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Abstract. The publication is a contribution
within the framework of the United Nations De-
velopment Programmed project UKR/95/003 «In-
troduction of Sustainable Development Principles
into Governmental Institutions». The objective of
this project is to introduce sustainable development
principles into the policies, programmed and plan-
ning activities of major Governmental institutions
in Ukraine in accordance with: a) the priorities of
the Government; b) the resolutions reached at in-
ternational conferences in which Ukraine partici-
pated; c¢) the international conventions or agree-
ments to which Ukraine is a signatory.

The project which is implemented with UNDP
resources, it is designed to stimulate a high-level
policy dialogue on sustainable development issues
in Ukraine and broaden participation in such a dia-
logue amongst Government institutions, as well as
to disseminate the knowledge and tools necessary
for the preliminary integration of sustainable de-
velopment principles into the policy and strategy
of the Government of Ukraine.

The primary focus for ecological tourism in
Ukraine is on recreational activity, however it is
limited by the need to meet environmental protec-
tion demands. The legislative preconditions for
ecotourism organization are stated in the laws "On
the natural reserve fund of Ukraine™ (1992), "On
tourism" (1995), and “On resorts" (2000) [1, 2, 3].

This publication was prepared with the assis-
tance of the National Commission on Sustainable
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INTRODUCTION

The strategy for forming an optimal living
environment in Ukraine foresees that urbaniza-
tion in the future will seek to maintain an eco-
logical balance with the maximum preserva-
tion of the natural environment.

Recreational landscapes (forest, sea, moun-
tain), sanitary resources (mineral waters and
medical clays) and territories and objects of
the natural reserve fund (biosphere reserves,
national natural and regional landscape parks,
parks — monuments of horticultural art), which
provide a proper basis for development of rec-
reation opportunities for the population as well
as organization of tourism system, constitute a
considerable part of the natural potential in
Ukraine.

Following current international trends con-
centrated on the transfer of the standards of
urban life as well as recreational activities into
the rural and natural areas, and thus bringing
one closer to nature, Ukraine is seeing the de-
velopment of new processes within the coun-
try, such as ecological tourism development,
adjustment of country dwelling for family va-
cation, development of country cottage and
garden villages, etc [8 — 10].

The present situation and outlook for the
development of ecotourism in Ukraine, and its
functional and regional peculiarities in the
context of general tourism development in
Ukraine are presented in this article.

THE CURRENT STATUS AND
OUTLOOK FOR DEVELOPMENT
OF TOURISM IN UKRAINE

Types of tourism

The legal basis for the development of tour-
ism in Ukraine is set forth within the law "On
tourism”, in which it is stated, that "tourism is
a temporary departure of a person from the
place of his permanent residence with health-
improving, educational or professional pur-
poses” [2].

There are many varieties of tourism in
Ukraine — cultural and educational (in histori-
cal places); health-improving and sports (at
sea, in forest and mountain regions), ecologi-

4

cal and green (on landscape territories), rural
and agrotourism (in rural areas) [4].

Large tourist-zones were created in
Ukraine, such as "Namysto-Slavutich™ along
the Dnieper river, "Yaremcha-Vorohta" in the
Carpathians, "Great Yalta" on the Black Sea
shore, as well as tourist centres that are func-
tioning in historical cities such as Kyiv, Lviv,
Kamyanets-Podolsky and others. Lately, com-
plexes of ecological (green) tourism are being
created and developed in places of preserved
biodiversity.

The objects of the interest of the people in
the sphere of ecotourism are the sea and moun-
tains, rivers and lakes, forests and steppe eco-
systems, as well as the flora and fauna that in-
habit these areas.

Ecotourism is a part of a whole system of
tourism in Ukraine; ecotourism is carried out
especially on landscape — recreational territo-
ries and within the boundaries of the natural
reserve fund [1].

Recreational Resources Potential

Ukraine is one of the largest European
states with a geopolitical position in the centre
of Europe (Fig.l). It has unique natural recrea-
tional resources that are very favorable for in-
ternational tourism development [5].

The area of potential recreational territories
in Ukraine comprises 12,8% of the country's
area and is divided accordingly to the natural
peculiarities of the regions (Fig.2). The present
state and perspectives of natural recreational
resource utilization in the boundaries of
Ukraine as a whole and it's oblasts, are shown
in the diagrams (Fig.3, 4).

The health-improving resources are unique,
since more than 500 mineral water and clay
deposits have been found. Beaches comprise
47% of the sea shore territory of the Black Sea
and Azov Sea [5].

This natural potential needs to be protected,
reserved and rationally used because it forms
the basis of sustainable development of health-
resorts, recreational zones, tourism.

In Ukraine a special resolution of the gov-
ernment confirmed over 240 resort settle-
ments, which are situated in the boundaries of

Transfer of Innovative Technologies
2018 Vol 1(2), 3-20
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Fig.3. Recreational territories structure distribution among regions.
Recreational territories area, thousand ha: a — altogether; b — developed territories. Oblast groups:
1 — Donetsk, Lugansk; 2 — Dnipropetrovsk, Zaporizhzhya, Kirovograd,;
3 — Poltava, Sumy, Kharkiv; 4 — Kiyv, Cherkassy; 5 — Volyn, Zhytomir.Rivno, Chernygiv;
6 — Vinnytsya, Ternopil, Khmelitski; 7 — Mykolayiv, Odessa, Kherson, Crimea autonomous repub-
lic; 8 — Zakarpatya, Lviv, lvano-Frankivsk, Chernivtsy
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Fig.4. Recreational territories of Ukr:
Stage use structure.
Recreational territories area, %:

1 — 1 stage (until the year 2006);
2 — 1l stage (until 2016);

3 — Il stage (2026);

4 — reserve of recreational territol
5 — used territories

7 recreational regions [6]. These regions in-
clude the sea shore of the Autonomous Repub-
lic of Crimea, the Black Sea shore and the
Azov Sea shore, the mountainous and foothill
regions of the Carpathians and in other locali-
ties. Among these settlements there are 27
health resort cities and 214 villages which
have a special status for the development of
recreational and tourist functions.

According to statistical data the general ca-
pacity of permanent recreational, health-
improving and tourist facilities comprises
more then 800 thousand beds.

2 3 4 5 6 7 8

Fig.5. Recreational facilities according to oblasts

development dynamics.

Capaciusness of recreational health and tourist
establishments, th. people/places:

1 — present situation;

2 — perspective (until 2026)

In the section of functional specialization
health-improving facilities (sanatoriums, holi-
day hotels, prophilactoriums) comprise 23,6%,
recreational (houses and centers, children
health-improving facilities) — 66,3%, tourist
facilities — (hotels, tourist centers, motels-
campings) — 10,1% [8]. The capacity and the
prognosis for the stage development within the
framework of recreational facilities (health-
improving, tourism) are shown in the diagram

(Fig.5).

Transfer of Innovative Technologies
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Natural Reserve Fund

The network of the natural reserve fund
comprise 8032 territories and objects, with an
overall area of 3922 thousand hectares, which
comprise 6,49% of the Ukraine's territory. The
situation plan of the main objects of the natu-
ral-reserve fund are shown in Fig.6, and their
share in each region — in Fig.7.

National natural parks, regional landscape
parks and biosphere reserves play a very im-
portant role for the ecotourism organization in
Ukraine (Table 1). It is in the location of these
natural sites that recreational activity takes
place, and is one of the foreseen areas of direc-
tion for the future development of these facili-
ties.

Biosphere reserves comprise 6,42% of the
structure territory of the nature reserve fund,
national natural parks — 30,99%, regional land-
scape parks - 19,34%. Atrtificially created ob-
jects and parks and monuments of horticultural
art are also part of the nature- reserve fund,
although their share is less than 1%.

® - existing objects;
- perspective objects

The structure and volume of the natural-
reserve fund objects of Ukraine are shown in
diagram (Fig.8).

As far as natural reserves, zakaznyks, and
nature-monuments are concerned, they can be
used only for ecological, educational work and
tours. At the same time, the possibility for
wider use of the reserves and nature-
monuments territories for commercial ecotour-
ism has been looked into. For this the corre-
sponding economic mechanism to guarantee
self-financing measures to preserve biological
diversity is being created. In Table 1 you can
see the most preserved and attractive for eco-
tourism and specially guarded nature sites.
Ukraine has actively joined the complex de-
velopment of international ecotourism process.
Through this connection, the formation of in-
terstate natural reserves within the country's
territory is very important. Largetracts of land
"Stuzitsa" (14665 ha) became a part of the first
Central European trilateral interstate territory
— biosphere reserve "Eastern Carpathian” [11].

Fig.6. Natural reserve fund of Ukraine

Transfer of Innovative Technologies
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Fig.7. Reserve level on the territory of oblasts

Table 1. Biosphere reserves and national nature parks of Ukraine

Nature-reserve establishments Nature-reserve territories
Year of Quan_tity of flora_and fauna
Name creation Area (ha) species, entered in _the Red
Book of Ukraine
Flora and
Whole Microbiota Fauna
Biospherical reserves
Askania-Nova 1985 33307 22 41
Black Sea 1985 89129 24 69
Carpathian 1993 57880 92 74
Danube 1998 46403 8 61
National nature parks

Carpathian 1980 50495 78 18
Shatsky 1983 48977 32 33
"Sinevir" 1989 40400 40 11
Azovo-Sivashsky 1993 57400 7 18
"Vizshnitsky" 1995 7928 31 19
"Podilski Tovtry" 1996 261316 60 79
"Sviati Hory" 1997 40589 48 50
Yavorivsky 1998 7108 27
Skolivski Beskydy 1999 35261

Transfer of Innovative Technologies
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Fig.8. Natural reserve fund structure:
1 — natural reserves;
2 - bios phere reserves; 3 — national natural
parks; 4 — zakaznyKks;
5 — botanical and zoological gardens,
dendroparks, parks — monuments of horti
culture, natural monuments;
6 — regional landscape parks;
7 — reserve territories

From the Polish side Beschadsky national
park and landscape parks — Tsisniansko-
Vetlinski and "Sleep Valley" are included in
the territory; and from the Czech side - region
of guarded landscape "Eastern Carpathian".
Similar biosphere reserve "Dunaiski Plavni” is
being created. There is a proposal to create
such interstate biosphere reserves, as: Polish-
Ukrainian  "Western  Polissia”, Russian-
Ukrainian "Briansk and Starogutsk forests"
etc. Those objects might in perspective be the
most popular for developing a transnational
ecotourism system [17].

Tourism as economic category

Ukraine, a country with a transitioning
economy, has a goal to achieve a level of prof-
itability and competitiveness within the tour-
ism industry since it is an important branch of
its economy.

So far profits from tourism within country's
economy are low. Revenues from tourism in
gross domestic product equate to about 1%.
Ukraine's share in international tourist ex-
change is about 0,06%. In total volume of
gross tourism revenues Ukraine's share is only
0,13%.

The contingent of ecotourism supporters —
those, who are fond of speleotourism, foot and
horse excursions, hiking, water entertainment

Transfer of Innovative Technologies
2018 Vol 1(2), 3-20

— is not covered by official statistics. Accord-
ing to sociological data this portion comprises
up to 8% of the entire number of tourists. The
economic components of its development are a
part of tourism economics on the whole.

The given data attest to the great reserves in
tourism development and economic profits of
the development of tourism, which promotes
the quality of life and raises the standards of
living, contributes to the creation of new jobs,
and ensures that the environmental protection
measures are self-sustaining. The development
of tourism in Ukraine stimulates the develop-
ment of other sectors such as transport and
communication, the production of building
materials and biologically cleans food prod-
ucts, souvenir production, which provides for
the country's rise of an economic level [7, 18-
21].

PECULIARITIES OF ECOLOGICAL
TOURISM ORGANISATION

Typology of objects of ecological
tourism

Ecological tourism (ecotourism) in Ukraine
has developed within the territory of the nat-
ural reserve, in the boundaries of which people
can take long-term or short-term vacations,
acquaint with the flora and fauna. Ecological
tours and environmental education may be car-
ried out. At the same time a special environ-
mental protection regime is ensured. To the
categories of the national reserve fund of
Ukraine, where ecological tourism can be de-
veloped, belong: national natural parks (Carpa-
thian, Shatsky, Sinevirsky, Azov-Sivashsky
and others), regional landscape parks (Dnister
Canyon, Kinburn Split, Dikansky and others),
and biosphere reserves (Carpathian, Askaniya
Nova, Black Sea, Danube) [11].

Green tourism has a lot in common with
ecological tourism. It is being organized with-
in the territory of natural landscapes with the
provision of amenities, where conditions exist
for short-term vacations (from 5 — 10 hrto 1 —
2 days), vacation on the beaches, etc. The are-
as where green tourism may take place, are:
forestparks, hydroparks, dendroparks, botani-
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cal gardens and other landscape complexes
which can be situated in rural areas as well as
in urban areas. Resources for the organization
of green tourism exist in all Ukraine's regions,
in particular -green lines on the riverbanks of
the Dnieper, Desna, Danube, Southern Boug
and on a number of small rivers, lakes, reser-
VOIrs.

Another variety of ecological tourism is ru-
ral tourism, which is oriented on the use of ru-
ral settlements for a long term, as well as for a
short-term vacation in the conditions of eco-
logically clean landscape. Traditional for
Ukraine, dacha villages, which have since lost
their agricultural function, are also part of
country tourism. Of great importance for rural
tourism development are ethnic peculiarities,
the ethnographic characteristics of Ukraine's
population's life, the existence of folk trades
and folk architectural and the historic monu-
ments (in particular - palace-park facilities of
XYII — XIX centuries).

Similar to ecological tourism is also
agrotourism on the agricultural arable land,
where the conditions for producing the agricul-
tural products exist, as well as for vacation and
the voluntary involvement the population in
some kinds of jobs (harvesting fruits, vegeta-
bles and berries, looking after domestic ani-
mals).

There are a lot of agrorecreational villages
in Ukraine, gardening associations villages,
agroparks, also farms and farmsteads suitable
for vacation (farm tourism). Low-income fam-
ilies prefer to go on vacation to rural areas,
where they are provided with ecologically
clean produce and inexpensive housing, get
acquainted with ancient customs and involve
children in practical agricultural work, folk
trades and rituals [4].

An interesting example is a project for tour-
ists called "The Big Tavria Ring". It is a route
in the Crimea, by which planners envisage the
creation of farms and farmsteads to fulfill
double functions for tourists and agro-food. It
has been proposed to develop on tourist routes
mini-hotels, small factories for agricultural
produce processing, to construct horse farms
for tourism needs.

10

Ecological tourism development
resources

Nature resources. In Ukraine there are
three main categories of natural reserve areas,
which may directly become the basis of eco-
tourism development: national nature parks,
regional landscape parks and biosphere pre-
serves.

According to the UNESCO "Man and Bio-
sphere” program 4 biosphere preserves have
been created in Ukraine. One of their goals is
connecting nature  preservation, tourist-

vacation and economic activities. The most
famous is "Askania-Nova" preservation (built
in 1874) in Kherson region. Except standard
steppe sections and rare animal species that are
guarded in preservation there is a dendropark
and zoo, which are very attractive for tourists.

Forty seven national nature parks were cre-
ated in Ukraine. The first park was created in
1980 — Carpathian National Nature Park, the
biggest in Europe tourist-vacation region. This
and other national nature parks — Shatsky,
Sinevir compared to international national
parks not only are very "young", but also so
far are not well equipped. In the vicinities of
these parks there are working tourist-
recreational facilities, working tourism sites
and infrastructure, while additional service in-
frastructure development is needed [11].

Among nature preservation territories of
Ukraine which can be the most practically uti-
lized for ecological tourism development an
important role belongs to 69 regional land-
scape parks and 58 dendroparks. Regional
landscape parks are in formation stage, and

Transfer of Innovative Technologies
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dendroparks, such as "Sofiivka" in Uman,
"Olexandria" in Bila Tserkva, Trostianets in
Chernihiv region and others are magnificent
examples of Ukraine's landscape architecture
(there are more then 100 of those in Ukraine),
and a substantial part of which is in rural areas
[12, 13].

Historico-cultural resources. In Ukraine
important tourist attractions are: historical
monuments, archeological monuments, ethno-
graphic and cultural facilities, and museums.
There are also trades — hunting and fishing,
handicrafts — weaving and ceramics, folk ar-
chitecture and folklore, which attract tourists.
The spirit of the people, which is preserved in
Ukrainian rituals and customs (for example,
holidays "Christmas", "Shrove/tide", "Easter",
"Green holidays" etc.) is extremely important
in education of children and younger genera-
tion and attraction of tourist, including foreign.

There are scansenes — museums of folk ar-
chitecture and life under the open sky in Kyiv,
Uzhgorod, Pereyaslav-Khmelnitski. Creation
of such natural ethnographic museums, which
depict the ethnic specific features of certain
regions of Ukraine is a proposed direction for
ecotourism development.

Transfer of Innovative Technologies
2018 Vol 1(2), 3-20

Territorial organization of ecotourism

Among the first national natural parks cre-
ated in Ukraine are the Carpathian Park in
1980 (area 50,5 th. ha) and Shatsky Park in
1983 (area 48,9 th. ha). The main unique fea-
ture of these national natural parks is the use
and adaptation of the existing recreational fund
and infrastructure, in the framework of a func-
tionally new object without constructive
changes. At the present moment these and oth-
er national parks are only limited to the popu-
larization of nature by means of excursions,
regional studies and other ecotourist functions.
Rational territorial organizations and high lev-
el of amenities in national parks, biosphere re-
serves and regional landscape parks would be
a favorable basis for ecotourism development.

The Ukrainian legislature is regulating the
creation of functional zones in national parks:
reserve, regulated recreation, stationary recrea-
tion, regulated economic activity [1].

Besides allocating new tourist and recrea-
tional facilities or use of existing ones, an im-
portant measure is the creation of "landscape-
route corridors”, "exposition zones", "ecologi-
cal roads”, "tourist land" (for fishing, berry-
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mushroom gathering, hunting, skiing). Equip-
ment for special views and barbecue places,
building of ecologically safe roads is also fore-
seen.

One of the examples of ecotourism com-

plex formation is the idea of the South scien-
tific center of the National Academy of Sci-
ences of Ukraine and tourist-commercial com-
pany "Euginia Travel LTD" (Odessa). It has
been suggested to locate the ecotourism com-
plex 50 km from Odessa in the zone of the
"Tyligulsky" regional landscape park on the
grounds of cooperative land (10 th. ha), where
the zakazniks are located — ornithological, bo-
tanical and zoological; environment — dry
steppe with a unique microclimate, which is
characteristic of only this part of Ukraine. The
Tyligulsky landscape evokes great interest in
different categories of the population: tourists,
sportsmen, scientists, and businessmen. There
are beautiful views here, diversity of the flora
and fauna, thrilling hunting and fishing.

The territorial organization of the ecotour-
ism complex foresees the creation of a zoo
"Steppe  safari”, contemporary  farms,
deltaplanerism club, exotic recreational set-
tlements, equipment of places of interest tour-
ism (crab and lobster catching, hunting, horse
riding, troikas riding). Several hundred jobs
will be provided for the servicing of tourists,
rebirth of crafts and growing of ecologically
clean products. On the account of the volume
of services to local and foreign tourists, a high
level of economic effectiveness of this eco-
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tourism  complex
prognosed.

A similar project of creating an internation-
al ecotourism complex on the shore of the
Zhabrianska Bay of the Black Sea at the bor-
der with Romania was proposed by the Minis-
try of ecological safety and urban building
SRPI. The unique natural resources of this re-
gion are the Danube delta, the Sasic salt lake,
Zhebrianskaya split. In the Danube biosphere
reserve, unique flora and fauna are preserved.
The Danube delta — a unity of islands — and
the aquatoria are part of the water-marsh land
of international importance.

An attractive site for tourists is the Vilkovo
village with numerous channels — the so-called
"Ukrainian Venice". A wonderful waterlink by
the Danube gives an opportunity of acquaint-
ance with this phenomenon of nature for tour-
ists from many countries and with the analogy
with the above mentioned project considerable
economic profits can be obtained here.

functioning is being

Ecotourism development organizational
measures

Ecotourism in Ukraine is in the making.
Certain facilities exist in different regions of
Ukraine — tourist hotels, tourist centers, mo-
tels, camping grounds, which accept and pro-
vide services to groups or individuals, who en-
gage in their favorite vacation activities (fish-
ing, hunting, yacht sailing, skiing, horseback
riding, berry, mushroom, herb collection;
speleo-tourism, alpinism, etc.). Special eco-
tourism marketing and commercial services
are yet to be developed.

One of the first steps towards the estab-
lishment of demands concerning ecotourism
organization in Ukraine was the holding in
1996 by the World Bank and Ministry of Eco-
logical Safety of Ukraine an International sem-
inar on the "biobusiness”, where the problems
of "ecobusiness" and development of "ecotour-
ism business-plans™ were discussed. The or-
ganizational preconditions for ecotourism de-
velopment were the following: attractiveness
of landscape resources for ecotourism; the ex-
istence of accommodations to receive tourists
and servicing facilities; presence of specialists

Transfer of Innovative Technologies
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-tour guides, instructors, translators, who can
provide ecological tours and individual securi-
ty. All these questions must be taken into con-
sideration in the business-plan of the ecotour-
ism complex organization, when expenses and
income are established, investment sources,
price prognosis and risk description, taxes,
commercial — informational program, etc.

Thus, valuable landscape complexes in
Ukraine will be not only "high standards of na-
ture”, but also become profitable commercial
ecotourism enterprises, which will be able to
provide for the preservation and restoration of
nature by its own means.

ECOTOURISM DEVELOPMENT
IN THE REGIONS OF UKRAINE

According to the recreational regioning of
Ukraine, there are 7 regions on its territory:
Carpathian, Transdniester, Dnieper, Trans-
donetsky, Transazov, Black Sea, Crimean (see
Fig.2).

The Carpathian recreational region

The Carpathian region is are one of the
most interesting ecotourism regions of
Ukraine, with continental-European climate,
landscape diversity, rich flora and fauna and a
great number of natural resort objects.

The most attractive zones for ecotourism
are natural parks: "Carpathian”, which em-
braces mountain heights and river basins;
"Sinevir", with the largest in the Carpathian
Sinevir lake — the so-called "sea eye",
"Vyzhnitsky", which takes up great areas of
forests, etc [12].

The natural aspects of the Carpathian region
are wildly used for the organization of eco-
logical mountain tourism. The large areas of
Swidovets, Marmaros with the Goverla moun-
tain (2061 m), Beskidy, Svaliava landscapes,
carts caves — are very interesting ecotourism
sites. The mountain relief and favorable cli-
mate attract tourists and sport participants,
who are interested in winter sports, such as
skiing, and the developed network of rivers for
those who are into boat sailing.

The Carpathian flora has over 1100 types of
plants. The picturesque "Narcissus valley",
where the only European wild thicket of nar-
cissus is being protected, as well as the vegeta-
tion of the alpine zone attract a great number
of tourists [16].

The animal inhabitants of the Carpathian
region are also significant. There are more
than 220 species of ground spine animals,
birds, snakes, amphibian. Here you can find
bear, lynx, deer, golden eagle, black stork, and
trout.

Transfer of Innovative Technologies
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The Carpathian region is rich in natural,
historic and ethnic monuments, and original
folklore. A developed recreational infrastruc-
ture, with a network of walking routs for eco-
logical tourism was created here. Besides the
existing shelters, tourist grounds, hotels, the
construction of private facilities for servicing
tourists are also being developed here, includ-
ing mini-hotels, family vacation homes, and
national cuisine restaurants.

The Carpathian region is situated on the
crossroads between Western and Eastern Eu-
rope, highlighting the country's important
place in international tourism development on
the basis of creating international nature re-
serve sites for Ukraine, Belarus, Poland, and
Slovakia.

Transdniester recreational region

The Transdniester unites a considerable ter-
ritory of the western part of Ukraine at the
Dniester river basin. The Podil height, has a
favorable climate — a mild winter and warm
summer.

On the region's territory a considerable
number of environmental protection objects
are concentrated. The most significant among
these are the natural reserves "Roztochchya";
"Medobort", which border with the Carpathian
region, national natural parks "Shatsky" and
"Podil Tovtry" and the western part of the re-
gional landscape park "Pripyat-Stohid".
Among the significant ecotourism objects are
also the Dniester reservoir, Tovtry-cliffs can-
yons, caves and grotto's. Among the forest flo-
ra of the different regions are beech, horn-
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beam, lime-tree; and among the fauna — e¢lk,
wild boar, and muskrat which are widely
spread.

The region is rich in natural, historic, cul-
tural and architectural monuments, especially
in Ternopil, Khotin, Galich, Zhovkva cities. In
the city of Kamyanets-Podilsky a historic-
cultural reserve was created — "Old City".

These natural and cultural reserves of the
Transdniester promote the development of
ecological and other types of tourism - educa-
tional, scientific, speleotourism etc. The tourist
infrastructure has been developed in this re-
gion. There are tourist bureaus and hotels in
the cities of Kamyanets-Podilsky, Chernivtsy,
Ternopil, Khmelnitsky, as well as interesting
tourist routs.

On the frontier territories of the region eco-
tourism can be developed as part of interna-
tional natural reserve territories of Ukraine and
Moldova.

The Dnipro recreational region

The territories by the Dnipro river basin
have favorable climate conditions, a variety of
recreational resources and a network of areas
under environmental protection. Ecological
and other types of tourism have been devel-
oped here as well including "the nostalgic™ for
the untouched Ukrainian nature.

In the Transdnieper a national system of
tourist tour routs was created — "Namysto
Slavuticha”. In this region such natural re-
serves are situated as Kanivsky and
Dniprovsko-Orilsky; and partially the Black
Sea biosphere reserve. Other ecotourism sites
incldue historical-architectural reserves such
as "Chigirin™ and "Hortytsya"; dendroparks —
"Sofiivka", "Trostyanetsky", "Olexandriya".

The region is known for its vegetation di-
versity — forest, marsh and steppe areas. In the
hunting farms, hunting of elk, deer, and wild
boar is organized and fishing of pik, sheat-fish
and other has been developed. The monu-
ments of historic-cultural heritage, that relate
to the Kyiv Rus period (IX — XII) and devel-
opment of Ukrainian statehood (XYII —
XY111), are important. Among them are histor-
ic-cultural reserve "Kievo-Pechersky"; archeo-
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logical monuments of the Trypillya, ancient,
Scythian culture, remarkable historical cities:

Kyiv, Pereyaslav-Khmelnitsky,
Odessa.

A tourist infrastructure has been created in
the region: transport connections were devel-
oped, and there is a network of tourist agen-
cies, tourist centers, and hotels. The majority
of them are concentrated in the regional cen-
ters of the area. In the capital of Ukraine, Ky-
iv, there are first class hotels, which are
adapted to foreign tourists (3 — 4 stars) —
"Kyivskaya Rus", "Dnipro", "Lybid" and oth-
ers.

Chernigiv,

Transdonetsk recreational region

This region is situated in the forest-steppe
region, has a developed network of river and
water services and a considerable number of
areas under environmental protection.

In Transdonechina the following sites are
located: the national natural park — "Sviati
Gory"; "Ukrainski Stepovy" natural reserve
and others. The vegetation in this region cover
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steppe, forest and marsh areas with a lot of
plant varieties, and fauna numbering over 400
animal species.

Natural-recreational resources, and the
presence of historic-cultural monuments of
heritage (XYI-XIX sent.) favor the develop-
ment of ecological, cognitive and educational
tourism types in this region. A developed tour-
ism infrastructure was created here that in-
cludes tourist agencies, a network of tourist fa-
cilities, especially in Dnipropetrovsk, Kharkiv,
Donetsk, Lugansk, Poltava, and transport con-
nections

In this highly industrialized region a large
international business community is active,
thus conditions could be created for business-
tourism, as well as ecotourism, with the goal
of providing the working conditions and vaca-
tion opportunities for people.

