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DEFINITION OF THE PESTS’ SORT STRUCTURE IN POTATO SOWINGS OF THE WESTERN
REGION OF THE AZERBAIJAN REPUBLIC

Huseynov K.G.

Department of Plant Protection, Azerbaijan State Agrarian Universities, Ganja, AZ 2000, Ministry of Agri-
culture of Azerbaijan Republic, AZ 2000, Azerbaijan, Ganja city, Ozan st. 402
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Abstract

Growing of the potato plant in the western region of the Azerbaijan Republic for more than 200 years caused
collection of the representatives in the fauna and flora concerning the different sorts in agrocenosis. An aim of the
research is to work out fight measures integrated to the local condition against the pests in potato sowings of the
zones above sea-level, specifying a sort structure, spreading area and biological features of the pests. The route
observation-calculation works were performed by involving 30 % of agrocenosis for specifying the pests’ sort
structure in potato sowings of the western region in 2003-2022. Our researches showed that 31 sorts of the pests
spread in potato sowings which are grown in the zones 850-900 meters above sea-level (Gryllotalpa gryllotalpa
L., Gryllus desertus Pall., Dociostaurus maroccanus Thnb., Chaetocnema breviuscula Fald., Leptinotarsa
decemlineata Say., Anisoplia leucaspis Cast,Melolontha pectoralis Germ, Agriotes gurgistanus Fald and others).
An injury of the pests involves underground (mole cricket and wire worms) and surface (Colorado beetle and its
larva) organs. 27 sorts of the pests were revealed in agrocenosis while descending 900-1000 meters above sea-
level. During the researches aren’t found in the zones above 1000 meters. Change of the pests’ sort structures

depending on geographical zone was determined.

Keywords: potato plant, Colorado beetle, mole cricket, bioecological features.

Introduction

A comparative analyses with the reference infor-
mation of the research works about sort structure,
spreading area, bioecological features and injury of the
injurious organisms which assumes negative farming
importance extended in agrocenosis besides agrotech-
nical measures in growing of potato plant, getting of the
reach and high harvest. (Kakharov, 2008; Naumova,
2008; Kapustkin, 2009; Zamalieva, 2013. Fisechko,
R.N. 2013). There is a great importance of revealing the
new sorts which have negative farming importance in
harvest preserving (Gerasimova et al., 2007; Anisimov,
2009; Maluga et al., 2013). It is impossible to fight
against the pests in an optimal period not studying the
sort structure, biology, ecological features, spreading
area and other factors of the injurious organisms
(Doljenko and Burkova, 2007; Brechko, 2012; Goncha-
rov et al., 2013; Ulyanenko et al., 2015). An analysis of
the researches from the reference data shows that inju-
rious organisms more than 100 injure in potato agroce-
nosis (Vilkova, 2005). But depending on geographical
zone the sort structure of the injurious organisms and
injuring limit change. The researches show that change
of the sort structure and injuring of the pests in agroce-
nosis is connected with the ecological factors (Bale et
al, 2002) . While the microclimate condition that is
formed as a result of the ecological factors is fit for the
pests the harvest loss happens (Goehring and Oberhau-
ser, 2002; Hodkova and Hodek, 2004; Kosta and
Simek, 2000). The seed potato nodule brought from
Lvov province (zone of the Ukraine State) was firstly
observed in the west region of the republic of Azerbai-
jan in 1972. At present the pests spread in all the re-
gions of our republic. The Colorado beetle is consid-
ered the most dangerous pest not only for the potato

pant but also some more agricultural plants (tomato, au-
bergine, pepper) (Cannaert, 2011; Yocum, 2001). The
various means are used in fight with the pests (pesti-
cides, radiation, gene-modified potato sorts and etc.)
(Danks, 2005; Denlinger, 2002; Chen et al., 2004). Be-
ing young of the pest from phylogenetic point of view,
high ecological plasticity and richness of the nutrient
cause mass increase of the Colorado beetle (increase of
the population density), it needs for new fight measure
preparation against the pest (Arnott and Yan, 2002;
Bosa, 2005). An analysis of the statistical indications
shows that an arable area of the potato plant (2003-184;
2015-177,6; 2022-178,8 thousand hectares), produc-
tion volume (2003-1228,3; 2015- 1178,6; 2022- 1089,5
thousand tons), and productivity (2003-153; 2015- 149;
2022-145 cent/ h) decreased under the pests’ influence.
One of the pests in potato sowings is mole cricket. This
pest gnaws firstly planted nodules and developing
shoot of the plant, then newly formed nodules seriously
during a season (Huseynov, 2012). The wire worms in
the potato sowings deteriorate a quality of the marketa-
ble produce indications.

Materials and methods

The route observation — account works in the
zones above sea-level have been performed for 3 times
a month to specify the sort structure of the pests spread-
ing in potato sowings of the western region of the Azer-
baijan Republic. They involve 10 % of the arable areas.
The surface and underground organs of the plants were
looked through during the observations. With this pur-
pose 20 samples and 5 plants in each sample have been
examined going in a direction of the arable area diago-
nal, the observed pests have been gathered in the pots
and their account has been performed, a sort structure
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of the gathered samples has been specified (Fasulati,
1971).

The hollows were dug by 16 numbers of calcula-
tion per hectare in a direction of the area diagonal for
specifying the sort structure from the pests on the soil
layer. The hollows were dug at 30 cm x 80 cm x 45 cm
of size (noticing inter- row of the potato plant). The hol-
low depth corresponded to the layers (10; 20; 30; 45
cm). The dug soil samples were sieved from the special
sieves on the tarpaulin. The observed pests were col-
lected in the testing glass, a table which shows a region,
date of revealing pests was pinned on it. The pests in-
vestigated as a result of the research were brought to
the laboratory and fixed a sort structure (Kosova and
Poliakov, 1958).

Definition of the pests in the potato sowings which
are grown in the zones above sea-level was performed
in the following rules.

1. An injuring percentage of the plants was cal-
culated by the following formula (1).
n-100
P= 1)
N

Here: P- nodule, shoot and injuring percentage of
the leaves, %;

n — injured nodule, shoot and leaves number,
;number;

N- examined nodule, shoot and a total number of
the leaves;

A coefficient turning into 100 %.

2. An injuring intensity of the plants was estab-
lished over the scores. At this time six-score scale was
used.

0 score — plant or organs no injured,;

I score- plant or organs were injured till 5 %;

Il score — plant or organs were injured till 25 %;

111 score — plant or organs were injured from 25 %
to 50 %;

IV score — plant or organs were injured from 50 %
to 75 %;

V score - plant or organs were injured more than
75 %.

3. An average —score of the injuring intensity was
calculated by the following —formula (2):

)

Here: R — average-score of the injuring intensity,
score;

> -sign of sum

(as » b) -injurious organ or plants quan-
tity (a), is multiplied injuring score (b), num./ score.

N- injured organ or a total number of plants , num;

4. A injuring degree of plant or its organs are fixed
by the following formula (3).

¥ >(a-b)-100

3
N K ®3)

Here: X —injuring degree of the plants or organs,
%;

> -sign of sum;

a — injurious organ or plants quantity, num;

b — corresponding score of injure , score;

N — quantity of the examined plant or organs, num;

K — the highest score of injure, score;

A coefficient turning into100 %.

The potato nodules in 20 samples (in plant) in a
diagonal direction of the hospital area chosen at the end
of the season were examined to determine the potato
nodules injured by the soil pests. A percentage of the
potato nodules injured by the soil pests (mainly mole
cricket and wire worms), an average-score of injurious
intensity, injurious degree were calculated as above-
mentioned forms (Fasulati, 1971).

Discussion

The route observation-account works were carried
out in Goranboy, Samukh, Ganja, Goygol, Shamkir,
Dashkasan, Gadabay, Tovuz, Gazakh and Aghstafa dis-
tricts of the region for specifying the pests’ sort struc-
ture in the potato sowings of the western region of the
Azerbaijan.

A height of the region from sea-level and land-
scape zones were investigated to specify reasons of the
change in a sort structure of the pests. A height of the
region from sea-level (Baltik sea) changes by 69 meters
(Samukh region) and 2470 meters (Shamkir district,
Goygol station). Strong change of the height from sea-
level over horizontal zonality exerted a serious influ-
ence on pests’ sort structure in potato sowings.

More than 67 % of the region were distributed be-
tween the foothill, partially low mountainous forest-
field (from 500 m to 800 — 1000 m) landscape stripe
and mean upland half-field (from 1000 m to 2000 m,
partially high) landscape. The foothill half-field (from
200 m-to 500-600 m) gains the second place for the
landscape stripe zone.

The forming ecological condition — abiotic, biotic,
hydro- edaphic, heliophysics, geographic and anthro-
pogenic factors influence the insects’ development di-
rectly and complexly. The Colorado beetle, Gryllo-
talpa, wire worm, potato tuber moth, autumn bollworm
, marble insects larva and others are found in potato
sowings in the zones above 850-900 m of sea-level (Ta-
ble 1).

A reason of not observing Gryllotalpa gryllotalpa
L., Chaetocnema breviuscula Fald., Lygus pratensis L.,
in potato agrocenosis, while ascending higher than 900-
1000 m of sea-level is the environment being formed
by the vertical zonality. The Colorado insect in the po-
tato areas grown till 900-1000 m above sea-level gives
three generations (Huseynov, 2012). But decrease of
the pests’ generations quantity is observed while the
height rises. Its reason is a low temperature. So, while
the height rises above sea-level a temperature of the air
falls 0,6 °C on average. Its reason is a change of the
falling angle of the Sun beam. The air temperature fall-
ing while growing height exerts influence on other eco-
logical factors. Consequently, the microenvironment
plays an important role in biotope formation. Therefore
the changes are observed in bioecological characters of
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the pests over the vertical zonality (Mammadova et al.,
2011).

Table 1.

Sort structure of the pests from insect classes and arthrohoda type (Arthropoda) in early and summer potato agro-

cenosis grown in the zone above 850-900 meters of sea-level of the western region in Azerbaijan
Group Subgroup Family Latin names of the in- | Casual | Periodic | Constant
sects Plant injuring, %
Orthoptera Gryllotalpa 116
. gryllotalpa L. '
. Gryllotalpidae —
Dolichocera Gryllotalpa unispina
23,0
Sauss.
Gryllidae Gryllus desertus Pall. 2,0
Brachycera Acrididae Doclostaurus 1,0
maroccanus Thnb.
Coleoptera | Poliphaga Chrysomelidae Chaetocnema 70
breviuscula Fald. '
Lept_lnotarsa 350
decemlineata Say.
Scarabaeidae Anisoplia leucaspis
2,0
Cast
Melolontha
pectoralis Germ 1,0
Elateridae Agriotes gurgistanus 90
Fald '
Agriotessputator L. -
Athous -
haemorrhoidalis F.
Carabidae éabrus tene brioides 1,0
Adephaga = oeze -
Gelechiidae Phthorimaea
40,0
operculella L.
. . Various Heterodera
Tylenchida | - Tylenchidae nematodes rostoshiensis Woll. 0.1

The temperature decreases while the height rises
above sea-level, and this causes change of the individ-
ual’s way out of wintering depending on sea-level. This
affects on the Colorado beetle‘s birthrate and it is a rea-
son for two and least birthrate in the zones higher than
100 m above sea-level.

The changes in spreading and development of the
pests observed in agrocenosis are supervised at a height
of 500 m above sea-level, at 500-700 meters, 700-900
meters and higher than 1000 meters. And this shows
that the ecological factors can create the environment
(cenosis) for biotope formation at the noted heights. So
the microclimate changes for development of the pests
and potato plant at the shown height (Humbatov, 2011).
Becoming wild, abnormal development of the early po-
tato sowings 500-700 m above sea-level and spring
sowings of the zone 500 m above sea-level are ob-
served. At a height of 700 — 900 m a spreading area of
the mole cricket in potato agrocenosis becomes limited.
Decrease of the Colorado beetle generations’ quantity
is revealed at a height more than 1000 m (Gulieva and
Safarova, 2013).

