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Market square as the main expression of urbanity in Galician town

Section 1. Architecture

Rybchynskyi Oleh Valeriiovych,

PhD of Architecture, associate professor
of Lviv Polytechnic National University
E-mail: zoriana7 @yahoo.com

Market square as the main expression of urbanity in Galician town

Abstract: The questions spatial composition, components of public space, principles of development, conserva-
tion and regeneration of the market square in the Galician towns. Space of market places comfortable for private and

public meetings, festivals, concerts and religious processions. Therefore, it is important to save the symbolic structure
of the square that represents historical and cultural landscape of the city.

Keywords: market Square, spatial composition, public space, conservation, regeneration, Galician town.

An important part of the conclusion of the history of
urban settlements of Ukraine is the study of their archi-
tectural heritage. Historically, that the center of the city is
the formation of spatial market square. For science-based
development master plan for the city, downtown revi-
talization concepts, it is important to identify the main
methods of forming the market square in the compo-
sition planning structure of Galician town. In order to
fully appreciate the significance of market squares for
the town, as defined urban system should be based on
complex generalized intelligence. Important theoretical
work, which revealed compositional structure of plan-
ning, historic towns created S. Kravtsov, G. Petryshyn,
P. Rychkov, M. Bevz, C. Topylko, M. Kaplinska.

A market square is not only a trading place but also
an aspect which distinguishes a Galician town from a vil-
lage. According to modern scholars and contemporary
accounts, “the market square with several Jewish build-
ings had a different qualification; especially in the Ukrai-
nian settlement, it was distinguished by a separate part
which was called a town or a borough.” [6, 67] Thus,
market squares became a main expression of urbanity in
Galicia. Professor Serhiy Kravtsov, studying principles of
regular town planning in Galicia, points out that “such
elements of town planning as a market square and a de-
fensive perimeter defined a settlement as a town which
was endowed with special rights and which stood out
against neighborhood” [3, 132]. Defined in space, the
market square was a core of urban existence, a center of
town universe and its annals.

The first public spaces of old Rus’ towns comprised
dytynets (a political and administrative center) and a sepa-

rate torhovytsya (a market place). In the 13"-14" century,
Galician towns had a noticeable tendency to merging of
political-administrative and trading centers. This hap-
pened under the influence of development of commer-
cial relations, political forms of management, science and
craftsmanship. The first market squares had elongated tri-
angular or rectangular shapes.

In the 15*-16" centuries, foundation and develop-
ment of new towns based on the Magdeburglaw could be
seen. They were characterized by square shapes of central
areas with a church located in the corner. In that time, in
addition to a market square, public spaces in front of vari-
ous confessions and ethnicities sacred places, located in
ethnic quarters — Ukrainian, Armenian, Jewish, Tatar,
Karaite, German and Scottish — were developed.

In the 17" century, despite the preserved system of
management, the Magdeburg law, market squares acquire
key spatial features. This concept was realized in Zhovk-
va, Brody, Stanislaviv (now Ivano-Frankivsk), Kalush,
Sasiv, Lyshniv, Stanislavchyk. In these towns, besides
a market square, additional multi-functional places in-
tended for trade of cattle, wood, salt etc were established.
A town was divided into regular quarters where ethnic
communities lived compactly. In that period, a market
square was the center of vibrant urban development.
Only the richest merchants and politicians could afford
to live there. Consulates of foreign countries were located
at market squares; international agreements were made
and intrigues were carried on, truces were signed and
wars were declared.

During the 18"—early 20" centuries market squares
undergo fragmentary changes. Chaotic building was reg-
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Section 1. Architecture

ulated, new buildings were constructed in place of old
ones, town halls and other edifices were built up. Square’s
pavement and street light were changed too. A square
acquires modern view and carries out social function in
town life. After the ruin of WWI, market squares were
rebuilt and continued functioning actively.

In the second half of the 20" century the majority
of market squares were finally destroyed. They did not
comply with new communist ideology and could not be
a place for crowded demonstrations, rallies and parades.
Fight with market squares finished with their decline,
dismantlement of historical buildings, construction of
new aggressive and untraditional buildings. In particular,
distortion of market squaresled to disappearance of town
patriotism and deformation of town-dweller’s identity.
The majority of squares were given the name of Lenin
and were decorated with figures of the leader. In 1990-s
squares got rid of their ideological coloring, and now
they are gradually reacquiring their former function of
the main public place.

Market squares can be considered a palimpsest in
which one can read various stories. Events that took place
there had an important meaning for the state, region,
town, community and individual. Comparison of these
stories and events give an opportunity to outline correla-
tions, discover similarities and define general tendencies.

Events that demonstrate religious variety and con-
flicts, social inequality and stage of economic develop-
ment, radical changes of political traditions are associ-
ated with the chronicles of market squares. Various urban
customs were associated with great Christian festivals.
The political tradition was ruined in the second half of
the 20" century. At that time the market square as the
public space underwent serious destruction. In 1956 a
project of a new main square of the town was incorpo-
rated in the city-plan of Lviv [ 7, 108]. There were serious
grounds for the relocation of the main city square, since
“the culture of the USSR of the late 1940-s was dominat-
ed by the tendency to convey the pathos of the victory in
the war through artistic means. It was believed that the
central areas of towns were to have appropriate space
for official mass celebrations” [8, 31]. Unfortunately,
market square of the other Galician cities and towns in-
curred very serious losses in terms of ideology and space.
Thus the new political ideology sought to appropriate
this space, make it its own and influence the community
through it. Projects developed for Zhovkva, Kamyanka-
Buzka, Krakivets, Horodok, Bibrka, Yaniv envisaged the
use of historic market squares for the formation of the
main town square [9, 33].

The market square was a place where various events
were held including acts of administering of justice. Such
events at the squares were associated with their space
definition, namely a place of execution of a sentence as
well as erection of a pillory or pranger [9, 131]. Public
executions were carried out in order to foster humility
and fear in the town community. They also sought to
define the space of the market square with symbols in
Drohobych. Thus “on 14 May, 1916 a stature of a Ukrai-
nian knight was erected at the market square to mark
the first anniversary of liberation of the town from the
Russian troops. On holidays the guard of honour stood
by the knight. The stature was there until the end of 1918.
In the Soviet time the sight was readjusted as a burial
place and monument to a hero of the Soviet Union, ma-
jor general I V. Vasilyev” [6, 10]. It is a vivid example of
perhaps the most cruel kind of war — the war for historic
memory of a nation. Any event in the Soviet times was to
be held under close supervision of the nation’s leaders.
Thus, “after the World War II a concrete monument to
Lenin and Stalin, and later another one to Lenin, were
built in front of the make entrance to the town hall. In
1980 another bronze and granite monument to Lenin
was built. It lasted for ten years. On demand of the vast
majority of Drohobych residents and according to a
resolution of the town council session on S September
1990 the monument was dismantled” [S, 10].

The most pronounced spatial mark of the Lviv mar-
ket square is the town hall. F. Yavorskyi wrote that “dur-
ing the times of the Magdeburg law the town hall was
a symbol of the whole city, a holy place of its manage-
ment and justice” [2, 9]. The town hall at the market
square was intended for a special purpose and fulfilled
a distinct social function. It became a house of public
use and was considered to be administrative, public and
private. In Lvivand many other Galician towns re notable
for unique compactness of the square as a public space,
supplemented with a house for public us.

In addition to the town halls, market squares con-
tained their own spatial accents, such as merchants’
houses and shops, chapels and statues of saints, foun-
tains and lanterns. They are still fragmentarily used as
decorations at the squares in Lvivand Zhovkva. Unfortu-
nately, they disappeared after WWII in the vast majority
of towns and cities. Today, town hall towers are historic
signs of the town public life.

Public zoning is associated with adaptation of specific
places to events chosen independently by the community.
The places are assigned not by the town authorities, they
are formed by way of natural evolution. Yuriy Lotman
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rightly noted in his analyses of the space that “culturally
and architecturally, a space, developed by humans, is an
active element of human conscience. The conscience, in-
dividual and collective (culture), is spatial. It develops in
space and thinks in its categories. Thinking divorced from
the created human semio-sphere (containing a landscape,
created by culture,) simply does not exist” [4, 683]. From
the beginning of the Lviv Market Square’s planning to this
date, its most active pedestrian communication axis is
Krakivska-Halytska Streets’ line (from Krakivskyi Gate to
Halytskyi Gate). The northern part of the Market Square
(territory of expensive goods) was an active trade zone
at the times of the old town hall. Today, concerts, exhi-
bitions and presentations are held here. In the past, the
southern part of the square was intended for community
gathering to hear decrees, sentences, watch executions, etc.
Unfortunately, today, it is a dangerous zone for pedestrians
due to the tram line. Meetings and family walks are usu-
ally conducted today in the western part is. This is also
where open air cafes are located. The southern side of the
Market Square at the central entrance to the town hall is
most often used for actions of public protest, official open-
ing of the City Day and other state holidays celebration.
For the last few years, here, in front of the town hall, the
town Christmas stage has been erected, and carol singers
and Christmas play performers gather around it; on Easter,
eggs are painted and hung on the trees as decorations; in
2007, the action of painted lions was held.

The development of the space of the market
squares is an important subject of research, since itiden-
tifies the possibilities and prospects of their use for the
needs of the community. The market squares of Galician
towns were formed also under the influence of ethnic
cultures concentrated around them. Each of these cul-

tures found its reflection in the architectural shape and
economic application of the space. Along the perimeter
of the Market Square Polish and Italian aristocratic com-
munities of Lviv built palaces and richly decorated hous-
es intended for official receptions and formation of the
so-called “grand” culture. The “grand” culture included
elements of the “small” one. “There were two cultural
traditions in the early modern Europe, but they were not
symmetrical reflections of the two main social groups,
the elite and common people. The elite was part of the
“small” tradition, whereas the common people were
not part of the “grand” one. “The “grand” tradition was
passed on formally, at schools and universities. It was
closed in the sense that the people, who did not attend
these institutions (access to which was exclusive) were
cut off from it. They literally did not speak its language.
The “small” tradition, on the other hand, was passed in-
formally, was open to everyone like the Church, tavern
and the market square, where so many different activities
were carried out” [1,29-30]. In Lviv and other towns of
Galicia the division into the “small” and “grand” culture
was not so clear; they not simply co-existed next to each
other, but even were interweaved so that it was impos-
sible to single out any of them.

One of the ways of restoration of the distorted
town identity is the creation and development of proj-
ects of restoration of the Galician town’s market square.
The projects will help to identify the preserved and lost
elements of the market squares. The long-term program
of development of the town center will take into account
the architectural specificities of the market squares’ en-
sembles, detailed spatial zoning and the public function,
historically established town traditions and rituals and
political and everyday changes.
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The basic attention in the report is given to the de-
scription of the some priority national environmental
problems, identified at the development of the National
Environmental Action Plan for Sustainable Develop-
ment of the Republic of Uzbekistan: Deficit of water re-
sources; Degradation of pasture and arable lands; air pol-
lution of urban territories; Environmental pollution in
oil fields area; Environmental pollution with industrial
and municipal solid waste; Shortage of forests and espe-
cially protected territories; Pollution of the water bodies
with wastewater. Most of the sands and soils in the Pre-
Aral area are light and easily transported by wind [1].

The brief characteristic of the causes of occurrence
of problems and description of actions on their
elimination is given in this report. The article is based
on the official statistical information, materials of the
Ministry of Natural Resources and Environmental
Protection of the Republic of Uzbekistan [2].

Central Asia (territory is 1.7 mln. sq.km) is situat-
ed in the mid-part of Eurasia at the crossroad of ancient
caravan routes between Europe and Asia, Middle and
Far East and mainly coincides with the geographical
borders of the Aral Sea, completely including territories
of Tajikistan, Uzbekistan, a large part of Turkmenistan,
Kyrgyzstan and the south of Kazakhstan.

The growth in water consumption connected to cul-
tivation of new irrigated territories, where mainly cot-
ton and rice are grown, together with the increase in the
population working in agriculture, the flow of water to
the sea from the two major river systems -the Amudarya
and Syrdarya — completely stopped.

In spite of intensive glacier melting which should
have led to increase of territory of the Aral Sea, during
last 25 years disastrous reduction of the largest inland
water body takes place.

The Aral Sea is the largest inland body of salty res-
ervoirs in the world. Situated in the centre of the Cen-
tral Asian deserts at an altitude of 53 metres above the
sea level, the Aral Sea functions as a gigantic evaporator.
About 60 km? of water evaporates per year.

The sea contributed to hydrothermal regime im-
provement, influenced water regimes of arid plants,
pastures productivity, and provided normal function-
ing of artesian wells etc. Ecological balance in the basin
was formed in the first half of the 20th century and was
stable up to the beginning of the 1960, with a volume
of 1,064 kmi, and a water territory of 66.4 thousand kml.
Because of irrevocable removal of river water on irrigat-
ed territories, ecological balance began to decline. Only
half of the previous river runoff reached the Aral Sea.
But even this quantity of water was not sufficient to sup-
port sea level at 53 m. However as a result of a tendency
of economy development in agrarian areas, leading to
growth ofirrigated territories and volumes of irrevocable
water consumption during years of water shortages, wa-
ter flow into deltas of the Amudarya and Syrdarya rivers
was reduced sharply. In 1982 and 1983 this made up only
2.28 and 3.25 km?, respectively. Since 1961 the sea level
has declined with increasing speed from 20 to 80-90 cm
per year.

During the last 50 years, from 1960 to 2010, the sea
received less than 2,000 km? of river water, which led to
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the lowering of the sea level by 22 m, accompanied by a
reduction of the volume of the water area by 87%.

As a result of the complete stop of the Amudarya
and Syrdarya runoff and expansion of irrigated territories
without any control of the Aral Sea and environmental
needs, a serious complex of ecological, social and eco-
nomic problems was formed in the Pre-Aral area. These
problems by origin and level of consequences have an in-
ternational character. The sea has lost its fishery and
transport importance. It was divided into two parts, the
Bolshoi and the Maly (Northern) Aral, and moved 140
190 km away from the original shore. From exposed salty
bed (35 thousand kmI) up to 100 million tons of salty
dust flew out annually. Suspended solids in the form of
aerosols with agricultural pesticides, fertilizers and other
harmful components of industrial and municipal wastes
prevail in the composition of the winds.

A new qualitative phase of desertification affecting
the Pre-Aral ecosystem degradation, regional and global
climate, mountainous flow-forming systems and water-
salty regime of agricultural zone takes place.

The sea bed, formerly referred to as a so-called «fresh
water maker> of vast water collecting basin at the ex-
pense of rich sea hydrobiocenose activity, is an artificial
anthropogenous volcano, throwing tremendous masses
of salt and finely-dispersed dust into the atmosphere.
Pollution is increased because the Aral Sea is located
along a powerful air stream running from west to east. It
contributes to aerosol transference into upper layers and
fast spread in the atmosphere of the Earth. That is why
traces of pesticides from the Aral region were found in
the blood of penguins in the Antarctic, and typical Aral
dust has been found on Greenland’s glaciers, in Norway’s
forests, and Byelorussia’s fields, all situated thousands of
kilometers away from Central Asia. One of the danger-
ous consequences of the drying off of the Aral Sea, is
the increasing degradation of mountainous glaciers of
the Himalaias, Pamir, Tiyan-Shan, and Altay, feeding the
Syrdarya and Amudarya.

The increase of dust on glacier surfaces and mineral-
ization of precipitation on them lead to intensive melting
of glaciers. At present, 1081 glaciers have disappeared in
the Pamir-Altay area, 71 glaciers in the Zaili Alatau area,
and the volume of glaciers in Akshirak has been sharply
reduced.

On average, valley glaciers in the Tiyan-Shan area
retreat 7.5-13.1 m per year and grow thicker at the
same time. This is a dangerous process for a dry region,
because in Central Asia, mountainous glaciers are the
only ancient remaining storage of fresh water supply and

are the main atmospheric moisture condensators of the
region. If the cover of moraine depositions increases,
they no longer will be moisture condensators and sharp
reduction of the river flow will start. The Aral disaster
has deteriorated the sphere of inhabitation of the region
sharply, due to polluting of the atmosphere, the drinking
water and the soil.

An evaluation of the field with drawl from the dry
parts of the Aral Sea bed shows that this magnitude var-
ies from several hundred thousand tons to 20-30 mil-
lion tons per year. In the composition of dust cloud sus-
pended solids in the form of aerosols with agricultural
pesticides, fertilizers and other harmful components
of industrial and municipal sewage prevail. Salt content
makes up 0.5-1.5%. Sand-and-salt aerosol effects on oa-
sis soils and pastures are predominantly negative. Replac-
ing multilayer herbage by single-layer, reduces the quan-
tity of useful feeding plants, and often plants that have
no feeding value are cultivated. Two million hectares of
tertile lands disappeared as a result of overwatering and
as a result of fast rise of ground water they got polluted
for the second time.

Today these lands are either water logged or salinized.
Former arid soils of the Pre-Aral area with automorphic
teed and moisture regime became meadow-swamp soils
with hydromorphic regime. To support this regime ar-
tificially it is necessary to raise standards by 2-3 times,
in order not to activate the secondary salinization pro-
cess. A vicious circle of agriculture was formed in this
region, where heavy swamped lands are left. The land-
improvement condition of irrigated soils in Central
Asia is worsened by collective-drainage water saturated
with pesticides and discharged as return runoff into nu-
merous locallandscape depressions. As a result, artificial
reservoirs-accumulators appear. These reservoirs are a
real disaster for surrounding lands. Some of them cause
secondary pollution when poisonous bed depositions
become dry and are brought on irrigated lands, ruin them
and pollute the atmosphere in the surrounding regions.

The most spread pollutants in the Aral Sea are: oil
hydrocarbons, phenols, synthetic surface-active sub-
stances (SSAS), chlororganic pesticides (COP), heavy
metals and minerals. The abundant use of pesticides with
high physiological reaction (B-58, metaphos, corotan,
butiphos, hexachloran, lindan, DDT etc.) poses a tre-
mendous threat to living organisms. Reservoirs carry-
ing water with undecided compounds of heavy metals
and chlororganic pesticides, led to the destruction of
fishery, the appearance of cancerogenic diseases, and
changes in citogenetic indices. The maximum pollu-
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tion level by oil hydrocarbons in 1970 was 54 MPC
(maximum permissible concentration) in the Maly Aral
(MPC=0.05 mg/dmi), and 80 MPC in the Bolshoi Aral.
Since 1978 the tendency to oil hydrocarbons pollution
stabilization at the level of MPC is marked. Phenols
made up 28 MPC (MPC=0.001 mg/dmi)in the Maly
Aral, and 63 MPC in the Bolshoi Aral. At present there is
no information about phenol pollution because observa-
tions have been stopped. Concentrations of SSAS and
heavy metals do not exceed MPC.

Salinization increased from 10 g/1 to 40-50 g/1 be-
cause of lack of fresh water inflow.

In the past the uniqueness of the Aral Sea contrib-
uted to richness and diversity of the biota which could
be compared with Africa. The Pre-Aral area possessed
half of the biological species of the former USSR, many
of these, however, have disappeared or are threatened.
There were 500 kinds of birds, 200 species of mammals
and 100 species of fishes, thousands of insects and in-
vertebrates.

Before 1960 the river deltas were home to over
70 kinds of mammals and 319 types of birds. At pres-
ent only 32 kinds of mammals and 160 types of birds
remain. In low streams of the Syrdarya River, more than
100 thousand hectares of alluvial soils became salt-
marsh, and more than 500 thousand hectares of swamp
and medow-swamp soil became dry. This resulted in
the transformation and destruction 5-7 kinds of herbs
needed for fodder for sheep, horses, camels and goats.
Diseases and death of cattle began, musk-rats cultivation
stopped, and sheep live-stock decreased sharply.

The regional flora is impressive and includes
1,200 flowers, 560 types of tugai forests of which 29 are
endemic to Central Asia. The flora of the Aral-Sea
coast includes 423 kinds of plants of 44 families and
180 genera. The highest diversity of sand vegetation is
concentrated on the former islands of the western coast.
The dry strip of the Aral is characterized by lower di-
versity in comparison with the coast. Among them are
30 species which are valuable fodder plants, 31 kinds of
weeds, and more than 60 kinds oflocal flora are potential
phytomeliorants for dried coasts. The change in water
balance caused mineralization of the water in the Aral
Sea basin, which led to the loss of unique biocenosis and
a number of endemic species of animals. Inflow reduc-
tion into the Aral caused irreversible changes of hydrolog-
ical and hydrochemical sea regimes and hydro systems.
Salt balance changes increased the sea salinity 3 times,
transforming it into a desert. The formerly flourishing
sea ecosystem supported 24 species of fishes that are dis-

appearing. These include carp, perch, sturgeon, salmon,
sheat-fish and spike. There were 20 kinds of fish in it, but
fishery was based mainly on bream, sazan, aral roach (vo-
bla). Barbel and white-eye fish were caught in the Aral
Sea. The first signs of the negative impacts of saliniza-
tion on ichtyofauna of the Aral Sea, appeared in the mid
1960’s when salinity reached 12-14%. On shallow wa-
ter the salinity of water increased faster than in the open
parts of the sea, negatively affecting spawning places. By
1971 the average salinity exceeded 15% and resulted in
the destruction of fish spawn. Since 1971 the average sa-
linity has reached 12% in the open part of sea, and the
first signs of negative impact on fish have appeared. Some
kinds of fish have slowed their growth, and the number
of fish has been sharply reduced. By the mid 1970’s av-
erage salinity of the sea exceeded 14%, and the natural
reproduction of the Aral fish was completely destructed.
In the late 1970s several species of fish did not reproduce
at all. By 1980 salinity exceeded 18%.

The ecosystems of delta valleys have been trans-
formed greatly by agricultural land use for many cen-
turies. Irrigated or cultivated fields, rice fields and non-
cultivated agricultural lands which are characterized by
different stages of soil and vegetation cover rehabilita-
tion, are singled out. The following anthropogenic fac-
tors that brought about changes in the ecosystems should
be considered according to their significance: pastures,
land-use, agriculture, transport, city, rural, military ob-
jects, hydrotechnical (artificial reservoirs, dams, canals,
sewage accumulators), and cattle-breeding.

The process of degradation in the Aral region caused
progressive crises in the social and economic spheres.
The primary victims of the crises were the most vulner-
able layers of population, namely children, women, ill-
paid inhabitants of cities and rural areas. The region has
the highest child mortality rate in the former USSR (10~
12 children per 100 newly born), high level of maternity
death: about 110 women per 1000 births. Diseases such
as TB, infections and parasites, typhus, hepatite, paraty-
phoid always accompany poverty. The disease rate has a
tendency to increase. In the epicenter of ecological disas-
ter, anemia, dysfunction of thyroid the gland, kidney and
liver diseases are wide spread. Blood, oncological dis-
eases, asthma and heart diseases are progressing. Medical
research proves that the incidence and growth of these
diseases are directly dependent on ecological disaster.

In agriculture there is a steady tendency to transi-
tion to ecological management of production. One of
the main principles of the above mentioned tendency is
maintenance of positive humus balance in soil at the ex-
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pense of introduction of alternation of crops and applica-
tion of organic fertilisers.

For the decision of the set forth above problems
of economy of our republic on department «Ecology
and ground science» Karakalpak state university of
name Berdak,, the centre of science on maintenance
of ecological and industrial safety of the Central Asian
global environmental problems and industrial enterprises
of all branches of our republic is created. The centre of
science renders the necessary competent and practical

help at the decision of various problems both natural,
and ethnogeny character, and also develops necessary
recommendations under their decision.

We believe that researchers not only be connected
with researchers of Uzbekistan, but our academic
collaboration will form the foundation of one of
the most important scientific projects to solve
the environmental problems that threaten a lot of
population in whole Central Asia and even the whole

globe.
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composition of each phytocenosis were estimated.
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CoBpeMeHHOe COCTOSIHUe pacTUTEJIbHOIo NOKPOBa Ha TeppuTopuun
M B OKpeCcTHOCTSX pyaHuka «Hypkasran» LleHTpanbHoro KasaxcraHa

AnnpoTanms: B cTaTbe mpoBepeHa OIlEHKA COCTOSIHUS COBPEMEHHOTO PACTUTEABHOTO IMOKPOBA HA HA PYAHHKE

«Hypxasran>, onpeaeAeHbI TEHASHITMU AAAbHEHIIEro pa3BUTHsA CUTYyaruu. OMMcaHbl pa3sHOTPaBHO-3AAaKOBOE U Ka-

ParaHoBO-CIIHPeeBO-CKabM030BOe COOOLIECTBa, OLleHEH BUAOBOM COCTaB KKAOTO GpUTOLIEHO3A.

KAaroueBbIe CAOBa: PaCTUTEABHOCTH, PUTOLIEHO3, PYAHHK, SIPYC, Ipoba.

B HacTosi11ee Bpems MpobaeMaM 9KOAOTHYECKOTO CO-
crosHus B KaparaHAMHCKOM IPOMBIIIAEHHOM peruoHe
YAEASIETCS Cepbe3HOe, HO B TO Xe BpeMs HEAOCTATOYHOe,
Ha Halll B3TASIA BHUMaHHe,

AKTYaABHOCTD UCCACAOBAHHS 00YCAOBAEHA TeM, UTO
KaparanpuHckast 00AaCTb 110 CHA€ BO3ACHCTBHS HA OKPY-
XKAIOITYIO CPeAy SBASeTCS YHUKaAbHOM. Beaymmmu oT-
pacasiMu pombiaeHHOCTH KaparaHAMHCKO#M obAacTH
SIBASIFOTCSI TOPHO-METaAAyprudecKasi, FOpHOAOObIBatO-
111251, FOPHO-IIepepabaThIBAIOIAs], TEIAOIHEPTeTUKA U AD.

VIcXOAst 13 BBIIIIECKA3aHHOTO, HEOOXOAMMOCTB ITPOBEAE-
HIS HCCAEAOBAHUI [T0 MOHUTOPHHI'Y COCTOSIHHS TEXHOTeH-
HO-HAPYIIEHHbIX TEPPUTOPHUI1, OCOOEHHOCTH COCTOSTHHUS
PaCTUTEABHOTO IIOKPOBA HA ACHCTBYIOIIMX IIPOMBIIIACHHbIX
IPEATIPUATHUX C yYeTOM ITPOrHO3a AAABHEHIIETO Pa3BUTHS
CUTYal1H, IBASIETCSI BAXKHBIM B HACTOSIIee BpeMs.

ITeAb paboTbI — BBIIBUTD COBPEMEHHOE COCTOSIHIE
PACTUTEABHOTO IIOKPOBa Ha TEPPUTOPHH pyAHHKA «Hyp-

KasraH» U Ha OKPYXKAIOIIUX ero TEPPUTOPHSX. JKOAO-
rudeckoe obcaepoBaHue nposopauau B 2014-2015 rr.
Ha TEPPUTOPHHU U OKPECTHOCTSIX pyAHUKa « Hypkasran»>
COTAACHO HOPMAaTHBHBIX AOKYMEHTOB B Cpepe MOHHUTO-
PHIHIa 1 OXpaHbI OKpYy>Karoeit cpeapt [ 1-4].

daopa ¥ pacTUTEABHOCTb M3YYAAUCh C MCIIOAB30-
BaHHEeM TPAAUIMOHHBIX METOAOB IIOA€BBIX Fe000TaHNU-
4eCKUX HCCAEAOBAHUI, a TAKXKe HA TEXHOTEHHBIX AAHA-
ma¢rax [S; 6]. ITpu BrI60pe 06DEKTOB HCCAEAOBAHNS
obpaijaAn BHUMaHHE HA AOMHUHAHTBI PAaCTHTEABHOTO
IIOKPOBA.

ITo xapakTepy pacTHTEABHOTO IIOKPOBa PaiioOH pa-
60T OTHOCHTCS K 30He CyXHX CTelleil. B paiione MecTo-
POSKAEHHUS Pa3BUThI IIOABIHHbIE, TOHKOBATO-ITOABIHHBIE,
TOHKOBATO-TIOABIHHO-THIPCUKOBbIE ~ CTeIIM MeCTaMH
B KOMITAEKCE C TOHKOBAaTO-IIOABIHHBIMH COO0IecTBaMK
Ha coAoHIjax. Ha MeAkocomouHnke oTMedaeTcst KycTap-
HHUKOBO-A€CCHHTOBHAHO-TUITIAKOBAsI PACTUTEABHOCTD
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C IPUMeECHIO pasHOTpaBbs. Hibke IpuBeAeHbI OIMCAHIS
HEKOTOPBIX COOOILECTB B OKPECTHOCTSIX pyAHHKa « Hyp-
KasraH».

Pa3HOTPaBHO-3AaKOBOTO coobuectpa
(Festuca valesiaca + Stipa capillata — Herba varia)
[pUypOYeHa K CKAOHAM COIIOK B OKP. pyAHHKa. ITouBbI
MEeAKO3eMHbIE, XapaKTep PACTUTEAPHOCTH — CTEIHOM.
HarmouBeHHbIN TOKPOB OTCYTCTBYeT MAU B He3HAYHU-
TEABHOM CTETIEHH COCTABACH U3 HAKUITHBIX ANIIANHUKOB.
O6mee npoextusnoe nokpbitue (OITIT) TpaBocTos
oneHeHO B 85—87%. Bua0oBOI1 cCOCTaB B CpaBHEHMU C ITpe-
ABIAYIIMMH ACCOLMALMAMU 6OTaT, COCTOUT U3 37 BUAOB.
dropucTrdeckuil cOCTaB COCTaBAEH 110 OOUAUE B CO-
obuecrBe Ha 35% u3 3aaxos Festuca valesiaca, Stipa
capillata, Elymus angustus, caoxHo1BeTHBIX Artemisia
austriaca, Artemisia dracunculus, Artemisia sieversiana,
Achillea nobilis, Galatella sp., Hieracium echioides,
6060Bbix Medicago falcata, Glycyrrhiza uralensis,
Astragalus sp., posonsernsix Potentilla bifurca, Spiraea
hypericifolia, Fragaria vesca, Filipendula vulgaris.
OcraAbHble CHCTEMAaTHYeCKUe TIPYIIIB IPEeACTaBAE-
Hpl 1-2 Bupamu. B accoumanum BpipeAeHO 2 spyca.
ITepssiit o 25 A0 SO cM BBICOTO, COCTAaBAEH POCABIM
pasHoTpaBbeM u3 Artemisia frigida — sp, Artemisia
marschalliana — sol, Festuca valesiaca — cop,
Artemisia austriaca — cop, Stipa capillata — cop,
Eryngium planum — sol, Galium ruthenicum — sol.
Artemisia dracunculus — sp, Iris halophila — sol,
Glycyrrhiza uralensis — sp, Elymus angustus — cop,
Spiraea hypericifolia — cop, Veronica spuria — sol,
Silene wolgensis — sol, Hieracium echioides — sol,
Fragaria vesca — cop, Allium nutans — sp.

Bropoit or S A0 25 cM BBICOTOI, 3aHMMAIOT HU3-
kue MHOroreTHukn — sol, Euphrasia tatarica — sp,
Patrinia intermedia — sol, Achillea nobilis — sp,
Pulsatilla patens — sp, Medicago falcata — sp, Linaria
sp. — sol, Potentillabifurca— sp, Chenopodiumsp. — sp,
Onosma simplicissimum — sol, Ziziphora bungeana —
sol, Astragalus sp.— sol, Filipendula vulgaris — sp,
Veronica incana — sol, Dianthus rigidus — sol,
Artemisia sieversiana — sol, Artemisia sp. — sol, Sedum
hybridum — sp, Allium globosum — sp, Galatella sp. —
sol.

(Scabiosa

ochroleuca L., Spiraea trilobata L., Caragana frutex (L.)

KapaI‘aHOBO-CHI/IpeeBO-CKa6I/1030Boe

C. Koch) coobuiecTBo mupoko BCTpedaeTcs 1o CTer-
HbIM y4aCTKaM U CKAOHaM comnok. KycrapHHUKOBBIi1 sipyc
XOpoIo passuT, rae Aoomunupyer Caragana frutex (L.)
C.Koch ¢ mokpsrriem or 35-45%, B poan cybaoMu-
HAaHTa Ha CKAAMCTBIX YYaCTKaX C MOKphITHEM A0 35%

BbICTyIaeT Spiraea trilobata L. — cop, meHee 06mabHDI
Caragana arborescens Lam. — sol, Rosa pimpinellifolia
L. — sp, Spiraea hypericifolia L. — sol, Lonicera tatarica
L.— sol, mokperrie 35-45%, comkuyTocts 04-06,
pexe A0 07. OCHOBY TPaBOCTOSI 9TOM IPYIIIbI ACCOLU-
anuit cocraaser Melica transsilvanica Schur — cop,,
Hypericum perforatum L. — cop,, Scabiosa ochroleuca
L. — cop, K KOTOPBIM MPUMEIIHUBAIOTCS COMY TCTBYIOIIHE
BUADI Pa3HOTPABBbSL.

®ropuctryeckuit cocTa He mpesbimaer 31 Bua,
IIPEACTABACH, B OCHOBHOM, FOPHO-CTEIIHBIMH, PEXe Ie-
TPOPUTHBIMU BUAAMH C IOKpBITHEM A0 60%. 13 comyT-
crByromux BupoB Tunmdssr Achillea millefolium L. — sp,
Artemisia absinthium L.— sp, A. dracunculus L. —
sol, A. sericea Web. — sol, Potentilla virgata Lehm. (P.
dealbata Bunge) — sp, Phleum phleoides (L.) Karst. —
sp, Poa attenuata Trin. — sp, P. angustifolia L. — sol,
Veronica pinnata L. — sol, Verbascum thapsus L. — s,
Agropyron pectinatum (Bieb.) Beauv.— sol, Alsea
nudiflora (Lindl.) Boiss.— s, Dracocephalum nutans
L.— sol, Echium vulgare L. — sol, Anthemis tinctoria
L.— s, Berteroa incana (L.) DC. — sp, Setaria viridis
(L.) Beauv. — sp. B accormaruu mupoKo MpeACTaBAeHbI
PyAepaAbHbIE BUABI (29% OT 06Imero 4rcaa BUAOB acco-
nmanuu). OITIT oxoao 80%.

OKOAOTO-TEOXUMMYECKAs] XaPAKTEPUCTUKA PaCTH-
TEABHOCTH IIPUBOAUTCS II0 Pe3yAbTaTaM MOHUTOPHUHTA
pactureabHocTH 32 2012 1. PacTUTEABHOCTD SBASIETCA
HanboAee YYTKUM M IIOKA3aTEABHbIM HHTErPAABHBIM
MHAMKaTOPOM 3arpsi3HEHUs OKpy>Karomeil cpepbl. Ort-
60p mpob pacTUTEeAPHOCTH OBIA IIPOM3BEAEH HA 6 MapII-
PyTHBIX nocrax. Pacrenus orbupaucs: 4 mpobsr —
Ha MapIIPYTHBIX IOCTAX, PACIIOAOXKEHHBIX HA IPAHULIe
COCTaBa 3arpsI3HAIOMKX BeIlecTs pyAHHKa (Mo 4 0CHOB-
HbIM pym6am); 1 po6a — Ha pyAHHKe, B 30HE aKTUBHOTO
sarpssnenus (3A3); 1 mpo6a — B 1520 M oT mpeanpu-
arus (ponosas npoba).

AASL TOAYYeHUST IPEACTABUTEABHBIX 0OPa3LoB pac-
TEHWUI HA KOKAOM MAapUIPYTHOM IIOCTY C IAOLIAAM
100x100 M OT6HPaAaCb obbeAHeHHas npoba, cocTo-
Amas u3 S UHAMBHMAYaAbHbBIX o6 pacrenuit (1o SO r
kaxAas). OT60p pacTeHuil IPOU3BOAMACS OAHOTO BHAQ.
B cBsI3u ¢ TOBCEMECTHOM PacIpPOCTPAHEHHOCTDIO U Bbl-
COKUMH COPOLIOHHBIMU CBOMCTBAMH OTOHPAAACH IIO-
AbIHB. PacTenus cpesaanch Ha BbicoTe He Hivke S—20 cMm,
YTO yMEHbIIAeT BEPOSTHOCTD 3arps3HEHUS] pacTeHUI
ITOYBEHHOM ITBIABIO.

CocraB 3arps3HSIOMNX BEIeCTB B 30A€ PACTEHUIT
OIPEAEASIACS [IOAYCIIEKTPAABHBIM AHAAM30M. AHAAU3
IIOAYYEHHbIX PEe3yABTATOB IIO3BOASIET CAEAATH BBIBOA
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O HEe3HAYMTEABHOM COAEPXKAHUHU XMMHUYECKUX dACMEH-
TOB, BXOASIIIINX B COCTaB aCCOLMALIUH 3arPS3HSIOMUX
BeIlleCTB PYAHHKA, B 30A€ PACCMOTPEHHBIX PACTEHHH.
B pactuTeAbHOCTH, OTOOpAaHHOI Ha MAPUIPYTHBIX IO-
CTaX, pacIIOAOKEHHBIX Ha TPAHUIIe COCTABA 3aTPsI3HIIO-
IIUX BeIeCTB PyAHHKA, HAOAI0OAQeTCSI He3HAUUTEABHOE
npesbimenue Hap GOHOBBIM ypoBHeM ($poHoBas mpoba
PACTUTEABHOCTH) TIO CAEAYIOIUM 3AEMEHTaM: {HHK —
1,75 pasa, 6op — 3,07 pasa, meab — 1,75, MoAnOAeH —
12,0, suxear — 1,12, xpom — 1,05, Bamapmit — 1,10,
Maprasen — 2,79, crponimit — 3,34, Turan — 1,19 pas,
antnit — 1,52 pasa, pocpop — 1,62 pasa.

Ha osrame AeTaAbHOHM pPa3BEAKH MECTOPOXKACHHS
Hypxasran 8 1999-2000 ropax OBIAO BBIIBAEHO, 4TO
pernoHaAbHbIE OCOOEHHOCTH COCTAaBA IIOABIHH OITHCHI-
BaeMOTO paliOHA BBIPAXKAIOTCS B IIOBBIIIEHHBIX COAEPKa-
Huax (Mo Koo G PHUIMEHTY KOHIIEHTPALUH) HeKOTOPBIX
XUMHYECKUX 9AeMeHTOB. TakuM 06pa3oM, mpeBblIIeHHe
HaA GOHOBBIM YPOBHEM IIO AQAHHBIM BeIjeCTBaM CBsI3a-

HO C MX BbICOKMMH KOHIJeHTPallMsAMH B TaK Ha3bIBaeMOM
«PYAHOM 30HE> PaCCMATPHBAEMOI'O MECTOPOKAEHHU.

ITo pAanupIM MOHUTOpHUHTA 2012 ropa CpeAHsis BeAU-
YKMHAa CyMMAapHbIX [TOKa3aTeAeH 3arpsI3HeHUS PAaCTUTEeAD-
HOCTH COCTaBAseT Zc.cp. 3arpsasHenns — 21,39. Pac-
TUTEABHOCTb IIPOYHO CBS3aHA BOGAUHO C ITOYBEHHbBIM
nokpoBoM. Bce sarpssHsronie KOMIIOHEHTHI pacTeHUs
MIOAYYAIOT U3 TTOYBbI BMECTe C MUTATeAbHBIMHU BelljeCTBa-
mu. [ToaToMy Bo3aeficTBHE OOBEKTa HA PACTUTEABHOCTb
OyAeT COBepIIeHHO aHAAOTHYHBIM C €rO BO3AEHCTBHEM
Ha rousbl. Kak rmokasaHo BbIe, COBpeMeHHOe 3arpsi3He-
HU€ [I0YB [IPEACTABASIET COOO0I IPUPOAHOE IIOBbIIIEHHOE
COoAep>KaHHe TSDKEABIX MEeTAAAOB U TOKCHYHBIX KOMIIOHEH-
TOB B [IOYBOOOPA3YIOIINX MUHEPAAAX.

B T0 e Bpems pusnyeckoe BO3peHCTBUE Ha PacTH-
TeAbHOCTD ITPOM3O0IIAO Ha TeX JKe MAOIIAASX, YTO U $u-
3U4YeCKOe BO3AEHCTBHE Ha MOYBBL. B AaAbHeleM 3TO
BO3AEHCTBUE OYAET IIPOAOAXKATHCS HE3HAYUTEABHO B IIpe-
AeAax IMpeATIoAaraeMbIX NAOIIAAEH HapyIIeHHUs [TOYB.
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Abstract: the article considers the problem of cognitive analysis of the competitiveness of software of information
and communication systems at the design stage. With the use of fuzzy cognitive maps obtained formal description of
the mechanism of ensuring competitiveness of a software product and identified the main regularities of formation
of its competitive advantages in terms of specific engineering design (FFP).

Keywords: software product, competitiveness, the task cognitive analysis, fuzzy cognitive map.

Hadexcoun Eezenuti Huxoraesuy,

Tocydapcmeenmubiii Hay4HO-UCCAE008aAMEALCKULE UHCIUNTYM
UHPOPMAYUOHHBIX MEXHOAOZULL U IMEAEKOMMYHUK AYUIL
E-mail: enadezhdin@informika.ru

HeuyéTkas KOrHUTUBHaA MoAesib MexaHu3ma ooecneyeHud
KOHKYPEHTOCMNOCOOHOCTU NPOrpaMMHOro npoaykra

AnnoTanus: B craTbe paccMaTprBaeTcs 342492 KOTHUTUBHOTO aHAAM3A KOHKYPEHTOCIIOCOOHOCTH IIPOrpPaMM-
HOTO obecredeHns: HHPOPMAIIMOHHO-KOMMYHUKAIIMOHHBIX CHCTEM Ha 9Tare MpoeKTrpoBaHust. C UCIIOAb30BaHIEM
amnmapara He4éTKUX KOTHUTUBHBIX KAPT IOAYIeHO pOPMAABHOE OIMCAHIE MEXAaHU3MA O0ecIiedeH s KOHKYPEeHTOCIIO-
COOHOCTH IIPOTrPAMMHOTO IIPOAYKTA H OIIPEAEACHBI OCHOBHBIE 3AKOHOMEPHOCTH (OPMUPOBAHMS €T0 KOHKYPEHTHbIX

IPEUMYIIECTB B YCAOBUSIX KOHKPETHOI IPOEKTHO-KOHCTPYKTOpcKoit opranusauuu (ITKO).

KAroueBbIe CAOBa: IIPOrPaMMHBI IIPOAYKT, KOHKYPEHTOCIIOCOOHOCTD, 3aAa9a KOTHUTUBHOTO AaHAAN3A, HEYETKAS

KOTHHUTHBHAs KapTa.

Ha coBpemeHHOM 9TaIie rA06aAM3AIME COL[HAABHO-
9KOHOMHYECKHX IIPOIIeCCOB OAHHM M3 CTPAaTernyeCcKuX
HAIPaBAeHUH Pa3BUTHS HAYKH, TEXHUKH U TEXHOAOTHH
SBASIETCSL CO3AAHHE HMHQOPMAITMOHHO-KOMMYHHKAITH-
ounbix cucteM (MKC) HOBOTO mokoaenwus. PeaabHbie
npoekrsl MIKC, xak IpaBHAO, OTAMYAIOTCSI GOABIION
CAOXHOCTBIO, HAYKOEMKOCTBIO M BBICOKOH CTOMMOCTBIO
POEeKTHO-KOHCTPyKTOpckux paszpaborok (ITKP). B za-
AQ4ax KOMIAEKCHOH OIJeHKH IIePCIeKTHBHBIX IPOEKTOB
HKC ocoboe MecTO 3aHIMAIOT BOIIPOCHI AHAAU3A Kade-
CTBA Pa3pabOTKHU U OIjeHKH KOHKYPEHTOCIOCOOHOCTH
nporpamMMHOro obecredenus [ S].

B o61reM caydae KoHKypeHmMocnocooHocmy XapakTepy-
3yeTCsl Kak CIIOCOOHOCTD TOBAPOB OTBEYATDh TPeOOBAHISIM
KOHKYPEHTHOTO PBIHKA, 3aIIPOCaM ITOKyIIaTeAeH B CPaB-
HEHUH C APYTHMH aHAAOTHYHBIMU TOBapamu [ 1, c. 326].

ITo MHEHMIO 9KCIIEPTOB, KOHKYPEHTHbIE IIPeuMyIIie-
crBa MIKC 1 nx 6a30BBIX KOMIIOHEHTOB 00€eCIIeInBaIOTCS
COBMECTHbIM BAUSTHHEM CACAYIOIHX GaKTOPOB:

1. QyHKIMOHAABHOCTb, XapaKTepH3ylomas Ha-
60p pelraeMbIX IIPOEKTOM 3aAAY U OIPEAEASIONIAS AO-
IIyCTUMOCTb MOAEPHM3AI[HHU U BBITYCKA Ha 0a3e IMHAOT-
HOT'O IIPOEKTA AMHENKU U3AEAUI C 3aAQHHBIM HAOOPOM
CBOMCTB U XapaKTepPUCTHUK;

2. 'TeXHOAOIMYHOCTb, KOTOpasi ONpeAeAseT BO3-
MOXHOCTb MACCOBOT'O TUPXXUPOBAHHS IIPOEKTA Ha 6aze
TUIOBBIX PelleH il U KOMIAEKTYIOIUX (B pueMAeMble
CPOKH U 6€3 CyIIeCTBeHHO! MOACPHHU3ALIUH IIPOU3BOA-
CTBa) C COXpaHEHHEM ero MOTPeGUTeAbCKUX CBOMCTB
U CHCTEMHbIX XapaKTePHCTHK;

3. HaykoémkocTs, onpeaesseMas ypoBHEM Teope-
THYeCKOr0o 060CHOBAHNS KOHIJEIII[HHU IPOEKTA K HCIIOAb-
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3yembIx B HéM coBpeMeHHbIX HBMIK-TexHnoAornmii;

4. OnrumasbHOE COYeTaHHE CeHECTOMMOCTH U Ka-
J4eCTBa IIPOEKTA;

S. HaaéxHOCTp M YAOOCTBO 9KCIIAyaTaIMH, AMA-
THOCTHMKHU ¥ 3aMeHbl (HAM MOAEpPHM3AIIMH) OCHOBHBIX
MOAYAEH;

6. HoBu3Ha M OPHIMHAABHOCTD HCIIOAB3yeMbIX
B 00'beKTe OpPraHH3aIMOHHbIX, TEXHUYECKUX U TEXHOAO-
TUYEeCKUX PelleHHUH.

Takum 00pa3oM, KOHKYpPEHTOCIIOCOOHOCTD IIPOAYKT
(M3p€AMS) OTIpeAeAseTCs], C OAHOM CTOPOHBI, Ka4eCTBOM,
TEXHHYECKHM YPOBHEM U €ro IOTPeOUTEeAbCKUMH CBOM-
CTBaMH, U, C APYTON CTOPOHbI, IleHaMH, YCTaHABAMBae-
MBIMU pUPMOIT pa3paboTurKoM u npopasamu. Ha xon-
KYPEHTOCIIOCOOHOCTD CYI[eCTBEHHO BAUSIOT MUPOBBIE
TPEHADI, TIPEATIPOAQSKHBIN U ITOCASTIPOAAKHBIN CEPBUC,
PeKAaMa, UMHAX ITPOU3BOAUTEAS, CUTYAIIHS Ha PBIHKE,
Koaebanms cipoca [ 2; 3]. Boicokast KOHKypeHTOCoco6-
HocTb npoexra MIKC siBAsleTCst HEOOXOAMMBIM YCAOBHEM
oaobpens (yTBepxAeHUs) GU3HEC-TIAAHA U OTKPBITHS
IPOTPaMMBI er0 GUHAHCHUPOBAHHA.

Cnerm¢uxa npoexros MKC mposiBaseTcs B TOM, 4TO
BBIBOA Ha PBIHOK MHHOBAITOHHOTO ITPOEKTA C SBHBIMHU
KOHKYPEHTHBIMU IIPEUMYIIeCTBAMH, OTBEYAIOUMMHU
OOLIUM TEHAEHIIMSIM Pa3BUTHS TEXHOAOTHUH, CIIOCObeH
CyIeCTBeHHO U3MEHHTb UHPPACTPYKTYPY (AaHAmADT)
KOHKYpPeHTHOH cpeabl. Kak mmokasasa MexXAyHapoAHast
IPAaKTUKA, 9P PEKTHUBHOCTb MPOrPAMMHBIX IIPOAYKTOB
(TITI) ceropHsi cAepyeT OIeHHBATh Ha OCHOBE KOM-
[IAEKCHOTO KPUTEPUS TUIIA < PYHKYUOHAALHOCHb-KAYe-
cmeo-cmoumocmo>. OLjeHKa KOHKYpPEeHTOCIIOCOOHOCTH
IIT — 570, mpexKAe BCero, pacyér COCOOHOCTH IpO-
AYKIJMH OBITb 60A€e IIPUBAEKATEABHO AASI IOTpebuTe-
ASI TIO CPaBHEHUIO C APYTHMH H3A€AMSMH aHAAOTHYHOTO
BHAQ M HAa3HAYEHHsI OAATOAAPS Ay4IIEMy COOTBETCTBUIO
CBOMX Ka4eCTBEHHBIX U CTOMMOCTHBIX XapaKTePUCTHK
TPeOOBAaHUSIM AAHHOTO PBIHKA H IOTPEOUTEAbCKHUM
onenkam [ 1, c. 495].

B HacTosIIee BpeMs YHUBEPCAABHBIX METOAUK KOM-
IIAEKCHOM OIJeHKHM M IIPOTHO3MPOBAHUS IOKa3aTeAeH
KOHKYPEHTOCIIOCOOHOCTH TaKUX CAOXKHBIX OOBEKTOB
kak MIKC ne cymecTByeT. B ycAoBusX cTarHammu mpo-
MBILIAEHHOTO IIPOU3BOACTBA, 00YCAOBAEHHOM MHPOBBIM
$HMHAHCOBBIM KPU3HCOM, CAaHKITMAMHU U APYTHMH aK-
TOPaMH, AASL ONIPEAEACHHS] KOHKYPEHTOCIIOCOOHOCTH
IporpaMMHoOro obecreyenus muaoTHoro npoexra MKC
MOXeT OBITD IPUMeHeHa METOAMKA HeYETKOTO KOTHUTHUB-
HOTO MoAeAupoBanus [ 3,4, 6].

ITeAbro cTaTbH SIBASIETCSI KOTHUTHBHBIN QHAAU3 CY-
IeCTBYIOLIET0 MeXaHU3Ma OOecIredeH s: KOHKYPEeHTO-

cnioco6uocru (MOK) IIT Ha aTane mpoeKTUPOBAHHS
¥ OLleHKA PUYMHHO-CAACTBEHHbBIX B3aHMOCBsI3€ll 3Ha-
YUMBIX (paKTOPOB Ha OCHOBE IPUMEHEHHUS U3BECTHOTO
MaTeMaTH4eCKOTO allapaTa HeYEéTKHX KOTHUTHUBHBIX
kapr (HKK) B.B. Cusosa [6].

Wssectnpiit Bup HKK obecneunBaer xoppekrt-
HOCTb $OPMAABHOTO ONUCAHUS CAAOO CTPYKTYpPHPO-
BAHHOM IIPEAMETHOMN O0AACTU UM IPUEMAEMYIO AAS
IPAaKTUKA TOYHOCTbD MOAEAMPOBAHUS IIPOIIECCOB
10 CPAaBHEHHUIO C KAACCHYeCKHMH, 3HAKOBBIMU KOTHH-
THBHBIMH KapTaMu. I[IoHSITHe HedeTKON KOTHUTUBHOM
kapThl CHAOBA IIPeACTaBASIET COOOI pacIInpeHue KAAC-
CHYeCKOTO IMOHSITHS KOTHUTHBHOM KapThl, OCHOBAHHOE
Ha IPeATIOAOXKeHHH, YTO B3AHMOBAUSHHS MEXAY KOH-
IIe[ITAMH MOTYT Pa3AMYATbCsI 10 UHTEHCUBHOCTH, U UX
MHTEHCUBHOCTb MOXKET U3MEHSThCS C TeUeHHeM Bpe-
MeHu. Aasaroro B HKK BBOASIT TOKa3aTeAb HHTEHCHB-
HOCTH BAMSIHUS M OT KAQCCUYeCKOTO OTHOIIEHHSI ITepe-
XOAAT K HedeTKOMy oTHomeHnio W, areMeHTHI W, ;
KOTOPOTO XapaKTepU3YIOT HallpaBACHUE U CTeIlleHb
MHTEHCHBHOCTH (BeC) BAUSIHUS MEXAY KOHI[ETITAMH €,
me;:w, =wle,e), rae w — HOPMUPOBAHHBIN MOKa-
3aTeAb HHTEHCUBHOCTHU BAHSHUS (XapaKTepHuCTUIeCKas
dynxuus ornomenus W ), obaapatomuit paom crie-
LMaABHBIX CBOHCTB [ 6]. Cpear 3THX CBONCTB BBIACAUM
cAepyiomee: W, MPUHUMaeT 3HAYEHME U3 MHTEPBaAd
[~1; 1] mpu mpomeskyTOUHO# CTENeHH TTOAOKUTEABHO-
O VAU OTPHIL]ATEABHOTO BAUSHUSL.

Heuerkasi KOTHUTHBHAS KAPTa OTOOPAKAET HCCACAY-
eMbIil 00BeKT B BUAE B3BELIEHHOTO OPUEHTHPOBAHHOTO
rpada, BepIUINHbI KOTOPOTO COOTBETCTBYIOT dA€MEHTaM
muOxecTBa E (koHITenTam), a AyTH — HeHyAeBbIM Ae-
MeHTaM orHoweHust W, T. e. IPUYUHHO-CACACTBEHHBIM
cBsi3siM. Kaskpast Ayra riMeer Bec, 3apaBaeMblIil COOTBET-
cTByomum 3HaderreM W, ;. Ornomenne W npeacrasu-
MO B BUAE KOTHUTHUBHOM MaTpuupl W = {Wi,j’ i, ] = 1,_;1}
pasmeproctu (11X 1) (71— 41CAO KOHIIETITOB B CHCTeMe),
KOTOpast OyAeT MHTEePIIPETHPOBATHCS KAK MATPHUIIA CMEX-
HOCTH AQaHHOTO rpada. CoCTOsHME CHCTEMBI B TeKYIIUI
MOMEHT BpeMeHH OIIPeAEASeTCS HAOOPOM 3HAYEHHUI BCEX
xounerntoB HKK. IleaeBoe cocTosiHme cucTeMsl 3apaet-
Cs1 BEKTOPOM 3HAY€HUI MHOYXECTBA [}eA€BBIX KOHIIEIITOB.

B pesyabrare H3y4eHUs pacCMaTPUBAEMO IIPEAMET-
HOI 00AACTH 9KCIIEpTaMU OBIA BbIA€ACH HAOOp 6a30BBIX
dakropos (KOHIIENTOB), OKa3biBaIOMKE CYleCTBEHHOE
BAMSIHME Ha QOPMUPOBAHIE KOHKYPEHTOCIOCOOHOCTH
IIT (Taba. 1). TTporiecc KOTHUTHBHOTO AHAAM3A MeXa-
HU3Ma ObecrieueHns KOHKYPEHTOCIOCOOHOCTH IIpo-
rpammuoro npoaykra (MOXK IIIT) npeacTaBum B BHAe
COBOKYIIHOCTH HECKOABKHX JTAIIOB.
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IAramn 1. IToctpoernne HKK mexanusma obecreye-
HUsl KOHKypeHTocnocobHocTu I1IT Ha ocHOBe 2BpuU-
CTHYECKUX AAHHBIX, TIOAyYEHHBIX B XOA€ peaAu3aluu
CIIEIJMAABHBIX [IPOLIEAYP M3BAEUEHHS U 0OpabOTKY HH-
$opManuy 1o MaTepHUaAaM OIIPOCA IPYIIIbI IKCIIEPTOB.

Ha nepsom waze B pe3yabTaTe OIpoca mecTH IKCIep-
TOB BbIA€AEHO 12 cymecTBeHHbIX GaKTOPOB (AaAee —
KoHYenmos), 06ecreYnBaONIUX KOHKYPEHTOCTIOCO6-
HOCTb CO3AaBaeMOTO IIPOTPAMMHOTIO IPOAYKTA. OTH
KOHIIEIIThI YCAOBHO Pa3AeAeHbl Ha 4 rpymmst (Taba. 1).

Ha smopom wiaze saxcriepThl yCTaHOBHAU IIPUYHHHO-
CAEACTBEHHBIE CBSI3U MEXAY KOHIIEIITAMH C BBIACACHUEM
xapaxTepa (HampaBaeHHOCTH). Pe3yAbTaToM Takux Aeii-
CTBUH CTAAO MOCTpOeHHe KOTHUTUBHOM KapThl MOK
I1I1 (puc. 1), opMaabHO OTpakatomiell MPUIHHHO-CAEA-
CTBEHHbIE CBSI3U 0e3 yuéTa HHTeHCUBHOCTH B3aUMOBAU-
STHUN KOHIIEIITOB.

Ha mpemvem waze sKCIepThl IPUBAEKAAMCH AAS
OLI€HKH CHABI BAUSIHUS KOHIIEIITOB APYT Ha Apyra. B un-
Tepecax OPMAAU30BAHHOTO IIPEACTABACHHUS KaUeCTBEH-
HBIX OIJeHOK KaXKAOTO 9KCIIepTa IIPIMeHeHa CTAHAAPTHAS
npoueaypa kopuposanus [7]. B utore no pesyasraram
HCCAEAOBAHMIT ObIAQ TOCTPOEHA KOTHUTHUBHASI MATPHUILA
W= {Wl.,j, i,j=1,12} (Taba.2), AOMOAHSIONIAS KOTHHU-
TUBHYI0 KapTy (pHc. 1). DAeMeHTHI KOTHUTUBHO# MaTpu-
ITbI OTIPEAEASIAMICh KaK YCPEAHEHHBIE 10 YHCAY KCIIEPTOB
OLIeHKH MHTEHCHBHOCTEH BAMSHUS KOHIIEIITOB APYT
Ha Apyra. B moayuennoit HKK npeacraBaens! Hanb6oaee
Ba)KHbIE, HEIIOCPEACTBEHHBIE CBSI3H ME)XKAY KOHIIETITAMH.

AASI KOTHUTHBHOTO aHAAM3a IPUYUHHO-CACACTBEH-
Ho cTpykTypsl u xapakrepuctuk MOK ITIT Heo6xopu-
Ma HH$OPMALUS O HeSIBHBIX P OSIBACHUSIX BAUSTHUS KOH-
IIENITOB APYT Ha APYTa M Ha Pe3yABTAT IIPOIleCca aHAAU3A.
ITpuMepOM TaKOrO BAUSTHHSI MOXKET CAYXKHTD IJeIIOYKa
KOHIJEINITOB, XapaKTepu3yeMasi $parMeHTOM ITyTU B KOT-
uuruBHoM rpade (puc. 1): (e, = e, = e, —> ¢,).

IOran 2. KoanvecTBeHHas OIleHKA OITOCPEAOBAHHOTO
B3aMMOBAMSHUS KOHLIETITOB. AASI 9TOTO Ha IIEPBOM IIIare
BBIITOAHSIOT OIIePaLIUIO TPAH3UTUBHOTO 3aAMBIKAHHUS KOT-
HHUTUBHOM MaTpuibl. V13 MHOXXeCTBa M3BeCTHBIX CIIOCO-
00B TPAaH3UTHUBHOTO 3AMBIKAHISI MATPHULII CMEKHOCTH
BOCIIOAB3Y€eMCSI AATOPUTMOM, peKOMEHAYeMBIM B paboTe
[6, c. 99]. AATOPHUTM 3aKAIOYAETCS B CACAYIOIIEM.

1.0T uCXOAHO KOTHUTHBHOM MaTpHIIbI (cM. Tab6A. 3)
MePeXOAST K KOTHUTHBHOW MaTpUIle IOAOXKHTEABHBIX
csaseit R pasmeproctbio (2-1X2-11) Ha OcHOBe Mpo-
IIeAy PbI 3aMeHbI

ecau W, >0, mo 1, =W, ;5 1, =W, 3

ecan —W,;; <0, mo Bic2j = Wij i =W,

OcraabHble 9AeMeHTHI MaTpuLbl R npuanMaror Hy-
A€BO€ 3HAYEHHE.
2.0npedeAstom mpanH3umueHoe 3amolkaHue He4émio-
20 omuowienus R B coorBercTBUM C BhipaskeHueM [6, c.
29]:
. n
R Z,UlRi =RUR’U...UR", pe R* =RxR.
HPOI/I;BeAeHI/Ie HEUYETKUX OTHOIIEHUIN BBIYHUCASIIOT
COTAACHO IpOLieAype:
ecan D=AxB,t0d,, = max a,, -bk’j,~ i,j=1
3.01 BcomorareabHoO#l Marpuupl R mepexoasr
K TPaH3UTHBHO 3aMKHYTON KOTHUTHUBHON Marpute V ,
9AeMeHTaMu KOTOpoit 6yayT mapst (V, ., V,. ), tAe ¥, 1
V, ; XapaKTepU3YIOT COOTBETCTBEHHO CHAY IOAOXKHTEAD-
HOTO U OTPHIIATEABHOTO BAMSIHUS [ -rO KOHIIENTa Ha ] -1
KOHI[EIIT:
v,; =max (r,

:—max( 1 ).

) V 21 1,252 "2i,2j-1

4.BrraucaeHre AByX ocHOBHBIX ToKa3areaert HKK:

i-1,2j-12 212]

a) BO3AENCTBUE ©-TO KOHuenTa Ha ] -1l KOHIIeIT

7 =i

6) KOHCOHAHC BAVSITHHUA i- -I'O KOHIICIITa Ha ] -1 KOH-

h. —sgn(v +7, )max(‘

LIeIIT

‘v..+17..
) )

Ci,j = —;) (2)
.+ 7.

