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ARCHITECTURE

PICTURES IN THE ARCHITECTURE OF THE CITIES OF GREECE AND RUSSIA

Malaya E.
Candidate of Architecture,

Professor of the Moscow Institute of Architecture (State Academy)

Abstract

DOI: 10.24412/3453-9875-2021-70-1-3-9

The figurative component of Ancient Greek culture still has enormous attractive force potential to revival of
cultural traditions. And takes especially esteemed and all a recognized place of honor at sources of the European
culture. Town-planning art and architecture of Ancient Greek architects, laws of harmony in architecture, music,
sculpture, mathematics still are fundamental in the academic education. The unity of outlook of Ancient Greek
and Russian architects embodied in a stone and a possibility of preservation and revival of antique heritage in the
territory of Russia is presented in article. In article there are offers on creation of the museums and cultural and
educational centers in close proximity to ancient antique settlements, for training of education of future generations

of professional experts.

Keywords: The ancient Greek culture, urban art ancient Greek architects ancient heritage, historical and
cultural heritage, the ancient Greek architecture, the Museum of antiquities, ancient Greek temples, Russian Or-

thodox churches.

«The Russian soul does not sit still, it is not a bour-
geois soul, not a local soul. In Russia, in the soul of the
people there is an infinite search, the search for the in-
visible hail-Kitezha, the invisible house of the Most
Holy Virgin. Before the Russian soul, the Dalis open,
and there is no outlined horizon before their spiritual
eyes. The Russian soul burns in a fiery search for truth,
absolute, divine truth and salvation for the whole world
and the general resurrection to a new life. She eternally
mourns the grief and suffering of all people and the
whole world, and her punishment knows no thirst. This
soul is absorbed by the solution of the finite questions
about the meaning of life. There is rebellion, rebellion
in the Russian soul, insatiability and dissatisfaction
with nothing temporary, relative and conditional. Fur-
ther and further it must go, in the end, to the border, to
the exit from this «worldy, from this country, from eve-
rything local, bourgeois, connected»!

The architectural spaces of ancient Greek temple
complexes are unique in their historical, scientific, cog-
nitive significance and creative power, figurative and
spiritual components that influence the formation of the
compositional unity of the image of the ancient city. It
is difficult to overestimate this impact on the formation
of culture, here the ancient peoples laid the most pow-
erful potential of the past, present and future, the power
of the spirit, capable of doing the impossible in creating
eternal creations like ancient Greek and ancient Rus-
sian cities, temples, monasteries.

! Berdyaev N. A. The fate of Russia. Moscow; Kharkov.
1999. C. 282-283, 327.

The harmonious unity of the mythological images
of the Olympic pantheon of gods and the structural fea-
tures of the tectonics of structures thanks to the skill of
ancient architects still serve as an example of composi-
tional diverse unity (Fig. 1 a). It is appropriate to recall
the words of Florensky about the harmony of composi-
tional and constructive unity in ancient art: «In addition
to Hellenic art and icon painting, it seems that it is not
possible to give more examples of such balance» [1].

One of the examples of preserving the figurative
compositional unity of the ancient heritage is the pre-
served ancient Greek cities of Sicily: Selinunt, Akra-
gant, Syracuse, which annually attract thousands of
tourists. These amazing ancient city-states, formed in
the archaic period, managed to preserve the diverse
«culture of the city», which did not dissolve in the
widespread globalization of technological progress.
Even in a ruined state, the temple complexes demon-
strate the greatness of the architect's creative plan in
unity with many mythological images. The tourism in-
dustry, one of the state's income items, is developing in
Sicily thanks to the preservation of cultural heritage
monuments. Every city founded by ancient Greek col-
onists now has museums, hotels for tourists, developed
infrastructure, highways and related structures (Fig.
1b). The ancient theater in Syracuse is used as an excel-
lent concert venue (Fig. 1c). In Russia, the same exam-
ple for studying is the carefully preserved ancient Cher-
sonesos and its surroundings (Fig. 1d). Here, in the an-
cient amphitheater, performances based on the plays of
Ancient Greek philosophers are held and are popular.
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_ b) Preparatlon of the concert
stage in ancient Greek theater in
Syracuse

The need to carefully preserve and recreate the an-
cient heritage in the modern world is due to its influ-
ence on the education of entire generations of special-
ists in the field of art and architecture and residents of
cities and settlements. The rapid development of civili-
zation, the appearance of standard design of residential
areas, standard streets, standard houses erase the unique
image of divine beauty in the harmony of architecture,
disturbing the historical urban environment with soul-
less monotonous buildings. The monotony of building
generates typical construction, typical monotonous
thinking, blurring the line between creativity and stand-
ardization. In some cases, a typical building is quite ap-
propriate, but in residential areas an individual ap-
proach to the design of buildings is more appropriate.

In the race for square meters, the image of the na-
tive place is replaced by a new, not too comfortable
standard urban development, and it is the figurative
component that has the most important influence on the
education of love for the native city, streets, houses,
makes a person take care of everything that is con-
nected with the Motherland and many other socially
important concepts. Fig. 2 (a, b) shows the reconstruc-
tion of ancient capitals. The greatness of the image of
Athens is crowned by a sculptural image of the Virgin
Athena, just as the Moscow Kremlin welcomes guests
with golden domes.

Architecture has an impact on the formation of the
personality of not one, but many generations, and the
impact of the architectural image on a person cannot be
overestimated, therefore its spiritual and cultural com-
ponent is so important [2]. Figure 2 (c) shows the road

c) temple complex t grigento
(ancient Greek Akragas)

d) Chersonese (Clty, Penlnsula) was
founded in 422-421 BC by colonists
from Heraclea Pontica

to the Ferapontov Monastery — one of the northern
pearls of Russian Orthodoxy and an example of urban
planning art. An important task in preserving the cul-
ture of our country is the revival of the ancient heritage,
the creation of archaeological parks, museums, and ed-
ucational centers.

The figurative component in the construction of
the city, the temple, housing and all urban structures
had a significant impact on the formation of cities, en-
sembles, public and residential buildings. The unity of
the systems of transport arteries, squares, public pedes-
trian spaces, arcades of palaces and parks, fences of
squares and fountains was subordinated to the harmony
of the relief, natural and climatic conditions and urban
functions. All the elements equally participated in cre-
ating the harmony of intertwining structural elements,
the purity of the quality of materials, the unity of geo-
metric elements and the boundless imaginative under-
standing of the form [3].

The concept of an image in architecture fully ab-
sorbs its artistic and philosophical basis, collecting, as
in a symphony orchestra, each instrument in a single
harmonious sound. Figure 2 (a, b) presents reconstruc-
tions of panoramas of Athens and Moscow, Figure 2 (c,
d) shows photographs of panoramas of Russian cities —
the compositional unity of the temple ensemble is in-
disputable, this is how the recognizable «face» of the
city is formed, which each of us carefully keeps in
memory. This is due not only to the recognition of the
place, so we «read» the history and realize the im-
portance of the city.
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c) Spatial landmarks of the Russian city. Fe-
rapontov Monastery

a) Reconstruction of the Athenian Acropolis by Leo von
Klenze in 1846,

= M At oy - g
b) The heyday of the Kremlin. Vsekhsvyatsky
Bridge and the Kremlin at the end of the 17th cen-
tury, A.M. Vasnetsov.

d) Holy Trinity Sergius Lavra.

Fig. 2,

The urban planning art of ancient architects still
serves as an example in the training of architects, but
its figurative component, which has a clear structure
and certain constructive characteristics, is increasingly
being overlooked in textbooks. For example, the spatial
structure of the ancient Greek acropolis, the sacred cit-
adel, the agora or the forum, or other significant public
spaces of the ancient city repeats the structure of cos-
mogonic myths in the aspect in which mythological im-
ages are ordered in a logical sequence of events. Thus,
the sacred (Panathenaic) road carries the ritual meaning
of the movement connecting two worlds: the earthly
(«city of people») and the heavenly (acropolis), thanks
to which a person gets the opportunity to participate in
hierophany. The movement of the festive procession is

designed for the possibility of contemplating and
«reading» the ensemble of the Acropolis, gradually dis-
covering new images (Fig. 3a). Getting into the space
of the holy city, the participants of the festive proces-
sion found themselves in front of the patroness of the
city — Athena (Fig. 3b).

Russian cities have the same attractive force, inde-
structible and indelible by time. In the central part of
Russia, in the ancient city of Yuriev-Polsky, for almost
a millennium, visitors have been greeted by the calm
grandeur of ancient temples (Fig. 3b). The balance of
proportions, proportionality to a person, festive solem-
nity endow the ancient square of the city with proper-
ties inherent in eternal, indestructible monuments.
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a) the cropolis of Atens,

b) the Mikhailovo-Arkhangelsk Monastery i
Yuriev-Polsky.

Fig. 3

Russian Russian cities are united by the unity of
the compositional solution (Fig. 2). The spatial land-
marks of the entrances to the ancient Greek and Russian
cities are similar in the scale of architectural elements,
the location of the location, the significance of the lo-
cation in space, the divine beauty and a sense of unity
with the surrounding nature, the presence of the most
important spiritual and protective dominants for the en-
tire population at the same time. Thus, the golden ar-
mament of Athena-the virgin-defender (Fig. 3b), tow-
ering over the city, informed everyone approaching
about the greatness, power and strength of the acropo-
lis. Approaching Athens, every traveler saw from afar
the golden helmet of the guardian and patroness of the
city. The colorful picture evoked mythological images
associated with the goddess, while the place of birth,
residence and upbringing of the viewer did not matter,
every resident of Ancient Greece knew all the myths
from childhood.

Each fragment of the architectural space is an ele-
ment of the figurative language of the ancient Greek ar-
chitects, is the embodiment of an understanding of the

a) the Parthenon,

surrounding world, the boundless diversity and the sur-
rounding reality at the same time. Religious buildings -
the most important spaces of the ancient Greek city-
were the collective image and the fundamental center
of the ideal representation of society about the cosmic
harmony of the Olympic Pantheon. Ancient Greek ar-
chitects managed to create an order system that served
as the basis for the creation and development of Euro-
pean architecture for all subsequent millennia. This
constructive system, endowed with a figurative compo-
nent, served as the basis for the further development of
Russian and European architecture.

The constituent elements of the image of an archi-
tectural ensemble are individual structures, details and
structural elements, color ratios, angles of refraction of
light, the quality of materials and many other factors.
The impact of this image on a person is so strong that
after two and a half thousand years, a large number of
people travel great distances to touch the ruins of an-
cient temples. Two thousand years later, ancient Greek
temple complexes serve as attractive sites for the crea-
tion of archaeological parks, museums, the develop-
ment of tourism and cultural traditions (Fig.4 a,b).

sk Ko -1l
b) the Delphic Tholos-the Temple of
Athena Pronaia.

Fig. 4



Norwegian Journal of development of the International Science No 70/2021 7

For us, ancient Greek culture is one of the most
important sources of the richest European civilization —
the basis of writing and grammar, including music, phi-
losophy, art and architecture [6]. Until now, we use
grammar, the foundation of which was laid in ancient
Greece. Musical grammar, the name of notes, the crea-
tion of a sheet music mill and the basics of harmony of
ancient Greek musicians are taught to children in
schools with traditional classical music teaching [7].
Training in drawing and painting begins with the study
of elements of the ancient Greek order and ancient
sculptures. The ancient Greeks-the great rationalists
and dreamers-used the system of calculating the area of
a complex figure by dividing it into smaller ones long
before Descartes formulated and published this system.

Ancient Greek architects had no equal in creating
urban-planning ensembles, they paid great attention to
the opportunity to admire the surrounding nature, cre-
ating view platforms on stairs, in palaces for the oppor-
tunity to admire the surrounding landscape. The ability
to see and hear the beautiful is so necessary for every
person, and this is why the characteristics of Greek and
Russian temple complexes are so similar. The urban
planning art and architecture of ancient Greek archi-
tects is associated WithFR_qssia_n architecture. Russian

a) The Parthenon, the eastern side of the lonian frieze of Cella «the
offering of peplos to Athena». 442-438 BC,
Fig. 5

Ancient Greek temples, similar to each other in
style, in general geometric and structural parameters,
had a unique image, harmony of proportional propor-
tions and the plot of bas-reliefs [5], while the image of
each temple was individual and did not repeat itself.
The genius of the great rationalists and dreamers-an-
cient Greek architects-is read in the simplicity of the
form and complex geometry of each detail, in the play
of light in the interior of the temple, the simplicity of
the capital, the complex configuration of the details of
the order and the direction of movement of the ritual
procession.

The game of light-shadow relations has been skill-
fully created in the architecture of ancient temples, a
perfect example of the skillful use of light effects for
training modern architects. When recreating ancient
temples on the territory of Russia, it would be possible

cities were located on the banks of rivers and lakes —
the main transport arteries available at any time of the
year. The golden domes of Orthodox churches in Rus-
sian cities were landmarks, signs of power and spiritu-
ality, and the bells were a way of communicating about
a holiday or an enemy attack (Fig. 2 c, d).

It is interesting that the diverse architectural space
of the ancient Greeks for thousands of years has an in-
delible, vivid impression on the audience, which is en-
hanced in the ancient world by the movement of a ritual
procession accompanied by music, dance movements,
sports competitions. The events were illuminated by
bright sunlight and the impact of the architectural im-
age was enhanced by the play of light and shadow. The
frieze of the temple repeated the dance movements of
the procession (Fig. 5a), and the flutes of the colon-
nades emphasized the geometry of the image (Fig. 5b).
The strength of the impact of architectural ensembles
and individual elements on the viewer who took part in
the festive procession was enhanced by the color and
movement of the sun's rays. The diversity of ancient
Greek architecture has collected and preserved for cen-
turies an unlimited ideological meaning, which has ab-
sorbed into its language a variety of images and the ver-
satility of the surrounding world.

&

. b it

b) Erechtheion. The grace of the lo-
nian Order. 412-406 BC.

to conduct an internship for architecture students with-
out leaving the country. The creation of illusions of
movement, obstacles and penetration in space was cre-
ated by ancient Greek architects in each colonnade. In
the minds of the audience, when looking at the Parthe-
non, the sense of an obstacle — an external wall-was
lost, and at the same time it existed in the form of a
«transparent», permeable barrier. This is the illusion of
penetration, of knowledge of the «hidden», hidden
world — the house of the deity. The structural support-
the bearing part of the order in the imagination of the
master appeared as a kind of «as it were» open space. It
should be borne in mind that the essence of the archaic
worldview is that the architect does not mythologize,
but on the contrary, deduces a certain image from the
mythological world and materializes it in spatial forms
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— architectural elements. Thus, the deceptively perme-
able outer wall of the Parthenon is an image of the Cos-
mos, which does not give away its knowledge, but al-
lows you to «contemplatey its harmony (Fig. 4a).

Each element of the temple carries a whole world
of mythological images, there is the mystery of the an-
cient East in the form of triglyphs, the grace of the
movements of the goddess can be traced in the flutes of
the lonian order. This mystery is allegorically,
strangely and meaningfully demonstrated on the fa-
cades of temples. The diversity of every detail of the
Greek temple tells the audience about the whole world
of human earthly life, his touch with the earthly world:
metopes — in the form of a story about the exploits of

Hercules (Fig. 6a) or tragic scenes of the struggle of

a) The metopes of the temple of Zeus in
Olympia depict the exploits of Hercules.
Athena helps Hercules to hold the sky
instead of Atlanta

6b).

b) The Metope of the Parthenon tem-
ple. The battle of Lapiths with cen-
taurs. Metope of the Parthenon

Lapiths with centaurs (Fig. 6b). The image of the hero,
punished for resisting the Olympian gods, is found in
the temple of Zeus in Akraganta. Here, in contrast to
the traditions, the colonnade is replaced by a wall with
half-columns, and the defeated Atlanteans hold the sky-
pediment on their shoulders. IHluminated by the bright
sun, the columns, merging with the surrounding space,
dissolve into the blue of the sky and it seems as if their
slender row is limitless. Here the open space of the col-
onnade is replaced by a blank wall, and the history of
the city colorfully tells the events accompanying the
construction of the complex and through the millennia
the ancient defeated Atlanteans look at the visitors of
the museum, silently telling about their exploits (Fig.

c) The defeated Atlantean
supports the sky-frieze in
the temple of Zeus in
Akraganta.

Fig. 6,

No less beautiful are the images of the facades of St. George's Cathedral in Yuriev-Polsky, created by archi-

g.7)

tects in the XII century.(Fi

- £

Fig. 7. F'ragments of stone carvings of the St.

An excellent example of comparing the changing
images of an ancient deity is the image of the ancient
ancestral goddess on the pediment of the temple of Ar-
temis in Corfu (Fig. 8 a) and a later example of female

L fhn L r=x h‘.‘_' e .'; .. -
George Monastery in Yurbev-Polsky. XII century.

NG W BT e RN

=

beauty-the beautiful Venus of Milo (Fig.8 b). The im-
age of the intercessor of the Russian land - The Vladi-
mir Icon of the Mother of God is the oldest and most
revered in Russia (Fig. 8 c).



