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THE INFLUENCE OF ORGANIZATIONAL CULTURE AND WORK
DISCIPLINE ON NURSES' ORGANIZATIONAL CITIZENSHIP
BEHAVIOR AT ARIFIN ACHMAD REGIONAL HOSPITAL

Abstract: Organizational Citizenship Behavior (OCB) is a valuable managerial tool for organizations, having
a positive effect on individual, group and organizational performance if managed correctly, this is the background
to this research. Application Organizational culture and effective work discipline are supporting
factorsOrganizational Citizenship Behavior. This study aims to determine The Influence of Organizational Culture
and Work Discipline on Organizational Citizenship Behavior (Case Study: Arifin Achmad Hospital, Surgical Nursing
Department). The method used in this research is quantitative, with the data source in this research coming from
primary data obtained through the process of distributing questionnaires which were then tested statistically using
the SPSS program and secondary data using data regarding the number of nurses, the number and field of work of
nurses and the application of work discipline of nurses at the Surgical Installation at Arifin Achmad Regional
Hospital in 2018-2022. The analytical method used in this research is simple and multiple regression analysis, and
through validity and reliability tests. In this research, the results obtained are that Organizational Culture (X1) has
a positive effect on Organizational Citizenship Behavior (Y), Work Discipline (X2) has a positive effect on
Organizational Citizenship Behavior (Y) and Organizational Culture (X1) and Work Discipline (X2) have an effect
positive towards Organizational Citizenship Behavior (Y) (Case Study: Arifin Achmad Hospital, Surgical Nursing
Department).
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Introduction factors that can influence performance are work

Organizations are systems and human activities discipline and organizational culture.
that work together. Therefore, the organization hopes Hospitals are one of the public service
that employees can excel and be able to create institutions that are at the forefront of public health
conducive situations and conditions. For every person development. Making the demand for good service a
who works or in a work group, performance is always necessity that must be implemented for public
expected to be of good quality and quantity. Many services. One of the hospitals owned by the Riau
factors can influence employee performance. regional government which is a center for public
According to Setiyawan and Waridin (2006:181-198), health services is Arifin Achmad Hospital.

*
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Basically, work discipline is always expected to
be a characteristic of every human resource in an
organization, because with discipline the organization
will run well and can achieve its goals well too. (Budi
& Waridin, 2006, p. 189). Organizational culture is a
form of assumptions held, accepted implicitly by a
group and determines how the group feels, thinks and
reacts to its diverse environment.(Kreitner & Kinicki,
2005, p. 79).

As a health service provider, RSUD Arifin
Achmad is obliged to provide one of the spearheads of

providing services directly to patients. One of them is
through services carried out by nurses as the
spearhead of providing services directly to patients
who are expected to have good performance. The
success of health services depends on the participation
of nurses in providing quality nursing care for
patients. Based on 2021 human resources data, Arifin
Achmad Hospital has 662 nurses (Arifin Achmad
Hospital, 2023).

Table 1.1. Application of Work Discipline to Edelwis Surgical Nurses at Arifin Achmad Regional Hospital

2018-2022
Number of Information

Year Employees Late Roll call Total Percent
2018 34 6 0 7.35 %
2019 34 11 0 13.48 %
2020 28 4 0 5.95%
2021 29 9 0 12.93 %
2022 30 9 0 12.50 %

Source: Arifin Achmad Regional Hospital, 2023

Based on the tablel.1 above, it is known that
there were violations in the application of surgical
nurse discipline at Arifin Achmad Regional Hospital
which experienced increases and decreases from 2018
to 2022. Where the largest disciplinary violations
occurred in 2019 as many as 11 people were late or
equal to (13.48%) regarding the level of violations the
lowest occurred in 2020 as many as 4 people (5.95%).

These results show that there is inappropriate
disciplinary behavior from surgical nurses at Arifin
Achmad Regional Hospital. Therefore, it is important
for surgical nurses at Arifin Achmad Regional
Hospital to understand the mechanism of Standard
Operating Procedures for implementing discipline
that has been established, as described in the table
below:

Table 1.2. Violations of Work Discipline for Surgical Nurses at Arifin Achmad Regional Hospital 2018-2022

Alpha Average Late
Number of | Weekday/ | Average/ g Work Number of
Year Entry/ Day/ . L
Nurses Year Day/ Yy Negligence Violations
ear
Year
2018 34 246 0 6 0 6
2019 34 246 0 11 0 11
2020 28 246 0 4 0 4
2021 29 246 0 9 0 9
2022 30 246 0 9 0 9

Source: Arifin Achmad Regional Hospital, 2023.

Based on Table 1.2 above, it can be seen that the
level of work discipline violations of surgical
installation nurses at Arifin Achmad Regional
Hospital based on the last five years has fluctuated.
The results of the pre-survey in the field found several
phenomena that showed evidence that there were still
indications of a decline in the work discipline of
surgical installation nurses at Arifin Achmad Regional
Hospital, including:

There are still several nurses who come in not
on time according to the work shift schedule.

There are still several nurses who are out
during office hours.

There are still several nurses who go home
not according to the work shift schedule.

Based on the background of the problem above,
the problem formulation in this research is:
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1. How does organizational culture influence
Organizational Citizenship Behavior surgical nurse at
Arifin Achmad Regional Hospital?

2. How does disciplinary culture influence
Organizational Citizenship Behavior surgical nurse at
Arifin Achmad Regional Hospital?

3. What is the influence of organizational
culture and work discipline on Organizational
Citizenship Behavior of surgical nurses at Arifin
Achmad Regional Hospital?

LITERATURE REVIEW

Organizational culture

According to Kreitner and Kinicki (2005),
organizational culture is a form of assumptions held,
accepted implicitly by a group and determines how the
group feels, thinks and reacts to its diverse
environment. As for Munandar (2012) explains that
organizational culture is the way of thinking, the way
of working and the way of behavior of employees of a
company in carrying out their respective work tasks.

Organizational culture has a significant
influence on employee performance. According to
Herdiany (2015) organizational culture has a positive
and significant effect on employee performance. This
means that organizational culture also determines the
high and low levels of employee performance.

Work Discipline

According to Saydam (2005) work discipline is
a person's willingness and willingness to obey and
comply with all regulatory norms that apply around
them.

Meanwhile, Siswanto Sastrohadiwiryo's (2003)
definition of work discipline can be defined as an
attitude of respect, respect, obedience and obedience
to applicable regulations, both written and unwritten,

Organizational
Culture

as well as being able to carry them out and not
avoiding receiving sanctions if they violate them.
duties and authority given to him

According to Rivai (2005), work discipline has
several indicators, namely:
Presence
Compliance with work regulations
Adherence to work standards
High level of alertness
Work ethically

arwnE

Organizational Citizenship Behavior (OCB)

Organizational Citizenship Behavior (OCB) is
employee behavior that is carried out voluntarily, is
not directly or indirectly related to the reward system
and overall can support the effectiveness and
efficiency of the organization (Organ, 1988 in
Alotaibi, 2003: 371). According to Luthans (2005),
the personality basis for OCB reflects the
characteristics of employees who are cooperative,
helpful, caring and serious..

Organizational citizenship behavior also defined
as individual behavior that is functional, pro-social,
extra-role which is directed or aimed at individuals,
groups and/or organizations (Schnake, 1991 in
Alotaibi, 2003: 373). Likewise, the definition of OCB
according to Appelabaum et al. (2004), namely as
employee behavior that is carried out freely which is
not included in the employee's job requirements,
however this behavior increases the effectiveness of
organizational functions. Meanwhile, the definition of
OCB according to Robbins (2006: 364) is chosen
behavior that is not part of formal work obligations,
but supports the effective functioning of the
organization.

Research Framework

x1) (H1)
Organizational
Citizenship
Behaviour
o (Y)
Work Discipline
(xz) (HZ)
(H3)
Figure 1. Research Framework
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Research Hypothesis

Based on the background of the problem and the
theoretical basis that has been put forward, the
hypothesis for this research is as follows:

a. H1 :It is suspected that organizational
culture has a partial influence on Organizational
Citizenship Behavior (OCB) of nurses in the Surgical
Installation section at Arifin Achmad Hospital
Pekanbaru.

b. H2 :ltis suspected that work discipline has
a partial effect on the Organizational Citizenship
Behavior (OCB) of nurses in the Surgical Installation
section at Arifin Achmad Hospital Pekanbaru.

c. H3 :It is suspected that organizational
culture and work discipline simultaneously influence
the Organizational Citizenship Behavior (OCB) of
nurses in the Surgical Installation section at Arifin
Achmad Hospital Pekanbaru.

RESEARCH METHODS

This research was conducted in Surgical
Installation at Arifin Achmad Hospital Pekanbaru.
The research method used to guide researchers is a
quantitative research method. According to Hair et al.
(2003), a quantitative approach is an approach that
focuses more on measurement and sampling methods
because it uses a deductive way of thinking that
emphasizes detailed priorities in data collection and
analysis. The deductive model shows that the thinking
developed in research is based on general patterns,
which then lead to more specific patterns (Prasetya &
Jannah, 2005). The deductive nature indicates that
research begins with a theory and then, so to speak, a
concept. Next, it is formulated with assumptions. The
aim of this method is to show relationships between
variables, test the relevance of a theory, and obtain
generalizations with predictive power. The population
in this study were surgical installation nurses at Arifin
Achmad Regional Hospital.This research uses Non
Probability Sampling techniques with the Purposive
Sampling method. Where researchers deliberately use
their own judgment in selecting population members
who are considered appropriate in providing the
information needed for research (Sugiyono,
2010:218-219). In this study, researchers took
samples from surgical nurses at Arifin Achmad
Regional Hospital.

RESEARCH RESULTS AND DISCUSSION

Data Instrument Test

1. Validity test

From the validity test it is knownrcount > rtalbel
0.361, so that all statement items on the variables
organizational culture, work discipline, and
organizational citizenship behavior are declared valid
and can be used in research.

2. Reliability Test

Based on the results of the reliability test show
that the organizational culture variable (X1), the work
discipline variable (X2) and the organizational
citizenship behavior variable (), have a Cronbach's
alpha value > 0.600. So, it can be concluded that the
answers to the statements for variables X1, X2 and Y
have met the criteria values and can be declared
reliable and suitable for use in research.

Classic Assumption Test

1. Normality Test

Fromnormality test results are said to be normal.
The significance value is to see whether the data is
normal or not, namely if the sig level is > 0.05 it can
be interpreted as normal and conversely if the sig level
< 0.05 it can be interpreted as abnormal. In table 5.3 it
can be assessed that the significant value is 0.990 >
0.05 and from these results it can be said that the data
above has a normal distribution.

2. Multicollinearity Test

Based on the results of the multicollinearity test
said that there was no multicollinearity. This happens
if the tolerance value is > 0.10, then multicollinearity
does not occur. If the VIF value is <10.00, then
multicollinearity does not occur. And if you look at
the tolerance value, it is 0.654 > 0.10 and the VIF
value is 1.530 < 10.00, which means there is no
multicollinearity.

3. Heteroscedasticity Test

Based onthe results of the heteroscedasticity test
are said to have no heteroscedasticity. This happens
because the Sig value is > 0.05, so there is no
heteroscedasticity. It can be seen that the
organizational culture variable has a significant value
of 0.755 > 0.05 and the work discipline variable has a
significant value of 0.395 > 0.05, therefore this
research model is said to have no heteroscedasticity.

Test Data Analysis

1. Simple Linear Regression Analysis

The results of the simple linear regression
analysis test with a constant value () of 9.409 and a
regression coefficient for the organizational culture
variable of 0.421. Through the results of a simple
linear regression test, a regression equation was
obtained to understand the contribution of
organizational culture variables to the Organizational
Citizenship Behavior variable.a

2. Simple Coefficient of Determination Test
(R?)

Coefficient of determination test resultssimple
(R2) obtained the obtained value is 0.418, which
means the contribution of the influence of
organizational culture variables to organizational
citizenship behavior (Case Study: Arifin Achmad
Hospital, Surgical Nursing Department) ais 42%
while the remaining 58% is influenced by other
variables not included in this regression model.
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Simultaneous Test (F Test)

From results Simultaneous test results obtained
calculated F test results 0f14,255with a significance
value of 0.000. It is known that the F table value can
use the equation for degrees of freedom (df) with the
following formula:

Ftable =k ;

nk=(2;28)

Where:

n = number of respondents

k = number of independent variables

So the F table obtained is 3.34.

Hypothesis test

The organizational culture and work discipline
variables have an F count 0f14,255> F table 3.09 and
sig 0.000 < 0.05, which means Ha is accepted and Ho
is rejected. From the results of this research, it can be
concluded that the hypothesis states "it is suspected
that organizational culture and work discipline
influence organizational citizenship behavior (Case
Study: Arifin Achmad Hospital, Surgical Nursing
Department)" acceptable.

Discussion

1. The Influence of Organizational Culture
on Organizational Citizenship Behavior

The results of research conducted on
organizational culture variables on Organizational
Citizenship Behavior shows that the organizational
culture variable has a t-count value of 4.482 > ttable
1.701 and sig 0.000 < 0.05. This means proving that
organizational culture influences organizational
citizenship behavior. So with these results, the first
hypothesis in this research reads "it is suspected that
organizational culture has an influence on
organizational citizenship behavior (Case Study:
Arifin ~ Achmad Hospital, Surgical Nursing
Department)" acceptable.

2. The Influence of Work Discipline on
Organizational Citizenship Behavior

The results of research conducted on the work
discipline variable on Organizational Citizenship
Behavior show that the work discipline variable has a
t-count value of 4,301> ttable 1.701 and sig 0.000 <
0.05, which means Ha is accepted and Ho is rejected.
From the results of this research, it can be concluded
that the hypothesis which states "it is suspected that
work discipline has an influence on Organizational
Citizenship Behavior (Case Study: Arifin Achmad
Hospital, Surgical Nursing Department)" acceptable.

3. The influence of organizational culture
and work discipline on Organizational Citizenship
Behavior

The results of research conducted on
organizational culture and work discipline variables
have an F count of 14,225> F table 3.34 and sig 0.000

< 0.05, which means that the variables of
organizational culture and work discipline influence
simultaneouslyon organizational citizenship behavior.
From the results of this research, it can be concluded
that the hypothesis which states "is suspected that
organizational culture and work discipline have an
influence." on organizational citizenship behavior
(Case Study: Arifin Achmad Hospital, Surgical
Nursing Department)" acceptable.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion

Based on the results of research on surgical
nurses at Arifin Regional HospitalAhmadPekanbaru
regarding "The Influence of Organizational Culture
and Work Discipline on Organizational Behavior at
Arifin Achmad Regional Hospital Pekanbaru®, the
following conclusions are obtained:

1. Partially, it can be seen that the hypothesis
which states "it is suspected that organizational
culture has an influence on Organizational Behavior
at Arifin Achmad Hospital Pekanbaru” is accepted.
This condition indicates that the higher the
organizational culture that is implemented, the better
the Organizational Behavior will be.

2. Partially, it can be seen that the hypothesis
reads "it is suspected that work discipline has an
influence on Organizational Behavior at Arifin
Achmad Regional Hospital* accepted. This condition
indicates that the higher the work discipline applied,
the better the Organizational Behavior will be.

3. Simultaneously, it can be seen that the
hypothesis reads "it is suspected that organizational
culture and work discipline have an influence on
Organizational Behavior at Arifin Achmad Regional
Hospital* accepted. This condition indicates that the
higher the organizational culture and work discipline
applied, the better the Organizational Behavior will
be.

Suggestion

From the research results and conclusions
previously explained, the author provides the
following suggestions:

1. From the results of the partial test (t test),
it was found that organizational culture influences
Organizational Behavior. Therefore, companies are
expected to be able to improve and maintain a good
organizational culture in order to form good
organizational behavior.

2. From the results of the partial test (t test),
it was found that work discipline influences
Organizational Behavior. Therefore, companies are
expected to be able to improve good work discipline
in order to form good organizational behavior as well.

3. From the results of the simultaneous test (f
test), it was found that organizational culture and work
discipline influence  Organizational Behavior.
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Therefore, companies are expected to be able to carry
out regular evaluations and improvements and
examine  various  problems arising  from

Organizational Behavior variables which influence
the achievement of company goals.
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Abstract: Saba senegalensis is a plant commonly used in traditional medicine in Korhogo (Céte d’Ivoire) for
treating diabetes and renal failure. This study is based on phytochemical screening and evaluation of the antioxidant
activity of aqueous, hydroethanolic, and ethanolic extracts of S. senegalensis leaves and stem bark. Phytochemical
screening of secondary metabolites using thin-layer chromatography (TLC) revealed the presence of flavonoids,
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tannins, phenolic acids, saponins, sterols, and terpenes in the plant’s leaf and stem extracts. Coumarins were found
only in the leaves, while alkaloids were absent from both organs studied. Antioxidant activity was highlighted in both
organs by qualitative and quantitative methods with respect to the DPPH free radical. Quantitative
spectrophotometric analysis showed that both leaves and stems possess antioxidant activity. The antioxidant activity
of leaves was better than that of stems. Thus, the plant’s leaves and stems could be used as antioxidants capable of

preventing and/or treating diseases linked to oxidative stress.
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Introduction

Humans are confronted with several diseases
that constitute public health problems and whose
treatments are proving increasingly complicated [1].
These public health problems include oxidative stress-
related diseases such as cancer, cataracts, diabetes,
Alzheimer’s disease, rheumatism, cardiovascular
disease, and accelerated skin aging [2, 3]. However,
synthetic antioxidants are available for some
treatments, but some are now responsible for
undesirable effects on the body [4]. Moreover, access
to conventional medicine remains problematic, on the
one hand, because of the inadequacy of specialized
health structures and qualified personnel, and the
difficulty of transporting patients from rural areas to
health centers in urban areas, and on the other because
of the very high cost of certain treatments and the
resistance of certain pathogens. Faced with this
alarming situation, other treatment options are
imperative. It is in this context that this study focuses
on Saba senegalensis. Today, these plants are the
subject of massive chemical and biological studies for
their possible use as an alternative for protection
against oxidation [5, 6]. This work aims to justify or
refute the use of Saba senegalensis leaves and stems
as antioxidants capable of preventing or treating
diseases linked to oxidative stress.

I. MATERIAL AND METHODS

Doi: éros¥®f https://dx.doi.org/10.15863/TAS.2023.09.125.35

INSTRUMENT SI-234), a water bath (Neo-Tech SA),
a hot plate (Rommelshcher), a drying oven
(Memmert), and a spectrophotometer (JENWAY
7315).

1.1.3. Reagents and chemical products

The analytical-grade chemicals used were
purchased from Polychimie (Céte d’Ivoire). For Thin
Layer Chromatography (TLC) tests, we used silica gel
60 F254 chromatoplates on aluminium support. The
developers and reagents used were 2% FeCls, 5%
KOH, 1% AICI;, sulfuric vanillin, Dragendorff
reagent, and DPPH.

1.2. Methods

1.2.1. Extractions

1.2.1.1. Aqueous extracts

A mass of 7 g of powder from each organ was
decocted in 70 mL of distilled water for 30 minutes at
a temperature of 100 °C. After filtration, the different
filtrates were placed in an oven at 50 °C for three (3)
days. The wvarious dry aqueous extracts of S.
senegalensis obtained were used to assess antioxidant
activity by spectrophotometry.

1.2.1.2. Ethanolic extracts

A mass of 7 g of powder from each organ (leaves
and stem bark) of S. senegalensis was macerated in 70
mL of ethanol for 24 hours. After filtration, the
different filtrates were placed in an oven at 50 °C for
two (2) days to provide the ethanolic crude extracts.
These extracts were then used to assess antioxidant

I.1. Material activity by spectrophotometry.
1.1.1. Plant material 1.2.1.3. Hydroethanolics extracts
The plant material consisted of Saba A mass of 7 g of each organ powder was

senegalensis leaves and stem bark. The various organs
were collected in October 2022 in Korhogo (9° 27
28” North, 5° 37 46” West). The various plant species
were authenticated by botanists at Peleforo GON
COULIBLY University. The various plant organs
were dried for ten (10) days in a room at room
temperature, away from the sun. Finally, these dried
organs were pounded in a mortar and sieved to obtain
fine powders, which were used to prepare the different
extracts to be tested.

1.1.2. Laboratory materials and equipment

Laboratory equipment includes the usual
glassware, an electronic balance (DENVER

macerated in 70 mL of binary ethanol/water mixture
(80 mL/20 mL) for 24 hours. After filtration, the
macerates were placed in an oven at 50 °C for two
hours to remove the ethanol. The extract obtained for
each organ is kept for 24 hours in the refrigerator at
4°C to precipitate lipophilic compounds. After
decantation and filtration, a quantity of these extracts
was completely dried in an oven at 50 °C for two (2)
days, and these crude hydroethanolic extracts were
used to assess antioxidant activity by
spectrophotometry. The other quantity was used to
prepare the selective extracts.
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1.2.1.4. Selective Extracts

A volume of 15 mL of each filtrate from the
hydro-ethanol mixture of S. senegalensis leaves and
stem bark was exhausted by successive fractionations
with (3 x 10 mL) hexane (C¢H14), dichloromethane
(CH:CI,) and ethyl acetate (AcOEt). The various
selective organic fractions were then concentrated in
an oven at 50 °C. These concentrates were then used
for phytochemical screening by TLC and evaluation
of antioxidant activity on TLC plates.

1.2.2. Phytochemical screening on TLC plates

Secondary metabolites (sterols-polyterpenes,
alkaloids, coumarins, flavonoids, tannins, and
phenolic acids) were identified using TLC plate tests.
TLC screening of selective extracts was carried out
using the methods described by Mamyrbékova-Békro
etal. [7].

Using capillaries, 2 pL of each selective extract
is deposited as a dot 0.5 cm from both edges of the
chromatographic plate. The TLC plates are then
placed in the migration tank containing the migration
solvents (developer).

After development, chromatograms were
visualized with visible and UV 365 nm developers.
Colorations appearing as spots are recorded, and front
ratios (Rf) are calculated.

1.2.3. Estimation of antioxidant power

1.2.3.1. DPPH screening of selective extracts
by TLC

The antioxidant power evaluation by TLC used
is that developed by the method described by Takao et
al. [8].

A 10 pL volume of each plant extract solution is
deposited on a chromatoplate (silica gel 60 F254, on
aluminium support (Merck)), which is then placed in
a chromatography tank saturated with migration
solvent. After development, chromatograms are dried
and then developed with an ethanolic solution of
DPPH (0.2 mg/mL). After 30 minutes of optimal time,
extract constituents with potential free radical
scavenging activity are revealed as pale-yellow spots
on a violet background. The frontal ratios (Rf)
associated with the yellow spots are calculated.

1.2.3.2. Assessment of antioxidant activity of
aqueous, ethanolic, and hydroethanolic extracts
and vitamin C by DPPH spectrophotometry

The antioxidant potential of the extracts was
assessed using the Blois method [9].

DPPH is solubilized in absolute ethanol to obtain
a solution with a 0.3 mg/mL concentration. Each
extract has different concentration ranges (2 mg/mL,
1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.125 mg/mL, and
0.0625 mg/mL) prepared in absolute ethanol. 2.5 mL
plant extract and 1 mL DPPH ethanolic solution are
added to dry, sterile tubes. After shaking, the tubes are
placed in a dark place for 30 minutes. The absorbance
of the mixture is then measured at 517 nm against a
blank consisting of 2.5 mL pure absolute ethanol and
1 mL DPPH solution. The positive reference control,
ascorbic acid (vitamin C), was treated under the same
conditions as the plant extracts. DPPH inhibition
percentages are calculated according to the formula:

1(%) = (Ab - Ae) / Ap x 100

I: inhibition percentage

Av: absorbance of blank

Ae: absorbance of sample

The concentrations required to trap 50% (IC50)
of DPPH are determined from the graphs showing the
percentage inhibition of DPPH as a function of
extracts or vitamin C concentrations.

1.2.4. Statistical analysis

Analyses of the measurements obtained during
the various manipulations were done using EXCEL
2021 software (version 16.0). It was used to plot the
various diagrams used to determine the 1Cso parameter
for each extract.

Il. RESULTS AND DISCUSSION

11.1. Results

11.1.1. Yields

The various extractions were carried out by
decoction with water and maceration with ethanol and
a water/ethanol mixture on Saba senegalensis leaf and
stem bark powders. Yields based on the dry weight of
the various plant powders were calculated using the
following formula:

Extraction yield = (extracted mass/sample mass)
*100, and the results obtained were recorded in Table
1. Yield values ranged from 35.10 +3.94% to 49.00
+2.76%.

Table 1. Yields of various Saba senegalensis leaf and stem extracts

SSF Aq SSF Et SSF H-Et
R1 40.57 41.00 49.00 47.14 50.29 49.00
R2 46.43 34.29 45.87 50.00 51.86 42.45
R3 46.14 30.00 43.22 42.29 44.86 47.73

Rmoy  44.38+2.54 35.10 +£3.94 46.03 £1.98

46.48 £2.79 49.00 £2.76 46.39 £2.63
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R1:yield 1; R2: yield 2; R3: yield 3; Rmoy: average yield; SS: Saba senegalensis; F: leaf; T: stem; Ag: Aqueous;
Et: ethanol; H-Et: hydro-ethanol

11.1.2. Phytochemical screening by TLC - The same migration solvents were used to assess
Identification of the various secondary antioxidant potential by TLC.

metabolites was carried out using the following

migration or developing solvents: The various target metabolites were investigated

- Hexane (CeHis) / ethyl acetate (AcOEt) (5 : in hexanolic, dichloromethane, and acetate-ethyl
0,375; V/V) for hexane extracts; extracts of Saba senegalensis leaves and stems. The

- Dichloromethane (CH:Cl;) / ethyl acetate results obtained are presented in Tables 2 to 6. The
(AcOEt) / hexane (CgHia) (2 : 2 : 1; VIVIV); various tables provide information on the retention
CHCI/AcOEY Cg His (3:4:2) (VIVIV) and factor (Rf), visible and ultraviolet (UV) observation
CH,CI2/AcOEt CH3COOH (1: 3,5: 1) (VIVIV) of the various stains. The reagents: vanillin sulfuric
for dichloromethane extracts ; acid, Draggendorff, KOH, AICI; and FeCl; were

- CHCI/AcOEY Cs His (3 :4 :2) (VIVIV) and used to identify seven groups of secondary
CH,CIo/AcOEt CH3COOH (1: 3,5:1) (VIVIV) metabolites: (sterols, terpenes), alkaloids, coumarins,
for acetate-ethyl extracts; flavonoids, and (tannins, phenolic acids).

Table 2. Visible detection of sterols and terpenes in CeHi4/AcCOETt (5: 0.375) (V/V/V) developer from hexane

extracts
Extracts Rt (Color): Possible compounds
SSE H-Et 0.89 (purple): terpene; 0.76 (blue): sterol; 0.74 (blue): sterol; 0.6 (blue): sterol; 0.49 (blue):
(Hexane) sterol; 0.43 (blue): sterol; 0.31 (blue): sterol; 0.25 (blue): sterol; 0.21 (blue): sterol; 0.18

(blue): sterol; 0.15 (blue): sterol; 0.09 (blue): sterol; 0.05 (blue): sterol; 00 (blue): sterol

SST H-Et 0.83 (purple): terpene; 0.7 (blue): sterol; 0.61 (blue): sterol; 0.56 (blue): sterol: 0.53 (blue):
sterol; 0.49 (blue): sterol; 0.38 (blue): sterol; 0.29 (blue): sterol; 0.15 (blue): sterol; 0.14
(Hexane) (blue): sterol; 0.08 (blue): sterol; 00 (rose): terpene

Table 3. Visible detection of alkaloids in CH2Cl2/AcOEY/CeHaa (2: 2: 1) (V/VIV) developer from visible
dichloromethane (CH:Cl.) extracts

Extracts R (Color): Possible compounds

SSF H-Et (CH,Cl) No alkaloid identified
 ________________________________________________________________________________________________________________________________________|]

SST H-Et (CH2CI) No alkaloid identified

Table 4. Visible (a) and UV (b) detection of coumarins in CH2Cl2/AcOEt/CeHua (2: 2: 1) (VIVIV) developer
from dichloromethane extracts CH»Cl2)

Extracts R (Color): Possible compounds
SSF H-Et a by. . ay- o by i
(CH:Cl) 0.9 (YYellow?. blue®): coumarin; 0.78 (Yellow?®): coumarin; 00 (Yellow®): coumarin
. __________________________________________________________________________________________________________________|]
SST H-Et
No coumarin identified®®
(CH2Cl)

Table 5. Visible (a) and UV (b) detection of flavonoids in CH2Cl2/AcOEY/CeHua (3:4:2) (V/IV/IV) developer
from dichloromethane (CH2Cl;) and acetate-ethyl (AcOEL) extracts

SSF H-Et 0.98 (greend): flavonoid; 0.8 (Yellow?®?): flavonoid; 0.7 (Yellow?®): flavonoid; 0.63 (Yellow?®P):
(CH.Cl,) flavonoid; 0.58 (Yellow®?): flavonoid; 0.54 (Yellow®. Blue®): flavonoid; 0.39 (Blue®):
Extracts R (Color): Possible compounds
~ .
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flavonoid; 0.35 (Yellow?): flavonoid; 0.24 (Blue®): flavonoid; 0.13 (Yellow?): flavonoid; 00

SYeIIow”z: flavonoid.

SST H-Et

0.9 (Blue®): flavonoid; 0.79 (Blue®): flavonoid; 0.68 (Blue®): flavonoid; 0.5 (Yellow?. Blue®):

flavonoid; 0.4 (Blue®): flavonoid; 0.28 (Yellow?. Blue®): flavonoid; 0.20 (BlueP): flavonoid;

CH:Cl;

0.15 (Yellow?): flavonoid; 00 (Yellow®): flavonoid.

0.86 (Blue®): flavonoid; 0.81 (Yellow?): flavonoid; 0.75 (Yellow®): flavonoid; 0.71 (Yellow?):

SSF H-Et
(ACOEY)

SST H-Et

: flavonoid; 00 (Yellow®

flavonoid; 0.65 (Yellow®): flavonoid; 0.6 (Yellow??): flavonoid; 0.46 (Yellow®): flavonoid; 0.38
(Yellow?): flavonoid; 0.36 (Yellow?): flavonoid; 0.25 (Yellow?®): flavonoid; 0.23 (Yellow®):
flavonoid; 0.13 (Yellow??

: flavonoid.

0.95 (Blue®) : flavonoid; 0.74 (Blue®): flavonoid; 0.45 (Yellow? Blue®): flavonoid; 0.25

(ACOEt)

(Yellow?): flavonoid; 0.18 (Blue®): flavonoid; 0.08 (Yellow?): flavonoid.

Table 6. Visible detection of tannins and phenolic acids in CH2Cl> / AcOEt / CH3COOH (1: 3,5:1) (V/VIV)
developer from dichloromethane (CH2Cl2) and acetate-ethyl (AcOEt) extracts.

Extracts

SSF H-Et
(CH2ClIy)

R¢ (Color): Possible compounds

0.96 (green): phenolic acid; 0.65 (green): phenolic acid; 0.56 (grey): tannin; 0.49 (grey):
tannin.

SST H-Et

0.9 (green): phenolic acid; 0.68 (grey): tannin; 0.49 (grey): tannin.

(CH2Cl2)

SSF H-Et
(AcOEt)

0.68 (green): phenolic acid; 0.6 (grey): tannin; 0.55 (grey): tannin; 0.46 (grey): tannin; 0.36
(grey): tannin; 0.26 (grey): tannin; 0.19 (grey): tannin; 0.09 (grey): tannin.

SST H-Et

0.9 (green): phenolic acid; 0.69 (grey): tannin; 0.42 (grey): tannin; 0.31 (grey): tannin; 0.2

(ACOEt)

(grey): tannin; 0.11 (grey): tannin; 00 (grey): tannin.

The summary results of phytochemical screening
on TLC plates of the various secondary metabolites of
Saba senegalensis leaf and stem extracts are given in
Table 7. Both organs were found to contain sterols,

terpenes, flavonoids, tannins, and phenolic acids.
However, only the leaves contain coumarins, while
alkaloids are absent in both plant organs.

Table 7. Summary table of phytochemical screening of secondary metabolites

Sterols
SSF +
SST +

Terpenes

Alkaloids

- +

Coumarins

Flavonoids Phenolics acids Tannins
+ + +
+ + +

Presence (+) ; absence (-)

11.1.3. Evaluation of antioxidant activity
11.1.3.1. Evaluation of antioxidant activity by

TLC

Analysis of the hexanolic, dichloromethane, and
acetate-ethyl extracts of the two organs studied
revealed the appearance of pale-yellow spots on a

violet background, and the values of their frontal
ratios (Rf) have been recorded in tables 8, 9, 10, and
11. It can thus be concluded that all these extracts
contain significant antioxidant activity in view of the
high number of pale-yellow spots observed.
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Table 8. DPPH radical scavenging phytocompounds in CsH1s/AcOEt (5 : 0.375) (V/V/V) developer from
hexane extracts

Extracts R¢ (Color): Possible compounds

SSF H-Et 0.89 (yellow): terpene; 0.25 (yellow): sterol; 0.09 (yellow): sterol; 0.00 (yellow): sterol.

SHexanez

SST H-Et
0.99 (yellow): NI; 0.9 (yellow): NI; 0.83 (yellow): terpene; 0.38 (yellow): sterol; 0.29

ellow): sterol; 0.08 (yellow): sterol; 0.00 (yellow): terpene.
(Hexane) (yellow) (vellow) (vellow): terp

NI: unidentified compound

Table 9. DPPH radical scavenging phytocompounds in CH2Cl2/AcOEY/ CsHua (2 : 2 : 1) (V/IVIV) developer
from dichloromethane extracts (CH:Clz)

Extracts R (Color): Possible compounds

0.98 (yellow): NI; 0.9 (yellow): coumarin; 0.85 (yellow): NI; 0.78 (yellow): coumarin; 0.69
SSF H-Et (yellow): NI; 0.61 (yellow): NI; 0.54 (yellow): NI; 0.48 (yellow): NI; 0.4 (yellow): NI; 0.35
(CHCIp) (yellow): NI; 0.28 (yellow): NI; 0.2 (yellow): NI; 0.16 (yellow): NI; 0.1 (yellow): NI; 00

ellow): coumarin.

0.98 (yellow): NI; 0.93 (yellow): NI; 0.85 (yellow): NI; 0.79 (yellow): NI; 0.71 (yellow): NI;
0.71 (yellow); 0.66 (yellow): NI; 0.59 (yellow): NI; 0.55 (yellow): NI; 0.55 (yellow): NI; 0.48
(CH:Cl) (yeIIow)E NI.; 0.4 (yellow).: NI_; 0.35 (yelloyv): NI; 0.28 (yellow): NI; 0.21 (yellow): NI; 0.15
(yellow): NI; 0.1 (yellow): NI; 00 (yellow): NI.
NI: unidentified compound

SST H-Et

Table 10. DPPH radical scavenging phytocompounds in CH2Cl2/ AcOEt/ CeHa4 (3 :4 :2) (V/V/IV) developer
from dichloromethane (CH2Clz) and acetate-ethyl (AcOEt) extracts

Extracts R¢ (Color): Possible compounds

0.98 (yellow): flavonoid; 0.8 (yellow): flavonoid; 0.7 (yellow): flavonoid; 0.69 (yellow): NI;
0.63 (yellow): flavonoid; 0.54 (yellow): flavonoid; 0.39 (yellow): flavonoid; 0.24 (yellow):
flavonoid; 0.13 (yellow): flavonoid; 0.1 (yellow): NI; 0.06 (yellow): NI; 00 (yellow): flavonoid.