The Transazov recreational region

This region takes up the territory along the
shores of the Sivash. The Azov Sea has con-
siderable health — resorts, recreational re-
sources and environmental protection objects,
among which the most siginificant are: the bi-
osphere reserve — «Askaniya Novay, natural
reserves-Ukrainian Steppe and Lugansky,
Azov-Sivash national natural park, natural
monuments — Granite cliffs, Stone tomb, etc.

The flora of these places is unique. The to-
pography includes sea sands, lakes and estu-
aries, marshes and meadows. Among the fau-
na, the birds are wonderfully unigue to the ar-
ea. In the migration period, mountain stork,
vulture and other birds can be found here.
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Some types of ornitofauna of the Transazov
are included in the Red Book of Ukraine and
the European Red list; water- marsh territories

(according to the Ramsar convention) are of
international importance [15].

The uniqueness of nature, the presence of
historical, cultural and architectural monu-
ments (XVII — XIX cent.), create favourable
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conditions for the development of ecological
and other types of tourism. The region has a
developed tourism infrastructure: a modem
transport network, and a considerable number
of tourist agencies and hotels — «Zaporizh-
zhyay in Zaporizhzhya; «Parus» in Berdyansk
and others.

The Transazov region is a part of a single
tourist-recreational system of the Black and
Azov Seas, the development perspectives of
which are laid in «The sea shore zone tourism
development Program» (1996), prepared by
the Ministry of ecological safety under the as-
sistance of the World Ecological Fund [21].

The Black Sea recreational region

The territory of the southern part of Ukraine
is known for its unique complex of natural re-
sources, has broad access to the Black and
Azov Sea basins and the majority of Ukrainian
rivers — the Danube, the Dniester, the Dnipro,
the South Bough. Because of exceptional natu-
ral conditions (warm sea with sand beaches,
medicinal resources), this region is highly de-
veloped for vacation and treatment at health
resorts, becoming particularly attractive to in-
ternational tourism.

There are a couple of hundred environmen-
tal protection objects in the region, the most
well known among them are: the Black Sea
and the Danube biosphere reserves. The flora
and fauna have specific features intrinsic in the
Black Sea steppe and Eastern — European for-
est geobotanical provinces. Rich vegetation
and the diversity of animals (roe deer, elk,
wild boar), birds (falcon, pheasant, great bus-
tard), fish (anchovy, sturgeon, gray mullet)
contribute to the quality of the area.

There are unique natural monuments in the
region- the Odessa catacombs, cliffs, historical
and cultural monuments, including the State
archeological reserve ancient "Olviya".

The tourist infrastructure has been devel-
oped well, and there is a powerful transport
potential, a network of tourist establishments,
especially in the administrative centers of the
region. In Odessa there is a sea port and a tour-
ist center of international importance; in
Mykolayiv and Kherson there is tourist centers
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and hotels, the most comfortable among them
being "Southern Boug", "Ochakiv" and others.

The Danube delta, second largest in Europe,
is a natural body of water of global signifi-
cance. The rare, natural richness and particular
quality of this locality create unique conditions
for scientific work, amateur fishing and hunt-
ing, ecological education of the population and
ecotourism development in the system of the
international Danube shipping route.

The Crimea recreational region

The Crimea is the most famous for its natu-
ral recreational potential not only among
Ukrainian regions, but also among the coun-
tries of the Mediterranean and Black seas. This
peninsula has a combination of unique recrea-
tional resources: the sea, the mountains,
beaches, picturesque landscapes, historical

Transfer of Innovative Technologies
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monuments and natural reserve objects.

The Yalta Mountain-Forest, Crimean,
Karadakh and other natural reserves, which are
unique in their natural value, are situated in the
Crimea. There have been proposals raised for
creating a national natural park called "Chatyr-
Dag".

The Crimea mountains, specifically moun-
tains Roman-Kosh (1545m) and Ai-Petri
(1334m), the steep cliffs in the region, the
Great Canyon, the Baydaro-Kostropilsky wall,
and Chatyrdag slopes offer great opportunities
for ecological, mountain tourism, cliffhanging,
speleotourism, and gliding in Crimea. Other
unique places for such outdoor recreation op-
portunities include the caves and cave cities
(where ancient people used to dwell), and
many landscape resources such as 1000 year
old yew tree and beech forests. There are also
a lot of water marsh territories, ornithological
zakaznyks in Crimea. In sea-shore territories,
the Kerch strait in particular, there exist trout
and clam cultivation farms [22].

The most attractive for ecotourism condi-
tions exist where there is a combination of dif-
ferent natural peculiarities: eloquent mountain
relief forms, Mediterranean flora, southern
fauna, historical-cultural monuments. Among
such cities are Yalta, Gurzuf, Noviy Svit,
Bahchisarai and others.

In the region's borders excursion for tourists
have been developed, and appropriate infra-
structure has been created in cities and villag-
es, situated along the shore. Tourist routes
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have been organized, equipped with walk
paths and viewpoints, and include places for
practicing speleotourism. In the region of the
Uzun-Sirt Mountain gliding has been devel-
oped as a sport [23].

A network of tourist facilities exists in
Simpheropol — the capital of the Crimean Au-
tonomous Republic, Yalta, Sevastopol,
Bahchisarai and other cities. For foreign tour-
ists can stay in world standard hotels such as —
"Yalta", "Oreanda”, "Palace".

Recently necessary conditions for the for-
mation of the national natural park "Turida"
have been created. For the development of
ethnic and historic- cultural tourism in the
borders of this national park, the development
of the "Great Tavriya Ring" is planned with
the aim of the rebirth of cultural traditions in
places of the Crimean national minorities' resi-
dence.

According to the Convention on Black Sea
protection from pollution (1992) and Ministry
Declaration on Black Sea protection (1993) the
Crimea, Black Sea and Transazov are regions
of special ecological status and international
attention. They represent the recreation of re-
source potential, biological diversity of their
unique ecosystems, as well as integrate the ra-
tional use of the natural — cultural resources of
the shore line for all types of tourism.
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CONCLUSIONS

1. The analysis of ecotourism development
in Ukraine shows that the presence of great
natural opportunities, which haven't been fully
used. Due to the current difficult economic sit-
uation in Ukraine, the development of a na-
tional tourism system focused on eco-
recreation and health-resorts is presently in a
state of stagnation.

2. The main tasks which are necessary for
the development of an ecotourism industry are:
* restructuring of the existing recreational,
sanitary and tourist fund according to social
needs of the population and market economy
conditions:

« construction of new establishments, which
answer world standards, for the development
of the national tourism system and integration
into international tourist structures;

« provision of vacation conditions of socially-
sensitive categories of the population, espe-
cially those, who were exposed to radiation
from the Chernobyl accident;

« creation of legislative conditions for the de-
velopment of ecotourism, which will promote
the rational use and protection of landscape re-
sources.

Transfer of Innovative Technologies
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3. The prognosis for tourism, recreation,
health — resort system development determines
the main directions of solving the above men-
tioned problems during 3 stages: | stage (2001
— 2006) — the growth of the given branch fund
is projected to be 1,2 times; Il stage (2006 —
2016) — 1,5-2 times; 111 stage (2016 — 2026) —
2,1...3 times. These are the periods of imple-
menting investment programs, modernization
to the world standard levels of the existing
tourism infrastructure and ecotourism devel-
opment — internationally acclaimed phenome-
non of the XXI century.

4. The priority directions of ecotourism de-
velopment in Ukraine are:

* normative-legal provisions in this sphere, in
particular, concerning the preservation and use
of biodiversity, ecological entrepreneurship,
international ecotourist activity;
 improvement of ecotourism territorial organ-
ization on the basis of international ecological
existence of landscape complexes and quality
assessment;

» solving the questions of financial and tax pri-
orities concerning the use and protection of
natural reserve areas, which fulfill ecotourism
functions;

» norm development of ecological nature use,
economical mechanisms of balanced ecotour-
ism development, models of integrated man-
agement in the conditions of departmental
management of ecotourism objects;

« creation and implementation of ecotourism
development projects, broadening through
mass media of ecotourism organization ad-
vantages.

5. International cooperation will play an
important role in the development of ecotour-
ism and problem solving in Ukraine. This co-
operation is carried out in different programs
in the regions of the Carpathians, the Black
and Azov Sea shores, with assistance of the
UN, the World Bank and other international
organizations. The further activation of this
cooperation and the development of external
economic activity with a unique natural-
cultural potential are designed to play a signif-
icant role in the international tourism system.

Transfer of Innovative Technologies
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Pa3BuTHE 3K0J10IrM4€CKOr0 TYpU3Ma
B YKpauHe

Tamapa llanyenxo, Muxaun Cyxau,
Anopeti I'onydo

Annortauus. [Iybnukanus sSBiseTcs BKJIAIOM B
pamkax mpoekta I[Iporpammel passutusa Opranu-
sarmuu O0peanuenansix Hammit UKR/95/003 «Bue-
JIpEHHE TPUHIUIOB YCTOMYUBOTO Pa3BUTHS B TO-
CyJlapCTBEHHBIE yupexxaeHus». Llenpto aToro mpo-
€KTa SBJIAETCSI BHEIPEHHUE NPUHIMIIOB YCTONYHBO-
rO pa3BUTHA B IOJHUTHKY, IPOTpaMMbl H MEpO-
MPUATHS 0 TJIAHUPOBAHMIO NEATENBHOCTH KpYII-
HBIX IIPABUTENILCTBEHHBIX YUPEXKACHUN B YKpauHe
B COOTBETCTBUM C: a) mpuoputeramu I[IpaBurens-
CTBa; 0) PE30IIOUUSAMH, TPUHATHIMA Ha MEXKITyHa-
POIHBIX KOH(EpeHIHIX, B KOTOPBIX y4acTBOBaJa
YKpanHa; ¢) MeXAyHapOAHBIMA KOHBEHLUSIMH HIIN
COrJIAIIEHUAMY, YYAaCTHHUKOM KOTOPBIX SIBJISETCS
Ykpauna.

[IpoekT OCyHIECTBIECHHBIA C HCIOIb30BAHUEM
pecypcoB ITPOOH, npusBaH cTUMynHpOBaTh MO-
JUTUYECKUN JUAJIOT BBICOKOI'O YPOBHS MO BOIIPO-
CcaM YCTOMYMBOIO pa3BUTUS B YKpauHE U pacllu-
PATH y4acTHE B TAKOM JUAIIOTe MEXAY FOoCylapcCT-
BEHHBIMH YUPEXJEHUSIMH, a TaKKe pacrpocTpa-
HSTh 3HAHWS W WHCTPYMEHTHI, HEOOXOAUMBIE JUIS
MIpeBapUTEIbHON MHTErPaIliy IPUHIUIIOB YCTOM-
YMBOI'O Pa3BUTHUS B MOJIUTHKE U cTpaTeruu IIpaBu-
TEJIbCTBA YKpauHbl. [ 1TaBHOE BHUMaHUE B JTAHHOM
nyOluKanuu yJeneHo MnpodiieMe yCTOWYHBOrO
pa3BUTHUSA Typu3Ma B YKpaWHE U 3KOTypHU3Ma B Ya-
CTHOCTH, YYUTHIBasI TPeOOBaHHSI OXPaHbI IPUPOJIBI
n 3akoHOB YkpauHbl «O TNPUPOAHO-3AMOBEIHOM
¢donae», «O TypuzMe» u «O KypopTax».

Ora nmyOiukanus Oblla HOATOTOBJIEHA IPU CO-
neiictBur HalmoHanbHOW KOMHCCHM TI0 YCTOHYU-
BoMy paszButuio npu Kabunere Munuctpo Yk-
pauHBbI.

KuaroueBsble cioBa: Turmosorus Typusma, Ipu-
POJIHBIE U NCTOPUKO-KYJIBTYPHBIE PECYPCHI, TEPPH-
TOpHabHAs OpraHU3alNg SKOTYPHU3MA.
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Abstract. During the first half of the social his-
tory XX century of European countries and the
Soviet Union as a reaction to world events: the
First World War, the revolutionary outbreaks in
many European countries, the political, economic
and cultural crisis, the disappointment of various
segments of the population in the existing political
regimes — in the European countries were born
national-socialist parties that in some states formed
totalitarian political regimes on the basis of a sin-
gle party headed by a leader. From the side of state
power, the replacement of the system of govern-
ment led to the need for the formation of the urban
environment as a carrier of a new state ideology,
from the side of society there was a birth of a new
social consciousness, which inevitably reflected in
new directions of development of culture and ar-
chitecture

During the 1930s, the Soviet Union, both theo-
retically and practically, consolidated itself in posi-
tions of totalitarianism of the authorities with cor-
responding changes in architecture. Due to the
common features in the system of governance, Eu-
ropean states and the USSR certainly had common
directions in architecture — axial symmetry, which
as an architectural means always proclaims the
order in the state, the large scale of buildings — a
sign of strength and invincibility, composition
based on the subordination of parts as a whole,
reflecting the need for praise of power. But the
differences in social stratification, which is natural
in European countries, created on the basis of
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taking into account the property status of the own-
er, and artificial, adopted in the USSR, on the basis
of the rise of the social role of the worker as a so-
cial hegemonic, led to the embodiment to the ar-
chitecture a different state-ideological goal: in Eu-
ropean countries — the ideal of strength, power,
order, national superiority over other peoples; in
the Soviet Union — equality, reliability of the pro-
tection of the state, a bright future in the life of the
people.

Keywords: European states, Soviet Union, ar-
chitecture, political regime, totalitarianism, state
symbols, form and style in architecture.

THE INTRODUCTION

The first half of the twentieth century, be-
ginning in the 1920s, marked the emergence of
totalitarian regimes in European life as a reac-
tion to the political upheavals that took place
in a number of countries after the First World
War.
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The First World War caused a great politi-
cal, economic and cultural crisis, rejecting the
established norms, values, moral restrictions
and especially the imagination of the value of
human life [21]. After its completion, a revolu-
tionary wave swept through Europe, which in
1917-1921 captured Russia, Spain, Finland,
Germany, Austria, Hungary, Italy and other
European countries [22]. As a result, repre-
sentatives of the monopoly capital, the agrari-
an aristocracy, employees and part of the
workers took the view that it was impossible to
secure a solution to the crisis through bour-
geois-parliamentary institutions [14] and nec-
essary to establish a rigid, authoritarian power.
That is why, in a number of European coun-
tries, the formation of reactionary parties and
the change of political regimes took place, and
in Spain, Italy, Portugal and Germany a sys-
tem of government was formed based on a
one-party system headed by a leader. Repre-
sentatives of these political forces called them-
selves National Socialists or fascists®.

For these countries, it was characterized by
the presence of rigorous control on the part of
the elite of power to all sides of life — an econ-
omy where private property and market rela-
tions were maintained, a policy of categorical
non-perception of other political forces and
movements, a culture in which various forms
was reflected the idea of creating a public con-
sciousness on the basis of the feeling of the
exclusivity of the nation, and therefore its pri-
ority right to decide the fate of other peoples.

THE PURPOSE OF THE RESEARCH

It is need to make comparison of the archi-
tectural heritage of European countries and the
USSR that in the first half of the twentieth
century belonged to states with totalitarian po-
litical regimes, to establish the main tenden-
cies in their architecture — the common fea-
tures and differences — and to find out the rea-
sons for their appearance.

! The name "fascism" comes from the Latin. "Fasces" —
"fascia", a handful of rods with an ax of a lictor (guard-
ian of consuls in ancient Rome).
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THE METHODS OF THE RESEARCH

The methods of research of the problem
under consideration are a comparative analysis
of the historical architectural heritage that
emerged during the 1920s and early 1950s in
European countries and the USSR during the
existence of totalitarian regimes, and the caus-
al link between the political regime and archi-
tecture.

THE RESULTS AND DISCUSSION

What distinguished the Soviet political sys-
tem from European political regimes? First,
the idea of democracy in the form of local
councils of people's deputies (the authorities
from below, from the people — upwards) was
absorbed by the party system, formed on the
principle "on the contrary”, as a command sys-
tem (from the helmsman to the people). There-
fore, in the process of perfection, it turned into
a conglomerate in which the legislative branch
of power became a puppet and completely de-
pendent on the main party component of the
system of government [2-4]. Second, there was
no private property in the USSR. Land and
other natural resources, all means of produc-
tion belonged to the state, were at the disposal
and under the strict control of the authorities.
Thirdly, public consciousness was formed in
the spirit of patriotism, love for national cul-
ture, faith in the bright future, which would
determine the party leadership (which meant
the transfer of responsibility for its own fate to
the representatives of the authorities) and
friendly relations with other peoples. The pub-
lic consciousness forming the direction of the
development of culture was a consequence of
the embodiment of the state-ideological es-
sence of social life to thinking of the society,
which was programmed by the leadership of
the state [6].

The means of architecture that are under the
influence of state ideology, the specifics of the
economic system, the formed psychology of
society and social consciousness, forms an ar-
tificial environment of human being, which, on
the one hand, reflects socio-political processes,
on the other, creates an environment that edu-
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cates a person in a certain the corresponding
direction. Under totalitarian systems, both
sides are pushing for a person stronger in the
direction desired by the ruling power, limiting
its freedom is felt stronger than in a democrat-
ic political system.

Thus, the first half of the twentieth century
was marked both in Europe and in the Soviet
Union by the creation of totalitarian regimes,
which were clearly reflected in the formation
of the architectural environment. So whether
the common features in the political-economic
system, political events and the development
of the culture of European states and the USSR
influenced onto architecture, its form and
style? Have any cardinal differences been ob-
served? When were they, what caused their
appearance? Where did the causal link be-
tween the political-economic system and ar-
chitecture look?

In Fig.1 there were given some examples of
German architecture in the times of totalitari-
anism. The Berlin Reconstruction Program —
transforming it into the capital of the world —
was provided of the creation of two mutually
perpendicular axes, along which the main
buildings of the German Empire were to be
located (see Fig.1, a). Thus, according to A.
Speer's project, the North-South axis had to
combine the railway station and the Hall of the
People with 18,000 members present at a
height of 320 meters with a vault of 315 me-
ters in diameter (see Fig.1, b-c). In the interval
between them it was necessary to place the
largest triumphal arch in the world in height of
117 meters and a width of 170 meters [15].
But Hitler's main toy, according to the testi-
mony of historian-analyst D. Khmelnitsky
[24], was the railway, which he planned to
build in the form of four-track tracks with a
track width of 3 meters, first to Munich, and
then to Spain, St. Petersburg and Donetsk, to
India and Afghanistan. On these new tracks,
1,200-meter long trains had to be traversed
with  41-meter long two-story wagons
equipped with bathrooms, hairdressers, cine-
mas and an anti-aircraft platform.

Rationalistic German architecture with fea-
tures of functionalist simplicity and neoclassi-
cal tendencies in the form of square pylons
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was supplemented by the Reichsandler - the
state symbol in the form of an eagle holding a
wreath with a swastika in the middle - an east-
ern symbol of death (see Fig.1, h), sculptures
of the eagle (see Fig.1, e), his head (see Fig. 1,
k), the eye (the lamps in the largest to date
Tempelhof airport, see Fig.1, m), the bull (see
Fig.1, g), the man (see Fig.1, f, i). For all the
buildings was characterized by monumentali-
ty, axial symmetry of object-spatial structure,
strict color and extraordinary ambitious archi-
tectural design — huge dimensions, the destina-
tion for the masses of people. German archi-
tects — supporters of the new government —
have clearly created a new direction in archi-
tecture, using the new trends of the early twen-
tieth century — functionalism - and investing in
it a new great-power content through time-
tested vertical divisions, present in classical
architectural forms, almost Egyptian simplicity
and conciseness of monumental forms.

The German ambitious plans to create the
world capital were not fully implemented due
to lack of funds in the country that occupied
the territory of neighboring countries.

The period of the establishment of the total-
itarian regime in Italy was a turning point in
which, as always, in art and architecture, two
main tasks of creativity arose — the search for
a new image and new means of expressive-
ness. It was on them that Italian artists and ar-
chitects concentrated on finding solutions to
the problem of creating an actual new form
that would meet the requirements of the time
and require the development of new profes-
sional techniques [16].

The lItalian architecture of the totalitarian
period of rule was based on the historical ar-
chitectural heritage of ancient Rome (Fig.2).
Even the name of the political regime was cre-
ated with the use of ancient symbols (see Note
1). Ancient forms, built on the widespread use
of arches, orders, sculptures, were transformed
into lapidary forms: from the arcade only the
contours of the caverns were left (see Fig.2, j,
n, o, q), from the order — thin or massive py-
lons (see Fig.2, e, f), gracefully processed
sculptures turned into clumsy figures with a
primitive expression of the face as symbols of
simple brute force (Fig.2, j, k, 1), instead of
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Architecture of Germany
1930s - 1940s

Mg

Fig.1. Examples of German architecture 1930 — 40: a - Welthauptstadt Germania (Germany Capital of the
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World), Berlin, layout, arch. A. Speer; b-c - Hall of the people on 180 thousand, Berlin, layout, arch.
A. Speer, outlook, interior; d - The main tribune of Zeppelinplatsu for parades in the congresses of the
NSDAP, Nuremberg; e-h - Reihssportfeld, Olympiastadion, Charlottenburg, Berlin, 1934-36; "House
of German Sport", arch. V. Marh; sculpture "Runners Relay", courtyard with sculptures of bulls;
Reichsadler; human sculpture; i - Imperial Ministry of Aviation, Berlin, 1936, architect. E. Zagabile;
j-m - New Terminal Airport Tempelhof, Berlin, arch. E. Zagabile, 1934: fragments of the outlook,
lamps; n - The Reich Chancery, Berlin, 1939, photo - Bundesarchiv, Germany; o - Ferbelliner Place,
Berlin; p - Exhibition pavilion "Messe Berlin", arch. R. Hermish, 1937, during the filming of the film
"Operation Valkyrie". All photos except "1, n" — db@onliner.by [15].
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Fig.2. Examples of Italian architecture 1920-40: a - sidewalk tile with licker ax and fascia; b-competition
project at the Vittorio Palace, arch. Di Renzi, 1933; ¢ - the building of the Financial Service in Bolza-
no; d - fountain with fascia and colic, Littoria-Latina; i - Municipality of Palermo; f - Invalid build-
ings, m. Ravenna; g - Saragos Gate, Bologna; h - the church, the city of Sabaudia, the province of La-
zio; i - Congress Palace, 1954; j - Espo-sizione Universale Roma (EUR), Palace of Italian Civiliza-
tion, arch. J. Gwernin, 1943; k - sculpture in EUR; | - the stadium in Rome; m - avenue in Rome, laid
out through the ancient forums; n - Pomezia in the province of Lazio; o - building on o. Rhodes; p -
Bank of Rome, Milan, 1941; q - a house in Basilikata. All photos - https:/lord-
k.livejournal.com/199376.html [1, 10]
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perfect forms the friezes became unusually
massive (Fig.2, b, c). In all the projects of the
reconstruction of the city of Rome in the 1920-
1940's there was a shameful attitude not only
to the development of the historical Italian her-
itage [8, 19], but also to the preservation of
urban ensembles of the historical centre (Fig.2,
m), to the formed coastline, which led to the
destruction of important architectural monu-
ments and historically formed environ-
ments.But researcher S. Lipgart saw that there
were the other side of the relationship between
professionals and the customer to the heritage
in the reconstruction of the city of Rome in the
1930s, it was the perception of historical build-
ings as spectacular theatrical scenery, where
new buildings did not diminish the meaning of
the olds and did not hide among them [20].
Yes, there was no gigantism in ltalian fascist
architecture, it was quite a measure of human
scale [1, 10].

For the architecture of Portugal and Spain,
the period of totalitarianism was also charac-
terized by the simplicity of forming, the large
scale of architectural objects — the symbols of
the new government, the widespread construc-
tion of representative architectural buildings
(Fig.3).

So, an overview of the architectural and ur-
ban heritage has shown that for all European
countries, where reactionary regimes were es-
tablished, the following was typical:
giantomania in the size of objects that were
prestigious for the authorities and the state;
style building based on national, ancient tradi-
tions; purism, asceticism, lapidary and, at the
same time, simplicity and monumental forms;
axial symmetry of city-building ensembles;
moderate, but accurate, in the main places of
use of state symbols; application of additional
decorative symbols emphasizing the connec-
tion with the ancient past: figures of a physi-
cally strong man, a bull, horses, more often in
the form of sculptures, less often - bas-relief;
monotonous interpretation of the wall - with-
out cavities or with identical cutouts, which
served as a monumental background for a sep-
arate sculpture, emphasizing its symbolic
meaning. The rationalism of architectural
forms was manifested in the purity and con-
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cordance of the plan, the architectonics of the
building, which brightly and precisely helped
to focus the viewer's attention and emphasized
the value of a single symbol. The simplicity of
the formation of European functionalism,
which was combined with the symmetry of the
architectural-spatial composition and the neo-
classical manifestations of the warrant, the
great-power symbols and monumental forms,
as well as expensive materials, created a spe-
cial direction of the open-mindedness of the
state-ideological content of architecture. By
such means, the architecture articulated out-
side clearly demonstrative and ideological ref-
erence to an absolutely indisputable order in
the state, based on conquering the authorities,
carrying the order to other peoples and decid-
ing their fate at the discretion of this power.

D. Reynolds, who considered the specifics
of the historical movement of the Soviet Un-
ion, argued that Stalin had formed the second
revolution since October 1917, at that time
"from above", which was supposed to trans-
form both society and the economy. Its main
objects were gigantic projects of industrial
complexes, justified by ideological reasons.
The victory of totalitarianism contributed to
the emergence of an official company against
"cosmopolitanism”, whose purpose was to
eliminate all kinds of internationalist tenden-
cies [9]. Therefore, the Soviet Union entered
the path of rebirth and creative rethinking of
the classical heritage, as were defined by lead-
ing party documents. Before the war, the Sovi-
et Union embarked on a path of rebirth and
creative rethinking of the classical heritage.
With drew from the tendencies of the spread of
constructivist industrial forms in the urban en-
vironment, Soviet architecture moved through
the formation of the Russian empire.

Thanks to the desire to glorify the existing sys-
tem of government at that time, the USSR
chose the classic principles in architecture: the
classical perimeter building of quarters and the
symmetrical structure of the facades were

revived; the mandatory formation of the main
city center on the basis of the axis of sym-
metry and the main buildings with towers and
spikes in completion, with many state
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Architecture of Portugal
1930s - 1950s

Ui CUIGUE
T RIBUENS
TIA

Architecture of Spain
1940s - 1950s

Fig. 3. Examples of Portuguese and Spanish architecture: a - pl. Areéiro, m. Lisbon, arch. C. de Silva,
1930s; b - the statue of Christ in the city of Almada, 1949-1959; ¢ - Palace of Justice, Porto, 1940s;
d - the statue of Themis in front of the Palace of Justice; e - Memoir to killed in the Civil War,
Valley of the dead, 1940s; f - Triumphal arch, arch. M.L. Otero, P.V. Santefliou, 1950-1956; g -
Headquarters of the Air Forces, Madrid; h - Spain House, Madrid, arch. J. Otammendi, 1953. All
photos - https://birdinflight.com/ru/mir/20170522-architecture-european-dictators-2.html [19]
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Fig. 4. Examples of Soviet Architecture: RSFSR, Moscow: a - All-Union Agricultural Exhibition (AAE),
sculpture "Worker and Collective Farmer", sculptor V. Mukhina; b - residential house,
Chervonosilskaya st., arch. I. Rozhin, A. Khryakov, 1937; c - residential building, Mokhovaya st.,
arch. I. Zholtovsky, 1934; d - AAE, pavilion of Georgia, arch. A. Kurdiani, G. Lezhava; i - Beijing
Hotel, arch. D.Chechulin, 1949-1955, f - element of completion, g - frieze over the entrance; Ukraini-
an SSR, Kyiv, Khreshchatyk st.: h - residential complex number 23, 25, 27; i-j is the central part of
the building No. 25 and its completion; k-I - the end of the dwelling house number 23 and decorative
desian of the bav window and balconv 1171
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symbols, which looked like an explicit selec-
tion of decorative forms and details. Among
the examples of the Soviet legacy of the so-
called "Stalinist" period in Fig. 4, b, is a photo
of a residential building located in Moscow on
the street Chervonosilskaya, whose facade ar-
chitecture dated back to the then German ar-
chitecture (see Fig.1, e, j, 0).

