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Introduction light industry enterprises located in the regions of the
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The easiest way is to attribute the crisis of

The authors examine the role of advertising as a traditional Russian industries to instability and the

tool for promoting the philosophy of quality transitional economic process. The transition period,
production of competitive and in-demand products at which has clearly dragged on due to unclear policies,

L)
Philadelphia, USA 101 D Clarivate

Ana lytics indexed


https://s-o-i.org/1.1/tas
https://dx.doi.org/10.15863/TAS
https://t-science.org/
https://s-o-i.org/1.1/TAS-08-148-16
https://dx.doi.org/10.15863/TAS.2025.08.148.16

ISRA (India)  =6.317 SIS(USA)  =0912  ICV (Poland)  =6.630
. ISI (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) =7.184  OAJI (USA)  =0.350

will end someday. As for instability, politicians will
be disappointed. In all likelihood, capitalism has left
the cyclical nature of crises discovered and explained
by K. Marx in the past. Modern crises testify not so
much to the peculiarities of the dynamics of
industrially developed countries as to the crisis of the
bourgeois mode of production itself and the weakness
of the social superstructure to take control of the
growing negative trends. The separation of finance
from real production, the absolutization of the
freedom of financial capital, the concentration of
financial flows lead development to a dead end, cause
anarchy provoked by stock market speculation.
Instability becomes a stable, common feature and it is
time to talk about the nature of instability, which, like
everything else, is changeable, and to hope that
instability will not gallop.

A significant part of traditional Russian
industries developed in the Non-Black Earth Region,
primarily around Moscow. The geography of the
history of light industry is understandable. There was
a stable sales market and no shortage of workers, and
God did not deprive Russians of talent. In twenty
years of returning to capitalism, industries that had
been perfected for centuries have either already been
lost or are living out their lives, having lost hope.

None of the politicians are "ringing the alarm"
that it is not the factories, workshops, and shops that
are dying, but the layer of national labor culture that is
collapsing. Kuznetsov porcelain, Ivanovo textiles,
Kostroma lace, Palekh, Mstera, Kholuy, Fedoskino,
Zhostkovo, Gus-Khrustalny, Dymkovo, Khokhloma -
all this made us Russian. What are the politicians
doing to save and stabilize the economic situation?
Former assistant to Yu. M. Luzhkov, Resin, who
changed his official seat for a seat in the State Duma
of the Russian Federation, informs the whole country:
a plan has been approved for the construction of 200
(1) churches in the capital, so that a church would be
within walking distance for Muscovites. The
explanation that the project will not require budget
money is a lie. They may not take money from the
Moscow budget, but Russians will still have to pay.
Why not invest in saving the Russian national industry
(there was such a concept as "local industry™),
villages, ancient towns - a stronghold, by the way, of
Orthodox culture. Tourists will not go to typical
temple buildings, but the absence of world-famous
products of the local industry will cause them deep
disappointment. Shoes can be made anywhere, for
example, in China, clothes - in Kyrgyzstan and in the
same China. But there are many household products
that have grown into the culture of the people who
invented them. Their originality is unique. Talk about
cheap labor in China is another myth. In non-capital
Russia, they earn no more than ordinary citizens in the
PRC. The essence is in the organization of production,
in economic policy. In the People's Republic of China,
the interests of the people and the country really come

first. Economic activity in China has a clear
benchmark, and this benchmark is political. In the
Russian Federation, economic benefit is elevated to an
absolute criterion, which is absurd, because the
economy is not the goal of social development, it is
only a means of this development. In China, the
manufacturer is maximally protected from "raids", the
law serves as a "roof" for him; the procedure for
communicating with the buyer (customer) is
extremely simplified, which significantly reduces the
time of the transaction and order fulfillment,
minimizes non-production costs; relations in the
market are close to normal conditions of its
functioning. Russian laws regulate the market space.
The market space is a formalized legal reality,
conditionally built according to the formula "this is
how it should be", and this does not mean at all that
this is how it is and will be.

The real market reality is built as an environment
of mutually conditioned coexistence of the producer,
seller (if it is not the producer himself) and buyer -
consumer (the inclusion of a reseller is extremely
undesirable). The liberal marketeers led by E. Gaidar
created an imaginary market, an ideal object outside
the historical context, therefore, they did not reform,
but destroyed the country's economy. Yeltsin and
company legalized looting. The economy that did not
fall victim to the shock was thrown like a bone from
the master's table to ordinary bandits, thieves and
swindlers. Only those who least of all considered the
law and conscience emerged from the economic hell
of the 1990s alive, stronger and rich. That is why the
economic collapse was followed by a spiritual crisis
that continues to this day.

Main part

Russia has always been strong in the spirit of its
provinces. Capitals accumulate the spiritual forces of
the outskirts. It is these forces, like springs and small
rivers that give birth to large ones. The current
flourishing of Moscow and St. Petersburg should not
mislead. Real life goes on in the vast expanses of the
country. 130 million Russians still live and work
where our real national strength is concentrated. What
inspires optimism? The strength of people's character.
Foreign colleagues-scientists asked Zh.l. Alferov:
"Are you an optimist?" He answered: "Yes, and my
optimism is invincible." "Why?" was the next
question. "Because, explained the famous physicist,
there are more and more optimists around me.
Pessimists have moved to your countries.
Congratulations on that." The authorities do not want
to see the specifics of the Russian model of unstable
demand for mass-market products: shoes, clothes,
food, furniture, household items. In Europe, the USA,
Canada, during a crisis, the purchasing power of the
majority of the population decreases and, accordingly,
prices for goods go down, compensating, at least in
part, for the satisfaction of essential life needs. The
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dynamics of prices for consumer goods in our country
is always directed in one direction - increase.
Fluctuations are, of course, observed, but they are
noticeable in official statistics. A normal market
cannot change regardless of the state of production
and consumption.

The Russian market reacts to the change in the
exchange rate, but again, exclusively in terms of price
growth. It seems that the market is controlled by
"puppeteers”. This version is not indisputable, but
nevertheless, it is logically quite acceptable. The
authorities are not active, explaining that the desire to
use regulatory mechanisms will inevitably lead to the
impoverishment of the market, a shortage of goods.
To the natural question: where will they go? There is
no answer. Indeed, try to explain where Chinese,
Turkish, Latin American goods, products from
Poland, Hungary, Ukraine, Moldova, Azerbaijan,
Uzbekistan, the Baltics will go from the Russian
market? Who else needs them?

We need protection for our own producers who
feed, shoe and clothe us. Russians understood the
advantages of domestic food products back in the last
decade of the last century. The next step is the quality
of light industry products. And the state can facilitate
their stable appearance on store shelves. What needs
to be done for this? Develop a specific program and
strictly monitor its implementation by officials. The
program for the return of Russian producers to the
market should provide for reciprocal steps by the state
and enterprises. Returning to what and how they
sewed before is pointless. An internal restructuring of
production is required, and the market is beginning to
feel it. Shoe and sewing enterprises have appeared in
Russia that supply quite competitive products. The
buyer, however, is still more surprised when he finds
such goods. Nevertheless, the process has begun and
it needs to be promoted.

Of course, we are not talking about additional
financing of the industry. "Industry" is a collective
concept, generalizing on achievements in assortment,
design art, quality, color. All manufacturers of certain
products fall under the general concept. Both those
who strive to modernize production and those who do
not rely on their own strength, are accustomed to
asking for help from the state. Only innovators
deserve additional financial assistance, it is effective
when implemented on a targeted basis. We must help
preserve traditional folk crafts. They are technically
and technologically conservative, innovative activity
here is limited.

The government responded to the appeal for help
from VAZ, St. Petersburg, Ural, Far Eastern
enterprises, citing their city-forming and national
importance. Everything is correct, except for one thing
- what kind of patriotism, what kind of national pride
can we talk about if a Russian is dressed and shod by
foreign manufacturers, and fed and watered by
foreigners. A great power begins with small things -

with the realization that we can do ordinary everyday
things ourselves no worse than anyone else. We are
surrounded by little things, they are in everything, and
their significance is not always fully visible, but it is
they that create our mood.

Obsolete VAZ products were exchanged for new
cars, the state subsidized the exchange. You can't hand
over an old suit in exchange for a new one, and you
can't take shoes that don't meet the requirements back
to the factory. There is another option - the state is able
to compensate the buyer of domestic clothing and
footwear products, say, 15-20 percent of the price.
This specific form of protectionism will turn the buyer
towards domestic goods and help speed up the sale of
products.

It is no secret that the Russian consumer of
footwear products, unlike the manufacturer, expects to
wear the purchased goods for more than one or two
seasons. The products will need updating and repair.
Why not, following the example of branded service
stations, organize a branded network for supporting
the operation of shoes and clothes. Repairs would be
cheaper and better quality. No less important is the
fact that such service would contribute to
strengthening the reputation of the manufacturer. The
average buyer, buying domestic shoes for 1,500-2,000
rubles, naturally thinks that he will wear them for a
long time. The choice of repair addresses is small: do
it yourself, go to a shoemaker-artisan or to a branded
workshop. It makes sense to consolidate workshops,
so it will be less expensive.

The state should also take on the lion's share of
the costs of organizing economic and industrial
literacy. Branded foreign shoes are not worth the
stated price, which is why sellers so easily hold
various kinds of promotions and markdowns. A buyer
who is not initiated into the intricacies of the market
naively believes that the difference in price is
proportional to the difference in the quality of the
goods and saves money, takes out a loan in order not
to make a mistake with the choice, advertising
constantly reminds him - "a miser pays twice!" Next
to branded shoes there are fashionable, made of
genuine leather, tastefully finished Russian products,
the price of which is one and a half to two times lower,
but who would explain that they are of the same
quality. On the contrary, the advertising policy paid
for by branded companies purposefully creates the
idea of the impossibility of producing high-quality
modern goods at Russian enterprises.

The television program "Home Environment"
has been launched, debunking myths about the
usefulness of foreign products. We need a similar
program dedicated to the quality of light industry
products. Rospotrebnadzor regularly restricts the
import of food products into the country due to
exceeding the maximum permissible levels of harmful
or hazardous ingredients. Turkey is occasionally
informed about the dangers of shoes and clothes made
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in China in connection with some high-profile
incidents. One can't help but suspect the strangeness
of such a policy. Someone benefits from shielding the
main competitors of domestic manufacturers. And,
after all, you can't find fault. Lobbying in Russia is
legalized and has become a good business for officials
hiding behind world practice.

It is difficult for disparate and still weak
enterprises to resist a large-scale, well-developed
policy that facilitates the occupation of the Russian
market by foreign producers. This is also facilitated by
the abolition of mandatory product certification. A
measure that is probably suitable for Western Europe
with its consumer culture, but not for Russia, which is
inundated with counterfeit products from the most
problematic producers. There is no need to wait for the
market tension to subside; in order to win a place for
oneself in the market and gain stability, one must act
assertively and comprehensively, and revive the
former Soviet experience of organizing work with
potential  consumers.  Fortunately,  economic
development opens up prospects for this type of
activity.

Practice is effective when its path is illuminated
by theory. At first glance, turning to theory in the
conditions of anarchy happening in the market is not
quite timely. When there is a fire, you need to put it
out, not reason. Depending on what kind of fire it is.
Sometimes it is also important to think about how to
act, develop a plan, and determine possible scenarios
for the development of the process. As for conquering
the market, here it is impossible to act without a
systemic understanding of the situation. It will turn out
too primitive and ineffective.

The economy of the 20th century was formed as
an economy of mass production. The organization of
mass production was an outstanding achievement,
providing access to material goods for a significant
part of humanity - goods became abundant and cheap.
But mass production actualized the problem of the
quality of the goods produced.

Growing prosperity, development of education,
cultural progress, and increasing technical range of
products naturally shifted consumer interest towards
the quality of products offered on the market. The
problem of quality was transformed from a purely
production issue into a socio-economic and political
one. "With the help of state policy aimed at improving
quality, large-scale crises in Japan and Germany in the
late 1940s were overcome. Crisis situations in the US
and European markets that arose in the late 1980s and
early 1990s forced not only individual corporations,
but entire countries — Sweden, Great Britain, and the
US — to pay attention to improving quality as the only
means of helping the national economy withstand the
onslaught of competitors.”

Beginning with artisan labor and the workshop
form of its organization, the quality of the goods
pushed all other signs of production into the

background. While the division of labor had a
workshop form, and within the workshop everyone
produced goods up to the final commodity form and
fully guaranteed the quality with his own brand, the
quality of production and the quality of the goods were
in a unity of existence, and the problem of the quality
of the goods was simplified, reduced to compliance
with the technological standard of production.
Production was a way of supporting the life of the
producer, therefore the relevance of the quality of the
goods was removed by the specificity of his attitude
to production.

The goods on the market were of high quality,
the only thing to be afraid of was counterfeit goods,
which did not have the current scale and were
resolutely suppressed by both the state and self-
regulation of trade. For mass production, which was
the main consequence of the industrial revolution, the
problem of the producer's interest in the quality of
goods among socially significant ones was not noted.
It undoubtedly existed, but the nature of production
did not allow it to leave the sphere of private
consciousness and materialize in the product range.
The developing market required a variety of goods.
Goods were needed within the framework of
differences in the purchasing power of consumers.
Factory and plant production, based on a technical
base, opened up the prospect of varying the quality of
goods. The strict restrictions on production, which
distinguished workshop activity, retreated. Goods of
different quality appeared on the market. In the British
philosophy of the Enlightenment, the very concept of
quality was actively discussed. J. Locke proposed a
version of a combination in determining the quality of
objective properties of objects and subjective
perception of their consciousness.

The division of quality attributes into "primary"
and "secondary" had a rational basis, related to the
specificity of the "second nature" - things transformed
from their natural state by human labor. "Primary"
qualities of a product or its raw materials are
determined by natural reality and are completely
independent of man. "Secondary” attributes, on the
contrary, depend on human labor. It is labor that
reveals or creates them, therefore the quality of objects
transformed by labor should be determined with
human assessment. The inclusion of man as a factor in
the production of product quality increases the
influence of the subject of labor on the quality of
production and the quality of the manufactured goods.
In this connection, the burden on the management
process increases. Management is subordinated to the
solution of the problem of the sustainable production
of a quality product. As in any problem, it is necessary
here:

» clearly define what “quality” is?

» understand what is specific to the quality of
the product?
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e to understand how the “quality” of that formally defines the item and the specifics of the

commodity production and its mass production are
connected, to trace the mechanism of interaction of
qualitative changes with quantitative.

+ toreveal the systemic position of the problem
of quality of mass production in the context of a
developing economy.

The interpretation of product quality that has
developed under the influence of economic rationality
does not reflect the socio-cultural status of the
product, at least of consumer goods. It is advisable to
look for the qualitative characteristics of a product
intended for mass consumption at the junction of its
production, household and socio-cultural merits. So
that the product not only satisfies existing needs, but
also stimulates their cultural development, serves as a
tool for the development of the consumer's
personality. Human capital participates in the creation
of the product of production, and production is called
upon to promote the improvement of the personality.
There is no other way to overcome alienation in the
context of the absolutization of private property and
its disproportionate distribution to labor. Only by
imparting creativity to labor and a reward
corresponding to creativity can one "remove", in
terms of Hegelian philosophy, the tension of
alienation. Product quality in a broad sense can be
considered as a factor of social progress and as a test

of the socio-cultural achievements of social
development.
In defining quality, the most common

shortcoming is the lack of consistency. Quality is
defined as a set of essential properties. The usual
method of selecting such properties is the pyramidal
arrangement of the properties of an object. Important,
but not defining, properties remain at the base, and as
we ascend to the top, a hierarchy of the remaining
properties is formed. At the top, we get the sum of the
main properties, which are included in the definition
of the quality of an object. G. Hegel once wittily
defined quality by contradiction - "quality is that,
having lost something, the object ceases to be itself."”

Following the example of the great thinker, let us
define "footwear" as "clothing for the feet." How
accurate is this definition? For footwear, probably yes.
For the quality of footwear, it is unlikely. If we
deprive footwear of the ability to be "clothing for the
feet," then it will not really be footwear. If we retain
only the ability inherent in footwear, then the required
quality of the product will be uncertain. "Clothing for
the feet" can be dangerous due to the toxicity of the
material, fastening means, and an inconvenient design
for movement. A formally constructed requirement
for an item does not coincide with the quality of the
item. It is significant as a prerequisite for the
qualitative certainty of the product. To determine the
quality of a product, we must proceed from its
functional purpose. The functional purpose should be
considered as a state of relations between the property

use of the item, its commercial purpose, contained in
the consumer value of the product. Quality is not a set
of essential properties of a product, it is their system,
the system-forming feature of which is indeed the
ability to perform some formally most significant
function. It is laid in the basis of the definition of the
quality of the goods, then "growing" the system itself,
as a pearl is grown from a random grain of sand in a
shell or the Periodic Table of chemical elements from
atomic weight. G. Hegel was right in his definition of
quality, it is always better to start with what is "in
sight™ in order to build up the definition later. There is
an electron shell around the nucleus of an atom and
together they define the atom. We lay quality in the
definition, revealing it later in the totality of
concretizing properties. From a philosophical point of
view, the quality of an object, reflecting the diversity
of the world, reproduces in itself this objectively
existing subject difference. The quality of a product,
especially one for mass direct consumption by a
person, requires additional clarification related to the
manufacturer's responsibility for the safety of the
product. The quality of “consumer goods” is more
complexly structured. Its definition includes the
systemic arrangement of the main competencies of
technical and humanitarian significance.

Footwear, by definition, must ensure the
interaction of two fundamental competencies with its
quality — safety and comfort during use. The aesthetic
properties of footwear are subordinated to them and
are packaged in them. With their help, the
manufacturer “lures” the consumer like flowers of
plants that call insects that perform pollination work
through consumption. It is a mistake to simplify the
cultural assessment of a product to the level of the
aesthetic value of products. The cultural status of a
product synthesizes both the culture of execution and
the culture of consciousness of the manufacturer, who
decides what materials to use, in whose interests to act
— the profitability of production or the needs of the
consumer who trusts the manufacturer. Ascending, we
can easily rise to the very top — the culture of public
consciousness. In some countries they do not steal,
they consider deception to be meanness, and in others
everything is built on these vices, they are legalized,
because they have grown into the national mentality.

It would seem that we are faced with a purely
theoretical problem: what should be called the actual
quality of a product and what does the system of
quality properties in the characteristics of a product
look like? In reality, with practical application, it
grows into an ideological problem: how is it
permissible to see the quality of a product in the
modern concrete historical circumstances of social
cultural development. Simplifying the understanding
of the quality of a product by reducing it to its
properties that ensure the profitability of production
makes production, and not the consumer, the system-
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forming factor in obtaining the "quality" of a product,
which contradicts the quality of the developed
economy of the "post-industrial™, "new industrial" and
even "industrial” society. At the dawn of mankind, the
consumer was happy with everything that could be
produced. Production was the determining factor in
relations with the consumer. Today, the market is
considered the driving force behind the development
of production. In the market, the initiative belongs to
the buyer. The transition to the principle: "The buyer
is always right!" assumes that the quality of a product
is determined by its consumer.

In this regard, the problem of competitiveness of
domestic footwear requires the development of
conceptual foundations of theoretical, methodological
and practical recommendations adequate to the
upcoming changes in the organizational and economic
mechanism of functioning of the entire industrial
complex of the country. In the current conditions of
market relations, competitive environment and direct
interaction of Russian and foreign manufacturers, the
solution to the problem of combining state and market
mechanisms of competitiveness management is
becoming a strategic resource of the economy of the
regions of the Russian Federation. In the global
economy, the place of price competitiveness has been
taken by the competitiveness of quality levels, which
has increased with Russia's entry into the WTO. The
increase in the quality factor of the results of the
activities of domestic footwear production in the
strategy of competitive struggle in the world markets
is a long-term trend. The task of increasing
competitiveness is especially urgent for shoe
companies that, due to external factors (increased
competition due to globalization, the global financial
crisis) and internal (ineffective management), have
lost their competitive positions in the domestic and
foreign markets.

It should be noted, however, that such a situation
was typical for the 90s of the last Century, but recent
years have been characterized by changes in this area.
Evidence of this is the gradual development and
spread of the corporate governance system in the
country, one of the principles of which directly
emphasizes the role of stakeholders in the
management of the company. It is impossible not to
note the increased attention to the concept of social
responsibility of business in recent years. The
simultaneous coexistence of several concepts
describing the mechanism of decision-making in
enterprise management is due to the fact that different
firms have specific tasks at different stages of their
activities. In particular, the main consumers of
stakeholder theory are not all companies, but only
those that are interested in maintaining partnerships
with a wide range of stakeholders and in managing
them. Stakeholder theory can offer such companies
non-standard approaches to solving their specific
problems. There are certain relationships between the

company and the stakeholders, they can be different,
both competitive and collaborative. Stakeholders can
exist independently of each other, or they can interact.
The set of stakeholders, which adherents of this theory
call a “coalition of business participants” or “coalition
of influence”, represents a force that continuously
influences the organization, forcing it to evolve,
change and adjust.

The foundations of the theory began to form in
the 60s of the 20th century in application to business.
According to this theory, a company is not only an
economic entity and a tool for making a profit, but also
an element of the environment in which it operates, as
well as a system that influences and is influenced by
its environment: local communities, consumers,
suppliers, public organizations, as well as personnel,
investors and shareholders. In the mid-70s, a group of
researchers gave the stakeholder concept a second
wind. As groups interested in the activities of a
corporation, he named not only suppliers, buyers,
employees, investors and creditors, the government,
but also future generations. Therefore, managers
should not make decisions that will limit the scope of
choice of new generations in the future. Considering
the organization to be an open system, he was
convinced that many social problems can be overcome
if the main institutions are reorganized and effective
interaction of stakeholders in the system is
established. In its modern form, the "stakeholder
concept” has been widespread since the mid-80s of the
20th century. The emergence of stakeholder theory
(stakeholder theory of the firm) as a full-scale,
comprehensive theory is associated with the
publication of E. Freeman's book "Strategic
Management: The Stakeholder Approach” in 1984.
According to E. Freeman, stakeholders (potential
beneficiaries of the activities) of any firm are: the
owners of the firm; buyers of its products; suppliers of
various types of resources; employees of the firm; the
local community; various broad social groups; the
state.

The idea put forward by E. Freeman of
representing a company and its external and internal
environment as a set of stakeholders in its activities,
whose interests and requirements should be taken into
account and satisfied by managers as official
representatives of the company, has received wide
support. A certain advance in the development of this
theory was the emergence of the "stakeholder
approach” of J. Post, L. Preston and S. Sachs, which
emphasizes the importance of relationships with
stakeholders in creating organizational wealth,
especially for such organizations as complex
"extended enterprises"”, into which, according to the
authors, large corporations were transformed at the
beginning of the 21st century. In Russia, the first
dialogues with stakeholders on a systematic basis
were conducted by British American Tobacco in 2021
during the preparation of its non-financial report. In
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modern conditions, consultations and dialogues with
stakeholders are regularly held by large Russian and
foreign companies operating in Russia, such as RAO
UES of Russia, BP, Eurochem, Norilsk Nickel, etc.

In recent years, the practice of interaction with
stakeholders has increasingly been used not only by
companies, but also by state and municipal
institutions, as well as non-profit organizations. In
addition, non-profit organizations (NPOs) themselves
act as stakeholders, becoming participants in the
decision-making process of business, government,
and other NPOs. An attempt was made to develop a
methodology for strategic analysis of an organization
based on the stakeholder theory of the firm. The
scientific basis for the study of stakeholder theory was
formed by the works of T. Donaldson, R. Mitchell, L.
Preston, S. Sachs, J. Stiglitz, A.S. Weeks, E. Freeman,
J. Fruman. The authors emphasize that they are talking
about relationships, not transactions, believing that
transactions are one-time interactions, while
relationships are characterized by a long-term and
repetitive nature, not excluding both conflicts and
cooperation.

Stakeholders collaborate with the company and
with each other at different levels and develop their
ability to adapt, work in conditions of uncertainty and
manage risks. The main goals of stakeholder
collaboration with the company are: changing internal
documents, improving business operations and
developing effective management in the company.
The work of stakeholders in partnerships includes
developing solutions that promote sustainable
development, planning, broad discussion and
implementation of activities in a certain geographic
area, using benchmarking, progressive development
and involving other stakeholders.

Stakeholders are individuals and parties that are
affected by the activities of an enterprise or can
influence its work. Stakeholder theory is a universal
approach to doing business. The essence of this theory
is that managers at an enterprise must make decisions
taking into account the interests of all stakeholders in
the organization. The basis of this theory is business
ethics, and the main principle is that the interests of all
parties are legitimate and require their satisfaction. In
order to apply stakeholder theory, it is necessary: a
certain number of groups or individual participants
that influence or can influence the process, since this
theory considers the nature of emerging relationships;
the interests of all participants must potentially be
taken into account; the main emphasis is on
management decisions. Stakeholder theory states that
when achieving the goals of an organization, various
interests, various interested parties (stakeholders),
which will represent a certain type of informal
coalition. There may also be various relationships
between stakeholders, which are not always of a
collaborative nature, coincidence of interests, and may
also be competitive. However, all stakeholders can be

viewed as a single contradictory whole, the resultant
of the interests of whose parts will determine the
trajectory of the organization's development. Such a
whole is called a "coalition of influence” or a
"coalition of business participants" of the
organization. In the modern interpretation of
stakeholder theory, stakeholders are considered not
simply as groups and individuals affected by the
organization's activities, but as contributors to a
certain type of resource. Stakeholders supply the
organization with the resources it needs for its
activities, because its activities allow it to satisfy their
needs. At the same time, satisfying a stakeholder's
needs is nothing more than receiving resources from
the organization. Thus, the relationship between the
organization and its stakeholders is built around
resource exchange, since everyone strives to create
their own resource base that would best meet the goals
of the stakeholders. The stakeholders of an
organization can be divided into two groups: external
and internal. External stakeholders include:
customers, suppliers, competitors, government
agencies and organizations, regional government
bodies, financial intermediaries. Internal stakeholders
include managers, employees, owners, and the board
of directors or management board, which includes
managers and owners. One of the most significant
internal stakeholders is the top manager. One of the
important way’s managers influence organizations is
by bringing their values into the work process and
organizational roles. The importance of organizational
values or business ethics shared by management is
that ethical principles facilitate decision-making in
“soft” situations. They also create a rational basis for
building a hierarchy of external stakeholder values for
the organization and a sequence of actions to respond
to their demands, often presented simultaneously. The
most advanced way of interacting with stakeholders is
bridging. It implies a strategic partnership that can
exist in various forms, including joint business with
key customers or cooperation with competitors. It is
not for nothing that the word “bridging” in English
means “to build bridges.” Bridging is the closest union
of an organization with those stakeholders that are
most important to it.

Conclusion

Such associations are most common when the
external environment is uncertain or complex.
Bridging reduces uncertainty through closer
interaction between organizations. Bridging firms
have common goals, which is beneficial for all parties.
Traditional methods of interaction with stakeholders
help to reduce the adverse impacts of stakeholders,
while bridging has the ability not only to prevent
negative impacts, but also to improve the external
environment through joint efforts with other parties.
The stakeholder theory approach to the problems of
management and improving the competitiveness of an
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enterprise suggests that its further development will be
able to solve a number of problematic tasks facing the
enterprise. Currently, there is no generally accepted
methodology for assessing the competitiveness of an
enterprise.

Complex indicators of the efficiency of
innovative technological processes of footwear
manufacturing have been calculated. Taking into
account the production program, promising variants
of technology and equipment have been formed, the
most efficient one has been selected; possibilities for
streamlining the flow have been identified, allowing
to eliminate "bottlenecks”, minimize equipment
downtime, which is one of the conditions for
designing innovative technological processes.
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Introduction secondly, it is an opportunity to significantly
UDC 685.44:519.16. strengthen one’s position in existing markets, as well
as significantly expand one’s spheres of influence by

The authors of the completed studies believe that entering new domestic and foreign markets;
the need to improve the quality management system at thirdly, it is a significant increase in the
light industry enterprises is due to the following productivity of any industrial enterprise where it is
important reasons: planned to implement a QMS using effective forms of

Firstly, it increases the confidence of potential management.
consumers in the products manufactured by this The modern economy is increasingly called
enterprise; "smart", “thrifty”, innovative. This is a more
2 Clari
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understandable definition in comparison with "post-
industrial”, but to what extent it adequately
characterizes its state is not an idle question. The
character is manifested in development, determines
the planning of economic policy. The latest crisis
clearly shows:

firstly, that planning is not only compatible with
the market economy, but is necessary to prevent and
mitigate the negative phenomena generated by
undivided economic freedom bordering on
arbitrariness;

Secondly, the ongoing crisis has revealed the
limitations of the desire to present the constructed
economy as "smart". A smart economy must exist; it
cannot be built with intelligence alone.

The central figure of commaodity production is
not finance, as many politicians, including domestic
ones, believe. Money is, in fact, the equivalent of a
commodity and will always remain so. A commodity
creates labor, which in turn is also a commodity.
Consequently, the roots of the movement of
production go back to the collective expression of
human activity, first of all, the work of consciousness,
its potential.

The main thing in a person — the decisive factor
of social reproduction — is his morality. Not everyone
is destined to be top managers, general designers,
VIPs in politics. Someone should work with their
brains, someone — with their hands. Trouble comes
when the “brains” and “hands” become sticky and
things that shouldn’t stick to them. Immorality
undermines the foundations of professional culture
and professional activity is transformed from a
creative force into its opposite — it destroys what has
been created. A “smart” economy may turn out to be
a terrible reality if it continues to be immoral. We are
not utopians or idealists, we understand the concrete
historical position of morality well. Now we are not
talking about equality and brotherhood — exclusively
about conscience and responsibility. The economy can
and should be, first of all, responsible and
“conscientious”, and only then “smart”.

At the same time, the assertion that the
consumption of domestic materials and products is
regulated by the market is substantiated. In this case,
the market requirements should be dictated to
producers by the need to increase the role of the state
and consumers - to form a stable demand for domestic
materials and products, namely: maintain the range of
goods, regulating it with federal, regional and
municipal orders; stimulate price stability; increase
consumer capacity and gradually improve their
quality. The implementation of these tasks will create
the basis for the consumer to understand the need to
pay for the benefits of high-quality materials and
products, and the manufacturer to understand that
improving the quality of materials and products
cannot be associated only with rising prices, but also
through technical innovations aimed at applying new

technological and engineering solutions.

It is important to implement one of the defining
principles of production efficiency: the manufacturer
produces exactly what the consumer needs in an
assortment that creates the basis for satisfying
demand.

It is equally important to understand the role and
significance of quality activities, that is, to what extent
managers have penetrated the essence of things,
learned to manage things, change their properties
(assortment), form, making them serve people without
significant damage to nature, for the benefit and in the
name of people, that is, in accordance with the
requirements of the Federal Law "On Technical
Regulation™. What are the results of economic activity
today, what are the achievements in this area? Growth
of gold and foreign exchange reserves, reduction of
inflation, budget surplus and other financial and
economic achievements. But is this the end result of
public administration, and not the quantity and quality
of goods and services sold on the domestic and foreign
markets and the solvency of the population to
purchase these goods and services? And, ultimately,
not the quality of life of the country's population?
Therefore, it is quite natural that today the task is set
for all levels of executive and legislative authorities -
to improve the quality of life of Russian citizens.

Main part

The problems of improving the quality and
competitiveness of materials and products at the
current stage of development of the Russian economy
are becoming increasingly important. As the
experience of advanced countries that at one time
emerged from similar crises (the USA in the 1930s,
Japan, Germany in the post-war period, later South
Korea and some other countries) shows, in all cases
the basis for industrial policy and economic recovery
was a strategy for improving the quality and
competitiveness of products that would be able to
conquer both domestic and foreign markets. All other
components of the reform - economic, financial and
credit, administrative - were subordinated to this main
goal.

Positive changes in the quality of goods imply
qualitative shifts in technology, organization and
management of production. Production should be
improved, which does not mean becoming more
expensive. It was absolutely right to draw attention to
one phenomenon, usually eluding attention in the
bustle of problems, - the historicity of the economy.
The economy has not always been the way it is
perceived now and will not remain forever. Economic
life changes over time, which forces us to tune in to its
changing existence. Analysts claim that symptoms of
a new economic order are already growing. The next
turn of the economic spiral will also spin around the
market core, but the significance of the market will not
remain total. The priority of market competition,
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aggressively pushing "social issues" to the sidelines, — fashion and technical regulation are

is incompatible with the prospect of economic
development, as evidenced by the persistent desire of
social democracy in the West to turn the economy
towards social security and fair distribution of profits.
The new economy is temporarily called "thrifty".
"Thrifty" economy will be oriented towards resource-
saving technologies and environmentally friendly
production. It required a new look at fundamental
concepts. And therefore, the philosophy of quality
must also change.

The problem of ensuring the quality of activity is
not simply universally relevant, it is strategic. The
dilemma in relation to quality is reasonable only
within the limits of the opposition of the ratio of
"direct” and "indirect" actions. The expression "it's all
about him" owes its origin to quality. It is possible to
"forget™ about the problem of quality only because any
fruitful and luminous activity is ultimately aimed at
improving quality. Quality is either "on the mind" or
"implied". From the ratio in the dynamics of these
projections, quality problems in creative thinking are
built into a corresponding graph reflecting the
relevance and profitability of activities aimed at
developing production.

Thus, the solution to the problem of increasing
the efficiency and competitiveness of the economy,
and ultimately the quality of life, is impossible without
the implementation of a well-thought-out and
competent industrial policy, in which innovation and
quality should become a priority task.