SSF H-Et
(CH:ClIy)

SST H-Et 0.94 (yellow): NI; 0.9 (yellow): flavonoid; 0.79 (yellow): flavonoid; 0.68 (yellow): flavonoid;

0.64 (yellow): NI; 0.5 (yellow): flavonoid; 0.45 (yellow): NI; 0.4 (yellow): flavonoid; 0.28

(yellow): flavonoid; 0.2 (yellow): flavonoid; 0.15 (yellow): flavonoid; 0.11 (yellow): NI; 0.08
ellow): NI; 00 (yellow): flavonoid.

(CH2CI)

0.94 (yellow): NI; 0.86 (yellow): flavonoid; 0.81 (yellow): flavonoid; 0.75 (yellow): flavonoid;
SSF H-Et 0.65 (yellow): flavonoid; 0.6 (yellow): flavonoid; 0.49 (yellow): NI; 0.46 (yellow): flavonoid;
(AcOEt) 0.36 (yellow): flavonoid; 0.25 (yellow): flavonoid; 0.23 (yellow): flavonoid; 0.13 (yellow):
flavonoid; 0.06 (yellow): NI; 00 (yellow): flavonoid.

0.95 (yellow): flavonoid; 0.85 (yellow): NI; 0.78 (yellow): NI; 0.74 (yellow): flavonoid; 0.61
(yellow): NI; 0.54 (yellow): NI; 0.45 (yellow): flavonoid; 0.36 (yellow): NI; 0.25 (yellow):
flavonoid; 0.18 (yellow): flavonoid; 0.13 (yellow): NI; 0.08 (yellow): flavonoid; 00 (yellow):
(AcOEt) NI

NI: unidentified compound

SST H-Et

Table 11. DPPH radical scavenging phytocompounds in CH2Cl>/ AcCOEt/CH3COOH (1 : 3,5 :1) (VIVIV)
developer from dichloromethane (CH2Cl2) and acetate-ethyl (AcOEt) extracts

Extracts R (Color): Possible compounds
0.96 (yellow): phenolic acid; 0.84 (yellow): NI; 0.78 (yellow): NI; 0.71 (yellow): NI; 0.65
SSF H-Et (yellow): phenolic acid; 0.54 (yellow): NI; 0.58 (yellow): NI; 0.56 (yellow): tannin; 0.49 (yellow):
(CH2Cly) tannin; 0.4 (yellow): NI; 0.35 (yellow): NI; 0.28 (yellow): NI; 0.23 (yellow): NI; 0.15 (yellow):
NI; 0.08 (yellow): NI; 00 (yellow): NI.
~ .
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SST H-Et

0.9 (yellow): phenolic acid; 0.84 (yellow): NI; 0.76 (yellow): NI; 0.68 (yellow): tannin; 0.63

(yellow): NI; 0.55 (yellow): NI; 0.49 (yellow): tannin; 0.39 (yellow): NI; 0.33 (yellow): NI; 0.25

CH:Cl

(yellow): NI; 0.16 (yellow): NI; 0.11 (yellow): NI; 0.08 (yellow): NI; 00 (yellow): NI.

0.96 (yellow): NI; 0.85 (yellow): NI; 0.78 (yellow): NI; 0.73 (yellow): NI; 0.68 (yellow): phenolic
acid; 0.6 (yellow): tannin; 0.55 (yellow): tannin; 0.51 (yellow): NI; 0.46 (yellow): tannin; 0.36
(yellow): tannin; 0.31 (yellow): NI; 0.26 (yellow): tannin; 0.19 (yellow): tannin; 0.09 (yellow):

tannin; 00 SXeIIowz: NI

SST H-Et 0.94 (yellow): NI; 0.9 (yellow): phenolic acid; 0.79 (yellow): NI; 0.7 (yellow): NI; 0.69 (yellow):
tannin; 0.55 (yellow): NI; 0.45 (yellow): NI; 0.42 (yellow): tannin; 0.31 (yellow): tannin; 0.2
(AcOEY) (yellow): tannin; 0.11 (yellow): tannin; 0.05 (yellow): NI; 00 (yellow): tannin.

SSF H-Et
(AcOEY)

NI: unidentified compound

11.1.3.2. Assessment of antioxidant activity by
spectrophotometry

11.1.3.2.1. Inhibition percentages for vitamin
C, aqueous, ethanolic, and hydroethanolic crude
extracts

Percentage inhibition is the ability of an extract
to scavenge free radicals. The different percentages of

M 0,03125mg/mL ®m0,0625mg/mL

VB8
90 ng N
80 R RIS
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DPPH inhibition by aqueous, ethanolic, and
hydroethanolic extracts and vitamin C are shown in
Figures 1 and 2. Inhibition percentages for plant
extracts range from 05.839 + 03.499% to 79.774 +
0.579%, and for vitamin C from 63.316 + 0.405% to
84.201 + 0.116%, at concentration ranges from
C6=0.062 5mg/mL to C1=2 mg/mL.

79,774
70,486

58,594
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Figure 1. DPPH inhibition by agueous, ethanolic and hydroethanolic extracts of Saba senegalensis

leaves
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Figure 2. DPPH inhibition by aqueous, ethanolic and hydroethanolic extracts of Saba senegalensis stems
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11.1.3.2.2. Determination of 1C50s for vitamin
C and aqueous, ethanolic, and hydroethanolic
crude extracts

The 50% inhibitory concentrations were used to
calculate the concentrations of the samples studied
required to reduce 50% of DPPH radicals. The I1Cso of
an extract is the concentration that results in a 50%

loss of DPPH activity [10]. The lower the ICso, the
greater the antioxidant activity of the extract.

ICso values for aqueous and organic extracts
range from 0.11041 mg/mL to 0.42738 mg/mL, while
that for vitamin C is 0.04575 mg/mL. These mean
values are shown in Table 12.

Table 12. Summary table of 1Cso values (mg/mL) for various extracts

Extracts Right equations 1Cs0 (mg/mL)
Vit C Y=1091 X + 0.086 0.04575
SSF Aq Y=227.08 X —3.298 0.23471
SSF Et Y=17292 X +17.1 0.19026
SSF H-Et Y=588.9 X-15.018 0.11041
SST Aq Y=39.828 X +39.3 0.26865
SST Et Y=1733.38 X -39.997 0.12271
SST H-Et Y=21.964 X + 40.613 0.42738
11.2. Discussion absence of alkaloids in the ethanolic and aqueous

Leaf yields ranged from 35.10 +£3.94 for the
ethanolic extract to 46.03 +1.98 for the hydroethanolic
extract, while stem bark yields varied from 46.39
+2.63 for the hydroethanolic extract to 49.00 £2.76 for
the ethanolic extract. The aqueous extracts of leaves
and stems each achieved the second-highest yields for
the different extractions of their respective organs.
Yield values varied from one organ to another,
depending on the solvent used, the extraction method
and the extraction conditions. All extraction yields for
stems are higher than those for leaves. However, these
values are relatively high in comparison with the
research work of several other authors [11, 12]. This
may justify the routine use of these extraction methods
in many research projects. In fact, extraction by
maceration with alcohols (ethanol) is said to be more
effective  in  extracting many groups of
phytocompounds [13]. Moreover, the presence of
water in extractions allows the permeability of plant
tissues, and favors the phenomenon of mass diffusion
in the extraction stage [14, 15, 16]. Therefore, the use
of water, ethanol or a mixture of the two is partly
responsible for these relatively high yields.

Phytochemical screening by TLC was carried
out on Saba senegalensis leaves and stems. Sterols,
terpenes, flavonoids, tannins and phenolic acids were
identified in both organs studied, coumarins only in
leaves, and alkaloids were absent in both organs.
These results are in harmony with those of Serigne et
al. [17] and Traoré [18] on S. senegalensis leaves.
Indeed, the work of Serigne et al. showed the presence
of non-hydrolyzable tannins, and flavonoids and the

extracts of the plant’s leaves [17]. As for Traoré’s
work, he highlighted the presence of coumarins,
flavonoids, tannins, sterols and triterpenes in S.
senegalensis leaf extracts, and also noted the absence
of alkaloids [18]. Phytochemical TLC screening of S.
senegalensis leaves and stems revealed several
secondary metabolites with numerous
pharmacological ~ properties. ~ These include
antibacterial [19, 20], antiparasitic [21], analgesic
[22], anti-inflammatory [23, 24], antimicrobial [21],
antiviral [20], hemostatic [25], and antioxidant [21]
properties. This work could justify the use of S.
senegalensis leaves and stems in the traditional
treatment of numerous pathologies. Indeed, the leaves
are used to treat headaches, rectal prolapse, otitis,
anorexia, food poisoning, dysentery, and urinary
schistosomiasis, while also having hemostatic
properties [26]. Stems are used to treat infectious
diseases (lung diseases, boils, diarrhea), parasites
(urinary schistosomiasis), inflammatory diseases, and
headaches [27].

Antioxidant activity was assessed by TLC and
spectrophotometry. The TLC profile identified several
compounds responsible for the antioxidant activity of
the two organs studied. By comparing the
chromatographic profiles of the phytochemical
screening with those of the antioxidant activity
screening, the correspondence between the active
zones and the phytocompounds responsible for this
activity was established. In hexane extracts, some
yellow spots correspond to the antioxidant activity of
sterols and terpenes (Rf: 0.89; 0.25; 0.09; 0.0 for
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leaves / Rf: 0.83; 0.38; 0.29; 0.08; 0.0 for stems).
Similarly, the antioxidant power of the
dichloromethane and acetate-ethyl extracts from the
two plant organs is deduced from flavonoids, phenolic
acids, tannins, and coumarins only in the leaves.
However, several other compounds with antioxidant
activity could not be identified (NI) in the various
selective extracts of the two Saba senegalensis organs
studied.

As for the evaluation of antioxidant activity by
spectrophotometry, the aim was to determine the
inhibition percentages of the extracts with respect to
DPPH and to determine their inhibitory ICsg
concentrations. The study showed that the various
extracts exhibited antioxidant potential, irrespective
of their concentration. This oxidizing activity
observed for these aqueous and organic extracts is
partly due to the synergistic action of all the secondary
metabolites in Saba senegalensis leaves and stems.
Indeed, a study by Kang et al. [28] attributed the
extracts’ anti-free radical activity to the richness of
phenolic compounds detected within them. This study
suggested that the polar molecules present in plant
extracts contribute to increased anti-free radical
activity [28]. In addition, other studies on certain plant
extracts have shown a high, positive correlation
between total phenolic compounds (flavonoids,
phenolic acids, tannins, and coumarins) and anti-free
radical activity [29, 30].

These inhibition percentages represent the
extracts’ capacity to trap free radicals and have been
used to calculate the ICsp, an even more precise
constant for interpreting results. This concentration
represents the capacity of an extract to cause a 50%
loss of DPPH activity [10]. The lower the ICsq, the
greater the antioxidant activity of the extract.

By comparison: ICsq (Vit C) < ICsp (SSF H-Et)
< ICso (SSF Et) < ICso (SSF Aq), so the antioxidant
power of the hydroethanolic leaf extract is greater than
that of the ethanolic extract, which in turn is greater
than that of the aqueous extract. Similarly, we can see
that 1Cs (Vit C) < ICs (SST Et) < ICs (SST Aq) <
ICso (SST H-Et), so for stems, the antioxidant power
of the ethanolic extract is greater than that of the
aqueous extract, which in turn is greater than that of
the hydroethanolic extract. Generally speaking, the
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Introduction

Sheet metal drawing is the most common
method for producing hollow metal parts of various
configurations [1-3]. Since this technological process
is accompanied by plastic deformation, the material is
subjected to compression and tension, temperature
deformation, etc. [4]. The intensity of sheet metal
deformation during the drawing process can be
analyzed through computer simulation [5]. When the
blank material is deformed, the wall size of the part
being formed changes from the initial thickness, i.e.
thinning occurs [6-10]. The wall thickness of the part
may increase or decrease depending on the type of
deformation. Analysis of the degree of thinning of the
part walls during deep drawing will allow us to draw
a conclusion about the general stress and strain state
of the material.

Materials and methods

A model of a blank 1 mm thick, made with the
properties of a deformable aluminum alloy, was
subjected to plastic deformation. The formation of the
part cavity was carried out with a cylindrical punch.
The deep drawing process continued until the height
of the hollow part was 60 mm. The values for change
in the wall thickness of the semi-finished product were
obtained over the entire range of movement of the

punch along the centerline of the sheet metal. The
maximum values of the wall thickness of the semi-
finished product under conditions of tension and
compression were accepted.

Results and discussion
The dependence of change in the initial thickness
of the blank on the drawing depth is shown in the Fig.

1. In the graph, zero corresponds to the initial
thickness of the sheet metal before plastic
deformation.  Positive  thinning  values are

characterized by a decrease in the wall thickness of the
formed semi-finished product, and negative thinning
values are characterized by an increase in the wall
thickness of the formed semi-finished product. Pulling
sheet metal into the die to a depth of up to 12 mm does
not change the initial thickness. When the drawing
depth reaches 12 mm, the wall thickness of the semi-
finished product begins to change, that is, at the same
time there is a decrease and increase in the wall
thickness of the semi-finished product in various
contact zones of the die and the punch. At the same
time, a constant reduction in the wall thickness of the
part to the maximum value occurs up to a drawing
depth of 40 mm. A constant increase in the wall
thickness occurs up to a drawing depth of 60 mm.
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Figure 1 — The dependence of change in the initial thickness of the blank on the drawing depth.

Thus, the degree of compression of the material
during drawing is approximately twice as great as the
degree of stretching.

Conclusion

Sheet metal undergoes greater compression
deformation during deep drawing. The maximum

References:

increase in wall thickness (approximately 22%) is
observed when the part is drawn to its full height. The
maximum reduction in wall thickness (approximately
13%) is observed when the part is drawn to 2/3 of the
height.
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Introduction

The restructuring policy and reforms
implemented by the Soviet Communist Party (CPSU)
between the 80s of the 20" century entered all aspects
of socio-political life in Uzbekistan. At that time some
of the democratic changes were made as a result of the
implementation of this policy announced by the
Secretary General of the Central Committee of the
Communist Party of the Soviet Socialist Republic M.
Gorbachev: party censorship weakened, citizens were
allowed to express their opinion freely and
independently, the media was liberalized. Particular
attention was given to transparency (1). As a result,
prominent intellectuals-writers and poets have begun
to strike strongly against the communist ideology in
their coverage. The former Soviet socialist system was
sharply criticized throughout the Soviet Union.
Particularly, all the errors of party and state leaders,
the process of administrative manipulation, repression
of the country’s original children. In the long run, this
was seen as an ideological factor in the collapse of the
Union. However, the democratic values emerging in
Moscow and other Russian cities- fierce criticism of
the old system, such as transparency, have come to
Uzbekistan without any trace. The “democracy”
creators in the center treated the allied republics as
patriarchal societies.

Doi: éos¥e! https://dx.doi.org/10.15863/TAS.2023.09.125.37

For example, the process of “reconstruction of
the old system as a result of centralized criticism
campaigns started but in the Central Asian and regime
is still living as it used to be”, reflecting the views of
the party elite at that time. In the central USSR mass
media, there is a large number of “additions” in cotton
production in Uzbekistan, “corrupt practices” of most
officials, in crease “bribery” as well as the allegations
of slander, as well as the support of the party’s
leadership in Moscow, the socio-political situation in
the republic. In other words, the campaign of
discrimination, which has not yet had its own socio-
political foundation, has been regarded as a “sanction
of punishment” for Uzbekistan. Traditionally, the
party and the government of the USSR have
traditionally been sent to Uzbekistan by officers of the
Prime Minister’s Office, the Ministry of Internal
Affairs and State security committee. The results of
their weekly and monthly investigation have begun to
be published in the media by the “ala”. In the short
term, Uzbekistan has become a symbol of
"corruption” among other USSR republics (2). From
1983 to 1989, as a result of the “trace” from the center,
60% of the heads of state-owned collective farms and
state farmers, nearly 45% of leading agricultural
specialists, and one third of all heads of cotton-
breeding bureaucrats were removed from their posts.
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About 40,000 civilians who were working in that
office were tortured by investigators from the center.
They were kept in detention facilities during the
investigations, and their polygamy was sent to prisons
and Siberian camps. This situation dropped the spirit
of the Uzbek people. The mood of the country has
grown, thelack of trust in the future, social depression,
and passivity have become one of the peculiarities of
that time. Of course, during the same period in other
republics of the USSR campaigns were started to
disclose various "crimes". However, the "cotton case"
in Uzbekistan was declared as the most extreme crime
in the whole union. Investigation into the “cotton
case" has become a criminal "bestseller". By the
second half of the 20th century, it began to be
described as "the work of the Uzbeks." Television
screens featured gold, gold coins and other precious
items and sacks found in senior officials. The scale of
this press attack was behind the planned
implementation of the "general director” of the
campaign as the leadership of the KPSS. Because at
that time the center was unprecedented - 6 min. tons
of raw cotton, as a result of lack of opportunities to
grow cotton in this amount, there was a political,
social and economic crisis in the country. It was the
centerpiece of the "cotton business" and "the case of
the Uzbeks" in order to put pressure on the Uzbek
leadership and to minimize the tension between the
CPSU and the leadership of the Soviet state in
Uzbekistan. The KPSS was rumors that the Uzbek
population was "rich™ to justify their repressive
policies. The use of "cotton business” and "the work
of the Uzbeks" in relation to an entire Uzbek nation,
the promotion of the Uzbek people as a "negative
image" of the whole union was not just social or legal
injustice, but also a slander against an entire nation. It
was no secret that during this period, the Soviet Union
had been extending its influence to all the nations of
the USSR in order to demonstrate the superiority of
the socialist system in the Soviet Union, and that such
cases were common to all the allied republics, even to
the Russian republic. Therefore, similar campaigns in
Uzbekistan have formed a negative attitude towards
the Uzbek nation against the CPSU, the USSR. The
people of the Republic of Uzbekistan, who have no
innocent "evil", began to form a tendency toward
nationalism and national values. By the end of the 80's
of the 20th century, as a result of the policy pursued
by the people not only by the government, but also by
the national interests that contradicted the colonial
policy of the center, historic, political and economic
conditions were being established to achieve the
independence of Uzbekistan.

The "rebuilding” reforms announced by the
center were initially implemented in the political
sphere. The economic sphere was again politically
governed by the previous one. As a result of ignoring
the laws of economic development and transforming
it into an appendix of the communist ideology, the

balance between the national economy and the socio-
political life has been disrupted and as a result, there
are problems with the state and local government. This
situation has aggravated people’s living conditions (3).
The "reconstruction™ reforms announced by the center
were not supported by the people with economic
difficulties; on the other hand, governance in the
provinces, cities and districts was largely owned by
local party organizations, and they also slowed down
the deepening of reforms on the ground. After all,
party organizations in the areas did not have the
confidence that the reforms would have a positive
effect. In Uzbekistan, which was a part of the Soviet
Union at that time, the policy of "restructuring” was
still under way. The tragedy of the 'restructuring'
policy was that while the ruling party was in the hands
of the party, it had begun to reform the representative
bodies and self-governing bodies before rebuilding
the party. To this end, the representative bodies sought
to democratize the electoral system and improve the
selection of candidates for the people's representation.
The election of the first secretaries of the provincial,
municipal and district party organizations as chairmen
of the relevant representative bodies has further
aggravated political life.

Because party leaders, who are not vyet
experienced by the representative bodies of the
representative bodies, consider themselves the leader
of the party organization, rather than the
representative body. They sometimes did not have the
power to govern and make decisions based on regular
dialogue and debate with a parliamentary team that
reminded them of street protests. Moreover, it was
easy to manage the party organizations. Because,
thousands of organizational organizations and their
monthly salaried secretaries in each district and city
were subordinate to the high party organizations on
the basis of "democratic centralism." Similarly,
enterprises, institutions, and educational institutions
prefer to be in the hands of higher party bodies than
the representative of the sentiments to the sentence,
trying to keep their work teams stable. Also, on June
21, 1987, the election process for local representative
bodies did not produce the expected results. In the first
place, democratic principles were not included in the
election process, as the party's organizations were
weakened by the fact that the predominance of the
majority of voters was prevalent in the pre-election
campaign. As a result of the elections to local councils
held in Uzbekistan, 106484 deputies were elected,
37709 (35.7%) workers and 29209 (27.7%)
representatives of collective.

The majority of MPs represent Slavic
nationalities and the majority of deputies in the large
industrial enterprises due to the fact that the
contribution of local minorities to the minority (more
than 70% of the population of the republic was ethnic
Uzbek, only 45.7% representatives of other Russian-
speaking peoples. In 1987, there were more than
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642,000 party members in the Republican Party
organization, representing 3.3% of the country's
population. According to the results of the elections
105,494 deputies were elected, of which 44.6% were
members of the party. The remaining 96.7 5 of the
members of the population were only 55.4% (58448).
These results have shown that the influence of the
Communist Party in Uzbekistan still remains. The
"restructuring” policy was sought to reform the system
of elections to the supreme councils and local
representative bodies of all USSR republics. In
practice, however, the form of elections was changed
furiously, but their essence and significance remained
unchanged. In February and April 1990, elections to
the Supreme Soviet of multi-mandate constituencies
were held in Uzbekistan. This election was held under
the monopoly of the Communist Party. The outcome
of the election and its results were aimed at a great
deal of silence on the country's economic and political
reforms, but its results did not bring any public-
political stability. The main focus was on promoting
the declarative character of the election. For example,
in most constituencies, candidates were alternatively
nominated (174 alternate candidates from 50 single
mandate constituencies were not nominated).
Therefore, according to the results of the elections, the
number of workers, collective farmers, women and
youth fell sharply among the deputies. Approximately
95 percent of the elected deputies were Communists
(4). Because all the sub-organizations of the party
interfered with the electoral process and took all
possible measures to be taken to select the candidates
they wanted. While the democratic transformation of
the "Reconstruction™ period was characteristic of the
declarative nature, the multiplicity and mass rallies
and meetings, as well as the rise of some informal
organizations, resulted in the problems that have been
accumulated during the period of the totalitarianism of
the 1970s, which are characterized by the signs of
socio-political crises went out. Moreover, as a result
of the USSR's failure to comply with its contractual
obligations to Uzbekistan by other USSR importers -
such as sugar, confectionery products, cereal
products, clothing, oil products, and spare parts for
machinery - became ridiculous for various informal
organizations. In 1989-1990, inter-ethnic conflicts
and clashes took place in Fergana region, Parkent
district of Tashkent region and Andizhan. These
events were published in the press in line with the will
of the center throughout the Soviet Union. The socio-
political situation in the republic has aggravated. The
causes of conflicts and clashes have been accumulated
for many years in the pursuit of social feelings,
economic depression, moral instability, and feelings

of selfishness through the mobility of people who
have lived under the slavery of a monotone for many
years. On May 24, 1989, in Kuvasai, a form of
"interethnic" ethnic tensions between the local youth
and the young Meskhetian Turks came to an end. The
collapse spread throughout the Fergana Valley as a
result of the lack of impartial information about the
conflict, learning by the authorities of "socialist
stability" that they suddenly experienced these events,
the skill of leaders and their pursuit of events. The
clashes soon spread to the residents of Fergana,
Margilan, Toshbol, Kokand, Andizhan, Namangan
and Tashkent, leading to mass demonstrations of
young people and to other ethnic conflicts (5). With
the consent of the center, which was afraid of such
protests, local leaders brought military units against
demonstrators. On June 8, 1989 in Kokand, more than
50 demonstrators were killed and more than 200
demonstrators were wounded in a shootout by military
men, mostly young men. Also, as a result of the firing
of militants from other regions of Ferghana region on
June 3-1, 1989, 103 people were killed, of which 1009
were injured. The houses and yards of 650 families
were burned and destroyed (6). The tragic events in
Ferghana and other cities have proven that the local
party, the Soviet and the public organizations were
separated from the people, completely passionate
about the suffering and the interests of the people, and
that the social sphere was abandoned. Meanwhile, the
Government of the Republic has identified the
following measures: elimination of cotton monopoly,
stabilization of its cotton planting and cotton
processing, revision of additional fees for cotton
harvesting and cost of raw cotton, social protection of
the poor, expansion of subsidiary farms and their
lands, as well as implementation of measures that play
an important role in eliminating the economic, social
and political crisis in the other republic. As you can
see from the analysis, all the political, social, and
economic situations in which Uzbekistan gained
independence were formed. The Uzbek nation and the
government of the republic have united the interests
of independence. In 1990, the government began to
establish legal and economic foundations for
achieving independence. On June 18, 1990 the 2nd
session of the Supreme Soviet (Parliament) of the
Republic adopted the Declaration of Independence
(7). The adoption of this declaration without leaving
the USSR was a turning point in the political life of
the republic. The Declaration of Independence was a
legal basis for proclaiming the independence of the
Republic of Uzbekistan proclaimed on 31 August
1991.
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Abstract: In this work, a study of hydrodynamics in the walls of a Schwartz P triply periodic minimal surface
was performed. TPMS lattices consisting of 1, 8, and 27 unit cells were chosen as the initial geometry for CFD
modeling. The fluid flow problem was solved using the Fluent module of the ANSYS software package. In the course
of solving the problem, the vector fields of the velocity distribution were obtained and the pressure losses in the TPMS
channels were determined. Based on the analysis of the graph of the dependence of pressure losses on the flow
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UCCJIEJOBAHME T'HJIPOJJAHAMMKHN B CTEHKAX PEHIETKH, OCHOBAHHOM HA TPUXK bl
NEPUOJUYECKOM MUHUMAJIBHOM MOBEPXHOCTH IIIBAPIIA P

Annomauyun. B pabome 6binoineHo ucciedodanue cUOPOOUHAMUKU 8 CHEHKAX MPudicobl Nepuoouteckou
Munumansrou nogepxnocmu Ilsapya P. B kauecmee ucxoonou eeomempuu onsi CFD-modenuposanus evibpansi
TPMS pewemxu, cocmosiwgue uz 1, 8 u 27 anemenmapnvix siueex. Pewenue 3a0auu meyeHust #UOKOCmMu 6bNoJIHEHO
npu nomowu mooyas Fluent npoepammmnozo komnnexca ANSYS. B xode pewenus 3a0ayuu nomyuenvl 6eKmopHble noJis
pacnpeodenenusi ckopocmu u onpedeiienvl nomepu oasienuss 8 1PMS kananax. Hcxoods uz ananusza epaguxa
3A6UCUMOCU NOMEPL OAGILEHUS. OM HAYAILHOU CKOPOCMU NOMOKA NOJYYEHA AHATUMUYECKAs 3A6UCUMOCTb OISl
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onpeodeieHuss nomepsb 0agieHusi Olsl 8 dlemenmaphol Kyouueckou sveuxe [lleapya P ¢ onunou pebpa xyba

a="75mm u monwunoi cmenku 6 =5 mm .

Knroueswvie cnosa: munumansnas nogepxuocms, ANSYS, CFD-mooenuposanue, nomepu oasnenus, TPMS.

Beenenue
YK 532.5

Bo MHOXecTBe cOBpeMEHHBIX ABUrarenei [1,2],
XOJOIWIBHUKOB [3], TypOuH [4] M 1pyrux arperatos
[5.6] BBICOKOE TENIOBBIICICHUE SIBJISETCS CEPhE3HOM
mpobieMoii, KOTOpylo  HEOOXOAMMO  pemIaTh.
Henocrarounslii 0TBOJ Temia MOXKET NPUBECTH K
MEpPETPEeBYy M TOBPEKACHUIO KOMIIOHEHTOB, 4TO
MOJKET CHIM3HUTH 3(p(PEKTUBHOCTh U AaXKe MPUBECTH K
MOJIOMKE MeXaHu3Mma [7].

Jns 3¢ exTUBHOTO OTBOZA Teruia
NPUMEHSIIOTCS  Pa3jM4YHbIe METONbI, OJHUM W3
KOTOPBIX SIBJISIETCSI MCIOJIb30BaHUE TOHKHUX KaHAJIOB
JUId  OXJIAXJAroIled  JKUAKOCTH. OTOT  MeETof
3aKJIIOYaeTcsl B NPOXOXKICHUM  OXJIKAAIOIIeit
JKUJKOCTH 4Yepe3 Y3KHe KaHalbl, PacllOoJIOKEHHbIE
HETIOCPEICTBEHHO BHYTpH KOMITOHCHTOB,
BBIJICIIIIONINX OOJBIIOE KOJIMYECTBO Terwia. [lpm
MPOXOXICHUN KUIKOCTH Yepe3 TOHKHE KaHAJbI
MPOUCXOIUT HWHTEHCHBHOE OXJIAKICHHE
MOBEPXHOCTEH KOMIIOHEHTOB M OTBOJ TeEIla B
OKPYXKAIOLIYIO Cpery.

B pamkax [paHHOM paboTBl B KauecTBe
apXUTEKTYyphl  JUII  OXJIAXKJAIOIIHUX  KaHaJOB
npeaIaraercs HCTIOJb30BaTh TPHKIBI
MEpUOTUYECKYI0  MUHHMAJBHYIO  IIOBEPXHOCTb

(TPMS, ot aura. triply periodic minimal surface)
[IIBapua P.

Wzyuennmto  coiicte TPMS  mocssmeHo
Oonpmoe komudecTBO ctared [8-20]. I'maBHBIM
npeumyniectBoM TPMS koHCTpykIuil cuuraeTcs ux
BBICOKAsl ITIPOYHOCTH, YTO TIOATBEPIKAACTCS PAAOM

pabor [8-11]. Taxxe TPMS  koHcTpykumu
3apeKOMEH/IOBAIM ce0sl B KauecTBE OMOJIOTHYECKUX
TKaHe U MIPOTE30B [11,12]. Nzyuenuto
THIPABIMUECKUX  TPOLECCOB, MNPOTEKAOUINX B
obbeme,  orpaHmyeHHoM  TPMS  pemeTkoid,
nocesimeHsl pabotsl [13-17]. Ocobennocts TPMS
JETUTh TPOCTPAHCTBO Ha [(BAa HEMEPECEKAIOIIUXCS
o0BpeMa/madpuHTa IO3BOJISET CO3/1aBaTh
pekymnepatuBHble TerooOmenHuku [18-20]. A
BBICOKasl IOPHCTOCTh MaTepHalioB Ha ocHoBe TPMS
MO3BOJISIET HCHONB30BATh CTPYKTYPY B KadecTBE
TEIUIOM30JIIMOHHOTO MaTeprana [21,22].

OpHako, Iporecc NPOTeKaHUs KUAKOCTH yepes
creHku/pemerky  TPMS  crpyktyp  ocraercs
MaJOM3y4YeHHbIM. B HacTosimel craThe BBIIOIHEHO
HCCIIeJOBAaHHE THIPOAMHAMHYECKUX XapaKTEePUCTHK
kaHanoB ¢ TPMS apxutextypoil mnpum mnomoum
YHUCJIEHHOTO  MOJCIUPOBAaHUS B  NPOTPAMMHOM
kommuiekce ANSY'S B moxyie Fluent.

TeopeTnueckasi YacTb

Ha puc. 1 mpencraBmena TPMS IIBapma P.
Coznanne apxurextypsl TPMS IlIBapua P, B nmepByro
odepesb, OCYIIECTBIUIOCH B Iporpamme Surface
Evolver [23,24], ocHOBaHHO Ha rPaHUYHOM METOJE
reHepanuu. I[lpy nomomm QyHKUHE HWTEPaTUBHOTO
YTOYHEHHsI MCXOJHOW MOBEPXHOCTH, ONpeaessieMoil
ee TpaHUI[AMH, C Y4ETOM TEOMETPUYECKUX
OTpaHUYEHUM OBIIO MOITY4EeHO 00JIAKO TOYEK, TOUHO
onuceiBatoniee tonosoruto TPMS cTpyxTypsl. [ns
ToJTy4eHus (haceTHPOBAHHOM MOBEPXHOCTH U3 00J1aKa
TOYEK NPUMEHSUICS.  MPOTPaMMHBIH  KOMIUIEKC
SolidWorks.

Pucynoxk 1. Tpuskasl nepuoauyeckass MUHMMAadbHas nosepxHocTs HIBapua P.

JlanpHeimas o0paboTka TEOMETPUH
npoBoauiack Bo BcTpoeHHOM B ANSYS penakrope

Space Claim. IIpm momomm ¢yskumu Thickness
MOBEPXHOCTH Tpupaercs toimmua o . Crout
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OTMETHTB, YTO 3IeMeHTapHas stueiika TPMS IllBapua
P o6nanaer kyOn4eckolt CMMMETpHUEH U BIIMCHIBACTCS
B Ky0 ¢ mnmHO# pebpa a (puc. 2).

Jus uwccnenoBaHust — OBUIM  TIOCTPOEHBI

reoMeTpuH, cocrosmue u3 1, 8 (2x2x2) u 27 (3x3x3)
XapaxkTepHbl

OJICMCHTAPHBIX Ky61/111ec1<nx STYCCK.

TCOMETPHUUCCKUE pa3sMEphbl JId BCEX YKa3aHHbIX Ha
SYCCK

puc. 2 3JIEeMEHTapHBIX
a=75mum u 6=5mum.

OJWHAKOBBIC:

PucyHok 2. PacueTHas reomeTpus, coctosimas u3 1, 8 u 27 siueek.

B kayectBe paGouero Tena B HCCIENOBAHUA
BBIOpaHa Boja ¢ IWIOTHOCTRIO P =9982 Ko/m® n
nuaamuueckoit  Bsskocteto 77 =0.001003 Ke/m-c.
BXoa M BBIXO AJIS KMIAKOCTU TAaKKe OTMEYEHBI Ha
puc. 2. Hccnenosanwe TUAPOJUHAMUKH —OIHON
SYEHKU OBUIO BBIIIOJHEHO MPH CKOPOCTAX MOTOKA Ha
Bxoze B kanan 1<v <10 m/c u npu ckopoctu 1 m/c

st 8 U 27 siueek.

Cerka Juis  YHCIEHHOTO  MOJETHUPOBAHUS
METOJIOM KOHEUHBIX 3JIEMEHTOB B Moayie Fluent ms
1, 8 u 27 s;aeex m3o0OpaxkeHa Ha puc. 3. B pesynbprare
OTIpeNIeNIeHUs] CeTOYHOM cxoammocTu (puc. 4) ObLIO
BBIIBJICHO, 4YTO Ce€TKa, cocrosmas u3z 4500000
9JIEMEHTOB MPUTOHA IS TIOyYCHHS PEe3yIbTATOB C
TOYHOCTBIO 10 98%.

