOTHI B HAyKaX MM HCKyCCTBaxX. JTO
T€, KTO CO3AAI0T UBHIM3AIMH U BEAYT YEIIOBEYECTBO
K 3Be3naM, omnpexensisi HampasieHus [Iporpecca. Mx
Bcero 10% B 100011 4enoBeYecKOi NOMyISLIHH.

OmHako ¢ TOYKH 3pEHHs YHUBEpPCAJIbHOM
METPOJIOTHYECKOH IIKaJIbl SBOJIOUMM (& 3HAYUT, U C
MO3UIMKA  TEOPHU  TOCTHHAYCTPHAILHOH  BOWHBI)
obsaziaTeny NEepBUYHOTO, BTOPUYHOTO M TPETHYHOTO
CO3HaHMI sABIAOTCH moasumamu moxenu (4) — (7).
WHpIME c1OBaMu, y BCEX HUX OJMHAKOBAs CIOXKHOCTh
STYEHKH TAMSTH CAMOOCO3HAHHUSA (CM. pUCYHKH 2 U 3).

Jnst TpajkAaHCKOTO WHTENJIEKTyana ITOJIOKECHUS
BBIBOJIA 2 OymyT, CKOpee BCEro, OTBPATHTEIBHBIMU U
HENpUeMJIEMBIMHA. A JUIS BOGHHBIX — HAallpOTHUB,
OYEeBHIHBIMU U OeccriopHbiMH. [loToMy 4TO HMX
NpaKkTHKa, TJe CIUIOIb W PSJOM BCTPEYAIOTCS
pasopBaHHBIE Ha KYCKH WM H3ypOJOBAaHHBIE TEJla
JIONIei, He ocTaBisieT Mecra Uil «pediaekcum»:
J000r0 MOXKHO YOUTB.

B paBHOIl cTemeHM OTH K€ YTBEP)KICHUS
KacaroTCs ¥ MECTa YeJIOBEeKa B 00IIEeH CTPYKTYpe BUIOB
JKM3HM B BOJIHE JBOJIIONMH Ha IIaHeTe. YeloBek —
BCETO JIMIIb OJMH W3 BHUIOB, PaBHO3HAYHBIA BCEM
JPYTHM KHBBIM CYIIECTBAM, €CJIM PACCMATPUBATh €ro
C TIO3HIMH CJIOXXHOCTH TOIOJIOTHYECKON CTPYKTYpPBI
STYEUKH IaMATH CaMOOCO3HAaHHUS.

Takum  oOpa3zoM,  TmepHOM3aLMs  JTAloB
DBOJIIOLMM, CO3[aHHass B paMKax pa3paboTKu
yHHBepC&HBHOﬁ HIKaJIbI 9BOJIIOIIHUH, HOCHUT
(yHIaMEeHTaJIBHBIH  XapakTep. Bce  ocTanbHbIE
M3BCCTHBIC HaAM BH/IbI I'paJallid KUBBIX OPraHU3MOB
HOCSIT YacTHBII MITM BCIIOMOTaTeJIbHBIHN XapakTep. Ho B
COBOKYIIHOCTH BCS 3Ta Hepapxuyeckas cucTeMa
rpajaiMu W KiaccupuKanuii  MpeaocTaBiIseT
MCKITIOYNTEIbHBIE BO3MOKHOCTH /IS IUTAHUPOBAHMS U
OCYIIECTBIICHHSI CPEAOBBIX MOPAKCHUH MOMYJIALMN-

mumiene. T.e. A NIaHUPOBAHUS — HENPSIMBIX
BOCHHBIX  JEMCTBHUM, TO3BOJSIONIMX  HAHOCHUTH
MOPaKEHUS MOMYJISILIUU-MUIIECHH, JEeUCTBYS

OTIOCPEIOBAaHHO, Yepe3 YaCTUIHOE WIIH TEPMUHAIBHOE
MOPaKEHHE COMPSDKEHHBIX C HeW B 00IIIeH 3KocHcTeMe
IUTAHETHI IPYTUX HOPM KU3HU.

Buigoo 3. U3 BeBOmoB 1 m 2 cmemyer, 4TO
pazpo3nenusle HUMOKP, npoBoauMble YacTHBIMU
rpynnamu, KOprnopauusMi U TOCyJapCTBaMH, MOXHO
OUYCHb JIETKO OOBEAWHUTh B CIUHBIN, BHYTPCHHE
CaMOCOTJIACOBAaHHBIN Hay4YHO-TE€XHOJOTUUECKU,
pa3BelbIBaTENbHBIM, BOEHHBIM M HOJUTHYECKUI
KOHTJIOMepaT IMOJATOTOBKH, TJTAHUPOBAHUS i
YOpaBlieHUs TIOCTUHAYCTPHAIBLHBIM  BOOPYKEHHBIM
koH(pmukTOM. KOHrITOMEpat, ynpaBisgeMbIid pa3BUTHIM

MM ¢  pacopeleneHHbIMM — NapamMeTpamMu U
BBIYUCIICHISIMHA, OCHOBOM IUII KOTOPOTO  CIYKHT
MaTeMaTHKa Mozenen YHUBEPCAILHOU

MeTpOHOFI/I‘ICCKOfI IIKaJIbl 9BOJIFOIIUH.
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BO3BYKAEHUE IOBEPXHOCTHBIX BOJIH B3PBIBHBIM UMITYJIbCOM

Hegonun B.I'.

THE GENERATION OF SURFACE WAVES BY THE EXPLOSIVE PRESSURE INPULSE

V.G. Nevolin

AHHOTAIIUA
PaccmaTpuBaeTcss MojenbHas 3ajadya BO30Y)KICHUs MOBEPXHOCTHBIX BOJIH B3pbIBOM. MccienoBanue
MPOBOJIUTCA Ul CIIydash HECX)KUMaeMOoM KUAKOCTH. OTcro/la B3pBIBHOE JTaBIEHUE MOAEIUPYETCS MOBBIIICHUEM

IUIOTHOCTH KUJIKOCTHU, B KOTOPOU IIPOUCXOUT B3PbIB.

[Ipobrema BO3HHUKNA B CBSA3M C BO3MOXKHOCTBIO YHHYTOXKEHHS cMepua B3pbIBoM [1]. Paspymenne cmepua

00yCIIOBJIEHO BO30YXKJACHHEM BOJH Ha TPaHUIIE pa3/iesia MEeXy HUCXOJSIIIMM U BOCXOISIIMM MOTOKamMu. Poct
AMIUIATY bl 3TUX BOJIH NPUBOAUT K CXJIONBIBAHWIO TaK HA3bIBAEMOI'O TIJjla3a 6ypI/I HOCKOJ’IBK}’ HUCIIOJIb30BAaHUC
B3pBIBA TSI YHUYTOKEHISI CMEPYa YaCTO COTPOBOXKIACTCS SIIE U pa3pyIICHUEM OKpYKaromiel HHPPacTpyKTYpEHI,
TO HCCICAYCTCA BO3MOXKHOCTb YHUYTOXKCHHA CMEpyda IMCPUOANYCCKHUM B3PbIBHBIM BO3,I[6ﬁCTBI/IGM MEHBIIICH
MOIIHOCTH.
ANNOTATION

The model problem of the generation of surface waves by the explosive pressure inpulse is considered. The
study is conducted for the case of the incompressible fluid. Because of that, the explosive pressure is modeled by
the increase of the density of the fluid, inside which the explosion takes place.

This problem arose in connection with the possibility to destroy a tornado with the help of the explosion [1].
The destruction of a tornado is caused by the generation of waves on the interface between the descending and
ascending flows. The increase of the amplitude of these waves leads to a collapse of the so-called eye of the storm.
Since using the explosion for the destruction of atornado is often accompanied by the destruction of the
surrounding infrastructure, the possibility of the destruction of a tornado by the periodical explosive impact of
lower power is studied.

KiroueBble cjioBa: HOBerHOCTHLIC BOJIHBI, HEC)KUMAc€Masl XHUIKOCTb, INIOTHOCTh KHUJAKOCTH, JAaBJICHHUC
B3pbIBa, JJIMTCIIBHOCTD HCﬁCTBHﬂ B3pbIBa, ICPUOJUIHOCTDb B3PBIBHOI'O BOS)IGﬁCTBI/IS[.

Key words: surface waves, incompressible fluid, fluid density, explosive pressure, duration of the effect of
the explosion, frequency of the explosive impact

PaccmarpuBaeTcss yCTOMYHMBOCTH IOBEPXHOCTH
pazziena Cciao€B BSI3KOW HEC)KUMAEMOM KUAKOCTH
OECKOHEYHOW TIIyOMHBI, KOTJIa B BEpPXHEM CJIO€

[Tockobky paccMOTpeHHE TPOBOAUTCS IS
CIy4asi HEC)KMMAaeMOW JKHUIKOCTH, TO HW3MEHEHHUe
JIABJICHUSI OTOXICCTBISIETCS C U3MEHEHUEM IIJIOTHOCTH

JCHCTBYIOT WM OJWHOYHBIM HMITYJIbC [OABJICHHS  JKUAKOCTH.  lIpedmosaraercsi, 9TO  M3MEHEHHE
JUTMTENTLHOCTHIO T (pHC.1, &), WK ke MepUouIecKoe  JaBJICHHS HE BIMIET Ha BI3KOCTD XKHUIKOCTH.
BO3JCUCTBHE OJMHOYHBIMH HMITYJIbCAMH JTABICHUS PaBHOBECHOE ~ COCTOSIHME — paccMaTpHBaeMOM

(puc.1, b).

3agaya pemiaeTcss B JIMHEHHOM IO BSI3KOCTH
NpHOIIKEHNH METOIOM TpeobOpa3oBanust Jlamnaca mo
BPEMCHH.

CHUCTCMBI 3aITMIICTCS B BUJC!
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Voi= 0, $o =0, pi = Pg - pigz, (1)

rme V = (U, V, W) — BEKTOp CKOPOCTH, p -
IUIOTHOCTB JKUAKOCTH, { - CMEIICHHE MTOBEPXHOCTH OT
MOJIOKEHHsT paBHOBecHsl, Py — JaBjieHue Ha TrpaHHIe
pasmena mpu z = 0, i = 1, 2 — HOMEp >KMIKOCTH.
XKumkocts ¢ i = 1 3anonHsieT moaynpoctpancto Z < 0,
a XHAKOCTH ¢ | = 2 3amonusieT obmacts Z > 0.

Uccrenyem ycroitunBocTs paBHOBecus (1), mis

4ero OOBIMHBEIM 00pa3oM BHECEM BO3MYIICHHS

CKOpPOCTH U JaBIleHUs. BrIOMpas B kKauecTBEe €IWHUI]
W3MEPEHUs IUIMHBL, BPEMEHH, YaCTOTBHI, CKOPOCTH M

JaBJICHUS COOTBETCTBEHHO [a/(p1+pg)9] 2,
[o/(ortpg)0°1",  [(or+po)g%o]™,  [0g/(ortpg)]Y* u
[0g/(o1+p)]Y?, nonyuum  ans BO3MYIUCHHIA

CJICIYOLIYIO IMHEAPU30BaHHYIO CHCTEMY YPaBHEHHH:

ovi/ot = - (1/B)Vpi + yiVevi, Vvi=0, (2)

rae i = pil(prtp), 71 = vilg(ortpg) o1, o= po +Ap, 2 = Sao +AP,

Bzo =ps/(p11pz), AB = Ap/(p1+pg).