The results of the research conducted under the
UN development program allowed us to measure the
share of the "human factor" in national and global
wealth: 65% of the wealth of the world community is
the contribution of human potential, and only a third
of the world's wealth comes from natural resources
and the production structure. A strategy focused on
quality undoubtedly contributes to the growth of the
role of the subjective factor in the development of
production, and to a more complete and
comprehensive satisfaction of human needs. No one
has dared to openly and officially cancel the desire to
"live according to reasonable needs", as well as the
need to "work according to one's capabilities”,
understanding the absurdity of denying the essential
powers of man. In a "hot" state, the problem of quality
is steadily supported by both the internal forces of
active consciousness and external life factors. The
highest function of consciousness is cognitive.
Production during the transition from an industrial to
a post-industrial society of mass consumption is
thought of as a function of the market. And the authors
fill these properties of quality with criteria, namely:
quality ideology — a prospect for
production development;
quality management is a comprehensive
approach to solving quality problems;

components of the quality of manufactured footwear;
quality systems “ORDERING/5 S” and
“THREE “NOTS” are not only the basis for stability
and safety of production, but also a guarantee of
quality;

quality in the market is a paradigm for the

formation of production that satisfies market needs;
— advertising is always at the service of

quality;
— atrip into the past as a guarantee of quality

in the future;

product quality assessment model — these

are production priorities;

forecasting quality costs when developing

a new range of footwear is the key to its demand and

competitiveness;

methodology of business visual assessment

of a product — a means of assessing the effectiveness

of quality;

improving the quality and competitiveness
of domestic special footwear;

on the indicators for assessing the quality
of footwear — as a tool for creating products in
demand;

quality and the market: a marriage of
convenience and this is indisputable;

the stability of the enterprises’ work is a
guarantee of the quality of the footwear they produce;
All these aspects together ensure the
activities of an important branch of public economy of
leading Russian and foreign specialists. Authors
always have an advantage over individual forms of
creativity. An individual author, no matter how
knowledgeable and authoritative he is, is forced by the
nature of the circumstances to explain not only his
point of view on the problem under study, but also to
talk about how colleagues “see” this problem, to
present someone else’s view of the order of things, to
turn into his opponents in the process of the
announced discussion. Such a transformation, despite
all its conventionality, is not so harmless for
objectivity in understanding. Even such a wonderful
thinker as G. Hegel sinned, willingly or unwillingly
setting up opponents to make it easier to criticize
them. This work presents an original author’s
approach and opens up the opportunity to learn the
most significant first-hand, without intermediaries,
who often darken creative relationships.

The dynamics of market development in the last
decades of the last century and at the beginning of the
third millennium invariably show an increase in
consumer demand for product quality. Despite all the
economic, social and political costs, humanity is
getting richer and wealth is distributed unevenly.
Finances, as before, are concentrated in certain
regions, however, as well as the premieres of modern
production. The course on product quality is
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confidently and widely predicted by analysts. The new
economy is temporarily called "thrifty". The current
principle: "the strongest, the most adapted survives"
will be replaced by "social and industrial partnership"
- the manager and the manufacturer will become
members of the same team. Mass production will give
way to an organization corresponding to the
implementation of the principle - "the manufacturer
makes exactly what the consumer needs". The
"thrifty" economy will be focused on resource-saving
technologies and  environmentally  friendly
production. It will require a new look at fundamental
concepts. The philosophy of quality will also change.
We must be prepared for the coming events. To the
best of their competence and interests, the authors
tried to share their thoughts, trusting their judgments
about the past, present and future of the business to
which they dedicated their lives, their research, to
answer the main question: what dominates in quality -
advertising or the manufacturer and will the revolution
in quality unite them or will it be impossible to do so?
But life will judge both of them.

The desire of researchers to draw the attention of
federal, regional and municipal branches of
government to revising the concept of the roadmap
and strategy for the development of light industry in
Russia until 2025, approved by the government, is
justified. Unfortunately, it lacks the main thing - the
role and importance of participation in its
implementation of authorities at all levels, without
whose support both the roadmap and the strategy for
the development of light industry are just intentions
and nothing more. The lack of messages and those
responsible deprived them of being mandatory for
these very branches of government, and without their
interested participation it is simply impossible to
achieve the declared results. Another weighty doubt
about its performance is that it does not have a
significant impact on the restoration of light industry
enterprises in the regions and municipal formations as
city-forming ones, in order to return social stability
and security to small and medium-sized cities of
Russia, that is, to restore to them the role that they
played for these very municipal and regional
formations, of which there are so many in Russia,
including in the regions of two Federal Districts - the
Southern Federal District and the North Caucasus
Federal District.

The implementation of all the proposed
measures presupposes the active participation of these
very branches of power, but especially regional and
municipal ones, in order to create new jobs in small

and medium-sized cities, guarantee their population
all the social conditions for a decent life, providing
their financing, including the work of preschool and
school organizations, medical and cultural
institutions, distracting young people from the street
and other undesirable phenomena. And the
appearance on the markets of demand for in-demand
products with a price niche acceptable for the majority
of consumers in these regions will reduce the
migration of the population from these regions
precisely due to the financing of all socially
significant institutions.

Production efficiency is the ratio between the
obtained results of production, on the one hand, and
labor costs and means of production, on the other, and
is the most important qualitative indicator of the
economy, its technical equipment and labor
qualifications. Efficiency is understood as the
correspondence between the social effect of applying
the results of standardization work in production and
the costs associated with their application. Ensuring
product quality is associated with costs. Product
quality should guarantee the consumer the satisfaction
of his needs, its reliability and cost savings. These
properties are formed in the process of all
reproduction activities of the enterprise, at all its
stages and in all links. Together with them, the cost
value of the product is formed, characterizing these
properties from product development planning to its
implementation and after-sales service. A complaint is
a claim made by the buyer to the seller due to the
discrepancy between the quality or quantity of the
supplied goods and the terms of the contract. Claims
can be made only on such issues that were not the
subject of acceptance of the goods, carried out in
accordance with the terms of the contract. The policy
of the enterprise should initially aim at high product
quality. However, marriage, which is its opposite, can
occur at any enterprise. It must be taken into account.
Defects can be found at the enterprise itself - the
manufacturer of the products and beyond. Defects that
appear in the sphere of sales or in the process of using
the products indicate both the poor quality of the
products and the quality of the enterprise's work.
Complaints are compared by cost and quantity with
the previous period. They are calculated for 100, 1000,
10000 products depending on the volume of
production. The appearance of complaints causes not
only material but also moral damage to the
manufacturer, affecting its reputation. Feedback for
correction and improvement (Figure 1):
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Figure 1. Customer satisfaction system

Ensuring the quality of children's clothing
involves planning and carrying out a number of
measures to create conditions for the production of
products that meet consumer requirements. When
implementing these measures, the following are taken
into account:

- factors influencing the formation of product
quality (study of the product market, development of
product requirements, quality of raw materials and
supplies, quality of design and engineering, quality of
manufacturing, quality of product labeling);

- factors that maintain the quality of goods
(packaging, conditions of transportation and storage,
sales and consumption (operation), technical
assistance in maintenance).

The chemical composition and structure of the
initial substances and materials predetermine all the
main properties of goods, divided by nature into
physical, chemical, mechanical, biological. Taking
this factor into account, all the others are formed:
design, technology, etc.

The source materials are simple and complex
substances characterized by an unchanging chemical
composition and certain properties. The indicators of
these properties are density, temperature constants,
spectral characteristics, etc., which form the basis for
the identification of goods and various types of
expertise.

There is a certain functional relationship
between the quantity of an element or chemical
compound and the measured physical quantity, which
is used to directly characterize the consumer value of
a material or product. The standards for the content of
these substances are specified in the relevant
regulatory documents.

An important factor is the influence of the
constituent parts of the starting substances, in
particular the functional groups included in the
molecules of the starting substances, namely:

- the hydroxyl group (—OH) in the composition
of cellulose fibers (cotton, flax) determines high
hygroscopicity of 8-12%, good ability to be dyed, and
dependence of properties on humidity;

- the carboxyl group (-COQOH), the amino group
(-NH2) in the composition of protein fibers (wool,
silk, leather) provide good hygroscopicity — 11-16%,
good dyeability, low electrification, the ability to form

a mesh structure and, as a result, provide high
elasticity of the fibers;

- the amide group (—NH) in the composition of
polyamide fibers (nylon, enant, anide) causes low
hygroscopicity — 4%, weak dependence of properties
on humidity, mediocre dyeability, and increased
electrification;

- the ester group (—COQ) in the composition of
polyester (lavsan) and polyacrylonitrile (nitron) fibers
determines their zero hygroscopicity, poor dyeability,
and high electrification.

Thus, knowledge of the chemical composition of
the source materials allows us to predict the nature of
possible changes in finished products during storage
and use, as well as to identify goods.

The design is one of the most important factors
that shape the quality of finished products. The design
is the shape, size, method of connection and
interaction of parts and units, the relationship between
individual elements, interchangeability, multi-
operability and other features of the product. The
design of children's clothing should best ensure
functionality, ergonomics, aesthetics, reliability and
safety in the use and operation of products.

Ergonomic properties— the ability of goods to
create a feeling of convenience, comfort, the most
complete satisfaction of needs in accordance with the
anthropometric, physiological, psychological and
psycho-physiological characteristics of the consumer.
Ergonomic properties of children's clothing are
divided into the following subgroups:

- anthropometric properties —the ability of goods
during use to correspond to the greatest extent to the
measurable characteristics of the child's body;

- physiological properties— the ability of goods
to ensure the convenience of functioning of individual
organs or parts of the human body when they are used;

- hygienic properties are also associated with the
impact on the living conditions of the human body and
are divided into sorption (hygroscopicity, moisture
release), permeability properties (steam, water, dust,
light, air permeability), electrification (accumulation
of static electricity charges), heat-protective
properties (thermal conductivity, heat capacity);

- psychological properties— the ability of goods
to provide the consumer with emotional comfort
during use, to correspond to his individual perception
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of the product, which is especially important for
young children;

- psychological and physiological properties —
the ability of goods to ensure compliance with the
psychological and physiological capabilities and
needs of the consumer; these properties
comprehensively satisfy the psychological and
physiological needs of a person, and are mainly
characterized by organoleptic indicators.

For children's clothing, aesthetic properties are
especially important— the ability of a product to
express social values in sensory-perceived form
features and satisfy the aesthetic needs of a person:
information expressiveness, rationality of form,
integrity of composition, perfection of production
execution and stability of the product appearance.
Aesthetic needs are always individual; therefore, it is
quite difficult to ensure the aesthetic properties of
products and evaluate them, but at the same time it is
of considerable interest, especially when making
clothes for children.

Indicators of aesthetic properties of children's
clothing are: appearance, integrity of composition,
design, fashion, style, information expressiveness,
perfection of production execution, etc. Appearance is
a complex indicator, including shape, color, surface
condition, sometimes integrity, as well as the presence
of drawings and inscriptions. For the aesthetic
perception of different children's clothing, the
significance of the listed individual indicators of
appearance is not the same and depends on the
characteristics of the types of clothing.

Integrity of composition reflects the rational
relationship of external features with the internal
structure and assumes the subordination of secondary
elements to the main ones, the unity of the stylistic
solution of all parts of the products.

Design is the ability of goods to
comprehensively satisfy aesthetic, ergonomic, social
and other needs due to their artistic design.
Satisfaction of various needs and, first of all, aesthetic
ones is achieved by rational combination of indicators
of appearance (shape, color, surface condition, etc.)
with dimensions and indicators of functional and
ergonomic properties. Thus, the beautiful shape of
products should be combined with ease of use. The
dimensions of products as a whole or their individual
parts should ensure harmony of form and functional
purpose.

Maintaining a certain style allows to satisfy
social and aesthetic needs with the help of a set of
indicators of appearance, design features and details,
which are determined by the general worldview of a
specific segment of consumers. The style of goods
together with fashion is an important means of
creating the image of consumers and satisfying
prestigious needs as a type of social needs.

Following fashion allows to satisfy aesthetic
needs formed or developed in a certain socio-cultural
environment for a certain, limited period.

The fundamental features that characterize these
properties are individual indicators of appearance:

the shape of the product as a whole and/or its
individual parts;

color and/or color scheme (this is especially
typical for clothing and shoes — the fashionable color
of the season);

the condition of the surface, including design
details (for example, the presence of frills on dresses,
blouses, fittings on shoes, etc.);

the presence or absence of individual functional
details (for example, the back of shoes, sleeves, belts
- in clothing).

The named fashion indicators are ensured by
selecting the most suitable types of raw materials,
materials and developing a specific design.

Fashion is one of the important drivers of
scientific and technological progress, encouraging
fashion designers to create not only fashionable
goods, but also to order the development of new
materials and technologies.

The most important indicator of the quality of
children's clothing is the safety of the goods.
Currently, in legislative acts, safety requirements are
singled out in a special group as mandatory.

According to the Federal Law "On Technical
Regulation”, "the safety of products and related
processes of production, operation, storage,
transportation, sale and disposal is a condition in
which there is no unacceptable risk associated with
causing harm to the life or health of citizens, the
property of individuals or legal entities, state or
municipal property, the environment, the life or health
of animals and plants."

In relation to the quality of consumer goods,
safety can be defined as the absence of an
unacceptable risk to the life, health and property of
consumers during the use or consumption of goods.
Unlike other consumer properties, the deterioration or
loss of which leads to the loss of functional or social
purpose, failure to comply with the permissible level
of safety indicators transfers the product to the
category of dangerous, subject only to destruction - on
the contrary, products that have lost other consumer
properties are classified as conditionally suitable and
can be recycled. In addition, the lost properties of the
product can be restored after the appropriate
elimination of defects, thanks to which it can be used
for its intended purpose.

In the territory of the Russian Federation, which
is part of the Eurasian Economic Union, the technical
regulation of the Customs Union TR CU 007/2011
"On the safety of products intended for children and
adolescents” is in effect with respect to safety
requirements for clothing for children in order to
protect the life and health of children and adolescents,
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as well as to prevent actions that mislead users of
products. Table 5 shows the biological and chemical
safety requirements established therein for clothing
made of textile materials for children over 1 year of
age.

Conclusion

The efficiency of enterprises, and in many ways
their ability to survive in the competitive struggle,
depend on the ability to quickly and with minimal
costs restructure the production of products in
accordance with fluctuations in demand; the best
opportunities for this are opened up by the
development and implementation of flexible
production systems. The restructuring and technical
re-equipment of modern small and medium-sized
children's clothing production facilities, as well as
manufacturers of men's clothing with high-
performance multifunctional equipment should be
facilitated by the widespread introduction of leasing
schemes as the most optimal option for the
development of Russian production facilities.
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Introduction
UDC 656.06:357.49.

The theoretical, philosophical and scientific
novelty of the research is due to the consideration of
social transport not as a unique state of transport
reality, but as a specific reality formed in the process
of development of a universal phenomenon in the
structure of matter movement. Social transport has a
conditional beginning of history and, theoretically, an
end is not excluded. Improvement of social transport
and its prospects are due to its natural status -
integration into the natural system of relations, part of
which is a person with a social form of life. The
structure of the essence of the content of the concept
of "social transport"” is similar to the structure of the
concept reflecting the natural form of transport, it is
determined by the presence of three key elements:
means, paths and forces of which are supplemented by
management. The analysis of the status of transport
and its "social" form of manifestation was carried out
by a combination of philosophical and scientific
formats. The first provided the ideological and
methodological aspects of the phenomenon
assessment, the second opened the way to practical
assessments in a wide social range from socio-
economic,  political and  socio-cultural  to
environmental. Special attention is paid to the status
of transport science, the reasons for the inconsistency
of its assessments are explained.

The theoretical understanding of social progress
began to shift gently towards a mass consumer society
associated with quality of life. Social life, which had
come into vigorous motion after the leisurely course
of Medieval history, necessarily focused on the
development of transport. Social transport expanded
national borders and successfully worked as an
instrument of international relations. If in the past only
a few could discover the world, then in the New Age
the world essentially opened up for the majority of the
population of developed countries. In order for social
transport to function in accordance with the needs of
social development, it itself had to be diverse and
highly organized, meet all the basic requirements: be
safe, accessible, diverse, comfortable; be
distinguished by high service, deliver cargo on
demand. Freedom is not only a condition of human
life, it is also a factor in the operation of transport. The
improvement of social transport, as well as social
progress in general, requires freedom of action, and

freedom of action of transport serves as a significant
criterion of its quality.

Main part

The first step towards freedom was taken by
social transport when technical means were completed
with technically produced energy. Thanks to this,
social transport acquired an almost complete technical
appearance. There was a lack of technically organized
control of the movement of vehicles, which would
guarantee the quality of their work. It appeared in the
process of scientific and technological revolution in
the middle of the 20th century.

The so-called transport science is not a phantom,
but it is also not a reality that allows transport science
to be included in the corresponding classifier. In its
present form, it is capable of satisfying only the
professional ambitions of those researchers whose
status is directly connected with the transport branch
of social production, and the transport bureaucracy.

There are no unitary publications devoted to
social transport. The same interesting historical
essays, recreating the history of individual types of
public transport, unfortunately, do not even touch on
the logic of the process. Historical analysis in the
absence of logical support is far not only from the real
essence of transport progress, but also does not lay the
prerequisites  for  understanding the  further
development of knowledge of the subject.
Development is the resolution of contradictions. Not
narrowly - technical and technological, which modern
transport science is really rich in, but the
contradictions of development in the system of
relations of real transport, significantly different from
that around which the current definition is built, which
has not gone beyond the framework of a generalizing
idea. The reasons for the limitations of the definition
of the subject specificity of the content and scope of
the concept are different. The most common reasons
are of an epistemological nature, for example, when
cognition is stopped not at the main essential level of
the phenomenon under study. The immersion of
knowledge does not reach the necessary depth. The
knowledge obtained does not reveal the leading
features of the content of the concept, giving the
concept universality, nevertheless they are passed off
as knowledge of the quality of the subject. The
concept is replaced by the idea of a certain level of
reality of the object.
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Figure 1. Systemic characteristics of the content of the concept of “social” transport.

Social transport is a complex synthesis of the
natural (organic) component and its transformation by
man - the technical component. Taking into account
the special role of man in the creation of social
transport - specific to the social form of matter
movement, it can be quite correctly called "human"
(Figure 1).

The progress of "social", "human", "technical",
"public" transport can be presented as a way to
increase the degree of human mastery of freedom of
technical creativity. Humans have already passed a
significant part of the way to freedom of creative
creation of transport. It seems to us that the "road
map" of the progress of "human" transport looks like
this:

e alienation of transport from its primary
connection with man (“dehumanization” of transport);
achieving ~ dominance in  transport
construction of technical means and technologies;
connection of the technical component of
vehicles with the technically obtained energy;
automation of transport operations, including

[ ]
control;

e ensuring systemic security for all subjects of
transport functioning: humans, society, the natural
environment;
creation of universal vehicles capable of
operating in qualitatively different environments;
development of space transport capable of
trans-space movement, creation of intermediate space
bases.

As transport progresses, the significance of the
second, final function of transport increases, its direct
participation in the construction of conditions for
social creativity. The existing understanding of

transport has not absorbed its creative purpose on a
real scale, limiting itself to a description of
participation only in the movement of the spatial
position of cargo. The transition from the idea of
transport, identifying it with a social form and
sequestering the functions of transport to the
implementation of the movement of cargo and people
in the space-time of social development, to the
understanding of transport as a universal mechanism
for the movement of matter in all forms, creating the
necessary conditions for change by organizing spatio-
temporal interaction within a specific form and
between forms will require a methodological
reorientation of thinking from a description within the
limits of formal-logical consistency to a dialectical
analysis of the contradictions of the nature of
transport:

in order to conveniently arrange something
strictly on the shelves, you need to be sure that all of
this is identified and defined first;

secondly, to have an appropriate design for the
shelves, that is, to build a systematic understanding of
the subject, which allows us to guarantee:

a) universality of the design;

b) the presence of sufficient reserves for
improving the design.

The general theory of transport allows to
maintain the course orientation in the study of its
varieties, their relations, but the general in theory and
methodology is especially significant for determining
the political value of transport in the process of social
construction and preservation of natural conditions of
social movement. Social movement transforms
natural conditions into factors ensuring social
progress, therefore political correction is required.
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Factors of natural provision of social progress should
not be factors of crises of the natural development
itself. And here the understanding of transport
adequate to its actual status is necessary as a measure
of both social and natural movement. Management of
interaction of movement of the natural environment of
society is based on transport policy, in which the
interests of man and the laws of the natural system
should be coordinated. The history of mankind does
not allow to smile, reading the phrase: transport policy
is the core of the system-forming factor of
organization of interaction of society and the natural
environment of its movement. "National" and
"universal" (global) ideas, designed to consolidate
social advancement, must rely on the public -
dominant attitude in politics to transport construction.
As long as the utilitarian - local idea of transport as a
means of ensuring the movement of people and cargo
dominates in the public consciousness, neither
national nor global problems can be solved rationally.
It seems that the military was the first to approach this
truth. In any case, armed competition is already built
on achieving an advantage in traffic management, or
more precisely, transport as a tool of movement. There
are encouraging examples of awareness in civilian
practice: China has raised rail traffic in the Himalayas,
Japan is vigorously investing in the development of
high-speed rail traffic, Russia has seriously taken up
transport support for the Arctic, more and more
countries are rushing into space, striving for its
practical use, the EU is trying to be among the leaders
in the development of "green" transport. The complex
essence of transport has been improved in the process
of its evolution. By the time transport rose to the next
turn of the spiral of its development, became "human"
transport, it was already clear that the spiral of

transport ascent has a specific design. The spiral of
historical transformations of transport is double. It
resembles the helix of the DNA organization of living
matter. The double helix is a sign of perfection and
significance of the status of a phenomenon. The
privilege of transport is due to the peculiarity of its
place in the movement of matter. The very immanence
and universality of presence in the movement of
matter is sufficient to recognize the special purpose of
the phenomenon, and transport, in addition, as we
have shown in previous publications, plays a key role
- it serves as an instrument of movement. In this
connection, it is advisable to clarify one essential
detail in understanding movement. Taken in general,
that is, as a set of all forms and types, movement is
most often interpreted through the way it manifests
itself. In Russia, as a rule, they refer to the definition
of movement by F. Engels, reducing the author's text
to the basic concept - "to change".

F. Engels did indeed emphasize the key meaning
of change in movement, but he:

firstly, he did not reduce movement to change;

Secondly, what is important is how he
interpreted the change, drawing specifically for this
purpose on the historical outline of the progressive
progress of natural science.

And already without questions from the text it is
clear that changes in the form of displacement are
extremely significant, however they are the simplest
manifestation of motion. F. Engels wrote: "Motion,
considered in the most general sense of the word, that
is, understood as a mode of existence of matter, as an
attribute inherent in matter, embraces all changes and
processes occurring in the universe, starting from
simple displacement and ending with thinking."
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Figure 2. Functions and social effects of the functioning of the social form of transport.

A simple list of social effects from the
implementation of the functions of transport support
for social progress allows us to assess the significance
of transport in the history of mankind, primarily in
improving material production and conditions for
individual freedom (Figure 2). The definition of social

transport as a branch of production reflects only the
external manifestation of transport and that,
unfortunately, is not proportional to the actual role of
transport.
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Figure 3. Main directions and products of social transport.

In the diagram we would like to draw attention
again to the specificity of the mechanism of action of
transport in social construction: transport participates
in social development by providing the necessary and
sufficient conditions for the action of social
reorganization, i.e. indirectly. The specificity of the
mechanism of action of social transport is determined
by the place of transport in the movement of matter,
part of which is the practical activity of man.
Transport is an instrument of movement (Figure 3).
Work is done by movement, transport prepares and
provides conditions for movement. Earlier, the
absence of an argumentative function in a separate
fact has already been noted. Facts taken separately are
not able to either refute or prove. But on the basis of
facts, it is possible to build a concept. And in this case,
when it is possible to obtain from its consequences the
predicted facts in sufficient quantity and variety, both
the concept itself and the facts will acquire their true
meaning.

Russia was preceded by Rus. It is believed that
Rus became Russia, having become an empire under
Peter I. Peter | was recognized as the Great for the
scale and quality of the transformations in society.
From the very beginning, Peter the Great linked the
reorganization of the fatherland with the development
of transport. He had little choice - to find a rational
ratio between water and land means. The emperor saw
advantages in water, especially in sea transport. With
its help, it was possible to increase trade, causing an
increase in the production of goods, and expand the
borders of the state, and when necessary, protect it.
The strengthening of Rus occurred with the growth of
cities, all the historical cities of Rus, Russia grew on
the banks of rivers, seas. Land traffic developed after
water. Steam traction and electric traction were also
first tested on water.

Education is increasingly less manifesting itself
as a tool that forms in the student an interest in the
rationality of individual thinking, replacing the work
of the subject's consciousness with the acquisition of
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psychological skills - the dynamism of changing
attention,  memorization,  orientation  toward
consumption and the possibilities of technical means
of support.

The danger of empiricism and standardization in
thinking, dependence of consciousness on technical
equipment are not so obvious "here and now". It has a
delayed effect of action, which has repeatedly
manifested itself in modern times, forcing us to return
to the educational ideas of great humanists and true
teachers. For harmonious development into a
personality, a person must realize his main potential,
embedded in his dual nature, in the process of
becoming. We are able to abstract from nature in
cognition, but we will never be able to live and enjoy
life outside of nature. Nature is able to develop
without us, it is boundless and eternal. A person faces
Hamlet's question: "To be or not to be"? The wealth
of the past is not a guarantee of the future.

In  multi-transport centers there is a real
opportunity to optimize the transport potential for the
harmonious development of the social structure, to
minimize the cataclysms of irrational urban
development policy. Such centers are ready to
organize the systematic work of various transport
from main and interregional to local, unite with a
common idea motor transport, water, rail and air. With
a professional approach, free from the
commercialization of social projects, there is always a
way out that will be approved by all parties involved
in solving the problems.

The economy, like society, whose progress is
based on economic activity, develops naturally.
Economic ups and downs are caused not so much by
objective factors as by insufficient professionalism of
management. The aforementioned S. Yu. Witte dealt
with an empty treasury and growing debts,
nevertheless, in a seemingly hopeless situation, he
found a way out and successfully reformed finances.
The Bolsheviks after the Revolution and the Civil
War, in conditions of socio-economic chaos and wild
inflation, also coped with the task of stabilizing the
financial market.

Russian reformers of the 1990s, with the active
assistance of Western consultants, led Russia to the
default of 1998. When the ruling figures changed and
the political, social and economic course was
balanced, society quickly managed to cope with the
consequences of "shock therapy". The economy
should not be anything other than the one whose goal
is to ensure human well-being.

The desire to measure the well-being of the
population by the quantity of goods is partly fair, but
it is, as a rule, conditional, because it deals with
consumption statistics, which are specified at best at
the regional level. This is convenient for the
authorities, but in such calculations, as a rule, there is
no face of real citizens, separated by physical space

even within the boundaries of a district, region,
territory, republic.

Statistics are something like a mirror, sufficient
for the authorities to see themselves and, in general,
the socio-economic mosaic. Real life mostly takes
place in the "looking glass". This life is very different,
as are the attitudes of those living it. Those dissatisfied
with life have always been and are everywhere, even
among those enjoying life. There are many of them,
but they do not form the majority.

The bulk of the population patiently awaits its
time, steadfastly hoping for the professionalism of
politicians. They need a job with decent pay, the
arrangement of socio-cultural support for life. Most of
all, they need satisfaction with a systematically
organized and accessible transport service, so that
they are not oppressed by the feeling of
"abandonment”. A citizen of any country educated in
traditions feels his responsibility to the state and order
proportionate to the care that he feels for himself.

Conclusion

If the term "construction” is replaced by the
"form" of knowledge, then we will have the transition
advanced in the article from the characteristics of the
concept - consistency, locality and limitation in
change, to the characteristics that distinguish the
concept, identified by G. Hegel in his "Science of
Logic". It is naive to expect a practical application of
the new interpretation of transport by philosophical
thinking. On the path to rebooting the political
understanding of transport and its social significance
is a moderator - political science, called upon to adapt
philosophical specifics to the subject matter of
political actions. We can only emphasize political
thinking on the following most important
methodological premises:

o the nature of transport is unitary, it is
determined by place and functionality. One can write
about "social", "natural” transport only as a qualitative
manifestation of unitarity, like a fan, gathered and
unfolded;

o the social form of manifestation of transport,
despite all its uniqueness, remains a transformed part
of natural transport and retains its dependence on the
natural laws of formation. Consequently, the transport
strategy, called upon to express social orders, must
chart its course taking into account the dominance of
natural conditions, transforming human activity into
development factors. The factors will either help or
hinder the implementation of construction plans;

e transport is a natural platform on which
human history has been formed since its very
beginnings. Man owes his evolution to transport,
moreover, it was the first means of social
manifestation of transport. The concreteness of the
spatial-temporal conditions of human life is the frame
of reference for his active participation in the
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construction of social space. Hence the value of
transport for man;

e relying on the transport dominance in
politics, states became empires and occupied a leading
position in the world political hierarchy;

e guarantees in the Constitution of the right to
work do not mean that you will find a job, they protect
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causes
unemployment,
psychological and financial factors. Approximately
half of all unemployed people in the countries of the
Europe and Central Asia region have been looking for
work for more than a year. Young workers are much
more likely to be unemployed, in the informal sector,
or in low-paying jobs. In this region, one in five young
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Introduction
Young people entering the labor market are at

risk. They face a higher risk of unemployment than
older workers, and one of the reasons for their low
participation in the labor market is their lack of work
experience. When hiring young workers, companies
typically face higher investment costs and lower firing
costs, which makes the labor market for young people
more sensitive to fluctuations in demand.
period from 2008 to 2009 the youth unemployment
rate increased by about five percentage points and
averaged 20%, then, until 2013, it increased by
another 4%.

If in the

Over the same period, the adult unemployment

rate has changed from 6% to 10%.

The high and steady rate of youth unemployment
negative  consequences  related to
which is directly related to

foreign countries. ISJ Theoretical & Applied Science, 08 (148), 127-129.
Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2025.08.148.19

People is unemployed in 2012, the average youth
unemployment rate in the countries covered was 23%,
and an average of 9% of active youth participated in
active labour market support programmes. Wage
subsidies are one of the most promising programmes
for young people. When examining the specific labour
market situation for young people, it is possible to
identify four types of programmes that are most
commonly used to facilitate direct entry into the
labour market: training for labour market entry, job
search assistance and monitoring, wage subsidies, and
public sector employment programmes.

Uzbekistan is taking measures to combat youth
unemployment at a new level. Every year, more than
600,000 young people enter the labor market in
Uzbekistan, and this number is expected to reach 1
million by 2030 [1].

Some of the challenges faced by young people in
Uzbekistan when seeking employment. There is a
shortage of jobs and a low demand for labor in rural
areas; there is a lack of communication between
educational institutions and employers, and young
people have low levels of skills due to a lack of
vocational training programs.
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There is also a lack of access to higher education
due to a small number of universities and high tuition
fees, and there is a mismatch between the needs of
young people and the demands of society. To address
the issue of youth unemployment, a major
employment program has been implemented, with a
planned investment of 126 trillion soums
(approximately \$10 billion) [2].

The unemployment rate among young people
under the age of 25 varies significantly across
countries, ranging from 8% in Germany to over 40%
in Italy, Spain, and Greece. Similarly, the proportion
of young people experiencing long-term
unemployment ranges from 5% to 7% in Finland and
Sweden, and exceeds 50% in Italy, Greece, and
Slovakia. Since these differences between countries
are related to economic indicators or institutional
structures, comparing the labor market performance
of young people with that of older workers highlights
the specific features of the youth labor market.

The ratio of youth to adult unemployment shows
that the probability of a young person being
unemployed is two to three times higher than that of
an adult worker. The largest difference is observed in
Sweden, the United Kingdom, and Italy, while the
probability of long-term unemployment among young
people is significantly lower than that of adults. The
relative proportion of long-term unemployment
among young people and adults shows that the risk of
long-term unemployment among young people is only
two-thirds of the risk of long-term unemployment
among adults.

Part of the differences in the risk of
unemployment between young people and adults
(long-term) can be explained by the higher mobility in
the labour market and the higher probability of
inactivity among young people. The level of inactivity
among young people ranges from less than 30%
(Netherlands, Switzerland and Iceland) to 70%
(Greece, Hungary, Luxembourg and Italy). Thus, on
average, the probability of leading a sedentary
lifestyle is approximately four times higher than that
of adults [3]. The transition of young people into the
labor market is generally closely related to their level
of education, and according to the average
unemployment rates in Europe in 2013, young people
with at best incomplete secondary education are 1.7
times more likely to be unemployed than young
people with at best complete secondary education, and
approximately twice as likely as young people with
higher education.

In Southern European countries, which were
particularly affected by the economic crisis, the
unemployment rate among graduates of lower
secondary and upper secondary schools differs by
only 1.1 times in favor of those with higher education.
In other European countries, the difference in
unemployment rates is 1.8 times [4].

Differences in economic conditions and policies.
Young people from countries most affected by the
economic crisis (Southern European countries,
Ireland), where the demand for labor is structurally
low, are more likely to become (long-term)
unemployed, less likely to work, and receive less
return on their education. There is a strong correlation
between the education system and young people's
entry into the labor market.

The structure of post-secondary education affects
young people's adaptation to the labor market. In
countries with established pathways to vocational
education or extensive apprenticeship systems, young
people who pursue vocational education tend to enter
the labor market more quickly than those who enter
the labor market after completing general education.

This faster entry into vocational education is due
to the improved supply and demand for skills in the
short term. In particular, a mismatch between skills or
qualifications and the employer's requirements is
likely to reduce the quality and stability of the initial
job offer, which can have long-term negative
consequences for the youth labor market in the future
[5].