Pucynoxk 3. KoHeuHo-3/1eMeHTHas1 ceTKa.
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= 55
40
1500000 2500000 3500000 4500000 5500000
KommuecTBo s1eMeHTOR ceTKI
Pucynok 4. I'paduk cX0QUMOCTH CETKH.
Pe3yﬂbTaTlﬂ KaHaJ0B JUIA OXJ'Ia)KI[anmef?I KUOAKOCTHU B

B pesynbpTaTe KOMIBIOTEPHOIO MOACIUPOBAHUS
THIPOJMHAMHMKH B cTeHKax TPMS Obutn mosyueHs
BEKTOPHBIC TIOJII CKOPOCTEH W TOTEPH IaBIICHHS.
Hcxons n3 ananusa puc. 5 MOXKHO BBLIEIUTH 00J1aCTH
¢ HauOONBIIMMH W HAWMEHBIIUMH, CKOPOCTSIMH
MOTOKa, OTMEYEHHBbIE KPACHBIMH W CHHUM 30HAMU
COOTBETCTBEHHO.

Jnst  omgHOW  sSYEWKH  OBUTO  BBIMTOJHEHO
W3MEpPEHUE TMAJCHUS JaBJICHUS IPH Pa3IHYHBIX
HAYaJIbHBIX CKOPOCTSAX MOTOKA.

Ha rpaduke Ha puc. 6 n300pakeHa 3aBUCIMOCTb
noteps napieHust B TPMS sueiike [lIBapua P ot
HavyallbHOM CKOPOCTH NOTOKA, KOTOpas MOXET ObITh
annpoKCUMHUPOBaHa CTENIEHHOW (QYHKIUEH:

AP =324,6312%%

Hcxond u3 aHanu3a MONMy4EHHBIX PE3yIbTAaTOB
MOKHO 3aKIIIOYUTh O TEOPETUYECKOH BO3MOMKHOCTH
ucnons3oBanust creHok TPMS IlIBapria P B kauectse

Velocity

I 1.378

1.034
0.689
0.345

0.000
[m sh-1]

MexaHH3MaX ¢ OOJBIIMM TeIUIoBbIAeacHHEeM. [Tomma
B aBTOMOOWJIBHOM JBHUTATelic CIOCOOHA CO31aBaTh
nmasnenue oT 150 no 200 kI1a B cucTemMe oXJIa)KICHMS,
Yero MOCTATOYHO UIS MUPKYJSIIAN JKAKOCTH Yepes
kaHanmsl TPMS pemietok mpu CKOPOCTH TIOTOKA
l<v<2uwmlc.

3ak/ouenue
B XoJe paboTsI OBLIIO BBITIOJTHEHO
KOMITBIOTEPHOE MOJIEIIUPOBAHIE TEUCHHS JKHIKOCTH

yepe3 cTteHku TPMS pemerku IlIBapma P.
OmnpeneneHbl 30HBI, B KOTOPBIX IOTOK BOJIBI
JIOCTUraeT  MAaKCUMA@JIbHYH) U  MHUHUMAJIbHYIO
ckopocTb.  Ilomyuena  3aBUCUMOCTBD  NAJCHUS

naBieHust B oxHoil sueiike TPMS IllBapma P mpu
Pa3JIMYHBIX HAYAJIBHBIX CKOPOCTSIX MOTOKA.

PucyHnok 5. BekTopHoe noJsie pacnpeejieHusi CKOPOCTe.
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Pucynoxk 6. I'paduk 3aBucMMOCTH NOTEPb JABJEHHS OT HAYAJbHOM CKOPOCTH MOTOKA.

IMonyyennsie PE3YNILTATHI CIIPaBEUTUBEI
UCKJTIOYNTENHLHO IS TUEHKH, KOTOpast BIIKCAHa B Ky0
¢ IUIMHOW pebpa a=75 MM ¥ TONIIHHOW CTECHKH

o=5mm. s

pE3y/bTaTOB M  YHUBEPCANBHBIX 3aBUCHMOCTEH
HeoOxonumo Oonee aeranmbHOe wu3ydeHus |PMS

MOJTy4EHUS 0000IIIEHHBIX

pemIeTOK  HpHU  Pa3IUYHBIX  T€OMETPUYECKUX
napameTrpax. OnHako, pe3ynabTaTbl HACTOSILETO
UCCIE0BaHUA MTOKa3bIBAIOT BO3MOKHOCTb

npumeHenus: TPMS penieTok B kauecTBe KaHaJIOB JUIs
OXJIKIAIOIIEH XKHUJKOCTH BO MHOKECTBE arperaros C
BBICOKHM TEIUIOBBIJCIICHUEM, MIOCKOJIbKY
COBPEMCHHBIE aBTOMOOWMIBHBIE W JpPYTHE IOMIIBI
CIIOCOOHBI CO3/1aBaTh JOCTATOYHO BHICOKOE JJaBJICHUE
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COGNITIVE MODEL: CORRUPTION

Abstract: Zharov S.N. [1] for the first time conducted a scientific analysis (from a legal point of view) of a little-
known publication proposed by I.P. Liprandi [2] on a number of special types of corruption. The article develops a
Cognitive model of the phenomenon of “corruption” in 2 versions, differing in sets of meanings of factors and their
quantities. In each version, a system of semantic equations has been developed, each system consists of 3 semantic
equations. One semantic equation has 4 known z-sense (semantic z-variables) variables and 1 unknown y-sense
(semantic y-variable) variable. The system of semantic equations has 12 parameters that are extracted from the model
matrices C55, Cgo; the matrices Css, Cog are modeled when solving Optimization Problems: (Iss, Iss) =>(4ss, Css),
(lgg, log) =>(Ag9, Cog). Due to the discrepancy between the number of z-variables and the number of y-variables: 455,
429, there was a need for cognitive modeling of semantic equality meaning(ZZms)=meaning(YYmsCC”34) instead of
equality meaning(ZZms)=meaning(YYmsCCTss). An algorithm has been developed for calculating the values of 4 zz-
variables (instead of z-variables), depending on 24 values of 3 y-variables y,ys,ya (which have values of their
variances close to 0). Random values of 3 y-variables y,,ys,ya are modeled separately and independently of other
model matrices. Constructing new meanings of y-factors of the phenomenon of “corruption” with the Ist option of
the composition of corruption factors (4 zz-factors (for the “bottom”’) and 5 y-factors (for the “top ) and construction
with the 2nd option of the composition of corruption factors (4 zz-factors (for the “bottom”) and 9 y-factors (for the
“tops”’) made it possible to clarify situations of corruption, to understand new additional factors of corruption
((extract knowledge)). Visualization of the mutual dynamics of corruption factors showed the sameness of the model
results of 2 variants of the corruption model. In terms of meanings and mutual dynamics of their values, the factors
quantitatively reflect real situations of the phenomenon of corruption.
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Phenomenon “Corruption”.
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KOTHUTHUBHASA MOJEJIb: KOPPYIIIIUA

Annomauyun. Kapos C. H. [l] enepsvie npogen Hayunvlll anaiu3 (¢ 10pUOUYECKOU MOUKU 3PEeHUs)
manousgecmuou nyonuxayuu npeonodcennou M. I1. Jlunpanou [2] yenwiti pso ocobenuvix udos Koppynyuu. B
cmamuve paspabomana Koenumugnas mooenb AGIEHUs «KKOPPYNYUsLY 8 2-X 6APUAHMAX, OMAUYAIOWUXCS HADOPpAMU
CMBICNI08 (haKmopos u ux Koauvecmeamu. B kasjcoom eapuanme paspabomana cucmema CMbLIOBbIX YPAGHEHU,
Kaocoas cucmema cocmoum u3 3-x cmulioewix ypaghenuu. OOHO cMbliogoe ypasHeHue umeem 4 U36eCmHbIX z-
CMBLCTIOBBIX (CEMAHMUYECKUX Z-NEPEMEHHbIX) NePeMeHHbIX U |  Heusgecmuyio y-CMbICL08YI0 (CeMAHMUYECKUX V-
nepemennyio) nepemennyio. Cucmema cmvlioswix ypagueHul umeem 12 napamempog, Komopovle 6bl0eNAIOMCs U3
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mooenvrvix mampuy C55, C99, mampuywr C55,C99 modenupyromes npu pewenuu Onmumuzayuoruvix 3aoau:

(Is5,155)=> (455, Css),

(log,le9)=>(Ags, Cog). H3-3a Hecosnadenus KoMUUECmea z-NEPEMEHHbIX U KOIUUeCmed Y-

nepemennvix: 475, 429, o3HuKIA HEOOXOOUMOCMb KOSHUMUBHO2O0 MOOEIUPOBAHUS CMBICIO8020 DABEHCMEA
emvicn(ZZmg)=cmoica(YYmsCClas), smecmo pasencmea cmvica(ZZms)=cmvica(YYmsCClss). Paspaboman anzopumm
BbIUUCTCHUS. SHAYEHUU 4-X ZZ-NePeMEHHbIX (6MECMO Z-NePEeMEHHbIX), 3asUcsux om 24 3navenuil 3-x y-nepemenHbix
V2,Y3,Ya (umerowux 6auskue x 0 3nauwenuss ceoux oucnepcutr). Cnyuatinvie 3HaueHuss 3-X y-nepemenHvix Y2,Y3,Ya
MOOENUPYIOMCsi OMOENIbHO U He3A8UCUMO om Opyeux mampuy moodenu. Koncmpyupoganue HOBbIX cMbICI08 -
Gaxmopos senenus «xoppynyusy npu I-om eapuanme cocmaea paxkmopos xoppynyuu (4 zz-gpakmopos (0ns
CHU308Y) U 5 y-(haxmopos (01151 «8epX08») U KOHCIMPYUPOBAHUEe NPU 2-0M 8APUAHME COCMABA PAKMOPO8 KOPPYNYUU
(4 zz-ghaxmopos (Ons «nuz08») u 9 y-ghaxmopos (0ns1 «8epx06») NO360UNU NPOSCHUMb CUMYAYUU KOPPYNYUL,
Nno3Hamb  HOBble OONOIHUMENbHbIE (PAKMOpbl KOppynyuu (U361e4b 3HaHUs). Buzyaiuzayus 63aumublx OUHAMUK
Gaxmopos Koppynyuu noKa3ana 0OUHAKOBOCHb MOOEIbHBIX PE3VaAbMamos 2-x eapuanmos mooenu koppynyuu. I1o
CMBLCIAM U NO 83AUMHBIM OUHAMUKAM CBOUX 3HAUEHUT haKMOPbL KOTULECHEEHHO OMPAdICAIOM PeaibHble CUMYayul

A6NIeHUs. KOPPYNYUSL.

Kniouegvie cnoga. MHO20CMbICNIOB0E YPAGHEHUE C U36ECIIHLIMU U HEU3EECIHbLIMU CeMAHMUYECKUMU
nepemennvimu, Koecnumusnas Mooens Asenenus «Koppynyusny.

BBenenue

B cratee [l] ykazaH «OCHOBHOW CIIOCO0
3aIUTHI KPYITHBIX KOPPYIIIHOHEPOB oT
OTBETCTBEHHOCTH: «00pa3oBHIBATH MOJIBYY,

(hopMUpOBaTh OOIIECTBEHHOE MHEHUE TIPOTHB CBOUX
ciaenosarenei». «M eciu coBpemeHHuku M.IIL
Jlunpanau 3auImanTuch Mpyu MOMOIIH «TOJIOCTOBHBIX
JIOHOCOB», TO TMIO3JJHEE AaKTUBHO HCIIOJIb30BaU
cpenctsa MmaccoBoi uHMopMarwu. IMeHHO Tak ObLIO
pa3BalieHO Ienmo OaHKHPOB W Caxapo3aBOIYHKOB,
paccienoBanHoe komuccued renepaia H. C.
battommmua B 1916 1. [15] Te xe wMerods
HCIIONIE30BAIMCH TIPOTHB CIIEACTBEHHON Opmraasl T.
X.T'nsana un H. B. UBanoBa B 1980-x, a yxe B Hauane
HBIHEIHETo Beka B fenax b. A. bepe3osckoro, B. A.»
[1].

«OtHecs cTpacTh K 000TaNCHHIO, SBISIONTYIOCS
OCHOBOM B3ATOYHMYECTBA, K OJHOM W3 CaMBIX
CUJILHBIX cTpacTteit 4eJI0BEKa, Jlunpanau
(hopmynHrpyeT OCHOBHBIE MPUHIIUITBI OOPHOBI ¢ HEM»
[1].

Hwxe npenaraercs 3amuimaTbes OT IPUMaHOK
KOpPpYILMHM @pH TOMOLIM IO3HAIOIEH MOJENH,
MPOBEPUBIICH anreOpoll SIBICHHE «KOPPYIIIIHSD.
Beenens! «Beca» ans gpaxropos Jlunpanau, HaiiAeHBI
MX M3MEHYMBOCTU (OTKJIOHEHHs BIPaBo\BieBo ot 0),
BBIYHCIIEHA TIApHAsl KOppessnus GpakTopa U3 HU30B C
(akTOopoM ©3 BepXOB, NPHUBEIEHHI HA PUCYHKAX
KpUBbIE B3aHMHBIX JUHAMHUK (PAKTOPOB KOPPYIIIHH,
MOKA3bIBAIOIINX, YTO C YeM M KaK CHJIBHO CBSI3aHO.
Kax u3MeHsTCSl B CBSI3U C TIOTyYE€HHBIMU YUCIIOBBIMH
JAaHHBIMH (PPa3bl HOBBIX CMBICIIOB OIU(POBAHHBIX Y-
(axTopos, npucymux (no Jlunpaugu N.I1.) «Bepxam»
SIBIIGHUIO «Koppynuus». C NO3ULHUH MCUXOJIOTHH
KOPPYILMOHHOE MOBEJICHHE SIBIISIETCSA
Pa3HOBUAHOCTBIO  COLMAJILHOTO TmoBeneHust [3],
YACTHBIM CIy4aeM KOTOPOI'O SIBJISIETCS COLMaIbHast
JeHb [4], J0%HOe coaBTOPCTBO [5], HaceneHus IUIst
UMHIDKA CTpaHbl [6], m30uparenei, moaBepKEHHBIX
JIaBJICHUIO CO CTOPOHBI MMPETEHICHTOB B MPE3UACHTHI
[7].

IOpunudecknii cMBICT CIIOBECHOW MOJETH HE

VIOBICTBOPSCT TpPeOOBaHUAM, MPEIBIABIACMBIX K
(¢pa3am TIyHKTOB 3aKoHOB. [IpHWBeIcHHBIE HIKE
(pa3sl He YIOBIECTBOPAIOT TeM ke TpeOboBaHMsM. Ho
paspaboranHas KornutuBHass Mogens SBneHus
«Koppymmus» MPOSICHIET JeTanu (ue
paccMaTpuBaeMble B IIPAKTHKE IOPUCTOB) SIBJICHUS
«koppynuusy. OHa mo3Hana (BeisBHIa U3 (HOpMYI)
HOBBIC  JIOMOJIHSIOIIME 3HaHWs O  (hakTopax
Koppynuuu (M3Bieksa 3HaHMs). Busyanuzanus
B3aMMHBIX JHHAMHUK (DAKTOPOB KOPPYIIIIMH ITOKA3aia
OIMHAKOBOCTH MOJICIBHBIX ~ pPE3yNbTaTOB B 2-X
MIPUMEHEHHBIX BapuaHTax KorHutuBHas Mopenb
SBnenus «Koppynuusi». Ilo cMbeiciaM u 1o
B3aMMHBIM [WHAMHKAaM CBOMX 3HAaYCHHU (haKTOpHI
KOJIMYECTBEHHO OTPAXAIOT pealibHbIC CHUTYaIlH
SBJICHUS KOPPYIILIHSL.

Omnucanue 9 daxropo Jlunpanau npuBereHs! B
ctathsax [1,2], 3meck MBI UX HCIONB3YyEeM B KadecTBE
UCXOIHBIX MaHHbIX a1 KorautuBHON Monenn
SAsnenus «Koppynuus», HX CMBICIBI SBISIOTCS
OTIPENICNIAIONIIMH [ aareOphl CMBICTIOB U YHuced. 9
(axropoB JlumpaHau mpuMeHseM Jajee B KadecTse 9
MMEH-CMBICIOB  BBOIMMBIX B MaTEMaTHYECKYIO
MOJIENb Y- ¥ Z-TIepeMEHHBIX.

HcxoaHbie JaHHDbIE

I/ICXO}IHI)IMI/I JaHHBIMU SBJIACTCA CJIOBECHAas
MOJCJIIb MW HUCXOJHBIX 3HAUYEHUH CHJI  BIIMSHUS
c=corr(yj,zv),ke {1,...,4}, je{l,... )5} u 4
MHINKAaTOpa Haauuus 3HaHuil). CroBecHas Mojeib
(cmotpute mpumep w3 [1,2]) MoxkeT ObITH
chopMmynupoBaHa IO pa3sHOMy. Mo3amka {Ckj} u3
3JIEMEHTOB OyIyIIe MaTPHUIIBI 334aETCS IKCIIEPTOM B
COOTBETCTBUH CO CMBICJIAMH U CHJIAMH MAPHOU CBS3H
Ckj=corr(yj,zx) HHXE MEPEUNUCICHHBIX CMBICIIOB
(aktopoB koppymimu. CioBeCHas MOJIETh HMEET
3aBHCUMBIC 1o CMBICIIaM MTOKa3aTeIIH.
chopMyIHpOBaHHBIC HIDKE 9 HeusMepseMbix 9
MoKa3aTesel MPUHSITA PUBOIAMBIC HIDKE 9 CMBICIIBI
1ocjie OCMBICIEHHUS 2-X BAapHAHTOB PpeATN3aIlUN
KOTHUTHUBHOH MOJETH KOPPYNIINH 0€3 KOTHUTHBHOTO
IUICCOHAHCAa KOHCTpyHpyemsbix ¢pa3. HcxonHoit
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HH(l)OpMaHHeﬁ JJIsI MOICIIN SABJISKOTCA CMBICIIBI 5 (I/IJ'II/I HaMepeHI/IeM naTb B3HTKy «Ha Ber» 3a HX

9) y-akTopoB, XapaKTepPHU3YIOIIMX HHAUBHIOB U3
«BEPXOB», KOTOpBIE CIIOCOOCTBYIOT MOSIBICHHIO
KOPPYIIIMOHHBIX TMOOYKAeHni# u 4 Z-(paxTopos,
XapaKTepU3yOIINX HHINBUIOB U3 HU30B.

1-pit  BapmanT Qopmamm3anmud  GaKTOPOB
Koppym. OCHOBHBIE Y-(aKTOPHI, BIUSAIONINE Ha
KOpPYILHIO pa3/eieHsl Ha 2 Tpynmsl. ['pynna Tex xe
4 z-dakTopoB (IPUCYIIUX MHAWBUIAM U3 «HH30BY)
BIMSIOT Ha 5 Y-(akTopoB, NPHUCYLIIMX WHIWBHUIAM
«BEPXOBY:

1) TIIpocroe nMXOMMCTBO, TIOA KOTOPHIM
MOHUMAETCS TPHUCYIINEG HHAWBHIAM BOPOBCTBO (Z1),
oOMaH (Ha ZOCTYIHOM MM HH3KOM YPOBHE);

2) Ilpoctoe BBIMOTATENBCTBO, HA KOTOPOE
CIOCOOHBI OECCOBECTHBIE HHAMBUIBI (Z2);

3) Ilpocroil moAKym, BCIEICTBHE KOTOPOTO
HEeI0OpOCOBECTHBIC MHAMBHABI U3 HA30B COBEPIIAIOT
HEeHaKazyeMble HapyLIeHHs 3aKOHOB (Z3);

4) Be3aHue MHIUBUAYMOM U3 HHU30B B JIOJTH C

HaMepeHHeM JaTh B3STKY «Ha BEpX» 3a UX
conercTBue (z4).
OcHOBHBIe 5 Y-(akTopoB,  INpHUCYIIHE

WHIVBHIAM W3 «BEpXOB», BIusoomme Ha 4 z-
(baxTOpBI, IPUCYLIUX UHIUBHIAM H3 «HU30BY:

1) HasnadyeHne Ha «Tak Ha3bIBa€MbIC TEILIBIC
JOJDKHOCTH» IO COOCTBEHHOMY IpoM3BOIYy (Y1)—
TaK)ke BO3MOXHO JIMIIb BBICOKAM YHHAM;

2) OTava Moz 3aJ10T B OTKYTIA U MOJPSIABI CBOMX
uMeHHii 3a mpoueHTt (Y2), BO MHOTO pa3
NPEBBILAIONINA CPEIHEPHIHOYHBIH — KaK CHOCO0
MOJTyYSHHS B3SITKH;

3) Berymenue B akumoHepHble oblecTBa 6e3
B3HOCa Kanurtana (Ys);

4) Hcnonp3oBaHHE BBICIIUMHM YMHOBHUKAMU
MOJIMTHYECKOH M KOMMepueckod uH(opManuu B
JUYHBIX 1eNsX (Ya);

5) CamMoynpaBcTBoO, MIPEBBILICHHE u
oesneiictBue Bimactd (Ys), B TOM 4YHCIe H HE
NpUHOCAIIEee A0X0Ja, a JHIIb YHOBIETBOPSIOIIEE
caMmoitoOue, JloKa3bIBask TeM CBOH CTaryc B
aJMUHUCTPAaTUBHOM cdepe, W Tpoune BUJBI
3JI0yTIOTPEOICHUS CITYKEOHBIM TOJIOKEHUEM.

Bo 2-om Bapmante 9 (akTOpoB KOppYILHH
pa3geneHbl Ha dacTH: Hu3 4-x Z-paxkTopoB (mis
«HU30B») U 5 Y-(hakTopoB (I KBEPXOBY).

2-oii  BapuanT (Qopmanmzanuu  (HaKTOpOB
koppynuuu. OCHOBHblE  Z-(paKTOpBI, MPHUCYIIHUE
MHJMBHIAM W3 «HH30BY», CTPEMSIIUXCS IOMACTh B
«BEPXI»:

1) IIpocroe mUXOMMCTBO, HOJ KOTOPBHIM
NOHMUMAETCs IPUCYIINEe HHAWBHIAM BOPOBCTBO (Z1),
oOMaH (Ha JI0CTYITHOM UM HU3KOM YPOBHE);

2) IlpocTtoe BBIMOTATENBCTBO, HAa KOTOPOE
CIIOCOOHBI 6ECCOBECTHBIC HHIUBHIIBI (Z2);

3) IlpocToii TOAKYM, BCIEICTBHE KOTOPOTO
He100pOCOBECTHBIE MHIUBUIBI H3 HI30B COBEPIIAIOT
HEeHaKa3yeMbIe HapyIIeHHs 3aKOHOB (Z3);

4) Bre3aHMe MHIUBUIYMOM U3 HHU30B B JIOJITH C

coxeiicTue (z4).

OcHoBHBIE 4 Z-()aKTOPEI, TPUCYIINE HHINBHAIAM
U3 «HHU30B», CTPEMAIINXCS IIOMACTh B «BEPXU»,
mepedpasupyeM  Tak, YTOOBI OHH  OTpaKaIH
TICHXOJIOTHIO WHAWBUIOB U3 «BEPXOB» (JIMXOMMCTBO
U IpyTHe KauecTBa BCEM HHIMBHAAM, HE3aBHCUMO OT
nx craryca). Toraa B cocraB Y-(akTopoB, BIUSIOLIINX
Ha KOPPYIIIMIO B «BepXax» BXOIAT 9 CMBICIIOB,
BBIpaKaeMbIX (ppaszamu:

1) JIuxoumcTBO, 1MOX KOTOPHIM OH IIOHUMAET
Ka3HOKpaiacTBo (Y1), BUIUT  OOIIECTBEHHYIO
OMIACHOCTh €ro HE TOJNbKO B  PACXHIICHUH
TOCYHAapCTBEHHBIX CPEICTB, HO M B Pa3BpalICHUH
Hapona (Y1);

2) BobIMOrarenbcTBO, KOTOPOE  CIOCOGHBI
coBepIaTh OeccoBeCTHbIE clienoBaten (Y2);

3) oaxym, BCJIEICTBHE KOTOpOTO
HenoOpOCOBEeCTHRIC UYWHOBHUKU (Y3) COBEPINAIOT
JOJDKHOCTHBIE ~ MPECTYIUICHUS, Kak  IpaBHJIO,
HeHakaszyembie (Y3);

4) Cpebposrobue, MIPOSBIIIEMOE
MIPEACTaBUTEISIMU BBICIIMX COCIIOBUIL, 00JIajaTesIsiMu
BBICOKHX JOJDKHOCTeH (Y4) W BBIpaXKaloleecs B
UCIIOTHEHUH  JIOJITOBBIX  00S3aTeNbCTB  IEpej
KpeIuTOpaMy Ha3HauYe€HHEM WX Ha «IOXOIHBIC)
JIOJKHOCTH (Ya).

5) HasnaueHne Ha «Tak Ha3bIBaGMBIC TETLIbIC
JOJDKHOCTH» IO COOCTBEHHOMY Mpou3Boily (Ys)—
TaK)Ke BO3MOXKHO JIMIIIb BEICOKUM YrHaM (VYs);

6) Otmava oA 3aJ10T B OTKYTIA U MOJIPSIBI CBOMX
MMEHUH 3a IPOLEHT, BO MHOTO Pa3 IPEBBILAOMUN
CPeHEPBIHOYHBIH — KaK CIOCO0 IOJy4EeHUs B3SATKH
(Ve);

7) Berymnnienne B akipoHepHbIe oOlecTBa 0e3
B3HOCa Karurana (Y7);

8) Hcnomnp3oBaHWE BBICHIMMH YWHOBHHKAMH
MOJMTHYECKON M KOMMepdeckod uH(opmanuu B
IMYHBIX 1esx (Ys);

9) CamoynpaBcTBO, [IPEBBILICHHE u
Oe3nelicTBHE BIIACTH, B TOM YHCIIC M HE MIPUHOCSIIEE
noxopa (Ye), a I YIOBJIETBOPSIOICE caMoJooue,
JIOKa3bplBasi TEM CBOM CTaTyC B aJMUHUCTPATUBHOMU
chepe, © TmTpoYyHe BHUABI  3JIOYIOTPEOJICHHS
ciyxkeOHbIM TTonoxeHneM (Y9).

IIpumensieMasi cuUCTEMa MHOIOCMBICJIOBBIX
YpPaBHeHM I

MHOTOCMBICIIOBOE ypaBHEHUE [8-10]
KOHCTPYUPYETCS U3 MHOTOMEPHON MaTeMaTU4ECKOU
mozenu [10], rme yke BBEIEHbl UHUCIOBbIE
rapameTpel,  NepeMeHHble,  (YHKIMM  CBS3H,
COOTBETCTBYIOILINE PEalbHbIM CBOMCTBAM peallbHBIX
MHOTOMEPHBIX OOBEKTOB pa3HBIX THIIOB. T
O00OBEKTOB, WX CBOWHCTB OTPaXXaeTCs B CMBICIIAX
cBOMCTB 00BEKTOB [5-13]. CyMMBI CMBICTIOB CBOWCTB
(z-mepeMeHHBIX) 0OBEKTa MOTYT 06pa30BaTh HOBBIM
cMBICT  (Y-TIepeMeHHyI0) Wi HeT [5]. B
MHOT'OMEPHOH MaTeMaTUYECKOI MOJENHN
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MEPEMEHHBIC JICIATCA Ha 2 BUJAA: Z-TICPEMCHHBIC C
W3BECTHBIMH ~ MMEHAMHU-CMBICIIAMH  CMBICH(Z1),. ..,
CMBICI(Zn) ® Y-TIepEMEHHBIE C HEHW3BECTHBIMH
MMEHaMH-CMBICIIAMH cMBICI(Y1),. . .,cMBICT(Yn).
KomuuectBO N mepeMEHHBIX PAaBHO KOJUYECTBY
muctiepcnit disp(y1)=A1, disp(y2)=Xz, ..., disp(Yn)=An.
B cooTBeTcTBHMM C 3HAYEHHUSIMH A1, A2,...,An, B3ITBIMH
U3 mapbl cMonenupoBaHHBIX MaTpHil  (Css,Ass)
MPOCTABIISIOTCS. YUCIOBBIE MAPAMETPHI C11,...,C55 B N
YpaBHEHHsI CHCTEMbl MHOTOCMBICIOBBIX YpPaBHEHHUI:
CMBICI(Y1)=CMBICI(Z1)*C11DCcMBICI(Z2)*C21D
CMBICII(Z3)*C31DCMBICI(Z4) *C41DCMBICII(Z5) *C51.

Iocne ynaneHusi criaraeMbiXx C «Becamm» Cij,
BEJIMYMHBI KOTOPBIX HE YIOBIICTBOPSIOT KPUTCPHIO
ObITh MHAMKATOPOM CKPBITBIX 3HaHui [9-10],
KOJIMYECTBO  ClIAraeMbIX B YpPaBHEGHUSIX  C
HEM3BECTHBIMH HOBBIMH  CMBICTIaMH  CMBICI(Y1),
cMmbicn(Y2), cMmbici(ys) cokpatutcs. M cuctema
MHOT'OCMBICIIOBBIX YpaBHEHHHM OyJeT conepkaTh
MEHBIIIEE YHCIO W3BECTHBIX Z-CMBICTIOB. boiee
«KOPOTKHE» CYMMBI CMBICIIOB JIerde OCMBICIHUBATh
JUTSL KOHCTPYHUpOBaHus 6 ¢pa3s it 6 HOBBIX CMBICIIOB
(HOBBIX CEeMaHTHYECKUX Y-IepEeMEHHBIX )
HOBBIA_CMBICIT (Y1), HOBBIN_cMbICI(Y?2),
HOBBIN_CMBICI(Y5), CYUIECTBEHHO JOTMOJIHSIOMINX
HUCXOOHBIC CMBICJIBI (I/ICXOI[HI)IC CEMAaHTHUYCCKUEC
nepeMeHnbie) cMBICI(Y1), cMbICT(Y2), cMBbIC(Y3),
cMmbicn(Ys),  cmbich(ys). MeToa  CMBICIOBOTO
npeoOpa3oBaHus HUCXOIHBIX CEMaHTUYECKUX
TMCPEMCHHBIX B HOBBIC CEMAHTUYCCKUC IMCPEMCHHBIC
Ha3bIBa€TCS KOTHUTUBHON MOJIEJIBbI0 KOPPYILHUU.

Tpebyembie (pa3bl, OTPAKAMOUIME CMBICIBI
HEHM3BECTHBIX 5 HOBBIX CMBICIIOB Y-NIEPEMEHHBIX,
MOHO CKOHCTPYHUPOBATh, €CIIH CMO/ICIUPOBATH:

a) mapy Marpul] COOCTBEHHOW CTPYKTYpBI
(As5,Css),
rae Css — MaTpuiia mceBI0COOCTBEHHBIX BEKTOPOB,

CssC™=lss, C55Css=+#ls5, Ass=diag(rs,...As),
tr(Ass)=Mt...+An=n, > >An>0
tr(Ann)=M+... =N, ycloBHE YHOPSAIOYEHHOCTH

A>...>A>0 He TpebyeTes;
6) MaTpuIsl 3HA4YEHUI HEKOPPEeIHPOBAHHBIX

U3MEHUYUBOCTEH Yms, KOPPEIUPOBAHHBIX
m3MeHunBocteil  (oTkinoHeHHH  oT  0)  Zms,
COOTBETCTBYOLIUX CBOUM cucreMam

MHOTOCMBICJIOBBIX YPaBHEHUH C H3BECTHBIMU U
HEM3BECTHBIMH CEMAaHTHUECKUMH  (CMBICIIOBBIMH)
NepPEMEHHBIMHU.

Wnoe nazBanue [11] snemenroB matpuubl Css
BBelleHO B cTaThsax [9-10], oHO oTpakaeT CMBICHT
«BECOBY», MOJICIIMPYEMBIX B HAIIeil MOJENH, HaIl
METO]T MOACITUPOBAHUS OTIMIAETCS OT METOJIOB U3 [9-
13].

HoBrle MonenmupyeMbie 2 MaTpHIbl B HamIen
MoJIenu JTOJKHBI o0mamaTh CBOMCTBaMH:
opToroHansHast (HE OPTOHOPMHPOBAHHAS) MAaTpHIA

Cun=[c1/c2]...|cn] cormacoBana co CBOMM CHEKTPOM Any
koppensiuorHoit  mMarpuibl  Ron=(1/m)Z mnZmn,
Am=diag(As,...\n) TAKAM 0GPA30M, UTO BBEITIOTHAIOTCS
paBeHCTBA  RunCon=CunAmn,  C'C#lpn,  CC'=lpy,
tr(Amn)=M+...+An=n. B pemaemont HUXE
Onrumusammonnoit  3amade:  (Iss,Iss)=>(Css,Ass)
(mpyrue wmertomel cmotpure B [12-14]) menmeBas
¢byHKIHES  Ait...+An paBHA S5 TpH H3MEHAEMBIX

3HAYCHUSX  9eMeHToB 2-Xx Marpui Css, Ass, a
OTpaHMYEHHS: diag(Run)=(1,...,1), C™C+lss,
CssC's5=ls5, Marpunbt Ums u Yms Takue, 4TO

(U/M)UTmsUms=lss, Yms=UmsAY%ss, Zms=YmsC'ss, B
Marpuiie Yms 3MEMEHTBI j—T0 CTONOUA Y1j,Y2j, - - -,Ymi (-
as  y-mepemeHHas, J=1,...,5) wuMewT cpeaHee
apudmeTHyecKoe, paBHOE HYJIIO:
(L/m)(y1j+yait ... tYm))=0, U AUCTIEPCHIO PABHYIO A;:
(/M) (Y21+y2ot. . . +Y2mi)=Aj, CyMMa JUCTIEPCHIA PaBHA
n: MF. .. +An=5. Martpup! Y m5=UmsAY2s5s,
Zn5=Y msC's5, MHTEPIIPETUPYIOTCS KaK MHOTOMEPHEIC
BEIOOpKH [14]. B Hamelt Momenw MBI MOJETHUPYEM
HectaHmapTu3oBaHHbIe (C'C+#lss) KOppennpoBaHHEIE
Z-TIepEeMEHHBIC SBIIIOTCS MHOTOMEPHBIMU JTaHHBIMH,
O00BETMHEHHBIX B MATPHULLY Zms, B KOTOPOH 3JIEMEHTHI
j—ro cronbua 21j,2j,. . .,.Zmj (j-as nepemenHas, j=1,...,5)
HUMEIOT cpenHee apudMeTHyeckoe paBHOE HYIIIO:
(1/m)(z4jt+2ojt. .. +2Zm)=0, U qUCTIEPCHIO HE paBHYIO 1:
(Um) (44225 +. . +2%m)#], cymma aucmepcuii  He
paBHa 5. DnemeHThI MaTpullbl Css MHTEPIPETUPYIOTCS
KaKk WHAMKATOphl 3HaHud [15,16]. Marpuna
Y m5=ZmsCss, B KOTOPO# 3JIEeMEHTHI j—TO cToidua Yij,
Y2i,...,ymj (j-as y-mepemennas, j=1,...,5) umeror
cpennee apudmeru yeckoe paBroe Hymo: (1/m)( vy,
+ Yot ... + Ym)=0, m nucrepcuio paBHYIO A;:
@/m)(y2j, +y%yt...+y%m)=A, cymma mucnepcwii
paBHa 5: MAgt...+As=5. Matpuma Yms=ZmsCos,
UHTEPIPETHPYETCS KaKk MHOTOMepHas BBIOOpKa.
HecrannaptuzoBaHHble  KOPpEJIMPOBAHHbBIE z-
NepeMeHHbIe-IaHHbIe, OOBEAMHEHHBIE B MAaTPHILY
Zmys, B KOTOPOIi 3JIEMEHTHI j—TO cTONOUA ZZ1j, ZZ3j,. ..,
ZZmj (j-ast Zz-niepemenHas, j=1,...,5) UMEIOT cpernHee
apudmernyeckoe paBHoe Hymro: (1/m)(zzijt+zzyt...+
ZZmj)=0 u jmucnepcuio, He pasHylo 1: (1/m)(zz%;+
77%+...+27%j)=1, cymma aucnepcuil He paBHa 5.
Martpuna ZZ s MHTePIPETUPYETCs KaKk MHOTOMepHasi
HECTaHIapTH30BaHHAasK BEIOOPKA.