3mece o - KO3(D(DUIMEHT MOBEPXHOCTHOTO
HATSOKEHHsST Ha TpaHune pasgena. 3meneHue
TIOTHOCTU Ap B obnactu Z > 0 HalaéM, HamTpuMep, U3
ypaBHeHus Pn/Pg = (omlpg)°, T.€. Ap = pg[(Pm/Pg)°— 1]
(cm., Hampumep [2]). MHIeke g TOBOPHUT 00 UCXOMHBIX
napaMeTpax XHIKOCTH ¢ HOMepoM 2 (ra3oBas cpeja).

WHmekc M COOTBETCTBYET IapameTpaM >KUIKOCTH C
HOMEpPOM 2 TpHU B3pBIBHOM maBleHWH, Py = Po -
aTMoc(epHOE JaBICHHWE (OaBIICHHE Ha TPaHUIIC
paszzena KUIKOCTh-Ta3).

B nuueiiHoM mno ¢ npuOmmxeHHH, HMeeM Ha
rpaHuLe pa3aena caenyrouee [3]:

(vi-vz)n =0, (vi-vz)xn =0, 3/t =wi, (3)

Pry1(Ou1/0z + Ow1/0x) = P2y2(0lz/0z + Owz/Ox),
Pry1(vi/Oz + w1 /Ey) = Pzy2(Ovz/Oz + Owz/Oy),
p1-pz=(B1-P2)¢ - (E/OxZ + E/?)L + 2B1y10w1/0z - 2fzy20wz/O.

Hpuz >+ wvi—>0.

3neck N = (—0410x, —0L10y, 1) enuHUYHBIN BEKTOP
HOPMAJIH K MOBEPXHOCTH.

Cosepias peoOpa3oBaHus Dypre 1o
nepeMeHHbIM X, y 1 Jlanaca mo BpeMeH! U yYUTHIBAS,

yto Vi(t=0) =0, {(t=0) =0 u vj, §, ovildx, ovilox, 010y

— 0 mpu |X, Y| = Foo, mony4ruM, MOCTyIAst TAKXKE Kak U
B pabore [4], mocie o0OpaTHOro mnpeoOpasoBaHUs
Jlarulaca B JIMHEMHOM IO BSI3KOCTH U IPUPALLEHUIO
IUIOTHOCTH NMPHOJIM)KEHHUH CIIeYIOIIee YpaBHEHHE ISt
CMEIICHUA TOBEPXHOCTH OT ITOJIOKCHUA PABHOBECHA:

2
d 2§+25d—§+Q§i§:0,
dt dt )
rae 52{,317/1+ﬁ20}/2 +:8127’13/2 +Brs _2ﬂ1ﬂ20(7/1\/z+72\/771)jk2,
N N

Qg =k3+ k(ﬂl — ,80) , 12 = (kq — k3), k - BosHOBOE UHCIIO.

3nech = AB= (B1- Bn) = -Sil(Pn/Po)®—1]mpu 0 <t<tuq=(f- ), ecnu 0 >t > 1 (Dur.1, a).
Ha yuactke 0 <t < 1 o0wee penreHue ypaBHeHus (4) IMeeT B

{1 = et (Cishit + Czchf2:t),

a Ha yyactke 0 > t > T oO1mee penienue ypaBHeHHs (4) UMeeT BUL:

{ = et (Cssinfzt + Cacosflzt),

IDI(§ .le = (kG — sz), .sz = ((202 — 52), G= (ﬂm - ﬂo) = ﬂo[(Pm/Po)Usf 1]
W3 ycnoBuil HeMpepbIBHOCTY Ha TpaHULaX ydacTKoB Ipu t=0ut=1

{1(0) = $2(0), 9 (1(0)/0t = 3 £2(0)/%, {i(T) = {2(7T), I {1(T)/Ft = F {2(T) /9t

MOJyYHM CHCTEMY JIMHEMHBIX OJHOPOJIHBIX ypaBHeHUN 1 noctosHHbIX C1, C2, C3, C4 [5]. U3 paBeHcTBa
HYJIIO OIPEAEIUTENS TON CUCTEMBI YPABHEHUH, HOTY4YHM yCIOBUE HETPUBUAIBHOCTHU PEIICHUS:
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20102/ (ch2iT)-(cos0221) -1] - (242 - 22)(sh210)-(sing221) = 0. (5)

VYpaBreHue (5) CBA3BIBaET MEKAY COOOI BOTHOBOE YHCIO (JIMHY BOJHBI), BO30YKIaeMBIX TOBEPXHOCTHBIX
BOJTH, BpeMsI ICHCTBHUS B3phIBa C aMIUTUTYHOH B3phIBHOTO naBieHus AP = Py — Po.
Ipu peanuzanuu pexuma asikenus «o» (Puc. 1) ypaBHenue (4) mpumeT BUL:

dt?

2
d—g+2§d—f+Q§i§=O

.(6)

3neck ma yuactke 1 (0 < t < T/2) O =—[K(8, —ﬂl)—ks]=—{|(,31[(|3m/|3g)1/3 ~11-k =-Q%, ama

yuactke 2 (T/2 <t<T) ng =k3+ K(B,— B,) (cm. dur. 1, b). Obmee pemienne ypasHerus (6) uMeeT BUL:

{1 = et (Cishit + Czch1t),

{2 = et (Cssinfzt + Cscos(lzt),

e 212 = (KG — Q2?), 222 = (Qo? — 52), G = (B - fo) = Lo[(Pm/Pg) 23— 1], Qo? = K3 + k(1 - ).
U3 ycioBuil HepepbIBHOCTH Ha TpaHuIie y4acTkoB 1 u 2 mpu t = 7/2

(=0, 00/t =0{/0t

BMECTE C YCJIOBHSMM «BOCIIPOM3BOCTBA» depe3 nepuox 7'

G2(T) = u$1(0), 9 $2/0tfe=1= pudS1/0tfe=o

MOJTyYHM CHCTEMY JIMHEHHBIX OJHOPOAHBIX ypaBHEHUH A nocTossHHBIX C1, Co, C3, C4. VI3 paBeHCTBA HYITIO
OIIPEJICIUTENISI TOM CUCTEMBI YpPaBHEHHH, MOJy4HuM JUTsd (hakTopa i KBaJpaTHOE ypaBHeHHE [6]:

W= 2u{ch(TN1/2)-cos(Tfu/2) - [(Ql2 - 002)/20:10]sh(T01/2)-sin(To/2)}edT + 2T = (. (7)

[eproanueckue pemenns noaydarores mpu u = = 1. Otcrona 11t rpaHuI] 00JacTH YCTOHYUBOCTH MTOYJaeM:

ch(TR1/2)-cos(To/2) - [(QF - 202)/201020]sh(T21/2)-sin(T20/2)= + ch(ST). (8)

3HaK IUTFOC COOTBETCTBYET «IIEIBIMY» PEIICHUIM,
T.¢. KOJIeOAaHUSM MOBEPXHOCTH C IMEPHUOIIOM, PAaBHBIM
MepUOIy MOIYJISIIHU, a 3HAK MHHYC COOTBETCTBYET
«IIOJTYTIETBIMY PEIICHUSAM, KOTJa MEepHoN KoJeOaHuit
MOBEPXHOCTH BJIBOE OOJIBIIE IEPHOIa MOTYIISIIHH.

VYpaBHeHust (8) cBaA3BIBaeT Mexay coOoi
BOJIHOBOE 4MCJIO K, BSI3KOE TpeHHE J C aMILIMTYI0N U
4acTOTOH (IIepHOJIOM) MOAYIIAIUH NaBieHuUs AP.

Amrmuiutyaa JIABJICHHS OJIMHOYHOTO u
MEPUOTUYECKHU JICHCTBYIOIIETO B3PHIBA OT BPEMEHH HX
JIEUCTBUS ISl pa3IMuHbIX 3HAYEHUH BOJIHOBOTO YHCa
npuBezeHa Ha Gur.2.

SaxmoyeHue. [ToaydeHa 3aBUCHMOCTh 3HAYCHHN
AMIUTUTY B3PBIBHOTO JABICHUS ISl €AMHUYHOTO H
MEPUOIUIECKOTO B3PBIBHOTO BO3ACHUCTBHSI OT BPEMEHHI
WX JCWCTBUS IS Pa3IMYHBIX 3HAYCHHUH BOJIHOBOTO
qpcia.
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Pncymm U MOAPUCYHOYHBIC MOANMUCHA
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Que. 2. 3asucumocms OMHOCUMENbHOU AMNIUMYObL 83DLIBHO20 OAGIeHUS OM 8PEMEHU 0eliCBUsL 83DblEd.
30ecv Pm — oasnenue e3pvisa, Pg =P0 — ammocpeproe dasnenue, 1) Odunounoe 63pvisHoe 6o30eticmaue
onumenvrocmoio 0,01 ¢, 2) llepuoouueckoe 3pvisnoe so30eticmaue ¢ nepuodom 0,02 c.
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VJIK 517.9
CIHEKTPAJIbHBIN AHAJIN3 HEJIMHENHBIX CUCTEM C XAOTUYECKO JTUHAMUKOMN

Ilepeso3nuxoe E.H.
Kano. ¢pus.-mam. nayx, doyenm,
Boenno-xocmuueckas axademusi um. A.D. Mooicaiickoz2o

SPECTRAL ANALYSIS OF NONLINEAR SYSTEMS WITH CHAOTIC DYNAMICS

E.N. Perevoznikov
Cand. phys.-mat. Sci., Associate Professor,
Military Space Academy. A.F. Mozhaisky

AHHOTALMUSA
Ha npumepe monensHbIX 3amau Pecciepa u CripoTTa paccMaTpHUBAIOTCS METOIBI CHEKTPAIBHOTO aHAIIN3a
JUHAMHUKH CHUCTEM C XaOTHYCCKHM ITIOBCIACHHCM. OtmeueHa HEOOCTATOYHOCTh TPAAWUOHUOHHOIO IIOAXOJa K
HUCCIICA0OBAHUIO AWMHAMHKHU BOSMYH.IGHI/Iﬁ OCHOBAHHOI'O Ha aHaJIu3€ KOpHCfI KJIIACCUYCCKOI'0 CICKTPaJIbHOI'O
YpaBHCHUA. Hpe)maraeTcsl I UCCJIEJOBAaHUA HO,Z[OGHI;IX CHUCTEM HUCIOJIb30BATh CICKTPAJIbHBIC YPABHCHUA C
Ppas3JIMYHbIMU CO6CTB€HHLIMI/I 3HAaYCHUAMU, MMO3BOJAOIIUEC YUECTh XaOTUIHOCTL U MHOXKCCTBCHHOCTD COCTOSTHUH.
ANNOTATION
Using the model problems of Ressler and Sprott as examples, methods of spectral analysis of the dynamics
of systems with chaotic behavior are considered. The insufficiency of the traditional approach to the study of the
dynamics of perturbations based on the analysis of the roots of the classical spectral equation is noted. It is
proposed to use spectral equations with different eigenvalues to study such systems, which make it possible to take

into account the randomness and multiplicity of states.