KOTOPBIN BRIPAXKAET MEPY AOBEPHS K 3HAKY BO3ACHCTBHL.
C ucroab3oBaHHEM ITOAYYEeHHbBIX AAHHBIX MOTYT
OBITH ONpeAeAeHbI HHTEIrPAAbHBIE MTOKA3aTeAH KOHCO-
HaHca U BospeiicTsus [6, c. 102]. PacuérHbie dopMyasI
cucremubix nnokasareaeit HKK cBepeHs! B Taba. 3.

OTAII 3. AHaAU3 Pe3yABTATOB PacIéTOB U 0OOCHO-
BaHHE peKOMEHAAITHIL.

B cooTBeTCcTBHY C TPUBEASHHBIMH BbIIIE PACYETHDI-
MH COOTHONICHHSMH Ha OCHOBAHHHU IIOAYYEeHHOH TPaH-
3UTHUBHO  3aMKHYTOM  KOTHUTHBHOHM  MAaTpPHIIbI

=[(v,;»V.;), i,j=1,n] Beraucasor gacTHbIe/BbIpa-
xerus (1) u (2)/u cucremusie (Taba. 4) mokasaTeAu
HEYETKOM KOTHUTHBHOM MOAEAM.

B TabA. 4 mpeAcTaBACHbBI 3HAYEHHSI CHCTEMHBIX I10-
KazaTeAel HedéTkoM KorauTuBHOm Mopearn MOK TIIT
(ranee — cucrembi).

AHAAN3 ITOAYYEHHBIX PE3YABTATOB CBUAETEAbCTBYET
0 AOMHHHUPYIOIEM IIOAOKHTEABHOM BAMSIHUH KOHIIEIITOB
e, €, U €, U OTPUIATEAbPHOM BAMSIHHMHU KOHIIENTa €,
Ha MOKIIII. Caeays pexomenpanusam B. B. Cuaosa [6,
c. 103], AAAMM KOMMEHTAPHH K PE3yABTATAM KOTHUTHB-
HOTO MOAeAUpOBaHus (cM. TabA. 4).

Konnent 1 < MOHUTOPHHT CerMeHTa PBIHKA U IIPO-
THO3MPOBAHHe CIIPOCa Ha IIPOrPAMMHBIH ITPOAYKT> OKa-

3bIBA€T AOCTAaTOYHO CHABHOE€ BAMSHHE Ha CUCTEMY (Pl =
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=O,328) , @ CHCTeMa HUMeeT He3HAUMTEABHOE BAWSHHE  MAapKeTHHIOBOro HccaepoBaHus poiaka ITIT moxer 6biTh
Ha KOHIIEIT ( 131 :0,058). ITpu oTOM BBHICOKMITI KOHCOHAHC ~ YAY4YIIEHO, 4TO CIIOCOOHO CO3AATh HEOOXOAUMBIE mpeA-
xounenTa ([ . =0,635) MOAYEPKHBAET CTAOMABHOCTD  IOCBIAKH AASL ODOCHOBAHHOM KOPPEKTUPOBKHU KOHIIEII-
yKa3aHHOM 3akoHOMepHOCTH. Ha ocHOBe ocBOeHMA Tex-  ITMM ITPOEeKTa.
HOAOTHH HHTEAAEKTYaAbHOT'O AaHAAM3a AAHHBIX Ka4eCTBO

Tabnuua 1. — CBogHas maTpuLa KOHUENTOB KOTHUTUBHOM MOLENN

Ne HaenTuduka-
HaumeHoBaHue KoHIIeNTa
I TOP KOHIIENTa
A. MapketuHroBoe obecreuerue
1 | MOHHUTOPUHT cerMeHTa pPhIHKA M IIPOTHO3MPOBAHHUE CIIPOCa Ha IPOrPAMMHBII IIPOAYKT €
INTarenTHO-ANIIeH3NOHHOE OOecrievenne [TKP u nmpaBoBast 3amuTa 00EKTOB HHTEAAEK- e
TYaAbHOM COOCTBEHHOCTH ’
3 | Pexaama ITIT 1 mopAepiKKa KAUEHTCKOM 6a3bl €,
4 | CucreMHbIe XapaKTEPUCTUKY ¥ KOHCTPYKTHBHbIE 0COOEHHOCTH CYII|eCTBYIOLINX QHAAOTOB e,
B. Texunoaorus pa3paborku
S | Konnenus npoexra [
6 | YHu¢uKanus, TUIM3AIMI U MOAYAbHAS OPTaHH3AIIH .
6a30Bbix KoMroHeHTOB [ 111 ¢
7 | ManoBaruonnoctp I1IT e,
8 | YpoBeHb aBTOMATH3AIIUH IPOLIeCCa IPOEKTUPOBAHUS &
9 | Mureasexryaspnsie pecypcenl ITKO, kBaauduxanus nepconaaa D
B. OsxnpaeMble pe3yAbTaThL
10 | Cebecrommocts ITIT €
11 | KommaexcHblil moKa3aTeAb 3p $eKTUBHOCTU « PYHKIIMOHAABHOCTh-KA4eCTBO-CTOMMOCTh> €y
12 | O6wém npopax ITT1 €,

1 2 3 | 4
A A

9 o 10 11 y 12

5 | 6 7 8

Puc. 1. KorHntuBHas kapta MexaHn3ama obecrnevyeHnst KOHKYpPeHTOCNoCOOHOCTH
MM (pe3ynbTUpylowme nokasaresnun, BblaeneHbl cepbiM GOHOM)
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Konnenr 2 «IlaTeHTHO-ANIIeH3MOHHOE Obecreye-
uue [TKP 1 mpaBoBas 3amura 06beKTOB HHTEAAEKTYAAb-
HOI COOCTBEHHOCTH > TaK)Ke OKa3bIBA€T CUABHOE BAUSI-
HUe€ Ha CUCTeMY ( 131 =0,329), a cucTema, B CBOIO oYepeAb,
MTOAOXKUTEABHO BAMSET Ha Pa3BUTHE AAHHOI'O KOHIIEINTa
(131 =0,17). DTO cBUAETEAbCTBYeT (C YIETOM BEAUIHHBI
AMCCOHAHCA KOHIJETIT), 4TO Ha OTAEABHDIX CTAAMSX IIPO-
eKTHPOBAHHS CHCTeMa MOXKeT MHUITMUPOBATb AOIIOAHH-
TeAbHbIe MEPOIIPHUATHUSA IO IIPABOBOM 3aIUTe MHTEAACK-
TYaABHO COOCTBEHHOCTH.

Konnent 9 «Mureasexryasbhsie pecypcn ITKO, xBa-
AMQUKALUS IEPCOHAAA>, COAEPXKAHHE KOTOPOTO XapaKTe-

pusyer umetomuiics B [TKO maydHO-MeTOAMYECKIII 3apeA
Y MHTEAAEKTYAABHBII [IOTEHIIMAA, OKa3bIBaeT HanboAee
CHABHOE BAMSIHHE Ha CUCTEMY (139 =0,393). Bauanue cu-
CTeMBbI Ha KOHIIETIT 3HAYMTeABHO cAabee ( 139 =0,157).Io-
Ka3aTeAr KOHCOHAHCA KOHIIENTA U CUCTEMbI AOCTATOYHO
BeAnKH ( H ,=0,591u H ,=0,627), O3TOMY B 1]eAOM KOH-
1enT obecrednBaeT yCHAEHIe CHCTeMbL. BAn30CcTh KOHCO-
HAHCOB CUCTEMBbI U KOHIIEIITa CBUAETEABCTBYET O XOPOIINX
IepCIIeKTUBAX YCHASHHUS CHCTEMbI 32 CUET peaAn3aliiu
Hay4HO-00OCHOBAHHO IIOAMTHKY YIIPABACHHS IIEPCOHA-
AOM C BHEAPEHHEM HOBbIX TeXHOAOTHH IePeNOATOTOBKH
U TIOBBIIIEHNS KBAANPHKAIINU BEAYIINX CIICIIUAAUCTOB.

Tabnuua 2. — KorHuTteHasa matpuua W = {Wi,]., i,j=1,12} MOK MNn

Howep 1 2 3 4 s 6 7 8 9 10 | 11 | 12
KOHIIeITa

1 0 | 040 | 025 [ 025 [ 09 | 0 0 0o [ 05 | o 0 0
2 0 0 [ 05| o [08 [ o 0 0 0 | 04 [ 055 03
3 0 0 0 0 0 0 0 0 0 0 0 | 055
4 0 045 |-035] 0 [065] 0 0 0 0 0 |-025] 0
5 0 0 0 0 0 [ 06 | 08 | o0 0 0 [045 | o
6 0 0 0 0 0 0 |-030]025] 0 [-050] o0 0
7 0 0 0 0 0 0 0 [-036] o0 0 [048 | o0
8 0 0 0 0 035 0 0 0 0 |-048] o 0
9 024 | 0,55 | 0 0 095 ] 0o [095] 05 [ 0 [-040] o0 0
10 0 0 0 0 0 0 0 0 0 0 | -0,75]-085
11 0 0 [045 | o 0 0 0 0 0 0 0 | 095
12 0 0 |06 ] 0 [ 04 ] 0 0 0o |03 | o 0 0

Bausnue xoHnmenTa 8 «YpoBeHb aBTOMATHU3ALMU
Ipoliecca MPOeKTHPOBAHUS » HA CHCTEMY OTHOCHTEABHO

uepeanko ( P, =0,125). Boaee TOro, o AAHHBIM MOAEAH-

POBaHus, CUCTEMA CaMa B HEKOTOPOH CTENIeH! AeMIIH-
pyeT (TOPMO3HT) aBTOMATH3ALMIO POLIEAYP TIPOEKTH-

poBaHuUs (12 =-0,036).

Tabnnua 3. — Cucrtemtsble nokasatenn HKK

NO 1. 11. HanmeHoBaHue mokasareast PacuéTHas dopmyaa
1 2 3
1 KoHnconaHc BAMSHMS i-TO KOH- Z": o
IleITa Ha CUCTEMY go5 hi
=
n . .
O, ; — KOHCOHAHC BAMSHHUSA ! —TO KOHIIENTA HA ] —H KOHI[ENT.
2 KoHrcoHaHC BAUSHHUS CHCTEMBI Z":
g a. .
Ha j-} KOHIIeNT g - by
] n . .
Q; ; — KOHCOHAHC BAMSHHSA ! —TO KOHIIENTa Ha | —1 KOHIIEMT.
3 AmccoHaHC BO3AEHCTBUS i-TO Z": d
KOHIJEIITa HA CUCTEMY B o L
=
n
di’] — AMICCOHAHC BAUSIHUS 1 —TO KOHI[ENTa Ha ] —H KOHI[ENT.
4 AMCCOHAHC BO3AEHCTBUS CU- n p
CTEMbI Ha j-i KOHLIEIIT - Z ij
D — i=1
! n
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1 2 3
N BosaeiicTBre 1-r0 KOHIENTA Z": o
ij )
Ha CUCTEMY p =it
l n . .
@, . — BO3AEVICTBHE 1 —T0 KOHIIEITa Ha ] —¥ KOHI[EIIT.
n
6 BosaericrBue cucremsr Ha | -it waj
KOHILIENT P = =
n
7 IToxasareAb IleHTPaAU3AITUI Ef=Pp—P
BO3AENCTBUS ' ' '

AaHHBII PE3yABTAT MOXXHO OOBSCHHUTH BBICOKHM
IPOLIEHTOM HHTEAACKTYAABHBIX 33Aa4, CAOXKHBIX AAS
PopMaAu3aIMH U TPeOYIOIIMX HHAMBHAYAABHOTO TTOA-
XOAQ K pemenuio. B To e Bpems, ykaxkeM Ha BO3MOX-
HOCTb YCHAEHUS POAH HAYYHO-000CHOBAHHO IIOAMTHKH

YTIPaBAEHUS IPOEKTOM, B YACTHOCTH, 33 CYET palldOHAAD-
HOM OpPraHU3ALIMU PAOOTHI CTPYKTYPHBIX IIOAPAAECACHHUI
ITKO (MAM pOrpaMMHCTOB) Ha OCHOBE TEXHOAOTMH I1a-
PAAAEABHOTO IIPOrPaMMHMPOBAHUSL.

Tabnuua 4. — Pe3ynbTathl pacyéTa CUCTEMHbIX MOKa3aTenen HeYETKOM KOTHUTUBHOM MOOENM

Ne IToxasareaun ITokazareaun IToxazareaun Hoxazarean
IIeHTPAAU3ALHH
ILIL KOHCOHaHCa AMCCOHAHCA BAMSTHUS
BAVSTHILS
H H, D, D, P p E,

1 0,635 0,668 0,365 0,332 0,328 0,055 0,273

2 0,366 0,735 0,634 0,265 0,329 0,170 0,159

3 0,718 0,627 0,282 0,373 0,152 0,225 -0,072

4 0,327 0,679 0,673 0,321 0,163 0,032 0,131

S 0,536 0,674 0,464 0,326 0,196 0,403 -0,207

6 0,541 0,72 0,459 0,28 0,084 0,283 -0,199

7 0,45 0,579 0,55 0,421 0,143 0,357 -0,214

8 0,754 0,273 0,246 0,727 0,125 -0,036 0,161

9 0,591 0,627 0,409 0,373 0,393 0,157 0,236

10 0,745 0,383 0,255 0,617 -0,285 -0,148 -0,138
11 0,718 0,537 0,282 0,463 0,263 0,256 0,007
12 0,703 0,581 0,297 0,419 0,221 0,360 -0,139

Bausane xongenta 10 «CebectonMocTb mpoexTa>
Ha CHCTEMY SBASICTCS] OTPHIIATEABHbIM (P,=-0,285) npu
BBICOKOM KoHcoHaHce konuenta ( H,, =0,745), uro aerko
OOBSICHIMO B KOHTEKCTE PAaCCMATPHBAEMOM IIPOOAEMBI
obecreueHNs KOHKYPEHTOCIIOCOOHOCTHU IPOEKTA HA PBIH-
Ke IPOrPaMMHBIX IPOAYKTOB. OTMETHM, YTO CHCTeMa
B CHAY 3aA0XKEHHOTO B €€ CTPYKTYpPy HHHOBAIJMOHHOI'O
norennaa [TKO rtaxcke oTpuiaTeAbHO BAMSIET Ha KOH-
nenr ( 131 6= 0,148). D10 O3HaYaeT, YTO B PacCMATpHBa-
emotit ITKO mmeroTcst ckphIThie OpraHU3alHOHHO-TEXHO-
AOTHYECKHE IIeTIOYKY KOHIIENITOB, COBOKYIIHOE ACHCTBHE
KOTOPBIX HAIIPaBAEHO Ha CHIKeHHe cebecronmoctu I1I1
1, CAGAOBATEAbHO, Ha yBeardeHne crpoca Ha I1I1.

Omnmpasice Ha pe3yAbTaThl IPOBEAEHHOTO KOTHUTHB-
HOTO aHAAH32, MOYKHO IIPEATIOAOXKHTB, YTO HAUOOABIIHIT
IIOAOKUTEABHBIN 3QPEKT CAEAYeT OXKHUAATh OT COTAACO-
BaHHOTO M3MEHEHHs IPYIIIbl YIIPAaBAsIEMbIX KOHIIEIITOB

HKK, xoTopble HaXOASITCS B IIeIIOYKe IIPUINHHO-CACA-
CTBEHHO! CBSI3M U B COBOKYIIHOCTH O0€CIIeYHMBAIOT
ycTorauBoe BospericTBue Ha cuctemy — MOKIIIL Xa-
PaKTepHBIMH IPUMePaMU 3AeChb MOT'YT CAY>KUTD ABe Iie-
IIOYKU KOHIIEIITOB: €, —> €, —> €, —> €, u e —»> €, —>
e, — e,,. Pe3yApbTaThl KpUTHYECKOTO aHAAM3A U B3Be-
IIeHHOH OI[eHKH ITOTEHITHAAA YKA3aHHOTO pecypca CIIo-
COOHBI IIPUAATH HOBBIN UMITYAbC HHHOBALIIOHHBIM IIpe-
obpaszoBaHusaM B cucreMe yrpasaeruu [TKP.

BriBopbI

1.

Ma obecneyenns koHKypenrocnocobuocru II1 B Bupe

q)OpMaAbHoe IIPEACTABACHHE MOACAN MEXAHU3-

HEYETKOM KOTHUTHUBHOMN KapThl IO3BOAMAO CHUCTEMAaTH-
3HUPOBATDh 3HAHUS [PEAMETHO 00AACTH U OIIBIT dKCIIEP-
TOB B MHTEPECaX BhIABACHHS 3aKOHOMEPHOCTEH U KOAH-
YeCTBEHHOM OLIEHKM CTENE€HU BAUSHHS Pa3HOPOAHBIX

¢pakropos ITKP.
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2. Bxopae xoruntusnoro asaansza HKK ma ocaose
IPOTPaMMHO-PEaAN30BaHHON METOAMKH BbISIBACHBI 3Ha-
quMBbIe GAKTOPBI (MOHI/ITOPI/IHI‘ CerMeHTa PBIHKA H IIPO-
rHosupoBanue crpoca Ha [1I1; mareHTHO-AMIIEH3HOH-
Hoe obecrevenne ITKP u npaBoBast 3amura 06beKTOB
HHTEAAEKTYaABHOM COOCTBEHHOCTH; HHTEAAEKTYaAbHbIE
pecypcnt ITKO, kBaauduxanus nepconasa). B cayuae co-
TAACOBAaHHOTO MU3MEHEHMUSI (HaCTpoﬁKH) XapaKTePUCTHK

9TUX KOHIENTOB PACIIUPSIOTCA BO3SMOXXHOCTHU AAS pea-
AM3AITMH KOHKYpeHTHbIX npeumymects I1I1.

3. IloAydyenHble pe3yAbTaThl MOI'YT CTaTh OCHOBOM
AASL pa3pabOTKH IIPOrpaMMBI pEUHKUHUPHHIA, KOTOPAsI
IIO3BOAMT CO3AATh 9QPeKTHBHYIO CUCTEMY YIIPABAEHHUS
pecypcamu u ykperuts nosuun [TKO Ha cooTBeTcTBy-
IOIlleM CerMeHTe PhIHKA HHPOPMAIIMOHHbIX TeXHOAOTHI
U IPOrPaMMHBIX IIPOAYKTOB.
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One power sums of natural integers at arbitrary intervals

Abctract: The formulas for calculating of sums of the arbitrary powers of natural numbers with different intervals

and the initial number are received. Results for powers from «1» to «4>» and intervals from «3» to «4» are given.

Applications of the results are reviewed.

Keywords: partial sum of one power series, the sum of the natural numbers in the same powers.

The formulas for calculating of sums of the arbitrary
powers of natural numbers with different intervals and
the initial number are received. Results for powers from
«1>» to «4» and intervals from «3» to «4> are given.
Applications of the results reviewed.

The question about sums of natural numbers is
old problem, and it was discussed in the works of
Euler, Bernoulli, and other mathematicians [1; 2; 3].
We introduce the notation of such sums in the form of

(s =S(e(k-)m). ()
In(1) m — mterval sum, i. e. the difference between
two consecutive natural numbers, # — the number of
summands, ¢ — the power of natural number, | — the
first summands. The sum of # summands of an arithme-
tic progression {ao + ak} in our notation has form
S, (1’1;1;(10 ) . The references [4; S; 6] the formula for the
sum with interval «1>» up to t =7 . For example,

Sl(n;l;l) = @; Sl(n;2;1) _ S, (n;1;12(2n+1);
Sl(n;?);l):(sl(n;l;l))z;
S (nm32;1)(3n* +3n—1) - (2)
Sl(n;4;1): ‘(n )(5” +on )

In addition in [S] the general formula for arbitrary

powers t has form S (n;t;l) =>k' with using of the
k=1

binomial coefficients C, =q!/ sl(q - s)! and Bernoulli
numbers B,. Thus, the question about sums at intervals
of «1» was decided. Similarly, the question was resolved
for sums with interval «2>. For example, in the references
there are only three such formulas:

S, (n;l;l) :i(2k—l) =n’

k=1
4n’ -2
S, (n;2;1)=¥;
S,(m31)=2n"—n".

As for sums at intervals #2=3;4;5;..., we did not
find the relevant formulas, and in this paper we present
the expressions and give general formulas without the
use of the Bernoulli numbers.

First we get in our method of the general formula
relating the sum of consecutive integers in different
powers S, (n;t ;1). In the literature there is this bundle,
but it is presented in the form of disordered sum of

summands and Bernoulli numbers. We write

S, (m3251) = Zkz Z(1+(k—1)) —n+22k+2k2—1
+ZCSZk —1+2Ct81(n I;s;1). (3)

s=0 k=1
Generalizing (1), we can write a general recurrence

relation

Sl(n;t;l)

il[(n f) o1 ZCMI(n;s;l)} @)

which allows for the previous sums at intervals «1» to
get the following sums. We found no such correlation in
the literature.
Then turn to the intervals «2», «3», «4>», and so
on. First look at an example.
S, (4:3;1)=1+4"+7" +10° =1+(1+3-3+3'32 +33)+
+(1+3:643-6+6")+(143:9+3:9°+9" )= (5)
=1+3+3°S,(3:51)+3'S,(3;251) +3°S, (3;331).
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Equation (S) shows that the sum with interval «3»
can be expressed by the sums with interval «1>», which
we can find by (4). Generalizing (S) we have

S, (n;t;l)z1+2kafSI(n—1;k;1). (6)
k=0

Using (4, 6), we received a new relatively simple
analytical formulas for calculating of the sums with
m=2;3;4;5, t =152;3;4 and with arbitrary 7. (See
table Ne 1).

Always S, (n;O;l) =n; S, (l;t;l) =I'. Next, the
question is appear about calculating of such sums at an
arbitrary initial summand [. In the reference books such
question is not entered, but we decided it. We received
the such relationship

S, (n;t;l)=Zt:Cme (n;k;l—l). (8)
k=0

For example, 33(11;2;2) = 33(n;0;1)+253(n;1;1)+
+8,(m2;1) = (6113 +3n’ —n)/2. Indeed, S, (5;2;2) =
=2"+5+8 +11°+14° =410.

We do not present other analytical expressions sums,
as they are bulky and the reader can get them himself
by the formulas (4,6). Application amounts formulas is
extensively: save computer time, the solution of nonlinear
Diophantine equations, analysis of the type in Fermat’s
last theorem and its generalizations, generating prime
numbers.

Table N2 1. Formulas sums S, (#;1;1), where m — interval, # -number of summands,
t — the powers of summands, the first number is «1»

1 .| 2 -
Sz(n;4;1):ﬂ( 5+8(n )(6n + )); SS(n;l;l):M;
15 5
3 a2
53(n;z;1):(6”z—””);
— 2_ _
53(11;3;1):”(3” 1)(941’1 3n 4);
s, (mis1) = n(162n" —135n° = 90n’ +60n+13);
10
(16n3 —12n’ —n)'

54(n;1;1):n(2n—1); S4(n;2;1): 3 ;

S, (m3;1) = 11(271—1)(8112 —4n—3);

n(768n4 —9601n° —160n> +360n +7)

SARANE I

84(71)4,1): - )
— 50n° —45n+1
SS(n;l;l):@; Ss(ﬂ;Z;l):n( n : n+ );
S, (m;351) = ”(5”‘3)(2?2 —15n—8);
n(750n* —1125n" +50n° +360n—29)
Ss (1’1,4,1): - ;
References:

Sizyi S. V. Lectures on the theory of numbers, FIZMATGIZ, M., 2007.
Poznyakov S. N. and Rybin S. V. Discrete mathematics. M., Academy, 2008.
Dicson L. E. History of the Theory of Numbers, V. II, CPC, New York, 1971.

Korn. G., Korn. T. Handbook of mathematics, Science, GHML, M., 1974. P. 31, 13S.

Gradstein L. S., Ryzhik I. M. Tables of integrals, sums, series, and products. GIFML, Moscow, 1962. P. 15-16.

A brief Physico-Technical reference. under.ed. by K. P. Yakovlev, GIFML, M., 1969. P. 9.

21




Section 5. Machinery construction

Section 5. Machinery construction

Karimov Rasul Ishakovitch,
Tashkent State Technical University named after Abu Raikhan Beruni,
professor, Department Mechanisms and elements of machines

Baratov Nortoji Baratovitch,
Tashkent State Technical University named after Abu Raikhan Beruni,
reader, Department Mechanisms and elements of machines

Begimov Nurullo Nazarovitch,
Tashkent State Technical University named after Abu Raikhan Beruni,
reader, Department Mechanisms and elements of machines

Shaxabutdinov Rustam Erkinbaevitch,

Tashkent State Technical University named after Abu Raikhan Beruni,

senior research worker-investigator, Department Mechanisms and elements of machines
E-mail: rus-0373@mail.ru

Investigation of the cam mechanism taking into
account of the elasticity of the drive

Abstract: the results of the theoretical investigations law of motion of the shaft asynchronous electric motor and
the shaft of the cam machine unit taking into account elasticity of the belt drive are given in this article.
Keywords: Asynchronous electromotor, machine unit, cam, pusher rod, elasticity, mathematical models.

Kapumos Pacyrv Hcxaxosu,

Tawkenmckuii 20cy0apcmeeHHbIil MexHU4eckuil yHusepcumem

umenu A6y Paiixana Bepynu, npodeccop xapedpor “Mexarnusmot u demaiu mawiun”
Bapamos Hopmoxu bapamosu,

Tawkenmckuii 20cy0apcmeeHHbIil MexHU4ecKuil yHusepcumem

umenu A6y Patixana Bepynu, doyenm xagedpu “Mexanuszmuot u demaru mawun”
Bezumos Hypyaro Hasaposuu,

Tawkenmckuii 20cy0apcmeeHHbiil MexHU4eckuil yHusepcumem

umenu A6y Patixana Bepynu, doyenm xagedpu “Mexanuzmor u demaru mawun”
Ilaxabymouros Pycmam Dpkunbaesud,

Tawkenmckuii 20cydapcmeeHHbiil MexHU4eckuil yHusepcumem

umenu A6y Patixana Bepynu, cmapwuil nayunviti compyoHuk-ucciedosamern
kagedpor “Mexarnusmol u demaru mawiun”

E-mail: rus-0373@mail.ru

UccnepoBaHue AHaAMMKM KYyJ1a4KOBOro MexaHn3ama
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CoBpeMeHHbIX TEXHOAOTHYECKUX MAIIMHAX OOABIIOE
IpYMeHeHHEe TOAYYUAN KyAQ9KOBbIe MEXaHH3MBI C IIOCTY-
IIaTeAbHO ABIDKYIIMMCS ToAKaTeAeM. FccaepoBanue pu-
HaMHKH MAIIMHHBIX arPeraToB C y4eTOM AUHAMUYECKUe
XapaKTePUCTUKHU IACKTPOABUTATEAS], YIPYTOH IepeAadnt
U KMHEMAaTUYeCKUX, AMHAMUYECKUX XapaKTePUCTUK UC-
ITOAHUTEABHOTO MEXAHHM3MA IIO3BOASIOT OIIPEAEAUTD Pa-
IJMOHAABHBIE ITAPAaMeTPhI IPUBOAA U UCTIOAHUTEABHOTO
MeXaHHM3Ma MalIMHHOrO arperarta. B cBssu ¢ arom Hamu
paccMaTpuBaeTCsa AMHAMHUKA SAEKTPOMEXaHUYECKOM CH-
CTEMBI COCTOAIINI U3 ACUHXPOHHOI'O JIAEKTPOABHUIATEAS,
PeMeHHOM IepeAadr U KyAauKoBOro MexaHusMa. CocTas-
A€Ha TPEXMACCOBAs AMHAMUYECKASI MOAEAD PaCCMAaTpUBa-
eMOro MaluHHOro arperara. [Tepsas Macca oTobpakaeT
HMHEPIIMOHHbIE TIApaMeTPhl POTOPA 3AEKTPOABHUIATEAS,
BTOpAsi Macca OTOOpakaeT MHEPLIMOHHbIE ITapaMeTpPbI
KYAQUKa, TPEThsI MACCa 0TOOpaXKaeT HHEPLHOHHbIE [Tapa-
MeTPbI TOAKATEAS] KYAQYKOBOTO MexaHu3Ma. Heobxoau-
MO OTMETHUTD, YTO KYAAYOK M TOAKATEADb CBSA3aHbI MEXAY
c000¥1 HeAUHEMHO QYHKIINEN IIOAOKEHMS, OIIPEACAsie-
MO TpoPHUAEM KyAQUKa.

AAsl cocTaBAeHMSA MaTeMaTHIeCKOM MOAEAH paccMa-
TPHBAEMOT'O MAIIMHHOTO arperara ObIAM HCIIOAb30BAHbI
ypaBHeHus Aarpamka 2-ro poaa. [Ipumem ynpyro-auc-
CHUIIATHBHbIE IIApaMEeTPhl PEMEHHOM IePeAadH IO CXeMe
YIIpyTO-BsI3KOTO Teaa [ 1; 2] a B KavecTBe 0606meHHbIX
KOOPAMHAT YTOA [IOBOPOTA POTOPA SAEKTPOABUTATEAs ),
U yTOA IIOBOPOTA KyAQ4Ka @ , C y4ETOM 9TOTO yPaBHEHMUSI
Aarpamxa 2-ro popa MOXKHO 3aIIMCaTh B CAEAYIOLIUM BHAE

d(oT) 8T ol o0
e L YR
dt\ o¢, ) o¢, 04, 09,

(1)
d(or) oT oI od
| AT |\ T i T T A T A 552(¢K)'
dt\o¢, ) o9, 09, 04,

rae, T - kuHeTHYeckas oHeprus cucreMsl; ¢, ¢, — 0606-
LIleHHble KOOPAMHATBI; ¢, -yTAOBAsI CKOPOCTb KYAQuKa; @,
— YTAOBasi CKOPOCTb POTOpa dAeKTpoaBurareas; M, —
ABIDKYIIMI MOMEHT Ha BaAy POTOPa dAEKTPOABHUIATEAS;
II -morenIMaAbHas 9Heprus cucTeMsl; O — AMccUIaTHB-
Has pynkus; P, (¢K) — MIPUBEAEHHAs K BaAy KyAadka
CHAQ TeXHOAOTMYECKOTO CONPOTUBAEHUS ACHCTBYIOIAs
Ha TOAKATeAb.

Omnpepeasisi cocTaBASIFOIIUE BXOASIIHE B YPAaBHEHHS
Aarpamxa 2-To poaa [3], 3apaBas MOMEHT pa3BuUBaeMoit
ACHHXPOHHBIM JAEKTPOABUTATEASIM B BUAE €I'0 AUHEAPU30-
BaHHOM AMHAMUYECKOH XapaKTepHCTUKH MaTEMATUYECKYI0
MOAEAb MAIIMHHOT'O arperara ¢ KyAauKOBbIM HCIIOAHUTEAD-
HBIM MEXaHU3MOM, IIPH y4eTe YIIPYTOCTH peMeHHO 1epe-
AQ4U MOYKHO 3aIlCaTh B CACAYIOIIEM BUAE.

dM
dt

]aq‘ga =M, + bluxa (¢x - urcdqsa ) tou, (¢K —u 9, ); (2)
[+ ms7 (9.6, ==b(9.~ 10 )=, (9. ~u.9,) -
—m s, (6,)s1(8,) = Psi(4.)-

rae, M, — ABIDKYIIMIT MOMEHT Ha BaAy POTOPA JAEKTPO-

2 =2M @ —2PM ¢ u, —w.s M,;

ABUTaTeAst; M — KpUTHYeCKHII MOMEHT JAeKTPOABHTaTe-
ASl; @, — KPYTOBas YacTOTa ceTH; P — 4rcAo0 map IMoAI0CcOB
9AEKTPOABUIATEAS]; @, — YTAOBASI CKOPOCTb KyAQUKa; U,

— IepeAATOYHOE OTHOLIEHHE MEXKAY dAeKTPOABUTATEAEM
u kyaauxom; U, =(w, /@ )=1/u_; S, — xpurmaeckoe
CKOABXeHUe; J, — MOMEHT HHEePLIUH POTOPA IAEKTPOABHU-
raTeAss; ¢b — YTAOBAsl yCKOPEHHS POTOPa 9AeKTPOABHUTATE-
Ast; b, — x0oPuLIMEeHT IKBUBAACHTHOTO AMHEIHOTO CO-
IPOTUBAEHHS peMeHHOM IIepeAayH; gb.a — yTAOBasi CKOPOCTb
POTOpPa 2AEKTPOABHUIATEAST; €, — XKECTKOCTb PeMEeHHOM
nepeaauw; M, —Macca Toakareass; S, (4, ), 55 (4, ) —anasor
CKOPOCTH M YCKOPEHHS TOAKATEeASL.

Cucrema HeAMHENHBIX AUQPPepeHITMAABHBIX ypaBHe-
uwmit (2) pemasach meropoM Pynre-Kyrra ¢ aBromaride-
cpeae
«MathCAD15> mpu cAeAyIOIIHX HA9aABHBIX YCAOBHISIX:
(Ma)o = O; (¢a)o = 0; (¢a)o = 0; (¢k)0 = 0; (¢k)0 =0.Bxaue-
CTBe ABUTaTeAS OBIA IIPUHST ACHHXPOHHBII 9AEKTPOABUTA-
Teab 4 A63 B6Y3 momuocTbio B N=0.25 kBT, KOTOpBII

FIMEeT CAEAYIOILYe TAPAMeTPhl: CHHXPOHHOE YHCAO 060-

CKHMM BbI60pOM mara HMHTETpUpOBaHMA B

poros poropa 1. =1000 06/mMuH, HOMHHAABHOE YHCAO
060opoToB poropa 1, =890 06/MuH, KO3PPULIIEHT Tepe-
rpysku A = 2,2, MaXOBBIIl MOMEHT POTOPA SAEKTPOABHIa-
Teast mD® =86-10 kem’ . PacueTHBIM ITyTeM 6b1AM OIIpe-
A€AeHbl HOMHHAABHBII MOMEHT 3AEKTPOABHIATEASI
M, =2,68Hx
M, =2,68 Hm , HomuHaabHOe ckoabkerue S, = 0,11, xpu-

KpI/ITI/IlleCKI/Iﬂ MOMEHT  ABHIAaTCAA

THYecKoe ckoabkeHue S, = 0,458, grcao map moArcos
P=3,

-1
®, =314c" . B xauecTBe U3MEHEHNS AHAAOTA YCKOPEHHS

9AEKTPOABHUIATEAS KpyroBasi 4acTOTa CeTH
BEAOMOTO 3BeHa ObIA HCIIOAB30BAH CHHYCOUAAABHBII 3a-
KOH. /ABIDKEHIE TOAKATEAs] B 3TOM CAy4ae IPOHCXOAUT Oe3
JKeCTKUX U MATKUX YAApOB. I lepeMemnienus, anaaor ckopo-
CTU M YCKOPEHUS AASL Ppasbl YAAACHHS TOAKATeAs] UMEIOT

CAEAYTOLIMM BUA

s.¢)=h &1

.| 27
—sin (A

¢1 2 7[ ¢1
2,

HPHO<¢1<< 1)

£6)="1 1-cos pr 0<¢, <45 (3)

1 1

5;’(¢k ) =75

npu 0< ¢, <¢,.
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Section 5. Machinery construction

INepeMelneHust, aHAAOT CKOPOCTHU U YCKOPEHHS AASL
{a3bl AAABHETO BBICTOSI TOAKATEAS]
52(¢k) =h npu ¢1 < ¢k <V,;
(6 =0 mpn ¢, <, <V (4)
5;’(¢k) =0 opu ¢1 < ¢k <y,.
INepeMelneHus], aHAAOT CKOPOCTHU U YCKOPEHHS AASL
(pasbl COAVDKEHHUS TOAKATEAST

oy &z (2700 -y
s,(¢)=h—h ) P sin Py

npu ¥, <@, <y,; (3)

npu y, <¢k <y,.

ITepememmeHus], aHAAOT CKOPOCTH U YCKOPEHHUS AASL

¢a3bl OAMDKHETO BBICTOSI TOAKATEAS
52(¢k) =0 opu ¢k <y,
5;(¢k):0 nopu ¢k <y, (6)
Sg(qsk) =0 npu ¢k <y,

Tae, I — MaKCHMMaABHBIN XOA TOAKATEAS], ¢, — yTOA
nosopora Kyaauka, ¥, =4 +4,); v,=(4+4,+¢,),
¢, =100" — yroa ysaaeHus: Toakareast, ¢, =60" — yroa
AAQABHETO BHICTOSI ToAKaTeAs, ¢, = 100" — yroa coamkenus
TOAKATEASI, yTOA OAVDKHETO BbICTOsI paBHsiacst 100°.

3aKOHOMEPHOCTH U3MEHEeHHS MOMEHTA Pa3BHBAEMOTO
ACHHXPOHHBIM 9AEKTPOABHIATEAEM, YTAOBOH CKOPOCTH,
YCKOpEeHHS BaAd POTOPa dIAeKTPOABUTATEAS], BAAA KYAAUKA,
B YCTAQHOBUBIIIEMCSI PeXXUMe PabOThI MAIIMHHOTO arperaTa
OIIEHMBAAU CAGAYIOIMMU KpuTepusmu: AM, — pasmax
KOAeOaHHIT KPY TSIEro MOMEHTA Ha BAAY POTOPA 9AEKTPO-
asurareas; H,,, H,, — pa3amMax Koaeb6aHHi1 yTAOBO# CKOPO-
CTH U yTAOBOT'O YCKOPEHHUS BaAa pOTOpa; 0, — Koadppuiym-
eHT HepaBHOMEPHOCTH X0Aa poropa; H, , H, — pasmax
KOAeOQHMUIT yTAOBOI CKOPOCTH H YTAOBOTO YCKOPEHHSI BAAA

KyAQuKa; O, — KO9pPUIMEHT HePaBHOMEPHOCTH XOAQ BaAd

K

KYAQ4IKa; Ot KpUTEPHH OIIPEACASIANCH ITO CACAYIOIHNM

BbIPa)KeHI/IﬂMZ
AMD = Mﬁmax _Mr)min ; H(vb = a)()max _a)amin ;
() +o, .
— . _ __0max omin — _ .
56 - Hwb /a)r)cp ) a)r)cp - 2 ) H(wc - wkmax a)Kmin )
[0 T+
p— . — Kmax Kmin . —_ .
51( - HwK /a)xcp ) a)mp - 2 ) Hsb - gamax omin )
Hz»;rc = 8Kmax - 8;{min °
B arux Bepakenusix M, , M, . — aKcTpeMaAbHbIe

3HAQYEHMS MOMEHTA PAa3BUBAEMOTO JAEKTPOABUTATEAEM,
[0) [0

dmax ? "~ 0min

CTH BaAa POTOPA JAEKTPOABUIATEAS], (0]

N
Kmax Kmin

— OKCTPEMAAbHBIE 3HAUCHM L YFAOBOﬁ CKOpO-
— 9KC-
TpeMaAbHbIE 3HAYECHM YFAOBOﬁ CKOPOCTH BaAa KyAdUKa,
&

»E .
Kmax Kmin

— 9KCTPEMAADHDIE 3HAYEHM S YTAOBOI'O YCKOpE-

HUA BaAa KYAQuKa, €, >E;n, — IKCTPEMaAbHbIE 3HAYEHM

YTAOBOTO YCKOpPeHHs BaAa poTopa. Bce BpimeykasaHHbIe
KPHUTEPHH OIIPEACASAUCH [IPU Bapuauuu @,, m,, h .

AHaAU3 TIOAyYeHHBIX AQHHBIX ITOKA3aA, YTO C YBEAU-
yeHHeM Macchl ToaKareasi ¢ 10 kr oo 20 xr, mpu P.=400 H,
¢, =400 Hm, b, =1 Hwmc , u,=0,16, h=0,05 M, npowuc-
XOAHT yBeAYeHHe pa3Max KOAeOaHHUI MOMEHTA JAeKTPO-
apurateass AM, ¢ 6,3 Hm a0 8,8 HM. Pazmax koaebanuit
YTAOBOH CKOPOCTH POTOPA SAEKTPOABHIATEAS YBEAHYH-
BaeTcst ¢ 26 ¢! 40 40 ¢!, pa3amax KoAeb6aHHUIT YyTAOBOTO
yckopeHus poropa Bospactaer ¢ 1358 ¢ o0 2988 ¢,
a k09 PUITMEeHT HePaBHOMEPHOCTH X0Aa BaAa pOTopa
Bospactaet ¢ 0,25 po 0,4. IIpu Tex sxe mapamerpax Mexa-
HHM3Ma pa3Max KOA€OAHHUIT yTAOBOM CKOPOCTH KyAaduKa
yBeamuuBaercsi ¢ 6 ¢ o0 10 ¢, a koadppurueHT Hepas-
HOMEPHOCTH X0AA KyAadka Bo3pacraeT ¢ 0,4 poo 0,6, pas-
MaxX KOAeOaHHIT YTAOBOTO YCKOPEHHUS KYAQYKa YBEAUH-
BaeTcsac S14 c?po0 1816 c2

C 1eAbI0 M3y4YeHMs BAVSIHHS MAKCHMAABHOT'O XOAQ TOA-
KareAs N Ha KMHEMaTHYeCKue U AMHAMIYECKHE [APAMeTPbl
MAIIMHHOTO arperara, h uamensaan c0,05m A0 0,1 M. Apy-
rHe TapaMeTphl MALIMHHOTO arperaTa IpH 9TOM OBIAH CO-
orBercTBeHHO pasubl P =400 H, ¢, =400 Hum,b =1 Hwmc,
m, =10 kr, u,,=0,16. Pe3yasTars! pacyeToB Ha OBM mo-
Ka3aAH, YTO yBeArdeHHe xoaa Toakareas ¢ 0,05 » o0 0,1 m
IIPUBOAUT K BO3PACTAHUIO pa3Maxa KOAeOAHHI KPY TSILETO
MOMEHTA Pa3BUBAEMOTO ACHHXPOHHBIM SAEKTPOABHUIaTe-
AeM ¢ 6,3 Hm po 24,6 Hm. Koa¢drpeHT HepaBHOMEpHO-
CTH YTAOBOM CKOPOCTH POTOPA IAEKTPOABUTATEAS TIOBbI-
mraercst ¢ 0,2 po 0,95, pasmax KOAeOAHMIT YTAOBOTO
YCKOpeHMs poTopa yBeAmdmBaercsi ¢ 513 ¢ a0 5336 ¢
Bwmecre c TeM cTeneHb HepaBHOMEPHOCTH YTAOBOM CKOPO-
CTH KyAQ4Ka yBeAHUHBaeTcsi ¢ 6 ¢ ' A0 26,5 ¢!, a koapu-
IIMeHT HepaBHOMepHOCTHU yBearduBaercs ¢ 0,4 po 1,8.

HccaepoBaHMe BAUSTHUS H3MEHEHHUH YTAOBOM CKOPO-
CTM O, KyAauKa Ha ITapaMeTphbl MAIIMHHOTO arperara
npoBeau npu Bapuanuu @, ¢ 10 ¢! o0 25 ¢ Tlpu aTom
OCTaAbHbIEe ITAPaMeTPhI MAIIHHHOTO arperara OBIAU CAe-
ayromumu: P =400 H; ¢, =400 Hm; b =1 Humc; m, =
=10 xr; u,,=0,16. Pe3yApTaThl pacyeToB IIOKa3aAH, YTO
C NOBBINIEHHEM YTAOBOI CKOpPOCTH KyAauka ¢ 10 ¢!
A0 25 ¢! IpOUCXOAUT yBeAnYeHHe Pa3Max KOAeOaHU
MoMeHTa aAekTpoasurareast H,,; ¢ 3,4 Hm po 13,8 Hu,
pasMax KOA€OAHHI YTAOBOI CKOPOCTH POTOPA IAEKTPO-
ABHrareAsi u3aMensiercs ¢ 17 ¢! oo 67 ¢!, a pa3max koae-
GaHUIT yTAOBOTO YCKOPEHHS pOTOpa Bo3pacTaeT ¢ 364 ¢
Ao 6201,5 ¢ Ilpu aTom pasmax KoAeGaHHIT YTAOBOI
CKOPOCTH KyAa4Ka yBeAndnBaercsi ¢ 3 ¢! A0 20 ¢, ako-
3¢ dunMeHT HepaBHOMEPHOCTH XOAA KyAQUKa BO3PacTaeT
c0,3 A0 0,8. Padamax KoAeOaHUIT yTAOBOTO YCKOPEHHS Ky-
Aauka uaMeHsiercsic 110 ¢ p0 2676 2.
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Awnaauns PE3YABTATOB IIPOBEACHHDBIX I/ICCAEAOBaHI/Iﬁ
IIOKa3aA: 1) H3ydyeHHe AMHAMHKHU MAallIMHHOTO arperara
C KYAQYKOBBIM MCITOAHUTEADHBIM MEXAHNU3MOM ITpH yIE€TE
YHOpPYyroCTH IIPUBOAQA IIO3BOASIET 60Aee TOYHO OIIPEACAUTD
Aef[CTBI/ITeAbeIe 3aKOHDI ABYDKEHHUS POTOPA SAEKTPOABH-

raTeAs U BaAa KYAQuKa; 2) BEAMYMHA IIEPEAATOTHOIO OT-
HOIIEHM MEKAY BAAOM POTOPA JAEKTPOABUIATEAS 1 Ba-
AOM KYAQUKa, IIPY MIPOYHX PABHBIX YCAOBHAIX, OKa3bIBAET
HaI/I6OAbI.Hee BAMSTHME HAa AMHAMHY€ECKHE XapaKTEePHUCTH-
KH MalllMHHOTI'O arperara.
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Some results of experiments to study the morphology
of the solid phase dehydrated biological fluids of
healthy and sick people with diseases of liver

Abstract: The article discusses the results of morphometric studies of the solid phase serum of patients with liver
disease. It is shown that the marker enzymes, minerals and proteins bioliquid facies (serum) obtained by dehydration

wedge observed facies different zones.

Keywords: blood serum, facies, a biological fluid, a wedge-shaped dehydration, liver cirrhosis.

Relevance of the work. A few decades ago, many
predicted the imminent accession of science in the age
of biology. Twenty-first century has been called the cen-
tury of the life sciences — including health, his longevity,
place in nature. And indeed the revision of priorities in
science occurred.

In Uzbekistan, along with the developed countries of
the world, this process came to the government level, and
was reflected in the reorientation of the socio-economic
approaches, causing health and environmental problems
attached particular importance — as a priority. It is signifi-
cant that in the first place among scientific programs cost
the budget in developed countries is biology, which hold
alarge amount of applied medical problems.

Biological fluids (blood, urine, saliva, etc.) Play
an important role in the organism. The organisms are
entire systems and mechanisms that support in the nor-
mal conditions of their composition, structure, quantity,
parameters and other properties. It is found that the de-
viation of these parameters outside the adaptation rules
always leads to pathological processes in the body at the
cellular, organ or system level [4].

Changing the parameters of body fluids can occur
either as a result of external causes or effects, either as a
result of failures in the components of the organism. In
any case, the parameters and properties of body fluids
are indicative of the state of health as its individual ele-
ments as well as whole body [S].

The purpose of the study was to examine the features
of the system of organization and identification of serum
markers of healthy and sick people with liver disease.

Materials and methods. To achieve the objectives
for the period from 2012 to 2014, the method of wedge
dehydration, solid phase serum were obtained 0f 283 pa-
tients (137 males, females, 146) at different ages, with vi-
ral liver disease (total 225 patients, of whom 111 in acute,
chronic period 104), with liver cirrhosis (68 patients in
all stages of a, B, C by Child Pugh) and 51 healthy people.
All patients were treated at the Ferghana regional infec-
tious diseases hospital and Fergana regional diversified
medical centers.

Clinical diagnoses were established physicians of
medical institutions where patients are treated on the
basis of patients’ complaints, medical history, typical
clinical picture, the results of clinical, biochemical,
immunological tests and imaging studies. The diag-
nosis was in accordance with the existing classifica-
tions for International Classification of Diseases —
ICD-10.

Structural analysis of the blood serum of patients
was conducted by the method of wedge dehydration. a
control group of healthy people (according to the medi-
cal certificate of military enlistment offices and medical
form 086/y) was taken for comparison facies crystals of
biological fluids (BF) aged 17-30 years. Determine the
types of facies classification V. N. Shabalin and S. N. Sha-
tokhina [3].

Crystallographic picture of dried droplets (facies)
was investigated using a stereo microscope Leica Mag-
num — T 2721 ¢ photosystem MPS 60. Facies image
processing performed on the computer program “Exter-
NET AMI systems” [1].
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Results and discussion. Analysis blood serum crys-
tallographic features let highlight 4 types of its structural
organization in the pathology of the liver: partly radial,
irradialny, circulatory and “three-fold”.

The first type — partly radial had mild to moderate
deviations from the radial-ordered arrangement of sec-
tors, individual and nodules (Figure 1a.).

The second type — irradialny characterized by sig-
nificant impairment on the systemic level. Figure facies
characterized by asymmetry, the number of basic ele-
ments have been reduced, and their configuration is var-

ied (Fig. 1 b).

A feature of the third type — circulatory was the
presence of large cracks, are arranged parallel to the edge
facies between the peripheral and intermediate zones,
the formation of which is determined by the circular dis-
tribution of the observed basic structures (Fig c.).

The structural pattern of the fourth type, is funda-
mentally different from the above types of facies serum
did not contain the basic elements of her drawing was
created by a network of small convoluted (three-prong)
cracks that gave us a reason to call this type of “three-

beam” (Fig. 1g).

4
¢ g

The distribution of facies types of blood serum in patients examined is shown in Table 1.

Fig. 1. The types of structural organization of serum liver diseases

Table 1. — Facies types of blood serum liver diseases

acute viral hepatitis | chronic hepatitis | cirrhosis of the liver Control
Facies type (n=111) (n=104) (n=68) (n=51)
abc % abc % abc % Abc %
Partially groove - - - - - - 51 100
Irradialny 45 40,5 54 51,9 45 66,2 - -
Circulatory 30 27 32 30,8 16 23,5 - -
Three—prong 36 32,4 18 17,3 7 10,3 - -

Thus, the serum of patients in the study using
the method of wedge dehydration, with significant
differences from the norm, is characterized by the
presence of at least one of the major structural elements
(large cracks, sectors, individual or nodules).

In addition to the identified changes in the
main items of the facies in the structural organization of
the serum examined patients determined a wide variety
of abnormal structures.

Analysis of the results revealed the most typical and
most common abnormal structure with cirrhosis who
were treated leaf structure and various types of cracks,
concentration, etc. are free. The hallmark of facies blood
serum in liver disease was pathologically modified
polymorphism cracks. There were cracks circulatory,
knotted blocks, the structure of the «harness> in the
central area and the periphery.

In the most frequently
detected violations of local structural organization of
the blood serum with liver cirrhosis leading position
occupied by leaf-shaped structure, is a sign of sclerosis

spectrum of the

process, tri-radial cracks — markers of stagnation.

Our results showed that leaf-shaped structure was
significantly more common with cirrhosis than in
patients with chronic hepatitis and moss figure rounded
circular crack on and recorded at approximately the same
frequency.

It is known that the pattern being the level of blood
serum reflects the degree of tension of adaptive systems of
the body: the pronounced adaptive response, the higher
the activity of structure. In addition to the basic elements
of the identified changes facies in crystallographic picture
of blood serum of patients examined was determined by
awide variety of abnormal patterns (Table 2).
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Table 2. — The frequency of abnormal structures in the morphological picture of blood serum in liver disease

Groups of patients
Acute Viral chronic cirrhosis of
. . » . Norm
Pathological structure Hepatitis hepatitis the liver
(n=111) (n=104) (n=68) (n=51)

abs. % abs. % abs. % abs. %
Dendrites 58 52,2 | 101 | 97,1 15 22,1 - -
spherulites 20 18,0 18 17,3 2 2,9 - -
Whiskers - - - - S 7,4 - -
defective spherulite - - 2 1,9 18 26,5 - -
Dual facies 20 18,0 35 33,6 4 5,9 - -
Rounded inclusion 28 25,2 48 46,2 25 36,8 - -
Circular waves - - 10 9,6 17 25 - -
Asymmetric separately located S8 | 523 | 104 | 100 6 8,8 — —
Arcade-radial cracks - - - - 10 14,7 51 100
concentration wave - - - - 8 11,8 - -
Local concentration waves - - - - 2 2,9 - -
The funnel-shaped cracks - - - - - - 40 | 78,4
Wrinkles - - - - 17 25 - -
blur effect 10 9,0 - - 4 5,9 - -
Blyashkoobraznye structure - — - - 10 | 14,7 - -
The structure of the «harness» - - 48 46,1 14 | 20,6 - -
Circular cracks - - 5SS 52,9 30 | 44,1 45 88,2
nodules 31 27,9 68 65,4 - - - -
The structure of the <harness>» on the periphery | 58 | 52,3 | 104 | 100 22 | 32,3 - -
The structure of «tow> in the central zone of the | 58 52,3 | 104 | 100 35 SL,S - -
type
Moss 75 67,6 104 100 68 100 - -
leaflike structure - - - - 26 38,2 - -
crack three-beam 10 9,0 15 144 | 49 72,1 - -
Availability zones 90 81,1 | 100 | 96,1 60 88,2 51 100

As Table 2 shows that the dendrites enable rounded
asymmetrical spaced apart, such as «plait>» structure at
the periphery and in the central zone occurs in a large
amount (more than 50% cases) during the acute and
chronic hepatitis. Circular cracks structure «harness>
the type of circular waves, defective spherulites occur in
chronic hepatitis and liver cirrhosis. Figures in the form
of a «Mocha» and the presence of the zones found in
all patients in the facies of blood serum. Zoning is
available in all facies of patients examined. Measurement
of the diameters of zones, shows that the relationship
between them is almost the same in all cases.

We were the first in liver disease have been found,
«moss> figure is a sign of increasing concentration of
bilirubin in the blood. The figure of «moss> facies in
serum in chronic liver disease and cirrhosis of the liver
occurs 100%. The emergence of these types of crystalsin
the blood serum of patients mainly due to the increase in

bilirubin, ALT, AST, and total protein. This is confirmed
by the testimony of the biochemical laboratory of the
Fergana regional infectious diseases hospital.

As a result of our research found that increasing
excess of bilirubin (normal bilirubin 8,53-20,5 mmol/1),
moss area of the figure is increased by 3,4 £ 0,3 mm 2.
Thus, we can say that the blood bilirubin appears in
the central area of its dried solid phase in the form of
figures «Moss> type area that clearly correlates with the
quantity [2].

It has been shown that more frequent during
cirrhosis of the liver than in acute viral hepatitis and
chronic hepatitis leaf, tri-radial cracks, and rounded
on and circulatory crack recorded at approximately
the same frequency. The incidence of the structure
of the «<harness> in the central zone of facies that are
considered dehydration marker in chronic hepatitis was
higher than in acute viral hepatitis and liver cirrhosis.
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Conclusions:

1. The blood serum of patients in the study using
the method of wedge dehydration, with significant
differences from the norm, is characterized by the
presence of at least one of the major structural elements
(large cracks, sectors, individual or nodules). In addition
to the identified changes in the main items of the facies in
the structural organization of the serum examined
patients determined a wide variety of abnormal
structures.

2.revealed the most typical and most common
abnormal structure with cirrhosis who were treated leaf

structure and various types of cracks, concentration, etc.
are free. The hallmark of facies serum in liver disease was
pathologically modified polymorphism cracks. There
were cracks circulatory, knotted blocks, the structure of
the “harness” in the central area and the periphery.

3. It was found that the leaf structure was significantly
more common with cirrhosis than in chronic hepatitis
and moss figure rounded circular crack on and recorded
at approximately the same frequency.

4. We were the first in liver disease have been found,
“moss” figure is a sign of increasing concentration of

bilirubin in the blood.
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New aspects of atopic dermatitis in children living in Southern Kyrgyzstan

Abstract: The results of clinical and diagnostic examination and treatment of 93 children with atopic dermatitis
(AD) living in the south of the Kyrgyz Republic are presented. High level of presence of family history, increased
concentration of total IgE in blood serum and co-occurring pathology is established in examined children. The
efficiency of complex AD therapy (77,2%) that includes antihistamines of first and second generation, topic and
systemic corticosteroids, antibiotic therapy and diet therapy is confirmed. The necessity of anti-relapse treatment

and long-term individual regular medical check-up is proved.
Keywords: children, atopic dermatitis, antihistamines, antibiotic therapy, corticosteroids, diet therapy.

Relevance. Atopic dermatitis (AD) is a chronic
recurrent inflammatory skin disease that is charac-
terized by a disorder of barrier function of epidermis
with intensive itching, dryness and increased absorp-
tion of skin with respect to irritating substances of the
environment [ 1; 2; 12, 28]. Prevalence of AD among
children of all ages is the highest in the countries of
Western Europe, where the disease affects up to 22%
of child population. Prevalence of AD is growing in

Eastern Europe, Asia and other world regions [3; 4;
10; 12; 16].

The interaction of genetic and environmental factors
with further development of sensibilization of organism
plays an important role in AD development, although the
direct reasons of growth of occurrence of this pathology
remain quite unclear [6; 13; 17; 19; 20].

Taking into account multi-factor pathogenesis
and variable course of the disease, its therapy should
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correspond to the peculiarities of the course of the dis-
ease and include a combination of various preventive and
therapeutic measures [2; 3; 5; 7; 9; 11; 14; 16; 18].

Information about the clinical course of AD in per-
manent dwellers of the south of the Kyrgyz Republic is
absent, which is the ground for the conduct of the pres-
ent research.

The aim of the present work is the study of clinical
peculiarities and therapeutic aspects of atopic dermati-
tis in children living in the south of the Kyrgyz Republic.

Materials and methods of research. 93 children with
AD aged from 3 months to 14 years were under observa-
tion at the Department of Pulmonology of the Osh inter-
regional children clinical hospital, 49 (52,7%) boys and
44 (47,3%) girls. The disease duration fluctuated from
2 weeks to 9 years. In 67 (72%) children, the manifesta-
tion of AD fell on the early age.

Diagnosis of AD was established on the basis of
allergological anamnesis, results of clinical-laboratory
and allergological methods of diagnostics (enzyme-
linked immunosorbent assay). To evaluate the sever-
ity of AD, the semi-quantitative scale SCORAD was
used in some children [1; 2; 7]. The diagnosis was es-
tablished on the basis of AD classification proposed by
the scientific research program of the Union of Pediatri-
cians of Russia [2].

Results and discussion. As a result of the analysis
of obtained data, it was established that the parents of
48 (51,6%) children with AD noted family history with
regard to allergy, more frequently maternally (56,2%).

The anamnesis of 61 (65,6%) children showed hyper-
sensitivity to allergens of food products. In 24 (25,8%)
cases, the deterjoration of the course of skin process was
related to psycho-emotional factors. 7 (7,5%) patients
showed inclination to frequent infections. In the course
of examination, 21 (22,6%) child was diagnosed with
dyskinetic defects in biliary tracts, 9 (9,7%) — manifes-
tations of bronchi obstruction, 12 (12,9% ) — lambliasis
and S (5,4%) — ascariasis. 1 (1%) child was diagnosed
with bronchial asthma, and S (5,4%) children showed
allergic rhinitis. 23 (24,7%) children suffered from mod-
erate and severe iron-deficient anemia.

Every age period is characterized with its own typical
clinical-morphological peculiarities, which is manifest-
ed in the age evolution of rash elements. In this respect,
five clinical-morphological forms (exudative, erythe-
matic-squamosal, erythematic-squamosal with licheni-
fication, lichenoid and pruriginous) and three stages of
disease development (infant, child and teenage-adult)
were distinguished. 52 (55,9%) children had exudative,

23 (24,7%) patients had erythematic-squamosal with
lichenification and 18 (19,3%) children had erythemat-
ic-squamosal forms of AD. In 68% of children, the skin
process was of generalized nature and in other 32% — of
limited nature. All children were in the period of aggrava-
tion of skin process.

Clinical polymorphism of rashes is typical for
AD. The true polymorphism of rashes is a general fea-
ture of all clinical forms of AD. They create a complex
clinical syndrome with combined features of eczematous
and lichenoid disease accompanied with itching. Skin
process in observed children was accompanied with
skin itching in all cases (100%), oozing in 85 (91,3%)
cases, lichenification in 54 (58%) cases and erythema of
skin cover in 45 (48,4%) cases.

Papule-vesicular elements were observed against ery-
thematous edematous background, which were mainly
located on the hairy part of the head, face (cheeks, fore-
head, chin) (53,4%), extensor surface of upper and lower
extremities, buttocks (25%), had symmetrical character
and were accompanied with intensive itching.

«Dry> form of AD is characterized with erythema-
tous-squamosal, slightly infiltrated loci, epidermal-der-
mal very itching papules. There were many secondary
elements: erosions, crusts, squama and excoriations.

According to the data of allergological examination,
30 (32,2%) children with AD showed increased concen-
tration of total IgE in blood serum. The level of total IgE in
blood serum fluctuated from 215 to 3084 IU/ml.

Hence, hypersensitivity reaction of immediate
type is a significant immune-pathological mechanism in
AD pathogenesis. Factors confirming the role of IgE in
AD pathogenesis are family history in respect of atopy,
increase of the level of total IgE in blood serum, decrease
of IgE level during remission and increase during AD
aggravation, as well as presence of co-occurring allergic
diseases in such children.

Diet therapy is the most important factor in complex
treatment of AD patients. It is proved that appropriately
selected hypo-allergic diet accelerates clinical recovery,
contributes to the improvement of disease forecast, re-
duces the frequency and intensity of aggravations [S;
11]. Despite the fact that with years hypersensitivity to
food allergens weakens and many of them can be intro-
duced to daily ration, the observance of hypo-allergic
diet is recommended to all children during the period
of AD aggravation.