In the postwar period, Stalin's skyscrapers,
"absolute absurdity, such figurines™ were con-
structed in the words of D. Khmelnitsky [24].
State symbols that had to remind of the role of
the Soviet state in the life of the people and to
demonstrate the differences between Soviet
architecture and the architecture of the Russian
Empire, began to appear anywhere. The unlim-
ited number of that symbolism simply shouted
about the ideological purpose, but at the same
time it reduced its value. In addition to such
obsessive use of symbolism, the psychological
effect was enhanced by other decorative ele-
ments that performed an additional auxiliary
function. It is a variety of symbols of fertility,
labor, a bright future that awaits the people in
the form of justice, equality, peaceful life, and
well-being. The combination of a heavy order
with a richly decorated facade created in the
architecture of a fairy tale about a strong, reli-
able, mighty state, which promised protection
and happiness to its people. An unlikely archi-
tectural form and style that did not correspond
to real situations (repressions in the country
and arms race among the states) formed a dec-
orative screen that covered the real state-
ideological content of the formed urban envi-
ronment.

THE CONCLUSIONS

1. Consequently, the architectural and urban
heritage of European countries and the Soviet
Union was formed at the time of the
totalitarianization of political regimes. But Eu-
ropean countries differed from the USSR by
maintaining private property at the same time
as the strict control of the state, the Soviet
economic system provided for the full owner-
ship of land and all means of production to the
state. In European countries, social stratifica-
tion was formed naturally on the basis of prop-
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erty status, in the USSR — on an artificially
constructed system with workers — the class
that has no property — above.

2. The political regimes of all the countries
under review were organized on the basis of a
system of government with a one-party system
and a leader at the head.

3. The public consciousness of the peoples
was formed in the spirit of faithfulness to the
authorities; therefore, in culture and architec-
ture, the manifestations of the state-ideological
goal of countries with totalitarian political re-
gimes were clearly reflected - the need to glo-
rify forces, power and invincibility of power.
The architectural heritage of European states
significantly differed from that of the USSR
by the fact that European states frankly pro-
claimed the ambition of their own political
programs, and the Soviet state, having an arti-
ficially constructed social structure, with the
help of architectural means created an idyll of
peacefulness and a bright future for the people.
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JexopaTtuBHO-(popM00Opa3y0IIas M MPOCTPAH-
CTBEHHAasl OPraHM3alus NpPeACTa-BUTEIbCKOMN
apxutekTypsl 1930-x — Hayanaa 1950-x rogon

KaK 0TO00pakeHne rocy1apcTBeHHO-
HIE0JIOTHYEeCKOH 1eIn

Jlroomuna bavunckas

AHHoTauus. B TeueHue nepBoit mosioBUHBI XX
CTOJIETUS COLUMAJIbHOM MCTOPUM E€BPONEUCKUX
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ctpaH u Coetckoro Coro3a B psfie €BpONENCKHUX
CTpaH 3apOJWINCh HAIMOHAJI-COIMATUCTHIECKUE
MapTud, KOTOPBIE B HECKOJBKUX TOCYAapCTBax
CO3JJAJIM TOTAJMTapHbIe OTHOMAPTHIHBIE MOJIUTH-
YEeCKHE PEKMMBI BO TJIaBE C BOXKAEM. DTH COOBITHS
MIPOM3OILIN KaK PEaKIus Ha MUPOBBIE COOBITHS —
MEPBYI0  MHUPOBYIO  BOWHY, PEBOJIOLHOHHEIE
BCIUIECKH BO MHOTHX E€BPONEHUCKMX CTpaHax, Mo-
JINTUYECKUN, IKOHOMUYECKUN U KYJIbTYPHBIA KpHU-
3WCHI, pa304apOBaHNUE Pa3HBIX CIIOEB HACEIIEHHUS B
CYIIECTBOBaBUIMX MNOJUTHYECKUX pexumax. Co
CTOPOHBI TOCYAapCTBEHHOMN BJIACTH 3aME€Ha CHCTe-
MBI TIPaBJICHHS TPUBOIUT K HEOOXOTUMOCTH (op-
MHUPOBaHHUSl apXHUTEKTYPhl TOPOJCKON Cpeabl Kak
HOCHUTENSI HOBOH TOCYJapCTBEHHOW HICOJIOTHH, CO
CTOPOHBI COIIMYMa MPOUCXOIUT POXKIECHHE HHOTO
OOIIIECTBEHHOTO CO3HAHMUS, YTO HEMUHYEMO OTpa-
JKaCTCA B HOBBIX HAIIPAaBJICHUAX PA3BUTUA KYJIbTY-
PBI U apXUTEKTYPHI.

Cogerckuit Coro3 B teuerne 1930-x romoB u
TEOPETUYECKH, U MPAKTUYECKU YKPEIWICS Ha TMOo-
3UNUAX TOTATUTAPU3AIUN BIACTH C COOTBETCT-
BYIOIIMMHA  W3MEHEHHSMH B  apXHTEKType.
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Nmes oOmime 4epThl B CUCTEME MPaBJICHUS, CB-
pomneiickue ctpansl 1 CCCP cdopmupoBamn 00-
[IMe HATpaBJICHHUS B apXUTEKTypE — OCEBYIO CHM-
METPHIO, YTO KaK apXUTCKTYPHBIH METOJ CBUJIC-
TEJILCTBYET O TOPSJKE B TOCYAapcTBE, OONBIION
MaciTad coOpyKeHU# — TPU3HAK MOINM U HENOo-
0eIMMOCTH, KOMITO3UIIUI0 Ha OCHOBE MOIYMHECH-
HOCTH YaCTEH IIeJIOMY, KOTOpast 0TOOpaXkaeT HeoO-
XOJMMOCTh TpOCINaBieHus BiacT. Ho oTiinuuns B
COITMATBHON CTpaTH(PUKANA — ECTCCTBEHHOW B
eBPOINENCKUX CTpaHax, CO3AaHHON Ha OCHOBE yue-
Ta WMYIIECTBEHHOTO TMOJOXEHUS BIaleNblia, M
nckycctBerHol, npuasatoir B CCCP, Ha ocHOBe
BO3BBIIICHUS CONMAIBHON poJin pabouero kKak o0-
IIECTBEHHOTO T'ereéMOHa — MPUBEIH KO BHEIPEHUIO
B apXWTEKTypy  pa3HOW  TOCYAapCTBEHHO-
UJICOJIOTMYECKOM LIEJIM: B CBPOMCHCKUX CTpaHaX —
yjeana CHIbl, MOIIW, TMOPSAAKA, HAIMOHAJIHHOTO
MPEBOCXOJICTBA HAJ APYrUMHU Hapoaamu; B CoBer-
ckom Coro3e — paBeHCTBA, HAJCIKHOCTH 3alUTHI
rOCyJapCTBOM, CBETJIOTO OyAyIIEro B >KU3HH Ha-
pona.

KurueBble cjioBa: €BpOIEHCKUE Trocynap-
ctBa, CoBerckuii Cor03, apXUTEKTypa, MOJIUTUYEC-
KUH pPeXuM, TOTAJIUTAPU3M, TOCYyAapCTBCHHBIC
CHUMBOJIBI, ()OpMa U CTHIIb B ApXUTEKTYpE.
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Abstract. The notion of a harmonious light en-
vironment involves the execution of a variety of
sos-free functions. First of all, it is the creation of
comfortable living conditions for people, which is
to ensure the safety of traffic and pedestrians and
the holistic perception of city accounting in the
dark period of time. The provision of light comfort
in the evening and at night is achieved on the basis
of rationally selected quantitative and qualitative
characteristics of artificial lighting, which are regu-
lated by the norms.

Use of territories under the car-care center is
used by special measures for engineering im-
provement. This makes it possible to create a high
level of general and artistic and aesthetic percep-
tion of the objects of the city's car service.

Quality lightning is profitable. Since, the good
lightning of the city reduces the number of injuries
in an accident. The level of personal safety current-
ly depends on the quality of lighting of courtyards,
footpaths and playgrounds.

Information to enrich or change the emotional
comfort of a person is possible with the help of the
right color. The basis of the formation of architec-
tural and urban light space play of colors of the
light are solved by multiple tasks: there is a light
floral environment, take into account the stakes
and the transfer of the color from artificial light
sources at night. It is not allowed color bright
"separation”, bright" failure™, excessive brightness,
which violates the unity of the composition. The
quality of light delivery depends on the spectral
composition of the light source, which determines
its light transmission.

Lighting techniques are aimed at identifying the
characteristics and effects of lighting. Lighting of
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facades of buildings with general flood lighting
should provide visibility of its decorative and plas-
tic elements. The main requirement for the system
of light ensembles of the city is-taking into account
the visual perception of a person of the illuminated
object in space.

Keywords: light, light gray deposit, objects and
elements of the pavement, criteria of influence,
measures for the engineering improvement of the
city, objects of car service.

INTRODUCTION

Light is a powerful tool that allows you to
discover the beauty of the world and empha-
size the cultural and architectural value of the
city.

Lighting equipment and technology must
meet the requirements of energy saving, which
provides for the optimization of constructive
and energy parameters [2, 5]. It is important to
consider not individual objects or areas, and
the whole complex of lighting systems areas,
spaces, architectural and landscape objects in
general.
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MATERIALS AND METHODS

The aim of the work is to identify the main
criteria of influence on the lighting system of
the modern city. Identify the types of modern
artificial lighting. To study the process of
lighting design for auto-salons and ways of
their implementation.

The main criteria for the impact on the sys-
tem of lighting the territory of the modern
month include: visibility-provides normal con-
ditions of visibility for drivers and pedestrians
and the required level of quantitative and qual-
itative parameters of lighting, characterized by
the current norms.

Security. Traffic safety in transport is en-
sured by the normal functioning of all compo-
nents of this complex "man — vehicle — envi-
ronment".

Meanwhile, the lack of reliability of the el-
ements of this system (low discipline of traffic
participants, poor technical condition of vehi-
cles and roads) is the cause of road accidents
and transport accidents [1, 2, 6]. Quality light-
ning is profitable. Since, the good lightning of
the city reduces the number of injuries in an
accident. The level of personal safety currently
depends on the quality of lighting of court-
yards, footpaths and playgrounds.

Economics. The factor of decision-making.
The ability to create a quality lighting device
at minimal cost. In practice, in the process of
operation and repair of cheap lighting can re-
quire significant costs, compared to expensive.
Therefore the characteristic of comfort of the
light environment of the city is carried out by
the most economic way in the presence of the
choice of technical means for its providing.

Aesthetics. Modern society requires the
lighting not only to perform
functional tasks, but also compliance with
modern requirements of a harmonious world
environment. There is a variety of outdoor
lighting facilities of the city (streets, squares,
open spaces, gas stations, service stations,
transport interchanges, facades, etc.). Aesthet-
ics should be combined with the real possibili-
ties of society, contribute to the formation of
visual comfort and visual and artistic specifici-
ty in the city.

Transfer of Innovative Technologies
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Social life. Good lighting has a positive im-
pact on such aspects of the social life of the
city as trade, tourism, sports; creates a favora-
ble psychological climate; has a biological im-
pact on the human body; is the basis for a
more open and active lifestyle.

To create the concept of a comfortable light
environment of the city, a number of other fac-
tors are needed: the scale of the city, its func-
tional zones; public centers; features of land-
scaping; the system of highways and mainte-
nance. For each city characteristics of typical
its lighting concept, which brings together ex-
ternal, architectural, accessory, advertising
types of lighting [2, 4, 7].

There are the following types of permanent
lighting systems:

- for street lighting (providing lighting nec-
essary for the safety of traffic and pedestrians);

- for architectural and artistic development
(creation of light architecture of the city in the
evening with the identification of the most
valuable architectural, historical and artistic
buildings, structures, monuments, fountains,
etc., as well as entire complexes);

- for advertising lighting (information the
population of trade, household and cultural
news, window dressing mA-shops, kiosks,
etc.);

- for light signals (indicators pedestrians
driving directions, locations, stops, crossings,
etc.) [3, 4, 8].

Information to enrich or change the emo-
tional comfort of a person is possible with the
help of the right color. The basis of the for-
mation of architectural and urban light space
play of colors of the light are solved by multi-
ple tasks: there is a light floral environment,
take into account the stakes and the transfer of
the color from artificial light sources at night.
It is not allowed color bright "separation”,
bright" failure”, excessive brightness, which
violates the unity of the composition. The
quality of light delivery depends on the spec-
tral composition of the light source, which de-
termines its light transmission [2, 6].

Modern artificial lighting is divided into
types: decorative, architectural (total flood, lo-
cal-gradient (fragmentary) lighting of the fa-
cade, hidden, projection (facades that glow),
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silhouette, contour, upper (multiple, ordinary
light, lighting the top), landscape (step-by-step
lighting, marking, sliding, flood, shading),
lighting schedule, illumination (the light show,
performance, temporary story, multimedia pro-
jects, laser scenography), static and dynamic
color.

Architectural lighting is a direction of light-
ing design, engaged in artistic illumination of
facades of buildings. By means of correctly
executed architectural illumination it is possi-
ble to emphasize art features of the building,
distinct elements (bas-reliefs, columns, win-
dows, platbands), etc., to give it a beautiful es-
thetic look at night, to make dominating
among other surrounding objects [8, 9]. Before
architectural lighting, there are a number of
requirements: a variety of possible lighting ef-
fects; ease of maintenance and operation of ar-
chitectural lights; electrical safety and protec-
tion of equipment from the effects of natural
conditions; orientation; efficiency.

There are certain types of lighting: normal-
ized (daily), emergency, periodic and festive.
The choice of the type of lighting depends on
the urban situation, the nature of the object, its
purpose, especially the placement of lighting
equipment, the creative design of the architect
[2, 10].

STARTING POSITION
URBAN-ECO-PHYSICAL PARALLELS

Lighting techniques (selection of lighting
equipment, their placement and possible ways
of transformation, relationship, etc.) are aimed
at identifying the characteristics and effects of
lighting. Lighting of facades of buildings with
general flood lighting should provide visibility
of its decorative and plastic elements. This is
achieved through a combination between the
lighting and shadow zones (Fig.1). It is rec-
ommended to illuminate small diameter vol-
umes with spotlights at a long distance. To
identify the nature of multi-faceted objects
lighting sources should be placed asymmetri-
cally. There are three main ways of illumina-
tion of buildings and structures: local; lighting
fill type; hidden architectural illumination of
buildings.

1. Local illumination-illumination of the
most interesting and bright parts of the struc-
ture. This effect is achieved by fixing special
spotlights on the facade.

2. General filling of the facade with light. It
is used to illuminate historical architectural
structures or on the facades of buildings. Pow-
erful spotlights illuminate the object in the se-
lected color scheme.

3. Hidden architectural lighting. With the
help of a light source creates its own pattern,

Fig.1. Lighting of the facade of the car service by way of creating a light
contrast be tween the evening appearance of the given controversy

and the surrounding landscape

34

Transfer of Innovative Technologies
2018 Vol 1(2), 32-39



Architecture, Infrastructure

which makes it possible to both emphasize and
change the appearance of the architectural
forms of the building. Choosing one of the
listed methods of illumination it is necessary
to consider features of architecture of the
building and its color scale.

Contour illumination is used during the hol-
idays when illuminating the squares and streets
of the city with mass illumination of buildings,
monuments, bridges and fountains. In the
building sometimes emit more bright light
some interesting and spectacular part of it.
This contributes to the creation of light con-
trast within it, enhances the overall impression
of the evening view of the building and the
surrounding landscape (Fig.4) [6, 12].

RESULTS AND EXPLANATIONS

The problem of placement of light compo-
sition of the city is associated with the creation

Fig.2. An example of the lighting of a transport
magistral (a), illustration of the street (b)
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of light ensembles of different scales. At the
same time, the light scale is a part of the archi-
tectural space, forming a single light architec-
tural composition. The interaction of artificial
light and architectural composition takes care
in the following areas — space, volume, plastic
and color. All this creates a light space, light-
forms, light-plastic and light-color. The main
requirement for the system of light ensembles
of the city is-taking into account the visual
perception of a person of the illuminated ob-
ject in space [1, 15, 16].

This approach makes it possible to illumi-
nate the city, highlighting the main highways
and the most important places, facilities and
structures. Highways and streets stand out in
cities in a special system, opposite the pedes-
trian — with clear spatial boundaries, special
requirement trunk systems for s for the quantity
and quality of light and light information
(Figs.2, 3). All types of lighting systems work

Fig.3. Examples of interior illumination of
autolights (a — pendant lamps such as dome
or bel, b — trunk systems for linear
luminaires)
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in cooperation with each other, taking into ac-
count the brightness of road surfaces of streets,
squares and sidewalks, the brightness of show-
cases, light advertisements and lamps, as well
as illuminated monuments and fountains, the
degree of proximity that occurs in the field of
view of a person. This takes into account the
requirements of energy saving, operation,
management of lighting systems according to
the infrastructure of the modern city [6, 8, 13].

Highways and streets stand out in the cities
in a special system, opposite the pedestrian-
with clear spatial boundaries, special require-
ments for the quantity and quality of light and
light information.

Energy efficiency of lighting is influenced
by the following factors: technological: avail-
ability of lamps, control systems, types of in-
stallation that can be used to reduce the power
consumption of lighting systems compared to
conventional practice.

- Economic: different methods of assessing
the cost of the lighting system. The cost of the
lighting system can be defined as the sum of
capital costs and operating costs).

- Value: money, ecology, design.

- Perception: psychological evaluation of
lighting. Level of visibility and visual comfort.
Social status, health and appearance.

- Waiting: user's predictions about good
lighting for each specific case [2, 14, 16].

Architectural lighting of the facades of car
showrooms is also important as well as inter-
nal lighting. It helps to attract the attention of
many people and emphasize the features of the
building.

Due to the sizes, types, optics, LEDs, as
well as a wide range of lighting control,
lamps-based LEDs can be used for general
flood lighting (lighting of small architectural
forms, contour illumination) and to create me-
dia facades of dynamic lighting, etc (Figs.4,
5). Such lamps have certain characteristics: ef-
ficiency, sustainability, to external influences
and mechanical vibration loads; the minimum
level of light pollution; the possibility of creat-
ing light paintings due to the possibility of
light control [1, 17, 19].

Poorly adapted lighting conditions can in-
clude: the monotony of space; the
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Fig.4. Lighting of the facade of the car ser-
vice by way of creating a light con-
trast between the evening appearance
of the given controversy and the sur-
rounding landscape
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Fig.5. Lighting of glass facades inside line
lanterns on the example Motor Show
"Eurosib Mazda"

ity of safe orientation in space; the lack of eye-
catching points, or vice versa, unnecessary at-
traction of attention; the use of finishing mate-
rials and their colors (which are poorly con-
sistent with ambient lighting or even absorp-
tion of light), pale or aged in cool tones color-
ing the surrounding surfaces; failure to take in-
to account energy consumption, excessive

Transfer of Innovative Technologies
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heat; high cost and inconvenience of mainte-
nance; lamp design that does not fit into the
situation, etc. [18, 20]. All this violates the in-
tegrity of the architectural design of the city.
Therefore, to create a harmonious comfort-
able light urban environment complex combi-
nation of different lighting techniques and
types of social functions, inscribed in the in-
frastructure of the modern city is important

(Fig.6).

CONCLUSIONS

1. In today's world, thanks to the emer-
gence of new technologies in the field of light-
ing, you can decorate the exterior of buildings
as a whole, facades or parts of them; allocate
certain buildings and their architectural fea-
tures in the darkness of the night; provide a re-
fined look.

Fig.6. The option of lighting the car dealership Nissan brand: a — an example
of lighting the avosalona brand Nissan in red, b — horizontal zone on
the main facade, where the logo of the car dealership is lit white in color

Transfer of Innovative Technologies
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2. Properly designed lighting showrooms
allow you to convey to the buyer the color of
the corresponding car, as well as its appear-
ance and increase sales.

3. The process of designing lighting for
showrooms and their implementation is very
specific since it requires the possession of cer-
tain knowledge and skills in the design of this
direction.
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3HaveHue u NMpHuEMbI OCBCIIICHUA
B aBTOCEPBUCE

Onvea I[lempynus

AnHotanus. [loHsTHe TapMOHUYHAs CBETOBas
cpela BKIIIOYAET BBINOJIHEHNE Pa3HOOOPa3HbIX CO-
nuaneHeIX (yHKIMA. B mepByro ouepeap — 310
co3zanre KOM(OPTHBIX YCIOBUN MPOXKUBAHUS Ye-
JIOBEKa, YTO 3aKJIoYaeTcs B obecrieueHun 0e30-
MACHOCTH JIBMKEHMS TPAHCIOPTa U MEIIeX0JI0B U
[EJIOCTHOTO BOCHPUATHS 00pa3a ropoaa B TEMHOE
BpeMs cyTok. ObecnieueHune cBeToBOro komgopra
JIOCTUTAETCS C TOMOINBIO HCIIOIB30BAHUS PAINO-
HaJIbHO BHIOPAHHBIX KOJMYECTBEHHBIX W KadeCT-
BEHHBIX XapaKTEPUCTUK MCKYCCTBEHHOI'O OCBEIIe-
HUS, KOTOPOE PETJIaMEHTHPYETCSI HOpMaMH.

Hcnonb3zoBaHue TEppUTOPHUI IO ABTOCEPBUC
MIPOBOJIUTCS C TIOMOUIBIO ONPEAETIEHHBIX MEPO-
MPHUATHAN 110 WHXEHEPHOMY OJIaroyCTpOHCTBY. DTO
JTaeT BO3MOXKHOCTh CO37[aBaTh Ha BBICOKOM YPOBHE
ol1miee W XyI0KECTBEHHO-3CTETUYECKOE BOCIPH-
stre 0OBEKTOB aBTOcepBHCca ropoaa. KauecTBeH-
HO€ OCBEIIEHHE BBITOJHO. Tak Kak, Mpu XOpoIeM
OCBEILIEHUU CHIKAETCS KOJIMYECTBO TPaBM IIpHU
HATII. YpoBeHp CcOOCTBEHHOI 0e30MacHOCTH Ha
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JaHHBIA TIEPUOJ] BpPEMEHHU 3aBUCHT OT KadecTBa OC-
BEIIEHHUSI ABOPOB, IELIEXOOHBIX IOPOXKEK U AET-
CKMH IIIOLIAJOK.

WHpopMalmOHHO yKpacuTh WIH HU3MEHUTH
KOM(OPTHOE MPOCTPAHCTBO BOKPYI UEIOBEKa
MOKHO C IOMOIIBIO MPAaBUIBHO MOJOOPAaHHOTO
useta. GopmMUpoBaHUE APXUTEKTYPHOH W Tpago-
CTPOMUTEIFHON CBETOBOW CpEJbl BBIMOJHSETCS WUT-
poit mBeTa. TakuM 00pa3oM PENIaroTCss MHOTOYHC-
JICHHBIE 3a/1a4M. CO3JACTCSl CBETOBOE OKpYKEHHE,
YUUTHIBAETCS IIBET W Mepeaya mBeTa OT HCKYCCT-
BEHHBIX HCTOYHMKOB CBEeTa B HOUHOE Bpems. llpu
3TOM HE JIOIYCKAaeTCsl IIBETOBOH SAPKUIl «OTPHIBY,
SApKU «IpoBaim», Oe3MepHasl SPKOCTb, KOTOpas
HapymaeT eJuHCTBO kKomnosuiuu. KasectBo mo-
Jlauyd CBETa 3aBHCUT CIIEKTPaJbHOTO COCTaBa HC-
TOYHHMKA CBETa, KOTOPHIM ONpe/AeisieT ero CBeTo-
nepenavy. [Ipuembl OCBElllEHHs HampaBJ€Hbl Ha
BBISIBJICHHS XapaKTEPHBIX OCOOCHHOCTEH Ta 3(-
¢dexToB ocemenus. OcBenienne (acagoB 37aHUHA
OOIIMM 3aJMBHBIM CBETOM JIOJDKHO OOECIIeUHBATh
BUAMMOCTb €r0 JIEKOPAaTHBHO-IUIACTHYHBIX O3Jie-
MEHTOB. DTO JOCTUraeTcs MyTeM COCIMHEHHs Me-
XK1y co00li OCBETUTENBHBIX 30H U TeHel. [ TaBHBIM
TpeOoBaHMEM K CHCTEME CBETOBBIX aHCaMOJIeH ro-
pona sBISE€TCA — HCIIOIb30BAHUE 3PUTEIHLHOTO
BOCTIPHATHUSI YEIIOBEKOM ONPEACICHHOI0 00BeKTa
OCBEHICHUS B TPOCTPAHCTBE.

KiroueBble cjioBa: cBET, CBETOBas cpena, 00b-
eKTBl W DJEMEHTBl OJaroycTpoiicTBa, (axkTOphI
BJIMAHUA, MCPONPHUATHUA 110 MHKCHCPHOMY 6J1ar0-
YCTPOMCTBY ropofia, 00bEKThI aBTOCEPBHUCA.
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TeopeTuyeckne oCHOBLI pacyeTa
CKOGOBMAHbIX NIAaCTUHYATbLIX peccop

Muxaun Cykay

KneBckuin HauMoHanNbHbIN YHUBEPCUTET CTPOUTENLCTBA N apXUTEKTYPbI
Bosgyxodnotckun npocnekt 31, Kues, YkpanHa, 03037
msukach@ua.fm, orcid.org/0000-0003-0485-4073

lMony4yero 01.09.2018, npuHamo nocne npocmompa 09.10.2018
DOI: 10.31493/tit1812.0201

AHHoOTamms. J[aHbl TeopeTHYeCKHUE OCHOBBI
pacueTra Ha MPOYHOCTH CKOOOBWIHOW TUIACTHHYA-
TO#l peccoprl. OHa TpencTaBigeT coboil yrpyryro
IJJACTUHY, KOHIBI KOTOPOM OTKIOHEHBI OT €€
CpPEHEH YaCTH B OAHY U Ty XK€ CTOPOHY U BBIIOJI-
HEHBI B BUJIe KOHCOJEH, CHA0KEHHBIX MPUCITIOCO0-
JEHUSMH U IIapHUpHOro KpereHus. CpenHss
4acTh IUIACTHHBI PaclojOKeHa MapajjieNIbHO JIH-
HUU JEeUCTBUS Harpy3ku. IlnacTuHa BBINOJIHEHA C
MIEPEMEHHBIM TI0 JUIMHE CE€YEHHEM, IIPH 3TOM B
KOKIOM CEYEHHH OCh, OTHOCHUTEIBHO KOTOPOH
MOMCHT HUHEPLHUHN CCUCHHA MaKCHUMAJICH, ICPIICH-
IUKYJISIpHA TJIOCKOCTH M3TM0a peccopsl. 3amareH-
TOBaHHAs peccopa CIPOCKTHpPOBaHAa Kak «0aika
PaBHOTO COMPOTHUBIICHUS.

[IpuBeieHHBIE PACUETHBIE CXEMBI U OCHOBHBIE
YpaBHEHHSI HANPSHKEHHOTO COCTOSHUSA CKOOOBHU-
HOW TMJIACTUHYATOH peccopbl HE OO0YCIOBJICHEI
KakoH-1100 onpeneneHHoN (HOpPMBI ee OoIepeyHo-
ro ce4eHus. PaccMOTpeHBl HaNpsyKEHHOE COCTOSI-
HUE CKOOOBHMIHOW TNIACTHHYATON PECCOPBI MPSMO-
YTOJIbHOT'O MOIEPEYHOI0 CEYEHUs C MPSAMOUN Heil-
TPAJIbHOW OCBI0O B HEHArpyK€HHOM COCTOSIHHH.
Metoauka NPOEKTHPOBOYHOTO M IOBEPOYHOIO
pacueToB IpUBEJIeHA JUIs Pa3IHMYHBIX TPOQUIe ee
MorepevHoro ceueHus. Pacyer oTHOCUTCS K cpea-
HEH 4acTH peccopbl U MOJNKaM, HEMOCPEICTBEHHO
[PUMBIKAIOIUM K YOPYIOMY YCTPOHCTBY JUIst
IAPHUPHOTO COEAMHEHHUS PECCOPHI CO CMEXHOU C
HEIO JeTaIbl0 KOHCTPYKLINH.

