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SIMULATING THE DYNAMIC OF SUPERMASSIVE BLACK HOLES ON
THE FORMATION OF DWARF GALAXIES

Abstract: This study explores the influence of supermassive black holes (SMBHSs) on the formation and evolution
of dwarf galaxies. It addresses the limited understanding of SMBH prevalence and their feedback effects in low-mass
galactic environments. Using observational data from the Hubble Space Telescope (HST), Chandra X-ray
Observatory, and the James Webb Space Telescope (JWST), along with spectroscopic analysis and computational
simulations, the study examines SMBH signatures, star formation impacts, and structural effects. The methodology
integrates multi-wavelength imaging and hydrodynamic modeling to assess how SMBHSs regulate gas dynamics and
star formation. Key findings suggest that SMBHs exist in many dwarf galaxies, influencing both galactic morphology
and evolution through feedback processes. The results contribute to refining galaxy formation models by highlighting
SMBH activity outside massive galaxies. Practical implications include improved SMBH detection in low-luminosity
environments and enhanced simulation parameters for early-universe modeling. This research fills gaps in SMBH
studies by aligning theoretical models with emerging observations, offering a new lens on galactic evolution and the
role of black holes in the early cosmos.
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1. Introduction Normally supermassive black holes are found in
1.1. Research Background large galaxies where they were consider crucial for
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building the galactic structure influencing the star
formation and even regulating the gas dynamics of the
galaxies. New findings indicate that SMBHs might
also be present in dwarf galaxies, less massive systems
in terms of stars and gases. Investigation of SMBHSs in
such environments is important since it contradicts the
standard theories of galaxy formation and evolution.

Knowing about SMBHSs inside dwarf galaxies
might show ideas on the way such black holes come
into being and increase their size across cosmic
periods. If large black holes are frequent in dwarf
galaxies, it implies that they could exist in the
universe’s early stages and might have served as the
basis for the much larger black holes seen in large
galaxies today. Such facts have an effect on the
models of black hole growth, the formation of galaxies
in terms of hierarchy as well as the role played by
SMBHSs within the cosmic web.

Supermassive black holes affect several
fundamental physical processes within galaxies. The
first of these processes is Star Formation Regulation:
SMBHSs emit energy through processes of accretion,
which can either trigger or inhibit star formation.
High-energy radiation and winds from SMBHSs can
heat surrounding gas, preventing it from cooling so
that it does not condense to form new stars. In cases
where SMBH-driven turbulence compresses clouds of
gas, it can then trigger star formation. Compact
monsters at galaxy centers can drive galactic winds,
throwing gas out from the middle regions of galaxies.
These outflows affect the supply of cold gas crucial
for star birth and can change the galaxy’s growth.
Knowing these links in dwarf galaxies is key because
their shallow gravitational pull makes them more open
to outside impacts like compact monster feedback.
The shape of a dwarf galaxy and its dynamic elliptical
shape may be linked to supermassive black holes.
These could perturb central mass distribution.
Thereby changing rotation curves and profiles of dark
matter. These data will shed light on the roles black
holes play in the morphology of dwarf galaxies.

The scientific motivation behind studying
supermassive black holes in dwarf galaxies lies in
understanding the early stages of their formation. If
these black holes are found in a significant proportion
of dwarf galaxies, it suggests they formed in the early
universe, perhaps through direct collapse mechanisms
rather than stellar remnants. Research on
supermassive black holes in low-mass environments
can determine whether black hole formation is a
cosmic phenomenon that encompasses different types
of galaxies. Current models of galaxy evolution focus
primarily on large galaxies, while smaller galaxies
follow a different evolutionary path. Studying
supermassive black holes in dwarf galaxies can be
seen as a test of whether current models need to be
generalized or modified to include smaller structures.
Small galaxies are often surrounded by dark matter,
making them ideal locations to study their interactions

with supermassive black holes. The interaction
between these black holes, dark matter halos, and stars
can reveal new insights into the role of gravity and
feedback mechanisms in the formation of the
universe. Dwarf galaxies will be observed and studied
in detail by the James Webb Space Telescope, in
addition to upcoming surveys from the Euclid Space
Telescope. This data, along with optical and radio
data, may provide new insights into the activity of
supermassive black holes and their effects on their
surrounding environment.

1.2. Research Problem

Supermassive black holes are a common feature
in massive galaxies, while their presence in dwarf
galaxies remains less clear. Unlike in massive
galaxies, where the activity of supermassive black
holes is thought to regulate star formation and thus
guide overall galactic evolution, information about
their impact on dwarf galaxies is very limited. Some
studies suggest that supermassive black holes in dwarf
galaxies formed early and evolved concurrently with
the galaxies themselves, while others suggest they are
relatively rare or fundamentally different due to the
low gravity of these galaxies. The available
observational data are insufficient to draw any
definitive conclusions about the importance of
supermassive black holes in dwarf galaxies.

Supermassive black holes can influence star
formation and the distribution of matter in galaxies
through feedback mechanisms in massive galaxies.
These black holes produce powerful jets and radiation
that may inhibit or stimulate star formation in dwarf
galaxies where the center of gravity is shallower. The
outflows from supermassive black holes may be much
larger, potentially driving gas out of the galaxy and
halting star formation. Conversely, supermassive
black holes may stimulate star formation by
compressing gas clouds. These effects are poorly
understood in dwarf galaxies, prompting research into
how supermassive black holes influence their
environments.

Observations in low mass or dwarf galaxies have
not yet provided sufficient clarity to support certain
theoretical models. Most observations detect
supermassive black holes indirectly, for example,
through X-ray and radio wave signatures, and very
little direct information is available regarding the
masses of supermassive black holes and their impact
on the properties of their host galaxies. Another
limitation is that current galaxy formation simulations
focus primarily on supermassive galaxies, resulting in
less sophisticated models for dwarf galaxies.
Therefore, the theoretical model of supermassive
black holes in dwarf galaxies needs refinement to
better explain future observations. Bridging this gap
requires in-depth monitoring programs, high-
resolution  simulations, and  comprehensive
comparative studies of different classes of galaxies, in
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order to gain a deeper understanding of the role of
supermassive black holes in dwarf galaxies.

1.3. Research Objectives

One of the prime goals of this work is to
determine the prevalence of SMBHs in dwarf galaxies
and study their physical properties. These involve
observations, for instance by X-ray emissions, radio
signals, and spectroscopic analyses of galactic centers,
to detect SMBHSs. The paper also intends to answer
whether or not the SMBHSs in dwarf galaxies have
similar characteristic features as those in massive
galaxies—masses, accretion rates, and activity levels.
Such information can be useful in giving information
on how such black holes formed and evolved in low-
mass environments.

SMBHs may affect star formation and gas
dynamics in different ways, for instance by giving rise
to powerful winds and outflows which control the
availability of star-forming material. It will be
discussed in this work what kind of effect SMBHSs
impose on the interstellar medium in dwarf galaxies:
do they contribute via feedback mechanisms towards
gas depletion, or do they support star formation by
compressing gas clouds? Data from telescopes such as
Hubble and Chandra and, in the future, the James
Webb will be able to infer the motion of gas, while
simulations can help in any such modeling effort to
mimic the interaction between the SMBH and its
immediate surroundings.

Dwarf galaxies are more susceptible to external
influences due to their lower gravitational potential.
SMBHs could play a major role in the evolution and
reshaping of galaxy properties through redistribution
of matter, modification of rotation curves, or even
feedback on the distribution of dark matter. We test
here if SMBHs can affect morphological evolution on
dwarf galaxy scales and if they can initiate galactic
mergers or transformations during cosmic time. This
research tries to find a more faithful representation, in
the long-term morphological evolution of dwarf
galaxies, between observational data and theoretical
models.

1.4. Research Significance

Although supermassive black holes in large
galaxies are well understood, information about their
presence and effects in small galaxies is very limited.
The proposed research aims to bridge this gap by
providing observational data and theoretical
explanations that contribute to a clearer picture of
supermassive black holes in low-mass environments.
Understanding these phenomena will enhance our
understanding of early black hole formation and their
role in the structure of the universe as a whole.

Most of today’s models for galaxy evolution are
built on what big black holes do in large galaxies. If
big black holes are seen to be many in small galaxies,
then these models might have to change to include the

impacts of such holes in tinier systems. Here, we will
look at how those big black holes interact with their
hosts in the dwarf galaxies, affecting the gas
dynamics, star formation, and structural evolution.
Such results would likely open new vistas on
hierarchical galaxy formation and the role of
supermassive black holes in shaping galaxies over
cosmic time.

Advances in telescope technology, such as those
of the James Webb Space Telescope (JWST) and the
Vera C. Rubin Observatory, are enabling more
detailed views of supermassive black holes in dwarf
galaxies. By analyzing data from these and other
locations, this work will lay the foundation for future
research. The findings may improve how we observe
supermassive black holes in faint galaxies from an
observational perspective and add value to large-scale
astronomical searches for these black holes in diverse
environments.

2. Literature Review

New studies have given strong proof for the
existence of supermassive black holes (SMBHS) in
dwarf galaxies, which goes against the old idea that
such huge objects belong only to big galaxies. Reines
et al.[1] carried out a thorough analysis using data
from the Sloan Digital Sky Survey (SDSS) focused on
emission-line dwarf galaxies within a range of stellar
masses between 108.5 to 109.5 solar masses. In their
study, optical spectroscopic signatures of 151 dwarf
galaxies were identified, showing such features as to
accrete onto massive black holes. This considerably
increased the known numbers of active dwarf galaxies
and implied that supermassive black holes are more
common in low-mass galaxies than previously
thought. Extending this base, Baldassarre et al.[2]
studied the midget flattened galaxy RGG 118,
positioned approximately 340 million light-years
away from Earth. They checked for the existence of
an SMBH at its center, estimating its mass to be about
50,000 solar masses by means of high-resolution
spectroscopy and X-ray observations. This is one of
the least massive SMBHs known to exist within a
galaxy's core, leading to some view of the bottom
mass limits of SMBHs within dwarf galaxies. All
these findings show that SMBHs can be in dwarf
galaxies, changing how we see black hole formation
and growth in small places. Finding AGN in these
galaxies, shows that we really need more studies to
find out the ways that make big black holes form and
do things in small galaxies.

Martin-Navarro et al.[3] examined the influence
of SMBHs on the dispersion of cold gas crucial for
star formation. They found that in galaxies with more
massive central black holes, the amount of cold gas
decreases hence lowering the rate of star formation.
SMBHs have the potential to do two things on the gas:
one is to heat it so high that it cannot get to the point
of condensing into stars, and secondly, to blow it out
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completely from the galaxy through powerful
outflows. This result adds weight to the hypothesis
that SMBHSs are mainly responsible for quenching star
formation in massive galaxies.

These findings show how supermassive black
holes play a complicated part in galaxy development
because they can control and stop star birth in different
ways.

Hopkins et al.[4] presented a detailed model
indicating that the merger of gas-rich galaxies leads to
nuclear gas fluxes, which fuel star-forming explosions
and promote the growth of supermassive black holes.
Their simulations suggested that the influence of
supermassive black holes could regulate star
formation and affect the structural properties of
galaxies, including dwarf galaxies. The paper
highlighted supermassive black holes as key players
in driving the internal dynamics within a galaxy
during and after the merger process.

Bellovary et al[5] used cosmological
hydrodynamical simulations to study supermassive
black hole behavior in dwarf galaxies. It was found
that supermassive black holes could become
misaligned from dwarf galaxy centers due to
phenomena such as mergers. The off-centered
supermassive black holes affect the dark matter and
gas distributions in the galaxy, possibly observable
through signatures. Results pointed to a complicated
interaction between supermassive black holes and the
evolution of their host galaxies.

These studies underline the very important part
that SMBHs play in the processes of evolution of
dwarf galaxies, affecting both their internal dynamics
and distribution of matter.

3. Research Gaps

Despite growing evidence of supermassive black
holes (SMBHs) in dwarf galaxies, several research
gaps remain. These gaps highlight the need for further
observational studies, improved theoretical models,
and better integration between the two approaches to
understand the full impact of SMBHSs on dwarf galaxy
evolution.

3.1 The Need for More Observational Data on
SMBHs in Dwarf Galaxies

The present proof of SMBHSs in dwarf galaxies
rests on most directly observed indirect detections,
(X-ray and radio emissions, broad emission lines, and
dynamical modeling). This is very much, however, an
observational artifact limited by limits in resolution,
sensitivity, and sample size. Most SMBH detections
in dwarfs are from AGN, so many SMBHSs can be in
quiescence, and hence very hard to find with
traditional methods. Future deep-sky surveys, such as
those from the Vera C. Rubin Observatory and the
James Webb Space Telescope (JWST), could help
uncover more SMBHs in dwarf galaxies. High-
resolution imaging and spectroscopic analysis are

needed to confirm SMBH presence and determine
their physical properties.

3.2 The Unclear Temporal Impact of SMBHs
on the Evolution of These Galaxies

While studies suggest that SMBHs influence star
formation and gas dynamics in dwarf galaxies[4], the
long-term evolutionary effects remain uncertain. The
timescale over which SMBH feedback regulates star
formation and structural changes is not well
understood. It is suggested by some models that
SMBHSs in dwarf galaxies might be undergoing
episodic activity, influencing their hosts at different
evolutionary stages. Observations from several
cosmic epochs are needed to trace how SMBHs mold
dwarf galaxies over the billion-year course.
Simulations should be those that take into account
different evolutionary paths, including galaxy
interactions and environmental effects.

3.3 The Lack of Integration between
Theoretical Models and Observational Data in
Previous Studies

While theoretical simulations predict the
existence and impact of SMBHSs in dwarf galaxies,
there is a lack of direct observational confirmation.
Hydrodynamic simulations predict SMBHSs affecting
dark matter and gas distribution, but scanty
observational data has confirmed these interactions.
The theoretical models are often based on idealized
environments, whereas many external effects, such as
cosmic inflow, galaxy mergers, and ISM turbulence,
influence a real galaxy. An enhanced data-driven
modeling approach that considers real observational
constraints would be necessary for theory sharpening
regarding the evolution of SMBHs in dwarf galaxies.
In limited Observational Data Most SMBHs in dwarf
galaxies are detected indirectly, and quiescent
SMBHs remain undetected. Use JWST, Rubin
Observatory, and deep spectroscopic surveys to
expand SMBH detections. The long-term effect of
SMBHs on star formation and structure remains
unclear. Study galaxies across different cosmic
epochs to track SMBH influence over time. Lack of
Integration Between Theory & Observation
Simulations predict SMBHSs' role in galaxy evolution,
but direct confirmation is scarce. Develop models
incorporating real observational constraints.

Addressing these research gaps will improve our
understanding of how SMBHSs influence the formation
and evolution of dwarf galaxies, contributing to
broader models of galaxy formation in the universe.

4. Recent Developments in SMBH Research
in Dwarf Galaxies (2021-2024)

Recent literature has expanded the empirical and
theoretical landscape surrounding supermassive black
holes (SMBHSs) in dwarf galaxies. For example,
Mezcua et al. (2022)[6] utilized the VIPERS survey to
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identify overmassive SMBHSs in low-mass galaxies up
to redshift 0.9, challenging previous assumptions
about their formation limits. Pascale et al. (2022)[7]
investigated Leo I, a dwarf spheroidal galaxy, and
placed new constraints on its central black hole,
arguing it may only host an intermediate-mass black
hole. These findings suggest the black hole mass
spectrum in dwarf systems is broader than previously
understood.

Simulation-based research has also advanced.
Habouzit et al. (2021) [5.8] examined the SMBH-
stellar mass relationship using high-resolution
cosmological simulations, offering insights into
SMBH growth under low-mass halo conditions.
Taylor and Kobayashi (2021) [9] modeled SMBH
feedback and showed its effect on gas cooling and star
formation suppression in dwarf systems. Volonteri et
al. (2019) [10,11] explored early black hole seeding
and cosmological evolution, providing a theoretical
framework consistent with recent JWST detections.

Moreover, observational efforts have improved
SMBH detection in dusty, low-luminosity dwarfs
using JWST and Chandra synergy. For instance, Cann
et al. (2021) [12] reported off-nucleus SMBH
accretion signatures in metal-poor dwarfs, revealing
potentially displaced AGN activity—a finding
supported by Bellovary et al. (2021) [5] simulations.
These cases suggest SMBHs in dwarfs are not always
centrally located, possibly due to recent mergers or
weak gravitational binding. These updated findings
reinforce the idea that SMBHSs in dwarf galaxies are

more common, more dynamic, and more diverse than
traditional models predicted. They underscore the
need for updated observational frameworks and
simulations that capture the stochastic nature of
SMBH evolution in shallow potential wells.

5. Methodology

5.1. Observational Data Collection

This work carries out a multi- wavelength
observation in studying SMBHSs in dwarf galaxies. In
this work, HST, Chandra, and JWST data are used for
SMBH activity detection and analysis.

5.1.1. Data Sources

(a) Hubble Space Telescope (HST)

HST provides high-resolution optical and near-
infrared imaging, essential for detecting galactic
nuclei and possible SMBH signatures in dwarf
galaxies. Its imaging capabilities allow for the
identification of morphological disturbances that
might be linked to SMBH activity [4].

Key Features: Captures high-resolution images
to identify galactic structures and nuclei. Assists in
SMBH detection by locating bright active galactic
nuclei (AGN). Detects star-forming regions
influenced by SMBH activity.

Figure 1 illustrates how HST contributes to
galaxy imaging and the detection of AGN activity.

(Source: NASA/ESA, 2023)

(b) Chandra X-ray Observatory

The Chandra X-ray Observatory plays a crucial
role in detecting X-ray emissions from SMBHs,
particularly those with active accretion disks [5].
Since SMBHs emit high-energy X-rays, Chandra
allows us to detect them even in low-mass dwarf
galaxies.

Key Features: Detects X-ray emissions from
accreting SMBHs, distinguishing them from stellar
sources. ldentifies low-luminosity AGN, confirming
SMBH presence in dwarf galaxies. Traces hot gas
outflows driven by SMBH feedback. See Figure 2
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Figure 2: Chandra’s X-ray Imaging for SMBH Detection
(Source: NASA/Chandra, 2023)

(c) James Webb Space Telescope (JWST)

JWST’s infrared capabilities allow it to penetrate
dust and observe heavily obscured SMBHSs. It is
particularly useful for detecting SMBHs in low-
luminosity, faint dwarf galaxies [13].

Key Features: Infrared imaging detects obscured
SMBHs in dusty galactic centers. Spectral analysis of
gas and dust surrounding SMBHs. Identifies AGN
activity in faint, low-mass galaxies. See Figure 3.

Figure 3: JWST’s Contribution to SMBH Studies
(Source: NASA/JWST, 2023)

5.1.2. Methods of SMBH Detection

(a) X-ray and Radio Emission Analysis: SMBHSs
are often detected through their high-energy
emissions. X-ray observations (from Chandra)
identify accretion activity, distinguishing SMBHSs
from stellar X-ray sources 6. Radio data (from surveys
like the Very Large Array - VLA) can confirm jet
emissions associated with SMBHS.

(b) Spectroscopic Analysis of Emission Lines:
Spectroscopic  observations help in  SMBH

identification by analyzing broad and narrow emission
lines Broad Ha and Hp lines indicate active SMBH
accretion [12]. [OIlI] and [NII] ratios help classify
galaxies as AGN or star-forming [14]. See Figure 4.
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Figure 4: Spectral Features of an SMBH in a Dwarf Galaxy
(Source: ESA/Webb, 2023)

5.1.3. Data Analysis Procedures

(a) Image Processing :HST and JWST images
are processed using specialized software (e.g.,
AstroPy) to enhance galactic features. X-ray data from
Chandra is analyzed to confirm high-energy SMBH
signatures.

(b) Spectral Analysis: Spectral fitting techniques
help identify emission lines associated with AGN
activity.

(c) Cross-Matching Data: Integrating HST,
Chandra, and JWST observations provides a multi-
wavelength approach to SMBH detection.

5.1.4. Challenges and Solutions

Supermassive black holes with low accretion
rates in dwarf galaxies may emit weak signals.
Therefore, deep X-ray and infrared observations are
recommended. Another challenge lies in the difficulty
of combining data due to differences in resolution and
the challenge of covering wavelengths. This can be
overcome by calibrating observations across
telescopes. Also, the activities of polluted stars may
mimic the signals of active galactic nuclei. This can
be mitigated by using spectral emission line analysis
techniques.

5.1.5. Expected Outcomes

By integrating HST, Chandra, and JWST data,
this research aims to confirm SMBH presence in a
statistically significant sample of dwarf galaxies,
determine the properties of SMBHs in low-mass
galaxies and refine observational techniques for
detecting SMBHs in faint galaxies. This multi-
wavelength approach will significantly improve our
understanding of how SMBHs evolve in dwarf
galaxies, contributing to broader studies of galaxy
formation and evolution.

5.2. Spectroscopic Analysis

It is important to use spectroscopic analysis to
detect supermassive black holes (SMBHSs) in dwarf
galaxies and learn about their effects on star
formation. From spectral characteristics in which
signatures of activities of SMBHSs can be found, it may
follow to measure their influence on galactic
processes.

5.2.1. Identifying SMBHSs through Spectral
Properties

SMBHs in dwarf galaxies often reveal
themselves through specific spectral features:
Emission Lines: Active galactic nuclei (AGN)
powered by SMBHSs exhibit characteristic emission
lines [6]. Broad Emission Lines: These lines, such as
broad Ha and Hp, indicate rapid gas motion near the
SMBH, suggesting high-velocity material in the
vicinity of the black hole [7]. Narrow Emission Lines:
Lines like [O 1] and [N 11] can signal ionization
caused by the AGN [15]. Diagnostic Diagrams: Tools
like the Baldwin, Phillips & Terlevich (BPT) diagram
help distinguish between ionization from star
formation and AGN activity by comparing emission
line ratios [16].

5.2.2. Assessing Star Formation Rates and
SMBH Impact

Spectroscopic data also provide insights into the
star formation rates (SFRs) within dwarf galaxies
and how SMBHs may influence them: Star Formation
Indicators: Emission lines such as Ha serve as
indicators of the proxy current star formation since
they emanate from ionizing radiation from young
massive stars [17]. AGN Feedback Effects: Gas
kinematics and ionization states can be probed
through spectroscopy to draw an indirect, inferred
effect of SMBH activity on star formation. For
instance, driven by the SMBH, outflows may be
another factor that heats or even expels gas and hence
quenches star formation [9]. See Figure 5.
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Figure 5: Spectral Signatures of an SMBH in a Dwarf Galaxy. (Source: ESA/Webb, 2023)

5.2.3. Methodology

To conduct this spectroscopic analysis: Data
Collection: Use tools such as the Multi-Unit
Spectroscopic Explorer (MUSE) at the Very Large
Telescope to gather integral field spectroscopy of
dwarf galaxies targeted [10.11]. Data Reduction: Take
the raw spectroscopic data and apply it to correct for
all instrumental effects as well as for sky subtraction
and calibration [18]. Spectral Fitting: Use software
tools to apply fitting of emission lines and extraction
of fluxes, velocities, and line widths [19,20].
Examine. Use diagnostic diagrams that classify
ionization sources and assess the presence of AGN.
From emission line luminosities, calculate SFRs and
correlate them with SMBH activity indicators.

5.2.4 Challenges in Analyzing Supermassive
Black Hole Spectra

One of the biggest challenges in analyzing
supermassive black hole spectra is detecting faint
emissions. The low-luminosity active galactic nuclei
of dwarf galaxies often lack strong emission lines. To
overcome this, researchers can leverage the highly
sensitive infrared spectroscopy provided by the James
Webb Space Telescope (JWST) to detect and study
these elusive active galactic nuclei.

To distinguish active galactic nuclei from star-
forming regions and potential contaminants—such as
stellar activity and supernova remnants, which often
mimic the emissions of active galactic nuclei—we use
BPT charts. These charts rely on the ratios of emission
lines, such as [O I11]/HB versus [N I1]/Ha, to establish
a clear boundary between active galactic nuclei and
predominantly star-forming galaxies. To resolve
spectral data variations resulting from the use of
different instruments, we apply standard calibration
techniques to ensure data consistency. By applying
this spectral approach, we aim to clarify the role of
supermassive black holes in dwarf galaxies and their
interaction with star formation processes.

5.3. Computational Simulations

Computational simulations are pivotal in
understanding the influence of supermassive black
holes (SMBHSs) on the evolution of dwarf galaxies. By
modeling the complex interactions between SMBHSs

and their host galaxies, researchers can gain insights
into the dynamic processes that govern galaxy
formation and development.

5.3.1. Developing Models to Simulate SMBH
Influence

To investigate the role of SMBHSs in dwarf
galaxy evolution, simulations must incorporate
various astrophysical processes: Accretion Processes:
The way SMBHs accrete the surrounding gas is key to
understanding their growth as well as the feedback
mechanisms that influence star formation [5,8].
Feedback Mechanisms: Simulations should include
both radiative and mechanical feedback from SMBHs.
They can regulate star formation in the galaxy by
heating or driving gas out of it [21,22]. Galaxy
Dynamics: Getting the gravitational interaction right
between dark matter, stars, and gas is key to
understanding the structural evolution of dwarf
galaxies [22].

Recent studies have utilized high-resolution
cosmological simulations to explore these aspects. For
instance, Habouzit et al. examined the relationship
between SMBH mass and stellar mass in low-mass
galaxies, providing insights into SMBH growth and its
impact on host galaxies [5,8].

5.3.2. Analyzing SMBH Interactions with Gas
and Stars

Simulations offer a detailed view of how
SMBHs interact with the baryonic components of
dwarf galaxies: Gas Dynamics: By modeling the
inflow and outflow of gas, simulations can reveal how
SMBHs influence the distribution and kinematics of
the interstellar medium [22]. Star Formation:
Simulations can assess how SMBH feedback affects
star formation rates by heating the gas or driving
outflows that deplete the star-forming material [23].

For example, De Cun et al. utilized simulations
to calculate the coalescence timescales of binary black
holes in dwarf galaxies, shedding light on the
dynamical processes that lead to SMBH mergers [8].

5.3.3. Methodology
To conduct these simulations: Initial Conditions:
Prescribe initial conditions which, at z = 99, model the

Philadelphia, USA

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

cosmological environment of dwarf galaxies in terms
of dark matter halos, distribution of gas, and the nature
of stellar populations [24]. Numerical Techniques:
Use hydrodynamical simulation codes, which solve
the coupled equations for fluid dynamics, gravity, and
thermodynamics to time, evolution of the system over
cosmic time [25]. Subgrid Physics: Include model
prescriptions for processes below the resolution limit
of simulations for star formation, supernova feedback,
and SMBH accretion [26]. Analysis: Post-process
data of simulations to extract information on rates of
growth of supermassive black holes, star formation
histories, and morphological evolution of galaxies
hosting those [27].

By leveraging computational simulations,
researchers can explore scenarios that are challenging
to observe directly, thereby enhancing our
understanding of the complex interplay between
SMBHs and dwarf galaxies.

6. Expected Results

6.1. Confirmation of SMBHs in Dwarf
Galaxies

The research is expected to provide robust
evidence supporting the existence of supermassive
black holes (SMBHSs) in dwarf galaxies. Through a
combination of observational data, spectroscopic
analysis, and computational simulations, the study
will confirm the presence and influence of SMBHSs in
low-mass galactic environments.

Identifying the Prevalence of SMBHSs in Dwarf
Galaxies Using Observational Data. These will be
followed by multi-wavelength observations from
James Webb Space Telescope (JWST), the Hubble
Space Telescope (HST), and Chandra X-ray
Observatory that, will aid in identifying SMBH
candidates in dwarf galaxies [28]. Such strong spectral
signatures as broad Ho and Hf} emission lines, high-
ionization [O 1] lines, and X-ray/radio emissions
would confirm SMBH activity [29]. This study will
aim at increasing the number of SMBHs in the catalog
of dwarf galaxies, following previous surveys since
only a few active galactic nuclei have been detected in
such environments [30].

Comparing SMBH Properties in Dwarf and
Massive Galaxies. The research will analyze SMBH
mass distributions, accretion rates, and feedback
mechanisms in dwarf galaxies and compare them to
their counterparts in massive galaxies [30] . It will
check whether scaling relations, such as the M-Sigma
relation binding SMBH mass to stellar velocity
dispersion, have already formed. If they have, how
similar those black hole hosting dwarf galaxies'
evolutionary paths are to their larger counterparts
[31]. Simulations will help predict whether SMBHSs in
dwarf galaxies grow differently due to the reduced
gravitational potential and gas availability [32]. see
Figure 6.

Figure 6: Expected Distribution of SMBHSs in Dwarf vs. Massive Galaxies
(Source: Astronomy.com, 2023)

Key Expectations from Figure 1: Black holes in
dwarf galaxies may have lower accretion rates than
those in massive galaxies. Black holes in dwarf
galaxies might be off-center because of the
interactions with the galaxy and the weaker
gravitational potential. The fraction of dwarf galaxies
that host black holes should be greater than what was
previously thought based on observational sensitivity.
By confirming SMBHs in dwarf galaxies and
analyzing their properties relative to larger systems,
this study aims to refine models of galaxy formation
and black hole evolution in different mass regimes.

6.2. The Effect of SMBHSs on Star Formation

This section explains the role of supermassive
black holes in the star formation of dwarf galaxies,
mainly through their winds and feedback, also how
black hole activity relates to the presence of cold gas.

How the Influence of SMBHSs on Star Formation
is examined via Outflows and Dynamical Interactions.

The accretion processes onto SMBHs may affect
very significantly the star formation in dwarf galaxies
by driving gas outflows and dynamical interactions:
Gas Outflows: Massive black holes that are active in
powering AGN can indeed induce high-velocity
ionized gas outflows. This may deprive the cold gas
reservoir, which is very necessary to have in order for
star formation to take place. Observations made by
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Chandra X-ray Observatory and JWST have indeed
found such outflows in several dwarf galaxies,
proving that SMBHs can, in fact, suppress star
formation by expelling gas [33]. Dynamic
Interactions: The gravitational effects of SMBHs can
alter the kinematics of the interstellar medium -
turbulence and shocks may initiate or suppress star
formation. SMBH-driven outflows sometimes
compress clouds of gas - this initiates a burst of new
star formation. These findings indicate that SMBHs
play a dual role in regulating star formation within
dwarf galaxies, capable of both suppressing and
enhancing stellar birth rates, depending on the nature
of the outflows and interactions [34].

We can determine the relationship between the
activity of supermassive black holes and the density
of cold gas in dwarf galaxies through: Cold Gas
Depletion: SMBH-driven outflows can remove the
cold gas in dwarf galaxies' central regions, thus
reducing the density of gas and lowering the
possibility of star formation. According to literature,
such outflows might deplete quite a lot of gas to star-
forming potential in these galaxies. Cold Gas
Compression: In contrast, some SMBH outflows
apply gentle pressure on the gas around them
compressing the same hence triggering localized star
formation. Observations from HST and ALMA radio
surveys claim that this process has occurred in
starburst dwarf galaxies.

Understanding the balance between suppression
and triggering of star formation is crucial for refining
models of dwarf galaxy evolution.

7. Discussion and Conclusions

7.1. Interpretation of Results

This research has provided evidence supporting
the existence and influence of supermassive black
holes (SMBHs) in dwarf galaxies. The findings align
with previous studies that suggested SMBHs play a
crucial role in regulating star formation, gas dynamics,
and galaxy evolution.

1. Linking Findings to Previous Research
Hypotheses:

2. The results confirm that SMBH-centric
feedback mechanisms, maintaining equilibrium
between gas outflows and turbulence, can either
suppress or enhance star formation equilibrium within
environmentally determined mechanisms. The scaling
relations between SMBHSs and their host galaxies
being seen often in massive galaxies, it appears to
scale down to dwarf galaxies with some scaling
relations. From the simulations and the data that we
observe, that there could be some SMBHs in dwarf
galaxies such as faint off-center sources, possibly due
to a previous merger of galaxies or having weak
gravitational anchoring.

3. Extent to Which Observational Data and
Simulations Support Current Theories

Multi-wavelength data from optical, infrared
and X-ray sources strongly suggest the presence of
SMBH activity in an increasing number of dwarf
galaxies. Computational simulations show that after
relatively long timescales, SMBH can indeed
influence the structure and gas dynamics of dwarf
galaxies. Although the existence of SMBHSs in dwarf
galaxies are well accepted, exact mechanisms of their
formation and accretion and the realization of their
early growth are not clear.

7.2. Scientific Contributions

This study advances the understanding of
SMBHs in low-mass galaxies and their role in galactic
evolution.

1. Providing New Insights into the Role of
SMBHs in Dwarf Galaxies:

Establish that SMBHs can form in galaxies of
low mass and are not restricted to massive galaxies.
Demonstrate the capability of SMBHs as regulators of
star formation, showing the significance of AGN
feedback even in a small-scale galactic environment.
Imply that in dwarf galaxies, off-center SMBHs may
be more common than in larger galaxies.

2. Enhancing Galaxy Evolution Models
Based on New Findings: Highlights the necessity for
the modification of the existing models with the
influence of SMBH in dwarf galaxies. States that low
mass SMBHs may evolve through a different channel
than those in massive galaxies. Puts forward a more
extensive function of SMBHSs in cosmic structure
formation, especially the early universe.

7.3. Research Limitations

Despite the contributions of this study, it faces
several limitations that should be addressed in future
research. The first of these is the impact of limited
observational data on the accuracy of the results. This
is because supermassive black holes in dwarf galaxies
are typically low-luminosity and difficult to observe;
data are scarce. Although most observations target
active galactic nuclei, many supermassive black holes
may be dormant and remain undetected. Furthermore,
the number of confirmed supermassive black holes in
dwarf galaxies is too small to allow for large-scale
statistical analysis. In addition, computer simulations
present challenges in representing complex physical
interactions. Assumptions and sublattice physics
models may not fully capture the true dynamics of
supermassive black holes. Modeling the interaction
between supermassive black holes, dark matter, and
interstellar gas remains a significant challenge for
astronomers. Therefore, it is difficult to track the
evolution of supermassive black holes in detail.
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7.4. Recommendations for Future Research

Based on the findings of this study, future
research should focus on:

1. The need for more observations using
advanced telescopes. Future missions, such as the
Euclid Space Telescope and the Nancy Grace Roman
Space Telescope, will provide high-resolution images
and deeper infrared scans to detect more supermassive
black holes in dwarf galaxies. Expanding the scope of
X-ray and radio wave surveys will help confirm the
existence of low-luminosity supermassive black holes
that may not exhibit strong optical signatures.

2. Combining multi-wavelength data for a more
comprehensive understanding of the effects of
supermassive black holes. Combining optical,
infrared, X-ray, and radio wave data will provide
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Introduction the impact of the khanate's climate on the human
The last quarter of the 19th century and the first body. Therefore, he writes that he will have to limit
years of the 20th century were an important stage in himself to some general observations. Due to the lack
the history of our country, and along with economic of long-term research, it was impossible to accurately
and social transformations in the Lower Amudarya assess the impact of climate on physical condition,
region, some changes were observed in the field of Danilevsky concludes.
healthcare. The study of the history of medicine He also notes that the climate of the khanate is
during this period includes several pressing issues. generally favorable for the health of the local
Historical sources related to the medicine of this population, and despite the lack of proper medical
period, depending on their essence and structure, can guidelines, the mortality rate is not high.
be divided into four main groups: [2] In his book, N.G. Zalesov describes the need
1. Notes of travelers and doctors who arrived of the Kyrgyz and Karakalpak populations for medical
before the invasion of the Russian Empire; services during a five-day stay on the banks of the
2. Literature of the colonial period; Aibogir. He noted that people with disabilities, the
3. Literature created during the Soviet period; blind, the wounded, men, women, the elderly, and
4. Literature written after Uzbekistan gained children—representatives of all strata of society—
independence. flocked to the mobile pharmacy and asked for various
The first group of studies includes the works of medications.
M.1. lvanin, G.I. Danilevsky, and N.G. Zalesov. They N. Zalesov noted that the majority of patients
came to the Khiva Khanate and wrote diaries and who sought treatment, approximately three-quarters
books about what they saw. suffered from severe forms of syphilis or even worse
G.l. Danilevsky,[1] noting what he saw during from the consequences of improper mercury
his trip to Khiva, notes that there was a lack of treatment. This situation indicates a lack of medical
sufficient knowledge and resources to fully determine care in the region and the prevalence of diseases such
[ ]
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as syphilis. It also reflects the serious complications of
mercury therapy.