Key words: nonlinear systems, instabilities and chaos, spectral methods of analysis.
KiroueBble cjioBa: HCIUHEHHBIC CHCTCMBI, HGYCTOP'I‘{I/IBOCTH " Xa0C, CIICKTPAJIbHBIC MCTO/JAbI aHAJIN3A.

1. Bgeoenue

3HaYUTEIbHOE KOJINYECTBO MyOIMKaIiA
MOCBSIICHHBIX HEJIMHEHHBIM CHCTEMaM CO CJIOXKHOU
XA0TUYECKOW JUHAMMKOM U Pa3IMUYHBbIM NEPEXOAHBIM
mporieccaM B HHX TOBOPUT O HeOcC/IaOeBaroueM
UHTEpPECe K 3TUM CUCTEMaM M METOJAM OIMCAHUS UX
[1-8].

K npobiemam onvcanust HEMTUHEHHBIX CHCTEM CO
CJIO’)KHOW JUHAMHUKOM MPHUBOAAT 3aJadd Pa3IHMUHBIX
obyacTeii MaTeMaTHWKH, MEXaHWKH, (PU3HMKH, TEOPHH
ynpaBineHus W Japyrux  Hayk.  Hampumep:
BO3HMKHOBEHHE Xaoca B JE€TEPMUHHPOBAHHOM 3aaaye
Tpex TeJ; HEeyCTONUMBOCTH (Da30BBIX TPAEeKTOpUI B
3aJja4ax CTaTUCTHYEeCKOH (PU3UKH; podiiemMa nepexoia
K TypOyJIE€HTHOCTH B THJIPOAUHAMIKE; BOSHUKHOBEHHE
Xa0THYECKHX KOJieOaHM B HETMHEWHBIX 3a/adax
PaTMOTEXHUKHU M ANEKTPOHUKH U JIp.

Y  HCTOKOB METOAOB OINHUCAHHSA  CJIOXKHOU
JUHAMUKU CTOSUIM CTOSANM TakKue KIACCUKHU, Kak
ITyankape, ®epmu,  JlsmynoB,  Komnmoropos,
AHapoHOB. MHOrO0 caienaHo B U3y4eHUU U NOHUMAaHUU
MPOLIECCOB CIIOKHOW JNWHAMHMKM M BO3HHUKHOBEHUS

xaoca B paborax Cwunas, IllunpHukoBa, ['amoHoBa-
I'pexosa, Jlanne, Jlopenna, Kysnemnosa, PabunoBuua,
Awnwrienko u ap. [1-8].

OmHUM U3 OCHOBHBIX METOLOB aHaAIM3a CI0KHOMU
JUHAMUKU U YCJIIOBHI BOZHUKHOBEHUS Xa0Ca SBJISIETCS
pacuer mokasareneit Jlsmynosa [7,8]. Omnpenenenue
JIanyHOBCKMX MOKazarejedl SBJIseTCs HENmpOoCTOH
3aJaueii B OCHOBHOM pEAIH3YeMOH YHCICHHBIMHU
MeTojgamMH. B Hacrtosmiel paboTe paccMaTpHUBAIOTCS
CHCKTpallbHBIE ~ METOABl  —  KJIIACCHYSCKHH U
mpejyiaraeMasi ero MOIU(pUKAIHsI- METOJI Pa3INIHBIX
cooctBenHpix  3Hadenuit  (PC3). BosmoxHocTH
METOZIOB CPABHHBAIOTCS Ha MOJCIBHBIX 3aJadax
Pecciepa u ChpoTta SIBHO JEMOHCTPUPYIOIINX
Xa0THYECKOE MMOBEICHHUE.

2.Knaccuueckuii cnekmpanbHulil Memoo aHaiu3a

YCmouyueocmu.
[Mycte YpaBHEHHUS (1), OTIHCHIBAOIITUEC
HcCcIeyeMyIo Ha YCTOWYNBOCTD cucTeMmy,

IpeaACTaBIIAIOT coboit COBOKYIHOCTb HEJIMHESHHBIX
ABTOHOMHBIX ypaBHCHI/Iﬁ

da
dtaa = da = Fa({aa })
t (1)
JuHamuka BO3MYyIIeHUA cucteMbel (1) B 3TOM
ciy4yae OMUCHIBAETCSl ypPaBHEHUSIMU
SF
dJsa, :Zﬁaa -8, =E,5a, , af=1.n

B B

/(2)
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rac Eaﬁ’ ({aa (t)}) - OJICMCHTBI 3BOJ'IIOIII/IOHHOI71

MaTpPHIBI, 3aBUCAIINE OT THHAMUIECKUX IEPEMEHHEIX.
{aa } u BpemenH L.

Ecnmu Bce BpemeHHble npou3BonHble B (2)
OTPULATEIIbHBI, TO BO3MYLICHUS 3aTyXalT U CUCTEMA
ycroiunBa no JlsmyHoBy. Ecnu cymectByer XoTst Obl

OllHA TOJIOXKHTEIbHAs IIPOM3BOIHAS, TO (ha30oBBIC
TPaeKTOpUM pa30eraioTcs, CHCTEMa HEYCTOHYHUBA.
CooTHOIIEHNE 3HAKOB BPEMEHHBIX IIPOM3BOJHBIX
MO3BOJIICT  TAaKXKe  ONPEHEIHTh  BO3MOXKHOCTh
Xa0THYECKOTO TOBEICHHS M 00pa3oBaHHs B (a30BOM
MIPOCTPAHCTBE CJIOXKHBIX JIOKaJIM30BaHHBIX
KOHCTpYKUui — arTpakTtopoB [ 1,8 ] (cm. puc.1)

Puc.1 Ammpaxmop Peccnepanpue=d=0.2r =57

A MMEHHO : ecli 3HaKK COOCTBEHHBIX 3HAYCHHI
(M, A2 , A3) - BpPEMEHHBIX MPOU3BOIHBIX (IS
TPEXMEPHBIX CHCTEM) PaBHBI

a) Sgn(ﬂ“l 112 ’/13) = (_’ T _)

b) Sgn(4,,4,,4,)=(0,— -)

.(3)

C) Sgn(;{’l '/12 '2“3) = (_’ 0, +)

TO JUHAMHYECKHH PEXHM HMEET XapakTep
COOTBETCTBEHHO

a — YyCTOMYMBOM TOUYKH;

b — npenensHOrO 1MIKIIA;

C — aTTpakTopa (XaoTHIECKOMN TNHAMUKN).

T.e. XaOTHYECKOE IMOBEICHNE XapaKTePH3YeTCs
HAJIMYHEM B CIIEKTPe 0COOOM TOUKM ceIuTo-(PoKyca h

CBA3aH C HAJIUYUEM TMPUTATHUBAIOMINX IEHTPOB U
yMeHblIeHneM (azoBoro oobemMa cucteMsl (Hamp. Xaoc
B Mojenu JlopeHna), Ipu akTUBHOM Xxaoce (ha3oBbIe
TpaekTopun paszberatorcsi W (azoBblii  00beM
yBenmauBaeTcs (cM. puc.l).

VYcaoBreM IUCCHIIATUBHOCTH- aKTUBHOCTH Xaoca
SIBJISICTCS] JUBEPIEHIHUSI BEKTOpA CKOPOCTEH -CHCTEMBI

BBID@KAETCS B  HEPEryJSIPHBIX  HEYCTOMYMBBIX o
p peryiip y B(atX, aty, 6tZ) OJIHOBPEMEHHO  SBIAIOIIASICS
KOJIEOaHUAX. Xaoc TTOIPa3IeNIAeTCs Ha
JVICCUNATUBHBIA M AKTUBHBIA. JMCCUIATUBHEIN xaoc ~ OAHMM M3 yCJIOBUM yCTOMIMBOCTH
B, 0B, B,
divB = + + 5
oy Z
Ecin divB<0 ¢a3oBblii 00beM yMEHBIIACTCS,  COOTBETCTBYIOT 3HAaKaM KOPHEHW  CIEKTPaTbHOTO

TPACKTOPUHU COJIIKAIOTCS - Xa0C IUCCHIATHBHBIN.
Ecmn divB>0 1o ¢a3oBbiii 00beM yBeamumBaeTcs,
TPACKTOPUH Pa3beraroTcsi — CUCTEMa aKTHBHA
CormacHo  KJIaCCHYECKOMY  CIIEKTPaIbHOMY
METO/Y 3HAKH BPEMEHHBIX IPOM3BOIHBIX B cucTeMe (2)

D =det[ 5, ,A-E,, |=4" +§n:ai A" =0
i=1

[MosTOoMy KinaccuyecKuMi CHEKTpaJIbHBIM aHalu3
CBOAMTCA K AaHaIM3y KOpHEH CHEKTPalbHOTO
ypaBHeHus. A pabortax [9,10] chopmymupoBaHbI

ypaBaenus - (CY), KoTopoe mNpeacTaBiseT coOoi
YCIIOBHE Pa3pelIMMOCTH CHCTEMBI (2) W MMEeT BH
MTOJTMHOMA OTHOCHUTENIFHO CIIEKTPAIEHOTO TTapaMeTpa A

(5)

KPUTEPUHM HEUTPAaTbHOCTH, KOTOpBIE IMO3BOJISIOT HE
pemast crieKTpajibHbIe ypaBHEHHS 10 KoddduieHTam
JUHAMWYECKUX WM  CIEKTPAIbHBIX  ypaBHEHHUI



Hanmonanenas accoumanus yuenoix (HAY) # 85, 2022

51

IIOJIy4aTh yCJIIOBUS BOSHUKHOBCHUA HeyCTOﬁ‘IHBOCTH nu

xaoca JIMHEUHBIX CHUCTEM (HEeUTpaTbHOCTH-
MIPOMEKYTOYHOE COCTOSIHHE MEXIY YCTOMYMBBIMH H
HEYCTOWYHBBIMH COCTOSIHHSIMH, YCIIOBHE

HeHTpampHOCTH- A=0).