In case of AD in a breastfed child, the ration of breast-
teeding mother was corrected. Products with high sen-
sibilizing activity as well as onion; garlic; radish; meat,

30



New aspects of atopic dermatitis in children living in Southern Kyrgyzstan

fish and chicken broth and spices were excluded. Dairy
products were only given in the form of fermented milk
drinks.

The most frequent reason of AD during the first year
of life is allergy to proteins of cow milk. Soy powders (Al-
soy, Bona soy, Nutrilon soy, Similac Isomil, Tuttelli soy,
Frisosoy, Humana SL, Enfamil soy) were recommended
as substitutes for cow milk. In case of allergic reaction
to soy proteins, powders based on products of high hy-
drolysate of milk protein (Alfare, Alimentum, Pepti Ju-
nior, Pregestimil, Nutramigen) were prescribed. Powders
based on products of partial hydrolysate of milk protein
(Humana GA1, Humana GA2, Friso Pep) were used in
children with weak or moderate sensibility to cow milk
proteins; they were also used for prevention of milk al-
lergy in children from AD risk group [1; 3; 11; 16].

Control of the environment of a child with AD came
to several important measures allowing reducing the
contact with domestic, mite-born, mold fungi and pol-
len allergens.

Drug therapy of AD included system (general) and
local (external) therapy.

When choosing a drug of system action, the patient’s
age, disease period, presence of co-occurring diseases
and drug sensibilization were taken into consideration.

Antihistamines were prescribed mainly for acute in-
flammatory manifestation of AD (reactions of hyper-
sensitivity of immediate type). Out of antihistamines of
first generation, dimedrol (61,3%, diphenhydramine —
18,3%), diazolin (26,9%) and chloropyramine (supras-
tin) (21,5%) were used most often.

Antihistamines of first generation were prescribed
for short-term courses (7-10 days) during expressed ag-
gravation, when not only anti-itching, but also sedative
effect is required. For long-term use, drugs of second gen-
eration (ketotifen — 52,7% and loratal — 2,1%) were
selected.

During persistent intense itching, a combination of
histamines of first generation was prescribed for night, and
histamines of second generation were prescribed for day.

Recovery of functional condition of central and veg-
etative nervous system is an important element in com-
plex treatment of AD patients. Sedative and psychotropic
drugs (luminal (1%) and carbamazepine (2,1%)) were
prescribed for this purpose.

In case of expanded skin lesions and intense itching,
calcium gluconate (65,6%) was used. Herewith, one
should remember that the drug is mainly prescribed
parenterally as tablet form does not give required thera-
peutic action.

Correction of disorders of gastro-intestinal tract plays
an important role in AD treatment. Any chronic inflam-
mation sooner or later leads to disbalance of intestinal
flora, namely, to decrease of bifidogenic and increase of
opportunistic flora [2; 16].

During AD aggravation, a 5-10 day therapy with
enterosorbents (activated carbon) was prescribed, then,
eubiotic (bifidumbacterin etc.) and enzyme agents (pan-
creatin, 44% ) were added.

In order to correct disorders of separate indicators of
metabolism in AD patients, a range of vitamin products
was used. Among children with AD, 1 (1%) was given
ribiksin, 2 (2,1%) — ascorbic acid and 14 (15%) — ae-
vit. These groups of drugs were prescribed for subacute
stage and period of AD remission.

Relapsing pyoderma, viral infection, mycosis are in-
dications for immunomodulating/immunostimulating
therapy (thymalin, 2,1%). Immunocorrecting therapy
should be performed under a strict control of immuno-
logical indicators and under the guidance of allergolo-
gist-immunologist.

In very severe, persistent cases, with wide skin lesions
as well as in case of unbearable, torturing itching where
other products couldn’t stop it, system hormones (hydro-
cortisone, prednisolon) were used. Corticosteroids (pred-
nisolone — 31,2%, hydrocortisone — 16,1%, dexametha-
sone — 7,5%) were prescribed for short 3-S5 day courses
according to age dosage with further discontinuation with-
out gradual reduction of dosage and switching to products
affecting the function of suprarenal cortex along the way of
physiological regulation of its activity (glycyram, etimizol).

In case of the overlay of secondary infection, antibi-
otics of wide spectrum were used. Indication for system
application of antibiotics was insufhicient efficiency of ex-
ternal anti-bacterial therapy in children with pussy crusts
covering erosions and skin cracks, pustular rash elements
as well as in case of chronic loci of bacterial infection,
expressed lymphadenitis. Amoxicillin (17,2%), ampiox
(10,7%), azithromycin (9,7%) and ciprofloxacin (4, 3)
were used in empiric therapy.

Antibiotics from the group of macrolides (sumamed,
klacid, wilprafen etc.) are the most effective, due to high
sensitivity of activators to them and least risk of adverse
allergic reactions [1; 2; 9].

Ceftriaxone, cefuroxime, oxacillin can be used for
children with severe AD and its torpid course. Ceftri-
axone can be the first line product in severe skin in-
fections caused by S. aureus; cefuroxime and oxacillin
can be the second line products or products of active
reserve [9; 15].
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The aim of external therapy is elimination of signs of the
disease, ensuring of psychological comfort of a child and
long-term control of dermatosis process. Treatment should
be appointed depending on the stage of AD, acuteness of in-
flammatory manifestations and presence of complications.

In case of acute inflammatory disease accompanied
with oozing, exudation, dermatological moist packs
with furacilin solution (16,1%) were prescribed for
1-2 days, after which ointments/pastes — furacilin
(80,6%), salicyl (4,3%), zinc (3,2%), indomethacin
(2,1%), levomycitin (in case of an overlay of second-
ary infection) (1%) were applied.

Currently, in pediatrics, non-fluorinated products
of the last generation (elocom, advantan, afloderm, lo-
coid) are preferred when prescribing corticosteroids [2;
3; 16]. They have high efficiency and safety, applicable
for children of very young age (cream and ointment elo-
com — no age restrictions, advantan — from 4 months,
locoid — from 6 months) [3].

For children with AD observed by us, advantan was
prescribe in 25,8% of cases, gioksizon in 7,5% of cases
and sinaflan in 2,1% of cases.

Products were applied in morning hours, once a day,
in short courses of not more than 10-14 days, after which
there were breaks in treatment for not less than a month.
The product was applied on the skin surface not exceed-
ing 20% of the total area. Children with severe AD, with
relapses of more than 2-3 times per month, were rec-
ommended to take topic gluco-corticosteroids for two
consecutive days per week to prevent aggravations (in-
termitting scheme). Evaluation of efficiency and review
of treatment tactics were performed every 3—6 months.

During an acute period of disease, intra-nasal elec-
trophoresis with the solutions of dimedrol and calcium
chloride (4,3%) were prescribe in order to reduce itch-
ing. Light therapy (UV, 44,1%) was used as an auxiliary
method in treatment of torpid course of AD.

In case oflichenification, paraffin therapy in the form
ofapplication of 40-50 minute on lesions was prescribed.

During a stage anti-relapsing therapy of AD, resort
treatment and high mountain climate therapy in the con-
ditions of Issyk-Kul lake were recommended.

Evaluation of clinical-laboratory efficiency of per-
formed complex therapy in children with AD was per-
formed after 3—6 months. In 77,2% of children with AD,
who received such therapy, positive clinical dynamics
was achieved, which was manifested in decrease of AD
aggravation period, prolongation of remission and reduc-
tion of total IgE concentration in blood serum.

Thus, complex treatment of atopic dermatitis with
the use of wide spectrum of modern pharmaceutical and
non-medicament products allows significant increase of
the effect of performed treatment, achieving prolonga-
tion of clinical remission and performing control of the
disease process.

Conclusions:

1. Risk factors of AD in children living in the south of
the Kyrgyz Republic are: family history in allergy (51,6%,
maternally — 56,2%), manifestation of hypersensitivity
to food allergens (65,6%) and psycho-emotional disor-
ders (25,8%).

2.1In clinical picture of AD in children, generalized
forms (68%) in the form of exudative (55,9%), erythe-
matic-squamosal with lichenification (24,7%) and ery-
thematic-squamosal (19,3%) variants of process prevail
against the increased concentration of total IgE in blood
serum (32,2%).

3. Success in treatment of AD patients can be
achieved by using a complex therapy that includes
elimination measures, diet therapy, long-term conduct
of pharmaco-therapy, including external therapy and
a complex of rehabilitation measures. Performance of
such therapy in children with AD leads to clinical effi-
ciency in 77,2% of cases, which is manifested in reduc-
tion of AD aggravation period, prolongation of remis-
sion and, in some children, decrease of concentration
of total IgE in blood serum.

References:

1. Uzakov O.Zh. Atopic dermatitis: new aspects of etio-pathogenesis, clinic, diagnostics, therapy and prevention
[ Text]: student’s book/O.Zh. Uzakov, J. K. Muratova, B. D. Kudayarov. — Osh, 2012. - 52 p.
2. Atopic dermatitis in children, diagnostics, treatment and prevention: scientific research program of the Union

of Pediatricians of Russia — M., 2000. - 76 p.

3. Balabolkin L.I. Current problems of allergology of child age at modern stage [ Text]/1.1. Balabolkin//Pediatrics. —

2012.- Vol. 91. - Ne 3.

4. Bezrukova D.A. Epidemiology of basic atopic diseases: bronchial asthma, atopic dermatitis and allergic rhinitis
[Text]/D. A. Bezrukova//Astrakhan medical journal. - 2009.- 4 (3).- 17-2S5 p.

32



Study of cytokine profile in newborns with necrotizing enterokolitis

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

Borovik T. E. Innovative approaches to organization of additional feeding for children with food allergy and from the
group of high risk of atopy development [ Text] /T. E. Borovik, O. K. Netrebenko, A. A. Semenova//Pediatrics. -
2011. - Vol. 90. - Ne 3. 91-99 p.

Grigoryeva I. Immune pathology and biochemical basics of therapy of atopic conditions [ Text]/I. Grigoryeva,
A. Sergeev, I. Manina//Doctor. — 2012.— N¢ 4. - 86-91 p.

Znamenskaya L. F. Efficiency of external products of emolium cosmetic line in a complex therapy for children
with AD [Text]/L.F. Znamenskaya, L. V. Tekucheva//Pediatrics. — 2011.~ Vol. 90. - N¢ 3.—- 110-114 p.
Kolkhir P. V. Evidentiary allergology-immunology [ Text]/P. V. Kolkhir. - M.: Research medicine, 2010. - 528 p.
Principles of therapy of children with atopic dermatitis complicated with secondary infection/[ T. G. Malanicheva,
L.A. Khaertdinova, S.N. Denisova etc.]. — Kazan: Published by azan Medical University, 2007. - 28 p.
Macharadze D.Sh. Occurrence of atopic dermatitis among children in Moscow (according to I and III phases of
research under ISAAC program) [ Text]/D.Sh. Macharadze//Russian allergological journal. — 2005. - 5. - 59-63 p.
National program of optimization of feeding of children of first year [ Text] /M.: Union of Pediatricians of Russia, 2010.
Results of national multi-center clinical epidemiological research of atopic dermatitis in children/[ V. A. Revyakina,
L.M. Ogorodova, L. A. Deev etc.]. Allergology, 2006.-1: 3.— 9 p.

Atopic dermatitis: heterogeneity of clinical forms and variety of mechanisms of pathogenesis/[Yu. V. Sergeev,
D.K. Novikov, A. V. Karaulov etc.]. - Inmunopathology, allergology, infectology. — 2001. - N 3. - 61-73 p.
Ardis C., Ardis M., Bieber T, et al. Diagnosis and treatment of atopic dermatitis in children and adults: Euro-
pean Academy of Allergology and Clinical Immunology/American Academy of Allergy, Asthma and Immunol-
ogy/PRACTALL Consensus Report. Allergy Clin. Immunol. 2006; 118: 152-169.

Kedzierska A., Kapiniska-Mrowiecka M., Czubak-Macugowska M. et al. Susceptibility testing and resistance phe-
notype detection in Staphylococcus aureus strains isolated from patients with atopic dermatitis, with apparent
and recurrent skin colonization//Br ] Dermatol., 2008. - Vol. 159 (6). - P. 1290-1299.

Management of atopic eczema in primary care. A national clinical guideline. March 2011.

Noh G, Lee J. Revision of immunopathogenesis and laboratory interpretation for food allergy in atopic derma-
titis//Inflamm. Allergy Drug. Targets.— 2012, 11 (1): 20-3S.

Prescott S, Allen KJ. Food allergy: riding the second wave of the allergic epidemic. Pediatric allergy and immu-
nology. 2011; 22: 155-160.

Prescott S. The influence of early environment exposures.

Renz H, Conrad M, Brand R. Allergic diseases, gene environment interactions. Allergy. 2011; 66 (Suppl. 95)
(7): 10-12.

Nasirova Sevinj Ramiz kizi,

Scientific Research Institute of Pediatrics,
Candidate of medical science

E-mail: sevincnesirova40@gmail.com

Mehdiyeva Sevinj Amil kizi,

Scientific Research Institute of Pediatrics,
Research Assistant

E-mail: sevincn@box.az

Huseynova Nurana Qahraman kizi
Azerbaijan Medical Universite
Assistant chair

Study of cytokine profile in newborns with necrotizing enterokolitis

Abtract: The main goal of the research is to study of cytokine profile in newborns with necrotizing enterokolitis

[NEK]. Research revealed, that course of NEK clinical-exographic picture is associated with greater disbalance of
pro-inflammatory cytokines.
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N3yuyeHne LUTOKUMHOIO cTaTyca y HOBOPOXAEHHbIX
C HEKPOTUYECKUM SHTEPOKOJINTOM

AHHOTaHHﬁ: I_IeAbIO HCCACAOBAHMS ABASIETCA U3YyIE€HHE ITUTOKUHOI'O CTaTyCa Y HOBOPOXAEHHBIX C HEKPOTHYE-

CKHM SHTEPOKOAUTOM. HpOBEAeHHbIe HaMH MCCA€AOBAHHMA ITOKA3aAH, YTO Pa3BUTHE K_AI/IHI/I‘ICCKO-SXOI‘pa(l)I/I‘IeCKOI;I

KapTHHBI HEKPOTHIECKOTO SHTEPOKOANUTA COIIPOBOXKAAETCA 3HATHUTEADHDIM AI/IC6aAaHCOM IIPOBOCITAAUTEADHBIX ITH-

TOKHHOB.

KaroueBbie cAOBa: HOBOPOXXAEHHDIE, HeKPOTH‘-IeCKHI:I 9HTEPOKOAUT, HHTOKHHOBbIﬁ CTaTyc.

Hexpormueckuit auTeporoant [HOK] — Tsoreroe
BOCIIAAMTEABHOE 3200A€BaHMe KHINEYHHUKA, IIPEACTAB-
AdOollee MUPOKUNM KAMHUYECKMH CIIEKTP BapHAHTOB
Ted4eHUs] 3200A€BAHUS: OT AEIKHUX CAY4aeB AO TsDKe-
ABIX AECTPYKTHBHBIX pOPM C HEKPO3aMM KHUIIEYHHUKA,
nepdopanueii, mepuToHUTOM, cercucoMm [1,183-188;
2,766-771]. HOK Han6oaee 4acTo BCTpedaeTcs y HEAO-
HOIIIEHHbIX, HO MOXKET Pa3BUBAThCS H Y AOHOIIEHHBIX HO-
BopoxaeHHbIX. HOK BeTpewaercs y 0.2-2.4 ma 1000 po-
AuBIIHXCS XUBBIMH. Kak rpaBrao, 60Ae3HDb pa3BUBaeTCst
B IIepBble ABe HEACAH JKU3HH, OAHAKO y 16% manuen-
TOB BO3HHKAET Cpasy MocAe PoxAeHus |3, 255-64; 4,
329-37]. DTuoaorus 3Toro 3a6oAeBaHUS MyAbTH(AK-
TOPEaAbHA, ONIPEACACHHYIO POADb UTPAIOT HIIEMUS U pe-
nep¢y3noHHOe IMOpaskeHue, HHPEKIHs, TPAaHCAOKAITUS
KHIIEYHO pAOPBI depe3 He3peAble CAUZHCTbIE OapbepBL.
AeTaapHOCTD ITpU AQHHOM 3a00AeBaHNU AocTUraeT 70%,
aTIpu 0OMMpPHBIX HeKpo3ax kumreyHunka —100%. B CIITA
exeropHo ¢pukcupyercs okoro 7000 cayyaes u ymupaer
ot 1500 a0 2000 HOBOpO>KACHHBIX. HepoHOIMEeHHOCTD
B COYETAHUH C HE3PEAOCThIO MIMMYHHOI'O OTBETA U Ta-
CTPOHMHTECTUHAABHBIX QYHKIIMH, a TAKKe ITePUHATAAD-
Hble MHQEKITUH SBASIOTCS TAABHBIM (AKTOPOM PHCKA
TAKOTO TSDKEAOTO 3a00AeBaHMsI KaK HEKPOTHYeCKHUIT
sHTepoxoant [ 3, 255-64; 5, 2301-7; 6]. B matorenese
Pa3BUTHSA HHPEKIIMOHHOTO MPOIIeCca Y HOBOPOXKACHHBIX
OLIeHKA YPOBHS KOHIIEHTPAIUHU IIUTOKUHOB UMEIOT AUa-
THOCTHYECKAsl 3HAYMMOCTD M MOTYT OBITh HCIIOAb30BAHbI

AASI OIIEHKH TSDKECTH M IPOTHO3MPOBAHMUS TeUEHHMS 3a-
6OAEBaHMS B AMVHAMYKE Pa3BUTHUS TATOAOTHH [ 4, 329-37;
5,2301-7].

ITeAbro MCCAGAOBAHHMS SBASCTCS U3yYeHHe LUTO-
KHMHOTO CTaTyCa y HOBOPOXAEGHHBIX C HEKPOTHYECKUM
9HTEPOKOAHTOM.

Marepnaabl 1 MeTOAbI HccAepoBaHMsA. [loa Ha-
6aropeHreM Haxopnaucs 100 HoBopoxxpeHHbIX ¢ HIK,
IIOCTYTIUBIINX B OTA€ACHHE PEeaHUMAI[UH 1 UHTEeHCHB-
Hot Tepanuu Hayuno-FccaepoBaTeabckoro MucTHTYTA
ITepnarpun B Bospacte ot 1 a0 60 pnert. Crapus 3a60-
A€BAHHS OTIPEACASIAACH TI0 KAMHHYECKHM IIPOSBACHUSIM
coraacHo kaaccuukaru Walsh i Kliegman.

BceM AeTSIM IIPOBOAHMACS] KOMIIAEKC AA0OPaTOPHO-
HMHCTPYMEHTAABHBIX METOAOB HCCACAOBAHHUS B COOTBET-
CTBUH C OOIIEIIPUHATHIMU CTAHAAPTAMU: OOIIIHe AHAAU3DI
KPOBH 1 MOYH, OHOXHMUYECKIE [I0KA3aTeAN KPOBH, OIIpe-
AeAeHHe KUCAOTHO-OCHOBHOTO COCTOSIHHS Ia30B KPOBH,
II0CeB KPOBHU U KaAa. B pabore 6b1an Taxke HCIIOAB30-
BaHBI KAMHIYECKHe, HHCTPYyMeHTaAbHbIe, UMMYHOAOTH-
4eCKIe, MOAEKYASIPHO-O1OAOTHIECKIIe METOABI LICCACAO-
BaHMA. Ha ocHOBaHMHM KAMHUKO-PEHTT€HOAOTHYECKUX
npusHakos I cragns HEK ormevanacs y 26 (26+4,4%),
II crapus y 44 (44+5,0%), a 11 craaus y 30 (30+4,6%)
HOBOPOXXAEHHBIX. YPOBEHD IJUTOKHHOB OBIA OIIPeAeAeH
y 30 HoBOpOXxAeHHBIX. KoHTpOABHYIO rpymmy cocTaBUAK
30 3AOpOBBIX HOBOPOXXAEHHBIX, 03 PH3HAKOB HHEK-
nuu. Tecrarmonnsiit Bospact y 16 (16+3,7%) nepoHo-
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mennbix 29-31 Heaeab, v 48 (48+5,0%) 32-37 Heaeany,
y 33 (3314,7% ) nHoBOpOXkAeHHDBIX 3840 HepeAb.

AASL pEHTTEHOAOTHYIECKOTO 0OCAEAOBAHMS HCIIOAD-
30BaAM CTAIlMOHAPHYIO peHTreHoycTaHoBKy Ecoray HF
528§ plus u mepeaBrwKHOM peHTreHoamnmapar. Tpaxca6-
AomuHaabHOe Y3U OpIOLIHOM IIOAOCTH C AOIIIAEME-
TpHelt IPOBOAUAOCH Ha ammapare Aloka prosound SSD
3500 SV ¢ MyABTHYACTOTHBIM AMHENHBIM AQTYHKOM
7,5 T11, kouBeKCHBIM pAaTuukoM S T AAs oneHku co-
CTOSIHHIO OPTaHOB OPIONIHOM IIOAOCTH U OIIPEACAEHIS
crapuitHocT HOK y HOBOpOXKA€HHBIX HCIIOAB30BAAT
CAeAyIOIIYe 3XOTrpadpHyecKre MOKA3aTeAN: 1) HaAmume
CBOOOAHO XXHAKOCTH B OPIOIIHOM TOAOCTH; 2) Xapakrep
NepPHCTAABTHKH; 3) AMAMEeTP TOACTOM KHUIIKH; 4) Toamu-
Ha KHIIeYHOH CTeHKH;S ) HaAMdKe CBOOOAHOTO ra3a B KH-
IIeYHOMN CTeHKHU.

Ompepeaenne IA-13, IA-6, IA-10, DHOa BbiroaHst-
A CTAHAQPTHBIM METOAOM TBEPAOPA30BOTO (<« COHABIY> -
BapuaHT) uMmyHOpepmenTHoro anasusa (MIDA) c uc-
[IOAb30BAaHHEM AHATHOCTHYECKHX TecT-crcTeM. O6pasiibl
CBIBOPOTKHU KPOBH (0,5-1,0 MA) uccaeayembix HOBOPOXX-
AEHHBIX, B3ATbIe Ha 3—5 CYTKHU XU3HHM XPaHHAU AO OIIpe-
Aeaenus ruTokuHOB rpu —20°C. TToayuennsble riudposbre
AQHHbIE ITOABEPIAKCH CTATUCTUYECKOI 00paboTKe MeTo-
AAMH MEAMITHHCKOH CTaTHCTHKH C Y4ETOM COBPeMeHHbIX
TpeboBaHmil. BErMrCAeHHS IPOBOAMAKCH HA KOMITbIOTEpe
C OMOIIbI0 3AeKTpoHHO# TabAnsl EXCEL.

PesyabTaThl HCCACAOBAHHIL.

AAs ycTaHOBACHHS PAaKTOPOB PHUCKA BOSHUKHOBEHHS
HOK y HabAr0AQBIIMXCSI HOBOPOSKAECHHBIX OBIA IIPOBEACH
PeTPOCIIeKTUBHBIN AHAAN3 COMATUYECKOTO M aKyIIePCKO-
rHHeKoAorudeckoro aHamHesa 100 marepeit. Y maTepeit
BCeX MAAACHIIEB OTMEYAAH OTATONIEHHbIN aKyIIepCKUI
aHaMHe3 (xpom/mecxaﬂ MAAIIEHTApHAsT HEeAOCTaTOY-
HOCTbB, YTPO3a BBIKUABIIIA HA PAaHHUX CPOKAX, COMATH-
YecKre M IMHEKOAOTHYeCKHe GOAe3HM MaTepH, recTos
B TPeTbeM TPUMECTpe, OCAOXKHEHHS BO BpeMs pOAOB).

Anaaus
Ao ycranoBAaenus AnarHoza HEK nokasaa, aTo 60abimast

OCOOEHHOCTH BCKAPMAMBAHUSL ~A€TeM
qacTh MAapeHIIeB (45% ) HAXOAHAACh Ha HCKYCCTBEHHOM,
30% Ha rpyaHOM, a 4% Ha CMeIIAHHOM BCKapMAMBaHMU.

Y HOBOPOXXAEGHHBIX C IEPUHATAABHBIMU HHEKIUS-
MU OTMEYaAOCh HeyCTOiurBas TeMreparypa reaa (75%),
BarocTb (87,5%), B3AyTHE WM TUIIEPECTe3Hs >KHBOTA
(87,5%), acripatsl sxeayaka (OCTaTku mumimm), pBoTa
(>xeAub, KpOBD ), HEIPOXOAMMOCTD KHIIeYHHKa (0cAabae-
HHe MAM HCYe3HOBEHHe KUIIEYHbIX ITYMOB), 9PUTEMA HAH
OTeK OPIOIIHOM CTEHKH, IOCTOSIHHAS AOKAAU30BAHHAsI
Macca B XHBOTE, aCIIUT, KPOBSHHUCTHIH cTyA. [TaTorHo-
MoHuuHbIMU cuMiToMamu HOK siBastioTcst: yToAmenue

KUIIEYHOM, CTeHKH, HapylleHHe NePHCTAABTHKH KH-
IIEYHKKA, THEBMATO3 M HAAMYKE CBOOOAHOIM YKUAKOCTH
B OPIOIIHOM TOAOCTH.

Hexporuyueckuit SHTEpOKOAUT UMeeT CTAAMIHOE Te-
yenue. [Ipu I cTapuy kAMHMYeCKas KApTHHA S9HTEPOKOAH-
Ta M Ay4eBOe 00CAeAOBaHNUE CrIePIIECKIX CHMIITOMOB
He BbusiBAsieT. [ Ipu HefipocoHOrpaduu y 06cAeAOBaHHBIX
HOBOPO>KAEHHBIX Yallle OTMeYaeTCs OTeK MO3ra, IepH-
BEeHTPUKYASPHbIE KDOBOU3AMSAHHUA. Y HOBOPOXAEHHbIX
C NMePHHATAAbHBIMH MHQEKIIMAMH BBISBASAUCH KHCTBI
COCYAMCTBIX CIIA€TEHUH, MUHEepaAU3aLMOHHAS BACKYAO-
narus. [Ipu axorpaduu cepalia y HOBOpOXKACHHBIX 006-
Hapy>KeHbl MUHMMaAbHbIE aHOMAAMM CEPALIA, KOTOpbIe
IPOSIBASIAMICh B BUA@ OTKPBITOIO OBAABHOTO OKHA, AO-
IIOAHUTEABHOH XOPAOH B AeBOM xeaypouke. [Ipu Y3U
OPIOLIHOM IIOAOCTHU OIPEAEASAKCh CUMIITOMBI TUIIEPI-
XOTeHHOCTH NHUPAMHA TI0YeK, IOBbIIIeHHEe dXOTeHHOCTH
IIApEeHXUMbI II0YeK, MeTeOpHU3M, 3aMEAACHHas IepH-
CTaAbTHUKA.

ITpu crapuu II-III co cTOPOHBI KeAYAOUHO-KHUIIEY-
noro tpaxta (JKKT') XapakTepHbI CHMITOMbI AUCTOHUM
U AMCKEHEe3UH: BSAOE COCaHHUe, CPhIIMBAaHHUE C XKEAYbIO,
IIOTePsI MACCHI TeAQ, 0OAE3HEHHOCTH U B3AYTHE XUBOTA,
BEHO3HAs CeTb Ha IepeAHel OPIOIIHOM CTEHKe, CO CAU-
3bI0 U 3eACHDBIO, HHOTAA C KPOBbIO (<«Kodeitnas ryma ).
PenTreHoAorn4ecku BbIIBASIETCS yBEeANUEHUE TOAIUHBI
KHIIeYHOHN CTeHKH 3a CYeT OTeKa M BOCIAAeHUS, peHO-
MEeH «CTaTHYHOM IETAU>, HAAMYHE PA3HOKAAHOEPHBIX
YpOBHel. OXOrpa¢uyecKu BBIIBASIETCS BBIPXKEHHOE
YTOAILIEHHEe KHIIEYHON CTEHKH M XHAKOCTb B OpromI-
HOW MOAOCTH. AMAATAIUS TeTeAb KUIIEYHUKA SIBASIAACH
AMATHOCTUYECKUI 3HAYUMBIM Y 3-CUMITTOMOM. ¥ HOBO-
poxaenspix ¢ HOK Ha ¢pone runoxcun Amamerp Toa-
crort kumku 11,1+0,5 MM mpakTH4eCKH He OTAUYAACH
OT HOPMAABHOM KHIIKH 3A0POBOTO. Y HOBOPOXXAEHHBIX
C IepHHATAAbHBIMH MHQEKIMSAMU AMAMETP TOACTOM
KHUIIKH AOCTHUTAA MAKCUMaAbHBIX pasmMepoB 19,3+0,3 Mm.
MaxcumaapHBIE TTOKA3aTEAN TOAIIMHBI KUIIEYHOM CTEH-
ku peructpuposasuch npu HOK II-1II crapnu y HOBO-
POXAEHHBIX Ha pOHe UHPEKITUH.

PeHTreHOAOrHYECKasI KAPTHHA ¥ ITUX OOABHBIX Xa-
paKkTepusyeTcs IMpU3HAKaMH HEIIPOXOAMMOCTH U pac-
IIPOCTPAHEHHOTO ITHEBMAaTO3a KUIIEYHOM CTEHKH, 3a-
TeMHeHHe OPIOLIHOMN IIOAOCTH 32 CYeT 3HAYUTEABHOTO
KOAMYECTBA XMAKOCTH, OIIPEAEASIOTCS TPU3HAKHU ITHEeB-
MOIIepUTOHEYMa ITPH NepPOpaIuH KUIIKH. DXorpadu-
YeCKH BBIABASIETCS BbIpa)KeHHOE YTOAIleHHE KUIIeYHOMN
CTEHKH, BSIAAs TIEPUCTAABTHKA MAH €€ OTCYTCTBUE, Ha-
AMYHE )KHAKOCTH B CBOOOAHO! OPIOLIHOM IIOAOCTH YaIlje
B AQaTe€PAAbHbIX KAHAAAX.
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B pesyabTaTe mpoBeaeHMA CPaBHMTEABHOTO aHAAM-
3a YpOBHell LIUTOKHMHA y HOBOpOXkAeHHbIx ¢ HOK 6p100
YCTaHOBAEHO, YTO B I rpyTiTie y HOBOPOXXAEHHBIX C IepHHa-
TaAbHOMN uHekimeit yposers MIA-1B 8 3 pasa (1,88£0,18),
y Il rpyrme 3,4 pasa (2,1240,07), a y Il rpyrme 3,1 pasa
(1,95%0,10) BbliIIe yPOBHS LIUTOKMHOB HOBOPOXAEHHBIX
KOHTPOABHOH rpymsl. Y HoBopoxkaeHHbIX ¢ HEK MA-6
B 6,9 pas B I rpymme, B 7,8 pas B Il rpymme, B 7,1 pas B 111
rpyIiIie Bblllle YPOBHA IIUTOKUHOB HOBOPOYKAEGHHBIX KOH-
TpoabHo¥ rpymmsL. I Ipu B3rasiae Ha TNF-a, curyars 6s1aa
HecKoAbKo nHas. TNF-a yBearunacs B rpynmax [u IIL B 1
rpymne 31,4 pasa, y 29,1 pasa Bo Il rpyrme u y III rpymmsr
65140 30,3 B CpaBHEHHH C KOHTPOABHOM IPYTIION. YPOBHH
TNF-a B rpymmax 6s1a0 50,2 + 0,8, 46,6 £ 1,0 1 48,5 +
0,8 cOOTBETCTBEHHO.

B pesyabrare npoBeaeHHs CPaBHUTEABHOTO aHAAN3A
YypOBHeil IPOBOCIAAUTEABHBIX ITMTOKUHOB ¥ HOBOPOX-

Aersbix ¢ HOK 6b1A0 ycTaHOBAEHO, YTO HE3aBHCHUMO
OT CTaAMH y BCEX HOBOPOXAEHHBIX C HEKPOTHYECKUM
9HTEPOKOAMTOM OTMEYAAOCh AOCTOBEPHOE MOBbIIIeHHe
®HO-a (48,410,6) u VIA-6 (30£0,8) 1 MeHee BbIpaskeH-
noe nosbimenue MA-1B (1,99+0,07). ITposeaenubie
HaMH HCCAGAOBAHMS MTOKA3AAH, UTO Pa3BUTHE KAMHUYE-
CKO-3X0rpaduieckoil KApTHHbI HEKPOTHIECKOTO JHTe-
POKOAHTA COIPOBOXKAAETCS 3HAYUTEABHBIM AUCOAAAH-
COM IIPOBOCIIAAUTEABHBIX IIUTOKUHOB. Takum obpaszom,
KAMHHUYECKHe OCOOEHHOCTH U BbISIBACHHAsSI HAITPABAEH-
HOCTb U3MEHEeHHH IJUTOKMHOBOTO MPOQUAS B IIepruoAe
HOBOPOXKACHHOCTH M HX BBIPa)K€HHOCTDb YKAa3bIBAIOT
Ha popmuposanre HOK u renepasmsarmio cucreMHom
BOCIIAAUTEABHOMN PEaKIIMH y HOBOPOXKXAEGHHBIX, a TakoKe
HICIIOAB30BATh 3TH AQHHbIE AASI IIPOTHO3a 3200A€BaHMS
1 3¢ PeKTUBHOCTH IPOBOAUMOM TepaIuu.
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Abstract: There were researched peculiarities of cytokine state of newborns with perinatal infections depending

on gestational age. Availability of disbalance in cytokine profile and predominance of Th 1 component of immune
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response were revealed with children (full-term and premature) with congenital infections. The level of pro-inflam-

matory cytokines in full-term higher than in preterm infants, which apparently is associated with greater maturity

of the term infant system and a prevalence of quantitative and qualitative cell component of the immune system.
Keywords: cytokines, perinatal infection, newborn.
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HapyweHune uMTOKMHOBOro Npodunga y HOBOPOXAEHHbIX
C NnepuHaTanbHbIMU MHPEKLUNAMU PA3SINYHBIMU FreCTaLMOHHOIo Bo3pacTa

Annoranms: [JeApro HACTOSIIIErO HCCAEAOBAHHUS SIBHAOCH U3ydeHHe 0COOEHHOCTEN IINTOKMHOBOIO CTATyCa y HO-
BOPOYKAEHHBIX C [IEPHHATAAPHBIMU HH(EKINSIMI B 3aBUCHMOCTH OT TeCTAIIHOHHOIO BO3PacTa. Y HOBOPOXKAEHHBIX
(AOHONIEHHDIX M HEAOHOIIEHHBIX) C BPOXKACHHBIMH HHPEKIIHMAMY BbIIBACHO HAAMYKE AUCOAAAHCA B [IUTOKUHOBOM
npoduae, u npeobrapsanne Th 1 KOMIIOHEHTa UMMYHHOT'O OTBETA.

YpoBeHb IPOBOCIIAAUTEABHBIX IIUTOKHHOB Y AOHOIIEHHBIX IIPEBBIIIAET AaHAAOTUYHbIE [IOKA3ATEAN Y HEAOHOIIIEH-
HBIX A€TeH, YTO II0-BUAUMOMY, CBSI3AHO C OOABIIEN 3PEAOCTBIO CUCTEMO OpPraHU3Ma AOHOIIEHHOTO peOeHKa U Ipe-

O6AaAaHI/IeM KOAMYECTBCHHOTI'O M KAYE€CTBEHHOI'O KACTOYHOTI'O 3BC€Ha, I/IMMYHHOfI CHUCTEMBI.

KaroueBbie cAOBa: IUTOKHUHEI, IEPHMHATAAbHbIE NHPEKITUH, HOBOPO>XXACHHDIE.

OAHOIT MIX IPUYUH BHYTPHYTPOOHOr0 HHPUIUPOBA-
HMS [IAOAQ SIBASIETCSI QU3HOAOTHYECKAsI IMMYHOCYIIpec-
cus [1, 88]. BHyTpuyTpo6Has nH$eKIMS pa3BUBAETCS
Ha QoHe He3peAON HMMYHHOM CHCTEMBI ITAOAQ, a TAKOKe
MOHIKEHHOM CIIOCOOHOCTBIO KAETOK HOBOPOXKAEHHBIX
CHHTe3UpPOBATh HEKOTOPbIE ITHTOKHHBI U UMMYHOTAO-
6yaunnsl [2, 46-50]. OcHOBHBIM $aKTOPOM PasBHUTHSL
HEOHATAaAbHOTO CeIICHCAa W IPUYMHONM HEOHAaTaAbHOM
3260A€BaeMOCTH 1 CMEPTH SIBASIETCSI CHIDKEHHE CII0C00-
HOCTU CHHTE3HPOBATh IPOBOCHAAUTEAbBHbIE [JUTOKHHBI
1 xeMokuHbI [ 3, 33-38].

Ceppésnoe BAMSHUE Ha QpYHKIHOHAABHbIE X KOAUYe-
CTBEHHbIE TAPaMeTPhl [UTOKHHOB OKa3bIBA€T IeCTAI[HOH-
HbI BO3PACT HOBOPOXKACHHBIX AeTel. Y HeAOHOIIEHHBIX
AeTefl II0 CPaBHEHHUIO C AOHOIIEHHBIMH, BCE TECTHI Ha OeA-
KH OCTPOI1 pa3bl UMeIOT 60Aee HI3KHe TOPOTOBbIe 3HAYe-
HMS 1 MEHBITYI0 AUATHOCTHYECKYIO HHPOPMATUBHOCTb.
Boaee caabast BbIpaXkeHHOCTb CUCTEMHOM BOCITAAUTEAD-
HOJ peaKIliuy IPH TSDKEABIX MH(EKIIMOHHBIX 60A3HIX
y HeAOHOLIEHHBIX AeTeil 28—30 HeaeAb recraruu 06p-
SICHSIET 0COOEHHOCTH KAMHIYECKO KAPTHUHBL U TpebyeT

CIIeIIMAAbHOM PEKOMEHAALIMH 10 AUATHOCTUKE U KOPPeK-
LU AASL AQHHOU TPYTIbL AeTeit [4, 44; 5, 152-155].

OAHOI 3 OCHOBHBIX 3aA4 HACTOSIIETO HCCAEAOBA-
HUSL SIBUAOCDH M3ydeHHe 0COOeHHOCTel IIUTOKHHOBOTO
CTaTyca y HOBOPOXXAEHHBIX C IIepUHATAAbHBIMU HHPEK-
LMAMU B 3aBUCUMOCTH OT FeCTalfJHOHHOTO BO3PACTa.

MarepHaA H MeTOABI HCCAeAOBaHHS. [Top HabAIO-
ACHUEM HAaXOAUAUCH 78 HOBOPOXKAEHHBIX C BepUPHUIIH-
POBaHHOM MMMYHO(EPMEHTHBIM AaHAAU30M M ITOAMMe-
Pa3HO-LIE[IHOM peaKIiyeil BHyTPHYTPOOHOI HHPEKIHET.
Ha ocHOBaHUM OAYyYeHHBIX AAHHBIX U C y4€TOM I'eCTali-
OHHOTO BO3PACTa, HOBOPO>KAEHHbIE OBIAU ITOAPA3AEAEHBI
Ha COOTBETCTBYIOIHE IPYIIIIbL:

I rpynny cocraBuam 27 HOBOPOXXAEHHBIX C IUTOMeE-
raaosupycHoit uaexuueit (LMBU), 11 rpynmy cocra-
BrAM 20 HOBOPOXAEHHBIX C MUKCT-uHeKIuei (BUpyc-
HO-BUPYCHOI1, BUPYCHO-6aKkTepuaabHoil nudekuert). 111
TPYIIITY COCTaBHAM 16 HOBOPOSKAEHHBIX C GaKTepHaABHO
uHpexuert. 13 HUX y 7 HOBOPOXKXAEHHBIX ObIA AUATHO-
CTHPOBAH CEICHC, Y 9 — AOKAABHBIA BOCIHAAMTEABHBIN
Iporecc MHPEeKIMOHHOTO reHe3a (ITHEBMOHUS, THOAEP-
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MHsI, OMJAAUT, KOHBIOHKTHBUT, OTHT). KOHTpOAbHYIO
TPYIIILY COCTaBUAM 1S HOBOPOXKAEHHBIX, €3 IIPU3HAKOB
uHdexiun. M3 Hux 37 aeTeil pOAUAUCH AOHOIIEHHBIMU
u 26 HepoHOMmEeHHbIMU. CpeAHHI reCTalMOHHBIN BO3-
PAcT AOHOIIEHHBIX AeTe!l Ha MOMEHT POXKAEHHUS COCTa-
BuA 38,5+0,2 HepeAb, HEAOHOIIIEHHBIX A€TeN C HU3KOU
maccoit Teaa (HMT) 33,6+0,3 HepeAb, C O4eHb HU3KOI
maccoit Teaa (OHMT) 29,6+0,4 HeaeAb, C SKCTpeMaAb-
HOi#t HusKoit Maccoit Teaa (DHMT) 26,3+0,5 Heaeap.
ITpu aTOM KOA€OAHHSI CPeAHEerO 3HAYeHHsI MACChl TeAd
Y AOHOIIIEHHBIX HOBOPO>KAHHBIX HAXOAMAMCD B IIPEACAAX
3000+117 1, y HepoHOmeHHbIX AeTeti c HMT 1892142 1,
¢ OHMT 1226£29 1, c O9OHMT 900£62 1.

AASL OoIpeAeACHUS] COAEP>KAHUS B CBIBOPOTKE KpO-
Bu IgM u IgG k Bo3Oyaureasm undexrmit TORCH rpymn-
IIbI, @ TAIOKE K BO3OYAUTEASIM XAaMHANO3a IIpoBepeH IQA
CTaHAQPTHBIM METOAOM C IIOMOIIbIO HA0Opa pEaKTHBOB
«Human>» (Tepmanus) Ha aHaausarope «Sirio» (Hra-
AUSL). AASLyTOYHEHHS STHOAOTHH BPOXKACHHOM HHPEKIUH
IIPOBEAEHO 00CAeAOBAHKE OHOAOTHYECKHX CPeA pebEHKa
(xpoBb, CAIOHA, MOYa) METOAOM MOAMMEPA3HOI! LIEMHOM
peaxuuu (TILIP). Onpepeaenne V-1, UA-6, IA-10,
HA-18, DHOa BBITOAHSIAN CTAHAAPTHBIM METOAOM TBEp-
A0$a3oBoro («CIHABHY>-BapUAHT) UMMYHODEPMEHTHO-
ro anaam3a (MIPA) ¢ HCoAb30BaHHEM AMATHOCTUYECKHX
TeCT-CUCTeM MPOU3BOACTBa «Bekrop-Becr» (Hosocu-
6upck). O6pasip coiBopoTku kposu (0,5-1,0 Ma) uccae-
AyeMbIX HOBOPO>XKAEHHBIX, B3SITbIe Ha 3—S5 CYTKH XXU3HU
XPaHHAM AO OTIpeAeAeHHS IIMTOKHHOB pu —20°C.

IToayuenHble IUPpPOBBIE AAHHBIE TOABEPTAKCH CTa-
THCTUYECKON 00pPabOTKe METOAAMH MEAULIMHCKOM CTa-
THCTHKHU C y9€TOM COBPeMEHHBIX TPeOOBaHHIL.

Pe3yAbTaThl HCCACAOBAHHS H HX 00CY)KAeHHE

B pesyabrare npoBeAeHHs CPABHUTEABHOTO aHAAM3A
YPOBHe¥ IIPOBOCIIAAMTEABHbIX ITATOKHHOB U IIPOTHUBO-
BOCITAAUTEABHOTO LIUTOKHMHA B 3aBUCUMOCTHU OT TecTa-
IIIOHHOTO BO3PacTa ObIAO YCTAHOBAEHO, YTO YPOBEHb
IPOBOCITAAUTEABHBIX IIATOKMHOB MMeeT CYIleCTBEHHbIe
(cTaTHCcTHYECKU 3HAYMMbIE) KOACOAHHS B 3aBHCUMOCTH
OT reCTalJMOHHOTO BO3PaCTa.

B yacTHOCTH, OTMeYeHO, YTO y AOHOIIEHHBIX HO-
BopoxxAeHHbIX ¢ IIMBU yposens MA-1p B 2 pa3a,
Yy HEAOHOIIeHHbBIX B 1,4 pasa Bbllle YpPOBHA ITUTOKH-
HOB HOBOPOXXAGHHBIX KOHTPOABHOM rpymisl. Makcu-
MaAbHOe U MUHHMaAbHOe 3HaveHust IA-1f cocraBuan
7,17 10,58 1ir/ A COOTBETCTBEHHO. Y AOHOLIEHHBIX HOBO-
POXXAEHHBIX 9TO Xe rpymmsl IA-6 B 2,6 pa3a, y HeAOHO-
IIeHHBIX B 2,3 pa3a BbILIe YPOBHS ITATOKHMHOB HOBOPOXK-
AEHHBIX KOHTPOABHOM IPYIIBL. AHAIa30H KoAeOaHuUI
cocrasua 10,8 u 1,28 ir/ma.

AHAAOTHYHO M3MEHAAACh KOHIIEHT AL APYTHX IIU-
TokuHOB: yposerb ®HO-a nossicuacs B 1,8 pasa (aoHo-
mennble) u 1,6 pasa (Heponomennsre); IA-18 B 1,7 pasa
(aonomennsre) u B 1,3 pasa (neponomennsie). Heckoab-
KO MHOM XapaKTep HOCAT U3MeHeHHe yPOBHs ITUTOKHUHA
HA-10. B orandne oT IpOTHBOCHAAUTEABHOTO IIUTOKMHA
y aoHomeHHbIX aeTeli ¢ [IMBU yBeandnacs HesHauu-
teabro (1,1 pasa). YBeAnyeHue KOHIJeHTpaLUU IIPOBOC-
[TAAUTEABHBIX LIUTOKUHOB y Aeteit ¢ LIMBU, B ocoben-
HOCTH Y AOHOILIIEHHBIX HOBOpoxkAeHHbIx 1IA-1f B2 pasa,
WA-6 B 2,6 paza, PHOa B 1,8 pasa, IA-18 B 1,7 pasza
10 CPAaBHEHHIO CO 3A0POBBIMU HOBOPOXXAEHHBIMHU XapaK-
TepU3YIOT UHTEHCUBHOCTDb BOCITAAMTEABHBIX ITPOIIECCOB
IIPY ePUHATAABHBIX HHEKITHX.

Heo6X0AUMO OTMETHTH YETKYIO Pa3HHIy B UMMYH-
HOM OTBETE AOHOIUIEHHBIX U HEAOHOIIEHHBIX AeTel.
YpoBeHb BbIPaOOTAHHBIX LIUTOKHHOB Y HEAOHOLIEHHbIX
aereit B oreT Ha LIMB sBAsieTcs omyTHMO HU3KUM
10 CPAaBHEHHUIO C IPYIIION AOHOUIEHHbIX AeTel. Y AeTel
IPYTIIbI KOHIIEHTPallks MOBBICHAACKH B 1,4 pasa, 2,3 pasa,
B 1,6 pa3a, B 1,3 pasa o cpaBHeHMIO C KOHTPOABHOM
rpymmoit. OcobeHHO HATASIAHO AQHHASI 3AKOHOMEPHOCTb,
T. €. PEaKTHBHOCTD Y AOHOLIEHHBIX U 60Aee cAabast akTUB-
HOCTb y HEAOHOLIEHHBIX B UMMYHHOM CHCTeMe B OTBET
Ha BHeAPEHHe BUpYca.

AnaArormyHas 3aKOHOMEPHOCTDb T.€. IOBbIIIeHHe
YPOBHSI LIMTOKMHOB HAOAIOAQETCS IIPU CMEIIAHHOM
UHPeKIMH. Bpia0o BBIABACHO, YTO Y HOBOPOXKAEHHBIX
co cmemranHoin uHdpeknueir VA-1p 8 2,8 u 2,8 pasa,
®HO-a B 1,9 u 2,1 pasa, IA-6 B 4 u 3,4 pasa, IA-10
B 1,51 1,2 pasa, IA-18 B2 1 1,4 pasa Bblllle aHAAOTUYHbBIX
IIOKa3aTeAeil Y 3A0POBbIX AOHOLIEHHBIX U HEAOHOIIIEH-
HBIX AeTell COOTBETCTBEHHO. Y HEAOHOIIEHHBIX AeTel 3TH
rnokasareAn Huke, uckatodas IA-14 (2,8 pasa), DHO-a
(2,2 pasa). Yposenn nuroxkunos UA-1B, IA-6 y HoBo-
poxAeHHbIx I rpynme Bbie o CpaBHEHUIO C IIOKa3aTe-
ASIMU TPYIIIBI B cpepHeM B 1,5 pasa. B copepxanum Apy-
TUX UTOKUHOB IT0 CPAaBHEHHIO C [TOKa3aTeAsiMu I rpymmsr
B cpepHeM B 1,5 pasa.

CoraacHO AQHHBIM, Y HOBOPOXKAEHHBIX C MHpEK-
LIMOHHO-BOCIIAATEABHBIMU 3a00A€BAaHUSAMU YPOBEHb
HA-6, IA-1p pocturaer Haussicurero yposHs. KoHieH-
Tpanus MIA-6 B CbIBOPOTKE KPOBH y AOHOIIEHHBIX AO-
cruraaa 22,9+2,39 nr/ma, 9o B 5,5 pa3 Bblie YpOBHS
HOBOPO>KACHHBIX KOHTPOAbHOM rpymmbl. Makcumaab-
Hoe 3HaueHue 11A-6 y HeAOHOLIEHHBIX COCTAaBHAO 19,2+
1,71 rr/ma, 4to B 4,6 pasa Bblllle KOHTPOASL. YPOBEHb
WA-6 Taxcke mpeBblmaeT mokaszaTeAu B 2,1 pasa HOBO-
poxaeHHbIx I rpynmsl u B 1,4 pas mokazaTeAu HOBOPOXK-
AeHHbIX [ rpymmbL.
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Copepxanne MA-1p y AOHOIIEHHBIX HOBOPOX-
AEHHBIX C OaKTepHaAbHON MHeKIMell BbIlle B 4,7 pas
IO CPaBHEHHIO C KOHTPOAEM, B 2,3 pa3a II0 CPaBHEHUIO
¢ I rpynmoit u B 1,6 pas mo cpasHenuto co II rpymmoit.
Anamazon xoaebanmit cocrasua or 10,6-21,7 nr/ma.
Y HeAOHOIIIEHHBIX 9TOM 3Ke IPyIIsI copepkanue MIA-1f
B 3,2 pa3 BbIllle [0 CPAaBHEHHUIO C KOHTPOABHOMN TPyTI-
mbl, B 2,2 pa3a nmo cpasHeHuo ¢ I rpymnmnoii u B 1,1 pa3s
1o cpaBHeHu1o co Il rpynmoii. Beiao BeIsIBAEHO, UTO Y AO-
HOIIIEHHBIX AeTel C 6aKTepHaAbHOM HHPEKIIHel ypOBeHb
HA-18 1 ®HO-a B 2,2 u 2,4 pasa, y HeAOHOUIEHHBIX
1,9 u 1,4 pasa Bblllle aHAAOTUYHBIX ITOKA3ATEACH Y 3A0-
POBBIX A€TeN.

TakuM 06pasoM, Py CPaBHEHUU YPOBHEH LIUTOKHU-
HOB Y HOBOPO>KAEHHBIX B 3aBUCHMOCTH OT 3THOAOTMH
YCTaHOBAEHO, YTO AOCTOBEPHO CaMblil BHICOKHI YPOBEHb
LIUTOKHHOB, a uMeHHO MA-6, IA-1P HabAropaACs TpH
CMEIIAHHOM aCCOLUALINU BO3OYAUTEAEH U Y HOBOPOXK-
AEHHBIX C OaKTepHAABHON HHQEKIHE 10 CPAaBHEHHUIO
¢ moHO-IIMB nndeximeit.

Y HOBOpPOXKAEHHBIX (AOHOIIEHHBIX U HEAOHOIIEH-
HBIX) C BPOXACHHBIMU HH(EKIHAMU BbIABACHO HAAMYHE
AHcbaAaHCa B IUTOKHHOBOM IPOHAe, U IIpeobAapaHme
Th 1 KOMIIOHEHTa UMMYHHOTO OTBeTa. DTO MIOATBEPXK-
AQeTCsl TIOBBbIIIEHHEM YPOBHS IPOBOCIIAAUTEABHBIX
(UA-1B, IA-6, IA-18, PHO-a) u NpOTHBOBOCIAAH-
TEABHOTO IJUTOKMHOB B CPAaBHEHHUH C ITIOKA3aTeASIMH
KOHTPOABHOM TPYIIIBL. YPOBEHb IPOBOCIIAAUTEABHBIX
IJUTOKMHOB y AOHOIIEHHbIX IPeBbIIIaeT aHAAOTHIHbIE
IIOKAa3aTeAU Y HEAOHOIIEHHBIX AeTell, ITO IIO-BUAUMOMY,
CBSI3aHO C 6OABIIEN 3PEAOCTHIO CHCTEMOY OPTaHU3MA AO-
HOIIEHHOTO pe0eHKa U IpeoOAasaHNEM KOAUYECTBEH-
HOIO U KauyeCTBEHHOT'O KA€TOYHOTO 3BeHa, UIMMYHHOM

CHUCTEMBI.
IIpoBeaeHHBIE HCCACAOBAHHS MTOKA3AAH, YTO Pa3BU-
TH€ IIATOAOIMYECKOTO MPOLIeCCa IIPU IIEPUHATAABHBIX MH-
PeKIUAX COMPOBOXKAAETCS 3HAYUTEABHBIM yBeAMEHHEM
IIPOBOCIIAAUTEADBHBIX M IIPOTUBOBOCIIAAUTEABHBIX LIUTO-
KMHOB B TEYEHHE BCETO IIEPUOAA HOBOPOXKAECHHOCTH.

BrraBAeHHAs HaNPaBAGHHOCTh M3MEHEHMI ITUTOKH-
HOBOTO NPOQUAS B IEPHOAE HOBOPOXKAEHHOCTH U MX
BBIPDO)KEHHOCTb YKa3bIBAIOT Ha BAMSHME HHQEKIHi
Ha CTAaHOBA€HHe U pOpPMUPOBaHHE HMMYHHUTETA Y HOBO-
poxaeHHbIX. Cyasl IO OTBETHOMN peaKIIMU HOBOPOXKACH-
HbIX, Ha BHEAPeHMe MHPEKIMU HauboAee ys3BHMbIMU
B IMMYHOAOTHY€CKOM OTHOLIEHUH IIPH ITIE€PHUHATAABHbBIX
MHQEKIUAX SABASIOTCS HEAOHOIIEHHbIe ACTH B TeUeHHe
BCEro nepruoaa HOBOPOXAeHHOCTH. I1o-Bupumomy, oT-
HOCHTEABHO HOAee HUBKHUIT yPOBEHb CHHTE3a [IUTOKUHOB
SIBASIETCS CAEACTBHEM MEHEE HECOBEPUIEHHOIO MMMYH-
HOI CHCTEMBbI, OIIPEACASIONUHA IMUPOKUN CIIEKTP IepHU-
HaTaAbHOM IIATOAOTMH Y HOBOP OXKAEHHbIX C BPOXKAECHHBI-
MH HHQeKITHAMU.

YcTanOBAGHHBIE BApPHAHThI MMMYHHBIX CABUTOB IIPU
NepUHATAAbHBIX UHPEKIUAX ABASIOTCS KPUTEPUSIMHU BbI-
AEAEHMS TUIIOPEAaKTUBHOIO U IMIIEpPPeaKTUBHbBIX BUAOB
NMMYHHOTO OTBeTa B OCOOEHHOCTH y HEAOHOIIEHHBIX
M AOHOLIEHHBIX AeTeil. OOLIIM [IATTEPHOM HMMYHHOTO
OTBETA IPY IIEPUHATAABHOM IIATOAOTUU ABASETCS IIOBbI-
IIEHHbINA CUHTE3 JUTOKWHOB 3aHMMAIOIINX KAIOYEBYIO
IIO3UIUIO B 3aI[UTHON pPeaKIMK OpraHu3Ma IPOTUB UH-
¢exruit. 3HAUMTEABHO HOAee HU3KHI ypOBEHb CUHTe3a
LIUTOKMHOB Y HEAOHOIIEHHBIX YKa3bIBa€T HEAOCTATOY-
HOCTb Pa3BUTHE Y HUX AAANTUBHBIX CBOMCTB U 3HAYU-
TEABHO 0OAee HM3KOTO KOAUYECTBOM (YHKIIMOHAABHO
AKTUBHBIX KAETOK, 9KCIIPECCUPYIOUINX IIUTOKUHBL.
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Formation of compensatory changes following right-side hemicolectomy

Abstract: Experimental substantiation of a new method of antireflux small-intestinal anastomosis forming by

means of histomorphological, biochemical envestigation of the mucous tunic of gastrointestinal tract, as well as
feces of mongrel dogs and rabbits is presented in the article. It has been established that formation of the suggested

anastomosis leads to a rapid renewal of the mucous barrier of the large and small intestines, manifested in an increase

of quantity of functionally active gobletcells and glycocalyx. An increase of the activity of succinate dehydrogenase,
alkaline and acid phosphatase of the mucous tunic of the distal part of the small intenstine is also marked, that is

evidence of intensity of compensatory processes’ course and rapid formation of compensatory changes. Coprograma

of the animals, to which the suggested small-intestinal anastomosis was performed, is characterized by prevalence of

the per cent of animals in which invariable muscular fibre, plant cellular tissue of starch, neutral fat were not revealed,

that also demonstrates better course of compensatory processes and rapid formation of compensatory changes.

Keywords: ileocecal angle, small-large-intestinal anastomosis, proximal-distal gradient.

Introduction. Performance of radical operative in-
terventions on a right half of the colon is traditionally
accompanied by the onset of a number of unfavourable
consequences that essentially aggravates the life quality
of the patients as a result of removal of such significant
anatomical area as ileocecal angle [1].

Traditional anastomosis is not suitable to ensure
chyme passing in portions from small intestine to the
large one and prevent its getting in opposite direction. In
this connection many surgeons pay attention to invagi-
nated small-large-intestinal anastomoses as they slightly
model ileocecal portion of the intestine, however, the
latter ones have a number of defects too.

The development of the new antireflux small-large-
intestinal anastomosis will improve the course of com-
pensatory processes, as well as coming into being com-
pensatory changes, and at the same time make better the
life quality of the patients after right-side hemicolectomy
and decide the problem of their social rehabilitation.

Aim of the research. To study histomorphological,
biochemical changes of the mucous tunic of gastroin-
testinal tract in experiment as well as microscopic pecu-
liarities of excrement at different methods of the small-
large-intestinal anastomosis forming after carrying-out
resection of ileocecal angle.

Materials and methods. The experiment was
carried-out on 24 mongrel dogs and 28 rabbits which
underwent resection of ileocecal angle and to which
small-large-intestinal anastomosis was formed to gain the
purpose. The animals were devided into three groups de-

pending on the method of the small-large-intestinal anas-
tomosis forming. The first group consisted of 8 dogs and
9 rabbits to which small-large-intestinal anastomosis was
applied according to Kimbarovsky’s method [6]. Small-
large-intestinal anastomosis by the method of Ivashchuk
(1997) was applied to 7 dogs and 8 rabbits of the sec-
ond group. Small-large-intestinal anastomosis using to
the own method was applied to 9 dogs and 11 rabbits
which constituted the third group [5].

Sampling of biological material in dogs was fulfilled
on the 7th, 15th and 30th day following operative inter-
vention as well as during anamostosis forming.

Laparotomy, gastrotomy, enterotomy (in proximal
and distal parts of the small intestine) and colostomy
were carried-out under sterile conditions and then
a piece of mucous tunic was removed. Defect of the
stomach or intestine as well as laparotomy wound were
closed.

Sampling of biological material (excrement) in rab-
bits was carried out on the Sth, 11th and 21th twenty-
four-hours after operative intervention.

Experiment was carried out under vivarium con-
ditions of Higher state educational establishment of
Ukraine “Bukovinian state medical university” according
to the national requirements “General ethical principles
of experiments on animals” (Ukraine, 2011), that were
coordinated with regulations of “The European conven-
tion about the defence of the spinal animals, which are
used for experiments and other scientific goals” (Stras-

burg, 1985) [7].
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Operations were carried out under general intra-
venous anesthesia (thiopental sodium 30-40 mg/kg)
keeping the rules of aseptics and antiseptics. Premedi-
cation by means of intramuscular injection, depending
upon the body weight, 0.5-1.0 ml 0of 0.1% atropine solu-
tion and aminosine solution in a dose of 2/5 mg/kg was
made to the animals 20 minutes to narcosis.

Resection of anastomosis, sterilization were carried
out to all dogs following the completion of the experi-
ment, and when the sutures were removed, the animals
were dismissed to the environment of their constant hab-
itation. Euthanasia of the rabbits was realized according
to ethical standards and acting recommendations in a
state of deep narcosis, by means of introduction of excess
quantity of narcotic preparation, according to the law of
Ukraine Ne 3447-1 of the 21st February, 2006 “About
the defence of animals from cruel treatment.”

Biopsy material of the wall of the small and large in-
testines was fixed in 10% neutral formalin for the light-
optical investigation at histological study. Paraffin
sections were stained with hematoxylin and eosine. De-
screptive technique of the detected pathomorphological
changes was used.

PAS-reaction was made on histological sections to
determine glycoproteins.

PAS optical density-positive staining in un. opt. dens.
separately in goblet cells and glycocalix enterocytes was
measured on histochemical preparations using the meth-
od of computer microdensitometry (computer version
Gimp 2.82).

The content of succinate dehydrogenase (SDG), al-
kaline (AIPh) and acid phosphatase (AcPh) in mucous
tunic of the stomach, small and large intestines was stud-
ied by Prokhorov method [7].

Microscopic investigation of ecrement (invariable
muscular fibres, plant cellular tissue, starch, soap, neu-
tral fat) was conducted under conditions of German-
Ukrainian laboratory Sll “Bukintermed”.

