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Abstract. Based on the study of the data of hourly monitoring of pulse arterial
pressure (PAP) of 24 children aged from 10 months to 3 years for 30 days, it
was revealed that on day 1, the mesor of the circadian rhythm of PAP in groups
1 and 2 was within physiological values, not differing from norms. All patients
underwent repeated hemodialysis sessions. The level of PAP on the Ist day of
patients in the 3rd group, which turned out to be less than in the 1st group by 14%
(p<0.05), can guide the diagnosis of acute heart failure already on the Ist day,
being an indication for starting cardiotonic, cardiotropic metabolic therapy from
the first day of intensive care therapy of ARF aimed at correcting acute cardiac

8 || International Conference
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decompensation in the most severe patients with acute renal failure (ARF) in the
period of anuria at an early age with the selection of more sparing regimens.
Patients of the 3rd group, more than other groups, primarily needed energy
support to ensure more adequate compensatory reactions of the cardiovascular
system, which is possible only with targeted nutritional provision of the most
pronounced catabolic processes in the most severe children with ARF.

Keywords: circadian rhythm, pulse arterial pressure, acute renal failure,
young children.

Relevance. Acute renal failure (ARF) is a non-specific clinical and laboratory
syndrome that occurs due to the acute loss of all homeostatic functions of the kid-
neys. This process, with timely diagnosis and proper treatment, is reversible. On
average, the incidence of acute renal failure ranges from 3 to 8 cases per 1,000,000
children (according to Russian authors), of which 1/3 occurs in infancy. ARF sig-
nificantly worsens the child’s condition, and mortality ranges from 3-5% in hemo-
lytic-uremic syndrome to 30-70% in sepsis and multiple organ failure. Even with
successful treatment and restoration of urinary function, long-term consequences
are possible - 10-25% of children develop chronic kidney disease. ARF is danger-
ous by electrolyte disorders (hyperkalemia, hypocalcemia, hyperphosphatemia).
An increase in blood pressure that occurs against the background of pathologies of
the heart, kidneys or disorders of the endocrine system, as a result of heart damage
and disorders of the nervous system, is commonly called secondary hypertension.
Children often suffer from such pathologies, which is why they register both spas-
modic and constant increases in pressure. However, there is not enough informa-
tion in the literature on the characteristics of the reaction of pulse arterial pressure
(PAP) in acute renal failure, which developed against the background of an acute
bacterial pulmonary infection in children under the age of 3 years [1-4].

Goal of the work. To study and give a comparative assessment of the response
of the circadian rhythm to pulse arterial pressure in acute renal failure in infancy,
which developed against the background of an acute infection.

Material and research methods. The data of hourly monitoring of body tem-
perature in 24 children with acute renal failure admitted to the ICU of RSCEM
with anuria from 1 to 4 days at the age of 10 months to 3 years 4 months from the
ICU of regional children’s hospitals and branches of RSCEM was studied. Prior
to admission to the clinic, all patients received therapy aimed at the treatment of
pneumonia 22, AII-2 patient. According to indications, due to severe progressive
respiratory failure, patients were provided with invasive mechanical respiratory
support (MRS) on the first day according to indications. All patients underwent
hemodialysis, 3 - in combination with plasmophoresis under the control of he-
modynamics, acid-base balance, respiratory system, maintenance, antibacterial,
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anti-inflammatory, syndromic corrective intensive therapy according to the pro-
tocols and recommendations existing in the literature. A favorable outcome with
the restoration of full functional activity of the kidneys and discharge from the
hospital was observed in 15 children (groups 1 and 2), an unfavorable outcome in
9 children (group 3). The first group consisted of patients who received intensive
care in the ICU for up to 10 days (5 patients), the second - children with a favora-
ble outcome after intensive care for 11-45 days (10 patients), the third - 9 patients
with an unfavorable outcome.

Results and its discussion.

As shown in Table 1, male patients predominated in all study groups. The
duration of intensive care in children of groups 2 and 3 significantly exceeded the
duration of treatment in the ICU in group 1 by 18 and 23 days (p<0.05, respec-
tively). In group 1, mechanical ventilation was performed in 1 patient due to the
severity of acute respiratory failure caused by severe acute pneumonia. In group 2,
the duration of mechanical respiratory support (MRS) in all children was 15.8+8
days, in group 3 - 15.1£11.1 days.

Table 1.
Characteristics of patients

Groups Age, gender, | Start of ALV, | Duration of MRS, | In ICU, days
month. m/f days days
1 20428 3/2. 1 patient in 1 9 7,8+1,9
2 22,8453 8/2. 3,6+1,2 15,848 25,1£7,9%
3 25,6£5,3 4/5. 4+1,8 15,1+11,1 30,7+6,8*

No significant age differences were found. However, in group 2, there was a
moderate effect of age on the duration of intensive care in the ICU (0.34), on the
duration of mechanical ventilation (0.2), on the duration of spontaneous breathing
before respiratory support due to the severity of ARF (0.74). In group 1, there was
a slight negative effect of the age of children on the duration of intensive care in
the ICU (-0.23). In group 3, the effect of age on the duration of intensive care in
the ICU was 0.35, the duration of mechanical ventilation was 0.32.

The level of PAP on the Ist day of patients in the 3rd group was less than in the
Ist group by 14% (p<0.05), characterizing the tendency to develop heart failure
already on the Ist day. During the extended monitoring, a significantly significant
decrease in the indicator by 14% (p<0.05) on the 3rd day in group 1 was found, in
the following days it did not differ from the initial indicator. In the 3rd group on
the 16th day there was an increase in the mesor of the circadian rthythm PAP by
18% (p<0.05), on the remaining days it did not differ from the indicator on day 1.
Thus, the detection on the first day of a decrease in the average daily value of the

10 || International Conference
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circadian rhythm of PAP by 14% can guide the diagnosis of acute heart failure
already on day 1, being an indication for starting cardiotonic, cardiotropic meta-
bolic therapy from the first day of intensive therapy for acute renal failure, aimed
at correcting acute cardiac decomensation in the most severe young patients.

Table 2.
Dynamics of the mesor of the circadian rhythm PAP

Days 1 group 2 group 3 group

1 45,1+3,0 40,8+3,7 38,5+2,8”

40,8+2,8 40,6+1,4 40,3+1,8
3 38,5+1,6* 40,5+1,8 38,6+2,0
4 41,3+3,1 41,6+1,7 40,3+2,0
5 39,7433 42,6+2,3 42,242,0
6 41,7+3,8 41,8+1,7 41,8+2,7
7 43,2432 38,9+1,7 41,2+3,3
8 43,5424 40,2+2,3 42,742 .4
9 41,9434 40,1+1,5 41,4424
10 49,5+5,1 37,64+2,2 40,4424
11 41,3423 41,2+1,8
12 42,4422 40,8+1,8
13 40,7+1,7 42,2423
14 38,0+1,7 40,6+2,3
15 39,3+2,6 41,5+1,8
16 40,9+1,8 45,542 4%
17 39,24+2,6 41,9+2,6
18 39,1+1,8 40,6+2,8
19 38,7+1,9 40,8+4,0
20 41,1£2,1 42,6+2,3
21 41,14£2,6 40,7+3,6
22 41,0+2,3 39,6+2,7
23 37,8+2,7 40,4+2,8
24 38,1443 42,7+4,9
25 42,2435 42,9+2.9
26 41,54£2,5 38,34+2,6
27 39,8+4,3 38,1+2,8
28 38,5+3,3 42,6+3,7
29 40,1£5,0 40,6+2,9
30 46,9+7,7 43,5429
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Table 3

Average values of PAP in the circadian rhythm in acute

renal failure up to 3 years

Hours 1 group 2 group 3 group
8 41,9427 37,4+2,9 40,0+£2,3
9 41,9+3 .4 38,4+2,9 40,9+3,1
10 42,0+£2,8 40,0+3,1 41,5+2,8
11 43,1+£3,7 40,5+3,0 41,243 4
12 41,3437 40,343,1 40,7+3,2
13 41,7+4,9 40,4423 40,0+2,6
14 40,443,1 40,742,2 40,5+2,8
15 41,9+5,6 41,3£2,6 40,8+3.4
16 43,8+4,1 41,1£2,9 41,7+2,9
17 42,6+4,2 40,0+2,8 40,8+3,3
18 41,6+2,6 39,7+3,4 41,14£2,8
19 41,8429 40,8+2.4 41,243,0
20 42,6+2,5 39,9+2,1 40,9+3,0
21 42,0+£3,5 40,7+3,1 40,9427
22 40,9+5,5 41,1£3,3 41,2432
23 40,0+4,4 41,3+2,7 40,7+3,5
24 42,1£3,5 40,3£3,2 423423
1 42,7432 40,7+2,8 41,4432
2 44,2428 40,2427 41,7+£2,5
3 45,343,6 41,6+3,8 42,04£2,6
4 44,2430 41,4430 41,3+2.4
5 43,244,1 40,0+3,3 42,1£3,0
6 44,5+5,0 41,1£2,8 41,34£3,0
7 43,8+5,3 40,7+3,6 41,8+2,8

*_reliable relative to the indicator

In 1 day

"_reliable relative to the indicator

in 1 group

As shown in Fig. 1, changes in the average daily level of PAP throughout
the entire observation were of an oscillatory nature, not significantly differing in
groups. A trend towards an increase in the value of the PAP circadian rhythm
mesor was observed on day 1 in group 1 up to 45 mm Hg, on day 10 on the day
of transfer to the pediatric department in group 2 on day 30 up to 47 mm Hg,
and in 3 group on the 16th day of intensive therapy up to 45.5 mmHg, which ap-

12
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parently was due to an intermittent systemic inflammatory response in the most
severe patients. Some difference in the average values in the circadian rhythm
draws attention (Fig. 2). In group 1, fluctuations in PAP in the circadian rhythm
had a relatively large amplitude, the average daily value was somewhat larger,
amounting to 42.5+1.1 mm Hg, than in groups 2 and 3, where the average value of
PAP was 40.4+ 0.4 mmHg and 41.2+0.5 mm Hg, respectively. In group 3, some
monotony of hourly fluctuations in PAP was noted. Taking into account the estab-
lished fact that the change in PAP in the direction of growth is an integral indicator
that characterizes the compensatory mechanisms of the circulatory system under
conditions of stress reactions of the body to intoxication, water, drug load, then in
group 3, the revealed monotony, a decrease in the amplitude and average level of
the circadian rhythm of PAP, may be related with a more significant depletion of
adaptive resources, the adequacy of which depends primarily on the severity of the
energy-deficient state. The results obtained indicate that patients of the 3rd group,
more than other groups, primarily needed energy support to ensure more adequate
compensatory reactions of the cardiovascular system, which is possible only with
targeted nutritional provision of the most pronounced catabolic processes in the
most severe children with acute renal failure.

50,0

[d

<.
>

40,0

45,0 I
1 A |

35,0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

] group ===3 group w3 group

Figure 1. Dynamics of the mesor of the circadian rhythm PAP
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Figure 2. Average values of PAP in the circadian rhythm
with acute renal failure up to 3 years
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Figure 3. Amplitude of the circadian rhythm PAP in acute renal
failure up to 3 years

As shown in fig. 3, the average value of the amplitude of daily fluctuations in
PAP during the observation period was 7.2+2.1 mmHg in group 1, 6.9+2.6 mmHg
in group 2, and 7 in group 3. .2+1.4. It is known that an increase in the amplitude
of daily fluctuations expresses the degree of stress reaction of the studied indica-
tor, which, despite the relatively lower average value, turned out to be more pro-
nounced in group 2 (Fig. 3).

14 || International Conference
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Table 3

The duration of the shift in the acrophase of the circadian rhythm of PAP in

the stage of anuria of acute renal failure is up to 3 years

norm moderate deviation inversion
9-11 hours 12-21h 22-8 hours
1 group 20% (2) 30% (3) 30% (5)
2 group 20% (6) 36% (11) 44% (13)
3 group 13% (4) 50% (15) 37% (11)

The deformation of the phase structure was also expressed in the shift of the
peak of the acrophase of the circadian rhythm of PAP (inversion), which turned
out to be the longest in group 2, amounting to 44% of the duration of intensive
care in the ICU (13 days out of 30), in group 3 - 37% (11 days out of 30) , which
indicated the severity of the stress reaction in pneumonia complicated by acute
renal failure at an early age.

-0,47

-0,30

uPP/SAP MPP/T M PP/DAP

0,42
3 group
-0,05

0,39
2 group

1group

Figure 4. Correlations of PAP in the stage of anuria with acute

renal failure up to 3 years

A moderately significant direct correlation was found between changes in the
mesors of circadian rhythms PAP and SAP in groups 2 and 3, amounting to 0.39
and 0.42, respectively, and an inverse correlation between PAP and DAP in group
1 (-0.47). The revealed indicators testify to the difference in compensatory re-
actions of hemodynamic parameters depending on the severity of the patients’

condition.
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Conclusion. On day 1, the mesor of the circadian rhythm PAP in groups 1 and
2 was within the physiological range, not differing from the norm. The level of
PAP on day 1 of patients in group 3 was less than in group 1 by 14% (p<0.05), and
can guide the diagnosis of acute heart failure already on day 1, being an indication
for starting cardiotonic, cardiotropic metabolic therapy from the first day intensive
care of acute renal failure aimed at correcting acute cardiac decomensation in
the most severe patients of early age. Patients of the 3rd group, more than other
groups, primarily needed energy support to ensure more adequate compensatory
reactions of the cardiovascular system, which is possible only with targeted nu-
tritional provision of the most pronounced catabolic processes in the most severe
children with acute renal failure.
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R, RAEX 29 4 10 DHE 3 B LERIMFREI A SHUINES R AT
Foo A AE) MBP BEAE WL ThRE v ) L P A s n.  7E2A] (23
/NIEFZR 4 /IR MBP S BT b AR A A E R R A
EONVRIZ)LE MBP AFRERCIRRAESS 5 A GRILIRY T RR S RS BT
14-457%) o FEBUAE MR IS ST EEERIN, MBP KPR RS s 10
EARTRAE AR IARIRL R, RS ERIN I AAE SR IRT T BORAME, BA
SAERERIINEE S840 LR A S B DR s i R 3R

SRR BT, ~FBIIKIE, JohR, SEBTRETEE, )L,

Abstract. Based on the study of the results of monitoring of hemodynamic
parameters in 29 children aged 10 months to 3 years, an increase in the average
values of MBP in children with acute renal failure was revealed in all subjects.
The noted decrease in the average for the entire period of examination of the
mesor of the circadian rhythm in the MBP index at night (23 hours to 4 hours)
was understood as a tendency to restore the physiological circadian rhythm of the
MBP in children of the 2nd group (duration of intensive therapy + hemodialysis
14-45 days). An increase in the average daily level of MBP by the end of the
first decade of intensive care by more than 10 mm Hg is an unfavorable sign,
an indicator of insufficiently effective intensive therapy of both the underlying
disease and complications, as well as concomitant aggravating factors that led to
the development of acute renal failure in young children.

EEg | 17
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Keywords: circadian rhythm, mean arterial pressure, anuria, acute renal
failure, young children.

Relevance. The mechanism that triggers the formation of childhood arterial
hypertension is stress tension, which causes excessive work of the sympathetic
regulation system. This is accompanied by spasm of the muscle layer of small
vessels. Then biological substances are included in the mechanism of formation,
retaining fluid in the body and spasmodic vessels. As a rule, they are opposed by
biological factors opposite in action, but when they are depleted, blood pressure
begins to rise steadily. Sympathetic regulation has a direct effect on the renal vas-
culature. The vasospasm of the kidneys includes the renin-angiotensin-aldosterone
system. This becomes the foundation for the development of a secondary increase
in blood pressure (renal hypertension). At the initial stages of the development of
the disease, the spasm of the muscular layer of the vessels is unstable, but over
time, the muscle fibers thicken and the spasm becomes permanent. High pressure
in the vessels of the brain can provoke failures in the systems of regulation of ho-
meostasis. Before a specialist providing hemodialysis in a child, first of all, there is
a problem of hemohydrobalance disturbance and its correction. A significant dis-
crepancy between the primary volume of filling the circuit of the apparatus and the
volume of the child’s circulating blood, the forced need to use transfusion media,
the physiological hydrophilicity of the tissues of the child’s body, the imperfect
function of the kidneys, the use of hemodilution, the lack of complete biocompat-
ibility of the materials of the extracorporeal circuit and the patient’s blood lead to
the activation of enzymatic cascades, the development of the syndrome increased
“capillary sweating” and tissue hyperhydration. The main organs that are affect-
ed in arterial hypertension are the heart, blood vessels, brain, kidneys. However,
there is not enough information in the literature about the change in mean arterial
pressure in the phase of anuria in acute renal failure in children [1-4]. The latter
was the reason for this study.

Goal of the work. To study the features of the circadian rhythm of mean arte-
rial pressure in children with acute renal failure in the period of anuria at an early
age.

Material and research methods. The data of hourly monitoring of mean arte-
rial pressure (MBP) were studied in 29 children with ARF admitted to the ICU of
RSCEMC with anuria from 1 to 4 days at the age of 10 months to 3 years 4 months
from the ICU of regional children’s hospitals and branches of RSCEMC. Prior to
admission to the clinic, all patients received anti-inflammatory therapy aimed at
the treatment of URI-2, pneumonia 25, AII-2 patient. According to indications,
due to severe progressive respiratory failure, patients received invasive mechan-
ical respiratory support on the first day. All patients underwent hemodialysis, 4
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patients underwent hemodialysis in combination with plasmapheresis under the
control of hemodynamics, acid-base balance (ABB), respiratory system, main-
tenance, antibacterial, anti-inflammatory, syndromic corrective intensive therapy
according to the recommendations in the literature. A favorable outcome with
the restoration of full functional activity of the kidneys and discharge from the
hospital was observed in 19 children (groups 1 and 2), an unfavorable outcome in
10 children (group 3). The first group consisted of patients who received intensive
care in the ICU for up to 10 days, the second - children with a favorable outcome
after intensive care for 11-45 days.

Results and its discussion. According to numerous studies, the average norm
of blood pressure up to 3 years is 106/69, MBP= 81 mm Hg. The average values
of MBP in children with ARF up to 3 years were increased in all subjects and
in group 1 amounted to 89.943.7 mm Hg; in 2 - 79.4 + 6.4 mm Hg and in group
3 - 87.5 £ 5 mm Hg, that is, they did not differ significantly. On the first day of
observation, MBP was increased in group 1 by 8.9 mm Hg, in group 3 by 6.5 mm
Hg, in group 2 - within the normative values (Table 1). Throughout the observa-
tion in groups 1 and 3, despite intensive drug vasodilating, detoxification therapy
by hemodialysis almost daily and plasmapheresis in order to increase the effi-
ciency of detoxification in the most severe children, the level of the mesor of the
circadian rhythm, mean AP, remained at stably elevated levels in groups 1 and 2.
In dynamics, in patients of group 2, a tendency was found to increase the studied
indicator at a later date, when on the 14th and 20th days of treatment (Fig. 1) the
mesor of the circadian rhythm MBP became higher than the level of the indicator
on day 1 by 9 and 10 mmHg. (p<0.05), which indicated a negative dynamic of
intrarenal mechanisms of MBP regulation, a possible increase in ischemia of the
renal parenchyma, a decrease in the level of prostaglandins and bradykinins, be-
ing a factor contributing to the development of nephrogenic hypertension against
the background of damage to the renal tissue, also being one of the indicators
of insufficient the effectiveness of corrective measures to restore perfusion and
functional activity of the kidneys. In a comparative assessment of the severity of
the condition on day 2, the mesors of the circadian rhythm of MBP in children of
groups 2 and 3 were significantly lower than in group 1 by 8.4 mm Hg and 8.9
mm Hg. (p<0.05, respectively). Subsequently, for 8 days, the revealed difference
persisted in both groups. On the 9th day, in patients of group 3, a repeated increase
in the mesor of the circadian rhythm of MBP relative to the initial level by 11%
(p<0.05) was found against the background of intensive therapy using methods of
extracorporeal blood purification, mechanical respiratory support. On days 16.30,
there was a short-term trend towards a decrease in the mesor of the circadian
rhythm of MBP to the level observed on the first day, which, unfortunately, did
not improve the outcome of the disease (Fig. 1). Thus, an increase in MBP by the
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end of the first decade of intensive care should be considered an unfavorable sign,
an indicator of insufficiently effective intensive therapy of both the underlying
disease and complications, as well as concomitant aggravating factors that led to
the development of acute renal failure in young children.

Table 1.

Dynamics of the mesor of the circadian rhythm
in the phase of anuria of ARF in young children, in mm Hg

Days 1 group 2 group 3 group
1 89,9+3,7 79,4+6,4 87,5+5,0
2 90,14+2,0 81,7+1,5" 81,2+2,6"
3 93,1+2,4 85,0+2,0” 83,6+2,0"
4 94,6+2,3 85,8+£2,0" | 83,6+1,7"
5 92,5+1,6 83,242, 7" 84,0+2,9"
6 94,1+2,3 84,2+1,9" | 79,7+2,8"
7 95,6+1,6 84,8+1,7" 85,6+3,0"
8 93,5+2,7 84,1+1,4" 90,4+3,6
9 92,343 .4 85,942,6" | 97,5+2,3*
10 88,2433 84,1422 95,74+2.,8
11 84,3423 94,2435
12 87,3+1,8 89,4429
13 82,9+2,0 91,1+5,3
14 88,2+1,9* 91,842,6
15 85,943 4 87,1£3,0
16 85,7+2,1 79,5+3,7
17 85,5423 82,0+6,0
18 86,2+1,7 84,9+3 4
19 85,8+2,1 84,5+3,7
20 89,0+2,8* 82,6434
21 88,9+3,9 81,2442
22 88,6422 80,9+2,2
23 86,5+2,5 80,4433
24 80,8+3,4 84,1+3,6
25 79,8+3,9 84,1+2,7
26 84,6+3,9 84,3433
27 90,0+4,8 87,8+3,6
28 85,7+4.,9 85,9+4.8
29 86,4+2,5 85,1+3,0
30 86,5+4,5 79,1+4,6
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Table 2.
Mean circadian rhythm of mean AP in ARF

Hours 1 group 2 group 3 group
8 93,6+2,2 87,5+4,2 87,7+5,7
9 93,2+1,6 86,9+3,8 86,8+5,6
10 93,6+4,0 86,0+3,3 86,4+5,3
11 91,4+2,5 85,0+3,8 85,8+4,9
12 95,0£3,3 84,943,1 83,2449
13 93,8+2,0 84,1+3,7 86,1+4,7
14 93,1+4,2 84,7+3,5 88,2+4,9
15 92,6+3,1 84,6+3,3 87,6+6,1
16 91,0+3,1 85,0+3,6 86,6+5,4
17 93,1£3,1 85,3+4,0 86,6+4,5
18 93,6+3,5 86,8+3,5 85,4+4,5
19 93,3£3,0 86,6+3,1 86,4+4,5
20 92,9+1,9 86,3+3,2 85,24+4,5
21 91,7+3,0 85,7+3,1 85,5+4,4
22 94,0+3,1 84,7+3,1 86,2+4,4
23 92,5+2,8 84,5+3,0° 86,5+4,9
24 93,7+2,1 84,4+3,0° 84,1+4,5
1 92,3+1,7 84,3+2,6° 84,2447
2 90,3+2,1 84,6+3,2° 83,3+4,8
3 91,0£1,9 83,9+2,9° 84,1+4,1
4 90,2+2,5 84,6+2,9° 85,045,1
5 90,5+4,1 85,2429 84,0+5,2
6 90,4+4,8 85,9+2,7 85,2+4,8
7 91,8+4,7 84,543,1 85,0+6,9

*-dynamics is reliable relative to the indicator in 1 day
"- difference is significant relative to the indicator in group 1
¢ - difference is significant relative to the indicator in 1 day




Scientific research of the SCO countries: synergy and integration

100,0

95,0 A\ -—-

oo LTINS

w0 L W]

1234567 89101112131415161718192021222324252627282930

] GrOUp =3 group 3 group

Figure 1. Mesor dynamics of the circadian rhythm of mean arterial pressure in
the phase of anuria of ARF in infants

