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LANGUAGE EDUCATION FOR TECHNOLOGICAL
INSTITUTE

THE CHAIR OF TECHNOLOGY AND ORGANIZATION OF
BUILDING PRODUCTION: INTERACTION OF STUDY AND
PRACTICAL ASPECTS

benoyc J1.A., HTU (puruan) Yp®@Y, cmyoenm 2 xypca
Cokonoe K.3., HTU (punuan) Yp®@Y, cmyoenm 2 xypca

High education in the Russian Federation is a complex of measurements
providing the solid knowledge in different professional spheres. It consists of
theoretical information followed by practical skills. If a student enters the
Institute or University he/she has to get special courses of practical work. They
are organized at the end of each academic year. Practical work is of the same
importance as theoretical knowledge, that's why it is graded and the mark is put
in the diploma. High technological high education is followed by the largest
complex of practical work. Its variety depends on the future specialty and
profession.

NTI (branch) UrFU traditionally offers a complex of practical training.
Students have to study theoretical material followed by practical skills after
examination period.

We would like to analyze the practical training of students of the specialty
«Construction Technologies». We have the longest period of practical work and
a high degree of complexity and acquired skills. They range from the simplest
skills of primitive building work to complicated complications. Future
engineers-constructors of civil buildings must get the whole complex of
practical skills in the real life situation on a building site.

Practical work is one of the most important period of educational activity
of the Chair of Technology and Organization of Construction Industry. The
teachers of the NTI (branch) UrFU always try to give valuable and qualified
recommendations. The demands for the final review are directed to reveal the
level of professional skills given to students in the period of work. The practice
is connected with and often based on the current Nizhniy Tagil urban
construction.

Students address to Trust «Tagilstroy». Here they get placement to
different jobs connected with construction sites of our town. We have to observe
the process, learn to use our skills. Moreover many students take part in project
construction in Nizhniy Tagil. Places of practical work for every student are
confirmed by the Head of the Chair.

However there is another opportunity to have practical work. It concerns
those who are members of Professional Building Student Group. They can be
distributed to different construction sites all over Russia having a chance to



make a contribution to the process of construction on the state level. It is a way
to develop cooperation between cities, enterprises and educational institutions
in the whole country. And mostly it is achievement of the Chair of Technology
and Organization of Construction Industry.

Sometimes students take part in the most valuable construction processes
of our country. It is necessary to mention one of them — early works of Sochi
Olympic Games landmarks. Some of the students worked on the project, had an
opportunity to watch all the specifics of sport facilities construction.

In conclusion we would like to underline that practical training is
organized by the Chair of Technology and Organization of Construction
Industry to make students take into consideration all the aspects of urban
construction process. In this regard there is real interconnection between the
Chair, the Institute and the city. There are a lot of projects constructed in the city
where students take part in the period of their annual summer practical work.

EUGENE MIKHAILOVICH FAINSHMIDT AND HIS CONTRIBUTION
TO SCIENCE

bopuoea K./I., cmyoenm HTU (unuana) Yp@Y
Honyaxmoea C.B., HTU (¢punuan) Yp®@Y, accucmenm xkagheopwi
«HUnocmpannvix HA3zviko6»

Fainshmidt Eugene M. is a distinguished professor, inventor, scientist, a
member of the Academy of Engineering Sciences, a member of the International
Academy of Ecology and Life Safety, a member of the Russian Association of
Metallurgists, a member of the Union of Inventors, a member of the Russian
Academy of Natural Sciences, a Member of the city council for ecology and
agriculture, the Scientific Manager of the problematic laboratory of the
Industrial ecology at the NTI (branch) of UrFU.

He is the author of more than 150 published scientific works and articles;
he has 25 inventors’ certificates and patents for inventions, and has made 2
scientific discoveries. E.M. Fainshmidt’s scientific and applied activities cover
the following areas: environmentally- friendly processes in engineering,
technology and equipment of heat treatment and powder metallurgy, improved
operational stability of the forming tools and machine parts.

We are proud to be acquainted with such an outstanding person and below
will tell about his life, career, discoveries in more detail.

The story of his life began in Kharkov, but during World War IlI, his
family were evacuated to Nizhny Tagil. His father, who worked in tank
development, became a deputy chief technologist at the UVZ (Ural carriage
building plant, Uralvagonzavod).



The first years of studying became a real challenge for Eugene. School
where he studied was for boys only, there were many bullies, but he was gentle
and kind by nature. He was lucky; he was in class of Galina Ivanovna
Ponomareva. She was such a wonderful teacher that according to his own words,
he was ashamed to get bad grades.

After high school he entered the Metallurgical Department of the Ural
Polytechnic Institute. Rotating among his father’s acquaintances from work, and
listening to their conversations, he decided that he would continue the dynasty
and become an engineer.

After graduation, Eugene M. was directed to UVZ to the first thermal
department. Later, he repeatedly changed his place of work, then moving to
Vyisky Mechanical Plant (VMP), then returning to UralVVagonZavod again. At
UVZ freedom of actions for young professionals was limited. At UVZ they were
seldom allowed and needed to make their own technical solutions. At VMP, vice
versa, young experts had more rights and independence on their own. However,
at the same time it was a huge responsibility. Work at VMP was so interesting
and exciting that it occupied all Eugene’s work and leisure time. The outcome of
it was the creation of highly effective, science intensive technologies.

In 1975 VMP started to introduce a new technology of making details,
that used powder metallurgy. At that time Eugene M. Fainshmidt was deputy
chief metallurgist and he was engaged in the development and introduction of
this technology.

After the experimental details and the positive test results in 1987 under
Fainshmidt’s supervision the production of the insert, jam nut, and bushings for
a washing machine started, as well as their launch into mass production. At the
same time some work was conducted on details of military equipment.

Engineering products, produced by method of powder metallurgy, have
definite level of porosity of 10 to 17%. They absorb atmospheric gases and
steam from the air which in combination with moisture creates a chemical
reaction leading to the internal and external corrosion. To prevent this process,
the technology of steam oxidation was introduced; there an item was covered
with a thin protective oxide film. They used the technology developed by a
Hungarian scientist Zheki at that time. However, corrosion resistance of the
details made by this technology was insufficient for products of special
equipment. Also due to extension of production range there appeared a necessity
to intensify the process of oxidation by steam. Eugene M., together with other
scientists (doctor of technical sciences Baskakov A.P., candidate of
technological sciences Pumpyanskaya T.A., and candidate of technological
sciences Ziryanov V.G.) discovered the "phenomenon of the formation of
complex oxide phases of variable composition in the pores of the sintered
steels”. It was found, that at high temperature (t> 400 C) in the oxidation of
sintered steels in the superheated water vapor, there appear mostly oxides of the



impurities, having larger, compared with the iron, affinity for oxygen (Mg, Al,
Si, Mn).

This discovery allowed to increase the corrosion resistance of powder
metallurgy products up to 8 times, as well as the chance to reduce power
consumption by 7.7 times. The importance of this method was huge and it was
positively evaluated by military customers. Technology has been introduced into
production and became a scientific discovery. Patent for this method was sold to
CIS, Europe and Japan.

In 1987, Eugene M. changed the factory office for noisy audience of
Nizhny Tagil Institute of Technology . In 1991 he got a post doctorate degree.
He is respected and loved by students; also he is appreciated by the
administration. According to his colleague Gamayunova M.A., Yevgeny
Mikhailovich, whom she has known since he started to work at the institute, is a
man with whom it is always interesting to talk about anything. He is very
considerate, attentive, kind and polite in dealing with people. He never speaks
badly about anyone and he is very benevolent.

The list of his awards inspires respect and causes delight. Let us number
some of the most significant ones:

— The government award "Honored Inventor of Russia", 2000;

— The highest Il degree award of the International Academic Union
"Vernadsky Star», 2000

— Medals of VDNKAh, 1983, 1986;

— Award of N.A. Minkevich, 1983;

— Award - Medal of V.E. Groom-Grzhimailo,2004;

— Award - Medal of D.K. Chernov , 2004;

— A number of diplomas of the Ministry of Machine Building, the
Governor, the Regional Government, the Mayor and others.

Currently Eugene M. Currently teaches at the NTI (branch) UrFU such
subjects as metallurgy and metal technology, but he is also intensively engaged
in his own scientific work. As the students put it, the professor explains the
material easily and makes it understandable for any student. Based on his own
semicentennial work experience at the industrial enterprises of Nizhny Tagil, he
knows all the practical aspects really well and can tell where the future
specialists can apply this knowledge.

His contribution to science, practical metallurgy, and also the history of
Nizhny Tagil is extremely valuable. He is energetic and ambitious in different
areas of science and pedagogy. There is no doubt that he would not stop there
and new achievements are waiting for him.
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ROLE MODELS IN MY FUTURE PROFESSION
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The profession of a metallurgist has been respected and well paid. | hope
it will stay like it in the future as well. Metallurgical industry has pushed
forward the Russian economy. Ferrous metal industry and iron and steel industry
are the most frequent of all the specialties connected with metal working.
Ferrous metal industry - iron and its alloys — is the basics for machine building
development and constructing development. Industrial plants produce steel and
cast iron and after they are worked, different production of multiple purposes is
made - they are pipes, rails, cartridges for copy machines.

In the present article we have analyzed the professional activity of the two
most famous and successful representatives of this profession, who graduated
from our University.

Ilia Rudolphovich Ryabov finished college in 1991, he is a metallurgical
engineer. He was awarded the Cherepanovs’ prize in 2004. He has been a
metalworker at Nizhniy Tagil Iron and Steel Plant since 1981. He has also
worked as a metal heater and a foreman. After serving in the Army he returned
to the plant and continued his career as a shift controller, assistant to the
department manager, chief controller, manager of the technical department and
roller —in-chief, chief engineer, and finally the first deputy of the General
Manager.

Since 2002 he has been top manager in Nizhniy Tagil Iron and Steel
Plant, dealing with production issues.

He is a specialist on production management, new products launching
compliance, its range diversity. During his professional career he managed the
metal work technology process connected with new metal roll and was
responsible for new standardization requirements, both international and
ecological.
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His suggestions provided the production line with refractory material
saving, reduction of expenses for repair, increase of lining life and duration of
overhaul period for maintenance. He has got 10 authoring works and patents for
inventions.

Another bright example of an honorable citizen of Nizhniy Tagil is
Mikhail Andreyevich Krupin.

He graduated from the building college in 1965 and obtained the
profession of a builder, later he entered and finished Urals Polytechnic Institute
in 1977, he became a metallurgist engineer. He was awarded the Cherepanovs’
prize in 2002.

His life was connected with Nizhniy Tagil Iron and Steel Plant starting
from 1967. He began his career as a foreman and a first help of a steel maker,
chief of the working shift, deputy for the machine shop manager in the converter
shop, manager of the piling shop, manager of the production department, deputy
of the General Manager for Production.

His experience let him work abroad in Algeria — he was a shop manager
in the converter shop. Mikhail Andreyevich served the city at the post of the first
assistant of the city mayor from 1996 till 1998. He was General Manager of
“Vysokogorskiy Mining and Processing Complex”.

We strongly believe that party these people have become such a success
due to the educational skills they received in our University. Self-esteem and
self evaluation are reached when you respect yourself and this is usually got
when you know that your knowledge is good enough to be in charge. So we
hope there will be enough high-quality specialists among our fellow students to
continue this wonderful profession thanks to the education we are getting at our
University. Here are some ideas on how to manage one’s education successfully.

First, one needs to understand what is learning. You have to get prepared
for a long time training, you should “dissolve” in the process. When you adjust
to the routine, you will do it automatically, you will feel the need to read extra
information or surf the net to get additional findings.

Secondly, you have to have a clear target. A student must understand why
he is getting his education and why he is working hard to receive it. Motivation
is the key factor.

Thirdly, join the club of learning with your friends, if there is one at the
University. On the one hand, it is easier to share, on the other hand, you can get
help and become a help to someone you care about.

Finally it is necessary to say that learning never stops and you may
change your tactics throughout the years, all you need to be certain of is - a
person who learns, will be a role model to other people and the next generations.



ESSENCE OF MACHINE TRANSLATION SYSTEMS

Boxmanuna A.B., cmyoenmxa HTU (unuana) YpDY

Amount of information for translation is increased significantly. Use of
machine translation systems is more desirable than what in some cases. The
development of such systems will allow operatively to carry out translation of
information and process large amounts of documents in a very short time.

Machine translation is a sub-field of computational linguistics that
investigates the use of software to translate texts or speech from one natural
language to another.

Problems of machine translation is reflected in regular international
conferences on computational linguistics COLING, as well as at international
conferences on machine translation MT SUMMIT.

Machine translation systems are divided into three categories [1]:

— Rule-Based Machine Translation, RBMT,

— Statistical Machine Translation, SMT,

— Hybrid systems that combine the advantages of both.

RBMT system analyzes the text and builds its translation on the basis of
built-in dictionaries and a set of rules for a given language pair. Principle of
statistical analysis is used in SMT systems: large (millions of words) the amount
of the text in the source language and their translations made by human are
loaded into the program. The program analyzes the statistics of interlanguage
conformities, usage, syntactic constructions, etc., and later relies by it when
choosing of translation. The well-known service "Translate Google" works that
way. The translation quality of statistical and hybrid systems increases with each
translated text [2].

Larry Childs has proposed a classification of machine translation systems
[3]:

— fully automatic translation;

— automated machine translation with human participation;

— translation by man using the computer.

Fully automatic translation

The main problem is the complexity of the language itself. For example,
the meaning of the word "can". The word has the basic meaning of the modal
auxiliary verb. The word "can" has several official and slang meanings as a
noun: “tinplate bank", "latrine™, "prison™. In addition, the archaic meaning of the
word exists - "know or understand”.

As it turns out, some progress has been achieved in the field of
development of translation programs that discern the meaning based on the
context. More recent research in the analysis of texts is based on probability
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theory. However, fully automatic machine translation of texts with extensive
subjects is still an impossible task.

Automated machine translation with human participation

This kind of machine translation is feasible now. Editing of texts, both
before and after processing by a computer is available in view. People-
translators change the text so that it is understood to machines. After the
computer has made a translation, the translator edits rude machine translation
and makes the text correct in the target language again. There are machine
translation systems which require the constant presence of a human-translator,
who helps the computer to do the translation of particularly complex or
ambiguous structures.

Translation by man using the computer

In this approach, a human-translator is placed in the center of the
translation process. Computer program is regarded as a tool that makes the
translation process more efficient and translation more accurate. It is the usual
electronic dictionaries that provide the translation of desired word.
Responsibility for the meaning of the translated text is vested in the human-
translator. These dictionaries greatly facilitate the translation process but require
certain knowledge of the language and the time spent on its implementation. Yet
the process of translation is much faster and easier.

The quality of translation depends on the subjects and style of the original
text. Machine translation of literary texts has almost always unsatisfactory
quality. Qualitative machine translation of scientific, technical and business
texts can be built based on the use of complexes of dictionaries that include
semantic units of different levels of word, collocation and sentence. Collocations
should occupy the leading place because names of concepts are often expressed
by collocations and much less individual words. Rule of preference must be
observed in the translation process: should allocate and translate the semantic
units of higher levels, translate units of lower levels of the second stage, and
only if there is no other way to complete the translation. The more formalized
style of the original document is, the more you can expect the quality of
translation. You can reach the best results when using machine translation for
texts that are written in technical (different descriptions and manuals) and the
official business style [4].

Among the systems that help in the work of the translator, the most
important place is occupied by the so-called system of Translation Memory
(TM). TM system is an interactive tool for storing in the database of pairs of
equivalent segments of text of the original language and translation with the
possibility of their subsequent search and editing. These products are not
intended to use highly intellectual information technologies. They are based on
the use of the creative potential of the translator. The translator generates a
database in the work process (or receives it from other translators or customers.
the more units it contains, the greater the return on its use [5].
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The most famous TM systems:

— Transit (Swiss firm- Star);

— Trados (USA);

— Translation Manager from IBM;

— Eurolang Optimizer (French firm — LANT);

— DejaVu (ATRIL, CHIA);

— WordFisher (Hungary).

TM system is particularly useful when translating documents such as user
manuals, operating instructions, technical and business documentation, product
catalogs and other documents of the same type with a lot of coincidences.

The idea of machine translation stimulates development of research in
theoretical and applied linguistics worldwide.

Evolution of machine translation is associated with further development
and deepening of the theory and practice of translation both as a machine, and
the "human". Results of comparative linguistics, general translation theory, the
theory of regular correspondences, knowledge representation methods,
optimization and improvement of linguistic (and mathematical) algorithms are
important for the development of the theory.

Machine translation system can be used to quickly translate text in order
to understand its meaning. Use of a machine translation system can significantly
reduce the time required to translate large amounts of text.

Researchers and developers of machine translation systems should pay
attention to the creation of open hybrid machine translation systems which
should be developed and supplemented by the scientific community.
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ENGLISH AS A FACTOR OF PROFESSIONAL SUCCESS
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Nowadays English is the most popular language in the world of politics,
science and culture. It is the language most of the people speak and most of the
countries negotiate.

Often in our daily life we can short-lived companies which get closed
down no sooner they start up. At the same time there are companies that are
long-lasting. Life span is defined by success factors. At the basis of any
organization there are human factors. Success depends primarily on potential
function, interest, and common aim

Many modern organizations are challenged with needs for specialists with
foreign language skills. It is not without reason that in our country there has
been adopted President program on training specialists for industrial
management, which sets up foreign language skills as one of the main selection
standard. Those organizations whose employees have a good command of a
foreign language shift to a higher social level as they get more competitive.

The survey conducted among the 1-5 course students of the Chair of
Economics and Management at the Enterprise, NTI (branch) UrFU, has
highlighted how essential it is to learn a foreign language.

Do you need English to modern
cialist?

M Necessary
M Desirable
W Unnecessary

M | do not know

Fig.1 Demand in a foreign language among the students of Chair of Economics and
Management at the Enterprise.

The diagram shows that a foreign language is necessary at the present day
and many students understand mero In other words one can not separate a
modern successful person moving up the career ladder and not knowing a
foreign language.

Obviously, English is the thing of the future, and students of NTI (branch)
UrFU are aware of it. We have also conducted the surbey among graduates. The
results are as follows (Fig.2):
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Do you need English to modern
specialist ?

M Necessary

M Desirable

kd Unnecessary

M | do not know

Fig.2 Demand in a foreign language among the graduates of Chair of Economics and
Management at the Enterprise.

As we see, most of the graduate stick to the opinion that English is
necessary in life. These are those who have come across the real demand in
learning English in their professional activity.

Why is English in such a great demand? What advantaged does it have?

The main advantage is that thanks to the language we open new
possibilities, find potential friends and overseas job opportunities. We acquire
first-hand knowledge without losing meaning in the process of translation.
Moving up the career ladder gets quicker. Social status gets higher, that in its
turn influences positively on relations with people.

It is well-known that international business is conducted in English. So
technologies of various kinds, diplomacy tourism are connected with English.
English is necessary everywhere: in science, medicine, and business.

So, English is one of the factors of professional success of a specialist in a
modern organization.

CONFLICTS AND THE WAYS OF SOLVING THEM

Mapmoanoe A.E., ooyuarowuiica MAOY «I umnazus NeS§6»
Hlapugpynnuna 3.P., MAOY «'umnazusa Ne86», yuumenb auenuiicko2o sA3vlka

As social creatures, human beings are involved in a complex system of
relationships, and wherever there are human relationships there is the potential
for conflict. Conflict is an inevitable aspect of life experience which is defined
as a struggle or contest between people with opposing needs, ideas, beliefs,
values, or goals. It is a well-known fact that people are involved on average in
five conflicts per day and their consequences can be very serious. National
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conflicts can result in war, work and team conflicts can result in failure, and
interpersonal conflicts can result in unhappiness. No doubt it is a burning
problem which must be well studied.

The purpose of the research paper was to find out the attitude of the pupils
studying in Gymnasia Ne 86 to the problem of conflicts and to reveal all the
aspects related to this problem. To achieve the purpose of the research the
following tasks were fulfilled:

1) to give a theoretical description of a concept “conflict”;

2) to define the types, reasons and consequences of conflicts;

3) to carry out the survey of the students of Gymnasia 86 based on the
questionnaire and to analyze the results.

According to Longman Dictionary of English Language and Culture the
phenomenon “conflict” is defined as a state of disagreement or argument
between opposing groups or opposing ideas or principles. In Wikipedia conflict
refers to some form of friction, disagreement, or discord arising within a group
when the beliefs or actions of one or more members of the group are either
resisted by or unacceptable to one or more members of another group.

Five basic causes of the conflict are distinguished:

1) Values: each of us value different things.

2) Misunderstanding: failure to communicate, failure to listen or
misinterpretation of what someone says is a common source of conflict.

3) Personalities: certain personality types are incompatible in some situations.
4) Goals: incompatible goals of the parties in a relationship is a source of
conflict.

5) Needs: needs are the basic reason that relationships are formed. One
common cause of conflict is one member of a relationship interfering with or
failing to meet another member's needs.

But if the conflict is not resolved it may result in undesirable
consequences, for example:

1) the growth of emotion and irrationality, hostile and aggressive behavior,
distrust of others;

2) the growth of depression and stress;

3) lack of communication and collaboration between the opponents in the future;
4) loss of confidence and reduction of self-esteem

Understanding the causes of conflicts may help people resolve current
conflicts or even prevent future ones from occurring. The best ways to do it are:

1) to take time to listen to other person, interpret, ask for explanation, and
reflect;

2)to be aware of a set of rules or values which are principles which
govern our way of life;

3) respect for each other.

Taking into consideration the theoretical description of the concept
“conflict”, we have made up a questionnaire and carried out the investigation
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based on it. According to the pupils’ answers the following results have been
received. Most of the children in Gymnasia (76%) have conflicts from time to
time with their parents/siblings (58%) and their friends (28%). The other 14%
have conflicts with familiar people.

The reasons for conflicts vary from misunderstanding (38%) to view
contradiction (20%). 42% come to the conclusion that they have arguments
because of different trifles. 67% have come to the conclusion that when they
have conflicts they usually feel guilty, 8% feel angry after the quarrel and 27%
feel indifference after the quarrel.

80% of the pupils say that it is not difficult for them to be the first to make
it up. As for 20% of the pupils they are not able to make the first step to
reconciliation. Those pupils who are ready to make it up in most cases (57%)
apologize for their behavior, 20% pretend that nothing has happened, 13% wait
for apology and the rest of 10% prefer to do nothing.

It’s interesting to know that most of the pupils think that quarrels spoil the
relations (48%), however the rest of them think that conflicts improve the
relations (35%), and only 17% think that conflicts do both the harm and the
good to the relations. Most children (55%) believe that conflicts result in rupture
of relations, 30% are sure that quarrels lead to reconciliation and 15% are
convinced that quarrels result in rivalry of the opponents in the future.

It is pleasant to find out that 62% are ready to make a compromise in
order to prevent conflicts, 28 % prefer to avoid arguments not to have conflicts
and only 10% do nothing to improve the situation.

Unfortunately most pupils (80%) have concluded that it is impossible to
live without conflicts in the modern world. The pupils in Gymnasia are sure that
conflicts can’t be prevented but they can be successfully resolved by means of
collaborative dialogue and negotiation.

Thus the research proves that it is impossible to live without conflicts. We
have arguments with parents, relatives, friends, teachers and even unknown
people. No matter what the reason of the conflict may be its impact on a person
is always great. On the one hand it may be negative and may lead to fights, bad
relations and violence. But on the other hand if people are clever enough they
can try to make a compromise to satisfy each party of the conflict. As a result
their relations may achieve another more prefect level.
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THE CHAIR OF SPECIAL MACHINE BUILDING: THE PAST AND
PRESENT DAY

Merelenko A.D., student
Berdnikov S.E., professor of the Military Chair Nel
Titova E.Yu., head of Foreign Languages Department, Ph.D.

The Chair of Special Machine Building was founded along with seven
other chairs of Nizhniy Tagil branch of the Ural Polytechnic Institute by order of
the rector on Jan. 18, 1972.

The first head of the Chair was Associate Professor, Candidate of
Technical Sciences V.S. Sagaradze, who taught physical metallurgy. The
teaching staff was seven people, among them were M.N. Semikolennikh, M.S.
Garifulina and S.M. Chuiko, who taught engineering disciplines. In 1972
I.1.Vender, an engineer from Vysokogorskiy Mechanical Plant was appointed to
coordinate the organization of “Production of Bodies” branch of study. LI
Vender’s scientific activity has made a great contribution to the development of
the Institute in general; he is currently teaching a number of courses for the
specialty “Defeat Facilities and Ammunition.”

The first graduation of 24 engineers of the specialty “Production of
Bodies” took place in 1976; among them were V.F. Pegashkin and E.V.
Pegashkina, who stayed at the Institute to teach. In 1978 A.V. Styrov and E.A.
Khmelnikov became members of the teaching staff as well.

In 1983 after a long preparation together with UralVVagonZavod a new
specialty “Wheel and Track Vehicles” was started. The number of the first
students was 50; 25 of them were sent to the Institute by UralVVagonZavod. In
1983 a skilled engineer-constructor M.F. Nikitin started to teach students and
became a leading lecturer and Candidate of Technical Sciences. He designed a
curriculum which took into consideration the current needs of UralVVagonZavod.
The most successful graduates of that period were V.N. Korobko, assistant chief
of production (UralVagonZavod) and M.E.Butya, chief of production (Ural
Design Office of Transport Machine Building).

By 1980ies the Chair of Special Machine Building had become one of the
leading and big chairs at the Institute. In 1984 among 1902 people getting
education at the Institute, 769 were students of the Chair.

In 1986 V.F. Pegashkin became head of the Chair of Special Machine
Building. In 1993-2002 the members of the Chair were actively engaged in
scientific activity in a number of directions; that got a prominent reputation to
the Institute on the whole.

In 2003 the Chair was named the Chair of General and Special Machine
Building and for the present time it is one of the numerous and high-qualified
academic bodies of the Institute. The Chair has been training future engineers
for 10 years in the following specialties: Technology of Machine Building,
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Multi-Purposed Wheel and Track Vehicles, Metallurgical Machines and
Equipment, Defeat Facilities and Ammunition.

For many years Nizhniy Tagil has been an important center of heavy
metallurgy and machine building which is in constant need qualified personnel.
The Chair of Special Machine Building trains future engineers in the sphere of
maintenance of production and design of various machines which for the present
time is essential for development of industry and economy in general. A huge
role in machine building belongs to the production of military techniques, which
the enterprises of Nizhniy Tagil are engaged in (UralVVagonZavod, Institute of
Metal Testing and Planta). The studying process often takes place at these
enterprises. Students, graduating the Institute, are in great demand at any
enterprise of our country, but most of the graduates are employed at
UralVVagonZavod and Nizhniy Tagil Iron and Steel Works.

The educational military center with the specialty “Certification and
Standardization of Military Production of the State Defense Order” is part of the
Chair. Graduates of this specialty provide monitoring of fulfillment of the State
defense order in the best interests of the Ministry of Defense at any enterprise.
The procedure starts with initial monitoring of raw materials finishing with final
testing of the samples of military production. Graduates are engaged in
reclamation (ensuring guarantee commitments) and in checking the pricing and
contracts for manufactured products.

Cadets of the military center are trained for 5 years along with other
students of the specialties Transport Technological Facilities and Ammunition
and Detonating Fases, but with additional classes at the Chair of Tank Forces
which are taught by A.A. Makushin, Lieutenant-Colonel of the Russian
Federation Ministry of Defense, a former leading engineer of the 47 military
representative office of the Russian Federation Ministry of Defense. There are
officers in the reserve teaching at the Chair as well; that allows students to
master the knowledge and skills necessary for further service. One of the leading
lecturers of the Chair is M.A. Nikitin, a designer of the Russian Army military
tank T-72.

Cadets attend classes as ordinary students, only wearing the Russian
Army uniform; also they are given additional scholarship from the Ministry of
Defense. The students major in Theory of Machines and Mechanisms, Parts of
Machines, Theory of Movement, Tactics, Construction of Armored Vehicles and
others. Classes are conducted at the closed chair in the old building of the
Institute where one can get only by a special admission pass because studying is
based on special in-service documentation. The educational process (both study
and practice) is held with the considerable financial support of
UralVVagonZavod. The curriculum also includes military field training with oath
of allegiance and acquiring the skill of handling the tank.

Except for our Institute the same kind of education is given in
St.Petersburg Military Mechanical Institute and Moscow Aviation Institute. The
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first admission was organized in 2007 when 7 engineers graduated and were
employed at different enterprises of Sverdlovskaya region in 2013. In 2014 4
graduates will receive their diplomas; presently 5 cadets of the first course are
being trained at the Chair. 10 applicants will become cadets in the coming
academic year.
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CASE METHOD OVERVIEW

Mike Mcintosh, George Wong, Jahanara Rahemtulla, University Of Western
Ontario Richard Ivey School Of Business, Canada.

The case method of study has been developed as a means of bringing
students into contact with actual business challenges faced by managers. The
case method provides a forum for analysis, decision-making, and actual plan
formulation.

The lecture method of teaching involves a one-way dispensation of
accepted truths and ideas from the professor to the student. The aim is to
increase the student’s knowledge-base. The case method is more ambitious. The
process is vastly different from conventional lecturing in that it involves
different roles for both the student and the professor. Business management is
not just a technical matter requiring technical knowledge. It is also a human
matter. It involves “getting things done through people” and requires an
understanding of how people (employees, consumers, investors, bankers,
salespeople) will respond to specific actions.

Students develop these skills by objectively analyzing business situations
through cases. They learn to identify problems, and develop the capacity to
make sound judgments based on their perceptions of the facts. They develop
skills in communicating their decisions to others in a manner that produces the
desired action. They learn how to develop and present arguments, how to listen
to and understand the views of others, and how to sense the needs of others.
Each class is to some extent, a business meeting. Through class discussions,
arguments, role plays and presentations students develop the confidence to make
a contribution.

ROLE OF THE PROFESSOR

In a case discussion, students put their collective knowledge, experience
and brain-power together to analyze and solve a problem. They learn from each
other, stimulate each other, and inspire each other’s thoughts. The role of the
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professor is to stimulate and guide the discussion. Suggestions may be made but,
unlike a lecture, solutions are rarely given. The professor is present to keep the
discussion moving toward meaningful goals with a minimum amount of
intervention. The professor is a catalyst attempting to conduct an orchestra, to
light fires, to challenge superficial thinking.

If a professor finds the students are on the wrong track, they may
encourage them to continue nevertheless. Their challenging questions will lead
students along the road of their proposal until they see the consequences for
themselves. Then when they discover your error, it will have a deeper impact
than if they had been told. Occasionally, the professor will play devil’s
advocate, purposely making misleading statements to determine the student’s
alertness, their conviction in their point of view or their ability to defend an
argument.

The case method places heavy demands on the professor, who must be on
top of the discussion, keep an open mind towards the students’ contribution,
know the case facts backwards, and know when and how to intervene. Typically
the professor will prep the case prior to teaching it within the classroom and
strive to leader the discussion toward a useful ending and action plan.

ROLE OF THE STUDENT

With the lecture method of teaching, students face the relatively simple
task of reception and more or less verbatim repetition of facts and ideas. With
the case method, the aim is to develop students’ skills. The thought is that if you
want to improve your skill at golf or tennis, you must practice; you must
participate. The case method of learning demands the active participation and
co-operation of the student.

With the lecture method of learning you are dependent on the lecturer;
you are fed information. The case method tries to move you from dependence to
self-reliance. You must think for yourself; you must develop your own skKills;
you must seek knowledge.

FOCUS ON ACTION & UTILITY

The case method attempts to bring authentic business situations into the
classroom. The situations are analyzed, and alternative courses of action for the
decision-maker are identified and evaluated. The process leads inexorably to an
action plan. The question to be answered is, if you were the decision-maker,
what would you do? You must make a decision on what to do, and you must
decide how to do it.

The case method forces students to determine a course of action under
realistic conditions; they cannot remain a passive observer. The case method
trains students to be decisive and action- oriented. Very often the class will wish
they had more information, but in the real world you will never have perfect
information. The case method teaches the class to minimize uncertainty through
analysis and to then take decisive action.
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I BEING AN ENTREPRENEUR ]
I RECOGNIZING AND EVALUATING AN OPPORTUNITY \

DEVELOPING YOUR BUSINESS PLAN

Marketing Proposal Financial Proposal Operations Proposal Action Plan

)| - sizing your market * Forecasting your + Managing your inputs * Planning the launch of
}| «Analyzing your industry Earnings and outputs your venture_ and the

: | - Positioning your + Generating Cash « Producing your implementation of your
i | company Flows product/service strategy

COMMUNICATING YOUR BUSINESS PLAN

IMPLEMENTING YOUR STRATEGY

ON THE LEADER PROJECT

LEADER’s vision is “to equip entrepreneurs, and aspiring entrepreneurs,
with the business decision-making skills to progress the prosperity and well-
being of the regions in which they live.”

The following is an outline of the concepts that are taught with cases in
the LEADER curriculum:

A TALE ABOUT THE CHAIR OF INFORMATION TECHNOLOGIES

IHaxmymoe A.B., cmyoenm HTU (¢p) Yp@Y
Tumoea Enena IOpvesna, 3as. kagpeopoi UA HTU (puruan) Yp@Y

Nowadays our progressive world is rapidly developing, especially in the
sphere of information systems and computer technologies. The Chair of
Information Technologies at Nizhniy Tagil Technological Institute (branch)
UrFU keeps pace with the time and feels good in the modern technological
world. We have a lot of interesting ideas and on-going projects in process.

In February 1992 there was formed a general education chair of computer
science; now it is the Chair of Information Technologies. N.A. Litvinenko,
Associate Professor, Candidate of Physics Mathematics Sciences was appointed
head of the Chair. Presently, there are 17 members of the Chair who are experts
in the following spheres:

— C/C++/C#, Basic, PHP, Python, Java programming;

— Web-design;

— Operating systems;

— Data bases;

— Computer networks and telecommunication;
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— Methods and means of information security;

— Engineering and computer graphics.

Since 2002 the Chair has become graduate and since 2006 there have
been trained 184 specialists. 24 of them have got diplomas with honors.

Both the teaching staff and the students are engaged in scientific and
research activity, take part in seminars, conferences and contests.

There are more than 100 study guides written by the members of the
Chair. Three monographs and 11 work books have been published in the central
publishing houses.

The Chair gained momentum under the guidance of N.A. Litvinenko. He
was the one to create sort of a patriarchal management style, that well-known
family working atmosphere which one could never find at any other Institute
chair.

N.A. Litvinenko graduated Ural State University in 1974 with a degree in
physics. He worked as a senior research associate at the Chair of Theoretical
Physics, then at the Institute of Geophysics of the Ural Branch of the Russian
Academy of Sciences. After that N.A. Litvinenko was employed at Nizhniy
Tagil Technological Institute (branch) UrFU as a senior lecturer and head of the
Chair. He has more than 50 scientific and guide books published. Mostly his
scientific activity is devoted to programming and the majority of his
publications are in this sphere.

In March 2013 NL.A. Litvinenko left the post in a considerate and careful
manner after the accreditation had been successfully completed. Making sure
about the excellent academic performance of the Chair, N.A. Litvinenko closed
the first chapter of The Tale of The Chair of Information Technologies.

The second chapter of The Tale started a year ago and its author is S.A.
Fedoreev.

He graduated Nizhniy Tagil Technological Institute (branch) UrFU with
the diploma in Automation of Technological Processes and Systems. In 2006 he
completed and defended the dissertation in Electro mechanics and Electrical
Mechanisms. The presence of the young and ambitious leader has brought
changes into the targets and vectors of development of the Chair. S.A. Fedoreev
wants students interested in project activity, develop their strive for self-
realization, show the economic aspect of students’ projects and ideas. Such a
new and fresh look at project activity opens new horizon for students and
teaches to think outside the box. For a project to be successful not only an
original idea is important, but also knowledge and skills to promote the project,
to get it realized on the market.

On the threshold of the 70" jubilee the Chair of Information Technologies
has its feet steady on the ground and keeps its eyes on the big picture of projects
and ideas. We have interesting ideas and we know what to do with them.

We can surely say that the Second Chapter of the Tale has gat a very
interesting plot.
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EFFECTIVE LEADERSHIP IN COMPANIES MANAGEMENT AND ITS
NATURE

Pavlov N.V.}, Pavlova V.A?
Voronova G.M.3, Chirkova A.N*

The article touches on the concept of "guidance™ and "leadership” in the
contemporary authors' interpretation. The authors come to the conclusion that
guidance and leadership should not be separated. Moreover, the manager must
be a leader. What features has nature of leadership? How should a personality
form such an important quality as a successful leadership? The authors try to
answer these questions and pay attention to the necessary qualities of a leader in
a modern, flexible society. Discipline is represented as a major component of
leadership. The essence of leadership is to promote the survival of the leader, his
family and followers.

Keywords: leadership, management, survival, responsibility, followers,
discipline

Nowadays it is actual to use additional recourses of management.
Leadership is one of them. The representatives of contemporary Russian
management consider questions of leadership in detail. They emphasize the
distinction between such categories as “guidance” and “leadership”.

According to V. Yudinas words Management - is "... the process of
organizing any actions aimed at implementing the objectives pursued” [5, p.
156]. Thus, management involves mandatory achieving some goal, bringing
concrete results. Thus, management involves achieving some goal, bringing
concrete results. G. Kunz, the president of the International Management
Academy and his colleague S. O'Donnell wrote: "Management — an art, like
medicine or engineering, which must rely on its underlying science - concepts,
theories, principles and methods” [2, p. 17].

Comparing management and guidance Cherednychenko I.P. and Tel'nykh
N.V. indicate that "leadership is only part of management in which various
management issues are resolved influence on subordinates" [4, c. 23].

Discussing about leadership, these authors write: "Leadership is a process
of influence on people, generated by informal relations system, and management
involves primarily a clearly structured formal (official) relationship..." [4, c.
51].

1Ka(1)e;1pa «IKOHOMWKH W ymipaBlieHus B mpombinuieHHoct», HTU (pummana) YpdY, r. Hmwkuuii Tarmm,
Poccusi, «Economy and management chair» of NTI (branch) UrFU, Nizhny Tagil, Russia, Eup7@yandex.ru

? HuwxHetarmibckuii memarormueckuii komtemx Nel, r. Himxumii Tarmn, Poccus Nizhny Tagil pedagogical
college Nel, Nizhny Tagil, Russia ori07 @yandex.ru

% Hmwxuerarmisckuii memarormueckuii komtemx Nel, r. Himxumii Tarmn, Poccus Nizhny Tagil pedagogical
college Nel, Nizhny Tagil, Russia
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Thus, in authors' opinion, leadership includes informal relations, whereas
leadership includes formal relations.

What way will a supervisor be able to govern his staff, if people do not
respect and trust him? In any case, this guide will not be effective. Therefore,
the guidance is impossible without leadership.

According to Meskon M., Albert M. and Hedouri F. [3, c. 350] the
strongest and most effective leaders are responsible for their behavior, want to
achieve the goal and get the necessary to solve specific problems of education
and experience.

Adler Y.P. and Lipkin V.V. also said about the leader’s responsibility:
"Responsibility — it is something without which, in principle, there is no true
leadership ... Even in those cases where the responsibility is assigned, requires
the inner consent of the man, otherwise it turns into a formality" [1, c. 16].

Cherednychenko I.P. and Tel'nykh N.V. [4] allocate the following
differences management from leadership:

— leadership is diagnosed in a small group , while guidance - a sign of
macroenvironment;

— leadership arises spontaneously , the process of head appointment is not
spontaneously;

— leadership is a less stable, it depends on the mood of group to a great
extent;

— a guide has a system of various sanctions for his subordinates but the
leader has no rights to use such sanctions.

Differences between the concepts “manager” and “leader” cause
confusion, in practice managers and leaders are not the same (not always). It is
clear that the head should always be a leader or aspires to leadership. But in
practice such situation is often absent due to understanding of the management
and the nature of leadership.

1. Manager is a person who seeks the ways to assemble a team together
and achieve the result for certain benefits. The nature of guidance (manager) and
leadership (leader) is always based on motivation to achieve some positive
results, for official management it is a financial motivation, and in case of
leadership it is informal benefits (information, social status, organizational
efforts, legal protection, professional knowledge, experience, support, positive
attitude and others). Leader always relies on benefits.

2. Leader is a person who already has some authority in the field of
positive achievements. The leader has a list of achievements that convince other
people to trust him and their actions will not be wasted. Manager must also be
authoritative. If the manager has no credibility, it is more difficult to be in
command subordinates.

3. Leader has some experience in the activities for which he conveys
people. He gets additional information before taking up any business.
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4. Leader does not stop where others stop. The leader has much higher
threshold of stress, he continues to direct even in critical situations. He is
optimistic and energetic in any case.

5. Activities and behavior of the leader give benefit to his team. The
members of team develop their skills, and the leader takes care of every
member's well-being of his team. Leader will not use drugs or alcohol as a way
of motivation because bad habits destroy the family values of his team. Such
leadership is short-lived. Moreover, the leader condemns and stop negative
behavior of the follower, even if it reduces his authority. The right leader helps
his followers to survive with all his might.

6. Leader focuses on survival, healthy way of life, making a family.
Family for a leader is a key to survival, efficiency, the opportunity to share
family responsibilities and save energy. If the leader succeeds in making family
and keeping up health, he will succeed in life.

7. Leader operates efficiently as it possible. He is disciplined, punctual,
honest with himself and others. He is not only respected but he is also trusted.
He is an example not only in work but also in his every action, even in thought.

Therefore, we consider that the concepts of "manager” and "leader" are
unacceptable to compare! It is better say: "This manager - is a strong leader!” Or
“this manager is not very strong as a leader”. That statement automatically raises
the question of the adequacy for the job.

Nature of leadership sets a short definition. Leadership is an ability to
discipline the behavior of the team for survival.

1. Leadership as a discipline involves the existing practice of behavior
management; knowledge of desires, needs, interests, intentions and willingness
of subordinates. Leader has a quality of self-restraint for the sake of action in the
right direction to get the result.

2. Survival in leadership indicates a positive benefit, promote leader’s
splendid health and health of his followers, the birth and raising children, taking
care of parents. So the leader will not act for the benefit, not related to survival.
Leader also will not perform actions without survival. Leader is an example and
model of effective survival, but in addition he promotes the survival of others.
The head of the company also take care of his employees. He disciplines them,
but on the other hand - he thinks of facilitating his company for the benefit of
business. He knows how to achieve the goal faster and squeeze profit out of
something. Only later, in the course of training, education and professional
activities a person can develop his leadership skills and thinking leader. And the
sooner the leader learns to achieve positive results, so it would be better for him
and his family in the long run.

The main positive result of the leader of a survival in the environment is
to preserve leader's health, the health of his family, upbringing and education of
children, the protection of the wife and parents.
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THE CHAIR OF GENERAL MACHINERY AS WE APPROACH THE
JUBILEE

Ceuooea I 'H., cmyoenmxa HTU (unuana) Yp@Y
Xyoakoe K.A., cmyoenm HTU (punuana) Yp@Y
Tumoesa E.1O., HTU (¢unuan) Yp®@Y, 3aseodyrowan kagheopoii « Mnocmpanmvix
AZLIKOBY

Seventy years have passed since the Technological Institute was founded,
since the year when the first applicant submitted his documents to the admission
committee. It was way back in 1944, and many changes have taken place since
then both in the academic, studying and structural aspects. In the present article
there will be presented the analysis of the activity of one of the most important
units at the Institute — the Chair of General Machinery.

The Chair was founded in 2005, and since that time it has been training
engineers — specialists; in 2011 the training of bachelors started.

Previously one third of all students of the institute studied here. Today,
with the extension in the number of major disciplines, the amount of students
has dropped to 15%. But they still work actively and every year show high
academic performance and participate in scientific conferences including
international ones.

From the day of its founding the main task of the Technological Institute
has been training engineers to work at the industrial enterprises of Nizhniy
Tagil. Cooperation continues up to the present time. Over 40% graduates of the
Chair of General Machinery are engaged in work at "UralVagonZavod". We
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have made a list of all the enterprises of Sverdlovskaya region where the
Technological Institute graduates are currently employed:

— Scientific Industrial Corporation PLC “UralVagonZavod”;

— OJSC Nizhniy Tagil Iron and Steel Works;

— OJSC UralCryoMach;

— OJSC Ural Design Office of Transport Machine Building;

— OJSC Ural Scientific and Technological Complex;

— JSC Nizhniy Tagil Works “Planta”;

— CJSC Rezh Mechanical Works;

— CJSC Nevyansk Mechanical Works;

— Federal State Unitary Enterprise Verkhnya Tura Mechanical Works;

— OJSC Nizhniy Tagil Boiler Radiator Works;

— CJSC Nizhniy Tagil Medical Tool Production Works;

— CJSC Nizhniy Tagil Mechanical Works;

— CJSC Kushva Rolling Works;

— CJSC Barancha Electromechanical Works;

— Nizhnyaya Salda Scientific Research Institute of Machine Building.

During its existence the Chair of General Machinery has trained more
than one thousand five hundred engineers

The Chair of General Machinery members are Doctors of Technical
Sciences, professors, assistant professors, PhDs and senior lecturers. The
teachers take advanced training courses regularly and improve their qualification
both as lecturers and engineers.

The classrooms and laboratories assigned to the Chair of General
Machinery are instrumented with the equipment for special purposes and with
modern computing technique. Teaching and laboratory base of the Chair
includes such labs as laboratory of interchangeability and standardization,
technology of engineering and spark processing.

There are over 600 scientific papers published by the staff and students of
the Chair. They have received more than 96 patents for inventions, and some of
them were licensed in the European countries.

As an illustration we can provide the following example: in 2007 a group
of researchers received the patent for the new engineering project "Means of
Cyanidation of Steel and Titanium Products". Among the authors of the
invention there were Evgeniy Michailovich Fainshmidt and Vladimir
Fyodorovich Pegashkin.

E. M. Fainshmidt is the author of more than 200 scientific papers and the
holder of 35 patents. He has made two real scientific breakthroughs. His
research and applied activities are connected with the following scientific
aspects:

- Sustainable processes in machine building;
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- Technology and equipment of termical treatment and powder
metallurgy;

- Increase of operational resistance of forming tool and machine parts;

Many awards and honors belong to E.M. Fainshmidt, namely:

- Honorable Inventor of the Russian Federation;

- Full Member of the International Academy of Ecology and Life Safety;

- Corresponding Member of the Russian Academy of National Sciences;

Professor Fainshmidt is mentioned and introduced in the following
encyclopedic references:

- Engineers of the Urals, Ekaterinburg, 2001;

- Honorable Graduates of the USTU-UPI, Ekaterinburg, 2007,

- Who’s Who, USA, 2008;

- 2000 Outstanding Scientists, Great Britain, Cambridge, 2008;

- Dictionary of International Biography, Great Britain, Cambridge, 2009.

Head of the Chair and the director of our institute is Vladimir
Fyodorovich Pegashkin.

Professor Pegashkin, Professor Fianshmidt and other scientists have
conducted a lot of research together. V. F. Pegashkin has over 260 scientific and
methodical works, more than 20 patents and inventions. The main fields of his
activity comprise the following engineering aspects:

- Optimization of metals treatment processes by cutting;

- Treatment with the application of tipping device;

- Sustainable and energy saving technologies.

In 2013 V. F. Pegashkin received the insignia "For Services to the City".
He told the reporters of information portal of the city: "I am proud to be the
director of the institute, one of the largest research centers in the city and the
region, the forge of qualified personnel. Getting the insignia is a great event for
me".

Vladimir Fyodorovich Pegashkin is:

- Full Member of the International Academy of Ecology and Life Safety;

- Full Member of the Academy of Engineering Sciences;

- Academic Counselor of the Russian Academy of Rocket Troops and
Acrtillery;

- Member of the International Association of Metallurgists-Experts;

- Corresponding Member of the Academy of Military Sciences.

The teaching staff of the Chair have achieved a lot in recent years and
they intend to continue their research projects. The directions of the coming
research activity are as follows:

- Development of the methods to increase manufacture effectiveness in
the sphere of machine building;

- Conducting complex of theoretical and experimental research which
provides getting the surfaces with an assigned set of features;
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- Forming a structure of phase composition and features of surface layers
the superplastic deformation of material with introducing ultrasound into the
deformation zone.

bubauorpadguyeckuii CIUCOK:

Nuxenepsl Ypana, Poccusi, EkarepunOypr, 2001r.

[Touernsie Bemmyckuuku YI'TY VIIU, Poccusi, EkatepunOypr, 2007r.
Who’s Who, CIIIA, 2008r.

2000 Outstanding Scientists, Bexukoopurtanus, Kemopumk, 2008r.
Dictionary of International Biography, BenukoOpuranus, Kemopuxk,

agbrwhE

2009r.

o

I'oponckoit mopran Hwkaero Tarwmia, TagilCity.ru
7. Opurmansueiit cait HTU () YVpd@V, nti.urfu.ru

WOMEN-PROFESSORS OF OUR INSTITUTE.

Ilpokonenko A.b., cmyoenm HTU (puruana) Yp@Y
Cymoesckasa E.A., HTU (¢unuan) Yp@Y, accucmenm xagheopvi« Unocmpanmwix
3bIKOBY

You educate a man; you educate a man. You educate a woman; you
educate a generation. (Brigam Yang)

Woman! There is a lot of tenderness, kindness and geniality in this word.
Woman makes this world better. She gives her love to people. But women who
devote all their life to science and education of young specialists deserve our
special attention. Our work is devoted to these outstanding women.

Bronnikova Eudokia Romanovna. She was born on March 15, 1924 in
Orenburg Region. It is difficult to understand how institutes could work during
the war. Nevertheless Eudokia Romanovna graduated from the teacher training
Institute and became a mathematics teacher. After ten years of teaching at
different schools, she became a chief teacher of the chair of mechanics and
mathematics.

Semikolennyx Margarita Nikolaevna. She was born on March 4, 1932 in
Nizhni Tagil. In 1955 she graduated from the polytechnical Institute as a
mechanical engineer. She has been working in our Institute since 1960. She was
a director of science in 1982-1985. Margarita Nikolaevna has more than 40
scientific works, including the inventions and 42 monographs. The name of this
talented professor is written down in the honorable book of our Institute.

Aristova Natalya Alekseevna. She was born on September 14, 1954 in
Karaganda. In 1976 she graduated from the metallurgical Institute, the faculty of
chemistry and metallurgy. In 1983 she became a candidate of sciences. In 1999
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she became a chief of the chair of chemistry. Natalya Alekseevna has more than
100 scientific articles, 2 monographs and patents.

Borshova Larisa Vasilyevna. She was born on May 22, 1962 in Nizhni
Tagil. In 1985 she graduated from the Ural polytechnical Institute. She has been
working at the chair of general mechanical engineering since March 1992.
Larisa Vasilyevna became a candidate of technical sciences in March 2004.

This is not a complete list of women - professors of our Institute. For
example, at the chair of mechanical engineering, which is impossible to call a
female one, work a lot of talented women — professors: Kravchenko L.M.,
Pegashkina E.V., Malygina N. P. and others.

Who told that women can't learn absolutely man's craft? Our women —
professors not only mastered difficult professions, but became a good example
for their students. Thanks to them our Institute prepares a large number of
excellent specialists every year. We are proud of our outstanding women-
professors!
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METAJUIYPTMYECKOE ITPOM3BOACTBO

O CIIEHUMPUKE CIIEHUAJTBHOCTHU MHOI'OLEJIEBBIE
I'YCEHUYHBIE U KOJIECHBIE MAIIIUHbI (MI'KM)

Anucokun AJO., Hlluwkun ILE., cmyoenmor HTU (¢punuana) YPDY

CrenralibHOCTh CTYJIEHTa - OYIyIlIero MHKEeHepa 3TO KOHCTPYUPOBAHUE U
MPOU3BOJICTBO OpPOHETAHKOBOW TEXHHMKHU. Jlelio OYeHb ClIOkKHOE, Tpeldyroiiee
OOLIMPHBIX MHOTOTpaHHBIX 3HaHUU. [loHsTHE «OpOHETAaHKOBBIE BOMCKa» WU
«TAaHKOCTPOEHUE» HEBO3MOXKHO paccMaTpUBaTh M M3y4yaTb B OTPBIBE OAHO OT
Ipyroro. 3a KaXIbIM BOMHOM - TAaHKHUCTOM CTOMT MHOTO pPaOOTHHUKOB
TaHKOCTPOUTEIILHON OTPaCIu MAIIMHOCTPOCHUSI-yUeHbIe, MHKEHEPHI U pabouue,
BOOPY KAIOIIME apMHIO COBpPeMEHHOW OoeBoil TexHUKOW. Poccuu Hemb3s He
UMETh MOIIHOW apmuu. BoopyxeHHble KOH(MIMKTBI Ha TpaHuuax Poccun
MPOUCXOJIAT YaCTO U BO MHOTMX MECTaX, U Mbl OKa3bIBaeMCsl, TaK WJIM UHAUYE, B
HUX BTSHYTHIMU. Jla U KeJarolux MOKYCUThCS Ha HaIlK 3eMJIM XBaTaeT. BepHo,
BbICKa3aJyics korja-to ummeparop Ausekcannp ll: «Poccus cnuiikom Bemnuka,
yTOOBI HE WMETh BparoB». M ecnu Mbl A0OUIUCH XOTS Obl OTHOCUTEIHHO
MUPHOM OOCTaHOBKHM Ha IpaHUIlax, TO TOJbKO Oyarojaps cuiie Haled apMuu U
Hamero opyxkusd. Tak W momydaercs, 4Tto mpodeccus BOSHHOTO HH)KEHepa -
camass wmupHas npodeccusa! IlpuBenem HEKOTOpble TPOCThIE YHUCICHHBIC
nannbie. Y Poccuu B apmMuu — okosio 1 muuinmona yenosek, y CIIIA — oxosno 1.5
MuimoHa, Y Kwutas okomo 2.3 mwumona. Tepputopusi Poccunm — camas
OombIas B MUpPE, TOITOMY W TPAHUIIBI CaMble MPOTSHKEHHBIE, 4 HACcEJIEHUE HE
TaKo€ YK MHOTOYHUCIEHHOE. MOXKHO NOJCYHUTATh, YTO HA OJIUH KUJIOMETP
rpanuiibl y Hac mpuxoautcs 15 3ammraukoB. Y CHIA- 57, y Kuras — 80.
Orcroga crmeayer BBIBOJA: TOJIBKO MMesl jydllee opyxue, Poccuiickas apmusd
CMOXET TMPOTHUBOCTOATH BO3MOXXHBIM  TMPOTUBHHMKaM. TakoBa cypoBas
peaTbHOCTDb HAIIIETO BPEMEHH.

TexHU4eCKHnil ypOBEHb POCCUMCKUX BOOPYKEHHUM — OJIMH U3 BBICOYANIIIAX
B coBpemeHHOM wmupe. B 2010 romy B.B. Ilyrun nomgdepkHyn, dTO
«HAIMOHAJIBLHOW HJee» y Hac JOKHA OBITh KOHKYPEHTOCIIOCOOHOCTH
MPOJYKIIMA HAa MHUPOBBIX pbIHKAaX. K cokanmeHuto, ¢ 3Toi mpobieMoil Hara
MPOMBIIICHHOCTh TOKa HE CHpPaBJsETCA: MO TMOJCYETaM CHEUUAIUCTOB U3
Opranuzanuu O0Bbe IMHEHHBIX HaIui, Hamia CTpaHa 10
KOHKYPEHTOCTIOCOOHOCTH CBOMX M3CIIUNA HAXOJIUTCA B CpeaHeM Ha 45 mecTe B
mupe. Ho BOT ¢ BoopyxkeHusiMmu neno ooctout mHave. Te ke sxcneptsl OOH,
MPUHSAB BO BHUMAHUE JIECSITKH BUJOB BOOPYKEHHS, OTAAIU ISITh MEPBBIX MECT
cpa3y ISITU cTpaHam, U Poccust BollIa B 3Ty MOYETHYIO «IISITEPKY».

OmauM U3 COCTaBIIOMMX Hamer 1mooensl B Bennkor OrTedyecTBEHHOM
BOWHE SIBWJIOCH HAJWYUE MOIIHOTO BOOPYXXEHUs Hallled apMuu. ABuUalus,
apTuuiepus, OpOHETaHKOBBIE BOMCKA - BCS Hallla 000OpOHHAsI TEXHUKA OKa3aach
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sbdexTuBHEE  TUTIEPOBCKOM, XOoTs Ha ['epmanuio  pabotana  Bcd
IIPOMBIIIUIEHHOCTh JOBOCHHOU EBporibl.

OngHuM M3 TJIaBHBIX MOCTABIIMKOB OpPOHETAHKOBON TEXHUKH ObUT Halll
Tarun, YpanBaroHnsaBoj, T'lle TaHKOBOE IPOM3BOACTBO pPa3BEepHyNId Ha 0Oaze
XapbkoBckoro 3aBojia Nel83. 3a yeThipe rojia ObLIO BBIYIIEHO 35 ThIC. TAHKOB
T-34-HanexHeHIX Ha TO BpeMsi OOEBBIX MAIIUH.

3aBoj HE YTPATHUII CBOETO OOOPOHHOIO 3HAYEHUS U B HAcTos1Iee Bpems. B
MOCJICBOCHHBIE TOABl TPOJOJDKATIOCH COBEPIICHCTBOBAHUE OPOHETAHKOBOM
texHuku. Ha 6a3e T-34 Obutn co3gaHbl HOBbIE MoaU(UKaIuu, Takue Kak T-54,
T-55, T-62 u camas maccoBas mamuHa T-72. 3a Bech mepHoOJl TPOU3BOJICTBA
Ob1710 TIpom3BeieHo cBbIme 100 ThiC. 0OEBBIX MAIIIHH.

Hano ckazare 0 BKJaJe Hallero HMHCTUTYTAa B MPOU3BOJCTBEHHBIN
nporiecc YpanaBaronzapojaa: B 1983 r. Obu1a oTkpbiTa crnenuaibHocTh KI'M, 3a
npomeamme 30 JeT TOArOTOBIEHO OO0JbIIOE KOJIMYECTBO HHXKEHEPOB,
noAaBJIsIroIIee OOJBITMHCTBO KOTOPHIX paboTaeT B cucteMe Y B3.

CrnenuanbHOCTBIO CTYyJIeHTa-0y1yIIero MH)KEHepa CTaHET
KOHCTPYUPOBAaHUE M TMPOU3BOACTBO OpPOHETAHKOBOW TEXHUKH. B HacTosiee
BpeMs kKadenpa crerualbHOr0 MallTHHOCTPOSHUS! Ha TTObEME, JIeJI0 B TOM, YTO
Ipu  Mepexoje JAPYruxX CHEeNHAIbHOCTEH Ha BBINYCK OakalaBpoOB IS
CHEUaTbHOCTH MHOTOLIENIEBBIE TYCEHWYHbIE U KoJjecHble MamuHbl (MI'KM)
COXPAHWJICS «CHEIUATUTET», TO €CTh MPOUCXOAUT TMOJHOLIEHHOE OOy4YeHue
WHXEHEPOB. B 3TOM cymiecTBeHHOE TpeuMyIecTBO crienranbHocTH MI'KM.

Mp1 npurnamaeM adUTYpUEHTOB-BBITYCKHUKOB 1IKO0JI T'. HuxHero Tarua
— MOCTYIIAWTE YYUTBCA K HaM, HE Mokajeere, y Hac uHTepecHo! I'aBHOe
yciioBue — B yncie caranubix EI'D nomkeH ObITh 3K3aMeH 1o (hu3mke.

bubanorpadguyeckuii cnucox

1. XmensuukoB E.A. Bennep .M. Vctopusi OpOHETaHKOBBIX BOWCK U
taHkocTpoenus. — Hwknauii Tarun, uza. @KIT «kHTUNM», 2013.

2. [lonnas »Hukmonenuss TaHkoB Mupa.1915-2000 r. /cocr. TI.JL
Xonsisekuid. — OO0 «Xapsecty, 2004.

MOIEJUPOBAHUE NPOUECCA NTIPECCOBAHUSA TPYD U3
IBETHbBIX METAJIJIOB U CIIJIABOB

babaiinoe H.A., ooyenm xagedpvr Obpabomka memannos oasieHuem YpDY
Ilepeyxun A.E., Ilepeyxuna /I.H., macucmpaumor Yp@Y

MaremaTuyeckoe  MOJEIUPOBAHUE  PA3IUYHBIX  TEXHOJIOTUYECKUX
MPOIIECCOB  TMOJYYEHUS] METAUIOM3ACINM B TOCJIEIHHE TOAbl AKTUBHO
pa3BuBaloTcs Ha Kadeape o0pabOTKM MeTauioB JaBieHueM HWHcTuTyTa
MaTEPUATIOBEICHUS U METAILTypru YpdDY ¢ NOMOIIbI0 NAKETOB UHXKEHEPHOIO
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anamuza (CAE — Computer-Aided Engineering), mpexae Bcero B pamkax
HAy4YHO-UCCIIEI0BATEIbCKON padOThl MAarucCTPAaHTOB M ACHUPAHTOB Kadeapsl.
Pe3ynpTaThl THUX  HCClIEIOBaHUM  BOCTpeOOBaHbI Ha  IPOMBIIIICHHBIX
npeanpuatusx CBepAJIOBCKOW 00JacTH M YPalIbCKOTO pEruoHa, B T.4. Ha
METaJUTypPrUYECKUX MPEIIPUITUSIX, UMEIOIIUX B CBOEM COCTaBe MOApa3AesICHUs
IO MPOU3BOJICTBY OCCIIOBHBIX TPYO M3 IIBETHBIX METAJUIOB U CILUIABOB.

B pabGore mpexacraBieHpl MareMaTHueckas ~MOJCIb  PEaTbHOTO
TEXHOJIOTUYECKOT0 Tpollecca MNpsIMOTO MPECcCOBaHUSI TPYObl U pPE3yJbTaThl
pacdera B paMKax pa3pabOTaHHOW MOJENH TeUeHUs: AePOPMUPYEMOTO METalljia
3aroTOBKH B IIpoOIlEccax MpsiMoro npeccoanus Tpyo [1, 2].

JIns penieHust MOCTaBICHHOW 3a7iaul BhIOpaHa MporpamMma MHKEHEPHOTO
ananmza QFORM (pa3pabotunkom kotopoil sBisiercss OO0 «KBantopdopmy,
Poccus).

HcxonHpiMu MaTepuaniaM JJis TMOCTAHOBKU 3aJaud HCCIEJOBaHUS U
BBITIOJIHEHUS HAYYHO-HCCIIEOBATENIbCKON pabOThl  SIBIAIOTCS  MaTepHaIbl,
MOJIyYeHHBIC TTPH MPOXOXKICHUU MPOU3BOJICTBEHHON MTPAKTHUKH.

[IpeacraBiensl pe3yibTaThl pacyeTa MPsIMOTO MPECCOBaHUA TPYyO WH3
amoMuHueBbIX  cutaBoB  (I'OCT  18482-79 «TpyObl mpeccoBaHHBIE U3
ATIOMUHUS Y aJTFOMUHUEBBIX CILIaBOB. TY»).

Pe3ynbTaThl aHanv3za MaTEeMaTUYECKUX MOJIETEH MpPEICTaBICHBI B BUJIEC
CICAYIONIMX 3aBUCUMOCTEH (MOJield pachpenesieHus BEJIWYMH) Ha JII0OOM
BPEMEHHOM 7Tare AehOopMUPOBAHUS METAILIA: JJIsI HANPSX)KEHHOTO COCTOSIHUS —
HaIPsHKEHUS, THTEHCUBHOCTH HAMPSDKEHUM; 17151 1e(hOPMHUPOBAHHOTO COCTOSIHUS
— CEeTKa KOHEYHBIX JJIEMEHTOB, HWHTEHCHUBHOCTH JAedOpMaIlMH, CKOPOCTh
MPECCOBaHMs, CTENEeHb Jnedopmaliuu, JUHUM TOKA W JIp.; TemmepaTrypa (1oJis
TeMIrepaTyp) Mo CEYEHHUIO 3aroTOBKHU B mpoliecce aedopmainuu. Pe3ynbTaThl
pacueTa SHEProCHJIOBBIX MapaMeTpoOB TPEACTaBICHbl B BHAEC TI'paduUKOB:
JUHAMUKA U3MEHEHHUS CUJTBI, paOOTHI M MOIITHOCTH MPECCOBAHUS OT BPEMEHH.

Ha puc.l mpencraBieH SkpaH BBIBOJA PE3YJIbTATOB pacueTa (CTENeHb
nedopmaliii Ha OJTHOM M3 ATaroB mpeccoBaHusi). Ha puc.2 mpencrasieHo mnose
TeMIiepaTtypbl B JehOpMHUpYeMOl 3aroToBKE IIPH PACHPECCOBKE CIIMTKA,
BBITEKAHMM MeTaJlJla U3 KaHajla MaTpUIlbl, Ha CTAI[MOHAPHOW CTaJuH
MPECCOBAHMS U OKOHYAHUS IPECCOBAHUS.

B paGoTte BbINOJIHEH pacueT dHEPrOCHIIOBBIX MapaMeTPOB MPECCOBAHUS C
1EJbI0 00ECTICUCHHST MaTepralio- U SHEProcOEpeKeHUsl B peajbHbIX Mpolieccax
METAJTyprU4ecKoro Mpou3BoJicTBA. [lomydeHHbIE pe3yabTaThl IMO3BOJISIIOT
OCYIIIECTBUTh pAaIlMOHAIBHBI BBIOOP TEMIEPATYPHO-CKOPOCTHBIX YCIOBUIA
TEUEHUs] METaJJla MPU TPECCOBAHUM C IEJIbIO TMOJYYCHUS KauyeCTBEHHBIX
METAION3/ICNINHA, HE UMEKIMX Opaka 10 TEOMETPUM U CIUIOIIHOCTH
MOJIy4aeMOoro U3/IEITHs.
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Puc. 1. Dkpan BeIBOsa pe3ynbTaToB pacueTa B makere QFORM (crenens nedopmanmm Ha
OJTHOM W3 ITAIOB MPECCOBAHMUS)

Marematnyeckass MoOJENIb IPECCOBaHUS pa3padoTaHa C  y4eTOM
U3MEHEHUs MapaMeTpoB  HCCIEAyeMoro  Impolecca, T.€. pa3padoTaHa
napameTpuueckas Mojelb. B mapamerpuuyeckoil MOAENM MPECCOBAHUS
3aJI0)KEHa BO3MOKHOCTh CMEHBl MaTepuajla 3aroTOBKM UM  IPECCOBOTO
WHCTPYMEHTA, WU3MCHEHHME  TEXHOJIOTMYECKMX  IMapaMeTpoB  Mpoliecca,
FEOMETPUYECKUX Pa3MEPOB 3aroTOBKM M IMOJydyaemMoro wusnenus (TpyObl), a
TaKXe pa3MepoB MMPECCOBOTO HHCTPYMEHTA.

B pesymbrarax  mpOBENEHHBIX  HMCCIENOBAaHUWA  MOTYT  OBITh
3aMHTEPECOBAHbI TEXHOJOTUYECKUE CHyKObl mpennpusituii  CBepIIOoBCKOM
00JIaCTH, MMEIOIIMX B CBOEM COCTaBE IPOU3BOJICTBO IMPECCOBAHHBIX TPYO,
Harpumep: OAO «KYM3» (r.Kamenck-YpanbCkuii) — aTlOMUHUEBBIE CILIABHI,
OAO «BCMIIO-ABUCMA» (r.Bepxusis Cannga) — tutaHoBsie criaBbl, OAO
«Ypalibckas ropHO-MeTaJUTyprudeckas kommnanus» (r.PeBna) — MeaHbIe CIJIaBhI.

Hay4dHo-uccnenoBarenbCkuii IpOEeKT MarucTpaHtoB «MaremaTudeckoe
MozenvpoBaHue rmnpeccoBaHus» B 2013 rogy Obln mpeactraBieH Ha XVI
OO0slacTHOM KOHKYpPC Ha JYYIIyl0 Hay4yHyH pabOTy CTYJEHTOB BBICHIMX U
CpEeIHUX CHEIUaIbHbIX YUeOHbIX 3aBeicHu CBepyioBckoi oonactu «HayuHblii
Onumm» no HampabiieHH0 «HoBasi pOMBIIIITIEHHAsT TEXHUKA U TEXHOJOTHUM,
TOJYYMBIINH MOOMIPUTENIbHYIO TpeMuio [3].
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bubauorpadguuecknii Ciucok

1. [Teppyxun A.E., ba6Gaitnor H.A. KommnbloTepHoe MopaenrpoBaHUE
MPOLIECCOB MPECCOBAHUS AIIOMUHUEBBIX CIJIABOB AKTyalbHbIE MPOOJIEMBI
pa3BUTHS TeXHUYECKUX HayK. COOpHUK T€3UCOB HayYHbIX padoT ExarepunOypr:
YpdV, 2013. 45-46 c.
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HANPAKEHHO-JE®@OPMHUPOBAHHOE COCTOSHUS ITPH
CBOBO/IHOU KOBKE 3AI'OTOBKH

baoaiinosa A.H., acnupanm Yp@Y
Bypxun C.IL., ooyenm xagedpwvr Obpabomra memannos oasieHuem Yp@Yy

B pabote wucciemyercs TeXHONOTHsS CBOOOAHOW KOBKHM (puc.l), mpu
KOTOPOUM IUJIMHIpPUYECKAs JTUTasg 3aroTOBKA OCAXKMBAETCSI HA TIAJKUX TUIUTaX,
3aTeM KaHTYETCSl U OCAXKUBACTCS TI0 TUAMETPY A0 (POPMHUPOBAHUS ITOMIEPETHOTO
cedeHms, OJM3KOro KBajgpaTHoMmy. [lodmydeHHas TIOKOBKAa TMPOTSATHBACTCS
MJIOCKUMHU OOMKaMU JI0 KBaJIpPaTHOTO CEUCHUS WM OOKATHIBACTCS 10 KPYTJIOTO
ceyeHusa. BTopas ocanka mociae KaHTOBKM MOKOBKM TAaK)KE BBIMOJIHSIETCS Ha
IIAJIKUX IUIUTaX ¢ OTHOCUTEIBLHON BhICOTHOM nedopmanueit €=0,4...0,6, kKaK u
B [IEPBOM CIIy4ae.

MonenupoBaHue IPOIIECCOB CBOOOIHON KOBKHU 3arOTOBKU IMPOU3BE/ICHO B
nporpamMme  uHXeHepHoro aHanmuza DEFORM, koropas  mo3BOJISET
ONTUMHU3UPOBATh  TEXHOJOTHMYECKHME  TMPOLECChl  HEMOCPEACTBEHHO  3a
KOMITBIOTEPOM, a HE B XoJe (U3UYECKUX DOKCIepuMEHTOB. [losTomy
COKpaIalOTCsl CPOKM BBIMYCKa MPOMYKIIMU, IOBBIIIAETCS €€ KadecTBO U
CHUXKAETCSI CE0ECTOUMOCT.

OcCo00OEHHOCTBIO SIBJISIETCSL TO, YTO BTOpask OcCajka OCYILIECTBIISIETCA B
HalpaBJICHUW  TEPICHAUKYJSIPHOM  OCH  HUCXOJHOW  3aroTOBKH.  IJTO
obOecrieunBaeT Jy4llylo, 4YeM IpPU MPOTUBOHAIPABIECHHONW KOBKE MPOPadOTKY
JIUTON CTPYKTYPBL.

Janee 3aroroBKka CHOBa KaHTYETCSI M OCAXUBAETCS B HANPABJICHUU
TPEThE OCH, MEPNEHIUKYISPHON HAMPABICHUSM ABYX MHPEABIIYIINX OCAJIOK.
Ecnu HaOpanHasi cTeneHb YKOBKM WM CTENEHb Jedopmaliuu  CcIBHUTa
YIOBJIETBOPSIET TMPEANHCAHHBIM TpPeOOBaHUSAM, TO TMEpejebHas TOKOBKa
MPOTATUBAETCS, KaK NPaBUJIO, B HAIMPABICHUM OCH HUCXOJHOTO CIUTKa Ha
IJIACTUHY WM TUIMTY 3aJlaHHBIX pa3mepoB. Eciu nedopmarivs, HaKOTUICHHAS
IpU KOBKE MO JaHHOW CXeMe, IMPU3HAETCS HEJOCTATOYHOW, TO MPUMEHSIETCA
cXeMa KOBKHU C TpeMsI OCaJIKaMHU.