Norwegian Journal of development of the International Science No 70/2021 9

a) The pediment of the Temple of Artemis in Corfu,

c) the Vadimir icon of the
Mother of God.

b) the Venus of Milo,

Fig. 8.

The preservation of history has a key role in the
knowledge of the future, and understanding the image
of the past millennia allows you to look into the very
depths of the meaning of the past. Architecture is the
most vivid material embodiment of the worldview of
long-vanished generations that has been preserved for
centuries. Reading the history of ancient Greek archi-
tecture and culture in general, we understand the depths
of Europe's cultural traditions, its aspirations and
dreams. The study of architectural images and possible
reading options leads to an understanding of the archi-
tectural space, each element of the architectural lan-
guage, the development and understanding of sur-
rounding events.

Of course, the attempt to reconstruct the process
of ancient Greek shaping is more than conditional, but
such comparisons of architectural elements of the two
cultures lead to the idea that the shaping and under-
standing of space are similar in many ways between the
two peoples. This suggests the need for careful preser-
vation and recreation of ancient monuments, the crea-
tion of museums for the preservation and teaching of
classical art. The consistent creation of museums, the
reconstruction of the most preserved interesting monu-
ments of ancient Greek culture will affect the develop-
ment of cultural and educational tourism, the construc-
tion of hotels, museums, the development of agricul-
tural land and other related structures, the creation of
handicrafts, art festivals, concerts.

On the territory of Russia, almost all ancient Greek
policies were destroyed in different time periods. But
the receiver of ancient culture was the centers of Ortho-
doxy-Chersonesos, where in the IX century the Grand
Duke of Kiev Vladimir was baptized, the heyday of the
principality of Feodoro in the southern part of the Cri-
mean Peninsula. It should be remembered that many
ancient cities destroyed by conquerors or natural disas-
ters will not be revived, but they retain all the archaeo-
logical information about the layout in various periods
of their development in its original form.

The cultural, educational and spiritual components
of the architectural image of ancient cities are important
in the formation of the foundations and traditions of
modernity. Tauric Chersonese, Bosporan Kingdom,
Scythian Naples, Tanais, Panticopaeum, Kerkinida,

Shermonassa, Phanagoria preserve the ancient culture.
Museums are being created on the territory of these cit-
ies, it is also necessary to create archaeological parks in
all ancient settlements, create cultural and educational
centers with libraries and museums. This will have a
significant impact on the development of cultural and
educational tourism, education and cultural develop-
ment.

In the planning structure of the modern city, cen-
turies, centuries, changes in culture and religion were
intertwined in a single urban planning ensemble, but
what is commonly called «The Spirit and image of the
city» was not destroyed by time, but was only supple-
mented, transformed, giving birth to new images, link-
ing them into a single multicolored carpet. What the
city of the future will be like, what new incomprehen-
sible images will arise in hundreds of years, we can
only guess. | would like to preserve the grandeur of the
ancient image that protects the spirit of the city, its tra-
ditions and foundations, which has its own complex
structure and unusual fate.
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Abstract
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With the aid of mathematical model of global biogeochemical carbon cycle with a spatial structure and sea-
sonal dynamics atmospheric C02 domains investigated. It is shown that domains which are the regions of low
carbon dioxide concentration in the atmosphere arise as a result of the high photosynthetic activity of terrestrial
vegetation in the interaction with the circulating atmosphere. Domains are gradually occupy a several spatial zones
of low CO; concentration from one edge of the Earth's map to the other.

Keywords: Modeling of the biosphere, biogeochemical cycles of carbon, net primary production, atmos-
pheric transport, CO, concentration, CO, domains, tube of trajectories, contour lines.

Nowadays numerous measurements the biosphere
parameters are being carried out in the world, as well
as mathematical modeling of the global carbon cycle.
However, much in understanding the properties bio-
sphere remains unclear by this time and one of that is
the integral functioning of the carbon cycle. The use of
new measurements results and modeling of the carbon
cycle allows us to obtain and test hypotheses about the
functioning of the biosphere within a single spatial
model and consider the biosphere as if it were the bio-
sphere itself. This allows us to develop and test hypoth-
eses about the dynamic properties of the biosphere, as
well as to put forward new ones and immediately test
them. Only on global models can we perform computa-
tional experiments with the biosphere that allow us to

understand its holistic properties, provided that global
experiments with the entire biosphere are impossible in
reality.

Usually, when analyzing the seasonal dynamics of
the atmosphere, the dynamics of CO, concentration is
analyzed by latitude, and then the results are compared
at different latitudes (Fig. 1). The subsequent work con-
sists in determining the distribution of CO2 maxima and
minima at each latitude and determining how far the
CO; minimum is far from the photosynthesis maximum
at the same latitude. This approach does not provide a
holistic understanding of the spatial dynamics of CO;
in the atmosphere.

ppm

CO, mole fraction

ol RN e
A
Bl

360 bt
350 k- i

340

80N
60N

40N
20N
EQ
208

408

60S

B7Q |ernnmremereeeen : Wy ‘.‘ 3

80S
Latitude

1983 1985 198

7 1989 1991 1093 1995 199

7 1999 2001 2003 2005 2007

Year e oo S e s ]
330340 360 380 400 ppm

Fig. 1. The 3D picture shows results of measurement of CO, dynamics in the atmosphere. We can see seasonal
fluctuations of CO, every year and the change in the amplitude of fluctuations during the year at any latitude
and also for several years (1983-2007) at each longitude.
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In this article, with the help of mathematical mod-
eling of the biosphere the author presents the results of
a spatial study of the dynamics of CO; in the entire at-
mosphere. The results obtained by such modeling on a
global spatial biogeochemical model of carbon dioxide
with seasonal dynamics. The author perhaps was the
first to identify and study six regions of low carbon di-
oxide content in the atmosphere and called then do-
mains. This study is devoted to the investigation of the
formation and movement of CO, domains in the atmos-
phere as part of the biosphere processes.

The research tool is a spatial mathematical model
of the global biogeochemical carbon cycle developed
jointly with V. V. Usatyuk [6, 7]. Biotic and physico-
chemical processes of carbon transport in terrestrial
ecosystems, in the ocean and in the atmosphere are
modeled. The model has a spatial resolution with a size
of4°x5° on geographical grid, the time resolution is one
day. Each land cell is considered to belong to one of the
30 types of ecosystems in accordance with the classifi-
cation [1]. The General Circulation Model (GCM) in
the atmosphere and ocean is used as a source of climate
data [12].

This model is a variant of a more complicated bi-
ogeochemical model of the global CO2 cycle, which
has also a more detailed resolution of 0.5°x0.5° and is
used to study the stability of the biosphere and to ana-
lyze global warming processes [3, 4, 5].

The equations describing the dynamics of carbon
in the vegetation cover take into account the following
phase variables: the amount of carbon in the biomass of
leaves, the biomass of trunks and the biomass of roots.
The amount of carbon in the assimilates and the amount
of water in the upper meter layer of the soil are also
taken into account. The specific intensity of photosyn-
thesis is calculated using the Gaastra equation. Respi-
ration of plant organs and soil also is taken into account.
Vegetation evapotranspiration is calculated using the
Paynman-Monteith formula, which takes into account
the energy balance of the moisture evaporation process.

In addition of GCM model special atmosphere
block for calculating the transport of CO; in the atmos-
phere has been developed. For this purpose, the con-
vective-diffusion displacement of a small impurity of a
passive gas in a given spherical velocity field was math-
ematically solved. The mathematical problem of con-
vective-diffusion transfer of a small impurity of a pas-
sive gas in a given spherical velocity field is solved.
Having its own transport unit allows the author to
model the seasonal dynamics of CO, concentration for

each climate scenario, without performing a laborious
calculation of all climatic parameters using a complete
climate model.

The "atmosphere-ocean” block [2] is designed to
calculate the parameters of the carbon cycle in the
ocean, as well as to determine the carbon fluxes at the
interface between the atmosphere and the ocean.

The model is validated using measurements of cli-
matic and biotic parameters, data on the concentration
of CO; in the atmosphere at monitoring stations [1, 8,
11]. A check of the coincidence with the data of the
spatial model was also carried out [5].

Computational experiments with satisfactory ac-
curacy confirmed the course of the production process
in land vegetation, in the decomposition of soil organic
matter in most cells and allowed to obtain calculations
of changes in the concentration and transport of CO;
during the year for all selected cells, as well as for lati-
tudinal zones. Calculations have shown that the theo-
retical curves and measurement data are close both in
amplitude and phase, i.e. this model satisfactorily re-
produces the overall dynamics of CO; in the atmos-
phere.

The computer simulation confirmed the hypothe-
sis that the main causes of seasonal CO; fluctuations
are the photosynthetic activity of highly productive ter-
restrial vegetation, which releases a large amount of
CO, from the atmosphere, and also “pulls” CO; from
regions with lower photosynthesis values thousands of
kilometers away.

In the model, the transfer of air masses along the
latitude is much faster than in the meridional direction.
Accordingly, the alignment of the CO, concentration
along the latitude also occurs much faster. For this rea-
son, it is generally accepted in many studies that the
composition of the atmosphere changes only in the me-
ridional direction, but is the same throughout the lati-
tude.

With the help of modeling, the author found stable
structures in the atmosphere consisting of CO; with a
reduced CO- content, which regularly occur in the at-
mosphere throughout the year. These structures are
called domains. They occur in the atmosphere in differ-
ent places at different times of the year, they contain
local CO2 minima, and as they develop, they move and
increase in size [6, 7]. 6 domains have been identified
that occur in the following regions: 1) Europe and Si-
beria, 2) North America, 3) Amazonia, 4) Central Af-
rica, 5) Indochina and 6) Australia and Indonesia (Fig.
2).
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Fig. 2 Location of domains on a map of the Earth. 1 - Europe and Siberia,
2 - North America, 3 - Amazonia, 4- Central Africa, 5 - Indochina, 6 - Australia and Indonesia.

Domains appear as regions of an abnormal de-
crease of CO. concentration against the background of
its general dynamics, which have existed ordinary for a
several months.

The phenomenon of domains was investigated us-
ing simulating experiments on the model which is de-
scribed here. It was found that the main cause of the
emergence of domains are production processes in
highly productive ecosystems of terrestrial biota.

The atmospheric circulation has a significant ef-
fect on the characteristics of domains and their dynam-
ics, due to which the domains are usually shifted to-
wards the leeward border of the regions. Thus, they turn
out to be “tied” to regions occupied by highly produc-
tive ecosystems, but do not occupy a strictly defined
position above the surface of the Earth. Their position
and shape is determined by the movement of air masses
in the considered land region and depends on the inten-

sity of carbon absorption by vegetation. Due to varia-
tions in climatic parameters, each year the vegetation
season passes with different characteristics, therefore
the shape of domains varies slightly in different years.

As already mentioned, usually when analyzing
seasonal dynamics, the atmospheric CO concentration
is averaged over latitude, and these curves are com-
pared at different latitudes. In this paper, the author
conducts a more complex analysis — there is a study the
spatial movements of domains at the background of
seasonal fluctuations in atmospheric CO,. One of the
areas of research was the analysis of the spatial dynam-
ics of processes in latitudes. To do this, there were con-
structed graphs representing the tubes of trajectories of
atmospheric CO; located at the same latitude during the
year in each of 12 months for all longitudes (5 degrees
of geographical coordinates). Thus, tubes of trajectories
were constructed for latitudes N 60°, N 50°, N 30°,
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Fig. 3. Tubes of the trajectories of atmospheric CO concentration during the year at latitudes N 60°, N 50°,
N 30° N 18° S 10° S 30°. Each tube of the trajectories gives 72 curves of CO, concentration of all longitudes
(along 5 degrees) at given latitude. The vertical axis show atmospheric CO, concentration in particles per mil-

lion (ppm). The horizontal axis shows month numbers.
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For all latitudes of the Northern Hemisphere from
N 60° to S 10°, minimum of concentration are observed
in September-October (for latitude S 10°, individual
minima of the tube of trajectories reach November).
Only at latitude S 30° do the values of the curves come
in December-January to a state close to stationary.

The origin of these minima is explained by the fact
that highly productive forest ecosystems of the North-
ern Hemisphere, located in the latitudinal range from
N 40° to N 60°, absorb CO; from the atmosphere in
summer. The discrepancy between the time of the min-
imum of CO; and the maximum of productivity by a
month and a half is determined by the nature of the dy-
namic process in which the absorption of CO; from the
atmosphere has a maximum, but it shifts from the
movement of air masses.

It should be noted that the far the south of the
zones of the production process, the later the minimum
is reached in the months indicated. The explanation of
the results is that the zones of the active production pro-
cess “attract” CO, from neighboring atmospheric re-
gions, and the effect of attraction extends to the north
and south, spreading to the southern hemisphere.

It should be noted that ecosystems lying in the
zone of boreal and subboreal forests of the Northern
Hemisphere are of decisive importance for the occur-
rence of CO, minimum. Ecosystems of the tropical
zone, having higher productivity, exhibit weak seasonal
variability, which does not allow influencing the for-
mation of the time of onset of minima.

These highly productive zones are also present in
the Southern Hemisphere, but they have much smaller
sizes and power. The tubes of the trajectories S 10°,
S 30° show unique complicated behavior At latitudes
S 10° — 30° there is a double process. One process is the
aforementioned “pulling” of CO2 by ecosystems of the
Northern Hemisphere with a minimum of CO; in Sep-

CO; by “their” ecosystems with a minimum in March
— April. This can be seen from the CO, minimums on
the tubes of trajectories S 10°, S 30°, reached in March
— April, which also obviously lag is two months behind
the maximum productivity in this hemisphere.

The reason for the large difference in the spread of
CO; values at the times of the minimum in the indicated
months is unclear — at the latitude S 10° the “thickness”
of the trajectory tube is much larger than at S 30° vary
greatly at different longitudes. This case requires fur-
ther, more careful research in modeling.

How are these results related to the previously
identified six spatial domains? We can say that the do-
mains are located inside the tubes of the trajectories of
concentration of the course of atmospheric CO2concen-
tration during the year at latitudes. Indeed, each tube of
trajectories means, as it were, an instant cut of 72 lon-
gitudes in each of the 12 months of the year. This pro-
cedure is not able to take into account domains that are
spatial formations in the atmosphere. The consideration
of the trajectories brings us closer to the assumption of
instantaneous latitudinal mixing, accepted by the world
when analyzing atmospheric CO, monitoring data, but
still does not reach this point.

Next, “surfaces” that form CO- concentration val-
ues were examined. A series of computational experi-
ments were performed with the condition that vegeta-
tion is occupying only one of several continents. For
this purpose, the division of the land surface into four
regions by geographical type is used: 1) Eurasia, 2)
North America, 3) South America, 4) Africa. The out-
lines and boundaries of all areas are shown in Fig. 4.
For each region the modeling was carried out until a
periodic stationary regime was established, provided
that the amount of carbon in all the system was con-
stant. For each day, maps with isolines of atmospheric
CO2 concentration and formed CO2 surfaces were con-
structed using the Surfer program.

tember — October, and the other is the absorption of

Airica

=

Fig. 4. Map of selected areas for partitioning the territory for modeling

We begin the study by analyzing processes in Eur-
asia. Vegetation season here begins in April — May.
Usually, the first few days are accompanied by a uplift
of CO; into the atmosphere. This is due to the fact that
the respiration of the soil, trunks and tree branches ex-
ceeds photosynthesis that occurs in the newly emerged
leaves. Several days after and for the entire growing
season, the CO, uplift becomes directed from the at-
mosphere to the biota of the selected area. The follow-
ing are maps with isolines and surface concentrations

of atmospheric CO; calculated using the model, calcu-
lated on the 180th, 200th and 260th days.

In fig. 5 (day 180), we see a noticeable decrease in
CO; lying in the range 0° — 180° E and a slight decrease
in the northern part of the Western Hemisphere are also
visible. This is due to the emergence of a domain (local
minimum) upon absorption of CO, by biota. The do-
main immediately begins to expand due to an increase
in the intensity of the production process and turbulent
diffusion of carbon dioxide in the atmosphere and is
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carried away by the winds mainly to the east and par-
tially to the south. With the development of the growing
season, the domain continues to grow in size, while the
resulting "funnel” from CO2 becomes deeper, its width
increases in the latitudinal and longitude directions.
The latitudinal direction is much larger, because the

zone occupied by photosynthesis, increasing in all di-
rections, especially grows towards the east. The main
transfer of CO, to the east comes from the fact that in
the atmosphere due to the rotation of the Earth there is
a shift of air masses to the east.

920 e
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-180-150-120 90 60 -30 0 30 60 90 120 150 180 350

Fig. 5. Eurasia, day 180. Map and surface of CO2 concentration. A dip lying at 0-/80° E and a slight decline in
the northern part of the Western Hemisphere are visible. CO; concentration decreases markedly from the North
Pole to the South Pole.