Statistical processing of the obtained results of in-
vestigation was carried out on personal computer using
electronic tables Microsoft Excel, as well as IBM SPSS
Statistics programme. Control of normal data distribu-
tion in samplings was carried out by means of using
Shapiro-Wilk criteria. With the object of evaluating
difference authenticity between the percent portions
of two samplings Fisher criteria were used. Criterium
(t) Crpropenta was employed for comparative analysis
at normal distribution of independent groups. Manna-
Uitni (U-test) criteria were used in case of abnormal
distribution of continuous variables. Divergences of the
results obtained were considered to be statistically reli-
able at p<0.005, that is generally accepted in medico-
biological investigations, where p — the level of the
significance.

The results of the research and their discussion.

The results of optic density investigation of goblet
cells of the intestine mucous tunic, presented in table
1, show reliable decrease of indices in animals of all
groups under study on the 7th 24 hours following the
operative intervention. Indices of the third group are
higher than others, but this difference is reliable only in
small intestine, as compared to the first group. Optic
density of the goblet cells in all groups of animals reli-
ably continues to decrease as compared to the control
on the 15th 24 hours. Indices of the third group are
higher than others, however this difference, and on the
7th day of observation, is reliable only in small intes-
tine in compassion with indices of the first group of
animals. Optic density of goblet cells of the animals of
all groups under study begins to increase on the 30th
24 hours of observation, but the difference remains to
be reliable to the control.

Indices of the third group are higher than others,
however this difference is reliable only as compared to
the first group of animals.

Table 1. — Ratio of optic density of mucous tunic goblet cells of the small and large intestines depending on
the method of forming interintestinal anastomosis in different terms of observation (M+m), un. opt. dens

Term after Group of animals Large intestine Small intestine (distal part)
operation Control 0,31 +0,01 0,39 £0,011
1 2 3 4

First 0,24 +0,011 0,19+ 0,013
n==38 p<0,01 p<0,001

7th Second 0,25 + 0,008 0,21 £0,011

24 hours n=7 p<0,01; p,>0,05 p<0,001; p,>0,05
Third 0,26 + 0,008 0,24 + 0,009
n=9 p<0,01; p,>0,0S; p,>0,05 p<0,001; p,<0,0S; p,>0,05
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1 2 3 4

First 0,18 + 0,011 0,13+ 0,012
n=8 p<0,001 p<0,001

15th Second 0,190,011 0,15+ 0,011

24 hours n=7 p<0,001; p,>0,05 p<0,001; p >0,05
Third 0,21 £ 0,01 0,18 0,015
n=9 p<0,001; p >0,05; p,>0,05 p<0,001; p,<0,0S; p,>0,05
First 0,26 + 0,013 0,26 + 0,008
n=8 p<0,001 p<0,001

30th Second 0,28 + 0,011 0,27 + 0,009

24 hours n=7 p<0,001; p,>0,05 p<0,001; p,>0,05
Third 0,32+ 0,013 0,29 £ 0,008
n=9 p<0,01; p,<0,0S; p,<0,05 p<0,001; p,<0,0S; p,<0,05

Notes: groups continues reliably to decrease on the 15th day of

1. p — difference as compared to the control;

2. p,— difference as against the indices of the first
group;

3. p,— difference to indices of the second group.

Analyzing the results of investigation of glycocalix
optic density of the intestinal mucous tunic, which are
presented in table 2, it should be noted reliably lower in-
dices in the animals of all groups on the 7th day after
operative procedure. Indices of the third group are high-
er than others, but this defference is reliable only in the
large intestine. Glycocalix optic density of the mucous
tunic of the small and large intestines in the animals of all

observation. Indices of the third group are reliably higher
than others. Glycocalix optic density of the large intes-
tine of animals of the second group also reliably exceeds
the first one. On the 30th 24 hours of observation gly-
cocalix optic density of the animals of all groups begins
to increase, however, the indices are lower the control
ones. Glycocalix optic density of the animals of the third
group is higher than others, but this defference is unreli-
able in the small intestine as compared to indices of the
second group. Indices of the large intestine of the second
group are reliably higher than in the first group.

Table 2. — Ratio of glycocalix optic density of the mucous tunic of the small and
large intestines in dogs depending upon the method of interintestinal anastomosis

forming in different terms of observation (M£+m), un. opt. dens

Term after Group of animals Large intestine Sma.ll intestine
_ (distal part)
operation
Control 0,32 + 0,008 0,4 + 0,008
1 2 3 4
First 0,21 + 0,007 0,23 + 0,008
n=8 p<0,001 p<0,001
7th Second 0,23 £ 0,007 0,23 £ 0,009
24 hours n=7 p<0,001; p,>0,05 p<0,001; p,>0,05
Third 0,26 £ 0,007 0,24 = 0,009
n=9 p<0,001; p,<0,01; p,<0,01 p<0,001; p,>0,0S; p,>0,05
First 0,11 £ 0,007 0,15+ 0,008
n=8 p<0,001 p<0,001
15th Second 0,13 + 0,008 0,17 £ 0,006
24 hours n=7 p<0,001; p, <0,05 p<0,001; p,>0,05
Third 0,16 + 0,008 0,19 + 0,008
n=9 p<0,001; p,<0,01; p,<0,05 p<0,001; p,<0,0S; p,<0,05
30th First 0,29 £ 0,007 0,24 + 0,007
24 hours n=_8 p<0,001 p<0,001
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1 2 3 4
Second 0,32 £ 0,007 0,26+ 0,011
30th n=7 p<0,001; p.<0,05 p<0,001; p.>0,05
24 hours Third 0,34 £ 0,007 0,29+ 0,011
n=9 p<0,001; p,<0,01; p,<0,05 p<0,001; p,<0,01; p,>0,05
Notes: study reliably decreases to indices of the 7th 24 hours of

1. p — difference against control;

2. p, — difference as compared to indices of the
first group;

3. p,— difference to indices of the second group.

Summing up the results of the research it should
be noted that completion of the resection of ileocecal
passage results in decrease of glycocalyx optical density,
goblet cells, as well as quantity of the latter ones of the in-
testinal mucous tunic, but on the 7th day of observation
reliably higher indices of the small intestine of animals
of the third group in comparison with others are noted
(fig. 1).

On the 15th day of investigation optical density of
glycocalyx, goblet cells in all groups of animals under

Fig. 1. Histological section of the wall of the dog’s
small intestine after ileocecal angle resection and
formation of suggested small-large-intestinal
anastomosis on the 7th day of observation. Decrease
of the quantity of glycoproteins. Damage of glycocalyx
(2) of enterocytes (1), that is characterized by its
refinement and intensity decrease of staining.
Dilatation of the lymphatic vessels. Obj. 10%. Oc. 10~

In that way, removal of ileocecal passage of GIT re-
sults in decrease of optical density of goblet cells and gly-
cocalyx of the large and small intestines which reflect nor-
mal functional state of the mucous tunic, since they serve
as a certain “mechanical barrier”, which impedes getting
antigens, toxic substances and other high-molecular com-
pounds from enteral medium. Formation of the suggested
small-large-intestinal anastomosis demonstrates better

observation. Prevalence of indices of all groups of ani-
mals as compared to the control, with the exception of
optical density of goblet cells of the mucous tunic of the
large intestine where this difference is unreliable.

On the 30th 24 hours of the research optical density
of glycocalyx, goblet cells in all groups of animals under
study, reliably increases in comparison with indices of
the 15th 24 day of observation. Indices of all groups
of animals reliably predominate as compared to the
control. It should be noted that indices of the optical
density of goblet cells and glycocalyx of all groups of
animals have unreliable difference in comparison with
the control (fig. 2).

Fig. 2. Histological section of the wall of the
dog’s large intestine after ileocecal resection and
formation of the suggested small-large-intestinal

anastomosis on the 30th day of observation.
Thickness of glycocalix and intensity of its staining is
approached to the standard. Obj. 10*. Oc. 10~

coming into being compensatory reactions, directed to
renewal of mucous barrier of the large and small intestines,
that becomes apparent in quantity increase of functionally
active goblet cells and glycocalix [8].

Perfomance of the right-side hemicolectomy leads
to infringement of a number of processes of parietal di-
gestion, caused by the removal of the given GIT area, as
principal place of absorption of fatty acids, deactivation
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of enterokinase, APh (alkaline phosphate), etc. Absence
of ileocecal passage also leads to the constant getting
of chemical compounds to the large intestinal cavity,
which is not typical for this GIT part. As a consequence,
metabolic and enzymatic provision of the small and
large intestines doesn’t correspond to the new conditions
of existence, resulting to a number of functional intesti-
nal disorders in postoperative period. Many researchers
point out to the existing gradient of enzymatic activity
not only from crypt to the villi apex but along the length
of the intestinal tube too [8].

Determination of SDG, APh (alkaline phosphate),
APh (acid phosphate) in mucous tunic of the stomach,
small and large intestines in experiment after resection
of ileocecal passage and simultaneous renewal of GIT
patency, will give the chance to ascertain functional effi-
ciency of the suggested small-large-intestinal anastomosis.

The obtained results of investigation of SDG activity
of the GIT mucous tunic, presented in table 4, show reli-
able increase of the latter one in three groups of animals
under study, during the whole term of the research.

SDG activity of the intestinal mucous tunic during
the whole period of investigation in animals of all three

groups under study has unreliable difference. The indices
of the 30th 24 hours in all groups under study are reliably
less against the 7th day.

Prevalence of SDG activity of the proximal part of
the mucous tunic of the small intestine is observed in
animals of the third group in comparison with others,
but this difference is unreliable during the whole term
of investigation. In all groups under study the indices of
the 30th day of observation are reliably higher as com-
pared to 7th day.

The highest SDG activity of the distal part of the
small intestine is observed in animals of the third group with
reliable difference of indices during the whole period of ob-
servation as compared to the 1st group. The indices of the
30th day of observation in all groups of animals under study
are also reliably lower in comparison with the 7th 24 hours.

The highest SDG activity of the mucous tunic of
the large intestine is observed in animals of the third
group, however, this difference is unreliable against other
groups of animals. In all groups of animals under study
succinate dehydrogenase activity of the mucous tunic
of the large intestine of the 30th day of observation is
reliably lower against the 7th 24 hours.

Table 4. — Dynamics of succinate dehydrogenase activity of the gastrointestinal tract mucous tunic, depending
on the method of forming small-large-intestinal anastomosis in different terms of observation (M+m), nmol/(c*1l)

Part of Control Group of animals Term after
GIT n=16 First group n=8 Second group n=7 | Third group n=11 operation
887,13 £ 6,449 891,29 + 5,344 892,55 + 5,685
P p<0,001 p<0,001 p<0,001 7th 24 hours
g 771,13+ | 869,38 £ 5,074 861,71 + 8,303 865,36 + 3,538
o E - - - 15th 24 h
g 6,712 p<0,001 p<0,001 p<0,001 Sth 24 hours
< 856,13 5,598 858,43 + 5,268 859,36 + 4,804
p<0,001 ** p<0,001 ** p<0,001 ** 30th 24 hours
o2 845,75 + 4,382 847,14 + 4,474 855,09 £ 3,876 24 hours
£ g p<0,001 p<0,001 p<0,001
S5 | s11,56+ | 83813+3,512 836,14 + 5,311 847,73 + 3,663
g 15th 24 h
= E | 5854 p<0,001 <0,001 p<0,001 Sth 24 hours
E g 829,88 + 2,787 825,36 + 4,306 835,27 + 3,205
= p<0,001 ** p<0,001 ** p<0,001 ** 30th 24 hours
N 893,88 % 6,797 899,57 + 4,389 917,82 £ 6,715
_ h24h
£3 p<0,001 p<0,001 p<0,001 * 7th 24 hours
g & | 50406% | 879,384,602 889,14 + 4,312 898,82 + 6,374 L5th 24 hours
=8 3,764 p<0,001 p<0,001 p<0,001 * "
d —
R 865,38 + 7,053 868,29 £ 3,145 883,91 + 4,572
» p<0,001 ** p<0,001 ** p<0,001 *** 30th 24 hours
. 768,75 + 7,086 773,43 + 4,509 778,36 £ 6,213
2 p<0,001 p<0,001 p<0,001 7th 24 hours
8 298,38+ | 757,88 £ 3,623 764,14 + 5,832 769,09 £ 5,155
[=t
< 4213 p<0,001 p<0,001 p<0,001 15th 24 hours
i 738,38 £ 3,578 742,86 £ 5,629 749,91 £ 5,654 30h 24 hours
— p<0,001 ** p<0,001 ** p<0,001 **
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Notes:

1. n— quantity of observations;

2. p — difference as against control;

3. ¥ — reliably as against the 1st group of animals;

4. ** — reliably as against the 7th 24 hours of ob-
servation.

The results of investigation given in table S show
an increase of APh (alkaline phosphate) activity of
the intestinal mucous tunic in all groups of animals with
reliable difference of indices only in the 1st and 2nd
groups on the 7th day of observation. APh activity of
the intestinal mucous tunic on the 30th day of observa-
tion is lower in comparison with the 7th 24 hours, how-
ever this difference is only reliable in the first and second
groups of animals.

Growth of alkaline phosphatase (APh) activity of the
proximal part of the small intestine in all groups under
study, with the exception, that indices of the second and
third groups on the 30th 24 hours of observation have
unreliable difference against control is observed. Indi-

ces of the third group of animals during the first 15th
24 hours of investigation are higher than others, but this
difference is unreliable. In all groups of animals APh ac-
tivity on the 30th day of observation is reliably lower as
compared to the 7th day.

Reliable growth of APh activity of the distal part of
the small intestine during all terms of observations is
observed in all groups animals under study. Indices of
the third group of animals are higher than others with
reliable difference as against the first group. In all groups
of animals APh activity on the 30th day of observation is
reliably lower against the 7th day.

APh activity of the large intestine in three groups
of animals under study is higher than control indices,
but it is unreliable on the 30th day of observation in
animals of the second group. Indices of the third group
under study are higher than others, however this differ-
ence is unreliable. Reliable decrease of indices during the
whole period of the research is observed in animals of all
experimental groups.

Table 5. — Dynamics of alkaline phosphatase of the mucous tunic of gastrointestinal
tract depending upon the method of forming small-large-intestinal anastomosis in
different terms of observation (M+m), mnmol/(0.2*1 min)

Part of Control Group of animals Term after
GIT n=16 First groupn=8 | Second group n=7 | Third group n=11 operation
+ + +
92,63+ 1,017 93,71 % 0,865 9427 + 3,454 b 24 hours
5 p<0,05 p<0,01 p<0,01
< 90,88 £ 0,953 91,71 + 1,04 91,73 +£1,063
+1 ’ ’ ’ ! ’ ! 15th 24 h
g 87,89 £ 1,44 p>0,05 p>0,05 p>0,05 Sth 24 hours
w
88,38 £ 0,981 88,86 + 1,164 89,45 + 1,147
) ) ) ) ) ) h 2 h
p>0,05 ** p>0,05 ** p>0,05 30th 24 hours
350,88 £ 3,067 348,43 + 3,213 343,64 £ 2,688
T ) ) ) ) ) )
g5 p<0,001 p<0,01 p<0,01 7th 24 hours
L= 327,19+ 344,5 £ 2,449 339,29 + 3,183 341,27 £2,479
=} ) ) ) ) ) ) ) 1 th 2 h
£ 5 3292 p<0,01 p<0,05 p<0,05 Sth24 hours
S 3
g 5 336,75 £2,051 331,71 £ 3,145 329,82 £ 3,495
v = p<0,08 ** p>0,05 ** p>0,05 ** 30th 24 hours
225,75 % 3,092 221,71 2,758 237,09 £ 2,627
()
- ger) p<0,001 p<0,01 p<0,01 * 7th 24 hours
g & 201,69 + 218,5 + 3,024 214,14 +£2,632 227,27 £2,822
o — ) - = ) - “ ) - “ 1 h 2 h
Z 3,114 p<0,01 p<0,05 ** p<0,05 * Sth 24 hours
(;5) = 212,75 +2,234 214,57 + 4,503 220,73 £2,183 30th 24 hours
p<0,05 ** p<0,05 ** p<0,05 *,**
114,75 + 3,288 112,29 + 2,472 117,55 + 3,301
()
5 p<0,001 p<0,001 p<0,01 7th 24 hours
8 105,63 + 2,884 104,29 + 1,822 107,36 + 2,657
= +
'gjo 92,06 + 1,659 p<0,01 ** p<0,01 ™ p<0,01 15th 24 hours
5 98,75 + 2,068 97,57 £ 2,54 100,82 +2,239
—
p<0,05 ** p>0,05 ** p<0,05 ** 30th 24 hours
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Notes:

1. n— quantity of observations;

2. p — difference as against control;

3. ¥ — reliably as against the 1st group of animals;

4. ** — reliably as against the 7th 24 hours of ob-
servation.

The obtained data of the research, presented in table
6, show the reliable lowering of acid phosphatase activ-
ity of the intestinal mucous tunic in all groups of animals.
During the whole period of the research unreliable growth
of indices is observed in three test groups of animals.
The indices of the third group on the 30th day of observa-
tion are reliably higher than in the first group of animals,
with the exception of the 30th day of observation.

Reliable growth of acid phosphatase activity (AcPh)
of the proximal part of the small intestine is observed in
all experimental groups of animals. Indices of the third

group of animals are higher than others, but this differ-
ence is unreliable. In three groups of animals alkaline
phosphatase activity on the 30th day of observation is
reliably lower as against the 7th day.

Reliable growth of acid phosphatase activity of the
distal part of the small intestine is observed in all groups
of animals under study. Indices of the third group of
animals are higher than others, but this difference is re-
liable only as against the first group. During the whole
term of the research reliable lowering of the indices is
observed in all test groups of animals.

Acid phosphatase indices in three experimental
groups of animals are reliably higher than the control
one. Indices of the third test group are reliably higher
than in the first group. Indices of the 30th day of ob-
servation in all three groups of animals under study are
lower in comparison with the 7th 24 hours.

Table 6. — Dynamics of acid phosphatase activity of gastrointestinal tract mucous tunic depending on the method
of forming small-large-intestinal anastomosis in different terms of observation (M+m), mnmol/(0.2*1 min)

Part of Control Group of animals Term after opera-
GIT n=16 First group n=8 Second group n=7 | Third group n=9 tion
+ + +
503,38 + 6,708 501,57 + 7,289 502,13 £ 5,528 24 hours
= p<0,01 p<0,01 p<0,01
g 547,69 + 509,38 + 5,794 507,14 + 4,091 511,88 £ 3,676
) - ) - ) - b ) - ) 1 th 2 h
g 8,573 p<0,01 p<0,01 p<0,05 Sth 24 hours
9]
514,63 7,204 511,43 +3,897 508,38 + 4,326
) ) ) ) ) ) h 2 h
p<0,05 p<0,05 p<0,01 30th 24 hours
316,75 * 8,631 317,57 £ 5,814 324,36 £ 5,348
oo ) ) ’ j ) ) h24h
=) p<0,01 p<0,01 p<0,01 7th 24 hours
8 262,06 + 311,63 + 8,561 313,71 + 5,781 315,45 £2,725
g 15th24 h
= : 7,644 p<0,01 p<0,01 p<0,05 Sth 24 hours
o
g g 296,13 £ 7,376 298,14 £ 5,771 303,91 + 3,786
& h24h
i p<0,05 p<0,05 ** p<0,05 ** 30th 24 hours
412,75 £ 6,761 426,57 + 7,622 434,55 + 3,939
) ) ) ) ) ) ) h24h
g5 p<0,001 p<0,001 p<0,001 * 7th 24 hours
8 & | 2569+ 409,88 £ 5,393 414,57 + 3,408 424,36 £ 4,743
g o o0 E) 15th24 h
Z 6,074 p<0,001 p<0,001 p<0,001 * Sth 24 hours
R 385,63 + 6,425 396,29 + 6,968 408,45 7,419
i p<0,001 ** p<0,001 ** p<0,001 *** 30th 24 hours
366,88 7,177 369,14 + 4,985 372,64 £ 5,103
) ) ) ) ) ) )
5 p<0,001 p<0,001 p<0,001 7th 24 hours
8 188,69 + 351,38 + 4,428 354,71 + 4,586 358,55 £ 5,993
[=}
Pl 435 p<0,001 p<0,001 p<0,001 15th 24 hours
5 341,13 % 3,573 346,86 + 3,394 348,64 + 4,44
— p<0,001 ** p<0,001 ** P<0,001 ** 30th 24 hours
Notes: 4. ** — reliably as against the 7th 24 hours of ob-

1. n— quantity of observations;
2. p — difference as against control;
3. *— reliably as against the 1st group of animals;

servation.
Thus, summing up the results of the carried out in-
vestigation it should be noted that resection of ileocecal
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passage and forming small-large-intestinal anastomosis
lead to the growth of activity of succinate dehyfrogenase,
alkaline as well as acid phosphatase of the gastrointesti-
nal tract (GIT) mucous tunic.

When forming own small-large-intestinal anastomo-
sis, higher indices of the activity of the above listed en-
zymes, in comparison with other anastomoses are noted,
however, reliable difference occurs only in distal parts of
the small intestine, that is indicative of enzymatic activity
of proximal-distal gradient, close relation with partial re-
moval of the terminal part of the small intestine — basic
place of fatty acids absorption, deactivation of enteroki-
nase, alkaline phosphatase, as well as getting chemical
compounds, not peculiar for the given medium, to the
large intestine.

Thus, formation of the proposed small-large-intes-
tinal anastomosis leads to the activity growth of SDG,
alkaline and acid phosphatase of the mucous tunic of the
distal part of the small intestine, that is evidence of inten-
sity of compensatory processes course and rapid com-
ing into being compensatory changes.

One of the methods of diagnostics of the diseases
or functional changes in the organs of the digestive sys-
tem is clinical analysis of feces. Taking into account that

removal of the area of ileocecal passage results in signifi-
cant disorders of the digestion processes, and formation
of invaginated end-to-side anastomosis promotes rapid
renewal of functional ability of the intestine, we consid-
ered expendient to envestigate coprogram of the animals
according to which it may be possible to judge about the
efficacy of own anastomosis.

Analysing the results of microscopic investigation
of dog’s feces on the 7th day after resection of ileocecal
angle, presented in table 7, it should be noted unreliable
prevalence of quantity of the animals, in which invariable
muscular fibers in small quantity, were revealed in feces.
Reliably, the percentage of animals of all test groups
without starch in feces predominates. There is the per
cent prevalence of the animals where neutral fat was not
detected, but the difference is reliable only in the sec-
ond group. Quantity prevalence of the animals, where
the soap was not detected, is marked but this difference is
reliable only in the first group.

It should be noted that quantity of animals, where in-
variable muscular fibres and starch were not found, pre-
vailes in the third group, but this difference is unreliable
as against other groups.

Table 7. — Characteristics of Indices of the microscopic investigation of the dog’s feces depending
upon the method of anamastosis forming on the 7th day after operation, abs.,%

Microscopic index Characteristics Group of animals
of coprogram of index First group n=8 | Second group n=7 | Third group n=9
Not revealed 3 3 4
. (37,5%) (42,9%) (44,4%)
Invariable muscular fibres g quantity 5 (62,5%) 4(57,1%) 5 (55,6%)
p>0,05 p>0,05 p>0,05
Not revealed 4 4 S
: (50,0%) (57,1%) (55,6%)
Plant cellular tissue Small quantity 4 (50,0%) 3 (42,9%) 4 (44,4%)
p>0,05 p>0,05 p>0,05
Not revealed 6 S 7
Starch (75,0%) (71,4%) (77,8%)
Small quantity 2 (25,0%) 2 (28,6%) 2 (22,2%)
p<0,05 p<0,05 p<0,01
Not revealed S S 6
(62,5%) (71,4%) (66,7%)
Neutral fat Small quantity 3(37,5%) 2 (28,6%) 3(33,3%)
p>0,05 p<0,05 p>0,05
Not revealed 6 4 S
(75,0%) (57,1%) (55,6%)
Soap
Small quantity 2 (25,0%) 3 (42,9%) 4 (44,4%)
p<0,05 p>0,05 p>0,05
Notes: 2. p — difference between indices within one
1. n— quantity of observations; group;
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3. * — reliable difference as compared to the st
group of animals.

The results of the microscopic study of the dog’s fe-
ces on the 15th 24 hours following operative procedure,
presented in table 8, indicate reliable prevalence of the
quantity of animals of the third group, where invariable
muscular fibers were not detected in feces.

The quantity of animals of the third group, where in-
variable muscular fibres were not revealed, reliably

predominates as against other groups. Prevalence of a
number of animals where plant cellular tissue was not
revealed, is observed in all test groups, however this dif-
ference is unreliable. There is no starch in the feces of
animals of the second and third test groups. The num-
ber of animals of all groups, where neutral fat was not
detected, reliably predominates. The quantity of animals
of the first group, where soap was not detected in feces,
reliably predominates.

Table 8. — Characteristics of indices of the microscopic research in dog’s feces depending upon
the method of anastomosis forming, on the 15th 24 hours following the operation, abs.,%

Microscopic index of Characteristics Group of animals
coprogram of index First group n=8 Second group n=7 | Third group n=9
Not revealed 3 y /
Invariable muscular (37,5%) (57,1%) (77,8%) *
fibres _ 5(62,5%) 3 (42,9%) 2(22,2%)
Small quantity p>0,05 p>0,05 p<0,01*
S 4 6
Plant cellular tissue Notrevealed (62,5%) (57,1%) (66,7%)
Small quantity 3(37,5%) 3(42,9%) 3(33,3%)
p>0,05 p>0,05 p>0,05
7 7 9
g Not revealed (87,5%) (100%) (100%)
tarch
Small quantity 1(12,5%) - -
p<0,01
6 6 7
Neuteal fat Not revealed (75,0%) (85,7%) (77,8%)
, 2 (25,0%) 1(14,3%) 2 (222%)
Small quantity
p<0,05 p<0,05 p<0,01
Not revealed > 3 3
Soap (62,5%) (42,9%) (33,3%)
Small quantity 3(37,5%) 4(57,1%) 6 (66,7%)
p<0,05 p>0,05 p>0,05
Notes: able muscular fibers and plant cellular tissue were not
1. n — quantity of observations; revealed in feces. Quantity of animals where neutral fat
2. p — difference between indices within one  was not detected, reliably predominates in the first and
group; third group, but it is generally absent in animals of the

3. * — reliable difference against the 1st group of
animals.

The results of the research presented in table 9 show
the higher quantity of animals of all groups where invari-

third group.

The number of animals where soapwas found in
small quantity, exceeds in the second and third group,
but this difference is unreliable.

Table 9. — Characteristics of indices of microscopic investigation of dog’s feces depending
upon the method of anamastosis forming on the 30th day after operation, abs.,%

Microscopic index of Characteristics Group of animals
coprogram of index First group n=8 Second group n=7 | Third group n=9
1 2 3 4 S
S 5 8
Invariable  muscular Not revealed (62,5%) (71,4%) (88,9%)
fibers . 3(37,5%) 2 (28,6%) 1(11,1%)
Small quantity p>0,05 p>0,05 p>0,05
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1 2 3 4 S
6 S 7
Not revealed
Plant cellular tissue (75,0%) (71,4%) (77,8%)
Small quantit 2 (25,0%) 2 (28,6%) 2 (22,2%)
e p>0,05 p>0,05 p>0,05
7 6 9
Not led
Starch o (87,5%) (85,7%) (77,8%)
Small quantit 1(12,5%) 1(14,3%)
quantity p<0,01 p<0,05
4 3 4
Not led
Neutral fat it (50,0%) (42,9%) (44,4%)
Small quantit 4(50,0%) 4 (57,1%) 5(55,6%)
N p>0,05 p>0,05 p>0,05
Not revealed > S 8
s (62,5%) (71,4%) (88,9%)
o Small quantit 3(37,5%) 2 (28,6%) 1(11,1%)
1 ’ p>0,05 p>0,05 p>0,05
Notes: Evaluating the results of the research, presented in
1. n — number of observations; table 10, it should be noted unreliable prevalence of a
2. p — difference between indices within one  number of animals where small quantity of invariable
group; muscular fibers was detected. In the third group of ani-

3. * — reliable difference as against the 1st group
of animals.

So, microscopy of dog’s feces when forming the sug-
gested small-large-intestinal anamostosis is characterized
by greater per cent of animals, where invariable muscular
fibres, plant cellular tissue, starch, neutral fat were not
detected in feces that is evidence of better course of com-
pensatory processes, as well as compensatory changes
after resection of ileocecal passage.

mals, in contrast to others, unreliable predominance of
the per cent of animals, where plant cellular tissue was
not found, is observed. In all groups under study reli-
able predominance of animals’quantity where starch was
not found, is marked. Reliable per cent predominance of
animals, without neutral fat in feces is noted. In all test
groups per cent predominance of animals when soap was
not detected in feces, is observed, however, this differ-
ence is unreliable.

Table 10. — Characteristics of indices of microscopic investigation of the rabbits’ feces depending
upon the method of anamastosis forming on the 5th 24 hours after operation, abs.,%

Microscopic index of Characteristics Group of animals
coprogram of index First group n=8 | Second group n=7 | Third group n=11
1 2 3 4 R
3 3 S
Not revealed
Invariable muscular fibers (33,3%) (37,5%) (45,5%)
Stmall quantit 6 (66,7%) 5(62,5%) 6 (54,5%)
e p>0,03 p>0,05 p>0,03
4 4 6
Not revealed
Plant cellular tissue (44,4%) (50,0%) (54,5%)
Small quantit 5(55,6%) 4 (50,0%) 5 (45,5%)
quantty p>0,05 p>0,05 p>0,05
6 S 8
Starch Not revealed (66,7%) (62,5%) (72,7%)
Small quantit 3(33,3%) 3(37,5%) 3(27,3%)
quantity p<0,05 p<0,05 p<0,05
7 6 8
Not revealed (77,8%) (75,0%) (72,7%)
Neutral fat
Simall quantit 2 (22,2%) 2 (25,0%) 3(27,3%)
quantity p<0,01 p<0,05 p<0,05
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1 2 3 4 S
6 5 6
g Not revealed (66,7%) (62,5%) (54,5%)
oa
P Senall cuantit 3(33,3%) 3(37,5%) 5 (45,5%)
quantty p>0,05 p>0,05 p>0,05
Notes: muscular fibers were not found but this difference is
1. n— quantity of observations; reliable only in the third group of animals. Per cent
2. p — difference between indices within one  prevalence of animals when plant cellular tissue was not
group; revealed in feces, is marked, however, this difference in all

3. * — reliable difference as against the 1st group
of animals.

The results of microscopic investigation of
feces, presented in table 11, are characterized by the
predominance of animals’quantity where invariable

groups under study is unreliable. Reliable predominance
of the quantity of animals where starch and neutral fat
were not revealed, is observed in all three groups. Per
cent predominance of animals where soap was not
detected in feces is observed in all three groups.

Table 11. — Characteristics of indices of microscopic investigation of the rabbits’ feces depending
upon the method of anamastosis forming on the 11th day after operation, abs.,%

Microscopic index of Characteristics Group of animals
coprogram of index First group n=8 | Second group n=7 | Third group n=11
4 S 8
N L fbers Notrevealed (50,0%) (62,5%) (72,7%)
nvariable muscular fiber
Small quantit 4 (50,0%) 3(37,5%) 3(27,3%)
Y p>0,05 p>0,05 p<0,01
6 6 9
| Not revealed (62,5%) (57,1%) (66,7%)
Plant cellular tissue
Sonall cuantic 3(37,5%) 2 (42,9%) 2 (33,3%)
quantty p>0,05 p>0,05 p>0,05
7 6 8
Starch Not revealed (77,8%) (75,0%) (72,7%)
Small quantit 2(22,2%) 2 (25,0%) 3(27,3%)
Y p<0,01 p<0,01 p<0,05
7 7 9
Not revealed (77,8%) (87,5%) (81,8%)
Neutral fat
Sonall cuantic 2(22,2%) 1(12,5%) 2 (18,2%)
quantty p<0,01 p<0,01 p<0,01
5 5 7
S Not revealed (55,6%) (62,5%) (63,6%)
oa
P Small quantit 4 (44,4%) 3 (37,5%) 4 (36,4%)
Y p>0,05 p>0,05 p>0,05
Notes: fibers were not revealed in feces. In all groups under study
1. n— quantity of observations; predominance of animals’quantity, when plant cellular
2. p — difference between indices within one tissue was not revealed in feces, is marked, however, this
group; difference is reliable only in the second and third group.

3. * — reliable difference as against the 1st group
of animals.

Evaluating the results of the research given in table
12 it should be noted reliable per cent prevalence of the
animals in the third group, where invariable muscular

Quantity of animals where starch and neutral fat were not
found in excrement, predominates reliably in all groups.
Per cent of animals where soap is not detected in feces
prevails in all experimental groups, but this difference is
unreliable.
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Table 12. — Characteristics of indices of microscopic investigation of the rabbits’ feces depending
upon the method of anamastosis forming on the 21st day after operation, abs.,%

Microscopic index of Characteristics Group of animals
coprogram of index First groupn=8 | Second group n=7 | Third group n=11
6 6 9
Invariable muscular fibers Notrevealed (50,0%) (62,5%) (90,9%)
Small quantity 3(62,5%) 2(37,5%) 2(9,1%)
p>0,05 p>0,05 p<0,01
6 7 10
. Not revealed (62,5%) (87,5%) (90,9%)
Plant cellular tissue
Small quantity 3(37,5%) 1(12,5%) 1(9,1%)
p>0,05 p<0,01 p<0,01
8 7 11
Not revealed (88,9%) (87,5%) (100%)
Starch
Small quantity 1(11,1%) 1(12,5%)
p<0,01 p<0,01
8 8 11
N 1
ot revealed (88,9%) (100%) (100%)
Neutral fat
Small quantity L(1L,1%)
p<0,01
6 6 8
1
Son Not revealed (66,7%) (75,0%) (72,7%)
P Senall cuantic 3(33,3%) 2 (25,0%) 3(27,3%)
quantity p<0,05 p<0,05 p<0,05
Notes: mucous tunic of the large intestine in 1,6 times (p<0.05),
1. n— number of observations; of the small intestine — 1.14 times (p<0.05), as well as
2. p — difference between indices within one  goblet cells of the latter one — 1.2 times (p<0.01) that s
group; evidence of better course of compensatory processes.

3. * — reliable difference as against the 1st group
of animals.

Thus, microscopy of the feces of the rabbits in case
of forming the proposed anastomosis is characterized
by the predominance of a number of animals
where invariable muscular fibers, plant cellular tissue,
starch were not detected that also demonstrates better
course of compensatory processes and compensatory
forming after removal of such important anatomical area,
as ileocecal passage.

Conclusions.

1. Application of the proposed invaginated end-
to-side small-large-intestinal anamostosis leads to the
per cent prevalence of glycocalyx optic density of the

2. Resection of ileocecal passage results in activity
growth of succinate dehydrogenase, alkaline and acid
phosphatase of the mucous tunic of the small intestine
distal part, however, reliably higher indices are marked in
case of own small-large-intestinal anastomosis, that
testifies to intensity of the course of compensatory
processes and rapid formation of compensatory changes.

3. Coprogram of the animals to which the
supposed small-large-intestinal anastomosis was
formed, is characterized by the per cent predominance of
animals, where invariable muscular fibers, plant cellular
tissue of the starch, neutral fat were not detected, that
demonstrates better course of compensatory processes

and rapid formation of compensatory changes.

References:

1. BbI60p ONTUMAABHOTO ONEPATUBHOIO IOCOOMS ¥ OOABHBIX IIPU OCTPOIT OITYXOAEBOI HEIIPOXOAUMOCTH TOACTOTO
kumreynnka/ . B. Mo e, A. B. Asexcees, A. B. [Tenennn/ /Kainiuna xipyprist. — 2012. - Ne 3. - C. 18-20.

2. TlopiBHSABHHIT aHAAI3 PE3YABTATIB AIJArHOCTHKH Ta AIKYBaHHS XBOPHX Ha KoAopekTaabHuil pak/I. A. [aaaitayk,
B.1. Apwxak, M.1. Aom6posud [ra in.]//Onxkoaoris. — 2008. - T. 10, Ne 1.— C. 125-129.

3. Apomnenxko B.I. IaeonjexaabHuUI BIAAIA KUIIIEYHHKY Ta MOXXAMBOCTI IOTO BIATBOPEHHS XipypPridHNM IIASXOM ITiCAS
npaBo6iuHoOi remikoaexromil/B. I. Aponerko//Bica. Mopoa. —2007.— T. 2, Ne 13. - C. 459-463.

51



Section 6. Medical science

4.

AekaapauifiHuit maTeHT Ha BuHaxia 60769 A Yipaina, MIIK 7 A61 B17/00. @icryaa Ta croci6 ii HakAaAQHHS
Ha ToHkmi kumevHuk/[Bamyk O.1., Boasixa B.}O.; 3assBHUK Ta ITaTeHTOBAACHUK ByKOBHHCHKUIT AepXKaBHUI
MeanuHUi yHiBepcuTeT. — N© 2003021433; 3ass. 18.02.03; omy6. 15.10.03, Broa. Ne 10.

Ipamryx O. 1. BiAHOBAGHHS TPOXiAHOCTI KMIIKOBOTO TPAKTY IiCAS npaBOquHo'l' reMiKOAEKTOMil Ta AesIKi aCTieKTH
CTAaHOBAEHHSI KOMITEHCATOPHHX 3MiH: AUC. ... KaHA. MeA. Hayk: 14.01.03/IBamyk Oaexcanpp IBanosuu. — K.,
1997.- 159 c.

KHM6aPOBCKI/H71 M. A. HoBbplil cmtoco6 aHacTOMO3a TOHKOTO KHUIIEYHHMKA C TOACTbIM/M.A. KHMGaPOBCKI/Iﬁ
//Xupyprus. — 1950.- N¢ 9. - C. 26-29.

AaboparopHi TBApUHU B MEAMKO-6i0AOTIYHHX ekcriepuMenTax: MeToA. noci6H./[B.IL. Ilimax, B.T. Buconpka,
B.M. Maraasc 1a in. |. — 4.: Meaynisepcurert, 2006. - 350 c., ia.

Yopuuit O.B. Crioci6 popMyBaHHS iA€OTPaHCBEP30AHACTOMO3Y Ta METOA KOPeKIfil MOTOPHO-eBaKyaTOpHOI
c])yHKui'l' LIAYHKOBO-KUIIKOBOT'O TPAKTY IiCAS BUKOHAHHS npaBo6quo'1' remixoaekTomii/ O. B. I{opHI/Iﬁ/ /KaiH.
aHar. Ta omepart. xipypris. — 2015. - T. 14, Ne 1. - C. 25-28.

Ultrastructural aspects of the colonic epithelium in ulcerative colitis/O. C. Fratila, T. Ilias, T. T. Maghiar [et
al.]//Studia Universitatis Vasile Goldis Arad.— 2008.— N 18.- P.215-218.

52



Regulation of acidity and reduction of turbidity in the clarified pomegranate juice production

Section 7. Food processing industry

Eshmatov Fozil Khidirovich,
Assistant, department of «Food safety>
Tashkent chemical-technological institute,

Maksumova Dilrabo Kuchkarovna,

Tashkent chemical-technological institute, (Uzbekistan)
docent, department of «Biotechnology>

Dodaeva Laylo Kuchkarovna

«Microbiology> institute, Academy of sciences Republic
of Uzbekistan (Uzbekistan), scientific collaborator.
E-mail: sherzod_mamatov@mail.ru.

Regulation of acidity and reduction of turbidity in
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Abstract: Regulation of acidity and reduction of turbidity in the clarified pomegranate juice production. From

sour varieties of pomegranates may obtain normal natural pomegranate juice by anion-exchange resin. There are

determined problems quantity of precipitate and unstable color in the pomegranate juice and concentrate by ex-

perimentally.

Keywords: pomegranate juice and concentrate, acidity, color, precipitate, anion-exchange process, regulation,

tannin substances.

Introduction. Pomegranate — an ancient culture,
mentions of it are found in the earliest historical sourc-
es. Pomegranate grew in Iran and Armenia in 2000-
3000 BG, its sculptural images are in ancient monument
Egypt was the usual fruit trees Phoenicia and Thrace
(1000 BC) on the territory of ancient Greece, the Cau-
casus, Central Asia, served as a symbol of abundance and
fertility.

Pomegranate grows in various soils, the highest
yields pomegranates with the best quality get in deep,
fertile soils and water capacity with good drainage. In
the northern growing areas during the winter at very low
temperatures pomegranate covers.

Physical and mechanical properties of different vari-
eties of pomegranate fruit growing in conditions of Geor-
gia, Azerbaijan and Uzbekistan, indicate that the average
fruit weight varies from 182 to 467 g, peel the septum is
between 26.6 to 49.8%, the seeds coated 54 to 15.8, juice
yield — 38,2-54,9% [2; 3].

The pomegranate juice and their concentrates con-
taining carbohydrates, organic acids, vitamins, and min-
erals. They provide the human energy soothe the nervous
system, support its operation regulates the excitability of
the nerve muscle cells, protect mucous membranes and

the skin and the blood vessel wall and prevent anaemia,
possess anti-cancer effect, help with pellagra are anti-
spasm impact exhibit diuretic convergence, antibiotic
properties and help the functioning of the heart, increase
appetite, relieve fatigue, reduce weight, anti-inflammato-
ry and antifungal promote the body’s resistance.

Like other fruits, a significant proportion of solids
contains carbohydrates presented sugars and pectin sub-
stances. With moderate combination of sugars and acids
pomegranate juice is a kind of pleasant fresh taste, mak-
ing it high appreciated in hot climates. The fruit juice
of ripen cultural forms of pomegranate depending on
the variety and location of growing contains from 8 to
20% sugar and 0.3-0.4% acids. Sugars are represented
mainly glucose and fructose in a slight quantity con-
tained sucrose. Among the predominant Citric acid. The
wild and certain cultural forms of pomegranate juice acid
content can achieve 5-9% in the varieties grown in Uz-
bekistan to 2.9%. Therefore, wild forms of pomegranate
are one of the most important types of natural raw ma-
terials to produce citric acid [3].

In pomegranate juice found in about 2% of pro-
teins and 61-95 mg% of amino acids. From aminoacids
are identifies cystine, lysine, histidine, arginine, aspartic
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acid, serine, threonine, glutamic acid, alanine, hydroxy-
proline, a-aminobutyric acid, methionine, valine, fenilal-
anin. leucine, i. e. It found 15 aminoacids, six of which
are irreplaceable.

The total content of tanned and the color substanc-
es in pomegranate juice is from 0.82 to 1.13% of flavo-
noids including anthocyanins — 34,0-76,5 mg%. The
pomegranate juice contains a number of physiologically
active compounds: vitamins, mineral substances. The
pomegranate juice contains ascorbic acid (4-15 mg%),
thiamin (0,04-0,36 mg%), riboflavin (0,01-0,27 mg%),
pyridoxine (0.50 mg), pangamic acid, traces of vitamin
A and folacin [3].

Pomegranate juice contains a number of macro- and
microelements: potassium, sodium, manganese, phos-
phorus, magnesium, aluminum, silicon, chromium, nick-
el, calcium, copper, some of which are considered very
deficient.

Pomegranate fruit peel is rich in tannins (18-20%),
in the wild pomegranate their content reaches 28-35%,
there are also pectins (4-6%), about 16% cellulose,
7-8% hemicellulose 20-25 mg% ascorbic acid, various
alkaline substances such as — pelleterin, izopelleterin,
metilpelleterin (up to 1.80%). Therefore pomegranate
rind should be considered as a source of tannin, flavo-
noid, anthocyanin and pectin, extraction technology
which is known [3].

In addition to pomegranate juice as a remedy widely
used rind (peel) pomegranate. Broth from pomegran-
ate rind is used as a remedy for inflammation anticepti-
cal processes and as a means against different types of
worms, for some stomach disease.

In industry, pomegranate rind is used as a tanning
agent for valuable high-grade leather. Of petals and fruit
peels are prepared unfaded colors to the sun-ray a variety
of fabrics and rugs. From pomegranate rind is obtained
pomegranate pectin, which can be used in the confec-
tion industry.

Pomegranate seeds are also some nutritional value.
They contain 6-20% oil, 9-12% protein, 13—18% starch,
20% cellulose, 1.54-1.65% mineral elements.

In pomegranate oil contains linoleic 40.03%, 23.75%
oleic, 2.98% linoleic, 16.46% palmitic, 6.78% 1.63%
stearic and behenic fatty acids. The pomegranate oil
was found vitamin E. According content of tocopherol
(272 mg per 100 g) oil from pomegranate seeds almost
doesn’t yield from wheat oil [2].

Objects and methods. Pomegranate juice and con-
centrate produced by the technology which will eliminate
the disadvantages. As a rule, technological schemes in-

clude preparing of raw materials, juice separation, pu-
rification, clarifying by enzymatic method, filtration,
juice packaging or obtaining pomegranate concentrate
by evaporation, packaging in aseptic bags.

Operating experience and analysis of the line pro-
duction technology of pomegranate at the operating en-
terprise “El-Kol», “GREEN-WORLD” and “Agromir”
indicates the following deficiencies of equipment and
technology itself:

— the process of separation arils from pomegranate
peel needs some work, since there is a run-off juice from
damaged arils are not in, and 5-7% of the arils is not ex-
tracted from the peel at all. Total losses juice reach 8-9%,
which is very much;

— advantageously provided for processing pome-
granates of acidic varieties — pomegranate with a high
content of organic acid negative influence fermentation
of starch and pectin;

— tannin is located in the peel and the inner film part
of pomegranate extracted to the juice resulting juice and
flavor concentrate takes tartly and when storage process
makes a precipitate;

— ruby-color of juice or concentrate in the storage
changes to brown;

— processing of wastes for extracting a food color,
pectin and the problem usage peels as an additive in ani-
mal feed and birds are not radically solved.

Solving the problem associated with the separation
of pomegranate arils will be presented to the company
«Bertuzzi» (Italy) for further improvement of the device.

For ensuring the normal environment of fermen-
tation of starch and pectin in the formulation of the
concentrate it is necessary to normalize the content of
organic acids. 85-90% of total acid consisting of citric
acid, i. e. tribasic citric acid. The chemical formula of the
citricacid has aview of C H,O,, Anhydrous acid havinga
molecular weight of 192 g/mol is melted at 153 °C, very
hygroscopic. When heated to 175 °C citric acid loses a
molecule of water and turns into unsaturated aconitic.
There are studied methods for obtaining acetonedicar-
boxylic acid, oxalic acid and acetic acid [2; 3; 4].

In the industrial processing of the fruit comes from
the high acidity (total acidity of citric acid 2.0-3.0%).
Juice and concentrate of pomegranate contain in excess
of a reasonable amount of citric acid, which is unac-
ceptable according to standart and difficult clarification
technology and the use of food purpose. The starch and
pectin contained in the composition of pomegranate
juice clarification when cleaved, further, concentration
by evaporation of the juice is adjusted to high values.
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Enzyme preparations used for the purpose, function ef-
fectively with the active acidity ~ pH 4,0-4,6, which is
proportional to the total acidity of the pomegranate —
raw materials.

The stated problem is solved by us by removing an
excessive amount of citric acid anion-exchange method,
citric acid removal modes were studied experimentally.
For this purpose epoxyamide resin on base epichloro-
hydrine, Amberlite IRA-68, IRA-958, EDE-10P, 313,
Lewatit MP-62 sterol-DVB, DVB-Acrylic, Amber-
lite XAD-2.

Epoxyamide resin on base epichlorohydrine (EASE)
represent polybase, reticulated synthetic polymers ca-
pable of exchanging anions upon contact with electrolyte
solutions. The polymer matrix (frame) epoxyamide resin
fixed positive electric charges, offset by mobile anions in-
volved in the exchange.

Titratable acidity, [ %]

041

Epoxyamide resin — a solid particulate material,
grains which are spherical or irregular shape, and defines
the size in the range 0.3-0.4 mm.

Experimental research on the separation of citric
acid from sour pomegranate juice carried out in the
plant operating continuously on anion exchangers
EDE-10P and IRA-958. Anion-exchange resin was
tested in (OH-)— form in which it was carried out
with 20% NaOH solution.

For the experiments used epoxyamide resin on base
epichlorohydrine grades EDE-10P and IRA-958 (Am-
berlite) in a hydroxyl (OH -) — form.

Experiments were conducted to determine the op-
timum temperature of the ion exchange by varying the
temperature from 20 to 60 °C. Maximum saturation of

the adsorbent is achieved with citric acid at a tempera-
ture of 40 °C.

0 T
0 10

—A=29 @49 ——69 —#-8g —#10¢

20 30 40
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Fig. 1. Dynamics of changes in the acidity of pomegranate juice by varying the amount
of the anion exchanger EDE-10P brand when the temperature 40 °'C

From the curve shown in Figure 1 shows that the to-
tal acidity of pomegranate juice decreases due to absorp-
tion of the anion of citric acid anion exchangers EDE-10P
brand in the (OH) form. Moreover, the expense ratio at
40°CG,,./ G =2/500 = 0.004 g/ml, the amount of cit-
ricacidis reduced to 1.668% to 1.25% over the 40 minutes
duration of anion exchange; a ratio GEDE/ G =4/500 =
0.008 g/ml to 1.168%; at GEDE/G = 6/500 0 012 g/ml
to 1.108%; when GEDE/G = 8/500 0.016 g/ml to
1.056%; at G, /G = =10/500=0.02 g/mlto0.938% [3].

The difference between adjacent values of the re-
sidual amount of citric acid shows that the decrease in
the number of its juice is done linearly, i.e. is directly

proportional to the amount of the anion exchanger.

When using anion exchange resin IRA-958 mark in
(OH) form at 40 °C at a ratio of expenses G,/ Gp_j_ =
2/500 = 0.004 g/ml, the amount of citric acid decreases
from 1,668% to 1,469% in the 40 min duration anion
exchange process; aratio G,/ GP.],A =4/500=0.008 g/ml
to 1.405%; when G, /G = 6/500 = 0.012 g/ml to
1.369%; at G, /G = 8/500 0.016 g/ml to 1.26%; at
Gp/G,, = 10/500 = 0.02 g/ml to 1.1429%.

Analysis shows that the best result is achieved by the
removal of citric acid at 40 °C for 40 min. Anion exchang-
er EDE-10P brand is effective for 28% of the brand than
the anion exchanger IRA-958.

Unlike other fruits as part of a pomegranate contains
a lot of tannins — tannin, comprising 0.3-0.4% juice,
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and in the peel and internal film — 15-30%. The initial
juice obtaining technology isn’t allow to avoid the extrac-
tion of tannin from torn pieces of peel and internal film to
the juice. This creates a number of problems in the pro-
duction of juice and concentrate. Firstly, tannin give tart
taste, and secondly, as contained in the concentrate tan-
nin in storage last more than two months is polymerized
partially react with anthocyanins that give the juice and
concentrate bright ruby color, and as a result the polymer
obscures color anthocyanin concentrate becomes brown
shade. Besides tannin feels confers increased acidity.
Production observations show that by polymerizing
tannin juice turbidity when stored for more than two
months increased. This is due to the fact that tannin pro-
duced by polymerizing a substance with large molecules
constituting the basis of turbidity, of the original amount
exceeds 20-30 times. In this regard, the precipitate ap-
pears. All pomegranate juices conquered the world mar-
ket currently have the above-mentioned lack [S; 6].
Version with respect to the harmful effects of tan-
nin on the color and turbidity of pomegranate juice and

O
I

concentrate, verified experimentally by us. It is obtained
a positive result. For a discussion of the amount of tan-
nin, tannin concentration in the juice is reduced by half,
by dilution with water, and then again twice, etc. Experi-
ments showed that the intensity of the color of the tannin
compounds with ferric chloride is reduced slightly, and
hence the concentration of tannin in the pomegranate
juice high.

Pomegranate juice is freed from coarse solids coarse
filtration (sometimes by centrifugation) is subjected to
an anion-exchange process — is passed through a filter,
which performs the role of attachment we have chosen
based on the results of preliminary experiments epoxy-
amide resin on base epichlorohydrine.

Tannin — a complex ester residue is S gallic acid be-
tween one molecule of glucose. The mechanism of ion
exchange is that each of tannic acid exchanges with EASE
hydroxyl group, thereby forming one molecule of glucose.

Removal of the tannin from the pomegranate juice is
carried out in a similar way, a chemical reaction which is
as follows:

O
| |

Cs H, (OH); COO—C; H, (OH),—C—O0—CH,—CH—CH—CH—CH—CH +
|

R

R

OR; OR, OR; OR,

+ 5[R]'—OH = 5[R|]" — [CsH,(OH); COO—C¢ H, (OH),—COO0] ~ +

+ CsH1206

Where R, — gallic acid residue, has the following
structural formula. Tannin is a residue of 5-tannic acid,
combining one molecule of glucose. The mechanism
ofion-exchange is that each of tannic acid exchanges with
EASE hydroxyl group, thereby forming one molecule of
glucose. The balance of tannin — 5 molecules of tannic
acid is absorbed by the adsorbent. The reaction carries
out in 5 stages similar absorption citric acid at each
stage is absorbed by one molecule of digallic acid.

OH

OH HO OH

HO 0—-cC

|
0

COO-

Therefore, come to carrying out of fermentation
splitting of tannin. In the world produced pure enzyme
which manufacture by Ireland Belgium specialists a few
amount (€ 180/g).

The resulting strain of the fungus Aspergillus niger
oriented splitting tanninsin the juice copes with the task.
Determination of residual tannin Implemented indirect
method, the essence of which is to determine the
presence and amount of root-knot (tannic acid),
formed in the juice from the tannin enzyme preparation
by the FeCl, Sample juice acquires burgundy color by
adding a few drops of a 1% aqueous solution of FeCI3.
In the initial experiment shows a juice in the juice of
dark green color.

Similar experiments carried out in the treatment
of peel. Peel can be considered as feed, rich in protein
and carbohydrates. The frame of peel fiber, cellulose,
hemicellulose. Tannin, which has a strong taste makes
tartly peel inedible for animals. Therefore, it is necessary
to split the tannin, which we used the resulting strain
Aspergillus niger. Experiments have shown the result
exceeds our expectation, split the strain of all that had
turned into a breakdown product of a true solution (of
the results of the experiments reported separately).

56



Effect of pretreatments on drying quality potato

The juice is fermented further amylase and pectinase,
glued baykisolem-30, gelatin and bentonite to settle for
4-6 hours. Clarified pomegranate juice decanted by
centrifugation and the final removing of weak-soluble
small solid particulates molecular level ultrafiltered.
The obtained clarified juice can be filled into consumer
packaging or evaporated to produce a concentrate of
pomegranate juice [1].

Conclusion. Anion-exchange epoxyamide resin on
base epichlorohydrine adsorb the citric acid contained in
pomegranate juice, but has no influence on other useful

components, such as glucose, fructose, vitamins, micro-
and macroelements, and anthocyanin. The mechanism
studied anion-exchange regimes, the calculation is made
for the industrial process.

The method removing of tannin from pomegranate
juice by anion-exchange resin is a uneffective for
molecular weight of tannin exceed 1500 g/mol, up to
1800 g/mol and anion-exchange resin can’t adsorb
sufficiently a large molecule of tannin but expence of
resin increased and the method considers expensive and
unwieldy of the method.
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Effect of pretreatments on drying quality potato

Abstract: Implemented intensification of IR vacuum drying on the example of potatoes, by selecting one of the
pilot to explore ways of preliminary IR, microwave and infrared microwave treatments. Main attention is paid to the
degree of safety component material to be dried. The data on safety study native starch and ascorbic acid.

Keywords: potato starch, ascorbic acid pretreatment, drying, IR drying.

Introduction. One of the reliable methods of food
preservation and to meet the growing demand for
them is their drying.

In world practice, using all methods: convection,
freeze, dielectric, conductive, thermo radiation, dry-
ing vegetable raw materials with inherent advantages and
disadvantages. The quality of the dried product and the
economic performance of the industrial organization of
drying depends largely on the duration of drying.

Organization of drying is useful when used as a
source of heat energy converters, which are available in
awide range in a variety of configurations. They are envi-
ronmentally friendly, automatically adjustable, it is easy
to provide in their security measures.

IR rays are absorbed by the active moisture in the
product, but not absorbed by the tissue of the product,
so the removal of moisture can be accomplished at a tem-
perature of 40-70 °C, which allows to retain biologically

57



Section 7. Food processing industry

active substances, including vitamins, natural color and
flavor of the original raw material.

Objects and methods. The effect of pretreatment
process Infrared vacuum drying vegetables at a residual
pressure in the drying chamber, equal to 40 kPa. IR vac-
uum drying is carried out by pulse-mode intermittent
lowering of energy supply. Experiments were carried out
on the example of drying potatoes (variety “Santa”). Ex-
periments include two phases:

— In the first stage is briefly pulsed pretreatment
infrared electromagnetic fields, microwave and infrared
bands when microwave heat flux density of 18-20 times
the density at the primary drying;

— Inthe second stage is carried IR vacuum drying
at heat flux density wound 1.5 kW/m?.

The evaluation results are the average of changes in
moisture content objects and drying speed of these
changes were subjected to regression analysis. The con-

centrations of ascorbic acid accomplished by high per-
formance liquid chromatography. The results showed
that the pre-treatments used to IR substantially vacuum
drying the potato, but to varying degrees affect the basic
process for most vegetables.

In general, it is expected that pretreatment of the high
density heat flux at thermo radiation dried over drying
without pretreatment increases the drying speed, the
output of the final product, preservation of the native
components and reduce the drying time.

Results and discussion. In Figure 1-2 are plotted
according to moisture changes over time in samples of
potatoes. The residual moisture content in the dried veg-
etables samples using their pre-pretreatment in an elec-
tromagnetic field infrared, microwave and infrared rang-
es by dia-microwave at IR vacuum dried for 2-3 hours,
are shown in Table. 1.

Table 1.
Method of drying Method pretreatment Residual moisture potato
Without pretreatment 14,96
. IR 9,86
[R-vacuum drying Microwave 13,88
IR — Microwave 12,87

The results show that the most appropriate is the
pretreatment of samples to infrared electromagnetic field.

In Figure 1-2 shows plots of the kinetics of drying:
drying speed changes depending on samples of potato
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Fig. 1. Graph of the mass fraction of moisture
drying time in samples of potato

material moisture at a temperature of 60°C in the drying
chamber for vacuum drying IR without pretreatment
and drying methods using all three of the species
pretreatment.
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The experimental data, aimed at the study of the
kinetics of drying Fick diffusion model with boundary
conditions of the first kind shows that the weight
of the integrated drying cycle ratios of the diffusion
coeflicient of moisture to the square of the particle size
determines the order of 0,003 min’.

Processing drying curves using diffusion models
with boundary conditions of the third kind convincing
evidence (values of about 0.1 bio) process of transition
from a traditional in-diffusion in the form of external
diffusion flow in the application of the test options
thermo radiation drying technology.
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Fig. 3. Plots of the content of the mass fraction
of starch drying time samples dried potato

It is evident that for an adequate account of the
features of the kinetics at the stage of detailed synthesis
and semi-industrial plants need to attract joint model
heat flow, mass transfer, and other phenomena. Rudeness
traditional ideas of a period of constant and falling rate of
drying is shown in the analysis of curves and curves of
drying speed drying methods of spline approximation to
the empirical selection of the parameter ratio proximity of
calculated and experimental points and the smoothness
of the unknown functions.

Non-enzymatic sugar losses during drying are due to
reactions of melanoidins and caramelization of sugars.

IR lyophilisation potato IR pretreatment contributes
to obtaining a finished product with a maximum starch
content after 2-hour drying process, which is 62.3%
with the use of microwave and infrared microwave
pretreatments, respectively is 61.6% and 61.2%, and
without pretreatment 61.27% (Fig. 3).

Dynamic loss starch, based on dry matter in the
drying potato samples is shown in figure 4.

Fig. 4. The plots of the contents of the mass fraction
of starch in dry matter in the samples dried potato

Fig. 5-6 is a graphical representation of quantitative
changes in the nature of vitamin C in samples of dried
potato IR vacuum drying without pretreatment and
using all three methods considered pretreatment.

The results obtained show that the content of
ascorbic acid in the samples were dried potato at
two-hour IR-vacuum drying with IR pretreatment
constitute 72.4 mg% and with pretreatment in the
electromagnetic field of the microwave and infrared
microwave bands, respectively, and 60.1 mg%
64.2 mg% while IR-vacuum drying without
pretreatment — refractive 65.1 mg% of vitamin C in
the sample of dried potatoes obtained by IR-vacuum
drying with IR pretreatment above.

Conclusion. Based on these charts, we can conclude
that the most preservation of native starch and vitamin
C are observed in samples dried potato obtained by IR-
vacuum drying with IR pretreatment.
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Fig. 6. Graphs decay of vitamin C in dry matter
on the drying time of the samples dried potato
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Ways of increase of efficiency of the preprocessing
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Abstract: In this article are studied and analyzing methods of a preprocessing of cocoons and the technology and

new installation on killing chrysalis of a live cocoon with influence of infra-red rays is offered. On the created new sk

illed installation it is improved having unit SK-150K and comparative results are resulted.

Keywords: a live cocoon, an infra-red rays, killing chrysalis, drying of cocoons, a dry cocoon, unwinding, raw

silk, unwinding, length uninterrupted, thread of cocoons.
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MyTn noBbiweHna 3pPeKTUBHOCTN NEPBUYHON 00pPabOTKMN
KOKOHOB MNP BJIMSHUN MHPPaKpPaCHbIX Ny4Yyen

AHHOTANUsI: B 9TOJ CTaThe U3yYeHbl K AHAAUHPOBAHBI METOABI [IEPBHYHOM 00pabOTKM KOKOHOB U IIPEAAOSKEHA

TEXHOAOT'M 1 HOBAsI YCTAaHOBKaA I10 3aMapHBaHNE KYKOAKH JXMIBOI'O KOKOHA C BAMSIHHEM I/IHCI)paKpaCHbIX queﬁ. Ilo cos-

AQHHOM HOBO OIIBITHOH yCTaHOBKe ycoBepimeHcTBoBaH uMmeromeit arperar CK-150 K u npuseaeHb! cpaBHUTeABHBIE

Ppe3yAbTATBhIL.