Paccmorpen ciywail, mpy KOTOpPOM HEWUTpallb-
Has JIMHUS PECCOPHI B IMEPBOHAYAILHOM COCTOS-
HUM UMeeT OOJIBIIYI0 MM MEHBIIYI0 KPHUBH3HY.
OT0 — y4acTKH NepexoAa OT MOJOK K MOJOTHY WU
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Muxann Cyka4
[Npodhbeccop kadenpsbl

h CTpOUTENbHbIX MaLLVH
Q ‘ O.T.H., Npod.
il

YYaCTKH, 3aHUMAIOLIUE BCIO MPOTSKEHHOCTb IO-
JIOK, €CIM MOCIEAHHE CIHEUUATbHO BBIIOJHEHBI
KpUBOJIMHENHBIMH. [IOCKOJIBKY KpHBH3HA TaKUX
YYaCTKOB BEJIMKA, TO HX PACUeT BBIIOJHATCA C
y4eToM 0COOCHHOCTEH M3MEHEHUS HAIpPSHKEHHOTO
COCTOSIHUSI B KPHBBIX OpPYCBSIX.

Jansl pekoMeHmauuu A BbIOOpa JOMycKae-
MBIX HalpsLKEHUH MpU IPOEKTUPOBOYHOM U MOBE-
pOYHOM pacueTe CKOOOBHUIHOM IJIACTHHYATOMN
peccopsl Ha TPOYHOCTb U HAWOOJBIINX SKBHBA-
JICHTHBIX HANPsDKEHU, OTpe/IeTICHHBIX B Hanboee
OMacHBIX CeyYeHUsiXx ycrpoilctBa. OHU JTOJKHBI
OBITH COTIOCTABJICHBI C HAIPSHKEHUSIMH, JOMyCKae-
MBIMU JUJISl JAHHOTO pacueTHoro pexuma. Ilpu
3TOM PAacCMAaTPHUBAIOTCA CIIy4ad ABYKPAaTHOIO CTa-
TUYECKOT0 MCTIBITAHUS HAa MAaKCHMAaIbHYIO Harpys-
Ky ¥ MHOTOKPAaTHOTO (IIUKIMYECKOTO) JUHAMHUYE-
CKOTO Harpy»keHus IpH M3MEHEHUHW 3HaKa Hamps-
JKEHHS B pECCOpE.

KuroueBbie cioBa: ckoOOBHIHAs TUIACTHHYA-
Tasg peccopa, HaNpsHKEHHOE COCTOSHHE, yIpyras
IJIACTHHA, U3THOAIONINI MOMEHT, KPUBOJIMHEHHBIN
YYacTOK, ITOJIKH.
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HanpsizkeHHoe cocTOsIHUE CKOOOBH/IHOM
IUIACTHHYATOMH peccopbl

KoHCTpyKTUBHBIE OTIIMYUS CKOOOBUIHOMN
mactuH4yatoi pecopsl (CIIP) 3akimrouarorcs
TOM, YTO OHAa COCTOUT U3 YNPYroil IJIACTUHBI,
KOHIIBI KOTOPOW OTKJIOHEHBI OT €€ CpeaHei
4acTU B OJHY U TY K€ CTOPOHY U BBIIIOJHEHBI
B BHJIE€ KOHCOJEH, CHa0XXEHHBIX MPHUCIOCO0-
JEHUSMHU JUIsl UIApHUPHOIO KpEIUIEHUs, a
CpeIHsisi 4YacThb pAacIoJIOkKEeHa MapalljieIbHO
nuHUM nevictBust Harpysku [1 — 3]. [lnactuna
BBITNIOJTHEHA C TIEPEMEHHBIM MO JUIMHE CEYEHU-
€M U IIPU ITOM B KaXKJIOM CEYEHUH OChb, OTHO-
CUTEIIbHO KOTOPOH MOMEHT MHEPIHH CEYCHHS
MaKCHUMaJIeH, NEpIEeHIUKYIIpHA IJIOCKOCTH
n3ruda peccopsl.

Ha Puc.] uzobpaxena pacuerHas cxema
CIIP ¢ KOHCONBHBIMH KOHIIAMH (TIOJIKAMH),
OTKJIOHEHHBIMHU OT CpEJIHEN YacTH IOJ YIJIOM,

omskuM K npamomy [4, 5]. Jlse cuist P,
OJIHA U3 KOTOPBIX SIBJISETCA BHEIIHEH Harpys-
KOW, a pyras — paBHOW U IIPOTHUBOIIOJIOKHON
€l peakluel, PUIOKEHb! B LIEHTPAaxX LIapHHU-
poB, mpucoenunstonmx CIIP x cMexHbIM C
HEIO JETAIISIM.

Bektopbl 3THUX CHII JEWCTBYIOT IO OJIHOM
JIMHUW, TapajljIeIbHOM HEUTpPaIbHON JIMHUU
cpenneil yactu (monotHa) CIIP B Henarpy-
*KeHHOM cocrossHuu. Ha Puc.l HeHarpyxeH-
Hoe coctosiHue CIIP n3o0pakeH0 OCHOBHBIMHU
JUHUAMH, a Harpy’>kKCHHO€ — TOHKUMU JIMHHUSI-
MH, YTPUPOBAHHO MOKAa3bIBAIOIIMMH B3aUMHOE
pacCIOJIOKEHUE HEUTPAIbHBIX JIMHUKM YIPYro
nepopMupoBaHHBIX TOJ0THa M monok CIIP.

JIunus neiictBust AD, pacuetHO# Harpysku

P n Bcex mpoMeXyTOUHBIX HAarpy3oK COBIIa-
JAeT C MEXIIApHUPHON JmHHeW AD HeHa-
rpyxxenHoi CIIP.

B HEKOTOPOM MONEPEYHOM CEUYEHUH PeCcCco-
pel M, HAaKIOHEHHOM IIOJ YIJIIOM @ K €€
cUMMeTpuu, OynyT aelicTBoBaTh (06e3 ydera
MOMEHTa TPEHHUs B ILIAPHUPAX) CIEAYIOIINE
CHJIOBBIE (DAKTOPBI:

- U3rUOAOLINIA MOMEHT

M., = P(tcosg, +Y), (1)

- HOpMaJibHaA CUJia

Transfer of Innovative Technologies
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N = Pcoseo, 2
- KacaTcJibHasA CHJIa
Q=Psing, 3)

rZleé MECTHBIH Nporud HEUTPaIbHON JHMHUU
II0JIOTHA

y=dy;
dy =dSsing,

3JIEMEHTAPHBIM Y4aCTOK HEWUTPaJbHOW JIMHUU
MOJIOTHA

dS =p,dy,
r\‘ Jeo
! N
Q [ HEE! I
i 7 T
Q — Sc = i
] =13
\/T\S“
5 Q |
A \| ¢
\\
|
"

Q —
» =

Puc.1. PacuerHas cxema cKkOOOBUIHOM ILIa-
CTUHYATOU PECOPHI

Fig. 1. Calculation scheme of the bracketed
leaf spring
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rae ¢, — Yroia IOBOPOTa KpPaWHHUX CEYEHUHN

nonotHa CIIP; p, — paguyc KpuUBHU3HBI yOpy-

rod JJUHUU B ceueHuu M.
IIpu p,, = p=const.

y = f :1 psinpde =p(cosp — cose,). (4)

HauGonpmmii monepeuHpii mporud moyioT-
Ha CIIP

ymax = f :p(l—COS(Pl). (5)

N3 teopun nzruda u3BecTHO (2), YTO B JIIO-
O0OM CeueHUHU U30THYTOro Opyca

S= ©)

rac | — MOMCHT MHCPHOHU IIOIICPCUHOI'O CC-

m
yeHusi Opyca, OTHOCUTEIbHO TJIaBHOM LeH-
TPaJIbHOM OCH, NEPIECHINKYIAPHON TUIOCKOCTH
uzruoa.

Ecnu MomeHT uHepuuil ceyeHus |Zm Oyzner

U3MEHATHCA 10 JJIMHE PECCOPBI TAK, YTO Mpa-
Basg YacThb ypaBHeHus (6) ocTtaHercs MoOC-
TOSIHHOM, TO HEW3MEHHBIM OyJIeT U paauyc
KPHUBU3HBI YIIPYTOH JIMHUU

p,,=p=const,

TO €CTh ympyras JUHUS OyJIeT ITYrod OKpYK-
HOCTH.
[Ipu 3TOM OYEBHUIHO

pr—. (7)

rae L — monymnuHa nposera peccopsl.
B atom ciyuae, ¢ yuertom (7),

M 0,
—m — 2L — const. 8
El,, L ®)

42

Ecnmu paccmarpuBaemasi peccopa sIBISETCS
"peccopoil paBHOrO COMPOTHUBIIEHHUA", TO BO
BCEX €€ CEYCHUSX, NPU IOJHOM HCIOJIbh30Ba-
HUU HECylleW CIOCOOHOCTH MaTepuana, Mak-
CHUMaJIbHOE SKBHUBAJICHTHOE HATIPSDHKCHHE

=[c] =const, 9)

K6y

rae [6] — momyckaemMoe HOpPMabHOE HATpS-

KEHHUE.

[IpenBapuTenbHble UCCIENOBAaHUS IOKa3a-
mu [6, 7], 9T0 ANsL KOHCTPYKIWMA, MpeICcTaB-
JSAIOUMNA MPAKTUYECKUH HHTEPEC, OCHOBHOM
COCTABJISIIOLIEH SKBUBAJIEHTHOIO HaNpsKEHUS
SIBJIIETCS MaKCHMaJbHOE€ HOPMAaJbHOE HaIps-
XKEHHe OT u3ruda

Mzm
c, :iW : (10)

zm
O‘lCBI/II[HO, HanpsKeHue O, MOXET OBITh

MOCTOSIHHBIM TIO JIJIMHE PECCOPBI TOJBKO TPHU
YCIOBUH

M
M = const. (11)

m

ITpu sTOM, mockonbky Moment M, Hapac-

TaeT OT KpalHUX CEYEHUU K CEepeIuHEe pecco-
PbI, TO COOTBETCTBECHHO JOJIKCH YBCINYNBATD-

Csl 1 MOMEHT collpoTuBiieHus ee ceuennit W, .

[IpuBeneHHbIe BbIIIE BBIpAXKEHHUS] HE 00y-
CIIOBJIMBAIOT KaKoW-THOO0 ompeneneHHoi Gop-
MBI TIOTIEPEYHOTO CEYECHHUSI PECCOPBI, OIHAKO
OJTHOBPEMEHHOE cobOmoaeHne ycnoBuit (8) u
(9) Tpebyet, 4TOOBI BO BCEX €€ CEUCHUSX CO-
0J11071a7T0Ch COOTHOILIEHUE

[
—Im_ — const. 12
W S (12)

zm

MakcuManpHBI ~ M3THOAIOIMA  MOMEHT,
BO3HUKAIOIINN B CEYEHUH HA OCH CHUMMETPUU
peccopsl, ipu @ = 0

M,, = P[lcose,+p(1—cose,)]. (13)
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Kpome usrubarorero MOMEHTa B 3TOM JKe
CCUCHUU HeﬁCTByCT HOpMaHBHaH culia

N, =P.

HOpMaJIBHOG HAIpsOKCHUEC CKATUSA B 3TOM
CCUCHUU

(14)

rae F, — muomans nmonepeunoro cedenus pec-
copsl ipu ¢ =0.

MakcuMalbHOEe SKBUBAJIECHTHOE HAaIpsiKe-
HME HE JIOJDKHO MPEBBIILATE J0IYCKAEMOIO

63“=‘0M0‘+‘6N0‘ <[s], (15)

1€ BCIM4YNHaA [G] 3aBUCUT KaK OT MaTrcpurajia

CIIP, Tak u OT pexuMa Harpy>KeHus, Ha KOTO-
PBIN pacCUUTBIBAETCS peccopa.

Hanpsizxkennoe cocrosinue CITP
NPSAMOYT0JILHOTO CeYeHUs

C TOYKHM 3peHHus YHPOUIECHUS TEXHOJIOTUU
MIPOU3BOJICTBA CKOOOBHJIHBIX TIJIACTHHYATHIX
peccop, HauOOJIbIINKM MPAKTUUECKUNA HMHTEpec
MPEACTABIISIET aHAJIU3 HAIPSKEHHOTO COCTOsI-
HUS ©  pa3paboTKa METOJAMKHA  IPOCK-
TUPOBOYHOrO M moBepoyHoro pacuera CIIP,
MMEIOIINX MPSIMOYTOJIBHOE MOMEPEUHOE ceue-
HHE.

Brime 6b110 mokaszano, uro CIIP, umero-
masi MpsIMOYTOJIbHBIE TONEPEYHbIE CEUYEHUS,
JIOJDKHA OBITH BBIIOJIHEHA TaK, YTOOBI M3ruO
MPOUCXOJWI B TIUIOCKOCTH €€ HaubOonbliei
KECTKOCTH, T.€. B OOJBIIMHCTBE pabovMX ce-
YeHHWI peccopbl BbIcOTa h 1MoMmKHA OBITH
Oosbire, geM Tommmaa b (cM. Puc.1).

YuuTeiBas yBeIMUEHUE W3THOAIOIIETO MO-
MEHTa OT KpahHux cedyeHuid nojotHa CIIP k
€e cepelrHe BCIEACTBHE HapacTaHUs Mporuda
Y, u3 ycaoBus (11) MOXHO 3aKIIIOUUTH, YTO,
JUIsE 00ECIIEUeHHs MOCTOSHCTBA M3TMOHBIX Ha-
npsokeHuid Baosb nmonotHa CIIP, pasmepsr b u
h ee ceueHMH MOIKHBI U3MEHATLCS OIHOBPE-
MEHHO WJIH MOpo3Hb. [l peccopsl, paboTaro-
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e MPEMMYIIECTBEHHO Ha C)KaThe, MO TeX-
HOJIOTHYECKUM COOOPaXKEHUSIM TIPEICTABIISICT-
cs1 Oosee menecooOpa3HbIM, YTOOBI TOJIIMHA
oJIOCH! Db, M3 KOTOpO# M3roTaBIIMBaeTCs pec-
copa, COXpaHsUlach TMOCTOSIHHOHM, a, CIlieJ0Ba-
TEJBHO, OT KPalHMX CCYEHHUH IOJOTHA K €ro
CepeIMHe BBICOTA CeYeHHUS h JI0JDKHA yBEIH-
yuBatbes [8, 9].

EctecTBeHHO, TIpH 3TOM HE MOXET OBITh
00€eCIe4YeHO CTPOT0oe MOCTOSHCTBO OTHOIICHUS
(12), mockonbky mpu h = const

h
A = —z const.
W, 2

zm

Beco BOIIPOC B TOM, HACKOJIbBKO ICPEMCH-

HOCTb BBICOTBI CEUEHHMs | HapymaeT ycioBue

COBMECTHOCTH BbIpaykeHu# (8) u (9) npu pe-

IIEHUH NTPAKTUYECKUX MHXKEHEPHBIX 3aau.
O0603HauuB BBICOTY NPSAMOYTOJIBHOTO ceye-

Hus nosotHa Ny na ocu cummerpun CITP (mpu
¢=0) u HaiijleM BEIMYUHY MaKCHMAJIbHOIO

U3THOHOTO HAIPSKEHUSI B 3TOM CEUYEHUU IPHU
noctosiHHoM Tonmue b (Puc.1)

6P[lcoso, +p(1—cosg,)]
Oy, = ™ .
0

(16)

C yuetom Beipaxxenuit (14) u (15) Haiigem,
9TO TPHU IOJIHOM HCIOJIB30BAHUU HECYIIeH
CIIOCOOHOCTH  MaTepHalia pPeccopbl IKBHU-
BAJICHTHOE HAMPSHKCHUE B CPEIHEM CEUCHUU
nosiotHa CIIP

o = P J6[lcosg, +p(1—cosg,)] <[o]. (17)
bh, h,

Hns pemenust ypaBHeHus (17) Haxoaum
BEJIMYUHY p U3 BbIpaxkeHus (6)

Ebh?
=— 18
P=Tom . (18)
B cootBercTBuM ¢ ypaBHeHueM (13),
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Ebh?

P Pl (p-doose,l’ )

a ¢ yuetoM (7) 3T0 ypaBHEHHE MPUBOIUTHCS K
BUJLY

12P L2 LI
—(1—-cosop,)+—coso,|—1=0. (20

IIpu noBepounom pacuete CIIP, mockonabky
peccopa yXe CIIPOCKTUPOBaHa, a BO3MOXHO U
M3rOTOBJICHA, BCETa U3BECTHBI MaTEpUaIl pec-
COpBI U €ro MOAyidb ynpyroctd E, a takke

reomerpuueckue pasmepsr 0, hy, |, L . ITo-

3TOMY IEPBBIM IIIarOM MOBEPOYHOrO pacueTa
SBIsICTCS  onpenenenne w3 ypaBHeHus (20)

yria (; 1o 3aJJaHHOM pacyeTHOU Harpy3ke P .

Tpuronomerpuueckoe ypaBuenue (20) pe-
maercs 0ObIYHO METOJOM UTEPalld U HE BBI-
3BIBACT 3aTPYAHEHUM.

Ilocne omnpenenenuss BenUMYMHBL (@), U3
dbopmynbl (7) HAXOAAT P U 3aT€M IO ypaBHe-

HUto (17) BBIYUCIAIOT UCXOAHOE SKBUBAJICHT-
HOE HaIPsHKEHUE B CPEIHEM CEYCHHH TOJIOTHA

3K
CIIP G, " CONOCTaBISAIOT €ro ¢ JOMycKae-

MBIM HaIpsHKCHACM [G ] .

HamnpsxkeHne B kpailHEM pacyeTHOM cedye-
Huu mnoniotHa CIIP mpu X =0 (cm. Puc.1)
OIIpEAEIAETCS BEIMUYNHON HANPSKEHUN B KOp-
HEBOM pAacyeTHOM CEYEHHMH TOJNKH (TpHu
y=0).

Hamnpsoxkennoe cocrosinue mosnox CIIP on-
penenseTcs NPUIOKEHHON K HUM Harpy3kou u
X reomMeTrpudyeckumu pasmepamu. Ha Puc.2
n3o00pakeHa paboyast 4acTh MOJIKHU, HEMOCpe/I-
CTBEHHO MpUMBIKAaIONasi K YCTPOMCTBY JUIst
mapHupHoro coeguHenust CIIP co cMmexHoi ¢
HEIO JIETaNIbI0 KOHCTPYKIUH.

B rpannunbix ceuennsx B, u C; xopuepbIx

gyacTed mojok peccopbl (cMm. Puc.l), mpumsi-
KaIOIHNX K ee MOJIOTHY, IeHCTBYIOT (0e3 yuera
MOMEHTa TPEHUS B MIAPHHUPE) CIEAYIOIINE
cuioBbie (hakTopsl, Puc.2:

- U3rudaronnii MOMEHT

M, =Plcoso;; (21)
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Puc.2. PacdeTHas cxema MOJIKH PECCOPBI
Fig. 2. Calculation scheme of spring shelf

- HOpMaJibHas CHJIa

N, =Psing; (22)
- IIonepeyUHas Cujia

Qu =Pcose,. (23)

B naumbosiee ynaneHHBIX OT HEHTpaIbHOM
OCH BOJIOKHAX B PAacUETHBIX CEUCHUSX B, U C,

KOPHCBBIX YYAaCTKOB IIOJIOK PECCOPbI BO3HU-
KarOT HaIlIPSAKCHUS:

- OT u3ruda
6Pl cos¢,
Gy =——"7-, 24
- OT pacTsKEHUS
Psino,
oy =———. 25
. (25)

HauOosnbmiee kacareabHOE HaIPsKEHHE

Pcoso,

=15
bh,,

(26)

BO3HHMKAET HAa HEUTPAJIbHOM OCU CEUEHMS, HO
IIPY 3TOM HampspKeHue ot u3ruda o, =0.
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Haubonpiiee cymmapHoe HOpMaiabHOE Ha-
PSDKCHHE

o —i—(ﬂcos +sinQ,) (2.27)
* bhuk huk (pl (pl ’ .

rae huk — BBICOTA KpPalHEro pacyeTHOro ceye-

HUS TIOJIKH.

[TockonbKy B KpallHEM PacyeTHOM CEYCHHUU
nosiotHa CIIP (x=0), pacnonoxeHHOM B pac-
CMaTPUBAEMOM CITydae O] MPSMBIM YIJIOM K
KOPHEBOMY pacue€THOMY CCUCHHIO IIOJIKH,

HopMmaibHas cuia N, = PCOS@,, a monepeynas

cuia Q =Psin ®,, TO SKBUBAJICHTHOC HaIIps-
JKEHHE B KpalHUX BOJIOKHAX 3TOr0 CEYCHMS,
MMEIOIIETO BBICOTY h, ompexaensercs mo ¢op-
MyJie

o = Pcoso, [ 6l

—+1|<|o].

B xpaliHuX BOJIOKHaX HEKOTOPOIr'O CEYEHMH,
PaCIOJIO0KEHHOTO MOJ YIVIOM (p K INIOCKOCTH

cummerpun peccopsl (cM. Puc.l) Bo3HHKarOT
HanpsHKeHUs

N 6P [I oS, +p(cosp - COS(pl)]

GMq) = th ) (30)
Pcoso
GN(p = iT (31)

[IpouHOCTH peccopsl B 3TOM CEUEHUU IPO-
BepsieTcs 1o Gpopmyie

5 6[1cosg, + p(cos ¢ —cos¢,)] .
6 = — (32
°* ~ bh h (32)
+COSQ
OueBMIHO, 4YTO  3aKOH  H3MEHEHHS
h =h(p) nomxewn 6brTs mpH 3TOM H3BECTEH.

IIpononbuas nepopmanuss CIIP sBnsercs
YABOEHHOM CYMMOW TpeX MEPEMEIIEHU TOYEK
A n D ee mapHUpOB BAOJIb JUHUU JEHCTBUSA
BHEIIHEW CHUJIBI U BBI3BAHHOW €10 PEAKIUU:
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- [IEpEMENIEHHUS OT TIOBOPOTA MOJKH, J,
- IIEpeMEILEHHs. OT POTUba MONKH, 0, U

- mepeMmeneHus 0, 3a CYET YMEHBIUCHHUS

JJIMHBL XOpJbl IO CpPpAaBHCHHUIO C Ha4YaJIbHBIM
nponeroM BC =2L .

o, =Ising,. (33)

HepeMemeHI/Ie 52 3aBHCUT OT 3aKOHa U3MCEC-

HEHUS BBICOTBI CEYEHUH TOJIKU U KPUBH3HBI €€
HEUTpanbHOW JIMHUM. Eciu HeWTpanbpHas JIH-
HUS NOJIKKA IpsAMas WM Oin3Ka K IpsMoi, a
BBICOTA CEUYEHHUH IOJIKM U3MEHSETCs IO mapa-
00/IMYEeCKOMY 3aKOHY, Kak y OaJKu paBHOIO
COINPOTHBIICHUST M3THOy, TO, coryacHo [10],
(Puc.3)

T T}
: \
e < < < } <
¢ 2 2 il g
AT

Puc.3. [lpoduib momku «paBHOTO COMPOTHB-
JICHUS
Fig. 3. Profile of the "equal resistance" shelf

_ 2PIPcos’ @,

8
? 3El,

(34)

d,=L—psing, = L[l— Sm(PlJ. (35)

?,

Cymmapnas nipononbHas aedopmarms CITP

A = 2(5,+5,+5,). (36)
[onepeunstit mporutd CITP
f =p(1—cosp,), (37)
NI
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f = L (1—cosq,). (38)

()

HanpsizkeHHoe cOCTOsIHUE
KpUBOJIMHEHHBbIX yyacTkoB CIIP

VYpaBHEHMSI, BBIBEJCHHBIC BBILIE, II0O3BOJIA-
10T BBIIOJHUTH PACUYET HA MPOYHOCTH Y4acT-
KOB DPECCOpbl, HEUTpajbHas OCb KOTOPBIX B
HEHArpy>K€HHOM COCTOSIHMM IpsiMasi. OaHako,
Hapsay ¢ TakuMu ydactkamu, B CIIP oGwsraHO
HUMEIOTCS Y4aCTKU, HEUTpaJIbHas JIUHUS KOTO-
pPBIX U B IEPBOHAYAIBLHOM COCTOSIHUM MMEET
OOJIBIIYI0 MM MEHBIIYI0 KPHBH3HY. JTO —
YYaCTKH IIE€pPEX0/a OT IMOJIOK K IOJOTHY WU
Y4acTKM, 3aHUMAIOIIME BCIO IMPOTSKEHHOCTh
IIOJIOK, €CJIM TOCJIEJHUE CIELHMAIBHO BBINOJ-
HEHbI KPUBOJIMHEWHBIMH.

Ecnn xpuBU3HA TaKUX y4acTKOB BEJIHUKA, TO
UX pacyer CleAYyeT BBINOJIHATh C YYETOM OCO-
OeHHOCTEel M3MEHEHUS HAIIPSHKEHHOI'O COCTOs-
HUSI B KpUBBIX Opychsix [11].

HanpspkeHHOE cOCTOSIHUE KPUBOJIMHEWHOTO
yuactka CIIP, Ha mpoTsKeHUH KOTOPOTO BbI-
coTa cedeHus h ocraercst MOCTOSHHON, MOXKET
OBITH OIPENENIEHO IO M3BECTHBIM (QopMysiaMm
(2), BBIBEZICHHBIM ISl CIy4asi YUCTOTO M3ruda
C KOPPEKTHPOBKON Ha BIIMSHME HOPMaJIbHON
cumel N wu IIOIIEPEYHOM CHJIBI Q , JeucT-
BYIOLIMX B KaJKJJOM C€YEHHUH y4acTKa.

B Takom yuwactke (Puc.4) HeilTpanbHbIN
CJIOM (H.C.) KOHLIEHTPUYHO CMEIIAeTCsl K OCH
KPUBU3HBI OTHOCUTENBHO CJ0S, MPOXOISIIETO
4yepe3 LEHTPHI TSHKECTH CEYEHMM, Ha paauallb-

HOE PacCTOsSTHUE
2
h? 4( h
erx—|1+—| — | |, (39)
12R 15\ 2R
riae R — paawyc JIMHUW TICHTPOB TSHKECTH Ce-
YEHUM.

AOCOTIOTHBIC BEIIMYMHBI HOPMAJLHBIX Ha-
MpsDKeHUN M3rnba B KpaHUX BOJIOKHAX ceue-
HUW ONIpeNeTsIoTCs o popmynam:

Ha BHYTPEHHEH MOBEPXHOCTU y4acTKa

o _Mh
' FeR’

(40)

Ha HapYKHOH MOBEPXHOCTH yyacTKa

46

Puc.4. PacueTHas cxema KpUBOJMHEIHOTO

Y4acTKa peccopel
Fig. 4. Calculation scheme of the curved
spring section

o _Mn,
> FeR,’

(41)

3nece M — usruGaromuii MOMEHT B pac-
CMaTpUBAaEMOM CEYEHHH ydyacTka; F — mo-
Ia/ib TIONEPEYHOr0 CEYCHHUS,

h h
=——¢€; hy=—+e¢;
=7 22

RizR—g; R,=R-1.

Ecnu B cedyeHUM KpHUBOJIMHEHHOTO ydacTka
CIIP xpoMme m3rubaroiero MoMeHTa JAeicTBy-
€T ¥ HOpMaJbHas CHUja, TO IPU ONpPEIEICHUN
HaNpPSHKEHHOTO  COCTOSIHMSL 3TOTO  y4acTKa
YUUTBIBAIOT HANpsDKEHUS OT 00OMX ATHUX CH-
noBeIX (akTopoB [11]. KacarenbHbie Hamps-
xeHus B peanbHbIX CIIP 0OBIYHO HE OKa3bI-
BAaIOT 3aMETHOTO BIIMSHUS HAa IPOYHOCTH, U HX,
KaK IPaBUJIO, HE OMPEAEISIOT.