The zone of lowered CO, gradually reaches the
Western Hemisphere, and on the map by the 200th day
(fig. 6) a decrease in CO; occurs in its left part. Two
minimums are visually obtained — one reaches the bor-
der of the Eastern hemisphere (on the right of the map),
the other moves from the left border of the Western
hemisphere and goes to east (to the right). Then, as the
size grows and shift eastward to 260 days, then two sec-
tions gradually merge into one wide zone (Fig. 7),

reaching the North Pole in latitude to the north, and 25-
30° N in the south. Gradually, a large wide and deep
band of reduced CO; is obtained, while the decrease in
the surface of CO; reaches 25° S and there is also an
increase in CO, concentration in the circumpolar part
of the Southern Hemisphere, due to the fact that the
amount of CO in the simulated system does not
change, and excess CO: is transferred to the South.
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Fig. 6. Eurasia, day 200. Map and surface of CO. concentration. A dip lying at 0° — 180° East. and a noticeable
decrease in CO; in the northern part of the Western Hemisphere are visible. CO; concentrations in the northern
and southern parts of the Earth are approximately equal.

Fig. 7. Eurasia, day 260. Map and surface of CO; concentration. Two CO2 minima are visible at the edges of the

Eastern and Western hemispheres. Both minima are in a wide zone of low CO- concentration formed by vegeta-

tion of biota. The CO; concentration is rapidly growing from a wide zone of lower values at the North Pole to the
South Pole.
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The indicated circumstances are visible in fig. 8,
which shows the difference in concentrations between
140 and 240 days of the year. On the map of contours
and the surface of CO, formed by the difference in CO;
concentrations, a minimum is seen that lies in the east-
ern part of the Northern Hemisphere, with a decrease in
the CO; difference of -10 ppm. In the western part of
the map and the surface, a section of lowering CO; is

visible coming from the Eastern Hemisphere. The dif-
ference in CO, concentrations from the northern part of
the Earth increases markedly to the southern part. The
zone of negative difference lies from the North Pole to
25° S. Note that in the system under study, the differ-
ence in CO; concentrations does not reach negative val-
ues due to the fact that, as was mentioned, the amount
of CO; in the biosphere is constant and all variables
cannot become negative.
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Fig. 8. Eurasia. Map and surface of CO, concentration formed by the difference in CO, concentrations in days
140 and 240 are presented. One can see a minimum of CO; lying in the eastern part of the Northern Hemi-
sphere, with a (-10) ppm of CO; concentration. In the western part of the map and the surface, a section lower-
ing of CO, is visible coming from the Eastern Hemisphere. The difference in CO; concentrations from the north-
ern part of the Earth increases noticeably to the southern part. The zone of negative difference occupies the
space from the North Pole to 25°S

Fig. 9-10 shows maps of the "North America" sce-
nario with isolines and surface of atmospheric CO- con-
centrations on the 200th, 240th, and 260th days. In gen-
eral, we obtained qualitatively similar results with the
"Eurasia" scenario. The difference is that the source of
the production process is located to the west, while the
territories occupied by vegetation is less space in longi-
tude, and in latitude is closer to the south. Fig. 9 shows

a similar to fig. 5 noticeable decrease in the concentra-
tion of CO; in the area by the 200th day of the year.
Then, over time, the zone of reduced CO, gradually
reaches the edge of the Eastern Hemisphere and the
border of the Western hemisphere. At the same time,
two minima do not appear on the map, there is no place
for this on the territory of America.
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Fig. 9. The scenario “North America” Day 200. Map and surface of CO-

The influence of the domain is such that the con-  deep band of reduced CO2 is obtained. In this case, just
centration of CO; is reduced towards the North Pole.  as in "Eurasia"”, the absorption of CO; in the domain
The area with a minimum of CO, gradually turns into  leads to the fact that the direction of the north — south
one wide zone (Fig. 10-11), reaching the latitude to the  shift of the CO, concentration significantly decreases
north — the North Pole. Gradually, a large wide and  towards the North Pole.

20 \ R R R O S T S T

60
30
0-
=30

-60-

-90+—— T T T T — T T T T
-180-150-120 -90 -60 -30 0 30 60 90 120 150 180

.’;‘°

90 ;
Fig. 10. The scenario "North America" Day 240. Map and surface of CO»
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Fig. 11. Scenario "North America" Day 260. Map and surface of CO;

In Fig. 12-13, the results of the “South America”
scenario calculations with contours and surface of at-
mospheric CO, concentration on the 160th and 50th
days are given. Fig. 12 shows noticeable decrease in
CO; concentration in the zone of equatorial tropical for-
ests, from which territories of low CO, concentration

go west and east to borders of the map. Another case is
shown in Fig.13: the zone of reduced CO,, still occupy-
ing tropical forests, gradually decreases towards the
producing vegetation of the Southern Hemisphere,
while there is also a sharp decline of CO; in zone W
50° longitude to the South Pole.
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Fig.13. Scenario "South America". Day 50. Map and surface of CO;



Norwegian Journal of development of the International Science No 70/2021 20

Fig. 14 shows the calculation map of the "Africa"
scenario with isolines and surface of atmospheric CO;
concentration on day 320. Fig. 14 shows the influence
of the equatorial tropical vegetation of Africa. A strong
decrease in the CO, concentration in the tropical vege-
tation zone is visible, and a wide band of reduced CO;
concentration is visible, extending to the North Pole

map. In this scenario, the same effects that have already
been played are reproduced. The vegetation south of the
tropical zone is particularly affected. At the same time,
the minimum of CO; in the Northern part of Africa is
accompanied by a gradually decreasing concentration
of CO; in the Southern Hemisphere. There is a stronger
change in the direction of the CO, concentration of vec-

and reaching the eastern and western borders of the
90 —— : :

tor "Northern — Southern" hemisphere.
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Fig.15. Scenario "Africa". Day 50. Map and surface of CO,

Fig. 16 shows isolines of the CO, of the "Africa"
scenario at map of difference between 320 and 140
days. It can be seen that almost the entire land area be-
tween the poles has a reduced concentration. An excep-
tion is an uneven strip with a protrusion near the equa-
tor and a small area at the South Pole. Note that this

figure demonstrates not only a change in the direction
of the vector of the shift of the CO, concentration
"north — south”, but manifests moments when its direc-
tion goes from the equatorial part to both poles of the
planet.
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Fig. 16. The scenario "Africa”. Isolines of the difference of the CO concentrations between 320 and 140 days

Thus, for the first time it was shown that each of
the considered continents leads to the formation of sig-
nificant territories involved in the process of CO;
transport in the atmosphere, exceeding half the planet’s
surface. Domains formed over the continents gradually
occupy a wide latitudinal band of low CO; concentra-
tion from one edge of the Earth's map to the other. This
strip can occupy almost the entire hemisphere from one
continent and enter to another. At this case, during the
year, the direction of CO; reduction can be changed - it
can be mainly directed to the Northern Hemisphere
from the Southern Hemisphere, and visa versa. It is also
possible that the decrease in concentration occurs from
the equatorial region with a simultaneous decrease to
the North Pole and to the South Pole.

From the simulation experiments, it became clear
that the power of the processes of air mass movement
associated with the photosynthetic activity of terrestrial
vegetation is higher than when forming the interaction
of two neighboring continents, based on the values rec-
orded at monitoring stations. The curves of the dynam-
ics of CO; in the atmosphere are formed not only by
two neighboring continents, but by almost all the con-
tinents of the Earth. The results of the calculations
showed that the formation of the values of the CO, min-
ima strongly depends not only on the vegetation of the
nearest continents, but on several at once.

The usual practice, when firstly the climate and the
distribution of CO- in the atmosphere are calculated,
and then the calculations of the vegetation production
process are performing with a constant or slightly

changing atmospheric CO; concentration, may be in-
sufficient in some real situations. In particular, with se-
vere violations of the production process in local or
large regions on the land are. Examples can be cases of
strong warming of the atmosphere during global warm-
ing or calculations of the consequences under some sce-
narios of a limited Nuclear Winter.

It is known that during the vegetation process, air
masses bypass the Earth several times along the lati-
tude. This means that the simulated CO; flow curves
are the result of a complex geophysical process of CO»
dynamics in atmosphere. However, what is the relation-
ship between the properties of the domain dynamics
identified here and the fact of multiple “round-the-
world travel" of air masses during the year remains to
be determined.

The author has a pleasure to expresses gratitude to
Vladimir Usatyuk who helped author to carrying out
computer calculations for this article.
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Nakhchivan Autonomous Republic for the preservation of the ecological situation, its possible stabilization,
long-term reclamation plans, based on the materials of the soil zones, the method of assessing the soil cover and

assessing the landscape complex

The problem of rational use and protection of each hectare of land requires knowledge of all the features of
small and large units of landscape complexes. Great importance is also attached to the complex soil, in other words,
ecological characteristics of the territory. This line of research is of great theoretical importance.

In our studies, special attention was paid to the compilation of correlations between the productivity of natural

plants and the assessment of soil complexes.
AHHOTaNMS

HaxusiBaHckas ABToHOMHas PecriyOnmkn [u1st cOXpaHeHHs 9KOJIOTHIECKOH 00CTaHOBKH, €€ BO3MOKHOM cTa-
OMM3anyM, MEePCIEeKTUBHBIX IUTAHOB MEIHOpAalNH, UMes 110 MaTepHallbl IOYBEHHOM 30HAM METOJMKa OOHHTH-
POBKH ITOYBEHHOT'O ITIOKPOBA M OLIEHUTH JaHANIA( THBIH KOMILIEKC.

[TpoGnema panMoOHANBEHOTO MCIOJIB30BAHUS M OXPaHBI KaXIOT0 T'eKTapa 3eMJIM TpeOyeT 3HaHHs BCEX 0CO-
OeHHOCTEl MEeNKHX U KPYIHBIX €AMHUIL JaHAIA(THBIX KOMIUIEKCOB. bolbiioe 3HaueHNne TakKe NpUIaeTcsl KOM-
IJIEKCHOW ITOYBEHHOM, MHBIMH CJIOBAMU 3KOJIOTHYECKOM XapaKTEpUCTHKE TEPPUTOPUM. TaKoro HampaBjeHUs UC-
CJICZIOBAHUS UMEET OUCHD OO0JIBIIOE TEOPETUUECKOE 3HAUCHHE.

B npoBeieHHBIX HAMU UCCIIEIOBAaHUIX 0C000€ BHUMAaHHE YAETSUIOCH COCTABICHHS KOPPEISITUBHBIX OTHOIIIE-
HUHI MEXIY YPOKallHOCTH €CTECTBEHHBIX PACTEHUI U OLICHKU IIOYBEHHBIX KOMIIEKCOB.

Keywords: appraisal, land cadaster, irrigated, agromelioration, heavy loamy
KiroueBbie ciioBa: 6OHI/ITI/Ip0BKa, 3eMEeJIbHBIN KagacTp, OpOIHaGMLIﬁ, arpomesinopanud, TAKEJI0CYTJIMHA-

CTBIHN
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Marepuaj 4 MeTOIMKA

Hccnenoarenbckass pabora TpoBeieHa  Ha
550275 ra 3eMenbHO# muomaau ABTOHOMHOU Pecity0-
yukH. ONEHKH MOYBEHHBIX KOMIUIEKCOB — 3TO CpaB-
HUTETbHAS KaUeCTBCHHAS XapaKTEPHUCTHKA MOYB, KOP-
penupyromas ¢ MpoAyKTUBHOCTHIO €CTECTBEHHBIX pac-
TeHnH. McciiemoBaHUSIMU IO OIIEHKM ITOYBEHHBIX
KOMIUIEKCOB 3aHUMAalMCh BoioOyeB B coaBTOpPCTBE.
(1967, 1973), Mamenos (1968), Kpynenukos B coas-
top. (1971), Mamenos (1979, 2002, 2005), Mamenos,
Tamxues (2010), Mamenosa (2002), I'amxues (2010,
2015, 2020).

IIpu ouieHKE MOYBEHHBIX KOMIUIEKCOB CEJIBCKOXO-
3STUCTBEHHBIX, JIECHBIX M KOPMOBBIX YTrOJMH HAMH HC-
nmonbp3oBaHel (Metoandyeckne yka3aHHS 10 OOHHTH-
POBKE II0YB KOPMOBBIX Yrommi A3zepOaimkaHCKON
CCP, 1978, Meroauueckue yka3zaHHs 110 OOHUTHPOBKE
MOYB B IIETAX 3eMENBHOTO KamacTpa AsepOaiimkaH-
ckoit CCP, 1979, Meromudeckoe PyKOBOJCTBA IIO
OIICHKE IUIOAOPOAMS IOYB JIECHBIX yroamid AzepoOaii-
mxanckoir CCP, 1980) [4].

OOBekToM HccietoBaHui ciryxunu Cepo3eMHbIe,
CepozeMsbl aJUTIOBHANIBHEIE, JIyroBO-CEpO3eMHBIE OPO-
mraemele, Cepo3eMHO—JIYyTOBBIE OpOLIaeMble IOYBHI,
KopuruHeBble (KallITaHOBBIE) MOYBBI U NOA KYJIbTYp-
HBIMHU pacTeHHsIMHU. HaumHas c ampens mecdna U 110
KOHIIa OKTSI0pst coOpaHo 0koJI0 150 moYyBeHHBIX 00pas3-
110B. [TouBeHHBIEC 00pa3IBI OBLIO B3SITO OTIEIBHO OT U3
cioeB 5-10 cm 1 10-20 cm rmy6uHbI TouyB. Boitmokoo0-
Pa3HBIX BOJOPOCIEBHI KOMOYKH OTICIEHO COOpPaHOo OT
MOBEPXHOCTHU MOYB U MOJ BhICIIKE pacTeHus [6, 9, 11,
15].

A Takxe 3TO 103BOJIIET O0JIee TOYHO OIPECTUTh
MIPUTOAHBIE MECTA BRIPALUBAHUS TO WU IPYTO Celb-
CKOXO3SIICTBEHHO! KYJIbTYphl U IIPOBECTU arpOMEIINO-
paTHBHBIE MEPONPUATHS, HAIIPABICHHBIE HA YIIydllle-
HHE HU3KOKAa4eCTBECHHBIX IOYB.

Pe3yabTaThl Hccae10BaHUM

Cepo3eMHble NOYBbI. B paBHUHHOI YacTH aBTO-
HOMHOW PecIyOJIMKH CepO3eMHBIC MOYBBI 3aHUMAIOT
oOmmmpHBIe TmpocTpaHcTBa. [ 1e pacmpocTpaHeHBI STH
MOYBBI, TAM U XapaKTepeH Haubolee CyXoH, JKapKuid 1
KOHTHHEHTAJIbHOU KymMar [1, 3, 5, 10].

Copepxanne rymyca He3HaduTelbHO. Cepo3eM-
HOE TI0YBBI 00pa3ysch MOJIBIHHO-3(hepeMOBOH HOITyIy-
CTBIHHOHM PacTUTEIHHOCTHIO Ha O0Jiee OTHOPOTHBIX CY-
TTIUHUCTBIX OTJIOXKEHUSIX, NPOTSATHUBAIOTCA U B IICH-
TPaJIbHYIO YaCTh PABHUHBL.

Bce ykazanHble pHU3HAKU OTHOCSTCS K OOBIKHO-
BEHHBIM cepo3eMaM nodyBaM. CTPYKTypa MOYBEI KOM-
KOBaTasl, KpYITHOKOMKOBaTas. I paHynomerpuyeckuii
COCTaB TJIBIONCTHIN, Ha TiryouHe 70-100 cM moyBa cTa-
HOBUTCsl OeccTpykTypHOH. KopHE ectecTBeHHOMH pac-
TUTENBHOCTH noxomut no rnyomnsr 100-125 cm. Ot
MOYBBI OEHBI TYMYCOM, €0 KOJHYECTBO AOXOIUT IO
1,9%. BHU3 1o mpo¢miIio KOJIHMYecTBa TyMyca yMeHb-
maercs. Bamosoii azot ouens majoro-uo 0,1%. Coort-
nomenne C/N-6,9-8,3. I'paHysoMeTpru4ecKuii COCTaB
9THUX IIOYB JIETKO U CPEAHECYTIMHUCTHIN. Du3nueckoi
rmHa cocrasisier 20-45%, a unuctast ppakius-9,26.
CyMMa IOTJIONIEHHBIX OCHOBaHMH cocrasisier 14-23
Mr.2kB Ha 100 T mouBEIL.

Cepo3embl ajIlOBHAJIBHBIE. OTHU TIOYBBI pac-
npoctpanensl B Illapypckoil paBHuHE, BIONb p. Ap-
navaii 1 0OJBIIMX KaHAJoB, pa3BUTH B c. Herpam ba-
6exckoro paitora. OCHOBHBIMHU PHU3HAKAMH YTHX IIOYB
SIBISIFOTCSL TIECTPOTA TPaHYJIOMETPHUYECKOTO COCTaBa
OTACNBHBIX CIIOEB M Cepasl OKpacka B BEPXHEM IIpoO-
¢mre. Hike 50-60 cM okpacka CTaHOBHTCSI cepo-0y-
poil.