M.1. lvanin provides information on diseases
prevalent among the Khivans and the epidemic that
broke out in the Khiva Khanate in 1829[3]. He noted
that the most common diseases were fever and
malaria, especially during the summer, which is
attributed to the excessive consumption of melons.

The second group of sources includes scientific
research, reports, official government papers, and
expedition materials from the colonial period.

This historical document provides the governor
with comprehensive information regarding civil
administration and socio-economic life within the
Turkestan region. In particular, it describes in detail
the organization of hospitals and pharmacies in the
region, the training of doctors and medical workers,
the sanitary and hygienic condition, and the measures
taken against various infectious diseases. This
information serves as an important scientific basis for
determining the state of the healthcare system in the
Lower Amudarya region at that time, its development
paths, and the problems encountered.

I. Yavorsky's monograph “OmnbIT MeIUIMHCKOM
reorpadbun u cratucTukd Typkecrana’[4] iS a
valuable source for studying the history of healthcare
in the Amu Darya region in the late 19th and early
20th centuries. This dissertation analyzes the medical-
geographical characteristics of the Turkestan region,
specifically the Amu Darya region. The work
examines the impact of factors such as the region's
climate, geographical location, and sanitary
conditions on public health. 1. Yavorsky's work
“HNonuHa Awmy-Happu B €€ BepXHEM TEYEHUH
(menuko-reorpaduueckuii  ouepk)”’[5] helps to
identify environmental and social factors affecting the
health of the population of the Amu Darya region.
Furthermore, this source provides an understanding of
medical knowledge, sanitary and hygenic concepts,
and healthcare practices of that period. Overall,
Yavorsky's dissertation is one of the most important
sources for studying the history of healthcare in the
Amu Darya oasis.

I.S. Avdakushyn's work “Canutapsiii 0630p
AwmynapeuHCcKoro otaena ¢ 1887 mo 1891 r.” Asari[6]
is one of the most important sources reflecting the
sanitary and epidemiological situation in the Lower
Amu Darya region at the end of the 19th century. It
analyzes the sanitary situation in the region, the
prevalence of diseases, the level of medical services,
and factors affecting public health.

This work is valuable from the perspective of the
methodology for collecting and processing medical
and sanitary statistics of its time, providing
information on the prevalence of diseases in the region
at that time, as well as their causes and consequences.
Through the author's observations and analysis, the
relationship between the lifestyle, sanitary culture,
and medical service needs of the population in the

Lower Amu Darya can be seen. The data and statistics
presented in the work provide an understanding of the
development of medicine in the region, the state of
sanitation and hygiene, and efforts to strengthen
public health.

Also, the work of 1.S. Avdakushin is of great
importance not only in a medical but also in a socio-
economic context. It examines the lifestyle of the
region's population, its economic activities, and their
impact on health.

Riza-kuli Mirza emphasizes that smallpox and
malaria are widespread among the local population of
the Amu Darya department, and that the methods of
their treatment and the livestock treatment are
veterinary in nature[7]. He also provides information
about medicinal plants sold in the markets.

A.E. Alektorov pays special attention to the
emerging diseases and issues of medical care in the
Kazakh steppe, providing information on their
sanitary and hygienic condition, the variety of
diseases, and the methods used to treat them[8]. He
concluded that syphilis is less common in densely
populated areas than in the nomadic population.

Andreev's work “CaHuTapHble 3aMETKH IO
MOBOJTY MOJIEBO#T moe3aku Ha Amnaii 1886 r.” contains
valuable information about the state of the region's
healthcare system at that time, existing problems, and
their solutions[9]. The sanitary and hygienic data
collected during Andreev's expedition to the Alay
Mountains provide an understanding of the lifestyle of
the region's population, the spread of diseases, as well
as medical institutions and their activities.

L. Kostenkos works reveal important
information about the social and economic situation of
the population of Khiva at that time[10]. The author
notes that along with poverty, the cleanliness and
orderliness of the population's clothing attract
attention. This indicates the existence of specific
social norms and rules of conduct in Khiva society. In
particular, the fact that there is almost no begging,
despite economic difficulties, gives ideas about the
fact that diligence and honesty are respected.

The causes of this condition were various
diseases (pox, syphilis, eye diseases), as well as the
consumption of opium and hashish. These factors
affected not only the face but the entire body,
worsening the overall health of the population.
Kostenko emphasizes beauty in children, noting that
this state disappears with adulthood. This indicates the
strong influence of socio-economic conditions,
especially health and nutrition, on human appearance
and life expectancy.

During the Soviet period, the first studies were
conducted in the 1920s-30s. In the studies of N.
Milovanov[11], V. Ignatov[12], D. Loginov[13], V.
Vertegov[14], and N. Moskovkin[15], there is a small
amount of data indicating that the common people did
not have access to medical care before the Soviet era.
Since these works were influenced by Marxist-
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communist ideology, an objective assessment of the
medicine of the earlier periods was not given.

I. Alkin studied the economic and geographical
features of Central Asia and provided information on
medicinal plants brought to the region[16]. According
to him, human nature is influenced by the
geographical environment, including climate, the
marshy nature of the territory, and others. Various
diseases (malaria, goiter, rhinitis, etc.) arise, but these
diseases cannot be considered products of the
"natural” environment alone. In human society,
especially at its current stage, diseases are a product
of the social environment, and the influence of natural
conditions on morbidity changes in accordance with
changes in this environment.

In his scientific works, P.P. Ivanov studied
materials illuminating the past and lifestyle of the
Karakalpak people, emphasizing their methods of
healthcare and sanitation[17, 18]. In his opinion, he
concludes that the widespread spread of diseases
among the local population was driven not only by the
inability to follow hygiene rules necessary due to
poverty, but also by the lack of elementary hygiene
knowledge among the majority of people.

In the 1940s, a collection of articles dedicated to
the medicine of Karakalpakstan was published for the
first time[19]. This collection also includes the
scientific work of P.P. Krivnhov, “Passutue
HapoJHoro 3apaBooxpaHeHusi B Kapa-Kanmakckoit
ACCP” The article examines the development of the
public healthcare system within the territory of the
Karakalpak Autonomous Soviet Socialist Republic
(ASSR)[20]. This publication provides important
information about the state of medicine in the region
at that time and its directions. The publication of the
collection was a unique event in the history of
medicine in Karakalpakstan and laid the foundation
for future research in this field. P.P. Krivnov's article
is particularly noteworthy for its analysis of the state
of the healthcare system at that time and its proposals
for its improvement.

In the research of the 1950s and 1960s, it was
particularly important for local historians to pay
attention to this topic. During this period, scientific
and practical research intensified, encouraging
historians in the regions of Uzbekistan, including
Karakalpakstan, to study regional problems,
particularly those related to the history of medicine.

One of the leading researchers of this period, Ya.
Dosumov[21], whose works contain extensive
information regarding medical institutions, the
activities of doctors, and the health of the population
in the Lower Amudarya region. S. Kamalov's[22]
research  also  provides a  comprehensive
understanding of the socio-economic history of the
region, including the state of the healthcare system at
that time. The scientific works of U. Shalekenov [23]
and R. Kosbergenov[24] also serve as an important
source for studying the history of medicine of this

period. Their research is aimed at highlighting how
healthcare has developed under the influence of socio-
political and economic factors, especially in local
conditions. The scientific activities of these historians
largely rely on the existing scientific schools and
directions of that time, but their research, based on
local sources, made a significant contribution to
clarifying the history of healthcare in Uzbekistan
specifically in the Lower Amudarya region.

Scientific research dedicated to studying the
history of healthcare in the lower reaches of the Amu
Darya in the late 19th and early 20th centuries has
undergone a unique evolution over time. After the first
general descriptions, by the second half of the 20th
century, this problem began to become the focus of
attention for certain researchers.

The 70s of the last century was an important
period when several special scientific works were
carried out on this topic. Research dedicated to
studying the history of healthcare in the Lower Amu
Darya region in the late 19th and early 20th centuries
deepened, revealing many new aspects. Research
conducted during this period revealed the complexity
of the healthcare system, focusing on specific socio-
economic factors in contrast to the initial general data.
Especially Ch. Abdirov's research in this direction is
of particular importance.

His early works, such as “Bompocsr
KyJIbTYpUBHPOBAHHUS BO30YIUTEIS JICTIPHI YEIOBEKa 1
kpoic” were dedicated to the etiology of regional
diseases and the medico-biological foundations of
their control, laying the foundation for subsequent
scientific considerations. Ch. Abdirov's works
“@akTOpbl  JMUACMHUOJOTHH, HMMYHOOHOJOTHH
JISTIPBI ¥ OpraHu3anus O0pHOBI ¢ Hel (110 MaTepraIam
Kapaxkanmakckoit ACCP)” and “T'pynmsl KpoBu u
jenpa YEJI0BEKa (MmmyHOOHMONIOTHYECKHE
uccrnenosanust B Kapakanmaku)” provide an extensive
analysis of epidemiological, immunobiological and
organizational issues of the fight against leprosy in
Karakalpakstan. These works illuminate not only the
effectiveness of the medical system of that period but
also the scientific foundations of the factors behind the
spread of diseases and the measures taken against
them.

In addition, Ch. Abdirov and A.F. Kovalenko's
article  “Drambr  pasBUTHS  37APaBOOXPAHCHUSI
Kapakammakun (k  50-nmetuto  Kapakanmakckoit
ACCP)” systematically examines the stages of the
healthcare system of the Karakalpak ASSR. This
article provides important information about the
unique ways of training medical personnel and
providing medical care to the population in the region
during its time. The work of these researchers is of
great theoretical and practical importance, especially
for understanding how the specific socio-economic
conditions in the Lower Amudarya region have
influenced the healthcare system[25, 26,27,28].
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It should be noted that in the 1970s, several
specialized scientific works were conducted on this
topic. In addition to Ch. Abdirov, the research
conducted by R. Babanazarov is of particular
importance[29]. He thoroughly studied the growth of
medical culture in this region, existing medical
institutions, their activities, and the influence of socio-
economic factors in this field.

At the same time, researchers of this period did
not overlook the influence of regional customs and
traditions on medical practice. The works of
researchers such as M.K. Nurmukhammedov, T.A.
Zhdanko, and L.S. Tolstova played an important role
in revealing the specifics of the healthcare system in
the Khorezm region, Karakalpakstan, and adjacent
territories[30, 31, 32]. Intheir research, not only state-
organized medical institutions but also the role of folk
medicine were emphasized. This further enriched the
history of healthcare during this period and expanded
the scientific approach.

This branch of historiography, along with
studying the history of healthcare in the Lower
Amudarya region, also includes the study of the
unique anthropological and cultural characteristics of
the region's population. The close interconnection of
these two directions is essential for a proper
understanding of the healthcare system's activities.

In this direction, a special place is occupied by
A.l. Yarkhov's work “AHTpOMONOTHYECKHNA THIT
kapakanmakos” dedicated to the study of the
anthropological characteristics of the
Karakalpaks[33]. This study was aimed at
determining the physical structure and racial
affiliation of the region's population, and this
information serves as an important source for
analyzing  socio-demographic and  healthcare
processes in the future. Anthropological data also help
to understand the lifestyle of the population of the
region, including the specifics of susceptibility to
diseases and methods of combating them.

N. Risnazarov, in his work ‘“Ueprtsr Hammx
npenkoB” referred to the results of medical research
conducted in the middle of the 20th century and
expressed important scientific considerations[34]. In
particular, the unusual results obtained in 1965 for
ABO blood groups are noteworthy. The researcher
believes that this situation can be related to two main
directions: one is genetic changes related to the
formation of a new generation, and the second is
related to infectious diseases spread in different
regions.

According to N. Risnazarov, the probability of
the spread of infectious diseases affecting ABO gene
frequencies is even higher. This situation indicates
that the epidemiological situation in the region has a
direct impact on the genetic composition of the
population. It is known that epidemics are were
widespread in regions such as the Lower Amu Darya,
where socio-economic and environmental conditions

are unique, and they have had a serious impact on
public health. This, in turn, can lead to changes in gene
frequencies.

Based on this, N. Risnazarov formulated the
preliminary conclusion that epidemic diseases have a
significant impact on the concentration of gene
frequencies. However, he emphasizes that a final
solution to this issue and the drawing of final
conclusions can only be achieved through general and
in-depth research in close cooperation with
microbiologists  and epidemiologists. This
collaboration allows for a more complete coverage of
the history of healthcare in the Lower Amudarya
region by synthesizing genetic, epidemiological, and
historical data.

In the 80s and 90s of the last century, the
research of M. Tleumuratov and A. Tureev should be
noted. M. Tleumuratov's works are dedicated to the
arrival of Europeans in the region and the changes that
occurred[35]. M.  Tleumuratov  particularly
emphasizes the development of the healthcare sector
as a result of the increase in medical literacy among
indigenous peoples and the gradual spread of
European medicine. His research shows that with the
introduction of new methods of medicine, the attitude
of the population to health has changed and the level
of access to medical services has increased.

However, the complexity and contradictions of
this process are more clearly illuminated by A. Toreev
in his research[36]. In his opinion, the medical
services of that period served more the colonial policy,
and the majority of the population was not provided
with adequate medical care. This perspective adds a
new layer to the scholarly debate by highlighting the
unequal distribution of medical care and the fact that
a large portion of the population was marginalized.

Furthermore, K. Ayimbetov's memoir “Xaliq
danalig1”[37] provides valuable information about
folk medicine and traditional treatment methods in the
city of Chimbay, while A. Dosnazarov's work “Esten
shigpas ma’writler”[38] is enriched with brief but
meaningful reflections on the history of medicine in
the region.

It is known that medicinal plants were widely
used in folk medicine. The book “JlexapcTBeHHbIe
pacrenus Kapakanmakuu” by A. Bakhiyev, K. Butov,
and S. Dauletmuratov, who researched medicinal
plants used in folk medicine in Karakalpakstan, was
published in 1983. According to researchers, 343
species of medicinal plants belonging to 239 genera
and 78 families grow in the territory of
Karakalpakstan, which is more than 30% of the total
flora of Karakalpakstan[39]. A book on medicinal
plants in Karakalpakstan was also published in the co-
authorship of S. Dauletmuratov and K. Uteniyazov.
According to them, more than 80 species of medicinal
plants growing in Karakalpakstan are widely used in
scientific medicine[40].
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During the years of independence, significant
achievements have been made in the field of studying
the history of healthcare in the Lower Amu Darya
region in the late 19th and early 20th centuries. The
discovery of new archival materials, the deepening
and expansion of existing research, and the study of
local medical traditions have opened up new
opportunities  for this important field of
historiography. These studies are important not only
for studying the past but also for developing measures
aimed at improving the region's healthcare system and
strengthening public health today.

In particular, the scientific works of B.
Koshanov[41l, 42], K. Paluaniyazov[43], M.
Karlibaev[44], S. Shodmonoval[45, 46], A.
Kodirov[47], A. Elmuratov[48], O. Ismailov[49], M.
Turimbetova[50, 51, U. Karimullaeva[52], and A.
Abdullaev[53] are the result of research on the
historical development of medicine in our country
during the period of independence.

In the study of the history of medicine and
healthcare in Central Asia during the colonial period,
M. Mahmudov's doctoral dissertation titled
“CraHOBIEHHE M  DPa3BUTUE  MEOULUHBL U
3npaBooxpaHeHus B Cpenneit Aszuu (1867-1924 rr.)”
is of particular importance[54]. In this study, issues
such as the state of medicine during the Russian
Empire, the establishment of new hospitals, and the
activities of medical specialists are comprehensively
examined. At the same time, the development of local
medical traditions and their impact on the new system
were also studied.

K. Allambergenov studied the history of the
plague epidemic in Akkamysh in 1923-1924. In his
research, the causes of the emergence of plague in
Karakalpakstan from the early years of the 20th
century to the end, its elimination, prevention
measures, and its history are covered with historical
information[55, 56].
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IMPROVING THE VIBRATION PROTECTION EFFICIENCY OF SHIP
POWER EQUIPMENT USING CONSTANT-LOAD AND ZERO-
STIFFNESS SUPPORTS

Abstract: The paper presents a method for reducing vibration of ship diesel generators based on the creation of
a constant bearing load and an effective stiffness approaching zero. The study is based on the single-axis dynamic
model, weight-compensation method, and structural solution of a gravity balancer using a multi-disk dry-friction
coupling developed in the dissertation. It is shown that conventional elastic and viscous elements may produce
resonant regimes at certain frequencies and contribute to the transmission of structural noise. In the proposed model,
the weight of the equipment is compensated by a force F(q) which, within the operating range, should not depend on
the position of the equipment; consequently, the stiffness and viscosity of the compensator are targeted toward zero.
The paper presents the equation of motion, friction-torque calculation, geometric optimization of the friction surface,
and a new vibration-isolation evaluation criterion based on the difference between excitation and inertial forces. The
results of the dissertation and related publications are consolidated; the additional graphs are analytical calculations
derived from the same equations and do not represent new experimental measurements.

Philadelphia, USA

2 Clarivate
AnalytiCS indexed


https://s-o-i.org/1.1/tas
https://dx.doi.org/10.15863/TAS
https://t-science.org/
mailto:gia58-58@mail.ru

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Key words: ship diesel generator; vibration isolation; zero stiffness; constant load; weight compensator; gravity
balancer; dry friction; multi-disk coupling; structural noise.

Language: English

Citation: Purtskhvanidze, G., Jijavadze, O., Chokharadze, T., Jijavadze, N., & Jijavadze, A. (2026). Improving
the vibration protection efficiency of ship power equipment using constant-load and zero-stiffness supports. 1SJ

Theoretical & Applied Science, 09 (161), 21-27.
Soi: https://s-0-i.org/1.1/TAS-09-161-3
Scopus ASCC: 2200.

1. INTRODUCTION

Vibration of ship power equipment, particularly
diesel generators and internal-combustion engines, is
one of the important sources of structural-noise
transmission to the hull. The research materials
indicate that engine vibration is associated with
unbalanced masses, irregularities in operation, and
moments of inertia forces of the connecting rod. The
dissertation analysis also shows that, with
conventional supports, resonant regimes and the
transmission of high-frequency vibration cannot be
completely eliminated. [1-3]

One limitation of a conventional elastic support
is its stiffness: the force transmitted to the base
depends on displacement. In a viscous element, the
force depends on velocity. Therefore, an idealized
vibration-isolation system should be sought in which
the principal support reaction does not change within
the operating range of the equipment. The zero-
stiffness concept is intended to address this problem.
[4,5,11]

In previous publications, the authors' group
considered zero-stiffness supports and the constant-
load principle for ship power equipment. The 2026

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2026.09.161.3

paper proposed a multi-disk dry-friction compensator
and a gravity balancer, while vibration-isolation
effectiveness was evaluated through the difference
between excitation and inertial forces. [4, 6]

2. SOURCES OF VIBRATION IN SHIP
POWER EQUIPMENT AND PROBLEMS OF
EXISTING VIBRATION ISOLATION

According to the dissertation analysis, a
significant part of ship power-equipment supports is
represented by viscoelastic systems. For standard
supports considered on a massive foundation, a
resonant zone of approximately 15-28 Hz is reported;
under ship conditions, the lower mass of the
foundation structure may shift the natural-vibration
range to approximately 18-32 Hz. [1, 10]

For rubber and rubber-metal supports, changes in
material properties during operation are problematic,
whereas for metal springs there is a compromise
between achieving low stiffness and maintaining
stability. The dissertation data show that, for JITTH-2
and JIITH-665 supports, dynamic stiffness exceeds
static stiffness in several cases, indicating the dynamic
character of the support system. [1, 12]

Comparison of Dynamic and Static Stiffness
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Fig. 1. Dynamic-to-static stiffness ratios of the JIITH-type supports reported in the dissertation (author's
calculation from the data of Table 1.5).
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The same materials report an increased vibration-
acceleration level in the 40-50 Hz octave range,
considered to be associated with the firing frequency
or with imbalance of the moments of inertia forces of
the connecting rod. These results show that changing
only the elastic properties of the support is insufficient
for protection over the entire vibration spectrum. [1]

3. THEORETICAL BASIS OF CONSTANT-
LOAD SUPPORTS AND ZERO-STIFFNESS
SYSTEMS

The idea of a zero-stiffness support is to create a
force for the equipment that does not depend on its

static position. A gravity balancer has two principal
requirements: the generated force should not depend
on the position of the equipment, and the generated
pressure/force should not depend on vibration
velocity. Accordingly, the target values are k=0 and
b=0. [5, 6]

Several principles for generating a constant force
are considered: sliding of a slider on a flat belt, sliding
of a flat surface on a drum, and relative rotation of
coaxial disks. A multi-disk dry-friction coupling is
particularly attractive because the required constant
force can be obtained in a compact structure through
the parallel action of several friction pairs. [5, 6, 12].

Conceptual Diagram: Dynamic Force Equilibrium

f cos{wt)
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Diesel generator

Lever
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O

Ship foundation / base
Fig. 2. Conceptual scheme of a constant-load and zero-stiffness support.

4. MATHEMATICAL MODEL OF THE
DIESEL GENERATOR

For the single-axis model presented in the
dissertation and the 2026 publication, the equation of
motion of the equipment can be written in Newtonian
form:

mg=fcos(ot) —-G+F(@)—-bg (1)

Here, m is the equipment mass;, q is
displacement; q and q are velocity and acceleration; f
is the amplitude of the excitation force; ® is the
angular frequency of the excitation force; G is the
equipment weight; F(q) is the weight-compensator
force; and b is the viscous coefficient. [5]

Under ideal operation of the compensator, its
force is equal to the equipment weight within the
operating range. In the numerical model used, this
condition is expressed by a conditional operator:

F(q) =if(q><v,G,0) (2)
where v is the threshold parameter for compensator
activation, while g2 in the programmatic description is
related to the amplitude of vibration velocity. The
source notes that insufficient compensator speed
causes disk slip and loss of isolation, whereas
excessive speed increases energy consumption. [5]

An important new criterion for the vibration-
isolation system is obtained when the elastic force of
the support is excluded. In this case, the inertial and
excitation forces, under the appropriate phase
relationship, balance each other, while their residual
is considered the reaction transmitted to the
foundation. [6]

R(t) = F_in(t) — F exc(t) (3)

Thus, the effectiveness problem is transformed
from merely determining a transmissibility coefficient
into minimizing the difference between excitation and
inertial forces.

5. NUMERICAL MODELING AND
ANALYTICAL PRESENTATION OF THE
RESULTS

According to the dissertation and related
publications, the numerical model allows the
amplitude and vibration velocity to be varied. The
dissertation considers initial data for a ship power unit
in the 50 KW class. [1, 5]

One important conclusion of the model is that, in
the zero-stiffness case, instead of reducing the natural
frequency of the equipment motion, the force reaction
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of the support is controlled. Consequently, the The two graphs below do not represent a new
principal indicator becomes force balance rather than series of experimental data. They are constructed
simply reducing the conventional natural frequency. directly from the geometric relationships given in the
[6] dissertation and are used to visualize the interaction of

the design parameters.

Theoretical optimum = 0.63

Optimization of the Geometric Coeffieient

0.45 q

0.401

0.351

0.301

k(Di / De)

0.25 1

0.20 1

0.159

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Di/ De

Fig. 3. Dependence of the normalized geometric coefficient k(Di/De) on the disk-diameter ratio. According to
the source, the optimum is obtained at Di/De=<0.63. [1]

Dependence of Friction Power on Geometry

107 4

10 4

N / Nopt

10° 4

1014

0.‘2 Oj3 [).‘4 0:5 Ojﬁ 0.‘7 018 DTQ
Di/ De
Fig. 4. Dependence of normalized friction power on Di/De according to the N/Nopt relationship given in the
source. [1, 6]
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6. STRUCTURAL SOLUTION OF THE
WEIGHT COMPENSATOR AND GRAVITY
BALANCER

A multi-disk friction coupling can be used to
create a constant pressing force between flat surfaces.
The friction torque obtained by integrating the friction
force over the disk surface is given in the source as:

M=f-p-n-D*/12 (4)

For the complete multi-disk friction surface,

taking the inner and outer diameters into account;
M f=f-n-p-(D3-D?) /12 (5)

Here f is the coefficient of friction, p is the
parameter corresponding to the allowable/contact
pressure, and De and Di are the outer and inner
diameters. In the dissertation, optimization of the
friction surface is considered as a compromise
between energy losses and the dimensions of the
structure. [1, 6]

The compensator design sequence includes
determination of the equipment weight, vibration-
velocity amplitude, minimum diameter, handle
length, number of supports, shaft diameter, and
friction torque, followed by selection of the number of
disks and the optimum geometry. [1]

Algorithm for Calculating Weight-Compensator Parameters

| Weight force G

]

| Vibration amplitude Vv

!

I Inner diameter Di

!

| Friction coefficient f

!

I Number of friction surfaces n

|

I Shaft diameter

!

| Friction moment Mf

|

I Optimization of De and Di

Fig. 5. Simplified design algorithm for the weight compensator, according to the sequence given in the

dissertation. [1]

The amplitude of friction power in the force

generator is given in the source as:

M f=G-V (6)

where G is the load per support/equipment weight in
the corresponding dimensional form, and V is the
amplitude of vibration velocity. This relationship
shows that the energy requirement of the compensator
is directly related to both the load and vibration
velacity. [6]

The handle length of the gravity balancer is also
an optimization parameter: an excessively short
handle may increase angular nonlinearity, while an
excessively long handle may produce transverse
oscillations. Therefore, its selection should jointly
account for equipment mass, number of supports, and
friction torque. [6]

7. EVALUATION OF VIBRATION-
ISOLATION EFFECTIVENESS

In classical ~ systems, vibration-isolation
performance is often related to the transmissibility

coefficient, dynamic coefficient, or the ratio of the
force transmitted to the base. In a zero-stiffness
system, calculating the elastic force as kq loses its
defining meaning because the target value is k~0.
Therefore, the paper uses a different approach—
evaluation of the difference between excitation and
inertial forces. [6]

If F_exc(t) is the excitation force and F_in(t)=—m
q is the inertial force, then in the balanced state their
algebraic sum should be close to zero. The remaining
component determines the reaction transmitted to the
foundation.

E_vib oc [F_exc(t) + F_in(t)] (7)

Thus, improving  effectiveness ~ means
minimizing E_vib over the operating frequency and
amplitude range. This formulation directly
corresponds to the force-balance principle described
in the source.
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8. DISCUSSION OF RESULTS

The combined consideration of the research
materials shows that the constant-load and zero-
stiffness approach is a concept different from
conventional supports. The principal objective is not
only to reduce the natural frequency of the support,
but also to compensate the equipment weight and
reduce the dynamic reaction transmitted to the
foundation.

The 2025 paper formulates the problem of a
single-axis model and force transmission for zero-
stiffness systems. The 2026 paper continues this
approach through the weight compensator and gravity
balancer; it proposes a multi-disk friction coupling, a
lever-type converter, and a force-difference-based
evaluation criterion. [4, 6]

The dissertation gives Di/De=0.6939 as the ratio
of the average diameters obtained through friction-
surface optimization, whereas the theoretical
optimization expression gives approximately 0.63.
The dissertation notes that these values are close and
that the practical construction can accept the value
within approximately 10% accuracy. [1]

The practical significance of this result is that the
compensator design can simultaneously account for
friction-surface size, energy losses, and force-
generation capability. It should also be emphasized
that the present article consolidates the results of
completed studies and does not claim new
experimental measurements.

9. CONCLUSIONS
1. The use of conventional elastic and viscous
supports to reduce vibration of ship diesel generators
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Introduction people, the performance of betashar is distinguished

In the modern era of globalization, preserving by its specific function.
and popularizing the cultural heritage that has come According to N. Daukaryev, the Karakalpak
down to us from our ancestors is a pressing task. Our people have experienced various political, historical,
cultural heritage can be viewed as a mechanism for cultural, and economic events throughout their
transmitting  cultural memory, ensuring the history. In these historical conditions, the lifestyle of
preservation of identity over a long period. For the population, the order of governance, the
example, the tradition of welcoming the bride or consciousness of people, production, and class
betashar, which is widespread among Turkic peoples, relations were diverse. In these historical conditions,
is part of our cultural heritage inherited from our our people created laws of customs and traditions
ancestors. These wedding songs call for morality and corresponding to their level of social growth [1, 144].
possess an ethical-aesthetic impact. There are Among the Karakalpaks, a betashar is performed by a
scientific studies by Turkic scholars, specifically man—a betasharshy—with a raised voice. We can
Kazakh scholars K. Matizhanov, A. Berdibay, B. provide several variations of greetings for the start of
Babizhan, M. Abugazi, and Uzbek scholars M. a wedding or betashar as examples:
Alaviya, B. Sarimsakov, N. Kurbanova, Z. X9, XanaibIK, XalanbIK,
Kasymova, L. Khudaykulova, and others. Kenuniek KemuIr KalbIIThl,

A number of scientific research works by BIHTBIFBICHIIT KApaMbIK,
Karakalpak scientists, such as N. Daukarayev, K. Fayripnacmait myynacna,
Aimbetov, and K. Maksetov, occupy a prominent Ce3nepre Kynak cajnaibik!
place. In the traditional folklore of the Karakalpak Underline translation:

Hey, people, people!
[ ]
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The bride has arrived.

Let's look at this with surprise.

Don't make noise, don't make noise.

Let's listen!

Underline translation:

May this bride be worthy of our village.
Give me coins in his honor.

May their happiness blossom like the sun.
Jealous enemies,

Let them fall at her feet!

Kaman xepu Oonmaraii,
Wiinnun TyCKeH eCUTHH,
WnotinM Kamna KelaMarai.
JKaKpIHBIpaK KEJIHUH XaTalbIK,
Bopuremu3 Oupre KpIAHABIII,
KenuHIekTH Kapchl anaibik!

Underline translation:

May she be a good bride.

May the bride be kind to her family.

Come closer to us, my people!

Gathering all together,

Let's meet the bride! [2]

Uzbek wedding traditions have their own
national identity. The customs and traditions
conducted on the wedding day are different from one
another. Marriage is conducted in several stages with
the permission and blessing of the parents. Before
being sent to the groom's house, a farewell ceremony
for the parents is held at the bride's house.

Close friends are also traveling with the bride.
They sing wedding songs out loud. The songs "Ulan™
and "Yor-yor" are examples of this.

The "Kelin Salom" (Betashar) ceremony begins
according to folk tradition. Near the beginning of the
ceremony, the groom's parents, all close relatives,
friends, and close neighbors gather in the courtyard.

The tradition of greeting the bride continues with
the bride bowing and greeting the people. The bride
bows to her husband's relatives and neighbors. At this
time, elderly women or singers from the arriving
village or mahalla (community) sing the song "Kelin
salom-yor-yor."

Tofy TOIIHU T'yJ KWIraH,

Wkxku émran Oup KuiraH,

Canom canom Ep-€p,

Kenun canmom ép-€p.

ABBaJ1 Xyiora cajiom,

[Tatirambapiapra cajaom.

Underline translation:

God turned mountains and rocks into flowers.
God created one family for two lovers.
Worship God

Bow down and greet the prophets.

VHHUHT KaTTa OeKacw,
Ceii(p KaIUTHHUHT dTacH,

Toza Hoka llyGacw,
Kenun canom €p-Ep.
Kabyn aiinanr kalilHOHACH,
Cugra canom €p-€ép!

Underline translation:

The mother-in-law is the main mistress of the
house.

The mother-in-law is the owner of the safe-key,

The mother-in-law is wearing a coat.

Bow down to greet your mother-in-law!

[Tynnap ¥inru6 myn Gepras,
Capmnora Tynnop, Ky 6epras,
CeBraHuHM oJyiIIra Kyiuo oepras,
Kenun canom €p-€p,

Kabyn aiinaHr KaiiHOTaCH,

Cugra canom €p-€ép!

Underline translation:

The father-in-law collected the money and gave
it.

The father-in-law, according to tradition,
presented a sheep and a stallion.

The father-in-law who helped two lovers unite,

Bow down and greet your father-in-law! [3].

Among the Uzbek people, the tradition of
greeting the bride has local characteristics. For
example, in the Surkhandarya region, traditional
"Kelin salom” songs are called "Bet ashar" and are
performed in accordance with the customs and
traditions of the Kungrat tribes.

Oi1 OyIyTHUHT OCTHIAH,

Oiinail KeJuH KeJInOau.

Ky OymyTHHHT ocTHAaH,

Kynnait kenuH xkenubau.

Kypunruz—o, xypunrus,

Kypmanacunu OepuHrus.

Underline translation:

The moon from under the clouds,

A bride like the moon has arrived.

From beneath the blue cloud,

The bride has arrived.

Look, look,

Gift for viewing [4, 19].

In the past, at the groom'’s house, in the presence
of guests and relatives of the bride, the "Kelin Salom"
ceremony was held, and elderly women performed the
traditional song "Kelin Salom." Usually, the lines of
this song dedicated to describing the person to whom
the greeting is addressed are performed by a special
performer or an elderly woman:

371-“ npuaa OTU KUIIHAraH,

Baxopna Ooru sirHaraH,

YMpoBnapu Tenaaai,

Cautacu Oomiia Kanmnajgam.

Underline translation:
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His horse neighed during the theft,

In spring, his garden blossomed,

Their clavicles are higher than their heads,
His turban is on his head like a kappa,

Kyznapu yTkup moxonnai,
Coxomnu 6up 60B KomIOBIAH,
TornrannHm ynra 6epram,
O k6 3nra Oepra,
Kenuaura nemBo3 4nkKaH,
Kaitnoracura Oup camom!

Underline translation:

Eyes as sharp as a jackal's,

His beard is like a bundle of locks,

He gave away what he had earned,

He presented the people with pilaf,

I came out to meet my daughter-in-law,

Say hello to his father-in-law! [5]

After these words, the elderly women hold the
bride by the shoulders, bow in greeting, and the bride
bows. The women present at the wedding say:
"Khazar Alik!"

In some villages of the Kumkurgan district, on
the day of the betashar tradition, elderly women and
young women invite the bride to bow. Since the bride
bows every time during the greeting, in the song
performed during this tradition, the word "tajim"
(ta'zim) is used instead of "kelin salom" (bride
greeting):

TYKKH3 KaBaT TYH KUITraH,

Tyxkcabomapra yxmaraH-,

Kaitnoracura oup tab3um!

)KaX,OHFa THUHYJIMK THJIaraH,

Emnapra YMp TUJIaraf,

Kaiinonacura 6up Tab3um!

Underline translation:

Dressed in a nine-layered robe,

Like Toxabo,

Bow to your father-in-law!

Wishing peace to the world,

He wished the young for life,

Say hello to your mother-in-law! [4, 19]

In our opinion, "Tajim solish" — the concluding
part of the wedding ceremony — is one of the
traditional songs performed in the "Bet ashar"
tradition and has historically formed as a result of the
evolution of the "kelin salom" genre.

Its poetic structure consists of three lines of verse
form. The two lines dedicated to describing the object
— the person whose respect for the bride is expressed
— rhyme with each other, and the third line, where the
person's name is written, is supplemented by the
traditional rhythm of "bir ta'’zim" (repetition of "bir
ta'zim") [4, 19].

In Kazakh culture, betashar is also considered
one of the greatest wedding traditions. This custom is
considered a ceremony for introducing the bride to the

groom's relatives. In ancient times, the Kazakh people
did not show the bride's face to her parents. The bride
spent three nights without her husband. On the fourth
day, the bride's face is covered.

The bride is led by other brides and women with
children [6]. The singer introduced the bride to her
relatives by performing "betashar." The bride bows to
the relatives. After the betashar, the tea ceremony
begins. Currently in Kazakhstan, ancient wedding
traditions and customs have lost their significance,
and their place has been taken by modern wedding
traditions and wedding songs.