PazHu1ia B HaNpspKEHUSIX, BEIYUCIICHHBIX IO
¢dopmynam (40) u (41), mo cpaBHEHHIO C Ha-
MPSDKEHHSIMH, OTIPE/ICTICHHBIMHA 110 (hOpMYIIaM,
MPUMEHSEMBIM JUIsSl pacueTra 0aJoK ¢ MpsSMOn
OCBI0, OOBIYHO COCTABIISIET:
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rIpI/IESi —2%;Hp1/1££i - 3%;
R 15 R 1
HpI/IES1 - 7%

[ToaTomy /Ui y4acTKOB Majioil KPUBU3HBI

+% < [0] , (42)

bh?
rae W=—1.
(@)

JI71s1 y9acTKOB OOJIBIIION KPUBU3HBI

Kmax

—a,, +% <[o] )

3necy O, BeIuHcHsercs no dopmyne (40)

win (41) B 3aBUCHUMOCTH OT TOro, Kakoe W3
BBIUMCIICHHBIX 3HAY€HUH MNPUBOIUT K Hau-
OOJIBIINM SKBHBAJIECHTHBIM HAaIps>KCHUSAM.

O0ocHoBaHMe BBIOOPA 10IyCKAEMBIX
HaNpPSKeHU I

[Ipu npoOEKTUPOBOYHOM, a TaKKe IMpHU IO-
BepounoM pacuere CIIP Ha mpodHocTs, Hau-
00JIbIIIME SKBUBAJIICHTHBIC HAIPSDKEHUS, OMpe-
JielieHHble B HauOoyiee ONacHBIX CEUEHUSX
peCCopBl, TOMKHBI OBITH COTMOCTaBJICHBI C Ha-
MPSOKEHUSMH, JOMYCKAaeMBIMH JIJII  JJAHHOTO
PacyeTHOrO pexuMa.

OObIYHO moAJIekKAT BHIOOPY JOIMYyCKaeMble
HalpsDKEHUs U1 JBYX CIIy4aeB HarpyKeHUs
pECCOpBI:

- MPU UCTIBITAHUM HA MAKCHUMAaJIbHYIO CTa-
TUYECKYIO Harpy3Ky U

- IpU MHOTOKPAaTHOM JIWHAMHUYECKOM Ha-
TPYKEHUHU.

1. JlomyckaeMoe HampsiKe€HUE MpU IBY-
KPaTHOM CTaTMYECKOM HMCIBITAHUH Ha MaKCH-
MaJbHYIO0 HArpy3Ky MOKET OBbITh BBIOpaHO Ha
ocHoBaHnM pekomenganuu M.I'.ITapxunoBcko-
ro [10]: "Inst Toro, 4TOOBI YMEHBIIUTh JTUHA-
MUYECKHE Harpy3Ku, Nepearouiecs: Ha y3JIbl
aBTOMOOWIII B YCJIOBHUSIX OKCIUTyaTallud, |
YMEHBIIIUTh BEC PECCOpbI, BHIOMPAIOT €€ cTa-
TUYECKHEe U IUHAMHUYecKue nedopMaiuu Ha-
CTOJIbKO OOJBIIMMH, HACKOJBKO ATO JOIYyCKa-
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€TCs TPeAeTIOM YIPYTOCTH MaTepuaia pecco-

"

peI".
[Ipenen ympyroctu wmarepuana OOBIYHO

I'OCTom ne pernmamentupyercsi. B T'OCT
14959-69 Ha cTanmp PECCOPHO-NPYKUHHYIO
peraMeHTHPOBAHBI JIUIIb BEITUYHHBI TIPE/Ieia

IIPOYHOCTHU Oy U IIPEJEIa TEKy4eCTH O, .

VYcnoBubm npenenom ynpyroctu I'.C.Ilu-
capeHko [11] Ha3piBaeT "HauMeHbIIee HAIps-
KEHHE, TIPU KOTOPOM OCTaTouyHast aedopma-
Ul AOCTUraeT 3a/JlaHHOM BEIMYUHBI (OOBIYHO
0,001...0,05%) ot u3mepsiemoit IMHBI 00pa3-

n
na'.

Jlnisi peccoOpHO-TIPYKUHHBIX CTajJel mpenen

YIIpyroctu 00BIYHO IMPCBBIIACT IIPCACI IIPO-

IMOPHUOHAIBHOCTH O KOTOpLIﬁ, 110 JaHHBIM

g 2
I'.C.ITucapeHko, cocTaBieT Uisl BBICOKOYTJIE-
poaucteix cranei 80...85% ot o,. IlosTomy,

YUUTBIBAS DIHU30JUYHOCTE (OOBIYHO JBYX-
KPaTHOCTh) HArpy»KE€HUS PH MCIBITAHUH PEC-
COpbl HAa MAKCHMAIbHYIO HArpy3Ky, MOXHO
npunsath o] =c,=(0,9...0,93)c..

axX

2. IIpu MHOroKpaTHOM (LIMKJIMYECKOM) IH-
HAaMHUYECKOM HArpyK€HHHM B YCIOBHSX 3KC-
IUTyaTallud W3MEHEHHE 3HAKa HalpsKEHUs B
peccope BO3MOYKHO TOJBKO IIPU BEPTHUKAIb-
HBIX YCKOPEHHX, NMPEBBIMIAONIUX YTO BCTpE-
qaercss penko. CrenoBaTenbHO, 3HAKOIEpe-
MEHHas LHKJIMYECKass Harpy3ska HE MOXKET
paccMmaTpuBaThCs Kak pabouuii pexum ais
PECCOPHI IIPU PACYETE €€ Ha YCTAIOCTh.

[IpenenbHbIM pEXKUMOM CO 3HAKOIIOCTOSTH-
HOM LMKJIMYECKOW HArpy3KOW SIBISAETCS ITyJIb-
CUPYIOIIMN PEXUM, IPY KOTOPOM HANPSIKEHUS

MEHSACTCS OT Opgy 0 HYNIS Oppyy =0. [Tpu

3TOM KO3 (DULIMEHT aCUMMETPUH ITUKJIa

Gmin
r=—"ro =0 (44)
(¢

ITo nannbim IMucapenko [2, C.589], ycmos-

HBIM Tpees yCTaloCTH AJIs CTalu Ipu u3rude
IIpYU CUMMETPUYHOM LIUKIIE:

c7,=0,40c. (45)
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[penenbHOEe HamMpsHKEHHE TMPU ACHMMET-
puunoM nukiie [2, C.603]:

O ax, =01 T (1=, )o (46)

rae KodQQUIMeHT Y, 3aBUCHT OT MPOYHOCTH

CTAJIA YU MOXKET ObITh B3AT U3 Tadi.l.
CpenHee HampsoKeHHE —ITYJIbCHPYIOLIETO
UAKIA:

co

+0 .
5, = % 0,5,  (47)

Tabnuna 1

3Havenus ko3 punuenTa Y

Gg, MIT | 700...100 | 1000...120 | 1200...140
. 0 0 0

Y, 0,10 0,20 0,25

B uactHocTn, mist ctaau 60C2A:
c", =0,4-1600 = 640 MlIla;
O ax —040H(1-0,25)%0,50 ., ;

= 1020 M.

O max,
° 0,625

Ecnu peanbHblil [IUKII HArpy>XK€HUsI peCcco-
pBl uMeeT kodpdunrent acummerpuun r > 0,
TO Gmaxr > Gmaxo "

dakTUuecKas BEJIMUYMHA I TIOJICKHUT DKC-
NepUMEHTATIbHOMY onpeenenuio [12].

Jlomyckaemoe HOpMaJIbHOE HaNpPsDKCHHE B
peccope Mpu HUKINYECKOM HarpyKeHUU:

_ Omax.
[o]= - (48)

e}

rac 3amnac IpoOYHOCTHU nG , IO PEKOMCHOAIAM

I'.C.Ilucapenko, npu AOCTATOYHOW OJHOPOJI-
HOCTH MaTepuajga U BBICOKOM KayeCTBE TEX-

48

HOJIOTHYECKUX TPOIECCOB MOXET OBITh MpH-
HAT paBHbIM 1,3...1,4 [13].
B wactHoctu, mna craim 60C2A, npu

Gmax
[(5]=[00], rae [o,] = 1 30 , Gyner
[o]~[o,] = % — 785 MITa

B ycnoBusix sKkcmiayaTanuu  aBTOMOOWIIS
npu r > O u BBIOPAaHHOM JOITyCKaeMOM Ha-
NPSOKEHUHU, 3arac  YCTaJOCTHOM MPOYHOCTH
peccopsl n, >13.
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The theoretical basis for calculating
the bracketed leaf springs

Mykhailo Sukach

Abstract. Given the theoretical basis for calcu-
lating the strength of the clamp plate spring. It is
an elastic plate, the ends of which are deflected
from its middle part in the same direction and
made in the form of consoles equipped with devic-
es for pivotal attachment. The middle part of the
plate is parallel to the line of action of the load.
The plate is made with a variable length section,
with in each section the axis, relative to which the
moment of inertia of the section is maximum, is
perpendicular to the plane of the spring bend. The
patented spring is designed as a "beam of equal
resistance."”

The given calculation schemes and the basic
equations of the stressed state of a clamp-shaped
lamellar spring are not caused by any particular
form of its cross section. The stress state of a
clamp-shaped lamellar spring of rectangular cross-
section with a straight neutral axis in an unloaded
condition is considered. The method of design and
calibration calculations is given for different pro-
files of its cross section. The calculation refers to
the middle part of the spring and the shelves im-
mediately adjacent to the elastic device for the
articulated spring connection with the adjacent
construction part.

The case is considered in which the neutral
spring line in the original state has a greater or
lesser curvature. These are sections of transition
from shelves to linen or areas that occupy the en-
tire length of the shelves, if the latter are specially
made curvilinear. Since the curvature of such sec-
tions is large, their calculation will be performed
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taking into account the peculiarities of the change
in the stress state in the bars.

Recommendations are given for the choice of
allowable stresses in the design and testing of the
clamp plate spring for strength and the largest
equivalent stresses defined in the most dangerous
sections of the device. They must be compared
with the stresses allowed for this design mode. In
this case, cases of double static tests for maximum
load and multiple (cyclic) dynamic loading are
considered when the sign of the voltage in the
spring changes.

Keywords: bracketed leaf spring, stressed state,
elastic plate, bending moment, curvilinear section,
shelves.
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Abstract. The hydraulic drive is used in most
structures of construction and road equipment.
Hydrostatic volumetric drive allows the working
bodies of construction machines to perceive heavy
loads with a high rate of energy transfer. This gives
of advantages not available on electric machines.

The control of the hydraulic drive can be pro-
portional and discrete. Proportional control is more
precise control in comparison with discrete, how-
ever, more energy consuming. The discrete switch-
ing mode of the hydraulic drive can be performed
using a high-speed valve, which is widely used for
pilot valves because of their advantages in terms of
simplicity of digital control, low power losses and
insensitivity to contamination. However, to control
such hydraulic valves, it is necessary to clearly
understand and represent the principal features of
the operation of a pulsed hydraulic system, to
know the optimal values of the control system
settings and transient parameters, to understand the
relationships between the input control signals and
the outgoing kinematic parameters.

In this study, we developed a mathematical
model that allows us to investigate the dynamics of
high-velocity fluid flow switching valve for con-
trolling the hydraulic power consumer.

Mathematical modeling is proposed to be car-
ried out over a typical cell of a hydraulic system
consisting of a linear hydraulic cylinder, which is a
consumer of hydraulic energy and a high-speed
control spool valve. The actuating spool valve
consists of a body inside which the valve moves,
driven by a solenoid, at the input contacts of which
a variable magnetic flux is generated, forming a
variable magnetic force. Inside the body of the
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Associate Professor of the Con-
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high-speed valve, the return spring of the spool is
also installed, which is used to balance it.

For the input of the valve control electric sole-
noid is energized variable frequency. By adjusting
the fill factor of the control signal by pulse-width
modulation, it is possible to change the magnitude
of the spool force, thereby performing its pro-
grammatic movement.

Thus will be regulated distributor spool slits
overlap, thereby passing a continuous flow and
fluid pressure through a distributor.

Keywords: high-speed hydraulic valve, control
performance, mathematical modeling.

INTRODUCTION

The current need to carry out regulated
software transfer of the working equipment of
machines by hydraulic actuating devices poses
a challenging practical task for researchers and
engineers [1] associated with the development
of new and improvement of existing designs of
hydraulic control devices [2, 3].

The use of hydraulic systems with high val-
ues of working pressures (about 32 MPa, 64
MPa) significantly complicates the processes
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of controlling the working equipment of ma-
chines, due to the effect on the installation and
components of the machine of high hydrostatic
forces [4, 5]. This is especially necessary for
the construction of construction equipment,
such as excavators. In article [6], a new design
of a digging machine is considered, the hy-
draulic system of which requires new modern
hydraulic discrete control systems.

Thus, the problem of modeling of the hy-
draulic actuator for the purpose of investiga-
tion of dynamic parameters is an actual practi-
cal work.

PURPOSE OF WORK

Using traditional control valves with dis-
crete control to regulate changes in the direc-
tion of flow working fluid in the hydraulic
drive mechanisms of construction machines, if
it is necessary to perform control according to
the specified laws of movement the working
body, an overflow valve and control flow of
the working fluid are additionally installed.

Through the fact that that the construction
machine is operating under various load condi-
tions, it is not possible to fine-tune the parame-
ters of the control system, which leads to a
change in the working conditions of the work-
ing body of the machine. Ambiguity and vola-
tility of the machine does not affect the effi-
ciency of hydraulic manipulators, building
robots and lifting jib cranes [7], which deterio-
rates accuracy and smoothness of stroke is
significantly reduced [8] is very much such.

Proportional hydraulic control allows the
construction machine control system been
adapted to external conditions. The technical
advantages of proportional control are primari-
ly in controlled switching transitions, smooth
control of specified values and reduction in the
number of hydraulic devices for defining con-
trol tasks, since most control tasks are solved
at the program level by programming the pro-
portional valve electronic control unit [9]. The
development and introduction of proportional
valves in construction machinery are engaged
in such foreign companies like Bosch Rexroth,
Brevini  Hydraulics, Hydrocontrol, Sauer
Danfoss, the basic knowledge which is based

52

on the investigations of proportional control
Follingera A. [10] A. Schmitt, Krettsa D.
Scholz D. [11] and others.

Although the proportional hydraulic drive
has an advantage over the discrete one, under
the same conditions it requires a more com-
plex control system. Such a control system
will have to monitor the position of the control
spool and perform a change in its position in
accordance with a given program. In high
pressure hydraulic systems, the efficiency of
proportional control is reduced, since it re-
quires a significant amount of energy to im-
plement such control.

One of the ways to reduce energy consump-
tion in the control system of hydraulic actua-
tors is the use of discrete control valves with
high-speed switching of the control element
based on pulse-width control [11]. High-speed
valves are widely used in hydraulic and pneu-
matic systems due to their advantages, such as
compact design, low cost, easy digital control,
low power loss and insensitivity to contamina-
tion. The switching frequency and the nominal
flow of the working fluid are the two main and
important indicators for evaluating the effec-
tiveness of hydraulic high-speed valves.

Thus it serves to investigate qualitatively
workflow discrete hydraulic actuator with a
pulse-controlled parameters to identify its ra-
tional use.

TASKS OF RESEARCH

The purpose of this work is to develop a
mathematical model of control of a volumetric
hydraulic drive with a high-speed control
valve switching. Valve control should be im-
plemented through an electrical system with
pulse-width modulated control signal.

METHODS OF THE STUDY

The D'Alember approach is used as the
main method for describing the equations of
motion of the executive body of the hydraulic
drive and the working element of the spool.
Electrical transients in an electromagnetic
converter is written based on the Maxfel equa-
tions and Ohm's law. The dynamics of the hy-
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draulic system is described by the equations of
continuity of fluid flow, the equations of state
and the equations of energy.

RESULTS OF RESEARCH

To construct a mathematical model of the
high-speed control of a linear hydraulic cylin-
der, considered single-control valve with mag-
netic actuator, the circuit is shown on Fig. 1.

The structure of the distributor includes a
housing 1, a spool 2, a solenoid electromagnet
3 and a spring 4. When applying to the elec-
tromagnet 3 voltage with different on/off fre-
guency, various power loads are formed on the
movable slide 2.

The dynamic transient of a high-speed elec-
tric solenoid can be written as [12, 13]:

dl dx
U, =R I +L o4 L, 1
em em " em em dt W dt ( )
where
U,, — control voltage at the input of the sole-

noid, which is performed by moving the valve
spool,
R., — active resistance of the solenoid wind-

Ing,
L., — the inductance of the winding of the so-
lenoid electromagnet,
l.,— current in the control coil of the solenoid,
vy — coefficient of anti-driving force,
X, —movement of the distributor spool, which
for the solenoid electromagnet is its anchor.
The plunger of the spool valve distributor
under the action of electromagnetic force will
begin to move in the direction of the force
action vector, and braking forces will arise
from the elastic link, which, together with the
dissipative forces, will resist displacement.
The dynamic equation of motion of this pro-
cess will be described as follows:

d’x,

m
Lodt?

-F,-F-F-F. @

where
m, — it is mass of the plunger,

F,—it’s driving electromagnetic force,

F.=c,, X, —it’s spring resistance force,
dx, : .
F, =D, el the force of viscous resistance

from the friction of the plunger along the
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Fig.1. The design scheme of the distributor with an electromagnetic drive: 1 - case;
2 —spool; 3 — electromagnet; 4 — spring; 5 — hydraulic cylinder; 6 — movable piston
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sleeve of the spool body,
F. — hydrodynamic force acting on the gold

from the working fluid,

Cp_2 — SPring stiffness,

b, — it’s the coefficient of viscous friction in
the gap between the plunger and the sleeve of
the grain trap.

On the basis of Maxwell's electromagnetic
theory, the magnetic force, which the high-
speed solenoid creates, can be defined as fol-
lows [14]:

_A@?

F - '
2umr?

m

(3)

where

u — is the magnetic permeability of the air,

r —is the plunger radius,

A — the efficiency of the magnetic field of the
solenoid (from 0 to 1),

@ — is the total magnetic flux, the average val-
ue of which for a solenoid with the number of
turns N is determined by the following expres-
sion

@ =t 4)

The nature of the pressure change in the
working hydro lines of the hydraulic distribu-
tor, which provides the supply of hydraulic
energy to consumers, is determined from the
flow continuity equations taking into account
the compression of the working fluid [15]:

dpA E3« A
—_— = — s 5
gt v, Q- ()
de Ege B
B _ T B , 6
v, (-Qs +0y) (6)

where

Q, and Q, — fluid flow in the pressure and
discharge lines of consumers connected to the
appropriate distributor channels,

E, 4and E, g — the module of the bulk elas-
ticity of the working fluid in the corresponding
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cavities of the consumer connected to the dis-
tributor,

Vi and V, — it’s the initial volumes of the
working fluid in the injection and discharge
cavities of the consumer, taking into account
the volumes of fluid in the adjacent pipelines,

Q1= nr? %Z and qp = nr? ddxtz — the change in

the flow rate of the working fluid in the dis-
charge and drain of the consumer.

The flow of the working fluid in the pres-
sure and drain line of the consumer is deter-
mined by its costs through the cylindrical slots
of the spool valve:

2P, — Pal .
Q, :nATCngz MSIQn(pp - pA)! (7
2P — Pl .
QB =T]B7Td3xz %SIQn(pB - ps) ’ (8)
where

n,and n,— the coefficients of the flow rate of
the working fluid through the throttle channels
of the distributor,
p — is the density of the working fluid,
p, —working pressure of the hydraulic pump,
ps — pressure in the drain line,
d, — the diameter of the plunger spool.

The acceleration of the movement of the

hydraulic cylinder rod will be determined from
the equation:

d’x. 1
dtgp = m_z(pASA - pBSB - Fon - Fcp - I:bp) '(9)

where
m, — the mass of the moving parts of the rod
of the hydraulic cylinder,

D, (D~ Dg)

SA:nT and S, =m — respec-

tively, the area of the piston and rod planes of
the hydraulic cylinder,

Da — the diameter of the piston,

Dg — the stem diameter,

F,, —it’s external resistance force,
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F, =c¢,, X, — the reaction from the compres-
sion of the walls of the cylinder, pipelines and

liquids,
dx . . :
Fp =D, d_tp — it’s the additional effort that is

spent on damping the fluid in the drain line,
2
% = ddt);p — it’s piston speeds.

The obtained equations of the mathemat-
ical model are proposed to be investigated
using numerical modeling with the recom-
mended iteration step of more than 1000 steps.

The algorithm for calculating the proposed
mathematical model is presented on Fig.2.

At the initial stage of calculations, it is pro-
posed to determine and enter the technical
parameters of the hydraulic drive, such as cyl-
inder, stem and spool diameters, pressure at
the hydraulic pump outlet and in the drain line,
average stiffness and damping coefficients,
external force resistance, solenoid winding
resistance and its inductance. It is necessary to
determine the initial parameters of the system
and set their values after that. Further, accord-
ing to the algorithm, it is necessary to form a
cycle and determine by numerical calculations
the parameters of the magnetic force needed to
move the spool, its speed and displacement,
acceleration, speed and displacement of the
piston of the driving hydraulic cylinder.

In [16], the efficiency of using a high-speed
hydraulic switching valve, which is similar to
what is investigated in this article, is shown.
However, in this work, a pilot valve with a
maximum pressure of 1,35 MPa and a flow
rate of 5 L/min is considered, but for a con-
trolled dynamic mode of operation of the ma-
chine, a single-stage valve is quite suitable.

FINDINGS

As result of the study, a mathematical mod-
el of a high-speed hydraulic distributor was
analyzed and constructed, which should then
be solved using numerical mathematical meth-
ods.

In the process of the work done, it became
clear that the problem of mathematical model-
ing of volumetric hydraulic drives is a difficult
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technical problem, the solution of which is
engaged in a number of scientific schools.

In the preliminary calculations, it became
known that in the future to build an effective
system of discrete hydraulic control, it is nec-
essary to develop a two-stage control system
and determine its dynamic characteristics.

The management concept it is proposed to
use the proposed algorithm in the article [11].
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Pa3paboTka MaTeMaTHYeCKOH MOEJIU 0JTHO-
KAaCKaHOT0 MMITYJIbCHOTO THAPONMPUBOIA

JImumpuii Muugyx

AnHOTaumMs. ['wapaBnuueckuil mNpuBoA HC-
MOJIb3yeTCsl B OOJIBIIMHCTBE KOHCTPYKIIMIA CTPOH-
TEJILHO M JIOPOXHOM TexXHUKH. I'mapocrarnye
CKUil 00BbEMHBIN MPHUBOJ MO3BOJSIET pabouuM op-
raHaM CTpPOMTEIbHBIX MAIIMH BOCIPHUHHUMATh TH-
JKeJble Harpy3KH C BBICOKOM CKOPOCTBIO IEpeaduu
sHepruu. Bee 3To 1aeT mpenMyiecTsa Mo cpaBHe-
HUIO C AHAJOTWYHBIMU COM3MEPUMBIMH JIIEKTPH-
YeCKUMH NMPUBOJIAMH MaIITHH.

VYnpasieHne TUAPABIMYECKUM IPUBOJOM MO-
XKeT ObITb NPONOPIHOHAIBHBIM W JAUCKPETHBIM.
[IpomoprinonanasHOE ympaBieHHE ABIsETCS Oonee
TOYHBIM YIPABJICHUEM B CPaBHEHUU C JUCKpET-
HBIM, OZIHAKO U OoJiee SHEPreTUUECKH 3aTPAaTHBIM.
JIMCKpEeTHBIN pEeXUM NEPEKITIOYEHUST THAPABINYE-
CKOT'O TIPUBOJIa MOXKET OBITh BBITIOJIHEH C MCIOJb-
30BaHUEM BBICOKOCKOPOCTHOIO KJIallaHa, KOTOPBIN
HIMPOKO HCHOJNB3YyeTCS Il MHJIOTHBIX KIIAIaHOB
H3-3a UX IPEUMYLIECTB C TOUKU 3PEHUS IPOCTOTHI
ur(ppOBOTO YIpaBiIeHHUs,, HU3KUX TOTEPb MOIIHO-
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CTH U HEYYBCTBUTEIHHOCTH K 3arpsa3HEHUIO pado-
yeit cpensr. OHAKO AU YIPABIEHUS TAKUMHU TH-
PaBIMYECKUMHU KJIallaHAMU HEOOXOIMMO HYEeTKO
MIOHUMATh U MPEACTABISITh MPUHIIUIHAIBHBIE 0CO-
OeHHOCTH pabOThl WMIYJIHCHONW THAPABINYECKOMN
CHUCTEMBI, 3HaTh ONTUMAaJIbHbIC 3HAYCHUSI HACTPOEK
CUCTEMBI YNpaBJICHUA U MapaMeTphl NEPEXOAHOTO
rpolecca, MOHUMAaTh B3aUMOCBSI3M MEXAY BXOJ-
HBIMU YIPABJIAIOMIMMY CUTHAJIAMA U UCXOISIIMMU
KMHEMaTU4YECKUMHU DapaMmeTpaMu. B mpencras-
JeHHOW paboTe pa3paboTaHO MaTeMaTHYECKYIO
MOJEJb, KOTOpasl IMO3BOJSET HCCIEIOBAaTh IUHA-
MUKy OBICTPOJEHCTBYIONIET0 KiamaHa MepeKITo-
YEHUS MOTOKA >KUJIKOCTU ISl YIPABICHUS TOTpe-
OuTeneM ruApaBINUYECKON SHEPTHH.

MareMaTnyeckoe MOJIEIUPOBAHUE ITPEAIAracT-
C4 MPOBECTU HAJ TUIIOBOM SYEHWKON THApABINYE-
CKOU CHCTEMBI, COCTOALLEH U3 JIMHEUHOTO THIpaB-
JUYECKOr0 UWIMHAPA, KOTOPBIU SBISIETCS MOTpE-
OouTeneM THIPaBINYECKON YHEPTHH U BBICOKOCKO-
POCTHOTO YTPABIISIIOIIETO 30JI0THUKOBOIO KJjlama-
Ha. [IpuBOAHON 30JJOTHUKOBBIN KJIallaH COCTOUT M3
KOpIlyca BHYTPH KOTOpPOrO MEPEMEIIAETCsl 30JI0T-
HUK C IIPUBOJIOM OT COJICHOMJA, Ha BXOJHBIX KOH-
TaKTax KOTOPOr'0o TeHEepUpYEeTCs MepeMEeHHbII Mar-
HUTHBIA TIOTOK, (OopMHpPYOMUN TMepeMeHHYIO
MarHUTHYIO cuiy. BHyTpH Kopmyca OBICTpOXOJHO-
ro KjalaHa Takke YCTaHOBJIEHO BO3BPATHYIO MpPy-
JKUHY 30J0THHKA, KOTOpas UCIHOJb3YyETCs OJIsl €ro
YpPaBHOBEILIMBAHMUSL.

g yrpaBrneHus: KiaraHOM Ha BXOJ 3JIEKTpH-
YECKOIr'o COJICHOMZA MOJAETCsl HaNpsDKEHHE Iepe-
MEHHOW dYacToThl. Perymupys kosddunmeHT 3a-
MOJTHEHWsI ~ CUTHAaja  yNpaBle€HUS  MIUPOTHO-
UMITYJIbCHOM MOIYJISILIMEN, MOXHO H3MEHSTH Be-
JUYUHY TATOBOIO YCWJIMSI 30JIOTHUKA, BBITIOJHSIS
TEM CaMbIM €r0 MpOorpaMMHOE mepemenieHue. Ta-
KM 00pa3oM OyzeT MPOUCXOAHTH PEryIHpOBaH-
HOE TEPEKPBITUE WIeNIed 30JI0THUKOBOIO pacipe-
JeJIUTeNs, NPOIMycKass TEM CaMbIM HENPEPHIBHBIN
MOTOK M JIaBJICHHE >KUIKOCTHU Yepe3 pacIpenesiu-
TeNb.