As is seen from the researches the relief of the
western region is very complicated. The different
heights above sea-level are found in some districts
(Goygol, Shamkir, Goranboy). Our researches showed
that the Colorado beetle in potato agrocenosis of the

Goranboy regions gives two or three generations during
a season depending on a height above sea-level. Be-
sides the districts of the same region where the mole
cricket spread, there are agrocenoses in which pests
don’t spread. An impact of increase of the height above
sea-level on wire worms population density was re-
vealed. So, it is observed that the population density de-
scends while the height rises. From this point of view,
the region can be divided into four half -zones for the
“dangerousness degree” depending on the height above
sea-level: | half-zone — 700-900 m height above sea-
level, 11 —900-1000 m; 111 —500 and 500-700 m height.
A reason of 700-900 m height above sea-level belong-
ing to | half-zone is richness of the injurious organisms’
sort structure, performing the spring sowings in agro-
cenoses. Three generations of the Colorado beetle, one
generation of the mole cricket from the primary pests
develop in the spring sowings at a shown height. Be-
sides it, a negative impact of the ecological factors
causes abnormal development in the potato root bulbs
and this is a reason of the strong decrease in productiv-
ity.

For the purpose of the primary pests investigation
of the percentage, intensity and degree of the damage
in potato plant were specified. It was determined that
the Colorado beetle and its larva injured the leaves of
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the potato sorts 35,0 % on average . The plant was in-
jured by I-V score and its injurious degree was 13,9 %.
The calculation for investigation of the mole cricket in-
jury on green mass of the potato plant showed that the
shoots injurious was 13,0 % on average. At the end of
the season injuring of the potato bulbs by the mole
cricket and wire worms was specified.

The research works showed that the potato bulbs
injuring by mole cricket was 23,0 %, by wire worms
was 7,0 % (Mammadova and Huseynov, 2010). The
product loss was studied to define wide-spread of the
pests and their negative farming importance. The re-
searches showed that injuring of the plants by the Col-
orado beetle till 35,0 % times more than expense spend-
ing on chemical fight (was shown in economical-inju-
rious limit).

It was known that a weight of the potato bulb in-
jured by 100 wire worms is 17,6 kg, but a weight of the
potato bulb injured by mole cricket is 15,2 kg. It was
determined that a weight of 100 health potato bulb is
17,9 kg. The wire worms were a reason for 0,3 kg loss,
but mole cricket was a reason for 2,7 kg of the product
loss. Injuring of the plant shoots by the potato tuber
moth was 22,0 % , but the leaves spreading was 9,0 %
in summer sowings (Huseynov, 2003). The potato
bulbs infected by the potato tuber moth under the store-
house condition become worthless because of loss in
sowing material, food and marketable quality and
aren’t used for any purpose (Table 2). As is seen from
Table 2 the population density rises if there is no any
fight against the primary pests, and this may be a reason
for the product loss and it can make condition for phy-
tosanitary state every year.

Table 2.

Population density of the primary pests and plants infection

. Popula- . Injurious percentage of | Weight of the
Name of Quantity tion den- Quantity the plants, % potato bulbs, kg Product loss
pests of the dug sity of the of the tu- injuri-
0,
hollows pests samples | shoots | leaves bers health ous kg %
100 13 B B 3 B 3
mole plants
cricket 16 1,6 100 po-
tato tu- - - 23 17,9 15,2 2,7 | 114
bers
. 100 po-
wire 16 13 |tato tu-| - - 7 | 179 | 176 | 03 | 45
worms
bers
Colo- 100
rado in- - 107 | - 352 - 180 73 107 | 40,5
sect plants
100 po- 100
potato - - tato tu- - - 100 17,9 162 | % -
tuber bers seless
moth 22 |10 22 | 90 | - |15 68 | 77 |531
plants

Studying bioecological characters of the Colorado
beetle in the investigative zone, A graphics depending
on temperature of the Colorado beetle’s going out of
wintering was compiled and depending of the Colorado
beetle development on ecological factors in the potato
sowings from the zones 900-1000 m above sea-level
shown on bioclimogram (Figure 1). As is seen from the

bioclimogram the precipitations quantity changes 20-
60 mm for the pests development. But being more of
the rainfalls quantity than these parameters (look at
soil-climate condition) causes the best environment for
the Colorado beetle development. One generation de-
velopment continue 48-55 days.
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Figure 1. Bioclimogram of the Colorado beetle in the potato sowings of the zones till 900-
1000 m above sea-level (Goygol district, Gizilgaya settlement)

The bioclimogram of the Colorado beetle devel-
opment dependence on ecological factors was shown
on Figure 2 (in the potato sowings 1000 m above sea-
level). A quantity of the precipitations in the zones

1000 m above sea-level is more and it causes lasting of
the Colorado beetle’s development period. One gener-
ation development continued 65-70 days.
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Figure 2. Bioclimogram of the Colorado beetle in the potato sowings of the zones higher
than 1000 m from sea-level. (Gadabay ditrict, Slavyanka village)

An application of the limited factors in generating
ability (generations’ quantity) showed that after a
height of 900-1000 m sea-level a low temperature of
the soil in spring causes late going out of the wintering
insects in various depth of soil. The researches show

that the mature individuals of the Colorado beetle spend
winter in the deepest layers of soil, while rising up from
sea-level. But gradual heating of the soil layer delays
going out of the insect in spring (Table 3).
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Table 3.

Factual and prognosticating period of the Colorado insect’s going out of wintering in the potato sowings from
the zones till 900-1000 m above sea-level in the western region ( 2003-2022)

Years Soil temperature in | Beginning date of going out of wintering, | Difference between factual
20-30 cm of depth, | date and prognosticating dates,
Co factual prognosticating day

2003 16,0 10 May 13 May + 3
2004 14,8 24 April 22 April - 2
2005 16,0 16 April 17 April +1
2006 17,0 04 may 07 may +3
2007 14,3 28 April 25 April - 3
2008 14,7 24 April 22 April - 2
2009 14,3 28 April 25 April - 3
2010 14,8 22 April 22 April 0
2011 17,0 04 may 07 may +3
2012 16,2 18 April 17 Avpril - 1
2013 15,9 19 April 18 April - 1
2014 16,0 16 April 17 Avpril +1
2015 15,1 20 April 19 April -1
2016 15,7 16 April 15 April -1
2017 14,3 28 April 25 April - 3
2018 14,7 24 April 22 April - 2
2019 14,8 24 April 22 April - 2
2020 15,9 19 April 18 April - 1
2021 16,2 18 April 17 Avpril - 1
2022 15,7 16 April 15 April -1
On average 15,3 18 April 18 April -
Conclusion 111 group — early potato sowings in the zones till

1. The researches show that the landscape stripes
play an important role besides the climate stripes in
spreading of the pests from zonality standpoint. Divid-
ing of the western region into four half-zones depend-
ing on sea-level causes protection of the potato plant
from injurious organisms besides providing a good
soil-climatic situation for its development. The re-
searches showed that 31 sort pests in the potato sowings
at a height till 900 m from sea-level, but 27 sort pests
developed in the zones at a height more than 900 m.
Among these pests the Colorado beetle, Gryllotalpa
gryllotalpa L. and Gryllotalpa unispina Sauss., nine
sort of the wire worms are primary pests.

2. The half-zones of the western region are di-
vided into three groups according to “dangerousness
degree “ from product loss standpoint : more product is
subjected to loss at a height of 700-900 m from sea-
level (I group) for ‘dangerousness degree”. So, the
spring sowings of the potato plant are performed at a
shown height. The potato plant vegetation involves
April — August months. The primary pests in this half-
zone (Colorado beetle, mole cricket, wire worms) have
full development cycle and this rises product loss and
pesticide load.

11 group - spring sowings of the potato in the zones
higher than 900 m from sea-level. The potato spring
sowings involve an end of April and August but the be-
ginnings of September. An ecological condition is good
for potato plant in these zones. The Colorado beetle de-
velops in two generations, but the mole cricket isn’t
found in the potato sowings.

500 m above sea-level. The early potato sowings in-
volve the second ten-day and the first half of June. This
period is fit for the potato plant development ecologi-
cally. Besides it 1,0 -1,5 generation of the Colorado
beetle and wintering individuals of the mole cricket de-
velop in early potato sowings, this causes minimizing
of the product injury in connection with the pests in-
complete development. The summer sowings of the po-
tato grown in the zones till 700 m above sea-level be-
long to 11l group. The summer sowings of the potato
plant involve the second half of July and November.
Relatively decrease of the temperature, falling dew, (or
intensifying of the rainfalls), increase of the relative hu-
midity make a good optimal situation for the plant de-
velopment and this results in increase of productivity at
a period of bulbs formation in the summer sowings. At
the same time many parts of the development period in
the potato bulbs are found in the period of the third gen-
eration of the Colorado beetle, mole cricket and wire
worms larva ‘s going to wintering, this causes the prod-
uct damage.

An adaptation of the sowing period (early, sum-
mer, spring sowings) to the local conditions and season
causes decrease of the cost price for the fight against
the product increase and primary pests.
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In 2020 - 2021, research of state of commercial fish stocks and the volume of permissible fish capturing in
the Aydar-Arnasay lake system in Uzbekistan (the middle reaches of the Syrdarya River) has been conducted. The
data on the coefficients of loss, natural and commercial mortality of fish and statistical data on catches by species
are given. The total ichthyomass of the commercial fish species mature part of the populations in the system of
lakes is about 20 - 21 thousand tons in total (without species separation). The number of fish that can be captured
without damage (total commercial stock) in these years is about 7 - 7.5 thousand tons. At present, the main com-
mercial fishes are roach (Rutilus rutilus), pike perch (Sander lucioperca) and common carp (Cyprinus carpio), in
some years there may be noticeable catches of gibel carp (Carassius gibelio).

Keywords: Fish stocks, allowable catch of fish, common carp, pike-perch, roach, Aydar-Arnasay lake sys-

tem, Uzbekistan

Fish is the most important food product, the most
balanced, and rich in valuable protein. Doctors have set
the minimum rate of fish consumption necessary for the
growth of a healthy population of the country - 16
kg/person, / per year. Unfortunately, fish consumption
in Uzbekistan is about 4 kg/person/year. This means
that there is a deficit in the full nutrition of the popula-
tion of the republic. Objectively, this is due to the re-
moteness of the republic from the World Ocean, its lo-
cation in the very center of the largest continent, and
the poverty of fish resources. It is necessary to use
every opportunity to increase fish production, one of
the directions of which is the rational use of available
water resources.

But fish production should not come into conflict
with the conservation of biodiversity, in which the an-
thropogenic factor becomes the most important. At the
present time, issues related to the state of fish stocks are
especially acute, because stocks limit catches, and the
whole nature of the fisheries of one or another reservoir
is determined by-catches.

The Aydar-Arnasay system of lakes (Uzbekistan)
is located in a saline depression in the east of the Ky-
zylkum desert in the middle reaches of the Syr Darya
and has a total area of more than 400 thousand hectares
and extends for more than 250 km in length (Fig. 1).
The system of interconnected lakes of Aydarkul,
Tuzkan and the East Arnasay reservoir (formerly the
East Arnasay channel of lakes) is the largest fishery res-
ervoir in terms of area and fish catches in the republic.
However, catches fluctuate greatly, only in the 2000s
the annual figures varied within 1-8 thousand tons. This
raises the question of the rational use of available fish
resources for the needs of fisheries. With regard to the
Aydaro-Arnasay system of lakes, there are no objective
data either on stocks or on possible and reasonable
catches for any species of fish from the local ichthy-
ofauna. The purpose of this work was to assess the state
of the stocks of the lake system and the volume of al-
lowable fishing of the main objects of fishing, in which
there is no negative pressure of fishing on the emerging
stocks of fish stocks in reservoirs at the present time.
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Material and Method

Material from June 2019 to June 2020 (the first
analyzed year, assumed to be conditionally 2019) and
further to June 2021 (the second year under study, as-
sumed by us conditionally to be 2020) during research
fishing. Fish were caught with fixed nets with a mesh
size of 24-120 mm in East Arnasay (Arnasay reservoir
with fresh water), in Tuzkan and Aidar lakes through-
out the water area. The nets were set according to gen-
erally accepted methods, in the same order during re-
search fishing, one net 24, 36, 45, 55, 60, 70, 80, 90,
100 mm was included. We also analyzed the commer-
cial catches of fishing brigades working in the Aidar-
Arnasay system of lakes.