As shown in Table 2, the average values of the studied hemodynamic parameter
in the circadian rhythm made it possible to detect relatively higher rates both in the
daytime and in the dark period of the day in patients of group 1 with fluctuations
0f 90-95 mm Hg, while as in groups 2 and 3, daily fluctuations occurred in group
2 within 84-87 mm Hg, in group 3 - 83-88 mm Hg. During the night hours from 11
p.m. to 4 a.m., the MBP index in children of the 2nd group was significantly lower
by 8-6% than in the 1st group (Fig. 2). Apparently, the identified feature of group
2 - a decrease in the MBP at night can be understood as a tendency to restore the
physiological circadian rhythm of MAP. A relatively higher level of MBP (Fig. 2)
in group 1 was due to a smaller amount of drug sedative, hypotensive, generally
stress-limiting correction than in patients of groups 2 and 3.
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Figure 2. Mean circadian rhythm of mean AP in ARF in infancy, mm Hg
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Based on the data obtained, it can be assumed that an increase in MBP is
primarily an indicator of the degree of severity of the compensatory reaction of a
hemodynamic parameter in the process of adaptation of the child’s body in condi-
tions of anuria, and only then an indicator of the severity of the state of the body
at an early age due to ischemia, inflammatory changes in the renal parenchyma. In
this regard, it is not hypotensive therapy that is paramount, but the correction of
the mechanisms that led to the violation and restoration of the capillary function
of the renal parenchyma. Most likely, these multidirectional complex corrective
actions should be carried out simultaneously.
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Figure 3. Amplitude dynamics of the circus rhythm MBP, mmHg

The amplitude of the circadian rhythm of MBP was the largest on day 1 in all
patients, characterizing the most pronounced instability of the index. Repeated
progression of instability of the hemodynamic parameter during the day in group
2 was noted on day 27, in group 3 during the second or third decade of observa-
tion, hemodynamic instability was more significant than in groups 1 and 2 (Fig.
3), which corresponded to the severity of the condition of the studied patients.
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Figure 4. The range of daily fluctuations in MBP, mm Hg

The most pronounced drops in MBP were noted in groups 1 and 2, amounting
to 23 mm Hg and 30 mm Hg with a repeated increase in daily changes in group 2
on days 27 and 30 up to 25 mm Hg was due to progressive acute cardiac decom-
pensation, failure of the functional activity of the central mechanisms of blood
pressure regulation (Fig. 4).
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Figure 5. Correlations of MBP in acute renal failure up to 3 years

Significantly significant direct correlations were found between MBP and DP
(078) in group 1, as well as MBP and SBP (0.8), MBP and DP (0.85) in group
2, which corresponded to a relatively greater participation in the change in MBP
changes in tone peripheral vessels, total vascular resistance in changes in the level
of DBP (Fig. 5) in the period of anuria in children under the age of 3 years.
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Conclusion. The average values of MBP in children with acute renal failure
up to 3 years in the phase of anuria were increased in all subjects. The revealed
decrease in the average for the entire period of examination of the mesor of the
circadian rhythm in the MBP index at night (23:00 to 04:00) can be understood
as a tendency to restore the physiological circadian rhythm of MBP. An increase
in the average daily level of MBP by the end of the first decade of intensive care
is an unfavorable sign, an indicator of insufficiently effective intensive therapy of
both the underlying disease and complications, as well as concomitant aggravating
factors that led to the development of acute renal failure in young children.
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Abstract. In 42 boys aged 18.4+0.7 years old, living in cities (n = 27) and
rural settlements (n = 15), who entered the Tyumen State Medical University and
Tyumen State University, the anatomical values of length and width ( Weissflog
index) feet. The measurement results indicated that there were no significant
differences in the studied indicators between young men living in cities and rural
settlements, which allows them to lead an active lifestyle and engage in physical
education and sports.

Keywords: young men of cities and rural settlements, Weisflog index.

Introduction. For many decades, the problem of foot pathology (flat feet) has
not left the pages of special literature [4, 5, 6, 7, 9, 10]. So, in particular, in chil-
dren, the incidence of flat feet varies from 0.6 to 77.9%, so the problem of its
morphological and functional assessment in the practice of physical culture and
sports is of particular importance [1, 2, 3].

In 1896 Lovett H-W. et al. [8] were among the first to characterize the foot
with a flat arch in such a way that this description has practically not changed to
the present: “... the height of the medial longitudinal arch is partially or completely
flat, and almost the entire plantar surface of the foot is in contact with the ground.”
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In the practice of sports, it is important to know the anatomical and functional ca-
pabilities of the arches of the foot for the resulting training load. To date, the question
concerning the ratio of the length of the foot to its width (Weissflog index) in young
men living in cities and rural settlements remains insufficiently studied.

Purpose: to study the ratio of the length of the foot to its width (Weissflog
index) among young students who entered Tyumen universities from cities and
rural settlements.

Organization and research methods. The study involved 47 young men aged
18.4+0.7 years who, before entering the university, permanently lived in cities (n
= 31) and rural settlements (n = 16). From the anamnesis, it was established that,
firstly, the parents of the young men for three generations constantly lived in the
conditions of Western Siberia. Secondly, 32 (68.1%) young men systematically
went in for various sports.

The length of the foot was determined (in cm) from the most prominent toe to
the heel. The width of the foot (in cm) is measured at its widest part. To assess the
state of the transverse arch of the foot, we used the Weissflog index (W, arb. unit),
numerically equal to the ratio of the length of the foot to its width: W = S/P, where:
S is the length of the foot, P is the width of the foot.

We proceeded from the fact that the decrease in the index, i.e. the approach of
its value to 2 indicates transverse flat feet; the approach of the value to 3 shows
the ideal transverse state of the foot and is an indicator of its good spring function.

The results of the study were processed by methods of mathematical statistics
using Student’s t-test. The studies complied with the ethical standards of biomedi-
cal ethics committees developed in accordance with the Declaration of Helsinki
adopted by the WMA, as well as the Order of the Ministry of Health of the Rus-
sian Federation No. 226 of June 19, 2003 “Rules of Clinical Practice in the Rus-
sian Federation”. The principles of voluntariness, the rights and freedoms of the
individual, guaranteed by Articles 21.2 and 22.1 of the Constitution of the Russian
Federation, are observed. Oral permission from students to conduct the study was
obtained.

Results of the study and their discussion. Indicators of foot length in young men
who entered the university from cities and rural settlements are given in Table. 1.

Table 1
Indicators of foot length, width and Weissflog index in young men
from cities and rural settlements (M+m)

Index Place of residence
City Rural settlement
Foot length 26,47+1,09 27,06+1,17
Foot width 8,33+0,23 8,42+0,26
Weisflog index 3,177 3,213
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The results of measuring the long-length dimensions of the foot in young men
indicated that it was in extreme values from 23.8 cm to 27.6 cm. We did not reveal
significant differences in the values of the foot length among young men depend-
ing on their place of residence (p> 0.05), despite the fact that in absolute terms the
length of the foot of young men from rural settlements was 0.59 cm longer.

27,2 27,06
27
26,8
26,6 26,47
26,4 -
26,2
26 T
ropog, Ceno

Figure 1. The length of the foot in young men living in cities
and rural settlements.

The results of measuring the width of the foot in young men who entered the
university from cities and rural settlements indicated that it has extreme dimen-
sions ranging from 8.1 to 8.7 cm. In absolute terms, the width of the foot of young
men (Fig. 2) from rural areas settlements was 0.1 cm more than among urban boys,
which is not statistically significant - (p>0.05).
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Figure 2. The width of the foot in young men who lived in cities
and rural settlements.

Measurements of the ratio of the length of the foot to its width (Fig. 3) indi-
cated that the Weissflog index for young men living in cities was 3.177 c.u., for
those who lived in rural settlements - 3.213 c.u.
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Figure 3. Weisflog index for young men living in cities and rural areas.

Estimating the calculated values of the Weissflog index, we can conclude that
it exceeded the value of 3, which indicates, firstly, the ideal transverse state of the
foot in young men, regardless of their place of residence. Secondly, it is an indica-
tor of its good spring function, which is important when doing physical education
and sports.

The use of the Weissflog index allows us to conclude that young men have
an ideal transverse foot condition. However, it should be remembered that the
Weissflog index can only indicate the presence of signs of transverse flatfoot, but
not its degree.
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Abstract. In 42 young men aged 18.4%0.7 years, who lived in cities (n = 27)
and rural settlements (n = 15), who entered the Tyumen State Medical University,
the anatomical values of the long-length dimensions of the foot, lower leg and
lower limbs and their relationship with growth and stride length were studied
in a comparative plan. The measurement results indicated that there were no
significant differences in the studied parameters, which allows young men to lead
an active lifestyle and go in for physical education and sports.

Keywords: young men of cities and rural settlements, length measurements of
height, lower limbs, feet, step length.

The relevance of research. The problems of preserving, restoring the health
and quality of life of the younger generation of the regions of Russia for many
years occupy an important place in the scientific research of specialists in various
fields [1, 8, 10].

The foot, being the most important component of the function of support and
movement, has occupied a special place in scientific research for many decades,
and the problem of its study has not left the pages of special literature for decades
[2,5,6].
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If we consider variations in the ratio of long-length measurements in young
men from cities and rural settlements of the Tyumen region to step length from
the standpoint of age morphology, then there are no such studies in the literature
available to us.

Purpose: to consider the anatomical ratios of the long-length dimensions of
the body, lower limbs, lower leg and foot to step length in first-year students of
adolescence who entered the Tyumen State Medical University from cities and
rural settlements.

Material and research methods. The study was performed at the Department
of Human Anatomy of the Tyumen State Medical University. The study involved
42 young men aged 18.4+0.7 years who, before entering the university, perma-
nently lived in cities (n = 27) and rural settlements (n = 15). From the anamnesis,
it was established that, firstly, the parents of the young men for three generations
constantly lived in the conditions of Western Siberia. Secondly, 28 (66.7%) young
men systematically went in for sports.

The length of the foot in young men was measured using a standard device
(Fig. 1), and the length of the lower limbs, lower leg and step using a rubberized
tailor’s tape

The length of the body was de-
termined with an accuracy of 0.5
cm using the stadiometer proposed
by us (RF Patent for utility model
No. 153076).

All young men, depending on
the length of the body, we condi-
tionally divided into two groups -
from 160 to 170 cm and from 171
to 180 cm, based on which the an-
atomical relationships were calcu-

1 A 3
Figure 1. Measuring the length of the foot. lated.

To measure the step length, a number of technical solutions have been pro-
posed [4, 9, 11, 12]. When measuring the average stride length, we used the for-
mula [3, 7]: LS=P/4 +0.37 m,

where: LS is the length of one step in meters, H is the height (length of the
body) of a person in meters.

The results of the study were processed by methods of mathematical statistics
using Student’s t-test. The studies complied with the ethical standards of biomed-
ical ethics committees developed in accordance with the Declaration of Helsinki
adopted by the WMA, as well as the Order of the Ministry of Health of the Russian
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Federation No. 226 of June 19, 2003 “Rules of Clinical Practice in the Russian
Federation”. The principles of voluntariness, the rights and freedoms of the in-
dividual, guaranteed by Articles 21.2 and 22.1 of the Constitution of the Russian
Federation, are observed. Oral permission from students to conduct the study was
obtained.

Results and discussion.

The results of the examination of young men (Table 1) indicated that there
were no significant differences in foot length between residents of the city and
rural settlements (p>0.05).

Table 1

Indicators of anatomical ratios of long-length dimensions of the body, lower
limbs, lower leg and foot to step length in young men of the Tyumen State Medi-
cal University, depending on the place of residence (M+m)

Ind Location
naex City Rural settlements

Foot length with growth: from 160 to 170 cm

From 171 to 180 cm 25,34+1,09 25,08+1,07
26,57+1,14 26,44+1,12

Foot length to height ratio 2,75+0,21 2,77+0,22
2,70+0,19 2,71£0,20

Lower limb length (right) 0,158 0,156

0,155 0,154

The ratio of the length of the right lower limb to the | 92,77+2,16 93,06+2,23

length of the step 94,81+2,83 95,43+2,56

The ratio of step length to the length of the right 1,330 1,336

lower limb 1.319 1,333

Foot length to height ratio 0,735 0,748

0,757 0,749

Growth step length:

160 to 170 cm 69,73+1,52 69,62+1,49

From 171 to 180 cm 71,86+1,65 71,54+1,57

Foot width with growth:

160 to 170 cm

From 171 to 180 cm 7,56+0,62 7,79+0,55
8,02+0,77 8,36:+0,68

The ratio of the width of the foot to its length with

growth:

160 to 170 cm 0,298 0,310

From 171 to 180 cm 0,302 0,316

In young men with a body length of 171 to 180 cm, regardless of the place
of residence, the length of the foot in absolute dimensions is greater (Fig. 2) than
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in their peers with a body length of 160 to 170 cm, although the difference is not
statistically significant (p>0 .05).

27
B 160-170

26,5 -
. 171-180

Topopg, Ceno

Figure 2. Longitudinal dimensions of the foot in adolescent students
of the Tyumen State Medical University, who entered the study from cities and
rural settlements.

The results of measuring the length of the lower extremities indicated that it
depends on the growth of young men, although there are no statistically significant
differences (p>0.05). So, in absolute terms, the length of the lower limbs in urban
boys is 2.04 cm longer, in rural settlements by 2.37 cm, which is not statistically
significant (p>0.05).

In young men, whose body length ranged from 160 to 170 cm and from 171 to
180 cm (Fig. 3), there were no significant differences in leg length between those
living in cities and rural settlements (p>0.05). In absolute terms, the difference in
the length of the lower extremities among young men from cities was 2.13 cm,
and among their peers from rural settlements 1.92 cm, which is not statistically
significant (p>0.05).
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Figure 3. Leg length in youth students of the Tyumen State Medical University,
enrolled for training from cities and rural settlements.
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From a practical point of view, information about the width of the foot in
young men from cities and rural settlements, depending on the length of the body,
is of particular interest. By measuring the width of the foot, we indirectly judge
the support function of the foot. We did not reveal significant differences in foot
width between young men from cities and rural settlements (p>0.05). In absolute
terms, the difference in foot width depending on height was 0.46 cm and 0.57 cm,
respectively.

The length of the step in its absolute values depends on the height of the young
men. We did not reveal significant differences in step length from the place of
residence of young men (p>0.05). The difference in step length among young men
living in cities, with a height of 160 to 170 cm, was 2.13 cm, in rural areas - 1.92
cm (Fig. 4).

72,5
 160-170
72 71,86
71,54 m171-180
71,5
71
70,5
70 -
69,5 -
69 -
68,5 -
Topopg, Ceno

Figure 4. Step length in youth students of the Tyumen State Medical University,
who entered the study from cities and rural settlements.

On the basis of the study, it can be concluded that there are no significant dif-
ferences in the length of the lower limbs, lower leg, foot, and stride length between
the young men of the city and rural settlements. Therefore, given the normal mor-
phological and functional parameters, there are no restrictions on the dosing of
physical activity during physical education and sports, hiking, health tourism, etc.
and maintaining an active healthy lifestyle.
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Hitle  EREAATBE I IERAR  (OCTA) WFT A R AT Jreb
SRIZAA AR L7 o

MBS R, X 203 AUEURME EAMZAOH T TR 24 BEA 1 B 2
HIFERPE (TIDM AT T2DMD , 143 B UEURIINEIR  GDM), LLJ: 36 AAEH g
FER A BRI &, WA T AR ZH. 8] RTVue XR Avanti OCT 6 mm X
6 mm“Angio Retina” 33X (Optovue, ZEED BT OCTA Bif%. IR THET
AR E AN EUR M 2EE (wiVD) . HuO VI 28RE  (FVD)  Arbuts UG I
X (FAZ) [Xi.

gER,  BAEPERWZEN FVD BEMCTEA DM a4, fEIX
J3 T, T MBS E T2 SR B KA A A Qs e 1 B LA, A XAk
MY RAE T K. A FVD fabaZ= ol T, SEaPERRAIR
A DR MAAHEEEFALE, FERPILERE (OR) HER FAZ THAY M
WivD Js/be  7E 2 4%A DR MRS EMELRM TID FFEHd, OCTA &R THR)E
PR PRI R X

EEESN | 37



Scientific research of the SCO countries: synergy and integration

4R

L. BERIRZ AR AN FVD BT, kR B4 AR FAZ X
IREK) WiVD 55 GDM ZE A AE B AT ORIC M BRI LAR LA A 22 5

2. 555G DRIIHE FRIPI 2 AL ARG, DREEE TRRR BN M APAZIEIAR Y™
Ky wivDig/bo

3. MTA DR AEIRBEAE SAHE A, OCTA A BT U IR S AR AIAR
JRAEETE X ke

SRR Je AT WR S SRR, TEUR, PR AR, SEURAE AR
o0, AR DX, AR LI

Abstract.

Purpose. To study retinal blood flow in pregnant women with diabetes
mellitus and gestational diabetes mellitus using optical coherence tomography
angiography (OCTA).

Material and methods. 203 pregnant women in the third trimester were
examined: 24 - with type 1 and 2 diabetes mellitus (TIDM and T2DM), 143 -
with gestational diabetes mellitus (GDM), and 36 apparently healthy women with
physiological pregnancy, who consisted the control group. OCTA imaging was
performed using the RTVue XR Avanti OCT 6 mm % 6 mm “Angio Retina” scan
protocols (Optovue, USA). The whole image vessel density (wiVD), foveal vessel
density (FVD), and foveal avascular zone (FAZ) area in the superficial capillary
plexus were studied.

Results. FVD in pregnant women with diabetes mellitus was significantly less
than in pregnant women with GDM and in the control group, in this connection,
it can be assume changes of the retinal microvascular regulation because of
chronic disturbances of carbohydrate metabolism in such patients and due
to microangiopathy development. FAZ area extension and wiVD diminution
were revealed in patients with diabetic retinopathy (DR) compared to datas of
the group of pregnant women with diabetes mellitus and absence of DR, in the
absence of differences in FVD indexes. In 2 patients with T1D and the absence
of ophthalmoscopic signs of DR, OCTA revealed areas of nonperfusion in the
posterior pole of the eye.

Conclusions

1. A significant FVD decrease in the superficial capillary plexus was revealed
in pregnant women with diabetes mellitus, compared with pregnant women
with GDM and healthy women with physiological pregnancy in the absence of
significant difference in wiVD in the superficial capillary plexus and FAZ area.

2. Patients with DR showed an expansion of FAZ area and decrease in wiVD
in the superficial capillary plexus relative to the group of pregnant women with
diabetes mellitus without DR.
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3. OCTA helps to identify areas of retinal nonperfusion in the posterior pole
of the eye in pregnant women with diabetes in the absence of ophthalmoscopic
signs of DR.

Keywords: optical coherence tomography angiography, pregnancy, diabetic
retinopathy, gestational diabetes, foveal avascular zone, retinal blood flow.

Relevance. Pregnancy occurring against the background of carbohydrate me-
tabolism disorders is an urgent interdisciplinary problem. This is due to the fact
that diabetes mellitus (DM) and pregnancy are mutually aggravating conditions.
Pregnancy due to phase changes in the hormonal background makes it difficult to
achieve normoglycemia, DM contributes to the development of pathology on the
part of the mother and fetus [1, 2]. Gestational diabetes (GD) causes a relatively
short-term violation of the glycemic status, however, affecting the state of vascular
regulation, it can also lead to a number of complications [12].

The prevalence of type 1 and type 2 DM (DMI1 and DM2) among women
of reproductive age in the Russian Federation is 0.9-2%; in 1% of cases a preg-
nant woman has pregestational diabetes, and in 1-5% of cases GD occurs or true
diabetes manifests (https://rosinfostat.ru/zdravoohranenie/). An increased risk of
manifestation and progression of diabetic retinopathy (DR) during pregnancy has
been established by The Diabetes Control and Complications Trial (DCCT). The
appearance or progression of DR is observed in 9.7% of pregnant women with
DM [6, 9]. According to N.V. Borovik, during pregnancy, microvascular compli-
cations are detected in 62.7% of women with type 1 diabetes [1].

The method of optical coherence tomography in the angiography mode (OCT-
A) is widely used for early diagnosis and monitoring of DR [3, 5, 7, 8, 10, 11, 13],
however, there is little information in the literature about the use of this method in
the study of retinal vessels in pregnant women with diabetes or GD. At the same
time, the study of the state of retinal blood flow in pregnant women with impaired
carbohydrate metabolism can contribute to the early detection of DR, which is
necessary for timely treatment and maintaining high visual functions.

Purpose. The study of retinal blood flow in pregnant women with diabetes and
gestational mellitus using OCT-A.

Material and methods. 203 pregnant women were examined: 24 people -
with DM1 and DM2; 143 people - with GD. The control group consisted of 36
practically healthy women with a physiological course of pregnancy. All patients
were in the third trimester of pregnancy.

Pregnant women with disorders of carbohydrate metabolism were selected by
the method of continuous sampling from among the patients referred from the
Perinatal Center of the Khabarovsk Territory to the Khabarovsk branch of the S.
Fyodorov Eye Microsurgery Federal State Institution in the period 2016-2018.
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The control group was represented by pregnant women who were examined in
the diagnostic department of the Khabarovsk branch of the S. Fyodorov Eye Mi-
crosurgery Federal State Institution. The exclusion criteria for the formation of
groups were: the value of the anteroposterior axis of the eye is more than 24.5
mm, the presence of concomitant pathology of the visual analyzer that affects
blood flow.

In the DM group, the average age of patients was 29.1+4.7 years (from 24 to 39
years). The average duration of DM was 11.1+8.4 years (from 1 to 32 years). The
average level of glycemia was 6.8+1.5 mmol/l (from 4.0 to 9.0 mmol/1). 2 patients
had DM2, the rest had DM1.

In 10 patients, including 2 patients with DM2, DR was not detected during
pregnancy. In 14 pregnant women (58%), pre- or proliferative DR was diagnosed
in the pregestational period or during pregnancy. They underwent laser coagula-
tion of the retina before the examination.

The average age of pregnant women in the GD group was 31.545 years (from
18 to 44 years). The level of glycemia averaged 6.0+1.5 mmol/l (from 5.1 to 15.0
mmol/l).

Among patients with GD, three subgroups were distinguished depending on
the period of development of GD during pregnancy.

The GD1 subgroup consisted of 71 patients in whom GD was detected in the
first trimester. The average age of pregnant women was 31.9+5.1 years (from 18
to 44 years). The average value of glycemia corresponded to 5.9+1.0 mmol/l (from
5.1 to 9.8 mmol/l).

The GD2 subgroup was formed from 29 pregnant women who developed GD
in the second trimester of pregnancy. The mean age of the patients was 30.9+4.5
years (25 to 38 years). The average blood glucose level corresponded to 6.2+2.5
mmol/l (from 5.1 to 15.00 mmol/1).

The GD3 subgroup included 43 patients who developed GD in the third trimes-
ter of pregnancy. Their mean age was 30.9+5.2 years (from 25 to 38 years). Mean
values of glycemia corresponded to 6.0+1.1 mmol/l (from 5.1 to 8.2 mmol/l).

There were 25 pregnant women (17.5%) with GD on insulin therapy, 15 of
them from the GD1 subgroup, 10 from the GD2 subgroup. All pregnant GD3 sub-
groups controlled their glycemic levels with diet.

In the control group, the average age of the patients was 30+4.2 years (from
23 to 37 years).

All pregnant women underwent OCT-A using the RTVue XR Avanti (Opt-
ovue, USA). The GD Angio Retina 6.0 mm scanning protocol was used. Relative
vascular density (RVD), foveal vascular density (FVD) in the superficial retinal
choroid plexus, and foveal avascular zone area (FAZA) were studied. One random
eye of each patient was examined. All studies were performed in the third trimes-
ter of pregnancy.
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Statistical data are presented as M+c, where M is the mean value, ¢ is the stan-
dard deviation. Since not all samples followed a normal distribution, for multiple
comparisons of groups, the Kruskal-Wallis test was used, followed by pairwise
comparisons by the Mann-Whitney U test, taking into account the Holm-Bonfer-
roni correction. Statistical analysis was carried out using the IBM SPSS Statistics
20 program. The critical significance level was 0.05.