Conepxanue rymyca B 3tux nousax 0,3-1,1%; Ba-
noBoi a3o0T 10 0,06%. dusnyeckas IJIMHA COCTABIIIET
21,4-29.9, a wnucras ppaknus 6-12%.

JIyroso-cepo3eMHbIe OpomiaeMbie MOYBBI. JTH
MIOYBBI PACIIPOCTPAHEHBI B YCIOBUSIX BEICOKOTO YBIIaX-
HeHus. OKpacka BepXHEro ropu3oHTa OypoBaro-cepas,
a HIKE TEMHEe, CTPYKTYpa Mo4BHI 10 60 cM KOMKOBa-
tast. Clo)xeHre MIOTHOBATOE M IUIOTHOE.

OTH TO4YBHI OOTaThl TOJXYTOPHBIMH OKHCIAMH.
AL203 cocrasmror 16,0-18,9%. I'panynomerpuue-
CKOH cOCTaBy CpeqHE U TsDKenocyrnmuHucThie. Cymma
¢usmuecknit rmmHbl 25-31 %, u winctas gpakous 8-
9%. JIyroBo-cepo3eMHbIe OpolIaeMble TOYBHI HE 3aCO-
sieHbl. OHM HAaCBIIIEHBI NOTJIONEHHBIMY OCHOBAHUSAMH,
CyMMa KOTOpHBIX paBHa 25,4 mr.aks [1, 3, 5, 10].

Cepo3eMHO—JIyroOBbIe OopoumaemMblie MOYBbI. [0
MOpP(OIOTHYECKUM TPU3HAKAM JTH MOYBBI OJIM3KU K
TUIMYHBIM JIYyTOBBIM. B pacTuTeNnbHBIH MOKPOB 3/1€CHh
Ba)XHYIO POJIb MI'PAcT JIyroBas TPaBsHUCTAs TPYIIIH-
poBka. B 3THx mouBax coxmepxkaHme rymyca 1,7-2%,
Mectamu 10 2,5%. I1o TibIONCTHIH, a HIDKE CTPYKTypa
ciabeet. [lo rpaHyoMeTpHYECcCKOMY COCTaBY OHH TH-
KEJTOCYTTMHUCTBIC U TIIMHUCTBIC. DU3NIECKUH TIINHBI
conepxutcst 60-70%. DTu mouBbl He 3aconeHbl. OHU
HanboJiee HACBIIEHBI TOTJIOIEHHBIMU OCHOBAHHUSIMH.
Bennuuna emxoctu nornomeHus 30-33 Mr.oks.

KopuuHeBble (KamTaHoBble) Mo4Bbl. B A3sep-
GalixaHe KOpHUHEBHIE (KaIITAHOBBIE) TIOYBHI PA3BHUTHI
B 00JaCTH CyXHX CTeNel M 3aHUMAalOT IIMPOKYIO II0-
JIOCY TIPEJIrOpbsl U HU3KHUX Top. 30Ha 3THX ITOYB HA BO-
CTOYHBIX M CEBEPO-BOCTOYHBIX CKJIoHaX Marnoro Kas-
kaza mo M.D. CamaeBy (1953), oxBaThIBaeT moyocy
HU3KHUX T'OP U MPEATrOpHiA ¢ yMEPEHHO TETUIBIM ITOTyCy-
XMM ¥ TOJYBJIQXHBIM KIUMATOM, I/ie¢ TpeodianaeT
CTEIHas! pACTUTENBHOCTb.

Ha Tepputopnu aBTOHOMHOI peciyOIuKe TOpHO-
KOpUYHEBBIE (KAaIlITAHOBBIE) IOYBHI PACIIPOCTPAHECHHI B
OpEAropHO-IIICH(OBON MOIOCE U 3aHUMAIOT TJIABHBIM
00pa3oM MEXTOpHbIE MOHMKCHHBIE 3JIEMEHTHI Pellb-
eda, 9acTO HEMIMPOKHMH IIOJIOCAMH OHH IIPOTITHBa-
IOTCSI TIO HAIIPaBJICHHUIO K paBHHUHE. B cBs3u ¢ Guaro-
MIPUSATHBIMU YCIIOBUSIMH penbeda 3TH IOYBHI C IaBHUX
BPEMEH HUCIIOJIB3YIOTCS O] OPOLIaEMBbIe 3eMIIEEITHE.

B ycnoBusx aBTOHOMHOH pecIiyOJIMKH YacTo
HaOJIIOAI0TCST HIDKECIEYIOne NOATUIIBI KOpUYHE-
BBIX (KallITAHOBBIX) MOYB. B €CTECTBEHHBIX YCIOBHAX
OHHU (DOPMUPYIOTCS IO/ CYXOH CTEHOHN PacTHUTEIHHO-
cThio. V3 mo4B paBHUHHOU yacTh HaxupiBaHckoit AP
KOPUYHEBbIE HAXOMATCS B JIyYIIMX YCIOBUAX IS
HAKOIIJICHHUS TYMYCOBBIX BEIIECTB.

BepxHuil TOPU30HT UX XapaKTEPU3YETCsl KOpUU-
HEBOH OKPACKOM C CEpOBaThIM OTTEHKOM. fICHO BbIpa-
JKEHHass KOpUYHeBasi OKpacka HaOoJaeTcs B Mojra-
XOTHOM TOPH30HTE, HUXkE 55-65 CM OHa NMPUXOJAT B
Oypy1o, a 3ateM (Hike 90 cM) CTAaHOBHTCS XKEJITOBATO-
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naneBoil. CTpykTypa no4B KoMKoBaras, Hmwxke 50-60
CM KOMKOBATOCTb TEPSAETCSL.

B paBHMHHOI YacTH aBTOHOMHOH pecITyOIUKH
pacTpoCTpaHeHbl JYTOBO-KOPHYHEBHIE IIOYBHL. JTH
TIOYBBI HCIIONB3YIOTCS TIOA TIOCEBBI CEIHCKOXO3SH-
CTBEHHBIX KyJIbTYp. B nx npodnie HabmogaroTes pxa-
BBIE U CH30BaThle ISITHA. [ paHyJIOMETpUYECKUH CO-
CTaBa TSHKEJIOCYTJIMHUCTBIN, YaCTO [NIMHUCTBIM.

B BocTOUHO YacTH TEPPUTOPUU ITOU XKE MOJIOCH
BCTPEYAIOTCS  JIyTOBO-KOPUYHEBBIE IOYBBL.  371€Ch
HaOJogaeTcs JIyroBOM THIT MOYBOOOpPA30BaHMsI, BaXK-
HYIO POJIb B HE UTPAIOT TPYHTOBBIE BOJBI MOWMEHHOI
TMOJIOCHI, & TAKXKE Pa3JIUBhI PeK.

KopuyHeBbie MOYBBI PABHUHHON YacTH OOTaThI
MOJYTOPHBIMHE OKHCIaMd. Ha maxoTHOM ropm3oHTe
AL>O3 cocrasmster 16,8 %, a Hike yBenmamBaercs 1%
6onpme. Coneprxanne Si02 u Fe203 ocraercs HU3MEH-
HBIM.

B maBHOOpOIIaeMBIX KOPHIHEBEIC IOYBAX TyMyca
conepxuTcs B cpenHeM 3,2 %, BanmoBoii azor 0,16-0,17.
Otromenue C/N o Bcemy npodwino pasho 8,7-13,8.
I'panynomeTpuyeckuii cocTaB ITUX MOYB CPEIHE U TH-
JKeNOoCyrMMHUCTHIN. CyMMa MOTJIONIEHHBIX OCHOBaHUN
19-29 mr. sxB. pH-7,6-8,3. N/NO3 5,7 mr/kr u N/NH3 —
1o 23,3 mr/kr, noaBmxkHbli P20s 20-60 mr/kr, oOMeH-
HBIN Kanui-250-230 Mr/kr.

CBeTs10 KOpUYHeBble (KALUTAHOBbIE) IOYBbI.
Pacmipoctparensl B mpearopHo-uieiigoBoil momoce
HIDKE KOPUYHEBBIX. JTH MOYBHI BCTPEUYACTCS TAKXKE B
TIOBEIINICHHBIX AJIEMEHTAaX Me3openbeda u GopMHUPY-
IOTCS TIOJ TIOJIEIHHO-3JIAKOBO-2()eMEpHOI pacTHUTEINb-
HOCThIO. CBETJIO-KOpUYHEBBIE (KAIITaHOBBIE) MOYBHI
OTIIMYAIOTCSI OT THUIMHMYHBIX KOPUYHEBBIX TIOYB paB-
HHUHBI OCBETJICHHBIM Npoduiiem, Gosee OJIM3KUM 3aie-
TaHHEeM K IOBEPXHOCTH KapOOHATHBIX HOBOOOpa3oBa-
HUH, 06 AHOCTBIO TyMyca H Ap. mpu3HakaMu. Okpacka B
Huxe 40-50 cMm maneBas unu 6ypo naneBas. CTpykTypa
koMkoBarasi Huxke 50-60 cM 310 HMcuezaetr. 'ymyc B
3THX ouBax cocrasyiet 0,5-2,9 %, BaroBoi a30T TOXKE
HEMHOTO. JTH TOYBHI BBRICOKOKapOOHaTHEIe. Hurpar-
HBIH a30T COJIEPIKUTCS 3-6 MI/KT; aMMHUadHBIN a30T 16-
20 mr/kr; pH 7,4-8,3; monsmxkHoOW P2Os 24-25 mr/kr;
oOMeHHsbI Kamuit 260-380 mr/kr u T. 1. Banosoii co-
CTaB ATUX IOYB MO MPOQUII0 HE U3MEHSETCS CPEeTHE U
TSKEJIOCYTIMHUCTBIE TI0 TI'PaHYJIOMETPHUYECKOMY CO-
CTaBy.

CgeT/10 KOpPHYHEBbIe (KALITAHOBBIE) ABHO-
opauiaeMble NOYBBI. DTH MTOYBHI ABJISIOTCS OJAHUM H3
IUTOIOPOJIHBIX M M3[aBHA HCIIONB3YIOTCA B CEIIBCKOM
X03sicTBE. B pe3ynbraTe MHTEHCHBHOTO OPOIICHUS U
00pabOTKU MOYB CHIILHO M3MEHWINCh. OKpacka 3TUX
MOYB HUKE MEPEXONT B OypOBATO-KOPHYHEBYIO, & HA
riryouHe 60-80 cM OCTENEHHO B TaJICBO-0ypPYIO.

Ha Teppuropun babGekckoro palioHa B F03KHOI1 ya-
CTH 3TH TIOYBHI BCTPEYAIOTCS B BHJE COJIOHIIEBATHIX
pasHocTei. OTIMUMTENbHBIE NPU3HAKK 3THUX MOYB
CBeTJIasl OKpacka, TPEIIMHHOBATOCTh rop. B aTnx mou-
BaxX COJIEp)KaHHE TONyTOPHBIX OKHCIIOB BBICOKOE IO
npodmio 1 moutH He Menstercs. ['ymyc 1,3-2,0 %. Ot
MOYBBI BEICOKOKapOOHATHBIE, CPEJHECYTIIMHUCTEIE, HO
BCTPEYAKOTCS TSHKEIOCYTIIUHHUCTBIC U TIIMHUCTEHIC pas-
HOCTH. KOTMYECTBO (pM3MUECKOM TIIMHBI B BEPXHEM 'O~
puzonTe B npeaenax 40-50%. MnucTsie yacTuisl 10 26

%. Cymma coneil B 3tux nouBax menee 0,16%, 3Hauut
OTH I1IOYBbI HC 3aCOJICHBI. CyMMa IIOIJIOIIECHHBIX OCHO-
BaHuil cocrapisieT 19-23 mr.oxB Ha 100 T mOYBEL.

CBeTJi0 KOpHYHeBbIe (KALITAHOBBIE) OpoIIae-
Mble nouBbl. B HaxusiBanckoit AP BhenaHbl Takxke
CBETJIO-KOPHUYHEBbIE  (KAIITAHOBHIE)  OPOIIAEMBIC
MOYBBEL. DTH IIOYBEI HEIaBHO HCIIOJIB3YIOTCSI B CEJIb-
CKOM XO3SHCTBE U €II€ HC OYCHb U3MCHCHBI 1101 BJIIMA-
HHEeM 00pabOTKH U TOJINBA.

CrpykTypa 3TUX IO4YBaX KOMKOBaTas. Xapak-
TCPHO OJIM3KOE 3aJIeTaHue Kap60HaTOB. FyMyc HEMHO-
ruii 6omnee 2%, BBICOKOKapOOHATHbIH. Puzndeckuit
TIMHBL  conepxutes  45-60%, wnamctoit  Qpaxunu
12,26%. IToromneHasle 0OCHOBaHUs cocTaBisaoT 20-22
MTI'.OKB.

BHI3Y cOCTaBNeHO CIHCOK, KU3HEHHBIE (DOPMBL,
9KOJIOTHH u AKTUBHOCTHU BOIOPOCIIH,
pacnpocTpaHeHHbli B nouse. 1. Bonopocnu, HaiineH-
HBIE B IOBEPXHOCTH II0YB: a) B KOPHYHEBEIM IT0YBE, 0)
B CEpO3eMHOI1 IoUBe. 2. BHyTpH M0oYB: a) KOPHYHEBBIM
mouse, 0) cepo3eMHBIM NouBe. 3. Briaenurenu ciausu.
4. Azorodukcaropsl. 5. Obmuratasie aBTOTpodbI, N-
MIOWKUIIOKCEPO(HUTHI. 6. Kcepodutsr. 7.
3aCyX0yCTOWYHMBBIH. 8. CBeTomo0OUBbIH,
3acyxocroiikuii. 9. JlomuHantel. 10. Cy06moMHUHAHTHI
[2,8, 12,13, 14]. .

Otnen Cyanoprokaryota: Pox: Cylindrospermum
F.T. Kiitzing, 1843 Et al Bornet and Flahault-
Cylindrospermum muscicola (Bory) F.T. Kiitzing, (1;
3), Cy. licheniforme (Bory) F.T. Kiitzing (1, 3), Cy.
stagnale (F.T. Kiitzing) Bornet et Flahault (1, 3), Pox:
Anabaena Bory et al Bornet et al Flahault de Saint-A.
cylindrica E. Lemmermann, 1896 (1, 3, 5, 8), A.
variabilis F.T. Kiitzing (1, 4, 5, 8), Poa: Synechococcus
Naegeli, 1849-Synechococcus aeruginosus Naegeli,
1849 (1, 2), Sy. cedrorum C. Sauvageau, 1892 (2, 7),
Pox: Microcystis F.T. Kiitzing-Microcystis pulverea
(Wood) Forti emend Elenkin f. pulverea (1, 2, 3, 8), M.
parietina (Naegeli) Elenkin (1, 3, 7), Pox: Microcoleus
F.T. Kiitzing -Microcoleus vaginatus F.T. Kiitzing (1,
3), Pox: Scytonema C.A. Agardh- Scytonema hofmanii
C.A. Agardh (1, 2, 3), Poxa: Phormidium F.T. Kiitzing-
Phormidium uncinatum C.A. Agardh Gomont (2a), Ph.
autuminale (C.A. Agardh) Gomont (2, 7, 9), Ph. tenue
Menegh. Gomont (2a, 5, 10), Ph. mole F.T. Kiitzing
Gomont (2), Poxm: Gloeocapsa (F.T. Kiitzing)-
Gloeocapsa varia F.T. Kiitzing Gomont (2), Pox:
Oscillatoriaceae  (Kirchner)  Elenkin-Oscillatoria
deflexoides Elenkin, Kossinskaja (1b, 3, 6), O.
subtilissima F.T. Kitzing (1, 2, 6), Oscillatoria
chlorina F.T. Kiitzing Gomont (2, 9), Pox: Lyngbya C.
Agardh Et al Gomont-Lyngbya martensiana Meneghini
(2), L. nigra C.A. Agardh (1a, 3), L. spiralis Geitler (1a,
2a, 3), L. limnetica F.T. Kiitzing (2), Pox: Microchaete
Thuret et al Bornet-Mycrochaeta tenera f. minor
Hollerb. (1, 2, 3), Pox: Calothrix C. Agardh et al
Bornet-Calothrix elenkinii Kossinskaja (1a, 2, 4), Ca.
gracilis F. E. (1, 2, 3, 4), Nostoc Elenkin: Nostoc
microscopicum (Carm.) Elenkin, Pox: Schizothrix F.T.
Kiitzing-Schizothrix arenaria (Berk. Gomont) (1,2, 3),
Sch. muelleri Naegeli (1a, 2a), Pox: Tolypothrix F.T.
Kiitzing et al Bornet-Tolypothrix tenuis F.T. Kiitzing f.
tenuis (1a, 3, 7),
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Orzen Chlorophyta: Pox: Ankistrodesmus Corda-
Ankistrodesmus braunii (Naegeli) Collins (2, 5, 8),
Actinochloris sphaerica Korsch. (1, 5, 10), Poxu:
Chlorella Beyerinck-Chlorella vulgaris Beijer. (1, 5,
9), Poxm: Chlamydomonas C.G. Ehrenberg-
Chlamydomonas konferta Korsch. 1, 5, 8), Ch. minima
Korsch. (1a, 5, 8, 10), Ch. korschicoffi Pasch. (1a, 5, 9),
Ch. polychloris Korsch. (1a, b, 5, 8, 9), Ch. sectilis
Printz. (1, 5, 8, 9), Pox: Closterium Nitzschia-
Closterium kuetzingii Breb. (1, 5, 10), C. ulna Focke
(1a, b), Pox: Chlorhormidium Fott-Chlorhormidium
flaccidum (F.T. Kiitzing) Fort var. flaccidum (5, 10),
Poxa: Cosmarium Corda et al Ralfs-Cosmarium
regulare Schmidle (5), Pox: Chlorococcum Fries-
Chlorococcum humicola (Naegeli) Rabenh. (1a,5),
Pox:  Scenedesmus F.J.F.  Meyen-Scenedesmus
guadricauda (Turp.) F.T. Kiitzing (5, 8, 10), Pox:
Cylindrocystis Meneghini et De Bary-Cylindrocystis
brebissonii Menegh. f. brebissonii (2, 3, 5), Pox:
Chlorosarcina Gern.-Chlorosarcina minor (Gern.)
Horndon (2, 5), Pox: Ulothrix F.T. Kiitzing-Ulotrix
variabilis F.T. Kiitzing (1a,b, 5, 8).