In the studied fish, the standard body length (to the
end of the scale cover) (SL, cm) was measured with an
accuracy of 0.1 mm, the scales were collected, from
which the age was determined by conventional meth-
ods (Pravdin, 1966).

Used data on fish catches.

Figure-1. Aydar-Arnasay system of lakes and its location on the territ

ory of Uzbekistan '

Calculations were carried out according to the
method of analysis of fish stocks in inland waters
(Metodicheskie..., 1990). Numerical data were pro-
cessed on computers using the methods of variation sta-
tistics.

Results

Carp (carp), Cyprinus carpio. According to the
current Fishing Rules in the republic, the fishing meas-
ure is set for carp at 28 cm. But commercial fishermen
in the studied system of lakes actually catch larger carp
due to consumer demand. The smallest commercially
significant body size of carp is currently 31 cm. As a
result of the above, we took into account and used in
the calculations only carp larger than 31 cm. life (SL w1
and SL - standard body length of a carp at the age of t
and t+1) in carp, according to our data for the period of
research years, looks like:

SLt+;=16.7 + 0.89 »SLt

Table 1.
Size composition of the commercial carp stock in 2019-20, pcs.
Year Standard body length (cm)
31 | 34 | 37 40 43 | 46 | 49 | 52 55 58 61 | 64 | 66 | 69
2019 | 71 | 60 |fifty | 32 | fifty | 58 | 43 | 24 | fifteen | eight | 6 5 0 3
2020 | 83 | 65 | fifty | thirty | 48 | 65 | 42 | 28 19 |eight| 9 5 2 3

In the first year of research, there were 425 carp
pieces with a body length of 31 cm or more in the con-
trol catches. During the year, these fish grew, according
to the formula, up to 44 cm or more. There were 229 of
them in the second year of research. The loss amounted
to 196 pieces. The calculation shows that the overall
mortality rate in this case can be estimated as 0.46. For
carp, according to long-term studies, the natural mor-
tality rate is 0.25. Then the estimated fishing mortality
rate is 0.21. For the data obtained, we introduce a cor-
rection factor equal to 0.04 according to the literature
data for the indicated mortality rates (Methodological
..., 1990). Then the fishing mortality rate is 0.25, and
natural 0.21.

The average weight of fish with a length of 31 cm
or more in catches was 1.1 kg, and that of fish with a
length of 44 cm or more was 2.1 kg. Then the average
weight of one carp in catches is 1.6 kg.

The catch of carp in 2019 amounted to 300 tons,
in this catch, there are only 190 thousand individuals of
the species on average. The total loss is estimated at 350
thousand individuals with a total weight of 551 tons.
Natural mortality - 251 tons. The rest amounted to 400
thousand fish or 644 tons of fish. The total commercial
biomass of carp in the system of lakes can be estimated
at 1194 tons.

Pike perch (Sander lucioperca). The commercial
measure of pikeperch according to the current fishing
measures in the republic is 36 cm. The data of research
catches on the number of pikeperch of different body
sizes in the studied system of lakes are given in Table
2. The calculated dependence of the growth of pike
perch for the year has the form:

SLt+1=7.7+ 1.0 +SLt
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Table 2.
Structure of the commercial herd of zander in 2020-2021, pcs.
Year Body length, cm
36 | 39 | 42 | 45 48 51 | 54 | 57 60 63 66 | 69 | 72 | 75*
2020 85 | 75 | 40 | 28 29 25 | 26 | 27 ten 9 6 | one | 3 3
2021 79 | 68 | 36 | 35 |thirty | 29 | 24 | 25 |eleven | eight | 5 2 2 3
* - 75 cm and more are indicated.

According to the results of research catches and
comparison of data for 2 years, the calculations
showed: out of 367 individuals of commercial size in
the first year, 139 individuals remained in the reservoir
in the second year (42 cm or more), a decrease was 228
individuals. Thus, the attrition rate was 0.62. Calcula-
tions have shown that the natural mortality rate for the
applied technology is 0.21, and the commercial mortal-
ity rate is 0.41.

The average weight of fish with a length of 36 cm
or more is 2.2 kg, a length of 42 cm or more - 2.5 kg, in
total in catches - 2.4 kg.

The commercial catch of zander in the studied sys-
tem of lakes in 2020 amounted to 340 tons. The average
catch included 213,000 zanders. According to calcula-
tions in 2020, in the entire system of lakes, the com-
mercial stocks of pike perch are at least 520 thousand
individuals with an ichthyomass of 830 tons (i.e., that
part of the herd that can be safely removed without the

threat of biological or economic overfishing). Esti-
mated natural mortality of zander is 124 tons.

The rest of the fish can be divided into two groups:

e roach, Rutilus aralensis, is the main object of
fishing in the Aydar-Arnasay system of lakes, in the
mass - short-cycle fish, in catches it is represented
mainly by two age groups (2-3-year-olds), according to
which it is not practical to determine the state of the
stocks and the impact of commercial loss;

e The rest of the fish, which in the catches in
some years can take 2-10%. It is not possible to calcu-
late their stocks using this method due to too strong
fluctuations in catches, because it is possible to calcu-
late only the reserves of that herd or that part of the herd
that is fished.

We present tabular data obtained similarly to the
above for carp and pike perch (Table 3).

Table 3.
Assessment of fish stocks in the AASO and their use in 2021
View Stock, t Cogg{zre]rilal Natural mortality, t Remaining, t

Cyprinus carpio 1191 300 251 644
Sander lucioperca 830 340 174 316
Rutilus aralensis 3400 1730 714 956
Carassius gibelio 1120 466 157 497
Other 5640 200 205 5440
TOTAL 12181 3036 1501 7853

Discussion newly created and fishing brigades of the State Fisher-

The Aydar-Arnasay system of lakes has been the
largest fishery reservoir in Uzbekistan in recent dec-
ades. However, it should be understood that this is a
very young, artificially created reservoir. Until 1965,
such lakes did not exist, and in the Syrdarya region of
Uzbekistan, there was the Arnasay channel of small
lakes with a total area of up to 20,000 hectares. All the
lakes were in a state of disrepair; silted, and overgrown
with reeds and cattails. There was no fishing on the
lakes. Also, there was a saline lake Tuzkan (periodi-
cally appearing from the runoff of flood waters in the
spring and drying up by the end of the summer) (Lu-
zanskaya, 1965). As a result of the release of extreme
flood waters in the spring of 1969, the Aydar-Arnasay
system was formed from the emergency discharge of
the Chardarya reservoir, which has been used since then
as a drainage water storage lake. In fact, it was the
flooding of steppe landscapes in a natural depression.
At the end of the 20th century, the area of the lakes was
about 170,000 ha. When water was released into the
newly formed system of lakes from the Chardarya res-
ervoir, an indefinite but significant number of fish got
into it, which gave an outbreak of catches taken by the

ies Committee of Uzbekistan for several years. The sys-
tem of reservoirs began to be used as a fishery. Taking
into account the potential of the lakes and the extremely
poor naturally formed ichthyofauna, a system was cre-
ated for stocking the lakes with cultivated cyprinids and
fishing brigades. In the 1980s, there was even such a
system of pasture aquaculture as a lake-commercial
farm. Catches amounted to 3-5 thousand tons per year,
once reaching about 8 thousand tons (from a total lake
area of 170,000 he.). By the beginning of the 1990s, due
to the drying of the Aidar and Tuzkan lakes, the salinity
of the water increased (up to 10 - 15 %o), the fishery
significance of the lakes fell sharply, and the question
arose of closing the fishery on these lakes.

In the first half of the 1990s, as a result of the dis-
charge through the emergency locks of the Chardarya
reservoir of huge amounts of water discharged along
the Syr Darya from the Toktogul reservoir (Kyrgyz-
stan), the area of the Aidar-Arnasai system increased
significantly and reached up to 370,000 ha. As a result
of these processes, a much larger steppe was flooded,
and the entire coastal infrastructure of the fishing crews
was disrupted. At the same time, there was a noticeable
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improvement in the ecological state of lakes as fresh-
water reservoirs, the ichthyofauna quickly revived, and
fishing was resumed both in Jizzakh and Navoi regions.
The rational use of emerging fish resources was also
affected by the transition of the economy from planned
to market principles, including the privatization of the
entire fishery sector of now independent Uzbekistan.
As a result, completely unprepared people entered the
newly created fishing enterprises, as well as the fishery
administration managing the system. Fishing is com-
pletely transferred to the use of fixed nets. The modern
fishery system was established under greatly changing
conditions of its organization. Until 2003, there was a
system for setting fishing limits and distributing quotas
between fishing enterprises by the State Committee for
Nature Protection. Quotas were based on catch statis-
tics (essentially). Further, as a result of a number of de-
cisions of the Government of the Republic, fishing be-
gan to be carried out on the basis of lease agreements
without quotas, which fishing enterprises concluded
with the local regional administration. The leadership
of the management of the fishery was entrusted to the
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newly created Association "Uzbekbaliksanoat" and
LLC "Aydar Arnasoy system lakes" under inaccurately
negotiated terms of the relationship. At the same time,
small-scale activities for stocking lakes with fish con-
tinued, but no biological justifications were developed.
At present, there is a huge shortage of specialists who
are familiar with at least the basics of fishing at all lev-
els (management, fishing, storage, fish processing, and
marketing). status of fish stocks in the system of lakes.

The total fish catches in the Aydar-Arnasai system
of lakes from the 1990s - 2000s after the completion of
the phased privatization of the fisheries sector in-
creased by 2014, which can be considered the result of
the involvement of capital in fishing by newly orga-
nized fishing enterprises (Fig. 2), at the level of 7.8 - 8
thousand tons catches were maintained until 2017, fish
productivity in 2014-2017 reached the level of 20
kg/ha, and this is the average level of the technology
that has been used at AASO since the 1980s (pasture
aquaculture option). Subsequently, the catches began to
fall sharply.

2012 2014 2016 2018 2020

Figure 2. Total fish catches in the Aydar-Arnasay system of lakes

Note that reserves do not mean the entire number
of fish of a particular species that lives in the studied
reservoir, but only the number of fish that can actually
be caught by the technologies used. This value is less
than the total number of fish species in the reservoir. In
addition, if there are stocks of fish species in the lakes
that are not caught, they are also not counted as stocks.
Those. stocks of fish stocks is a fishery assessment that
shows how efficiently fish stocks are used. Since in Uz-
bekistan the fish stocks in the AASO are the absolute
property of the state, the assessment shows how effec-
tively these resources are used.

Fish stocks are a renewable natural resource.
Those. every year there is a renewal of fish production
in the lake, regardless of whether the fisheries use it or
not. If these products are not used, then the fish will die
naturally.

According to the statistics and the results of our
research catches, fishery in the system of lakes in recent
years is based on three types of fish: roach (an average
of 50% of the catch), pike perch (23.7%), carp (carp)

(17.7%); then. their total share exceeds 90% of fish
catches. Another 6 species of fish (Aral asp, goldfish,
eastern bream, common catfish, Amur snakehead) in
total make up to 10%, although in some years one or
another species can give an outbreak of catches (like
silver carp in 2019, when its catches popped up to 466
tons).