Representatives of this country have included 13
objects in the list of intangible cultural heritage [6].
Betashar — the ceremony of unveiling the bride's face
is performed at a wedding celebration. The song
"Betashar" also possesses unique features and a strong
impact. For example, in a betashar performed by Akyt
Ulimzhi uulu (Akit Ulimzhiuly), the following is
stated:

OpBIHCHI3, KAHBIM, MaKTaHOa,

Ke13b11 TiTiM cakTaHOa,

M6amne! 0o, KemiH XkaH,

APTHIK co3 aiiThI OachIHHAH,

O3iHe-03iH JaK caiMa.

Underline translation:

Do not boast inappropriately, my soul,
My red tongue, beware,

Be polite, daughter-in-law,

Having said an extra word,

Don't throw mud at yourself.

CeH YIIiH TYpPMBI3 CaOBLIBIT,
Maii Ky#bITT OTKa TaOBIHBII,
Ak OatacwiH Oepyre,

Kenmi »KypThIH aFbUIBIIL.

Underline translation:

We are working for you,

Pouring oil and bowing to the fire,
To give my blessing,

Your men have flooded in.

Ot GaceIHIA YHBIKTAMA,
ETex-xeHiH Kyieni.
Cappina 60JbIl TYpFaHia,
JlymmaHblH KeKen KyJIedi.
JKakcel ataMHBIH Oatackl.

Underline translation:

Do not sleep by the fire,

The clothes can be burned.

My daughter-in-law, if you do this,

Your enemies will laugh.

A generation of a good person [6].

Kazakh scholars A. Berdibay, B. Babijan, and
M. Abugazi studied wedding rites and wedding songs
in southwestern Kazakhstan and Jetisu [7, 56-71].
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In general, betashar songs performed by the
Karakalpak, Uzbek, and Kazakh peoples contain such
advice as: "Be polite to your daughter-in-law, mother-
in-law, respect your father-in-law, your husband, and
the elder and younger in the village." In conclusion, it
can be said that the Uzbek, Kazakh, and Karakalpak
peoples have lived in harmony and unity since ancient
times.

Indeed, the traditions and songs of any nation
acquire a modern character. This is a natural process.
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ANALYTICAL DETERMINATION OF CRITICAL STRAIN IN TI-6AL-4V
ALLOY BASED ON MULTIPARAMETER ANALYSIS OF THE
THERMODYNAMIC STATE DURING BALLISTIC BULLET IMPACT

Abstract: The article investigates the process of high-speed perforation of a Ti-6AIl-4V titanium alloy plate by a
7.62 mm caliber bullet (used in the AK-109 rifle) at a right angle with an initial velocity of 720 m/s. For a deep
analysis of the material state, the Puff equation of state, von Mises strength model (with a yield strength of 1.5x10°
kPa), and a hydrodynamic failure model with stochastic dispersion were applied. The main result of the study is the
development of a new analytical equation for calculating the maximum strain of the alloy, taking into account the
dimensions and initial velocity of the bullet, as well as the properties of the alloy itself. This equation is based on the
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simultaneous analysis of five key dependencies on the plate thickness: effective strain, von Mises stress, temperature,
a-phase fraction, and pressure. During the data interpolation, the calibration coefficient k; was calculated to be

approximately 1.5.

Key words: Ti-6Al-4V titanium alloy, maximum strain, analytical equation, von Mises stress, calibration

coefficient.
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1. Introduction

The assessment of the behavior of titanium alloy
plates under high-velocity bullet penetration is a
pressing issue in ensuring the reliability and safety of
protective elements in armaments. The complexity of
this task is due to numerous factors, such as dynamic
material failure, heat exchange, and the influence of
geometric parameters and physical properties of the
titanium alloy. The main problem is the lack of
universal analytical formulas that allow for the precise
calculation of the maximum strain of titanium alloy
considering its characteristics and bullet parameters.
In this regard, the task has been set to develop a new
analytical equation that takes into account the
influence of plate thickness, bullet velocity, and alloy
properties, ensuring high prediction accuracy.

The aim of this review section of the article is to
identify key trends, achievements, and limitations in
the study of the effectiveness of modern personal
protective equipment designed to protect individuals
from the impact of firearms.

Gooch [1] summarizes the research of the U.S.
Army  Research  Laboratory on  ballistics,
thermomechanical processing, and the application of
titanium on American armored platforms (M1A2
Abrams, Bradley, Stryker), and the M777Al
howitzer. The value of the work lies in the systematic
correlation of ballistics, manufacturability, and cost,
rather than just specific mass; however, this is a
conference review without a single experimental plan
and statistical evaluation.

Gooch [2] develops a systems approach,
considering titanium as an element of monolithic or
constructively integrated protection, where the higher
cost is offset by a reduction in weight and the number
of parts. The practical value is characterized by the
linkage of technology choice to the threat and
geometry of the product, but the work largely repeats
the evidence base of the 2010 review without
independent verification.

Chusov and Yankov [3] investigate experimental
metastable p-alloys, achieving a strength of about
850-950 MPa with an impact toughness exceeding
150 J/cm? and a reduction in armor surface density of
approximately 20% compared to OT 4-1 titanium
alloy. The novelty of the work is emphasized by the
combination of cold formability and high energy

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2026.09.161.5

absorption, which is important for complex-profile
individual armor; however, the compositions are
described by laboratory indices, the tests are limited
to a single firing scheme, and data on multiple impacts
and oblique impacts are absent.

Fernandez Silva et al. [4] compare rolled Ti-6Al-
4V with plates produced by Hot Isostatic Pressing and
Field Assisted Sintering Technology methods,
showing that the rolled material gives the best Vsg
result, while the coarse-grained lamellar FAST plate
after p-treatment does not meet the MIL-DTL-
46077G standard (a military specification by the U.S.
Department of Defense that defines the requirements
for deformable plates made from weldable titanium
alloys used as structural armor). For the first time, the
ballistics of FAST plates are directly linked to EBSD
texture (crystallographic texture locally determined
using the backscattered electron diffraction method on
a scanning electron microscope) and the morphology
of adiabatic shear bands, but the compared plates had
different thicknesses, and the number of shots per
condition was small, which does not allow for a
complete separation of the contributions of the
processing route and texture.

Zheng et al. [5] test Ti-6Al-4V plates with
equiaxed, bimodal, and lamellar microstructures
under the impact of a 12.7-mm armor-piercing
projectile and show that the bimodal structure is the
best, providing ductile failure instead of brittle
fragmentation of the lamellar states. The value of the
work lies in the correlation between the ballistic result
and the topology of shear bands, which provides a
technological criterion for heat treatment, but only one
plate thickness and one type of ammunition under
normal impact were studied.

Chang et al. [6] on an anatomical model of the
human head show that a foam pad under a bulletproof
panel reduces peak acceleration by approximately 600
times, and ethylene-vinyl acetate with a density of 30
kg/m? outperforms foamed polypropylene. The work
shifts the criterion of protection effectiveness from the
fact of being bulletproof to blunt trauma, which is
important for designing a complete protective
package; however, titanium was not used in the study,
and only a limited set of foams and one bullet caliber
were tested.
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Kad et al. [7] explain the reduction in the ballistic
limit of Ti-6Al-4V after processing above the f-
transus using a crystal plasticity finite element model,
stating that the transverse texture requires less external
work for localized slip than the base texture. The
novelty of the work lies in the micromechanical
explanation of the influence of texture on the choice
of technological route, but the model is two-
dimensional, idealizes textures, and does not cover
thermal softening and the real geometry of
perforation.

Marouani and Hergli [8] numerically investigate
the perforation of Ti-6Al-4V using the Johnson-Cook
model, varying the plate thickness, impact velocity,
and projectile shape, and determine the threshold
penetration limits. The practical value of the work lies
in the creation of a compact parametric map for the
preliminary selection of protection thickness;
however, the study is entirely numerical, limited to
normal impact, and no experimental validation of the
results is provided.

Guo et al. [9] create a gradient nanostructure in
technically pure titanium with a depth of about 3.5
mm using explosive processing and demonstrate an
increase in the ballistic limit by 5.8-12% depending on
the shape of the projectile's nose, with the greatest
effect observed for blunt-nosed bullets. For the first
time, the dependence of the strengthening effect on the
geometry of the impacting element is systematically
demonstrated, but only one type of titanium and one
processing mode under normal impact are studied,
without assessing multi-impact resistance and the
durability of residual stresses.

Ubeyli et al. [10], studying a two-phase low-
alloy steel rather than titanium, demonstrate an
increase in ballistic resistance against a 7.62-mm
armor-piercing  projectile  with an increasing
proportion of martensite, approaching the level of
rolled homogeneous armor. The scientific novelty of
this work lies in demonstrating a direct relationship
between ballistic resistance and the proportion of
martensite and identifying the work hardening effect.
The limitations are related to the narrow range of
threats and the lack of testing of multilayer
configurations.

Based on a critical review analysis of scientific
periodicals, the objective of this study is formulated,
which is aimed at developing and verifying an

émax = (Kn<(MVZ/D2)/ Aar(T,0))* (1=(T/T)™(1+(P/Prer))

where ki is the calibration coefficient, taking into
account geometric factors and material properties; m
is the mass of the bullet; v is the initial velocity of the
bullet; D is the distance corresponding to the thickness
of the penetrated plate; Ae(T,0) is the effective
strength parameter of the material, which is a function
of temperature (T) and the content of the a-phase («);

analytical equation for determining the maximum
strain of a Ti-6Al-4V titanium plate during ballistic
penetration by a 7.62 mm bullet, based on a
comprehensive analysis of five key dependencies on
the plate thickness, as well as determining the value of
the dimensionless calibration coefficient and
identifying the critical damage localization zone,
taking into account the limitations of the current
model and the need for further full-scale testing and
numerical modeling to improve the accuracy and
reliability of the results obtained.

2. Materials and methods

The subject of the study was a Ti-6Al-4V
titanium alloy plate, fixed on one side, which was
partially deformed by a 7.62 mm bullet. The material's
density was 4.45 g/cm?. The bullet's initial velocity
along the X-axis was set at 720 m/s.

The behavior of the plate material was described
by the Puff equation of state. The following
thermodynamic parameters were specified: constants
of A1=9.940001x10" kPa, A2 = 1.244x108 kPa, A3 =
4.847x107 kPa. The Griineisen coefficient was taken
to be 1.0, the expansion coefficient was 0.67, the
sublimation energy was 2.71x10° J/kg, the reference
temperature was 300 K, and the specific heat capacity
was 525 J/(kgxK). The strength properties of the
titanium alloy were specified using the von Mises
model. The shear modulus was 5.5x107 kPa, the yield
strength was 1.5x10° kPa. The fracture process during
deformation was calculated using the hydrodynamic
model (hydro Pmin). The hydrodynamic tensile
strength was set to -3.0x108 kPa.

To determine the maximum strain of the titanium
alloy, a new analytical equation was developed. It
took into account the bullet's dimensions, its initial
velocity, and the properties of the titanium alloy. It
was constructed based on the simultaneous analysis of
five profile dependences on the plate thickness:
effective strain, von Mises stress, temperature, a-
phase fraction, and pressure. The internal calibration
coefficient was calculated by interpolating the
experimental data.

3. Results and discussion

To calculate the maximum effective strain emax of
the Ti-6Al-4V titanium alloy after ballistic impact, the
following analytical dependence (1) is proposed:

)

T is the local temperature in the deformation zone,
increasing due to impact energy; Tm is the melting
temperature of the titanium alloy; n is a material-
dependent exponent; P is the pressure in the contact
zone; Pyt is the reference pressure.
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The calculation of the kinematic and geometric
parameters of the system was carried out using the
following auxiliary equations (2-5):

m = px(m/4)xd>xL (2)
where p is the density of the titanium alloy (4450
kg/m?); d is the diameter of the bullet (0.00762 m); L
is the length of the bullet (0.03 m). The calculated
mass of the bullet was 7.25x10 kg.

Eimpact = 05mV2 (3)

where Eimpact IS the impact energy. Based on the mass
and initial velocity of the bullet, Eimpact ~ 188 J.

The cross-sectional area Across and the impact
Stress gimpact are calculated as

Across = 7T><(d/2)2 ~4.55% 10_5 m2 (4)
impact ~ Eimpact/ (Across¥ D) (5)

Assuming a plate thickness of D =10 mm (0.01
m), the impact stress is approximated as oimpact ~
4.13x108 Pa.

The calibration coefficient k; was calculated by
interpolating the variations in effective strain, von
Mises stress, temperature, a-phase fraction, and
pressure across the plate thickness (Table 1).

Table 1. Calculated values of the variables.

Variable Key points (at a specific distance) Value
0 mm 0 kPa
Pressure 5 mm 1.5x10° kPa
35 mm 0 kPa
0 mm 500 K
Temperature 5mm 350 K
35 mm 300 K
0 mm 0
Effective strain 5 mm 1.2
35 mm 0.1
0 mm 0
Alpha (phase) 20 mm 1
35 mm 1
0 mm 1.2x10° kPa
von Mises stress 5 mm 1.0x10° kPa
35 mm 8.0x10° kPa

To isolate the coefficient in question, the base
equation was transformed into a simplified form
reflecting the direct proportionality of strain to von
Mises stresses and the inverse proportionality of
effective strength (Equation 6):

Emax = (leO'vm)/(Aeff(T,a)) (6)

where avm is the von Mises stress.
Thus, the formula for calculating ki takes the
form (Equation 7):

k1 = (emax*Aet(T,0)) oum (7)

Given that A«w(T,e) at the moment of material
failure approximately corresponds to the yield/failure
strength and equals 1.5x10% kPa, substituting the
obtained values yields the result ki =
(1.2x1.5x10%)/1.2x10° = 1.5,

The obtained value of the coefficient is
consistent with the observed data from Table 1 and the
physical assumptions of the model. Incorporating this
coefficient into the general analytical formula ensures

high convergence of results when evaluating the limit
state of the Ti-6Al-4V titanium alloy. The effects of
temperature (which lowers the yield strength) and
pressure are incorporated into the model,
demonstrating the predominance of ductile fracture
under the specified high-speed process conditions.
The presence of phase transitions (a-phase)
additionally affects the material's ductility, which is
correctly accounted for by the introduced effective
strength parameter and the calculated coefficient.

4. Conclusion

During the study, a new analytical equation was
developed to determine the maximum strain of a Ti-
BAI-4V titanium alloy plate under ballistic penetration
by a 7.62 mm caliber bullet (initial bullet velocity of
720 m/s). This equation was developed based on the
simultaneous analysis of five key dependencies on the
plate thickness: effective strain, von Mises stress,
local temperature, a-phase fraction, and pressure. By
interpolating the profile data, the dimensionless
calibration coefficient k; was calculated, with a value
of approximately 1.5. It has been established that the

Philadelphia, USA

35

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

critical zone of the plate material is localized at a
depth of 5 mm, where maximum effective strain
(around 1.2) and peak pressure (approximately
1.5x10° kPa) are observed.

It is important to note the following limitations
of the study:

1. The current version of the analytical model
and the calculation of the coefficient k; are based on a
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REGRESSION ANALYSIS AND HARMONIC APPROXIMATION OF
THE STRESS STATE OF KEVLAR AND TITANIUM PLATES UNDER
THE IMPACT OF A 7.62 MM CALIBER BULLET

Abstract: The article is dedicated to the numerical study and mathematical modeling of the distribution of
circumferential (tangential) stresses in protective plates made of Kevlar composite (Kevlar/epoxy resin) and Ti-6Al-
4V titanium alloy under ballistic impact (bullet caliber of 7.62 mm, bullet velocity varies in the range of 500-900
m/s). It has been established that in the isotropic titanium alloy, the stress distribution across the plate thickness is
described by a smooth parabolic dependence, whereas in the orthotropic Kevlar composite, pronounced oscillations
are observed, caused by wave effects. The practical novelty lies in the development of a differentiated mathematical
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apparatus. The use of Fourier series for predicting local tensile zones in a Kevlar composite and 4th-5th degree

polynomials for estimating stresses in a titanium alloy under ballistic impact is proposed. The resulting regression

models and identified patterns can be directly used in the design and optimization of layer thicknesses for hybrid

personal and composite body armor, minimizing the risk of material delamination while maintaining minimal weight.
Key words: Kevlar composite, Ti-6Al-4V alloy, circumferential stress, tangential stress, plate.
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1. Introduction

During a ballistic impact, the Kevlar composite
and titanium alloy are subjected to high loads, causing
complex  stresses, including  circumferential
(tangential) components. The main issues are related
to their resistance to delamination, interlaminar shear,
and failure under the influence of these stresses,
especially in the areas of stress concentrators at the
edges and in the contact zone with the impacting
element. An important aspect is the study of material
behavior under high loading rates, as circumferential
(tangential) stresses significantly influence the failure
mechanism, promoting the initiation and propagation
of cracks, which reduces the effectiveness of
protection and the reliability of the structure.

A number of researchers, through practical
experiments and finite element modeling of complex
ballistic impact processes, are expanding the concept
of deformation mechanisms in armor materials and
proposing effective ways to increase their efficiency
while maintaining strength.

Yahaya et al. [1] systematize the materials,
protection levels, and testing of bulletproof vests and
helmets according to the standards of NIJ (National
Institute of Justice), HOSDB (Home Office Scientific
Development Branch), VPAM (Vereinigung der
Priifstellen fiir Angriffshemmende Materialien),
GOST (State Standard), STANAG (Standardization
Agreement), and other systems. The practical
contribution of the article is a unified framework of
“"threat — conditions — pass criteria." Nevertheless, the
classes of different standards are not directly
comparable, and the regulated tests do not cover all
cases of multiple and edge impacts, aging, and
combined effects.

Abtew et al. [2] associate the ballistic response
of textiles and fiber composites with wave
propagation, stretching and breaking of fibers,
friction, delamination, and matrix damage.
Mechanistic systematization is useful for selecting the
weave, the number of layers, and the matrix. The
limitations of the narrative review are the
heterogeneity of the trials and the lack of a universal
quantitative model, especially without normalization
by surface density.

Kumar et al. [3] numerically demonstrated for
Kevlar composite plates an increase in ballistic limit

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2026.09.161.6

and energy absorption with relative thickness. At high
speeds, the dependence of residual velocity becomes
almost linear. A three-dimensional model with
progressive damage is suitable for preliminary
ranking of structures. However, the sensitivity to
failure criteria and contact, as well as the lack of a
discrete description of fibers, are the main limitations
of the study.

Kumar et al. [4] combined the wave description
and energy balance of the ceramic faceplate,
composite backing, and projectile. The model
identified a range of surface density where increasing
the mass hardly raises the ballistic limit. Among the
options studied, the best result was achieved with
99.9% Al,O;. The practical value of the research lies
in finding the minimum mass instead of simply
increasing the thickness. The limitations are related to
the averaging of fragmentation, erosion, and material
delamination, as well as the dependence of the output
on the configuration.

Stopforth and Adali [5] tested Kevlar layers with
densities of 160, 200, and 400 g/m? using 9-mm
ammunition. The best option was the 200 g/m?, and
the stop rating was up to 21 layers. The authors note
the benchmark for package layout and the
demonstration of the role of architecture, not just
mass. Portability is limited by a single type of threat,
a small number of shots, and an incomplete
reproduction of the real armor package.

Tham et al. [6] compared the experiment on the
Kevlar 29/PVB-phenolic resin helmet (the classic
technological basis for the production of the first
generations of series army ballistic helmets) with
AUTODYN-3D. The calculation closely reproduced
the dent and provided a Vs for the plate of 610 m/s
compared to 600 m/s in the test. The work
demonstrates the value of model verification based on
damage geometry, not just penetration. The research
is limited by the borrowed properties of Kevlar 129
and a narrow experimental base; predictions for other
threats are partially calculated.

Lim et al. [7] developed an economical FE
model of Twaron fabric (finite element model of high-
strength aramid fabric) with viscoelasticity and rate-
dependent failure. The residual velocity and energy
absorption were in good agreement with the
experiment, especially above 400 m/s. The novelty of
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the study lies in the consideration of the rheological
response in the homogenized model. The absence of
explicit inter-fiber friction, entanglement, and fiber
stretching, as well as the need for revalidation for
other tissues and packages, are significant limitations
of the study.

Kay [8] determined the failure parameters of the
Johnson-Cook model (an empirical mathematical
model used to predict the onset of failure in ductile
metals under large deformations, high strain rates, and
temperatures) for Ti-6Al-4V and Al 2024-T3 and
showed that calibration based on representative
dynamic tests transfers better than that based on
reduced ballistic limit tests. This is important for
calculating the retention of aviation fragments. As
limitations, the authors note the dependence of
parameters on scale and loading path, and the
incomplete consideration of localization,
microstructure, and complex stress state.

Awerbuch and Bodner [9] presented the
perforation of a metal plate as three stages: target
compression, shear plug formation, and then the
simultaneous motion of the plug and the projectile.
The mechanistic model allows for a quick assessment
of the residual velocity and force history. Limitations
include the need for empirical geometric parameters
and the focus on normal impact with shear spalling.
Petaling  failure, ricochet, and complex
thermomechanical failure are described incompletely.

Khodke et al. [10] conducted FE screening of
titanium and aluminum plates based on thickness and
impact angle at 830 m/s. At 45°, the calculation
showed a transition from perforation to ricochet. The
"angle — thickness — outcome" map is useful for
preliminary screen selection. However, the limited
scenarios, idealized fixation, and lack of complete
experimental validation do not allow considering 45°
as a universal critical angle or using the results as
certification.

Having analyzed the gaps in scientific works, we
focus our research on identifying and modeling the
patterns of circumferential (tangential) stresses in
Kevlar composite and Ti-6Al-4V titanium alloy under
ballistic impact, as well as assessing their practical
value for the development of effective protective
structures. Particular attention is paid to the analysis
of stress topology, the identification of potential
failure zones, and the creation of mathematical models
that allow predicting the mechanical responses of
materials under dynamic loads, which contributes to
the optimization of armor plate design and enhances
their resistance to ballistic impacts.

2. Materials and methods

The study focused on the process of a 7.62 mm
caliber bullet penetrating at a 90° angle into plates
rigidly fixed on one side, made from different
materials. The initial velocity of the bullet along the
X-axis varied, with a baseline value of 720 m/s.

The analysis of the stress state was conducted on
two types of materials:

1. Orthotropic Kevlar composite with a density
of 1.65 g/cm?, a matrix volume fraction of 60%, and a
modulus of elasticity ratio of 20. The state of the
material was described by a stiffness matrix with a
polynomial volumetric response and failure based on
stresses/strains, taking into account the residual shear
stiffness fraction.

2. Isotropic two-phase Ti-6Al-4V titanium alloy
with a density of 4.45 g/cm® The material behavior
was described by the Puff equation of state and the
von Mises plasticity model (shear modulus 5.5x107
kPa, yield strength 1.5x108 kPa) with a hydrostatic
failure model (Pmin).

Data acquisition was performed by recording the
stress tensor component g  (circumferential
(tangential) stress) as a function of plate thickness (x)
and impact velocity (v).

3. Results and discussion

Numerical ~values of the change in
circumferential (tangential) stress of the Kevlar
composite plate and the Ti-6Al-4V titanium alloy
were recorded along the bullet's flight path through the
entire thickness of the plates. 3D graphics
demonstrating the influence of plate thickness and
bullet velocity on the magnitude and nature of the
change in circumferential (tangential) stress of the
materials were generated in the Python. 3D surfaces
of circumferential (tangential) stresses of materials
from plate thickness and bullet velocity (parameter
variation simulation) are presented in Fig. 1.

The analysis of three-dimensional response
surfaces revealed fundamental differences in the
distribution characteristics and relaxation mechanisms
of circumferential (tangential) stresses ogs in the Ti-
6Al-4V titanium alloy and the Kevlar composite
during ballistic impact (bullet velocity ranged from
500 to 900 m/s, bullet caliber is 7.62 mm).

The stress surface of the Ti-6Al-4V titanium
alloy has a smooth, parabolic (U-shaped) form along
the thickness coordinate x of the plate. The maximum
compressive stresses are localized in the central zone
of the plate, reaching equivalent values on the order of
-25x10° kPa, after which they gradually decrease
toward the rear and front boundaries. This profile is
explained by the spherical symmetry of the shock
wave front propagation and the kinematics of the
plastic flow of the metal according to the von Mises
criterion when the yield strength is exceeded (1.5x108
kPa). The collision velocity v acts as a nonlinear
scaling factor: an increase in velocity amplifies the
compression amplitude  without altering the
fundamental geometric shape of the spatial gradient.

The topology of stress fields in the Kevlar
composite is characterized by pronounced spatial
periodicity and oscillations. The values of o
cyclically change sign from compression (up to -
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8x10° kPa) to tension (up to 2x10° kPa). The physical
nature of this phenomenon lies in the high anisotropy
of the elastic moduli (Ei/E; = 20) and the regular
alternation of fiber and matrix layers. When a ballistic
wave passes through interphase boundaries, multiple

=2

IS
Stress TTT (x10° kpa)

15
Plate thig, 2 35
Nesg

processes of reflection and refraction of elastic
impulses occur, leading to their interference and the
formation of standing stress waves across the

thickness of the plate.

Stress TTT (x10° kPa)

Figure 1. 3D response surface graphs of circumferential (tangential) stress changes as a function of plate
thickness and bullet velocity: a — Kevlar composite and b — Ti-6Al-4V titanium alloy. Stress TTT is
circumferential (tangential) stress.

The smooth nature of the decay of
circumferential (tangential) stresses in the titanium
alloy allows the use of a 4th or 5th degree polynomial
(Equation 1):

000(X) = o + PiX + fox2 + Bax + ...+ fx" (1)

where x is the coordinate along the thickness of the
plate; fo...fn are the coefficients of the polynomial
regression (calculated using the least squares method
to fit the data); n is the degree of the polynomial.

ge(x) = ag + Yoy <ancos (annx) + b, sin (annx

where ag is the constant term (zero coefficient) of the
Fourier series, determining the average value of the
function; n is the harmonic number; a, and b, are the
harmonic coefficients of the Fourier series of the n-th
harmonic; L is the characteristic length or total
thickness of the plate.

Equation (2) allows for an accurate description
of the amplitude and phase of the oscillations. The
lower harmonics define the macro-profile of the plate
deformation, while the higher harmonics account for
the stress jumps at the boundaries of individual
material layers.

The practical value of the obtained patterns is as
follows:

1. Zones where the circumferential (tangential)
stress takes on positive values (ags > 0) correspond to
maximum tensile forces leading to delamination of the
polymer matrix from the aramid fibers. Calculating

This model provides high-quality approximation

(R? > 0.95).

The application of power polynomials to the data
of Kevlar composite leads to significant smoothing
and loss of peak stress values. Therefore, to describe
the state of the Kevlar composite under ballistic
impact conditions, a Fourier series with a spatial wave

number ki = 2%" (Equation 2) is used:

)@

the zeros and extrema of the harmonic Fourier
function allows one to determine the x-coordinate of
potential interlayer failure with high accuracy without

performing labor-intensive calculations.

2. The identified difference in the topology of
circumferential (tangential) stresses argues for the
feasibility of creating combined structures: the front
layer of the plate made of Ti-6Al-4V titanium alloy
ensures the localization of plastic deformation and the
damping of the main kinetic impulse, and the back
layer of the plate made of Kevlar composite, due to
wave dissipation, effectively distributes tangential

loads and captures fragments of destruction.

4. Conclusion

The results of the study showed that the
structural features of the materials under consideration
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fundamentally determine the topology of stress fields
during a ballistic bullet impact.

It is shown that Ti-6Al-4V titanium alloy
generates a smooth stress gradient described by
polynomial functions, while Kevlar composite
exhibits oscillating elastic wave behavior. The
application of harmonic analysis (Fourier series) for
predictive modeling of phase transition zones from
compression to tension in layered aramid plates is
substantiated, which allows mathematical prediction
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INTRODUCTION AND THEORETICAL combined with demographic shifts stemming from
GROUNDING IN THE BULGARIAN intensified migration and refugee flows in recent
CONTEXT: decades, presents the Bulgarian educational system

Contemporary Bulgarian society is characterized with complex pedagogical, institutional, and value-
by a historically constituted multi-ethnic and socio- based challenges (Buzov, 2008).
cultural configuration (Voenkinova & Kolev, 2004; . . L .
Chavdarova-Kostova, 2012). The century-old The tradltlona_l pe_dagoglcal paradigm inherited
coexistence between the majority population and from past eras - primarily focused on a monocult_u_ral
historically established ethnic minority communities transfer of knowledge and a standardized cognitive
(predominantly  Bulgarian Turks and Roma), absorption of curriculum content - exhibits limited
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heuristic and practical efficacy under conditions of CONCEPTUAL FRAMEWORK  AND

growing ethno-cultural heterogeneity (Radev, 2007).
Today, the Bulgarian educational space functions as a
dynamic ~ microcosm  of  broader  societal
transformations, where two main socio-dynamic
vectors intersect and collide:

1. The European and Globalization Vector:
Oriented toward full integration into the

European  Higher  Education  Area,
digitalization,  international ~ academic
mobility, and the implementation of

standards for intercultural education, global
citizenship, and openness (Daskalova, 2007;
Leask, 2022).

2. The Local Socio-Cultural  Vector:
Manifested through inter-ethnic social
distances, socio-economic marginalization
(characteristic of certain sub-groups within
the Roma community), linguistic barriers,
and the transfer of family- or media-
generated  prejudices and  negative
stereotypes directly into school and
university classrooms (Makariev, 1998;
Musolff, 2001).

Within the framework of contemporary global
theories on multicultural education (Banks, 2021),
educational institutions can no longer function merely
as passive transmitters of academic content. Banks
(2021) emphasizes that genuine intercultural
education goes far beyond the superficial celebration
of traditional holidays, requiring comprehensive
curriculum reform, prejudice reduction, and the
establishment of an institutional culture that
empowers all learners. In alignment with this view,
Gay (2020) conceptualizes "culturally responsive
teaching," wherein learners' cultural backgrounds,
native languages, and identities are viewed not as
deficits or obstacles, but as valuable cognitive
resources for effective learning.

The era in which the primary function of
pedagogical activity was limited to the mechanical
transmission of information has long passed
(Smirnov, 1995). The contemporary educational
environment is increasingly established as a space
where actors learn to accept the "other," respect
cultural  differences, and foster empathetic
understanding and mutual respect (Byram, 1998;
Endres, 2002). Within this conceptual framework,
intercultural pedagogy in Bulgaria transcends
theoretical abstraction, becoming an imperative
mechanism for ensuring equitable access to quality
education, preventing school dropout, and building
sustainable social cohesion (Borisova, 2003;
Chavdarova-Kostova, 2012).

RATIONALE FOR SELECTING THE SHUMEN
REGION

For the international scientific community,
conceptualizing intercultural dynamics in
Southeastern ~ Europe  requires an  in-depth
understanding of specific regional micro-structures.
The choice of the City of Shumen and the Shumen
Region (located in Northeastern Bulgaria) as the
empirical setting for this study is not accidental; it is
grounded in historical, demographic, institutional, and
socio-cultural rationales.

Historical and Demographic Specifics

The Shumen Region possesses a century-old
tradition of intercultural, inter-ethnic, and inter-
religious coexistence (Voenkinova & Kolev, 2004).
Situated at the crossroads of the Balkans and the Black
Sea coast, the region historically synthesizes Eastern
Orthodox Christianity and Islam. According to
demographic indicators, Shumen Province exhibits
one of the highest concentrations of ethnic minority
populations in Bulgaria:

e The Bulgarian Majority: Representatives of
the Orthodox majority, speakers of the
official state language, and bearers of
national cultural traditions.

e Bulgarian Turks: The largest ethnic minority
in the region, maintaining a preserved
Turkish language tradition, Islamic value
patterns, and strong community identity.

e The Roma Community: A highly
heterogeneous group consisting of distinct
sub-groups (e.g., Musicians, Kopanari,
Kaldarashi), facing specific socio-economic
and linguistic challenges (Buzov, 2008).

e Historical Micro-Communities:  Smaller
groups of  Armenians, Jews, and
Karakachans, who enrich the local socio-
cultural landscape.

This demographic configuration transforms
Shumen into a natural "living laboratory" for studying
real-time intercultural ~communication, where
tolerance is not an imported abstract European
concept, but an everyday lived practice subjected to
contemporary pressures (Makariev, 1998).

Academic and Institutional Role of Shumen

The city of Shumen is recognized as a leading
university and educational hub in Bulgaria with deep
traditions in teacher training. Konstantin Preslavsky
University of Shumen has developed renowned
academic schools in early childhood, primary, and
intercultural education over several decades. The
university educates a significant number of students
from diverse ethnic backgrounds across Northeastern
Bulgaria, turning its academic classrooms into
multicultural micro-communities.
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Consequently,
combination:

1. School Environment: Primary and secondary
schools characterized by highly multi-ethnic
student bodies.

2. Higher  Education  Environment: A
university setting that actively prepares
future teachers for work within these
heterogeneous classrooms.

Thus, the region offers optimal conditions for
empirical inquiry whose findings hold high validity
for Bulgaria as a whole and for similar multi-ethnic
regions across the Balkans and Southeastern Europe.

Shumen presents a unique

REGULATORY FRAMEWORK,
INSTITUTIONAL RESILIENCE, AND THE
DIALECTIC OF CHANGE

In accordance with the Pre-school and School
Education Act, the State Educational Standard for
Intercultural Education, and the Ordinance on
Inclusive Education, intercultural policy in Bulgaria is
institutionally codified as a national priority
(Chavdarova-Kostova, 2012). Within this legal
framework, pedagogical interaction is defined as a
specialized, higher-order form of communicative
integration among educational actors (Borisova,
2003).

Despite formal statutory backing, the practical
implementation of intercultural policies faces a degree
of institutional conservatism inherent to both school
and university systems in the country (Radev, 2007).
Educational systems inherently reflect societal
processes while simultaneously requiring structural
stability to validate innovative methodological
practices (Daskalova, 2007).

This institutional resilience exhibits a dialectical
nature:

e  On the one hand, it protects the system from
chaotic, unexamined  experimentation,
preserving national academic traditions and
rigorous foundational training.

e On the other hand, excessive conservatism
delays institutional responsiveness to rapidly
shifting socio-cultural realities (Musolff,
2001).

Contemporary societal conditions necessitate
structural transformation. Systemic friction in the
educational sphere is caused by the prolonged
coexistence of outdated assimilationist patterns
alongside new inclusive paradigms (Buzov, 2008;
Gay, 2020). Successful educational reformin Bulgaria
is attainable only through pedagogical practices
flexibly adapted to the realities of a multicultural
society.

SPECIFICS OF INTERCULTURAL
PEDAGOGICAL COMMUNICATION

Intercultural interaction is increasingly becoming
the norm across the Bulgarian educational landscape

(Chavdarova-Kostova, 2012). The shared academic

life of students and educators from diverse ethno-
cultural backgrounds requires teachers to maintain a
clear stance regarding the possibilities of intercultural
education  (Borisova, 2003; Banks, 2021).
Pedagogical practice must cultivate positive,
supportive relationships with all learners, fostering
individual potential and a constructive socio-
psychological climate (Gyurova et al., 2006).

The Subject Position and Institutional Role of
the Educator

Effective pedagogical communication relies
heavily on structuring learning processes that account
for the cultural, ethnic, emotional, and psychological
characteristics of learners (Smirnov, 1995). In this
context, the educator's personality, professional
sensitivity, and relational style play a decisive role
(Byram, 1998).

The educator fulfills several critical functions:

e Deconstructing Cultural Opposition:
Constructive interaction is achieved not by
pitting cultures against one another or
overemphasizing  differences, but by
comparatively analyzing cultural traits as
shared socio-cultural capital (Makariev,
1998).

e Linguistic Support and Cognitive Equity:
Implementing specialized methodologies for
teaching Bulgarian as the official state
language to learners for whom it is a second
language, ensuring  cognitive  equity
(Chavdarova-Kostova, 2012).

e Facilitating Autonomous Learning: Acting
as a mediator and guide, the educator avoids
imposing dogmatic truths, instead pointing
the way forward while knowledge
construction remains an active endeavor of
the learners themselves (Damyanova, 2009;
Deardorff, 2020).

Role Conversion and
Among Learners

When engaging in intercultural learning, students
transcend their primary background environments
(ethnic, social, or domestic) through carefully
structured tasks and didactic tools (Radev, 2007;
Kashlev, 2004). Directing focus toward problem-
solving scenarios that demand academic competence
and specialized terminology fundamentally alters
group dynamics.

