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STUDY OF THE PHYSICOCHEMICAL PROPERTIES OF PROTEIN PRODUCTS FROM
COLLAGEN-CONTAINING RAW MATERIALS CONTAINING COMPLEX NUTRITIONAL
SUPPLEMENTS

Abstract

Fatkhullaev A.,

Doctor (PhD) of Technical Sciences
Tashkent State Agrarian University,
Tashmatova M.

post-graduate student

Tashkent State Agrarian University

Protein supplements based on animal raw materials form the basis of meat products. In the production of meat
products, it is especially important to use natural collagen-containing raw materials in combination with complex
nutritional supplements. Collagen-containing raw materials give the finished product juiciness, tenderness and

good taste.

Keywords: protein, supplements, products, natural, collagen, raw materials

Creation of meat products using collagen-contain-
ing raw materials, especially in combination with com-
plex nutritional supplements is promising. Collagen fi-
bers in terms of the effect exerted on the human body
can be attributed to ballast substances [1].

One of the main structure-forming components of
the intercellular substance of the studied raw materials
is collagen - a natural polymer with a complex struc-
ture. Composition of the connective tissue of bone,
scraps of meat and tendons, stroma (tissue) of the inter-
nal organs which are included in collagen type 1, char-
acterized by high-strength fibers, as well as an exten-
sive network of intermolecular cross-links.

The use of collagen protein preparations reduces
the accumulation of heavy metals in the human body.
The results of the biological assessment show the effect
of cleansing the body by removing heavy metals and
confirm that the enrichment of the meat product with

dietary fiber significantly increases the level of removal
of heavy metals from the body [2].

Conducted studies on the use of collagen protein
with combination with food additives from Jerusalem
artichoke powder indicate that the meat product en-
riched with dietary fiber effectively protects the body
from the accumulation of heavy metals. Since Jerusa-
lem artichoke powder in its composition contains a
complex of vitamins and minerals, inulin, which in-
creases the hemoglobin content in the blood, helps to
improve the absorption of calcium and prevents the de-
velopment of diabetes mellitus, cardiovascular and
other different diseases [3].

Indicators of the chemical composition indicate
that such raw materials have high functional and tech-
nological properties. Moisture-binding ability is at a
high level (approximately corresponds to raw meat) (ta-
ble 1).

Table 1

Results of studies of the chemical composition of collagen-containing raw materials

Indicator Cattle scar | Cattle lips | Meat and tendon trimming
Content in %

Collagen protein 16,54 23,78 27,80
Moisture 79,61 62,27 67,00
Fat 2,82 8,43 10,10
Minerals 0,54 0,52 0,58
Welding temperature, C° 66,00 - 60,40
Moisture-binding ability,% to total moisture 54,00 76,10 93,30
Structural and mechanical properties

Cutoff voltage, Q.104 80,70 - -
Cutting work, A. 10-2 J/ m2 42,50 - -

The existing differences are due to the presence of
free and bound moisture (adsorption, osmotic) with the
material and the ratio of moisture to other components.
The purpose of our research is the development of tech-
nologies for protein products, which, in terms of func-
tional and technological properties, are close to meat,
and in physiological effects, to dietary fiber for further
use in the production of combined meat products. Fur-
ther developing a method of enzymatic processing of
beef tendons.

Selection of enzymatic preparations of colla-
genase (from crab hepatopancreas) and papain was car-
ried out taking into account their activity (especially
with respect to collagen), the optimum pH and the pos-
sibility of industrial use. Collagenase treatment was ef-
fective at 120 ° C and reduced the possibility of micro-
biological risk.

The raw material was preliminarily crushed, sub-
jected to treatment with aqueous solutions of the en-
zyme at a concentration of from 0.01 to 0.20%, the pro-
cessing time was 4 hours, and the liquid coefficient was
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1: 1. And the action of the enzyme preparation signifi-
cantly increased the number of hydrophilic centers in
the protein. In samples treated with collagenase at a
concentration of 0.05%, the entire volume of the fer-
menting solution was bound. In other cases, filtrate sep-
aration was observed.

Significant protein content in this type of raw ma-
terial (23.78%) allows its use in the development of
meat products (table 2).

In other cases, filtrate separation was observed.

The processing of raw materials with a 0.05% colla-
genase solution was recognized as the most rational,
with a maximum shear stress of 0.79 kilopascals (kPa).
Table 2

Research on functional and technological properties

Content in % - .
sample : Brotein Water binding capacity,
Moisture Fat | Ash % to total moisture
general | collagen

Scar 78,67 3,82 | 054 | 16,94 10,16 54,00
BP from a scar 82,49 150 | 0,63 | 15,38 9,77 77,30
Trimming meat and tendons 62,00 10,00 | 0,60 | 23,78 21,60 76,10
BP from scraps of meatand'en- | gg50 | 540 | 260 | 2300 | 20,20 80,00

In the product after enzymatic processing of beef
tendons, the qualitative and quantitative composition of
free amino acids was determined, which made it possi-
ble to judge the level of protein proteolysis during col-
lagenase treatment and evaluate the value of this effect
in the formation of sensory characteristics of the prod-
uct.

A noticeable increase in the content of glutamic
acid supposedly indicated the possibility of intensifying
the process of taste and aroma formation in a new pro-
tein product after processing the feedstock with an en-
zyme preparation.

Proteolysis increased the content of free amino ac-
ids by 5.3 times compared to the control. In the compo-
sition of the identified amino acids after enzymatic
treatment, a significant increase in the proline content
was observed, which is typical for dispersed collagen.

Protein product from scraps and tendons was char-
acterized, compared with raw materials, swelling of the
fibers and an increase in the total thickness of the sam-
ples. Fibrous elements became thinner due to the split-
ting of thicker bundles into several thin ones.

As a result of swelling, the fibers were visualized
as a more uniform mass. The effect of hydrolysis on the
muscle layer of the protein product from scraps and ten-
dons was found.

Enzymatic treatment caused significant changes in
the collagen fibers of the connective tissue with a slight
destruction of the fibrils of muscle tissue. This indi-
cated a weak effect of the enzyme preparation on mus-
cle tissue and confirmed the high specificity of the ac-
tion of collagenase on collagen of connective tissue
even at a temperature of 120 C°.

Process of preparing protein products is a mechan-
ical grinding of raw materials (homogenization), ac-
companied by the formation of a stable water-protein
emulsion with certain rheological (stickiness, plastic-
ity), technological (water-binding ability) and organo-
leptic (uniformity, tenderness) indicators [4]. During
the homogenization of raw materials, the morphologi-
cal structure of tissues is destroyed, individual struc-
tural elements are degraded, soluble myofibrillar and
sarcoplasmic proteins are extracted, their hydration and
dissolution, fat dispersion, water binding, formation of
a protein structural matrix and, in fact, water-protein-
fat (meat) emulsion, mixing, heating, etc.

The process of grinding raw materials and the for-
mation of meat emulsion proceeds in three phases. In

the first phase (during the first 2-3 minutes), mechani-
cal destruction of the cellular structure of tissues pre-
dominates, muscle fibers are destroyed, their contents
flow out. There is an extraction of proteins in the aque-
ous phase (meat water + added water), and the effi-
ciency of the process increases in the presence of so-
dium chloride. In the second phase, muscle proteins
begin to swell intensively, bind water added to the meat
system; there is a secondary structure formation of pro-
teins among themselves and the formation of an emul-
sion matrix. The value of the water-binding ability of
the system increases. Moreover, for the formation of
the structure of the emulsion and its absorption of wa-
ter, the degree of transition of myofibrillar proteins to
the dissolved state is crucial, which is facilitated by the
presence of sodium chloride and the high homogeniza-
tion of raw materials. With insufficient grinding, the
proteins do not completely leave the cell structure and
do not participate in the binding of water and the for-
mation of a spatial framework, which can lead to the
separation of minced meat. In the third phase, with con-
tinued grinding of the raw material, partial dispersion
of fat occurs (against the background of a local temper-
ature increase during cuttering) with the formation of
finely divided fat globules, which combine with a pro-
tein framework consisting of water and salt-soluble
muscle proteins, then an emulsion forms. Water-solu-
ble proteins are able to emulsify 30 ml of fat per 100 g
of protein, and salt-soluble - 40 ml.
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GYUMRI: ARCHITECTURAL AND DESIGN OBSERVATIONS!

Harutyunyan M.
(Ph.D. in Arts) — Senior Research Fellow
Institute of Arts (National Academy of Sciences of Armenia)

Abstract

Gyumri has been the cultural center of Armenia for centuries. The city has been renamed several times -
Kumayri, Alexandropol, Leninakan and Gyumri at present. After the 1988 earthquake, the city was almost
destroyed, but in the 2000s the city’s reconstruction began, and is still going on. The city in general and most of
the buildings in particular are architectural heritage, thus the main focus today remains their reconstruction.
Fortunately, almost all of the buildings have been renovated, all the architectural and design details of ancient
Gyumri have been preserved: construction materials, colors, décors, windows, doors, floors, ornaments, composi-
tion. Hence, the present case study refers to Gyumri as a vivid example of how to preserve the ancient architectural
heritage that not only enhances the city as a historical center but also makes it an excellent tourist brand.

Keywords: Armenia, Gyumri, history, architectural heritage, design, reconstruction of buildings, tuff.

Gyumri is the second largest city in Armenia and
the capital of the Shirak Province located in the north-
western part of the country. Being one of the most an-
cient settlements in Armenia with a history of 3000
years, Gyumri is a significant location to visit and ad-
mire. The city was originally founded as Kumayri in the
5% century B.C. Later, during the Russian rule, between
1837 and 1924 it was renamed Alexandropol. Although
some remains of the ancient Kumayri settlement are
preserved, the majority of historically valuable sites
and buildings in the city date to the 19" and 20" centu-
ries, reflecting vividly the evolution of its urban fabric
from the Alexandropol phase (1837-1924) of its devel-
opment. Through the period from 1924 to 1990, i.e dur-
ing the Soviet rule, the city’s name was changed to Le-
ninakan. Finally, today the city is known as Gyumri.
Each name brought a new era of history, a new civili-
zation and new people to the town (History 2020).
Whatever the name of the city, it has a unique place in
every Armenian’s heart. It is a part of the country’s his-
tory and presents the rich heritage of Armenian history
and culture. In addition, it is still more appreciated due
to its architectural value and importance.

Before turning to the current architectural and
design research details of the city, let us examine
briefly the different periods of development of Gyumri,
each of which had a typical impact on the city.

The Kumayri phase: The region of Gyumri is
mentioned as Kumayri in the historic Urartian inscrip-
tions dating back to the 8" century BC. The first settle-
ment at the location of modern-day Gyumri is believed
to have been founded during the 5™ century BC, circa
401 BC by the Greek colonists (Gyumri 2015). An al-
ternative theory suggests that the city was founded by
the Cimmerians, based on the fact that the latter had
conquered the region in 720 BC. Besides, the original

name Kumayri is believed to bear phonetic resem-
blance to the same word used by ancient Armenians in
reference to Cimmerians. Historians believe that Xeno-
phon passed through Gyumri during his return to the
Black Sea, a journey immortalized in his Anabasis.
During the Middle Ages, the flourishing Kumayri was
known as a large and important settlement. The town
was a centre of Armenian rebellion led by Artavazd
Mamikonian against the Islamic Arab Caliphate, be-
tween 733 and 755. Being controlled by several Turk-
ish tribes and Persian dynasties, the town lost its signif-
icance during the centuries to come, until the beginning
of the 19" century (An old settlement on Xenophon’s
way 2020).

The Alexandropol phase: Gyumri and the sur-
rounding territories became part of the Russian Empire
after the Russo-Persian War (1804-1813). The Russian
control was established over the town on 12 June 1804
- around 25 years earlier than the control over the rest
of Eastern Armenia. During this period Gyumri became
one of the developing cities in the Transcaucasian re-
gion. In 1829 - in the aftermath of the Russo-Turkish
War - there was a big influx of Armenian population to
the city and the surrounding territories. Around 3,000
families migrated from the Ottoman Empire (from the
Western Armenian towns of Kars, Erzurum and Da-
ruynk in particular). It should be mentioned that the
Russian poet Alexander Pushkin visited Gyumri during
his journey to Erzurum in 18292,

In 1837 the Russian Tzar Nicholas | arrived in
Gyumri. The visit resulted in the change of the city’s
name into Alexandropol, in honour of the Tzar’a wife
Alexandra. A major Russian fortress was built on the
site in 1837. Alexandropol was finally formed as a town
in 1840 to become the centre of the newly established
Alexandropol Uyezd (an administrative subdivision in
the Russian Empire). Alexandropol became one of the

! This research has been supported by the RA MES Committee of Science, within the frames of the research project Ne 18T-
2A026

2 The journey resulted in a work of travel literature by Pushkin A Journey to Arzrum during the Campaign of 1829. It was
originally written in 1829, partially published in 1830, reworked in 1835, and then fully published in Pushkin’s jour-
nal Sovremennik in 1836. See Greenleaf, M. F. (1991). Pushki’s ‘Journey to Arzrum’: The Poet at the Border. Slavic Re-
view. 50 (4): 940-945.
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major centres of the Russian troops during the Russo-
Turkish War of 1877-1878. After the establishment of
the railway station in 1899, the town witnessed a sig-
nificant growth, becoming the largest city in Russian-
ruled Eastern Armenia (with a population similar to that
of Yerevan). By the end of the 19" century, Alexandro-
pol was home to 430 shopping stores as well as several
workshops and cultural institutions. The buildings were
as substantial and elegant as the funds had allowed. In
1902 the first bank in the city opened, and the city had
31 manufacturing centres including beer, soap, textile,
etc.

The Armenian Genocide of 1915 resulted in thou-
sands of Armenian refugees, fleeing from the Ottoman
territories to Eastern Armenia, where the closest town
to the Turkish border was Alexandropol. In addition,
then it was a sustainable developed center and a key
military location being protected by the Russian army,
and the refugees believed they would be safe there. Be-
sides the Russian protection, the town was a railway
hub from where goods and products were transferred
easier and quicker. Accepting and hosting the thou-
sands of fugitives from Western Armenia, Alexandro-
pol became a complex of three orphanages housing
over 22,000 children. Teams from Europe and the US
worked with refugees and orphans, and reports and in-
formation about them were passed back to their coun-
tries. The mentioned teams handled the housing prob-
lem by using the buildings of a few military posts that
had been empty for a long time. Almost 170 buildings
were turned into orphanage dormitories. Each dormi-
tory held approximately from 250 to 1,000 children.
Other buildings were transformed into bathhouses, bak-
eries, garages, hospitals, laundries, and schoolrooms
and other needed premises. Due to lack of churches, the
Russian church at Kazachi Post was used for Armenian
Apostolic services (The first steps of the Russians to
Eastern Armenia 2020).

The Leninakan phase: Armenia accepted Soviet
rule in late 1920 in exchange for protection against Tur-
key. Under the Soviet rule the name of the city was
changed in 1924 to Leninakan in honour to the Soviet
leader Vladimir Lenin. The city suffered an earthquake
in 1926, and many of its significant buildings were de-
stroyed - including the Greek church of Saint George.
However, Leninakan became a major industrial centre
in the Armenian Soviet Socialist Republic and a sec-
ond-largest city after the capital city of Yerevan. The
first steps in improving city’s economy were taken in
1920-1930. In a city having rich railway traditions,

3 As of the 2011 census, the city had a population of 121,976,
down from 150,917 reported at the 2001 census. See Gyumri
(2020). <https://en.wikipedia.org/wiki/Gyumri>, 15.01.2020.
4 Nagorno-Karabakh is a region, internationally recognized as
part of Azerbaijan, but governed by Nagorno-Karabakh Re-
public (at present Republic of Artsakh), a de facto independ-
ent state with Armenian ethnic majority. Azerbaijan has not
exercised political authority over the region since the advent
of the Karabakh movement in 1988. Since the end of the Na-
gorno-Karabakh War in 1994, representatives of the govern-
ments of Armenia and Azerbaijan have been holding peace
talks mediated by the OSCE Minsk Group on the region’s dis-
puted status.

electrical trains were introduced in 1953, and in 1965
the locomotive station was built. Thus, within a short
period of time Leninakan turned into an industrial cen-
ter of Armenia with well functioning light industry, tex-
tile factory, paint factory, cotton fabric production,
heavy machinery industry, milling, electrical machin-
ery and bicycle, analytic device, refrigerator compres-
sor factories, etc.). Sufficient amount of work was car-
ried out in the sphere of transportation and communi-
cation. An airport was built in the city in 1931, and in
1960 trolley buses became part of the city’s public
transportation system. The number of city industrial
centers reached 54. In 1988, 48000 workers were em-
ployed in different industrial enterprises. Leninakan’s
population grew to 200,000 prior to the 1988 Spitak
earthquake when the city was greatly devastated?®,

The prosperous city fell down within 20 seconds.
There were 17,000 victims, thousands of injured, hos-
pitalized and left without homes. It took only several
seconds of the natural disaster to destroy dozens of fac-
tories, hundreds of architectural, cultural and historical
monuments, public buildings and industrial complexes.
The recovery cost was estimated to be greater than the
clean-up after Chernobyl. This seemed to be the worst
period for the Armenian nation suffering both from the
natural disaster and its damages in an unsustainable and
potentially explosive political times when relations
with the Soviet Union were tense and the situation was
dangerous in Nagorno Karabakh®. The only solution to
survive seemed to be the creation of the new independ-
ent Republic of Armenia which was done in 1991 (The
Engineering Brain and Industrial Center of the Soviet
Country. December 1988: Devastated and Half Dead
2020).

The Gyumri phase: Renaming the city from Leni-
nakan into Gyumri is connected with independence,
when, as already mentioned, the city was experiencing
the most complicated conditions, carrying the hard-
ships of the devastating earthquake of 1988 and the
Artsakh freedom fights. The city, from December 1992
functioned in extremely difficult conditions having lost
over 60% of its housing. Because of the ban of gas and
energy supplies, the city was deprived of the social wel-
fare. Because of lack of fuel, the operation of public
transportation had stopped. Positive changes started in
the city during 1999-2002, when the government
adopted the “Disaster Zone Reconstruction and Devel-
opment Concept” followed by the “Disaster Zone Com-
plex Project”. It was during this period that “Lincy®”,
Huntsman and “The Red Cross” started their projects.

5 Kirk Kerkorian, an American businessman, investor and
philanthropist of Armenian origin, provided over $1 billion
for charity in Armenia through his Lincy Foundation, which
was established in 1989. The focus was particularly on help-
ing to rebuild northern Armenia after the 1988 earthquake.
Kerkorian also provided money to ensure that a film based on
the history of the Armenian Genocide would be made. The
resulting film, called "The Promise," premiered in April 2017
in the United States. See Anheier, H. K. and Hammack, D. C.
(2010). American foundations: roles and contributions.
Washington: Brookings Institution Press, p. 241.
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With John Huntsman’s initiation a micro district was
formed on G. Nzhdeh Street. With “Lincy” and “The
Red Cross” funds over two dozens of apartment build-
ings were rebuilt, main roads were paved, the theatre
named after V. Achemyan was completely renovated,
as was the Aslamazyan Sisters’ house museum and
other public centers. During the same period essential
work was done in the sphere of school education, health
and sports building construction. Already, in the middle
0f 2008, “Disaster Zone Housing” - a vitally important
project - began. Thanks to this, over 3000 families were
provided with apartments. Today Gyumri has become
a city with industrial and banking potential, with 12
bank branches, more than 20 large companies and over
500 business entities.

The city of Gyumri has always been labelled as a
city of culture and innovation. The town is known as a
center of arts and crafts. It boasts hundreds of talented
artists, poets and craftsmen that were born there. It was
home to the first Armenian Opera performance -
Anoush (by Armen Tigranyan) which was premiered in
Alexandropol in 1912. The earthquake of 1988 devas-
tated hundreds of art schools and cultural centers in the
city. During the post disaster recovery period the re-
borning town Gyumri and the Gyumretsis (the inhabit-
ants of Gyumri) struggled to restore the culture and in-
novation traditions typical of their city. Eventually in
2013 Gyumri regained its former title of a cultural hub
and was recognized as CIS (Commonwealth of Inde-
pendent States) Cultural Capital. Besides arts and
crafts, the technology sector also became an integral

5]
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Pic. 3. Guest house in Gyumri Pic. 4. Private House & Shop in Gyumri

part. While being a part of Soviet Union, the city was
center of mechanical engineering and was the provider
of high qualified specialists. To continue the tradition,
the Armenian Government along with the Enterprise
Incubator Foundation (EIF) and the World Bank initi-
ated the redevelopment of the city by building a tech-
nological center in 2014. The main goal of this project
which is still going on now - is to develop technological
industry in the city and provide the necessary condi-
tions and support for Gyumri technoligical startups
(From Disaster to Recovery Zone 2020).

In January 2020, we carried out on site observa-
tions of exteriors of a number of buildings in the city
center of Gyumri. Many reconstructed and renovated
buildings were also carefully studied. In the following
part of the research we will present what typical types
of reconstruction work has been done in central Gyumri
during the past 10 years.

Governments of all times of the Republic of
Armenia, although at a slow pace, paid particular
attention to Gyumri. There have always been
investments, big or small, in economic, urban and
cultural development. The results have been evident es-
pecially in the last decade - the city seems to have
flourished - rebuilt, reconstructed, renovated. Almost
all residential and non-residential buildings in the city
center have been restored. And most importantly, the
work has been carried out with high professionalism -
with the involvement of such professionals who man-
aged to preserve the exterior of the buildings, decora-
tions, ornaments and colors (pic. 1-6).
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Pic. 5. “Hoktember” Cinema building part in Gyumri Pic. 6. Araks Hotel Building part in Gyumri
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Traditionalism of Armenian architecture typical of a certain historical period is preserved in almost all recon-
structed buildings of Gyumri. In this, the contribution of both international and local experts is actually immense.
The efforts of reconstruction and the results are really incredible because of the earthquake-devastated situation of
many buildings. However, it is obvious that that we are witnessing good results of which the many positive feed-

backs of architects confirm.

Unfortunately, along with the many reconstructed buildings, there are still a number of destroyed buildings

that are in need of immediate reconstruction (pic. 7-10).

s

As in the past, today too black tuff® occupies a
predominant place in the exterior formation of city
buildings. No less important is the role of orange tuff in
the architecture and design of the exteriors of the
buildings. Tuff stone in general is considered a special

6 Armenian tuff stone a real natural product widely used in
construction in Armenia. This rock is formed from the ashes
after the eruption of volcanoes, and is an excellent material
for creating blocks for the construction of slabs and tiles. It

Pic. 8. Old unknown Building in Gyumri Pic. 8. Private old building in Gyumri

part of Armenian traditionalism in architecture of
Gyumri.

Walking through the central parts of Gyumri one
does not have a feeling that the city was once greatly
ruined. The impression is that one is old Gyumri where
the streets of the city hear the sound of chariots and

can be used to create any architectural object, and all thanks
to the strength and quality of the breed. Buildings in almost
all cities in Armenia are made of black, pink, orange and
brown tuff.
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small town whispers from the courtyards of two floor
houses (pic. 11-12). This is because the buildings have
been almost completely rebuilt, their once historic look
and exterior being masterfully preserved.

Most of the buildings in the central areas are low-
rise, mainly 1, 2 or 3 floors. Each building has a
courtyard with access by metal or wooden gates (pic. 7;
13-14).

The professional reconstruction has preserved
almost all decorations of the entrances and gates. All
front doors have a sliding slab structure, they are
wooden and double-sided (pic. 15). All building
windows have arches (pic. 13; 16). Composite

Pic. 11.
Renewd building in Gyumri center

Srees m =

B

Pic. 14. Buiding in Gy mri with ic. 15. Old build-
wood gates ing wood doors in

Gyumriu

Pic. 17. Building in Kars (Turkey)

Building in Gyumri centre

solutions and designs for these types of arches have
been widespread in Western Armenia, especially in the
city of Kars (in present day Turkey), which is
geographically the closest city to Gyumri (pic. 17-18).
There are few buildings in the city center with bright
exteriors: light purple, pink, light brown (pic. 19-21).
From the point of view of architectural harmony, the
bright exterior buildings contrast the urban planning
and architectural composition of the city. However,
there are several newly constructed buildings which are
not compatible with the architectural style of Gyumri
and thus distort the architectural composition and
harmony of the city (pic. 22-24).

Pic. 12.

Pic. 18. Building in Kars (Turkey)



i ch. 23. Nw iIing in Gyumri

The Kumayri historic district which occupies the
central and western part of modern-day Gyumri, is in
the old part of the city with its unique architecture. It
has more than a thousand buildings dating back to the
18" and 19" centuries. Almost all structures of this dis-
trict have survived the two major earthquakes in 1926
and 1988 respectively. The district is a good example
of one of few authentic urban Armenian architecture.

Let us now turn to Gyumri’s Liberty Square and
the adjacent buildings.

Shirak Diocese Office/Old Library (pic. 21; 25)
was built in 1920-1930. Originally a dwelling with
shops, the building became a library and a community

Pic. 20. Gyumri Centre
(Rizhkov passway)

Pic. 24. New building in Gyumri

center for Leninakan. This building, designed by local
architect H. Kajaznuni, became a bishopric offices in
the 1990’s. Kajaznuni was the first prime minister of
the first Republic of Armenia who later fell out of fa-
vour and was killed by the Soviet regime in the 1930s.
With its unique architectural structure and exquisite
exterior, the building differs from other Gyumri
buildings in its elegance and colour. The building is a
beautiful example of combining contemporary and old
designs.

Rizhkov passageway (pic. 26) is famous for its
shops and a small vernissage (an art exhibition open to
public) where a series of art works and craftsmanship
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are marketed. Throughout centuries, Gyumri was la-
belled as the “city of crafts and arts” (Hakobyan 2014),
and it is not surprising that the the different handmade
beautiful things exhibited in vernissage are highly ap-
preciated by the visitors of the city. The buildings in
Rizhkov passageway are good examples of 20" century
Armenian architecture. The walkway leads to the Peace
Circle.

Khaghaghutian Oghak (Peace Circle in English)
is a semi-circle park linking Rizhkov, Haghtanaki and
Gorki streets with Sayat Nova Street. The park is home
to summer outdoor cafes and park benches. The build-
ings located around the Circle are early 20 century (fol-
lowing the 1926 earthquake) creations designed by H.
Chislian. The apartments are striking for their pointed
arches and white exteriors.

Surb Mair Astvatsatsin Yot Verk Church (St.
Mary Seven Wounds Church in English referring to the
seven wounds of Jesus Christ) (pic. 27) is a 19" century
church. The short form Yot Verk is the unofficial name
of the church used by the citizen parishioners. It is the
city’s famous place of worship, note the two tower
domes outside the building. These fell during the 1988
earthquake, and the ruins are preserved as examples of
earthquake destruction. In addition to the ringing of
bells, the towers also serve a specific purpose in the
event of earthquakes, absorbing some of the shock.
They also serve as a counter-balance to the shaking in
the church. The domes were meant to literally pop off
their base, taking the shock waves with them,
preventing severe damage. The domes over the main
building are engineered in much the same way; a dome
might be lost, but the remaining structure will survive
mostly intact, making reconstruction easier. The domes
did their job and Yot Verk survived. Opposite the
square, Amenaprkich Cathedral shows a different
story: in the 1970s the domes were “glued” to the base
of the church in an attempt to reinforce the building,
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Pic. 25. Sign on Shirak Diocese Office/ld
Library building

and rather than performing their intended job to cushion
the earth shocks, they added to the shockwaves,
collapsing the building.

Amenaprkich Cathedral (pic. 28) was constructed
between 1850s and 1870s. The cathedral is based on the
10" century cathedral of Ani, which was destroyed in
the Middle Ages. The structure is one of the few large
churches in Armenia, and it shows how amazing its
original in Ani had been, towering as it did over that
ancient city to the south. Chronicles write that the
cathedral in Ani was the crowning point of 1001 other
churches in a city of 100,000. Gyumri has always
compared itself to Ani, this cathedral being one
example of its tendency to resemble Ani. During the
Soviet period the cathedral was converted into a concert
hall. Most of the building was destroyed during the
1988 earthquake. Reconstruction is ongoing, with a fo-
cus on carefully rebuilding the building to its former
glory.

Hoktember cinema building (pic. 29) is adjacent
to the Liberty Square. It is one of the brightest examples
of Gyumri's architectural style built with exterior
solutions of orange and brown tuff.

ACBA Credit Agricole Bank Building (pic. 30),
adjacent to the square is the newly built branch building
of the bank ACBA Credit Agricole. It immediately
stands out for its uniqueness. It is a glass unique modern
building with an asymmetric composite solution.
Although it differs sharply from the architectural style
of Gyumri, it complements and contrasts the square in
terms of composition and new solutions. It should be
noted that glass as a material does not burden or distort
old buildings and their architectural composition. Alt-
hough Gyumri is an open-air historical-architectural
museum, it can also be supplemented with modern
structures that breathe life into the city without disturb-
ing the general harmony.

Pic. 26. Gyumri Centre (Rizhkov passway)
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Pic. 29. “Hoktember” Cinema building in Gyumri

Considering on site architectural and design stud-
ies of the exterior of buildings in Gyumri and their cur-
rent situation, we can state that:

1.The exteriors of all reconstructed buildings have
retained their architectural composition.

2.Unlike the capital city of Armenia - Yerevan,
where almost all historic buildings have been
completely destroyed - in Gyumri the structures of
architectural value have not been distorted or modified.

3.Most of the newly built buildings used the same
structure and colour gamut, side doors, curved win-
dows and mainly black tuff.

4.Some of the streets in old Gyumri were un-
paved; today, preserving the old look of Gyumri streets,
stone tiles have been installed.

5.1n the central part of the square, ACBA Credit
Agricole Bank’s new glass building with modern exte-
rior solutions can be considered a unique contrast
between the old and the new complementing rather than
distorting the architecture of the city.

Summing up, in spite of suffering severe damages
during disastrous Gyumri is still preserving its own ar-
chitectural characteristics and its historic face.
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AHHOTAN NS

CTaTLH SABJIACTCA JIOTUYCCKUM IMPOJOJLKEHUEM MPOBOJUMOIr0 MCCICIAOBAHUA IO BO3MOKHOCTU BHEAPCHUA
Ppa3JIMYHbIX SKOHOMUYECCKHN HeHCC006pa3HbIX n TCOPCTUICCKHU 06OCHOBaHHLIX BapUAaHTOB pCHOBAIIUN CYHICCTBY-
IOLLEH JKUIION 3aCTPOUKH.

HpOBeZ[SI aHaJIN3 OCHOBHBIX CYIICCTBYHOIIUX NPUCMOB, IPUMCHACMBIX IPU PEKOHCTPYKINH BI[aHI/Iﬁ npeaio-
JKCHO PCHICHHC HE 3aTparmBaromiece CymeCTBYHOIECC KOHCTPYKTUBHOC COCTOSHUC 3/1aHNA, HO BBIIIOJJHCHHOC KaK
ILOHOJ‘IHI/ITéJ‘IBHHﬁ QJICMCHT, CIIOCOOHBINH Ka4eCTBEHHO U3MEHNTH Q)acaz[HLIe peuicHus, 06L€MHO-HHaHI/IpOBO‘IHHe
XapaKTCPUCTHUKH, 3KOJIOTHYECKHH MOKa3aTeIb JKUIIBIX HOMCHIGHHﬁ, 3HepFeTI/I‘I€CKI/II71 CTaTtyc o0BeKTa U Ap.

Abstract

The article is a logical continuation of the ongoing research on the possibility of introducing various econom-
ically feasible and theoretically substantiated options for renovating the existing residential development.

After analyzing the main existing techniques used in the reconstruction of buildings, a solution is proposed
that does not affect the existing constructive state of the building, but is made as an additional element that can
qualitatively change facade solutions, space-planning characteristics, the environmental indicator of residential
premises, the energy status of the object, etc.

KiroueBble cioBa: PeKOHCTpYK].II/IH, TPEXOCHAsA 3TaKEPKa, GanouHas KJICTKA, BApUAHTBI KOMIIOHOBKH.

Keywords: Reconstruction, triaxial struts, girder cell, composition options.

In almost every country of the former socialist
camp, city and urban-type settlement, there are quar-
ters, micro-districts and areas built up with so-called
“Khrushchevs”. Attention to these objects has been
shown with varying degrees of interest for the past three
decades.

The above houses are subject to mandatory exam-
ination prior to any kind of work. This is especially true
for prefabricated residential buildings, where rein-
forced concrete constructions of wall panels, ceilings
and roofing slabs, designed for 50 years of operation,
require an instrumental full-scale examination of load-
bearing and enclosing constructions and embedded
parts.

The reconstruction of these residential buildings
must necessarily include an increase in strength, im-
provement of space-planning decisions and insulation
of building envelopes.

The authors' proposal should be considered as one
of the options for real renovation of old buildings,
which can be implemented without interfering with the
main constructive solution of the object.

Project solution of reconstruction are always have
purpose of choosing the best option, in which the usable

volume of the building and the ability of the structures
to be left to absorb loads will be used to the maximum
under the condition that the economic efficiency of cap-
ital investments is observed.

Facades of building- is always an object of visual
attraction and emotional response. Balconies projected
as open, summer volumes rarely remain so for the pe-
riod of operation. The absence of strict regulations on
compliance with design decisions for the owners of res-
idential premises leads to the appearance of various
and, as a rule, significantly changing the purpose of the
balcony interventions. In addition, the balcony slab is
the only construction that undergoes alternating freez-
ing and thawing with a standardized rate of 200 MPH.

We see only what lies on the surface, i.e. the so-
called tip of the iceberg and researching the selected ob-
jects, we did not solve their global problems. This com-
plex solutions can be solved as part of the implementa-
tion of measures for the overhaul of facilities within the
framework of the current "Program ...".

Whenever it comes to reinforcing constructions
such as a balcony slab, the simplest method is to frame
the contour with a corner profile with transferring the
load through the stunchions to the wall elements (Pic. 1).
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Photo.1 Stanchion ]

Using the methods of abstract-logical constructions, revealing the connections between the parameters and
problems of the existing buildings, a model of a construction strut is developed (Pic. 1).

a0

Pic.1 (made by Rekhtina A.S., student of ASUACE) Schematic diagram of a construction strut

The designed struts are projected as attached with a deformation seam made using fragments of the sheet pile
wall to ensure separate operation of existing and added structures (Pic. 2).
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The attached construction integrates the balcony elements vertically, increasing the area of reference points
and protruding elements, and, very importantly, the planning indicator for each apartment.

Pic. 2 (made by Rekhtina A.S., student of ASUACE)
An example of facade’s solution of a 5-storey residential house

Using such facade elements can considered as:

- a qualitative improvement in space-planning decisions (on average, the area of an apartment will increase
from 9 to 36 m2, depending on the floor);

- arrangement of balconies for owners of apartments on the first floors (in the houses of this series were not
projected);

- constructive solution of strut changes conditions of insolation for every apartment, due to the plasticity form
of the balconies and the fact that the dimensions of each element of the slab with an increase in the floor are
reduced by 1-1.2 m2;

- external enclosing elements can be designed with the placement of alternative energy sources - solar sys-
tems, which, in turn, increase the energy status of the object;

- console elements of various lengths and their combination in the construction make it possible to change
the plasticity of the facades, buildings in adjacent areas acquire their individuality.
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Pic.3
(made by Rekhtina A.S., student of ASUACE) One of the variants of the building model of the first mass series
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B cratbe OCBCIHICHBI BI/I,I[OBOI>'I COCTaB, OKOJIOTHYCCKHEC 0COOEHHOCTHU I'PBI3YHOB qDepI‘aHCKOfI JAOJMHBI U MCPbI

OGOpBOBI C HUMH.
Abstract

This article presents the materials ecology of rodents in the Fergana Walley.
KiroueBble cjioBa: BHIOBOI COCTaB, 9KOJIOTHS, Mapleilia, KOJIOHUS, 00ph0a, 300HO3HBIN JICHIIIMAHUO3,

PETHOH.

Keywords: this article, ecology, parsella, colonia, zoonoz leishmanioz, regions.

MarepuanoM UIsI HWCCICIOBAaHHS ITOCITYKUIH
MHOT'OJICTHIC HaOMFOEHNS Ha/l YUCIIEHHOCTBIO TPHI3Y-
HOB B @epranckoii nonuHe (Y30eKHCTaH).

Hamm mccienoBaHus MOKa3bIBAIOT, YTO B CTPYK-
Type apeaja W YHCICHHOCTH (ayHbl rpbI3yHOB Dep-
TFaHCKOW JTOJIMHBI MOJ] BO3/IEUCTBUEM aHTPONOTECHHBIX
(hakTOPOB POU3OIILIHN ONpe/ieieHHbIe n3MeHeHus. Co-
KpamarTcs apeansl cypka MeH30upa, JIMHHOXBO-
CTOTO CypKa, IMOJIEBKH, PEIIUKTOBOTO CYCIIHMKA, 0OJb-
IIOH, TTONy/AEHHON, TAMAapHCKOBOM MECYaHKH, TUKOO-
pasa u Ipyrux BUJOB IPHI3YHOB.

Cremyer OTMETHTH, YTO OOOTaIIeHHE BUIOBOTO
cocTaBa pPerHOHA MPOM30ILIO, B OJHUX CIyYasx, 0e3
CO3HATEIIFHOTO YYaCTHs YeJIOBeKa IyTeM eCTECTBCH-
HOTO pacceieHus(cepast Kpbica, KPaCHOXBOCTAs IIec-
YaHKa, CJIEMyIIOHKa), a B APYTHX — ITyTeM aKKIIMaTH-
3anuu(oHAaTpa, HyTpHs, HOPKa).

Jis TPBI3YHOB XapaKTEpHO MPHUCIOCOONIEHUE K
CcaMbIM pa3IMYHBIM YCIOBUSM cyiiecTBoBaHus. Cpenun
HUX €CTh XUBYIIME Ha 3eMJie, MOJYBOJHbIC W CHHAH-
TPOTIHBIE BUJBI, KOTOPHIE MOKHO HAWTH HE TOJHKO Ha
TOJISIX, HO U B CEITCKUX, TOPOJICKUX MOCTPOIKaX, 00-
HICKUTUSX U B COBPEMEHHBIX MHOTO3TaXKHBIX 3/IaHHSX.
W3 Hux HamOoee MPHUCIOCOOICHHBIX K OOWTaHHIO B
HACEJICHHBIX yHKTaX MOKHO OTMETUTH cepylo, Typke-
CTaHCKYIO KPBICY, OOBIKHOBEHHYIO CIICITYIIOHKY ¥ JO-
MOBYIO MBIIIb, @ TAKXKE KPACHOXBOCTYIO, TaAMapHUCKO-
BYIO mec4aHKy. OHHU SBISIFOTCS OCHOBHBIMH BpEIHTE-
JSIMH ~ TIOCEBOB,  OTOPOJIOB,  CaJ0OB.  3BEpPHKH
YHUUTOXKAIOT YPOXKai, 3arpsA3HAIOT, MOPTAT MUIICBbIE
TIPOIYKTHI U SIBJISIFOTCS XPaHUTENSIMA HHPEKIINN U pac-
MIPOCTPAHUTEISIMH B IPUPOHBIX Odarax.

B mpomecce mmTensHOTO pa3BUTHA Onaromaps
OTHOCHTEIIFHOMY COBEPIICHCTBY OpTaHU3aIlNH, a
TaKXKe CIOCOOHOCTH TNPHUCIOCA0NIMBATBCS K BEChbMa

Pa3sHOOOpa3HBIM YCJIOBHSAM OOWTaHUS, TPHI3YHBI pac-
MIPOCTPAHMUIINCH 110 BCEM OMOTOIIAaM OT CTEIH JI0 BBICO-
KOTOphsl. XapakTepHOCTh (hayHbl TpbI3yHOB Depran-
CKOM MIOJWMHBI 3aKJIIOYAaeTCd a TOM, YTO HEKOTOpBIC
BU/IBI TPBI3YHOB: OOJIbIIAsi, KPACHOXBOCTAsS, TaMapyc-
KOBasi, IOJy/ACHHAsl IECYAHKH, MaJbli TYIIKaHUYUK,
TymkaHduk CeBeprioBa IPeACTaBICHBl CAMOCTOATENb-
HBIMHM TI0/IBU/IaMH, BOSHUKIIUMHU B PE3YJIbTaTe reorpa-
(buueckoil U3MEHYMBOCTH, B OCHOBE KOTOPOW JIeKaT
cBO€0Opa3Hble YCIOBHS CYIIECTBOBAHUS MOJIBUIOB H
reorpaduueckux Gopm.

B ®epranckoit 1oauHe U €€ OKPECTHOCTSIX B CBSI3U
C YBEJINYEHHEM TIOCEBOB 3€PHOBBIX KYJIBTYP CO3/1JINCh
TIPEATIOCHIIKY JUI YCHIICHUS BPEOHOCHOCTH BBIIIIETIE-
pEUHCIEHHBIX BHUJIOB, OCOOCHHO KPbIC W KPAaCHOXBO-
CTOH MECYaHKH.