Todgigatlar naticesinds torpaglarin
alqosinuziyasinin 9sas komponentlorinin 36 takson
g0y-yasil yosunlardan, 17 nov iso yasil yosunlardan
toskil olundugu askar edildi. N6v sayma goro Nostoc,
Lyngbya, Anabaena, Phormidium, Chlamydomonas
cinslori tstiinliik toskil edirlor.
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Abstract

An edge-coloring of a graph G with consecutive integers ¢, ...,
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¢, is called an interval t-coloring, if all colors

are used, and the colors of edges incident to any vertex of G are distinct and form an interval of integers. A graph
G is interval colorable, if it has an interval t-coloring for some positive integer t. For an interval colorable graph
G, w(G) denotes the smallest value of t for which G has an interval t-coloring. A block graph is a type of graph in
which every biconnected component (block) is a clique. Even block graphs are a subclass of block graphs where
each block has an even number of vertices. In this paper we show that any even block graph has an interval edge-
coloring with w(G) < 2 - (A(G) — 1). Furthermore, we show that this upper bound can not be improved for even

block graphs.

Keywords: block graph, interval t-coloring, interval edge-coloring, even block graph

Introduction

All graphs considered in this paper are undirected
(unless explicitly said), finite, and have no loops or
multiple edges. For an undirected graph G, let V(G) and
E(G) denote the sets of vertices and edges of G, respec-
tively. The degree of a vertex v € V(G) is denoted by
d;(v). Let T be a tree (a connected undirected acyclic
graph). Let d+(u, v) be the length of the path from the
vertex u to the vertex v. Since T is a tree, there is ex-
actly one path connecting two vertices.

For a directed graph G if there is an edge from a
vertex u to a vertex v we will denote it as u - v. The
graph G is called the underlying graph of a directed
graph G if V(G) =V(G) and E(G) = {G|iffu -
v or v = u} (between any pair of vertices u and v, if
the directed graph has an edge u — v or an edge v —
u, the underlying graph includes the edge (u, v)).

For a tree T and a vertex r, let T, be the directed
graph whose underlying graph is T and in T,. each edge
is directed in such a way that for each vertex v € V(T,.)
there is a path in T,. from r to v. We will say that T,. is
a rooted tree with a root r. Fig. 1 illustrates the rooted
tree T,,, with the root v, .

Let T, be a rooted tree, the depth of a vertex v,
denoted by h(v), is the length of the unique path from
the root r to the vertex v. A vertex u is said to be the
parent of the vertex v, denoted by p(v), if u = v. In
that case the vertex v is said to be a child of the vertex
u. The children of a vertex v € V(T,.) are the set W <
V(T,) of all vertices w of the tree T, satisfying the con-
dition v - w. A vertex having no children is said to be
a leaf vertex. Non-root two vertices a,b € V(T,) are
said to be sibling vertices if p(a) = p(b). For a vertex
v let S(v) be the subtree induced by all the vertices w
such that there is a path from v to w in T, [1].

/\
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Fig. 1. A rooted tree

A cut vertex is any vertex whose removal in-
creases the number of connected components. Any con-
nected graph decomposes into a tree of biconnected
components called the block-cut tree of the graph. A
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T,,, with the root v;.

block graph is a type of graph in which every bicon-
nected component (block) is a clique (every two dis-
tinct vertices in the clique are adjacent). Fig. 2 illus-
trates an example of a block graph and its respective
block-cut tree.
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Fig. 2. Block graph on the left and its respective block-cut tree on the right.
Even block graphs are a subclass of block graphs where each block has an even number of vertices.

Fig. 3. An example of an even block graph. Each block is a clique with an even number of vertices.

An edge-coloring of a graph G is an assignment of
colors to the edges of the graph so that no two adjacent
edges have the same color. An edge-coloring of a graph
G with colors 1, ..., t is an interval t-coloring if all col-
ors are used, and the colors of edges incident to each
vertex of G form an interval of integers. A graph G is
interval colorable if it has an interval t-coloring for
some positive integer t. The set of all interval colorable
graphs is denoted by 9t. The concept of an interval
edge-coloring of a graph was introduced by Asratian
and Kamalian [2]. This means that an interval t-color-
ing is a function a: E(G) — {1, ..., t} such that for each
edge e the color a(e) of that edge is an integer from 1
to ¢, for each color from 1 to t there is an edge with that
color and for each vertex v all the edges incident to v
have different colors forming an interval of integers.
The set of integers {a,a + 1, ..., b}, a < b, is denoted
by [a, b]. Let I, be the set [1, k] of integers, then 27k is
the set of all the subsets of I,,. We will denote by (1)
the set of all the elements from 2’k that are an interval
of integers. More formally () ={s:s €
2k, s is a non empty interval of integers}.

For an interval coloring, a and a vertex v, the set
of all the colors of the incident edges of v is called the
spectrum of that vertex in « and is denoted by S, (v).

The smallest and the largest numbers in S, (v) are de-
noted by S, (v) and S, (v), respectively.

Interval edge-colorings have been intensively
studied in different papers. In [3] it was shown that
every tree is from 9t. Lower and upper bounds on the
number of colors in interval edge-colorings were pro-
vided in [4] and the bounds were improved for different
graphs: planar graphs [5], r-regular graphs with at least
2 -r 4+ 2 vertices [6], cycles, trees, complete bipartite
graphs [3], n-dimensional cubes [7,8], complete graphs
[9, 10], Harary graphs [11], complete k-partite graphs
[12]. In [13], interval edge-colorings with restrictions
were considered, in which case there can be restrictions
on the edges for the allowed colors.

Interval edge-coloring of even block graphs

Here we consider the following two problems for
even block graphs.

Problem 1: Interval edge-coloring

Given a graph G. Find any interval edge-coloring.
More formally, find an edge-coloring a: E(G) » N
such that for each vertex v all the edges incident to v
have different colors forming an interval of integers.

Problem 2: Interval edge-coloring with mini-
mal colors

Given a graph G. Find the minimal t for which
there is an interval t-coloring. More formally, find an
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edge-coloring a: E(G) — [1,t] (with minimal t)such
that for each color from 1 to t, there is an edge with that
color, and for each vertex v all the edges incident to v
have different colors forming an interval of integers.

First, we will solve the Problem 1 for even block
graphs by providing an upper bound for w(G). Then we
will show that the upper bound can not be improved.
This way, we will get close to the solution of the Prob-
lem 2 for even block graphs.

It is known that all trees have interval edge-color-
ing. A complete graph K, has an interval edge-coloring
if and only if n is even. The class of even block graphs
contains the class of even complete graphs and the class
of trees (since every block in a tree is an edge and con-
tains two vertices). Let us first show how to color the
edges of a complete graph to have an interval edge col-
oring.

Lemma 1: For a complete graph K, ,,,, and for any
positive integers [,r with [<r and r—1+1=2"

m — 1, there is an interval edge-coloring a such that
S,w)=[lr]forall v e V(Ky.).

Let N=2-m. From [4] it is known that
w(Kym) =2-m—1=A(K,.,,). It means there is an
interval t-coloring witht = 2-m — 1. Adding [ — 1 to
all the edges of an interval t-coloring will produce an
interval edge-coloring with colors from [ to [+
(2-m—1)—1=r. When it comes to the coloring,
assume the vertices are labeled from 1 to N. Coloring
the edge (i,j),1 <i,j <N with the color [+ ((i +
N%N — 1)

will ensure that all the spectrums are [1,7].

]

Unlike complete graphs, it is not true that if a
block graph has a block with an odd number of vertices,
then it does not have interval edge-coloring. Fig. 4
illustrates such a counterexample.

(2)

Dt

1) 2

(3 )
\/

Fig. 4. An example of a block graph that has interval edge-coloring.

We will show that every even block graph has an
interval edge-coloring.

Theorem 1: Every even block graph G has an in-
terval  edge-coloring.  Furthermore w(G) <2-
(A(G) — 1) when A(G) = 2.

If the graph G is a complete graph with an even
number of vertices, then from Lemma 1 w(G) = A(G).
When A(G) =2, 2:-(A(G) — 1) = A(G) hence the
statement is valid.

We can assume that G is not a complete graph. It
means the graph G has at least one cut vertex. Let t =
2-(A(G) — 1). Let r be an arbitrary cut vertex and
consider the rooted block-cut tree T;. of the graph G. We
will provide a top-down approach for coloring the
graph edges. For the cut vertices of the block-cut tree,
we will color the edges of that vertex and all the blocks
to which it belongs. Every block B of the graph G will
be colored with some [l,r] interval r—1+1=
[V(B)| — 1. Since all the blocks have even number of
vertices, from Lemma 1 it is possible to have such in-
terval edge-coloring. At every point, the colored edges
will form an interval of integers for every vertex (even
if some of the edges for that vertex are not colored yet).
For a block vertex v € V(T,.), let B(v) be the block of
the graph G.

For the vertex r we can color its incident edges
with the colors from 1 to d;(r). Let uq,...,u; (k =
dr, (7)) be the child vertices of r in T,.. Since r is a cut
vertex, B(u,), ..., B(u;) are the blocks containing the
vertex . Lets; = [V(B(u))| —1for1 <i < k. Ifwe
color the block B(u,) with colors [1,s,], the block
B(u,) with colors [s; +1,s; + 5], ... , the block

B(uy) with colors [s; + s, + -+ 51 + 1,5, + 5, +
-+ s, ] using the Lemma 1 then the spectrum of the
vertex r will be the interval [1, d; (r)] and all the block
that contain the vertex r will have an interval edge-col-
oring.

Now consider any non-root vertex v € V(T,.). The
vertex v is either a cut vertex or a block vertex in T,..

If the vertex v is a cut vertex, then its parent vertex
p(v) is a block vertex. Since we already colored the
edges of the block B(p(v)), the colors of the edges in-
cident to v that belong to that block form an interval of
integers. The length of the interval is equal to a =
|V (B(p(v)))| —1 and assume it is the interval
(,r],r—1l+1=a,[lr] €[1,¢t]. Since v is a cut
vertex, it belongs to more than one block, which means
it has edges that do not belong to the block B(p(v)),
hence 1 < a < A(G) — 1.

Now we need to color the rest of the edges incident
to v so that each of the blocks that contain the vertex
v are colored with intervals. Let uy, ..., u; be the child
vertices of v and let B(u,), ..., B(u;) be their respec-
tive blocks. Lets; = |[V(B(w;))| — 1 which is the num-
ber of edges from the block B (u;) incident to the vertex
v. Leth = Y¥ | s; then

a+b= |V (B(p(v)))| -1+

L(v(Bw)| = 1) = de(v) < AG).

Assume that we can find an interval [c, d] € [1, t]
of length b such [¢c,d]n[,r] =@ and [c,d] U [l,r] €
T(1;). Then the vertex v would be colored with interval
of integers and we could take the interval [c,d] and
split it into smaller intervals of lengths sy, ..., s to color
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the blocks corresponding to the children of v. Using the
Lemma 1, the block B (u,) could be colored with colors
[c,c +s, —1], the block B(u,) with colors [c+
s1,¢+s; +s,—1], ..., the block B(u;) with colors
[c+s;+ - +s_,c+s+s,—1]=[d—s, +
1,d]since b =Yk . s;.

Now let us show that we can always find such
[c,d]interval. If I — b = 1then [c,d] = [l — b, —1].
If I < b we need to show that » + b < t in which case
we could take [c,d] = [r+1,r +b]. Since 1 < a <
A(G) —1landa+ b < A(G)wehave1l < b < A(G) —
1.

r+b=I1l4+a—-1+b<b+a—-1+b and we
know that a + b < A(G), b < A(G) —1 we can get
b+a—14+b<AG)-1+AG)—-1=t.

The intuition is that as long as t is greater or equal
than2 - (b — 1) + a + 1 we can always find an interval
of length b to the left or the right of any given interval
that has length a. The maximal value will be achieved
if a=1,b=A(G)—1 in which case we get 2-
AaG)-2)+2.

e

/

%

If the vertex v is a block vertex, then we already
know how the edges of the block B (v) are colored since
the parent vertex p(v) is a cut vertex. Using the fact
that B(v) has even number of vertices and is a clique
we colored with some colors [[,r] such that r — [ +
1= |V(B())| — 1 using the Lemma 1. We can con-
tinue coloring the children cut vertices of the vertex v.

]

Theorem 2. For every even integer m there exist
an even block graph G with A(G) = m for which (G) =
2-(m—-1).

Letm = 2 - k beaneven integer. Whenm = 2 we
have 2 - (m — 1) = 2 = m and since we should have
A(G) = mand it is known that w(G) = A(G) the state-
ment is obvious for this case. We can assume m > 4 in
whichcase2-(m—2)+1>m+ 1.

We need to construct an even block graph G such
that A(G) = m and there is no interval edge-color with
2 - (m —2) + 1 colors. Consider the graph illustrated
in Fig. 5.

N
/TN
RNV

Fig. 5. An even block graph where the vertex r is connected to the vertices v,, ..., v,,. Each of the vertices
v, ..., Uy, are inside blocks that are cliques having m vertices.

In that graph, there is a root vertex r that is con-
nected to m vertices vy, ..., v, and each of these m ver-
tices belong to a clique C; each of which has m vertices.
The constructed graph has m? + 1 vertices. Lett = 2 -
(m — 2) + 1 and suppose there is an interval edge-col-
oring a such that all the colors are from 1 to t. The col-
ors of the edges (r,vy), ..., (r, v,,) form an interval of
integers [a, b] with lengthm (b —a + 1 = m).

Consider the color m — 1 which is the middle
color of the interval [1,t]. Since [a,b] € [1,t] (t =
m+1)itmeansb>manda<t-m+1=m-—2

which means the color m — 1 € [a, b]. Let v; be the
vertex for which a(r,v;) = m —1 and consider the
clique C; that contains the vertex v;. If we take the
edges of the clique that have color m — 1, they will
form a matching and will not contain the vertex v;,
since it is already connected to the vertex r with the
color m — 1. Since |[V(C;)| = m = 2 - k there is a ver-
tex u € V(C;) which does not have an incident edge
with color m — 1. Fig. 6 illustrates that case.
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Fig. 6. The edges of a clique containing the vertex v; having color m — 1. There is a vertex u that does not have
an incident edge with color m — 1.

For the vertex u, d;(u) =m — 1 and the spec-
trum S, (w) =[c,d] has length m—1 (c—d+1=
m — 1). This means that eitherc > mord <m — 2. If
czm then dz2m+(m-1)-1=2-(m—-1) =
t + 1 which is a contradiction. If d <m — 2 then ¢ <
d—(m—1)+1 =0 which is a contradiction. This
means there is no interval edge-coloring with t = 2 -
(m — 2) + 1 colors hence w(G) = 2 - (m — 1).

|

Corollary: If G is an even block graph then
w(G) <2 (A(G) — 1) and the inequality can not be
improved for the class of even block graphs.
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Abstract

The problem of combating bone tumors is currently one of the most pressing problems in medicine. At pre-
sent, bone tumors have been clinically and morphologically investigated in sufficient detail, however, interest in
their study continues unabated. Malignant bone lymphoma, in contrast to Ewing's sarcoma, is characterized by a
relatively slow course and late development of metastases and affects patients mainly over the age of 20 years.
The purpose of this study is to timely detect malignant bone lymphoma (reticulosarcoma) with modern methods
and prevent lethal consequences. In this work, the research methods made it possible to clarify the location of the
formation in the bone that was detected during a clinical study or was not externally determined. The study in-
cluded 26 patients with malignant bone lymphoma, who are being treated at the city oncological dispensary named
after V.I. A.T. Abbasov (Baku), Research Institute of Traumatology and Orthopedics (Baku) and Federal State
Budgetary Institution" N.N. Blokhin National Medical Research Center of Oncology "of the Ministry of Health of
Russia, AMU Oncology Clinic from 2008 to 2018. The main clinical, laboratory, radiological characteristics of
the tumor, survival rates, and prognosis factors were assessed.