VYpaBHEeHUSI I COOCTBEHHBIX  BEKTOPOB

SBOJIIOIIMOHHON MaTpPHIIbI { Xi (ﬂk)} U pelIcHuH

CHCTEMHI (2) ,B 3TOM CIly4ae, COOTBETCTBEHHO UMEIOT
BUJI

(Cin —€m)* Zim (A4 ) =0
8 =Co znli)o0(A)

OTOT MOAXO XOPOIIO IPUMEHHAM IS JIMHEHHBIX
CHUCTeM (MX MOXHO CBECTH K OJHOMY YpPaBHCHHIO
BBICIIEITO  NOpsiAKAa €  OJHUM  CIEKTpPalbHBIM
nmapameTrpoM). OIHAKO, NMPUMEHEHHE KIACCHIECKOTO
CHEKTPAJIBHOTO METOJa K HEJIUHEMHBIM CHCTEMaM,
0COOEHHO K CHCTEMAM C XAaOTHMYECKOH IMHAMHUKOMN
BBI3BIBACT Psifi BOIIPOCOB:

a) N-MepHbBIE CUCTEMBI C Xa0TUYECKOW TUHAMUKON
XapakTepu3yloTcs N YHCIOM  BEIIECTBEHHBIX
napaMeTpoB - Mokazatened JlsmyHoBa, Torga Kak
CHEKTPaIbHBIA METOJA [aeT MEHbIee KOJUYECTBO (
HalpHuMep I TPEXCUCTEM C Xa0COM — TPH ITOKa3aTels
JlanyHoBa, a 1O CHEKTPaJbHOMY METOAY- OIUH
BELICCTBEHHBIH  KOpPEHb M  JBa  KOMIUIEKCHO
COTIPSDKEHHBIX T.€. IBa BEIIECTBCHHBIX ITapaMeTpa);

6) w3 (5) cmemyer, UYTO BCE KOMITOHEHTHI
COOCTBEHHOTO BEKTOpa OIMHAKOBO 3aBHCSAT OT
BPEMEHM , TOTJA KaK B JEHCTBUTEILHOCTH NIOBEICHUE
KOMIIOHEHT pasinnyHo (cM.puc.l). B TpagunnonHOM
aHaJIM3€ OTO YACTHUYHO CHUMAETCS JIMHEHHOHN
KOMOUHaIueH coOCTBEHHBIX BEKTOPOB (5);

B) KJIACCMYECKMH IOAXOJ YKa3blBaeT JIUIIb
TPaHHUIly yCTOWYMBOCTH-HEYCTOWYMBOCTH (B TOM
YyhCcle Tepexoia K Xaocy) a JeHCTBUTENBHOCTH
UMeeTcsl dYepeloBaHWEe O0JacTeld perysipHOH U

det [é‘lkﬂ’l - eik] = A’lﬂzi 37 (2,12,3822 + ﬂﬂﬂzew + ﬂsﬂzell) +

XaOTHYECKOW NIWHAMHK, T.€. HECKOJBKO Pa3TUIHBIX
TUHAMIUYECKHAX PSKUMOB.

Brime OTMEUYEHHOE YKa3bIBaeT Ha
HEJIOCTaTOYHOCTH B TPAJUIIHOHHOM BapHaHTE

CHEKTPANTbHOTO METONA U OMHFCAaHUS CHUCTEM C
Xa0THYECKOW IUHAMHUKOH MW HEOOXOIUMOCTH €r0
MOJEpHU3AINH.

3amerum, uto MeTof L-kputepus [9] onuceiBaer
[[I/IHaMI/IKy n-— MepHLIX CUCTEM N — BEUICCTBCHHLIMU

napaMeTpami.

Chopmynupyem aasl  ONHMCAHHsI CHCTEM C
Xa0THYECKOH JUHAMUKOU METOJ pa3IUYHBIX
coOcTBeHHBIX 3HaYeHu — PC3.

3 Metox PC3

[IpenBapurenbHO OTMETHM cienyolee:

W3BECTHO, YTO CHCTEMbI TPETHETo MOPSIKa OTPAXKAIOT
OCHOBHBIE OCOOCHHOCTH JUHAMHKH HEIMHEHHBIX
CHCTEM, MIOATOMY Jaiee OISl ONpPEAEIEHHOCTH Oynem
TOBOPUTH TOJIBKO O HUX.

IIpenqnonoxxuM, YTO B YpaBHEHUH Ui
BO3MYILICHUN 2 BPEMEHHBIE NIPOU3BOJIHBIE
XapaKTepU3yloTCcd  pa3IMYHBIMH  CIEKTPaJIbHBIMU
napamMeTpaMu A, TOTZIa CIIEKTpaJbHOE ypaBHEHHUE JUIS
TPEX CHCTEMBI IPUHUMAET BH]T

AA+D=0

3
i
i=1

A1 = €5,633 —€53€5, » Az = €11653 — €565, As = €165, — €156, ,
D=

€11 (€55€ 5, _ezzess) +€33€1,€51 T €,,€13€5 —€1,€585 —€565,€5,

OTMeTHM YTO, CIIEKTPaJbHOE YPaBHEHHE B HTOM
CllyJae He IMeeT BH/I TIOJMHOMA OTHOCHTEIBHO OIHOTO
CIIEKTPANIGHOTO TIapamMeTpa A , a IpejCcTaBIseT coboit
anreOpanvyeckyo (GYHKIHIO TPEX B3aWMO3aBHCHUMBIX
CHEKTPAIbHBIX TAPAMETPOB —A; .

(o + ") (A—ey)—Aa(ey, +ey) + Ad+a(A+A)+D=0

a’[/l(ezz _e33)+(A2 _Aa)]zo

W3 (7,0) nnst ﬂ‘l , O UMeeM

(7,a)
ITosaras, HaTIpuUMep,
A=Rel=1, /12’3:(Ziia) s CY (7) mocue
BBIJICJICHUS  BCEIIECTBEHHOM W MHHMOM  dYacTeH
YpaBHEHHUS MOJTy4aeM:
(7,6)

_—M +/M?-4NG

/11: AS_AZ

€, — €5

Q.
28 2N
N=4-e;, 'M:_ﬂi(ezz"'esa)"'Az"'AS’G:wz(ﬂl_en)"'ﬂlAi"'D (8

)
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CootHomreHus (8) JarOT HaM TPH BEIIECTBEHHBIX

napamerpa, 1Ba U3 KOTOPBIX 3aBUCAT OT YaCTOTHI- ()
2

u orpanndenne qis @ - (M —4NG > 0). Taxoxe

MOJKHO MOJYYHThH aHaJorudHbIe (7,8) ypaBHEHUS I

caysaes L, =Rel,=1 , 4L=Rel=1. Dro naer

JOMOJIHUTCIIBHO €1IC IBa JUHAMHUYCCKUX PCKUMaA.
Takum o6pa30M, 3aBUCUMOCTb CHEKTPAJIbHBIX
mapamMeTpoB oT HaCTOThI n JOITIOJTHUTCIIbHBIC

JUHAMHYECKUE  PEIKUMBI obnactn
HEYCTOMYMBOCTH H Xaoca.

[TponemMoHCTpHpyeM Ha MOJEIBHBIX 3a7adax
Pecciepa m CmpoTra 3T MeTOnBl (KIacCHYeCKHN
cnexrpanbHbit 1 PC3).

4 MopnenpHas 3amaqa Peccnepa -

HeJMHeHasA 3aja4a nMeronas SIBHO
BBIPOKEHHYIO O00JIaCTh XAOTHYECKOTO MOBEACHHS C
aTTPaKTOPOM INpeCTaBICHHBIM Ha puc.l. cMm. [7,8].

YpaBuenus mozenu Pecciepa uMeroT Bua

o0pa3zyioT

O X=-y-12

0,y=x+e-y

0,2=d-r-z+x-2

X, Y, Z — AMHAMUYECKHE MepeMeHHbIe; €, d, I —

)
B(,x,8,y,0,2)

XapaKTepU3youias

nmapamerpel, I —  yOpaBisIOIIMIl  mapamerp.
I[I/IBepreHHI/Iﬂ BEKTOpa CKOpOCTeﬁ JAUCCUITATUBHOCTb CUCTCMBI paBHa
. oB, 0B, 0B >0
divB=—2+—L+—L=e-r+x="—
x oy a <0 19
U3 (10) cnemyer, uro cucrema Peccrnepa Cucrema (9) uMeeT ABa CTAIMOHAPHBIX PELICHUS
JIICCUIIaTUBHA TOJIBKO B OTpaHUYEHHOH 001acTu. — CTAIMOHAPHBIX COCTOSHUSA ( X5, Ys, Zs)
0,x=0 Y, =—1,
0,y=0 X, =€-Z
r d
0,2=0 2. =—+ |l —| —=
= 2e 2e

KOTOpBIE BO3MOXHBI Tipu ycrnosuu F>2e-d .
Hnst napamerpoB Pecciiepa
st() x,=0.01 z, =-Yy,=0.05 ;

S

Jluneapmzanus ypaBHeHU# (9) OTHOCHTENBHO

°an
e=d=0.2r=5.7 crannoHapHbIC PEIICHHUS UMEIOT

Bup St(1)=st(z_;), st(2)=st(z,)

st(2) x,=569 z,=-y,=2895

(12)

ObITh BHIOpaHO NFO0OE pEHICHHE B TOM YHCIE U

peteHus X, y, Z) , B KauecTBe KOoToporo Moxker  CTAUHOHAPHOE,  NA€T  CHCTEMY YPaBHEHHH s
BO3MYyLICHHMIT (2), I/ie IBOMIOLMOHHAS MATPHLA PaBHA
0 -1 -1
E=|1 0
z X—r
.(13)
Knaccuueckoe CHEKTpaJIbHOE ypaBHEHHE

cucreMsl (9) u ero ko3p(QUIMEHTH COOTBETCTBEHHO
paBHBI

det[ 5, ,A-E,, |=A*+ai* +a,A+a,=0

s

a,=—(e+x,—r) , a2=[1+xs(e‘l+e)—re] . a,=—(2x,-r) .19

Kpurepmit HPU [9] mms CY (14) maer nBa
KpUTHYECKHNX ( HEHTPATBHBIX PEXUMA), KPUTHICCKAS

4acTOTa B KOTOPBIX U YCJIOBUE HEUTPATHLHOCTH UMEIOT
BUT
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1) o,=0 ,
2) a)cr=\/1+xs(e‘l+e)—re

2X,—r=0

Anamu3 ycnoBuit (15) COBMECTHO C YCIIOBHAMHU
cranponapaoctn (11) ToOKa3pIBalOT, YTO TpH

4=0 ; A,=0+L7i

IlepBBlii KPUTHYECKUI PEXUM  pEaU3yeTcs
TOJIBKO 11 BTOPOIO CTalMOHAPHOIO COCTOSHHUSA
(r>2e=04) , xoropoe npu r>0.4 craHOBHUTCS

A

BTopoli KpUTHYECKHI pPEXUM peanusyercs A
MEPBOTO CTAlMOHAPHOTO COCTOSIHMS, KOTOPOE TaKKe

24,=0101 ; A4,

Taxmmu 06p330M o00a CTallMOHAPHBIX COCTOSHUA
MO-pa3sHOMY SBJISIFOTCS H€YCTOI7I‘II/IBLIMI/I.

Al Ay =R Ay X, 4 2 2 e)+ (A

a) NEPBBIN JTUHAMUYECKHAH
(L=ReA=1 , Ay=atio)nsCY (19) pasnenss
BEIICCTBCHHYIO 1 MHUMYIO YaCTH MOIydaeM

i(az + a)z)—la(x+ +e)+i-e-
olale—x,)+(z,-1)}=0

U3 (20) Haxoaum

-1
P ;

0215 ; 4,,=0.00546+1.19i

, e(x,—r)(x,—r+e) O.(15)

r=2e =0.4 o6a ycnosus (15) conasaror a, KOpHH
CV (14) paBHbl

.(16)

HeycToiuuBbIM, a KopHu CVY, Hanpumep mnpu r=0.5
COOTBETCTBEHHO PaBHbI

(17)

HeycToiunuBo npu >0.4 . U mpu r=0.5 xopau CY
CTaHOBSITCSI PAaBHBIMU

=-0.0054 +1.7i (18)

CriektpanpHOe ypaBHeHHE 1Mo Mmeroxy PC3 (7a)
Ut 3aa4u Peccriepa ¢ aBoronMOHHOM MaTputei (13)
MpUHUMAET BUJ (X; = Xy — 7))

e-X, + Ay -2, +4)—(x, +e-2,)=0

Q=
X, —e |

B

CHEKTpaJIbHbIE NIapaMEeTPbl U BEPXHIOK PAHMILY
YacTOThI B 3TOM PEXHUME

B-41-G>0 — a)rf]axﬁ%

W3 (20,21) cnenyer, uto mpu z, =1 ( r=2e)
A=a=0 ,OTO  COBIAJAaeT C  YCIOBHUEM
HelTpanbHOCTH (15,2;16). T.e. hopMyIibl, MOTyUIeHHBIE
mo merony PC3 Brimo4aroT B ce0si W pe3yabTaThl
KJIACCHMYECKOTO CIIEKTPAIbHOIO aHAIIN3a.