Ocadna 1a fpomemwa va wBadpam
290
g @ ;/'7‘090
) .
Ocadxa 2-n lNpomaxxa na paimep

b @7

Puc.1. CxeMa KOBKHM IJIaCTHH U ILIHT C ABYMA OCaJIKaMUn
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DTa cxema CYIIEeCTBEHHO MOBBIIIAET CTENEeHb YKOBKHM M, KaK MPaBUIIO,
YIOBJIETBOPSIET YCIOBUSAM JIOCTATOUHOM MPOPAOOTKU JIMTOW CTPYKTYpHI
MPaKTUYECKU JTIOOBIX METAINIOB U ciuiaBoB. [loka3anHas Ha puc.l cxema KOBKH
YIOBIIETBOPSIIOT YCIOBUAM Habopa AOCTATOYHO OOJBIIOW CTENEHU YKOBKU H
pa3zHoHarpaBieHHOCTH AedopmManuii. OgHAKO BBITOJIHEHHE ATHX ONepaluid Ha
IAIKNX TUIATaX TPU HU3KOW ITUTACTHYHOCTH JIUTOTO MeETallla W HHU3KHUX
3HaUCHUAX  Kod(PuImeHTa TPEeHWS HAa  KOHTAaKTHBIX  TTOBEPXHOCTSX
COMPOBOXK/IACTCS MECTHBIM pa3pyIIeHUEM MeTalla W3-3a HeOJarompusTHBIX
CXEM HAMPSHKEHHOTO COCTOSTHHUS.

B pabote mpencTaBieHbI pe3yiabTaThl MATEMATHYECKOTO MOJICTUPOBAHMSI
TEXHOJIOTUH KOBKH TPYIHOAEC(POPMUPYEMBIX METAJIOB M CIUIABOB, KOTOpas
pa3paborana Ha kadeape OMJ] Vp®dVY. IlpemnoxeHnHpiii B paboTe BapuaHT
BCECTOPOHHEW KOBKM 3aroTOBOK W3 JIMTOM NMJIMHIPUYECKOW 3aroTOBKU
ah(dexTuBeH BO BCeX Clyyasx IUIACTUYECKOM oO0paboTKH, Korja Tpedyercs
OonbIIas CTENEeHb YKOBKM WM (OPMHPOBAHUE OJHOPOJHOM HM30TPOMHON
CTPYKTYpbl M CBOWCTB MeTayuia. Yuciao 1UKIOB JaepopMUpOBaHUS C
MEPUOIMYECKUM BOCCTAHOBJICHUEM (DOPMBI U Pa3MEPOB 3arOTOBKU MOXKET OBIThH
MIPOU3BOJIBHO OOJIBIIUM (OTPaHUYEHHU 10 CyMMapHOW HAKOIUICHHOW CTETEeHU
nedopManyu B JaHHON TEXHOJIOTUH HET).

Pa3paboTanHasi TeXHOJOrUs peanu3yer Oosiee OJaronpusATHYIO CXEMY
HaIPSHKEHHOTO COCTOSHUS TSI TIOBBITIICHUS TUTACTUYHOCTH MeTaiiia. [Ipu aTom
3aroTOBKa COXPAHIET YCTOWYMBOCTH JaKe MPHU HEMPEIABUICHHBIX MCKAKCHHIX
GbopMBI TIEpEeNeNbHBIX 3aroTOBOK, BBI3BAHHBIX HEOJHOPOIHOCTHIO CBOWCTB
CIUTaBa M TEMIIEPATYPHBIX TIOJIeH, a TaKXKe HECTAOMJIBHOCTHIO KOHTAKTHBIX
YCJIOBUM TPEHUS.

WcxomHoi mpu MOJEIUPOBAHUM SIBJSICTCS 3aroToBKa guameTrpoM 0=56
MM U BbicoTON h=72 mm. Pasmeps! miockux OoiikoB (ctane SXHM): auametp
D=200 mm, BeicoTa H=80 mm. Paguyc BbIpe3a B Ooitke — 28 mm. HauanpHas
temmeparypa 3aroropku — 1600°C, 6oiikoB — 400°C. KoahuuueHt tpeHus 1mo
Kynony — n=0,4.

TexHONOTHs KOBKM 3arOTOBKU COCTOUT W3 CIEAYIOIIMX ONEPAINA: ocadka
YUTUHOPUYECKOU 3a20MOBKU HA NIOCKUX Ootikax mo ocu Z (puc.3, a); ocaoka
3a20MOBKU 8 Gblpe3HbIX OoliKax To ocu X 0 CMBIKAHUS BEPXHETO0 M HUKHETO
OolikoB (puc.3, 6); ocadka 3a20mosku 8 evipe3nvix Oouxax 1o ocu Y JI0
CMBIKaHHSI BEPXHETO U HUYKHET0 OOMKOB (pHcC.3, 8).

B paboTe BBIMOTHEH aHAIW3 HAIMPSHKEHHOTO COCTOSIHHUS 3aroTOBKH. Jis
npuMepa IPUBEJCHBI IIOJI HANPSDKCHUHW o, JUIL O0XKaTWs B HAIpPaBIICHUM

JMaMeTpa OCaKEHHOW 3aroTOBKU B paJlMajbHBIX BbIpe3HBIX Oolkax. Ha puc.2
NPUBEACHBl CEUYEHMs] 3arOTOBKM TPEThEro JTamna Jae@opMUpOBaHUs, T/
U30JMHUSIMUA ~ M300pakeHO  pacmpeneneHue  HampsbkeHuil.  OmnpenesneHo
dbopMor3MEHEHUE 3arOTOBKY U U3MEHEHHNE HAKOTUIEHHON CTeNeHu aedopManuu
Ha BCEX ATanax Ae(opMHUPOBAHUS.
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B pabote onpeneneHo HampspKeHHO-AE()OPMUPOBAHHOE COCTOSTHUE TPHU
BCECTOPOHHEW KOBKE 3aroTOBOK (C Y4Y€TOM HEOAHOPOJIHBIX TEMIIepaTypHBIX
MoJiel B 3aroTOoBKE W MHCTpyMeHTe). OCYIIECTBIEH aHaIU3 TEIUIOBOTO PEKUMa
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PACUYET TEMIIEPATYPHBIX ITOJIEN ITPU PACIIPECCOBKE
CJINTKA B KOHTEMHEPE

babaiinoe H.A., ooyenm xageopwvr Obpabomra memannos oasnenuem Yp@Yy
Ilepeyxun A.E., Ilepgyxuna /I.H., macucmpanmor Yp@Y

B npeacraBieHHol paboTe BBINOIHEHO MCCIEIOBaHUE TEIIOBOTO

pexuMa pacIpeccoBKU (MpomoaBHOM OCAJIKH) MIPSIMOYTOJILHOTO
HENPEPBHIBHOIUTOTO CIUTKAa B KPYrJoM KoHTeiHepe. OCHOBHas OCOOEHHOCTH
TAKOro mpouecca IOJIYyYeHUsT KAaYECTBEHHOM 3aroTOBKA — JBYXCTOPOHHSIS

pacrpeccoBKa CIHTKAa B KOHTEHMHEpE, HANpUMEP HA BEPTUKAIBHOM WIH
TOPU30HTAIBHOM THAPABIMYECKOM IIPECCE, a TaKKe Ipeccax CIeuaIbHbIX
KOHCTPYKITUH, MpeICTaBICHHBIX B padbore [1].

Pazpaborannas Ha kadeape OOpaboTka MeTauioB AaBiieHueM YpdDY
TaHHAs TEXHOJIOTUS 00ECIICUNBAET:

— KaueCTBEHHYIO TPOpa0OTKYy JIUTOM CTPYKTYpbl B €IIe MpoIecce
W3TOTOBJICHUSI KY3HEUHOU 3aTrOTOBKU;

— HCKJIIOYEHHUE TPYJO0EMKHUX OIepalui mo Habopy yKOBKH.

[TogoOnass TtexHosoruss Jedopmalii  HEMPEPHIBHOIUTOTO  CIIMTKA
MPSIMOYTOJILHOTO ~ TOTIEPEYHOTO  CEYECHHsS] IO3BOJIAET TMOJY4YUTh  Oosee
BBICOKOKAaYECTBEHHYIO 3aroToBKy. MHTeHcuukaiusa mpouecca aehopMaiuu B
JTAHHOM MPOLIECCE MOXKET OBITh JOCTUTHYTA 32 CUET MPUMEHEHHUSI 3aKPyUUBaAHUS
TOpLEB 1e(POPMUPYEMOI 3arOTOBKH.

Ha xadenpe OMJ[ onpoboBaHbl B J1aOOPAaTOPHBIX YCIOBUSIX PA3ITUYHbIE
TEXHOJIOTUYECKUE TMPOIECChl KOBKM KPYMHOTA0APUTHBIX IUIMT U TPYTKOB, a
TaKke pazpadoTaHbl BApUAHThI MAIIUH C Pa3IUYHBIMU TUIIaMU TipuBoAa [1].

B Hacrosiiee BpeMsi akTyalibHbI BOIPOCHI OMPEACICHUs TEMIOBBIX MOJICH
B 3arOTOBKE M MHCTPYMEHTE Ha pa3HbIX dTamnax J1eGopMUpoBaHUs 3arOTOBKH.

[Ipu pemieHMM HECTAUMOHAPHOW TEIUIOBOM 3aJa4d IOJIYYEHBI I10JIS
TeMIiepaTyp B 00beMe 3aroToBKH. PelieHre BBITIOJIHEHO C YYETOM BHYTPEHHUX
HMCTOYHUKOB TeIIa (32 CUET IJIACTUYECKOHN epopMaIuu U TPEeHUS! CKOJIbKEHUS
Ha KOHTAKTHON TOBEPXHOCTH MEXKIY 3aroTOBKOW HWHCTpyMEHTOM). B pabore
TaKXe TOJy4YeHO pPacHpeiesieHue TeMIepaTypbl B IMPECCOBOM HHCTPYMEHTE:
JBYX TIIyaHCOHaX M KOHTeiHepe mpecca. lIpu pelieHMn HUCHONIb30BAIACH
cucteMa CAE ANSYS, ocHoBaHHas Ha MeTOJ€¢ KOHEYHBIX DJIEMEHTOB. 3ajada
pelieHa B 3-X MEpHOU OCTaHOBKE.

PesynbTaThl pacdera mojed TemmepaTypbl BBIMOJHEHBI JJIS Pa3IUYHBIX
maroB (3TanoB) aedopmManuu. Pe3ynbrarhl HadalbHOrO Imara aedopMaiuu
npuBeieHbl Ha puc.l u koHie nepopmaruu Ha puc.3 (a — ceuenue xOz; 6 —
v0z; 6 — xOy). Ha pucyHkax npuBejieHa M0JIOBUHA ITPEACTaBICHHON MOJIEITH.
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Puc.1. TemneparypHoe nosie B Hauane gepopmanun: a — cedenne X0z ;6 — yOz; 6 — xOy;

1 — myaHcoH; 2 — KOHTelHep npecca; 3 — neopMupyemMas 3aroToBKa
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Puc.2. TemneparypHoe nose B KoHie aepopmaimu: a — cedenne X0z ;6 — y0z; 6 —

xOy; 1 — nyancoH; 2 — KOHTelHep npecca; 3 — nedpopMupyeMas 3aroToBKa

AHanmu3 TMOJyYEeHHBIX Pe3ybTaTOB, TMOJYYCHHBIX TPU pacdyeTe B BUIL
noJiel TemmepaTryp nepopmMupyeMoil 3aroTOBKHM M IPECCOBOTO MHCTPYMEHTA,
MO3BOJIIET OLIEHUTh BO3MOXKHOCTH OCYIIECTBIICHHUsI Tporiecca aedopMaiuu B
CJIO’KHBIX YCIIOBHUSX HECTAIMOHAPHOTO MpOoliecca TeII000MeHa.

bubanorpadguyeckuii ciucox
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2. Ilepsyxun A.E., IlepByxuna J[.H. Pacuer TtemmnepaTypbl mnpu
pacmpeccoBke ciuTKa B KoHTelHepe // COOpHUK TE3UMCOB JOKIAI0B V HAy4HO-
TexHuuecko koHpepeHuu «O0pazoBaHue U Mpou3BoACTBO - 2013», BepxHusis
Canpa: Yp®@V, 2013. C. 21-22.
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O MPOMBIIIJIEHHOM DKOJIOTUH

baovimesa J1.A., HTU (punuan) YpDY, 3a6. nabopamopueti kageopwi
«Memannypeuueckou mexnono2uuy»

B3anMocB3b, B3aMMOJIEHCTBHE M B3aUMO3aBUCUMOCTh IPOMBIIIIEHHOCTH
U OKpY)Karoliel cpenbl — 0ObeKTHBHAsI JaHHOCTh COBpeMeHHOCTH. OIeHKa H
MUHUMU3AIUS CTOJIKHOBEHUM B 3ToM cdepe CyTh 3aJaud MPOMBIILICHHON
sKosorud. B peanbHbIX ycnoBHsX cdepa AEATETBHOCTH MPOMBINIIICHHON
DKOJIOTHH, Yallle BCEro, HE BBIXOAWUT 3a MpEAeNibl OJHOro mnpeanpusarus. Ee
byHKIMH, KaK MpaBuiio, (OpMUPOBAHKE MAKeTa JOKYMEHTOB, OMpPEEISIONIETO
MpaBa NPEeANPUITUS B paMKaXxX CYIIECTBYIOIIUX MPUPOAOOXPAHHBIX HOPMATUBOB
Y OTYETHOCTbH B TEX XK€ Ipeeax.

CoBpeMeHHBIE CHEUANINCTBl 3KoJIorW, B yactHocth T.E. I'pumen u
b.P.Annen6u, omnpenensioT NPOMBIIUICHHYIO 53KOJOTHUI0 KaK «CPElCTBO
JOCTUIaTh W IOAJEPKUBATh YCTOWYMBOCTB, 3aJaHHYI IPOJOJIKAIOIIECHCS
DKOHOMHYECKOHN, KYJIbTYPHOM W TEXHOJOTHYECKOM 3BOJIOIUEN». ITO
HEOTPAHWYEHHO pACIIUPSAET CHEKTP OTBETCTBEHHOCTEH IPOMBILIJIEHHON
skonoruu. [Ipeanonaraer NOCTOSHHYIO ONTUMU3ALMIO (PAKTOPOB, BKIHOYAOLIUX
pPECYPCHI, SHEPTHIO U KAIUTaJ, T. €. BECh MaTEPUAIbHBINA IUKII B LIEJIOM.

B 93TOM KOHTEKCTe KIIOYEBBIMU HANpPABICHUSIMH  JI€SITEIbHOCTU
IPOMBIIIUIEHHON SKOJIOTUU CTAHOBSITCS: -

— CBSI3b BCEX MNPOMBIIUIEHHBIX CEKTOPOB C YYETOM HX SKOJOTUYECKUX
BO3MO>KHOCTEHN U YIPO3;

— Ppa3BUTHE NPEANOYTUTEIBHBIX TEXHOJIOTHUYECKUX CUCTEM;

— BIUSHHE TEXHOJIOTUM Ha HW3MEHEHHE MPOEKTHUPOBAHUS MPOLYKTOB
ITPOU3BOJICTBA U UCITOJIb30BAHUE PECYPCOB;

— BJIMSIHUE Ha KYJIbTYPY NMOTPeOICHNUS;

— Ppa3BUTHE DKOJIOTHYECKOTO MEHEIKMEHTA,

— pa3paboTKa CIIEHapueB B3aUMOJICHCTBUS TEXHOJOTHUN OyayIiero c
OKPY’KAIOLIEN CPENON HAa HECKOJIBKO CIIEYIOIINX JECATUIIETHI; U HE TOJIBKO.

Pa3zBuTe Ha3BaHHBIX HamNpaBICHWM Kak B OpeAenax OAHOTO
NPEeANpUATHS, TaK U B MacIITadax caMbIX KPYIHBIX KOPHIOpaLUUi MPSIMO 3aBUCHUT

OT TJ00aNbHBIX 3JKOJIOTMYECKUX Yrpo3 - PECYpCHBIX, JAEMOrpapuUecKux,
KJIIMMAaTUYECKHUX, OT OOIIEMHUPOBBIX IKOJIOTUYECKUX MPEITOYTCHHM.
Pecypco-nemorpaguueckue YTPO3bI IByEIMHAs npobiiema.

HeoOxoaumocTh pacmivpeHusi pecypcHo 0a3bl 3a CUYET OTKPBITHS HOBBIX
MECTOPOXKICHHUM, Pa3BUTHUS YIYUIIEHHBIX TEXHOJOTHUH [00buM u  OoJjee
BBICOKHX TEMIIOB PELUKIMPOBAHUS OOYCIOBJIEHA SKCIOHEHIIUAIbHBIM POCTOM
YUCIJIEHHOCTU HACEJICHHUS.

Ha pucynke | mnpuBeneHbl CLEHApUM YHCIEHHOCTH HACEJIEHUs B
3aBUCHMOCTH OT PAa3JIMYHBIX BAPHUAHTOB B3aUMOJACHCTBHUS TEXHOJOTUS -
OKpY’Karomas cpefa.
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(npogonKeHne TeKYLWMUX TEHAEHLUUA)

Bpems

Puc. 1. Touka Ha rpaduke () — YUCICHHOCTh HACEIICHHS Ha IUTAHETE HAa TEKYIIU MOMEHT

[lepBblii  cueHapuii —  paduxanvHas  2Ko102us  TPOJOIKEHUE
CYILLIECTBYIOLIMX HAMPABIECHUN O]l JIO3YHIOM «HAa3aJ K MPUPOJE» MPAKTUUYECKU
HE peaanu3yeM.

Cuenapuit No2 — axmusenas 3awuma oKpydcawoujei cpeovl — 3a
BHEJIPEHUE DSKOJOTMYECKHX OrPaHUYEHU B KYJIbTYpY M SKOHOMHUYECKYIO
NESATEIbHOCTh Ha BCEX YPOBHSIX.

TpeTuil BapuaHT - npomMblULIeHHAA 9KOI02usa - TIPEAIIONAraeT pazsumue
9KONO2UYEeCKU OONYCMUMbBIX, VIYYUIEHHbIX MeXHOIo2ull KaK PelIalollyro
COCTABIIIOLIYIO IlepexoAa K yCToWuMBOMYy pasBuTuio. llpum  ycnosum
COXPaHEHUs CYLIECTBYIOLIETO YPOBHS (MM yNPABIIIEMOrO POCTa) YUCICHHOCTH
HaCeJICHUS.

PecypcHast cocraBisromas B NEPEUYMCICHHBIX MPOLECCAX OJUHAKOBO
3HAYMMa, U TIPEK]IE BCET0, C TOUKU 3PEHUSI UX UCUEPITAEMOCTH.

HccnenoBanne ucYEpHnaeMOCTH  PECYpPCOB, BCEraa  Kacaercss HX
KOJIMYECTBa, JIOCTYMHOCTH U  (OpMBI B  KOTOPOM OHHU  JOCTYIIHBI,
reorpauuecKkoro pacroyioKeHUs, SHEPrud HEOOXOIUMOU Il UX JI0OBIUU U

nepepaboTKU, UX BO3JCHUCTBUN Ha OKPYKAIOIIYIO Cpely, OrpaHUYMBAIOIINX
JOCTYITHOCTb.
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Hwxe npuBeneHbl KIacchl paclpoOCTPAaHEHHOCTH Haubosiee 3HAYMMbIX
AJIEMEHTOB B 3aBUCUMOCTH OT TEMIIOB MCIOJb30BaHUs Tadiauma 1 u
reorpauyeckue orpaHuYCHUs MPEIJI0KEHUs peCypcoB Tadiuia 2.

Taomuma 1
Knacchl pacnpocTpaHeHHOCTH B 3aBUCHMOCTH OT TEMIIOB UCIIOJIb30BAHUS
B u300mmuu (to>100:1eT) Al,B,C,Ca, yrous, Cr,Fe,l,K,Li,Mg,Na,
Nb,Os,Pt, peako3emenbHbIC 27IEMEHTHI,
Ru,Si,Ti,V,Yt
PacnipocTpanenHbie
(to=50-1001eT) Co,Hf,npuponusrii ras,Ni,P,Pd,Ry,Sb, Ta,W,Zr
Orpanunuennsie (o= 25-50er) Ba,Bi,Cd,Cs,Cu,Mn,Mo,1edTs,Se,Sn,Sr,U
Penxue (to < 257meT) Ag,Au,Hg,In,Pb,STh,Zn

K reorpaduyeckum OrpaHUYEHUSIM OTHOCUTCSA, TIPEXKIE  BCETO,
TEpPUTOPHUAIIbHASL PACTTPOCTPAHEHHOCTH PECYPCOB.

Tabmuia 2
[eorpaduueckre OrpaHUICHUsI IPEAIOKEHUSI PECYPCOB
HICTOYHWKH HA HECKOJBKHUX Ag,Au,Al,B, Ba,Bi,Br,Ca,Cd,Co,yrosb,
KOHTHHEHTaX Cr,Cs,Cu,F,Ga,Gf,1,In,K,Li,Mg,Na,

Fe,mpupousiii ras,Ni,Heds,P,Pb,rpymma
Pt, peaxo3emenbHbIe 35eMeHThI, Ru, S, Sb
Sc,Se,Si,Sn,Sr,Ta, Te, Ti,U,V,W,Yt, Zn,Zr

HcrouHnKy TOJIBKO HA IBYX As,Ge,Hg, ,Mn,Mo, Tl
KOHTHHEHTAaX
HcTOYHMKH TONBKO HA OJHOM Be
KOHTHHEHTE

['eorpadmyeckue orpaHuyeHusi, KpOMe€ TOTO, OTO pa3pylIeHHE
MOBEPXHOCTHBIX SKOCUCTEM, TiepepadoTKa CyIb(MUIHBIX COSTUMHEHNUH METaJIOB,
COIYTCTBYIOLIME XUMUYECKUE COETUHEHHSI, KOTOPbIE MOT'YT CTaTh UCTOYHUKAMHU
HKOJOTUYECKON  OMAacHOCTH, TMpOOJeMbl  3a0pOIICHHBIX IAaXT W  HE
nepepaboTaHHOrO0 TOpHOro nuiama. ['OpHBIN IIJIaM COCTOMT B OCHOBHOM W3
cyiabhuaoB MetaiioB. Ha Bo3nyxe cynbhuabl MEAIEHHO OKHUCISAIOTCS, 00pa3ys
cepHyto kuciory. IlogHumasice ¢ IIaXTHBIMU BOJAaMH Ha TOBEPXHOCTh WM
1omnajasi B TPYHTOBbIE TOPU3OHTHI, TAKUE PACTBOPHI TMOJHOCTHIO YHUUTOXKAIOT
OMOLIEHOTUYECKYIO COCTABJISIONIYIO 3aTOIUIEHHBIX TEPPUTOPHIA.

Bech nmepedeHb pecypCHbIX OTpaHMYeHUH HaxoauTcss B cdepe
WCCJICIOBaHHA, TIPOTHO3WPOBAHUS M TJIAHUPOBAHHS TPOMBIIIIJICHHON SKOJOTHH.
B nonHO# Mepe 3TO OTHOCUTCS K JTFOOBIM IPYTHUM TEXHOJIOTHYECKUM CEKTOpaM,
CHCTEMaM U ITUKJIaM.
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COBEPHIEHCTBOBAHHME TEXHOJIOI'MA BBITIJTABKN YYI'YHA B
BATI'PAHKE

bapoonuna E.C., cmyoenm HTU (punuana) Yp@Y
Ilvixmeesa K. b., , ooyenm xag. « Memannypeuveckas mexrnonocusy HTH
(punruana) Yp@Y
Hlesuenko O.H., 3as. kagedpoii « Memannypeuveckas mexnonoausy HTU
(punuann) Yp@Y

B ¢Bs3u ¢ NOCTOSIHHBIM Pa3BUTHUEM TEXHOJIOTHM MTPOU3BOACTBA METaIa U
HapacTallleil KOHKYPEHIMHU, BO3HHMKAEeT HEOOXOAUMOCTh MOJICPHHU3ALIUN
CYIIECTBYIOIIMX HA CETOJHAIIHHMI JI€Hb TEXHOJOTHYECKUX LIETOYEK BBITYCKa
MPOAYKIIUU.

OAO «HwmxHeTaruabckui KOTEJIbHO-PaAuaTOPHbBIN 3aBOI»
OPUEHTHUPOBaH Ha BBIMTYCK NpoayKiuu «KinuH QpUKIIMOHHBIN», KOTOPHIN
MpeIHa3HAYCH JIJIsl TEJIEKEK IPYy30BbIX BaroHoB. JleTanb «KiIuH (PUKIIMOHHBIIN)
U3roTaBIUBalOT U3 ceporo uyryHa CU-20. M3rortoBineHue >TON Ae€Tanu U3
BBICOKOIIPOYHOTO YYryHa IO3BOJIUT CYIIECTBEHHO CHHU3UTHh METAIIIOEMKOCTb
NPOAYKIIMM 32 CUET yMEHBIICHUS  TOJIIMHBI  OTJIUBKH, YBEIUYUTH
KOPPO3UOHHYIO CTOMKOCTh, YBEJIMUUTH CPOK IKCILTyaTallUM JICTAIIH.

[TonyueHne OTIMBOK M3 BBICOKOMPOYHBIX UYTYHOB JJISI JTUTHIX W3JACIIHM,
paboTarolKX B MPOIIECCE AKCIUTyaTalluu MPHY MOBBIIMICHHBIX HArpy3Kax, a Takxke
st o0ecriedeHus: U3HOCOCTOMKOCTM M TUJIPOIUIOTHOCTH, HE  HMEET
albTEPHATUBBl B UYTYHOJIUTEHHOM TMpou3BojAcTBe. [losTomMy ocoOGeHHOCTH
MOJIYYCHHUS] OTJIMBOK M3 BBICOKOMPOUYHBIX YYTYHOB 3aCIyKHBAIOT 0CO0OTO
BHUMAaHHUS.

JIist  monydeHus BBICOKONMPOYHOTO YyryHa C IIIApOBUIHON (popMoit
rpaduTa, 0OECIEYNBAIONIETO B JJUTOM COCTOSHUM MPOYHOCTH MPH PACTKEHUU
CTaHAapTHBIX 00OpasioB Ha ypoBHe 450-660 MIlla, HEeoOX0aMMO: MOMYUUTH
UCXOJIHBIN YyTyH C TeMmmeparypoil uyryHa Ha Beimycke 1450-1480 °C. s
JOCTUKEHUS JAHHOM 1I€JIH, T.€. MOBBIIICHHS TEMIIEpaTyphbl UyryHa Ha BBIITYCKE,
HEO0OXOJIMMO MEPEeBECTH BarpaHKy Ha BTOPUYHOE YTh€ C YCTAHOBKOW BTOPOTO
psana ¢GypM B3aMeH CYIIECTBYIOIIECH OJHOpSIAHOW  BarpaHku. Takas
MOJICPHHU3AIMS TIO3BOJISIET TIOBBICUTH TEMIIEpaTypy 4YyryHa Ha BBIIYCKE
npuMepHo Ha 30-50 °C.

Jlanee HEoOXOIMMO OCYIIECTBUTH BHENEUHYIO OOpaOOTKY HCXOJIHOTO
YyryHa C LEJbI0 CBSI3bIBAHUS MOBEPXHOCTHO AKTUBHBIX JJIEMEHTOB (TIPEXKIIE
Bcero S u O,), MPEensATCTBYIONMUX 00pa30BaHuI0 mapoBuaHOTO rpadura. C 3Toi
IEJIBI0 Yalle BCETO MCIOJIBb3YIOTCS CILIABhI, COJIEp KAIlie MarHuii, 00pa3yroIIHii
cynbpun MgS u oxcung MgO, mepexomsimme B nutak. B manHOW pabote
HCITIOJIB3yEeM KOBIIIEBYIO 00pabOTKYy «COHIABUY-TIPOIIECC», T.K. ITOT MPOIeCcC HE
TpebyeT Oonbmux 3arpaT. Mcmonb3yroTcss OOBIYHBIC Pa3IMBOYHBIE KOBIIH C
YCTaHOBKOM TIEPErOpOAKA B JHHUINE KOBIIA. MeTaiul 3aauBarOT NpHU
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temneparype 1450-1480 °C u BwiAepkuBalOT B KoBuIIEe 5-8 MuUH. Bo Bpewms
BBIJICP’KKH CIMBAIOT 1Uiak. [lpu Beiepkke TemmepaTrypa MeTajula B KOBIIE
camkaercss Ha 50-70°C u mpoucxoaut oOpa3zoBaHuEe 3apojiblliei Tpadura
IApPOBUTHON (OPMBI.

B kadectBe Moaudukaropa sl MOJY4EHHUS BBICOKOIIPOYHOTO YyTyHa
ucrnosbzyem Cdepomakc923. O6pa3yst yCTONYMBBIE XUMUYECKUE COCAMHCHUS,
Hanpumep, MgS, MgO, cheponan3upyronie 3MeMEeHThl CO3/1al0T YCIOBUS IS
paBHOMepHOU audPy3un yriaepona, a CyabGUIbl K OKCHABI MIEPEXOAIT B IUIAK.
Tak, mocye Toro, kak cojepxanue cepbl cHuzutes 10 0,03% u menee, n30bITOK
MarHusi HAYHET OKa3bIBaTh MOAU(PUITUPYIOIIEe JCHCTBHE HA YYTYH.

B pesynbpTaTe BBITIOJIHEHHOW MOJACPHU3AIUN TOJYYHM BBICOKOIIPOYHBIN
yyryn BY-60, umeronuii mnocie MOAUGHUIIMPOBAHUS IIAPOBUIHYIO (DopMy
rpaduta U GeppUTHO-TIEPIUTHYIO CTPYKTYypy Matpuilel. BU-60 wumeer psa
npeuMyniecTB no cpaBHeHUI0 ¢ CH-20, 4TO COOTBETCTBEHHO YBEIWYUBAET €r0
CTOMMOCTD Y MIPUBOJIUT K YBEIUUYCHUIO IPUOBLITU MPEITPUSATHUS.

A30THOKHNCJIOTHOE BBIINEJTAYNBAHUE
TPYJIHOBCKPBIBAEMOI'O IOJIUMETAJIJ/IMUECKOI'O
CYJIb®UJHOI'O CbIPbsA

bepcmenee H.B., cmyoenm Yp@Y
Pozoxncnuxos /I.A., nayunolii compyoHux kageopwl «Memannypauu msoicenvix
ysemuuvlx memaniog» Yp@Yy
Mamsauenkos C.B., npogeccop kagheopvr «Memannypeuu masxicenvix 48emHvix
memannos» Yp@y

Bsenenne

[TepepaboTka  HHM3KOCOPTHOTO,  HEPA3AENSIEMOTr0  TPAAUIIMOHHBIMU
METOJaMH  CEJIEKIIMU CYJIb(PUIHOTO CBHIPbS TPHUBOAUT K BO3HUKHOBEHUIO
npoOjeM Ha CTaausax OO0OramieHUuss W METAJUTyprudecKod repepaboTKu —
YCIIOKHEHUIO CXEM W3BIICYEHUS I[BETHBIX META/UIOB, YTO BJIEYET 3a COOOM
3HAYUTEIbHBIC MIOTEPH IICHHBIX KOMIIOHCHTOB.

Mepsl, HampaBicHHbIE Ha pa3pabdOTKy MHOTOCTAQIUHHBIX  CXEM
oOoraieHus, 3a4acTyl0 HE TOJIbKO HE MPHUHOCAT jkelaeMoro 3¢dekra, HO U
MIPUBOJISIT K MOBBIIICHHIO YHEPTO- M PECYPCOSMKOCTH TEXHOJIOTHH, YBEIIMUCHHUIO
UPKYJISIITAOHHBIX O0BEMOB TOJYIPOIYKTOB OTACIBHBIX CTaJAWd W IIHKJIOB,
HU3KOMY HW3BJICUCHHIO IIBETHBIX METAJUIOB, HAKOILJICHUIO HEYTHIM3UPYEMBIX
HU3KOCOPTHBIX  KOJUIGKTUBHBIX  MPOMIPOAYKTOB. Bce 9T0  HeratuBHO
CKa3bIBACTCS HA SKOHOMHUUYECKHX MOKa3aTelsaX MPOU3BOJICTBA.

[Tpu daoToceneknuy MOTMMETATTUHIECKOTO CYIb()HUIHOTO CHIPHS C IETBIO
MOBBIMICHUS KA4eCcTBa IMOJYyYaeMbIX MEIHBIX U IIMHKOBBIX KOHIIEHTPATOB B
OTIPEJICTICHHBIX y3J1aX CXEMBbI BBRIBOJST HEOOIBIIINE 00BEMBI TPYTHOOOOTATUMBIX
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KOJUIGKTUBHBIX ~ MPOMIPOAYKTOB,  MPEACTABISIONMX  COOOW  CIOXKHBIE
HepaszensieMble cyiabhuHble coenuHeHus. [[onbITkU BOBJIEUEHUS MOJO0OHOTO
ChIPbSl B LIHUKJ JEHCTBYIOIIETO METAJLUTYPTrHYECKOrO MPOM3BOACTBA yclexa HE
VMEIIH.

BHeapenue HOBBIX T'MIPOMETAIUTYPrUYECKUX TEXHOJIOTHH, SABISIOIINXCS,
[0 CPaBHEHUIO C TPAJAULMOHHBIMU TMpolleccaMu, 0oJjiee TMEPCHEKTUBHBIMU C
HKOJIOTUYECKON M 3KOHOMHYECKOW TOYEK 3PEHHUs NMPUMEHUTEIBHO K JAHHOMY
HU3KOCOPTHOMY CYJIb(UIHOMY CBIPbIO, MPEACTABISETCS TMEPCHEKTUBHBIM
IIPUEMOM pelieHus1 0003HAYEHHON POOIIEMBI.

[Ipepyiaraemasi  TEXHOJIOTHSI  a30THOKHMCIOTHOTO BBIIIETaYBAHUS
TPYJHOBCKPBIBAEMOI'O IMOJMMETAUIMYECKOTO ChIPbS MO3BOJIUT HE TOJIBKO
MHTEHCU(DUIIMPOBATH MIPOIIECC, HO U TTOBBICUTh U3BIIEYEHUE METANIOB B PACTBOP
IIPU MaJIOM PacxXoJIe PEareHTOB.

OcHOBHasl YaCTh

B kadecTBe BBIIENAUYMBAIONIETO PEAreHTa HCIOJIb30BAIM  a30THYIO
KHUCIIOTY, OOJIAJaloONIyl0 psIIOM MPEUMYIIECTB, B CPaBHEHUU C JPYTUMH
OKHUCJIUTENIAMH: HepreTudeckas 3()(PEeKTUBHOCTh MPOTEKAIOIIUX XUMHYECKUX
peaKuuii; BBICOKMM OKHUCIUTENIbHBIA TMOTEHIMAI CHCTEMBI; BO3MOXHOCTh
YTHIA3ALUU OTXOASIIHUX HUTPO3HBIX Ta30B C pEreHepalnend a30THON KUCIOTHI.

B Meramurypruyeckoil oTpaciu UMEET MECTO IIMPOKO PACIPOCTPAHEHHOE
MHEHHE O HEBO3MOXHOCTH MNPUMEHEHUS a30THOW KHCJIOTHl B CBSI3U C €€
BBICOKON PBIHOYHOW CTOMMOCTBIO, OINACHOCTBIO I OKpYKarolehd cpeabl U
MTOBBIIEHHOM KOPPO3MOHHON aKTUBHOCTBIO.

OnHako, MHEHHWE 3TO BECbMa CHOpPHO. Tak, 3a CYeT BO3MOYKHOCTHU
pereHepalud a30THOM KHUCJIOTHI, 3aTpaThl Ha €€ MpPUOOpEeTEeHUE PE3KO
COKpAIllaloTCsi, M TPU TPaMOTHOM TIOAXOJE€ MOXHO cOaJaHCUPOBATH
TEXHOJIOTUYECKHE TIOTOKH, TEM CaMbIM, CTaOWJIM3UPOBAB SKOHOMHUYECKHE
MOKa3aTe MPOU3BO/ICTBA.

Takxe, COBpeMEHHbIE METO/bl YJIABIUBAHUS M YTWIW3ALUUU OTXOJSIIHNX
ra3oB, POJAYMaHHOE BOJIOOTBEACHHUE IO3BOJSIIOT C YBEPEHHOCTBIO 3asBIATH O
BO3MOXXHOCTH  MCIIOJIb30BAHUSI ~ HUTPATHBIX  PAcTBOPOB MIPU  BEICHUH
TEXHOJIOTUYECKOI0 MpoIiecca ¢ COONI0ACHUEM SKOJIOTMUECKUX CTaHapTOB.

B T1O0 ke Bpems, NpUMEHEHUE a30THOKUCIBIX pPAacTBOPOB IMpHU
BBIIIECJIAYMBAHUN  CYJIbPUAHOTO CBHIPbsl XapakTepu3yeTcsi 0osee BBICOKHUMHU
3HAYECHUAMH OKHUCJIMTEIIbHOIO TMOTEHIHajda, IO CpaBHEHUI0 ¢ Haubosee
pacnpoCTpaHEHHBIMHU CEPHO- U COJISTHOKUCITIBIMU peareHTaMu.

[Ipu AByXCTaaUtHOM a30THOKMCJIOTHOM BBIILIETAYMBAHUN KOJUIEKTUBHOTO
KOHIIEHTpaTa C pEereHepalurel  KUCIOThl OCHOBHBIM MPOLIECCOM SIBISIETCA
HEMOCPEICTBEHHOE OKUCIICHHE CYJIb()UIOB:

3MeS+2HNO;+6H*=3Me*" +35°+2NO+4H,0 (1.1)

Y OKMCJIEHUE OKCHJIA a30Ta B BOJHOM MYJIbIIE KHCIOPOIOM:

4NO + 30, + 2H,0 = 4HNO; (1.2)
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B pesynbrare mnpoBeNEHHBIX UCCIENIOBaHUNA ObUIM pa3paboTaHbl U
anpoOupoOBaHbl  OCHOBHBIE  OMNEpallMd  HOBOM  CXEMbl  KOMILUIEKCHOM
TUAPOMETAUTYPTrUYECKON Mepepad0OTKM MHOTOKOMIIOHEHTHBIX CYJIb(UIHBIX
IPOMITPOAYKTOB, OCHOBAHHOM Ha A30THOKUCJIOTHOM BCKPBITUU
MOJIMMETAJUTMYECKOTO ChIPbS C TIEPEBOJIOM IEHHBIX KOMIIOHEHTOB B PAacTBOp U
WX JaJIbHEHIIIEM CEIEKTUBHOM BBIJICJICHUH B TOBAPHYIO TPOIYKIIUIO.

TexHosornyeckass cxema mnpoiecca (pucyHoK 1) BKJIIOYAeT CIEAYIOIINE
OCHOBHBIE CTaUU:

1. BeimenaunBaHue NpOMIPOAYKTAa A30THOM KHMCIOTOM C IOJYyYEHUEM
MEJb- M ILMHKCOAEPXKAUIEro pacTBOpa, a TAKXKE HEPACTBOPUMOIO OCAaJIKa,
COJEpKaIlero cepy, CBUHEI] M Ojaropoanble MeTauibl. [IpuMeHeHue
JBYXCTQIUMHOTO TPOTUBOTOYHOTO BBINIEIAYUBAHUS TO3BOJUIO IOBBICUTH
CTEICHb M3BJICUYEHUS MEIU U IMHKA B pacTBOp CBbIIE 99 %, COKpaTuTh pacxon
CBEKEW a30THOM KUCIOTHI 10 25 %. OcraroyHas KOHIIEHTpalUs HUTPAT-UOHOB
B IIPOYKTHBHOM PacTBOPE CHU3MIACH 10 10,5 r/am’.

2. YnaBinvBaHUE BBIACIAIONIMXCS MMPU BBIIEIAYNBAHUA HUTPO3HBIX Ta30B
C  OJIHOBPEMEHHON  pereHepalueil  a30THOM  KHUCIOTBI B  CHCTEME
ra3oyJIaBJIMBaHMs, COCTOSIIEN M3 TpeX MOCIEA0BATENbHO COECIMHEHHBIX
a0COPOLIMOHHBIX KOJOHOK, HAalOJHEHHBIX BOJOW, U 0apOOTa)KHOW CaHUTapHOU
KOJIOHHBI, 3anojgHeHHoM 30-% pacTtBOopoM MoYeBUHBI (KapOammuaa). CTeneHb
abcopOLUM OTXOASAIIMX OKCUIOB azota coctaBuia 90,3 %, mocne Tpex IUKIOB
BBIIICJIAYMBAHUSL B TE€PBOMl aOCOPOLIMOHHOM KOJIOHKE YAQJIOCh JOCTHYb
KOHIICHTPAIIUX HUTPAT-UOHOB 6,1 MOJTB/ M.

3. OcaxneHue U3 MOJIYYEHHOIO MPOAYKTHBHOIO PaCTBOpa XKele3a C
MPUMEHEHUEM HUTPUITPUMETHICH()OCHOHOBOM KUCIOTHI: B OCAJIOK HM3BIICKAIN
oonee 99 % Fe.

4. DAEKTPO’KCTPAKIUA MEIHU C MOJTYYEHHEM KaTOAHOTO ocaaka. Beixon
no TOKy Mmeau coctaBuin 92 %, pacxox osnektposnHeprun 3100 xBt*u/t
KaTOJIHOTO OCaJIKa.

5. CopOuuss 0CTaTOYHOH MeaM Ha HOHOOOMeHHOW cmone Lewatit
Monoplus TP-220.

OOm1ee u3BICUEHNE MEIY Ha JAaHHOM cTagnu cocTaBmiio 98,91 %.

BeiBOALI

ABOTHOKHCIIOTHOE BBIIIEIAYUBAHNE MHOTOKOMITOHEHTHBIX CYJIb(HUIHBIX
MPOMIIPOJIYKTOB OTJIMYAETCSI BBICOKUM TEIUIOBBIM 3(P(HEKTOM MPOTEKAOIIUX
XUMHUUYECKUX PEAKIUM, BO3MOKHOCTBIO YTHUIU3AIUU OTXOISAIINX HUTPO3HBIX
ra3oB C pereHepaiueil a30THOW KHUCJIOThI, BBICOKOH CKOPOCTHIO OKHCIICHUS
CyIb()HI0B METAJIIOB.

YKpynHEHHO-Ta0OpaTOPHBIE  TEXHOJOTHYECKUE  HWCCICAOBAHHS IO
BBHIIICIIAYUBAHUIO CYJIb(OUIHBIX TMPOMIPOAYKTOB B a30THOM KHUCIOTE C
MOCJIEYIONIEH TepepadOTKON TOJMydaeMoro pacTBOpa TOJITBEPIAWIN paHee
YCTAaHOBJICHHBIE  TIOKa3aTeMW  BEJCHUS  MPOIECCOB  pa3paboTaHHOM
TEXHOJIOTUYECKON CXEMBI.
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Onpo6oBaHHas NpU MPOBEIEHUU TEXHOIOIMUYECKUX UCCIEI0BaHUN cxema
JBYXCTQIUMHOIO IPOTUBOTOYHOI'O BBIIIEIAYUBAHUA II03BOJIMJIA YBEJIUYUTH
CTEIIEHb U3BJICUEHUS MEU U LIMHKA B pacTBOpP cBbIIIE 99 %.

Pe3ynbraTthl NpOBENEHHBIX MCCIEAOBAHUNM MOTYT OBITh HCIOJIB30BaHBI
IpU NMepepaboTKE CXOXKHUX € UCCIETYEMbIM ChIPhEM [0 MHUHEPAJIOTHUYECKOMY U
¢dazoBoMy cocTaBaM  KOJUIGKTHBHBIX HHU3KOCOPTHBIX KOHIIGHTPaTOB H
IPOMIIPOAYKTOB, MOJYyYa€MbIX Ha OOOTaTUTENbHBIX MNPEANPUATHIX Ypajna U
KazaxcTtana npu nepepaboTKe TpyIHOPA3AEIIEMbIX METHO-IIUHKOBBIX PY.
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OITPEJAEJIEHHUE OHTI/IMAJII)HOIt;IUTOJIIHI/IHI)I CTEPXHA ITPH
OTBEPKAEHUU ITPOAYBYOU I'OPAYUM BO3YXOM

I'pysman B.M., ITupoickoe A.E., HTU (punuan) VpDY

JI71s1 yCKOpeHHUsl poliecca OTBEPXKICHUS CTEP>KHEBOM CMECH HEOO0X0IUMO
OMPENENUTh TOJIIUHY CTEPXKHS MpPH KOTOPOM 11eJ1eco00pa3HO MPUMEHSITh
METO/] TPOJIYBKH TOPSUUM BO3TYXOM.

JI71st 5TOTO M3 ypaBHEHMS TEIUJIOBOTO OajlaHca OMpPEaeIUM 00BhEeM BO3yXa
HEO0OXOIMMBIN JIJIs1 TPOTEKAHUSI Mpoliecca.

.= 4163V

[ToncraBum BMecto I, Beipaxkenue F - [, raie'F — muiomaas NONEPEYHOTO

cedyeHus: obpasma, - [ — TommuHa. JiMHy myTH (QUIbTpanuu MpuMeM paBHOU
k-Fp-T
TOJIIHWHE CTCPIKHA. 4! CCJIK IIPUHATB, YTO I’; = —, Toraa HOJ'IyLII/IM
4136F -1 =

kF-pt

(1)
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B nmpeaplaynmx McciaenoBaHUSX YCTAHOBJIEHO, YTO MPU IPOAYBKE
CTEP)KHEH Ha OCHOBE PACTUTEJIBHOIO Macjia MAUHUMAJIBHOE BPEMsI OTBEPKICHUS
cocTasisieT 6 MuHyT. C ydeToM TOTO, 4TO BpeMs oTBepxkaeHusa crepxkaen XTC
U COCTaBIJIIET 1,5 MUHYTBI, TOTJIa IPU YETHIPEX MO3ULUSAX MPOAYBKU CTEpKHEU
Ha pacTUTEIBHOM Macje BpeMs IOJyYeHHUs TOTOBOTO CTEpXkHS Oyner
aHAJIOTMYHBbIM. EcCIM  NpPUHATP  MaKCUMaJbHO  BO3MOXKHBIE  3HAYEHUS
ra3oNpoOHUIIAEMOCTH U TIEpenaia AaBICHUs IPU MPOIYBKE CTEPKHENW HA OCHOBE
pPACTUTENBHOIO Maciia, TO MaKCHMallbHas TOJIIMHA CTEPKHS NPU KOTOPOM
MOYHO IPUMEHSATH TaHHBIM METOJ OTBepkAeHUA cocTaBuT 0,2 merpa. OnHaKoO,
B JJAHHOM CJIydae He YUYTeH Ko3(puuueHT MexdpazHoro TernooOMeHa.

Ecnu paccuntath 00b€M BO3/yXa, pacXoayeMblii Ha HarpeB CTEPKHA 3a 6
MHHYT € yu4eToM Kod(pduiuenTa Ternooraauu, To noayunm V. = 1.62 1. Dror

o0beM Bo3ayxa B 5,2 pasza Oombine , yem 0e3 ydeTa TEIUIOOTHadyu. Torma
kEope
nonyunm (4136-F-1)-5,2= Ep © OTKyma C yd4eTOM IIONPaBOYHOTO

ko3 urenTa
[=0007/k-p-1 (3)

[Monyuum [ =0,063 M. 3aBHCHMOCTH TOJINMHBI OT  JAaBICHHS

IPOAYBAEMOTI0 BO3AyXa IPEACTaBIEHAa HA PUCYHKE 1.
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PI/ICYHOK 1. 3aBUCHUMOCTD TOJIINUHBI CTCPKHA OT AABJICHUA BO34YyXa IIPU IMIPOAYBKE
ropsa4um BO3ayxa

OTcro/1a MOXKHO CJIENIaTh BBIBOJI, YTO MaKCUMAJIbHAS TOJIIUHA CTEPIKHS
IIPU KOTOPOM 11e71eco00pa3Ho MPUMEHSTh MPOAYBKY TOPSIYUM BO3TYXOM
cocrasisiet) 0.14 m.

OIITUMMU3ALNA IIJTAKOBOI'O PEXKXUMA 1IPU BAYBAHUU ITYT

Tneyzabynos b. C., ooyenm kagedpuvl « Memannypeuueckas mexHono2usy
I'ynaee M. A., cmyoenm HTU (puruana) Yp@Y

ITocne ocBoenus Ha OAO «EBPA3 HTMK» BayBaHu€ NbLIEYTrOIBHOTO
TOIUJIMBA, 3aMETHO YBEIWYWJICA pPacXo] jKejie3a Ha TOHHY BBIIUIABISEMOTO
yyryHa. lcxoast U3 JaHHBIX TEXHUYECKOTO OTYETa, COCTABJICH OanaHC pacxoja
xene3a 3a 2012 r (6e3 ucnons3zoBanus [1YT) u 3a 2013 1 (¢ ucnonas3oBanuem
[TYT). Pesynpratel oTpaxkensl B Tabn. 1. Kak BumHO, pacxom xemnesa
YBEIMYMIICA, B CPEHEM, HA 6 KI/T. ITO, B HACTOAIIEE BPEMS, SBJISICTCS OJTHOM
13 TJIaBHBIX TTPOOJIEM TEXHOJIOTHUH BBIIIABKH YyT'yHA ¢ UCcToJib3oBanueM 1Y T.
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Y IenpHbBIN PacXO]I KeJie3a

Ta0Omuma

1

HaumenoBanue crareil npuxoja

Pacxon Fe, kr/t uyryna

2012 2013 r
Arnomepar KI'OK 344,95 338,73
Oxkarsimm KI'OK 532,09 533,99
Arnomepar BI'OK 3anyBounblii 0,3 0,61
Kenesoduroc TOMEHHBII BaHaIUHCOIEP. 70,64 66,07
HToro B pyaHoii yacTu: 947,98 939,69
Arnomepat mapr. BI'OK 0,04 0,05
Mer. npoxykt YITOIII 1,62 0,48
Jlomennslii npucay (25A) rabap. co6CTB. 3,93 23,58
[IInak MmoHoBaHaaueBbIl ApooeHbid BKIII 0,42 0
[Inak cBapouHblii 28 A 1poOIeHbIN 0,26 0,37
JloMeHHbI ipucan 25A cTajibH., rabapuTH. 16,6 13,25
Oxanuna (27A ounmiennas YITOII) 0,67 0,57
HToro B MeTa/Ll10100aBKAX: 23,54 38,29
JKeneso kokca 2,78 2,39
Kemneso IIYT 0,01 0,45
BCEI'O: 974,32 980,83

AHanu3 pacxoJHbIX cTaTel 0aJaHCOB M0 JKeJe3y MoKa3ajl, YTO OCHOBHbIE
MOTEpU Keje3a SBISAIOTCS HEYYTEHHBIMH, T.€. YBEJIMUYWIIACh HEBA3Ka OanaHca.
DTO CBUAECTEIBCTBYET O TOM, YTO MOBBICHUJIMCH MOTEPU METaia CO IUIAKOM B
BHUJIE MEXAHUYECKUX BKIIOUEHUM M3-3a YXYAIICHUS CBOMCTB IIUIAKA U, B IEPBYIO
ouepenib, Kaxyuiencs BI3KocTh. Ha n3MeHeHne kaxyiencs BsI3KOCTH, a 3HAYUT
M Ha YJNEJIBbHBIA Pacxo] JKeje3a, CYHIECTBEHHOE BJIMSHHUE OKA3bIBAET PACXO]

I[TIYT (puc. 1).

HOC—)TOMy OIITUMHU3AINA MIJIAKOBOI'O pPCKHUMa SABIIACTCA aKTyaHBHOfI

3aJauyel TEXHOJIOTUHU JOMEHHOH IU1aBKHU ¢ ucnoiib3oBanueM [V T.
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80

pacxop NVYT, kriT

Puc. 1. BzaumocBs3b yAenbpHOro pacxoja xenesa u pacxoga [IVT

140
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[IpakTUKOW OSKCIUTyaTallMM JIOMEHHBIX N€YEH YCTAHOBJIEHO, YTO IIpHU
BBIIUIABKE PpA3JIMYHBIX COPTOB UYyTr'yHa COCTaB IJIaka HE [OJDKEH OBITh
onvHakoBbIM. Hambonee sdpdexTuBHas TOMEHHas MJIaBKa BO3MOKHA JIUIIb B
TOM cClly4ae, KOrJja COCTaB IIIJJaka COOTBETCTBYET OCOOCHHOCTSAM IUIABKH Ha
JAHHBIN COPT YyT'yHA.

HeusmenHslii cocTaB IUIaka MpPU W3MEHEHUU TEXHOJOTHM TaKXe He
MO3BOJIIET OCYIIECTBUTh HamOojee HKOHOMUYHYIO paloTy meyeil, AOOUThCS
MUHHUMAJIBLHOTO Pacxo/ia KOKca MpU MaKCUMaJIbHOW MPOU3BOAUTENIbHOCTH. [Ipn
J000M UW3MEHEHHMM B TEXHOJOTHMH HEW30eKHO TpeOyIOTCS pa3IMdHbIC
[IUTAKOBBIC PEKUMBI, YTO OOBSICHIETCS OCOOCHHOCTSIMHU BJIMSHUS TEIUIOOOMEHa,
JIBH>KCHUS IIUXTHI U TA30B U T.JI. HAa X0/ JIOMEHHOM IJIABKU B IIEJIOM.

Texnonoruss wucnonws3oBanuss [IYT npemycmarpuBaer  4acTUYHOE
3aMelIeHne UM TpupoaHoro rasa. IIpm 3TOM BBIXOJ IUIaKa YBEJIUYWIICS B
cpeadeM Ha 10 Kr/T.

[Ipu 3amemenun mnpuponHoro raza I[IYTom cHmxkaercas o0bem
oOpa3oBaHUs B €IUHUIYYy BpeMeHH (ypMeHHBIX ra3oB. [lns oOecrieueHust
TEIJI000MEHa MEXJy ra3oM M MIMXTOH Ha MPEKHEM YpPOBHE HEOOXOIUMO
YBEIIMYEHHUE ONTHUMAJIBHOTO 3HAYEHUSI TEOPETUUYECKON TemmepaTypbl TOPEHUS
(TTT). Pacuetamu yCTaHOBJIEHO, YTO MPHU 3aMeHE Kaxibix 10 MY/T YyTryHa
IPUPOAHOTO ra3a COOTBETCTBYIOIIMM KojmyecTBOM IIVT (~ 8 Kr/t uyryna)
TpeOyeTcsl yBeanueHue ontuManbHoro 3nauenus TTI He Menee, yuem Ha 20 °C.

OCHOBHOM € 3ajladyeii ONTUMH3AIMU NUIAKOBOTO PEXHMa SIBISETCS
noadop  ONTUMaJdbHOTO cocTaBa nwiaka. (Craructuyeckas oOpaboTka
MPOU3BOJICTBEHHBIX JAHHBIX COBMECTHO C pacye€TaMH BS3KOCTH ILJIAKOB I10
CIIEUAIBHO pazpaboTaHHOU nporpaMmme MTO3BOJIWIIO ONPEIEIIUTh
PEKOMEHIyeMbIE€ COJEP/KaHUs OCHOBHBIX KoMIoHeHTOB Imiaka: CaO, SiO,,
MgO, MnO.

Ontumuzanys OUIAKOBOTO peKUMa JOMEHHOM IUIaBKM  TO3BOJIUT
YMEHBIIUTh TOTEPU Kejle3a U, COOTBETCTBEHHO, IOBBICUTh TEXHUKO-
HYKOHOMHUYECKHUE TTOKa3aTeNu paboThI 1exa.

UCCJIEJOBAHUE BJIMSIHUE IIEJIOYEN HA JJIOMEHHBIN
HNPOLHECC B YCJIOBUAX OAO «EBPA3 HTMK)»

Jexomuesa M.B., cmyoenm HTU (unuana) Yp®DY
Ilvixmeeea K.b., HTU (punuann) Yp®@Y, ooyenm xagheopwi
«Memannypeuueckas mexHonocus»

B Hacrosmee Bpemsi HukHETarmibCKuil MeETaUTyprudecKuii KOMOWHAT
SBJISICTCSI KPYMHEUIIUM TMPEANPUATHEM B MHpPE MO (PAKTHYECKOMY OO0BEMY
MMAPOMETAJUTYPTrUYECKON nepepadoTKu BAHAUKCOIEPKALNX
TUTAHOMATrHETUTOB C IIOJYYEHUEM BaHAJUEBOIO YyryHa B COBPEMEHHBIX
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JIOMEHHBIX MeyYax M JajbHeWIIeld ero mepepabOTKM B KOHBEPTEPHOM II€XE C
MOJIy4YeHUEM CTalIM U TOBAPHOIO BaHAIUEBOTO IIaka. ChIpbeM JJISl BBITLJIABKU
YyryHa SIBJIIFOTCS arjomepaT M okaTelmM, nocrynarmomue ot OAO «EBPA3
KIT'OK». Takxe B TOMEHHYIO I€Yb 3arpykaroT >kesie30(Iiroc, MOCTYNalomui OT
OAO «BI'OK» nns mopjepkaHusi HEOOXOIWMOW OCHOBHOCTH IOJy4aeMbIX
NpoaAyKToB TuiaBku. K TomMy ’ke Ha JaHHBIA MOMEHT OCBOEHA TEXHOJOTHUSA
BayBanus [IYT B ropH 1OMEHHOM me4H.

AHanmu3upysi XUMHUYECKUW COCTaB 3arpy’aeMbiX B JIOMEHHYIO II€4b
IIIMXTOBBIX MAaTEPHAIOB M TOIUIMBA, ObUIO OOpAIIeHO BHUMAHNE Ha YBEIMYCHHE
MPUXO0/Ia IMIEJOYHBIX METAJJIOB B €€ pabouee mpocTpancTBO. [1o cBoeil nmpupoe
ICJIOYHBIC METAJLIBI KaJIWi, HATPUA M MX COCIUHEHHUS OYCHb aKTHBHBI: OYpPHO
pa3iaraioT BOJY, SHEPTrUYHO B3aWMOJICUCTBYIOT C KHUCJIOPOAOM, CEpoOM,
BOJOPOJAOM,  JHUOKCHUIOM  yrjiepoga M JPYIMMH  KOMIIOHEHTaMH,
YYaCTBYIOIIMMU B JOMEHHOM Tiponecce. llocTymas ¢ mmxTtoi B BUIE
CWJIMKATOB, KApOOHATOB, OKCUIOB M CJIOKHBIX AJIFOMOCHIIUKATHBIX KOMILJIEKCOB,
OHM IPETEPNEBAIOT Psii NK3MEHEHUI B IOMEHHOM IJIaBKE.

B cBf3M ¢ 3TUM, IIENOYM, MOCTYMAIOIIME B JIOMEHHYIO I€4b C
IIMXTOBBIMU MaTepuajaMH, OKa3bIBAIOT OTPULATEIBLHOE BO3JCHCTBUE Ha €€
paboTy, CHIKAIOT TOPSAYYI0 MPOYHOCTh KOKCA, Pa3yMpPOUHSIOT OTHEYHOPHYIO
(GyTepoBKy, CHOCOOCTBYIOT HACTBLICOOPA30BAHMIO, IMOABUCAHUSAM IIMXTHI U
nporapy gypm, 4To, B KOHEYHOM CUETE, YBEIUYUBACT PACX0]l KOKCA U CHUYKAET
MPOU3BOJIUTEIILHOCTH TeuH. [lepepacxoy kokca u3-3a MOCTYIUICHUS 1IEJI0Uei B
JIOMEHHYIO TI€4Yb MOXET JOCTUraThb 33 KI Ha KaXAbIM JOMOJIHUTEIIbHBIN
KWjiorpamm ienoueit. Bee aTo 00yciioBiuBaeT He0OX0IMMOCTh MAKCUMAIBHOTO
OTpaHUYCHMs MPUXO0JA IejIouel B JOMEHHYIO meub — He Oonee 2,5—3,0 kr/t
YyTryHa.

B Hacrosiiiee BpeMs, MOJHOCTBIO OTCYTCTBYET KOHTPOJb MPUXO0Aa
(Beixona) menodeit B moMeHHble meun OAO «EBPA3 HTMK». OcHoBbIBasich
Ha HE ONEPaTUBHBIX JAHHBIX IO COJEPKAHUIO IIEJIOYEd B JOMEHHBIX
marepuanax, npuxon K,O0+Na,O B gomennsie neun OAO «HTMK» 3a
MOCJIETHUE MECSIIBI MOT COCTaBIIATH OoJiee 4 1 gaxke 5 Kr/T uyryHa (B 2-a pasa
00JIbIlIe MaKCHUMalbHO-JOMYCTUMOTO 3HAYE€HUs), MPU 3HAYUTEIHLHON HEBS3KE
(HeyuyTEHHBIE MOTEPH 1IeToueii) OaaHca.

Ecnu He yaensTh AOMKHOrO BHUMAHMS II€JI0YaM, TO B HAIlIUX YCJIOBHSIX
MOXEM HMETh HEOOBSICHUMBIE W HEMPEJCKa3yeMble YXYAIICHUS TEXHHUKO-
AKOHOMMYECKHUX MOKA3ATEICH JOMEHHOM TUIABKH.

Ha ocHoBaHMM TEOPETHUYECKOTO aHajn3a, Ha IpUMepe pabOThl JOMEHHBIX
neyeit OAO «kEBPA3 HTMK», MHOIO NOJIy4€HBI CIAEAYIOIINE CTATUCTUYECKUE
3aBUCHUMOCTH:

— KQXIbIM JOMOJHUTEIBHBIM KHJIOTPAMM IIEJIOYEH MOXKET MPUBECTH K
CHIKEHUIO TTPOU3BOANTENbHOCTH Tieur Ha 250—320 1/cyTku unu Ha 4-5 % OTH.

— YBEIMYECHHE NPUXOJa MIEJIOUYEed MOKET IPUBECTH K TMOBBIIICHUIO
pacxona Kokca Ha 5S—7Kr/T uyryHa wiu Ha 1—2 % oTH.
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B pamMkax Moero ucciaenoBasus Npeiarar:

1. OpPraHu30BaTh CHUCTEMATUYECKUW XUMHUYECKUN aHAIU3, YYET WU
00paboOTKy JaHHBIX MO COACPKAHUIO MIEIOYed BO BCEX IMOCTYMAIOMIMX B
JIOMEHHYIO IUIABKY MaTepruaiax U IPOAYyKTax IIaBKHU.

2. OCHOBBIBAaACh Ha OMbITE OTEUYECTBEHHBIX U  3apyOCKHBIX
METAJLTYPrUYeCKUX MPEANpUsTUd, pa3padoTaTh U MEPUOJUYECKU UCTOJIb30BATh
TEXHOJIOTHIO 2((EKTUBHOTO BHIBOJIA MIEIOYEH U3 JOMEHHBIX TICUCH.

AHAJIN3 BJIMSIHUSI HAPAMETPOB IIBUIEYT'OJIBHOTI'O
TOIIVIMBA HA ITIOKA3ATEJINX JOMEHHOMU IIJIABKHA

Mananuuee P.B., cmyoenm HTU (puruana) Yp@Y
Ilvixmeesa K.b., HTU (punruan) Yp®@Y, ooyenm xagheopvr MT
Tneyzaoynoe b.C., HTU (¢unuan) Yp®@Y, ooyenm xageopvr MT

[TapameTppl ~ KOMOMHMpPOBAHHOTO  JIyThs  OKa3blBalOT  HaumbOoJjee
CYILLECTBEHHOE BIIMSHME Ha IOKa3aTejd JOMEHHOW IUIaBKH. B cBoro ouepens,
napamMeTpbl KOMOMHHMpPOBAaHHOTO  JyThsl  ONPENEISAIOTCS  NapameTpaMmu
KOMIIOHEHTOB, BXOJSIIMX B €ro coctaB. B COBpeMEHHBIX YCIOBHSX, Kak,
HanpuMmep, B aomeHHoMm npomsBojactBe OAO «EBPA3 HTMK», B cocras
KOMOMHUPOBAaHHOTO  JyThl  BXOJAAT,  [OMHUMO  KOMIPUMHPOBAHHOIO
aTMOC(EpPHOro BO3AyXa, TEXHUYECKUU KHUCIOPOJ, Nap, MPUPOIHBIN ra3 u
npuieyroiasHoe TommBo (ITYT). OcBoeHne TEXHOJOTMH AOMEHHOW IUIABKU C
ucnosibzoBanuem IIYT mnpegycmarpuBaer mUIaHOMEPHOE YBEJIMYEHHUE €r0
pacxoja M IOCTENEHHOE CHWKEHHE pacxoja npupoaHoro rasa. Iloaromy, B
ommkaimeit nepcrnektuBe, mapametpsl [IYT OymyT umeTh Bo3pacraroiiee
3HaYeHHE Ha CBOMCTBA KOMOMHUPOBAHHOTO AYThS, a 3HAYUT U Ha MOKa3aTesu
TUIaBKH.

OpHuMHM U3 BaXHEMIIMX XapaKTEPUCTHUK KOMOWHUPOBAHHOTO JYyThs
SBJIFOTCSL COJEP’KaHWE B HEM KHCJIOpPOJA M €ro TeMIeparypa Ha BBIXOJE W3
bypMm. B npou3BOACTBEHHBIX XK€ YCIOBHUSAX 3TH MApaMETPhl KOHTPOJIHUPYIOTCS
TOJIbKO 117151 AyThs Oe3 BayBaembix TomuB (IIYT u npupoaHoro rasza). B cBs3u c
TUM  HEOOXOJMMO ONpENETuTh 3HAUEHUS JIaHHBIX MapaMeTpoB IS
c(hOpMHPOBABILIETOCS KOMOMHUPOBAHHOTO JTYThsI.

Temneparypa komOuHUpOoBaHHOTO OyThs (7TK/[) Ha BbIxOJE U3 pypm Oe3
ydera MpOTeKaHUs XUMUYECKHUX peakuuid (T.e. MPUHATO AOMyLIEHUE, YTO 3TU
peaxkiuu nepeHocarcs B GypMEHHYIO 30Hy FOpHA) ONpPEaeNsieTcs U3 TEIIOBOTO
Oananca:

TR - Tyca Ny +T ooy - TIVT+ Ty cpp - TIT+T ¢y - TIVT-N |

Crp Vg teqyr YT +cpy -+ - 1IYT-N

rae 1) — xoHTposmupyemas temmneparypa ayres, °C; Ipyr u Tnyr —

temneparypa IIYT u npupognoro rasa, °C; ¢y, cnr ¥ ¢y — TEIUIOEMKOCTb AYTh,
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PUPOJHOTO ra3a U TPAHCIIOPTHOTO a30Ta, KJK/(M> Tpan); Ciryt — TEIIOEMKOCT
yris, k/x/(kr-rpan); Vg u III' — pacxons!l oyTesi U IPUPOAHOTO rasa, M*/MuH;
I[IYT - pacxon IIVT, xr/mun; N — yaenapHbId pacxoa aszoTa I
TpaHcnopTupoBku I1Y T, m/kr IV T.

PesynbraThl pacuera mokazaiu, 4yTo TemIeparypa KOMOMHUPOBAHHOTO
TyThsl HA BBIXOJIE U3 (PypM CYIIECTBEHHO CHMKACTCS OTHOCUTEIHLHO MCXOIHOU B
3aBUCHUMOCTH OT pacxojila BJyBa€MbIX BHJIOB TOIUIMB W TEMIIEPATYPHI
nocnenanx. Ho, ecim 1o npumenenust texHonoruu IIYT nanHoe cHMKeHHE
cocrasirno 130 — 160 °C (manpumep, aiisa yenosuit 2007 r. — T = 1218 °C, TKA
= 1088 °C; mna ycmosmii 2012 r. — T = 1219 °C, TKZ = 1059 °C), 10 B
HACTOsIIIee BpeMs pa3HULAa MEXay 3TUMH TeMriepaTtypamu gocturaet 200 °C, a
TKJ/] cocraBnsetr Bcero numib ~ 950 °C. Bausinue pacxona I[IYT (mpu npouux
paBHBIX YCJIOBHSIX) Ha TK/[ HOCUT JIMHEWHBI XapakTep: YBEIMYEHUE pacxoja
[IYT na kaxnapie 10 Kr/T yyryHa CHMIKaeT TeMIlepaTypy KOMOMHUPOBAHHOIO
nyTths Ha 8,3 °C. Cs3p Mexay ucxonnou temmeparypoid IIYT u TK/] takxe
nuHerHas: yBennuenue temmnepatypbl [IYT wa kaxaeie 10 °C mosblmaer
TeMIlepaTypy KOMOMHUPOBAHHOTO 1yThs Ha 1,1 °C.

Ha ocHOBaHMM BBINOJIHEHHBIX PAcYETOB MOKHO CJHIENIaTh CIEIYIOLINE
BBIBOJIbI. Bo-miepBhIX, M1 oOecriedeHus CTaOUILHOCTH Mpoliecca HEOOX0IUMO
KOHTPOJINPOBATh U MOJJICPKUBATH HA MTOCTOSHHOM ypoBHE Temmeparypy IV T.
Bo-BTOpBIX, B UCIIONB30BAHUMU NpenBapuTenbHo Harperoro IIYT ckpeiBaercs
CYILLECTBEHHBI pPE3EpPB 3KOHOMHUH HSHEPro3arpaT, MOCKOJbKY Topasjo Jerde
HarpeTh Marepuain a0 ymepeHHbix temmepatyp (200 — 300 °C), yem moBbIIIATH
TeMneparypy AyThs B quamnaszone ot 1000 no 1250 °C.

[TockonbKy TPOU3BOAUTEIBHOCTh JIOMEHHOW IMME€YM HAMpsIMyI0 3aBUCHUT
OT UHTEHCUBHOCTH FOPEHUS KOoKca (IpU MOCTOSHHOM YJIEIbHOM €ro pacxoie),
a CKOPOCThb CrOpaHMs YIJIEpoJa KOKca ONpeAessieTcs JoJied CBOOOIHOTO
KHCJIOPOJa B  OKHUCIHUTEIbHON o0jacTh (ypMEHHOW 30HBI, HMHTEpEC
MPEACTABIAET TaKXKE OMpeeIeHNe cocTaBa npudypmenHoro raza. Mcxoas us
CTEXMOMETPUYECKUX COOTHOLIEHUN MO pEeaklIUsM HEMOJHOTO TOpEHUs
B/IyBa€MbIX TOIUIUB BBIBEJEHA 3aBUCHUMOCTH OIPEIEIAIONIEE OCTATOYHOE
cozepxanue kuciaopona (Oy,):

; 0,01-(0, -V, +O, - IIVT- N)—0,5-HF—111’22

de =
vV, +2,5-I‘[F+11’2
12

AIVT -C -0, -1IyT

Henem

-100,

VT -C +1YT-N+A -1IVT

Henem

rae Op u Oy — conepiKaHue KHUCIOpoJa B NyThe U TPAHCIOPTHOM a30Te,
%; Chener — MaccoBas aodist yraepoaa B [IYT, nonu en.; O — yaensHBIN pacxon
Kucaopona Ha okucieHue yeryunx YT, MY/KT; AL — YIAEJIbHOE YBEJINYCHUE
oObeMa (ypMeHHOTO rasa 3a cuer geryqux [IYT, M/kr.

PesynpraThl pacueToB MOKa3bIBAKOT, YTO, MO JEHUCTBYIOLIEH TEXHOJIOTUH,
OCTaTOYHOE COJEpKaHUE KHCJIOpOJa B Ta3e IMOcjie Bbixona w3 GypM u
okucienusa [IYT ¢ nmpupoaHsIM razoM HaxoauTcs B npenenax 12 — 14 %, dro
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3HAYUTEJBHO HUXKE, YeM MO0 TeXHoyioruu 6e3 ucnonb3oBanus [1YT. Hanpumep,
pacueT mo mapamerpamM paboThl JOMEHHBIX mededd B 2012 r. ompenenseT
OCTaTOYHOE COJAEPKaHHE KUCIOpoJa B npudypMeHHOM Ta3ze Ha ypoBHe 17 %.
D10  0OCTOSTENHCTBO  MO3BOJISIET  pacCMaTpuBaTh  11€J1I€COOOPa3HOCTD
JaJbHEHIIIEro yBEJIMYEHUs] O00OTaIlleHUs] UCXOJIHOTO IYThS KHCIOPOIOM JI0
ypoBHs 35 — 37 %, a Takke BHECEHHs KHCIOpOoaa B (ypMEHHYIO 30HY
JpYTUMU KOMIOHEHTAMU KOMOWHUPOBAHHOTO nYThs. JlOMOTHUTENBHBIN
NpUXOJ  KHUCJIOpOJa MOXKHO OOecHeyuTh 3a CUeT HCHOJIb30BaHMS
Tra30KUCIOPOJHOM CMECH, BBEICHUS B COCTAB IIUXTHI JJIE MPUTOTOBIICHUS
I[IYT Oypbix yrael, 3aMEHOM TEXHUYECKM YUCTOro  a3oTa  JUIA
TpaHcrioptupoBku IIYT Ha oTOpocHON a30T, coaepxkammii okono 5 %
Kuciiopoja. PacdyeTamMu yCTAHOBJIEHO, YTO 3aME€Ha MPUMEHSIEMOro B
HAcTOsIIee BpeMs TPAHCIOPTHOTO a30Ta HAa OTOPOCHOM YBEIMYUBACT
cojJiep)kaHUE OCTAaTOYHOTO Kucjaopoaa B mpudypmennom raze Ha 0,1 %. B
JAHHOM cJIydae CHHKaeTcs u cebecroumocts I[TVT.