Crnenyer OTMETUTB, UTO Ha Tepputopun Pepran-
CKOM JONMMHBI CypoK MeH30upa, pelnuKTOBEI CyCIHK,
OUKOOpa3, JecHass COHsA, Cephli XOMSYOK, JIeCHas
MBIIITb, CepeOpHucTas TONEeBKa, KUPTH3CKas IOJIEBKA,
apyoBas MOJIEBKa B OCHOBHOM 3aHHMAIOT TOPHEIE Jieca
U BBICOKOTOphE, a TymKaHYMK CeBepIioBa, MaibIid
TYIIKaHYUK, JOMOBasI MbIIIb, TAMAPHCKOBAs MIECYAHKa,
TIOJTy/IeHHAs! TlecYaHKa, Ooiblias MecyaHka BCTpeda-
I0TCSI B TJIIMHUCTO-IIEOHNCTON 30HE.

Ocoboe BHUMaHuE 00pamaroT Ha ceds rPhI3yHbI,
LIMPOKO pacCEeNIMBIIMECS Ha 3EMJISIX, OCBOSHHBIX IS
BBIPAIIUBAHHUSA PA3IMYHBIX CEIBCKOXO3SHCTBEHHBIX
KYJbTYyp, ¥ BCTPEUAIOIINECS B PA3IMIHOTO POJia CTPO-
eHMsX. 371eCh Ha30BEM CEPYIO KPBICY, TYPKECTAaHCKYIO
KPBICY, JOMOBYIO MBIIIIb, TIOJIEBYIO MBIIIb, KPACHOXBO-
CTYIO TIECYaHKY H CIICITyIIOHKA.

HccnenoBanus o AMHAMUKE YHCIEHHOCTH M pa3-
BUTHIO IBYX BHJOB KPBIC
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(Rattus turkestanicus Sat. m Rattus norvegicus
Berk.) mokasanu, 4TO JOMHHHUPYIOIIMM BHIOM SIBJIsI-
eTcsi cepas Kpblca WM Haciok. Hamo oTMeTwts, 4TO
apeasl pacrpOCTPAHEHUS! TyPKECTAHCKHX KpPBIC B IO-
CJICTHHUE TOJ(bl YMEHBIIWICS B AECSTKU pa3 U B HACTOA-
1iee BpeMsl BRITECHsIETCA cepoil Kpricol. I1acioku 3ace-
JISIFOT TEPPUTOPUU B OCHOBHOM BJIOJIb JKETIE3HOAOPOXK-
HBIX ¥ aBTOMOOWJIBHBIX Maructpaiei, a Takxke BIOJb
BOJIHBIX apTepHii, IIe OHU yCTPAUBAIOT CBOM XKIJIUIIA,
BJIAJIU OT YeJIOBEKa, B BU/IE KOJIOHUH.

Hamu nccrnenoBaHus OKa3pIBatoOT, YTO TEPPUTO-
pust ceMeiHOl rpynmbl BhIIE NEPEUHCICHHBIX BUAOB
COCTOMT W3 WHAWBUAYaJIbHBIX YYaCTKOB B3POCIHBIX
TpbI3YHOB. B Kax 10l KOJIOHUU JOMUHUPYIOLIYIO POJIb
UTPAOT CaMIIbl, OHU OXPAHSIOT CBOW THE3IOBBIE TEp-
PUTOPHHU OT «IYXXHX». 3BEPBKH HECKOJBKHX ITOKOJE-
HUH, 001Iasch MEXIy co00i 00pa3yroT CBOeoOpa3HEIC
«MapUeUIIPHBIC) TPYHIHUPOBKH. MBI NMPUIIIKA K BBHI-
BOZY, 4TO INPOCTPAHCTBEHHAsl CTPYKTypa IOCEJICHUMN
Ka)KJO0ro BUJa OCHOBaHA HA CEMEMHON U NapLelisip-
HOM OpraHu3aliy rPhI3yHOB.

Mus musculus Licht.- romoBasi MbIlb pacpo-
CTpaH€Ha MOBCEMECTHO MNPU BO3HUKHOBEHHUH HOBBIX
MIOCENIKOB B CEJILCKOW MECTHOCTH, OCOOEHHO B AH-
JVDKaHCKOW 00JIacTH, YTO MPUBEIIO K 00JIee IMHPOKOMY
pachpoCTPaHEHUIO U YBEIHUCHHIO €€ UYHCICHHOCTH.
3UMOH OHM HEPEXOAAT B YEIOBEUECKOE JKMIIUIIE, TTIE
BE/IyT CHHAHTPOIIHBIN 00pa3 *KNU3HMU.

Meriones libikus Licht.- kpacnoxBocrasi mec-
YyaHka, Kotopas OypHO paccemmiack B DepraHckoit
JIOJIMHE W 0COOEHHO B AHIMKAHCKOW 00JacTH B pe-
3yJIbTaTC UHTCHCUBHOI'O OCBOCHUs, BCJICACTBUC YCTO
MPOM30IIIO CYIIECTBEHHOE H3MEHEHHE TEpPUTOPUH,
3aHATOMN UX MOCENIEHUsIMU. B pe3ynbraTe akTUBHOM XO-
3SMICTBEHHOM AESTEIbHOCTU YEJIOBEKA ITU IOCEJICHUS
ObUTM B 3HAYMTEILHOM CTEIICHW PAacuwICHEHBl Ha He-
GoJIbIIINE TUTOMIIATH.

Crnenyer OTMETHTb, YTO KpPAaCHOXBOCTHIE Iiec-
YaHKW B HAcTOSIIEE BPEMs PACIIMPWIN CBOH apeain
pacnpocTpaHeHus, TNPOHHWKIN JaXe B TOPOJCKYIO
MmectHOCTh. KaprorpadupoBanue ropoakoB KpacHO-
XBOCTBIX II€CUAHOK IOKAa3aJio, YTO OHHU NPHCIOCOOU-
JIMCh OOUTaTh B OCHOBHOM Ha OTBANax KeJIe3HOJOPOXK-
HBIX JIMHUH, M0 Oeperam apbIKOB M Ha KJaJ0WIIax.
O06UTaeMOCTh KOJOHHH OCEHBIO YBEIHUMBACTCH, YTO
0OBSICHAETCSI HOPOBOH JIEATETFHOCTHIO 3BEPHKOB B 00-
pa30BaHUEM HOBBIX CEMEMHBIX rpynn. MoHO oTMe-
TUTb, YTO TEPPUTOPUSI CEMEUHON IPYMIIbI BBIIIE MEpe-
YHCICHHBIX BUIOB COCTOMT W3 MHAWBHIYalIbHBIX
Y4acTKOB, TPOCTPAHCTBEHHAsI CTPYKTypa OCHOBAaHA Ha
CEeMEMHOW M MapUEeNISIPHOW OpraHU3allud B3POCIBIX
oco0ei.

KpaCHOXBOCTaH IMeCHYaHKa BpCIUT MMOCEBAM IIIC-
HUIBI, XJIOMMYaTHUKA U OTOPOAHBIM KYJIbTYypaM. KpOMe
TOTO, OHA CIIY’)KUT UCTOYHUKOM HEKOTOPHIX 3a00jeBa-
HUM dYeloBeKa, B YAaCTHOCTH 300HO3HOTO KOXXHOTO
JeHIIMaHno3a.

Meriones meridianus Pall.- nonynennas mec-
YaHKa OcTajlach B HEOOJIBIIHX MO IUTOMIA 1 ITeCYaHHbIX
MacCHBax, a JOMOBasI MbIIIIb U TAMAPUCKOBAs IECUaHKa
Meriones tamariscinus Pall. - B Tyraiinbix 30Hax.

Ellobius talpinus Pall.- cienymonka naun6onee
MHOTOYHCIICHA B TIMHHUCTBIX ITyCTBIHSX, MONYITyCThI-
HSX, U B aJBIPHBIX 30HAaX, B 0a3Hcax, Ha MOJAX JIO-
nepHbL. BenéT oHa momzeMHBIN 00pa3 KU3HH, TTACTCS
MIPEUMYIIIECTBEHHO COYHBIMH PACTCHUSMH, BpPEAUT
JIIOLIEPHE, apaxucy, MOBPEXKIAET PACTEHHUS Ha Oropo-
Jax.

Ocoboe BHUMaHHE 00paIaroT Ha ceOs IPhI3YHBbI,
LIMPOKO PACCEIMBIIMECS HA 3€MIISIX, OCBOCHHBIX MOJ
CEIIbCKOXO3SIMCTBEHHBIE KYJIBTYPHI U BCTPEYAIOLIHAECS
B Pa3IMYHOTO poJa CTPOCHHsX. DTO cepasi Kpbica -
Rattus norvegicus Berk., Typkecranckas kpoica- Rat-
tus turkestanicus Sat., romoBast MbIns- MUS MuSCu-
lus Licht., kpacHoxBOCTas mecyanka- Meriones li-
bikus Licht. u cnemymonxka- Ellobius talpinus Pall.

B HacTosmmee BpeMsi KpaCHOXBOCTBIE MECYAHKH,
JIOMOBBIE MBIIIIH, CEPhIE U TYPKECTAHCKHE KPBICHI OCBO-
WJIM TIOCEBBI ¥ 3aCENMIIN CTALMOHAPHbIC TOCTPOWKH de-
noBeka. KpacHOXBOCTBIE NECYaHKH, OOBIKHOBEHHBIE
CJITTYILIOHKH U Cepble KPbICHI Kak 0oJiee IIacTHYHbIE
9KOJIOTMYECKHUE BH/IbI TOPA3I0 JyUllle IPUCIIOca0InBa-
I0TCSI K U3MEHEHMsIM OKpyxatomiei cpensl. Kacasich
0011l IJIOTHOCTH TPBI3YHOB B Pa3IMYHBIX THIIAX Me-
CTOOOWTaHUS, CIEIyeT yKaszaTb, YTO KyJIbTYypHBIA
nmaHamadT, B YaCTHOCTH OpallaeMble TaXOTHBIE 3EMIIH,
MIPEACTABILIIOT COOOH CaMyto HeOIaronpHUsATHYIO CPEny
oOuTaHus.

ONuIeMHUOIOTHIECKasi MHOTOTPAHHOCTh TPBI3Y-
HOB O4YeHb pa3zHooOpaszna(l,2,3). OHu 3arps3HSIIOT 3a-
mackl MPOAYKTOB M BOJY CBOUMH BBIJCICHUSIMH, a
TaKKe SIBJISIOTCSI ICTOYHUKAaMH PacrpocTpaHeHus 00-
JIe3HEH ¥ Mapa3suToOB, KOTOPbIE MEPEHOCSAT YEIOBEKY
KPOBOCOCYIIINE HACEKOMBIE U KJICIIH.

Bpen, HaHOCUMBIN TIPBI3yHAMM CEJIBCKOXO3sM-
CTBEHHOW MPOAYKIUH, U OMU3KUH KOHTAKT C YeJoBe-
KOM, BBI3BIBAIOT HEOOXOAMMOCTD PALMOHATIBHON U CH-
cTreMaThueckoir 0oprObI ¢ HuMH B Depranckoil mo-
JHE. ['phI3yHBI, XOTS B LIEJIOM U SBJISIOTCS J0BOJIEHO
N3yYCHHBIMH >KMBOTHBIMH, OJIHAKO HEKOTOpPHIE BO-
MIPOCHI, 0COOCHHO MepBI OOPBOBI C HUIMH, TPEOYIOT 10~
MIOJTHUTEIBHON pa3paboTku. MbI cunTaem, 4To 3aruia-
HHUpOBaHHasi 00pb0a C rphI3yHaMH JIOJDKHA IPECTaB-
JSTh  COOOHM  NOCTOSIHHBIA — NPOLIECC  OLEHKH U
YIAYYIIeHUs] cuTyauuu. J{JIs CHUXKEHUsI YMCIEHHOCTH
IPBI3YHOB, B TOM YHCJI€ KPBIC HCIIOJIb30BAH XUMHYE-
ckuii Metoa OopbObl. V3 HCHBITAHHBIX MPENapaToB
MIPUMEHSIOTCS cienyronye: Gpocdua nnHKa, paTHH/IaH,
PaKyMMH, JJAHUPAT, 300KyMapHH, IpUYeM JIyqIIie pe-
3yJIbTaThl TOJNYYEHbl TPH IpUMEHEHHH (ochuaa
LIMHKA, paKyMHHa W 300KyMmapuHa. B nmaGopaTopHbIx
YCIIOBUSIX YCTaHOBJIEHO MX ONTUMAJBHOE COJICPIKaHNe
B IIpUMaHKaXx.

B Bujie IpUMaHOK MBI UCIIOJIb30BAIIN HIICHHUILY U
KYKypy3y B JiBa Typa.

B mnepBoM Type HCHONB30BaIM CIEAYIOIHNA CO-
ctaB: pochuma muHKa 4% 40 MI/KT C.II. JUIS KPBIC TITIOC
93-94% mmrenutipl, 1 2% PaCcTUTEILHOTO Maciia, IIFC
0,05% pacTtBopa caxapa. [Ipumanky ymakoBanu B Oy-
Ma)KHBIE KYJIOKH, TPUYEM, K TIOJHOH JIOXKKE NPUMAHKH
JN00aBIISIM /IBa-TPH CEMEHH THIKBBI MJIM IIO/ICOJHEY-
HHUKa ¥ B TaKOM BHJIE PacKiaJbIBaIN [0 HOpaM KpbIC.
[Tocne packinagky MpUMaHOK HOPBI 3aKaIlbIBAIIN.
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Bo BTOpOM Type 00paGoTKy NPOU3BOIMIN PAKY-
MuHOM. TlonoxuTtenbHbIi 3G (et ObLT MoMydeH Mpu
o0pabotke pakymuHoM (1:19, T.e.1 kr pakymuHa Ha 19
KI' ApOOJICHHOTO 3epHa Imoc 5% caxapHOTO CHpoma
(1:2).

-Ucrpeburenpabie pabOTH B OMEIIECHISIX HE00-
XOANMO NPOBOAUTH B (heBpase-mapre (1Typ) 1o moss-
JIEHUS] MOJIOJTHSIKA, a 3aTeM 2, 3 TypBbl.

-Bopr6a ¢ rprI3yHaMu 10JKHA TPOBOJUTHCS KAk
MIMPOKOMacITaAOHOE MEPONIPUSITHE B KaXKIOM IOpoJIe,
paiioHe, MaxaJuie, ABOpe IO/ PYKOBOJCTBOM MECTHBIX
XaKMMUSITOB NPU YYaCTUH CIELUUAIUCTOB JI€3CTaHIINI
W CaHDITUICTAHIINH.

-[Ipoctoe cobmroeHNEe 3MEMEHTApHBIX TNPABUIT
TUTHEHBI CO CTOPOHBI HACEJICHHS MO3BOJIUT YHUYTO-
JKUTh MECTa BCKAPMIIMBAHUS W Pa3MHOXKCHUS TPBI3Y-
HOB.

-B mIKONBHBIX yUpesKACHHUAX, NETCKUX caiax, sic-
JSIX, B TAPHUKAX U B MHUIIEOJI0KAX HENb3sl MPUMEHSTh

BBIIIIEYKa3aHHBIE SJIbI OCTPOTO AelicTBus. [Ipu oOHApY-
YKCHUN HOP KPBIC B TAKUX MECTaX PEKOMEHIYeTCs pac-
KJIaIBIBATh OTPABIICHHBIC TPUMAHKHU C 300KyMapHHOM,
coOoJaTh HEOOXOAUMBIE MEpPHI IPEIOCTOPOKHOCTH
TIpH UX IPUMEHECHUN.
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CTPYKTYPHBIE XAPAKTEPUCTHKH HAHOYACTHI CO-PT, CHUHTE3UPOBAHHBIX C
MOMOUIbIO PEAKIIMH BOCCTAHOBJIEHHUSA PACTBOPOB ITPEKYPCOPOB
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STRUCTURAL CHARACTERISTICS OF Pt-Co NANOPARTICLES PRODUCED BY THE
REACTION OF CHEMICAL REDUCTION OF THE PRECURSOR SOLUTIONS

Loktionov Y.
post-graduate student Department of Solid State Chemistry and Chemical Materials,
State University of Kemerovo

AHHOTaLUA

Hanoctpyxtypsr Co-Pt nmpencTaBisioT 0ocoOblif HHTEpEC, IOCKOIBKY OHH TO3BOJITIOT BaPHHPOBATH MarHUT-
HBIE MOMEHTHI M SHEPTHI0 MarHUTHOH aHm30Tporuu (MAD) myTeM H3MEHEHHUS COCTaBa U CTPYKTYpHL. B gacTHO-
CTH, IOJIAraroT, YTO MPU YepelOBAHUU YUCTHIX aTOMHBIX Iockoctei Co (unm Fe) u Pt B Hampasnerun [001]
OyzeT peann3oBaHa YPE3BHIYANHO BBICOKAsI MATHUTOKPHCTAINUECKast aHU30TPOIH (TIOpsiika HeCKOIbKUX MJ[x
/ M%) 1715 SKBHATOMHOI cHCTeMbl HAHOMOPOIIKOB B yrmopsijoueHHoil ¢ase L1 [1]. Lensio HacTosmeil paboTsl
SIBJISIETCS CHHTE3 HAaHOCTPYKTYpUpoBaHHBIX crcteM CO-Pt ¢ pa3niuyHbIM COOTHOLICHUEM KOMIIOHEHTOB, a TaKKe
HCCJIICAOBAHUC (1)330301"0 COCTaBa MOJYUYUBIINXCA MPOAYKTOB, OIICHKA pasMEPOB MapaMETPOB PCUICTKU U pa3Me-
poB HaHokpHcTaUUTOB CO-Pt. [TopomKy CHHTE3UPOBAIM METOJOM XMMHYECKOTO BOCCTAHOBIICHHSI PACTBOPOB
MPCKYpPCOPOB € MOMOUIBIO BOCCTAHOBUTCIIA (FI/IZ[paBI/IHFI/IJ:[paTa) B CI/IJ'ILHOH.[CJ'IO‘IHOI\/'I cpeac. I[J'Iﬂ HCCIICA0OBaHUA
MOJYYCHHBIX 00Pa3IoB MPUMEHSII METOABI PEHTIeHO(]a30BOTr0, PeHTTEHOCTPYKTYPHOTO aHAIN3a U CKaHUPYIO-
et anekTpoHHoi Mukpockonmu (SEM). Tlo pesymprataM cKaHHpYOMIEH AIEKTPOHHONH MHUKPOCKOITUH MOXKHO
TOBOPHUTH O TOM, YTO TIPH MAJIOM TIPOIICHTHOM cojiep:kaHiu KobanbTa B HaHodacTumax Co-Pt popmupyercs tep-
A0pacTBOpHAsd CUCTEMA, Ooraras l'IJ'IaTPIHOfI, HO Ipu OOJIBIIIOM MNPOUCHTHOM COACPIKAaHUN KobaibTa 06pa3yeTcsl HE
TONBKO TBepIbIid pacTBop CO-Pt, HackIeHHBIH KOOAIETOM, HO M YHCTHIA HHIUBUAYaTbHBIH CO (aByx(da3Has cu-
crema C0-Pt). AHanun3 peHTreHorpaMM rokasal, 4To peduiekcsl mpu audpaxiuonnsix yriaax (111, 200, 220, 311,
222,331 u 420) cMeIeHs! B CTOPOHY OONBIINX YTII0B AU(PAKIMY TI0 IPHUMHE YBETHUEHHS IPOIIEHTHOTO COep-
JKaHMUA K0OallbTa, 8 HHTCHCUBHOCTH TU(PPAKIIMOHHBIX TUKOB OYAET YMEHBIIAThCA M3-3a TOro, 4To Co MOCTEeNeHHO
BCTpamBaeTcs B pemeTky Pt u TeM cambiM 00pa3yeTcs TBep/Iblid pacTBOp 3ameneHus Ha ocHoBanuu [ TIK-pemeTkn
IUTATHHBI. PacueTHbIC MapaMeTphbl PEIISTKH Ui HAHOCTPYKTYpUpoBaHHbIX cucteM C020Ptsy, COsoPtso, CO75Pt2s
paBHEI 3,869, 3,842 u 3,830 A, cooTBEeTCTBEHHO.

Abstract

Co-Pt nanostructures are of particular interest because they allow to vary the magnetic moments and the
magnetic anisotropy energy (MAE) by changing the composition and structure. In particular, it is believed that
with the goalternation of pure atomic planes Co (or Fe) and Pt in the [001] direction, extremely high magnetocrys-
talline anisotropy (of the order of several MJ / m®) will be realized for the equiatomic nanopowder system in the
ordered phase L1, [1]. The purpose of this work is to synthesize nanostructured Co-Pt systems with different
component ratios, as well as to study the phase composition of the resulting products, to estimate the size of the
lattice parameters and the size of Co-Pt nanocrystallites. The powders were synthesized by the method of chemical
reduction of precursor solutions using a reducing agent (hydrazine hydrate) in a strongly alkaline medium. To
study the samples obtained, X-ray diffraction, X-ray diffraction, and scanning electron microscopy (SEM) meth-
ods were used. According to the results of scanning electron microscopy, we can say that with a small percentage
of cobalt Co-Pt nanoparticles form solid solution system rich in platinum, but with a large percentage of cobalt not
only Co-Pt solid solution is formed, saturated with cobalt, but also pure individual Co (two-phase Co-Pt system).
Analysis of radiographs showed that reflexes at diffraction angles (111, 200, 220, 311, 222, 331, and 420) are
biased toward large diffraction angles due to an increase in the percentage of cobalt, and the intensity of diffraction
peaks will decrease due to the fact that Co. The Pt lattice is gradually incorporated into the lattice and a solid
substitution solution is formed on the basis of the platinum fcc lattice. The design lattice parameters for nanostruc-
tured systems Co2oPtso, COsoPtso, CO75Pts are 3.869, 3.842 and 3.830 A, respectively.

Ki1roueBble cJI0Ba: BOCCTAaHOBJICHNE PACTBOPOB MPEKYPCOPOB, PEHTTEHO(A30BHII aHAN3, PEHTTEHOCTPYK-
TYpHBIH aHanu3, CKaHUpYyoLas 3JaeKTpoHHas Mukpockonus, I'TIK-peneTka miaTuHbL.

Keywords: restoration of precursor solutions, X-ray phase analysis, X-ray diffraction analysis, scanning elec-
tron microscopy, platinum lattice parameters.
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Beenenne

MarHuTHbIE HAHOYACTHUIBI MPEACTABISIIOT CyIIe-
CTBEHHBI MHTEPEC M MO3TOMY aKTHBHO H3y4aroTCsl.
Cpenu pasnuyHBIX MOTECHIMATIBHBIX IPUMEHEHUN 3TH
HAHOYACTHUIBI MOTYT HCIIOJIb30BAThCSl B MATHUTHBIX 3a-
MMOMMHAIOIIUX YCTPOMCTBAX CBEPXBBICOKOM INIOTHOCTH
[2-9]. UccnenoBanus HAHOYACTHIl CTATH HPEIMETOM
OCTPOro MHTEpeca, MOCKOJIbKY OHH MOTYT NpPOSBIATH
(usnyeckre M XMMUYECKHE CBOWCTBA, OTIUYHBIE OT
TeX, KOTOpbIE HaONIOJAalOTCSI B MAaCCHBHBIX MaTepha-
Jax.

OnucaHO HECKOJIBKO METONOB CHHTE3a HaHO4Ya-
CTHII; OTMH U3 HanboJiee HHTEPECHBIX CIIOCOO0B TOTY-
YEHUsI - PEaKLH BOCCTAHOBJICHHSI HOHOB METAJUIOB B
pacTBOpax. B ocHOBE MeTOza JIEXKUT pEaKIusl B3aUMO-
JEWCTBHS MOHOB METAJUIa C PACTBOPCHHBIM BOCCTAHO-
BUTEJIEM Ha MOBEPXHOCTH MeTaIA. J{Is1 XMMHYECKOTO
OCa)KJCHUS METAJUIOB HCIIOIB3YIOT pa3JINdHbIC BOCCTA-
HoBUTeNH: runodocdut, ruapasuH, (opManbIerun,
Goporunpua, 6opaszunsl, rugpasuHOopas. Beidbop Boc-
CTaHOBUTEIS OIpeAesseTCs TIIaBHBIM 00pa3oM MPUpo-
JIOH ocaknaemoro merayuia. Tak, okucieHue popmab-
JIeTUAa TpH KOMHATHOH TeMmIepaType KaTalu3hpyer
MeIHas TOBEPXHOCTh, ITO3TOMY (OpPMaNbAETH] IIH-
POKO MPHMEHSIOT B MpoLeccaXx XMMUYECKOro MeTHe-
HUA. ['unmodocdur B KadecTBE BOCCTAHOBHUTENS HC-
TOJB3YIOT ISl TTOJYYEHHST HUKEIICBBIX U KOOAIBTOBBIX
MOKPBITHH, TaK KaK IMEHHO 3TH METaJUIbl 00/Ia1atoT B
JOCTaTOYHOW CTENCHH aBTOKATATMTHYECKHMH CBOM-
ctBaMH. OKHUCIICHHE BOCCTaHOBUTEINS M BOCCTAHOBIIE-
HHE MOHOB METaJIa NMPOTEKAIOT C 3aMETHOM CKOpO-
CTBIO TOJIBKO Ha MeTaJulaX, MPOSBIAIONINX aBTOKATa-
JUTHYECKHE CBOiicTBa. DTO O3HA4YaeT, YTO MeTalll,
00pa30BaBIIMICSA B pe3ylbTaTeé BOCCTAHOBICHUS H3
pacTBopa, KaTalu3HpyeT B MAajbHEHIIEM pEaKIUio
OKHCJICHHS BOCCTAHOBHTEIS. TaknMm cBOHCTBOM 00ia-
JIAl0T HHUKENb, KOOAJbT, JKene3o, Melb, cepedpo, 30-
JI0TO, Majulajuil, poauil, pyTEeHUH, IJaTHUHA, OJIOBO,
cBUHel, uHAui. Ecnu ocaxiaeMblil MeTail He IposiB-
JSIET aBTOKATaINTHYECKAE CBOHCTBA, TO PEaKIys BOC-
CTaHOBJIEHUSI HOHOB MeTaJlIa MPOTEKAeT BO BCEM 00b-
eMe pacTBOpa U MPUBOAUT K 00pa30BaHMIO MeTaJJINye-
ckoro mopomka [10-12]. B wnHamem ciydae, npu
CHHTE3¢ HaHOpa3MepHbIX IMopoukoB cuctem Co-Pt
Pa3NUYHBIX COOTHOIIEHHH HCIOJIB30BaIM THIPA3HH-
THIpAT B IMEI09HON cpexne. [Ipmumna BEIOOpa BOCCTa-
HOBUTENS 00BSCHIETCS TEM, YTO MMOOOYHBIMHU TPOIYK-
TaMHM pEaKLny SBISIOTCS TOJBKO Ia3000pa3HbIi a30T U
BOJIa, YTO KpaifHe BHITOJHO MPHU NPOBEJICHUH CHUHTE3a
HaHOCTPYKTYpHpOBaHHBIX cucteM CO-Pt, Tak Kak 3Ha-
YHUTEJILHO CHIDKAETCs COJepKaHue IpuMeceil B HaHO-
pasmepHbIX nopomkax [13-14]. IlomydeHHble TakuMm
obOpasom Hanodactunbl Co-Pt oxapakTepn3oBaHBI U
OLIEHEHbBI X CTPYKTYpHbIE CBOHCTBA.

IKCIepUMEHT

Hanouactumner Co-Pt cuHTe3upoBasid  TIPSIMBIM
BoccranosnenneM HoPtClg m CoCl; n3 BoaHBIX pacTBo-
pos runpasunaruapaToM B pucyrctBur NaOH mis co-
3IaHMs CHIIBHOIIEN09HOoH cpensl [15-20]. Paccmarpu-
BaJTH pa3iMIHBIC aTOMHBIE cooTHOIeHus1 Co-Pt (20:80,
50:50, 75:25). PacTBOp rekcaxJyopriiaTUHOBOM KuC-
notel (H2PtClg) u pactBop xmopuaa kobanera (CoCly)
CMEUIMBAIIM B XHMHYECKOM CTakaHe W HarpeBald
CMeCh IIpH IepeMelnBanun 10 Temrepatypsl 90° C. B
Ipolecce MOMEUINBaHMs J00aBISETCS pacTBOP THAPA-
3uHa B menoun (N2Hs + NaOH). B pesynbrare peakunu
Beiensercs a3 (N2). Bpems cuHTesa cocraBisuio 5
MHHYT; BO BCEX TpeX CIydasX peakmus IpoTeKaya
odeHb OypHO (obmwibpHOE ra3zoBsiAencHue Ny), U 1Mo uc-
TEYCHUH ITOTO BPEMEHH TACHIIH PEaKINIo J00aBie-
HHEM BOJEI.

[Ipomeccel MOXHO TPEACTaBUTH CIEAYIOLIIMHA
ypaBHEHHSMU:
2CoCl2 + N2Hs + 4NaOH — 2Co| + N2 + 4NaCl + 4H20 (1)
H2[PtCls] + N2H4 + 6NaOH — Pt| + N2 + 6NaCl + 6H20(2)

Cunre3upoBaHHble HaHouacTunbl Co-Pt otae-
JISUTM METOJIOM CEeIMMEHTALlUK, MPOBOJMIN IIPOLECC
ueHtpudyruposanust (4000 06 / muH) B TeueHue 15
MMH., IPOMBIBAJIM HECKOJIBKO pa3 BOJIOM A0 HEUTpasb-
HOH Cpeibl, 3aTeM HM3ONPOIMIOBBIM CIIUPTOM U COOH-
panu B 610KCe.

Penrtrenosckue nudpaxkrorpaMmbl HaHOYACTHUI]
PETUCTPUPOBAIUCH HA TOPOIIKOBOM THU(PpPAKTOMETpPE
BRUKER D8 ADVANCE B memHoM m3mydeHnd (A =
1,5406 A). Vcmonpsyercs miockas reoMeTpHs IO
Bparry-bpenTtano, ¢ oTQUIBTPOBaHHBIM ITEPBHYHBIM
IMyYKOM (HHUKENEeBBIH (QUIBTP). XUMHUSCKHH COCTaB
Ha”Hovactur Co-Pt m3ydanu ¢ HCIONB30BaHUEM CIICK-
Tpockomnuu 3HepreTndeckoit nucnepcun (EDS), Britto-
YEHHOM B CKaHUPYIOUIUI 3JIEKTPOHHBIM MHKPOCKOI
JEOL JSM-6390 LA.

Pe3yabTaThl M 00Cy:KAeHUe

CkaHMpYyIOIIasi ~ DJEKTPOHHAsT  MHKPOCKOIHUS
(SEM) u ananu3 METOIOM 3IICKTPOHOIMCIIEPCHOHHO
cnekrpockonu (EDS) OpuH poBeACHBI IS MOITyYe-
HUSL Pe3yNbTaTOB MO (OPMOpa3MEPHBIM XapaKTepH-
CTHKaM U 3JICMEHTHOMY COCTAaBY.

1) CorsPtzs

ITpu comocTaBiIeHUHM KapT pacrpelesieHns dJie-
MeHTOB Pt 1 O BHIHO, YTO TOTYYEeHBI OJIMHAKOBBIE 00-
JIACTH PAacCHpe/ieNieHHs] Y4aCTKOB COOTBETCTBYIOIIMX
JJIEMEHTOB, a IIpH HajokeHun kapTud Co u Pt umeercs
o0macTh, 6oratast KOGAJIFTOM, IIPH STOM HE 3arps3HEH-
Hast kucinopogoM. Ilo pesymbraram cpaBHEHHS KapT
pacripesieneHs BCeX 3JEMEHTOB MOXHO T'OBOPHUTH O
TOM, YTO IIPOMCXOIUT 00pa3zoBaHue ABYX(a3HOTO CO-
craBa HaHomnopomkoB CO-Pt: 4yucTBIl MHANBUIyaNb-
ueiit Co, TBepropactBopHasi cucrema Co-Pt, ©oraras
KOOQJIbTOM.
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Co (75 ar. %) Pt (25 at. %)

—— 20 pm

2) CosoPtso

ITpu cpaBuenun xapt CO u Pt Habnronarorcest obnacty, 6oraTsie KobanbToM. Ha o0mux kapTuHaxX BUAHO HE
TOJIEKO 00pa30BaHUE pacTBOpa MHTEPMETAIUTUIOB, HO M IOCTATOYHO OOJIBIIOE KOJHMYESCTBO KHCIOpoAa. DTO ro-
BOPUT 0 3arpsS3HEHHOCTH CHHTE3UPOBaHHOTO HaHomopotmka Co-Pt (50:50). [Tockonpky Ha 00MHX N300pasKEHISIX
HAaIJISITHO MOXKHO YBUJIETh OKCH/IHBIE TUICHKU U OKUCIIBI CO COOTBETCTBEHHO, 10 3TOM IPHYMHE HEBO3MOXKHO TIPO-
M3BECTH pacyeT Ha YCTAaHOBICHHE “OpyTTo” cocraBa HaHo4acTulbl CO-Pt, BCliencTBUe HapyIICHUS MOJICKYJISP-
HOTo OajiaHca o KHCIOPO.y.

Co (50 at. %) Pt (50 at. %)

—— 30 pm

3) CoyPtgo
ITpu conocraBnennu n3zodpaxennu Pt u Co Habmonaercs pacnpeaeneHue odnacreid, 6orarsix Pt. Ha o6mmx
M300paKEHMAX BUIHBI 00acTH TBepaoro pacrBopa Co-Pt, 6oraroro miaruHoi.
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Co (20 at. %) Pt (80 at. %)

7 R
—————20 pm OK =20 ym IMG1

 e— | N1

Ha pucynkax 1-3 npencrasiensl oTnesbHble o0nactu nudpakrorpamm Co-Pt pa3muyHbIX aTOMHBIX COOTHO-
HIEHUH B JUana3oHax Iu(paKkInOHHBIX YIIIOB, COOTBETCTBYIOLIHUX IUTOCKOCTsIM oTpaxkenus [ LIK-pemérku.

loth. en.
I oTH. en. (220)
2583
(111)
12984 N (a)
4904 200)
20, °
35 37 39 41 43 45 47 49 51 53 55 64 65 66 67 68 69 70 71 72 93
1 oTH. en. (311)
2639 1oTH. en. @331)
1248 (420)
1078
(r)
9208
20, ° 20,°
75 77 79 81 83 85 87 89 91 93 110 115 120 125 130 135

Pucynox 1. Jugppaxmoepammer meépoozo pacmeopa C020Pteo:
a) peghnexcor 111 u 200, 6) peghnexc 220; ) pepnexcer 311 u 222; 2) pecprexcor 331 u 420



24

POLISH JOURNAL OF SCIENCE Ne 24, 2020

1o en.
6304 i
() Tom. en (220)
2318
35 37 39 73
loTh. ex. loth. en.
1113 @311) o (331)
N (420)
/"‘/ ‘\‘\ (‘)
426 ()
\ 222
460 / \_(ﬂ\)\
// N\
S .
P 20,° e 20,°

76 78 80 82 84 86 88 920 92 94

110 115 120 125 130 135

Pucynox 2. Jugppaxmoepammer meépoozo pacmeopa C0osoPlso:
a) peghnexcor 111 u 200; 6) pegprexc 220, 8) pehnexcor 311 u 222; 2) peghnexcer 331 u 420

76 78 80 82 84 8 88 90 92

I otH. en.
41185 (111) [ oTH. en.
679 (220)
(6)
20,°
35 37 39 41 43 45 47 49 51 64 66 68 70 72 74
lotH. en
3 1 oTH. en.
718 (11 (r)
(8) 373 (331)
324 (222) 251
20,° P 20,°

120

110 115 125 130 135

Pucynox 3. JJugppaxmoepammor meépooeo pacmsopa Co75Ptos:
a) pepnexcor 111 u 200; 6) pegprexc 220, 8) peprexcor 311 u 222, 2) pegprexcor 331 u 420

BbuT0 00HAPYKEHO 7 OCHOBHBIX ITHKOB, OTHECCH-
HBIX K TIpaHemneHTpupoBaHHON KyOmueckoir (I'LIK)
(haze. ITocTeneHHOE YMEHBIIICHHE HHTCHCHBHOCTH ITH-
KOB HaOJIIOJJAJIOCH TI0 Mepe YBEIMYCHHS KOJIMYECTBA
Co B uactunax. OcHOBHBEIC AH(DPAKIMOHHBIC MUKA
OBLTH OJIM3KU K TUIATHHOBOMY TOJIOKCHHIO.

OpHako mpu Ooyiee JETAIFHOM aHAIIN3¢ IHKOB,
cooTBeTcTBYrOImMX oTpaxenusm (111, 200, 220, 311,
222, 331 u 420), HabmogaeTcss HEOONBIION U TOCTe-
MICHHBIH CABHT UX MOJIO0KEHHUS Ha 00Jice BEICOKUE YIIIbI
¢ yBenmueHnueMm coaepxanus Co (puc.1-3). 1o ykassi-
BaeT Ha 0’KMJAaEMO€ YMEHBIIIEHHE ITapaMeTpa PEImeTKH
M0 CPaBHEHHIO ¢ TUIaTHHOW. CMeNIeHne TTMKOB 710 00-
Jiee BBICOKHX YTJIOB TUQPAKIINH, BEPOSTHO, CBA3aHO C

BHCAPCHUEM KO6aJ'IBTa B PCIICTKY IIJIATUHBI, YTO CBU-
JeTeIbCTBYET 00 00pa3oBaHuy TBEpaOro pactBopa Co-
Pt [21-26].

Ha cnenyromem 3tane paboThl ObLIa OIICHKA T1a-
pPaMeTpoOB DIIEMEHTAPHOW SYCHKH KPHUCTAJLTHYECKON
PEIIETKH HAHOCTPYKTYypUpoBaHHBIX cuctem CO-Pt, ko-
TOpasi OTHOCUTCSA K KYOMUYECKOW CHHTOHHH, ITOITOMY
pacueT BHIONHSCTCS Mo cieayromeit hopmyne [27]:

Ud?= (h®+ K2+ 1) | &2 3)

e d — MeXIIIOCKOCTHOE paccTosHue, A,

h, k, | — ungexkcer Muiepa,

a — mapameTp pemreTky, A.

JList HaXOXKICHUSI MEXKIIJIOCKOCTHOTO PACCTOSIHUS
HCTIONB3yeTcs ypaBHeHHE Bynbga-bparra:

2dsinf=nA 4)
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rzie d — MeKIIOCKOCTHOE paccTostHue, A,
0 — nudpakIMOHHBIN Yo, pas.,

A — IUIMHA BOJIHBI,

N — MOPAIOK OTPAKECHUSI.

[MonyueHHbIe AaHHbBIC MAPAMETPOB PEIICTKU ISt
BCEX peHTreHorpaduuecKkux pedIiekcoB, a TAKKE Cpe/-
HUI TapaMeTp IpeAcTaBiIeHs! B Tabnmmax 1-3.

Tab6muma 1.
[TapaMeTpsl peneTkn HAaHOCTPYKTypupoBaHHO# cucteMbl C020Plgo
h k I 20 (rpan) d A a, A
1 1 1 40,4167 2,230 3,862
2 0 0 46,8934 1,936 3,872
2 2 0 68,5984 1,367 3,866
3 1 1 82,5355 1,168 3,873
2 2 2 87,0241 1,119 3,876
3 3 1 120,5 0,887 3,867
4 2 0 125,9145 0,865 3,868
Acpemee (COzoPtgo) = 3,869 A
Tabnuma 2.
[TapameTpsl peneTkH HAaHOCTPYKTYpHpOBaHHOH cucTeMbl C0OsoPtso
h k [ 20 (rpan) d, A a, A
1 1 1 40,7227 2,214 3,835
2 0 0 47,1991 1,924 3,848
2 2 0 69,1492 1,357 3,839
3 1 1 83,2702 1,159 3,845
2 2 2 87,4921 1,114 3,859
3 3 1 122,0875 0,880 3,837
4 2 0 128,0925 0,857 3,831
Acpennee (CO50P1s0) = 3,842 A
Tabnuma 3.
[TapameTpsl pelIeTKH HAHOCTPYKTYpHpOBaHHOH cucTeMbl CO7sPios
h k I 20 (rpan) d, A a, A
1 1 1 40,9496 2,202 3,814
2 0 0 47,2008 1,924 3,848
2 2 0 69,3772 1,354 3,828
3 1 1 83,7447 1,154 3,828
2 2 2 87,9874 1,109 3,842
3 3 1 123,117 0,876 3,819
4 2 0 129,522 0,852 3,808
Acpennee (C075Pt25) = 3,830 A
BriBoabl Cnucok 1uTepaTypsl

Ilo pesynpraTam TpoBeNEHHS CKaHUPYIOIIEH
3JIEKTPOHHON MHUKPOCKOIIMH MOYXHO OTMETUTDH 3aKOHO-
MEpHOCTB: HEOOJIBIIOE TPOLEHTHOE COJIepKaHHEe KO-
Ganpra B HaHouacTuiax Co-Pt mpuBonut x oOpazosa-
HHUIO TBEPJIOTO pacTBOpa, OOraToro IUIATMHOM, TOTIa
Kak OOJBIIIOE MPOIIEHTHOE COAEp)KaHUe KodalbTa — K
00pa30BaHMIO HE TOJIBKO TBEPIOTO PacTBOpa, boraToro
Co0, HO ¥ YHCTOrO MHIMBHAYAIBHOTO KOOaIbTa. PeHT-
reHorpauIecKuM METOIOM OBIJIO YCTAHOBJIEHO, UTO B
pe3yabpTaTe peakui BOCCTAHOBICHHUS PaCTBOPOB IIpe-
KypCOpPOB B CHJIBHOIIEIOYHON cpene ObUT MoiTydeH
TBEPABINA pacTBOp HAHOYACTHILL KOOANBT - ItatuHa (Co-
Pt) Ha 6aze I'LIK kpucTammmyecKkoi pemeéTKy IIaTHHBI,
JUISl KOTOPOTO pacCYMTaH CPEeIHMI Mapamerp 3JIeMeH-
TapHOU STYEUKH KPUCTAIIIMUECKOH PELIETKH.