KaroueBbie cA0Ba: )XMBOM KOKOH, HHPPAKPACHbIN AyY, 3aMapHBaHKHe KyKOAKH, CYIIKa KOKOHOB, CyXOi KOKOH,

Pa3MOTKa, HIEAK-ChIpell, pa3MaTbIBa€MOCTb, AATHA HeHPeprBHOPaSMaTbIBaIOHlefI, KOKOHHOM HUTH.

AAst TOro, 9TOOBI BBIPAOATHIBATh TKAHU U3 KOHKY-
PEHTHOCIIOCOOHBIX Ha MUPOBaM PbIHKE KOKOHOB, IIeA-
Ka-ChIPIIa U KPYYEHOTO LIEAKA TPeOyeTCsl PeluTh PsIA
po0AeM, CBSI3AHHBIX C BBIOOPOM CBIPbsI U IIOCAEAOBA-
TEABHOCTH TEXHOAOTHYECKOTO IPOLIecca.

B meAKOBOAYECKOI IPOMBIIIACHHOCTH AAsL Oec-
nepebOMHON pabOThI MEAKOMOTAABHBIX IIPEATIPHSTHUI
B T€YEHHHU BCEIO TOAQ, HEOOXOAUMO IIPOUBBECTH MOPKY
U CYIIKY KYKOAKH, HAXOASIIENCS] BHYTPH KOKOHA TYTO-
BOT'O LIEAKOIIPSIAQ. B IIPOTHBHOM CAy4ae, KHBbIe KYKOAKH

MOTYT IIPEBPATUTHCSI B 6a00UKY U IOBPEAUB 00OAOUKY,
yAeTeTb. Bce 9To IpHBOAUT B HEITPUTOAHYIO AASL PA3MOT-
KH KOKOHHYI0 000A0uKy. FIAM, ecAn IPOU3BECTH MOPKY
KYKOAKH, HO €€ He BbICYIIHTb, TO BAAXKHBIF KOKOH OBICTPO
3alAecHeBeeT U IoTepsieT KauecTBo. B HacTosmee Bpems,
HA3BaHHBIN TeXHOAOTHYECKHI ITPOIIecC CYIKU KOKOHOB
Ha 82% B PecrrybAnke oCymjecTBASIETCSI HA MMEIOLIEMCSI
xouseiiepHoM arperate CK-150 K B reyennu 1,5-2,0 ya-
cos. IIpu momomnty ropsrgero Bo3ayxa C TeMIIepaTypoH
110-120 ° C, 3a cyeT MOAOBUHOM CYIIKH ITPOU3BOAUTCS
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MOPKA KYKOAKH, 3aTeM [IPOU3BOAUTCSI AAAbHEMNIIAS CYII-
Ka Ha OTKPBITOM BO3AyXe (A0 AOCTIIKEHHS KOHAHMIIHOH-
HOM BAaXHOCTH 10%) B TeHeBbIX cymuaKax [1].

BBuAy TOrO, 4TO KOKOHHAsI 000AOYKA COCTOUT U3 OeA-
KOBbIX BemecTs (QUOPOUHA U CepULIMHA), AAUTEABHAS
06paboTKa IpH TOMOIIY BHICOKOH TeMIIEPATYPBI SIBASI-
eTCsl IPUYUHON yXyAlleHHs KadecTBa. [To pesyapraTam
HCCAEAOBAHHUI YCTAHOBAEHO, YTO IIPH ITOpYe KOKOHOB
IIPH UX [IEPBUYHON 00paboTKe HAOAIOAQETCS TEHAEHIIVS
CHYDKEHWS TEXHOAOTMMECKHX [I0Ka3aTeAeil KadecTsa [2].

ITpu mpudnHe TOTo, YTO IO CBOEMY CTPOEHHIO KOKO-
HBI TYTOBOTO IIEAKOIPSIAQ IIPEACTABASIIOT CO00it 060A04-
KY, BHY TPU KOTOPO¥ HIMEIOTCS BO3AYIIHOE IIPOCTPAHCTBO
U KYKOAKA, TO TOPSIYMI BO3AYX, TOAABAEMBIN AASI BO3-
AEVCTBHS Ha XXMBOM KOKOH, AO AOCTIDKEHHUS KYKOAKH,
BCTpeYaeT Ha CBOEM ITyTH HEKOTOPOE COMPOTUBAECHHE.
IToaToMy AAsl TIpeBpallleHHsl BAATH BHYTPH Heé B IIap,
HeOOXOAMBI BHICOKAsI TEMIIEPATyPa AHCTBYIOMIEro To-
psTIero BO3AyXa U AAUTeAbHOe BpeMsi. Bee aTo, B cBOIO
OuepeAb, BeAeT K H3MEeHEHHUIO IPUPOAHBIX CBOFCTB 000-
AOYKHM KOKOHA U KyKOAKH. V13BeCTHO, 4TO CO3AQHO CIIeliH-
aABHOE YCTPOFICTBO AASI MOPKH XXHBBIX KYKOAOK KOKOHOB
TYTOBOTO LIEAKOIIPSIAA BO3AEHCTBHEM COAHEUHbIX Aydert
[3]. B aTOM ycTpOCTBE KOKOHBI IIOMEIAIOTCSL BHYTPb
TEIIAOM30ANPOBAHHON KaMephl, BHYTPH KaMephl pac-
IIOAOKEHA 3aMEHSIIONIAsICS KAcCeTa AASL CHATHS IPy3a,
4TOOBI HAIPABUTH PAbOYYIO IIOBEPXHOCTD IIPHEMHUKA
Ay4a IePIEeHAUKYASIPHO COAHEYHBIM Ay4aM Ha GOKOBBIX
CTeHKaX KaMepbl yCTAHOBAEHbI BpAIlJaTeAbHbIE MEXaHHU3-
MBI AASL TIPEAOMAEHHSI CBETa, IOA yrAoM 90 ° yCTaHOBAEH
cepaedHuK AAnHOM 100-150 MM. 3pech B HIDKHEH 4acTH
KaMepsl ycTaHoBAeH U-06pasHblil cupOH AASI BBIOpOCa
AVIITHETO BOAHOTO KOHAEHCATA, & «IIPO3PAYHbIN 6aps-
ep> COCTOUT 13 BHY TPEHHUX 1 BHEIITHIX CBETOBBIX PUAD-
TPOB C BO3AYIIHOM ITPOCAONKOM.

HeaocTaTKoM 3TOTO yCTPOMCTBA SBASIETCSI AAUTEAD-
HOe BpeMsl 3aMapHUBAHHs KyKOAKH BO3AEHICTBHUEM COA-
HEYHbIX Aydel, KOTopoe cocTaBasieT 60 MUHYT. 32 9TO
BpeMsI OAHA YaCTh KYKOAKH B KOKOHE MOXeT 3aAOXHY ThCSI
U TPECHYTb 1 HA 000AOUKe MOTYT 06pa30BaThCs ISITHA,
YMEHBIIUTCSI KOAMYECTBO BBIXOAQ IIEAKA-ChIPIIa.

ITo cioco6am nepBUYHOI 0OPAOOTKU KOKOHOB yde-
HBIMU OBIA TIPOBEAEH PSIA HCCAEAOBAHHIA, TIOAOXKUTEAD-
HbIe Pe3yABTAThI OBIAM ITOAYYEHBI I10 CIIOCOOaM MOPKH
H CYIIKU KOKOHOB C IPHMeHeH1eM HHPPaKPaCHBIX Aydei.

Tak >xe M3BECTHO O CO3AAHHU €llle OAHOTO YCTPOM-
CTBAa IO 3aMAPUBAHHIO KYKOAKM KOKOHOB TYTOBOTO
meAKonpsiaa [4]. YcraHOBKa 110 MOPKe KOKOHOB TyTO-
BOTO IIIEAKOIIPSIAQ COCTOHT U3 KaMepbl, BHY TPU KOTOPOI
YCTaHOBAECHBI KOHBeFep U TelAOBbIe IAeMeHTbL. BHyTpH

KaMepbl Ha BepXHel e€ YaCTH PacIOAOKeHA TOPH3OH-
TaAbHAsl paMa, UMeIOIasi BO3MOXXHOCTb BePTUKAABHO
ABHIaTbCsl, HA PaMe PACIIOAOXKEHbI B AXMATHOM MOPSIAKE
HarpeBaTeAbHble IAeMEHTbI C HHPPaKPaCHbIMU AAMIIAMH,
KpOMe TOTO KaMepa HMeeT TEIAOU3OASIIHIO.

HepocraTrkoM 3TOro ycTpOMNCTBa ABASIETCS TO, 9TO
HarpeBaTeAbHbIe 9IAeMEeHTbI YCTAHOBAEHBI B BepXHeH ya-
CTH KaMepbl Ha TOPU30HTAAPHOM paMe, UMeIoIel BO3-
MO>XKHOCTb BEPTHKAABHO ABUTATbCsl, BAAra, KOTOpas MC-
TapsieTCsl C IIOBEPXHOCTU KOKOHOB B IIpoIlecce paboTsl
TIOBAMSET Ha KAYeCTBO AAMII, OHH MOTYT BBITH U3 CTPOSL.
3aMeHa AAMIT OYAET MPeIsITCTBOBATD KOHTPOAIO 32 KOKO-
HaMM, HaXOASIMMHECS B KOHBerepe. 3-3a aToro Heab3st
3pPeKTHBHO BOCIIOAB30BATHCS Ay4EBOM dHEPTHH, IIpo-
xopsmelt yepes KOKOHbL I IpHHATO Takke BO BHUMaHMe,
4TO IIPU MOPKeE H CyIIKe KOKOHOB BO3AeHCTBUeM HHPPa-
KPACHBIX Ay4Yell, Ay4H IIPOXOAST OBICTPO depes3 beyro
U TIOPUCTYIO YaCTU M UMEIOT CBOMCTBO ITOTAOIATHCS
BOAHBIMH U BAQXKHBIMH ydacTKamu. Ilpu BosaeiicTBuu
MHPPAKPACHBIX Aydell B COCTOSHUH, aHAAOTUYHOM BblIIe-
YKa3aHHOMY TEIAO IIEPEXOAUT BO BARXKHYIO 9aCTh KYKOA-
KH 32 CUeT [TePeXOAA AyUeBOI SHEPIUH Yepe3 000A0UKy
KOKOHA. JTOT IPOIIeCC IPUBOAUT K HHTEHCHBHOMY IIpe-
BPAIIleHHIO BOADI B I1ap, YTO IPUBOAUT K OBICTPOMY Ha-
IpeBaHUIO KYKOAKH U € 3aMapuBaHuio. Takum obpazom,
IIPOMCXOAUT HE3HAYUTEAbHOE BAUSHUE Ay4eBOM SHEPIHU
Ha 000AOUKY.

Y4uTBIBasE BCe BBIIIEM3AOXKEHHOE OBIA M3TOTOBACH
HOBBII yCOBEPILEeHCTBOBAHHbII BAPHAHT yCTPOcTBa [ S].
3apayedt yCTpOMCTBA SBASETCS COXpaHEHHE TeXHOAOTH-
4eCKUX CBOCTB 000AOYKY,  IMEHHO, YTOObI COXPAHUTb
IIIEAKOHOCTHOCTD AO €CTECTBEHHOTO COCTOSIHHS, He00-
XOAMMO CO3AATh YCAOBHUS AASL MOPKH KYKOAKH KOKOHA
TYTOBOT'O HMIEAKONPSAA B TeYEHHH KOPOTKOTO BpeMeHH!
(2-5 Mun). Pe3yAbTaThl HCIIBITAHUIT AAAM BO3MOXHOCTD
IPeAOTBPATUTDh OTPUIJATEAPHOE BAUSHUE BAATH, OTAEAS-
eMOi1 OT KOKOHOB Ha PaboTy AaMII, 3aMeHATb Hepaboure
AAMITbl, KOHTPOAMPOBATh KOKOHbI, HAXOASIIHECS Ha KOH-
Beliepe, a Tak e 3P PEeKTUBHO HUCIIOAb30BATDH AYUEBYIO
SHEpIHIO, IPOXOAAIYI0 yepes Hux (Puc).

YCcTpoicTBO AASL MOPKM KYKOAOK KOKOHOB TYTOBO-
IO IIEAKOIIPSIAQ COCTOHT M3 KaMephl C TeTIAOU3OASIIHeH,
BHYTPH He€ YCTaHOBACHDI KOHTEHHEp ¥ FOPU30HTAAbHAS
paMa, UMeroIasi BO3MOXKHOCTb BEPTUKAABHO ABUTATbCS,
B KOTOPOM BHYTPH B IIAXMaTHOM MOPSIAKE PACIIOAOKEHBI
HarpeBaTeAbHble SIAEMEHTHI B BUAe MHPPAKPACHBIX AAMIT
1 HaITpaBAEHbI AMIIEBOM YaCThIO B IIPOMEXYTKH KOHBekepa.

Bepxnss BHyTpeHHSS 4acTh KaMepbl IIOKPhITa 3ep-
KaABHBIM OTpa’kaTeAbHbIM cTekaoM. Kamepa maroros-
A€HA U3 Hep>KaBeIoIerocs AUCTA, BHYTPEHHUE CTEHKU
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TIOKPBIThI aC66CTOM, IIO9TOMY OHaA TEIMMAOHU3OASNOHHA.
HaI‘peBaTEAbeIC 9AEMEHTDI BHYTPHU KaME€PBI PACIIOAOXKE-
HBI B IIAXMAaTHOM IIOPAAKE B IIPOMEKYTKAX KOHBeﬁePa

W HAaITPAaBA€HbI AMIIOM BBEPX, BCE 9TO CO3AAET BO3MOXK-
HOCTb AASL 3aMEHDI HEUCIIPABHBIX AAMIT 1 KOHTPOAS HaA
KOKOHaMH Ha IIOBEPXHOCTH KOHBeerPa.

—

—

PI/ICVHOK 1. YCTPOWCTBO AN MOPKM KYKOJIKM KOKOHOB TYTOBOTIO LLenkonpaaa

30ecw. 1-scusvle KOKOHDL; 2-Kepamuyeckie NampoHvl; 3-HazpesameivHble IAeMeHMbL ¢ UHPPAKPACHLIMU AAMNAMU
¢ OAuHOti 60AHbL 1,1 MKM; 4-pama yCMaHOBAEHHAS 8 NPOMENCYMKAX KOHBelepa; S-00Am OAs 6epMUKAALHO20 Pe2YAUPOBAHUS
Kamepul; 6-kamepa; 7-2Aexmponpusod, npusodsujuii 8 déwicerue Koxseiiep; 8-8ar 0As dsuscenus Konseilepa; 9-Konseiiep;
10-arexmpowgum; 11-ncuxpomemp, 12-ompaxcamervroe 3epKano.

Bo BHYTpeHHMI1 BepXHeH 4aCTH KaMepbl HIMEIOTCS OT-
paXaTeAbHbIe 3epKaAbHbIE CTEKAQ, A TETIAOBBIE IAEMEHTBI
PACIIOAOXKEHBI HAITPOTHB, YTO CO3AAET BO3MOXKHOCTD AASI
BO3BpAaTa Ay4eBOM dHEPTUH, IIPOXOASIIHUI Yepe3 KOKOHBI
u e€ 9P PeKTUBHOMY HCIIOAb30BAHHIO. AAS U3MEPeHHUs
TEeMIIePATyPhl U BAOXHOCTU BHYTPH KaMephl Ha e€ Bepx-
Hell 9aCTH YCTAHOBAEH IICUXPOMETP.

HudpakpacHoe ycTpONCTBO MPOU3BOAUT 3aMapH-
BaHHe KYKOAKH KOKOHA C ITOMOIIBIO BO3AEHCTBHSI UH-
$pakpacHOro Ayya c AAMHOM BOAHBI 1,1 MKM B TeueHHU
S MuH. 3aTeM IpOU3BOAUTCS IOAOBHHHAS CYIIKA Ha arpe-
rare CK-150 K ropsraum Bo3ayxom ¢ Temmeparypoit 80 °
C B reyernu 90 MUH, AO OCTATOYHOTO COAEPYKAHMUS BAATH
75-85%. 3aTeM AASL AOCTIDKEHMS KOHAUIMOHHOM BAAXK-
HOoCcTH 10%, KOKOHBI C IOAOBUHHOM CYIIKOH CYIIATCS

B TEHEBBIX CYIIMAKAX B €CTeCTBEHHBIX YCAOBMSAX IpHU
temneparype 30-3S ° C B Teuenun 16-18 pneit.

B npepsaraemoit TeXHOAOTHMH KYKOAKH KUBBIX KOKO-
HOB C HAYaABHOH BAAXKHOCTBIO 160-180 % 3amapuBaroT
C IOMOIIBIO BO3AEHCTBUS HH(i)paKpaCme Ay4en AAU-
HOM BOAHOM 1,1 MKM B TedyeHMHU 5 MHUH. Ha CIE€LIMAAD-
HOM YCTpPOMCTBe [6], saTem IIPOU3BOAST MOAOBUHHYIO
cymky Ha cymuabHOM arperare CK-150 K mpu nomomu
ropsiuero Bo3ayxa ¢ Temmneparypoit 80 ° C B TedeHUn
90 MUH. AO COAepKaHHS OCTaTOYHOM BAaaru 75-8S %.
HamnoaoBuny BicylieHHbIe KOKOHBI AASI AOCTHOKEHUS
KOHAMIIMOHHOM BAaKHOCTU 10% cymar B ecTecTBeH-
HBIX yCAOBUSAX mpu Temneparype 30-35 °C, mepeso-
payMBasi UX OAMH Pa3 B AGHb B TedeHUHU 16-18 pHelt
(Tabauma).

Tabnuua 1. — CpaBHUTENbHbIE TEXHONOMMYEeCcKne nokasaTesivm KOKOHOB
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IIpu npumeHeHHMU yCOBepUIEHCTBOBAHHOM TeXHO-
AOTMH C HOBBIM YCTPOMCTBOM 3aMapUBaHMe KYKOAKH
pu 06paboTke HHPPAKPACHBIMH AyIAMH [IPOUCXOAUT
3a CYeT MOAHSATHS TeMIIepaTypbl KyKoAku Ao 80 ° C B Te-
4eHHH S MHH. 3aTeM YCKOPSIeTCs MPOIecc CYIIKH KOKO-
HOB C 3aMOpeHHbIMHU KyKoAKamu Ha arperate CK-150
K mpu 06paboTke ropsauM BO3AYXOM TeMIIEpaTypoit
80 ° C. B pesyabTaTe 9TOr0o AASI CHIDKEHHUS BAATOCOAEP-
>KaHUS B BBICYIIMBaeMbIX KOKOHAxX A0 75-85% aocra-
TOo4HO 90 MUH. AAS AOCTIDKEHUS KOHAUIIMOHHOM BAQXK-
HOCTH A0 10% y HamoOAOBHHY BBICYIIEHHBIX KOKOHOB
B €CTECTBEHHbIX YCAOBHUSIX, B TEHEBBIX CYLIMAKAX OyAeT
AoctaTouHo 16-18 aHeil. B pesyabrare coxpaHSIOTCS
IIPHPOAHBIE TEXHOAOTMYECKHE CBOMCTBA 0OOAOUKH KO-
KOHA, YTO CO3AAeT BO3MOXKHOCTHU AAS TIOBBIIIEHHUS TIPO-
M3BOAMTEABHOCTH arperara.

BriBopBI

1. TIpoBepeH aHAAM3 HCCAEAOBAHHII ITO CIIOCOOaM
MOPKH H CYIIKH KYKOAOK XMBBIX KOKOHOB TYTOBOTO IIEA-
KOIIPSIAQ.

2. IlpeprosxeHO HOBOE YCTPOMCTBO U HOBAsI TEXHO-
AOTHSI MOPKH XXHBBIX KYKOAOK KOKOHOB TYTOBOTO IIEAKO-
IpsiAQ BO3AEHCTBHEM HHPPAKPACHDIX Ayder.

3. Ha ocHOBe C0O3AaHHOTO HOBOIO OIIBITHOTO
YCTPONCTBA AOCTUTHYTa MHTEHCHPHUKALUS IIpoIlecca
cymku. B pesyapTaTe, BpeMs CyIIKU B TEHEBBIX CYIIHA-
KaX COKPAaTHUAOCh Ha 9-10 pAHel, a TPOM3BOAUTEABHOCTD
arperara rnosbicuAach Ha 40%.

4. Pe3yAbTaTbl NCIIBITAHUI TOKA33AH, YTO TEXHOAO-
THYeCKHe CBOMCTBA 000AOUKH XUBBIX KOKOHOB, 06pabo-
TAHHBIX 110 YCOBEPUIEHCTBOBAHHON TeXHOAOTHH Ay4IIle,
4eM y 00pabOTaHHBIX 110 UMEIOIelicst TexHoAoruu. Bee
3TO, B CBOIO OYEPEAD, CAYSKUT AAS TOBBIMIEHUS 9P PEeKTHB-
HOCTH IIPOM3BOACTBO KOKOHOMOTAABHBIX IIPEATIPHATHH.
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Method of determining the height of the
fractionation cell of a combined machine

Abstract: These cleanings of various grades of grain of impurity and their division into fractions according to

weight, taking into account physical and chemical, aerodynamic and mechanical properties of grain are given in

article, we offer new two the landmark combined car for separation and fractionation of grain.
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MeToauka onpeaenieHns BbiICOTYy Kamepe
¢$pakuMoHMpoBaHue KOMOUHUPOBAHHOW MALUUHbI

AHHOTaHHﬂ: B crarpe TIIPHUBEACHDI AAHHbIE OYHNCTKH PA3AMYHBIX COPTOB 3€pHA OT an/IMeceﬁ H PA3ACAEHUA X

Ha Cl)PaKLII/II/I I10 Macce, C y9eToOM (1)I/ISI/IKO-XI/IMI/I‘-IECKI/IX, AOPOANMHAMHUYIECKNX B MEXaHNMYIECKUX CBOMCTB 3€pHa, HAaMU

IIPEAAATACTCA HOBASL ABYX 9TaITHAA KOM6I/IHI/IPOB3HH3.H MalIrHa AAS Celapanuy 1 (l)paKLII/IOHI/IPOBaHI/ISI 3€pHa.

KaroueBbie cAoBa: OYMCTKH, Pa3ACAE€HHUE, BHICOTA, (PpaKLII/IOHI/IPOBaHI/Iﬂ 3€pHa

B Hacrosimee BpeMs B MUPOBOM MacIITabe CeAbCKOe
XO3AMCTBO, IPOU3BOACTBO IMILEBOM IIPOAYKIIMU U obe-
criedeHme eé 6e30IMaCHOCTH KaK HUKOTAQ aKTYaAbHBL

B nocaepHmEe rOABI OCYIIIECTBASIFOTCS PSA MEPOIIPUATHIA
II0 OPTaHU3ALAH [IePEPAOOTKY CEAbXO3IIPOAYKLI 1 AOCTH-
raeTcs BbICOKasl 9KOHOMMYECKasl 9P PeKTUBHOCTD 3a CUET
PHMeHeHHs HOBOi1 TEXHUKH M HOBBIX TeXHOAOTHIA [ 1].

C 11eAbIO MOAHOM OYMCTKH PA3AUYHBIX COPTOB 3ep-
Ha OT NMpUMecel U Pa3peAeHHUs UX Ha PppaKIMu IO Mac-
ce, C y4eToM PH3UKO-XUMHIECKUX, A9POAUHAMUYECKHX
Y MeXaHUYEeCKUX CBOFCTB 3epHa, HAMH IIPEAAATAeTCs HO-
Basi ABYX 9TaIIHAsl KOMOMHUPOBAHHASI MAILIMHA AASI CeIta-
pauuy u $ppakuroHupoBanus 3epHa [2; 3]. Ha nepsom
aTare OCyIeCTBASETCS NepBOHAYAAbHAS OYHCTKA B a3PO-
AMHAMHMYECKON KaMepe Cernapanuu (4], rae yAAASIOTCS
IIpUMeCH He ITpeBbIIIaomue Maccy 3epHa. Kamepa cema-
pauuu 1 mpeasaraeMo¥ MalIMHbI CeNapanuu U Gpaxiiy-
oHMpOBaHus 3epHa (puc. 1) coaepuT 60KOBbIE CTEHKH
2 1 3, yCTaHOBAEHHbIE C BO3AYXOBOAAMH aCIHpaIH 4,
HaKAOHHbIE IeppOpHUPOBaHHbIE BCTPAXUBAIOIIUE TOAKH
S, 6, 3arpy304HOe YyCTPOMCTBO 7, KaHAA 8 AAS IPEABAPH-
TEABPHOM acCIMPaIluU U MUTAIOIIMH BaAUK 9.

Hakaonnple meppopupoBaHHbIE BCTPAXHUBAIOLIKE
HOAKH 5, MIMEIOT OTBepCTHA ep$Oopariyii MeHbIIIe YeM pas-
Mepbl 3epHa, HIDKHA HAKAOHHAS BCTPSAXMBAOIAs IIOAKA
6 IMeeT OTBepCTHS IIepPOpaliiit OOABIIE, TeM pa3Mepbl
3epHa M YCTAaHOBAEHA BBICTYIAIOIIMM U3 KaMepbl cerapa-
nuu 1 gepes BorxopHOe okHO 10. Hrpkusa sarpysounas
moAKa 11 xameps! cemapanyu 1 HarpaBAeHa MO KacaTeAb-
HOI1 K ruTaromeMy Baauky 9. Kamepa cemapariu caabxe-
Ha eMKOCTBIO 12 AAST cOOpa KPYIIHBIX IIPUMeCeit.

YcTaHOBAEHO, UTO BpeMsl HAXOXKAEHH 3epHa Ha MTOA-
Ke IIPSIMO [IPOIIOPIIMOHAABHO AAUHE U 0OPATHO IPOIIOP-

ITMOHAABHO YTAY HakAOHA. C yBeArdYeHHeM yTAa HAKAOHA
MIOAKHM CKOPOCTD IMAAEHHS JaCTHIL] 3ePHOBOM CMECH pac-
TET, a BpeMs HAXOXXACHHUS 3epHa Ha IIOAKE YMEHBIIAETCS.

Puc. 1. NMuTatowLee ycTpomncTBOo cenaparopa 3epHa

Co0TBeTCTBEHHO, ITPU OOABIINX yTAAX HAKAOHA ITOA-
KH, JaCTHIIbI 3ePHOBOM CMeCH, UMeIOIe HanOOAbIIHe
MACChI KaTATCS UAU CKOAB3ATD 10 TIOBEPXHOCTH IIOAKHU
HarboAbIeil CKOpocTbio. [Ipu TakoM ABI>KEHHH 3€PHO
OYHIIIAETCS OT IPUAETIUBIIEH IIBIAK U OT 060A0uKH. Tak-
e HCCAEAOBAHO KPUTUYECKOE YCKOPEHHEe HUDKHEM MOA-
KU 6 C KPYTOBBIM ITOCTYTIATEABHBIM ABIKEHHEM B TOPH-
30HTaAbHOM NAOCKOCTH. OTpeaeAeHa TEXHOAOTUYECKas
3pPeKTUBHOCTb OUUCTKHU 3€PHA OT KPYTHBIX IpUMecei
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HIDKHeN nmoaxkon 6. Ha ocHoBanuu TEOPHUU ITHEBMOCE-
IMapHUpPOBAHMS YCTAHOBAEHO, YTO C YBEAUYEHHEM CPEA-

3epHoBas

bz

HeM CKOPOCTH BO3AYIITHOTO ITOTOKA BO3PACTAET CTEIIEHD
OYMCTKH 3€pHa OT AETKHX HPI/IMeceﬁ.

19

. \

.3 21,
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Puc. 2. Kamepa ppakumoHMpoBaHus 3epHa

Ha BTOpoMm aTare, B kamepe ¢ppaKIMOHUPOBAHN,
3epHa OYMINAIOTCS OT MEAKHX TSDKEABIX IIpUMecel U pas-
A€ASIOTCSl Ha pPAKIMK B 3aBUCUMOCTH OT Macchl (puc. 2).
Kamepa ¢ppakiiioHupoBaHUs 2, COAEPKUT PacIIpeAeAH-
TeAb 1 1o mupuHe KaMephl, U pPa3AeAeHa II0 AAMHE Iiepe-
MeljaeMbIMH IleperopoAKaMu 3 u oTcekamu 4, S, 6,7 u 8,
IpUYeM PacIPeACAUTEeAD 1, BHITIOAHEH B BUAE ITUTAOIEro
BaAMKa 9, C paClIOAO>KeHHbIMHU Ha IIOBEPXHOCTH IjeTKaMU
10, oA KOTOPBIM C BO3MOXKHOCTDIO PeI'YAUPOBAHMUS YTAQ
HAKAOHA YCTAaHOBAEH HaIlpaBASIOmUi AOTOK 11, a mepe-
TOPOAKH 3, BBIIIOAHEHBI C U30THYThIM BEPXOM, IIPU 3TOM
KaKABI oTCek 4, S, 6, 7 11 8, pa3peAeH Ha ABa, U B OAHOM
U3 OTCEKOB 12, ycTaHOBAEHBI HAKAOHHbIE CUTa 13, 1 AOT-
ku 14, a Apyroii 15, pacrioAoeH ¢ BO3MOXXHOCTBIO B3au-
MopecTBuA ¢ AoTKoM 14. Kamepa ¢ppakimoHupoBanus
2, uMeet BxopHbBIe 17, 18, u BeixopHOM 19, KaHAABI acTiu-
panuu ¢ 3acAoHKaMu. Pasmepsl oTBepCTHIT HAKAOHHBIX

3epHOBas

Vo

cut 13, meperoposkeHHbIX OTCeKOB 4, S, 6, 7 u 8, MeHbIIe
4eM pa3Mephbl 3epeH, MOMAAAOMIKX B 9TH OTCEKH.

OAHUM 13 OCHOBHBIX MEXaHU3MOB HOBOM ABYX 9Tarl-
HOI KOMOMHHPOBAHHO MAIIMHbI AAS CETTAPAIMK U PpaK-
LIMOHUPOBAHKA 3€PHA ABASIOTCS MUTAIOMUHA BAAUK 9 M Ha-
npaBAsiomen AOTOK 11, xoropele B CBOIO O4YepeAb
IIPEAOTIPEACASIOT AAABHEHMIINM TEXHOAOIMYECKUH IPO-
IlecC pabOThI MAIIKHBI, TO €CTb OYUCTKU U GPAKIHOHHPO-
BaHHAasA 3epHa 1o Maccam. IIpu BbireTe M3 IHTAIOIIEro
BAAMKA 3epPHOBAsI CMeCh OYAET MMeTb OAMHAKOBYIO HAYaAb-
HYIO CKOPOCTb V,, BEKTOP KOTOPO! A€XKHUT Ha IIAOCKOCTHU
Oxy u HampaBAeH 1op, HekoTopbiM yraoM 8 k ocu Ox
(puc. 3). Hanpasastomuit A0Tok 11 ycTaHOBAEH ¢ BO3-
MOXXHOCTDBIO PEIr'YAUPOBaHHMS YTAQ HAKAOHA B IIPEAEAAX:
B =0"+45". CreyraAbHBI MEXaHU3M PEryAMPOBAHMS
yTAa HAKAOHA 16, HampaBAsTIOIIEero AOTKa 11, moasoasier
€ro yCTaHOBUTH Ha TpebyeMylo Beanduty (puc. 2).

Puc. 3 Cxema noneta 3epHOBOI CMeCK B kamepe kamepbl GpakLNoHNPOBaAHNSA
MaLLWHbI AN cenapaummn 1 GpakLMoHNPOBaHNS 3epHa
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Method of determining the height of the fractionation cell of a combined machine

ITpu moAeTe Ha YACTHUIIY ACHCTBYIOT CHAQ TSDKECTH
m.g , Tae M- Macca 1 —9acTHUIBL, § — YCKOpeHUe CBOOO0A-
HOTO IaAeHus U kX - COpoTHBAEHHE BO3AYXa, IPOIIOP-
LIMOHAABHO IIEPBOM CTEIIEHU CKOPOCTHL

YpaBHeHVe ABIDKEHHSI | — O YaCTHIIbI B POEKIIUK
Ha ock OY umeet Bup,

mj=—mg—Kj~Fsinf. (1)

ITocae HekOTOpBIX IIpeobpazoBanuii, mpu ¥ =0 ume-

eTMecTo ¥ = h, 1. e., OIpeAEANM MaKCHMAABHYIO BHICOTY,
Ha KOTOPYIO IOAHUMETCS YacTuLa Maccoit m, (i=1,n),

YcTaHOBAEHO, YTO BBICOTA MOABEMA 3epHA IPSMO
IPONOPIIMOHAABHO HAYaAbHOM CKOPOCTH MAcChl U YTAQ
IIOABEMA HATIPABASIIOIETO AOTKA, OOPATHO IIPOIIOPLIHO-
HaABHO KOI(QHUIIMEHTY CONPOTHBACHHUS BO3AyXa.
Ha puc. 4 u S npuseaeH»l rpaduKy M3MEHEHUs BbICOTBI
mopbeMa i M pacCTOSHUS IIOA€TA 3epPHOBOM cMecH S
OT HavyaAa KOOPAMHAT AO TOYKH, KOTAA YaCTHUIIA MAcCOM
M, IOAHMMETCSI Ha MAKCHMAABHYIO BBICOTY /i B 3aBHCH-
MOCTH OT MAaCChI M yTAQ IOABEMA HAITPABASIIOIIETO AOTKA
p=10°,15°,20", 25,30, 45, IIPY HAYAABHOM CKOPOCTb

. m, 3epHOBOI1 cMmecu | S|; v, =6,28 M/ c.
- " Vosmﬂ+—’g p [5]; v, =6
h=—v ssinf - &1y k (2)
k k? mg
k
Vo= 6,28 m/c
1,00 ®
0,90
0,80
0,70
0,60
= 0,50 = — = —— R -
-———— — = — — =
0,40
----------------------- »(
030 ¥ = = === )( """ X = === X= === %G > x X
0.20 e - — - A - - — - —A — - —A— - — A - — -k -— -k -—-—h
0.10 -—--—%-—--®--—-@—--—R-—--F--—F—--—H--—-4
’ 'S - 'S 'S ° . . 'S 'S
0,00
0,026 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04
m(i)
| & p=10 —m-B-15 —A- B=20 -X-p=25 —M—B=-30 —e—p=45 |

Puc. 4. 'padurk 3aBUCUMOCTU BbICOTbI NOAbEMA 3€PHOBOV CMECU OT yrjia NogbeMa HanpasAsioLLEero 10Tka

U3 rpadukos (prc. 4) BUAHO, 9TO C yBEAYEHHEM CKO-
POCTH MUTAIONIETO BAAMKA U YTAQ HAKAOHA HAIIPABASIION]e-
'O AOTKA BBICOTA IIOABEMA JaCTHI] 3ePHOBOM CMECH PacTeT.
CoOTBeTCTBEHHO YACTHIbI, HIMEIOIIHe HAOOABIIYIO MaC-
CBI IOAHMMAIOTCSI Ha HANOO0ABIIY0 BBICOTY 110 OY.

ITbIAb M ATKHE 9acTHIIbI (COAOMUCTBIE U APYTHE TIPH-

MeCH) YAQASIIOTCS U3 KaMepbl CeNapUpOBaHKs ACTHPALIH-
OHHBIMHU KQaHAAAMU ITyTeM BCACBIBAHISL.

Ha ocHOBaHMM TeOpPETHKO-IKCIIEPUMEHTAABHbIX HC-
CAEAOBAHUI OIIPEAEAEHBI CAEAYIOIINE PALIHOHAABHBIE I1a-
paMeTphI MAIIKMHBI AASI CEIIAPALIIU U pPAKIIMOHIPOBAHIU
3epHa, rae Bbicota h=1200 mm.
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Technique of determination of length of flight of particles various
to the mass of grain in the combined separator

Abstract: Process of cleaning and fractionation of grain is considered. The equation of the movement of a
particle of grain mix is worked out and mathematical expressions for determination of distance from the beginning
of coordinates to a point when any particle of grain mix rises by the maximum height and length of flight of the L
grain mix from the beginning of coordinates to a falling point depending on the mass of m and speed of VO grain are

removed.
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MeToauka onpeaesnieHns AJsiuHbl NoJsieTa 4YacTuu, Pa3Jin4yHbIX
Macce 3epHa B KOM6I/IHI/IpOBaHHOM cenapartope

AHHOTaIII/IH: PaCCManI/IBaeTCH IIpo1ecC OYMCTKH U (l)PaKLII/IOHI/IPOBaHI/I}I 3€pHa. CocraBaeHo YPaBHEHHE ABIDKE-

HWA 9aCTHULBI SEPHOBOfI CMECH U BbIBEAEHDBI MAaTEMATHYECKNE BBIDAXKECHMS AASL OIIPEACACHUS PACCTOSHUA OT HaYaAa

KOOPAHMHAT AO TOYKH, KOTAA IPOMU3BOAbHAS YACTHI]A SCPHOBOfI CMECH ITIOAHUMETCS Ha MaKCMMAAbHYI0 BBICOTY M AAIHA

moAeTa L SCPHOBOﬁ CMECH OT Ha9aAd KOOPAHMHAT AO TOYKH ITAACHHS B 3aBUCHMOCTH OT MaCChl M M CKOPOCTH 3€pHa VO

KaroueBble cAOBa: 3epHa, 3epHOBOI CMeCH, OYUCTKHU 3€PHA, COPTUPOBAHMUS 3epHa, pPaKIMOHMPOBAHHUS 3€PHa,

Hal’IpaBAHIOIlII/Iﬁ AQTOK.

B Hacrosmee BpeMs HCIIOAB3YIOTCS pa3AUYHbIE TeX-
HOAOTHYECKHE 0OOPYAOBAHUS AASI OUHCTKY M PpPAKIIU-
OHMPOBAHMS 3epeH 110 A9POAMHAMUYECKHM M METAAAO-
MAarHUTHBIM CBOMCTBOM. KI3BecTHBI HOBbIe KOHCTPYKIIUH
3ePHOOYUCTUTEABHBIX MAaIUH | 1-4] 1 060pyaoBaHHit
AASL pPaKIIMOHHOM 00pPabOTKU 3epPHOBOIO MAaT€PUAAQ.

HeKOTOPbIe M3 3TUX MAIIMH OTAUYAIOTCSI CAOKHOM KOH-
CTpYKHHeﬁ 6OAbIJ.II/IM PacXoAOM 9HEPIMHU U YTO CaMoOe€
TAQBHOE€, HE O6ECH6‘{I/IBaIOT IIOAHOCTDIO OYMCTKY U C€IIa-
PHUpOBaHHE CBIITY4YETO MAaTEPHAAQA IIO (l)PaKI_II/IﬂM B COOT-
BETCTBHHU C TpeGOBaHI/IﬂMI/I CTaHAApTa. HpO6AeMaTH‘IHOfI
AO CHX ITIOP OCTAE€TCA ITOAHASI OYHCTKA SEPHOBOﬁ MacCChbl
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MeToauka onpeneneHns AnnHel nosieTa 4acTuL, pasinyHbIX Macce 3epHa B KOMOUHMPOBaHHOM cenapaTope

OT TPYAHOOTACAUMBIX ITpuMeceil. PaspeseHue sepeH B co-
PTHPOBOYHOM MalllMHe He AAeT BO3MOXKHOCTD PPaKITHO-
HUPOBaHUA 3€PHA II0 MacCaM.

C 11eAbI0 COBMeIeHHs ITPOIIecca OYMCTKA U GpPaKIHO-
HUPOBAHISI 3ePHA HAMU Pa3paboTaH HOBBIN KOMOMHUPO-
BAaHHBIM CEITAPATOP AASI TOAHOM OUMCTKH M PPaKIIHOHUPO-
BaHMs MECTHBIX COPTOB 3€PHa OT IIPUMECEH B 3aBUCHMOCTH
OT ero Macchl. [IbIAb M A€rKvie JacTHIThI (COAOMI/ICTbIe
U Apyrue anMecu) , KOTOpbIe MEHBIIIE MaCChl 3€pHA YAQ-
ASIFOTCS U3 KaMephl Celapalivy aClUPALMOHHbIMHI KaHaAA-
MU ITyTeM BcachiBaHus. OCTaBIIasics 3epHOBAsI IPUMECH,
TIOIIaAasl Ha TIOBEPXHOCTh HAKAOHHOM NIeppOpUpOBaHHOM
MOAKHM NpocenBaercs. F3-3a Toro, 4To pasmepbl OTBEpPCTHS
riepdopariuit 60AblIre, 4eM pa3MephI 3epeH, TO 3epHa IPO-
XOAAT Yepe3 OTBEPCTHS U IIOAAIOTCS K IUTAIOIIEMY BaAU-
Ky. [Ipu aToM Apyrue KpyTHble mpumecu (COAOMbI, KaMHH
u AP-) , TIepeMeIlasCh IO IMOBEPXHOCTU HAKAOHHOM IIep-
$OpHpPOBaHHOM ITOAKH, Yepe3 BHIXOAHOE OKHO MOCTYTIaeT
B €MKOCTb AASI COOPA KPYITHBIX TSDKEABIX IPHUMECENL.

OAHUM H3 OCHOBHBIX MEXaHHM3MOB HOBOH ABYX
9TAIHOM KOMOMHUPOBAHHON MAIINHBI AASL CETIaPaL{UK
U QPaKIIMOHUPOBAHKSA 3€pHA ABASIOTCS NMUTAIOIUH Ba-
AVIK ¥ HAIIPABASIIOIIEN AOTOK, KOTOPbhIE B CBOIO OY€PEADb
MIPEAOIIPEAEASIOT AAABHEHMIINN TeXHOAOTUIECKMI IIPO-
y

11eCC pabOThI MAIIKMHbI, TO €CTh OYHCTKU U PPAKIIUOHHU-
pOBaHHAs 3epHa II0 MACCaM.

AAst 060CHOBaHHUS TApaMeTPOB ATIIAPATa [0 KpHUTe-
pu0 GppaKIIMOHUPOBAHMS ChIITy4ero MaTEPHUAAQ IIO Macce
HCCAEAYEM ABIDKEHHE 3epeH MAU YACTHUL] IIPHMeceil BbI-
ACTAIOIIMX U3 PACIIPEACAUTEAS CeIlapaTopa CO CKOPO-
croio V, (puc. 1).

O0603HaIMM MaCCy YACTHULI, COAEPIKALINXCS B 3ePHO-
Boi cmecn yepes M1, (i = 1...n) . Bce YacTHIIBI B MOMEHT BbI-
AeTa U3 PacIpeAeAnuTeAs: OYAyT HMeTb OAMHAKOBYIO Ha-
YJAABHYIO CKOPOCTDb V), BEeKTOP KOTOPOIT HAIIPAaBAEH TI0A
yraoM B x ocu OX . Yroa HaKAOHA YCTAaHOBAMBAETCS C I10-
MOLIBIO CIIEL[IAABHOIO MEXaHH3Ma PEeryAUpOBAHUS Ha-
IPABASIIOIIETO AOTKA. IIpH ImoAeTe JacTHII 3epHOBOM
CMecH Ha Hee AeHICTBYIOT CHAa TsbkecTH M1,¢ ( & — ycKope-
HHe CBOGOAHOTO TIAACHUS) M CHAA COTIPOTUBAEHHS BO3-
Ayxa, KOTOpasi POMOPLHOHAABHA [IEPBOI CTEMIEHH CKO-
pocru ki [1], tae k — xoadpduumenT conporuBaeHms
BO3AyXa; X — CKOpOCTb IoAéTa yacTuipl. CaepyeT OTMe-
THTB, 4TO KOIYPHUIIMEHT COIPOTHBACHHUS BO3AyXa 3aBHCUT
OT MHOTHMX ()aKTOPOB, COCTABASINHX r€OMETPHIECKIE,
$HU3HUKO-MeXaHIYeCKUe, KTHEMATUYECKIe TAPAMETPhI Ya-
CTHIIbL, & TAKKE OT CBOYICTB BO3AYIIHOM CPEABI KAMEPHI

cereparyu.

ky X

Puc. 1. Cxema noneta 3epHOBOI CMECK B Kamepe cenapauum

CocTaBuM ypaBHEHHE ABIDKEHHE [— O YacCTHIIbI
Ha och OX :

— . k .
mx =—kx uan X =——=%. (1)
C yueToM HaYaAbHBIX yCAOBﬁﬁ t=0,x=0mu
x =V, -cos B noayunm
_m,.~V0~cosﬁe*
k

m,
rAe IIOCTOSIHHASI HHTerpupoBanus pasHa C, = 7V0 cos 3
us ycaosus t = 0;x(t) =0.

K

x(t) = "t (2)

Vcrioap3yst OCA€AHEe BBIPOXKEHUE, MOXKHO HANTU
PAcCTOsIHUE OT Ha4aAa KOOPAUHAT AO TOYKH B MOMEHT,
KOIAQ YaCTHI}A MACCOM M, MOAHMUMETCS] Ha MAKCHMAAb-
HYIO BbICOTY H :

x(t):SZVOZSinzﬂ/%(VO,Sinﬁ_l_mik-g) (3)
m.

PesyabTaThbl 9KIIepUMEHTAAbHbBIX HCCAEAOBAHUI 3a-
BHCHUMOCTH PacCTOSIHUA S OT MacChl YaCTHUIIbI 3€pHA IIPU
AOCTIDKEHHH UM MAKCUMAABHOM BBICOTBL 1 AAS pa3Any-
HbIX cKopocTeit mpu B =45’ mpeacTaBAeHbI Ha pHC. 2.
Ilpu AnHeitHOM 3aBUCMMOCTH PACCTOSHUS S 3epHOBOM
CMECH OT MAaCChl YaCTHIbI BAUSHHME CKOPOCTH ITOAETA 3€P-
Ha OAHO3HAYHO: C yBeAMYEHHEeM CKOPOCTH V, Bo3pacTaeT
paccrosiHue S 3epHOBOM CMeCH OT HayaAa KOOPAUHAT AAS
AQHHOI1 Macchl 9acTuns! (puc. 2).
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Puc. 2. 'padurk 3aBMCMMOCTM PACCTOSAHUS S 3€pPHOBO CMECU OT MacChbl YHacTULLbl #1, NPV MaKCUMasbHOM
BbICOTE 47191 Pa3/IMYHbIX CKOPOCTEN 3epHa

ITocae pocTHIKEHHMS JACTHUIIBI MACCOM 11, MAKCHMAAb-
HOI1 BBICOTBI /I HAYHETCS ee CHYDKEHHE U BEKTOP CHABI
conpoTUBAeHHs kJ GyAeT HalpaBA€H BBEPX IIAPAAEABHO
ocu OY . Ilpu pemennn AnpdepeHIaAbHOrO ypaBHe-
Hus B poekuuu Ha ocu OY pas ynpomjenuns gpyHKmo-
HAABHBIX 3aBUCHMOCTEN YAOOHO OTCUeT BpeMeH! HauM-
Hath omATh ¢ f=0. C y4eTOM HaYaABHBIX YCAOBHIH
t =0,y =0 nmoAy4eHO BbIpaKeHHEe

mg >

x,
)/(t)=h+7it+m2g(l—e'”’ ),

’ (4)
k
u3 koToporo npu ¥ =0 MoxxHO HaiiTH BpeMs f =1., KO-
TOPO€e COOTBETCBYET MAaKCUMAAbHOM AAMHE ITOAETA Ya-

CTHILBI Maccoit 11, BAOAb ocu OX .

M3 3ax0Ha ABMDKEHHS YaCTHITI MACCOM M1, B IIPOeK-
i Ha ocs OX m. X = —kx, Mo>xHO moayuuTs Auddepen-
ITMAABHYIO 3aBHCHMOCTD AASI CKOPOCTH, HHTEIPHPOBaHHe

KOTOPOH AQeT BhIpaXKeHHe AASI PACCTOSHHMSA KaK QyHKITHU

(8)

OT BpEMEHH 1 :
5, =V -Sinzﬂ/zk(Vo -Sinps +%>'
m,

Taxum o6pazom, cymmapHas oauHa moaera L c yde-
Tom 3apucumocteii (3) u (S) cocrasur:
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OKCIlepUMeHTaAbHbIE 3HAYeHHS AAMHBI IToAeTa L
paccrosiHus (3epHOBOI CMeCH) B 3aBUCHMOCTH OT Mac-
Cbl IIPU PA3AMYHBIX CKOPOCTSX IIPEACTAaBACHHBI Ha
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Puc. 3. 'paduk 3aBUCMMOCTHY ANIMHA nosieTa L 3epHOBOI CMeCH OT Havasna KoopauHaT
[0 TO4KU NafeHVs B 3aBUCMOCTH OT MaCCbl M 1 CKOPOCTM 3epHa V..
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Us rpaduxa (puc. 2 u 3) BHAHO, UTO C yBeAUYEHHEM
ckopocr V,, BbicoTa h moapema yacruiy sepHOBO# cMecH
pacrert. Taxoke 13 rpadrka BAAHO, YTO BBICOTA IOABEMA Ya-
CTHI] 3ePHOBOM CMECH YBEAUYHMBAETCS IIPONOPIIMOHAABHO
YBEAMYEHHUIO MAaCChI YacTHIl 3epHOBOM cMecu. CooTBeT-
CTBEHHO YaCTHIIbI, IMEIOLIIe HAUOOABIIYIO MACCY IIOAHH-
MAIOTCSI Ha HAHOOABIIYIO BBICOTY U IIPOAETAIOT Ha MAKCH-
MaabHOe paccrosinue mo OX. Takum 06pasoM, 3epHOBasE
cMech (ceMeHHbIe, IPOAOBOAbCTBEHHBIE, pypaskHble 3ep-
Ha, CEMeHA APYTHX PaCTeHMI U Pa3Hble BO3MOXKHbIE IIPHU-
MeCH ... ) B 3aBHCHMOCTHU OT MaCcChl Pa3AeASIOTCA TIO Beeit
AAVHE KaMephl cerapaiiy Ha QPakIMu U BXOAAT B COOT-
BETCTBYIOLINE OTCEKH, TAE CIIeLIHAAbHbIE IPUCIIOCOOASHISI
0becIeunBaloT pasaeAeHHe 3ePeH OT BCeBO3MOYKHBIX IIPH-

meceit. [Tbiab 1 Aerkue YaCTHIbI (COAOMI/ICTbIe H ApyTHE
HPI/IMeCI/I) YAQASIIOTCSL M3 KaMEPDI CeNapaliiy acIiipanu-
OHHbIMH KaHaAaMH ITyTEM BCACbIBaHH.

Taxum 06Pa3OM, pa3pa60TaHa COBpEMEHHAs KOH-
CTPYKIMA CETIapaToOpa AAS CRITYYHX MAaTE€PHAAOB, B KO-
TOPOM OCYIIECTBASIETCI OAHOBpPEMEHHAsA OYHCTKA
3€PHOBOTO MaT€pHaAa OT Pa3AMIHBIX HPHMeCGfI U ero
@paKﬂHOHHPOBaHI/Ie B 3aBUCHMOCTHU OT MAaCCbhl U CKO-
POCTH IIOAETA 3€PHA. TeOpeTI/IKO—SKCHePI/IMEHTaAbeIe
HCCACAOBAHH IIPOIIECCA ITIOAETA U PA3ACACHHS 3€pEH
paSAI/I‘IHOI;I MaCCBhI ABAACTCA O6OCHOBaHI/IeM AASL paliuo-
HaAbHOM KOHCTPYKIINU KOM6I/IHI/IPOBaHHOI'O cenaparo-
Pa, IOATBEPIKAAIOT BHICOKYIO Sq)q)eKTI/IBHOCTb Ka4yeCTBa
OYMCTKH 3€pHOBOTO MaT€pHaAa.
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Physiological effect and safety of the use of vegetative
additives in the bread production technology

Abstract: In the paper the safety issue of application of vegetative additives in the preparation technology of bread
has been studied. It has been determined that the introduction in the diet of the experimental animal flour products
containing fruit and vegetable additives, positively influences on the clinical picture and behavioural reactions of
rodents.

Keywords: safety, bread, vegetative additives, physiological effect.

Plant products dominate the evolutionary diet of  (as separate products or in dishes) daily. These include

man as the total number — about 1300 ... 1400 g/a
day, and on the range — not less than 10 ... 15 names

grains, legumes, vegetables, fruits, berries, herbs, nuts,
vegetable oils, which are the only natural sources of car-
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bohydrates, non-starch polysaccharides (dietary fiber),
vitamins C and E, B-carotene, bioflavonoids, minerals
and other essential minor nutrients.

The most important in this group are the products
of technological processing of cereals, combining a large
group of components of the diet. The nutrient structure
of cereal is characterized by the presence of fiber up to
12%, up to 4% of fat, up to 70% of carbohydrates on av-
erage. They provide up to 90% of dietary intake of com-
plex carbohydrates (starches). Grain protein deficient in
lysine and threonine, while in the composition of the
mixed diet due to grain provided 40% protein require-
ments. A relatively low content of fat existing in the germ
and membranes is characterized by a high nutritional val-
ue because it contains essential fatty acids (linoleic and
linolenic), phospholipids, tocopherols. In the corcule of
the grain there are also phytoestrogens and phytosterols,
which have high biological activity [1, 3-4; 2, 10-12].

At present there was a whole direction in the field of a
food on creation of scientifically well-founded approach
on the nutrification of socially significant base foodstuft,
in particular, bread and bakery products, essential and
minor substances to recommended level of adequate
consumption [3,20-24; 4, 66-78].

Modern methods of the preparation of bread include
both traditional technologies, and use of various
additives, in particular, products of processing of fruit-
berry and vegetable raw materials. Introduction of the
given additives in the compounding of products will
allow to solve a number of technological problems:
the improvement of consumer advantages of production,
the increase of its biological value, the intensification
of the process of dough-making, the expansion of

assortment of «a healthy food> products sector, the
economy of the basic raw materials [ 5, 14-18].

By the authors of the paper it has been investigated
the chemical compound of fruit and vegetable powdery
half-finished products from apples (PA), beets (PB),
carrots (PC), pumpkins (PP) and red sweet pepper
(PSR), meeting the requirements TS 64.18310089-
01:2002 and made by the corporation of «Ildiz»
(Uzbekistan). Then, for the purpose of comparability
of values macro- and micronutrients of the given raw
materials with similar indicators of 1* grade wheaten
flour have been made recalculation, being guided
by the maintenance of solids of flour (86,0%) as the
mass fraction of solids of additives changed in limits
from 91,4 to 91,9%. It has allowed to estimate most
objectively biological value of investigated raw materials
and expediency of its use for partial replacement of
composition quantities of wheaten high-quality flour in
technology of preparation of bread.

Biological and caloric values of additives are
presented in tab. 1.For each kind of investigated raw
materials ranging on their biochemical indicators (by
criteria of the maximum maintenance of proteins, organic
acids, dietary fibers, mineral substances and vitamins, the
minimum maintenance of carbohydrates and fats) has
been spent. Then by the expert way the products-leaders
having the minimum total rank have been allocated (tab.
1). At the equality of ranks the preference is given to a
product containing smaller quantity of carbohydrates.

As a result on biological value the investigated raw
materials have settled down in the following sequence
(on decreasing): PP>PA>PC>PRP>PB~ 1st grade
wheaten flour.

Table 1. — Chemical composition and caloric value of investigated fruit and vegetable half-finished products

Mass fraction of nutrients,%/(rank)
Nutrients Ist grade Powder from )
wheaten flour Apples Beets Carrots Pumpkins | Red pepper
(PA) (PB) (PC) (PP) (PRP)
1 2 3 4 S 6 7
Proteins 10,6 9,5+0,04 5,840,02 10,2+0,01 9,240,01 13,2+0,01
2) (4) (6) (3) (%) (1)
Carbohydrates 67,8 44,740,03 71,5+0,01 64,9+0,02 44,7+0,02 53,0+0,03
(4) (1) (%) 3) (1) (2)
Organic acids — 4,44+0,01 0,5+0,06 0,7+0,05 0,4+0,07 0,1+0,01
(6) (1) 3) ) (4) (8)
Dietary fibers 0,2 25,540,05 9,2+0,01 14,2+0,04 15,1+£0,02 1,3+0,02
(6) (1) (4) 3) (2) (%)
Fats 15 0,4+0,07 = = = 1,3+£0,02
(4) (2) 1) 1) (1) 3)
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1 2 3 4 S 6 7

Ashes 0,7 2,0£0,06 3,4+0,03 3,4+0,03 4,310,01 0,5+0,06
(4) 3) 2) ) (1) (%)

Mineral substances,

mg/100 g:

— Potassium 176,0 210,3+0,01 | 237,3+0,01 | 232,3+0,03 | 1864,4+0,05 | 815,8+0,01
(6) (%) (3) (4) (1) (2)

— Sodium 12,0 106,7£0,01 | 20,6+0,03 17,540,02 | 303,5+0,03 | 46,1+0,05
(6) (2) (4) (%) (1) (3)

— Magnesium 44,0 160,0+0,02 | 135,0+0,05 92,7£0,05 103,7+0,06 33,84+0,07
(6) (1) (2) (4) (3) (%)

— Calcium 24,0 284,9+0,01 | 213,840,03 | 408,4+0,05 | 122,1+0,05 80,0+0,07
(6) (2) (3) (1) (4) (%)

— Phosphorus 115,0 340,5+0,01 52,0+£0,01 140,4+0,01 | 720,740,01 36,0+£0,01
(4) (2) (2) (2) (2) (2)

— Iron 2,1 14,0+0,04 106,9+0,01 6,1+0,01 22,1+0,01 1,9+£0,01
(%) (3) (1) (4) (2) (6)

Ca: P (1,0:1,5) 1,0:4,8 1,0:1,1 1,0:0,2 1,0:0,3 1,0:5,5 1,0:0,4
3) (1) (6) (%) (2) (4)

Vitamins, mg/100g:

— carotenoids — 0,92+0,008 | 0,03+0,007 | 0,14+0,001 | 9,40+0,001 | 9,4140,001
(6) 3) (%) (4) (2) (1)

— thiamine (B1) 0,25 0,20£0,006 | 1,730,005 | 0,11£0,002 | 0,32+0,005 | 0,170,003
(3) (4) (1) (6) (2) (%)

— riboflavin (Bz) 0,12 0,13+0,001 | 0,04+0,007 | 0,2840,001 | 0,17+0,001 | 0,3040,001
(%) (4) (6) (2) 3) (1)

— pyridoxine (B,) 020 — 028+0,001 | 0,56+0,002 | 0,56+0,002 | 0,47+0,001
(4) (8) (3) (1) (1) (2)

— niacin (PP) 2,20 0,84+0,002 — 2,44+0,001 | 3,754£0,001 | 2,26+0,001
(4) (8) (6) ) (1) 3)

Caloric value, kcal 325 218 308 298 213 273
(6) (2) (8) (4) (1) 3)

Total rank 90 S1 71 59 38 67

The production technology of bread with
powdery vegetative half-finished products have been
developed. Additives have been introduced with
replacement of 7,0% of flour from its composition
quantities that led to enrichment of products by dietary
fibers, vitamins, mineral substances, improvement of
their quality indicators, important on the consumer
point of view, and also to increase in the yield of products
and prolongation of terms of their freshness.

Bread, asarule, does not serve an environment for the
development of microorganisms, capable to cause food
poisonings. At the same time, introducing vegetative
additives in its structure can promote microbiological
damage of finished products.

The purpose of our researches was the toxicological
estimation of bread with various fruit and vegetable

additives after intragastric introduction by a laboratory
animal for the purpose of definition of its influence
on functional characteristics of their internal and the
basic biochemical indicators of blood. It is the first and
obligatory stage of a medical and biologic estimation
of new products according to recommendations of
technical regulations of the Customs union «About
safety of foodstuffs» [6].

The experiment has been carried out under vivaria
conditions in the nutrition laboratory of Tashkent
scientific research institute of sanitary, hygiene and
profdiseases.

Chronic experience has been on outbred white rats
(males) with initial weight 140 ... 150 g for 45 days.
6 groups of animals have been generated: control and
S experimental of which kept in the isolated cages.
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The diet of control group on dietary and caloric value
corresponded to physiological norms and requirements
of an organism animal (tab. 2). The part of a day high-
grade diet of experimental groups has been replaced by

bread with vegetable additives (in the kind of fresh-made
rusks) on the account of daily norm of the person (on
the average nearby 400).

Table 2. — Composition components and caloric value of forage

Forage components Weight, g - Composition, g The caloric
proteins fats carbohydrates value, KA
Oatmeal 70 8,3 4,8 43,9 4,2
Wheat flour 20 2,1 0,2 13,8 1,2
Starch 4 - - 3,2 0,2
Sugar 2 - - 2,0 0,1
Cottonseed oil 3 - 3,0 - 0,5
Iodized (table) salt 1 - - - -
Total 100 10,4 8,0 62,9 6,2

During the experiment surveillance over the clinical
condition of rats of control and experimental groups was
conducted. Each experimental group was fed with crackers
from bread from one of investigated additives: groups of
rodents Ne 1 — PA, Ne 2-PB, Ne 3-PC, N¢ 4-PP, Ne 5-PRP.

Absolute growth of weight has been calculated
on the difference between initial and final weight of
experimental animals. Daily average growth rate has
been calculated under the compounding formula:

A= [(mk/mo)l/T — 1]x 100 (%),

where m and m_ — weight of the animals at the end
and at the beginning of experiment, g;

T-the duration of the experiment, days.