Cnenyer otMmetuThb, 4TO BociuilameHenue IIYT B mpouecce ero
TPAHCIIOPTUPOBKHU Ta30M, cojiepkanium MeHee 10 % kuciopona, B peaabHBIX
YCIOBUSAX HEBO3MOXKHO (puc. 1).
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CopepxaHue kucnopopga, %

KameHHoro yrns, °C

Temnepartypa BocnnamMeHeHuUst

Puc. 1. B3anMocBs3b TeMIepatypsl ¥ coiepKaHMs KUCIOPO/ia B Ta30BOH ¢a3e Ha
BO3MO’KHOCTh BO3TOpaHMsI KAMEHHOT'O YTJIsi

Taxkum 00pa3om, COBMEIIEHUE IBYX MEPONPUSITUN — MPEIBAPUTEIHHBIN
HarpeB IIVT mo 200 — 300 °C m 3amMeHa TEeXHHMYECKH YHCTOrO a30Ta Ha
OTOPOCHON — TIO3BOJISIET, 0€3 O0COOBIX PHUCKOB, VYIYUYIIUTH MapaMeTpbl
KOMOMHMPOBAHHOTO IyThs, a UMEHHO: OBLICUTH TemnepaTypy Ha 10 — 20 °C
U YBEIIMYUTH cojaepxkanue kuciopoaa Ha 0,1 %. DT1o obecrneunT yBennueHUE
MIPOU3BOJMTEIILHOCTH JOMEHHBIX TIeuei mpumepHo Ha | % W CHU3HT pacxon
KOKCa Ha 2 — 3 KI/T 4yryHa, 4TO SKBHUBAJIEHTHO 3KOHOMUYECKOMY 3(deKkTy B
pazmepe okosio 100 miiH py0. B rof.
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PA3PABOTKA TEXHOJIOI'MH UCHOJIb30BAHUS KOKCOBOM
IIbIJIN B IUXTE JJIA ITIPUT'OTOBJIEHUSA ITYT

Meoegeoes I1.0., cmyoenm HTU (puruana) YVp@Y
ITvixmeesa K. b., ooyenm xkagheopvl « Memannypeuueckas mexHonio2us»
Tneyzaoynos b.C., ooyenm xageopvi « Memannypeuveckas mexHonio2us»

[Ipouecc arnoMmepanny OCHOBaH Ha CKUTAHUU TBEPAOIO TOIUIMBA B CJIOE
CIEKaeMbIX MaTepuagoB. BpiOOp ONTUMaNbHONH CXEMbl MOATOTOBKH H
WCITOJIb30BAaHUSI TBEPAOrO TOIUIMBA B arjoMepalyy CBA3aH C PEIIEHUEM JBYX
3a/1a4: moJ00p ONTUMAIILHON KPYIMHOCTH U 3¢ (dEKTHUBHBIN cIOc00 BBOJIA €TO B
arJIOIINXTY.

OnTtumanbpHas KpYMHOCTh NOATOTOBJIEHHOI'O TOIUIMBA JOJDKHA OBITH B
npenenax 0,5 — 3,0 mm. Mcnonb3oBanue 0osiee KPYIHOTO TOIJIMBA YBEJIUUUBACT
HEPaBHOMEPHOCTh TEMIEPATypHBIX IMOJIEH, a HaJuuue MEIKUX (Qpakiuil
OTPHUILIATENILHO BJIMSET Ha Mpouecc (OpPMHUPOBAHUS OAHOPOJHOW CTPYKTYpPHI
ariomepara.

TpamunuonHass cxema TMOATOTOBKM TOIUIMBa Ha  arjodalOpukax
3aKJII0YAETCSl B M3MENbUYEHHH €ro B 4-X BaJIKOBBIX JpoOuikax. ConeprkaHue
KJIacca B TOTOBOM TOIUIMBE MeHee 3 MM pocturaer 93 — 95 %, Ho npu 3TOM B
HeM conepkarcs 10 30 — 40 % knacca menee 0,5 mm.

IIpumenenne TommBa, HE copepskamero kinacc 0 — 0,5 MM yBenuumMBaeT
IIPOU3BOAUTEIBHOCTD  arJIOMEpAallMOHHBIX MammH Ha 10 %, ymyumaer
OapabanHyto mpoyHOCTh Ha 3 — 4 %, CHWXKaeT pacxoa Kokca Ha 4 — 6 Kr/T
arjaoMepara M 0OecleuMBaeT CHIKEHHE BpeaHbIX BblIOpocoB B Buiae CO wu
OKHCJIOB a30Ta B OKpYy»Karolyto cpeay Ha 10 — 12 %.

Hcknrouenre w3  arJjoMepalMoHHOTO TOIUIMBA MENKHUX — (Ppakiuit
JOCTHKUMO, HO TTOpOoXxAaeT npoosemy ux yrwmsanuu. C BHeapenuem Ha OAO
«EBPA3 HTMK)» komruiekca 1Mo MPUrOTOBJICHUIO MbLIEYTOJIBHOIO TOIUIMBA C
UCIIOJIb30BAaHUEM €r0 B JOMEHHBIX I€YaX, MOSIBWIACH BO3MOXKHOCTH PELINUTH
JTAHHYIO TIPOOJIEMYy.

[ToaTBEpKI€HUEM 3TOTO SBWIMCH ONBITHO-IIPOMBIILIEHHBIE HCIBITAHUS
10 BBOAY KOKCOBOM MbUIM YCTAHOBKM CYXOIO TYILIEHHUS KOKca (KOTOpas OJIHO
BpeMsl OTIIpaB/sUIach Ha arjJioMepalvio) B KauyecTBE KOMIIOHEHTa IIMXThI
MbUIEYTOJILHOTO TOIUINBA, poBeAeHHbIe B iepro ¢ 10.10. 2013 mo 15.10.2013 r.
HoneBoe yuactne meumm YCTK B cmecn c yriieM B TEPUOI HWCIBITAaHUI
coctasio 2,5 — 3 %.

[lo pe3ynbraraM ONBITHO-IPOMBILIUIEHHBIX HCIBITAHUN OBLIN ClIETaHbI
BBIBOJIBI O TPHUHIMIIHAIBHON BO3MOXKHOCTU Hcmnosib3oBaHus mneuii YCTK B
mmxte [TYT, Tak kak cyliecTBEeHHbIX U3MEHEHUI B paboTe JOMEHHBIX Ieyeil He
OTMEYEHO.
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B cBA3M C 3TUM, BBINOJHEH NPEABAPUTEIbHBIA PACUETHBIM aHAIN3
11e71eCO00pa3HOCTH  MCMOJIb30BaHMS  KOKCOBOM MBUIM B IIHUXTE  JJIA
npurorosiieHus I[1YT.

CpaBHHUTEILHOE KauyeCTBO KOKCOBOM MbLIM M HCHOJb3yeMblx Ha OAQO
«EBPA3 HTMK)» yrineit npencrarieHo B Tabiuiie 1.

Tabmumna 1
KauectBOo KOMIIOHEeHTOB IKUXTHI A1 [IYT
Kommonenr ITYT Texanueckuit ananus, % | Ty som, °C | KamopuitHocTb, Kkan/Kr
(mapka) 30j1a |JIeTydue| cepa

Anapmuackue (KC) 10 16 0,35 1472 7315
Kpacusiii 6pos (T) 8,5 12 0,22 1361 7439
3umunka (T) 8,7 15,6 0,31 1327 7560
KOKCOBasl IIbUIb 15,6 2,3 0,54 1278 6500

KadecTBO KOKCOBOM MBIIM OTIMYAETCS OT HCIOJIB3YEMBIX YyIJel
IIOBBILIEHHBIM COJIEPYKAHUEM 30JIbI, CYIIECTBEHHO MEHBIINUM BBIXOJAOM JIETY4YHUX
U COMNOCTaBUMBIM (B IEpecyeTe Ha TBEPIbIM OCTATOK) COJAEP’KAHUEM CEpBbI.
Temneparypa IuIaBiI€HUs 30JIbI KOKCOBOW IBUIM CYIIECTBEHHO HHWXE, YEM
sHepreTudyeckux yrierd. Cienyer OTMETUTh, 4YTO IPOM3BOJAUTEIBHOCTH
JIOMEHHBIX TI€YEH CHWKAETCA MPU HCIOJb30BAHUU YIJIEW C TOBBIIICHHON
TEMIIEPATYPOH IJIABICHUS U3-3a MOBBIILICHUS KAKYIIENUCS BA3KOCTH IIAKOB.

KanopuiiHOCTh MM TEIIOTa CropaHvsi KOKCOBOM IBUIM MPUMEPHO HA
1000 kkan/kr Huwxe JOObIX Mapok yrias. OgHako AaHHBIA IOKa3aTellb He
OTPa)KaeT IEUCTBUTEIBHYIO TEIUIOOTAAYY YIVIEPOACOAEPIKALLMX MATEpPUaAIIOB B
JOMEHHOM IulaBKe. Temiora cropaHus, omnpeaeiseMas, Kak IPaBuio, II0
dbopmyne JI. 1. MenneneeBa, xapakTepusyeT BbIJICIICHUE TEIUIa MO PEaAKIUSIM
IIOJIHOTO cropanus. [Ipu 3TOM CylecTBEHHBIM BKJIaJ B 3TO 3HAYEHUE BHOCAT
peaKkuu OKMCIIEHUS BOJIOPOJAa M MPENEIbHBIX YIJIEBOJOPOIOB, CYMMAapHOE
coJiep>KaHre KOTOPBIX B JieTyunx coctaBisieT 6osee 80 % (00.). Beixoxa neryunx
coctapister Goee 0,3 MY/KT yris, a ¢ y4eroM pedOpMHHTa yrIeBOAOPOIOB —
Gomee 0,5 M>/KT yIuIs IpH UX comepxanuu 14 — 15 % B HCXOXHOM Macce.

B noMeHHOH ke TuaBke rasugukanus yris MPOUCXOAMUT MO PEaKLHsIM
HEIOJHOTO CrOpaHusA: METAaH M BOJOPOJ HE TOJIBKO HE BHOCAT TEIUIO, HO U
TpeOYIOT CYIIECTBEHHBIX 3aTPaT YHEPTUU HA HATPEB U PA3IOKEHHE.

Pacuer nenctBuTENBHBIX 3HaueHUM Ttermtootnadn IIYT ¢ pasnuuyHou
J10JIel KOKCOBOM MbLIIM MPOU3BOJIMIICS HA OcHOBe MeToja rpod. A. H. Pamma no
ONPENEIICHUIO TEIUIOBBIX JKBHBAJICHTOB IIMXTOBBIX MATEPHUAIOB JTOMEHHOU
I1aBKH. Pe3ysbTraThel pacueToB IpeIcTaBlIeHbl Ha puc. 1.
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Puc. 1. Bausinue nonu kokcopoi nbutd B mmxte [TYT Ha Teruiootnauy IIYT u
K03 PUIMEHT 3aMEHBI KOKCa

Takum o00Opa3oM, UCHONB30BAaHUE KOKCOBOW TBUIM B IIMXTE JUJIS
npurotoBieHus [IYT yBenmuuBaeTr ero Temnoornadyy B JOMEHHOM IUIABKE H,
COOTBETCTBEHHO, MOBBIIIAET KOA(D(PUIMEHT 3aMeHbl KOKCa MbLICYTOJIbHBIM
TOIIJIMBOM.

[Tomy4yeHHBIE pe3ynbTaThl IOATBEPKIAIOT PALlMOHAIBHOCT BHEIPEHUS HA
armopadbpuke OAO «EBPA3 KI'OK» mnHeBMoOKiIaccupukalud TBEPAOTO
TOTUIMBA C MOCJEAYIONIEH yTrn3anuen npuieBatbix Gppaxiuit B muxrte [TYT.

B cBa3u ¢ 3TuM, OBUI paccuuTaH OXHUIAEMbIH OOBEM BbIIEICHHUS
KOKCOBOW IBUIX U3 arjOMEpPalOHHOTO TOIJIMBA, KOTOPBINA COCTABIISIET 34 THIC. T
B roj uiu npumepHo 2850 t/mecsi. [Ipu nepcnektuBHOM moTpebnaeHuun [IYT
JOMEHHBIMH TleyamMu Ha ypoBHe 54000 1/mMecsu, 1011 KOKCOBOW MbUIM B ILIUXTE
ITVT cocraBur 5 — 5,5 %.

Pacuer cocraBa IDOMEHHOM IMXTHI M TMOKAa3aTeJie JOMEHHOM IIIaBKH
MoKa3aJl, 4YTO MpH 3TOM pacxoj Kokca cHwkaerca Ha 0,6 kr/tT yyryHa, a
IIPOU3BOJIUTENIBHOCTh JOMEHHBIX Iteuer yBennuumBaercs Ha 0.4 %. Cnemyer
TaKX€ OTMETHUThb, YTO CTOMMOCTb KOKCOBOM MEJIOYM HUXKE CTOMMOCTH YIJIEH
npuMepHo B 1,5 paza.

OCOOEHHOCTBIO TEXHOJIOTUM JIOMEHHOM IaBku B yciuoBusix OAO
«EBPA3 HTMK» sBisiercst coBMecTHOe ucnonb3oBanue IIYT u mpupomgHoro
raza. 3aMelleHre YacTu yriied KOKCOBOM IMbUIbIO CHUXKAET 00beM 00pa3oBaHMs
bypMeHHBIX  Ta30B. OJTO  TMO3BOJSET, W3  YCJIOBUA  COXpaHEHHs
ra30JMHAMUYECKOT0 HAMPSLKEHUS, YBEIMYUTh PAacXo/1 MPUPOJHOro ra3za Ha 2 — 3
M>/T YyTyHa, 4TO MTO3BOJIUT CHU3UTH PACXOJ KOKCA elle Ha 1,5 — 2 Kr/T 4yryHa.

Takum 00pa3oM, HMCHOJB30BaHUE KOKCOBOW MbUIM, TMOJYYEHHOW MpPH
MTHEBMOKJIACCU(DUKALIUA  arJIOMEpPalMOHHOTO0  TOIUIMBA, B  IIUXTE  JUIA
npurotoBienus 1Y T KkoMIIEKCHO peliaeT 3a/1a4u MOBbIIEHUS 3PHEKTUBHOCTH
IIPOU3BOJICTBA arjIoMepaTa v BBIIIJIABKU YYTYHA.
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ELECTRICAL INSULATION OF THE CUTTING TOOL WHEN
MACHINING TITANIUM ALLOYS

Medison V.V., post-grad., Nizhniy Tagil Technological Institute (branch) Ural
Federal University named after the first President of Russia B.N. Yeltsin
Pegashkin V.F., DSc, Nizhniy Tagil Technological Institute (branch) Ural
Federal University named after the first President of Russia B.N. Yeltsin
Golubev V.1., PhD, Ural Federal University named after the first President of
Russia B.N. Yeltsin

1. Introduction

Titanium alloys are among the most difficult-to-cut materials due to their
high strength, high coefficient of friction in contact with most tool materials,
low thermal conductivity, and lack of adsorption of coolant by the surface of the
titanium. However, the tasks of increasing tool life and efficiency of machining
are highly relevant.

The technique of increasing tool life by means of electrical insulation of
the cutting tool was initially proposed by H. Axer in 1953 [1]. Axer reported on
the possibility of increasing the performance of the cutters 1.5...2.5 times
depending on the cutting conditions.

In 1970s the method of electrical insulation of the cutting tool was
developed in the works of Bobrovskiy [2,3], Bredell [4] and Postnikov [5].

However, since the early 1980s there isn't information about using the
method of electrical insulation neither in the laboratory conditions nor in the
industry. There are a number of reasons for this, the main of which are:

1. Mostly all ways of realizing the method of electrical insulation of the
cutting tool, which were proposed at the time, lead to lower rigidity of the
tooling system;

2. Auxiliary tools and production tools used in the executing of the
method of the electrical insulation were short-lived, and it was difficult to
reestablish them.

3. Disadvantages of the technology of machining the titanium alloys that
existed at that time, do not allow to estimate the efficiency of the proposed
solutions in full,

Thus, taking into account all the above mentioned data, authors identify
several key problems to be solved in this paper:

1. Development of the advanced technique of increase in tool life based
on the method of cutting tool electrical insulation;

2. Substantiation of the efficiency of the proposed method under
laboratory and industrial conditions.

It is well known that the oxide films that appear on the surface of the
titanium alloys after heating have a high electrical resistance [6]. So, using
auxiliary tools and equipment made of titanium alloys, on the surface of which
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the oxide layer being an isolator was made by thermal oxidation, could be a
solution of the assigned task.

2. Methodology

The study of the properties of titanium alloys after thermal oxidation was
made to solve this task.

The following grades of the titanium alloys were studied: VT1-0, OT4,
VT20, VT6, VT3-1, VT14, VT23, VST5553. Chemical compositions of the
alloys are shown in Table. 1.

Table 1
Investigated titanium alloys

Grade Chemical composition, %
VT1-0 CP titanium

OT4 Ti-3,5Al-1,5Mn

VT20 Ti-6Al-2Zr-1Mo-1V

VT6 Ti-5Al-4V
VT3-1 Ti-3Al-2,5M0-2Cr-0,5Fe-0,3Si
VT14 Ti-4,5Al-3Mo-1V

VT23 Ti-5,5Al-2Mo-4,5V-1Cr-0,7Fe

VST5553 Ti-5Al-5Mo0-5V-3Cr

Samples made from the titanium alloys under research were quenched.
The quenched samples were grinded and polished by means of Struers LaboPol-
1 and then were degreased by immersion in the bath with a mixture of 2%
solution of hydrochloric acid and 0.5% solution nitric acid in the water for 4 ... 5
minutes.

Thereafter the initial electrical resistance was measured by means of
ohmmeter Sonel MIC-1000.

Then the samples were subjected to thermal oxidation in the furnace at
temperatures of 650, 700, 750, 800 °C and the holding time respectively is 8, 7,
6 and 5 hours.

After the cooling the re-measurement of the electrical resistance was
made.

Efficiency of the proposed method was studied when turning titanium
alloys VT1-0, OT4, VT6 and VST5553. The cutter PTTNT 2525M 22 equipped
with an insert TNMG220408-SF made of 1105 was used. Flank wear value of
0.5 mm. was a tool life criterion in turning.

The efficiency of the method was studied when drilling titanium alloys
VT1-0, OT4 and VT6 using twist drills made of HSS. Flank wear value of 0.1
mm. was a tool life criterion in drilling. Twist drills Dormer A100 were used.

3. Results and discussion

Results of measuring of the titanium alloys electrical resistance after
thermal oxidation are shown in Fig. 1.
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Fig. 1. Results of electrical resistance measurement

As shown in Fig. 1, oxide layers that are formed on the surface of the
alloys VT1-0, OT4, VT20 and VT3-1 have the largest value of the electrical
resistance.

It is quite interesting that none of the alloys that have an oxide layer with
high electrical resistance, except VT20, contains vanadium. Vice versa, titanium
alloys that contain vanadium, such as VT6, VT14, VT23, VST5553, have an
oxide layer with relatively low electrical resistance. Most likely, it is due to the
fact that at temperatures above 700 °C vanadium reacts with the oxygen and
forms the volatile compounds that damage an emerging oxide layer.

Fig. 2 shows examples of the depth of oxide layer after thermal oxidation,
obtained with the optical microscope Zeiss Observer D1M. The depth of the
oxide layer is 10...50 mm.

Fig. 2. Microstructure of the surface of samples after thermal oxidation at temperature of
750 °C during 6 hours: a) OT4; b) VT3-1

A new way of increasing tool life that consists in using auxiliary tools

made from titanium alloy VT3-1, that were subjected to thermal oxidation in the
furnace at temperature of 750 °C during 6 hours, was proposed.
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Fig. 3. Example of the method for drilling: 1 — twist drill; 2 — spindle; 3 — tapered sleeve; 4 —
oxide layer; 5 — workpiece; 6 — machine table

In Fig. 3 twist drill 1 is mounted in tapered sleeve 3 that are made from
VT3-1 titanium alloy and subjected to thermal oxidation for forming the oxide
film 4.

This method was patented by the authors [7].

Results of the research of the tool life when turning of the titanium alloys
are shown in Table 2. Results of studying the tool life of the twist drills are
shown in Fig 4. Feed in all experiments was 0.1 mm/min during small diameters
of the twist drills. Thus, it is proved that using electrical insulation of the twist
drills leads to 1.66...2.76 times increase in tool life.

Industrial tests of the proposed method in VSMPO-AVISMA Corporation
in production of tube plates for heat exchangers have shown that the wear of
twist drills made from HSS is 1.20...1.80 lower when using electrical insulation
than in general conditions.
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Table 2
Tool life of the cutters

Machined titanium Use / non Tool life T, Tisolated/ T
o | sE | S alloy use of min.
EZE|TE |5 £ electrical
S5 O = E o . .
OgE|LE 2 insulation
BT1-0 + 16,79 1,44
— 11,64
OT4 + 19,48 1,59
- 12,24
628 | 067 | 10 BT6 ; 8,53 2.05
— 4,16
VST 5553 + 5,95 1,82
- 3,27

—*—VTI1-0, with insulation
& T VTL-0,w ion
—*— OT4, without insulation
—8— OT4, with insulation
VT6, without insulation
VT6, with insulation

T, min

i d
2 4 5 6
d, mm V. m/min

Fig. 4: Results of measuring tool life in drilling

4. Conclusions

The following conclusions can be drawn on the basis of the obtained
results:

1. The effect of the technological parameters of the thermal oxidation on
the electrical resistance of the oxide films on the surface of the titanium alloys is
defined,;

2. The method for increase of tool life that consists in using auxiliary
tools and equipment made from VT3-1 titanium alloy, on the surface of which
an oxide layer with high electrical resistance was formed by means of thermal
oxidation, is developed,;

3. The effectiveness of the proposed method when turning and drilling is
proven.
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NCITOJIB3OBAHME XKEJIE3OPYJIHOI'O CBIPbBS OAO
«BBICOKOI'OPCKHH I'OK» IIPU NEPEPABOTKE KAUKAHAPCKHUX
TUTAHOMAI'HETUTOB

Ooccudbuee M. A., cmyoenm HTHU (punuana) Yp@Y
Tneyzabynos b. C., HTU (punuan) Yp®@Y, ooyenm xagedpor MT

B cBs3u ¢ 3akpbiTuem Ha OAO «EBPA3 HTMK» nomennsbix neueit (I1),
BBITUTABJISIONTUX OOBIYHBINA TMEpEeebHBIA UyTyH, B HAIIEeM PETHOHE OCTaIach
HeBocTpeOoBaHHOU kene3opyaHas npoaykiuus OAO «Bwicokoropekmii 'OK»
(BI'OK) B BHzae KOHIIEHTpaTa MOKpod MmarHutHou cenapauuun (MMC). B
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HacTosilliee  BpeMs  JaHHas NOPOAYKUHUsA pealu3yercs 3a  IpeiesiaMu
CBep/I0BCKO# 001aCTH, YTO MPEACTABISETCS HEPAIIMOHATIBLHBIM.

B TOo e Bpems, B CBS3M C BHEAPEHUEM TEXHOJIOTUU BIyBaHUS
neuieyronbHoro TormBa (IIYT) B 2013 r., oOocTpuiuce mnpoOIEMBlI,
CBS3aHHbIE CO IIJIJAKOBBIM PEXHUMOM BaHaaueBol 1aBku. CyliecTByeT
ompeAeIeHHas 3aBUCUMOCTh (pucC. 1) Mexay BBIXOJAOM IUIaKa U MUHUMAJIBHO
BO3MOXKHBIM PAacXOJIOM KOKca (COOTBETCTBEHHO, MAaKCHMAJIbHBIM PAaCcXO0M
[1YT).
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min pacxog KoKca M max cyu.
pacxon AON. TONAMBA, T/T uyr

—— Dacxon KoKkca --®-- pacxog BT
Puc. 1. Bnusauue BbIXOJla IIJIaKa HAa IPCACIIbHO-AO0IMYCTUMBIC 3HAYCHUA YACIbHBIX
pacxoa0B KOKCa U BAYBA€MOT'O TOIIJIMBa

OnHa U3 OCHOBHBIX 33J1a4 COBPEMEHHOW TEXHOJIOTUU JOMEHHOW IUIABKH
c BayBanuem IIYT — oOecrnednTh MO Mepe YBEJIMYEHHUS €T0 pacxoja
COXpaHEHHUE T'a30MPOHUIIAEMOCTH CTOJ0A IUXThHI U JIPEHAXKHYIO CIIOCOOHOCTH
ropHa. OIHUM U3 BaXHEUIMX (PAKTOPOB BIUSHUS HA Ta30MPOHUIIAEMOCTH
ABJIAETCS YIEJNbHBIM BBIXOJ IUIAKa, ONPEACISIIOIIMNA CTEIEHb OPOLICHUS
pacIuiaBOM KOKCOBOM HAacaJKHU U, COOTBETCTBEHHO, €€ IOPO3HOCTbD.

CHuKeHHue yJIeJIbHOTO BBIXOJA IINIAKa BO3MOYKHO TOJIBKO B PE3YJIbTAaTe
MOBBILIEHUS COJIEPKAHUS KEJle3a B JOMEHHOW LIMXTE U CHUKEHUS 30JIbHOCTHU
MPUMEHSAEMBbIX TOIIUB. OQHAKO YaCTUYHASA 3aMEHA MbUICYTOJIbHBIM TOIJIMBOM
OPUPOJHOTO Tras3a, HAoOOpOT, YBEJIMYMBAET BHIXOJ IIJAKa M CHUXKAET
MOPO3HOCTh KOKCOBOM Hacaaku. YTiIyOJeHUe K€ CTeNeHU OOOoramieHus
TATAaHOMarHeTuToBoro  ceipbd  Kaukanapckoro ['OK  mpuBomut K
IPOrPECCUBHOMY BO3PACTAHUIO KOHLIEHTPALMU JUOKCHAA TUTaHa (puc. 2) u
IJIMHO3EMA B IIJIAKE, CYIIECTBEHHOMY YBEJIMYEHUIO €r0 TE€TEPOTC€HHOCTH U, B
LEJIOM, YXYAIIEHNUIO NIJIAKOBOTO pEKMMa BaHAIUEBOU IIABKHU.

B cBsi3u ¢ BBINIEU3NIOKEHHBIM OBUT TPOBEJACH aHalW3 BO3MOXKHOCTHU
UCIIOJIb30BaHUs kene3opyaHoro koHueHtpata MMC BI'OK, conepxxanue
xKeyne3a B KOTOpoM mpumepHo Ha 4 % Oosnplie, 4eM B KayKaHapCKOM
KOHIIEHTpAaTe, B cocTaBe arjioMepanmoHHoi muxTtel Kaukanapckoro I'OKa. B
pacuetax pacxon kouieHtpara BI'OK Obutr mpunsT u3 pacuera 150 kr Ha
toHHy arnoMmeparta KI'OK. Pe3ynbrars! npuBeaeHs! B Ta6. 1.
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Puc. 2. Bzaumocss3b 1o TiO; B «IIyCTOH MOPOJIE» U COCPKAHUS Keie3a B
KauKaHapCKOM arjoMmepare

Tabmuma 1
TexHnKO-PKOHOMHUYECKHE TOKa3aTeIn HOMeHHOﬁ IIJIaBKHU
ITokazarenu bazoBbiii BapuanT | IIpoekTHbIil BapraHT A
Conepxanwne Fe B mmxre, % 57,053 57,269 0,216
Pacxon xokca, KT/T 94yryHa 369,842 368,279 -1,563
Pacxon nyrtss, Mo/T YyyryHa 1113,042 1107,968 —5,074
ITpon3BoAUTENLHOCTD, T/CYT 13877,100 13946,485 69,385
Brixop nmaka, Kr/T yyryHa 358,242 349,409 -8,833

B arnomepare coneprkanue xene3a nopsimaercs 6osee yem Ha 0,5 %, a B
JKEJIE30PyIHOM 4YacTh JOMEHHOM mmxThl — mnoutd Ha 0,2 % 1pm
OJIHOBPEMEHHOM CHI>KEHHMH npuxoja tutana B 11 (tadmn. 2).

Tabmauma 2
XHUMHAYECKUM COCTAB BAHAIUEBOTO YyT'yHa

ba30BbIii BapuaHT IIpOeKTHBIN BapyaHT A
C, % 4,750 4,750 -
Si, % 0,085 0,085 —
V, % 0,483 0,463 0,020
Ti, % 0,145 0,137 —0,008
P, % 0,020 0,023 0,003
Mn, % 0,159 0,185 0,026
S, % 0,014 0,014 —

HecMoTpst Ha HeOoIbIIOE CHMDKEHHME COACpKaHWs BaHAIWs, KaueCTBO U
XUMUYECKHA COCTaB 4YyryHa B TNPOEKTHOM BapUaHTE yIOBJIETBOPSET
TpeOOBaHUAM, NPEIBIBISIEMbIM K BaHAJAMEBOMY UYyTyHY NEpBOTO copra: Si —
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0,05-0,15 %, V — 6o1ee 0,40 %, T1 — 0,10 — 0,20 %, P u S — menee 0,03 %, Mn
— menee 0,35 %.

Buenpenue peaIaraeMoro MEpOTIPUATHS MO3BOJISIET 0e3
CYILLIECTBEHHBIX KallUTaJbHBIX 3aTpaT CHU3UTh pacxoid Kokca Ha 1,5 kr Ha
TOHHY 4YyryHa, COKpPaTUTh BBIXOJl IJIaka Ha 8,8 KI Ha TOHHY 4YYIyHa,
YBEJINYUTh CPEAHECYTOUHYIO MPOU3BOAUTENBHOCT TOMEHHOro 1exa Ha 0,5 %
U, B JaJbHENIIEM, 00ECIIEUUTh BO3MOKHOCTh YBEJIIMUEHHS YIEIIBHOTO Pacxo/1a

IIVT.

TEILIOBBIE YCJIOBHSI IPOTEKAHHMS IIPOLEECCA
OTBEPKJIEHMS CTEPKHEBOW CMECH ITPOJTYBKOW F'OPSIYNM
BO3YXOM

Iluposckos A.E., acnupaum YpDY

K mnacrosmemy BpemeHuW HauOojbllas MPOU3BOAUTEILHOCTh B
M3TOTOBJIEHUH JIMTEWHBIX MECYAHBIX CTEP)KHEN JTOCTUTHYTA IIPU UCITOJIb30BAHUHT
B KAQ4YeCTBE CBA3YIOIIMX CHUHTETHYECKUMX CMOJI. (OJHAKO TPUMEHEHHE
CUHTETUYECKUX CMOJI MPOBOLMPYET BBIJICIICHUE TOKCUYHBIX BeliecTB. [Iporece
MOJIMMEPU3ALUN PACTUTENBHBIX MACell MPOUCXOAUT HAMHOTO MEJJICHHEE JIaKe
c n00aBKkOil cHKKaTUBOB. JIJisi yckopeHusi HeoOxoauma TeIUloBas MOAMMUTKA
ITPOAYBKOM CTEPKHEU TOPSAUUM BO3LYXOM.

Jlnst  omucaHWs TMPOIECCOB  TEIJIOOOMEHA HCIOJIb3yeM HM3BECTHBIE
3aBUCUMOCTH. BXOIAIINI C TOPAYUM BO3AYyXOM TEIJIOBOM MMOTOK PABEH:

W, = CELE(TE -T.) (1)
Ax
I'ne, €z — ynenbHas TEMI0EMKOCTb BO3yXa, P

T; — Temmeparypa HarpeToro Bo3ayxa, K;

-

i

L. —pacxon Bo3nyxa, —.
c

oy

TerooOMeH Mexay TOpsSYUM BO3AYXOM M (OPMOBOYHOM CMECHIO
OCYUIECTBJISIETCS. BO BceM oObeme oOpasua omgHoBpeMmeHHo. [lorTomy Bpems
HarpeBa CMECH MOXXHO TPHHATh TNPUONHUZUTETFHO pPaBHBIM  BpPEMEHH
bunbTpay yepe3 cMech, HE0OOXOIUMOTO s €€ HarpeBa o0bemMa BO3ayXa.

O0wem Bo3ayxa Vs, HeoOXoAMMBIH as1 HarpeBa cmecu oObemMom V. oT

HavaJdbHOM TeMmnepaTypbl 1, 10 TpeOyemoiioi T,, MOXKXHO ONPEHCIUTH W3

9JICMCHTAPHOI'O YPAaBHCHUSA TCIIJIOBOTO OajaHca:
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CBEI{E(TE_ Tc) = CHHVE{:TE_ Toc] (2)
I'ne, ¢,— yaeneHaA TENNOEMKOCTb CI'.'JOPMOEO'-IHOFO necks, SDU% ;

5 — MNOTHOCTL BO34YX3, 0,846£;

7 — MNOTHOCTE hOpPMOBOUYHOM cmeck, 1500 %.
T, =453k T,. = 2934
omyunm, V, = 4163V, = 0.31 a7,

OunbTpaniisg 3TOro o0beMa BO3JlyXa Yepe3 CMECh OIUCHIBACTCS
ypaBHEHUEM:

V,=—=1 3
4
I'ne, k — razonponunkemMocts cMecu, 2.3 - 107° i;

F — nnomaae nonepe4ysoro ceyenya obpasua, 0,003 a7;

[ — apnuna nytH duneTpanuu, 0,025 ar
P —Tiepernaj JaBJICHUH Ha BXOJI€ U BBIXO/C U3 00pasia, 40 DDDD%.

17=0,138 7, orcroma T = 0.8 c.

OpHako, 3TOro BpeMeH! HEJAO0CTATOYHO JJI HarpeBa CMECH JI0 3aJJaHHOM
temriepaTypbl. OueBHJIHO, YTO 4YacTh TeIJia ,MOJIBEICHHOTO K CTEPXKHIO,
BBIBOJMTCS C BO3JyXOM 4epe3 BEHTHI B OKPYXKAIOIIYIO cpedy. Takke He y4TeH
KOO PUIIMEHT TermIooOMeHa MEXIy TOpSAYUM BO3AYyXOM U (OPMOBOYHOM
CMECBIO.

[IpumeM, 4TO Temmeparypa CTEpXKHS OJMHAKOBAs MO BCEMY CEUYECHHUIO.
CuuTaeM, 4TO BCE TEIJIO BO3AyXa MEPEAACTCS CTEPIKHIO 32 CYET KOHBEKTHBHOTO
TerioooMena [ 1], Toraa:

CELE[:TI - TZ] = {IFTcp (4)

Bt

I'ne, a - xoadduireHt TemmooomMeHa e

T, — temneparypa Bo3/yxa Ha BXoje u3 oopasia, K;

T, — Temmeparypa Bo3ayxa Ha BbIXoje U3 o0pasna, K;
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T., —cpenHnii TemnepatypHslit Harop, K.

L, =0.00375 ‘i

[Ipuyem B kauecTBe TEMIIEPATypHOIO Hamopa cpeaHeraorapupmMuyeckoe

3HA4YCHUEC:
Ti _TZ

I, == (5)
ﬂTz—Tg

I'ne, T. — temmeparypa CTepKHEBOM CMECH.

Tornga ypaBHeHue g omnpenenaeHuss kKodpduimuenta MexdasHoro
TEIJI000MeHa IPUMET BUI:

ﬂ"F_ Ti_TI:'
exp —=——-. (6)
Ly, Tp—T
Otkyna:
T1-T¢
Lycgln————
@ =——"2"T_ (7

[Ipy TIpOayBKE CTEpP)KHSI CyXHM TOPSYAM BO3IAYXOM C TEMIIEpaTypoi
180°C, ¢, =10 22"3—3:{ M IOBEPXHOCTBIO TemnooOMena F = 1.5 % T,=140°C
-

Bm
m.

PaccmoTpum 3aBUCHUMOCTH KO3((UIIMEHTA TETIIOOOMEHA OT MOBEPXHOCTH
TEIJIOO0OMEHAa U YIENbHOW TEIJIOEMKOCTH BO3JyXa NpH TMPOYUX PaBHBIX
YCIOBUSIX.

[ToBepxHOCTH TEMI00OMEHA B 3aBUCHUMOCTH OT yJEIBbHON MOBEPXHOCTH
necka (F=m,-f,; tme m,=0.1x2)npumem pasueiv 0.5, lu 1.5

Tornma a 6yner pasen 10.6,5.31u 3.55 RB—

noyiyuum « =3.55

L
AF COOTBETCTBCHHO.

Y,Z[GJ'IBHaH TCIIJIOCMKOCTDb BO3JyXa 3aBUCUT OT COACPIKAaHMUA B HCM BJIAard.

[Mpumem d = 0.001,0.0052 0.01. Torma nonayunm ¢, =1024, 1031 u 1040"3—5:{.
Bm -
KM
YBEJIMYEHUEM BJIA)KHOCTH BO3JlyXa MPOUCXOJUT HE3HAYUTEIHLHOE YBEIUYCHUE
ko3 dunreHTa TermIooOMeHa.

Bpewmst HarpeBa cTepHS MOKHO ONPEAEIUTh U3 BbipaxeHus (7):

[Ipu »toM & Oyner paBen 3.54, 3.57 u 3.6, COOTBETCTBEHHO. TO ecTh ¢

Mz CC I ;:__5;
t = — (8)
[Tomyunm Bpems HarpeBa go temmepatypsl 180°C, mpu T,=140°C u
—3527
“® TEME

t = 69.7 cexyHBbL.

OKCliepUMEHTalbHAsE ~ MpOBEpKa  MOKa3aja  YIAOBJICTBOPUTEILHYIO
cX0IUMOCTh (80 CEKyH/T) C paCUeTHBIMHU 3HAUYCHUSIMU.
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bubauorpadguuecknii CIUCoOK

1.JIeuna H.C. «MccnemoBanne KWHETUKU HAarpeBa M CYIIKH IMOPHCTHIX
MaTepuagoB». — ANTalWCKHA TOCYJApCTBEHHBIM TEXHUYCCKUN YHHBEPCUTET:
[TomsynoBckuit BectHuk Nel, 2008 r. — c. 49- 52.

OINIPEJAEJIEHUE OHTI/IMAJII)HOI\;IU TOJIIIUHBI CTEPKXHS ITPHU
OTBEPKIAEHUU ITPOAYBYOU I'OPAYUM BO3YXOM

Iuposckos A.E., acnupaum Yp@Y
I'pysman B.M., 0.m.n., npopeccop HTU (punuana) Yp@Y

Jlns ycKOpeHHs mpoliecca OTBEPXKICHUS CTEP)KHEBOM CMECH HEOO0XO0IUMO
OMPENCIUTh TOJNIIUHY CTEPKHS TPH KOTOPOM I1eJ1eco00pa3HO IMPUMEHSTH
METOJ IPOTYBKH TOPSIYUM BO3IYyXOM.

Jl1s 3TOTO M3 ypaBHEHHS TEIUIOBOTO OajlaHca OMPEIeIMM 00BhEM BO3yXa
HEOOXOIMMBIN IS TPOTEKAHMS ITIpoliecca.

.= 4163V,

IToncraBum BMecto I, Beipakenue F - [, roe'F — muiomaap NONEPEYHOTO

cedyeHus: obOpasua, - [ — TomuuHa. JUMHY nyTd (QUIbTpauuu MpUMEM pPaBHOU

k-Fp

T
TONIIMHE cTepkHs. W ecau npuHsTh, yto V, = —, » Toraa mnony4um

4136F -1 = ""‘"f" (1)

_g M*
I'ne, k — rasonponunkemMocts cMecu, 2.3 - 107° oo
*C

. H
P —Tiepernaj JaBJICHUH Ha BXOJI€ U BBIXO/C U3 00pasia, 40 DDDDE.

F=0,003n 1=0025m

Otkyna,

] = [xBI 2)

4136

B npenpiaynmx MCCIEIOBAaHMUAX YCTAHOBJIEHO, YTO TNPU MPOAYBKE
CTEp>KHEW Ha OCHOBE PACTUTEJIbHOIO Macja MUHUMAJIbHOE BPEMsI OTBEPKIECHUS
cocTaBisieT 6 MuHyT. C ydeToM TOTro, 4YTO BpeMs oTBepxaecHusa crepxkHen XTC
U COCTaBJISIeT 1,5 MUHYTBI, TOTJIa IPU YETHIPEX MO3UIUSAX MPOAYBKU CTEp>KHEU
Ha pacCTUTEIBHOM Macje BpeMs IOJy4YeHUs TOTOBOTO CTEpxkHS Oyner
aHAJIOTMYHbIM. EcCiM  NpUHAT  MaKCUMajIbHO  BO3MOXKHBIE  3HAYEHUS
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ra30MpOHMUIIAEMOCTH | TIepernaja JaBJICHUs MPU MPOyBKE CTEP)KHEH Ha OCHOBE
PaCTHTENHLHOTO Macja, TO MaKCHUMalbHas TOJIIIMHA CTEPXKHS MPH KOTOPOH
MO>KHO MPUMEHSTH JaHHBIM MeTo]1 oTBepxkAeHUs coctaBut 0,2 merpa. OaHaxo,
B JIaHHOM cJIy4ae He yuTeH KodduimeHT MmexdazHoro TermiooomMeHa.

N

ITepenan naBnenuii, atm
N w

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16

Tommmunua, m

Pucynok 1. 3aBUCMMOCTD TOJIIUHBI CTEPXKHS OT JAaBJICHUS BO3/yXa IPU IPOAYBKE FOpSIUM
BO3JyXa

Ecnu paccuntath 00beM BO3AYyXa, paCXOAyEMBbIM Ha HATPEB CTEPKHS 3a 6

MHHYT € yu4eTOM Kod(p(uIMenTa Terootaauu, To noayunm V. = 1.62 4. Dror
o0beM Bo3ayxa B 5,2 paza Oonbiie , yem 0Oe3 ydera Teruiootnadd. Toraa

nonyunm (4136-F-1)-5,2= k'Ff % OTKyga C Y4eTOM IIOMPABOYHOIO

ko3 dunreHTa

1=0,007/k-p-T (3)

[Monygyum [ =0,063 ™. 3aBUCHMOCTb TOJIIHMHBI OT  JaBJICHHS

IpOyBaeMOro BO3/yXa MpejcTaBjieHa Ha pUCyHKe 1.

OTcroga MOKHO C/IeTIaTh BBIBOJ, YTO MaKCUMaJIbHAas TONIIUHA CTEPIKHS
IpHU KOTOPOH 11e7IeCO00pa3HO MPUMEHSThH MPOAYBKY TOPSIYMM BO3yXOM
cocrasisier) 0.14 m.
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PA3PABOTKA MEPOIIPUSTHUH IO MOBBIIIEHUIO KAYECTBA
ATJIOMEPATA B YCJIOBUAX OAO «<EBPA3 KI'OK»

Cunyoe E.A., cmyoenm ep. 111D — 120532 — M4YM
Tneyzaoynos b.C., ooyenm xageopwi « Memannypeuveckas mexHoni02us»

OcHoOBHasl 11eNIb arjaoMepaluyi Kak OJHOTO M3 MPOILECCOB OKYCKOBAHUS
3aKJTF0YACTCS B TOJYYEHHUU KYCKOBOTO (hpPaKIMOHWPOBAHHOTO TPOAYKTa U3
MEJIKOTO KEJIe30PYJHOTO CBHIPhs. DTO OO0YCIOBIEHO OCOOEHHOCTHIO JTOMEHHOMN
IJIaBKHW, OCHOBAHHOW HAa MPOTUBOTOYHOM JIBIDKCHHUH IUXTOBBIX MAaTEPHAIOB H
razoB. I[lostomy »sddexkTnBHOCTH pabOTHl JOMEHHOW TII€YM 3aBUCHUT OT
ra30NpoOHUIIAEMOCTH CTOJI0A IIUXTHI, T.€. MPOU3BOIUTEILHOCTh JOMEHHOU MEUH
(IT) aBnsiercs pynkuument razonponutaemoctu (I):

IT=f(T).

["a3onpoHUIIaeMOCTh HAIPSIMYIO 3aBUCUT OT IOPO3HOCTU cliosi (€) U
JTMaMeTPOB KyCOYKOB arjiomepara (d,):

I =ke>d/(1-¢),

rae K — ko3 GuIMeHT nponopuroHaIbHOCTH, YUUTHIBAIOLINEA TIIOTHOCTh
rasa, THAPaBINICCKOE COMPOTURICHUE, POPMY KYCKOB H T.II.

[Topo3HOCTh OKa3bIBaCT 3HAYMTEIBHOE BIUSHHUC HA Ta30MPOHUIIAEMOCTh
CJIOSI, HO OHA, B CBOIO O4YepeNb, OMpeaesercs (HampuMmep, MO JaHHBIM U3
uctoyHuka [l]) cTemeHbl0 OJHOPOAHOCTH TPAHYJIOMETPUUYECKOTO COCTaBa
arnomMepara (puc. 1).

&

o
)
N

0,24

[NOpO3HOCTE, OO €.

0,16

0 20 40 60 g0
CognepsxaHre KpyIHOR dparapi, %o

Puc. 1. U3MeHeHre MOPO3HOCTH €10S IBYX(HPAKIIMOHHON CMECH OT JI0JIM KPYMHOH (ppakiuu U
OTHOIIECHUS TUAaMETPOB KYCKOB (4HCIa Y KPUBBIX)
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[ToaToMy KOJMYECTBO HamboJiee MEJIKOW (pakuuu  Ompenesnser
MOPO3HOCTh Tosiu(pakimonHoro ciosi. KpurepueMm kadectBa arjomepara IO
IPaHyJIOMETPUYECKOMY COCTaBY SIBJISIETCSl cojiepkaHue B HeM (pakiuu 0 — 5
mM. CornacHo [2], CHUXKeHHUe coJiep:kanus B arnomepare ¢pakuuu 0 — 5 MM Ha
1 % pmaer »koHOMHMIO pacxoma kKokca Ha 0,3 % wu  yBenuyMBaeT
MPOU3BOJIUTEIIBHOCTh JIOMEHHOM Tmieun Takxke Ha 0,3 %. B  nenowm,
COBEPIICHCTBOBAHME TEXHOJIOTUM TOJTOTOBKUA ChIpbS BCErJa SIBISIETCA
aKTyaJIbHOW 3aJaded 1o OOECHEYEeHHIO pOCTa MPOM3BOJCTBA U CHUKEHUS
ce0ECTOMMOCTH BBITUIABKU YYTYHA.

B Hactosiiee Bpemsi o0paboTka arjioMEepallMOHHOTO CIleKa B IIEXe
armomepanuu Kaukanapckoro ['OKa Bkirouaet ero npo0iaeHue B OJHOBAIKOBON
IpoOuiIKe 10 KpymHOCTH He Oosiee 150 mMm, BhIeNeHHE TOPSYEro BO3BpaTa Ha
MEPBOM CTaAUMM TPOXOYEHUsS, OXJAXKICHUE arioMepaTta B  KOJIBLIEBBIX
OXJIATUTENSAX U BTOPUUHOE TPOXOUEHHE TMEPE] OTIPY3KOM TOTOBOIO ariioMepara
notpebutento (nomennbiit iex OAO «kEBPA3 HTMK»).

Ha nmnepBoil cragum TrpoxoyeHHUE arioMepara IPOU3BOAUTCA Ha
caMo0aaHCHOM rpoxoTe 3%6,4 M, ¢ pa3aelieHueM Ha Kiacchl oT 8 10 150 MM u
or 0 no 8 mMm. KpynHas dpakiusi mocTymnaer Ha JajibHEHIIy0 oOpaboTKy, a
MeJiKasi BHOBb UCIIOJIB3YETCS B IIMXTE B KAUE€CTBE TOPSYETO BO3BpATA.

[locne oxyaxaeHuss arjoMepar IOCTylaeT Ha BTOPYI CTaIulo
TPOXOYEHUSI B KOPIYC BBIJICJICHUS] MOCTENIU, TJ€ YCTAHOBJIEHBI CTAllMOHAPHBIC
rpoxora ¢ mupuHOM menu 15 mm. IlompemerHbli NpOAYKT HAIpaBIAETCS B
KOPITYC arjioMepaiuu, rje MOABEpPracTcsl JOTMOJHUTEIBHOMY pa3/IClICHUI0 Ha
MHEPUHUOHHBIX TpoxoTax 1,5%3,0 M ¢ pazmepom sueek 8§ mM. Kitacc kpynmHOCTEIO
ot 0 10 8§ MM UCIIONB3YETC B IIMXTE, KAK XOJIOJHBINA BO3BPAT, a HAAPEIICTHBIN
MPOJIYKT KPYMHOCTBIO OT 8 70 15 MM mocTtymaer B OyHKEp Haj arjioMalinHON
JUISL YKJIAJKHA Ha CIIEKATENIbHBIE TEJICKKU B KAUECTBE «IOCTENN». MaccoBast 10
KJIacca MHHYC 8 MM B «IIOCTEJIH» J0JKHA OBITh He Oojiee 15 %. HaapemerHsli
K€ MPOIYKT CTAMOHAPHBIX TPOXOTOB (TOBApHBIN arjaoMepar) HampaBiseTCs B
KOpPIyC TMOTrPYy304YHBIX OYHKEpPOB, OTKyJa OTIPY>KaeTci B XOMNIEphl U
HampaBisieTcss norpeourtensM. Ilpu  OTCyTCTBUM  arjioBO30B — arjiomepar
OTTPY>KAETCSl Ha OTKPBITHIN CKJIA].

Hcronp30BaHie ropsgero Bosspara ¢ Temmeparypoit 500 — 550 °C u B
koiuuectBe oT 25 1o 30 % (mocne nepBoi CTaAUKM rPOXOUEHHUsA) 00ECIIeUYnBAET
MOJOTPEB IMUXTHI IPHU YKIIAJIKHU €€ Ha MaJUIeThl O TEMIIEpATyphl HE HUXKE TOUKU
pocel (52 °C), 4ro ycTpaHseT 30HY IepeyBIQKHCHHS B CIICKAGMOM CIOE U
WHTeHCUUIUPYET Tporiecc criekanus. Ho npu 3Tom, A1t HOJHON acCUMUIISIIAN
YaCTHUI] B CTPYKTYpE CIeKa, KPYITHOCTh TOpSYEro BO3BpaTa JOJDKHA OBITH HE
oomee 8 mmM [3].

Pacuetnoe 3HadeHne »(G(HEKTUBHOCTH TPOXOUCHUS IO KiIaccy 8§ MM
coctaBisier 60 — 65 %, mpu rpaHyJIOMETPUUECKOM COCTaBE MOCTYIAOLIErO
arnmomepara: menee 1 mm — 11,15 %; 1 — 3 mm — 10,55 %; 3 — 5 mm — 6,8 %; 5 —
8 MM — 11,27 %; 6omee 8 mm — 60,23 %.
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dakTrueckue 3HaueHUs YPPEKTUBHOCTU TPOXOUYEHUSI HAa BTOPOM CTaauw,
o 3amepam, coctabisitoT 40 — 50 % no kiaccy 15 mm u 60 — 70 % no knaccy 5
MM.

Cnenyer oTMeTUThb, 4TO 3(PPEKTUBHOCTh T'POXOUYEHUS CHIDKACTCS MPHU
YBEIMYECHUH TPOU3BOJUTEIBHOCTA AarjioMallliH M TOBBIIMICHUH HArpy3Kd Ha
rpOXOTa.

[Ipouecc crnekaHusi MMXTbI M3 TOHKO HW3MENbYEHHBIX KOHIIEHTPATOB
MOJKET OBITh YCKOPEH 3a CUeT yBEJIWYECHHs JOJM BOo3BpaTa B muxTte. [lo mepe
YBEJIMYEHHS] KOJIMYECTBA BO3BpATa, MPOU3BOAUTENBHOCTH AarjiOMEpalOHHOM
MalliHBl MO CHEKy HEYKJIOHHO Bo3pacTtaeT. Takxke, HO IO 3aTyXaroleu
3aBUCUMOCTH, BO3pacTaeT M NPOYHOCTH arjiomepara. OpHaKo, MOBBILICHUE
KonuuyecTBa Bo3Bpara Oojsee 50 % OT 0OOIIEro KOJIMYecTBa IIHUXThI BEIET K
CHI)KEHHUIO BBIXOJA TOJHOIO arjoMepara, MO3TOMY 3aBHCUMOCTH YAEJIBbHOU
IIPOU3BOJMTEIILHOCTU M0 TOTOBOMY arjioMepaTy OT JOJIA BO3BpaTa B IIMXTE
HOCHUT HKCTpEMaJIbHBIN Xapakrtep (puc. 2).

E
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S | | S
& I | @
% ! P P | ot ) P e 75 E
s PN
E4 | | =
¢ / | | 10 s
| | \ S
Bexad Zodiozo | | 2
——1 | N o5&
| | |

az a4 06 a8

[lons Bo3BpaTa B WMXTE, e[,
Puc. 2. Biusinue pacxona Bo3BpaTa Ha yACIbHYIO MPOU3BOAUTEILHOCTD arjJOMalluHbl U
BBIXO/I TOJTHOTO

YuuTeiBas, YTO B HAcTosllee BpeMsl JOJS BO3BpaTa B IIUXTE HE
npeBbimaer 30 %, obmas 3pGEeKTUBHOCTh TPOXOUYEHHUS MO KIAcCy 5 MM
coctasisieT 80 — 85 %, a nomennomy npousBoacTsy OAO «EBPA3 HTMK», B
CBETE BHEAPEHHUS TEXHOJOTHH C HCIOJIh30BAHUEM TMBIJICYTOJHLHOTO TOIUIMBA,
TpeOyeTcs Ooyiee BRICOKOE KadyeCTBO arjioMepara Kak 1Mo MPOYHOCTH, TaK U IO
COJIEP>KaHUIO MEJIOYH, 11eJIeCO00pa3HO BHEAPEHUE JOMOIHUTEIBHOU (TpeTheil)
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CTaJMM TPOXOYEHHUS IMepes] OTTPY3KOH TOTOBOIO arjoMmepara MOTPEOUTEIIO
(momennsiii ex OAO «EBPA3 HTMK»).

Jlist BHeApEeHHs JAHHOTO MEPOIPHUSTUSL TMpeyiaraeTcsi B KOPITyce
MOTPY30YHBIX OYHKEPOB M3MEHUTh KOHCTPYKIMIO KOHBeliepoB Ne 112 u 113 u
YCTaHOBUTh CTAIMOHAPHBIE TPOXOTa MEpe] MOrpy3Koi araomepara B OyHKep.
[Tome rpoxoTa MOXHO HW3TOTOBUTH W3 HAOOPHBIX IUIMT WA KOHHUYECKUX
KOJIOCHUKOB C CEUCHHEM 5 MM JJIsl OTCEBA MEJIOYH C )KUBBIM CEUCHHUEM Oosiee 3
o0miei TUIOMIa M TOJIOTHA TpoxoTa it Oojee 3¢h(deKTUBHON pabOTh.. ITO
YMEHBIIINT MOMAaHUE KJIacca MEHEE 5 MM B OTIPYKaeMbIi MPOIYKT.

[ToapemeTyaTelii TPOIYKT TOCJIE€ TPOXOUEHHUS IIOCTymaeT B OyHKep,
PACIIOJIOKEHHBIM HAJ] BTOPBIM JKEJIE3HOJOPOKHBIM MYTEM C TOCIEIYIOIEH
OTTPY3KOM KEJIE3HOJOPOKHBIM TPAHCIIOPTOM HA BaroHOOIPOKHU/IBIBATEIIb.
Janee BO3BpaT KOHBEWEpaMu HANpPaBISETCS B KOPIYC MIMXTOMOATOTOBKHU JJIS
JIO3UPOBAHUS TAaPEIbUYAThIMU MUTATEISIMU B IINXTY HA KOHBeHepsl Ne 54, 55.

CxeMa pacrojioXeHus TpoxoTa HaJ TMOTPY30YHBIMH OYHKEpamu
ariioMepara mokazaHa Ha puc. 3. Kak BHAHO, KanuTalbHBIE 3aTpaThl Ha €ro
YCTAHOBKY HE3HAUUTEIIbHBIE.

Korbeuep NTIZ
om+240

200X0m

/i

om208

omM+1735

1I02030961] OLHKED

1020L309H61L] OUHKED
Had x/4 nymers N2

Had x,/G mymert N7

am <37

0 || D

I==]] (=

Puc. 3. Cxema pacronio>xeHusi rpoxoTa HaJl MOTPy30YHBIMU OYHKEpaMH arjiomepara

OpHUEHTUPOBOYHOE CHIKEHHE COJEPXKAHMS MEJIOYM B  TOBAPHOM
arjioMmepare CoCTaBUT OKoJio 2 % (abc.). OMHOBPEMEHHO, C YBEIMUYECHUEM JOJIU
KpynHoOi (pakuuu (Bo3BpaTa) B ariiIOMEpallMOHHOW IIMXTE€ HW3MEHUTCS €€
IPaHyJIOMETPUYECKUNA  COCTaB, YTO  YJIYYIIMT KAyeCTBO CMEIIUBAaHMUS.
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YBennueHue [OJIM KOMKYIOIIEH 4YacTH IPHUBEAET TakkKe K CHUKEHUIO
ONTHUMAJIBHOM BJIAXKHOCTU IIMXThl U IOBBIIMICHUIO CTEIIEHH €€ OKOMKOBAHUS.
JlaHHbIE W3MEHEHUs JOJDKHBI OOECHEUUTh MOBBILIEHHE Ta30IpPOHUIIAEMOCTH
CJIOSl IIMXTHI U, COOTBETCTBEHHO, IIPOMU3BOJMUTEIBHOCTH arjIOMAIllMH, a TAKXe
YJIy4IIEHHE IPOYHOCTHBIX CBOMCTB arjioMepara.

OXuaeMblii COBOKYMHBIA JKOHOMUYECKHH dSPQPEKT OT BHEIPECHUS
JTAHHOT'O MEPOIPHUITHS COCTAaBUT He MeHee 50 MiTH. pyOsieil B ro.

bubanorpaguyeckuii CIUCOK

1. Mertamnyprus gyryHa: yueOHuk it By30B / o pea. FO. C. KOcduna.
— W3a. 3-e, nepepad. u gon. — M.: UKI] Axanemknura, 2004. — 774 c.

2. Texnonornueckass UHCTpYKuus «IIpoU3BOACTBO UyryHa Ha JOMEHHBIX
neyax ¢ OECKOHYCHBIM 3acChIHBIM ycTpoiicTBom», TU 102 — J1 — 132 — 2013,
OAO «EBPA3 HTMKw, r. H. Tarumn, 2013 r.

3. Texnonornueckass uHctpykuus «IIpomsBoactBo arinomepara», T —
OA —8-2012, OAO «EBPA3 KI'OK», r. Kaukanap, 2012 r.

HOBBILHEHUE PABHOMEPHOCTH 3AIIOJTHEHU A
MHOTI'OPYYBbEBOI'O LITAMIIA ITOCJIE NEPBOM ONEPALIUU
IHITAMIIOBKHA JHA IIVIATUHOBOI'O CTEKJIOIIVIABHJIBHOI'O
AIIITAPATA

Domun A.A., acnupanm, PI'AOY BIIO «Ypanvckuii gpedepanvhutii
YHugepcumem umeHu nepeoco llpezudenma Poccuu b.H.Envyunay,
2. Examepunoype
Jozunoe FI0.H., npogeccop, 0.m.n., DI'AOY BIIO «Ypanvckuii ghedepanvrwiii
YHugepcumem umenu nepeoeo llpezudenma Poccuu b.H.Envyunay,
2. Examepunoype

Hcrnonp3oBanne IUJIATUHBI B MPOMBINIJICHHOCTH  OOYCJIOBIEHO €&
YHUKaJIbHBIMU CBONCTBAMU: COMPOTUBIICHUIO BEICOKOTEMIIEPATYPHON KOPPO3UU
M OKUCIICHHI0O B KOHTaKT€ C OKCHUAHBIMH MaTepuajiaMi TPU BBICOKHX
temneparypax. OgHUM U3 BaKHEUIIWX HAMpPaBJICHUM B MPOMBIIIIICHHOCTH
0JIarOPOJIHBIX ~ METAJUIOB  SIBJISIETCS NPUMEHEHHE CIUIAaBOB IUIATHUHBI B
MPOU3BOJICTBE aIMapaToB JJIsI M3rOTOBJIEHUS CTEKJIOBOJOKHA U 0a3aJbTOBOIO
BOJIOKHAa. CTEKJIOTUIaBWIIbHBIA amnmapaT MpeacTaBisieT co00M €eMKOCTh JUid
pa3MeIlleHrs  paciuiaBa CTeKia uiu  0Oas3anbTa, BBIIOJIHCHHYIO U3
IJIATUHOPOJIUEBOTO CIUIaBa. B HIDKHEN 4yacTH amnmapara pacrhoioKEHO JTHO C
bunsepamu (puc. 1), 3 KOTOPHIX BHITATUBAIOT BOJIOKHO.
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Puc. 1. ®parmeHT aHa CTEKJIOIIAaBUIILHOTO arapara ¢ GpribepaMu

B  OpOMBINUIEHHOCTM CYHIECTBYIOT JiBa cmoco0a  HM3rOTOBJIEHUS
¢unbepHOro  IHA:  METOJOM  JIMCTOBOM  IITAaMIIOBKM 32  HECKOJBKO
dbopMooOpasyomuX onepanuil JU00 3aKPEIIEHUEM OTAEIBHO BBINOJIHEHHbIX
¢unbep B 3apaHee NOJATOTOBJIEHHBIX OTBepcTUAX. lleapHOUITAMIIOBaHHOE
¢unbepHOE AHO O0JIAJACT PSAOM MPEUMYILIECTB, B TOM YHCIE CO3JACTCS
BO3MOXKHOCTh 00Jiee IMJIOTHOM ynakoBKH (puiibep Ha puibepHoM nosie. Bmecte ¢
TEM, IUIOTHAsl YIAaKOBKa (UIIbEP CO3/AeT Psif TEXHOJIOTMUYECKUX MpoOsieM, O Ha
U3 KOTOPBIX — MOJAJEPKaHUE CUMMETPUYHOIO UCIIOTHEHUS KaXI0M (QUiIbepsl C
obecrieueHreM He0OXO0AMMOM pa3MEepHO TOYHOCTH.

[Iporiecc nMMCTOBOM INTaMIOBKH (UIBEPHOTO JHA COCTOUT W3 JIBYX
onepauuii. B manHoil pabore peub moiner o 1e()EeKTHOCTH 3arOTOBKHU IOCIE
nepBoi omepanuu (puc. 2). JlaHHas omnepanusi 3aKI04aeTcsl B TMOJTYYEHUU
IUTACTUHBI 33JaHHON TOJIIMHBI M (OPMUPOBAHUN HEOOXOTUMOTO KOJIMYECTBA
BBICTYIIOB METaJlla Ha €€ HWKHEH 4acTH, U3 KOTOPBIX TO3/1Hee OYAYyT MOTyUeHBI
¢unbepbl. C 5TON 1EJIbI0 3arOTOBKAa B BHUJE MOJIOCH O0XKMMAETCS TUIOCKUM
OOMKOM Ha HITaMIl€ C OTBEPCTHUSIMH, PACIOJIOKEHUE KOTOPBIX COOTBETCTBYET
pacnosoxxeHuto ¢puiabep Ha GUIbEPHOM JIHE. MeTasul 3aroTOBKH MO/ 1eHCTBUEM
Oolika yTOHsIETCS HaJl IJIOCKOW MOBEPXHOCTHIO LITaMMa M KOHLEHTPUPYETCS B
ero otBepctusix. Ilocme kaxmoro xonma Ooifka 1mTamMmn ¢ 3aroTOBKOM
IPOABUTAETCS OTHOCUTEJIbHO OOMKa B HalpaBiI€HUM OOpAaTHOM HAIPaBJICHUIO
TEYeHHI0 MeTayia. Tak momaroBo HAET o0paboTka Bced MOJIOCHI, MPOLECC
JUINTCSL 10 OKOHYaHHWs IMO0JOChl. [lomydeHHBIE BBICTYIIBI pacIoiararTCs Ha
HUKHEH TOBEPXHOCTH 3aroTOBKM B BHJIE 3aJaHHOTO KOJIMYECTBA PSAOB,
PaCIOJIOKEHHBIX TOCIEN0BATENBLHO ApYr 3a ApyroM. Kaxnabiii psii BHICTYNOB
COCTOUT W3 [JIBYX [MOJYpSJOB, PACHOJOXKEHHBIX B IIAXMAaTHOM MOPSJIKE
OTHOCUTEJILHO JIPYT ApyTa.
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Puc. 2. BHeunuii Bu1 3aroToBKHU 10OCJI€ IEPBOM ONEpalyy ITaMIIOBKI

Takas momaroBas TEeXHOJIOTHUS OOpaOOTKM 3aroTOBKM MPHUBOJUT K
o0Opa3oBaHMIO OOJBIIOrO KoiuuecTBa AedextoB. Hampumep, sBHOe oTiIMyMe
IEPBOrO M BTOPOro (IO HAIMPABJICHUIO TEUEHHUIO METaljia) MOJypsAaa KaxkJoro
psiga BBICTYNOB 10 (opMe, BCIEICTBUE HECHMMETPHUYHOTO 3aMOJHEHUS
OTBEpCTHMH IITamMna. B TO BpemMs Kak NEPBBIM MONYpSAI HMEET SPKO
BBIPOKEHHYIO HAKJIOHHYIO IUIONIAJIKY, MOJYYEHHYIO TIOClie cpe3a MeTauia (puc.
3), BTOpOIi mosypsn umeeT Oojiee MPaBMWIbHYIO KOHYCOBUIHYIO popmy. Taxxke
BBICTYIIBI BTOPOTO TIONMypsifla MUMEIOT OOJNBIIYI0 BBICOTY, MO CPaBHEHHUIO C
NEPBBIM MOJYPAIOM. DTO OOBSICHSAETCS KOHCTpyKuued mramna. Kaxaplid psia
OTBEpCTUI ITaMMna, (QOPMHUPYIOUINI BBICTYIBI, HAXOIUTCS B HEOOJIBIIOM
yrayonenun BeicoTod a0 0,25 MM, KoTOopoe umeeTr (GopMy Tpameuud co
CKpPYTJIEHHBIMU YIJIaMM B IUIaHe. BcerencTtBue 3TOro, a Takke IPOJOJIBHOIO
TEUEHHUs] METaJula, BTOPOM TMOJIyps]l HaxoguTcss B Ooisiee OIaronpusiTHHIX
YyCIOBUSIX JUId TedeHus MeTauia. Metamn ynupaercs B Oypt (puc. 4),
oOpa3oBaHHbI yrayOJeHHEeM, U B CHIJIy BBIIOJHEHUS 3aKOHa MHUHHUMyMa
DHEPrUy, TEYET NO IMYTH HAWMEHBIIETO CONPOTUBIEHHS, T.€. B OTBEPCTHE
BTOpOTO Moaypsaa mrammna. Kak pe3ynbraTt, BTOpo MoypsiJi UMEEeT OOJIbIINA
o0bpeM. Yacrto cimydaercs, 4To 00beMa IEepBOTo MOJIypssia 1aXe HE XBaTaeT I
(opMHUPOBaHUS MTOJIHOLIEHHON (PMIIbEPBI HA BTOPOM ONEpalii IITAMIIOBKH.
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Hanpas:lcl-mc TeHeHHA MEeTal11a

Puc. 3. Buabl HeCOBEpIIEHCTB 3aM0JHEHUS ITaMIIa: 8 — HECUMMETPUYHOE 3all0JTHEHUE
MIEPBOTO MONTypsiaa; O — cpe3 MeTasuia IepBOro MoJypsiia; B — yBeIUUeHHas rTyOnHa
3ar0JIHEHUs BTOPOro NOoJypsia

bypm

Puc. 4. ®parment mramna Jist IepBOi onepanun

Bce onucannbie Boile AedeKThl BOSHUKAIOT M3-3a MOMIAroBOH 00padoTKU
3arOTOBKH, BCJIEICTBUE YErOo MPOUCXOAUT MHTEHCHUBHOE IMPOAOJIbHOE TEUCHHE
Merauia. ONHUM W3 MyTed penieHus JaHHOW TPOOJIEMbl MOXKET CIYKHUTh
YBEIMYCHUE KOHTAKTHOM TUTOIIaa 00iKa 10 MAaKCUMAaIbHON BETMYUHBI, UCXOS
M3 BO3MOXHOCTEH IITAaMIOBOrOo OOOpYyJOBaHHUA, a Takxke moAOOp Imara
00paboOTKH, KOTOPHIH JTOJDKEH OBITh KPAaTHO PAaBEH PACCTOSIHHIO MEXKIY IBYMS
COCEJTHUMH PsiJIaMH BBICTYTIOB.

JI71s1 OLIEHKU BJIMSIHUSA 11ara oOpaOboTKX Ha Ae(EKTHOCTh 3arOTOBKU TOCJIE
NEepBOM onepanuu JUCTOBOW IITAMIOBKH (PUIBEPHOIO JHA MPOU3BEIAECHO
MOJIeJIMPOBaHUE JTaHHOW omepanuu B nporpaMmuoM komiuiekce DEFORM-3D,
MPEIHA3HAYCHHOTO IS pelIeHUs 3a7ad B 00JIACTH KOHEYHO-DJIIEMEHTHBIX
pacueroB mnpoueccoB OMJI. Bbbuio nOpou3BEEHO JBa MOJEIUPOBAHUSA C
pa3IMYHBIM maromM oopadoTku. MoaenupoBaHue onepalyu ¢ marom o0padoTKu
3 MM TmpencTaBiseT Cco00W MOJETUPOBAHME CTAaHAAPTHOW TEXHOJIOTUH,
WCIMOJIB3YEMOW B JAHHBI MOMEHT HA MTPOU3BOACTBE. /{1 ONBITHON TEXHOJIOTUU
ObUT HWCMONIb30BaH mmiar 12 MM, BBIOpPaHHBIM HCXOIs U3 KOH(QUTYypaluu
MOJICJIUPYEMOTrO IITaMIIA.
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IlepBpiM 3TamoM MOJAEIHMPOBAHUS SBISUIOCH CO3JAHUE HCXOAHOM
reoMeTpuud MHCTpymMeHTa (6oek, mrami) u 3arotoBkd B CAD-nakete Komrac.
WHCTpyMEHT NpU MOAEIMPOBAHUU pacCMaTpPUBAJICS KaK aOCOIIOTHO KECTKOE
TEJNO, 3aroTOBKa — IIJJACTUYHOE Teno. Takke ObUIM 3a/laHbl CIEAYHOLIUe
napaMeTpbl: CBOMCTBAa MaTepuana 3aroTOBKH, KOI(PQUIMEHT TPEHUS MEXITY
3arOTOBKOM M HMHCTPYMEHTOM, CKOPOCTh JBWXKECHHsS OOlKa, KOHEUHOE
paccTOsTHUE MEXITY HUHCTPYMEHTAMH.

Pe3ynprarel nmepBoro MojenMpoBaHus MOKa3aHbl HA puc. 5. BuaHo, 4ro
IIOJIYYEHHBIA PE3YIbTAT COOTBETCTBYET JEHMCTBUTEIBHOCTH: NEPBBINA MOy
BBICTYIIOB MMEET Majblii 00BEM M HAKIOHHYIO IUJIOMIAAKY, BTOPOH MOIYypsia
oOnanaet 607bIIMM 00BEMOM METallJIa M KOHYCOBHIHOM (POPMOH.