Paboma evinonnena 6 Jlabopamopuu neopzanu-
yeckux Hamomamepuanos Hucmumyma yerexumuu u
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B3AUMOJIEMCTBUE 2-HA®TOJIA DTAHOJIOM HA MTAJUIATANCOJIEPKAIIEM
MOPAEHUTHOM KATAJIN3ATOPE

Cyneiimanosa I1.B.
Huccepmanm xaghedpwr neghmexumuu u xumudeckoii unsxcenepuu CymMeaumcroeo 20cyoapcmeeHHo20 YHu-
sepcumema, Pecnybnuka Aszepbatioscan

INTERACTION OF 2-NAPHTHOL WITH ETHANOL ON A PALLADIUM-CONTAINING
MORDENITE CATALYST

Suleymanova P.
Dissertant of the Department of Petrochemistry and Chemical Engineering, Sumgait State University, Re-
public of Azerbaijan

AHHOTALUA

[IpuBoaATCS pe3ynbTaThl KATATUTHIESCKOTO B3aMMOICHCTBHA 2-HapTOIa SITAHOIOM B IIPOTOYHBIX YCIIOBHSX.
YcranoBiieHa 3aBHCUMOCTD BbIXOAa 1-3TI/IJ'I-2-Ha(1)TOJ'Ia OT COACPIKaHU: NaJllIagusa B H-MOpI[eHI/ITe Ipu TeMIICpa-
Typax 280, 320, 340°C. B npucyrcTBum BEIOpaHHOTO 3(PPEKTUBHOTO Majutaaniicoaepxamero H-mopaernra uc-
CJIeJIOBaHO BIIMSHHE TEMICPATYphl U 0OOBEMHOW CKOPOCTHU IMOJAYM CBHIPhS Ha MOKa3zarenu mpoiecca. HaitmeHs
YCIIOBHS PEAKIMH ISl BBICOKOCEIeKTHBHOTO (82.5%) momyuenust 1-aTun-2-nadrona.

Abstract

The results of the catalytic interaction of 2-naphthol with ethanol under flowing conditions are presented. The
dependence of the yield of 1-ethyl-2-naphthol on the palladium content in H-mordenite at temperatures of 280,
320, 340°C was established. In the presence of the selected effective palladium-containing H-mordenite, the in-
fluence of temperature and volumetric feed rate on the process parameters was studied. The reaction conditions

were found for highly selective (82.5%) production of 1-ethyl-2-naphthol.
KuroueBble ciioBa: 2-HadTOI,ATaHOI, TaJUTaawii, H-MOpIeHUT, KOHIEHTpAIHs, aJKIIUpOBaHue, |-3THi-2-

HadTONI, HaTATHH.

Keywords: 2-naphthol, ethanol, palladium, H-mordenite, concentration, alkylation, 1-ethyl-2-naphthol,

naphthalene.

Huskomonexynspasie ankumibhble (C1-Co) mpouns-
BOJIHbIE HA()TOJIOB IPUMEHSIOTCS] B IPOU3BOJICTBE BHU-
TaMMHOB K, IyIIMCTBIX BELIECTB, KPAaCOK, JeIMYJIbra-
TOpoB ¥ mpucagok (1-3). DTu neHHbIe TOTYNPOTYKTHI
MIHPOKO HCIIOJIB3YIOTCS B Ka4eCTBE MOIU(PHUKATOPOB
Kap0oaMuI0(OpMANBICTHAHBIX CMON M yIyYIIAIOT
(hM3MKO-MeXaHUIeCKHEe CBOICTBA H3IEHI U3 AepeBa U
(hanepsr (4-5). DTunoBse 3pUpH HAPTOIOB UCTIONB3Y-
IOTCS B KQUECTBE OJIOPAHTa B MOIOIIHX (6-7) cpeacTBax
W apoMaTH3aTopa B MHUMIEBHIX MpoaykraxX. [losromy
pa3paboTKa MOYYEHHS ATUX LIEHHBIX MOIYIPOAYKTOB
OpPraHUYeCcKOro CHHTE3a SIBJSIETCSl aKTyalbHOW 3aja-
yeil. Karamurnueckomy alKWIMPOBaHUIO Ha(TOJIOB
criuptamu C1-Cz mocBsiteHo psaj padort (8-9), u uccie-
JIOBaHMS 110 JAHHOMY HAMPABJICHUIO YCIIELITHO P00~
JKAIOTCS U YCOBEPIIEHCTBYIOTCSL.

JlanHasi CTaThsi MOCBSIIEHA M3YYEHUIO PEaKInuu
IKWINPOBaHUs 2-HaToIa ATAHOIOM B NPHUCYTCTBUHU
naJuIainiicoiep KaIiero MopJICHUTHOTO KaTaln3aTopa.

Cunternyeckue MopaeHUTSHI (SiO2/Al,03=18+25)
HOIy4ann 00paboTkoii Na-mopaeHura
(Si02:Al,03=10) 1H1. pactBopom NH4CI, a 3arem 6-12
KpaTHO# 00paboTkoii momy4derHoro H-mopaenura 2 H.
pactBopoMm HCI ¢ mocnemyromieid mpOMBIBKOH U CyIII-
koi. [lammaguii BBOOWIM TyTEM HOHHOTO OOMeEHa
MEXIy Ie0TMTOM 1 BomHBIM pactBopoM Pd(NH3)4Cly.

J1st ccneoBaHus BIMSTHUSL COJIepIKaHMsI Maliia-
qus B nieosure Pd,H-MopaeHnT Ha ee KatanuTudeckne
CBOMCTBA B peaklWy ajJKWIMpoBaHus 2-Hadromna sTa-
HOJIOM OBUIN TIPUTOTOBJIEHBI 00Pa3Lbl C COEPIKaHHEM
namtaaus 0,15 0,5;1,0;1,5; 1,8% mac.. B kauecTBe cBs-
3ytomed nobaBku ucnons3oBanu ncesnodenur (116,

AIOOH) mpoussoactea OO0 «Umumbaiickuii cieru-
AIU3UPOBAHHBIM XMMMUYECKUN 3aBOJ| KaTaJIU3aTOPOB)»
(OOOUCX3K) , umeromuil clemyrolue XapaKkTepu-
ctuku: copepxanne Na,0-0,05%, notepu mpu npoka-
muBanun - 30,21%, pasmepsl kpuctauioB-40-50HM.
ConeprkaHne CBSI3YIOIIETO BEIIECTBA B TOTOBBIX KaTa-
nu3aropax (B nmepecuere Ha Al,O3) Cocrassiio 25 mac
%.

[Mpouecc ankmmmpoBanust 2-HadTONA STAHOIOM
MIPOBOAMIIN Ha J1a0OPAaTOPHON YCTaHOBKE IPOTOYHOTO
THIIa C MCIOJIb30BAHUEM KBapIlEBOTO peakTopa Mpu
temrieparype 280-360°C, 00beMHOIT CKOPOCTH MOJIauu
KUAKOro chipba 0.5-1.5 u,

OnbIThI TPOBOAWIIM C TPHUMEHEHUEM CBHIPbSl B
MOJIBHOM COOTHOIIeHnH 2-Hadron-stanon=1:5. IIpo-
JOYKTBl pPEaKkIWW aHAIN3UPOBAIM METOJIOM TIa30BOH
xpomarorpadun. MeToiKa aHanu3a aHAJIOTMYHA KaK
U B cydae B3auMmozeicTeus 1-HadTona ¢ MeTaHoJIOM
n onucana B pabore (10). Ilpu ankwimpoBanum 2-
Hadrona ataHoNOM B mpucyrcrBuu Pd,H-mopaenura
obpasytorcs  1-3tmn-2-Hadron, 3- wm  4-5THI-2
HadToubl, HagTanuH U ero ankwibHbie (C1-Cy) mpons-
BozHBIE. [IpeIBOPUTENHHO HCCIIEJOBaHA 3aBHCUMOCTh
BbIxoAa 1-3THn-2-HadTona Ha B3iThIA HATON OT CO-
nepxxanus nawiaaus B H-mopaenute (SiOz/Al,03=25)

W3 pucyHKka BHIHO, YTO aKTHBHOCTh KaTayn3a-
topa B Pd,H-mMopaennTa pacter ¢ yBeaudeHHEM coziep-
XKaHus nayuaaus. B Oomnbmei Mepe 3TO XapakTepHO
JUIsL TIoydeHus: 1-3Tui-2-Hadrona B KOHLEHTPALMAX
namtagus 0,1-1,0 mac % B kaTanuzarope. [loBbienue
conepxkanus nawnanus Beime 1,0 mac % He cnocoO-
CTBYET YBEJIMYECHHUIO BbIXOJa l-3Tmi-2-HadTona st
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Bcex Temmepatyp. IIpm Temmeparypax 320 u 340°C
HaO0II0JAaCTCS HE3HAYMTEIIPHOE CHHXKEHHUE 3TOr0 MOKa-
3arens B cimydae 2,0 mac % Pd,H-mopaenura. OnHo-
BPEMEHHO CJIeyeT OTMETHTh HU3KYIO aKTHBHOCTH KOH-
TakTa ¢ KoHIeHTpanuei namanus 0,1 mac %. [omy-
YEHHBIC OJM3KHE KaTaJIMTHYEeCKHWe cBoiictBa H-

MOpJIIeHUTa ¢ cofepkanueMm nammamus 1,0-1,5 mac %
MOKa3bIBAIOT, 4TO 00a KaTanu3aTopa SBIIOTCS dhhek-
TUBHBIMU JIJIsI JAHHBIA PEaKIInu.

OmHako 10 HKOHOMHYECKHM COOOpaKCHHAM
Hamu Ob1 BeIOpaH 1,0 mac % Pd,H-mopaenura mms
JadbHEUIINX UCCIIEOBAHUMN.

40 —

30—

20—+

BbixofA, 1-3TuUA-2-HadTona, mac ,%

S

(¥

0.5

1,0 L5 2,0

CogepaHue Pd, mac, %
Pucynok. 3asucumocmo vixooa 1-smun-2-naghmona Ha 83amulii HAGMONL OM COOEPHCAHU NANLAOUSA 8
H-mopoenume 1 - 280°C, 2 - 320°C, 3 - 340°C.

Ha nokasareinn peakuyy aJKWINpOBaHus 2-HadToNa STAHOIOM 3aMETHOE BIIMSHUE OKa3bIBAaeT TEMIIepaTypa
1 00beMHasi CKOPOCTh MOJJauM JKUJIKOTO ChIpbs (Tabiuua). [Ipu HU3KOH Temneparype OCHOBHBIM IIPOAYKTOM pe-
aKIUH SIBJISIETCS STHIIOBBIN 3¢Up 2-HadTONA,CENEeKTHBHOCTH 00pa30BaHus KOTOPOro cocTaBisieT 62,5% mpu KoH-
Bepcuu 2-Hadrona 3a npoxon 27,0%. C poctoM TeMieparypsl ero odpasoBanue tumutupyetes 10 1,0 % (mpu

360°C).
Tabnuma
PesynbraThl peakiun aNnKmINpOBaHUs 2-Ha(Toa 3TaHOJIOM B ipucyTcTBun Pd,H-Mopaenut
MomsHOE cooTHOIEeHHE 2-HadTour: 3TaHoN = 1:4
VYceaoBus o
BrIxox mpoayKTOB peakliy B pacyeTe Ha MPOpearnpoBaBIIwii 2-HadToa
peaximn
Hadramm 1 Kounsepcus
o 4 | 2-3TOKCH- 1-3THn- 3-5THII- 4-5TH1- 1,2-nuyTHn- 2-Hadrona
T,°C | 9,4 ankmrHadTa-
Hadranuu | 2-nHad-Tonm | 2-Hadron | 2-HadTON HadTanuH MHLL
280 | 1,0 62,5 34,0 - 15 - - 27,0
320 | 1,0 14,0 75,0 - 4,0 3,0 1,0 38,5
340 | 10 4,0 82,5 1,0 4,5 4,0 1,5 40,0
360 | 1,0 1,0 81,0 2,0 6,0 5,0 2,2 45,0
320 | 05 7,0 80,5 1,0 4,5 4,0 1,5 43,0
320 | 15 215 70,5 - 2,5 1,5 1,0 30,0

[osrrmenue temnepatypsl ot 280°C mo 340°C
YBEJIMYHBAET BBIXOJ 1-3TWi-2-HadToNa B pacyeTe Ha
npopearupoBaBmuii  2-HadTon ot 34,0 mo 82,5%.
JanbHeHmui pocT TeMIepaTypbl yBEJINIUBAET BbIXO/
HEKHUCIIOPOJCOACP)KAIINX COSAWHEHHH, a WMEHHO
HadTaIMHA, STHIHAPTATMHOB U METUITHA( TATMHOB .

[ToBbimenne 00eMHON CKOPOCTH TI0JIa4U CHIPbSI
1o 1,5 u! ymenbimaer kousepcuio 2-Ha)Tola Mo cpas-
Henuto ¢ 9=1,0 u ua 8,5%, a cHuxkenue ee Ha 0,5 u?
YBEJIMYHMBACT CTEIIEHb NIpeBpanieHus HadTona Ha 5,5 %
npu 320°C. Ilpu 3TOM U3MEHSAETCS MOJIBHOE COOTHO-
[ICHUE MOJIyYEHHBIX 2-3TOKCHHA(TaIMHA U 1-3THII-2-
HadTOoMA.

[Tonmy4yeHHBIE aNnKUIATHI MOXKHO YCIICIITHO pa3fe-
JUTHh Ha MHIUBUIyaJbHBIE KOMIOHEHTHL. UncToTa 1mo-
JIy4eHHOTo 2-3TOKCHHadTaiuHa u 1-3THi-2-HadTosa
cocrasisieT 99,3 u 99,0 % cOOTBETCTBEHHO.

Takum 06pa3om, B IPUCYTCTBUH BBIOpanHOTO 1,0
Mac % Pd,H-mopaernTe 1 HaliIGHHBIX YCIOBHAX pPeak-
uun (T-340,°C, 9-1,0 al,v=1:4 Momb/MOIB) mOIyYa-
ercst 1-3Tri-2-HadToJI ¢ BBIXOJIOM Ha IPOPEarupoBaB-
LIMH ¥ TPOTTYIEHHBIN 2-Ha()TOI COOTBETCTBEHHO 82,5-
33,0%.
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Abstract

Almost a third part of life, starting from 49-50 years, a woman is in postmenopause. Attention of scientist is
dedicated to such common condition in postmenopausal period as serosometra - the presence of fluid in the uterine
cavity (endometrial fluid, intrauterine fluid).

The aim of the study is to develop an algorithm for managing patients with intrauterine fluid in the postmen-
opausal period.

Research materials and methods: 67 postmenopausal patients with intrauterine fluid and 63 women with the
physiological course of the postmenopausal period (control group) were examined.

Results were shown that postmenopausal women are at risk for developing intrauterine fluid. Intrauterine
fluid or serosometra, detected echographically, is accompanied by a violation of the vaginal microbiocenosis, mi-
crobial contamination of the endometrium. Complex ultrasound examination using 3D/4D scanning, Doppler ex-
amination and compression sonoelastography facilitates the diagnosis and detection of organic intrauterine pathol-
ogy. According to the results of studies, endometrial polyps in 34.3% of patients, endometrial hyperplasia in 16.4%
of patients, submucous uterine leiomyoma in 5.9% of patients, and cervical canal polyps in 14.9% of patients are
concomitant gynecological abnormalities with serosometra. For practical medicine an algorithm for the manage-

ment of women with intrauterine fluid (serosometra) in postmenopausal period was proposed.
Keywords: serosometra, intrauterine fluid, endometrial fluid, management of patients with intrauterine fluid

The development of technology, medical science,
the facilitation of physical labor, and the improvement
of living standards in recent decades has led to the pro-
longation of human life. At the same time, late adult-
hood is characterized by the development of specific
health disorders and the occurrence of special diseases.
According to WHO data, women live longer than men
around the world, especially in rich countries [1]. The
postmenopausal period is a specific period in a wom-
an's life, characterized by age-related anatomical and
physiological features, and the steady development of
estrogen deficiency syndrome [2, 3, 4].

Almost a third part of life, starting from 49-50
years, a woman is in postmenopause. The postmeno-
pausal period is characterized by general aging of the
body and is accompanied by various somatic pathol-
ogy, including in the female sexual sphere, in which
there are involutive changes caused by a deficiency of
steroids, and against the background of atrophy and
hormonal imbalance, very often various benign and
malignant diseases of the genitals are developed [2, 3].

The results of epidemiological studies show that
gynecological morbidity in postmenopausal women
does not tend to decrease. In the structure of these dis-
eases, pathological processes of the endometrium oc-
cupy a leading place, but the tendency of these pro-

cesses to the absence of specific, pathognomonic symp-
toms and a long, recurrent course, causes certain diffi-
culties in differential diagnosis. In addition, untimely
diagnosis and irrational treatment lead to their progres-
sion and the possibility of malignant degeneration [2,
5, 6].

In this regard, attention is drawn to such a com-
mon condition as serosometra - the presence of fluid in
the uterine cavity (endometrial fluid, intrauterine fluid).

As a rule, the conclusion of the "intrauterine fluid"
appears in the patient's medical history after an ultra-
sound scan that visualizes the presence of fluid in the
uterine cavity. Therefore, this term is a functional and
not clinical, because the echo-signs of intrauterine fluid
do not always match with clinical manifestations [5, 6]

To date, different opinions are presented in the lit-
erature, both about the nature of the appearance of fluid
in the uterine cavity, and about the prognostic signifi-
cance of this phenomenon. Some researchers regard the
appearance of fluid in the uterine cavity during post-
menopause as a variant of the norm, linking it with oc-
clusion of the cervical canal, due to tissue atrophy due
to a decrease in the level of female sex hormones. [5, 6,
7]. Others, associate serosometra with benign intrauter-
ine pathology, such as cervical canal polyps, multiple
small myomatous nodes, and a single large myoma [6].
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A number of authors point to an increased risk of ma-
lignant processes in the pelvis when fluid is detected in
the uterine cavity, especially in the postmenopausal pe-
riod [6, 8]. Also, serosometra can be a consequence of
the use of medical drugs (for example, tamoxifen) and
the use of menopausal hormone therapy [6, 8].

So wide etiological spectrum of intrauterine fluid
in women in postmenopausal period defines that, there
is no single approach to management of the patients.
Questions about the mechanisms of early detection of
intrauterine fluid, diagnostic and therapeutic route of a
patient with a intrauterine fluid in the postmenopausal
period remain relevant and debatable.

The aim of the study is to develop an algorithm
for managing patients with intrauterine fluid in the
postmenopausal period.

Research materials and methods

We examined 67 postmenopausal patients with in-
trauterine fluid who were treated in the Center of Gen-
eral gynecology, gynecological endocrinology and re-
productive medicine of the Feofania Clinical hospital,
Kyiv, Ukraine and in the Department of gynecology of
the Kyiv city maternity hospital No. 3, Ukraine. The
control group - 63 women with the physiological course
of the postmenopausal period.

Inclusion criteria: postmenopausal women with
available intrauterine fluid detected by transvaginal ul-
trasound.

Exclusion criteria: patients in whom is unpossible
to get aspirate from the uterine cavity for pathohisto-
logical research; patients with menopausal blood
smearing/bleeding; patients with cardiovascular dis-
eases in the decompensation stage or with heart failure;
patients with diabetes mellitus in the decompensation
stage; patients with an established diagnosis of malig-
nant neoplasm; patients who have undergone treatment
for breast cancer processes and have taken antiestrogen
drugs; patients with alcoholic and nicotine addiction;
patients with liver pathology in the decompensation
stage; patients with cognitive impairment; patients with
thyroid pathology in the decompensation stage; patients
with various forms of tuberculosis; patients with pa-
thology of other organs and systems in the decompen-
sation stage that could affect the result of the study.

All patients underwent General clinical examina-
tion in accordance with the orders of the Ministry of
health of Ukraine No. 676 of 31.12.2004 and Ne 417 of
15.07.2011. During the examination, the patients' med-
ical history was analyzed, while paying attention to the
features of menstrual and reproductive function, the re-
sults of previous pregnancies, complications of abor-
tions, childbirth and the postpartum period, the course
of the of peri- and postmenopausal period. We studied
the history of infectious, somatic, endocrine and gyne-
cological diseases. Data on concomitant diseases were
found out in detail. All women were given general and
special examinations

Bacteriological and cytological examination of the
contents of the vagina was carried out. The study of
vaginal microbiocenosis included the identification of
species and quantitative composition of microflora.
The research was conducted using a generally accepted

method using elective and differential diagnostic cul-
ture (with anaerobic technology). For growing fungi of
the genus Candida, the Saburo culture was used. The
isolated microorganisms were identified by genus and
species and quantitatively detected their ratio in the
studied material, as well as sensitivity to antibacterial
drugs was determined. The pH of the vaginal contents
was determined. To diagnose the severity of atrophic
processes in the vagina, the index of the state of the
vagina was calculated.

The diagnostic search was performed using two-
dimensional ultrasound, which was further supple-
mented by 3D / 4D scanning, Doppler diagnostic and
compression sonoelastography, followed by hyster-
oscopy (if necessary, hysteroresectoscopy) or D&C.

The obtained material was subjected to histologi-
cal examination, depending on the results of which the
patients used the appropriate treatment tactics. The ma-
terial for the morphological study was aspirate from the
uterine cavity, scraping, resectates of the endometrium
and the cervical canal mucosa.

Statistical data processing was performed using
standard methods of variational statistics.

Results and discussion

We examined 67 postmenopausal women with in-
trauterine fluid aged 55-78 years (average age 64.8+£5.2
years). The duration of postmenopause ranged from 7
to 25 years (the average duration of menopause is
13.842.9 years). The control group included 63 women
with the physiological course of the postmenopausal
period aged from 56 to 77 years (average age 63.9+4.8
years). The duration of postmenopause ranged from 6
to 23 years (the average duration of menopause is
14.8£3.9 years).

Analyzing the anamnestic data, it was found that
there were no complaints in postmenopausal women
with intrauterine fluid, and the fluid in the uterine cav-
ity was detected during a preventive ultrasound exami-
nation.

In postmenopausal women with intrauterine fluid,
compared with the control group, data on menstrual
dysfunction by type of hyperpolymenorrhea (in 16.4%
of women), frequent spontaneous miscarriages (in
16.4%) and secondary infertility (in 5.9% of patients)
were shown, indicating a burdened obstetric history.
Also, the groups differed statistically significantly in
the frequency of inflammatory processes of the uterus
and ovaries (manifested in 37.3% of patients), and cer-
vical pathology (in 29.8%) in the history. For this rea-
son, the percentage of surgical interventions for cervi-
cal diseases (37%) and inflammatory diseases of the
uterine appendages (8.9%) was significantly higher in
the main group of patients, as well as repeated D&C
after complicated medical abortions in this group of pa-
tients (8.9% of patients with a intrauterine fluid in post-
menopausa versus 1.6% in the control group).

As a result of the microbiological study of the mi-
croflora and analysis of the vaginal epithelium, 35
(52.2%) postmenopausal women with intrauterine fluid
were diagnosed with atrophic colpitis, 26 (38.8%) pa-
tients were diagnosed with bacterial vaginosis and 6
(8.9%) women with conditional normocenosis. For ex-
ample, in postmenopausal women with serosometra
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and atrophic colpitis, Staphylococcus spp was most
common. (42.8%), while the total microbial contami-
nation did not exceed 6 Ilg CFU/ml of vaginal contents.
Bacterial vaginosis was observed in 26 (38.8%) post-
menopausal women with intrauterine fluid. We ob-
served significant changes in the vaginal biocenosis in
the quantitative ratio of different groups of microorgan-
isms.

As a result of the microbiological analysis of the
aspirate from the uterine cavity, the following results
were obtained and it was found that postmenopausal
women with intrauterine fluid had a massive microbial
contamination of the endometrium. The total number of
microorganisms reached 5-8 Ig CFU/ml. The polymi-
crobial nature of the microflora was revealed. Micro-
bial contamination correlated with the amount of fluid
in the uterine cavity [9].

Lactobacillus spp was the most common. - 23
(34.3%). Also in the aspirate taken from the uterine
cavity were found: Staphylococcus spp. - 15 (22.4%),
Escherichia coli - 11 (16.4%), Enterococcus - 11
(16.4%). Less common were Bacteroides spp. - 7

(10.5%), Gardnerella vaginalis - 7 (10.5%), Streptococ-
cus spp. - 6 (8.9%), Peptostreptococcus spp. - 6 (8.9%),
Proteus mirabilis - 4 (5.9%), Candida spp. - 2 (2.9%).
The qualitative composition of microorganisms was
represented by both aerobic and anaerobic microflora,
while microbial associations with 2-3 microorganisms
in the endometrium were noted in 88% of women [9].

In complex ultrasound analysis of endometrial pa-
thology in postmenopausal women with intrauterine
fluid using 3D/4D scanning, Doppler examination, and
compression sonoelastography, endometrial polyps
were found in 23 (34.3%) patients, endometrial hyper-
plasia in 11 (16.4%) patients, submucous uterine leio-
myoma in 4 (5.9%) patients, and cervical canal polyps
in 10 (14.9%) patients patients. Pathohistology data
correlated with ultrasound results [10].

The data obtained as a result of the research al-
lowed us to propose an algorithm for managing women
with intrauterine fluid (serosometra) in the postmeno-
pausal period (Fig.1).

Transvaginal ultrasound screening

Y

US-conclusion "l

ntrauterine fluid»

Y

'

Y

y

A

- Thorough history collection
- General clinical examinations

- Ultrasonic 3D / 4D scanning

- Doppler mapping

- Compression sonoelastography

If necessary - consultation
of related specialists
for physical condition

correction

Y

Preoperative preparation

Y

Intrauterine fluid aspiration + hysteroscopy (hysteroresectoscopy) or D&C

/\

Histopathological study
of received material

>

Comprehensive microbiological, bacteriological
and virological examination of aspirate

>
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of atypical cells
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A
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the oncologist

A
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antibacterial, antifungal,
and antiviral therapy
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After 3 months: ULTRASOUND control, vaginal pH, vaginal atrophy index

Fig. 1 Algorithm for the management of women with intrauterine fluid (serosometra) postmenopausal period



POLISH JOURNAL OF SCIENCE Ne 24, 2020

33

CONCLUSIONS

1. Postmenopausal women are at risk for develop-
ing intrauterine fluid.

2. Intrauterine fluid or serosometra, detected echo-
graphically, is accompanied by a violation of the vagi-
nal microbiocenosis, microbial contamination of the
endometrium.

3. Complex ultrasound examination using 3D/4D
scanning, Doppler examination and compression sono-
elastography facilitates the diagnosis and detection of
organic intrauterine pathology

4. According to the results of our studies, endome-
trial polyps in 34.3% of patients, endometrial hyper-
plasia in 16.4% of patients, submucous uterine leiomy-
oma in 5.9% of patients, and cervical canal polyps in
14.9% of patients are concomitant gynecological ab-
normalities with serosometra.

5. For practical medicine we propose an algorithm
for the management of women with intrauterine fluid
(serosometra) in postmenopausal period.
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B cratbe mpencraBieHbl SKCHEPUMEHTHI PACKPBIBAIOIINE MEXaHU3MbI (POPMHUPOBAHUS IHIIEBAPUTEIHHO-
TPAHCHOPTHOIO KOHBEHepa M pEryslus TOMEOCTa3a B pPAaHHEM IIOCTHATAaJbHOM OHTOTEHE3E C Y4eTOM
CTPYKTYPHO-(YHKIIOHAJBHBIX OCOOCHHOCTEH BHYTPEHHHMX OpraHoB M THIOB TnMTaHus.Ha ocHoBaHuM
YIBTPACTPYKTYPHBIX HCCIIEOBAHNH yCTAaHOBJICHBI MEXaHU3MBbl BCACBIBAHUS M PETYJISILIMM TOMEOCTAa3a.

Abstract

The article tells about experiments revealing the mechanisms of formation of the digestive transport conveyor

and the regulation of homeostasis in early postnatal ontogenesis taking into account the structural and functional
features of the internal organs and types of nutrition. On the basis of ultrastructural studies, the mechanisms of
absorption and regulation of homeostasis are established.
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[Turanue Kak 10, TaK W MOCIE POXKACHHUS MIIEKO-
MHUTAIOIIX OKa3bIBACT NMPSIMOE BO3ACHCTBHE Ha MPO-
recchsl TuHEepeHIINPOBKH KIETOK, PAa3BUTHE U CTAHOB-
JIEHUE TKaHE#, OpraHoB M CUCTeM opraHu3Mma. biaro-
Japsi MUTaHUIO YCIICIIHO (OPMHUPYIOTCA BCE YPOBHHU
(hYHKIIMOHATBHBIX CHCTEM JXHBOTO, O0OECIICYHBACTCS
rOMeOoCTa3 BHYTPEHHEH Cpefibl OpraHu3Ma U ero ajar-
tauus [3,5,7]. CorylacHO MHOTOYUCIIEHHBIM HCCIIEI0-
BaHUSM, IUIIEBapUTEIbHBIN KaHal, HAXOSICh Ha rpa-
HUIIEe BHEIIHEH U BHYTpEHHEH cpell opraHu3Ma, UCIIbI-
ThIBasi Ha ce0Oe BO3JCHCTBHE PpaA3NUYHBIX IO
XMMHUYECKOH MPHUPO/IE BELIECTB, pa3BUBaeT U (Gopmu-
PYET CTPYKTYpBI, (QYHKIMH KOTOPBIX COCTOST B IEpe-
BapHBaHUM U co3maHuu O6apbepos [ 1,2, 6,7].

W3BecTHO, YTO TOHKAs KHUIIKA, KPOME OCYIIECTB-
JCHUS 3aKIIOYUTEIbHBIX CTagui IEepeBapHBaHHUA U
BCAaChIBAHUS, BBIMOJHIET 9K30- M SHIAOKPHUHHYIO, MO-
TOPHO-3BAaKyaTOPHYIO, IMMYHHYIO U ApYTHe (QyHKIHH.
OTOT MIMPOKUHA Anana3oH YHKIHOHAIEHON NesITeNb-
HOCTH OpraHa OIpeleNseT MPUCTaIbHOe BHHUMAaHUE U
MOCTOSIHHO BO3pacTalOIIMKA MHTEpeC K M3Y4EHHUIO ero
CTPYKTYpbI ¥ QpyHKINH, GOpMHUPOBaHHUIO ero (GpyHKIHU-
OHAJBHBIX CHCTEM, MEXaHHM3MaM pETYJSILIUA TOMeo-
cTaza.

Llens HACTOSIIETO UCCIEAOBAHMSA: YCTAHOBUTD Ha
OCHOBE 00IEMOP(OTOTHIECKHX, 3IEKTPOHHO-MHUKPO-
CKOITMYECKHX, THCTOXUMHYECKNX UCCIIEJOBAaHUHN 3aK0-
HOMEpHOCTH (pOPMHUPOBAHMS NHIIEBAPUTEIHHO-TPAHC-
MOPTHOTO KOHBEHepa M MEXaHN3MBI PETYIIALUA TOMEO-
CTa3a B paHHEM IIOCTHATaJIbHOM OHTOT€HE3e.

Marepuan u MeTozbl HccienoBanus. benbie Oec-
MOPOJHBIE KPBICHI 000€T0 IMoJIa ¢ MOMEHTa UX POoXKIe-
HUS ¥ TIEpUOJIOB pa3BuTus, 1, 3, 7, 14, 21,30 nueit, 3-4
MecC., HaXOAWJINCh B CTAaHAAPTHBIX yCIOBUSAX BUBapus.
Cpoku mcciaejoBaHUS BHIOpaHbI HAMHM HAa OCHOBAaHHUH
MPE/ICTABICHUH O CTPYKTYpHO-(pYHKIMOHAIBHBIX 0CO-
OEHHOCTSAX BHYTPEHHHMX OPraHOB M THIAX ITUTAHHS B
MOCTHATAJIbHOM OHTOTCHE3€ U BO3PACTHON NepHOAN3a-
IIUH JTAOOPAaTOPHBIX )KUBOTHBIX. J[11s 00memMopdooru-
YECKUX M 3JIEKTPOHHO-MHKPOCKOITMYECKNX HCCIIEI0BA-
HUH MCIIOIb30BANINCH KyCOUKH TKaHH (DyHIAIbHON Ya-
CTH OKeIyAKa, TOJKEeTyJOYHOH  Keme3sl, 12-
TUIICPCTHOM, TOIIEH U MOAB3I0IIHON KHIIOK. [luTodu-
3MOJIOTHS TIpOIlecca BCACBIBAHMSA B CIHM3UCTOH 000-
JIOYKE TOHKOHN KHIIKH, KJIETOYHbIE MEXaHU3MBI €€ pe-
TYJSIIAA W3YYEHBI AJIEKTPOHHO-MHKPOCKOITHUYECKH B
JUHAMUKE T0CJIE€ OAHOKPATHOTO KOPMIIEHUSI HOBOPOXK-
JIEHHBIX, 3-, 7 1 14- THEBHBIX KPbIC TPYIHBIM MOJIOKOM;
pactBopoMm Oeika (7% ObIYMiA WK SHYHBIN ATLOYMUH).
Jis cMHXpOHM3alMK IIpoliecca BCAChIBaHUS B TOLIEH
KHUIIKE, KPBICSTA Mepe/i KOpMIIEHHEM rojoany 3 Jaca.
3a00i1 KUBOTHBIX OCYIIECTBISLIA B COOTBETCTBUH C
npaBusiaMu EBponeickoll KOHBEHIIMH O MPOBEJICHUU
HKCIEPUMEHTOB C )KHBOTHBIMH JJISl HAYYHBIX HCCIIEI0-
BaHuii B cpoku 10, 30, 60 muH., 3,6,9 u 24 gaca nocne
KOpMJIeHHs. JleKamuTamus OCYIIECTBISIACH TIOCIE
Hapko3a HemOyTanom. Ha kKaIb1ii CpOK HCIIOITB30BAHO
He MeHee 3 )KMBOTHBIX. VneHTndukanus crnernuduaHo-
cTH OeJKa, BBEJICHHOTI'O KPBICSTaM per 0S M abcopOoupo-
BAaHHOT'O CJIM3UCTOM OOOJIOYKOM TOINEH KHIIKH OCYy-
IIECTBJICHA UMMYHO(IIIOOPECHEHTHBIM METOJIOM.

Tkanp mns  0OmEMOpP(OIOTHIESCKHX H  DJIEK-
TPOHHO-MHUKPOCKOITMIECKUX HUCCIEAOBAHUN (PHUKCHPO-
BaHa COOTBETCTBEHHO B kuakoctu Kaprya u 1% pac-
1Bope OsO4. Ilocite mMpoBOAKH MO CITUPTAM BO3pacTa-
fome KOHIICHTPAIlMK OHH 3alUTHl B mapaduH WiIn
apaxnut. [IpocMOTp OKpameHHbIX TeMaTOKCHIHHOM H
J03MHOM WM KOHTPACTUPOBAHHBIX YpaHWI-AI[ETaTOM
CPE30B OCYIIECTBIISIIA COOTBETCTBEHHO B MHKPOCKO-
nax MUKMEJI-6 (Poccust) wiau JEM-100S (SInomus).

Pesynbratsl.

[Ipu poxkaeHUH y KPBICAT 00pa3yroIrecs Herimy-
OOKHE KEMYJOYHBIC IMKH BBICTJIAHBI BEICOKO TpU3Ma-
TUYECKUM CITU3b-CEKPETHPYIOUM smuTenreM. OHH B
HaJ sAepHOH O0NacTH cojepKaT MHOTOYHCIICHHBIS
AJIEKTPOHHO IIOTHBIE CEKPETOPHBIC TpaHyasl. Ha mHe
SIMOK BBIIBIISIFOTCSI OY€HB KOPOTKHE JKeNe3bl 0e3 mpo-
CBETa WK ¢ (POPMHUPYIOIIUMCS Y3KUM TpocBeToM. O0-
pa3yIoLMil X SNUTENUH HU3KO MPU3MaTUIECKUil, Co-
CTOUT B OCHOBHOM M3 KaMOWaJbHBIX, C HAYaJbHBIMU
npu3HaKaMu TuGPpepeHUPOBKY 100aBOUHBIX U TTApH-
eTANbHBIX KJIeTOK. [lopkemymouHasi >kene3a HMeeT
JIMLIb eIMHUYHBIE GopMUpyloLrecs anuuHycsl. O0pa-
3YIOIME UX MPU3MATUYECKUE IMUTEIHATBHBIC KIETKU
mudQepeHINPOBaHbl U B HAJ SICPHON 30HE COAEpIKaT
Pa3IMYHOE YHCIO IEKTPOHHO IUIOTHBIX CEKPETOPHBIX
rpanyi. OCHOBHAsI 9YaCTh ITAPCHXIMEI KeJIe3bI COCTOUT
3 (OPMUPYIOUINXCS AaUHYCOB W TPOTOKOB. DHIIO-
KPUHHBIC OCTPOBKHU MEJIKHE, 00HAPYKUBAIOTCS JIUIIH B
00JTaCTH TOJIOBKH MOKEITYIOYHOH KEJe3bl H COCTOST
U3 KJIETOK pa3in4HON cTeneHu qudhepeHInpOBKH.

B cnuzucToii 0607104YKe TOIIEH KWIIKU BBISBIIS-
I0TCSI BOPCUHKH Pa3IUIHbBIX TeHEpaIyii: 0T chOpMUPO-
BaHHBIX JI0 €/IBa HamMeuaromuxcs. FIX moBepXHOCTh BbI-
CTJIaHAa BBICOKO TPU3MATUYECKUAM OJIHUTEITHEM, allv-
KalbHas 4YacTh KOTOPHIX HMMEET MHOTOYHCIICHHBIE
TUIIUYHBIE MUKPOBOPCUHKHU BbicOTOM 1,0 MKM M aua-
merpom 0,1 Mkm. [InazmoneMMa MexXay UX OCHOBaHH-
ssMH 00pa3yeT TyOyII0-Be3UKYJSIpHBIC JHIOLUUTO3HEIC
oOpa3oBanus. B Hag sepHOi o0macTu pacmonaraeTcs
XOPOLLO Pa3BUTBINA KOMIUIEKC ["0Ib 1KY, TIaAKUH U 111e-
POXOBATHIN HIOIIA3MATHICCKUN PETHKYIYM ¥ MUATO-
XOHJIPUH; JIU30COMBI €IUHUYHBIE, MeENKHe. Mexay
BOPCHHKAMH OOHAPYKUBAIOTCS KOPOTKHE YTIyOJICHUS
obpasyromuxcs kpunt. CoOCTBeHHas! TUIACTUHKA CJIH-
3UCTON OOOJIOYKH TOIICH KHIIKH COCTOUT M3 WHTEH-
CUBHO Pa3BUBAIOIINXCSI KPOBEHOCHBIX M JUMQaTHue-
CKUX KaIWUIAPOB, OJaCTHBIX KIETOK, TuM(oOIacToB,
(hOpMUPYIOLIUX PEIAKUE CKOTUICHHS.

Takum 00pa3oM, IPU PONKACHUH BIOJH ITHIICBA-
pHUTENILHOM TPyOKH Hanboee CTPYKTypHO U (QYHKIIHO-
HAIBHO C(OPMHUPOBAHHOW SIBIIICTCS CIIU3UCTast 000-
JIOUKa TOHKOW Kulku. KaemMyaTblii snuTenuil BOpcH-
HOK M COCYJIUCTas CHCTeMa B CIIM3HCTON 000J0YKe
TOIEH KWITKA MOTYT OCYIIECTBIISATh BCAChIBaHWE
SHOIUTO30M.