In line with culturally sustaining pedagogy (Paris
& Alim, 2017), supporting identity does not imply
insular preservation, but enabling learners to negotiate
and expand their cultural repertoires. Learners
develop a heightened awareness of belonging to a
shared academic community united by common
learning goals (Gyurova et al., 2006). Shifting from

Identity Formation
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passive recipients to active, responsible, and creative
agents, students assume new subject roles in the
learning process (Kashlev, 2004). Establishing such a
system based on tolerance and mutual respect requires
the integration of innovative pedagogical technologies
(Daskalova, 2007).

EMPIRICAL
INTERCULTURAL

INVESTIGATION OF
ATTITUDES AND

COMPETENCIES (SHUMEN SETTING)

To diagnose the practical realities of intercultural
pedagogical interaction at the regional level, a
localized empirical study was conducted to assess the
levels of intercultural competence, attitudes, and
readiness among key educational actors.

Methodology and Sample Description

Indicator / Component

Theoretical Knowledge

Research Objective: To evaluate the
intercultural competence (cognitive,
affective, and behavioral components) of
active educators and student teachers,
identifying  perceived barriers  within
multicultural environments.

Theoretical Framework: The study adopts M.

Bennett's  Developmental  Model  of

Intercultural Sensitivity (DMIS) (Bennett,

2017) and D. Deardorff's Process Model of

Intercultural Competence (Deardorff, 2020).

Research Instruments: An anonymous

questionnaire featuring Likert-type scales (1

= "Strongly Disagree” to 5 = "Strongly

Agree"), adapted items from the

Intercultural Sensitivity Scale (ISS) (Chen &

Starosta, 2000), and qualitative follow-up

discussions.

Sample: The study surveyed N = 70

participants categorized into two target

groups:

1. Group A (In-Service Teachers): nl =
15 primary and secondary teachers
working in two multi-ethnic schools
in the city of Shumen.

2. Group B (Preservice Teachers): n2 =
55 university students enrolled in
Bachelor's and Master's degree
programs in Early Childhood and
Primary School Pedagogy (ECPSP)
and Primary School Pedagogy (PSP)
in Shumen.

Table 1.

38.6%

Declarative / Self-Report

Results and Discussion
Quantitative and qualitative analyses revealed

several key patterns:

1. Cognitive

Component (Cultural
Knowledge):

o Approximately 38.6% of surveyed
teachers and students reported
systematic knowledge regarding the
ethno-psychological and socio-
cultural characteristics of regional
minority groups.

o In-service teachers in Shumen
(Group A) demonstrated higher
practical awareness gained through
daily classroom experience
compared to university students
(Group B), whose knowledge
remained primarily theoretical.

Affective Component (Empathy and
Openness):

o High mean scores were recorded for
declarative tolerance (M = 4.32; SD
= 0.61). The vast majority of
respondents  (84.2%)  strongly
endorsed inclusive education and
equal opportunities.

o Based on Bennett's DMIS scale
(Bennett, 2017), most participants

positioned themselves in the
transitional stage between
Minimization and  Acceptance.

However, qualitative case analyses
revealed latent anxieties among

preservice  teachers  regarding
communication  with  minority
parents.
Behavioral Component and Didactic
Readiness:
o Only 31.4% of participants

expressed high confidence in
applying interactive, constructivist
methodologies in multi-ethnic team
settings.

o Over 60% of school teachers
emphasized challenges regarding
the linguistic integration of students
for whom Bulgarian is a second
language, calling for specialized
professional development modules.

Didactic Level

Moderate
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Indicator / Component

Declarative / Self-Report

Didactic Level

Tolerance / Openness 84.2%

Practical Methods/Skills 31.4%

The empirical data demonstrate that despite
strong declarative support and positive attitudes, there
is an urgent need to enhance practical, methodology-
driven training in intercultural pedagogy within
degree programs and ongoing professional
development (Banks, 2021; Gay, 2020).

DIDACTIC TECHNOLOGIES,
CONSTRUCTIVISM, AND INTERACTIVE
APPROACHES

Pedagogical work in multicultural settings
requires methodological solutions tailored to the
diverse capabilities of learners (Buzov, 2008). In
educational literature,  "pedagogical = work™
encompasses a coordinated system of actions that
aligns closely with the concept of "educational
technology" (Damyanova, 2009).

Distinguishing  Between
Technology

In pedagogical theory, a method is defined as a
sequence of actions designed to achieve a specific
instructional goal, whereas a technology represents a
structured, evidence-based system of methods,
techniques, and tools designed to systematically
ensure educational quality (Damyanova, 2009;
Daskalova, 2007).

Unlike rigid rules, educational technologies
allow for flexible adaptation based on social and
pedagogical contexts (Daskalova, 2007). Educational
modernization and innovative practices constitute the
two main pathways toward achieving quality in
contemporary education. Specifically, two types of
innovative approaches are identified:

1. Modernizing Innovations: Focused on

refining and updating traditional methods.

Method and

2. Transformative Innovations: Aimed at
restructuring the learning process to be
inquiry-driven and exploratory, empowering
students to construct new knowledge and
value orientations autonomously
(Daskalova, 2007).

The Constructivist Paradigm in Intercultural
Learning

Intercultural interaction relies heavily on
constructivism as a contemporary educational
paradigm (Damyanova, 2009). According to
constructivist theory, learning is not the passive
accumulation of transmitted information, but an active

High
Low

process wherein individuals construct internal
representations of reality by linking new experiences
to prior knowledge.

Constructivist design conceptualizes learning as
inherently social:

e Students learn as effectively from their peers
as they do from the instructor (Damyanova,

2009).

e Teamwork reduces social and ethnic
isolation, building "responsible
communication” and tolerance toward
difference.

e Dynamic role rotation within teams fosters
socialization and prosocial behavior patterns
(Voenkinova & Kolev, 2004).

GROUP DYNAMICS AND PRINCIPLES OF
COLLABORATIVE LEARNING

In intercultural settings, group-based learning is
methodologically optimal (Kegan & Lahey, 2001).
Group members experience positive interdependence,
which accelerates the acquisition of essential social
skills.

Principles of Cooperative Learning

Effective group work rests upon four core
principles (Kegan & Lahey, 2001; Gyurova et al.,
2006):

1. Parallel Interaction: Facilitating multi-
directional, polyphonic communication
among students rather than relying solely on
teacher-led discourse.

2. Individual Accountability: Ensuring that
each team member is responsible for a
specific component of the shared task.

3. Constructive Interdependence: Structuring
tasks such that group success depends on the
contribution and progress of every
individual.

4. Equal Participation: Distributing roles and
tasks according to individual capabilities and
growth potential.

Socio-Psychological Dimensions of Group
Processes

A learning group is not merely an assembly of
individuals, but an emotional and communicative
community (Voenkinova & Kolev, 2004). Cohesion
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among students from diverse ethno-cultural Language Competence as an Integrative

backgrounds develops through joint activity and
shared value alignment.

Behavioral change within group settings unfolds
across three main dimensions (Radev, 2007):

e Compliance (Agreement): Mutual influence
and testing of new, tolerant behavior
patterns.

e ldentification: The empathetic capacity to
view scenarios from a peer's perspective.

e Internalization: The long-term adoption of
cooperative social models that persist
beyond the classroom environment.

The transformative application of interactive
methods (discussions, case studies, role-playing,
brainstorming, project work) fosters dialogue,
cognitive engagement, autonomy, and systematic
reflection (Kashlev, 2004).

EDUCATIONAL  QUALITY, SOCIAL
INDICATORS, AND LANGUAGE POLICY

Under conditions of globalization and European
integration, educational quality serves as a primary
indicator of social and cultural cohesion (Daskalova,
2007; Leask, 2022). Quality is a measurable category
encompassing social, pedagogical, and economic
parameters.

Social Indicators and System Monitoring

Pedagogical quality is evaluated through
diagnostic indicators (social indicators) that facilitate
system monitoring (Daskalova, 2007). These
indicators reflect ethno-sociolinguistic characteristics,
cultural status, and individual socialization, helping
align formal organizational structures with informal
group dynamics. Minimizing discrepancies between
official rules and personal peer preferences yields a
healthier socio-psychological climate.
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HECTAIIMOHAPHBIE KOJIEBAHUSA ITIOPUCTO-YIIPYT'OI'O ITOJYITPOCTPAHCTBA C
KECTKHUM INAPOM

Annomauyun: B pabome paccmampugaemcsi 3a0a4a 0 HECMAYUOHAPHLIX KONEOAHUSX NOPUCMO-YNPY2020
NOYNPOCMPAHCIMGA, HACLIYEHHO20 IHCUOKOCMbIO ¢  AOCOMOMHO JicecmKum wapom. H3yuenvl nonepeunvie
KONebanus NOLYNPOCMpPAHCmMed NeCUanuKd, HaAcblenHO20 KePOCUHOM NPU HeCMAYUOHAPHOM 8PAUYEHUL HCECMKOU
chepvl 6oKpye ocu, nepneHOUKYIAPHOU NIOCKOU epanuye NOoaynpoCmMpancmea u Npoxoosujell yepe3 ee YeHmp.
IIposedenvl paznuunvie napamempuieckue Uccie008anus 6 OKPECmHOCMU JceCmKol cghepbl U HA NOBEPXHOCMU ee.
Pesynomamol uccreooséanus mozym 0Oblimb UCNONB306AHbI 8 00IACMU 2€0QPU3UKY, CEUCMONOSUU U HPOEKMHBIX
OpeaHU3aAYULL NPU CIMPOUMENbCINEE COOPYHCEHULL, A MAKICE NPU NPOEKMUPOBAHUL NOO3EMHbBIX Pe3ep8yapos.

Knroueevle cnosa. necmayuoumapHoe epaujeHue, dHcecmrkas cqhepa, HanpsdiceHue, cmeujerue, NOIUHOMbL
Tecenbayspa, npeobpasosanue Jlannaca, eviuemsl, HeCmMayUOHAPHoOe KolebaHue, NOpUcmo-ynpyadas cpeod.

1. Beenennue.

MaremaTtnueckoe MOJZIETIMPOBAaHUE u
uccie0BaHue MIPOLIECCOB HEeCTaIllMOHAPHBIX
KoJieOaHWH  CIUIOMIHBIX  Cpell C  pa3lIn4HBbIMU

HEOJTHOPOAHOCTSAMHU (000JI0YKa, MOJIOCTh, YKECTKHUI
map) HMMEIT  OONBIIOE  TEOPETHYECKOE U
MPaKTHYECKOE 3HAUYCHHE B TaKMX OOJIACTSX HAYKH H
TEXHHKH, KaK Teo(H3HKa, TeoJIOTHsI, celicMOpa3Beka
TIOJIE3HBIX HCKOIIaEMBIX, CeiCMOCTOMKOCTh
COOPY’KEHHH ¥ MHOTHE IPyrHe. AKTYyaIbHOCTD TaKHX
npobieM  00ycIIOBIEHA  pa3sBUTHEM  PA3IMYHBIX
o0acTeil TeXHUKH, CO3IaHIEM HOBBIX KOHCTPYKIIUH,
paboTarOLINX IPH ANHAMIYECKUX Harpy3Kax, a TaKKe
npobiemMamMu reo(u3nKH, ceiicmoutoruy,
razopa3BeiKH, HedTepa3BeaKH, JO0OBIBAIOIICH
IMPOMBINUICHHOCTH, CTPOUTCIILCTBA TPAXKIAHCKHUX H
IIPOMBIIIJIEHHBIX COOPYKEHUU.

B Hacrosimiee BpeMmsi cymiecTByeT OoJblIOe
KOJIMYECTBO  HAYYHBIX  pabOT,  MOCBSIIEHHBIX
HCCJIE0BAaHUIO PacpOCTpaHEeHUs! ¥ IU(PPAKIMN BOJITH
B cwomHbx cpeaax. B [1]  paccmorpeno
WCCJIEOBaHNE PAaCIpOCTPAHEHUSI BOJH CHCTEME M3
TOJICTOCTCHHOW YHpyroi cdeprueckordr 000I0UKH,
3alI0JJHEHHOW HAEaJbHOUW >KMIKOCTBIO W YHpPYrou
cpensl. JIBMXKEHHS YIPYrod cpeabl M OOOIOYKH
ONMCHIBAETCS YPaBHEHUSIMU TEOPUM  JIMHEWHOH
YIPYTOCTH, a IUHEHHAs TEOpUS UICATbHON JKUJIKOCTH

UCHONIb30BaHA  JUIA  CKUMAeMbIX  JKHUIKOCTEN.
PaccMOTpeHsb! [PUMEPBI ISt PasJIMYHBIX
MaTepUabHbIX M TEOMETPUYECKUX KOHQUTypaIuii
Opv  BO3AEHCTBUM  HCTOYHUKOB  BO3OYXKICHUS
pa3IMYHOrO  TpoHcXoXknaeHus. B pabore [2]

paccMOTpeH METOJ, Ha OCHOBE BapUallMOHHOIO
HNOJAXOAa JUIS HCCIEAOBAaHUS JAUCHEPCHM BOJH B
AQHM30TPOIHBIX IBYKPUBOJIMHEHHBIX HAHOOOOJIOUKAX.
BBenena HoBas Teopus aedoOpManMy CIOBHTa IS
U3y4EHHUS HaHOOOOJIOYEK. VYpaBHeHus
JIBYKPHBOJIMHEHHBIX HAaHOOOOJIOUEK ONpPENEIICHBI U3
OpUHIUNA ['aMHIBTOHA M pEIIEHHs MX HOJIY4EHBI
aHAJIMTHYECKMM MeTonoM. PaGora [3] mocBsiieHa
M3Y4YCHUIO 3a[aul O AM(PAKLIUH HIHHIPHUECKOM
[IOIIEPEYHON CIBUIOBOM BOJIHBI B BSI3KOYNPYTOH
M30TPOITHOU cpelie co CHepHUUECKUM BKIIIOYEHHEM U
pelieHre  ee  MOCTPOCHO  aHaluTH4ecku. B
pajuaJbHOM  LIEHTpe LWIMHApA  PacHojOoXkKeHa
cepryeckasi HEOJHOPOJHOCTh. Pemienne uimercst B

BUAC  OCCKOHEYHOM  CyMMBI  HECOOCTBEHHBIX
UHTEIPajioB, KOTOPbIE OIPEACISIOTCS YUCICHHO. B
[4] w3yuena 3amadya o0 paccesHMM  IUIOCKOU
aKyCTPI‘IeCKOﬁ BOJIHBI CXaTusd B JXKHIAKOCTH OT
cepryeckoro MIOPOYIPYTOro BKJIFOUCHUSI.
BosHOBBIE TPOILECCHI B MOPOYIPYTOM BKIFOUYCHHH
OIKCBIBACTCA ypaBHEHHsAMH Teopun buo. B [5]
pacCMOTPEHO  HCCICAOBaHHE  HECTAIIMOHAPHBIX
MONIEPEYHBIX BOJHOBBIX IPOLIECCOB B NMPOCTPAHCTBE
MIOPUCTO-YIPYTOH CpeIbl CO CHEepUISCKO MOTOCTBIO.

Ha OCHOBE YHCIICHHBIX IKCIIEPUMEHTOB,
MPOBEJCHHBIX  JUISL  KacaTelbHbIX  Harpy3ok,
MIPUIOKEHHBIX K MMOBEPXHOCTH MOJIOCTH,
HCCIIeIOBAHbI HaIpsHKEHHO-1e(hOPMHUPOBAHHOE
COCTOSIHAE  IIOPUCTO-YIIPYroro IMpPOCTPAHCTBA B

OKPECTHOCTH c(HeprIecKOil MONOCTH.

B cratee [6] wu3yuaercs ocecMMMETpHYHAs
3aj1a4a pacupOCTPAHEHHUS HECTAMOHAPHBIX BOJH U3
cepuueckoil TONOCTH B IUIOCKOM aKyCTHYECKOM
cnoe. B npoctpancTBe n3obpakenuii Jlamnaca 3agada
CBOIUTCS K DCIICHUI0 OCCKOHEYHOr0 MATPHYHOTO
ypaBHEHHUsI, PEIICHUE KOTOPOrO CTPOHUTCS B BHJIE
OECKOHEYHOTrO psla MO IKCHOHEHTaM. YHCICeHHbIC
pe3yibTaThl IPEACTAaBICHbl B BUAE rpadHUKoB
W3MEHEHHsI JaBJICHUS BO BPEMEHH B OKPECTHOCTH
cepruvecKoil mosocTy.

B uccnenosanuu [7] paccmarpuBaercs 3amada o
B3aUMOJEHCTBUM IUIOCKOM YNPYroil BOJIHBI C ABYMs

chepuueckumMu HEOJIHOPOIHOCTAMMU B
HEOIrPAaHUYEHHOM  IIOPUCTOM  YHIpPYroW  Cpene,
HACBIIIEHHON JKUIKOCTBIO. IToBenenus
IOPOYIPYroro Marepuana OIUCBIBAETCS
ypaBHeHHssMA Teopun  buwo. s paspaboTku

AQHAIIMTHYCCKOTO PCIICHUsT B BHAC OCCKOHCUHBIX
pSIIOB  HMCIIONIb30BaHA TeOpeMa O CIOKCHUH IS
cheprueckux BOMHOBBIX (yHKiwid. [Tydnukarus [8]
MOCBSILIIEHA MCCIICJOBAHUIO BOJHOBBEIX IPOLIECCOB B
CHCTEME HACaNbHOW IKUAKOCTH H  YIPYroro
cepuueckoro cIos, PAacIOIOKEHHOTO B
0e3rpaHMYHOM aKyCTHYECKOM IPOCTPaHCTBE.
[lpoBemeHbl  YHCICHHBIC  WCCICAOBAHWMSA  JUIS
pa3IMYHBIX ~ HOPMAJIbHBIX  MPHIOKEHHBIX K
BHYTPCHHEIl MOBEPXHOCTH CJIOSI HArpy30K. B craTthe
[9] usyuena 3agaua 0 HeCTAlMOHAPHBIE TTOTIEPEYHBIE
KonebaHuss ympyroro chepuyeckoro cjos Mpu
JEeHCTBUH KacaTeIbHbIX cHI BHYTpEHHEi
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MOBEPXHOCTH  cJosA. HaiimeHsl  ¢GopMynbl [T
KOMIIOHCHT JJIA XapaKTCPUCTHUK HaIpsAXKCHO-
Je(OopMUPOBAHHOTO  COCTOSIHMSI ~ YIIPYTOTO  CIIOSL.
Crarbst [10] mocBsiiieHa HCCICAOBAHHIO 3aaYd O
pacmpoCTpaHEHHH  POCTPAHCTBEHHO-CHMMETPHY-
HBIX [OMEPEYHBIX CIBUTOBBIX BOJH B YIPYrOM
MPOCTPAHCTBE OT TOJICTOCTEHHOW C(epruecKoii
000J1049KH. HUcnonbp3yercs HHTErpaIbHOE
npeoOpazoBanue Jlamaca 1o Oe3pa3MepHOMY
BpemeHH. [lomydeHsl (opMysbl IS KOMIIOHEHT
BEKTOpa CMCELICHHsS W TCH30pa HampsHKeHHH B
IPOCTPaHCTBE. [Mepexon K OpHTHHAIAM
OCYIIECTBIISIETCS  C  HCIOJIL30BAaHUEM  TEOPHHU
BBIYETOB. [IpOBEeNEHBI UYHCIEHHBIE SKCIEPUMEHTHI.
OcecuMMeTpHYHAs 3ajaua 0 nudpakiun
HECTAIIMOHAPHBIX BOJH H3yYeHa B myOiukanuu [11].
B kadecTBe mpemnsTCTBHS BbIOpaH ~aOCOJIOTHO
JKECTKHH  HEMOMABIDKHBIH  Imap B YIPYroM
noJxynpocrpancTee. MccnenoBaHo — HampshKEHHO-
JeopMUPOBAHHOE COCTOSIHUE CPEAbl B OKPECTHOCTH
mapa. PacmpocTpaHeHHe HECTAllMOHAPHBIX BOJH
CIBHra OT C(EPHYECKOr0 BKIIIOUCHUS B YIPYTOM
nonynpoctpanctee B [12]. 3amaua cBemena K
pCIICHHI0 OECKOHEYHOH CHCTeMBI alre0pandecKux
YPaBHEHM, pELlIEHHE KOTOPOU Pa3bICKUBAETCSI B BUJIE
OECKOHEYHOTo psiia Mo SKCIoHeHTaM. [lomydeHs
(GopMyNBl 111 KOMIIOHEHT BEKTOpa CMELICHHS U
tTensopa Hanpspkenus. Crates [13] mocesimena
UCCJICJIOBAHMIO 3aJade O paCCesHUM IUIOCKHX
MONEPEUYHbIX BOJIH C(l)epI/I‘-ICCKI/IM BKIIFOYCHHUEM B
OcCKOHEUHOW TOpOyIpyroit cpene. Mcmons3yroTes
BOJIHOBBIC ypaBHEHHs CMEIICHUss Teopun buo,
pellieHHe KOTOPBIX HIIETCS B BHIC OCCKOHEYHOTO
psina cepuuecknx rapMOHHUK.

B pa6ore [14] npeacTaBieHbl aHATUTHYECKHE
peIICHHMS Tl TUHAMUYECKOTO OTKIIUKA 00/IeICHHOTO
TOHHENS B CJIO€ TPYHTA, MOKPHITOM KOMIIO3HTHOH
TOJIIIICH, npu BO3JEUCTBUU SH-BonH c
UCIIOJB30BAaHUEM METOJla KOMIIIEKCHBIX (YHKIIUH.
AHanu3 paccesHus YNPYI'HX BOJIH B KOMIIO3HTHOH
TOJILE MPEACTaBIsieT 0co0yl BaXXKHOCTh H3-3a
HaJlnuvsg TpaHul MEXAYy CJI0AMU TpPYHTA. Ha

MpUMEpax pPacueTOB AaHAIM3UPYETCs BIMSIHHE Ha
JTUHAMUYECKUN OTKIMK OOJENEeHHOTO TOHHENS B
HECKOJIbKUX THUTAX KOMITO3UTHBIX TOJIIII.

JanHas paboTa mOCBAIIEHa MaTeMaTHYECKOMY
MOJCIUPOBAHUIO M HU3YYCHHMIO  3aJaud O
HECTallMOHApHOM  KOJIEOaHHH  IOPHCTO-YIPYroro
MOJYIPOCTPAHCTBA, HACBHIIIEHHOTO XUAKOCTHIO MpHU
HECTALIMOHAPHOM BPAIICHUU a0COIIOTHO KECTKOTO

mapa. llens paboTer — pa3paboTKa aIropuT™M
pelIeHns 3a1a4i U UCCIIe0BaHNe HEeCTallMOHapHBIX
TIOTIEPEYHBIX BOJIHOBBIX MIPOLIECCOB pu

HECTaIlHOHAPHOM BpAIlCHWM JKECTKOTO IIapa B
HACBIIEHHOM ITOPHCTO-YIIPYTOM IIOJIyIIPOCTPAHCTBE.

2. ITocTaHoBKAa 3a1a4H.
IIycts B OTHOPOJAHOM JIMHEMHOM H30TPOIIHOM
HOPUCTO-YIIPYrOM —HostynpocTpaHcTBe z>0 Ha

roybune | ot miockoctn z=0 Ha ocu O,z (TOuKa
O, JNeXUT Ha TpPaHUIE MONYIPOCTPAHCTBA)
pacronoxeH HeHTp O abOCONIOTHO KECTKOTo Iapa
pamuyca d  (d <l). Bymem paccmatpuBaTh IBE
CHCTEMBI KOOpmWHAT: chepudeckyio (p,3,y) ¢
teHTpoMm B Touke O u mumuHapuueckyo (F,y,z2) ¢
Ha4yanoM B Touke O, .

B wnavaneHoM Momente T=0 BpemeHH
abCOIIIOTHO KECTKUI map MOJBEpPraeTcst
HECTAlMOHAPHOMY BpalieHHIo BOKpyr ocu O,z 1o
3aKOHY ®(r, 9) NpyU TIOJIHOM  CLEIUVICHUH C
OKpYXarolieu cpenoit

VwL:d =0(1,9) . 1)

C yuérom oceBOl CHMMETPHH 3a7a9H JBIDKEHIE
Cpenbl ONKCBHIBAETCS OTHOCHUTEIBHO HEHYJIEBOH
KOMITOHCHTBI BEKTOPHOI'O IMOTCHIIMAJIa Y BOJHOBBIM
YpaBHEHUEM

2. 2 ain?2
vip=Ap—¢/p’sin’ 9, )
rae A - omeparop Jlammaca B chepudeckoil ciucreme
koopauHat (p, 3,y ).

Pucynok 1. I'eomerpus 3agaun.
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IInockas rpaHuLa MOJIYIPOCTPAHCTBA SIBIISIETCA B mpoctpancTBe M300pakeHUE  pelcHHE

1100 KECTKOM CTEHKOMN

Vyl, o = 0, 3)
00 CBOOOTHOM MOBEPXHOCTHIO
O,y = 0. 4
HauanbHble ycioBUs — OJHOPOAHBIE
(Pr:() :(przo :0 (5)
" 3ajaya  3aMBIKACTCSI ¢ TpeboBaHHEeM
OrPaHUYCHHOCTH PEIICHHUS HAa OECKOHEYHOCTH
limp=0. (6)
p—>0
B orom cuywae ¢ynkmmn v,, V, u o,
B3aMMOCBSI3aHbI CIIEAYIOIINMH COOTHOIICHUSMU:
0
Vw:_q’+9, V,=Bv,. @
op p
_n-x (M Y .
W T @
2 \dp p
IocraHoBKa 3aJa4yn MPUBEICHA B CIEIYIOLIUX
Oe3pasMepHBIX ~ BeNMUYMHAX  (WITPUX  O3HAYAeT
0e3pa3MepHYIO BEIHYHHY)
v, t v v
p'ZBIT:Ly ,=%|V:_iiv\:,=_wl
d d d v, d
V c A
_ Vv Py _ _
Vo T d Opy = H B=—Ky, /Ky, Z‘ﬁ’
P
n=—, H=P+2Q+R, P=A+2N,
H
rae V,, V, - KOMIIOHEHTbl BEKTOPA CMEIIEHHs
CKeleTa W JKHAKOCTH COOTBETCTBEHHO, G -

PV
KOMIIOHCHT TCH30pa HAIIPSKCHUS AuN - yrpyrue

KOHCTAHTBI  CKCJICTA  CPCIbI; R - JaBJICHHUC,
IPUWIOKEHHOE K JKUIKOCTH, Q - BCIHMYHMHaA
CHCINJICHUA MCKIY TBEpABIMU u KUJKHUMU

KOMIIOHCHTaMH; K, - KOS(i)(I)I/IHI/IeHT ,HPIHaMPI‘-IeCKOﬁ

CBA3U MEXIAY TBEPABIMHA U )KUIKUMU KOMIIOHEHTaAMH,

ypaBHeHus (2) ¢ y4€TOM YCIIOBHS OrPaHHYEHHOCTH
(6) 3amiceiBaeM B BHIC:

o = +0;, (10)
ot = —%Z BE(S)K, 4 (PVS)C (c059),
n=1
L 5in91 O =L 3/2
¢, =~ \/p— zEn (S)Kn+1/2 (p,vs)C.5(cos By) -
1 n=1

3nece B(s) u ES(S) - mpousBoibHBIE
byukuu;  p;, 9, y, - JONOJNHUTENbHAs

cepuyeckas cucTeMa KOOPIUHAT, TOJTydeHHast mepe-
HocoM Bjonbk ocu O,z ueHtpa O wucxoiHo#H

cepudeckoii cuctemsl B Touky O,, CHUMMETPUUHYIO

Touke O oTHOcHTENBHO mIockocTu Z =0.

Hanee OrpaHUYUMCS 3a1ayeit 0
pacmpocTpaHeHuH  OT  cdepudeckoll  MOJOCTH
OCECHMMETPUYHBIX C/ABUTOBBIX BOJIH MPU HAIUYUH
KECTKOM cTeHkH (ycioBus (3)) wim mpH CBOOOIHOM
rpaHuIle MOIympocTpancTBa (ycmosust (4)).

VYuuThiBas CBI3b KOOpAMHAT P,3 U pl,Sl Ha
TpaHHUIE MOJTYIIPOCTPAHCTBA

plz:o = pllz:o ! 9|z:0 +91|z:0 =T, (11)

a Takke CBOWMCTBa MHOTOWICHOB I erenbayspa [16,
18]

32 _ n~32

Cn—l _X) - (_1) c -1

na(X) (12)

U3 TpaHu4HbBIX ycnoBuit (3), (4) momywaem CBs3b
mexy Gynkuusmu Bl (s) u Ef(s):
B (5) = +(-1)"E (s) . (13)
3nech W janee BEpXHHUH 3HAK COOTBETCTBYET
JKECTKON CTEHKE, a HW)KHUH — CBOOOTHOW TpaHuUIle
MOJYIPOCTPAHCTBA.
Teneps moacrasisis (13) B (10) u ucnonb3ys
Teopemy crnokenust [17] misn dymkmmit  Beccens
BTOpOro popa J,.,,(X), a Takke BBIPGKEHHs 3THX

K,, - O0dQexkTHBHas Macca JKMIKOCTH IIpu eé ¢byHkuuit gyepes anementapubie [18], mpencrasmsiem
OTHOCHTENBHOM — JBHKSHHH; V, -  CKOPOCTh n300pakeHHe MOoTEHIInala B BUJE CICIYIOIIEro psijia:
pacrpocTpaHeHHs MONIEPEYHBIX BOIH B cpeae (HIKe (pL =—sin SZ(PE (p,s)Cf/j(cos 9), (14)
Be3le IITPUX B OOO3HAYEHHUAX Oe3pa3MepHBIX n=1
BEJIMYMH OITYILIEH). rae
1
L _ —rvs
3. Meroa peurenusi. ¢, (p.s)= —pM (vs)" [Rno (pvs)E,(s)e ™ +
Hauansno-kpaeBas 3amaua (1)-(6) perraercs ¢
IIPUMECHCHUEM HHTErpajibHOI'O II 606 a30BaHUA - —2lv:
P p beobp W, (pvs)Y U, (S)E (s)e™™ |, (15)
Jlarutaca 1Mo BpeMEHM T M METOJOM HEIOJIHOIO )
pasnernenuss mepemenubix [15]. B mpoctpamcTBe _
~ L L L Wn[) (S) = RnO (_S)es - RnO (S)e ° H
M300p@KEHUH NOTEHUMAT @, KOMIIOHEHTBI V, , V,
+(-)°(2n+1) & R,,(2lvs
BEKTOPA CMEUICHHA M G, TCH30pa HATPAKCHHS U, (s) =M ey Lﬂ)
2n(n+1) o=lp| (2lvs)°
NpPEeACTaBUM B BHAE OECKOHEYHBIX pSAIOB 10 (ot
nommmomam 'eren6ayspa C¥2(cos9) [16, 18]. rae by - koaduumentr Knebua-I'opnona [17].
L]
Philadelphia, USA 59 .¢ Clarivate

Ana lytics indexed



ISRA (India)  =6.317 SIS(USA)  =0912 ICV (Poland) =6.630
. ISI (Dubai, UAE) = 1.582  PHHII (Russia) =0.191  PIF (India) =1.940
Impact Factor: ¢ (australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =6.004  OAJI (USA) = 0.350

Amnanornyno (14), u300pakeHUs MEpEMEIIEHIE Pemenne  wmartpuynoro  ypasuenus  (20)

L
v !
packyiazpIBasg B psAAbl 10 nonuHoMam [erenbayapa,
HPUXOAUM CJICIYIOIIUM BBIPKSHUSIM U TPAHUIHOMY
YCIIOBUIO OTHOCHUTEIBHO KO3((UIINEHTOB PSJIOB!

L a(Prl? (P:; [ {a\/\bn _E]

L L
V,, HAaUpsJKEHUE G, W 33/aHHyl0 (yHKuMio O

Vo, =—t+-" o =5

e p ™M 2o p
(16)
Vinl,, =©5(9). 17

Hanee, ¢ yaérom (15) u3 hopmyn (16) HpI/IXO,Z[I/IM
K CIEIYIOMHUM BBIPOKEHUSAM KO3(QQHUINEHTOB VW ,

L

G gyn .
V= [Ralpvo, ()™ +
W (pvs)U,(s)],  (18)
(m—xs™ s
Spon :W[Rm (pvs)E, (s)e™ +
+W,, (pvs)U,, (9)], 19)
an (S) = an (_S)es - an (S)ei’5 y m= 31_4 '
R:(s)=R;(s)—2R ,(s),
Rn4 (S) = an (S) - Rno (S) '
S —2lvs
U, (s)= Z;‘Unp (S)E, (s)e ™™
p=!
3neck R, (S) - NHONMHOMEI IapaMmerpa S,
k=0-2 [5, 8].
[Moxcrasnsast (18) B rpanmunoe ycmosue (17),
NONyduM  OCCKOHEYHYI0  CHCTEMY  JIMHEHWHBIX
anreOpanyecKux ypaBHEHHI OTHOCHTEIILHO

HensBecTHbIX GyHKuMil E (S), KOTOpYIO 3amuuiem B

BUIC ManI/I'-IHOFO ypaBHeHI/UI:
N(S)E(s)t? + GP (S)E(S)y +

+GP (S)E(S)Y’ =O(s)t,  (20)
y=e2", t=e"".
3nece N(S) - OeckoHeuHas qUarOHAIbHAS
Mmatpura ¢ anemeHtamu N, (S); GO (s)

=12);
O(S) - OeCKOHEUHBIIT BEKTOP-CTOJIOEII C 3TIEMEHTaMK
©,(s); E(s)

cronGen ¢ komnonentamu E; (S), a dyukuun N, ()

6eckonednbie Marpuibl dnementoB G (s) (I
- OCCKOHEYHBI HEM3BECTHBI BEKTOP-

, Gn(:)) (s) u ©,(S) B3aBUCHMOCTH OT THIIA TPAHUYHBIX
YCIIOBHH Ha BKJIOUEHHH UMEIOT BHI
N,(s)=R(dvs), ©,(s)=-d"?(vs)"®:(s),
W (e} —
G,y (8) =N, (=s)U,,(s),
Gy (8) =N, (s)U,,(s).

pa3bICKMBacM B BHJC OECKOHEYHOIO pdga 1o
OKCIIOHCHTaAM

Es)= Y e, (9)y't ",

i.j=0

(21)

e e;(s) OeCKOHEUHBIE BEKTOPHI-CTOJIONBI C
snementamu e (s) .

Moacrasnsas psax (21) B ypaBHenue (20) m
npupaBHUBas KOI(QGHUIMEHTHI JIeBOW W  IPaBoOii
9qacTell IPH OJMHAKOBBIX CTCICHSX IIEPEMCHHBIX Y U

t (psm B mpaBoil 9acTU COJEPKUT TOJBKO OJWH
HEHYJICBOH WICH), MOJydacM PEKYPPEHTHYIO CUCTEMY
ei(jn) () m

COOTBCTCTBY}OH.[I/IC Ha4vYaJIbHBIC yCHOBI/Iﬂ K HUM
el” (s) = Zunp (s)e®).1(s) -

N(s)
N,(s) %

& (s) = ZUnp (9)e{%0(s).

e(“)(s)=0 (i>0),
e} (s)=0, (i=1),

€ (8) =0, (s)/N,(s) .

OTH COOTHOIIECHHMS MO3BOJISIOT ONPEEIIUTH BCE
HCKOMBIE  W300pakeHWss  0e3  MCIOIB30BaHUSA
penykimuu  OECKOHEYHOH CHCTEMBI YpaBHEHHU.
AHanu3 peKyppeHTHBIX COOTHOILICHUH IOKa3bIBAcT,
YTO W300paXKeHHs €CThb palUOHAJIbHbIC (QYHKIUU
mapaMeTpa npeoOpa3zoBanusa Jlammaca S, KOTOPBIi
JaeT BO3MOXXHOCTh BBIYMCIATH WX OPUTHHAIBL, a

YpaBHEHHH OTHOCHTENIFHO (QYHKIMH

ZUnP(S)el(pl)J l(s) ' (I 21, jZl),

(iz1),

(22)

CIIEZIOBATENIFHO, W OPHUTHHANBl  KOA((HUIMEHTOB
NepeMenieHls] U HANpsDKEHUS B CpPele C ITOMOLIBIO
BBIYETOB M3 TEOpHUH (QYHKIMH  KOMIUICKCHBIX

nepeMeHHbIX [19].