Puc. 5. MogenupoBanve OpMON3MEHEHHUS 3arOTOBKH Ha TICPBOM OIEPAIHH C IIIarOM
00paboTku 3 MM

Pe3ynbTaTel BTOPOTO MOAENHMpPOBAaHMS IOKa3aHbl Ha puc. 6. MoxHO
3aMETUTh CYIIECTBEHHOE W3MEHEHHME KapTHHbBI 3alOJHEHMs IITaMIla: MEepBbIN
HOJTypSJ BBICTYIIOB CTall UMETh 00Jiee MPAaBUIIbHYIO0 KOHYCOBUIHYIO (GOpMY, €T0
o0BeM yBeNMYWICA NMPUMEPHO B JBa pa3a. KpoMe TOro, HakJOHHas IJIOLIaKa
NOSIBUJIaCh Ha BTOPOM MOJYypsJe, OJHAKO IPH TAaKOW BBICOTE BBICTYIIOB 3Ta
IUIONIA/IKa HE ABJIAETCS 1e(EeKTOM, T.K. 3aTOTOBKA MOABEPTHETCS JalbHEUIIeH
MEXaHUYEeCKOi 00paboTKe.
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Puc. 6. MonenupoBanue (opMOU3MEHEHHs 3ar0OTOBKM Ha EPBOil onepanun
¢ marom o0paboTku 12 MM

CnenoBarenbHO, Takas TEXHOJIOTHS YyBEJIWYEHMs] IHara oOpabdoTKu
npuBesia K 0ojiee CUMMETpUYHOMY U OoJiee MOJTHOMY 3aIllOJIHEHUIO OTBEPCTHM
mramna. OJZHAKO OHA IOAPA3yMEBACT U YBEJIMYECHHE YCWIMS IITAMIIOBKH B
HECKOJIBKO pas.

BriBoa: yBenuueHue mara oOpaOOTKM 3aroTOBKM 10 3HAYEHHUS] KPATHO
PaBHOMY pPAacCTOSIHUIO MEXAY IBYMSI COCEAHUMH PSAIAMH BBICTYIIOB ITO3BOJISIET
YMEHBIIUTH JA€PEKTHOCTh 3arOTOBKU MOCIE TMEPBOI OMEpaluy MITAMIIOBKH JTHS
CTEKJIOIUIABWJIBHOTO  ammapara, €CiId 3TO  IMO3BOJIAKOT  BO3MOXHOCTH
[ITAMIIOBOTO 00OPYIOBaHMS U HMHCTPYMEHTA.

BJIAUAHUE AJTIOMUHHUEBOI'O TEXHOJIOI'MYECKOI'O IMOACJIOA
HA CTPYKTYPY HAIIVTABJIEHHOI'O METAJIJIA,
BBIITOJIHEHHOT O ITIOJA ®JTIOCOM

Yepnwvix B.A. , cmyoenm HTHU (punuana) Yp@Y
Tpexun I'.E., HTU (punuan) Yp®Y, ooyenm xagheopwr « Ceapournozo
nPOU3800CMEA U YNPOUHAIOWUX TMEXHOJIOUTI»
IHllesuenko O.U., HTU (punuan) YpDY, 3a6edyrowuti kageopoii
«Memannypeuueckou mexnonocuuy»

B nHacrosmee BpeMsl pe3epBbl NOBBIIICHUS KOMILJIEKCA CBOWCTB CBAapHBIX
COCIMHEHMM M HAIUIABJICHHBIX ITOKPBITMM 3a CUET ONTHUMM3ALUU DPEKHUMOB B
3HAQYUTEIIBHOM  MEpE  MCYEpHaHbl, II0OTOMY  aKTyaJIbHO  IIPUMEHEHHUE
TEXHOJOTMYECKUX Bo3AeicTBuil. B nmanHOW paboTe wucciaenoBaHO BIUSHUE
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TEXHOJIOTUYECKOTO TMOJICTION W3 aJIOMHHHS, HAHECEHHOTO SJIEKTPOHMCKPOBBIM
JISTUPOBAHUEM.

Hanecenne TeXHOIOTMYECKOrO TMOACIOS IMPOU3BOAMIOCH, Ha KPOMKH
CBApPUBAEMBIX IUIACTUH TOJIIMHOW 12 MM u3 cramu 20, aatOMUHHEBBIM
ANIEKTPOJOM B Cpelie a30Ta Ha YCTaHOBKE SJIEKTPOHMCKPOBOTO JIETHPOBAHUS,
pa3paboTaHHOH Ha Kadeape «MeTaurypruuaeckoi TexHoJorum» (Tadi. 1).

Tabmuma 1
PexxuMBbI 37IEKTPOMCKPOBOTO JIETUPOBAHUS
Cuna AwMiumrtyna YacroTa
Hanpsioxenue, YA . Cpena Marepuan
TOKa, Kosebanuii KoJIeOaHn
B JICTUPOBAHUS 3JICKTPOJIa
A AIEKTPOJa, MM | JIEKTpoAa, Il
AnroMuHuH
7-10 15-20 5 50 N
2 AJ1000

CBapka IUIACTUH TMPOU3BOAMIACH BCTBHIK 32 OJIMH MPOXOJ] IMPOBOJIOKOM
09T'A mnon ¢mocom AH-348A Ha ycranoBke AJII[-1000 C® ocHamieHHOM
ucrounrnkoM nutanust BJ{Y-506, Ha ¢urocoBoii moaymike (Tadi. 2).

Tabauma 2
Pexxrmbl aBTOMaTHYECKOM CBApKH MOJT clioeM (iiroca
CkopocTthb
Juametp . | CsapouHoe P CkopocTh Breuer
CBapouHbIit moJga4yu
MIPOBOJIOKH, HaIpsDKEHUe, CBapKH, AEKTPOJIA,
TOK, A MIPOBOJIOKH,
MM B M/4 MM
M/d

3 540-590 30-44 72 14 30

[TpurotoBnenue nUIM@POB OBLIO OCYIIECTBICHO MO TUIIOBOM METOIMUKE.
Tpasnenre wmIMGOB BBINOJHAIOCH 6 % pacTBOPOM Aa30THOW KHUCIOTHI B
STHIIOBOM criupTe B TeueHue 2-30 cekyHa. MeTamtorpadudeckoe CCae0BaHNE
OBLTO MPOM3BEICHO Ha MUKpockotne Zeiss Observer D1m npu yBenuueHun ot 50
10 500 u snekTpoHHOM MHKpockore Phenom G2 Pure mpu yBenuuenuu ot 300
no 17000. OOpaboTka pe3ynbTaTOB OblJa MPOU3BEACHA C  ITOMOIIBIO
IpOTrPaMMHOTO KOMILTeKca TiXomet, paboTa ¢ rpaduuecKuMu H300paKeHUIMU
Benack B mporpammax Photoshop CS6 u ACDSee Pro 5.

AHanu3 wu300pakeHU MHUKPOCTPYKTYPHI, TOJYYCHHBIX C TOMOIIBIO
ONTUYECKOW  MHUKPOCKONHUHU, TMOKa3ald, dYTo (OPMHPYETCS  CTPYKTYypa,
XapakTepHas I HHU3KOYTJIEPOJUCTOTO  HAIUIABJICHHOTO  MeTaylia, C
BBITSHYTBIMH 110 HANpPABJICHUIO KPUCTALTU3ANNKM 3€PHAMH, OTOPOYCHHBIMU
TaK)X€ BBITSHYTBIMH KpHUCTATUTaMu (eppuTa. BHyTpH 3epeH BUIMAHIITETTOB
depput.  CTpykTypa  HAMJIaBICHHOTO  METaUla,  HAHECEHHOTO  C
TEXHOJOTHUECKUM TOJICIIOEM, UMeeT Oosiee TOHKYIO0 (DeppUTHYIO OTOPOUYKY U
Ooree KpymHBIE pa3Mephl BRITSHYTOro 3epHa (puc. 2). Ha nuuauu criaBieHus y
IIIBOB, BBITIOJTHEHHBIX C TEXHOJIOTUYECKUM TIOJICTIOEM, 00pa3yeTcst MpOoCcIonKa u3
M3BWIKMCTBIX BETBUCTHIX 3epeH (eppuTta, TommuHoi okoso 40 MM (puc. 20), B
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OTIIMYHME OT COSAMHECHUM, BBIITOJHEHHBIX 0€3 TEXHOJIOTUYECKOTO MOJCTON, TIe
3Ta TNPOCIOMKa COCTOUT U3 MpAMBIX 3epeH ¢eppura (puc. 2a). Ilpu
UCCJIEIOBAHUM CTPYKTYpPHl TpU OOJIBILIEM YBEJIUYEHUU, OOHAPYKEHO, YTO
NPUMEHEHUE TEXHOJOTUYECKOTO IMOJCIION YBEJIMYMBACT pa3Mepbl y4acTKOB
MacCCHBHOTO (peppuTa M JUCIIEPCHOCTh BUIMAHIITETTOBOTO (hepputa (puc. 1).

DNEKTPOHHO-MHUKPOCKOITMYECKOE  HWCCJICIOBAHUE  BBIIBHIIO, YTO B
CTPYKTYpe 0O0pa3yroTCs OTpaHEHHBIE KPUCTAUTBl IIEMEHTHUTAa W KOJOHHUH
JTUCTIEPCHOTO TIEPIUTa, IPUYEM B HAIUIABIICHHOM MeETaJUle, JISTHPOBAHHOM W3
TEXHOJIOTHYECKOTO TIOJICTOs, AUCIEPCHOCTh TEpiuTa HWKE, YeM B MeETaJlie
CBapHOTO COCTMHEHHUS BBITIOJIHEHHOTO 0€e3 mocios (puc. 3).

l 100 MKm

a) 0)

Puc. 1. MukpocTpyKkTypa HaIlu1aBIeHHOTO METajlla, BBINOJIHEHHOTO:
a — 0e3 TeXHOJIOTHYECKOT0 MOJICIO0s; O — C TEXHOJIOTMYECKHM IOJICIOEM.
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a) 0)

Puc. 2. MukpocTpyKkTypa HaIuIaBIEHHOTO METalla, BBIIIOJIHEHHOTO: a — 0e3
TEXHOJIOTUYECKOT0 MOJICH0A; 6 — C TEXHOJIOTUYECKUM TIOJICIIOEM.
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Puc. 3. MuKpOCTpyKTypa HaIlIaBJIEHHOT'O METAJUIa, BBINOJIHEHHOTO: a — 0e3

TCXHOJIOIT'HYCCKOI'0O IOJACI0, 0 — C TEXHOJIOTHYCCKUM IIOJACIIOCM.

Takum  oOpazomM,  OpPUMEHEHHE  TEXHOJOIMYECKOrO  IMOACIOS,
BBIIIOJTHEHHOI'O 3JIEKTPOUCKPOBBIM JIETMPOBAHUEM AIFOMUHHUEBBIM JJIEKTPOJOM,
IPUBOJUT K YBEJIMYECHUIO IIEPBUYHOIO 3€pPHA AaYCTEHUTA U YTOHEHUIO
(beppUTHON OTOPOYKHA B CTPYKTYp€ HAIUIABJICHHOTO METalljla, YMEHBIICHUIO
JTUCTIEPCHOCTA  MacCHMBHOTO  ¢eppuTa W YBEIMYEHHUIO JAUCIIEPCHOCTH
BUIMAHIITETTOBOTO (peppuTa BHYTPU OBIBIIETO ayCTEHUTHOTO 3€pHA, a TaKKe
dbopmupoBaHuio 0osiee KPYIHOTO NEPIIUTA.
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TEXHOJIOI'MIMT KOMITbIOTEPHOT'O MOIEJTMIPOBAHM

MOJEJUPOBAHUE SKCKYPCUMN

basicenosa A.A., cmyoenmxa HTU (punuana) Yp@Y
I'pezep C.3., HTU (dunuan) Yp®@Y, npenooasamens xagedpwi
«Hnghopmayuonnvix mexnono2uiiy

MHorue JroAu CTaJIKUBAIOTCS € HEYAOOCTBAMHM HCIOJIb30BAHUS YCIYT
HKCKYpPCOBOJOB 1O ropony. KaxkioMy M3BECTHO, UTO Ha SKCKYpPCHUIO OTBEAEHO
ONPENENICHHOE BpEMs U OHA MPOBOAMUTCS JUIs Tpynmsl Jdrofed. OQHaKo ropas3io
ynoOHee u3ydaTb TOpoJ B TOM TEMIIe, KOTOpbIM yJA0O€H YelOBEeKYy, U B
KOMIIAHUM TE€X JIIOJEH, ¢ KOTOPBIMU ObI €My XOTENOCh IyTelecTBOBaTh. [Ipu
3TOM, IIyTEIIECTBYIOIIAsl CAMOCTOSATEIbHO KOMIIAHHUS, MOYET CBEpPHYTH C
MapuipyTa, €Clu JKeJlaeT, 3aJepKaTbCs TJe-TO MOJOJIbIIE WIH IPOUTH
mooBICTpEE.

NmenHo »Tta mpobiieMa oOKa3ajach TONYKOM K HJEe CO3JaHUs
ANEKTPOHHOTO  AKCKYpCOBOAA. OJTO  yJIOOHO, KOI/Ia 4YEJIOBEK MOXET
IPOCMATPUBATh KapTy TrOopoja, B KOTOPOM OH HAaxoIWUTCAd U, KPOME 3TOro,
BUJIETh HAa HEW BCE €ro JAOCTONPHMEYATEIbHOCTH, a TaK >X€ BbIOUpPAThH
NPEMIOKEHHBIE MapUIPYThl, OXBATBHIBAIOIINE OINPEACICHHOE KOJUYECTBO
JocTonpumedaTenbHocTed. KOHEYHO ke, y KaKIOW JOCTONPHUMEYATEIBbHOCTH
0053aTENIbHO €CTh OMMCAHUE, YTOObI YEJIOBEK MOT 03HAKOMUTHCSI C MHTEPECHOM
uH(popmanuen o Hel, TPOYUTATh UCTOPUUYECKYIO CIIPABKY U T.J.

Hecnoxno poragatrbcs, 4TO 3Ty CHUCTEMY B JaJIbHEUIIEM MOYKHO
WCITOJIB30BaTh HE TOJIBKO JUISI SJIEKTPOHHBIX 3KCKYPCHW, HO M JUII MHOYKECTBA
OpYrux 3ajad, HalpuMep JUisl pacdyera MaplIpyTOB MEXIy CKIaJaMu H
TOPrOBBIMU 37JaHUSIMHM CETHU Mara3uHoB. Takasi cucTema criocoOHa pa3BUBAThCS
0 Mepe IOCTYIUIEHUS HOBBIX 3a/1ad, W HCHOJB30BATHCS IO MHOXKECTBY
HAa3HAYCHUMU.

OcHoBHas YyacTh

Lenpto pabOTHl SBASIETCS NPOEKTUPOBAHWE W CO3JAAHUE CHCTEMBI,
XpaHsIe JaHHbIE O JOCTONPUMEYATENbHOCTAX WM MHBIX BaXKHBIX JUIS
MoJIb30BaTeNsl OOBEKTAaX, a TakK »Ke OoToOpaxaromed 5Ty HHGOpPMAIUIO B
JIOCTYITHOM BHUJIE.

B Hauvame mnpoeKTUpPOBaHUS CUCTEMBI CJEAYET ONpPENeNuTh 3aJauu
MOJIb30BATEINSI U CUCTEMBI.
3agauu NoJIb30BaTENs

1) moGaBisTh ropoja, JOCTONPUMEYATEIILHOCTH, MaPIIPYThI;
2) BBIOMpATH TOPOJIa, JOCTOMPUMEUATEIBHOCTH, MAPIIPYThI U3 CIIUCKA.
3aja4un CUCTEMBI:

1. OtoOpaxarb GopMy mJis 3amojHEHUs WHOpPMAIUU O T00ABISIEMOM
ropojie, J0CTONPUMEYATEIbHOCTH, MapIIPYTE;
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2. Tlomemiath BBeICHHYIO HH(POPMAITUIO B OHTOJIOTHIO;

3. Cobuparbs uHGOpMALIUIO O HEOOXOAUMOM TOPOJE U OTOOpaxaTh €€ C
MIOMOIIIBIO KapThl;

4. Orobpaxath unTepdeic Aji1 BbIOOpa MapipyTa;

5. OrobpaxaTh BEIOpAaHHBIN MapIIPyT HA KapTe.

W3 BBIIIIE ONMMCAHHBIX 33729 BUAHO, YTO CHCTEME HEOOXOIUMO paboTaTh C
OOJBIIMM  KOJIMYECTBOM JIAaHHBIX, CJIEIOBATEILHO WX HEOOXOAMMO KaK-TO
XpaHuTh. [IpuHATO pemeHue XpaHuTh JaHHbIEe B oOHTosormH. OHa maer
3HAYUTEIHLHO OOJBIIIE BOBMOXKHOCTEH 4YeM peNIMOHHAas 0a3a JaHHBIX, STUM H
00yCJIOBIIEH BEIOOD.

Cnenyer pa3paboTath CHUCTEMY KJIAacCOB IS XpAaHEHUS JTaHHBIX
3JIEKTPOHHOT O AKCKYpCOBOJIA. Cucrema JOJIKHA 0TOOpaXkaTh
JIOCTOIIPUMEYATEIIBHOCTA M MapUIPYThl B OJIHOM, BBIOPAHHOM I0JIH30BaTEIIEM,
ropoge. M3 srtoro cimemyer, 4ro HEOOXOAMMO C€O3[aTh KJIAcChl OHTOJOTHH
«TOPOI» U «IOCTONPUMEUATEIBHOCTE». Y JOCTONPUMEYATENLHOCTEN, B CBOIO
ouepesib €CTh CI0KHOE onucaHue. CI0KHOCTh €ro 3aKJII04aeTcs B TOM, 4YTO OHO
COCTOUT U3 ayAHO 3aluceil, TeKCTa U KapTUHOK. Bce 3Tu gaHHbIe HEOOXOAMMO
CTPYKTYpPUpPOBAaTh M TIOKa3blBaTh B OMNpeAesieHHOM Tmopsiake. s »Toro
HEOOXOJMMO CO3/1aTh JOMOJHUTENBHBIN Klacc «omucanue». UTo KacaeTcs
MapIIpyTOB, ©X MOKHO M300pa3uTh Ha KapTe e€ ke cpeacTBamu. [loaTomy, miis
OTOOpa)KECHUS  MapIIPyTOB  HEOOXOAWMO XPaHWUTh CIHCOK  KOOPJMHAT
JTOCTOIIPUMEYATEIIBHOCTEH, BXOAIINX B 3TOT MAapIIPyT. XpaHUTh KOOPJAHHATHI
JOCTONPUMEYATEeIbHOCTEH 1eIeco00pa3Ho B KJ1acce
«IOCTOTIPUMEUATEIPHOCTHY. B MapiipyTe e JOCTaTOYHO XPaHUTh CITHCOK
TOJIBKO TE€X JOCTOMPUMEUYaTEeIbHOCTEeH, KOTOphIE BXOIAT B Hero. B wurore
HEOOXOJUM eIle OJUH Kiacc «MapiipyT». [Io OCHOBHBIM Kiaccam OHTOJIOTHH
peleHnue TPUHITO, Jajnee CleayeT H300paKeHue CEeMaHTUYECKON CeTH,
MOCTPOEHHOM 7151 pa3padaTbiBaeMoit moienu (puc. 1).

JocronpumeyarenibHOCTb lfopog
Ha3BaHue Ha3BaHue
cogepxur B cebe
KOOpAMHaTbI KOOPAMHATbI LEHTpa
ropog, CTpaHa
onucaHue <
Kateropuva
? copepur 8 cebe
copepxur B cebe
copepur B cebe
l MapwpyTt
Onucanue Ha3BaHue
AocTonpumeyaTtesibHOCTb ropoa
TEeKCT AocronpumedaTteibHOCTHU
ayavo
nsobpaskeHune
™n

Pucynok 1. CemanTuueckas ceTb CUCTEMBI.
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CHUCTCMa

AOCTOIIPUMCUATCIIbHOCTH,

Ilocne co3manus

CEMAHTUYECKON CEeTH OCTaeTcs pealn30BaTh
oToOpaxkeHue wuHpopManuu Xpausmeics B Hed. Kapra s npoekra He
co3JaeTcs, TaKk KaKk B 3TOM HET HUKakoro cmeicia. K mpoekty mojkitouaercs
roToBas KapTa, 4TO IIO3BOJISIET OOJIbIIE BPEMEHU YNETUTh YHHUKAIbHOCTH
cucteMbl. Mojienb 3KCKypCHil, UCXOAs U3 JEHCTBUM IMOJIB30BATENS, MOJIydaeT
JAaHHBIC U3 OHTOJIOTUU U 0TOOpakaeT KapTy, IIEHTPOM KOTOPOH SBIISCTCS IICHTD,
BBIOPaHHOTO MOJIb30BaTeNIeM, Topoa. Tak ke Ha ATOW KapTe pa3MelIatoTcs BCe
JOCTOIIPUMEYATEIBHOCTH TEKYIIEro ropoja, ¢ momoubsio Metok. [locne Toro
KaK TOJb30BaTeNIb BBHIOMpAET MapIIpyT U3 CIHCKAa, Ha KapTe OToOpaxaeTcs
JUHUS TYTH OT OJHOM JOCTONPHUMEUATEIbHOCTH K JpYyroil. 2JTa JUHUS
OXBaThIBAET

TOJIKO T€ JOCTONPUMEUATENIbHOCTH, KOTOpPhIE BXOJAT B
BbIOpaHHbIN MapuipyT. [IpoToTun cucteMsl n300paxeH Ha pUCyHKE 2.
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Ycnoe

OTOTHII CUCTCMHEI.

Cpenn MHOXKECTBA CpPEACTB pPEANM3alMM  IPEANOYTEHUE OTAAECTCS
peasm3anuu B BUJE canTa. Takoe peuieHre TpUHIATO MOTOMY, UTO TAK Ka)IbIi
MOJIb30BATEIb MOJKET TMOJYYUTh JOCTYIl K caiiTy ¢ Jo00oro ycCTpOWCTBa,

HMCIOIICTO IIOAKIHOYCHHUC K HHTCPHCTY. Tak KC, CICAYCT YYUTBIBATHL, YTO

IOCTOSIHHO  OOHOBJISIETCH,

B Hee 00aBIAIOTCS

ropoja,
MapupyTel. [lomp3ysick canlToMm,

M10JIb30BaTEIb
MOKET YBUJIETh U3MEHEHHUS, HE CKAYMBasi JJIsi 9TOT0 OOHOBJICHUE.
BoiBOABI

IPYTUMU TpyIIIaMu  JIFOACH.

MaciuTadoB.
HECKOJIBKHX SI3BIKOB,

[Ipoexkt Oyaer BocTpeOOBaH HE TOJBKO TYpPUCTaMHM HO W MHOTHUMU

OH crocobeH pa3BUBATHCS O MHPOBBIX
B panpHeMeM MOXKET

ObITh OpraHu3OBaHa MOJJIEPIKKA
BO3MOKHOCTH OpraHW3alldd TPyHI I0JIb30BaTeNeH,
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KOTOpBIC CMOI'yT CO3JaBaTb MApIIPYThl AJIA CBOEH I'pYIIbI, YCTAHABJIIMBATH
METKH C OIMMCAHUSIMU 00BEKTOB U MHOT'OE Apyroc.

bubauorpaguuecknii CIUCOK

1. [IpoexkTupoBanue HHGOPMAIIMOHHBIX cucTeM: ydeO. mocooue / T.B.
I'Bo3nopesa, b.A. bamnon. - PoctoB v//: ®enukc. 2009.-508 c.

2. Marsmiek, Jlemek A. AHanu3 ¥ IpPOEKTUPOBaHHE WH(GOPMAIMOHHBIX
cuctem ¢ nomotisio UML 2.0/ JI. A. Mansmiex ; [mep. ¢ adra. mox pen. . A.
Kimtommnal]. - 3-e u3z. - Mocksa [u ap.] : Bunbssamc, 2008. - 816 c.

3. [Ipuembl 0OBEKTHO-OPHEHTHPOBAHHOTO MPOCKTUpOBaHUs. [laTTepHBI
npoektupoBanus / D. 'amma, P. Xenwm, P. [[)xoHcoH [u mp.] ; mep. ¢ aHrI. A.
Cnunkuna. - CIIO. : ITurep, 2004. - 368 c. : un. - (bubanoreka mporpaMmMucTa).
- bubnuorp.: c. 353-358. - Andasur. ykazarens: c. 359-366.

MOJAEJINPOBAHUE OBTEKAHUSA TBEPAOI'O TEJIA 'A30OM
B PAMKAX HPOI'PAMMHOI'O KOMIVIEKCA «BUPTYAJIbHBIN
BAJIVIMCTUYECKHNUHU CTEHI»

bouxkapée C. 0., DKII «HTUUM», Hnsxxcenep no ungphopmayuornHo-
ananumuyeckou pabome;, HTU(¢h) Yp @Y, npenooasamensv kageopvr UT

Onucanue NMPOrpaMMHOIO KOMILIEKCA «BHPTYAJbHBIH
0AJJINCTUYECKUI CTEH )

[TocTpoeHue W WCMOIB30BAaHUE MOJECIEH SIBISIETCS MOIIHBIM OpPYIUEM
uccienoBanuii. PeanbHble 00BEKTHI M MPOIECCHI OBIBAIOT CTOJIbL MHOTOTPAHHBI U
CJIIOXHBI, YTO JY4YIIUM CHOCOOOM HX HW3Y4YEHHUS OKa3bIBACTCS TMOCTPOCHUE
MOJICNIA, OTOOpaXKAINIeH JIMIb KaKyl-TO YacThb PEaJTbHOCTH M TOTOMY
MHOTOKpAaTHO 00Jiee MPOCTOM, YeM 3Ta PEATbHOCTD

Kadeapa «CnemumanpbHOoro MamuHOCTpoeHUs»  HmKHeTarmibckoro
TexHoJIornyeckoro nHetutyra Yp®@Y u OKII «HuxHeTarnnbCkuii MHCTUTYT
UCIIBITAaHUSI METAJIJIOBY» BEIYT PabOTHI MO CO3AAHHMIO MPOrPAaMMHOI0 KOMILJIEKCa
«BupTyanbHbIil 0aTUIMCTUYECKUI CTEHIY.

PazpaboTka JaHHOTO BUPTYaJbHOTO CT€HAA pa30MBAETCS Ha OTHECIbHbBIC
no/3a7a4u, OKa3aHHbIe Ha PUCYHKE 1:
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MporpammHblit KOMNAEKC
«BupTyanbHbI BANANCTUYECKUIA CTEHA

BHyTpeHHAs MpouHocTb cHapsaaa u KoHeuHas
BHewHsasa 6annuctuka
6annuctuka opyAuMsa Npu BbICTpene 6annuctuka
Pacuet
B nocraHoBke [poHukaHue B
MpouHocTtb 6oenpunaca a3p0oAUHAMUYECKOTO
Cepebpsakosa 6poHio
KoadduumenTa
B
" [eukeHune MpoHukaHue B
TepMOAUHAMUYECKON lMpoyHocTb cTBONA
6oenpunaca TPYHT
NoCTaHOBKe
[BukeHue
KuHemaTuka oTKaTHbIX OckonovHoe
cUCTEeM opyaua Gept i eincreune
Py Hannumem PATT G
®yracHoe gencrene

Puc. 1. CtpykTypa mporpaMmMHOT0 KOMILIeKca « BUpTyanbHBIN 0aUTMCTHYECKUN CTEHI

MeTtoa «KKPYHHBIX YACTHID)
B  nmanmHo#t  paboTe  MpPUBOAMTCS ~ ONHWCAHME  3a/Jadyd  pacuera

aspoauHaMudeckoro koddduinenra (C,.), ucxons uz popmyssi (1).

pV*
F= CX 2 (1)

rae

F — cuna conporusiieHus Bo3ayxa

£ — IJIOTHOCTh BO31lyXa

V' — ckopocTh ABMKEHUS Tea (CKOPOCTh HAOETAIOIIETO TIOTOKA)

S — xapakrepHas momaab (IIOAIs MUIEIEBA CEUCHHU)

C, — pacuerHblil K0O3)PUIMEHT A9POIUHAMHIECKOTO COPOTHBIICHHS

B ocHOBe anroputMma JeKUT METOJ «KPYIMHBIX YACTHUII», OMUCAHHBIN B [1].

Cpena 31ech MOJENUPYETCSl CUCTEMOW W3 KUJKUX (KPYIHBIX) YaCTHII.
CrainmoHapHoe penieHue 3ajladyd MOJIy4aeTcs B PE3yibTaTe€ YCTAaHOBJIEHUS,
MIOATOMY BEChH MPOILIECC BBIYUCIECHUN COCTOUT U3 MHOTOKPATHOI'O MOBTOPEHUS
maroB Mo BpemeHu. Mccieayemoe Teno NOMENIAaeTCs B ILIEHTP pPAacuyeTHOM

001aCTH.

Yepes OTKPBITHIC TPAHMIIBI Ta3 MOXKET BTEKAaTh B 00J1aCTh MJIM BBITCKATh
U3 Hee, W 37eCh OOCCICUMBAIOTCS YCIOBHS HEMPEPHIBHOCTH JABW)KCHHS. B
Hayvajie pacyera ra3 CUMTacTCs HEMOJABIIKHBIM, a Ha TPAHUIIE CUCTHOM 00JacTH

HENPEPBIBHO T'E€HEPUPYETCs IIOTOK ONPEACICHHOW CKOpOCTH. Becwh mporecc
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BBIYKMCIICHUM COCTOMT W3 MHOTOKPATHOTO TOBTOPEHHUS IIaroB MO BPEMEHH.
Pemenne  cuuTaeTcs  MOMYYEHHBIM  TIOCJI€  JIOCTMDKEHHS  MOTOKOM
YCTaHOBUBIIETOCS PEXKUMA.

AJITOPUTM pacyeTa VISl TeJl NPOU3BOJIbHON (OpMBI

[Ipu TpexmepHOM MOJICIUPOBAHUU T'EOMETPUSl Tela CTAaHOBUTCS
JIOCTATOYHO CJIOXHOM, BO3pAacTaeT KOJIMYECTBO «TpaHuily (yrios, peodep,
MJIOCKUX MOBEPXHOCTEN) Tena u o0jacTu cuera. M3 pucynke 2 nmokaszaHsl Bce 26
BUJIOB STYEEK, KOTOPHIE HAXOAATCS HA TPAHULIE Tea.

Takoe *e KOJIMYEeCTBO BUAOB SUYEEK MPUXOJUTCS HAa TPaHUIbl CUETHOMN
obnactu. B pe3ynbprare HE0OX0AUMOCTD 3aJaHusl POPMYIT ISl KaXkKI0H U3 3TUX
«TpaHUL)» HEMOCPEICTBEHHO B MPOrPAMMHOM KOJ€ HEONPABJAHHO YCJIOMXKHSET
anroput™. PopMyIIbl 111 pacyeTa IapaMeTpoB MTOTOKA B 3THUX SYEUKAX CXOXKH,
UMEIOT  OOLIyl0  CTPYKTYpY U  pa3jiMyaloTcsi TOJBKO  3HAaKaMH |
koahpureHTamu.

Ha pucynke 2 noka3zanbl (OpMyIibl BEIUUCICHUS TapaMEeTPOB MOTOKA JIJIs
pPa3IMYHBIX AYEEK, KOTOpble MOXKHO C(GOpMyJIHpOBaTh B BUJAE IpaBUia,
COCTOSIILErO U3 YETHIPEX IIYHKTOB:

1. 3HaueHus nmapamMeTpoB SYEHKU TPAHUUYHOTO CJIOS 3aBUCAT OT 3HAUECHUM
[apaMeTPOB COCETHUX SAYEEK, HE MPUHAMIEKAIINX K TPAHUYHOMY ciI0t0. Takum
o0Opa3oM, A4yeilika IpaHd UMEET OJIHY COCEIHION sS4elKy, suelika peOpa — 1Be,
YTJIOBAs sSTYENKA — TPH.

2. 3Ha4YeHUS P, p,E BBIYUCIAIOTCA KAk  CpemHee  apudMeTHIECKOe

COOTBETCTBYIOIIMX 3HAYEHUN BCEX COCECIHUX SUYEEK.

3. Ecnu s syeidiku  CyIIeCTBYET COCEIHSsl sdeilka B 3aJaHHOM
HaIpaBJICHUH, TO 3HAYCHUE COOTBETCTBYIOIIEH KOMIOHEHTHI CKOPOCTU Oepercs
U3 3TOM SIYEMKH CO 3HAKOM «MHUHYC» (HOpMajbHas K MOBEPXHOCTHU KOMIIOHEHTA
CKOPOCTH MEHSIET 3HaK Ha TPOTHUBOIOJIOKHBIN).

4. Ecnmu nng sSYeMKM HE CYIIECTBYET COCEHIHSs s4uelika B 3aJlaHHOM
HaNpaBJICHUH, TO 3HAYEHHUE COOTBETCTBYIOIIEH KOMIIOHEHTBI CKOpPOCTH
paccuMThIBaeTCs ~ Kak  cpeaHee  apu(METUYECKOEe  COOTBETCTBYIOLIEH
KOMIIOHEHThI CKOPOCTH COCEIHUX sUeeK (TO €CTh aHAJOTMYHO MapaMeTpam

p,p.E).
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Teeppas cTeHKa

Ujr =Ujrn

Vijk =Vijrn

Yrnosas s4elika

fAuelika rpaHu

Puc. 2. Bo3moxxHBIE BHABI AYCCK HA I'PaHULC TCJIAa U (1)OpMy.]'II>I I UX obcuera.

Takum 00pa3oM, €AUHBIM aJTOPUTM pacyeTa IO3BOJSAET I KaXIoh
AYEUKU HCIOJIb30BaTh €IuHbIe (opmyibl, HO Wid 3(P(EKTUBHON padbOThI
porpaMMbl HEOOXOJMMO TEpEe]l HAauyalloM BBIYUCICHUN JJIsl KaXKIOW SUYECUKH
ONPENEIINTh coceqHue. [JaHHyI0 3a1ady MOYKHO PELIUTh, HCIOJIb3Ysl KOMIUIEKC
nporpamMmM, MoKa3aHHBIA Ha PUCYHKE 3.

Ha nepBom srtame c¢ nomompbto CAIIP co3nmaercs BeKTOpHas MOJEIb
ycciienyemMoro tena. Jlanee renepaTtop pacye€THOM CETKU, KOTOPBIN 10 3aJaHHOU
BEKTOPHOW MOJENIM TeJIa CTPOUT PACTPOBYIO TPEXMEPHYIO MOJEIb, ONPENeiss
JUISL KQKIOU SIYEHMKH, YEM OHA SIBJISIETCS: YaCThIO TEJIA, Fa30M, HICTOYHUKOM rasa
(B TOM 4YHCJIE COIUIOM JIBUTATEINsI) MU CTOKOM.

Jlanee B naHHOW MaTpHULE HAXOIATCS I'PAaHUYHBIC SYEHMKU U UX COCEIHU,
MIOCJIE YEro CeTKa FOTOBA K pacyeTy a3poJAuHaAMUYECKOro KoappuueHTa.
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CAD-cucreMsbl
JIJIA 3aIaHUSA
reoMeTpHUH TeJjia

CAD-cuHcTeMa

Bexkropras 3D-Moge b

IMocTpoenue
pacTrpoBoi
(BOKCeJIbHOM)
MOe/IH

T'eHepaTop CeTKH

brraprasa 3D-maTpana

Omnpenesienue
COCeIHUX SYeeK
ISl TPAHUYHBIX
sAvYeeK

JleTeKTOop rpaHHI

3D-MaTpHOA g9eeK

Pacuer

Puc. 3. Kommuiekc nporpamm juis pacdeTra K03 (GUIeHTa a3poJUHAMHYECKOTO
COIIPOTHUBIICHUS

BeiBOALI

3agaua Obuia  peanu3oBaHa Ha s3eik C#, TmpoBedAeHO  ee
pacnapaiienuBaHue ¢ nomoinbto OuOmmorexku Parallel. Tlpu cpaBHenuu c
OKCIICPUMEHTAIbHBIMA JaHHBIMU [2, 3] MO 0O0TekaHHIO IMapa MaKCHMAalbHOE
OTKJIOHEHHE He npeBblmano 9,7%. IlpeacTaBieHHbI alropuT™M pacuera
napamMeTpoB TpPaHUYHBIX SYEEK TIO3BOJIAET TMPUMEHSITh €ro s Tel
MIPOU3BOJIBHON (DOPMBI.

bubanorpadguyeckuii Cnucox

1. benouepkoBckuit O.M., laBeiioB FO.M. MeTon KpymHBIX 4YacTHIl B
ra3oBoil AuHamMuKe. BerancnurenbHbiid 3kcniepumMent. M.: Hayka, 1982, 584 c.

2. AnpOoMm TeueHudt xuakocTu u rasza. Ilep. ¢ anrn. JI.B. CokonoBckoi
[271eKTpOHHBIM pecypc]. — pEXUM JOCTyTa
http://www.imec.msu.ru/VanDalk/vd aim.html

3. I0.A. ®darees, B.B. bamanmun, B.A. Buxrtopos, I'.JI. CagumkoB
«Pe3ynbrarel omnpeneneHuss KodhOUIIMEHTa CHUITBI JIOOOBOTO COMPOTHBICHHUS
mapa IO JaHHBIM a’pOoOaJUTMCTUYECKUX JKCIEPUMEHTOB TMPU TpaHC U
CBEPX3BYKOBBIX CKopocTsx mnojera» // CoOopuuk wmat. |l Hayuy. KoH.
Bomxckoro pernonanbHoro uenrpa PAPAH  «CoBpemeHHbIE  METOZBI

POEKTUPOBAHUA U OTPAOOTKH PaKETHO-apTHILIEPUKCKOTO BOOpYKEHUs». B
nByx Tomax. — Capos, POALl BHUND®, 2004. - T. 1. C. 268 — 276.
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®OPMHUPOBAHUE U30BPAKEHWSA 3AJAHHON TEPPUTOPUN
IO JAHHBIM CIIYTHHUKA SPOT-4

I'answca B.B., cmyoeum Yp®@Y
Muvimpuna M. A., cmyoenm Yp@Y
3paenko C.M., ooyenm xageopwvi « Teopemuueckue 0CHOBbL pAOUOMEXHUKUY
Vp@y

Tepputopus paguycom 2300 kM, ¢ KOTOPOM MOTYT OBITH MOJYYEHBI
JMaHHBIC JIUCTAHIMOHHOTO 30HIWPOBaHMSA OT chyTHHKa Spot-4 [1] B Llentpe
kocMuyeckoro Monutopunra (HKM) Yp®VY cooTBeTCTBYeT «30HE BUIAUMOCTI
nprueMHON aHTeHHBbI cTaHmuu YHHCkaH-24 [2]. [Ipu pemieHur TeMaTHYECKUX
3alad (MOHUTOPHUHI TABOJKA, AHAIM3 COCTOSHHUS PACTUTEIBHOCTH U T.II.)
TpeOyeTcsi OCYIECTBUTHh MOAOOP MPUHATHIX JIAHHBIX Ha aHAJU3UPYEMYIO
tepputoputo. CIOXHOCTh pEIICHUS TaKoW 3ajladyu OOyCJIOBJIEHA TEM, YTO
CEHCOp CITyTHMKAa B aBTOMATHUYECKOM PEXUME OCYIIECTBISIET ChEMKY Y3KOM
noJIockl moBepxHocTu (60 kM) U mepenaer nojgydeHnyro uHdopmaiuio B [IKM,
r7Ie OHa 3allMCHIBAETCA B UCXOJHOM (opmaTe B XpaHWIMINE JAHHBIX. TOJBKO
nociie opMupoBanus n3oopaxenus B popmare TIFF/GeoTIFF moocs! cheMku
BO3MOXXEH BBIOOp €€ (parmeHTa (kaapa U300pa)keHHUs) COOTBETCTBYIOIIETO
MHTEPECYIOIIEMY HaC y9aCTKy TOBEPXHOCTH.

Haubonee 3¢ dextruBHO chopMynupoBaHHas 3aa4a MOKET ObITh pelieHa
IpU  WCIIOJIb30BAaHUM BO3MOXKHOCTEH TIPOTPAMMHBIX CPEACTB HHKCHEPHO-
texHojoruueckoro 1entpa (MTL[) CkauDxc [3] mnpuoOpeTeHHBIX MpHU
BoinosiHeHun «IIporpammel passutus» YpdY: Spot Tools, Scan Magic, ScanEx
Image Processor, ScanEx TaskFlow. Ilpu »ToM B makere MNPHUKIAIHBIX
nporpamm (ITITIT) Spot Tools npousBoasaTCs onepaiuu M0 GOPMUPOBAHUIO U3
MPUHUMAEMBIX CITyTHUKOM HCXOJHBIX JIaHHBIX H300pa)Ke€HUil moJIoC 3eMHOU
MOBEPXHOCTH, ¢ JeneHueM ux Ha kaapbl. C momomisio IIIIT Scan Magic
OCYIIECTBIISIETCS. COBMEIIICHUE BEKTOPHOTO M300pakeHus ((dhparMeHTa KapThl)
TpeOyeMOro ydyacTka IOBEPXHOCTH CO CHHUMAeMON CITyTHUKOM TOJIOCOM
n300paxkeHus. B pe3ynbrare 3TOro BbIOMpAETCs Kaap M300pa)xeHus, KOTOPHIM
MO>XHO TPOCMOTPETh U TMOABEPTHYTh TEMATUYECKOW O0O0pabOTKE ¢ LEJbIo
BBIJICJICHUS UMEIoIUXcsa Ha HeM 00bekToB. U Hakownern, IIITIT ScanEx Image
Processor mo3BosisieT 0TOO0pa3uTh (PparMeHT KOCMHYECKOTO0 CHHUMKa |
OCYIIIECTBUTH €T0 TeMaTH4ecKyto oOpaboTky. Kpome 3TOrO, B JaHHOM MakeTe
porpaMM MOXeET OBbITh cPOpMUpPOBAH BEKTOPHBIH CIIOH, MO KOTOPOMY H
OCYIIECTBIISIETCS TI0I00p HY>KHOTO KaJipa U300paKeHHS.

Kak cnemyer w3 mpenBaputenbHOTO OOCYKICHHS HAa TIEPBOM JTare
HE00Xx0aMMO copMUpPOBaTh BEKTOPHOE H300paKEHUE WHTEPECYIOMeH Hac
Tepputopun. [ 3TOrO BO3BMEM i TIpUMEpa PacTPOBOE H300paKeHHE
TPAaHUIIBl TEPPUTOPUM 3aANOBEAHMKA «J[€HEXKKMH KaMeHb» C HAHECEHHOU
KOOPJMHATHOM ceTKoM ¢ caiita http://fires.kosmosnimki.ru/ (Puc. 1) u otkpoem
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B IIIII ScanEx Image Processor. Ero mnpuBsizky u TpaH()OpMUpPOBaHHE
BBITIOJTHUM I10 HECKOJILKUM TOYKAaM C U3BECTHBIMH M3 PUCYHKA KOOPJAMHATAMH.
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Puc. 1. PaCTpOBaﬂ KapTa IrpaHuIbl 3allOBCIHUKA ((I[eHe)KKI/IH KaMCHb»

Jlaiee B BEKTOPHOM pEIAKTOpE NakeTa pUCYEeM TpaHUIly 3allOBEAHHUKA
o0Bozst ero pactpoBoe u3zoOpaxeHue. CHOpMUPOBAHHBIM TakuM oOpa3zoMm
BEKTOpHBIN (aitn B ¢popmare mif cpeactamu makera ScanEx Image Processor
coxpanuM B (hopmate Shp /I UCTIOIB30BaHMs €ro B makere Scan Magic.

Bropoit »sTanm momyueHus U300paKeHUS ~ 3alaHHON  TEPPUTOPUU
3aKJII0OYaeTcsi B (POPMHUPOBAHUM KaJpOB H300pAKEHUS U3 MPUHUMAEMBIX
nannbix Spot-4 B IIIIT Spot Tools. Ilpu atom B mporpamme SPOT_Segmentator
OCYIIIECTBISIETCS aHAJIN3 TIOTOKA BXOAHBIX JAHHBIX HAa HAJIWYHE HM300paKeHUI
OT Pa3IUYHBIX PEKUMOB ChEMKH U Hape3Ka MX Ha COOTBETCTBYIOUINE CETMEHTHI
(u3 ¢aiinoB B ¢opmare raw moiy4aroTcs HECKOJIbKO (paitioB B (opmate Seg,
KX M3 KOTOPBIX COJIEPKUT JaHHbIE ChEMKH OJHOTO peknma). [lamee B
nporpamme SPOT Seglnfo.exe yrounsiercss (1 0OOHOBIISIETCSI B 3arOJIOBKE SEg-
daiina) BpeMsi ChEMKH JIJISI CETMEHTAa Ha OCHOBE TEJIEMETPUU TIOTOKA, a TAKKE
BBIMIOJIHSCTCSl aHaJlM3 KadyecTBa JaHHBIX. [locme »Toro B mporpamme
SPOT Clipper.exe u3 ¢aiina-cerMeHTa IO 3aJJaHHOMY HHTEpPBAy BpPEMEHU
BbIpe3aeTcs (pparMeHT JuIsl 3aliCH HAa JUCK B BHJIE HOBOIO CErMEHTa. JTO
MO3BOJIIET YMEHBIIUTh 00bEM apXUBUPYyeMOW HH(OpMaLIUU, HATIPUMeEp, 33 CUET
UCKJTIOYCHHSI IPOTSHXKEHHBIX 00JIaYHBIX ()parMEHTOB JaHHBIX.

Hanee, B nporpamme SPOT_Cutter.exe Mo>XHO BBITIOJIHUTH BUPTYaJIbHYIO
Hape3Ky 3aJaHHOTO CErMEHTa Ha OTJAEJbHBbIE CLIEHBI C TeHepaluel Ha KaXIyro
U3 HUX (Qailia MeTaJlaHHBIX U KBHUKIIyKa JIJIs UX JadbHEWIIEH KaTaloru3allvu.
[Tocne storo ¢ momomipro mporpammbl SPOT Extractor.exe mo 3agaHHOMY
dairy MeTaZaHHBIX MOXKHO H3BJIEYb W3 ApPXUBHOTO CETMEHTa TPeOyemyro
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CIIEHYy, pacrakoBaTh M 3amnucaTh Ha guck B ¢gopmarte TIFF nns nmanmpHeiimieit
00pabOTKM CTaHIAPTHBIMU CpejcTBaMu mporpamMMm Scan Magic wim ScanEx
Image Processor. IIporpamma SPOT Extractor.exe Tak e MNpegoCTaBIIsSET
pacUIMpEeHHbIE CPEJICTBA T€HEpalliu KBHUKJIYKOB MPOM3BOJILHOIO Maciitaba B
dopmare JPEG u TIFF.

N, naxonen, nmporpamma SPOT Processor.exe Mo3BOJISIET T€HEPUPOBATH
CTaHJapTHBIE TPOAYKTHI B 0OMeHHBIX (opmarax kommanuu SPOT IMAGE,
OPOM3BOJAUTH HAPE3Ky CErMEHTOB Ha OTACNbHbIe Kaapbl (CLUEHBI) U
TeHepupoBaTh CTaHAapTHBIE MPoAyKThl Spot-4 ypoBus 0 B ¢opmare DIMAP
(TIFF+DIM), a Takxe BBIOJIHATH PAIUNOMETPHUYECKYI0O HOPMAJIH3AIHIO JAHHBIX
¢ popmMupoBaHueM CIieHbI YpoBHs 00paboTku 1A B popmate DIMAP.

OO0paboTKa JaHHBIX CYTHHUKA Spot-4 MOKET OBITh TAK)KE OCYIIECTBIICHA
B MIOTOKOBOM PEXKHME C HCIIOJIB30BAaHUEM IMPOTPAMMHOIO MpoaykTa SCanEx
TaskFlow. I{ukin 00pabOTKKM TpHU 3TOM HAYMHAETCS C JaHHBIX ypoBHsS 0 (raw
data), u 3akanumBaercsa popmupoBaHrueM CHUMKOB B opmarax tiff, geo tiff, seg,
jpeg, bmp u T.1. (Puc. 2).

Tperuit atan paboThl — BBIOOP KaJpa M300pa)XKeHHs] COOTBETCTBYIOIIETO
3aIaHHON TEPPUTOPUM U3 MAcCUBa C(HOPMUPOBAHHBIX HA MPEIBLIYIIEM 3Tarle
KajapoB m300pakeHui BemoaHsercs B IIIIIT Scan Magic. Jlns storo B
nporpamme Scan MagiC HeoOXoauMoO 3amyCTUTh ClieHapuii «MeHemkep» u
MoCJie €r0 MPUHYIUTENBHOTO MPEPhIBaHUS yKa3aTh MyTh /10 MAMOK C KaJgpaMu
N300paKeHH, aHAIM3UPYEMBIMU Ha TMPEAMET UX COOTBETCTBUS BEKTOPHOMY
N300paKEHUIO MHTEPECYIOIIEH HAC MTOBEPXHOCTH.

Programs Chain Program Parameters
C:\Scanex\SPOT_Tools\SPOT_Segmentator.exe [Dir1] C:AScanex\SPOT_Tools\LUT C:ASpASCENE TRUE ALL
C:\Scanex\SPDT Tools\SPOT_Processor.exe 14 NO_PASSAGE
Naormal Termination Msg | Info: Process is successfully completed!
[ add i [Hemove] [ Exta ] [ Up ] [ Domn ] Error Termination Msg Emnor
File Variables Directory Variables
Var Value Var Value Mask Add
[Dir0] CASp *raw
[Dir1] C:ASphseg seq
Output | nfo
Generating lewvel 1lA... ~
File SP4_67969_ 110504052928 HZ I processing finished.
Generating catalogue update files...
Info: Process is successfully completed!
***** INFO: Error messages - NO.
*****INFO: Success messages - YES.
*****INFO: Chain completed.
v
[Saveﬂulpul ][ Import Task ][ Export Task ][ Reset H Run All ][ Run From ]

Puc. 2. Oxno nporpammsl ScanEx TaskFlow

[Tocne 3arpy3ku aHATM3UPYEMBIX KaJpoB (OTOOPaKEHBI 3€JICHBIM I[BETOM
Ha Puc. 3) HeoOxomuMo 3amycTuTh ciieHapuil «BekTop» W OTKPBITH MYTh 0

98



c(OpMUPOBAHHOTO Ha TIEPBOM dTale BEKTOPHOTO cJos (0TOOpakeH CUHHM
BeToM). Kamp m3o0paskeHus, COBIMANAIONINI C 3aJaHHBIM BEKTOPHBIM CJIOEM
IIPH €TO0 BBIJICJIICHUU TIPABOM KIIABUIIICH MBI, OTOOPA3UTCS KPACHBIM IIBETOM B
OKHE IIporpaMmbl, a HHGopMalus o HeM (ums, dopmar ¢aiisia u T.1.) B CIHUCKE
GaiinioB OyaeT BeIAcIeHa cepbIM 11BeTOM (Puc. 3).

AaNRQILA ERATRD = e

L — KR

¥

Puc. 3. Pesynprar noncka kajpa uzo0paxkenus SPot-4 s 3aJaHHOTO yJacTKa.

B BBIBOgax mo mpezacTaBiieHHOW paboTe HEOOXOAMMO KOHCTAaTHUpPOBATh,
4TO B pe3yJbTaTe MPOBEACHHBIX MPEOOPa30BaHNUN MPUHATHIX JAHHBIX CITyTHHKA
Spot-4, monydeHo wu300pakeHHME Ha 3aJlaHHYI0 TEPPUTOPUIO JJIsi  €ro
oTOOpaXkeHUs W TOCIENyIole TemaTudeckol oOpaboTku. Bmecte ¢ Tem
ClieyeT OTMETUTh, YTO JIaHHAs MPOIEAypa OKa3bIBACTCA JOCTATOUYHO CIOXKHOM
U, CaMO€ TJIaBHOE, TPeOYeT CIUIIKOM OOJbIIOro Habopa CcrenraaIu3upOBAHHBIX
IPOTPaMMHBIX CPECTB.

bubanorpadguyeckuii ciucox

1. Cnyrauku SPOT 2 u SPOT 4 — O6pa3oBareiabHbIi T€ONOpPTaL. —
Pesxum noctyna: http://spacestudy.ru/?a=sat&item=spot24

2. WmxenepHo-texHomornyeckuii neHTp «CkanOkey». [lepconanpHbie
CTpaHHUIIBI TpHEMa, XpaHEHUSI U 00paboTKH U300pakeHUi 3eMITi U KocMoca. —
Pexxum nmoctyna: http://www.scanex.ru/stations

3. HmxenepHo-texHomornyeckuit meHTp Cxkandkc. — Pexxum moctyma:
http://www.scanex.ru/.
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IHHEPCIIEKTHUBDBI PA3SBUTHUSA CAIIP

3yooe I1.A., cmyoenm epynnwr T-590301-TM
Ilvicmozos A.A., cm. npenodasamens kagh. OM HTU () YpDY

PaccmoTpuM mepcrneKTUBbI, KaK HEKOE MPOJOJIKEHHE OCHOBHBIX 3TAloB
Pa3BUTHUS CUCTEM aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUSI.

Ha mnepBoM »3Tame BO3MOXKHOCTM CHUCTEM B 3HAUUTEIBHOW MeEpe
ONPENENUIUCh XAPAKTEPUCTUKAMU HMMEBIIUXCS B TO BpEeMs HEIOCTATOYHO
pa3BUTHIX amnmapatHeix cpeactB OBM. [lns pabotsl ¢ cuctemamu CAIIP
WCITOJIB30BAIMCH TpadUuecKre TEPMUHAIBI, MOJAKII0YaeMble K MIUH(peirmam.
[Ipomiecc  KOHCTPYMpPOBAHMS MEXAHMYECKHX  H3LEIMN  3aKJIIO4YaeTcss B
OTIpEJICTICHUH TeOMETpUr Oyayiero usnenusi, nmosromy uctopusi CAD-cuctem
MPaKTUYECKU Hayajach C CO3/IaHUs TMepBOM rpaduyeckoll craHiuu. Takas
cranius Sketchpad, mosiBuBmrasicst B 1963 r, ucnosib3oBajia JucIield B CBETOBOE
nepo. Ee co3marens . Cazepiiern B nanpHeimemM padoran B areHTcTBe ARPA n
BO3TJIABJISUT JICTIAPTAMEHT aHaliu3a M o0paboTKu MHGOpMAIMHU, a MO3XKEe CTal
npodeccopom ["apBapacKOro yHUBEPCUTETA.

Bropoii atan pa3sutus (cepeauna 80-X rofoB) 03HAMEHOBAJICS HAYaJIOM
UCIIOJIB30BaHus rpaduueckux padounx crtanuuit noxa ynpasienueM OC Unix. B
ATOT TEPUOJ  MaTeMaTHYECKHMl  ammapar IUIOCKOTO TeOMETPUYECKOro
MOJICJIMPOBaHUsl ObLI XOpowio "aoBeneH", crmocoOCTBYsS pPa3BUTHIO IIJIOCKUX
CAD-cuctem.

Tperuit sTanm pa3BUTHS HaAyalCs Pa3BUTUEM MUKPOIPOLECCOPOB, YTO
MPUBEJIO K BO3MOXKHOCTHU ucnoiab3oBanuss CAD/CAM-cucTeM BepXHETO ypOBHS
Ha nepcoHalbHbIX DBM. DOT0 3aMeTHO CHU3WIO cTOMMOCTh BHenpeHus CAIIP
Ha mpeanpuatusx. Paboume cranmum Ha Ttwiatpopme Windows - Intel He
ycrynanu Unix-CTaHIUsaM 10 (YHKIIMOHATBHOCTH M MHOTOKPATHO TIPEBOCXOIST
nocienHue mo obdvemMaM Tpojaxk. CTOMMOCTh JIMIEH3WH CHU3HWIACH 10
HECKOJBKUX ThICAY noyimapoB. B 1992 r. kopmopanus Intergraph, omun u3
BEIyLIMX HA TOT MOMEHT npou3Boautesied CAD-cucteM i1 MalIMHOCTPOCHHUS,
MpUHSJIA PEIIeHHEe O pa3pabOTKe HOBOTO MPOrPaMMHOIO MPOJYKTA, IETUKOM
noctpoeHHoro Ha 0aze miatdopmbl Windows - Intel. B pesynbTaTre B KOHIIE
1995 r. mosiBmiIack cucteMa reomerpuueckoro moaenuposanus Solid Edge.

Psn CAD/CAM cuctem cpeHero u HMXKHETO YpoBHEN ObLT pa3paboTaH B
CCCP u Poccun. Hanbosmsiiee pacrnpocTpaHeHue cpeau Hux noiayuuiau Kommac
(xomnanust AckoH) u T-Flex CAD (Ton Cuctembl) 1 HEKOTOpPbIE APYTHE.

UerBepthiii 3Tan (HauumHas ¢ koHHa 90-X TOJIOB) XapaKTepU3yeTcs
unterpanueit CAD/CAM/CAE-cuctem ¢ cucteMaMu yMpaBlIeHUS MTPOCKTHBIMU
nauaeiMu PDM (Product Data Management), nosiBuBmumucs emi€ B 80-x romax
U C IPYTUMH CPeACTBAMU WH(OOPMAITMOHHON MTOAICPKKA U3ICTUH.

Ha »TOoM »3Tamne MHOrMe MNpEanpuATHS YK€ MPOUUIM MEpBbIA 3Tam
aBTOMaTU3aluu. B OCHOBY MpOIIECCOB MPOEKTUPOBAHUS W MPOU3BOJICTBA ObLIA
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MOJIO’KEHA TE€OMETPUYECKass MOJAENb W3JENUsl, KOTOpas NMPUMEHSIACh Ha BCEX
JTamax MOJATOTOBKM TpousBoiacTBa. Ilpu Takoit ¢Qopme opranuzanuu
MPOU3BOICTBA HAYMHAIOT 3P HEeKTUBHO HYHKIIMOHUPOBATH CKBO3HBIE MIPOLIECCHI,
OMUPAIOILINECS HA TEOMETPHUIO MOJEIH.

Cpean poccuiickux cucteM PDM Hauboiiee W3BECTHBIMH SBIISIFOTCS
Jlomman:PLM kommannn Ackon, PDM STEP Suite, paspaborannas nox HITO
"Ilpuknannas noructuka", Party Plus komnanuu Jlouus-Codr.

Urak, Tepmun CAIIP (cuctema aBTOMATHU3alMd MPOCKTUPOBAHUSA)
NO/IPa3yMEBAET KOMIUIEKCHBIM MOAXOA K pa3pabOTKe W3AeNus W BKIIOYAET
coBokynHocTh cucteM CAD/CAM/CAE. Pa3Butue cucteM reoMeTpudyecKoro
MOJICJIMPOBAHUS, aHAIM3A U PACUYETa XapAKTEPUCTHK U3JIETUS COMPOBOXKIAECTCA
WHTErpalliei B paMKax MnpeanpusiTis. MupoBoil pbhIHOK 000COOJIEHHBIX
CAD/CAM pemiennii y>xe HaChIIIEH, CUCTEMbI OJU3KHU 10 (GYHKIIMOHATBHOCTH,
U TEMIbl POCTa 3TOTO CErMEHTAa pblHKA MHHUMAalbHbIL. [lo 3TON mnpuynHe
npoucxonut ycwienue wuHterpanuu cucteM CAD/CAM/CAE c¢ cucremamu
PDM, koTopbl€ MO3BOJISIIOT XPAaHUTh M YIPABISATh TPOEKTHO-KOHCTPYKTOPCKOM
JIOKyMEHTaIMel Ha pas3pabaTbiBaeMble H3JENHs, BHOCHUTh B JIOKYMEHTAIIUIO
U3MEHEHHUs, TOJJIEPKUBATh  XPAHEHUE  HUCTOPUU  OTUX  U3MEHEHHM.
Pacnpoctpanenue ¢ynkumii PDM-cuctem Ha Bce 3Tambl JKU3HEHHOTO LIMKIA
npoaykuuu npespamaer ux B cucreMbl PLM (Product Lifecycle Management).
PazButne cucreM PLM oOecneunBaeT MakCUMAJIbHYIO MHTETPAIUIO MPOIECCOB
IPOEKTUPOBAHMUS, IPOU3BOJICTBA, MOJAEPHU3ALMU U COMTPOBOKIAEHUS MPOAYKIIMH
OpeanpusiTis M, IO CyTH, HMEET MHOro oOIIero ¢ KOHIEMIUEH
WHTETPUPOBAHHON MOJACPKKH KU3HEHHOTO LIMKJIA U3EIHS.

AKTHBHOE WCTOJB30BaHUE MOOWJIBHBIX TUIATPOPM U OOJIAYHBIX
TexHonorud — oueBuAHbIA TpeHA B mupe CAIIP. OH Hayan cBOil pocT C
nosiBJieHUs: Ha peiHKe TiepBoro 1PAD. W B panpHeimem 3ToT TpeHa OyaeT
TOJNIbKO ycunuBatbes. Opnako moka pabdota ¢ CAIIP nHa MOOWMIBHBIX
iaTpopMax UMEET U MOJOKUTEIbHBIE, U OTPUIIATEIILHBIE CTOPOHBDI.

[mrockr:

1. IIpoeKT XpaHHUTCS HA YAAICHHOM CepBepe, B JIFOOOW MOMEHT OH MOXKET
OBITh JOCTYITHBIM: B HEI'O MO>KHO 3alTH U cleJaTh HEOOXOAUMbIE TOMETKHU.

2. BO3MOXHOCTB yJJaICHHO MeYaTH MPOEKTa.

3. N36aBieHue OT rpOMO3JIKUX OYMaKHBIX YEpPTEKEH.

4. Bo3aMOXXHOCTh ipocMoTpa 3D-Moaenu

I'maBHBII  MHMHYC —  OTCYICTBHE  BO3MOXKHOCTM  IIOJIHOLIEHHO
peaaKkTUpOBaTh MPOEKT.

[Tpu sTom Oymymiee moOunpHBIX CAIIP Bechbma 1 BecbMa MEPCIEKTUBHO.
Bckope ot riaBHoro "MuHyca" — HEBO3MOXKHOCTH TMOJHOLEHHOW padoOThI C
yeprexamMu  —  yaactes — u30aBuThcs. B wactHocTH, C€  pocToM
IPOU3BOJAUTENILHOCTH B YCTPOMCTBA MOXET ObITh J100aBjieHa BO3MOKHOCTD
HECJIOKHOTO PEeHJIepUHTa aXke BHE "oOmaka'.
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Tax ’xe, ¢ pocTOM MOMYISIPHOCTH MOOMJIBHBIX Ta/PKETOB Hayana ceos
nposBILITh TeHACHIMS ocBoeHHss CAIIP mpocTeIMM  1OJIB30BAaTENSIMHM, HE
UMEIOLUIMMHM  OTHOILIEHUST HU K IPOEKTUPOBAHUIO, HU K pa3paboTKe
nporpaMMHoOro obecrneueHusi. Koro-to mnpuBIEKalOT HOBBIE BO3MOXKHOCTH
IporpaMM, KOTO-TO BO3MOXKHOCTh HPOSIBUTH C€0sl B KaueCTBE apXUTEKTOpa U
TBOpLIa HOBBIX HM3JENUid U (UTYp, @ KTO-TO MPOCTO HAYMHAET HCIOJIB30BaTh
MmoOunsHBIM CAITP kak HOBoe MojHOe BestHue. Ho riiaBHOe BO BCEM 3TOM TO,
YTO MNPOU3BOAUTENM, €IIE€ HEJABHO HW3BECTHBIE TOJBKO Y3KOMY KpYyry
CIEHHUAIIMCTOB, YBEINYMBAKOT CBOKO AyJUTOPHIO, A, CIEIOBATEIBHO, CO31AETCA
Bce 0O0JIbIIIe HOBBIX MPOAYKTOB JJI1 MOOMJIBHBIX IIIATHOPM, pacTeT PYHKIIHOHAT
yxe cymectBytomux CAIIP.

Yro ke Kkacaercs camol Iuatopmbl, UIsI  KOTOpoMl  Oyner
paspadatbiBaThes 110, To Ha mepBbIN IUIaH MHOTHE 3KCNepThl cTaBAT Android,
TaK KaK IPOU3BOJUTENIN HOBBIX INIAHIIETHBIX KOMIIBIOTEPOB U KOMMYHUKATOPOB
JIEJIal0T CTaBKY UMEHHO Ha 3Ty NMOCTOSIHHO oOHoBIsAomytocs OC.

MHorue KpynHble HPEANPUATHS WCIHOJIB3YIOT Ui IPOEKTUPOBAHUSA
IPOrpaMMHBIE  TPOAYKTBl ~ HECKOJBKMX  mpousBoaurened.  Co3maHue
nporpaMMHoil  o6osoukn CAIIP ¢ BO3MOXHOCTBIO J00aBieHHUS B Hee
(YyHKIHMOHAJIBHBIX KOMIIOHEHTOB HECKOJIBKMX BEHAOPOB ISl pabOThl B €AMHOU
cpene craHeT Hekoi amprepHaTHBOM Multi-CAD cucremam. Cyts Multi-CAD
3aKJII0YAETCS B CIOCOOHOCTH YTMpaBJICHUS JaHHBIMHU pasznuuHbix CAD-cuctem:
MOJIEIN U3AENHS MOTYT OBITh co3/1aHbl B pasHbix CAIIP, a 3aTeM coBMellEHBI B
Multi-CAD. C mnosiBienuem "CAIIP-koHCTpyKTOpa" TEpBBIA 3Tan CO3IAHHS
YacTU M3AENHS WM CHUCTeMbl OyAeT MNpPOXOAUTh YK€ B €IUHON cpene,
Bazeomel (yHKIMOHAIOM HECKOJbKUX BeHAOpoB. [lonb3oBarens cmoxkeT
n00aBIATh  (YHKIIMOHAN, MCXOAs M3 CBOHUX TIOTpeOHOCTE H  CBOCH
CIICLIHUAJIN3ALINH.

[ToTpeOHOCTH COBPEMEHHOTO MPOU3BOJCTBA AUKTYIOT HEOOXOAUMOCTb
r7100aJbHOTO MCTIONb30BaHUsI MH(POPMAIIMOHHBIX KOMITBIOTEPHBIX TEXHOJIOTHM
Ha BCEX dTanax >KM3HEHHOI'O IUKJIA U3JEIUA: OT IIPEAIPOCKTHBIX UCCIIEA0BAHNUM
no yrwimzanuu - usgenus. OcHOBY MH(MOPMALMOHHBIX TEXHOJIOTUHA B
MPOEKTUPOBAHUM U TIPOU3BOJICTBE CIOXKHBIX OOBEKTOB U W3JIEIUN COCTABISIOT
CErofHsl MOJHOMAcCIITa0Hble MOJHOQYHKIIMOHAIbHBIE TpoMbliuieHHble CAIIP
(CAD/CAM/CAE - cucrembl). AKTHBHOE HCIIOJIb30BAaHHE BO BCEM MHPE
"nerkux" u "cpenux" CAIIP Ha nepcoOHaANBHBIX KOMIBIOTEPAX ISl MOATOTOBKH
YEPTEKHOU JOKYMEHTALUU U YIIPABIISAIOMIMX IIpOrpamMM Ui cTaHkoB ¢ UIIY u
COJIMKEHUE BO3MOKHOCTEHN NEPCOHATIBHBIX KOMITBIOTEPOB U "paboynx cTaHiuii"
B aBTOMAaTH3alIUU MPOEKTUPOBAHMUS MOJATOTOBHIIO JBE TEHICHIIMHU B pa3paboTke
u ucnosibzoBanuu CAIIP, koTopsie HaOIIOAIOTCS B MOCTIEAHEE BPEMS:

— npumeHeHne mnoigHoMmacmTabHbIX CAIIP B pa3nuuHbIX OTpacisx
IIPOMBILUIEHHOCTH ISl MPOEKTUPOBAHUS U MPOU3BOJCTBA U3JEIUN Pa3IndHON
CJIO)KHOCTH;

— unterpanusi CAIIP ¢ npyrumu HHPOPMAaLMOHHBIMU TEXHOJIOTHUSMHU.
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OTU TEHACHIIMHU TMO3BOJSIOT TOBOPUTH, YTO YK€ B CaMOM OJiMxKaliiem
OynymeM 3¢G(dEKTUBHOCTh MPOU3BOJICTBA OyJeT BO MHOIOM ONPENESTHCS
3G (HEKTUBHOCTHIO UCTIOIB30BaHUA Ha MpeAnpuaTusx npombiinuieHHbIXx CAITP.

bubauorpadguuecknii CIuCcoK

1. A36eneB ILIL., benoycosa W.B., ExoB C.H., Kpepckuit W.I'.,
Yxkcycuukos FO.I'. MHpOopManmmoHHOE M JIMHTBUCTHYECKOE 00CCTICUCHUE CHCTEM
JOTHYECKOTO MoaeaupoBanus: Yueo. mocooue/ CII6DTH, CII6., 1992.

2. 'mymxoB  B.M.  KuOepHeTwka,  BBIUHCIWUTEIbHAS  TEXHHKA,
nHpopmatuka. M30panusie Tp. B Tpex Tomax. T. 1. Maremarndeckue BOTIPOCHI
kuOepHeTuku. T. 2. OBM — texuudeckas 6a3a kubepueruku. T. 3. Kubepuernka
U ee IpUMEHEHUE B HapoaHOM Xxo3siiicTBe. Kues, HaykoBa mymka, 1990.

3. Kymukos JI. . Jlekuuu no CAIIP TII, T'YUTMO, CII6, 2011.

4. Kypnan Autodesk Community Magazine Ne(1)3, ctp.064-067, 2012.

5. KynBy JIu. OcnoBst CAIIP. — CII6.: [Tutep, 2004.

6. b. Xokc. ABTOMaTU3upOBAaHHOE MMPOCKTUPOBAHKUE U MPOU3BOJICTBO.-M..:
Mup, 1991.

7. "Kommbrotep [Ipecc", NeNel-12, 1997 - ISSN 0868-6157.

8. B. Knumun, B. Knumos, M. ITuporosa. lHTerpupoBanHbie
texHosornn Computervision. OTKpsIThIe cucTeMBbI, N2, 1997, ¢. 37-42.

MOIEJIUPOBAHUE NTPOUECCA MTATPOHUPOBAHUA
YHUTAPHBIX BBICTPEJIOB

Kykuenko A.A., cmyoenm HTU (unuana) Yp@Y

BBenenue

BuptyanbHoe MoaenupoBaHUE ¢ KKIBIM THEM BCE OOJBINE MPOHUKAET
BO BC€ cpepbl AeATEILHOCTH YeIOBEKA TaK MJIM WHAYE CBSI3aHHBIE C HAYKOW WM
umwkenepuet. Ilepexonm ¢ ¢u3uyeckod  MOJEIM  HCCICIOBAHHS  Ha
KOMITBIOTEPHYIO 00yCJIOBJIEHO CIEIYIOINMHA MPEUMYIIECTBAMH:
SKOHOMHUYECKAsl BBITOJIa, YMNPOIIEHUE Mpolecca HUCCICAOBAHUS U YCKOPEHHE
M3y4YE€HUsS CBOWCTB OpUrMHaa. TakKe CTOUT OTMETUTh, YTO MPU MOMOIIU
rpadguueckoro  uHTepdeiica BO3MOXKHO 0oyiee  JE€TalbHO  PacCMOTPETh
paziuuHble (U3NYECKUE MPOLIECChl, MPOTEKAIOIINE HA ONPEACIEHHBIX yUacTKax
BpeMmeHu. PaboTta, o KOTopoil UIAET peub B JAHHOM JIOKJIAJIC SIBJISICTCS YaCThIO
IAIIOMHOTO — mpoekra.  [IpoextnpoBanue  ocymectBusiercss Ha  OKII
«HmXKHeTaruabCKUil MHCTUTYT WCHBITAHUS METANIOB», KOTOPOE SIBJISIETCS
BOCHHBIM MNPEANPUATHEM H HMEET CTENEHb CEKPETHOCTH, MO3TOMY YacCTh
MaTepHaIOB M TEXHUYECKUX JAHHBIX MMEIONIUX OTHOIIEHWE K JIAaHHOW padote
HE MOTYT OBbITh OIyOJMKOBAHBI.
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Co3nanue BUPTYaJbHON MOJEIH

JUi1 MOHUMaHUs MPOLECCOB, ONMUCAHHBIX B JaHHOW paboTe HEO0OX0aUMO
BBECTH TaKHUE€ MOHATHS KAK apTHIUICPUICKUNA BBICTPEJ, YHUTAPHBIN BBICTPEN U
IIpOLIECC MATPOHUPOBAHMSL. BeicTpesioM B BOCHHOM Ji€Jieé  HAa3bIBACTCS
Ooenpunac K aprwuiepuiickomy opyauto. Ilo cmocoOy  3apspkaHus
apTWUIEPUIICKUE BBICTPEIbl OBIBAIOT: YHUTAPHBIE, TO €CTh 3apsKaHUSA B OJIMH
npuEM (MPEACTABISAIOT COOOM LEIbHYI0 KOHCTPYKIIHMIO), pa3AelbHO-THIB30BOTO
- CHApsAA HE COEAMHEH C TUIB30M, IOITOMY 3apsKAIOTCS OHU  OTHAEIIBHO.
[laTpoHMpOBaHMEM HA3BIBAECTCS IPOLIECC MEXAaHUYECKOTro O0XKaThs TUJIb3bI,
COBMEIIEHHOW C KOPILyCOM CHAapsAna, pe3yJbTaTOM KOTOPOTO SBIISETCSA
yHuTapHbi aptuiuiepuiickuid Beictpest. Ha OKII « HTUMM» mannbiin npouecc
OCYLIECTBJISIETCS B II€XE, OCHAIIEHHOM CIELUUAIU3UPOBAHHBIMU CTaHKaMU
«bacH.