Results and discussion. In patients with diabetes in the third trimester, the
average values of RVD were 50.47+4.45% (from 39.03 to 56.98%); FVD -
27.1548.08% (from 9.8 to 43.32%); FAZA - 0.36 = 0.15 mm2 (from 0.22 to 0.79
mm?2).

In the group of patients with GD in the third trimester, the average values
of RVD were 52.15+3.34% (from 39.82 to 60.54%); FVD - 34.12+5.97% (from
12.54 to 47.56%); FAZA - 0.28+0.1 mm?2 (from 0.09 to 0.67 mm?2).

In pregnant women of the control group in the third trimester, the average
values of RVD were 51.93+£3.16% (from 44.08 to 56.68%); FVD - 34.52+6.32%
(from 26.57 to 49.14%); FAZA - 0.27 £ 0.1 mm?2 (from 0.02 to 0.39 mm?2).

Comparative analysis of the data obtained using the Kruskal-Wallis test did
not reveal significant differences in RVD and FAZA between groups of pregnant
women with DM, GD and physiological pregnancy (p>0.05).

According to the Mann-Whitney U test, there were no significant differences
in FVD values between the GD and control groups (p=0.815). At the same time,
there was a statistically significant difference in this indicator between the DM and
GD groups (p<0.001), as well as between them and the control group (p=0.001).
The FVD index in pregnant women with DM was significantly lower than in preg-
nant women with a physiological course of pregnancy and GD.

For a detailed analysis of the state of retinal blood flow in the GD group, the
OCT-A parameters were studied depending on the timing of GD manifestation in
the GD1, GD2, and GD3 subgroups.

The average values of the studied parameters in the GD1 subgroup were:
RVD - 52.00+3.48% (from 39.82 to 60.54%); FVD - 34.03+5.49% (from 20.89 to
47.56%); FAZA - 0.28 £ 0.1 mm2 (from 0.09 to 0.54 mm?2).

In the GD2 subgroup, the average values of the studied parameters were:
RVD - 51.8743.04% (from 46.02 to 56.57%); FVD - 35.13+4.96% (from 26.96 to
41.88%); FAZA - 0.27 £ 0.08 mm2 (from 0.14 to 0.43 mm2).

The average values of the studied parameters in the GD3 subgroup were:
RVD - 52.38+3.11% (from 46.02 to 58.59%); FVD - 34.28+6.74% (from 12.54 to
43.16%); FAZA - 0.29+0.11 mm2 (from 0.14 to 0.67 mm?2).

Comparative analysis of the data obtained using the Kruskal-Wallis test did
not reveal significant differences in the values of the studied parameters in the
subgroups of GD1, GD2 and GD3: for RVD - p=0.911, for FVD - p=0.523, for
FAZA - p=0.977.
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For a detailed analysis of retinal blood flow in the group of pregnant women
with DM, two subgroups were identified: 14 pregnant women with DR (DR+) and
10 pregnant women without DR (DR ).

In pregnant women with DR in the third trimester, the average values of RVD
corresponded to 48.68+4.89% (from 39.03 to 56.98%), FVD - 29.93+6.93% (from
18.72 t0 43.32 %), FAZA - 0.43 £ 0.18 mm2 (from 0.25 to 0.79 mm?2). In pregnant
women with DM without DR in the third trimester, the average values of RVD
were 52.26+3.22% (from 45.8 to 56.24%), FVD - 24.37+8.47% (from 9.8 to 34
42%), FAZA - 0.30 £ 0.07 mm2 (from 0.22 to 0.45 mm?2).

When conducting a comparative analysis using the Mann-Whitney U test,
there were no significant differences in the FVD values in the groups of pregnant
women with DM with and without DR in the third trimester (p = 0.114). However,
FAZA values in patients with DR were significantly higher (p=0.039), and RVD
were significantly lower (p=0.035) in comparison with the data obtained in the
group of pregnant women with DM without DR.

In 11 pregnant women with DM and DR, OCT-A in the posterior pole of the
eye visualized zones of retinal nonperfusion in the superficial vascular plexus,
which in 6 patients tended to expand during pregnancy.

In 2 patients with DM1 and no ophthalmoscopic signs of DR, zones of non-
perfusion were detected in the superficial choroid plexus of the posterior pole of
the eye, which we regarded as subclinical signs of DR. This is consistent with
literature data, in particular S.A. Agemy et al. spoke about the possibility of di-
agnosing subclinical DR by the appearance of areas of retinal nonperfusion, as
well as identifying the progressive course of DR by reducing the density of retinal
capillaries [4]. The data obtained became the basis for active dynamic monitoring
of these patients.

In the conducted study, there were no significant differences in the values of
RVD and FAZA in the groups of pregnant women with DM, GD and with physio-
logical pregnancy. However, the FVD values in the superficial retinal plexus were
significantly lower in pregnant women with DM compared with pregnant women
with GD and the control group. This suggests that changes in microvascular reg-
ulation at the level of the retina are formed in pregnant women with DM due to
chronic disorders of carbohydrate metabolism. It is also impossible to exclude
the development of subclinical microangiopathy in pregnant women with diabetes
without signs of DR against the background of changes in hormonal status.

Pregnant women with DR showed an increase in FAZA and a decrease in RVD
in comparison with pregnant women with DM without DR, which is consistent
with the literature data. Thus, a number of authors note a decrease in blood flow
density in the superficial capillary network and an expansion of FAZA in patients
with DR [3, 5, 8, 10, 11, 13].
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A feature of GD is the transient, relatively short-term nature of glycemic status
disorders, and therefore, probably, pathological microvascular reactions do not
have time to form and gain a foothold. Therefore, the indicators of retinal blood
flow in pregnant women with GD do not differ from healthy pregnant women with
a physiological course of pregnancy; there are also no significant differences in
these parameters at different dates for the onset of GD.

Thus, OCT-A, as a progressive non-invasive research method, plays an im-
portant role in detecting changes in retinal blood flow in pregnant women with
carbohydrate metabolism disorders. It can contribute to early preclinical diagnosis
of the manifestation and progression of DR.

Conclusion

1. A significant decrease in FVD in the superficial retinal vascular plexus was
found in pregnant women with DM compared with pregnant women with GD
and healthy women with a physiological course of pregnancy in the absence of a
significant difference in RVD in the superficial retinal vascular plexus and FAZA.

2. In pregnant women with different periods of development of GD, there were
no significant differences in RVD, FVD in the superficial retinal plexus and FAZA.

3. Patients with DR showed an expansion of FAZA and a decrease in RVD in
the superficial retinal plexus relative to the group of pregnant women with DM
without DR; no differences in FVD values between groups were found.

4. OCT-A helps to identify areas of retinal nonperfusion in the posterior pole
of the eye in pregnant women with DM in the absence of ophthalmoscopic signs
of DR.
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Abstract. 119 patients with schizophrenia with disease duration from 1 to 38
years were examined. There were 23 women and 96 men in the examined group.
During the examination, the levels of autoantibodies (IgG) to the S100B protein,
dopamine, NMDA receptors (subunits NR1 and NR2A), dopamine receptors of the
first and second types (DRI and DR2) were determined by enzyme immunoassay.
It was found that the levels of autoantibodies in patients were increased, especially
in patients with acute psychosis and in the early periods of the development of
the disease (1-5 years). A multiple regression analysis was carried out, which
revealed a statistically significant dependence of the content of autoantibodies
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to the S100B protein on the levels of autoantibodies to NR2A and to dopamine.
Correlation analysis also confirmed the relationship with these indicators.

Keywords: schizophrenia, autoantibodies, NMDA receptors, dopamine
receptors, dopamine, S100B protein.

In recent years, the possible involvement of autoimmune mechanisms in the
development of schizophrenia has been discussed. In particular, it is suggested
that autoantibodies to NMDA receptors play an important role in the develop-
ment of psychopathology [1, 2]. Previously, we were able to find that the levels of
autoantibodies to NMDA receptors correlate with PANSS scores in patients with
schizophrenia [3]. The possible involvement of autoantibodies to dopamine type
1 and 2 receptors in the development of psychopathology is discussed [4]. At the
same time, there are more and more works that discuss the regulatory role of au-
toantibodies [5], as well as the fact that they reflect the dysfunction of neurotrans-
mitter systems [6]. From this standpoint, the S100B protein and autoantibodies to
it are of particular importance as a marker of excitotoxicity and brain damage [7].
In this regard, it seemed interesting to determine the levels of autoantibodies to
NMDA and dopamine receptors, as well as to dopamine in the blood serum and
compare these indicators with the level of autoantibodies to the S100B protein in
patients with schizophrenia treated in a psychiatric clinic.

Material and methods. 119 patients with schizophrenia (23 women and 96
men) were examined. Inclusion criteria: the presence of an exacerbation of a men-
tal illness that led to hospitalization in a psychiatric hospital, treatment with neu-
roleptics, compliance with biomedical ethics when examining patients. Exclusion
criteria: clinical and laboratory signs of inflammatory, infectious or autoimmune
pathology detected within 2 months prior to the examination, signs of dependence
on psychoactive substances in history.

Examination and treatment of patients included in the study was carried out
in accordance with approved clinical guidelines with the informed consent of pa-
tients or their legal representatives. All patients received antipsychotic therapy.
During the current regular examination of patients, venous blood was taken from
them. Serum was isolated and the content of specific AAT — IgG to neuroreceptors
and neuroproteins was determined in it.

Quantitative determination of AAT in the blood serum of patients was carried
out by enzyme-linked immunosorbent assay (ELISA). The antigen of the corre-
sponding receptor or protein was immobilized on the solid phase of polystyrene
plates (Cloud-Clone Corp. - China). The study was carried out on an automatic
enzyme immunoassay analyzer “Lazurit” (Dynex Technologies, USA) at a wave-
length of 450 nm. The levels of AAT to the S100B protein and dopamine were
determined, as well as the content of AAT to neuroreceptors: NMDA receptors

46 || International Conference



FEABEFRIRARF: BRI R4

(subunits NR1 and NR2A), dopamine receptors of the first and second types (DR1
and DR2).

Statistical analysis of the obtained measurement results was carried out us-
ing STATISTICA software (StatSoft Inc., USA). Along with standard statistical
methods (determination of the normality of distribution, calculation of mean val-
ues (M), standard errors of the mean and confidence intervals (CI) for the entire
population of patients, correlation analysis), multiple linear regression analysis
was performed to determine the dependence of the content of AAT to the S100B
protein on changes in AAT levels to neuroreceptors (NR1, NR2A, DR1, DR2) and
to dopamine.

Research results.

During the examination, it was found that in patients with schizophrenia, an
increase in the levels of autoantibodies to neuroreceptors was detected. In the vast
majority of examined patients, the levels of autoantibodies were elevated (normal
values up to 20 U/ml). Mean values of AAT to protein S100B — 34.5 U/ml (at
95% CI from 29.0 to 40.0 U/ml); to NR1 - 45.9 U/ml (from 39.8 to 52.0 U/ml);
NR2A -36.8 U/ml (from 31.5 to 42.1 U/ml); DR1 - 50.1 U/ml (from 42.9 to 57.3
U/ml); DR2 - 68.9 U/ml (from 59.3 to 78.5 U/ml), dopamine - 73.6 U/ml (from
62.8 to 84.4 U/ml).

It is important to note that the correlation analysis (according to Pearson) re-
vealed a strong relationship between the content of AAT to the S100B protein and
the levels of AAT to NR2A (1=0.95; p<0.05) and AAT to dopamine (r=0.92; p<
0.05). In addition, a high correlation was also found with the content of AAT to
NR1 (r=0.83; p<0.05), to DR1 (r=0.92; p<0.05) and to DR2 (r=0.84 ; p<0.05).

Multiple linear regression analysis confirmed the dependence of the level of
AAT to the S100B protein on the concentration of AAT to NR2A and to do-
pamine. Multiple correlation coefficient R=0.961; coefficient of determination
R2=0.924 (p=0.000000).

The content of AAT to NR2A is the most significant predictor: standardized
regression coefficient - beta=0.544; standard error of the standardized coefficient =
0.095; p=0.000000. Another important predictor is AAT to dopamine: beta=0.284;
standard error of the standardized coefficient = 0.089; p=0.000000. Other predic-
tor variables (AAT to NR1, DR1 DR2) were less significant.

Thus, correlation and multivariate regression analyzes revealed the depend-
ence of the content of AAT to the S100B protein in the blood of patients with
schizophrenia with the levels of AAT to NMDA receptors (NR2A subunit) and
to dopamine. These data are in good agreement with the autoimmune concept of
the development of schizophrenia, according to which AATs to NMDA receptors
cause hypofunction of the glutamate system [1, 2, 4], which in turn leads to hy-
perdopaminergia. At the same time, it is important to pay attention to the leading
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role of AAT to the NR2A subunit. An increase in the levels of AAT to dopamine
probably reflects the activation of dopaminergic mechanisms in the brain.

At the same time, numerous data have been accumulated showing that the
S100B protein quite specifically characterizes brain damage of various origins
[8]. A number of studies have noted an increase in serum concentrations of the
S100B protein during exacerbations of schizophrenia [9]. At the same time, the
expression of the SI00B protein, as, indeed, of any other antigen, is accompanied
by an autoimmune response with the accumulation of AAT to it. Consequently, an
increase in AAT to the S100B protein reflects the fact of its increased production
in the body of patients with schizophrenia.

Thus, the conducted study confirms that one of the factors determining the
mechanisms of development of mental disorders in patients with schizophrenia
may be autoimmune dysfunctions of the glutamatergic and dopaminergic systems.
In this case, the accumulation of AAT to the NR2A subunit of NMDA receptors
and an increase in the level of AAT to dopamine apparently play the leading role.
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Abstract. In 62 patients with closed helical diaphyseal fractures of the shin
bones, osteosynthesis was performed according to the method of G.A. llizarov
with the study of: the timing of fixation of bone fragments of the tibia; calf muscle
tone;, moment of strength of the leg muscles; oxygen tension on the dorsum of
the foot; oxygen depletion time, tissue blood flow velocity; volumetric blood flow
velocity; peak flow index.

Keywords: lower leg, fractures, functional rehabilitation.

Relevance. For many decades, the problem of choosing a method of restora-
tive treatment of patients with closed diaphyseal fractures of the tibia has been the
subject of constant discussions [2, 5, 10, 16, 17, 18, 19, 20].

Fractures of the shin bones account for 13-21% of all injuries of the skeletal
system and up to 70% of lower limb fractures [21], occurring in 26-32 people
per 100,000 population per year [23, 24]. From a clinical and anatomical point of
view, the lower leg is considered a convenient segment for transosseous osteosyn-
thesis [22, 25, 26].

At present, restoration of the function of the peripheral blood flow and the
neuromuscular system [3], treatment for various types of fractures of the bones
of the lower leg [9, 11, 14], MRI characteristics of the vessels and muscles of
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the lower leg [8], the influence of the anatomical magnitude of the displacement
of fragments of the tibial bones on blood circulation and the level of functional
rehabilitation [11, 12]. The issues of cadence and step length in patients with the
consequences of diaphyseal fractures of the leg bones are considered [13]. The
possibilities of using the Ilizarov method in the treatment of patients with dou-
ble diaphyseal fractures of the leg bones [4], as well as therapeutic exercises for
fractures of the leg bones after osteosynthesis according to Ilizarov [6], are being
studied. The issue of the influence of physical activity on the healing of fractures
of the bones of the leg is subject to discussion [18, 19].

Despite such a variety of scientific studies, the issue of the possibility of
combining the period of therapeutic and functional rehabilitation of victims with
closed helical diaphyseal fractures of the leg bones in the treatment by the Ilizarov
method has not been sufficiently elucidated.

Purpose: to analyze the results of therapeutic and functional rehabilitation of
patients with closed helical diaphyseal fractures of the leg bones using the Ilizarov
method.

Material and methods. 62 patients with closed helical diaphyseal fractures
of the leg bones were examined. All patients underwent osteosynthesis according
to the method of G.A. Ilizarov. Studied: the timing of fixation of bone fragments
of the tibia with the Ilizarov apparatus; tone of the calf muscles of the intact and
injured limb; moment of strength of the muscles of the legs; oxygen tension of soft
tissues on the dorsum of the foot; oxygen depletion time; tissue blood flow rate;
volumetric blood flow velocity; peak flow index.

The results of the study were processed on a personal computer using modern
electronic programs (STATISTIKA). The assessment of the significance of differ-
ences was carried out using Student’s t-test. The study complied with the Order
of the Ministry of Health of the Russian Federation No. 226 dated June 19, 2003
“On Approval of the Rules of Clinical Practice in the Russian Federation”. The
principles of voluntariness, the rights and freedoms of the individual, guaranteed
by articles 21.2 and 22.1 of the Constitution of the Russian Federation, as well as
the Order of the Ministry of Health and Social Development of Russia No. 774n
dated August 31, 2010 «On the Council on Ethics» were observed. The study was
conducted in compliance with the ethical standards set forth in the Declaration of
Helsinki and the Directives of the European Community (8/609EC).

Results and discussion. Today, there is no doubt that stable fixation of bone
fragments of the tibia, including screw-shaped ones, using the Ilizarov apparatus,
throughout the course of rehabilitation treatment, allows the use of early axial
dosed physical activity of the injured limb. In addition, it is thanks to the external
fixation of a fracture of the tibia with the Ilizarov apparatus that it is possible to
carry out movements in the knee and ankle joints [1, 10], which creates opportuni-
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ties for maintaining not only professional activity, but also for practicing a chosen
sport.

We should note that the duration of fixation of a closed helical fracture of the
tibia with the Ilizarov apparatus is more than 60% of the total duration of treat-
ment, i.e. from admission to full recovery. There is a relationship between the
duration of the period of fixation of a helical fracture of the tibia with the Ilizarov
apparatus and the duration of the entire treatment of the victim (Fig. 1).
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Figure 1. Correlation between the duration of periods of fixation and functional
rehabilitation in closed helical fractures of the leg bones

When using the Ilizarov method, the duration of therapeutic and functional re-
habilitation of a fracture of the bones of the lower leg are combined in time. In this
regard, an increase in the period of fixation with the Ilizarov apparatus for closed
helical fractures of the lower leg bones for more than 70 days leads to a reduction
in the duration of functional rehabilitation.

The duration of fixation with the Ilizarov apparatus of a helical fracture of the
leg bones may increase in the presence of two cumulative factors. Firstly, the se-
verity of the initial injury and, secondly, a decrease in the overall reactivity of the
body. In patients with helical fractures of the tibia, with an increase in the duration
of fixation to 75 days, not only the duration of the period of functional rehabilita-
tion increases, but also the total duration of treatment.

With pronounced initial displacements of bone fragments of the tibia along
the width and length of the bone and associated severe soft tissue injuries, often
associated with the appearance of serous or serous-hemorrhagic blisters on the
skin, the duration of functional rehabilitation and, therefore, the entire period of
treatment increased.

In the long term after the end of treatment (5.3 0.8 years), a comprehensive
examination of 27 patients of the period of adolescence, first and second adulthood
was carried out. Transosseous osteosynthesis according to the Ilizarov method
was performed on the day of admission to the clinic. The duration of fixation of
bone fragments of the tibia with the Ilizarov apparatus was 78.4 10.7 days.
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It is important to note that the undoubted advantage of the restorative treatment
of patients with closed helical fractures of the leg bones using the Ilizarov method
is that we did not reveal any limitation of movements in the joints of the injured
limb. So, in particular, the amplitude of movements in the ankle joint of the intact
limb was 57.6 1.20, the injured one - 53.2 5.40.

One of the most important results of rehabilitation treatment is the indicator
of calf muscle tone. We found that the tone of the gastrocnemius muscle of the
injured leg in a state of physiological rest was 80% of the tone level of the same
muscle on the intact limb.

The state of elasticity of the skin of the posterior surface of the lower leg of
the injured and intact limbs deserves attention. It was revealed that the index of
elasticity of the skin of the posterior surface of the injured leg after the treatment
of a fracture of the bones of the leg using the Ilizarov method was 81% of the level
of elasticity of the skin of the intact limb.

The results of the studies showed that the oxygen tension in the tissues of the
dorsal surface of the foot of the injured limb was in the extreme range from 54 to
68 mm Hg (61 7 mm Hg). We should note that when pure oxygen was inhaled,
the oxygen tension in the tissues increased to 823 mm Hg, which is statistically
significant (p<0.05)

Also noteworthy is the fact that the duration of the oxygen supply depletion
during an ischemic test with a 3-minute arterial occlusion was 420 50 s, the time
of exhaustion of half the oxygen supply was 101 13 s, the recovery time was 178
24 s, which is statistically significant (p <0.05).

We drew attention to the fact that the rate of tissue blood flow determined by
the redox method (according to the time of leaching of previously inhaled hydro-
gen from the tissues) did not significantly differ from the normative values (21.3
2 ml/min*100 cm3).

We found that the volumetric blood flow velocity determined by Whitney oc-
clusal plethysmography on the intact leg was 1.61 0.17 ml/min*100 cm? of tissue,
while on the injured leg it was 1.03 0.06 ml/min*100 cm?, which is statistically
significant (p<0.05).

We judged the functional reserves of the vascular bed of the limb by the index
of peak blood flow (the ratio of peak blood flow to rest blood flow). The peak
blood flow index on the injured leg was 9.01.3 ml/min*100 cm?®, which was 35%
more than on the healthy leg

An important conclusion can be made that in the long term after injury and the
associated rehabilitation treatment using the Ilizarov method, the reserve capacity
of the vascular bed of the injured leg does not decrease. In addition, attention
should be paid to the fact that the rate of venous outflow in the extremities was
above the minimum normal level (20 ml/min*100 cm?).
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When examining the victims with the consequences of closed helical frac-
tures of the tibia, we revealed a high level of recovery of the contractility of the
leg muscles (Table 1). We used the indicator of the relative moment of force of
various groups of leg muscles in order to level out differences in the body weight
of the subjects.

Table 1
Relative moment of force of various muscle groups of the lower leg
Examined limb Relative moment of force of the leg muscles (N*m/kg)
Plantar flexors of the foot Dorsal foot flexors
Intact limb 1,88 + 0,73 +
Injured limb 1,70 + 0,60 +
Ratio of indicators 91% 82%

Thus, it can be concluded that the short duration of inpatient treatment, the
preservation of the function of the joints and muscles of the injured limb, the high
reserve capacity of the vascular bed of the lower leg allow us to conclude that the
Ilizarov method is the method of choice in the treatment of patients with helical
diaphyseal fractures of the lower leg bones. With minimal traumatization of soft
tissues, the method allows to activate the victims as early as possible, promotes
early axial dosed physical load on the injured limb, which significantly reduces the
period of temporary disability.
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Annotation. Postcovid syndrome can occur regardless of the form in which the
coronavirus occurred in humans: latent, mild, moderate, severe or critical.

Even asymptomatic COVID-19 can leave long-term adverse effects. The
clinical picture of postcovid syndrome is quite diverse, including in the oral
cavity. Periodontitis is one of the most common chronic inflammatory diseases
in dentistry, initiated by microbial plaque in the oral cavity, formed in the form
of a complex microbial biofilm. Periodontitis can have a negative impact on
systemic health and is associated with risk factors, which, in turn, are associated
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with an increased risk of COVID-19 complications. The aim of the study was to
study the specific and quantitative composition of the microflora of the contents
of periodontal pockets in patients with chronic generalized periodontitis in the
postcovid period. Thus, the results of the conducted work show, in general, the
state of the species and quantitative composition of the microflora of the contents
of periodontal pockets in patients with chronic generalized periodontitis after
COVID is characterized by the absence of a return to normal health after acute
COVID-19 infection and requires further research.

Keywords: microbiological assessment, periodontal pockets, chronic
generalized periodontitis.

There is more and more data in the literature about complications after the
“recovery” of COVID-19. Postcovid syndrome can occur regardless of the form
in which the coronavirus occurred in a person: latent, mild, moderate, severe or
critical.

Even asymptomatic COVID-19 can leave long-term adverse effects [1].

The clinical picture of postcovid syndrome is quite diverse. Signs of postcovid
syndrome can be divided into several groups[2,3].