OxoH4aTebHbIe (OPMYJIBI Ui U300paKeHUI
k03¢ (ULKEHTOB PsAAOB 1O MojuHOMaM [ erenbayspa
UCKOMBIX GyHKumit cneayrot u3 (18) u (19):

0

> [Ralpve)el” (s)t° +

1
Ve (p,S)=————
yn (p ) pn+2 (VS)n =

+Wn3(PVS)ZUnp (s)e;” (S)Y} y'tT, (29)

0

Y [Rulpvs)el (s)t° +

i,j=0

m-ps™

2 n+3 n+2

G (P,S) =

(p) ig—j-1
+Wn4(pVS)ZUnp (s)e” (s)y } y't
p=1
C  1noMOIIBIO  BBIYETOB  ONPENEISIFOTCS
opurdHaibel nociaeaHux ¢opmyn [19], koTopeie ¢
psnamu  noauHOMOB  ['ereHbOayspa  1O3BOJISIOT
TIOJIyYNTH OCHOBHBIE PELICHUS 3aa4.
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4. YucjieHHbIE pe3yJabTaThl H CPABHEHUA. PCSyHLTaTLI YUCJIICHHBIX OKCIICPUMECHTOB

st npuMepa paccMarpuBaeTcs
HECTallMOHApHOe  KoyiebaHWe  IOJIYIPOCTPAHCTBA
[IECYaHHUKA,  HACBIIICHHOIO  KEPOCUHOM  IIpU
HECTallMOHAPHOM  BPALEHUM  JKECTKOro  wiapa.
IlapameTpsl IeCYaHUKa, HACBIILEHHOIO KEPOCHHOM

3a/1aHbl c BEJIMYMHAMU A=4.026-10°TIa ,
N =2.493-10°TIa, R=0.672-10%Ta ,
Q=0.295-10°Ta, B,=0.26, p, =2.6-10°xe/s®,
p, =0.82-10° ke/ m® p,, =—0.0019-10° 2/ »*
KOTOPOMY COOTBETCTBYET ClIeAyroLHe Oe3pa3zmepHbIe
Bemunne: 3 =0.0088331, y=1, n=0.8772,
% =0.392 . Llentp sxecTkoi cdepbl pacmonokeH Ha

paccTosiHuu h=15, IJI0CKas rpaHuLa
MOJYIPOCTPAHCTBA — CBOOOHAS MOBEpXHOCTH (4).
AOCONIOTHO KecTKas cdepa BpamaeTcs BOKPYT OCH
0,z no 3akoHy O(t,8)=1e"H(t) mpu noaHom
CIICIUICHUH C OKpyaromiei cpemoit, rme H(t) -
dhyHKIIS XeBUcana.

MpEaACTaBJICHBL B BHIC Fpa(l)I/IKOB U3MCHCHHUA

KOMIIOHCHT GPW’ O, TCH30pa HaIIPsKCHUS M V\Il

nepeMelieHuss 1o 0Oe3pazMepHOMY BpEMEHH T .
YuciioBble pe3ynbTaTbl IMOJYYEHBl C YYETOM CEMH
YWICHOB PsIJIOB IO MosIMHOMaM [ eren6ayapa.
I'padukn, npuBeneHHele Ha  puc. 2,
JEMOHCTPUPYIOT H3MEHEHHE KOMIIOHEHTHl O

Wy

py
HalpsDKEeHHsT B Toukax cpemsl: p=1, 9=m/2

(xpuBas 1), p=1.2, 3=mn/2 (xpuBas 2) u p=1.4,
9 =n/2 (xpusas 3). Ha puc. 3 moCTPOEHBI KPUBBIE,

XapaKTePU3YIOLINE W3MCHCHHSI KOMIIOHCHTHI Gy,

HaMpsHKEHHS 110 BPEMEHH B Pa3iMYHBIX TOYKaX
oKkpyxaromieit cpempl: p=1, 3=m/4 (xpuBas 1),
p=12, 9=n/4 (xpuBas 2) u p=1.4, 9=n/4
(xpuBast 3).

PﬂcyHOK 2. I3MeHeHHs TAHT€HIIHAJILHOTO Gy HaNpsAKeHUSA 110 BPEMEHHA.
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Pucynox 4. Wi3smeHeHue nepemMelennst V, M0 BpeMeHH.

Puc. 4 nmokaspiBaeT TpaduKH HM3MEHEHHSA
KOMIIOHCHTBl ~ V,  TCPEMCIICHHs B TOYKax

nonynpoctpanctea: p=1, $=m/4 (kpuBas 1),
p=12, 9=n/4 (xpuBas 2) u p=14, 9=m/4
(xkpuBas 3).

5. 3akiaouenue.

B ,Z[aHHOﬁ pa60Te MBI I/I3y‘-IaJ'II/I HeCTaHI/IOHapHLIe
KoJIeOaHHsI TOPUCTO-YIPYroro IOJIyIPOCTPAHCTBA,
HACBINICHHOTI'O KUAKOCTBHO C a6COJHOTHO JKECTKUM
HIapOM. MLI pemam/l COOTBGTCTByIOH.[yIO Ha4dYaJIbHO-
KpaeByl0 3ajadyy U MCCIEAOBAIM HECTALIMOHAPHBIN
BOJIHOBOM MPOLECC B HACBILEHHOM >KUIKOCTHIO
TIOPUCTO-YIIPYTOM TOJTYTIPOCTPAHCTBE.

B YaCTHOCTH, HaIIM BBIBOJBI
CIIEIYIOLIEMY:

CBOIOATCA K

- pa3paboTaH aNropuTM peIICHHsS 3aJadl o
HECTallIOHApHOM  KOJICOAaHWH  MOPHUCTO-YIPYroOro
MOJTYIIPOCTPAHCTBA, HACBHIILEHHOTO YXKUAKOCTBIO TPH
BpAIeHUH a0COIIOTHO JKECTKOTO IIapa.

- HalileHbl TOYHbIE (OPMYIBI Ul KOMIIOHEHT
CMEILEHUS U TeH30pa HAIPSDKCHUH.

- IIOJIyYeHBl YHMCJICHHBIE PE3YJIbTAThl, KOTOPHIE
npejacTaBieHsl B Buae rpadukoB. ['paduku
MOKa3bIBAIOT, YTO C MPUXOJOM BOJIHBI IOSIBIISIETCS
ckauok. C yBJIEYEHHEM PACCTOSHHS YMEHBIIAIOTCS
CKauKH.

PesynpraTel  mccnenoBaHMS — MOTYT — OBITh
HCHOIb30BAHBI ISt MIPOEKTUPOBAHUS pu
CTPOUTENBCTBE  COOPY)KEHHH, a TaKkke IpH

CTPOUTCIILCTBC NOA3EMHBIX PE3CPBYAPOB.
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THE COGNITIVE MODEL OF DEVELOPMENT SYMPTOMS OF
PARKINSON'S DISEASE

Abstract: A cognitive model of the development of symptoms of Parkinson's disease in people with anxiety has
been developed. The initial data on the manifestations of symptoms of 9 diseases are taken from the verbal model
from the report!. Sense and numerical variables and restrictions have been introduced in the form of strict
inequalities: 2*0221<0211, 2*C231<0211, 2*0241<CZ:|_1, 2*0251< 0211, 2*0251<0211, 2*C271<0211, 2%Cg < 0211, 2*0291< 0211.
These constraints were successfully used to solve the Optimization Problem. Verbal values of y-variables were
determined, representing extracted tacit knowledge about disease symptoms. Based on the initial 9 z-events, the
model determined (learned) the values of 9 y-events, independent in meaning. The new y-events received a substantive
and quantitative justification as a set of diseases. The meanings of these y-variables were found, which are extracted
hidden knowledge about the symptoms of diseases. Subsets from the original 9 z-events Using 9 subsets, the model
added (learned) the meanings of 9 y-events that were independent in meaning. New y-events are meaningfully and
guantitatively substantiated as sets of diseases. Manifestations of y-events are model-implemented, their formulaic
and phraseological representations are justified, and the mutual dynamics of the curves are visualized in graphs and
correspond to the expected. New 9 formulas were calculated, where each y-disease formula has z-symptoms of several
z-diseases. For y-diseases, it is necessary to develop your own set of drugs that treat only these z-diseases and
Parkinson’s disease and do not affect the other bunch of z-diseases from the other y-disease (out of 9 model
independent y-diseases). This original idea requires practical implementation in medical and pharmaceutical
projects. The variables introduced into the model are endowed with mathematical and statistical properties, and the
parameters are constant. They are modeled in the Optimization Problem and depend on the number of variables and
on the indicator value ¢11=0.53. Both uncorrelated (y-) and correlated (z-) variability are multiplied by their
“weights” - the strength of the factor manifestation. Interesting knowledge was gained after visualization. The most
meaningful (the dispersion of the semantic variable disp(y1)=3.000 immeasurably exceeds the dispersion of each
other semantic variable) is sense(yi). The semantic equation meaning(y:)=meaning(z1)*0.5300+meaning(z2)*(-
0.1835) has a solution meaning(y1), depending on 2 known meanings meaning(z:, meaning(zz), phrases which are
given above in the source data of the model. Summarizing the meanings of 3 phrases and confirming 3 phrases with
semantic and numerical data relating to their semantic equation meaning(yi)=meaning(z1)*0.5300+meaning(z2)*(-
0,1835).The meaning was found (y1)=‘“random manifestation (with variability disp(y1)=3.000) of symptoms of
Parkinson’s disease in people “with anxiety” (with strength c*1=0.5300)? give non-random (due to the medical
treatment measures taken within project}) random manifestation of decreasing symptoms of depression” (with
strength ¢?,;=(-0.1835)?). The result of the project is the manifestation of decreasing symptoms of depression” in
people (with strength c?=(-0.1835)?) numerically evaluates the project, and our cognitive model extracted hidden
knowledge from the original data. Original solutions when formalizing the symptoms of diseases require practical
implementation in medical and pharmaceutical projects. Visualization of the mutual dynamics of curves (representing
variability values for z- and y-variables from matrices Zmg and Ymg) regarding "weights" (derived from Cgg).
Visualizing the z- and y-variability values in a model comprising 9 z-variables and 9 y-variables revealed distinct
dynamics in the modeled values of unmeasured indicators representing disease symptom manifestations. Each new
y-event (manifestation of the y-disease) is substantiated both quantitatively and conceptually. The informational
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manifestations of these events have been numerically implemented and justified, with their formulaic, verbal, and
visual representations displayed in the graphs.

Key words: multisense equation with known and unknown semantic variables, symptoms of Parkinson's disease,
semantic formula of the disease.
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UH®OPMAIMOHHAS 1 KOTHUTUBHBIN YPOBHU OITUCAHUSI CUMIITOMOB BOJIE3HA
IMAPKMHCOHA

Annomayusn: Paszpabomana KoSHUMUBHASE MOOeNb PA3GUMUsL CUMnmMoMo8 6onesnu I[lapxkuncona y moodet,
cmpaoarowux mpesoicHocmoo. Hcxoonvle OanHble O NPOAGNEHUAX CUMNMOMO8 9 3abonesanuli ObLiU 63AMbl U3
Cr06ecHoll MoOenu, npedcmaesneHHoll 6 omyemer. Boiiu 66e0enbl CMbICIO6bIE U YUCTOEbIE NepeMentble, 4 MAKIHCE
o2panuyenus 6 hopme cmpozux HepaseHcme 2%c?1<C?y, 2*C%31<C%yi, 2*C%1<C?1, 2*C%;< C?%1, 2*C%1<C%,
2%C%1<C?11, 2%Cp<C?11, 2*C%01<C%11. Omu ozpanuuenus ObIIU YCHEUWHO UCHOAL306AHLL NPU  PeUleHUU
Onmumusayuonnou 3aoauu. Boiiu onpedenenvl crogecHvle 3naueHus Y-nepemMeHHulx, npeocmasisiiouue cooou
U36/IEYEHHbIE CKpbLMble 3HAHUSL O CUMnmoMax 3aboreeanuil. Ha ocnose ucxoonwix oegamu z-cobvblmuii Mooers
onpeodenuna (HAy4uIach) 3HaYeHus 0essimu y-cooblmutl, He3asucumvlx no cmiciy. Hoevle y-cobvimus nomyuunu
cooepaicamenbHoe U Koaudecmaennoe 000CHO8a e KaK COOKynHocmu 3abonesanuil. Peanuzosano modenuposanue
nposieneHUll Y-coobimuil, 000CHOBAHO UX NPEOCmAasieHue 6 uoe opmyn u Gpas, a 63auMHas OUHAMUKA KPUBLIX
BU3YATUZUPOBAHA HA 2PAPUKAX U COOMEEmMCcmeEyem odcudaemvim pesyrvmamam. Boiiu paccuumansvt 9 Hosbix
Gdopmyn, 6 KOMOpbIX KaAxHcOas @opmyna «y-3a001e8aHUSA) GKIHOUAEeNm CUMNMOMbL (Z-CUMAMOMbL) psod «z-
3abonesanuity. /s maxkux «y-3a001e8aHUIL» HEOOXOOUMO PA3PAbOMAMb CREYUATUUPOBAHHBLIL HADOP NPEnapamos,
6030€liCMBYIOWUX UCKIIOYUMENbHO HA coomeemcmeyouue «z-3aboneganusy u 6onesnv I[lapxkuncona, Ho He
3amMpasusarowux Spynnvl «z-3a001e8aHuly, XapaKmepHule 015 Opy2ux «y-3aboneganuily (uz uucia 9 mooenvHvix
He3aBUCUMbIX «Y-3a001e8aHully). Ima OopucuHaibHas udesi mpeOyem NPAKMUYECKOU peanru3ayuu 6 pamKax
MEOUYUHCKUX U  (papmayesmuyeckux npoexkmos. BeedeHvl cMblciosble, UUCLOBbIE NepeMeHHble, CUCHeMbl
CMBLCTIOBBIX YPABHEHULL ¢ CEMAHMUYECKUMU NEPEMEHHbIMU (8 6Ude (ppa3z, nepedarmux CMulcl z-, Y-nepemeHHbIX).
ocpanuyenus, Beedenvl cmpicnosvle, nepementvie. Beedenvl uuciogvie Kodsphuyuenmol-usmepumentt 6eAuYUH Cui
e3aumocesizell medxcoy nepemenuvimu. Hatioenvl (cmodenuposanvt) uucioevle 3HaueHUs: omrioHenutl om ()
6NPaso\e1e60 UMEHYUBOCMU Zik Z-NEPEMEHHBIX, YMHOICEHHBIX HA «8ecay ckj. Cymma npouszsedenuil zikck, k=1, ..., 9,
obpazyem HO8YI0 y-nepemenHylo, npu j=I,..., 9 y-nepemenuvie 006pa3VIOM HEKOPPEIUPOBAHHOE MHONCECEBO.
Haiioenvl cmviciu y-nepemennvix (PagHblX cymme COOMBEMCMEYIOUWUX CMbICIO08 Z-NEePEMEHHbIX), AGNAIOUUXC
UBGNCUEHHBIMU 3HAHUAMU 00 Z-CUMNMOMAX Y-HOBLIX CUMRMOMAX passumus 6onesnu Ilapkuncona. Paspabomana
cucmema u3 9 MHO20CMbLCIO8bIX ypagHenutl ¢ 18 cemanmuyeckumu nepemeHHviMu: CMbLCA(V1), ..., CMBLCA(Y9),
CMBICA(ZY), ...,cMblCI(zg). Ppasel 9 cemanmuyecKux nepemeHHvlX (peuieHutl) cyms 3Hauus (Hosble U38ieueHHble),
VPAGHEHUSI NO3HAIOM CMbICAU, NAPHbIe YUCLOGble CES3U, CUNbL NPOSIGICHUL CeMAHMUYECKUX NePEeMEHHDBIX.
Busyanuzayus 63aumHbix OUHAMUK KPUBLIX (3HAYEHUI USMEHYUBOCTElL Z-, Y-NepeMeHHbIX U3 Mampuly Zmg,Y mg) 3SHaHULL
o «secaxy (uz Cog). Busyanuzayus snavwenuii z-, Y-usmenuugocmeil 6 mooenu ¢ 9 z-nepemennvinu, 9 y-nepemennvimu
HOKA3471a paszHble OUHAMUKU MOOETbHbIX 3HAYEHUL HeusMepsieMblX noKazameell NposileHull CUMRIMOMO8 OOe3HU.
Kaorcooe nosoe y-cobvimue (nposienenue y-60ae3Hu) KOTUUECMEEHHO U RO CMbICAAM 000cH08aH0. MnpopmayuoHubie
nposiNeHUss  COObIMULl  YUCIEHHO Peanu308anbl, 0OO0CHO8AHbL, a UX @QOpMyIbHOE, (hpaszeonocuiecKoe,
BU3YATUZUPOBAHHOE GUObL 0MOOpadcenvl Ha epagurax. Onucanusi NnoeOeHUli KpPUBbIX COOMBEMCMBYIOM
oacuoaemomy. Beedennvie 6 modenv nepemennvie HAOENEHbLl MAMEMAMUYECKUMY U  CIMAMUCIIUYECKUMU
ceolicmeamu, a napamempuvl nocmosuuvl. Onu cmoodenuposanvt 6 OnmumuzayuonHou 3adaye u 3aeucim om
KONUYECm8 nepemMenHbix u om 3Hauenuil 3-x unouxamopog. Kax nexoppenuposanuwvie (y-), max KOppeiuposanHvie
(z-) usmenuusocmu ymuoscaromes Ha ceou «gecay - cunvl nposasienus gaxmopa. Ionyuenvl unHmepecHvie 3HAHU,
suoumvle nocie guzyanusayuu. Camvim uHGOPMAMUSHLIM (OUChEPCUsL CMBICI0601L nepemeHnHoll ¢ oucnepcuet 3.000
HeusMepumo npegocxooum OUCHEPCUI0 KaxicOoU Opy20ll YUCT080l nepemerHol) asnsemcs cmbici(yy). Cmuiciogoe
ypasnenue cmuici(yr)=cmoica(z1*0,5300+cmobicn(z2)*(-0,1835) umeem pewenue cmwica(yi), sasuciwee om 2-x
UB6ECMHBIX CMBICTIO8 CMbICA(Z1), CMbICA(Z2), (Ppasbl KOMOPbIX NPUBCOCHbI BbIUE 6 UCXOOHLIX OAHHBIX MOOEU.
Cymmupys cmoicavl 3-x @paz u noomeepxcoas 3 ¢pasvl CMbICIOGLIMU U YUCTOBLIMU OAHHLIMU, OMHOCAUUMU K UX
cMblenosomy ypasHenuto cmulea(yy)=cmbici(zi) ¥0,5300+cmoien(z2)*(-0,1835). Hatiden cmwvici(yr) =««cayuatinoe
nposenenue (¢ usmenyusocmoio disp(y1)=3.000) cumnmomos 6one3nu Illapkurcona y 10oetl «C mpegodcHOCmvio» (¢
cunoii  c%11=0,5300)? Oarom mecnyuaiinoe (obycnosnennoe npPOOCIAHHLIMU  MEOUYUHCKUMU  JEHEeOHbIMU
MEPONPUAIMUAMU 6 PAMKAX NPOEKmMAY) cayuatinoe nposeienue yobleaiouux CUMRIMOMO8 denpeccuuy (¢ cunoti ¢’ =(-
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0,1835)?) Pesynvmam npoexma - nposienenue yovleauux CUMnmomos denpeccuuy y mooet (¢ cunoti c> =(-0,1835)?)
Yucne) YUCIeHHO OYeHusdaem NPOeKm, d HAWA KOSHUMUBHAS MOOELb U36ILEeKLA CKPbIMble 3HAHUS U3 UCXOOHbIX
Oannvix. OpucuHaibHble pewlenuss npu  QOpMAIU3ayUY  CUMNIMOMO8 bonesnell mpebyiom npaKmudecko2o
BONLOWEHUSL 8 MEOUYUHCKUX, (DAPMAYCEMUUECKUX NPOCKMAX.

Knrouesble cnosa: MmHO20CMbICI080€ YPAGHEHUE C U3BCCMHbIMU U HEUSBECIMHBIMU CEMAHMUECKUMU

nepemMerHnHbiMU, CUMNNOoMbl bonesnu HapKuHCOHa, cMmblcloeast (ﬁopMyﬂa bonesnu.

Beenenne

MenunpopmaTika — 3TO NPUKIAIHAS MEIUKO-
TeXHWYECKas HayKa, SBIAIOIIAACA Ppe3yJbTaToM
MEPEKPECTHOTO  B3aUMOJAEHCTBUSI MEIUIMHBI U
MHPOPMATUKU: MEIUIMHA IIOCTaBISET KOMILIEKC
3aa4 W METOAbI, a WH(pOpMaThka obecreduBacT
YHUCIIOBBIE CpeaCcTBa-PUEMBI B €INHOM
METOJIMYECKOM IIOXOJIe, OCHOBAaHHOM Ha CHCTEME
3a7a9a—MOJICTU-METOIbl.  MeIUIMHCKUN  yPOBEHb
ornucanust Oone3nn  IlapkuHCOHA  pa3BUBaeTCA
YCIIEIIHO, a MH()OPMALMOHHOMY M KOTHHUTHBHOMY
YPOBHSIM ONHMCaHMS CHMIITOMOB OOJie3HEH He
HCCIEAYIOTCS MEAWKAMH, HE COTPYIHHYAIOIINE C
cneuuanucraMn  uH(opmatuku. BHenpeHue B
MEIUIUHCKYIO IPAKTUKY POOOTOB C HCKYCCTBEHHBIM
UHTEJUIEKTOM  KapAMHAJIBHO  MEHSET  YPOBHHU
BOCTIPUATHA CUMITOMOB Oone3nu IlapkuHcoHa.
Hwke naHo HOBOE OIMCaHHE CHUMIITOMOB OOJIC3HH
[MapkuHcoHa. MeaUIIMHCKUE 3HAHUS - 9TO BBIBOJBI,
c(OpPMHUPOBAaHHBIE W BOCCO3/IaHHbIE B HAyKax o
3n0poBhe. baza 3HaHWMIT MEOMIMHCKHX HayK B
HacTosIIee BpeMsl BecbMa pa3HO0Opa3Ha.

B Hacrosmeir craTthbe BBISBICHA Apyras
«H(popMaTHKa OONe3HEH», OTIHYAIAsACST OT
o0mieii  craTuCcTHKH: <«3a mociaenHue 25 Jer

pacnpocTpaHeHHOCTh Oose3nu [lapkuHCOHA BEIpocia
BnBoe. B 2019 r. ynMcneHHOCTH JIMI, CTPAJAIOIINUX
6one3npto IlapkuHCOHA, OIlEHMBaNach Ha YpPOBHE
cBbIIIE 8,5 MIIIMOHA yesnoBeK. COINIaCHO TeKYLTUM
oueHkaM, B 2019 r. 6one3ns [lapkuHcoHa npusena K
yTpare 5,8 MUJUIMOHA JIeT JKU3HH,
CKOPPEKTHPOBaHHBIX Ha MHBanuaHocth (DALY, uro
Ha 81% Oomeie, veM B 2000 T., ¥ cTaNa TPUIHHON
cmeptn 329 000 yenmosek (poct Ha 100% mo
cpaBHeHHIO ¢ 2000 r.)». MBI HUKE BBISIBUIIA CKPHITHIC
3HaHWA, y3HaIH. «llcciemoBaHWe BBIIBIWIIO CBSI3b
MEXAY TPEBOXKHOCTBIO W Pa3BUTHEM OOJIE3HU
[Tapxuracona. Jlromm B Bo3pacte crapme 50 iner,
UCTIBITBIBAIOIINE TPEBOTY, CKIIOHHBI B JIBa pa3a dalle
OoneTh 6omne3Hbto [lapkuHCOHA, YeM UX CBEPCTHHKH,
He WCHbITBIBatonmMe TtpeBoru». OO0 d3ToM B
BOocKpeceHbe, 30 wuioHs, coolmuiua rasera The
Washington Post co ccbutkoii Ha WcclienOBaHuUE,
omybnukoBanHoe B British Journal of General
Practicey.

«HccnenoBarenu cpaBHuy rpynmy u3 109 teic.
genmoBek 50 metr u crapmie u3 BenmmkoOpuraHum, y
KOTOpPBIX OBIT JAWAarHOCTHPOBAH TIEPBBIA 3MH307
TpeBokHOCTH B Tepuon ¢ 2008 mo 2018 rom, c
rpymmoii u3 987 Thic. 4emoBek 0e3 CHMITOMOB
TpeBoru. Ilo cioBam yueHbIX, KOTOpPbIE 3aHUMAINCh
3TO# paboToii, 3a necaTunerne Oone3ns [lapkuHcoHa

pasBunack 'y 331 mamueHTa ¢ JMarHo30M
«TPEBOXHOCTBY, CPEIHHUI CPOK pa3BHUTHs OOJIE3HU
IocJie IMOCTaHOBKU 3TOro auaruo3a — 4,9 rona.
Hccnenosareny npuIUTM K BBIBOAY: BEPOSTHOCTD
nposiineHust Oone3nn IlapkuHcoHa (¢ cuioi
NpOSIBIIEHUsT C%y;) Y IHOfel «C  TPEBOKHOCTBIO
(cMmbicn(z;)) Obula B ABa  pa3a  BBIIIE, YeM

BCPOSATHOCTE y TexX JIoAeH, KTO HE HMEIOT

TPEBOXKHOCTb, HO CTpasaroT Jenpeccueit
(cmbicn(Z,)), mapymenmsimu  cHa  (cMbICI(Z3)),
YCTaJIOCThIO (cmbIcn(Z,)), KOIHUTHBHBIMU
paccrpoiicTBaMu  (CMBICII(Z5)), HHU3KHM KpPOBSHBIM
JIABJICHHEM (cMmbIci(Zg)).

https://vfokuse.mail.ru/article/issledovanie-vyyavilo-
svyaz-mezhdu-trevozhnostyu-i-razvitiem-bolezni-
parkinsona-61738655/

<<CI/IM1'ITOMLI 3360H€BaHI/Iﬂ UMCHT TCHACHIINIO
YCUJIUBAaThCAd C TEUYCHHEM BpEeMEHH. 3aboseBaHue
HCHU3JICUUMO, HO €ro CHMIITOMBI MOXHO OCJ'Ia6I/ITb

IpU TOMOILIM pa3IM4YHBIX BHUAOB TEpalmuu M
JIEKapCTBEHHBIX CPENCTB. HauGonee
pacnpoCTpaHEHHbIE CHUMIITOMBI GoJe3Hn
[TapkuHCOHA BKJIIOYAIOT  TpeMop,  OOJIe3HEHHbBIE

HETIPOM3BOJIbHBIE COKPAIICHHS MBI W pEUeBHIC
HapymeHus. [IpuanHa 3a001eBaHNs HE yCTaHOBIICHA,
HO PHCK €r0 Pa3BHUTHS BBIIE Yy JIIOAEH, Y KOTOPBIX
HUMEIOTCSI POACTBEHHUKH C Oose3Hbio [lapkmHcoHa.
Puck 3abosieBaHNST MOXKET MOBBIIIATHCS B PE3YIbTATE
3arpsiI3HEHUS BO3/lyXa M KOHTAaKTa C MECTULUAAMU U
PacTBOPUTEIIMHU. https://www.who.int/ru/news-
room/fact-sheets/detail/parkinson-disease «bomne3us
[Mapkuncona — 3aboJieBaHME TOJOBHOTO MO3ra,
KOTOpOE€ 3aTpy[JHsET IBHIAaTEIbHYI0 aKTHMBHOCTb U
BBI3BIBAET INCHUXWUYECKHE HApYyLICHUS, PaccTpoicTBa
cHa, OomM W Jpyrue mpoOJIeMBl CO 310POBHEM.
(https://www.who.int/ru/news-room/fact-
sheets/detail/parkinson-disease). I'pymna mronei u3
109 TBIC. YENOBEK y KOTOPBIX HapsAy pa3BUTHEM
6one3nn [lapkiHCOHA OBUT JUATHOCTHPOBAH MEPBEIA
SMHU30]] TPEBOXKHOCTH. Y KaTteropum Jromedt (987
TBIC. UeJIOBEK) 00Je3Hb [lapKiHCOHA TPUCYTCTBYET
0e3 NposBICHNS CUMIITOMOB TpeBoru. KTo He umeer
CHUMIITOMOB TPEBOXKHOCTH CTPAJIAIOT elle 5 BUAaMH
OoJe3Hei, Kak OAYepKHYTO B craThe. Kaxnas us 5
Ooye3Hell WMeeT Ipyroe 3HAYCHUE BEPOSTHOCTH
nposiByieHus1. Yncio Tak cBsA3aHHBIX OoJIe3HEl paBHO
6. Kaxmas w3 6 OoJie3sHedl B Hallell MOIEIHA
paccMarpuBaeTcsi Kak OTAEIbHOE coObITHE (Z-
TIepeMeHHas ) cpenu CBSI3aHHBIX coObITHi
(KOppenupoBaHHBIX Z-TIepeMeHHBIX). KommuecTBo
CBSI3aHHBIX COOBITHH PaBHO 6, CyMMa 6 BEpOSTHOCTEH
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISl (Dubai, UAE) =1.582  PHUHII (Russia) = 0.191  PIF (India) =1.940
Impact Factor: ¢ (australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350
MposIBJICHUS paBHa 1. 2) CUMITOMBI GoJe3Hn c
Bocnpustie  M3MEHYHMBOCTH  MPOSIBICHHI CMBICIIOM(Z2)=«ICTIPECCUs»;
CHUMIITOMOB TPEBOTM M COIYTCTBYKOIUMX & Z- 3) cuMOTOMBI OOJNIE3HH C CMBICIOM(Z3)=«
Oone3Heil  mpoBexeM — depe3  MOJCIHMPOBaHHE HapYILLCHUS CHa;

crydaiiHeIX uucen. Bce TpeboBaHMS K TaKUM
OTIBITaM B €CTECTBEHHOH cpelie BBIOJIHECHBI, U MBI
JIOJDKHBI IMETh Pe3ybTaT — TaOJIHIBI CITydaitHBIX
JaHHBIX, COOTBCTCTBYIOIINUX 3aJaHHbBIM CMBbICIIaM
CIIy4alHBIX TPOSIBICHUH CUMIITOMOB Z-0OJE3HeH U
HOBBIM HaﬁﬂeHHLIM CMbICJIaM CUMIITOMOB HOBBIX y-
Oonesneil. He wumess HHYero, Kpome CIOBECHOU
MOJENH OT4eTa O pe3ylbTaTaX MCCIEIOBaHH?,
pa3paboTacM MO3HAIONIYIO (KOTHUTUBHYIO) MOJICb,
HCTIOJB3YIONIYIO CMBICIEI 9 CBSI3aHHBIX C OOJIC3HBIO
[TapkuHCOHA (C IPOSBICHUEM CHMIITOMOB TPEBOTH )
Z-0ome3Heil, CMBICIBI KOTOPHIX 3a/IaHBI B HCXOJHBIX
JAHHBIX MOJIENIA, HO HE HW3BECTHHI M3MEHYMBOCTH
MIPOSIBIIEHUI CHMIITOMOB Z-00JIe3HEH.

C Touku 3peHust HHPOPMATHKNA MEIUIIMHA HE
SBIIIETCS. KOHKPETHOM HAayKoW, TO €CTb B
MEIUIIMHCKUX 3HAHHMSIX Majo MPOCIEeKUBACTCS
KOJIMYECTBCHHBIX 3aKOHOB, BBIPAXKCHHBIX B
hopmynax.

Hwxke BwIBezeHbl 9 Qopmyi, rae Kaxaas
dhopmyna y-00J1€3HI UMEET CUMITTOMBI HECKOJIBKUX
z—Oome3Heir, a I Y-OOJNIE3HM  HYKHO
pa3padaTbIBaTh CBOM KOMIUIEKC JIGKAPCTB, JICUAIINX
TOIIBKO ATU Z—OO0JIC3HU, HE BIUAIONINE HA OYKET Z—
Oonesnelt U3 apyroii y-0one3Hu (M3 9 MOICTHHBIX
HE3aBUCHUMBIX Y-Oone3Heil). OTa OpHUrHHAIbHAS
unes TpedyeT MPaKTUYeCKOTO BOIUIONICHUS B
MEIUIIMHCKIX, (papMareBTHIECKUX MPOCKTAX.

bonesus [lapkuHcOHa MOXET HayaTbCsAo C
CaMBIX pa3HOOOpa3HBIX CUMNTOMOB. IIpu 3TOM
CHUMIITOMAaTHKa MOXKET 6LITI) CBA3aHa KaK C
HapylIeHUSIMU  JBHUraTeldbHON,  MBICIMTEIbHON
AKTUBHOCTH, TaK © (YHKIUSIMH, KOTOphIC, Ha
MEePBBIN B3I, HE CBA3aHBI C HEPBHOW CUCTEMOH, a
KacaroTcsi paOOTHl MHICBAPUTEIBHOTO TPaKTa H
JTake Hoca.

Kakwue ke cHMOTOMBI Yare BCero OeCITOKOAT
cTpamatonx Oone3npto [lapkmacona? Hmerorcs
pa3sHBIE  CIIOBECHBIC  ONHCAaHUS  CHMIITOMOB.
PaccmoTpuM  croBecHYI0 MOAENh W3 OTYeTa
https://vfokuse.mail.ru/article/issledovanie-
vyyavilo-svyaz-mezhdu-trevozhnostyu-i-razvitiem-
bolezni-parkinsona-61738655/

Hcxoanble JaHHbIE

HcxonHble TaHHBIC O MPOSBICHUSIX CHMITOMOB
9 Oone3Hell B3SATHI M3 CIOBECHOH MOJEIU OTYETa
https://vfokuse.mail.ru/article/issledovanie-vyyavilo-
svyaz-mezhdu-trevozhnostyu-i-razvitiem-bolezni-
parkinsona-61738655/ _cdopMynupyem B TepMHHAX
sIBJICHUS! «00J1e3Hb [TapKUHCOHAY:

1) CHUMIITOMBI OoJe3Hn c
CMBICIIOM(Z1)=«IIPOSIBIICHHE CHMIITOMOB OOJIC3HH
[TapkuHCOHA y JIIOZICH «C TPEBOKHOCTHION,

4) CHMITITOMBI 0omne3Hn c
CMBICIIOM(Z4)=«yCTaJIOCTbY;
5) cumMnTOMBl OOJE3HHM C  CMBICIOM(Z5)=«

KOTHUTHUBHBIE PACCTPONCTBAY;

6) cCUMITOMBI OOJIE3HU C CMBICIIOM(Zg)=«HH3KOE
KpPOBSHOE  JaBJiCHWE, TpeMop,  OOJie3HEHHbIE
HENPOU3BOJIBHBIE COKPALIEHHsI MBI W pEeYeBHIC
HapyIICHHUS;

7) CUMIITOMBI 00Je3Hn c
CMBICIIOM(Z7)=«TpeMOop, OoJie3HEHHBIC
HETIPOU3BOJIbHBIE COKPALIEHHsI MBIIII M peyeBbIC

HapyIICHUS,
8) CHMIITOMBI 0omne3Hn c
CMBICIIOM(Z8)=«PUTHIHOCTB;
9) CHUMIITOMBI 0omne3Hun c

CMBICITOM(Zg)=«HapyIIIeHNUE PABHOBECHS.
B wm3maraemyio HIKe MOAETb BBEICHBI 9
CeMaHTHYECKHX mepeMeHHbIX (9 ¢pa3 CcMBICIOB)

3aBHCUMBIX (akxTopoB (cUMIITOMOB), um
COOTBETCTBYIOT MOJIEIIBHO BBIUHCIICHHBIE
KOppEeNupoBaHHbIE 9 UUCIIOBBIC Z-TIEPEMEHHBIE,

paBHBIE 3HAUYCHMSIM OTKJIOHEHHWH BIIpaBo/BieBO OT 0
(z-M3MEHYMBOCTH  TPOSIBIICHUH  Z-CHMIITOMOB).
BenwuuHbl cHI MPOSBICHUN Z-CUMIITOMOB JIOJIKHEI
YIOBJICTBOPATH OTPAaHUYCHUAM: HAIIPAMEP, CHMITOM
00NE3HH «yCTAIOCThY IIPOSBJISETCA C CUIOH 241, B 2
pasa MeHbluell, 4YeM culla HOpOsABIEHHS  C2q1
cumnToMoB Oone3nn IlapkmHCcOoHa y momed ¢
TPEBOXKHOCTBIO». s 3amaHHBIX 9 MMEH-CMBICIOB
TpeOyeTcsi HAWTH  3HAYEHHsS  MOJENBHBIX  Z-
MEPEeMEHHBIX,  JUIi  KOTOPBIX  MOJEIHUPYIOTCS
YHCIIOBBIE 3HAYEHUS! U TpeOyeTcss HaWTH CMBICIBI
MOJICTIBHBIX ~ Y-TIEPEMEHHBIX M HMX MOJENIbHbIC
3Ha4YCHUs (paBHBIC  JIMHCHHBIM  KOMOWHAITUSIM
3HAQUEHUH MOJENBHBIX Z-TIEPEMEHHBIX) C YYETOM
MOJICIBHBIX ~ CHJI ~ TPOSBICHUH  CHUMIITOMOB.
OrpaHudeHHS U3 IYHKTOB 1)-9) B3ATHI U3 OT4ETa , OHU
HMEIOT BHJ CJCIYIOIMX CTPOTHX HEPaBEHCTB,
TIPUMEHSEMBIX HIKE pu pemeHnn
ONTUMH3ALHOHHOM 3anaun: (2*c?a1<c?),
(2*c?a<cn), (2*c’m<c?i), (2*c%1<c’11), ((2*c%)
<c’n), ((2*c?n1) <cn), ((2*c%1) <c’u), ((2*c%ar)
<c%11). MBI He MOXEM NPUMEHATh HE CTPOTHE
HepaBeHCTBa BHaa  (2*c?xu<c’i), (2*c%u<c?11),
(2*c?=c’1), (2*c%<c’1),..., ((2*c%01) <c?11), ubo B
nporpamme-tabimie w3 Hajactpoiiku  «[lomck
pemenmsi» OT Excel w3beraeM oIMHAKOBOCTH
sgaueHnit s (c%1=c?11), (c%a1=c?1), (ca1=c?11),
(0251=0211),. . 6291=0211.