Ilenbto maHHOM paboOTHI SBISIETCS IOCTPOEHHE MOJEIW IIpolecca
naTpoHupoBaHus. Mcxons u3 uenu paboThl, MOXHO BBIICIUTH CIEAYIOLIUE
3aJ1a4yu:

— HU3y4YeHHe  MpeAMETHOM  o0jacTM, B  YacTHOCTM  Ipolecca
NaTPOHUPOBAHUS;

— U3YYEHHUE YePTEkKEN U KOHCTPYKTOPCKOMN TOKYMEHTALINH;

— IIOCTPOEHHME F'€OMETPUYECKON MOJIEIIN;

— OIpEACIICHHE MAaTEepUaJOB M HMX CBOMCTB I COOTBETCTBYIOIIMX
AIIEMEHTOB MOJIEIIN;

— BBIOOD TUIIA aHATU3a U MIPUIIOKEHUE HATPY3KH;

— TIPOCMOTP Y aHAJIN3 MOJYYEHHBIX PE3YyJIbTaTOB.

AKTyanpHOCTBh JTAaHHOT'O HCCIIEJOBaHUS COCTOUT B TOM, YTO Ha JIaHHBIA
MOMEHT OINTHUMAJIBHOE YCWJIME MAaTPOHUPOBAHUS HE MU3BECTHO M IPHUCYTCTBYET
BEPOATHOCTh HU30BITOYHOIO OOXAaTHsI THIIb3bl, @ 3TO NMPUBOAUT K ACTOHAIMU
BBICTpEJIa B Kamope opyaus. Takue ciydau MOXHO JIEMCTBUTEIIBHO BCTPETHUTH
Ha 1npaktuke. OJHAKO CTOUT OTMETUTh, YTO MOJEIb IaTPOHUPOBAHHUS
MO3BOJISIET JOOUTHCS MOCTABIECHHOM 3a7]a4M TOJBKO B COBOKYITHOCTH C MOJEIIBIO
pacraTpOHUPOBAHHUS U MOATOMY SIBJIISETCS JIMIID YAaCThIO JUIUIOMHOTO MPOEKTA.
JlanHble pa3pabOTKH SBISIOTCS YHUKAJIBHBIMU, TaK KaK padoTa MO MOBBIILIEHUIO
3G ()EeKTUBHOCTH TMpolecca MATPOHUPOBAHUS MPU TMOMOIIM BHUPTYaJIbHOTO
MOJEIUPOBAHUS OCYIIECTBIISIETCS BIIEPBBIC.

Co3nanuto BUPTYAJIbHOMN MOJIEIIN [IPELIECTBYET rporecc
CUCTEMATUYECKOTO cOopa M aHanm3a WHGOPMAIMK O MPEeIMETHON 00JacTu U
O0BEKTE UCCIEIOBAHUS, a TAKXKE N3YUCHHUS KOHCTPYKTOPCKON TOKYMEHTALUU U
yeprexeil. M3 Bcex 37€MEHTOB BBICTpeNna, HEOOXOIUMBIMH ISl MOCTPOSHUS
MOJIENIN SBJISIFOTCS KOPITYC, BEPXHUM M HW)KHHUI BEAYIIME MOSICKH, EPEXO0HAs
BTYJIKA U THJIb3A.

Bce stambl MopenupoBaHusi ObUIM BBIMOJHEHBI B MAKETe IMPOTrpaMMm
ANSYS. 3Dto coBpemeHHass cucTemMa JUisi aBTOMAaTU3AlMU HWHXKEHEPHBIX
pacy€ToB, OCHOBAHHAsI HA YUCJIEHHBIX METOoAaX peueHus auddepeHnuanbHbIX
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ypaBHeHud. IlepBpIM  dTamoM  MOJAETUPOBAHUS  SBISETCS  CO3/IaHUE
TE€OMETPUUYECKON MOJIEIM BCEX YacTe BBICTpPENa, KOTOpPHIE YYAacTBYIOT B
npoliecce NaTpOHUPOBAHUS. DTY YacTh paOOThI JIETKO BBHIMOJIHUTH MIPU MTOMOIIN
mwiatgpopmbl  ANSYS Workbench, kotopasi comepkuT Bce HeEOOXOIUMBbIE
WHCTPYMEHTBl CHCTEMBI aBTOMATH3allMA TE€OMETPHUYECKOTO IMPOCKTUPOBAHUSI.
PesynbraT npencraBieH Ha pucyHke 1.

( )
0,00 200,00 400,00 (rmm) Kﬁ
I 20O

100,00 300,00

Puc. 1 — T'eomerpuueckast MOzieNb BbICTpENa

Ha cnenytomem stame paboThl HEOOXOAUMO 3a/laTh MaTepHalbl, W3
KOTOPBIX COCTOSIT YaCTH BBICTpeNa. [ miib3a COCTOUT M3 Opacca — 3TO CIIaB MEIH
1 1uuHKa, B cooTHomeHnn 30% k 40%-oMy UHMHKY, KOPITYC U3 HEP>KABEIOIIEH
CTaJIH, TIOSICKA U3 MEJIH, TIEPEX0HAs BTYJIKA U3 aJUTFOMUHUS, KyJTauKH U3 CTaJIH.

CreayrommmM 3TaroM SBISIETCS TTOCTPOSHHUE CETKH, TO €CTh pa30ueHue
TCOMETPUYCCKON  MOJCIM  HAa  KOHEYHOE  KOJMYECTBO  DJIEMEHTOB.
[IpennoututenbHON (HOPMON SJIEMEHTOB SIBJISIETCS Tekca’ap (Ky0), ModTOMy
npumeHsieTcs: cetka hex dominant (rekcoroHanbHasi C€TKa), KOTOpasi OCHOBaHA
MPEUMYIIIECTBEHHO Ha TEeKCadJpax M B MEHbIIEH CTENEHW Ha MUpaMuiax u
TeTpadipax.

Jlanee HeoOXoauMoO BBIOpaTh pemiaTesb. Tak Kak B paccMaTpuBaeMoOi
3alaye  paccMaTpUBAIOTCA  JMHAMHYECKHE  HEJIMHEHHBIE  HArpy3ku W
nedbopmaiii, TO pacy€Tbl HEOOXOAMMO TMPOBOJAUTH TMPU TIOMOIIU MOJYJIS
Transient Structural, xotopsiii ucmonb3yeT BcTpoeHHbINH pematenb ANSYS.
JlaHHBIN pelaTeab OCHOBAH HAa METOAE KOHEUHBIX JJIEMEHTOB, KOTOPBII
SBJIICTCSI YUCIICHHBIM METOJOM pelIieHHs auddepeHIMaTbHbIX yYPaBHECHUH C
YaCTHBIMH TTPOM3BOAHBIMH, a TaKKe MHTETPAIbHBIX ypaBHeHHU. CyTh MeTOna
3aKJI0YacTCs B pa3OMEHHWH Tejla Ha KOHEYHOE KOJIMYECTBO DJIIEMEHTOB H
pelIcHUs YpaBHCHHH JIJIS KaXKJ0TO M3 HUX.

[locne BbIOOpa pemarenss HEOOXOAUMO MPUIOKHUTH OINpeAesIEHHbIE
Harpy3KH, JUIsi BOCCO3JIaHusl MpoIlecca nmarpoHupoBanus. O4epesHOCTh U BpeMs
Harpy30K yCTaHaBIWBaeM IIPU TIOMOIM Imara HarpyxeHus. Jlms kopmyca
BBICTpEJIa HEOOXOAMMO OTPAaHUYUTH CBOOOMY TEPEMENICHHs, TO €CTh CJENaTh
€ro HEMOABWXKHBIM. Jlalee HYXHO TPWIOKUTh K THIb3E YCWIHE, IO
HaIpaBJICHUIO K KOPIYCY, IPH ATOM HEOOXOIMMO yKa3aTh PACCTOSIHUE, KOTOPOE
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NPOUIET TUib3a, MPEXKIE YeM OKaKeTCs Ha BepXHeM BeayileM mnosicke. Kak
TOJIbKO JBM)KEHHE TWUJIb3bl 3aKOHUEHO YCUJIUME MPUKIIAJBIBACTCA K KyJlaukam,
KOTOpBIE OITYCKasiCh Ha OMpeNeIEHHOE pacCTOsTHUE AehOPMUPYIOT THIIb3Y, TEM
caMbIM GUKCHpYs €€ Ha MOSCKaX, YTO MPOJIEMOHCTPUPOBAHO HA PUCYHKE 2.

$S304

CUOFHC
AL 1100-0
STEEL V250

admodel

Cycle 1567637

Time 9.800E+000 ms

Units mm, mg, ms

Axial symmetry Mopenuposakme npoLecca "Matponnposanie”

Puc. 2 — O0xarue rib3bl

[Tocne cozmanust MoIeNId BO3MOKHO MPOAHAIM3UPOBATh (DU3NUECKUE
MPOLIECCHI, COMYTCTBYIOIIME TAaHHOMY IIPOLIECCY, K TPUMEPY MEXAHUYECKOE
HAIPSDKEHUE.

BoiBOABI

B pesynpraTe manHON pabOThI MOXKHO CJieJlaTh BBIBOJ O HECOMHEHHBIX
MPEUMYIIECTBAX CO3/IaHUSI KOMITBFOTEPHOM MOJEIN M HCIIOJb30BAHUS CUCTEM
ABTOMATHU3UPOBAHHOTO MPOCKTHUPOBAHUS W HMHXKECHEPHOTO aHaiu3a IMpHU
UCCIICTOBAHMSX (DH3UICCKUX TIPOIECCOB B PA3IUYHBIX 00IaCTIX.

bubanorpadguyeckuii cnucox

1. Kamutya A.B., Mopo3zoB E.M., OndepreBa M.A. ANSYS B pykax
umkenepa: [Ipaktnyeckoe pykoBoactBo. — M.: Equropuan YPCC, 2003. — 272
C.

2. bacob K.A. ANSYS B mnpumepax u 3amauax / Ilom o6mi. pen.
JI.I".Kpackockoro. — M.:Kommstorep npecc, 2002. — 224 c.

106



I'PAOPUYECKASA CPEJA TOCTPOEHUS CTPYKTYPbI
MYJIbTUMEJUMHBIX CDN'

Mamnaxoea U.I1., achupanm YpDY

Mynerumenuiitnass  CDN  (Content  Delivery  Network) — 210
Pa3sHOBUIHOCTh CETH JOCTABKA KOHTEHTA, KOTOpas CTpouTcsa mosepx IP-ceru.
OcHoOBHasi 3ajladya TakoW CETH — MPEJOCTABICHHE MYIBTUMEAUNHBIX YCIYT:
BUJICO W ayIuO IO 3ampocy, TEJICNPUCYTCTBHE, KOH(EPEHIICBS3b, BEIIAHUE B
peasbHOM BpEMEHH, MHOTOCTOPOHHEE OOIIIECHHUE U AP.

OcHOBBIBasICh Ha paHee MPOBEACHHBIC HccienoBanus [1-4], Hamu Obula
chopMmyliipoBaHa 3ajaua MUMHUTAIIMOHHOTO MOJICTUPOBAHUS MYJIBTUMEIUNHBIX
CDN. bbuto mpuHSTO pelieHue o pa3paboTke Komruiekca mporpamm. lLlens
KOMIUIEKCa — H3ydeHne MynbTuMmenuiiHbix CDN ¢ Touku 3peHus mpoiecca
yOpaBlI€HUS Harpy3koil BO BpeMs pa3ladyd KPYMHOTO MYJBTUMEIUITHOTO
TpaduKa peabHOTO BPEMEHHU.

bpul0 yCTaHOBIEHO, YTO Ui MPOBEACHUS HANISIAHBIX SKCIEPHUMEHTOB
pa3pabarbiBa€Mblii KOMILIEKC MPOrpaMM AOJDKEH MPEAOCTABISITH CIETYIOIINE
BO3MOYKHOCTH:

— BO3MOXXHOCTh Bocco3naBaTh MynbTuMenunitnyto CDN B Bume
KOMITBIOTEPHOU MOJIEIIH;

— BO3MOXXHOCTh CPaBHHUBATH CYILIECTBYIOIME U IIpeIyiaracMble aBTOPOM
aJITOPUTMBI  YIIPABJICHUS pecypcamMu MYJIBTUMEIUNHBIX CeTed (aJIropuTMBI
OaJlaHCUPOBKM HArpy3Kd) pas3IdYHOM TOIMOJOTHMH TIPH Pa3HBIX YPOBHSIX
Harpy3Ku Ha 3JIEMEHTHI CETH;

— BO3MOXHOCTH  (popMupoBaTh  OTU€TBl O  Harpy3ke,  y3lax,
HKOHOMMYECKOMN 1e1eco00pa3HOCTH VCTIOIb30BAHUS CYILIECTBYOLIEN
TOTIOJIOTMH, OTYETHI 00 YMEHBIIICHUN KOJIUYECTBA y3JI0B UJIM BHECEHUS HOBBIX U
Ap.

Pa3pabarpiBaemblii  KOMITJIEKC ~ MpOTpaMM  JJii  MMHTAI[MOHHOTO
MonenupoBanust MynbTuMeTuiHbIX CDN ObLT pa30UT Ha CIenyIoNre YacTH:

— rpaduyeckas cpefia IoCTpOeHUs CTPYKTYphl MyabTuMeanitHoi CDN;

— rpaduyeckas cpeia 3aJaHus Harpy3ku Ha mynbruMmenuinyiro CDN u
BBIOOpA cIOCOOOB 0aaHCUPOBKHU HArPY3KH;

— reHeparop, UMUTUpYOIMA padoty Mynasrumenuitnon CDN ¢
YCTaHOBJICHHOW HArpy3koil v ¢ y4€ToM crmoco00B OaaHCUPOBKHU HATPy3KH;

— cucTeMa  yIpaBjieHHs  Harpy3koil  (0ajmaHCHUpOBKH  HArpy3KH)
myneTuMenuitHoit CDN;

— TE€Heparop OTYETOB.

1 . .
PabGota npoBoauTCst B pamMKax HanpasieHHs “OnTHMHU3anus MOCTPOCHHUS MYJIbTUMEINHHBIX ceTel” IpH

noanepxke HITL[ «Bugukop» u HTU (p) YpDPY. PykoBoauTenem HayqIHO-UCCIIEOBATENHCKON pabOThI
siBIsieTcs 1. ¢.-M. H., mpodeccop YpDVY B.B. IIpoxopos.
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ABropom peanuzoBaHa «['paduyeckas cpena MOCTPOEHHUS CTPYKTYPbI
myneTuMenniiHon CDN». B [1] omnmuceiBanuch pe3yabTaThl IMEPBOTO ATara
pa3paboTKu KOoMIUIeKca (KJIMEHTCKOM YacTh BeO-cepBHca): BBIOOp Cpeabl U
HE0OXOIUMBIX OUOIHMOTEK, a TAaK)KE peann30BaHHbIN Ha JavaScript GyHKIMOHA.

Ha Bropom sTane Oblna peanu3oBaHa cepBEpHas 4acTh. 3aTeM OHa ObLia
COEMHEHA C KJIMEHTCKOM dYacTbio. JlJis 3TOr0 HCIONIB30BATUCH (PpEeHMBOpPK
Django 2.6, 6a3za mamnbix SQLLite, s3p1k mporpammupoBanus Python,
TexHonorus Ajax. B muctunre 1 mpenacTaBieHbl KIAcChl, OMHCHIBAIOIIUE
OOBEKTHI MYJIBTUMEIUMHOM CETH ¢ YUETOM Cpefibl pa3pabOTKH:

Jluctunr 1. Models.py

from django.db import models
class NetworkMap (models.Model) :
name = models.CharField (max length=200)
def  unicode (self):
return self.name
class Node (models.Model) :
NODETYPE = (
('1', 'Replicator'),
('2', 'Reflector'),
('"3'", 'IP Node'),

network map = models.ForeignKey (NetworkMap)
name = models.CharField (max length=200)
node type = models.CharField(max length=1, choices=NODETYPE)
saver = models.BooleanField()
control manager = models.BooleanField()
ip = models.IPAddressField()
max users = models.PositivelntegerField()
users = models.PositivelntegerField ()
output bandwidth = models.FloatField()
input bandwidth = models.FloatField()
occupied output bandwidth = models.FloatField()
occupied input bandwidth = models.FloatField()
cpu = models.FloatField()
memory = models.FloatField()
popularity = models.PositivelntegerField()
x = models.IntegerField()
y = models.IntegerField ()
def  unicode (self):
return self.name
class Track (models.Model) :

start node = models.ForeignKey (Node,
related name='start tracks')
end node = models.ForeignKey (Node,
related name='end tracks')
bandwidth = models.FloatField()
def unicode (self):
return self.start node.name + " - " +

self.end node.name
class Route (models.Model) :
bandwidth = models.FloatField()
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quality = models.PositivelntegerField()
parent = models.ForeignKey('self', blank=True, null=True)

start node = models.ForeignKey (Node,
related name='start routes')
end node = models.ForeignKey (Node,

related name='end routes')
step = models.PositivelIntegerField()
last = models.BooleanField()
def unicode (self):
return self.start node.name + " - " +
self.end node.name

Jlns noGaBiaeHUs 3JIEMEHTOB MYJIBTHUMEIUMHOM CETH M CBSI3eH MEXITy
HUMU KCTOJIb3YIOTCS YEThIPE PeKUMa.

B pexume «¥Y3zawr» 3amarorcs tunsl y3noB: «IP-yzem», «pemnmkaropy,
«PETPAHCIIATOPY», «y3ell 0e3 JTOMOJHUTEIbHBIX BO3MOXKHOCTEW», «XpaHWIIUILEC
MYJBTUMEINVHBIX 3alUCEW», «CHCTEMa yopasieHus». Jlimd Kaxaoro Tuma
onpeJieNieHbl rpaguyeckue 0003HaAUCHMUS.

B pexume «Tononozusa cemu» 3a0ar0TCs TONApPHBIE CBSI3M Y3JIOB U
3HAYEHUsI TOCTYITHOU MPOMYCKHOU CIIOCOOHOCTH KaHAJIOB.

B pexume «Mynvmumeouiinvie mapuipymai» 3a1a10TCs TOMAPHBIE CBA3U
y3JI0B ¢ YYETOM POJIUTEIICH, IIOTOMKOB, a TaK)Ke€ 0COOCHHOCTEH THUIIOB Y3JIOB.

B pexume «Cucmema ynpaenenus) 3a1ar0TCs CBA3M BCEX 3JEMEHTOB
MYJBTUMEIUMHOM CETH ¢ y3JlaMH yIpaBieHus. Takum oOpa3oM, yKa3bIBarOTCS
CETMEHTBl CETH, €CIIA MPEAIOIAaracTca HUCIOJIb30BAHUE PACIPEICIEHHON
CHUCTEMBI YIIPABJICHUS.

Bce HavanmbHblE 3HAYEHMS, OINMCHIBAIOIIME XAPAKTECPUCTUKHU Y3JI0B U
NOTOKOB,  3ajatorcsa  yepe3  BeO-popmbl.  I[lpegycMmoTrpensl  pyHKIHMM
MacIITaOUupOBaHUs, YIAICHUS, U3MEHEHHUS 3HAYUCHUH, IEPEMEILICHUS y3JI0B U 1.
Bce wusMeHeHus oTpaxaroTcs B 0Oa3e maHHBIX. Peann3oBaHa BO3MOXHOCTH
CO3/IaHUS Y XPAHECHUS JAHHBIX O HECKOJIBKUX MYJIBTUMEAUNHBIX CETAX.

JlambHENIIUM HAMpPABICHUEM Pa3BUTHSI MPOEKTA SIBISIETCS pean3alus
CIEAYIOUIUX ATANOB MOCTPOECHUS KOMIUIEKCA MPOTPpaMM JJisi UMHUTALMOHHOTO
MozeaupoBanus MyibTUMeIniHbIX CDN.

Aemop 6nacooapum pykogsooumens pabomwr 0. ¢p.-m. H. B.B. Ilpoxoposa 3a
ROCMAHOBKY 3A0a4U U YeHHble 3aMeUaAHUSL.
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«Cubupckas accoruarus KOHCYJIbTaHnToBy», 2012. C. 27-35.

IHPUMEHEHUME 'PAAMEHTHBIX METOAOB BBIJIEJIEHU A
I'PAHMIL IS PACITO3HABAHMUSA JIMIL

Mapmobanosa A. B., DI'VII HIIO aemomamuxu umenu akaoemuxa
Cemuxamosa H.A., unoicenep-xoncmpykmop

BBenenmne

MeTtonpl BBIIETCHUS TPAHUI[ MJIs pPACIIO3HABAHUS JIAIl  SIBIISTFOTCS
aKTyaJlbHBIM TPEAMETOM HCCIEAOBaHUS W HAXOAAT CBOE IPUMCHCHHE B
OosbIIoM KosimuecTBe cucteMm pacno3HaBanus Jmrn (ASID, FacelD, Trueface,
Vissage Gallery, Facelt u np.). Beinenenue rpanuil ajis pacro3HaBaHUS JIHII
TpeOyeTcs sl HISHTUPUKAIUY TTEPCOHBI IO JIUILY.

PaccmarpuBaembie  anropuTMbl  BBIIENEHUS TPAHUIl MOTYT  OBITh
MPUMEHEHBI TSI UACHTU(GUKAIIMN TEPPOPUCTOB, MPECTYIMHUKOB. Takke OHH
MOTYT OBITh TPUMEHEHBl HJis UJACHTU(GUKAIMK JOMYIICHHBIX JIMIl Ha
OXpaHsIEMYIO TEPPUTOPHIO.

CymiecTByeT psl HETaTUBHBIX (PaKTOPOB, 3aTPYAHSIONINX YCIICITHOE
BBIJICJICHUE TPAHUIL IPH PACIIO3HABAHKH JIMI. BO-TIEPBBIX, 3TO HU3KOE KAYECTBO
N300paKEeHHS: PAcPOKYyCHpPOBKa, IIIyM, HEIOCTaTOYHAs KOHTPACTHOCTh. Bo-
BTOPBIX, O3TO cHenudHUUHBIC IS pEHICHWS JaHHOW 3aJadd  IOMEXH,
OMOITMOHAJILHBIE HMCKa)XEHHUS, TOBOPOT TOJIOBBI, TCHH HA JIMIIC, ITOTOJHBIC
YCIIOBHSI ChEMKH T.I. TakuM 00pa3om, BO3HHUKACT MpoOJIeMa OICHKH KayecTBa
METOJ/IOB BBIJICNICHUS TPAHUIl W BBIABICHUS 3(P(HEKTUBHBIX, YCTONYMBBIA K
YCJIOBUSIM ChEMKH U Kau€CTBY UMEIOIIETOCS H300paKEHUSI.

HccaenoBanusi rpafueHTHBIX METOA0B BbIeJeHUsI TPAHUIL

Baxneiimelr 1menpio 1udpoBoit  00pabOTKHM  HM300paKEHUN  SBISICTCS
pacno3HaBaHWE MPUCYTCTBYIONIMX HAa HUX O00BEKTOB. BO3MOXKHOCTBH pa3nuyarh
OOBEKTHl 3aJ0’)KEHa B BBICOKOW WH(GOPMATHUBHOCTH H300pakeHus [2].
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['panveHTHBIE METOABI OCHOBaHbl HA BBIJCICHUHM KpAeBbIX TOYEK H
MaJIOYyBCTBUTEIbHBI K IIyMaM M KOHTPACTHOCTU H300pa)xeHusi, HO TPeOyroT
MPUMEHEHUS aITOpUTMa OOBEAMHEHUSI TPAHUYHBIX TOYEK, YTO HE TapaHTHUPYET
3aMKHYTOCTH KOHTYPOB.

JlaHHBIE METOAbl OCHOBBIBAIOTCS HA CBOWMCTBE CHUTHaja SPKOCTH —
pa3peiBHOCTH. DH(HEKTUBHBIM CITIOCOOOM TIOMCKA PA3pPBIBOB SIBISIETCST 00paboTKa
U300pKEHUST C TOMOIIBIO CKOJB3SMIEH MacKu — IPOCTPAHCTBEHHAS
bunbTpanus.

B xone mannoit ¢punbTpanumu Macka (GUIBTpa MEPEeMeNaeTcs OT MIUKCENS K
nukcento. B kaxmolt Touke (X, ) OTKIMK (UIbTPAa BBIUHUCISIETCS C
WCMOJIb30BAaHUEM TNPEABAPUTENBHO 3aJaHHBIX CBA3el. B ciydae JmMHEWHOU
MIPOCTPAHCTBEHHON (uibTpanuu Mackoil pasmepa 3x3 oTKIMK R nuHeHHOi
bunbTpalMy B TOYKE (X, ) U300paKEHUs] COCTABUT:

R=w(-1-Df(x-Ly-)+w(-=10)f(x-1y)+...+w(0,0) f(X,y) +...

+W(@LO) f(x+1Ly)+w@D)f(x+1y+1). (1)

Jlns oOHapyXeHUsl TMepenajoB SPKOCTH HCHOJIb3YIOTCS JTUCKPETHBIE
aHaJIOTU MPOU3BOJAHBIX MIEPBOTO U BTOPOTO MOPSIIKOB.

Ilepsas ® BTOpas TNpPOM3BOAHAS OJHOMepHOW  dyHkmum®  f(X)
OTIPEJICIISIIOTCS KaK MpeicTaBlIeHo B opmyrax 2 u 3.

of

S= (D)= (). (2)
o f B
Fva f(x+1)+ f(x—=1)—2f(x). (3)

[To ompenenenuro, rpagueHT u3obpaxkenus f(x, y) B Touke (x, y) — 310
BEKTOP:

(4)

(®)
SERE

PaCCMOTpeHHI)Ie HHMIKC MaCKH IMPUMCHAIOTCA JJIsL IMOJIYy4YCHUA
COCTaBJAIOIIUX I'padvCHTA GX u Gy. I[J'I?I OIIPCACIICHUA BCIIMYMHBI I'PAJHCHTA
9THU COCTAaBJIAIOIIHNEC H€O6XOI[I/IMO HUCIIOJIB30BaTh COBMCCTHO.

f=\/Gi+G;. (5)

B kasecTBe Macok IS OMpEIENeHUs] COCTAaBISIIONIMX TpagueHTa
UCIIONB3YIOTCS  omepaTopbl  PoOeprca, IlpeBurra, CobGenss wu Illappa
OKpPECTHOCTBIO 3%3 (pucynku 1-2).

Zy | 22 | 23
Zy Zs Zg
Z7 Zg Zg

Pucynok 1 - OkpecTHOCTb 3X3 BHYTpH N300paskeHUs

2
JIJTS{ IIPOCTOTHI U3JIOKEHUA PACCMOTPECHBI OTHOMEPHBIC ITPOU3BOIHEBIC.
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0] 0] 0 0] 0] O -1 -1 -1 - 0|1

0 |-1]0 0| 0] -1 0] 0] 0 -1 0|1

001 0] 10 1 |11 -1 0|1
a) 0)

-1 -2 ] -1 -1 0] 1 -3 |-10 | -3 -3 0] 3

0|0 21 0| 2 0] 0] 0 -10| 0 | 10

112 |1 -1 0|1 3 110 3 -3 0| 3
B) r)

Pucynox 2 - Oneparopsl a) PoGeptca, 0) IIpeButta, B) Cobens, 1) [llappal3]

Jlist  pemnieHus BONpoca WHBAPUAHTHOCTH B OTHOIICHHHM IOBOPOTA
UCIIOJIb3YIOTCSl TaK HA3bIBAEMbIC JUATOHAJLHBIE MACKH, MPEIHA3HAUYCHHBIE IS
0OHapy KEHHsI Pa3pbIBOB B JHMArOHaIbHBIX HAPABJICHUAX (PUCYHOK 3).

0 1 1 -1]1-1]0

-1 0 1 -1 10 1

-11-110 0 1 1
Pucynok 3 — Jluaronansubie macku [IpeBurra

0 1 2 2 1-1]10

-1 10 1 -1 10 1

2 1-110 0 1 2

Pucynok 4 — Jlnaronansnslie Mmacku Cobenst

0 | 310 -101 -3 ] O
31 0 | 3 31 0 ] 3
-100 -3 | 0 0 | 3110

Pucynok 5 — luaronansueie macku Llappa

JI1st KaX 101 M3 OMMCAHHBIX BBIIIIE MACOK XapaKTEPHBI CBOM OCOOCHHOCTH.
Pesynbrar 00paboTku m3o0pakeHust (PUCYHOK 6) MpeaCTaBieH Ha PUCYHKE 7.
[Tpu uccnenoBaHUSAX HUCMOIB30BAIMCH MTPOTPAMMHBIE pPETU3AIUU KaXIO0ro U3
NIPUBEIEHHBIX METO/I0B, KOTOPhIE TTOKA3aJl CBOIO HAJECKHOCTh U MPABHIBHOCTH
Ha MPOTSHKEHUH OOJIBIIIOTO KOJUYECTBA BpeMeHU. TecToBoe n3o0pakeHue ObLIo
BBIOPAHO CIy4ailHbIM 00pa3oM.

Pucynok 6. TecTtoBoe nzobpaxenue
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BriBoabI

[IpuMeHeHre TpagUEHTHBIX OINEpPATOPOB BBIACICHUS TPAHMI] IS
BBISIBJICHUS 4YEpT JIMIA MO3BOJIAET CHAeNaTh CleAyIonIue BbIBOJBL. Omeparop
PobGeptca (pucyHok 7, a) BbIACNAET CPAaBHUTEIBHO TOHKHE KOHTYPHBIC JTUHUH,
HO YepThl JIMIIA MPOCIEKUBAIOTCS, 4 MMEHHO TJla3a, OpOBHU, POT, a TaKxKe
BOJIOCBHI, HO TMPAKTHUYECKH HE OKOHTYPEH HOC, Moa00pojok u 1100. M3 dyero
CIEMyeT YTO JaHHBIM omepatop He Bcerma 3(PQGEeKTHBEH TPH  PEIICHUN
NOCTaBJICHHOW 3anaud. BeicokosnephHsiid omnepatop Illappa (pucyHok 7, 1)
BBIICTISICT M3JIMIIHEE KOJIMYECTBO TPAHUI], CIUBAIOIIUXCS MEXIy COOOH,
nod3TOMy Manod(pPEeKTUBEH B PEIICHHHM TOCTaBICHHON 3amadu. OmnepaTopsl
[IpeButra (pucynok 7, 6) u Cobens (pucyHOK 7, B) HaWIydIIUM OOpa3oMm
OTIPEJICIISIIOT TPAHUIIBI JIMIIA, SBHO BBIpAXKEHBI IJ1a3a, OpPOBHU, POT, BOJIOCHI, HOC,
no100pOJIOK, JI00, T.€. Bce 4epThl Jmna. JlanHsie onepatopsl 3GHEKTUBHBI MpU
pelIeHUN 3a]]a4M BbIJICIICHUS TPAHUIL.

PaccMoTpeHHBIE METOMBI TPUMEHSIOTCS B Pa3IUYHBIX MPUKIATHBIX
3amavax. OOpaboTka uepT JMIla HMMEET CBOK chnenuduky: 3To U Gdopma
O00OBEKTOB Ha CHUMKaX, M TMOBBIIIEHHOE BHUMAaHHE K 3aMKHYTOCTH KOHTYpOB, a
TaK)kK€ HEU30€KHOCTh BIMSHMS HCKKAIOMMX (AKTOPOB TaKUX, KaK IIyMBI,
pacokycupoBka u mnpouue aptedakThl u3o0paxkeHuil. st Toro, 4ToOBI
MaKCHMAJIbHO TOYHO OMNPEJEIUTh TPAaHULIbI JIUIAa Ha U300paXKEHUU HEOOXOAUMO
BBIOpaTh HanboJiee ONTUMAJIBHBIN JJISI 5TOr0 METOJ| BBIICJICHUs rpaHull. Takxke
HEOOXOJMMO ONPEACIUTh ONTUMAJIbHBIE YCIOBHUS pabOThl BBIOPAHHOTO
aNrOpUTMAa Ha OCHOBE DKCIIEPTHOM M CTATUCTHUYECKOMN OLICHKH.

a)

Pucynok 7. IIpuMmeHeHnE rpaiM€HTHBIX METOAOB BBIJAECIECHUS IPAHUII
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BU3YAJIU3ALIUSI OHTOJIOI MUECKUX MOJIEJIEN

Myxymounoe P.M., cmyoenm HTU (puruana) Yp@Y
Hluwkuna B.B., cmyoenm HTU (¢puruana) Yp@Y
I'pecep C.3., ooyenm xageopwr UT HTHU (puruana) Yp@Y

BBenenne

«OHTONOrMA — 3TO 0a3bl 3HAHMM CHELUUATIBHOIO THUIIA, KOTOPBIE MOTYT
«YUTATBCS» W TIOHMMATHCA, OTUYKIAThCS OT HX pa3paboTyuka U /WiH
busznyeckn paznensaThes UX nosb3oBarensiMu» [1]. OHTONOrHM MPETOCTABISAIOT
CJIOBApb JUJISl MPEACTABJICHUS U OOMEHA 3HAHHMSMHU O HEKOTOPOH MpeIMETHOU
o0JacTh U MHOXXECTBO CBSA3€H, YCTAaHOBJIEHHBIX MEXIYy TEpPMHUHAMU B 3TOM
cioBape. TakuM 00pa3oM, OHTOJOTUSI COEOUHSIET YEJIOBEUECKOE U
KOMITBIOTEPHOE TOHUMAaHUE CUMBOJIOB.

B Hacrosmiee BpeMs aKTyalbHBIMH SIBIISIFOTCS 3a/1aud  MOCTPOCHUS
OHTOJIOTUH TO ONpeAeNieHHbIM 00nacTsM 3HaHui. OYeBHIHO, MOCTPOEHHE
0O0JBILION OTpacieBOl OHTOJIOTUM — CIOXHAsE MpoOjema, KoTopas TpeOyeT
OONBIINX pECYpCHbIX 3aTpaTr. B imo0OoMm ciydae, oOINpeneseHHbIM 3TaroM
MOCTPOEHUSI OOIIMX OHTOJIOTUW SIBJISIETCS IMOCTPOEHUE COOTBETCTBYIOLIUX
T€3aypyCOB, TEPMUHOJOTHUECKUX OHTOJIOTUH.

Busyanu3zanusi Mojesieili Ha OCHOBE OHTOJIOTMH H CTATHYECKHUX
JTAHHBIX.

Ectb Hekoropas uHdpopmainmoHHas cucteMa «ontologyprojects» [2], B
KOTOPOH MOJIb30BATEIN MOTYT 00pamaThCsi K OHTOJIOTHH ISl O3HAKOMJIEHHUS CO
CJIOBApEM, C TOMOLIbI0 KOTOPOTrO MM IPEUIaraercs B3aWMMOJECHCTBOBATH C
CUCTEMOM, TAaK)KE€ B 3TOM CHCTEME IOJIb30BATENM MOT'Y CO3JaBaTh 3TOT CJIOBAPb
camMH, T.e. coO3JaBaTb MOJENb JAAHHBIX JMJI1 NpPEICTaBICHUS OOBEKTOB H
OTHOLIEHUN MEXy HUMMU.

OgHuMu U3 MPUYUH CJIa00TO HCIOJIb30BAaHUSI OHTOJOTHM OOBIYHBIMU
NI0JIB30BATENSIMH, SIBJIIETCSI TO YTO HET BO3MOXKHOCTH IIPEACTABUTH MOJEINb
NOJIb30BATENsl, YBUAETh CBA3b MEXIY OOBEKTaMH, HET BO3MOXKHOCTH
MIOCMOTPETH OMHUCAHUE BCEX OOBEKTOB, HET BO3MOKHOCTU YBUAETh BCE Cpa3y B
COBOKYMHOCTU. Tak MOJb30BATEIh MMEET BCETO JHIIb OMHCAHHE MOJEJEH CO
CJIOHBIMU HEBUIUMBIMHU CBA3SMHU, YTO JUJISI HETO TPYAHO U HE MOHATHO. Eciu
Obl MOKHO ObLIO OBl BU3yaIM3UPOBATh JaHHBIE MOJEIN HA OCHOBE MX OMUCAHUS
U CBA3€H, MOJB30BATENb Yallle Obl UCIOIb30BaJl OHTOJIOTHH.

B »sr1oit pabGote mnpenaraeTcs METOAMKAa BU3yaIM3allMM MOJEied Ha
OCHOBE OHTOJIOTMM M CTaTHUYECKUX JAHHBIX MOCPEICTBOM COBPEMEHHBIX BeEO-
TexHoioruil. OTobpaxkenue mMozenet Oyner Npou3BOAUTHCSA B BUJE JIEPEBbEB U
rpadoB, Tak KaKk IO CBOEH CTPYKType CEeMaHTHuYecKas CeTb, B KOTOPOH
UCIIOJIB3YIOTCSI OHTOJIOTMH 3TO OPUEHTUPOBAHHBIN rpad, BEpUIMHBI KOTOPOrO —
MOHSATHUSI, & YT — OTHOIIEHUSI MEK1y HUMH.
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Jisa  pemieHuss mOpoOJeM IPEACTAaBICHHBIX BBIINIE, aBTOPHl CO3AAIU
BU3YaIU3aTOpP, KOTOPBI 00J1afaeT CaeayoIMMU OCOOEHHOCTAMU:

1. HarnsanHocTb cBsI3eil MEXKIY OHTOJIOTHSMU

Ha puc. 1 MOXHO yBHIETh BM3yaJH3alMI0O OHTOJIOTUU IO CPEIACTBAM
CTOPOHHEr0 BM3yajau3aropa, yWas B TiayOb 10 JE€peBy HarisgHOro
IIPE/ICTABICHNS CBA3ECH MEXAYy MOHATHUSIMH OHTOJOITMHM He HaOmronaeM, a
OTpaHWYMBAEMCA  TOJIBKO  paspelmieHue JKkpana. A Ha  puc. 2
OPOJEMOHCTPUPOBAHA  HAMIAJHOCTH  CBA3EHM, KoTOopas  OoToOpa)kaeTcs
IIOCPEACTBAM HALIETO BU3yaln3aTopa.

4- (7] GuiWorkProduct it
description KoMaHLa
4. (1) meta:EndeavourElement peLaKTMPOEEH
j (o Action classes
3 2 dProps data_property
4- 0] Stage
H o AT: . root classes
4- 7 StageWithDuration
address Command
~ (] Phase |
clazses
4- 0 InstantaneousStages
H : . name Command
: - el Milestone classes
4- (0 Build
’ classes
Puc. 1: Busyanu3zanus oHTONOTMH Puc. 2: Busyanuszanusi OHTOJIOTUHU 11O
cpeacream pa3pa60TaHHor0
BU3yalIn3aTopa

2. MacmtabupoBaHue.

JlaHHBI MPOTPAMMHBIA TPOJYKT MPOU3BOAUT MacIITaOUpOBaHUE Ha
OCHOBE OTKPBIBIIETOCS 3BEHA IMPU ITOM OTOOpakass Bce cBsizu. Ho kpome
JTAHHOM CIOCOOHOCTH, €CThb BO3MOXXHOCTHh MPOU3BOJUTH MAacCIITaOMpPOBaHHUE
OTHOCHUTEIIbHO BCEW OHTOJIOTUYECKON MOJIEIIH.

3. Drag & drop.

JlaHHasi BOBMOXKHOCTh KaK BUJHO W3 Ha3BaHUs IMO3BOJISIET MEpPEABUTATH
y3JIbl U IPOU3BOAUTH IBMKEHHE MO BCEM OHTOJIOTMYECKOM MOJIENH Cpa3y.

4. Pa3nu4Hoe 0TOOpaKeHHE DJIEMEHTOB (Y3JI0B) OHTOJIOTHUUYECKON MOJIEIIH.

B03MOXHOCTh J€rKOro MPUMEHEHHs CSS-TaOMMIIbl CTUJIEH AJI KaXKI0Tro
OTIENIbHOr0 3iemeHTa. Takke Oubnuoteka JIT mpegocraBiisier BO3MOXKHOCTD
OTOOpaKEHHE KaXKIOTO 3BEHA OHTOJOTWYECKOW MOJIETM B BHJIEC PA3THYHBIX
cUMBOJIOB. Tak jutst 3BeHa 1 — 3TO MOTYy OBITh MPSMOYTOJIBHUKHU, JJIS 3BEHA 2 —
ATO TPEYTOJBHUKH, TEM CaMbIM HATJISITHO pa3liemsis y3JIbl U UX 3HAUMMOCTh. Ha
puc. 3 TPOJAEMOHCTPUPOBAHO U3MEHEHHE CTUJISL KayKJOT'0 3JIEMEHTA.

115



283

2104

Puc. 3. I3meHnenune cTuis KaXXa0ro 3JICMCHTAa

1.65

5. Ilopaeprkka HACTPOEK OTOOPaKEHHUSI.

EcTh BO3MOXHOCTH OTOOpa)KEHHSI MOJETH B Ppa3IUYHBIE CTOPOHBHI.
OHTOJOrMYecKasi MOJENIb MOXET PacKpblBaThCs BEPX, BHM3, BJIEBO U IMPaBO.
Taxxke MOXHO TIOMEHSTh TIJIAaBHBIA 3JEMEHT C KOTOPOrO MPOUCXOTUT
oToOpakeHue, T.€. 3aJaTb HOBOE 00t 3BeHO. EcTh BO3MOXHOCTH W3MEHSTH
pa3IuyHble CBOWCTBA 3BeHa (LIBET, pazMmep, GopMy) U clienaTh ero 0ToOpakeHne
0oJiee MPUBBIYHBIM JJIs1 TOJIb30BATENS.

6. [IpenocraBieHne KpacHBOW aHWMAIIMM W PA3JIUYHBIX TMEPEXOJIHBIX
s dekToB.

JlanHas BO3MOXKHOCTh MAaKCHMaJbHO TIPOCTO YIPOIIAET HATJISIIHOE
NPEJCTaBICHUE OHTOJIOTHMYECKONH MOJENH W TPEJOCTaBIsSET BO3MOXKHOCTH
IPOCTOTO aHaiaW3a, TEM CaMbIM CKpBIBasi HEHYXKHBIE VY3Jbl U OTKPBIBAs
HEO0OXOAUMBIE.

7. lobaBneHue, yaajieHue y3ioB.

Hcnonb3yst JaHHBIN BU3yaln3aToOp MOXKHO TOOABIATH U yIAISTH Y316

8. O0beuHEeHne OHTOJIOTUH, CO3/1aBasi CEMAHTUYECKYIO CETh.

CyTb OHTOJOTMM COCTOMT HE B TOM, 4YTOObl UMETh JaHHbBIE, JIHILIb
NOKa3aHHBIE Ha CTPAHULIE, HO B TOM, YTOOBI CBSI3aTh UX C UX OMpPEIEICHUEM WU
YeM-TO MOJOOHBIM. ITO TO3BOJSET CJeNaTh JaHHbIE, a HE TOJbKO HX
IpEeJCTaBICHUS, JOCTYITHBIMU HETIOCPEICTBEHHO M OTKyZAa yroaHo. Ha nanHom
JTarne pa3paboTKe BHU3yadU3aTOp OTPAHUYEH JHUIIb TEMH OHTOJOTHYECKHUMHU
MOJICJIIMA M 3HAHMSMH KOTOpbIE €CTh Ha cepBuce «ontologyprojectsy, wu
MOJICTISIMU, CTPYKTypa KOTOPBIX XpaHATCS Ha JOKAJIbHBIX KOMITBIOTEpax
MOJIb30BaTeIed B pas3NMYHBIX (opMarax JaHHBIX, HO B JalbHEHIIEM
NpPOU30MIET €ro pacHIMpeHHe W MOXHO OyJeT HalTh U 3aBJlajeTh
cnenu@UUecCKUMH JaHHBIMH, KOTOpPbIE MOTYT HAXOIWThCS T/€ YrOJHO B
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WNuTepHete. A fgajiee aBTOMAaTUYECKH MCIOIb30BaTh UX U MPUMEHSTH KyAa-I110o0
JUTSL pa3HOOOPA3HBIX 1ETIEH.

9. TMomnepxka ¢opmaTroB, B KOTOPHIX MOTYT OBITh MOJAaHbl JaHHBIC
(ontology, xml, json, csv u zp.).

He3zaBucumo B kakom (QopMare JaHHBIX XpPAaHUTCA CTPYKTypa
OHTOJIOTUYECKUX MOJICJICH, TaHHBIN BU3YyaIu3aToOp CMOXKET OTOOPa3UTh UX.

[TockonpKy B KadecTBE TMporpaMM il OTOOpakeHWs: TpapuKoB
BBICTYMAOT BeO-Opay3epbl, ObUIO HEOOXOIWMO OIPEACIUTh BO3MOXKHBIC
MOAXO/Abl K BCTaBKe Tpaduueckux MaHHBIX B html-cTpanumy (BeO-cTpaHUIy).
31ech MOKHO HMCTIOJB30BaTh JUOO BCTaBKY B CTPAHUIy CTOPOHHUX IUIATMHOB,
anbo wucnonb3oBaTh Html5 wu JavaScript. beuto pemeno ortkazaTecsi OT
CTOPOHHUX TIATMHOB B IMOJIH3Y UCIOJIb30BaHUS sA3bIKa JavaScript u 6ubIMoTeKn
JIT [3]. B «kauwectBe cpeabl [ OpraHU3allid CEPBEPHOM  YacTH
pa3pabarsiBaeMoro pemieHus Obl1 BeIOpaH framework Plone [4] u s3pik Python,
KOTOPBIE TaKKe PACTIPOCTPAHSIIOTCS CBOOOTHO.

Ha ocHoBe mocraBieHHBIX 3a7a4 U BEIOpAHHOM cpejie pa3pabOTKU MOXKHO
CMOJIETUPOBaTh CUCTEMY KiaccoB mo cpeacTBaM s3eika UML [5]. Ha puc. 4
Mpe/ICTaBlICHA JUarpaMMa KiaccoB.

BuildObject

toJSON Collapse new_json: object
keys: array
values: array Paint

json : object collapse_json: object

+ getCollapse ( collapse_json ) : return collapse_json

+ ChooseAdapt ( format_data ) - return json + collapseObiject ( json ) : return coolapse_json + getKey ( collapse_json ) : return keys

+ XMLZ2JSON ( data) : return json + isComplexArray (arr ) : return boolean + getValue ( collapse_json ) : return values

+ CSW2JSON ( data) : return json + getSirFromArray ( arr ) : return string + formatingKey ( keys ) : return keys + Paint (new_json ) : return

+ ONTO2JSON ( data) : return json + isPlainObject ( obj ) : return boolean + changeKey ( keys ) : return keys

+ isEmptyObject ( obj ) : return boolean + mappingKey ( keys ) : return keys 0

+ correct ( keys ) : retumn keys H

+ mappingvalue ( values ) : retumn valugs !
|

K <<uses=> &euses>> &euses>>

| + buildObject ( keys, values) : return new_json i
Ontology :

data - ontalogy

Puc. 4: Jlnarpamma kiiaccoB

Tak kak s oToOpakeHHs! aHHBIX OblIa BhIOpaHa OuOnmoreka JIT, To
NaHHas OWONIMOTEeKa HaKIAJIbIBAaeT CBOK crnenupuky Ha (opmaT BXOJHBIX
JAHHBIX JJI1 TIOCTPOCHUs TpadukoB. DTO json (opMar y KOTOPOrO €CTh
oOs3aTenbHbIe CBOMCTBA 1d — HOMeEp y3da, name — uMms y3na, children —
JIOYEPHHI DJIEMEHT y3Jia. TakuM 00pa3oM Bce BXOJHBIE JaHHBIE HEOOXOJAUMO
npeoOpa3oBbIBATH B json GopMaT ¢ 0COO0H CTPYKTYpPOH.

AJNTOpPUTM BU3yalIu3allMy MOJEJIEH, KOTOPBIA PacCMaTpUBAETCS B 3TOU
paboTe, TpeaycMaTpUBAeT  peaTu3alui0  IMOCJIEI0BATEILHOCTA  IIAroB,
OXBaThIBAIOIICH MPEABAPUTEIbHYIO 00pa0OTKY UCXOAHBIX TaHHBIX, TOCTPOEHHUE
IPAaBWJIBHON CTPYKTYpBl JAAHHBIX M €€ OToOpaxeHHe. PaccMOTpUM 3TH Iaru
OPOOHEH.

1. Ha nepBoM 3Tamne BhIOMPAIOTCS] UCXOHBIE AaHHbIE. I HA OcHOBe ThIa
NaHHBIX MeToAbl kiacca toJSON KOHBEPTHUPYIOT A3TH JaHHblE B JaHHbIE
dbopmara json.
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2.Ha Bropom ortame Meroabl kiaccoB Collapse, BuildObject
npeoOpasyloT naHHbIe xpaHsmuecs B kimacce toJSON B mannbple opmara json
yuuTbiBast ocooennoctu oubmuorexu JIT.

3. Ha Ttperbem kmacc Paint Ha ocHOBe MpeoOpa3OBaHHBIX IaHHBIX H
cpencts oubnmmoteku JIT crpout nepeBbst uinu rpadsl. [Ipumep BbiBoa rpaduka
IIPEICTABIIEH HA PUC. O:

Foo Fighters

done

Music Bank

Luis Alberto

Spinetts Music Bank (disc

1)

Alice in Chains
Music Bank (disc

Tool 2)
Music Bank (disc

Chris Corneil 3)

Disturbed
Erykah Badu
Audicslave
Soda Sterec
Sinch

Dave Mattheva
Ton Albums Eand

Paarl Jam
Krom
Temple of the

Puc. 5. IIpumep Bu3yaM3anuy OHTOJIOTUYECKON MOJIENN

BoiBOABI

JlaHHBIN BH3yalM3aToOp MO3BOJISIET OTOOPA3UTh OHTOJIOTHYECKUE MOJCIIH,
oOpaboTaTh HX, HCKAaTh II0 BCEeM OOBEKTaM OHTOJOTHYECKONM MOJIEIIH,
COPTHPOBATH, IOKA3hIBaTh B Pa3IMUHBIX HACTpauBaeMbIX (hopMarax, BHIAX.

[IpennokeHHbli TPOTrpaMMHBIA NPOAYKT MOKHO HCIIOJIB30BAaTh B
KadyecTBE 0asbl JJIsi MOCTPOCHUE W BHU3yaIM3allMHM JIFOOBIX OHTOJOTHYECKHUX
Mozeneit. M He BaxkHO B KakoM (hopMaTe JaHHBIX XPAHUTCS OMTMCAHUE MOJICIU U
€€ CBSI3M, JaHHAS METOJIMKA BU3YAIM3UPYET €€.

JlanpHelIie HampaBieHUs UCCIIeIOBAaHUM BKIIFOYAIOT B CEOsI:

1. JloGaBneHue HOBBIX (hOPMATOB BXOJHBIX JAHHBIX.

2. Pazmemenue B cetm VIHTEpHET, TECTHpOBAHHWE MPOTPAMMHOTO
MPOAYKTA.

3. Hobapnenne BU3yadU3allid OHTOJIOTHYECKUX MOJIEeNIed B TPOAYKT
«OntoEditor.

4. Buzyanu3zaiusi OHTOJIOTUYECKUX MOJIETIEH XPaHSIINX B CETH UHTEPHET.
N co3panre ceMaHTHYECKOM CETH Ha UX OCHOBE.
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HOJIOKEHHUE OTPACIM UMUTALIMOHHOTI'O MOAEJINPOBAHUA
B YHHPABJIEHYECKHUX HEJIAX B POCCHUHA

Hoowcuna E.I1., cmyoenmka YpDY

BBenenue. Yxxe Heckosibko JieT Poccus 3anmmaer 60-¢ Mecrta cpenu
okosio 150 rocymapcTB B peHTHHTE TJIOOAIBHOW KOHKYPEHTOCIIOCOOHOCTH TIO
Bepcun BcemupHoro skoHomudeckoro gopyma [1]. Bospactanue oTKpbITOCTH
SKOHOMHKHK Poccun, ycuieHue e€ MHTerpaluu ¢ 3KOHOMUKaMHU APYTUX CTpaH
00yCIaBIMBAIOT OCTPYIO HEOOXOIMMOCTh TOBBIIICHUSI KOHKYPEHTOCTIOCOOHOCTH
OTEYECTBEHHBIX MPEANPUITUNA. DONBIIMHCTBO € NPEANPHUATHH HE TOTOBO K
O00prOe 3a TOBBINMICHHE KOHKYPEHTOCIIOCOOHOCTH, B TOM YHCIE, TIO TPUYMHE
oTCyTCTBUA A (PEKTUBHBIX MEXAaHU3MOB PEarMpoBaHUs Ha KOJIeOaHUs BHEIITHEH
Y BHYTpEHHEH cpensl [2].

KoHKYypeHTHBIM MEXaHW3MOM aHajJu3a CHUCTEM, IPOTHO3UPOBAHUS HUX
MOBEJICHUSI W TMPUHSITHUS YNPABICHYCCKUX PEIICHUN SBIISICTCS UMUTAIIMOHHOE
moneaupoBanue (MM) [3]. IMeHHO mO3TOMY JIJIsl HAIICH CTPaHbl OYCHb Ba)KHO
TO, HACKOJILKO MPUMEHSIOTCS MeTO Ikl IM B pelieHnu ynpaBJIeHUeCKUX 3a/1ad.

B nanHoii pabore mnpejacTaBieHa MOMbBITKA 0003peTh TEKYIIMA YPOBEHb
pazButus VM B TpWIOKEHUU K YIpaBICHYECKOW cdepe, BBISIBUTH Ciialble
MecTa OTpaciv, OrPaHUYUBAIOIINE €€ pPa3BUTHE, U NPEIJIOKUTH BO3MOKHBIC
MyTH PEIIeHUs] HalACHHBIX TIPOOIIEM.
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OcHoBHast 4actb. [lonoxeHue AaHHOW NPUKIAHON IJUCHUIUIMHBI B
Poccun o6o3peBanu MHOTHE crielMaucThl, B uX uncie B.B. JleBarkoB u H.H.
JIpiukuna. B uwactHOocTH, JIeBSATKOB, HEOAHOKPATHO OMHCHIBAs TOJIOKEHHE
oTpacid B cBoM paborax [4, 5, 6], myTh pa3BUTHS BUIAWT B CHCTEMax
aBTOMAaTU3allMM WMUTALMOHHBIX UCCIEIOBaHUM, KOTOphIE MOTYT CJeliaTh
MOJICIUPOBAaHUE JOCTYIHBIM [ OOJIBIIMHCTBA YTpaBieHIEB. JIblukuHa B
cBoell crathe [/] paccmarpuBaeT mnpumeHeHne MM B TPHIOKEHHH K
rOCyJapCTBEHHOMY YINPaBICHWIO, BBIBOA €€ cTaThl — (OPMYJIUPOBKA
MIEPCTICKTUBHBIX HAMPABJICHUA padOTHI B JaHHOU cepe.

Henocrarok cymecTByronmx 0030pOB 3aKIIOYAECTCS B TOM, YTO aBTOPHI
HE 3aJaBajuCh ILEJIbI0 JaTh IIOJHOE OIKCAHWE CUTyallud, OOJIbIle
KOHIIEHTPUPYSACh HA KakOM-TMOO ojgHOM acrekte paszputus KWMM. Mber
MONBITAINCh, CHUCTEMATU3UPOBATh 3aMEUaHUs CIEUHAINCTOB C TOYKH 3PEHUS
BO3MOXXHOCTEN M OorpaHuueHuil pa3Butus MM u ero mmpokoro npuMeHEeHUus B
YIPaBIECHYECKUX 1ENSIX.

Kommentapuu cnernuanrcroB UM OblIM pasziesieHbl M0 MPU3HAKY TOTO,
Kakoil u3 6 (akTOpOB Pa3BUTHUSA OTPACIH OHHM ONKMCHIBAIOT: WMHCTPYMEHTApU
(mporpammubie cpeacTBa s MIM), IOCTYNHBIA ONBIT, JIEWCTBYIOIINE
CHEUUANIMCThI,  TMOATOTOBKA  CHEHHAIUCTOB,  YPOBEHb  IPOBOJUMBIX
MCCIICIOBAaHUM WM B3aUMOJIEHCTBHUE C KiMeHTaMu. Huke mpuBelieHa KpaTkas
XapaKTepUCTHKA OINUCAHHBIX (PAKTOPOB pa3BUTHUA, IOJYy4YCHHAsT HAa OCHOBE
000011I€HHS] PACCMOTPEHHBIX BO3MOXKHOCTEW U OTPAaHUYEHUM.

I. Cpemn cpenctB MM oOTE4YECTBEHHBIE MCCIEIOBATENN CTPEMATCS
UCIIOJB30BaTh TMEPEIOBbIE B MHUPE MPOrpaMMHBIE MPOAYKTHI, KOTOPHIC
MOBBIMIAIOT  yIOOCTBO  TPOBEICHUS  MMUTAIMOHHBIX  HCCIEIOBAHHIA.
UccnenoBarenu ¢hopmanbHO CBOOOAHBI B CBOEM BBIOOpE, OAHAKO (PAKTHUUECKH
WX KEJaHWE TOKYMKHA TOTO0 WJIM WHOTO TMPOJYKTa CIEPNKUBACTCA €ro cladoi
JOKalu3aluued W CONpOBOXKIEHHMEM B Poccum, ecnmm TpPOAYKT SIBISETCA
3apyOoexkHsiM [5]. B TO ke Bpems, mpoOiieMbl HCIOJIb30BaHHs 3apyO0eKHBIX
pa3paboTOK MOXHO OOOWTH, TMPUMEHSS POCCHUHCKUil mpoaykr AnyLogic —
BEIyLIMI HAa MUPOBOM pbIHKE MHCTpyMeHTOB UM [8]. 3BecTHBIE OrpaHUYEHUS
Ha MCIOJIb30BAaHUE MaKCHUMaJbHBIX BO3MOXKHOCTEH MpejjiaracMoro Ha phIHKE
WHCTPYMEHTApUsI  HAKJIAJbIBAIOT  00beMbl  (UHAHCUPOBAHUS  3aKYyINKHU
MIPOTPAMMHOTO 00€CTICUEHUSI.

2. Yto Kacaetcsi JOCTYHOIO HAIllUM MCCIeaoBaTesiM onbita, TO UM He
SBJISIETCS HOBBIM HAay4YHBIM HampaBiieHHeM sl HuX. CoBerckas mkoja M
nMesa OoJIBIION 3ajen B 00JIaCTH MPUMEHEHHsS JaHHOTO METOJla B peaIbHOM
CEKTOpE DSKOHOMHUKH, KOTOPBIM, XOTd M HE MOXET CIYKHTbh OCHOBOM
COBPEMEHHBIX pa3pabOTOK HANpsIMylH, HO OTpakaercs B HHUX B ¢opme
KBATM(PUKAIIMKA WCCIIEI0BATENICH-TIPEEMHUKOB COBETCKOM IIKOJIBI, B (popMe UX
HAaBBIKOB M TOAXOJ0B K pabore. [IpoGiema wmopanbHOrO ycTapeBaHUS
JOCTIDKCHUM TIPOIUIOTO pemniaeTcss Onaromaps TOSBICHHIO HOBBIX BHUJIOB
MOJIEIUPOBAHUsI, B OCBOCHUU KOTOPBIX HAIIM YYEHBIE MPUCOEIUHSIIOTCS K
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«TepeIOBUKaM» C CaMoro Havajia paboTbl B 3TOM obOmactu. Taxke OoraThl
BO3MO>KHOCTH BOCITOJIHEHUS OIBITA POCCUMCKUMHU TEOPETUKAMU U MPAKTUKAMU
MMHTAIMOHHOTO MOAEINPOBAHUSL.

3. Poccus uUMeeT HECKOJIBKO JECATKOB  crennanucroB WM,
pacrpeeNIeHHbIX 0 HAayYHbIM LIEHTpaM. MHOrue U3 HUX NPOJOJIKAIOT CBOKO
paboty co BpemeH CCCP, oHM BbIHECIM W MNPUYMHOXKUIU MHOTOE U3 TOTO
JY4IlIEer0, YTO ObUIO B ATOH IIKOJIE, OHU HE MpPEeKpallaly UCCICIOBAHUS TaXe B
MEePEXO/IHBIA TIEPUOJ, OHU OBUIA TOTOBHI TOTJA U TOTOBHI TENEPh Pa3BUBATH U
npoasurate UM B Poccun.

4. CucreMa BbICIIETO 00pa3oBaHMsI, K COXKaJIEHUIO, HE TMOATOTaBINBACT
CHEIUAIIMUCTOB, TOTOBBIX K TJIYOOKMM UMHUTAILMOHHBIM HCCIIEIOBAHUSIM.
Axkanemuueckoe npumeHenne VMMM yBennuuBaeTcs, OAHAKO 3HAHUS U HABBIKU
npuoOpeTaroTcsi BechbMa moBepxHOCTHbIe [4, 9]. [l pe3ynbTaTHBHOIO Ke
UCIIOJIb30BaHUS METO/1a, HA000POT, TpeOyeTCs BhicOoKas KBanudukarus [6].

5. KonnyecTBO KayeCTBEHHBIX MCCICIOBAHMI MeJICHHO Bo3pacrtaeT [9].
[Ipumenenue w™etogoB WM B ympaBieHWHM TpaKTHKyeTcs Oojee Jyis
MEXaHUYECKUX, HEXKEIN ISl COLMAIIbHBIX CHUCTEeM (Hampumep, B OpraHU3alUU
MPOU3BOJICTBA, TPAHCHOPTHBIX MOTOKOB). [l cOIMambHO-?’KOHOMHYECKUX
cucteM npuMeHenrne MM 1oka Ha ypoBHE 3a10keHuss ocHOB [ 10].

6. Nutepec poccuiickoro Ou3Heca K MCIOJIB30BAHUIO MOJACIUPOBAHUS B
yHpaBieHUH ciaa0biii. BO3MOXHO, 3TO CBSI3aHO C OTHOIIEHHEM YIPABJICHIIEB, HE
otHocsmux MM Kk HacymHbiM mpoOiieMaM [5]. Mcmonb3yroTcss pe3ynnbTaThl
MMUTAIMOHHOTO MOJICJIMPOBAHMS YIIPABJICHIIAMU B TE€X BUJIAX JIESITEIHHOCTH,
KOTOpBIE XapaKTepU3yIOTCS OCTPOH HEOOXOAUMOCTHIO B KAaye€CTBEHHOM H
OIEPATUBHOM yIpaBJICHUH puckamu [3].

BoiBoabl. OmnucanHasi cucteMaTusaiusi, Oe3yClIOBHO, SIBISETCS TpPyoOo
OTPaHUYEHHOM, OJHAKO U MO €€ pe3yJibTaTaM CKJIaJbIBAETCsl HEKOTOpasi KapTUHA
MIOJIOKEHUS JIe]l B OTPACIIU U YK€ BUJIHBI ClIa0ble MecTa.

.  OrpanndyeHHOE€ UCIOJb30BAHUE BO3MOMXHOCTEH COBPEMEHHBIX
WHCTPYMEHTOB. MOXHO CITOCOOCTBOBATH aJamnTallii 3apyOeKHBIX pa3padOTOK
Ha PYCCKOM PBIHKE, HO TOT IMpOIlecC HauHeTCs caM cobom. [ Hamel cTpaHbl
OoJjiee pa3yMHO, HAOOOpOT, MOKa MPOIECC MPOHUKHOBEHUS 3apyOEKHBIX
pa3pabOTOK HE pa3BepHYJICS B TOJHOW Mepe, MOOUIPITh POCCUUCKUX
pa3paboTuyukoB. Y HAac €CTh NOTEHIMAT M YCHEXW B ITOM HalpaBJeHUU
(mampumep, npoaykr AnylLogic), a cam psiHOK cpeacts MM  sBisiercs
MIEPCIIEKTUBHBIM [IJI1 BXOJIa HOBBIX YYAaCTHMKOB OJjlarojaps pa3BUTHUIO HOBOTO
MOKOJIEHUST ~ MPOTPAMMHBIX  MPOJAYKTOB  —  CHUCTEM  aBTOMAaTHU3allUU
uMuTaMOHHBIX uccaenoannii (CAUN) [6].

2. Ilpobnema  KBaMM(pUIIUPOBAHHBIX  CHEIUATUCTOB:  BBICOKHE
npodeccuoHanbHble TPEOOBaHWS K TMOJH30BATESIM SIBJISIOTCS OJHUM U3
OCHOBHBIX MTPUYHUH orpaHuyeHHOro npumenenus UM B Poccuu [6]. K pemrenuto
JAHHOW TMPOOJIEMBbI MOXHO TMOJOWTH C JABYX CTOPOH: YCHUJIUTH TOJTOTOBKY
crienimanuctoB B BY3ax U CHU3UTH BXOJHOM MOPOT JJIs MOJIb30BaTeIe MeTo/1a
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MOCPEJICTBOM pa3pabOTKM M BHeIpeHus pa3zHooOpasHbix cuctem CANU c
y4€TOM VYpOBHS JeTalu3allii OOBEKTOB CHUCTEMbl U  KBaJdU(UKAIMU
II0JIb30BATEIIEH.

3. Heo0x0IMMOCTh BOCIIOTHEHHS YIYIIEHHOTO. 3apyoOexHbie mKoiasl UM
UMEIOT HEIMPEPHIBHBINA OMBIT U YCIEIIHO COYETAlOT MPOIUIbIe HApaOOTKU ¢
HOBbIMH, B Poccun xe 3Tan pazButus UHbIX BU0B MM mpoiien MUMO yYEHBIX.
Pa3BuTHe pOCCHUUCKMMHU CHEUHAINCTAaMU HOBBIX HampaBieHunit UM (mamp.,
areHTHOro MojenupoBaHus, nossusmierocs B 2000-x romax) ObUIO XOpolIen
CTpaTeruel Ui TOro, YToObl BKIIOUNTHCS B pabOTy IMOCJE JIOITOTO MepephiBa,
UJTU B HOTY C MUPOBBIM HAy4YHBIM cOOOIIeCTBOM. HacTynuno BpeMs yIeluTh
BHUMAHUE OCTAIBHBIM HarpaBieHuAM M, MOCKONbKY ISl yCIIEIIHOTO aHAIU3a
TpeOyeTcss HMHTerpalusi MHOTUX METOJOB (HAIp., areHTHbIE MOJIEIH
JOTIOJTHSIFOTCSI MOJICIISIMU CUCTEMHOM IMHAMUKH ).

K pemenuto mnpoOGiemMbl MOXKHO TMPUCTYNHUTh C TOMJACPKKUA YxKe
CYLIECTBYIOIIMX WHULIMATUBHBIX TPYNN, KOTOpPbIE pPa3BUBAIOT JIPYTHE
HanpasieHuss M. Eciu roBopuTe 0O CUCTEMHOM JUMHAMUKE, TO CYIIECTBYET
Pycckoe otneneHme MUpoOBOro oOIECTBA CHUCTEMHON JMHAMHUKH, KOTOPOMY
roCyapCTBO U HAYYHOE COOOIIECTBO MOXKET COJICHCTBOBATD.

4. Hwuskags oTmaya oOT TPOBOAUMBIX HccienoBaHuid. HeBbicokas
MHTCHCUBHOCTb Y4Y€Ta W BHEJIPEHUS PE3yJIbTAaTOB HUX PadOT CO37aeT yrpo3y
MaJICHUsI MHTEpPECa JO0JHU chnenuainucToB K UM W mepexiroueHur0 Ha ApYyrue
3amaun  (mojgobHo mnpowmsomenmemy B CCCP), sMmurpanu  CHUJIBHBIX
uccinenoBareneid 3a pyoex. [ns pemreHuss npoOiieMbl HYKHO TIOHSITH €€
OPUYMHBI, a CJEJ0BaTeIbHO, OOpaTUTh CBOM B30p Ha kKiaueHToB MM B
YIIPaBJIICHUH — PYKOBOJUTEJIEH U TOII-MEHEIKEPOB OpPraHU3aI1H.

5. JlIst pPOCCHUHCKHMX YIIPABJICHIIEB XapaKTepHa HEAAIbHOBUIHOCTD.
OMOLMOHAIIBHOE MBIIIJIEHUE OPUEHTUPYET PYKOBOAUTENIEH HA «CUIOMUHYTHYIO
BBITOY». M3-3a 3TOro mpobiieMa He TojydaeT KaueCTBEHHOW MpPOpabOTKH,
MOWCKAa TPUYMHBI W OOBEKTHMBHOTO aHalIM3a BO3MOXXHBIX PEIICHMIA,
NPUHUMAIOTCS Mepbl MuHMMH3anuu nocieacteuii [11]. [lokaszaTenbHbIM
ABJISIETCA TIpuMep 3KoHoMuueckoro kpusuca 2008 roma, BO Bpemsi KOTOPOTO
POCCHUICKME  OpraHM3alMu  OTKa3bIBAJMCh  paccMaTpuBaTh  MPOBEICHHUE
MMUTAIMOHHON 3KCIEPTU3bl B LEISAX ONTHUMHU3ALUM CBOEH AEATEIBHOCTU KaK
AHTUKPU3UCHYI0  MEpYy,  OrpPaHUYMBAACh  COKpallEHHWEM  [E€pCOHaa,
YMEHBIIICHUEM HOMEHKJIATypbl U OOBEMOB IMPOU3BOJICTBA, YTO MPUBOJIUIIO K
pOCTY COLMAIBHON HANPSIKEHHOCTH U TOPMO3HIIO BBIXOJ U3 KPU3UCA CTPAHBI B
nesom [5].

JlanHast mpoOnemMa CJIOKHO pa3pemmma, U TpeOyeT KOMIUIEKCHOTO
pemerus.  YacThi0o TakOro  pemieHUsT MOXET ObITh  HMCIOJb30BaHHE
WHTEPAKTUBHBIX  MMUTAIMOHHBIX UTp i1 OOy4eHHsS  JCHCTBYIOIIUX
PYKOBOJUTENEH U BBIMYCKHUKOB YIPABICHYECKUX CHEUUAIBHOCTEHM, KaK 3TO
yxe npaktukyercs B MI'Y. Takue urpsl HOMUMO CBOErO NPSIMOTO HA3HAYECHUS —
TPEHUPOBKHU YIMPABICHYECKUX HABBIKOB, - CIIOCOOHBI MPOJEMOHCTPUPOBATH
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IIOJIB30BATECIIIO B(IJCI)GKT OT MOJCIHUPOBAHMA, IIOBBICUTH AOBEPUC K HTAHHOMY
MCTOAY aHaJIn3a CUTyallluH.
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CO3JAHHUE MOJEJIM YYEBHOI'O INTPOLECCA C
UCITOJBb30BAHUEM OHTOJIOI'MHU ) KU3HEHHOI'O IIUKJIA

Huxkyaun B.B., cmyoenm HTU (puruan) Yp@Y
IHaxmymoe A.B., cmyoenm HTU (punuan) Yp@Y
I'pezep C.3., HTU (punuan) Yp®@Y, ooyenm xagpedpwr « Ungopmayuonnvle
cucmemvl U MEXHON0SUUY»

Jlronu  oOyuaroTcs B pa3HOM TEMIIE, [0-pPa3HOMY YyCBAaWBAIOT
TEOPETUUYECKUI MaTepuall, MOJIKPETICHHBIN MPOCTHIMU U CIOKHBIMU 33/Ia4aMH.
Hekoropble moHMMarOT “Ha JIeTy”, OAPYTUM XK€ TpPeOYIOTCS ITOMOJHHUTEIbHBIE
ycwius. B OONbIIMHCTBE CllydaeB TaKUe YCWIMS TMPEACTABISIIOT COOOM
MPUMEHEHUE TEOPETUUYECKUX 3HAHUN Ha IMpakThke. be3 “HacTaBHHKA’ 3TO
JIOBOJIBHO TpyAoeMKasi paboTa.