KuaroueBble ciaoBa:  OBICTPOACHCTBYIOIINI
THIPABIMYECKUI KJIallaH, I0Ka3aTelnHu yIpaBie-
HUSI, MaTeMaTHYECKOe MO/IEIIPOBaHHE.
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Abstract. Solution of the problem of recogni-
tion and vectorization of parts of sea transport
requires formation of skeletonized images,
homotopic (geometrical primitives, topologically
equivalent in shape and their coherence) to parts’
shapes.

The author has performed a comparative anal-
ysis of the best methods of parallel, topological
skeletonization of the area objects, based upon
application of space extractors. The analysis
showed that the methods existing in the investi-
gated objects zone possessed typical drawbacks,
expressed in iterative distortions of primitive to-
pology and their compositions.

The objective of the article is to through the
light upon the developed methods of improvement
of topological equivalence of the resulting skele-
tons to the shapes of the parts of sea transport, by
means of gradual correction of typical distortions
of skeletons.

The developed methods assumes correction of
skeleton’s iterative distortions by modified extrac-
tors of the principal method of skeletonization and
restoration of the resulting skeleton by extractors
of restoration of homotopic skeleton, on the basis
of developed rules of its reconstruction.

Execution of the proposed method was carried
out on example of the basic method Wu R.Y. &
Tsai W.H. Examples of the results of
skeletonization of parts’ drawings were given,
verifying efficiency of the proposed methods. The
methods can be adapted to the methods of topo-
logical skeletonization of area objects, based upon
application of space extractors.

Keywords: drawing, shape, skeleton, extractor
,distortion coherence, homotopic character.

58

Vira Molchanova
Senior Lecturer of the Informatics
Department

INTRODUCTION

According to the principles, laid in the ba-
sis of skeletonization objects’ of bit-mapped
area images the following groups of methods
can be singled out: approximation of the
boundary of an area figure by a polygon [1 —
3], path-tracing method [9], stripes graphs [5],
tracking of pixels [1, 2, 6], distance maps
method [10], wave method [7], method of
topological thinning [11 — 16].

The analysis of merits and flaws of each
group of methods showed that methods of
parallel  iterative  topological  thinning
Rutovitz, Pavlidis, Wu&Tsai et al.), ensuring
skeletons of better quality seemed to be most
promising in the zone under investigation.

These methods are based on placing space
extractors on the local neighbourhood of the
points of bit-mapped image withy the objec-
tive of extracting “simple dots, extraction of
which does not infringe structural similarity
and integrity of the skeleton of part’s shape
[10]. The methods belonging to this group
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differ in their sets of extractors, the criteria of
images dots affiliation with the skeleton and
ways of dots testing on correspondence with
such criteria.

Still, from the point of view of the ana-
lyzed objects zone, the existing methods pos-
sess, in spite of their merits [1, 9, 10, 17], a
common substantial drawback, emerging as
violation of homotopic character of the result-
ing skeleton, as compared to the original
part’s shape on the drawing, particularly:

- distortion of topology of right angles of
the skeleton at iterative parallel thinning of
part’s shape;

- in violations of skeleton’s coherence at
the process of thinning of part’s shape;

- in violation of skeleton’s topology in the
points of intersection of geometrical primi-
tives of the shape;

- in sensibility of skeleton’s topology to 10-
cal properties of the shape (thickness, for in-
stance).

THE OBJECTIVE AND METHODS

The objective is development of the meth-
ods of topological skeletonization of drawings
of sea transport parts, ensuring homotopic
character of skeletons with original parts’
shapes, by means of correction of typical dis-
tortions, by application of basic methods of
skeletonization.

A substantial increase of skeleton’s struc-
tural correspondence to the part’s shape is
reached by gradual application of the devel-
oped set of methods:

- At the first stage at iterative thinning of a
part a correction of iterative distortions of
skeleton with modified extractors of the basic
method of skeletonization is performed;

- at the second stage, after the entire skele-
ton has been obtained, reconstruction of the
skeleton is performed with restoration
homotopic extractors, on the basis of the de-
veloped instructions for reconstruction of dis-
torted zones of intersections of geometrical
primitives.

Correction of the skeleton is supposed to
be performed with the aid of the designed ex-
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tractors, in accordance with the following
principle:

- the aperture of a “simple” dot, removed
by a basic method is compared to the nuclei
of the developed set of correcting and restor-
ing extractors with a possibility of their turn-
ing by angles, divisible by 90°;

- in case of coincidence of the dot’s aper-
ture with the nucleus of any extractor the
skeleton is corrected, in accordance with the
developed instructions for adoptions of solu-
tions, specific for each type of skeleton’s dis-
tortions.

THE RESULTS AND COMMENTS

Among the methods of topological
skeletonization of objects, when space extrac-
tors are used, Wu R.Y. & Tsai W.H. [18]
method, ensuring the best result is of special
interest.

The extractors, applied in Wu R.Y. & Tsai
W.H. method are represented in Table 1. It is
characteristic that these extractors contain un-
used positions with the unidentified before-
hand values, hence, allowing variability. The
elements of extractors nuclei with alternative
colours are marked with “?” sign, whilst un-
used nuclei elements are marked with «o»
sign.

Application of these positions for recon-
struction of distorted skeletons allows ensur-
ing their structural correspondence to part’s
shape, required in the object’s zone.

Now, let us consider the proposed methods
of restoring homotopic character of the skele-
ton, generated by the principle method on the
example of the method of Wu&Tsai.

THE METHOD OF CORRECTING DIS-
TORTIONS OF THE TOPOLOGY OF
SKELETON’S RIGHT ANGLES

The first type of skeleton’s distortions is
described by iterative violation of the topolo-
gy of skeleton’s right angles (Fig.1).

To explain the essence of the problem of
appearance of such a distortion we shall in-
troduce the required definitions:
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Table 1. Extractors {Z }z for R.Y. Wu, W.H. Tsai [18] method

Index Extractor Index Extractor Index Extractor Index Extractor
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- We’ll call the point «a» the vertex of the
convex angle in 4-connected neighbourhood,
where adjacent points by, and b, (k=[0,3])
belong to the shape (Fig.2, a);

- We’ll call the vertex of the concave angle
the black “a” in 8-connected neighbourhood,
where only one of point of all diagonal
points{b,, by, b.,b.} belongs to the back-
ground (Fig.2, b).

In the principle method of thinning the
convex angles, extractors, using 4-connection
“Manhattan” metric are applied, in which dis-
tances from the vertex of the convex angle of
the shape to the background pl' = pk! =
(see Fig.4, 5, a). In accordance with the prin-
ciple idea of the method, the vertex of the
convex angle is considered to be a “simple”

point and is removed by {Z}£ extractors with

one pass.
However, vertexes of concave angles in

S AN

(oI P

”Manhattan” metric are not boundary points.
So, the vertexes of concave angles can’t be
removed with one pass only with application

of {Z}, extractors, it leading to distortion of

angles topology (see Fig.1), owing to possible
application of different set of extractors dur-
ing two consecutive iterations, it, finally caus-
ing violation ion homotopic character of the
shape’s skeleton.

In the proposed method the problem of
vertexes’ treatment is solved by application of
8-connectoin “chess” metric both for convex
and concave angles.

As the distance from vertexes of both con-
vex (py=pf=p¥=1) and concave
(p5 = 1) angles to the background is equal,
these vertexes can be removed in one pass. To
preserve the shape’s topology it is necessary,
there, to recognize the vertexes of the concave
angles and develop the conditions for preser-

b

Fig.1. Distortion of the skeleton’s right angles: a — iterative distortion of topology
of skeleton’s angles; b — distorted right angles of the resulting skeleton
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a b

by

Fig.2. Vertexes of the concave and convex
angles

vation of skeleton’s coherence at their remov-
al. For recognition of the vertexes of the con-

cave angles extractors {Z }L (Table 2) were

developed.

Elements of the nuclei of basic extractors,
unused for the basic method with alternative
colours and ignored ones are used there [23].
Here, a candidate to the vortex of the concave
angle is marked with «*» symbol. As the vor-
tex of the concave angle has just two neigh-
bouring adjacent points, the shape point may
be considered to be the vortex of the concave
angle if it is twice marked to be it For realiza-
tion of this rule for each point of the shape

flag g™ =0 is used.

Table 2. Extractors {Z~ }IA

If on any of the correcting extractors a

~

shape point from {Z }'A is recognized as a vor-
tex of the concave angle it is marked as a cor-
ner point and the value of g for this point is
increased by 1. Then, if upon completion of

checking with {Z 1, extractors the value of

point g =2, then this point is not removed

in order to prevent violation of homotopic
character of the shape’s skeleton.

Fig.3. Violation of coherence in the process of
thinning of the shape at presence of sev-
eral concave angles within the bounda-
ries of 4 x 4 neighbourhood of the

point under analysis
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THE CORRECTION METHOD FOR
IRREGULARITIES IN SKELETON’S
COHERENCE

The second type of skeleton’s distortion
lies in the process of thinning of the shape in
case there are some concave angles within the
boundaries of 4 x 4 neighbourhood of the
point under analysis (Fig.3).

The points, marked in Fig.3. with the

shape, and extractors {Z}, will be removed

Fig.4. The correcting extractor {Z }L

(Indices of extractors removing these points
are shown in Fig.3), this is to lead to violation
of coherence of the skeleton (see Fig.3, b). To

solve this problem a correcting extractor \Z }L

(Fig.4.) was developed, capable of rotation by
angles, divisible by right angle, by application
of which the problem of thinning the concave
angle at its different orientation is solved.

At that, if the analyzed point of the shape
is recognized to be the vortex of the concave

AN S /"D
':\:'__43 \7&. ba

] 5/
‘1__..\;' —

L. ~\(£0°-2270°)
angle , it is checked by {Z }L extractor,
if the aperture of «C» point coincides with the
extractor in one of its four orientations, then
the vortex of the concave angle can be re-
moved without violating the skeleton’s coher-
ence, the latter being ensured by the extrac-

tor’s points {f }Lwith the coordinated (1, 2)
and (2, 1).

THE METHODS OF CORRECTING VI0O-
LATIONS OF THE SKELETON’S TOPOL-
OGY IN THE POINTS OF INTESECTION

OF GEOMETRICAL PRIMITIVES

The third type of violations lies in violation
of homotopic character of the skeleton in
points of primitives intersection, as the char-
acter of the analyzed object’s zone requires
affiliation of these points (e.g. vortexes of the
skeleton’s right angles) with the shape
(Fig.5) [23, 24].

The methods of topological skeletonization
are sensitive to local properties of the shape,
changing after each iteration of its thinning.
Thus, for a thickness of the primitive in sev-
eral points (W >1 ) even during the first itera-
tion with {Z}, extractor a “forepart” artifact

turns up, increasing its dimensions from itera-
tion after iteration, greatly distorting the skel-
eton (Fig.6).

¥

O S

Correction

Distortion

Fig.5. The method of correcting of skeleton’s distortions in the points

of intersection of the primitives
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Fig.6. The result of iteration thinning of coupling of the thin and thick primitives of the shape

Elimination of these drawbacks requires re-
generation of the resulting skeleton by correc-
tion of the artifacts, distorting its topology.

. ~\(20°-2270) .
Restoring extractors {Z }(0)7(18) 5x[5in size
(Table 3) were developed for this, with possi-
bility of turning by angles 90°, 180°, 270°, and
a possibility of their balancing with regard to

ordinate axis. {Z }E;‘i};f”“ extractors are ap-

plied for skeletons at the end of each iteration
and after completion of the shape’s thinning

extractors {Z }23;7{;;709) are applied just once.

In the Table 3 the following designations
are assumed:

The following main principles were ob-

served or development of {Z }E;i;f)m) extrac-

tors:

o the extractors embrace all possible vari-
ants of distortions of the skeleton by the basic
method and are classified, according to the
groups of distortions as;

o {Z}(O)_(l) extractors, correcting points

omissions, the extractors of this group are cor-
rected filling the isolated points of the back-
ground with shape’s points;

o {Z~ }(2)_(3) extractors, for corrections of the
lines bends, the extractors of this group

the background, it becomes a shape in case of
coincidence with the extractor

the shape, but it becomes a background in
case of coincidence with the extractor

makes no difference whether shape or back-
ground, however it becomes background in
case of coincidence with the extractor

2
the background

3
the shape

4
makes no difference

. whether shape or back- 5

ground

makes no difference whether shape or back-
ground, however it becomes background in
case of coincidence with the extractor
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Table 3. Restoring extractors
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straighten distortions of angular type, appear-
ing due to the peculiarities of the primitives of
the shape with half-tones, in accordance with
Brazenham’s algorithms.

o {Z }(4)_(5) extractors for correction of dis-

tortions of primitives intersections, isolated
background points of intersections of vertical,
horizontal and diagonal primitives are filled
with shape’s points;

o {Z }(GHQ) extractors for correction of an-

gles distortions, extractors belonging to this
group eliminate thickenings of concave angles
and regenerate cuttings off of vortexes of
convex angles of the shape’s skeleton;

o {Z }(1 yag extractors for correction of
stepwise distortions, emerging, due to appli-

64

cation of asymmetric thinning extractors of
the basic skeletonization method;

o extractors’ configuration must not in-
fringe the local regularities of topology of the
shape and the skeleton, for examples, extrac-
tors 14 and 15, describing similar stepwise
skeleton’s distortions produce various struc-
tural corrected fragments of the skeleton
(Fig.7), corresponding to topological orienta-
tion of the primitives in the images’ aperture;

o the zone of points (with codes 2...5), of
the aperture 5 x 5, changed by the extractor
must be surrounded with neighboring back-
ground points, or with unchanged shape’s
points, it allowing to avoid violations of skel-
eton’s coherence at its modification with ex-
tractors.

Transfer of Innovative Technologies
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Fig.7. An example of dependence of skeleton’s topology upon extractor’s configuration

An example of shape’s skeletonization of a
part of a “Nut” type (Fig.9, a) is shown in
Fig.8 and 9 with performed according to the
basic method, with heavy distortion of the
skeleton (Fig.9, b) and with application of the
improved method, where these distortions
have been removed (Fig.9, c).

CONCLUSIONS AND
RECOMMENDATIONS

Improvement of structural distortions of
skeletons is reached by applying of the devel-
oped method, the complex of method, consist-
ing of:

- the method of correction of distortions of
the topology of skeleton’s right angles, based
upon application of the “chess” metric, instead
of ‘“Manhattan” metric and extractors of
recognition of shape’s angles;

- the method of correction of violations of
the skeleton’s coherence, based upon applica-
tion of the developed correcting extractor;

- the method of correction of violations of
topology in the points of intersection of geo-
metrical primitives, based upon application the
developed regenerating extractors.

e CkeneTvzato p - [m} X £ Crenernatop - o X
‘) )
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CKENeTH3aLMA
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Fig.8. The result of correction of skeleton’s topology
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Fig.9. The result of correction of skeleton’s topology: a — part’s reducible shape; b — the skeleton, ob-
tained by application of the basic method, c— the skeleton, obtained by the improved method

A substantial reduction in skeleton’s dis-
tortions is reached by two-staged correction
of the skeleton of the part’s shape:

- at the first shape during iterative thinning
of the part’s shape iterative distortions of the
skeleton are corrected,;

- at the second stage, after the entire skele-
ton has been formed, reconstruction of dis-
torted zones of intersections of geometrical
primitives of the skeleton is done.

The skeleton of shapes of sea transport
parts confirmed a substantial improvement of
the quality of the produced skeletons with
preservation of their topological similarity to
the original shapes in the number of geomet-
rical primitives, their shapes and coherence.

The proposed methods of iterative topolog-
ical skeletonization of drawings of sea
transport parts can be used for skeletonization
of diagrams of road junctions, engineering
drawings, functions graphs and the like.
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MeToauKa roMOTONHOM CKeJIeTU3alun
PacTpPOBBIX UepTexei JeTaneil MOPCKOro
TpaHCIoOpTa

Bepa Monuanosa

AHHoTanus. Pemenue 3ai1aun pacrio3HaBaHUA
U BEKTOPHU3ALMM YepTexed aeTaneil MOpCKOro
TpaHcropTa TpebyeT (HOpMUPOBAHUS CKEIETHBIX
n300paKeHUH, TOTMOJIOTHYECKH OSKBHUBATIEHTHBIX
mo gopMamM TeoOMETPUYECKUX MPUMUTHBOB M HX
CBSI3HOCTH KOHTYpPaM J€TaJCH.

ABTOpOM BBITIOJIHEH CPAaBHUTENBHBIN aHalu3
Jy4UIMX METOOB NapauIeIbHON TOMOJIOIMYECKON
CKEJIeTH3alluY TUIOMAJHBIX OOBEKTOB, OCHOBAH-
HBIX Ha MPUMEHEHUH IMPOCTPAHCTBEHHBIX MACOK.
AHanu3 mokaszai, YTo B paccMaTpUBaeMoOM Mpen-
METHOW 00JacTH CYIIECTBYIOIINE METOIBI UMEIOT
TUTIOBBIE HEIOCTATKH, BBIPAKAIOIINECS B HTEpa-
TUBHBIX HCKaXXCHHAX TOIIOJIOIMHU NPHUMUTHUBOB U
MX KOMIIO3ULIUHU.

Lens craThu — ocBemeHne pa3paboTaHHOH Me-
TOAUKH YITYUYHICHUA TOIIOJIOTUUECKON DKBUBa-
JICHTHOCTH Pe3yJIbTUPYIOIINX CKEJIETOB KOHTYpam
JeTaneil MOPCKOTO TPaHCIOpTa 3a CYET IMOdTaIl-
HOH KOPPEKLMH TUMUYHBIX UCKAXKEHUN CKEJIETOB.
Pa3paboranHasi MeToAMKa MpeonaraeT KOppek-
TUPOBKY HMTEPATHBHBIX WCKAKEHHUH CKeJleTa MO-
TUGUITMPOBAaHHBIMH MacKaMH 0a30BOTO MeToza
CKEJIeTH3allud M PEKOHCTPYKLHUIO PE3YyIbTHPYIO-
IIETO CKeJleTa MAacKaMU BOCCTAHOBJIEHHS T'OMO-
TOITHOCTH CKelleTa Ha OCHOBE pa3padOTaHHBIX
MPaBWJI €r0 PEeKOHCTPYKIWH. Peanmmzamms mpen-
JIO’)KEHHOTO METOJ]a BBIMIOJHEHA Ha MpuMepe Oa-
30B0oro metoga Wu R.Y. & Tsai W.H. IToka3ansl
MIPUMEPBI PE3yJHTATOB CKENETH3AINH YepPTexeit
neraneid, moxaTBepxkpaiomue 3 GEKTUBHOCTD
MPEUIOKEHHOM METOJMKU. MeToauka MOXKeT
OBITh aAaNTHPOBaHA K METOJIaM TOIIOJIOTHYECKOU
CKeJIeTH3alll! TUIOIAJHBIX OOBEKTOB, OCHOBaH-
HbIX Ha HCIIOJIb30BaHWU TPOCTPAHCTBECHHBIX Ma-
COK.

KuroueBble cioBa: puCyHOK, (opma, ckener,
9KCTPAKTOP, KOTEPEHTHOCTh Mpeodpa3oBaHUi,
TOMOTOITHBIA XapakTep.
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Impact a circular cylinder with a flat on an elastic layer
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Abstract. In the work the comparison of the
results of solving two plane problems is
performed: the impact of a circular cylinder with a
plane platform parallel to the cylinder axle (the
flat) with an elastic layer and a second — plane
strain state of nonstationary interaction of a
circular cylinder with a flat with an elastic layer in
a purely elastic and elastic-plastic mathematical
formulation corresponding. The first contact occurs
along the plane of the flat. A good coincidence of
the results of the second problem at an elastic stage
with the results of the first problem is shown. In
the author's works a new approach was developed
to solve plane and tree dimension problems of
impact and non-stationary interaction in an
elastoplastic formulation. The crack growing was
simulated using an elastoplastic mathematical
model. The numerical solution was obtained using
the finite difference method scheme.

The use of an elastic-plastic formulation makes
it possible: 1) determine the stress-strain state at
the points determined by the partitioning grid of
the computational domain, not only on the surface;
2) to give a reliable description of the development
of plastic deformations — the stage corresponding
to plasticity is a continuation of the elastic stage;
3) reliably determine the destruction toughness.
A method has been developed for calculating
plastic strain fields and destruction toughness of
the material using the solutions of dynamic plane
problems of the stress-strain state in an
elastoplastic formulation taking into account
possible material unloading; 4) to verify and
calibrate the solution of problems in an
elastoplastic formulation for the first steps by time
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when the deformation process is elastic, it is
convenient to use the solution of the corresponding
elastic problem.

Keywords: impact, elastic, elastic-plastic, layer,
plane problem, hard cylinder.

INTRODUCTION

The approach [3 — 7] for solving the dynamic
problems, developed by V.D. Kubenko makes
it possible to determine the stress-strain state
only on the surface of the medium into which
the drummer penetrates. In addition, this
approach does not allow to investigate the
impact of elastic shells of S.P. Tymoshenko
type. To the equations describing the dynamics
of the shell, the Laplace transform and the
development to Fourier trigonometric series
are applied. After returning to the space of the
originals and using theorem on convolution in
integral expressions, the components of the
series of normal and tangential displacements
of the median surface of the shells of the S.P.
Tymoshenko type some nuclei will have

asymptotic O(1). Therefore, with increasing
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order of a reduced system of integral equations
of Volterra of the second kind [1 — 3], the
determinant of the system of linear algebraic
equations will be indefinitely enlarged — it will
seem that the matrix of this system is weak
conditioned. However, if wuse shell of
Kirchhoff — Love type [4 — 7], then when
solving problems of impact, the convergence
of the solution will be guaranteed. This led [8
— 12] to the expediency of developing other
mathematical approaches and models. In [13 —
17], a new approach to solving problems of
impact and non-stationary interactions in an
elastic-plastic  mathematical setting was
developed [18 — 21].

In this paper it was compared the results of
solving two plane problems of the motion of a
circular rigid cylinder with a flat on an elastic
layer: 1) impact within a strictly elastic model;
2) no stationary interaction in elastoplastic
formulation. At the initial moment the circular
cylinder contacted with the surface of the layer
along the plane of the flat.

PROBLEM FORMULATION

Firstproblem.Thehardcircularcylinderwitht
heflatmovesverticallydownperpendiculartothes
urfaceoftheelasticlayero0<z < Hand contacts
it along the lane {|x|<d; z=0}, where d —

half width of the flat. As in [1 — 3] we
associate a cylindrical coordinate system rOz’
with a moving cylinder, axis z coincides with
the axle of the cylinder. We associate with a
layer a fixed Cartesian coordinate system xyz
[5-17].

The stamp penetrates (Fig.1) an elastic
layer at a speed Vg (t), (0<t<T)with initial

value Vy=V7(0), where T is the time of

interaction of a stamp with a layer. We
introduce dimensionless variables.

t,:%, X’:%1 ZIZ%: ut,:uEtl
' Gij ’ VT ' WT ' p
(e) = ,V =—, =—, =—,
Tk T TR P TRR
' q ' ;
- M = ’ I! X! 121
a="r > (Li=X%Y,2)
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where p,u, K,C, andCs is the density, the
displacement module, the volume deformation
module and the velocity of the waves in the
elastic layer.

The motion [1 — 3] of an elastic layer is
described by scalar potentials pandy, which
satisfy the wave equations [5 — 7]:

0% A 0%y 0?2 o2
=5 5 \ll= ’ .
(125'[2 BZatZ aXZ ayZ

When problem solving an approach is used
[1 — 3], which makes it possible at the initial
stage of penetration to identify the linear
coordinates along the surface of the layer and
body [5 — 7]. As a result, approximate ratios
will be executed.

r~0, ctgo=1/6. )

In the contact area, taking into account (1),
there is a relationship between u, and pressure

p.

Zf
OF
6" d
-d
S| o xX X
h
z

Fig.1. Scheme of the system stamp-layer

U, (t,%,0) = wy (1) —H(| x| -d) x
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x(l—\/l—(|x|—d)2), 2

t
wr (1) = [V (t)dr, p(t,X) = =0, (t,x,0), [X|< X .
0

Linear zed boundary conditions are as
follows:

au,

s =V(tLX)=vr (), [x<x (), 3)

GZZ|2=0 = 0, |X| > X*(t), (4)

GZX|Z:0 =0, |X| < o0,

On the surface of the layer z =h there are
conditions of hard jamming.

For interaction time O<t<T select a
rectangle {|x|<l, 0<z<h}, which is
occupied by the medium, and the task of
impact on the layer can be considered as a
problem of impact on a rectangle. The width of
the rectangle | is chosen so that the
perturbation waves do not reach its
boundaries:

IX[=1 | 1> a(T —tg)+ X (to), ddit
t

=t,

For certainty, we choose the condition of a
smooth sliding contact on the lateral surface of
the rectangle. Initial conditions of the problem
are zero.

uxhx‘ | 0, szhx‘ | 0, )
op oy
Pco " at) =0 vl ot -0

The motion of a cylinder as a body outlines
the second law of Newton

2
M 5L = F (0, V1 (0) =Vo, W (0)=0, ()
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where F(t) — the reaction strength of an
elastic layer, which is determined considering
(2), (4) as an integral from pressure in the
contact region:

X' (t)
F(t)=2 [ p(t x)dx.
0

The boundary of the contact area X, taking
into account the motion of the particles of the
medium and retarding the penetration of the
cylinder in the elastic medium, is determined
from the condition:

wr () —u, (t,X7,0) — H( X" [-d) x

O a2 )-{O' M<X'()

<0, |x>x'(t).

Second problem. Its  mathematical
formulation is the same as in [10, 11, 13, 16,
17]. Deformation of a beam sample in the
form of a rectangle >=Lxh
(-L/2<x<L/2;0<y<h) is considered.
The beam samples based on a completely rigid
basis along {-L/2<x<L/2; y=0}. The
thickness of the sample is considered so large
that it would be possible to wuse the
dependences of the plane strain state.

On top of the body a completely hard
impact or contacts with beam along the

segment {|x|<d; y=h}. Its effect on the

body in the contact area will be replaced
evenly distributed normal stress —P which
varies with time as a linear function

P=pg+ Pgpx(t/At-1), where At -

increment of time.
Given the symmetry of the deformation

process with respect to the line X =0, only
the right part of the transverse section of the
body is considered further (Fig.2).

As a result of the impact load we will
consider that the material is elastic-plastic with
strengthening and calculation of fields of
stresses, deformations and their increments, in
particular, increments of plastic deformation

Transfer of Innovative Technologies
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intensitydgip and the parameter of the

Odauistx = [ dsP will be carried out on the

basis of numerical solution of the
corresponding dynamic elastic-plastic
problem.
y
P
h
|
1
I
0 d L2~

Fig.2. Scheme of the system stamp-layer.
Second problem

When calculating the dynamic fields of
stresses and deformations the interaction of
wave fields, reflection from the boundary of
the body were not taken into account.

The equations of motion for a plane
problem are used

6<7XX +ao-xy _ 62ux
OX oy ot2

do,, 0o d%u
vy | 9%y y

x oy R

: (7)

where p -material density.

The boundary conditions of the problem,
which follow from the assumption that the
region of application of the forces of the
reaction of the supports is unaltered, as well as
the determination of the supporting reactions
have done using static methods, are written:

x=0; 0<y<B: uy=0, o,y =0;

L
X=E, 0<y<B: oy =0, oy =0;

y=0, O<x<%: uy=0, oy =0; (8)

Transfer of Innovative Technologies
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y=h, 0<x<d: oy, =-P, o =0

y=h, d<x<%: oy =0, oy =0.