MOXHO TMOKa3aTh, YTO AMHAMUYECKHE PEKUMBI

h=Rel, =1 , 4=Rel=1 B naunoit sanaue me

~Ax, +e)+z,+1 ; G=

(19)
PEXKUM
x, +a(z, +1)—(x, +e-2,)=0
.(20)
 —B:+/B?2-44.G
24
2
Mw® +e-x,)—(x, +e-z,) 2
82
——-A-e- X, +(X, +e-z
41 + ( + S)
.(22)
peau3yroTCs, CTallHOHAPHBIX COCTOSHUN B HHUX HE

CYIIECTBYET.

B tabnmnax 1,2 npuBeneHsl pe3ysbTaThl pacyera
CIEKTPaJIbHBIX MAapaMETPOB U FPAHMYHON YacTOTHI MO
dbopmynam (21,22) B 3aBUCUMOCTH OT MapaMeTpoB r/e
JUIsL CTAllMOHAPHBIX cocTosiHmi St(1), St(2).



54

HanunonanbHas accouuanus yuensix (HAY) # 85, 2022

Tabauna 1.
3aBHCHMMOCTD CNIEKTPATBLHBIX XapaKTEPUCTHK Moaeau Pecciiepa ot mapamerpos r,e ais st(1)
rle A W24 w? a, a,
1/0.2 0.681 0.447 0.44 -1.18 -1.35
- - - 0.3 -0.881 -1.65
3/0.2 0.297 0.781 0.5 -2.68 -3.75
- - - 0.3 -2.52 -3.51
5.7/0.2 0.164 1.312 1.30 -5.91 -5.93
- - - 1.0 -5.35 -6.46
Tabauna 2.
3aBHCHMMOCTH CIIEKTPAJIBHBIX XapaKTEPUCTHK Mojeau Pecciiepa oT mapamerpos I,e 1 St(2)
rle A W2, 0x w? a, a,
1/0.2 -15.7 0.0194 0.019 0.241 0.266
- - - 0.001 0.124 0.404
3/0.2 -65.3 0.0035 0.0034 0.214 0.217
- - - 0.001 0.165 0.265
5.7/0.2 -132 0.00161 0.001 0.182 0.232
W3 Tabmur criemyer, uro oba CTalMOHAPHBIX  KOJICOaHUS. XaoTtnueckue KoIeOaHus (xaoc)

COCTOSIHUSI HEyCTOWUYUBBI. B mepBoM cocTossHUM
(Tabn.1) HeycTOWYMBOCTHL CBs3aHa C OJHOMN
MOJIOIf OHa 3aMETHO BO3pacTaer, [JBE Jpyrue
MPEJCTaBISIIOT COOOM 3aTyxaromme KojaeGaHUs — 3TO
COOTBETCTBYET KapTHHE Ha ()a30BOil IIIOCKOCTH (CM.
puc.1). Bo Bropom cocrosiuuu (Ta0:n.2) omna mMoza

IPUCYTCBYIOT B OOOMX CTaIlMOHAPHBIX COCTOSHMSAX,
IpUYeM B MEPBOM COCTOSIHUM OH JAHUCCHIIATUBEH BO
BTOpOM aKTHBeH ( cM.10,12). 13 Tabmui taxke BUIHA
3aBHCUMOCTh CKOPOCTH H3MEHEHMsA KoyleOaHu# OT
YacTOTBHI.

5. MogensHas 3agaya CriporTa

BO3MYIICHHII  OBICTpO  3aTyxaeT JBE Jpyrue
MPE/ICTABISIIOT COO0H HU3KOYACTOTHBIE YCHIIMBAIOIINE

YpaBHenus moaenu Crnporra paBHbI

0, X=X-y-1
0.y=X-y

0.Z=Xx+a-z

t (23)
rae X, Y, Z — IMHaMU4eCcKue IEpEeMEHHbIE; a - I§(8tx, aty’ atZ )’ XapaKTepH3yIomIast
napamerp.  JuBepreHuus — BeKTOpa  CKOpOCTeH
JAUCCUITIATUBHOCTb CUCTEMBI paBHA
oB, 0B, B >0

divB=—>+ +—Lt=y-1+a
OX

oy oz <0 29

U3 (24) crnemyer, 4YTO B 3aBUCHMOCTH OT
napamerpa a CHCTeMa MOXET ObITh aKTHBHOH Tak U

Cucrema (23) uMmeeT 1Ba CTallMOHAPHBIX PELICHUS
— CTAalJMOHAPHBIX COCTOSHUA ( Xs, Vs, Zs)

JIMCCUIIATHBHOM.
0,Xx=0
1 1 1
8,y=0 — st1)=(000) , st(2)=(——,——,——j,(25)
a a a
0,2=0

OBOJIIOIIMOHHAsT MaTpulia sl  BO3MYILICHHH
cucreMsl (23) umeer BUL

m

Il
P P <

|
O B X

. (26)
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Kraccuueckoe CHEKTPaJIbHOE ypaBHEHHE
cuctemsl (23) u ero k03 PUIMEHTH COOTBETCTBEHHO
paBHBI

det[ 5, ,A-E,, |=A*+ai*+a,A+2a,=0

;27

a=(0-a-y) , a,=—x+{1-y)-@-a) , a,=1l+a(y+x)

Hus st(1) CY (27) u ero KOpHH COOTBETCTBEHHO
paBHBI

(A+1)-(-a-a+1) ; A =-1, zngi

U3 (28) crenyer, uto npu @ € (O, 2) COCTOSIHME
st(1) HeycTOHYMBO M MCIIBITBIBAET CIABOPACTYyIIHE
xaoTnuyeckne komebamus. Ilpm @ > 2 cocTosHue

2 +(1+1—aj12 +

a

Kpurepuit HPU [ 9 | s aToro cocrosiHus naet

>0(V)

4 28

HeyCTOP‘I‘{I/IBO, JABC MOJbl aliCPUOANYICCKU PACTYT. HpI/I

a < 0 cocrostaue yeroitungo.
Hus st(2) CY (27) mpuoOperaet Buf

(g—ajl—lzo
a

2 -1

.(29)

3R R =
l-a+— | ——a|+1= ; oy = =
( ala <0(HY) l1-a+a’ (30)

yro npu a>1.7 cucrema
BO3HMKAIOT HAapacTalollue

N3 (30) cnenyer,
HEycTOHuMBa, B HeH

konebanust yacroroit @, . [pu & < 0 s1oT peskum He

peannzyercs.

Ahg dg+ (A A=y Ay Ay—a-dy-4,)+(-a

a) MepBbIi JIMHAMHYECKU I pexumM

(hL=ReA=1 , hy=atio) w cv @1

A=a-(y-1)+(x+y)+1 ;

Ay3 =

CrnekrpanpHoe ypaBHeHHe 1o MeTtonmy PC3
cucremsl (23) paBHo (31)

A +a-y- A=A (x+y)+4,)+[a-(x+y)+1]=0

,pazacisida Ha BEIIECTBCHHYO W MHHUMYIO 4YacCTH

aHasnoruyHo (20,21) ms ﬂl ,

_ —B+/B?-4A.G

2A

o, 3 Tony4acM

(32)

A=i-y , B=Ai(l-a)+ay+1-(x+y) ; G=w’A+a-(x+y)+1

Jois st(1) uz (32) momygaem

2 2
“(2 1)y 1) —aal0ta+r) L [(2e1f 1
A=1-a ; a,;= N R
’ 24 42
.(33)
us (33) CIIefyerT, 91O npu 0) BTOpOH JUHAMHUYECKUI pexXuM
a<l - 1>0 , a,;<0 cucrema neycroitunsa, 3 =Rel=A4 , A,=az*io ycroiuus u
MPUCYTCTBYIOT  3aTyXatomme — Konebawms.  IIpn  ppencrapnser coboit satyxatomme Kone6anus ; TpeTuit
a>1 - A<0 , a,<0 , a >0 B MHAMMYECKHil P&KUM HE Peau3yercs.

CHUCTEME CYIIECTBYIOT CJIadOpacTylIUe XaOTHYECKUE
KoJieOaHus.

s st(2) (25) v mepBOro JUHaMHYECKOTO PEKIMa
(L=Re =1, ﬂZVSZ(ZiiCO)mBZ)HOJIyqaeM
(34)
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4 (a+2) ata’—4la+a’)[w*la+at)+1] 2 . a’ 1
= — — y a = , S —_
a # —2(a+a?) sa+atf f(a+a?)
s (34) CIIeyeT, 9TO mpu ;| g, , @ B 33BHCHMOCTH OT IlapaMeTpa a
a>0 —» A<0 , a,;,<0 BCE BOSMYLICHAA MpUBE/ICHBI B Ta0IHUIIE 3

3aTyXaroT -cocTOsiHUE ycToluuBo. [Ipu a<0 3HaueHus

Tab6muma 3.

3aBHCHMOCTD CIIEKTPAJIBLHBIX XaPAKTEPUCTHK Moen CpoTTa OT mapamMerpa a J1Jist HepBoro
AMHAMHUYECKOro pe:xknma B St(2)

a Z wrznax wZ a a;

-1 3 0.583 0.2 -1.95 0.446

-2 3 0.56 0.5 -1.94 0.314

-3 3.67 0.503 0.5 -1.90 0.105

-5 5.4 0.423 0.2 -2.20 0.277

-7 7.29 0.39 0.2 -2.15 0.186
s Ta6J‘II/ILIBI CJICAYCT, YTO B 3TOM COCTOSHHUH .JInTepaTypa

CHUCTeMa HEYCTOWYMBA W  CYyHIECTBYIOT
MHTEHCUBHOCTHU XaOTHYECKUE KOJICOAHMS.
3aki04yeHue

Takum 00pa3oM, M3 BBIIIE PACCMOTPEHHOTO
CJIE/TyET, 9TO

a) IIpemnaraemenii meron PC3 naer OGonee
CIIOKHYI0O KapTHMHY OUHAMUKH B Mozeisix Pecciepa
CropoTra dYeM KJIacCHYeCKMH CHEKTpaJbHBIH, B
JaCTHOCTH YyKa3bIBaeT JOIMOJIHUTEIbHbIE 00J1acTH
HEYCTOMYMBOCTH M Xaoca, 4YTO HE TIIOKa3bIBaeT
kinaccuyeckuit ( Hampumep B Mozenu Crporra
HeycToiunBocTH npu a<0 ) , a TakKe BKIIOYAET B ce0s
4acTh PE3YJIbTATOB KIIACCHYECKOTO aHAIN3a.