The cost of feed is calculated for the whole experiment
as aratio of the amount used during the experiment, the
feed to the unit of weight growth [7, 1-24].

Results of research are presented in tab. 3 ... 5 and
represented on fig. 1, 2.

It is determined that the introduction of products
with fruit and vegetable additives in a diet of rodents did
not render negative influence on the clinical presentation
and their behavioural reactions. All animals were active
and willingly accepted food. Woolen covers and visible
mucous were without changes. Thus the greatest growth
of weight of rodents has been observed in the exprimen-
tal groups (tab. 3, fig. 1).

Table 3. — Change of live weight of experimental animals at use of bread with additives in a food allowance

Group of animals (n=6)
Indicators Experiment
Control
Ne 1 Ne2 Ne3 Ne 4 Ne §
Initial weight, g 138434 | 142442 | 142245 | 135+43 | 140+4,1 | 13838
Final weight, g 199453 | 214+6,8 | 212465 | 21057 | 215462 | 218+6,7
Absolute growth, g 61,0 70 75 75,0 80
—% for control 100,0 118,0 114,7 123,0 123,0 131,1
Dally aVerage grOWth rate,% 081 0 91 0 89 0 98 0 95 1.01
Feed cost, unit 1,44 1,17 1,20 1,12 1,12 1,05
—9% for control 100,0 81,2 83,3 77,8 77,8 72,9

The data from tab. 3 and fig. 1 shows that at feed-
ing bread with vegetative additives the tendency of in-
crease in intensity of rates of the growth of rodents of
experimental groups is found out.

Despite undifferentiation in live weight of experimen-
tal animals prior to the beginning of experiment, in the end
of cultivation it has on average 9,2% (P <0,03), and feed
cost per 100 g body weight has decreased concerning the
sample of comparison on 16,7 ... 27,1% (P <0,05).
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Fig. 1. Dynamics of absolute weight growth of rodents

Naturally with the decrease in feed consumption in
experimental groups decreased, and also excrement
excretion. Results of the visual analysis of excrement
testified to good digestion of bread by experimental animals.

In dynamics the average given quantities of the liquid
consumed by animals in the course of experiment are

presented in fig. 2.
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Fig. 2. The average given water consumptions 100 g body weight of animals

The water consumption on 100 g body weight of rats
was higher in control group and by the experiment end
on the average up to 2,6% exceeded similar value of the
animals of experimental groups.

Alongside with the definition of body weight
pathoanatomical researches have been conducted and

weight factors of viscera have been estimated. From the
data presented in tab. 4, it is visible that the relative weight
of viscera in experimental groups animals has differed from
that in intact groups a little. Pathoanatomical researches
have not revealed visible changes of viscera of experimental
groups of rats, in comparison with control group of animals.

Table 4. — Average weight factors of viscera of experimental animals.

. Value of weight factors of viscera of animal groups
Viscera X
The control The experimental

Heart 5,0020,04 4,80+0,10
Liver 31,4+0,20 32,0+0,90
Kidneys 6,70+0,06 6,60+0,20
Lungs 6,90+0,09 7,000,20
Spleen 4,30£0,06 4,1240,08
Brain 10,8+0,04 11,60,20
Testes 18,1+0,20 16,9+0,80
Adrenal 0,20£0,002 0,23+0,003
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Morphological and biochemical blood tests have
been carried out in 2, 4 and 6 weeks from the beginning
of experiment (tab. S).

By results of the analysis of morphological structure
of blood it has not revealed statistically significant
distinctions between the maintenance of erythrocytes,
leukocytes and haemoglobin level in experimental and
control groups of animals.

The maintenance sulthydric groups, the activity of
cholinesterase and catalase in integral blood of animals

of experimental groups have not differed statistically
authentically from indicators in control group throughout
all experiment.

Data on the body weight growth has been coordinat-
ed with results of morphological and biochemical blood
tests, from which is visible that under the influence of a
diet with addition of investigated names of bread with
fruit and vegetable additives the basic indicators of me-
tabolism in the organism of rats had fluctuations within
the determined physiological norms.

Table 5. — Morphological structure of peripheral blood in experimental animals

Group of animals (n=6)
Indicator Week Experiment
Control
Nel Ne2 Ne3 Ne 4 Nes

Erythrocytes 2 6,46+0,12 6,71+£0,24 6,50+0,18 6,18+0,41 6,39+0,14 6,25+0,28
(10 2/1) 4 6,44+0,43 6,28+0,21 6,44+0,12 6,43+0,18 6,24+0,19 6,64+0,21

6 | 690+023 | 6,58+1,18 | 7,25+098 | 7,01£039 | 646+0,15 | 6,78+121
Leukocytes 2 | 11,04+1,97 | 10,10£1,56 | 10,10£1,25 | 10,10+ 1,15 | 11,86+1,22 | 10,10+0,98
(10°/4a) 4 12,50+1,93 | 13,10+1,62 | 13,10+1,59 | 13,10£1,20 | 11,96%1,65 13,10+1,38

6 12,68+0,85 | 12,38+1,01 | 11,98+0,78 12,50+2,0 11,98+1,93 | 13,01+0,98
Haemoglobin 2 123+1,70 126£1,80 125+2,10 122+4,50 129+1,30 120+2,70
(g/%) 4 124+1,80 130£2,10 13242,20 126+3,80 132+1,90 12242,60

6 128+1,18 | 1324148 | 137+135 | 129+151 | 134+120 | 127+1,64

As a result of the carried out researches it has been
defined that introduction of bread with fruit and vegeta-
ble additives in the diet of experimental animals makes
positive impact on behavioural reactions of rats, promotes
faster growth of their weight. The morphological and his-
tologic data of viscera and biochemical indicators of blood
of animals testify to improvement of exchange processes in
an organism of experimental groups of rodents. On the ba-
sis of the clinical data it is possible to draw a conclusion on
positive physiological effect of use of fruit and vegetable

additives in grain products for completion of the diet of
person natural biologically active nutrients, in this case
p-carotenes, bioflavonoids and dietary fibers.

Thus, it has been determined the appropriateness
of application of products of processing of fruit
and vegetable raw materials in the preparation technology
of bread that will allow to reduce also the use of additives
of not alimentary nature, and, hence, it is established
to increase the safety level of products and physiological
effect from their application in food allowance.
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OnTmMun3saunsa cnoco60B NPUroTOBJIEHNA MarHe3nasnbHbIX
KOMMO3ULUN Pa3/IM4HOMN CTPYKTYPbI

AHHOTaIII/ISI: HCCAEAOB&HO BAWSHHE CHOCO6OB IIPUTOTOBACHM (l)OPMOBO‘leIX MacC Ha CBOMCTBAa MarHe3uaAbHBIX

KOMHOSI/II_II/Iﬁ pasAanoﬁ CTPYKTYPBI. O6ocHoBana HeAeCOOGpaE}HOCTh ITOCAEAOBATEABHOI'O BBEACHM S U IIEPBUIHOT'O

KOHTaKTa CTPYKTYPOO6P213YIOH.II/IX KOMITIOHEHTOB.

KaroueBbIe cAOBa: MarHe3raAbHbIE KOMITO3ULINH, CHOCO6 IIPUTOTOBAEHMS, CTPYKTYpa.

Bricokas pecypcoeMKOCTb 1}eMEHTHOTO ITPOU3BOA-
cTBa 00YCAOBAMBAET HEOOXOAMMOCTD O€CKAMHKEPHBIX
BSDKYIIUX BelllecTB. MaraesuaApHbIe BsDKyIEe — 9¢-
¢$exTuBHAS Pa3HOBUAHOCTD MAAOIHEPTOEMKHX MaTepH-
AAOB, XapaKTepU3YIOIAsCs MHTEHCHBHBIM TBEPACHHEM,
BBICOKMMM IPOYHOCTHBIMH IIOKa3aTeAsIMH. Bricokas ak-
THBU3HUPYIOLAsi CIOCOOHOCTD KayCTUIECKOTO MarHe3UTa
IO OTHOIIEHHIO K PAa3AMYHBIM MaT€pPHAAAM ITO3BOASIET
MIOAYYaTh CMeIIAaHHbIe MarHe3WaAbHbIE BDKYIUE C CO-
Aep>KaHHeM TEeXHOI€HHOTO KOMIIOHEHTa B CMENIaHHOM
MarHe3naabHOM 40-80%. Har6oAbIIyI0 akTHBHOCTD B CO-
CTaBe MarHe3MaAbHbIX KOMIIO3UIIMI MPOSBUAN TeXHOTEH-
HbI€ MaT€PUAADBI C CHAMKATHOM OCHOBOM M ITOBBILIEHHDBIM
COAEPIKAaHUEM XKEAe3HCThIX COGAMHEHUM. YHUKAAbHOCTD
CBOMICTB MAarHe3MAAbHOTO BSDKYILIETO: BBICOKAs aAre3us
K MHHEPAABHbIM H OPTaHIYeCKIM MaTepPHaAaM, 4TO 0be-
CIIeYHBAET COBMECTHMOCTD C AIOOBIMU 3aIIOAHUTEASIMU
[1,23;2,48].

Pa3zpaboTaHbl MarHe3MaAbHble KOMIIO3HUIMOHHBIE
MaTepUaAbl Pa3AMYHOM CTPYKTYpPHI HA OCHOBE CMeIllaH-
HOTO MarHe3UaAbHOTO BSDKYIIEro M TEXHOTEHHBIX 3aITOA-
uureaeii [3, 10]. CBoiicTBa KOMIIO3UIIMOHHBIX MATEPHA-
AOB OIIPEACASIOTCS CTPYKTYpPaMH Pa3AMYHOIO YPOBHS:
MHUKPOCTPYKTYPOM KaMHs BsDKYIIEr0, Me3OCTPYKTy PO
KOHTAKTHOM 30HBI 3aIlIOAHUTEAS C KAMHEM BsDKYIIEro,
MAaKpOCTPYKTYpOH dacThl 3amoAHHuTeAs. CTpykTypa

U CBOMCTBA MHOTOKOMITOHEHTHBIX MATEPHUAAOB IIPOSIB-
ASIFOT 3aBHCHMOCTD OT CIIOCO6a IPUrOTOBAEHHUSI KOM-
nosunuil. IlpeacTaBasieT MHTepec BAHMSHHE YCAOBHUI
IIPUTOTOBAEHHUS CHIPHEBBIX CMECeN Ha CBOMCTBA MarHe-
3MAABHbBIX KOMIIO3UIIMOHHBIX MATEPHUAAOB.

ITeap pabOTBI — ONTUMHUBALMS CIIOCOOA IIPUTOTOB-
AeHUS GOPMOBOYHOM MACCHI AAS MaTHE3HAABHBIX KOMIIO-
3UIMH PA3AMYHOTO COCTAaBa M CTPYKTYPBL

OO6BeKTOM HCCACAOBAHUS ITOCAY>KHAN MAarHE3HAAb-
HbIe KOMITO3HIJHOHHbIe MarHe3uaAbHbIe MaTePUAAbI OK-
CHXAOPUAHOTO TBEPAEHHSI, COACPIKAIINEe 3aTIOAHUTEAH
PAa3AMYHOTO COCTaBa U CTPOCHHSL.

DopMOBOYHbIE MACCHI TOTOBHAHM C HCIIOAb30BAaHHEM
KayCTHYECKOTO MAarHEe3UTa U CMENIAHHOIO BSDKYIIEro,
BKAIOYAIOIETO KAyCTHYECKUH MarHesuT M TOHKOMO-
AOTBIE OTXOABI OOOTal[eHNsI CKAPHOBO-MArHETUTOBBIX
PYA — XBOCTBI CyXOil MAarHUTHOI! cemaparuu (XBOCTbI
CMC). B xauecTBe 3aTIOAHHTEAS KOMITO3HITHI HCITOAD-
30BaHBI pa3AnYHbIe Ppakimu ApobaeHbix xBocToB CMC;
ApeBecHbIe OIIMAKH, 30AbHYI0 MHKpOCepy, pereHepu-
POBaHHbIE I'PaHYABl IIEHOOANCTHPOAA. Kommosunuu
3aTBOPSIAM PaCTBOPOM XAOPHMAQ MArHMS IAOTHOCTBIO
1240 xr/m?. O6pasus pasmepom 40x40x160 mm TBep-
AEAM Ha BO3AYXe.

MeAko3epHHCTbIE KOMIIO3HITH Ha OCHOBE KayCTH-
veckoro Martesuta (KM) 1 cMeIaHHbIX BSDKYIIUX C CO-
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AepxanueM HaroanuTeas: (xoctst CMC) 30 u 50%
BKAIOYaAH TeXHOTEHHBIH 3al0AHUTEAD (APO6AEHbIE XBO-
crot CMC) ¢paxkumit 0,14-0,315 mm u 0,63-1,25 mm.
beronHbIe cMecH TOTOBHAM C IIOCTOSHHBIM OTHOIIEHUEM
BSDKYIIIEro K 3aIIOAHUTEAIO 1; 2.

Croco6bI MPUTOTOBAEGHUSI OTAMYAAUCH ITOCAEAO-
BaTe@AbHOCTBIO BBEACHHS KOMIIOHEHTOB pOPMOBOYHOM
Macchl. B mepBoM criocobe B cMeCh CyXHX KOMIIOHEHTOB
BBOAMAHM PAcTBOP XAOPHAA MarHus. Bropoit croco6
IIPEANIOAATAA TIepBUYHOE IepeMeluBaHue BSDKYIIero
BeIleCTBA C 3aTBOpUTeAeM. B TpeTheM crocobe mepso-
HAYaAbHO CMEIIMBAAM 3aTIOAHHUTEAD C 3aTBOPHTEAEM, 3a-
TeM BBOAUAM CMEIIaHHOe BspKymlee BentecTBo. CpaBHH-
TeAbHBII AHAAU3 Pe3YABTATOB HCCAeAOBaHus (pucyHkH 1,
2) mokasaa, 4To $OpPMOBOYHOMN MACChI AASL KOMTIO3HIIHIA
MeAKO3ePHHCTOM CTPYKTYPBI [IeAeCOO0Opa3HO FOTOBHUTD
0 CIoco0y, MpeAyCMaTpUBaIOeMy ITepBOHAYAABHOE
CMeIlIeHHe 3aIIOAHUTEAS C 3aTBOPUTEAEM M IIOCAEAYIO-

Ijee BBEACHHE BDKYIero BemecTsa. IlepBuynbIil KoH-
TAKT YaCTHUI] 3aTIOAHUTEAS C PACTBOPOM XAOPHAQ MArHUS
ofecreynBaeT AKTUBU3AIIMIO IOBEPXHOCTH 3AIIOAHUTEAS],
HAOAIOAQ€TCSI TEHACHIIUH YIIAOTHEHHS M YIIPOYHEHHs
CTPYKTYPBI, CHIKeHUe AePEeKTHOCTH KOHTAKTHBIX 30H,
yBeAMYeHHe AOAH KPUCTAAANYECKUX TUAPATOB B IIPUIPa-
HUYHOM 06AacTH. KOMITO3HIIMOHHbIE MATEPUAABI 3ePHHU-
CTbIe MaT€PHAABI XapAKTePU3YIOTCS IPOYHOCTDIO: MIPH
usrube 15-21 MIla, npu oxaruu 35-55 MIla; cpepneit
maoTHOCTBIO 2100-2450 xr/Mm>.

l'uncomarsesuasbHble KOMIIO3UITUM BOAOKHHCTO-
KOMOMHHPOBAHHOM CTPYKTYPbI IIOAYYAAH U3 CMEIIAHHO-
IO BSDKYIIIETO C COAepP)KaHHeM CTpouTeAbHOro rumca 40%
Ha OCHOBE MHTEIPAAbHOIO 3alOAHMTEAS (ApeBecHble
OMHAKY, 30AbHasE MuKpocdepa). ITo Mepe yBeAndeHus
B Macce ITyCTOTEAOTO MEAKOAUCIIEPCHOTO 3aIIOAHUTEAS
HaOAI0AA€TCs yIIPOYHEeHVe MATEPUAAA IIPH HE3HAUUTEAD-
HOM YBEAUYEHHH TAOTHOCTH.

AT BKM BKM: CMC - 70 : 30 OKM: CMC - 50 : 50 |
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Cnoco6 npurotoBneHus

PucyHok 1. BnnsaHue criocoba npuroToBieHnst GopMOBOYHOM MacChbl Ha MPOYHOCTb
KOMMO3ULMU U3 PA3NNYHbIX BXYLLMX 1 3anonHuTtens eopaxkumm 0,63-1,25 mm

-

@0,14-0,315Mmm

00,63-1,25Mm |

28 cyT

Mpenen npo4HOCTM NpK
cxatun, Mla, B Bo3pacTe

Cnoco6 npurotoBneHus

PucyHok 2. BnnsiHme crnocoba npuroToBieHns GOpMOBOYHOM MacChl Ha MPOYHOCTb
KOMMO3ULMn 13 BXyLLEro ¢ 50% HanonHUTens ¢ pa3nnyHomn gppakuyen 3anonHuTens
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PeryaupoBanne BemecTBeHHBIM COCTaBOM (pOpMO-
BOYHOM IMIICOMarHE3UAAbHOM MacChl C MHTETPAAbHBIM 3a-
[IOAHUTEAEM O0eCreurBaeT MUPOKHUIT HHTEPBAA CBOMCTB
KOMITO3HTOB: CpeAHsisi MAOTHOCTD 8501450 kr/M?, mpou-
HocTb npu ckatun 3—40 Ml Ia c ygeToM cocTaBa BSOKYyIIero
M 3aIIOAHUTEAS. AAS AOCTIDKEHMS HAaMOOABIIMX IIOKA3aTe-
Ae¥l IPOYHOCTH KOMITO3HLIUH IPEAIOYTUTEABHbI POPMO-
BOYHBIE MACCBI C COAEPKaHHEM He 6oaee 5S0% 3armoAHUTEAS
IpY IPe0OAAAAHIU B HEM 30ABHOM MUKPOCQepbL.

HccaepoBaHO BAMSIHHE TTOCAEAOBATEABHOCTH CO-
4yeTaHHs KOMIIOHEHTOB pOPMOBOYHBIX MACC HA OCHOBE
CMEUIaHHOTI'O TIMCOMAarHe3naAbHOI'O BSDKYH.IEI‘O U UHTeEe-
rpaAbHOro 3amoAHuTeAst. Ormpo6oBaHO ceMb BAPHAHTOB
HPI/II‘OTOBAeHI/ISI KOMHOSHL[PIfI, OTANYAIOIIUXCS ITOCAE-
AOBAaTEABHOCTBIO CMEIIEHUS COCTABASIOIUX BSDKYIIle-

X100~ 100um 11 63 BEC

4

X500 S0um 11 63 BEC

IO M MOPSIAKOM BBEACHUSI 3aIIOAHUTEAEN PA3AMIHOTO
CTpoeHMs. BbIsIBA€HA IPEATIOUYTHTEABHOCTD CIIOCO0a,
IPeAyCMaTPHBAIOIIErO IePBOHAYAABHOE IIPUTOTOBAE-
HUe CYCIIeH3HU M3 TUIICOMArHe3UaABHOTO BSDKYILIETO
M COAEBOTO 3aTBOPHTEAS], IIOCAEAYIOILIee AODaBAeHUE
MUKpPOCQepBI; 3aTeM BBEACHHE APEBECHBIX OIUAOK
¢paxumu 0,14-0,315 MM B IpeABapUTEABHO IlepeMe-
IIAHHYIO0 cMech KoMroHeHTOB. Criocob obecreunBaeT
[EePBUYHOE B3AUMOAEHCTBUAE XUMHYECKH AKTHBHBIX
KOMIIOHEHTOB CMEIIAHHOTO BSDKYINEro, B CYCIIeH3UH
KOTOPOTO PACIIPEAEASIIOTCSI [IO3TAMHO YaCTHUIIBI Ha-
HOAHHTEAS [I0 Mepe POCTa UX pasMepa. B pesyabrare
GopMupyeTCss KOMIIAKTHASI CTPYKTYPA C MOBBIIIEHHOM
HPOYHOCTBIO CILIENACHHSI KOMIIOHEHTOB PAa3AMYHOIO
cTpoenus (pucyHok 3).

G
'} |

. X4,000

—

20kV. 10um

20kV X1.,600 10} 10 63 BEC

PrcyHok 3. MUKpOCTpyKTypa runcomMarHesnasnbHOM KOMAO3ULLMN BOJIOKHUCTO-
KOMOVHMPOBAHHOM CTPYKTYPbI ONTUMaIbHOMO NPUrOTOBIEHMS

Marnesuaabrbie KOMITO3HITNHN KOM6HHHPOB3HHOIZ
CTPYKTYPbI C IIEHOIIOAMCTHPOAOM ITOAYYIAAN U3 CMENIaH-

HOI'O MarHe€3haAbHOI'O BsDKYIIETO C 50% TexHOTEeHHOTO Ha-
TIOAHHTEAS, I'PAHYA IIEHOIIOAMCTHPOAQ (I/I3 YIIAaKOBOYHOI'O
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MarepHaAa), 30AbHON MUKPOCPEPHI U APEBECHBIX YACTHI]
pasmepom 0,315-0,63 mm. CodeTaHne «ApeBeCHbIE OITHA-
KN — I'PaHyAbI IIEHOIIOAMCTHPOAA>> ITO3BOASIET CHU3UTD
IIAOTHOCTD MaTepraAa A0 15% mpu coxpaneHuM MpOIHOCT-
HbIX ITOKa3aTeAeil. CoBMeleHHe «30AbHasI MUKpocpepa —
TPAHYABI [IEHOIIOAUCTUPOAA>» O0ECIIeYHBAET CHIDKEHUE
IIAOTHOCTb MaTepHaAa A0 10% npy OBbIIEHHHU P OYHOCT-
HbIX OKa3areAeit A0 15%. Haarmune MeAKHX OpH30BaHHBIX
JaCTHI] TOBbIIAETOAHOPOAHOCTD (POPMOBOYHOM MACCHI,
CIIOCOOCTBYeT paBHOMEPHOMY PACIIPEACACHHIO OOMAa3KU
TeCTa BSDKYIIEro BOKPYT I'PAHYA IIEHOIIOAUCTHUPOAA.
HccaepoBaHO TpH BapuaHTa IPUTOTOBAEHUS POPMO-
BOYHOH MACChl, OTAUYAIOIUXCS TOCAEAOBATEABHOCTDIO
COBMEIeHHsI JaCTHI] 3aIIOAHHTEAH C 3aTBOPUTEAEM
u BsOKyIeil cycrensueil. OmpeaeAeH palliOHAAbHBIN
CII0CO6 MPUrOTOBAEHMST pOPMOBOYHOM MACCHI, IIPEAYC-
MAaTpPHBAIOIUI TePBOHAYAABHOE CMeNIeHHe BSDKYIIero
C PacCTBOPOM XAOPHUCTOTO MarHKs; TOCAEAYIOIIee BBeAe-
HHe MHKpPOCepbl, ApeBeCHBIX OIMAOK ¢ppaxruu 0,63—

20V X1,000 10um

11 62 30Pa

0,315 MM; mocAeayromIee IepeMelIBaHue U AoOaBAeHHE
MEHOIIOAMCTUPOABHBIX IpaHyA. Crioco6 obecreunBaeT
IOBBILIEHHYIO IPOYHOCTH, PABHOMEPHOE PACIIPEACACHHE
COCTaBASIIOIIUX B 06beMe.

OnrTuMu3anys COOTHOLIEHUSI YACTHUL, U Pa3MepoB
KOMOMHAIIMH 3aIIOAHUTEAEN «IIEHOIIOAUCTUPOA — Ape-
BeCHbIE YaCTHIIbI — 30AbHASI MUKpOcdepa» U crocoba
[PUrOTOBAEHNSI pOPMOBOYHOI MACCHI IIO3BOASIET [IOAY-
YUTDb KOM6I/IHI/IPOBaHHyIO CprKTyPy MaKCUMAaAbHO <<yr[a—
KOBAHHYI0> [IOPAMH Pa3AUIHOTO CTPOEHHS C MUHIMAAB-
HBIM PACXOAOM KayCTHYeCKOTO MarHesuTa (pUucyHok 4).
KoMIio3ummu xapakTe pusy oLy o cst CPEAHEH IAOTHOCTHIO
350-650 xr/m* u mpounocTsio mpu oxaruu 1-7 MITa.

BeIpasuTeAbHast aATe3HMOHHAs CIOCOGHOCTD, BBI-
COKO€e aKTHBHUBHPYIOIee BO3ACHCTBIE MAarHe3HAABHbIX
BSDKYIUX 00€CIIeYMBAIOT BO3MOXKHOCTD HCIIOAb30BAHIS
TEXHOTEHHBIX MATEPHAAOB 3€PHICTOTO U BOAOKHHICTOTO
CTPOEHUS B KOMIIO3ULIUSIX C BBICOKUMU ITOKA3ATEASIMU
CTPOUTEABHO-TeXHUYECKUX CBOVICTB.

PucyHok 4. CTpykTypa MarHe3masabHOM KOMMO3ULMKW C MEHOMNOUCTUPOIOM
KOMOWHUPOBAHHOWM CTPYKTYPbl ONTUMasbHOrO MPUroTOBEHUS
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MHOTrOKOMIIOHEHTHBIN COCTaB CMELIAHHBIX MarHe-
3MAABHBIX BSDKYIUX U KOMITO3HIIUH, TIOBBIIIEHHAS Peak-
[JMOHHAsSI CIIOCOOHOCTD MarHe3MaAbHbIX COCTABASIIOIINX
MIO3BOASIIOT MCIIOAB30BATh Pa3AHYHbIE PEIleNTypPhI Chl-
PbEBBIX CMeCeH.

AAst KaKAOTO COCTOSHKA POPMOBOYHBIX MaCcC C yJe-
TOM YCAOBHI HU3TOTOBAEHUS M 3AAAHHBIX XapaKTePUCTHUK
HBAEAHIT CACAYeT UHAMBHAYAAU3HPOBATH CIIOCOO ITPUTO-
TOBA€HHSI, OPUEHTHPOBAHHbIM Ha MAKCHMAABHYIO PeaAH-
3ALHMIO0 BSDKYILIUX CBOWCTB, apMUPYIOIell CIIOCOOHOCTH
Y FapaHTUPYIOIUIA HAASKHOCTD CIIeTIACHHS KOMITOHEH-
TOB B €AUHBII MOHOAUT.

Pa3paboTka KOMIIO3HIHOHHBIX MAT€PHAAOB Ha-
IpaBA€HA Ha pacIIMpeHre aCCOPTUMEHTAa COBPeMeHHBIX
3¢ PeKTUBHBIX MaTEPHAAOB; IIOBBIIIEHHE HAASKHOCTH
1 KOM(pOPTHOCTH BO3BOAUMBIX 0O'bEKTOB; PAL[IOHAABHOE
HCIIOAB30BaHHUE PHPOAHBIX I TEXHOTEHHBIX PeCypCOB
IyTeM TAyOOKOI IepepaboTKH CBHIPbSI; 03A0POBAEHHE
9KOAOTMYECKOM OOCTAHOBKHL.

MarnesnaAbHbIe  KOMIIO3UIIMM  MEAKO3EPHUCTOMN
CTPYKTYPbI C HATOAHUTEAEM PEKOMEHAOBAHbBI AASI I3TOTOB-
A€HHS SAEMEHTOB 6AAroycTpoiicTBa (MaAble apXUTEKTYp-
Hble GOPMbI, HarpuMep, BazoHsbl). [uncomarnesnaabHbie
KOMITO3UIINH KOMOMHUPOBAHHON BOAOKHHCTON CTPYKTY-
PBI C ITyCTOTEABIM MEAKOAUCIIEPCHBIM 3aTIOAHUTEAEM pe-
KOMEHAOBAHBI B KadecTBe (pOPMOBOYHOI MACCHI AASI Cep-
AEYHHKA IIPH U3TOTOBACHHH CTEKAOMATHE3UTOBOT'O AVICTA.

MarHe3naAbHbBIE KOMIIO3ULIUE KOMOUHUPOBAHHOM
CTPYKTYPbI HA OCHOBE OPTaHOMHHEPAABHOTO IIOPH30-
BaHHOTO BOAOKHHCTO-3€PHHUCTOTO 3aIIOAHUTEAS] PEKO-
MEHAOBAHBI AASI UBTOTOBAEHUS CTEHOBBIX TEIIAOU30AS-
LJMOHHBIX OAOKOB.

PaspaboTaHHbIe perjenTypbl KOMIIO3HUIHIL CIIOCOOHBI
obecIiednTd peaAn3alHio IPUHIIUIIOB pecypcochbepeske-
HISI, TEXHHUKO-9KOHOMHYECKUE PACYeThl IIOATBEPXKAAIOT
11eAecO00pasHOCTD U 3P PEKTUBHOCTD IIPOU3BOACTBA KOM-
MIO3UIIMOHHBIX MAaTEPHUAAOB Ha OCHOBE CMEIIAaHHbIX Mar-
HE3HAABHBIX BSDKYIIMX M KOMIIAKCHOTO HMCITOAb30BAHMS
TEXHOTEHHOT'O CBHIPBSI.

MarnesnasbHbIe KOMITO3UITMA MEAKO3€PHHCTOM
CTPYKTYPHI C HATOAHHTEACM XapaKTePH3YIOTCS paljuo-

HAaABHBIM KOMIIAEKCHBIM HCIIOAB30BAaHHEM OAHOTIO BHAAQ
TEeXHOTE€HHOTO MaTepHaAa (HaHOAHHTeAb, SaHOAHI/ITeAb),
MHHMMM3ALUEN AOAY KayCTUYECKOTO MarHe3uTa
T'uricomarae3raAbHbIE KOMITO3HUIIHK KOM6I/IHI/Ip0BaH-
HOHN BOAOKHHUCTOHN CTPYKTYPbI C ITyCTOTEABIM MEAKOAM-
CIIEPCHBIM 3aIIOAHMTEAEM (CTeKAOMarHesnTOBbIe AI/ICTbI)
XapaKTEPHU3YIOTCS CHIDKEHUEM AOAM Kay CTHIECKOT'O MarHe-
3WTa 32 YACTHYHOH CYeT 3aMeHBI AePUITUTHOTO KOMIIOHEHTa
TUIICOBBIM BSDKYIIIUM; KOMITACKCHBIM UCITIOAb30BaHHEM Pa3-
AMMYHBIX BUAOB TEXHOT'€HHbBIX MATEPHAAOB; 3aMEHOM MaAO-
AOCTYIIHOT'O IIEPAUTA PACIPOCTPAHEHHOM 30ABHOM MUKPO-
cdepoii, HCKAIOUEHHEM HeH006pasoBaTeA5{,-
Marue3naabHblE KOMITO3UITUHA K0M6HHHPOBaHH0171
CTPYKTYPBIL Ha OCHOBE OPraHOMMHEPAABHOIO ITIOPU30-
BaHHOI'O BOAOKHHCTO-3€PHUCTOrO 3alIOAHUTEAS XapaKTe-
pHU3yI0TCa MHOI‘OO6paBI/IeM TEeXHOTEHHBIX KOMIIOHEHTOB,
COYETaeMbIM B COCTaBE OAHOM KOMITO3UIIUU; PALIMOHAAD-
HBIM HCIIOAB30BAHMEM OTCAY>KMBIIEH II€HOIIOAMCTH-
POABHOM YIIAaKOBKM, KOTOPYIO IIOABEPIalOT U3MEAbYE-
HHUIO M MCIIOAB3YIOT B3aMEH I'PaHyA, U3rOTABAMBAEMbIM
I10 9HEPIOEMKOM TEXHOAOTUYECKOM CXEME; BBITeCHEHUEM
AOPOTOCTOSAIIEro IOPTAAHALIEMEHTA U3 pOPMOBOYHOM
MacChl.
BroiBoABI.
Paspa60TaHb1 KOMIIO3UIIUOHHbIE  MaTepHUaAbI
C YIIpaBASIEMOM CTPYKTYPOM Ha OCHOBE KOMITAEKCHOI'O
HCIIOAb30BaHHS TEXHOTEHHBIX MATEPUAAOB Pa3AMIHOTO
COCTaBa U CTPOEHHM IIOCPEACTBOM peaAM3aliMK aKTUBU-
3UPYIOIErO BO3AECHCTBHUS MarHE3MAABHOIO BSDKYIIETO.
VYcraHOBAGHA BO3MOXKHOCTD M 0OOCHOBAHBI panmo-
HaAbHbIe IpHeMbl POPMUPOBAHUSA KOM6I/IHI/IpOBaHHbIX
CTPYKTYP KOMITO3ULIMOHHBIX MATEPHAAOB 3a CYET LIEAEHa-
IIPAaBA€HHOI'O COYETAHMS B 3aTIOAHUTEAE IIOAMMOAAABHBIX
YJaCTHI] Pa3AUYHOTO CTpoeHus, popmbl U pasmepos. I loka-
3aHa ueAecoo6pa3HOCTb MEAKO3EPHHUCTOTO CTPOEHMS KOM-
ITO3ULIMOHHBIX MaTEPHAAOB, 06ecIIeunBaroIero KOMIIAKT-
HYIO CTPYKTYpY C HanOOADIINM 3aTIOAHEHHEM MaTpUIIbL.
ITpearoskens CII0CO6bI IIPUrOTOBACHUS POPMOBOY-
HBIX MaCC, OCHOBaHHbIE Ha IIEPBUYHOM KOHTAKTE KOMIIO-
HEHTOB, pOPMHUPYIOIUX YCTOMIUBOCTb MaTPHILIbI KOMIIO-
3HULIMOHHBIX MATEPUAAOB.
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Development algorithm for determining leakage
places in the system of main gas pipelines

Abstract: In the present paper we consider the method for determining the leak to change the pressure profile
along the pipeline that is based on pressure reduction in case of fixing the leak on the monitored areas
Keywords: gas pipelines, system, algorithm, leakage, sensor.

For the transport gas actual the problem of ensuring
the reliability of main gas pipelines.

In the event of leakage for any reason you need to
show up as soon as possible the very existence of the leak
and determine the place of its occurrence.

Reduction of time from the moment of detection
with the establishment of its location allows you
to quickly take measures to contain the accident,
reducing its scope and costs of the liquidation. In order
to meet these requirements gas transportation should
be equipped with automatically operating life of the leak
detection systems.

In developing the algorithms used where the gas
pressure P at the beginning of the pipeline, at:

2=0067| 28, 2K
Re 10°d

internal

The coeflicient of hydraulic resistance of pipeline;
T _is the average temperature of the manifold, K; ZP -
gas Super compressibility factor in operating conditions;
l-length of the pipeline, km; A-relative gas density under
normal conditions.

The pressure in the pipeline end section

p = |pr o QreTz] (1)
Sfinal initial 10)23‘10—12 dZ

internal

The inner diameter of product pipelines at a given
gas velocity

g, = |21
" N0.785-E

where g-gas flow at operating pressure and temperature
of gas m?/s, w-gas velocity in the pipeline, m/s
QzZ,-10°

= 2
d Pz . -86400-9,8 @

x“initial
where Q-flow of gas under normal conditions, million

m®/day; P_- pressure at the design point of the gas
pipeline, at.

If a known value P, pressure on the pipeline given
site is determined according to the formula

X
Px = \/ ;iriul - (Piznitial - P;inal ) - z (3)
where x is the distance from the calculated point to the
pipeline, km.
Here, P, and P ina — PTESSUTE At the beginning and

end of the pipeline, at.

The density of the gas at operating conditions is
calculated according to the formula
Py Zn ’ Ti P »

PZT,
where p — the density of the gas under normal condi-
tions, kg/m?;

p:

P - operating pressure, at; P, Pf.— pressure during
operation of the pipeline must be maintained.

Fig. 1 shows a pressure calculation circuit between
two stations.
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Let us consider a straight pipeline between the two
adjacent pumping stations at each station has a pressure
sensor.

As can be seen from the formula (3) is determined
at each site

Xl:\/Pf—(Pf—P;)—%

Sensor Ne1

P, :\/Pf—(Pf—P;)—%

Jp(E )

P

xn

P ,P .. P_—pressureatthebeginning and end
of a certain portion of the pipeline.

The result is a pressure profile of the graph shown in
Fig. 2.

Sensor Ne2

Station Ne1

Station Ne2

Pinitial

T

X1 X2

Ptinal

|

Xll

L=20 km

Fig. 1. The scheme of calculating the pressure between two stations
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Fig. 2. Graph of pressure profile

Gas parameters: Flow Q = 5 million m?®/day under
normal conditions density p = 0,7224 relative density
of —0.56: coeflicient super compressibility and under
normal operating conditions. Z = 0,98; ZP =0,77; Cp =
specific heat of 3.35 kJ/kg, dynamic viscosity p = 1,6 -
10 Pa with; pressure at the beginning of the pipeline P, =
26 atm, the temperature at the beginning of the pipeline
to T, =290, D, = 1012 mm, the distance from station
Ne 2 Ne 1 to L = 20 km in equation (1), (2) determine
PqwT,

P - pressure, q-gas flow, w-gas velocity in the pipeline
T-temperature environments. The graph shows that in
the place of a breakthrough pipeline breakdown occurs
curve, the parameters of which can be life calculated ac-
cording to the formulas (3). This proves the effectiveness
of the algorithm for determining the profile of the pres-
sure leakage parameters.

However, using this algorithm parameter definition
starts after the completion of the transitional process in
the pipeline that increases the definition of the time.
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To improve performance of determining the param-
eters of leakage with a certain accuracy, you can use dis-
cussed above detection algorithm for pressure profile,

Sensor Ne1 Sensor Ne2

I

defined by four or six pressure sensors, without waiting

for completion of the transition process in the pipeline in

the event of leakage [1-6].
Sensor Ne3

|

Sensor Ne4

Station Ne1

Station Ne2

Pinitial

>

T X1 X2

| Pfinal

S

L=30 km

Fig. 3. Pressure calculation scheme between two stations using 4 sensors

Fig. 3 shows the pressure calculation scheme between
two stations using 4 sensors.

The calculation is performed by the same formulas,
but the pressure profile models in the pipeline is
taken into account time-dependent solutions.

Conclusion

In the study presented by the leak detection
parameters was investigated the influence of some
parameter perturbations, in particular, the impact
of inaccurate determination of the speed of sound. An
algorithm for determining the parameters of leakage exact
solutions of equations of hydrodynamic processes in gas
pipelines leakage.

It was shown as a result of the simulation performance
of these algorithms, the simulation of processes for
determining the pressure profile leak parameters without
and with taking into account the transients in the
pipeline is defined by four pressure sensors installed in a
certain way along the length of the pipeline.

A comparison study of algorithms has shown that
with the same accuracy in determining the parameters of
the greatest urgency of leakage (speed) has an algorithm
for determining the parameters of the leakage on the
pressure profile with four sensors installed in a certain
way along the length of the pipeline.

References:

1. Stepanchenko T.E, Shkliar V. N. Development and research of leak detection algorithms in main pipelines on the

basis of hydrodynamic models. 2006 T.309 Ne 7.

2. Furrier A.A. Directions on energy saving and efficiency-improving energy enterprises gas trunk line//”Don

Engineering Bulletin”, 2011, Ne 2.

3. Safetyregulations in the gas sector. Edition 3 with amendments number 1 and number 2, approved by the Russian
State Technical Supervision of 02.11.92 and 14.12.92. P. 40—42.
4. Maslovsky V. V. Fundamentals of technology of repair of gas equipment and piping systems: Proc. allowance. -

M.: Higher. school, 2004. P. 56.

S. Volkov M. M., Mikheev A.L., Konev K. A. Manual worker gas industry. 2nd Edition, Revised. and complement.

2007.P. S1.

6. Davidson V. E. Fundamentals of Fluid Dynamics in the examples and problems: Textbook. allowance for students.
Executive. Proc. Head./V. E. Davidson. - Moscow: Publishing Center “Academy”, 2008. P. 101-105.

84



Modificated ammonium nitrate based on its melt and bentonic clay

Turdialiev Umid Muhtaralievich,

Institute of General and Inorganic Chemistry Academy of Sciences

of the Republic of Uzbekistan, senior scientific researcher,
the Laboratory of Phosphate fertilizers

E-mail: eco-planning@mail.ru

Namazov Shafoat Sattarovich,

nstitute of General and Inorganic Chemistry Academy

of Sciences of the Republic of Uzbekistan, Doctor of Sciences, Professor

E-mail: igic@rambler.ru

Reymov Ahmed Mambetkarimovich,

Institute of General and Inorganic Chemistry Academy of Sciences
of the Republic of Uzbekistan, Doctor of Science, Deputy of scientific study

E-mail: igic@rambler.ru

Beglov Boris Mihaylovich,

Institute of General and Inorganic Chemistry Academy of Sciences

of the Republic of Uzbekistan, Academician
E-mail: begloff@mail.ru

Mirsalimova Saodat Rahmatjanovna,

Fergana polytechnic institute, associate professot,
department of chemical technology

E-mail: igic@rambler.ru

Modificated ammonium nitrate based on its melt and bentonic clay

Abstract: The approaches of nonexplosive ammonium nitrate by mean introduction of different inorganic mat-
ter into ammonium nitrate’s composition have been analyzed in the study. The results of thermostable ammonium
nitrate obtain using Azkamarsk, Lagonsk, Kattakurgansk, and Navbahorsk bentonite from Uzbekistan as an additive,

have been given. Composition and property (granule strength, modification transition temperature, thermal effect
of modification transition, dimensions of granule’s micropores and microcracks) of bentonite containing samples
of ammonium nitrate depending on the weight ratio of initial components have been determined. The rheological
properties of nitrogen-bentonite melt in the ranges of 160-185°C and weight ratio of ammonium nitrate to bentonite

100: (3-40), as well have been studied.

Keywords: ammonium nitrate, bentonite, rheological property, thermic analysis, modification transition, and

electron microscope examination.

Introduction

Ammonium nitrate is the main widespread product
in the world and an affective nitrogen fertilizer. In 2007 its
production capacity was 43 mln. tons per year in the world
[1]. In Uzbekistan the total capacity of three chemical in-
dustries, producing ammonium nitrate (AN) exceeds 1
mln. 700 thousand tons per year. It is used widely in agri-
culture for all kind of plants and any type of soils.

However, late tenth in the world market readable ten-
dency of demand decrease has been traced for this kind
of fertilizer. It is connected to high level potential risk of
AN, which is explosive substance [2; 3]. In European
countries and Russia great attention is payed attention
to organization of AN production with lower detonating
behavior, in particular by addition of various inorganic

substances into AN solution or its melt. It was proved
that highly explosive behaviors of AN decreased when
reduction of nitrogen up to 26-28% by introduction its
composition of different additives [1].

It is known that as additives, reducinglevel of poten-
tial danger of AN can be followed: natural and anthropo-
genic calcareous containing (chalk, calcium carbonate,
dolomite); potassium containing (potassium chloride,
potassium sulphate); similarly ammonium-cation, such
as ammonium sulphate, ammonium phosphate and
polyphosphates; other ballast substances which are not
useful load, but determine mechanic properties of AN
(gypsum, phosphogypsum and others) [4].

Russian enterprise including “Angarskiy zavod minu-
dobreniya”, JSC “Dorogobuj’, JSC “Nevinomisskiy Azot”
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and Novomoskovskaya JC “Azot” begin to produce
stabilized AN in form of calcareous AN with content of
32% nitrogen by introduction limestone into AN melt.
Fraction of industrial capacity of calcareous AN in the
world is about 7% [S]. All over the world 42 companies
produce and supply calcareous AN with 32% nitrogen
which of them 31 ones are in Europe [6].

The process of explosion-proof AN by introduction
of crystalline potassium chloride into its melt is prob-
lematic. It depends while time of stay in the mixer be-
fore granulation in tower for granulation should not be
exceeded more than one minute. Otherwise potassium
nitrate resulting of potassium chloride conversion and
can be formed “goat” in the mixer [7].

The results of conducted production experiments in-
dicate that phosphate additives are the best ones which
can decrease detonating behavior of AN. In fact, that
phosphorus containing additives are allow to solve issue
of increase explosion safety of AN and simultaneously
to concentrate product by supplemental nutritious ele-
ment, phosphorus. To problem of introduction of phos-
phates additives into AN composition devoted a lot of
studies, some of them were implemented.

In 2002 JSC “Cherepoveskiy azot” developed the
technology of complex nitrogen-phosphorus fertilizer
contenting 32.3% N and 5.2% P O, by introduction lig-
uid complex fertilizer composition 11% N and 37% P, O,
based on superphosphorus acid into AN solution. The ad-
dition reduced ability of AN to detonation. Production
capacity was 400 thousand t. fertilizer per year [8; 9].

In 2001 the factories, developed industrial produc-
tion of nitrogen-phosphorus fertilizer based on AN used
wet process phosphoric acid or monoammonium phos-
phate’ solution from the same acid as phosphates addi-
tive [10-12].

The additives were put into the nitric acid before an
apparatus speed ammonizator- evaporator. The evapo-
ration process of nitro-phosphate pulp was performed
in the evaporator system and before evaporator one.
In a case, ferrous, aluminum, magnesium and calcium
phosphates which are in the wet process phosphorus
acid and monoammonium phosphate obtained from
the same acid, failed out as sediments on the heat ex-
change surfaces that lead to blocking and obliteration of
the equipments.

At that numbers of stops increased in order to clean
equipments that lead to system productivity decrease
more than two times compare to AN process. Moreover,
metal’s strong corrosion was observed due to fluorine in
the acid which was on interfacial phases of liquid-gas.

In order to elimination of the defects the new ap-
proach of nitrogen-phosphate fertilizer was implemented
atJSC “Navoiazot” where phosphorite flour of Kyzylkum
fed directly into AN melt before the granulation process
in the granulation tower [13-18]. When the introduc-
tion of phosphorite flour as 0.5 to 5.0% P,O, into AN
melt, the nitrogen-phosphate fertilizer obtained, content
of nitrogen from 25.24 to 33.70%. The results product
with granule diameter 2-3 mm has from 3.2 to 7.8 MPa,
against 1.6 MPa of straight AN.

It is known that when the introduction of natural
gypsum or phosphogypsum into AN melt, less stabilized
and explosive AN is formed [19-21].

So, thermic researches conducted shown, that prod-
ucts obtained have significant much higher thermic sta-
bility as compared to straight AN.

In [22] it was submitted that application of solid in-
soluble impurity into AN melt lead to formation of the
granule with fine-crystalline structure, possessing large
density and strength. The clay, various silicates, talc, pre-
cipitated silica gel and others are offered as above men-
tioned. Among many offer additives in the technical pub-
lications which are centre of crystallization, bentonite
holds industrial application only.

The bentonite clay is natural polymineral composi-
tion changed depending on the formation condition and
other factors. The quality of the bentonite is defined to
montmorillonite content. The montmorillonite has a
laminated crystalline structure, changed composition
and corresponds to Si Al O, (OH) ,nH, 0. Where the
silicon can be changed by different cations, such as K,
Na, Ca, Mg, Al, Fe, Zn and etc.

Distinctive specifics of montmorillonite is high dis-
persion ability and ability to adsorption and base cat-
ion exchange capacity, as well as, absorb water capacity.
These valuable substances of bentonite can be served
for application them in various fields of manufactures
including drilling technique, foundry engineering, pot-
ting and etc.

Bentonite is alkaline (sodium or calcium- sodium)
and alkaline-earth (calcium, magnesium-calcium, and
calcium-magnesium). The latter can be differed on prop-
erties and determined in presence interface intervals of
crystalline lattice of montmorillonite with exchange cat-
ion of alkaline and alkaline-earth metals in various ratios.
Alkaline bentonite swell in water, transfer in gel state and
form stable suspension, alkaline-earth decayed on small,
promptly falling particles.

Alkaline bentonite is found in a few fields, while al-
kaline widespread.
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It is known that several papers are devoted on the
use of bentonite to improve the quality of AN, mainly to
eliminate its caking [23-26].

The effectiveness of application of AN in the produc-
tion that was granulated by bentonite of various fields
can be completely different, due to the variability of the
composition and properties of raw materials. Therefore,
the suitability of bentonite clay of a deposit for the above
purposes should be verified experimentally.

n [23], the research results of the use effectiveness
of the production of granular AN by bentonite were
shown, having the following composition: §1.9% SiO_;
17.10% ALO ; 7.92% Fe O ; 1.53% CaOj; 1.18% MgO;
0.38% SO ; 0.26% K,0; 0.21% Na,0; 0.81% TiO ; 8.78-
10.26% H, 0.

Bentonite clay was introduced into the AN melt in
powder containing humidity not more than 2% with
a particle size less than 0.045 mm. AN melt granula-
tion with the addition of bentonite was carried out on
a special test bench installation. When the additive of
0.5-1.0% bentonite in the AN melt increases the crush
strength of the granules as compared to the granules
without the addition of nitrate is almost two times, and
with addition of 2 and 3% bentonite pellet strength in-
creases, respectively, in 3 and 4 times. Caking granules of
AN starts to decrease when the content bentonite more
than 0.5% in it. Addition of 1-3% bentonite reduces cak-
ing of AN approximately two times.

The mechanism of bentonite action as an additive
that increases the granule strength of the AN and simul-
taneously reduces its caking, based on the creation of a
plurality of nucleation sites, which speeds up the crystal-
lization process and causes the formation of small crys-
tals that make pellets more dense and strong. Moreover,
high hydrophilicity of bentonite suggests that its particles
will rapidly absorb moisture contained in the saltpetre,
and thus removes from granules of saturated mother so-
lution which contributes to the destruction and granule
caking during storage [24].

An approach [24] patented by author’s certificate a
process for preparing granular AN by mixing its melt with
bentonite, with a fineness of 40 microns, and a moisture
content of 1.5% at 172°C. Bentonite was introduced on
the basis of the calculation of its content in the finished
product to 2%. Granules of AN cooled to temperature
4§ °C, treated with aqueous 40% solution of NF pre-
heated to temperature 65 °C in an amount of 0.03 wt. %
(in terms of dry substance). After application of the film

of the surfactant granules were dusted by vermiculite in
an amount of 1 wt. %.

The main disadvantages of this method are the fol-
lowings: multistage (mixing, granulating, spraying, dust-
ing), fall of vermiculite out of the surface of the granules
during storage and transport, low strength pellets, as well
as tendency of AN to thermal decomposition.

n [25] the effect of bentonite’s additives on the
strength of granules and AN’s caking also studied. In
experiments bentonite powders obtained from ben-
tonite clays of Gumbrinsk and Askansk (Georgia),
Kazakh and Azkamarsk (Uzbekistan), Cherkassy and
Krivorojsk (Ukraine) were used. Before its use clay was
ground in a ball mill, mashed in a porcelain mortar and
dried at a temperature of 100-110°C and bolt. The
additive had particles size of 40 microns and moisture
content was 1-2%. AN was fused in the reactor then
when constant stirring introduced into melting ben-
tonite powder at 170-175 °C. The resulting melt was
granulated by prilling. It was obtained that samples of
the granulated AN with addition of 0.5-3.0% based on
different bentonite.

The results showed that the addition of bentonite
in an amount of 1-3% increased considerably granule
strength and resistance of AN to modification transfor-
mations ITI&IV, as well as to reduce caking one. Addition
of the bentonite deposits from Cherkassy was the most
effective. If the strength of the pellets AN without addi-
tives is 0.54 MPa, with 0.3% addition of the bentonite is
0.97 MPa, and then with 3% addition of will be 2.2 MPa.
Caking nitrate without addition was 5.6 kg/cm* and 3%
addition - 2.53 kg/cm”.

Analysis of the above work clearly shows that the
addition of bentonite is very perspective for the AN,
suitable for bulk transportation and storage. However,
there is not some information about the availability of
thermostable AN with the addition of bentonite in the
scientific literature.

Based on the mentioned above, we investigated
to obtain the AN with lower explosive and improved
physicochemical properties, using it Navbakhor and
Azkamarsk bentonite deposits from Navoi, Lagonsk,
Ferghana, and Kattakurgan, Samarkand.

Experimental procedure

Bentonite composition used is shown in Table 1. Be-
fore use of bentonite was ground to a particle size of 40
microns and dried. The dispersed composition is given
in Table 2.
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Table 1. — Chemical composition of bentonite

Grade of Loss
| SI0, | TiO, |ALO, | Fe,0,| MgO | CaO |Na,0 | K,0 | PO, | SO, | from | H,O | CO,
roast
Navbahor
(PPD) 46.06| 0.39 | 878 | 3.00 | 4.33 [ 12.20| 0.75 | 1.05 | 0.77 | 1.39 |2090| 6.0 9.35
gf;g‘)hor 7223 | 045 | 882 | 393 | 1.81 | 126 | 1.12 | 133 | 0.5 | 1.10 | 7.36 | 437 | 0.20
Lagon 42.86| 0.73 [ 1890 | 4.29 | 833 | 5.60 | 4.04 | 4.82 | 0.10 | 041 | 12.0 | 443 8.1
Azkamarsk 50.34| 0.73 | 1521 | 5.67 | 2.30 | 4.76 | 2.31 | 2.36 | 0.13 | 1.48 |15.89| 542 | 3.41
Kattakurgan | 50.44 | 0.66 | 16,23 | 5.64 | 2.21 0.75 4.2 0.17 | 1.72 | 1449 | 3.71 | 4.84
Table 2. — Dispersed composition of bentonite
. Yield of fraction, wt.%
Class size, Navbahor
mm Grade PPD Grade PBG Lagon Azkamarsk Kattakurgan

+0.5 0.2 0.35 1.85 0.7 1,95
-0.5+0.25 2.25 3.35 1.35 0.9 0,60
~0.25+0.16 5.55 11.6 3.4 445 2,45
-0.16+0.063 21.85 25.25 13.0 28.05 11,2
-0.063+0.05 43.75 22.8 55.6 54.35 51,15
-0.05 26.4 36.65 24.8 11.55 32,65
Initial weight 100 100 100 100 100

Laboratory experiments were conducted in the
following way: Chemically pure AN melted on a hot-
plate. Bentonite was introduced stirring in AN melt
at temperature 175°C. The weight ratio of AN melt to
the bentonite (BN) was 100 (5-40) for Navbakhor,
100: (5-35) for Azkamarsk 100: (5-32) for Lagonsk,
and 100: (5-40) for Kattakurgan, respectively. The
temperature was kept constant by means of a contact
thermometer TC-300 and electronic relay RT-230.
The melt is held for 10-15 min, after which it was

poured into a laboratory granulator, which is a me-
tallic glass, stainless steel, with a perforated bottom,
wherein the diameter of the holes equal 1.2 mm. With
help pump on top of the cup are pressurized and the
melt was sprayed from the tenth floor of a building on
a polyethylene film, lying on the ground. Composition
of AN samples were determined according to known
techniques [27]. Pellet strength of AN 2-3 mm mea-
sured at MIP-10-1 [28]. The experimental results are
given in Table 3-6.

Table 3. — The composition of fertilizers obtained by introducing into the melt
of ammonium nitrate of bentonite from Navbakhor and strength of granule

The ratio of N, Moisture, Granule strength
AN: BN % % kg/granule kgf/cm? MPa
1 2 3 4 N 6
When using carbonate-palygorskite clay PPD

100: 5 32.97 0.26 2.38 47.98 4.70

100: 8 32.04 0.26 3.11 62.69 6.14
100: 10 31.49 0.28 3.40 68.54 6.72
100: 12 30.93 0.30 3.56 71.77 7.03
100: 15 30.10 0.35 3.93 79.22 7.76
100: 18 29.38 0.40 4.15 83.66 8.20
100: 20 28.89 0.44 4.37 88.10 8.63
100: 22 28.40 0.50 4.38 88.30 8.65
100: 25 27.72 0.52 4.49 90.51 8.87
100: 30 26.58 0.60 4.58 92.33 9.05
100: 35 25.84 0.61 4.59 92.53 9.07
100: 40 25.01 0.65 4.59 92.53 9.07
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1 2 | 3 | 4 | s | 6
When using alkaline earth clay PBG
100: § 32.94 0.25 2.25 45.36 4.44
100: 8 32.06 0.26 2.88 58.06 5.69
100: 10 31.51 0.29 3.19 64.31 6.30
100: 12 30.92 0.35 3.34 67.33 6.60
100: 15 30.06 0.36 3.64 73.38 7.19
100: 18 29.29 0.45 3.90 78.62 7.71
100: 20 28.82 0.51 4.05 81.64 8.00
100: 22 28.45 0.53 4.24 83.46 8.18
100: 25 27.68 0.60 4.39 86.48 8.48
100: 30 26.66 0.65 4.38 88.30 8.65
100: 35 25.82 0.67 4.49 90.51 8.87
100: 40 25.92 0.70 4.56 91.93 9.01
Table 4. — Fertilizer composition obtained by introducing bentonite from
Azkamarsk into the melt of ammonium nitrate and strength of granule
The ratio of N, Moisture, Granule strength
AN: BN % % kg/granule kegf/cm* MPa
100: § 32.81 0,25 1.73 34.71 3.52
100: 8 31.89 0,26 2.04 40.81 4.16
100: 10 31.30 0,29 2.29 45.70 4.52
100: 12 30.81 0,31 2.34 46.80 4.80
100: 15 29.96 0,34 2.41 48.26 5.26
100: 18 29.19 0,41 2.90 58.0 5.69
100: 20 28.68 0,44 3.25 65.0 6.01
100: 22 28.25 0,51 3.54 70.80 6.28
100: 25 27.54 0,53 3.79 75.62 6.71
100: 30 26.55 0,59 3.83 76.60 7.26
100: 35 25.51 0,62 3.91 78.20 7.73
Table 5. — Fertilizer composition obtained by introducing bentonite from
Lagonsk into the melt of ammonium nitrate and strength of granule
The ratio of N, Moisture, Granule strength
AN: BN % % kg/granule kgf/cm* MPa
100: 5§ 3291 0.26 2.48 50.08 4.91
100: 7 32.30 0.26 3.11 62.63 6.14
100: 10 31.42 0.28 3.43 69.16 6.78
100: 12 30.83 0.30 3.56 71.71 7.03
100: 15 30.07 0.35 3.97 79.97 7.84
100: 18 29.37 0.40 4.19 84.46 8.28
100: 20 28.80 0.44 4.38 88.33 8.66
100: 22 28.32 0.50 4.49 90.47 8.87
100: 25 27.70 0.52 4.52 91.09 8.93
100: 28 26.97 0.60 4.56 91.90 9.01
100: 30 26.58 0.61 4.58 92.31 9.05
100: 32 26.18 0.65 4.59 92.51 9.07
Table 6. — Fertilizer composition obtained by introducing bentonite from
Kattaurgansk into the melt of ammonium nitrate and strength of granule
The ratio of N, Moisture, Granule strength
AN: BN % % kg/granule kgf/cm? MPa
1 2 3 4 S 6
100: 5§ 32.95 0.26 2.25 45.36 4.25
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1 2 3 4 S 6
100: 8 32.01 0.27 2.88 58.06 5.35
100: 10 31.45 0.28 3.19 64.31 6.26
100: 12 30.89 0.36 3.34 67.33 6.61
100: 15 30.01 0.37 3.64 73.38 7.04
100: 18 29.23 0.46 3.90 78.62 7.57
100: 20 28.84 0.50 4.05 81.64 7.88
100: 22 2841 0.54 1.14 83.46 8.04
100: 25 27.60 0.59 4.29 86.48 8.28
100: 30 26.61 0.64 4.38 88.30 8.56
100: 35 25.75 0.65 4.49 90.51 8.7§
100: 40 24.87 0.70 4.56 91.93 8.80

Results and discussion

From these tables could be seen that with increasing
the amount of bentonite’s additive, nitrogen content is
decreased. The granule strength is increased with in-
creasing amounts of the additive independently of the
type bentonite used.

When the change of the ratio of AN melt to benton-
ite, the granule strength is changed in the following way:

For carbonate- polygorskitov clay PPD at a ratio
of AN: bentonite 100:5 granule strange is 4.70 MPa;
100: 10 is 6.72 MPa; 100: 15 is 7.76 MPa; 100: 20 is
8.63 MPa; 100: 25 is 8.87 MPa; 100: 30is 9.05 MPa and
100: 40 is 9.07 MPa; for alkaline earth clay PBG: 100:
Sis4.44 MPa; 100: 10is 6.30 MPa; 100: 15is 7.19 MPa;
100: 20 is 8.00 MPa; 100: 25 is 8.48 MPa; 100: 30 is
8.65 MPa; 100: 40 is 9.01 MPa; for Azkamarsk benton-
ite: 100: S is 3.52 MPa; 100: 10 is 4.52 MPa; 100: 1S is
5.26 MPa; 100: 20 is 6.01 MPa; 100: 25 is 6.71 MPa;
100: 3S is 7.73 MPa; for Lagonskogo bentonite: 100: S is
4.91 MPa; 100: 10is 6.78 MPa; 100: 15is 7.84 MPa; 100:
20is 8.66 MPa; 100: 25 is 8.93 MPa; 100: 30is 9.05 MPa;
for Kattakurgan bentonite: 100: S is 4.25 MPa; 1008 is
5.35 MPa; 100: 10 is 6.26 MPa; 100: 15 is 7.04 MPa;
100: 20 is 7.88 MPa; 100: 2S5 is 8.28 MPa; 100: 30 is
8.56 MPa; 100: 40 is 8.80 MPa.