Let us especially note the catches of roaches in the
Aydar-Arnasai system of lakes. Until 2000, only large
roaches were caught, which was regulated by the mini-
mum mesh size allowed for fishing in the net material.
At the same time, fishing did not master the slow-grow-
ing form of roach, which is very abundant in lakes. At
that time, fishing was regulated by the State Committee
for Nature Protection to prevent the negative impact of
fishing on the ichthyofauna by controlling the fishing
measure. After the biological substantiation of the then-
existing State Joint Stock Association "Uzbalik", start-
ing from the autumn of 2000, the State Committee for
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Nature Protection allowed catching smaller roaches, af-
ter which its catches began to grow, and roach became
the main object of fishing in the lake system.

It should be borne in mind that the most important
limiting factor for any large-scale activities (acclimati-
zation, development of the latest fishing technologies,
construction of coastal infrastructure, etc.) at the Ay-
dar-Arnasai system of lakes is currently quite unusual
in world practice for water bodies of this kind. size - the
instability of the size of lakes. Due to the instability of
lakes, it is risky to build coastal infrastructure. Spawn-
ing grounds may change annually. It is impossible to
create a developed coastal infrastructure, and prepare
and clean the tony.

Our analysis showed that the herd of carp in the
studied system of lakes is caught weakly. The commer-
cial loss is comparable to the natural one. And in the
lakes remains a very large part of the fish stocks. Recall
that we took as a commercial measure not 28 cm of fish,
but a larger one - 31 cm. Otherwise, the size of the
stocks will increase even more.

With regard to zander, it should also be noted that
stocks are used inefficiently, and catches can be in-
creased without fear of economic overfishing.

Stocks of other fish species in the AASO are not
used at all without any reservations.

Thus, without changing the technology of fishing,
but only by optimizing the mode of operation and or-
ganizing fishing, it is possible to increase fishing by 4-
5 thousand tons of fish more than today without dam-
age to fish stocks. Indeed, in such southern reservoirs
as ours, up to 50-70% of fish of a commercial measure
can be caught. According to long-term research data in
the region, including in the Aydar-Arnasay system of
lakes, the ratio of the commercial stock (i.e., the possi-
ble catch of fish per year) to the value of the total fish
biomass (and this indicator is relatively constant over a
number of subsequent years and found empirically for
each major fishery water body subject to relative hy-
drological stability) is at least 30%.

The main underlying reason for the low efficiency
of the use of AASO fish stocks is in the organization of
fishing. It is not professional, there is no biological jus-
tification, there is no clear strategy for managing the

fishery. A water leasing regime, when even the Fisher-
ies Rules are not applied, could only be effective if
well-designed industrial programs were in place. To
optimize just fishing, the mode of renting water bodies
does not make much sense. It should be introduced only
for the implementation of various pasture or other ag-
uaculture technologies.

Even with the objective poverty of the fish re-
sources of the Aydar-Arnasai system of lakes, the State
can raise the issue of organizing a much more efficient
fishery of at least 7.5 - 8 thousand tons of fish, with a
focus on inefficient fishing with fixed nets. The issue
of transferring fishing to active fishing gear (trawls,
nets, etc.) remains open, since the lakes do not have a
resource base for such fishing technologies (there is not
even a corresponding schooling object).

Comparison of the results of catches from the be-
ginning of privatization to the present shows that in the
last decade the indicators of the food supply do not
change significantly, there is some stability. Taking
into account the size and stability of the food base of
water bodies and the given catches per fishing effort,
the following conclusion can be made: the total ichthy-
omass of the mature part of the populations of commer-
cial fish species in the Aydar-Arnasai system of lakes
in the first years of the 2020s will be about 20-21 thou-
sand tons in total (t.e. without division into types).
Based on this, the number of fish that can be removed
from water bodies without damage (total commercial
stock) in these years is about 7 - 7.5 thousand tons. All
technologies are based on specific fish species, at pre-
sent the main fisheries are roach, pike perch and carp,
in some years there may be noticeable catches of silver
carp.
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In the past few years, investments in the green economy in the world have been steadily increasing, and the
shares of companies focusing on ESG principles have shown steady growth. In this regard, this article analyzes
international experience in the implementation of innovative solutions by large energy companies in order to re-
duce or achieve complete absence of damage to the environment in the process of hydrocarbon production and
processing. It is also proposed the production of fuel briquettes from industrial waste as one of the perspective
areas on the path to the formation of a «green» economy in Uzbekistan.

Keywords: Oil and gas industry, environmental policy, «green» economy, innovative solutions, zero emis-
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Transitioning the world to a zero-emissions life-
style is one of the biggest challenges humanity has ever
faced. This will require a fundamental change in how
we produce, how we consume and how we move. Due
to the fact that today the oil and gas industry is the
“first” among other sectors of the economy of Uzbeki-
stan in terms of its negative impact on the environment,
reducing the intensity of emissions in the production
and processing of hydrocarbons remains a strategically
important direction for the next 15-20 years. On July 8-
9, 2019, the Regional Ministerial Conference of the
countries of Europe and the CIS on the “green" econ-
omy was held in Tashkent, aimed at improving the reg-
ulatory framework and policies for the "green™ econ-
omy, encouraging innovative “green" investments
through partnerships between public and private sec-
tors.

On April 19, 2022, Uzbekistan signed an agree-
ment with the French Development Agency, the pur-
pose of which is to prepare, finance and implement a
new strategic mechanism for the "green economy". The
main task is to preserve the environment and adapt to
climate change. The cooperation is designed for 5 years
and the amount of the first loan agreement (150 million
euros) will be directed to the development of a program
that will facilitate the transition of Uzbekistan to a more
efficient model in terms of resources and hydrocarbon
emissions. [1]

According to studies, Uzbekistan annually spends
at least 4.5% of its GDP due to the use of hydrocarbon
energy - oil, gas and coal. However, most of the coun-
try's generating capacities are outdated and require
huge funds for restoration and modernization. That is
why the transition to "green" energy is an economically
and environmentally effective solution. [2, 562]

Looking at the activities of regional and global
companies, we can see that the leaders of the oil and
gas sector are ambitious in planning and setting “Net
Zero” targets for greenhouse gas emissions over the
2030-2050 horizon.

Net Zero - carbon neutrality - is a state with zero
carbon dioxide emissions. This can be achieved by bal-
ancing carbon dioxide emissions with carbon removal
(often by offsetting carbon emissions) or by excluding
emissions from society. [3, 82]

For example, the Russian multinational energy
company «Gazprom» aims to reduce emissions by 30%
by 2030. According to the low-carbon development
program for 2022-2031, the target for the Kazakh na-
tional oil company «KazMunayGasy for 2031 isa 15%
reduction in greenhouse gas emissions. The National
Oil Company of Saudi Arabia "Saudi Aramco" aims to
reduce gas emissions to zero by 2050. [4, 136]

If we consider the actions of global oil and gas
companies (Figure 1), we can see that by using renew-
able energy sources for its own operations, the Norwe-
gian international energy company «Equinor ASA» is
going to achieve zero greenhouse gas emissions by
2030. «British Petroleum» plans to launch a pilot pro-
ject to use green hydrogen to achieve zero emissions by
2050. The largest Italian oil and gas company «Eni
S.p.A.» through the use of renewable energy sources
for its own operations and the transition to biorefiner-
ies, has set itself the goal of reducing emissions by 15%
(2035), and by 55% (2050). Spain's largest oil and gas
company, Repsol, will gradually reduce its greenhouse
gas emissions and thereby reach net zero emissions by
2050 through the production of fuel from waste, as well
as the use of a pilot plant for the production of green
hydrogen. [5, 62]
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Figure 1. Net Zero targets for greenhouse gas emissions over the horizon
2030-2050 developed by global oil and gas leaders [5, 62]

In our country, due to the reduction of natural
sources: oil, coal, the problems of waste disposal and
the prevention of their negative impact on the environ-
ment and directly on the population have become in-
creasingly important in recent years. Processing of in-
dustrial and household waste will provide alternative,
renewable energy sources. Many developed countries
are already solving these problems (Japan, USA, Ger-
many, France). [6, 74] Thus, the processing of con-
sumer waste also brings economic benefits.

In the developed countries of the world, on the ba-
sis of efficient technology, the use of industrial and mu-
nicipal solid waste (MSW), including wood, is prac-
ticed as a comparable high-calorie fuel with a lower
working calorific value of 5 to 16.5 MJ / kg: in Swit-
zerland 80%, in Denmark, Japan 85%, France 65%,
Germany 60%. At present, there are technologies for
obtaining fuel pellets and briquettes from wood waste
from municipal services and timber industry enterprises
and are being applied in practice. It should be noted that
one ton of wood briquettes replaces 5 cubic meters of
wood, 480 cubic meters of gas, 500 liters of diesel fuel
or 700 liters of fuel oil. Fuel briquettes (TB) are not
only inferior to traditional types of fuel, but also a sur-
pass them in a number of indicators.

For example, the cost of obtaining heat energy
from fuel briquettes is lower than coal, lower than heat-
ing oil and can compete with natural gas in a number of
parameters. They have a high calorific value, compara-
ble to natural traditional sources. When burning, wood
briquettes give a stable high and even flame, reaching
complete burning within 1-1.5 hours, and in the smol-
dering mode, high-quality briquettes can give heat for
several hours. Ash residue after burning of a briquette
does not exceed 1%, while coal has 30-40%. In addi-
tion, it is an environmentally friendly, renewable and
economic fuel. With heat release comparable to that of
classic fuel, carbon dioxide emissions into the air are
10-50 times lower, ash is formed 20 times less, and
there is no sulfur content in briquettes. [7, 60]

During long-term storage, briquettes practically
do not absorb water, have no smell, unlike standard
fuels (gas, diesel fuel, fuel oil), so their high calorific
value does not decrease over time, unlike traditional
fuels, which depend largely on impurities. When burn-
ing a briquette, an efficiency of up to 94% is achieved,
and the resulting ash residues can be used as fertilizer
by agricultural enterprises. Thus, even now it is possi-
ble to replace coal, fuel oil in thermal boiler houses with
fuel briquettes as an alternative fuel for generating heat,
and burning fuel briquettes on an industrial scale is
more profitable than burning coal, fuel oil or gas.
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Table 1.
Draft development goals of the ESG JSC "Uzbekneftegaz" by key indicators [8]
Unit of
Index meo UNG 2021 Goal Period
measurement
tons
GHG COze/thousand
.. . 198 -25% 2030
eImissions tons olil
equivalent
C
ompany million tons
carbon 6,3 o 2050
. COze
footprint
.. tons/thousand
Emissions of .
. tons oil 2,83 -50% 2030
sulfur oxides )
equivalent
Uzbekistan also needs to introduce technologies References

that will help reduce the harm from the development of
oil and gas fields. Applying the above-mentioned tech-
nology in one of the largest companies in Uzbekistan —
JSC «Uzbekneftegazy», will not only ensure the preser-
vation of natural complexes, but also obtain economic
benefits and achieve the environmental performance
that was planned (Table 1).

Thus, in order for the oil and gas complex of Uz-
bekistan to switch to the path of a "green economy", it
is necessary to modernize the energy industry and up-
date the technological and material base, outdated
equipment does not have the ability to efficiently use
fuel resources, and leads to environmental pollution. To
eliminate such an impact, it is necessary to introduce
progressive resource-saving technologies - one of
which may be the technology for obtaining fuel pellets,
briquettes from wood waste from municipal services
and timber industry enterprises. One of the biggest ad-
vantages of wood briquettes is that when they are
burned, no gas is released that destroys the ozone layer
of the atmosphere, and the emission of sulfur is less
than 0.05%, which is quite environmentally friendly.
Briquettes do not require expensive re-equipment of
furnaces and boilers, as it is necessary when burning
gas or fuel oil. This technology should pay off in the
shortest possible time. Further involvement of other oil
and gas companies in solving environmental problems
will contribute to the speedy transition of the oil and
gas industry of Uzbekistan to a "green economy".

1. Decree of the President of the Republic of Uz-
bekistan “On approval of the strategy for the transition
of the Republic of Uzbekistan to a “green” economy for
the period 2019-2030” dated 04.10.2019 No. PP-4477
- URL.: https://lex.uz/ru/docs /4539506

2. Kucherov A. V., Shibileva O. V. The concept of
"green" economy: main provisions and development
prospects // Young scientist. - 2020. - No. 4. - p. 561—
563.