[Tpu BckapMIUBaHUU TPYAHBIM MOJIOKOM TYOYJIO-
BE3UKYJIApHbIE 00pa3oBaHUS MEXIy OCHOBAaHUSIMH
MHKPOBOPCHHOK OY€HB OBICTPO OTACIISIFOTCS U TIEPEHO-
CAT B IIUTOILIA3My KaeMYaTbIX SHTEPOIUTOB WHTPEIH-
€HTHI TPYIHOTO MoJioka. COrJIacCHO HAIIUM JaHHBIM, a
TaKXKe JaHHBIM JPYTUX HCCICIOBATENCH, TPAHCIOPT
OCYIIECTBIISIETCS PELIENITOP-0TIOCPEAOBAHHBIM SHIOLIN-
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T030M. [IpOoTsHKEHHOCTh MeMOpaH 3HIIOIMTO3HBIX 00-
pa30BaHMI U PELENTOPOB OMpeesieT 00bEM U KOIH-
YEeCTBO TPAaHCIOPTUPYEMOTO B KIETKH cyOcTpara u3
npocBeTa KUIIKK. HoBas reHepamus 3HIOIMTO3HBIX
00pa3oBaHNil U PELENTOPOB MOSBIACTCS KO BPEMEHH
CJICYIOMIETO KOPMIIGHHS M 3aBHCHT OT MeTaboiHde-
CKUX BO3MOJKHOCTEH KJeTKU. B pesynbrare yHHUKab-
HOM OpraHM3aliy Mpoliecca MUIIEBapSHUs U LIUKINYe-
CKOH JEATEeIbHOCTH BCACBHIBAIOIINX KIETOK TPAHCIIOPT
MHIPE/IMEHTOB TPYAHOTO MOJIOKA PETyIUPYETCs U OCYy-
IIECTBISIETCSl TO3UPOBAHHO M ONTHUMAaJIbHO, CIIOCO0-
CTBYeT TrapMOHHYHOMY (opMHpOBaHUIO (YHKIHO-
HaJIbHBIX CHCTEM OpIraHH3Ma.

Ecnu BMecTO rpyIHOrO MOJIOKa KpbIcaMm depes 1,
3 u 7 pHel mocne poXxaeHUs BBeCTH 7% PacTBOp anb-
OymmHa, TO aOCOPOIHS ero KaeM4aTbIM YHTEPOIIUTAMHI
BOPCHHOK TOILEH KHIIKH OCYIIECTBIISICTCS C TIOMOILBIO
TyOyJI0-BE3UKYJISIPHBIX 00pa3oBaHUN 0e3 M3MEHEHUs
(MaeHTHYHOCTH abCOPOMPOBAaHHOIO OeJika YCTaHOB-
JieHa IMMYHOQIIIOOpEeCeHTHBIM MeToioM). Yepes 20
MHUH., KOT'JIa OCHOBHasI Macca abCopOHMpPOBAaHHOTO SHTE-
pouuTamMy anbOyMUHA JECHOHHPYETCS BHYTPH CTPYK-
Typ KoMmIuiekca ['oJbIKH, BE3MKYJIbl OINpEACICHHYIO
€ro 4acTh TPAHCIIOPTHPYIOT (POPMHUPYIOIIYIOCS B HAM
ANEPHON 001aCTH MEPBUYHYIO JIN30COMY, JPYTYIO BBI-
TPyXaeT B PacCHIMPSAIONIEECS] NPOCTPAHCTBO MEXIY
CMEXHBIMHU SHTEPOLUTAMH ¥ COOCTBEHHYIO IIITACTHHKY
CIIM3HUCTON 000JI0UKH TOIIeH KUIKU. B pesynsrarte ue-
pe3 30 MuH. TOCTIe BBISBICHHS B 3HTEPOLMTaX BOPCH-
HOK TOLIEH KHIIKH MEPBbIX MPU3HAKOB Ipoliecca Bca-
CBIBaHUS OeJKa MHUTEINH HHOWIBTPUPYETCS eIUHIY-
HBIMH MOHOIIUTOIIOTOOHBIMH KJICTKaMH, B Makpodarax
COOCTBEHHOH IUIACTHHKE CIM3UCTON 00OJIOYKHU TOIIEH
KUIIKW BBIABJIAKOTCA KPYITHBIC BTOPUYHBIC JIU30COMBIL.
Hapsiny ¢ 3TuM HekoTopast 4acTh TPAHCIIOPTHPYEMOTO
aIpOyMHHA U3 MHTEPCTUIIMN COOCTBEHHOW ITACTHHKH
BOPCHHOK IIEpEMEIaeTcsl 10 HaIpaBJIeHHIo K JmuMda-
THYECKMM KaIlWUIApaM M 10 MEXIHJOTEIHaIbHBIM
MPOMEXYTKaM ITOCTYNaeT B X MPOCBET.

[Tpu 3BOIOIMOHHO CIIOXKHUBIIEMCS €CTECTBEHHOM
BCKapMJIMBaHUU TPYAHBIM MOJIOKOM Y KpbIcaT 1,3,7 u
14 cyrok mocie poxxaeHHs oOuias MpPOJOKUTEINb-
HOCTh TIpOIlecca BCACBIBAHMSA B CIM3HCTOH 00OJ0YKE
BOPCHHOK TOULIEH KHUILIKH JUIUTCS B CPEHEMS-6 4acoB,
Ipyu 3TOM TMPOJAOJDKUTCIIBHOCTh BHYTPUKIETOYHOT'O
dTama B DHTEPOIMTAX cocTaBiseT 2-3 daca. Criemyer
OTMETHUTb, YTO K MOMEHTY 3aBEPIICHUS BBITPY3KH HH-
TPEIMEHTOB TPYAHOTO MOJIOKA B MEKKJIETOYHOE IIPO-
CTPaHCTBO 30HA KOMIUIEKca | 0JIb/)K1 3aHMAeT 3Ha4H-
TENIBHBIH 00bEM, 0/THAKO COCTOMT TOJIBKO M3 MeJbyai-
IINX BE3UKYI 0€3 COAEP’KMMOTO.

ITpn TpaHcropre wuyxepoxHoro Oenka (anbOy-
MHHA) BTOPUYHAS JIM30COMa HaJl SIPOM DHTEPOLUTOB
BOPCHHOK TOIIEH KUIIKH BBIABISIETCS OT 6 0 9 9acoB
MOCJIe HavaJia Ipolecca BcachlBaHus. B TedeHne storo
BPEMEHHU HaJl AJAPOM SHTCPOIUTOB BOPCHHOK BBISABIIA-
f0TCsl 00 OfHAa KPYIMHAs M TPyNNa MEJKUX, JHO00
TOJIBKO T'PpYHIbI MEJIKUX U CPEAHNUX BTOPUYHBIX JIM30-
COM C TeTepOJOTUYHBIM COAEPKUMBIM. BOKpyr HHX
MOCTOSIHHO BBISIBIISIFOTCS. MHTOXOAPHH C YMEPEHHO
IUIOTHBIM MAaTpUKCOM M OPHEHTUPOBAHHBIMH KpH-
CTaMH.

Taxkum oOpa3zoMm, B paHHUH TOCTHATAIBLHBIN Tie-
pHOJ JKU3HHM pEryisilus TOMeocTa3a BHYTPEHHEH
Cpenbl OCYIIECTBISETCSI HECKONBKUMHE B3aNMOCBS3aH-
HBIMH H B3aHMOCOACHCTBYIOIIMMH (YHKIIHOHAIb-
HBIMH CHCTEMaMH. B Tollell KHUILIKe e€e COCTaBIIIO-
MU SBJIAIOTCS TIOJIOCTh KHIIKA C MHKPOOPTaHM3-
MaMH,  peleNnTOp-ONOCPEAOBaHHBI  3HIOILUTO3,
BHYTPUKJIETOYHBIH TPAaHCIIOPT OT OCHOBAaHUSI MHKPO-
BOPCHHOK K CTPYKTYpaM KoMILIekca ["0JbJKH, OT KOM-
twrekca ["oJIbKM B MEKANUTEIHANBEHOE IIPOCTPAHCTBO
W MHTEpCTHLHUIO (IIPH TOMOJIOTHYHOCTH abcopOupye-
MOro cyOcTpaTa) MM K TIEpBHYHBIM JIM30COMaM U MH-
TepCTUINIO (IIPU TETEpOJIOTHYHOCTH cyOcTpaTa); u3
MHTEPCTHLUH abcOpONPOBaHHBIC MHIPEIUCHTHI TPYA-
HOTO MOJIOKa TPAHCHOPTHPYIOTCSI B KPOBEHOCHBIE U
TUMQaTHIeckne KamWULIPEl (B 3aBUCUMOCTH OT €r0
XMMHUYECKOI IPUPOIBI); TIPH T€TEPOIOTHYHOCTH OelKa
OH TIEPEBAPHBACTCS BO BTOPUYHBIX JIM30COMAX MaKpoO-
(haroB u TPaHCHOPTHPYETCS TONBKO B TUM(paTUYECKUE
KarnuJuiapbl.

Kak otmeuaror K.A.3ydapos, A.}O.}Onnames
[1,2], A.FO.FOnnameB ¢ coaBT.[7], B TeUEHUE TIEPBOTO
rojia )KU3HH y JeTel, 3 Hexenb y KpbIc (Y APYTUX Mile-
KOTIUTAIOUINX — B JPYTHE OTPE3KN BPEMEHH) POUCXO-
IUT 3aKOHOMEpPHOE, B3aMMOCBS3aHHOE CTPYKTYPHO-
(YHKIIMOHAIbHOE CTAHOBJICHHE CIIIOHHBIX XKEJe3, JKe-
JyAKa, TOMKEIYAOUYHON JKENe3bl, eUeHHU, SHIOKPUH-
HOW ¥ UMMYHHOU CHCTEM CIIH3HCTON 00OJIOUKH XKeTy-
JOYHO-KHUIIEYHOTo TpakTa. KoHconmuanus u nHTerpa-
LUl TEeTePOXPOHO Ppa3BUBAIOLIMXCS 1O W PaHHUA
HEepUOJ] TIOCNIe POXKICHUS CTPYKTYp 3aBepIIaeTcs KO
BpPEMEHHU Nepexojia Ha Je(UHUTHUBHOE muTaHue Qop-
MHPOBaHHEM COBEPIICHHON (YHKIMOHAIBLHON CH-
CTEMbI MHUIICBAPCHUA, BCACBIBAHUA WU PEryJIALINAU TO-
MeocTasa.
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AHHOTaLUA

B cratee paccMaTpuBarOTCA BO3MOKHOCTU HMCIOJB30BaHUSA UHTCPHET-PECYPCOB AIITCUHBIX opraHmaLmﬁ B
Ka4eCTBC CPCACTBA MMPOABUIKCHUA PCAIU3YCMbIX TOBApPOB. E)KGFO,Z[HO OTMEYACTCs POCT KOJIMYCCTBA I1OJIb30BATC-
JIei cetn I/IHTepHeT 1 J0JIM NOKYIIOK, COBEPIIACMBbIX YCPE3 FJ'IO6aJ'ILHy10 ceTh. JKenaHue HacelleHUs B an06peTe—
HHUH BCe OOJIBIIETO NEpEeYHs TOBApPOB YCPE3 HHTepHGT-CaﬁTH BO3pacCTaCT, 4YTO JUKTYCT 06’b€KTPIBHy}0 H€O6XOZ[I/I—
MOCTH IJI alITCYHBIX opraHmauHﬁ CJICI0BATh 3a COBPEMCHHBIMU TPECHAAMU. MHpOBaSI IMpaKTHUKa UCII0JIb30BAHUA
PECYPCOB CETH I/IHTepHeT JJIA HpI/I06peTeHI/I${ JICKapCTBCHHBIX MTPEIapaToB MMOKA3bIBACTCA, YTO BO MHOTUX CTpaHax
NoZI00HOE paclIMpeHHe PhIHKA CBA3aHO C JKeJIAaHWEM allTeuHbIX OpPraHu3aliii HECTH COLMANIbHYIO (DYHKIUIO B Ya-
CTH JICKapCTBCHHOT'O 06eCHe‘IeHI/I$I JII € OTPpaHNUYCHHBIMH BO3MOXKHOCTAMU 3I0POBbA U 06CCHC‘16HI/I$[ HaCCJICHUA,
IMMPOKUBAIOIIETO B OTACIICHHBIX U TPYAHOAOCTYITHBIX MECTHOCTSIX. HpaKTI/IKa HCIIOJIB30BaHUSA «MHTCPHET-ANITEK)
B Poccun MIPOJAOJHKAET TAKOBYIO B UHBIX OTPACIISIX SKOHOMUKHN U HOCUT UCKITIOUUTEIIBHO KOMMep‘IeCKHﬁ XapaxkTep,
BBI3BAHHBIN JKEJTAHUEM alTEYHBIX OpFaHI/ISaLII/Iﬁ pacmmpiaTb CEIrMCHTBL 06CJ‘Iy>KI/IBaeMLIX HOTpG6PIT€J'IGI71 U, TaAKUM
00pa3oM, YBEIIMIUTH TOBAPOOOOPOT.

Abstract

The article considers the possibilities of using the Internet resources of pharmacy organizations as a means
of promoting products. Every year there is an increase in the number of Internet users and the share of purchases
made through the global network. The desire of the population to purchase an increasing list of products through
Internet sites is increasing, which dictates the objective need for pharmacy organizations to follow modern trends.
The world practice of using Internet resources for purchasing medicines shows that in many countries such market
expansion is associated with the desire of pharmacy organizations to carry out a social function in terms of provid-
ing medicines for people with disabilities and providing for the population living in separated and inaccessible
areas. The practice of using "Internet pharmacies” in Russia continues in other sectors of the economy and is
exclusively commercial in nature, caused by the desire of pharmacy organizations to expand the segments of con-
sumers served and, thus, increase turnover.

KiroueBble cioBa: HWHTEPHCT-ANITCKA, aliITCYHas OpraHu3anus, MpOABUIKECHUEC JICKAPCTBCHHBIX IMMPCTIapaTOB.

Keywords: online pharmacy, pharmacy organization, promotion of medicines.

B coBpemeHHOM MHpeE, KOTOPBIA XapaKTepH3y-
€TCSl MAacCOBOW IM(poOBHU3AIMEH, KOT/Ja HaceleHUe
MacCOBO MEPEXOANT B UHTEPHET-TIPOCTPAHCTBO, HEBO3-
MOJKHO TPEICTaBUTh (PYHKINOHHPOBAHHE YCIICITHOM
opraHuzanuu 0e3 HaTW4usi COOCTBEHHOTO WHTEPHET-
pecypca. B 3ToM cMBIcIe He cTanu HCKIIOYEHHEM U
(hapMareBTHYECKIE OPTaHU3AINH, KOTOPbIE HE MOTYT
MPEIO0JIOKUTh CBOETO CTPATErMUECKOro pocTa U pas-
BUTHsI O3 HaM4us caiita B ceTn IHTEepHET.

MupoBoii OIIBIT UCTIOJIB30BAHMSI MHTEPHET-PECYp-
COB aNTEYHBIMU OPTAHHU3AIMSIMH IMOKA3bIBAET, YTO OHU
HCIIONB3YIOTCSA HE TOJILKO KaK CpelcTBa WH(POPMHUPO-
BaHHS HaceNeHMsI 00 anTeuyHON OpraHM3alud, HO U B
LeJSX IPSMOH peaTu3aIiiy OTAEIbHBIX TPYI TOBApOB
anTeYHOTO ACCOPTUMEHTA, BKITFOUAst HEKOTOPEIE JIeKap-
CTBEHHBIC TIperapaThl, MHHYS TIOCEIICHHE AaITeKH.
HauOomnb1reli mubepanu3aniu JaHHBIA BOMPOC JOCTHUT
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B CIIIA, r1e uaer HeyKIOHHBIH POCT YUCIIA MOJIb30Ba-
TeJell mHTepHeT-anTek. Janubni ¢opmaTt mpuodpeTe-
HHS JIEKAPCTBEHHBIX IPETIAPaTOB MPAKTUKYETCS TAKKE
B BenmkoOpuranny, 3aKoHOJATENbHBIE HOPMBI KOTO-
pOH MO3BONIAIOT MPHOOPETATh JICKAPCTBEHHbIE Mpema-
paThl HE TOJBKO B ANTCYHBIX OPTaHU3ALMIX TPAJUIH-
oHHOTO (hopmara, HO U B CynepMapKeTax, OakaleiHbIX
JIaBKaX, Ha 3alpaBOYHBIX CTAHLHUAX, B FA3€THBIX KHOC-
Kax. Beumy sToro peanuzanus JiekapcTBEHHBIX Mpemna-
paToB HOCPENCTBOM ceTu VHTepHeT cuuTaercss HOp-
Moi. OfHako JaHHBIA (opMaT pacHpoCTpaHseTcs Ha
OTpaHMYEHHOE  4YHCIO  (apMaKoTeparneBTUUECKUX
TPy 1, 6€3yCIOBHO, TOIBKO Oe3pelenTypHbIX JIeKap-
CTBEHHBIX Ipenaparos. Hampumep, B JaHHYIO KaTero-
puro BXoAsaT 00€300IMBAIOIINE, AHTAIUIBI, AHTHUCETI-
THYECKHUE CPENCTBA M IP. AKTHBHO Pa3BHBACTCS JaH-
HBII (OpMAT B TaKHUX cTpaHaX Kak ['ommanmgus, aHus,
Ocronus, IBelinapus, I'epmManns U HEKOTOPBIX PY-
THX cTpaHax. Bo3MOXXHOCTH M MpakTHKa pabOThl MH-
TEpHET-alTeK B YKa3aHHBIX CTPaHax 3a4acTylo IOCTPO-
€HBl I0-Pa3HOMY, YTO MPOAMKTOBAHO Pa3IHYUSIMU B
3aKOHOJATENbCTBAX OSTHUX CTpaH, OJHAKO IIeJieBoe
Ha3HAuUCHHE CXOXe — HaJylexallee JeKapCTBEHHOE
obecrieueHne HacelIeHus. [IpenMyIIecTBEHHO IEIsIMHU
pabOTHI MHTEPHET-AITEK B €BPONECHCKUX CTPaHax SBIIA-
10Tca oOecrieueHne (apManeBTUIECKOH MOMOIIBIO U
JIEKapCTBEHHBIMH TIpenapaTaMy HacEJICHHsI, IPOXKHBa-
IOIIETO B OTJAJICHHBIX YaCTSAX CTPAHBI, CBOEBPEMEHHOE
JIEKapCTBEHHOE 00ECIEeYEHNE XPOHMUECKUX OONBHBIX,
JIUII C OTPAaHUYEHHBIMU BO3MOXHOCTSIMH 3/0OPOBbS.

B Poccuiickoit ®@enepannu ¢ npeBagIupoBaHUEM
KOMMEpYECKUX IIeJiel anTeKk HaJa COIHalbHON (pyHK-
I[HeH KITI0YeBOe Ha3HAaYeHHe HHTEPHET-pecypca anrTed-
HOW OpraHM3alliil PAacCMaTPHBAETCS IHAMETPANbHO C
MIPOTUBOIOIOKHOM TOUKH 3peHust. CaiiT B rimobanpHOM
CeTH AJIsI anTeK B IEpBYIO O4epenb SBISETCS Cpell-
CTBOM IIPO/IBH)KEHHSI TOBapOB, JOIOJIHHUTEIBHBIM CIIO-
co0OM YBENMYHUTH TOBapooOOpOT. [l 3TOro MHTEp-
HET-CalT anTevHOi OpraHu3alny pean3yeT HMHUIDKe-
ByI0 (DYHKIHMIO, KOTJ]a HOTPEOUTEh MOXKET MOJIYYHTh
nHpopManuio 06 opraHn3aIyy, e MUCCHUH, CTPaTeT Uy
MOBEJICHNS Ha PBIHKE, OLICHUTH €€ HaJEeKHOCTh, TOBHI-
CHUB, TaKUM 00pa3oM, JOSUIBHOCTh K allTeYHOH CETH U
BBIOMpasi €e Ul OYHOTO MocelleHus. Pecypc B cetH
WHTEepHET B COBPEMEHHON 3KOHOMUKE SBJIIECTCS IOJI-
HOLIEHHOM cocTaBisitonieid 3neMeHT «IIpoaBrxkeHus»
Mojenu «4Py» MapkeTuHra. 3To yKe HEe JOMOIHUTEINb-
HBIH, a OJIUH U3 KIIFOYEBBIX HHCTPYMEHTOB 3aBOEBAHMUS
JIOSUTBHOCTH TIOTPEOUTEIISt K CBOEH OpraHU3amnH.

C TeueHHEM BpPEMEHH BO3MOXHOCTH HHTEPHET-
pECypCcoB alTeK CYIIECTBEHHO paciupminck. Ceitdac
a0COIOTHRIM OOJBITMHCTBOM IIOTpeOUTENel CTpa-
HUYKa BO BCEMUPHOM MayTUHE allTE€YHON OpPraHnu3alnuu
OTOXJIECTBIIACTCA C PACXOKUM TEPMHUHOM «HHTEPHET-
anTeka». 3aKOHOJATEIbHO TAHHBIM TEPMHUH HE periia-
MEHTHPOBAaH Ha CETOJHSIIHMI MOMEHT: HMpPaBOBBIMU
aktamu Poccuiickoii denepanuu 3anpeiieHo peainso-
BBIBATh JIEKAPCTBEHHBIE NPENapaThl U psii IPYTUX TO-
BapOB alITEYHOT'0 ACCOPTUMEHTA IOCPEACTBOM JAUCTAH-
LUOHHOH npojaku. Kak npaBuno, faHHBIH TEPMUH HUC-
MoJb3yeTcsl Aisi OO0O3HA4YeHWs] pa3lIMuHBIX BHIOB
(hapMareBTHICCKON ITOMOIIIH:

1. WHTEpHET-BUTPUHBI — 3TO CalT, HA KOTO-
pOM pazMernaercst HHOpMaIHsa O TOBapax anTedHOro
4CCOPTHMEHTA B LIEJIIX O3HAKOMIICHHA. BO3MOXHOCTB
3aKa3a He IPeJyCMaTpUBaCTCs.

2. Cury>x06a 3aKa30B peanbHO CyIIECTBYIOIIEH
anTeKkH — IpeAroiaraeT pe3eps JeKapcTBEHHOIO Mpe-
napata yepe3 MHTepHeT U mocienyoliee npuoopere-
HHE B OJJTHOM M3 allTEYHBIX OpraHu3aluil.

3. OrpaHnyeHHO (YHKIMOHAIbHAs WHTEP-
HeT-anTeka — TMpejrojaraeT 3aka3 JEeKapCTBEHHBIX
IpenaparoB depe3 VIHTepHeT ¢ mocie yonmM IpHoo-
peTeHne B aNTEeYHOW OpraHm3aluu, 0003HAUYCHHOW B
KauecTBE «ITyHKTa Bblauu»|1].

Hawnbosnpree pacpocTpaHeHHE W MOMYJIIPHOCTD
y moTpebuTenei MoMydmiii JBa MOciIeHuX (GopmMarta,
MIPEUMYIIECTBCHHBINH PUHIMI PaOOThI KOTOPBIX CBO-
JUTCS K yJaJICHHOMY BBIOOpPY TOBapoB M MX IpPHOOpe-
TEHHUH B YKa3aHHOU WM BEIOpaHHON ITOTpeOuTeNeM am-
TEUYHOU OpraHu3aluu, 4To NOJIHOCTHIO YKJIa/IbIBACTCA B
JIEHCTBYIOIUE 3aKOHOAATEIbHbIE HOPMBL.

Hanuuue wuHTEpHET-pecypca XapakTepHO IIpe-
UMYHICCTBEHHO JIA KPYIMHBIX CCTCBLIX AIITCYHBIX Op-
raHu3anuii. IT0 OYEBHUIHO BBHUAY TOTO, YTO OOBEM Ba-
JIOBOH TPHUOBLIH, TTOTy4aeMbIii HEOOBIION alTeUHON
opranusanuei ¢ 5-10 cyObekTaMu HEBEIJIHK 110 CpaBHE-
HHUIO C 3aTpaTaMd Ha oOeclrieueHWe MHTEpHET-CalTa,
BBUJYy YEro €ro HaJnudue He sABJIeTcs Iierecoodpas-
HBIM. [/Ipyroe ieno — KpyInHble CEeTEBbIE alTeuHbIe Op-
TaHW3alMN PETHOHAIBHOTO WM (hefepaibHOTO Mac-
mTaboB.

BesycioBHO, HCTIONB30BaHNE JTaHHOM ONLUHU CO-
CTaBIISIET X KOHKYPEHTHOE NMPEHMYIIECTBO, KOTOpOe
TOJIB3YETCSI CIIPOCOM Y TToTpeduTenel (tabnuma 1).

Tabuuma 1
[IpenmyniecTBa U HEAOCTATKU KMHTEPHET-ANTEK)
IIpeumymecrBa HenocraTku
[pennoceuiky st 0€30TBETCTBEHHOTO CaMOJIe-

OtcyTcTBUE OUepeneit

YCHUA

[upokuil acCOPTUMEHT TOBAPOB

H€06XO,Z[I/IMOCTB OXXHJ1aTh MCIIOJIHCHUA 3aKas3a

MCHTa

HGOFpaHH‘IeHHOCTL BO BPEMCHMU IIPHU U3YUCHHUU aCCOPTU-

HCO6XO,Z[I/IMOCTB ocemarb anTeyYHyro opraHusa-

Bo3MoxHOCTE B TIOJTYUYCHHH TOTOJIHUTCIIBHBIX CKHUIOK

OO

KpyrnocyTounsiii peskxuM paboTh
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ITpenMymiecTBa MCHOIB30BaHNS HHTEPHET-ANTEK
MPEAMNOIaraloT MOJHOE OTCYTCTBHE OYepeieH, Koraa
JTUCTAHIIMOHHO TOTPEOUTETh MOKET BEIOpaTh HEOOXO-
JUMBIA TOBAap WX JIEKAPCTBEHHBIM Ipenapar, ocylle-
CTBHUTbH HOAOOp IO IIeHe, BEIOPATh aHAIOTUYHEIA TIpe-
mapat 1o 6oJree HU3KOH/IOpOTOoM IICHE C yIETOM CBOUX
JIOXOJIOB, NPEANOUYTEHUNH OTHOCUTEIBHO MNPOU3BOIU-
Tensi, ooObema dacoBku u np. bonee mupokuii accopTu-
MEHT 110 CPaBHEHUIO C alTe4YHO! opraHu3anuei. 3ada-
CTYIO TIOCelIas anTeyHble OpPraHu3aliu MOTPEOUTENIo
JUISL BBITIOJIHEHMs] BPayeOHOrO0 HA3HAYECHUS, COCTOSI-
IIEro M3 HECKOJIBKUX HAaMMEHOBAHUI JIEKAPCTBEHHBIX
MPEenapaToB HEOOXOANMO MOCETUTHh HECKOIBKO anTeK
BBUJ/Iy OTCYTCTBHUS IIOJHOTO MEPEYHS IPENapaToB B
Ka)KIO0W B3STOU OTHENbHOU. MIHTEpHET-pecypc MO3BO-
JsIeT KOHCOJMIMPOBATh BCE JICKAPCTBEHHBIE Mpema-
paThl B OHOW TOUYKE Yepe3 MPOBEICHHE ITEPEMEIICHUS
TOBapa BHyTpHanTedHoi cetu. Ilorpebutens nmmeer
HEOTPaHUYECHHOE BPEMS B U3YUYEHHUH TOBapa HHTEPHET-
aAlITCKHU, MOXKET MPEPHIBATHCA B MMOMCKAX HYXHOT'O TO-
Bapa, UMeeT HEOTpaHWYEHHBIE BO3MOKHOCTH BO Bpe-
MCHH B IPUHATHU PCUICHUU O NOKYIKE, CPDABHECHUU TO-
BapoB, TOKMCKE HEOOXOMMMOW HMH(pOpPMAIMH, KaK Ha
caiiTe caMoOil anTeku, Tak ¥ MpU OOpalICHUH K WHBIM
pecypcam. HTepHET-anTeKH 3a49acTy0 Jal0T BO3MOXK-
HOCTb NOJIyYCHHUS JIOTIOJHUTENBHBIX CKUAOK. MHOTHE
anTedHble OpPTraHM3alMs U yBEIWYECHHUs] TOBapooOo-
pOTa M YCHJICHUS MPOABHXEHHUSI OT NPUMEHEHHUS WH-
TepHET-caiiTa MPUMEHSIOT cHCTeMy AndQepeHInpo-
BAaHHOTO I1I€HOOOpa30BaHUs IJIsi TOBAapoOB, peaiu3ye-
MbI€ B MHTEPHET-alITEKE U pPEaJbHOW aHaJOTUYHOMN
aITEKU TOU XKe CETH.

OnHako Ha (poHE HEOCHOPUMBIX JTOCTOMHCTB HH-
TCPHET-ATCKN UMECIOT U CYIIECCTBECHHBIC HEAOCTATKU,

KOTODBIE ONPEACIISIOTCS 0COOCHHOCTSMHE JIEKAPCTBEH-
HOTO IIpenapara Kak ToBapa. B riiobamsHOM Macitabe,
HCIIONB30BAaHHE MHTEPHET-ANTEKH C LENbI0 PeBapH-
TENBHOI0 OPOHMUPOBAHUS WJIM 3aKa3a JIEKapCTBEHHBIX
IpernapaTroB Co3JaeT MNPENNOCBUIKH Ul Oe30TBET-
CTBeHHOT0 camoiedeHns. C OmHOI CTOPOHBI 3TO BHI-
3BaHO TEM, YTO NOTPEOUTENHN 3a4acTyIO IPUOOPETAIOT
3HAUUTEJbHBIH O0BEM JIEKapPCTBEHHBIX IIPENapaToB,
YTO JeNacT HEBO3MOXKHBIM OTCIIEKHBATh UX LIEJICBOE
NIpeiHa3HaYeHUE C TOYKU 3PEHUS] HO30JIOTHH, TIPH KO-
TOPOI MPHUMEHsIETCSI TOT MM MHOW Ipemnapar U KOH-
KPETHOTO MalMeHTa, A5l KOTOPOTro OH IpruodpeTaeTcsl.
Oboctpsiercs Ta mpobdiaeMa MPUMEHUTENHHO K Oe3pe-
LENTYpHbIM IIpernapaTaM, TAE OTBETCTBEHHOCTH IPU
peanm3anuu  (hapMareBTa/IIPOBU30Pa CPABHUTEIHHO
6omnee Hm3Kas. Jpyrue, 6onee ocszaeMble I TTOTpe-
OUTeIIs HeJOCTATKHU CBSI3aHBI C HEOOXOJUMOCTBIO OXKH-
JaTh UCIIOJIHCHHMS 3aKa3a B TCUCHHE HECKOJBKUX THEH
1 He0OXOTUMOCTBIO TTOCEIIATh aNTeKy JUIsl TTOTyYeHUS
3aKasa, 4To 3aTpYyIHSET NOTPeOIeHUE TeX JeKapCTBEH-
HBIX TIPETapaToB, KOTOPbIE TpeOyeTcs He3aMeINTEb-
HOT'0O NPpUMCHCHMUH.

Tem He MeHee, WCIOJIb30BAHUE MHTEPHET-ANTEK
HapacTaeT B Poccum, 94TO MPOJUKTOBAHO OYCBHIHBIMH
IperMyIIecTBaMH il moTpebureneid. Bmecte ¢ tem,
UCIIONB30BAaHKE JAHHBIX PECYPCOB CO3IAET ITOTCHIIH-
aNbHBIC YTPO3bl, CBA3aHHBIC ¢ OS30TBETCTBEHHBIM Ca-
MOJICYCHHEM M OCCKOHTPOJIBHBIM MOTPEOJICHUEM Jie-
KapCTBEHHBIX IIPENapaToB.

Cnucok 1uTepaTypsl
1. Jlo6oga E.JI. Micnonb30BaHHE MHTEPHET-TEX-
HOJIOTHH TPH OKa3aHUM (apMarieBTUIECKOI MOMOIIH.
—2014. — Ne5. - C. 724.
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AHHOTALUA

B Haquoﬁ CTaTh€ MPUBCIACHBI PE3YJILTATHI UCCICAOBAHNUA HOBBIX O6’beMHO-HOBerHOCTHHX KOHIICHTpHUYC-
CKH-30HAJBHBIX IIBETOBBIX 3((EeKTOB B MONHM(}A3HBIX KepaMHUYECKHX 0Opas3lax, W3BECTHBIX IOJ] Ha3BaHUEM
«Komnbna Kyn6ekay. B kauecTBe 00beKkTa HCCIIEOBAHUS CITY>KUJIT O a3HBIN KepaMUdecKuil oOpaserr, moJydeH-
HBII Ha OCHOBE 30JIbI OT CxkUranus yrisi Ekubactysckoro 6acceitna. KoHIIEeHTpHUECKH-30HAIBHBIE 1{BETOBBIE I10-
JIOCBI Ha MOBEPXHOCTU TMONEPEUYHOI'0 CCUCHHUA KEPAMUYCCKOTO HUIUHAPHUICCKOIO o6pa3ua ObLIIH HUCCIICA0BAaHbI
METOZOM PEHTTeHO(IYOPECIEHTHOTO aHajHM3a. DKCIEePHUMEHTAIbHBIE Pa0OTHl MPOBOIMINCH Ha CIEIMaIbHOM
ycTaHOBKe labopaTopun pakynbreTa AnepHoit GU3NKN U GU3NICCKON HHKCHEPHH YEIICKOT0 TEXHUIECKOTO YHH-
Bepcurtera (T. [Ipara). [IpoBeneH kauecTBEHHBIH U KOJTHMYECTBEHHBIH CPABHUTENBHEIA aHATIN3, TOTYICHHBIX PEHT-
TeH creKTpoB. [lomydeHHBIe HaydHBIE PE3YIbTaTHl, B ONPEACICHHOW Mepe, MMO3BOISIOT O0BSICHUTh IPUPOIY HO-
BbIX KOHIHEHTPHUYCCKU-30HAJIbHBIX IIBETOBBIX Bq)(i)eKTOB B UCCJIEAyCMbIX 06pa3uax.

Abstract

The scientific article presents the results of the study of new volume-surface concentric-zonal color effects in
polyphase ceramic samples known as "Kulbek Rings". The object of the study was a polyphase ceramic sample
obtained on the basis of ash from coal burning in the Ekibastuz coal basin. Concentric-zonal color bands on the
cross-sectional surface of a ceramic cylindrical sample were investigated by X-ray fluorescence analysis. The
experimental work was carried out at a special facility of the laboratory of the faculty of Nuclear physics and
physical engineering of the Czech technical University in Prague. A comparative qualitative and quantitative
analysis of the obtained X-ray fluorescence spectra was carried out. The obtained scientific results, to a certain
extent, allow to explain the nature of the new concentric-zonal color effects in the studied samples.

KaioueBble cioBa: kepaMuka; peHTTeHO(IyOpPECLEHTHBII aHaIu3; 00XKHUT; IIBETOBBIE 3((EKTHI; 00paser;
CIICKTPBI; 3JIECMCHTBI; OKCHU/bI.

Keywords: ceramics; X-ray fluorescence analysis; firing; color effects; sample; spectra; elements; oxides.

HpO6HCMBI yYTUiIn3alguu pPa3jJndHbIX OTXOJ0B TOH OTXOJO0B IIPOMBIINUJICHHOCTH Ha CeFO}IHHH_IHI/II\/'I

MIPOMBIIIJIEHHOCTH SIBJIIETCS aKTyaJbHOM 3a/1aueid Mu-
poBoro MmacmTaba. PanuoHampHOE HCIIONB30BAHHE
BTOPUYHBIX PECYPCOB UMEET OOJIBIIOE HAYYHO-TEXHO-
JIOTUYECKOE, MMPOMBIIIJIEHHOE M 3KOJIOTMYECKOE 3HAYE-
Hue. HacTosiiiee BpeMs B 3TOM HamlpaBJIeHUH B Pse
Pa3BUTHIX CTPaH MUPA HAKOILJICH OMPEEIICHHBIH OIBIT.
OpmHako MpoOJeMBl YTHIM3AIUKA MHOTOMUJUTHOHHBIX

JICHb HE pelIeHb! Ha TOJDKHOM ypoBHe. OTHUM U3 HC-
TOYHHKOB MHOTOTOHH@XHBIX OTXOJIOB SIBIISIETCS TETI-
JIO9HEepreTHdeckas IPOMBIIIJICHHOCT. Bompocamu
YTWIN3AIHU OTXO/I0B TETIOPHEPTETHIECKOM POMBIIII-
JICHHOCTH, B YaCTHOCTH, 30J1 M [INTAKOB TETIJIOBBIX 3JIEK-
tpocranuuu (TOC) 3aHMMAIOTCST BO MHOTHX CTpaHax
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mupa. OIHUM 13 NEPCIICKTUBHBIX HANPABICHUH Palld-
OHAJIBHOTO HCIIOJIb30BaHMA 3011 U m1akoB TOC MoxkeT
CTaTh PECYpPCOEMKasi MPOMBIIIICHHOCTh CTPOUTENb-
HBIX MaTepHaoB. B mocienHue rogsl B 3TOM Harpas-
neanu B PecryOmike Kazaxcran HakoIIeH 3HAYHTEIb-
HBIH OIIBIT.

Hampumep, Bo BTOpOH IOJI0BUHE IPOLLIOTO CTO-
JIeTHUsI BIIEpBBIE B MUPOBOH NMPAaKTUKE y4eHbIMU Kazax-
cTaHa ObUTH pa3paboTaHbl pecypcocOeperaronme Tex-
HOJIOTMM HOBBIX KEPaMHUYECKUX MaTEpPHAJIOB «30JI0Ke-
pam», rze B KayecTBe OCHOBHOT'O u
TOIJIMBOCOJCPKAIIETO CBIPbsI HUCIOJIB3YETCA  30JIbI
TOC [1-3]. PesympTatsl 3THX pa3pabOTOK OBLIM BHE.-
peHBI B MpOMBIIUICHHOCTh Ka3axcraHa U psama 3apy-
6exHBIX cTpaH. HekoTopble HampaBiIeHUs 3THX pa3pa-
6oTtok mozxke (¢ 1985r.) O6pUM TpomOIKEeHBI Ha 0ase
Hay4HO-HCCIICIOBATEIILCKON J1TabopaTopun NpHKIAI-
HOU TermIou3uKku M HOBBHIX TexHojormu KasHITY
umeHu Adas. B mporecce HayuHO-HCCIIEI0BATENBCKUX
paboT B 3TOM HarpaBiieHHH B KoHIIe XX Beka npodec-
copom KynbekoBeiM M.K. skcrepuMeHTaIbHBIM My-
TEM BIIEpBBIE OBLIN YCTaHOBIIEHBI HOBbIE 00BEMHO-TIO-
BEPXHOCTHbIE KOHLIEHTPUUECKU-30HAIbHbIE IIBETOBHIC
3((deKTH Ipr 00KUTE TOIUTMBOCOACPKAIINX KepaMu-
YecKuX MaTepraynoB. HekoTopble Hay4HO-TEXHOJIOTH-
YEeCKHE pe3yJbTaThl HOBBIX SIBJICHWH 3aIUIICHBI aB-
TOPCKUMH CBHJETEILCTBAMH M NMATCHTaMHU Ha M300pe-
TeHus1 [4-6]. DTUM HOBBIM SBJICHUSAM OBUIO JaHO
ycnoBHoe Ha3BaHue «[lomunBerHble kKombua Kymbeka»
wu npocto «Koinbita Kynoekay. Konbiia Kynbeka mo
(hopme pacrosioKeHus IIBETOBBIX 30H (TIOJIOCKHI) HAMO-
MUHAIOT u3BecTHOrO sBneHus «Koiba HeroToHAY, KO-
TOpo€ OOBSICHAIOTCS MHTEP(EPEHIIMOHHBIMHU SBICHH-
SIMU.

Hexotopsie o6pasusr «Komsra Kynbexa» naro-
MHUHAIOT n3BecTHbIe sBieHnst «Kompua Jluzeranray,
KOTOpBIE OBLIM BIEPBBIE YCTAHOBJICHBI HEMELKHM
yaeHHbIM Padasnom Jluzeranrom B 1896r. [7]. ITlo
(opMe pacHoNOKeHHSI IIBETOBBIX 30H 0OpasIbl
«Koupra Kynbeka» oueHb MOX0XXH NPUPOJHBIM JIEKO-
paTHBHBIM IIBETHBIM KaMHsM (Smma, Arart, KpemeHs,
Cepaonuka u ap). [Ipupona KOHIIEHTPUYECKU-30HAb-

HBIX TOJMIBETHBIX Konen Kynbeka mocuxmop momHo-
CTBIO HE packpseITa. ccnenoBanust B 3TOM Harpasiie-
HUU TIpogospKaroTes [8,9].

B nanHO# cTaThe NpUBEIEHBI HEKOTOPBIE PE3YJIb-
TaThl MCCIIENOBAHUS OXHOTO U3 obOpasmoB «Kompma
Kynbexa» mMeTomoM peHTreHO(IyOpecIeHTHOTO aHa-
m3a (PDA).

[Mpunnun ananuza POA 3akimoyaercs B U3yde-
HUM 1 OOHAPY)KEHUH TaK Ha3bIBAEMBIX XapaKTEPHCTH-
YEeCKMX PEHTreHOBCKHX Jydeil. Korma kakoif-nu6o
0OBEKT MOJBEpPraeTcsi BO3ACHCTBUIO HOHU3UPYIOIETO
W3Iy4deHus: (HampuMep, PEHTTEHOBCKOTO MJIM ramMma-
M3Iy9YCHUs), OONydeHHBIE aTOMBI IOTJIOIIAIOT JHEp-
THIO, ¥ TCHEPHUPYETCS] XapaKTEPHOE PEHTTEHOBCKOE H3-
mydeHue. [TocKobKy SHEpriust XapakTepUCTUIECKOTO
PEHTTEHOBCKOTO M3ITyYCHHS HANpsIMYyIO CBsI3aHA C HO-
MEpOM aTOMa, CIICKTPOMETPHS HCITyCKaeMOTO Xapak-
TEPUCTUYECKOTO PEHTTEHOBCKOTO H3JIyYeHHS II03BO-
JISeT ONPEAETIUTh 3NEMEHTHI, IPUCYTCTBYIOIUE B HC-
cinenyemoM obpasiie[10].