These may be disorders of general well-being, psychoemotional problems,
neurological manifestations, symptoms associated with damage to the gastrointes-
tinal tract, respiratory, cardiovascular systems, as well as pathological manifesta-
tions in the oral cavity, etc.

The mechanism of post-ovoid states has not been sufficiently studied.

The role of concomitant chronic diseases of the oral cavity in COVID-19 and
in the post-ovoid period remains unclear.

The oral mucosa can play an important role in the penetration of the virus into
the body, especially in patients with periodontitis. The causative agent of COV-
ID-19, the SARS-CoV-2 virus, is introduced into human cells using a structural
S-protein, attaches to cells by binding to angiotensin converting enzyme II (Apf2),
which acts as a receptor for the virus.

ACE?2 is expressed in many organs and tissues: on the membranes of type II
pneumocytes, enterocytes of the small intestine, endothelial cells of arteries and
veins, as well as smooth muscle cells in most organs, as well as in the mucous
membrane of the mouth and nose. Consequently, SARS-CoV-2 can damage a
wide range of organs and tissues, which leads to subsequent multiple organ failure
observed in patients with COVID-19. ACE2 expression is increased in patients
with certain conditions, such as old age, obesity, diabetes mellitus, and also with
diseases of the kidneys, cardiovascular system, gastrointestinal tract, respirato-
ry system, which makes them more susceptible to the virus and severe cases of
COVID-19. It is noteworthy that many of these comorbidities are associated with
periodontal diseases.
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Periodontitis is one of the most common chronic inflammatory diseases in
dentistry, initiated by microbial plaque in the oral cavity, formed in the form of a
complex microbial biofilm.

Periodontitis can have a negative impact on systemic health and is associated
with risk factors, which, in turn, are associated with an increased risk of COV-
ID-19 complications. Therefore, the study of the relationship between periodon-
titis and COVID-19, as well as with postcovid syndrome, is of particular interest.

The aim of the study was to study the specific and quantitative composition
of the microflora of the contents of periodontal pockets in patients with chronic
generalized periodontitis in the postcovid period.

Material and methods. For the present study, 30 patients aged 28 to 65 years
who had undergone COVID-19 were examined with an established diagnosis of
chronic generalized periodontitis of mild and moderate severity. To carry out bac-
teriological seeding, the contents of the periodontal pockets of patients were also
taken with sterile paper cone endodontic absorbents from META BIOMED (ISO
size No. 25), injected with sterile tweezers into the deepest areas of the periodontal
pockets for 15 seconds. Transportation of biological material to the bacteriological
laboratory was carried out in a container with a refrigerant at +4 ° C for 2 hours
immediately after the collection of clinical material.

The results of the study. Thus, from the contents of periodontal pockets in
all examined patients, representatives of the normal microflora of the oral muco-
sa - Candida albicans and non-pathogenic species N.mucosa, N.flava, N.perfla-
va were isolated in an amount not exceeding normal values (102-103 CFU/ml).
However, it should be noted that the allocation of Neisseria spp. from the contents
of periodontal pockets, it indicates acute serous inflammation occurring with the
involvement of periodontal tissues. Streptococcus spp was isolated in an amount
of 102-105 CFU/ml. species of S.mitis, S.oralis, S.sanguinis and S.gordonii, be-
longing to the “yellow” complex of periodontal microorganisms and having the
least pathogenic potential. Having a high affinity for the molecules of the salivary
film on the surface of the teeth, these types of microorganisms are able to quickly
colonize clean tooth surfaces, acting as primary colonizers of the periodontal envi-
ronment and collectively making up a high percentage (up to 70%) of the bacterial
biofilm of the tooth surface (plaque). This combination of microorganisms forms
an attachment substrate for later colonizers of the tooth surface and is able to
modulate the pathogenicity of the main pathogens of periodontal diseases through
interspecific communication mechanisms.

Among the representatives of the unstable microflora of the oral cavity, which
are quite rare and not all the examined (3 patients), the types of enterobacteria Es-
cherichia coli and Serratia liquefaciens were found in the amount of 103 CFU/ml,
which should not be in the normal state of the oral microflora, which is presumably
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due to a violation of the physiological state of the oral cavity, since representatives
of non-permanent (transient) flora linger in it, multiplying and causing patholog-
ical processes.

From samples of biological material of three patients with periodontitis of
moderate severity in the amount of 102 CFU/ml, such conditionally pathogenic
microorganisms as Staphylococcus aureus and Parainfluenza Hemophilus bacillus
were isolated. The ability of hemophilic bacillus to coagulate with representatives
of the genus Treponema has been noted in literature sources, which causes indirect
adhesion of these bacteria, which do not have their own attachment factors, on
epithelial cells and dental surfaces and ensures colonization of the pellicle, thereby
contributing to the development of dental plaque.

Thus, the results of the conducted work show, in general, the state of the spe-
cies and quantitative composition of the microflora of the contents of periodontal
pockets in patients with chronic generalized periodontitis after COVID is charac-
terized by the absence of a return to normal health after acute COVID-19 infection
and requires further research.

In addition, the study of this problem will ensure the development of preven-
tive measures aimed at preventing the occurrence of destructive periodontal dis-
eases and preventing their transition to a chronic form.
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Annotation. Significant role in the pathogenesis of chronic recurrent aphthous
stomatitis is attributed to the infectious-allergic factor, changes in the immune
system of the body. With a decrease in general and, especially, local immunity
of the mouth cavity, the species composition of the microflora changes, its
aggressiveness and antibiotic resistance increase. The aim of the study was to
study the qualitative and quantitative structure of microbiocenosis of mouthy
cavity belonged to the children with chronic recurrent aphthous stomatitis. 30
children suffering from chronic recurrent aphthous stomatitis (group 1) aged from
4 to 15 years took part in this research. 20 almost healthy children (group 2) at
the age from 4 to 15 years without chronic recurrent aphthous stomatitis and
concomitant somatic pathology have been formed as a control group. As a result
of the study, all patients suffering from chronic recurrent aphthous stomatitis were
diagnosed with microbiocenosis disorder of the mouth cavity.
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In 100% of cases, a high sensitivity to bacteriophages was revealed what
makes it possible in some cases to exclude the use of antibiotics and to provide
treatment with bacteriophages. Key words: recurrent aphthous stomatitis, mucous
membrane of the mouth, oral microbiota.

Chronic recurrent aphthous stomatitis (HRAS) is one of the most common
lesions of the oral mucosa (SOR), which affects from 20 to 60% of the population
from the age of three [1]. According to the results of S. Scully, about 1% of chil-
dren in developed countries suffer from HRA [2].

Despite numerous studies, the etiology and pathogenesis of the disease remain
not fully understood. An infectious-allergic factor is assigned a significant role in
the pathogenesis of HRAS [3,4,5,6]. Patients have sensitization of the body, which
is expressed in hypersensitivity to proteus, Staphylococcus, streptococcus, E. coli.

Also, scientific works indicate the importance of changes in the immune system
during the development of HRAS [7]. With a decrease in the general and, especial-
ly, local immunity of the oral cavity, there is a change in the species composition
of the microflora (conditionally pathogenic microorganisms turn into a pathogenic
form), an increase in its aggressiveness and antibiotic resistance. Conditionally
pathogenic gram-positive and gram-negative bacteria, possessing a wide range of
adaptive mechanisms, are able to produce a number of pathogenicity factors, the
potential of which increases significantly with their association, which, in turn,
leads to a torpid course of the disease and resistance to therapy.

The purpose of our study was to study the microbiocenosis of the oral cavity
in children with HRA.

Materials and methods:

The study was conducted with the participation of 30 sick children of HRAS
(group 1) aged 4 to 15 years. In group 1, 20 patients were found to have diseases
of the gastrointestinal tract (gastrointestinal tract).

The control group consisted of 20 practically healthy children (group 2) with-
out HRAS and without concomitant somatic pathology at the age of 4 to 15 years.

In addition to a comprehensive assessment of the condition of the oral cavity,
including examination, determination of indices, a bacteriological study of the
oral microflora from the oral mucosa was carried out to determine the quantitative
composition of microorganisms, their species identification and determination of
sensitivity to antibiotics. The concentration of bacteria was expressed in colo-
ny-forming units per 1 ml of oral fluid (CFU/ml).

To study the occurrence of microorganisms, the relative and absolute frequen-
cies of the occurrence of microorganisms in groups of sick and healthy patients
were calculated. The evaluation of the statistical significance of the differences in
the relative frequencies of microorganisms in the two groups (sick and healthy)
was carried out using the exact Fisher criterion (two-sided). The choice of this
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criterion is due to the fact that it has a higher power compared to the X2 criterion
when comparing small samples, just taking place in our study. The significance
level adopted in the study is 0.05. Calculations were performed in the SPSSv pack-
age.20. To characterize the density of colonies, a fashion was used.

The results of the study and their discussion:

As a result of the study, an imbalance of microbial flora was revealed in all
patients with HRAS.

Statistically significant differences are found in the following groups of micro-
organisms: Streptococcus salivarius, Streptococcus pneumoniae, Staphylococcus
aureus, Neisseria spp, Candida spp.

Disorders of microbiocenosis with a predominance of Candida spp. They were
found in 50% of the examined patients with HRAS who have a history of gastro-
intestinal diseases.

Bacteriological studies have shown that in 100% of cases, the following mi-
croorganisms are isolated in the group of sick children with HRA and the control
group: Streptococcus sanguis,Streptococcus mitis, Streptococcus mutans,Fuso-
bacterium nucleatum, Lactobacillus spp.

However, an analysis of the colonization density of the same species in healthy
patients and in patients with HRAS showed that their number varies greatly. In the
identified conditionally pathogenic microorganisms, pathogenicity factors were
expressed 10 times more in HRAS. In addition, a significant decrease in the num-
ber of lactobacilli was detected in group 1.

The highest sensitivity of pathogenic and conditionally pathogenic micro-
organisms sown with oral dysbiosis in children in most cases was detected to
cephalosporin antibiotics - in 100% of cases, then to oxacillin — in 80% of cases,
gentamicin — in 79%, lincomycin — in 75% of cases, tetracycline — in 74%, eryth-
romycin — in 70% of cases.

The greatest activity to Candida albicans was shown by antifungal drugs of the
azole series — in 98% and amphotericin — in 90% of cases.

Thus, as a result of the study in all sick children, HRAS was revealed violation
of the microbiocenosis of the oral cavity.

Long-term chronic inflammatory process leads to depletion of protective
mechanisms at the level of the oral mucosa, which is accompanied by a change in
microbial status.

The data obtained indicate the need for timely microbiological examination of
COP in children with HRA.
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Abstract. The article shows the personality traits of women with idiopathic
hyperprolactinemia examined by the psychometric method of the multilateral
personality study (MMPS)
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Introduction

In recent years, the interest of doctors of various specialties has been attracted
by diseases and syndromes associated with impaired prolactin secretion (PRL).
Prolactin, which changed the concept of the regulation of reproductive function,
was isolated as an independent hormone from the pituitary gland in 1970. It was
shown that excessive secretion of PRL, which had previously been assigned a
modest role in the regulation of lactation, quite often causes menstrual and genera-
tive dysfunction. The share of hyperprolactinemia accounts for up to 25-40% of all
cases of female infertility. Hyperprolactinemia also occurs in 10% of women with
amenorrhea, 20% to 30% of women with galactorrhea, and 70% of women with
both of these symptoms [2].

In healthy individuals, the main effect of PRL is on reproductive function,
induces and maintains lactation in women after childbirth, and also participates
in the formation of the fetus. Primary hyperprolactinemia (PHP) is one of the
main causes of female infertility. The origin of the caused increase in the level of
prolactin in the syndrome of persistent galactorrhea-amenorrhea is associated in
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most cases with prolactin-producing tumors of the pituitary gland (micro- or mac-
roadenomas), as well as with various kinds of hypothalamic disorders that cause
the so-called idiopathic hyperprolactinemia.

Hyperprolactinemic states are characterized by a complex of not only physi-
ological, but also behavioral changes, largely reflecting the functional significance
of prolactin. In particular, it is known that, along with the induction of lactation
and the suppression of the menstrual cycle, hyperproduction of prolactin may also
be associated with a change in the behavior of women [2].

In view of the foregoing, the purpose of this study was to study the psycho-
biological relationships in PHP, to identify behavioral features characteristic of
these patients with PHP, as well as to compare them.

Materials and methods

We examined 53 women aged 18 to 64 years (average 33.8 £ 10.5 years) who
were observed in the Kursk Regional Clinical Multidisciplinary Hospital for id-
iopathic prolactinoma. ) and a standardized Russian version of the widely used
MMPS psychometric test [1].

The materials were statistically processed using the Statistica for Windows
software package. When comparing the obtained data, Student’s t-test was used.
Results with a confidence level of at least 95% (p<0.05) were considered signifi-
cant.

Results and its discussion

Reliable results on MMPS were obtained in 44 patients out of 53 examined. At
the same time, 35 (66%) women had pathological deviations according to various
scales of the methodology. With the greatest constancy, an excess of the normal
level was noted on scale 7 (anxiety fixation and restrictive behavior) - in 39.4% of
women, on scale I (anxiety somatization) - in 51.9% and on scale 8 (augization)
-in 36.7 %. You should also pay attention to the rather high average level of the
profile on scales 5 (internal determinism of behavior) and 9 (hypomanic tenden-
cies). One-way analysis of variance indicates the presence of significant differ-
ences between groups of patients only on one scale - 0 (social inclusion) - p <0.05.

The results of a psychodiagnostic examination of patients using the MMPS
test and subsequent factor analysis of the data obtained showed that the behavior
of patients with PHP is characterized by the presence of four main patterns: para-
noid, somatoform, depressive, and anxious. The distribution of patients depending
on the prevailing pattern of behavior was as follows. The group with a tendency
to paranoid response included 4 patients, with a predominance of somatoform
reactions - 18, with a depressive response style - 16, and the group with a pre-
dominance of anxiety - 15 patients. It should be emphasized that the values of the
MMPS profile for each of the groups did not go beyond the limits of the norm - 70
T-points, since they characterized the average behavioral trends. However, in 33
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out of 53 (62.%) patients, these values exceeded the norm. Another 11 (20.7%)
patients showed pronounced tendencies to downplay the severity of psychological
problems due to increased conformity. In the group of patients with a tendency to
paranoid reactions, the pathological profile of MMPS was observed in 2 patients
(50%), in the group with somatoform reactions - in 10 (55.5%), in the group with
depressive reactions - in 6 (37.5%), and in the group with anxious response - in 5
(33.3%). At the same time, tendencies to downplay the severity of problems were
most pronounced in depressive and paranoid styles of behavior. Patients with a
predominance of the paranoid pattern of behavior were also characterized by a
tendency to overvalued formations (especially those related to proper nutrition
and maintaining health), an outwardly accusing response style, low sociability,
and a tense-dysphoric mood background. Patients from the group with a predomi-
nance of the somatoform style were distinguished by a large number of complaints
of somatic distress, psychovegetative disorders, demonstrativeness, as well as a
tendency to conversions and mental dissociation. This also included patients with
severe depersonalization, dysmorphomania, and hypervaluable hypochondria.
The depressive style of behavior was determined by anergy, a general decrease in
the strength of impulses, low self-esteem, relative social isolation, and pessimism.

Conclusions:

1. In patients with PHP, there is an increased frequency of mental disorders
(70%), among which affective and somatoform disorders predominate.

2. Need for early diagnosis of personality traits of patients with PHP (high
frequency and variety of mental pathology) for optimal complex therapy.
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Abstract. The article presents the results of the analysis of the parameters
of adaptive cellular immunity, in particular, T-regulatory cells with different
immunophenotypic features (CD4+CD25+hiCD127-) and (CD3+CD8+CD28-)
in patients with B-cell chronic lymphocytic leukemia (CLL), complicated by
the presence of solid malignant neoplasms (MN) in history compared with
uncomplicated CLL.

It was found that the presence of malignant neoplasms in patients with
recurrent CLL significantly aggravates the pronounced disorders of T-/NK-cell
immunity, which are characteristic of patients with isolated CLL. The presence of
MN in patients with recurrent CLL does not affect the level of T-regulatory cells
with the CD4+CD25+hiCD127- phenotype, but is accompanied by a pronounced
increase in the level of peripheral T-regulatory cells with the CD3+CD8+CD2S§-

phenotype.

68 || International Conference



FEABEFRIRARF: BRI R4

Achieving CLL remission is accompanied by normalization of the level of
T-regulatory lymphocytes with the CD4+CD25+hiCD127- phenotype, but not
peripheral T-regulatory cells with the CD3+CD8+CD28- phenotype.

Keywords: Chronic lymphocytic leukemia, malignant neoplasms, adaptive
immunity, T-regulatory cells, flow cytometry.

Introduction. The key role in the elimination of tumor cells is played by spe-
cific (adaptive) cellular immunity, implemented by T-lymphocytes and nonspe-
cific (innate) immunity, implemented by NK cells and macrophages, which is cur-
rently insufficiently studied during the development of various oncopathological
conditions.

It has been established that certain subpopulations of regulatory CD4+-, CD8+
T-, as well as NKT cells, which use different regulatory mechanisms and func-
tion at different stages of the immune response, play a significant role in the im-
munopathogenesis of oncological diseases. The occurrence of multiple malignant
neoplasms (MN) is a complex process in which the development of two or more
neoplasias is observed simultaneously or after a certain period of time.

The frequency of such a pathology in the world, depending on the specific
nosology, is set in the range from 2.4 to 17%, in the Russian Federation it ranges
from 7 to 9%. [ 1] . Despite the interest in this problem, the pathogenesis of this
cascade process has been little studied.

In this context, the study of the dynamic balance between immunogenic and
tolerogenic mechanisms of maintaining immune homeostasis, which changes with
the development of autoimmune diseases, tumor processes, and also with the in-
duction of transplantation tolerance, is of particular relevance. These mechanisms
are mediated by a special cellular subpopulation of CD4+ lymphocytes, called
T-regulatory cells (T-regs), which mediate the T-cell mechanism of peripheral
tolerance. Functionally active T-regs are characterized by constitutive expression
of the a-chain of the IL-2 receptor (CD25) and low/negative expression of the
a-chain of the IL-7 receptor (CD127) [2]. In addition, these cells express the tran-
scription factor FoxP3. Its suppressor effect is realized through the repression of
the IL-2 gene and other genes necessary for the activation of effector cells [3].
The mechanisms of immunoregulation by T-regs can be divided into those that
target effector T cells (secretion of inhibitory cytokines, disruption of metabolic
processes, and induction of apoptosis) and those that target antigen-presenting
cells (APCs) (decrease in co-stimulation or decrease antigen presentation) [4,5]
. - references

Thus, the main T-regulatory cells are cells with the CD4+CD25+hiCD127-
phenotype, but of particular interest is one of the subpopulations of peripheral reg-
ulatory T-cells that do not express the main costimulatory receptor CD28, which
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is necessary for the full activation of naive T-lymphocytes - this is T -cells with
suppressor activity (CD3+CD8+CD28-) [6].

Objective: To evaluate the clinical and prognostic value of indicators of adap-
tive cellular immunity in patients with CLL in the presence of solid malignant
neoplasms.

Materials and methods: In the present study, patients were divided into 2
groups: group 1 (10 patients) (a combination of 2 or more neoplasms - solid tumors
and CLL) and group 2 comparison - 12 patients with CLL without the presence
of other solid neoplasms. All 22 patients had CLL recurrence. The median age of
patients was 64 years. The diagnosis of CLL is confirmed by immunophenotypic
examination of PC or bone marrow. Breast cancer prevailed in the structure of
solid malignancies (7 patients), melanoma was diagnosed in 1 patient, kidney can-
cer was diagnosed in 2 patients. Subsequently, 2 groups of patients with CLL in
remission of the disease were compared, depending on the presence (10 patients)
/ or absence of a history of malignant neoplasm (12 patients). The control group
consisted of 20 practically healthy individuals matched by sex and age.

Immunophenotypic study of peripheral blood lymphocytes (PB) was car-
ried out using 6-color flow cytometry (Becton Dickinson, USA). The number of
cells expressing CD3, CD4, CDS, CD19, CD25, CD16, and CD56 antigens, the
expression of activation and costimulatory CD28 molecules on T-lymphocytes
was assessed within the gate of CD45+ lymphocytes, the content of T-regula-
tory cells (CD4+CD25+hiCD127-) and T-lymphocytes with suppressor activity
(CD3+CD8+CD28-) were evaluated within the gate of CD3+ lymphocytes. As
reference values were used the results of 20 practically healthy individuals, stud-
ied for similar indicators.

Results.
Table 1.
Indicators of T-/NK-cell adaptive immunity in patients with CLL
recurrence depending on the presence or absence of malignant
neoplasms in history, % of positive cells
Index, % Recurrence |Recurrence off P | Practically | P
of CLL+ MN| CLLwithout healthy
n=10 MNn=12 individuals
n =20
T-If, CD3+, 14,87 +-427| 36,4+3,3 |<0,001| 74,3 + 6,9 |<0,001
[within CD45+]
T-helpers, CD3+CD4+ 4,17+-1,97 17,6+-2,5 [<0,001| 42,8 +- 6,8 |<0,001
T-cytotoxic, CD3+CD8+ 7,1 +-0,21 19,5+-2,4 |<0,001| 39,7 + 7,8 |<0,001
NK cells, CD3-CD16+CD56+ | 0,67 +- 0,23 8,7+-1,2 |<0,001| 14,2 +-7,0 {<0,001
NKT cells, CD3+CD16+CD56+| 2,37 +- 1,47 | 3,1+-0,7 5,0+-1,2

70 || International Conference



FEABEFRIRARF: BRI R4

CD4+CD25+hiCD127- [within | 12,43+-0,9 | 19,0+53 960+ 08 [ 13
CD3+] <0,05
CD3+CD8+CD28- 448+ 142 | 32,7+4,1 [<001][16,60+1,5] 1-3;
[within CD3+] 2-3
<0,001

When combined in patients with recurrent CLL with the presence of malignant
neoplasms, a significant (p<<0.001) decrease in the content of the population of
T-lymphocytes (CD3+) was revealed due to a pronounced decrease in both helper
(CD4+) (p<0.001) and cytotoxic subpopulations (CD8+) (p< 0.001) lymphocytes,
a sharp decrease in the content natural killer cells (CD3-CD16+CD56+), com-
pared with the group of patients with CLL recurrence without cancer. These viola-
tions of the cellular immunity system in both compared groups of patients are even
more pronounced than in the group of practically healthy individuals.

It was noted that the content of 2 populations of T-regulatory cells with the
phenotype CD4+CD25+hiCD127- and CD3+CD8+CD28- in both groups of pa-
tients significantly (p<0.05 and p<0.001, respectively) higher than in the reference
group.

There were no significant differences between the compared groups of CLL pa-
tients in terms of the content of T-regulatory cells with the CD4+CD25+hiCD127-
phenotype.

On the contrary, the relative content of peripheral T-regulatory cells with the
CD3+CD8+CD28- phenotype was significantly (p<0.01) higher in the comorbid-
ity of CLL with malignant neoplasm compared to the group of patients with CLL
without malignant neoplasm.

Comparative characteristics of T-/NK- cell immunity in CLL patients in re-
mission of the disease in the context of the presence or absence of concomitant
malignant neoplasms are presented in Table 2.

Table 2.