0) Xaoc B 331a4ax MPUCYTCTBYET BO BCEH 00IacTh
W3MEHEHHs IIapaMeTpOB M B  3aBUCHMOCTH OT
MOCJICIHUX B JUCCUNIATHBHON MJIM B aKTUBHOI (hopme.

B) Hanmnuue nHTEpBarIOB BO3MOXXHBIX HacTOT U
apamMeTpoB a TaKxKe MHOECTBEHHOCTb
JTUHAMUYECKHUX PEXXHUMOB YKa3bIBaeT Ha
CYIICCTBOBAHUE B HEJIMHCHHBIX 3amadax oOJjacTeit
HEYCTOWYMBOCTH W  Xaoca, YTO  €CTb B
nercTBuTeNnsHOCTH (cM. Takxke [10])

r) B menom npeanaraemsrit merox PC3 u3yuennn
JMHAMHKA HEJIMHEHHBIX cucTeM MOYHO
paccmarpuBaTh Kak JIONOJHUTEIBHBIH K MeEToAaM
OCHOBaHHBIM Ha pacuerax Iokazareinell JlsmyHoBa u
KIIACCHYECKOMY CHEKTPAIBHOMY.
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VJIK 537
JTAHAMMKA COCTOSIHAI C HEHYJJEBBIM MOMEHTOM B COBCTBEHHOM TOJIE

Yuxauees A.C.
Bou, punuan BHUHUT® um. E.M.3a6abaxuna

DYNAMICS OF STATES WITH NON-ZERO MOMENT IN OWN FIELD
A.S. Chikhachev

Vei, branch of VNIITF named after E.l. Zababakhin
DOI: 10.31618/NAS.2413-5291.2022.2.85.667

ABSTRACT
The work studies a non-stationary self-consistent quantum system that interacts intensively with its own field.
At a non-zero moment, the psi function cannot be independent of the angles of the spherical coordinate system. In
the work, a superposition of angular distributions was found, leading to a spherical symmetric charge distribution

with an overall torque value (I = 1). For half-integer values of the moment (| = i% ), the problems characterized

by the density depending on the angle are solved.

In the final section, a classical collisionless one-component system of charged particles characterized by a
nonzero moment is considered.

AHHOTAILIUS

B pabore wu3ywaercs HecTalllOHapHas CaMOCOTJIACOBaHHAs KBAHTOBas CHUCTEMa, HWHTEHCHBHO
B3aUMOJIeiiCTBYIOIAs ¢ COOCTBEHHBIM moseM. [Ipu HeHyleBOM MoOMeHTe NCU-(QYHKLIUS HE MOXET OBITh
HE3aBUCAMEH OT YITOB cepHyecKod CHCTEMBI KOOpIWHAT. B paboTe HaliieHa CyNEepIO3HWIHNs YTIIOBBIX
pacripeneieHui, TpuBoIAMmas K chepruecKd CHMMETPIYHOMY PACIIPEEeNICHUIO 3apsiia TpH [EeIOM 3HAYCHHU

moMmeHTa (1=1). [Ipu nomyuensix 3HaueHUIX MOMEHTA (| = J_rl ) pelieHsl 3a/1a41, XapaKTepU3yeMble IIIOTHOCTHIO,
2

3aBUCAILIEH OT yria.

B 3akmountearHOM pazaeie pacCMOTpCHa KaCCHYCCKasd 0ECCTOIKHOBUTENbHAS OJHOKOMIIOHCHTHAas
CHUCTEMA 3apS’KCHHBIX YACTHL, XapaAKTECPU3yeMasd HCHYJICBBIM MOMCHTOM.

Keywords: Schrodinger equation, orbital moment, nonstationary coordinates, Kinetic equation.

KaroueBbie ciaoBa: ypaBHeHue lllpemunrepa, opOWTaIbHBII MOMEHT, HECTAIMOHAPHBIC KOOPIWHATEHI,
KMHETUYCCKOC YPABHCHUC.

Beenenne 1
N3yyenue HeCTallMOHAPHBIX CUCTEM, UHTEHCUBHO | =+~ opGuransusivm Momentom. Tak e, Kak u B
B3aUMOJICHCTBYIOIINX €  COOCTBEHHBIM  IIOJIEM 2
MpeCTaBIsIeT 6obIIoN UHTEpEC KakK c
9KCIEPUMEHTAIbHON, TaK U C TEOPETUYECKOU TOYEK
3peHMHSL. Oco0s5rit HHTEpeC MIpeCTaBIsIEeT
KBAaHTOBOMEXAHHMYECKAasl CHUCTEMa, HCHOJb3YIOMas

pabotax [3,4] TouHOE pelIeHHe CBOTUTCS K CHCTEME
OOBIKHOBEHHBIX An(depeHINaIbHBIX yPaBHEHUH 4-T0
HOpSIZIKA.

3ameTum 3/1eCh, 4TO HCTIONB3YEeMBIi
HECTAI[HOHAPHBIH  TaMUJIBTOHMAH  MOXET  OBITH
UCTIOJIB30BAaH KakK JUII KBAaHTOBBIX, TaK HJUIA
KJIacCH4ecKux cucteM. KnHeTHdyeckoe ypaBHEHHE C
UCTIOJIB30BAaHHEM  MOJIEIBHOTO  HECTAlMOHAPHOTO
raMUJIbTOHHAHA, BIIEPBHIC, MO-BHIIMOMY,
chopmynupoBaHo B pabore [5]. B mampHeimem
JUHAMUKA HECTAl[IOHAPHBIX CaMOCOIIACOBaHHBIX
CHCTEM B IUIOCKOH Hc]epuyeckodl reoMeTpuu
H3ydanuck B padorax [6],[7],[8].

CocrosiHust ¢ MOMeHTOM =1

CocTtosiHIEe KBaHTOBOI CHCTEMBI C HEHYJIEBBIM
MOMEHTOM B IICHTPAJIBHOM TI0JIE OITUCHIBACTCS
ypaBHeHueM lllpenunrepa:

HeCTallMOHAPHBIN raMuwibTOHUaH. B HacTosiuei
pabote  OyJeT  WCIONB30BaH  HECTAIMOHAPHBIN
raMIJIbTOHWAH, CIEAYImuid u3 pador Memepckoro
[1]. OToT raMuiIbTOHMAH HCIOJB30BaH B padote [2]
JUISL pELICHUs] KBaHTOBOMEXaHHWYECKOW 3amauu. B
paborax [3,4] pemanwch 3agadyd B OJHOMEPHOM
KoHpHUrypanmud W  CPEpUYeCKH CHMMETpPHYHAS
npobiemMa Ipy HyJIeBOM opOuTatbHOM MoMmeHTe 1=0.
B mnacrosmeidl pabore NpUBENEHO peIICHHE
ypaBueHus [lpenuHrepa B cheprueckiux KOOpAHHATAX
IpU HCHYJIIEBOM OpPOUTAIBHOM MOMCHTE, MPHYEM
paccMmoTpensl 3amaud ¢ 1enbiM (I=1) u monynensim

oL 4 W (°Y 20¥ L
h—=—— +————=Y [+U (1, t)¥(r,t 1.1
ot 2ml or? r or r? (r)¥(rt) an

2
3nech |:=L 0 sin@ 0 0

—— —sind—+—
sin@ 00 06 0¢°
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IMonoxum ‘P:l//(l’,t)Y(H,gD).HpM 3TOM |ha_‘{’___(6_\y+ga_\y_£l{rj+u(r't)\{l(r,t)

ot or* ror r

LY =—LY, rxe L:|(| +1) -kBagpar monHoro momenta. Ilpu L #0 B ypaBHEHWH NpPHCYTCTBYIOT

MPOM3BOJHBIE 10 YIJIOBBIM HEPEMEHHBIM, YTO O3HAYAET OTCYTCTBHE C(EepHIECKOH CHMMETPHH H3Y4acMOTO
COCTOSIHHS,YTO SIBIISIETCSI CYIIECTBEHHBIM OOCTOSITEIECTBOM IIJIsI CHCTEM C COOCTBEHHBIM IOJIEM.

Paccmorpum, manee, ciydaif, korma L =1(1+1) u Beemem GyHKUMIO I/, TOCPENCTBOM PaBEHCTBA

/4 ( r, t) =y, ( r, t) r', npudeM OyAeM H3ydaTh HECTAIMOHAPHYIO CHCTEMY, OIIMCHIBAEMYIO TOTCHIIMATIOM BHIA:
1

WU (%J . oy

LoV h( wl+2(|+1)awlj 1
0 3

SN ur“&&JW-

A
53

(1.2)

| (-

3nech f(t) (yHKIWS, yIOBIETBOPAIONIAs YPaBHEHHIO: & = , —5 -HOTEHUIHa] COOCTBEHHOIO MOJIs,

iy

r,o, ¢ - KoopaWHATHI cheprIecKOl CHCTEMBI.
dt’ o r
—— p=—.
E(Y) 4

BBGZ[CM HOBBIC IICPEMECHHBIC: T = J.

Toraa (1.2) npuBoauTCS K BUIY:

in| Wa_p eI (O 2040 dwy
ot ¢ Op 2m op* p Op

Jvimion

(1.3)

TpoussesieM crieytoliee npeobpasosanue, nonokum ¥, = Ay, e A= exp(ﬁg P ] Hna y,

CleqyeT ypaBHEHHE:

OV __h_?[azwz L2040 oy,

Amp? in ff( )
= U , _ng
or  2mlop? | p op j+ (P)va(pe) ==y 22\ T2V

a4

Ipu perenuu camocoriacosanHoi 3anaun ¢ | =1 yno6Ho BBecTH DyHKIMIO W W, =yl & s, [Momyanm:

2 2
O h (ay/g ia%]w(p)%ﬂm ing,

= Yyt
ot 2m\ 0p> p Op 2 2 f (1_5)
T & 1 1
B (1.5) nonoxum ¥/, _exp(——jz//(p),gzconst =2—TO, ﬂz—Tg. Torma
oy 40 ?
= G A ooy
P P op 0 0 (].5)

2 21 1212 s e
HpI/I 9TOM IUIOTHOCTbD 3apsijia ONpeCaACIIACTCS BbIPpAKECHUEM |\P| :p |l//| |Y| /é: .
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B ciy4dae I =1yFHOByIO 4acCTb HCH-(byHKHHH MOXHO pacCMaTpuBaTh KaK COCTOSIHUC CO CIIMHOM CWHUILIA,

+ * * *
OTIMCHIBAEMOE TPEXUWIEHHBIM CTOIOIIOM: Y.} coorBerctBeHHO Y = -3TO CTpOKa (Yl Y, Y, ) Tonoxum
Y=y, |,
Y

3

Y, =%sin 6Pei‘/’,Y2 =c0s4,Y, :%sin @e™'? Tlpn TakoMm BHIGOpE TPEICTABICHHS MZ =Y'M,Y =0, a

+ +
IUIOTHOCTD 4aCTHll, onpeacjagaeMas Npon3BCACHUECM Y Y , HC 3aBUCHUT OT YI'JIOB!: Y Y = l
B stom ciryda€ YpaBHECHHUE UIS MOTCHIIHAJIa MOKHO 3anicaTh B BUIE!