OOBEKTOM HCCIIEOBAHUS CIIY>KHJI 30JI0KepaMu-
yeckuil 00pasell, U3rOTOBJICHHBIN MO CIEAYIOUIeH TeX-
HoJyoruu. CBIpEEBYIO CMeCh, cocTosmyto u3 75% (1o
Macce) 30JbI C TOBBIIICHHBIM COJEPXKAHHEM CTEKIIO-
¢ass1 60-65% 1 MaJIBIM KOJIMYECTBOM OCTATOYHOT'O yT-
nepoaa 3-5% (3oma Akcyckoit I'POC, Kazaxcran), n
25% TOHKOMOJIOTOW yMEPEHHOIUIACTHYHON KaOJIWHH-
TOBOU ruHBI (TTHAa Moiickoro mectopoxaeHus, Ka-
3aXCTaH), TIIATEIbHO MEPEMEIINBAIOT B CMECHUTENE U
YBJIQXKHSIOT IO OTHOCHUTENIbHOW BiakHocTH 20-21%.
XYMUKO- MUHEPAJIOTUYECKUI COCTaB UCXOHBIX ChIPb-
€BBIX MaTepHajoB IpHUBeIeHHI B Tabimmuax 1 u 2. U3
HOJY4EeHHOU cMecH (GOPMYIOT Ha CIIEIIHATIbHOM MeTall-
nudeckoi mpecc - opme Opyc B Buae npusMbl 100-
200x50x50mm wnu uausaapa d=50mm, h=100-200mMm
U TIOJIBEPTaIOT CYIIKE, a 3aTeM OOXHTY IO PEKUMY:
noabeM Temnepatypsl a0 550°C co cpenHeii ckopo-
creio 20°C/mum, 3atem 10 900°C co CcKOpOCTBIO
10°C/mun, Buiepskka npu 900°C B Teuenue SOMuH, 3a-
TeM HOJHUMAIOT Temmeparypy o 1120°C co ckopo-
ctbi0 20°C/MUH M BBLIEPKMBAIOT IIPU 3TOM TeMIepa-
type 25 muH. Bech nnkn ooxura cocrasisier 2,484.

Tabmuna 1

XUMHUYECKUN COCTaB UCXOJIHBIX CHIPHEBBIX MAaTEPUAIIOB

FeO

Mare-
puan

sio, | ALO, | Fe,0,

TiO,

CaO I1.m.

I

MgO | SO, | K,O | Na,0

3oma Ak-
CyCcKOM
I'POC (ot
CIXKHUTaHUA
yriIst
Exuba-
CTY3CKOT
0 bac-
ceiiHa)

62,66 | 25,54 4,15 1,00

1,02

153 | 0,27 0,38 |030 |010 |34

I'muna
Moii-
CKOTO
MECTO-
poxne-
HHS
(ITaByo-
napckas
061. PK)

68,97 | 16,00 2,50 0,26

0,86

1,37 - 0,63 | 025 |025 |8,45
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Tab6muma 2
MHUHEPATOTHYECKHH COCTAB MCXOIHBIX CHIPHEBBIX MATEPHAIOB
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O06030KeHHBIH Opyc (IIpU3Ma WM IIHHIP) pa3pe3aroT adpa3suBHBIMU KPYTaMH MONEPEK COOTBETCTBEHHO

HE0OXOTUMOM TOJIIIMHE TTUTOK (4-5MM).

IToBepXHOCTB NOIYYEHHBIX IVIUTOK UMEET PA3IMYHYIO OKPACKY B BUJIE KOHLIEHTPUYECKU-30HAIbHBIX PALYXK-

HBIX Kouell (puc.1).

Puc.1 Obpasey ¢ HO8bIMU KOHYEHMPUYECKU-30HATBHBIMU Y8EMOBLIMU IPhexmamu, U36eCmMHbIX OO HA38AHUEM
«Konvya Kynbexay

B cepennHe HaX0IUTCS AAPO CEPOM OKPACKH C CH-
HUM OTTEHKOM, KOTOPOE OOBEIEHO KOJIBIOM JKEJTO-
KOpPUYHEBON OKpacku. [lanee pacrnonoxeHa TOHKas
CBeTJasl IWHUS, KOTOpasi 0OBeleHa KOJBIIOM (hroste-
TOBO-pPo30BOro IBeTa. HapyxHas yacTh MOBEPXHOCTH
IUTMTOK OKpAIIeHa B CBETIIO-KPEMOBBIH (TI0UTH OeITbIi)
OBET. Me>1<)1y IIBE€THBIMH II0JIOCAMU HET YETKO BBIIC-
JICHHBIX TPAHULI, HA0IF0JaeTCs TIOCTETICHHBIHN ITepexo/T
OJTHOM OKpacku B Jpyryto. Bce 310 maer opurunaib-
HBIA pamgyXHbIH A(QQEKT MOBEPXHOCTH IUIUTOK, YTO
obecrieunBaeT UX HEMOBTOPUMOE JIEKOPAaTUBHOE CBOM-
cTBO. [losydeHHbIe IpeaIaraeMbIM CIIOCOOOM 30JI0Ke-
pPaMHUYECKUE TUNIUTKH MMCEIOT MPEACIT MPOYHOCTH ITPU
cxatuu 25-35 MIla, motHOCTs 1400-1600KT/M°, BO-
nonornomenue 8-18% u Mmopo3octoiikocTh 75Mp3.

3o0KepaMuueckuii  oOpaser, IMONyYeHHBIH 10
MPUBEICHHOW TEXHOJOTHMH H3YyJalH C WCIIONb30Ba-
HUEeM ycTaHOBKM P®A, paspaboraHHOil Ha Kadempe
JIO3UMETPUU ¥ TPUMEHEHHS HOHU3UPYIOIIETro U3Jyde-

HUS Ha (aKyJIbTeTe SICPHBIX HAYK M (PHU3UUECKON HH-
KeHepuH YemcKoro TeXHWYECKOTO YHUBEPCHUTETa B
[Ipare. YcTpOHCTBO COAEPKUT PEHTTEHOBCKYIO TPYOKY
(tum M47 NewtonScientific) ¢ Rh-anomom u SDD
(xpemumeBbIil apeiid) nerexrop (tum X-123 SDD ot
xomnannu Amptek). IToBepxHOCTH 00pasiia ¢ KOHIIEH-
TPUYECKU-30HATLHBIMU IIBETOBBIMHU 3¢ (eKTaMu cKa-
HHUPOBAJIN TI0 €ro InorepedyHomy cedenuro (Puc.2) xon-
JIMMUPOBAHHBIM ITyYKOM (JHaMETp KOJUIMMATOPHOTO
OTBEPCTHS COCTaBISLT | MM).

W3mMepeHus: mpoBOAWINCH NPHU HaNpsbKeHUu 45
kB u Toke 200 MKA. PeHTrenorpaguyeckoe ckaHHUpO-
BaHHUE 30JIOKEPAMHYECKOTO 00pa3iia BHIMOJIHSIINA B CO-
OTBETCTBHH C OpHUEHTAINeH Ha pHc. | - pa3mep miara co-
CTaBIsUT 1 MM, ¥ B OOIIEH CITOKHOCTH OBIIH MTOJTYIECHBI
60 criekTpoB (KaXAbIi CIICKTP U3MEPSIH B TeueHue 20
¢). Hmke B kadecTBe mpuMepa pacCMOTPHM CIEKTPHI
HEKOTOPBIX TOYEK ITOBEPXHOCTH 00pasiia, KOTOPHIE
PacIOJIOKEHBl HA COOTBETCTBYIOLIUX LBETOBBIX 30HAX

(puc.1).
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Puc.2 [lemanvuas gpomoepagpus o6pasya c evioenennvimu moukamu POA-ananuza - Hymepayus coomeem-
cmgyem nonyuennvim 60 cnekmpam (obpasey Ovln OMcKanuposan cieda Hanpago). Kpacuvie kpyswcku npedcmas-
JIAIOM NONePeyHoe ceyeHue KOIIUMUPOBAHHO20 nyuka (1 mm 6 ouamempe) 8 peanbHuIX NPONOPYUAX KO BCeMY

obpasyy

AHann3 peHTTeHOBCKUX CIIEKTPOB 30JI0KepaMuye-
CKOro 0o0pas3na, IpUBEACHHBIX Ha pUC. 3 — 7 MoKa3aH,
YTO Ha BCEX TOUKax oOpasla HaOIIOJAI0TCs XapaKTe-
PHCTHYECKHE MTHKH CIEAYIONINX JICMEHTOB: albOMHU-
Huii (Al), kpemuuii (Si), kanuii (K), kanbuuii (Ca), Tu-
taH (Ti), mapranen (Mn), xenesa (Fe), crponnuii (Sr),
urrupuii (Y) u nupkoruii (Zr). [Ipudem xapakTepucTu-

YeCKUe MMUKH Kelle3a, KpeMHHUsI, KJIbIHs U TUTaHa 00-
Jiee MTHTEHCHBHBI HA BCEX BBIJEJICHHBIX TOUKaX 30JI0Ke-
paMudeckoro oopasua.

Hanpumep, B cnextpe PDA ¢ neBoi CTOPOHEI ¢
Kpas IOBEPXHOCTH 30JI0KEpaMH4YecKoro oOpasua
(Touka 4, puc.3) BUAHBI IUKH, COOTBETCTBYIOILIUE dJIe-
MeHTaM Takue u Kak Si, Ti, Fe, Sr u Zr.

point 4 - edge of the sample

0 2 4 6 8 10 12 14 16 18 20 22 24 26
3’5 I S S S N S S Y I S S T (NS N TR G N G O S T S T I T T M A S NS T S (T Y O I T [ N _3’5
] Ka(Fe) i
3] L3
| Ka(Rh) from X-ray tube i
4
32,5 —_ KO(S|) KB(Fe) KO(SI’) Ka( l’) _—2,5
Ti
z | e :
(-] ] L
2 5] )
1,51 ‘ 1,5
1 LI B R SR R I L L A A LN R B B T T ————T 77— 71
0 2 4 6 8 10 12 14 16 18 20 22 24 26
E (keV)

Puc 3. Cnexmp P®DA 30n0xepamuneckozo obpasya (nesas cmopoHa ¢ Kpas -moyxa 4)

AHajM3 PEHTIeHOBCKHX CIIEKTPOB BbIOPAHHBIX
TOYEK 30JI0KepaMHUYeCKOro o0pa3sia MoKas3bIBaeT, 4To
OHH C KaUeCTBEHHOM TOYKH 3pEHS IMOYTH aHAJIOTUYHbI.
OpHaKO MeXJy HUMHU HaOJFOIaeTCsl HEKOTOPOE KOJIHU-
yecTBeHHOE paznuane. OCOOEHHO Takoe pa3indue 3a-
METHO Ha CIEKTpe JIeBOr0 Hapy»XHOTro cjiosi o0pasia

(puc.3, Touka 4). DTMu BaKTOpaMH, B ONPEIACICHHOMN
Mepe, MOXHO OOBSICHUTh pa3jMYHbIE IIBETOBBIE
OKpAaCKH B COOTBETCTBYIOIIIMX 30HaX MOBEPXHOCTH 30-
JIOKEPaMHYECKOro 00pasiia.
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Puc 4. Cnexmp P®A 30n0kepamuneckozo obpasya (cieéa mouxa 9)

VYKa3aHHBIC JJIEMEHTHI B 30JIOKEPaMHYECKOM 00-
pasLe peiKo HaXOsATCs B OTAENbHOM Buae. OHH, B OC-
HOBHOM, BCTPEYAIOTCsI BHUJIE OKCHUAOB M B COCTaBe
CJIO)KHBIX COCIMHEHHSX C Apyrumu (azamu (MUHEpa-
namu). Hampumep, xene3a HaXoJsATCs BHIE MX OKCH-
noB FeO, Fe;O3 a Tak e BXOAUT B KPUCTAILIBI MYJUTHTA
M COCTaB CTEKI0(ha3bl.

Hanpumep, B COOTBETCTBYIOLIMX TOUKax o0Opasia
9, 15, 21 u 30 (puc.4-7) BugHBI OOJIee UHTCHCHBHEIC

IIMKH JKeJe3a, KPEeMHHs, KalblUs M TUTAHA, a TaKKe
MeHee HHTCHCHUBHBIC ITUKY alTbEOMUHUSL, KaJIHs, CTPOH-
LUsI, UTTHUPHS U LIUPKOHUS. A Ha CIIEKTpax HapyKHOTO
ciost obpasia (puc.3, Touka 4) MUKHU Keje3a, KPSMHHUS
Y TUTAaHa MeHee MHTEHCHUBHBI. Elle 01HO OTIIHYHe STHX
CIIEKTPOB, 3aKJII0YAETCs B MPOSIBICHHUIX [IMKa Mapra-
Hella BO BHYTPEHHBIX CIOsX 00pasiia (puc.4-7).

point 15
0 2 4 6 8 10 12 14 16 18 20 22 24 26
4,5 L 1 1 1 1 L 1 Fad 1 1 1 1 1 1 1 1 L 1 1 1 1 | 1 1 | 1 1 L 1 1 s 1 | 't 1 L 1 1 T I 1 i3 1 1 L i 1 1 1 4,5
1 Ka(Fe) L
4 -4
1 KdSD) I
— Ks(Fe)
~3,5-] 13,5
] i
E’ ] Sl & Ko(Rh) from X-ray tub
J rom X-ray tube
S ;| Ki(AD [ 3
3 54 X
2 L T T T T T T | P T T T & 2
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E (keV)

Puc 5. Cnexmp PDA 3010kepamuneckoeo obpasya (cieea mouxa 15)
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point 21
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Puc 6. Cnexmp P®A 30n0xepamuneckozo obpasya (creéa mouxa 21)
point 30
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Puc 7. Cnexmp P®@A 30n0xepamuneckozo obpasya (yenmp nogepxnocmu —mouka 30)
[Ipuobperenue 000xeHHOH KepaMHKoil ~ OoJiee BBICOKHX TeMIepaTypax Tak)Ke MCUe3aeT Kpac-
pa3MYHOrO I[BETa, B OCHOBHOM, 3aBHCHT OT  Has OKpacka KepaMHKU.

TEIUIOTEXHOJOTHUECKHX M (PU3UKO-XUMUYIECKUX
(daktopoB. IIpym 3TOM K TEIOTEXHOJOTHIECKOMY
(akTopy, mpexae BCEro, OTHOCUTCS TeMIIepaTypHO-
ra3oBBIl pexuM o00kura. A (UIUKO-XUMHUYCCKUM
(hakTopoM  OTHOCHTCS  00pa30BaHUS  Pa3ITHYHBIX
COCJIMHEHUH KPUCTATMYECKUX U aMOp(hHBIX (a3.

Hakonnennsiit onbit [1, 11] noka3eiBaet, 4to npu
(hopMUpOBaHHMM IIBETOBBIX OKPAacCOK B IMperecce 00-
JKUTa KePaMHUKH BaKHEHIITYIO POJIb HIMEIOT OKCHUJIBI XKe-
nie3a, TATaHa U WX pa3indHble coeanHeHus. [Ipu aTom
Ba)XHOE 3HAYCHNE MMEET U CTeKIopasa.

KpacHbrii 11BEeT K€paMHUKH 00BICHSETCS 00pa3oBa-

0
muem npu 700 C' cmemannsix kpucramios Al,Oz u
Fe20s. C pacmagom 3THX CMEIIaHHBIX KPUCTAILIOB IIPH

XKenrasg okpacka OOBACHACTCS KaK CIIEICTBHUE
BCTYIUICHHS JKelie3a B pelIeTKy Mylumrta. brnaromaps
9TOMY B O€/IHBIX )KEJI€30M INIMHAX IIPH OKUCIUTEILHOM
o0>xure He ocraetcsi cBoOoaHoH Fe;03. Ecii sxe Bpems
OT BPEMEHH HACTYIIaeT BOCCTAHOBJIEHHE, TO COEUHE-
HUSI TPEXBAJECHTHOT'O JKele3a BOCCTaHABJIMBAIOTCS 10
MeTadeckoro sxene3a. Ilpn nanpHeimeM HOBTOp-
HOM OKHMCJICHUH CHOBa obOpasyercs Fe;03 , HO oHa yxe
HE BXOJWT B PEUIETKY MYJUIUTA U MO3TOMY JIaeT Kpac-
HYIO OKpAacKy.

[anee, Ui OKpacku KepaMHYECKHX M3IEIHi pe-
niaroniee 3Ha4YeHHE HWMeEeT NPUCYTCTBUE HIIH OTCYT-
CTBHE KHCIIOPOJa BO3yXa BO BPEMS OXJIKACHHS, TaK
KakK OT 3TOTO 3aBHCHUT CTEIICHb OKHCIICHUS JKelie3a BO
BHEIIHEM CJIO€ YeperKa.
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0O0603HaYEHHYIO OKPACKY TOTIOMHSIET U YCHIIUBAET
IPHUCYTCTBYIOIAasg BO BceX 0€3 MCKIIOYEHHs IIIHHAX
IBYyOKHCH TUTaHa. Cama 1o cebe oHa 6enoro 1BeTa, Ho
NP BBICOKHX TEMIIEpaTypax OHa IIEPEXOAUT B I'yCTO-
CHHHE, HU3IINE OKUCH; Olaromaps cBoemy (Irocyro-
IeMy ACHCTBHIO OKHCIIBI 3TH CIIOCOOCTBYIOT YIUIOTHE-
HHIO Yeperka U COOOILIaloT eMy CHHEBATYIO WU TOJIy-
60BaTyIO OKpPACKY.

TeMHOe OKpamMBaHHE MOXET OBITh OOBSICHEHO
o0pazoBaHHeM WHTEHCHBHO-YEPHOH HITUHEN
FeO*TiO,. O6pa3oBaHue 3TO# IITMHETH MOXKET OBITH
NpeIoTBpAIIEeHO NpHcyTcTBHEM (ocdopHOil nm, 4ro
eme my4iie, 0opHON KHCIOTH. Cepas i TEMHO-cepast
OKpacKa B IICHTPAJIBHOW YacTH 30JI0KePaMHYECKOro
o0pasma (puc.1), Takke MOKeT OBITH OOBSICHEHA HAIU-
YHEeM HECTOPEBIINX YaCTHI] TOILIHBA (YTIIepoaa).

Hekotopast yacTh OKCHJIOB, OOHAPYKCHHBIX dJIe-
MEHTOB B 30JI0KepaMHu4yeckoM obpasue (puc. 3-7),
HallpuUMEp OKCUABI KEJI€3a U TUTaHA BXOJAT B COCTaB
CTeKJIO(A3bl, YTO CIOCOOCTBYIOT MPOSBICHHIO COOT-
BETCTBYIOIINX OKPACOK.

Takum 06pa3om, BhIIIIE IPUBEICHHBIE Pe3yIbTAThI
aHaJIM3a [03BOJISIIOT, B ONIPEJICIICHHOW Mepe 00bSCHUTh
HOBBIE 00BEMHO-TIOBEPXHOCTHBIC KOHICHTPHYECKH-30-
HallbHBIC I[BETOBBIC 3P QPEKTH, OOHAPYKCHHBIC B HC-
CIIeIyeMBIX 30JI0KEPaMHYECKIX MaTepHanax.
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Przedmiotem badafi byly wody Zrédlane z miejscowosci uzdrowiskowych zachodniej i Srodkowej czesci

Mongolii. Zmierzono sktad izotopowy siarki i tlenu §%S i 620 siarczandéw oraz 620 i 6D kilku wod zrodlanych
takze 813C rozpuszczonego w wodzie CO, i %S rozpuszczonego w wodzie H,S. Prezentowane wyniki §*S i 820
siarczanow s3 jak dotad jedynymi z tego odszaru. Sktad izotopowy tlenu badanych wod gruntowych wykazuje
nico wiekszg koncentracje lekkiego tlenu niz wody polskie. Przyczyna tej roznicy jest inny klimat (kontinentalny),
znaczna odleglo$¢ od oceanu oraz wicksza wysoko$é nad poziomem morza niz w Polsce. Uzyskane wyniki %S
sugeruja, ze pierwotnym zrodtem siarki w badanych wodach podziemnych jest prawdopodownie wydobywajacy
sie z glebi ziemi H»S.

Abstract

This article discusses the results of isotopic composition of sulfur, oxygen and carbon of some groundwaters
in the west and central region of Mongolia. Using by mass spectrometer method have been measured: §%*S and
5180 of sulfates, 5180 and 8D of several spring waters and finally §*3C of CO; and §*S of H,S dissolved water.
The 8%S and §*%0 data obtained for sulfates are the only ones from that region so far.

The isotopic composition of oxygen in examined groundwaters feathures somewhat higher concentration of
light oxygen than that encountered in Polish waters. The spring waters of Arasan exhibit a greater content of the
lighter isotope can be possibly attributed to the mountain climate of the region. Nitric thermal spring waters show
the highest concentration of 50 caused probably by exchange at higher temperatures. The %S results obtained
suggest that the primary source of sulfur in examined underground waters is probably H-S escaping from the depth

of the Earth. The hydrogen sulfide is then oxidized in water to sulfate.
Slowa kluczowe: wody gruntowe, spextrometr mas, isotop, siarka, tlen, siarczan, koncentracje.
Keywords: groundwater, mass spectrometer, isotope, sulfur, oxygen, sulfate, sulfide, concentration, compo-

sition

Wstep
Poznawanie procesow ksztattujacych sktad izoto-

powy siarki (S) i tlenu (O) siarczanow rozpuszczonych
w wodach — to temat stale aktualny. Bardziej pre-
cyzyjne wartosci 83S i 510 przy pomocy spektrome-
trow mas oraz nowsze metody preparatyki chemiczne;j
umozliwiaja oznaczenie sktadu izotopowego siarki i
tlenu w wodach zawierajacych niewielkie ilosci siar-
czanu jak wody deszczowe czy powierzchniowe. Ba-
danie te sg istotne dla lepszego zrozumenia procesow
zachodzacych w przyrodzie, a takze wptywu dziatal-
nosci cztowieka na §rodowisko. Obecny stan wiedzy
pozwala przjac, ze jedynie w wodach hydrotermalnych
zachodzi wymiana izotopowa tlenu, pomigdzy siar-
czanem a woda, jak tez wymiana izotopow siarki pom-
igdzy siarczanem, a rozpuszczonym w wodzie siar-
kowodorem, badz jonem siarczkowym. W warunkach
beztlenowych siarczan moze byc redukowany przez
bakterie (tzw. redukcja dysymilacyjna). Sg to procesy
intensywne, silne wzbogacajce pozastaly siarczan w

ciezkie izotopy siarki i tlenu wskutek kinetycznego
efektu frakcjonowanie izotopow.

Metodyka

Jon siarczanowy byt wytracony z badanych wod
jako BaSO, za pomoca stgzonego roztworu BaCl, z
dosatkiem HCI. Siarczan baru wielokrotnie przemyty
woda destylowang i wysuszony, stuzyt nastepnie do
dalszej preparatyki. Rozpuszczony w wodzie CO; ,
razem z jonem HCO3", wytracono jako BaCOjs przy
pomocy BaCl, z dodatkiem amoniaku. H,S przeprow-
adzono do AgzS dodajac do badanej wody 1 n roztwor
octanu cynku i 1 n NaOH.

Do przeplukanego wielokrotnie woda destylow-
ang osadu dodawano roztwor AgNO;s; z dodatkiem
HNO:.

Do oznaczefi §**S badane probki przeprowadzone
do SO,. BaSO4 rozktadano dziatajac nai w prozni w
temeperaturze 850°C NaPOs; pry pomocy metody
Halasa -Wolgcewiczal. Siarczek srebra utlenione w
prozni w temperaturze 850°C przy pomocy Cu.O
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metoda Robinsona?. Do pomiarow &0 i §°C badane
probki przeprowadzone do COa. Probki siraczanow w
postaci BaSO4 redukowano w prézni w temperaturze
1200°C do CO,, spektralnie czystym grafitem metoda
Mizutaniego-Raftera®. Probki wody ekwilibrowano z
CO, w temperaturze 25°C wykorzystujac zjawisko
wymiany izotopow tlenu pomiedzy H,O a COs.
Weglan baru rozktadano w prézni kwasem orto-
fosforowym* do CO,. Do oznaczefi 6D probki wod re-
dukowano cynkiem do wodoru w temperaturze 450°C

metoda Colemana®. Pomiary &%S, §%0 i §°C
przeprowadzono metoda dwukolektorowa, na zmo-
dyfikowanym®7 spektrometrze mas MI-1305, stosujac
jako gaz roboczy SOz lub CO,. 8D zmierzono na
cykloidalnym spektrometrze mas®. Wyniki pomiarow
sktadu izotopowego wyrazone w wielkosciach 39,
prezedstawia tabela 1.

Wyniki oznaczeii izotopowych

Nr |[Miejscowosc t°c | pH Sﬂs/:‘ 5s
1 | Arasan3 15 |70 | 60 | -
2 || Arasan 4 20 | 65 | 55 -
3 | Arasan5 22 |85 | 80 | -
4 | Arasan6 - |55 | 70 |
5 | Chudzyrt 49 |92 | 30 |-
6 ||Ulanbator 3 |65 - -
7 ||saichan Chuldz 51 | 85 | 430

‘ Ocean atlantycki

(wzorzec)
Whioski

Sktad izotopowy tlenu badanych wod gruntowych
wykazuje nico wieksza koncentracje¢ lekkiego tlenu niz
wody polskie®. Przyczyng tej roznicy jest inny klimat
(kontinentalny), znaczna odleglos¢ od oceanu oraz
wieksza wysoko$¢ nad poziomem morza niz w Polsce.
Podobne wyniki usyskane dla niektorych wod
mongolskich prezentowal E.U. Pinneker'®. Wody
zrodlane Arasanu wykazuja wieksza wzbogasanie w
Izejszy isotop tlenu (bardziej ujemne wartosci §'0) co
wynika byc moze z gorskiego klimatu tego regionu.
Wody term azotowych (probki nr 5,7,8) wykazuja
natomiast najwieksza koncentracje *0O spowodowang
prawdopodownie wymiang izotopow tlenu ze skalami,
mozliwg w wyzszej temperaturze.

Uzyskane wyniki 8%*S sugerujg ze pierwotnym
zroédtem siarki w badanych wodach podziemnych jest
prawdopodownie wydobywajacy sie z glebi ziemi H»S.
Swiadszg o tym niskie wartosci %S, podobne jak dla
juwenilnej siarki. Siarkowodor ten jest nastgpnie
utleniany w wodzie do siarczanu, potwierdzaja to war-
tosci 880 siarczanow, zgodne z opisanym przez
Lloyda!! wzorem typowe dla siarczanow powstalych w
procesach bakterjynego utleniania zwiazkow siarki.
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AHHOTAN NS

HOKa3aHO, 4TO IpU BSaI/IMO)Z[efICTBI/II/I JIa3€pHOT'0 U3JTYUCHHA Ha MHUHCPAJIbHBIC AJIFOMOCHJIMKATHBIC l'[p06b1,
coJieprKaIlie yabTPaJAUCIICPCHOE 30I0TO, IPOUCXOTUT 00Pa30BaHKE PA3THUHBIX CTPYKTYPHBIX MOBEPXHOCTEH 30-
sota. BeIsiBIIEHBI 00IIIHE 3aKOHOMEPHOCTH, PETYIMPYIOIHE arJIOMEPAIIUI0 M KOHIICHTPAI[UI0 CYOMUKPOHHOTO 30-
JIoTa.

Abstract

It is shown that the interaction of laser radiation on mineral aluminosilicate samples containing ultradispersed
gold results in the formation of various structural surfaces of gold. General regularities regulating agglomeration
and concentration of submicron gold are revealed.

KiroueBble ciioBa: JIA3CPHOC HU3IIYUCHUC, YIbTPAAUCIICPCHOC, KOJUIOUAHO-HOHHOC, 30JI0TO, 30JI0TOCOALCP-
JKalue MUHCPAJIbHBIC aJTFOMOCUIIMKATHBIC Hp06LI, CTPYKTYPHOC YHOPAAOUCHUC, DJICKTPOHHAA U ATOMHO-CHUJIOBAA
MHKPOCKOIIHS.

Keywords: laser radiation, ultradisperse, colloid-ion, gold, gold-containing mineral aluminosilicate samples,
structural ordering, electron and atomic force microscopy.

®u3nKo-XMMHYECKHE CBOHCTBAM OJaropoHBIX
METaJUIOB BCETJa BBI3BIBAIN MHTEPEC UCCIIEA0BATENCH
Ha4YMHAs OT JOOBIYH U IO IPAKTHIECKOT0 MPUMEHEHHS.

B Teuenne mMHOTMX AecATUNETH pa3pabaThiBa-
JIMCh TIPOCTHIE 1O TEOJIOTHYECKOMY CTPOCHHUIO U YCIIO-
BUSAM 00paboTKM GoraTele M JIETKOOOOTaTHMBIE POC-
ceimy. Ho GosrbIrast 4acTb 3amacoB 30J10Ta COCTABIISIET
YIOpPHBIE PYABI, B KOTOPBIX 30J0TO HAXOIUTCSA B TOH-
KOBKPAIJICHHOM COCTOSTHHH B CYJIb(pHIaX U OPOI000-
pasyloIux MUHepaiax. DTo pOCChIH 00Jiee CI0KHOTO
CTPOEHHSI, C COJIEPKAHMEM 30JI0Ta B MEJIKOH (paKIyy,
pa3Mep YacTHUI] COCTABIISAET OT JECATKOB MUKPOH J0 Je-
CATBIX U THICSUYHBIX 10JIel MUKpoHa. BoBneus B nepe-
paboTKy LIEeHHbIE KOMIIOHEHTHI, UMEIOIINE CyOMHUKPOH-
HBI€ U YIBTPAJUCIIEPCHBIE pa3MepPhl YaCTULl TPAAHIU-
OHHBIMH CHOCO0aMH IPAKTHYECKH HEBO3MOXHO. B
HACTOsIIEE BPEMs, B CBA3U C Pa3BUTUEM HAHOTEXHO-
JIOTHH, OTKPBUINCH HOBBIE TOPH30HTHI IPHUMEHEHHS
HaHOPa3MEpHBIX OJaropogHeIX MerauioB. Hambonee
CYIIECTBEHHBI MPUPOCT W3BJICUCHHS TaKuWX Ojaro-
POJHO-METAIBHBIX BKJIIOYEHUH JOCTHraeTcCsl IpU BO3-
JIEMCTBUHM MOIIHBIMH HAaHOCEKYHAHBIMH 3JIEKTpoMar-
HUTHBIMU HUMITYJIbCAMH, Iy4YKaMU YCKOPEHHBIX JIEK-
TPOHOB, YJIBTPAa3BYKOBOW OOpPaOOTKH, BO3ACHCTBHIMA
CBY-u3nyueHusi, SMEKTPOUMITYJIbCHBIX, MAarHUTHO-
UMITYJIbCHBIX, 3JE€KTPOXUMHUYECKUX, IJIEKTPOJUHAMHU-
YEeCKHX W yJapHO-BOIHOBBIX [1, 2].

Jlazepnast 00paboTKa MaTepuanoB — 3TO OJHH U3
MEPCTIEKTUBHBIX METOIOB 3HEPreTHUECKOTO BO3ZICH-
CTBHSI, KOTOpPBIH 00eCIeYnBacT BHICOKYIO ITPOM3BOAH-
TENBHOCTh U TOYHOCTb, 3KOHOMHT 3HEPTrui0. B ocHOBE

Ja3epHOI 00pabOTKU MaTEPHAIIOB JIE)KHT CIIOCOOHOCTH
JIa3€pPHOTO M3TyYeHHs CO3/1aBaTh Ha MajJOM y4acTKe
MTOBEPXHOCTH BBICOKHUE ILIOTHOCTH TEIIOBOTO ITOTOKA,
JOCTaTOYHBIE ISl HArPeBa, IJIaBJICHUS WM HCTIapEHUS
MPAKTHIECKH JIFOO0T0 MaTepraia. ITo CBSI3aHHO C Tep-
MHYEeCKUM 3()(EKTOM MOTIIOUICHUS U3Ty4EHHs HEelpo-
3payHbIMU TBEPIABIMU TexamHu[ 1, 3].

Takum 00pa3oM, H3ydeHHE SBJICHUH, BO3HUKAIO-
OIMX B MHUHEPAIBHBIX Cpelax IPH JIa3epHOM BO3ACH-
CTBMM HAa HHX, MOXXET SBHUTHCS OCHOBOW IUI pa3pa-
OOTKH HOBBIX CIIOCOOOB HM3BIICUCHUS HAHOPA3MEPHBIX
6J1arOpOJHBIX METAJUIOB, BXOISIIMX B MHHEPAJIbHBIE
accolyanuu.

[Tpu BEIOOpPE 00PA3IIOB ISl UCCIIETOBAHMS YINUTHI-
BaJIOCh, YTO TOHKOE U KOJUIOMHO-AHUCIEPCHOE 3010TO
Ipyu O00OTaIIEHUH 30JI0TOCOAEPKAIIUX PYA U POCCHI-
neil He aManbraMipyeTcsl, He IMAaHUPYETCs U HE U3BJIe-
KaeTcsl TIpU TPaBUTAIIMOHHOM oboramennn. s pa-
00TbI OBLIM OATOTOBJIEHBI MUHEPAILHBIE AJTFOMOCHIIN-
KaTHBIE TPOOBI C BBICOKOTJIMHUCTOW POCCHINH P.
laiidon (Bepxuee [Ipuamypbe), ¢ copepkaHHEM JIHC-
MIEPCHOTO 30JI0Ta, M MOJENbHBIE 00pa3mbl, C BBEAE-
HUEM KOJJIOUJHOTO ¥ HOHHOTO 30JI0TA.

HcTOYHMKOM MOIIHOTO MOTOKA YHEPTUU CITYXKHUI
UTTepONEBBI BOJOKOHHBIN nasep JIC-06, paboTtaro-
LIUH B HENIPEPBIBHOM PEKUME B AMANIA30HE AJTHH BOJH
1065+1080 uM. IIpu pabore nmaszepa B OJTHOMOJOBOM
peXXHMe JOCTUraeTcs MoJiHasi IPOCTPaHCTBEHHAS KOTe-
PEHTHOCTh, YTO ONpEAENSeT BBICOKYIO HAaIpaBJICH-
HOCTb JIa3€pHOT0 U3JTyUCHHS U A€TaeT BO3ZMOXKHBIM €ro
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(hOKYCHPOBKY B IIATHO YPE3BBIUAIHO MAJIBIX Pa3MEPOB
(mopsiaka IAMHBL BOJIHBL).

[Ipu onpenencHUN PEKUMOB, ITAPaMETPOB JIazep-
HOTO BO3JICHCTBUS M CKOPOCTECH MEpPEeMEHICHUS TMPO-
IYKTOB B 30HE 00paOOTKM, UCTIOIB30BAIACH TIOIOKKA,
M3TOTOBJICHHAS U3 3JICKTPOTEXHUYECKoro rpadura. Ha
MIOJUTOKKY B HACBHIITHOM BHJE HAHOCWICS MUHEpab-
HBIIT oOpazer] TonumHou ciosi 1-3 mm. CkopocTb Te-
pemenieHns: TpadUTOBOI MOMIOKKH C MHHEPATBHBIM
00pa3IoM B 30HE J1a3€pHOTO Jy4a MOANCPKHBAIACH
MIOCTOSHHOW M focturaia 1 mMm/c. MoImHOCTE Ja3ep-
HOTO U3JIYYCHUS C TIOMOIIBIO TUCTAHIIHOHHOTO MyJIbTa
MOJKHO U3MEHATH B ipeaenax 600 Bt. HecrabumsHOCTH
BBIXOJIHOM MOIIHOCTH HE TpeBbIIaeT 2% Ha ee MaKCH-
MaJbHOU BeIMYMHE. PacxoouMocCTh Mmydka Ha MakCH-
MaJIBHOW MOIIHOCTH HW3IYyYCHUS HE TMPEBBINIACT 2
Mpag. B xome 3KcIIiepruMeHTOB IS OTIpeIeIeH s OITH-
MaJIbHBIX PSKUMOB JIA3EPHOTO BO3JCHCTBHS Ha MHHC-
paipHBIE 00pa3Ibl M3MEHSUIHCH: SHEPTHS, IJIHTENb-
HOCTh M YacTOTa CJICAOBAHHS HUMIIYJIBCOB JIA3EPHOTO
W3JIYYCHHUs, a Takke (POKYyCHOE PacCTOSHHE U BpEMs
BO3CUCTBHS. MOIIHOCTD JIA3EPHOTO M3IyUCHUS MCHSI-
mack B auamazoHe ot 30 mo 270 Bt. DkcmepumeH-
TaJbHO OBLI 00OCHOBAH METOJ M YCTAHOBJICHBI KOJIH-
YeCTBEHHBIE XapaKTEPUCTUKHU peXUMa JIa3ePHOU ario-
Mepaiuu: MoiHocTh — 90-120 BT; MHTEHCHUBHOCTH
Ja3epHOTO BO3ACHCTBHs He Ooxee 1 kBT1/cM?, Bpems

i

Datector = 0BS0
Mag= 200KX

Stage at X = 56.021 mm Date 17 Nov 2005
Stage at ¥ = 48,608 men Time 145741

9KCIIO3ULINH B HENIPEPHIBHOM peXHUMe paboThl mpudopa
JIC-06 1 B TMHAMHMYECKUX YCIIOBUSIX 00pabOTKH Jyc-
TepCHON MUHEpaIBHOU cpensl oT 1 — 1o 3 ¢. mpu 3ToM
CTENECHb KOHIIEHTPUPOBAHHS 30JI0Ta HA aJFOMOCHIIU-
KaTHBIX 00BeKTax coctapisier mopsaka 70 %. Onpexne-
JICHHBIE TAKMM 00pa30M pEKUMBI JIa3epHOH 00paboTKK
OBLTM 3amaTeHToBaHHI [8, 9].

Jlnist u3ydeHus CTPYKTYpPHBIX U 3JIEMEHTHBIX XH-
MHUYECKUX HU3MEHEHUU NpPU JIa3€pHBIX BO3IAEHCTBUSX
TIPUMEHSUICS. PAcTPOBBIN AJIEKTPOHHBI MHKPOCKOI
“LEO EVO 40HV” (Kapn Lleiic, I'epmanust), ocHa-
LIEHHBI  DHEPrOAMCIEPCHOHHBIM  aHAJIM3aTOPOM
“INCA-ENERGY”. [Ipu cheMke ucciaeyeMbIx 00bek-
TOB HMCIOJIB30BAJICS JIETEKTOP BTOPUYHBIX 3JIEKTPOHOB
(SE-meTexTOp) ¥ IETEKTOP OOPATHO PACCESTHHBIX JJICK-
TpoHOB (QBS-nerexTop), M03BONAIOMINE MOTYIUTh UH-
¢dopmarnmto o Tororpaduu odpasma. C momornipio QBS-
JeTekTopa ¢assl ¢ 00Jiee BBICOKMM CPETHHUM aTOMHBIM
YHCIIOM IIPH MOJIyYeHHH U300paKeHUIl OTpaxaroTcs B
KOHTpacTe OoJiee SIPKO MO CpaBHEHHIO ¢ (azamu C
MEHBIIMM aTOMHBIM YHCIOM. Tak KaKk pa3HOCTh aTOM-
HBIX BECOB 30JI0Ta ¥ MUHEPAJIOB, COACPIKAIMXCS B HC-
cleqyeMbIX o0paslax BeJlHKa, TO IOJYYCHHOE KOH-
TPAacTHOE HM300pa)KEHUE, IO3BOJISIET BHU3YaJIbHO BBI-
SBUTH 30J0TO HAa BCEX CTaguAX: B HCXOIHOM
COCTOSIHUY U TI0CJIE JIa3epHON 00pabOoTKH.