The primary goal of active labor market
programs for young people is to integrate unemployed
youth into the labor market, stabilize their career
development, and/or facilitate their participation in
vocational training as an intermediate step towards
entering the labor market.

There are several reasons why the demand for
young labor may be low.

First, economic downturns tend to affect younger
workers the most, as firms may be less willing or able
to fire workers with longer tenure. Second, even in
normal economic conditions, employers may prefer
more experienced workers, especially if their previous
work history or recommendations from colleagues
allow employers to better distinguish between
workers with low and high abilities.

With specific human capital associated with a
particular position, companies may be less interested
in hiring young employees and investing in expensive
training if there is a high likelihood that the young
employees will leave the company without recouping
these initial investments [6].

Thus, if a lack of work experience or professional
skills is a barrier to entering the labour market,
providing employers with financial incentives to hire
and train young people can be an effective tool for
improving labour market integration [7].

As young people gain experience and companies
become better able to assess their abilities, it is
expected that young people will be offered permanent
employment contracts after the subsidy period. Wage
subsidies that promote "real" employment, even if it is
subsidized, can help young people demonstrate their
ability to work [8].

Philadelphia, USA

128

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317 SIS(USA)  =0912  ICV (Poland)  =6.630
. ISI (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) =7.184  OAJI (USA)  =0.350

Young people are more mobile in the labor
market than adults, and the consequences for the labor
market are mixed. On the one hand, job changes can
lead to career advancement and higher wages, and
they also allow young people to discover their skills
and preferences. On the other hand, it has been found
that job changes lead to further job changes (a
dependency on the previous event), and that early job
instability significantly reduces future wages [9].

Reducing youth unemployment is a key
challenge for many European countries, especially
after the recent economic downturn. Young people are
at risk and are much more likely to be unemployed
than the adult population.

In 2013, the youth-to-adult unemployment rate
ranged from 1.6 to 3.6, but even in relatively stable
economic conditions, such as in the pre-crisis years of
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Abstract: Sa’duddin al-Taftazani (722-792/1322-1390), who lived during the era of Amir Temur, holds a
distinguished place in history as a polymath who made a great contribution to the development of Islamic sciences
and world civilization. He authored more than one hundred works in the fields of jurisprudence (figh), legal theory
(usul al-figh), theology (kalam), logic, grammar (nahw), rhetoric (balagha), Quranic exegesis (tafsir), and other
disciplines. al-Taftazani was recognized with high honorific titles such as ash-Shaykh Sa’duddin, al-lmam al-Kabir,
and al-Allama. In particular, his works such as Talwih fi Kashf Haqa’iq at-Tanqih, Hashiya ‘ala Sharh al-Mukhtasar,
and Irshad al-Fuhul are considered important sources in the field of legal theory (usul al-figh). Moreover, during his
service as a judge, he authored several books related to applied jurisprudence (furu‘ al-figh), such as al-Fatawa al-
Hanafiyya, Sharh al-Fara id as-Sirajiyya, and al-Miftah. Some of his works remain in manuscript form and have not
yet been fully studied. The scholarly legacy of al-Taftazani plays an important role in inter-madhhab dialogue and
the development of Islamic jurisprudence, making its research and publication a pressing task for modern source
studies.
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Introduction making a substantial contribution to the progress of
The reign of Amir Temur (1336-1405) remains global civilization.
in history as a significant stage in the development of Within this intellectual milieu, Sa’duddin al-
Transoxiana and Khorasan. This era witnessed Taftazani occupies a prominent place. He was
significant advancement in science, education, renowned as a thinker possessing profound expertise
culture, and social life. The process of spiritual and across various fields of knowledge. Historical sources
intellectual flourishing fostered the emergence of record that Amir Temur accorded him great respect
distinguished scholars and thinkers in diverse and esteem [5:325-326]. This recognition serves as a
disciplines, including astronomy, mathematics, vivid testament to the Timurid dynasty’s commitment
natural sciences, geography, applied arts, literature, to scholarship and its high regard for the scholarly
philosophy, logic, Islamic history, theology, Qur’anic community.
exegesis, hadith, jurisprudence, and others. Their The full name of Sa’duddin al-Taftazani is
scholarly legacy extended beyond the Muslim world, Mas ‘ud ibn al-Qadi Fakhr al-Din ‘Umar ibn al-
Mawla al-‘dzim Burhan al-Din ‘Abdullah ibn al-
L)
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Imam al-Rabbani Shams al-Haqq al-Din al-Qari al-
Samarqandi al-Harawi al-Taftazani al-Khurasani al-
Hanafi [4:190]. He was born in 722/1322 in the
village of Taftazan, near the city of Nasa in Khurasan
(present-day Turkmenistan) [13:20]. Throughout his
life, he authored valuable works across various
disciplines, making a significant contribution to the
advancement of Islamic scholarship.

Taftazani was recognized as a distinguished
scholar in the fields of grammar (nahw), morphology
(sarf), rhetoric (ma ‘ani and bayan), legal theory (usul
al-figh), applied jurisprudence (furu “ al-figh) in both
the Hanafi and Shafi‘i schools, logic, theology
(‘aqida), Qur’anic exegesis (tafsir), and other areas
[4:190]. His intellectual authority was highly
esteemed by his contemporaries as well as by
subsequent generations of scholars. In the sources, he
is referred to with honorifics such as ash-Shaykh
Sa ‘duddin [14:389-390], al-Ustadh [8:223], al-Imam
al-Kabir [9:303-304], al-Imam al- ‘Allama [6:241],
Sa‘d al-Milla wa al-Din, Hibr al-Umma, Shams al-
A’imma [10:446], and al- ‘4llama al-Thani [1:69].

Sa’duddin al-Taftazani has been recognized as a
polymath. Modern studies emphasize that he authored
more than fifty works covering fields such as Qur’anic
exegesis (tafsir), jurisprudence (figh), theology
(kalam), grammar (nahw), rhetoric (balagha), logic,
geometry, mathematics, and other disciplines. He
composed the majority of his works in the cities of
Transoxiana. Moreover, al-Taftazani is acknowledged
in the Islamic scholarly tradition as one of the
youngest authors, as he is reported to have written a
book at the age of sixteen. The scholar passed away in
792/1390 in Samargand [4:191-192].

Within his intellectual legacy, the science of
jurisprudence (figh) occupies a central place. In
particular, he authored a number of valuable works on
both the principles (usul al-figh) and practical rulings
(furu® al-figh) of the Hanafi, Maliki, and Shafi‘i
schools within the framework of Ahl al-Sunna wa al-
Jama ‘a. His contributions to the discipline of usul al-
figh include the following works:

1. Talwih fi Kashf Haqa’iq al-Tangih. This
work is a renowned commentary by Sa‘duddin al-
Taftazani on al-Tawdih fi Hall Ghawamid al-Tangih
by ‘Ubaydullah ibn Mas‘ud ibn Taj al-Shari‘a (d.
747/1346). It is regarded as one of the most important
sources on usal al-figh within the Hanafi school
[2:15]. Regarding the significance of this book,
Shaykh Muhammad Sodiq Muhammad Yusuf (1371-
1436/1952-2015) stated: “Anyone who intends to
study the science of usil al-figh will inevitably turn to
this work” [12:130]. al-Taftazani completed the work
in Gulustan in 758/1357 [4:192]. It was published in
cities such as Delhi, Lucknow, and Beirut in
1267/1851, 1281/1864, and 1419/1998.

2. Hashiya ‘ala Sharh al-Mukhtasar ‘ala Kitab
Muntaha al-Su’al wa al-‘Amal fi ‘[lmay al-Ustl wa al-
Jadal. This work is a super-commentary on the

commentary of ‘Adud al-Din al-Iji on al-Mukhtasar
‘ala Kitab Muntaha al-Su’al wa al- ‘Amal fi “llmay al-
Usiil wa al-Jadal, authored by Jamal al-Din Aba ‘Amr
‘Uthman ibn ‘Umar al-Maliki (d. 646/1248). al-
Taftazani composed this work in Khwarazm in
770/1368 [7:430], and it has been published several
times [11].

3. Irshad al-Fuhual. This work is a commentary
by Sa‘duddin al-Taftazani on al-Waragat by Abu al-
Ma‘ali ‘Abd al-Malik ibn ‘Abdullah ibn Yasuf al-
Juwayni al-Shafi'T (419-478/1028-1085). It is
considered an important source on usil al-figh within
the Shafi‘i school. However, no manuscript copy of
this work has yet been identified.

In Taftazani’s scholarly legacy, the science of
furt al-figh occupies a distinct place. During his
career, he not only engaged in teaching but also served
in the position of judge (qadi). Among his important
works on furii al-figh within the Hanafi and Shafi‘i
schools of Ahl al-Sunna wa al-Jama‘a, the following
may be noted:

1. al-Fatawa al-Hanafiyya. In this work, Allama
Sa‘duddin al-Taftazani collected the legal opinions
(fatwas) he issued according to the Hanafi school
while serving as a judge in Herat [15:24]. He began
writing it there in 759/1358 [4:192]. The book has
been published [20].

2. Sharh Fara’id al-Sirajiyya. This work is a
commentary on al-Fara’id al-Siragjiyya by
Muhammad ibn Mahmad ibn ‘Abd al-Rashid
Sajawzandi (d. ca. 600/1204). Al-Fara'id al-Sirajiyya
itself was translated into Uzbek and published in 2010
[16]. Manuscript copies of Taftazani’s commentary
are extant.

3. al-Miftah. This is a work on furdi‘ al-figh,
composed in Samargand in 782/1380 (according to
another report, in 791/1389) [17:1769; 4:192].
Manuscript copies of this work are also preserved.

4. Mukhtasar Sharh Talkhis al-Jami‘ al-Kabir.
Among the jurist-scholars (mujtahids) of the Hanafi
school, Abl ‘Abdullah Muhammad ibn al-Hasan al-
Shaybani al-Hanafi (d. 189/805) authored al-Jami ‘ al-
Kabir. Kamal al-Din Muhammad ibn ‘Ibad ibn Malik
Dawiid al-Khalatt al-Hanafi (d. 652/1254) produced
an abridgment (mukhtasar) of this work.
Subsequently, Abti al-‘Isama Mas‘tid ibn Muhammad
ibn Muhammad al-Ghijduwani (d. 772/1371) wrote a
commentary (sharh) on the abridgment. Sa‘duddin
Taftazani, in turn, composed a concise summary
(mukhtasar) of this commentary in Samargand in
785/1383 [4:192]. However, no manuscript copy of
this work has been identified to date.

5. Sharh Figh al-Kaydani. This work is a
commentary on Figh al-Kaydani by Lutfullah al-
Nasaft (d. 750/1349). The book has been published.

6. Kitab al-lhdar. al-Taftazani composed this
work in the region of Ghijduwan in 753/1352 [13:20].
Nevertheless, no manuscript copy of the work has yet
been identified.
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In conclusion, it may be emphasized that
Sa‘duddin al-Taftazani was a thinker and polymath
who demonstrated remarkable intellectual capacity in
various branches of knowledge and made an
invaluable contribution to the development of the
Islamic scholarly tradition. His works encompass
logic, theology, philosophy, literary studies, as well as
the principles (usil al-figh) and branches (fura ‘ al-
figh) of jurisprudence, serving as authoritative sources
that played a pivotal role in the formation and
advancement of different scholarly schools.

Particularly through his writings on usil al-figh,
he not only presented the methodological framework
of the Hanafi school comprehensively but also
analyzed the theoretical foundations of the Shafi‘i and
Maliki schools. In doing so, he contributed to the
process of inter-madhhab scholarly dialogue and
intellectual rapprochement. This illustrates that
Taftazani’s thought did not remain confined within the
boundaries of a single school, but rather sought to
harmonize and integrate diverse strands of juridical
reasoning.

At the same time, his legacy in the field of furi
al-figh has not yet been fully studied. At present, only
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OPTIMAL DESIGN OF THE COMPOSITION OF A COMPOSITE
BINDING AGENT OF A DRY CONSTRUCTION MIXTURE AND A
MORTAR BASED ON IT BY THE METHOD OF MATHEMATICAL

PLANNING OF EXPERIMENTS

Abstract: The article presents the results of experimental studies on optimization of the composition of the

composite binder of the dry building mixture (DBM) and the solution based on it for masonry and plastering works
using the method of mathematical planning of experiments. It was established that the optimal values of the
consumption of structure-forming additives: zeolite-containing rock of the Beltau deposit and the dosage of the
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chemical additive CWR in the composition of the composite binder DBM are 28% and 0.9% of the mass of the mixed

binder, respectively.
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1. Introduction

Improving  technologies in  construction,
ensuring the durability and reliability of building
structures of buildings and structures are placing
increasingly high demands on the quality of materials
used in their manufacture. In this regard, in modern
construction practice, increasing attention is paid to
the introduction of new effective materials for the
construction and repair of buildings and structures,
which can significantly reduce labor costs on the!
construction site and reduce material consumption
while simultaneously improving the quality of the
work performed. Such materials include dry building
mixtures (DMB), which today are a product of high-
tech technologies [1,2]. Depending on their purpose
and the requirements for properties during their
manufacture, factories easily change the composition
and characteristics of building mixtures by
introducing a complex of various additives. Cement,
gypsum and other mineral binders are used as binders
in building mixtures. At the same time, various types
of cements are used more intensively as binders in dry
construction mixtures. DM are considered to be more
effective materials compared to traditional centrally
prepared cement-sand mortars [3,4]. World and
domestic experience in using dry mixtures has shown
their high efficiency and advantages compared to
traditional methods of work. DMB are fine-grained,
thoroughly mixed compositions of dry components of
a rational composition, which include binders,
fractionated aggregates of a strictly defined quality,
finely dispersed mineral components, chemical and
polymer additives [5,6] . In the laboratory of building
materials of the Tashkent State Transport University,
the composition and technology for obtaining DMB
have been developed for the production of masonry
and plastering works based on local raw materials and
materials. The composition of the DMB is
multicomponent and includes the following materials
and organomineral additives: Portland cement,
mineral filler - zeolite-containing rock, quartz sand
and plasticizing-air-entraining  additive = CWR
(concentrated aqueous drainage). One of the most
important tasks in the development of the composition

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2025.08.148.21

and technology for obtaining DMB was the
optimization of the composition of the composite
binder DMB. To solve this problem, the authors
conducted experimental studies using the method of
mathematical planning of experiments.

2. Content

One of the main tasks of experimental research
was to determine the numerical values of the
parameters necessary to calculate the coefficients of
mathematical models and confirm the adequacy of
mathematical models. Traditional research methods
are associated with experimentation, which requires a
lot of effort and money, since it is based on alternately
varying individual independent variables under
conditions where other variables are kept constant.
The complexity of such an experiment is determined
by the number of possible combinations of variable
values (factors). Currently, experimental design
methods are widely used in experimental research.
Thanks to the optimal organization of experimental
planning, it becomes possible, with minimal
expenditure of material, time and human resources, to
obtain all the information necessary to construct
adequate mathematical models of the objects under
study. The main objectives of experimental research
are the experimental determination of the numerical
values of the parameters necessary for calculating the
coefficients of mathematical models, confirmation of
the adequacy of mathematical models, confirmation
of laboratory research. To predict the main properties
of the DMB already at the stage of its design,
appropriate regression dependencies of the main
qualitative indicators of the DMB on its variable
recipe and technological parameters are required
[7.8].

When designing the composition and technology
of DMB, you can use various mathematical methods,
which can be divided into three groups: 1)
probabilistic statistical methods, including the use of
general probability theory, descriptive statistics,
sampling method and testing of statistical hypotheses,
variance and regression analysis, mathematical theory
experiments, etc.; 2) methods of operations research,
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including  linear, nonlinear and  dynamic indicators were taken as variable factors: consumption

programming, game theory, queuing theory, graph
and network theory, etc.; 3) methods of mathematical
analysis, including differential, integral and vector
calculus, differential equations, including equations of
mathematical physics, used to compile and calculate
mathematical models based on certain premises about
the physical chemistry of the processes under study
[91. Thanks to the optimal organization of
experimental planning, it becomes possible, with
minimal expenditure of material, time and human
resources, to obtain all the information necessary to
construct adequate mathematical models of the
objects under study. In this work, the technique of a
full factorial experiment was used [9,10]. In this
regard, the types and ranges of variation in the
quantitative parameters of the modifiers used were
determined. The goal of optimization is to determine
the optimal value of cement binder consumption and
optimal dosages of modifiers to obtain DMB with the
highest strength properties.

2.1. Discussion.

Finding the optimal consumption of cement
binder and the amount of zeolite-containing rock, as
well as the optimal dosage value of the chemical
additive CWR, is quite labor-intensive, due to the
complex mechanism of action of the introduced
structure-forming additives on the properties of the
mortar. To optimize the values of these parameters,
the method of mathematical planning of experiments
was used in the work. The following composition

of Portland cement in the composite binder (Xi),
amount of zeolite-containing rock (X;), dosage of
chemical additive (Xs), within the following variable
limits: X; = 450-550 kg, X, =20-40%, X3 =0.4-1.2.
The ultimate compressive strength of a mortar based
on DMB (Y1 and Y>) at the age of 3 and 28 days was
chosen as an output parameter influenced by
experimental factors.

In the experimental studies, the following were
used: Portland cement CEM II/A-1 32.5 N produced
by PC Akhangarantsement (GOST 30515-2020),
mineral filler - river quartz sand from the Maysky
quarry with a fineness modulus Mkr = 0.68 and an
average density of ~2000 kg/m? (GOST 26633-2012),
mineral filler - zeolite-containing rock of the Beltau
deposit crushed to Ssp = 3000 cm? /g , chemical
additive CWR - industrial waste from the production
of caprolactam from toluene according to the method
of the Italian company «SNIA-P.D.» Almalyk
chemical plant. Masonry mortars were prepared from
the dry building mixtures obtained from the composite
binder and sample beams of standard size 4x4x16 cm
were formed in the amount of 6 pieces for each type
of test. The samples were tested for compressive
strength at 3 and 28 days of age after normal
hardening in accordance with GOST 10180-2012.

The main characteristics of the experimental
design are given in Table 1.

The experiment planning matrix and
experimental results for the experiments are given in
Table 2.

Table 1. Main characteristics of the experimental design

Experiment Designation Lower Zero level Top level Step of variation
factor factor a level
PC X1 400 450 500 50
consumption, kg
Number of X2 20 30 40 10
CBPBs, %
SVK dosage, % X3 0.6 0.8 1.0 0.2
Table 2. Experiment planning matrix in natural values
Experience Experiment planning matrix Ultimate compressive strength at
no. age, MPa
PC consumption, Number of CWR dosage, % 3 days 28 days
kg CPBs, %
1 400 20 0.4 12 21
2 500 20 0.4 16 24
3 400 40 0.4 11 18
4 500 40 0.4 15 22
5 400 20 1.2 10 20
6 500 20 1.2 14 23
7 400 40 1.2 10 17
8 500 40 1.2 13 21
9 350 30 0.8 14 19
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10 550 30 0.8 17 25

11 450 15 0.8 13 19

12 450 45 0.8 12 16

13 450 30 03 16 19

14 450 30 13 14 17

15 450 30 0.8 15 20

The establishment of regression equations and the
construction of graphical dependencies were carried
out using the Maplel8 application package. Taking
into account the assessment of the significance of the

coefficients of the regression equations, mathematical
models of the output parameters of the following form
were obtained:

Y1=17.76 + 1.43 X 1-0.22 X ,-0.98 X 3-0.29 X 12— 1.82 X ,2-3.03 X 32-0.3 X 1 X 3-0.15 X 2 X 3;
Y 2=25.71 +1.77X 1 —0.81X ,—1.02X 3+ 2.07 X 12— 0.47 X 22+0.16 X 32-0.32 X 1 X 2—0.21 X 1 X 5+0.35 X

2 X 3.

The graphical dependences of the output
parameters on the values of variable factors,

Tpormocs tpu cxansy, MiTa

Xs

Tpewocts tyw cxane, MITa

constructed on the basis of the above mathematical
models, are shown in Fig. 1.

Tpormcns s cxanm MIla

Fig. 1. Graphic dependences of the compressive strength of a building mortar based on DBM at the age
of 28 days of normal hardening on variable factors

In addition, the periods of formation of the
structure of the designed solution were analyzed (Fig.
2), and using the method of mathematical planning of
experiments, adequate polynomial mathematical
models of the second order were obtained, reflecting
the change in the cubic strength of mortar samples
after heat and moisture treatment relative to variable
factors: preliminary holding time (X;), rate of
temperature increase in the chamber (Xz), temperature

and time of isothermal heating (Xs, Xa): - after 12
hours after HMT:

- for a solution based on limestone sand: RTBo*?
=274+ 1.014X1 - 1.362X> + 0.42X5 - 1.054X4 - 1.9X42
- 1.27X32 - 2.1X42 - 1.23X1X3 - 1.45X3Xa.

- for a solution based on sand from crushed
concrete scrap and with the addition of SP:

RtB02=26.2 4+ 0.8X1 - 0.29X, + 0.64X3 - 1.2X3?
- 1.9X42 +0.9X1X4 - 0.9X3Xs + 1.4X1 X
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Fig.2. Main periods of solution structure formation
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Fig.3. Response surfaces of mathematical models (at X1,23.4 = const)

I-period of initial structure formation; Il-period

of structure strengthening; Ill-period of structure
stabilization.
The obtained multifactorial mathematical

models were analyzed by the graphical analytical
method. In this case, using the computer program
“Concrete.Technology”, spatial images of the
response surfaces of the output parameter - the
strength of mortar samples after heat and moisture
treatment from variable factors were obtained (Fig. 3).

3. Conclusion

Technological analysis of the obtained
mathematical models was carried out using the
graphic-analytical method [10]. The analysis found
that the most significant variable factor influencing
the compressive strength of mortar at the age of 28
days is the factor Xi - consumption of Portland
cement, since the absolute values of the coefficients
for the variables X; and X2 turned out to be the
largest. The values of the coefficients in front of the
indicated variables indicate that the strength of the
mortar increases beyond the specified range of
variation of the variable X 1, which is quite natural.

The second most important variable factor in the
mathematical model of the compressive strength of
mortar is the factor X, - the consumption of cement-
bonded particleboard. The values of the coefficients
of the mathematical model at variables X, and X;?

shows that this factor is in the optimal zone. The
optimal value of the consumption of CPB, determined
by the method of functional analysis of the regression
equation, in the specified range of variation in the
physical dimension is 28% of the mass of the mixed
binder. The least significant variable factor affecting
the compressive strength of a mortar is factor X3 - the
dosage of the CWR additive. The values of the
coefficients of the mathematical model at variables X3
and X3? shows that this factor is also in the optimal
zone. The optimal dosage value of the CWR additive
in the specified range of variation in the physical
dimension is 0.9% by weight of the mixed binder.
Thus, as a result of experimental studies, it was
established that when varying the amount of binder
from 400 to 500 kg, the compressive strength of the
mortar increases by 25-30% at the age of 3 days, and
by 15-20% at the age of 28 days. The optimal values
for the consumption of CPB and the dosage of the
CWR additive in the composition of the composite
binder DBM are 28% and 0.9% of the mass of the
mixed binder, respectively.

By means of functional analysis of mathematical
models for extremum, the optimal parameters of the
heat and moisture treatment mode of the solution
based on limestone sand and secondary sand from
crushed concrete scrap were determined. Taking into
account these parameters, the following optimal mode
of heat and moisture treatment of the solution using
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the used fine aggregates was established: 1+2+4+2
hours, at an isothermal heating temperature of 80 °C
and a temperature rise rate of 25 °C.
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Introduction

In 2024, Georgia removed the graphical-
representation requirement from its trademark law,
making the registration of sound signs fully feasible
for the first time.! This local reform reflects a wider
international shift toward recognising non-traditional
marks. Yet the policy dilemma remains familiar: how
to extend protection to sonic identifiers without
eroding consumer welfare or fair competition.

This article asks: what standard should govern
the distinctiveness of sound marks; where to draw the
boundary between protectable sign and unprotectable

functionality; and which representation and
examination practices best safeguard competition and
consumer welfare?

This article offers a practice-oriented framework
for sound marks with four main contributions. First, it
develops a two-axis taxonomy that classifies sounds
by (i) their intended function (created as trademarks
versus later acquiring source-indicating meaning) and
(if) their origin (human-made versus naturally
occurring). The resulting four types organise the
distinctiveness inquiry in a way that is both
predictable and administrable. Second, drawing on

! See the Law of Georgia “On Amendments to the Law of Georgia
“On Trademarks”. Document No. 4048-XIVdl-Xa3 available at:
https://cutt.ly/6eMIrrp5 [accessed 22 August 2025].
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comparative doctrine, it proposes that sounds not
conceived as trademarks generally require robust
evidence of acquired distinctiveness, while sounds
designed ab initio as badges of origin must satisfy a
demanding test of inherent distinctiveness. Third, the
article delineates the boundary between protectable
signs and unprotectable functionality—both utilitarian
and aesthetic—and counsels particular caution for full
musical works, where the risks of overreach and
overlap with copyright and related rights are acute.
Fourth, it recommends harmonised representational
standards (audio file accompanied by a precise verbal
description, subject to reasonable technical limits) and
encourages the measured use of Al-based similarity
tools to improve clearance and examination.

Although the analysis is grounded in Georgia’s
new regime, the proposed framework is intended for
export to jurisdictions undergoing similar transitions.
The paper proceeds by setting out the legal
background and case law, elaborating the taxonomy
and distinctiveness criteria, defining the functionality
limits, and concluding with procedural and policy
recommendations.

Methodologically, the study adopts a
comparative doctrinal approach, synthesising EU and
US case law and administrative practice with targeted
industry illustrations to ground the analysis.

Part 11 The concept of sound marks and their
impact on consumers

Sound is the oscillatory motion of particles that
propagates as waves through gaseous, liquid, or solid
media.? Humans generally perceive sound within a
frequency range of approximately 16 Hz to 20 kHz.2

Marketing research has established that discrete
sounds and their compositions affect emotions and
choice, and that systematic approaches to composing
or selecting sonic material can increase sales.* For
example, in grocery chains, the use of slow, calming
background melodies has been reported to raise
product sales by around 32% relative to a no-music
baseline.® Genre selection also matters where
melodies are used: branding with classical music for
products aimed at high-purchasing-power segments
has been shown to heighten consumers’ sense of
exclusivity and to increase expenditure®. The
importance of sonic composition is particularly
pronounced in sales environments where the

2 Anzor Tamarashvili (ed), Encyclopedic Dictionary of Music
(Progress 2005) available at: https://cutt.ly/heXUs4J9 [accessed 22
August 2025].

% Ibid.

4 Laurence Minsky and Colleen Fahey, *Audio Branding: Using
Sound to Build Your Brand* (Kogan Page 2017), 8.

5 Deborah R Gerhardt and Jon J Lee, ‘Sound Marks’ (2024) 108
*Minnesota Law Review* 2339-2435 2364. available at:
https://cutt.ly/SeXUQyOI [accessed 22 August 2025].

6 Laurence Minsky and Colleen Fahey, *Audio Branding: Using
Sound to Build Your Brand* (Kogan Page 2017), 67.

acquisition of a product or service involves queues
and waiting.”

Reflecting this significance, companies invest in
high-budget marketing campaigns to associate
particular sonic compositions with brand identity and
then actively seek their registration as trademarks.
Over recent decades, this practice has made the
protection of sound signs as trademarks increasingly
common.®

Throughout, distinctiveness is assessed from the
standpoint of the average consumer — that is, the
relevant public in EU terms (and the ordinary
purchaser in US doctrine) — which frames the
analysis developed in Parts 1l and 1V.

Part 11l Taxonomy of sound marks

The gradation of sound designations is so diverse
that the attempt to apply a single, uniform standard to
all cases would produce undesirable results. A
workable approach must reflect the principal ways in
which sound marks arise and function.

In international guidelines, the foregoing
issue is only lightly delineated. For instance, the
World Intellectual Property Organization
distinguishes between sound marks of musical and
non-musical origin.® That division was justified in the
era of the graphical-representation requirement (when
protection largely concerned sounds that could be
rendered in staff notation), but in the contemporary era
it is of diminished relevance for the systematisation of
sounds.

This Part develops a taxonomy of sound marks
to make examination and enforcement more
predictable. The classification rests on two axes: (i)
the intended function of the sound (designed as a
trademark ab initio versus sounds that later acquired
source-identifying meaning), and (ii) the origin of the
sound (human-made versus naturally occurring).
Cross-classifying these axes yields four types that
structure both the distinctiveness inquiry and the
functionality analysis.

Type I — Human-made sounds used by the
undertaking from the outset as trademarks. These are
sounds intentionally composed or engineered to
indicate commercial origin (e.g., short musical stings,
chimes, start-up tones). Such signs can, in principle,
exhibit inherent distinctiveness where their overall
impression departs from sectoral norms. Typical

" Business and Technology University, ‘8cm@obol Gl
09030l 9839JHO:  OMAME 33Ol SMEOM  FoMgdm
903b3omgdeol JigzoL? [The Effect of Music during Waiting:
How the Audio Environment Changes Consumer Behaviour]’
(2024) available at: https://cutt.ly/neXDVhGt [accessed 22 August
2025].

8 Deborah R Gerhardt and Jon J Lee, ‘Sound Marks’ (2024) 108
*Minnesota Law Review* 2339-2435, 2397. available at:
https://cutt.ly/SeXUQyOI [accessed 22 August 2025].

® Ann Harrison and Tony Rigg (eds), *The Present and Future of
Music Law* (Bloomsbury Academic 2021), 151.
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examples include well-known sonic logos such as
those used by Netflix'° and Intel. 1

Type Il — Naturally occurring sounds used by
the undertaking from the outset as trademarks. Here,
natural sounds (e.g., animal calls or environmental
noises) are selected and stylized to indicate source. In
such cases, a particular sound is selected and fixed for
source-identifying use. A classic example is the MGM
lion’s roar.*?

Type Il — Human-made sounds that were not
originally created or adopted as trademarks but have
acquired distinctiveness through use. In such cases,
secondary meaning is central: a significant share of
the relevant public must come to perceive the sound
as a badge of origin rather than mere content or
ambience. An illustration is a refrain or vocalization
that began as expressive material but, through
intensive use and marketing, has become associated
with a particular brand, for example “Pitbull's
Grito”. 13

Type IV — Naturally occurring sounds that were
not originally adopted as trademarks but have
acquired distinctiveness through use. This is the most
demanding category. Everyday or functional product
sounds (e.g., opening or dispensing noises) often
perform descriptive or signaling functions that others
may need. Only where recognition evidence is
exceptional and the claim is narrowly defined could
protection be justified; otherwise, competition would
be unduly hindered.

For Types | and I, the intention to use a sound
as a mark does not secure registration: applicants must
still pass a rigorous inherent-distinctiveness test
measured against sectoral norms.

As the subsequent Parts will show, this
taxonomy guides both the distinctiveness analysis
(inherent versus acquired) and the assessment of
functionality (utilitarian and aesthetic), ensuring that
protection for sound signs is extended without
undermining the communicative space that markets
require.

Part 1V Distinctiveness of sound marks

In the scholarly literature a distinction is drawn
between inherent and acquired distinctiveness.** Non-
traditional signs (colour, shape, packaging) typically

0 See:  https://www.youtube.com/watch?v=GV3HUDMQ-F8
[accessed 22 August 2025].

1 See: https://www.youtube.com/watch?v=-ihRPi4wcBY
[accessed 22 August 2025].

12 See: https://www.youtube.com/watch?v=nrLyllumxts [accessed
22 August 2025].

3 J F McNaughton and others, ‘EEEEEEEYOOOOO0O!:
Reflections on Protecting Pitbull’s Famous *Grito*’ (2020) 9(2)
*JIPEL* available at: https://cutt.ly/NeCaQt90 [accessed 22
August 2025].

4 J Thomas McCarthy, *McCarthy on Trademarks and Unfair
Competition* (5th edn, Thomson West 2024), § 3:1.

15 The standard of proof is determined at the national level. In the
author’s view, taking into account Georgia’s unitary constitutional

become associated with a brand only through use,
whereas traditional signs (words, typographic
indications, two-dimensional logos) often possess
source-identifying capacity from the outset.

For sound marks, distinctiveness can arise in
both ways. Sonic compositions created purposefully
for audio-branding are often inherently distinctive;
other sounds, through prolonged and intensive use,
come to be associated with an undertaking and thus
acquire distinctiveness.

Under the framework proposed in this article,
Types Il and 1V should, as a rule, be required to
furnish evidence of acquired distinctiveness in order
to be registered as trademarks.’® This follows
naturally from the fact that such signs were not
conceived as trademarks at the time of their creation
or adoption.

For Type Il sounds the requirement of acquired
distinctiveness is debatable. Although the undertaking
intends them to function as trademarks from the start,
there is no human creativity in their formation, which
raises a risk of improper enclosure of the common
stock of sounds. The analogy is to word marks: an
ordinary word can be inherently distinctive when used
for goods with which it has no descriptive link.!® By
the same token, a natural sound may be inherently
distinctive depending on context (e.g., a lion’s roar
may be inherently distinctive for a film studio, but not
for a zoo). Type | presents even fewer difficulties and
should be resolved on the same logic.

It must also be stressed that not demanding
evidence of acquired distinctiveness for Types | and Il
does not entail automatic registration. The attempt to
create a trademark is different from success in doing
so. Examiners must still apply a rigorous test of
inherent distinctiveness, and for this Georgia (or
similarly situated jurisdictions) can draw on long-
standing US and EU practice.