Ha cerogussmianit nens B Internet orpoMHOE KOJIMYECTBO PECYPCOB,
MpeIHAa3HAYCHHBIX U1 MOAOOHOM caMomoAroToBKU. B  OCHOBHOM OHH
MPEACTABIAIOT COO0OM apXWBBl 3aJaHU C OHJIAWH CHUCTEMON MPOBEPKU
pe3yibTaTa WM K€ OTPOMHBIE TEOPETHUYECKUE CIPABOYHUKH, KHUTU B Web-
NpEeACTaBICHUH.  BBIIEYyNOMSHYTbIE  apXWBbl  3aJaHUM  HUMEIOT  OJIUH
CYLIECTBEHHbIH  HeaocTarok. Ilomb3oBaTento  HEOOXOIMMO  MPUIIOKHUTH
JOTIOJTHUTENbHBIE YCHIIMA JJI W3YYEHUS HWHTEPECYIOLIEro MaTepuana, €My
MPUXOJIUTHCS CAMOCTOSITEJIbHO MCKAaTh HYXHbIE JaHHbIE B KHUTaX M Ha
cTpaHulax MHTepHeTa. [lonb3oBarens MOXKET Jake He 3HATh MACH PEIICHUs,
WIU K€ O CYIIECTBOBAHUM aJIbTEPHATUBHBIX pPEIICHUNA, U TMOMHMO BCETrO
BBIIIIECKA3aHHOT'0, HE MOJYy4YaeT HUKAKUX COBETOB B MPOLECCE CAMOTO PELICHUS
3a/1aHUS.

B nanHo# crathe, moa y4eOHBIM MPOIECCOM, MOJIpa3yMeBaeTCs MPOIECC
caMOOOyUYeHHUsI C TMOMOIIBIO MOATAITHOTO PEIICHUS MPAKTUYECKUX 3aJaHui, B
TEUEHHE KOTOPOTO MOJIb30BaTellb  IOJY4aeT TEOPETHUYECKHUE  COBETHI,
pexoMeHaauu, GopMyIIbl.

[lenwro mpoekTa siBNsieTCA pa3paboTKa CUCTEMbI, KOTOpas MPEAOCTABIISET
MOJIb30BaTeNI0 OaHK 3a/1a4 (3a7aHuii), C TOMOJIHUTEIBHBIM “UHTEIIEKTYaJIbHBIM
NOMOIIHUKOM”. J[aHHBI MHTEIIEKTyaJIbHbI TMOMOIIHUK OYZET BBINOJHATh
CJIEAYIOIIME 3a1a4u:

— MPEIOCTaBICHUE BO3MOXKHBIX AITOPUTMOB PEILICHHUS;

— TOASTAlHOE COMPOBOXKICHHE MO BHIOPAHHOMY allTOPUTMA PEIIeHUs, C
BO3MO>HOCTBIO MIPOBEPKHU MTPOMEKYTOUHBIX PE3YyJIbTATOB;

— NPEAOCTABICHUE  JIONOJIHUTEIBHBIX  CTATUCTHYECKUX  OLIEHOK
CJIOHOCTH aJITOPUTMOB;

B xome pabGoThl ObLIM BBIJIEIEHBI CICAYIONIME OCHOBHBIC KJIACCHI
00bekToB (Pucynox 1):

— JUCIHUILINHA;

— TeMa;
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— 3aja4a (KaKk OCHOBHAsi HH(OPMAI[MOHHAS AMHHIIA CUCTEMBI);
— aJITOPHTM;

— CTajus aJlTOPUTMA;

— II0JICKa3Ka/COBET;

o g Temm
oJaaaya lema

TEKCT YCI0BMA f 2 Ha3BaHue

ANCUMnNIuHa

Anroputm Oucumnnuya

HasBaHUE

CAUCORK TEM

CNOHHOCTDE

cTagua

Craguna

HaseaHWe Cragumn

NPOMEKYTOYHBIN PESYNLTAT

Pncygéx l. UM L nuarpamma Kjaccos

JUtst peanu3anuy MO3TAIHOTO COINPOBOXKIEHUS IOJIb30BATENSI, a TAKXKE
IPOBEPKU IPOMEKYTOUHBIX PE3yJbTaTOB, pa3paboTaeM OHTOJIOTHIO B Oolee
Y3KUX TEPMUHAX, MOAXOIAIMX JUIs IOCTABJICHHOM 3aa4H.

st 9TOro  ucnosib3yeMm  JonoyHUTeNnbHbI  momynb CMS  Plone
OntoEditor, co3maHHbIi COTPYJHUKAMH M CTyJE€HTaMH Hameil Kadeapsl.
JlaHHBIM MOJyJib TO3BOJIIET B HMHTEPAKTUBHOM, YJAJICHHOM M BHU3yaJbHOM
peXuMe CO3[aTh OHTOJIOTMIO W HAMOJIHUTh €€ 3HaHUSMHU, T.€. CO34aTh
CEMaHTHYECKyI0 ceTb. OHa mpencTaBisieT coOOW OpPHEHTUPOBAHHBIN Tpad,
BEpIUIMHBI KOTOPOTO COOTBETCTBYIOT OOBEKTaM MPEIMETHON 00JlacTh, a Ayrd
3aal0T OTHOIIEHMSI Mexay Humu. IlperncraBieHue OHTOJOTMM B OKHE
peaakTopa OHTOJIOTHM, Bxoasiiero B coctaB OntoEditor, mokazano Ha pucyHke
(Pucynok 2).
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Ontology Manager
- (7 root

4 27 Problem
4. O connected with

4. (] Theme
4- i Theme
4. 0 is part of

4. (7 Subject
4 1.7 Algarithm
4. 0 solve

- @1 Problem
417 Stage
4. 0 js step of

- (27 Algorithm

- (27 Subject

Pucynok 2. Co3nanHas OHTOJIOTHS

B p33pa6OTaHHOfI OHTOJIOTHH IIPHUCYTCTBYIOT O0OBEKTHI AJIFOpPITM
(Algorithm) u Cranus (Stage), Mexxay HUMH cieayromias ¢Bsi3b: CTaaus — 1iar
Anroputma (Stage is step of Algorithm). Takoe pemienue B mporecce
INPOCKTUPOBAHUA CHUCTCMbI ABJIACTCA HCIIOJIHBIM 3dMMCTBOBAHHCM HIACHU
OHTOJIOI'MH )XU3HCHHOI'O ITUKJIA.

Kaxnapiii knacc OHTOJOTUI OMPENEISIETCA CBA3AMU C IPYTUMHU KJlaccamMu
OHTOJIOT'HH. TaK, K IIPpUMEPY, K O)IHOI71 TEMEC MOXCT OTHOCHTCA MHOXKECTBO
3agau (Pucynok 3).

Problem

ABTop: Nikulin Valentin — Nocneghee usMeHeqne: 2014-04-08 08:58 — lcTopun
Name — Agtop: Mikulin Valentin — Mocnegree namenedne: 2014-04-08 09:06
Text — Agtop: Mikulin Valentin — MNocneaHee namernenne: 2014-04-08 09:12
Difficult — Astop: Mikulin Valentin — Mocnearees namenenne: 2014-04-03

09:13

connected with — Agtop: Nikulin Valentin — MNocnegHee namenenne: 2014-
04-08 09:27

Pucynok 3. I[Ipumep kiacca «3agada» B OHTOJIOTUU

beut coznan web-caiit, HCTIONIBb3YIONTUN CO3IaHHYHO OHTOJIOTHIO TSt
3a/IaHUsl CTPYKTYPbI XpaHeHuss HH(GOPMAIIMOHHBIX pecypcoB. Ha pucynke
IIPEACTaBIICH MOJIb30BaTEIBLCKUI HHTEPhEHC I 00BEKTa, OTHOCSIIETOCS K
Kiaccy «3anauay (PucyHok 4).
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1225. dnarn

Yenoswe sagash
Orpaniuenie pevieni 1.0 corynay
Orpaunuenue namans 64 M5
B [lewt Gnara Poccui BNaAeney MarasiHa PeLLIn YKPACHTE CBOK BUTPHHY NONOCKAMI TKaHH GEN0ro, CHHEND 1 KBACHOrD L4RSToB. OH XOUEr, uToBk BMOMHANICE CNBAYIOLLHS YENOBNR:

1. Tonockit 0AHOTO USETa He AOMKHSI PACTONraTECA PAROI APYT € ARYTOM

2 Cu Guime pac Geno ii W gAY KpECHOT 1 Benoit
eaen nocoGos BbnoNKTE xenakne anagensya
Hanpimep, ana ! MOKHHI CTISAYIOLLHE BAPHaNTEI

MexonHsle paHHsie

N — konnuecteo nonocok. 15 V5 45

PesynbTar

1 — KomnuECTED CNOC0G0B YKPACHTS BHTDHHY.

Mpumep

HCXOAHEIE faKHkIe| pesynbTaT

4

AnropuTia pewenun
[ MNokasaTb/CeepHyTh
338343 PELLIAETCA Du2HE MDOCTO. HeT CMICNa OMHCKIEATE aNTOpIHTI

Mpuniep peanmaaumi
MNokazars/CeepHyT

Teoperusieckuit Marepan
[LuHamnyeckoe nporpaMmMMpoBaHIe

Pucynok 4. [IpeacraBnenue o0bekTa Kinacca «3agadar

B nHacrosimuii MOMEHT KpoMme 3aJay OpraHu3aluu HHGOPMAIIMOHHBIX
pecypcoB, HUX XpaHEHHs U PEJaKTHPOBAHUS, pEANM30BaHbl  3a/1a4M
KJaccu(uKanuu MHQPOPMALMOHHBIX PECYpCOB, MX COPTHPOBKH MO YPOBHIO
CIIO’)KHOCTH, & TaK)K€ TIOMCKOBBIN CEPBUC C BO3MOXHOCTHIO (DMIIBTPALMU 3a7a4
no temMe u auciuruimHe. OOmuil BU CO3MaHHOTO HAMU CaiiTa MpeACTaBiIeH Ha
pucynke (Pucynok 5).

(¢ (o [P ife, L[S fU [® flows
— ‘ - - L . L DTOI’IEKOE TEKYLLeM pa3gens

[naeHan Teopua 3anauu KHurm

E Tunwl 3anad

Bel 3ageck: Mnaexan / 3agaun
leomeTpiA 4 4

,D.HHEM[-N—IEEKDE nporpaMMUpoBaHe

Ipatkl
Bce aanaun

3apgaum

Homep u HazeaHHe Tema CnoxHocTe
1225 dparn [uHamnyeckoe NporpamMMMpoBaHue 56

1837. Yucno Wcenbasea Mpadl 72

1009. K-nyHele uucna [uHamnyeckoe NporpamMMMpoBaHue 100

1020. Hurouka leomeTpuA 110

1084. MMyctw koana B oropog leomeTpua 150

@ Every problem has a simple, fast but wrong solution.
Pucynox 5. Paznen caiita «3amauny»

Pa3paboTka cuctembl Oyner MpOAOIKEHA, C IEIbI0  CO3JMaHUS
CEMAHTHYCCKUX CEPBHUCOB, HCIIOJNB3YIOMNUX CO3JAaHHYIO 0a3y 3HaHWH I
pEIICHHUS 3a/1a4 aJalTUBHOTO yIPaBICHUS BeO-MH(POPMAIIMOHHOM CHCTEMOM.
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Tak xe OyayT CO3/laHbl CEPBUCHI, MO3BOJISIONINE TOJIyYaTh MOJCKA3KU B
X0JI¢ pelieHns KaKou-1u0o 3a1auu.
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METO/JbI OPTAHU3ALINN BBICOKOCKOPOCTHbBIX
BECHHPOBOJHBIX OITUYECKHUX JIOKAJIBHBIX CETEN HA BA3E
CBETOANO10B BUIUMOI'O U3JIYHEHUA

Hempyco U.IL., Ypanvckuii [ ocyoapcmeennuiii Yuueepcumem Ilymetl
Coobwenus, acnupaum kageopwl "Aemomamuxa, meiemexanuxa u cés3v"

[IponyckHast cmocOOHOCTh MHHOBALIMOHHOW TEXHOJIOTMU OECIpPOBOHOM
ontudyecko mepemaun jgaHHbIX — VLC-texnomormm  (Visible  Light
Communication - KOMMYHUKallMOHHas JIMHUS B  BHJIUMOM  CBETe),
WCITOJIB3YIOIICH B KadecTBE IepelaTyuka JaHHBIX CBETOIUOABI BHIMMOTO
U3JIy4YCHHUs, TaKKe M3BECTHOM Kak TexHosorusi Li-Fi (abOpeBuaTypa oOT
anrnuiickux cnoB light u fidelity, koTopble o03Ha4arOT CBET W TOYHOCTH
COOTBETCTBEHHO), CpaBHMMa C HOBEHIIMMHU TEXHOJIOTHSMHU OECIpOBOIHON
paOYacTOTHOM Tepeaaud JaHHBIX [4], 4ero ymanoch JOOUTHCA Ojaromaps
ucnosib3zoBanuto meto1oB O-OFDM, QPSK npu nepenaye curnana MaTpuyHbIM
MacCHBOM CBeTOM0I0B [2, 7]. IIpomyckHas crmocoOHOCTh TexHonorun Li-Fi Ha
CETOJIHSI MOXKET tocTurath 96 Mout/c no crangapty 802.15.7 [5] u 1 I'Out/c Ha
MpaKTUKe [6].

CyTb TEXHOJIOTMM COCTOUT B TOM, YTO CBETOIMOABI B CBETOIHOIHOMN
JamMIe C MOIYJATOPOM, U3JIydYalollne B BHAUMOW OO0JacTH  CIIEKTpa
AJICKTPOMArHUTHBIX BOJIH, OJIHOBPEMEHHO C OCBCIICHHEM ITOMEIICHUS C
MaKCHUMAaJIbHO BO3MOYHOU JIJIs1 ce0sI CKOPOCTHIO BKIIFOUAIOTCSI M BBIKITIOUAIOTCH,
4TO sABJIAETCS POPMOI Mepelaul JaHHBIX B IBOMYHOM Koze [6, 7].

Jlnst oOpaTHOM cBs3U ceTh mepenaydu naHHbiXx Ha 0asze VLC-texHomoruu
HAa CBETOAMOJIaX BUIUMOTO U3Iy4eHHs TpeOyeT KOMOMHUPOBAHHOTO
WCIIOJIb30BAHUSL C JIPYTUMH TEXHOJIOTHSIMH TI€peaydl JIaHHBIX, TaKUMH Kak
PowerLAN (oHa ke dLan — direct Lan, miau PLC — Power Line Communication,
KOMMYHUKAIIMM 110 JIMHUM BJIEKTporepenad), B KOTOpPOW Tiepenaya JTaHHBIX
MPOUCXOJUT TIO CHJIOBBIM TIPOBOJIAM, WJIM BBICOKOCKOPOCTHAsl MH(]pakpacHas
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nepenava aaHHbIX (VFIR umn UFIR — Very Fast Infrared u Ultra Fast Infrared
COOTBETCTBEHHO, YTO B IEPEBOJIC C AHTJIMICKOTO O3HAYAET «OYEHb OBICTpOE
UHPPaAKPACHOE HIITYICHUE» U «yIbTPaOBICTpOE HHPPAKPACHOE HIITYICHHEY ).

Ha puc. 1 cxeMaTH4HO TIPOAEMOHCTPUPOBAHA JIOKAIBbHAS CETh Mepenadn
JIAHHBIX Ha 0asze xkomOuHamumu texnonoruu Li-Fi u texnonormn VFIR mns
obpatHo#, rae Li-Fi-rpancmutrep comepxut B cede (pOTOAMOAHBIN MPUEMHUK,
nekonep, umHppakpacHbi m3mydaTenb, a Takke USB-uatepdeiic (Universal
Serial Bus — yauBepcanpHas ocie1oBaTeIbHas ITUHA):

| o |
ek
Kabenw Ethernet RJ-45 McTounnk Jlunus
. MUTAHUsL 3JEKTpornepeaay
CeetoanoaHas
namrna L1
Li-Fi
TOoYKa
JOCTYIIa

/ o\ /
\ /
\

Li-Fi
TpaHc-
MHTTED

USB-kabenb

Puc. 1 Cxema nokansHOI cetu Ha 6aze Li-Fi u VFIR

MaxkcuMmaibHasi CKOPOCTh MEPEKIIIOUEHUSI CBETOIUOIOB OTPaHUIHBACTCS
COCOOOM MX MPOU3BOJCTBA, KOTOPBIA ONpenensieT WX YCTOMYMBOCTh K
neperopaHuio. MeTtomom OTITUYECKOTO MYJIBTUIUIEKCUPOBAHUS C
OpPTOTOHAJILHBIM YacTOTHBIM paszieneHueM kanaioB (O-OFDM — Optical
orthogonal frequency-division multiplexing) c¢ kBagparypHoii ¢a3oBoi
manumnysiiueit (QPSK — Quadrature Phase Shift Keying), Ha cBeToBO# MOTOK
U3ITydaeMblid OCJIBIMU CBETOJAMOJAMU TPOUCXOJUT HAJOKEHUE IaHHBIX TPH
oMoty Monynsnuii. Ha mpaktuke meron O-OFDM peanusyeTcst mpy mOMOIIH
aropuT™Ma OBICTPOTro BhIYMCICHHS npeodpaszoBanus ypwe (FFT — Fast Fourier
transform), To ecTh AMCKpETHOTO MpeodpazoBaHust Dypre.

[Ipu OGuHApHOM CHWTHANE B KaHale C aJTUTHBHBIM OCIIBIM TayCCOBCKHM
mrymMoM (ABI'II) 1 BEICOKOM OTHOUIEHUHM CUTHAN/IIYM U Ucnoib30Bannn QPSK
B couertanuu ¢ MetogoMm koaupoBanHoro OFDM (COFMD — coded OFDM)
BeposTHOCTh omuOku Ha Out (BER — Bit Error Rate) moxer OBbITH
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npHOJIM3UTEIIBHO OlieHeHa 1Mo ¢opmyite (1):

2E
Pb:Q( N_b): (l)

0

riue
l % _ﬁ 2
X)=——|e 2dt;

Q) == j (2)
E, — BeiawuuHa oSHepruM npuxomdAiiascs Ha oauH Out; No/2 —

cnekTpanbHas ioTHOCTh MouHOoCTH (CIIM) myma (B1/I'1); Py, — BeposiTHOCTD
om0k Ha 1 out; Q(X) — pyukums ommbok (pyukuus Jlarmaca), rae x > 0.

COFDM B cBow odepenp IOApa3syMEBAaeT KaHAJIBHOE KOIUPOBAHHUE
meTonoM mpsimoir koppekiuu omubok (FEC - Forward Error Correction).
OnBITHBIM IyTEM TOKa3aHo, 4To ceTh Li-Fi, ¢ ncrnoib30BaHneM OJHOTO OEIoro
CBETO/IMO/IA, TTO3BOJISET MepeaaBaTh JTaHHBIE ¢ BEPOSATHOCTHIO OIMMMOKH Ha OWUT
2:10° Ha paccrossaun 90 cM OT mepeaaTyuka 10 npuéMHuka [ 3].

Mopaynsiuyi ~ CBETOAWOMHOW  JIaMITbl  OyayT  BOCHPHHHMATHCS
YEJIOBEUCCKMM TJIa30M KaK CIUIONIHOMW IOTOK CBETa, B CBS3M C TEM, HYTO
YeJoBeUeCKUil a3 BocnpuHuMaer He Oonee 100 mepuaHuid B CeKyHAy, a
4acToTa MEPEeKIIOYEHUN OBITOBOTO CBETOJIMOAA HA OJAHOW YaCTOTHOM BOJIHE B
cpeaneM coctariser 500 000 meprianuii B cekyHy [2].

Cnenyer OTMETHTb, YTO BBIYMUCIUTENIbHBIE CETH, IOCTPOEHHBIE C
HCIIOJIb30BAaHUEM TEXHOJIOTUU OECIIPOBOJIHOM ONTUYECKON Mepeadyn TaHHbIX Ha
OCHOBE  CBETOJMOZOB BUIUMOTO  HW3JIYYCHHS, TPUTOAHBI A  30H,
YYBCTBUTEJIBHBIX K PaJMOBOJHAM, TJ/I€ paJUdONEpeNadyd MOTYT BMEIIaThCs B
MIPOU3BOICTBEHHBIN mporiecc. OHa 007a1aeT BRICOKMM YPOBHEM 3aIIUIIEHHOCTH
U HAJACKHOCTH, €€ JIETKO BCTPOWTH B CYIIECTBYIONIYI0 HH(paCTpyKTypy, €
WCITOJIB30BaHUE TPeOyeT Majloil MOITHOCTH, YTO yJCHIEBIISCT €€ dKCIUTyaTaIlnuio
[1].

PaccmarpuBaemass TEXHOJOTHS TIepeaadd JaHHBIX HMeEeT OOJbIINe
MIEPCTIIEKTUBBI MCIIOJIB30BAHMS B CHCTEMaX PETyJIMPOBAHUS JTOPOKHOTO Tpaduka
JUISL TIepeflaull MEXIy aBTOTPAHCIIOPTOM WM MEXKIYy AaBTOTPAHCIIOPTOM U
ceerodopoM, JiA Tepefadyd JIaHHBIX B AaBUAIMOHHOW, KOCMHMYECKOW U
MEJUIIMHCKON OTpacisiX, i KOMMYHHUKAIlUM KOMITBIOTEPHBIX, MOOMIIBHBIX
YCTPOHCTB MEXay coboit [1].

Takum  oOpa3oM, WCHONIL30BAHWE paHEE  W3BECTHBIX  METOJIOB
MYJIbTUIUICKCUPOBAHUS, KOAUPOBaHMs, MoAyisiiuu, Takux kak COFDM wu
QPSK Bo3moxHO m B Texnonoruu Li-Fi, Gomee Toro, mx wHCIOIB30BaHHE
MO3BOJISIET CO3/1aBaTh BBICOKOCKOPOCTHBIC ONTHYECKUE JIOKAJIBHBIE CETH
nepeaaun JaHHBIX.
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IMPOBJIEMbI BHEJIPEHUSI CAIIP
@aoees E. C., cmyoenm HTU (puruana) Yp®@Y, ep. T-590301-TM

OcunoBuas npobnema mnipu BHeapenun CAIIP — HedyeTkoe MOHUMaHUE
MHOTUMU  TON-MEHEKEpaMH,  4YTO  CHUCTEMbl  ABTOMATHU3UPOBAHHOTO
MPOEKTUPOBAHKS — TAKOE JK€ KIIOUEBOE 3BEHO B OCHOBHOM [€ATEIIBHOCTH
OpEeAnpUsTAsS, 4YTO W aBTOMATU3UPOBAHHAS CHUCTEMa YIPABICHUS WIH
OyXTaJaTepCcKOro yJeTa.

CoOTBETCTBEHHO, CKJIaJibIBaeTCsl oTHoIIeHUE K BHeApeHuto CAIIP, kak k
YeMy-TO BTOPUYHOMY, OTIaBAEMOMY Ha OTKYIl TEXHUYECKUM clieruaiuctaM. B
UTOTe CTUXUNHO (hopMUpYyeTCs MHOTroIIaTGoOpMeHHas cpea MPOCKTUPOBAHMUS,
BBI3BIBAIOIIAS] HECTHIKOBKH U 33JICP’KKHU MPU B3aUMOJEHCTBUU CMEKHUKOB, & TO
Y HECOTJIAaCOBAaHHOCTH BBIITYCKAaEeMOMN JOKYMEHTAIINH.

YeyryOmnser cuTyaluio M HEHArJasiHOCTh JIJIi MHOTHUX PYKOBOIUTEJEH
KOMMaHui OajlaHca BJIOKEHMM B CpEJCTBAa aBTOMaTH3allMd W BO3BpaTra Ha
WHBECTHUIIUU, OTCYTCTBUE U3MEPUMON OTJaUH.

Cnenmanuctel, paboratomue B chepe BHeapenuss CAIIP moutu Bce kak
OJIMH, BBIICIIIIOT OJTHU U T€ K€ MPOOJIEMBI PY BHEIPECHUH JAHHBIX CUCTEM.

Bor, k¥ npumepy, CranucnaB beTwH, B HacTOAIIMA MOMEHT SIBISETCS
HavaJabHUKOM jaenapramenta IT-koHcantuara kommanuu Rebis Russia (3AO
«bropo CAIIP»), B cBoeli ctathe [3] BBIIEISET YEThIpE MPOOJIEMBI BHEAPEHUS
CAIIP no creneHu ux 3HaYUMOCTU:
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1. IlporpammHOe obecnieueHre — KakK MPaBUIBLHO BbIOpATh B YCIOBUSIX
00JIBIIIOTO BBIOODA.

2. AmnmapaTtHoe oOecrieueHrue — KaKUMU JIOJKHBI ObITh TEXHUKA U CETH,
4yTOOBl TpOrpaMMHOE oOecrieueHrue (QYHKIMOHUPOBAJIO C TMOJHOW OTJayeid,
YTOOBI HE OBLIO U3JUIIHUX 3aTPaT 32 HEHYKHbIE «HABOPOTHI.

3. T'me B3atb genbru Ha mnpuobOperenne CAIIP — kak yOeauTsb
PYKOBOJICTBO, BBIICJIUTH HEOOXOAUMBIE CPEICTBA.

4. Buenpenne CAIIP — kak Bce caenarh Tak, 4TOObI OBLI peasibHBIN
pe3yNbTaT, KOTOPBIA MOKHO YBUIETh, HOCUYUTATh U IIOULYTIATh PyKAMU.

N TyT ’Xe UpPUBOOUT pEHICHHE HTHX MPOOIEM TMOSBIAIOMIUXCS TPU
BHenpeHun CAIIP, ¢ oxHoii crtopoHsl OH mnpemaraeT BHeApsITh CAIIP
OPEIIPUITUSIM CAMOCTOSTEIBRHO METOJOM Npo0 M OLIMOOK, HAAesCh, YTO B
KOHIIE Bce OyJeT XOpolo, a C JAPYyrol CTOpPOHBI Npe/iaraeT JA0BEPHUTH
BHEJI[PEHUE CHUCTEM aBTOMAaTU3MPOBAHHOIO IPOECKTUPOBAHUSA KOMIIAHHMSIM,
KOTOpBIE 3aHUMAIOTCS 3TUM NMPOPECCUOHAIBHO.

Kommepueckuii aupextop CSoft Anapeit CepaBkun [1] Takke BbIICISCT
4 npobnems! npu BHeapenun CAIIP. IlepBas npobnema — 310 (pUHAHCHI, Yale
BCEIO HMEHHO OTCYTCTBME JOCTaTOYHOTO  (PUHAHCUPOBAHMSI  MEILIAET
npaBuibHOMY BHenpeHuto CAIIP. V kiaueHTa MokeT ObITh HEIOCTATOUYHO JACHET
Ha BHEJIPEHHE, MOXKET HE XBaTaTh OIO/KE€Ta Ha MPOEKT B TEKYIIEM IEPUOJE.
beiBaer, yTo OIO/IKET Y KOMIIAHUU €CTh, HO HEOOXOAMMOCTh BHEAPEHHUSI CIIOAKHO
000CHOBaTh PYKOBOJACTBY. BTopas mpoOieMa — 3TO TEXHOJOTHS BHEAPEHUS,
KOTOpast MOKET OBbITh BRIOpaHa HEBEPHO. A TPEThs U YETBEpTas MpoodieMa — 3TO
moau, kotopeie BHenpstoT CAIIP u, koTopeie 3areM OyayT paboTarth ¢ 3TUMH
cucTeMaMu. JTa mpobiieMa camas BakKHas, «CTOSIIas ABYX HPEIbIIyLINX
BMECTE B3ATHIX.

OH Taxxe B CBOI OYepeapb MpearaeT pelleHrue 3TUX MPOoOJIeM MyTeM
MPUTJIALICHUS CIICIMAIMCTOB KOMMNaHUM 3aHumaroniuxcs BHenapenue CAIIP,
IOCTOSSHHOTO W JIOCTaTOYHOTO (PMHAHCUPOBAHMs, MPHUBICYCHUS JIIOJCH
KOTOPBIM Oy/eT MHTEPECHO paboTaTh C JAaHHBIMH CHCTEMaMH, KOTOPhIE OYyIyT
TOTOBBI 00y4aThCsi TPaMOTHOM paboTe ¢ ITUMHU CUCTEMaMHU.

Jleonun AmnpapeeB «PykoBoautenb oTAena HHGOPMAIMOHHBIX CHCTEM
OAO «OKTb Kpucramm», BMmecte co Cernmanoii AHAPEEBON KaHA. DKOH. HAYK,
JIOEHTOM MapuicKOro rocygapCTBEHHOIO TEXHUYECKOTO YyHUBEpcutTera [2]
TaK)Ke YKa3bIBalOT 4 MpoOJIeMbl IPU BHEIPEHUU CUCTEM aBTOMATH3WPOBAHHOTO
MPOCKTUPOBAHMUSL:

— HEMOHMMAaHHE MHBECTUIIMOHHOW MPUBJIEKATEIbHOCTH MPOEKTA;

— 3(PeKTUBHOCTh BHEAPEHUS CHCTEM JIKHUT 3a TpPaHUIAMH TaKUX
npoekToB. Kak nmoka3pIBaeT MpakTUKa, MHOTUE OT€YECTBEHHBIE MPEAIPUATHS 10
CUX TMOp UMEIOT HEOINpPaBJAaHHbIE OWUJAHUA OTHOCUTEIIBHO BHEIPSEMBIX
MPOrpaMMHBIX MPOIYKTOB, BOCIPUHUMAs X KaK MaHaIElo;

— TPAaJUUMOHHBIA JIJII POCCUMCKOTO pPBIHKA MOAXOJA K BHEJIPEHUIO —
aBTOMATHU3alIMsI CYIIECTBYIOIIMX OM3HEC-MPOIECCOB — HE MO3BOJISET JOOUBATHCS
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3HAUMMBIX pe3ynbTaToB. Ecnum He MNpou3BOAMTCA ONTUMHU3AIMS OHU3HEC-
MPOLIECCOB, TO HET HUKAKUX TapaHTUN CHUKEHUS W3JIEPKEK MPOU3BOJCTBA U
NPUOOPETEHUS JIYUILIETO MPAKTHYECKOTO OIbITa;

— DKOHOMHSI CPEICTB Ha OOydeHHE MEpPCOHala MPUBOIUT K OTCYTCTBHIO
OTIbITa UCIIOJIb30BAHUS MTPOTPAMMHBIX PEIICHUI.

N y Hux pemeHue >THUX NpoOJIeM CBOAUTCA K TOMY UTO JIydIle
IPUTTACUTD CIICIUANKNCTOB KOMIAHUH 715 ipaBuiibHOTO BHeApeHus: CAIIP, ns
TOTO YTOOBI BCE JICHCTBUTEIHLHO ()YHKIIMOHUPOBAJIO.

MHue OBl XOTENOCh COTTIACUTBCS C TEM, YTO MPOOJIEMBI, MEPEUNCICHHBIC
BBIIIIE, SIBJISIIOTCS OCHOBHBIMU Mpu BHenpeHuu CAIIP. Oty npobieMbl SBISIOTCS
OUYEHb aKTyaJlbHbIMU. W Takke XOTeaoCch Obl COTNIACUTHCS C MYTEM PEeIICHUs
TUX TpobsieM. S Takke cuuTaro, 4yTo JUIsl mpaBuibHOro BHeapenus CAIIP
HY’KHO TpUIJIallaTh KOMIIAHWH, KOTOpbIe NPO(ECCHOHATBHO 3aHUMAIOTCS
pacnpoctpanenuem CAIIP, Tak kak OHM MOTYT NPEAOCTaBUTh KIMEHTY MOJHBIN
HaOop yciyr, cBsi3aHHbIX ¢ BHeapeHueMm CAIIP, Bkitoyas BapHaHThI IOCTABKH
nporpaMmmHoro obecrnieuenuss u obopynoBanus s CAIIP, cmauy oObekra
aBTOMATH3AIMA TIO0 CHUCTEME TOJl KJII0Y M OKa3aHHE 3aKa34hKy TEXHUYECKOU
MNOJJICPKKA Ha TPOTSHKEHHHM BCEr0 BPEMEHH JKCIUTyaTallud TOCTaBICHHON
CAIIP. Taxxe mi1s rpaMOTHOIO BHEAPEHHUS HEOOXOJUMBI: TOCTOSHHOE U
noJHOE (PMHAHCHUPOBAHNUE, M MTOCTOSHHBIM KOHTPOJIb CO CTOPOHBI 3aKa3UUKa.

Xotenock Obl OTMETUTh, YTO KpuTepuH ycremHoro BHeapenus CAIIP
JIOJKHBI OBITH OIpe/ieTICHb B caMOM Hauane. Kak mpaBuiio, KpuTepusMu ycrexa
IUIaHAa BHEAPEHUs SIBISETCS CTENEHb peaju3aluy BaXKHEUIIMX MPOEKTHBIX U
Ou3Hec-3a1a4, B TOM YHCIIE:

— Vnydienue ooMeHa HHPOpMAIMEH ¢ 3aKa3UUKOM M MOAPSITYUKAMH.

— CokpaleHue 3aTpaT BPEMEHHM Ha MPOEKTUPOBAHHME U MOJITOTOBKY
MIPOEKTHOM TOKYMEHTAIIUH.

— CokpaleHne 3aTpaT BpeMEHU Ha TPOBEPKY MPOEKTa U YEPTEKEH.

— TloBsimenue 3¢ pexTuBHOCTH 0OMEHA TaHHBIMU MEXIY CTPYKTYPHBIMU
1oJIpa3AesICHUsIMU OpPTaHU3aLIHH.

— YcrpaneHue U30BITOYHBIX MPOILECCOB OOPAOOTKHM M BOCCTAHOBIICHUS
MPOEKTHBIX JaHHBIX.

— IlpencraBnenue pe3ynbTaToB padOThl B HEOOXOAUMBIX (POpMaTaX.

— IloBbillieHne  KOHKYPEHTOCIIOCOOHOCTH  OpraHu3anuud  Ojarojaps
0e3ynpeuyHoOMy Ka4eCTBY MPOTYKIIHH.

— VYrmpaBieHue BHECEHHBIMU U3MEHEHUSIMU U UX OTCIICKUBAHHE.

— YBenu4eHHne KOIMUeCTBa Mpe/IaracMbIX MPOCKTHBIX BAPUAHTOB.

— CBeficHHE K MUHUMYMY KOJIMUYECTBA MPOEKTHBIX OMIMOOK W OIMHOOK B
JOKYMEHTalUH.

— Bonee Bbicokas HarMSIAHOCTH MPEACTABICHUS Ha YepTexaxX MPOCKTHBIX
3aMBICJIOB.
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— IlpoekTupoBaHue, y4YHUTHIBAIOIIEE pEalbHbIE PHIHOYHBIE YCIOBUS U
OIOKETHI.

Nmenno BHenpenue CAIIP no3BosisieT pyKOBOAUTENIO OIEHUTh PEAIbHYIO
OTJa4y OT HMHBECTHLIMW, MPHUHITH PEUICHHE, BBIBOJSIIEE €ro KOMIIAHWIO Ha
HOBBIN YPOBEHB 3()PPEKTUBHOCTU U KOHKYPEHTOCTIOCOOHOCTH.
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CUCTEMA YUYETA NPOMBIIIJIEHHOTI'O OBOPYJ1OBAHUS

Yyounoe A.K., cmyoenm HTH (punuan) Yp@Y
®Deoopees C.A., HTU (punuan) YpDY, 3a6edyrowuti kageopoii
«Hnghopmayuonnvie cucmemobl u mexHoI02UUY

BBenenne

Ha cerogusmumii nerp mpoOiieMa aBTOMATH3AaIllMd TaKUX BHJIOB
JESITEIbHOCTH, KaK CKJIAJACKOM YYE€T, OTCIEKHBAHUE IEPEMEUICHUN TOTOBOU
MIPOYKITUU M CBIPhS MEXKTY CKIIaJaMy, MHBEHTApU3aIlUs, XOPOIIIO MpopadoTaHa
W Ha PBIHKE CYIIECTBYIOT TOTOBBIC pEIICHUS IS aBTOMATHU3AIMH TaKOW
JIESITEILbHOCTH.

Opnako cymecTByeT psia  mpoOieM ¢ aBTOMaTHW3alued  ydera
JEHCTBYIOIIETO MTPOMBITIIICHHOTO o0opymoBaHUs, ero 2JIEMEHTOB,
OTBETCTBEHHBIX Y3JI0B, TPEOYIOIIMX IMPOBEICHHUS CUCTEMATHUYCCKUX IIJIaHOBO-
NpEeAyNPEeIUTEIIbHBIX Pad0T M ayauTa cocTosiHUs. JlaHHBIE MPOOJIEMBI, Kak
paBuiI0, 00YCIIOBIICHBI CICTYIOIIMMU OCOOEHHOCTSIMHU:

— OOBEKTHI yd4eTa MOTyT OBITh paclpeneieHbl Ha 3HAYUTEITBHBIX
IUIOMIAX;

— OOBEKTHI y4eTa MOTYT OBITh TPYAHOIOCTYITHBIMU;

— YCJOBHSI  BHENIHEH  CpeIbl  MOTYT  3aTPyAHSATh  CUMTHIBAHUC
UJCHTU(UKATOPOB OOBHEKTOB;

— MpU YCTPaHEHUU aBapuil HEHWCHPABHOE OOOPYJAOBAHHE MOXKET OBITh
3aMEHEHO MCIPABHBIM 0€3 COOTBETCTBYIOIIETO OTPAKEHUSI B YUETHBIX CHCTEMaxX
TIPEANPUSATHS,
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— YYeTHBIE CHUCTEMbl Ha NPEINPHITHH HE TMO3BOJISIIOT OpPraHW30BaTh
aBTOMATHU3UPOBAHHBIN COOP CBEIEHUH O COCTOSTHUM OOBEKTOB yUeTa.

Pemennem sTux mpoOiieM MOKET ObITh aBTOMAaTH3WPOBAHHAs CHUCTEMa
yueTa JCWCTBYIOUIETO MPOMBIIUIEHHOTO O0OpyIOBaHMs, KoTopas Oyner
o0ecrneunBaTh BO3MOKHOCTh MHBEHTApU3ALUKU OOBEKTOB y4yeTa B XOJI€ ayAHuTa
COCTOSIHHSI OTBETCTBEHHBIX Y3JI0B, B X0JI€ TUIAHOBO-TIPEAYIPEAUTEIbHBIX PaboT
Ha TPENNpHUITHH, a TaKKe BO3MOXKHOCTb OIEPaTHBHOTO cOOpa MaHHBIX O
TEXHUYECKOM COCTOSIHUM OOBEKTOB yUeTa.

Taxast cucrema JOMHKHA BKIIIOUATH B CE0SI CASAYIOIINE SJIEMEHTHI:

— cpencTBa uaeHTU(UKauK (METKU ¥ CYUTHIBATEITH METOK);

— CTalMOHapHbBIE ¥ MOOWIILHBIC allllapaTHBIC CPEICTBA, UCTIONB3YEeMbIC IS

— cOopa u 00pabOTKH TaHHBIX;

— KOHTPOJIbHO-U3MEPUTEIHHOE OOOpYIOBaHHE C KOMMYHHKAIIMOHHBIMH
opTamu;

— JApaiiBepsl AJi1 KOHTPOJIbHO-U3MEPUTEIBLHOTO 000PY0BaHMS;

— CYB/;

— mporpaMMHas 000JI0UKa;

— CpEeICTBa CBS3H.
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B Cepsep
A #—— reD — | ¢ CYBA

Sy Kanan

d"' - RFID CBSA3M

PI/ICYHOK 1. cxema CUCTEMEI

Ilens maHHOW CTaThU — OMUCATh Mpoliecc pabOThl U peanu3aluu TaKon
CHUCTEMBI

B xoze Hanrcanust ctatby ObUTH MTOCTABIIEHBI CIEAYIOIINE 3aa49H:

— MHccnenoBaTh BapuaHTBl peanu3allid CHUCTEMBI M BBIOpaTh Hauboliee
MOJIXOASAIIMA BAPUAHT MO/ YCIOBUS MPEATNPUATHSL.

— Onucatb 0COOEHHOCTH BHEIPEHUS CUCTEMBI.

— Onwucatp penieHue TUMMMYHBIX TPOOJIEM ¢ MTOMOIIBIO 3TOW CUCTEMBI
BapuaHThbI peasM3auMu CUCTEMBI
B kauecTBe naeHTH(PUKATOPA MOXKET OBITH UCITOJIH30BAH JIMHEHHBIN KO/,

mtpuxoBoit 1ByxMepHbii koa U RFID metka (RFID — paguoyactoTHas
UACHTUDUKAIIHS).
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Ta0muna
CpaBHHTEIIbHAS XapaKTEPUCTHUKA HUICHTU(HHUKATOPOB

Paguomerka (RFID | JluneiHsii mtpux - | J{ByXMEpHBIi IITPHX
METKA) KO - ko1 (QR-code)
Heo06xoaumocTh Her Ha Ja
MPSMON BUJUMOCTH
O0bEM namsiTu Ot 10 10 512 000 o 100 6aiit o 3 072 Gaiirt
OaiT
JlanbHOCTD o 100 metpos o 4 metpos o 1 metpa
perucTpanuu
Y CTOHYHUBOCTD K Bricokas Huzkas Huzkas
BHEIIHUM Harpy3kam u
BO3JEHCTBUIO
OKPY’KaroIllel cpeibl
Wnentuduxamms Ha Her Her
JBUKYIIUXCSA
00BEKTOB
Bo3MoxHOCTB Ja Her Her
TIepEe3anucH TaHHBIX
B03MOXHOCTB UTEHHUS Ja Her Her
HECKOJIbKUX
UIEHTU(HUKATOPOB
OJIHOBPEMEHHO

Jlist peanuzauuu cucteMbl JdydliuM BapuaHToM siBisietcss RFID metkn,
T.K.:

— TIPU UCIIOJIB30BAaHUU PAJUOMETOK HET HEOOXOJAMMOCTH 00ecrednBaTh
NPSIMYI0 BUIAMMOCTh JIJIi CUMTBIBAHUS, ITO yJOOHO B Ciydae 3aTpyAHEHHOIO
JIOCTyTa K 000pyA0BaHHUIO;

— Y paJlMOMETOK BBICOKAsl YCTOMUMBOCTh K BHEIIHUM TEMIIEPATypPHBIM H
MEXaHMYECKUM BO3ACHCTBHUSIM IO CPABHEHUIO C JIMHEMHBIMU U JIBYXMEPHBIMU
MITPUX — KOJIAMHU;

— PaaAMOMETKHU MO3BOJISIIOT UICHTU(UIIMPOBATH IBUKYIIHECS OOBEKTHI;

— Ha PaJIMOMETKHA BO3MOXHO MEPE3anUChIBaTh JaHHBIC.

CrnenyromuM [IaroM SIBISIETCS BBIOOP CUUTHIBAIONIETO YCTPOMCTBA ISt
RFID metok. Jlns peanmu3anuui Takoil CUCTEMBI HEOOXOIUMBI KaK MOOWMIIbHBIE
ckanepsl RFID wmerok (TepMuHasbl), TaK MW CTAallUOHAPHBIE CKAHEPHI.
TepMuHaabl TMO3BOJSIOT HE TOABKO cuuThbiBaTh RFID MeTku, HO Takxke u
oOpabaTpiBaTh CcuMTaHHyl0 wuHPOpManmiO. TepMUHAT JIOJDKEH OTBEuYaTh
CJIEYIOIKUM TPeOOBaHUSIM:

— OBITh MOOMJIBHBIM JIJIs1 YIOOHOT'O MCIOJIb30BAHMUS;

— WMETh 3arac NPOYHOCTH, JIJIs1 padOTHI B YCIOBUSAX MTPOU3BOJICTBA;

— JIOJDKEH YMETh CUMTBHIBATh BCE HCMOJIb3yEMbI€ THUIIBI PAJUOMETOK B
CUCTEME;
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— YCTPOMCTBO JOJKHO OBITh Ha 0a3e U3BECTHOM ONEPAIIMOHHON CUCTEMBbI
(Windows, Android u T.1.), I8 BO3MOXHOCTH HAIHMCaHUSA IPOTPaAMMHOM
00OJIOUKH.

— TEpMUHAJIbBl JOJDKHBI UMETh CBSI3b C KOHTPOJIBHO-U3MEPUTEIBHBIM
000pyIOBaHUEM U CHEIHAIbHBIC MAKEThl IpaiiBepoB AJsi 00pabOTKHU MPUHSITHIX
JTAHHBIX.

CranuoHapHble CKaHephl MO3BOJISIOT cUUThIBaTh RFID MeTku, HO OHU He
0o0pabaTbiBalOT cuuThiBaeMyro HHpopmanuio. Takue ckaHepbl JAOHKHBI
OTBEYATh CIEAYIOIMIUM TPEOOBAHUSIM:

— HMMETH 3arac MPOYHOCTH, JIJIsl pabOTHI B YCIOBUSIX TPOU3BOJICTBA;

— JIOJDKHBI YMETh CUMTBIBATH BCE MCHOJb3yeMbIE€ THUIIBI PAJUOMETOK B
CUCTEME:

— paauyc JACUCTBUSL JIOJDKEH OXBaTbIBaTh BCE HEOOXOAMMBbIE IS
cunteiBanusg RFID metku;

— CKaHep JO/DKeH UMETh CBs3b C KIMCHTCKUM KommbioTepom (Wi-Fi,
Ethernet u T.1.).

AnmapaTHele CpeACTBAa B CHUCTEME JOJDKHBI HMMETh CIELHAIbHOE
nporpaMMHoe oOecrieueHue s coopa U oOpabOTKM JaHHBIX. Takke OHHU
JOJDKHBI HMMETh KaHaJl CBA3UM C CEPBEPHBIM KOMIBIOTEPOM [UIsl TMEepeaadu
naHHbIX B CYB/I.

[IporpammHass 000J04YKa CHCTEMBI JOJKHA HWMETh BO3MOYKHOCTh
MU3MEHSATHCS M0J1 KOHKpETHbIE TpeOoBanus npeanpustus. B kauectse CYB/] niis
JAHHOM CHUCTEMBbl HEOOXOJIMMO HCIOJIb30BaTh MPOAYKT, KOTOPBIA YyXKe
UCIIOJIB3YETCSl Ha TMPEANPUATUAX I 00Jiee TPOCTOTO BHEAPEHUS JaHHOM
CUCTEMBI.

CpenctBa CBSI3M MEXAY KIMEHTCKUMH KOMIIBIOTEPAMU K CEPBEPOM
JIOJKHBI COOTBETCTBOBATh THUITY KJIMEHTCKUX KOMIBIOTEPOB. {11 TepMHHAIOB
9TO J0/bKHA ObITh OectipoBogHast cBsA3b (GPRS, Wi-Fi), a mis cranmoHapHbIX
KJIMEHTCKHUX KOMIIBIOTEPOB 3TO MOXKET OBITh M MpoBoHast cBsa3b (Ethernet).

Oco0eHHOCTH BHEAPEHHUS PAAUOMETOK

CylecTByeT MHOXECTBO Pa3HOBUIHOCTEN pagiuOMETOK. OHM pa3IvyYHbI
N0 TUIy NOUTaHUs, MO pabodeil wyacTtore U 00O0JOYKE, B KOTOPOH OHU
BbITIOTHEHEI. [1o pabouelt yactoTe paguomeTku pazaenstorcs Ha HF(13.56MI'n)
u UHF(860-960MI'1). X ocHOBHBIC pa3jinuus 3aKI04aeTcss B 00BbEME MaMATH
(y HF Merox e€ Oonbmie) u B pampHoctu aeiictBus (y UHF nmamsHOCTB
CUMThIBaHUs cocTaBisieT okoyno 10 merpoB, a y HF He OGonee merpa). Ilo
000JIOUKE pa3TUYarOT METKH [JISl TSOKENBIX MPOMBIIIIEHHBIX MPUMEHEHUN
onMetal (B TBépmoM Koprmyce) U OyMaXKHbIC METKH ISl MCIIOJb30BaHHS B HE
METaJUTMYeCKOU cpesie 0e3 cephE3HBIX BHEITHUX BO3ICHUCTBUM.

JIns MCcToNib30BaHUsI B MPOMBIIIJIEHHON Cpelieé C BBICOKMMH BHEITHUMU
Harpy3KaMu €IWHCTBEHHBIM TOJXOJSAIIAM BAapUAHTOM SIBIISIFOTCS METKU B
TBEpIOM Kopmyce c paboueit wactoron UHF. [Ins wucnonp3oBanus Ha
HEMETAJUIMYECKOM 00OPY/I0BAaHUU B OOBIYHBIX YCIOBHUSIX MOXHO HUCHOJb30BaTh
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oymaxxkneie paauometkn kak UHF, tak m HF numanasona, B 3aBUCHMOCTH OT
JATbHOCTU MIPUMEHEHUS.

PemieHue TUNUYHBIX MPOOJIEM

B Hauvane crarbum ObUT mepedyHCleH psj MOpodiieM, € KOTOPHIMU
CTAJIKUBAIOTCSI COBpEMEHHBbIE Tpeanpusatvs. OnuiIeM pelieHue Kaxiaou 3Tou
POOJIEMBI C TIOMOIIBIO TAKOW CHCTEMBI.

Y4€T npoMBIIIIEHHOTO O000PYIOBaHUS, €ro JJEeMEHTOB W y3ioB. K
KOKIOMY OOBEKTY ydeTa MPUKPEIUIIETCS METKA, COOTBETCTBYIOMIAS YCIOBUSIM
IKCIUTyaTaliiil  000pyaoBaHUsA. MeTKa COAEpKUT HHPOPMAIHIO 00 JOTOM
oowekre. Jlnmsa yu€ra 0OBEKTOB Ha CKIJIaJIe MOXXHO HCITOJIB30BaTh MEPEHOCHOE
CUMTHIBAIOIINE YCTPOMCTBO WJIM  CTAIlMOHAPHBIE  CKAaHEPBI, KOTOPHIC
YCTaHABJIMBAIOTCS B MeECTaX IIE€peMENICHHUs OO0OpyJAOBaHMs, HalnpuMep B
JIBEPHBIX TPOEMax, M Ha CTEHax IOoMelleHus. Pe3ynabTaThl CKaHUPOBAHUS
3aHOCATCS B 0a3y JaHHBIX.

OTtcnexxuBaHue TmeEpeMelIeHus O0OpYJOBaHUS W IMPOU3BOIACTBEHHOTO
MyTH 3arOTOBOK, CBHIPbS M TOTOBBIX M3JeNuid. s permeHus 3Toil mpoOiaembl
HEOOXOJMMO Ha KaXKIbI OTCIEKUBAEMbI OOBEKT MPUKPENUTh Haubosee
MOAXOJSIIYI0 TOJ] YCIOBUS DJKCIUTyaTallMl0 METKY, Ha KOTOpod Oyjaer
coziepKaTbcsi MHPopMarust 00 3ToM 00bekTe. Ha Kak1oM KOHTPOJIBHOM MyHKTE
HeoOxonuMo pa3mecTuTh craunoHapHbli RFID ckanep, kotopsiii Oyaet
CUMTHIBaTh HWH(POPMAIIMIO C MPOXOIAINIMX MHMO HETO METOK. Pe3ymbTarsl
CUMTHIBAHMSI TIEPEIAOTCS KIMEHTCKOMY KOMITBIOTEPY, KOTOPBIA 00pabaThiBaeT
9TH TaHHBIC U TIEpeIaéT UX 10 KaHAITy CBS3HM Ha CEpBEp.

JlnarHocTHKa COCTOSIHUSI OOOpYAOBAHMS M TIJIAHOBO MPEAYIIPEANTEIILHBIE
paboThl. [{1s pemenus 3Toit mpobiieMbl HE0OX0IMMO Ha KaXI0M O0OBEKTE UMETh
METKY, Ha KOTOpo# OyAeT conepkarbcst uHpopMaims 00 3TOM 00beKTe. 3aTeM
METKa CUMTBIBACTCS C oMol nmopratuBHoro RFID ckanepa, 3anparmmBaercs
uHdopmarusi 00 3TOM O0OBEKTe, BKIIIOYAsl JaHHBIE O paHEE MPOBEIECHHBIX
MJIAHOBO-TIPEAYIIPEAUTENbHBIX  paboTax. 3aTeM MPOBOASTCS HEOOXOIUMBIE
JTMArHOCTUYECKHE OTEepPallui C 00BEKTOM, PE3yJIbTaThl KOTOPBIX MepeaaroTcs Ha
TEpMHUHAI.

WNuBentapuzamus. [Insg  pemenuss 3Toil  mpoOsiemMbl  HEOOXOIHMMO
ucrnonb3oBaTh nopratuBHbIM RFID ckanep, ¢ momompbio KoTOporo OyayT
CUHMTHIBATBCSI METKH BCEX OOBEKTOB, KOTOPHIE HAXOIATCSI B paauyce
CUMTHIBaHMs. Pe3ynbTaThl CUWTBHIBAHUS IIEpEAAOTCS 10 KaHaIy CBS3W Ha
cepBep.

JlanHast cuctemMa MOXET ObITh BOCTpeOOBaHAa Ha MPOMBIIIJIEHHBIX
MPEANPUATUSX C Pa3BUTON MHPPACTPYKTYPOU, B DJIEKTPO-CETEBBIX KOMITAHUSX,
Ha TIPEINPUATUAX, OOCTYKUBAIOIINX OMACHBIC MPOMBIIIICHHBIC 0O bEKTHI.

3akioueHue

Takum o0pa3oM, B JTaHHOW cCTaThe ObLa JIETAJIBHO ONHMCaHA CHUCTEMA
y4éTa Ha OCHOBE PaJUOMETOK, KOTOpas IMO3BOJUT PEIIUTH PsAI MPoOJeM, C
KOTOPBIMU ~ CTAJIKMBAIOTCSI COBPEMEHHBbIC MTpeanpustus. B  ganpHEimem
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HCO6XO,III/IMO pPCAIIN30BaATh MPOTrPpaMMHYIO 060H0‘1Ky JJIA I[&HHOﬁ CUCTCMBI,
OTBCYUAIOIIYIO IICPCUYUCIICHHBIM Tpe6OBaHI/I$IM. Hepeﬂ peaﬂmaunef/i CHCTCMBI Ha
PCAJIbHOM IIPCAIIPHUATHH e€ H€O6XOI[I/IMO IMPOTCCTUPOBATL B YCIOBHAX,
HpI/I6JII/I}KCHHLIX K PCAJIbHBIM, OJIA OIIPCACIICHUA W YCTPAHCHHA Y3KHUX MCCT B
CHCTCMC.

bubanorpaguyeckuii CIUCOK

1. Sandip Lahiri. RFID Sourcebook IBM Press, 2011.

2. Sen, Dipankar. RFID for energy & utility industries / Dipankar Sen,
Prosenjit Sen, Anand M. Das.

PABPABOTKA CUCTEMBI YIIPABJIEHUA KYPCOBBIMUAU
ITPOEKTAMMU HA BA3E CUCTEMBI YIIPABJIEHUA ITPOEKTAMUA B
CMS PLONE

Yyounoe A.K., cmyoenm HTHU (unuana) Yp@Y
I'pecep C.3., HTU (dunuan) Yp®@Y, ooyenm xageopwr « Unghopmayuonnule
cucmemvl U MEXHON0SUUY»

BBenenmne
Panee, B xozme pa3pabOTKM CHUCTEMbl yIOpaBJCHUS MpOeKTaMu ObLia
OTMEYEHAa BO3MOXHOCTh peaiu30BaTh Ha e€¢ Oaze npyryro, Oonee

Y3KOHAIPABJIECHHYIO CHUCTEMY, KOTOpasi UMesl CBOM COOCTBEHHBIN (DyHKIMOHAI,
TaKKe TMO3BOJIsNIA HCMOJIb30BaTh BO3MOXKHOCTH OCHOBHOW cucCTeMbl. bblna
MOCTaBJICHA 1IeJIh Pa3paboTaTh CUCTEMY YIIPaBJICHUS KYPCOBBIMH MTPOCKTAMHU Ha
0a3e cucTeMbl YIpaBJeHUs MPOCKTaMu, KoTopas Obuia co3naHa panee Ha CMS
Plone ¢ ucrons3oBanneM moayis OntoEditor.

JIJist TOCTHKEeHUS 1€ ObLIM MTOCTAaBJICHBI CISAYIONINE 3a/1a4u:

— CHOPOEKTUPOBATH JIOTHYECKYIO CTPYKTYpPY HOBOHM cHCTeMbl, Ha 0ase
OCHOBHOM,

— peaJin30BaTh CIPOCKTUPOBAHHYIO CTPYKTYPY

— pealn30BaTh BBOJ U BBIBOJ JaHHBIX

OcHoBHas yacThb

HNuarpamma 06bexToB UML OCHOBHO# CHCTEMBI BBITJISIINAT Tak (puc. 1).

Jnst peanmsaruu Ha e€ 0a3e CHCTEMBl YIIPaBIEHUS KypCOBBIMU
MPOEKTaMH HEOOXOJUMO J00aBUTh Takue OOBEKThl Kak «KypcoBoil mpoekT,
«Tematukay, «Yuebnas nucuuruinHay, «lIpenonaBatens» u «CtyaeHT» Huke
npenacrasiena {uarpamma o6bexkToB UML cucreMbl ynpaBieHuss KypCOBBIMU
MPOCKTAMH.
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Npoexr 3apaua npoexTa

Ects
EcTh -Haagane npoakTa ﬂ “Hazanne
-Llenk nposura

-Gnucanne
AV

CoCcToAHWE NPOEXTA

-Ha3paxue CoOCTOAHWA

Ecra

S —

Tpafiyat

PeaynuTaT npoekta :
Haipanue pe3ynsTata Hanooex Fpynna nioaed Wiaer
~PEMANAR -Haapamue
Mma Cacronr
-OTyecTeo)
-fara poxaeHWA
-TanedoH
'ﬁ KomneteHyun
Ecte
OcoBeHHOCTH ~Haspanue,
Man {]J Eer TAastanme -Onncanne
-Haazanne OnNACaHue
OGpazosaqHne
-HazsaHue|
“ONHcaHIseE

Pucynoxk 1 — Iuarpamma o6bextoB UML ocHOBHOI# crcTeMbI

kv

PexyneTar npoekTa

-HazgaHue peayneTata Npoexr Janaqa npoexTa

-HazBaHWe NpaesTal =Ha s asine)
-Liene npoesta X -Cnucasme

COCTOAKKE NPOeKTa
-Hazgasme cOCTORMMA Yenceex

—FamrvA Mpynna mogen
¥R l} -HazsaHmne
-OmuecTeO
-[ata posgeHuA
~TenedgoH I
OcobenwocT Komnetenums
flon ‘f} Hanmanng Hainasuee
-Hazaasme ~ONHE AHAE ~CInncasme
Obpazosanmne
-HazeaHwe
-OnucaHmne

Pucynok 2 — Jlmarpamma oobektoB UML crcTeMbl ynpaBiieHUs: KYpPCOBBIMH IMTPOSKTAMH
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Ha pucynke 2 mokazaHo, 4to KypcoBoi NIpOEKT HMeeT pe3yJIbTar,
COCTOSIHHE, TEMAaTHKy M CTYJEHTa, KOTOPBIH €ro BBINOJHACT. TemaTuka
[IpenogaBarenp umeeT YUEOHYIO JUCIIUIUIUHY.

CnpoekTupoBaHHasi CTPYKTypa ObllIa peaii30BaHa MO0 TOYHO TaKOMY K€
IPHUHIKITY, 4TO M ocHoBHas cucreMa. B CMS Plone Obuin co3maHbl Bce
HEJIOCTAOIIHNE KIIACCHI M CBSI3U MEXIy KiaccaMu. Taxkke ObLTH CO3MIaHbI TOJIS
3aIOJTHEHUS U MHANBUIYAJTBI KITACCOB.

BBox nanHBIX OBLT peai30BaH MO CPEACTBY CO3/IaHUs WHIUBHIyaioB. Ha
pucynke 3 n3o0pakeHo 100aBIIeHUs WHIMBHIyana Kiacca « TemaTukay.

title:

Tematnka
HazgaHue » String
Ecte yuebnas gucyunnudal » Yuebuas gucuunnuda) Web-guaaiid v

Pucynok 3 — JloGaBieHue nuauBuayaia kiacca « TemaTuka»

[Tonb3oBaTeNb AOMKEH BBECTH Ha3BaHUE TEMATUKHU KypCOBOTO MPOEKTA, a
TaK)Ke BbIOpaTh YUEOHYIO TUCLHMIUIMHY U3 MPEIJI0KEHHOTO CITHCKA.

BbIBOA MaHHBIX OBUI peaii30BaH C MOMOILIBIO JTOOABIECHHS 3JIEMEHTOB
tiurra Command u co3aHus NOpTieTa, KOTOPBIA CChUIAETCS HA MANKy B KOTOPOH
HaxoJsTCA BCe 3TH 3JIeMeHThl. Ha pucyHke 4 mnpencraBlieH BBIBOJ CIIMCKA
KYPCOBBIX IIPOEKTOB.

Cnrcok o6 beKkToB

= CHCTema ynpaeneHns KypCoBLIMK NPOSKTaMK

HazaeaHue kypcoeoro npoekTaCneTema YNpaBneHuA Ky PCoBRIMIN NPOSKTaMN
Ecte Tematuka CHCTEME YNPABNEHUA NPOEKTaMH

Ectb cocToAHne OTephIT

Ecte peayneTar BrinonHex

= TekcTOBLIA penakTop Ha C#

HazeaHwe kypcoBoro npoekTal eKCTOBRIA pegakTop Ha C#
EcTe Tematuka TekcToBRIA pegakTop Ha C#
Ectb cocToAHne OTephIT

Ectk cTynent Metpoe

Ectk peaynetar B npouecce BEINOMHEHUA

Pucynok 4 — BrIBOJI criMcKa KypCOBBIX IIPOEKTOB.

3akioueHue

Takum 00pa3om, OblIa peanu30BaHAa CHUCTEMa YMPABICHUS KYpPCOBBIMHU
npoekTamu Ha 0aze yxe co3manHod B CMS Plone cucremsr ynpasineHus
npoekTamu. B Oyayiem st JaHHOM cUCTEMbl HEOOXOIUMO peann30BaTh Oosee
yA0OHBIN U PYHKIIMOHANIbHBIA HHTEp(]EIiCc BBO/Ia U BHIBOIA TAHHBIX.
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MMPOEKTAPOBAHUE CTPYKTYPHI JIUISI YIIPABJEHUS YYEBHBIM
MPOLIECCOM

Hlaopuna E.B., HTU (puruan) Yp®@Y, cmyoenm xagheopvr ungopmayuormwvix
MexHoN02Ul
I'pecep C.3., HTU (dunuan) Yp®@Y, ooyenm xagedpwl ungopmayuoHuwix
MexHoN02UU

YuebHbIll mpoliecc - CUCTeMa OpraHu3aluu y4eOHO-BOCTIMTATEIbHOMN
nearenbHocTH. Cuctema ympasieHust yueOHbIM Tmporieccom (CYVII) - arto
CpPEeICTBO I XpaHeHud wuHpopmamuu o Kadenpax HMHCTUTYTa, 00
aKaJIeMUYECKUX TpyNIax, CHENHAIbHOCTSIX, O COTPYJHUKAX U CTYJICHTaX.
Kaxmas cnenuaabHOCTh OTHOCUTCSI K OMPEIeSICHHON Kadeape U onpeIesICHHOM
aKaJleMUYECKOM TpylIe, COOTBETCTBEHHO KaKJas akaJeMUYyecKas TrpyIina
BKJIIOYA€T B Ce0sl OMNpeeICeHHOE KOJMYECTBO CTYIEHTOB. Takke cucrema
XpaHUT B ce0e nHpopMaIuio 00 MHIUBUIYATbHOM PACIIUCAHUN KaXKIOW TPYTIIBI
CTYJEHTOB.

OCHOBHBIM JTIOKYMEHTOM KaXJOr0o TIpernojiaBatelnis sBiseTrcs pabodas
nporpamma. PaGouas mporpamma - JOKYMEHT, ONPEACIISIFOIINI COCTaB y4eOHbIX
MPEIMETOB U KYpPCOB, M3y4aeMbIX B 00pa30BaTEIbHOM YUPEKIECHUU WIM Ha
OTIpEJICTICHHON CTyNeHn 00pa3oBaHusl, U UX 00beM B yacax. CucTemMa CO3/1aHus
pabouyux MOporpaMM - 3TO CPEICTBO JUIsl XpaHEHUs HHPOpPMALUU O KaKIOU
JTUCUUIUIMHE; KOJMYECTBE YacoB Ha AayJUTOPHYIO paboOTy CTYIEHTOB,
7abopaTopHble W MPAKTUYECKUE 3aHATUS, CAMOCTOSITENbHYIO paboTy;
nHpOpMaIIMK O 3HAHUSAX, YMEHHUSX M HaBBIKax, MPUOOPETAaEMBbIX B MpOIECCce
oOyuenus u ap. Pabouas nporpamMma NUIIETCS MO ONPEISICHHON AUCIUIIINHE,
U3y4aeMoil B KOHKpeTHOM ceMmecTpe. [1o3ToMy Kaxablii pernoaBaresib MOXKeT
UMETh OJIHY WJIU HECKOJIbKO pabodmx mporpamm. Tak ke, Kak v 000 Jpyroi
JIOKYMEHT, paboyas nmporpaMmmMa uMeeT KpuTepuu opopMiIeHusI.

Pabouast mporpamma ompesensieT 00IIyIo 1eIb MOATOTOBKH CIICIHAINCTa
U CO3/aeTCs DKCIepTaMd Ha OCHOBE HX TPEJCTABICHUH O HEOOXOIMMBIX
YCJIOBUSIX TOATOTOBKU IO TOW WJIM MHOM crnenuanbHocTu. Pabodast mporpamMma
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BVY3a pa3pabarbiBaeTcsi M yTBEpKIaeTCs €XErogHo /0 Hayaja HOBOIO
y4eOHOTro rojia Ha OCHOBE Y4€OHBIX IJIAHOB.

B pamkax wuccnegoBaTenbCckol paboThl OBUTM PACCMOTPEHBI CIIOCOOBI
opranuzainuu yudeOHoro mporiecca Ha npumepe HTU (dbwmman) Yp®Y, nusa
MPEIIOKEHHS CLIOCOOOB €r0 ONTUMU3AIUH.

[Ipoananu3upoBaB CUTyaIMI0 B Y4EOHOM YUpEXKICHUHU, OBLJIO 3aMEYEHO,
YTO CYIIECTBYET MpoOiieMa XpaHeHHs WHGOPMAIMM ¢ B3aWUMOJCHCTBUS
noapaznenenuii BY3a wmexnmy coboii. Bces unbopmamus xpanuTcs B
JOKyMEHTaX pa3HbIX (GOpMaTOB W B BUAE TBEPABIX Komud. UTOOBI
aBTOMATHU3HPOBATh MpoIEecC paboThl ¢ JHOKYMEHTAMH HCHOJIb3YeTCS OONbIIOe
KOJIMYECTBO MporpaMM M MpUIOKeHH. OTCYTCTBYIOT €IWHBIC MIa0JOHBI JIs
opopMIIeHUSI JOKyMEHTAaIluu. EKerogHo mpenoaaBaTeid CTATKUBAIOTCA C
OOJBIINM KOJMYECTBOM ‘‘OyMakHOU” pabOThl. DTO OTHMMAE€T MHOTO CHJI U
BpeMeHu. Takoil crocod oOpaboTku nHpopMmaiuu sBisieTcss HedHEKTUBHBIM,
T.K. OTO MOXET TNPUBECTH K AyOJIMPOBAHUIO, WCKAKEHUIO, TMOTEPIM
uH(dopMaIuu, 3aMeJICHUIO TIOMCKA U, KaK CIEJCTBUE, TPYAHOCTSIM B padoTe.
MMeHHO T1OATOMY BO3HHMKJIA HEOOXOAMMOCTh aBTOMATHU3UPOBATH IPOIIECC
co37aHus paboyeil MporpaMMBl.

[lenbto naHHOW pabOTHI SABISETCA NPOCKTUPOBAHUE CTPYKTYPHI s
yIpaBieHUusl y4eOHBIM MPOIIECCOM Ha mpuMmepe pa3padbotku crpykrypsl HTU
(bumnama) Yp®Y, a Takke MOASIHPOBAHHE MNPOTPAMMHOIO CPEIACTBA s
co3gaHus padovMX IIAHOB MPENOAaBaTENe HA OCHOBE CEMAaHTUYECKOM CETH.

UroOsl cpepa crana JOCTYNHOW JUIsl MCIOJIb30BAaHUS JIIOJbMU Pa3HOTO
YPOBHSI 3HAHUM, OHA JIOJDKHA MMETh MPOCTOM M JOCTYNHBIM uHTepdeiic. OHa
JIOJDKHA CTaTh YIAOOHBIM CPEICTBOM I XpaHeHUus MHpopmaiuu o0 yuyeOHOM
3aBECHUH, JOJIKHA OBITH JJOCTAaTO4YHO YHUBEPCAJIbHOM. Ilon
YHUBEPCAIBHOCTHIO TMOHUMAETCS TO, YTO MPOTrPaMMHBIA TMPOAYKT MOMKHO
MCIIOJIB30BATh JJIS JIIOOOTO JIPYroro Y4eOHOTO YUpPEkKIACHUS YaCTUYHO U3MEHUB
Mozenb. Cuctema JOHKHA OTBEYaTh TPEOOBAHUSAM JIETKOW PaCHIUPSIEMOCTH H
rHOKOCTH. DTO HEOOXOIUMO Il U3MEHEHHUS MOJENU, B Clydae yBEIMYCHUS
nojpasiefieHui  y4eOHOro yupexknaeHus. Takxke cpeaa JOKHA HWMETh
BO3MOYKHOCTh YJIaJIEHHOTO MCIOJIb30BaHUSl, 4YTOOBl YYaCTHUKH Y4eOHOTrO
Ipoliecca MOTJIM BHOCUTh U3MEHEHUS, HE BBIXO/S U3 JI0MA.

Jist Toro 4toOBl MOJEAb WH()OPMAMOHHOW CHCTEMbI MOIJIa OBITh
MCIIOJIb30BaHAa JJI PEIICHUs IMPOKOTo Kpyra 3a/1ay, OHa JIOJKHA 00ecTeurnBaTh
NPEACTAaBICHUE BCEX BHJIOB 3HAHMM, HEOOXOAMMBIX JJII HOPMAJIBHOIO
GbyHKUMOHUPOBaHUS MHPOPMALIMOHHON cucTembl. Hambonee moaxonsiue asis
3TOrO CPEACTBO — OHTOJOTUS T.K. OHa OOECleYrBaeT HENPOTUBOPEUYUBOE
HaKOIJIEHUEe JI000ro KoiudecTBa HMH(OpPMAIMM B CTaHAAPTHON CTPYKType
kinaccudukanuu. Takoil MoaX0 TapaHTUPYET OJAHO3HAYHYIO WICHTU(DUKAITUIO
PECYPCOB HE3aBUCHUMO OT PA3IUYHBIX TPAKTOBOK UX HAUMEHOBAHUN Pa3HBIMU
paszpabotunkamu. Kaxapii nHPOPMAIMOHHBIM OOBEKT — HEKOTOPHIA IJIEMEHT
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OHTOJIOTUH, KOTOPBIA UMEET OINPEACICHHYI0 CTPYKTYPY € 3aJaHHbIM HaOOpOM
aTpuOyTOB.

JIyist peanu3aiy MOCTaBJICHHBIX 3a/lay CYIIECTBYET MHOXKECTBO CPEJCTB
npoekTupoBanus. [ pa3paboTku maHHOrO npoekta Obul BeiIOpan CMS Plone
4. Vcnonb3oBanue Plone Oyaer HamIydliuM peUIeHUEM, KOTOPOE MO3BOJIUT
JIETKO J00aBISATh U PEAAKTUPOBATH JIOOBIC THMBI WHPOPMAIUA U MHOTOE
npyroe 0e3 dYacTod YCTAaHOBKHM JIOMOJIHUTEIBHBIX Mogmyiei. OO0macTth
MPUMEHEHUSI CUCTEMBbI OYEHb MIMPOKA: OT MPOCTHIX CTPAHUIl 10 TPOMO3IKHUX
KOPIIOPaTUBHBIX TMOPTAIOB. PenakTupoBaHUE MAaTEpHAIIOB OCYIIECTBIISETCS B
TOM € MECTE, IJIe CTpaHUIla HaXOAUTCS Ha CaliTe.