AHHOTAIHUSA

Hp06neMa 60pI>6LI C OIIYXOJISIMH KOCTHU B HACTOAIIEC BpEMs, ABJIAACH 0[[HOI71 u3 aKTyaﬂbHeﬁIHI/IX np06neM B
MEIULIUHE. B HaCTOos1IEC BpEMs OITyXO0JIn KOCTEH KIMHUYECKHA U MOp(bOJ'IOFI/I‘{eCKI/I HCcJICA0BaHbl 10CTATOYHO I10-
Z[p06H0, OJHAaKO HE ociabeBaer HMHTEPEC K UX U3YYCHUIO. 3710KayecTBEHHAS J'II/IM(i)OMa KOCTH, B OTJIMYHUEC OT Cap-
KOMBI IOI/IHFa, XapaKTepUu3yeTcd OTHOCUTCIbHO MCAJICHHBIM TEYEHUEM U IMO3/JTHUM Pa3sBUTUEM METACTA30B U I10-
pakaeT OOJIbHBIX MPEUMYIIECTBEHHO B Bo3pacte ctapiie 20-tu jeT. [lens 1aHHOTO UCCIIeOBAHHS BOBPEMS BBI-
SBJICHHE COBPEMEHHBIMH METO/IaMH 3JI0Ka4€CTBEHHOW JTMM(POMBI KOCTH (PETHKYJIOCAPKOMBI) M TPEAOTBPAIIaTh
JICTAJIBHBIC ITOCICACTBHA. B JlaHHOﬁ pa60Te METOABI UCCIICTOBAHUA ITO3BOJIMIIN YTOYHHUTH PACIIOJIOKECHUEC B KOCTH
o6pa3013a1-mﬂ, BBISABJICHHOI'O ITPY KIIMHUYECKOM HCCJICJOBAHNN UJIU BHCITHE HE ONPECACIIAEMOro. B HUCCIICAOBAHUC
BKITIOYEHO 26 MalneHTa co 3JI0Ka4eCTBEHHON IMM(OMOI KOCTH, HAXOIAIIMXCS Ha JICYEHUH B TOPOACKOM OHKO-
normyeckoM mucmancepe uM. A.T. A66acosa (r. baky), HUU Tpasmaronorun u Optonenuu (r. baky) u ®I'BY
«HMMUII onkonoruu um. H.H. bnoxuna» Munznpasa Poccun, onkosnornueckoit kauauku AMY ¢ 2008 o 2018
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TI. OHGHI/IBaHI/ICL OCHOBHBIC KIIMHUYCCKHC, na6opaTopHLIe, PEHTICHOJIOTUYCCKUE XapaKTCPUCTHUKHN OITYyXOJIH, 10~

Ka3aTrcJii BBDKMBACMOCTH, (baKTOpLI IMMpOTHO34a.

Keywords: tumor, reticulosarcoma, Ewing's sarcoma, histochemistry, immunohistochemistry.
KiroueBble cj10Ba: OmyXxoJib, peTHKYJI0capkoMa, capkoma KOnHTa, THCTOXUMUS, IMMYHOTUCTOXHMHUSI.

B cootrBercTBUM ¢ MexayHapoAHON T'MCTOJIOTH-
YecKoH KiaccuuKanueii omyxoei mepBuyHas 370Ka-
YeCTBEHHAst TMM(OMa KOCTH OTHOCUTCSI K KOCTHOMO3-
TOBBIM OMYXOJIsIM [2, 8, 9].

JuddepennunanpHas TUarHOCTUKA OIyXOJed Ko-
CTeH C MOMOILBI0 UIMMYHOTUCTOXUMHUHU OCHOBBIBAETCS
Ha (YHIAMEHTaJIbHBIX OCOOEHHOCTSIX OILyXOJEBOTO
pocTa, K KOTOPEIM OTHOCUTCSI COXPAaHEHHE KCIIPECCUU
(YHKIIMOHMPYIOIIUX F'€HOB B YCIOBHUSX 3JI0KAYECTBEH-
HOU TpaHc(hopMaImu KieTky, [1, 2, 4, 7]. Oto mposs-
JSIETCSI B CXOZCTBE (DEHOTHIIA OITyXOJIEBBIX KJICTOK U MIX
HOpPMAaNBHBIX aHANOroB. COOTBETCTBYIOIINE HAOOPEI
MMMYHOTHCTOXMMHYECKUX NPHU3HAKOB MMEIOT KOCTE-
o0pasyromre 1 KOCTHOMO3TOBBIe oryxonu [ 1, 2, 3,5, 6,
10].

HEJIb UCCIEJOBAHMUSI. [ens ganHOTO HC-
CJIeZIOBAaHUS SBUIIACh OIIEHKAa METOJIOM UMMYHOTHCTO-
XMMHMUYECKUX MCCIEIOBAHUN KIMHUYECKON 3HAYMMO-
CTH BBISIBIICHHSI KOMIIOHEHTOB KOCTHOTO MaTpHKca s
YIIy4IIeHUS ¥ ONTHUMH3ALUU JAUATHOCTUKH, 3JI0Kade-
CTBEHHBIX TMM(POM KOCTHU (PETUKYIOCAPKOMEI)

MATEPHAJL n METO/bI
HNCCIEJOBAHMUSI. B nactosmryto paboty B COOT-
BETCTBHH C TOCTABICHHBIMH 33ja4aM1 BKITIOUCHBI JaH-
HBIC 110 KOMIUIEKCHOMY H3Y4YEHHIO 26-TH OONBHBIX CO
3JI0KAQYECTBCHHOM JTUM()OMOIN KOCTH, HAXOASAIIMXCS Ha
JICYUCHHH B TOPOJICKOM OHKOJIOIMYECKOM JHCIIaHCepe
um. A.T. A66acosa (r. baky), HUU TpaBmaronoruu u
Optoneauu (r. baky) u ®I'BY «HMMUL] onxonoruu
um. H.H. Broxuna» Munznpasa Poccun, Onkonoruue-
ckoi kmmHuK AMY ¢ 2008 mo 2018 rog

Jlst perieHns MOCTaBIEHHBIX 33/1a4 B paboTe Mpu-
MEHSUINCH CIIEAYIONINE METO/bl NCCIIeIOBAHUN: IINTO-
JOTUYECKHE, THCTOJIOTHUECKHE, THUCTOXUMUYECKHE,
MMMYHOTHCTOXHMHYECKHE

Kiaunnnyeckue meroanl uccienosanus. Ha scex
26-T OOJBHBIX OBUTHM 3aBEJCHBI IPOTOKOIHBI, B KOTO-
prie BHOCHIH Ne HCTOpHUHM O0JIE3HH, BO3PAcT, MOJ O0Ib-
HBIX, JIOKQJIM3AIHIO TATOJIOIMYECKOT0 Iporecca, Kpar-
KW aHAMHe3, KITMHUYeCKHe U 1abopaTopHbBIe TaHHbIC,
Ne IUTONOTMYECKUX M THUCTOJOTMYECKHX HCCIIET0Ba-
HUH 1 Onoricuii, XapakTep IPOBEICHHON Tepanuy.

B Hamieit pabote pEeHTI€HONIOTHYECKHE METObI
MCCIIEJIOBaHMS MO3BOJIMIIM YTOYHNTH PACTIONIOXKEHHE B
KOCTH 00pa30BaHMUs, BBISIBICHHOTO TPH KIMHHYECKOM
UCCIIEIOBAaHUU MJIM BHEILIHE HE ONpPEeesieMoro, ycTa-
HOBUTb PacIpoCTPaHEHHOCTh O4ara B Ipejiesiax 0JIHON
KocTH (3nudu3apHoe WM Tuadu3apHOEe pacroioxe-
HHUE) M OTHOIICHHWE €ro K 30HE POCTa, a TAaKXKe IIeH-
TPaJbHYIO (BHYTPH KOCTHOMO3TOBOTO KaHaja) MK T1e-
pudeprueckyio (MHTpaKOPTHKAIbHAS, CyOKOPTHKAIb-
Has WIH CyOmepHocTajbHas) JIOKAJIM3AIMIO OYara,
HalpaBJIeHHE POCTa HOBOOOpPa3oBaHMS, YETKOCTH Ipa-
HUII KaK C OKPY’KaIOIIeH KOCTBIO, TaK M C MSTKMMH TKa-
HSIMU.

HuTonoruyeckne MeToAbl HCCIEIOBAHNSA - PY-
THUHHBIN [IUTOJIOTUYECKUI aHAIN3 ITyHKTAaTOB, Ma3KOB-

OTIEYAaTKOB, OKPALICHHBIX I€MAaTOKCHINH-303UHOM U
THOHUHOM, C IMOCJIEAYIOIENH THCTOJOTNYECKON BepH-
¢uKanuel AuarHosa M CONMOCTABICHUEM IIMTOIOTHYE-
CKHMX W TUCTOJIOTHYECKUX 3aKJIIOYECHHH.

B rucrosoruueckne MeToabl HMCCJIETOBAHUS
BKJIIOUQJIUCh CIIy4YaH, IPU KOTOPBIX COXpaHWJICS ap-
XMBHBIH Marepuall (TUCTOJOrHYEeCKUe pernapaThl, Ha-
paduHOBBIE 0J10KK MK (GUKCHPOBAHHBIN B (hopMasiHe
MaTepHual), a Takke TeKymue HaOmoneHus. ToHKne
KyCOUYKH KOCTH (ukcupoBain B 10%-aoM dopmanure.
INocne ¢ukcanyy ¢ nenbo yaaneHus U3BECTH KyCOUKH
TOIBEPTANINCh CIICIHATBHON 00pabOTKe - IeKaIbI[HHA-
mn 7,5%-Ho# a3oTHO# kucioToi. [1o okoHUaHuU ne-
KaJbIMHAIIMH KYCOUKH JUIS TPEAYIPESKACHIS MX AaTb-
Heifiero HaOyXaHusI ¥ JJIs1 YaCTUYHOM HeUTpanu3aiun
nepeHocuin Ha 12-24 wyaca B 5%-HBIH pacTBOp
ATIOMOKAJIMEBBIX KBacloB. Jlanee 00e3BOXKMBANIN B
CIMpPTaxX BOCXOASIIEH KOHLIEHTPALUH, YILIOTHSIIH, 3a-
JIMBAJIM B ITapa(uH U cpe3bl TONMIKMHOHN 7-10 MKM mociie
JenapapUHU3aIMN OKPALIMBaId TeMaTOKCHIMH-203H-
HOM, MUKpO(yKCHHOM 110 BaH-] M30HY ¥ THOHUHOM.

Marepuan Ui THCTOXHMHYECKOT0 aHaJIu3a
¢uxcupoBancs B 80%-vHoM crmpte. [ BEIABICHUS
TJIMKOT€Ha MCIONIB30Bajach OKpacka HOTHOW KHCIIO-
toii u peaktrBoM [udda (LUK mmu PAS-peakmus),
JUTSL BBISIBIICHUS] XOHJIPOHUIa U MUKCOMATO3HOM JlereHe-
pamMu CTPOMBI HCIIOJIb30Banach okpacka mo Kpeii-
Oepry. AprupoduibHbIi (PETHKYISPHBIN) KapKac Bbl-
SIBJISITICS. C TIOMOILBIO UMITPErHAIIMK cepeOpoM, CTaBH-
nmace peakius Ilepiaca Ha xeme3o W peakuus ¢
HIeJI09HOM QocdaTazoil Ha 0OHAPYKEHUE OCTCOUTHON
TKaHH.

Jii  MMMYHOTHCTOXHMHMYECKOr0 HccJIe0Ba-
HHSI NCTIONIH30BAJICS MaTepHall, 3aMOPOXKEHHBIH B 5KHI-
KOM a30Te, U3 KOTOPOT'O M3rOTABINBAIN KPUOCTATHBIE
Cpes3sl, ¢ mocieayomeil pukcanuy B alleToHe, a TaKKe
MaTepual Mapa@uHOBBIX OJOKOB, (PMKCHPOBAHHBIX B
10% ¢opmanune. MccnenoBanusi MpoOBOIMIACH METO-
JIOM C HCIIOJIb30BaHHEM (DEPMEHTHBIX UMMYHHBIX KOM-
IUIEKCOB. DTOT THUI MMMYHHBIX KOMIUIEKCOB COCTOUT
U3 pepMeHTa (aHTUI'€H) M AaHTUTEJ NIPOTUB 3TOTO (ep-
MEHTAa.

Hamu B naHHBIX HcCe10BaHUSX NMPUMEHEH HUM-
MYHO()EPMEHTAaTUBHBIN aBUIAMH-OMOTHHOBBIH METOI.
Hamu B maHHBIX MCCIIEIOBAHUSIX HCIIOJIB30BAINCH pe-
akTuBbl pupmbl JJAKO (Ppannus).

Bce nudpoBele aHHBIE, OTyYEHHBIE B X0/1€ IKC-
MIEpUMEHTOB, MOJBEPININCh CTAaTUCTHUECKOH 00pa-
60TKe ¢ yu4€TOM COBpEeMEHHbIX TpeboBauui. [lomyuen-
HblE JaHHbIC IIOJIBEPIHYThl CTATHCTHYECKOW o00pa-
60TKe HernapaMeTpuYecKUMH  METOJaMH MO
Buiikokcony-MaHH-Y UTHHU.

IMosyyeHHble pPe3yJbTaThl H UX 00CYKIEHUS.
g muMTON0rMYecKOM KapTUHBI 3J10KaYECTBEHHOU
JTMM(pOMBI KOCTH XapaKTepHO OOMIIHE KIIETOK, 00pa3y-
IONIMX CKOIJIEHUs B BHJE KOMIUIEKCOB WIJIM PACIIOJO-
KEHHBIX pa3po3HeHHO Ha QoHe spurporuToB. Popma
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KJIETOK OKpYyTJasi, OBaJIbHAsl, TIOJIMTOHAJIbHAS, HETpa-
BUIbHAsL. ['paHMIBI KIETOK BHJHBI HE BCerjga 4ETKO,
MOJIMMOP(U3M PE3KO BBIPAXKEH, Pa3MEpbl CpEIHHE.
[MuromnasMa ckyaHast WM OOWIIbHAS, OKPAIIMBACTCS

cnabo mnu pe3ko 0a30QHIBHO, CONEPKUT BaKyOJIH.
Slopa OKpyriible, MHOTJA OBaJbHbBIC, HEMPaBHJIbHBIC,
pacronaratloTcs MpEeHMMYIIECTBEHHO B LICHTPE KICTKH

(puc.1.).

Puc.1. Humoepamma. @opma kiemox oKpyanas, 08aibHas, Noau2oHanbtas, nenpasunvhas. Oxp. I'emamoxcunum

—203un. Yen.:

I'ucrojornyeckue uccae 0BaHMA. 3JI0Kaue-
CTBEHHas1 TUM(OMa KOCTH MaKpOCKONHMYECKH BCerja
pacroio’keHa BHYTPUKOCTHO B KOCTHOMO3TOBOM
MPOCTPAHCTBE C MOCIEAYIOIIeH 3po3uel UIIH MOJIHBIM
pa3pyLIeHHEeM KOPTHKAIBHOTO cios. B OonpmmHCTBE
CJTy4aeB 3JI0Ka4eCTBEHHAs JINM(OMa KOCTH HE OTIINYa-
Jach Ype3BBIMaiHO OONBIIMMHU pa3MepaMu WM Mac-
CUBHBIMHU pa3pacTaHUAMU IKCTPAOCCAIBHOTO KOMIIO-
HEHTa, OTHOCHUTEJILHO HEBBICOKHE TEMITbl pocTa ObUTH
xapakTepHbl Uil He€. OCHOBHOM OIyXOJIEBBIH Y3€ll,
paspyiias Ha OOJBIIEM WM MCHBIIEM MPOTHKCHUH
KOpPKOBBIA CIIOM, Ha pacnuie MNOPaKeHHOM KOCTH
0OBIYHO OBLT PacIoiOKEH B Mpefieax KOHTypa KOCTH.
He ynaBasioch ycTaHOBUTb YETKOM PAHULBI OITyXOJIH.

06.20, 0.10.