Initial conditions are zero. In the basis of
the defining relations of the mechanical model,
the theory of no isothermal plastic flow of the
medium with the strengthening under the
condition of Huber-Mises fluidity [10, 11, 13,
16, 17] was applied. The effects of creep and
temperature expansion are neglected. Then,
considering the components of the
deformation tensor by the sum of the elastic
and plastic components of it [10, 11, 13, 16,
17], we obtain for them

Sij + KG+§01,

(9)

1
gj =& +&, & =G

dgi}J = Sijdﬂ"

heres;; = ojj — gjjo — components of the stress
tensor deviator; &;; - a symbol of Kronecker; G
— displacement module; K; =(1-2v)/(3E); E
— modulus of elasticity; v -Poisson's
coefficient; K =3K;— the volume compression

module, which binds to the
ratio ¢ = Ko + ¢ volumetric expansion 3¢
(temperature expansion ¢ =0);
o = (o + 0y, +0y,)/3-average tension;
dA— some scalar function, which is

determined by the condition of plasticity (the
shape of the surface of the load) and in view of
the above, its choice quadratic ally depends on
the components of the deviant stress Sij [10, 11,
13, 16, 17]. The material is strengthened with a
strengthening factor 7« [10, 11, 13, 16, 17]:

The
o5 (T)=ooz(To)[1+@] ,

0

-
£ ZGOZT(O)’ T,=20°C, (10)

where og(T) - the line of fluidity after
strengthening the material at a temperature T .
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Fig. 3. The vector of the displacement
component U,

SCHEME AND METHODS NUMERIC
REALIZATION

The scheme, methods of solving and
numerical realization of the first problem are
the same as in [1, 2] and for the second
problem — are the same as in [10, 11, 13, 16,
17]. The application of the finite difference
method to the solution of wave equations is
justified in [22] and ensure the accuracy of
calculations with an error of not more
than O((4%) + (ay)° + (At)?)

As example an aluminum layer was chosen
4 =0.3582K . The figures below represent the
results corresponding to the calculation
whenV, =0.0002, h/R=0.01, ™ =0.001,
1=0.6, T =0.05, h=04, d=0.02;
At =4.166667E-5.

The results of the calculation for the second
problem are obtained for the following
parameters values: the coefficient of
strengthening  the material 1+ =0,05;
L=600 mm; h=400 mm; d =2 mm;
Por =10.1 MPa;  pgp =4,04 MPa;  M=80;
N=101. The smallest step of the partition was
near the upper surface and equaled 0,01 mm,
(AXpin = 0,01 mm; Aypin= 0,01 mm (only the
first three layers)), T =50°.

In the elastic-plastic model, the axle
Oy coincides with the axis Oz'. In Fig.3
shows the components of the displacement
vectors u, in the first problem and -uyin the

second are shown at the Fig.3 and denoted by
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%

/\/

0 T T
3.21E-07 4.17E-07

5.13IE-07 t

Fig. 4. Rejection of results

u,. The components of vector displacements
u, in the point (0, 0) in the center of the

contact area for the first problem in the elastic
model (dashed line) and at the point (0.01,
399.99) for the second problem in the elastic-
plastic formulation (solid line) were compared.

The percentage of rejection of the
displacement values u,received for the first

and second tasks is shown at the Fig.4. A
period has been found for which this deviation
does not exceed 8%.

CONCLUSIONS

The results of solving plane problems of the
impact of a circular cylinder with a flat in an
elastic model and a non-stationary interaction
in an elastic-plastic mathematical setting at the
elastic stage coincide well. The use of
elastoplastic formulation makes it possible:

1. Determine the stress-strain state at the
points determined by the grid of the
breakdown of the calculated region, and not
only on the surface.

2. Give a plausible description of the
development of plastic deformations. The step
corresponding to plasticity is the continuation
of the elastic stage.

3. Authentically determine the destruction

toughness K.

4. To verify the solving of problems in the
elastic-plastic formulation of the first steps in
time, when the deformation process is elastic,
it is convenient to use the solution of the
corresponding elastic problem.

Transfer of Innovative Technologies
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Yaap kpyrosoro uuJiMHapa
C JIBICKO 110 YIIPYIOoMY CJIOKO

Braoucnas Bocoanos

AHHOTamms. 3aJauyd yAapHOTO HarpyKeHUs
TBEpAbIX  NeOPMHUPYEMBIX  Tell  OCTalOTCS
aKTyaJIbHBIMH M HCCIIEAYIOTCS B CaMbIX Pa3HBIX
MocTaHOBKax. B pabore MpoBOIMTHCS CpaBHEHHE
pEe3yNbTaToOB pellleH!s ABYX IIOCKUX 3ahad: yaapa
KpyroBOro IWIHMHIpa C IUIOCKOW IUIOIIAIKOM
MapaIeTbHOW OCH MUIUHPA (JBICKON) C YIPYTUM
CJIOEM U BTOPOH — O MJIOCKOM JAe(hOpMUPOBAHHOM
COCTOSIHMM IPU HECTAL[MIOHAPHOM B3aUMOJCHCTBUH
KpPYTOBOTO LIMJIMHAPA C JIBICKOH C YIPYTHM CJIOEM
B UYHACTO YNOPYyrol U  yHNpPYyroOIUIACTHYECKON
MaTeMaTHYECKUX IIO0CTaHOBKaX COOTBETCTBEHHO.
IlepBoHauanbHBIi ~ KOHTAKT  MPOUCXOAMT IO
IJIOCKOCTH JIBICKHU. IToka3ano xopotiee
COBIIQJICHUE pE3yJIbTaTOB BTOPOM 3ajaud Ha
Ha4yaJIbHOM YIPYIOM 3TaIle ¢ Pe3y/IbTaTaMu NepPBOH
3aJaqH.

74

Pazpaboran HOBBI MOOXOX peUICHUS 3aaad
yaapa W HECTallMOHApHOTO B3aWMOJICHCTBHA B
YOPYTOIUIACTUYECKOH MOCTaHOBKE. UMCIIEHHOE
pelleHrne MOJMYYeHO C HCIOJIb30BAHUEM CXEMBI
MeToZla KOHEYHBIX pa3HocTeil. Hcnonb3oBaHue

YIPYIomaacTH4eCKon MIOCTaHOBKH Jaer
BO3MOXXHOCTB: 1)  ONpEAeNUTh  HAMpPSHKEHHO-
ne(pOpMUPOBAHHOE  COCTOSIHHE B TOYKaXx,

OTIpENEISIEMBIX  CETKOM pa30WeHHs pacdeTHOM
o0iacTd, a He TOJIBKO Ha IIOBEPXHOCTH, 2) AaTh
JIOCTOBEPHOE OIHCAHUE PA3BUTHUS IUIACTHUECKHUX
nedopmanmii — 3Tar, OTBEYAOITHI IIIACTHYHOCTH,
SIBIISIETCS.  TPOJOJDKEHHWEM  YOPYroro  JTara,
3) IOCTOBEPHO ONPEACIUTH BI3KOCTh Pa3pyLICHUS.
Pazpaborana METOMKA pacuera nosei
miacTudeckux  gedopManmuii. = W BSIBKOCTH
paspylleHus Marepuanta C  HCIOJIb30BaHUEM
pelcHuA JUHAMHNYCCKUX IIJIOCKUX 3aga4 (6]
HanpspKeHHO  IepOPMHUPOBAHHOM  COCTOSIHUU B
VIOPYTOIUIACTUYECKOH  IOCTAaHOBKE C  YYETOM
BO3MOXXHOM  pa3rpy3ku Mmarepuana. 4. s
BepuUpHUKAIIMKM pemieHus] 3afad B YIOpyro-Iiac-
TUYECKOM TIOCTaHOBKE IS TEPBBIX IIIarOB TIO
BpEeMEHH, KOorja mpolecc AeopMaiuu SBISETCS
yOpYruM,  yIOOHO  HWCIOJIB30BAaTh  pEIICHHUE
COOTBETCTBYIOUICH YIIPYroW 3a/1auH.

KiroueBble cioBa: ynap, yOpyruu, ymnpyro-
IUTIAaCTMYCCKHUM, CIIOM, IIOCKas 3ajada, >KSeCTKUM
LVTAHID.
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dekomnosuuisa onepaTtopHMX pPiBHSAHb Ha OCHOBI
arperauiuHo-iTepaTUBHOro nigxony

Banepiti Maspunerko®, AHamoniti O6wmaZ,| boedaH Lllysap?

'"HauioHanbHuit TPaHCNOPTHUIN YHiBEPCUTET
Byn. OmensaHoBu4ya-lNaeneHka 1, Knie, Ykpaina, 01010
vvgavrilenko1953@gmail.com, orcid.org/0000-0001-9682-4204
“HaLjioHanbHuit YHiBepcuTeT «J1bBiBCbKa NOMITEXHIKaY
Byn. Ctenana baHgepu 12, JlbBiB, YkpaiHa, 79000
vm.imfn@gmail.com, orcid.org/0000-0002-0000-0000

OmpumaHo 16.02.2018, npudiHsamo nicnsa nepeansdy 03.07.2018
DOI: 10.31493/tit1812.0303

Anoranis. [ToOynoBaHo 1 gocmipkeHo arpera-
UiHHO-ITepaTUBHUN aNrOpUTM JUIS  HEJiHIMHUX
OTIepaTOPHUX PIBHSHB, IO OXOILTIOE METOMIU iTepa-
THUBHOTO arperyBaHHS ISl OJHONAPAMETPUIHOIO i
OararonapaMeTpUYHOrO BUIAJAKIB Ta MICTHTH SIK
YaCTKOBI BUMAJKK aJTOPUTMIB, TaK 1 aJITOPUTM, 110
BUKOPUCTOBYETHCS JIJISl JIOCHTIKEHHS CTIHKOCTI
pimeHs audepeHIianbHuX PiBHAHL B OaHAXOBOMY
MIPOCTOPI.

OTpuMaHO OCTaTHI yMOBH 301KHOCTI METOIIB
ITepaTUBHOTO arperyBaHHs 1 iX y3araibHEHb, SIKi,
Ha BiJIMiHY BiJI BIZIOMHX pe3yJbTaTiB HE MICTAThH
0OMEXEHDb I[0J0 3HAKOCTAJOCTI 1 MOHOTOHHOCTI
BIJIMOBIIHUX OIIEPATOPiB, a TaKOXK, HE MOTPedy-
10Th, 00 11i ONepaTopy Oy CTUCKYIOUHMH.

Pesynbratu moCHipKeHb MOXYTh, HAlPUKIA],
MaTH 3aCTOCYBaHHS NPU PO3B’s3aHHI CUCTEMH JIi-
HIHHUX anreOpaiyHuX PIBHSAHb BUCOKOI PO3MIpHO-
CTI, SIKi ONUCYIOTH IJIAHOBI 3aJ1aui B MaTeMaTHYHIH
€KOHOMIIIi, Ta TIPH PO3B’sI3aHHI JIHIHHUX iHTErpa-
JIFHUX PIBHSHB 1 iX CHCTEM Ta IIPU PO3B’sI3aHHI CH-
cTeM aireOpaidyHuX TPaHCICHJCHTHUX piBHSHb
BHCOKOI PO3MIPHOCTI 1 HENiHIWHUX iHTEerpaTbHUX
PiBHSIHB.

KurouoBi cioBa: omepaTopHi piBHSHHS, JEKO-
MIIO3HIIisl, iITepaTHBHE arperyBaHHsI.

BCTVII

Sk 3a3naueHo B [1, cTop. 54] «B npuknan-
HIA MareMaruil € HeEMaJI0O YHUCIOBUX METOIIB,
0COOJIMBO THX, IO CTOCYIOThCS CKJIQIHHX 3a-
BJlaHb, AKI HE OTPUMAJH CTPOrOro OoOIPYyHTY-
BaHHs, XOYa YCIIIIHO 3aCTOCOBYIOTHCS Ha
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Banepin MNaBpuneHko

3aBigyBayd kadenpv iHpopmaLiiHnx
CUCTEM | TEXHOMOTIN

A4.8.-M.H., npod.

AHaTonin O6wTa

npodecop kadeapu
obuuncnoBanbHOI MaTeMaTUK1
i nporpamyBaHHs

O.T.H., Npod.

NpakTui». TakuMHU €, 30KpeMa, METOIH iTepa-
TUBHOT'O arperyBaHHs, KOTPl «BHUBUEHI Majio 1
YMOBH IXHbBOI 301)KHOCTI HEBiZlOMi» [2, CTOp.
158]. TTomixk YMCIEHHUX AOCITIIKEHDb ITUX Me-
TOAIB OAHMM 3 HalBaroMilmMx € MoHorpagis
[3]. Meronu iTepaTUBHOrO arperyBaHHs (op-
MaJIBHO CHOpPiJHEH] 3 MPOEKLiIHHO-ITepaTHB-
HuMH Metogamu [4 — 7]. IctoTHa BiAMIHHICTB
MK HUMH IPYHTY€ThCS Ha (hakTax, 110 BCTa-
HOBJIEH1, HAMPUKJIA B [6, 7].

JIOUITPHUMHU € TaKoX MoOymaoBa 1 JOCHi-
JUKEHHS «CUHTE30BaHMX» JITOPUTMIB, K1 IIO-
€HYIOTH 1/1e1 TUX Yu 1HIIUX HAOMIKEHUX Me-
TOJIB 3 1/1€€I0 METOAIB ITEPAaTUBHOTO arpery-
BaHHs (IuB., Hanpuknan [7, po3ain XII]). Ta-
KUM CITOCOOOM OTpHMaH1 HOBI ITepalliifHl Me-
TOAM, IKUM BJIACTUBI ME€PEBAru KOXKHOTO 13 BH-
CXIJTHUX METOMIB 1 IIMM PO3LINPIOIOTHCS MOXK-
JMBOCTI X BUKOPUCTAHHS B TPUKJIATHUX 3a]1a-
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yax (nuB., Hanpuknan [4, Berym)). [Humu dak-
TaMH, a TaKOXX MPUCTOCOBAHICTIO JI0 po3Mapa-
JIeJIeHHsT OOYMCIIeHb 331 peaiizallii Ha Oara-
TOIIPOLIECOPHUX OOYMCITIOBAIILHUX CHCTEMax
Ta MPUJIATHICTIO JI0 MOOYI0BH TaKUX BapiaHTIB
OararonapaMeTpPUYHOTO ITEPATUBHOTO arpery-
BaHH$, 32 JIONIOMOTOI0 SIKHUX MOXHa OTPUMAaTH
crocoOM YCYHYTH TPYOHOII, CIPUYUHEH]
MIPAKTHUYHOIO OPCTKICTIO OOYMCIIOBAaHUX 3a-
Ja4, aKTyami3yeThCsl JTOUUIBHICTh JOCIIIHKEH-
HSl METOJIB IHTEPAKTUBHOT'O arperyBaHHs.

B crarTi 3anpomnoHoBaHoO i AOCHIKEHO Jie-
SK1 aJITOPUTMHU, SIKI OXOIUTIOIOTH SIK OJHOIapa-
METpPUYHI, TaK 1 GararomapamMeTpuyHi METOAU
ITEpaTUBHOTO arperyBaHHs AJsl PiBHSHb 3 Iii-
HIMHUMU 1 HETIIHIHHUMU omiepaTopamu. 3acTo-
CYEMO 3alo4yaTKkoBaHy B [6] 1 eKCIUTyaToBaHy B
HU3II JTOCHIJKCHb 1HIIUX aBTOPIB METOJ0JI0-
rifo, Ka HE BUKOPUCTOBYE MPUITYIIECHHS 11010
3HAKOCTAJIOCTI 1 MOHOTOHHOCTI BIJIIOBIIHUX
oreparopiB 1 He moTpedye, 100 1i onepaTopu
OynM CTHCKYBJIBHUMH (IUB. TaKOX [7, PO3.
X1I]).

I[TOBYJOBA AJI'OPUTMY

PO3IIsIHAETHCS PIBHSHHS
x=Ax+b (beE) (1)

B 0aHaxoBOMYy mpoctopi E 3 miHiliHUM Here-
pepBHUM oneparopoM A:E — E. IToOGynyemo
arperauiifHo-iTepaTUBHUI aHAJIOT ISl MPOEK-
L1HHO-1TEPaTUBHOTO METOAY, IKUH OMUCYETHCS
bopmyroro.

x( D = Apx ("D L AQx™ 4 p

e P(P2 = P) — 3ajaHuil OmepaTop, 1o Mpoe-
KTy€ elleMeHTH npoctopy E B ememenTn ne-
SIKOTO #oro miampocropy, npuaomy Q=1-P,
ne | — toroxumit oneparop. Baxkarumemo
3aJJaHUM JIIHIHHUM HemepepBHUM omeparop
S:E — E' ta niniiiHuii HenepepBHU onepa-
top A:E'—E’, ne E' — GanaxiB mpocrip,
KW, B3araji Kaxydd, He TOTOXXHHUH 3 mpoc-
topom E. Ha mpaxruui npocrip E' 31e6is16-
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moro € eBkIizoBuM npoctopom R . Bynemo
BBaXKaTH, 1110 CIPABIDKYETHCS PIBHICTD.

S(A+AJP+AS. )

MoxHa BBaXkaT, IO II€I0 PIBHICTIO O3Ha-
YEeHO JIHIWHMA  HENEepPEepBHUN  oIepaTop

A:E — E. Skmo iaerbcs npo oxHomapame-
TPUYHUN BUIIAJOK, TO 3aMiCTh (2) MaTUMEMO

(0(a+AK)=2lex), @)

ne ((p, X) — 3HAYEHHS JIIHIMHOTO (PYHKIIOHATY
* *
¢ E Ha emementax xe E (E — cnpsoke-

Huii 3 E — GanaxiB npocrip). fkmo A € Hy-
JBOBHM OIIEPATOPOM, TO YHCIO A 1 €JIEMEHT
( € BIACHUM YHCJIOM 1 BiJNOBIAHUM HOMY

BJIACHUM €JIEMEHTOM CIIpspKeHoro 3 A orepa-
Topa A”. B 3aranbHimomy BUIISI PiBHICTH

SAP = AS, (4)

sKa OTpUMYeThCs 3 (2), Ko A € HyTbOBUM
OIIEepaTOpOM, MOXKHA TPaKTyBaTH, SIK y3aralb-
HEHHS CIEKTpPAJbHOI 3ajadi Juis OIeparo-
pa AP . fkmo npu 1ipoMmy A € marpurero jia-
TOHAJIBHOTO BUIUIALY, TO 11 €JIEMEHTH € BIlac-
HUMU yuciamu oneparopa AP .

Po3smisiHeMo cuctemy, sIKy CKJIaJeHO 3 piB-
HsAHHA (1) Ta TOMOMIXHOTO PIBHSHHS

y = Ay — SAQx — Sh + SAPX (5)

3 moxarkoBuM HeBizomuM Y € E'. Baxaru-

MEMO, 10 ICHye OOEpHEHHH orepaTop
' -1 ' v 1
(I —A) ,ne |" — omuanunmit oneparop B E'.
MHoxuHy map {X, y} elleMeHTiB X e E

y € E', sxi 3a10BONBHAIOTH
SX+y=6', (6)

ne 0 — HynboBuii enement B E' mosnaunmo
gyepe3 €q. Llg MHOXMHA € MANIPOCTOPOM B Oa-

HaxoBoMy mpocropi E,=ExE' 3 HOp™mOIO
3aIpOBA/IKEHOIO 32 JI0TIOMOT00 (POPMYIIH
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2 2
%Vl =IXlg +I¥le- - @

BukopucToByroun 1ei cnoci®é 3aHypeHHS
npocropy E B mpocrip E, noOGymayemo irepa-
IHHUHT TIpOIIeC 3a TOTIOMOTOI0 (OPMYIT

X" = APX(™) 4 AQX™ +a(”)(y(”)—y(”’1)) ib -
(8)

(n+1) _ A,,(n+D) (n)
y =Ay —SAQx" +
©)

+agn)(y(n) _ y(n+1))_ Sh,

Tyt a™ g > E, agn) E' > E' € 3ana-
HUMHU omeparopamu 1ipu koxxaomy N=0,1,....

Jis xoxHoro n=0,1... MOCTYIIOEMO BUKO-
HaHHS YMOBU

sa™ 4oV =A. (10)

Bubip omeparopis, mo ¢irypyots B (10),
KOHKpPETH3Y€E ITEpPaTHBHHN aJITOPUTM, SKHA
onucyioTh Gopmynu (8), (9), 3a ymoBH, 110

X(O), y(O) 3aJI0BOJIBHSIOTH PIBHICTH (6) mpH

X= X(O), y= y(O)' Y BUDAAKY, KOMU HAETHCA
PO OJHOTIApAMETPUYHUIN METO ITepaTUBHOTO
arperyBaHHsl 1 CIpaBIKY€eThCS piBHICTH (3),
iTepatuBHull mporec (8), (9) MoxHa mogatu y
BUITIAIL

1
X(n+1) — Ax(n+1) APX(n+) (y(n) _ y(n+l) )‘l‘ b , (11)
0, x(M
y(n+1) _ xy(ml) _ ((Px AQX(n) ) n
(¢, AQx™) (12)

(y(”) _ y(”*l)) _ (cp, b(o’) +SAPX™

)

PiBHICTb (6) y IbOMY BUIIAJKy Ma€ BUIJIS
(9, %)+y=0. (13)
3 i€ bi . _ (0
i€l piBHOCTI mpu X = X'’ 3HAXOAUMO

y(o) =Y. 3ayBaxxumo, 110 x© Moxna Br6H-
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patu 1oBUTbHUM criocoooM. [Ipu mpomy crpa-
BIDKY€ETBCS PIBHICTD

(0.a™ )+ af? =2, (14)

(n)

npu N =0 3aBasgku BUOOPY a(m , 0y’ 3a do-

pMyliaMu

() _ o, AX"D | oM\, AQx™

o] o x® .(15)

OdeBHIHO, IO OJAHONAPAMETPUYHUN alro-
put™ (11), (12) MoxxHa TOJATH Y BUTIISII

(n+1)
X+ _ 10, AX APx (™ 1+ AQx™ b,
o, x™
(16)
PE3VJIbTATU TA ITOACHEHHA

JocnimkenHs 301KHOCTI anroputmy (8), (9)
TPYHTYETHCS HAa TAKUX JOBEICHUX aBTOPAMHU
(hakrax.

Jema 1. fxwo icuye obepnenuii onepamop

(I’—A)_1 i {x*,y* 3 poss'azkom cucmemu
(1), 8), mo {x",y" fe .

Jdema 2. AHxwo {X(O),y(o) }e €y I cnpas-
02HCYIOMbCS

KOy e

Hacninkom 1ux ABOX TBEpIKE€Hb € TaKUi
daxt. Tlpu {X(O),y(o)}e &, 3a INPUIYILICHHS,

pisnocmi (10), mo

IO ICHYE OIeparop (I’—A)_l
piBHOCTI

BUKOHYIOTBHCA

S(x™ —x" )+ (y™ —y")=0 (n=0,1...). 17)

YmoBu 30ikHOCTI. 321715 CIIPOLIEHHS Mip-

KyBaHb BBR)XaTHMEMO A HYJIBOBHM OIlEpaTo-
POM, TIPUITYCKAIOYH, IO IOTO MOXKHA JOCST-
HYTH, BUOPABIIM BiJIOBIIHUM YHHOM OIlepa-
top P . OueBUIHIMH € CITiBBITHOLICHHS
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y(”*l) _y* :_(I,_A_i_aén))flsAQ(x(n) —X*)"‘

+(I'—A+a§”) )‘1 a (y‘”) _y(n+1))
XM —x" :(A+a(”)(l’—A+a§”))1 SAQ(x™ —x*))+

-1

+a(”)(l'—A+a(‘)”)) (I’—A)(y‘”)—y*)

ski uruBaioTh 3 (1), (5), (8), (9) Ta 3 mpu-
MyIICHHS PO ICHYBaHHS oleparopa

(I'—A+a(()n))_l mpu N=0, 1,...

3BijicH, BUKOPHUCTOBYIOUH CITiBBiIHOIICHHS
(17), orpumyemo

ym _y" -(l —A+al) )'l (SAQ - wgmsXx(“) K

‘ (l'—A N a(()n))—l(a(()n) _Won)xy(n) _ y(n+1) ), (19)
XM 4y = [A—a(”)(l A+l )_I(SAQ —w(”)SXX(”) —x*))+

+(a(”) (I '—A+a(()”))_l(l Ay Xy(”) - y*)j (19)

13, B IIJIOMY, TOBUIBHO BUOPAHUMU JHIHHUMU
HEMepepBHUMU OTlepaTopaMu

\y(n) E'>E, \ygn) "E'>E.
[To3naunmo
h® = A+a® (1= A+a ] (sAQ - y™s),
h{8) = a(”)(l —A+alV )_1(| —A+y™ )
hD = (17— A+af® )_1(SAQ —ys),

nfp =1 n a6 i)

[puiimemo nosnagenus |[H ™ 7151 HOpMU
0

n n

0 )
n n '

hyy' hy;
BcranoBrieHo Ta J0BeneHO HACTYIIHI TBEp-

JOKCHHS.

oneparopa H (" :[
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Teopema 1.
Axugo cnpasoocyemuvcs ymosa

[HO[” <q <1 (h+01.),  (20)

npuyomy {x(o), y(o) }e €9, MO imepayitiHui
npoyec (8), (9) 3600umvcs 0o poseé'sisky cuc-
memu (1), (5) ne nosinvuiwe 6i0 eeomempuu-
HOI npoepecii 31 3HameHHuKkom ( .

Teopema 2.
Axwo {X(O), y© }e &, [ cnpagoxcyemucs

CNIBBIOHOUICHHS

A—a(”)(l '-A+ag”))_ls(| —A# <gp<l (n+0,1..),

E
(21)
oe ”'”E Hopma onepamopa 6 E, mo nocnioos-

Hicmo {X(")}, OMPUMAHA 3a OONOMO20I0 AN20-
pummy (8), (9) 3600umvcs 0o po3s’sazky

*
X €E pisnanuns (1) ne nosinbuiwe 6io 2eo-
Mempu4HOi npozpecii 31 3HAMEHHUKOM (.

IMo0ynoBa ajaropuTmy Il HeJTiHIHHUX
PiBHSIHb

POSFJ'I}II[aTI/IMeMO piBH}IHHH BUTTIALY
X = FX (22)

3 HeniHiMHUM oneparopom F :D — E. 3amus
CTIPOIIECHHS BUMNISAY OyIeMO BBaXKaTH, IO B
pori D maemo mpoctip E. BBaxaemo, 1o
oneparop F mae noxigny ®peme F'(X)w,
sKa € JIHIMHUM HeNepepBHUM ONEpaTopoM
mono W i HeTepepBHUM OIIEepaToOpPOM MIOMO X .

ITpuiiMmemo nosHadeHHA A, = F'(X(n)) Ta A,
as cupspkeHoro 1o A, omeparopa. IloszHaua-

TuMeMo 4epe3 E° crpsxenmit no E Gamaxis
npocrip. [Tosnauenns S, A, E, E', 0’ ¢ tu-
MH CaMUMH, 1110 U JOTENEP.