As the TTAB has explained, ¥ one must
distinguish, on the one hand, unique, distinctive, and
striking sounds and, on the other, sounds that resemble
or reproduce ordinary noises. For the latter,
registration should be permitted only where the
applicant proves that consumers and listeners perceive

structure and European practice (Chiemsee), an applicant should be
required to submit a nationwide, reliable and statistically valid,
nationally representative consumer survey showing >50%
recognition of the sign in each municipality as a badge of origin.
See: Joined Cases C-108/97 and C-109/97 *Windsurfing Chiemsee
Produktions- und Vertriebs GmbH (WSC) v Boots- und
Segelzubehor Walter Huber and Franz Attenberger* [1999] ECR
1-2779. Auvailable at: https://cutt.ly/EWGTY9GQ [accessed 22
August 2025].

% For example, “Apple” is distinctive for a digital technology
company, whereas it would not be distinctive for a fruit producer.
17 *In re General Electric Broadcasting Co., Inc* 199 USPQ 560
(TTAB 1978) Available at: https://cutt.ly/HeChXYBm [accessed
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the sound as indicating a single commercial source. 8
A similar approach is evident in the CJEU’s case law,
19 which differentiates between signs that carry a
certain resonance enabling consumers to recognize
origin, and signs that merely perform a functional role
without any additional characteristic.?°

In practice, registry decisions should resolve in
each application whether the sound at issue is unique,
distinctive, or striking in relation to the specified
goods or services. Empirical observations from US
and European offices and courts suggest that banality
is the most common reason why Types | and Il fail
absent proof of acquired distinctiveness? (e.g., the
clink of two wine glasses for glassware;?? the
repetition of a single bell-like note for telecoms?).

Experience also indicates that overly long and
complex sonic designations seldom possess inherent
distinctiveness.* Analyses of registered US sound
marks show that a large share — approximately two
to three seconds — tend to dominate successful
filings.®® EU practice likewise favours short
compositions for establishing an association with the
undertaking.?

Part V Utilitarian and aesthetic functionality
of sound marks

Functionality concerns whether a feature —
including a sound — performs a role that competitors
must be free to use in connection with the goods or
services. If a sign (or an element of it) is functional,
registration as a trademark is precluded; only after
clearing this threshold does one assess inherent or
acquired distinctiveness.

The doctrine of utilitarian functionality,
developed in US case law since the 1980s, %" bars
trademark protection where a feature is essential to the
use or purpose of the article or affects its cost or

18 Ipid.

1® Case T-408/15 *Globo Comunicagio e Participagdes S/A v
EUIPO* ECLLEU:T:2016:468 (GC, 13 September 2016).
Available at: https://cutt.ly/6eCBwxqo [accessed 22 August 2025].
2 Ibid, para 45.

2L Sofie Geiregat, ‘Trade Marks in Sounds and Gestures: A Critical
Analysis of Two Non-Traditional Signs in the EU’ (2022) 71(8)
*GRUR International* 702—718. 709.

2 bid.

2 Case T-408/15 *Globo Comunicagio e Participagdes S/A v
EUIPO* ECLI:EU:T:2016:468 (GC, 13 September 2016).
Available at: https://cutt.ly/6eCBwxqo [accessed 22 August 2025].
2 Similarly, in situations where the entire text of a novel cannot be
protected as a trade mark, a short, memorable catchphrase from the
novel may be capable of trade mark protection.

% Deborah R Gerhardt and Jon J Lee, ‘Sound Marks’ (2024) 108
*Minnesota Law Review* 2339-2435, 2415. Available at
https://cutt.ly/SeXUQyOI [accessed 22 August 2025].

% Rim Saidane, ‘Artistic Expression at Risk: The Overlap of Sound
Mark Protection and Phonogram Protection in EU IP Law’ (2023)
8(1) *Cambridge Law Review* 152-177., 156.

2" Inwood Laboratories v Ives Laboratories 456 US 844 (1982)
Auvailable at: https://cutt.ly/JeVLzIBs [accessed 22 August 2025].

quality. Applied to sounds, the question is whether the
sound results from the product’s operation in a way
that confers a practical advantage or is technically
inevitable for how the product works.?

A well-known illustration is Harley-Davidson’s
effort to register the exhaust sound of its V-twin
motorcycle  engines.®  Following  third-party
objections, the sound was treated as functional
(inseparable from engine operation), and the company
ultimately withdrew its application.*

EU practice aligns in substance. Decisions of the
EUIPO and the General Court indicate that sounds
which merely signal how a product is opened,
dispensed or operates — for example,®! the sound of a
can being opened 32 — are liable to be treated as
functional elements or as characteristics of the goods
themselves, and therefore fall outside trademark
protection.®

These examples must be distinguished from
ancillary sounds of product operation that are
nevertheless deliberately created by humans. For
instance, the ringtone or message-alert of a mobile
telephone is emitted during normal use.3* The
difference is that here the sound is a purpose-designed
product rather than an inevitable by-product of a
technical solution. In this respect, human creativity
can generate multiple alternatives, which makes it
possible to surmount the functionality bar and secure
registration.®  Conversely, where the sound
participates in the ordinary operation of the product or
service, then — even if it has been purpose-built —
evidence of acquired distinctiveness is required.%

The doctrine of aesthetic functionality, as a limit
on trademark protection, addresses situations in which
granting exclusivity over an aesthetically important
feature would place competitors at a substantial
disadvantage.*” For sound marks, this counselled

2 In re Vertex Group LLC* 89 USPQ2d 1694 (TTAB 2009)
paragraph 1703. Available at: https://cutt.ly/leV8dhhh [accessed 22
August 2025].

2 *Kawasaki Motors Corp v H-D Michigan, Inc* 43 USPQ2d 1521
(TTAB 1997) Available at: https://cutt.ly/WeV8gQ8s [accessed 22
August 2025].

% |dir Laurent Khiar, *Registration of Sound Marks as Community
Trade Marks in the European Union: Evolution and Challenges*
(Tallinn University of Technology 2016), 50.

31 Case T-668/19 *Ardagh Metal Beverage Holdings GmbH & Co.
KG v EUIPO* ECLI:EU:T:2021:420 (GC, 7 July 2021) Available
at: https://cutt.ly/heBiXvnl [accessed 22 August 2025].

32 isten here: https:/cutt.ly/JeBiCA9i [accessed 22 August 2025].
% Ibid.

34 Nextel Communications, Inc v Motorola, Inc 91 USPQ2d 1393
(TTAB 2009) Available at: https://cutt.ly/fe\V8rtSr [accessed 22
August 2025].

% Deborah R Gerhardt and Jon J Lee, ‘Sound Marks’ (2024) 108
*Minnesota Law Review* 2339-2435, 2413. Available at:
https://cutt.ly/SeXUQyOI [accessed 22 August 2025].

% In re Powermat Inc 105 USPQ2d 1789 (TTAB 2013) Available
at: https://cutt.ly/BeV8iOZG [accessed 22 August 2025].

87 pagliero v.Wallace China Co., Ltd., 198 F.2d 339 (9th Cir. 1952)
Available at: https://cutt.ly/owSAaNQm [accessed 22 August
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caution applies especially to attempts to register full
musical compositions or recognizable fragments:
examiners should inquire into possible aesthetic
functionality.

In sound designations that, by their nature,
consist of a complete musical work—with or without
the human voice (for example, a song, aria, or piano
piece)—there is a substantial risk that consumers will
not perceive the sign as indicating commercial origin,
because the sound is integrated into a musical
performance.

Moreover, admitting full musical works to
trademark protection would jeopardize a core
principle of copyright and neighboring rights, namely
their temporal limitation: while those rights expire
after a fixed term, trademark protection may be
indefinitely renewable. Allowing trademark coverage
for complete works would therefore risk an over-
extension of trademark law and an improper
conflation with the subject matter governed by
copyright and related rights.®

Conversely, it should be recognised that even a
modest degree of human creativity in creating or
adapting a sound is sufficient to meet the originality
threshold for copyright® (and, where relevant,
neighbouring rights). Accordingly, Type | and Type
111 sound designations will typically fall within that
sphere of protection. A blanket exclusion of
copyright-protected subject matter from eligibility for
trademark protection would therefore distort the
system: many sonic signs—while simultaneously
qualifying as works or sound recordings—are in fact
created and, in practice, function as indicators of
commercial origin.*

A workable consensus may be expressed as
follows: a complete musical work should not, as a
rule, be registrable as a sound mark (because of
aesthetic functionality), whereas a recognisable,
narrowly delimited excerpt may be registered upon
robust proof of acquired distinctiveness. An exception
arises where the composition was conceived ab initio
as a trademark and, for example, incorporates the
undertaking’s name; in such a case it is inherently
distinctive and does not require additional evidence.

3 This position is shared by the U.S. Supreme Court in re Dastar
Corp v Twentieth Century Fox Film Corp* 539 US 23 (2003)
Available at: https://cutt.ly/aeNUlexF [accessed 22 August 2025].
39 Feist Publications, Inc v Rural Telephone Service Co 499 US 340
(1991) Available at: https://cutt.ly/peNUNO08T [accessed 22 August
2025].

“ Ireoluwa Lipede, ‘Let’s Hear it for Sound Marks: Trademark
Protection in Copyrighted Songs’ (2022) 16(3) *Liberty University
Law Review* art 5., 527.

4 See.: https://www.losdoggies.com/about [accessed 22 August
2025].

42 European Union Intellectual Property Office (EUIPO),
Guidelines for Examination (31 March 2023) Available at:
https://cutt.ly/kwG3DUnw [accessed 22 August 2025].

4 wav, wmv, .wma .mp3, .mpg, .avi.
https://cutt.ly/yeN7V9Y3 [accessed 22 August 2025].

See:

Part VI Representation of sound marks

Today, requiring staff notation for sound marks
is largely irrelevant and vestigial. What is recorded in
the register must be perceivable by the average person,
whereas — according to some sources — most of the
world’s population cannot read musical notation.** By
contrast, a sound mark can be recorded with precision
in common electronic audio formats, which are
straightforward to perceive.

In the European Union, a sound mark may be
filed in staff notation and/or as an MP3; for the latter
the maximum file size is 2 MB.* In the United States,
a broader set of formats is accepted,*® with a
maximum size of 5 MB.* It is advisable for national
practice to adopt the more conservative size limit, so
that marks registered domestically can be extended
internationally — via the Madrid Protocol® or
otherwise — without technical modification.

In USPTO practice, an isolated audio file is not
sufficient: the applicant should show how the mark is
heard in actual use or advertising and provide a precise
verbal description.® This approach is worth
emulating, especially since the Vienna Classification
(for figurative elements) does not apply to sound
marks.*” A concise verbal description plus an audio
file improves searchability, allows third parties to
understand what is claimed, and enhances
transparency; in addition, the wverbal description
supports accessibility for persons with hearing
impairments.*®

An Al-based similarity tool can assist by
comparing a submitted recording with the registry
database and producing a degree-of-similarity output.
Such results must remain advisory, as consumer
perception is decisive; nonetheless, they can
materially reduce costs and time for both applicants
and the office. Where used, the tool should follow data
and algorithmic-transparency safeguards—clearly
documenting input formats, comparison metrics, and
threshold settings—so that parties can understand and
contest outcomes where necessary.*

“ Ibid.

4 Protocol Relating to the Madrid Agreement Concerning the
International Registration of Marks (1989).

46 Deborah R Gerhardt and Jon J Lee, ‘Sound Marks’ (2024) 108
*Minnesota Law Review* 2339-2435, 2429 available at:
https://cutt.ly/SeXUQyOI [accessed 22 August 2025].

7 0g7@olbdgds 60869d0L 358mLsbrmgdomo geg8gbEgdol
LogH0sdmmobm  3asbogozsgos  (3960L  3asbogo3sE0s)
Gmdgeog dgddboros dbgoglbo  LoddMEMgdol  FoMEH035©
Lbodmabgmo s  Fgbodsdobo,  dgbsderm  s©M930L
369396300Lm30b.

48 Convention on the Rights of Persons with Disabilities (adopted
13 December 2006, entered into force 3 May 2008) 2515 UNTS 3
(CRPD).

49 Large enterprises can, by allocating the necessary resources,
routinely monitor the market for designations likely to be confused
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Conclusion and Recommendations

Georgia’s 2024 reform removed the graphical-
representation barrier and opened the door to full
protection of sound signs. Building on that inflection
point, this article has developed a practice-oriented
framework that integrates a two-axis taxonomy,
calibrated  distinctiveness  burdens, a  dual
(utilitarian/aesthetic)  functionality screen, and
modern representation standards. Together, these
elements are designed to expand the registrability of
sound marks without compromising consumer
welfare, doctrinal coherence, or fair competition.

The analysis demonstrates that a dual-axis
taxonomy—by intended purpose (conceived as
trademarks ab initio versus subsequently acquiring a
source-identifying meaning) and by origin (human-
made versus naturally occurring)—yields four
categories that render examination more predictable.
Types HI-IV ordinarily require proof of acquired
distinctiveness; Types I-1l may qualify without such
proof, but only after a rigorous inherent-
distinctiveness inquiry — intention to brand is not
achievement.

Functionality must exclude sounds that are
technically dictated or competitively necessary
(utilitarian), and counsel heightened caution where
exclusivity would appropriate aesthetic value
(aesthetic). Full musical works are generally
unsuitable for registration; by contrast, narrowly
delimited excerpts or engineered short signals can be
protected where scope is tight and distinctiveness is
shown.

Representation should pivot from staff notation
to an audio file plus a precise verbal description,
supported — advisably — by an Al-assisted similarity
check whose results remain advisory and transparent.

Policy recommendations for Georgia and
similarly situated jurisdictions.

1. Adopt taxonomy-led screening. Require
applicants to identify the type (I-1V) and tailor the
burden of proof accordingly.

2. Harden the distinctiveness tests. Preserve a
strict inherent-distinctiveness standard for Types I-II;
require robust market evidence (e.g., surveys,
intensity and duration of use) for Types IH1I-1V.

3. Apply a two-stage functionality filter.
Refuse sounds that are technical by-products or

References:

with their trade marks, whereas for small and medium-sized
enterprises such monitoring is an unaffordable luxury.

competitively necessary; scrutinize claims over
musical material for aesthetic functionality, reserving
registration for short, non-dictated signals or tightly
specified excerpts.

4. Modernize representation. Mandate an
audio file plus a concise verbal description; align file-
size limits with leading offices; clarify that the Vienna
Classification for figurative elements does not apply
to sound marks.

5. Use Al carefully. Offer optional, advisory
similarity reports with clear disclosure of inputs,
metrics, and thresholds; keep consumer perception as
the decisive legal test.

6. Narrow the scope. Require precise
specifications (goods/services and sound description),
disclaim functional elements, and avoid overly broad
claims.

7. Strengthen transparency and capacity.
Publish reasoned decisions with audio exemplars;
train examiners in psychoacoustics and comparative
practice; periodically review guidance against market
evidence.

Properly implemented, this model protects
genuine sonic identifiers while preserving the
communicative commons that competitors and
consumers rely upon. It minimizes overlap-risks with
copyright by presumptively excluding full musical
works yet allows cumulative protection for narrowly
framed sonic marks that actually function as indicators
of origin. The framework is portable: it equips
emerging regimes to regulate sound marks coherently
as they transition beyond graphical representation.

The approach is doctrinal and comparative;
further empirical work on how Georgian (and
regional) consumers perceive short sonic cues would
refine thresholds for inherent and acquired
distinctiveness and help validate Al-assisted
comparison tools in practice.

Extending protection to “invisible” sound
trademarks need not endanger constitutional rights or
distort markets. With taxonomy-led screening,
calibrated distinctiveness burdens, a disciplined
functionality test, and modern representation
standards, Georgia— and comparable jurisdictions —
can foster innovation in audio branding while
safeguarding competition and the public interest.
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cognitive model of the forces of manifestation of social capital factors has been developed within the framework of
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members in order for them to achieve status, educational goals, to increase the degree of motivation, and academic
achievement of children. A formal structure of knowledge has been found and numerical data has been modeled to
increase the forces of manifestation of factors (causes) that allow individual family members (parents, children) to
achieve the desired effects. Knowledge is presented in the form of phrases from SSP, SPP, subordinate clauses. In
the article, for the first time, new meanings are constructed from "tables of meanings" of the form [meaning(Z me=
meaning(Yms)*C'e6)], i.e. the meanings (closely related to reality) of the calculated z—variables (z1, z2, z3, 74, Zs, Z6)
with known meanings of separately modeled random y-variables (y1, Y2, Y3, Y4, ¥s, Y6), taking into account the values
of their weights from the matrix Cgs. Visualization of the dynamics of sets of curves of different numbers of z-,y-
variability of the “weights" confirmed their adequacy to the desired one.
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MCKYCCTBEHHBI MHTEJAJEKT BHIYMCJISAET CUJIbI TPOSIBJIEHUS ®AKTOPOB
COIIMAJIBHOT O KAITUTAJIA

Annomayun: KocnumugHvie 8bIYUCIEHUS C CEMAHMUYECKUMU NePeMEeHHbIMU NPOB8eOeHbl NPU HAXONCOCHUU
pewenutl 2-x cucmem MHO20CMbLCIOBbIX YPAGHEHUI Npu YOPpMATU3AYUU UCKYCCTNEEHHBIM UHMENLEKMOM S6/LeHUS.
coyuanvuwill kanuman. Paspabomana xoenumuenas mooens Cui nposeienus: (haKmopos CoYyuaIbHO20 KAnUumaia 6
PAMKax cucmemvl «pooumenu-oemu-QyHKYUOHAIbHOEe COCMOsHUe YlIeHO08 cembuy. H3eneuena cooKynHocmu
CKDLIMbIX 3HAHUL U3 (USMEPEHHBIXY 3HAYEHULl NoKazameieu NOBbIUIeHUS CMeNneHel U YPOGHel NpPOs6IIseMblX
@axmopos pasHviMu YneHamu cembu O O0CMUNCEHUS UMY CIMAMYCHBIX, 00pA308amMenbHbIX Yeel, 05l NO8bIULeHUS
cmenenu momueayuil, ycnesaemocmu oemeiti 8 yuebe. Hatioena gpopmanvuas cmpyxmypa 3HAHUU U CMOOEAUPOBAHBL
YUCnoBvle OamHvle 01 NOBGLUUEHUS CUTL NPOSGIeHUs GaKmopos (Npuyuin), NO3GONAIOUUX OOCHMUYL IHCETACMbIX
Ce0Cmeull OmoenbHbIMU YieHaMu cembu (pooumenei, demeitl). 3nanus npedcmasaenuvl 8 guoe ¢gpas uz CCII, CIIII,
npUOamoyHblX npeonodicenuil. B cmamve 6nepevie npogedeHvl KOHCMPYUPOBAHUS HOBLIX CMbLCIO8 U3 «mabdiuy
cembicnosy euoa [emuica(Zme= cmuicia(Yme*)*Cleg)], m.e. cmblcnos (mecHo céA3aHHbIX C PeanbHOCIbIO) BLIYUCTEHHBIX
Z—nepemennvix (z1, z2,23, z4, z5, z6) npu U36eCMHBIX CMBICAAX OMOETLHO MOOETUPYEMBIX CILYUAUHBIX Y -NePeMEHHbIX
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1, y2, y3, v4, y5, y6) ¢ yuemom 3nauenuti ux éecos uz mampuywvt Ces. Busyanuzayus OUHAMUK HAOOPOE KPUBLIX
PA3HO20 KOIUYECMBA Z-,Y-USMEeHUUBOCMEl “6ec08”’ nOOMEepOULa a0eK8aAmMHOCHb UX HCENACMOMY.

Kniouesvle cnosa: cucmema «pooumenu-0emu-(OyHKYUOHAIbHOE COCMOSIHUE YIeHO8 CeMbly, CUCmemd
MHO20CMBICILOBbIX YPAGHEHUIL SIGNEHUSI COYUATbHBIL KANUMATL, RPUYUHHO-CIIe0CMBEHHAS C8513b MEJCOY COCMOSHUSIMU

YJIeHO6 CeMbll.

Beenenne

ComManbHbI  KamuTal - 3TO  PECypCHI,
JOCTYIIHBIE WHIUBHIY WIM Tpynmne Ojaromaps HX
CBS35IM C JpPYIMMHU JIIOJBMH, a TaKkXe YPOBEHb
JIOBEpUs, KOONepalud ¢ HOPM IIOBEACHHUS B
obmectBe. PaccMoTpuM cembro (f4eiiKy oOImiecTBa),
WICHOB CEMBbH, WX ACHCTBUS IJISI TOBBIICHHUS CHII
mposiBIeHUS  (aKTOpoB (NMIPUYHMH), TO3BOJIAFOIINX
JOCTHYb  JKETAEMBIX  CICACTBHH  OTAEIBHBIMU
WICHAMH CeMbHU (ponurensamy, JIETbMH).
CoumanbHbIM KamuTaln BKIIOYaeT B ce0s  Kak
(dopmasbHble, Tak U HeopMabHBIC CBSI3H, a TAKXKe

B3aHMHYIO MOJJIEPIKKY it COTPYAHUYECTBO.
UccnenoBatenu ormedaror  (Wwww.wikipedia.org/
wiki/ConaneHelii_Kanurang), 4YTO  COIMAJbHBIN

KaIuTasi JIOBOJIEHO cJOXHOe moHAtue. OH
BKJTIIOYAET KaK HaOOp CBs3CH C IPYTMMU JIIOJIBMH, C
KOTOPBIMH 3HAKOM W B3aHMOJCHUCTBYET YeJIOBEK, TaK
U PECYPCHI, TOCTYITHBIE OJIarofaps 3TUM KOHTAKTaM,
a TaKXKe YpOBCHB TTIOBEPUS B ITHX
B3aMMOOTHOIICHUAX, HAaMUWe YCTOWYIHMBBIX TPYIIIL,
(opMupoBaHEe B HAX OOIIUX HOPM U HEHHOCTEU U
MHoroe gapyroe. Oxaszanoch, HYTO  KadecTBO
COIMANIbHOTO KamuTajlla WrpaeT BaXHYI0 pOJb B
(hopMupoBaHUK 00OpPA30BATEIBHBIX aAMOUIMIA CEMEH.

BinusHne oxaszanoch NpSAMBIM:  4YeM  OOIIMpHEe
COLIMANBHBIM KPYyr CEMbHM, TEM BBIIIE YPOBEHb
obpazoBatenbHbix  meneid.  Tak, oxomo  30%

poauTenei W3 TPYIIBI C CAMBIM HHU3KHUM YPOBHEM
COLIMANIbHOTO KalHuTala OXHAAIOT, YTO UX PeOEHOK
HOJIyYUT TOJNBKO CpelnHee oOllee WIH CpeaHee
npogeccuoHaIbHOE oOpa3oBaHue (C1o).
OrpaHuYuMCs aHAJTM30M TPYIIIBL C CAMBIM BBICOKUM
KauecTBOM COLMANbHOTO KamMTaja, JIoJIi TaKHX
rpynn JBa pasa OoJipllie, 4YeM J0Js TpYIM, TAe
POAMTENH 0XKUIAIOT, YTO pEOEHOK OTPAaHMYHTCSI JIUIIb
CpeHUM OO0mMM (TO €CThb TOJIBKO IIKOJbHBIM
oOpazoBanmeM). PaccmoTpum rpymmy, rae HOYTH

BaBoe Bbime (bomee 40%) gmonms  TeX, KTO
pacCcYMTHIBACT Ha OKOHYAHHUE pebénkom
MarucTpaTypbl WIH TIOJNy4eHHE JBYX BBICIINX
00pa3oBaHMUIA.

Hcxognbie nanHbIe

dakropsl COLIMAJIBHOTO Kanuraia
(dopmupyrOTCST M U3MEHSETCS B pe3yJbTaTe
0COOEHHOCTEH YJIEHOB CEMBM JHOO OT YCIOBHUH

BBITTOJTHIIEMOi UM JACATCIBHOCTH. BrrsBrensl
(haKTOPBI CO CMBICIIAMHU:

CMBICI(Z1)=«MaTepuanbHOe I0JIO’KEHUE
poauTenei»

CMBICII(Z2)=«ypOBEHb o0pazoBaHus
poauTenei»;

CMBICII(Z3)=«TIaHBI neTei OKOHYHUTH
MarucTpatypy(zs);
CMBICII(Z4)=«IUIaHBl ~ JA€TeH TMOJYYUTH 2-0€

BBICIIICE 00pa30BaHUCY;

CMBICII(Z5)=«CTEIIEHb
00yUYCHHION;

CMBICII(Zg)=«ypPOBEHb YCIIEBAEMOCTH JI€TEH B
yaeoe».

CnoBecHYI0 MOJICNTb BIHMSHUS O0O3HAYMM TaK:
CMBICITBI(Z1,22,23,24,25,26)=>000CHOBaHHBIC
cMBICTBI(Y1,Y2, . . .,Y6). Huoxe TIpoBEIEM
KOHCTPYHpPOBAHHE CMBICIIOB Y—TICpEMEHHBIX (Y1, Y2,

Y3, Y4, Y5, ¥6).

MOTHUBAIlUU  AeTell K

BrIsiBileHHbIE APYTHMH HMCCI€0BaTeSIMH
(hakTHI conMaTBLHOro KanuTaaa

B rpymme ¢ caMbIM BBICOKMM Kaue€CTBOM
COLMAJIBHOTO KaIlUTala POJAMTENN PACCYMTHIBAIOT Ha
OKOHYaHHE HX pPEOEHKOM MAarucTpaTrypbl(zs) HIH
MOJTy9YCeHUE ABYX BEICITUX 00pa30BaHUH (Z4), TO HOJA
TakUX ponauTesnel B 2 pasza Belwe. [losTomy Mbl B
MOJIETIb BBEIH Y—TICPEMEHHYIO, XapaKTEepH3YIOIIyIO
IUTAHBI BBICOKOTO YPOBHSI JIeTeH: MarucTparypa Hiu
2-oe BpIcmiee oOpas3oBaHHWe. 00pa30BaTEIBHBIC
KavyecTBa COLMAJIBLHOTO Kanurana
(cMBICI(Z3)=«OKOHYaHHWE MAarucTpaTypbl», C CHIIOH
c?=1) wrpaer BaxHy® pOJb B (POPMHUPOBAHUH
obpazoBaTenbHbIX amMbunuii cemeir. MccnenoBatenu
B CBOMX IyOJIMKAIMSAX YCTaHOBWIIM: «BXHYIO POJIb
UMEIOT ~ CTaTyCHble  KadyecTBa  «MaTepUalibHOE
MOJIOKEHWE POJUTENEH» W YPOBEHb 0Opa3oBaHUA
ponuteneii. C  gpyrod  CTOpPOHBI, OTMEYarOT
HCCIIEI0BATEeNN, «aHAIN3 JJAaHHBIX BBISBWII, YTO POJIb
COLMAJIBHOIO KalWTajla HE BCErja peIaromas.
Hampumep, ero oIHO3HayHOH CBSI3M C BBIOOPOM
00pa3oBaTeNbHOM  TPAGKTOPHH  INKOJBHHMKA IO
OKOHYaHMHU 9-TO Kjlacca He HAlUIOCh: B IpyIax ¢
pasHbIM COLMAJbHBIM KalHUTAJIOM JOJS POAMTEICH,
KOTOpBIE TUIAHMPYIOT IS JIeTel IOCTYIUIEHHE B
yapexxaerne CIIO, mpakTHdecKd OJWHAKOBas —
HemHoro wenbme 40%. Bo wMHormx ciydasx
o0Opa3zoBaTeNbHBIH  ypOBEHb CEeMbH (C  CHIIOH
nposienenust c?2,*(-0,3759))%, BhuMCIEHa HUKE B
Halled MOJeIH, HAuWHAET MOHMKAThCS (3HAK MUHYC
3aMETHOTO YPOBHS «Becay ¢22*(-0,3759))
OTHOCHTEJIFHO MaTEepPHAIBHOTO IOJO0XKEHHS CEMbH
(empici(zy) €12=0,9131>0) » [1]. TIpu 3TOM (cMOTpHUTE
HIDKE) YPOBEHb 00pa3oBaHus poauTeneit (cMbIci(z2)
HpOSBIAETCS c cuIoit c2,=(-0,3759)?,
COTIPOBOXKIAEMBIN MPOSABIAEMBIME Z-(hakTopamu OC
neteit: cmabas MoTHBAIMS JieTell K OOYyYeHHIO
(cMbIci(zs), ¢ cunoit ¢?5:=(-0.2000)? nmm ux HU3Kas
ycreBaeMocThb (cMbIci(ze), ¢ cunoii c2g1=(-0.2000)3).
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(z%).corr(zs,y1)=(-0,2000), corr(zs,y1)=(-0,2000).
HccnenoBatenu cienand BBIBOJ, YTO COIMAIIBHBIH
KaruTall JOMOJHSET, HO HE 3aMEHsET BBEICHHBIC B
MOJIeTlb  Becomble (aktopsl. Kpome TOro, oHu
OTMEUAl0T, YTO JaXKe BHICOKHI YPOBEHb COLUATBHOTO
KanuWraja He BCeraa CHOCOOCH MPEeooNieTh TaKHe
Oapbepbl, Kak  YPOBEHb YCIIEBAEMOCTH BO BpeMs
o0yueHwus, cinabas MOTHBaLUsA AeTell K OOYYCHHIO
WM MX HU3Kasl yCIIeBaeMOCThy. B Mozenu atot daxr
(dbopmManu3oBaH B BHIC OTpaHHYCHHIL. COIT(Zs,Y1)=(-
0,2000), corr(zs,y1)=(-0,2000). CMBICITBI
BBIYMCIIEHHBIX ~ Z-TIEPEMEHHBIX  OTJIMYAIOTCS  OT
CMBICIIOB MOJZEJBHBIX Y—TIEpEMEHHBIX KaK ke Kak
OTJIMYAIOTCS HEepealbHOe OT HepeaibHOoro. PeanbHoe
NOJAYMHSAET  HepeaqbHOEe  KaK  HMICaIbHOCTD,
MOMOTaloNIasi PeaJbHOCTH B 4YEM-TO, Hampumep,
o0nasiaTh JONOJHUTEIBHBIMH  CBOWCTBaMHU. ITO
MOJYMHEHUE YCHIMBACT pEAlbHOCTh, HAJCICHHOM
HOBBIMH  CBOWCTBaMH, BKIIOYas  HEMBICIUMBIC
cBoiictBa [1-15]. B nmaHHOW cTaTke BIEpBEIC
MPOBEICHO KOHCTPYHPOBAHUE CMBICIIOB (CBSI3aHHBIX C
PEaNbHOCTBIO) KOPPEIUPOBAHHBIX —Z—TIEPEMEHHBIX
(21,22,23,24,25), 3Hast CMBICIIBI MOJICITBHBIX CIy9IaiiHBIX
HEKOPPEIMPOBAHHBIX Y-niepeMeHHbIX (Y1, Y2, Y3, Ya,
y5) C y4eTOM HUX BecoMoCTH. Peannsyemas cxema -
obpaTHass K mpeablaymiei cxeme: cMBbICHbI(Y1,
Y2,Y3,Y4,Y5)=>000CHOBaHHbBIC YHUCIOBBHIMU JaHHBIMH

CMBICITBI(Z1,22,23,24,25). [pu 3TOM Oyxem
000CHOBEIBATH KOHCTpYHUPYEMbIe ¢bpassr
(cenmansHoro  s3pika M) KOHTEKCTHBIMH

3HAHUSAMH, YHCJIOBBIMM BeJIMYMHAMU (C YYETOM
3HAKOB IUTIOC MIIH MHHYC) Ckj=COIT(Zk,Yj). ®opmyna
CK=COrr(z,y;) [16-22] cmoBecHO dYMTaeTCsA «CHIA
OPOSIBIICHUSI  CBSA3M MEXIY MEPeMEHHBIMHU (Zk,Y])

paBHa Ckj M paBHAa 3HAUEHHIO Kod(dHIMEHTa
KOppemnsiiu  COIr(Zy,Yj), BBIYUCISIEMOMY,  €CITH
UMEIOTCS M  MOJENbHBIX 3HAYeHHH J3THUX 2-X

nepeMeHHbIX». JlaHHas ¢pasza sSBISACTCS OIHOU W3
MHOTHX CJIOBECHBIX NpouTeHHid Qopmynbl. s
CHUHTaKCHYIECKO MPUBSI3KU CMBICIIA 3TOH (popMyITHI K
Ipyromy TekcTy (s361k MU mpu3BaH yirydImaTe TEKCT,
Ky/la BCTaBICTCH) IOJDKHO NPUMEHATHCS APYroe
OCMBICJICHHE UMEIOILET0Csl MaTepHraia (TEKCTOBOTO
YHCIIOBOTO) ISl aAJUTHBHOTO CloKeHHus ¢pa3. U B
WUTOTE CKOHCTPYHMPOBATh O0OOCHOBaHHYIO (pasy mss

HOBOT'O CMBICJIA, paBHOTO CyMME CMBICJIOB.
YucnoBele 3IEMEHTHI — pCalibHBIE, NCKYCCTBCHHBIC,
MOJACIUPYIOTCA OTACIIBHO npu peuicHun

OnTumMu3alMoHHOM 3anadd, B KOTOpOH B ee
(YHKIHAX OTPaHWYCHUN WCIIONB3YIOTCS 3aaHHBIC

pealbHO U MPAKTUYECKH OYEBHJIHbIE 3HAYCHHS
KOppesLuii MEXIY OYEHb W3BECTHBIMU
NOKa3aTesIMU BUJIA Cij=COIT(Zk,Yj). [lepeuenb Takux
3HAYCHU, MPUCYIINX TOJIBKO 3TOM
OnTumu3anmoHHoi 3agade, naH Hwke. Eciau ydects
CMBICITBI 2-X  CEMaHTHYECKHX  IEPEMEHHBIX
cMbicn(Y1), CMBICT(Z1), TO MOXHO HAa3HAYUTh
3HaYCHUE ko3 punmenty KOPPETSAIUH:
cu=corr(zy,y1)= 0.7000;  cai=corr(zs,y1)=0.2000;

C41=C0rT(Z4,y1)=(-0.2000). DTi 3amaHHBIC 3HAYCHUS
SIBIISIOTCS YIPABJISIIOLIMMHI napaMeTpamu
Onrummsanmorsoi 3amaun. OT HUX W MO3aWKH WX
PACIIONIOKEHUST  3aBUCHT  PEAIBHOCTh  PELICHHUS
OrnrrumusaionHo# 3anaun — mapa MatpHir (Ass,Css).