Indicators of T-/NK-cell adaptive immunity in patients with
remission of CLL depending on the presence or absence of malignant
neoplasms in history, % of positive cells

Index, % Recurrence | Recurrence| P | Practically| P
of CLL+ MN| of CLL healthy
without MN individuals
n=10 n=12 n=20
T-If, CD3+, 83,95 +- 4,45 | 80,20 +- 1,6 74,3 +-6,9
[within CD45+]
T-helpers, CD3+CD4+ 48,10+ 4,4 | 29,2+-1,6 |<0,001| 42,8+ 6,8 | 2-3
<0,001
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T-cytotoxic, CD3+CD8+ 35,95 +-0,25 | 47,70 +- 2,6 [<0,001| 39,7 +- 7,8

NK cells, CD3-CD16+CD56+ 14,65 +- 4,6 | 14,97 +- 1,5 14,2 +- 7,0

NKT cells, CD3+CD16+CD56+ | 7,85 +- 6,05 | 5,50 +- 0,7 50+1,2

CD4+CD25+hiCD127- [within | 10,90 +- 0,5 | 8,90+-1,3 9,60 +-0,8

CD3+]

CD3+CD8+CD28- 25,10+-3,2 | 32,5+-4,7 16,60+ 1,5| 1-3

[within CD3+] <0,05

2-3

<0,005

When the disease remission was achieved in both groups of patients with CLL,
regardless of the presence or absence of malignant neoplasm, normalization of the
relative number of T-lymphocytes, T-cytotoxic and NKT lymphocyte subpopu-
lations, as well as the level of natural killer (NK) cells in peripheral blood was
revealed.

However, there was a pronounced (p <0.001) decrease in the relative number
of T-helper lymphocytes (CD3+CD4+) and an increase in the content of T-cyto-
toxic subpopulation of lymphocytes (CD3+CD8+) in patients with CLL without
the presence of malignant neoplasm, even compared with the group of patients
with concomitant pathology.

When CLL remission was achieved, the level of T-regulatory cells with the
CD4+CD25+hiCD127- phenotype in both groups of patients did not differ signif-
icantly from those of practically healthy individuals, however, the level of periph-
eral T-regulatory cells with the CD3+CD8+CD28- phenotype remained signifi-
cantly (p <0.05; p<0.005, respectively) is higher than normal in both groups of pa-
tients, although no statistically significant differences were found between them.

Conclusion.

1. The presence of MN in patients with recurrent CLL significantly exacer-
bates severe disorders of T-/NK-cell immunity, which are characteristic of pa-
tients with isolated CLL.

2. The presence of MN in patients with recurrent CLL does not affect the level
of T-regulatory cells with the CD4+CD25+hiCD127- phenotype, although there is
a significant increase compared to the reference values in both groups.

3. The presence of MN in patients with recurrent CLL is accompanied
by a pronounced increase in the level of peripheral T-regulatory cells with the
CD3+CD8+CD28- phenotype, both in comparison with the reference values and
in comparison with CLL patients without MN.

4. Achieving CLL remission is accompanied by a pronounced decrease in the
relative number of T-helper lymphocytes (CD3+CD4+) and an increase in the
content of T-cytotoxic subpopulation of lymphocytes (CD3+CD8+) in CLL pa-
tients without malignant neoplasm.
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5. Achieving CLL remission is accompanied by normalization of the level
of T-regulatory lymphocytes with the CD4+CD25+hiCD127- phenotype, but
there is no normalization of the level of peripheral T-regulatory cells with the
CD3+CD8+CD28- phenotype, which remains significantly increased in both
study groups of patients.

Thus, in the structure of CD3+CD8+ SC lymphocytes in patients with CLL,
a subpopulation of T-lymphocytes with suppressive activity (CD8+CD28-) pre-
dominates, containing the so-called “VETO” cells with the CD8+CD28-FOXP3+
phenotype. These cells are induced T-regulatory cells that do not show effector
cytotoxic activity and inhibit the expression of co-stimulatory molecules CD80,
CDS86 on antigen-presenting cells. Perhaps, it is this population that plays the most
important role in the development of tolerogenic immune mechanisms, contribut-
ing to the blocking of the antitumor immune response.
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Abstract. The authors, based on the use of autologous mesenchymal stem cells
and simulacra of osteogenesis with granules of porous titanium nicedite in the
plastic of the vertebral body in spinal injuries in 35 patients, conclude about its
effectiveness in bone tissue plastic. The first group consisted of 13 patients who
underwent transpedicular plastic surgery of the vertebral body using a biocomposite
implant based on titanium nickelide granules and mesenchymal stem cells (MSCs).
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The second group consisted of 22 patients who underwent transpedicular plastic
surgery of the vertebral body using granules of porous titanium nickelide enriched
with autologous fibrin mass taken from the patient’s blood before surgery. The
use of granules of porous titanium nickelide with MSC and granules of porous
titanium nickelide with autologous plasma is promising when used in bone grafting
in spinal injuries. The obtained studies of porous titanium nickelide showed
sufficient density during implantation into bone tissue, which is necessary at first
to retain bone fragments of its osteogenicity, osteinductivity and the permission of
MSCs and autologous fibrin mass contributes to its osteoconductivity. Saturation
of titanium nicedite implants with biological tissues that accelerate osteogenesis
has great prospects for its use in tissue engineering.

Keywords: transpedicular fixation, titanium nickelide granules, mesenchymal
stem cells, osteoinductive factors from autologous fibrin mass.

Porous titanium nickelide (NiTi) has been used for more than 50 years for
fractures of the spine and long tubular bones in orthopedics and traumatology,
neurosurgery, dentistry, etc. Porous NiTi is used in St. Petersburg, Moscow, Asian
Russia, Ukraine, Belarus, Kazakhstan, Turkmenistan, China, South Korea, Japan,
etc.

The shape memory effect (SME) based on (NiTi) is a group of metallic mate-
rials capable of restoring a previously set length or shape when exposed to an ap-
propriate thermomechanical load, has high biochemical and biomechanical com-
patibility, high porosity of NiTi implants (80-90%) promotes good ingrowth of
hard and soft tissues of the body [1]. Introduction to the NiTi composite allows us
to obtain a class of materials with high mechanical characteristics, among which
high physical and mechanical strength, plasticity, wear and cycle resistance, sig-
nificant resistance to “fatigue” mechanisms, weldability, heat resistance, corrosion
resistance. In the normal functioning of implants, the characteristics of wettability,
permeability and porosity of the material, as well as the hysteresis properties of
tissues in the implantation area, play an important role [1,3].

Carcinogenic studies of the alloy based on NiTi (TN — 10 alloy) were carried
out in accordance with the methodological developments of the Ministry of Health
of the USSR and with its direct participation [1]. It was found that NiTi—based
alloys (in particular, TN - 10) manufactured at the Research Institute of Medical
Materials and Implants with shape Memory did not exhibit carcinogenic effects.
The Ministry of Health of the USSR by Order No. 1027 of 05.08.1986 authorized
the use of titanium nickelide structures in clinical practice [3,5].

The permeable porosity of NiTi implants makes it possible to regulate the pro-
cesses of osseointegration after implantation of porous permeable structures into
the bone bed and the use of technologies for saturation of implants with biological
tissues that accelerate osteogenesis [1.4].
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The ability of the material is to incubate cell cultures and create conditions for
their growth in the permeable structure of the implant, and after implantation to
maintain the function of the organ [7]

The aim of this report was tissue technology from autologous mesenchymal
stem cells and simulacra of osteogenesis with granules of porous titanium nicedite
in the plastic of the vertebral body in spinal injuries.

Materials and methods. The study material was 35 patients aged 18 to 62
years, the average age was 40.3+12.9 years, there were 22 men, 13 women. Pa-
tients were admitted in the acute period of 20, in the early period - 3 and in the
intermediate period of trauma — 12. The injury was received in a traffic accident
(road accident) - 5 patients, in everyday life - 27, sports injuries — 3. In an accident:
a pedestrian, 2 drivers, 2 passengers; Injuries from falling from a great height — 17,
the result of a falling from their own height - 12, sports injury in | patient. The
number of damaged vertebrae in most patients was one vertebra — in 22, 2 verte-
brae — in 10 and three vertebrae in 3 victims. Damage to the thoracic spine was
observed in 19 patients, lumbar spine in 16, two spine sections in 6 and two-level
fractures in 3 patients. All patients had unstable, uncomplicated fractures. The
injuries were isolated in 31 patients and combined in 4 patients.

Methods

Granules of porous titanium nickelide were manufactured at the Research In-
stitute of Medical Materials and Implants with Shape Memory (Tomsk), there
is a certificate of conformity. The permission of the ethics commission is also
available [1].

The preparation of a biocomposite implant and fibrin hydrogel was carried out
at the Biotechnology Center. Preparation of subcutaneous fat from the anterior ab-
dominal wall the day before surgery under local anesthesia with specially prepared
needles, or during open surgery from the adjacent subcutaneous fat layer. Then the
collected fat layer of subcutaneous fat was recovered at the Biotechnology Center,
where osteocytes and neurocytes are selected from the biopsy material. After pro-
cessing, the material is delivered to the operating room.

Autologous platelet mass was collected from blood taken from the patient be-
fore surgery with the addition of sodium heparin gel and centrifugation.

After a clinical and neurological examination, all patients underwent radiog-
raphy of the spine in two projections, computed tomography, according to indi-
cations - X—ray densitometry. Patients with combined injuries received X-rays of
the areas concerned, according to indications - ultrasound of the abdominal cavity,
pelvic organs, computed tomography. Operations were performed using O-arm
from the StealthStation navigation station (Medtronic).

The results of treatment were evaluated according to the F Denis scales [8].
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Results and discussion

The patients were divided into two groups: the first group consisted of 13 pa-
tients who underwent transpedicular plastic surgery of the vertebral body using a
biocomposite implant based on titanium nickelide granules, fibrin hydrogel. The
second group consisted of 22 patients who underwent transpedicular plastic sur-
gery of the vertebral body using granules of porous titanium nickelide enriched
with autologous fibrin mass taken from the patient’s blood before surgery. All
patients were operated by the method of transpedicular fixation (TPF), transpedic-
ular reconstrucrion of the vertebral body, which was carried out by the method
developed earlier by us.

According to X-ray densitometry, bone mineral density (BMD) was normal in
10 patients, reduced to the level of osteopenia in 8 and to the level of osteoporosis
in9.

Our previous studies (more than 400 operations) using porous NiTi alloys ob-
tained by self-propagating high-temperature synthesis showed that no toxic reac-
tions and carcinogenic effects were observed in any ballroom.

The proximate results of treatment in all patients were good in 12 patients ,
and after 12 months in 23 other patients, the results were also good. There were no
complications after the operation.

The compressibility of TiNi and the porous structure promote the growth and
mineralization of bone and prevent the formation of a fibrous capsule, which
makes the fixation of the implant more natural and safe, according to the type of
primary corn. Implantation of porous permeable structures into the bone bed and
the use of technologies for saturation of implants with biological tissues that accel-
erate osteogenesis (autologous fibrin mass) [4] is perceptive in tissue engineering.

TiNi alloys have unique characteristics: superelasticity and shape memory ef-
fect, which ensure the versatility of the implant (high recovery, high strength and
relatively low Young’s modulus) [9,10,11].

Taking into account the fact that mesenchymal stem cells (MSCs) are multipo-
tent cells, permeable porous TiNi materials will be biocompatible with other cell
lines originating from MSCs, including adipogenic, neurogenic and myogenic
cells. Porous permeable materials based on TiNi can be used to create artificial
tissue engineering structures to obtain the desired amounts of chondro- and oste-
ogenic tissues of various maturity. Specific properties and high biocompatibility
are good prerequisites for the use of TiNi scaffolds in cellular technologies. Using
MSCs, it was shown that porous permeable TiNi scaffolds are unique incubators
for cell cultures suitable for tissue engineering [4,7].

Thus, the obtained studies of porous titanium nicedite showed sufficient den-
sity during implantation into bone tissue, which is necessary at first to retain bone
fragments, its osteogenicity, osteinductivity, and the addition of osteoinductive
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factors and mesenchymal stem cells to porous NiTi ensures its osteoconductivity.
Saturation of titanium nickelide implants with biological tissues that accelerate
osteogenesis has great prospects for its use in tissue engineering.
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Annotation. Expanding the range of new competitive products in modern
conditions is an important national economic task. It can be most effectively
solved through the use of modern technologies recommended for use in catering
or the food industry, which make it possible to obtain a product of high assortment
quality at low production costs. With regard to the production of flour products,
this means the use of intensive technologies that allow increasing the volume of
products, expanding the range, improving quality, reducing the cost of products by
reducing the lengthy stages of dough preparation. The article contains information
about new technologies for flour culinary products using non-traditional types of
food additives for this product: dry spicy-aromatic and berry extracts (sesame,
amaranth, coryder-andre, oregano, tarragon, turmeric, allspice, hemp and grape
seed). The composition of new prescription ingredients has been studied and
analyzed in detail, and the positive impact of their contribution to improving the
value of the amino acid composition of the developed products has been revealed.

Key words: dry spicy-aromatic and berry extracts, flour culinary products,
dry mixes.

Introduction

Flour culinary products are part of the nutrition of the Russian population, they
include the daily selection of the diet of most consumers, being one of the main
sources of energy and food poisoning [1].

The development of technologies for flour culinary products containing a signifi-
cant amount of easily digestible, essential amino acids, essential fatty acids, fibrous
acids, vitamins, macro- and microelements is possible due to a violation of the nutri-
tional structure of the country’s population. Potential sources of these sources can be
legumes and oilseeds: soybeans, chickpeas, lupins, sesame and flax [2].

A line of products balanced in terms of biological value, vitamin, mineral com-
position, ®-6/w-3 fatty acids has been developed. A technology is proposed for
the use of chickpeas in the production of bread, the digestibility of which is 8.5%
higher than that of the control sample. In the method of making cookies from
oatmeal, alkalinity is reduced by 1.4 degrees, sugar is replaced by fructose and its
content is 3 times less. The biological value of the finished product is 68%. The
introduction of peach puree rich in biotin, riboflavin, B-carotene, ascorbic acid
and minerals into the bread recipe approaches the Ca:Mg:P ratio, which plays an
important role in enriching flour culinary products (1:0, 6: 1.3) to recommended
(1:0.5:1.5). balance the ratio of -6 / ®-3 fatty acids (4:1), which corresponds to
the one recommended by the Institute of Nutrition of the Russian Academy of
Medical Sciences for preventive nutrition; increase the mass fraction of vitamins
and minerals and expand the range of rich bakery products for functional and
preventive purposes [2].
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A technology for obtaining chickpea hydrolyzate has been developed, which
has found application in the production of Polevoi bread. In products containing
chickpea hydrolyzate, there is an improvement in organoleptic and physico-chem-
ical indicators of bread quality, as well as a significant ratio of composition and
composition in bread - 1:4 (10.6:42.6). The biological value of Polevoi bread in-
creased by 76%, that is, it increased by 22%; score for lysine - from 65.6% to
95.6%, for threonine - from 76.7% to 134.3%; the Ca:P:Mg ratio increases to the
recommended value (1:0.5:1.5). Protein digestibility in the tuygo system in the
test sample is 8.5% higher than in the control [3].

Proposed Pashchenko L.P., Ostroborodova S.N. and Pashchenko V.L. the
method of preparing bread “Vostorg” by adding honey and peach puree to the
recipe, allows you to increase the nutritional and biological value of bread; in-
crease its quality indicators: specific volume by 7%, porosity by 10.0%, aroma
by 47%; bring the mineral composition (Ca:Mg:P=1:0.6:1.3 ratio) closer to that
recommended by the Institute of Nutrition of the Russian Academy of Medical
Sciences [4].

In the bread “Legend” there is a high concentration of magnesium, phospho-
rus, while it contains a proportional ratio of magnesium and phosphorus, equal
to 1: 1.5. This is due to the introduction of sugar sorghum as a multicomponent
sugar-containing raw material into the recipe [5].

The expansion of the range and quality of products depends on the use of
non-traditional vegetable raw materials in the production and the use of manual
work in the creation of branded flour culinary products. The quality standards
of the new product cover such indicators as: increased content of carbohydrates,
more concentrated protein composition, a product from several types of cereals.
In addition, such a product is better absorbed and can be recommended for the
prevention of diseases of the gastrointestinal tract. According to the specialists
of the Dellos holding, consumers have only two requirements for products - taste
and freshness, which ultimately come down to one thing - the quality of buns,
cheesecakes, pies [6].

Kolomnikova Ya. P. and Pitaikina E. A. suggested ways to improve the recipes
of a semi-finished biscuit product by introducing several types of cereals [6].

Melnik E.V. developed the technology of painful prophylactic products using
delayed egg products, which made it possible not only to increase the biological
value of products by introducing complete proteins with an optimal complex of
essential amino acids, but also to reduce the cost of finished products by reducing
the cost of egg products with critical shelf life [ 7].

Kholodova E.N. [8] developed the technology and researched the consumer
properties of a semi-finished biscuit product using triticale and millet flour. This
made it possible to adjust the nutritional value of the finished product and stabilize
the rheological characteristics.
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Ausheva T.A. [9] revealed the dependence of the nutritional value of bakery
products on the composition of biologically active substances of plant and animal
origin in the technologies of bread and flour confectionery. The introduction of
rowan powder into the egg-sugar mixture before whipping makes it possible to
obtain a high pH value, at which the foaming properties of egg white are most
pronounced, and the baked acquisition acquires a chocolate-colored crumb and a
smooth surface [9].

The purpose of the research is to identify the dependence of the influence of
the constituent components of the recipe on the amino acid composition of flour
culinary products.

Materials and methods

When performing the work, generally accepted, standard and original research
methods were used. The studies were carried out in triplicate. Statistical process-
ing of the obtained data was carried out using the following programs: SPSS,
Microsoft Excel, and MathcadPrime 1.0.

The bulk of the research was carried out at the ROSBIOTEKH Central Analyt-
ical Laboratory and the Innovation Laboratory of the Department of Food Indus-
try, Hotel Business and Service.

The object of the study

The objects of research at various stages of work were: grain of the main ce-
real crops - wheat, barley, rye, grown in the Moscow region; wheat flour (GOST
R 52189-2003); grain extrudates; semi-finished products and ready-made flour
culinary products made using textured cereal products and dry aromatic and berry
extracts (sesame, amaranth, coriander, oregano, estragon, turmeric, allspice, hemp
and grape seed).

Results and discussion

A methodology for a comprehensive assessment of the quantitative and qual-
itative indicators of grain raw materials for the production of textured products is
proposed. Based on the generated database of quantitative and qualitative indi-
cators of wheat, barley, oats, lentils and millet grown in various zonal conditions
of the Moscow region in the period from 2021 to 2022, a statistical analysis of
the qualitative characteristics of grain raw materials was carried out, an assess-
ment the grain market, taking into account its use in the flour-grinding, cereal
and baking industries and analysis of the technical equipment of grain processing
enterprises. To obtain raw materials with an optimal amino acid composition for
the manufacture of flour culinary products, the following were introduced into the
flour mixture: buckwheat, oats, lentils, sunflower seeds, millet, grape seed, ama-
ranth, hemp, coriander, turmeric, oregano and allspice. Grinding of grain, spices
has been completed and grinding batches have been determined, a technological
scheme for grinding a multicomponent grain mixture has been developed.
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The calculations of the multidimensional statistical model are based on the use
of the method of paired comparisons and ranking the degree of correspondence
between the quantity and quality of grain produced in various zones of the Mos-
cow Region and other regions of Russia, and the characteristics of grain process-
ing enterprises in these zones.

The use of innovative efficient extrusion technologies and methods of ultra-
sonic cavitation processing of grain makes it possible to obtain grain texturates
with a high content of useful substances, which make it possible to increase the
nutritional value, digestibility of finished products and obtain new food products
with increased nutritional value.

Recipes for enriched grain texturates are given in table. 1.

Table 1
Formulations of textured grain functional mixtures
Composition of the Grape seed Grape Seed Cake Grape Seed &
components of the cake blend and Blend & Sesame, Quinoa Meal
formulation amaranth, % % Blend, %
buckwheat 36 30 -
oats 22 - -
lentils 14 -
sunflower 10 1 6
millet 7 22 18
rye - 17 35
pearl barley - 16 15
quinoa - - 15
grape seeds 5 5 4
amaranth 2,5 4 1,5
sesame - 3 1,5
hemp 1,1 - 2,0
coriander 0,3 -
turmeric 0,3 0,2 -
tarragon - 0,2 0,2
oregano 0,2 - -
allspice 0,2 0,2 0,2
oregano 0,2

Recently, a large number of so-called combined, multi-component, composite
mixtures have appeared on sale, which can be considered as a kind of mono-prod-

uct, consisting of a number of ingredients that mutually complement the desired
mixture.
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To carry out the calculations, a program was developed in Microsoft Excel,
which, when entering the initial data on the content of fat, fiber, glycemic index
and cost for the components, made it possible to control these indicators and the
energy of the mixture. Table 2 shows the results of calculations of three-compo-
nent mixtures of cereals and legumes with the proportion of legumes correspond-
ing to the minimum NAC score of the mixture equal to one (C = 1).

An analysis of the NAC scores of cereals and legumes showed that cereals are
limited in lysine and have a low minimum score, but are rich in “methionine +
cystine”. Legumes have a minimum score for “methionine + cystine”, but some of
them have a complete protein, and some have a defective one. When mixed with
leguminous cereals, lysine will increase in the mixture and “methionine + cystine”
will decrease. The minimum speed of the mixture is determined by lysine and,
with an increase in the concentration of legumes, it reaches the value of unity ear-
lier than methionine and cystine fall below unity. Therefore, in the simplest case,
NAC can be balanced by lysine.

Based on the considered combinations of nutrients, barley groats can be rec-
ognized as acceptable according to the main criteria (minimum NAC score and
carbohydrate/protein ratio). For all legumes, with a minimum score of NAC (ly-
sine) equal to one, the mixture has a complete protein of more than 12% and the
carbohydrate / protein ratio is slightly less than the recommended 5.1. For corn
and rice cereals with a complete protein, there is a deviation of carbohydrates /
protein from the recommendation upwards. Millet and spelled groats have a sig-
nificant downward deviation.

Obviously, a high protein component with a “good” protein and low carbo-
hydrate content (low carbohydrate/protein ratio) must be added to the mixture of
rice and corn grits with legumes. In millet and spelled cereals - on the contrary, a
high-carbohydrate product with a very low protein (with a high ratio of carbohy-
drates / protein). However, in the latter case, the high level of addition of legumes
(more than 30%) raises doubts about the taste qualities of such a mixture. In ad-
dition, there are problems with the third high-carbohydrate supplement. Cereals
such as starch sago, such as tapioca sago, would be suitable for this purpose.

As a low-carbohydrate component with a relatively “good” protein, sesame
seeds and the kernel of industrial hemp were considered, the characteristics of
which are available in the tables of the chemical composition of food products
[10]. The results of calculations for corn and rice groats with a minimum rather
(rather ~ 1) NAC of the mixture equal to one are presented in Table 2.
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As can be seen from Table 2, the addition of sesame or hemp seeds makes it
possible to balance mixtures based on corn and rice cereals according to two cri-
teria, however, the total amount of additives increases, which may affect the taste.
It should be borne in mind that with the addition of oilseeds, the content of fat in
the mixture increases in some cases up to 7%, which may affect the shelf life of
the product.

The requirements of formal criteria for assessing quality (fast and carbo-
hydrates / protein) are met by two-component barley groats and all variants of
three-component mixtures. For the selection of promising multicomponent mix-
tures, other indicators of their consumer properties are needed. Therefore, the final
selection of promising compositions should be determined by tasting. Previously,
mixtures of barley, rice, and tritipotassium groats with additions of up to 10-35%
chickpeas and lentils were tested, which showed manufacturability in preparation
and good taste [11, 12].

Using the resulting mixtures to improve the nutritional value of flour culinary
products, corn No. 1 or rice No. 2 and No. 3 mixtures were introduced into the
developed recipe for buns in the amount of 15, 20 and 25%. As a result of the or-
ganoleptic evaluation, it was found that samples with an additive concentration of
20% received the maximum number of points [13-20].

We should not forget about the economic side of the issue. The prices for the
components differ significantly, which also affects the cost of their mixtures.

Thus, a promising direction is the development of composite mixtures based
on extrudants and micronized grain products, which can be used as dietary supple-
ments to increase the nutritional value of flour culinary products.

Conclusion

On the basis of the conducted studies, it can be noted that the introduction of
dry functional mixtures based on leguminous raw materials with the addition of
spicy-aromatic components, we get a product balanced in terms of the protein-car-
bohydrate complex with a complete protein. The optimal addition of corn No. 1
or rice No. 2 and No. 3 mixtures at a concentration of 20% allows you to get a
high-protein flour culinary product with optimal organoleptic quality indicators.