StageatX=57.170mm  Detector=0BSD Date 17 Nov 2005 s
StageatY=51480mm  Mags 142KX Time :14:25:32

Puc. 1. Hcxoouvie modenvhbie 00pasyvl 6biCOKOSTUHUCMBIX NECKO8
C KOJLTOUOHO-UOHHBIM 30710MOM 00 JIA3ePHOU 0OpabomKu

B xo1e mpoBeneHHBIX SKCIEPUMEHTOB OBUIO BBI-
SBJICHO, YTO MpH MoIHOCTH n3nydeHus 30 — 60 Br
MPOUCXOJUT M3MEHEHHE MOBEPXHOCTHOTO CIIOS, CBET
MOTJIONIAETCSA B OY€Hh TOHKOM CJIO€ BEIIECTBA, CBEPXY
HaOmonaeTcs oOpa3oBaHHEe KOpOYKH. l3MmeHeHne
I[BETA MOXHO OOBSCHUTH CTPYKTYPHBIM H3MEHEHHEM
MOBEPXHOCTHOTO CJI051 MUHEpaIoB. [Ipyu MoIHOCTH H3-
nmyderus paBHOM 60 — 90 BT momydaroTcst «CHexm» B

w31 an 206

St WL X - 2521 Lstoctar = kG 3
mgAvs4sisimn Wege STTRK TR14067

BHJIE HENOYEUHBIX CTPYKTYp. OnTHYECKUE Ucciie0oBa-
HUS TaKUX CIIEKOB BBISIBUJIO KOHIIEHTPUPOBAHUE 30J10-
THH Ha OTAEJbHBIX Y4acTKaX. Y BEIUUYEHUE MOIIHOCTH
1o 180 BT npuBoauT K 00pa30BaHUIO allOMOCHIINKAT-
HBIX arjioMepaToB, Ha KOTOPBIX CHUJAAT KaleJbKU
OTUIABJIEHHOTO 30J10Ta. [Ipy MOIIHOCTH JTa3epHOTO M3-
myderns 220 — 270 Bt HaOMOIaI0TCS CHITBHO OILIaB-
JICHHbIC CHJIMKATHBIE arioMepaThl, KOTOPBIE CHIAT B
OIUIaBUBILIEMCS] CTEKJIOBUIHOM Matepuae [4].

Sops tx-eedem Celestin - GBSC

anr
— OmreYecITetmn Mags 1225 X

Puc. 2.
MooenvHulii 06pasey 2aunbl ¢ UOHHBIM 30JI0MOM NOCTe 1a3epHOll 0bpabomku — "3010mvie chepvl Ha enune"
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PactpoBsie n300pakeHnss 00BEKTOB HCCIIEI0BAHNS, BRIITOIHEHHBIC C TIOMOIIBIO 3JIEKTPOHHON MHUKPOCKOIIHIH,

MTO3BOJIIOT ONPEJICITUTD AJIEMEHTHBIM COCTaB «CIEKOBY» (pHC.3)

Becopeti Y| ATomHHAEY

3388 72.07

341 430

107 093

50.05 263

1160 14.06

100.00

Tmm

Puc.3. Bvicokoenunucmoiil 3010mocooepicawuii oopasey nocie iazeprHou oopabomxu

UccrenoBanust TomorpaduyecKiux CBOUCTB IIO-
BEPXHOCTH IIPOAYKTOB JIA3EPHON arJoMepaIiu mpoBe-
JICHBI METOJJAMH aTOMHO-CHJIOBOH MHUKPOCKOITUH C TI0-
MOIIBI0 aTOMHO-CHJIOBOTO MHKpockoma IHTerpa
IIprmma (Metox marepanbHBIX cmn). C MpUMEHCHHEM
MOJYKOHTAKTHBIX METOJIOB CKAaHMPOBAHUS KaHTHIIC-
Bepa Tuma NSG11 ¢ MuUHHUManbHBIM pasperieaueM 20-
30 HM mpu Pe30HAHCHOM YacToTe Koebanuit 226 kI 1.
CkaHUpOBaHUE OCYIIECTBISUIOCH TMOJYKOHTAKTHBIM

METO/IOM, HaIlpaBJICHHE JBIDKCHUS KaHTWIEBEpa — Io-
pusoHTansHOe. Ilpy nccnenoBaHNM MIOMANN CKAHH-
poBaHHA 5X5 MKM OOHapyXEHBI IPYIIIBI STUYEEK C HEeH-
TpaMH BOKPYT TOYEUHBIX MMUKOB (PHUC. 4), UYTO TOBOPHUT
0 HAJWYIHMU OTPEJICIICHHOTO TOPsAAKa B CTPYKTYpE MO-
BEpXHOCTH creka. TakuMm o0pa3oM, MOXHO CHenaTh
BBIBOJ] O HAJMYUH JIOKAJHHON CaMOOpraHM3aLluU 30-
JI0Ta BOKPYT TOUEYHBIX IIEHTPOB.

Puc. 4. H306pascenue pazosozo konmpacma u KiacmepHol CMpyKmypuvl HOGEPXHOCIU CHEKMPA MOOENbHO20
3010mocooeparcaweco oopazya ¢ UCKYCCMBEEHHO 86E0EHHbIM KOLTOUOHO-UOHHBIM 3010MOM

Takum 00pa3zoM, Moj BO3JAECHCTBHEM JIA3€PHOTO
N3JIYy4€HHA B MUHEPAJIBHBIX CPE€IaX BOZHUKAIOT OBICT-
POIPOTEKAOLINE TPOLECCH], COMPOBOXKIAEMbIE T'€HE-
pPUPOBAHUEM MEXAHUYECCKUX M DJICKTPOMAIrHUTHBIX
BOJIH, KOTOPBIC IPHUBOAAT K U3BMCHCHUIO q)HSHKO-MCX&—
HUYECKHUX CBOWCTB, Je(OpMaIMi U NEpeCTPOHKH MO-
JEKYISIPHO-AJIEKTPOHHBIX U KPUCTAJUIMYECKUX CTPYK-
Typ, oOpa3yercs HW30BITOK SHEPTUH BO30YKAEHUS,
CKOHLIEHTPUPOBAHHOI, B OCHOBHOM, Ha TpaHHUILIE TeTe-
poreHHbIX ¢a3. [Ipu Bo3meiicTBUM BHEIIHUX ITOTOKOB
SHEPTUH OOJIHIION MOIIIHOCTH MUHEPAIbHAS MAaTPHUIIA C
YaCTUIIAMH 30JI0Ta CTAHOBUTCSA OTKPBHITOH KOHICHCH-
pOBaHHOM HepaBHOBECHOW cucteMoil. HepaBHoBec-
HOCTb B KOHACHCHPOBAHHBIX CUCTEMAX CBA3aHA C TEM,
YTO CTPYKTYpHBbIE HEyCTOWYMBOCTH HAYMHAIOT Hapac-
TaTh IPU KPUTUYECKUX 3HAYCHUSIX BHEIIHUX IapaMeT-
poB. Bo3HUKHOBEHNE JIOKaNbHONW YIOPSAAOYEHHOCTH B
U3HAYaldbHO HEYMOPSAAOYEHHOH KOHIEHCUPOBAHHOMN

CHUCTEME ABJIACTCA OCHOBHBIM IIPU3HAKOM CaMOOpPTraHu-
3auuu. [IpumMepoM JOKaIbHO YHNOPSAJOUYEHHBIX CTPYK-
TYp MOXHO pacCMaTpuBaTh BO3ZHUKAIOUINE HA IMOBEPX-
HOCTH MHHEPAJIbHON MaTPHIIBI IPU JTa3ePHOM BO3CH-
CTBUM HE TOJIBKO JCHIAPUTBI MHHEPAJIOB, HO H
armoMepaTtsl 30i10Ta. Kak TOKa3ajd 3KCIIEPHMEHT,
CTPYKTypa OOJBIIMHCTBA 3TUX YIOPSIOYCHHBIX 00pa-
30BaHU SBISCTCS MYJIbTU(PPAKTATEHOM, U OHU OTIHCHI-
BAIOTCS KaK cIy4aiHble Pppaktanbl. OneHKa (ppaKkTaib-
HOW pa3MEpHOCTH TakWX ()PaKTaIbHBIX 0Opa3oBaHUI
JaeT 3HaueHus nopsaka 1,7-1,9. bonee Toro, u mpo-
[ECC TEePKOJIIHH, 3aKIIIOYAIOIIUICS B BBITCCHEHUH
PACIUIABJIEHHOTO 30j10Ta MO KalWmuIIpaM MOPHCTOH
MaTpulbl Ha IMOBEPXHOCTH, TAKKE OIMMCBIBACTCA C I1O-
MOIIBIO CIy4aiiHbIX ()PAKTAIIOB MPH Y4eTe MX Mac-
mTaOHON MHBAPUAHTHOCTH MJIM CKeMymHra [5—7].
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M3yueHne HampaBieHHOTO H3MEHEHHUSI CBOMCTB
JUCTIEPCHBIX 30JI0TOCOAEPKAIINX MHUHEPAIBHBIX 00b-
€KTOB TIPU JIA3epHOM BO3JIEHCTBHH METOJAMH DJICK-
TPOHHOM, aTOMHO-CHJIOBOM MMKpPOCKOIIMH, IOKa3ajo,
YTO 110 Mepe YBEIMUCHHS MOITHOCTH SHEPTETHIECKOTO
JIA3epHOTO BO3JCHCTBUS OOPa3yIOTCS MOBEPXHOCTHO
HEOJIHOPOJAHbIE MUHEPAJIbHBIE CTPYKTYpHIL. 30JI0TO Ha
MOBEPXHOCTHU aJIFOMOCUJIMKATHBIX CIIEKOB HAXOAUTCS B
BUJIC CAMOOPTaHU3YIONINXCS CHEPONOIOOHBIX CTPYK-
Typ, UTO TO3BOJIUJIO HAWTH TEXHUYECKUE PEUICHHS B
BHUJIC TIATEHTA Ha m300peTeHue [8§, 9].

Ha ocHoBe 00Hapy»eHHOT0 3¢ deKTa MOTyT OBITH
TIPEIO’KEHBI ONITHMAIIFHBIE TapaMETPhI ¥ PEKIMEI J1a-
3€pHOTO BO3MEHCTBUS, UMEIOIINE MPAKTHYECKOe 3Ha-
YeHHWEe TSI OLEHKU TIEPCIIEKTHB Pa3BUTHS J1a3epHON
MIOJTOTOBKH MUHEPAILHOTO CHIPBS B TIPOIIECCE TOOBIIHN
U 1epepaboTKH 30JI0TOCOACPIKAIINX JUCIICPCHBIX MU-
HEpAIBHBIX CPEl.
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AHHOTAN NS

Pa3paboTaHa TEXHOJIOTHS TOJIyYESHUS AIEKTPUUECKOI SHEPIHH Ha OCHOBE Ta3u(HKALIUK )KUAKUX TPOJYKTOB
OBICTPOrO MUPOININ3a APEBECHHEL. B cTaThe OMHCAHO NMPHHIUI Pa0OTHl YCTPOHCTBA IS Ta3U(UKAINH KUIKAX
MNPOAYKTOB 6LICTpOFO MApoOJIn3a IPEBCCUHBI. Hpe,I[CTaBHeHBI PE3ybTaThl UCCICAOBAHUS ITPOLECCOB FaBI/I(I)I/IKa].II/II/I
JKUJKHUX MIPOAYKTOB 6I>ICTpOFO nmpoJin3a OroMacchl JUIA BBIpa6OTKI/I BHGKTqueCKOﬁ OHCPIrUu.

PesynbTaThl paboTH YCTAaHOBKH ITOKA3BIBAIOT YCTOHUMBYIO BRIXOAHYIO MomHOCTh 100 KBT anekrprueckoit
SHEPIHH, PU CKOPOCTHU MoTpedienus onomaccel mpumepHo 200 kr/gac. Ilpu ncmonp30BaHNM TeHEPATOPHOTO Ta3a
JJI IPpOU3BOJCTBA DJICKTPOIHEPIUH, HCO6XOZ[I/IMO MNPpOBOAUTH CIKCHCACIIBHOC TeXO6CJ‘Iy>KI/IBaHI/Ie JABUTATCJIA BHYT-
PEHHETO CrOpaHHs.

HccnenoBanus moxasad IPUMEHUMOCTh JAHHOTO rasu(uKaTopa A BEIPAOOTKU JIEKTPOIHEPTHH IIyTeM
CKUTAHUS T'CHEPATOPHOI'O ra3a B JU3CJIbHBIX DJICKTPOCTAHIUAX, YTO MOKET 6I>ITI:. IIOJIC3HBIM B OTJAJICHHBIX paﬁ-
OHaX, He 00JIa/IatoIUX Pa3BUTOI SHEprocucteMoil. B kauecTBe TorumBa Jyist ra3udukaTopa MOryT ObITh ITpUMe-
HEHBI CyUbsl U BETKU, OCTAIOLITUECS TTOCIE BRIPYOKHU JIEPEBHEB.

Abstract

A technology has been developed for producing electrical energy based on gasification of liquid products of
rapid wood pyrolysis. The article describes the principle of the device for gasification of liquid products of rapid
pyrolysis of wood. The results of a study of the gasification of liquid products of rapid pyrolysis of biomass to
generate electrical energy are presented.

The results of the installation show a stable output power of 100 kW of electric energy, with a biomass con-
sumption rate of about 200 kg/h. When using generator gas to generate electricity, weekly maintenance of the
internal combustion engine is necessary.

Studies have shown the applicability of this gasifier for generating electricity by burning generator gas in
diesel power plants, which can be useful in remote areas that do not have a developed energy system. As fuel for
the gasifier can be applied branches and branches remaining after the felling of trees.

KiroueBble ¢J10Ba: OTXOJIBI PACTUTEIHHON OHOMACCHI, OBICTPBIA THUPOJIN3, MUPOIN3HAS )KUIKOCTH, Ta3U(H-
Kanus HPIpOJ'IPIBHOfI JKHUIKOCTH, FeHepaTOpHHﬁ ras, ,HI/IBGJ'II)HHﬁ ABUT'ATCJIb BHYTPEHHETO CrOpaHusl.

Keywords: vegetable biomass waste, fast pyrolysis, pyrolysis liquid, gasification of pyrolysis liquid, gener-
ator gas, diesel internal combustion engine.

Bonpmme 3amacel OTXOJOB PAacTUTENBHONH OWMO-  eTcs OBICTPBIN MUPOIIN3, KOTOpas oOecreynBaeT nepe-
MAacCHl SBJISFOTCS OJHUM U3 IEPCICKTHBHBIM BUIAOM  pabOTKy OMOMACCHI C BRICOKHM BBIXOJIOM YKHIKUX TIPO-
BO300HOBJISIEMBIX PECYpPCOB ISl TIPOU3BOJICTBA 3JIEK-  AYKTOB [1, 2].

TPUYECKOM U TEIIIOBOU SHEPTUH. [Toyuaemas mupoau3Hast )KUAKOCTD, PU OBICTPOM

Tepmoxummueckass KOHBepcHs ABNseTca 3(pdex-  mupou3e, IPUTOIHO IS MPSIMOTO CKUTAHHS B KOTJIAX
THUBHBIM CHOCO60M HCIOJIB30BaHUA OTXOIOB pacCTH- M SBISIETCS 3aMEHOM TPpaJUIIMOHHBIX BUJIOB TOILJIMBA.
TEJIBHOIO ChIPbS IS IOJIyYEHUs TOIIUBA. OpHAaKO Ka4eCTBO MUPOIH3HOM KHUIKOCTH MOKET OBITH

IlepcieKTUBHONM TEXHOJIOTMEH TEPMHMUYECKOM Ie-  HEAOCTAaTOYHBIM JUIS €r0 UCIOJIb30BAHUSA B KOMMEpUe-
pepaboOTKH OTXOJI0OB PACTHTEIBHOW OMOMACCHI SIBJISA-  CKHX LENsAX (B IEPBYHO OYepelb B JBHTATEISIX BHYT-

PEHHETO CrOpaHus U B ra3oBBIX TypOuHax). B cBsi3u ¢
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4yeM NpPUMEHsETCs] Hanbojee IPHOPUTETHAS TEXHOJIO-
s nepepabOTKH KUIKOTO MUPOTOIINBA METOIOM Ia-
3u(UKaNKHM, TO3BONAIOMAS MOJYyYUTh BBICOKOKAJIO-
pUIHBIN T€HEPaTOPHBIN I'a3, UCIIOJIB3YEMBIN IS MPO-
W3BOJICTBA 3JIEKTPUYECKOH JHEPTUM M XHMHYCCKHX
mpoayKkToB. Takum o0pas3om, pazpadaTsiBaeMast TEXHO-
JOTusl B KOMIUIEKCE ITO3BOJIMT IepepadoTaTh pacTH-
TEJILHBIE OTXOJIbl B MECTaX UX BO3HUKHOBEHHS B ITUPO-
TOILINBO, HAKOIIUTH U IIEPEBE3THU €T0 B IEHTPAIU30BaH-
HBI ITYHKT cOOpa C TaTbHEHIIUM HCIIOJIb30BaHUEM IS
MOJYYSHHSI IEHHBIX XUMUYECKUX MPOJYKTOB U DJIEK-
TpUUecKou sHepruu [2].

Ha ceromgusmHe# nenp cTouT 3amada 3¢ ¢GeKTHB-
HOE OCYIIECTBICHHE MpOIecca OBICTPOTO MUPOIH3a
pacTUTENFHON GMOMACCHI C MOTYYCHUEM KXHUIKUX IPO-
JIyKTOB BBICOKON SHEPreTU4eCKON INIOTHOCTH U Ha UX
OCHOBE MPOM3BOACTBA BEICOKOKAIOPHIHHOTO ra3a.

Cpenn Bcex BO30OHOBISIEMBIX MICTOYHHUKOB SHEP-
T'HH, oromMacca CUMTaeTCs TNEPCICKTUBHBIM BUJIOM TOII-
JIMBA U €T0 UCIOJIb30BaHUE OBICTPO BO3pACTAeT.

PactuTennias
duomacca

A\ JbpIMoxoa
7N

- CyLI.lldIleblﬁ 6yHK€p JlbiMoBBIE
raznl

Pacrutennnas

Onomacca
] —
—— /103410
Y JIbIMOBbIE ﬂ P

rasbl PacrurcibHas
1 onomacca

Ia3udukanus >XKUIKOTo TOILUIMBA SBIISSTCS OJHUM
U3 TNePCIeKTHBHBIX METOAOB NPOU3BOJACTBA I'€HEpa-
TOPHOTO Ta3a U3 BO30OHOBISIEMBIX PECYpPCOB IS TIPO-
M3BOJICTBA 3JIEKTpOdHEepruH [3].

OCHOBHBIM TIPOIYKTOM Ta3u(pUKAINHA HKAJKUAX
HPOIYKTOB OBICTPOTO HMHPOJIH3a IPEBECHHBI SBIACTCS
BBICOKOKJIOPDUUHBIN TeHEpPaTOPHBIA Ta3, KOTOPBIA
MOYKHO UCIIOJIb30BaTh JUIS ITOJYYEHUs! TEILIOBO, 3J1eK-
TPUYECKON SHEPIUU M LEHHBIX XMMUYECKHX BELIECTB
[4].

PaboThI 110 MpoOBEICHUIO HCCIIEA0BAHNUS B 00JIaCTH
SHEProcHaOKeHMsl YAaICHHBIX MMoTpeduTesneil Ha Oase
YCTaHOBOK IS Ta3U(UKAUH )KUIKUX IPOLYKTOB Tep-
MOXHUMHYECKON TIepepadOTKH MECTHBIX OTXOMIOB OHO-
Macchl ABISIOTCS AKTYaJIbHBIMH.

st ncenempoBaHus npouecca ra3sudUKaiy K-
KUX TPOJYKTOB OBICTPOTO MHUPOJIH3a APEBECUHBI OBLI
pa3paboTaH dKCHEPHMEHTAIBHBIA CTEHA, CXeMa KOTO-
poro mpejcTaBieHa Ha puc. 1.
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Puc. 1. Cxema onvimno-npomviuiieHHOU YCMAHO8KU Ol NONYYeHUs DJIeKMPULeCcKoll IHepUl.

DKCIEepPUMEHTAIBHBIA CTEH]T VIS HCCIIEeOBAHUS
ra3u(uKannuy KUAKUX TPOIYKTOB OBICTPOTO IMPOJIN3a
JpeBecuHbl (PYHKIMOHUPYET CIEAYIOIUM 00pa3oM.
Opranuyeckoe ChIpbe, IPOMIEIIee COOTBETCTBYIO-
M1y NOATOTOBKY (OYMIIEHHOE OT IIOCTOPOHHUX TpeI-
METOB, HM3MEJIYEHHOE), 3arpy’XaroT B CYIIMIBHBII
OyHKep, TIIeé OCYIIECTBISIOT KOHBEKTHBHYIO CYIIKY
CBIPbsl pa30aBJICHHBIM TOMOYHBIM I'a30M NP TEMIIEpa-
Type 160 - 200°C mo BnasxkHocTH chipbsi 10%, 3aTeM ¢
MOMOIIIBIO /103aTOpa U IHEKOBOI'O MTUTATEIsI MO/A0T B
peakTop nupoau3a 6apabaHHOTO THIIA, T/I€ BEAYT TEP-
MHUYECKOE DPa3JIOKEHHE OPraHOCOAEPIKAIIETO ChIPhs
npu temrnepatype 450 — 520°C u nasienun 500 - 1000
[1a c o6pazoBaHeM Mapora3oBOi CMECH U YIiisl. YTollb
cOOMpaIOT B INIPUEMHHUKE, 3aTEM €ro HalpaBisIoT B
TorKy. IlosrydeHHBIE TOIOYHBIE ra3bl HCHOIB3YIOT IS
HarpeBaHusl peakTopa MUpoJK3a U ra3udukaTopa, no-
CJIC YEeTo X CMEIIMBAIOT C BO3IYXOM JI0 TEMIIEPaTyphI
160 - 200°C npu oMoy BEeHTHIISTOPA U, poHsIUe-
pe3 CYIIMIbHBIA OyHKEp M 00€CIeYrnB CYIIKY ChIPbS,
BBIOpPAcCBIBAIOT B aTMocdepy depe3 IBIMOBYIO TPyoOy.

[TaporazoByro cMech HaIpPaBISAIOT B KOHJIEHCATOP, CO-
CTOSIIIMI U3 PACHBUIMTENBHON KOJIOHHBI M HACAJOYHOMN
KOJIOHHBI, TJIe B PE3yNbTaTe KOHACHCALUU OXTAKACH-
HOW MUPOJIU3HOHW MHJKOCTH, MOAABAEMOH HACOCOM,
npu temnepatype 30-40°C oTaensroT KUAKHHA Mpo-
aykt IV, koTopblit coOMpaloT B IpUEMHOW BaHHE, a 3a-
TEM MOJAIOT B pe3epByap AJs JalbHEHIIEro HCIoab30-
BaHMA. HecKOHIEHCUpPOBaHHBIA NUPOIM3HBIA ra3
HATIPaBJIIIOT HA OYMCTKY B PYKaBHBIX (DHIBTpaXx.
Kunkuii mpoayKT U3 pe3epByapa gepes QUIbTPHI
TIPY TIOMOIIIM HACOCa HarHETAIOT B GOPCYHKY Tazupu-
karopa. JKuakuéi mpoAayKT MHUPOJN3a Ta3uUIUPYIOT
nipu Temneparype 1000 - 1400°C u nasnennu 100 - 300
k[la. lnst ocymiecTBiieHHs TIpoliecca ra3uuKamnyy mno-
JIal0T BOJISTHOM 1ap B ra3ud)uKaTop U3 ImaporeHeparopa.
[TomyuyeHHbIH reHepaTOpHbIN Ta3 V, UIMEIOLIUN TeMIIe-
parypy 1000-1400°C, HanpaBisioT B TEIUIOOOMEHHUK
JUIsL oxJlakaeHus. Harperyto Boay B TEIUIOOOMEHHUKE
HCIONB3YIOT IJs MpPeJBapUTENIbHOIO HarpeBa IHpPO-
JIN3HOM KUIKOCTH B pe3epByape 10 TeMIieparypsl 60 -
70°C. Tlocnemyromee OXJaXICHHE T'e€HEPATOPHOTO
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rasa OCyIIECTBIISIIOT B TOJIOM CKpyOOepe. O4uCTKy Te-
HEpaTOPHOTO ra3a BeoyT B pyKaBHBIX (puibTpax. [Tocie
OUYHCTKU F€HEPATOPHBIN I'a3 U HECKOHACHCUPOBaHHBIN
MUPOJIM3HBIN ra3 MOJAI0T B TEHEPATOP IIEKTPUUECKOM
SHeprud. J{u3ebpHbIH IBUTaTeh 00eCeunBacT paboTy
3JIEKTPOTeHEPATOpa, MPOM3BOANUMAS BIEKTPHUIECKAs
SHEPTUst IPUMEHSETCS ISl DHEPrOCHA0KEHUS O0BEKTa.

YcraHoBKa A7t Ta3U(HUKALIIH KHIKUX ITPOTYKTOB
OBICTPOro MUPOJIU3a APEBECHOI OMOMacChl MO3BOJISET
coznate Oosiee 3(h(eKTHBHBIN crocod mnepepaboTKH
JPEBECHBIX OTXOJIOB JJISI BEIPAOOTKH SJIEKTPUYECKON
9HEPTUH IPH UCTIOJIb30BAHUH JKHJIKUX U a3000pa3HbIX
MPOIYKTOB TEPMHUYECKOTO PA3JIOKEHUS, TaK KaK OHA
MIO3BOJISIET HE TOJIBKO OCYIIECTBHUTH CIIOCO0, HAa peau-
3aLHI0 KOTOPOTO 3aTpadnBaeTcs Muib 15% ot Komnde-
CTBAa IOJy4aeMOM 3JEKTPUUECKON SHEPIUM, a TAKKe
JIaeT BO3MOXKHOCTh HCIOJNb30BaTh 85 % sHepruu st
HYX]] HAPOJTHOTO X03s1iicTBa [5].

JlanHasi sHepreTuueckas yCTaHOBKa HEIpEpBIB-
HOTO I[eﬁCTBHH YyCTaHaBJIUBACTCA HETIOCPEACTBECHHO Ha
JieconepepadaThIBAONIMX U JIEpPeBOIEepepadaThIBatO-
IMX OpelnpusITHsaX. BHeapeHue IpOMBIIIICHHON
YCTaHOBKH IO NEepepabOTKH OTXOJOB JIECHOTO KOM-
IUIEKCA B TPOM3BOACTBEHHBIHN LIUKII IIO3BOJISET PELINTh
CJICYTOLIHE 3a/1a9H:

— YTWJIM3HPOBATh IPEBECHBIC OTXOIBI B 30HAX
MPOM3BOJICTBA W YIYYIINTh 3KOJOTHYECKYIO 0OCTa-
HOBKY;

— TOJYYHTH JONOJHHUTEIbHBIC SHEPTETHICCKUE
pecypchl Ha OCHOBE BO30OHOBIIIEMOTO CBIPbSL.

n, %

[Ipyn mpou3BOACTBE 3JIEKTPUUECKONW PHEPTUU M3
TeHEePAaTOPHOTO ra3a yIYHTHIBAIOTCS CIETYIONIIE OCHOB-
HBIE (PaKTOPHI: COCTaB Tasa, TEIUIOTAa CTOPAHHS U BO3-
MOJKHBIE 3arps3HeHus [5].

HezaBucumo ot paboueir temmeparypsr (900 -
1400°C) muponu3Hast KXHIKOCTH B OCHOBHOM pasjiara-
eTcs Ha caenyromue ra3sl: Ho, CO, CO2, CHs u CoHo.

B npouiecce napoBoii razuduKaniy KUAKUX MPO-
JQYKTOB OBICTPOTO THPOJIM3a OTXOJOB PAaCTHTEIHLHOMN
O1OMacchl BBIIENISIETCS] TEHEPATOPHBIH ra3 ¢ KaJlopHid-
HOCTBIO 29 MK/ K.

ITo pe3ynbTaTaM 3KCIIEPUMEHTAIBHOTO HCCIE0-
BaHUS OBUI TONyYeH KOX(PQHUINEHT IOJEe3HOTO Iei-
CTBHS Ta3U(PHUKALNHN KUAKOTO TOIUTUBA B 3aBHCUMOCTH
OT MacCOBOTO pacxoja BOISHOTO Iapa, KOTOPBIN IpeI-
ctasineH Ha puc. 2. KI1J] rasudukannu BepakaeTcs de-
pe3 otHomeHHne moteHnuanpHoro Temra (CO + Hy) B
rase, Mory4yaeMoM u3 1 KT MCXOJHOTO TOIUINBA, K TeTI-
JIOTE CrOpPaHMs TOILUINBA!

Q

2 Vi00%

nowc

77:

rre Q _ - TEIIOTA CTOPaHHs IOIy4acMOro rasa
MJTx/MS;

Qn e~ TEIUIOTA CrOPAHHs THPOJNM3HON HKHIKO-
e MJIx/M3;

V' - BeIX0n remepaTopHOro rasa M%/Kr.

Kak BUAHO U3 TpaduKa, MAKCUMAJIbHBIA BBIXOJ

K.I.1. (mpumepHO 84,3%) mocTuraeTcsi MpH pacxone
1,5 xr/4 BogsHOTO TIapa [2].
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Puc. 2. 3asucumocmo xospuyuenma nonesnozo oeticmaus (1) easugpuxayuu RUPOIUIHOU HCUOKOCHU OM MAC-
€06020 pacxooa 800AHO20 nNapa

Xapaxtep kpuBoil Ha puc. 2. IlokasbiBaeT, 4TO
npu ManoMm pacxone BoxgHoro napa K.ILJI. cHuxa-
eTcsl, YTO CBUZIETEIBCTBYET O HEJOCTATOTHOM MOTHOTE
MPOTEKaHMUS MPOIIECCa, HEOOBIIOM BBIXO/IE T'a3a H HO-
BBIIIEHHOM cakeoOpa3oBaHuu. C MpeBBIIEHUEM pac-
XOZa BOJSHOTO Mapa HajJ ONTHMAalbHBIM 3HAUYCHHEM

K.II.JI. npouecca Takke yMeHblaeTca. B atoM ciyuae
M30BITOYHBIN BOASHOW Tap pacxXoAyeTcs Ha PeaKknnu
H u CO, B pe3ynbTaTe MOHMKAETCS TETIOTA CTOPAHUS
MIOJTy4aeMOro Ta3a.
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Bri10 mpoBeeHo uccieoBaHe BIHSHHAS TEMITe-
patypsl ra3suuKauyd THPOIM3HON KUAKOCTH HA BBI-
JIETICHIE CaKu. Pe3ynmpTaThl MpeacTaBiIeHbl Ha pHC. 3.
ITpu temneparype 900°C IPOUCXOAUT MaKCUMAIbHOE
BbIZlesieHue cakd. C yBeTMUeHNEM TeMITepaTyphl ra3u-
(bUKaIH BBIXOJT Ca)KH YMEHBIIIAETCS 10 TeX MOp, ITOKa
He JOCTUTHET MUHUMAabHOTo 3HadeHus 3,410 r/r

npu temneparype 1400°C. TToBblleHHE TEMIIEPATYPbI
rasudukanuu ot 1000°C NpUBOJUT K PE3KOMY CHMKe-
HUIO BBIICTICHHS CaXKH, TAK KaK MPH MapoBO# razudu-
KAl MHPOJIHU3HON JKUAKOCTH MPOUCXOIMT IOJIHOE
TEPMHUUYECKOE pa3NIOKEHUE Yriiepoja W alleTHICHA
(C2Hy) [6].
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Puc. 3. 9kcnepuMeHmaJ1bHa}z 3ABUCUMOCTNb BLIXOO0A CANCU OM memnepantypbol 2a3uqbukauuu

[TpoBOAMINCH HCCIIEIOBAHUS JBUTATENs BHYT-
PEHHETO CrOpaHusl Ha TEHEPATOPHOM T'a3e, UCIOJIB30-
Bayiach Jau3enbHas anekrpocranuus WilsonP110-3 ¢
HOMUHAIIBHOU 3JIeKTpUIeckoil MomrHocThio 80 - 100
kBt/4ac. [Ipou3BOAMIOCH IPEABAPUTEIIbHAS OCYIIIKA H
oxJaXkJIeHue regepatopHoro rasa no 40 °C, nepen mo-
naueii B JIBC.

1. M. KBT
120

[TpoBOAMINCH U3MEPEHHUS JICKTPUUECKON MOIII-
HOCTH qu3ebHOM nektpoctaniu Wilson P110-3 mpu
paboTe Ha TeHepaTOPHOM rase, B pa3HbIX MOJIOKESHUSIX
JpoccenbHOM 3acnoHku. Ha pucynke 4 mpeacraBieHa
3aBHCHUMOCTh BBIXOJIa JICKTPUYCCKONH MOIIHOCTH JIH-
3eqpHOM  oekrpocranmuu  Wilson  P110-3  or
HACTPOWKHU JPOCCENbHOM 3aciioHKH. CONMPOTUBIICHUE B
JIMHUH JIIEKTpUdecKoil nepenadun Opwio 183 Om.
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Puc. 4. 3asucumocmso vixoda snekmpuueckoi mownocmu ousenvrou snekmpocmanyuu Wilson P110-3 om
HACMPOUKU OPOCCENbHOU 3ACTOHKUL.
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VcranoBka Ha 0ase [lPI3€HLHOﬁ QJICKTPOCTAHII MU,
pa60Tanma51 Ha BLICOKOKaﬂOpHﬁHOM TCHCPATOPHOM
rasec, ABIICTCA 3(1)(1)6KTI/IBHLIM METOAOM BI)IpaGOTKI/I
SHCKTqueCKOﬁ OHEPIruu, MO3BOJIAIOIIAad NCII0JIb30BATh

Nuzenbhast snextpoctaniwst WilsonP110-3 pabo-
Tajga MPaKkTHYECKH HEMpepbIBHO Oonee 6 4acoB. BoI-
XOJHAsl AJIEKTPUYECKAsT MOIIHOCTh AWU3CIBHON DIICK-
TpocTanuuu coctasisu 100 xBr.
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TETIIO, BBIAETSIEMOE B IBUTATEIISIX BHYTPEHHETO Cropa-
HUSL.

CONCLUSION

PaccmoTpeHa ycTaHOBKa AJSI BBIPAOOTKH TEIIIO-
BOM M 3JICKTPUYECKON YHEPTHUH Ha JiecorepepadbaTriBa-
IOLIUX NPEANIPUATHAX. Y CTAHOBKA TEPMUUECKOH Iepe-
pabOTKH OTXO/I0B PaCTUTEIBHOM OMOMAcChI ITO3BOJISIET
MOJy4aTh LIEHHbIE TOIUIMBHBIE NMPOAYKTHl B KOJHYeE-
CTBaX, JOCTaTOYHBIX IJIsi Haubojee BBITOJHOTO HC-
MOJIG30BAHUSL OTXOJIOB PACTUTENBLHONH OHMOMacchl |
o0ecreunTs ynajeHHbIEe PadOHBI JIEIIEBOI 3IIEKTPO-
sHepruei. [IpencrasnenHas ycraHoBKa paboTaeT B aB-
TOHOMHOM PE&XHME M OTBEYaeT TPeOOBaHHUSAM BBIpa-
OOTKHM 3JEKTPHUECKOH 3HEepruu. BripaboTka 31eKTpo-
SHEPTUH B JU3EIHHON IEKTPOCTAHIINH BO3MOXKHA 0€3
W3MEHEHHs KOHCTpYKImU. Heobxoanmo numb ycTaHo-
BUTh HA BXOJE B 3JIEKTPOCTAaHLHUIO CMECHTEIFHOE
YCTPOHUCTBO, KOTOpOe OyAeT CMEIMBaTh I'eHEpaTop-
HBII T'a3 C BO3AYXOM B HEOOXOIUMBIX MPOTOPIIHSIX.

I'enepaTopHbIil Ta3, MOIYYEHHBIH U3 KUAKOTO
TOIJIUBA, BIIOJIHE MOXKET 3aMCHUTL TPAAUIUOHHBIC MO~
TOpHBIE TOILIMBA. [Ipy STOM BBIXJIONHBIE Ta3bl, OyIYyT
MEHEe TOKCUYHBI.
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CALCULATION OF THE STRESS-STRAIN STATE OF A PNEUMOCYLINDER WITH A RUBBER-
CORD SHELL
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v p060Ti POIIJIAHYTO PO3pPaxXyHOK Hapr)KeHO-)IC(l)OpMOBaHOFO CTaHy OJJHOIIOPOKHUHHOT'O mHeBMOoOaIoHa

3 T'YMOKOp/HOI0 000J10HKO!0. [Ipn MozemoBaHHI MaTepian 000JIOHKH NPEJCTABICHO OJTHOPIJHUM OPTOTPOITHUM
MmarepianoM. Po3paxyHox npoBesieHo Ha 0a3i ojHi€l 3 MoaMdiKaiii METOy CKIHUEHHUX €JIEMEHTIB — MOMEHTHOT
CXEMHM CKIHYEHHUX ejeMeHTiB. [Ipu nmpoBeseHHI po3paxyHKy Oyiio BpaxOBaHO CXeMy apMyBaHHS OOOJIOHKH Ta
B’SI3KOTIPY>KHI BIacTUBOCTI TyMH. [l BpaxyBaHHS B’SI3KONPY)KHUX BIACTHBOCTEH MaTepialy 3aCTOCOBAHO MpO-
CTOPOBO-4aCOBMM CKiHUCHHHH eneMeHT. HampyskeHo-nedopMoBaHnii cTaH 0OOJIOHKM BH3HAYEHO IS Pi3HHUX
KYTIB YKJIaJJaHHI apMYIOUHX BOJOKOH. [IpoBeeHo aHasi3 BIUIMBY CXeMH apMYBAaHHS Ta B’ SI3KONPYKHHUX BIACTH-
BOCTEH T'yMH Ha IapamMeTpH aedOopMyBaHHS THEBMOOAJIOHA.

Abstract

The paper considers the calculation of the stress-strain state of a single-cavity pneumocylinder with a rubber-
cord shell. In modelling the shell material is represented as homogeneous orthotropic one. The calculation is based
on one of the modifications of the finite element method - the finite element moment scheme. In the calculation
the shell reinforcement scheme and the viscoelastic properties of rubber are taken into account. A space-temporal
finite element is used so that the viscoelastic properties of the material can be taken into consideration. The stress-
strain state of the shell is determined for different laying angles of reinforcing fibers. The analysis of the influence
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of the reinforcement scheme and the viscoelastic properties of rubber on the parameters of pneumatic balloon

deformation is carried out.

KurouoBi ciioBa: ryMmokopaHa 000JI0HKA, MOMEHTHA CXeMa CKiHIEHHOTO €JIEMEHTA, B I3KOMPYKHICTB, TIPO-
CTOPOBO-YaCOBHI CKIHUCHHUH €JIeMEHT, HalpyKeHO-1e(hOPMOBAHUI CTaH.
Keywords: rubber-cord shell, finite element moment scheme, viscoelasticity, space-temporal finite element,

stress-strain state.

BukopucranHsl y cydacHOMY MalIMHOOYAyBaHHI
Ta IHIIUX MPOMUCIOBHUX Taly3sX KOMIIO3HMLIHHNX Ma-
TepiaJliB J1a€ MOXJIMBICT CHPSIMOBAHO PeEryJIIOBATH
BJIACTMBOCTI Marepiajly Iie Ha CTajii NpOeKTyBaHHSI
KoHCTpyKii. [llnpoke 3acTocyBaHHS OTpUMaIIU BOJIOK-
HHUCTi KOMIIO3HUTH, A0 SKUX BiTHOCITHCS, 30KpeMa, Ty-
MOKOpIHI Martepiamu. ['yMokopIaHHN Matepian sBisie
c000F0 TYMOBY MaTpHIIIO, apMOBAaHY METaleBUMH a00
CHHTETUYHUMH BOJIOKHAMH. [oeqHaHHS BIacTHBOCTEH
MaTpHIIi i BOJIOKHA JO3BOJISIE CTBOPIOBATH CICIIialIbHI
THUIY KOMITO3WTIB JJIs1 BAKOPUCTAHHSA y pi3HOMY 00maj-
HaHHI, [IpY [bOMY CIIPOIYIOYH KOHCTPYKIIiIO i1 MOKpa-
HIYIOYM eKCIUTyaTaliiiHi XapakTepucThku. Haioinpm
4acTO TYMOKOP/IHI MaTepiaju 3aCTOCOBYIOTh Y BUPOO-
HUIITBI [IIMH, & TAKOXK BiOPOi30JsTOPIB. J[0 TAKUX KOH-
CTPYKII# BiTHOCSTHCS THEBMATHYHI €JICMEHTH 3 TYMO-
KOPAHUMH OOOJIOHKAaMH, BUKOPHCTOBYBaHI IS aMOp-
TH3amii B aBTOMOOiNeOyayBaHHI. BukopucranHs
TYMOKOPAHUX 000JIOHOK JJO3BOJISIE PETYIIIOBATH BEPTH-
KaJbHI 1 TONEepedHi MIIHICHI XapaKTePUCTHKH KOH-
CTPYKIIi 3a paxyHOK 3MiHH KyTa, THITY, 1 KUTBKOCTI
1apiB KOpy, @ TAKOX THITy TYMHU Ta IHIINX XapakTe-
PHUCTHK Matepiany.