OnruMmn3anuoHHas 3agaya

MognenupyeM MaTpHUIly «BECOB», 3JEMEHTBI
KOTOpOIl BBIPAXKAIOT pealbHBIC CBSA3M B ONUCAHHOM
BHIIIE TPYMNIE C CaMbIM BBICOKUM KadeCTBOM
COIMATILHOTO Kamnurana. Pemenue
OntumuzaunoHHou 3anaun — Mmatpuna Ces, SIBISIETCS
TpyAHO pemraeMoi 3ajmaudelf, obecrneduBaronien
peanbHOCTh SIBJICHMSI coLManbHbI KanmuTtan. Hama
Mozmenb (opMann3oBaHa B paMKaX ~ CHCTEMBI
«POIUTEIH-IETH-COCTOSHHUE YJICHOB CEeMBIY.
CxemaTudeckoe obOo3HaueHne ONTHMH3AIMOHHON
Bamaun umeer BUI (Iss,l66)=>(Ces,A66). MomenpHast
napa (Ces,Aes) MaTpun (Tabmuma 4, Pucynku 6, 7)
BXOJIUT B HOBYIO cxemy O6patHoit Monenu ['maBHbIX
Kommonent [18]: (Ces,Ae6), Zms, Ymes), rae Ces —
MOJIeTIbHAsl MaTpHIla 3HAYeHHH «BecOB» (MaTpuIlia
MICEBI0OCOOCTBEHHBIX BEKTOPOB. [IporpaMmma-taduia
3a7aud  peanu3zoBaHa B HajacTpoiike «Ilouck
pemenusi» DT Excel, B OTKpbIBaromemcss OKHe
KOTOPOTO Pa3MEMIa0TCs ONepaTophbl IPOTPaMMBI 3-X
TUTIOB: IeJeBas sUciika, W3MCHSACMBIE STUCHKH
(MaTpuma, BEKTOp WM 4YWcia),  (QyHKIHH
OTpPaHWYCHUH Ha MapaMeTphl, IEPEMCHHBIC MOJCIH.
W3MeHseMbIME slYEMKAMU  SBJISIIOTCA 6 3JIEMEHTOB
JIMarOHANbHONW MaTpuibl Ags; 36 DJIEMEHTOB 6
cronbuoB Martpuubl Ces. IIpu pabore mporpammsl
GRD2 (B Haxactpoiike «lIlomck  pemieHHA»)
M3MEHSIOTCS 3HaueHus 21eMeHTOB MaTpHil (Ces,Aes).
[TocTosiHHBIE peallbHbIE 3HAYEHUsS YIPaBISIOMIUX
napameTpoB ¢s51=(-0,2000); c61=(-0,2000) 1 PeansHbie
OTpaHUYCHUS Ha CYMMBEI MIepEeMEHHBIX:
c21+¢%1=0.9750; CZap+C2=1; Cs3+C2%5=1,
mo3BoJsIr0T nponenype GRD2 no6aBuTh MOIENBEHBIC
TICeBIOpealTbHBIC 3HAYCHHS dJIeMeHTaM MaTPHUIIBI Cep.
Jns wanctpoiiku Ilouck pemrenus Gopmupyrores 3
THUTIA TIPOTPAMMHPYEMBIX sSYeeK: IeneBas (YHKIHS,
U3MEHsieMble  sueiikv, (QYHKIMU  OrpaHHYCHUIL.
IeneBas siyeiika wumeer Gopmyiay Ait...+As=6,
sueiika, comepikamas GopMmyiy, J0HKHA ObITH paBHA

3amaHHoil BemmumHe S5 (PucyHok 2).  Martpuma
MCEeBJOCOOCTBEHHBIX BeKTOpOB Ces Takas, 4TO
BeITONTHAIOTCS  yenoBus:  CesCls6=les, Cs6Cosxl66,
MaTpuIa COOCTBEHHBIX qrcel

Ags=diag(A1,...As)=diag(3,0000,1.0000,1.0000,0.333
3,0.3333,0.3333).

dopmanuzaums “coumnanbHbIi
Kanuraa”

Beenem B Mozaens napametpsl — Matpuity Ces U
00bsaBUM €€ 36=6*6 »3jeMeHThl HE3aBHUCHUMBIMH
«BECAMMY npu z—, Y-IIepEeMEHHBIX,
XapaKTePU3YIOMINX CHIIBI TIPOSBICHHS CBS3H MEXIY
(dakTopaMH COIMAILHOTO KamuTala. BBeneHHbIC

ABJCHUSA
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napaMeTpsl - «peanbHas» Marpuua «BecoB» Ceg
oTAebHO MojenupyeTcs B mape Matpuil (Ass, Ces).
Matpumpl Tapsl  MaTpUI]  CBSI3aHBI  YCJIOBHEM
CTesAs6Ce6)=Wes=W 65 -KOBapUalIOHHAS MaTpHLIa,
TaKk KaKk TpH Z—, Y-TIEpEeMEHHBIX, XapaKTePU3YIOIINX
Z-,y-hakTopel  commanpHOTO KamuTana. Kaxmomy
3alaHHOMY CMBICTY y-(hakTopa (c HOMEpoM j) U 6
3HaYCHUsIM “BecoB” (13 BekTopa Cj=(Cij,C2j,C3j,C4j, Zsi,

Cej)T) npu 6 Z-TICPEMCHHBIX 71,22,23,24,7Z5,7Z5
(CPy+C%+C2a+Co+C%j+C%=1)  mocTaBiICHBI B
COOTBETCTBHUE m CIy4YaitHbIX yucesn

YiimUir*sqrt(ha)*Coj+  Ui*sqrt(hz) *CajtUiz*sqrt(As) *Caj+
Uia™sqrt(Aa) *Caj*Uis*sqrt(As) “Csj+Uis*sqrt(Ae) *Csj,

CMOJIENIMPOBAHHBIX B 1—OM MHTEPBAJE BPEMEHH.
KaxxnoMy 3alaHHOMY CMBICITY Z-(DaKToOpa ¢ HOMEPOM
k wu Bekropy ck.=(Ck1,Ck2,Ck3, Ck4,Ck5,Cks) C 6

3HAYEHUSIMU “BecoB” npu Y-IIEPEMEHHBIX
PSS S S S S S

Y1,Y2,Y3,Y4,Y5,Ye (CHatCoieHCiusHCutCous+Che=1)

MOCTaB  JICHBI B COOTBETCTBME mM  YHCEN

Zik=Yi1*Ck1+Yi2*CrotYis*Cka+Yia* CratYis *Cks+Yis*Cks,
BBIUUCIICHHBIX B i—OM MHTEpBaje BpeMeHH, i=1,...,m.
Kaxpas u3 6 3HaueHHH «BECOB» Cij,C2j,C3j,C4j,Csj,Coj
paBHa  BeNMYMHE KOA(PPHUIMEHTA  KOPPEISILUH
C1j=COrr(zs,yj), Coj=COrr(zz,Yj), C3j=Corr(zs,y;),
C4j=COrT(Zs,Y;), C5;=COrr(zs,Yj). 3HaUCHIE KOMITIOHCHTHI
C1j,C2j,C3j,C4, Csj, Csj BEKTOpPa Cj pPaBHO CHIIE
nposiBieHus uj¥sqrt()j)-nepeMeHHo, BXoasiieei B
hopmymy j-oi y—TIepeMEHHOM
Yii=Uir*sqrt(di) *Cij+Uin*sqrt(A2) *CojtUis*sqrt(hs) *Caj+
Ui4*Sqrt(M)*C4j+ui5*Sqrt(7\.5)*C5j+Uis*sqrt(le)*CGj,
CIy4allHO CMOJIETMPOBAaHHOW B 1—OM HHTEpBaie

BPEMEHH. 3HayeHue KOMIIOHEHTHI Ck1,Ck2,
Ck3,Ck4,Ck5,Cke BEKTOPA Ck. PABHO CHUJIC MPOSIBICHUSA Y-
NepeMeHHOM, BXojsueid B ¢dopmyny j-oit z—
MepeMeHHON

Zik=Yi1*Ck1+Yi2*Cro+Ziz*Ck3+Yia™ CratYis*Cis+Yis *Cks,
BBIYUCIICHHOM (10 «peabHbIM» JaHHBIM U3 MaTPHUIIbI
Ce6) B i—OM HHTEpBAJIC BPEMCHHU.

Mopnensaple  MaTpuibl  Yms, Zme=YmsCles
UHTEPIPETHPYIOTCS KaK MHOTOMEpPHBIC BBIOOPKH Y-,
z—u3MeH4uBocTel [13-16]. DnemMeHTsl yij, Y2js...,Ymj
j-ro crombua Marpuusl Yme=UmsAY%s (j-as y-

nepeMeHHas, i=1,...,6) HUMEIOT cpeaHee
apuPpMeTHIECKOE, paBHOE HYJIIO:
(2/m)(yaj+Yojt...+ym))=0, ® mEcmepcuu, paBHbBIC

(LIm)(y?yj + Y2o5t...+y?m)=Aj). CMBICIIBI MOJIENBHBIX
Y-TIepeMEHHBIX 3aBHCAT OT CMBICIOB BBIYHCICHHBIX
Z-TIEPEMEHHBIX, a CMBICIbl BBIYMCICHHBIX Z—
HNEPEMEHHBIX MOJYUHSIOT CMBICIBl  MOJEIbHBIX
CIly4aliHbIX y-NIEPEMEHHBIX.

KonctpyupoBanue pemeHuii  2-X  CHUCTEM
CMBICIIOBBIX YpaBHEHHH, COOTBETCTBYIOIIUX
MPUBECHBl YHCIOBBIM PaBEHCTBAM, IPOBEAEHO TI0 C
Y9eTOM  THIIOB  MEPEMEHHBIX  (BBIUMCICHHAS
MOTYMHSAET MOJENbHYyo0). Takoe  IMOTYMHEHHE
no3Bommiio MMM mpumennts CCII  CIIIT  mpwm
KOHCTPYUpOBaHUM (pa3 CMBICIOB B IpoIecce
HAaXOXJCHNS CEMaHTHYECKHX PEIICHHH 2-X CHCTEM
CMBICIIOBBIX YPaBHCHHH M3 MAaTPUYHBIX PABEHCTB

cMBICI(Zme=Yme*CTes),  cMBICTI(Y me=Zme*Ces) 1
MOJYYCHBI TEKCTOBBIC «TAOJHUIIBI CMBICIOB» BHIOB
[CMBICII(ZmGZYme*CTes)], [CMBICH(YmGZst*Cse)]. B
TTAaHHO CTaThe BIICPBHIC TIPOBEACHBI
KOHCTPYHMpPOBaHHE HOBBIX CMBICIIOB W3 «TaOJIHII

CMBICIIOBY Buga  [cMBICT(Zme=Y ms*CTes)],T. .
CMBICIIOB (CBsI3aHHBIX c pEeaTBHOCTBIO)
KOPPEIUPOBAHHBIX Z—TICPEMCHHBIX (Z1, Z2,Z3, Z4, Zs,
Zg), 3HAI CMBICIBI  MOJICNBHBIX  CITydailHBIX

HEKOPPEIMPOBAHHBIX Y-TIEPEMEHHBIX (V1,Y2,Y3, Y4, Y5,
V6) C YU4ETOM WX 3HAUCHHUI BecoB. Busyamusarius
MUHAMUK HAOOpOB pa3HOro KoOJW4YecTBa  Z-,Y-
M3MEHYUBOCTEN “BECOB” MOATBEPAMIIA AIC€KBATHOCTh
UX )KenaeMoMy. 3HaYeHus Zij, Yij,Ckj, 1=1,...,m, j=1,...,6,
k=1,...,6 oObenrHEHBI B MATPHUIBI Zms, Y me,Ces. Ecim
VYUTBHIBATh 3HAYCHUS W 3HAKH «BECOBY», TO Ka)KIIbIH
HCXOIHBIA CMBICI IOJDKEH HM3MEHHTHCS Ha HOBBIM
CMBICT Z-TIepeMeHHOH. MBI JOJDKHBI TIPHUBIICYH B

KayecTBe OOOCHOBaHMS 4YHCJIOBBIC JaHHBIE U3
marpuil Ces M JOJDKHBI HepedpasupoBaTh y-
CMBICIIBI, HCIOJIB3YSl 3aMETHBIE 3HAYEHUS CHII

nposieienus. Kaxaomy j-omy y-hakropy cocrosHus
COOTBETCTBYET j—asi y—lepeMeHHas, KOppeIupyromast
¢ k—oli z—TiepeMeHHOH, MEHSIOIIEH CUITY TIPOSIBIICHHS
Ckj=COrr(zx,yj))*zxj B k—OM wuHTepBane BpEeMEHH
i=1,....,m, k=1,...,6; j=1,...,6. 3mecy xaxxmas j—as y—
MepeMeHHass COCTOMT W3 M 3Ha4eHHH Y-
W3MEHYHNBOCTH Vim (Y1 Y2js - - -»Ymi)» KOTOpPBIE
MOKA3BIBAIOT CBS3b C Z-U3MCHUYUBOCTAMH k—OH z—
[EPEMEHHOM:

Vij=Zi1*C1j+Zi2*Coj+Zi3*C3j+Zis*Caj+Zis *Csj+Zis* Cej. "
CHIIBI 3TOH CBS3M MOJICIIUPYIOTCS OTHENIbHO B
Matpuiie Ces. [locme monenupoBanust Matpuibl Ces
OT/EJBHO MO/ICTIUPYIOTCS m 3HAYEHHUN
W3MEHYHMBOCTH Zij, U3MEPSIEMbIX M pa3 B MOMEHTBHI
BpeMeHu i=1,...,m. [I9TH He3aBUCHMBIM CMBICIIAM y—
(aKTOpPOB COCTOSHHS CyOBEKTa TpyJa MOCTAaBUM B
COOTBETCTBHE O y-TIEpEMECHHBIC Y1,Y2,Y3,Y4,Ys,Y6,
(Gpa3pl KOTOPHIX IPHUBEACHHI BhIIEe. YHCIOBEIE Y-
MEpEMEHHBIC  Y1,Y2,Y3,Y4,Y5,Ys  HEKOPPEITUPOBAHEI,
YUCIIOBEIC Z-TIepEeMCHHBIC 71,22,23,24,Z5 \Z6
KOppENUPOBaHbl W JUHEWHas KoMOWHammsa 6 z-
MEPEeMEHHBIX  Zi1*C1j+Zi2*Coj+Zis*Caj+Zis*Csj+Zis*Csjt+
Zis*Cej paBHA OJJHOMY y-3HAYEHHIO Yij Y—TIEpEMEHHOU
Yi C CBOMM CMBICIOM CMBICH(Yj)=CMBICI(Zi1) *Caj+
CMBICII(Zi2) *Coj+CMBICII(Zi3) *C3j+CMBICII(Zia) *Caj+
CMBICI(Zi5) *Csj, j=1,...,5.CMBICIIBI KOPPEIUPOBAHHBIX
Z-TIGPEeMEHHBIX Z1,72,73,Z4,Z5 BBIPAXKAKOT OCHOBHEIC
B3aUMOCBSI3aHHbIE (axTopsl, 0-pa3HOMY
CIIETUIEHHBIE APYTr C JAPYTOM: CMBICI(Z1)=«CTeTeHb
CJIO’KHOCTH, OTTACHOCTH, HANPSDKEHHOCTH, BPEIHOCTH
TPyAa», CMBICI(Z2)= «BEIHMYMHA W COJACPIKAHHE
paboueii  Harpy3km»,  CMBICH(Z3)=«  CTCICHb
aJIeKBaTHOCTH TPYIOBOW 3a7aumy», CMBICI(Z4)=«
BO3JIEHCTBUE HEOIArompUATHBIX (HaKTOpoB pabodeit
cpenbl», CMBICI(Z5)=« TICUXOJIOTHUECKUA KIUMaT B
paboueir  rpymre, HapylIeHHE  I[PUBBIYHOTO
KU3HEHHOTO  yKJIaja, OWOJIOTHYECKUX PHTMOB H
CTEPEOTHUIIOB KXU3HEIEATSIEHOCTIY. Kaxk b1 U3 3THX
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CMBICIIOB MOXET OBbITh NPOSBIEH B CMBICIOBOM OnucsiBaeMoe HIDKE KOHCTPYHPOBaHHUE
YpPaBHEHHH KakK cjaraeMoe ¢ KaKUM-TO BECOM. 3aBUCHMBIX ~ HOBBIX  Z-CMBICJIOB  CYILIECTBEHHO
OTJINYAETCS OT KOHCTPYMPOBAHUS HE3aBHCHUMBIX Y-
CJ105KHOCOYMHEHHOE U CJIOKHOMOAYMHEHHOE CMBICIIOB [1-16]. Mgt MIpUMEHsIEM
NpeAToKeHUs npu KOHCTPYHPOBaHUH cnoxxHonomunHEéHHOe  mpemiokenue  (CIIII). B

000cHOBaHHBIX (ppa3 pa3rosopHoro sizbika MU

B pa3snuuHBIX MpeAMETHBIX O0JACTIX CTAThIX
[1-16] ObLTH CKOHCTPYUPOBaHBI CMBICIIBI
HE3aBUCUMBIX  Y—CMBICIOB,  COOTBETCTBYIOIUX
YHCIOBBIM Y-TIepeMEHHBIM. CMBICIIBI MOAEIBHBIX Y-
MEPEMEHHBIX 3aBUCST OT CMBICIOB BBIUUCICHHBIX Z—
nepeMeHHbIX [23-29], a CMBICIBI BBIYUCICHHBIX Z—

MEPEMEHHBIX  MOJYUHSIOT  CMBICIBI  MOJENBHBIX
CIy4YallHbIX  y-iepeMeHHbIX. [{nd  HaxoxaeHus
HE3aBUCHMOTO CEMaHTHYECKOTO penieHust
NPUMEHSETCS.  CIOXHOCOYMHEHHOE  IIPEAJIOKEHHE
(CCII). Pexomenoayus 1. Takoe  CIOXKHOE
NpeIOKEHNe COCTOMT W3 JABYX WiIM Ooree

rpaMMaTHYECKUX OCHOB (pa3bl 00 (akrope, HEIBHO
CBSI3aHHBIX MEX]y CO00I1 COUMHHUTENLHBIMU COI03aMH
(«m», «uIm», «HO», «a») U YHUCIOBBIMU NAHHBIMU O
cuie nposiBiaenus ¢dakropa. [Ipu 3ToM yacTu Takoro
NpPEe/II0KEHHsT PABHONPABHBI 10 CMBICIIaM W He
3aBucAT Apyr ot Apyra. B CCII Henb3s 3a1aTh Bonpoc
OT OJHOM dYacTM K  JApYIoi, Kak B
CJIOKHOIIO TYUHEHHOM MIPEAJIOKEHUU (CII1T).
CI10’XHO COUYMHEHHBIE NTPEIOKEHUS UCTIOTb3YeM TS
COIIOCTABJICHUS CHJ TPOSBIECHHS (PAKTOPOB, 4TO
JenaeT UX  MOIIHBIM HWHCTPYMEHTOM B
KOHCTPYHPOBaHUH (pa3 B pa3roBopHOM s3bike MU, B
JIOKyMeHTe, co3naBaeMoM MU. IIpumenumsl pa3Hble
(hopMBI TIPUIATOYHOTO TIPEIUIOKEHUSI — 3aBHCUMOI
YaCTH CJI0KHOIIOJUMHEHHOTO TPEIOKEHHUS, KOTOpast
MOSICHSAET, YTOYHSET WM JIONOJHSIET COJepKaHHe
[JaBHOTO  TpeioxkeHuss  (¢ppassl  cMbicia(z)).
[MpupaTounble NpeaIoKeHHs BBOAATCS € MOMOLIBIO
MOAYMHUTEIBHBIX COI030B WJIM COIO3HBIX CIIOB (UTO,
KOr/Ja, €ciu, IOTOMY 4To, 4ToO0bl M ap.). OHu
JO0aBISIIOT B CMBICH  IIEPEMEHHOW  IPUYHHBI,
YCIIOBUSI, CIIEJCTBUS, OOCTOSATENHCTBA BPEMEHH HIIH
neny. B wm3maraemoi  cratee  mpuMeHseETCA
CJIOKHOTIOTYMHEHHOE TIPeUIoKeHne. Pexomenoayust
2. riaBHOE TpeIUIoKeHHe (C CHJION TPOSBICHHS
100%) obpa3oBbiBacTcst OT (passl cMmbicaa(z) Z—
nepemMeHHOM. [IpunaTodnoe mpenokeHne (¢ CUIIon
nposieienus 233=(85.83)2%<100%) ob6pa3zoBbIiBacTCs

or ¢passl  cmbicaa(y) Y-TIepeMeHHOH.  311eCh
BBIJICIICHHAsT ~ KOPpEIUMPOBAaHHAS  Z—IIepeMEHHas,
oOmajmasi caMbIM OOJBIIMM EAWMHUYHBIM BECOM

(1*cmbIcn(Z)) NpUTATHBAET HEKOPPEIMPOBaHHYIO (C
JOPYTUMH y—-TiepeMEHHBIMH ) y-TlepeMEeHHYIO:
corr(y;,y))=0, j#i. B CIIIl mpuparodHoe
NpeIoKEHHe  3aBUCUT  OT  TJIABHOTO,  OHO
NPUKPEIUISeTCs,,  NPUBS3BIBAETCS K  TJIABHOMY
NPE/II0KEHHIO, TPUAAET HOBBIN MOJACMBICI TIABHOMY
cmbiciy. CBs3p MEXIy YAacTSIMU TPEJIOKCHUIH
OCYILIECTBIISIETCS. C TOMOIIBIO  TTOJAYMHUTEIBHBIX
COIO30B HIIU CJIOB.

CIIO)KHOTIOMYMHEHHOM TIPEIUIOKEHHH OJHO ITIPOCTOE
mpeutokeHne (IpUAaTOYHOE) 3aBUCHT OT APYroro
(rmaBHOTO). CBSA3p MEKIY HUMH OCYIICCTBIISICTCS C
MOMOIIBI0 TIOAYNHHUTEIBHBIX CIIOB WM COIO3HBIX
cioB. [logunHUTENBHBIC CIIOBA B PA3TOBOPHOM SI3BIKE
WU — 5T0 noATBEpkKACHHBIE YHCIaMU CJI0Ba, KOTOPhIE
00OCHOBAHHO CBSI3BIBAIOT MNIABHYIO M TPUAATOYHYIO
YaCTH CIOXKHOMOJYMHCHHOTO MPEIJIOKCHUS, a TAKKE
CBSI3BIBAIOT CIIOBa B MOINHUTEITHHBIX
cioBocouetanusx. B CIIII moxHO 3a1aTh BONpOC OT
TJIaBHOTO TPEMJIOKEHHA K TpuaaToyHomy. B
CMBICIIOBOM YPaBHEHUH CMBICII IIPABOX YacTH (CymMMa
Y—CMBICJIOB) TIOAYMHEHO Z—CMBICITy JICBOH YacTH
embicn(z1) =0,7000*cmbicn(y1)+0,2000*cmbici(ys)+
+(-0,2000) *cMmbic(ya).

KOHCprI/IpOBaHI/Ie CMBICJIOB MOJ€CJbHBIX 6

y—nepeMeHHbIX, 3aBUCALIINX oT CMBICJIOB
BBIYUCJIEHHBIX Z-IIEPEMEHHBIX C 3aMETHBIMM
BeCaMu

CMEBICTIBI MOACIBHBIX yY-—TICPEMECHHBIX
OTJIINYAK0TCA oT CMBICJIOB BBIYHCJICHHBIX z-

MEPEMEHHBIX KaK XK€ KaK OTJIMYaI0TCs] HepealbHOE OT
peanbHOro. PeanpHOe MOAUMHSAET HEpealbHOE Kak
W/I€aNIbHOCTD, ITOMOTAoNIas PEeaJbHOCTH B YEM-TO,
HampuMmep, o00JafaTh CBOWCTBAMH  PEATbHOCTH.
HewussectHbie CEeMaHTHYECKHe MepeMEeHHbIE
cMbIcn(Y1), cMBICH(Y?2),,....,cMBICH(Ys) 3aBUCIT OT
BBIYUCIICHHBIX CEeMaHTHYECKUX MIePEMEHHBIX
CMBICI(Z1), CMBICT(Z2), CMBICI(Z3), CMBICH(Z4),
CMBICII(Z5), CMBICII(Zg),TaK KaK TMOCJIEIHUE, SIBISIOTCS
CEeMaHTHYECKUMH  TEPEMEHHBIMH  CMBICIIOBOTO
ypaBHEHHUS, ciaraemoe KOTOpOTO paBHO
MPOM3BEACHUIO HEHYJIEBOTO YHCIOBOTO MapaMmeTpa Cj
Ha  CEeMaHTHYECKyH0  MEPEMEHHYI  CMBICI(Z)).
UncnoBele  mapameTphl,  paBHBIE  HEHYJEBBIM
3JIEMEHTaM CTpOKH M3 MaTtpuibl Ces, OTpaXkaroT
peanbHbIe 3HAUCHUS (Z,Y)-CBA3U MKy Z-(paKTopamMu
71,2,....,Z6 ~COIMAJBHOTO KamUTaja pPEajsbHOTrO
CyOBeKTa CeMbH WM W Y—(aKTOpOM COIHAIBHOTO
KamuTana Buma Yj=Ur*sqrt(Aa)*cyt u*sqrt(d)*cojt
Us*sqrt(As)* csjtus*sqrt(ha)*Cajtus*sqrt(hs)*csj, Cejt
u*sqrt(he)*Cej. Kakmomy 3amaHHOMY CMBICHTY Z-
¢axropa c HOMEPOM j u BEKTOPY
€;.=(C1j,C2j,C3),C4j,Cs},Csj)) € 6 3HAYCHUSIMH “BECOB” IIpU
U-TIEPEMEHHBIX Uj,U2,Us,Us,Us,Us
(CPyj+C%+C2aj+C2+C%5+C%=1)  moCTaBIECHBI B
COOTBETCTBHE YHCIIO yi=ur*sqri(As)*cajt+
U2*sqrt(A2)*cotus*sqrt(As)*Caj+ua*sqrt(ha) *Caj+

Us*sqrt(As)*csj+u*sqrt(hs)*Csj. CTpyKTYpa MOJAENbHO#
CHUTyallid 3aBHCHT OT CTPYKTYpHl  pEaTbHOH
CUTYAaIHH. OTH HE3aBHCHUMBIE 110 CMBICIaM
CEMaHTHYECKUE NEPEMEHHBIC SBISIFOTCS PEIICHUSIMHU
MaTpPUIHOTO ypaBHEHUSA BHAA
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cMBICT( Y me)=CMBICI(Zme) *Ceg). ¢pasy. HauHem OCMBICICHHE C CEMaHTHYCCKOMN
Haiinem He3aBucHMBIE JApYr OT Jpyra MepeMEHHOH CMBICI(Ys) U 3aKOHYUM IEpEeMEHHOM
CEMaHTHUYECKUE repeMeHHbIe eMbici(Y1), CcMBICI(Y1). PaccmoTtpum ypaBHEHHE
cMbIcin(Y2),....,  cMBICT(Ys),  YIOOBJIETBOPSIOLINE cmbIci(ye)=0,6782*cmbIci(zs). 31ech CMBICIT

COOTBETCTBYIOITNUM CMBICTIOBBIM YPaBHECHHUSM.

Ji1 HaXOXKOCHHUS CEMaHTHYECKHX pEIIeHUH 6
CMBICIIOBBIX YPaBHEHUH YHOPSIIOYNM BEIUIUHBI
JUCTICPCUN y-TICPEMCHHBIX B MOPSAAKE YOBIBAHUS:
3333, 0, 0.3333,0, 0.3333, 0.3333, 1.0000,0, 3.0000.
[IpeneOpeskuMo Mamble 3HAYCHUS 4-X JUCHCPCHIA
obnystorest: disp(yj)=0, j=3,4,5,6, cienoBarenbHO
UM COOTBETCTBYIOIIUE Y-CMBICIBI TPOSBISIOTCS
nocrosiHHO. Bonee uHpOpMAaTUBHBIC Y-TICPEMEHHBIC
Y1, Y2 C 3aMETHBIMH IHCIEPCHUSAMH CIyY9aiHBl H
3aBHCAT OT -TICPEMCHHBIX, HMMCIONINX 3aMETHEIC
“Beca”.

Haiimem  ¢gopmmupoBaHHE  YHCIOBBIX |
CMBICIIOBBIX PaBEHCTB I COBOKYITHOCTH 3aJlaHHBIX
3HAYCHUN TEPEMEHHBIX, BBEIUUCICHHBIX MOIEITHHBIX
[IEPEMEHHBIX, PEANbHBIX 3HAYCHUM IapaMeTpoB U3
MAaTpPHLBI Ces, YZIOBJIETBOPSIOIINX cUCTEME
MHOT'OCMBICJIOBBIX ypaBHeHI/Iﬁ C CEMAaHTHYCCKHUMHU
TNCPEMECHHBIMU, HOHy‘IeHHOﬁ U3 CHUCTEMbI YHCJIIOBBIX
anreOpamueckux  ypaBHeHMH  (Zme=Y TmeClee).
H3noxum MCETOAUKY HAXOXKICHUSA «CHUJI IPOSABICHUA
U W3MEHYHUBOCTEH Z-,Y-TIepEeMEHHBIX, IPHUEMIICMBIX
Ut (paKTOPOB colManpHOTro Kanuraita. Marpumna Ces,
MONy4YeHHasT TpH pemeHnn  ONTHMHA3aIHOHHON
3amaun SBISETCS B MOJCIH peadbHbIM 00BeKTOM. OH
MOJTy4YCH c HCIIOJIb30BaHUEM pearbHBIX
YOPABIAIONIMX [APaMeTPoB  c211+C%21=C21=0,3000;
0232+Cz422051:(-0,2000); 0253+0263:C(31:(-0,2000),
UMCHOIIUX PpCaIbHBIC 3HA4YCHUI. HauanbHbie
3HA4YCHHUA BXOJIHBIX O6’I)eKTOB pCaIbHbI JJId J'IIO6I)IX
peo0pa30BaHuil ISl JOCTHIKCHHUS LIETH — IOy YCHHS
napbl MaTHIll (Ces,Ass). CMOAETUPOBAHHAS MaTPHIIA
Ces  COOTBETCTBYET  CIEAYIONIMM  YHCIOBBIM
anreOpandeckuM YpaBHEHHSM, IPeoOpa3yeMbIX B
TpeOyeMBbIe ISl MOJICITH CMBICIIOBBIC YPaBHEHHUS.

y1=0,9131*2;+(-0,3759)*7,+(-0,0083)*z3+(-
0,0083)*z4+(-0,2000)*z5+(-0,2000)*Z6;

y»=0,4078*2,+0,9262*2,+(-0,0083)*z5+(-
0,0083) *z,+0,0000*z5+0,0000%*zs;

y3=0,0000*z;+(-0,0083)*2,+0,9995*75+(-
0,0083) *24+0,7071*z5+0,7071%*zs;

y2=0,0000*z;+(-0,0083)*2,+(-0,0083)*z5+
0,9995*24+0,0000*z5+0,0000*Zzs;

y5=0,0000*z;+(-0,0083)*z,+(-0,0083)*z3+(-
0,0083*z4+0,6782*7¢+0,0000*Zs;

y6=0,0000*z,+0,0250*2,+0,0250*23+0,0250*24
+0,0000*z5+0,6782*z.