3. Gribova E. V. “Green economy”: realities and
prospects // Vestn. RGGU. Ser.: Economics. Control.
Right. - 2014. - No. 21 (144). —p. 82.

4. Ulanova O. V. Management of solid household
waste: European experience: textbook. allowance. -
2009. - Part 1. - 136 p.

5. Arsentiev V. A. Waste processing: the use of
resource potential / V. A. Arsentiev, N. V. Mikhailova
// Solid household waste. - 2007. - No. 8. - p. 60-63.

6. Matsuto T. Japan: solid waste management
methods // Tverdye dot. - 2007. - No. 5. - P. 72-76.

7. Virlich E. M. Sweden: saving resources - the
main principle of waste disposal // Solid household
waste. - 2010. - No. 6. - p. 60-61.

8. Porfiryev B. "Green" economy: realities, pro-
spects and growth limits // Carnegie Endowment for In-
ternational Peace. — URL: http://carnegieendow-
ment.org/files/WP_Porfiriev_web.pdf.



German International Journal of Modern Science Ne43, 2022

19

MATHEMATICAL SCIENCES

ON SOLVING A QUADRATIC DIOPHANTINE EQUATION

Dr. R. Sivaraman

Associate Professor, Post Graduate & Research Department of Mathematics
Dwaraka Doss Goverdhan Doss Vaishnav College, Chennai, India

Abstract

DOI: 10.5281/zenodo.7273715

Diophantine Equations named after ancient Greek mathematician Diophantus, plays a vital role not only in
number theory but also in several branches of science. In this paper, we will solve one of the quadratic Diophantine
equations and provide its complete solutions. The method adopted to solve the given equation is using the concept
of polar form of a particular complex number. This concept can be generalized for solving similar equations.
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1. Introduction

Diophantine Equations were equations whose so-
lutions must be in integers. Since the solutions are inte-
gers and most often positive integers, such equations
have more practical applications compared to other
equations in mathematics. In this paper, we will solve
one of the quadratic Diophantine equations in a novel
way and present its complete solution in a compact
form.

2. Quadratic Diophantine Equation

In this paper, we will try to solve the quadratic Di-
ophantine equation 3x? + y? = 7" (1), where X, y are pos-
itive integers. We will try to obtain a general solution
of (1) in closed form. For doing this, we will make use
of a particular complex number and a fabulous formula
proposed by the greatest mathematician of all times,
Leonhard Euler.

3. Solutions to the Equation

We will try to obtain all positive integer solutions
(x, y) satisfying (1) for any given natural number n.

n
Now, we will try to determine the polar form of (2 + |\/§)

2+i\/§=r(cosé’+isin¢9):> rcos@=2,rsin@=+/3

J3

From this, we obtain 12 =4+3=7=>r=+/7,0 =tan™ (7J 2)

R n
Hence the polar form of (2 + I«/§) is given by
B

2

] n intan‘l( J
(2+|-\/§) = 7"%g (3)
Now using Euler’s Formula in (3), we obtain

B3

(2+i\/§)n:7“/2 cos| ntan™

+isin| ntan™

B3

(4)

If we now assume y+i\/§x=(2+i\/§)n (5) then y—i\/§X=(2—i\/§)n (6)

Now multiplying (5) and (6), we get

(y+i\/§x)x(y—i\/§x)=(2+i\/§)n ><(2—i\/§)n

n

Simplifying, we obtain 3x% + y2 =7" which is
(1), the original problem which we have considered.
Thus the solutions to (1) are given by equating real and

B3

J3x=7"%sin| ntan™

=X

%
7—sin ntan

Ne

imaginary parts of (5). Now using (4) in (5), and for
n>1we get

NG

(7)
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B3

y=7"?cos| ntan™*

Now from (7) and (8), if we consider (|x],]y])

then these pairs would provide all positive integer solu-
tions to the given Quadratic Diophantine Equation
3x% +y* =7" for any natural number n.

4. Conclusion

Considering a quadratic Diophantine equation

3x% +y” =7" we have used a novel method to solve

%
x=7— sin| ntan™ V3

J3
Thus, forn=1,2,3,4,5/6,7,8,...all positive
integer solutions to 3X” + y* = 7"are given respec-
tively by (1,2); (41); (910); (847); (31,118);
(180,143); (503,254); (752,2017); . . .
Thus the values of x and y from expression (9) pro-
vides all possible solutions to the given quadratic Dio-
phantine equation 3X* + y* = 7". We can adopt simi-

lar methods to solve other types of quadratic Diophan-
tine equations using polar forms of suitable complex
numbers.
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Abstract

In the stroke center of the multidisciplinary clinic in Almaty (Kazakhstan), for the period from 2019 to 2020,
774 patients with a clinical diagnosis of "Acute cerebrovascular accident™ were treated. We analyzed 489 medical
records of an inpatient with only a diagnosis of "Ischemic stroke"; of these, the average age was 65.5+0.8 years,
ischemic stroke predominated in women (1.4 times). We tried to identify the causes of ischemic stroke and found
that, in general, of the admitted patients with ischemic stroke, it is (63+2.6%), of which 84.04% fall on the share
of cardiac pathology, which confirms the causes that often lead to acute ischemic strokes. As a result of the study,
411 patients were divided into groups due to the development of a stroke, namely, cardiac pathology. We have
identified: the severity of ischemic stroke according to the NIHSS scale, and localization in the affected area. The
increase in the proportion of elderly and senile people substantiates the need for special attention of neurologists
and cardiologists, aggravating the severity of ischemic stroke and leading to complications such as thrombosis,

recurrent strokes.

Keywords: ischemic stroke, acute cerebrovascular accident, cardiac arrhythmia, cerebrocardial syndrome,

ischemic heart disease.

Relevance

Ischemic strokes in the structure of total mortality
in Russia and Kazakhstan in the early recovery and
long-term period account for a large share - 21.4%, with
a tendency to early and long-term disability of the pop-
ulation from strokes. Mortality from stroke among peo-
ple of working age has increased over the past 10 years
by more than 30% (247.1 per 100,000 population) and
tends to increase annually up to 3-4% [1, 2].

Stroke is an important medical and social problem.
The most common type of stroke is a cerebral infarc-
tion. In this regard, in recent years, the system of care
for this disease has been actively improved, mostly at
the inpatient stage. The problem of acute cerebrovascu-
lar accident has become more acute due to a significant
incidence of cardiac diseases and a high percentage of
disability and mortality in diseases of the circulatory
system [3, 4].

According to the official statistics of the Ministry
of Health of the Republic of Kazakhstan, more than 40
thousand cases of stroke are registered annually in the
Republic of Kazakhstan, of which only 5 thousand die
in the first 10 days and another 5 thousand within 1
month after discharge at home. Stroke is one of the
main causes of disability in the adult population both in
Kazakhstan and in the world [5, 6].

A high degree of correlation between an increase
in the age of patients and an increase in the number of
strokes has been proven, therefore, before the age of 60,
a stroke occurs in a third of patients, two-thirds of acute
cerebrovascular accidents occur in the age category

over 60 years. According to various authors, patients
with ischemic brain damage die more often from car-
diac causes than directly from acute cerebrovascular
accident [7,8].

The purpose of the study: to identify patients
with cardiac pathology who had ischemic stroke in the
acute period and to analyze their course.

Material and methods

We analyzed the medical documentation (medical
record of an inpatient patient - MRIP - further) in the
stroke center of the city of Almaty (Republic of Ka-
zakhstan) for the period from 2019 to 2020. During this
period, a total of 774 patients with a clinical diagnosis
of "Acute cerebrovascular accident™ were treated: 489
(63+2.6%) of them were patients with ischemic stroke,
and 285 (36.8+4.8%) patients with hemorrhagic stroke.
Repeated ischemic strokes amounted to 24%.

Taking into account the anamnestic data of the ad-
mitted patients, it can be determined that this is mainly
a cardiological pathology, because upon admission to a
multidisciplinary clinic, all patients were consulted at
the level of the admission department by a neurologist,
therapist, neurosurgeon, who are part of the multidisci-
plinary team of the stroke center.

In the hospital, all patients with ischemic stroke
were examined: CT/MRI of the brain to exclude/con-
firm stroke, echocardiography, ultrasound of the ves-
sels of the head and neck, consultation of a thera-
pist/cardiologist, neurosurgeon, laboratory tests ac-
cording to the clinical protocol in force in the Republic
of Kazakhstan.
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As a result of the study, we divided the patients
into groups due to the development of a stroke, namely,
cardiac pathology.

We tried to determine the causes of ischemic
stroke and found that most of the admitted patients had
a history of cardiac pathology.

By age category, patients aged 50 to 80 years pre-
vailed (mean age 65.5+0.8 years), and by gender, is-
chemic stroke prevailed in women (by 1.4 times). Upon
admission, all patients, along with basic therapy, are
prescribed symptomatic treatment in accordance with
the clinical protocol and those who have a concomitant
disease.

Results

Among the patients analyzed by us, ischemic
stroke developed for the first time in 77.5% of patients,
and again in 24%.

Of 411 patients with acute ischemic stroke, car-
diac diseases were identified: stenting - 46 (11.19%),
coronary artery bypass grafting - 34 (8.27%), chronic
coronary heart disease 2 B - 123 (29.92%), coronary
heart disease, heart rhythm disturbance - 52 (12.65%),
arterial hypertension 3 thsp. - 115 (27.98%), condition
after coronary angiography - 41 (9.97%).

Analyzing the medical records of inpatients with
ischemic stroke, we identified the course and localiza-
tion. Taking into account the classification based on
pathophysiological signs according to the TOAST cri-
teria, we analyzed cardiac embolisms and occlusions of
small coronary vessels.

We present the results. Of our group of patients
with ischemic stroke, cardiac embolism was detected in
38%, atherosclerosis of large arteries in 46.7%, and oc-
clusion of small blood vessels in 11%. As for the local-
ization of cerebral infarction, depending on the affected
arterial pool, we got the following picture:

- vertebral arteries and their branches - 11%

- main artery and branches - 17%

- middle cerebral artery - 46%

- anterior cerebral artery - 4%

- posterior cerebral artery - 22%.

When patients were admitted to the clinic, we as-
sessed the severity of the condition using the NIHSS
scale and obtained the following data: moderate sever-
ity -18 points - 11%;

medium severity - 20 points - 27%;

medium severity - 21 points - 34%;

severe stroke - 22 points - 16%;

severe stroke - 23 points - 12%.

From this, it follows that hemodynamic disturb-
ances, a decrease in myocardial contractility and the
presence of arrhythmia negatively affect the course of
ischemic stroke in the acute period.

We see that 84% of patients with ischemic stroke
(63+2.6%) suffer from cardiological diseases, which
are under the supervision of a cardiologist for a long
time.

Of the treated patients with ischemic stroke after
discharge from the hospital, only 68% are observed by
general practitioners, although according to the docu-
mentation, doctors of the stroke center electronically
transmit a notice of discharged patients to all clinics in
Almaty.

Discussion

The MRIP analyzed by us confirmed that only
52% of patients were observed by a cardiologist, an en-
docrinologist at the place of attachment and are regis-
tered with a general practitioner at the dispensary. Con-
sequently, not all patients timely control blood pressure
and take antihypertensive therapy, as well as anti-
arrhythmic, anticoagulant, hypoglycemic drugs, etc.

This can be explained by the fact that people in
this age group already have chronic diseases such as
pathology of the cardiovascular system, arterial hyper-
tension, diabetes mellitus, high cholesterol, lipids, obe-
sity and other diseases that are a provoking factor in the
development of stroke, leading to ischemic stroke.
stroke. In this category of patients, the severity of is-
chemic stroke is exacerbated by concomitant diseases.
More attention is paid to such patients with cardiac ar-
rhythmias (atrial fibrillation, extrasystole) (10.63%)
and after CABG (6.95%), because This is an age group
(70 years and older) and are more often accompanied
by the presence of type 2 diabetes mellitus, complicat-
ing the correction of hypoglycemic drugs and the selec-
tion of oral anticoagulants of indirect action. Therefore,
this category of patients do not take indirect anticoagu-
lants at home and do not control blood biochemical pa-
rameters.