KorantuBnas MoJeJb SIBJICHUS
«KOppYNIHD)
WNudopmannoHHbIMU KOMIIOHEHTaMU

KOTHUTUBHOM MOJIETM «KOPPYITLHSD SBJISIOTCS:
1. Mogenbnas mapa Matpuil (Css,Ass): MaTpuiia

COOCTBEHHBIX qucen Ass, Marpuia
MCEBIOCOOCTBEHHBIX BEKTOpOB Css TakWx, HYTO
BoITONHAIOTCST  yeioBue: CssC'=lss, C's5Cs5=+#lss,

A55=diag(X1,. . .7\5),
tr(Ass)y=h+...+As=5,

tr(Ass)=h+...+As=5,
tr(Ass)=h+...+As=5,

Cin  COOCTBEHHBIX  BEKTOPOB  €j=(C1j,C2j...Cnj)", Ass=diag(4.2500,0.0250,0.0250,0.0250,0.5750).
PAacIIOIOKEHHBIX o cTonduam MaTpHIIbI 2. Marpuna nceBaoco0cTBEHHBIX BeKTOPOB Css
[ ]
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UMeeT BuJ, npuBeaeHHbIH B Tabmuue 1. 3anaun 1.

3. Tpu cMmbiciiOBbIE (OPMYJIBI:  CMBICIIBI 6. BbluncneHHsle B paMkax Mojenu 5*5=25
cMbIci(Y2)=cMbIci(Z2)*0,5000+cmbici(z3)*(-0,3511); WHIWKATOPOB  HAIMYHMS  MOJENBHBIX  3HAHHIA,
cMbic(Y3)=cmbici(Z1)*0.5000@cmbici(z2)*0.5004® AJICKBaTHBIX  pCEaNbHBIM  3HAHUSIM  SIBJICHUS
cMbICi(Z3)*0.5929@ cmbicin(z4)*(-0.0958); «KOPPYTILIHSY.

eMbic(Ys)=cmbici(z1)*0.5000Dcmbici(z2)*0.4998
cmbic(Z3)*(-0.5241)@cmbici(z4)*0.7053.

4, CooTBeTcTBYyIOLINE MaTpHIIe
MICEBIOCOOCTBEHHBIX BEKTOPOB Css 3 (13 5) YMCIOBEIC
(hopMyIBI  Y-TIEpEMEHHBIX VY2, Y3, Y4 3aBUCAT (WJIH
BIIHSAIOT) OT 3HAYCHUN ZZ-TIEPEMEHHBIX:

y2=2,*0.5000 +z3*(-0.3511);

y3=21*0.5000+2,*0.5004+25*0.5929+2,*(-
0.0958);

Y4=21*0.5000+2,*0.4998+23*(-0.5241)+z4*
0.7053.

3HAYCHUST HOBBIX ZZ-TIEPEMEHHbBIX ZZ1, ZZp, ZZ3,
ZZ4, COOTBETCTBYIOIIMX  CMBICIIOBOMY PaBEHCTBY
cMBICT(Y m3) =CMBICIT(Zma)*Ca3,  BBIYUCISIFOTCS  TIO
thopmymam:

72i1=Yi>*0.0000+Yi3*0.5000+yis*0.5000,

72i>=Yi2*0.5000+yi3*0.5004+Yis*0.4998,

7Zi3=Yip*(-0.3511)+yi3*0.5929+yis*(-0.5241)
77is=Yi2*0.0000+yi3*(-0.0958) +yis*0.7053.

5. Otm mmcmepcum  A»=0.0250, A3=0.02500,
24=0.02500 u3 MOJIEILHOTO CIIEKTpa
Ass=diag(4.2500,0.0250,0.0250,0.0250,0.5750)
paBHBI 3Ha4YeHUsAM anreOpamdeckux GopMyn Y-
U3MEHYMBOCTEH  VYip,Yis,Yia, I=1,...,24, uMmeroT,
MO4YeMy-TO paBHbIE 3HaueHHs. [[pyrux 3HaueHuil He
YAAJI0Ch MOJYYHUTh NPH perieHnrd ONTUMH3AIMOHHON

7. Kaxmas u3 TpexX CMBICIOBBIX (QOpPMYN U3
IIyHKTa 3 KOTHUTHBHO CKOHCTPYHPOBaHa U3 CMBICIIOB
4 Hew3MepseMBIX W 3aBHCHMBIX JIpyr OT Jpyra ZZ-
ToKazaTeNield SIBICHUS «KOppyHuus». Tpu cmblcia:
HOBBIIT_cMBICI(Y?), HOBBIIT_cMbIcT(Y3),
HOBBIIT_cMbIci(Y4) (CBOMCTBEHHBIC WHIWBHAAM W3
«BEPXOB») HO HE BIIUSIOT 110 MOCTPOCHHIO B MOJICIIH
CUMTaeM, 4TO OHM HO CMBICIaM JpYr Ha JApyra He
BausAtOT. CMBICHBI  ZZ-TIOKa3aTesiedl  SBIAIOTCS
BXOIHBIMH JaHHBIMU MOJIEITH, OHU C(OPMYITMPOBAHEI
B IyHKTe «/cXO0IHBIC TaHHBIE) CTATHH.

9. CocTaB HCXOAHBIX MHIMKATOPOB (4 IITYKH,
Tabmuma 2, Tabmuma 10) He oTIMYEH MO 3HAYCHUAM
OT CMOJEIHMPOBAaHHBIX HHIMKATOPOB, (HOPMAIBHO
HalJEHHBIX TpH peleHnd 2-x ONTUMU3AIMOHHBIX
3anmau | u 2.

8.  Mopnenbable  Matpuibl  Yms, ZZms
(mosry4eHHbIe MyTeM BBIYUCIICHUS 10 aJTOPUTMY H
MyTeM KOMIBIOTEPHOTO MOJICIIUPOBAHUS CIIyYalHBIX
matpull, Vs, Ums yIOBIETBOpSAIO paBeHCTBAM

anredpanIecKou CHCTEMBI YpaBHEHHH,
COOTBETCTBYIOT HaWJICHHBIM BBIIIIC 3
MHOTOCMBICIIOBBIM YpaBHEHUSIM (mMaTpuIp

npuBeaeHsl B Tabmunax 3-4).

Ta6auna 1. Moaenbnas marpuna Css mceB10co0CTBEHHbBIX
BekTopoB ¢ 3 HCXOAHBIMH WJIM MOAEIbHBIMH HHANKATOPAMH
Ass=diag(4.2500,0.0250,0.0250,0.0250,0.5750)

1| 0,5000 | 0,0000 | 0,5000 | 0,5000 | 0,5000 | 1,0000

2| 0,0000 | 0,5000 | 0,5004 | 0,4998 | 0,4998 | 1,0000

30,0000 | -0,3511 | 0,5929 | -0,5241 | 0,0000 | 1,0000

41 0,0000 | 0,0000 | -0,0958 | 0,7053 | -0,7014 | 1,0000

51 0,0000 | 0,0000 | 0,0000 | -0,0044 | 1,0000 | 1,0000

0,2500 | 0,3804 | 0,9898 | 1,3881 | 1,9918 | 5,0000
OnTUMU3aNUOHHBIE 3a7a4n (Css,Ass), CTssCss#lss, CssCTs5=ls5 1 MogenupoBanue
Pemarorcs 2 OnTuMu3anvoHHble  3aja4u: IUIs Hee JIMaroHajibHOU MaTpuibl Ass. OCOOEHHOCTD

(Iss5,Iss)=>(Css, Ass) meneBast ¢GyHKIHA Art...+tAq
paBHa 5 TpHM H3MEHSIEMBIX 3HaYeHUsIX  5*5+5
anemeHnToB 2-Xx Marpui Css, Ass, a orpaHH4YeHHs:
C'C#lss, Cs5CT55=155, A55:diag(x1,. . .ln),
tr(Ass)=Aat...+ =N, A>...>A>0.

Msbl mpoBeZeM  MOJEIMPOBAHHE MaTpPUIIBI
TMICBJIOCOOCTBEHHBIX BEKTOPOB Css:(Is5,155)=>

MaTpHIIBI TICEBI0COOCTBEHHBIX BEKTOPOB Cs5 COCTOUT
B TOM, 4YTO ¥ TIO3BOJSIOT  MOJIEIUPOBATH
KOppEIMpOBaHHBIC Z-TIEPEMEHHBIE C JUCIIEPCHSIMH,
6ospiumu 1. Takas z-nnepeMeHHast 6oj1ee U3MEHYNBa,
4yeM Y-niepeMeHHas Ya, Vs, Y5, CHIbHO M3MEHUYMBHIC
Z-TIepeMeHHbIe (Z1, Z2, Z3, Z4, Z5, Zs5) 4epe3 POpMyJIbl
JatoT Y-iepeMenHsie Y4, Y5, Y5, nmeronye HyJieBble

Philadelphia, USA

2 Clarivate

Ana lytics indexed
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JICTIEpCHU. 3HAUYCHUS Z-TIEPEMEHHBIX (Z1, Z2, Z3, Za, JlBe cucrembl u3 3-x ajredpamvecKux

Zs, Zs) SBISIOTCA MHOTOMEPHBIMH  JaHHBIMH,
00BETMHEHHBIX B MATPHUILY Zms, B KOTOPOH IIEMEHTHI
j—To cTonbra 21j,22j,. . . ,Zmj (j-ast mepemennas, j=1,...,5)
UMEIOT cpeqHee apu(MeTHUecKoe paBHOE HYIIO:
(1/m)(z4j+2a5t. .. +Zmj)=0, 1 mECTIEpCHIO HE PaBHYIO 1:
(Um)(Zyj+ 2%+, +2%m) #1, cymma aucnepcuil He
paBHa 5.

Pemmras OnTHUMHU3aIIOHHYIO 3amauy:
(I55,Is5)=>(Css, Ass), MBI HajieeMCsl TIOTYYUTh IPYyTHe
3HAYCHHUS FJICMCHTOB MATPHIBI Ass, OTIHYAFOIUACCS
OT IUAroHaabHON MaTpuIlbl Assu3 ctaTh [1]. UT0OBI
npuHyuTh npouenypy GRD2  (mporpamma B
HajcTpoiike «IloMcK pemeHus») aBTOp MPUMEHUIT
oOJeryarorue ero padoTy OrpaHHYCHHUs, HAIIPUMED,
BBOAWI B OKHO «OrpaHuucHHs» YCIOBUE A1>2
(pacummpsromee 0061acTh TOMCKA) wim  A<2
(cyxaromiee 00J1acTh TTOUCKA). OCHOBHBIM
BBIUUCITUTEIBHBIM PErYJIATOPOM SIBJSICTCS MO3auKa
HCXOJIHBIX MHIMKATOPOB M Ha3HAUCHHBIC IKCICPTOM
3HayeHuss 18  wHAMKatopoB. Bum  Tabmuibi-
nporpaMMbl  ONTUMHU3AaLMOHHON 3amaun ¢ 18
HCXONHBIMH WHAWKAaTOpaMHu TpuBeneH B Tabmmme 4.
Marpuna  Css={cij=corr(zi.y;)} (z.y)-xoppemnsuuii}
npuBeneHa B Tabmumax 2, 5.

KoncTpyupoBanne cMbIcI0B Yy-aKkTOpoB
SIBJIEHHS]  «KOppynuusi»npu  1-om  Bapmuanre
cocrtaBa GakTopoB Koppynuuu (¢ 4 MCXOAHBIMH
WY MOJIeIbHBIME UHAUKaTOpamu) (4 z-pakTopoB

(111 «<HU30B») M 5 y-(QaKTOPOB (A1 «BEPXOB»)

PaccmoTrpum 1-yi0 CMBICIOBYIO HEH3BECTHYIO
cmbici(y2)=«BriMorarenscTBo CJIC/IOBATEISIMI
cmbici(Y2)=cMbici(Z1)*0.5@cmbici(z2)*0.5004®
cMbIcin(Z23)*0.592943555+cmbIci(Z4)* (-
0.095795834). KOHCTPyHpYEeM CYMMY CMBICJIOB
(HOBBIIT cMmbIcn(y2)) W3 NpaBOW YacTH paBHCTBA.
[IpoBepuM ¢pazy n3 BHOBb CKOHCTPYHMPOBAHHOTO
HIDKE CMbICTa HOBBIM cMmbici(y2) U ¢pasy wu3
cMbIci(y?) Ha OTCYTCTBHE IPOTHBOPYUS 110 HX
cMbiciaM. Ecim ecTh OTCYyTCTBHE NMPOTHBOPEUHS 110
UX CMBICIIAM, TO CUUTAEM, YTO CMBICIIOBOE YPaBHEHHUE
eMbici(y2)=cmbici(z1)*0.5@cmbic(z2)*0.5004®
cMbICi(Z3)*0.592943555@ cmbici(Z4)* (-
0.095795834) wuMeeT CeMaHTHYECKOE pEIICHHE.
[TpoBoiMM KOHCTpYHpPOBaHUE CyMMapHOW (pasbl st
HOBBIH cMbIci(y2). B aHanuzupyemoM ypaBHEHUU
MPUCYTCTBYIOT 3 cMbIcia 4-X Z-TIepEeMEHHBIX:
JIMXOUMCTBO (Z1), BBIMOTATEIBCTBO (Z2), IOJKYII CO
CTOPOHBI ~ YMHOBHHKOB  (Z3), ¥  OTCYTCTBHE
«cpeOpoiro0Hs, TMPOSBIIEMOro IpPECTaBUTEISIMH
BBICIIMX  COCJIOBHH,  0OJajgaresisiMd  BBICOKHX
JOIDKHOCTEH (Z4)». 3HaK MUHYC npu «Bece» (=(-
0.005394155)) wm y4er HCXOTHOTO  CMBICIA
cMBICH(Y2)=«BBIMOTATEIBCTBO, Ha KOTOpO€e
CIOCOOHBI...» TI03BOJSIET HAaM CKOHCTPYHPOBAaThH

cyMMapHyto ¢pasy.

pPaBeHCTB ¢ 4 HEH3BECTHBIMHM /JIsSi BAapHAHTOB
(opmanuzanmnu pakropoB Koppynuuu

Tak Kak KOJIHMYECTBO Y-(aKTOPOB PaBHO 5, TO
pemraem O31 mpu pasmeprocTH 5: (155, 155)=>(Ass, Css)

IIpn >TOoM moONydaeM MOJEIBHYIO MAaTpPHUILY
COOCTBEHHBIX BEKTOPOB Cs5 U MOAETHHYIO MATPHUILY
Ass=diag(4.2500,0.0250,0.0250,0.0250,0.5750).

MopenupyeM ciaydaiiHyr0 BBIOOPKY: MaTpHUIIbI
Ums ¥ Yms [14] takue, uto (1/M)UTmsUms=lss,

Yms=UmsAYss,  3aTeM  MomemupyeM  MaTpHILy
Zn5=Y msC'ss. Huxe U3T0KHUM ANTOPUTM
(dbopmupoBanus MaTPUYHOTO paBeHCTBA
ZZms=YYm3CCT34 1 BBIYMCIEHWS  HOBBIX ZZ-

NMePEeMEHHbIX ZZ1, ZZp, ZZ3, 2ZZ4 CO CMBbICIaMHU
CMBICTI(ZZ1)=CMBICII(Z1), CMBICII(ZZ2)=CMBICII(Z2),
CMBICII(ZZ3)=CMBICII(Z3), CMBICI(ZZ4)= CMBICTI(Zs).
JInisi KOHCTPYHPOBAHUSL CMBICIOB y-(akTopoB
SIBIICHUS] «KOPPYIMILUs» NpU 1-OM BapHaHTe COCTaBa
(haxTOpoB KOppyIIHH (C 3 UCXOTHBIMU MOJACTBHBIMH

HHAUKATOpaMH) HE00X0AUMO NIPUPABHATH
KOJIMYECTBO Z-(HaKTOpOB 4.
Hac HE yCTpauBaer pelieHue

OnTumu3aimoHHol 3agayu 1 mpu pa3sMepHOCTH 5:
(Is5,155)=>(As5, Css). Ilpu 3T0#t ONTHMU3AIMOHHON
3amaun 1 BO3MOXHO MOJIENHPOBaHUE 5 Z-(hakTOpoB
JUTS KQKIIOM U3 5 y-(hakTopoB, a HaM HAJ0 UMETh 4 Z-
(axropa. [IsToro cMeicia cMBICI(Z5) HAM HE JaHO IO
TEKCTY CIIOBECHOM MOJICITH KOPPYIIIIHH.

MBI JOKHBI BEIYUCTUTE IEPEMEHHBIE CHCTEMBI
JIUHEUHBIX paBeHCTB BUAd ZZma=Y Ym3CC', a He
Buna Zms=YmsC'ss, K KOTOPOW MNPHBOAMT 3amadva
MaTeMaTH4ecKoro MOJEIHPOBaHHA MpH 5  y-
¢dakropax, 5 z-dpakrtopax. Y Hac HCXOIHBIMH
JaHHBIMH ciy)aT 4 cMmbicna 4-X Zz-hakTopoB, a He
CMBICIIBI 5 Z-(hakTOpoB (Kak TpedyeTcs 1JIsi paBEeHCTBa
Zms=YmsC'ss).

BBemem HOBBIE  ZZ-TIEpEMEHHBIE, KOTOPEIC
MTOTYUHSIOTCS CHCTEME JIMHCHHBIX PAaBEHCTB BHAA
Zns=YmsC'ss, Toe w™atpuma Y Yms paBHa 3-M
cronbmam  No2 Ne3 Ne4 m3BecTHOW Marpure Yms —
HOBbIe (YY-) U cTapbie (Y-) epeMeHHbIE PaBHBI JAPYT
Opyry TO CMBICIaM, 10 OOO3HAaYCHHAM: YY1=Yo,
YY2=Y3, YY3=Ya, II0O 3HAYCHUSM, CMOJACIMPOBAHHBIM
no dopmyne Yms=UmsAY?ss u3 O6paTtHOit Monenu
Amnanmn3a I'maBaeix KommonenT [9]. MHoromepHas
BEIOOPKA Yms=UmsA%ss 0BecreunBaeT caydaitHOCTb
MHOTOMEPHOH BEIOOPKU ZZma=Y m3CC"34.

Tak kak A2=A3=14=0.0250 (B 1-oM Bapmuanre),
TO KOJMYECTBO YY-TIEpEMEHHBIX paBHO 3, a
KOJIMYECTBO HOBBIX ZZ-TIEPEMEHHBIX paBHO 4:
771,725,723,2Z4. Tlpu 3TOM CcMBICI(ZZ1)=CMbICI(Z1),
CMBICI(ZZ2)=CcMbICT(Z2), CMBICI(ZZ3)=CcMBICI(Z3),
CMBICII(ZZ4)=CMbICTI(Z4), @ UX 3HAYCHUSA ZZij, j=1,...,4,
pa3HATCS B MOMEHTaX BpeMeHH i=1,...,m. DT HOBbIC
ZZ-niepeMeHHbIE JIOJDKHBI HOAYHHATBCS CHUCTEME
JIUHEWHBIX  paBeHCTB  BuUAa  ZZma=Y Ym3CCls
(CC43CC34#144, mpu 31OM  Cs5C"55=l55). Matpmuiia
ZZna=YYm3CC"4 nerxo Berumcisiercs B OT Excel. U3
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paBeHcTBa ZZms=Y Ym3CC's4 He ciiemyeT paBeHCTBO
YYm3=ZZmnsCCs3. DTH pasHble CHCTEMBI PaBEHCTB
UMEIOT pa3Hble peHIeHUs. MBI HE pelIaeM CHCTEMY
ypaBHeHUH ZZms=YYm3CC'ss. He yBenmmumBaem
CTEMNEHb CIYIaifHOCTH (11 MOJIEJIBHBIX TIEPEMEHHBIX
(HEeM3MepsieMbIX CBOMCTB) SIBJICHUS «KOPPYIIIIHSD))
ans cmydaiiaoit Matpumbl Yms=UmsAY2ss, a mpocto
BBIYHCIISIEM  JIPYTYIO ClTy4aliHyI0 MaTpHILy
ZZms=YYm3CC', 3aBHCALIYI0O OT CIydYaifHOH
MaTpuIbl Y'Y ms.

BeinenenHas yacth, T.€. MaTpU4YHOE PABEHCTBO
ZZms=YYm3CC'34 uMeEeT TOCTOSIHHYI0 MaTpHIly
CC'34, pmeMEHTBl KOTOPOH paBHBI JIEMEHTaM 3-X
cron6uos Marpuiibl C'ss (3HAYEHUAM «BECOB» MpPU
HOBBIX NepeMeHHBIX 2Z1, zz2, 723, zz4 ). Tpoiiku
3HaueHnd 3-x YYy-mepemeHHBIX YY1, yy2, y3 c 4
«BecaMm» M3 3-X CTOJIOIOB ITOJHOW MAaTpPHIIBI CCTyy
COTBETCTBYIOT HemosHol Marpune CCTss. Ilpu sToM

cromomam  Ne2, Ne3, Ned matpumsl  CTss
cotBeTcTBYIOT cTonOmam Nel, Ne2, Ne3  maTpwuiisl
CCTyy.

[lepeueHr  MORJIEMEHTHOTO COOTBETCTBHUS

cronouos Ne2, Ne3, Ned4  u3 marpuupsl CTss cronbuam
Nel, No2, No3  u3 marpunst CCTa4 cregyrommuii.
CCT11:CT12,CCT12=CT13,CCT13=CT14 (3 «BECa» Impu
3HAUYCHUSX YY1, YY2,Y3 U3 cTpoku Nel mMaTpuLibl CCTa
w U3 cromdoma Ne 1 marpuisr CTss, ONPENENAIOT
onHO 3HadeHwe 7Z1), cc'i=c'22, cca=c 23, cc32=c 24
(3 «Becay mpu 3HAYCHUSX ZZ1, ZZ»,2Z3 U3 CTpOKH No2
MaTpHLbI CCT34 wnn u3 crombma Ne 2 MaTpHLbI CTss,
ONpENENAoT OAHO 3HaueHume 2z2), cc'l13=c'32,
ccas=C'33, ccag=c'ss (3 «Beca» Hpu 3HAYEHHUAX YY1,
YY2,¥3 u3 ctpoku Ne 3 matpunsl CCTag mimu u3 cronbua
Ne 3 marpunst CTss, onIpeensoT o1HO 3HAYEHHE ZZ3),
ccTia=cT42, cca=c'ss, ccas=c'a4 (3 «Beca» mpu
3HAYCHUAX YY1,YY2,Y3 pacroyiokeHsl B cTpoke Ned
MaTpHLIbI CC'3 wim B cronbme Ne 4 MaTpHLbI CTs,
OHH OMPENENAIOT OJIHO 3HAYEHHE MEepeMeHHOH 774),
CC-KOA(GUIMEHTHl TIPU TEPEeMEHHBIX YY1,YY2,Y3 W3
CTOJIOIIOB TIOJTHON MAaTpHIIBI CCTay COTBETCTBYIOT
aneMeHTaM cToOIoB No2, Ne3, Ned4  maTpwHIlsl CTss .
PasmepHOCTh M3BecTHOM MaTpunbl Y'Y ms paBHa
(m-ua-3), pasmeprocTh u3BectHoU Marpuibi CClss
paBHa (3-Ha-4). Pa3MepHOCTh HM3BECTHOW MATPHIIBI
MPOM3BEEHHs 3TUX MaTpHIl paBHa (M-Ha-3)*(3-Ha-
4)=(m-na-4). Bumum  Hamumume ~ TpeGyemoro
KOJIMYECTBA 4 HOBBIX ZZ-TIepeMEHHbIX
721,272,223,274. OTUM MBI obecrieunBaeM
BBIUHCIIEHHE  MOJIEJILHBIX  3HAYEHHMl  DJIEMETOB
MaTpulel ZZms, COAEpKAIICH  3HAYeHWS  ZZ-
OTKJIOHEHUH ZZ-TIepEeMEHHBIX ZZ1,2Z3,2Z3,ZZ4 U3 1-TO
U 2-ro BapwaHTOB (opMmanm3anuu (HaKTOPOB
KOppynuuu. IOTH 4 zz-paxTophl NPUCYIIN
WHIVBUIAM W3 «HHU30B», CTPEMSIIUXCS IMEPEUTH B
«Bepxu». Hwmxe B pasgene «/IBe cucremsl
anreOpandecKux pPaBeHCTB W3 3-X paBeHCTB C¢ 4

BbIyKciIeHus paBeHCTBA ZZma=Y YzCC'34. Cmblciu
ZZ-niepeMEHHBIX PaBHBI CMBICIAM Z-TIEpEMEHHBIX, a
nx 3HaueHus pasuble. B Tabmmmax | u 10 npuBeneHs
Bu Matpuilsl CCys, B Tabmume 5 - Bug maTputist Cog,
B Tabmumax 3 w 4 mnpuBeneHB BHIBI MAaTPHII
Ym3=YYm3 # ZZmsa=YYm3CC'34 (mist 1-ro BapmanTa
(dopmaim 3armu pakTopoB Koppymiun). B Tabnmmax
7 u 8 mpUBEICHBl BHJBI Marpull YYm3 u
ZZms=YYm3CClz (mms1 2-ro  BapuaHTa
(dopmanuzanyu GpakTopoB KOPPYILUH).

Hcnonb3yss M3BeCTHBIE MOJCIbHBIC 3HAYCHUS
«BecoB» CCTlys (M3 yKa3aHHOTO paslena) U UCKOMBIE
CMBICTBI 4-X ZZ-TIEpeMEHHBIX 2Z1,2Z2,2Z3,2Z4 U3 1-TO
BapHaHTa (opMamu3aud (GaKTOPOB KOPPYIIIHH
OyzmeM KOHCTpyupoBaTth (pa3sl 3-X CMBICIOBBIX
YpaBHEHHM.

B 1-om Bapmante ¢opmanmzamym (akTopoB
KOppYNUIUHN Kaxjas CTaOWiIbHAs y-TIEpeMEHHas Yo,
Y3, Y4 3aBHCUT OT ZZ-TIEPEMEHHBIX 2Z1,2Z2,223,ZZ4.
Kaxnas zz-nepemennasi B 4-x paBeHCTBax Ijsi ZZ-
NEePEeMEHHBIX  ZZ1,273,7Z3,Z2Z4 WVIMEET CBOH «BECH
(SIBISIFOIIMMCST  DJIEMEHTOM  TPAaHCIIOHHUPOBaHHOM
maTpuilbl CC'34), B3SITBIH W3 MOJCIBHOW MAaTPHIIBI
Css.

CocTaBUM CHUCTEMY YHCIOBBIX PaBEHCTB (JJIs
CMBICTIOBOTO paBeHCTBA CMbBICI(ZZma)=cMBICT(Y Y3
CC"34)) ¢  HEW3BECTHBIMH  ZZ-TIEPEMEHHBIMU
271,725,773,2Z4 W W3BECTHBIMH 3HAYCHUSIMU YY-
MepeMEHHbIX YY2,YY3,YYa. Cucrema  cocrout u3 4
PaBEHCTB C HEW3BECTHBIMH IIPAaBBIMH YacCTAMHU
(ZZms=YYmsCC'34). B ypaBHEHHsI 3TOH CHCTEMBI
NO/ICTABHMM IIOJIy4YEHHbIC PaHee 3HAUCHUSI «BECOB» H
nonyuum  noanyoo  Marpuny  CClasl  cc'i=
CT12:0.0000, CCT12=CT13:0.5000, CCT13=CT14:0.5000;
CCT12=CT22:0.5000, Csz=CT23:0.5004, CCazZCTz4
:0.4998, CCT13=CT32:(-0.3511), CCz4=CT33:0.5929,
CCa4=CT34=(-0.5241), CCT14=CT42=0.0000, CCT24=CT43=(-
0.0958), ccas=c'44=0.7053.

@opMyJibl  BBIUHCIEHHUS]  3HAYEHUI
mmepeMeHHbIX 2z1,772,773,7274 uMeroT BUA:

ZZi1=Yi2*CC11+Yiz*CC21+Yia*CCar;

ZZi7=Yi2*CC12+Yi3*CC22+Yia*CCaz;

ZZi3=Yi»*CC13+Yi3*CC23+Yis*CCa3;

ZZi4=Yi2*CC14+Yi3*CC24+Yis*CCas;

IlonctaBumM 3HaueHHs «BecoB» (1-ro BapuaHTa
Moziean) B (OpPMYJIbl BBIYMCICHHUS 3HAYEHUH Zz-
NEePEMEHHBIX ZZ1,7Z2,2Z3,2Z4 IMEEM MaTEeMaTHYECKYIO
MoJienb KoppyrmiwH (1-b1ii BapuaHT).

22i1=Y;2*0.0000+y;3*0.5000+yis*0.5000,

22i7=Yi2*0.5000+y;3*0.5004+y4*0.4998,
2z;3=Yip*(-0.3511) +yi3*0.5929+yi4*(-0.5241)
22i4=Yi2*0.0000+yi3*(-0.0958) +yis*0.7053

Tpu cronbua c2,c3,c4 U3 MOAENBHONH MaTpPHIIBI
Css 1ce0/10cOOCTBEHHBIX BEKTOPOB  COOTBETCTBYIOT
TPEM HCHOJIB3yeMbIM AJieMeHTaM Ao=A3=A4=0.0250
u3 panee CMOJIEINPOBAHHOTO CIIeKTpa

7z~

HEM3BECTHBIMIY» H3JIOKCHO OMNKMCAHHE ajrOpUTMa Ass=diag(4.2500,0.0250,0.0250, 0.0250,0.5750).
HaXxOXIeHns 3HaueHuit mapamerpoB (CC') n O6uiee pelIeHHEe CUCTEMBI U3 3-X ypaBHEHHMA
3HAYEHUH  ZZ-mepeMeHHbIX (U3 ZZmg)  nA SBJIIETCS ~MATPUYHBIM  PELICHHEM  MATPHUYHOTO
[ ]
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ypaBHeHus BUIA Y Y3 =ZZmsCas. Pemenne ZZms npu
M3BECTHBIX 3HaueHWAX Y Ym=ZZ, Cs3 TOIyYCHO
HAMH C T[PUMEHCHHEM  IPOTPaMMBI-TaOIHIIBI
(Tabmuma 10) mns mHanctpoiikm «[lowmck permeHus»
(Pucynox 11).

AHaIOTHYHO TOKa3bIBaeTCA (2-0i BapHaHT) BUA
CHUCTEMBI JHHEUHBIX ypaBHEHUH Y Ym3=ZZmaCCus,
(BBIIICTICHHAST YacTh W3 CUCTEMBI YpaBHEHHUA Ymg
=ZmnoCo9), Tme osnemeHTHl Marpuibl CCys3 paBHEI
31eMeHTaM 3-X cToo10B MaTpuilbl Cog («BECOBY» MPU
MEPEMEHHBIX 271,272,273,2Z4).

CocraBnsercs cucremMa paBCHCTB c

HCU3BCCTHBIMU ZZ71,272,7Z3,Z2Z4 W W3BCCTHBIMH YY-
TIepEMEHHBIMH YY?2,YY3,YY4, cocToAMmIast U3 4 paBEHCTB
C HEW3BECTHBIMH TPaBBHIMH YACTSIMHA paBEHCTBA
(ZZna=YYn3CCT34). st 5TOH CUCTEMBI MOJCTABUM
MOJyYUCHHBIC paHEee 3HAUCHUS «BECOBY» M MOIYIHM
nosayro Matpuiy CCTaq
CCT11:CT12:O.5000, CCT12=CT13:0.5000, CCT13=CT14:
0.0041;
CCT12=CT22: 0.5000, CC22=CT23:0.5004, CC32=CT24 :(-
0.0054), CCT13=CT32:0.2291, CCz4=CT33:0.5000,
cc34=cT34=0.0043, ccT14=cT4=(-0.0001), ccoa=cTs3=
0.0040, ccas=cT4s= 0.5000.

s 2-ro BapuaHTa (OPMYJIBI BBIYUCICHHS
3HAYCHUN ZZ-TIepeMeHHBIX 221,772,773,7724 wMeroT
BUJI, COBIAIAOMIHIA ¢ (hopMynamu s 1-ro BapuaHTa
MOJIENTH KOPPYIIIHH:

ZZi1=Yi2*CC11+Yiz*CC21+Yig*CCan;

ZZip=Yi2*CC12+Yi3*CC22+Yia*CCa2;

ZZi3=Yi2*CC13+Yiz*CC23+Yis*CCa3;

2Zi4=Yi2*CC14+Yis*CCo4+Yis*CCas.

IloncraBuM 3Ha4YeHHs «BecOB» (2-To BapuaHTa
Mojenu) u3 Matpuibl Cgg B (OPMYIIBI BBIUHCICHHS
3HaUEHWN Zzz-TIepeMeHHbIX 7z1,272,773,774 vumeem
MaTeMaTHYeCKyl0  Mojens  Koppynuuu  (1-brif
BapHaHT).

72i1=Yi>*0.5000+yi3*0.5000+yis*0.0041;

72i7=Yi2*0.5000+yi3*0.5000+Yis*(-0.0054);

72i3=Yi>*0.2291+yi3*0.5000+yis*0.0043;
72i4=Yip*(-0.0001) +y;i3*0.0040+yi4*0.5000.

MatemaTtideckass ~ MOJENIb KOPPYIIUH 2-TO
BapHaHTa OTIIMYACTCS OT MATEMaTHYCCKOW MOICIH
Koppymimu 1-ro Bapuanra:

7zi1=Yi2*0.0000+yi3*0.5000+Yis*0.5000;

72i=Yi>*0.5000+Yi3*0.5004+Yyis*0.4998;
7Zi3=Yip*(-0.3511) +yi3*0.5929+yis*(-0.5241);
77is=Yi2*0.0000+yi3*(-0.0958) +yis*0.7053.