IIpeoOpa3zyeM dHCIIOBBIE ypaBHEHHS ¢ 6
YUCIIOBBEIMH [IEPEMEHHBIMH B CMBICIIOBEIC YPaBHEHHUS
¢ 6 CceMaHTHYSCKUMH IepeMeHHBIMU. OTOpocuM
claraeMble C HYJCBBIMH WM TIOYTH HYJIEBBIMH

napamerpamu. [lonyduM cuUCTEMY YKOPOUEHHBIX
CMBICJIOBBIX ~ ypaBHeHHM. Takue  CMBICIIOBbIE
YpaBHEHHs JIEr4€  OCMBICHATH M3-32  MaJloro

Kom4ecTBa (pa3, CyMMHPYEMBIX B OJHY HUTOTOBYIO

CMBICHI(Ys) COBIAAAET C CMBICIOM(Zg)=«YPOBECHb
YCIEBAEMOCTU JIE€TEH, MPOSIBICHHBII Cc cuioi
c%6=0,67822. VpaBHeHUs
cMbIci(ys)=0,6782*cmbIci(zs), cmbici(ys)=0,9995*
CMBIC(Z4) MMEIOT pELIeHUS: CMBICI(Ys)=«IeTH
OKOHYMJIM MAarucTparypy  WIH TOJy4diIn 2-oe
BhICIIEE 00pa3oBaHME, MpPOSBICHHBIE C CHIIOH
c244=0,99950%»,  cmblcn(ys)=«cnabas  MOTUBAIUS
neteil K 0Oy4eHWI0, TPOSBJIEHHAas C CHJIOH C25g=
0,6782%». Jlnsa koHCTpyMpoBaHHs (pasbl cMbIC/IA Y-
MIEPEMEHHOI c aJIUTUBHOMN dopmymoit
cmbIci(y3)=0.9995*cmbicn(z3)+0.707 1 *embici(zs)+
0.7071*cMmbicn(ze) TpuUMeHseM  PexoMmMeHmanmro
1[14]: Takoe cnoxHOE NPEIOKEHUE COCTOUT U3 JBYX
wm Ooilee TpaMMaTHYECKHMX OCHOB (pas3bl 00
(daxkTope, HESBHO CBA3aHHBIX MeXJy coOoi
COUYMHHTENLHBIMH COIO3aMU («H», HITH», KHO», «a»)
W YMCIIOBBIMU JaHHBIMHU O CHJIE IIPOSIBJICHUS (haKkTopa.
[Tpn 3TOM YacTH TAaKOTO MPEJIIOKEHUSI pAaBHOIIPABHBI
MO CMBICJIaM U HE 3aBHCAT Apyr ot apyra. Kakas-to
yacTh CCII MOXeT OBbITh yliaJieHa, YTO COOTBETCTBYET
NPaBIITY ‘“3HAHWE HE BEIYUTACTCS OT APYTOro 3HAHUS,
a ypamseTcs Kak ycrtapepuiee”. ®dpa3a cMmbicna y-
MIEpEeMEHHON y3 paBHa CyMMe 3-X H3BECTHBIX (pa3,
4TO BUJTHO n3 CMBICIIOBOH bopmybL:
cmbIci(y3)=0.9995*cmbicn(z3)+0.707 1 *cmbici(zs)+
0.7071*cMmbici(zs). Tpu ¢bpazbl SIBJISTFOTCSI
WCXOJHBIMU JIaHHBIMU Mozenu. Hrorosas ¢pasa
uMeeT rpamMMaTHYECKYIO bopmy
CJI0)KHOCOYMHEHHOT'0 IMPEAJIONKEHHUST U MOJUUHSIETCS
IMpaBuny 1 [2]. Torma ¢pasa, cooTBeTCTByIOIIAS
dbopmyre cMbIci(y3)=0.9995*cmbIci(zs)+
0.7071*cmbici(zs)+0.707 1 *cmbici(zes)
dopMmynmHpyeTcst  Tak: cMBICH(Y3)="TIOCTOSTHHO
MPOSIBISIEMBIN TUIAH JIeTeH OKOHYUTH MarucTparypy
(mposBnsercss ¢ cunoit ¢%33=0.9995%  saBucuT OT
MOTHBAIMK JeTed K oOydeHHI0 (C  CHIIOH
¢%31=0.70712) u or ycmesaemMocTu gaeTeil (¢ cuioif
c?%1=0.70712)".  CemaHTHuecKas  IepeMeHHas
cMBICI(Yy3) XapaKTepu3yeT IJIaHbl IETeH - OTAEIbHYIO
COCTABJISFOLIYIO KOMITOHEHTY COLIMANILHOTO
kanurtana. /IBe Japyrie KOMIIOHEHThI COLUAIbHOTO
Kanuraja T[oJyduM Himke u3 (pa3 CMBICIOB
cMbIci(y?2), cMbicia(y:). Onu Gosiee nHGOPMATHBHEI,
TaK KaK JAUCIIEPCUH X YHCIOBBIX TIEPEMEHHBIX OoJiee

sametHsl:  disp(y1)=A1=3.000, disp(y2)=A.=1.000.
CMbICIIOBOE ypaBHEHUE CMBICI(Y2)=
0,4078*cmbIci(z1)+0,9262*cMbIc(z2) TpeOyeT
ciokeHust 2-X  (pa3  CMBICJIOB:  cMBICI(Z1)="

CMBICII(Z1)=«MaTepUaITbHOE MTOJIOKEHUE POIUTEICH»,
CMBICI(Z2)=«ypOBEHb O0pa30BaHUS POIUTENCH»” .
®paza cMbIcia CMBICI(Y2)=«YPOBEHb COIMAIHHOTO
MOJIOKEHHST POJIMTENIeH: MaTephaIbHOE IMOJIOKEHUE
ponuteneit (c cmmoit ¢%,=0,40782) u ypoBeHs
obpaszoBanus poxuTeneii (¢ cunoit c?,=(0,9262)%)» u
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XapaKTepU3yeT O0pa30BATEIBHYIO COCTABJISIONIYIO
(0,9262>0,40780,4078) couuanbHOrO KamuTana B

3aMKHYTOH cucTeMe «POIUTENH-ETH-
()YHKIIMOHATBHOE COCTOSHHE WICHOB  CEMBH».
3ameuanue: 3HAYIMOCTb oOpa3oBaTenpHON
KOMIIOHEHTBI B 2 pa3a BbllIE€ MaTepHUaIbHOU
KOMITOHEHTHI. CrarycHas COCTaBJIAIONIAs
COLMAJBHOTO KaluTaja OTpakeHa B  CMBbICIe

CEeMaHTHUYECKOH nepeMeHHoM cMbIci(y1). CMbICIOBas
dopmyna cmbicn(y1)=0,913 1*cmbicn(z1)+(-0,3759)*
cMbIci(Z2)+(-0,2000)*cmbici(zs)+(-0,2000)*

CMBICII(Zs) COOTBETCTBYeT cymme 4-x  ¢pas,
OTHOCAIIUXCS K XapaKTePUCTUKAM pOAUTENeH, aeTell,

MOTHBAIMH AETeH K 00YYEHHIO U MX YCIIEBAeMOCTH .
®paza camoro HHOOPMATHBHOTO CMBICITIA HMECT BUJL
CMBICI(y1)=«MaTepHATFHOE TOJIOKCHNE POIAUTEIICI
(c cunoit mposiBnenns c?11=0. 0,91312), ¢ ypoBHeM
oOpa3oBaHUs poauTeneld (¢ CHIOH TIPOSBICHHS
¢?21=(-0,3759) ?) npu yMEHbINAOIMXCA MOTHBALUH
neteil k obydenuro (¢ cmoit ¢?5;=(-0.2000)?) u
ycreBaeMocTu aeTeit ¢ cunoil ¢%61=(-0.2000)%». Dta
¢dpasa xapakTepu3yeT CTaTYCHYIO COCTaBISIOIIYIO
COLMANTBHOTO ~KalHTaja B 3aMKHYTOH CHCTEMe
«POIUTENH-ACTH-PYHKIMOHATBHOS COCTOSIHHE
CEMBI».

Tadauua 1. U3Bievyennblie 3HaHUsA 00 6 Y-pakTopax

Ne | nucnepcust | CMbICTIBI HE3aBUCHMBIX y—(paKkTopos, “Beca” u IUCIIEpCUH Z-TIEPEMEHHBIX
A 3aBHCSIINX OT CMBICTIOB Z-(aKkTOpoB
6 [X6=1.00000 | cMbicOM(Y6)=«ypOBEHb YCIIEBAEMOCTH IeTell ¢ cuioi | ces=0,6782; disp(ze)= 1,6189
npossnenus c%=0,67822»
5 | As=1.0000 [cmbIci(Ys)=«CTeneHb MOTHBALMK JAeTeld K oOydeHwro, | ces=0,6782; disp(zs)= 0,8296
nposBiIeHHas ¢ cunoil c?s= 0,6782%»
4 1A4=0,3333 |cMbici(Ys)=«IeTH OKOHYMJIM MATUCTPATypy unu | ¢?44=0,99950;
noNy4ymiin 2-oe Beicliee obpasoBanue, mposBieHHble c | disp(zs)= 2,0511
cunoit ¢%44=0,99950%,
3 |23=0.3333 | cMBICT(Y3)="NOCTOSHHO TpOSBIAeMBId IUIaH gereit | ¢33=0.9995; c51=Cs=0.7071,
OKOHUMTH MarucTparypy (c cuioii ¢?33=0.9995% sasucur | disp(zs)=3,7129;  disp(zs)=0,8296;
OT MOTHBaIUH JeTeill k 00yuenuo (¢ cuoit c?5=0.70712) | disp(zs)= 1,6189
U OT yCNEBAEMOCTH JeTel B ImKojae (C cuioi cZp=
0.70712)”
2 | 2=1.3227 | cmbIci(Y2)=«ypOBEHb COIIMAILHOTO MOJIOKEHHUS
poxutenei» (xapakTepusyer 00pa3oBaTenbHy0
COCTABISIFONIYIO COLMANIBLHOTO KamuTajda B 3aMKHYTOM
CHCTEME «POJHUTENH-IeTH-DYHKIIMOHATIBHOE COCTOSTHHE
CEeMB1L.
1 |2=3.0000 |cmbica(y1)=«MaTepuaibHOe  MOJOXeHHe  poxuteneii | ¢11=0.0,9131;
(pacter ¢ cunoii nposienenus c1=0. 0,91312), yposens | c21=(-0,3759)
obpasoBanus poputeneii  (magaer ¢ cmnoit  c%1=(- | c51=(0.200);
0,3759)?) usMeHsrOTCA MPH yMeHbIIaroIuxcs Motusanuu | ce=(0.200);
meteit k obOywenmio (c cmmoit c?5=(-0.2000)?), mnpu |disp(z1)=3,000; disp(zs)=0,8296;
ycnesaemocti gieteit (¢ cunoii ¢ =(-0.2000)%». Ora | disp(ze)= 1,6189
¢bpasa  xapakTepu3yeT CTaTYCHYK)  COCTaBJISIOLIYIO
COLMAITBHOTO KallUTaNa B 3aMKHYTO CHCTEME «POJUTEIH-
JeTH-(QYHKIHOHAIBHOE COCTOSHUE CEMBH

KOHCprHpOBaHI/IC CMBICJIOB BBIYHMCJIICHHBIX Z—
MEPEMECHHBIX, MNMOAYUHANONINX CMBICIBI MOACJIbHBIX

JOJIKHBI ,H06aBI/ITL HOBBIC 3HAaHUS, NOJYYCHHBIC IIPpU
peUICeHU CUCTEMbl CMBICJIOBBIX ypaBHeHI/Iﬁ BuIa

y-IIepEMEHHBIX. HOBBIN_CMBICI(Zme)=cMBICT(Y ms)¥*CTes. Mcxomnbie
Brimie  ObUIM  CKOHCTPYHPOBAaHBI  (Ppasbl CMBICITBI 6 Z-TICpEMEHHBIX CIICAYIOIINE.
CMBICIIOB CMBICI(Y1), ..., CMBICI(Y6). VIcONB3ys ATH CMBICI(Z1)=«MaTepUATBHOE MIOJIOKCHHE
HOBBIC H3BJICYCHHBIC 3HAHUS Hal1eM (hpassl CMBICTIOB poauTenei»
(z1),..., . KucxomusiM cMbIcaaM 6 Z-IepeMEHHBIX MBI
3 Clari
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CMBICII(Z2)=«ypOBEHb o0pa3oBaHus 73=(-0,0083)*y1+(-0,0083)*y,+0,9995*y3+(-
poauTENEI»; 0,0083)*y,+(-0,0083)*ys+0,0250*ys;
CMBICI(Z3)=«  IUIaHBl  JeTel  OKOHYHTH 24=(-0,0083)*y1+(-0,0083)*y,+(-0,0083)*y3+
MarucTparypy(zs); 0,9995*y,+(-0,0083)*ys+0,0250*ys;
CMBICI(Z4)=«IUTAHBl ~ JICTEH TONY4IUTh 2-0€ z5=(-0,2000)
BEICIIIee 00pa30BaHMEY; *y1+0,0000*y,+0,7071*y3+0,0000*y4+0,6782*ys+
CMBICII(Z5)=«CTEeTICHh MOTHBAllMd JIeTEH K 0,0000*ys;

00yUYCHHION;

CMBICII(Zg)=«ypPOBEHb YCIIEBAEMOCTH JI€Tell B
yuebe».

OTH CMBICIBI O0HAPYXKEHBI HCCIICIOBATEISIMU
IpU  Ompocax JIOACH, SBIAIOTCS  peaTbHbIMU
CMBICIIAMH, pCalibHBIC CHJIBI MPOSIBICHHUS AITHX Z-

(hakTOpOB OTpaXEHBI B 3HAYCHHUIX JJIEMEHTOB
Matpuubl  “BecoB” Cgs. 3HAUEHUS DJIEMEHTOB
MaTpunpl  “BecoB” Ces MPeoOpa3yrOT CMBICIBI

BBIYHCIICHHBIX Z-TIEPEMEHHBIX B CMBICIIBI MOAEIBHBIX
y-TIepeMEeHHBIX,  KOTOpBIe  (CMBICIBI)  OyayT
npeoOpa3oBaHbl B HOBBIE CMBICIBI BEIYHMCICHHBIX Z-
nepeMeHHbIX. CucTreMa “CMBICIBI Z-IEPEMEHHBIX B -
CMBICIIBI  Y-TIEPEMEHHBIX - HOBBIC CMBICIBI Z-
nepeMeHHBIX” TpeOyeT obocHoBanus. [Ipu nepexone
oT (pa3 CMBICIIOB Z-IEPEMEHHBIX K ()pazamM CMBICIIOB
y-TlepeMEHHBIX HHTEPIPETHPYIOTCS 3JEMEHThl U3
cronbuoB marpunbl Ces, a TpH mepexone ot ¢pas
CMBICIIOB y-TIEPEMEHHBIX K (ppa3aM HOBBIX CMBICIIOB
Z-TICpEMEHHBIX HMHTEPIPETUPYIOTCS BJIEMEHTHI U3
ctpok MaTpunbl Cge. CMBICTBI BBIYHCIECHHBIX Z—
MEepEeMEHHBIX, Oyay4YW peajbHbIMH, IIOJYHHSIOT
CMBICIIBI MOJICJIBHBIX CIY4aiiHbIX Y-TIePEMEHHBIX.
JlobaBneHHe  HOBBIX 3HAHHM HAYHEM C
(hopMHpPOBaHHUS YUCIOBBIX M CMBICIOBBIX PaBEHCTB
IS COBOKYITHOCTH 3aJ[aHHbBIX 3HAUEHHUH
NepeMEeHHBIX, BBIYHCIIEHHBIX MO/IETIBHBIX
MEePEMEHHBIX, pealbHbIX 3HAUCHUI IapamMeTpoB U3
marpuiibl  Ces,  Y/IOBJIETBOPSIOIIUX  CHUCTEME
MHOTOCMBICJIOBBIX YpPaBHEHHH C CEMaHTHYECKUMH
MepEeMEHHBIMH, TTOJyYEHHOH W3 CHCTEMBI YHCIIOBBIX
anreOpamdeckux  ypaBHEHMH  (Zme=Y "meClee).
W310>XuM METOIMKY HAXO0XKICHHUS «CHII IPOSBICHUS
U U3MEHYHBOCTEH Z-,Y-TIepEMEHHBIX, HMPHUEMIIEMBIX
Jutst pakTopoB conmanbHOro Kamurana. Marpuma Ces,
nojyyeHHass npu  pemieHnd  ONTUMHM3ALHOHHON
3amaqn SIBISIETCS B MOJAETHU peaibHbIM 00BbekTOM. OH
MOJy4eH c HCTIOJH30BaHNEM peabHBIX
YOPABIAIONMX MAPaMeTPoB  c211+C%21=C21=0,3000;
0232+C2422051=(-0,2000); C253+C253=Cel=(-0,2000),
UMEIOIINX  peanbHble  3HadeHWs.  HauanbHble
3HAYCHMS] BXOIHBIX OOBEKTOB PEANIbHBI JJIS JTIOOBIX
npeoOpa3oBaHMi AJIS JOCTHXKEHHUS LEITH — IOy YEeHUS
napsl MaTHL (Ces,Ass). CMOmEMpOBaHHas MaTpUIa
Ces  CoOOTBETCTBYET  CIEAYIOUIMM  YHCJIOBBIM
anredpandeckuM YpaBHEHHUSIM, IIpeoOpa3yeMbIX B
TpebyeMble JIIsi MOJEIH CMBICIOBbIE YPaBHEHHS.
2:=y1*0,9131+y,*0,4078+y3*0,0000+y,*0,0000
+y5*0,0000+y6*0,0000;
2,=0,4078*y1+0,9262*y,+(-0,0083)*y3+(-
0,0083)*y,+0,0000*y5+0,0000*ys;

26=(-0,2000)*y;+0,0000*y,+0,7071*ys+
0,0000*y,4+0,0000*ys+0,6782*ys.

Jlucriepcuu zZ-TIEPEMECHHBIX HMCIOT 3HAUCHHUS,
IpeBbImaromue 1.

dsp{z1}=2,5984,

dsp{z.}=1.2960,

dsp{zs}=3,7129;

dsp{z4}=2,0511;

dsp{zs}=0,8296;

dsp{zs}=1,6189.
1*cmbicin(z1)=0,9131*cmbicn(y1)+0,4078*cmbici(y?);
1*cmbicn(zs)=(-0,2000)*cmbici(y1)+0,7071*
cMbIci(y3)+0,6782* cMbic(ys);
1*cMmbici(z2)=0,4078*cmbici(y1)+0,9262*
cMBICI(Y?);

1*cMmbicin(z3)=0,9995* cmbici(ys);

1*cMbicin(z4)=0,9995* cMbici(ya);

[Ipencrout HalTH perieHUsI HOBBIX CMBICIOBBIX
ypaBHEHHIHA c HOBBIMH CEMaHTHYECKUMHU
TIepEMCHHBIMH.

1*cmbici(zs)=(-0,2000)*cmbici(y1)+
0,707 1*cmbicn(y3)+0,6782*cmbici(ys).
1*cmbici(zs)=(-0,2000)*cmbici(y1)+0,7071*
cMbIci(y3)+0,6782*cMbIci(ys);

cMBICI(Y3)="TIOCTOsTHHO MPOSIBISIEMBbIH
HE3aBHCHMBII (aKTOp: CTENeHh MOTUBAIIMU JIeTel K
00y4eHHIO HposABIsLeTca ¢ cuIoi ¢%33=0.99952 npu
CUJIbHOH MOTHUBAIlMU JeTe K OO0y4deHHro (C cujon
c?1=0.70712) ¥ TpU BBICOKOH YycIeBaeMOCTH (C
cuioii ¢?6=0.70712)”.

CMBICTBI MOOENbHBIX y—TIepeMEeHHBIX
OTIIMYAIOTCSI OT CMBICTIOB GblUlUCIeHHbIX (PEaTBHBIX)
Z-TIEpeMEHHBIX KaK e KaK OTIMYaroTCs HepealbHOe
OT peanbHOro. PeansHOE MOUMHSACT HepeaabHOe KaK
HAeaJbHOCT, [OMOTAIOMIYI0 U1  PEaJbHOCTH
o0nasath  TMOJIE3HBIM  CBOMCTBOM,  MPUCYIIUM
HepeambHOCTH. JIJ1  KOHCTPYHpPOBAaHHUSI  HOBOTO
CMBICIIa Z-TIepeMEHHON paccMaTpuBarOTCS
(BBIIEISIIOTCS. TI0  YHMCIIOBOMY KPHUTEPHUIO) TOJIBKO
3aMeTHBIE TI0 BeJIWYHHE MapameTrpa c=corr(z,y) y-
nepeMeHHble. @®pa3el 3THX 3aMETHBIX CMBICIIOB
HEKOPPEIUPOBAHHBIX y-TIepeMEHHBIX
npeoOpa3yloTcss B KpaTKUE JIAKOHWYHBIC CIIOBA,
uMmeromue Beca, B cymMme paBHele 100%. Otum
JIOCTUTAeTCS ~ y4YeT  JOMHHHUPYIOIIUX  JOJCH
HEPEMEHHBIX. Ipoucxomur mnoutu 100%-oe
OTpaXeHHE CHJI ITPOSIBIIEHUS BECOMBIX y-TIEPEMEHHBIX
1 BU/ICH WHAWBUAYAIbHBIA BKJIA] JOJIM 3aMETHOM Y-
[IEPEMEHHOM, HUMEIOLEH BaxKHbBIM cMbica. M3-3a
NpeBbIlIeHNs | UIMHBI  TICEBJOCOOCTBEHHBIX
BEKTOPOB (MX KOMIOHEHTHI PACHOJO0XEHHI B
crononax Marpuisl Ces) CMBICIBI Z-IEPEMEHHBIX HE
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UMEIOT BecoB, B cymme paBHbiIX 100%. JlnuHbI
BEKTOPOB-CTpOoK MaTpuilsl Ces paBHBI 1, mOITOMY
CyMMa BECOB Y-TIEPEMEHHBIX (WX KOMIIOHEHTHI
pacmonoxeHsl B cTpokax Marpuipl Ces) paBHa 100%.
Takass omeHka Ooyiee HATTSAHO OTpa)kaeT BKIIAJ
KaXIOTO y-CMBICIIa B CYMMAapHBIH Z-CMBICH, (paza

KOTOpPOTO HUMECT BUa CJIOKHOIIO AYNMHECHHOT' O
MPCAJIOKCHUS. CDpa3a CJIOKHOIIOAYMHCHHOI'O
MPCAJIOKCHUA MOXCT BbIpaXaTb MMPpUINHHO-
CIICACTBCHHBIC CBA3HW, 4YTO ABJICTCA I CHHBIM

CBOWCTBOM CMBICJIOBBIX TEPEMECHHBIX (U3 TAOIHUIBI
[cMbIci(Yme)], COOTBETCTBYIOIIMX YHCIOBBIM Y-
HEePEMEHHBIM (13 MATPHULBL Y mg).

HeoOxomuMo  BBIYHMCIWTH  OHUCIIEPCHH  Z-
MEPEMEHHBIX H  YIOPSAAOYHTh WX B TOpPSIKE
BO3paCTaHUSA JUCTICPCHIA: 71,22,25,23,Z4.
BrimenpuBeieHHBIE ~ TOPSOOK ~ BaXXHOCTH  Z-
TIEPEMEHHBIX (BayKHBII c TOYKH 3peHus
paboromaTens, BEIOMPAIOIIETO TOIXOISIIErO
cyObekTa TpyJga) CTaBUT MUHUMAIBHBI  Bec

nokazareir “oTHomeHHe kK Tpyny’. Kakor Oymer
NOPSJOK yOBIBaHUSI KpUTEpPHEB OTOOpa cyObekTa,
ecmu WM nmoctpouT  Monenb,  MO3HAIOUIYIO
(yHKIIMOHAJIBHOE COCTOSIHUE CYOBEKTa TpyZa, U 3Ta
MOJIeJIb OylleT BOCIPUMMYMBA K CMbICIaM 3aJaHHBIX
MOKa3aTeNeH.

B nio3Haro1eil MOJeIH CUJIbl BIHMSHUS CMBICTIOB
Z-TIepeMEeHHBIX (3HaUCHUH Z-TIepEeMEHHBIX) Ha j-BIH Y-
(hakTop ONMPEeNSIFOTCS M3 BEIMYHH KOMIIOHEHT j-TO
cronbua matpuibl Ces (C1j,Cj, .. .,C5),Cej) T, BXOAAIINX
B hopmyny Yme=ZmeCes. Hucmoroii dhopmyie j—ro y-
(haxTopa Vii=Zit*Caj+Zin*2j+. . . +zi5*Cs), Co;j
COOTBETCTBYET CMBICIIOBas ¢bopmyna
CMBICII(Yj)=CMBICII(Zi1) *Cyj+
CMBICII(Zi2) *Coj FCMBICII(Zi3) *CajH CMBICII(Zia) *Caj,
j=1,...,5, ¢ ceMaHTHYECKMMH IEPEMEHHBIMH
CMBICI(Zi1), CMBICI(Zi2), CMBICI(Zi3), CMBICI(Zis),
CMBICN(Zis), CMBICH(Zis). CHIIBI TIPOSBICHUU Y-
MePEeMEHHBIX (B bopmyie Z-TIepeMEHHOU
Zme=Yms*CTe6) Ha i-BIil Z-(aKTOpP OIpPENENAIOTC U3
BEJIMYMH KOMIIOHEHT i-0i cTpoku Matpuilbl Ceg
(Ci1,Ciz,...,Cis) B dopmynie Zms=YmsCTgs. Hucmonoii
dhopmysie k-ro z-(pakTopa
Zik=Yir*Ck1+Yi2*Crot. .. +yis*Cks COOTBETCTBYET
cMBICIOBas  (GopMmysia  CMBICI(Zik)=CMBbICI(Yi1) *Cii+
CMBICI(Yi2) *Cka+CcMBICII(Yiz) *CkatCMBICT(Yia) *Ckat
CMBICI(Yis) *Cks+CMBICII( Vi) *Cks, k=1,...,6, c
CEeMaHTHYECKUMHU TIepeMEHHBIMU cMBIC(Yi1),
cMbICi(Yi2), cMbIC(Yi3), CMBICH(Yi4), CMBICI(Yis),
CMBICI(Zi6).

PaccmorpuM  cucTeMy — MHOTOCMBICJIOBBIX
ypaBHEHH, HEHW3BECTHBIE IepeMeHHble («Bec»r=1)
PacIoIoKeHbI ClIeBa OT 3HaKa paBeHCTBa (=):

1*roBBI#_cMbIci(z5)=(-0,2000)*cmbicn(y1)+
0,7071* cmbici(ys)+0,6782* cmbici(ys);

1*HOBBIN_cMBbICI(Z2)=0,4078*
cMbICi(y1)+0,9262* cMbici(y?);

1* HOBBIN_cMbICT(23)=0,9995*cmbIcn(ys);

1* HOBBINM_cMbICT(Z24)=0,9995*cmbicn(ya);

1*noBbIi_cMbIcn(Z1)=0,9131*cMbicn(y1)+
0,4078*cMmbici(y2);

1*HoBBI#_cMbIci(z6)=(-0,2000)*cmbic(y1)+
0,7071* cmbici(ys)+0,6782* cmbIci(ye).

3aduxcupyem TTOPSIAOK BO3pACTaHUS
NUCNEPCUI:  Z5,22,Z6,24,21,Z3. B TakoMm mnopsake
KOHCTPYUPYEM ¢pazsr HOBBIX CMBICIIOB

KOPPEJIUPOBAHHBIX Z-TICPEMCHHBIX. (Dpa3a HOBOTI'O
CMbICJIa nepeMeHHoﬁ Zs OOJIKHA OOIIOJIHUTH q)pa3y
cmeicna(zs):  dsp{zs}=0,8296;  dsp{z.}=1.2960,
dsp{zs}=1,6189. dsp{z4}=2,0511; dsp{z1}=2,5984,
dsp{zs}=3,7129;
2,5984 1,2960 3,7129 2,0511 0,8296 1,6189
OTH 3aBHCHMBIC TI0 CMBICIIaM JpYyr OT JpyTa

CEMaHTHYCCKHE HepeMeHHbIe CMBICI(Z1)=
«MaTepuaisbHOe TIOJIOYKCHHE poxuTtenein?
CMBICI(Z2)=«YpOBEHb OOpa30BaHUS  POAUTENCI;

CMBICII(Z3)=«IUTaHbl AETeH OKOHYNTh MAarucTpaTrypy

(z3); cmbICn(zs)=«UTaHBl JETe MTONYyYUTH 2-0€
BbICILICE 00pa3oBaHHEY; CMBICII(Z5)=«CTETEeHb
MOTHBALMU Jereit K 00y4eHUIO»;

CMBICII(Zg)=«ypPOBEHb YCTIEBAEMOCTH JIeTEH B yueOey
SIBJISIFOTCSL PELICHUSIMH MAaTPUYHOTO ypaBHEHHS BHIA
HOBBIH _cMBICT(Zms)=cMBICI(Y ms)*CTes)

COOTBETCTBYIOT YMCIOBOM CBs13M BUIA Zme=Y me*CTs,
rae 4ucna 3 Zme MaTeMaTHUECKU gausiom (TIPH
nomowu cmpox MaTpuIbl «BecoB» Ces) Ha UHCIA U3
MaTpulbl Yms. [lpu moMomm cmpox MaTpHIBL
«BecoB» Ces HAXOUM CMbICAbI CHOAOYO8 B KTAOIUIIC
CMBICIIOB» [eMBICTH(Zme=Y me*CTe6)], 3Has «Tabmmiy
cMBICTOBY [cMBICT(Y me)]. «Haxoxxnenue 3agucumoix
cemanmuyeckux — pewenuti  (C ~ IPUMEHEHUEM
rpammatukn CIIIT: g riaBHOTO IpEUIOKEHUS -
CMBICT(Zme), U1 TPHUIATOYHOTO  TPEJIONKESHHSI-
cMBICT(Yms), PaBHBIX  MEPEMEHHBIM MaTPUYHOTO
YpaBHEHHUS BHA HOBBIH_CMBICT(Zme)=
eMBICT(Y me) *CTes). Oromy PaBEHCTBY
COOTBETCTBYIOT MaTPHUIIBI MaTeMaTHIECKOM
(umcnoBoit) cBa3u BUAA Zme=Yms*C's, re uncna us
Zme BIUAIOT (TIPU TIOMOIIU CIMPOK MATPHUIIBI «BECOBY
Ces) Ha umciaa w3 Marpunbl Ym. KoMIOHEHTHI
BEKTOpa-CTPOKHU ¢i=(Ci1,Ci2,. . .Cis), i=1,...,6,
OTIMYAIOTCS OT  KOMIIOHEHT  BEKTOpa-CTojOIa
Ci=(C1j,C2j,...Cs5j,Cqj) T, j=1,...,6, H3 MATPUIBI «BECOBY

Ces. IlodTOMY, OHHM, SBISISICH B  CMBICIOBBIX
YpaBHEHHSIX TMapaMeTpamu, oOpa3yloT pa3HbIe
JINHEWHBIC KOMOWHAILIMH CEMaHTHYECKUX

MEPEMEHHBIX M UMEIOT pa3Hble ()pa3bl CMEICIOB —
W3BJICUYCHHBIX CKPBITBIX 3HAHWH, JOMOJHSFOIIUX
3HAHUS M3 HCXOIHBIX Z-CMBICIOB. Pa3HbIe CyMMBI
CMBICJIOB KOHCTPYHPYIOTCS B BHJIE pa3HbIX (hpa3 (u3
CIIIT wumm 3 CCIT) HOBBIX CMBICIIOB, JIOTIOJTHSIONIAX
UCXOIHBIE cMBICHEL. OTCloJa BBIBOJA: HEOOXOAUMO
MpUMeHITh 00a cmocoba KoHCTpyHpoBaHUS (pas
cMBICTIOB. HauHeM u3BJIEKaTh 3HAaHWs, HAYUHAaA C Z-
MIepEMEHHOMH Zs.

JlomomanM dbpazy  cmbIcna(zs)=«cTeneHb
MOTHUBAINH AeTeil K 00y4eHHI0» HOBBIMHU CJIOBAaMH W3
¢dpa3 HE3aBHCHUMBIX CMBICITOB: (-
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0,2000)*cmbIca(y1)+0,7071*cmbicn(ys)+ COIIMANIBHOTO TIOJIOKEHUSI pojauTenei (¢  Cuioi
0,6782*cmbicn(ys),  SBIAIOLNIMXCSA  CJaraeMbIMH c?=0,92622)». TpebyeMOe MOJENBIO COOTBETCTBHE

HOBOTO  cMbIcna(zs). Tpu ¢paser 3-x ciaraeMbIx
HE3aBUCHMBIX y-CMBICIIOB HMEIOT BUJBIL:
CMBICI(y3)="TIOCTOSTHHO TIPOSBISIEMbIH HEe3aBUCUMBIHA
(hakTOp: CTEmeHP MOTHBAIMH JeTel K OOYYCHHIO
nposipisieTcs ¢ cunoi ¢%33=0.99952 npu cunbHOi
MOTUBAIlMM JeTeid K  oOydueHwoo (¢ Cuuol
¢?1=0.70712) ¥ TpU BBHICOKOH YyCIEBAaEMOCTH (C
CHIION c?1=0.70712)”, CMBICI(Ys5)=«CTETIEHb
MOTHBAIlMM JAeTe K OOydYeHMIO, IpOsBICHHAs C
CcuIIoi c%56=0,67822», (-0,2000)*
CMBICI(Y1)=«MaTepHaIbHOE MOJI0XKEHHE POAUTEICH)
(c cunoit mposBnenus c’11=0. 0,91312), ¢ ypoBHeM
oOpazoBaHus poaureneil (¢ CHIOW NPOSBICHUS
¢?21=(-0,3759)) npu yMeHbIIAOIIMXCA MOTHUBALUH
neteil k oOydenuro (¢ cunoit ¢Z;=(-0.2000)?) u
ycmeBaeMocTd  jereit ¢ cuitoil  ¢Z=(-0.2000)%».
HesaBucumocts  y-cMbiciioB  mo3Bojsier MU
UCIIONIB30BaTh COI03 “Wian’” mias oOBenIuHEeHHs 3-X
NPUIATOYHBIX TPEIUIOKEHUH CII0KHOMOAYHHEHHOTO
npeaoxeHus. [lociae MHOTHX MOMBITOK CIIOKEHHUs 3-
X (pa3 HONydYeH OJHMH BapHaHT UTOTOBOH (pasbl.
HoBblil_cMBICH(Zs)=«HH3KasE CTENEHb MOTHUBAIMU
Jereil k oOyueHuto (c cuiod mposiBieHus =1)
ABJISIETCS CIICICTBHEM MPOSIBICHUH APYTHX (HaKTOPOB
COCTOSIHMSI JICHOB CEMBH IIPU yXYALIAIOMIEMCS
MaTepuagbHOM IIOJIOKEHUH poxuTenedl (C cuion

¢?=(-0.2000)?), HEYJIOBJIETBOPEHHbIX
YCIIEBaeMOCTBIO JeTeil». DTo 3HaHHE, 000CHOBAHHOE
YICTOBBIMM JOBOJAAMH — IIpsMOE TPeGOBaHHE K

o0IIecTBY, K BIACTSIM «0OECreunTh NMPUHSATHE Mep,
CMOCOOCTBYIOIIUX BBICOKOW MOTHBAIlUU JeTeH K
BUJaM OOyYeHHs JAeTel TpakJaH CBOEH CTpaHbI,
CBOETO TOPOIay.