The data above show that increasing the additive
amount of bentonite clay from S to 25 g per 100 g of AN
melt leads to increases the granule strength from 4.70 to
8.87; from 4.44 to 8.48; from 4.91 to 8.93, from 3.52 to
6.71 MPa, and from 4.25 to 8.28 MPa, respectively, for
bentonite of Navbakhor brand PPD and PBG, Lagonsk,
Azkamarsk, and Kattakurgan fields. In [ 1] it is indicated
that the AN with a nitrogen content of 28% is already a
non-explosive. Considering the above, we consider the
optimal weight ratio of AN melt to bentonite for all the
studied deposits is 100: 22. In this case, AN contains
28.40; 28.45; 28.32; 28.25 and 28.41% of N, and its
granule strength is 8.65; 8.18; 8.87; 6.28 and 8.04 MPa,

respectively, for bentonite Navbakhor brand PPD, PBG,
Lagonsk, Azkamarsk, and Kattakurgan fields. Pellet
strength of the products obtained at the mentioned ra-
tio of AN: BN as compared with the strength of pure
nitrate depending on the type of bentonite increases ap-
proximately 3.9-5.5 times. The highest strength of AN’s
granule is obtained in the case of bentonite from Lag-
onsk. The higher the strength of granules, the lower the
porosity, the lower diesel fuel fall within the granules, and
the lesser extent nitrate will detonate.

When processing bentonit containing melt of AN in
granular fertilizer, their rheological properties play im-
portant role. In this connection, the density and the vis-
cosity of the melt were tested at all weight ratios of AN:
BN at temperature ranges 160-185 °C. The density was
determined by pycnometric technique, and the viscosity
with a viscometer grade of VPJ-2.

These experiments show that the density and the vis-
cosity depend mainly on the temperature and mass fraction
of bentonite introduced into the melt of AN. As the densi-
ty and the viscosity decreases with increasing temperature
and vice- versa increases with the amount of bentonite in
the nitrate melt. With increasing amounts of bentonite ad-
ditives from S to 30 g per 100 g of AN melt at temperature
170 °C leads to increase of the density and the viscosity of
melt from 1.526 to 1.762 g/cm?; from 6.01 to 19.11 cps;
from 1.518 to 1.75 g/cm?; from 12.94 to 591 cps; from
1.638 to 1.865 g/cm?; from 9.98 to 43.28 cps; from
1.542 to 1.786 g/cm?; from 6.22 to 18.96 cps; from
1,520 to 1.75 gf/m?; from 5.99 to 19.00 cps, respectively,
for bentonite of Navbakhor brand of PPD and PBG, Az-
kamarsk, Lagonsk, and Kattakurgan fields.

A similar pattern is observed at other temperatures.
When the ratio of AN: BN 100: 5; 100: 10; 100: 15;
100: 20; 100: 25, and 100: 30, increasing temperature
from 170 to 185°C reduces the density and the viscos-
ity from 1.526 to 1.501 g/cm?; from 6.01 to 5.23 cps;
from 1.596 to 1.564 g/cm?; from 6.83 to 6.03 cps; from
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1.660 to 1.613 g/cm?; from 7.79 to 6.76 cps; from
1.701 to 1.646 g/cm?; from 10.47 to 8.87 cps; 1.738 to
1.689 g/cm?; from 15.37 to 13.21 cps; from 1.762 to
1.713 g/cm?; from 19.11 to 16.33 cps, respectively, for
the brand of PPD Navbakhor bentonite This same rela-
tionship can be seen in the case of using other bentonite.

When studied of weight ratios in the range of tem-
peratures 170-185 © C bentonite containing melt of AN
has sufficient fluidity, which creates favorable conditions
for their granulation in the existing granulation tower
without any technical difficulties.

The results of X-ray studies show that the phase com-
position of bentonite containing AN, obtained at differ-
ent ratios of AN: BN, mainly consists of ammonium
nitrate and bentonite.

Derivative graphic thermic analysis (DTA) studies
were performed in the temperature ranges from 25 to
180 °C. DTA curves were recorded on NETSCH STA
409 PC/PG (made in Germany) in aluminum cruci-
bles with a heating rate of fertilizer samples 2 deg/min,
sample samples is 10—16 mg. The results are as shown in
Table 7 below.

According to Table 7 can be seen that the trans-
formation temperature of pure AN IV » Il is 52.8 °C,

and bentonite additives promotes to increase transfor-
mation temperature for samples containing additive of
bentonite from 15 to 35%, it is in the ranges 58.3-59,
2 °C. Temperatures transitions of IIT > I, Il > I, and I
- melt in bentonite containing AN are also varied, and
make up 93.1-93.7; 134.3-134.7 and 164.1-168.4 °C,
respectively, when the temperature of the transition to
pure AN is 90.5; 133.3 and 174.7 °C. Analogous pat-
tern is observed in the case of bentonite of Kattakur-
gan. The results of DTA show that the introduction of
bentonite additive reduces the temperature melting and
crystallization of AN. During the cooling of nitrate’s
melt with the addition of bentonite transformations
of melt > I; I » IT and II > IV occur sequentially. III
phase is formed during cooling melt. Thus, the addi-
tion of bentonite stabilizes modification of IV. When
storing of nitrate bentonite containing temperature
fluctuations within the 58.3-59.2 °C abrupt volumetric
changes its crystal, related codification transitions will
not occur. Temperature transitions of I > ITand II > IV
also increased from 123.6 to 125.3 and from 51.0 to
52.0 °C, from 124.6 to 125.4 and from 51.2 to 51.9 °C,
respectively for the bentonite of Azkamarsk and Kat-
takurgan.

Table 7. — Temperatures of modification transformation of fertilizers, obtained based on AN melt and bentonite

Mois- The values of the peak on the curve
Samples | ture, | IVSIIL | III | 51 | Ismelt | Meltsl | I | I | HIIV | IV
% Heating from 25 to 180 °C Cooling from 180 to 25 °C
When using bentonite from Azkamarsk
100:15 0.41 58.3 93.1 134.3 168.4 162.9 123.6 - - 51.0
100:20 0.46 58.5 93.4 1344 167.4 160.2 124.1 - - 51.3
100:25 0.50 58.8 93.5 134.5 166.8 159.1 124.6 - - S51.5
100:30 0.53 59.1 93.5 134.6 165.2 156.7 125.0 - - S51.7
100:35 0.56 59.2 93.7 134.7 164.1 155.0 125.3 - - 52.0
When using bentonite from Kattakurgan
100:15 0.40 58.2 93.2 134.2 167.3 165.1 1246 - - S51.2
100:20 0.45 58.3 93.4 134.3 166.2 163.5 124.8 - - 514
100:25 0.49 58.7 93.6 134.5 163.6 160.8 124.9 - - S51.7
100:30 0.53 59.0 93.7 134.7 160.7 159.3 125.1 - - S1.8
100:35 0.57 59.2 93.9 134.9 159.1 158.5 125.4 - - 51.9
Pure ammonium nitrate without additives
100:00 | 023 | 528 | 905 | 1333 | 1747 | 1681 [1221| - | - | 486

The thermal effects of modification transitions the
studied samples, defined on the device NETSCH STA
409 PC/PG as shown in Table 8. From the table can be
seen that the samples of bentonite containing nitrate,
the heat of modification transitions is significantly
lower than the heat of transitions of pure AN. It means
that they occur with less thermal modifications.
This indicates that the addition of bentonite has

an inhibiting effect on the modification transformations
and at the transition points of transformation does not
takes place till the end.

The sharp decline of heat of crystallization in the
presence of the AN in presence additives can be explained
by the fact that the insoluble components of the additive
components being centers of crystallization facilitates
the process of solidification of AN melt.
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Table 8. — Thermal effects of modification transformation of AN melt with the bentonite addition

The weight ratio The values of the peak on the curve, J/g

of AN: BN, IV>IL | O | 151 | Ismelt | Melts] | IsII | IIT | TSIV [ 151V

g HEAT COOLING

When using bentonite from Azkamarsk
100:15 15.65 11.71 41.09 46.33 43.03 42.57 - - 17.02
100:20 14.94 11.29 38.42 43.09 36.11 39.80 - - 15.45
100:25 14.07 10.70 36.70 39.88 33.58 37.31 - - 14.80
100:30 11.09 10.06 33.21 37.81 31.99 32.65 - - 13.22
100:35 10.40 9.47 30.78 35.80 30.80 29.18 - - 11.58
When using bentonite from Kattakurgan
100:15 16.05 11.95 41.72 46.57 43.08 40.27 - - 16.90
100:20 15.30 11.28 39.63 44.82 40.12 39.04 - - 15.80
100:25 14.02 11.01 3743 42.38 36.50 37.15 - - 13.58
100:30 12.23 10.15 35.26 41.42 32.95 32.72 — — 12.34
100:35 10.41 9.50 33.65 40.60 31.24 29.31 - - 11.10
Pure ammonium nitrate without additives
100:0.0 | 2409 | 1243 | 5819 | 7136 | 7250 | 6016 | - | - ] 3020

On the basis of DTA studies we can conclude the
following. Rising temperatures transition of IV - III
and inverse transition of Il » IV leads to the maintenance
of high strength and reduction caking AN granule when
transport and storage in hot climates.

The instrument NETSCH STA 409 PC/PG also
measured the temperature of decomposition bentonite
containing AN by thermogravimetry. The results show
that the pure AN begins to lose weight at temperature
about of 250 °C; the maximum value of the rate of
weight loss is achieved at 250-262.8 °C. The progress

of the decomposition processes of pure AN starts with
temperature of 210 °C, as it proves exothermic effect
on the DTA curve. The thermograms of the samples
of bentonite containing AN have endothermic effect
at temperatures of 235, 240, 245 °C, respectively.
Thermal decomposition correlates with the recorded
on thermogravimetric TG curve at maximum
diminution of weight. As the thermal image presented,
bentonite additive increases the temperature of
beginning of the exothermic decomposition of AN at
25-35°C.
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Tem
100 | .
00
m 4
L 02
m 4
L 04
70 Mass . 8039 % | 06
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40 Fr-12
30 | L 14
] L 16
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1
50 100 150 200 300 350 400 450

250
Temperahwe FC

Fig. 1. AN: BN (Azkamarsk) = 100:10
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Fig. 3. AC: BI' (Azkamarsk) = 100:20

Microscopic examinations of samples were carried
out using a scanning electron microscope REM-200.
To review samples of pre-sprayed by silver in a vacuum
post VDA-4K. It is shown that the surface of its granules
there is large conglomerates of plate shape crystal size from
40 to 140 microns in sample of pure AN (Fig. Sa). The
surface of the granule with alarge amount of fine pores (1 to
S microns), and microcracks with width is 1-3 microns.
The surface of the granules and their cut consists mainly
of crystal conglomerates lamellar structure. However,
the granule sections and its surface are micropores
(1-3 microns) width has 1-5 microns. Photomicrograph

of initial bentonite in powder form indicates that the
bentonite particles have dimensions from 7 to 30 microns.

Analysis of the micrographs of the initial
components in a ratio of AN: BN (Navbakhor) = 100:
15 is observed as a more dense structure on the surface
of granules and in its cut (Fig. 6a and 6b). On the surface
of the granules both aggregated and individual particles
of the bentonite additive are observed, but rather evenly
distributed on the surface and the pore size of 2 to
10 microns. Moreover, pore with size of 1 to 10 microns
and bentonite particles sizes of 2 to 10 microns can be
seen on the section.
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Fig. 4. The pure AN (without additives)

When investigation of sample surface structure
at a ratio of AN: BN = 100:20, can be seen a rather
homogeneous structure with uniformly distributed
particles over the entire surface, more dense structure
determined by increased content of BN (Fig. 7a and
7b). Thus, there is a reduction in the dimensions of the
micropores and microcracks width of up to 1 micron.

The electron microscopic examination showed a
certain influence of the additive of bentonite on the
microstructure AN granules. These results indicate

Fig. 5a. Electron microscope photography
of the surface of pure ammonium nitrate

that BN additive reduces the crystal size of AN,
which is centers of crystallisation. Furthermore, the
addition of BN is precipitated into the pores and
micro cracks, filling them, thereby more perfect
surface and internal structure of the AN granules.
Such a structure is deprived of defects as nucleus of
the future destruction. This fact also explains the
reasons for the increase in pellet strength and reduces
their porosity. The result it increases the stability of
ammonium nitrate.

-

&

Fig. 5b. Electron microscope photography
of pure ammonium nitrate cut

94



Modificated ammonium nitrate based on its melt and bentonic clay

Fig. 6a. Electron microscope photography of
fertilizer granule’s AN:BN(PBG)=100:15

Fig. 6b. Electron microscope photography of
fertilizer granule’s cut AN:BN(PBG)=100:15

Fig. 7a. Electron microscope photography of
fertilizer granule’s AN:BN(PBG)=100:20

Conclusion

Thus, the results carried out
experiments showed that the addition of bentonite in
an amount of 1-3% increased considerably granule
strength and resistance of AN to modification
transformations ITI&IV. The result can be seen that the
strength of the pellets AN without additives is 0.54 MPa,
with 0.3% addition of the bentonite is 0.97 MPa, and
then with 3% addition of will be 2.2 MPa. Caking nitrate
without addition was 5.6 kg/cm? and 3% addition —
2.53kg/cm?.

laboratorial

Fig. 7b. Electron microscope photography of
fertilizer granule’s cut AN:BN(PBG)=100:20

It was conducted studies in order to study rheological
properties of bentonite containing melt of AN. It was
found that all weight ratios investigated in the range of
temperatures 170-185°C have sufficient fluidity, create
favorable conditions for their granulation in the existing
granulation tower without any technical difficulties.

DTA carried out shown that rising temperatures
transition of IV » III and inverse transition of I » IV
lead to retention of the high strength and reduction
caking AN granule when transport and storage in hot
climates.
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The effect of a certain influence of the additive
of bentonite on the microstructure AN granules was
shown by electron microscopic examinations. These
results indicate that BN additive reduces the crystal size
of AN, is centers of crystallisation. In fact that the addition
of BN is precipitated into the pores and micro cracks,

filling them, thereby more perfect surface and internal
structure of the AN granules. The structure is deprived of
defects as nucleus of the future destruction. This fact also
explains the reasons for the increase in pellet strength
and reduces their porosity. The result it increases the
stability of ammonium nitrate.
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The proof of hypothesis Riemann in existence of
Relativistic jet and Cosmic-Rays ultrahigh energy

Abstract: It is established uniform percolation (proceeding) mechanism of interaction of two bodies and an
origin of Relativistic jet, Cosmic-Rays ultrahigh energy and other radiations from the centres of rotating objects.

Laws in the disorder of movements are shown.
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Adoka3aTenbCTBO runorte3nl PuMmaHa B cywecTtBoOBaHUN PenaTMBMCTCKUX
CTPYM " KOCMUNYECKUX JTy4ein CBEepPXBbICOKUX 3HEPIrum

AHHOTAanWs1: YCTAaHOBACH €AMHBIN MTePKOASIIUOHHBIN (npomxaromnﬁ) MEXaHU3M B3aUMOAEUCTBHS ABYX TEA

U IIPOMCXOXKACHHUS PeAITHBUCTCKUX CTPYH, KOCMUYECKUX Aydell CBepXBbICOKMX 9HEPTUM U APYTUX U3AYYeHUH U3 IjeH-

TPOB BpAIIAOIUXCS 06bekTOB. [ToKa3aHbI 3aKOHOMEPHOCTH B HeCIIopsiAKe ABIDKEHUIL.

Karouespie caoBa: Iunoreza Pumana, PeasTuBUCTCKHE CTPYH, KOCMUYECKHE AYYH, TEPKOASIINS, CKEeHAMHT.

Baepenve. AaHHast paboTa SIBASETCS IIPOAOAKEHHEM
TpPeX IPEABIAYIIHX, 1 OCHOBHbIE COOTHOIIEHHS IIPHBeAL-
Hb1 B pabore [ 1]. Maremarrku Bcero Mupa BT yxe 6oaee
155 aeT umyT pAokazareabctso [unoresst Pumana (I'P),
OIIPeACASIIOT 3HAYEHHe 1 KOAUYECTBO HeTPUBHUAABHBIX HY-
Aeit ero psera-gyHkumd £ (), CBOCTBA MX paCIIOAOXKEHHS
u TaK pasee. To ecTb, OHH, KaK OOBIMHO, HIITYT A0CTPAKTHOE
KOAHYECTBO, M B 9TOM OOAACTH HAITHCAHO OOABIIOE KOAH-
4ecTBO PabOT. A aBTOPY AQHHO¥ PabOTHI OBIAO HHTEPECHO
He KOAM4ecTBO, cBsi3aHHOe ¢ I'P, a kagecTBO MAM dusuye-
CKasi 3aKOHOMEPHOCTD BBIPKAIOIIASCS TOXAECTBOM OH-
Aepa, 1 0COOEHHO, TO ee CBOFICTBO IpeAckasaHHoe Prva-
HOM, KOTOpO€ CBsI3aHO ¢ urcAaoM 1/2. IIpeanoaaraercs,
4TO IPUPOAE 3T 3AKOHOMEPHOCTD M3BECTHA AABHO, OHA e
HeIpephIBHO IPUMEHSET, U TOKa3bIBAeT, CUTHAAS AyJaMH,
KaK BCe 9TO IIPOUCXOAUT. B urore aBrop mpuimea k MHe-
HMIO, BLIHECEHHOMY B 3aTOAOBOK. TaK UTO, Bce M3AOKEHHOE
AaAee, IBASETCS] MeXaHUKO-MaTeMaTHIeCKUM OIMCAaHUEeM
IPEACTABAEHHSI aBTOPA O TOM, KaK BCe 9TO MOTAO ObI pea-
AM30BBIBATHCS B IIPUPOAE.

Kax usBectHo u3 Teopun Tarorenus HprotoHa, ABH-
JKeHHe MaTePUAABHOM TOYKH IIOA ACHCTBHEM IPaBUTAIIHU

BBIPAXKAAOCh TPeMs BUAAMHU TPAeKTOPUH — SAAMIITHYE-
CKO¥, mapaboAndeckoi u rumepboandeckoit. B pabore
[1] aBTOpa MOKa3aHo, 9TO MOKET CYIECTBOBATD 1 9€TBEP-
THII BUA TPAaeKTOPHH — ABIDKEHHE 10 9BOAbBEHTE KPyTa.
B neit npeactaBaena Heokaaccuueckast Eaunas Teopus
pacrpeAeAeHH s IIOTOKOB SHEPTUH CO3AABaeMOM BPAIIIAIo-
muMcs cPpepruIecKuM TeAOM B OKpYy»karoleri cpeae. Ao-
kasareabcTBo ['P 6b1A0 mpeacTaBaeHo [ 1] Ha ocHOBe B3au-
MOAEHCTBHS 3THX ITOTOKOB C BellleCTBAMU B Hell. B AoanHoI
pabore IOKA3bIBAETCSI, KAK OTHOCHTEABHbIE ABIDKEHHSI
B ABYX H3MEpPEHMAX IPOCAYMBAIOTCS, A IepeTeKaloT
(mepxoasnus) B TpeTbe M3MepeHHe U Ipeo6pasoBbiBa-
1orcsi. IIpepaaraemast Teopust KaxkeTcst 6oaee obmieit, uem
HrroToHa i KyaoHa, Tak kak OHa 06'beAUHSIET IPABUTALIHIO,
3AEKTPOAMHAMUKY, ONITHKY M TEPMOAMHAMUKY. JTO CAe-
AyeT U3 TOT0, 4TO PpU3HIeCKHe KOHCTAHTBI, CyOeKTHBHO
BBOAMMbIE B 3THUX AMCIIUIIAMHAX, B AAHHOM ITIOAXOAE ITO-
AYYaIOTCS U3 caMoro ypasHeHus1 EAMHOM QyHKIMY B3au-
mopeiictus Kss [1]. To ects, 910 nepetekanue sHepruu
paccMaTpuBaeTcs Kak OAHA U3 $OPM 3aKOHOMEPHOCTeH
B Qusuke u reomerpun Gecriopsiaka [2]. Aannyto Teo-
PHIO MOXKHO CYUTAaTh KOPITYCKYASPHOM, TaK KaK d9HePrus

98



The proof of hypothesis Riemann in existence of Relativistic jet and Cosmic-Rays ultrahigh energy

B3aMMOAEMCTBUS N3HAYAABHO BBIBOAUTCS KaK OIMCAHHE
OTHOCHTEABHOTO TTIOBEACHHSI TOYKHU Ha KOHIIe HUTH, pas-
MaTbiBaeMo¥ (HaMaThIBaeMOii) Ha anHAp. Hamomunm
OTrOBOPKY O MAaCIITAOHPOBAHUH (ckeftamnra) — 1O, TIO-
HATHEM BPAIAIONIETOCs: CPepHIeCKOro IeHTPAABHOTO
HAM 60ABIIOTO Teaa (6.T.) MBI MOXeM IOApa3yMeBaTh KaK
HeOeCHOe TeAO, TaK U SIAPO aToMa. PaBHO Kak U IO ITO-
HATHEM MAaAOTO TeAQ (MaTepHaAbHoﬁ TOYKHM — M. T.) HAH
YaCTHUIIBI B IIOTOKe 9Hepruu Kss — raaHeTy B mAaHeTHOM
CHCTeMe MAM 9AeKTPOH, CBS3AHHBIH C SIAPOM.

MexaHN3M BO3HUKHOBEHHS OCEBOr0 ABMKEHHS
Bell[eCTBAa M 9HEPTHH IIPU BPAIjeHUU CPepPHIeCKOro
TeAa B 061eM BHAE OTMCaH aBTOpoM B pabote [1]. Bua-
JaAe TAABHBIM T€OMETPHUYECKIM dIAeMEHTOM ITePKOASIIU
OBIA IPSIMOYTOABHBII TPEYTOABHUK, COCTOSIIIUI U3 eAU-
HMYHOTO PAAHyCa BPAIAIOMerocsi chepudeckoro 60Ab-
moro Teaa (6.T.), KacaTeAbHOIt K HEMY OT MAAOTO TeAd
(M.T.) m IIeHTPAABHOTO PACCTOSIHUS MeXAY HuMH. [Ipu
OIHCAaHUU PABHOMEPHOI'O ABIDKEHHS M. T. IIO TPAeKTO-
PHHU 9BOABBEHTHI KPYTa TaKOM TPEYTOABHUK BPAIAeTCsI
Ha IIAOCKOCTH U IEPKOASIIMOHHBII XapaKTep IPOsIBASET-
CsI B UI3MEHEHUHU AAUHBI OAHOTO U3 KaTeTOB U THIIOTeHY-
3blL. A TIpH IIEpeXOA€e K MPOCTPAHCTBEHHOMY ABIDKEHHUIO
AOIIOAHUTEABHO OCTpPHUE TPEYTOABHHUKA C M. T. BPAILAsICh,
MOAHHMMAETCSI HaA IIAOCKOCTDBIO U YAAASIETCS OT IIeHTpa
HAKPY4YHBAsICh HA OCh BpallleHUs Bce H0Aee IPIDKUMASICh
K Hefl. 3aMeTHM, YTO MePKOASILIUSI SHEPIUHU OCYLIeCTBAS-
eTCsl IMEHHO Yepe3 9TO OCTpHe.

AAst 60Aee TOAPOOHOTO U3YUEHHS ITOFO MEXAHHU3Ma,
00BsIcHsTIOImEro AokasateAbcTBO I'P, Ob1AM paccMOTpeHsI
U ApyTHE CAy4au, KOTOpble MOTAH OBI BBIPQKATh TaKOe
neperekanue sHeprun. Hanpumep, ecan, sHavenus ¢yHk-
iy B3auMoaercTBrs Kss pa3ours Ha paBHbIE KOAMYECTBA
U 0003HAYUTH YMCAAMH H3 HATYPAABHOTO PSIAQ UHCEA TO,
MO>KeM IIOBTOPHTb BCE OIIEPAIUH He TOABKO OTHOCUTEABHO
PAAKYC BEKTOPA AASI OIIMCAHISI TIPUTSDKEHMS, HO U 6oaee
001ero GHU3IIECKOro B3aUMOAEHCTBHS B BUAE OTHOIIEHHSI
yckopennit Kss. @ynxipsa Kss 6yaer 60aee o0mreit, Tak Kax
COCTOHT U3 OTHOIIEHNUS YCKOPEHHUH, IIPIYeM, BBIPAXKaI0-
IIJMXCSI AMIIb eAMHCTBEHHBIM [IAPaMeTPOM — BpallleHueM,
OIUCBIBAOLIHM, TOABKO OOBEKTHBHOE CBOCTBO IIPUPOABL.
IToBeaeHHe 9TOM $YHKIMH OIMCHIBALT OOIIYIO KMHEMa-
THKY SIBA€HHI1 paCCMAaTPHBAEMOTO IIpoLecca 6e3 HCKyc-
CTBEHHOTO ymeMAeHus obmuocTr. HamromMuny, 9To Mbl
paccMaTpuBaeM CAyYaH OTHOIIEHNS YCKOPEeHHI OT IIPHUTSI-
SKeHUS U OTTAAKUBAHUS Kss1= Wsl /Ws2 u KssZ=Wsz/Wsl.
Brauaae AaAUM ellje OAHO TIOSICHEHHE TOMY, 9TO Mbl B [ 1]
PaccMaTpUBAAU TOABKO a0COAOTHBIe 3HaUeHHst Ws1. OToT
CAy4all TOApPa3yMeBaeT CyIleCTBOBAHHE B IIeHTpe OTCYeTa
HEKOTOPOTO PEaAbHOTO 0. T., HATIpUMep, HeHTPOHHO 3Be3-

ABL Taroke OTMETHM, 9TO B CAy4ae aOCOAIOTHBIX 3HAYEHHIT
rpa¢uku Ws1 u Ws2 B AOKaszaTeAbcTBe [mroressr PumMana
TIOYTH COBITAAQAIOT. A CAy4Yail MHUMOT'O 3HAYEHHS B LIeHTpe
orcyera GU3NIECKU HHTEPIIPETUPYETCS KaK BOSHIKHOBe-
HHe YePHOM ABIPBL. ABTOPCKOE@ HCCAEAOBAHHE PA3AMYHBIX
CAy4aeB ITOKAa3aA0, UTO pacrpeaeseHre sHepruu Kss MoxxeT
HHTEPIIPeTHPOBATHCS KaK IOTAOI[eHHe SHEPTHHU U3 TIAO-
CKOCTH U BBIOpOCA ee BAOAb OCHU BpalljeHHs. A HEeTPUBU-
aAbHBIE HYAU AASI Pa3AMYHBIX CAYYaeB KOAUHECIBEHHO
MOT'YT HECKOABKO OTAMYATHCS MeXAy coboit. OpHaxo,
Ka4ecmeeHHas 3aKOHOMEPHOCTb COOCHOCTH dHEPIreTH-
YeCKUX KOHYCOB BOKPYT OCH BpamieHus [ 1], uem poKasbl-
Baercs I'P, coxpansercs. IToTomy, uro B urcae Y2 3aaoxeH
COXPAHSIONIMICS MEXAHUIM COOCHOCTH, 9TO AQeT 3AKOH
nepKoAsUUY IHEP2ULL U3 TIAOCKOCTU B HAIIPABAGHUH OCU
BpameHus. Y1cAO 72 AASI IEPKOASIIIMH O3HAYALT, YTO AASI
OIIPEACACHHS CBSI3M 9HEPIHU OAHOM CTOPOHBI C APYTOMH
HY>KHO BBIYHICASITH KBAAPATHbIN KOPeHb U3 MX QyHKIIUH,
HAH, YTO, TO XK€, BO3BOAUTD B CTeIIeHb Y2, 4TO ¥ IpeAIIo-
Aaraa Puman. CoraacHO MeXaHH3MY COOCHOCTH, B3aHMO-
AEFICTBUE M.T. C C$EPHIECKUM 6. T. BOSHHKAET TOABKO IIPH
BpAILleHUH [TOCAEAHEI 1 OOYCAOBAEHO CYIeCTBOBAaHHEM
YCKOPEHHI SHepTUH, HAITPAaBACHHBIX B IIEPBYIO OYepeAb
TIO KACAMEAbHOIL K ee TIOBEPXHOCTH H Y)Ke ITOCAE, KOCBEH-
HO, OTHOCHTEABHO ee IIeHTpa.
Aaaee y aBTOpa BO3HHK BOIIPOC — HAIPUMeEP, €CAH
aapbep0 3eMAM MEHbIIE AUHUIIBI TO, 3TO O3HAYAET, 9TO
3emast sBASIeTCST B OOABIIEN CTeleHH IOTpebuTeAeM
aneprun. C ApyTroii CTOpOHBI, B AFOOOM CAyUae, eCAH AQKE
He y 3BE3AB, a [IAAHETbI AAbOEAO OOABIIIE HYAS TO, 9TO O3HA-
9aeT, YTO AAHHOE TEAO KaKOe-TO KOAMYECTBO SHEPIUH KYAQ-
TO OTAQET MAU M3Ay4aeT. B TakoM cAydae, TeAO AOAKHO
TEePSTh COOTBETCTBYIONIYIO 3TOMY U3AYYEHHIO MACCy HAU
aHepruio. Toraa, kKak 1 Kyaa, yXOAUT 3Ta Macca? AAs uyue-
HUSL 3TOTO BOIIPOCA OBIAO HCCACAOBAHO BAUSAHIUE UIMEHE-
HUSL MACCbL, KOTOPYIO ABTOP BBIPA3HA Yepe3 yMeHbIIeHHe
paauyca 6.T. C yBeAMYEHHEM PACCTOSHUSI YAAASIOLIETOCST
M3AYYeHHs, IIPEATIOAArasi HeIPephIBHOCTD M3Ay4aeMOM
sHepruu. B AaHHOI paboTe U3AOXKEHBI HEKOTOpPbIE pe-
3YABTAThI U3YYEHHSI MEXaHM3Ma YMEHbIIEHHsT MAcChl 0. T.
IlyTeM OTKA3a OT IIOCTOSIHCTBA papryca. Takum o6pasom,
€AMHCTBEHHBIM 9AeMEHTOM IEePKOASIIHY OCTAeTCS AHIIb
npsiMoit yroA. OObeKTUBHBIM U CAMBIM OYeBHAHbIM ITapa-
MEeTPOM BBIPAXKAIOIIIM CBOMCTBO IIPUPOABI SIBASIETCS YTOA
BpameHus. OKa3aA0Ch, YTO B CAyYae U3MEHSIONIerocs pa-
AHyCa 0OPaTHO IPOIOPLIOHAABHO KOOPAUHATE Z:
x=a-(cosa+a-sina);
y=a-(a-sina—cosa);
z=1/(1-1/Kss*)/100;

rae: a = 1/z; Ilpu MaAbIX pUpaleHHUsIX YTAOBOTO IIara
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Aa HaumHa4 ¢ HyAs, KpuBas Kss uMuTupyer crpeMuTeAb-
HO€ ITPOTHUBOIIOAOXKHOE ABIDKEHHE 9HEPTHH C ABYX IIO-

AIOCOB K LIeHTpY 0.T., 00TeKaeT U, BUAMMO, YIIAOTHSIET
ero (puc. 1).

YMNOTHEHWE W B3PbIB LLEHTPAI'II:HOFO TENA

10 s ettt :""lgaanOCTb paCceﬂHHﬂ KSB2 l

Kes2= Ws2st1 |

| I'IG,QEHHE Ha LlEHTFl ]

1 :
| .l
i

B3pEIE

Pwuc. 1

Hecmorpst Ha cTpeMuTeAbHOE IPHOAIDKEHHE K IjeH-

TPY, IOTOKU HUKOTAQ He AOXOASIT AO CAMOH LI@HTPAAbHOM
TOYKH 1 B KAKOH-TO KPUTUYECKUI MOMEHT Pe3KO CBOPadH-
BAIOT, AOYKaCh Ha IMAOCKOCTb Bpamtenus. k3 Toro, yro m.T.
B ITIOTOKE He AOAETAET AO IIEHTPa CAEAYeT, YTO B IIeHTpe
OCTaeTCsl HEeKOTOpOe CIPeCCOBAHHOE TeAO, KOTOpoe Be-
POSITHO, MOXeT UIMUTHPOBATh HEHTPOHHYIO 3Be3Ay. Takoe
peskoe usMeHeHMe nopeaeHKs Kss MoxxeT HHTEpIpeTu-
POBaThCs KaK HAYAAO MMHTAITMHU B3PBIBA U PACCesSHMS Be-
IeCTBa MOASIPHO II0 IMAOCKOCTH BpallleHuUs, IIPHIeM AAAD-

HocTH paccesiHust Kss u Kss, oTAM4aroTCs Ha OPSAAOK.
BspriBHOI xapakTep mpoljecca ycMaTpUBaeTCs B TOM, YTO
IoCAe COATDKEHHSI AO HEKOTOPOTO KPHUTHYECKOTO 3Ha-
YeHMs, M. T. HAUMHAIOT YCKOPEHHO YAAAATHCS OT LIeHTpa
(Puc. 1). Ecau ipu paBHOMEpHOM BpallleHuH 6. T., IPH-
paieHus yraa A IPOUCXOAUT B OAMHAKOBbIX 3HAYEHHAX
110 aprPMETUYECKOH ITPOTPECCHH, TO PACCTOSHHS MEXAY
TOYEYHbIMU IAEMEHTAMHU PaCCeHBAeMOro IIOTOKA SHEPTHU
K'ss Ha IAOCKOCTH H3MEHSIOTCS yKe 10 3aKOHY reOMeTpH-
4eCKOM IIPOrPeCcCUH, TO €CTh C YCKOPEHHEM.

W3MEHEHWE ANWHBI BOMHLI BAONb PENATUBMCTCKOW CTPYW
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Puc. 2

3aTeM, IOCAe AOCTHKEHMS KPUTHYECKON AAABHOCTH
paccesiHust kpuBble Kss Taroke pesko moBopaumBaroTcsi 06-

PpaTHO, 1 CHOBAa HAYMHAIOT ITIaAaTb I10 KpHBOfI B HaIIpaBA€-
Huu Teaa. Ho TEeNepb TPACKTOPHA 6YA6T He 9BOABBEHTOM
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KpYTa,  aHAAOTUYHA AOTAPHPMHUIECKOI CITHPAAH U TIO ee
3aKOHOMEPHOCTH IIPOHCXOAUT IPOLIECC aKKPEILUH PUC. 2.
Temneps, M0 Mepe MPUOAKEHHS K LIeHTPY U3-32 I10-
SIBA€HUSI OTTAAKUBAIOIINX CUA B HPPAIJIOHAABHBIX TOUKAX
TpaexTopur [ 1] 9acTHIBI OTPBIBAIOTCA OT TAOCKOCTH,
CITMPAABHO CTYIAIOTCS, ¥, HAKPY4IMBAsCh Ha OCh Bpalle-
HHS, TIOAHUMAIOTCSI BAOAD Hee. YTAOBOI ITapaMeTp, SIBASI-
FOIIHUIICS] 0OBEKTHBHBIM CBOMCTBOM IIPHPOABI BpaIjafolIe-
rOCsI TeAQ PeLIAIIIM 06pa3oM BAUSIET Ha GOPMHUPOBAHUE
U YTOHYEHHE OCeBOI CTPYH, U BbITAAKMBAHUE M. T. BAOAD
ocu BpameHus ceprl. CaepyeT oTMeTHTD, uTo Res B pac-
CMaTpUBAEMOM MeXaHU3Me BOOOIIe-TO SBASIETCS CyObek-
THBHBIM [TapaMeTpoM, BBeaeHHbIM Pumanom. Ho, namene-
HUe KOMIIAEKCHOM crerenu Res = 14, 1/3, 1/5,.. cBsasano
C 6€CKOHEYHOCTBIO HATYPAABHOTO PSIAQ U OXBaThIBaeT 60-
Aee 001IMe CBOVICTBA IPUPOADL DTO OTPAXKAET €llle OAHY
CKpbimyt0 TPpaHb, BHIPAXKAIONIYIOCS B ACUMITOTHIECKOM
YTOHYEHHU CTPYH U YAAMHEHHU BOAHBI BAOAb OCH Bpa-
meHms. M3 pucyHKa BUAHO, YTO BCAGACTBHE U3MEHEHHS
3HaueHuUs 3HaMeHaTeAs aprymenta £ (s), y octpus cTpyn,
BOAM3H OCH HaOAIOAQETCSI OTHOCUTEABHOE y6eAuHeHe
OAunbt 60AHbL (HIDKHAST 4acTh A Res=1/5 He mokasaHa).
A 970 y3Ke O3HAYAeT, 4TO IIPU PABHOMEPHOM BpaIlleHUH
6.T. 1 mpHpaieHny yraa Aa 1o apudMeTudecKoin mpo-
Ipeccuu, CKOPOCTb IOTOKa aHepruu Kss yxe 6doas ocu
BpaleHUs U3MEHSETCS IT0 3aKOHY TeOMeTPHIeCKOM Ipo-
IPeccHy, TO ecTh ¢ yckopenuem. CAeAOBATEABHO, AO TeX
T0p, IIOKA 0. T. 6yAeT paBHOMEPHO BPALIAThCSI M. T. BCE Bpe-
Ms1 OYAET YAQASITBCSL OT HETO C yCKOPEeHUEM U MOXKET AOCTH-
raTh 2u2anmckoii ckopocmu. Ilo AaHHOMY MeXaHH3MY I10-
AYYaeTCsl, YTO TEOPETUIECKHM IPEACAOM AASI MOITHOCTH
IIEHTPAABHOTO U3AYYEHHS IBASIETCS KOAUYECTBO BPAIIIAI0-
wieficst Maccel 0. T. 1 roka BpaieHre Macchl COXPaHSIeTCs,
U3-32 ACHMIITOTHYHOCTH COAMDKEHUSI C OCBIO CIIMPAABHO
HAKPY4MBAIOI[EIICs HA Hee TPAeKTOPUU U HEIIPEPhIBHOCTH
M3MeHeHH s 3HAYeHHs KOMITAGKCHOI crerien & (s), AAs Cy-
sxeHus1 (YTOHYEHHs1) OCTPHS LIeHTPAABHOMN CTPYH U YBEAU-
YEeHUSI AAMHBI BOAHBI, & CTAAO OBITh CKOPOCTH, MAU SHEPTHH
KOCMHYECKOTO AYYa, Heopemueckozo npedesa Hem.
Taxoit XapakTep OKa3bIBAeTCSI YHHBEPCAABHBIM, AAS
BCeX MOAOOHBIX SIBAEHHUI BO BCEX TPeX — MHKPO, MAKPO

Y Mera MUPaX, TaK KaK pacCMaTpuBaeMas SHepIus B OTAM-
qKe OT APYTUX TEOPHIL SIBASIETCSI Ge3pa3MepHOIi, TO eCTh
MacIITabUpOBAHHOM. Bhllren3a0xeHHOE eCTh TeOpeTH-
YecKask MOAEAb IIPUPOAHOTO KOCMHYECKOTO YCKOPHUTEAS,
CIIOCOOHOTO YCKOPUTD YACTHUI[BI AO HEOIIUCYeMO IUTaHT-
CKHIX SHEPIHil, KOTOpble PYKOTBOPHBIM 00Pa3oM CO3AATH
HeBO3MOXXHO. OAHAKO, 9Ta TEOPHS AAET CIIOCO0 AAS CO3-
AQHUS €r0 MAaCIITAOMPOBAHHOTO BAPHAHTA — YCKOPHUTEAS
Kacumoga. ITpeproskeHHAs TEOPHS AQeT pelleHre ITOYTH
CTOAETHeM IIPOOAEMBI, KOTOPAst HAXOAMTCS Ha CThIKE KOC-
MOAOTHH, aCTPOPHU3UKHU U PUIUKH dIAeMEeHTAPHBIX JaCTHI].
IIpeanoaaraercs, YTO UMEHHO 3TOT MEXaHU3M SBASETCS
OTBETCTBEHHBIM 3a IPOHMCXOXAeHHe PeAsTUBMCTCKUX
CTPYH U3 LIeHTPOB aKTHBHBIX sIAep TarakTHK, Kocmrrge-
CKUX Ay4YeM CBEpPXBBICOKHMX JHEPTHUH, M3Ay4EeHHUs CBETa
IyAbCAapOB, KBA3aPOB 1 APYTUX IIOAOOHBIX 06beKTOB. Boa-
MOXXHOCTD I'MTAaHTCKOM CKOPOCTU OODBSCHSET IOSIBACHHE
KOCMMYECKUX Ay4Yell CO CIEKTPOM HETEIIAOBOI'O CTEIIeHHO-
IO XapaKTepa SHeprur BOAU3H MOBepXHOCTH 3eMAU. XOTs
u3-3a [Ipepaeaa [peitsena-anermua-Kyspmuna [3] o1o s18-
AeHMe OTHOCST K He BOCIIPOM3BOAMMBIM IapapokcaMm. Tak
KaK, HUKaKHe APYTHe AYYHU CO CIIEKTPOM pacIpeAeACHUs
o MaxcBeaay vau [TaaHKY He MOTYT ITOSIBUTBHCSI BOAU3H
3eman. B AaHHOM MeXaHM3Me HeT TeX MOTeph, U3-3a KOTO-
PBIX HU OAHO M3 U3BECTHBIX M3AYYEHUH, B TOM YUCAE U CUH-
XPOTPOHHOE, He IIPOXOAUT AAST OO'BSICHEHISI KOCMUYECKHX
Aydel CBePXBbICOKUX dHepruil. [ [pepAoskeHHbIN MeXaHU3M
OCHOBAH He Ha BOAHOBOW, 2 KBaHTOBOI1 (KOPITYCKYASPHO¥)
reopun. Hamomunm, yro Kocmuueckue Aydn cBepx nau
YABTPaBbICOKUX SHEPTHUI Ha CAMOM AeA€ ABASIIOTCS KOp-
ITyCKyAQMHU (3AeM6HTaPHbIMI/I vacrunamu). Haspanwue Ay-
4eil OHU [TOAYYHAHM, KOTAQ ellje He ObIA M3BECTeH UX COCTaB.
Ho aaxxe mocae ycTaHOBAGHHS UX COCTaBa, HCTOPHYECKH
IepBOe Ha3BaHHWEe COXPAHUAOCH.

3akarouenune: AokazaTeAbcTBO lumoress: Pumana
OKAa3bIBAeTCSI 9KBUBAAEHTHBIM OIMCAHUIO MEXaHU3MOM
NEePKOASIIIUH U CKeMAMHTA PU3NIECKOM 3aAAUH U3AYIEeHHS
U3 IIeHTPOB BPAIAIOMIMXCS CHCTEM ITyTeM H3BACYEHHS
KBAaAPATHOTO KOPHSA M3 QYHKIIMU COCTABASIIOIIMX Kaca-
TEABHOT'O U IIEHTPAABHOTO YCKOP€HMI SHEPIHHU BPaIeHHs

6.1. (sApa, ... ).
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BnusHue paanauuoHHOIo U3sly4eHus Ha CMeLlLeHue
napameTpoB ¢a30BOro nepexoga v napameTpbl
PacTBOPMMOCTMU B XXUAKOCTHbIX CUCTEMAX

AnnoTanms: B crarbe MccAepAOBaHO BAMSHME PAaAMALIMOHHOIO U3AYy4YeHM Ha Te TePMOAMHAMUYECKUe CBOMCTBA
KMAKOCTHBIX CHCTeM, KOTOPbIe OIPEACASIOTCS M3MeHeHHeM XMMHYeCKOTO IIOTEHITMAAA )KUAKOCTH U ee KOMIIOHEeH-
TOB II0A AeHiCTBHeM u3AydeHHs. [Toka3aHo, YTO papHAIIMOHHOE OOAYdYeHHe COCYLIeCTBYIOMUX (a3 B CTAIIHOHAPHOM
COCTOSIHUM IIPUBOAUT K CMEI[eHHUIO TapaMeTPOB To4eK $pa3oBbIX IepexopoB. OnpeaeseHO U3MeHeHNe TeMIlepaTypbl
($a30BBIX ITEPEXOAOB ITEPBOTO POAA TTOA ACHCTBUEM PAAHAIIMOHHOTO OOAYYEHHM.

KaroueBblie cAOBa: SHTPOIHS, PAAUALIIOHHOE H3AyYeHHe, Pa3OBbIe ePeXOADL.

AKTyaABHOCTH IPOOAEMBI

B mocaepHue aecaTHACTHSA IPOBEAEHO 3HAUUTEABHOE
KOAWYECTBO HUCCAEAOBAHUI, ITIOCBSIICHHBIX U3YYEHHUIO
BAUSHUS PAaAMALIMOHHOTO M3Ay4YeHMs Ha Qu3MdecKue
CHCTeMBI, KOTOPbIe HAXOAATCS B PA3AUYHbIX arperaTHBIX
cocrosausax [1; 2; 3; 4]. B 6oabmuncTBe pabor, B Ko-
TOPBIX PaCCMaTPUBAETCS CAGACTBHE TAaKOTO BAMSIHMS,
paccMmarpuBaeTcsi obpasoBaHie AePeKTOB B KPUCTAAAH-
4ecKOM COCTOSIHUM BemecTsa [ S; 6; 7). Bmecre ¢ TeM,
KOAUYECTBO paboT, TOCBSIIEHHBIX N3MEHEHHUIO CTPYKTY-
Pl U TEpPMOAMHAMHYECKUX [IAPAMETPOB BEIeCTBA B XKUA-
KOM COCTOSHMH, OCTAaeTCs He3HauuTeAbHbIM [8]. B mo-
CA€AHVIE TOABI TIOSIBUAMCH HCCAEAOBAHS, ITOCBSIIIEHHbIE
He TOABKO HCCAGAOBAHMSIM 00Pa30BaHUS PAAHAIIMOHHBIX
AeeKTOB Ha IOBEPXHOCTH PAa3AEAd <TBEPAOE TEAO-XKHA-
KOCTb> [9], HO U HCCcAeAOBaHUAM Pa3OBBIX IEPEXOAOB
XKUAKOCTb-Ta3 [ 10].

OaHako u3ydeHre H3MEHEHHUs CTPYKTYPHI U TEPMO-
AMHAMHIYeCKUX TAPAMeTPOB XKUAKOCTHBIX CUCTEM, a TAK-
Ke IapaMeTpoB $pa30BOr0 PaBHOBECHS ITOA BAMSHHEM
PAAUAIIMOHHOTO U3AYYEHUS SIBASETCS YPE3BBIYAIHO aK-
TyaAbHOM 3apaueit. OTyacTy, H300peTeHNe IACPHBIX pe-
aKTOPOB YeTBepTOro nokoAeHus [ 11] rpebyer pasbHeit-
IIero PasBUTHSA PAAMAIIMOHHON (HUSHKH XKHAKOCTEH
U PAAMAIIMOHHOTO MaTeprasoBepeHus. OcobeHHOe Me-
CTO CPeAH SAePHBIX PEaKTOPOB HOBOTO IIOKOAEHHS 3a-
HUMAIOT KHAKOCOAEBble sisepHble peakTopbl (MSR),
TOIIAUBO AASI KOTOPBIX IIPEACTABASIET COOO PAAHOAKTHUB-
HbIX PAaCIIAAB, 2 UMEHHO: XUMUYeCKHe COeAMHEeHHS PaAU-
OaKTUBHOTO dAeMeHTa (ypaHa HAU IIAYTOHHUSL) C PTOPOM,
PacTBOpEHHbIE B PACIIAABE HEOPIaHUIECKUX COACH (Li,
Na, KFu ap.) [12]. B mepsyto ouepeab, 310 06ycaoBAeHO
APYTHMH $H3MYeCKUMU IIPOIjeCCaMH, KOTOPbIe IPOUC-
XOASIT B TAKHX YCTAaHOBKAX, 1, KAK CAEACTBHE, UCIIOAB30-
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BaHMEM Ka4€CTBEHHO HOBBIX KOHCTPYKIIHMOHHbBIX MaTEPH-

aroB.  PacmaaBel  PTOPUAHBIX

OUPKYAHMPYIOT Y€pPE€3 aKTHBHYIO 30HY COAEBbBIX PE€AKTO-

COoAeH, KOTOpbIE
POB, IOABEPralOTCS OOAYYEHUIO IOTOKAMH HEHTPOHOB,
9AEKTPOHOB, ¥ — KBAaHTOB 1 OCKOAKOB pacmaaa. Baanmo-
AEHCTBHE PAAUALIMOHHOTO U3AYYEHHS C aTOMAMU PacIiAa-
Ba CTAHOBUTCSI IPHYUHOMN IIPOTEKAHMUSI OOABIIOrO MHO-
JKeCTBA PAa3AMYHBIX MPOIECCOB, CAGACTBHEM KOTOPBIX
SABASIeTCS U3MeHeHHe PU3UYeCKUX U PU3UKO-XMMUYe-
CKHUX CBOMCTBA PacIlAaBa, U3MEHEHHUe XapaKTepa ero B3a-
MMOAEHCTBUS C BellleCTBOM TBEPAOTEABHBIX KOHCTPYK-
IIUH SA€PHOM SHEePreTHIeCKO! yCTaHOBKU. B pesyabraTe
TaKUX IPOIECCOB MOTYT U3MEHSTHCS XapaKTePUCTUKU
KOHCTPYKITMOHHBIX MAaT€PHAAOB, YCAOBHS X 3KCITAyaTa-
IJUN.

Kpome TOT0, 9aCTO paAHalIMOHHOMY M3AYIEHHUIO IIOA-
BEPraloTCs pasHble OHOAOTHYECKUe CHCTEeMBL. YKe MHO-
IO AeT U3AYIAETCS BAUSHUE HOHUSUPYIOIETO U3AYIeHUS
Ha JKMBbIe OPraHU3MBbI, TKaHH, KAETKH, U T.A. Bmecrte
C TeM B TaKUX UCCAEAOBAHUAX HE YAEASETCSA AOCTATOY-
HOTO BHUMAaHHS U3YIEeHUIO BAUSHUS U3AYICHUS UMEHHO
Ha SKHAKOCTH, KOTOPBIE COAEPYKATCSI B OHOAOTHYECKUX
00peKTax, HeCMOTPSI Ha TO, 4TO 9TO BAUSIHIE MOXKET OBITH
CyIleCTBEHHbIM.

Ileabto AQHHOU pPabOTHI SIBASIETCSI MCCAEAOBAHIE
BAMSIHUS PAAMAIIMOHHOTO M3Ay4YEeHHS Ha Te€ TEPMOAMHA-
MUYECKHe CBOMCTBA )KUAKOCTEH M )KUAKOCTHBIX CHCTEM,
KOTOpBIE OIIPEACASIOTCSA U3MEHEeHHEeM XUMHIECKOTO I10-
TeHIIMAAA )XMAKOCTHOM CHCTEMBI X €€ KOMITOHEHTOB TI0A
ACVICTBHEM HU3AYICHUS.

2. U3meHneHune TeMuepaTypsl ¢pa3oBoro nepexopa
MEePBOr0 POAA IIOA ACHICTBHEM U3AYICHHS

CocrosiH1e )XUAKOCTHOH CHCTEMBI, KOTOPasi HAXOAUT-
CS1 ITOA BAMSIHUEM M3AYYEHHs], He SBASETCS PaBHOBECHBIM
BCAEACTBHE TOTO, YTO PAAMALIMOHHOE U3AYYEeHHE BhI3bIBaeT
CHCTeMaTUYecKue OTKAOHEeHHUe OT paBHOBecH. B pamkax
IIPEAAOSKEHHOTO TTOAX0AR [ 13] paccMoTpmM cay4ail, Kor-
A2 AByxasHas cucTeMa (Harpumep, XUAKOCTD U €€ Ha-
CIIeHHBI! MTap), KOTOPAst HAXOAMTCS B COCTOSHUU TEPMO-
AMHAMHYeCKOTO PaBHOBECHS IIPU 3aAaHHOM TEMIIepaType,
AABAEHHH H KOAMMECTBE YaCTHL], ObIAA IIOABEPTHY T BAUSI-
HUIO PAAMAIIMOHHOTO U3AYYEHHUS OT HCTOYHUKA IIOCTOSH-
HOM MOITHOCTH. epe3 HeKOTOPbIi MPOMEKXYTOK BpeMeHH
MOPSAKA CPEAHETO BPEMEHHM MEXAY CTOAKHOBEHHAMU
CTPYKTYPHBIX 9AeMEHTOB (MAM XapaKTePHOTO BpeMeHU
B3aMMOAEHCTBHUSL B SKHAKOCTSIX) POMCXOAUT XaOTH3ALUsL
cHucTeMbl, YHKIMA PacIpeAeAeHHs JacTHI] IO CKOPO-
CTsIM GyAeT MMETD MPAKTHYeCKH CTAlMOHAPHBIA BHA [ 14],
H AAABHEHIIIAS 9BOAIOLIHIS CHCTEMbI OYAET OIIPEACASITCSI HC-
KAIOUUTEABPHO BPEMEHHOMN 3aBHCHMOCTBIO TeMITepaTyphl,

AQBAEHUS ¥ MOLITHOCTH MCTOYHUKA U3AYIEHHS], KAKMM OBl
He OBIAO HAYAABHOE PACIIPEACACHHE MOAEKYA B (pa30BOM
npocrpascrse [ 15; 16]. Coraacno Teopeme [Tpuroskuna
PO CTAIIMOHAPHOE COCTOSHME, B TAKOM CAydae CHCTeMa
nepefiAeT B COCTOSIHIE C MUHIMYMOM IIPOU3BOACTBA 9H-
Tpormu [ 17]. B 06AacTH CTONKOCTH TepMOAMHAMUIECKOT
BETKU, UCIIOAB3YSI THIIOTe3Y IIPO CYIeCTBOBAHUE AOKAAD-
HOTO paBHOBecHs | 18 ], BOSMOXHO OAHOBHAYHO BBECTH AO-
KaAbHbIe TEPMOAMHAMUYECKYE GYHKIIUH M PaCCMaTPUBATh
¢a3oBbIe IIepeXOAbI B paMKaX TEPMOAMHAMUKH PaBHOBEC-
HBIX ITPOLIECCOB.

Mcnoab3yst aTOT OAXOA, PACCMOTPUM BAUSHHE U3-
Ay4YEeHHS Ha IPOTEKAHHe BO3MOXKHBIX (Pa30BbIX IIepeXo-
AOB ITepBOTO poAa B KHAKOCTsIX. Temmneparypa T u aaB-
A€HHE P, COOTBETCTBYIOHmEro ¢a3oBOTO II€PEXOAd
OIIpeAeAsIeTCsl pellleHHSIMU YPaBHEHHUI, KOTOPBIe OTBe-
YaI0T HEOOXOAVMBIM YCAOBHSIM (pa30BOTO PaBHOBECHSL
OryacTy, B cAy4ae OAHOKOMIIOHEHTHOH XHAKOCTH 9TH
YPaBHEHUS AAS KAIIEHHUS I KPUCTAAAUBAIIUHI HIMEIOT BHA
[19]:

/11(’1—:)’1)0):#2(’1—;)’170)) (1)
e 1, (T, po) u i, (T,,p,) — XUMHEIECKHE TTOTEHIJHAABT
OAHOKOMIIOHEHTHO! CHCTEMBI B IIEPBOH U BTOPOH dase
B TOUKe (a30BOTrO IIePeX0Aa IIpH TeMiepaType T, u AaB-
aennu p, (6asucubie cuctemsr). PaccMoTpuM caydaii,
KOTAQ ITIOA ACHICTBHEM ITOCTOSIHHOTO BO BpeMeHH U OAHO-
POAHOTO B IPOCTPAHCTBE UCTOYHHIKA U3AYIEHHS B 1 —OM
¢ase cuCcTeMbI FeHEpUPYETCSI TOABKO OAHUH BHA HOBBIX
KBasu4acTHI] (BO36Y>KACHHBIX MOAEKYA) C KOHI[eHTPAIIU-
eil X;. BaXHO MOAYepPKHYTD, YTO B paMKaX HAIIETro IOA-
X0AQ MBI HE PAaCCMaTpUBaeM MOSBACHHE B CHCTEME 3apsi-
JKEHHBIX ~ YaCTHUI.  3aBUCUMOCTb  XHUMHUYECKOTO
[OTeHIIMaAA L, (T, p,xi) HEBO30Y>KAEHHBIX MOAEKYA 9TOM
$a3pl OT KOHIIEHTpAlUU X, UMEeT BUA [20]:

.U;(T’p):/"io(T’p)"' (2)
+len[yi (T,p,xl.)xi]
rae M, (T, P) — XUMHYecKuil moTeHuaA 6a30BOI CU-

CTeMBI, 7, (T, p,xl) — K09 PUIIMEHT aKTUBHOCTHU IIOA-
CHCTEMBI HeBO30YKAEHHBIX MOAEKYA. CBSI3b MEXXAY MO
HOCTBIO HCTOYHHUKA PAAUAIFOHHOIO  H3AyYCHIS
M KOHI|eHTpaLiell BO30Y>KACHHbIX YaCTUL] ACTAABHO pac-
cMoTpeHa B AuTeparype (Hampumep [21]), u B AaHHOI
CTaTbe He PacCMATPUBACTCA. 3AMETUM, UTO BBIPasKeHHE
3aIIUCAHO AASI TOTO CAyJast, KOTAQ ITOA ACHICTBHEM pasHua-
ITHOHHOTO MU3Ay4YEeHHUS TeHePHPYEeTCS TOABKO OAMH BHA
KBa3UYACTHI], HO €T0 MOXKHO 0600muTh 1 Ha 60Aee CAOXK-
HBIe CAyYal.

Kak 6p1A0 0OTMeueHO BbIIIe, yCAOBHEM Ga30BOro pas-
HOBeCHA BO BpeMsI $a30BOIo IePeX0oAa SABASETCS paBeH-

CTBO XMMHUYECKHX IIOTCHITAAOB BEIIIECTB B 06enx c])a3ax.
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Section 9. Physics

Ilpu pAeficTBUM PaAMAIIMOHHOTO M3AYYEHHS YKa3aHHOe
YCAOBHE CACAYET IIePeIUCATh B CAGAYIOIEM BHAE:

Hyy (T,ef:P) +kTIn [y] (T,ef,p,xl )(1 —x, )] =
= Hy (Tref’p)"'len[}/z (T,ef,p,xl )(l—xz ):I

HPI/I IMOCTOSIHHOM AQBA€HHH YAOBAETBOPHUTD 3TOMY

(3)

PaBEHCTBY MOXXHO AMIIb IIPU YCAOBHH, KOTAQ $pa3OBbII
HepexoA POUCXOAUT IIPH HOBOH 9) peKTHBHOM TeMIIepa-
type T,, pasooro mepexopa (B obmem cayuae T, # T, ).

Aerxko BHAETH, YTO IPU HAAUYUH BO3OYKASHHDBIX
MOAEKyA KpHBasi TeMIIepaTypHO 3aBUCUMOCTHU XUMUYe-
CKOTO MoTeHImaAa (TepMOANHAMUYECKOTO MOTEHIINAA]
Tu66ca) >KHAKOCTH CMeI[aeTCs Ha BEAMYUHY, KOTOpast
OIUCBIBAET COOTBETCTBYIONIee H3MEHeHHe XHMHYeCKO-
rO IIOTEHIIHAAA.

Tax Kak KOHLEHTPALUK BO30YXACHHBIX MOAEKYA
SBASIFOTCS O4€Hb MaABIMHU [XXi], O4€BHAHO, 9TO OTKAO-
uenne 6T apdexrusHoi Temmeparypst T, pasosoro

nepexoaa oT 6a3oBoit Temmeparypsr I, 6yayT Taxke
07|
MaAbIMH (T < 1), Ho3TOMYy, pacKAaabIBast M, U ¥,
0
B BRIPa)K€HUU I10 CTEMEeHAM T B psp Teriaopa a0 An-

o 0
HEHMHBIX CAAaTaeMbIX, MOXKHO IIOAYYHTD BHIPASKEHUE AASI
OTHOCHTEABHOTO U3MEHEHHs TeMIIepaTyphsl $pa3oBOTro
HepexoAa:
oT 1-x
— =kT, ln—1+lnL X
’I;J 1- X, 7,

q—kT, lnl_x1+ln£— (4)
l_xz Y,

0

w1 Sy, | - Ty,

oT o .

BaxxHO OTMeTHTD, YTO BBIpAXKEHHE MOXKHO 3aITHCaTh
AMIIb BAAAHM OT TOYeK HelpephIBHBIX (pa30BBIX IIepexo-
AOB, TA€ PSIA AASL XUMUYECKOT'O IIOTEHIIHAAQ CXOAUTCSL.

AASI BBIMMCACHNS BEAUYUHBI ——~ HEOOXOAUMO 3HATbh
3aBUCHMOCTDb KO3QPUIIMEHTOB aKTUBHOCTH ¥; OT AaBAe-
HUS1 M KOHIJEHTPAIIIH, KOTOPBIE CBSI3aHBI C 0COOEHHOCTS-
MH YPaBHEHUS COCTOSIHUU CHCTeMBbL. SIBHBII BUA 3TOH 3a-
BUCHMOCTH AOBOABHO YaCTO OIPEAEASETCS MOAEABIO
PeryASpHbIX pACTBOPOB U OMIIUPUYECKUMU yPaBHEHUAMHI
Mapryaeca, Ban Aaapa, Cxeryapa-Xammepa. B panHoOM
paboTe MbI OrpaHUIUMCS PACCMOTPEHHEM UACAABHOTO
PacTBOPA, YTO O3HAYAET yIET TOABKO SHTPOIMIHbIX (aK-
TOPOB, U PEIryAIPHOTO PACTBOPA, MOAEAb KOTOPOI'O y4H-
THIBaeT KaK SHTPOINUIHbIE, TAK M SHEPreTHIECKUE BKAAABL

PeryaspHbiii pacTBOp

PaccmoTpuM caydail, KOrpa pacTBOp sBASIeTCA pe-
I'yASpHBIM. MOA€AD PEryAsPHOTO pacTBOpa aA€KBaTHO

OIMCBIBAeT TEPMOAMHAMUYECKOE IIOBEACHHE PACTBOPOB
HEIACKTPOAMTOB, U, BMECTE C TeM, €€ IPUMEHSIOT 1 AAS
TBEPADBIX PaCTBOPOB MeTaAA0B. Koapdunmenr akrusHo-
CTH PeryASpHOTO PacTBOPA MOXHO 3aIIUCATh B CACAYIO-
mem BuAe [22]:
()

iy, (rpx) =L (g
rae K03 uimeHT a" ( p) IpH IOMOIIM TEPMOAUHAMH-
4eCKOH TeOPUH BO3MYIIEHHI MOXET OBITh IIPeACTABACH
B BUAe KoMOHHaImy unTerpasos O (T, p) OT papHaAb-
HOM (YHKIMM paclpeAeAeHHi 0a3UCHON CHCTEMBI
(7. T,p) [23]:

a® ( P)

KT zzq);ﬁ_q);a_q)ipﬁ (7)
., =p,(pT) | digy,(F,T,p)x
{V(p.T.N)), (8)
x| exp —% -1

TAE P, ( b T) — YHCAEHHASI IAOTHOCTb 6a3UCHOM CHUCTe-

MBI, P,

O u B COOTBETCTBEHHO, (), — MOTEHI[HAA B3aUMOAEH-

— IIOTCHIINAA BSaHMOAefICTBPISI 4acCTHI] COpTa

CTBUS YaCTHUL, 0a3UCHOM CUCTEMBI.