KoncrpyupoBanne cMbIcioB Yy-aKkTOpoB
SIBJIEHUs1 «KOppynuusi» mnpu 1-oM BapuaHTe
cocraBa (akropoB koppynuum (4 z-paxtopos
(1511 «<HM30B») U 5 y-(pakTOpPOB (111 KHU30B))

Brlme MBI BBEIYHCIMIM M3MEHUYMBOCTH 4-X Z-
MEPEMEHHBIX, 3aBUCAIINX OT MOJCIBbHBIX 3HAYEHHUH
Y-H3MEHUYMBOCTEHN 1 OT 3Ha4YeHHit «BecoB» 0.7053, (-
0.0044) u3  Matpuipl  C55. OTxenbHO
CMO/IENIMPOBaHHAsI cityyaitHas Marpuia
Yms=UmsAY%ss comepxuT 3 BEIIETEHHBIX CTONONA C

Homepamu 2,3,4. M3 paBeHCTBa Halled Moxaenan
ZZma=YYm3CC34 (CCs3CC"34 #1144, n60 Cs5C"55=155)
Yms=ZmaCas ZZma CCs3=Y Ym3CC34 CCys
PaBenctBO  Yms=ZmsCss coOmmomaeTcsa 10
MOCTPOEHUIO MOJIEIIH, TaK Kak mapa Matpuil (Ass,Css)

VIOBIICTBOPSIIOT ~ PaBEHCTBY (1/M)YmsY ms=Ass,
C"s5Cs5#ls5, Cs5C"s5=Iss.

Bwmecro CMBICIIOBOTO paBeHCTBa
cMBICI( Y ms)=cMBICT(Zms) *Css paccMOTpUM
CMBICIIOBOE PaBEHCTBO cMBICI('Y m3) =CMBICIT

(Zma)*Cas. 3necy popmyna cmbici(Yms) ompeaeaTum
KaKk CyMMY CMBICIIOB 3-X Y-TIEPEMEHHBIX Y2, Y3, Ya,
sHaueHus Yi2, yi3, vyi4, i=l,....m, KoOTOpBIX
PACIIOJIOKEHBI B 2-0M, 3-eM, 4-0M CTOJIOIaX MaTPHUITBI
Yms=UmsAYss. A ¢dopmyny Buma  cMbIC(Zma)
OTIPEIETIMM KaK CYMMY CMBICIIOB 4-X Z-TIepeMEHHBIX
21, Z2, 73, Za, 3Hauenud zil, zi2, zi3, zi4 , i=1,...,m,
KOTOpBIX pacnojoXeHsl B 1-oM, 2-oM, 3-em, 4-oM
cTonbnax Matpumbl Zms. CMbIcTOBas GpopMmyma s
CMBICTa CTONMOWOB  CMBICT(Ym3) MaTpUIBl Y3
OIIpeACINM TaK: eMbIC( Y m3)=cMbIci(y1)®D
cMbIci(Y2)@cembicin(Ys) H CMBICI(Zma)=cMbICT(Z1)®D
CMBICI(Z2)DembIci(Z3)Dembicia(Za), Tae Y1, Y2, VY3
(z1,22,23,z4) 0603HauaOT MEPEMEHHBIE U3 CTOOIOB

Ne2 Ne3 Ned w3  wmarpuupt  Ymz (43 cTOOLIOB
Nel,No2 Ne3 No4 w3 wmatpurtel Zms). 30€Ch MBI
BHEIPSICM B  CMBICJIOBbIC  (OPMYJIBI  TCOPHUH

MHOTOCMBICJIOBBIX YPaBHEHHH € CEMaHTHYECKUMH
MEPEMEHHBIMHU TE3UC «YHCTa BaKHEE CIIOB, CMBICIBI
CJIOB Ba)kHee uncen u ux Gopmym» [2].

Paccmotpum CMBICIIOBOE paBeHCTBO
cMBICT( Y m3)=CMBICT(ZZms)CCa3.  DTa  CMBICITOBasS
¢dopmyna 0060cHOBaHA 4-MsI UCXOJHBIMU CMBICIIAMH
4-X 7Z-TIepeMEHHBIX U HEU3BECTHBIMH CMBICIAMH 3-X
BBIJICJICHHBIX B MOJIENH Y-TiepeMeHHbIX. [l Kax a0
y-liepeMeHHO# TpeOyeTcsi HalWTH HOBBIE CMBICIIHI,
peliasi CHCTEMY CMBICIOBBIX ypaBHEHHI BH/IA:
cmbici(Y2)=cMbIci(Z2Z2)*0,5000@cmbicin(zz3)* (-
0,3511);
cmbici(Ys)=cMbici(zZ1)*0,5000@cmbicin(zz2)*
0,5004®cmpici(zz3)*0,5929@cmeici(zz4)*(-0,0958);
cmbici(Ya)=cMbici(zZ1)*0,5000@cmbicin(zz2)*
0,4998®cmpici(zz3)*(-0,5241)®cmbici(zz4)* 0,7053.
B Mozenu ocrancs HEYYTEHHBIM MPAKTUYECKH
paBubiii 0 «Bec» c54=(-0,0044).

PaccmoTpum 1-yi0 CMBICIIOBYIO HEH3BECTHYIO
cMBICT(Y2)=«OT/Jaua Moj 3aJI0T B Ka4ecTBe OTKyMa U
oT/aya MO JIOTOBOPY MOAPSIa CBOMX HMMEHHH 3a
nponeHT (cMbIci(Y2)), BO MHOTO pa3 MPEBBIIAOIINN
CpEIHEPBIHOYHBIN YPOBEHD — KaK CII0CO0 MOTyUCHHSI
B3aTKW». IlpaBas 4acTh ypaBHEHHS  CMBICI(Y2)=
cMbICi(2Z2)*0,5000@cmbicin(z23)*(-0,3511)  paBHa
CyMME CMBICIOB 2-X ZZ-TIepeMeHHbIX 22, zZ3.
[IpocTeie BBHIMOTATENBCTBO M MHOAKYI IEPElAlOT
CMBICT HOBBIA_cMmbIci(Y2). Dpasa «HUHIAUBHI B
«Bepxax» peanusyer aias cebs crnocod MmoaydeHus
B3SITKH IIyTEM [TPOCTOrO BEIMOTaTENILCTBA U MOAKYIa»
MOJIXOJIUT JUTst nepenavu CMBICTA:
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HOBBIH CMBICI(Y2)=«UHIUBHI B «BEPXaX» peasi3yer cMbIci(Z3)*0.5® cmbici(z4)*(-0.005394155).
Juist ce0st  oThady IOJ| 3aJI0T B KayecTBE OTKyIa 3a CxoHCTpynpyem CyMMy CMBICJIOB

CYeT BBIMOTATEIBCTBA (CMBICI(ZZ2)) C «BECOM»
¢2,=0.5004, monkyma (cMbIci(ZZ3) ¢ «Becom» c32=0.
0,5929».

PaccmoTpuM 2-yi0 CMBICIIOBYIO HEH3BECTHYIO
cmbicn(ys)=«Berymienne B akmoHepHbIE 00IIecTBa
0e3 B3HOCa kanutaina (Y3)». [IpaBas 4acTh ypaBHCHHS
cmbici(ys)=cmbicn(zz1)*0,5000@cmbicn(zz,)*
0,5004@cmBic(zz3)*0,5929@cmbic(zz24)*(-0,0958)
paBHAa CyMME CMBICIIOB 4-X ZZ-TICpEMEHHBIX ZZ1,ZZ>,
773,7Zs. TIpocThie JIHMXOUMCTBO, BBIMOTAaTEIbCTBO,
MOJKYN W OTPHUIIAHUC «BJC3aHUS WHIUBUIAYMOM W3
HH30B B JIOJITH» [EPEIar0T CMBICI HOBBIHM _cMBICI(Y3).
®paza «MHIUBUI B «BEpXax» peaiu3yer Ui ceOs»
MOJIXOTUT TUTSE nepeaayn CMBICITA
HOBBIM_CMBICII(Y3)=«HHIUBUJ B «BEPXaxX» pealn3yeT
st ce0s BetyruieHne B AO Ge3 B3HOCa KalmuTana 3a
cuer JUXoUMCTBa (CMBICI(Z1) ¢ «Becom» c13=0.5),
BBIMOTI'aTEIILCTBA (CMBICI(ZZ2) ¢ «Becom» ¢23=0.5004),
nmogkyma (cMbIci(ZZ3) ¢ «Becom» c33=0. 0,5929) 6e3
BJIC3aHMUS B TONTH (CMBICTI(ZZ4) TIPOSIBIICH CO «3HAKOM
MUHYC TIpH 3HaYeHUH Beca» c43=(-0,0958)).

PaccmoTrpum 3-yi0 CMBICIOBYIO HEH3BECTHYIO
cmbici(ys)=«Hcnonbp3oBanne BBICITHMU
YMHOBHUKAMU TIOJIMTHYECKOW M  KOMMEPUECKOMH
uHopManuK B JUYHBIX LENAX (Ya)». DTOT CMBICHT
OOHOBIISICTCS, ©CIM HAWTH PEHICHUE YpaBHCHHUS
cmbici(ys)=cmbici(z1)*0,5000@cmbici(Z2)*0,5004@
cMbICi(Z3)*0,5929® cmbicn(z4)*(-0,0958).

IIpaBas 4acThb ypaBHEHUs
embic(zz1)*0,5000+cmbici(z22)*0,4998®
eMbIci(Z23)*(-0,5241)@cmpici(zz4)*0,7053  paBHa
CyMME€ CMBICIIOB 4-X ZZ—TIE€PEMEHHbIX ZZ1,2Z2,2Z3,2Z4.
IIpocTeie THMXOMMCTBO (CMBICI(ZZ1) C «BECOM»
¢13=0.5000), BEIMOTaTEILCTBO (CMBICII(ZZ2) C «BECOM)»
c23=0,4998), ©6e3 momkyma  (cmbIci(ZZ3) C
orpunarensHbeiM  «Becom» c=(-0,5241)), HO C
«BIIC3aHUEM WHIUBHUIYMOM W3 HH30B B JOJITH»
MepenaroT CMBICT HOBBIN cMbIci(Ys). ®Ppaza  mjs
neperayd CMBICIIA MMEET BHJI: HOBBIH CMBICI(Y4)=
«BBICIIAE YMHOBHUKH UCIIOJIB3YIOT MOJUTHYCCKYIO U
KOMMEpUYECKyI0 HH(POpPMAIMH B JIMYHBIX [EJIAX,
WCIIONB3YSl YCHJIGHHO: JIMXOMMCTBO (CMBICI(ZZ1) ¢
«Becom» ¢13=0.5000), BEIMOTaTensCTBO (CMBICH(ZZ2) C
«Becom» €23=0,4998), ¢ «Bie3aHMEM WHAWBHAIYMOM
W3 HU30B B JIONTH, HO 0Oe3 mojkyma (CMBICT(ZZ3) C
OTpUATENILHBIM «BecOM» C34=(-0,5241))».

cMbIc(Ya)=

KoncTpyupoBanne  HOBBIX CMBICJIOB Y-
(akTOpOoB SIBJICHHMSI «KOppYNUMS» NPH 2-0M
BapuaHTe cocraBa QakrTopo koppymuuu (4 z-
(daxTopoB (1715 «HM30B») M 9 y-akTOpoB (AIA

«BEPX0B»)
PaccmoTpuM 1-yi0 CMBICITOBYIO HEH3BECTHYIO
cMeici(y2)=  «BbIMOrarenmbcTtBO, Ha  KOTOpPOE

CIOCOOHBI COBEpIIaTh OECCOBECTHBIE CIICIOBATEIIN:
cMbICi(Y2)=cMbIci(Z1)*0.5@cmbici(Z2)*0.5@

(HoBBIIT cMmbicn(Y2)) W3 TpaBOM YacTH paBHCTBA.
[TpoBepuM ¢pa3zy U3 BHOBb CKOHCTPYHPOBAHHOTO
HIDKE CMBICTa HOBBIA CMBICH(Y2) W (pasy wu3
cMmbici(y?) Ha OTCYTCTBHE TIPOTHBOPYMS MO UX
cMbicnaM. Ecan ecTb OTCyTCTBHE MPOTHUBOPEUHS IO
HX CMBICIIAM, TO CIUTAEM, YTO CMBICIIOBOE YPaBHEHHUE
eMbICi(Y2)=cMbIci(ZZ1)*0.5@ cMbici(zz2)*0.5@
cMbIC(2Z3)*0.5@cMmbici(Z2Z4)*(-0.005394155) umeer
CEMaHTHYECKOe pelIeHue. [Tposenem
KOHCTPYHPOBaHHE  CyMMapHOW  ¢pasel  Aisd
HOBBII cMmbIci(Y2). B aHanu3upyemMoM ypaBHEHHH
MPUCYTCTBYIOT 3 cMbIcna 3-X (Z-TIepeMEHHBIX:
JIMXOUMCTBO (ZZ1), BBIMOTATeNIbCTBO (ZZ2), HOAKYII CO
CTOPOHBI ~ YWHOBHHMKOB  (ZZ3), MW  OTCYTCTBHUE
«cpeOporo0Hs, TPOSBISIEMOTr0 IPEACTABUTEIISIMH
WHAMBUIAMU W3 «HHU30B» (ZZ4)». 3HaK MUHYC INpH
«Bece» (=(-0.005394155)) u ygeT HCXOTHOTO CMBICIIA
cMbIcT(Y2)=«BBIMOTAaTENLCTBO, Ha KOTOpoOe
CIIOCOOHBI...» TIO3BOJSIET HaM CKOHCTPYHPOBAaThH
CYyMMapHYyIo ¢bpazy «BBIMOTATEIBCTBO c
MIPUMEHEHHEM JIMXOUMCTBA (ZZ1), BBIMOTATEIbCTBA
(zz2), moaKyma co CTOPOHBI YHHOBHHKOB (ZZ3), HO 6e3
«BJIE3aHUsSI BBICOKOIIOCTABJIICHHBIX WH/IWBUIIOB B
nonru  (ZZs)», (3HaAK MHHYC TIpu «Becey» c42=(-
0.005394155))». Ipore TOBOPS
HOBBIN _CMBICI(Y2)=«BBIMOTATEILCTBO CO CTOPOHBI
WHIUBHJIOB U3 «HU30BY» C IPUMEHEHHUEM JIMXOMMCTBA
(zz1), BBIMOrarenbcTBa (ZZ2), MOAKYMA CO CTOPOHBI
YMHOBHUKOB (ZZ3) HEBBICOKOTO paHra». ®pasa
«YMHOBHUKOB  (Z3) HEBBICOKOTO  PaHra» MBI
TIPUMEHWIIN U3-33 OTPULATEIBHON BETMINHBI  «BECA»
c22=(-0.005394155), pasexko OTKIOHSIOMIETO OT
3HaueHus 0.5 («Beca» CMBICIOB C12=Cp=C32=0.5 zz-
NEePEeMEHHBIX ZZ1 ,ZZ3, ZZ3 CO CMBICJIaMH JINXOUMCTBO
(zz1), BBIMOTaTEnbCTBO (ZZ2), MOAKYI CO CTOPOHBI
YHHOBHHKOB (ZZ3), BXOJSIIUMH B CMBICI IEPEMEHHOU
y2).  «BbIMoOrarenmbcTtBO,  KOTOpPOE  CITOCOOHBI
COBepIIaTh OECCOBECTHBIE» BBICOKOTO paHra JaBUT
Ha WHIMBUJIOB U3 «HU30B» HIDKHEr0 paHra,
BOBJICUCHHBIX B JIMXOUMCTBO (€ «Becom» cl12=0.5)
(zz1), BBIMOTaATENBCTBO (C «BeCOM» C2=0.5), mOAKYM
CO CTOPOHBI YHHOBHHUKOB (C «Becom» ¢32=0.5), HO Oe3
«BJIE3aHUSI MHAWBUIOB U3 KHU30B» B JIONTH (CTEIICHb
BJIC3aHUS B IOJTH HE BBIPAXKEHA, TAK KaK «BeC» C42=(-
0.005394155) otnasen ot Hyns, oT 0.5 1 ot 1)».
PaccMoTpuM 2-y10 CMBICIIOBYIO HEH3BECTHYIO
cmbIci(ys)=cMmbici(zz1)*(-0.707057454)®
CMBICI(2Z2)*0.229097897 ®cmbici(zz3)*0.5®
cMbIC(Z24)*0.004281292. HaiizieM cymMMy CMBICIOB
4 CMBICJIOB ZZ-TIEpPEeMEHHBIX U3 MPaBOH YacTH
YPAaBHEHHUS U, €CIIM HAHIEHHBII CyMMapHBI CMBICI
JIOTNIOJIHSIET MCXOIHBIH cMBIC(Y3), TO CyMMapHbIi
CMBICII CYMTaeM pCEIICHHEM pPaccMaTPHBAEMOr0
CMBICJIOBOTO YPaBHEHHUS.
CwmbIci(Y3)=«HOAKYI, BCIEICTBHE
HeJ100pOCOBECTHBIE YHMHOBHUKH

KOTOpOTO
COBEPIIAIOT
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JOJDKHOCTHBIE — MPECTYIUICHHS, KaK  TPaBHIIO, (-0.0001)+cmpbicn(zz3)*0.003958555+(zz4)* 0.5.

HEHaKa3yeMble». BBIACHHM, paBeH WM HET CMBICI
JIEBOM YacTU CMBICAYy TpaBOM 4YacTU HAIIEro
CMBICJIOBOTO  ypaBHEHHsT CMBICI(Y3)=CMBICT(Z1)*(-
0.707057454)@®cmbici(z2)*0.229097897@
cMbIci(Z3)* 0.5@cMmbicin(z4)*0.004281292.
CkoHCTpyHpYyeM CyMMy CMBICJIOB
(HOBBIM_cMBICI(Y3)) W3 TMPaBOM YacTH pPaBCHCTBA.
IpoBepum ¢pa3y U3 BHOBb CKOHCTPYHPOBAHHOIO
HIDKE CMbICTa HOBBIM cMmbici(ys) W ¢pasy u3
cMbici(y3) Ha OTCYTCTBHE MPOTHBOPEUYHs [0 HX
cMbicinaM. Eciti ecTh OTCYTCTBHE IPOTHBOPEYHS O
UX CMBICJIAM, TO CYMTAEM, YTO CMBICIOBOE YPABHCHHE
embicn(ys)=cmbici(z1)*(-0.707057454)@cmbicn(z2)*
0.229097897@cmbicn(z3)*0.5+cMbic(Z4)*
0.004281292 umeeT ceMaHTUYECKOE pEIICHHE.

IIpoBoguM  KOHCTPYHpPOBAHME  CyMMAapHOHU
¢pazel g mepeMeHHOW HOBBIM cwmbicia(ys). B
aHAJIM3UPYEMOM  YpPaBHEHHMH IPHUCYTCTBYIOT 3
CMBICTa  3-X  ZZ-TIepEMEHHBIX: MTOOMIPCHHE
(cmpIcn(ZZ1)), BBIMOTATENBCTBO (ZZ), TOOKYH CO
CTOPOHBl YMHOBHHKOB  (ZZ3), u  HeOOIbIIOE
MPUCYTCTBHE  «BIC3aHHE  BBICOKOIIOCTABIICHHBIX
MOXKHOCTHBIX JIAI] B [JONTH C JaTbHEHIINM
Ha3HauYCHUEM KpEAUTOPOB Ha «JIOXOJIHBIC

JIOJDKHOCTH» HEOONbIINM «Becom» c43=0.004281292.
3Hak mnoc npu «Becey» ¢43=0.004281292 yka3biBaet
Ha HEOOJBIIYIO CTENCHb MPOSBICHUS CUIIbI BIUSHUA
«BII€3aHUS BBICOKOTIOCTABJICHHBIX JOXHOCTHBIX JIHII
B JIOJITH C JAIIbHEHIIINM Ha3HaYeHHEM KPEeIUTOPOB Ha
«JIOXOJHBIE JOJDKHOCTUY» (CMBICI(ZZ4)». 3HAK MUHYC
npu 3HaYeHnu «Beca» c13=(-0.707057454) o3nauaer
OTCYTCTBHE JIMXOMMCTBa (IIpomecca B3MMaHUS,
MSTKOTO BBIMOTATEIbCTBA UY)KOH COOCTBEHHOCTH,
JICHeT WJIM TUIOAOB YY)XHX TPYAOB), TPHUCYTCTBHUE
00paTHOTO Ka4yecTBa — MPOLEC CHIILHOTO TTOOIIPEHHS
(BO3HArpak/IeHus1) B TOW MIJIM HHOH BHJIE (MOPaTbHOM
WA MaT€pPHAIHLHOM).

IIpoBoguM  KOHCTPYHpPOBAaHHME  CyMMAapHOH
(pa3sl mast HOBBIM cmbIci(Ys). B anammsupyemom
YpaBHEHMHM TMPHUCYTCTBYIOT 4 cMmbIcia 4-x ZZ-
MEePEMEHHBIX: MOOIIpeHHe (ZZ1), BBIMOTATEIBCTBO
(zz2), moakym co CTOPOHBI YMHOBHHMKOB (ZZ3) H
OTCYTCTBHE  «BJE€3aHHE  BBICOKOIIOCTABIICHHBIX
JOXKHOCTHBIX JMI[ B JOITH C JaJbHEHIINM
Ha3Ha4e€HHEM KPEIUTOPOB HA «JIOXOAHBIE JOJDKHOCTH
(zz4)». 3nak munyc npu «Bece» (=(-0.005394155)) u
y4aer HCXOJTHOTO CMbICTa cMBIC(Y2)=
«BBIMOTATENbCTBO, HA  KOTOPOE  CIIOCOOHBI...»
MO3BOJISIET HAM CKOHCTPYHPOBATh CyMMapHyIo (hpasy
«BBIMOTATENBCTBO C IPHMEHEHHEM JTMXOUMCTBA (ZZ1),
BBIMOTATEeNBCTBA  (ZZ2), TOIKyIa CO CTOPOHBI
YUHOBHHKOB (ZZ3), C MPOSBJICHHUEM CJIaboil cTereHn
BJIC3aHNE BBHICOKOTIOCTABIICHHBIX J0)KHOCTHBIX JIMI] B
JIOITU C JANbHEHWIIMM HAa3HAYEHUEM KPEIUTOPOB Ha
«JIOXOJ/IHBIE TOJDKHOCTH, «CMBICII (ZZ4)», (3HAK MUHYC
npu «Becey c43=(-0.005394155) )».

PaccmoTpuM 3-10  CMBICIOBYH0 HEWM3BECTHYIO
cMbIcn(Ys)=cMmbicin(zZ1)*0.004852744+cmbicn(z22)*

HaiineMm cymmy cMBICIOB 3 CMBICIIOB («BEC»
c24=0 zz-TiepeMeHHOW ZZ;) ZZ-TIEPEMEHHBIX W3
NpaBOM 4YacTU YpaBHEHMsI U, €CIM HalIECHHBIN
CYMMapHBIH CMBICI JOIIOJIHSET HCXOAHBIN CMBICT(Ya4),

TO CYMMapHBIH CMBICT CYHTa€M  pEIICHUEM
paccMaTpuBacMoro CMBICTIOBOTO ypaBHEHHS.
Cwmpici(ys)=«Cpebpomntobue, IPOSABILIEMOE

MIPEACTaBUTEISIMU BBICIIMX COCIIOBUI, 00JIajaTes MK
BBICOKUX JIOJDKHOCTEH W BbIpaxkaromieecs B
UCIIOTHEHUH  JIONITOBBIX  00S3aTeNbCTB  IEpej
KpeAUTOpaMM Ha3HAauY€HUEM MX Ha «JIOXOJHBIE)
JOIDKHOCTM». OTa  (dpasa oTamyHa 0T (Qpasbl,
BEIPAKAIOMICH CMBICI ZZ-TIEPEMEHHOH ZZ4. DTH Y- U
ZZ-niepeMEHHBIE Y4, ZZ2 COAEPXKAT OHO OOIIIEe CIOBO
B (pazax, BEIPAKAIOUINX UX CMBICIIBI, HO OJJHA U3 HUX
BXOAWT B Jpyryio ¢pa3y. BeisicHHM, paBeH WM HET
CMBICT JI€BOH JacTu (CyMMa 3-X CJIaraeMbIX CMBICIIOB
ZZ-niepeMeHHBIC ZZ1, ZZ3, ZZ4) CMBICIY TPaBOil 9acTH

HAIIIero CMBICJIOBOTO yYpaBHEHUS
cMbIci(Ya)=cMbici(2Z1)*0.004852744@ cmbicn(zz3)*
0.003958555@(zz4)*0.5.

CKOHCTpyHpyeM CyMMy CMBICJIOB

(HoBBIIT_cMmbicn(ys)) W3 TMpaBOH YacTH paBHCTBA.
[IpoBepuM (pazy U3 BHOBb CKOHCTPYHUPOBAHHOTO
HIDKE CMbICTa HOBBIA cMbICi(Ys) © (¢pasy wu3
cMbIci(Ys) Ha OTCYTCTBHE IPOTHBOpEUHUS IO HUX
cMmbicnaM. Eciu ecTh OTCyTCTBHE NPOTHUBOPEUHUS IO
HX CMBICIIaM, TO CIUTAEM, YTO CMBICIIOBOE YPaBHEHHUE
cmbici(Ya)=cMbici(ZZ1)*0.004852744@cmpbici(zz3)*
0.003958555@cmbici(zz4)*0.5 HMeeT
CEMaHTHYECKOE PEIICHHUE.

[IpoBogrM  KOHCTPYHMpPOBAHHE  CyMMapHOH
¢bpa3sl g TiepeMeHHON  HOBBIA_cMBICH(Ys). B
aHAIM3UPYEMOM  YPaBHEHHWH  IPUCYTCTBYIOT 3
cMblcia  3-X  ZZ-TIepEeMEHHBIX:  JINXOUMCTBO
(cmbIcn(ZZ1)), BBIMOTATENBCTBO (ZZ2), TMOAKYI CO
CTOPOHBI YHHOBHUKOB (ZZ3), U 3aMeTHOE (O0IbIIoe)
NPUCYTCTBHE  «BJIE3aHHE  BBICOKOMOCTABJIEHHBIX
JOKHOCTHBIX JIMIl B JOJIIM C JAJIbHEUIIUM
Ha3HauYCHHEM KPEIUTOPOB Ha «JOXOJHbIE JOJKHOCTH
(cmbIcn(Zz4)» (¢ Gonmbmium «Becom» €44=0.5). 3Hak
IUTIOC TIpU «Bece» C44=0.5 yKaspIBaeT Ha OOJIBIIYIO
CTENECHb TMPOSBICHUS CHJIBl BIWSHUS  BIIE3aHUS
BBICOKOIIOCTABJICHHBIX JOXHOCTHBIX JIMII B JIOJNTH C
JalbHEHIINM  Ha3HAaYeHHWEM  KPEeJUTOpPOB  Ha
«JTOXOIHBIE JOJHDKHOCTH (CMBICI(ZZ4)». 3HAK TLTIOC
npu 3HadeHun «Beca» c€14=0.004852744 o3nauaer
NPUCYTCTBHE OYEHb MAaJIOW CTENEeHHM JHXOMMCTBA
(mpomecca B3WMaHMA, MATKOTO BBIMOTATEIHCTBA
qyXKOH COOCTBEHHOCTH, NI€HET WM IUIOAOB UYKUX
TpyAoB), mainoe 3HadeHne c34=0.003958555 o3navaer
OYeHb MAaJyI0 CTENeHb NPHUCYTCTBHUSA IMOJKyMa CO
CTOpPOHBl UYHMHOBHUKOB (ZZ3). Cpemm 4-x «Bec»
CYLIECTBEHHO IOMHUHHUPYET «BeC» C44=0.5. 3HauuT
CMBICII ZZ—TIEPEMEHHOMN ZZ4 COCTaBIISICT HOBBIM CMBICI
y-TIepEMEHHOH Ya.

SIcHO, 4TO HOBBIA CMBICT KaK HOBEIHA Y-(hakTop,
nepenie i (M3BIEUEHHOE Halleld MOJENbI0 HOBOE
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3HaHMe) U3 Z-(PaKkTopa HIKHETO YPOBHS Iepelien Ha
BEpXHUH ypoBeHb.  II3MeHuBIIMH CBOH cTaTtyc
(hakTop co CMBICIIOM «Brezanne
BBICOKOTIOCTaBJICHHBIX I0)KHOCTHBIX JIMI{ B JOJITH C
JanbHEHIINM  Ha3HAaYCHHEM  KPEIUTOPOB  Ha
«JIOXOZHBIE JOJDKHOCTH» CTal TIaBHBIM (DaKTOPOM

KorHuTHBHasT MOJENDb SABICHUS «KOPPYIILIASD
KOJIMYECTBEHHO BBIYHMCIIMIIA:

1. monst z-akropa Koppymuuu cMbici((z4))=
«Brne3aHue BBICOKOIOCTABIEHHBIX JOKHOCTHBIX JIHII
B JIOJITH C JaJbHENUIIMM Ha3HAYEHUEM KPEOUTOPOB Ha
«IOXOJHBIE MOIKHOCTH» paBHa 25% (0.5*0.5=0.25)

SBIICHUA «KOPPYNIUs». OTOT (AKTOp, COTIACHO B y-daxrope co CMBICIIOM «Bnezanue
peIIeHHIO CMBICJIOBOTO ypaBHEHHUS BBICOKOIIOCTABJICHHBIX JIOKHOCTHBIX JIMIl B JIOJITH C
cMbIci(Ys)=cMmbici(zZ1)*0.004852744+cmbicn(zz3)* JAIbHEUIIUM  HA3HAYEHUEM  KPEAUTOPOB  Ha
0.003958555+(224)*0.5. «ITOXOJITHBIC JIOJDKHOCTH». DTO CBUICTCIBCTBYET O
BeisiBieHHbIH  Hamiel MOJIETIBIO daxr TOM, 4To 25% WHIOUBHUJIOB U3 HIDKHETO YpPOBHS
HE3BIOJIEMOCTH «CHJIBI BJIACTh HMYIIUX» SIBISIETCS KOPpYNIUK TMEepexXoauT Ha BEpXHUH ypOBEHb
U3BECTHBIM BceM (akToMm. [lisi y-mepemenHoit y4 KOppYNUMH. A HWKHUH ypOBEHb KOPPYILHUH
Halla MOJENIb W3BJICKIA JOTOJHUTEIBHOE HOBOE JOTIOJTHAOTCS HOBBIMHU BHEMO/ICIbHBIMH
3HaHHWe: ««Bie3aHne MTOXKHOCTHBIX JHI B IOJITH nHauBugaMu. [Togemy?
ABISICTCA  OBIDKyIIed cmimoir  obmectBa. Ilofg
TEPMHHOM  «» HaJo0 IOApa3yMeBaTh WHIWBHIOB,
TICHXOJIOTHYECKHE CBOHCTBA KOTOPBIX BBIPAKCHBHI B
cMbIciax 4+9=13 z- u y-nepeMeHHbIX.
Tab6auua 2. Bua tadaunsi-nporpaMmsl ONTHMHU3aLIMOHHOI
3agaud 2: (loolog)=>( Cog A 99) B MoOsieIH € 4 Z-TIepeMeHHBbIMM, 9 Y-TIepeMEeHHbIMH
t [ 2 ] 3 | 4 | s 5 7 8 9
z1
0,5000 0,5000 0,4000 0,4000 0,1428 0,0384 -0,0072 -0,0112 0,4000 | 1,0000
z2
0,5000 0,5000 -0,4018 0,8273 -0,0007 -0,0821 0,0154 -0,0004 -0,2537 | 1,0000
z3
0,5000 0,5000 05000 0,4000 -0,0012 -0,0140 0,0143 0,0008 0,4000 | 1,0000
z4
-0,5581 10051 -0,3723 0,5000 -0,0053 -0,1425 -0,0003 0,0000 0,0112 | 1,0000
z5
0,0042 -0,0097 0,0084 -0,0938 11,0508 -0,0589 0,0101 0,0008 0,4000 | 1,0000
z5 -0,5282 0,3000 0,4000 0,4000 0,1159 0,4244 0,0394 0,0000 0,0135 | 1,0000
zi 0,0003 0,0051 -0,0055 -0,0005 -0,0077 -0,0125 0,9998 -0,0077 -0,0050 | 1,0000
28 0,0094 -0,0417 -0,1355 0,0045 0,0049 0,0089 0,0077 0,9898 0,0017 | 1,0000
z9 10,0225 0,0189 -0,0021 0,0054 0,0322 0,2058 -0,0089 0,0021 0,9774 | 1,0000
14558 18544 0,8885 1,4232 1,1503 0,2553 1,0020 0,9798  1,4999 [ 9,0000
0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 /| 0,0000 | 0,0000
lambda 5,770000 | 0,000000 | 0,000000 0,000000] 0,557317|0,552583| 0,300000 0,300000 0,300000| 9,0000
cll 0,5 0,82550
c2l 0,5 0,01000 0,9
c33 0,5
cd4 0,5
Mopenuposanue ynciaoBbix Marpun Y Ops. 221,725,223,224 ZZm4=Y Y m3CC"34 (CC43CC 4%l 44, mpu
ZOws y- W zZ-OTKIOHeHWil st 3-x 9ToM Cs5C's5=I55). nerko Berumcnsiercst B OT Excel.
MHOTOCMBICJIOBBIX YPABHEHHUI 110 MaTeMaTHYECKOM Matpunbl ZZms u Yms  COIEpKaT MOJICTBHEIC
MOZCM, I'I€ OTACIbHO MOICIUPOBAIMCH MATPHIIbI 3HaUCHUA HEeU3MEepsEMBbIX U3MEHYUBOCTEH
Uns U Yms [20] rtakue, uro (1/M)UTmsUms=lss, (oTKIOHEHN oT 0), COOTBETCTBYIOLIHUX
Yms=UmsAY2,, 3aTeM  MozmenupoBanach MaTpui@a HeusMepseMbIM (PaKTOpaM KOPPYIILIHH.
Zms=YmsC'ss. Matpuiia 3HaYCHWHA ZZ-TIePEeMEHHBIX Matpuna YO wmm  YOn t=1,...,0,
*
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obecrieunBaeT CIIy4alHOCTh Oy IyIIMX 3HAYCHUH y- U U/m)(y?1+y%t .. +y%m)=j, npu 3TOM CymMMa
zz—otknonenuit w3 Marpunl (YOus. ZZ0n,), (YO nucrepcuii paBHa 5. M+...+As=5. Marpuusl ZZma,
ZZ(“)m4), B marpuime Yms 3J€MEHTHI J-TO cTosiOma Y m3 mpuBeneHsl B Tabmumax 7 u 8.
Y1i,Y2j,- - -.Ymj (j-ast y-mepemennas, j=1,...,5) umeror
cpemHee  apuMeTHYECKOe,  paBHOE  HYJIO:

(L/m)(yjtyait ... +tYm))=0, u auCIIepCHIO PaBHYIO Aj:

Taéauna 3. Marpuna Yms y-u3menunBocreii (1-it BapuanT)

Ne yl y2 y3 y4 y5
1]-1.4454 | -0.1477 | 0.3153 | 0.0592 | -1.1381
2| 0.7375 | -0.0354 | 0.1055 | -0.2505 | -0.1254
3] -1.1529 | 0.0047 | -0.2340 | 0.0099 | 1.4724
4| 0.8518 | 0.0983 | -0.2220 | 0.2350 | -0.4588
5| 5.2100 | 0.0179 | -0.2099 | -0.1555 | -0.4939
5]-0.1575 | 0.1555 | 0.1011 | -0.3100 | 0.5143
7 | -0.5550 | 0.1301 | -0.2483 | 0.1125 | 0.2352
8| 0.5105 | 0.0573 | -0.0280 | 0.1408 | 0.5283
9| 3.2789 | -0.1079 | -0.0105 | 0.2704 | 0.2351