As a result of our analysis of medical records
(MRIP), we can conclude that more often cardiac dis-
eases lead to ischemic stroke, so it remains one of the
important problems not only for neurologists, but also
for cardiologists, requiring special attention from the
outpatient service.

Conclusions

Thus, the patients analyzed by us for the period
2019-2020 who had ischemic stroke in the acute period
more often have cardiac diseases, which increases the
high risks of complications and the severity of the
course of the stroke itself. The proportion of elderly and
senile people in the stroke center of Almaty for the pe-
riod 2019-2020 is growing, which justifies the need for
special attention to patients with cardiac pathology,
which exacerbates the severity of ischemic stroke and
leads to complications such as thrombosis, recurrent
strokes.
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Colorectal cancer (CRC) is one of the most common forms of malignant neoplasms in the world, which at
the initial stage is almost asymptomatic, thereby making the process of diagnosing difficult. In the Republic of
Belarus, over the past 10 years there has been a constant increase in the incidence of CRC.

This study analyzes the diagnostics, sickness and mortality rate from colorectal cancer in Minsk in 2016 and

2021 in different age groups of patients.

Keywords: colorectal cancer, symptoms, sickness rate, mortality rate, Minsk City Oncological dispensary,

epidemiological data.

Introduction. In the structure of the incidence of
oncological diseases, colorectal cancer (CRC) occupies
one of the first positions. According to the official sta-
tistics of oncological diseases, in 2021 colorectal can-
cer (CRC) in Minsk ranked 2nd (16.1%), slightly sec-
ond only to breast cancer (16.2%).

The purpose of this work is a comparative analy-
sis of the sickness and mortality rate from colorectal
cancer in Minsk based on various parameters.

Research materials and methods: the research
material was the official statistical data of the Minsk
City Clinical Dispensary on patients with colorectal
cancer (CRC), collected at intervals of 5 years (for 2016
and 2021).

Results and discussion: The main risk factor for
colorectal cancer in a formally healthy person is age
[1]. Thus, the incidence of CRC in patients aged 40
years and younger is 8 cases per 100,000 of population,

and in people 60 years and older is 150 cases per
100,000 of population, and this applies to both men and
women. 95% of patients with colorectal cancer in the
UK are patients over 50 [2]. Of the 7 CIS countries, the
highest sickness rate of CRC was registered in the Re-
public of Belarus, and the lowest in Uzbekistan.

According to the statistics of the Minsk City Clin-
ical Dispensary, in 2016, CRC was first detected in
1,194 people (women — 52.7%; men — 47.3%), in 2021
—in 1,065 people (women — 48.5%; men — 51.5%).
Thus, in 2016 and 2021, the diagnosis of CRC was
made with approximately the same frequency for men
and women. Using official statistics on the population
in Minsk in 2016 (1,959,800) [3] and 2021 (2,009,786)
[4], the incidence of CRC per 100,000 of population
was calculated. In 2016, it was 60.9 cases, and in 2021
-53.0.
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The distribution of newly detected cases of colo-
rectal cancer according to the age of patients in 2016
and in 2021 (the number of cases is indicated in paren-
theses) is approximately the same: in the age group 15-
19 is 1 case (1), age group 20-24 — 0 (0) cases, age
group 25-29 — 2 cases (1), age group 30-34 — 8 cases
(4), age group 35-39 years — 18 (9) cases, age group 40-
44 — 16 (23) cases, age group 45-49 — 33 (47) cases, age
group 50-54 — 58 (37) cases, age group 55-59 — 135
(101) cases, age group 60-64 years — 163(170) cases,
age group 65-69 — 209 (188) cases, 70-74 years — 145
(213) cases, age group 75-79 — 218 (110) cases, age
group 80-84 — 128 (103) cases, age group 85 years old
and above — 60 cases (58). It can also be noted that if in
2016 the largest number of newly identified cases of
CRC occurred in the age group of 75-79, then in 2021
it was 70-74 years of age.

In the course of the study, the figures for the de-
tection of CRC in various stages were compared. In
2016, stage | cancer was diagnosed in 183 patients
(15.3%), in stage 11 the disease was detected in 427 pa-
tients (35.7%), stage Il cancer was diagnosed in 241
patients (20.2%), in stage IV — in 310 patients (26.0%),
the stage was not established in 33 patients (2.8%). In
2021, stage | cancer was diagnosed in 153 patients
(14.4%), in stage 11 —in 341 patients (32.0%), in stage
I11 the disease was detected in 278 patients (26.1%),
stage 1V cancer was diagnosed in 277 patients (26.0%),
the stage was not established in 16 patients (1.5%).
Thus, the figures for the detection of CRC in 2016 and
5 years later are quite comparable.

As for the distribution of newly identified cases of
CRC in accordance with the gender, 565 cases were de-
tected in men in 2016, among them 544 cases with an
established stage of the disease. Namely, stage | — 80
cases (14.2%), stage 11 — 202 cases (35.8%), stage Il —
115 cases (20.4%), stage IV — 147 cases (26.0%), stage
was not established in 21 cases (3.7%). Among women
in 2016, 629 cases of CRC were detected, among which
617 cases with an established stage of the disease. In-
cluding, stage | — 103 cases (16.4%), stage Il — 225
cases (35.8%), stage 111 — 126 cases (20.0%), stage IV
— 163 cases (25.9%), stage was not established in 12
cases (1.9%). In 2021, 548 cases of CRC were detected,
of which 541 cases with an established stage of the dis-
ease, including: stage | — 81 cases (14.8%), stage Il —
173 cases (31.6%), stage 111 — 154 cases (28.1%), stage
IV — 133 cases (24.3%), the stage is not established in
7 cases (1.3%). As for the 2021 there were 517 cases of
CRC detected in women, among them there were 508
cases with the established stage of the disease, includ-
ing stage | — 72 cases (13.9%), stage Il — 168 cases
(32.5%), stage Il — 124 cases (24.0%), stage 1V - 144
cases (27.9%), the stage has not been established in 9
cases (1.7%). Thus, both in 2016 and 5 years later, CRC
is detected mainly in stage Il (a third of all cases). In
2021, in comparison with 2016, there is a tendency to
increase the detection of CRC in late stages (I11 and V),
which accounted for both men and women, totaling
more than half of all cases of CRC.

As follows from the figures below, in general,
CRC has been detected recently (2021) during preven-
tive examinations (79.3%). In 2016, CRC was detected

preventive examinations only in 46.6%. Contacting a
doctor due to the appearance of symptoms of CRC
helped to identify the disease in 47.8% of cases in 2016
and in 16.9% of cases in 2021. In other cases, CRC was
detected during the cancer screening, respectively, in
5.6% (2016) and 3.8% (2021).

The total number of men who died from CRC in
2016 was 303 and women — 250. At the same time, the
peak of mortality in men (23.8%) was in the age group
65-69, in women (22.1%) — in the age group 75-79. In
2021, the total number of men who died from CRC was
236, and women — 241. The peak of mortality in men
(22.1%) was the same as 5 years before at the age of
65-69 with almost the same indicators as in 2016
(22.1%). In women, the mortality rate from CRC in
2021 in the age group 75-79 was noticeably lower and
amounted to only 9.1%. The maximum mortality from
CRC in 2021 in women was in the age group of 85
years and older (16.6%) and in the age group 80-84
(14.9%). Thus, despite the comparability of figures in
all stages of CRC in 2016 and 2021, there is a tendency
to increase life expectancy in women with this type of
cancer. It can be assumed that this is due to more mod-
ern and effective treatment. At the same time, the num-
ber of patients who received radical surgical treatment
for 5 years has practically not changed. It was 58.8%
(2016) of all patients with CRC and 55.5% (2021).

Conclusions. As a result of the study, it can be
concluded that CRC occurred in 2016 and in 2021 with
approximately the same frequency in both men and
women.

In the analyzed years, the largest number of newly
identified cases of CRC occurred in the age range of
70-79 years.

In 2021, compared with 2016, there is a tendency
to increase the detection of CRC at late stages (I11 and
1V), which accounted for more than half of all cases.

The effectiveness of preventive examinations for
the detection of CRC has significantly increased in
2021 compared to 2016 and occupies a leading place in
the detection of this oncological disease.

In 2021, compared with 2016, there is a tendency
to increase life expectancy in women with CRC, which
is probably due to more effective treatment.
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Abstract

Chronic lymphocytic leukemia is the most common type of leukemia in Western Europe and North America.
It is mainly a disease of the elderly [9]. Average age of incidence - 72 years [5]. The pathological substrate is cells
of the immune system - predominantly mature lymphocytes with a B-phenotype [1]. The clinical picture is varia-
ble, the rate of development of the disease is characterized by a wide range both in objective data and in hemato-
logical analyzes. The disease can be asymptomatic for many years, and is detected only during routine examination
as an incidental finding. In such cases, a strategy of observation and waiting is chosen, without applying specific
treatment. The main goals of treatment are to achieve complete or partial remission with improvement and stabi-
lization of the clinical and hematological picture. [10].

To study the features of the epidemiology, clinical course and modern methods of treating CLL, a study was
conducted on the basis of a database of 50 patients registered at the Consultative and Diagnostic Center of the
Oncological Institute, Chisinau, Republic of Moldova. It was found that the main group with this diagnosis is
people 55-75 years old (62%). The mean age of diagnosis among the selected group is 63 years. The incidence of
CLL among men (58%) is slightly higher than among women (42%). The use of bio immunotherapy allows you

to establish a positive trend in the course of the disease, as well as improve the quality of life of patients [4].

Keywords: chronic lymphocytic leukemia, epidemiology, clinical course, treatment.

Introduction

Chronic lymphocytic leukemia is a malignant
lymphoproliferative process characterized by progres-
sive accumulation of lymphoid cells in the peripheral
blood, bone marrow, and lymphoid tissue. [6, p.146].
The pathogenetic mechanism is a mutation in the pro-
genitor cell - lymphopoiesis, being malignant, the cell
retains the ability to differentiate into an adult cell. Th
e morphological substrate of this process is atypical
mature lymphocytes, characterized by functional in-
competence. In most cases (95-98%) cells involved in
the pathological process are B-cells, in some cases (2-
5%) the substrate is represented by T cells. Patients
with B-cell form are characterized by the presence of
CD19/CD5/CD23/CD20/CD24 - positive immunophe-
notype [6, p.146]. Approximately 90% of patients have
chromosomal mutations, the most common of which is
a deletion of the long arm of chromosome 13, that is
found in 55% of cases. In 18% of cases, there is a dele-
tion of the long arm of chromosome 11, in 7% of cases,
a deletion of the short arm of chromosome 17 is de-
tected, 4% of cases - translocation of chromosome 14.
[1, p. 209] CLL ranks second after acute leukemia in
the overall incidence of leukemia. It is the most com-
mon type of leukemia among Caucasians. More than
70% of patients diagnosed with CLL are in the age
group of 50-70 years. On average, it is diagnosed at age
55. CLL is more common in men [2, p.5] In the Repub-
lic of Moldova, the overall incidence of CLL is 1.2
cases per 100,000 inhabitants [2, p.5]. In the United
States, between 2015 and 2019, the incidence of new

cases of chronic lymphocytic leukemia was 4.7 per
100,000 people per year, the death rate is 1.1 per
100,000 people per year. The prevalence for 2019 is
about 200,766 people [3]. The incidence increases by
more than 30 out of 100,000 people per year over the
age of 80 [5, p.1]. Presence of chromosomal mutations
suggests a genetic predisposition to CLL, which in-
creases the risk for family members of patients by 6-9
times. [1-p.210, 6-p.147] CLL includes several stages
according to the clinical and hematological classifica-
tion: the initial stage, the stage of clinical and hemato-
logical manifestations and the terminal stage [8, p.158].
Stadization of the disease has been proposed in systems
K. Rai (1975) u J. Binet (1981), that take into account
the presence of clinical signs, objective examination
data peripheral lymph nodes, hepatosplenomegaly), in-
strumental studies, laboratory changes [5,2-p.14, 8,
p.161]

Aim of the study

Study of the epidemiology, clinical aspects, labor-
atory changes and modern methods of treatment of
chronic lymphocytic leukemia.