OOBIYHO TKaHb OITYXOJIEBOTO OYara MMelia PO30BBII
WIH CepOBaTO-pO30BBIN 1BET. [IpH 370KaYecTBEHHOMH
JTUM(POME KOCTH MATOJIOTMYCCKHIA TIEPEIOM JOBOJIBHO
4acTO HAOJIOAAJICS B 30HE OUara nopakeHus
Mukpockonuieckue uccienoBanus. Omyxore-
BbIE KJICTKU JIUM(OHUTHO-PETUKYISIPHOTO M THCTHOLH-
TApHOTO THIA C OOJIBIIUMH WM MEHBIIMMHU MpPU3HA-
KaMU IMOIIMMOpQH3Ma U aTHITHH, C BEITIHYTHIM HITH 00-
OOBUIHBIM SIAPOM H  YETKO KOHTYPHUPOBAHHOM
UTOTUIA3MOM SIBIITIOTCS MUKPOCKOITNIECKHA OCHOBHBIM
CTPYKTYPHBIM dJieMeHTOM. [luTomia3maruaecko-saep-
HBIC COOTHOLICHUA 3HAYUTCIBHO 6OJ'H)H_IG, (.Y HpI/I
capkome FOwuHra, riie oHu 00BIYHO paBHBI 1:2.

Puc.2. Alopo kpynnoe, umeem noukoobpasuyro opmy, 8 601ee MOIOObIX KIemKax OHo A6HO doavuamoe. OKp.
Temamoxcunun — 203un. Yen.: 06.20, o. 10.
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HawuOornee 4eTKMM JUarHOCTHYECKUM NPU3HAKOM
3JI0Ka4e€CTBEHHOI JIMM(OMBI KOCTH SIBIISIETCS XapaKTep
saep e€ kierok. B Hamboinee 3penbix Gopmax sapo
KpYITHOE, UMEeT M0YK000pa3Hyo Gopmy, B Ooiree Mo-
JIOJBIX KIIETKAaX OHO SIBHO JoibyaToe (puc.2.).

Jlonp4yaTocTs OblIa HACTOIBKO PE3KO BHIPAXKEHA B
HEKOTOPBIX KJIETKAaX, YTO CO3JaBAJ0 KapTHHY KydKH
MEJIKUX OKPYTJBIX sAnep. MHorma, mpaBna, HaOmoma-
JMCH BYX- WM TPEXSAAEPHBIE KIETKU. B GonpmmHCTBE
Clly4aeB XpOMATHH Siiep B BHJE TPpyOBIX TJIBIOOK He-
MPaBIILHOM (DOPMBI, OKPYTIIbIE U OOJIBIIUE SAPBHIIIKY,
no 1-2 B KaXIIOM siApe, HO MHOT/A, KaK M B KJIETKax
capkombl IOuHra, XpomaTuH pacnpenenéH Mo saapy
TOHKO ¥ paBHOMEPHO. 3HAYHUTENILHO Yallle MPH 3JI0Ka-
YECTBEHHOH JHMM(pOME KOCTH, 4YeM TIPH CapKoMe

Owunra, Habmonarotes urypsl murosa. [Ipu 3mokade-
CTBCHHO# TMM(OME KOCTH, IO CPABHCHHIO C CAPKOMOM
Owunra, xneTouHslii monuMoppu3M, TakuM 00pa3zoM,
BBICTYIIAET TOPa30 3aMETHEE.

I'neroxumuyeckue uccaegoBanus. [Ipu ummpe-
THAaIlMU cepeOpoM B 3JIOKAYECTBEHHON IMMQoMe KO-
CTH, OYTH OCTOSTHHO BBISIBIISUIACH OOTaTast CeTh PETH-
KYJIMHOBBIX BOJIOKOH, OIUICTAIOMIMX IOYTH KaKIYIO
kieTKy. KieTkn 3mokadecTBEHHOH JHM(OMBI KOCTH
IIPY TUCTOXUMHUYECKOM HCCIIEJOBAaHHU OTJINYAIINCH OT
KJIeTOK capkombl OuHra, KpoMe Toro, TeM, 4To B IH-
ToIUIa3Me TJIIMKOTeHa He coaepkanu. [TuponnHoduib-
HBIE TPaHYJIbI BBISBIBSUIMCH NIPH OKpacke 1o bpaire.

Puc 3. Ummynocucmoxumuyecrkas peakyusi.
Buvicokas nonooscumenvhas peakyus oouum 1etiKoyumapHolM aHmMu2eHoM.

HNmmyHorncroxummdeckue vccienobanus. [Ipu
uMMyHO(eHoTHIIMpOBaHNH 13 12-TH HaOIIOAeHUI

3JI0Ka4ECTBEHHOI JTMM(OMBI KOCTH OOHApy»eHa BbI-
COKas MOJIOKUTEIIbHAS PeaKIUs TONBKO ¢ 00ImuM Jeii-
KOI[UTApPHBIM aHTHreHOM (++) (puc.3, tadm.1).

Tabmuua 1.
HMMMYyHOrHCTOXHMHUYECKHE NTapaMeTpPhI 3J10KaYecTBEHHOI JUM$OMBI KOCTH.
K-Bo S-100 NSE HBA-71 LCA NF
12 - - - ++ -
[Mpumeyanue: ++ BbICOKas CTETIEHb NO3UTHBHOCTH,
+ peaKue MO3UTHUBHBIE KIETKH,
- HE MO3UTHBHBIE KJICTKH.
3akmiouenue. Takum obpazom, 1updy3HbIN Xa- CIIUCOK JIMTEPATYPBI:

paxTep pocra 6e3 (HOpMHPOBaHUS KAKUX-THOO CTPYyK-
Typ, OJHOTHUIIHOCTH MOP(}OJIOrHYECKOrO CTPOCHUS
KJIETOK, CI1a00BBIPaKEHHBIC TPU3HAKH SIIEPHOTO MOJIH-
Mopdu3Ma, MUPOHHMHOMUINS [UTOIUIA3MBI, PETHKY-
JSIPHBIE BOJIOKHA BOKPYT KaXKI0H KJIETKH, & TAKXKE BbI-
COKasi CTEeleHb MMO3UTHBHOCTH K TAKOMY MMMYHOMap-
Kepy Kak OOmuil JIeHKOIWMTApHBIH aHTHTEH MOTYT
CUUTATBCSI OPUEHTHPYIOLIUMH KIMHHKO-MOP(HOIOTH-
YECKUMH KPUTEPHAMH 3JI0KaueCTBEHHOW TUM(OMBI B
OTJIMYHE OT APYTHX KOCTHOMO3IOBBIX OITyXOJICH.
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Abstract

DOI: 10.24412/3453-9875-2021-70-1-36-41

A diagram of a setup for studying the kinetics of drying typha fluff by weight method according to an im-
proved measurement technique is presented. The curves of drying and curves of the drying rate of typha fluff at
different initial moisture content are presented. The conditions for long-term storage of typha fluff have been

determined.
AHHOTAUUA

HpI/IBeZ[eHa CXeMa YCTAHOBKHU ISl UCCICAOBAHUA KUHECTUKH CYIIKHU ITyXa pOro3a BECOBbIM CII0co00M 110 yco-
BGpLHeHCTBOBaHHOﬁ METOIUKE I/ISMepeHHfl. HpeI[CTaBJ'IeHBI KPpUBBIC CYIIKHW U KPUBBIC CKOPOCTHU CYILIKH ITyXa po-
To3a Ipy pas3iInYHOM HAa4YaJIbHOM BJIArOCOJACPIKaHUU. Ol'[peZ[CJ'ICHLI YyciioBus, O6CCH€‘II/IBaIOH.[I/Ie JJIATCJIBHOC Xpa-

HCHMUC ITyXa porosa.

Keywords typha fluff, drying kinetics, equilibrium, storage conditions.
KJ'I]O‘leBl)Ie CJIOBaA ITyX poro3a, KHHCTUKA CYHIKH, PABHOBECUE, YCIIOBUA XPAHCHUA.

Beegenne

B HacTosIee Bpems IMyX porosa rnpejiaraercsi uc-
MOJIF30BATh KaK COPOEHT MPH MPOBEACHUH PadOT IO
JMUKBUIAIAN aBapUIHBIX pa3jHBOB HE()TH U HeTe-
MPOJYKTOB Ha BOAHOU nmoBepxHocTH [1]. Poro3 — Bbic-
11ee BOJJHOE pacTeHHe, KOTOpOe pacTeT 1o Geperam Bo-
JIOEMOB, Ha MEJKOBOJBAX, Ha TPaBSIHBIX OoOJOTaX, a
TaKXke B pa3HOOOPA3HBIX CHIPHIX U MOKPBIX MECTaX: Ka-
HaBaX, KIOBETaX, 3a0pOIICHHBIX Kapbepax, Mo 0004u-
Ham qopor. Ctebenb poro3a 3aKaHYMBAETCS IWIJIMH-
JIPUYECKUM TMOYaTKOM TeMHO-Oyporo 1nsera. [logaTtok
COCTOWT M3 MHOJKECTBA IYIIIMHOK, KOTOpPbIE MIJIOTHO B
HEM ymakoBaHBl. [IyIIMHKH pacIoOKeHBl BOKPYT
ctebms, obecrnieunBaromero ux nuraHueMm. Cama my-
IIMHKA COCTOMT U3 CTBOJIMKA W BOPCHHOK, 00pa3yio-
IIMX APEBOBHIHYIO cTpyKTypy. [locie co3peBanus u

€CTEeCTBEHHOHN CYIIIKH MOYaTKa MyINUHKUA CaMOTPOU3-
BOJILHO OTJENSIFOTCSI OT CTeOJis, U PacCeMBarOTCs B
OKpYXaroleM TMpocTpancTBe. i WCTOIB30BaHU
myxa B Ka4eCTBE COPOCHTA, MOYaTKH HEOOXOAUMO CO-
OpaTh B IEPHOJ UX cOo3peBaHus. B 3ToM cirydae cBexe-
yOpaHHBIC IOYaTKH POT03a MMEIOT BBICOKOE BIIATOCO-
JepkaHue B mpenenax 1,4—1,6 Kr BOJIBI/KT MaTepuania,
KOTOpOE CIIOCOOCTBYET Pa3BUTHUIO MHKPOOPTaHH3MOB,
IUIECEHH, TPHOOB M IPYTUX HEKEIATCIBHBIX JKUBBIX
00BEKTOB, UTO CYIIECTBEHHO BJIMSAET HA KAYECTBO COP-
6eHTa. [y AMUTENBHOTO XpaHEHHS ITyXa He00X0AUMO
CHU3UThH KOJMYECTBO BJIATH JIO BEJIMUYWHBI, IPU KOTO-
pO#l MCKITIOYAETCsI BO3MOXHOCTD JKU3HEIEATENbHOCTH
IJIECHEBBIX TPUOOB U MUKPOOPTaHU3MOB. J[aHHBIE TIO
XpaHEHHWIO TyXa poro3a B JUTEPATypHBIX HCTOYHHUKAX
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OTCYTCTBYIOT. Y CTaHOBIICHO [2], 4TO OOJBIIMHCTBO BU-
JIOB PaCTHTEIFHOTO CHIPbsl XOPOILIO XPAHUTCS IIPH Bia-
rocoaepxanuu 12—15 %. B pabore [3] aBTOpsI 1po-
BEJIM HCCIIEIOBAaHMA IO ONPECICHUI0 PaBHOBECHOTO
BJIarOCO/ICPXKAHU ITyXa POro3a B IOMEICHNH C TEMIIe-
parypoii Bozayxa 19 °C 1 OTHOCHTENEHOW BIAXKHOCTHIO
49 % m ycTaHOBMIIN, 4TO OHO cocTaBiseT 11 %. Oro Ha
1 % MeHbpIIE MHHMMAJIBHOTO BJIATOCOJCPIKAHUS IS
PacTUTENIFHOTO CHIPbsL. TakuM 00pa3oM, MOXKHO TIpea-
TIOJIOKUTD, YTO JUIsl 00ECTIEYEeHUs! JUTUTEILHOTO XpaHe-
HHS ITyX pOro3a HEOOXOAMMO CYLIHMTh J0 BJIarocojep-
saHus 0,11 KTgnarn /KTeyx marep-

Cymky myxa poroza MOXKHO IMPOBOAMTH HEIO-
CPE/ACTBEHHO B MOYaTKax, JIMOO MOCIE OTJCICHUS €ro
ot creburst. IlepBoHaYaIbHO MPOBEACHHBIE HCCIIEI0BA-
HUS CYIIKH ITyXa B OYaTKax OITyOJMKOBaHbI B paboTe
[3]. B meit moka3aHo, 9TO NMPH KOHBEKTHBHOW CYIIKE
MOYaTKOB 10 PAaBHOBECHOTO COCTOSIHHUS, TpeOyeTcs
OPHEHTHPOBOYHO BOCEMb 4acoB. [IMTENBHOCTH MpO-
ecca CyIIKH MOXKHO OOBSICHUTH IUIOTHOH yNaKOBKOH
myxa B modyatkax. UToObl 3TO MOATBEPAHTH, OIpee-
JSUTH CPEAHIOI0 TNIOTHOCTB TovaTKa. J{iuHa nmoyarka B
cpenneM coctaBisroT 0,12 M, a tuametp — 0,025 M. To-
rma cpegHuid o0beM OJHOro modaTka OyJeT paBeH
5,887-107° M. Ilpu cpenneii Macce mouarka 0,05 kr,
CpCaHAsA INIOTHOCTh, KOTOpasd YUYHUThIBACT MACCy BJIaru,
crebns u myxa, coctaBut 849 xr/m°. ITpu Takoit miot-
HOCTH NOYaTKa, ITyX B HEM JIOJDKEH OBITH IUIOTHO yTIa-
koBaH. OTCIOz1a CIIeyeT, YTO PacCTOSHUE MEXKTY BOP-
CHHKaMH ITyXa TOKe 04eHb Mayo. /i yaaneHus Biary,
KOTOpast pacriojioXkeHa MEX/ly BOPCHHKAMH, TpeOyeTcst
3HaYMTEJbHAS ABWXKYIIas cuiaa. OHa TOJDKHA MPeojio-
JIeTh OOJIBIIOE THPABINYECKOE COMPOTUBIICHHE, KOTO-
poe MpEnATCTBYET MEPEMEIICHUIO JKUIKOCTH B IIPO-
CTPAHCTBE MEX]Y IUIOTHO PaCIOj0KEHHBIMU BOPCHH-
kamu. [Ipu oTaenennu myxa ot cTe6uis (pacmyInMBaHuu
MOYaTKOB) BOPCHHKH DPAacHpaBIISIIOTCS, PACCTOSIHUE
MEK1y HUMH yBEINYMBAETCSs, 00BEM IMYIIHHKH CTaHO-
BUTCS 3HAUUTENBHO Oonble. B pesynbraTe compoTus-
JICHUE BBIXOJy BJIarW W3 MYMIMHOK yMEHbIIAeTCs, U
BpeMS CYIIKH COKpamaThCs. YUUTHIBas 3Ty OCOOEH-
HOCTh pOro3a, AalbHEHIINe HCCIE0BAaHNUs KHMHETUKH
CYIIKH TIPOBOAMIM Ha IIyXe, KOTOPBIM OTHENCH OT
cTeOus.

Marepuajibl 1 MeTOABI

OCHOBHBIMHU TIapaMeTpaMH, KOTOpPbIE BIHSIOT Ha
KWHETHUKY M BPeMsl CYIIKH JIIOOOT0 AUCTIEPCHOTO MaTe-
puana, SBISIOTCS: TeMIepaTypa CYIIKH, BIArocojep-
JKaHUE CYHIUJIBHOT'O ar€éHTa U CKOpPOCTh €ro JABMKCHUA
yepe3 CIIoH MaTepHaia, BIarocojepkaHne Marepuaia
B Hayaje CYyLIKH, TOJIIMHA ero cijos. B oTnuume ot
TBEPABIX JUCIEPCHBIX MaTepHajioB (3€pHO, CHIIMKA-
renb), MyX, IPU PaCIyIIMBAHUM II0YATKOB, CYIIe-
CTBEHHO YBEJIMYHMBACTCS B 00BEME, YTO CKa3bIBACTCS
Ha ero Kaxyuieics miotHoctu. OTCIo/ia Cleayer, 4To
Ha KMHETUKY CYIIKH, KPOME OCHOBHBIX ITapaMETPOB,
OyzmeT TakKe BIHMATH IJIOTHOCTH YITAaKOBKHU ITyXa B Cy-
LOINJIKE.

OJIHI/IM N3 TJIABHBIX IMMapaMETPOB CYHIKH ABJISACTCA
TemIiepaTypa npoBeieH s mpoiiecca. Yem oHa Oodbliie,
TeM ¢ OoJblIel CKOPOCTBhIO IpoTeKaeT mpouecc. MH-
TEHCUBHOCTB CYIIKH TAaKXe 3aBUCHUT OT CKOPOCTH IPO-

XOXJIEHUsI areHTa CYIIKH 4epe3 CII0i AUCIEPCHOro Ma-
tepuaia. C yBeJIMYEHUEM CKOPOCTH JBHIKCHUS areHTa
yepe3 CIOH BpeMsl CyLUIKM yMEHbIIaeTcs. Bausnue
9THX MapaMeTpOB Ha BPEMs M MHTCHCHUBHOCTH CYIIKH
Iyxa MpHUBEICHBI aBTOpaMu B pabote [4].