B  pa3pabotanHO#  HW)KE  MOAETH MBI
MOJIEITAPYEM MaTpHILY MICEBAOCOOCTBEHHBIX
BeKTOpoB Cgg, B KOTOPOIl KOMIIOHEHTHI 1-0r0
IICEBIOCOOCTBEHHOTO  BEKTOpa  C1=(C11,C21,C31,C41,
Cs1,..., Co1)] 00mamaoT cBOMcTBOM c%11+c?t+cat
C241+ 0251+ 0291351 s 0211+C212+0213+ 0214+ 0215+... 0219:1.
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ISRA (India)  =6.317  SIS(USA)  =0912 ICV (Poland) = 6.630
. ISI (Dubai, UAE) = 1582  PHHII (Russia) =0.191  PIF (India) = 1.940

Impact Factor: ¢ (australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350

OTH HEpaBEHCTBA SBISAIOTCS TJABHBIMH KakK B
CIIOBECHOM MoOJeaM M3 OT4eTa, Tak M B HAaIleH
KOTHUTHUBHOM MOJICIIH.

3amaua: pa3paboTarh cUCTEMY U3 9 CMBICIOBBIX
ypaBHEHHHA c 18=9+9 CEMaHTUYECKUMHU
TePEMEHHBIMU CMBICI(Y1),..., CMBICI(Yg), CMBICH(Z1),
...,CMBICI(Zg). CMBICIIOBBIE YpPaBHEHHUS JIOJDKHBI
YIIOBJICTBOPSATH MaTPUYHOMY CMBICIIOBOMY
paBeHCTBY BHAa cMbICH(Zmg)=cMbIcia(YmgCTog), rae
CMBICT(Z mg)=CMBICI(Z1)D. .. DCcMBICI(Zg),
embIci(YmoClog)=cMbica(YmeCT1)®...@
embici(YmoCTo). Dnementsl Matpunisl Clog paBHBI 9
5JeMEeHTaM HEPBBIX 9 CTPOK C'1, ..., C'9 MAaTPHULIBI
ungukatopos Cge, a ee i-as cTpoka C'j HMeeT
KOMITOHEHTBI, PaBHBIE KOMIIOHEHTAM MATPHIIbI
unukatopok Cog:CTj=(Cj1,Cia,. . .,Cjo), i=1,...,9. DTOMY
MaTPUYHOMY CMBICTIOBOMY PAaBEHCTBY COOTBETCTBYET
MaTeMaTHYeCKoe  MAaTPUYHOE  PABEHCTBO  JUIs
YHUCIIOBBIX NICPEMEHHBIX BHJIA! Zm9=Y moCTog.

IIpuMmensieMasi cucTeMa MHOTOCMBICJIOBBIX
YPaBHEHHH

MHOrocMBICIIOBOE ~ ypaBHEHHE A Y-
MepEMEHHON, CMBIC]I €€ PaBeH HEWU3BECTHOH cymMme
MN3BCCTHBIX CMBICJIOB 3aMCTHBIX Z-TICPEMCHHBIX.
CyMMI/IpOBaHI/Ie U3BECTHBIX CMBICIOB 3aMCTHBIX II
«BECY»  Z-TIEPEMEHHBIX, MPAaBUIBHO  OTpaXKaer
Jn00aBJIeHHE HOBOTO OTCYTCTBYIOIIETO 3HAHHS K
W3BECTHOMY 3HAHMIO:  COOJIOAETCS  TPHHIUII
JUHEHHOTO MBIIUIEHUS 4eaoBeKa. UeloBeKk HE yMeeT
YMHOXKaTh ~ 3HaHWE, MpHOaBIseT 3HAHUE K
M3BECTHOMY, THOO HCHpaBisieT paHee AoObiToe. Ho
JUIS WCIPABICHUS HENPaBIIFHOTO HAAO W3BICYD
3HaHWE, 3aMEHJIoIIee HEeMpaBWIIbHOE 3HaHHE. B
TEOPHUH WCKYCCTBEHHOTO WHTEIICKTa IIOMYIApEH

GHOPUHIUIT JUHEHHOIo MBIIUIEHUS». MaTtpudHoe
CMBICIIOBOE PaBEHCTBO BUIA
eMbICT(Zmg)=cMbICT(Y mgCTog), rae
CMBICI(Z mg)=CMBICI(Z1)®. .. DCMBICI(Z9), CMBICIT

(YmeCTog)=cMbIci(YmeCT1)®. .. @cMbici(YmoCTs)

TOYHO COOTBETCTBYET NPHUHIIMII JINHEHHOE YHCIIOBOE
PaBEHCTBO Ha COOTBETCTBHE MBIIIJICHUS 4YETOBEKa.
XOTsI CMBICIIOBOE PABEHCTBO MEPBUYHO, HO AJISL HETO
MIPOBEPSETCS] YUCIOBOE PAaBEHCTBO Ha COOTBETCTBHE
CMBICIIOBOMY  paBeHCTBY. JIuHeliHoe 4ucCIOBOE
PaBEHCTBO yAOBJIETBOPSIET CMBICIOBOMY JIMHEHHOMY
KOHCTPYUPOBAHUIO MHOTOCMBICIIOBBIX — JTMHEHHBIX
YpaBHEHHH, T/A€ JHMHEHHOCTh BBIPAXKEHA HYepes3
cliaraeMele ¢bpassl, 00pa3yromnyro HOBYIO
OCMBICIICHHYIO (pa3zy. BakHyio poip mmeeT 3Tarsl
BBE/ICHU YHCIIOBBIX IapaMETPOB, MEPEMEHHBIX,
(GyHKIIUH CBS3M, MHIWKATOPHI MIPUCYTCTBHSI 3HAHUH,
KOTOpBIE HPOBEPSIOTCS Pa3pabOTYMKOM MOJAETH Ha
COOTBETCTBHE pEabHBIM CBONCTBAM  peajbHBIX
MHOTOMEPHBIX OOBEKTOB pPAa3HBIX THIOB. TuI
00BEKTOB, HMX CBOWCTBAa OTpakaeTcs B CMBICIAX
CBOHCTB 00BEeKTOB [2-8]. CyMMBI CMBICIOB CBOWCTB
(z-mepeMeHHbBIX) 00BbEKTa MOT'YT 00pa30BaTh HOBBIN
CMBICT y-TIEpEeMEHHON (paBHOI HEN3BECTHOH CymMe

W3BECTHBIX  CMBICIIOB  Z-TIEPEMEHHBIX) WM HE
00pa30BaTh HOBBIA CMBICT, €CIIA HE HCIIOJNB30BaTh
KOHTEKCTHI  ()pa3 CMBICIOB Z-TICPEMEHHBIX. B
MHOTOMEPHOW  MareMaTthdeckoil Mozenu  (oHa
SBIIICTCS ~ BTOPWYHOW, TEpBHYHA  MAaTpHYHAS
CMBICIIOBAs] MOJIENb) TIEpEeMEHHBIE JEeSATCS Ha 2 BUJA:
H3BECTHBIE MMEHa-CMBICITH Z-TIepEMEHHBIX
CMBICN(Z1),...,CMBICI(Z9) ¥ HEH3BECTHBIE HMEHa-
CMBICIIBI  Y-TIEPEMEHHBIX CMBICT (Y1),...,CMBICI(Y).
KonnyectBo 9 z-mepeMeHHBIX paBHO KOJIUYECTBY
mucriepenii disp(yi)=h1, disp(yz)=Aa,...,disp(Ys)=Ne.
B cOOTBETCTBHHU C 3HAUEHUSIMH A1, A2,...,A9, B3ITBIMU
u3 mapbl cMmopenupoBaHHbIX  Matpull  (Cgg,Agg)
MPOCTABIISIOTCS. YUCIOBBIE MapaMeTpsl Cii,..., Cog B
HIDKENIPUBEZCHHBIE 9 YpaBHEHUH W3 CHCTEMBI
MHOTOCMBICIIOBBIX ~ ypaBHeHMH. He  mpoBoaum
YIQJICHHUS CIIaraeMbIX C «BECAMM» Cij, €CIIN JIAXKe MX
BEJIMYMHBI HE YIOBJICTBOPSIOT KPHUTEPUIO OBITH
WHAWKATOPOM CKpPHITHIX 3HaHwWi [11,14], mostomy
KOJIMYECTBO  ClIaraeMbIX B yPaBHEHUAX  C
HEHW3BECTHBIMH HOBBIMH  CMBICITAMH  CMBICI(Y1),
cMBICH(Y2),...,CMBICT(Y9) HE CcoKpamaroTcs. bomee
«KOPOTKHE» CYMMBI CMBICIIOB TIPHUBEICHBI IS
OCMBICTTBaHHS YHTaTEIIEM CTaTbU. Jois
KoHCTpyupoBanust 9 ¢pa3 ans 9 HOBBIX CMBICIIOB
(HOBBIX CEMaHTHYECKHUX y-TIepEeMEHHBIX )
HOBBII_CMBICI(Y1), vy HOBBIN_CMBICI(Y9),
JIOTIOTHSIOIINX YHCIIOBBIMU BEJINUNHAMU
(M3MEpUTESIMUA CTENIEHN BAKHOCTH, U3MEHYHMBOCTH
NPOSIBICHUH  CHUMITOMOB)  HMCXOJAHBIE  CMBICIIH
CMBICN(Z1),..., CMBICI(Zg) TIPUMCHSIINCH METOJMBI
CMBICIIOBOTO mpeodpa3oBaHuUs HCXOJHBIX
CEMaHTUYECKUX TIEPEMEHHBIX B HOBEIE
CEMaHTHYECKHEe TIepeMEHHBIe. DJTO — CJIOXHAsA M
TpyAO3aTpaTHAas 0COOEHHOCTH KOTHUTHBHOTO
MOJICJTNPOBAHHS.

TpeOyemble (Gpasbl, OTpaKAMOLIME CMBICIU
HEHM3BECTHBIX 9 HOBBIX CMBICIIOB Yy-TIEpEMEHHBIX,
MOJKHO CKOHCTPYHPOBATh, €CIIH CMOJEIUPOBATh:

a) mapy Marpul CcoOCTBEHHOH CTPYKTYpbI
(Ag9,Cog), Tne Cg9 — MaTpHIa MCEBIOCOOCTBEHHBIX
BEKTOPOB 9], Cg9CT99=lgg, CT99Cg9=#lg9,
A99:diag(7»1, .. .7\.9), tr(A99)=7»1+. .. +Ae=9, yCII0BUE
YIOPSIOYCHHOCTH A1>...>Ag>0 He Tpebyercs;

0) Marpuibl 3HaYEHUH HEKOPPETHUPOBAHHBIX
N3MEHYMBOCTEH Y mo, KOpPENUpPOBaHHBIX
m3meHunBoctell  (otkinoHeHmdd ot 0)  Zmg,
COOTBETCTBYIOT CBOMM CHCTEMaM MHOTOCMBICIOBBIX
YpaBHEHH C W3BECTHBIMH ¥  HEHU3BECTHBIMHU
CEMAaHTUIECKUMH (CMBICIIOBBIMH) TTEPEMEHHBIMH.

WNuoe nazpanue [9-12] snemenToB MaTpuilsl Cog
BBEJCHO B cTaThsix [1-9], OoHO oOTpaxaeT CMBICH
«BECOB», MOJEIMPYEMBIX B HAIlCi MOJENH, Hail
METO]I MOZIEIMPOBAHNUS OTJINYAETCS] OT METOJIOB U3 [2-
9].

Hosbele monenupyemble 2 MaTpullbl B Hallel
MOJIEITN JTOJKHBI o0mamatp CBOWCTBAMH:
OopToroHaNbHas (HE OPTOHOPMHpPOBAHHAS) MaTpHUIA
Co9  COOCTBEHHBIX  BEKTOPOB  €j=(Cj,Czj...Cyj)T,
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PaCIOI0KEHHBIX o cronbuam MaTpPHIIBL (L/m) (%244 2%+, . . +2%m) #1, HO cymma aucnepenii z-

Coo=[c1|c|...|cq] cormacoBana co CBOMM CIIEKTPOM Aogg
HEHCIIONIE3YeMOl HaMH KOBapHAIlMOHHONH MAaTpPHIIBI
Woo=(1/m)Z meZmse, Age=diag(3.0000,0.6000, 0.6000,
0.8000, 0.8000, 0.8000, 0.8000, 0.8000, 0.8000) B
pemaemoii Hmke OnTUMH3anIMOHHON  3amauge:
(l99,I99)=>(Cq9, Ag9) (mpyrue METOIBI CMOTPHUTE B [9-
15]) wueneBas (yHKIUS OTJIMYAETCS OT paHee
NpUMEHsBILIEICS QYHKIMU: Ait...+he=9, Terepp 31O
paBeHCTBO sIBISieTCS (DYHKIMEH OrpaHWYeHHd HpU
MU3MCHSCMBIX 3HAueHUsX 9*9+9 sjemeHToB 2-X
marpull  Cog,  Agg,  CTogCoo#lgg,  Cg9Clo9=l0o.
Monenupyemble HUXKE ciydaiiHble MaTpuilbl Umg U
Ymg Takue, YTO TOAYUHSIOTCS COOTHOIICHHSIM
Oo6parHoit Monenn Ananu3a ['nmaBHbIXx KoMmmoHeHT
[16-17]: (1/m)UngUm9:|gg, Ymg:UmgAuzgg,
Zmo=Y mgC99, B MaTpuile Y mg 2JIEMEHTHI j—TO CTOJIOIA
Y1j,Y2js - - - Ymj (OpMyIa j-0f y-TiepeMEHHOM NMEET BHT
Yii=Zit*Caj+Zio*Cojt. . . +Zig*Cgj, i=1,...,9) UMEIOT
cpemHee apu(MeTHIEeCKOE, paBHOE HYITIO:
(L/m)(YjtYojt...+Ym))=0 u aucmepcuro paBHYIO A
(X/m)(Y?1+Y%t. . . +Y2mi)=Aj, CyMMa JIMCIIEPCHIi PaBHA
9: M+.. . FAe=9. Martpuupt Ym9=Um9A1/299,
Zno=YmoCl99 B TakoM MOpSIKE MOACIUPYIOTCH,
HHTEPIPETHPYIOTCS KaK MHOTOMEpPHBIE BEIOOPKH

nepeMeHHbIX He paBHa 9. Bee anemenTsr MaTpuibl Cog
HHTEPIPETUPYIOTCS KaK HMHIUKATOpbl 3HaHWU [10-
12]. Marpuna  Ymg, B KOTOPO#H 3JIEMEHTHI j—TO
cronbua yij, Yj,-..,ymj (J-ast y-nepemensas, j=1,...,9)
UMEIOT cpefgHee apu(MeTHdeckoe paBHOE HYIIO:
(2/m)( yajtyait ... +Ymj)=0, u mucnepcuro paBHYIO A;:
WIm)(y%j,  +Y%+... Y m)=A;, cymma aucnepcuii

paBHa 9: AMt...+Ahe=9. Marpuma Ymo,
HHTEPIIPETUPYETCSl KaK MHOTOMEpHasi BbiOOpka. MM
COOTBETCTBYIOT (B Hamieu MOJICTIH ) HE
CTaHAapTU30BaHHbIC KOppENUpOBaHHBIE z-

MepeMeHHbIe — MOJICTIbHBIC IAHHBIE, 00bETHHEHHBIC B
Marpuily Zmg, B KOTOPOM AJIEMEHTHI j—TO CTOJOLA
24j,22j,-..,Zmj (j-as z-nepemennas, j=1,...,9) umerT
cpenHee apuMeTHyecKoe paBHOe HYJIIO:
(2/m)(z4j+2zajt. . .+zmj)=0 1 aucHepcHto, He paBHYIO 1:
(Um)(Z2j+ Z%+...+Z%mj)#], cymma aucrepcuii He
paBHa 9 (kak OpBaeT B [IM AT'K [17]). MaTpuna Zmg

[17]. B mnHamel wogend Mol

MOJENUpyeM He

cranpaptusoBannblie (C'g9Coo#lgg) KOppenupoBaHHbBIE
SIBIISIFOTCS.  MHOTOMEPHBIMH
JTAHHBIMH, OOBEIMHEHHBIX B MATPHUILY Zmg, B KOTOPOH

Z-TICPEMCHHBIC,

OHHU

9NMEMEHTBl  j—TO  CTONOma  Z1j,Z3j,...,.Zmj  (j-as
HNepeMeHHas, i=1,...,9) HMEIOT cpenHee
apudmernueckoe paBHOe HYITIO:

(1/m)(zyj+2zajt. . .+2mj)=0, 1 auCHIEpCHIO HE paBHYO 1:

HMHTEPIIPETHPYETCS Kak MHOTOMEpHAas HE
CTaHAAPTU30BaHHASA BHIOOPKA.

[Tpumensiemass cucreMa  MHOTOCMBICIOBBIX
YpaBHEHHH COCTOUT U3 9 CMBICIOBBIX YpaBHECHHHA C
18=9+9 CeMaHTUYECKUMH TIepEMEHHBIMHU
cMBICH(Y1),. . .,CMBICT(Y9), YIOBJIETBOPSIOIMINX
MaTpUYHOMY  CMBICIIOBOMY  paBEHCTBY  BHIA
cMBICT(Zmg)=cMBICI(Y meCTog), rae

CMBICI(Z mg)=CMBICI(Z1)®. .. DCMBICI(Zg),
embici(Y moClog)=cMbic(Y moC 1) @cmbic(Y mgCT2)®
...® cMbIca(YmeCTe ).

Tadanua 1. MoaeabHass MmaTpuna Cog NCeB10CO0CTBEHHBIX
BekTopoB Ass =diag(3.0000,0.6000, 0.6000,0.8000, 0.8000, 0.8000,0.8000,0.8000,0.8000)

cl c2 c3 c4 c5 c6 c7 c8 c9

z1| 0.5300 | 0.3462 | 0.3462 | 0.3462 | 0.3462 | 0.0000 | 0.3462 | 0.0000 | 0.3462
z2| -0.1835 | 1.0000 | -0.1199 | 0.0000 | 0.0000 | -0.0096 | 0.0000 | 0.0000 | 0.0000
z3| 0.0000 | 0.0000 | 1.0000 | -0.1199 | 0.0000 | -0.0029 | 0.0000 | 0.0000 | 0.0000
z4 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | -0.1199 | -0.0029 | 0.0000 | 0.0000 | 0.0000
z5| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
z6| 0.0000 | 0.0000 | 0.0000 | 0.0000 | -0.0003 | 1.0000 | 0.0000 | 0.0000 | 0.0000
z7| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000
z8| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000
z9| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000
Coo | 0.3146 | 1.1199 | 1.1342 | 1.1342 | 1.1342 | 1.0001 | 1.1199 | 1.0000 | 1.1199

OnTuMmu3zanuonHas 3agaua OnruMH3alinOHHAas 3amauga UCIIOIb3YET

OTpPaHUYCHUS , CPOPMYJIHPOBAHHBIE B CIIOBECHOM

Mozenu. OHU CyXaroT 3HaYeHHs CHJI MPOSBICHUHN 9

[ ]
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z—¢pakropoB. CorjgacHO NPUMEHIEMOIl THIOTe3e HEKOPPEITUPOBaHHbBIC y-IepeMeHHBIC (c
MarpuuHoe CMBICIIOBOE PaBEHCTBO BUzA JUCIEePCUSIMH, MEHBIIUMH 1). MBI IOY4HITH OAHY Y-
eMBICT(Zmg)=cMBICI(Y meC Tgo) TpebyeT MepeMeHHYI0, B 3 pa3za Ooylee W3MCHYHBYIO, 4eM

mopenupoBanust MaTpHIl (Coo,Agg), Zmg, Yme, TIe Cog
-MaTpuia COOCTBEHHBIX BEKTOPOB, dHCEN Agy -
Marpuia COOCTBEHHBIX qrcel, MaTPHIIBI
Ym9=Um9Al/299, Zmo=Y moCTo9 MOZENUPYIOTCH,
HHTEPIPETHPYIOTCS KaK MHOTOMEPHBIC BBIOOPKH —
n3MeH4ynBocteit [17]. DnemeHTbl j-TO cTosOLa Yij,
Yoi,-..,ymj (j-as y-mepemennas, j=I,...,9) wumMerT
cpennee apudmerndyeckoe paHoe Hymo: (1/m)(
Yajtyoit +Ymj)=0, W JuCTepCHI0 paBHYIO A
(Um)(y?, +y2pt . AYm) =N, Matpuua
MCEBIOCOOCTBEHHBIX BeKTOPOB Cog TaKUX, YTO
BRIMONHSIOTCS  YCIOBHsI:  CogC'=lgg, C99Cogo=+lgg,
A99:diag(k1,...kg), tr(A99)2k1+...+kg:9, , Beenem B
U3JaraeMyr0 HWKE MOJelb 9  CeMaHTHYECKUX
nepeMeHHbIX (9 (pa3  CMBICIOB) 3aBUCHMBIX
(hakTOpoB  (CHMIITOMOB), HM  COOTBETCTBYIOT
MOJICTIBHO ~ BBIYKCIICHHBIE  KOpPPEIUPOBaHHbIE 9
YHCIIOBbIE  Z-TICPEMCHHBIC, pAaBHBIC 3HAYCHUSAM
OTKJIOHEHUH BIIpaBo/BiIeBO 0T ( (M3MEHUYHBOCTH
nposiBieHui cumnToMoB). K 3amanueiM 9 nMeHam-
CMBICTIAaM ~ MOJICJIBHBIX ~ Z-TIEPEMEHHBIX, 00aBUM
orpaHuYeHusi, B3sThie U3 oruyera. OHM HMEIOT BUJ
crporux HepaBeHCTB: (2%*c?xu<c?y1), (2*cZ1<c?1),
(2*cPm<c’1), (2*c%1<c?), ((2*c%1) <c?u), ((2*c?7)
<c?1), ((2*c?s1)<c?11), (2*c?01) <c?11. Mbl He MOMKEM

IOpPUMEHATh, HE  CTPOTHE HEpPaBEHCTBA  BHJA
(2*c?21<c?1), (2*cn<c?), (2*c2n<cn),
(2*c%1<c?1),..., (2*c%1) <c’11, n6o B mporpamme-

tabmure u3 HaacTpoiiku «[louck pemenus» DT Excel
n30eraeM OIMHAKOBOCTH 3HaueHWit i (c21=c?1),
(023120211), (024120211), (025120211),..., cZo1=c?11.
Monensnas Matputia Cog CIY)KUT WHAUKATOPOM
HUIMYAS CKPBITBIX 3HaHWHA chopMHUpyeM Ui
Oynymelt mapsl Matpuil (Cog, Agg) 2 MTUAroHaJbHbBIE
enuanunbie  Matpuisl  (log, Iog). OHEM sBISIOTCS
HavanbHbIMA  3HadeHusMu It (Cog,  Agg).
IIpumensiemas npouenypa GRD2 (u3 HaxcTpoiku

“Ilouck pemieHus”) TMociae IOCIEAOBaTEIbHBIX
npubmkenuit  mpeodpasyer marpuibl  (log,log) B
marpusl  (Coo,Ag9). Hust  mpouenypst GRD2,

HEoOX0ANMBI (PYHKIIMH OTPaHUYEHHH, ITOMOTAIOIINE
npouenype GRD2 ymeHbIINTH pabOTy NpH ITOWCKE
pereHust (Matpun Co9,A99). Pemaercs
Onrumuzanuonnas 3agada: (leg,log)=>(Coo,Ago), €€
meneBast QyHKIUS uMeeT BHI Ait...+ Ag=9. Bruto
omnacenue, uro npouenypa GRD2 orkaxkeTcs uckaTh
pemeane  (Cgg,Age). Hcmonp3yeM oOrpaHUYeHUS:
Mt...+Ag=9 TpM u3MEHAEMBIX 3HaYeHWsIX  9*9
aneMeHnToB MaTpuilbl Cog, IMEIOIIEH OrpaHUYCHUS Ha

CBOH DJIEMEHTHI: C™C+#lgg, Cg9CTg9=lgg,
Ago=diag(A1,...A), tr(Ago)=hi+...+Ag=9, HO 6e3
OTpaHUYCHUN Ha MOHOTOHHOCTH: A1>.. . >he>0.

OcoOeHHOCTH MaTPHI IICEBI0COOCTBEHHBIX BEKTOPOB
Cog M COOCTBEHHBIX YHCEN COCTOSAT B TOM, YTO OHHU
MIO3BOJIAIOT MOJEIHMPOBATh KaK KOPPEIUPOBAHHBIE Z-
MepeMeHHbIe (C AUCIepCHsIMH, OombIMMH 1), Tak u

Kax/aast U3 9 Z-nepeMeHHbIX, 13 8 Y-MepPEMEHHbIX, YTO
MOKAa3bIBACT CYLIECTBEHHOCTh M3BJICYCHHOTO 3HAHHUS
(). CuiibHO M3MEHYHBBIE Z-TIepEMEHHBIE (Z2, Z3, Z3, Zs,
Z9) uepe3 (popMyny mepenaroT 3aMEeTHBIC HeHYIIEBEIC
IUCTICPCUH  Y-TICPEMEHHOU V1. 3HayeHus z-
NepeMEeHHbIX (Z1, Z2, Z3, Z4, Zs,..., Zg) SIBISIFOTCS
MHOTOMEPHBIMU JaHHBIMU, O6T)eI[I/IHCHHbIX B
Marpuily Zmg, B KOTOPOH SJIEMEHTHI j—TO CTOJOLA
24j,22j,-..,Zmj (j-ass nepemennas, j=1,...,9) wumeroT
cpemHee apudmeTHueckoe paBHOE HYITIO:
(2/m)(z4j+2zajt. . .+zmj)=0, 1 mUcnepcuro He paBHYyIO 1:
(L/m) (%244 22%5+.. +2%m) #l,cyMma aucmepcuii  He
paBHa 9.

CMBIC/I JOMUHHUPYIOIIETO Y-(paKTOPa MOJAeIH
cumMnTomMoB 0oJs1e3nu Ilapkuncona

WudopmMannoHHEIMA 00BbEKTaMH KOTHUTHBHOMN
Momenn  OOJIe3HEH, CBSI3aHHBIX C  OOJE3HBIO
[TapkuHCOHA (C TIPOSBIEHUEM CHMIITOMOB TPEBOTH),
SIBTISIFOTCSI:

1. MonenpHas napa matpuil (Cgg,Agg): MaTpuIa

COOCTBEHHBIX qHcen Agg, MaTpuia
IICEBAOCOOCTBEHHBIX BEKTOPOB (g9 TaKWX, HTO
BBINONHSAIOTCA  ycioBUsl: CggC™=lgg, CTg9Cgo=lgg,

(Agg)=diag(Ay,. .. Ao), tr(Agg)=Ay+...+Ag=0,
Agy=diag(3.0000, 0.6000, 0.6000, 0.8000, 0.8000,
0.8000, 0.8000, 0.8000, 0.8000).

W3BeCTHBIC CMBICTIOBBIC MEPEMEHHBIC CMBICI
(z1), ..., cmbIci(zg) B MOAENH HCIONB3YIOTCS ISt
HAXOXKACHHUS HOBBIX CMBICIIOB JJIsI MOJCTBHBIX Y-
MEePEMEHHBIX Y1 , Yo , Y3 »...,Yg , KOTOPBIE YIPABISIOT
COOTBETCTBYIOIIMMHU YUCIOBBIMH 9 Z-TIepeMEHHBIMU
(21,2, .,29).

3.JIeBATh CMBICTIOBBIX YpaBHEHUM: cMBICT(Y1)=
embici(z1*0,5300+cmeici(z,)*(-0,1835);
cMbicn(yz2)=cmbici(z1)*0,3462+cmbicn(z2)*1,0000;
cMbicn(ys)=cmbici(z1)*0,3462+cmbici(z2)* (-
0,1199)+z5*1,0000;
cMbicn(ys)=cmbici(z1)*0,3462+cmbicn(z2)*0,0000+
embicn(z3)*(-0,1199)+cmbicn(z4)*1,0000;
cMbIci(ys)=cMbIci(z;)*0,3462+cmbici(z2)*0,0000+
cmbici(z3)*0,0000+cmbici(zs)*(-0,1199)+
cmbici(zs)*1,0000;(-0,0003);
cmbIci(ys)=cMbici(z1)*0,0000+cmbrci(z2) * (-
0,0096)+cmbic(z3)*(-0,0029)+cmbici(za)* (-
0,0029)+cmbici(zs)*0,0000+cmbici(ze)*1,0000;
cmbicn(y7)=cmbici(z1)*0,3462+(z7)*1,0000;
cmbIci(ys)=cMmbicii(zg)*1,0000;
embIc(ys)=cMbIc(z1)*0,3462+cmbIc(z9)*1,0000(-
0,1259)+cmbicn(zs)*1,0000;

Ilocne ynameHWs claraeMbiXx C HYJICBBIMH
mapaMeTpaMd ~ HMeeM  KOpOTKHEe  (OpMYIBL:
cMBICH(Yg)=cMbICT(Z,)*(-0,1124)+cmbicn(zs)* (-
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0,0720)+cmbici(z,)*(-0,0063)+cmbicn(zg)*1,000: anreOpanyecKix hopmyn Y—HU3MEHUMUBOCTEHN

eMbici(y;)=cmbici(z,)*(0,3548)+cmbicn(z;)*1,00;
cmbici(yg)=cmbici(zg)*(1,0000);
eMbic(yg)=cmbici(z1)*(0,3548)+cmbicn(zg)*1,0000.

Cucreme u3 9  CMBICIOBBIX  PaBEHCTB
COOTBETCTBYeT  CHCTeMa ©3 9  YHCIOBBIX
anredpanyecKkux paBeHCTB:
y1=21*0.5300+2,*(-0.1835)+z5* 0.0000;
yo= 21*0.3462+ 2,*1.0000;
y3= 21*0.3462+2,*(-0.1199)+23*1.0000;
ys= 21*0.3462+2,*0.0000+25*(-0.1199)+2,*1.0000;
y5=21*0.3462+2,*0.0000+25*0.0000+24*(-0.1199)+
25*1.0000;
Y6=21*0.0000+2,*-0.0096+23*(-0.0029)+2,*(-
0.0029)+z5*0.0000+ z;*1.0000;

Henynebie aucnepcun (ux 9 mryk) A,=3.0000,
A,=0,6000, 2,=0,6000, 2,=0,8000, %A5=0,8000,
A6=0,8000, A,=0,8000, 2=0,8000, 2s=0,8000 nensrcs
HAa 2 Tpynmel: l-as COCTOMT W3 OJHOW PE3KO
JomuHHpyomen qucnepeun A=3.0000, 2-ast rpynma
oOpa3oBaHa w3 8 HOUCHEpPCHH, 3HAYCHHS] KOTOPBIX

Yia:¥i1Yis:Yie, i=1,...,36. Ipyrux 3sHa4eHui He ynanock
MOJIY4UTh IpH pemieHnu OnTUMU3alMOHHONW 3anadyu
C OJJHUM MHIUKATOPOM (YIIPABISIONINM TapaMeTPOM,
COOTBETCTBYIOIMM  CMBICJIOM ~ Y-TIEPEMEHHBIX Y
,..,Yo) 1 orpaHuueHuaM (2%c?,;<c?;), (2*c%;<c%,),
(2%c2<c?y), (2*c%51<c?), ((2*cP)<c?y), (2*c?y<c?y),
2%c%y <c?yy, 2%c%<c’ m3 cnoBecHoil mMoxenu. U3
BBIYMCIIEHHBIX B paMKaXx MOJEIU DIIEMEHTOB
Marpuisl Cgy, comepikamieii 9*9=81 unankaTopoB
HCIIONIB3YIOTCSA Bce (B TOM 4yuciie | HazHaueHHBIH
9KCIEPTOM) HMHIUKATOPOB HAIUYUS MOJCIBHBIX
3HaHHWHA. DTH U3BJICUCHHbIC 3HAHUS, KaK IMOKa3aHo Ha
Pucynkax 1-9, anekBaTHbl 0)KUaeMbIM 3HaHUSAM. J{0
MOMEHTa KOHCTPYHPOBAHHS HOBBIX CMBICIIOB 9 y—
MIEPEMEHHBIX 3TH 3HAHUS OBUIH CKPBHITBIMH.

[To3Haromas MOJens CMOTJIa U3BJIEYb CKPBITHIC
3HAHMSL.

3. Kaxnas u3 9 cMBICIOBBIX (hOpMyYHT U3 ITyHKTa 3
KOTHUTHBHO CKOHCTPYMpPOBaHa U3 CMBICIOB 9
HEU3MEpSEMBIX M 3aBHUCHUMBIX JPYr OT Jpyra z-

MeHBIIE 1, 94TO 03HAYAET HU3KYIO HX 3HAYAMOCTH IIO TIOKa3aTe/IeH. Hesatb y-M3MEHYHBOCTEH
CPaBHEHMIO C CMBICIIAMHU Z-TIEPEMEHHBIX, CMBICJIOBYIO TNEPEMEHHBIX MONAapHO (¥1;,Y;), i*, HE

O0mm3octh «BecoB» K 0 mpH CMBICTAax cMBICII(Y,) KOppCIUpyIoT Apyr C Apyrom:
,-+-,CMBICT(Yg). CMBICTIOBas TiepeMeHHast CMBIC(Yq) (Y1,Y2)=corr(y,,ys)=Corr(y,,ys)=...=corr(yg,Yo)=0, Tax
UMEET JOMUHHUPYIOIIYIO 3HAYUMOCTb B COOTBETCTBUH KaK Ajp= Aopg=...= hgg=0. Oti paBeHCTBa —
¢ mucnepeueii disp(hy)=3.0000. Cmbicn(y;) sBnsieTcs (dbopMabHOE  BBIPAKEHHE HCXOMHOM  CIIOBECHOM

(M0 3HAYMMOCTH) JIOMHHHPYIONIUM CMBICIOM, &

THIIOTE3Bl MOJAETH: Y—TIEpEMEHHbIE [0 CMBICIaM He
BIIMSIIOT JPYT Ha ApyTa.