Materials and methods

The study included 50 patients diagnosed with
chronic lymphocytic leukemia, registered at the Con-
sultative and Diagnostic Center of the Oncological In-
stitute from 2015 to 2022. A retrospective method of
statistical research was used. To fill in statistical ques-
tionnaires, data from medical records of patients ob-
served in the outpatient clinic were used: gender, age of
patients, clinical signs and examination data, laboratory
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tests, bone marrow aspirates, treatment methods de-  63.88 years. The largest group consisted of patients of
pending on the stage, as well as the results of immuno-  the age group 65-74 (16-32%) and 55-64 (15-30%).
histochemical and immunophenotypic studies. Least of all, CLL was diagnosed in groups over 84 (1-
Results 2%) and under 45 years (1-2%). (Pic.1).
The age of patients included in the study ranged
from 38 to 88 years. The mean age of the patients was

= 1

o
o
< 45 -
0% 5% 10% 15% 20% 25% 30% 35%

Pic. 1 Distribution of patients with CLL depending on age

In the distribution depending on sex, with a slight
advantage, the highest incidence is observed in men (29
- 58%). (Pic.2)

Women
42%

Men
58%

Pic. 2 Distribution of patients by gender

As for the social aspect of this disease, since the 50 people in the observed group, 27 (54%) are pension-
main percentage of morbidity occurs in groups of 55-  ers, 7 (14%) are persons with disabilities, and another
64 (30%) and 65-74 (32%) years, most patients are peo- 7 (14%) patients are employed and able-bodied popu-
ple of retirement and pre-retirement age. In total, out of  lation
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clinical and hematological manifestations

Initial Phase

Therminal Phase

0 10

20 30 40 50 60 70

Pic. 3 Distribution of patients depending on the phase of the disease

At the time of diagnosis, 31 patients (62%) were
in the initial phase of the disease. The initial phase of
the disease is characterized by the absence of clinical
manifestations (90.3%) and is most often detected dur-
ing routine laboratory tests (leukocytosis < 30.0
*1079/1 and lymphocytosis in peripheral blood). In
some patients in the initial phase of the disease, non-
specific clinical manifestations (9.6%) were observed:
general weakness, asthenia, subfebrile condition or
weight loss.

In the stage of clinical and hematological manifes-
tations, CLL was diagnosed in 18 patients (36%). This
phase of the disease is characterized by the appearance

Asymptomatically [l
Subfebrile condition
Weight loss

Pain syndrome
Anemia syndrome
Hepatosplenomegaly
Lymphadenopathy
Weakness

0% 10%

20% 30%

40%

of clinical signs such as: general weakness (86%), lym-
phadenopathy (58%), anemic syndrome (14%), hepato-
splenomegaly (46%), weight loss (10%), general pain
(18%), headache (14%), fever (10%). In 6% of cases,
an asymptomatic course of the disease was observed for
the patient. (Pic.4)

In the general blood test, leukocytosis is observed
(max. value 393 * 10 ~ 9/ I), and lymphocytosis with
an increase of up to 80-90% in peripheral blood.

The terminal phase of the disease (2%) is charac-
terized by somatic decompensation: weight loss, fever,
progression of anemia, marked enlargement of the
lymph node, liver and spleen.

50% 60% 70% 80% 90% 100%

Pic. 4 The main complaints of patients in the phase of clinical and hematological manifestations.

As CLL progressed, patients developed autoim-
mune complications (8%), anemia (16%), and infec-
tious diseases (12%).

Immunophenotyping methods were used to diag-
nose CLL in some patients (32%) in order to detect di-
agnostic markers CD10, CD5, CD19, CD23, CD20.
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In 28% of patients, a bone marrow puncture was
performed as a diagnostic method with the detection of
lymphocytes over 30%, in 16% of cases a puncture of
peripheral lymph nodes was performed.

CLL was treated both on an outpatient basis (46%)
and in a hospital setting (16%), 38% of patients did not
need specific treatment. When Rituximab was used in
monotherapy, as well as in R-CHOP, R-COP regimens,
complete remission was observed in 67% of cases, and
partial remission in 33% of cases. When using schemes
with the use of chimeric monoclonal antibodies, posi-
tive dynamics in the clinical picture was noticed, a de-
crease in tumor formations, the absence of significant
lymphadenopathy during physical examination, a sig-
nificant decrease in the level of lymphocytosis and leu-
kocytosis in the peripheral blood.

In cases of autoimmune manifestations, especially
hemolytic anemia and autoimmune thrombocytopenia,
glucocorticoids (dexamethasone, prednisolone) were
used in 9.6% of cases.

RBC transfusion was used as replacement therapy
for hemoglobin levels < 7.0-8.0 g/dL in 3.2% of cases.

Discussion

Chronic lymphocytic leukemia is an incurable dis-
ease. Despite how far modern treatments have come,
CLL therapy aims to improve the patient's symptoms
and quality of life. The main age group with these di-
agnoses is people 55-75 years old (62%), with an aver-
age age of diagnosis of 63.8 years. With a slight ad-
vantage, the incidence rate among men (58%) is higher
than among women (42%). Most patients were diag-
nosed with CLL at the initial stage of the disease 62%
- 90.3% of which were asymptomatic. In the phase of
clinical manifestations (36%), the dominant symptom
is general weakness 86% and peripheral lymphade-

nopathy 58%.
In the initial stage of the disease, with an asymptomatic
course in stages 0, I-11 Rai or A and B Binet, specific

treatment is not carried out, clinical and hematological
control is prescribed (watch and wait tactics) every 3
months. The use of regimens with Rituximab allows to
achieve positive dynamics and establish clinical and
hematological remission.
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Abstract

The aim of the work is to assess the psychophysiological characteristics that reflect the adaptive mechanisms
of elite athletes and describe the possibilities of using game biofeedback training to organize recovery activities.
Psychophysiological methods were used with hardware stimuli presentation and registration of speed and accuracy
responses, alternating with monitoring in resting state (BOSLAB system manufactured by COMSIB company).
Based on the results of testing the athlete's psychophysiological state, options for classifying participants on the
basis of response to stress / recovery were proposed. Proper recovery of athletes is considered to be an essential
factor in achieving high results in sports, as well as one of the important aspects in maintaining the health of
athletes.

AHHOTAIIUSA

Pabora HampaBiieHa Ha OILEHKY MCHUXO(QHU3HOIOTHIECKAX MapaMeTPOB, OTPAKAIONIIUX AJaNTHBHBIC MeXa-
HU3MbI CIOPTCMEHOB BBLICOKOI'O0 KjlacCa U OIIMCAHUEC BO3MO>KHOCTEH HCIIOJIL30BaHHUSI TPCHUHI'a UTPOBOT'O ouo-
YIPaBJICHUS IS OPraHU3AI[HM BOCCTAHOBUTEIILHBIX MEPOIPHUATHHA. VICIONMBb30BANINCH ICHXO(U3NOIOTHUSCKHE
MCTOJUKHU C almapaTHbIM MNPCAbABICHUEM CTUMYJIOB U pCFHCTpaHHGﬁ OTBETHBIX peaKuMﬁ Ha CKOPOCTb U TO4Y-
HOCTb, uepedyloIuecss ¢ MOHMTOpHHTOM B cocTtosHuu otTnsixa (AIIK «bOCIJIAB», mpomssoacteo OOO
«KOMCHDB). Ha ocHOBE pe3ynbpTaToOB TECTHPOBAHUS TICHXO(QHU3AOIOTHISCKOTO COCTOSHUS CIIOPTCMEHA IPEII0-
JKCHbI BapUaHTbL maccmbnxaunn Y4aCTHUKOB I10 NIPU3HAKY pearupoBaHus Ha CTPECC / BoccranoBiienus. Kaue-
CTBCHHOC BOCCTAHOBJICHHUC CIIOPTCMCHOB HPCACTABIISICTCA CYIICCTBCHHBIM @aKTOpOM JOCTHUIKCHUSA BBICOKUX pC-
3yJIbTAaTOB B CIOPTE, a TAKKC OAHUM N3 aKTYAJIbHBIX HaHpaBJ‘IeHI/Iﬁ B BOIIPOCax COXpaHCHUS 3J0POBbsS aTJICTOB.

Keywords: elite sport, game biofeedback technology, response/recovery, psychophysiological testing, re-
covery measures.
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KaroueBble ciioBa: CIOPT BBICHIMX JOCTHKEHHH, TEXHOJIOTHSI HTPOBOrO OHOYIpaBIICHHs, pearupoBaHue /
BOCCTaHOBJICHNE, ICHXO(PHU3HOIOTHIECKOE TECTHPOBAHNE, BOCCTAHOBUTEIbHBIE MEPOTIPHSATHS.

BBenenne: BaxHeiimeit ocHOBO MCHX0(H3HO-
JIOTHH CHOpTA SIBJISIETCS ydeHUE O (PH3HOJIOTHYECKUX
(pyHKUIMOHANBHBIX) pe3epBax OpraHU3Ma, 3HAaHHE KO-
TOpPOTO TO3BOJISIET CHOPTUBHBIM CIIEIHANNCTAaM Tpa-
MOTHO OLICHHUBAaTh COCTOSIHUE aTiIeTa U pelaTh 3a/1auu
10 COXPaHEHHUIO 37J0POBbSI ¥ TIOAJEPKaHUIO ITpodeccH-
OHaJIM3Ma CIIOpTCMEHOB. Bee atn 3anaun Hanbosee -
(hEKTUBHO PELIAIOTCS ¢ UCTIOJIB30BAHIEM aBTOMATH3H-
POBaHHBIX ICHXO0(U3NUOIOTHYECKAX METOJHMK, TO3BO-
JISIFOIMX ~ KOHTPOJIMPOBATh  COCTOSIHUE OCHOBHBIX
CHCTEM OpraHu3Ma 70, BO BpeMs U 1ocie (pu3nIecKnx
Harpy3okx.

B mnanupoBaHuM u pa3paboTKe COBPEMEHHBIX
IIPOTrpaMM BOCCTAHOBJICHHS UCIIOJIb3YETCSI TEXHOIOTHS
aJlalTUBHOTO OMOYIpaBIICHNSI, OCHOBAHHAs Ha Pa3BU-
TUU HaBBIKOB CaMOPETYISLUH. DTOT IMOJXOJ 3a/eH-
CTBYET COOCTBEHHBIE PECYPChI CHOPTCMEHA 110 BOCCTa-
HOBJICHUIO PabOTOCIIOCOOHOCTH, JOCTHIKEHHUIO COCTOSI-
HUSl pellaKcalii  WJIM Hao0OpOT aKTHBALMH U
KOHIIEHTPallX BHUMAHUS (B 3aBUCHMOCTH OT IIOCTaB-
JIeHHOH 3aaun). Kak rmoxasaiam HeCKOJIbKO MeTaaHalIH-
30B U CHCTEMaTHYECKUX 0030pOB, UCIIOIb30BaHHE OMO-
Joruyeckoi obparHoi cBsizu o BCP, 06b1uHO BKIIIO-
YaIOlIeH CEepUI0 CEaHCOB C MPAKTHKYIOLIMM BPaiuoM B
TEUYEHHE HECKOJIKMX Helelb M 4acTo 3aBeplliacMble
JOMAaITHeH NPaKTHKOM, MPUBOJAT K CHIKEHHIO CUMII-
ToMOB ctpecca u TpeBoru (Lehrer, Kaur, et al., 2020),
cumnromoB nenpeccun (Pizzoli et al., 2021), ¢pudpo-
muanrun (Reneau, 2020), ycHIeHNIO HCITOTHUTEIHHBIX
¢ynxumit (Tinello et al., 2021), u ymy4menunio criop-
TUBHBIX pe3ynbratoB (Pagaduan, Chen, Fell, & Xuan
Wu, 2020; Pagaduan, Chen, Fell, & Xuan Wu, 2021)
[1-6]. OmHako, HECMOTPS Ha pacTyIlee UCITOJIb30BAHHIE
OMOIOTHYECKO OOpaTHO CBS3M IO CEpIEIHOMY
PHUTMY, OCTArOTCSI BOIIPOCHI OTHOCHTEIBHO OCHOBHBIX
MEXaHHU3MOB 3TOTO METO/IA.