10 | 1.2454 | 0.0314 | -0.0024 | -0.0753 | 1.5009

11 | -0.9557 | -0.1899 | -0.2402 | -0.1312 | -0.1783

12 | -1.7285 | 0.3103 | 0.0405 | -0.0585 | -0.3255

13 | -2.5529 | 0.3592 | -0.0224 | 0.0295 | -0.5499

14 | -1.4535 | 0.0319 | 0.1204 | 0.1795 | 1.3524

15| -1.2388 | -0.1104 | 0.1758 | 0.2555 | 0.3340

15| -0.9785 | -0.2571 | 0.1225 | -0.0553 | 0.5473

17 | -2.5455 | -0.2242 | -0.0253 | 0.0182 | -0.8338

18 | -1.1209 | 0.1759 | 0.1792 | -0.1454 | 0.0802

19 | 1.1042 | -0.1574 | 0.0093 | -0.1583 | 0.9558

20 | 3.1544 | 0.0953 | 0.2507 | 0.1593 | 0.2545

21 | -3.5095 | -0.1198 | -0.1552 | -0.0905 | -0.3289

22 | -0.8710 | -0.0910 | -0.1418 | 0.1022 | -1.2535

23 | 2.3720 | 0.0894 | 0.0592 | 0.0045 | -1.5800

24 | 1.9424 | -0.1254 | 0.0485 | -0.1371 | -0.7452

0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
4.250 | 0.0250 | 0.0250 | 0.0250 | 0.5750

Tadanua 4. MaTtpuna ZZms Z—n3menunBocTeii (1-if Bapuanr)

Ne zz1 722 zz3 7224
1| -0.1435 -0.1045 -0.2533 0.0433
2 0.2551 0.1101 0.4272 | -0.0288
3 0.0219 0.0013 0.0345 0.0023
4| -0.0020 -0.1152 0.0509 0.0118
5 0.1531 0.0575 0.1728 0.0433
5 0.0405 0.2478 -0.3540 0.1559
7 0.1957 0.2732 -0.1958 0.2145
8 0.0537 0.0827 -0.1398 0.1074
9 0.0215 -0.0935 -0.1942 0.1830
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ (auswalia) =0564 ESII(Kz)  =8771 IBI(ndia)  =4.260
JIF =1.500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350
10 0.2181 0.4142 -0.1701 0.1595
11| -0.2008 -0.2145 0.0721 | -0.1589
12 0.0528 0.0000 -0.0099 0.0535
13 0.0422 0.0558 0.0231 0.0075
14 | -0.0555 -0.1258 -0.0444 0.0112
15| -0.1579 -0.2829 -0.1457 0.0303
15| -0.1985 -0.2113 0.3255 | -0.3222
17| -0.0750 -0.1042 -0.0142 | -0.0285
18 0.2409 0.3209 -0.1545 0.2151
19 | -0.0734 -0.0894 0.3571 | -0.2583
20 0.0554 0.1422 0.0501 | -0.0375
21| -0.0111 -0.0841 -0.1717 0.1294
22 | -0.1255 -0.2815 0.0123 | -0.0208
23 0.0573 0.1152 0.4504 | -0.2523
24 | -0.3559 -0.1220 -0.1358 | -0.2529
0.0000 0.0000 0.0000 0.0000
0.0225 0.0338 0.0450 0.0229
Taoauua 5. Marpuna Coo={Cij=corr(zi.y;j)} (z.y)-xoppeasiuuii} (2-oii Bapuanr)
1 2 3 4 5 5 7 8 9
zl 0.5000 0.5000 -0.7071 0.0051 0.0045 0.0032 0.0033 0.0018 0.0023 1.0000
z2 0.5000 0.5000 0.2255 -0.0001 0.0481 0.0809 0.0001 0.0000 -0.2043 1.0000
z3
0.5000 0.5000 0.5000 0.0040 0.0292 0.0498 0.0005 0.0000 0.0037 1.0000
z4  0.0041 -0.0054 0.0043 0.5000 0.0787 0.1487 0.0012 0.0000 0.0012 1.0000
z5
0.5085 -0.5010 0.0102 -0.0498 0.7941 -0.0285 -0.0005 0.0000 0.0028 1.0000
z 0.7035 -0.7039 0.0055 0.0010 0.0523 0.0709 -0.0253 0.0000 -0.0002 1.0000
2 0.0019 0.0011 0.0034 0.0032 0.0022 0.0012 1.0000 -0.0047 0.0019 1.0000
28 0.0437 0.0027 0.0032 0.0007 0.0035 0.0038 0.0042 0.9955 -0.0597 1.0000
z9 -0.0024 0.0521 -0.0005 -0.0008 0.0204 0.0574 0.0055 0.0597 0.9958 1.0000
15054 14993 0.8015 0.2525 0.5442 0.0403 1.0007 0.9981 1.0401 79.0000
Ta6auna 6. Matpuna VOmg 3Hauennii paBHOMEPHO pacnpeaesieHHbIX
B uHTepBase [-1;1] cay4aiinbix yncen (2-oii Bapuant)
1 2 3 4 5 5 7 8 9
1 -0.0729 -0.1954 0.3345 0.2589 0.0559 -0.012 0.3005 -0.1443  -0.2297
2 0.3873 -0.4745 -0.155 -0.1025 0.3784 0.0923 -0.0513 -0.4519 0.2805
3 0.4253 0.3235 0.1344 0.5209 0.4475 0.1555 0.4227 -0.0011 0.4402
4  -0.4579 0.0125 0.171 0.0739  -0.3545 -0.3195 0.2991 -0.357 0.0257
5 -0.1145 -0.1454  -0.1041 -0.2239  -0.0053 0.2799 -0.1554 -0.3215 0.1415
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ISRA (India) =6.317 SIS(USA)  =0.912 ICV (Poland) =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India =1.940
Impact Factor: GIF((AustraIia) ):0.564 ESJII(JK(Z) ):8.771 IBI((India)) = 4.260
JIF =1.500  SJIF (Morocco) =7.184  OAJI (USA)  =0.350
5 -0.404 -0.024  -0.4013 0.4738 0.43 0.2577 0.0005 -0.4009  -0.3475
7 0.1795 -0.3515 0.1915 -0.2331 0.3975 0.3987 -0.1038 0.3274 0.2297
8 0.1799 0.1007 -0.0059 -0.0855 0.3455 0.1395 -0.2385 0.2328 -0.0215
9 -0.1523 0.4421  -0.4595 -0.2973 0.4203  -0.0113 -0.1875 -0.1117  -0.3295
10 -0.512 -0.1555 -0.218 -0.0312 -0.0942 -0.4573 -0.0554 0.3258 0.0579
11 0.0994 0.4272 -0.0059 -0.1204 -0.3474 0.2439 -0.4047 0.1512 -0.1755
12 -0.4551 0.2915 0.5021 0.1795 -0.4549 -0.1923 0.2748 0.0505 0.411
13 -0.3753 -0.2515  -0.1853 -0.0819  -0.1779 0.3179 -0.1254 -0.451  -0.1731
14 0.3911 0.4835 -0.4941 -0.4229 0.3799 -0.1599 -0.3795 0.435 -0.2759
15 -0.4015 -0.1239 0.1521 -0.4215  -0.4485 0.4001 0.172 -0.2593  -0.2585
15 -0.0258 -0.1293 -0.3111 0.3211 -0.4035 -0.4847 0.304 -0.4585 -0.2529
17 0.4781 -0.3551 0.4537 -0.0514 0.091  -0.1529 0.3715 0.3359 0.1524
18 -0.3503 -0.1025 0.2085 0.0597 0.0539 -0.4118 -0.025 0.2209 0.2182
19  0.3533 0.5005  -0.3434 0.4 0.0375  -0.0057 -0.2422 -0.1884 0.0457
20 -0.297 0.4347 0.3228 0.4392  -0.4025 0.3505 -0.1099 0.0093 0.4529
21 0.0955 0.0208 0.0548 -0.4081 0.1725 -0.3985 0.031 0.4084 -0.1323
22 0.2835 -0.0081 0.4795 0.0144 0.0725  -0.1397 0.1472 -0.0541  -0.0502
23 0.2885 -0.328 -0.2559 -0.3549 -0.4479 -0.2184 -0.4072 0.3423 0.1282
24 0.4571 -0.3585  -0.0524 0.0942  -0.1559 0.2991 0.1843 0.3791  -0.3459
0.000004 -0.000008 0.000000 -0.000004 0.000000 0.000008 -0.000004 -0.000008 0.000000
Taoauua 7. Matpuna Umg U-u3MeHYuBoOCTE#l (2-0ii BapraHT)

1 2 3 4 5 5 7 8 9
1 -0.21705 -0.5525093 1.13584772 0.938843 0.2058807 -0.04232 1.224379 -0.4713101 -0.91727
2 1153075 -1.575825 -0.5535793 -0.35785 1.1879158 0.325231 -0.24955 -1.5087095 1.120131
3 1.25521 1.07518538 0.45537548 1.818558 1.4051552 0.583537 1.7217 -0.0035558 1.757857
4 -1.35329 0.04189105 0.58055758 0.258027 -1.1132 -1.12528 1.218259 -1.198731 0.105522
5 -0.34091 -0.4853848 -0.353488 -0.7817 -0.015538 0.985325 -0.53294 -1.0501111 0.555455
5 -1.20282 -0.0797121 -1.3525777 1.554224 1.3499043 0.943333 0.002451 -1.309451 -1.38808
7 0534403 -1.2013845 0.55025858 -0.81382 1.2481905 1.404971 -0.42277 1.05943715 0.917259
8 0.535594 0.33450241 -0.02343 -0.30234 1.0880857 0.491914 -0.97182 0.75043844 -0.08525
9 -0.45345 1.45890041 -1.550305 -1.03797 1.319453 -0.03985 -0.75358 -0.3548254  -1.3152
10 -1.52435 -0.519942 -0.7402535 -0.10892 -0.295723 -1.51153 -0.25535 1.05421095 0.271148
11 0.295925 1.41939531 -0.02343 -0.42035 -1.090597 0.859453 -1.54835 0.52555525 -0.70522
12 -1.35495 0.9588557 1.70495007 0.527054 -1.459455 -0.57759 1.119294 0.15497897 1.541251
13 -1.11737 -0.8591355 -0.5292155 -0.28593 -0.558484 1.120235 -0.51482 -1.5057599 -0.59125
14 1.154389 1.50578374 -1.5777948 -1.47548 1.1925248 -0.55351 -1.54571 1.42415507 -1.10575
15 -1.19557 -0.4115288 0.55043522 -1.47195 -1.408295 1.409904 0.700583 -0.8459428 -1.03258
15 -0.0798 -0.4295702 -1.0553893 1.121093 -1.257025 -1.70809 1.238227 -1.4979305 -1.00991
17 1.423409 -1.2153358 1.5405102 -0.21435 0.2855774 -0.53884 1.513159 1.09720131 0.508584
18 -1.07271 -0.3405275 0.70799477 0.243353 0.2005021 -1.45119 -0.10588 0.72155852 0.871345
19 1.051849 1.55293381 -1.1550591 1.395551 0.1180381 -0.02354 -0.98548 -0.5153571 0.182495
20 -0.88425 1.44431399 1.09511852 1.533423 -1.253573 1.270708 -0.44751 0.03040447 1.808582
21 0.28759 0.05913547 0.18508208 -1.42481 0.5415314 -1.40458 0.125282 1.33401322 -0.52832
22 0.844335 -0.0258845 1.52821819 0.05029 0.2275001 -0.49233 0.599571 -0.1755835 -0.20047
23 0.859221 -1.089749 -0.858949 -1.27399 -1.405098 -0.75955 -1.55853 1.11810509 0.511945
24 1.390559 -1.1914171 -0.2118891 0.328901 -0.492558 1.053985 0.750582 1.23830855 -1.3813
0.0000 0.0000 0.0000  0.0000 0.0000  0.0000  0.0000 0.0000  0.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
ISI (Dubai, UAE) =1.582  PHUHI (Russia) = 3.939 PIF (India =1.940
Impact Factor: GIF((AustraIia) - 0.564 ESJII(JK(Z) - 8771  IBI ((India)) = 4.260
JIF =1.500 SJIF (Morocco) = 7.184  OAJI (USA) =0.350
Tadoanua 8. MaTpuna Ymg y—n3MeH4nBocTel (2-0if BapHaHT)
5.5000 0.0450 0.0450 0.0450 0.5833 0.5817 0.3000 0.3000 0.3000
Y2409
y1l y2 y3 y4 y5 y5 y7 y8 y9
1 4.15547954 0.078424841  -0.305973 0.01973352  -0.47553 -0.53409 0.333727 -0.2503325 -0.41905
2 0.50533145 -0.292310772 0.48590878 0.02529285 -0.138289 -1.54054 0.592581 -0.0345151 0.340574
3 -5.85514153 -0.041185773 0.03579519 0.00805315 -0.278395 0.737953 1.43328 -0.5721104 0.080295
4 -0.59955137 -0.228293525  -0.018227 0.01421552 -0.717058 0.018907 -0.27304 0.11934875 -0.95107
5 -1.08131158 -0.191435395 0.23330117 0.09291731 0.8827998 -0.59931 0.027277 0.359155 -0.05535
5 1.4025994 0.414722274 -0.1242788 0.20527108 -0.503229 -0.52832 0.885557 1.02752752 -0.18223
7 -0.40975292 0.153093948 0.07895531 0.31444202 1.1259003 -0.804 0.130248 -0.5795 0.543779
8 255250452 0.058118409 -0.0393397 0.14574951 0.3875051 0.25535 0.155531 -0.0522527 0.594224
9 -2.02415175 -0.230255877 -0.1901208 0.23334351 -0.394449 0.480107 0.041079 0.99154215 0.548818
10 -1.87453324 0.392155544 0.18507074 0.25110378 -1.015881 0.374343 -0.83517 0.11995124 -0.18518
11 3.31997881 -0.027372307 -0.1430574 -0.25853038  1.32825 1.015852 -0.33051 0.32557583 0.225155
12 -2.08375353 -0.105478855 0.01355884 0.09194124 0.219708 1.250573 -0.25581 -0.5237323 -1.02385
13 0.75170301 0.027117581 0.05503575 0.01943545 0.725325 -1.09999 -0.08555 0.78707732 -0.39528
14 -1.55350243 -0.122411502 -0.1294137 -0.00173995 -0.395258 1.05541 -0.30859 0.43078379 1.297007
15 -3.74721125 -0.229530312 -0.3334541 -0.00237551 1.3451124 -0.95477 -0.55487 0.35713843 -0.55892
15 -1.03995003 -0.025738455 0.05204982 -0.4490958 -1.825445 -0.41827 -0.05154 0.41795708  -0.5985
17 -0.55433515 -0.055293589  -0.098222 -0.05381098 -0.398582 -0.53747 -0.00815 -1.2702234 0.190552
18 3.12318985 0.159958852 0.15487533 0.32700358 -0.751702 0.457155 -0.39595 -0.3510902 -0.28399
19 1.74284115 -0.032337515 0.19270953 -0.33954392 -0.235157 1.158522 0.728854 0.45121384 0.271725
20  0.4537129 0.171353371 0.14509173 -0.03327114 1.5088778 1.502327 0.355577 -0.1405552 -0.73992
21 -0.47219075 -0.145921979  -0.180827 0.15871594 -0.825185 0.231573 -0.57255 -0.3404095 0.495575
22 5.87309724 -0.311747232  -0.195085 -0.05593287 -0.249879  -0.1212 0.187978 -0.5117513 -0.04119
23 0.22222252 0.115388055 0.42787795 -0.31335985 0.2505243  -0.1955 -1.08285 -0.1555755 0.455125
24 -2.52710597 0.470018577 -0.3132538 -0.40059052 0.3221227 -0.91489 -0.008 -0.4050408 0.391403
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
5.5999 0.0450 0.0450 0.0450 0.5832 0.5817 0.3000 0.3000  0.3000

Tadanua 9. Matpuna ZZms Z—n3MeHYHBOCTEH (2-0if BapHaHT)

Ne zz1 722 7z 3 zz4
1 0,0210 0,0220 0,0374 | -0,0438
2| -01747 | -0,1750 | -0,1158 0,0135
3 0,1078 0,1088 0,0925 | -0,0471
4 0,2155 0,2157 0,2149 0,0453
5| -0,1455| -0,1424| -0,0837 | -0,1953
5| -0,2570 | -0,2588 | -0,2405 0,0843
7] -0,0933 | -0,0929 | -0,1113| -0,0242
8 0,1327 0,1335 0,1023 | -0,0345
9] -0,1905] -0,1914 | -0,0583 0,0374
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ISRA (India) ~ =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
impact Factor: - SO0 % G e Ay <o
JIF =1500  SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
10 | -0,1573 | -0,1558 | -0,1999 | -0,0703
11| 00741| 00717 | 0,0341| 0,1138
12| 0,0023| -0,0011 | -0,0148| 0,1520
13| -0,0338 | -0,0382 | -0,0079 | 0,2111
14| -0,1028 | -0,1018 | -0,0855 | -0,0479
15| 01549 | 01534 | 0,122 | 0,0729
15| 02299 | 02311| 10,1285 | -0,0501
17| 01020 | 0,047 | 10,0277 | -0,1255
18 | -0,0939 | -0,0902 | -0,0785| -0,1771
19| 02753| 02754 | 0,522 | -0,0527
20| 0,1334| 01321| 0,358 | 0,0504
21| -0,1212 | -0,1224 | -0,1239 | 0,0580
22| -0,1513 | -0,1489 | -0,0250 | -0,1145
23| -0,0484| -0,0525| -0,0294 | 0,2007
24| 01310 | 0,1324 | 10,1458 | -0,0552
0,0000 | 0,0000 | 0,0000 | 0,0000
0,0225| 00225| 00135| 00113
Busyanuzanus 3HaHuii o «Becax» M Z-, Y- MUK Ha KPUBOM  «ZZp», moxakyma (cmaboo

H3MEHYHMBOCTAX B MoJeaH ¢ 4 Z-epeMeHHbIMH, 5
y-nepemeHHbIMH (1-ii BapHaHT)

Touku Ha PucyHke 1 moka3pIBalOT B3aMMHBIE
JUHAMHMKH ‘‘CKauKU-TIQJCHUS» TOYEK IEePEMEHHBIX
(221,222,223,224,Y>). Buszyannzanus JIMHAMHK
(hakTOpOB KOPPYNIUH OTINYAETCS OT BU3yaJH3aLUH
JVUHAMHMK  (aKTOpoB M3 JPYIMX HPEAMETHBIX
obmacreit [18-23] Ha Pucynke HaOmromaem pasHoOe
KOJINYECTBO YCUIICHUS MIPOSIBIEHUH 4-X ZZ-(hakTOpOB:
YHCII0 MUKOB BBEPX HE PaBHO YHMCITy MUKOB BHM3. Ha
MOCTOSIHHYIO0 JIMHAMHKY BeJyliero Qakropa Yz co
CMBICIIOM «HWHJWBUJ B «BEPXaX» peanuszyem 0 cebs
omoauy noo 3anoe 8 kayecmae omxynay (OCTOSTHHAS
JUHAMUKA M3MEHYMBOCTH Ha KPUBOM «Y2») 3a CUET
BOpOBCTBa (5 THMKOB Ha  KPHBOH  «Z1»),
BbIMOTaTeNIbCTBA (1 MK HAa KPUBOH «ZZ2»), MOAKYIA
(HeOTHOKpaTHBIE  CWJIBHO  BBID@KCHHBIE IO
pe3ynbTaTtaM: IMUKK Ha KPUBOW «ZZ3») W BIIE3aHUS B
JIONTH (MaJo 3aMeTHast Ha KpUBOM «ZZ4»). Ha Pucynxke
BUJIHBI Pa3iINuysl aMIUINTY/ B3aUMHBIX JTUHAMHK 4-X
KpuBBIX. OHH OTPaXalOT pPEATbHYI0 CHUTYaIHIo
SIBIICHHUS KOPPYIIIHSL.

Ha Pucynke 7 HabmomaeM ocoOeHHOCTH
B3aMMHBIX TWHAMUK Y-(akTopa Y3 Ha 4 Z-hakropa. Ha
MOCTOSIHHYIO JWHAMHUKY Y-(akTopa Y3 cO CMBICIOM
«MHJIMBHUJ B «BEpXax» BCTYIIaeT B aKIMOHEPHOE
obmectBo 0e3 B3HOCA KamuTanay (IIOCTOSHHAS
JMHAMMKa N3MEHYMBOCTH Ha KPHBOH «Y3») BOPOBCTBA
(5 nuk Ha KPUBOW «ZZ1»,3a cueT BhIMOraTenscTBa (1

BBIP@)XEHHBIX: HET MHKOB HAa KPUBOH «ZZ3» M 4acTOro
BJIE3aHUA B JIONTU (3aMETHas Ha KPUBOH «ZZs»). Ha
PucyHke BHAHBI pa3zauyus aMIUIUTYJ B3aUMHBIX
JUHAMUK 4-X KPUBBIX. 3HAYEHUS CHJI BBIPAKEHHOCTH
(axtopoB (3HaueHHs «BecoB» m3 Marpuibl Clss)
npuBeneHsl B maparpade  «KoHcrpympoBanue
CMBICIIOB y-(haKTOpOB SIBIECHHS «KOPPYHIHs» IpH 1-
OM BapHaHTE cocTaBa (aKTOpOB Koppymimu (4 zz-
(daxkTopoB (Ui «HH30B») W 5 y-(akTtopoB (mus
«BepxoB»)». OHM O APYTOMY OTPaXKarOT PeasbHYIO
CUTyallu{ SIBJICHUS KOPPYTLHUSL.

Pucynok 7 6osee nH(OOpMATHBEH: HaOJIO1aeM
Oonee 3HAYMMBIC pPA3NIUYMA aAMIUIUTYA B3aUMHBIX
JUHAMUK Y-(pakTopa Y4 U 4-x Z-¢akTopoB. Tak Kak
nucnepeusi y-nepeMeHHoi Ys paBHa 0.0250, To Ha
MIOCTOSTHHYIO JAWHAMUKY (akropa Y4 cCO CMBICIOM
«BBICIIME YMHOBHHKH B «BEpPXax» HCIOIb3YyET
MOJMTHYECKYI0 M KOMMEpPYECKyl0 HH(pOpManuu B
JUYHBIX ~ HemsIX  (TIOCTOSIHHYIO JUHAMUKY
W3MEHYMBOCTH Ha KPUBOH «Y4»), 3a CUET BOPOBCTBA
(5 MHKOB Ha KPUBOW «ZZ1»), 3@ CUET BEIMOTATEIHCTBA
(3 muka Ha KpWBO#M «ZZp»), moxakyma (2 CHIIBHO
BBIPQKEHHBIX NHKa Ha KPHUBOH «ZZ3» W YacToOro
BI€3aHus B NOJTH (4 TMka, OoNbIIas aMmIuIuTya
KoeOaHWi TOUeK Ha KpUBOM «ZZs4»). Ha Pucynke
BUAHBI 0Oojiee 3HAYMMbIE pa3NIUUUS  AMIUIATYH
B3aMMHBIX JUHAMUK 4-X KpUBBIX. 3HA4E€HUS CUI
BBIPOKEHHOCTH (3HAYCHHSI «BECOB)») NPHUBEICHHI B
naparpage «KoHcTpynpoBaHue CMBICJIOB y-
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(hakTOpOB ABICHUSI KKOPPYILHsD IpH 1-0M BapHaHTe KOPPYIILIHSL.

cocTtaBa (akTopoB Koppynuuu (4 zz-hakTopos (ais
«HH30BY») H 5 y-(hakTopoB (11 «BepxoB»)». OHH 10
JPYTOMY OTpPaXKalOT PEaJbHYIO CHTYallMH SBICHUS

0,5
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! A 03

0,0
2 4\ 5 6 7 ¢ 11 12 0.1

\ V
\v A 03

-0,4
-0,5

=
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Pucynok 1. B3ammuas nunamMuka 3-x Z -m3MeHUHMBOCTel 72, 73, 74, BAUSIONINX HA HA BO3PAaCTAIONIYI0
JUHAMUKY M3MEHYMBOCTDb HA Y —U3MEeHYUBOCTH GaKkTopa Y2 co cMbICJIOM «» (1-i BapuaHT)
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A A
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Pucynok 2. B3aumuasi amnamMmuka 3-x z -u3MeHYUBOCTel 22, 23, 74, BIANSIONIUX HA U3MEHYUBOCTH
HA BO3PACTAIONIYI0 IMHAMHUKY Y —M3MEeHYNBOCTH (hakTopa Y3 co cMbIcaoM «»(1-ii BApHAHT)
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Pucynok 3. BzaumHasi imHaMuKa 3-X Z — M3MeHYMBOCTel z2, 23, z4, BIUSIOIIUX
HA BO3PACTAIOLLYI0 IHHAMMKY Y —M3MEeHYUBOCTH paKTopa Y4 co cmbiciiom (1-ii BapuaHT)

Busyanuszanusi 3HaHWi o «Becax» M Z-, Y-
H3MEHYHMBOCTAX B MOJeNH ¢ 4 Z-lepeMeHHbIMH, 9
y-nepeMeHHbIMH (2-0ii BADHAHT)

Touku Ha PucyHke 1 moka3pIBalOT B3aMMHBIE
JVUHAMHKH ‘‘CKauKU-TIAJCHHUS» TOYEK IEPEMEHHBIX
(222,221,223,224,Y>). 3HaueHus MEPEMEHHOW ZZ;
ONM3KY K 3HAUCHHSAM MEPEMEHHOU ZZp, KpUBAs «ZZ1»
Ha PHCYHKE COBITAJIa€T C KPHUBOH «ZZ2», IO3TOMY MEI
MOKa3bIBACM OJHY W3 HHX.

Ha mocrosiHHyo auHamuKy (akropa Y2 co
CMBICIIOM «MHIWBHI B «BEpXax» 3aHUMAETCS
BBIMOTaTeJIbCTBOM, KOTOPOE CIOCOOHBI COBEpIIAThH
OeccoBecTHBIC ciemoBaTend (TOCTOSHAS TUHAMHKA
W3MEHYUBOCTH Ha KpPUBOM  «Yy2») 3a cuer
BbIMOTaTeNbCTBA (1 MUK Ha KPUBOHM «ZZ2», MOJKyTa
(HEOTHOKPATHBIX CHIIBHO BBIPR)KEHHBIX PE3YJIBTATOB:
MUKW Ha KPUBOM «ZZ3» W BIE3aHUS B JOJITH (Mayo
3aMeTHast Ha KpuBoi «zz4»). Ha Pucynke 1 misa 1-ro
BapuaHTa Pa3Inyius aMIUTATY B3aUMHBIX JUHAMHUK 4-
X KpPUBBIX COBNAJAIOT C PA3IHYUAM aMIUIUTYH
B3aWMHBIX JAWHAMHK 4-X KPHBBIX, HaOIIOMAaeMBIX Ha
Pucynke 4 s 2-ro BapuaHTa. OTO — CBUIETEIHCTBO
OJIMHAKOBOCTH PE3yJIbTaTOB 2-X BapHaHTOB MOJEIH
koppymni. OHM OTpakalOT PEAJbHYI0 CHUTYaIllH
SIBIICHUS «KOPPYTILIUS.

Ha mocrossuHyro auHamuKky (akropa Y3 co
CMBICIIOM «HHJUBH] B «BEPXaX» COBEPILACT MOAKYI,
BCJIEJICTBHE KOTOPOro HeJI00pOCOBECTHBIE
YNHOBHUKHI COBEPIIAIOT JIOJDKHOCTHBIE
NPEeCTYIUIEHUs,, KaK IpPaBUIO, HEHaKa3yeMbIey
(mocrosiHHAsT AMHAMUKAa M3MEHYMBOCTH Ha KPHBOM
«y4»). UHauBua B «Bepxax» coBepIIaeT MOAKYI,
MOJIB3YSICh  BBIMOTATENBCTBOM Y HWHAWBUIOB U3
«HM30B» (1 MUK Ha KpUBOH «ZZ2», moakyma (cimabo
BBIPQ)KEHHBIX: HET IUKOB Ha KPUBOH «ZZ3» M 4acToro

Lees?

BJIE3aHMA B JIOJITU (3aMeTHast Ha KpuBO# «Zz4»). Ha
Pucynke 2 anst 1-ro BapuaHTa paziauyusl aMIUTUTYH
B3aMMHBIX JMHAMHMK 4-X KpHUBBIX COBHAJAlOT C
pasNuuusAM aMIUINTYJ, B3aWMHBIX JAWHAMHK 4-X
KpUBBIX, HaOMOZaeMBIX Ha PucyHke 5 mis 2-To
BapuaHra.  OJTO Ipyroe  CBHAETEIHCTBO
OJIMHAKOBOCTH PE3YJIbTaTOB 2-X BAPHAHTOB MOJICIH
koppynuuu. OHH OTpaXkaloT peabHYI0 CHUTYallNH
SIBTICHUST «KOPPYIILIHSD).

Ha mocrosHHyo auHamuky (akropa Y4 co
CMBICIIOM «BBICIIME UYWHOBHUKH B «BEpXax»
CpeOpOIIIOOHBEI, 0013 JaI0T BEICOKUMH JODKHOCTH U
PYKOBOJICTBYIOTCSI ~ JOJTOBBIMH  00sI3aTelIbCTBAMHU
nepeA KpeAuTopaMH Iiepel Ha3HA4eHHeM WX Ha
«JIOXOJHBIE» NOJDKHOCTH (TIOCTOSHHAs —JWHAMMKH
M3MEHYMBOCTH Ha KpHBOH «y4»). HWumuBum B
«BEpXax» COBEpIIAeT BBIMOTaTENbCTBO (3 MHKa Ha
KpUBOU «ZZ2», mOAKyma (2 CHIIBHO BBIPaKECHHBIX
MIMKa Ha KPUBOH «ZZ3» M 4acTOro BIE3aHUs B JOJITH
(4 muka, OorpImas aMIUTUTYAa KoJeOaHWA TOYEK Ha
KpuBOi «Zz4»). Ha Pucynke 3 mns 1-ro BapuaHTta
Ppa3IMYMs aMIUTUTY B3aUMHBIX JUHAMHK 4-X KPUBBIX
COBMAJAIOT C pa3IWYMAM aMIUINTY] B3aUMHBIX
JUHAMUK 4-X KPUBBIX, HaO0qaeMbIX Ha Pucynke 5
JUI 2-TO BapHaHTa. JTO — TaKOE€ e CBUICTEIbCTBO
OJIMHAKOBOCTH PE3yJIbTaTOB 2-X BapHaHTOB MOJEIH
koppynuui. OHU OTpakalT pPealbHYI CHUTyalHIO
SIBIICHUSI «KOPPYTLUSD.

Menst mpocar mnokasare mnpumep. Ilpocroi
TIpuMep J00bIYM YHCENl, KACAIOINXCsl COBEPIIEHHBIX
(M3BNICYEHHBIX MOJENBIO) IPECTyIUIeHHuH. B 1—-om

BapuaHTte Moaenu OyneM  HMHTEpIpEeTUpOBAThH
CBOMCTBA  JMHAMHMK  CICAYIOUIUM  00pa3oM:
JOITyCTUM, TPOM3OLUIN TMPECTYIUICHHS 3-X THIIOB:
THIA «Y2», THNA «Yy3», TUOa «Ys». B pamkax
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OpeCcTyIUIeHUl  Tuma  «y»»  mpousomu 8
npecTyIuleHuil «Bupa zzi». Ha xpuBoil «zzx» co
CMBICIIOM «BBIMOTATEIBCTBO» — 7 MHKOB, HA KPHBOU
«ZZ3» CO CMBICIOM «HOIKYyI» —11, HA KPUBON «ZZs»
CO CMBICIOM «BIe3aHus B gomrm» — 7. Ilo
NPECTYIJICHUSIM ~ «THUIIA Y3» 3apeTHCTPUPOBAHO: Ha
KPHUBOH «ZZ1» CO CMBICTIOM BOPOBCTBO (BHI «ZZ1») - 5,
Ha KPHBOH «ZZp» CO CMBICIOM «BBIMOTaTEIbCTBO
BUJA «ZZp» - 5, Ha KPUBOH «ZZ3» CO CMBICIOM
«mmonkym» (BHI «ZZ3z») 8, Ha KPHUBOH «ZZs» €O
CMBICIIOM «BJI€3aHUS B AOJITH» (TPeCTyIJIeHUEe BUAA
«Zzp») — 5. Ilo mpecrymieHuto  «Tuma Ys»
3apETUCTPUPOBAHO: 5 - CO CMBICIIOM BOPOBCTBO (BHJ

«ZZ1»), 11 - CO CMBICIIOM «BBIMOTATEIBCTBO» (BHUJL
«ZZp»), 2 - cO CMBICIOM MOAKYIH (BUI «ZZ3» ), 4 - cO
CMBICIIOM BII€3aHUS B AOITH (BUI «ZZa»).