[Ipunyctumo, o COpaBIKYy€ETHCS PIBHICTD

S(A,+ A, )=AS, (23)
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BBKAIOUM 3aJaHUM JIHIMHUA HenmepepBHUI
mono W Ta HENepepBHHUU MIOAO X OIepaTop

AW = A(X(n)>\N, MIMOPSAKOBAHUM — TiJIBKH

yMOBi (23).
AmnaioroM piBHAHHS (5) € pIBHSHHS

y = Ay + ASX —SFX. (24)

MHOXHUHY € BH3HA4a€eMO 3a PIBHICTIO (6).
3ajamo JIiHIMHI HEJHIHHI orepaTopu

a™:E'5E; oM E'SE,

nignopsaKyBabmu ix ymosi (10) i matoun Ha
yBa3i Te, [0 BOHM B IIJIOMY 3aJie)KaTh BiJl Be-

mrauan XM , sika ¢irypye B itepamiitHux ¢o-
pMyIax

(D) _ gy () | 5 () (y(n) _y(n+1)), (25)

y D = Ay Asx ™M — gpx () 4
ol (y(n) _ y(n+1))

30epiratoTbcsi TBEpIKEHHS JieM 1 1 2 B
YMOBaX, SIK1 MOCTYTIOEMO BIAMOBIAHO JO ICHY-

BaHHS  olleparopa (I’—A)_l, 1 BHOIp

{X(O), y(o)} 3 MHOXUHU €. Lle mae mingcraBy

CTBEPKYBATH BUKOHAHHS PiBHOCTEM
SK® —x" )+ [y —y*)=0' (1=04..), (27)
SIKIIIO {X(O), y(o)}e £g-

36ixkuicTh anroput™mis (25), (26)

3 piBHOCTEH (22), (24) Ta (25), (26) BUMIH-
Ba€

YOO -y = (1= A+a) AS (X x) -
(1= A+al) S (P Fx)+ (28)
H1=A+al)al” (y" -y")

Ta
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X" :a(”)(I'—A+a§”))_l(l'—A)(y(”) —y*)+
+FX" - Fx +

29
+a(”)(l’—A+aé”))718(Fx(”)—Fx*)— )
—a‘”)(l'—A+a(§”))71AS(x(”) -x)

BuzHaunmo JiHIHHMIA HETepEepBHUN 11010
W Ta HemepepBHHI 1mono X omeparop QW 3a

norioMororo popmynu (nuB. [8, ctop. 82])

1
Qw= j F’(x(”) +r(x* - x(”)))WdT , (30)
0
ne F'(z) e noximmoro ®peme Big omeparopa
F B Touri z. 3agaMo niHIiHI HENEpepBHI ore-
paropu
YW E'S5E; $":E' >FE
1 3aMMIIEMO PiBHOCTI
‘P(”)S(X(”) _ x*)+‘P(”)(y(”) _ y*): 0, (31)
\Pén)s(x(n) _ X*)-l- \{J(gn) (y(n) _ y*): 0. (32)

PiBHOCTI (28), (29) MOXHa IOJATH Y BUIIIA-
bist
-1

Yoy = (1= A+a) " (AS-SQ, ) (X -x )+

+(I’—A+a((,”) )71 al” (y‘") - y*),

-1

K = (Qn (1= (A-5Q,) (- )
(1A ) (=AY -y )

Toxi 3 pisrsts (31) i (32), oTpiMyeMo
y = (l A+ ag”))'l(As -5Q, - ‘I’é”)SXx(”) - x*)+
Tl L) MU )
)y - (Qn a1 aof YA -5, - wg”)s)j(x(”) )
sal- Ao (- 290y -y (*)
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Braxaroun 3alaHUM omneparop

Kn = ;&(X(n)), sakuii pirypye B piBHOCTI (23),
MO3HAYMMO

G,W = Jl‘ A(x(”) + rl(x* —x™m »Ndrl (35)
0

PiBnocri (33), (34) MoXHa TIOJaTH Y BUTIISA-
bist

y™ _y* = (I '~ A+ oc(()”))_l(SGn - lI’é”)SXx(”) - x*)+

+ (I "~ A+ oc(()n) )_1(0L(()n) - \Pé”) Xy(“) - y*) (36)

X0 _x" :(Qn —a(”)(l ’—A+ag”))_1(SGn —‘Pé”)S))(x(”) —x*)+

,l %
+a(”)(l'—A+ag“)) (I'—A—‘P(”)Xy(“)—y) (37)
Tlo3znaunmo
Jm) G
H | M i) (38)
H3' Hjz
e

A Q™ —a®(1'- A+ o) (56 -y ™s):
ﬁl(g) =am (| "—A+ ocgn))_l(l A +y™ );
H3Y = (I —A+al” )_1(SG - wg”)s);
A = (=T ).

CuisBignommenss (37), (37) natoTh miacTa-
BY JUTSl TAKOTO ITiJICYMKY.

Teopema 3.
AHrxuwo {X(O), y(o) }e €g I Mae micye ymosa

HH(H)H((:) <gq<1 (n=0,1..), (39)

Mo Nocai008HICMb {X(n),y(n)} 3600UMbCsL 00

PO36 A3aHHS. x*,y*} cucmemu (22), (24) ne
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noGiibHiWe 8i0 2ceomempuyroi npoepecii 3i
snamennuxom (. Ilpu yvomy

{x(”), yM }e gg (n=0,1.).

3asnaunmo, mo BuGip omeparopie P i
‘Pé“) IOPSAIKOBAHO TiTbKUA BUMO31 (36).
3ayBakeHHsi. YMoBa (<1 B HaBeJCHHMX

TEOpeMax MOXKE CIIPaB/DKYBATHCS SIK Y BHUIIAJI-
Kax, SKIIO BiAMOBIHUI ONEPaTOp € CTUCKOM, i
SKIIIO BUMOT'a CTUCKY HE CIIPAaBIKYEThCS. 30K-
pema y JiHIHOMY BUNIAJIKY CHEKTpaIbHUN pa-
Jiyc omeparopa Moke OyTH OUTBIIIMM BijJ OJIH-
HUIi. B TakoMmy BHmanaKy MOXMOKH 3a0KpyT-
JIeHb MOXKYTh Ha MPAKTHI TPU3BECTH JI0 PO3-
ODKHOCTI iTepariii.

3aco00M /Uil YCYHEHHs OOYMCITIOBAJIBHUX
YTPYIHEHb B TaKOMY pa3i MOxe OyTH MHOXH-

Ha €p, AKIN HAJEKUTh BUPILIATIbHA POJIb Yy Ie-

PETBOPEHHI TEOPETUYHO 301KHOTO iTepaliiftHO-
TO MPOLECy B IPAKTUIHO 301KHHH.

BUCHOBKUM

1. [ToGymoBaHo 1 TOCIIIHKEHO arperamiiHo-
ITepaTUBHUN AJTOPUTM JUIsl HEIIHIHHUX OIe-
paTopHUX PIBHSAHB, HIO OXOIUTIOE METOIH iTe-
PAaTUBHOTO arperyBaHHs Ul OHO MapaMeTpH-
YHOro 1 Oararo mapamMeTpuyHOro BUMNAJAKIB 1
MICTUTh SIK YaCTKOB1 BHIIAJKH aJITOPUTMHU i3
[3], Takok anropuTM, AOCTIKEHUH B [9].

2. OTpUMaHO JOCTaTHI yMOBHU 301XHOCTI
METO/[IB ITEPaTUBHOIO arperyBaHHs 1 iX y3a-
raJbHeHb, fKi, Ha BIJIMIHYy BiJ BIJOMHUX pe-
3YJIBTATiB HE MICTSATh OOMEXEHb II0JI0 3HAKOC-
TaJgoCTi 1 MOHOTOHHOCTI BIAMOBITHUX OIeEpa-
TOpIB, & TaKOXX, HE TMOTPEOYIOTh, 100 111 Orle-
paTopu OyiaH CTUCKYIOUHMHU.

3. Pesynpraru mociimkeHb MOXKYTh, HAIIPH-
KJIa/l, MaTu 3aCTOCYBaHHS IPU PO3B’s3aHHI CH-
CTeMH JIHIMHUX anreOpaiuHuX PiBHSHB BHCO-
KO1 pO3MIpHOCTI, SIKi OMHUCYIOTh TUTAHOBI 3a1a4l
B MareMaTU4yHill EKOHOMIlll, Ta IpPHU PO3B’f-
3aHH1 JIHIMHUX 1HTErpajIbHUX PIBHSIHB 1 X CH-
CTEM Ta TPHU PO3B’SI3aHHI CHUCTEM anredpaid-
HUX TPAHCUEHJIEHTHUX PIBHSHb BUCOKOI pO3-
MIPHOCTI 1 HEMIHIMHUX 1HTErpaJbHUX PIBHSIHb.
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Decomposition of operator equations based
on aggregation-iterative approach

Valery Gavrilenko, Anatoliy Obshta,
[ Bogdan Shuwar |

Abstract. An aggregation-iterative algorithm
for nonlinear operator equations covering
andterative-aggregation methods for one-parameter
and multiparameter cases is constructed and inves-
tigated and contains both partial cases of algo-
rithms and an algorithm used to study the stability
of solutions of differential equations in a Banach
space.

Sufficient conditions for the convergence of it-
erative aggregation methods and their generaliza-
tions are obtained, which, in contrast to the known
results, do not contain restrictions on the signs of
fidelity and monotony of the respective operators,
nor do they require that these operators be com-
pressible.

The results of the research can, for example, be
used in solving a system of linear algebraic equa-
tions of high dimensionality that describe the
scheduled problems in mathematical economics,
and when solving linear integral equations and
their systems, and solving sin systems of algebraic
transcendental equations of high dimension and
nonlinear integral equations.

Keywords: operator equations, decomposition,
iterative aggregation.
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Abstract. In this article, the creation in the se-
cond signal system of a correct reflex ring — physi-
ological model of one of the materialized elemen-
tary, or compound human thoughts — is shown on a
specific example. As tools, functionally full formal
language and predicate logic language are used.
The methodology is described in the Theory of
axiomatic modeling of Kondratenko [1]. As any
other functional problem in any domain, according
to the Theory, the problem is interpreted in math-
ematical logic as a theorem which is subject to
proof. The reflex ring is physiological model of
one of materialized elementary, or compound,
thoughts of the specific person, as the ring repre-
sents a fragment of neural network of the person.
The logical work of concepts of knowledge re-
flected in concepts No.1 — 7, is guaranteed to pro-
vide the creation of the correct reflex ring having
the property of "being physiological model of one
of the materialized elementary, or compound
thoughts of a person”. At reflection on visual carri-
ers of any concrete functionally complete sense
received in the course of knowledge of the natural
and man-made phenomena of the universe, only
purely formulary texts are an ideal format in terms
of quantity of the symbols necessary for these pur-
poses. Even the axiomatic format of reflection of
the specified meanings demands one-two orders
more of symbols, not to mention a verbal format
from which the order of magnitude of formulary
symbols can exceed four in certain cases. Special
importance is gained by this fact at reflection on
visual carriers of biological and medical
knowledge.

Key words: Axiomatic modeling, artificial in-
telligence, mathematical logic, thinking, formaliza-
tion.
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INTRODUCTION

Relevance of a subject. More than two
millennia, mankind has been trying to get into
physiology of the thinking to understand the
mysteries of this phenomenon and to establish
the dialectic reasons and physical forces, or-
ganizing and managing continuously dynamics
of thinking process of the person throughout
all his life [2, 3, 4].

However, the problem is extremely diffi-
cult, and its knowledge is given to mankind by
scarcely noticeable particles for decades. Here
and at the moment it became clear that (Neces-
sary knowledge) the mentality of the specific
person according to the standard project of its
genome in neural networks of the nervous sys-
tem creates for each thought a separate reflex
ring on the basis of code words [5] which
identify physical quantities in reflex rings of
the first signal system.

The thought is considered elementary and
correct if it is expressed by one code word, in
compliance to which one physical quantity in a
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separate reflex ring of the first signal system is
put.

The most surprising circumstance is that
those restrictions which are recorded in its ge-
nome, specifically in rules of creation of reflex
rings in the second signal system, are not
known to each specific person. In particular,
the restriction which is not allowing the pres-
ence at a reflex ring of the second signal sys-
tem of code words which do not have physical
implementation in a format of a reflex ring of
the first signal system.

Behind this restriction there is prohibition
on use by the specific person of the non-
materialized thoughts called hypothetical
thoughts. Use of hypothetical thoughts in live
matter is inadmissible since it inevitably leads
to disaster in life activity of this matter.

Not everything is so simple also with reflex
rings, both in the first signal system, and in the
second signal system. As warning against illu-
siveness of simplicity in structure of rings, |
include below only the functional diagram of
correct reflex rings (Fig.1) and terms of their
forming in the course of progressive evolution
of a human body which is carried out by Na-
ture.

In fact, correct reflex rings represent the
closed systems of automatic control (CSAC)
with necessary (for steady work!) negative
feedbacks (rigid and flexible), program setting
devices for adjustable physical quantity and
the "intelligent™ regulators calculating neces-
sary value of adjustable value in the current
conditions of the operating perturbations on
adjustable physical quantity. In the functional
diagram of a ring, the role of the program-
setting device for adjustable physical quantity
and the role of the "intelligent” regulator for
this value are carried out by "the nervous cen-
ter".

In @ human body Nature spent more than 4
billion years to form the first signal system of
modern level.

In a human body Nature spent more than
one billion years to form of the second signal
system of modern level.

And on forming of one reflex ring of a
compound and correct thought in the second
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signal system, the person of average abilities
will need, at least, several working days.

Rules of forming of compound thoughts in
the socioeconomic systems of our planet were
defined long ago. They specialize in profiles of
socially useful activity [6, 7, 8].

NERVOUS
r CENTER
y

AFFERENT EFFERENT
CONDUCTOR CONDUCTOR

RECEPTOR feedback )<—| EFFECTOR

Fig.1. Function chart of a reflex ring

For scientific activity in the exact sciences,
for example, these rules are formulated in the
special science called mathematical logic. The
purpose of knowledge of the exact sciences is
only the logic of the cause and effect relations
between the physical variables which are func-
tionally fully characterizing one and all status-
es of dynamic systems of any complexity.

PURPOSE OF THE ARTICLE

The purpose of the article consists in sub-
mission of the description of results of scien-
tific knowledge of the phenomena and pro-
cesses of the universe on the basis of the cor-
rect and materialized elementary and com-
pound thoughts of scientists.

Concepts of knowledge of basic provi-
sions of mathematical logic.

Concept No.1. Mathematical logic is a
functionally full formal language which is spe-
cially intended for aphoristic (the greatest pos-
sible brevity and accuracy!) style of the de-
scription of a logical entity of the studied pro-
cesses and the phenomena in the universe.

Concept No.2. During the solution of each
specific logical problem, the described math-
ematical structure works with the fixed finite
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set of operands, to each of which the director
of a task appropriated "true” or "false" value.

Concept No.3. Mathematical logic, being a
functionally full mathematical structure, is
equipped only with four logical actions:

- logical denial

- logical summing (disjunction)

- logical product (conjunction)

- logical following (implication).

Concept No.4. Every specific functional
problem, subject to a solution, in any domain
is interpreted in mathematical logic as a theo-
rem which is subject to proof.

Concept No.5. Semantic filling of theorems
is defined by the code words of monolingual
dictionaries of that domain which possesses
the problem functional problem subject to a
solution.

Concept No.6. The modern science of
mathematical logic is equipped with a formal
method of 100% of reliability of the automatic
theorem proving which does not even demand
computer support [9,10,11].

Concepts of knowledge of the highest
mental function (HMF) of thinking as a
part of HMF of human mentality.

Concept No.7. Thinking — as an informative
process. Qualitative characteristics of thinking.

Thinking evolves from practical activities,
from sensory perception, but goes far beyond
its limits. In turn, the correctness of thinking is
checked during practice.

At the level of the second signal system
words are perceived and signals coming here
are replaced with the speech. Therefore think-
ing is inseparably linked with speech, both in-
ternal, and external. Thinking creates concepts,
their understanding and also their interrela-
tions. Thinking operates with concepts which
in the form are words, and, in fact — a result of
cogitative operations. In turn, specification of
verbal concepts can result from thinking.

Thinking takes place only when there is a
problematic situation. If it is possible to man-
age in the old ways of action, then thinking is
not required [12,13,14].

Main types of thinking.

In the process of the development of the
mentality of a person in the course of his so-
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cialization, thinking consistently goes through
four stages.

The first way of thinking of the child — sub-
ject-effective thinking (aged from 1 up to 3
years), that is, thinking in the form of practical
actions. Small children learn the world around
them and draw the first conclusions about its
device, trying objects by hand, sorting them
and breaking.

The following step — evident and figurative
— thinking in the form of evident images and
representations (visual, acoustical, tactile). It is
most developed in ages from 4 up to 7 years,
but remains also at adulthood. This thinking
relies on practical reality, but can already cre-
ate and store images which do not have a di-
rect analog in feelings (fairy tale characters).

In figurative thinking which is most devel-
oped in artists, designers, advertisers, tailors,
hairdressers and architects, materials for the
solution of a problem are not concepts, but im-
ages — it is more often visual (for musicians —
acoustical). They are either taken from
memory or recreated by imagination. The pre-
vailing role in this type of thinking is played
by the right hemisphere of the brain. The dif-
ference from the previous stage is wide use of
verbal designs in formation and transformation
of images and also use of abstract concepts.

Abstract and logical (abstract or conceptu-
al) thinking works in the form of abstract con-
cepts, symbols and figures. In this case the
person operates with concepts, without dealing
with the experience obtained by means of sen-
sual organs.

For example, terms of ethics — "justice” and
"conscience”; mathematical terms — "degrees"
and "derivative"; economic terms — "balances"
or "profit" are abstract concepts and cannot be
perceived by the person directly his sense or-
gans.

Forms of thinking.

The main forms of thinking [15] are: con-
cepts, judgments and conclusions.

Concept — a thought in which the general,
essential signs of objects and phenomena are
reflected.

For example, the concept "person™ includes
such essential signs as work, bipedalism, the
articulate speech, etc. The difference of a con-
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cept from representation consists that repre-
sentation is always an image, and the concept
is the thought expressed in a word. Besides,
representation includes both essential, and in-
significant signs, and a concept — only essen-
tial. The maintenance of concepts is revealed
in judgments.

Judgment is reflection of communications
between objects and phenomena or between
their properties and features.

It is possible to construct the form of think-
ing following on complexity of two or more
judgments — conclusion.

Conclusion is a connection between con-
cepts or judgments that takes several judg-
ments and produces a new judgment as a re-
sult.

Cogitative operations.

Process of thinking includes several opera-
tions: comparison, analysis, synthesis, abstrac-
tion, generalization, specification.

Analysis is mental partition of an object in-
to the elements with their subsequent compari-
son. For example, the psychologist carries out
the analysis of personal qualities of the client
on the basis of results of the Kettel test.

Synthesis is association of separate compo-
nents into a whole. It is usually adjoin to anal-
ysis. Continuing the previous example, we will
imagine how the psychologist, after the analy-
sis of several tests, builds the generalized psy-
chological portrait of the person.

Abstraction is allocation of one party of a
subject or phenomenon which in reality as
separate entity does not exist. As a result of
abstraction, concepts are formed. As an exam-
ple, it is possible to take the concept "reliabil-
ity" as the low probability of breakage of some
kind of household appliances.

Generalization is allocation of the general
essential properties in the compared objects.
For example, having made the analysis of sales
of separate grades of bread, the owner of a
bakery comes to a conclusion that rich rolls,
irrespective of their sizes and stuffing’s are in
highest demand.

Specification is an operation, the inverse of
generalization, the allocation to a subject or a
phenomenon of features, characteristic of it,
which are not connected with common fea-
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tures of the corresponding class of subjects or
phenomenon’s. For example, the owner of a
mini-bakery, having found out the increased
demand for rich rolls, decides to bake their
new look — with sesame and a strawberry
stuffing.

Concept No.8. The knowledge in concepts
No.1 — 7 provides functional completeness of
this knowledge for the purpose of creation by
the person of a correct reflex ring in his own
second signal system, "being physiological
model of one of the materialized elementary,
or compound thoughts of this person” [5]. Ad-
ditional and new knowledge of concept No. 8
is the statement: "being physiological model of
one of the materialized elementary, or com-
pound thoughts of this person™.

Concept No.8 can be interpreted as the con-
clusion in the theorem in which hypotheses are
concepts No.1 - 7.

MODELING METHODOLOGY

Modeling methodology is the theory of axi-
omatic modeling of Kondratenko and, in its
framework, the Predicate logic of first order as
the universal formal language intended for the
description of all, known to modern science,
logical relations between variables of states(9).

The target theorem can be formulated in the
following statement:

The logical product of concepts of
knowledge reflected in concepts No.1 — 7 is
guaranteed to provide creation of the correct
reflex ring having the property of "being phys-
iological model of one of the materialized el-
ementary, or compound thoughts of a per-
son"[16].

The property of "being physiological model
of one of the materialized elementary, or com-
pound thoughts of a person” by definition is
true, so the ring represents a fragment of neu-
ral network of the person — the director of a
task.

From now, all problem definitions should
be presented in the language of a predicate
logic of first order, with the description corre-
sponding to methodology of the automatic
theorem proving.
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For this purpose concepts of knowledge
should be identified the term "axiom™ with
number of the corresponding concept of
knowledge.

For the reflection of the target theorem in a
formular form, each of the axioms is stated
above in the context of article must be present-
ed as a formula of a predicate logic of first or-
der.

Axiom No.1. p1(X) where pl bears seman-
tic loading of dialectic logic of a context of
this axiom, and in brackets — subject variable
X identifies the organism of the abstract per-
son.

Axiom No.2. p2(X) where p2 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.3. p3(X) where p3 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.4. p4(X) where p4 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.5. p5(X) where p5 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.6. p6(X) where p6 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.7. p7(X) where p7 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.

Axiom No.8. p8(X) where p8 — bears se-
mantic loading of dialectic logic of a context
of this axiom, and in brackets — subject varia-
ble X identifies the organism of the abstract
person.
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On the basis of logical formulas of axioms
No.1 — 8 the formula of the target theorem will
have the following appearance:

(YX)(PL(X) A P2(X) A P3(X) A pa(X)A

AP5(X) A pB(X) A p7(X)=>p8(X))

@X)(PL(X) A p2(X) A P3(X) A p4(X) A
APS(X) A pPB(X)Ap7(X)=>p8(X)) (1)

Denote by F1 the formula

(PL(X) A p2(X) A p3(X) A pa(X)A
AP5(X) A P6(X) A P7(X))

Then formula (1) becomes:

[(vx)('IFlv p8(x))}

= 2)
[@EX)(TF1v p8(X))]

The structure of formula (2) contains two
formulas connected by the implication symbol:

F2(X)=[(VX)(TF1v p8(X)I;
F3(X)=[(3X)(TF1v p&(X))].

The theory of automatic theorem proving
[14], in order to reduce formulas to the ca-
nonical format containing only axioms and
three logical operations (conjunction, disjunc-
tion and negation), 27 formal rules are defined
and proven, which describe equivalent trans-
formation of formulas of first order predicate
logic.

Two of them look as follows:

(F2(X)=>F3(X))=(TF2(X)vF3(X))
(F2(X)=>F3(X))=(F2(X)ATF3(X))
One of the rules determines
3=V
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One prescribes freeing the formula of all
generality quantifiers if it doesn’t contain any
other quantifiers.

If one used four of these last rules, formula
(2) becomes

[TF1v p8(X) Al T[TF1v p8(X)]] (3)

Formula (3) represents conjunction of only
two contrary components.

What demonstrates its discrepancy, but also
demonstrates the validity of the theorem in
general as the methodology of the automatic
proof of theorems is based on a conclusion of
discrepancy of a formula of the theorem in
general.

Therefore, the theorem is successfully
proved.

CONCLUSION

The logical work of concepts of knowledge
reflected in concepts No.1 — 7, is guaranteed to
provide the creation of the correct reflex ring
having the property of "being physiological
model of one of the materialized elementary,
or compound thoughts of a person"[17]. At
reflection on visual carriers of any concrete
functionally complete sense received in the
course of knowledge of the natural and man-
made phenomena of the universe, only purely
formulary texts are an ideal format in terms of
quantity of the symbols necessary for these
purposes[18]. Even the axiomatic format of
reflection of the specified meanings demands
one-two orders more of symbols, not to men-
tion a verbal format from which the order of
magnitude of formulary symbols can exceed
four in certain cases[19,20]. Special im-
portance is gained by this fact at reflection on
visual carriers of biological and medical
knowledge. Amount of fundamental meanings
in these sciences such is that their description
in a verbal format requires the quantity of
symbols on two-three orders exceeding possi-
bilities of long-term memory of a brain of an
ingenious person.
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dusnosiornueckas MoaeJ b 0JHOH U3
MaTepUaJIN30BAHHBIX MBIC/IEi YejloBeKa

Buxmopus Konopamenxo

AHHOTauusi. B craTee nEeMOHCTpUpYETCS Ha
KOHKPETHOM IpUMepe MOCTPOSHHE BO BTOPOM CHT-
HAJILHOW CHUCTEME KOPPEKTHOTO peQIIEKTOPHOTO
KOJbIIa — (PU3HOJIOTHIECKOM MOJICIH OTHOW W3
MaTEepUaIN30BaHHBIX JIIEMEHTAPHBIX, JHOO CO-
CTaBHBIX MbICIICH YenoBeka. B kauectBe MHCTpY-
MEHTapus UCIIONB3yeTCs] (PYHKINOHAIHFHO TMOTHBINA
(hOpMaNbHBIN SI3BIK, A3BIK JIOTHKH IIPEAUKATOB.
Mertoponorust onucana B Teopuu akcumomaTthue-
ckoro mojenupoBanus Konmparenko [1]. Bamaua,
Kak Jro0as npyras mpobiemHast (yHKIFOHAIbHAS
3ajjaya TPOU3BOJILHOM MPEAMETHON 00nacTu, co-
m1acHo Teopuu, MHTEPIPETUPYETCS B MaTEeMaTHU-
YECKOU JIOTMKE B KauecTBE MOJUIeKallel JoKas3a-
TEJIBCTBY TEOpeMBbI. PedieKTopHOEe KOIBIO SIBIIS-
eTcst QU3NONOTrHYECKON MOJIENBI0 OTHOW M3 Mare-
PHAIM30BaHHBIX DJIEMEHTapHBIX, THOO COCTaBHBIX,
MBICTIEHl KOHKPETHOTO YeNOBEKa, TaKk KaK CcaMo
KOJIBIIO TPEACTABISACT COO0M (PparMeHT HEHpOH-
HON ceTH 4esoBeka. Jlormueckoe IHpoU3BEIEHUE
KOHIIENITOB 3HAHWH, OTPAKEHHBIX B KOHIENTaX
No.1 — 7, rapaHTHPOBaHO OOECIIEYHUT MOCTPOCHUE
KOPPEKTHOTO peQIIEeKTOPHOTO KOJbIla, obamaro-
IIer0 CBOHCTBOM “‘SIBIISFOIIETOCS (hHU3HOIIOTHYE-
CKOH MOJENBI0 OJHOW W3 MaTepHaIN30BaHHBIX
3JIEMEHTApPHBIX, JUO0 COCTABHBIX MBICIEH 3TOrO
yenoBeka”. IIpu oTpaxkeHUH Ha BU3YyaJIbHBIX HOCHU-
TEJSIX JO0OT0 KOHKPETHOTrO (DYHKIIMOHAIBHO 3a-
BEPILIEHHOTO CMBICHA, MOJY4YeHHOTO B TpoIiecce
[IO3HAHUsS NPUPOJHBIX U PYKOTBOPHBIX SIBIICHUN B
MHUPO3JIaHUH, TOJIBKO YHCTO (DOPMYIIEHBIE TEKCTHI
SBIISIIOTCS UICAbHBIM (DOPMATOM C TOYKH 3PEHUS
KoJIM4eCcTBa CHUMBOJIOB, HCO6XOIII/IMBIX A 3TUX
neneid. Jlaxxe akcmomaTwuecKui opmar OTpaxke-
HUSl yKa3aHHBIX CMBICIOB TpeOyeT Ha OJUH-IBa
nopsijika 00JIbIie HEOOXOMMBIX CUMBOJIOB, HE TO-
BOpsl y)Ke 0 BepOasbHOM (popMaTe, KOTOPBIH MO-
JKET MPEBBICUTH B HEKOTOPBIX CIIydasiX M YEThIpe
npsaka QopMylbHBIX cUMBOJIOB. Ocolyro Bak-
HOCTh IpHOOpeTaeT 3TOT (akT MPU OTPAKECHUH HA
BU3YaJIbHBIX HOCUTENSIX OHMOJIOTMYECKUX U MeNu-
LUHCKUX 3HAHUH.

KuloueBble c10Ba; akcCHOMaTHYECKOE MOJIENN-
pOBaHHNE, MCKYCCTBEHHBIN MHTEJICKT, MaTeMaTH-
YecKas JIOTMKa, MbILIICHHE, (OpMaTn3anusl.
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