The design of such products, especially with the expansion of quality indica-
tors in terms of fats and a mineral-vitamin complex, requires great imagination
and experience, including in the field of cooking. It seems promising to develop
knowledge bases or neural networks to simplify this work.
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Annotation. The article presents the results of the analysis of the market of
food products offered by the industry, the study of the constituent components of
the recipe, which make it possible to obtain a functional product with specified
nutritional and biological properties. Fish is an ideal raw material for the
production of functional food products, as it contains essential amino acids,
including lysine and leucine, essential fatty acids, fat-soluble vitamins, micro
and macro elements in favorable proportions for the body. The purpose of the
research is the development of fish functional products with herbal biologically
active additives - amaranth cake. Recipes for fish semi-finished products, as
well as fish culinary products were obtained: “Jellied fish “Merchant”, cutlets
“Stanichnye” (with cake from amaranth seeds) and cutlets “Peasant” (with flour
from amaranth seeds). Fish products contain additional functional components,
such as biologically active additives with a wide range of proven biocorrective
properties, spices are used. The technological regimes for the production of semi-
finished fish products, as well as its benefits in daily human consumption, are
determined.

Key words: fish raw materials, cake, amaranth, functional nutrition, recipes.

Introduction

One of the main directions of the state policy in the field of healthy nutrition is
the creation of combined products by including additives in their formulations that
are sources of proteins, fats, carbohydrates, dietary fiber, vitamins, essential amino
acids, mineral, coloring and other substances.

Insufficient content of micronutrients in food is a constantly acting unfavorable
factor, is all-weather in nature, is detected in almost all population groups in vari-
ous regions of the Russian Federation, which has an extremely negative effect on
the health of the nation: life expectancy is reduced, the productivity of the working
population and resistance to diseases are reduced. Even optimally balanced food
is not a guarantee against a deficiency of vitamins necessary for the human body,
some polyunsaturated fatty acids, individual amino acids, dietary fiber, micro and
macro elements.

Therefore, the purpose of our research is to develop scientifically based reci-
pes and technologies for combined protein culinary products based on amaranth
processing products.

Among the possible measures to prevent diseases, it should be noted the use of
amaranth seed processing products in the production of catering products.

Due to its unique composition, amaranth seed can be considered a nutraceuti-
cal, that is, a product that heals the human body. This conclusion was reached by
Russian scientists, who summarized the results of a study of flaxseed in laborato-
ries around the world.
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The Russian market currently offers the following food products based on am-
aranth seeds - amaranth oil, flour, amaranth seed cake, cereal mixtures with ama-
ranth seed, mayonnaises and salad dressings based on amaranth oil.

Amaranth cake has a high energy value: 1 kg of cake contains 1.27 k.u., 13.73
MJ (as in 1.3 - 1.4 kg of oats) and 287 g of digestible protein, as well as a rich
composition of trace elements and vitamins [1 -4].

It is believed that regular consumption of amaranth helps restore vitality and
rejuvenates the body, protects a person from diseases, helps fight tumors, treats
impotence, etc.

The stems, leaves and flowers of amaranth are used in folk medicine as a strong
hemostatic agent for internal bleeding, water infusions are taken for stomach pains
and headaches.

Amaranth is widely used as a food product. It is fried, boiled, dried, baked,
added to soups. The stem and young leaves, plucked before flowering, are used
like spinach or raw lettuce to make high-protein salads. To make the leaves tender,
you can pre-soak them for 2-3 minutes in boiling water, and then cook soup on
this water.

Fresh amaranth leaf salad includes green onions, parsley, vegetable oil and
salt. Young amaranth leaves are cut into strips, put in a salad bowl, finely chopped
green onions and parsley are added, seasoned with vegetable oil.

To prepare cutlets from amaranth leaves, eggs, chopped onions, grated cheese,
chopped bread, wheat flour, black pepper, vegetable oil and salt are added to boiled
finely crushed amaranth. Everything is thoroughly mixed. If the resulting mass is
very thick, then add a little milk. Cutlets are formed, breaded in breadcrumbs and
fried. Served with lemon juice.

Meatballs from amaranth seeds are prepared with the addition of flour, minced
fish, eggs and salt. Mix all the constituent components until a homogeneous mass
is obtained. Form meatballs with a diameter of about 4 cm. Served with mild to-
mato sauce.

Amaranth leaf soup dressing is made from young leaves that are dried and
ground. Used for seasoning soups [19].

Since amaranth leaves do not have a special taste, it is advisable to use them
together with other vegetables. You can also prepare for the winter by freezing,
drying and canning.

If, when preserving cucumbers for 3 liters, add one leaf of amaranth, then the
cucumbers will be fresh and elastic until spring. Amaranth seed flour can be mixed
with wheat flour in a ratio of 1:2 and used for baking.

From fresh and dried amaranth leaves, a fragrant drink is obtained. If you add
lemon balm and oregano to it, then the tea will not yield to the best Indian vari-
eties in aroma. Toasted amaranth seeds taste like nuts and are especially good in
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baked goods. By the way, many food products with amaranth additives have been
produced in the USA for a long time. [4-8].

For livestock, amaranth is a wonderful feed, besides, it gives 2-3 cuttings of
greenery over the summer. Being a very tall plant, it is excellent for flower ar-
rangement in the form of groups and single plants in the background of the lawn. It
is suitable for cutting, which is best used in independent bouquets without adding
other flowers.

By the way, amaranth inflorescences have the property not to change their
shape or color when dried. In this form, they can be used to arrange dry bouquets.

Along with the adverse impact of technogenic and anthropogenic factors,
insufficient human consumption of natural food components comes to the fore,
which leads to metabolic disorders and numerous diseases [1]. With such a qual-
ity of nutrition, the population of developed countries, including Russia, begins
to degrade both in terms of natural population reduction and deterioration of the
gene pool [2, 3].

The purpose of the research is the development of fish functional products with
herbal biologically active additives, amaranth cake.

Materials and methods

Amaranth cake is a crushed product of vegetable raw materials, light choco-
late color, with a pleasant nutty flavor, from which 8-14% fatty, essential oils are
extracted, which provides sorption properties for products made from it. Cake
from flax seeds contains a large amount of mucus, which protects the stomach
and intestines from mechanical, thermal and chemical irritants. Amaranth oil and
amaranth seed meal are the main sources of PUFAs, especially ®-3 and ®-9, and
the most important micro and macro elements.

In the process of research in the formulations of fish semi-finished products,
cake of their amaranth seeds was used [13, 15, 18].

Sampling for physical and chemical studies was carried out in accordance with
GOST 4288-76, GOST 26313, GOST 27853, GOST 7269-72.

To determine the yield of finished products, a weight method was used using
electronic scales MK-3.2-A20 with a resolution of up to 5.0 kg and a measure-
ment error of 0.01. The samples were studied by organoleptic and physicochemi-
cal methods. The quality of additives was determined according to GOST 26574-
2017. The nutritional value of the samples was determined by the calculation
method. Evaluation of “Stanichny” and “Peasant” cutlets, “Merchant” fish - by the
method of sensory analysis on a 5-point scale for each indicator (Rodina, Vuks,
1994), the establishment of profiles with descriptors characteristic of this group of
products (ISO11053: 1994. ISO 6658:1985).

The object of the study

The objects of research are fish semi-finished products and culinary products:
“Merchant’s jellied fish”, “Stanichnye” cutlets (with cake from amaranth seeds)
and “Peasant” cutlets (with flour from amaranth seeds).
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Results and discussion

To achieve the goal, the following tasks are outlined: to investigate the chem-
ical composition and properties of pollock, to establish the influence of techno-
logical factors on the quality indicators of structure-forming raw materials and
rheological characteristics during gelation of jelly fillings; consider the influence
of the mass fraction of gelling agents in the system; to develop the technology of
jelly fillings with milk protein, to investigate the composition and properties; to
develop recipes for “Jellied fish “Merchant”, cutlets “Stanichnye” (with cake from
amaranth seeds) and cutlets “Peasant” (with flour from amaranth seeds); justify
the choice of components of jellied fish. Determine the optimal mass fraction of
the structurant in the gelling filling, investigate the physical and chemical proper-
ties of fish raw materials, investigate the quality indicators of the finished product
during storage; calculate the cost of producing the developed products; devel-
op technical documentation for the production of jellied fish “Merchant”, cutlets
“Stanichny” and “Peasant”.

Then, studies of the physico-chemical parameters of chopped fish products
were carried out: jellied fish “Merchant”, cutlets “Stanichny” and “Peasant”. Ex-
perimental data on the general chemical composition of chopped semi-finished
products subjected to heat treatment are presented in tables 1 and 2.

Table 1
General chemical composition of chopped fish products
with cake from amaranth seeds

Indicators Fish Replacement Level, %
Control 3,0 5,0 7,5 10,0 12,5
Brara 66,2+1,11 | 61.60+1,13 | 63,58+1,23 | 66,17+1,35 | 66,82+1,23 | 64,34+1,34
benoxk 13,4+0,31 | 20,11 +0,29 | 19,81+0,30| 19,70+0,32 | 19,51+0.30|15,91+0,39
Kup 2,68+0,12| 3,38+0,11 | 3,39+0,11 | 3,310,17 | 3,2840,17 | 3,17+0,13
3ana 1,49+0,13 | 1,45+0,15 | 1,54+0,11 | 1,62+0,16 | 1.64+0,03 | 1,69+0,05
Table 2
General chemical composition of fish minced products
with flour from amaranth seeds
Indicators Fish Replacement Level, %
Control 3,0 5,0 7,5 10,0 12,5
Buara 66.2 |56,20+11,33 | 56,61+11.24 | 53,20+11.46 | 67.20+ 11,51 | 61.12+11.30
Benox 17.4 | 18.40+0.27 | 18,38+0.28 | 18,10+0,26 | 17.38+0.27 |[17.21+0.24
Kup 2.3 5.69+0.18 | 4,71+£0.11 | 4.1940.22 | 3.40+0,11 | 3.41+0.15
3oia 1.2 1.65+0.07 | 1.97+0.07 | 2.42+0.08 | 2.51+0,11 | 2,65+0.14
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The data obtained indicate that as the addition of cake or flour from amaranth
seeds in minced fish products tends to some increase in the mass fractions of fat
and ash, and in samples with a content of 12.5% of the latter, there is a decrease in
the amount of moisture, which correlates with indicators water-holding capacity
[9-12].

During heat treatment, all samples containing cake retain more moisture than
flour, so less moisture loss is ensured during frying products. With an increase in
the amount of food additives, a decrease in the fat content occurs (Table 2), at the
same time, the degree of fat oxidation during heat treatment changes slightly, as
evidenced by the small values of peroxide and acid numbers of fat. In addition,
their values are less than in the control, which is associated with a large amount of
fat in the control semi-finished product.

As a result of the research carried out within the framework of the project,
with an increase in the addition of cake or flour from amaranth seeds, the content
of protein substances increased in products with the replacement of 3% of fish by
9.3%; with a 5% replacement for 7.8%, with a 7.5% replacement for 7% compared
to the control product. In the product with the replacement of fish with 12.5%
additives, the indicators differ slightly from the control sample. An increase in
the amount of fat suggests that the supplement has more fat than skinny pollock.

The protein content in fish and vegetable products with cake differs little from
the control sample, only in products with 10% and 12.50% content of both cake
and amaranth seed meal, there is a decrease in the mass fraction of protein com-
pared to the control by 5 .1% and 6.5%, respectively.

During heat treatment, changes in the protein content in products occur in
comparison with semi-finished products. The mass fraction of protein substances
increases. This increase can probably be explained by the partial breakdown of
protein-polysaccharide complexes formed in mince products as a result of the ad-
dition of ground amaranth flour and cake to the samples. The protein part of the
additives included in the recipes of minced fish is quite large, therefore it affects
both the recipe of the semi-finished product and the physicochemical process that
occurs during frying. This assumption is explained by the fact that the nitrogen
content in the composition of denatured proteins after heating increases in all
products. Along with this, it is possible that the combination of proteins of animal
and vegetable origin contributes to the weakening of the protein structure, which
led to its more complete hydrolysis [12-18].

One of the most important stages of the work is the study of the functional
and technological properties of chopped fish products. The most important char-
acteristic of the technological properties of fish systems is the water-retaining and
fat-retaining capacity (Tables 3 and 4).
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Table 3
Water and fat-holding capacity of products with amaranth cake
Object Fish Replacement | VUS, | ZHUS, | Losses during heat
investigations Level, % % % treatment, %

Semi-finished products Control 70,10 | 65,71 18,80+0,12
with cake from amaranth 3.0 71,15 | 72,15 17,92+1,44
seeds 5.0 71,72 | 77.81 16,19+1,52
7,5 75,23 | 80,32 15,51+1,32
10,0 74,75 | 84,57 15,07+1,39
12,5 76,46 | 87,42 15,04+1,04

Table 4

Water and fat retaining capacity of products with amaranth flour

Object Fish Replacement | VUS, | ZHUS, | Losses during heat
investigations Level, % % % treatment, %

Semi-finished products Control 68,88 | 65,77 18,81£1,02
with flour from 3,0 69,95 | 72,19 17,92+1,44
amaranth seeds 5,0 7272 | 7791 17,3541,52
7,5 75,88 | 78,21 15,41£1,32
10,0 75,77 | 85,57 15,27+1,39
12,5 7848 | 87,72 14,78+1,04

It was experimentally revealed that an increase in the mass fraction of vege-
table fillers in model samples of chopped products of the ability of model minced
meat

The generally accepted physical and chemical methods of analysis make it
possible to determine and control the qualitative and quantitative composition of
the product. However, they do not reflect the shelf characteristics of food products.
Therefore, the primary task was the organoleptic assessment of the compatibility
of the fish mass and the plant component.

Conclusion

An analysis of the results of the organoleptic evaluation made it possible to
establish that the introduction of cake and flour from amaranth seeds into model
minced meats has a positive effect on the appearance and consistency. Samples
with 3% flour content and 5% oilcake from amaranth seeds have the best quality.
Products with a cake content of 12.5% have cracks on the surface; with a cake content
of 7.5%, mass delamination occurs on the cut, which is obviously associated with the
high humidity of the products. The halls and the taste of amaranth appear. In samples
with flour from amaranth seeds, as the level of fish replacement increases over 10%,
such organoleptic indicators as taste and smell deteriorate, the consistency is slightly
smeared, mucous, the flour contains a certain amount of mucus.
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Abstract. The article summarizes data on the methods of indication of biofilms
of microorganisms during sanitary and microbiological monitoring of water
bodies. The general regularities of the development dynamics of monospecies and
polyspecies biofilms of reference strains and isolates isolated from water samples
of fish reservoirs were studied. The stages of development of biofilms of bacteria
and yeast-like fungi were characterized by a gradual accumulation of cell biomass
and extracellular matrix, and the formation of clusters from coaggregation of
heterogeneous structures of bacterial, yeast, and micillary forms.

Keywords: biofilms, microorganisms, bacteria, yeast-like fungi, clusters,
matrix.
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Introduction

Biofilms are the predominant, possibly exclusive, form of development of
microorganisms in natural ecotopes, including water bodies [1]. With a global
change in natural and climatic conditions, an increase in anthropogenic load, the
risks of the occurrence and development of diseases of aquatic organisms increase
[2, 3]. The rapid growth of anthropogenic loads and pollution of water bodies con-
tribute to a decrease in the natural resistance of the organism of aquatic organisms
[4, 5, 6, 7]. The development and outcome of the infectious process are mediated
by both the resistance of susceptible animal species and the adaptive potential
of heterogeneous biofilms [8]. The ability to regulate the expression of the gene
expression of microorganisms, “Quorum sensing”, yeast-like fungi at the earliest
stage of hyphae development is inhibited by polyhydric alcohols, in particular,
farnesol [9]. When developing effective measures to combat infectious pathology,
preventive measures are the analysis of statistical reporting data on the etiological
structure of infectious pathology to replenish the epizootic data bank by region
[3]. Comparative evaluation and development of effective methods for studying
biofilms will improve the methods and methods for assessing biological safety and
manage the risks of contamination of raw materials of animal and vegetable origin
when organizing control of critical points of agricultural technologies. In addition
to applied aspects, the empirical substantiation of the methodology for studying
the etiological structure of infectious pathology expands the boundaries of knowl-
edge of evolutionary microbiology.

The purpose of the research: to test and select effective methods for indicat-
ing biofilms of microorganisms during sanitary and microbiological monitoring
of water bodies

Research methods

Reference strains of bacteria Aeromonas hydrophila ATCC 22492, Candida
albicans ATCC 10231, as well as isolates isolated from fish pond water sam-
ples were used in the experiments. Microorganisms were cultivated at 22+1°C for
6-72 h on Difco bacto agar media (Difco, USA); “Nutrient Both” (“Hi Media”,
India); “Blood Agar Base” (“Biomerieux”, France). Bacteriological and mycolog-
ical studies were carried out by conventional methods [8, 9, 10]. The preparations
were fixed with a mixture of alcohol and ether (1:1), for 10 minutes, and stained
with aniline dyes. The assessment of the presence of biofilms of microorganisms
was carried out with a representative sample of a reliable frequency of occurrence
>90.0% of the field of view of the optical microscope “BIOMED MSI1 Stereo”
(Russia).

Research results and discussion

Comparative evaluation of preparation staining methods showed that 0.1%
solution of gentian violet allows to detect blue cells and pale red extracellular
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matrix. Staining with 0.5% methylene blue solution is effective for differentiating
the degree of formation of yeast-like fungi. Gram staining makes it possible to dif-
ferentiate Gram-negative and Gram-positive bacteria in polyspecies biofilms. The
stages of development of biofilms of both bacteria and yeast-like fungi were char-
acterized by the formation of clusters from coaggregation of heterogeneous struc-
tures of bacterial, yeast, and micillary forms united by exocellular structures. Dur-
ing the formation of biofilms, the implementation of the processes of intercellular
communication was accompanied by adsorption, i.e., settling and the so-called
reversible adhesion by the attachment of planktonic bacterial cells and yeast forms
to the surface of the substrate. Attachment of cells to the surface of the substrate
occurred due to the release of ecocellular polymers that provide coaggregation
and strong fixation. Tightly packed, surface-attached microorganisms, retained by
the extracellular matrix, facilitated the attachment of subsequent cells. Gradually,
closed structures of various sizes of microcolonies were formed - a diffuse layer of
bacterial cells and yeast forms, united by an exocellular matrix. Due to the process
of coaggregation of the formation of intercellular bonds, densely packed cell struc-
tures of various sizes were revealed, united by an intercellular matrix - these are
microcolonies. The formation of biofilm architectonics during the development of
the population was ensured by the synthesis of an ecocellular matrix consisting of
complex mobile gel structures. The presence of microorganisms attached to the
substrate promotes the attachment of subsequent cells. The formation of second-
ary microcolonies was observed, part of the cells of the secondary microcolony
was associated with primary microcolonies. As a rule, detached planktonic forms
were detected on the periphery, and areas of biofilms separated by matrix voids
were detected. The presence of cell strands united by a common matrix, intercel-
lular connections determined the population immobilization of bacteria. On the
surface of biofilms, exocellular substances were detected in the form of polymeric
networks, which determine the mechanical stability of the population. In some
areas, destructive processes of the intercellular matrix were revealed, as well as
the dispersion of microorganisms that retained the ability to adhere and form new
microcolonies. Cell dispersion in biofilm clusters occurs passively as a result of
shear stress, and not as a result of scattering caused by a signal from a transcription
regulator that controls the degree of migration of heteromorphic structures.

Promising for reducing the formation of biofilms by microorganisms should
be recognized as preparations containing substances that regulate the processes
of hyphae formation and initiate protein synthesis. For bioremediation, the use of
biofilms is preferable, due to the fact that this type of microorganism community
is more resistant to changing environmental conditions compared to planktonic
forms of microorganisms.

Methodological approaches to diagnostic research and the development of an-
ti-epizootic measures for fish aeromonosis and candidiasis, as well as for other in-
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fectious pathologies, are based on the use of multi-level diagnostic algorithms, in
accordance with the use of a complex of epizootological, clinical-morphological,
mycological, and statistical research methods.

Conclusion

1. Stages of development of monospecies and polyspecies biofilms were char-
acterized by the formation of clusters from coaggregation of heterogeneous struc-
tures of bacterial, yeast, and micellar forms, united by exocellular structures.

2. Preparations containing substances that regulate the processes of hyphae
formation and initiate protein synthesis are promising for reducing the formation
of biofilms by microorganisms.
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Annotation. In relativistic kinematics or in the special theory of relativity of A.
Einstein—STR, the transformation of spatial coordinates and time {x, y, z, t} — {¢,
n, ¢ t} is considered during the transition from one inertial reference system (IRS)
to another, also inertial, which moves away from the motionless system I along a
rectilinear trajectory with a very big constant speed v < c (c is an insurmountable
light barrier, that is, the speed of light propagation in vacuum c= 3-10°m/s). It is
strictly proved that the flow of time in a moving IRS 2 slows down, At > At. This
effect is commonly called the paradox of twins — two observers who are in different
reference frames and have the same instruments for measuring of time intervals.
In classical STR, time transformation is not investigated in circumstances when
system 2, move with acceleration and is not inertial. This article is devoted to the
study of discussed effect of twins in such more complex situation.

Keywords: relativity theory, acceleration of reference frames, twins effect.

Introduction

STR is based on two postulates. The first of them — the principle of relativity
— is intuitively recognized as unquestionable. It states that all physical laws are in-
variant with respect to the transition from one inertial frame of reference to anoth-
er. According to the second postulate, the speed of propagation of electromagnetic
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waves, including light waves, does not depend on the direction of movement of
their sources and receivers. Such a statement, of course, cannot but cause doubts,
since it clearly contradicts the “everyday” experience, that is, the results of visual
observation of the movement of massive “slow” substance objects. However, as
accurate instrument experiments show, both STR postulates are correct.

The paradoxical “crazy” idea of A. Einstein about the absence of the influence
of the motion parameters of sources and receivers of electromagnetic radiation on
the speed of its propagation, in contrast to the “trivial” principle of relativity, is far
beyond both the “everyday” experience and classical physics of the XIX century.
The perception of this idea first led to the creation of relativistic kinematics, also
paradoxical in general, and then to the formation of modern natural science [1].

Let’s present examples of the paradoxicity of STR. Impeccable mathematical
logic, based on the postulates quoted above, leads to the following conclusions:

- there is a light barrier c;

- space and time are inextricably linked;

- the mass of a physical object increases with increasing speed of its move-
ment;

- finally, in accordance with the twins paradox, the time intervals Af and At
measured in the motionless and moving inertial reference systems do not coincide,

At>Ar,At=Ar/1/1—v§ :c? (1

(vy <c is the velocity module of the moving IRS).

What does the relation between values A and A7 look like in the case when
the moving system of reference is not inertial? This article proves that the answer
to this question is not difficult to obtain if we use the additions to the special theory
of relativity described in [2].

The results achieved and their discussion

Suppose, at the initial moment of time, there is a material object in the center
of the reference frame 1 and the dimensions of this object are insignificant (it is the
material point — MP). The center of system 2, which coincides with the center of
the first system, is rigidly connected with MP. At this moment, the MP begins to
move along the x-axis with acceleration @ ; along with it, the second system moves
accelerated, without rotating. The MP in system 2 remains motionless during the
entire observation time, so that £ = , = ¢ = 0, % = - If the reference frames were

moving apart at a constant speed v, not exceeding C , then, as follows from laws
of classical SRT, an observer located in the center of a motionless system would
have recorded the coincidence of the velocities of MP and system 2, dx _ v It is
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natural to assume that in a more difficult situation % =y= v(t). At the same time,
however, one should not forget about the existence of an insurmountable light
barrier, so that the rate of increase in the speed of MT and system 2 over time
cannot but decrease to zero. By the way, it should be noted that for the interpreta-
tion of this phenomenon it is not necessary to invent some retarding forces — it is
explained within the framework of relativistic kinematics by the fundamental
properties of space-time.