Fprdp” dp é (1.7)

3nech K, - KOHCTaHTa CBS3H.

i0
ITonoxum,nanee, ¥ ( ,0) =¢ (°) R ( ,0) .Ilonyuynm cucremy ypaBHEHUI:

2
ER=—/"[R'-Re?+ 2R |+R[U -T2
2m yo, 87,

j (1.8)
hZ

——(2R'9’+ RO" +— 4 RH'J+LR 0,.(1.9
2m Yo, 7,

2ht,

Bmecto p BBemem Oe3pazMepHyIO NEpEMEHHYIO S . O = |OS, |§ =

. Obo3HaUNM y=9'|0. Torna

CUCTEMA MPUHUMACT BU!:

4
R"—R”? + 22 (U —E)R-s’R =V (s)R—5R,
h (1.10)
!, ’ 4
2R'Yy+Ry'+—Ry =R,
S (1.11)
2
vV 2dv
d >~ +t—= d = —K,S°R%.
ds S dS (1.12)
MoskHO nepenucarhb (1.11) B BHJIE: (R2y34 )’ =R%"*, a (1.12)-B BHJIE
(;js 52 dds (s)= —-k,R%s* = —x, (st“y)’_ Torna 42 ?T\: = —x,R?ys? +C,. Homnaras C. = 0 nonyunm ypasnenue:
v = —x,R%ys’.
ds (1.13)
VYpasuenue(1.10) ynoGHO nepenucatsb B BUIE:
RUVAR vy y? —s?,
R sR (1.14)

a(l.11)-B Buze

y' =—2y=—Ry+1 (115)

T.e. umeeM cuctemy (1.13)-(1.15).



60 HanunonanbHas accouuanus yuensix (HAY) # 85, 2022

160M}
1400M}
12000 ]
ik
B000 1|

R
A0
ol g

¢ 05 T 5 2 25 3

-HMM}- | |

Puc.1 3asucumocms nomenyuana (1) u nnomunocmu 3apsaoa (11)

Om a8MoOMOOENbHOU NEPEMEHHO.
122004}
100
S -
Y 5000
41N} -
200H}-
A -
0 05 1 15 _ 2 25 3

5
Puc.2 3asucumocmuy(s)

Ha pucynkax 1 u 2 u3oOpaxeHsl pesynbrathl pemienus cucteMbl (1.13), (1.14) u (1.15). B kauectBe

HAUYANBHEIX YCIOBMH HCHONB30BAMCh COOTHOIIEGHHS: R (0) =10, R'(O) =0,V (O) =100, y(O) =0.

Honaranocs K. =1. 3aBucHMOCTb y(S) XapakTepu3yeTcs HaIMYHEM PE3KHX M Y3KHX MAKCHMMYyMOB, IJIOTHOCTh

3apsia ObICTPO OCHUIUIUPYET M CTPEMUTCS K HYJIIO, a MOTEHIIMA YObIBAET MOHOTOHHO.
CocrostHust ¢ MOMEHTOM 1=1/2

B omimune OT mpeibLIyliero pasiena paccMoTpuM, ianee, cmydait, korza  L=3/4 a4 s
Ipe/BIIYIeMpas/ene  MON0XKHM ‘P(F',t):(//(r,t)Y (&@)- BaeemPYHKIHIO Y/} TOCPE/ICTBOMPABEHCTBA

l//(r,t) =y, ( r, '[)\/F , TpuYeM Takxke OyaeM M3y4aTh HECTallHOHAPHYI0 CHCTEMY, OIHCHIBAEMYIO

IOTCHIMAJIOM BHA: 1 { r j MOJIYyYnM:

£y e

2 2
ih%z—?[%‘”zl+§aal”1j+ U rt v (r.1).
m r r or
oz,
dt’ r
BBenem nepemennsle T = I— p =—.Torna (2.1) npuBoguTcs K BUAY:

H8

> 2 2
in| Va0Vl WOV 3OV G (p)y, (pir)
ot E Op 2m\ 6p° p Op

2.2)



Hanmonanenas accoumanus yuenoix (HAY) # 85, 2022 61

Iponssenem cenyrouee npeodpasosanne: nonoxnm ¥, = Ay, , rae A= exp[ m¢g sz.MomHo MOy IHUTh

i
2né
ypaBHeHue s ¥, !

. Oy n* (o%w, 3oy Amp? L&
inh—2 =— 2 L — 272 14U + =Ly, - 2in2y,.
[ 0 5 op (P)v, > V2 W,

or 2m 23)

Honoxum Y, =y, / E92 Tonyunm

- a hz a2 3 a m 2 ) .
n QW10 3OV, ()M inly,
ot 2m\ oOp L Op 87, 2&

HHOTHOCTB 3apﬂ£[a HUMECT BUA:
Q=¥ =w,|" p/&*

Ipencrasum ¥/, B BUAC: Y/, = R( £, T)Y (9, (0), rae Y yIOBIETBOPAET YPABHEHUIO:

1 o0 . ,0Y 3 1 0%
——sinf—+-—-Y +———=0.
sing 06 00 4 sin“6op (2.4)

. 6
Bwmecro nepemennoit @ Beenem 1 = In (tg (E)) Torna ypaBHEeHHE IPUHUMAET BUA:

2 2
chzg| Y O |- 3y,
on® O 4

(25)

Jlanee GyneM y4uMTHIBATH CTMHOpHBIA Xapaktep VY -dyHkmmm m mpencraBmats Y B -Buie cTonOua:

givl2 N
Y = /Q(n) /2 cooTBeTcTBeHHO Y ' - 3TO CTpOKa
e—i(/)/Z !
Y*= Q(n)/ 2 (e"‘/”z e’ ) 3aBHCHMOCTb IUIOTHOCTH OT YIVIOB Onpeessiercs npousseaernem Y Y

Y TIpY BBIOPaHHOM TIPEACTABICHHUH IUIOTHOCTD He 3aBHCHT OT yri1a ¢ Y'Y =Q(n).
4 n

[epeiinem, nanee, Kk ypaBHEHHIO A1 HoTeHIMaNa. [IpecTaBUM MOTEHIMAI BUJIE IPOU3BEACHUS (QYHKIIUU OT
pamuyca Ha (YHKIMIO OT YIJOBBIX IIEPEMEHHBIX, MOCKOJbKY IUIOTHOCTh 3apsila HE 3aBHCUT OT (0,

HOTEHIMATV TAK)Ke HE 3aBUCUT OT (P . V= A(U)U ( ,0).: Hcnonb3ys nepeMennyro 1] BMecto € momyuum:

1d du U d’A
0’ d(p)+ (f)Chz(")(d ZJ:Q
p’dp p P n 26)

o 2
3nece Q -mioTHOCTH 3apsna. B cryuae B3ammoneiictBus ¢ coberBenmbiv momem Q =—p | W[5, -

KoHCTaHTa cBsa3u. IlomHoe OTACJIICHUC (I)yHKIII/II/I paamyca OT (l)yHKIII/II/I yriia MOXET OBITh JAOCTUTHYTO, €CJIN
2

d A
BBITIOJTHEHBI yCIIOBHSL: ch® (77) > = VA (V -koucranTa) u (2 = A. B nanbHeiiiem paccMOTPUM HMEHHO 9TOT

cirydaid. M3 (2.5) MOXHO NOIy4YHTE!

ch’7(2Q"Q-Q% -0%)=-30° )
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Hozcrasiisis B 9T0 ypaBHEHHE BBIPAXCHUE ch? p = w noJiyuuM ypasaenue st {2 (7])
O

" . 12 2
Q"Q(2r+3)=v(Q7+ Q7). 29

2v
52 14
DTO ypaBHEHHE UMEET HHTEerpai: C1 =Q v+ [Q‘Z_ _sz a TakKXXe YacTHbIC pCEIICHUS:
v+3

|4
Q(n)=exp(+an),rze a’= i3 Ipuv=-2 S=1/Q,C,=S?+2S°. B s1om ciyuaeycnosue

nonoxurensroctd €2 > 0 orpannunBaer 061acTh BO3MOXKHBIX 3HAYCHUHN 7] .
U3 (2.6) cnenyeT ypaBHEHHUE:

1 d ,du ) 2
S v =K lw[ p.
p-dp” dp p (2.9)
B ypaBnenuu (2.3) cnenaem 3aMeHy:
iEr .
v, =exp(—7jR(p)exp(|0(p)),

(2.10)

rae E - neiicrutenshas BenmuuHa, R ( p) ) 9( p) - peicrBuTenbHble  QyHKIMU. [lomoxxum

£ 1
= =const = —. MMonyunum cucremy:
S o

2 2
ER =—h—(R"— RO +§R'j+ R[U +;m;p j

2m P 2.11)

2
— 2 (2r0'+R"+2RO')-LR=0. (212)
2m p To

2
Ypasuenue (2.9) (¢ 3aMeHO |l//2| ma R? )u (2.11),(2.12) 06pa3yroT 3aMKHYTYIO CUCTEMY, OMTUCHIBAIOIIYIO

2ht
JMHAMHMKY  CHUCTeMBI.  BMecro O BBenemOe3pa3MepHYIONepeMEeHHYI0 S . O = |OS, |02 = TO.O6OSH3‘H/IM
2
y = g'|0 Vo= 47, U,e= ﬁ VK = K, 47, (%j . Torpna cucrema npuHUMAaeT BU:
h h h m

R"— Ry’ +§ =(V(s)-¢)R-s"R, 213)

2R'y + Ry’+§Ry=—R, (2.14)

dv 2dv  V(s)
—— = — Y —*

=—x;SR?, 2.15
ds> s ds s? ! (212

IpuBeseM peleHye ITOH CUCTEMBI B 4acTHOM ciiydae V = —2. Hcnonbsyem 3ameny V (S) :V1 (S)S, 51

HavabHble ycnosus: R (O) =1R’ (0) =0,V, (0) = l,Vl' (0) = 0. PesynbTaThl npe/icTaBIeHbl Ha pUC.3. Tpu
BpiGope V = —2 TOABIAETCS BO3MOKHOCTb MOJTYHEHHA aHATMTHYECKOTO B HYJIE PelleHns, oHaKo pymiius Q(6)

YIOBJIETBOPSIET YCIOBHIO OJOXHUTEIEHOCTH HE TIpH Beex O B mpoMexxyTke oT 0 110 7.



Hanmonanenas accoumanus yuenoix (HAY) # 85, 2022 63

&5

4

1 3
2]
2]
&l
Puc.3 3asucumocmu V() (1), R(S) (1), y(s) (111)/
Cocrosiaust ¢ MOMeHTOM 1=-1/2
B oTImume OT MpeabIAYyIIEro pasjena pacCMOTPHUM, janee, coydaif, korma L = —% (I= —% )- Kak u B

Tpe/IBILYLEeMPa3/IeNe TIOI0KAM (byHKIMIO /) TIOCPEICTBOM paBeHCTBa |/ ( r, t) =y, (r, t) \'I, mpugem Takxke
Oynem n3y4aTh HECTAlMOHAPHYIO CHCTEMY, OITUCHIBAEMYIO IOTEHIIMAIOM BHIA: | U[ r ] MOJTYYUM:

ety L&

. %__h_z oy, 1oy, 1 r
"X Zm( ot ¥ or j+§(t)zu{g(t)J%(r’t)'

(31)
dt’ r

Honoxum ¥, = Ay,,rne A = exp[

Baegem NEPEMEHHBIC T = J-

2

im &
me?