Uepe3 Te 110 KOMIIOHEHTOM Marepialy € ryma,
npotuec 1eopMyBaHHS BCi€E] KOHCTPYKIIT Ma€e B’S3KO-
NPY)KHUH XapakTep, IO JIOCUTh CEPHO3HO IO3Ha-
Ya€EThCSl HA CKJIAJTHOCTI MOJICIIOBAHHS Ta PO3paxyHKy
HaIpyXeHO-1eOPMOBAHOTO  CTaHy  KOMIIO3UTHHX
KoHCcTpykIii. [Ipobmemam MozpemoBaHHA 1 po-
3paxyHKY B’SI3KONPY>KHHX KOMITO3UTHUX KOHCTPYKIIiH
MIPUCBSYCHO P pooiT. 30kpema, y [ 1] 3armponoHoBaHO
MaTeMaTUYHy MOJENb TyMOKOPJHOI OOOJIOHKH, sKa
BPAaXOBYE PO3TAIIMBICTE HUTOK KOPAY Ta TPYXHUH
OITip TYMOBOI MaTpHIli 0e3 OOMEeXCHHsI BEIIMYNHU Jie-
(opmariiii, 1110 BUHUKAIOTh. 32 JONOMOTOI0 TPHHIHITY
BIpTyaJIbHUX TepeMillleHb M0O0YJ0BaHO BHM3HAYaJIbHI
CIIBBIAHOIICHHSI, OMKCAHI TJIaAKUMHU ()YHKIIISIMA TIPO-
CTOPOBHX KOOPZAMHAT, sIKi BiI0OPaXaloTh CTPYKTYPHY
HEOMHOPIAHICTh MaTepianmy. Y [2] i BU3HAYSHHS
B’SI3KONPY>KHUX BIIACTHBOCTEH OPTOTOHAILHO apMOBa-
HOTO KOMIO3HUIIHHOTO MaTepiay 3i CKISSHUMHU BOJIOK-
HaMH 1 €MOKCH/IHIM HallOBHIOBAYe€M BHKOPHCTaHO Me-
TOJ, IO CKJAJAETHCS 3 cepil YMCEIbHUX EKCIepH-
MEHTIB Ha  30HaX  pO3TATHEHHA 1  3CYBY
MPE/ICTABHUIIEKOTO 00’€My KOMIIO3UTa 3 T10JIAJIBIINM
OTPUMaHHSAM 3MIHHOI B dYaci MaTpHUIli >KOPCTKOCTI.
IIpoananizoBaHO CTYIiHb aHI30TPOII] B’I3KOIPYKHIX

BJIACTHBOCTEH KOMIIO3UTA ISl PI3HUX BITHOCHUX KOH-
LEHTpALi} BOJIOKOH 1 OTPMMaHO 3MiHHI B Yaci TeXHI4H1
KOHCTaHTH MaTepiany. Y [3] po3pobaeHo MeTo i ai-
TOPUTM, 32 JIOTIOMOTOI0 SIKMX IPOBEAEHA 4YHCElIbHa
OLliHKa e(peKTUBHUX MEXaHIYHHUX BJIACTUBOCTEU I'yMO-
KOPIHHUX KOMITO3UTIB i3 ypaxyBaHHSIM CKiHUCHHHX JIe-
¢dopmariif i HE3BKOi CTHCIMBOCTI TymMu. EdexTuBHI
BJIACTHBOCTI BUBEJICHO Y BUTIISIII KBAAPATHYHOI 3aII€XK-
HOCTI MiX TeH3opoM aedopmariii I'pina ta npyrum
TeH3opoMm HarpyxeHs [Tiomn—Kipxroda. HaBeneno pe-
3yJIBTaTH YUCEIHHOI OIIHKY €()eKTHBHUX MEXaHIYHUX
BJIACTHBOCTEH T'YMOKOPJHOTO KOMIIO3UTY IpPHU CKiH-
4yeHHUX Aedopmanisx. UucnoBuil aHaii3 IpoBeACHO 3
BUKOPHCTAHHSIM METOJly CKIHUEHHHUX eJIeMeHTiB. Y [4]
3aMpONOHOBAHO (POPMYJIIOBaHHS MaTeMaTHYHOI MO-
neni 1e(OpMOBaHOTO B’ I3KOMPYKHOTO KOMIIO3UTY, 3a-
CHOBaHy Ha y3arajJbHEHOMY BH3HA4YCHHI €(EKTUBHHUX
MOJIYJIB i3 HEOJHOPIAHUX TPYKHUX CTAUX KOMIIO-
3UTIB 1 B’S3KONPYKHUX TiUT. OTpHUMaHi CIiBBiTHO-
LIEHHS JIEMOHCTPYIOTh 3aJI€XKHICTh MEXaHIUYHHX BIa-
CTHBOCTEH BiJl TPUBAJIOCTI J1ii HABaHTa>kKeHHs. MaTeMa-
THYHA MOJENb TiOpUAHUX €(PEeKTUBHUX MOIYIiB
mo0Oy0BaHa Ha CYIEPIO3MINi BUPa3iB I BiIOMHX
epexruBHux moayniB QDoiirra i Peiicca, Xamuna i
HItpukmana. ¥V [5] po3riasHyTO MUTAHHS BH3HAYCHHS
XapaKTePUCTHK MOB3yYOCTI Ta peakcarlii moJiMepHux
komro3uTiB. [IpoBeneHo aHamiz pi3HUX Mojelnei
JIHIHOTO Ta HETIHIHHOTO B’SI3KOMPYKHOTO MPOLECY
nedopmanii. JochmimkeHo BIUUB (GOpPMH, PO3MIpy i
KOHIICHTpALi] apMyBaHHS Ha B 3KOTPYKHY ITOBEAIHKY
MTOJIIMEPHUX KOMITO3UTIB. Y [6] 3aIpOITOHOBAHO METOT
00YHCIIEHHST TOMOIEHI30BaHOI IOBENIHKHU JIHIMHAX
B’SI3KONPY>KHUX KOMIO3UTIB. Y [7] BUKOpHCTaHO Ha0-
JIDKEHUH allTOPUTM PO3paxyHKy HampyxeHo-aedop-
MOBAHOTO CTaHy B’SI3KONPYXHHUX TiJ. AJTOPUTM 3ac-
HOBaHO Ha BUBEJICHHI BUPa3iB e(peKTUBHUX Y Yaci Mo-
ayaiB. L{i Momymi OTPHUMAaHO NUISXOM iTepalliiHuX
NEePETBOPCHb BEPXHBOI 1 HIDKHBOI OIiHKM DoWrra—
Peticca.

VY naniit poOOTi ONMUCAHO CHIBBIAHOIICHHS ISt
MOJIEIIIOBaHHS HAIPY)KEHO-1e()OPMOBAHOTO CTaHy T'y-
MOKOpZIHOT OOOJOHKM Ha OCHOBI CIaJIKOBOi Teopil
Bonsumana—BonbsTeppa. Po3paxyHok BUKOHAHO 3a J0-
TIOMOTOI0 TiOpU/THOI CXeMH METOJy CKiHUCHHUX eje-
MEHTIB y ¢(opMi MeToay IepeMillleHb 3TiJHO 3
Bapianiiaum npuHIunomM Jlarpamka [8].

PosrnsHeMo OHOTOPOKHUHHHUK ITHEBMOOAJIOH 3
TYMOKOPJIHOIO 000JI0HKOIO (prcyHOK 1) [9].
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Puc. 1. Koncmpykyisi 00HONOPONCHUHHO20 2YMOKOPOHO20 NHEEMODANOHA.!
1 —2yma, 2 —wapu xopda, 3 — kinbye bopmose opomsine, 4, 5 — pranyi nPUMUCKHI

Posmipu muesmoGanona: D =248 MM, H =112mm, D, =150 MM. O6ornouxka BurotosiieHa 3 rymu
(vurreBnit momyms mpyxuocti  Epy =10MIla, rpusamnit  momyme  mpyxmocri  Ep, = 3,874 Mlla,
xoediuient Iyaccona Vg =0,49), apmosanoi nomiamigaumu Bonoxnamu mapku Pycap (E. =120ITIa,
Ve = 0,34). Bonokna posrarmosani y 1Ba Iapy i MaroTh IEPEXPECHy CXeMy apMyBaHHs 3 KyTaMu + ¥ BiTHOCHO

MepuziaHy KOHCTpyKiii. O6ononka mepebysae mig miero Baytpimmsoro tucky P =0,4 MIla ta ocsoBoro

HaBaHTa)XXCHHS Q =18 MIla.

BBakaiimo, 1110 BIUTMB (PI3UYHUX BJIACTHBOCTEH BOJIOKHA Ha MpoIiec nehOopMyBaHHS KOHCTPYKIIT 3yMOBIIC-
HHUH KOHLIEHTPAIIIE€I0 Ta HAIIPSIMOM BOJIOKOH Yy Marepiaii. Buxoasuu 3 11boro, 3MOJIENN0EMO KOMIO3ULIIHHUN Ma-
Tepiajy OJHOPIAHMM OPTOTPOITHUM MaTepiasioM. Yepes Te 1m0 iHIIMM KOMIIOHEHTOM T'yMOKOPIHOTO Matepiaiy €
ryMa, HeoOXiTHO BpaxyBaTH ii eopMamiifHi 0cOOTHMBOCTI IIPH MOJISITIOBAHHI KOMITO3UTHOT KOHCTPYKIII1 3aTajioM.
Jnst BpaxyBaHHS C1a0KO{ CTHCIMBOCTI I'YMH CKOPHCTA€MOCS MOMEHTHOKO CXEMOK CKIHYEHHHX EJIEMEHTIB IS
CTa0KOCTUCHHUX MaTepiamiB y GopMi MeToJa IepeMilleHsb 3a BapialiiftHuM mpuHnunoM Jlarpamka. Bapiarmiro
eHeprii B’13konpyskHOi Ae(opMartii BcepeiHi CKIHIEHHOTo eleMeHTa y MOMeHT Yacy [ mpexcraBumo y Burmsii:

MW = ”I G15g,dV . 1)
V

B ymoBax B’s3KONpYXHOCTI AedopMallis 3a1eXnTh He TiJIbKH BiJl CHIIH, 1110 MPHUKJIAJeHa Y JaHUiH MOMEHT
Yacy, a i BiJi yCiX MONepeHiX CUJI, BIUIMB SKUX THM MEHILHUH, YUM OlIbIle Yyacy MPOMILIO 3 MOMEHTY IX MpHKJIa-
naHHs. ToMmy B SI3KONPYXKHI BIACTUBOCTI KOMIIO3MTA OIUILIEMO 3TiIHO 31 CNaIKOBOIO Teopieto bosibpiimana—Bob-
Teppa 3a JOMOMOTOI0 iIHTerpajibHOro oneparopa [10]:

~. . i i ;
&1 =CMg,(t)=Ce,(t)- (C(')Jkl -c) )J‘e_(t_r)gkl (r)dz, @

o)
0

ijkl . ijkl U . . .
ne COJ 1 CO(J) — MUTTEBUH 1 TPUBAJIUN TEH30PU NPYKHUX CTAIUX MaTeplany. Bi3bMeMo pocTopoBO-ya-

COBY alpOKCUMAIIIF0 ITepeMinieHs y BUrisiai [117:
um(t):zursn(t’ Xls’ X;' X3S) Ns(xl’ X5 Xs):ursn(t)' Ns(xl’ X5, Xs)v

S . . .
e Um(t) — BY3JIOBI MEpPEeMIllIeHHS M-TO CKIHYEHHOTO €JeMEHTa Yy MOMEHT 4acy t, NS(Xl, X5, X3) —

dynxkuii popmu. Toai Terzop aedopmariiii MOKHA TIPEICTABUTH SIK
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1. m ONG(X(, X,, m ON (X, X5,
5 (1) = Eum(t)-(c. ()CE;XXZ 5); (XalXXZ X3)j- @
k {

[MincraBnsiroun otpuMani cniBBinHoIIEHHs (3) y Bupa3 (2), OTpUMAaEMO 3B’S130K MIXK Hampy)XEHHAMH i 1e-
(hopMarlisiMu y HACTYITHOMY BHUTJISI:

si-1 HJY (clm N, +C/ N, Ju;(t)—

2 OX, oX,

L( i i oN N, |
_ - H ijkl H ijki Cm s + Cm s ef(tfr)us d , 4
2( 0 % | o, k o _([ m(T) 4 (4)

TYT NEPUIMIA JOJAHOK € TPY>KHOK CKJIIOBOIO, a APYTUI — peTaKCcaIliifHOK CKJIaJJOBOI0 HAMIPYKCHHS.
[MincraBumo Bupas (4) y cniBBinHOmEeHH: (1) 1 BBeAEMO MO3HAYCHHS:

K =1mHgk. cn s cn N, cr N, | om N, |y,
45 OX, Xy oX OX;

OX, oX OX;

! J

AK :ljﬁ(H(‘;“ _pi| cn Ne | om N cr N L em N gy,
4] oX.
OTPUMAEMO BUPA3 Bapiallii eHeprii B’SI3KOMPYKHOI AedopMaliil y BUIIISII:
t
W = [Ku;(t)— j AKUZ (z e 7d TJ&J;(t) ,
0

tyr K i AK - marpumi xopcrkocti B’s3K0mpysKHOro Matepiany.
BukopucToByroun BapianiiHuii npuHIun Jlarpamka, OTpUMAaEMO CHCTEMY PO3B’s3yBajbHUX PiBHSHb BH-

TIBY:

t
Kus, (t)- [ AKus (7 dz =P,
0

e P - BEKTOD 30BHIIIHIX HABAHTAXKEHb.
Po3i6’emo mpomixok uacy Big 0 1o T ma N — 1 wacosuit intepsan. Toxi

n-1 tig
Kus (t)- > [ AKus (rpdr =P

i=l t

BpaxoByrouu, 110 t= tn , MCISI MAaTeMAaTHIHUX MIEPETBOPEHb OTPIMAEMO CUCTEMY JIHIHHUX anreOpaigHmx

PiBHSHB:

- n-2 -
Kursn(tn): P +ZQi +Qu1.
i=1

e K=K- AK(].— t—<l_ gh-1h )] — MATpHLS JKOPCTKOCTI B’S3KONPYKHOTO MaTepiany B MO-

n n-1

MEHT 4Yacy t,
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Q =AK U;(ti{

1 t (etm—tn _ghat )—et‘t"J—i- u;(tm{e‘”lt" _ tml_ . (etHrtn _glh )J

— BEKTOP AOJATKOBOI'O HAaBaHTaXCHHS, O6yMOBHCHI/Iﬁ BIIMBOM | -TO 9acoBoro ckiHueHHOTrO CICMCHTa,

1
1— | A I
e)-a)

D, =AKuS (t, ) ———
Qn—l um(n{tn_t

— BEKTOP J0JATKOBOrO HABAHTAXKCHHS, OOYMOBIICHHI BIUIMBOM OCTaHHBOTO, 1 — 1-ro , 4aCOBOT'0 CKiH-

YCHHOI'O CJICMCHTA.

[Monana MeToaMka peanizoBaHa y BUIIIAI NaKeTa NPUKIAIHUX MPOTpaM y CKJIai MPOrpaMHOTo KOMILIEKCY
«MIPEJIA+» [12], 3a monoMororo sikoro 0yJio po3B’si3aHO 3a7ady PO HAIPY>KEHO -1e(OPMOBAHUH CTaH PO3IIIsi-
HYTOTO BHIIE MTHeBMOOaioHa. Po3paxyHku Oyiu npoBeieHi 1Sl pi3HUX KyTiB apMyBaHHS TYMOKOPZAHOT 0O0JIOHKH.
3aJIeXKHICTh OCiTaHHsI MTHEBMOOAJIOHA Bijl KyTa YKJIaJIKH KOpAa IPEICTABICHO Ha PUCYHKY 2.
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10,6’
ﬁ

10,4 \
10,2

10

AN

AN

9,8

9,6

AN

N\

T~

9,4
0 15 30 4
Puc. 2. 3anesxcnicmo ocioanns nneemobaiona 6io

3a OTpUMaHUMH pe3yNbTaTaMu MOXKHA MTOMITHTH,
II0 KyT YKJIaJIKH BOJIOKOH Y TYMOKOPJHOMY IIapi 000-
JIOHKH BIUTMBAE HA CTYIIHb CTUCKY ITHEBMOOAJIOHA IPU
HaBaHTaXXeHHI. HalimMeHme mepeMimieHHsS BinOy-
Ba€eThCA 3a KyTa apMmyBaHHA y 90°. Po3paxyHok Hampy-
JKEHO-1e()OPMOBAHOTO CTaHy KOHCTPYKIIi 103BOJISIE
BU3HAYMTH HaWOIJBLI ONTUMAIBHUN KYyT 1 KiJIBKICTh
rapiB KOpAy B OOOJOHIN JUTA 3aJaHUX HAaBaHTaKCHb,
TOOTO 30UTBIIYBATH MIIHICTh KOHCTPYKIIii O3 mpoBe-
JICHHSI ITPaKTUYHHUX €KCIIEPHMEHTIB.
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«30JIOTOM» KATAJIN3

Tenexoea JI.P.,
Musakoeckasn A.B.
Acmpaxanckuii 2ocyoapcmeentviii mexHu4ecKutl yHugepcumem

"GOLDEN" CATALYSIS

Telekova L.
Diyakovskaya A.
Astrakhan State Technical University

AHHOTALUA

W3nmaBHa 30710TO CIYXKIJIO MEPOH OOTaTCTBa, HO OMHOBPEMEHHO OBIIIO HCTOYHUKOM HecdacTuii moneit. Jlroan
YMEIOT NOOBIBaTh U 00pabaThIBaTh 30JI0TO C HE3aMaMATHBIX BpeMeH. Ceifdac U3 30J10Ta HE TOJBKO AETAl0T YKpa-
LIEHMSI, OHO TAKXKE LIMPOKO UCIOJB3YETCsl B MEAUIMHE U 35eKTpoHuKe. Ho, moxanyii, camoid MoJ1ogoi U caMoii
HepCHeKTHBHOﬁ 001acTBIO NPUMCHCHUS 30JI0Ta ABJISICTCA KaTaJIn3. B Z[aHHOfI CTaTbC U3JIOKCHBI UCTOPUSL pa3BU-
THA "3010TOT0" KaTaausza u MOCJICAHNEC HAYIHbIC NOCTHIKCHUSA B obnactu TETCPOTCHHOI'O KaTaJIM3a 30JI0TbIMHA HaA-
HO4YaCTULIaMHU.

Abstract

Since ancient times, gold has served as a measure of wealth, but at the same time has been a source of misery
for people. People have been able to mine and process gold since time immemorial. Nowadays, not only jewelry
is made of gold, it is also widely used in medicine and electronics. But perhaps the youngest and most promising
area of application of gold is catalysis. This article describes the history of the development of "golden” catalysis

and the latest scientific achievements in the field of heterogeneous catalysis by gold nanoparticles.
KiroueBble cioBa: FeTepOFeHHLIﬁ KaTajin3, 30JI0TO, HAHOYACTUIIbl, XUMMUS, KAaTAJINU3ATOP.
Keywords: heterogeneous catalysis, gold, nanoparticles, chemistry, catalyst.

Ha karamuse ocHoBaHO mpou3BoacTBO 80-90%
Bcex ToBapoB. OH Mpe/roiaracT HaluYre MaTepualia,
HE SIBJIAIONIETOCS PEAKTAHTOM U YCKOPSIOIIETro Ompe-
JISTICHHYI0 XUMUYECKYIO peaKInio 6e3 He0OX0IMMOCTH
B yBeiuyeHuu € temrepatypsl. [IIupoko uCmonb30-
BaBIIIMECS KaTAJIH3aTOPbI, KOTOPbIC, HAIPUMED, COMIEP-
JKaT PTYTh, JOKa3ain CBOK HEI(H(HEKTUBHOCTH, Omac-
HOCTD JIJISI OKPYIKArOIIEeH CPeJibl U 3/I0POBbS YeIOBEKA.
VYdeHbIM yiai0och 00HAPYKUTh, YTO 30JI0TO — ITO HE
TOJIBKO 3aCITy)KHBAIOIAsi BHUMAHUS aJIbTEPHATHBA, HO
B HEKOTOPBIX CIYYasX CaMblil IyYIIHI KATAIN3ATOP U3
BceX BO3MOXHEIX. B 1975 romy Bymom (Wood) u Vaii-
30M (Wise) Obllla yCTaHOBJIEHA CITOCOOHOCTBH 30J10Ta
KaTaJIM3UPOBATh PEAKI[UK TUAPOTCHU3AIUH [IUKIOTCK-
ceHa u OyreHa-1. [To3xe ObLIO MOKa3aHO, YTO CYOMHUK-
POHHBIC YaCTHIIBI 30JI0Ta, HAHECEHHBIC HA HOCHUTEIIN
MgO, Al;O3 u SiO; Takke MPOSBIAIOT aKTUBHOCTH B
peakusIx TUAPUPOBAHMS AJKCHOB U BOCCTAHOBJICHUS

273} o0
«
o 7| /A0
< o/
. [/ Au
F arst
573 .

e N\
/P102 e Ru0;

CuOe

NO BoIOPOAOM, OHAKO BO BCEX CIYYasX OHA OKAa3bl-
BaJIach HIDKE, YeM aKTHBHOCTh CXOXKHMX KaTaJH3aTOPOB
Ha OCHOBE IUIaTHHBL [loaTOMy nake HeCcMOTps Ha
CBOIO BBICOKYIO CEJIEKTHBHOCTb, KaTaJlM3aToOpbl HAa OC-
HOBE 30JI0Ta HE CUUTAJIMCH EPCIEKTUBHBIMU JUISI IIPO-
BEJICHUSI KaKUX-JTMOO MPOMBIIIJICHHBIX ITpoiieccoB [3].

BosposxzieHue MHTEpeca K 30JI0TOCOJEPIKAIIUM
KaTaau3aropaM Mpou3onuio B 80-x rogax MpOILIOro
Beka, Onarojapst paboTam smoHckoro yueHoro M. Xa-
pythl. Ero uzes cocrosiia B ToM, 4to cpeau d-aneMeH-
TOB 30JI0TO OyneT o0najarh HaMMEHbLICH dHEprueit
CBSI3H METAJUI-KHCIIOPOJ], YTO MOXKET MPHUBECTU K €ro
BBICOKOI aKTUBHOCTH B PEAKIIUAX OKHUCICHUS B KOMOU-
Haluu ¢ Apyrumu okcunamu d-metamos [3]. B kaue-
CTBE ITOATBEPKACHUS 3TOM TMIIOTE3bI OH NPUBOIMI 3a-
BHUCHMOCTh aKTUBHOCTH OKCHJIOB Pa3JIMYHBIX METall-
JIOB B PEaKLH OKHCIICHUSI BOAOPO/Ia B 3aBUCUMOCTH OT
TeMmeparypsl (puc. 1).

\"v,_Coaod
NiO 6». !ﬁn 02
Fe e Cr203
2?/%05 \ e

i 2

0 50 100
AM, per one oxygen atom (xcai)
Pucynox 1. Dnepeus oxucienus 6000poda Ha okcudax d-wemanios
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Heo0xonnMo OTMETHTB, YTO OH IPOBOAMI CBOH
WCCIIeTIOBaHMS, HECMOTPS Ha TO, 4TO B cepeaune 80-x
30JI0TO CTOHMIIO JOPOXKeE TUIaTHHEI. Pe3ynbraT He 3acTa-
BHJI ce0s1 K 1aTh: ObLT pa3paboTaH aKTUBHBIN KaTaln3a-
TOpP OKUCJICHHUS, CIOCOOHBIN paboTaTh MPH KOMHATHOM
temrieparype (myonmkarus 1987 roma) [4], a mepBbIit
MPOAYKT HA €r0 OCHOBE — OYHUCTHUTEIb BO3AyXa JUIs [O-
MelIeHn — mosBuiIcs Ha pbiHKe B 1992 roay [5]. He-
yIa4¥ TIEePBBIX UCCIICAOBATEINCH, CBI3aHHBIC C HU3KON
AKTUBHOCTBIO TIOJIYYAEMbIX MMH 30JI0TOCOACPIKAIINX
KaTaJIn3aTOPOB, CeiYac MOXXHO OOBSICHUTH TEM, UTO HX
CBOWCTBA B 3HAYHUTEIILHOU MEPE OMPEACIISIFOTCS MUKPO-
cTpykTypoil. Cekper M. XapyTsl COCTOSII B TOM, ITO

OH MPEJIJIOKUI METO/I MOJTYUeHHS YaCTHIL 30JI0Ta C Pa3-
MepaMH MEeHee 5 HM, HAaHECEHHbBIX Ha OKCHUIHbIC HOCH-
tenu. VIM ObUIO TIOKa3aHo, YTO Pa3Mep YacTHIl 30JI0Ta
OTIpeIeNsIeT aKTUBHOCTh KaTanu3aTopa [5], u mpu Bo3-
pacTaHuM UX AMAMETpPa J0 5 HAHOMETPOB aKTHBHOCTH
B peaknuu okuciieHuss CO yMeHbBIIAETCS B HECKOIBKO
pa3 (puc. 2). U3 sToro cinemyer, 4TO 30J0TOCOAEPIKa-
e KaTaju3aTopbl MOTYT HCIHOJIB30BATHCS TOJBKO
IIpY HU3KUX Temreparypax, He 6onee 500-600 K, tax
KaK B CJIy4ae YMEHBIICHHS pa3MepOB YaCTHIl UX TeM-
neparypa IIaBJICHHUs] MOXKeT yMeHbInarscs 1o 600-700
K.
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Pucynox 3. Konmaxm 3010mo-0uokcud mumana

W, HakoHell, TpeTbuM (haKTOPOM, OIPEEIISIOIINM KaK aKTHBHOCTh, TaK M YCTOMYHMBOCTD KaTaln3aropa, siB-
JsieTCs mpupoa HocuTess. Kak MOKHO BUAETh W3 PUCYHKA 4, MU HanboJiee HU3KMX TEMIIEPATyPax aKTHBHBI
OKCHJIbI ¥ THIPOKCHIBI C HEUTPaIBHOM MK CJ1a00 OCHOBHOM MOBEPXHOCTHIO, Takue, Kak Ti02, Fe203, Co304, NiO,

Mg(OH); u Be(OH); [5].



POLISH JOURNAL OF SCIENCE Ne 24, 2020

63

573 .

g Si0zALOs| 3102

2 ar3 Al203 Bt

e Adtivated : B

[ arbon v

= %?822 :

£ 3734 :

= - 8i0p |

- % | AkOg !

2 273 | 628

5 TIOz | NIO Bo(OH)
3 , ; MgOH)|
« 1 4 7 14

Acidity/Basicity of the Support

PucyHOK' 4 . Akmusnocmo Kamaauzamopa 6 asucumocmu on npupoc)bl Hocumeiii

Hanopa3smepusie 3¢ GexTbl, 00HapyKEHHBIE B Te-
TEPOTEHHOM KaTaji3e, HamIydIlnM o0pa3oM IEMOH-
CTPUPYIOTCS Ha KaTAIUTHYECKOW aKTUBHOCTH HaHOYA-
CTHII 30JI0Ta. YUYCHBIM YIAJOCh Pa3pelluTh OJHY W3
JONTOKUBYIINX 3arafiok — IMOYeMY KaTaTHTHIeCcKas
AKTUBHOCTH 30JI0TA PE3KO BO3PACTACT IPH yMEHbIIE-
HUH pa3MepoB YACTHIl HIDKE 5 HM, B TO BpeMs Kak y
IUTATHHBI BCE 0OCTOUT POBHO Ha000pOT. biaropoiHbie
METaJlJibl, B TOM YHWCJI€ U IUIATHHA, SBISIOTCS XOPO-
UMK KaTalu3aTopaMu, KOTOPBIE YacTO HCIIOJIb3Y-
I0TCS U B HayKe, U B IPOU3BOJICTBE. 30JI0TO K€ JJOITOE
BpEMSI CUUTANIOCH €IMHCTBEHHBIM MCKIIIOUEHUEM, TTOKa
B 1980-x romax He ObLIO OOHAPYKEHO, YTO BHICOKYIO
KaTaIMTHYECKYI0 aKTHBHOCTD TPOSIBIISIOT YaCTHUIIBI 30-
JoTa pasmMepoM MeHee 5 HM. Pacdersl, mpoBeneHHBIE
padotatommm B CIIA nccrenoBatenem Cepreem Parm-
KEeBBIM, BBISIBIUIA BaKHEHIEe OTIMYNEC MEXIY TTOBe-
JICHUEM HaHOYaCTHII 30JI0Ta U TuiatuHsl [1]. Xots o6a
MeTaJUla Ha HAHOYPOBHE HAUWHAIOT CBS3BIBATHCA C pe-
areHTaMu CUJIbHEE, B TUIATHHE 3TO CBSA3BIBAHUE CTaHO-
BUTCSI HACTOJILKO MPOYHBIM, YTO PEAKIUS y)KE HE MO-
JKET MPOTEKaTh MPU HU3KHUX TemrepaTypax. Y 30J0Ta
JKe CBSI3bIBAHHME OKa3bIBaeTcs ciabee, HO Kak pa3 Jio-
CTaTOYHBIM JIJIs IPOSIBICHUS dPPEKTUBHON KaTaIUTH-
YECKOW aKTHBHOCTH.

Ucxons u3 nurepaTypHOro 0030pa, MOKHO cIie-
JaTh CIIEAYIOINE BEIBOIBI:

1. PeakunonHast cHOCOOHOCTh HAHECEHHBIX 30JI0-
TBHIX KaTaJIM3aTOPOB BO3PACTAET C YMEHBIICHUEM CpPeJI-
HETo pa3Mepa YacTHI 30JI0Ta, YTO MPUBOAMT K YBEIIH-
YEHUIO JIOJIM KOHTAKTHOTO MEPUMETPa MEXKIY 30JI0TOM
W HOCUTEJIEM W W3MEHEHHWIO JJIEKTPOHHOU MPHUPOIBI
MOTPAaHUYHBIX ATOMOB 30JI0Ta, COOTBETCTBEHHO, TPH-
pOJia HOCUTEJISI HTPAET BAXKHYIO POJIb B YOPMUPOBAHUU
OTIPENIeNIEHHOTO COCTOSIHUS 30JI0Ta Ha €r0 IOBEPXHO-
CTH.

2. 3a cueT TakuxX (PaKTOPOB, KaK pa3Mep U CTPYK-
Typa 4JacTuIll 30j10Ta, Mopdoiorus (Harpumep, Gpopma
WIA pa3Mep) HOCHUTENS MOXKHO YBEIHUYUTH HEPUMETP
B3aUMO/ICHCTBHS 30J10Ta M HOCUTENSI 1 TEM CaMBIM 3Ha-
YUTEIHHO TOBIHATH HA KATAIUTHYCCKYIO aKTUBHOCTH
KaTaJIn3aTOPOB.

3. HecmoTps Ha GoJbIIOE KOJMYECTBO ITyONIHKa-
IIUH, TIOCBAIMICHHBIX N3YYEHUIO MEXaHU3Ma (OPMHPO-
BaHUS M MPHPOJIBI aKTUBHBIX IIEHTPOB B 30JI0TOCOEP-
JKAIIUX CHCTEMax, 3TOT BOMPOC BCE eIle SBISACTCS

NPEeaMETOM MHOTOYHMCIECHHBIX AUCKycCUM. PsAn aBTO-
POB NpEANonaraeT, YTO aKTUBHBIMH LEHTPAMHU SIBJIS-
FOTCS YacTHIBI METaJJIMYECKOT0 30J0Ta, TOrja Kak
JIpyrue UCCIEeN0BaTENH TOKA3bIBAIOT AKTUBHOCTh UOH-
HBIX COCTOSIHHH, TaK)Ke CYIIECTBYIOT paboThI, B KOTO-
PBIX OTBETCTBEHHOCTD 32 BOSHUKHOBEHUE YHUKAIbHBIX
KaTaJIUTHYECKUX CBOICTB, MPUIMCHIBAIOT YaCTUYHO
OTPULIATENILHO 3apPSKEHHOMY 30JI0TY.

Ve nokazaHa nmpekpacHas aKTMBHOCTb HAaHO30-
JIOTBIX KaTaJIu3aTOPOB B CIEAYIONINX KaTaJIUTUYECKUX
npoiieccax:

1) HuskoremneparypHoe okucienue CO;

2) XKunkohazHoe OKUCICHUE CIIUPTOB;

3) OKHCIICHUE TIIOKO3bI;

4) [Tpou3BOACTBO BUHUIIALICTATA,;

5) I'maponexnopupoBaHne TPUXJIOPITHICHA
— PacIpOCTPaHEHHOTO 3arPsI3HUTEIIS BOJIBI;

6) KoHBepcus BOISHOTO Ta3a JUis IPOU3BOJI-
ctBa Bojopoaa u3 CO u BOJSHOTO mapa;

7) [MonydeHue sTUNICHA U3 METaHa.

MexaHu3M [EeHCTBUS HAHO30JOTHIX KaTaau3aTo-
POB MOXHO PacCMOTPETh Ha IPHUMEPE IMOCIEIHETO IPO-
necca.

Oruen (CH2=CH>) npencrasnser co6oit BakHOE
CBIpPbE JUTISI XUMHUYECKOH MPOMBIIUIEHHOCTH, B 0COOCH-
HOCTH — JUIsl TOJYYEHUs TAKUX MOJIUMEPOB, KaK MOJIH-
STWIEH U NMOJUCTUPOJ. B Hacrosiiee BpeMsi IPOMBIIII-
JIEHHBIA METOJ1 MOJTY4YEeHMsI 3TUIIEHa OCHOBAaH Ha Mapo-
(a3HOM KpEeKWHTe JIETKUX (DpaKIWid, OTICIISIOMIHXCS
npu pextudukanonHoi neperonke HedtH. I[lepcnek-
TUBHOM aJbTEPHATUBON 3TOMY METOJbI MOXKET CTaTh
MIPOU3BOJCTBO 3THieHa u3 MeTaHa (CHj), MOCKOMBKY,
B OTJIMYHE OT He(PTH, IPUPOTHBII ra3, OCHOBHBIM KOM-
ITIOHEHTOM KOTOPOTO SBISIETCSA METaH, pacCMaTpHBa-
€TCsl KaK BO30OHOBIISIEMBI HCTOYHHK CHIphs. K coxka-
JICHWI0, MpobjieMa MONydeHHs JTHICHAa W3 MeTaHa
OCIIOXKHSAETCSI T€M, YTO B MOJEKyJle MeETaHa COfep-
JXKaTcs 4Upe3BbIYAHO NPOYHBIE CBSA3U YIIIEPOI-BOJO-
po, 6raroaapst KOTOPEIM aToM yIJiepoJia MeTaHa CIIo-
coOeH BcTymnaTh B peakiuu obpaszoBanus cesazeir C-C
JIUIIB B KpalfHe )KECTKUX YCIIOBUSAX, 1a U B 9TOM CIy4ae
peakuusi NpoTeKaeT ¢ KpailHe HHU3KOW CEJIeKTHBHO-
CTBIO, IPUBOJIS K O0OPAa30BaHHUIO CMECH IPOTYKTOB.

Uccnenosatenu u3 rpymn TopcteHa bepuxapara
(Thorsten M. Bernhardt) m3 YHuBepcureta Yiabma
(T'epmanwms) u V3u Jlannmana (Uzi Landman) u3 Tex-
Hosornmdyeckoro MucturyTta JIKopmmkuu paszpadboTtayiu
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MPOLIECC CENEKTHBHOW KOHBEPCHM METaHa B ITUIICH
IpY HU3KOH TeMIeparype W HU3KUX IaBICHUSX, KaTa-
JIM3UPYEMBIH aKTHBHBIMH YaCTHILIAMH, COCTOSIINMHU U3
JBYX aTOMOB 30JI0Ta.

HccnenoBatenn MOSACHSIOT, 4YTO  aKTHUBALUS
nHepTHHIX cBs3eii C—H merana mpezncraBiser coboit
CJIOKHBIH IPOIECC, 0COOEHHOCTH MPOTEKAHHUS KOTO-
pOro Ha MOJIEKYJSIDHOM YPOBHE HEOOXOIMUMO IOHSATH
JUtst co3anust 9 GEKTHBHO paboTaIOIIeH KaTaluTHye-
CKOH CUCTEMBI.

JUis u3ydeHus MeXaHu3Ma MCCIeJOBaTeNu pe-
HIMIM UCCIIEA0BATh MOBEAEHNE MOEIBHBIX KIaCTEPOB
pa3IMYHBIX METAJUIOB B aKTHBAI[MM MeTaHa. M3yueHne
CBOMCTB MaJbIX KJIACTEPOB 30JI0Ta MOKA3aJ0, YTO MO-
JOXKUTETBHO 3apsHKCHHBIC YACTUIIBI, COCTOSIIUE M3
JIBYX aTOMOB Giaropojanoro meramia (Auz*), crmoco6-
CTBYET CEJIEKTHBHOMY IPEOOPa30BaHMIO METaHa B 3TH-
JeH B ra3oBoil ¢aze [2]. MccnemoBarenu mpezmona-
raoT, YTO KaXKIbII aTOM 30JI0Ta YaCTHUIIBI Auy+ CBSI3BI-
BaeTCs C MOJICKYJION MeTaHa, BOJOPO OTIIEIUIIETCS, U
MEXJy aToMaMH yriepoia obOpasyercs OJuWHapHas
cBs3b. OOpa3oBaBIIMiicS MPEKYPCOpP STUIICHA HA Tep-
BOHAYaJIbHOM 3Tale OCTAeTCS CBA3AHHBIM C OJHUM M3
aTOMOB 30JI0Ta, @ «OCBOOOJMBIIMHCS» aTOM 30JI0Ta
CBSI3BIBACTCS C OYEpeHOI MoJeKynoil MetaHa. Ha mo-
CJIE[IHEH CTaguM eIle OJHA MOJIEKyJla MEeTaHa 3ame-
IIaeT MPEKypPCop ITUIEHA Ha aTOME 30JI0Ta, STHJICH BBI-
CBOOOXKIAeTCS, W KaTAIUTUYECKUH IMKI 3aMBIKAeTCs
[2].

PackpbIBas 10TIONHUTEIbHBIE JETaIl MEXaHU3Ma,
bepuxapar u JlanaMaH 3asBISIOT, YTO KaK aKTHUBALIUS
CBSI3U YTJIEPOJ-BOJOPOJ B METaHE, TaK M IOCIEAYIO-
iee JAEerHApHUPOBAaHHE/COYETAHNE METaHa N0 dTHJIeHA
TpeOyIOT KOOMEPaTHUBHOTO YYacTHUs HECKOJIBKHX aTo-
MOB, CBSI3aHHBIX C IByXaTOMHBIM 30JIOTBIM KJIACTEPOM.
HccnenoBaTtenu 3asBISIOT, YTO LEIbIO UX HCCIIEIOBA-
HUs OBLIO HE TOJIBKO aKaJeMHUYecKoe U3y4YeHHe MeXa-
HHM3Ma aKTUBallM{ METaHa KJacTepaMi pa3JIMuHbIX Me-
TaJUIOB, HO U CO3/IaHNE MPOMBIIICHHON CHCTEMBI KOH-
BEPCUH METaHa B STHJICH.

Taxum 00pa3zoM, B OCIIEAHUE NECATHUIICTHS TAKOH
METaJUl KaK 30J0TO, CUMTABIIHUIICS XMMHMKAMH paHee
HEMHTEPECHBIM M WHEPTHBIM, OOHApPYKHUJ CKPBITHIH

MOTEHINAT HCTIOJIb30BAHUSI, B TOM YHCIIE B TETEPOTCH-
HOM KaTaim3e. «30J10TO 09apOBBIBACT JIFOJICH ThICSAIE-
JIETHAMH, B OCHOBHOM H3-32 CBOEHM YCTOIUMBOCTH K
KOPPO3MM U BBITEKAIOUIEW W3 3TOr0 HE YBsAAIOLIEH
KpacoTel», - TOBOPUT AnupekTop MHCTHTYyTa Katanmsa
Kapmudda, npodeccop I'pam Xarunare. «Tem HE Me-
Hee, P paclIeIUIEHNH Ha HAHOYACTHIIBI, CO/IEpIKAIIIe
BCEro JIMIIb HECKOJBKO COTEH aTOMOB, 30JI0TO HeE
TOJIBKO MEHSET I[BET, OHO CTAHOBUTCSI HEBEPOSITHO pe-
aKIMOHHBIM, IIPOTHBOpEYA CTApPOH MOTOBOPKE O TOM,
YTO «HE BCE 30JI0TO, YTO Ojectut». Hamre uccienosa-
HUE 3(P(PEKTUBHOCTH HAHOYACTHI[ 30J0Ta B XUMHYE-
CKHX M OHMOJIOTHYECKHX TPOIleccax MOKa3bIBACT, YTO B
9TOH (hopMe OHO BCTYIAET B pEaKIiio OpIcTpee, Jierde
1 dHeprerudecku Ooznee 3¢ (deKkTHBHO, YeM MHOTHE
apyrue karanuzatopsl». [Ipodeccop I'pam XaTumare
BEPUT, UTO 30JI0TO 00TaJaeT OTEHIMAIOM COXPaHATh
KW3HHU, yIydllaTh 370POBbE UYEJIOBEKA M OYMIIATH
OKpy’Karomyto cpeny: «CIMIIKOM MHOTO IPOIECCOB;
OHHM TMPOU3BOAAT MHOI'O0 OTXOAOB M MaJI0O IPOAYKTa.
Bnaronaps katanu3y, OCHOBaHHOMY Ha 30JI0T€, MBI MO-
JKEM COKPATUTH KOJIMYCCTBO BI)I6paCI)IBaeMI)IX O0TXO0J0B
1 YBCJIMYUTH MMPOAYKTUBHOCTH MHOXKCCTBA IMPOIICCCOB.
UYem Oosbiie MBI y3HaeM 00 3TOM JAparoleHHOM Me-
TaJIe, TeM OOJIBIIE 51 TyBCTBYIO, YTO OOIIECTBO HETIpa-
BIJIBHO €TO OI[CHUBACT.
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MPOIECCHI HU3KOTEMITEPATYPHOM OCYIIIKH T'A3A

Huakoeckan A.B.,
Tenexoea JI.P.
Acmpaxanckuii 2ocyoapcmeentviii mexHu4ecKutl yHugepcumem

LOW-TEMPERATURE GAS DRYING PROCESSES

Diyakovskaya A.,
Telekova L.
Astrakhan State Technical University

AHHOTALUA

[Iporecchl HU3KOTEMIIEPATYPHOH OCYIITKHM Ta3a Hadald aKTHBHO Pa3BUBATHCA B 1960-e TOIBI, KOTIA TTOBHI-
CHJICS CTIPOC Ha 3TaH — BaKHOE CHIPHE IS HEPTEXUMHUH. DTO TTOTPeOOBAIO HAPALY C IPOCCETHPOBAHUEM IIpHMe-
HATHh UCKYCCTBEHHOE OXJIQKICHHE C MPHIMEHEHHEM IPOMaHOBOT0 Xonoaa (st oxnaxaeHus 1o -70°C) mwim kac-
KaAHOTO XOJIOAWJIBHOI'O IPOMaH-3TAHOBOI'O NUKJIA, C IOMOMIBKO KOTOPOI'O CTAJIO0 BO3MOXKHBIM U3BJICYb U3 I'a3ad 85-
87% stana, 99% - nponana u 100% > C3. B 1aHHOI1 CTaThe paCCMOTPEHBI 1Ba OCHOBHBIX COBPEMEHHBIX IIpoLiecca
OCYIIKH rasa IpH HH3KHUX TEMIIEpATypax - HU3KOTEMIIEpATypHas cemapanus U HU3KOTEMIIEpaTypHast KOHJIEHCa-
1y, N€pEeYNCIICHBI X JOCTOMHCTBA U HEAOCTATKH, IPHUBCACHBI BAPUAHTBI TEXHOJIOTHUYCCKUX CXEM OTUX MPOLECC-
COB.