PaccmoTrpuM  cMbIcioBOoe  ypaBHeHuue ¥
HOBEIH_cMbIc(Z2)=0,4078*cMmbIci(y1)+0,9262*cMmbic
n(y2). HomomamM ¢pa3y cMbICHa(Z2)=«ypPOBCHb
oOpazoBanmst  poxmreneit». JlBe  ¢pasel  2-X
ClTaraeMbIX HE3aBHCUMBIX yY-CMBICIOB, IPAMEHACMBIX
UL JOTOJHEHUS, UMEIOT  BHIBL: a)
CMBICI(y1)=«MaTepHabHOE TIOJIOKECHUE POITHUTEIICI
(c cunoit mposienenus c?11=0. 0,91312), ¢ ypoBHeM
oOpa3oBaHmus poauTeneld (C CHIOH TPOSBICHUS
c?21=(-0,3759)%) npu yMEHbIIAOIMXCA MOTHBALUH
nereii k oOyuenmio (¢ cumioit c%53=(-0.2000)?) u
ycreBaeMocTu getelt ¢ cuioit  c261=(-0.2000),»;
0)cMBICI(Y2)=«yYPOBEHb COIMATBHOTO  IOJIOXKCHHS
poauTenei»  (XapakTepusyer — 00pa3oBaTENbHYIO
COCTABJISIOLIYIO COLMATIBHOTO KalnTajla B 3aMKHYTOH
cucreme «POANTENH-IETH-(QYHKIIMOHAIBHOE
COCTOSIHHE 4JIGHOB ceMbH). HezaBucumocts — y-
cMmbiciioB no3BoisieT MW ucnonb3oBats coro3 “wnn”
JUIst 00 BETUHEHHS 2-X TIPUIATOUHBIX TPEUIOKEHHH B
OJTHO CJIOKHOTIOTYMHEHHOE HpeIoKeHHE.
Crnoxenne 2-x ¢pa3 maer (pa3y HOBOTO CMBICTA.
HoBriii_cMmbICH(Z2)="m711  IOCTI)KEHUS  YPOBHS
obpa3oBaHus poauTernei (C CUIoW MposBiIeHUS =)
Tpedyercs JIOCTIDKEHHE IOJDKHOTO YPOBHS

MEXAy 00pa30BaHMEM U COLMAIBHBIM ITOJIOKCHHUEM
JOCTHXHUMO B IEMOKPAaTHIECKOM OOIIECTBE.
ITepemeHHBIE Z6,24,21,Z3 UMEIOT IIPEBBIIIAIOIINEC
1 mucmepcun  dsp{ze}=1,6189; dsp{zs}=2,0511;
dsp{z1}=2,5984, dsp{z3}=3,7129. Dtu 3HaYeHHs
CUTHAJIM3MUPYIOT O HAJIM4YMK OoJbiel nHopManum B
CMBICITEe(Zg), CMBICIe(Zs), cMbIche(z1), cMbiche(z3),
4eM B CMBICIE(Z2), cMbIcie(zs). YOenumcs: B 3TOM,
aQHAIU3UPYS IJIaBHbIE (COOTBETCTBYIOIINE Z-CMBICILY)
U TPUAATOYHBIE (COOTBETCTBYIOIUE Y-CMBICIIAM)

mpe/uiokeHust.  ['naBHoe — mpemioxenue  (dpasa
HOBOTO CMBICTA(Z) TOAYMHAET cede MPHOATOYHOE
NpeAioKeHne, OOOCHOBBIBAIOIICE MPUCYTCTBUEM

¢bpassl cMbICTa JPYroro HE3aBHCUMOTO y-(hakTopa
cMBICI(Y), BXOJSIIEE B CBOIO CMBICIIOBYIO Z-(hOpMyITy
¢ moJeii Bknaza ¢2<100%.

Jlanee paccMOTpPUM CMBICIIOBOE ypaBHEHHE
1*noBbI#_cMbIci(Z6)=(-0,2000)*cMbIci(y1)+0,7071*
cmbici(y3)+0,6782*cmbici(ys). Tpu  dpaser  3-x
ClIaraeMbIX HE3aBUCHMBIX Y-CMBICIIOB, TIPHMEHSIETCS
JUIst JOTIOJTHEHHUS CMBICTA(Z6).
CwMbIci(y1)=«MaTepranbHOe MOJO0XKEHUE pOoguTeeH
(pacter ¢ cunoii mposeiaenus c?13=0. 0,91312),
ypOBeHb 00pa3oBaHusi poauteneil (magaer ¢ Cuioi
¢?21=(-0,3759)?) u3MeHAIOTCS OPHU YMEHBLIAIOLIUXCS
MOTHBALMU JeTell K obydenmo (¢ cuioit c%s=(-
0.2000)?), npu ycnesaeMocTu aeteit (¢ cumoit ¢2e=(-
0.2000)? »; cMbIc(y3)="“TIOCTOSHHO MPOSBIEMBbIil
IUTaH JeTeil OKOHYHTh MarucTparypy (¢ Cuion
c?335=0.99952  3aBUCHMT OT MOTHMBALlMM JeTeil K
obyuenmo (¢ cumoit  ¢%;=0.70712) u ot
ycreBaeMoCTH  JeTe B ImKoie (¢ CHIIOH
c%61=0.70712)”; cMbIci(Ys)=«ypOBEHb yCIIEBAEMOCTH
nereil ¢ cuiaoil  mposiBieHus  c2e=0,67822».
HoBblii_CMBICI(Z6)=«UI1 ~ TIOBBIIIEHHUS  YPOBHS
yCIIeBaeMOCTH JieTeid B ydeOe (zs) TpeOyeTcs: a)
MOCTOSIHHBIN TUIaH JIeTeil OKOHYUTh MarucTparypy (c

cunoit  ¢%3=0.99952; 6) NOBLILIATL YPOBEHb
YCHEBaeMOCTH  JAETe ¢  CHJIOH  NpOSBICHHUS
c%6=0,67822 (Ys) npu ypoBHE 0Opa3OBAHUS

pomuteneir (¢ cwmod 1) momumHseT K cebe
MaTepHaIbHOe I0JI0kKenue (¢ cuioii c?11=0. 0,91312),
ypoBeHb 00pazoBanus (¢ cunoii c?1=(-0,3759)?) npu
YMEHBIIAIOIIUXCS MOTHBAIMK JETeH K 00ydeHmio (C
cunoii  ¢%;=(-0.2000)?) u ycmeBaemocTH jeTeil c
cunoit ¢%:1=(-0.2000)?». u nomuuHseT cebe ypOBEHb
COIIMAJILHOTO MOJIOKEHU S, 0)
CMBICI(y3)="TIOCTOSTHHO MPOSBISICMBII HE3aBUCHMBIH
(akTOp: CTENEeHbh MOTHUBAIMH JAETeH K OOYYeHUIO
nposiBisieTcs ¢ cuioi ¢%3=0.99952 npu cuibHOM
MOTUBAllMK JeTeid K oOydueHHro (C  CHIIOH
c%;=0.70712) ¥ mHpH BBICOKOH YyCIIEBAEMOCTH (C
cunoit  ¢%:=0.70712)”; B) cMbICIOM(Y6)=«yPOBEHb
yCIIEBAEMOCTH  JIeTel €  CHJIOH  MpOsIBICHUS
c266=0,67822». Dpasa HOBOTO_CMbICa(Zp)
JOTIONHSET (Ppa3y UCXOAHOTO CMBICIHIA(Zs)=«ypOBEHD
yCIeBaeMoOCTH JieTel B yueOe». B 3aBucumoi yacTu
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CJIOYKHOTIOTYMHEHHOTO NPETI0KEHHS KOHCTPYHPYEM
¢pazy, TOACHAIOMIYIO W  YTOYHSIONIYI0 H
JIOTIONTHSIONIYIO COJICPKAHNE TIIABHOTO MPEIIOKCHHS
(ppaser  cmpicna(ze)). Torma wMeeM  HOBBIH
CMBICII(Zg)=«UIS TTOBBITIIEHUSI YPOBHS yCIICBAEMOCTH
neteil B yuebe (c cunoit ¢%;=0.70712) tpebyercs
MIOCTOSIHHOE TIOBBIIICHUE CTETIEHH MOTHBAILINH JIeTECH
Kk obyuenuro (c cuioii ¢%33=0.99952)». 3mech
UCIIOJIb30BAHO IPHJATOYHOE C YCIOBHEM, TJE OT
TJIABHOTO TMPEATIOKEHHS 33al0TCs BOIIPOCHI 3a4eM?,
C KaKoH LeNnblo?, AJsl 4ero Tpedyercss MOCTOSHHOE
TMIOBBILIEHHE CTETICHH MOTHBALIMH JETeil K 00yUeHHIO
(c cuuoii c%33=0.99952).

PaccmoTrpuM  cMmBICTOBOE  ypaBHeHHE ¥
HOBBIN_cMBICI(Z4)=0,9995*cMmbIcn(ya), 3/1ech
HCHM3BECTHAS IEPEMEHHAsI HMEET CMBICII(Z4)=«IUTaHBI
JeTell OKOHYUTh MarucTpaTypy WM MOIYYHTh 2-0€
BEIcIiee oOpaszoBaHme». OnHa (pasa mpuMeHSIETCS
JUlsL  JIOTIONTHEeHUsT  (pa3bl  HOBOrO  CMbIca(Zs):
CMBICI(Y4)=«AETH OKOHUWIM MAarucrparypy WIH
MOJYYHJIH 2-0€ BhICIIee 00pa3oBaHKe, MPOSBICHHbIC
¢ cunoii ¢%44=0,999502». ®paza HOBOro_cMbicia(Zs)
JononHser (hpasy cMbicia(zs). HoBbIi cMBICI(Z4)=«
JUId  TIONy4eHHUs 2-0ro BBICIIETO 00pa30BaHMA
TpeOyeTCs IOCTOSIHHO HPOSIBIATH OOJIBILNE YCHUIINS C
ctoit ¢244=0,999502.

Paccmorpum CMBICIIOBOE ypaBHCHHE
1*HOBBIHA_cMBICcI(Z1)=0,9131*cMmbIcn(y1)+
0,4078*cMmeici(y2). [Be BhImenpUBecHHBIE (Ppa3sl
2-x HE3aBUCHMBIX  y-CMBICIIOB  TIEPEMEHHBIX
cMBbIc(y1), CMBICH(Y2) IIPUMEHSIOTCS JUISL
JIOTIOTHEHHUS HOBOTrO  cMbIci(z1).  Dpaza
HOBOTO_CMBICTA(Z1) JIOTIOJTHSIET ¢bpazy
CMBICNA(Z1)=««MaTepHUaTbHOE I0JIO’KEHUE
poautenei»». @paza HOBOIO CMbICTa(Z) HMEEeT BUA
HOBBI  CMBICNI(Z1)= «AJS TIOBBINIEHHS ypPOBHSA
«MaTepUaITbHOTO TIOJIOKCHHUS pomuTenei
noTpeOyeTcs: a) MPEBBICUTh YPOBEHb MaTEPUAIEHOTO
nojoxeHus poauTeneii (c cumoit ¢?1=0,91312); 6)
MOBBICHTH ~ YPOBCHb  COIMANBHOTO  ITOJIOXKCHHUS
poauteneii (¢ cuoit ¢l22=0,40782)» (xapakTepHu3yeT
00pa30BaTeNBPHYI0  COCTaBIIOIIYIO  COIHAIEHOTO
KaIuTaay.

PaccmoTpum CMBICJIOBOE
1*HOBBIN_cMBICI(Z3)=0,9995* cMBICI(Y3),
HEM3BECTHAsl TEPEMEHHas KOTOPOro  JIOMOJHSET
WCXOJHBINA CMBICII(Z3)=«CTENeHb MOTHBAIMH JIETEH K
oOyuenuto». Opna ¢paza nOpuUMeEHseTCs Ul
JIOTIONTHEHHST (pa3bl HOBOTO CMBICTIA CMBICI(Y3)=«
MOCTOSIHHO ~ NpOsIBIsieMasl  BBICOKas CTEIeHb
MOTHBAIlMM JeTed K oOydueHHIO (¢ CHIIOH
c%33=0.99952) Npy CWIBHOM MOTHBalUM JeTed K
o0yuenmio (¢ cunoii ¢%;=0.70712) u OpH BBHICOKOI
ycneBaemocTd (¢ cmioif c%1=0.70712)”». ®paza
HOBOTO_CMBICHA(Z3) JOMOJNHsET (ppa3y cMbIicha(zz) U
UMEeT BHJ] HOBBIH CMBICI(Z3)=« Uil TOBBIIICHHS
CTENeHN MOTHBALIMU JeTeil K 00y4eHHIo TpebyeTcs
MPOSIBUTH emle OoNbIIyi0 (OYeHb BBICOKYIO), HYeM
paHpIIE  MOTHMBAIMIO C cHIOH c244=0,999502».

YpaBHEHHUE

VcTaHOBJIEHA IPUYMHHO-CIIEICTBEHHAS CBS3b MEKILY
COCTOSIHMSIMH 4JIEHOB ceMbH. Korma omHO coObiTHe
BCer/Ia IIPOUCXOJIHUT BCIIEACTBUE APYTOTO.
[IpaKTHYECKH MOCTOSHHBIMH M3MEHYHBOCTSIMU
o0nagaer KOppENMPOBaHHAs C JIPYTHMHU z-
[IEPEMEHHBIMH OJIHA Z-TIEPEMEHHAs Z5 C JUCIepCUeii
dsp{z5}=0,8296. 'V  HeKOppemMpOBaHHBIX Y-
[EPEMEHHBIX TAKOBBHIMH SBISIIOTCS Y3, Y4, Y5, Ye,
BIUSIONIMX  HA  JMCICPCHM  HEKOTOPBIX  Z-
[EPEMEHHBIX: 3HAUCHUsI ITHX JIUCIEPCU MeHbIe |:
disp(ys)=x3=0,333, disp(ys)=h4=0,333,
disp(ys)=As=0,333, disp(ys)=A6=0,333. OcranbHbic 2
y-TIepeMEHHbIE Y2, Y1 OOJIAJal0T U3MEHYHUBOCTIMHU
disp(y1)=\=1,8707 disp(y2)=h2=1,3227.

HpI/IBe,ZleHHBIe COPTHUPOBKHU H606X0,Z[I/IMLI JUISA
NpeaACTOALICTO OCMBICJICHUA nun CMBICJIOBBIX
ypaBHeHPIfI nus3 SaﬂaHHOﬁ CHUCTCMbl KOHKPCETHBIX

CMBICIIOBBIX ypaBHEeHHH 00 ¢akropax ®C cyObekra
Tpyaa. s KOHCTpyHUpoBaHHS (Ppa3 HOBBIX CMBICIIOB
Z-TIepeMEHHbBIX Ba)KHO 3HAThH CTETeHb
JIOMUHHUPOBAHUA NHUCIEPCUU HAlIEW MOJIEJIbHON Z-
NEPEMEHHON HaJ JUCHEpPCUEH CTaHJapTHOU z-
nepemenHoit (=1). JIBe z-mepeMeHHble  Z3,Z4
o0nagaroT 3aMETHBIMHU HU3MEHYHUBOCTSIMU
disp(z3)=1,1877, disp(z4)=1,4300, oHHu comepKar
Oonpmrie noaM WHPOpPMANHNH, YeM Z-TIepEMEHHEIC
71,25,Z5. 3Ha4YCHHS W3MCHUYMUBOCTH Z-TIEPEMEHHBIX
Z1,Z2,Z5 paBHBI 3 pa3HBIM JIMHEHHBIM KOMOWHAIHAM
TTOTMHOYKECTB MHOKECTBa y1,Y2,Y3,Y4,Ys5
HEKOPPETHPOBAHHBIX y-TIepeMeHHBIX.
V3MEeHYMBOCTH M CMBICIBI 3THUX 3-X Z-TIEPEMEHHBIX:
Z1,23,Z5 C pa3HOl cUiIOHN (II0-pa3HOMY) HPOSIBISIOTCS,
HO HMX U3MEHYMBOCTH MPEHEOPEIKUMO Mo
MEHSFOTCS B MOMEHTHI UX U3MEpPEHHs (B KOHCYHOM
qrcie WHTEPBAIOB HM3MeHeHHs). KoHcTpyupoBaHue
HOBBIX CMBICJIOB Z-TIEPEMEHHbBIX, BBIYHUCIIIEMBIX 10
dopmymam MaTPUYHOTO paBeHCTBA
cMBICT(Zme)=cMBICI(Y mg)*CTes, MpOBEIEM B TAKOM
MOPSIAKE POCTa OUCTIEPCHIL: Z1,22,Z5,23,Za.

B npenmernsix obmactax crareit  [1-16]
KOHCTPYHpPOBAJIACh CyYMMa 3aBHCHMBIX CMEBICIIOB
KOPPEIUPOBAHHBIX Z—TICPEMECHHBIX, MPOSBICHHBIX C
3aMeTHBIMM ~ Becamu.  OtOpaceiBanwe  ciabo
BIMSIOIINX HA y-TIEPEeMEHHYI0 (BXOJSIIUX B
dbopMylly CBOEH y—TIepeMEHHOW) 3aBUCHUMBIX Z—
MEepeMEHHbIX  BHOCHJIO  HE3HAYUTEJbHYH)  H
W3BECTHYIO TPEHEOPEKMMO Malyl0  YHCIIOBYIO
MOTPENIHOCTh, HE BIUSIONIYIO HA CYMMAapHBIH CMBICI.
B nanHO# cTaThe BIIEpBEIC paccMaTpUBaeM MPOOIEMyY
KOHCTPYUpPOBaHHs (pas3bl, BBIPAKAIOIIECH CYyMMY
(dpa3 HE3aBUCHMEBIX CMBICIIOB HEKOPPEIUPOBAHHBIX
y-nepeMeHHbIX. OfiHa y—TIepeMeHHas 10 KPUTEPHIO
BaXXHOCTH OTJIMYAETCSI OT JPYrodl y—TepeMEHHOM
BEJINYMHOM JTUCTIEPCHH, & CMBICIBI UX OTIMYAIOTCS
¢paszamu ux cmbiciioB. CemaHTtudeckas ¢opmyia
CMBICI(Zik)=CMBICI(Yi1) *Cia+CMBICI(Yiz) *Ciat+
CMBICI(Yi3) *Cka+CMBICII(Yia) *CratcMbICI(Yis) *Ciks
COIEPXHT 5 cMbIcTIOB. Heo0X0uMO TIOYyIUTh OHY
¢pa3y, O0OOCHOBAaHHO BKIIOYAIOMIYIO (C Yy4eTOM
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3HaquHﬁ BCCOB y—HepeMeHHBIX n3 ManI/II_[I)I C66) 3aMCTHBI y—HepeMeHHLIe C Z[OMI/IHI/IpyIOIlIPIMI/I
CMBICJIBIL 5 HC3aBUCHUMBIX CMBICJIOB. O6OCHOBaHI/IH ,HI/ICHepCI/IHMI/I B (bopMlee Z-CMBICJIa

JOJDKHBI TOAKPEIUIATBECA 3HAYMMBIMU YHCIOBBIMHA

BCINMYHUHAMH,

paccMaTpuBaeMoil cuTyanumu. Bompoc: Oynyt sm

OTHOCAIIHUECSA K CyTH

k€{l,...,5}.

CMBICI(Zik)=CMBICI(Yi1) *Ck1+CMBICI(Yiz) *Cio+
CMBIC(Yi3) *Cika+CMBICII(Yia) * CiatCMBICTI(Yis) *Cis,

Tabuuna 2. U3BievyeHHble 3HAHUSA 00 6 Z-paKkTopax cONMAJLHOI0 KANTAIA

CJ10’)KHONIOAYMHEHHOE NPEeJI0KEHHE, HOBBIH cMbIch z-(akTopa ¢ | “Beca” He3aBUCHUMBIX Y-
eIMHUYHBIM BECOM (axTopoB

Zs5 Hogslit_cMmbIci(zs)=«HU3Kass ~CTENeHb MOTHBammMu jereit K | C11=(-0.2000)
o0ydyeHuro (C cuiOW TpOsBICHHS =1) SIBISETCS CIEICTBUEM
MpPOSIBIICHU# Ipyrux (DAaKTOPOB COCTOSIHUSI YICHOB CEMbH IPU
YXYIIIAIOIEMCS] MATEPUATLHOM MOJIOKSHUU pOaUTeNei (¢ cuioi
¢?11=(-0.2000)?), Hey10BIETBOPEHHBIX YCIIEBAEMOCTEIO eTeil»

V4) HoBblii_cMbICi(Z2)="ans TNOBBINIEHUS YPOBHsS 0Opa3oBaHus | c22=0,9262
poauteneii (¢ cunoil mposinenust =1) Tpebyercst  JOCTHKEHHE
JIOJDKHOTO YPOBHSI COIMANLHOTO MOJOXKEHHS POJMTENCH (C CHITo
¢?=0,9262%)».

Zg Hogsiit_cMmbici(Zs)=«ypoBeHb 00pa3oBanus poauteneii (¢ cuoit 1) | ¢11=0.9131;
MOJYUHAET K cebe MarepuaibHOe TMoNoXkeHue (¢ cuoii | ¢21=(-0,3759);
c?11=0.91312), ypoenb obpaszoBanus (¢ cuioit c21=(-0,3759)?) | cs1=(-0.2000);
MPU YMEHBIIAONIMXCS MOTHBAIMU JeTell K o0yuenuio (¢ cuoi | cg1=(-0.2000);
¢?51=(-0.2000)?) u ycieBaemocTu zereii (¢ cumoii c%1=(-0.2000)?)». | c33=0.99952;

U TOMYWHACT cebe YpPOBEHb CONHAIBHOTO TOJOXKEHUs»; | c53=0.7071;
0)cMBbICi(y3)="TIOCTOSTHHO TPOSIBIIIEMBIH He3aBUCUMBINA (akTop: | ce3=0.7071;
CTETIeHh MOTHBALMU JeTed K OOYYECHHUIO TMPOSBISETCA C CHIIOH | ce6=0,678.
¢%33=0.99952 NPH CWIBHOW MOTHBAaLMU JAeTedl K oOydeHHIo (c

cunoit ¢%3=0.70712) u mpu BbICOKOH ycmeBaemMocTu (C cuioit
c%3=0.70712)”; B) cMbIcaI0M(Ys)=«ypOBEHb YCIEBAEMOCTH JETel ¢

cunoi nposieienus c%66=0,67822».

Z4 HoBprIil_cMBICI(Z4)=« 1715 TOTy9eHuUs 2-0T0 BBICIIEro oopasoBanus | c44=0,99950
TpeOyeTcsi IMOCTOSHHO MPOSBISTh OOJBLIME YCHIHS C CHIIOH
€224=0,999502>

y4) HoBblii_cMBICI(Z1)=«UIsl TIOBBIILIEHNS] YPOBHS «MaTepuaibHoro | c11=0,9131,;
MOJIOXKCHUST POAUTENICH TMOTpeOyeTcs: a)IpPeBBICUTh ypoBeHsb | ¢12=0,4078;
MaTepHaIbHOTO MONOKEHHs poauTeneii (¢ cuioii c?11=0,91312); 6)

MIOBBICUTH YPOBEHb COIMAILHOTO MOJIOKEHUS pouTenei (¢ crmoit
c12,=0,40782)».  cMmbBICI  XapaKTepu3yeT  00pa3oBaTelbHYIO
COCTABJISIFOLIYIO COIMAILHOTO KAITUTANA.
z3 disp(zs)= HOBBIN_CMBICII(Z3)=«IsI TOBBIIICHUS CTEIICHH MOTHBAIIAH JIeTei K | c42=0,99950
0,9552 o0ydeHuro TpedyeTcs MPOSBUTH elle 00JIbIIYIO ( OYEHB BBICOKYIO), disp(z3)=0,8300;
4eM paHbIlle MOTHBALMIO ¢ CHIIOH ¢%44=0,999502». disp(z4)=0,7411
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Tabauna 3. MogeabHasi MaTpuna Ces COOCTBEHHBIX BEKTOPOB, KOMIIOHEHThI KOTOPBIX PABHBI
k03¢ PuneHTaM KOppeIsIuil Me:xKay Z-TlepeMeHHOI 1 y- mepeMeHHOoM

Assdiag(3.0000, 1.0000, 0.3333, 0, 0.3333, 0, 0.3333, 0.3333)

1 2 3 4 5 6
21 0,9131 0,4078 0,0000 0,0000 0,0000 0,0000 1,0000
22 -0,3759 0,9262 -0,0083 -0,0083 -0,0083 0,0250 1,0000
z3 -0,0083 -0,0083 0,9995 -0,0083 -0,0083 0,0250 1,0000
z4 -0,0083 -0,0083 -0,0083 0,9995 -0,0083 0,0250 1,0000
z5 -0,2000 0,0000 0,7071 0,0000 0,6782 0,0000 1,0000
26 -0,2000 0,0000 0,7071 0,0000 0,0000 0,6782 1,0000
1,0551 1,0243 1,9992 0,9992 0,4602 0,4619
Ta6nuua 4. Moaenbnast MaTpuna Vg cilyqaiiHbIX pABHOMEPHO pacnpe/ieJeHHbIX B uaTepase [-1 +1]
quces
VO Vo, Vs Vo4 Vs Vg
Ne 1 2 3 4 5 6

1 -0,1592 -0,4648 0,5178 0,7862 -0,9064 -0,4485
2 0,8834 -0,7690 0,7788 0,5032 0,8081 0,7159
3 -0,2457 -0,3352 -0,0780 0,9882 -0,1349 -0,7593
4 -0,6059 0,1943 0,7120 -0,6910 -0,6487 -0,1279
5 0,9241 -0,7476 0,8331 0,3382 0,2480 0,7421
6 -0,9069 0,0318 -0,2338 0,3326 0,0616 -0,6223
7 0,5559 0,7347 0,7802 0,7328 0,1028 0,8243
8 -0,3782 0,9753 0,7806 -0,5464 -0,8918 0,3024
9 -0,2902 -0,8743 -0,8620 -0,2033 0,3077 0,5939
10 -0,5630 -0,6750 0,8421 0,4497 -0,9565 0,3312
11 0,3021 0,7621 -0,3577 -0,9128 0,8971 0,8298
12 0,5572 0,9620 -0,5025 0,1089 0,2174 -0,7264
13 -0,6708 0,3793 -0,0907 -0,7140 0,2351 0,2119
14 0,6245 0,9117 0,8141 -0,2014 0,8193 0,6850
15 0,7530 -0,7913 -0,1037 0,5671 0,6619 0,1332
16 -0,7787 0,1452 -0,2750 0,1795 -0,5124 -0,2106
17 0,4821 -0,2190 0,2412 -0,6718 -0,9503 0,7799
18 0,3772 -0,1930 0,0974 0,7508 -0,5770 0,8906
19 0,8898 0,1236 0,4186 -0,5274 -0,2924 0,1699
20 0,2059 0,0548 0,9606 0,9156 -0,0574 0,4584
0,0978 0,0103 0,2637 0,1092 -0,0784 0,2387
0,3693 0,3730 0,3555 0,3755 0,3699 0,3455
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Taoauna S. Mopeabnas marpuna Ums 3HaYeHHN IeKOPPeTUPOBAHHBIX U-TIEPEeMEHHBIX

u1 u2 us U4 us Us
1 -0,42843 -0,777899051 0,4752359 1,12265219 -1,372823 -1,279152
2 1,30973 -1,276151847 0,96326605 0,653275619 1,469905 0,888456
3 -0,57273 -0,56580428 -0,6389246 1,45770426 -0,093545 -1,857726
4 -1,17331 0,301265529 0,8384052 -1,327175666 -0,945553 -0,682398
5 1,3775 -1,241069253 1,06484389 0,379767856 0,541287 0,937087
6 -1,67509 0,035197537 -0,9301905 0,370455231 0,23222 -1,602754
7 0,76369 1,186326413 0,96589109 1,034182247 0,300429 1,090139
8 -0,79365 1,580330931 0,96669002 -1,087274335 -1,348636 0,118652
9 -0,64691 -1,448466354 -2,1048411 -0,518293161 0,64016 0,661321
10 -1,10178 -1,122228215 1,08162135 0,564603228 -1,455807 0,172283
11 0,34057 1,231104197 -1,1618793 -1,695024374 1,617455 1,100365
12 0,76583 1,558441791 -1,4327154 -0,000632651 0,490586 -1,796597
13 -1,28138 0,604215223 -0,66255 -1,365337186 0,519934 -0,049853
14 0,87807 1,476082653 1,02923458 -0,515155211 1,488424 0,830848
15 1,09237 -1,312633747 -0,6869743 0,75935857 1,227428 -0,196428
16 -1,4614 0,22100535 -1,0072299 0,116584961 -0,719471 -0,836359
17 0,64066 -0,375498699 -0,0420121 -1,295290046 -1,445586 1,007534
18 0,46574 -0,332819874 -0,3109081 1,064043383 -0,826541 1,213648
19 1,32032 0,185622905 0,28977075 -1,055793612 -0,354744 -0,128026
20 0,1802 0,072978792 1,30326647 1,337348697 0,034879 0,408962
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
Taoauna 6. MoaeabHas MaTpuna Yms 3HaYeHUH HEKOPPeIHPOBAHHBIX y-lepeMEeHHBIX
Y1 Y2 Y3 Y4 Y5 Y6

1 -0,7421 -0,7779 0,4752 0,6482 -0,7926 -0,7385
2 2,2685 -1,2762 0,9633 0,3772 0,8486 0,5129
3 -0,9920 -0,5658 -0,6389 0,8416 -0,0540 -1,0726
4 -2,0322 0,3013 0,8384 -0,7662 -0,5459 -0,3940
5 2,3859 -1,2411 1,0648 0,2193 0,3125 0,5410
6 -2,9013 0,0352 -0,9302 0,2139 0,1341 -0,9253
7 1,3227 1,1863 0,9659 0,5971 0,1735 0,6294
8 -1,3746 1,5803 0,9667 -0,6277 -0,7786 0,0685
9 -1,1205 -1,4485 -2,1048 -0,2992 0,3696 0,3818
10 -1,9083 -1,1222 1,0816 0,3260 -0,8405 0,0995
11 0,5899 1,2311 -1,1619 -0,9786 0,9338 0,6353
12 1,3264 1,5584 -1,4327 -0,0004 0,2832 -1,0373
13 -2,2194 0,6042 -0,6625 -0,7883 0,3002 -0,0288
14 1,5209 1,4761 1,0292 -0,2974 0,8593 0,4797
15 1,8920 -1,3126 -0,6870 0,4384 0,7087 -0,1134
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16 -2,5312 0,2210 -1,0072 0,0673 -0,4154 -0,4829
17 1,1097 -0,3755 -0,0420 -0,7478 -0,8346 0,5817
18 0,8067 -0,3328 -0,3109 0,6143 -0,4772 0,7007
19 2,2869 0,1856 0,2898 -0,6096 -0,2048 -0,0739
20 0,3121 0,0730 1,3033 0,7721 0,0201 0,2361
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
3,0000 1,0000 1,0000 0,3333 0,3333 0,3333
Taoauua 7. MogejbHast MaTpuna Zms 3HAYCHUH KOPPETUPOBAHHBIX Z-TIePEeMEHHbBIX

Ne Z3 Z2 Z3 Z4 Zs Zs
1 -0,9948 -0,4629 -1,5196 -0,3137 -0,1394 -0,9794
2 1,5510 -1,9962 -2,4636 -0,3001 -0,8908 -0,0194
3 -1,1365 -0,1772 -1,1179 -1,2331 0,2591 -1,0542
4 -1,7327 0,9961 0,5744 1,1379 -0,4794 0,5238
5 1,6724 -2,0000 -2,3904 -0,1573 -1,0095 -0,2762
6 -2,6348 1,0555 0,0495 -0,9209 0,2322 -0,5316
7 1,6915 0,6202 2,2864 2,1512 1,7795 1,9870
8 -0,6107 1,9497 3,0494 2,5468 0,9399 1,7358
9 -1,6137 -0,9315 -2,7636 -3,5313 -1,7115 -2,6861
10 -2,2001 -0,3746 -2,1639 -0,0250 -0,7866 -0,9275
11 1,0406 0,9434 2,3973 0,0757 0,2604 1,0429
12 1,8467 0,9876 2,9856 0,0851 1,5287 0,7375
13 -1,7801 1,3480 1,1727 -0,0597 -0,1864 0,3393
14 1,9906 0,8203 2,8420 2,4999 1,1627 2,7867
15 1,1923 -1,8835 -2,5351 -2,0008 -0,8665 -1,3178
16 -2,2211 1,1041 0,4249 -0,7968 0,2862 -0,7729
17 0,8601 -0,7236 -0,6952 -0,3866 -1,0980 -0,9713
18 0,6008 -0,5899 -0,6221 -0,6244 0,3081 -0,8763
19 2,1638 -0,6261 0,3601 0,4787 -0,4278 0,2516
20 0,3147 -0,0594 0,1290 1,3743 0,8390 1,0082
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
2,5984 1,2960 3,7129 2,0511 0,8296 1,6189

MopneaupoBanue 3HaYeHMit z- u Y- (L/M)UTme*Ume=lge. Jlanee BuIUMCIAETCS MOAEILHAS

W3MEHYMBOCTEll NPOSIBJEHHBIX cHJ B (aKTopax
COLMAJILHOT0 KamUTAaIa

MopaenupoBanue  3Ha4Y€HUH  Z-TIEpEMEHHOMN
(M3MEHYMBOCTH CHJI TIPOSIBIICHHS (PaKTOpa COCTOSTHUS
cyOBeKTa Tpyaa), BXOIsMIeH B (GopMyny j-o y—
MEePEeMEHHON M3  MOAENbHOM  MaTpuubl  Yms,
NPOBOJUTCS OTNENBHO Jpyr oT apyra. Mwmes
«peanbHyto» Matpuly Ces OTAEIBHO MOJECIUPYETCS
ciyuaiinas matpuna Vome (Tabmuma 3), xoropas
npeoOpasyercss B ciydaiiHylo (C HeEOnpe/ieIeHHBIM
3aKOHOM pacnpeneneHus) MaTpHILy Unes,

MaTpuia YmGZUmG*A(UZ)Ge, A66=diag(3.0000, 1.0000,
0.3333, 0,0.3333, 0, 0.3333, 0.3333). 3naueHus
KOMITOHEHT CTOJIOIOB MAaTpHIl Yme BIHUSIOT Ha
B3aUMHYI0O JUHAMHKY KPUBBIX  Y1,Y2,Y3,Y4,Y5,Y6
(Tabmuma 6, Pucynoxk 1). Ciyuwaiinas BbIOOpKa
YmBZUmG*A(1/2)66, e Asezdiag(S.OOOO,
1.0000,0.3333,0,0.3333,0,0.3333,0.3333),
MOJIETIUPYETCS OTJIENBHO OT MaTPHIBI Zms.