B urore nmeem mudposyro kaptuny (91 3a 24
MecsI1a) 1o 3 TUTIaM KOPPYTILIHOHHBIX TPECTYIUICHUH:
mo  TUmy  «Y»»  coBepmeHo  8+7+11+7=33
MIPECTYIJICHUH 10 4 CBOMM BHIAM, 1O THUILY «Y3» -
8+7+11+7=33 npectymnnenuit no 4 cBoUM BUAaM, IO
TUILY «Y4» - 5+5+8+5=25 npectymienuii no 4 cBouM
BUJIAM.
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Pucynok 4. Bzammuasi TuHaAMHKAa 3-X Z — U3BMeHYHBOCTeM 22,23,74, BAUSIONINX HA
HA BO3PACTAIOLIYI0 IHHAMMKY Y —M3MEHYUBOCTH aKTOpa Y2 €O CMBICIAOM «...»(2-0if BApHAHT)
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PucyHnok 5. TecHasi CBSI3b OTpajkeHa B B3aMMHOIi iMHaAMuKe 3-X Z —M3MeHYuBocTeii 22, 23,74:
«(eMBICTA(Z2))» U « (eMBICI(Z3)», U « (cMBICJI(Z4)»,BIUSIOMMX HA BO3PACTAIOIIYIO ITMHAMHKY
Y —M3MEHYHMBOCTH (pakTopa Y3 sABIeHUS KOPPYNUHH (2-0ii BADHAHT)
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Pucynok 6. TecHasi cBsI3b OTpakeHa B B3aMMHOM AMHAMUKeE 3-X Z —M3MeHYHMBOCTei 22, 23,24:
«(cmbIc(Z2))» U « (eMBICI(Z3)», B « (cMBbICI(Z4)», BAMAIOIIMX HA NOCTOSHHYIO JUHAMUKY
Y —M3MEH4YMBOCTH (pakTopa Y4 sBIeHUs] KOPpYNuHH (2-0ii BapHaHT)

r

Mouck peleHus

. — —— — — -

i

OrpaHuueHHA:

YCTaHOBUTB LIENEBYIO aueiiky:
PaBHOI: () MaKCHManbHOMY 3HaUeHMI @) zHaueHmio: |5
() MUHMMANbHOMY 3HAUEHMID
MameHgs sueiiki:
$154:6N$8;5)511:$N$11 ES

3aKpbITh

NapameTpbi

$1610:$N$10 = 0
51511 >= $K$11
$1511 >= 4,25
$1511:6M$12 >= 0
$154 = $1$12
$K$11 >= $Ls11

JlobaeuTh
MN3meHnTb

Ynanutb

BbinonHuTbL

BoccraHoBuTb

CnpaBka

Pucynok 7. OxHo HaacTpoiiku «[IouCK pelieHus» ¢ onepaTopaMu TadJuUbI-IIPOrPaAMMBbI pelleHHst
ontumMu3zauuonHoi 3apaun: (Isslss)=>( Css A s5) B Mojiesiu ¢ 4 Z-niepeMeHHbIME, 5 Y-TliepeMeHHbIMH

-

Mowck pewenws

J— e ————

YCTaHOBMTb LIENeBylo Aueliky:

PaBHoi: () MAKCUMANBHOMY 3HAYEHUID {
" () MMHMMENBHOMY 3HAYeHNID
MameHga auediku:

$154:$R512;5)$15:$R$15

OrpaHuyenus:

@) 3HaueHuio:

9

MNpeanonoxnto

BbinonHuTbL

3aKpbITh

MapameTpbl

$1514:$Q514 = 0
$1515 >= $K$15
$1515 >= 6,6
$1522 =1

$154 = $1516
$155 = 51517

JNobaenTb
MNzmeHuTb

Ynanutb

-~

BoccTaHoBUTh

Cnpaeka

(R

Pucynox 8. Oxno Hagctpoiikn «Ilonck pemenns» ¢ onepaTopaMu Ta0IUIbI-NPOTPAMMBbI pelIeHHs!
onrummu3auuonHoii 3agaun: (Isslss)=>( Css A 55) B Moges ¢ 4 Z-nepeMeHHBbIMH, 9 Y-TlepeMeHHbIMH
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Ta6auna 10. Bua Tadanubi-nporpaMmmbl ONTHMU3AIUOHHOM
3aga4n (Isslss)=>( Css A s5) B Mogenn ¢ 4 Z-mepeMeHHbIMH, 5 Y-niepeMeHHbIMU

1 2 3 4 5
z1
0,5000 0,0000 0,5000 0,5000 0,5000 1,0000
z2
0,0000 0,5000 0,5004 0,4998 0,4998 1,0000
z3
0,0000 | -0,3511 0,5929 | -0,5241 0,0000 1,0000
z4
0,0000 0,0000 | -0,0958 0,7053 | -0,7014 1,0000
z5
0,0000 0,0000 0,0000 | -0,0044 1,0000 1,0000
0,2500 0,3804 0,9898 1,3881 1,9918 5,0000
0,0000 0,0000 0,0000 0,0000 0,0000
lambda
4,2500 0,0250 0,0250 0,0250 0,5750 5,0000
cll 0,5 0| 0,82550 0
c21 0,5 0,01000
c33 0,5
c44 0,5

Ta6auuna 11. Bug Tadanubi-nporpaMmmbl ONITUMU3aLMOHHOM
3apaun (loglog)=>( Coo Ago) B MOJENH € 4 Z-TIEpeMEHHBIMH, 9 Y-TIepeMeHHBIMHU

1 2 3 4 5 5 7 8 9
“ 0,5000 | 0,5000 | -0,7071 | 0,0049 | 0,0045 | 0,0032 | 0,0033 | 0,0018 | 0,0023 | 1,0000
i 0,5000 | 0,5000 | 0,2291 | -0,0001 | 0,0515 | 0,0985 | 0,0001 | 0,0133 | -0,5595 | 1,0000
z 0,5000 | 0,5000 | 0,5000 | 0,0040 | 0,0312 | 0,1054 | 0,0005 | 2,3289 | 0,0037 | 1,0000
2 0,0041 | -0,0054 | 0,0043 | 0,5000 | 0,0855 | 0,4052 | 0,0012 | -0,7599 | 0,0012 | 1,0000
z5

0,4828 | -0,5333 | 0,0110 | -0,0532 | 0,5878 | -0,0725 | -0,0005 | 0,0004 | 0,0028 | 1,0000

z5 0,5731 | -0,7317 | 0,0070 | 0,0010 | 0,0520 | 0,0831 | -0,0258 | 0,0081 | -0,0002 | 1,0000

zi 0,0019 | 0,0011 | 0,0034 | 0,0032 | 0,0022 | 0,0012 | 1,0000 | -0,0047 | 0,0019 | 1,0000

28 0,0437 | 0,0027 | 0,0032 | 0,0007 | 0,0035 | 0,0038 | 0,0042 | 0,9955 | -0,0591 | 1,0000

29 -0,0024 | 0,0521 | -0,0005 | -0,0008 | 0,0204 | 0,0573 | 0,0055 | 0,0703 | 0,9943 | 1,0000

14381 | 15725 | 0,8025 | 0,2540 | 0,4885 | 0,2015 | 1,0007 | 5,9998 | 1,4284 | 9,0000

0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000

lambda
5,5000 | 0,0450 | 0,0450 | 0,0450 | 0,5833 | 0,5817 | 0,3000 | 0,3000 | 0,3000 | 9,0000

cll 0,5 0,82550

21 05 0,01000 09
c33 0,5
c44 0,5
[ ]
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YCTaHOBHTb Lienesy AYeiKy: BhINOAHKTE
PaeHOii: () MAKCMManbHOMY 3HauyeHHIo (@) 3HayeHno: |5
3aKpbITh
") MAHWMANBHOMY 3HAYEHHID
M3meHgsn Aueiiku:
$$4:$N$8;$1511:5N$11

QOrpaHuyeHns:

[apameTpbl

$1$10:$N$10 = 0
§1511 >= $K$11
$1$11 >= 4,25
$1$11:$M$12 >= 0
$144 = $1$12
SK$11 »= L$11

[HobasnTe
HameHnTb

Ynanute

BoccTaHoBuTb

CnpaBka

L

Pucynok 9. OxHo HagcTpoiikn «Ilonck pemenus» ¢ onepaTopaMu Ta6IUIbI-NIPOrPAMMBbI pellIeHHsI
ontumu3zanuonHoi 3agaun: (loglog)=>(Coo A 99) B MomeJH ¢ 4 Z-nIepeMEHHBIME, 9 Y-TIepeMeHHbIMH

3akuaiouyeHue

Brire paspaboTtanHas GopMmanm3anys SBICHHS
«.Koppymnuus» cioBecHor monenu Jlunpanau U. I1.
[2], mno3Bomuma coorBercTBYytome KormutuBHoi
MOJIeNn C CMBICIIOBBIMH  (CEMaHTHYECKUMHU)
MEpEMEHHBIMA M MHOTOMEPHOM MaTeMaTHYeCKOU
MoJIeNH (C YUCIIOBBIMHU TIEPEMEHHBIMH) PEaTn30BaTh,
000cHOBaTh UX (QOpMyJBHOE, (paseosornyeckoe,
BU3yaJU3UPOBAHHOE Ha rpaduKax ONHCAHHs
MOBEICHUNA 2 CyOBEKTOB MOJENN: WHAMBHUAOB W3
«BEpXOB» U HHAMBUIOB U3 «HHU30B». BBeIeHBI B
MOJieNIb (B COOTBETCTBHM C OIMCAHHEM CIIOBECHOM
momenu Jlumpanmu): B 1-om Bapmante — 9=4+5
MEPEMEHHbIX, BO 2-oM — 4+9 nepemeHHblX. OHH
SBIISTIOTCSI ~ CEMAaHTHYSCKUMH — TEPEMCHHBIMH U
JEIAATCS MO CMBICTIAaM W IO MaTeMaTHYECKUM
CBOMCTBaM Ha 2 MHOECTBA: 4 Z-NIEPEMEHHBIX U 5 y-
TIepeMEeHHBIX (B 1-0M BapmaHTe), 9 y- IepeMEeHHBIX
(BO 2-oM BapmaHTe). 4 - IO CMBICIIAM CTaTUCTHICCKH
B3aUMO3aBUCUMBIE, 5 ©u 9 CTaTUCTHYECKH
He3aBUCHMbIC. BBeleHHbIE NepeMEHHBIE HaJleJIeHBI
MaTeMaTHYECKUMH M CTATUCTUYECKHMHU CBOMCTBAMH,
a mapameTpbl TOCTOSTHHBI. OHU CMOJIETTUPOBAHBI B 2-
x ONTHUMU3AIMOHHBIX 3a7ayaxX M 3aBUCST KOJIUYECTB
MEpEeMEHHBIX W OT 3HAa4YCHUH  HMHINKATOPOB,
0o0pa3yrommx MO3aWKy BHYTpH KBaapara. Kaxk
HEeKOppeaupoBaHHbIe (y-), TAK KOPPETHUPOBAHHBIE (Z-)
M3MEHUYHNBOCTH YMHOXKAIOTCS HA CBOHM «BECA» - CHIIBI
nposisienust Qakropa. s mpoBepku anreOpoii
PeaNbHOTO SIBJIEHHS «.KOppyHuus» chopMyInpoBaHa
CIIOBECHas  MOJIeNIb, OMNpPEAETCHBl  CMBICIOBEIC
PaBeHCTBA U YHCIIOBBIX MEPEMEHHBIX, UIS MaTpPHI]
MepeMEeHHBIX, pa3pabotana Korautueaas Monens
SBmeHnst  «.Koppynums». Mogens oOHapyxuiIa
MPOTIOPINHU MEXTY AOIIMH HH)OPMAIIHH, IPHCYIINX
nepeMeHHbIM (Y1,Y2,Y3,Y4,Ys,...,yn), N=5, n=9.

B kaxnmoMm BapuaHTe paszpaboTaHa cHcTeMa

CMBICIIOBBIX YPaBHEHHH, KaXkJjasi CHCTEMa COCTOUT U3
3-X CMBUIOBBIX ypaBHeHHH. OIHO CMBICIOBOE
ypaBHEHHE uMeeT 4 W3BECTHBIX Z-CMBICIOBBIX
(ceMaHTHYECKHX Z-TIEPEMEHHBIX) TEePEeMEHHBIX H |
HEW3BECTHYIO Y-CMBICIIOBYIO (CEMaHTHYECKHX Y-
MepeMeHHYI0) TepeMeHHy. CHCTeMa CMBICIOBBIX
ypaBHeHUA wuMeeT 12 mapaMerpoB, KOTOpbIE
BBIICTISIIOTCS. M3 MoJeNbHBIX Matpui C55, C99,
matpunbl  Css,Cg9 MOAECTUPYIOTCS TPHU PEIICHUH
Banau: (Iss,ls5)=>(As5,Css), (log,l99)=>(Agg, Cog). M3~
32 HECOBIQJEHUS KOJHUYECTBA Z-TIePEeMEHHBIX

KOJIM4ecTBa Yy-TlepeMeHHbIX: 4#5, 4#9, BO3HHKIA
HEOOXOJMMOCTh ~ KOTHHTHBHOTO — MOJIEIHPOBAHHS
CMBICIIOBOTO paBeHCTBa
cMbICI(Y m3)=cMbICI(Zma)*Cas BMECTO
cMbICI(Y ms)=CMBbICI(Zms)* Css. Paspaboran
AITOPUTM BBIYKMCIICHHUsS] 3HaueHud 4-x  Zz-

MePEMEHHBIX (BMECTO Z-IEPEMEHHBIX ), 3aBUCAIINX OT
24 3HaveHwmit 3-X Y-iepeMeHHBIX Y2,Y3,y4 (MMeIommx
Ommskne K 0 3HAUYCHWS CBOMX  JMCIEPCHIN).
CryuaiiHple 3Ha4eHUsT 3-X Y-TiepeMeHHbIX Y2,y3,y4
MOJICTIMPYIOTCSl OTJEIBHO M HE3aBUCHMO OT APYIHX
Marpui Mojienu. KoHcTpyrpoBaHrue HOBBIX CMBICIIOB
Y-(bakTOpOB SIBICHUS «KOPPYILUs» TOpU  1-0M
BapuaHTe cocraBa (akTopoB Kkoppymuuu (4 zz-
(daktopoB (mias «HH30B») U 5 y-(hakTtopoB (s
«BEPXOB») M KOHCTPYHPOBAHHE IIPH 2-OM BapHAHTE
cocraBa (akTopoB Koppynumu (4 zz-paxTopoB (s
«HU30B») U 9 y-(hakTOpoB (U1 «BEPXOB») NO3BOJIHIH
MIPOSICHUTH CUTYallMM KOPPYILHUH, IO3HATh HOBBIC
JIOTIOJTHUTEIIbHBIE (axTopbI KOpPYTILHH.
Busyanuzanus  B3aMMHBIX  AMHaMUK  (aKTOpPOB
KOppYNLHUK I0Ka3ana OJMHAKOBOCTh MOJEIbHBIX
pe3yJbTaToB 2-X BapUAHTOB MOJIeH Koppymuuu. [1o
CMBICIaM ¥ 110 B3aUMHBIM JMHAMHKaM CBOHUX
3HauYeHUH (HAaKTOPhl KOJMYECTBEHHO OTPAXKAIOT
peabHble CUTYalluH SIBICHHUS KOPPY KA.
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HOHy‘IeHLI I/IHTepeCHI)Ie 3HAHUA I10CJIC KOppyHHI/IOHHLIX HpeCTyHﬂeHI/Iﬁ B KOHTCKCTC

Bu3yanu3anuu. Ha nuaaMuky xpuBoii «y2» B 1-oM Bo
2-0M BapHaHTaX OJMHAKOBO BIHSIOT 3 TUHAMUKH 3-X
KPHUBBIX «ZZ2%», «ZZ3», «Zz4». Ha nuHAMUKY KpUBOH
«y3» B 1-oM BO 2-0M BapuaHTaX OJUHAKOBO BIIHSAIOT
3 muHaMuKH 3-X KPHUBBIX «ZZ2», «ZZ3», «zZ4». Ha
TUHAMUKY KpUBO# «y4» B 1-0M BO 2-0M BapHaHTax I10
JIpyTOMY, HO OJJMHAKOBO BIIUSIOT CBOU 3 TUHAMUKU 3-
X KPUBBIX «ZZ2», «ZZ3», «Zz4». A Zz-nepeMeHHas
BIMSET MO-pa3HOMY Ha KPHUBBIE «Y2», «Y3», «y4»
TonbkOo B 1-oMm BapuanTe. Bo 2-om BapuanTe ee
JUHAMUKH [ 3-X KPHUBBIX «Y2», «Y3», «y4»
BU3yaJIbHO COBMAJAIOT C JUHAMHUKAMU KPUBOH «ZZ2)»
u3 1-ro BapuasTa.

CnenoBarenpHO z-(pakTop BOpPOBCTBO (zz1)
HMMEET Pa3Hylo 3HaUMMOCTh. B 1-oM BapuanTe Monenu
OH MMeeT JUI1 UHIUBHA U3 HU30B 0COOYIO pOJb, a BO
2-0M BapHaHTE MOJEIH €ro JUHAMHKA COBIAIACT C
JTUHAMUKOU KpUBOH «ZZ2»
(cMBICT(ZZ2)=«BBIMOTATEIBCTBO ): «BOPOBCTBO»
(cmbici (zz1)) U «BBIMOTaTENBLCTBOY» (CMBICH (ZZ2)) B
MOJIEI  TPAKTHYECKH OAMHAKOBO  HM3MEPSIOTCS.
WHunuBug B «Bepxax» COBEpIIAET BBIMOIAaTEIbCTBO
(3 mmka Ha KpuBOH «ZZ2», moakyna (2 CHIJIBHO
BBIPQ)KEHHBIX MTHKa Ha KPUBOI «ZZ3» U U3-3a 4acTOro
BiIe3aHWA B A0iTH (4 muKa, Oonpluas aMIUIATYyJa
KoJIeOaHUH TOYeK Ha KpUBOH «zz4»). Ha Pucynke mis
1l-ro BapmaHTa pasIMUMA aMIUINTY] B3aHMHBIX
JVUHAMHK 4-X KpHUBBIX COBIIQJAIOT C Pa3IHIHAMHU
aMIUIMTYZ, B3aUMHBIX JIUHAMHK 4-X  KpUBBIX,
HaOmoaeMbIX Ha PucyHke 1uist 2-ro BapuanTa. 910 —
CBUJICTENILCTBO OJAMHAKOBOCTH Pe3yJbTaTOB 2-X
BapMaHTOB MoJenu Koppymiuu. OHM OTpa)karoT
peabHyI0 CUTyalllH SIBICHUS «KOPPYIILIH».

Pe3ynbraTel MogenupoBaHusa OyIyT M3y4EHHI C
Gouee HMHTEJUIEKTYaJIbHBIX TOYEK 3peHHs.
Heo6xo0aumo nCToiib30BaTh CMBICIIOBBIE YPABHEHUS C
CMBICIIOBBIMH TIEPMEHHBIMH, YUCIIOBBIE TIAPAMETPHI U

IMEPEMCHHBIC, OPUCHTHUPOBAHHBLIC Ha OIICHKY
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Introduction

In the last few decades, Eurasia, Central Asia,
Asia-Pacific (ATR), Africa and other regions have
become an increasingly important part of the world
economically and politically. The People's Republic of
China (PRC) occupies a special place in world politics
and in shaping the global political and economic
climate.

Although China has close economic ties with the
United States, it occupies an independent position on
the international agenda.

In 1949, the PRC's declaration of independence
was called "The Loss of China" in the West, and in
2016, the yuan received the status of a reserve
currency. The rapid growth of the Chinese economy
makes it necessary to analyze the prospects of China's
international relations and the development of its
competition with the United States in terms of global
and regional hegemony[1].

In the context of developing globalization and
the increasingly global nature of investment
portfolios, the ability to consider country risk is
important [2]. First of all, such consideration is
necessary for investors of politically, economically
and socially unstable developing markets (emerging
markets), which are attractive to investors mainly

Doi: &os¥e https://dx.doi.org/10.15863/TAS.2023.09.125.40

from the point of view of obtaining high profits and
achieving further diversification of the global
investment portfolio.

The nature of the risk can be different and is
determined by the underlying factors: political,
economic, financial, social, etc. An investor may face
political instability, foreign conflicts, corruption, civil
unrest and wars, exchange rate controls, unexpected
inflation, various defaults, expropriation of private
capital, etc. The commonality of such phenomena
must be taken into account in order to operate
successfully in emerging markets.

For this purpose, the concept of “country risk"
was introduced. At the moment, there is no clear
definition of "country risk". Country risk includes
separate elements of other types of external risks
(political, sovereign, currency, etc.) and it is defined
as an integral result of the interaction of international
activity events and situations (political, economic,
social, etc.) independently of the subject. The
following definition of country risk can be given [3].

Country risk is the risk of financial loss in
business transactions directly or indirectly related to
international activities and cross-border movement of
funds. It is determined by the current and prospective
development conditions (political, economic, social,
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etc.) of a foreign country and the degree of influence
of these conditions on the ability of customers or
counterparties located in this country to fulfill their
external obligations.

Risk management is a process and methodology
necessary for the implementation of an investment
strategy, and also implies the existence of certain
organizational structures. The problem of risk
management is the "risk-benefit" ratio and
optimization of the organization according to the
found optimal planning and business financing. Such
management is the most important means of ensuring
profitability, it is necessary to control the change of
future expenses and income due to uncertainty factors,
to influence the process of making management
decisions. Without measuring risk, it is impossible to
analyze the effectiveness of operations in the context
of tools, customers, company divisions [4]. However,
while demonstrating potential benefits, effective risk
management simultaneously requires addressing a
number of conceptual and practical challenges. First
of all, it depends on the ability to quantify risks. In
turn, measuring risk requires identifying both the
uncertainty itself and its potential impact.

The measurement of political risk

I. Measurement of political risk

A. Country-specific perspective

B. Political stability

1. Measurement factors:

a. Frequency of change of government

b. Level of violence

¢. Number of armed uprisings

d. Conflict with other countries and its level

Economic factors (Factors).

1. Indicators of political unrest

a. Strong inflation

b. Balance of payments deficit

c. Slow growth of GDP per capita.

2. Capital

a. Description:

b. Exporting the savings of the country's citizens
due to the fear of capital security.

¢. Measurement: Using the balance of payments
account

d. S. Reasons for the withdrawal of capital

e. 1.) Inappropriate economic policies.

f. 2.) Devaluation (lat. de "decreasing” + lat.
valeo "gains importance" devaluation of the national
currency compared to free currencies in systems with
a fixed exchange rate established by monetary
authorities) Expectation of devaluation)

Country risk components

National currency devaluations, failure of
economic plans, legislative changes, defaults and
other financial shocks (shocks) are difficult to predict
and adversely affect the portfolios of global investors
and often determine the difference between investing
in capital markets. developed and developing
countries [5].

Indeed, for example, according to the opinion of
managers of multinational companies, the relative
importance of political risks (as a rule, the main
component of country risk), according to the results of
a survey conducted among managers for developing
and developed countries. 80 Multinational Companies
(1982) ranking political risk by category - from
highest (1) to lowest (6). [6].

The measurement of political risk

I. Measurement of political risk

A. Country-specific perspective

B. Political stability

1. Measurement factors:

a. Frequency of change of government

b. Level of violence

¢. Number of armed uprisings

d. Conflict with other countries and its level

Economic factors (Factors)

1. Indicators of political unrest:

a. Strong inflation;

b. Balance of payments deficit;

c. Slow growth of GDP per capita.

2. Capital:

a. Description;

b. Exporting the savings of the country's citizens
due to the fear of capital security;

c. Measurement: Using the balance of payments
account;

d. S. Reasons for the withdrawal of capital;

e. Inappropriate economic policies.

f. Devaluation (lat. de "decreasing” + lat. valeo
"gains importance™ devaluation of the national
currency compared to free currencies in systems with
a fixed exchange rate established by monetary
authorities) Expectation of devaluation)

g. High political risk (High political risk).

I1. Economic and political factors

Focus: How well is the country doing
economically?

A. Fiscal irresponsibility - high government
deficit

B. Monetary instability

C. Controlled exchange rate system-currency is
usually overvalued

D. Government wasteful spending-failure to
service foreign debt

E. Economic and political factors

F. D. Resource Base (Resource Base)

G. - lack of a strong work ethic

H. Country risk and ability to adapt to external
shocks

I. 1. How do external shocks affect:

J. How well a nation responds varies

Key Indicators of Country Risk

a. Relative size of public debt

b. Money expansion (Money expansion)

c. Existence of state-imposed barriers to market
relations

d. Key indicators of country risk (continued)

Philadelphia, USA

357

2 Clarivate
Analytics e



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

e. The level of tax rates

f. Number of state-owned firms (enterprises).
g. Political and financial responsibility

h. Amount and level of corruption

China's resource security is reshaping the
geopolitical map

China's economic prospects for the next 10-15
years China is rightfully considered to be the main
“factory of the world” and the main contender for
achieving undeniable dominance in the world
economy. Formally, this idea is correct. Although in
terms of nominal GDP, China ($14.72 trillion for
2020) is still inferior to the United States ($20.6
trillion), in terms of purchasing power parity, the
Chinese economy ($24.142 trillion) has already
undeniably surpassed the American one. Its share in
the total world economy reached 18.33% while the
United States' share is 15.9%. Next come: India —
6.76%, Japan — 4.03%, and Germany — 3.41%. Russia
ranks sixth in this ranking (3.11%). Although, if we
take into account the results of the European Union,
as an economic union with a total GDP at PPP of $16.1
trillion, it must be recognized as third place. China
also occupies a leading position in terms of foreign
trade volume. At the end of 2020, it amounted to $4.65
trillion (an increase of 1.5% compared to the 2019
result). Including exports of 2.59 trillion dollars (an
increase of 3.6%), imports of 2.06 trillion. dollars
(decrease by 1.1%). The foreign trade balance is
positive — $535 billion or 11.5% of the country’s
foreign trade turnover. Against the backdrop of a total
US foreign trade turnover of 3.835 trillion ($1.43
trillion — exports, 2.405 trillion — imports, compared
to 2019, a drop of 13.01% and 6.31%, respectively),
China has already achieved clear leadership, which
will only ramp up. Which is already causing rapidly
expanding economic and geopolitical tensions in
relations with the United States. However, the effect
of large numbers remains behind the scenes,
inattention to which leads to a distortion of the final
conclusions. The Chinese share in the world economy
is growing not because Beijing is trying with all its
might to “buy up the whole world.” This result is a
consequence of the increase in the size of China’s own
economic weight, while the share of foreign trade in
the country’s final GDP, on the contrary, is declining.
The stage of achieving the status of “factory of the
world” in China began in 1970, when foreign trade
formed only 2.52% of national GDP, and in 1987 it
reached 12.1%, then 21.5 (1994), and at its peak at the
end of 2006 amounted to 35.6%. Further growth
continued only in absolute figures of foreign trade
turnover, calculated in monetary or physical terms.
While in the structure of GDP its contribution began
to steadily decline. In 2010, it formed only 26.1%, in
2018 — 19.5%, and at the end of 2020 it dropped even
more — to 18.1%. On the one hand, this confirms the
statements of the Chinese leadership about increasing

the level of material well-being of the country's
population and its success in defeating poverty. The
average statistical nominal monthly income per capita
in China in 2018 was $4,161, real - $3,850, which is
1.38 times higher than the level in 2015 and 2 times
higher than in 2011. But on the other hand, this means
an accelerating transfer of the bulk of the Chinese
economy from the external to the domestic market. In
other words, China continues to be the largest “factory
on the planet,” but it is starting to work more and more
for its own population, and not to meet the needs of
residents of foreign countries. Exports in the average
Chinese enterprise form only 20% of final sales, and
this share continues to decline. However, the
geographical structure of China's foreign trade has
also undergone significant changes over the past
decade. If in the middle of the first decade of the
current century more than a quarter, and for some
product groups more than 40%, of Chinese exports
went to the United States, and another 15-18% to
European countries, then in 2020 only 17.4% went to
the United States Chinese goods and services. But the
second largest export partner of China was Hong
Kong (10.5%), the third was Japan (5.5%), the fourth
was Vietnam (4.39%), the fifth was South Korea
(4.34%). The rest of Asia formed 2.32%, which is
slightly less than the share of “rich” Germany
(3.35%), the Netherlands (3.04%) or Britain (2.8%).
Thus, it is clear that, while continuing to remain the
largest player in international markets, China is
clearly demonstrating a tendency to increase its
“coverage” of Asian countries, and a gradual cooling
of interest in the until recently key world markets of
Europe and America. Strategic program of the Belt
and Road The conclusion of the previous section is
confirmed by a noticeable decrease in the media
activity of the PRC in the direction of supporting and
“pushing” the program for the formation of a
transcontinental logistics corridor to Europe. [7].

If China has a weakness, it is its dependence on
external natural resources. Filling this gap by
diversifying its hydrocarbon and mineral supply
chains has become a strategic priority as Beijing
pursues self-sufficiency. As China moves the
"geopolitical sands" to do so, the consequences are
far-reaching, not only for its suppliers of strategic
commodities, but also for the mining companies that
have invested heavily in them [8].

Some data suggests that China is turning to more
authoritarian regimes that represent more stability in
its supply chains than democracies that are or may be
hostile to Beijing. But it also uses its huge market as a
source of diplomatic influence. By diversifying
resources, China will be in a better position to
leverage trade with geopolitical rivals, while
increasing economic dependence on new and existing
partners.

China takes a comprehensive approach to import
diversification
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China's primary resource import structure is
highly concentrated in a small group of trading
partners, and Australia is a major exception among
them.

It is known that Australia is a close ally of the
US, but remains a major supplier of strategic resources
such as coal, iron ore and SPG (compressed natural
gas).

According to the conclusions of US research
centers, China is not as industrially and
technologically developed as others think, so it does
not have the ability to independently absorb new
technologies. Proof of this can be observed in the
example of the large amount of new weapons that
China buys from Russia every year. The US, on the
other hand, is rapidly developing new military
technologies.

So, although China has expanded its economic
and political influence in Asia, it cannot pose a direct
threat to US interests in the region. However, the US
still continues to use the lofty fiction of the "China
threat" to increase its military power in the region.
Professor Pao-yu Tsing said that China's rise as a force
protecting the interests of the Third World, that is,
developing countries and peoples, is far from the truth.

By insisting that trade relations are mutually
beneficial, China is only building its image as a
"positive power". The foreign policy pursued by the
leaders in Beijing is not in reality. Currently, China
wants to convince the world community that it is a
country based on socialist principles. However, in the
last two decades, it has become clear that the reforms

of the capitalist form carried out in China are only in
China's interests and are aimed at increasing the
country's gross domestic product. China's capitalist
economy, which is developing dynamically and
rapidly, is mainly troubled by two problems:
competition for natural resources and the issue of
selling its products in consumer markets. While China
is fueling the core of its economic growth strategy
through increased exports, its demand for energy and
raw materials is also automatically increasing. From
1990 to 2001, China's demand for oil consumption
increased by 100%. In 2005, China's oil demand
surpassed that of Japan, and China became the second
largest oil consumer in the world after the United
States. According to some data, China's domestic oil
reserves will last another 14 years. It is this message
that prompts official Beijing to be active in opening
the way to new sources of oil. It is for this purpose that
China has signed oil contracts with many countries.
Including Indonesia, Kazakhstan and even
geographically distant countries like Sudan, Ecuador,
Colombia. As a result, China's economic system is
forced to compete with other major countries - USA,
Japan, South Korea and India - depending on oil
imports. China has also launched geological
exploration and drilling operations in countries rich in
oil reserves. According to the agreement signed
between China and the United States on October 4,
1994, China has committed itself to the non-
proliferation of ballistic missiles. In return, the US
will lift sanctions on the supply of high technology to
China.

[l Hydrogen Facilities

@ LNG Terminals
~ Oil Ports
O Oil Storage Facilities
1 Oil Refineries
@@ EV Battery Factories

Nuclear Power Plants
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Figure 1. Baker Institute snapshot of China's energy map.
Map compiled by Elsie Hung, Center for Energy Research.
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As of April 2023, China's energy map had the
following overall coverage by infrastructure type:

e Oil pipelines: 101 pipelines with a total
length of 25,943 km and a total throughput of 23
million barrels per day (MBD);

e Product pipelines: 89 oil pipelines with a
total network length of 25,574 km and a total
throughput capacity of 7.9 million barrels per day;

e Qil refineries: 212 facilities with a refining
capacity of 23.1 million barrels per day;

e Oil storage facilities: 299 facilities with a
total capacity of approximately 1.23 billion barrels
(crude oil: 83 facilities with a capacity of 871.9
million barrels; petroleum products: 216 facilities
with a capacity of 365.2 million barrels);

o Oil ports: 64 berths for oil tankers with a total
capacity of 15.5 million barrels per day;

e Gas pipelines: 414 gas pipelines totaling
110,433 km and a total capacity of 145 billion cubic
feet per day (BCFD);

e LNG terminals: 78 facilities with a capacity
of 260 million tons per year. Currently, 26 facilities
are operating;

e Coal-fired power plants: 3,703 power plants
with a total installed capacity of 1,458 GW, of which
1,093 GW are in operation;

e Nuclear power plants: 151 reactors with a
total installed capacity of 170 GW. 57 GW are in
operation;

e Gas power plants: 243 power plants with a
total installed capacity of 168 GW. 113 GW are in
operation;

o Electric vehicle battery plants: 319 facilities,
243 in operation, 56 under construction (greenfield)
and 20 announced. This means that the total
production capacity is 2676 GWh, of which 1445
GWh is in operation; And Hydrogen facilities: 37
facilities, 23 of which are in operation.

Given the deterioration of bilateral relations and
China's restrictions on coal imports from Australia in
recent years, we believe that Beijing has identified its
dependence on Australian resources as one area in
need of diversification [9].

China falls into four strategies on how to
diversify its imports and achieve other resource
security priorities.

1. Diversification of suppliers:

Apart from cordial relations with China, political
stability and regime type are the two main non-
commercial factors that Beijing always considers
when diversifying its supply.

Most of China's key resource providers show
that they are politically stable, as reflected in their
medium to low risk rating in the Government Stability
Index for the first quarter of 2021[10].

The Beijing government prefers suppliers from
stable authoritarian regimes to democracies, which are

subject to frequent change and possible policy
changes.

Autocracy is a system of government that is
convenient and can influence him.

Beijing can take advantage of this when it comes
to oil and gas imports, as most major hydrocarbon
producers such as Saudi Arabia and Russia are either
autocracies or illiberal democracies.

2. Diversification of investments:

China is seeking to strengthen its control over
global supply chains through foreign investment and
partnerships with major international companies.
Beijing has supported Chinese state-owned
enterprises since the late 1990s as they seek to "go
global" and control overseas resource bases. For
example, it shows that the number of Chinese-owned
base metals and gold mining companies in Oceania
has risen from zero in 2000 to 59 in 2020. This
approach aims to increase the share of Chinese-owned
resources in China's total imports.

3. Diversification of transit routes:

Geopolitical instability in the Middle East and
the South China Sea has prompted China to diversify
its maritime imports into land-based imports over the
past decade, as evidenced by its large investments in
energy pipelines with Russia and Central Asia. The
Myanmar-China oil and gas pipeline is another
example of China's attempt to reduce its dependence
on strategic links, particularly the sea route through
the Straits of Malacca.

4. Diversification of resources:

For goods that do not have an alternative
supplier, Beijing is actively seeking replacement
strategies. One approach is to increase imports of steel
ore for feedstock use to reduce dependence on
imported Australian iron ore.

Increasing resource
geopolitical implications

By diversifying its suppliers of natural resources,
China is increasingly reducing key vulnerabilities and
increasing its geopolitical influence. Beijing sees
three areas in particular that tip the balance in its favor.

Beijing uses trade as a tool of coercion

Through measures such as import restrictions,
China will be able to use its huge market as diplomatic
leverage in the great power rivalry. Resource
companies located in countries with frosty diplomatic
relations with Beijing may fall victim to economic
pressure. This diplomatic tool is most effective when
applied to goods where China has a diversified import
profile and the target country is dependent on the
Chinese market.

Closer Sino-Russian ties
West.

A much closer Sino-Russian relationship will
balance against the West

Despite a history of mutual mistrust, the
economic and political interests of Russia and China
have converged over the past decade. The

security has major

will balance the
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deterioration of relations with the West has prompted
the two countries to cooperate closely in many areas,
especially in the field of energy. Increased energy
imports from Russia support both Beijing's import
diversification strategy and Moscow's "pivot to Asia."

Chinese-backed  multilateral initiatives
benefit Belt and Road partners:
Beijing's diversification strategy increases

Chinese investment and trade with selected countries,
mainly Belt and Road partners, which in turn increases
their economic dependence on China. Financing terms
such as lower interest rates and reduced ESG
requirements are more attractive to countries
prioritizing a quick economic recovery than a green
post-Covid-19 recovery. These partnerships will
reshape multilateral relations with a China-centric
economic order [11].

Companies and
diplomatic moves...