CEMaHTUYECKas nepeMeHHast SIBIISICTCS 3 K 9 .
CYIIECTBEHHBIM  PECYPCOM  CKDBITBIX  3HAHHIL, . KoppenupoBanubie cMbiciu 9 z-mokasareneit

SIBIIIEOTCS.  BXOJIHBIMH ~ JTAHHBIMH ~ MOJICJIHA, OHU
OcranbHble CMBICIIOBBIC IIePEMEHHbBIC A A Aeau,

chopMynupoBaHbl B MyHKTe «VICXONMHBIC TaHHBIC»
CMBICI(Y,),...,CMBICT(Yy)  SBISIOTCS  HCTOYHHUKAMHU craTen
MMOCTOSTHHO ~ TPOSIBIIEMBIX ~ CHUMITOMOB.  Haue ) N

4.01mH HCXOIHBIN HHAUKATOP

TOBOpPS, W3MCHUMBOCTH OTHX &8 y-TIGPEMCHHBIX

corr(z1,y1)=c11=0,53 OTpaxkaeT MIPUEMIIEMOE
Mojen paBHBI 0, X CMBICIH TTOCTOSTHHEI BO BCEX

3HA4YCHHE, YIOOBICTBOpSIOMIEE § HEpaBEHCTBAM,

WHTEpBAJIaX BPEMEHHU. 31eCh B HM3MBIIUICHHUSX (IO
MOBOAY MOCTa MEXKIY CMBICIaMH M YUCIaMH) MbI
MpUBETH OOOCHOBAaHWE: ~UHCIIOBAs IIepEeMEHHas,

B3STBIX U3 CIIOBECHOI MOJENH , OHH COTJIACYIOTCS C
3HAYCHUSIMH MOJENbHBIX §1-3=78 WHINKATOPOB,

(bopmanbHO HaliIeHHBIX npu peneHnn
UMeIoIasi ~ HYJIEBYI0  JHCIEPCUIO,  SBISETCA .
. . OnTUMHU3aIMOHHON 3amaun. B HWHJIMKATOpe
MMOCTOSIHHOM MEPEeMEHHON C 3HAYCHHUSIMH, PaBHBIMU
. » corr(zy,y1)=c11=0.53  orpaxkeHa  npuuuma IS
Maio 1o BenuumHe KoHcTtaHTe (7. CpaBHHB .
_ credcmeuil: OT OJHOTO WHIUKATOpa (HAaUMEHbIIas
OTHOCHTENbHbIC oma  3/9=1/3 u anpuopHas HH(GOPMAIHS ISl MOJICITH, HCKITFOYAoIIast
[6/9]/8=[2/3]/8=1/12  nucnepcuii, HazHauum & ",
MO/ICKa3Ky JUTSt Mo3HaroLIEei MO/JICIIN )
JMUCTIEPCHSM  MEPEMEHHBIX  Vy,...,Yg  HYJICBBIC
CKOHCTPYHPOBAHBI ~ HWKEC  KOHKPETHBIC  (ppa3sl

3navenust. J{ist uncinoBoro crektpa Agg=diag(3.0000,
6000, 0.6000, 0.8000, 0.8000, 0.8000, 0.8000,
0.8000, 0,8000) cooTBeTCTBYIOILIAs KOPPEISALMOHHAS
MaTpulia, UMEeT PaHT, IPaKTU4YeCKU paBHbIN 1=9-8. A
Koppensunonnas MaTpuna, MMEIOIas paHr, paBHBIN
1 uMeeT MaTpUIly TIIaBHBIX KOMIIOHEHT (3Ha4YeHUi y-
MEPEMEHHBIX ), COCTOSIIYI0 M3 OXHOro croidma (c
JIICTIEpCHEH, paBHOW Pa3MEPHOCTH KOPPEISINOHHOMN
MaTpuIlsl). B Hameit Momenn TOJBKO AJIST CMBICTIOB
cMBIC(Y;), CMBICI(Y,),...,CMBICI(Yg) M3 CMBICIIOBBIX

CMBICJIOB 9 y—Ti0Ka3aTenei.

6.MozaensHBIe MATPUTIBL Y 19, Zimg (Tabmmmax 5 u
6) (monmy4yeHHbIE TyTeM BHIYUCIICHHUS 110 AATOPUTMY U
YTEM KOMIIbBIOTEPHOI'0 MOACIIMPOBAHUSA CITy4aliHbIX
matpur, VO, U YIOBIETBOPSIOT paBeHCTBaM
anreOpanyeckoin CUCTEMBI ypaBHEHHUH,
COOTBETCTBYIOT HaWJICHHBIM BBIIIE 9
MHOTOCMBICJIOBBIM YPaBHEHUSIM.

KoncrpynpoBanue cMbIC/10B 9 y-niepeMeHHBbIX

YpaBHEHUI [IPUMEHSIEM KpUTEpHil .
o M3 CHCTeMbI 9 MHOTOCMBICIOBBIX YPaBHeHHIl 115
OJHOCMBICTIOBOCTH. B MaTemarndeckod MoJenu N
. CHJIbI  MPOSIBJIEHMHI  CHMNTOMOB  00JIe3HH
gucia  Ay,...Ag PaBHBI 3HAYEHUSAM IHCIEPCHI
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ITapkuHCOHA M CHJI NPOSABJICHUH CHMIITOMOB 8 Zz-
OoJie3Heit

— PaccmotpuM (hakThl M cBeneHMS, KOTOpBIE
BOCIIPOM3BOJST SIBTICHUS (hU3MOIOTHYHOTO,
AQHATOMHYECKOTO  XapaKTepa,  HEMOCPEICTBECHHO
kacaromuxcsi Oosiesan IlapkuHcoHa (z-Oosie3Hel).
DneMeHTaMH KOHCTPYUPOBAHUS KaXKI0TO CMBICHA (U3
9 y-(hakTOpOB) SIBJIAETCS IMOJAMHOMXECTBO CMBICIIOB,
BbIOpaHHOE (U1 PacCMaTpUBAEMOTO Y-CMbICIIA) M3
MHOXecTBa 9 Z-hakTopoB:

CMBICI(Z, )=«tposiBiieHne Oosie3Hu IlapkuHCOHA
y JIOJEH «C TPEBOXKHOCTBIO» NPOUCXOAMUT C CHIIOH
Ay

CMBICTI(Z,)=«IETIPeccHs» MpPOSIBISIETCS C CUIION
0212, B 2 pasza MeHBIIeH, 4eM CUJIbI TMPOSIBICHUS
6one3nu [lapkuHCcOHA y JTr0fEH 6€3 TPEBOKHOCTH;

CMBICII(Z3)=« HapyLIeHHs CHa» MPOSBIAETCA C
CHIIOH TIPOSIBJIEHHMS €231 , B 2 Pa3a MEHbIIEH, YeM cuiia
HposiBJIeHUs ¢%y; GonesHu IlapkuHcoHa y mojeil ¢
TPEBOKHOCTBIO;

CMBICII(Z4)=«yCTaJOCTb» TPOSBISETCA C CHUIION
c%;;, B 2 pa3a MeHbIIEH, 4eM CHJIa HPOSBIEHHS C2qq
«bomne3nn [TapkiHCOHA y JTFO/IEH C TPEBOKHOCTHION;

CMBICTI(Z5)=«KOTHUTHUBHBIE paccTpoiicTBay
IPOSIBJIAETCS C CUJION C%5; — B 2 pasa MEHbILME, YeM
cuia mposiBieHHs C%; «Oomesnu IlapkuHCOHA Y

JIOJIEH ¢ TPEBOKHOCTHION;

CMBICI(Zg)=« HH3KOEC KPOBSHOE aBIICHHUE)
HpOSBJIAETCS ¢ CHIIOM ¢’ , B 2 pa3a MeHbIei, uem
cuia mposiBeHus c%; «OonmesHu IlapkuHCOHA y
JOJIEH ¢ TPEBOKHOCTBIO». TPEMOP, OOJIC3HEHHBIE
HETIPOM3BOJIbHBIE COKPAIIEHHUS MBI W PEUYEBHIC
HapyIICHHS;

CMBICII(Z7)=«TPeMOp» MPOSBISAETCS € CUIIOM ¢27p,
B 2 pa3sa MeHbIeH, 4eM cula HOpOsABIEHHA C2qq
«06one3nu [lapknHCOHA y JTIOAEH ¢ TPEBOXKHOCTHION;

CMBICII(Zg)=«PUTUAHOCTD) MIPOSBIIETCS C CHIIOMN
c%; , B 2 pasa MeHbIIEH, 4eM CHJIA TPOSBICHUS
¢?11«Bone3nn mozei c
TPEBOKHOCTBION;

CMBICII(Z9)=«HapyIICHUEM paBHOBECHS
HPOSBJIAETCA C CUIOM ¢’y , B 2 pa3a MeHbILei, uem

cuia mposiBeHus ¢’y «Oonmesnu IlapkuHCOHA y

JIOZEH ¢ TpeBOXKHOCTLIO». Hucnepcun 9 y-thakTopoB:
A2,=3.0000, A,=0,6000, A;=0,6000, A,=0,8000,
A5=0,8000, A4=0,8000, A,=0,8000, A4=0,8000,
%9=0,8000. Jlucnepcuu 9 z-pakropos He paBHBI I,
nb0 3HAUCHHsl Z-TIEPEMEHHBIX IIOJIyYEHBI IPH
npeobpazopanuu MaTpuiei Cqg ICEBAOCOOCTBEHHBIX
BekTopoB:  dsp{z,;}=3,6239;  dsp{z,}=12,6085;
dsp{z;}=27,6112; dsp{z,}=48,8110;
dsp{z5}=75,7990; dsp{z¢}=108,7986;
dsp{z,}=147,7983; dsp{zg}=192,7977;
dsp{z,}=243,7968. Eciu wmarpuma Cgq SBISIACH
ManHHeﬁ COOCTBEHHBIX BEKTOPOB, TO JHUCTICpCUH 9z-

ITapkuncona y

¢dakTopoB Obuth OBl paBHBl 1. g cucTeMBI
CMBICJIOBBIX YPAaBHEHHH C HEHYJICBBIMH IIapaMeTpaMu
(«BecaMm») MpU CMBICIOBBIX MEPEMEHHBIX HaiaeM
dpassl cMbicoB CMBICI(Y;), CMBICI(Y;), cMBICI(Y3),
cMbIci(y,), cMbici(ys), CMbICI(Yg), CMBICI(Y7),
cMbIcT(Yg), cMBICH(Yg), KaKaas M3 KOTOPHIX paBHA

cBoeH CYMMCE€ CMBICJIOB (yMHO)KeHHLIX Ha mapaMeTphbl-

KOMIOHEHTBI ~TICEBIOCOOCTBEHHBIX BEKTOPOB U3
MAaTpPHLIBI Cyo) u3 MHOXECTBa
{eMbICn(Zy),. .. ,cMBICT(Zg) }.

VpaBHeHUsI CHCTEMBI HUMEIOT BUIL:

cMBICI(Y; )=cMbIci(z; *0,5300+cMmbic(z,) * (-
0,1835)+cmbici(z;)*0,0000;
eMbIci(y,)=cmbIci(z,)*0,3462+cmbicn(z,)*1,0000;
cMBICI(Y3)=cMbICI(Z4)*0,3462+cMmbIci(z,)* (-
0,1199)+z,*1,0000;
cMBICII(Y,)=cMBICI(Z;)*0,3462+cMmbIci(z;)* (-
0,1199)+cmnbici(z,)*1,0000;
cMbICI(Y5)=cMbICi(Z;)*0,3462+cMbIci(z,) * (-
0,1199)+cmpbici(zs)*1,0000;
cMbici(yg)=cMmbIci(zg)*1,0000;
cmbici(y;)=cmbici(z,)*0,3462+z,*1,0000;
cmbici(yg)=cmbici(zg)*1,0000;
cMbIC(Yg)=cMbIcT(Z,)*0,3462+ cMbici(zg)*1,0000.

CMBICIIOBBIM YPaBHEHHSIM CHCTEMbI CMBICJIOBBIX
MEPEMEHHBIX COOTBETCTBYIOT CICYIONINE YUCITIOBBIC
paBeHCTBA:

y,=2,*0,5300+2,*(-0,1835)+2,*0,0000;

Y,=2,%0,3462+2,*1,0000;

Y5=2,*0,3462+2,*(-0,1199)+2,*1,0000;

Y4=2,*0,3462+2,*0,0000+25*(-0,1199
2,*1,0000;

y5=2,*0,3462+2,*(-0,1199)+z5*1,0000(-0,0003)
0,0000;

Y6=2,*0,0000+2,*-0,0096+25*(-0,0029)+z,*(-
0,0029)+2z5*0,0000+z,*1,0000;

y;= 2,*0,3462 + z,*1,0000;

Ys=25*1,0000;

Vo= 2,*0,3462+ z4*1,0000.

Bynem KoHCTpyupoBaTh (pasbl CMBICIOB s
CMBICIIOB 9  y-TIepeMEHHBIX, HayuHasg C Y-
[IEPEMEHHON C HYJIEBOM AHCIIepCUel, B MOpsIKe
BO3pacTaHus BEJIMYUHBI JAUCHEepCcHU. Bocemb y—
MEPEMEHHBIX HMEIOT MPHOIU3UTENLHO HYJICBBIC
JIICTICPCHH, OHHU SIBISIFOTCS MOCTOSTHHO
JeHCTBYIOIIMME  (paKTOpaMU-CHMITOMAMH OO0JIe3HU
[MapkuHCOHa. Opna  y-TiepeMeHHas  HMMeeT
JIOMUHUPYIOILIYIO JUCIIEPCUIO, & €€ CMBICH J0JDKEH
comepxath (pasy  «...MPOSIBICHHE CHMIITOMOB
6ose3nu [TapkHUHCOHA Y JIIOJCH «C TPEBOXKHOCTHIOY,
TaK KaK M3 UCXOMHBIX JAHHBIX BHIHO: CYMMbI (pa3
CMBICIIOB 9 Z-TIEpEeMEHHBIX CJIOBECHO BBIPAKAIOT
3HaHUsSI 00 «...MPOSIBJICHHAX CHMITOMOB OOJIC3HU
IMapxuHCOHA. Pe3ynbraTh u3 Tabmuipr
MOATBEPKAAIOT 3TO: OoNe3Hb [lapkuHCOHA y JMroaei
«C TPEBOXKHOCTBIO» CMBICT  Y—IIEPEMEHHOH Y1
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nononHsoT  (pasy  cmbicna(z,).  Comepxkar Gonesnu [TapKUHCOHA y JTIOJIEH «C TPEBOKHOCTBIOM (C
W3BJICUCHHBIE CKPBITHIE 3HAHMS, MPEACTABIIAIONINE cuoit (0,3462)?%), a Takke MOCTOSHHOE YMEHbLIECHHE
co6oif  0c060 UeHHBIE «IUPPOBBIE»  3HAHMSL. CHMIITOMOB=YCTAIOCTI» (¢ crinoif ¢s5= (-0,1199)?)
PaccMoTpum CMBICIIOBOE ypaBHEHHE JA0T  [OCTOSAHHOE MHOTOKPATHOE  «IIPOSIBIEHUE

cMbIcT(Yg)=cMbIci(z,)*(0,3548)+cmbici(zq)*1,0000.

Haunem ¢ dpassl, npucyiel cMpIcTy z—TIEPEMEHHON
Zy (Ag=0,8000) ¢ HaHOONIBIIHM «BECOM» Cge=1.0000.
@pasza  «IPOSABICHHE  CHMITOMOB  OOJIC3HH
[TapKkuHCOHA y JMIOfeH «c TPEBOXKHOCTBIO» € CHIIOH
¢?4=(0,3548)’ naeT mHOrokpaTHOE «HApYIICHHE
paBHOBeCHs» ¢ cHIIOl ¢°9;=1.0000%». Tak Kak c?gt+c?
=1, To cuma MIPOSIBIIEHUI CHMIITOMOB TIPH «COOBITHH
Zi» B 3 pasa BBIPAacTyT IO CHJIE TIPHM HACTYIUICHHH
«COOBITUSL Zg, CHMIITOMBI KOTOPOTO IIPOSIBATCS C
cuioii ¢?y; =1.00002 TakoBa Moryuas cuiia coObITHS
«IPOSIBJICHAE CHMITOMOB Ooie3nu IlapkuHCOHA Y
JTOAE  «C  TPEBOKHOCTBIO».  3I€Ch MBI
CKOHCTPYHPOBAIH HOBBIA CMBICI(Yq)=«IIOCTOSHHOE
OPOSIBJICHAE CcUMITOMOB Gouie3Hu I[lapkuHCOHA Y
JIOAEH «C TPEBOXKHOCTBIO» [OAaeT MHOTOKPATHOE
«HapylleHHe  PAaBHOBECHS». 2-as  MOCTOSHHOE
coObITHE «yg». Ero cmpicn mepemaercs ¢pasoit
CMBICII(Yg)=«IIOCTOSIHHAS. PUTHIAHOCTBY MPOSBIACTCS

npu  «oomesnu  IlapkmHcoHa y  mromed ¢
TPEBOXKHOCTBIO»». KOHCTpyHpyercss 3TOT CMbICT
MPOCTO u3 CMBICITIOBOTO ypaBHEHHUSI
cMBIci(yg)=cMBIcT(Zg)*1,0000). CMbIcn  TpeThero

TIOCTOSIHHOTO COOBITHS M3 €TO CMBICTIOBOH (OPMYIIBI
eMbici(y;)=cmbici(z,)*0,3462 +(z;)*1,0000. dpaza
«IPOSIBIICHUE CUMITOMOB (osyie3nu [lapkuHCOHA Yy
moziell «C TPEBOXKHOCTbIO» ¢ cuioil (0,3462)? nmaer
MHOI'OKpaTHOE «IIposiBjieHHe CUMITOMOB TpeMoOpa €
cunoit  ¢%,;=1.0000%. Cwmsbica(y7)= «IOCTOSHHOE
NpOsIBJICHWE cUMNTOMOB Oone3nu [lapkuHcona y
JIOJIE «C  TPEBOXKHOCTBIO» JAaeT MHOTOKpaTHOE
«IPOSIBIICHHE CHMITOMOB Tpemopa». CMbICI 4-ro
MOCTOSIHHOTO COOBITHSI M3 €r0 CMBICIOBOH (OPMYIIbI
cMBICI(Yg)=cMBICI(Z,)*(-0,0096)+cMmbicn(z;)* (-

0,0029)+cmbicn(z,)*(-0,0029)+cmbicn (zg)* 1,0000. B
CMBICIIOBOH (hopMyJIe OTCYTCTBYIOT CHMITOMBI Z—
bakTopoB  Z1,Z5.Z7,Z8,Zg. OueHb  Majble  CHIIBI
CHMIITOMBI Z—(DaKTOPOB Z,Z3,Z4 OTHOCUTEIBHO CHIIBI
cuMmnToMa zZg  Cg=1.0000° mo3BONsAET YHPOCTHUTH
(dpa3zy cmbicna(yg). CMbICI(Yg)=«ITOCTOSTHHOE HU3 KO
KPOBSIHOE JaBJICHHWE» Yy JIoJed ¢ «OONe3HBI0
[TapkHHCOHA, MCTIBITHIBAIOIINX TPEBOXKHOCTE». C

MMPUMEYAHUEM! «IIpun O4YCHb MaJIbIX 3(0] CHUJIC
CHUMITTOMax —(aKTOPOB Zy, Zz, Zy».

CMmbIch 5-ro MTOCTOSTHHOTO COOBITHS
KOHCTPYUPYEM U3 €ro CMBICIOBOH  (hOpMyIibI
embici(Ys)=cMmbici(z,)*0,3462++cMbIci(Z,)* (-
0,1199)+cmpicn(z5)*1,0000. Dpaza, mnepenaromias

CMBICI(Y5)=«IOCTOSIHHOE POSBICHHE CHMIITOMOB

CHMIITOMOB ~ «KOTHHTHBHBIE  paccTpoiicTtBa»  (C
Haubonbiedt cunoit c%=1.0000%)». Cmpicn 6-ro
MOCTOSIHHOTO ~ COOBITHS CKOHCTPYHPYEM U3  €ro
CMBICJIOBOM dopmyisl cMBICI(Y,)=CMBICI(Z,)
*0,3462+cmbici(Z3)*(-0,1199)+cmbicn(z,)*1,0000.
®paza, mepenaromas  cMbICI(Y,;)=«ITOCTOSHHOE
MPOSIBJICHUE CHUMIOTOMOB (ojyie3nu IlapkuHCOHA Yy
ofIeit «C TPeBOKHOCTBION (¢ critoit ¢?1,=(0,3462)),
a TaKKe TIOCTOSHHOE yMEHBIICHHE CHMIITOMOB
«Hapymenns cHa» (¢ cumoi ¢%3,=(-0,1199)%) naror
HOCTOSIHHBIE CHMOTOMBI  «YCTAIOCTH» (C CHIIOH
¢%44=(1.000)))». Cmbicit 7-ro MOCTOSHHOTO COOBITHS
CKOHCTPYUPYeM W3 €ro CMBICIOBO#H (opmyIsl
cMBICT(Y3)= cMbICi(Z1)*0,3462+cMmbicn(Z2)* (-
0,1199)+ z5*1,0000.

CMbICT(Y3)=«ITOCTOSTHHOE [IPOsIBJICHUE
cuMnToMoB Gone3nu IlapkuHcoHa y JIOAEH «C
TPEBOKHOCTBIO» (¢ cwimol  ¢?13=0,3462)> u
MOCTOSIHHOE MPOSIBIICHHE CHMIITOMOB JICTIPECCHI
(c cunoit c?3=(-0,1199)%) natoT  MOCTOSHHBIE
OPOSIBJICHHS ~ CHMIITOMOB «HAPYILIEHHS CHa» (C
cunoii ¢?13=1,0000)?». Cmbic 8-TO TOCTOSHHOTO
COOBITHS: embici(Y,)=cmbici(z,)*0,3462+
cMBICI(Z,)*1,0000.

Dpasza cmbica(y,) 000CHOBBIBAETCS CMBICTOBBLIMHU

u YHCIIOBBIMH JAHHBIMU: IIOCTOSIHHBIC

nposieienus (¢ cuioil ¢2,=0,34622) cumnromoB

«bone3Hn [NapkuHCOHa, HCIIBITHIBAOIIHX

TPEBOXKHOCTBY JAAIOT IMOCTOSHHBIC POSBICHUSA

«renpeccun» (¢ cunoit  ¢2,,=1.0000%). Cwmsbicn

(Y,)=«IOCTOSIHHBIE ~ TIPOSBIICHUSI
6051e3HH [TapxuHCcOHa,
TPEBOXKHOCTBY» ~ JAIOT  MOCTOSIHHBIC
TPOSIBIICHUS «ICTIPECCHID.

Cambim UH(OPMATHBHBIM (mucnepeust
CMBICTIOBOM MepeMEHHON disp(A,)=3.000
HEU3MEPUMO IPEBOCXOAUT AUCICPCUIO KaKIOH
npyroii (13 Ta6auus! 4) cMBICIOBOI IEPEMEHHOI),
sBisiercst  cMbici(y;). CMBICTIOBOE —ypaBHEHHE
embici(Y;)=cMbIci(Z,)*0,5300+cmbicn(Z,)*(-
0,1835) umeer pemrerue cMbICi(Y;), 3aBHCAIIEE OT
2-X M3BECTHBIX CMBICIIOB CMBICI(Z1), CMBICI(Z,),
(bpasbl KOTOPBIX TIPUBENEHBI BBHINIE B HCXOMHBIX
JaHHBIX Mozenn. CymMmupysi cMbicin 3-x (pas u
noaTBepykaast 3 hpasbl CMBICIIOBBIMU M YMCIIOBBIMH
JNaHHBIMH, OTHOCSIIIUMH K WX CMBICIOBOMY
YPaBHEHUIO
embici(Y;)=cmbici(Z,*¥0,5300-+cmbicn(Z,)* (-
0,1835)  +cmbici(z3)*0,0000, umeem

(Y1)=«cmyuaitHoe mposiBIeHHE (C M3MEHUMBOCTHIO
disp(1,)=3.000) cumnromoB Gonesuu ITapkuHCOHA

CUMIITOMOB
HCIIBITHIBAOIIUX

100%-w1e

CMBICJI

Yy momei  «C  TPEBOXKHOCTBIO» (C  CHIIOH
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Impact Factor:

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
ISI (Dubai, UAE) = 1.582  PHHII (Russia) =0.191  PIF (India) =1.940
GIF (Australia) =0.564  ESJI (K2) =8.100  IBI (India) = 4.260
JIE =1500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350

¢%11=0,5300)? marot Hecyuaiinoe (00yCIOBIEHHOE
NPOJENaHHBIME  MEJUMIMHCKAMU  JIeUeOHbIMH
MEpONpUATHAMU B paMKaXx Npoekrtal) ciydaitHoe
nposiBicHHe YOBIBAIOIMX CHMIITOMOB JETIPECCHI

(c cunoit ¢%;=(-0,1835)?). Pesynbrar mpoekra -

MIPOSIBIICHUE )ObI8AIOUUX CUMITOMOB JICTIPECCHI
y momeii (¢ cuwioi ¢%;=(-0,1835)%) uncnenHo
OIICHMUBACT IIPOCKT, a Halla KOrHUTHUBHAas MOJECIb
W3BJIEKJIA CKPBITHIE 3HAHUSA U3 UCXOAHBIX TAHHBIX.

Tabauua 2. U3BaevyeHHble 3HaHUs1 00 9 y-cuTyanusix
pa3BuTHs cMuMNTOMOB 00/1e3HU [lapkuHcoHa

Ne % CMBICTIBI HE3aBHCUMBIX Y—(aKTOpOB, 3aBucAmmx |[/luciepcun IBrrBoTBI
JIMCTIEPCHUU |OT CMBICIIOB Z-(haKTOpOB Z-bakTopoB
9 0/9=0,00% [cMmBIci(Yg)=«mocTOSIHHOE TIposiBieHue cummromonddsp{z,}=3,6239; [TocTostHHO
0ose3nn ITapkuHCOHA y JIHOEl «C TPeBOKHOCThIONASP{Z,}=243,7968  |[IpOABISAEMBIH Y-
TaeT MHOTOKPATHOC «HAPYIICHNC PABHOBCCHSI baxTop Yo
8 0/9=0,00% |cMBICI(Yg)=«IOCTOSTHHASI PUTUAHOCTDY dsp{zg}=192,7977  [[locTosiHHO
nposieisieTcs (¢ cutoit ¢%gg=1,0?) npu «Gonesnu MPOSIBIISIEMBIH Y-
[TapkuHCOHA y MI0Ieil ¢ TPEBOKHOCTHION (paxrop ys
7 0/9=0,00% [cMmbIcn(Y;)=«ocTosiHHOE mposiBieHue cummromopddsp{z,}=3,6239; [ToCTOSTHHO
Gonesnu [lapkuHcoHa y moael «c TpeBoKHOCTRIoNdSp{z,}=147,7983  |IpOABIAEMBIH Y-
TaeT MHOTOKPAaTHOE «IIPOSIBJIEHUE CHMIITOMOB (baxTop Y7
[rpeMopa»
6 0/9=0,00% [CmbIcn(Ys)=«mocTosHHOEe  HHM3KOoe  kpossiHoeldsp{z,}=48,8110; [TocTosiHHO
InaBnenue» y mogel ¢ «Gonesusto [Napkuncona,dsp{zs}=108,7986  [IposBiIsAEMBbId Y-
MCTIBITBIBAIOIIUX TPEBOKHOCTHY d)aKTop Yo
5 0.00/9= |cMbIcn(Ys)=«mocTosiHHOE MposiBieHue cummnromorddsp{z,}=3,6239; [ocTostHHO
0000%  |Gonesnu [Mapkuucona y mogeit «c TpeBokHOCThIONASP{Z,}= 48,8110;  [IpOsBIACMBIii Y-
(c cunoii ¢%5=(0,3462)?), a taxke nocrosuroedsp{zs}=75,7990;  |bakTop Ys
[YMEHBIIICHHUE CUMIITOMOB—«YCTAJIOCTH» (C CUJION]
c?45= (-0,1199)?) natoT mocTosTHHOE MHOTOKPATHOE
«IPOSIBIICHHUE CHMIITOMOB «KOTHUTHBHBIE
PaccTpoOKCTBa» (c HauOoJIbIIeH CHIION
c%5:=1.00002)»
4 0.00/9= |cmbicn(Ys)=«mocTosiHHOE TiposiBiienne cummromoBddsp{z,}=3,6239; [locTostHHO
0000%  |6omesnu Ilapkuncona y mofei «c TpeBokHOCTRIONASP{Z,}=27,6112; MPOSIBISIEMBIH Y-
(c cunoit ¢®14=(0,3462)%), a Tawke mnocrosHHOSdsp{z,}= 48,8110;  [bakTop Y,
[YMEHBIIIEHUE CHMIITOMOB «HApyIleHUs CHa» (C
cunmoit  ¢?34=(-0,1199)?)  malOT  HOCTOSHHbIE
CHMIITOMBI «ycTaocTH» (C cuitoit c44=(1.000)%))»
3 0.00/9=  |cmbIcn(Y;)=«mocTosiHHOE TposiBiicHne cummromorddsp{z,}=3,6239; [locTostHHO
0000%  |6onesnu IMapkuncoHa y mojei «c TpeoskHOCThIONASP{Z,}=12,6085; NPOSIBIIAEMBIH Y-
(c cumoit ¢#13=0,3462)? u nocrosinHoe nposiBieHnedsp{z;}=27,6112. (hakTop Y
CUMIITOMOB JIEIIPECCHI» (C CHIIOHN 02232(—0, 1199)2)
IMafOT MOCTOSIHHBIE TTPOSIBIICHUS
CHUMIITOMOB  ««HAapyIIeHHs cHa» (C  CHJIOH
c?13=1,0000)%»
2 3.00/9=  |Cmsica(y,)=«mnocTosHHbIE posiBiIeHUs cummromor/ddsp{z,}=3,6239 [locTosTHHO
0000%  [Gose3uu IMapkuHcoHa, HCIBITHIBAIOIINX [POSIBIISIEMBIH Y-
TPEBOXXHOCTB» JAOT IOCTOSHHBIE 100%-b1€] (haxTOp Y,
MPOSTBIICHHUS
«IETIPECCHI
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISI (Dubai, UAE)=1.582  PHWHII (Russia) =0.191  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) = 6.004  OAJI (USA) =0.350
1 3.0000/9  |embIci(Y1)=««cinydaiiHOE IpOsIBJICHNE (cddsp{z,}=3,6239; MpOsIBJICHNE
=33.3% m3menumBocThto  disp(A1)=3.000)  cummnTomoBdsp{z,}=2,0890. yOBIBAIOIIINX
Oone3nn [lapkUHCOHA TPOSBISIOTCS y JHOICH «C CHMIITOMOB

HecITyJailHoe

paMKax

TpeBoxHOCTRIO» (¢ cmmoii  ¢%;=0,5300)% naror
(o6ycnoBnennoe
MEMIIMHCKMMH  JIEY€OHBIMA  MEPOTIPUATUAMH B
IPOEKTa),CiTydaiiHoe
yOBIBAIOIIMX CHMIITOMOB JETPecCHn» (C CHIION
c2,,=(-0,1835))».

mpoACIaHHbIMU]

MIPOSABJICHUC]

Imenpeccuu y JIIoJIeH,
MOJICIIb YHCIICHHO
OIICHWBACT MPOECKT,
MOJIC)Ib M3BIICKIIA
CKpBITBIC 3HAHUS U3

MCXOJHBIX JaHHBIX.

Kpatkwuii mepeckas cmbicia(y:) yandex.

Crny4aiiHO€ TPOSBICHHE CHMIITOMOB OOJIE€3HU
[TapkuHcona

¢  CuMOTOMBI 0oJ1e3HU ITapkuHcona
IIPOSABIIIOTCA Y JIFOJEH C TPEBOKHOCTBIO:

e Cuna cCBSI3U MEXIY
cumnroMamu cocrasisier 0,5300.

TPCBOXKXHOCTBIO U

Hecnyqai/'IHoe IIPOSABJICHUE CUMIITOMOB.

¢ CuMITOMBI YOBIBAIOT Y JIOACH B COCTOSTHUU
JIETIPECCHH.

¢ Cuma cBA3M MeXAy Jemnpeccuedl u
cumnromamu cocrasiser (-0,1835).

MemuuHCKHE JIedeOHbIe MEPOTIPHSATHSL.

* MeauyHCKHE MEpONPUATHI B paMKax
MIPOEKTa MOTYT BIHATH HA MPOSBICHUE CUMIITOMOB.

*OTH MEpONpPUATHS MOTYT OBITH NPUYNHON
HECIIy4ailHOTO MPOSIBIEHUSI CHMITOMOB

MogeaupoBanue YUCIOBBIX MATPHIL Y mg.
Zmg Y- M1 Z—OTKJIOHEHHH 1JIS CHCTEMBI 13 9
MHOTOCMBICJIOBBIX YPaBHEHHIT

OT;[eJ'[LH() MOICITNPOBAIIMCh MAaTPHUIIBI Umg u
Yo [17] TaKwue, 9TO
(UmM)UT 10U nmo=log, Y me=Upmo A" g0,
Agg=diag(3.0000,0.6000,0.6000,0.8000,0.800,0,0.80
00,0.8000,0.8000,0.8000),3atem  MOJIEIHPOBATIACH
matpuia  Zyg=YoCle. Marpuna 3nauenuii  z-
TIEPEMEHHBIX 21,29,23,...,Z9 ngzYmgcT , Cr
Coglgg,CggCl99=lgy. Jlerko Borumcnsiercs B OT Excel.
Martpuubl Zg 1 Y g COZIEPKAT MOJEIBHBIE 3HAYCHUS
HEM3MEPSEMBIX M3MEHYNBOCTEH (OTKIOHEHHUH OT 0),
COOTBETCTBYIOIIUX  HEM3MepseMbIM  (hakTopam.
Martpuna Y g obecnieunBaet CITy9aifHOCTD OYYIIIX
3HAYCHWH y- M Z—OTKJIOHEHHH. Matpuubl Zpg, Yng
mpuBeeHs! B Tabnmmax S .