This article does not define the exact type of dependence v(t); it is proposed
to approximate it with a function, which at t — 0 tends to a#, and whose slope to
the abscissa axis with an unlimited increase in the argument (at ¢ — 0 o0 ) mono-
tonically decreases to zero:

v(z):j);:c{l_exp [_acfﬂ 2)

If the object with which the non-inertial frame of reference is connected first
moved away from the stationary observer at a speed v, , and then at the moment 7 =
0 began to slow down with acceleration (— a= cons;), thenuptoastopat t =v,/a

v(t)z%:vo—at_ 3)

Taking into account the assumptions made, we will now establish the relations
between the time intervals A and Az . To do this, it is not enough in formula (1) to
replace the constant velocity v, with a function (2) or (3) — you also need to keep
in mind the unidirectionality of time. It turn out, with accelerated movement along

the x-axis in any direction MP and the associated system 2
12

M:T{l—(l—e%]z} dt <At (4)

0

in cases of delayed removal to a stop of the non-inertial system 2 from the
motionless system 1 and delayed convergence of the two systems

Al 5 1/2
Arzj.{l—(v‘);atJ} dt <At. (5)

0

Conclusion

In the classical special theory of relativity, it is proved that a certain event oc-
curring in two inertial reference frames, one of which is motionless and the other is
moving at a high constant speed, are characterized by mismatched time intervals.
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This effect, called the twins paradox, is a consequence of the continuity of space
and time, it not evidence of a change in the time characteristics of the observed
event when the place of its observation changes.

Indeed, the twins (experimenters who are in different IRS) are identical from
all points of view: they study the same event, use the same measuring instruments,
each of them moves away from a colleague at the same speed, each can claim a
slowdown in the passage of time in a different frame of reference — and at the
same time both of them they will make a mistake. The fact is that it is impossible
to study events occurring in other reference frames with the instruments at hand.

The situation changes fundamentally if one of the reference systems is non-in-
ertial. It follows from equations (4) and (5) that time flows more slowly in such
a system. This means that an astronaut who went on an interstellar journey and
returned to Earth had been in non-IRS at least four times. He turned out to be
younger than the homebody — his twin brother. Is it fantastic?
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Abstract. The article is devoted to an unmanned aerial vehicle that is capable
of moving in a horizontal or vertical direction at any speed without the help of an
operator according to a given program with the ability to quickly climb, develop
high speed in the horizontal direction and bypass any obstacles along the way
or hover over an object on given distance from it. An unmanned aerial vehicle
is designed to protect borders, conduct aerial surveys of the necessary objects
or deliver the necessary cargo to a given point without the participation of an
operator. When used for military purposes, an unmanned aerial vehicle can be
equipped with an intelligent recognition system and quickly change the trajectory
of movement and move away from weapons when any dangers appear to it without
the participation of the operator.

Keywords: unmanned aerial vehicle, military developments, hexacopter, UAV,
dromes, copters, automation of the future.

Since ancient times, mankind has sought to the sky to fly like birds or move
something through the air. An analogue of the oldest aircraft in the world is a
bamboo helicopter, invented in China around 400 BC in the form of a toy, which
flew up if its main rod was quickly spun. With the progress of mankind, people
began to use other types of aircraft in the form of flying lanterns or balloons. The
first manned balloon flight, which was invented by the Montgolfier brothers, was
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carried out by aviation pioneers Pilatre de Rozier and the Marquis d’Arlande in
1783 in Paris. Later, the ornithopter was invented, which was inspired by the flight
of birds and is an airplane that flies by flapping its wings. One of the earliest con-
cepts for such an aircraft was developed by Leonardo da Vinci in the 15th century.

A helicopter is a rotary-wing aircraft that can take off and land vertically, hover
and fly in any direction. Over the past centuries, there have been many concepts
similar to modern helicopters that are analogues of unmanned aerial vehicles, but
it was not until 1936 that the first working Focke-Wulf Fw 61 helicopter was built.

Currently, a new progressive direction in science and technology is unmanned
aerial vehicles controlled by radio signal. The pioneer of robotics and the founder
of radio-controlled moving machines, engineer and inventor Nikola Tesla, who
demonstrated a miniature radio-controlled ship in 1899 at an exhibition in Madi-
son Square Garden, can be considered to control aircraft.

At present, unmanned aerial vehicles related to the field of aviation technology
have many modifications and all of them are almost similar in their design data and
differ little from each other, but have a complex control system that only qualified
specialists can handle. In the current models of unmanned aerial vehicles, it is very
difficult to lay down an intelligent system to protect it from unforeseen situations
that the operator who launches the unmanned aerial vehicle may not know about.

Unmanned aerial vehicle Belashov figure 1 contains a container 1. Around the
container 1 is fixed an even or odd number of rigidity 2 associated with the fairing
fairing 3. On the basis of the rigidity 2 fixed engines 4, which by means of rolling
or sliding elements are connected with propellers 5 used for vertical moving the
unmanned aerial vehicle up or down. The rim fairing 3 contains a recess 6 with a
turbine 7 and a recess 8 with a turbine 9, which are connected with the container
1 by means of stiffness 10 and stiffness 11. The air turbine 7 is designed to rotate
clockwise 12, and the air turbine 8 is designed to rotate counterclockwise 13. The
air turbine 7 and the air turbine 8 serve to horizontally move the unmanned aerial
vehicle forward or backward. On the basis of the container 1 fixed rigidity 14 with
a rotary control mechanism 15 mounted on the hinge 16. The rotary mechanism 15
is made in the form of a divider of air flows 17 and the control system 18 interact-
ing with the reversible motor 19, which serves to turn the unmanned aerial vehicle
in motion in the direction 20 and direction 21.
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13

Figure 1. The air turbine 7 and the air turbine 9 through the rolling or sliding
elements 22 interact with the reversible engine 23, which is rigidly connected to
the rim fairing 3 and the container 1.

7
9

22

Co|oy

23

Figure 2.

The purpose of this invention is to simplify the control methods of unmanned
aerial vehicles, which will have better performance and have only signals up or
down, left or right, forward or backward as control. Moreover, all controls are
speed-related, which facilitates their maintenance, programming and management
without involving additionally qualified specialists.

In conclusion, we can say that unmanned aerial vehicles that are made in this
design will be in demand in our national economy for the delivery of goods or the
inspection of especially dangerous objects. For military purposes, this type of un-
manned vehicle will be in demand for reliable border protection, which can, along
a previously set trajectory, examine any hard-to-reach sections of the border in one
direction and, after refueling at certain points, autonomously return to the starting
point. For military purposes, this unmanned aerial vehicle can be equipped with
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an intelligent protection system that is capable of timely diverting the unmanned
aerial vehicle from all dangers to a safe distance at high speed using sensors to
detect any threat to its security.
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Abstract. The article is devoted to the evidence of the formation of a magnet
from nuclear-free atoms of a magnetic material, discovered and presented in a
scientific journal in 2016 by the theoretical physicist A.N. Belashov, which was
based on the discovery of a dynamic model of a nuclear-free atom developed in
1903 by the German experimental physicist Philipp Eduard Anton von Lenard.
This model of a nuclear-free atom partially resembles a planetary model of the
structure of the solar system, where the main function of keeping the planets of
the solar system in their orbits is performed by the substance of outer space, or by
the old name “cosmic ether” and a small free fall acceleration around our star.
In a nuclear-free atom, this function is performed by the substance of the studied
material body, which has its own density and a different number of electron
dipoles, which were confirmed by the new laws of the formation of planets in the
solar system.

Keywords: structure of a magnetic atom, nuclear-free structure of an atom,
refutation of the nuclear model of an atom, electron dipoles of an atom.

Since ancient times, magnets have been considered a very mysterious thing.
The Greeks also called magnetic iron ore - the stone of Hercules. And even now,
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many are excited by the idea of creating some kind of magnetic device that, with-
out outside interference, will perform constant work or constant movement, like
magnetic dipoles in a magnetic system. However, in the atoms of magnetic ma-
terials, magnetic dipoles are inactive and begin to move or do work if they are
subjected to any external or internal action.

At the end of the 19th and the beginning of the 20th centuries, many new scien-
tific discoveries occurred, which forced to reconsider a number of basic provisions
of Newton’s classical physics, who was far ahead of several generations of his
followers in his scientific insights, and established a new view of this world. An
opponent of the theory of relativity and changes in the direction in the study of
physics was the winner of the Nobel Prize in Physics in 1905, for research work
on cathode rays, Philipp Eduard Anton von Lenard, a German experimental phys-
icist, author of many works in the field of solid state physics and atomic physics.
In 1936, Lenard’s textbook German Physics in Four Volumes was published. He
described only areas of classical physics and did not deal with either quantum
mechanics or the theory of relativity. The discoveries of modern physics were
explained using the theory of the ether and the atomic model of Johannes Stark.

The first models of the structure of the atom appear at the very beginning of
the 20th century. The French physicist Jean Baptiste Perrin in 1901 proposed a
nuclear-planetary structure of the atom. The model of the structure of the atom
was widely used in 1902 by the cake model of the atom by the British physicist,
mechanic and engineer William Thomson, who suggested that the atom is a bunch
of positively charged matter, inside which electrons are evenly distributed. A sim-
ilar model was proposed in 1904 by the Japanese physicist Hantaro Nagaoka. A
detailed model of the structure of the atom was developed by the English physicist
Joseph John Thomson, who believed that the electrons inside a positively charged
ball are located in the same plane and form concentric rings and proposed a meth-
od for determining the number of electrons in an atom, based on the scattering
of X-rays, based on the assumption that electrons should be scattering centers.
Experiments have shown that the number of electrons in the atoms of elements is
approximately half the size of the atomic mass. Joseph John Thomson suggested
that the number of electrons in an atom increases continuously from element to
element and for the first time tried to connect the structure of atoms with the peri-
odicity of the properties of elements.

The basis of the modern theory of the structure of the atom is the planetary
model, supplemented and improved. According to this theory, the nucleus of an
atom consists of protons (positively charged particles) and neurons (uncharged
particles). And around the nucleus, electrons (negatively charged particles) move
along indefinite trajectories.

Scientists who adhere to these views on the given structure of the atom need
to answer one elementary question who inside each atomic nucleus determines the
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chemical composition and properties of the material under study, the number of
rotating electrons and distributes them over different levels, for example, during
the melting of copper and zinc in various proportions. Indeed, the model of
the atom in some way corresponds to the planetary structure of the planets of the
solar system. The planets of the solar system are kept in their orbits with the help
of the substance of outer space «cosmic ether» emanating from the surface of the
Sun. The matter of the substance of outer space emanating from our star has its
own composition, mass, density and energy, which is distributed throughout the
solar system, holding and connecting all cosmic bodies in their orbits. Inside the
atom of the material under study, which has its own individual density, electron
dipoles interact with each other using the forces of gravitational attraction, coun-
teraction forces and interaction forces that can be determined according to the new
laws of physics discovered by A.N. Belashov.

However, the atom has a great difference from the planetary system, since the
atom does not have a nucleus. The main function of keeping the planets of the
solar system in their orbits is the substance of outer space or, according to the old
name, «cosmic ether» emanating from our star. In the nuclear-free atom of figure
1, this function is performed by the substance of the investigated material body 1
given by the chemical and physical properties of the studied material, which has
its own density and a different number of neutral particles 2 «dynamide».

Figure 1.

As mentioned earlier in the modern interpretation, this expression can be de-
fined as «electronic dipoles», as pointed out by the German experimental physicist
Philipp Eduard Anton von Lenard.

It should be emphasized that after a detailed study of new discoveries explain-
ing the mechanism of formation of the Sun’s magnetic field, the mechanism of
formation of the substance of outer space, the mechanism of movement of the
planets of the Solar System around the Sun and the law of determining the distance
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from the surface of the Sun to any planet of the Solar System, it becomes clear
that the previously approved model of the structure atom is not consistent. In fact,
the model of the atom, which was proposed by the German experimental physicist
Philipp Eduard Anton von Lenard, is the most relevant. An atom, according to
the Lenard model, consists of neutral particles «dynamide» in the translation into
modern language «electronic dipoles» located in the substance of various materi-
als having different physical and chemical properties, having different properties
and different density of the substance of the material under study. According to
this model of the structure of the atom, it is easy to explain the electrical, electro-
magnetic and dielectric properties of any material. According to the new laws of
forces of gravitational attraction, forces of reaction and interaction, it is possible
to determine the different forces that arise between electronic dipoles, and also to
understand the mechanism of movement of electric charges through a conductor
or semiconductor, it is easy to explain the mechanism of diffusion between differ-
ent metals during their long contact, and so on.. .

The most important thing in the structure of such an atom is that the studied
materials, different in physical properties, having different densities, when they
are fused, a new material is formed with different physical and chemical properties
of the material. It must be remembered that in any atom there is no nucleus, which,
as it were, should be responsible for the chemical and physical properties of this
material, and even in their percentage and a different number of electron dipoles,
which are distributed over different levels.

In my opinion, the atomic model proposed by the German experimental phys-
icist Philipp Eduard Anton von Lenard is closer to reality. The atom, according
to Lenard’s model, consists of neutral particles «dynamide», each of which is an
electric doublet. The calculations performed by Lenard showed that these particles
must have extremely small dimensions, and, consequently, most of the volume of
the atom is a void. The concentration of the mass of an atom in a small part of its
volume was partly confirmed by the experiments carried out by Leonard in 1903,
in which a beam of fast electrons easily passed through a thin metal foil.

The mechanism of formation of a magnet from non-nuclear atoms of a magnet-
ic material was discovered and popularly described in the scientific and practical
journal «Journal of Scientific and Applied Research» No. 09 for 2016, page 48.
«Infiniti» Publishing House, Ufa. From the previously published materials, which
were based on the laws and mechanisms of the formation of the planets of the
solar system, it was clear that the atom does not have a nucleus, and its electrons
form dipoles with the help of gravity, which is confirmed by the excerpts from
this article.

Figure 2 shows a nuclear-free atom of a magnetic material that does not have
a nucleus 3. After an increase in energy from an external source of electric charge
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4, active and passive electrons of the magnetic material inside the atom form di-
poles 5, which have magnetic properties. According to the planetary model of
the structure of the atom, it was mathematically proved that two electrons of the
first row form gravitational forces between electrons several tens of thousands of
times greater than the gravitational force of each electron of the first row «to the
nucleus» of the atom.

Figure 2.

In a previous article, “The Mechanism of the Formation of a Magnet from
Atoms of a Magnetic Material”, it was concluded that if an atom of a magnetic
material is divided into dipoles, then two electrons of each dipole will have mag-
netic properties. A dipole is a system of two oppositely equal charges (electric or
magnetic) located in close proximity to each other. The electrons of the dipole of
an atom are characterized by their moment, which is a vector that is directed from
a negative charge to a positive charge.

The evidence of the internal structure of a nuclear-free atom was confirmed
and popularly presented at the international scientific conference «Scientific re-
search of the SCO countries: synergy and integration», which took place on Feb-
ruary 10, 2023 in Beijing, China.

As aresult of a detailed analysis of new scientific discoveries, it is necessary to
clarify that the space of atom 3 has peculiar properties and an individual density of
the studied magnetic material, which does not have a barrier gap.

After connecting the atom of figure 3 of the magnetic material to an external
source of electric charge 4, the energy inside it begins to increase. With an in-
crease in energy inside the atom of the magnetic material, the gravitational forces
begin to decrease, and the atom 3 accumulates and fills with additional electron
dipoles 5 having positive poles 6 and negative poles 7, which makes the atom of
the magnetic material enriched.
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Figure 3.

With an increase in energy inside the atom of the magnetic material, the atom
of the magnetic material is saturated and the density increases inside the formed
chamber 8 of the closed space 9. When the depleted electron dipoles enter through
the passage 10 in the closed space 9 of the chamber 8, the depleted electron dipoles
are converted into magnetic dipoles emerging through the passage 11.

It must be emphasized that magnetic dipoles are very different from electronic
dipoles, since electronic dipoles cannot freely penetrate dielectric materials, and
magnetic dipoles freely pass through any medium, depending on the power of the
magnetic source, and do not release any radiant energy.

After the atom of the magnetic material 3 is completely saturated with positive
electrons 4 in the space of the atom between the electronic dipoles 5, magnetic
field lines 12 start to act, emanating from the north pole to the south pole. In this
case, it is necessary to pay special attention to the fact that magnetic field lines
consist of magnetic dipoles, which are interconnected by the forces of gravity and
the energy of the dipole itself. No work is done inside and outside the magnetic
system, since there is no external or internal influence on the magnetic dipoles
and magnetic lines of force 12. At this stage, the process of creating an atom of
magnetic material is completed.

In order to calculate the interaction forces between electronic or magnetic di-
poles inside atoms, it is necessary to use the new Belashov laws based on the
inverse speed constant of light. First of all, it is necessary to proceed from the fact
that electrically charged particles from the power of an energy source come from
the diffusion of an electric charge.

The power of the radiation source can be calculated according to the following law.
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F, keem m ke -m2
= . = :Bm

P= -
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where:

P - power of electric source, W

Fi - the strength of the source of electric charge passing through the conductor, N

B, - constant of the reverse speed of light of the measured material body, s/m.

The strength of the source of electric charge can be calculated according to the
following law.

where:
F. - electric charge source strength, N
B, - constant of the reverse speed of light of the measured material body, s/m
U - voltage of the electric charge source, V
P is the power of the electric charge source, W
I - current strength of the source of electric charge, A.
The diffusion coefficient of the electric charge emanating from the en-
ergy source can be calculated according to the following law.
Fi-I'R  xke-m A-c¢3 ke-mM? A-¢3 ¢

gt ¢z ke-md Al-ci ke-m? w2

where:

D - electric charge diffusion coefficient, s/m?

U - voltage of the electric charge source, V

F. - electric charge source strength, N

I - current source of electric charge, A

R - load resistance, Ohm.

The new law of energy of material bodies located in the space of our Universe
is formulated as follows:

The energy of material bodies inside outer space is equal to the product of the
volume of all material bodies located inside outer space by the constant of the sub-
stance of outer space (density of outer space medium) by the acceleration of free
fall inside outer space and the rate of expansion or contraction inside outer space.

MIK2- MM K2 ME
Mmi.cl.e c3

E:V.p.g.v:

Where:
E - energy of material bodies located inside outer space, W
V - the total volume of all material bodies in outer space, m*
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p is the constant of the substance of outer space or the density of the medium
of outer space, kg/m?

g - free fall acceleration inside outer space, m/s?

v - speed of expansion or contraction inside outer space, m/s.

The new law of the stored energy of any measured material body is formulated
as follows:

The stored energy inside any measured material body is equal to the product
of the volume of the measured material body and the density of the medium of the
measured material body, the free fall acceleration inside the measured material
body and the rate of expansion or contraction inside the measured material body.

Mik2-M-M K2 M?
Mmiclc ¢l

EZV.p.g.Vz

Where:

E - stored energy inside any measured material body, W

V - total volume inside any measured material body, m*

p - is the density of the medium inside any measured material body, kg/m?

g - free fall acceleration inside any measured material body, m/s?

v - speed of expansion or contraction inside any measured material body, m/s.

At the same time, it is necessary to emphasize that the total consumed or ex-
pended energy of the measured material body, when its physical or chemical prop-
erties change, must include the volume and density of the medium that contributes
to its change. For example, during the combustion of wood, this material body
uses oxygen when its physical or chemical properties change. The volume and
density of oxygen must be summed up and included in the energy of the meas-
ured material body. In addition, during the combustion of wood, any number of
various auxiliary and accompanying combustible materials can be added to it, for
example, kerosene, where the volume and density of auxiliary and accompanying
combustible materials must also be included in the total volume and total density
of wood.

The new law of consumed or expended energy of any measured material body
is formulated as follows:

The consumed or expended energy of any measured material body is equal to
the product of the total volume of the N-number of volumes of the measured mate-
rial body and auxiliary substances, the total density of the medium of the measured
material body and the N-number of auxiliary substances, the acceleration of free
fall inside the measured material body and the rate of expansion or contraction of
the measured material body.
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Mmixe - M-m_k2-m?
Mj'CI'C C3

E=(V+Vy) (P+Py)-g-v=

Where:

E - total consumed or expended energy of the material body and N-amount of
auxiliary substances, W

V - volume of measured material body, m?

Va- volume N-amount of auxiliary and related substances, m?

p - the density of the medium of the measured material body, kg/m?

D - density of the medium N-amount of auxiliary and related substances, kg / m?

g - free fall acceleration inside any measured material body, m/s?

v - speed of expansion or contraction inside any measured material body, m/s.

In addition to this proof, a new law was discovered that makes it possible to
determine the interaction between the electron dipoles of an atom and between the
rows of any material in the medium of interatomic space, which can be formulated
as follows:

The force of interaction between the electron dipoles of an atom of the material
under study is equal to the product of the density of the medium of the interatomic
space and the thermal diffusivity of the electron dipoles of the inner and outer row
containing a certain number of electron dipoles having a different diameter, differ-
ent density, which are located at different levels in the medium of the interatomic
space.

F—p.()y.nB).(}\’.nH)—K_Z‘?.[M_Z.HIT].[M_Z.IHT]:H
M c c

Where:

F- the force of interaction between the electronic dipoles of the atom, N

p - the density of the medium of the interatomic space of the material, kg/m?

A - thermal diffusivity of the electronic dipoles of the material at 25 °C, m?/s

n, - the number of electronic dipoles of the internal series under study, pcs.

n, - the number of electronic dipoles of the outer investigated row, pcs.

An atom of a magnetic material works as follows:

An atom of magnetic material is interconnected by a plurality of magnetic
dipoles by means of gravity, energy and magnetic field lines 12, which keep the
atom of magnetic material in a balanced state. After stabilization of the magnetic
field lines 12 of the magnetic system consisting of a magnetic material having a
north pole and a south pole, the magnetic dipoles of the atom are in stable equilib-
rium and do not produce any work.

In conclusion, we can say that our material world is very diverse and all the
processes performed in it from random circumstances that occur in time affect one
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another to a different extent, therefore a new theory of multifaceted dependence
is put forward. In this world, everything is intertwined, and one natural phenom-
enon is dependent on another to a different extent. More active material bodies
dominate less active material bodies, therefore there cannot be constant constants,
laws or physical quantities. For example, the new law of gravitation between two
material bodies located in the space of the Solar System or another system is close-
ly connected with the new law of gravitation of one material body located in the
space of the Solar System to the central star of the Sun. At the same time, the laws
of gravitation are in constant dependence on the new law of activity of a material
body located in space and the new law of acceleration of the free fall of bodies
in space. And the listed laws are closely connected with the new law of energy
between two material bodies that are in the space of the solar system and the new
law of energy of one material body located in the space of the solar system, to the
central star the Sun and many others...
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Abstract. The classical and most common schemes of heating systems are
considered; their classification is given, advantages and disadvantages are
revealed. Promising solutions have been identified, the implementation of which
contributes to saving energy and resources for the heat supply of buildings and
structures. Options are presented for both traditional sources of energy generation
and innovative ones, such as a thermoelectric generator, an immersion cooling
method, etc. Also, attention is paid to the efficient operation of the heating system,
regardless of its scheme or the energy received for it. It is proposed to increase
resource and energy saving by the widespread introduction of innovative methods
of heat supply by carrying out a widespread reconstruction of heating systems.

Keywords: resources, heating systems, classification, schemes, evaluation,
innovations, energy saving, development.

Formulation of the problem. Every year the population, and especially the
population of multi-million-strong cities, is growing. For example, in Russia, the
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number of residents of such cities as Moscow, where by 2022 the population ex-
ceeded 12 million people, St. Petersburg - 5.3 million people, Novosibirsk - 1.6
million people, Yekaterinburg - 1.3 million people , people are increasingly striv-
ing to move to megacities for the sake of new opportunities. The larger the popula-
tion, the more funds are needed to provide it, scientists are trying to come up with
new ways to effectively distribute and use resources.

The purpose of the study: to justify the feasibility of switching from standard
heating schemes to alternative ones that take into account the existing disadvan-
tages and retain the existing advantages.

Materials and research methods. Each country is trying to find a more prof-
itable way for its conditions and opportunities to obtain the necessary resources.
The intelligent and efficient operation of a large-scale urban district heating sys-
tem (UDHS) is a hot topic in the field of urban energy systems.