. MO3xHO NOYYHTh ypaBHEHHE JUI I/, !

ot 2m

Loy, _ I (a% Loy, imp? ¢
, k ;

+U (p)w, + W, —ih2y,.
op" P 0p v 2 2 (3.2)

Ipexcrasum Y/, B BUAE: Y/, = R(p, Z')Y (9, (p), rae Y yIOBJIETBOPSET YPaBHEHUIO:

1 o0 . oY 1 1 0%
_——S|n9———Y+T—2=0.
sing 06 060 4 sin“0op (3.3)

0
Bwmecto nepemenHoii € BBeneM 77 = In (t g (E . Torga ypaBHeHUEe NIPUHUMAET BUJ;

2 2
ot [ 1,20 1y
on® O 4

4
gil?
e—i(plZ

Janee OyneM mpencTaBnatbGynkuuo Y B BUIE CTONONA: : Y = /Q(U) /2( J cootsercTBenno Y -

ATOCTPOKA
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Y=, ,Q(fy) /2 (e“"” el ) 3aBHCHMOCTD IUIOTHOCTH OT YIJIOB onpeaensiercs mponssenennem Y Y

¥ [IPY BHIOPAHHOM IIPE/CTAaBICHUH INIOTHOCTD He 3aBucuT oT yria @& Y'Y =Q) (77)

HpeL[CTaBI/IM NMOTCHIUAJIBUAC TPOU3BCIACHUSA (l)yHKHI/II/I OT paanyca Ha (byHKIII/IIO OT YTJIOBBIX IEPEMECHHBIX,

IMOCKOJIbKY IJIOTHOCTD 3apsijia HEC 3aBUCHUT OT yTIJia Q) , IOTCHIIHAJI VTakke He 3aBUCUT OT (0 V = U (p) A (77) .

Hcnons3ys nepemennyto 7] BMecto @ momydunm:

1 d du U d3A
A(n)_Zd_pz d(p)+ (lzo)Chz(n)(d 2]:Q
p’dp p P n 55)

2
3nmecn Q -IJIOTHOCTh 3apsaa. B ciydae B3auMOJeicTBUS ¢ COOCTBEHHBIM IOJIEM Q=—u|¥ |2: — yM

1
,u -KOHCTaHTa cBsA3u. [lonmHoe oTneneHue (l)yHKI_II/II/I paauyca oT (l)yHKHI/II/I yriia MOXKET OBITh JAOCTUTHYTO, €CJIN

2

2, d°A N
BBHITIONTHEHBI ycnoBus: Ch (77) > = VA (Vv -xoucranta) u ) = A . B nanbHeiimem paccMOTPUM UMEHHO 3TOT

ciydait. U3 (3.4) MOKHO TIOTYYUTh:

ch’n(2Q"Q-Q% -0 )=’

" (36)

IMonyunMm ypaBHEHHE ISt Q(,]) 00" = > d 1(9’2 +0? ) DTO ypaBHEHHE UMEET HHTErPAL:
v
2v

C,=Q 2+ [Q'2+ LQZJ
1-v L(3.7)

VYpapHenue (3.7) onpeaenser 3aBUCUMOCTD IICH-(QYHKLHH H, BMECTE C TeM, OTEHIMAJa OT yria.
U3 (3.5) cnenyer ypaBHEHHE:

2

p-dp” dp p

2 0

1d .du U _ sl
P (38

Hanee, menmas 3aMeHbI MEPEMEHHBIX, KaK B TPEABIIYIIEM pa3jieiie, MOXHO MONYy4YHThb, C HEKOTOPBIMH
HU3MEHEHUSAMH, CHCTEMY. aHAJOTHUYHY0 cucteme (2.13)-(2.15):

!

" 2 E: _ Q2
R™-Ry*+~ (V(s)-¢)R-sR,

(3.9)
!, ! 1
2R'Yy+Ry'+—Ry =R,
S (3.10)
dv 2dv V(s) R’
etV = K —.
ds® s ds S S (311)

Ha puc4 wu puc.5 mnpuBefcHbl pe3ydbTaThl pEMIEHUS JTOH CHCTEMBI.

V =V;s,V,(0)=10,V, (0)=0,x, =1,v=-0.1,R(0)=1,R'(0)=0.

IIpu »s3TOM mnONaransock
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1 > 4 o
4 = 1 |

> | '\w
o L 5

LAE E 3 4
=

Puc.5. 3asucumocms y (S)

Kunernueckast Mozesib cepudecKd CHMMETPHYHOM CUCTEMBbI 3apPsi/I0B
HecrannonapHslil raMIIIbTOHHAH C(HEPUUECKH CHMMETPUIHON CHCTEMBITOYEYHBIX 3apsIOB UIMEET BU:

2
L 1 r
H= &+ >+ — U
2m 2mr® & (t) (&(Y)
(4.1)
3nech pr =mr, L -KBaJparT MOJIHOTO MOMEHTA KOJIMYECTBA JABUKEHUS, f (t) -BCIIOMOTaTeNbHas (yHKIH,
. A
YAOBJIETBOpAIOIIASA YPaBHCHUIO é: = _371 -KOHCTaHTa. I/ICHOHLSyH BBIPAXKCHUEC [JId HECTAIlMOHAPHOT'O

raMuJIbTOHUaHa MOYXHO NOJIYYUTDb BBIPAXKCHUC 11 HHBapUaHTa:

LIPS Y] DL e L
|_2(r§ ré) +U s 2 @t

(4.2)
0 2 A A
PaccMoTpuM ypaBHEHHE TS f(t) nonpoGuee. U3 nero crenyer & —é:o =—?+?.Hanee Oymem
0
1 t dtl
1oJjiarath A=——, a BMECTO t BBEJIEM NEPEMCHHYIO r = | —— Tonyuum:

2

0 ¢(t)

47?
d_§:+ £ 1 £y 1 ~ B npampueiimem paccMaTpuBaeTcs Cllydai, Korja & 1 _o, Ilpu stom
©AnE 4z °
050 0

a wg

r
é(t) = |&2 _l, ;‘(r) =& exp{i l] IMoncrasum B (4.2) T Bmecto U u BBemeM mepemennyro O = E Torga
\/ 7, T

0

WHBapUaHT I MIPUBOJIUTCA K BUAY, AHAJIOTUYHOMY I'AaMUJIbTOHHUAHY:

B (4.3) Touka 03HavaeT NPON3BOHYIO IO 7.
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Mo3kHO, aee, MOCTPOUTh HHTETPal J, , COIPSDKEHHBIN ¢ |, cMOTpHM BEIpaykeHHE :

2 mp'? L
d I-U(p')+ -
p 0P G[m( (#) 82  2mp’? B

J,=—1+ I
2
o 2 mp' L
—|1-U (p’)+ 2 2
m 8z, 2mp
. (4.4)
dJ,
3nece O > Pqy, Py -CTAPTOBAs TOUKA YACTHULEL BEINOTHEHHE paBeHCTBA d_ =0 sBusercss oueBHIHBIM,

T

€CJIM YaCTUILbl ABMXKYTCS OT LIEHTPA, UMCHHO 3TO NPEAIOJIaracTcs B JadbHEHIIIEM.
IInoTHOCTH YacTHUIL BbIpAXKa€TCsA UHTETPAJIOM B (baBOBOM IPOCTPAHCTBE:

n=[ddf (1,9,,L)

(45)
DneMeHT (pazoBoro 06bEMa IPEICTABUM B BHIIE:
M
dd = dq,dg,da, g, =2, dg, =md¥ = d g, =— 9=
v rsing 20 u rr L& M?
=(1-U)+ - -
: m( ) 4&'zg mer? 2yt sin’@

YCpe,I[HeHI/Ie 1o M 0 MNPUBOAUT K BBIPAKCHUIO:

dIde(I,L,J,)o-[ri(I—UF - szzJ

4ty mor
2 r2 L&
S-U)— -2
é\/m( ) 42_552 erZ

B nepemennsix O, T ypaBHenue Ilyaccona mpuHUMaeT BU:

n=27rZZI

2 dIde(I,L,J,)o-[ri(I—U)+ rzzz—"fzz]

47,67 mr

20 _yys L&
)20y L

m 0

1 1.d ,dUu_  dze I
54(r)p2dpp dp  &%(7)p°

(4.6)
OYHKUHMIO PACTIPEICIICHNAS ONPEIEIUM CIEAYIOHM 00pasoM: § _ S(1-15)8(L- Lo)expE_ 1 J, j_Ecnn
27,

BBITIONIHEHO YCIIOBUE . p( ] £ (T.e. paccMoTpuM ciy4aii, koraa & (2') yObIBaer), To B ypaBHeHue [lyaccona
0’

B Kau€CTBE HE3aBUCUMON NIEPEMEHHOM BXOAUT TOJbKO L. Ilpu sTOM ()= |e t Beenmem 0603HaueHUS:
= ’ 2 _—

,_ 2l P U jds'a(l y(s 2—I/s’z)
0

=0
v ,S = Y= A=
° m 20,7, mu? 4m2r§U§ 1-y(s)+s?-1/s"

W3 ypaBnenus Ilyaccona cnenyer
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d ,d
_S —_
ds ds

y(s)=—9u’exp(-u(s)),u’(s)

o(1-y(s)+s* -1 /sz).

J1-y(s)+s?—1/s? .7)

8re’k.

Koncranta @ onpezensiercst napameTpamu 3ajiaun- Ki, M, Uy, 7, usapsgom €1 §=———¢,.

Cuctema (4.7) unrerpupyercsi:

SZ%y(s):9exp(—u(s))+Cl,u'(s)

2
mu;

_ o(1-y(s)+s*-1/s?)
\/1—y(s)+52—l /st

(4.8)

Orta cucTema pelanach Ipu clieyomux ycnosusx: C, =—1y (0) =0,u (O) =0,1=1,9=1.

251

2_

151

-

1|

Puc.6 Pewenue cucmemvt (4.8). Kpusas I-nomenyuan y(s), kpusas Il -¢pynxyus u(s),

-u(s)
kpusas IlI- nonnwlii 3aps0 enympu cghepuvl paouyca s ( € _1).

CrnetyeT OTMETUTb, YTO HOJIHBIH 3apsJl CryCTKa NIpH S —> 00 OCTAeTCsl KOHEUHbIM (8™ —1— —1).

3aKIIroueHue
Takum oOpa3oM, B paboTe HaWICHBI YacCTHBIC
pelieHnss  MOJCTBHBIX  HECTAllMOHAPHBIX  3ajad,

XapaKTCPpU3yCMbIX HCHYJICBbIM momeHToM.Ilokazana

BO3MOXHOCTb MIOCTPOEHHUS ncH-(QYHKIHH,
mpuBOAAmIe K cephHueckd  CUMMETPUUIHOM
miotHocTr 3apsiza npu | =1 Tlpul =+ E TOJTYYEHBI
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3HA4YCHUAX aBTOMOI[eJ'[BHOﬁ HepeMeHHOﬁ.
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