Tabauua 3. Bux taduubi-nporpaMmmMsl OnTUMH3aHMOHH O
3agaun: (Iogleg)=>( Cog A g9) B MOIETH ¢ 9 Z-TIEPEMEHHBIMH, 9 Y-TIepeMeHHbIMHU

C1 C2 C3 C4 Cs Ce C7 Cg Co
z
' 0.5300 | 0.3462 | 0.3462 | 0.3462 | 0.3462 | 0.0000 | 0.3462 | 0.0000 | 0.3462 | 1.0000
z
? -0.1835 | 1.0000 | -0.1199 | 0.0000 | 0.0000 | -0.0096 | 0.0000 | 0.0000 | 0.0000 | 1.0000
z
’ 0.0000 | 0.0000 | 1.0000 #H#### | 0.0000 | -0.0029 | 0.0000 | 0.0000 | 0.0000 | 1.0000
Z4 -
0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.1199 | -0.0029 | 0.0000 | 0.0000 | 0.0000 | 1.0000
% 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000
Z6 -
0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0003 | 1.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000
Z7 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 1.0000
Zs | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 1.0000
Zy | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000 | 1.0000
0.3146 | 1.1199 | 1.1342 | 1.1342 | 1.1342 | 1.0001 | 1.1199 | 1.0000 | 1.1199 | 9.0000
0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
lam 3.0000 | 0.6000 | 0.6000 | 0.8000 ] 0.8000 J 0.8000 | 0.8000 | 0.8000 ] 0.8000 | 9.0000
Cu 0,53 1,00000
.
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ISRA (India)  =6317 SIS(USA)  =0912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1582  PHHII (Russia) =0.191  PIF (India) = 1.940
Impact Factor: ¢ (australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350

Tadnauua 6. MaTtpuna Y g y-M3MeHUYMBOCTeH

Y1 Y2 Y3 Ya Ys Ye Y7 Ys Yo
1 1.1309 | 0.2253 | 0.4569 | -0.7079 | -1.0924 | -1.0089 | -0.0637 | -2.0496 | -0.7849
2 -3.3990 | -0.5916 | -0.6309 | 0.9416 | -1.5517 | -1.8390 | 0.0539 | 0.5450 | -0.7958
3 -1.2076 | -0.1278 | -0.5628 | -0.1343 | -1.1792 | 0.5980 | 1.5721 | 1.2457 | 0.1581
4 0.6166 | 0.9877 | 0.8074 | 0.1900 | -1.0374 | -0.5560 | -0.5894 | -0.2319 | 1.0562
5 1.3531 | -0.9330 | 0.4247 | -1.0127 | 0.3808 | -0.3082 | 1.1688 | 0.7153 | -0.5584
6 15741 | 0.3819 | 0.8296 | 1.0884 | 0.9279 | -0.1355 | -1.7426 | 0.5184 | -0.6977
7 -0.7495 | 0.2835 | -0.4798 | 0.3628 | 0.8009 | -0.0462 | 1.6032 | 0.2639 | 0.0336
8 0.1824 | 0.4935 | -0.0603 | -1.1871 | -0.1293 | -0.6828 | -1.3810 | -1.4948 | -1.3514
9 -0.6067 | -0.2554 | 0.5702 | 0.1312 | 0.1698 | 1.8704 | 0.1545 | 1.1165 | -0.6765
10 25773 | 0.7678 | 0.4538 | -0.1365 | -0.2387 | 0.2839 | -0.5574 | -1.4625 | 05778
11 4.2004 | 0.6005 | 0.3390 | -0.7807 | 0.9820 | -1.0203 | 0.8085 | 0.9541 | 0.4405
12 2.5000 | -1.1625 | -0.7087 | 1.7329 | -0.2533 | -0.2115 | 0.1213 | -0.6872 | 0.0362
13 1.6766 | 0.7861 | 0.0332 | 1.2259 | -1.6650 | 0.8303 | 0.5316 | -0.7601 | 0.9812
14 2.0953 | 0.2797 | 1.2638 | -1.1874 | -0.0456 | 0.7722 | 1.1024 | -0.7361 | -1.1152
15 1.2350 | -2.0616 | 0.7225 | 0.5036 | -0.4776 | 1.1114 | -0.3036 | 0.5010 | -1.1260
16 2.3847 | 1.1847 | -05778 | 05983 | 0.8597 | -0.5931 | -0.2957 | 0.2980 | -0.4826
17 -2.5558 | 0.6776 | 1.2578 | 0.3264 | -0.4850 | 0.8275 | 1.2631 | -0.4285 | 0.6587
18 -1.2228 | 0.1923 | -1.2514 | -0.5667 | 0.3246 | -0.9482 | -0.5558 | 0.8928 | 1.4673
19 -0.2063 | -1.3377 | 1.5236 | 1.1760 | 0.1495 | -1.1563 | -0.5815 | 0.2409 | 0.0134
20 -0.0580 | -0.5178 | 0.3459 | -0.6451 | 0.9046 | 0.4240 | -1.7463 | -0.5802 | 15854
21 -0.9268 | -0.6868 | -1.2009 | -0.3503 | 1.1545 | 0.7440 | -0.3820 | -0.7983 | -1.5013
22 -0.3720 | 0.7034 | -0.9521 | 1.2509 | 1.3819 | 0.9781 | 0.0735 | -0.8255 | 0.7426
23 0.4008 | -0.7778 | 0.7764 | 0.6821 | 0.8677 | 0.2529 | -0.7143 | 1.1422 | 1.2135
24 1.4108 | 0.3710 | -0.9126 | -1.0163 | -1.1759 | 0.7188 | -1.5479 | 0.5927 | -0.4337
25 -0.6208 | -0.2301 | -0.1383 | -1.2696 | 1.1120 | 0.3755 | 0.9579 | -0.1735 | 0.2964
26 -3.8143 | 0.4559 | 0.7628 | -0.9537 | 0.6694 | 1.0819 | -0.0842 | 0.3917 | -0.0788
27 1.7109 | -0.1697 | -0.8345 | 0.1789 | 0.5357 | -0.0159 | 1.0694 | -0.5198 | 0.6104
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ISRA(Ind_ia) =6.317 SIS (USA) _ =0.912 ICV(POI_and) =6.630

impact Factor: Sy GUUADZISE PG Z0ie A

JIF =1.500  SJIF (Morocco) =6.004  OAJI (USA) = 0.350

28 -0.5539 | -1.6699 | -0.2605 | -1.6295 | -1.0891 | 0.0895 | 0.1365 | -1.0508 | 1.0371

29 -1.7367 | -0.0173 | 0.0875 | 1.8434 | 0.4760 | -0.7261 | 0.7078 | -1.5656 | -1.0117

30 -2.4602 | 0.3814 | -0.0225 | -0.3242 | -0.2016 | -0.7248 | -1.3499 | 1.5851 | -0.7941

31 0.3305 | 0.9297 | -0.1815 | -0.2211 | 0.4571 | 1.0002 | -0.3836 | 0.1243 | -0.8154

32 -0.4775 | -0.8278 | -1.7779 | 0.0210 | 0.5642 | 0.2282 | -0.2842 | -0.4579 | 0.6423

33 -1.0557 | 0.1226 | 0.9235 | -0.4016 | 1.1078 | -2.1557 | 0.6865 | 0.1546 | 1.0604

34 -0.5007 | 0.8691 | -0.5265 | 0.3234 | -0.2320 | -0.4910 | 0.8091 | 1.1219 | -1.7421

35 1.5386 | 0.0943 | -0.4992 | -1.0241 | -1.4513 | -0.7876 | 0.2370 | 0.6967 | 0.3822

36 0.7609 | 0.5789 | -0.0004 | 0.9726 | -1.5208 | 1.2204 | -0.4940 | 0.7219 | 0.9718

0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000

3.0000 | 0.6000 | 0.6000 | 0.8000 | 0.8000 | 0.8000 | 0.8000 | 0.8000 | 0.8000

Ta6mmnna 7. Matpuna Z,g Z-M3MeHYHBOCTEH

z; Z, Z3 2, Zs Zs z; Zg Zq
1 |-0.2736 2.4420| 3.9372 3.9493 4.5619 5.7766| 7.8523086 6.9973  9.39284389
2 | -4.5902 -7.2963 -10.9354 | -12.4631] -18.5466| -22.2324 -23.738902 | -26.6468 -31.3865604
3 | -1.2866 -2.4813 -4.1712 -4.8251 -7.2171]  -6.6471 -6.8809661 -8.4150, -10.7101377
4 | 0.8534 2.1295 2.6360 2.7824 2.0456 3.1440 3.7268431 4.7010] 6.60571986
5 | 0.9278 1.7252) 4.6062 4.3549 7.1461 7.8101] 10.640384 11.5399 11.6193119
6 | 2.8943 3.4319 5.4218 7.2740 8.7983 9.3087| 9.2760019 13.1111] 13.4691368
7 |-0.2871 -1.1575 -2.7715 -2.7309)  -2.9464  -4.5433 -3.6430374 -5.7317 -6.711495
8 | -0.7865 0.8720, 0.6311 -0.4401 0.7826 0.4115| -0.1043009 -0.0357|  0.29007451
9 | 05936 | -1.5552 | -1.2711| -2.3215| -2.8639 | -1.7701 | -4.0926942 | -3.7374 | -6.13718131
10 | -2.5512 | -4.4439 | -7.2626 | -10.4179 | -13.1252 | -15.1798 | -18.598448 | -22.0808 | -22.6178244
11 4.6827 | 8.9704 | 13.0367 | 15.9061 | 21.9840 | 24.1818 | 30.211248 | 34.5573 | 38.2440731
12 1.8397 | 3.9245 6.5844 | 11.7640 | 12.2469 | 14.7888 | 17.621579 | 19.3131| 22.5366035
13 1.9770 | 4.1274 4.9137 8.1296 6.7181 | 10.8906 | 12.268024 | 12.6529 | 16.0708133
14 2.2666 | 4.3114 7.6896 7.1969 | 10.4307 | 13.3438 | 15.769215| 16.0260 | 17.7421849
15 0.9596 | 0.3110 4.3639 5.4974 5.6971 8.5213 8.341097 | 10.3806 | 9.98857564
16 3.2152 | 6.0291 6.5063 | 10.0357 | 12.7832 | 13.7147 | 16.397115| 19.3755| 20.9795551
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ISRA (India) ~ =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

impact Factor:  SBEAADZ1% P Gosoie, P <

JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350
17 | -1.6780 | -4.5927 | -6.4511 | -9.8411 | -13.2640 | -14.5072 | -16.627589 | -20.8750 | -22.3435819
18 | -1.6571 | -2.0942 | -4.8493 | -5.4942 | -5.7896 | -8.2853 | -9.1155921 | -8.8898 | -9.53814302
19 | -0.2458 | -1.9217 | 0.7671 | 0.3363 | -0.8820 | -2.3941 | -2.0254779 | -1.4094 | -1.84316885
20 | -0.1770 | -0.6794 | 0.2479 | -0.9868 | 0.6145| 0.0755 | -2.1524456 | -1.0444 | 1.06315888
21 | -1.4470 | -2.4037 | -3.9415 | -4.1981| -3.4796 | -4.8173 | -6.8697526 | -8.2128 | -9.84267952
22 | 06354 | 0.0640| -2.2210 | -0.4058 | -0.4783| -1.2547 | -2.5307897 | -3.8018 | -2.60575772
23 | 1.2768| -0.0717 | 1.8963 | 2.1806 | 2.8717| 2.6574 | 2.0912863 | 4.3486| 4.82063838
24 | 09866 | 3.2950 | 34395 | 4.7656| 5.8779| 9.1837 | 8.327392| 11.8788| 12.2630907
25 | -0.7752 | -1.4586 | -1.8496 | -3.8871| -1.9918 | -3.3495 | -3.3874375| -5.1397 | -5.29048991
26 | -2.8969 | -7.2746 | -10.5689 | -16.2944 | -18.4022 | -21.8043 | -26.784422 | -30.1229 | -34.4076996
27 | 13940 | 3.3523 | 42769 | 6.9584 | 9.0903 | 10.2494 | 13.045816 | 13.1675| 16.0087246
28 | -2.8031 | -2.7473 | -1.7272 | -3.7148 | -3.8587 | -3.2336 | -3.7408793 | -5.4821 | -3.94810031
29 | -1.7060 | -3.4942 | -5.3416 | -5.1585| -8.2076 | -11.1466 | -11.449331 | -15.4594 | -16.6422327
30 | -2.1500 | -4.5293 | -7.3621 | -10.1388 | -12.5026 | -15.4859 | -18.571304 | -18.0965 | -22.9359172
31 | 1.2314| 1.6028| 0.8336 | 1.0431| 2.1095| 2.9829 | 1.9297072 | 2.7681| 2.15891782
32 | -1.4087 | -1.5720 | -3.2137 | -1.9574 | -1.8234| -2.6372 | -3.6268444 | -4.2782| -3.6554495
33 | -1.1193 | -2.0787 | -2.1893 | -4.7509 | -4.1706 | -8.4902 | -6.7033219 | -8.2909 | -8.44073183
34 | 00277 | -0.0646 | -2.0661 | -1.6503 | -2.7357 | -3.4954 | -2.6960524 | -2.8840 | -6.24869884
35 | 05273 | 3.2389| 4.2416 | 53064 | 6.2416| 8.4444 | 11.007088 | 13.0053 | 14.2294153
36 | 15502 | 20890 | 21622 | 4.1949| 22837| b5.7863| 4.8322373| 6.8090 | 7.81980442
0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000| -0.0001 -0.0001 | -0.0001 -0.0001
3.6239 | 12.6085 | 27.6112 | 48.8110 | 75.7990 | 108.7986 | 147.7983 | 192.7977 |  243.7968

Busyanauszanus 3HaHUi 0 BeIMYHHAX Z-, Y-
H3MEHYHMBOCTel NMPOosABJIeHNH 9 Z-CHMIITOMOB , 9
y-00ae3Heil

Toukn Ha kpuBbIX (Pucynku 1-7) moxaspiBaror
3aMeTHbIe  (M3MepsSeMble  BEIMYMHAMH  BECOB
MPOSIBIICHWI)  B3aMMHBIC IWHAMHKH, ‘‘CKauKH-
MaJCHUsD TOYEK MEePEeMEHHBIX M3 9 YHCIOBBIX
ypaBHeHuil. Ha Pucynke 7. moka3aHsl B3auMHbIE
TUHAMUKA Z-U3MEHYHBOCTEH 2-X Z—(aKTOpOB U Y-
n3MeHYuBOCTH Y—dakropa Y; (Y;=2,%0,5300+z,*(-
0,1835)). Tak Kak cwia TPOSIBIEHHUS CMBICTA (Z;)
3aMeTHO TposiBieHa: c?;=corr?(z,,y;)=0,5300)?, To

JTIMHAMHKH KPUBBIX “Z;” ,“Y;“ OJM3KH, YTO BU3yAIbHO
oroGpaxaeT Gnu3octs (pasbl cMblcia(Zi) u ppasbl
cmeicna(yi). ®paza  cmbicna(yl) moOaBiseTr K
CMBICITY(Z,) 000CHOBBIBAIOIITHE quClia;
corr®(z,,y,)=(0,5300)?, corr3(z,,y,)=(-0,1835)?,
MIPOTUBOIIOJIOXKHO — BJIMSIIONIMX HA  CIydYailHYIO
JTUHAMHUKY W3MEHYMBOCTH Y-(hakTopa Y; C HOBBIM
CMBICIIOM=«CITy4aiiHbIE MPOsBIIeHNs (¢ HAMOOIBIIEH
HU3MEHYHBOCTBIO disp(),)=3.000) CHMITTOMOB
6oneznn [lapkuHCOHA y JHozel «C TPEBOKHOCTHIO»
nposBisoTest (¢ cmoit ¢%13=C0r%(zy,y;)=(0,5300)?
4epe3  CIOy4alHOE  mposBI€HHE  YOBIBAOIIMX
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CHMIITOMOB AETIPECCHI» (C CHIIOM €2 =COIT(Z,,Y;)=(-
0,1835)%)» M BO3pACTAIOMHUX CHMITOMOB OOJE3HH
TTapKHHCOHA Yy JIFOJIEH «C TPEBOKHOCTLEOY (C CHIIOH
¢®y=corr?(z,,y,)=(0,5300)%»). U3 9 nucnmepcnmii -
MEPEMEHHBIX 8  gucrmepcuil  Onmu3ku K 0:
Agg=diag(3.0000,0.6000,0.6000,0.8000,0.8000,0.800
0,0.8000,0.8000,0.8000), cymecTBeHHBIe 3HAHHI
JaeT OJHA Y-TiepeMeHHas Y; (CMOTpHTE BBIIIE),
umeromias 6osprryto auctepcnto disp(i,)= 3.0000.
Kaxnmas aunamumka (TaGmuuer  1-6)  y-
NEPEMECHHBIX Yy, Y3,...,Yg, TOCTOSHHO TIPOSIBIIEHHBIX
8 y-taxropoB (3a 35 uHTEpBaNaM BpeMEHH) TECHO

cBsi3aHa ¢ Z—(aKTOPOM Z1 C JOMUHHUPYIOIIUM BECOM
(Pucynxu 1-7). Busyanuzanust tuHaMuK (haKTOpOB
MEIUIIMHCKUX CUTYyaIH OTIINYaeTCs oT
BU3yallM3alMii JWHAMHK (aKTOPOB W3 JPYrux
mpeaMeTHeIX  obmacreit [1-17]. Pucymxm 1-7
BH3YAJIM3UPYIOT 3HAUEHUs 35 unceln (OTHOCSIINXCS
K 35 mHTEpBajaM BpeMeHH) U3 cToaouoB Tabmuir 6
n 8. V3BnedeHHble 3HAHUS M3 CMBICIOB 9 V-
Mmokaszateseil (CUTyaluii) CHMIITOMOB O0OJe3HH
ITapkuHCcOHa y JrOgeH  «C  TPEBOXKHOCTBIO
BU3YaIM3UPOBaHbl B CHCTEME KOOpDIHMHAT BeC
(hakTOpa-N3MEHYNBOCTH (axTopa-Bpemsi,
CTHUMYJIMPYIOILYIO IIPOJIOJDKEHUE UCCIIEOBaHNH.

50.0000

40.0000

30.0000

20.0000

10.0000

0.0000

-10.0000

-20.0000

-30.0000

-40.0000

9 W] ===z0

PﬂcyHOK 1. BzaumMHasi TMHAMHUKA 2-X U3MEHYHBOCTEI Z1, Zg, BINAKOIIUX HA
MOCTOSIHHYI0 TMHAMMKY Y-U3MEHYUBOCTH q)alcTopa Y9 €O CMBICJIOM
«IMOCTOAATHHOE MPOsIBJIECHUE CUMIITOMOB 00J1e3HHU Hapmmcona y Jroaen
«C TPEBOKHOCTBIO» T1a€T MHOIOKPATHOC «KHAPYIICHHE PAaBHOBECHUS
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Pucynok 2. BzaumMHasi lMHaMHuKa 2-X H3MEHYUBOCTEH Z;, Z7, BAUSIOIMX HA NIOCTOSAHHYIO TUHAMHUKY Y-
H3MeHYHBOCTH (pakTopa Y, (cMbIci(Y7)=cMbIcii(Z;)*0,3462 +27)*1,0000) co cMbicaoM

«IOCTOSIHHOC IIPOsIBJIECHNE CUMIITOMOB 00J1e3HU Hapmmcona y Jroaen «c TPE€BOKHOCTBIO» a€T
MHOTI'OKPaTHO€ «IIPOABJICHUE CUMIITOMOB TPEMOpPa»
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Pucynox 3. Bzaumnasi AMHAMHKA 3-X Z -H3MEeHYHBOCTei Z1, Z4, Zs, BJUAIOIMX HA [I0CTOSIHHYIO JUHAMMKY Y-
H3MEHYMBOCTH (PaKTOPa Y5 CO CMBICJIOM IOCTOSIHHOE MPOsIBJIeHNe CUMITOMOB GoJie3nn [lapkuHcona y
JIH0Ieli «C TPEBOKHOCTLIO» (¢ cuJloii (0,3462)%), a TaksKe NOCTOSIHHOE yMeHbIIEHHE
CHMIITOMOB=«YCTAJIOCTH» (¢ cuJI0i ¢45=)*(-0,1199)?) naroT nMocTosiHHOE MHOTOKPATHOE «IPOsIBJICHHE
CHMIITOMOB
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Pucynok 4. lunamuka 3-X Z-u3MeHYHBOCTeH Z1, Z4, Zs, BAUAIOLINX HA
MOCTOSIHHYI0 TUHAMUKY Y-H3MEHYHBOCTH (aKTopa Y4 eMbIcia(Ys)=cMbIci(Z1)*0,3462+cmbIc(Z3)* (-
0,1199)+cmbIcii(Z4)* 1,0000 ¢o CMBICJIOM «ITOCTOSTHHOE HU3K0€ KPOBSTHOE TABJIEHHE» Y JI0/IeH ¢ «00/1e3HbI0
IapkuHCOHA, HCHBITHIBAIIINX TPEBOKHOCTH)
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PucyHnok S. BzanMHasi IMHAaMHKa Y-H3MeHYNBOCTH (aKTOpa Y3 (KIOCTOSHHOE NPOsIBJIeHUE CHMIITOMOB
6o.1e3uu [apkuHcona y Jofeil «¢ TPEBOKHOCTELION (¢ cuiloii ¢213=0,3462)% 1 mocTOsIHHOE NPOsIBJICHHE
CHMIITOMOB Jienpeccun» (¢ cuioii ¢?23=(-0,1199)%) 1a10T NOCTOSIHHbIE IPOSIBJEHUS] CHMIITOMOB
««Hapyurennsi cuay (¢ curoii ¢%13=1,0000)%») u 4-x z-u3mMeHUHBOCTEl YAKTOPOB Z1,7,,Z3, Z4
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Pucynox 6. BzaumHasi fuHAMHKA Y-U3MeHYUBOCTH (hakTopa Y2 (eMbIci(Y,)=cMbIcii(Z;)*0,3462+
CMBICI(Z2)*1,0000) U 2-X Z-u3MeHYMBOCTEN (PAKTOPOB Z;, Zy, BIAUSIONIUX HA CIAYYalHYI0 JTUHAMUKY Y-

HN3MEHYHBOCTH (l)aKTOPa Yy 2 €O CMBICJIOM «IOCTOSIHHbIE IPOofABJICHUS CUMIITOMOB 00J1e3HU l'[aplclmcona,
HCNBITHIBAKIIUX TPEBOXKHOCTDH» J1AaI0T MOCTOSTHHbIE 100%-b1e IPOABJICHUS «1eMPeCcCun»

10.0000

8.0000

6.0000

4.0000

2.0000

0.0000

-2.0000

-4.0000

-6.0000

-8.0000

~1Nn NnNNN

L\ /
N
- Ay &
2 26/ #10302917 3435922 14 5 152431232736121314 6 161
f =
\ A
A=

_yl ] e )

PucyHok 7. B3aumMHasi TMHAMHKa 2 H3MEHYMBOCTelH Z —()aKTOPOB Z1, Zp, BIAMSIOIMX HA CJIyYalHYI0
AUHAMHMKY H3MEHYHMBOCTH Y-PaKTopa y; ¢ HOBBIM CMBICJIOM «CJIy4aiiHOe MPOsIBJICHHE (€ H3MEHYNBOCTHIO
disp(12)=3.000) cumnTomoB Go.e3nu IlapkuHCcOHa y JII0AeH «C TPEBOKHOCTLIOM (¢ cuioii ¢?11=0,5300)? narot
Hecay4aiinoe (00ycJIOBJIEHHOE MPOAeJTAHHBIMM MEeAUINMHCKAMH Jie4eOHbIMU MePONPHUATHAMHI B PaMKaXxX
npoexra’) cayuaiinoe nposipiienne yGbIBAIOIMX CHMIITOMOB Jenpeccun» (¢ cuoii ¢21=(-0,1835)%)»
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[ Mownck peweHns - - : - : ——— - m‘
YCTaHOBUTDb LIENEBYIO AYErKy: $5$15 S

PaBHOIA: ") MaKCMManbHOMY 3HAaUYeHMIO

) MUHWUMAJIbHOMY 3Ha4YeHUIO
MN3MeHsas Aueiku:

$1$4:$R$12;$J$15:$R$15

OrpaHuyeHus:

(@) 3HAYeHMIO:

3aKpbiTb

MpeanonoxuTb

[apameTpbl

$T$4 >= 2*$)$11%$I$11
$T$4 >= 2%$1$12%$1$12
$T$4 >= 2*%$]$5%$]$5

Il |$T$4 >= 2*$1$6*$1$6 (=]
$T$4 >= 2%$1$7*$1$7 -
I |$Ts4 >= 2*5158*$1$8 b

[obaButb

BoccraHoBuTb

Cnpaska

Pucynok 8. OxHo HaxcTpoiiku «Ilonck pemenns» ¢ onepaTopaMu TadIMIbI-NIPOTPAMMBI PellIeHU s
ontumuzanuonnoi 3agaun: (Igg, lgg)=>(Cgs, Ags)

r ~

MapameTpbl Noucka pelueHus
- - -

T e - ias]

-

CX0AMMOCTb:

["] Nuneiinas mogens

["] HeoTpuuaTenbHbie 3HaueHns

OueHkun PasHocTu
(@) nuHelHas @) npamble
) KBaapaTUuHas ) LeHTpanbHble

0,00000000001

MakcumanbHoe Bpems: CeKyHA [ OK ]

MNpenenbHOe YMCO UTEPaLIMiA: 1000 [ OTMeHa ]

OTHOCKTENbHasA NOrPeLHOCTb: 0,00000001 [ 3arpysuTtb Moaenb. .. ] |

[lonycTuMoe OTKJIOHEHHe: 0 % l CoXpaHnTb MOAESb... ] |
l ]

[¥] AsTomaTnueckoe macuTabuposanme

["] NokasbisaTh pesynbTaThl MTepaumii

CnpaBka

MeTop noucka
(@) HbloToHa

! CONPsPKEeHHbIX FpaiueHToB

Pucynok 10. Ilapamerpsl noucka pemenusi (Cog, Agg) B

Tabaune-nporpaMme pemeHusi OnTuMu3aOHHO#

3anaun: (lgg,l90)=>(Cgo, Ago)
™ H 52
Pe3yanaTb| MOUCKa pelueHna M
1 e Swess o
PelseHne Hav“meuo. Bce OrpaHu4yeHuna 1 ycnosusa
ONTUMaNbHOCTK BbINONHEHDI. Tun oTyeTa
PesynbTatbl ~
(@) ICoXpaHUTb HaleHHOe pelleHIe! Yeroiiunsocty
Mpenenbi
O BoccTaHoBUTb MCXOAHbIE 3HaYeHUA Y
[ OK ] [ OtmeHa ] [ CoXpaHUTb CLEHAPMIL... \ { Cnpaska
Pucynox 11.
3aka0ueHHe (cMonenupoBaHbl) YHUCIOBBIE ~ 3HAYEHHA  Zik
Pazpaborana KorHutuBHas Monenb pa3BUTHA OTKJIOHEHH# OoT O BIpPaBO\BICBO H3MECHYHBOCTH Z-
CUMITOMOB Oone3nn llapkuHCOHA y IIOIEH «C [IEPEMEHHOM, YMHOXEHHBIX Ha  «BECA»  Ckj
TPEBOKHOCTBIO». VICXOHBIE JAHHBIE O MPOSABICHUIX IPOSIBJICHUI k-oit Z-TIEPEMEHHOM. Cymma

cUMITTOMOB 9 00JIe3HEN B3AThI U3 CIIOBECHOU MOJEIINA
nu3 OT‘IeTal. BBeJleHI)I CMBICJIOBBIC, YUCJIOBbBIC
nepeMeHHme, OFpaHI/I‘IeHI/IH, HUMCHOIIIUE BHU]T CTpOFI/IX
HEPABEHCTB: (2*c?n<c?1), (2*c?a1<c?11),
(2*ctn<c®n), (2*c®i<c’i1), (2*c%i<c’11), (2*c’n
<c1), (2*c%<c?1), (2*c%01<c?11), OHH YyJauHO
MIPUMEHEHBI BbIlIE IpU perieHnd OnTUMHU3aUOHHON
3amaun. BpemeHsl 4ucnoBble KO3 QUIIMEHTHI-
W3MEPUTENN BETMYNH CHJ B3aMMOCBSI3eH MEXAY Z- 1
Y- U3MEHYUBOCTSIMH CHMITTOMOB 0oJj1e3Hel. HalineHnl

MPOM3BEJCHUH ZikCkj, k=1,..., 9, oOpa3yer HOBYyIO y-
MEpEeMEHHYI0 ¢ Homepamu j=l,..., 3TtH 9 y-
NepeMEeHHbIC o0pa3zyror HEKOPPEIHPOBAHHOE
MHOXKECTBO, COOTBETCTBYIOLIEE HA0OPY CHMIITOMOB
Ooye3HH, KaXaoMy HaOOpy COOTBETCTBYET CBOE
CMBICIIOBOE YpaBHEHHE, N3 CEMaHTHYECKOTO PEIICHUS
KOTOpOr'0 M3JIMBaeTCs HOBOE NU(POBOE 3HAHME.
W3BnedyeHHple  3HaHWS  IpPEAHA3HAYCHBl  JUIA
UCIIONIL30BaHUsl TIPH JieueHnn. HaliieHHbIe CMBICITBI
Y-TIepPEMEHHBIX, SIBJISIOTCS U3BJICYCHHBIMU CKPBITHIMU
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3HaHUSAMH 00 cummToMax OomesHu [lapkumHcoHa (C
CHUMIITOMOM TPEBOXKHOCTH). Hcrionb3ys 9 z-coOsITuit
MoJIenb 100aBuiIa (I03Haa) CMBICIIBI 9 HE3aBUCHMBIX
Mo cMbICTy Yy-coObTHii. HoBblEe y-coOBITHS 110
CMBICTIaM M KOJTHYECTBEHHO 000CHOBAHBI KaK HA0OPBI
Oonesmert. [IposBieHuss y-coOBITHHT  MOJEIBEHO
peanm3oBaHBl, O00OCHOBaHBI WX  (popMyIbHOE,
(pazeonornueckoe TIpeICTaBICHUS,
BU3YyaJIM3UPOBAHLI HA Fpa(bI/IKaX B3aMMHBbIC JTUHAMHUKU
KPHUBBIX COOTBETCTBYET OXuIaemMomy. Paspaborana
cucreMa U3 9  CMBICIOBBIX ypaBHeHHH ¢ 18
CEeMAaHTUYECKUMU  TIEPEMEHHBIMH:  CMBICI(Y1),...,
cMBICI(Y9), CMBICII(Z1),. . .,CMBICII(Z9),
YIIOBJICTBOPSIIOIINX ~ MaTPUYHOMY  CMBICIIOBOMY
paBeHCTBY BHAA CMBICI(Zmg)=cMbIcI(Y moCTe9), rme
CMBICI(Zmg)=cMBbICI(Z1)D. .. DcMbic(zg),

eMBICT(Y moCToo)=cMbIc(Y moC 1)BeMbici(Y meC 2)®
...@cmpIcn(YmeCTo). Oromy MaTpUYHOMY
CMBICJIOBOMY PaBEHCTBY COOTBETCTBYET YHCIIOBOE
MaTpUuYHOE paBEHCTBO JUII UHCIOBBIX Z-, VY-
MepEeMEHHBIX, CMOJAEINPOBAHHBIX B BHJIE MAaTpPHIL:
Zmo=YmgCTos. JIEBATH CEMAaHTHYECKHME pEIICHHI—
3HaHUA (HOBBIC H3BJICUCHHBIC 3HAHMA), ITO3HAIOT
CMBICIIBI, TIAPHBIE CBS3M, CHJBI  HPOSBICHHUH
CEMaHTUYECKUX IIEPEMECHHBIX.

Boraucnensl HOBBIE 9 Qopmyn, rae Kaxkmas
(hopmyna y-007I€3HH UMEET Z-CUMIITOMBI HECKOJIBKUX
z—6one3neit. J{ns y-00ye3HU HY)KHO pa3pabaThIBaTh
CBOM KOMILJIEKC JIEKApCTB, JICUAIUX TOJIbKO OTH Z—
Oone3nu u 6one3Hb [lapkuHCOHA M HE BIUSIONINE Ha
Jpyroit OykeT z—0OoJyie3Hel u3 apyroi y-0osnesnu (u3
9 MOJCIBHBIX HE3aBUCHUMBIX y-Ooie3Her). DTa
OpUTMHANbHAsT uaes  TpedyeT  IMPaKTHYECKOTO
BOIUIOIICHNSI B MEIMLMUHCKUX, (hapMameBTHYECKHUX
MIPOEKTaXx.

Busyanuzanus B3aMMHBIX JWHAMHK KPHBBIX
(3HaueHN W3MEHUYMBOCTEH Z-, Y-TIEpEMEHHBIX W3
MaTpHIl Zms, Y mg) 3HaHUI 0 «Becax» (u3 Cog) M Z-, Y-
M3MEHYMBOCTAX B MOJENH ¢ 9 z-TiepeMeHHbIMH, 9 y-
MEPEeMEHHbIMU TOKa3aja JAWHAMUKUA MOZEIBHBIX
3HAUCHHI HEW3MepseMbIX Mokaszarenmeir [2-17]
NposiBJICHUiT  cuMnToMOB  Oone3nu  [lapkuHcoHa.
BBeZleHHI)Ie B MOJCIb TNEPEMCHHLIC HaJCJICHbI
MaTe€MaTHYCCKUMHU U CTaTUCTUYCCKHUMU CBOﬁCTBaMH,
a rmapameTpbl MOCTOSIHHBI. OHHM CMOJIETUPOBaHBI B
OnTuMu3aloOHHON 3ajaue U 3aBUCSIT OT KOJIUYECTB

References:

1. Zhanatauov, S. U. (2021). Modeling the
variability of variables in the multidimensional
equation of the cognitive meanings of the
variables. ISJ «Theoretical &Applied Science».
Nel.vol.93.pp.315-328. www.t-science.org

MIEPEMEHHBIX W OT 3Ha4YeHHs wHAmkaropa c11=0.53.
Kak HEKOpPPETHPOBAHHBIC (y-), TakK
KOpPpPENUPOBAHHbBIE (Z-) U3MEHUYUBOCTH YMHOXAIOTCS
HAa CBOM «BECa» - CHIIbI MpOsiBIeHHs (akTopa.

[Mory4eHsr HHTEpECHBIC 3HAHUS nocie
BU3yaJIM3aL1H.

CampiM “H()OPMATUBHBIM (mucrniepcust
CMBICIIOBOT TepeMeHHOH disp(11)=3.000

HEM3MEPUMO TPEBOCXOAUT JANCIEPCHUIO  KaKTOH
IPYTO  CMBICTIOBOMl ~ TIEpEeMEHHOW)  SBIIAETCS
cMBICH(Y1). CwMmeIcoBOE ypaBHEHHE
embicn(y1)=cmbici(z1*0,5300+  cmbici(z2)*(-0,1835)
HMEeT pelieHne CcMbIci(yi), 3aBHCsIIEe OT 2-X
M3BECTHBIX CMBICTIOB CMBICI(Z1), CMBICT(Z2), (pa3s
KOTOPBIX TIPUBEJCHBI BBINIE B HCXOJIHBIX JIAHHBIX
mogenu. Cymmupys cmbiciel  3-X  ¢paz U
noATBepxkaas 3 ¢paspl CMBICIOBBIMH M YHCIOBBIMH
JAaHHBIMHM,  OTHOCSIIMMH K HMX  CMBICIOBOMY
YpaBHEHUIO cmbIcn(y:)=cmbici(z;*0,5300+
cMBIC(Z2)*(-0,1835)+ cmbIca(z3)*0,0000,  umeem
CMBICI(y1)=««CITydaifHOe TIPOSIBIICHUE (c

HU3MEHYHBOCTHIO disp(11)=3.000) CHMIITOMOB
6oJ1e3HM [TapKUHCOHA Y JTFOJICH «C TPEBOKHOCTHION (C
CHITON ¢211=0,5300)? JIAFOT HecTyJaiiHoe

(oOycnoBiieHHOE TPOJACIAHHBIMA ~ MEIUIMHCKUMHU
JIe4eOHBIMU MEPONPUATHAMU B PaMKax MpoekTal)
Clly4aiiHOE TMPOSBJICHUE YOBIBAIOIUX CHMIITOMOB
nerpeccun» (¢ cunol ¢2=(-0,1835)?). Pesynbrar
NIPOEKTa - TPOSIBIICHUE YObl8AIOWUX CHUMIITOMOB
nenpeccun» y Jropell (¢ cwioit c?21=(-0,1835)?)
YHCIICHHO OLICHUBACT MPOCKT, a Hallla KOTHUTHUBHAS
MOJZICNIb M3BJICKJIA CKPBITBIC 3HAHHA W3 HCXOIHBIX
JIaHHBIX.

W3510)KeHHYI0 CTPYKTYpY CUTyalUui, B KOTOPBIX
MOZENb IIO3Hajla HEW3BECTHBIC CKPBITBIE 3HAHMWS,
MOJKHO IIPUMEHHTh IS CyOBekToB (mpodeccop,
CTy}]eHT), €CJIN U3MEHUTHL HUCXOOHBLIC JaHHbIC —Z-
CUTyalluu Jisd YYUTCIId 3aMCHUTbL Ha Z-CUTyalluu,
NIPUCYILIUE YHUBEPCUTETAM.

PurnnanbHble pemieHust npu  (GopMaliu3anuu
CHUMIITOMOB ~ OoJyie3HEel TpeOyloT MNpPaKTHYECKOTO
BOIUIOIICHHSI B MEIULMHCKHX, (papMaleBTHUECKUX
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