Lenpro wccnenoBaHus SIBISICTCS  ONpECIICHHUE
0COOEHHOCTEH pearnpoBaHusl Ha CTPECCOBBIC BO3/CH-
CTBHS C YYETOM NCHXO(PHU3HOJIIOTMUECKNX TIOKa3aTenei
U OTHCaHUE BO3MOXHOCTEH MCIOJIb30BaHUS TPEHUHTA
UTPOBOTO OMOYIpPAaBIEHHS IJIsI OpraHU3aldd BOCCTa-
HOBHTEJIILHBIX MEPOIIPHUSATHI CIIOPTCMEHOB BBICOKOTO
KJacca.

Marepuajbl 1 MeTOAbI: B HCCICIOBAHUN TIPH-
HSUIM y4acTHe 67 CIIOPTCMEHOB, BXOISIIUX B COCTaB
HaIMOHAIBHBIX COOpHBIX Poccun.

[TpoTokon uccieI0BaHus: CeaHC ICUXO(PH3UOIIO-
THYECKOTO CTPECC-TECTHPOBAHMS ObLT IPENCTaBICH
CECCUsIMH, MOJICTIMPYIOLMMHU CUTYAIHH CTpecca, Yyepe-
JYIOIIUMHUCS C CECCHSIMU OTJIBIXA, YTO MO3BOJISIIO OIle-
HUTb PEaKIHIO CHOPTCMEHOB Ha CTPECC M CTENEHb BOC-
CTaHOBJICHHUS mocie Hero. Jlo M mocie cTpecc-TecToB
JUISl TNarHOCTHKH (DYHKIIMOHAIBHOTO COCTOSHHS HC-
MOJIb30BaJIaCh MeToJuKa «BapualnuoHHas KapIuouH-
Tepastomerpus» (BKM).

PesyabTaTsi:

1. Ha ocHOBe 3KCIIEpPTHOH OIICHKH CIIEIHAaTH-
CTOB-TICUXO(M3HOJIOTOB OBUIM BBIEJICHBI THUIIOBBIE
npouax pearupoBaHMsi HA OCHOBE JAWHAMUKH JUIH-
tenpHOCTH RR—MHTEpBaos.

1.1 OnTuManeHBIN PO pearnpoBaHHs/BOC-
CTaHOBJICHU (ONTUMAIBHOE PearnpoBaHNe/ONTUMAb-
HOE BOCCTaHOBJIEHHE). BO BpeMst BBITIOIHEHHUS CTPECC -
TECTOB YYaCTHHKH CHIDKAIN JIHTENbHOCTE RR - nH-
TepBayoB (ceccuu 2,4 u 6), 4TO ABISETCS ONTHUMAIBLHOM
OTBETHOM peakLMel opraHu3Ma Ha CTPECC, U YBEIUYU-
BIM JUIMTENLHOCTh KapAMOMHTEPBAJIOB HA CECCHAX
oTneixa (3 M 5 ceccum) M 3aKIIOUUTENFHOM (DOHOBOM
MOHUTOpHUHTE (ceccrs 7) N0 ITOJTHOTO BOCCTAHOBIICHUS
— JI0 3HAYeHHMH HCXOJHOTO (OHOBOIO MOHMTOPHHIA
(ceccus 1) u BeImIIC.

1.2. TIpo¢unb yacTH4HOTO (HEMOJIHOTO) BOCCTA-
HOBJICHUS (ONTHUMAaJIbHOE pearupoBaHUE/IaCTHIHOE
(uenonHOE) BoccTaHOBIIEHHE). Bo BpeMst BBITIOJTHEHUS
CTpecC — TECTOB YYaCTHHKH CHWXKAIW JIUTEIBHOCTh
RR-unTepBanos (ceccuu 2,4 u 6), 9TO ABISIETCS ONTH-
MaJIbHOM OTBETHOM peakiuel opranu3Ma Ha CTpecc, HO
BOCCTaHOBJICHHE IIOCJIE CTPECC-TECTOB HAOIIONAeTCs
MNOJIHOCTBKO MJIM YaCTUYHO TOJIBKO Ha OI[HOﬁ HJIN IBYX
ceccusax otapixa (ceccuu 3 u 5) w/mnu ¢oHa (ceccust 7),
IIPU 3TOM MCXOJHBIX (POHOBBIX 3HaueHHH RR — nHTEp-
BAJIOB JOCTUYb HE YAAETCH.

1.3. TIpoduinb apeakTHBHOCTH (OTCYTCTBHE peak-
1K Ha cTpecc). Bo BpeMsi BBINOJIIHEHUS CTPECC-TECTOB
YYaCTHHUKH ITOKa3aJIM OTCYTCTBUE KaKON-JIMO0 peakiun
Ha CTPecC - COCTOSHHE apeaKkTHBHOCTH, TaK Kak He
OBLTO OTBETHON pEeaKkmHWy Ha CTpPECC, MPOOIEeMATHIHO
OLIGHUTH U BOCCTAHOBJICHHE.

2. B03MOXHOCTH TPEHHHT'a UTPOBOTO OHOYIIPaB-
JICHUS JUIS OpraHU3allii BOCCTAHOBHTEIFHBIX MEpO-
NPUSATHH CIOPTCMEHOB BBICOKOTO KJIacca.

IMomyuennast kiaccuuKanusi TUHOBBIX IPOQH-
Jiel pearupoBaHKs/BOCCTaHOBJICHUS IO3BOJISIET TIEPCO-
HUGQUIIIPOBATH METOJBI U CPEACTBA IICUX0(U3HOIOTH-
YECKOHW IMOJUIEPXKKH CIIOPTCMEHOB BBICOKOTO Kilacca,
YTO TIO3BOJIMT B JIAJIbHEHINIEM TMOBBICHTh 3(PHEKTHUB-
HOCTh NPOTPaMM BOCCTQHOBHUTENBHBIX MEPOIPHSTHI.
B ocHOBe TakuX NporpamMmm 3aji0)KeHO MOITAITHOE OCBO-
€HHE M NIPUMEHEHHE HaBBIKOB CaMOpEryJsIIUHU: BHa-
Yajie 03HaKOMJICHHE M OCBOCHUE PA3JIMYHBIX METOIUK
PETYIALNH, 3aT€M Pa3BUTHE CHEHH(PUIESCKIX CIIOPTHB-
HBIX HABBIKOB CaMOPETYJISALINH, a B JAJIbHEHUIIIEM OBBI-
meHue 3()(HEeKTUBHOCTH MOTyYEHHBIX HABBIKOB U MIEpe-
HOC MX B PEIbHYIO )XM3Hb. [lepcrieKTHBHBIM HHCTPY-
MEHTOM JiJIsl IOCTH)KEHHSI OCO3HAHHOTO KOHTPOJISI HaJ|
HETPOU3BOJILHBIMU  (PU3HOJIOTHIECKUMH  PEAKIMAMHU
SIBIIICTCS TEXHOJIOTHSI UTPOBOTO OMOYIIPABIICHHSL.

Bo Bpemst 3aHITHUH YYaCTHUK [TOTPYXKAETCS B CMO-
JEIMPOBAaHHYI0O Ha MOHHMTOPE BHPTYaIbHYIO CpeEny,
MIPEACTABICHHYIO WIPOBBIM CIOXETOM, MOJydas HpH
9TOM OHOJIOTUYECKYIO 0OPaTHYIO CBSI3b 110 (PH3HOJIOTH-
YECKOMY perucrpupyeMoMy curxaiay. OT ydacTHHKA
TpeOyeTCst IIOCTOSTHHBIN OCO3HAHHBIN KOHTPOJIb (MOHH-
TOPHHT) ¥ aHaJIM3 CBOETO COCTOSIHHUS U COOTBETCTBYIO-
LIETO MOBEJCHUS, YTO SIBISIETCS] COBOKYITHBIM PE3YIlb-
TaTOM HMHIMBUAYAIBHBIX ICUXHYECKHX, SMOIUOHAIb-
HBIX, (DM3MYECKUX PEAKLHUI NPH BBIIOJHEHUH 3aad
TpeHuHra. Kak npaBnio, cutyarys COpeBHOBAHUsI BbI-
3bIBACT Yy YUYAaCTHHUKA UT'Pbl YBCIWMYCHUEC ITYyJbCa U TI0-
BBIIICHUE CHMIATHYECKOTO TOHYCa, a CHOCOOHOCTh
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pacciabuThesi, TTOBBICHB MTApAaCUMIATHYECKUN TOHYC,
MI03BOJISIET KOHTPOJIMPOBATh ABTOMATUYECKUE PEaKLIH
1 BOCCTaHaBJIMBATh BEr€TAaTUBHBINA OanaHC.

Bribpannstit meron BOC nomkeH MO3BONUTH
YYaCTHUKY «YBHJETH» CBOW ICHXO()HU3UOIOTHUECKUI
OTBET Ha CTPECCOBYIO CUTYAIUIO, OLEHUTH €ro, chop-
MHpPOBaTh HOBYIO, O0Jiee 3 PEKTUBHYIO CTPATETHIO Pe-
arupoBaHUs HA CTPECC M BOCCTAHOBJICHHS MOCIIE HEro,
MIO3BOJISIOIIYI0 COXPAHUTh COOCTBEHHOE NICUXHYECKOE
n pU3UYECKOE 310POBLE.

3ak/oueHne: OKCIEPUMEHTAIBHO IOKa3aHo,
YTO OMBIT U 3((PEKTUBHOCTh CIOPTCMEHA HAPAMYIO
CBs3aHa C YPOBHEM pa3BUTHUA HABBIKOB CaMOPETYJIA-
UK. YTBEPXKIACTCs, YTO HABBIKA CAMOPETYIISILIMH HE
MCHCC BaXHbI JJIA CI/ITyaI_ll/Iﬂ TOCJI€ BLICTYIIJICHUA — TO
€CTh 9TH HABBIKU CJIEAyeT pa3BUBaTh, HE TOJBKO UL
JOCTHXEHHS MTUKa (OPMBI, HO M JUISl YCKOPEHHsI BOC-
CTaHOBJICHUS. TexHomorus OMOYIpaBIECHHS CErOIHS
SBJIACTCSA OJHMM M3 HauOoJiee MepCIeKTHBHBIX METO-
JIOB OOy4YeHUs/pa3BUTHsI HABBIKOB CaMOPETYJISILUH, a
TaKOKe KOPPEKUHH QYHKIHOHAIEHOTO COCTOSIHUS Opra-
HU3Ma yesioBeka. Pa3paboTka 1 BHEJpeHNE HOBBIX IICH-
X0()M3UOIOTHIECKUX TEXHOJIOTHIA TTOBBIIICHUS 3P dek-
TUBHOCTH TPEHHUPOBOYHOTO M BOCCTAHOBUTEIBHOI'O
nporecca sBIseTCS He0OXOJUMBIM YCIOBHEM IS II0-
CTPOEHHsI THUIIOBBIX HPOTPaMM BOCCTAHOBHUTEIBHBIX
MEpOMPHUATHI MEANKO-TICUXOJIOTHYECKOTO obecrede-
HUS CIIOPTCMEHOB BBICOKOTO KJIacca.
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