B mpouecce paboTel Obula CHPOEKTUpPOBaHa MOJEIb, a 3aTeM
UCIIOJIb30BaHA B peann3yeMoi cucreme. [ Toro d4roObl OCYIIECTBUTH
yIOOHYIO U TIOHSTHYIO CTPYKTYPY XpaHEHUs TaHHBIX OBbLIO CO3/IaHO HECKOJIBKO
OCHOBHBIX  KJIACCOB,  COOTBETCTBYIOIIUX  CIIPOEKTUPOBAHHOM  MOJIEIIU:
"Vuactauk", "I'pymnma", "CnenuambHocth", "Pacnucanme" wu "Pabouas
nporpamma" u "llla6non odopmienusa". Jns Oosiee MOAPOOHOTO OMHCAHUS
CUCTEMBI K OCHOBHBIM KJlaccaMm ObUTH A00aBiieHbl ToJKiIacchl. Hampumep, mis
kiacca "YdyacTHUK" ObUIM CO37@aHBI (POPMBI, BHUJBI, TEXHOJIOTHU OOYYEHHS,
JUCHUIUIAHBL, ponu "cTyaeHT' U 'mpenogasarens” u T.A. Hnsg co3pgaHus
pacniucanus  ObUIO  CcO3AaHO  OOJBIIOE  KOJMYECTBO  JOMOJHUTEIBHBIX
noakinaccoB: "Jlenp Hepenun'", "Bun vegenun", "Homep mapst”, "3anarue”, "Bun
3ansatua’, "Homep aymuropun", "llpenmonmaBatens" w mp. [ng co3manus wu
XpaHeHus pabouyux MporpaMm IMpenojaBaresnel ObUIM JA00aBJICHBI TaKHe
nojaknaccel Kak: "Jlaboparopusiid npaktukym", "CopepxaHue AUCHUIUIMHBIL",
"Pacnpenenenne  tpymoemkoctu". "OK IIK"  (oOmekynbTypHblE U
npodeccruonanbubie komneTeHIun) u "3YBe1" (3HaTh, yMETh, BIAJIETh).

Ha ocHOBaHMM ONMMCaHHBIX BBINIC KIACCOB ObLIa CO37]aHA OHTOJIOTHS
(Pucynok 1). Ha pucynke npencraBieHa 4acTh OHTOJIOTHH. Ha qaHHBI MOMEHT
CUCTEMA COJEPKUT nopsiaka 134 31neMeHToB.

4 (20 Main
4- @ Tpynnel

CreunansHoCTH
- (20 YuacTHikn
4. (27 PacnucaHue
4 (21 BaseTypes
# (0 Types
4- (] Pabouan nporpamma
4. (& Kathenpa UT
4- (20 OpraHn3aums NpakT aaH. M camocT. paboTel
e OK MK
e 3¥B

e Copepwanie SUCUANMHHE

led Pacnpegenerne TpyaoemKocTi

4- (2] NabopatopHelit npaxTkym

> (] Wabnon ofopmnenns

Pucynox 1. /IepeBo oHTONOTMU
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Jlns  obecneyenus Oosee yaAoOHOTO B3aMMOJECUCTBUS C CHCTEMOU
HEO0OXOJIMMO BBIJICIUTh HECKOJIBKO poJiei mosb3oBateneit: "Tocth, "CryneHt",
"l[IpennonaBatens"”, "Anmuauctpatop" (Pucynok 2). Ha pucynke npencraBieHa
4acTh BO3MOYKHOCTEH, KOTOPBIC MOSBISIOTCS y MOJb30BaTeIeH MPH MOTYyUYESHUH
COOTBETCTBYIOIIIECH POJIH.

Pucynok 2. Pacnipenenenue npas goctymna

JloCcTOMHCTBaMH MPOSKTUPYEMOU CUCTEMBI SIBIISIOTCSL:

— OJIMH IPOrPAMMHBIN MPOJIYKT yI00HEE OOCTYKUBATD;

— yn00HOE UCIOJIb30BaHUE PECYPCOB OJHOM 0a3bl JaHHBIX;

— COKpaIlleHHe BpEMEHHU Ha TTOWCK U ()OPMHPOBAHNE JOKYMEHTOB H TIP.;

— yBenumdeHue o0beMa JOCTOBEPHOW HH(POPMAIINH;

— Oonplmas 4yacTh  OYMaXHOTO  JOKYMEHTOOOOpOTa  3aMEHSeTCs
AJIEKTPOHHBIM.

Ho mro6ast cucrema nMeeT CBOM HEJIOCTATKH:

— HEOOXOIWMBI BpPEMCHHBIE 3aTpaThl HAa BHEIPCHUE W JalIbHEHIee
o0cITyKUBaHUE;

— Tepell BHEIPESHUEM HOBOTO IMPOIYyKTa HEOOXOAMMO CTPYKTYpHUPOBATH
UMEIOIIHECS TAaHHBIE BCEX MOPA3ICICHUN OpraHu3aIuy;

— HEOOXOMMO HAJIMYUE KOMIIBIOTEPOB, OTBEUAIOIIUX CHUCTEMHBIM
TpeOOBAHMSIM TIPOTPAMMHOTO IMPOAYKTA.

Ha manspIli MOMEHT OblTa pa3paboTaHa 4acTh CTPYKTYPBI YIpaBICHHUS
y49eOHBIM TIPOIIECCOM, a TakKXKe CO37aHa YacTh MPOTPAMMHOTO CPEICTBA IS
co3gaHus pabounx IIaHOB. Peanmn3oBaHHas MOAENh TOCTPOSHA HA OCHOBAHUU
naHHbIXx 0 HuwxknerarmnbckoMm TexHomornueckom MHcTUTyTE. B nansHenmem K
pazpabarpiBaeMOMy MPOTPAMMHOMY MPOJYKTY OyaeT goOaBieHa BO3MOXHOCTh
WCITOJIb30BAHUS JICKTPOHHON OMOIMOTEKH, Tak)Ke OyIeT JOMOTHEHA CTPYKTYpa,
Ha OCHOBE KOTOpOH OyJeT MNpOMCXOJWTh TI'eHepanus 0a30BBIX ITa0JIOHOB
JIOKyMEHTOB B COOTBETCTBHH C MOTPEOHOCTIMHU yUEOHOTO YUPEKICHHSI.

PazpaboTanHyro MoJieih MOKHO HCTOJB30BAThCS JIJISI PEIICHUS CXOXKUX
3alad  MpU  yCIOBUM TPEABAPUTEITHLHOTO aHaIM3a CTPYKTYpbl OOBEKTa
WCCJICIOBAHUSI M COMTOCTABJICHUS OOBEKTOB.
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CNCTEMbBI ABTOMATU3ALINN ITPON3BOOCTBA

HACTPOUKA TOUYHOI'O NO3ULITUOHUPOBAHUA
CEPBOIIPUBO/JIA

Anvgpupenko A.b., cmyoenm HTU (puruana) Yp@Y
Hcaee U.H., HTU (unuan) Yp@Y, ooyenm xageopor « ATIICy

BBenenue

N3 wucropum aBTOMAaTU3alMU MPOU3BOJCTBA H3BECTHO, YTO COBCEM
HEJJABHO TMPUBOJA IIOCTOSHHOTO TOKA CTajld 3aMEHATh ACUHXPOHHBIMU
IPUBOJAMHU C YAaCTOTHBIMHU INpeoOpazoBaTensiMu. Ho B Haie BpeMs Bce yalie
P MPOCKTUPOBAHUM W BHEIPEHUM HOBBIX TEXHOJIOTHYECKUX YCTaHOBOK
OTJIAIOT TNPEINOYTCHHE CEPBOIPUBOJAM W BEHTWIBHBIM JIBUTATEISIM. OTO
CBS3aHO KaK C SKOHOMUYECKHMH, TAK U C KAYECTBEHHBIMHU MOKa3zaTessiMu. K
IpUMEpPY, ACHUHXPOHHBIA MPHUBOJ C YACTOTHBIM IpeoOpa3oBaTeIeM HMEET
CpeIHUIN Auamna3oH peryiupoBaHusi B mpenenax 1/50, a cepBompuBoga u
BEHTWJIbHBIE JIBUTaTesl NPH TEX K€ HOMHUHAJIBHBIX MOIIHOCTH U KPYTSIIEM
MOMEHTE HMMEET MEHbIIME rabapuThl U JIuana3zoH peryiaupoBanus ao 1/200.
OpnHako, BO BCEX THUIIAX IPHUBOJOB TJIABHOM 3aJadyedl NMpU NPOCKTUPOBAHUU
OCTaeTcsl MpaBUJIbHAs HACTpPOWMKa CHUCTEMBbl ympasiieHUs. B nanHoil pabote
OyneT paccMOTpeHa MoJelib cepBompuBojga B makere MatlLab u mokasano
BJIMSIHME HAaCTPOEK PETYJIATOPOB Ha padOTy MPUBOJA.

CepBoaBurarenb, Kak 1 aCUHXPOHHBIA JIBUraTelb, SIBISETCA JBUTAaTEIEM
NIEPEMEHHOr0  TOKa. Jld TOJydeHHs XOpOIIMX  XapaKTEpUCTUK  JUIA
ACUHXPOHHOTO JBUTATeNsi TpeOdyeTcs NPUMEHUTh CHCTEMY BEKTOPHOTO
yhnpaBieHus, I1e TpeOyeTcs mpeoOpa3oBaHHE KOOpAMHAT (OT HEMOABHKHOM
CUCTEMBI K Bpamjatrouieiics u o0OpatHo). B cucreme c cepBoaBurareieMm
peryiaupyemMble KOOpAMHATHl (TPEXIE BCEro — TOK CTAaTopa) SBISIOTCS
MOCTOSIHHBIMU BEJIMYMHAMU U HE TpeOYyIOT mpeoOpa3zoBaHus koopauHat. llpu
TOM, CHUCTEMa YIPABJICHHUS MOXET OBIThb TaKOM K€, Kak M JUIsl JBUTrATEIs
MOCTOSIHHOTO TOKa (CUCTeMa MOJYMHEHHOTO pPEeryjJupoBaHMs). OJTa CHUCTEMa
npeacrasieHa Ha puc. 1, rae RT - perynstop Toka, RS - perymsarop ckopocTy,
RP — perymstop mnonoxenus. Kpome TOoro, mpu HacTpoillke peryiaaropa
MOJIO)KEHUsI He TpeOyeTcsi y4YWUThIBaTh BEJIMYMHY IHepeMelnieHus (Mmalnoe,
cpenHee, Oousbinoe). B Hacrosieit paboTe Mmoka3aHo, YTO €CTh BO3MOXKHOCTD
YBEIIMYUTh TOYHOCTh 33JIaHHOTO MepeMelieHus 3a cuer nepexonaa or I1- x T1H-
PETYIATOPY MOJOKEHHUS.
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Pesynbprarel MonenupoBaHUS TPEICTABICHBI Ha pUC. 2, T/I€ OCHOBHAs
koopauHaTta thetam - mepememienue pabouero opraHa, oTpaOaThIBaeTCs C
BBICOKOI TOYHOCTBIO (3aaHHOE TIepeMenieHue - 85).
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Puc. 2. Pe3ynbrarsl MOETUPOBAHUS

BriBoa

PaccmarpuBasi XxapaKTepHCTUKH CEPBOIPHBOJIA, MOXKHO YOSIUTHCS, UTO B
CPaBHCHMH C KJIACCHYECKMMHU IPUBOJAMHU TMOCTOSHHOTO TOKa  WJIHA
ACMHXPOHHBIMM TIPUBOJIAaMH C YaCTOTHBIM MpeoOpa3oBaTesieM, OH HMEET
Jy4Illie TOKa3aTeau MO3UIMOHUPOBAHUS U OBICTPOIEUCTBUA. A 3TO, B CBOIO
ouepe/ib, SIBISETCS TJIABHOM 1EJIbI0 B MOBBIIICHUH OBICTPOJAECHCTBUS U TOUHOCTH
MIPOCKTUPYEMOT'O 000PYAOBAHUSI.
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YUET BJUSAHUSA HATPEBA CTATOPHOM OBMOTKU ITPU
OIITUMM3AIIUUA CUCTEMBI YIIPABJIEHUA BEHTUJIbBHBIM
JABUI'ATEJIEM

baknaee A. A., cmyoenm HTU (punuana) Yp@Y
HUcaee H.H., k. m. ., ooyenm HTU (puruana) Yp@Y

[Ipy nOpoeKTUpPOBaHMU ABTOMATU3UPOBAHHBIX CHUCTEM  yIPaBJICHUSA
AJIEKTPONPUBOAOM HACTPOMKY KOHTYPOB YIPABJICHHUS MPOHU3BOAAT C YUYETOM
TOT0, YTO MPHUBOJI IKCIUTyaTUPYETCS] B HOPMAJIbHBIX, YCPEAHEHHBIX YCIOBUSIX
IpU CTaHJAPTHOM NPOTEKAaHUM TEXHOJIOTMYECKoro rmpouecca. OpHako Ha
MpPaKTUKE HATH YCJIOBUS OTJAMYAIOTCS U, MNOpUUYEM MOTYT HM3MEHSTHCS
HEIMOCPEJICTBEHHO Mpu pabore obopynoBaHusa. [IpuMepoM MOKET MOCITYKUTh
IIPOKAaTHOE MPOMU3BOJICTBO, B KOTOPOM CHUCTEMa YIpPaBJICHUS MPUBOAOM
MIPOKATHOT'O CTaHA pacCUUTaHa JJisl ONPEIECICHHON TEMIIEPATyphl 3arOTOBOK, HO
Ha TpaKTHKE TeMIieparypa TocieaHel 3arotoBku moxkeT ObiTh Ha 100-300
IpaaycoB MEHbINIE, BCJICJACTBUE YETO BO3HHMKAIOT OOJIBIINE YCHIIHS, KOTOPHIC
COOTBETCTBEHHO BbI3BIBAIOT IMIOBBIIIEHWE HarpeBa MamuHbl. Jlns yuera
M3MEHEHHS] OKPYXKAIOIIUX YCJIOBUWA W TapaMeTpoOB IMPUBOJA NPUMEHSIOTCA
pa3JIMuHbIE KOMIIEHCAUA U CUCTEMBI aJalITUBHOTO 3JIEKTPOIPUBO/IA.

B nannoit paboTre mocrapieHa 1elib U3YYUTh BIUSHUE U3MEHEHHUS TaKOTO
napamMeTpa Kak CONpPOTHUBIIEHHE CTAaTOPHOW OOMOTKH, BBI3BAHHOTO HAarpeBOM
AJIEKTPUYECKOW MaIMHBI Mpu padbore B pexkume S1. B kadecTBe uccnemyemoit
CUCTEMBI Oy/IET MCIOJb30BaHA CUCTEMA YIPABJICHHS] BEHTHJIbHBIM JIBUTATEIIEM,
TaK Kak TaKHe 3JIEKTPONPHUBOJIbI CTAHOBSITCS Bce 0OJiee MOMyISPHBIMH, OHU
JIMIIEHBl HEJOCTATKOB MAIIMH MOCTOSIHHOTO TOKa, 00Jiee MPOCThl U HAJIEKHBI B
JKCIUTyaTallik, MWMEIOT CHUCTEMY VIPABICHUS, CXOXKYHD C CHCTEMOMU
MOAYMHEHHOTO PErYJIMPOBAHUS KOOPJIUHAT JIBUTATEINSI HIOCTOSIHHOTO TOKA.

Ha pucynke 1 mnpencraBiieHa CTPYKTypHas CXe€Ma MOJEIUPYEeMOU
cucteMmbl ynpasieHuss. (OCHOBHOM peryjupyeMod KOOPIMHATOW SBISIETCSA
NepeMeIIeHIe, CUCTeMa BKITIOYAET B CeOsl TPU 3aMKHYTHIX KOHTYpA.
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JUisi u3ydeHMs] BIMSHUS W3MEHEHUS CONPOTHUBIICHUS IPOBEAEM CEPHIO
onbITOB. [lepBOHAYaJIbBHO MPOMOJAEIUPYEM CHUCTEMY IPH ONTHUMAJIBHBIX
HACTpOMKax, IMOJYYEHHBIX NPU pacyeTe, CUHXPOHHAs MAIllMHA HAXOAUTCS B
XOJOOHOM  cocTossHUM.  [lomydeHHble — XapakTepucTUKM (Ha  puC. 2)
YIOBJIETBOPSIOT 110 KAYECTBY MEPEXOIHBIX MPOLECCOB I MAILIMH IEPEMEHHOTO
TOKa, OJHAKO TIOABIIIETCS He3HAuMTeNbHas omuOka 1o 3amaHuto. [lpu
JaNbHEUIeH SKCIUTyaTallud B pexume S1 Tpou3oiiier pa3orpeB MalluHbl,
TEOPETHUYECKH TEMIIEPATYPa MAIIMHbI JOJDKHA HAXOAUTHCS B paitone 75°C.

Puc. 2. OcrumorpaMMbl TIPOIIECCOB B XOJIOTHOM COCTOSTHUU 0€3 KOMITCHCAIIHH.

IIpn naHHOW TemMmeparypsl CONPOTHBIIEHHE MalMHbI Bo3pacteT 10 0.6
Om. Ilpu MopmenupoBaHMM NPOLECCOB MPOTEKAIOIIMX B AJIEKTPONPUBOAE B
Pa3orpeToM COCTOSHUM YBEIMYMIIACh OLIMOKA M0 3aJJaHUI0 Ha NEPEMEILECHUE, 110
CPAaBHEHMIO C MpPEABIAYLUIMM OINBITOM Ha 4 paauaHa, 4TO HE MOAXOAUT IJs
yOpaBiI€HUs TOYHBIMU HpuBoJamMu. B  kadecTBe pemieHHs MpoOIeMbl
HECOOTBETCTBUSI  (PAKTMUECKOTO  MEPEMELICHUS  33JaHHOMY  MOJKHO
UCIIOJIb30BaTh aJANTUBHBIN PEryssiTOp, KOTOPbI OyAET CIEeIUT 3a COCTOSTHUEM
HarpeBa MallliHbl, OJHAKO 3TO CJOKHO PEaJU3yeTCsl TEXHUYECKH, TaK Kak
IPOrpeB MAIIMHBI MPOUCXOIUT HEPAaBHOMEPHO, JTMOO BBEIEHUEM B PErYISATOP
ITOJIO’KEHMS] HUHTEIPAIIBHOW COCTABJISAIOLLEH.
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Puc. 3. OCHI/IHHOI‘paMMLI B Harp€ToM COCTOAHHHU C YUCTOM KOMIICHCAIINU.

B MeHee OTBETCTBEHHBIX MPHUBOJAX, IJ€ HEOONBIIOE OTKIOHEHHE
IIEPEMELICHNS OT 3aJaHHOIO HE KPUTHUYHO BO3MOKHO M3MEHEHHs IapamMeTpOB
HACTPOMKHU peryisTopa CKOPOCTH B IIpOLECCe OTIaAKH, KOTOpoe Oyaer
rapaHTUpOBaTh JOMYCTUMOE OTKJIOHEHHWE IpU BCeM paboyeM aMara3oHe
CONPOTUBIECHUN. XapaKTEpPUCTHUKH, IIOJIY4YEHHBIE IIPU pealu3alvyd JaHHOU
KOMIIEHCAIlUM, MPEJCTABIECHbl Ha ocIuiorpaMMme Ha pucyHke 3. Ha rpaduke
nepeMeleHns] SBHBIM 00pa3oM BHUAHO, YTO YToJl MEpPEeMEIICHUs CHUCTEMBI B
HarpeTOM COCTOSIHUM C KOMIIEHCAllMEW COOTBETCTBYET YIINIy NEPEMELICHUS
VCXOJHOU CUCTEMBI B XOJIOJHOM COCTOSIHUU.
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Puc. 4. 3aBucHMOCTb TIepeMEIIeHHsI OT COTPOTUBIICHUSI CTATOPHON OOMOTKH.
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Ha puc. 4 mnpencraBieHa 3aBUCUMOCTh KOHEYHOIO MEPEMEIIEHUS OT
COCTOSIHUA ~ CTaTOPHOM OOMOTKH. Ty 3aBUCHUMOCTb C  JIOIMYCTUMOU
MNOTPENTHOCTHI0 MOKHO CUMTATh JIMHEWHOW, M Kak CIEACTBUE, MOJCTPOUKY
peryJsiTopa CKOPOCTH MOXKHO OCYHIECTBISATh JIMHEMHO M aBTOMATHU3UPOBAHO,
MyTEM BBIYKMCIICHUS PAa3HUIIBI 3aJ]aHUs Ha MOJIOKEeHHEe M (aKTHUEeCKOTO U MOCIie
MaTEMaTUYeCKOTO  BBIYMCIICHUS  ONPEACTUTh  HEOOXOAMMOE  3HAYCHHE
MPONOPLUHUOHAIBHON YaCTU PETYIATOPA CKOPOCTH.

PA3PABOTKA METOJUKHA UCCJIEJJOBAHUSI YCTOMYUBOCTH
NCTOYHUKA BTOPUYHOI'O DJIEKTPOIIMTAHUSA

bproxanosa E.B., Yp®Y, cmyoenm xagedpor « Asmomamuxuy
Ceemnakoe B.A., HauanvHux cekmopa Ha3emMHOU annapamypbl
INEKMPONUMAHUSA

NBOII  sBnsitoTcs  HEOTHEMJIEMOW  COCTAaBHOM  4acThio  JIt0OOM
PaINO3TIEKTPOHHOM CUCTEMBI U JIOJKHBI OTBEYATh TPEOOBAHUSIM IO Tabaputam,
Macce, a TIJaBHOE€ — HaJeKHOCTH. COBpEeMEHHBbIE METOAUKU pPa3pabOTKH
M0/IPa3yMEBAIOT ONEPATUBHOE MOJTYYEHUE OMBITHON MOJIETN MPeoOpa3zoBaTes U
JANbHEHIIYI0 €ro ONTUMH3ALUI0 TyTeM J0padOTOK 10  pe3ysibTaTam
7a00paTOpHBIX UCHbITaHUW. OYEBUIHBIM HEJOCTATKOM TaKOW METOJIUKHU
SBJISIETCA TO, YTO pa3pabOTUYMK BHOCUT MUHUMAJIbHBIE KOPPEKTUPOBKU B MOJICIIb
HEIMOCPEJCTBEHHO Ha JTamax pa3paboOTKH BMECTO TOr0, YTOOBI Cpa3y
OTCIICKUBATh CTEMEHb YCTOWYMBOCTU OyIyIero mnpudbopa Kak CHCTEMBI
aBTOMATHYECKOTO YNPABJICHUS W OINEPATUBHO W3MEHITh KOHCTPYKTOPCKHE
pelIeHns, pyKOBOJICTBYSICb MAaTEMAaTHYECKUMH YPABHEHHSIMU, OMHCHIBAIOIINMUI
NOBEJICHUE CUCTEMBI.

B pazpaboTkax pakeTHO-KOCMHYECKOW TEMaTWKH Hauboyiee dYacTo
Bcrpevatotcss DC-DC  mpeobOpazoBatenu. OHU  mepenaloT JIHEPTUIO  OT
MEPBUYHOIO0 UCTOYHUKA TUTAHUS B HATPY3KY.

YuuteiBas npeumyiiecTBa mpeoOpasoBarened, paboTaronmMx 1O
npuHOuIy oOpatHoro xona[l], B pabore paccmaTpuBaeTcs MPOCTOM
oOpatHOX0M0BbIi  mpeoOpazoBarens  (OXII) wu  cocraBiseTcs  €ro
MaTeMaTU4yecKas: MOJieib, MO3BOJISIONIAs OLEHUTh 3amachl YCTOMYMBOCTH TIO
aMIuTyzae u ¢ase.

Ha pucynke 1 mpuBeneHa cxema TpaH3UMCTOPHOIO IpeoOpazoBarensi C
oOpaTHBIM BKJIIOYEHUEM BhITIpsiMUTENeH Toka Harpy3ku (OXII).

155



WDl

¥ D2 %R
R

Pucynox 1 - Cxema OXII

PaznuyaroT aBa OCHOBHBIX 3Tama paOOThl CXEMBL: 3Tall HAKOIJICHHS
HHEPrUM TPaHC(HOPMATOPOM OT MEPBUUYHOTO UCTOUYHHUKA IEKTPONUTAHUS U 3TAll
IIEpEHOCa DHHEPIMM BO BTOPUYHYIO ILenb. [Ipy 3aMblkaHuM Kiro4da, Ha
NEPBUYHYIO OOMOTKY TIOCTyNaeT HampsbkeHue. B cepiedyHHMKe HapacTaer
MarHUTHBIN MOTOK (HaKarMBaeTcs 3Heprus). Bo Bpems 3anupanus Kioya, TOK,
POXOSIINNA Yepe3 NEPBUUYHYI0 OOMOTKY, PE3KO yMeHbIIaeTcss. Bo BTopuyHOi
LENMX HAYMHACT NPOTEKaTh TOK, KOTOPBIM 3apsKAET KOHJEHCATOP M IIUTAET
Harpy3ky. IIpeacraBum OXII B Buae cxembl 3aMenicHusa[2] ¥ cocTaBUM
ypaBHEHUS JJIA TUX 3TanoB (YpaBHEHHUs COCTaBJIEHbl Ha OCHOBE AJITOPUTMA,
IpeUIoKeHHOro B. MenemuHbIM U1 IPOCTBIX MMITYJIBCHBIX PETYJISITOPOB
HaIPSHKEHUS ).

(2
Pucynok 2 - DxBUBaJIeHTHas cxeMa Ipeodpa3zoBartessi ¢ 00paTHBIM BKIIOUEHUEM
BBIIIPSIMUTENEN

OGo3HAUYUM BEKTOPHI MMEPEMEHHBIX COCTOSHHMS JUIA  CXEMBI  Kak
x = [i;u-]" ¥ BeKTOpPHI BXOAHBIX CHTHATOB U = [U.,i]7. CoCcTaBUB ypaBHEHUS
JUISL OTAIlOB MMITYJbCa W TMAy3bl, & TAK)Ke MPOBEIS HEKOTOPHIE BBIYHCIICHUS,
MO’KHO TIOJTyYHTh CIEAYIOIINE CHCTEMbI YPABHEHHUIA:
B unTepBane umnyJbca:
dim _ 1 g

dt L1
dUe 1 1 .o 1)
— = cUp—=-1
dt C-R, c

B uHTepBane nay3sl UMeEM CUCTEMY:
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dify 1 1 L1 di

dt L2 C oz "2 12 ar (2)
du 1. 1 1 .

L = - " 'E’I. + " Uc' — =1
dt c C'R,

JlanpHeliee pemieHne 3TUX CHUCTEM NPHUBOJIUT HAC K YPaBHEHHIO,
OIKCHIBAIOIEMY TIOBE/ICHUE HETPEPHIBHOW JTMHEWHON MOJENN CHIIOBOW YacTH
npeoOpazoBaTes:

X=A, %+ By 1l +E-d - obumii Buz 3)
rne Ap, Bp u E — maTpuisl, onpeaenseMbie COCTOSHUEM CUCTEMBI.

diy 1-D D Lo o o ~
L= -U,:+—-Uﬁx+(—'~"+ﬂ)-d
dt L2 L1 L2 L1

_ . - (4)
d_ﬁ:_ﬁ.q LU -1.1+2g
dt c C'Ry c c
Nnu B oneparopHoit popme:
~ 1-D D U U\
s () = =22 Ue(s) + 2 Upu(s) + (22 +2=) - d(s) 5

s+ Ue(s) = =2 () + - Uc(s) ==+ I(s) + 2d(s)

1
C-Ry

3nmeck d(s) ecTh 3aBHCHMOCTH OT BEKTOpA IEPEMEHHEIX COCTOSHHUS H
BEKTOPA BXOJHBIX CUTHAJIOB

To ects d(s) = F(s) - X(s) + Q(s) - U(s) — ypaBHeHHE yrIpaBieHus, r1e
F(s) — matpuna cBssu kod>(QUIMEHTA 3al0JHEHUS C BEKTOPOM IIE€PEMEHHBIX
cocrosuust, a (S) — marpuna cBsi3u KO3pPHIMEHTa 3aI0JHEHNS C BEKTOPOM
BXOHBIX CUTHAJIOB

Bxog
25—

Pucynok 3 - TumnoBas CTpyKkTypHasi cxema yrpaBJIeHUs IpeoOpazoBaTeeM Mo
BBIXOJIHOMY HaIPsLKEHUIO

AHaIu3 THIOBOM CTPYKTYPHOM CXEMBI MO3BOJISIET MOJIYYHTh CIIEAYIOIIEE
BBIpa)KEHUE ISl ypaBHEHUS yupasiaenns: d(s) = —D* - U__.(s).

ITocpeacTBOM IPOBEACHUS MATEMATHYECKUX PACUETOB MOIydeHo D*:
R
K Uppy K" B Uygy +K' KU, Az

DH _ Em.ﬂqz‘fﬂqi (6)

R T
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3neck K' u K" — xooppuuments! ycunenns, k, — yrnosoii kodpdumuent
rpadka MOHOTOHHO BO3pacTalolle dYacTh (YHKIUH, OIHCHIBAIOIICH
MUI000pa3HBIA CUTHAIL.

JlanpHelee penieHne ypaBHCHHS YIIpaBiIeHUs (4) MO3BOJISIET MOIYIHUTh
CIICYIOIIYIO TIepeIaTOYHYI0 (PYHKIIHIO:

L%!:S} _ {1_9 . (U—C—Fﬁ) _ﬁ} !:—DH} 'SI:IH;EIRE ’ (7)

L2 L2 L1 c z_ =

CRy L2

[Tonyyennass cucrema MpoBepeHa Ha ycroiumBocth B Mathcad. Ilpwu

pacdeTrax ObUIA B3SAThl THUIMOBBIC KOI(PDHUIIMEHTH W 3HAYEHUS, MPUBEICHHBIC
HIUKE:

D=0% -f

= 49010 Bal = 5000  Riomg = 0.5
oo _f T 1010~ ° Ra2 = 5000  Rm = 166
L1:= 245.10 o ent g .
r2=32010 % T 4 Ut = 220.10
T o K2=10 Uon2 = 5
Usbx =5

TUex = 28  w:= 100,1000. 108

) = arg Wi W)

100 1=10° =10t 1=10° 1x10° 1x107 1=10f

Liw) = 20-loglACw))

240

220F L 4
Lo T i
1a0f \ e

"‘-n.._‘_‘_‘_‘_‘_‘_
160

100 1x10° 1x10* 1=10° 1x10° 1107 1x10®

w

I'padpuxn JIOUYX wu JIAUX mnoka3plBalOT HEOTpaHUYECHHBIA 3amac
YCTOWYMBOCTH MO aMIuuTyne W ¢aze. IDTO OOBSICHAETCA TEM, UTO
paccCMOTpeHHass HaMHU MOJEJIb MCTOYHMKA BecbMma wuaecanusuposaHa. U
BCJIEICTBHE TOTO, YTO LIEJbIO Halled pabOThl SBISJIOCH MOJYyYEHHE METOIUKH
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uccienoBanus npeoOpazoBaresniel, MOJyYEHHbINH pe3yabTaThl MOTYT CUUTATHCS
OKUJITAEMBIMU, a 3HAYUT MOJTO0KUTEITbHBIMH.

B pesynbrare uccienoBaHuid, MPOBEJEHHBIX Ha YHPOUIEHHOW MOJAENIU
OXII, nmoixyyeHa METOAMKA, MMO3BOJISIONIAS OTCICKUBATH HA 3Tare pa3paboTKu
TaKhe MapameTpbl, KaK YCTOMYHUBOCTb CHUCTEMBI, BPEMs BBIXOJla HA PEKUM H
npoure. Takxke METOAMKa MO3BOJSAET ONTHUMHU3UPOBATH C YYETOM TEOPUH
aBTOMATHYECKOTO  YIOPaBICHUS  pacueT  KOPPEKTUPYIOIIUX  3BEHBEB.
JanpHelmum 3TanoM padboThl SBJISIETCS MPUMEHEHUE MOTYUYCHHBIX MPUHIIUIIOB
Ha TOTOBOM M3/ICIIUU.

bubanorpaguyeckuii CIUCOK

1. Bpayn, M. Uctounuku nutanus. Pacuet u koHctpyupoBanue [Tekcr] /
M. BpayH. - Ilep. ¢ aarn. — K.: «MK-IIpeccy, 2005. — 288c., ni.;

2. MutpodanoB, A.B.  HmmynabCHble = MCTOYHUKH  BTOPUYHOTO
SJICKTPONUTAHUS B ObITOBOW pamuoamnmaparype. [Tekcr] / A.B. MurpodaHnos,
A.N. lllerones. — M.: Paauo u Cs3b, 1985 — 72c.;

3. Menemmun, B.M. TpansucropHas mnpeoOpa3oBareiibHas TEXHHUKA.
[Tekcr] / B.1. Menemmun. - Mocksa: TexHochepa, 2006. — 632c.

POBACTHBIE CUCTEMbI YIIPABJIEHHUA B /IBYX30HHOM
JJEKTPOIIPUBOJAE ITOCTOAHHOI'O TOKA

Bonkoe M.A., kano. mexu. nayk, ooyenm xag. BT Yp@Y
Hwimamoes 3.111., xano. mexn. Hayk, ooyenm kagh. AIIY YpDY

B mnacrosimiee BpeMs B 00iacTu pa3BUTUS AJIEKTPOINPUBOAA MHOTO
BHUMAaHHUS YJIEISETCS BOIIPOCAM CO3/IaHUs POOACTHBIX CUCTEM aBTOMATHUYECKOTO
PETyIMPOBAaHUS KaK HAIIUMU, TaK U 3apyOEKHBIMU YUEHBIMHU.

PobGacTHbie cuctemsl aBToMatuueckoro perynupoBanusi (CAP) 3anumaror
MPOMEKYTOUYHOE TOJIOKEHNE MEKIY 3aMKHYTHIMH U aJallTUBHBIMU CHCTEMAaMH.
C omHON CTOPOHBI OHM MMEKOT Jyuymue, yem 3aMmkHyTble CAP, mokazaremu
TOYHOCTH M KAauecTBa YINPABIEHUS, C APYrOd CTOPOHBI, TOCTATOYHO MPOCTHI B
CpaBHCHMHM C QJanNTUBHBIMM CHUCTEMaMU. AKTYaJlbHOCTh IPUMEHEHUS
pOOACTHBIX CUCTEM B DJICKTPONPHUBOEC O00YCIIOBIIEHA OCOOEHHOCTSAMH OOBEKTOB
ynpasieHus (OY): u3aMeHeHne 10 HECKOJIbKUX pa3 B Mpoliiecce paboThl OJTHOTO
WJIM HECKOJIBKMX napamMeTpoB OV 1 HaM4une HEIMHEMHOCTEN B HEM.

JIByx30HHbIe CAP Hanum mumpokoe pacpoCTpaHEHUE B MIPOMBIILIIEHHOM
ANIEKTpOIIpuBoOe Onaromapsi 6osiee 3PGEeKTUBHOMY HUCIIOIB30BAHUIO JBUTATEIIS
IpY U3MEHEHUH ero 1moToka. Crienuduka yrnpaBieHHs IBUTaTeIeM MTOCTOSHHOTO
TOKa BO BTOPOM 30HE ONPEHEIACTCS HAJIWYUEM HEJIMHEMHOCTH KPUBOU
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HaMarHUYMBaHUS, YTO OMPEACISICT U OCOOCHHOCTH TIOCTPOCHHUSI CTPYKTYP TaKUX
CHCTEM.

Jlns ynporineHust oTAeabHBIX dyieMeHToB CAP npesyiaraercst mpuMeHeHHe
pOOACTHBIX PEryiIsITOpoB. MeToauKa CHHTE3a, C IOMOIIBI KOTOPOH ObLIH
HOJYYeHBI O00O3HAYCHHBIC HIDKE PETYJISATOPhI, H3JIokeHa B [2], u Oonee
noapo6ro B [3]. CyTh MeTOna 3aKJIF0YaeTCs B COCTaBJICHWH W HAXOXKICHHUH
OOIIEero pemIeHuss IMOJIMHOMHAIBHOTO YpaBHEHHS CHHTEe3a. Pe3yimbTaToM
pemrenus sBistorcss moiaumHOMBI M (p) m N(p), Bxoxmsdmme B CTPYKTYpY

peryipitopa.
O6HIaH CTPYKTYpHasda CXEMa p06aCTHOI7i CAP IMpcacCTaBjCHa Ha pHUC. 1
W/(])(p) — _ _%p(_p)_ — sz(p) f(t) Wof(p)
0 [10)] | e [Mp0,@)| v [P w) P | o
Mp) : o Np)P (P) :_P_% (Zi) T _P‘_Qf_(l?)_ |
| w,(p)
| p
| D) i MP)G, (P) e(ty=At) | |
| Mp)P, (p) |
.. ____ = _|

Puc. 1. CtpykrypHas cxema pobactHoit CAP

PobactHast cuctema COAEpKUT B CBOEM COCTaBe MOJIeNb O0BEKTa
yrpasnernss W, (p) . PaccormacoBanme €(t) mexnmy peanpHbiM curHasiom Y(t) u

CHTHAJIOM C BBIXOJa MozeiH o0bekTa Y, (t) mocrymaer yepe3 KOppeKTHPYIOIIIE
3geHbst W, (p) m D(p) Ha Bxom perymstopa B Bume curHama Ag(t). Ora

JIOTIOJIHUTENIbHASL CBSI3b 00ECIIEYMBAECT POOACTHBIM CUCTEMaM CBOMCTBa Caboit
YyBCTBUTEJIIBHOCTH K BO3MYIIAIOIIUM BO3JCHCTBUSIM.

B oOmyro crpykrypy nByx3onHoit CAP Bxomar 4 perynsropa: TOKa,
ckopoctu, MarauToro motroka u DIJIC [1]. OcoOGeHHOCTBIO TOCTPOCHUS
TPaJAUIIMOHHBIX perynsaTopoB ckopoctd U OJC (puc. 2,a u 3,a) saBisieTcs
HAJIM4Me HEJIMHEWHBIX 3BEHBEB B MX CTPyKType. OHHM MpPHU3BaHBI OOCCIEUHUTH
KOMITICHCAIIMIO Bapualliy MapaMeTpoB 00OBEKTA (po "o, KOTOpasi HaOJIroAaeTcs
MIpU U3MEHEHWU MAarHUTHOTO MOTOKa JBUraress. [anHas ocoOeHHOCTh TpeOyeT
HaIM4usi “HPOPMAIIUU O TEKYIEH CKOPOCTH JBUTATEINS, a TAK)KE BKIIFOUCHHS B
ctpyktypy CAP Henuneitnbix snementoB HO1 u HD2. Drto mnpuBomur
YCIIOKHEHUIO CaMOW CHCTEMBI, a Takxke 3aTpyaHeHuto ananmmza CAP, tak kak
HeJTMHEHbIE A71eMeHThI epeBoAsIT CAP B 001aCTh HETMHEWHBIX CHCTEM.

OcHoBpIBasich Ha cBoiictBa pobOactHhiIXx CAP MoxHO craenarth
MPEANOJIOKEHUE O BO3MOXKHOCTH HCKIIOYEHUS HEIMHEWHOCTEW M3 COCTaBa
poOacTHBIX perynsaTopoB ckopoctu u DJ[C.
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B [4,5] Obutm mosydyeHbl CAEAyIOIIME TepefaTOuYHble (PYHKIIUU
TPaJAMIIMOHHOTO U POOACTHOTO peryasaTopoB ckopocTt u IJIC:

_Js .
Wpco(p)_ 4T“ ’ (1)
W ()_erp+1+kDp(2ij2+2T“p+1)]JZ
ppotP) = 4T, (Top+1) —ko ’ @)
1
W, (p)=——: 3
e (P) 4T, p (3)
2 .2
pre(p): (2Tqu +2Tqu+1)(TDp+1+kDp) (4)

@’ p[AT,, (2TS p? + 2T, p+D)(Tp p+1) —kp]

Crpykrypnbie cxembl podacTHbix CAP ckopoctu u DJIC C perynsropamu
(2) u (4) npencrapyieHsl Ha puc. 2,0 1 3,0 COOTBETCTBEHHO.

Ha puc. 4 npencrasnensl pesynbraThl MoaenupoBanusi CAP ckopoctu.
CpaBHEHME NMEPEXOAHBIX MPOLECCOB MOKA3BIBAET, UTO PEAKIUU TPATULUOHHON
U poOacTHBIX CHCTEM WJEHTUYHBI, 4YTO TOJTBEPKAACT paHEEe CHETaHHOE
IIPEAIIOJIOKEHNUE O BO3MOKHOCTH UCKIIFOUCHUSI HEJIMHEMHBIX 3BEHBEB U3 COCTaBa
PEryJIATOpOB CKOPOCTH.

777777 A Am,
| |
| i W, @) |
| |
Ai | 5 Am 1 \
G;(p) = ¢ y ;
\ ol I Ao
N J
a)
A Am

|

|

WPP(') ) i (,J Wot-) ®) |

[
|
[
o N \
A® } J. Ai, ] Al - Am 1 Il Ao
| - (J/(p) (p :
| "lTu ‘]Zp |
|
|
|
|
|
|
|
|
|

0)

Puc. 2. Ctpykrypnbie cxembl CAP ckopoctu (a — TpaaulinoHHasi, 6 — podacTHas)
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Puc. 3. Crpykrypubie cxembl CAP D3/1C sxopst AI1T

I'paduku mpoiieccoB, NMPEACTaBIECHHBIE HA PUC. 5 MOKa3bIBAIOT CBOWCTBO
ciaboit uyBCTBUTEIHHOCTH pobacTHOM CAP CKOpOCTH K M3MEHEHHI0 MOMEHTA
uHepuuu oObeKkTa ynpasieHus Jy. B MomeHT BpemeHu t=2C mpoucxoaut
CKau€K 3aJarollero CHrHajlla Ha BeJndunHy, npu kotopord CAP Toka He
BBIXOJIWJIA HA OTpaHMYEHHUE. BHUIHO, 4TO NEpEeXOIHbIE MPOLECCH B CUCTEME C
pPOOACTHBIM PETYIATOPOM UMEIOT OoJiee CTAOMIIbHBIN XapaKTep.

0,0 ¢ o, 0*,0

g

® - * Vo -,
@ NI 075 @ ” *

S L A A S £ N N B N
® R N ® -

0.5

0.2

Puc. 4. IlepexoaHbie mpoleccs B TpauliuoHHOM (a) 1 pobdacTtHoit (6) CAP ckopoctu nmpu
pa3HbIX 3HAYCHUAX MAarHUTHOT'O OTOKA (P
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Puc. 5. Peakuus TpaguimonHoit (a) u podactHoii (6) CAP ckopoctu
Ha cKau€k ympasstoiiero Bo3aeHcTBUs (1- Juon , 2-2dkom ,3-0,5d0m)

Pesynbratel monenupoBanust CAP 3/1C ¢ TpaauiimoHHbIM U poOAaCTHBIM
perynsaropaMu IpejacTaBieHbl Ha puc. 6. HeoOXonumMo OTMETHTb, 4YTO
perymsarop OJIC BkimtouaeTcss B paOOTy TOJBKO BO BTOpPOH 30HE paOOTHI
NpUBOJA, IOATOMY KpuTepueM oneHku padorocnocooHoctn CAP 3JJIC
SBJIIETCSI CPABHEHHUE pPEAKUMW CUCTEM HAa BO3MYILIAIONIEE BO3JEHCTBHUE MpPH
CKOPOCTH IPHUBOJA BBIIIE HOMUHAJIBHON. B MOMeHTHl BpeMmeHH t) =35C u

t, =4,5C mpoucxoautr Habpoc U cOpPOC HArpy3Ku, NPUBOJIALIMNA K U3MEHEHUIO
CKOPOCTH JBUTATEJISA, YTO SIBJIICTCS BOSMYIIAIONIUM BO3/ICUCTBUEM JIJIsI KOHTYpa
/C.
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Puc. 6. Peakuus CAP 3/IC ¢ TpaauunoHHsiM (a) 1 podacTHEIM (0) perynstopamu

N3 puc. 6 Bugno, uto peakuuu CAP DJIC c perynsaropamu (3) u (4)
UJCHTUYHBI. TakuM o00pa3oM, MOXHO 3aKJIIOYUTh, YTO HCIOJIb30BAHUE
pobactrHoro peryinstopa B CAP 3JIC mo3BossieT oTKa3aTbCsi OT MPUMEHEHUS
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HEJMHEWHBIX 3BeHbeB B perynstope DJIC m ucnonb3oBaHusS HHPOPMAIMH O
CKOPOCTH JIBUTATETIS.

Takum 00pa3zoM, mpruMeHeHre pobacTHBIX peryisiTopoB B CAP ckopoctu
u DJIC HecmoTps Ha 0oJiee CIOXKHBIE AJITOPUTMBI PETYISATOPA, IMO3BOJSIOT
YOPOCTUTh Kak oOOIIyI0 CTPYKTYypy JIByx30HHOM CAP, Tak u e€ Hamaaky
Onaromapsi UCKIIFOUCHUIO HETMHEWHBIX JJIEMEHTOB U3 CTPYKTYPBI PETYIISTOPOB.
Kpome storo B podbactHoit CAP ckopocTH clienyeT 0KUAaTh Jydlliee KaueCTBO
MEPEXOAHBIX MPOIIECCOB MPU U3MEHEHUH TTapaMETPOB 0OBEKTA YIPABICHHUS, YTO
MO3BOJISIET PEKOMEH/OBATh HCIOJIL30BAHME TAaKUX CHCTEM B  CIIy4asx
MOBBINICHHBIX TPEOOBAaHUH K KAUeCTBY yIPABIICHHUS.
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HHOATOTOBKA 110 HAITPABJIEHUIO «<MEXATPOHUKA N
POBOTOTEXHUKA» B HUKHETAI' HJIbCKOM
TEXHOJOI'MYECKOM NHCTUTYTE YPO®Y

I'oman B.B., k.m.u., 3a8. kageopou I[IM, vwg_electro@hotmail.com
®Deoopees C.A., k.m.n., 3as. kageopou UT, fedoreevsa@mail.ru
VYpanbckuii penepaibHbIi YHUBEPCUTET

B Hnacrosmee Bpems B HTU (dunman) YpdY nHauata mnoAroToBka
OakanaBpoB MO  HampaBieHuto  «MexaTpoHuka U pOOOTOTEXHHUKA,
pa3BUBAEMOTO MO 3anpocam KpynHenmux 3akazuukoB — OAO «kEBPA3-HTMK)»
n OAO «HIIK «YB3». OcBoeHne naHHOTO HOBOTO M CJIOKHOTO HaIpaBJICHUSA
TpeOyeT OoObeIUHEHUS YCWIMM HECKONBKUX Kadenp WHCTUTYTA, MOBBIIMICHUS
KBaM(UKAMKM TpernojaBaTesied, a TakkKe pa3BUTUS U MOJIEPHHU3AINU
nabopaTopHOi 0a3bl.

Ha ceronns B uHCTUTYTE MMeeTcs psii yueOHbIX Jaboparopuii, Ha Oa3e
KOTOPBIX BO3MOXHO OOydY€HHE MO OTAENbHbIM JUCIHHUIUIMHAM JTaHHOTO
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HanpasyieHusi. OpHako JjabopaTopHOe O0OpYyJOBaHME YacTUYHO YCTapelo,
HaXOAMUTCA B Pa3HbIX 3AAHMSIX U HYXJAETCS B JONOJHEHUH M OOBEAMHEHUU B
paMKax €JUMHON KOHLIENLHUU MEXaTpOHUKU. B HacTosiee Bpemsi pacmmpsieTcs
CYLIECTBYIOIIAsl JlabopaTopusl THAPABIMKM W TTHEBMATHKH, KakK HauoOoJjee
COBpeMeHHass M obOmajaromas miomanimMu. JlabopatopHass 0a3a IOMOJIHEHA
AIIEKTPOTIPUBOIAMH, CHCTEMOM aBTOMATHU3allMd M TPOMBIIUICHHON CEThIO
nepeayd JaHHBIX Ha Oa3e oOopymoBaHHS Siemens, kotopas OObEIUHSET
UMEIOIINeCs 1TabopaToOpHbIE CTEHIbI Pa3HbIX MPHUHIIUIIOB JACUCTBUS B €IUHYIO
MEXaTPOHHYIO CUCTEMY.

Hcnonb3oBanue abopaTOpuu Mpu OOYyYEHUH CTYACHTOB B TOPSAKE
nenesoro Hadbopa or OAO «EBPA3-HTMK», a taxxke ciymareneid KypcoB
NOBBILICHUS KBaJU(PUKAIUU U TPO(EeCCUOHATBHONW MEePEnoArOTOBKH, MO3BOJIUT
IOCTENIEHHO TOBBICUTh KAadye€CTBO MOATOTOBKH CIEUUAINCTOB B 00JacTU
OPOMBIIIJIEHHONM  aBTOMAaTH3allMd U MEXaTPOHUKHU  (TMpOrpaMMHpOBaHUE
KOHTPOJUJIEPOB,  MPOMBIIUICHHbIE  MH(POPMAIMOHHBIE  CETH,  CHUCTEMBbI
BU3yalM3alMi, 3JIEKTpo- W TuaponpuBoj u Ap.) IlomMmumo cTyneHTOB
HanpaByieHus1 «MexaTpoHuKa U poOOTOTEXHHKa» B JTAOOPATOPUU BO3MOXKHO
Oyaer  oOy4yaTb  CTYACHTOB  HalpaBle€HUA  «DJEKTPOTEXHHKA U
AIIEKTPOIHEPTETHUKA», a TaKkKe CTYIACHTOB TEXHHUYECKHX CICIUATbHOCTEH B
pamMkKax oOOIIEeNmpOPECCHOHANBHBIX M CHEIHAIbHBIX TUCHUIUIMH «Teopus
aBTOMATUYECKOTO YIPaBICHUS, «DNEKTPOHUKAY, «ABTOMaTH3AIUS
MIPOM3BOJICTBEHHBIX MPOLIECCOBY, «YTPABICHUE TEXHUYECKHUMH CHCTEMaMm»,
«DNMEKTPOTPUBOA» U JIP.

HCIBITAHUS KOHTAKTHBIX COEJUHEHWMH C 3AIIUTHBIMHU
METAJIUVIOITIOKPBITUAMMN HOBOI'O THUITA

I'oman B.B., k.m.u., 3a8. kageopoiu I[IM, vwg_electro@hotmail.com
®Deoopees C.A., k.m.n., 3a8. kageopou UT, fedoreevsa@mail.ru
Ypanvckuii ¢hedepanvrwiii ynusepcumem

TpebGoBaHUs K CBOMCTBAM 3aIIUTHBIX METAJIOTIOKPBITHH JIJIT KOHTAaKTHBIX
COCIMHCHUH OOYCIaBIMBAIOT TpeOOBaHUS K METAIOCIIaBaM, KOTOpBIC
UCITOJIB3YFOTCS JUISI KX CO3JaHUS:

1. Huskas Ttemmeparypa tiaBieHus (mo 100 rpamycoB Ilembcus).
BeimotHeHHE 3TOTO TpeOOBaHUS TO3BOJISCT TNPUMECHCHHE TEXHOJOTHH B
YCIIOBUSIX IKCILTyaTaIluu dJIEKTPOOOOPYI0BAHUS;

2. CcmocoOHOCTh K B3auMHOW au(dy3un C MaTepuajaMud KOHTAKT-
JIeTaneu;

3. MIHEPTHOCTH K KUAKUAM (IIFOCaM, MPUMEHSEMBIM JIJIS OYUCTKU pabounx
ITOBEPXHOCTEN KOHTAKT-AETAJICH OT OKUCHBIX IIJIEHOK;
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4. Xopoliasg CMa4luBa€MOCTh MAaTEPUATIOB KOHTAKT-AETaJICH;

5. KOPpO3MOHHAs CTOMKOCTh Ha BO3/YyX€ U B BOJIE;

6. OTCYTCTBHE TOKCUYHBIX, TOPOTOCTOSIIINX U IPArOLICHHBIX METAJLJIOB;

7. MaJioe 4iciI0 KOMIIOHEHTOB (B ujeasne He 6oee 3), uTo 00ycliaBIuBaeT
MIPOCTOTY IOJIYYEHHS CIUIABOB;

8. OTCYTCTBUE OXPYIUMUBAHUA UM Pa3pyIICHUs MaTepraia KOHTaKTa.

Crnenyer 3aMETUTh, 9TO B PE3YJIBTATE MPEABIIYIINX YKCIIEPUMEHTOB OBLIIO
OTMEUEHO OXPYMYMBAHUE ATIFOMUHUEBBIX KOHTAKT-II€TAJIed MPU BO3ACHCTBUU
YUCTOIO raJuIHs U psifia CIJIaBOB HA €r0 OCHOBE.

[TosToMy 111 TIpOBEACHHOW CEpUM OSKCIEPUMEHTOB OTOWPAHCH
BHUCMYTOCOJIEpIKalllie CIUIaBbl, He Aaromme 3 (HEKT OXpymunBaHus aTIOMUHUS U
IpU 3TOM HMMEIOIIHNE HU3KYI0 CTOMMOCTh. M3 Habopa criiaBoB ¢ TemmepaTypoit
mwiaBiaeHuss or 40 mo 100 rpamycoB Llenbcusi st Goiiee JETadbHBIX U
JUIMTENIbHBIX ~ DKCIIEPUMEHTOB  ObUI  OTOOpaH  OJWH, Kak HauOosee
YIOBJIETBOPSIONINI BBIIIIEYKa3aHHBIM TPEOOBAHUAM K METAJLIOCILIaBaM.

HUcnpiTanuss  OpoBOAMIUCH HA  KOHTAKTHBIX  COCIMHEHUSX W3
ATIOMUHUEBBIX MHUH pazMepoM 20x40 MM, CTSIHYTBIX CTaJbHBIM 60JTOM M8 co
CTaJbHBIMU IMaiibamu guameTpoM 24 mm. TolMHA KOHTAaKT-AeTajaeh — 5 M.
Taxxe MCIOIB30BAINCH COEAUHEHU KaOEIbHBIX HAKOHEYHHUKOB 25-8 u 16-8 ¢
AIFOMHUHHUEBBIMU IIUHAMH C MOMOIIBI0 601TOoB M8 1 maitd d24. dotorpaduu
KOHTAKTHBIX COCIMHEHUH MOKa3aHbl jajiee Ha puc. 1.

N3mepenus npoBOAWINCH € TOMOIIbI0 MUKpoommeTpa 6237 DRLO.

Puc. 1. DxciepumeHTanbHbIe 00pa31Ibl
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Taomuna 1

No Coexmmere Bun IlepexonHoe conpoTuBiaeHne, MKOM OTH.

/1 nokpeiTus | 23.03.2013 | 10.10.2013 21.04.2014 Rnep
1 20x40 Her 11 15 17 55%
2 20x40 Her 10 17 20 100%
3 20x40 Ecth 6 6 6 0%
4 20x40 Ectp 6 7 7 16%
5) 20x40 Ecth 9 9 10 11%
6 ka0. Hak. 25-8 Her 18 24 30 67%
7 ka0. Hak. 25-8 Ectp 14 15 19 35%

[To manHBIM Tabs. 1 BUAHO, YTO 0Opa3lbl ¢ METALIOTIOKPHITHEM HMEIOT
cTabWJIbHOE, MaJI0 U3MEHAIOIIEECS NEPEXOAHOE CONMPOTUBIIEHUE, B OTIUYHE OT
00pa3LoB 0€3 METaJUIONOKPBITHS, IEPEXOTHOE COMMPOTUBICHHE KOTOPBIX PACTET.
[Ipy 3TOM HavalbHOE NEPEXOAHOE CONMPOTHBICHHME NpUMEpHO B 1,3 pasza
MEHBIIIE Y KOHTAKTOB C 3aIlIUTHBIM METALIOMOKPhITHEM. CITYCTS TOJT ¢ MOMEHTA
COOpKH IIEPEXO0THOE COMPOTURIICHUE 00PA3II0B 0€3 METAIONOKPBITUS BBIPOCIIO,
U JJaHHOE COOTHOIIIEHUE yKe cocTaBisieT 2,3. [I[puMepHO Takue ke pe3yIbTaThl,
MO JIAaHHBIM TPEIbLAYITUX SKCIIEPUMEHTOB, JJAIOT U TAJJTUEBHIE CIUIABHI.

B pesynbrare caenan BbIBOJ 0 HEOOXOAMMOCTU JAIbHEUIIINX UCIIBITAHUN
KOHTaKTHBIX COCIMHEHHH C METAJUIOMOKPHITUEM Ha OCHOBE HOBOTO CILJIaBa B
pexKUME ITUKINYECKOTO HAarPEeBaHMUsI, a TAKXKE 10J] TOKOBOW HArpy3Koi.

YCTPOUCTBO JJISI OUUCTKU ACDAJTIBTUPOBAHHBIX
JIOPOKEK U BRIMOIIIEHHBIX IIJIMTKOH MOCTOBBIX

JImumpueesa B.C., yuenuya MBOY COLLI No5 ¢ yenybneHHbim uzyueHuem
omoenvhblx npeomemos um. 1. H.3atiyesa e. Huowcnuii Taeun

Poct nHacenenuss ropooB M PpOCT OBITOBBIX U TPOU3BOJICTBEHHBIX
OTXOJIOB, YBEJIMYEHUE aBTOMOOWICH M MPUMEHEHHUE OHOPA30BBIX YIMAKOBOK —
3HAUWTEIBHO AaKTyaJIH3WpOBAIM IS YeJOoBeYeCTBa MpoljemMy Mycopa.
CornacHo ci10Bapro, Mycop — OJIHa U3 KaTErOpHil YeJI0OBEUECKOU JEATEIIbHOCTH.
BbiiesiioT Mycop OBITOBOM, CTPOMTENBHBIA M KocMmuueckuii[l]. Mycop He
TOJIBKO TPHUAAET HEONPSATHBIM BHUJ TOPOJAM WM OTIEIbHBIM pallOHaM, HO U
ABIIAETCS DKOJOTUYECKOW YIrpO30M, KaK IS 3J0POBbS UYEJOBEKA, TaK WU IS
OKPYKAIOIIEN CPEBI.

[Tpobyiema 3aMyCOpPEHHOCTH TOPOJIOB BOJIHOBAJIa YEJIOBEUYECTBO C JTABHUX
BpeMmeH. Ho pemmths npo6iaemMy rps3HBIX JOPOT U YJIMI] TOpoJia MO-TIPEKHEMY
OYEHb CJIOKHO. TPaguIMOHHO YJIHIBI TOPOJOB YOUPAIOT JBOPHUKHU B PYUHYIO,
HECMOTPS Ha TO, YTO B MOCJIEIHEE BPEMS MOSIBIIIACH TEHACHUMS K IPUMEHECHUIO
JUISL OTHX LIEJIEN TEXHUKU U Pa3HbIX MEXaHU3MOB.
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Hekoropble U3 HUX MOMOTaIOT YBEIUMYHUTHh MPOU3BOAUTEIBHOCTh TpyAa
4eJioBeKa, APyrue Mo3BOJISIOT JiefaTh YOOpKY ynuil 6oJiee TiatenbHo. Cerous
Ha JIOporax Hallero ropojia padoTaloT CHEroyOOpOYHBIE MAIMHBI, JIETOM
CHeluaibHble MAIIMHBI TOJWUBAIOT JOPOTH, €CTh MAIIMHBI C HacajJkaMu -
CKpeOKaMU U IIETKAMH, KOTOPbIE YUCTAT OOOYMHY JOPOTU, & BHYTPH KUJIBIX
KBapTaJIOB pabOTAIOT MyCOPOYOOPOUHBIC MAIITUHBI M TIOTPY3UHKH.

Ho u 3TOro HemoCTaToYHO B YCIOBUSAX CYIIECTBOBAHMS CHEIU(DUUECKOTO
mycopa. JletoMm MomieHsle U achadbTHPOBAHHBIC TMEMIEXOIHBIE TOPOKKH
BBITJISIAST OCOOCHHO TPS3HBIMH M 3aMmycopeHHbIMH. Kpyrom Ha acdanbte
MO>XHO 3aMETUTh OTPOMHOE MHOXKECTBO O€JNBbIX IMATEH OT XBadyeK. CKOJIBKO
OMAacCHOCTH TaWTCS B 3THUX MAaJEHbKUX OelbIX KpyKoukax Ha acdanbre. Ha
NOJIOIIBE CBOEH OOYBU JIFOAM MPUHOCST B CBOIO KBAPTUPY MHOKECTBO OaKTepuil
Y BUPYCOB.

B mnpomecce paccMoTpenusi mnpoOiembl Mycopa, HaMU OBLIM H3Y4YEHBI
pa3Hble MEXaHWYECKUE YCTPOMICTBA M MPHUCHOCOOIEHUs MO0 yOOpKe MOJ00HOTO
mycopa, anainoru B WMHTEPHET, B MexnyHnapoaHoit kinaccudpukamuu
NMaTEHTHBIX M300peTeHud. AHanmoramu u300pereHus siBisitorcs: B81B5/00 —
YCTPOMCTBA, COAEpIXAIIME JIEMEHThI, KOTOPBIE NEPEMENIAIOTCS OTHOCHTEIBHO
npyr npyra; BO3B1/00 — koHIWLMOHUpOBaHUE ISl OOJErYeHus: pa3AesICHUs
yTeM U3MEHEHUs (PU3NYECKUX CBOMCTB MaTepuanal2].

B pesynbrate paboThl OBUIO CO3JAHO YCTPOMCTBO, COOTBETCTBYIOLIEE
ungaexkcy B8l B5/00. Ilporotunom maHHOrO H300pETEHUS  SBIAETCS
nzobperenre ¢ HomepoMm 24525599 - «VYcTpolcTBO 18 BHOpPALlMOHHOTO
uriogpe3epoBaHus». ITO YCTPOMCTBO HUCHONB3YEeTCS JUIsl yHNajJeHus C
NIOBEPXHOCTU METAJIOB IIJAKa, IPOAYKTOB KOPPO3UH, MPOKATHOM OKAJIMHBI U
3ayCEHIIEB MEXaHUYECKUM IyTeM. 3HaYUT, U )KBayKHU ¢ ac(aibTa MOXKHO yOpaTh
MEXaHUYECKUM IyTeM — cockpebas, 3aummas. Ho Bemp MoxHO yOparth u
XUMHUYECKUM ITyTEM, HAIpUMEp, pacTBopsis pe3uHy. Ho mpu 3TOoM, ckopee
BCEro, OyJeT MOPTUThCA MOBEPXHOCTh acanbTa W mIuT. CyIIeCTBYeT TakK XKe
MHEHHE, YTO KBAUKy JETKO yJIaIUTh C OJI€XK/Ibl, HAIPUMEp, C PyTOOJIKH, €Cliu ee
3aMopo3uTh. Oka3pIBa€TCs, B MPOMBILNIIEHHOCTH HCIOJB3YIOT METOA
KOHJIUIMOHUPOBAHUS, Ojarogapss KOTOPOMY IPOHUCXOAMT  OXJaXKIECHUE
o0pabaTbiBa€MOW TMOBEPXHOCTU C LEJIbI0  pa3elieHus IMyTeM H3MEHEHUs
(bu3MYECKUX CBOMCTB.

B ycrpoiictBe st BHOpanMOHHOTO HUIro(pe3epoBaHus PEXYIIUI
WHCTPYMEHT COBEpIIAECT KoJIeOaTeNbHOE JBUXKEHUE, KOPIYC  SBISETCS
HEeTMOJBIWKHBIM[2]. B Hamem n3o0peTeHrn HaoO0O0poT — miatgopma coBepIiacT
Kosie0aTeIbHOE JBMKEHHE, a IIETKH, 3aKpPEIUICHHbIE Ha JHE — HEMOJBHKHBI.
Henocratkom yctpoiicTBa g Uriodpe3epoBaHUs SBISETCS HEIOCTATOUHO
BBICOKAasi TOYHOCTh 00paboTKu. B HamieMm ycTpoiicTBE TOYHOCTh 0OpabOTKH HE
TpebyeTcs. UenoBek, ynpaBlISIONINA yCTPONUCTBOM, JETKO CAENAeT KOPPEKIIHIO
€ro ABMKEHUS C TIOMOLIBIO PYUYKH.
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B o6omx yctpoiicTBax BUOpaiusi MOMOTaeT CAENATh IMOJIOKHUTEIbHYIO
paboTy, HO TpH HUTIOPPE3EPOBAHUN TMPOUCXOIUT OBICTPHIA W3HOC W Majas
CTOMKOCTh MHCTPYMEHTA M3-3a OOJBIIOr0 KOJIMYECTBA TOJBMKHBIX yacTeil. B
HaIlIeM YCTPONCTBE TOKe Oy/IeT MPOUCXOIUTh U3HOC IIETOK, U UX HY)KHO OyJeT
TIEPUOANMYECKUA MEHSTh.

Upes3BbIUaiiHO  CJIOKHAss  KOHCTPYKIHUS  TNPUBOJA  KOJIeOATEIbHBIX
NBIDKEHWNW CTaBUT TIOJ COMHEHHE DJKOHOMHYECKYIO IIEJIECO00pa3HOCTh
WCITOJIb30BAHUSI YCTPOMCTBA sl uriodpe3epoBanus. B MoeM u3o0peTeHHN —
ATO MEHEE 3aTpaTHBIM BapUAHT: HA BaJ JIEKTPOJBUTATEINS HACAKHUBACTCS TPY3
CO CMEIICHHOM OChIO BPAIICHUS, YTO O0ECIICUUT BUOPALIHUIO.

Wrak, 3amaya Hamero u300pEeTeHNUs] — TOBBIIMIEHNUE MTPOU3BOAUTEIHPHOCTH
U KauecTBa yOOPKH ac(alibTOBBIX JIOPOKEK U BHIMOIIECHHBIX TTUTKON MOCTOBBIX
3a cueT MEeXaHU3alluK ¥ MPUMEHEHHs XJiagareHTa (cyxoro yibaa). [lpennmaraemoe
YCTPOMCTBO MpEACTaBISAET co00M miatopmy, MEpeBUTaAIONIYIOCS Ha IIETKAX,
BKJIFOYAIONIYIO AJIEKTPOJIBUraTEe b, HA BaJl KOTOPOTO HACAXKEH TPy3, CO3IAIOIIHIA
nucbananc. HeypaBHOBEIIEHHOCTh BO3HHMKAET TIPU  HECOBMAJCHUU OCHU
BpaleHUs] C TJaBHOM OCBhIO MHEPIMH, Ojlarojapsi yeMy BO3HHMKAeT BHOpaius
mwiatgopmbl. [lon mnaTdopmoilt ycTaHOBIEHA NWJIMHIAPUYECKAass €MKOCTb C
CyXUM JIbJIOM, OO€CIEeUnBaIOIIas MECTHOE OXJaxaeHue oOpadaTbiBaeMOn
MOBEPXHOCTH acdaibTa.

N300peTeHne OTHOCHUTCS K OYHMCTKE ac(paibTUPOBAHHOW MOBEPXHOCTH U
MOBEPXHOCTH JICKOPATUBHBIX IUTAT OT PE3WHBI (KBayeK) COYCTAHHEM
pa3nuuHbIX crioco6oB. [IpennoxeHHbIit criocod COCTOUT B TOM, YTO OUHILAEMYIO
MOBEPXHOCTh CHAYaja MOBEPraloT MECTHOM 3aMOPO3Ke, a 3aTEM MEXaHUYECKOM
00paboTKe HTON TOBEPXHOCTH IIETKaMH. B JaHHOM HM300pETEHHH MOXKHO
PEAYyCMOTPETh (PYHKIIMIO BCACBIBAHUS, JJIS ATOTO Ha IaTdopMe HEOOXO0IUMO
YCTAaHOBUThH TBLIECOC, OOECIEeUnBAIONINI BCAChIBAHUE BO3AyXa U3 O]
1aThOPMBbI BMECTE C «OTOPBABIIMMHUCS» OT ac(ajbTa )KBaUKaMHU.

dopmyna u300peTeHus: YCTPOUCTBO ISl YUCTKU ac(hajIbTOBBIX JOPOXKEK
U BBIMOIIECHHBIX IJTUTKOW MOCTOBBIX, BKJIIOYAIOINIEE AJIEKTPOJBUTATEND C
3aKpETICHHBIM Ha Bally TPy30M, 00€CIEUUBAIONINM JAUCOATIAHC TIPU BpaIICHUH
¥ BUOpaIuio miaTdopMbl, OTINYAIONIEECsS 3aKPETUICHHBIMA Ha JTHE MIETKAMH H
XOJIOMWJIBHUKOM C CYXUM JIbJOM, YCTAaHOBJCHHBIM TOJ TIATGOPMON C IIEITBIO
ynajaeHus: oTpabOTaHHON Pe3uHBI - «KBauek». J[aHHOE N300peTeHNEe OTHOCUTCS
K TEXHOJIOTUHA MAaIlTMHOCTPOCHHS, K CIIOCO0aM M OCHACTKE JIJIT MEXaHHUYCCKOU
oOpaboTku  acaibTUpOBaHHBIX  Aopoxkek.  Hemoctatkom  sBisieTcs
HEOOXOJMMOCTh 3aMEHBI MIETOK U MEPUOIUIECKOE 3aMOJHEHUE XOJOIUIbHUKA
CYXUM JIbJOM.

JlocTonHCTBA: YCTPOWCTBO HE TpeOyeT OOJNBIIUX 3aTpar, HO 00eCIeuuT
BBICOKYIO TPOM3BOAUTEIBHOCT U A(PPEKTUBHOCTH YOOPKH TMEIIEXOTHBIX
opokeK B ropoje. Hemocratku: mpu pabore OyneT CIBIIIEH IITyM OT PaboThI
JIBUTATEJSI M 00pa3yeTcsi 30Ha MOBBINIEHHOW 3aIbIEHHOCTH.
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I[aHHOC I/1306peT€HI/I€ IMO3BOJIMT CACIaTb Hall TOopoJ  YHUCTBIM.
YCTpOﬁCTBO oTIIM4acTCA HAACKHOCTHIO N Ka4YCCTBOM Y60pKI/I - aC(i)aJIBT 141
MNCMCXOIHBIC JOPOKKH 6y,HYT YUCTBIMHU OAaKC OT KBAa4YCK.

bubauorpadguuecknii CIuCcoK

1. Mycop. DHEKTpOHHBIE pecypchl B  CBOOOJAHOM  JOCTYIIE:
http://ru.wikipedia

2. MexayHaponsblii matenTHslid kiaccudpukarop (MIIK) Dnextponubie
pecypchl: B cBOOOHOM jgocTyrie: http://wwwl.fips.ru

PA3PABOTKA KOTEHEPAIIMOHHOM YCTAHOBKH HA BA3E
I'EHEPATOPA U OLP-2JIEKTPOI'EHEPATOPA, PABOTAIOIIEN
HA BUOTOIIVIMBE BJIAKHOCTBIO J10 40%

Kykoe A.B., maczucmpanm xad. ACuBUD, YpanOHUH, YpdY
H]exkneun C.E., 0.m.u., npogpeccop Yp@Y
®Deoopees C.A., k.m.H., doyenm YpDY

B necHoM Xo3siiCTBE CTpaHbl CYIIECTBYET MpoOjeMa yTUIN3ALUN
orxonoB. Tonbko B CBepaJIOBCKOM 001acTH, sl TpUMEpa, €XKETroHO
obpaszyetcs 6oiee 270 ThicSd KyOOMETPOB OTXO0B JIECOMMIBHBIX ITPOU3BOCTB.
Bonbias yacTe WX BBIBO3UTCSI Ha He3aKoHHble cBajiku. Ceilyuac Ou3Hec He
3aMHTEPECOBaH B TOM, YTOObI OPraHU30BaTh MEepepadOTKy OTXOAOB Ha MECTeE, a
BBIBO3UTH MX M3-32 CEPbE3HBIX TPAHCIMOPTHBIX PACX0/I0B HEBHITOAHO. OCOOEHHO
3TO Kacaerca Menkux Jecomwiok. C apyroil CTOPOHBI MPEANPUATHS
JeconepepabaThIBAIONIE OTPacid HCHBITHIBAIOT JEQUIUAT DAICKTPUUIECKOM
MOITHOCTH IIPY PACIIMPEHUH NPOU3BOACTBA [1].