Abstract

The processes of low-temperature gas drying began to develop actively in the 1960s, when demand for ethane
as an important raw material for the petrochemicals increased. This required, along with throttling, to use artificial
cooling using propane cold (for cooling to -70°C) or a cascade refrigeration propane-ethane cycle, with which it
became possible to extract 85-87% ethane, 99% propane and 100% > Cs. This article discusses two main modern
processes of gas dehydration at low temperatures — low-temperature separation and low-temperature condensation,

lists their advantages and disadvantages, provides options for technological schemes of these processes.
KiroueBble ciioBa: cenapanus, CYXOI>'I Tra3, HU3KOTCMIICPpATypHas OCYIIIKa, ra30nepepa60TKa, HU3KOTCMIIC-

paTypHasi KOHJIEHCaIHsI.

Keywords: separation, dry gas, low temperature drying, gas processing, low temperature condensation.

HopmanpHast paboTa TeXHOJIOTHMYECKOTO 060py-
JIOBaHUS M Ka4eCTBO BBIITyCKAEMOM MPOIYKIMHU Ha Ta-
3onepepabarsiBaroniem 3aBoe (I'TI3) Bo MHOTOM 3aBH-
CST OT COJIEPKaHUs B ra3e BJIArd, KUCIBIX KOMIOHEH-
TOB, IBUIM M MEXaHW4YecKux npumeceid. Conepkanne
IBUIM ¥ MEXaHWYECKHX INpHMeceldl B Trase IIpU €ro
TPaHCIIOPTHPOBAHUH CIIOCOOCTBYET HCTHPAHHUIO Me-
TaJu1a TPyOONpPOBOJOB U anmapaTtoB. [Ibi1b BRI3BIBaET
W3HOC U TPUBOJUT K BBIXOJY M3 CTPOS YIUIOTHHUTEIb-
HBIX KOJIEI], KJIAalIaHOB U THJIB3 [IUJIMHPOB MOPIIHEBBIX
KommpeccopoB, cHmkaeT ux KIIJI. Mexanudeckue 4a-
CTHIIBI OTJIATAIOTCS HAa TIOBEPXHOCTH TPYO XOJIOIMIb-
HHUKOB U Pe3K0O CHWXXAIOT CKOPOCTH TIepelauH Teria.

Br160op TeXHOJOTHH OYUCTKH Ta3a OT MEXaHHWYe-
CKHUX ITpUMeCEH 3aBUCHUT OT Pa3MepOB YaCTHIL U TPeOy-
emoii crenenn ounctku. Yactuipl pasmepom 100-500
MKM YJIaBIMBAlOTCSl B CHEIMANBbHBIX almapaTax: oca-
JUTEIbHBIX PACHIMPUTEIBHBIX KaMepax M LUKIOHAaX.
[IpuHIMD paboTHl PaCIIMPHUTENBHBIX KaMep OCHOBaH
Ha CHIDKEHUU CKOPOCTH JBMKEHUS IOTOKA ra3a U oca-
KIIEHUH W3 HETO YaCTHUI[ MOA JIeHCTBUEM CHIIBI TsDKe-
cti. B nukiioHax 4acTUIbl MOJ JIEUCTBHEM LIEHTPO-
OeXHON cnibl OTOPAchIBAIOTCSA K CTEHKE ammapaTta U
Ma/Ial0T BHU3.

s ynapnuBanus gactui pazmepom 0,1-100 mxm
WCTIONB3YIOT ITUKJIOHBI, MOKPBIE IBUICYIOBUTENHN (B
HHX Ta3 MIPOXOJHUT Yepe3 JKUJIKOCTh), KepaMHYECKUe 1
MeTaJUIOKepaMU4ecKue (hUIbTPBI

Ha npaxTuke 04HCTKY MPUPOAHOTO U He(TIHOTO
ra3oB OT MEXaHMYECKUX NMPUMeCcel U KUIKUX 3arpsi3-
HHUTEJIEeH IPOBOIAT B IPOMBICIIOBBIX U 3aBOJICKUX Cella-
paTopax.

CemnapupoBaHue Kamellb U TBEPIBIX YaCTHUI] U3 Ta-
3000pa3HO# (a3pl MPOUCXOINUT IMOJ ACHCTBHEM CHIIBI
TSDKECTH, CHJI MHEPIIHH THO0 B pe3yiIbTaTe MX KOMOU-
HUPOBAHHOTO JICHCTBUSI.

Ha BpIXOme W3 CTymeHW MpenBapUTEIEHON
OYHCTKH YCTAHOBOK KOMIUIEKCHON IOATOTOBKH Ta3a
CYMMapHOE€ COJICP)KaHHEe JKUAKON AucCrepcHON (ha3bl
He JI0JKHO TpeBbmath 350 mr/um rasza [3].

COOTBETCTBEHHO MEHSIOMIEMYCS JTUCIIEPCHOMY
COCTaBy ra3a M TPpeOOBAHUSAM Ha €ro OYHCTKY HCIIOJIb-
3YIOTCSl pa3Hble MO KOHCTPYKUMH M 3(P(PEKTUBHOCTH
OUUCTKH CEMapalliOHHBIE YCTPOICTBA, KOTOPBIE IO
CBOEMY NPUHIUIY JISHCTBUS JENATCSA Ha TPaBUTAIIMIOH-
HBI€, HTHEPIIMOHHOTO THIA (HAacaJ04HbIE), IEHTPOOEK-
Hele u ¢uisTpytomue [1]. B GonpmmHCTBE ciydaeB
KOHCTPYKIINH O0BEINHSIOT B ce0e HECKOJIBKO M3 3THX
TIPUHIIAIIOB.

s ocyniku ra3a OT Biard, BBIACICHHUS KOHJICH-
caTa W3 ra3a ra30KOH/ICHCATHBIX MECTOPOXKICHUH, a
TakXKe VI TOJTYYEeHHUS WHIMNBHIYaJbHBIX KOMIIOHEH-
TOB Ta3a, BBIACICHNS U3 IIPUPOJHOTO ra3a PelKux ra-
30B, CXKIDKEHHS Ta30B ITUPOKO IPUMEHSIETCS OXIIaXKIe-
Hue. HuszkoremneparypHslii crioco0 cenapanuy ra3oB
MI03BOJISIET B 3aBHCHMOCTH OT TJIIyOWHBI OXJIaXICHHUS
u3Bnekarb oT 80 1o 100 % TspxenbIX yriieBOAOPOIOB U
oCylIaTh ra3 10 He00X0IMMOM TOYKH POCHI 10 Biare u
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yraesogopoaam [3]. Ha I'TI3 npuMeHsI0T HU3KOTEMIIe-
patypnyto cenapanuto (HTC), mpu koTopoii mosydaror
HHU3KHE TEMIIEPATyPHI KaK 3a CUeT UCTIOIh30BaHU 1A~
CTOBOTO [aBJICHUS, a TaKkKe HHU3KOTEMIIEPATYPHYIO
kouaencanuto (HTK), roe mist oxmakaeHus rasa uc-
MIOJIB3YETCs] HCKYCCTBEHHBIN XOJIOI.

HuskoremnepaTypHas cenapanusi raza — METO[
M3BJICUYCHHS JKUJIKUX YIIIEBOJIOPOAOB U BJIATU U3 IPHU-
POAHBIX Ta30B, B OCHOBE KOTOPOTO JIEKAT MPOLECCHI
OJTHOKPATHOM KOHJICHCAIIUU P TemIepatypax ot 0 10
- 30°C u pa3zeneHus: paBHOBECHBIX JKUAKOHN U ra30Boil
das3 [2].

Juis monmydeHusT HU3KUX TeMIiepatyp oOpadoTku
ra3a yCTaHOBKH IPOCTOH Cemapanuyl JOMOIHSIIOT CTIie-
[IUATFHBIMHU XOJIONWIBHUKAMHU, TJE Ta3 Tepe cenapa-
nued OoXJaxJaroT. Takue YCTaHOBKM Ha3bIBalOTCS
VCMAHOBKAMU HU3KOMEMNEPAMYPHOU cenapayuu 2a3d
(YHTC). B xauecTBe xi1agareHTa IpUMEHSIOT aMMHAK,
npomnaH, (peoH M Jpyrrue HU3KOKHILIIINE BELIeCTBa
[4].

HuskoremnepaTrypHas cenapanusi OCYIIECTBIISI-
eTcsl 0 CIeyIoel cxemMe (PUCYHOK 1).

ChIpoii Ta3 M3 CKBaXUHBI MOCTYNMaeT Ha ycTa-
HOBKY KOMITJICKCHOH MMONTOTOBKH, TJE IOCTE MpeaBa-
PUTEIBHOTO APOCCENUPOBAHUS (T.€. TOHIDKCHHS J1aB-
JICHWs Ta3a MpPU NPOTEKaHWUU UYepe3 CyKeHHne TpyOo-
MpoBOJa — JpOCCeTb — J0 JaBICHUS MaKCHMAaJIbHOM
KOHJICHCAIINH ) HAIIPABIISIETCS B CETIapaTop MepBoi CTy-
TICHH 3 AJIS OTJCIICHHS OT KaleIbHON KHIIKOCTH. 3aTeM
ra3 HarpasJsgeTcs B TEIUIOOOMEHHUK 5 It oxJsaxze-
HUS Ta30M, MOCTYMAOIUM B MEXTPYOHOE MPOCTPaH-
CTBO M3 HU3KOTEMIIEPATypHOTro cenaparopa 7. U3 remn-
JOOOMEHHHMKA ra3 MOCTYIAaeT Yepe3 KEeKTop 6 B HU3-
KOTEMIIepaTypHBIH cenaparop 7, B KOTOPOM 3a CHeT
MOHM)KEHUST TEMIIepaTypsl B TEIUIOOOMEHHUKE M Ha
KEKTOPE BBIACTACTCS KUAKOCTh. OCYIIEHHBIH ra3 mo-
CTyIaeT B TEIUNIOOOMEHHUK 5, OXJIaXIACT MPOIAYKITHIO
CKBa)XHHBI M HATIPABJISIETCS. B TIPOMBICIIOBEII COOPHBII

KoJutekTop. HecTaOMibHBIN KOHIECHCAT W BOAHBIN pac-
TBOp uWHTHOWTOpa (HAmpUMep, IUITHIICHTIUKOJIS
3T, mpenoTBpamaromuii 00pa3oBaHHe THAPATOB, U3
cemapaTopa MepBOH CTYNEHM 3 MOCTYIAIOT B KOHJCH-
carocbopHuK 4 u ganee B emkocTh 10. 3nech mpoucxo-
IOUT pasfeeHHe KOHJEHCaTa M BOJHOTO pacTBOpa
JOT'a. 3aTteM KOHAEHCAT Yepe3 TeII000MEHHHK 9 1o-
JlaeTcs B MOTOK T'asa nepeJi HU3KOTeMIIepaTypHBIM ce-
apaTopoM, a BOAHBIH pactBop JOI'a HampaBnsercs
yepe3 eMKocTb /1 u GunbTp 12 11 O4YUCTKH OT Mexa-
HUYECKUX NMpHMecel B pereHepallMOHHYI0 yCTaHOBKY
13, mocie yero pereHepUpOBaHHBIN TNIMKOJIb U3 yCTa-
HOBKH C TIOMOIIEI0 Hacoca 19 mogaercs B meidor ms
MIPEAOTBPALICHUsT 00pa30BaHKs THApaToB B HUX. Ilo-
TOK HECTAaOMJIBHOTO YTJIEBOAOPOIHOTO KOHIECHCATa M
BogHOTO pactBopa JI3I" HampasiseTcs B pa3aeInTeb-
HyI0 eMKocTh 15 uepe3 MexTpyOHOE MPOCTPAaHCTBO
TEINIOOOMEHHHUKOB, TA€ OXJIAKIAeT HECTaOMIbHBIN
KOHJICHCAT, MOCTynaromui n3 emkoctu 10 st BpbIc-
KUBaHHUs B Ta30BbIi MOTOK. BOIHBIN pacTBOP INIMKOJIS
4yepe3 (QUIBTP MOCTYNaeT B YCTAHOBKY pereHepanuu
14, nocie yero HacocoMm 19 nmomaercs B ra3oBEIil IOTOK
nepen termoooMeHHukoM 5. KonzpeHcaTt u3 pasnenu-
TENbHOM eMKocTH 15 HampaBisieTcst 4epe3 MexTpyo-
HOE TIPOCTPAHCTBO TeTIooOMeHHMKa 18 B mesTanm3a-
Top 16. YcraHOBKa 1€3TaHU3AIMN COCTOHUT U3 Tapeib-
YaToOW KOJOHHBEI, Ileun 17 u TemrooOMeHHuka 18.
3agaHHas TeMmeparypa B HIDKHEH 9acTH Je3TaHW3a-
TOpa MOAJECP)KUBACTCS C IOMOILIBIO TEIUIOOOMEH-
HHUKal8, B KOTOPOM CTaOMIBbHBINA KOHJCHCAT (HIDKHUN
HNPOAYKT AEITaHHU3aTOpa), MOJOTPeThil B meun 17 mo
temreparypbl 433 K, oTmaer Temsiao HACHIIIEHHOMY
KOHJIEHCaTy, MOoCTymaromeMy U3 emMkoctd 15. Oxma-
JKJIEHHBIN cTa0WIbHBINA KOHIEHCAT I101a€TCSA B KOHJIEH-
caronpoBoA. Ilo cxeme mpemycMaTpuBaeTCs Takxke
BBO/[ YaCTH XOJIOJJHOTO HECTAOMILHOTO KOHAEHCATa Ha
BEPXHIOIO TapelKy crabunmzatopa. B atom ciyuae ne-
STaHMU3aTOp paboTaeT B pexuMe abCOPOIMOHHO-OT-
MapHOU KOJIOHHHI [2].
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Pucynox 5. Yemanosxa nuskomemnepamypnoii cenapayuu

Hns cosepmeHcTBOBaHMS mporecca HTC Oviam
TIPEJJIO’KEHBI IBa METOA: COPOIHS B IOTOKE W U303H-
TPONHMITHOE PAaCIIMPECHHE Ta3a.

Cop0uus B IOTOKE - BOPHICK B MIOTOK UCXOJTHOU
CMECH CTaOMIIFHOTO KOHJIIEHCATAa WM PYTUX YTIEBO-
JIOPOJHBIX JKUIKOCTEH HAa HEKOTOPOM PACCTOSIHUH OT
cemaparopa, T.e. yTsDKeJIeHHe HCXOMHOH cmecu. Kax
OBLITO MTOKA3aHo, 710 ONPEACIICHHOTO Mpe/erna yTsbKee-
HHE COCTaBa TOIIEH NCXOIHONW CMECH MO3BOJISIET MTOBHI-
CUTh CTENEeHb MW3BJICYEHUS KOHJECHCATOOPA3YIOMHNX
KoMIoHeHTOB. Ho 310 Mepompustue He naet s dexra
JUTS YKHPHBIX CMECeH.

3aMeHa W309HTAIBIUHHOTO PACIIUPEHUS (Ipoc-
CEeJIMPOBaHKE) HA H303HTPOMHUIHOE (pacIIupEeHUe B Jie-
TaHAepax) No3BoisieT 3(P(EeKTHBHEE HCIOIB30BaTh
UMEIOIIUIICS CBOOOIHEIN mepemnan nasienus [2]. Ho u
B TOM, U B JPYrOM cliydae HEOOXOJUMO HMETh ITOT
CBOOOHBIN Tiepena NaBleHus. 3aMeHa Jpoccens Ha
JIETaHIep HECKOIBKO MpojyIeBaeT cpok ciyxo6sr HTC,
HO HE permraeT npodiieMy U3BICUSHHS KHUIKAX YTIEBO-
JIOPOJIOB HA TIEPHOJI WCYEPIIAHUS CBOOOIHOTO Iepe-
majia 1aBJICHNS.

K nocrounctBam ycranoBok HTC MoxHO OTHE-
CTH:

®  HU3KHUE KaluTalbHbIE BIOKEHUS U dKCILTyaTa-
IUOHHBIE 3aTPATHI IPH HAJTMYUH CBOOOIHOTO IIepenaa
JIaBJICHMSI,;

e OJHOBPEMEHHYIO OCYLIKY Ta3a J0 TOYKHU
POCHI, TOCTAaTOYHBIX [UIA JANbHEHIIero TpaHCIOpTa
rasa.

Jlnis ycranoBok HTC xapakTepHBI Clieyromye
HEOCTaTKU:

® HN3KUE CTENEHHM U3BIECUEHHs ra3o0BOrO KOH-
JieHcaTa, 0COOCHHO IS TOIIHNX T'a30B;

e  BBICOKHE MIOTEPU LENEBBIX KOMIOHEHTOB C TO-
BapHBIM ra30M;

e cHwkeHne >(dexkTHBHOCTH Tpolecca H3-3a
o0Jier4eHust COCTaBa ra3a u IMoBbIILIEHUE TEMIIEPaTYPhI
HTC;

e HEOOXOOUMOCTh PEKOHCTPYKLHH Ha MEepUoJ
UcyepraHus CBOOOJIHOIO nepenasa JaBiIeHus;

e TpUMEHEHHEe MHIMOMTOpa I'HIpaTooOpa3oBa-
HHUSL.

B mpouecce HTK oxnaxzaenue raza npoucxoauT
C MMOMOIIBIO XOJIOAMIBHBIX KOMIIPECCOPHBIX arperaToB
i abCOpOIMOHHBIX BOJOAMMHUAYHBIX XOJIOJMIBHBIX
ycranoBok. [Toatomy HTK ornuuaercs ot HTC 3naun-
TeNnbHO OoJiee HU3KMMH TEMIIEpaTypaMH OXJIaXKCHUS
notokoB (mo -120 °C). Takue ypoBHHM Temmeparyp
obecrneunBaroT TIIy00KOe H3BJICUESHUE HE TOJIBKO XKHII-
KMX YIJIE€BOJOPOAOB, HO M mpomnaHa u 3taHa. HTK
TaKk)Ke TI03BOJIIET MOJIEPKaTh CTAOMIBHYIO TOUYKY
POCHI BHE 3aBHCHMOCTH OT BPEMEHH Tojia U Iepemnajaa
napneHuid. [losToMy naHHBIN MeETOA yalle MPUMEHS-
eTcsl Ha ra3onepepadaThIBalONINX 3aBOJIaX.
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AHHOTaLUA

By, makanaga apra eciMIIKTEpiHIH OMOJOTHSUIBIK €pPEKIIENKTepl, TIPUIUIK €Ty OpTachl, Kypambl MeH
MaHBI3bl KapacThIpblUIaJibl. Apra TYKbIMBIHBIH €pPEKIICTIKTepl KelTipiireH. Apnagan 0arajbl YITTBIK KOPEKTIK
OHIM/ICp MCH JIOPYMEH/IIK CYChIHIAP/IbI JalbIHIAAY TOCIUIACPI 3ePTTEI/I.

Abstract

This article discusses the biological features of barley plants, habitat, composition, and significance. Features
of barley seeds are provided. Ways of preparation of high-value national nutritious products and vitamin drinks

from barley are studied.

KiaTTik ce3: YITTHIK, TopyMeHi, CYCBIHAAP, apiia TYKEIMHBIH 0HYI, 3epTTey.
Keywords: national, vitamin, beverages, sprouted barley seeds, research.

Apma (mar. Hordeum) — acTBIK TYKbIMIachIHA
JKaTaThIH Oip KOHE KOIl KBUIABIK ©CIMIIKTEePIiH Terl.
ApnansiH 30-maii Typiep Kypadael. Apma, Oumaii
CEKUIII epTEACH OCIPLIIN Kelle KaTKaH MOH/I JaKbLI.
bunaitra KaparaHja, apna BICTBIKKA [1a, CybIKKa Ja,
KYpFaKIIbUIBIKKA Ja Te3iMai. O  TPOMUKAIBIK
aiiMakTapaa J1a, BICTBIK apad ennmepiHae e, CYBIK
contyctik Hopeerusina na, Tuberre 4700 M. OUIKTIKTE
ne ece Oepeni. Eypasms, Awmepuxa, Adpuxana
apnianblH 30-Fa KybIK TYpi TaparaH. LlIbikKaH xepi —
Wpan, Typkust, ApMeHus. Aamap HEOJIUT J19yipiHae-
ak (0.3.0. 12 — 10 MBIH KbBUT) KOJTAH ecipe OacTaraH.
ApriaHblH TaMbIp KyHeci mamakrsl. Cadarsl — KybIC,
owmiktiri 30 — 135 cm, KambIpaFbsl Tacla MiIIiHZEC.
Kemici —  goHek. Apma  MOpQOJOTHSIBIK,
OMOJIOTHSUTBIK ~ epeKIIeTiKTepiHe CoHKeC MaKbUIIBIK
Apma, a3¢hnonTsIK Apra jxoHe anaca 60WiIbl Apma aemn
aTanatbeiH 3 Typre OemiHesi.

Apna noninne 45 — 67% kpaxmain, 7 — 26% 6enox,
7 — 11% mnenro3aH, 1,7 — 2% caxapo3sa, 3,5 — 7,0%
kierdaTka, 2 — 3% mail, 2 — 3% Ky Oonansl. AprnaHbl
JKEM OKOHE as3bIKTBIK TaraM YLIH ecipexai. bip
rekrapaan 15-30 nentHep eHiM Oepenmi. Hopmimix
TYPFBICBIHAH J1a OMaiiFa KaparaH/a, aprnaaa KaHBIKKaH

Maiap KBIOIKBUIBIHBIH MOIIepi eadyip apThIK,
e3exrep 40%-ra, Tnamun 68%-ra, pubodaasun 250%-
ra sxoHe n3uH 38%-fa xem. bunai anneprus Tyrbizca,
apra eIiKallaH auleprusl TyIAbIpMaiabl. ATaMHBIH
JICHCAYJIBIFBIH )KaKCapTy/1a apIaHblH Mai1achl 0TS KeIl.
bipinmigen, apmna geni  10% axysizgaH, 65%
KeMipcyJapJaH TYpaiabl, COHABIKTAH TaHEPTCH apra
OOTKAaCBIH Kece, agaM KYHI OOHBI ceprek OOJIbI
Kypeni. MangplH aKybI3bIHa KaparaHjga, ©CIMIIK
aKybI3bI aJIaM aF3achlHA TOJBIK CiHIMIII OOJBIN KeJe.
Kypambingarer  5-6%  e3ekrep ac  KOPBITYZbI
JKakcapTauel. AJ  MHHEpajjgap MEH JIopyMEHICp
JKUBIHTBIFBI aJaM TaH KaJapiblK: KaJbIUH, KaJuid,
MBIPBIII, MapraHel] )KOHe TeMip MHHEPaIIapblHa ©Te
6ait 6onca, mopymenaepacH A, /1, E, PP, B ToObiHEIH
Oopi Oap. CoHABIKTAaH XUMHSUIBIK MUHEPAIIbI
JOpYMEHAEPAlI  JKEreHIle, KypaMblHAa  TaOuFu
MHUHEpAIJap MEH JopyMeHepi Oap apma >xeyliH
naiinace! 30p. COHBIMEH KaTap apiia ar3aHbl TOKCHHIED
MEH IIUTAKTaH Ta3apTaabl. ApIaHBIH TYHABIPHUFaH
Cybl  KbIIBIMA, KOTBIp  (TpUOOK)  >KapachlHAH
afBIKTBIpaIbl. ApriaiaH apra YHBIH, apra KapMachlH,
apra KBaChIH JKacaWipl. Apra YHbIHAH KOHIUTEPIiK
taramaap enmipineni[1]. Kasakcranma naxbUIABIK
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apIaHBIH J9HI KOC KaTapJIbl XKOHE KO KaTapJbl eKi Typi
ecipimemi. JloHi Koc KaTapiasl ApmaHblH — [10HI
MacarblHBIH OpTachlHAa faHa Oomamel. Ox  ceIpa
KalfHaTyFa maiganasuiagsl. JIoHi kem KaTapisl Apra
CIupT eHAipiciHae (6 KBIPIBICH ), a3BIK-TYIIK )KOHE Majl
kemi (4 KBIPNBICHI) TYpiHAE NaiJaNaHBIIABL.
ApmaHblH OyiapnaH 0acka jKa3JblK KOHE KY3JiK Typi
O0ap. Kasmeik Apna KaszakcTaHHBIH — OapiibiK
obneictapeiaa erineai. Kysmik Apna KazakctaHHBIH
OHTYCTIT1, OHTYCTITi-IIBIFBIC ayJaHTAPbIHIA OCIpiiei.
XKaznplk Oupmait MeH cyjibIFa KaparaHjaa OHBIH TYCiMi
xkorapbl opi 10 — 15 kyH epre miceni. ApnaHblH
Kazakcranma «Hytanc-970», «bofimeriex», «Cayme»,
Kaparauner-4», «Ky3nix», «OrTYcTiK Kazakcran-43»,
T.0. copTrapsl ecipimeni. Apma JKapMacBIHBIH
TYKTENTEH JKOHE TYKTeIMereH €Ki Typi Oomassl
AKTanFaH KapMalblK JoHI ipi Oomamel. JIoHHIH
ipiliriHe Kapail akTamFaH apma skapMacel Oec Typre
OemiHe i, ¥HTAK xapMa CIHIMJI KeJei, opi Te3 micei.
YKapmaHnblH OyJ1 TypiHeH KOHMMaDKbIH OOTKa, KOTJIET,
3areKanka 1.0. 93ipyieHe/i. Ipi xapmaHbl CynKa caiblil,

60TKa ma micipeni. TykTeaMmereH apma )kapMachl YHTAK,
dbopmacel  op Typii OGomaael. bynm  kapmanbl
MalbIHIaFaHAa  TYKTENIMEimi, COHIBIKTaH OHJa
KJIeTJaTKa KeIl Oonamsl. ApIaHBIH JKapMachl COpPTKa
OemiHOeiini. ¥HTaKTaFaH AOHIHIH ipiTiriHe Kapaid
OHBIH YII HeMipi 6omansl. byman 6otka micipeni. Apma
JaKbUIBIHBIH Tarbl Oip epeKIIeNirine, OoJ KYpFak
KIUMaT JKaFfalblHAa apha JoHIHAe OENoK Kell
KMHANATHIHABIFEI[2]. AphnaHblH Herisri mnaijganany
OarbITHI:

- aprajiad )apma aiy;

- apmajaH — ChIpa OHJIPICIHAE JXOHE CIUPT
OHIIIpyAe IMIHKI3aT ary,

- apra XalblIBIM/IBIK TAKbIT;

- )KEM KOCIIACBIH JKacay;

TyKbIMABI OpHAJIACTBIPFAH NMETPH TaOAKIIATAPHIH
26°C Temmeparypa TEpMOCTAaTKa ©HYyl YIIiH cajajipl.
TepmocraT TyOiHEe cybl Oap KioBeTa Kosmpl. JKeti
KYHHEH COH 9p HYCKaJlaH OHI'eH TYKBIM aJIbII CaHAMIbI.
OHrIIITIK MalbI3bIH aHBIKTaH bl KOPBITHIHABLIAPBIH
1-mi kecTere TycCipi.

Kecre 1
TonblpakThIH Ty3/1aHybIHA OailJIaHBICTHI ACTHIK TYKBIMJIAC JaKbULAAP IbIH OHIIIITIr]
OciMIikTep Baxpitay OHIeH TYKbIMIap CaHbl OHrimTik, %
Bunait Hz0 24 96
NaCl, % 20 80
Apmna H,0 24 96
NaCl, % 21 84

TyYKBIMHBIH ©HYi - OWT THIHBIIITHIK KYHiHIE TYKBIMHBIH OCICEH/II 9peKeTKe KOIIyi, OJI YIIiH JKbLTY, BUIFa
JKOHE aya KaxeT. TYKbIMBI 3 MaccachIHbIH 45-50% cy CiHipreHHEeH KeiiH oHe OacTaii/ibl, TOBIPAKTHIH OHTAMIIBI

BUTFaTABLTBIFBL 60-70 % Menmepinae 6osranbl Typric|3].

Kecre 2
Apria copTapbIHBIH 6Cy Ke3eHiepiHe (eHOIOTUSUIBIK OaKpluIay
Taxipuode Coprrap ocy (pazachl Ke3eHi
HYCKaChI cedy OHY
1 Onrycrik Kazakcran-43 20.04 30.04
Hyranc-970 20.04 01.05

Apmna tykeiMbl 0°C-n1a cynbl ciHipe anansl, Oipak MyHIal jkaFqaina TYKeIM O6pTKeHIMEH (PH3HOIIOTHSITBIK
ecy ypJaici TokTar Kanajasl. boza malislHIayFa apHaIFaH apra.

P - N

Cypem 1-Tyxvimuviy oHyi

Ocin-eHy KaOineriH 6o03a eHuipyre »iOepiireH AOHHIH O€CIHINI KyHIHAE OHIeH [OHJEp/iH CaHbIHA
OaiinaHbICThI aHBIKTAH/ b1 BO3aHbI KaitHaTy eHipiciHe xibepineTiH qoHHIH ipiniri 50%-xaaH, an ecin-eHy kabineTi
95% xeMm OonMaybl Kepek. Apria TYKbIMHBIH ©HYi 0apiIbIK jKarJainap/a 1a, TYKbIM KaOBIKIIAChIH JKaphll, HETi3ri

YPBIKTBIK TaMbIPIIAHbIH HIbIFYbIHAH 6aCTaJ'II>IHaI[I>I
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Cypem 2-Apna ecimoiziniy 6ecemamusmix 0amy KeseHi

Apma xeri (kexTey) ke3eHi. TompIpak OeTiHe dyerni KOJICONTHIIC MIBIFaIbl, OJ1 KapblIaasl Aa OipiHII HAFbI3
JKarpIpak maiga 0oJaabl, OCHI COTTI eTiH KOKTEHI .

Aprna yimanapbiHIaFEl OCMOCTBIK, KBICBIMHBIH KOFapBUIBIFBIHA OaiIaHBICTHI TY3/IBI TONBIPAK €PITIHAICIHIH
OCMOCTBIK KbICBIMBIHA TOTEI OEpill, ©3/1€PiH CYMEH KAJIBINThI MOJIICP/IE KAMTAMACHI3 €TE alajibl.

Kecte 3
TonbIpakThiH Ty3AaHybiHa GaitmansicThl Apna (OHTycTik Kasakcran-43) nakeiigapablH OHTIITITE
OciMIiKTep Bakpuiay OHIreH TYKbIMJap CaHbI OHrimTiK, %
. H.O 915 91,5
Apna(Onrycrik Kasakcran-43) NaCl_ % 945 945

Apna TYKBIMHBIH ©HYi OapiblK JKarjnaiigapia Ja, TYKbIM KaOBIKIIACKIH JKapblll, HEri3ri YPBIKTHIK
TaMbIpIIAHbIH LIBIFybIHAH OacTalblHAAbl. Byl anFamikeia TEK jKacyllajaaplblH CO3bLIYbl apKbLIbI JKYpell,

KeiliHHEeH, TaMbIP/IbIH 6CYi )KOFaphl YIIIbIHIaFbl MEPHCTEMaHbIH SPEKET] YPBIKThIH ca0aKThIK 06JIiri oce OacTaibl.
F ": )

Cypem 3-Apna mykbiminbiy, 6OKMIpIinyi dHcoaHe oHyi

Aprna TYKBIMBIHBIH ©HI€H TaMbIpiiap ©cCiHJICI CTepwWiIbIi jkarjaiizia KOpEeKTIK opTaja ecipineni. Apma
eciMIIKTepiH/Ie TaMbIpIla Taiaa OO0 cylbl CiHipe OacTaraHaa, YPHIKTHIK ©pKEHHIH OipiHII OybIH apajbIFbl
co3bla Oacraiinsl 8 cyperre. BereratuBTik ecy ke3eHi oCIMIIKTIH (POTOCHHTE3 OHIM/IEP] apKbUIBI ©31HIH HETi3Ti
KOPEKTEeHAIPYIIi KYpacTHIPYBIH KaJFacThIPyMEH CHNATTaNbIHAAbI[4]. OHreH, TYKbIMBI JKapbUIFaH alFallKbl
TaMBbIplIa naiiaa OOJIFaH Ke3Jie apThIK KallFaH CyJIaplibl CY3rileH OTKi3il, OHIeH TYKbIM/bI apbUITHIIT alabl.
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OHBl apHalBl BIABICKA CAJBIN E3TIlINCeH e3im ,
KOHMAaIDKBIH KOpPEeK 3aThl MaiibiHmamagsl cyper 9.
AJBIHFaH KOpPEKTiK KOWMankelH 3artel 150-170 rp
OCIMIIK MaiibIH KOHE 5-6 TUTP Cy KYHBIIT apagacTHIPHIT
TOMEHT1 OTTIEH KaiHaTaxbl. OHBI CYBITHII KOsAbl. U
yppaOn yIIiH JaKpUIIBl KAXKETIHIIE albll, YCTiHE
BICTBIK Cy KYHBIN, 3 - 4 carar OekTipemi ze, cy3riieH
OTKi3e/i, KBUIbI JKEpPre Kaubilm KOsabl, 3 - 4 KyHIe
IoHzAepl eHeni. bipaeH keyin, Kyprak Oosmac yuiiH,
YCTiH JKaybIll TacTaiiipl. OHICHHEH KEWiH, apHailbl
pIAbICKA caneinl  e3emi. Ocpuiaiima  JadbIHAaIFaH
alIBITKBIHEI  maderaAel.  Ocbutaiilna — JalbIHOaIFaH
VBITTHI TYHOAFa MOJIIIIEPIICTI CaJIBII, YCTiHE CYBITBUTFaH
KalfHaFraH Ccy KYHBIN, JKapThl TOYJIIKTEH AaIIbITHII
kosapl. ComaH COH, JaWbIH KOCHAagaH BIOBICKA
KeperiHIIe  Calblll, KaiHaraH  CaJKblH  CYyFfa
apajacTeIpbin, cysrimeH eotkizemi. (10-cyper)
AnplHFaH CyMBIK cychlH bo3a gem  aramafmsl
JaifbiHmany TEXHOJIOTHUACHI MEH CaKTady Mep3iMiHe
Kapaii »kac 003a, KyHapiybl 003a jgen Te araiimel. JKac
boza xypambiana 4 - 6%, anm amIBITBUIFAH KYHapJIbl
6o3ama 12 - 15% croupt 6omajpl. Bo3aHbIH YBITCHI3,
JKail alIBITKBIMEH JKacalFaH TYpIH JKyMcak Oanx 0oza
Jenmi.

Kopbrreneimait  kene  OTaHOBIK — IIHKi3aT
OHJIIpICiHeH camanbl OHJACIreH YITTHIK OHIMIep
mpIFapyra KelryiMiz Kaxer. HoTmwxkecinne Ty3ganraH
TOTIBIPAK TYPAKTHUIBIFBIHA TO3IMJI apria JaKbUIBIHBIH
TYKBIMBIH Oackana naiganel eciMIikTepIai
OMOJIOTHSUTBIK ~ EPEKIICIIKTEpiHe opail  Oipiectipe
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Cypem 4- bozanvl datibinoay 6apuicel

ecipy/Ii KOJIIAaHBIIL, OJIApIbIH OHIMIIITiH )KOFapIaThIIL,
OMOTEXHOJIOTHSIIBIK OMICICH KYHIBI CAmachl YKOFapbl
YITTHIK KOPEKTIK a3blK JKOHE MOPYMEHII CyCHIHIAp
oHe 003a eHIMICPiH almyFa Ooabl.

OneduerTep Tizimi

1. Keutbimbaesa I'.b. Buonorus // IsIMKHT
«Hypisl Oeitae» 2014 b. 23.

2. Kanaryiet /1., CanapbacBa A.A., Ksuibibaesa
I'.b., Kycunosa I'.T. Ty3nanraH TonbIpakra ecipiiireH
apra ITaKbUIBIHBIH OHIMAUIIK KaCHETTEPiH JKeTUIIipy
KoHE  (UTOMeNMopanus — 9micTepiH  xkacay  //
XanplkapaiblK FHUTBIMA-TIPAKTHKAIBIK, KOH(pEpEHIIHS
.Becthuk- Ne4- ITanmkukent, 2017:x. 6.213-215

3. Kamarymer  JI.,, CamapGekoBa A.A.,
Keutemm6aesa I'.b., XKycunosa I'.T. - CenekuusuipIk
JKOJIBIMEH OCIpUIreH apna TYKbIMBIH OHJIPY apKbLIbl
YITTHI 0032 CYCHIHBIH JIalibIH/IAy TEXHOJIOTHSICHI MEH

MaHBI3IBUIBIFBIH  3epTTey//  «Kaszakcran-Pyxanu
JKAHFBIPY KOJIBIHAA JaMybl MEH KeJeIIeri» aTThl
XaJIbIKapaak FBUIBIMU —TOXKIpHOEITiK

KoH(pepeHIHsIHbIH eHOekTepi [-rom, 2017x. 6.256-259

4. Kanatyner [I., Canmap6aeBa A.A. Xamut O.T.
Apna JaKkbUIBIHBIH ~ MOP(OJIOTHSIIBIK  KYPBUIBICHIH
3eprrey // «9ye3oB oOKyiapel — 16: «TepriHmi
OHEPKACINTIK peBOMIONmA: Ka3akCTaHHBIH FBUIBIM,
OUTIM JKOHE MOICHHET CallaCHIHIAFbl JKAHFBIPYABIH
KaHA MYMKIHIIKTEepi» aTThl XaJlbIKAPAJIbIK FhIIBIMU-
TOXIpUOETiK KOHpEepeHIUIHbIH eHOekTepi, IIIbIMKeHT
2018x.,6er 36-40



POLISH JOURNAL OF SCIENCE
Ne24 (2020)
VOL. 1

ISSN 3353-2389

Polish journal of science:

¢ has been founded by a council of scientists, with the aim of helping the knowledge and scientific achieve-
ments to contribute to the world.

o articles published in the journal are placed additionally within the journal in international indexes and li-
braries.

e isafree access to the electronic archive of the journal, as well as to published articles.

o before publication, the articles pass through a rigorous selection and peer review, in order to preserve the
scientific foundation of information.

Editor in chief —J an Kaminski, Kozminski University
Secretary — Mateusz Kowalczyk

Agata Zurawska — University of Warsaw, Poland

Jakub Walisiewicz — University of Lodz, Poland

Paula Bronisz — University of Wroctaw, Poland

Barbara Lewczuk — Poznan University of Technology, Poland
Andrzej Janowiak — AGH University of Science and Technology, Poland
Frankie Imbriano — University of Milan, Italy

Taylor Jonson — Indiana University Bloomington, USA

Remi Tognetti — Ecole Normale Superieure de Cachan, France
Bjern Evertsen — Harstad University College, Norway
Nathalie Westerlund — Umea University, Sweden

Thea Huszti — Aalborg University, Denmark

Aubergine Cloez — Universite de Montpellier, France

Eva Maria Bates — University of Navarra, Spain

Enda Baciu — Vienna University of Technology, Austria

Also in the work of the editorial board are involved independent experts

1000 copies
POLISH JOURNAL OF SCIENCE
Wojciecha Gorskiego 9, Warszawa, Poland, 00-033
email: editor@poljs.com
site: http://www.poljs.com



mailto:editor@poljs.com
http://www.poljs.com/