[Tocite HaXOXIEHHSI CMBICIIOB CEMaHTHYECKHX
MEepEeMEHHBIX W3 CHCTEMbl CMBICIOBBIX YpaBHEHHUH
MOJEIMPYIOTCS YKa3aHHbBIE CIydaiiHas MaTpuma y-
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H3MeH‘IHBOCTeﬁ YmG WU BBIYHUCJICHHAsA ManI/II_[a z- B3aUMHBIC JUHAMUKHU KpI/IBLIX (HepeMeHHLIX

n3MeHInBocTe Zme=Yms*CTes. Termepr MoXHO B
CCITI, B CIIII, 03ByYHBAOIINX PA3TOBOPHBIM S3BIKOM
HCKYCCTBEHHOTO HHTEIUIEKTa CyMMAapHBIC CMBICIIBI
CEMAHTHYECKUX  NEPEMECHHBIX, KOHCTPYHpPOBATH
00OCHOBBIBAIOIIAE CJIOBa 00 3HAYCHWAX y- U Z—
W3MEHYMBOCTEH CHJI TPOSBICHUS Y-(paKTopoB, z-
(hakTOpOB. 3HAUCHHS Y- U Z—U3MCHUUBOCTCH MCHSIIOT
3HAYCHHSI CHJIBI MPOSBJICHUS B KaXIOM HHTEpPBAJeC
BpeMEHH (MX M MTYK). B3auMHbIC JMHAMHKH TOYECK
KPHMBBIX KaK y—HM3MEHUYUBOCTH Yj, j=1,...,6, TaKk u z-
W3MEHUYMBOCTHU Zik, k=1,...,6 BHU3yaJIbHO
COOTBETCTBYIOT pearbHBIM MIPEICTABICHUSIM
(Pucynku 2-7). B mporecce BRYUHCICHAN 3HAYCHUN
5IEMEHTOB MATPHULL Y me, Zme=Y m6C 66 HCIOTB3YIOTCS
panee BbruucieHHble Matpunbl Ces (Tabmmma), Ass
(Tabmuma), IIOCTaBJIAIOIINX JIOTIOTHUTEIHHYIO
nHpopManuio. OTuM MBI TIoka3bBaeM Kak (Ces, Ass,
Yme, Zme)-OPTPET, TaK M CMBICIOBON SIBICHUS
COIMAJIbHBIM KaluTal 3HaHUH.

Busyanuzanusi JAMHAMUK H3MeHYHBOCTel
cTelleHeH M YpOBHeil INPOSIBJCHHBIX (PaKTOPOB
(pYHKIIOHAJIBLHOIO COCTOSTHUS Y/1€HOB CeMbH

YucnoBsle cBA3M BUAA Zms=Y ms*CTe, I'ie uncna
u3 Y mg MaTEMaTHIECKH 81usiom (TIPH HOMOWU CIMPOK
MaTpulbl «BecoB» Ces Ha YMCIA U3 MATPULBI Yme U
HOMOTaIOT ¢opMyIpoBaTh MIPUYUHHO-
CIEJICTBEHHBIE  CIIOBECHbIE  CBs3W.  HailineHa
CTPYKTypa 3HaHUIl M CMOJEIUPOBAHBI YHCIOBBIE
JTaHHBIC JJIs1 IOBBIIICHHS CHUJI MIPOSBICHUS (DaKTOPOB
(IpuuYMH), TO3BONAIONMX JOCTHYD  IKEJIaeMbIX
CIeJCTBUI OT/IEJIEHBIMU WIeHAMHU CeMbBH
(pomuTensamu, 1eTbMH). 3HAHUS IPEABABICHBI B BU/E
¢paz B Bume CCII, CIIII, npUAATOYHBIX
npenioxxeHuii KpuBble M3 3HaYeHU KOMIIOHEHT 6
CTOJIOIOB MaTpUIBl YMO BH3YaJIbHO OTOOpakaroT

Y1,Y2,Y3,Y4,Ys5, Y6 U3 0THOTO y-ypaBHeHUs). PucyHok 1
WUTIOCTpUpyeT (IPH  BO3PACTAHWM 3HAYCHHH Y1)
B3aMMHBIE JUHAMHUKHM 3HAYEHUH S5 H3MEHUYHBOCTEN
(yil,Zil,Ziz,Zis,Zie), YpaBHCHHC y1:0,9131*21+(-
0,3759)*z,+(-0,2000)*z5+(-0,2000)*z¢,  i=1,...,20,
00yCTIOBIICHHBIX BEIHYMHAMH HW3MEHUHUBOCTEH CHII
MpOSsIBJICHUS  Z-(DaKTOPOB Z1,Z2,Z5,Zs, BBHIYUCICHHBIX
Uit MakcumanbHOH nmonu A1=3.0000 y-mepemeHHOM
y1. BUZIHO OTJINYME BIUSHUS Z-KPUBOU HAa KPUBYIO Y1
B 3aBUCHMOCTH OT 3HaueHwus “Beca” 0,9131, (-0,3759),
(-0,2000), (-0,2000). Ha Pucynke 2 moOKa3aHbI
B3aWMHBIC NTUHAMHKH (TP BO3pPACTAaHUM 3HAYCHUIA
MEPEMEHHON 75) 3HA4YeHUH 4-X W3MEHYMBOCTEH

(Zis,yil,yi3,yi5), 25:(-0,2000)*y1+0,7071*y3+
0,6782*ys, i=1,...,20, 00yCIOBICHHBIX BEITMYNHAMH
3-x CHJI TIPOSBIICHHUA Y-TIEPEMEHHBIX Y1,Y3,Ys,
BBIUMCICHHBIX UII MHHUMAaJIbHOM  IUCTIEPCHH

disp(z5)=0,8296. Ha Pucynke 3 noka3aHbl B3aUMHbIC
JIMHAMUKY 3HAU€HU N N3MEHYUBOCTH 3-X TIEpEMEHHBIX
(ziz,yinYi2),  22=0,4078*y1+0,9262*y,, i=1,...,20,
00YCIIOBJICHHBIX BEJIMYMHAMH M3MEHUHUBOCTH 2-X
CHUJI TIPOSIBJICHUS] HE3aBUCUMBIX y-TIEPEMEHHBIX Y1,Y2.
Ha PucynHok 3. B3auMHBIE AMHAMUKH 3HAYCHUN
HU3MEHUYMBOCTH  3-X  TMepeMeHHBIX  (Zi2,Yi1,Yi2),
2,=0,4078*y,+0,9262*y,, i=1,...,20, 00yCIIOBICHHBIX
BEIMYMHAMH W3MEHUYHUBOCTHU 2-X CHII TIPOSIBICHUSA Y-
MEpEeMEHHBIX  y1,Y2. PHCYHOK 4 wWIIIOCTpHpyeT
B3aWMHBIE JUHAMUKH 3HAYCHUH HM3MEHYUBOCTEH 3-X
nepeMeHHbIX (zi1,Yi1,Yiz), Z1 =0,9131*y1+0,4078*y5,
i=1,...,20, 00yCITOBJIEHHBIX BEJIMYMHAMU
W3MEHYUBOCTH CWJI MPOSBIEHUS 2-X y-TIEPEMEHHBIX
Y1,Y2. PucyHok 5 moka3blBaeT B3aUMHbIE IMHAMHKHU
3HaueHni 4 wusMeH4uMBOCTEN (Zig,Yin,Yia,Yie), Z6=(-
0,2000)*y;+0,7071*y3+0,6782*ys, i=1,...,20,
00YCIIOBJICHHBIX BEJIIMYMHAMH W3MEHUYHUBOCTH 3-X
CHII TIPOSIBIICHUSI Y-TIEPEMEHHBIX V1,73, Z6.
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Pucynoxk 1. B3auMHble THHAMAKYA 3HAYEHHIT 5 u3meHunBocrei (Yii,Zi1,Zi2, Zis, Zi6),
y1=0,9131* z:+(-0,3759)* z2+(-0,2000)* zs+(-0,2000)* zs, i=1,...,20, 00yC.10BIEHHDBIX
BeJIUYHHAMH H3MEHYUBOCTEH CHJI MPOSIBIeHUS Z-(paKTOPOB, BHIMHCIEHHBIX A5l MAKCHMAJIBHOM 10J1H
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PucyHok 2. B3aumHasi TuHAMHMKA 3HAYeHHIT 4-X H3MeHYUBOCTEH (Zis,Yi1,Yi3,Vis),
z5=(-0,2000) *y1+0,7071*ys +0,6782*ys, i=1,...,20, 06yc;10BJIEHHBIX BETUYHHAMHI
3-X CHJI mpOofiBJIEHNS Y-TlePpeMEHHBIX Y1,Y3,Y5, BBIYHCIEHHBIX A1 MAKCHMAJIBHOM
mucnepeun disp(z1)=1,7983
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PucyHnox 3. BzaumHasi THHAMHIKA 3HAYEHUil N3MEHYUBOCTH 3-X MepeMeHHbIX (Zi2,Yi1,Yi2),
2=0,4078*y1+0,9262*y>, i=1,...,20, 00yCJIOBJIEHHBIX BeJUYHHAMHA
U3MEHYHMBOCTH 2-X CHJI NPOSIBJICHMSA Z-TIePeMEHHbIX Y1,Y2.

3,00
. 2,00
/\ > | 1,00
v / >//7“% /1IN b
| 2 4 5\6 / \/10 11 12 13\14 15 1% 17 18 19 20 _:;_ 00
~/ :
_ 7L‘>\”' -2,00
-3,00
-4,00
—2zl —yl —y2

PucyHnok 4. B3aumMHasi TMHAMHMKA 3HAYEHHIT H3MEHYUBOCTEll 3-X mepeMeHHbIX (Zi1, Yi1,Yi2),
yis=0,17117;3+0,9602zis, i=1,...,20, 00yCJI0OBJIEHHBIX BeJTUYHHAMHU
M3MEHYMBOCTH CUJI MPOSIBJIEHHUS 2-X Y-TlepeMeHHBIX Y1,Y2
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Pucynok 5. B3auMHasi JTMHAMUKA 3HAYeHUiT 4 UBMEHYUBOCTEN (Zis,Yi1,Yis,Yis),
26=(-0,2000) *y1+0,7071*y3+0,6782*ys, i=1,...,20, 00ycJIOBJIEHHBIX BeJIHYHHAMH
U3MEHYHMBOCTH 3-X CHJI NPOSIBJICHMA Y-NlepeMeHHBIX V1,73, Z6

1 2 3 4 5 6 1 2 3 4 5 6
z1 -
1,000 0,000 | 0,000 | 0,000 | 0,000 0,678 | 0,734 | 0,000 | 0,000 | 0,000 1,000
0 0,0000 0 0 0 0 1,0000 5 6 0 0 0 0,0000 0
z2 - 0,0000
0,000 0,000 | 0,000 | 0,000 | 0,000 0,734 | 0,678 | 0,001 | 0,000 | 0,000 1,000
0 1,0000 0 0 0 0 1,0000 6 5 0 8 0 0
z3 | 0,000 1,000 | 0,000 | 0,000 | 0,000 0,000 | 0,000 | 1,000 | 0,000 | 0,000 | 0,0007 | 1,000
0 0,0000 0 0 0 0 1,0000 1 1 0 0 4 0
z4 | 0,000 0,000 | 1,000 | 0,000 | 0,000 0,000 | 0,000 | 0,000 | 1,000 | 0,000 | 0,0000 | 1,000
0 0,0000 0 0 0 0 1,0000 1 1 0 0 0 0
z5 | 0,000 0,000 | 0,000 | 1,000 | 0,000 0,000 | 0,000 | 0,000 | 0,000 | 1,000 | -0,0001 | 1,000
0 0,0000 0 0 0 0 1,0000 1 0 1 1 0 0
z6 | 0,000 0,000 | 0,000 | 0,000 | 1,000 0,000 | 0,000 | 0,000 | 0,000 | 0,000 1,000
0 0,0000 0 0 0 0 1,0000 0 2 1 1 0 1,0000 0
1,000 1,000 | 1,000 | 1,000 | 1,000 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0 1,0000 0 0 0 0 0 0 0 0 0 1,0000
c211+c22 | 0,975
1= 0 1 2 3 4 5 6
c232+c24 Lamb | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 6,000
2= 1,00 da 0 0 0 0 0 1,0000 0
c51
= 0,000 | c253+c26 | 1,000
0 3= 0 0 0 0 0 0 0
c61
= 0,000 1,920 | 2,079 | 1,000 | 0,333 | 0,333 | ##HHH#
0 rjj=1 6 4 0 3 3 #it
Pucynox 8. Ilporpamma-tadauua Onrumusanuonnoit 3agaun (Iss,le6)=>(Ces,A66)
st HaacTpoiiku «Ilouck pemenusi» B T Excel: neneBasi pynkuus, n3amMeHsiMmble siueiiku,
¢yukuuu orpanuyenuii. leneBas siueiika cogepkutT popmyiy Ai+...+As
[ ]
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MapamMeTpbl MOWCKA PELLIEHHA * |
|
ONTUMWZIMPOEETE LEeneByn GyHELMID: E.Ps,ﬁl +
|
Ao () Makeumym ) Murumy 0 2navenus: &
M3MeHAR AYeAkl MepemeHHBE
SCS4:5HS9;5)512:50812 +
B COOTEETCTEMN C OrPaHHEHHUAMI:
SC58 = 5C513
SES11 = 0,975 AobaeuTe
5C559 = 5C514
SES13 =1 W3meHHTE
SEZ12=1
| 3P512=6
SKS12 ==1 YaanuTe
81512 =3
| 5154:5159 = 1
| 512 == 1 CEpOCHTE
|
| 3arpysuTe/CoXpaHHTE

BriGepHTe
| METOJ PELEHKNA:

MeTog peweHna

MoKnck peWweHnA HEAMHERHEIX 33434 MeTogom OMNF ~

|| Cagnate nepemeHHEIE BEZ OrpAHMYEHWIA HEOTPHULATENEHEIMK

MapameTpr

ANA rNagenx HeAWHEMHEI 38434 MCNOABIYHTE MOWCK PEWEHNA HEAMHENHE 33434 METO40M
O, 4nA AMHERHER 38434 - NOWCK PEWEHNA NMHERHEIX 38434 CAMMASKC-METOZO0M, 8 419
HErN3gKME 33434 - IE0NHLWOHHEIR NOWCK PELWEHKA,

Cnpaeka

3aKpLITE

Hanti peweHne

Pucynok 9. Bua okna npoueaypst Solver: ueseBast
¢yHkuus, u3mMeHsieMble si4YeiikH, PyHKIMH OrpaHUYCHUH

3akjauenue
KoruutuBHbIE BBIYUCIEHUSA ¢ CEMAHTUYECKUMU
MEPEeMEHHBIMU  TMPOBEJACHBI  MPU  HAXOXKICHUH

pelIeHuid 2-X CUCTEM MHOTOCMBICIOBBIX ypaBHEHUI
npyu (opMan3aluil HCKYCCTBEHHBIM HHTEIUICKTOM
SBIICHHS  COLMANBHBIA  KamuTan.  Pa3paborana
KOTHUTHBHAs MOJIEIb COIMAJILHOIO KaluTajia B
paMKax CHCTEMBI «POIUTENH-IETH-()YHKIIMOHAITEHOE
COCTOSIHHE YJIEHOB CEMBIY. W3Bneuena
COBOKYITHOCTh CKPBITBIX 3HAHUH W3 «U3MEPEHHBIX)
3HAUCHHH TII0Ka3aTeJeH IIOBBIIICHUS CTEICHEH U
YpOBHEH TPOSIBISIEMBIX (PAKTOPOB Pa3HBIMHU YJICHAMH
CeMbU  JUIS  JIOCTVDKEHHS  WMH  CTaTyCHBIX,
00pa30BaTeNbHBIX IICNICH, IS MOBBIIICHUS CTEIICHH
MOTHUBAIIW, yCIIEeBAEMOCTH JieTell B yuebe. Haiinena
CTPYKTypa 3HaHMM M CMOJEIHMPOBAHBI YHCIIOBBIE
JTAaHHBIC JIJIsl IOBBIICHUS CHJI MIPOSIBICHUS (DaKTOPOB
(IpUYMH), TO3BOJIOMMX JOCTHYh  KEIACMBIX
CJICJICTBHI OT/IEIbHBIMU YICHAMH CEMBH (POIUTEICH,
neteit). 3HaHU npeabaBieHsl B Buae ¢gpas u3 CCII,
CIITI, npuaaTOYHBIX TPEUIOKCHUH TTOBBIIICHUS

CTEeNieHell W ypOBHEil NpOSBISIEMBIX (HaKTOPOB
pazHbiMu wieHamu ceMbu. Ctpyktypa CCII s3bika
NN nopuussierca pexomenpamusm Nel, cTpykrypa
CIIII si3pika MM nopuumusiercss pexkomeHganusim Ne2.
CMBICITBI BBIYHCIICHHBIX Z-TIEPEMEHHBIX OTIMYAIOTCS
OT CMBICIIOB MOJICJIbHBIX Y—TIEPEMEHHBIX KaK XKe Kak
OTIMYAKOTCS HepealbHOe OT peanbHoro. PeanbHoe
MOTYMHSACT  HepealbHOe  KaKk  MIeaJbHOCTb,
MIOMOTAIOMIAs PEeaJbHOCTH 007afaTh CBOWCTBAMH
peaNbHOCTH, 4TO ycuiawio 3HaHue 00 PC cyObekTa
Tpyna. Takoe mnomgumHenwe mno3Bomwio MU
npumennts CCII CIIIT nmpu koHCTpynpoBaHuu ¢pas
CMBICIIOB B TIPOIIECCE HAXOXACHUS CEMAaHTHYECKUX
peleHni 2-X CHCTEM CMBICIOBBIX YPAaBHEHUI W3

MaTpUYHBIX  PaBEHCTB eMBICT(Zmns=Y ms*CTgg),
cMBICT(Ym5=Zms*Ces) M TONYYEHBI  TEKCTOBBIC
«rabaumsl  cMBICIOB» (MX cxeMa  [CMBICH(Zms=
Yms*CTe6)], [embicn(Yms=Zms*Ces)]). B crarbe
BIIEPBBIC  IIPOBEJCHBl KOHCTPYHUPOBAaHHS HOBBIX
CMBICIIOB M3  «TalNuI[  CMBICIIOB BUjIa
[eMBICT(Zms=Yms*CTg6)], T.e. CMBICIOB (TeCHO
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CBSA3aHHBIX C PEAJbHOCTHIO) BBIYUCICHHBIX Z—
MEPEMEHHBIX (Z1, Z2, Z3, Za, Zs, Zg) TIPU WU3BECTHBIX
CMBICIIAX OTICIbHO MOJCIMPYEMBIX CIy4alHbIX Y-
nepeMeHHBIX (Y1, Y2, Y3, V4, Y5, Y6) C yI€TOM 3HAYCHUHA
ux BecoB u3 Matpuibl Ces. Busyanusanus quHaMUK
HaOOpOB PAa3HOrO KOJHMYECTBA Z-,Y-W3MEHYHMBOCTEH
“BeCOB” MOATBEPANIIA aICKBATHOCTD X JKEIaeMOMY.

Mogaens COIMATILHOTO KamuTanaa HE
aHAITM3UPYET CKOPOCTHU MPOSIBICHUN NEPEMCHHBIX, a
MOJICIUPYET TOYCYHBIC 3HAYCHUS B M HHTEpBaliaxX
BpeMeHU. MoJenb HCKYCCTBEHHOTO HMHTEIUICKTA
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Abstract: This article examines engineering approaches to improving the resilience of stream processing
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Introduction solutions that are able to supply fault tolerance and

In the context of rapidly growing volumes of scalable reliability in loads.
data and increasing demands for real-time analytics, The goal of this article is to analyze current
stream processing platforms have become a corner engineering methods for improving the resilience of
stone of modern digital infrastructure. They enable stream processing platforms that operate in real time.
real-time event processing across various industries Particular attention is given to practical applicability,
such as fintech, telecommunication, loT, online architectural flexibility, and integration with modern
shopping, and cyber security. However, high rates of infrastructure tools.
in-arrival data streams, latency reduction, and round-
the-clock system availability create monumental Main part. Theoretical foundations of
resiliency and scalability challenges. distributed stream processing

The significance of this work is driven by the Stream processing platforms enable real-time
growing prevalence of overloads and failures in responsiveness to events and play a critical role in
distributed stream processing systems, particularly latency-sensitive  systems such as monitoring
under real production conditions. Loss of data, service frameworks,  algorithmic  trading,  industrial
level agreement (SLA) violation, and performance automation, and anomaly detection [1]. Their
degradation can carry enormous economic and functionality encompasses the ingestion, routing,
reputational implications. In the context of the global transformation, and aggregation of data in real time.
trend towards microservices and cloud-native The architecture of a typical stream processing
architecture, there is a rising need for engineering platform consists of several functional layers (fig. 1).
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Figure 1. Architectural layers of a stream processing platform

Lying at the system's input layer are message
brokers, which serve as buffers and distribution points
for streaming data between system parts. Three of the
most prevalent broker implementations that are used
include Apache Kafka, Apache Pulsar, and
RabbitMQ, each with high throughput in addition to
solid fault tolerance. The second tier in the
architecture is the cluster of processing nodes (or
stream processors), which contain the application
logic for data transformation executed. In the majority
of production setups, stream processing occurs as self-
built services, typically executed as scalable
workloads (e.g., pods) in Kubernetes clusters. Such
services may accept messages directly from brokers
such as Kafka or Pulsar and encase application logic.
Another approach is to use frameworks for stateful
computations over data streams such as Apache Flink,
Apache Storm, or Kafka Streams. Storage systems are
eventually utilized for permanent storage and later
analysis of processed data. NoSQL databases like
Cassandra or DynamoDB are widely used for storing
service state, while object storage services are used for
raw content and heavy data storage. OLAP databases
such as ClickHouse, Snowflake, and Redshift are used
for online analytical processing.

But in actual deployments, the choice of the
technologies is never arbitrary and typically driven by
the cloud environment in which the service is being
deployed. For instance, in AWS, an ordinary
streaming stack may comprise Amazon MSK or
Kinesis as the broker layer, Apache Flink (using
Amazon Kinesis Data Analytics) or containerized
custom logic on Kubernetes for processing, and
Amazon S3 or DynamoDB for storage and query. In
Microsoft Azure, the same roles can be taken by Event
Hubs, Azure Stream Analytics or custom workloads
in AKS, and Azure Data Lake or Cosmos DB for
analytics and persistency.

These types of infrastructure-level choices have
a profound impact on architectural choices, governing
latency guarantees, scalability, models of pricing, as
well as operational complexity.

Reliability and scalability are fundamental
design requirements for stream processing systems.
Reliability refers to the ability of the system to tolerate
node failure, loss of connection, message loss, or
duplication. It is achieved through data replication,
checkpointing, failure recovery, and the use of
delivery semantics (e.g., at-least-once or exactly-
once). Scalability refers to the ability of the system to
accommodate increasing amounts of data without loss
of performance. This can be done by horizontal
scaling of the components, containerization with tools
like Docker and Kubernetes, dynamic load balancing,
and auto-scaling of the resources.

Modern stream processing engines also have
supporting  subsystems such as  monitoring,
orchestration  systems, tracing systems, and
streamflow managers. It is important to ensure the
quality and reliability of these support subsystems
because even minor bugs in orchestration or
observability layers can propagate instability in the
data pipeline [2]. These subsystems are instrumental
in maintaining robust system behavior for worst-case
complex and dynamic workloads. Therefore, effective
design and deployment of stream processing systems
require a comprehensive engineering approach — an
approach that integrates architectural resilience,
software fault tolerance, and scalable automation
infrastructure.

Engineering approaches to the scalability of
stream processing platforms

Scalability in a stream processing system is a
function of how efficiently the system scales against
increasing volumes of incoming data and numbers of
running processing jobs. To ensure predictable system
performance as loads scale, various engineering
methods are in place, including component-level
scaling, containerization, and use of cloud-based
compute capacity. Table 1 outlines the main
characteristics of these scalability strategies, along
with their respective advantages and limitations.
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Table 1. Engineering approaches to scalability in stream processing platforms [3, 4]
Approach Description Advantages Limitations

Horizontal scaling Adding more nodes | Linear performance | Requires load balancing,
or instances to the | increase, high  fault | increased orchestration

cluster tolerance. complexity.
Vertical scaling Increasing resources | Simple to implement, | Hardware limits, single point of

of a single node | suitable for monolithic | failure.

(CPU, RAM, disk) components.
Containerization (e.g., | Isolating processing | Reproducibility, high | Requires  orchestration and
Docker, containerd) components in | portability. monitoring setup.

containers
Orchestration (e.g., | Managing the | Autoscaling, fault | Complex configuration, skilled
Kubernetes, ECS, | lifecycle and scaling | tolerance, load balancing. | personnel required.
Nomad) of containers.

Modern cloud platforms provide managed
message brokers and data storage services that free
developers from maintenance responsibilities for
these layers. For example, using AWS Kinesis instead
of a self-managed Kafka installation offers high-
throughput stream processing with native autoscaling
and minimal operational overhead. However, this shift
comes with trade-offs, such as vendor lock-in, reduced
observability, and limited flexibility regarding custom
processing logic and runtime management. While
managed solutions effectively alleviate the challenges
of scaling, they may not always be suitable for
latency-sensitive or domain-specific workloads that
require full control over the execution context.

Scalability is not just facilitated by technologies
but also by architectural decisions — like segmenting
workloads into independent streams, data sharding,
and stateless processing, which facilitates horizontal
scaling. Deployment of containerization, followed by
orchestration in Kubernetes, facilitates dynamic
stream processor and message broker scalability on
the basis of real-time load metrics. Cloud services
enhance this strategy even more by providing a stable
and flexible foundation suitable for the quick
deployment as well as scaling with different traffic.
Together, these strategies constitute the contemporary
engineering basis for building scalable stream
processing systems.

Fault tolerance methods in stream processing
platforms

Stream processing system fault tolerance refers
to the ability of the system to function under partial
failures, network breakdowns, or loss of single units
without data loss or noticeable processing delays. In

environments where events are consumed in real-
time, any processing integrity failure can cause biased
analytics, incorrect business decisions, or control
system errors. In a bid to mitigate such risks,
engineering methods are employed to ensure
uninterrupted data processing, state recovery, and
reliable message delivery.

The primary defense is replication and
redundancy of system elements. In distributed
brokers like Apache Kafka, messages are written into
partitions, and each of these partitions can be
replicated on several nodes in the cluster. This
prevents loss of data in case a node fails but does not
cause downtime. Aside from message data, the stream
state is also replicated, for example, in Apache Flink
using state snapshots whereby the system is able to
resume processing from a consistent point when it is
recovered. For control services and data routers,
designs such as active-active or active-passive
redundancy are used to support a standby node to
assume the workload immediately in the event of a
failure of the primary node.

In order to safely deliver automated fault
tolerance for stream processing systems, it is
necessary to utilize specific mechanisms having the
capability of failure detection, state preservation from
processing, and automatic recovery without the need
for human involvement. Table 2 outlines the technical
tools used in modern stream processing platforms and
orchestration systems that enable continuous
operation in the face of various types of failures —
from container crashes to network disruptions or loss
of processing state.
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Table 2. Technical mechanisms for fault handling and automatic recovery in stream processing
systems [5, 6]

Mechanism

Implementation details

Purpose / behavior on
failure

Container auto-restart Restart  Policy:

Always,
StatefulSet in Kubernetes.

Deployment /| Automatically restarts failed
pods to maintain cluster

integrity.

Health
components

monitoring of | Liveness

Probe,
(HTTP/gRPC/exec) in Kubernetes.

readiness Probe | Detects unhealthy services
and removes them from

routing/load balancing.

State checkpointing Checkpoint Coordinator, save points in Apache | Serializes and  persists
Flink; state stores in Kafka Streams. operator state for recovery

after crash.
Write-ahead logging (WAL) Kafka partition logs; RocksDB-backed WAL in | Ensures event order and
Flink’s keyed state backend. processing  position are

recoverable after failure.

Recovery from checkpoint

Flink’s Job Manager triggers rollback to last
successful checkpoint.

Restores consistent state and
resumes processing without
data loss or duplication.

Implementation of the above mechanisms
enables the construction of stream processing systems
with diagnosis, fault localization, and quick recovery
without loss of data or processing disruption. The
combination of container orchestration, state
persistence, and fault-tolerant message delivery is a
very strong architecture and aligns well with
operational risk. These methods are most crucial in

high-load or latency-sensitive environments, where
short-term downtime can cause cascading failure or
result in astronomical financial loss.

Finally, an essential aspect of rendering the
system fault tolerant is message delivery semantics —
a set of rules that define how the system will behave
in the event of message delivery and data processing
failure (fig. 2).

| simplicty |—>

Complexity |

| Low latency |—>| High coordination needs |

At-most-once

At-least-once [»

Exactly-once

Figure 2. Message delivery guarantees and system trade-offs

The at-most-once model has latency reduction
as its primary focus: a message is either delivered or
lost, and it is best suited for applications in which
message loss is acceptable but low latency is highly
critical. The at-most-once model, however, does not
make any delivery guarantees, so data loss may occur.
The at-least-once model ensures that every message
will get processed at least once, even in the event of
redelivery on failure. This reduces the chance of data
loss but can cause duplicate message processing in
case the application is unable to detect and process
duplicates.

The exactly-once model provides the highest
guarantee, by treating each message strictly once —
even in case of failures or retries. It avoids loss and
duplication, which is particularly necessary for

domains such as financial transactions and stock

management systems. This model, however, is
difficult to implement, with high coordination
between components, support for idempotent

operations, and a strong intermediate state-saving
mechanism.

An appropriate delivery model is selected
depending on the specific system requirements in
terms of accuracy, latency, and operational cost. At-
least-once is utilized as an acceptable compromise
between reliability and performance for most
industrial systems, with exactly-once only being used
where strict data consistency is of paramount
importance despite complexity and overhead
increments.
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Thus, fault tolerance for stream processing
systems is achieved at multiple levels — from
architectural redundancy and state persistence via
recovery logic to message handling techniques. Their
proper combination allows real-time systems to
operate even under adverse runtime conditions.

Practical  implementation of  stream
processing platforms in industrial environments

Many technology companies have integrated
stream processing solutions into key components of
their digital infrastructure, using them for monitoring,
business process management, personalization, and
adaptive response logic. For example, Netflix
employs an architecture based on Apache Kafka and
Flink to build its telemetry infrastructure, monitor
video quality, analyze user behavior, and detect
anomalies [7]. In production, Netflix had problems
related to Kafka broker overload in the event of
sudden spikes in traffic, particularly on weekends.
Total amount of data processed through the Keystone
pipeline with Kafka is more than 700 billion messages
a day, and the architecture spans dozens of clusters
and thousands of Kafka brokers. To mitigate the risk,
the company embraced dynamic partition scaling and
consumer-side load balancing mechanisms and an
internal monitoring system, Mantis, which gives
streaming pipelines observability and self-healing
characteristics.

Uber heavily employs stream processing for
logistics optimization, route calculation, dynamic
pricing, and real-time trip monitoring. It employs
Kafka and Apache Flink as its streaming
infrastructure, along with an extra proprietary layer
known as uStreaming [8]. Its primary challenge is
providing low latency while scaling the data
processing to millions of devices. To this end, Uber
embraced a microservices architecture and a state
storage system based on RocksDB that achieved a
necessary trade-off between latency and reliability.
Uber also makes extensive use of Canary Deployment
strategies and chaos engineering practices in testing
fault tolerance under randomly introduced failure
conditions.

LinkedIn utilizes stream processing for news
feed personalization, spam detection, and analyzing
user interaction. In terms of system resilience,
LinkedIn has developed multi-level control over
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