Becpma 3HaunTenbHa B MalioM 3JIEKTPOCHAOXKEHUU 3a/1ada o0ecriedeHus
SHEpruel ynal€HHbIX MecT npokuBaHusa. Korna, Hanpumep, 3a 10 km TsHETCS
JIDIT ans sueprooOecrnieuenuss 50-100 wyenoBek (mpobiiemMa oOOCTY>KUBaHUS
JUHUM, KalWTaJlbHbIe 3aTpaThl). BeTpsHble U  COJHEUYHbIE HCTOYHUKHU
aJbTEPHATUBHOM PHEPTUU JIaJIEKO HE BCEr/a TOJATCS B pErMOHaX Hallle CTpaHbl
M0 KJIMMATHYECKUM YCIIOBUSIM (B yacTHOCTH CBepsioBCKasi 00JIacTh).

Unes: HCTIOJIb30BAHUE OTXOJ0B nepeBoriepepadaThIBAOIICH
MIPOMBINIJICHHOCTH JIJIS1 TTOTYYEHHUsI TEMJIOBOUM M DJIEKTPUUYECKON IHEPTHUH.

N3  cymecTByromux pemieHud MOXHO BBIJICIUTh TPU OCHOBHBIX
HaIpaBJICHUS:

1) Cxwuranue. HeappekTBHO TpU pa3NMUHBIX 3HAYCHHUSX BIIAKHOCTH
OTXOJIOB, HU3KHH KIIJI YCTaHOBOK. bousblioil oOBEM YCTaHOBOK, CIIOKHOCTb
pETryJIMpOBaHUs  BbIPAOATHIBAEMON MOIIMHOCTU. OKOJOTHYECKH "TPS3HBIN"
METO/I.
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2) VYrwimszauus. MMmeroT MecTo TOJIbKO 3aTpaThl 0€3 Kakoro-iaudo
nosie3Horo 3¢pdexra. HeoOXoaMMOCTh B 3HAUUTENBHBIX TEPPUTOPUAX IOA
CKJIAJUPOBAHHE M 3aXOPOHEHHE OTXOJOB IIPOMU3BOJACTBA, W HAPYIICHUE
DKOCUCTEMBI JIECOB.

3) IMuponus. IlonyyaeM BBICOKO JUKBUIHBIA CHUHTE3-Ta3, YIAOOHBIH s
JNAJbHEUIIIET0 UCIONb30BaHuA. KanopuiHOCTH CUHTE3-rasa BbIIIE, YEM Y
NEPBUYHOrO TOIUIMBA. Takke MMEETCs] BO3MOYKHOCTh MOATOTOBKHA MEPBUYHOIO
TOIUIMBA OT HU3KOMOTEHIIMAJIILHOTO TEIJIa razoreHeparopa. [2]

[Ipoananu3upoBaB OCOOEHHOCTH Ka)XJAOr0 M3 METOJOB HIPHUXOAUM K
1€JIeCO00Pa3HOCTH MPUMEHEHUS TUPOJIM3HON Ta30reHepaTOpHO yCcTaHOBKH. B
HACTOSIILIEE BpEMs, YUYUTBHIBAs IIOABJICHUE HOBBIX MATEPHAIOB, a TaKXKe
JIEMEHTOB  CHCTEM aBTOMAaTH3allMM IPOLIECCOB TOPEHHs, MBI HMEEM
BO3MOYKHOCTh YIIPABJIATH IIPOLIECCOM T'OPEHUS U COCTABOM I'€HEPATOPHOIO rasa,
YTO TMO3BOJISIET CHU3UTh TPEOOBaHUS K IOATOTOBKE IEPBUYHOIO TOILIUBA.
TakuM TOIJIMBOM MOTYT OBITh JI€pPEBSIHHBIE OPYCKH, OIUII, IIETIa, KOpa.

Omxo0ul raso MapozeHepamop Inekmpuyeckuli
neconepepabomsu eeHepa ; —"> 2eHepamop
(onun, wena, o6pess, mop | ORC-dukn N
cmpyxxa, oposa) MukpomypbuHa

p TR

L= =+

HH Ifl]:' g > r8c/omonnenue

Oxnadumens Kondeucamop

Puc. 1. [IpuHiunuaneHas cxeMa yCTaHOBKH

[Tpuntun paboThI:

buoronnmBo  3arpyxaeTcsi B Ta3oreHepaTop Ui IOJIYYEHUs
reHepaTopHoro rasza. IlomyueHHbIH ra3 ucnosb3yeTcsl JUisi HarpeBa padbodero
tena OLlP-naporeneparopa W [Uisi MOATOTOBKM MEPBUYHOTO OHOTOILIMBA.
BrixoaHo#t map BpamaeT TypOuMHY, COEIUHEHHYIO C BAJIOM 3JIEKTPOTeHEepaTopa.
DIEeKTPOTreHepaTop JOJKEH padoTaTh ABTOHOMHO, JIMOO MapajuiesibHO C CEThIO.
B kauectBe pabouero Tena OLIP-anexTporeHeparopa (OpraHU4YeCKUN LMK
Penkuna) ucnonb3yercs xiamareHT R245fa ¢ temneparypoit ucnapenus 121
rpan.C npu nasinenun 19,6 6ap. [lapoBas (aza gaHHOTO XJ1ajareHTa MO3BOJISIET
MCII0JIb30BaTh HU3KHE TEMIIEpaTyphl ISl BBIPAOOTKH AJIEKTPUUYECKOW SHEPTUHu.
CHmKaeTcs 3po3us dJIEMEHTOB YCTAHOBKH.

B omimuue oT cCymecTByrOMX 0OOpa3loOB Tra3oreHepaTop OCHAIIAeTCs
YCTAaHOBKOM CHUCTEMBI YIIpaBJICHUS MOAAYei BO3AyXa U mapa ¢ 00paTHON CBSI3bIO
10 XMMHWYECKOMY COCTaBY I'€HEpPAaTOPHOIO rasa, €ro pacxony MU TeMIIepaType
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30HBI TopeHus. Cucrema ymOpaBiICHUS HCIOAB3YETCS IS CTaOMIM3aluK
nmporiecca Trasudukanuu, obecredyeHuss TpeOyeMoro XHUMHUUYECKOTO COCTaBa
TCHEpPaTOPHOrO0 Ta3a, 3allMThl KOTJIa OT IIeperpeBa, a TakXke CHCTeMa
yOpaBieHUsI TO3BOJISIET CHU3WTh TPEeOOBaHUS K HCIOJIB3YEeMOMY TOIUIUBY
(yBeJNIMYCHME TUATa30HA JOMYCTUMON BiIaxxHOCTH TorutuBa ¢ 0-14% no 0-40%).
VYcTaHoBKa OCHAIIAeTCsl ra30aHaIN3aTopoM ¢ KaHanamu uzmepenus CO,
CO2, H; pacxogoMepoM U JaTYMKaMU TEMIIEPATyphl ra3a U 30HBI TOPECHUS.
Kontpomnep dopmupyer yhnpaBisiOMIe CHTHAIBI JUIsI CHCTEM IIOJA4H
napa/Kuciopoga B aKTHBHYIO 30HY TopeHus. KoHTpons TemmepaTyphl rasa
HEOOXOaMM, T.K. TIPH ONPEACNEHHBIX TeMIIepaTypax YCUIMBAIOTCS PEaKIINH
oKuclieHUs. Peakuny OKHCIIEHUSI CMEIIAIOT COJEpKaHUE «HEHYKHOTO Ta3ay
CO; B cTOpOHY yBelIHM4eHUs, a Toprouero raza CO — ymenbieHus. boinee toro,
caM KOTEI MOXKET IMEeperpeBarbCsi U BBIXOJUTh M3 CTPOsA, YTO KpaiiHe
HexenarenbHo. CHIKEHHE K€ TeMmeparypbl rasupukaii TOIUIMBA BEAET K
HEeCTaOMJIbHON BBIpAaOOTKE MOIMHOCTH. [3, cTp.24] VYmpaBieHue momauei
BO3/lyXa M Tlapa OCYHIECTBJISETCS B (GYHKIMM XUMHUYECKOTO COCTaBa
r€HEPaTOPHOrO ras3a, €ro pacxo/ia U TeMIEPaTypbl 30HbI TOPEHUS.

3neKkTpocunoson

> Q0 A O
O
A O —
A 0 <
pabouee Teno n O
PAA_A_H Y AALA S A
HFC-R245fa
J'} |
UCTOYHMK é_
Tenna
ropexnue CO
Oxnagurenb
Ucnaputenb
A
e < 0 Hacoc

Puc.2. ITapoBoii MK yCTaHOBKH

HoBuzHa mnpennmaraeMoro pemeHus 3aKI4acTcs B HCIIOJIb30BAHUU B
KOT€HEPAIMOHHOW YCTaHOBKE BBICOKO JJMKBUIHOTO MPOMEKYTOUHOTO TOIJIMBA —
Tr€HEepPaTOPHOr0 Ta3a, KOTOPHIH MOXKET OBITh WCIOJIb30BaH NPU TOJTYYECHUU
AIEKTPUUYECKON PHEPTUM, B TEXHOJIOTHUHU TMOATOTOBKU MEPBUYHOrO OMOTOILIVBA,
a TaK»K€ B ra30BbIX BOJIOIPENHBIX KOTiIaxXx. HU3KoKkumsAmas >xuaKkoCcTb B TapOBOM
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[MKJIE TIO3BOJISIET KCIIOJIb30BAaTh HU3KUE TEMIIEPATypbl KUIIEHUS, YTO, KPOME
BCETO0 IMpOYero, BENET K BO3MOMXHOCTH IPOU3BOACTBA YCTAaHOBOK MaJloi
MOIIHOCTU. B caMoM ke ra3oBoM TeHepaTope MPUMEHEH OCOOBIM anropuTM,
pean30BaHHbII B CHUCTEME VYIPABJICHHS TIPOILECCOM Ta3uduKanuu dYepes
KoHTpoJuiep. Korenepanusi, ucroiab30BaHHas B Hallle ycTaHOBKE d(PpeKkTrBHEE
pa3eIbHOTO MCITOIb30BaHMsl TotumBa Ha 30-35%. [4]

Cpenu anbTepHaTUB M KOHKYPEHTOB JaHHOW pa3paOOTKH MOKHO
BBIJICIUTh TP OCHOBHBIX THIIA: JTU3EJIb-TEHEPATOPhI, OMOTA30BbIC YCTAHOBKH,
UMIIOPTHBIE ra30reHepaTopsl. [{u3enb-reHeparopsl HCHOIb3YIOT B CBOEH paboTe
noporoe mepBuuHoe TommBo - JT, koropoe ko Bcemy co3maér
JOTIOTHUTENBHBIC TPYIAHOCTH JOCTaBKH TpHU paboTe B YAAICHHBIX paliOHAaX.
[IIym nipu paboTe, UCIOJIb30BAaHUE Macia U 3HAUYUTEIbHBIN BBIOpOoCc CO, Takxke
OTPaHUYMBAIOT HCIOJIB30BAHUE ATUX HCTOUYHUKOB SHEpPruu. DPPEeKTUBHOCTDH
OMOra3oBbIX YCTAaHOBOK CHJIBHO 3aBUCAT OT 3¢¢ekra macTirada, HUMET
I'POM3KOCTbh, 00J1a/Ial0T CTATUYHOCTHIO U HEPEHTAOENIbHBI ITPU UCIIOJIb30BAHUU B
MeCTax C KOHTHHEHTaJIbHBIM KJIUMATOM. VIMIOpTHBIE Ta30reHepaTopsl
UCIIOJIB3YIOT B KQU€CTBE CUJIOBOTO arperara JBUTaTellb BHYTPEHHETO CTOpaHMSI,
YTO 3HAYUTEJIBHO CHIXKAET CPOK CIYKObI YCTaHOBKHU. 3apyOeKHbIC YCTaHOBKH
TpeOOBATEIBHBI K XapaKTEPUCTHKAM TOIUTHMBA W OOCITY>KMBAHHUIO, OTIMYAIOTCS
JIOPOTOBU3HOM.

B Tekymuii MOMEHT BPEMEHH BBIMOJHEHA METAUTIOKOHCTPYKIIHS
ONBITHOTO OOpa3ua rasoreHeparopa. lIpoBeneHbl HayadbHBIE HCCIEAOBAHMS,

ONTHUMH3UPOBAHA TEMIIEPATYpA TOPEHHUS.

Dann: Oara: Bpemsa:
IV_00640.BMT 28.02.2014 17:18:56

KoaddpuumeHT nanyvyeHumn: 0,95

Puc.3. I'azoreneparop. Tepmorpammsl

Pa3zpaboran ymaboparopHbIii MPOTOTUIT TTapOreHepaTopa ISl MPOBEACHUS
UCCIIEIOBAaHUN Ha OPTAaHUYECKUX JKUJIKOCTSAX.
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Puc.4. ODxcnepuMeHTanbHbBIN IapOreHePaToP

st maneHeiimed paboOThl HaJ YCTAaHOBKOM CIIEyeT MPOBECTU Psif
UCCJIENIOBAaHUM 1O  ompejaesieHn0  3(P(GEeKTUBHOCTH Ta3oreHeparopa Ha
pa3IMYHBIX BUJAX TOIUIMBA, MO CHATUIO pabouux xapakrtepuctuk OILP-
naporeHeparopa.

[Tnanupyercs pa3paboTaTh M CO3/1aBaTh CEPUNHBIE Ta30T€HEPATOPHBIC
yCTaHOBKU Mayiol u cpeaneit moutHocTH (ot 10 q0 200 xBT) s npousBoicTBa
ANEKTPOIHEPTHH U TETUIOBOW SHEPTUU B JiecomepepadaThIBAIOMIMX M YaCTHBIX
XO3SIMCTBAX.

BeIBOALI:

1. JTannas pa3paboTka n30aBIsET JeconepepadaThBAIOMINN KOMILIEKC OT
PoOJIEMBbI OTXOJOB, KOTOpPBIC SIBIISIOTCS TPHYMHON TOKAPOB M HAPYIIAOT
HKOCHUCTEMY JIeCOB. BBIBO3 k€ CONMpsKEH ¢ OOTBIIUMHU PACXOIaMHU.

2. C pyroil CTOPOHBI KOT€HEpaAIlMOHHAs! YCTAaHOBKA MOKPHIBACT JACPUITUT
MOIIHOCTM MpPH PACHIMPEHUSX MPOU3BOJCTBA WM JAET BO3MOYKHOCTH
NPEANPUATUSIM NPOJABATh IHEPTHUIO «HA CTOPOHYY.

3. lanHas Mepa YaCTHYHO pEIIUT BOMPOC 3aHATOCTH SKUTEIEH
OTHan€HHBIX C&M, a TaKKe OyeT crmocoOCTBOBATH PA3BUTHIO MAJIOTO OM3HECA.

4. lannas paboTa BecbMa akTyasbHa, yTo noguépkuBaetr [loctanoBneHue
[TpaButensctBa P® «llman MeponpusiTuii MO CO3MaHUIO OJIArONPHUSTHBIX
YCIIOBUM [IJIsl MCHOJIb30BaHUSI BO30OHOBIIIEMBIX JIPEBECHBIX HMCTOYHUKOB IS
MIPOU3BOJICTBA TEIJIOBOM M JJIEKTPUYECKOW SHEPrUM», MNPEIyCMaTPUBAIOLIEE
MEphl [0 CTUMYJHMPOBAHUIO TMOTPEOJCHUS  HETUKBUAHBIX  JIPEBECHBIX
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MarepuanoB (HU3KOCOPTHOW JPEBECHHBI, OTXOJOB 3arOTOBKH, OTXOJOB
nepepadbotkn). [5]

bubauorppuyeckuii cnucok 5
1. Caiit "Jlensru B Ousnec", ctatea " B CBEPIJIOBCKOU OBJIACTU
N3 OTXOHAOB APEBECHUHBI XOTAT HEJIATH DSJIEKTPOSHEPI'MIO™

[DreKTpOHHBIIHI pecypc].- Pexum JOCTYTIA: http://www.dengi-v-
biznes.ru/events/0/2010/03/05/1204
2. Caiir  "llpomByn", crares "Hcmonp3oBaHHass  apeBecHMHa -

HE3a/IeiCTBOBAHHBIA PE3EpPB ChIPhS DIIEKTPOHHBIN pecypc].- Pexxum pocryna:
http://www.promwood.com/byotoplyvo/utylyzacyja_othodov/2162.html

3. Tokapes I'.I'. T'azorenepatopubie aBTomoOmM, uza. M: MAILTU3S,
1955. - 206 c.

4. lanunoB H.U., llenokoB S1.M. OcHOBBI sHEpProcOepexeHus: yueOHuK,
ExarepunOypr, 2011. - 592 c.

5. Caiit "Koncynbrant", noxkymeHt "I[lnaH mMeponpusatuii Mo CO3IaHUIO
OJIarONPUATHBIX YCJIOBHM 11 MCHOJB30BaHUS BO30OHOBIISIEMBIX JIPEBECHBIX
MCTOYHUKOB JJI1 TPOMU3BOJICTBA TEIJIOBOM M DJIEKTpUYECKON »Hepruu" (yTB.
[TpaButensctBOM PD 31.05.13 N 3028n-119) [DnekrponHsIil pecypc].- Pexum
nocryma: http://www.consultant.ru/document/cons_doc_LAW_152146/#p66

QJEKTPOKOJIYH

Huxkumun M.A., HTU (punuan) Yp®@Y, 0.m.u., npogheccop xagheopwi
«CneyuanbHoe MauuHOCmMpoeHue
Kopsakoe C.A., cmyoeum ep. T-400202 MI'KM HTU (puruana) Yp@Y

N3BecTHBI yCTpONCTBA JJIs1 pacKaJbIBaHUS JPEBECUHBI BPYUHYIO, & TaKKe
C THUJIPABIUYECKUMU, LIETTHBIMU MTPUBOJAMH, YCTAHOBJICHHBIMH Ha CHEIIUATBHBIX
NEepPEABIKHBIX  Tenekkax. CyllecTBYIOT U CTallMOHapHbBIE  arperarthl,
npeaHa3HaYeHHBIE JJIsI TPOMBIIICHHOTO PacKaJibiIBaHUsS JpeBecHHbl. Bce atH
ycTpoiicTBa o0nagatoT Oonblioil Maccol u  o0bemoMm. I[lockonbky s
pacnuiMBaHus JIPEBECUH TOSBWINCH JIETKHE, KOMIAKTHBIC DJIEKTPOIUJIIBI
(U=220 B, wmacca =~ 4,5 kr), To BCTaJla HCOOXOAMMOCTb BBIOJHHUTD
AIEKTPOKOIYH, KOTOphIM Obl umen mnutanune U=220 B, Obl1 Jerkum,
KOMIMAaKTHBIM U TIEPEHOCUMBIM OJIUH YEJIOBEKOM, UCKITFOUAIOIITUN PYUYHOU TPy U
TPaBMUPOBAHUE YEIOBEKA.

[TocraBnenHas 3agaya peraeTcsi TeM, YTO MpeiaraeTcsi yCTpoOMCTBO s
pacKaybIBaHUsI IPEBECUHBI - JJIEKTPOKOIYH, XapaKTePHU3YIOIIUNUCS TEM, YTO OH
COJICPKUT TOJOTHO C JIE3BUEM, JIepXKaTelb MOJOTHA, CMOHTHUPOBAHHBIN Ha
OJIHOM KOHIIE OCHOBaHHWS, CHA0KEHHOTO JBYMs HAMPABJISIONIMMHU OTIOPAMU,
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yepe3 KOTOPbIe ¢ BO3MOKHOCTBIO OIPaHUYEHHOTO BO3BPATHO-TIOCTYNATEIHHOTO
nepeMenieH s MPOXOAUT 3yOuarast peiika, Hecylas TOJKAIOIMIMK yrmop B BUEC
IUIACTUHBI € [IWIaMu, OOpalieHHbIMM HABCTPEUYy JIE3BUIO  MOJIOTHA,
KMHEMAaTUYEeCKH COCJMHEHHass C BBIXOJHOM IIeCTepHEed peaykTopa ¢
ANEKTPONPUBOAOM, 3aKPEIJIEHHOTO Ha HAIpPAaBIIOMIUX ONOpax. Y CTPOUCTBO
MOSICHSIETCSL PUCYHKAaMU: puc. | — riIaBHbBIA BUII, pUC. 2 — BUJ CBEPXY, pHUC. 3 —
YCTPOMCTBO, BHITIOJIHEHHOE B METaJLJIE.

72 3 6 4 * E %

Puc. 1 I'maBubIil Bug

Puc. 2 Bun cBepxy
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L i 3 -’;,.! r R Ta "
Puc. 3 YcTpoiicTBO, BHIIIOJHEHHOE B METAJLIE

N 4

B KOHKpETHOM WHCIIOJHEHUH OJJIEKTPOKOIYH COAEPKHUT MOJOTHO | ¢
JIE3BHEM, 3aKPEIUICHHOE MOCPEACTBOM OOJITOBOTO COCIUHEHUS 2 Ha OJHOM
KOHIIE KOphITOOOpa3Horo ocHoBanusi 3. Ha ocHoBaHUU 3 KECTKO 3aKPEIICHBI
JIB€ HaIpaBJISIIOIME Omophbl 4, yepe3 KOTOphble MPOXOIUT 3yOuaTas peitka 35,
HECyIasi TOJKAIOMIUK YIIOp B BHUJIE TUTACTUHBI 6 C mUMaMu 7, oOpaIieHHbIMHA B
CTOpPOHY JIe3BUSI TMOJOTHa 1, TIpeJHAa3HAYEHHBIMU 11 UCKIIFOYCHUS
COCKaJb3bIBAHUSI JPEBECHOM YYpKHM C OCHOBaHUA 3 TIOA BO3JCHCTBUEM
MPUWIOKEHHOTO K HeMy ycumus. 3y0uaTas peiika 5 KHHEMaTUYEeCKU COeIMHEHA C
BBIXOJIHOM I1IecTepHEer 8 peaykTopa 9, 3aKperieHHOTO MOCPEICTBOM OOJITOB U
raek Ha HampaBisitolux omnopax 4. B penykrop 9 BMOHTUpPOBAaH YIpYruid
AJIEeMEHT (HE TOKa3aH) W TMPUBOJHOW PEBEPCUBHBIA dJekTponaBurarens 10,
npeaHa3HAaYeHHBII JUIS obecrieueHus BO3MOKHOCTH BO3BPaTHO-
MOCTYIATEIHLHOTO TIEPEMENICHHS 3y0uaToit peiku 5, ¢ myiabToM 11 ymnpaBiieHus.
Jlnst ymoOcTBa TpaHCIOPTHPOBAHUSA JJIEKTPOKOJIYHa HA OJHOM  KOHIIE
OCHOBaHMs 3 3aKperieHa pydka 12, a Ha Ipyrom KoHIle JBa Koiecuka 13. [l
OTpPaHMYCHMS XOoJa 3yOuaTrol pelku 5 ¢ 1miIacTuHo 6, Ha TIacTUHE 6
ycTaHoBJieH ynop 14. Yrop 14 MOXeT ObITh BBIIOJIHEH KECTKUM WU YIPYTHM.
JIns aBTOMAaTMYECKOro OTKJIIOUEHHs »dnekTpoasuratens 10 npeaHazHadeH
aBToMar 3amuThl 15. PaboTra oCyIIecTBISIETCS CIEAYIOMKUM  00pa3oM.
JpeBecHass 4dypka YyKIAQAbIBA€TCSI HAa OCHOBAaHUE 3 MEXAy IMOJOTHOM | u
ToJkaromuM yrnopoM. Ilynerom 11 ynpaBneHus: mogaeTcss 3NEKTPUUYECKUN TOK
oT cetn HamnpsokeHuem 220 B Ha snextpoxsurarens 10, BBIXOAHOM Bai
KOTOpPOro HauyuHaeT Bpamarbcsi. C BBIXOJHOro Baja ayekrpoasurartens 10
BpaIllalONINil MOMEHT MEpPEeNacTCsl Ha BBIXOJHYIO IIECTEPHIO § peaykropa 9,
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HaxOJAIIYIOCS B 3allellJieHud ¢ 3y04aToil peiikoit 5. 3yOuaras peiika 5 ¢
TOJIKAIOIIUM YIIOPOM HAYMHAET JABUTAThCS MO HAIMPABJICHUIO K JIE3BUIO MOJIOTHA
l u ¢ ycunmeM mnepeMemaeT APEBECHYIO YypKy Ha JIe3BHE€ NOJIOTHA 1.
[Ipoucxoautr packaiblBaHUE JPEBECHOW YYpPKH, KOJOTBIE YacTH KOTOPOH
YAQISIOTCS C OCHOBAHUS 3, MOCJE Yero MyabToM 11 ynmpaBiieHHs TPOU3BOINATCS
otkirodeHue snekrpoapurarens 10. [locne atoro 3youaroit petike 5 3amaercs
JIBWKEHHWE B OOpaTHylO CTOpoHy. B ciydae 3ama3gplBaHUS OTKIIFOUEHHS
anekTpoasuratens 10 myaprom 11 muactuHa 6 TOJIKAIOMIEro yrnopa yrnupaeTcs B
ynop 14, nmpu »3Ttom snekTpoaBuratens 10 oTkimoyaercs aBTomMaTtoM 15
KHMHETHYECKas DSHEpPrus BpallalOMIMXCd W NEpPEeMEIIAOMMXCA — JAeTaneu
AIEKTPOKOJYHA NEPEXOAUT B MOTEHUUAIBHYIO SHEPIHIO YIPYroro 3JeMeHTa B
penykrope 9, TeM caMbIM OCYLIECTBIISIETCS NPEIOXPAaHEHUE JAETaJIed OT
pa3pyLICHUS.

YCcTpolcTBO MOXKET OBITh MPUMEHEHO JIJISl pacKabIBaHUS JIPEBECHUHBI B
JOMAaIllHUX YychnoBusX. Ha puc. 3 moka3aHO YCTpOICTBO, BBIIIOJHEHHOE B
METAJJIE U PACCUMTAHHOE HA pacKajablBaHHE 4ypoK miMHOW 370-410 mMm u
muamerpoMm g0 300 mm. Takum o0pasom, HpUMEHsSST JaHHOE YCTPOMCTBO,
BO3MO>KHO OOJIETYUTH TPYH Y€IOBEKA, OCOOEHHO MOKUIOTO.

bubanorpadguveckuii cnmcox

I. Huxkutun M.A. DOnekrpokonyH. [laTeHT Ha mMOJIE3HYIO MOJIEIb
Ne132029, 2013 r.

MOIEJUPOBAHUE MNPOLECCOB 2JIEKTPOJIN3A ME/IN

Jebeoee A. C., acnupaum xagheopwvt Hnmennexmyanbhbix uHGHOpMayuoHHbIx
mexnonozutl Yp®Y, sas.lebedev@gmail.com
Oobabxoe U.H., kano. mexu. nayk, oupexmop Uucmumyma @yHONMeHMANbHO20
oopaszosanus YpDY, i.n.obabkov@ustu.ru
Axoenee K.JIL, seoywuii unsicenep-mexuonoe JIDXII U] OAO
"Vpansnexkmpomeonw”, K. Yakovievi@elem.ru

Cratpsi TIOCBSIIIEHA TOCTPOSHUIO MAaTEMaTHUYECKUX Mojenel (HU3uko-
XUMHUYECKUX MPOLECCOB, BOZHUKAIOIINX HPH JIEKTpoau3e meau. MccnenoBanus
MPOBOJIATCS Ha IUJIOIIAJIKe 1iexa anekTponnsa Meau OAO «YpansnekTpoMenby.

BBenenue

B derpane 2012 roma OAO «VYpamiekTpomear» BBEACHA B CTPOM
nepBasi oyepelb HOBOrO Iiexa »JJekTposu3za Meau. [lo  ocHaleHHOCTH
000py/IOBaHUEM W YPOBHIO aBTOMATHU3AIMU II€X JJIEKTPOJIM3a COOTBETCTBYET
CaMbIM  COBPEMEHHBIM MHPOBBIM  CTaHJapTamM. AHAJIOrOB  IOJAO0OHOIO
npousBojicTBa B Poccun Ha cerojgHs He cyiiecTByeT. biaromaps BBICOKOM
aBTOMAaTH3allMK MPOIECCOB, 000PYAO0BaHUE JAHHOTO I1€Xa MO3BOJISET MOIYUYUTh
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OTPOMHOE€ YHWCJIO JTAaHHBIX, JJIs1 00paOOTKH M TOCJEeNYIOIIero aHaiu3a. Panee
MIPOIECC DJICKTPOM3a OBLT CIHMIIKOM TIOJBEPTHYT BIHMSHHUIO YEIOBEYECKOTO
dakTopa, MOITOMY TIOCTPOSGHHE MaTEeMaTHYECKHX MoOJeNeil OblI0 HE
1eJIeco000pa3Ho, TaK Kak OHW B OOJBIIMHCTBE CIIy4aeB CHIIBHO OTJIMYAIUCH OT
PEaTBHOCTH.

OcHoBHbIE ITANBI HCCJIETOBAHUS

Paborta ycnoBHO mojeneHa Ha HECKOJBKO ATANoOB, KaXABIA U3 KOTOPBIX
NPEJICTaBISIET OTIEIbHYIO MOJIEIh KaKOro-IMOO Mpolecca WM €ro 4acT, B
COBOKYITHOCTH k€ BCE pa3zpaboTaHHbIE MOAEIU OyayT OObEIUHATHCS B €AHMHYIO
cucremy. OCHOBBIBAsACh KaK Ha OTAEIBHYIO MOJIEJb, TAK U HA CUCTEMY B IIEJIOM,
MO>KHO OyJIeT MPOaHAIM3UPOBATh PA0OTY 11eXa, OIEHUTH €ro KOJUISCTBEHHBIC U
KayeCTBEHHbIE TIOKA3aTEIH.

B pesynbTare paboThl, OCHOBBIBAsACH Ha MOJIyYE€HHbIE MOJIETIH, COBMECTHO
c uccaenoBatenbckuM HeHTpoM OAO «YpainekTtpomenb» OyAeT mperioxeHa
METOJ0JIOTHS U1 OJATOTOBKUA PaOOTHUKOB TaKOI'O POJia LIEXOB.

B Hactosmee BpeMs BeneTcss paboTa HaJl MOJEIMPOBAHUEM BIUSHUS
pa3nuyYHbIX (PAKTOPOB HA HAIPSDKEHHWE HA BaHHE U PAacXo]l AJIEKTPOIHEPTUU Ha
3JIEKTPOJIN3 MIPH MPOU3BOICTBE KATOAHON MEH.
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Pucynok 1. ®akTopsl, BIUSIONIME HA HAPSDKEHNE HA BAHHE M HE KOJIMYECTBO JIEKTPUUYECTBA,
MOTPeOIIIEMOTo TIPU TPOU3BOICTBE MEIH

Ota Mozenb Oblla BBHIOpaHA HE CIy4yalHO, TaK KaK pacxoJbl Ha
AJIEKTPOIHEPTUIO TOTPEOIIEMYI0 II€XOM BeChbMa CYIIECTBEHHBI, IOITOMY
MIPOAHAM3UPOBAB PabOTy 1eXa, HAa MOJIETH, MOXKHO OyAeT cleiaTh BBIBOJ, O
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TOM KakuWe TIOKa3aTedu  M3MEHUTh, UYTOObl CHMU3UTH  IOTpEOJICHHE
AIEKTPOIHEPTUHM, M TEM CaMbIM CHHU3MTh 3aTpaThl Ha MPOW3BOJACTBEHHBIN
nporiecc. Ha pucynke 1 MOXXHO YBUJIETh CXE€MY BIUSHHS Pa3IMYHBIX (aKTOPOB
Ha HaMpsOKCHUE Ha BaHHE M HA PacXo] AJICKTPOIHEPTUH.

3akaoueHune

B pesynbrare mpoBeneHHOW pabOTHI ObLTa TOMYYEH CHHCOK (HDaKTOPOB,
KOTOpPBIC BIIMAIOT HA 3aTPaThl HA AJEKTPUUYECTBO MPU MPOU3BOJICTBE KATOIHOU
MeEJId, B HACTOAIIIEE BpEMsI UJET MPOIECC MOCTPOCHUSI MAaTEMaTUYECKON MOJEIH
M0 TIOJYYEHHOMY CHHUCKY (haKTOpOB, TOCIE YEro IUIAaHUPYETCsS IEepPerTH K
TECTUPOBAHUIO MOJICTU, HA UMEIOIUXCSI CTATUCTUYECKUX JaHHBIX.

bubtauorpadguyeckuii CIUCoOK

1. baitmaxkoB 1O.B., Kypun A.W. Dnexrpoiu3 B TUAPOMETAUIYPTUUA. —
Merannyprusnar 1963 r.

2. Xane3zoB b.J[. MHccnemoBammst u pa3paboTka TEXHOJOTHH KYIHOTO
BBIIICTIAYMBAHUS MEAHBIX M MeAHOIMHKOBBIX pya. — 2008. — Hayunas
ounbnnoreka JUCCepTaLHi U aBTopedepaToB
http://www.dissercat.com/content/issledovaniya-i-razrabotka-tekhnologii-
kuchnogo-vyshchelachivaniya-mednykh-i-mednotsinkovykh#ixzz32MYeEe39

IMPOBJIEMBI 1 IEPCIIEKTUBBI BE3PEAYKTOPHOI'O
TPAHCIIOPTA

IHleneeun A.H., cmyoenm 2p. 310701 — JudIIOY
Ilo30ees C.A., yuebnviii macmep | kamezopuu xageopvr ATIIC HTHU (¢p) VpDY

AHHOTammusi: B cratke  paccMOTpEHBI  OCHOBHBIE  IPUYUHBI
CICPKUBAIOIINE  pa3BUTUE  MPHUBOJOB  HEMOCPEACTBEHHOTO  MPHUBOJA
TPAHCHIOPTHBIX CPEACTB, OMHCAHBI PE3YJNbTAThl HCCIEAOBAHUS B ITAKETE
nporpammbl SOlidWOrks snekTpoHHO# MOIe M TPAHCIIOPTHOT'O CPE/ICTBA.

KioueBble €j10Ba: HEMOCPEACTBEHHBIN MMPUBOJ, CUCTEMBI AJIEKTPOHHOTO
yIpaBIeHUs, MOTOP-KOJIECO, MOTOP-PEAYKTOP.

B Hacrosmiee Bpems, B MUPE HCHOIB3YETCS MHOXKECTBO, Pa3IUIHBIX
YCTPOWCTB WM arperaToB, NPEJICTaBIISIONIMX COOOW COBOKYITHOCTH CJIOKHBIX
MEXaHU3MOB, KOTOpBIC IIO3BOJIAIOT OOJIETYWTh W CHAEJIaTh BO3MOXHBIM,
YIOBIIETBOPEHUE PA3IMYHBIX YEJOBEYECKUX IMOTpeOHOCTe. TpaHcmopr,
KOTOpPBI HMCHOJB3YeTCS TOBCEMECTHO, W TpuoOperaer BcE  OONbBIIYIO
MOMYJISIPHOCTh HE TOJBKO B MPOMBINUICHHOW, HO W B COLUANBHON cdepe,
MO3BOJISIONINN OBICTPO TIEPEMENIaTh HE TOJIBKO JIFOJIeH, HO U TPy3 U3 OJHOTO
MyHKTA B IPYTO# SBISETCS MPEIMETOM 0COO0TO BHUMAaHUSI. MBI pacCCMOTPUM T€
BUJIBI TPAHCIIOPTa, KOTOPHIE MOXKHO pAa3JeiuTh Ha JBE OOJBIIUE TPYIIIHIL.
[lepBas — Ta, KOTOpas WCIOJB3YET MEXaHW3M, MPEOOPa3YIOMUNA KPYTSIIHA
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MOMEHT, JBUTaTEIbHOrO arperata. Bropas - TpaHCnopT, KOTOPbI MPUBOIUATCS
B JIBIDKEHUs 0e3 mnpeoOpa3oBaHMil MeXaHWYeCcKOW 3Hepruu. VX HaszpiBaroTcs
COOTBETCTBEHHO: PEAYKTOPHBIM U O€3pelyKTOpHBIA TpaHcmopT. B oOmiem,
TEPMUH PENyKIUsA, B MEXaHHKE MOJpa3yMeBaeT Moja coOON MOHMKEHHE WU
MOBBIIIEHUE Ynciaa 000POTOB MEXaHU3Ma C IIEJIbI0 MPUBEJECHUSI K TpeOyeMomy
MOMEHTY Ha BBIXOAHOM Bany. OCHOBHas mpodieMa peAyKTOPHOTO TPAHCIIOPTA B
TOM, 4YTO JBWKEHHUE HEBO3MOXXHO 0€3 HeoOXOJMMOro 3BEHa — peayKTopa,
KOTOpele MoOryT 3aHuMath 10 30% wu Oonee, moje3Horo oObeMa BHYTPH
TPAaHCIOPTHOTO CpPEICTBA. IJTO MNPUBOOUT K pAxy HeyaoOctB. Tak xe
OTIMYUTEIHHON 0COOCHHOCTBIO PEAYKTOPOB SIBIISICTCS IIYMHOCTh X PaOOTHI, a
TaK K€ C YBEJIMYECHUEM TaKOT0 MTOKa3aTeld KaK INIABHOCTh X014, YBEIMYHUBAECTCS
U CIIO)KHOCTh MEXAaHW3Ma pEAyKIWH, YTO B CBOK OYEpEIb NPHUBEAET K
CHIDKEHHIO  HajgexxHocTH.  [loaToMy — mepcnekTuBbl  Oe3peayKTOPHBIX
TPaHCIIOPTHBIX MEXaHW3MOB O4YEBUJHBL. B Hamem wuccrnegoBaHuu ObUIH
PacCMOTPEHBl CaMble pACIPOCTPAHEHHBIE MEXaHU3Mbl HEIOCPEACTBEHHOTO
MPUBOJA:

1) MoTop-KoJjieco — 3TO KOJECO KOTOPOE MOXKET MPHUMEHSTHCS KaK B
aBTOMOOWJIIX TaK U B CTPOUTENIBHON Tpy30BOM TEXHHUKE, KOTOPOE HMEET
BCTPOCHHBINA TATOBBIM 3JIEKTPOJBUIATENb, KOJECHBIM PEIYKTOP M TOPMO3HOU
MexaHu3M. OCHOBHbBIE NPEUMYLIECTBA MOTOP-KOJEC B TOM, YTO, BO-TIEPBBIX,
OTCYTCTBUE  CIIOKHBIX  TSDKEIBIX  MEPEAATOYHBIX MEXaHU3MOB  MEXAY
JIBUTATEJIEM M KOJECOM, BO BTOPBIX OTJIMYHAs JUHAMHKA, T.K. HEKOTOPbIE W3
MOTOPOB CHOCOOHBI Pa3BUTh KpyTsAmuid MomeHT Ao 700 H-:™, B TpeThbux

MOBBIIIIEHHAsS MAHEBPEHHOCTh U OTJMYHAs aKTHUBHAs OE€30MacCHOCThb, 32 CYET
BO3MOXXHOCTH YIPAaBIEHUS KaXIbIM KOJIECOM B OTAEIbHOCTH. CHUXKEHUE
LHEHTPa TSKECTH MIPOMCXOIUT 3a CYET PABHOMEPHOIO pacIlpelesieHUus Beca
aBTOMOOWIIS Ha Kaxaoe u3 4 xosiec (cM. puc.l, 2). DTOT arperaT COCTOMT M3
Topmo3Horo nucka (1), potopa (2) u craropa (3) sJaeKTpoaABUraTensi, CynmnopTa
JTIMCKOBOTO TOpMO3a (4), MOBOPOTHOTO Kyiauka (5) ¥ nmepexoiHo# 11aiosI (6).

2) MoTop-peayKTop — IMpEACTaBIIeT COo00H arperar, KOTOPBI
COBMEIIIAET B OJHOM OJIOKE SJIEKTPOJBHUraTelib M peaykTop. Kak sineMeHT
AIIEKTPONPUBOA, ITUPOKO MPUMEHSIETCS BO BCEX 00JACTAX MPOMBIILICHHOCTH.
OCHOBHBIMHM JIOCTOMHCTBAMM JTOro MexaHu3Ma sBistoTcs: BbICOKMM KIIJI,
IpoCcTOTa OOCIY)XKMBaHUSA, KOMIIAKTHOCTb M YHOPOLIEHHBII MOHTax. B
3aBUCHUMOCTH OT THUIIA HCIIOJB3yeMOW IMepe/laud, BBIACISIOT IJIaHETApHBIE,
YepBAYHbIC, ITUIUHIPUICCKUE, BOJIHOBBIC U MMPOYUE MOTOP-PEAYKTOPHI.

3) KoMnJIeKTHBII 0e3peayKTOPHBII 3JIeKTPONPHUBO/ — JaHHbIH TPUBO/
npelaHa3HayeH Uil OOECTeYeHMs] BpalleHUsT Ha MalbIX CKOPOCTAX C
yOpaBsieMbIM 3aKOHOM H3MEHEHHSI CKOPOCTH, YCKOPEHHSI U HAIMpaBJICHUS, C
BO3MOXXHOCTBIO TMO3UIIMOHUPOBAHUSI MO KOOpPAWMHATAM, 4YTO JOCTUTaETCs
COUETAHHWEM PA3JMYHBIX PEKUMOB pPabOTHI: IMArOBOT0, MHUKPO-IIArOBOTO H
MJIaBHOro BpaieHus. (OCHOBHBIMM JTOCTOMHCTBAMHM JIaHHBIX IPUBOJIOB

181



ABIIAIOTCA: B IPAMOM IMPHUBOAC OIOJICKTPOMArHUTHAA OHCPIUs Hpeo6pa3yeTc;1
HCIIOCPCACTBCHHO B JIMHEHHOE (I/IJ'II/I HOBOpOTHOC) MNEPCMCIICHUC, OTCYTCTBUC
tIaCTeI‘/’I, IMOABCPIKCHHBIX H3HOCY HW TPCHHIO, MOIOYJbHAsA KOHCTPYKIHA U
OTCYTCTBUC MCXAHHUYCCKUX IICPCAAY IIO3BOJICT CO30aBaTb IIPCUHU3NOHHLBIC
MHOT'OKOOPAWHATHBIC CUCTCMBI.
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B pesynbraTe uccnenoBanus ObUT HaWJIEH LEHTP TSKECTH U ONPEACICHO
€ro BIMSHHE Ha XapakTepuCTUKU. OOBEKTOM HCCIENOBAaHUS CTaJl BE3/IEXO]l
TUI'P (I'A3 233014), ocHOBHasg macca KOTOPOTO CKJIAJbIBACTCS W3 CYMMBI
Macchl peaykTopa (KOpoOKM Tiepenad), JBHUrareiss M BCIOMOTraTeIbHOIO
MeXaHM3Ma — cIeruieHuss. Macca Takoro Be3zaexoja Oyaer coctasiser 6000kr,
u3 kotopoit 40% Oyner 3aHUMaTh JBUraTeNbHAS 4acTh, YTO cocTaBiseT 2400kr
[1]. C makcumanbHbiM MOMEHTOM, 1 700HM. 3ameHUM peayKTOPHBIA MEXAHU3M,
U pazMecTuM 4 MOTOp-KoOJieca Ha KaXJ0€ MPUBOJUMOE B JIBUKEHUE KOJECO.
Macca Morop-kosec, B cymme coctaBut 230kr. C MakCHUMaabHBIM MOMEHTOM
540HmM. Macca reHepaTOpHOM  YCTAaHOBKM  COINOCTaBMMa C  Maccou
MEXaHMUYECKON KOpOOKM Tepegady W MHOTO(YHKIMOHAIBHBIX TPUBOJIOB.
MexaHu3M ynpaBiieHUs, HE NpeBblIaeT 15kr. B pe3ynbTaTe, Mbl BUIUM SIBHOE
MPEUMYIIIECTBO B PACIPECICHUH JaBJICHUS AaBTOMOOWJISI Ha OIMOPHYIO
MOBEPXHOCTh (CM. pHUC.2 HIWKHUNA BUA). UTO TMO3BOJSET YBEIUYHTH
MPEOJOJICBAEMBIII  YKJIOH, TMOBBICUTh  YCTOMYMBOCTH  MPOJOJBHOTO U
MOTIEPEYHOTO KPEHa, CHU3UTH TIOTEPHU TIPH IBMXKCHHUH TI0 CYTJIMHKAM U 00J0TaMm,
3a CUET PaBHOMEPHOT'O paclpeiesICHUs JaBJICHUS Ha KoJieca.

bubanorpadguyeckuii cnucox
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THE ADVANTAGES OF HIGH-TECH LED LIGHTING IN THE
GLOBAL ECONOMIC DEVELOPMENT IPEUMYIIECTBO
BBICOKOTEXHOJIOTMYHBIX LED OCBETUTEJBHBIX IPUBOPOB
B MUPOBOI DKOHOMMUMKE

IHleneeun A.H. cmyoenm 2p. 310701- JulIIOY
Io30eee C.A., yueonsiii macmep | kamezopuu kagheopvr ATIIC HTU (p) Yp@Y

AHHOTAWUSA: /Jocmamouno ocmpoi npodiemol 8 Haule 8pemsi A6/emcs
aghgpexmugnoe ucnonvbzosanue snHepeopecypcos. B oamnou cmamve NOKa3aHul
83AUMOCBA3U PA3GUMUSL IKOHOMUK 20CYOAPCME C IHEP2eMUKOl KaK OmMpaciu Ha
npumepe ucciedo8anus d¢pgekma om GHeOpeHUs BblCOKOMEXHOIOSUYHBIX
NOJIYNPOBOOHUKOBBIX — OC8emMUMENbHbIX  npubopos,  ucnoavzyrowux  LED
MEXHON02UIO.

KiaroueBbie cJ1oBa: IMOJYIIPOBOJHHKOBEIC HpI/I60pI>I, BBICOKHC
TCXHOJIOI'NH, SHCPI'CTHUICCKHUC PCCYPCHI, pa3BUTUC 5 KOHOMUKH.

Abstract: Efficient use of energy resources is a real serious problem in
our time. We consider energy from different sides as a branch, so and the cause
of economic development. The main idea of our research is to examine the effect
of using LED light sources.

Key words: semiconductor, high technology, energy resource, economic
development.

In recent years, the market for light products became intensely updated
and evolved. In particular, this happens for the reason that the world is now on
the path of global problems such as - inefficient use of energy resources,
reproducible, and used to meet the industrial and social needs. That's why
scientists and scientific organizations, conduct research and development in this
field, for that would reduce the power consumption of the whole world. After
all, if refer to statistics, the world consumption of electricity in 2000 amounted
to 13 trillion KW/h, and in 2013 already 20.2 trillion KW/h [1]. Note also that the
share of electricity consumption to average each resident is doubling every 20
years. And in the next 25 years is projected to increase the growth of electricity
by more than 75 %. Respectively that is bound to lead to an increase in capacity
of power plants worldwide. That is why in recent years, one of the most
common measures to reduce electricity worldwide, is the replacement of all
kinds of light sources, a more cost-effective and energy-intensive and LED. The
very notion of LED appeared in the early 20th century, when in 1907 Henry
Joseph Round, first described and discovered the phenomenon of
electroluminescence, discovered them in the study of current flow in a pair of
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metal - silicon carbide. LED or light emitting diode a semiconductor device with
a p-n junction created by the optical radiation by passing electric current through
it in the forward direction. [2]. Currently, the technology far ahead, and now we
have a full light source, which is capable to satisfy all consumer and industrial
needs in the area of lighting and energy. Such well-known companies like
Osram, Philips, Citizen, have made great strides in developments on light and
lighting technology. May be the most important factor when choosing any light
source is a light output or brightness is measured in lumens (Im). Draw a small
table where you can clearly see the benefits of LED lamps.

Tab. 1

The benefits of LED lamps

Ezletr)gy saving LED Glow-lamp Energy Saving bulb | LED
Power (W) 100 13-15 8-12
Brightness Lm) 1600 700-800 1100-1200
Efficacy (Lm /W) 16 53-54 110-130

At this stage, omitting some of the challenges and shortcomings of LED
bulbs, we can confidently say that the efficiency of the LEDs on the face. With
the use of more modern technology can increase this rate by 7-8%.

The study raises the question — «Is it worth it, to change something»?
Certainly, it is needed. Statistics on the results of the average rate of energy
consumption per person is about 10-14 thousand kW/hour. This figure is made
up from both living conditions and business and industry in general. Therefore,
it is worth noting also that human needs are exclusive feature; grow
exponentially, from the opportunities offered. This should be considered in the
future. The basic idea is that the lower the share of electricity consumption is
very difficult and almost not acceptable at this level of development, but can
significantly reduce the rate of its growth. Most developed countries, with great
speed, moving to all sorts, saving energy sources. In this case, with application,
LED products may reduce the rate of growth to 52%. That significantly affects
the global energy level. | want to also note that the share of consumption
electrical-energy in Europe and the CIS, has changed only by 3-4% over the past
20 years, at the same time, China has increased this figure by 217 %, this is due
primarily to the fact that significantly increased the production performance of
the country as a whole, and accordingly increase in energy consumption. The
share of electricity consumption's in the period 1990 to 2012. According to the
review, results of the research to date suggest an association between statistics
of energy consumption in the world and economic development.
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fig.1 Statistics of energy consumption in the world, Energy TW/h
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fig. 2 Statistics of energy consumption in the world Annual consumption of electric
energy. Energy TW/h

35000
30000
25000 -
20000 -
15000 -
10000 -
5000 -

fig.3 Statistics of energy consumption in the world Annual consumption of electric
energy. Energy kW/h



References

1. U.S. Department of Energy, International Energy Agency

2. 0.V.Losev At the root of semiconductor technology. - Leningrad:
Science, 1972.

3. Site: http://www.eia.gov/Analisys United States Energy information
administration

4. Rein G. "Storage on non-Hertzian Frequency Information in Water" In:
Proc. / / Inernat. Inernat. Tesla Soc. Elswick S. Tesla Soc Pub., Colorado
Springs;, CO., 1992 (Ed.)

K BOIIPOCY O IIPUMEHEHUH JUHEMHBIX ACUHXPOHHBIX
JABUI'ATEJIEN B ITIPOEKTUPOBAHUMU ITEPCIIEKTUBHbBIX
TPAHCIIOPTHBIX CPEJICTB

Hookonzun U.B., cmyoeum 2p. 310701 - SudIIOY
Io30eee C.A., yueonniii macmep | kameeopuu kagpeopolt ATIIC HTU () Yp@Y

AHHoOTauus. B cTaTbe paccMOTpPEHbl NEPCIEKTUBHBIE HANPABICHUS
MIPUMEHCHUSI JIMHEWHBIX ACUHXPOHHBIX JBUTATEIIEH B TATOBO-TPAHCIIOPTHBIX
CHUCTEMax Ha OCHOBE JIMHEWMHOTO ACUHXPOHHOTO JIBUTATEIA.

KiroueBble ¢JjI0Ba: TNPOCKTUPOBAHME  DJIEKTPUYECKOTO  MPHUBOJA,
ACUHXPOHHBIN JIMHEWHBIN IBUTATEIIb, TATOBO-TPAHCHOPTHBIE CUCTEMBI.

MHorue u300peTeHuss MEHSIOT Hallle MNPEACTaBICHHE O COBPEMEHHOM
MUpe, yiydilas cpely OOWTaHHsS 4YeJloBeKa, co3faBas Oojiee KOMQOPTHBIE
ycioBusi. [loBblieHMe KauecTBa >KM3HU MPUBOJIUT K YBEIMYEHHUIO 3aTpaT Ha
nojazepkane TpedyeMor HHGPACTPYKTYphl, TEXHUYECKUX YCTPOUCTB U
arperatoB. [lo 3Toil mpuuyMHE OCHOBHAs 3ajada MNPOCKTUPOBAHUs, KOTOpas
BO3HHMKAET TEpe]l COBPEMEHHBIMU DPa3pabOTYMKaMHU, COCTOUT B TOM, YTO ObI
TOOUTHCSI CHIDKEHMSI PEMOHTHBIX, JKCIUTYyaTallMOHHBIX U HH(PPACTPYKTYPHBIX
3arpaT. OIHUM U3 CHOCOOOB JIOCTHKEHHSI JTOW IIeNId SIBISIETCS BHEIPECHHE
ANEKTPUYECKUX MAIlUH HEMOCPEICTBEHHOIO IMPHUBOJA B TPAHCIHOPTHBIC
CPEACTBA.

B kawectBe mipumepa paccMOTPUM  HCIHOJB30BAHHE  JIMHEHMHOTO
ACUHXPOHHOI'O JABUrartelsiss Ha cHeroxone «bypaH-Ay», KOTOpPBIA HCMOJb3YETCS
JUJISl IPUBEJICHUSI B JIBMDKEHUE BTOPUYHOTO DJIEMEHTa B BUJE TMOKOW I'yCEHUIIBI.
OH pacmnoJioKeH ¢ BHYTPEHHEH CTOPOHBI BEPXHEro 00BOAa I'yCEHUYHOM JICHTHI.
Takoe yCTpOMCTBO HAa3bIBACTCSI T'yCEHUYHBIN 3JIEKTPOMATHUTHBIM JBUKUTEIb.
Ha Puc. 1 nmokazan o0muii B MOJIEPHU3UPOBAHHOTO CHEroxonaa. B pesynbrare
WCITIOJIb30BAHUS TAKOTO JABUKUTENS CYIIECTBEHHBIM 00pa30M MEHSETCS CHCTeMa
nepepaun M (POpMUPOBAHUS TITOBOTO ycuius. JIBUTaTtenb BHYTPEHHETO
cropanust ([IBC) wucnonb3yercss TOJABKO IS Bpall€HUsS T'€HEpPaTOPHOMU
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yCTaHOBKU. [Ipy 3TOM OH HCHOJB3YyET 4YAaCTOTY BpaIlEHUs BBIXOJHOTO Baja,
KOTOpasi COOTBETCTBYET CAMOMY SHEPIeTUUECKH BBITOJHOMY JUaIa30Hy pabOThI
cm. Puc.2, rme 1 - xapakrepuctuka PM3-640, 2 - xapakrepucruka
MEXaHUYECKOM TpaHCMHUCCHHM, 3 - XapaKTEpPUCTHKA AJIEKTPOMArHUTHOM
TpaHcmuccuu. [loTpebieHue TOmIMBa MpPU CIIOKOWHOM BOXKJICHUHU U 3arpy3Ke
TpaHCOpPTHOTO cpenactBa A0 50% MakcuManbHOM  TPy30HOABEMHOCTH,
camxkaercs 110 20%.
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Hpyrum cnocobom 3(QQPEeKTUBHOrO HMCHOJIB30BAHUS TOIUIMBA SIBIISIETCS
3aMEHa IWITATHOTO JBHUTIaTelsl HAa TE€HEPATOPHYIO yCTaHOBKY Ha ocHoBe J[BC.
OTnuyne STUX JABUraTeled 3akioyaeTcsi B TOM, YTO IITaTHBIA arperar
CHPOEKTUPOBaH, 4TOObI padOTaTh B IIMPOKOM JUANA30HE YacTOT BpAICHUS
BeIXOHOTO Bana (Puc. 3 cieBa), a mpu BTOpOM BapUaHTE HCIOIb3YETCS
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Puc.3. 3aBucumocts KI1/] nBuratesnns ot pabodeit 4aCTOThI BBIXOHOTO Bajia

TOJIBKO JIJIsl BpamieHus renepartopa, To ecth JIBC, paboraer B Majom
JMara3oHe YacTOT BpAIICHHS BBIXOAHOrO Basa. OH MOTPEOISCT MEHbIIE
tormBa (Puc. 3 cnpasa). Tak ke K OCHOBHOMY IMPEHMYILECTBY HEOOXOIUMO
OTHECTH MOJYJIbHYIO CTPYKTYpy MW TMPOCTOTY OOCIYyXMBaHHS, KOTOpas
3aKJII0YaeTcss B TOM, 4YTO T[epelnava, pachpeieiicHHe DHEPIUud MEKIY
I'YCCHHMIIAMH, U W3MEHCHHE CKOPOCTH JBIIKCHHS MPOMCXOIWT TMPH IMOMOIIN
HOJYIIPOBOIHUKOBBIX ~ MpHOOpoB. OHH  OTHOCATCI K  OCCKOHTAKTHBIM
KOMMYTAaTOpaM, CPOK OSKCIUTyaTal[id KOTOPHIX 3HAYUTEILHO BBIIIE, YEM Y
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npocTeix pene. llpenMyinecTBa 3MEKTPUUECKUX MAIIMH HETOCPEICTBEHHOTO
npHuBoOJa ObUIM U3BECTHBI ¢ Hadama XX Beka [1], HO ToJpKO celiuac Ojaromaps
Pa3BUTHIO HAayKd W TEXHUKA MOXXHO B TIOJHOW Mepe yTBEpXKIaTh O
NEPCIIeKTHBAX  CO3JaHWs, Pa3BUTHS W  I[IUPOKOTO  TPUMEHEHUS B
MIPOMBINIIJICHHOCTH TPAHCTIOPTHBIX CPEACTB HA MX OCHOBE.

bubanorpaguyeckuii CIUCOK
1. Becenorckuit O.H., Konses A.1O., Capanynos @.H., [IpoektupoBanue
JMHEWHBIX aCHHXPOHHBIX BUTaTeneit M.: Dueproatommsaar, 1991r. — 255 c.

TEXHOJIOTUYECKAS OCHACTKA JJIS INIASMEHHOM 3AKAJIKH
MAJIOKECTKHX BAJIOB

Camxkoe A.0., cmyoenm HTHU (punuana) Yp®@Y, ep. T-400301-TM
ITvicmozoe A.A., cm. npenooasamens kagh. OM HTHU (punuana) Yp®@Y

3ajaya MPOEKTUPOBAHUS JITAHHOTO TMPHUCIOCOOJEHUsT 00yCIOBICHA
HEOOXOJMMOCThIO TTOBEPXHOCTHOM 3aKaJIKW Tl BpalleHHs, JJIMHA KOTOPBIX
MHOTOKPAaTHO TMPEBBIMIAET MX AUAMETp. TEXHOJIOTrHYecKass OCHACTKA JOJDKHA
yACPKUBATh U LIEHTPUPOBATH BaJl OTHOCUTEJILHO OIOP, a TaK e 00ecreynBaTh
BpalnieHue oopadaTteiBaeMoi AeTtanu 6e3 MpoOyKCOBKH.

B nannom cnydae HamOoJiee oNnTHUMalIbHBIM OyAeT BpallleHuEe JeTalu C
MOMOIIIBIO JIBYX TMPUBOJHBIX POJMKOBBIX Bpamareneil. Ilpu sToM miazmatpoH
HEOOXOJMMO YCTaHOBUTh HaJ JETadbl0 C BO3MOXHOCTBHIO CHSTHSA, IS
YCTAaHOBKH Balia.

JleTanp ycCTaHABIMBAETCS HAa BpallaTelb POJIUKOBBIM CBApOYHBIA |,
BBICOTA OCHM BpalEHHS PEryJIUPYETCS B 3aBUCHUMOCTM OT JUAMETpaA
ANEKTPUUYECKUM JOMKPATOM 2.

[TpunIun paboThl MPUCTIOCOOICHHUS:

Yeunue nepenaercss OT JJIEKTPUUECKOr0 MOTOpa JOMKpara Ha Omopy
Bpamarens 1, moBopaunBas poiauKu BOKpyr ocu 8. OT mMoTopa-peaykropa 6
yepes3 BpallaTellb POJMKOBBIA CBAPOYHBIA, COCTOAIIMN M3 KOJIEC BEIYIIUX M
KOJIEC BEJOMBIX, YCUJIME BpalleHUs MoAaércs Ha Bajl. HacTpolika monoxeHus
MJa3MOTPOHA  OCYIIECTBIISIETCA € TOMOIIBID TMOABWKHOM  KapeTKu 1O
HAIPaBJISAIOIIEH BUHT-TAUKHU 7 U JOMKpara.

3akasika OCYIIECTBISIETCS CO CKOpOCThiO 3-5 cm/c. Jiiga 3amaHHON Ham

neranu guaMmetpoM 10 300MM paccumTaeM 4acTOTy BpalleHUs:

1000V
n= ; Tie V — MakCUMaJIbHasi CKOPOCTh 3aKaJIKH, M/C

T
D — nnamerp neranu, M

188



53,08 00/MUH

1000-0,05

n=

3,14-0,3

] T T © o o e o ot _ =
¢ I+ o e o o o o+ I+

S, — RN A—_) S———

}H-HHHMH—“HHHHHHHHHHHHHHHHH“HHHHHHHHHHHHHUHHHHHUHHHUHHHHHHHHHHHHHHHHUHHHHHHHHHH“HHHHHHHU“HHHHHHU /
|- o5 LN
F i+ o o o o o Oof _ F o

IHGADN DXTOZ-ALIFTG WETIHOXGH [YFJaNnctam (lmasy/gocticyy

Puc. 1 Yeptex npucrnocobaeHus

189



OcHOBHBIC 0COOCHHOCTH TPEIJIaracMoro YCTPOMCTRA!

1. [Ipemyiaracmas cxeMa IPHUCIOCOOJICHHS TIO3BOJISICT HCIOJIB30BaTh
JOTIOJTHUTEIIBHBIC OTIOPHBIC POJIMKH JIUIST MaJIOKECTKUX JICTaJICH.

2. B KOHCTpYKIIMM dYEeTKO O0003HAYCHBI Y3JIbI, YTO YIPOIIAET COOPKY
OCHACTKH.

3. [Ins 3amaHHBIX JUANa3oHOB AMAMETPOB W JUIMH TPHUCIOCOOJICHHE
00aiaeT YHUBEPCAIbHOCTBIO.

4. JIBMKeHHE MOJlayu B CIydyae HEOOXOAUMOCTH (O4YeHb OoJibllas AJIMHA
JIETAIM) MOXKET OBITh pEeaTM30BaHO HE MPU TMOMOIIM XOJOBOTO BHHTA, a,
HaIpuMep, LEMHOU Iepe1aveu.

OAKTOP HAJAEKHOCTH IIPU ITPOU3BOJACTBE
JIEKAPCTBEHHBIX ITPEITAPATOB

Hlanownukoea K.A., Yp®@Y, cmyoenm-macucmp,
Kazanyesa H.K., Yp®Y, ooyenm x.m.n., I pubos B.B., Yp®@Y, ooyenm x.m.H.

HanexxHocte wu3genusi — CHOCOOHOCTh M3JIETUs COXPAHITh 3HAUYCHHS
YCTAHOBJICHHBIX TapaMeTPOB (PYHKIIMOHHPOBAHUSI B OMPENEICHHBIX Mpesenax
COOTBETCTBYIOIIMX 3aJaHHBIM pPEXHUMaM W  YCJIOBHUSIM  HCIOJb30BaHUS,
TEXHUYECKOTO OOCIy)KUBaHUS, XPAaHCHUSI W TpaHCIOpPTUpoBaHUA. Jpyrumu
CJIOBaMH, HAJIE)KHOCTh — 3TO CBOMCTBO OOBEKTa COXPAHSATH BO BPEMEHU B
YCTAHOBJICHHBIX TpejesiaX 3HAaUeHUs BCEX MapaMeTPOB, XapaKTEPU3YIOIINX €ro
CIIOCOOHOCTH BBITIOIHATH TpeOyembie PyHKkIuu [1].

OcHOBHBIMH  (paKTOpaMu, OIPEACIAIONIMMHI HAJEKHOCTb, SIBIISIOTCS:
YBEIIMYUBAIOIIAACS CJIOKHOCTh TEXHUYECKHX YCTPOMCTB; BO3pacTarolias
OTBETCTBEHHOCTh (DYHKIIMI, KOTOPHIC BBIMTOJHIIOT TEXHUYECKUE YCTPONCTBA;
MOBBINICHUE TPeOOBAaHUN K Ka4yeCTBY WM3JIEJIMH W YCIOBUSIM HX PabOTHI;
BO3poOCIas pojib aBromaru3anuu [2]. TexHudyeckwe CpeicTBa M YCIOBHS HX
paboThl CTaHOBATCS BCE OoJiee CIOXKHBIMH, BCE 3TO KacaeTcs M Iporiecca
MOJTYYEHHUS JICKAPCTBEHHBIX MPENapaToB.

JlekapcTBeHHBIE  mpemapatbl —  0coObii  ToBap.  IloTpedbutenn
CaMOCTOSITEJILHO HE MOKET OMPEACIIUTh 110 BHEITHEMY BUAY Kaue€CTBO TOTO WJIU
WHOTO JiekapcTBa. [loaTOMy akTyaabHOCTh HAJIEKHOCTU JIEKApPCTBEHHBIX
npenapaToB B HacTosee BpeMsi HabupaeT 000poThl. OJTHUM W3 OTBETCTBEHHBIX
MIPOIIECCOB CO3/aHUsI HOBBIX JICKAPCTBEHHBIX CPEJICTB SBIISICTCS MPOBEIACHUS
JTOKIIMHUYECKUX U KIIMHUYECKUX UCTIBITAHUM.

[IpoBeneHre NOKIMHUYECKUX MCCIEIOBAHUI — 3TO MEPBbIM 1IAr HA MyTH
K pETUCTpaLMY JICKAPCTBEHHOTO TpernapaTta U MoJATBEPKICHUS €r0 HaIKHOCTH.
B xo/e MOKIMHUYECKUX HCCIICIOBAHUN TTPOU3BOAUTCS OlleHKa 3(PhEeKTUBHOCTH
npenapara U ero Oe3zomacHocTH. KauecTBO 1 00bE€M HMCCIIENOBAHUN MPSIMBIM
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o0pa3oM BIUSIIOT Ha JaJbHEUIIMNA MPOLIECC PErucTpaluud JIEKAPCTBEHHOTO
CpEIICTBA, a TaK)Ke rapaHTHPYIOT B JlajbHEHIIeM 0€30MacHOCTh Mpenapara mnpu
MPOBEICHUH KIMHUYECKUX UCCIICIOBAaHUM Ha JIIO/ISIX.

B npornecce ucnbiTaHuii HanboJiee BaXKHBIN MMOKa3aTelb — CTAOMIBHOCTD
KauecTBa Mpernapara, OINpeAessieTcsl CTa0MIbHOCThIO COCTaBa, HAJIEKHOCTHIO
XUMUYECKUX TPETapaToB U METPOJIOTHIECKON HATCKHOCTHIO.

OmuH u3 myTei oOecrieueHuss KauyecTBa MPOM3BOACTBA M MPOBEACHUS
TaKUX HMCHBITAHUA — OTO CO3JaHWE HA TPEANPUATHA CUCTEMBI YIPABJICHUS
HajexxHocThio (CYH).

CVYH obecnieunBaet penieHre cueayomux 3auad [3]:

— oOecIleueHrEe HaIe)KHOCTU U3/CIIUT;

— JIOCTHEHUE HEOOXOIMMOT0 YPOBHS HAJIEKHOCTH KOHTPOJIS,

— TMOJTBEPXKICHHUE IOCTUTHYTON HAI€KHOCTH;

— yIy4IlIEeHUE HaJIeKHOCTH.

CVYH sBnsieTcss 4yacThio OOIIEH CUCTEMBI YIPaBIEHUS MPEANPUITHEM U
yacThlo ero cucrembl kaudectBa. Cozmanue CYH peanusyercs B Buje
CaMOCTOSTEIIbHON OpraHu3alMOHHOMN CTPYKTYPBI (moapaszaeneHus
HAJISKHOCTH ), HA 0a3e NeHCTBYIOMIEH cucTeMbl MeHeKMeHTa kadecTBa (CMK).
KoHkpeTHbIE MepOonpUsITHS IO YIPABJICHUIO HAJIEKHOCTH pPa3pabaThIBalOT B
nporpamme obecrnieueHus Haaexnoctu (ITIOH).

[IOH — 3T0 nOKyMEHT, KOTOpBIM pa3pabaThiBacTCsi B BHUJE OT/ACIbHOMN
IpOrpaMMbl  OOCCIICUCHHUST HAJCKHOCTH HA CTAIUsAX >KM3HCHHOTro nukia [3].
KoHkpeTHbIe TpenokeHus s (apMaleBTUUECKOr0 MPEIIPHITHSI, KOTOPOE
pa3pabaThiBacT TIpemaparbl, MPOBOIUT MOKIMHUYCCKAEC W KIMHUYECKHE
UCITBITAHUS ¥ TIPOU3BOJIUT WX, MPEACTABICHBI B TAOIHIIC.

Tabnuua

Meponpusatus 1mo 00ecreueHN 0 HaIeKHOCTH

Onementsl CYH | MepompusaTus mo o0ecredyeHnto HaJaexkHOCTH - DnemenTsl [IOH

[Tepconan - Ha3Ha4Y€Hbl OTBETCTBEHHBIC 3a HAJEKHOCTh KU3HEHHOIO IMKIIA
IIPOYKIHH;

- OIpeJieNIeHbl U TOKYMEHTAJIbHO O()OPMIIEHBI OTBETCTBEHHOCTb,
CTPYKTypa M TOPSAOK B3aWMOJICUCTBUS MOJPA3ACICHUN U
IepCOHaJIa IPEANPUATHS;

- TMpoBeleHO OOydeHue MJii TOBBIIIEHHS (MOJJepKaHUS)
KBAJTM(HKAIIMY IEPCOHAA.

MarepuanbHo- - HCTI0JIb30BaHbl HOBBIE MaTepHalibl, 00JaJat0INE YIYUIlIEHHBIMU

TEXHUUYECKUE PECYPCHI XapaKkTepUCTUKaMU, M  HOBBIE  JJIEMEHTHI,  OOJajaroIme
MOBBIIIEHHON HAJEKHOCTHIO MO CPABHEHUIO C MPUMEHSBIIMMHUCS
paHee.

Hopmarusnas - chopmupoBaHa HMH(oOpManMoHHas 0a3a 3aKOHOMATENBHBIX U

JOKYMEHTaIus 1 HOPMAaTUBHBIX JTOKYMEHTOB;

MCTOAHUYCCKOC - pa3pa60TaHLI IMOJIOKCHUA O HAACKHOCTU B TOAPA3ACIICHHUSIX,
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obecrieueHue JOJDKHOCTHBIE UHCTPYKLIUU U T.J.;
- pa3paboTaHa M MOCTOSHHO aKTyalU3UPYeTCs TEXHUYECKas
HOJUTHUKA IPEIIPUSATHSL.

TexHuueckoe - IPOBE/ICHBI KaJTMOPOBKH U TIOBEPKH CPEJCTB U3MEPEHUH;
o0cyXKuBaHUE U | - IpUMEHSETCS amnmapaTypHOe BPEMEHHOE M MH(POPMAIMOHHOE
PEMOHT pE3EepPBUPOBAHUE;

- IPUMEHAIOTCS 3P PEKTUBHBIE METO/Ibl KOHTPOJISA, O3BOJISIOIINE
yCTaHaBJIMBATh IPUYMHBI BOSHUKHOBEHUS OTKAa30B 000PYI0BaHHS
U CPEJICTB U3MEPEHMIA;

- o0ecredeHbl 3a/1aHHbIE YCIIOBUS U PEKUMBI pabOThI;

- NMpOBEJAEHbl MNPO(UIAKTHUYECKUE PAaOOThl U TUArHOCTUYECKUN

KOHTPOJIb.
HNudopmannonnoe - TIOJy4eHBl CBEACHMs, JaHHBIC, B IIpoleccCe Hay4YHOU,
oOecrnieueHue IIPAaKTUYECKOW,  YNPABICHYECKOM MW  HMHOW  JEATENbHOCTH,

TpeOyroIIre 3aTpaT BPEMEHHU U IPYTUX BHJIOB PECYpPCOB.

Onementamu CYH ABISIOTCS  OCHOBHBIE peCcypchl  IPEINPUSITHSL:
NEPCOHA; MATEPUAIbHO-TEXHUUECKHUE PECYPChl; HOPMAaTUBHAs JJOKYMEHTAUs U
METOJMYECKOEe OOECHEeUYEHUe; TEXHUUYECKOE OOCIy)XKHMBaHHE W  PEMOHT;
uH(pOpMaIMOHHOE 0OecTIeueHue.

[IOH oneHuBaeT BO3MOKHOCTH KaXKJIOT'O pecypca, TEM CaMbIM,
KOPpPEKTHUPYET, YIydlllaeT M pa3BUBAET CHUCTEMYy KauecTBa mnpennpusarus. Ha
OCHOBE IMpEeNJIOKEHUH, NpecTaBieHHbIX B Tabnune, nanHas [IOH Obuta
pa3zpaboTaHa W ompoOOBaHA Ha OJHOM M3 (HPapMalEBTHUECKUX MPEANPUITHIA
CepasioBCKOl 00J1aCTH.
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