B cayuae peryaspHOro pactsopa AAsl OTHOCHT@ABHO-
ro CMeljeHHs TeMIIepaTypbl HA OCHOBE POPMYABI MOXKHO
MIOAYYHUTD BbIpaXKEHHeE:

lnl—x1+a(l)xf_a(2)x§
ST) | 1-x, 2kT, 2kT, |
R TN
Lo 1-x 9)

a(l)xlz a(l) ,

oT 2 _zxz
- T T

T

0 Jid

X

q—kT,In

1-x,

Taxum 06pa3oM, BEIpasKeHHE AASI CMELeHIS TeMITepa-
TYp5I $pa30BOTO IIEPEXOAA B AAHHOM CAyYae pasbuBaeTcst
Ha ABA CAAraeMbIX, IIePBBIIl U3 KOTOPBIX O0OYCAOBAEH HC-
KAIOYMTEABHO SHTPONHIHbIMY 3dPekTamu (TO ecTb 1o-
SIBAGHHEeM HOBBIX 4YaCTHI] B PAaCTBOPE, KOTOPbIe OTAUYAIOT-
Cs1 OT 6a30BBIX YACTHI] ALKE HEKOTOPBIMU He CHAOBBIMU
XapaKTepUCTUKAMHU), 2 BTOPOit — M3MeHeHNeM OTeHI -
aAa B3AHMOAEHCTBHS BO30Y)KACHHBIX YACTHLI, IIPUIEM eCAH
IepBOe CAaraeMoe IPH MAABIX KOHIIEHTPALUAX SBASETCA
AMHENHBIM 10 KOHIIEHTPALMSIM BO30Y>KACHHbBIX JaCTHII,
TO BTOPOE CAAraeMoe — KBAAPATHIHBIM, 4YTO OOYCAABAH-
BaeT ero MeHblllee BAMSHHIE Ha CMellleHHe TeMIIePaTyphbl
¢azoBoro nmepexopa. AAs OIJeHKY BKAAAQ 9HEPreTHIeCKUX
$akTOpOB B CMeleHre TEMITEPATYPhI $a30BOro Iepexopa
COTAACHO BBIPKEHIUSIM —, HEOOXOAMMO, KpOMe TepMude-
CKOTO YPaBHEHUSI COCTOSIHISI 0a30BOII CHCTEMBI, 3HATD ee
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paamasbHyio dyHKiio pacnpeaeserus &y (7,15 p), a Tak-
K€ TIOTEHIMAAbI B3aUMOAEHCTBHS Tap “BO30OYXKAeHHAs
JacTHIja — BO30YXKAEHHASI YacTHIA U “BO3OYKAEHHAs
YaCTHULIA — HEBO30OY>KACHHAS YaCTHIIA . AASI HAXOXKACHIS
PaAMaAbHON QYHKIIMH PacIpeAeAeHMs aTOMOB aproHa
6BIAO IIPOBEACHO MOACAUPOBAHHE B PAMKAX KAHOHMYECKO-
IO AaHCAMOAS METOAAME MOAEKYASIPHOM AUHAMHKH, A€TaAb-
HOE OIMCaH1e KOTOPOTO MPUBeAeHO B [ 24]. MeToa Moae-
KYASIPHOHM AMHAMHKH OBIA PEaAM3OBAaH IIPU IOMOIIH
MOAUQHIIMPOBAHHOTO IporpamMMHoro makera DL
POLY 4.05 [25] c Bpemennbmv marom 1 $pc. Kybuaeckas
s9efika copaeprkasa 216 B3aMMOAEHCTBYIOIUX YACTHI].
IIpu npoBepeHHM HCCAGAOBAHMI HCIIOAB30BAAKCH IIEPHO-
AMYeCKHe IpaHiyHble ycAoBHs. O6beM sAeMeHTapHOM
S9eHKH HCCAGAOBAHHOM CHCTEMbI PACCUUTBIBAACS COOT-
BETCTBEHHO C 9KCIIePUMEHTAAbHbIMU 3HA4eHHMAMU TAOT-
HOCTH PacTBOpa IPH HEOOXOAUMOIT Temmeparype. Mex-
MOAEKYASIDHOE  B3aUMOAEHCTBME B MCCAGAOBAHHOM
JKHUAKOCTHOM MOAEABHOM CHCTEMe OTUCHIBAAOCH C UCIIOAD-
30BaHMEM aTOM-aTOMHOTO IOTeHIjaAa AeHHapA-AsKoHca.

IToAy4yenHbIE METOAAMH MOAEKYASIPHOM AMHAMUKHU
Pe3yABTaThI IO3BOASIIOT YCTAHOBHTD, YTO AASL ApTOHA ITPU
temneparype T, =87.2K u paBaennun p, =1.01-10° Tla
CABUT TeMIIEPATypbl (pa30BOTO MepexoAd KUAKOCTb-TIAp
(6T),, ~0.11K npu x, 107 (ras), x,~0.01 (xma-
KOCTD ).

Brruncaenne cppura TemnepaTypsl ¢pazoBoro Inepe-
XOAQ YKa3bIBaeT Ha TO, YTO B PaMKaX IPEAAOXKEHHOIO
IIOAXOAQ SHTPOIMITHbIE BKAAABL B M3MEHEHHe TeMIlepa-
TypbI $pa30BOrO IEPEX0AA IEPBOTO POAA ITPU OOAYUEHUH
UTPAIOT AOMHHUPYIOIIYIO POAb, TOTAQ KaK y4eT dHepre-
TUMECKUX BKAAAOB (PeryAspHBI PacTBOP) IPUBOAUT
TOABKO AMIIb K HE3HAYMTEABHOMY CABUT'Y TeMIIepaTyphl
¢dazoBoro nepexopa B cucTeme.

BAnsnne papnanMoOHHOIO H3AyYeHHs Ha IpoIec-
CBI PACTBOPHMOCTH

PaccMoTpuM BAMSAHHE PAAMALIMOHHOTO U3AYYeHMS
Ha IPOILIeCChl PACTBOPUMOCTH. B caydae pacTBopenus
TBEPAOTO TeAQ B )KUAKOCTH YCAOBHUS TEPMOAUHAMIYIECKO-
ro paBHOBECHS OIMCHIBaeTCs Takoke ypasHeHneM (1),
B koropom (T, P, ) — XuMUdeCKmit TOTEHIUAA MOAe-
KyA TBEPAOTO TeAa B KpHCTaAAMYeckod ¢ase, a
1, (T, p, ) — XuMuHecKmit TOTEHIHAA MOACKYA TBEPAO-
IO TeAd, PACTBOPEHHbIH B XKUAKOM Ppase C KOHI[eHTpali-
el X. B aToM cAydae pacTBOPUMOCTD ONUCHIBAETCS yPaB-
HeHueM Ban Aaapa AAs HachleHHOrO pacTBOpa:

a_x __ Vz,sm _Vz,s (10)
p)... T aln[y(;",p,x)x] )
X

T.p

rae V, ., — NapIuaAbHbII 06beM paCTBOPEHHOTO Bellle-
CTBA B KMAKOCTH, a V, | — IapIIHAABHbIN 06bEM PacTBO-
PEHHOTO BellleCTBa B TBEPAOIT Ppase, a TAKOKe ypaBHEHUEM

ox B Q, (1)

- )
oT ), . , 8ln[y(T,p,x)x]
kT
ox
T.p

rae Q, — TemAOTa pacTBOpEHHUS TBEPAOTO BelleCTBa

B HAChIIIEHHOM PacTBOpe.

Kak orMeuaAoch BbllIIe, IpU paAHALIHOHHOM 00Ayye-
HUU CHCTEMBI, BO30Y)KACHHbIE MOAEKYABI B JKUAKOCTH
C TEpPMOAMHAMHYECKOM TOYKHU 3PEHUS MOXHO paccMa-
TPUBaTh, KaK IOSABACHHE TPEThero KOMIIOHEHTa B pac-
TBOpe. O4eBHAHO, YTO OSBACHHE TPEThEro KOMIIOHEHTa
AOMKHO BAMSITD Ha ITPOIECChI PACTBOPUMOCTH. JTa IIPO-
6AeMa C TOUKHU 3pEeHHUSI CTATUCTUYECKOH QH3UKHU TIATEAD-
HO MCCAEAOBaHa B paboTe [XXi], TAe Bapuanys KOHIIEH-
Tpaljuu TPeThero KOMIIOHEHTA CBA3aHa C BapHALUAMU
AABAEHUS M TeMIlepaTypbl. Pe3yAbTaThl BAUSHIUA OSIBAC-
HUS TPeThbero KOMIIOHEHTa CYIIeCTBEHHO 3aBHCST
OT TOTO, B KaKOM CUCTeMe ()KI/IAKOﬁ UAU TBepAoﬁ) 60AD-
11asi KOHIJeHTpaLusi BO30y>XA€HHBIX MOAEKYA. B caydae,
KOTAQ KOHILIEHTPALHs X, BO30Y>XACHHBIX MOAEKYA B TBEp-
AOM TeAe HAMHOTO MeHbIIle, YeM KOHI[EHTPAIUs X, BO3-
OY>KACHHBIX MOAEKYA B 5KHAKOM PacTBOPE, TO AETKO II0-
HATb, YTO PACTBOPUMOCTD TBEPAOTO T€AA B XKMAKOCTHU
YBEAUUYUBAETCSI HA BEAMMHHY OX , KOTOPAst OLPEACASETCS
U3 yPaBHEHHS

Olny,

kTx, =| kT + Ox. (12)

ox ),

Ecam paccMarpuBaTh HCKAIOYUTEABHO S9HTPOIHIHbIE
appextpr (TO ecTb cayvail, Koraa 7, (T,p,X) =1),
TO U3 BBIPOKEHHS CAEAYET, 4TO OX = X,. DTO A€TKO 00b-
SICHUTD ¢ $uanyeckoil Touku 3peHus. Kak ormedasoch
BbIIIIE, PAAMAIMOHHOE U3AyYeHHEe MCKAXKAET OAVDKHUI
IOPSIAOK B XKHUAKOCTSIX, CO3AaBasi CBOEOOpa3HbIe BAKAH-
CHHU. OTH BAKAaHCUH 3aTIOAHSIOTCS U3AMITHIMH MOAEKY-
AaMU BeIjecTBa, KOTOPOe pacTBOPSIETCSL.

B npoTHBOIIOAOKHOM CAy4ae, KOTAQ BO3OY>KAQIOTCS
HCKAIOUUTEABHO MOAEKYABI TBEPAOTO TeAd, PACTBOPH-
MOCTb Bel[eCTBA YMEHBIIAETCs Ha BEAUIUHY OX , 3HAYe-
HHe KOTOPOI ONPEAEASIeTCS TAKXKe BhIPaKeHHeM. DTOT
adPeKT TaKKe AeTKO OOBSICHUTD C PUHIECKON TOUKH
3pEHHs], eCAM IIPUHATD BO BHIMAHHE, YTO PAAMAIIMOHHOE
U3Ay4eHHE HCKAXXAeT PEryASPHYIO CTPYKTYPY KPUCTaA-
AQ, c03AaBas AePeKThI KPUCTAAAMYEeCKOH pemeTku. Ko-
HEYHO e, AASI yMEeHbIIeHHS 3HAYeHHSI TePMOANHAMUYe-
ckoro noTennuasa ['mb66ca aroMsl BelecTBa, KOTOpOe
PacTBOPEHO, BO3BPAIAIOTCS B KPUCTAAA.
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BriBopbI

AeficTBre paAMaIlMOHHOTO M3AYYeHHS Ha )KUAKOCT-
HYIO CUCTeMY IPUBOAUT K yBEAYEHHIO KOHQUTypaLjiOH-
HOM 3HTPOIIMH, YTO B CBOIO OUY€PEADb BbI3bIBAeT U3MEHe-
HHE XUMHUYECKUX [IOTEHIIMAAOB KOMIIOHEHT YKUAKOCTHOM
CHCTEeMBI, YTO B CBOIO O4YepeAb IPUBOAUT K CMellleHHIO
TeMIeparyp $pa3oBbIX IIEPEXOAOB IIEPBOTO POAQ.

YcTaHOBAEGHBI HEKOTOPBIE 3aKOHOMEPHOCTH BAUSHHSA
M3AY4YEeHHUs Ha PACTBOPHUMOCTD TBEPADBIX TEA B )KUAKOCTH.
B 3aBHCHMOCTH OT CBOMCTB BelecTBa B pa3HbIX pazax
(maoTHOCTH, Cevenus paccesiHUS U BO3OY>KAEHMSI, Bpe-
MEeHH >KU3HU BO30Y>XAEHHON MOAEKYABI H T. A.) H Xapak-
TEePUCTUK U3AYUYEHUS (Tma U3AY4eHHs], ero CIeKTpa,

TMAOTHOCTH TIOTOKA U (PAIOSHCA) CYIIECTBYET BO3MOXK-
HOCTb CMeIjeHHs TeMIIepaTypbl $a3oBOro Iepexoaa Ipu
IIOCTOSIHHOM AQBACHUU.

OHTPOIUIHbBIE BKAAABI B M3MEHEHUEe TePMOAWHA-
MUYeCKHX IIOTEHIIMAAOB IIPH OOAYYEHHU UTPAIOT AOMH-
HHUPYIOIIYIO POAb B CMeIlleHUH TeMIIepaTyphl ¢pazoBoro
IepexoAa B CUCTeMe, TOTAAQ KaK yyeT dHepreTHYeCKHX
BKAAAOB (HEMAEAABHOCTH PacTBOPA) MPUBOAUT TOABKO
K HE3HAUMTEAbHOMY CMeI[eHHIO 3TOM TeMIiepaTyphl. Be-
AMYMHBI ¥ 3HAKH COOTBETCTBYIOIUX H3MEHEeHHI ompe-
AGASIFOTCSI KOHILIEHTPALIMSIMU BO30Y>KACHHBIX MOAEKYA
B COCYIIeCTBYIOIMX das3ax.
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Adsorption mechanism of CO, and C_H, on Na-illite

Abstract: The differential heats of adsorption, isotherm and thermokinetics of benzene and carbon dioxide
(IV) in the Na-illite at 303K were measured. It is found that the migration of Na* cations on the basal and lateral
faces under the effect of adsorbed water is completely reversible. The amount of Na* cations on the basal surface is
93 ymol/g. About 60% of the adsorbed carbon dioxide involved in the interaction of the adsorbate-adsorbate, which is
accompanied by the increase of adsorption heat, and passing through a maximum. The mobility of the molecules of
CO, on the surface of Na-illite is higher than in the bulk liquid. Wave like character of the curve of heats of adsorption
of benzene vs surface filling are identified. Each stage demonstrates a stoichiometric interaction of benzene with Na*
cation. The first two stages correspond to the benzene adsorption on Na* cations in the ratio 1:1. Further adsorption
occurs in between the adsorbed molecules. In total, about 4 monomolecular layers are formed. The condition of

benzene on the Na-illite surface is liquid-like.

Keywords: Na-illite, benzene, carbon (IV) dioxide, adsorption calorimetry

Introduction. The widespread use of minerals
(muscovite, illite, etc.) as adsorbents and catalysts for
a number of technological processes of purification,
drying, in technology and in other fields is possibly due
to their adsorption properties. Among the recent years
publications there are papers of detailed study of surface
properties of these minerals and structures of adsorbed
substances [ 1-2]. All these studies were conducted with
micas, having mainly K* as ion exchange cation. There is
significant interest to study the effect of Na* cations on the
adsorption properties of illite surface. Unlike potassium,
number of works devoted to sodium is very limited. In this
work, we attempted to study the adsorption mechanism
of carbon dioxide and benzene on Na-illite by means of
adsorption-calorimetry. Among the precise structure-
sensitive methods, adsorption calorimetry supplies the
most extensive information about chemistry, physics
and crystal chemistry of solid surface [3; 4]. In order to
determine how far this process is reversible, we decided

to investigate the differential heats (Q,) of CO,adsorption
on Na- illite after adsorption-desorption cycle.

First, it is to be noted that due to the high vapor pres-
sure of CO, (P ° = 54086 mm Hg) at 303K, we could
not get the full CO, adsorption isotherm on Na-illite.
The adsorption isotherm of carbon dioxide in the Na-
illite is shown in semi-logarithmic coordinates (Fig. 1).
Isotherm in the initial domain is concave, and when fill-
ing ~ 80 ymol/g it is rapidly growing up. Isotherm treat-
ment with BET equation demonstrated a specific surface
area of the sample equal to 99.3 m*/g.

The differential heats of adsorption (Q,) were
measured with a differential automatic calorimeter
Tian-Calvet [S; 6]. Isotherms of adsorption were
obtained by volumetric method. The accuracy of
the measured isotherm was ~ 0.1%, and the heat of
adsorption of ~ 1%. The composition of the studied
Na-illite was Na, | (Al [Si, Al _ O, ](OH),. The

1-1.5 7-6.5 1-1.5
adsorption was carried out at 303K.
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Fig. 1. Adsorption isotherm of CO, on Na-illite at 303K

The differential heats of CO, adsorption on the
Na-illite (fig. 2), in total, have a stepwise character.
However, a plateau at the level of 34 kJ/mol is inter-
rupted with a maximum, reaching to 51.5 kJ/mol,
which starts with 10 ymol/g and ends at 54 ymol/g.
In addition, the rapid fall happens at the initial stage of
adsorption, starting from 70 kJ/mol to 37 kJ/mol ata =
10 ymol/g. Plateau ends at 93 ymol/g, wherein the heat
drops to 27.7 kJ/mol, and remains at this level till about
140 ymol/g. Domain of inhomogeneity (0-10 ymol/g)
atlow surface coverage of Na-illite with carbon dioxide,
apparently happens due to the presence of mixed cat-
ions on the surface on which CO, is adsorbed with high
heats. Taking into consideration very high adsorption
energy (70kJ/mol), it is possible to assume that mixed

cations are the polyvalent cations, as far as monovalent
cations such as Na * or Li ¥, arranged in hexagonal cavi-
ties are adsorbed with the heat ~36 kJ /mol. Further ad-
sorption occurs on Na* cations with the constant heat
of ~ 34 kJ/mol. The reason of the maximum on the Q,
curve is the tendency of adsorbed CO, molecules to as-
sociate with each other. Incidentally, the adsorption en-
ergy of CO, on Na-illite impose additional interaction
energy adsorbate-adsorbate, leading to an increase in
heat. Starting from 10 ymol/gand up to 54 ymol/g ad-
sorption of CO, is accompanied by the interaction of
the adsorbed molecules among yourselves. Such a high
maximum of the curve Q, is explained with association
of CO, molecules adsorbed on the high energy centers
and their neighboring Na* cations.

70 1
E
~
2
S
Q
45 A
20 9 30 60 9 120 150
a, pmol/g

Fig. 2. Ddifferential heats of CO, adsorption on illite at 303 K. Dashed
line is the heat of condensation of bulk water
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Fig.3. Ddifferential molar entropy of CO, adsorption on Na-illite at 303 K. Dashed line
is integral mean molar entropy. The entropy of liquid CO, is taken as zero

The heat of condensation of CO, is equal to
27kJ/mol. Heats of adsorption, greater than this dimen-
sion, correspond to the absorption on active centers of
the adsorbent surface, in our case on the Na* cations.
Consequently, a plateau at 34 kJ/mol, which extends up
to 93 ymol/g, is responsible for adsorption on the Na*
cations, which are in hexagonal holes of basal Na-illite
surface. This value corresponds with the data of the low-
temperature adsorption of nitrogen on the initial sam-
ple of Na-illite until water adsorption. Since the initial
surface of Na-illite and surface after adsorption of water

contain the same quantity of cations — ~93 ymol/g, we
can conclude that the adsorption of water is a revers-
ible process. Consequently, migration of cations to the
Na-illite surface coming from the adsorption of water
molecules is a reversible process, the cations, migrating
from the bulk volume of Na-illite to the surface, return
during desorption. In total, the entropy curve is above
zero. Average integral mean molar entropy is equal to
27 J/mol*K. It can be concluded that, the mobility of
the adsorbate on the surface of Na-illite is higher than
the mobility in liquid carbon dioxide.
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Fig. 4. Adsorption Isotherm of C,H, on Na-illite at 303K

In Fig. 4 represented isotherm of benzene adsorp-
tion on Na-illite in semi-logarithmic coordinates. Iso-
therm in coordinates of BET equation is linear in the
range of relative pressures 0,046 < P/P° < 0.36. Capac-
ity of monomolecular layer (a_) was 615 ymol/g, en-
ergetic constant equaled to 1.0S. If the area occupied

by abenzene molecule in a dense monomolecular layer
(w_) is accepted as 48 A2 specific surface by benzene
equals to 180 m?/g.

The differential heats of adsorption of benzene on
Na-illite in monomolecular coverage of the surface
possess wavelike falling view (Fig. S).
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Fig. 5. Differential heats of C6H6 adsorption on Na-illite at 303K. Da-shed line is a heat of condensation

The differential heats of adsorption of benzene on Na-
illite in the initial domain overstated (~ 70 kJ/mol) and
falls until 40.4 kJ/mol at 107.2 ymol/g. As on the basal
surface of the Na-illite contained 92 ymol/g of Na* cat-
ions, it is not difficult to figure out that the lateral surface
fitsto 15.2 (107,292 = 15.2) ymole/g of Na* cations. This
fragment is determined with the formation of t-complexes
of benzene with the Na* cations, located on the basal and
lateral faces. Further happens the filling process of the va-
cant ditrigonal holes on the surface of illite with Na cations,
migrated from the neighboring layers. By the adsorption
536 umol/g, all vacant holls are filled with 7-benzene com-
plexes with Na* cations. The adsorption process is very
complicated and is accompanied with the migration of
cations, thus in the curve Q, we observe undulating de-
crease of absorption heat. Formation of the second layer
also proceeds with undulating changes of adsorption heat,
indicating the participation of Na* cations in the formation

20 ~

10 -

of the second layer. Further adsorption continues with for-
mation of the 3* and 4" layers. Using the isotherm and
the differential heats of adsorption of benzene on Na-illite,
we calculated differential molar entropy of adsorption AS,
(Fig. 6). In the domain of monomolecular filling, curve is
close to the entropy ofliquid benzene, demonstrating that
the mobility of benzene is close to the mobility in the lig-
uid. During the completion of the 2" layer, the entropy is
lower that the entropy of liquid benzene. Hence, the mo-
bility of benzene in this layer is slightly slows down com-
paring to the mobility in the liquid benzene.

Adsorption without cations leads to an increase of
entropy and it crosses the zero point, and increases to-
wards the positive region, indicating the increase ben-
zene mobility as compared with its mobility in the liquid.
Mean molar integral entropy is —-6.41 J/mol*K, thus in
the whole system benzene-Na-illite, the condition of
benzene is close to liquid-like.

-10 4

AS4. J/mol*K

=20

-30 A

-40 4

Fig.6. Differential molar entropy of C,H, adsorption on Na-illite at 303K Dashed line
is integral mean molar entropy. The entropy of liquid C.H, is taken as zero
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The time to establish adsorption equilibria during
the formation of monomolecular layer slowed ~ 4 hours,
and the second layer is formed for ~ 2 h.

Conclusion In this work we determined that
the migration of Na* cations on the basal and lateral
faces under the influence of adsorbed water is
completely reversible. The number of Na* cations on
the basal surface equals 93 ymol/g. About 60% of the
adsorbed carbon dioxide is involved in the adsorbate-
adsorbate interactions, which is accompanied with the
growth of the adsorption heat and its passing through
a maximum. The mobility of the CO, molecules on the
surface of Na-illite is higher than in the liquid.

As a result of high-precision measurements of
the adsorption heats of benzene on illite, we revealed
wavelike property of heats of benzene when the surface is
filled.

Each stage reflects the stoichiometric interaction of
benzene with Na* cations. First two stages correspond
to adsorption.of benzene with Na* cations in the ratio
1:1. Further adsorption takes place in the intermediates
between the adsorbed molecules. On the total surface
approximately 4 monomolecular layers are formed. The
condition of benzene on the surface of Na-illite is liquid-

like.
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Synthesis of phosphoric acid cation- exchange
polymer of polycondensation type

Abstract: Were studied the reaction of phosphorylation obtained diphenyloxide-furfural polymer for produce
the new phosphoric acid exchange polymer with capacity of 5,8—-6,0 mg-eq/g. Investigated the influence of the nature
and concentration of the phosphorylating agent, the temperature and duration of the phosphorylation reaction,
concentration and nature of the catalyst on the properties of phosphoric acid cation exchange polymer. On the basis
of studies to determine the optimum conditions for obtaining cation exchanger.

Keywords: Diphenyloxide-furfural polymer, phosphorylation, cation exchanger, swelling, static exchange
capacity.

Introduction. Among the known phosphoric acid
cation ion exchangers have a special meaning. They
are characterized by a number of valuable properties:
high capacity, selectivity to ions of certain metals. It
should be also noted chemical and thermal stability

of the cation exchanger from the carbon-phosphorus,
especially aromatic-phosphorus which is significantly
higher than for ion-exchange polymers with carbon-
sulfur, carbon-nitrogen or carbon-carbon, thermal
destruction of which begins with the destruction of
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relationships that perpetuate ionic groups in the polymer
matrix [ 1]. High radiation resistance of phosphoric acid
cation compared to other types of ion exchangers allows
to use their in the environments with high radiation
resistance [2]. In practice, most phosphoric acid cation
prepared by methods of chemical transformations.
Conditions of phosphorylation process of obtained
by us diphenyloxide-furfurol (DPhO) polymer for
obtaining cation exchanger were chosen under which
the experience gained in relation to the phosphorylation
reaction of low- and high-molecular compounds [3].
During the phosphorylation reaction of the obtained
polymer on purpose obtaining cation exchanger with

good basic properties investigated the influence of
the reaction duration, the swelling of the polymer, the
concentration of PCl, and ratios of the starting materials
on the properties of the cation exchanger.

The content of furfural in obtaining diphenyloxide-
turfural polymer varied between 1,0-2,0 moles furfural
per mole of DPhO. Results obtained indicated that the
cation-exchange with an increasing concentration of
furfural 1,0-1,5 moles of the exchange capacity varied
little. The swelling with increase content of furfural is
reduced due to an increase in the degree of cross linking
of the polymer (Table 1).

Table 1. — The comparative values of the physical-chemical properties of phosphoric
acid cation exchange polymers with different ratios of the starting materials

Parameters Mol ratios of furfural to DFO

1:1 1,5:1 2,0:1
Wetness, % 14 15 18
Bulk weight, r/ma 0,15 0,18 0,13
Specific volume, Ma /T 5,6 6,3 4,8
SEC to 0,1N solutions, mg-eq/g:
NaCl 1,6 1,8-19 0,8
NaOH 32 5,8-6,0 2,6
CaCl, 0,6-0,8 1,8 1,4
MgSO, 0,4 1,5 0,8-1
CuSO, 1,0 1,2-1,3 0,6
NiSO, 0,6 0,8-1,0 0,4

The minimum content of furfural, providing a
sufficiently high exchange capacity -5,8-6,0 mg-eq/g
for sufficient swelling —6,3 ml/g of 1,5 mol per 1,0 mol
of DPhO. Thus, it is shown that the properties of the
cation exchanger is significantly influenced by the ratio of
furfural to the DPhO. Good results have been achieved
by us in the preparation of a cross linked diphenyloxide-
furfural polymer with subsequent phosphorylation.
Phosphorylation rate largely depends on the degree
of cross linking. The highly cross linked polymer, the

slower the diffusion process and requires a long time
to complete the reaction (Table 1). Phosphorylation
occurs unevenly, especially phosphorylated surface layer
of the polymer grains, which may arise due to stresses
and breaks that lead to the destruction of the polymer.
In order to eliminate internal stress and improve the
kinetic and mechanical properties of the polymer before
the phosphorylation was swollen in various solvents.
Were used: PCl,, dichloroethane, dimethylformamide
(DMF), ethyl alcohol (Table 2).

Table 2. — Influence of the pre-swelling diphenyloxide-furfural polymer on the properties of the cation exchanger

Swelling of the poly- SEC to 0,1N solution Specific vol‘ume of
Solvent mer in a solvent, ml/g of NaOH mg-eq/g swollen cation ex-
’ changer in water ml/g
PCL 170 5,8-6,0 6,3
Dichloroethane 120 4,0-5,0 3,2
Dimethylformamide (DMF) 156 5,6-5,8 5,6
ethyl alcohol 110 4,0-5,0 2,8

Note: The duration of swelling — 8 hours
Terms phosphorylation temperature =70 £ S °C,
Duration — 6 hours.
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The best results are obtained using a solution
of PCL,, which penetrates deeper into the particle,
significantly broadens the molecular grid and facilitates
phosphorylation. As a result of the exchange capacity
reaches 5,8-6,0 mg-eq/g.

Phosphorylation of the diphenyloxide-furfural
polymer conducted by phosphorus trichloride in the
presence of anhydrous aluminum trichloride at reflux
the reaction mixture according to [4]. To establish
optimal conditions for the phosphorylation reaction of
the obtained polymer and to achieve high conversion
were studied the influence of the reaction duration, the
concentration of phosphorus trichloride. The reaction
was conducted by in a ratio of phosphorus trichloride

SEC, mg-eq/g
B -

and aluminum chloride in 4 mol:2mol-base polymer.
When this phosphorus trichloride was not only a
phosphorylating agent, and environment that allows
swelling of the polymer.

Figure shows that the process of phosphorylation
of pre-swollen polymer phosphorus trichloride is
rapid. Based on the data obtained for the optimum
time phosphorylation took 6 hours. Phosphorylation
of the furfural-diphenyloxide performed phosphorus
trichloride polymer, where in the polymer grains to
swell at room temperature for 170%. Figure also shows
the degree of phosphorylation of the concentration of
phosphorus trichloride (in moles based on the moles of
polymer) in the reaction mixture.

- - 1
6 //
4
2
0 T T
: 5 5 . 5 5 time, hour
2 4 5 PClg mole

Fig. 1. Kinetics of phosphorylation diphenyloxide-furfural polymer: 1-on the duration, 1; 2 concentration, PCI,

The highest degree of conversion is achieved by using
four moles of phosphorus trichloride to base — mole
of polymer. Hydrolysis phosphorylation received cation
having phosphinous group, it’s exchange capacity of 4,5
5,0 mg-eq/g swelled in 0,1 N NaOH solution at 120%,
in water at 15-20%. Oxidation obtained phosphinous
cation in phosphinic acid, carried out using 25% solution

of HNO,, at 25-30°C for 6 hours. The oxidized polymer
retains the original shape and appearance. Cation
exchanger has a capacity of NaOH to 6,2-5,8 mg-eq/g,
it is multifunctional with a weakly-srednokislotnymi
and ionic groups. Cation swelling in water is 50% and
the NaOH solution is increased to 170-180%.
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Abstract: It has been studied N-acylation of carbazole with acetylchloride in the condition of FeCl,. It has been
studied physical and chemical properties and of N-acetylcarbazole synthesized by IR- and NMR' H — spectroscopy.
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NccnepoBaHue peakuvm auunampoBaHua Kapb6asona

AnnoTtanus: Vsydena peakrus N-auanpoBaHust Kap6a3oaa ¢ alleTUAXAOPHAOM B IIPUCYTCTBHE KATAAM3aTOPA

FeCl, Vsy4yensr pusnuko-xummiecKkue CBOHCTBA H CTPYKTypa CHHTE3HPOBAaHHOTO N-arjeTHAKap6a30Aa, KOTOPAsI IOA-

TBepxaeHa MeTopamu VK- u IMP' H-criekrpockormun.

KaroueBbie cAOBa: allMANPOBaHHE, KAPHa30A, alleTUAXAOPHUA, N-a1jeTHAKap6a30A, KATAAU3ATOP, PEAKIIHSL.

HHTepec nccaepoBaTeACH K M3YIEHHIO PEAKI[HIT ALiH-
AMPOBAHMS C y4aCTHEM AMHHOCOEANHEHHUHT Pa3HBIX KAAC-
COB AUKTYETCSI ICKAIOUMTEABHO IIMPOKUMH BO3MOXKHO-
CTSIMU TIIPUMeHEHNSI IPOAYKTOB 9TUX peakuuit. Tak, aTu
COeAUHEHUS SIBASIFOTCSI LIeHHBIM CBIPbeM B IIPOM3BOACTBE
ap $roMepHO-KOCMETUYECKUX CPEACTB, IPUMEHSIIOTCSI
B Ka4eCTBe AeKAPCTBEHHBIX IIPEMapaToB, HHIMOUTOPOB
KOppo3uH, 06AaAaI0T HOBEPXHOCTHOM aKTUBHOCTBIO.

AHaAM3 AMTEPATYPHBIX MCTOYHHKOB IIOKA3bIBAET,
9TO AO HEAAQBHETO BpEMEHU MAAO M3YYEeHHBIMU B peak-
MM AIfMAMPOBAHUS OCTABAAKCH T'eTEPOLIUKANYECKUEe
AMUHBI, B TOM YHCA€ BHIOPAHHDIN HAMU B KaueCTBe 00b-
eKTa MccAepOBaHuUs KapOasoa. Kapbaszoa obaapaer cBoii-
CTBaMH BTOPHUYHBIX AMHUHOB, SIBASIETCSI CTPYKTYPHBIMU
pparmMeHTaMU GOABIIOrO YMCAQ GHOAOTUYECKU AKTHB-
HbIX BemecTB. OpraHuyecKkue COeAUHEHHs, IIOAyJaeMble
Ha OCHOBe Kap6a30Aa, MUPOKO IPUMEHSIIOTCS B TOHKOM
OpraHHYeCKOM CHHTe3€, MEAHIINHE, TEXHUKE U HAHOTeX-
HoAaoruu. OHU CAY>KaT IOAYIIPOAYKTOM AASI CBETOBBIX
AHOAOB, MOHOMEPOM AASI TEPMOCTONKHX [IOAUMEPOB,
BBICOKOKAYeCTBEHHBIM (POTOPePPAKTUBHBIM MaTEPH-
AAOM, U3OASIIJIOHHBIM M Me30IIOPHUCTHIM MaTepHAAOM
1 AeKapCTBEHHBIMH IIPeIlapaTaMu.

B pabore noxazaHno ap peKTUBHOE BAMSHIE AAKAAOH-
Aa dypocTudoAnHa, CopepIKaIIUil B CBOH MOAEKYAE Kap-
6a30A, KOTOPBII IPHMEHSETCsI IPOTHB TPEX BHAOB PaKa.
OTO coepMHeHHUe TPUMEHEHO ITPH A€9eHHHU PaKa MEAKHX
KAETOK, paka KOCTHOM TKAaHH, paka MOAOYHBIX >KeAe3
[1, 162-164]. Coepunenne S- [(9H-xap6azor-9-ua)
metHa]-N- [3amemennbiit Ppenna (nunepasun-1-ua)
MeTHA]-1,3,4-0KCapAna3oA-2-aMUH, TOAYIEHHBI Ha OC-
HOBe Kapba30Aa IpoliieA UCIbITAHUE TPOTUB OaKTepHIL,
rpuboB, paka U TMoKazaHo 3$PeKTUBHOE BAUSHUE |2,
125-132].

CuHresupoBaH 00AbLION psip AyOpeH- U Kapba-
30AcoaepKamux 1,3-AUTHOA-2-XaAbKOT€HOB U TeTpa-
THaQYAbBAACHOB, KOTOPBIE MOT'YT OBITh HCIIOAB30OBAHbI
KaK MHTePMEAMATBl AASL CHHTe3a TeTpaTuadyAbBaACHOB
6oAee CAOXKHOTO COCTaBA MAM KAK MOHOMEPBI AASI TTOAY-
4eHHUS OAUTOMEPOB U IOAUMEPOB Pa3AUYHBIMU METOAAMHU
[3,257-261]. [ToaydeHHbIe HOAUMEPBI MOTYT GBITD HC-
TIOAb30BaHbI KAK MaT€PUAABI AASI CO3AQHUS IAEKTPOHHBIX
YCTPOMCTB, IPUMMEHSeMbIX B PA3AMYHbIX OTPACASIX COBpe-
MEHHOMI MOAEKYASPHOM 9A€KTPOHHUKH.

CoeanHeHusl, OAyYeHHbIE peaKIifiei Kap6a30A0BBIX
IIPOU3BOAHBIX, COAPIKAIIMX BTOPUYHBIH aTOM a30Ta CI'y-
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AHMAMHOM CUMUTAIOTCS IJUTOTOKCUYECKUMU aKTHBHBIMHU
COeAMHEHMSMH B MeaunuHe |4, 467-472].

Kax BUAHO, AUTEpaTypHbIe AQHHBIE IO AITMAUPOBA-
HUIO Kap0a30Aa MOKA3bIBAET TPAHCIIOPT PEAKI[HH Ha IAPO

H3
)

H CH3

NH,

NH,

R, R'=¢yHKIIOHAABHBII 3aMECTUTEAD.

ITeAn paboTHI: HicCACAOBAHUE PEAKI[HHU AITUAMPOBA-
HMS Kap6a3oAa aljeTUAXAOPUAOM B IIPHCYTCTBUH KaTa-
AH3aTOpA.

O6cyskAeHHEe OAYYeHHBIX Pe3yABTATOB

BBeaenue anMAbHOM TPYNIIbI — OCTAaTKa KUCAOTHI
BMECTO BOAOPOAQ APOMATHYECKOIO KOABIIA Ha3hIBAETCS
alMAMpoBaHKeM. B kayecTBe 0CHOBHOTO aljAMpYIONIEro
peareHTa UCIOAb3YEeTCs FAAOT€HAaHTUAPHUADL, AaHTHAPH-
ABI KUCAOT, B Ka4e€CTBEe KaTaAM3aTOPa KMCAOTHI AbIOu-
ca. Cpear allMAMPYIOMUX pPeareHTOB CaMbIM peaKIiH-
OHHOCITIOCOOHBIM SIBASIETCSI alleTUAXAOPHA,. YUHTBIBASI
9TO 0OCTOATEABCTBA, B AAHHON PaboTe IAAHMPOBAAOCH
usydyeHHe cuHTe3a N-aIleTHAKAp0a3oAa, T.e. peaKIuu
N-anuanpoBaHus Kap6a30Aa C IOMOIIBIO Alje THAXAOPH-
Aa.

Peaxnust N-aijuaupoBaHust B MOAeKyAe Kapbaszoaa
HAET KaK PeaKlMy allMAMPOBAHMS apOMaTHYECKHX CO-
earHeHHH. KHMCAOTHO-OCHOBHBIE CBOMCTBA B reTepo-
IUKAUYECKUX COEAMHEHMAX CBSA3aHBI C 3ACKTPOHHOM
CTPYKTYpOIi reTepoaToMoB. LleAblil aAeKTPOH B aTOMax
a30Ta Y4aCTBYeT B IUKAUYECKOHM AEAOKAAU30BaHHOM
T-9AEKTPOHHOM CHCTeMe IApHOro 3AeKTpoHa. B pe-
3yAbTaTe y4acCTHs He IMOACAEHHOM 9ACKTPOHHOM Iaphl

Kap6a30Aa. Ho peaknum anmAupoBaHus Ha BTOPUYHbIH
aTOM a30Ta MPAKTHUYECKH He BCTPEYAIOTCH B AUTEPATYP-

+ HN:(‘:—NH R' AL

HbBIX NICTOYHHKAX.
]
AICl5 N%C/ "R
-NH3 |
N NH,
H o CH,

a30THOTO aTOMa yBeAMYHBaeTcs MoAspHOcTh N-H cBs-
3H U TIOABIDKHOCTD BOAOPOAA. DTO OTYETAMBO HAOAIOAQ-
eTCsl B PeaKIfHsIX Kapbas3oAa M aIleTUAXAOPHAA U MOXKHO
CKa3aTbh, YTO 9TO COCTOSIHHS OOAErdaeT XOA peaKIjHu
AITMAMPOBAHUSL

Br1ro H3yYeHO BAUSHUS TaKHX GaKTOPOB KaK, TeMITe-
paTypa, COOTHOIIEHHE PeareHTOB, IPOAOAKUTEALHOCTD
peaxIuy Ha Ipoljecc anuAupoBanus. I1pu opAuHAKOBBIX
COOTHOIIEHHAX MCXOAHBIX PEareHTOB PeaKIIUio IPOBO-
AUAM TIDH Pa3AMYHBIX TEMIIEPaTypax ¢ KaTaAH3aTOPOM
u 6e3 karaausaropa. [Ipopykr peakiu 6es3 kaTaam3a-
TOpa moAydeH ¢ Hu3kuM 10% Brrxopom. ITocae aToro
IPOIIeCC AMANPOBAHUS IPOBOAUAKCH B IIPHCYTCTBUH
karaausaropa FeCl,.6H,O mpu 110-11S$ °C. Ipu aTom
BBIXOA ITPOAYKTOB peakijuu cocTaBua 42%. IloaTomy Bce
peaxiuy IpH alfHANPOBAHUM KapHa30oAa IIPOBOAHAKCH
B ipuCyTCTBIH Kataausaropa FeCl, Briao ycranosaeno
ONTHUMAABHOE YCAOBHE IPOLeCca, IIPH 3TOM B 1:3 MOAsIp-
HOM COOTHOIIEHHH Kap0a30Aa 1 aljeTHAXAOPHAQ B Tede-
HHe 35 MUHYT BBIXOA ITPOAYKITUH COCTaBHA ~88-92%.

YpaBHeHMe peaKIjuu alfMAMPOBAHHUS Kapba3oaa aite-
THAXAOPHAOM B PUCYTCTBUM KaTasusaropa FeCl, s 06-
1eM BHAE MOXKHO M300Pa3UTh CACAYIOIIUM 00pa3oM:

FeCl;
+3CH3-COCI >
N \
H c=0
CHs3

Peaxiivist allMAMPOBAHS KAPOA30Aa ALIETHUAXAOPUAOM
Iy TeM 00pa30BAHIS KOMIIAEKCA MOXKET [IPOM30NTH B ABYX
crapusx Ha ocHose S 1-mexanusma. [1pu atom B pesyab-
TaTe B3aUMHOTO BAMSHHS FAAOTEHAHTHAPHAA C AOHOPOM-
axuentopom nipu yuactuu FeCl, nosbimaercs snavenus
IIOAOXKUTEABHOTO 3aPsIAd YTAEPOAHOIO aToMa B Kapbo-
HUABHOJ IPyIIIIe K 06pa3yeTcst KOMIIAEKC ITepeMeIéHHO-
ro 3apsiaa. Kommaekc obpasyeTcst 3a c4€T KUCAOPOAHOTO
aToMa M HepacIpeAeACHHOMN SAeKTPOHHOM IIaphl aTOMa
rasoresa. Ho m3-3a Toro, uTo arom KucAOpopa sSIBASET-

CSl CHABHBIM 9AEKTPOOTPUIIATEABHBIM JA€MEHTOM, 4eM
XAOp B MOAEKYA€ XAOPaHTHAPHAQ, YTAEPOA-KUCAOPOAHAS
ABOIHASI CBSI3b B KAPOOHUABHOM I'PyIIIe ObIBAET IIOASIP-
Hoit, geM npocrtoit C—Cl cBsizp. [ToaTromy xatasusaTop
HIMeeT CKAOHHOCTD K 00Pa30BaHHIO KOMIIAEKCA C ATOMOM
KHCAOPOAQ, YeM C aTOMOM XAOPA. YBEAMYEeHHe ITPOYHOCTH
9TO CBSI3U B CBOIO OYEPEAb YBEAMIMBAET 3HAYEHHUS I10-
AOXKHTEABHOTO 3aPSIAQ B YTAEPOAHOM aTOMe KapOOHHAQ
1 0bAerdaeT HyKACOPUABHYIO aTaKy ApOMATHIECKOTO CO-
epuHeHMs. Ho poAb raAOreHMAOB MeTaAAQ He OTPaHUYH-

115



Section 10. Chemistry

Bae€TCA aKTI/IBaI_[I/IeI;I XAOPAHTUAPHUAOB, HO 1 066CH6‘II/IBaeT
HX Yy9aCTHE B IIPOLIECCE PEAKIIHH. KaTaAI/ISaTOP 06pa3yeT
HpO‘-IHbeI KOMIIACKC C KETOHOM.

+f>(3
CH3—
\CI=

Yem cuabHee aKIIeNTOPHOE CBOMCTBO KUCAOTHI AbIO-
HC, TeM Aerde 0Opa30BAHIS KOMIIAEKCA.
Ha BTOpoM artarmne peakijum 9T0 KOMIAEKCHOE CORAH-

+H3C>§ OFeCly<—

ITo-BUAMMOMY, TaKOF KOMIIAEKC MOYKET OBITh HHI-
6buTopoM mporecca. Ho B peakimoHHO# cpeae 9TOT KOM-
TIIAEKC PACIIENASeTCs TI0A BO3ACHCTBHEM XAOPAHTHAPHAR,

o0 + FeCI:'-g_> CH3_

B mepBO#t CTaAMM peaKifiy KaTaAU3aTop obpasyer
CAEAYIOIIMI KOMIIAEKC C alIUAUPYIOIUM areHTOM.

(8:: O:FeCI3

HeHHe aTaKyeT IIOABIKHOM aToM Bopopoaa B NH rpynme
U B pe3yAbTaTe 00pasyeTcst HOBBII KEeTOH-KATAAH3ATOP-
HBII KOMIIAEKC:

c‘: OFeClj

H /C -OFeCls
CHs

H5C :Ck
T. €. yCTaHaBAMBAeTCs paBHOBecHe. COCTOSHHE PaBHOBECHS

3aBHCHUT OT KUCAOTHBIX CBOMCTB raAOTeHHAOB MeTaAAa. Cxe-
MaTHUYeCKU eT0 MOXKHO U300PA3UTh CAEAYIOIIIM 00pa3oM:

Y +
H3C*§Q + <—*>H3C}%Q:FGC|3 +
6_
\ :Cl: "\l
?:OFeClg C=0
CHs; (‘3H3
OTa peaxus obecreunBaeT X0A OOIIell peakijuy.  IAEKC C FAAOT€HAHTHAPHAOM U 00Pa3OBABIIMMCS KETO-
Kap6a3oa o6pa3yeT cTaOHABHBII MOAEKYASIPHBII KOM-  HOM:
CH
\ 5 O:FF eCly; <= \ Hel
H3C
| .Cl: § NV
H H CO:FeCls
-(:'\{I_.
~Cr e
-HClI l‘\l
c— C= OF eCly ¢=0
CHs CHs

O06pa3oBaBIIHIICSI KETOH BBIAEASIETCSI U3 CPEABI ITPO-
MBIBaHHEM BOAOM.

Crpoenue cunTe3upoBanHoro N-areTHaKapOasoaa
onpeaeasian ¢ momourpio MK u IMP! H-criexrpos. ITpu
aToM Hccaep0BaAUCh MIK-criekTphbl HCXOAHBIX peareHTOB
U TIoAy4YeHHbIX TpoaykToB. B IK-cnekrpe moayyensoro

aIeTUAKAp6a30Aa, B OTAUYME OT HCXOAHOTO KapbHa3oaa,
HAaOAIOAQETCS MOSIBAEHHE HOBBIX IIOAOC IIOTAOIEHHS.
Tak B 06aacTu 1686 cM™' HabAIOAQETCSI BAACHTHOE KOAE-
6anne C=0 rpymn. Kpome Toro, BaaeHTHOe KoAebaHue
CH, rpymmt Habaropaercs B 2800-3000 cv, a aedop-
MarmoHHoe koaebanue B 1300-1450 cm™ obaacTu.
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B IMP' H cniexrpe N-arjerrakapbazoaa B meppoMm
U BOCBMOM YTA€POAHOM aTOMe B 00AacTH 8,22 M. A. ObIAH
YCTAaHOBAEHBI AyOAeT-TpuiAaeT, B obaactu 7,43 M. A.
IPOTOHOB BTOPOT'O U CEABMOTO YTAEPOAHOTO aTOMa Ay-
6AeT-AyOAeT-AyOA€T, B IPOTOHAX TPETHErO U LIECTOrO
YTAEPOAHOTO aToMa AybAeT-AybAeT-AyOAeT, B IPOTOHAX
4eTBEPTOrO U IIATOTO YTAEPOAHOro aToMa 1ipu 8,05 M. .
AyOAeT-AyOAeT-Ay6AeT, B 06AacTH 2,82 M. A. CHHIAETHBIE
curraast CH, rpynmsr.

IKCcrepuMeHTaAbHASI 9ACTh

Kap6asoa (aubensonuppos, AudeHUAeHUMUH)
HTOABYATOE KPHCTAAANYECKOe BelllecTBO. B Boae He pac-
TBOPSIETCS], PACTBOPSIETCS B OPraHUYECKUX PACTBOPHTE-
asix. Temneparypa nmaaBaenus 247-248 °C, remneparypa
kurenws 355 °C, 200 C/147 mm pr. cT.

HK-crieKTpbI HCXOAHBIX U CHHTe3UPOBAHHBIX IIPO-
aykroB cHuMaru Ha MK-Qypre cmexrpodoTomerpe
«SISTEM-200> na maactunkax KBr. IIMP-cnexrps
3anuceiBaauch Ha mpubopax UNITY — 400 ¢up-

MbI Varian. YncToTa CHHTE3MpOBAHHBIX BEIECTB YCTa-
HOBAEHA C ITOMOIIbIO TOHKOCAOMHOM XpoMaTorpadpuu
maactuakamu Silufol. Cucrema: aaroeHT-6eH30A-a1eTOH,
MICIIOAB30BaHbI IMapsl opa. R =0,8.

Cunres N-anerrakap6aszoaa. B kpyraoponHyo koAby
06BEMoM S0 MA, CHAOKEHHOI MEIIAAKO#, TEPMOMETPOM
nomemarot 1,67 r (0,01 MoAb) kap6aszoaa u 30 ma 6eH-
3o0aa. ITocae moaHOro pacTBOpeHust KapHasoaa B pacTBOP
ro6asuan 0,162 r (0,001 moas) FeCl,, 2 ma (0,03 moan)
aIleTUAXAOPUA M HarpeBaAH B TedeHue 35 muH. OKOHYa-
HUe PeaKIUH OIMPEAEAUAH C IIOMOIIBIO AAKMYCOBOH Oy-
Maru. O6pasoBaHHbIe Oy pble KPHCTAAABI OBIAK OYHIIEHbI
BoAOH. IIOBTOPHO KPHCTAAAM30BAaAU B CMECH IelTaHa
u xaopodopma. Berxop N-anerrakapbasona, HoAydeH-
HbI# ¢ yqactuem Karaauzatopa FeCl.6H,O cocrapua
0,96 r (46%). Borxoa, N-aretrakap6a3oaa, mOAyYeHHbIi
C y4acTHeM KaTaAM3aTopa FeCl3 coctaBua 1,67 (80%).
T =69-71°C.R=0,8.
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Protection against single phase ground fault of the
stator winding synchronous generator

Abstract: The article presents a protection from single phase earth fault of the stator winding synchronous gen-
erator that works in the block with a transformer, whose work is based on the calculation of the current at the place
of a single-phase ground fault, by using the combined principle of the imposition of direct current in the circuit that
contain insulation windings stator to determine the active resistance of the stator winding insulation to earth, the
energy level previously charged capacitor for determining the transition resistance at the site of ground fault, control
of voltage of zero-sequence, and consideration of capacitance of stator winding insulation to earth.

Keywords: synchronous generator, single-phase ground fault, relay protection.

Introduction. Currently, for the performance de-
vices of relay protection from single-phase earth fault
of the stator winding synchronous generator, which op-
erates in the block with a transformer, using two basic
concepts: the first is based on the use of first harmonic
zero-sequence voltage and third harmonic voltage that
arising during single phase ground fault; second — on
use imposed of direct or alternating current to circuit that
contain insulation resistance to ground. On these con-
cepts based advanced protection devices companies such
as Siemens (SPPA-T2000, SPPA-T3000, SPPA-D3000,
SPPA-M3000), ABB (SPAG 3328, SPAG 333S, REM
543, REM 545), General Electric (G60 with modules
GPM-S, G30), Bpecaep (Bpecaep LT 2114). Protec-
tion that are based on the above concepts are not de-
prived of fundamental flaws that lead to false positives
of protection devices.

Protection devices that are based on the use of first
concept have a significant minus — the zone of insensi-
tivity near the neutral of the generator. Also protection
provides time delay (time delay is usually set 1-1,5 sec-
onds) for detuning device from from external short cir-
cuit to ground in networks with grounded neutral and
appearance of ferroresonance voltage increases that they

cause [1] Protection does not react to symmetrical re-
duction of active resistance of insulation.

To realize the protection based on a second con-
cept you need to create an artificial circle with an exter-
nal source grounded, which includes a generator stator
winding [2].

The main disadvantage of this protection is the pres-
ence of galvanic connection protective device circuits
with primary circuits of generator. Because of this lack is
difficult to guarantee the safety of service personnel in
the event of breakage circuit of imposition on the part
of the grounding and the emergence of high potential
on protection device and significant exposure operation
time [3].

The purpose and objectives of the study. Research
purpose is to improve the speed and sensitivity of the
protection device from single phase ground fault of the
stator winding synchronous generator that works in
the block with a transformer, by indirect definition of
the current of single-phase ground fault. The object of
the study is to develop a concept of protection device
that implements the method of protection, based on the
calculation of the current in the place of a single-phase
ground fault, by using the combined principle of the im-
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position of direct current in the circuit that contains
the insulation of the stator winding to determine the ac-
tive insulation resistance of the stator winding relative to
the ground, the energy level previously charged capaci-
tor for determining the transition resistance at the site of
ground fault, control of zero-sequence voltage and con-
sideration the capacitance of stator winding insulation.

Materials and methods. Protection device based on
the combined principle of imposition of direct current on
the circuit that contain insulation of stator winding. Cur-
rent, which is superimposed on circuit that contain the sta-
tor winding insulation resistance is inversely proportional
to the stator winding insulation resistance to earth, and the
maximum value of the discharge current pre-charged ca-
pacitor, at the time of single-phase ground fault is inversely
proportional to the transition resistance in place of ground
fault. Direct current is applied through the zero point of
the high voltage winding of transformer voltage. By con-
trolling the above two currents we get to control the insu-
lation resistance of the stator winding of the generator to
earth and transition resistance at the site of ground fault.
Control of zero sequence voltage is carried out by voltage
transformer that contain the winding with circuit connec-
tion “open delta”.

Results. To fulfill the problem posed in the article
proposed principal scheme of protection device against
single phase ground fault of the stator winding synchro-
nous generator that works in the block with a transform-
er. The scheme realizes the method of protection, based
on a calculation of the current of single-phase ground
fault and performs parallel processing of signals con-
trolled parameters (fig.1).

Let us consider operation of the device with paral-
lel processing of signals controlled parameters. Source
of a direct current imposed to the winding of the sta-
tor consists of a step-down transformer T2, diode
bridge VD9-VD12 and capacitor C3. After straighten-
ing voltage and charging capacitor C4 constant current
through limiting resistors R1 and R3 and shunts R2 and
R4 fed to the neutral point of the high voltage winding
of voltage transformer type HTMU and from there to
the stator winding of synchronous generator.

To power the output circuits in a device offers sepa-
rate power supply consisting of a transformer T4, a diode
bridge VD1-VD4 and capacitor for reducing pulsation
C1. Rectified voltage is applied to the input voltage sta-
bilizer U10 through the diode VD13. This circuit also in-
cludes capacitors C6-C8 that used in typical circuit con-
nection of voltage stabilizer. Output circuits also includes
a resistor R13, which forms the output current and the

transistor VD16 that serves as an electronic key.

Information processing unit receives power from
the step-down transformer T3 through the diode
bridge VDS-VDS8, capacitor C2 and voltage stabilizer
Ul1. Typical connection diagram Ul1 includes di-
ode VD 14 and capacitors C9-C11. The typical scheme
of the accession of the central and peripheral microcon-
troller (MC) containing capacitors included between
power terminals and grounding terminals of MC. For
the central MC (CMC) U1 — capacitors C12 and C13;
for U2 — C14 and C1S5; for U3 — C16 and C17; for
U4 — C18and C19.

U1 realizes the alogical part operation of the protec-
tion device, controls peripheral MC (PMC) U2-U4 and
output circles of device. MC begins fulfill their programs
after powering. CMC establishes communication with
the PMC and after the time delay that required for
charging the capacitor C4, starts the procedure of pri-
mary measurement. To this goal signal of the beginning
of the conversion send to PMC. Communication be-
tween CMC and PMC realized through a standard serial
data interface. The external clock generator U12 receives
power from U11 and is used for synchronization of the
central and peripheral MC. PMC U2-U4 manage exter-
nal analog-digital converter (ADC) US-U7 and perform
the primary processing of information. Typical circuit
connection ADC composed of two resistors and a ca-
pacitor, for US — R20, R21 and C20; for U6 — R18,
R19 and C21; U7 — R16,R17 and C22. PMC feed sig-
nals to the relevant ADC for start of conversion. Then
PMC begin to question the definition inputs for the
purpose supply the signals of completing the conver-
sion from the ADC. Upon receipt of the signal happens
read information from the ADC and its primary process-
ing in the PMC, that convert digital signals into values
controlled parameters. Communication between PMC
and the respective ADC is designed so that each category
of data using a separate channel. ADC US converts the
signal voltage of zero sequence. The signal comes from
the secondary winding “open delta”of voltage transform-
er type HTMU through R-C filter (filter includes capaci-
tors C22 and resistor R22) and intermediate transformer
T1. After converting the signal digitally transferred to
PMC U2 for further processing according to the ratio

U,-Uk, ()

U, — voltage of zero sequence; U, — signal of volt-
age of zero sequence coming from T1 to U4; k  — result-
ing coeflicient of transformation, taking into account the
coeflicient of transformation of the voltage transformer
and intermediate transformer [4].
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Fig.1.Principle scheme of protection device from single-phase earth fault of the stator
winding synchronous generator that works in the block with a transformer

The signal of current that applied to the stator wind-
ing is measured by using a shunt R2 and an operational
amplifier (OA) U8. Typical elements connection OA
U8 includes resistors R7-R9. After amplification signal of
current comes to ADC U7 where it is converted into digital
form and transfer for further processing in MC U4 on ratio

U
RZ(II):I__RI_RS_RT) (2)

1

I — signal of direct current that coming from the
OAU8to U2; R, R, —resistance of the resistors R1 and

R3; R, — resistance of high voltage winding of voltage
transformer [5].

Similarly happens the transformation of maxi-
mum value of the current of discharge capacitor C4 by
using OA U9, ADC U6 and PMC U4 by ratio

RP(Iz) i

Cl+gl +hI’
L— direct current signal coming from OA U9 to the
ADC U3 and MC U1; s, f, g, h — coefficients that speci-
fies the parameters limiting resistors and active and in-

(3)

120



Protection against single phase ground fault of the stator winding synchronous generator

ductive reactance of the primary winding of the voltage
transformer [5].

After completion of the intermediate transforma-
tions values of R, R, and U transferred to CMC U1 by
using serial interface data. Upon completion procedure
of primary measurement starts the main loop of the pro-
gram. The main loop of the program starts with a signal
to for PMC to start conversion signals of controlled pa-
rameters. After receiving the values R, R and U, hap-
pens the fulfillment logical part of protection. In case of
reduction of insulation resistance below the established
level happens filing of a light signal to service personnel
from U1 through R14 and light-emitting diode VD15.In
another case, happen the determination of the existence
of emergency regime and the calculation of the current
single-phase ground fault according to the expression
[S]:

UR,+UR, +UR &'C;R; +U ©0CR; . (4)
V2(0’R'CIR:+ R +2R R, +R})

R=— R (5)
R.R,+R,R.+R,R.
C,=C,+C,+C; (6)

C,, C,, C_— the capacity of the stator winding phases
A, B and C, respectively; R,, R, R . — insulation resis-
tance of stator winding phases A, B and C, respectively;
R, — total resistance of the stator winding insulation;
C, — the total capacity of the stator winding insulation;

RP — transition resistance in the place of ground fault;
U, — maximum of zero sequence voltage.

In case the calculated value of current exceeds set-
point operation, occurs a signal from U1 through R1S to
key VD16 to disconnect generator from the network and
enabling automatic oppression of field. Otherwise CMC
gives the command to PMC to start the conversion of
new sample of signals.

Conclusions. The paper presents a principal
scheme of protection device from single phase earth
fault of the stator winding of synchronous generator
that works in a block with a transformer. Principal
scheme developed a new method of protection based
on the use of the combination of the principle of
the imposition of direct current in the circuit that con-
tains the insulation of the stator winding to determine
the insulation resistance of the stator winding to earth,
use of the energy of discharge previously charged ca-
pacitor for determining the transition resistance at
the site of ground fault, zero sequence voltage control
and the consideration of capacitance of stator wind-
ing insulation to earth and calculation of the current
of single-phase ground fault of the stator winding in
emergency mode. In the proposed scheme signals of
controlled parameters are processed simultaneously
through the use of separate microcontroller for pro-
cessing of each signal. This reduces the operation time
of protection device.
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