Hempto maHHOI pabOTHl SBISAETCA OMpEICIICHHE
YCIIOBUH IUIMTEIBHOTO XPAaHEHUS IIyXa W BIWSHHE
HA4YaJIbHOTO BIIArOCOMAEPXKAHUS IyXa Ha KHHETHKY
CYIIKH.

Jna ompeneneHuss AIUTENBHOCTH XpaHEHUs 00-
paslibl IyXa, BEICYIIEHHBIE /10 Biarocoepxanus 11 %,
OBUTH ITOMEILICHBI B MaTep4aThle CETIYaThIe MEIIKH, U B
MOJIBEIIEHHOM COCTOSIHUU COJEpXKaJuCh B KOMHATe
nipu Temneparype 28—20 °C 1 0OTHOCHTENILHOH BIIaXKHO-
ctu 4650 %. B TeueHne roga peryispHO, pa3 B He-
JIeTIF0, OTIPEEIIUIN BIArocoAep kaHue 00pas3IoB myxa.
3a Bech mepuol HaOJIOACHUI BENMYMHA BIArocomep-
XKaHUs Myxa Kojebanace B mpeaenax 11-12 %, a Buzy-
aJIbHO HAOJII0JaMOE COCTOSIHHE ITyXa HE M3MEHSIIOCH
(oTcyTCTBOBANIM MOPAXKEHUsI IUICCEHBIO, TpHOaMy,
HMHBIMH MUKpPOOpPTaHU3MaMH). MOXHO clieNlaTh BBIBO/,
YTO JUIA JUIMTENIBHOTO XpaHEHHs IIyXa porosa, ero
HE00X0IUMO CYIINTH A0 Biaroconep:xanus 11 %.

BnusiHMe HauanbHOTO BJIArOCOJCPKAHUSA MyXa Ha
KMHETHKY CYIIKU MIPOBOIMIN MPHU CIEIYIOUIUX HOCTO-
SIHHBIX TIapaMeTpax: TeMIepaTypa BO3yXa Ha BXOJE B
cymmmiky 100 °C; ckopocTh Bo3ayxa B cymmike 0,44
M/C; IUIOTHOCTh BI@KHOTO IyXa B Hadalle CYIIKH
(HauanbHas muotHOCTh) 130 kr/M%; BEICOTA Cil0s mMyXa
B cyummike 180 mm. HauanbHOe Biarocoaep:kanue
nyxa u3MeHsanu B npenenax ot 0,58 nmo 1,1 Kreparu
/KrCyX.MﬂTep-

Jlns mpoBeneHus UCCeI0BaHUI MepBOHAYAIBHO
OTIpeNIeJIIM BIAroco/epKaHue Iyxa Iepes HadyaloM
ombITOB (HauanbHOe Biarocoaepxanue) Uy,. C aTol 11e-
npl0 Opanu Tpu oOpas3ia myxa Maccodl mopsiaka 2
rpamM. M3Mepsi UX HadajgbHbIE MAacchl My ¢ TOYHO-
cthio 10 0,01 r u cymmnm B cymmisHOM kamepe. [lepu-
OJIMYEeCKN 00pa3Ibl BEIHUMAIH U3 KaMephl, U B3BEIIU-
Baym. Korja Macca 00pa3sioB He M3MEHsIIach B TEUCHNE
TpeX MOCJe0BATENbHBIX M3MEPEHHH, MPUHUMAIIN €e
KaK Maccy CyXOro IyXa Meyxi. 32 BIArocoJep>kaHue cy-
XOTO ITyXa IPUHAMAJIH CpeiHee apupMeTHIeCKOe BiIa-
rocojiepxanus Tpex oOpa3noB. Bmaroconepxanue
Kaxkaoro oopasua Ui paccuntsiBainu o gpopmyie (1)

_Myi—Mcyxi

Ui =—————, 1)

Meyxi

rae Uy — HavalbHOE BIArocoJiep>KaHue Iyxa,
KCgnarn /KTeyx marep; Mui — HAYATBbHAS Macca Iyxa, KT Meyxi
— Macca CyXxoro Imyxa, K.

HccnenoBanust KHHETHKH CYIIKK MPOBOIUIA M€-
TOJIOM B3BCIIMBAHUS MO YCOBEPIICHOCTBOBAHHOM Me-
TomuKe 3amepoB. CyITHOCTh METOIUKH 3aKIIFOYaCTCS B
TOM, YTO UCCIIeIyeMasi HaBeCKa IyXa BMECTE C CYIIUII-
KOH IIepUOIMYESCKH B3BEIIIMBAIIN HAa BECaX C TOYHOCTHIO
0,01 rp. JIi1st 3TOTO MCIONB30BANN CICIHATBHOE Pa3b-
€MHOE YCTPOHCTBO, KOTOPOE TO3BOJISIIO OBICTPO TPH-
COCIMHSATE U OTCOCIUHSITD CYIIMIIKY OT TPyOOITpOBOIa,
TIO/IBOJISIIIIETO CYITMIIbHBIN areHT. PasHocTh Mex 1y 00-
el Maccol U MacCOM CYIIMJIKY 1103BOJISUIA MOJYYUTh
MacCy HaBECKH IyXa. B pe3yibraTe MHOTOKPATHOIO
B3BCIIMBAHMS CYIIMMON HABECKH IyXa B pa3jIM4YHBIC
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MPOMEXYTKH BPEMEHH CYIIKH HOJTy4yanu Habop 3Haue-
HUHA Macchl HaBECKH M COOTBETCTBYIOILETO € Bpe-
MeHHU. Biiarocozepxanue myxa B onpeaeseHHoe BpeMs
CYIIKH PaCCYUTHIBAIIH 110 Gopmyre (2)

_Mn—Mcyx

U, =—— ()

Mceyx

rae U, — Brarocomepikanue Imyxa B IIPOMEKYTOK
BPEMEHHU T, Klpjaru / KT cyx.marep;

My — Macca Myxa B N — SHHBIA IIPOMEXKYTOK Bpe-
MEHH, KT

Meyx — MAcca CyXoro Mmyxa, KT.

B PE3YJIbTATE NOJYyYaIu JaHHBIC U3BMCHCHHUC BJia-
TOCOACPIKaHUA TIyXa B 3aBUCUMOCTH OT BpPEMCHU
CYIIKHW, Ha OCHOBAaHHWU KOTOPBLIX CTPOUIU Fpa(i)I/Il{e—
CKYH0 3aBHUCUMOCTL: BJIAaroCOJACPIKaHUC MaTepuajia —

\°

‘|'J|

6

BpeMsi cymku (kpuBas cymku). Ha ocHoBe kpuBoOit
CYUIKH, CTPOUIACH KPUBask CKOPOCTH CYIIKH, 3 UMEHHO
3aBUCUMOCTb CKOPOCTH CYLIKH OT BJIATOCOJEP KAaHUS
MaTepuana. JTH KPUBbIE TIO3BOJISIIOT ONPEACIIATS:

MPOJIODKUTENFHOCTE CYHIKH JI0 PaBHOBECHOTO
COCTOSIHHS,

N3MEHEHHE CKOPOCTH CYIIKH Ha MPOTSHKCHUH
BCETO BPEMEHH IIPOIIEcca,

BEJINYNHY MAaKCUMAJIbHON CKOPOCTH CYIIKH.

CxeMa 1a00paTOpHON YCTAHOBKU JJISL UCCIIEI0BA-
HUSI KHHETUKY CYIIKH IIpe/ICTaBIeHa Ha puc. 1.

B kaudecTBe CyNIMIBHOIO areHTa UCIOJIb30BajCs
MOJIOTPETHI aTMOCc(epHbIid Bo3nyX. C 11enblo yMeHb-
LIEHHUs HOTEPb TEIUIOTHl B OKPYKAIOLIYIO CPELy, Cy-
LIAIKY TIOMEINAIN B TETIOBYIO H30JISIIHIO.

1 — 6030yx00yexa; 2 — npubop 015 uzmepenus pacxooa 6030yxa (pomamemp), 3 — seKmpuueckull Kaiopugep,
4 — mepmomemp; 5 — kopnyc cywunku, 6 — onopras peuiemxa, 7 — 1abopamopuwiti mpancgopmamop; 8 — ecul;
9 — kpvuuxa cywunku nepghopuposannas; 10 — pazvemmoe ycmpoiicmeo.

Pucynok 1. — Cxema nabopamopHoil ycmaHo8Ky CyuuiKu

ATMOcdepHBIi BO3AyX MOJaBajics BO3IYXOJyB-
Koi 1 uepe3 nmpubOp /1 M3MEPEHUst pacxoa 2 B 3JIeK-
Tpudeckuil Kanopudep 3, a 3aTeM uepe3 pazbeMHOE
ycTpoHcTBO B arMocdepy. Temmneparypy Bo3ayxa H3-
MepsAIach TEPMOMETPOM 4, U PEryIHpOBaNachk C IMOMO-
ipio Taboparoproro tpancopmaropa 7. [Tocme mpo-
rpeBa YCTaHOBKH JI0 HEOOXOIMMOHN TeMIepaTrypsl Ipu
MOCTOSTHHOM PAcXOfie BO3AyXa, IPeABAPUTEIHHO B3Be-
IIEHHAs CYIIMIIKA C TyXOM yCTaHABIIMBAJIACH B Pa3bEM-
Hoe ycTpoiictBo 10, M puKcHpoBaIOCH BpeMs Hadaja
cymku. IlogorpeTsiii Bo3gyx HpOXOAMN 4Yepe3 Cloi
MyXa, HachllaJcd BIAroil, W 4Yepe3 OTBEpCTUS B
KpbIIIKe 9, BeIxommsl B atMoctepy. Uepe3 3 MUHYTHI

CYIIMJIKa OTCOEAMHsIIAch OT TPyOONpOBOJA, B3BEIIU-
BaJlach Ha Becax 8, M CHOBA yCTaHaBIJIMBajach Ha pabo-
yee MecTo. Bpems oTcoennHeHus, B3BEIMBAHUS U CO-
€IMHEHUs CYLIHMIIKH C TPYOOIIPOBOJOM COCTaBIISLIO 8—
10 cexynn. [Tocenyromue 1Ba B3BEIIMBAHUS IPOU3BO-
JIUITHCH Takxke depe3 3 MuHyTHL. OcCTajabHBIE BPEMEH-
HBIE MHTEPBAJIBI MEXKTY H3MEPEHUSIMHU MACChI CYILIUITKA
YBEJIMYMBAINCH B 3aBUCHMOCTH OT HAdaJbHBIX Iapa-
METPOB CYIIKH.
Pe3ysabTaThl 1 HX 00CysKIeHNE

Ha puc. 2 npezncraBiieHbl KpUBBIE CYLIKH TIPH pas-

JIMYHOM HayaJIbHOM BJIaroco/epKaHus Iyxa.
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W3 pucyHka clieqyer, 4To ¢ yBelIMYeHHEM Hauallb-  VIcIonb3ys KpHBBIE CYLIKM, OIPENENsnoch BpeMs
HOTO BJIarocoJepKaHus, BpeMs CYLIKH IIyXa yBeIUYU-  CYIIKH IPU PA3IM4YHOM Ha4yaJIbHOM BIIArocoIepiKaHUM.
Baercs. Panee ObLIO yCTaHOBJIEHO, YTO AN ANMTENb-  I'paduyeckas 3aBUCHMOCTb BPEMEHH CYIIKU IIyXa OT
HOTO XpaHEHMs ITyX HEoOXOAMMO CYIINTH O PaBHO-  HAYaJbHOTO BIATOCOACPKAHHS IPEICTABICHA Ha PHUC.
BecHOro BnarocoiepkaHusi 0,11 Krenarn /Kleyxmarep: -

1,2 3
1,1 4
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0,9
0,8 <
0,7 >
0,6
05 +-
0,4 3
0,3 1 SN
0,2 B
O, 1 $s‘ﬁ.$ s.d*.dlg-&-q'ﬁ-$.$'q*:
0 EE=s EEgmssccEst
0 10 20 30 40 50 60
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Baaroconep:xanue, Kr/Kr
|

Pucynox 2. — Kpugvie cywku npu panuuHom HA4aibHOM 61A20CO0EPAHCAHUN NYXA PO203d, Keaxu/Keeyxamep-
1-0,58;2-0,833;3-1,1
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Pucynox 3. — Bpemsa cywiku 6 3a8ucumocmu 0m Ha4aibHo20 671a20CO0ePIHCAHU NYXa
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Pacuerbl moOKa3bIBalOT, 4YTO IPH YBEIHMYCHUH
HayallbHOTO BJIATOCOJCPIKaHMS B 1Ba pasza, BpeMs
CYIIKH ITyXa YBEJIMYMBACTCS TOXKeE B J1Ba pasa. C 1enbio
NPaKTHYECKOTO NIPUMEHEHHs 3THX AaHHBIX, ObUIa IO-
JydeHa 3aBUCHMOCTb Ul pacdeTra BPEMEHH CYIIKH
ImyXa 0 paBHOBECHOTO BJarocoaepkanus (3)

1=137,83 U, — 49,99 U2 — 39,12, (3)
rie T — Bpems cymku, MuH; U, — HayaiabpHOE Bia-
TOCOMIePKaHHE TYXa, KTsnaru /Kl cyx marep-

Kos¢ppuuunent nerepmunanuu 3aBucumoctd (3),
R2=1.

Ha puc. 4 nokazaHo U3MEHEHHE CKOPOCTH CYLIKH
IIPY PA3IMYHOM HAYaJIbHOM BIArOCOAEPKAaHMH IIyXa.
Bce kpuBBIE CKOPOCTH CYIIKH B TeUCHHE 3—5 MHHYT
JOCTUTAIOT CBOEr0 MAaKCHMAaJIbHOTO 3HAYCHHMS, MOCIIE
YEro IMpOIEecC MPOTEKAET C MOCTEIECHHBIM CHIDKEHHEM
CKOpOCTH CyIIKH (BTOpOit mepuox). [Ipu aTom KpuBbIe
oOpaIieHsl CBOeH BBHIMYKIIOCTBIO K OCH OpIUHAT (CKO-
POCTH CYIIKH), YTO XapaKTEPHO s (PU3UKO-MEXaHH-
YECKOM CBSI3U BJIard ¢ MaTtepuaiom [5].

60
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\

Cooctb cymku, 1/c - 105

0,2 0,4

Baaroconep:xkanue, Kr/Kr
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0,6

\

0,8 1 1,2

Pucynox 4. — Kpusvie ckopocmu cywku npu pasiuiHom Ha4aibHOM 61a20C00ePHCAHUY NYXA PO203d, Kegazu
/keeysmameps 1 —0,58; 2—-0,833; 3-1,1

Ha puc. 5 n3o0pakeHa 3aBUCHIMOCTh MAaKCHMaJIb-
HOH CKOPOCTH CYIIKH OT HA4aJbHOTO BJIArOCO/EpXKa-
HUA mmyxa. M3 puCyHKa cliellyeT, YTO C YBEJIHUCHHEM

HA4YaJIbHOI'O BJIAroCOACPIKaHUA IIyXa MaKCHUMAJIbHAA
CKOPOCTDb CYIIKH YyBEJIMYNUBACTCH.

50

e
/
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/

cymku, 1/¢ - 1075

MaxkcuMaJibHasi CKOPOCTH

30

05 06 07

0,8
HauvanbHoe Bi1arocoaep:kaHue myxa, Kr/Kr

0,9 1 1,1 172

PucyHOK 5. — 3asucumocmob MakcumaibHoU CKopocmu CyutKu omt Ha4ialbHo2o eﬂaeocodepofcanuﬂ nyxa

B pesynprate MaTeMaTHUECKOW 0OpabOTKH 3TOM
3aBHCUMOCTH IIOJIy4eHa SMIUpUYeckas Gopmyna st
pacdera MaKCUMAaIbHOU CKOPOCTH CYIIKH (4)

Nimax = (72,878 U, — 29,758- U, 2+2,941) -10°5, (4)

rae Nmax — MaKCUMalibHast CKOPOCTh CYIIKH, 1/c;
U, — HavajnpHOE BIJIATOCOJCpIKAHUC ITyXa,
/Krcyx.MaTcp-

KoaddunueHT nerepMuUHAINN 3aBHCUMOCTH (4),
R2=1.

KrBHal‘H
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BriBoabl

1. JIns obecrieueHus IIIMTEIHLHOTO XpaHEHUS IyXa
porosa, ero BJIarocoiep>kaHue He JTOJDKHO MPEBBIIIATh
11 %.

2.Ilpn yBenmMUYEHNN HAYAIBHOTO BIAroCOIepiKa-
HUS ITyXa porosa B /IBa pa3a, BpeMs CYIIKH ITyXa yBe-
JIWYIMBACTCA B [Ba pasa.

3.Cymka myxa OCYIIECTBISIETCS OT MaKCHMallb-
HOM CKOPOCTH CYIIKHM JO PaBHOBECHOTO BJIAr0OCOJEp-
JKaHUsI BO BTOPOM IIEPUOAE CYIIKH.
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