Companies and investors in the line of fire

Geopolitical tensions are not likely to subside
anytime soon, so China is stepping up its efforts to
reduce its reliance on adversary suppliers' resources.
Australia's ban on coal imports has been a clear
example of this, but others are likely to follow suit,
with significant implications for global commodity
trade and the geopolitical landscape. Companies and
investors expect diplomatic moves from Beijing and
should prepare accordingly.

investors await Beijing's

Summary.

In recent years, Russia and China have been
implementing two geopolitical strategies related to the
Eurasian region through the trade and energy routes
passing through Central Asia in order to develop
economic cooperation between the East and the West.
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Introduction have been made in our country [1]. Consistent reforms

aim to create a new chapter in Uzbekistan’s history.

Any state, any nation is powerful with This shift has elevated the importance of spiritual and
intellectual potential, high morale. educational work in our state’s politics. However, as
Sh.M.Mirziyoev global competition intensifies and conflicts of interest

escalate, globalization also brings unforeseen
As the head of our state said, today it is more challenges alongside its many opportunities. Threats
important than ever for the public to wake up and against national identity and spiritual values are on the
become active in the reform process. Why is this so? rise. In this precarious situation, it’s crucial to foster
It’s no secret that in the current era of globalization, spirituality in young people, encourage them to read
humanity faces significant challenges. While we reap books, and support the growth of Mutola culture
the benefits of modern science and technology, among the youth. Books play an unparalleled role in
negative influences seep into our families and nurturing a balanced generation, as Mutola imparts

consciousness, creating confusion. This threat impacts knowledge and enriches one’s spiritual realm.

many, especially our youth. In such a scenario, one Given this, there’s an urgent need to publish
way to counter this global threat is through literature that enhances the intellectual potential of the
enlightenment. Raising our children with a strong youth across various genres. We must also rejuvenate
spiritual foundation isn’t just the responsibility of our libraries, increasing the repertoire of socially

schools, neighborhoods, or families; it’s a universal significant literary works and elevating their quality.
task. Challenges in the economic and socio-political
Materials and Methods spheres can be addressed through the advancement of
In recent years, several decisions aimed at the spirituality. A nation’s progress and the power of the
further development of spirituality and enlightenment state are significantly influenced by its spiritual depth.
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In countries with a strong spiritual foundation,
negative traits like ignorance, jealousy, negligence,
selfishness, laziness, gossip, and betrayal find no
foothold.

Why do some families today lack kindness and
harmony, with increasing disinterest in maintaining
relationships? Why are some parents indifferent to
their children’s upbringing? The future of our
homeland is intrinsically linked to how we raise our
children. Traditionally, fathers have been seen as the
pillars of families, embodying wisdom and
righteousness. However, today, in some families, the
pivotal role and wisdom of fathers are absent. The
growing instances of family discord, divorces, crimes,
and property disputes are concerning [2].

To address this, we must foster kindness and
harmony within families and communities, curtail
vices, prevent family breakdowns, and bolster
collaboration between state and public organizations
on pressing issues. An individual’s character is shaped
by qualities like purity, generosity, sincerity,
benevolence, honesty, faithfulness, respect for
parents, and loyalty to family. Similarly, one’s
national identity is built on pride, patriotism,
responsibility for the nation’s destiny, respect for the
national language, history, literature, arts, customs,
traditions, and adherence to the state’s laws and
systems. Being proficient in one’s profession and
being socially aware and supportive are also
paramount.

Luminaries from our past, such as Farghani,
Khwarazmi, Farabi, Ibn Sina, Ulughbek, Bukhari,
Termiziy, Marghilani, Motrudi, Zamakhshari, and
others, not only excelled in science but also
disseminated it.  They  widely  promoted
Enlightenment, taught, and mentored disciples. The
Turkestan School of Enlightenment boasts a rich
history and vast heritage. Figures like Mahmudhaja
Behbudi, Munavwar Qori Abdurashid Khan’s son,
Ashurali Zahiri, Saidrasul Saidaziziy, Ishaq Khan
Ibrat, Ahmad Donish, and others believed that
Enlightenment was the key to freeing the country and
its people from national oppression and ignorance.
Abdullah Avloni, one of the shining beacons of the
Enlightenment  movement, famously asserted,
“Science is the mentor, life, leader, and salvation of
men.” This sentiment became a cornerstone of the
Enlightenment Movement’s ideology.

An enlightened individual is well-informed.
Knowledge elevates a person’s virtue. Being educated
and enlightened is vital for overcoming challenges,
both financial and spiritual. A person lacking
knowledge and education is vulnerable. Broadly
speaking, enlightenment imparts knowledge, skills,
and competencies. It shapes spirituality, enhancing
society’s creative capacity. Thus, enlightenment is a
multifaceted concept that fulfills society’s educational
needs. Spirituality and knowledge, intrinsically
linked, thrive in harmony. Achieving this balance

ensures our youth develop into spiritually grounded,
patriotic, humane, and genuine individuals.

Abu Hamid Muhammad Ghazzali once
remarked on the importance of acting upon one’s
knowledge, cautioning against mere theoretical
understanding devoid of practical application. Many
luminaries from our land showcased an exalted blend
of spirituality and enlightenment, serving as beacons
of knowledge and wisdom. Thanks to their elevated
spirituality and enlightenment, their legacies shine
brightly. It underscores that, in today’s era, the path to
national enlightenment is through spiritual and
educational growth. For a prosperous future, our
people need spirituality and enlightenment as much as
they need water and air. Education and upbringing
must proceed hand in hand, for the journey to the
human soul begins with education.

Mahmudhaja Behbudi, in the early 20th century,
emphasized the importance of education for progress,
asserting that “to make a mark in the world, worldly
science and knowledge are essential.” The rapid
advancements in today’s technological age
underscore the veracity of his statement. Balancing
both secular and religious values is crucial as they
enrich and complement one another. A society bereft
of spiritual and educational wealth will never realize
economic and socio-political progress. In today’s fast-
paced era of globalization, spiritual education holds
paramount importance. Issues in one domain often
have their roots in shortcomings in another.

Without a solid foundation in spiritual education,
challenges across socio-political, economic, and
environmental domains remain insurmountable.
Scientific advancements can be misdirected when
devoid of ethical considerations. It’s disheartening to
note that some of today’s brightest minds, instead of
addressing global issues like healthcare and
environmental conservation, are contributing to the
creation of advanced weaponry. Regrettably, the vast
expanse of the internet, a testament to human
ingenuity, is riddled with content promoting vice and
harm.

A spiritually grounded individual, even with
modest means, is content and considerate of others. It
becomes evident that our world’s salvation lies in
spirituality and education, not just in power, wealth,
or weaponry. When analyzing global complexities,
it’s vital to view them through the lens of spirituality,
understanding foreign influences and assessing their
impact.

It’s worth noting that we’re committed to
building a secular state, a principle enshrined in our
Constitution. A secular state ensures equal rights for
all religions, guarantees education for its citizens, and
upholds the freedom of creative expression in science
and cultural realms. Education in a secular state
shapes its society’s identity, fostering informed and
active citizens who support the state, propelling
society forward.
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The experience of most countries, especially
developed ones, indicates that religion can not only
coexist with a secular state system but also effectively
collaborate with it towards national upliftment [4].
Democratic states don’t just respect the religious
beliefs of the majority but also ensure equal regard for
minority religions and those who choose not to follow
any faith. The Quran underscores this spirit with the
profound phrase, “There is no coercion in religion.”

In the evolving social fabric of Uzbekistan, the
role of religion has been primarily defined by its
constitutional status. The Constitution of Uzbekistan
guarantees freedom of conscience for all citizens.
Every individual has the right to follow any religion
or none at all. It establishes the separation of religious
organizations from the state and ensures their equality
before the law.

However, what do we witness in our society,
particularly on social networks? Regrettably, many,
including the revered “qori” brothers and the youth,
publicly and knowingly interfere in state affairs. They
mislead the public with claims that certain activities
aren’t in line with Sharia, thus creating confusion and
misguidance.

Another concerning issue arises from recent
statistics that indicate a decline in legally registered
marriages in Uzbekistan during the pandemic. This
drop, coupled with a reported surge in divorces and
births, could be attributed to problematic religious
propaganda. Online platforms and series glamorize
the idea of polygamous marriages over legally
recognized unions, contributing to  societal
complications. As a consequence, we see an alarming
number of cases involving unpaid alimonies,
suggesting that many children are financially
unsupported.

The decline in legal marriages, rise in Sharia
marriages, and the increase in orphans can largely be
attributed to a lack of legal awareness, especially
among women. When will we address these concerns?
How long will we allow false teachings to prevail?
Misconceptions, like discouraging women from
seeking education and pushing them towards domestic
roles, only hinder our progress. Our nation, soon to
have a population of 40 million, can’t be held back by
such regressive beliefs. We must resist the views of
radicals and fanatics.

Progress can only be achieved through secular
education. Our youth must delve deep into subjects
like chemistry, physics, mathematics, history, and
geography. The ultimate goal of educators should be
to ignite critical thinking in students. After all, thought
shapes an individual’s inner essence. Where there’s a
lack of critical thinking, ignorance prevails.

It’s lamentable that the offspring of those who
refuse to think for themselves often inherit this
mindset. One of the significant flaws in the Uzbek
educational system is the emergence of young people
lacking independent opinions. A society that

encourages diverse thoughts thrives, while stagnation
in thinking leads to both economic and spiritual
decline. Before Europe’s ascent, it embraced diverse
thoughts and ideas, including economic, technical,
and scientific insights, paving the way for progress.
We must reflect on our own history and evolution,
drawing from the wisdom of our ancestors.

In our journey towards building a secular society
in Uzbekistan, it’s paramount to ensure that the
relationship between the state and religion is based on
mutual respect. The state acknowledges the positive
potential of religion in shaping its citizens but strictly
prohibits its use for ulterior motives, like power grabs
or political gains. Our president, in a meeting
discussing the referendum results, unequivocally
stated, “Uzbekistan is a secular state, and it will
remain so. That is the will, the firm choice of our
people expressed by the referendum!” [5]. Going
forward, every citizen, regardless of nationality,
language, or religious belief, is guaranteed freedom of
conscience. The policy of fostering harmony between
various ethnicities and religions will be consistently
pursued. Radicalization or the exploitation of religion
for political ends will never be tolerated.

It’s evident from the statements that the concept
of a secular state in our societal renewal program does
not negate the role of religion in socio-cultural life.
It’s also apparent that the secular state system
staunchly opposes any attempts, cloaked in religious
claims, that threaten societal harmony, interethnic and
interreligious unity, and political and social stability,
especially when they have no genuine connection with
impartial religious faith.

We reside in a secular state, and while this is
paramount, we must also emphasize the other side of
the coin. Forces that oppose constitutional rights and
freedoms and aim to forcefully alter the constitutional
system threatening the sovereignty, integrity, and
security of the Republic cannot be tolerated.

Today, it’s no exaggeration to say that
combating violent extremism and radicalism is among
the top priorities not just for individual nations but for
the global community. The world is in a state of flux,
transitioning from the old world order to a new one,
amidst significant tension. In such times, it’s crucial
to correctly analyze and impartially assess the
political, legal, and economic global events.

Given the current global scenario, the challenge
of countering fanaticism and extremism remains
urgent. Uzbekistan is no exception. Historically,
Uzbekistan has been a peaceful abode for diverse
nationalities and religions. Historical records laud our
ancestors for their respectful treatment of
representatives from other religions and their united
efforts towards nation-building.

Survey and Findings
Today, over 94% of Uzbekistan’s population
practices Islam. The country is home to more than 130
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nationalities, 2,241 religious organizations spanning
16 religious denominations, and notable institutions
like the Imam Bukhari International Center, Imam
Termiziy International Research Center, and Tashkent
Islamic Institute named after Imam Bukhari, among
others. Moreover, the International Islamic Academy
of Uzbekistan is gaining global renown [6].

Several majestic mosques and religious
complexes across Uzbekistan stand as testament to our
rich religious heritage. Places like “Minor,” “Islamic
father,” “Hazrati Imam,” “Imam Bukhari,”
“Bahauddin Nagshbandi,” and “Imam Termiziy,”
among others, have undergone significant
renovations. The emerging Center of Islamic
Civilization in Tashkent evokes admiration [7].

Throughout our vyears of independence,
consistent efforts have been made to develop a system
of religious education. Recently, there’s been a surge
in initiatives aimed at highlighting the humanitarian
essence of the Islamic religion, combatting ignorance
with knowledge, instilling humanistic ideals in the
youth, and delving deeper into the teachings of great
thinkers. All these endeavors are geared towards
ensuring  peace, tranquility, and fostering
interconfessional dialogue.

The legislation of the Independent Republic of
Uzbekistan aligns with international law norms.
During our years of independence, over 60,000
Uzbekistani citizens undertook the Hajj pilgrimage,
and more than 1,000 citizens visited sacred Christian
and Jewish sites. The state offers considerable support
to pilgrims. Notably, religious texts like the Quran,
Old Testament, and New Testament have been
translated into Uzbek and published. Today,
numerous religious institutions operate across the
Republic of Uzbekistan, exemplifying our deep-
rooted tradition of religious tolerance.

Uzbekistan has historically been a harmonious
homeland for diverse nationalities and religions. This
enduring legacy persists, and religious tolerance
remains robust.

Unfortunately, the global landscape today is
fraught with challenges as malevolent forces and
destructive ideologies threaten the stability of nations.
President Shavkat Mirziyoev, in his 2017 conference
speech, emphasized that “Islam champions a radiant
life, science, and benevolence. It never advocates
treason, murder, or violence.” Upholding this belief,
the Committee on Religious Affairs collaborates with
various organizations to counter religious extremism
in society through diverse media initiatives. The focus
remains on educating the youth, guiding them away
from extremist ideologies, and ensuring the general
populace is actively involved in this mission.

Of particular note is our efforts to rehabilitate
citizens swayed by misguided ideologies. By
providing them with guidance and support, we aim to
reintegrate them into society, helping them lead
constructive lives.

Independence ushered in a process of renewal
across all spheres of social life, including the spiritual
domain, marking a period of fundamental change. The
stance on religion underwent a radical shift: the
atheistic aggression towards religion from the former
Soviet system ceased, and freedom of conscience
became enshrined in law.

The main peculiarity of the state’s relation to
religion lies in ensuring that religion remains separate
from politics. After all, every religion primarily
emphasizes spiritual and moral ascension. It has been
emphasized that cultivating a culture of tolerance in
the youth is crucial in the ideological battle against
religious extremism and intolerance. For without
peace, there can be no progress or democracy, and
without tolerance, there can be no peace.

On July 1, 2021, the Presidential decree “On
Approval of the National Strategy of the Republic of
Uzbekistan for the Fight Against Extremism and
Terrorism for 2021-2026” was adopted [9]. The
“roadmap” accompanying the decree and the
“National Strategy” outline the following priorities
and goals:

= Promoting patriotism, traditional values, and
tolerance to counteract extremist and terrorist
ideologies;

= Preventing the spread of extremist and
terrorist ideas among minors and young adults;

= Empowering women and amplifying their
role in counteracting extremism and terrorism;

= Safeguarding long-term overseas residents
from extremist and terrorist influences;

= Countering the misuse of the internet for
extremist and terrorist purposes;

= Actively involving civil society institutions
and media in the fight against extremism and
terrorism;

= Enhancing legal sanctions against those
involved in extremist and terrorist activities and their
financing;

= Refining the legislative framework to combat
extremism and terrorism;

= Bolstering international
cooperation in this domain.

The document ensures continued comprehensive
support for individuals who were once influenced by
divisive ideologies for religious reasons. It also
underscores the importance of elevating the legal and
educational literacy of the populace. An emphasis is
placed on training experts in both religious and secular
domains who can foster resilience against religious
extremism and on harnessing the media’s influence to
combat extremism and terrorism.

Furthermore, the “New Uzbekistan
Development Strategy for 2022-2026 prioritizes
addressing universal challenges through a lens of
national interest. Notably, the 82nd goal, titled “The
Formation of Effective Mechanisms for the Fight
Against Extremism and Terrorism,” carries special

and  regional
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significance. As part of this development strategy,
efforts include:

» Enhancing preventive mechanisms against
extremism and terrorism while refining the socio-
spiritual environment;

= Cultivating strong resilience  against
extremist ideologies, especially among the younger
generation;

= Broadening the international legal

framework for countering extremism and terrorism,
and enhancing collaboration with foreign countries
and international entities;

= Strengthening personnel and resources for
entities engaged with citizens traveling or residing
abroad for long durations;

= Promoting information exchange and
collaboration with international organizations focused
on combating extremism and terrorism;

» Enhancing Uzbekistan’s participation in
international initiatives centered on information
sharing and collaboration in Central Asia’s fight
against extremism and terrorism;

= Taking a proactive role in global efforts to
ensure peace in Afghanistan and integrating the
country into regional cooperation initiatives,
including those targeting extremism and terrorism.

Uzbekistan has supported the UN’s global
counterterrorism strategy and has ratified 14
international conventions and protocols to combat
terrorism and religious extremism. Furthermore, in
this context, Uzbekistan has adopted laws titled “On
Combating Extremism,” “On Combating Terrorism,”
and “On Combating the Legalization of Income from
Criminal  Activity, Financing Terrorism, and
Financing the Distribution of Weapons of Mass
Destruction,” among other regulatory legal acts.
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Introduction in the production of products and their sale in
It is known that reforms implemented in the field commodity markets.
of agriculture in recent years do not leave any of us It should be noted that the growth and spread of
indifferent. In the first years of independence, special agricultural  entrepreneurship in  economically
attention was paid to the emergence of farms and the developing countries, the activity of agriculture in
creation of legal bases for their activities. In this food production can be seen as a positive step for
regard, separate legal documents were adopted, and small-scale agricultural producers. Opportunities to
legal mechanisms for resolving conflicting relations open new markets can provide incentives for
arising in the field were created [1], [2]. infrastructure investment in rural areas, and the
However, the existence of problems related to provision of agricultural extension services can
the reforms implemented in agriculture is the reason improve productivity and knowledge transfer
for the determination of different directions of legal opportunities for smallholder farmers. However, there
regulation by the state. For this reason, special is another side to the issue, which is that the inclusion
attention is being paid to establishing the activity of of small producers in commodity export activities is
clusters in agriculture, giving up planning- explained by the over-dependence of vulnerable
administrative resources. farmers on unstable markets and over-dependence on
At the initial stage of cluster formation, the most large buying firms. Thus, while increased agri-food
difficult thing is to reach an agreement among activity is an important policy tool that allows hitherto
entrepreneurs on the formation of its assets. Factors marginalized farming communities to gain a foothold
unifying the economic interests of creating a cluster in expanding markets, the dynamics may be quite
are: 1) implementation of a single price policy in the different at the small scale [3].
commodity market; 2) expansion of production and Clusters affect competition in three ways:
services by its participants; 3) implementation of a increasing static productivity, increasing innovation
unified marketing policy; 4) introduction of capacity, and stimulating new business forms. If a
innovative technologies - integration and cooperation firm innovates, a competing firm cannot keep up.
[ ]
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Firms isolated from the cluster are less likely to
innovate. Firms in a cluster have specific information
about customer needs due to knowledge and
relationships. Cluster participants learn about
technology changes and technical capabilities, so they
have greater opportunities for innovation. Another
advantage of clustering is the possibility of rapid
innovation, since the firms supplying the information
are located in close proximity.

The advantage of clusters in the medium and
long term is seen in innovation and productivity
growth in agricultural production compared to local
agricultural producers. Agricultural enterprises in the
cluster benefit from the concentration of primary
agricultural producers (including farmers and farms),
as well as food processing and trading enterprises that
know the needs of customers and have established
relationships with them.

If we pay attention, in the conditions of the initial
reforms (after 2017), attention was paid to the
introduction of the cluster system in the agricultural
sector in our country. In this regard, separate
normative legal documents were adopted. In
particular, firstly, in Annex 10 of the decision of the
President of the Republic of Uzbekistan "On measures
to fundamentally improve and develop the system of
implementation of work related to household waste in
2017-2021" dated April 21, 2017 DP-2916, and then
in the Decree of the President of the Republic of
Uzbekistan dated January 29, 2022 According to the
Decree No. DP-60 "On the new development strategy
of Uzbekistan for 2022-2026" goal 30 is to increase
the income of farmers and farmers by intensive
development of agriculture on a scientific basis at
least 2 times, to bring the annual growth of agriculture
to at least 5%, and in this to clusters allocation of land
on the basis of open competition was envisaged [4].

Today, other sectors considered important for
the economy of our country, the copper industry,
automotive industry, pharmaceuticals, housing
construction, ITClaster and other industries, have
been prioritized for implementation (President of the
Republic of Uzbekistan dated January 29, 2022
"Development of the new Uzbekistan for 2022-2026
Decree No. DP-60 "on the strategy™) [5].

Therefore, the introduction of the cluster system
is considered not only a narrow field, but also one of
the important and optimal directions for the
development of all important sectors of the economy,
opening the way to the world market. This makes
special studies on modern trends of cluster system
implementation in the field, existing problems and
their legal support relevant [6], [7].

Focusing on the experience of foreign countries,
there is no standard way to identify, define or describe
a cluster. The overall cluster analysis is based on local
and regional employment statistics in various industry
categories. There are two important databases that
provide data on clusters and industrial

agglomerations: the Cluster Mapping Project (for the
US) by the Institute for Strategy and Competitiveness
at Harvard Business School; The Cluster Mapping
Project has compiled a detailed picture of the location
and performance of industries in the United States,
focusing on the linkages or externalities between
industries that give rise to clusters.

The European Cluster Observatory (for Europe),
managed by the Center for Strategy and
Competitiveness at the Stockholm School of
Economics; The European Cluster Observatory is a
platform providing a single access point to
information and analysis of clusters and cluster policy
in Europe. The observatory provides data and analysis
on clusters and competitiveness, the cluster library,
and the classroom for cluster education. The
observatory focuses on three main target groups:
politicians and government officials at the European,
national, regional and local levels; Cluster
management staff; Academics and researchers.

The European Cluster Observatory also
produces analyzes and reports on regional
competitiveness conditions, transnational cluster

networks, clusters in emerging industries and good
practices in cluster organizations [8].

Brazil's agricultural sector has a strong
influence. This impact is related to both socio-
economic and geographical issues and is characterized
by the diversity of production chains in agricultural
and livestock activities. In addition, exports of
products such as meat, coffee and soybeans place
Brazil in an important position in the external sector
and affect the indicators of the Trade balance. Such an
important position of agriculture can be observed on a
global scale. Data shows that 78 percent of the world's
poor people live in rural areas, mostly dependent on
agriculture. As a World Bank report (2017, p. 15)
states, "Improving agricultural productivity and
sustainability, strengthening farmers' linkages to
markets, and providing food in an economically viable
way are proven tools to alleviate poverty and increase
overall prosperity".

Data from the 2017 agricultural census are
disaggregated to assess the behavior of family farming
in the Northeast, which dominates Brazil's agricultural
sector in terms of number of businesses, people
employed, and food production. It can more
accurately reflect possible conditions of vulnerability
and poverty. It is known that family farming has
different dynamics and characteristics compared to
non-family farming, especially in the management of
property owned by family members. In addition, the
main source of income in these enterprises comes
from the agricultural production activity itself, which
indicates the need to analyze the socio-economic and
production conditions in this segment, to monitor its
profile and forms of social reproduction and the
dynamics of differences between different places.
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In the analysis using data from the 2017
agricultural census, in general, about 76.71% of the
producers of the participation of the major regions of
Brazil in the number of enterprises in agriculture are
men between the ages of 45 and 55. In addition, in the
education category, it was found that 23.38 percent of
agricultural enterprises had never attended school.
Thus, in addition to excessive land fragmentation,
there is an aging tendency and low education of those
responsible for agricultural enterprises [9].

Focusing on the Chinese experience, under
China's unique institutional constraints, industrial
clusters developed rapidly in rural areas during
economic reforms. Industrial clusters simultaneously
raise incomes and reduce household income
inequality in rural China. Industrial clusters contribute
to rural income growth mainly by increasing non-
agricultural income. Clusters reduce rural inequality
by creating more opportunities for disadvantaged
groups to engage in off-farm activities. Specialization,
urbanization and industrialization are not as affected
as industrial clusters.

In China, industrial clusters have contributed to
increased rural incomes, reduced poverty, and reduced
income inequality.

First, rural household incomes, especially non-
agricultural incomes, were higher than those in
districts without industrial clusters. Similarly,
counties with industrial clusters had significantly
lower poverty rates than counties without industrial
clusters.

Second, rural household income inequality was
significantly lower in counties with industrial clusters
than in counties without clusters. Interestingly, while
a similar result holds for non-farm income inequality,
it does not for farm income.

Third, households with more low-income
members, including those who are elderly, less
educated, and/or have health problems, benefit more
from clustering than others. Finally, systematic
evidence is provided that measured specialization,
urbanization, and industrialization do not have such
effects on farm household incomes or inequality.
Evidence suggests that in the Chinese context,
industrial clusters developed in the early stages of
economic reforms under the joint efforts of
entrepreneurs and local governments have reduced
institutional constraints and created relatively equal
opportunities for rural residents to participate in off-
farm activities. As a result, agricultural incomes in
those areas will increase and income inequality will
decrease [10].

If we focus on the analysis conducted in the field
of agriculture in Germany, 238 farmers participated in
it, and they were 45 years old on average. Of all
participants with a degree, only 3.4% completed an
agricultural apprenticeship, while 43.9% completed a
bachelor's or master's degree. Almost a quarter of
them have completed an apprenticeship and only

around 10% have attended university [11]. 89.1% of
all survey respondents work full-time on their farm.
This contrasts with the main farming population,
where only 53% work full time [12]. Most of the
farmers participating in the survey are from southern
Germany (30.7%), followed by northern Germany
(27.7%). Almost a quarter of farms (24.8%) are
located in West Germany and 16.8% in East Germany.
This again differs from the situation across the
country, as almost half of all farms are located in the
south of Germany and only 9% in the east. Thus, the
northern and eastern regions are overrepresented and
the southern region is underrepresented in the data.
The average area of farms is 309.0 ha, of which an
average of 259.7 ha is cropland, 45.2 ha is pasture and
4.1 ha is permanent cropland. The average share of
leased land is 47.9 percent. The mentioned farms are
thus quite large and the share of rented land is slightly
smaller than the average for farms among the main
population [13].

In Sardinia, which is another territory of the
European Union, measures were taken for farmers,
especially in the context of mitigating climate change,
the latest technological requirements and awareness of
the role of the farmer in environmental protection.
Agroecological policy incorporates the core concept
of 'good farming', emphasizing its relevance to the
concerns of rural sociology. Agroecological schemes
are an effective way of delivering public funds to
farmers that reduce the negative environmental
aspects of agricultural production. The farmer
embodies environmental protection, especially in the
intensive agricultural sectors typical of the Italian
landscape.

Based on the Spatial Fuzzy Partitioning Around
Medoids (SFPAM) approach, EU funds focus on the
distribution of resources in the most needed area.
Funds are mostly distributed in areas with low
demographics and varying between development and
stagnation. Funds have reached areas of economic or
socio-demographic  stagnation, introducing new
paradigms to sustain agricultural production and
related activities, fuel supply, and increase organic
production [13].

Analyzes carried out in Spain highlight that
agriculture is now the main locomotive of efficient
land use and environmental change, and therefore
agricultural landscapes are considered key to
achieving the United Nations  Sustainable
Development Goals, such as food security and
environmental sustainability. As socio-ecological
systems, agricultural landscapes reflect the
interdependence between people (farmers) and nature
over time. The contribution of agricultural landscapes
to society goes beyond the provision of ecosystem
services (such as food, forage and fiber production).
Agricultural land can contribute a wide range of other
key ecosystem services, including regulation (for
example, climate regulation, pollination) and cultural
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(for example, aesthetic and/or tourism values) as well
as providing habitat for biodiversity. However, the
socio-ecological outcomes of agricultural land are
related to the characteristics (structure and
composition) of the supporting landscapes, which
ultimately reflect the management practices, that is
the farming systems prevailing at the landscape level.

The European Union's Common Agricultural
Policy, which has existed since the early 1960s,
continues to evolve. Increasing agricultural
productivity is one of its founding principles. Article
39 of the Treaty on the Functioning of the European
Union or the Treaty of Rome states that “The
objectives of the common agricultural policy [...]
shall be to increase agricultural productivity by
promoting technical progress and ensuring the rational
operation of agriculture. Agricultural productivity is
the relationship, measured in physical quantities,
between the products produced and the materials
needed in the production process. A series of reforms
aimed at increasing agricultural productivity while
responding to environmental and social challenges.
Environmental challenges pose additional constraints
to agricultural production, forcing the sector to adopt
more sustainable practices. In addition, the
enlargement of the European Union brought new
challenges and a wider set of geographical,
environmental and socio-economic conditions,
revised policy objectives and the need to respond to
external factors of change such as global integration.

The current concern is the need to adapt the New
Deal and the Common Agricultural Policy to smart
growth and high productivity from 2023, while
maintaining the vitality of the rural population and
adapting agricultural activities to climate change and
global market conditions. All of this relies on the
development of effective policies and programs that
can be applied flexibly. Good policy design requires a
solid evidence base, but a key challenge facing EU
policymakers is the lack of clarity on the impact of
Common Agricultural Policy support on agricultural
performance, as shown by recent literature surveys.
Potential budget cuts, reductions in direct subsidies,
and a focus on improving the capacity of models to
provide quality data that can inform policy decisions.
Without high-quality and reliable data, policymakers
are at a disadvantage in determining the future
direction of Common Agricultural Policy and
programs.

There are two broad modeling approaches
commonly used to estimate the impact of agricultural
subsidies on farm productivity. These two approaches
are defined as “incremental accounting” and
"boundary  approaches".  Growth  accounting
approaches wuse regression analysis to estimate
productivity growth. These approaches treat subsidies
in the production function as traditional inputs,
yielding a consistent measurement of productivity
because subsidies by themselves cannot produce

output unlike traditional factors of production.
Threshold approaches can be parametric or
nonparametric.

The reform of the new EU Common Agricultural
Policy will begin in 2023, aimed at promoting a
sustainable and competitive agricultural sector. The
new reform is central to the European Green Deal and
focuses on supporting farmers' livelihoods, ensuring
the availability of healthy and sustainable food and
developing rural areas. The results show that the new
reform aims to direct more spending to invest in
agricultural innovations aimed at increasing
productivity using environmentally friendly and
sustainable agricultural practices.

The European Union's Common Agricultural
Policy recognizes the role of agricultural landscapes
in addressing society's environmental challenges,
particularly by specifying specific practices that
farmers must follow. In general, Common
Agricultural Policy instruments are compatible with
other EU policy instruments, such as the Nature
Directives and the EU Biodiversity Strategy, which
aim, among other things, to include agricultural areas
in highly diverse landscape features and aimed at
managing organic farming through the use of
agrotechnical tools.

Understanding the relationships  between
farming systems and the resulting biodiversity and
ecosystem services under different management
practices is key to achieving socioecological viability
in agricultural landscapes. Such understanding
provides relevant knowledge to support decision-
making on adaptive management programs that
enable the development and implementation of
actions to enhance biodiversity and/or ecosystem
services according to the characteristics of target
landscapes and dominant farming systems. However,
the pursuit of such knowledge requires access to high-
resolution data and investment in making relevant
information on biodiversity and ecosystem services
available at appropriate temporal and spatial scales.
Nevertheless, further research on how biodiversity is
linked to agricultural systems is particularly important
in high-nature agriculture, which is associated with
high levels of biodiversity (and the provision of many
ecosystem services) but is seriously threatened by
ongoing processes. is especially important in lands.
Among other reasons, scrutinizing such relationships
allows for detailed analysis of agricultural practices
that promote specific levels of biodiversity and
ecosystem services, and helps identify farm-level
indicators that can be used in biodiversity or
agricultural design and monitoring [14].

Based on the above, the following conclusions
can be drawn: Agriculture, as the main link of the
agro-industrial complex of our country, has always
been a unique field for the implementation of one or
another reforms carried out by our state. The reasons
for this are that, on the one hand, food security
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depends on the level of industrial development, on the The cluster approach to increase the

other hand, the efficiency of economic reform can
increase agricultural production, on the contrary, if the
path is wrong, it can gradually reduce it.

In the management of any field, certain criteria
are required, depending on the level of management
and the goals of the decision-making bodies.
Choosing such a criterion, in particular, the need to
ensure sustainable socio-economic development,
development and integration of agricultural
production in regions, and the creation of systematic
agriculture, clusters occupy a special and unique
place.
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International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - international Association of leading active scientists from different countries.
The main objective of the Academy is to organize and conduct research aimed at obtaining new knowledge
contribute to technological, economic, social and cultural development.

Academy announces acceptance of documents for election as a member:
Correspondents and Academicians

Deadline - January 25, 2024.
Documents you can send to the address T-Science@mail.ru marked "Election to the Academy members".

The list of documents provided for the election:

1. Curriculum vitae (photo, passport details, education, career, scientific activities, achievements)
2. List of publications
3. The list of articles published in the scientific journal 1SJ Theoretical & Applied Science

* to correspondents is not less than 7 articles

* academics (degree required) - at least 20 articles.

Detailed information on the website  http://www.t-science.org/Academ.html

Presidium of the Academy

International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - MexmyHapoaHoe 00beIMHEHHE BEYIINX aKTHBHBIX YUEHBIX C PasHBIX CTPaH.
OCHOBHOW TIETBIO ESATCHBPHOCTH  AKaJeMUH SBISCTCA OpraHM3alusg ¥ TPOBEACHHEC HAYYHBIX
I/ICCJIe)IOBaHI/II\/’I, HanpaBneHme Ha nonyquHe HOBBIX 3H3.HI/IIZ CHOCO6CTByIOHH/IX TCXHOJ’IOFI/I‘IGCKOM}I,
3KOHOMHUYECKOMY, COLIMAJIbHOMY U KyJIbTYPHOMY Pa3BUTHIO.

Axkajiemus 00bsBJISIET PUEM JOKYMEHTOB HA M30paHUEe B CBO COCTaB:
YieH-KOPPECIOHACHTOB U AKa/IeMHUKOB

[Ipuem moxymeHTOB ocymecTBisercs a0 25.01.2024.
JIOKYMEHTBI BBICBLIAIOTCS TI0 anpecy T-Science@mail.ru ¢ momertkoii "M36panue B coctaB AkageMun'.

CHnHCOK J10KYMEHTOB NPeA0CTABIAEMBbIX 1/ H30paHus:

1. ABroduorpadus ($hoTo, NacHopTHBIE JaHHEIE, 00yYeHUE, Kapbepa, Hay4yHas IesaTeIbHOCTb,
JIOCTHOKEHUS )
2. CIIICOK Hay4HBIX TPYAOB
3. Cricok crareit onmy0OIMKOBaHHBIX B HaydHOM xypHane 1SJ Theoretical & Applied Science
* JUIS YIICH-KOPPECIIOH/ICHTOB - HEe MeHee 7 cTaTeil,
* 1 akaleMMKOB (HeoOXxonuMa ydeHas cTerieHb) - He MeHee 20 crareii.

IMoapoonast mudopmanust Ha caiite  http://www.t-science.org/Academ.html

Presidium of the Academy
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