Depending on climatic conditions and indicators of thermal insulation of
buildings, scientists are trying to find a more profitable way to generate energy for
the UDS. The connection between thermal energy, demand and the consequences
of the application of systems depending on the characteristics of the building is
also specified.

A fairly large number of studies are being carried out in the world aimed spe-
cifically at obtaining energy, not only from standard sources (gas, coal, electrici-
ty). And also, development and experimental research are being carried out, which
allow inventing and testing new types of heating systems [1].

For example, in the book “Monitoring Solar Heating Systems” [2], the results
of a study on monitoring solar heating systems are presented, the data obtained
made it possible to highlight the benefits of installing solar heating systems in
various parts of the European Economic Community. The book notes that a small
number of residential solar heating systems have been built and installed in Eu-
rope, both in private homes and, more commonly, in homes built through national
research and development programs. To demonstrate the value of solar energy
and monitor the behavior and performance of solar heating systems, performance
monitoring systems have been installed to collect relevant performance data [2-3].

Also, it should be noted, research in the field of wind generation, development
of ways to transfer energy to heating systems. For all its efficiency, wind genera-
tion stands out as yet unsolvable problem of unpredictability and variability of the
wind. For example, work [4] explores the potential of coordinated operation of an
integrated power supply and district heating system to mitigate the effects of wind
energy uncertainty using a controlled reliable interval approach [4-5].

In the world of science, a huge part of the articles aims to analyze, identify
advantages and disadvantages, and find the best option for the efficient use of
energy resources. Based on research experience and experimental data, this paper
analyzes the classical schemes of heating systems and identifies the most promis-
ing directions for their development.
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Results and discussions

On the territory of the Russian Federation, the main part is occupied by regions
with a harsh, cold climate, requiring special attention in providing heat supply for
buildings and structures. In the direction of the country’s economic policy, it can
be revealed that energy conservation and energy efficiency have a priority role in
its development. These tasks contain the concept of rational use of the resources
available to the country and the growth of domestic markets.

To provide the necessary amount of heat to the premises in any of the periods
of the heating season, when choosing heating system schemes, one should pay
attention to many additional characteristics.

According to SP 347.1325800.2017 “Internal heating systems, hot and cold
water supply. Operating Rules” in accordance with paragraph 5 “Classification of
internal heating systems, hot and cold water supply” internal heating systems in-
clude: an input node, a distributing pipeline network, risers, connections to heating
devices and process equipment, shut-off and control valves, heat exchange equip-
ment, pumps, expansion tanks and instrumentation according to SP 60.13330, SP
124.13330 [6].

There are three types of schemes for connecting heating systems, these include
schemes dependent without mixing water, dependent with mixing water and in-
dependent (Fig. 1).
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Figure 1. Scheme of dependent connection without mixing water: a) dependent
connection without mixing water; b) dependent connection with mixing of the
coolant, ¢) independent scheme for connecting the heating system
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In a heating system with dependent connection without mixing water (Fig. 1,
a), the consumer is supplied with coolant from the heating system without temper-
ature drop, control valves (K1; K2) are included in the circuit. In a mixed heating
system, the following are additionally switched on: a heating medium temperature
sensor installed in the supply pipeline (TE1); coolant temperature sensor installed
in the return pipe (TE2); outdoor temperature sensor (TE3); pump (H1, which
circulates the coolant in the internal circuit; check valve (KO1). A heat exchanger
(TOL1) is included in an independent connection scheme for the heating system.

The main disadvantage of a heating system with dependent connection without
mixing water is that it has a dependence of the thermal regime of the building on
the “impersonal” temperature of the water of an external source in the heat pipe,
which may require a local water supply system, and it is not possible to regulate
the temperature of the coolant.

In most cases, buildings and structures have a heating system with a dependent
circuit with a mixture of coolant, which provides for the presence of in-house
heat points. The difference between the schemes with a hydraulic elevator and a
thermostat is how the hydraulic mode is created, and if in the first case it is con-
stant, then in the second it has a variable effect, therefore, automatic regulation of
systems connected to the heating network through a mixing pump should be used.

The use of automatic pump control, regardless of whether it is a single-pipe or
two-pipe system, reduces the cost of thermal energy due to the fact that when heat
control approaches the consumer, certain factors are calculated to help determine
the exact need of buildings for space heating. Automatic control based on sensors
for reading the temperature of the outdoor and indoor air helps to change the tem-
perature of the coolant in the internal circuit of the heating system.

A dependent connection system provides a hydraulic connection between the
heating network and the heating system of a building or structure, the equipment
for this system is inexpensive, and the input is quite simple to implement. How-
ever, along with the advantages, there are also disadvantages. Among them, a sig-
nificant consumption of energy resources, high complexity of operation and low
efficiency, and when the temperature is transferred, although endurance is present,
it is difficult to adjust the temperature regime.

Connecting an independent scheme for connecting the heating system, which
occurs with the help of an addition in the form of a heat exchanger, helps save the
resources used by 10-40%. In this case, heating is carried out on the basis of two
hydraulically isolated circuits, where the external heating circuit heats the water of
a closed internal heating main. Thanks to the circulation pumps, the coolant moves
in the heating mechanism through a regular supply of water to the heating devices.

Often, such an independent connection is used for multi-storey buildings, since
a high level of reliability of the heating mechanism and a flexible ability to adjust
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the temperature are required there. The advantages include the ability to use vari-
ous coolants and the presence of a significant energy-saving effect. Among the
disadvantages are: labor-intensive maintenance and repair of such a system, as
well as high costs.

Considering the development of heating systems, it is necessary to highlight
the promising areas of innovative heating systems [7-9].

Studies show that the design of heating circuits is based on the exchange of
heat in the air flow of a closed room. Additionally, it should be noted that energy
efficiency is evaluated by the calorific value of the heat source. Based on what
should be singled out as the most promising and less costly - a solar heat source,
our task is only how to accumulate this heat, at present, this solution is solar panels
of various modifications. The disadvantage of this type of energy storage is the in-
stability of its receipt in places with a limited number of sunny days and cloudless
weather conditions, and there are a significant number of such in Russia.

Promising today is a heat transfer method based on the effect of sunlight, but
created artificially: panel-radiant heating systems.

Studies show that the radiant heat flux provides a more uniform heating of
the room and eliminates the decrease in the level of oxygen in the air, moreover,
it has been established that heat consumption for heating purposes is reduced by
25-30% [10].

Additionally, it is necessary to single out a resource-saving method that works
on the principles of a “closed cycle”, i.e. collection and reuse of thermal energy
from various sources that ensure the comfort of the room, in particular, heat from
a working refrigerator, computer, stove and other household appliances, which are
not only consumers of electricity and are a source of heat release, but also the en-
ergy potential of a person whose heat also stands out and at a certain concentration
of people can create a certain thermal background in the room.

In this case, the immersion cooling method is used, which allows the second-
ary thermal energy to be removed from electrical equipment using a dielectric
inert liquid, which is fed into the heat exchange device and can serve as a source
of thermal energy for the heating system [11-12].

Work is also underway to combine the operation of cooling systems for elec-
tronic devices with the operation of supply and exhaust ventilation. At the same
time, one of the promising scientific directions is the use of thermoelectric gen-
erators, which makes it possible to partially convert secondary heat releases into
electrical energy [13]. The use of the method of secondary thermal energy allows
the most practical use of energy and resources. The introduction of new innova-
tive technologies makes it possible to increase the productivity of equipment and
obtain an additional source of electrical energy of at least 10% of the installed
capacity [14].
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Do not forget that one of the energy-saving areas for saving energy resources is
to increase the efficiency of the heating system. Therefore, no matter what method
of obtaining energy for heating is chosen, classical or innovative, how the received
energy will be used, among other things, will affect energy saving [14-15].

All of the above innovations are already applicable at the present time, so it
will be possible to gradually implement promising ideas for improving heating
systems in already built structures, when renovating buildings and structures, and
for new buildings and structures, it is proposed to introduce innovative schemes
of heating systems into the project, as well as use an apartment heating system for
efficient operation and saving resources.

Conclusions:

The main types of schemes of typical heating systems and their classification
are considered. A critical assessment of the advantages and disadvantages of the
proposed schemes is given, taking into account the provision of efficiency and per-
formance. Innovative developments in heat transfer technologies are highlighted,
which increase the efficiency of the equipment used and guarantee energy savings
during operation. It has been established that the reconstruction of the heating
system is required everywhere, with a possible change in the placement of heating
devices in the room by introducing promising heating solutions.

Financing: Research is carried out within the framework of the national proj-
ect “Science and Universities”, scientific theme “Creation of a laboratory for
the quality of the human environment and energy efficiency of urban economy
(FZRR-2022-0007)”, reg. number 1022072100016-6-2.1.3
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Annotation. Hemp of industrial hemp (Cannabis sativa) “Surskaya” brand
(mass fraction of components: cellulose 71.2%, lignin 5.35%, extractives 9.32%,
ash 1.75%) was delignified with an aqueous solution of acetic acid, hydrogen
peroxide and catalyst - sulfuric acid at a temperature of 85 °C. The influence of
the concentration of sulfuric acid (0.5...1.5%) and the duration of the process
(1.5...3.5 hours) on the yield and properties of technical cellulose has been studied.
At yields of 44...50%, the degree of polymerization of cellulose approaches the
limit value of 100...120. According to this indicator and iodine number (more
than 10 mg/g), the product meets the specifications for microcrystalline cellulose.

Keywords: cellulose, microcrystalline cellulose, hemp, delignification,
hydrogen peroxide, peracetic acid.

When decorticating the stems of technical hemp, a trust is obtained, which is
mechanically divided into hemp and bonfire. The share of hemp in the bast layer
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of the hemp stem is on average 20...25%, reaching in some varieties. 40%. The
chemical composition of hemp (table 1) has a number of features. Unlike wheat
straw and hemp fire, hemp contains significantly more cellulose and less lignin.
Earlier it was reported [1] about the possibility of obtaining microcrystalline cel-
lulose (MCC) by delignification of hemp in the medium “acetic acid - hydro-
gen peroxide - water - sulfuric acid (catalyst)” at a sulfuric acid concentration of
3...5% and a temperature of 85°C for 4. ..5 o’clock. An analysis of the results sug-
gested the possibility of obtaining MCC with the same properties with a decrease
in the concentration of the catalyst and a reduction in the duration of the process
by slightly increasing the temperature. Below are the results of an experimental
verification of this assumption.

The raw material for the study was hemp from technical hemp (Cannabis sa-
tiva) of the “Surskaya” brand of industrial production, its chemical composition
is shown in Table 1.

The hemp fibers were ground in a dry disk mill. For experiments, we used the
fraction that passed through a sieve with a hole diameter of § mm.

Table 1.
Chemical composition of plant materials [2]
Vegetable raw Mass fractions of components in raw materials, %
materials cellulose lignin extractives ash
Wheat straw 46,6 22,0 1,22 5,37
Hemp fire 41,2 23,4 4,64 1,10
Hempen hemp 71,2 5,35 0,32 1,75

The prepared hemp was delignified with the reaction mixture “acetic acid -
hydrogen peroxide - sulfuric acid catalyst - water”. During cooking, acetic acid is
oxidized to peracetic acid, which in turn oxidizes lignin. Constant delignification
conditions: the initial concentration of hydrogen peroxide in the cooking solution
is 6 g-mol/dm’, acetic acid - also 6 g-mol/dm?; liquid module 4.5; temperature of
isothermal cooking 92...93°C.

Variable cooking factors (in parentheses - the intervals of their variation):

X, — concentration of sulfuric acid in the cooking solution, % (0.5...1.5);

X, - cooking time, hour. (1.5...3.5).

The values of these factors varied according to a three-level second-order ex-
periment plan on cube elements [3] (Table 2).

The results of the experiments were characterized by the following output pa-
rameters:

Y, — cellulose yield, %;

Y, is the degree of cellulose polymerization;

Y, is the proportion of the remaining hydrogen peroxide in the liquor from the
initial amount, %;

132 || International Conference



FEABEFRIRARF: BRI R4

Y, — residual concentration of peracetic acid in liquor, %;
Y, is the iodine number of cellulose, mg J/g.
The results of the experiments are shown in Table 2, their statistical character-
istics - in Table 3. Mathematical processing of the results was performed using the

Statgraphics Centurion XVI software package [3].

Table 2.
Conditions and results of the experiment
Mode Variable factors Output parameters
number | X ,% | X,uac. | Y, % Y, Y, % Y, % | Y,mr/r
1 0,5 1,5 70,3 311 64,8 1,14 5,3
2 1,0 1,5 69,7 173 41,9 1,52 8,7
3 1,5 1,5 68,3 220 35,2 2,09 11,2
4 0,5 2,5 66,0 151 29.4 1,14 15,8
5 1,0 2,5 62,3 101 13,3 0,57 14,7
6 1,0 2,5 61,7 113 13,8 0,57 13,9
7 1,5 2,5 55,0 151 7,6 0,76 13,1
8 0,5 3,5 55,0 97 10,4 0,19 19,3
9 1,0 3,5 447 82 2,1 0,23 17,4
10 0,5 3,5 46,3 123 1,1 0,15 13,1
Table 3.
Statistical characteristics of the experimental results
Output parameters
Characteristics Y, Y, | Y, | Y, Y,
characteristic values
Average 59,9 152,2 21,9 0,84 13,2
Variance 87,2 4484 419,4 0,40 16,8
Standard deviation 9,34 69,3 20,5 0,63 4,09
Minimum 447 82,8 1,1 0,15 5,30
Maximum 70,3 311,8 64,8 2,09 19,3

The dependence of each of the output parameters on the variable factors was
approximated by polynomial second-order regression equations of the general
form

Y=b+bX +bX +b XX, +b X*+b X2

The regression coefficients are shown in Table 4.
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Table 4.

Coefficients and statistical characteristics of regression equations

Output parameters
I.iij Foefﬁcients an.d . Y | % Y | Y | %
statistical characteristics ! 2 3 4 5
Values of coefficients and characteristics
b, 74,63 837,1 190,4 2,304 -22,72
b, -6,40 -598,2 -89,4 0,031 17,38
b, 4,75 -274,4 -76,4 -0,691 19,18
b, -3,35 58,5 10,1 -0,495 -0,05
b, 3,77 213,1 21,9 0,691 -1,63
b,, -2,36 29,8 8,9 0,098 -1,81
R-squared, % 95,5 95,4 99,7 91,3 81,6
Standard Error of Est. 2,94 22,1 1,50 0,281 0,31
Durbin-Watson statistic 2,57 2,78 2,71 1,62 1,33

After eliminating statistically insignificant terms (at a significance level of
0.05) and recalculating the regression coefficients, the equations were used to plot
the results as 3D response surfaces.

The yield of technical pulp decreases with an increase in both technological
factors X1 and X2 (Fig. 1), which is consistent with a priori information about

delignification processes.

There are correlations between all output parameters (Table 5). The degree
of polymerization of cellulose and the proportion of residual hydrogen peroxide
change symbatically with the yield (Fig. 3, 4), antisymbatically - the sorption ca-
pacity of cellulose (Fig. 5), which also does not contradict existing ideas.

Figure 1. Dependence of pulp yield on cooking factors
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Figure 2. Dependence of the degree of cellulose polymerization
on variable factors

0
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Figure 3. Dependence of the share of unspent hydrogen peroxide
on variable factors

Figure 4. Dependence of the residual concentration of peracetic acid
on variable factors
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Figure 5. Dependence of the sorption capacity (iodine number) of cellulose
on variable factors

Table 5.
Linear correlation coefficients between output parameters
Y, Y, Y, Y, Y,
Y, - 0,681 0,857 0,810 0,622
Y, 0,681 - 0,902 0,681 -0,869
Y, 0,857 0,902 - 0,726 -0,801
Y, 0,810 0,681 0,726 - -0,696
Y. -0,622 -0,869 -0,801 -0,696 -

The nature of the change in the concentration of peracetic acid is more com-
plex (Fig. 4), since this reagent during cooking is involved in two successive pro-
cesses: it is generated during the interaction of hydrogen peroxide with acetic acid
and is consumed in the oxidation reactions of the components of plant materials.

According to the norms of the technical specifications in force in the Russian
Federation, microcrystalline powder cellulose for the food and pharmaceutical in-
dustries must have a polymerization degree of no more than 300 and an iodine
sorption capacity of at least 10 mg/g. These requirements are met by most of the
manufactured samples of cellulose. Obviously, as the optimal cooking mode at
this stage of the study, we can take the conditions of experiment No. 3 (Table 2),
in which the product with the highest yield was obtained.

Studies were carried out in the laboratory “Deep processing of plant raw ma-
terials” of Reshetnev Siberian State University of science and technology. This
work was supported by the Ministry of Science and Higher Education of the Rus-
sian Federation within the framework of State Assignment of the “Technology and
equipment for the chemical processing of biomass of plant raw materials” project
(FEFE-2020-0016).
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Abstract. The paper considers the problem of spatio-temporal modeling of
the Galaxy and the computational approach for a solution to the Fermi paradox.
A sequence of operations for creating the Milky Way grid model MWG has been
developed. It includes star sites, tetrahedral meshes and a volume grid with
interpolation blocks. The nearest galactic block of the solar neighborhood by size
of 10° ly is constructed based on the astronomical data from the Gaia satellite
telescope catalog. In parallel a stochastic Monte Carlo model is used for the
same region, and its stellar composition and distribution density is adjusted to fit
astronomical data. Extrapolation to the rest of the MWG model with 10° blocks is
performed taking into account the peculiarities of its spiral structure and volume
inhomogeneities for the galaxy habitable zone GHZ.

An equation for the convolution of birth and death functions is proposed with
the inclusion of an evolution filter calculated in accordance with the spectral
composition of stars. Finding the shortest paths and optimal communications
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between remote planetary systems is proposed to be computed both on a tetrahedral
grid and on a uniform block model. The results are aimed at evaluating the
existense of biospheres and technospheres for the SETI programs which should be
targeted to the potential habitable ring loci inside the Galaxy disc.

Keywords: grid modeling, meshes, galaxy evolution, convolution of stars,
spectral types, tetrahedralization, biosignatures, technospheres, communications,
finding paths.

Introduction

Since the physicist Enrico Fermi asked the question “Where are they all?”” and
did not find an answer the large number of papers are presented on the paradox. It
should be noted that the article by Freitas R. [1] and others provides a justification
for the fact that the paradox itself does not exist as such, since we simply do not yet
have sufficiently reliable data for such a bold statement about the absence of aliens
or evidence of their visits to Earth, but the very problem of modeling evolution
and estimating the prevalence of intelligent beings in the Galaxy nevertheless, it
is quite possible to consider within the framework of this paradigm. The size of
the PHZ habitable zone in a star cluster correlates with the probability of the ap-
pearance of extraterrestrial civilizations in it, their number and expansion of areas
of influence. The model assumes the existence of not planetary, but stellar extra-
terrestrial civilizations of type II according to Kardashev [2], and not assumes the
possibility of estimating the probability of the appearance of a type III civilization.
Here we will distinguish simply between the biosphere and the technosphere, as a
high-tech civilization.

The accumulated volumes of astrophysical data and the ever-increasing arrays
of telescopic observations, both terrestrial and satellite, create the need to build
discrete models on the basis of which statistical estimates of the main characteris-
tics of stellar systems can be obtained and visualization of which makes it possible
to get a picture of their evolution in space and time. Purpose of the study therefore
is to build a discrete model for assessing the distribution of bio-technospheres in
the galactic ring of habitability and finding the shortest paths and communications
between them, taking into account the different limitations.

Description of methods

In this approach, a regular grid model of the Galaxy is built - Milky Way Grid
(MWG), consisting of 100x100x100 galablocks. Each galablock is a cubic box
with the size of 1000 light years. The catSGB halablock with the Sol in his center
is the basic one, which has the most reliably determined measurements presented
in astronomical catalogs, in particular those as in Gaia Data Release 3 [4].

When constructing the basic galablock catSGB for the vicinity of the Sun,
a tetrahedral Delaunay network with stars at the vertices of the tetrahedra and
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its dual graph of Voronoi polyhedra are created [12]. The latter is necessary for
constructing a spatial-temporal volumetric mosaic with the ability to quickly de-
termine the nearest neighbors of stars, combine cells into clusters with habitable
zones, and distribute areas with catastrophic cosmic phenomena and processes in
the galablock. The precalculation stores the intexes of neighboring tetrahedra or
cells, which makes it possible to implement fast algorithms for finding the shortest
paths using Dijkstra or Floyd-Warshall shortest path network algorithms graphs
[10], the A* algorithm, the Lee wave method or using directional vector with by-
pass adjacent tetrahedra TvPath. The averaged star data for Harvard spectral types
using Gaia Dr 3 stars catalog required for stochastic modeling are summarized in
Table

Table 1.
Accepted average characteristics of the spectral types of stars
Spectral star class | Star formation rate | Fraction, units Expected Lifetime,

ng/ 0.1 Gyr Gyr
(0] 103 0.00001 0.01
B 2-10° 0.00109 0.10
A 5-10° 0.0519 1.00
F 10* 0.037 3.50
G 2-10* 0.06 10.0
K 410 0.12 50.0
M 6-10* 0.73 200.0

The model takes into account the intensity of star formation during the evo-
lution of the Galaxy and the lifetimes of the main spectral classes of OBAFGK-
M+SH stars, including brown dwarfs + SH (supernovae and dangerous regions
with new stars, pulsars, magnetars, and black holes). Currently available satellite
data on exoplanets are used to probabilistically estimate the number of planets
with lithospheres, putative biospheres, and technospheres.

In parallel a galablock is procedurally generated for the vicinity of the Sun
using the Monte Carlo method - ranSGB, by generating a random arrangement
of stars with the same stellar composition as catSGB. Its average characteristics,
attributes, including the probabilities of finding exoplanets in the habitable zones
of stars, are approximated to match the actual catSGB values.

The model uses convolution of the birth and death of various spectral types of
stars depending on the duration of their existence [9], recalculating the Voronoi
tiling and excluding SH and voids by distance from the interpolation node, to ob-
tain a dynamic model on the time scale of galactic life. The principle of stereology
of integral geometry on the reliability of statistical estimates for representative
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volumes of a set of scattered stars is taken into reconstruction. Next, the proba-
bilities for ranSGB are extended to the rest of the halablocs based on similarity
and corrected for astronomical observational data from ground-based and satellite
telescopes with images of the galactic disk, nucleus, spiral arms, and halo. On the
actual catMWG and random ranMWG models, one can consider problems of opti-
mizing transport routes or communications, bending around and bypassing restric-
tions and obstacles on 3D graphs. Programmatically, a subgrid of type GLxyzGrid
TGLxyzGrid with XSamplingScale.Step = 10 light years and with the same step
along the Y, Z axes is created programmatically inside the boundaries of catSGB.
We interpolate the point attributes of the array of stars into the central nodes of the
lattice in order to obtain isosurfaces in the volume of the halablock and isolines in

projections on its sections and on the face of the cube for the parameters of inter-
est. Below iS a b]n{‘]( Adiaoram nf madel hnildine aneratinne

Method Monte-Carlo
Catalog Gaia D3
GLScene
—_—

Fitting and Approximation
Galablock,

ransGB
1000ly 1000l

Tetrahedralization TetGen,
Interpalation NNI,

Convolution f*g
Path Finding

Yy

GRID modeling

for MWG
100x100x1000

Figure 1. Block diagram for building a grid model MWG

Additional details of the simulation algorithm include the following steps:

Step 1. Selection from the catalog of stars for a galacub with a size of 10° /y.
Distances can also be represented in parsecs. SQL in Gaia.sqlite database -

SELECT StarID, (Distance*3.262) AS Light Years, Id, Spectrum, X, Y, Z
FROM GaiaDr3 WHERE (Distance*3.262) <= 866;

Step 2. For a random haloblock in the process of evolution, the lifetimes of
stars are recalculated in relative units in proportion to the average age of each
spectral class of stars. The initial age of the Galaxy is assumed to be 10'° years or
10 Gyr., since, according to a number of publications, the spiral structure was not
formed in an earlier period and the composition differed significantly.

Step 3. After the death or fading of any star in class O, B, A, F, G, a new star
of one of the spectral classes is generated in a random position at a distance of one
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light year from the previous position to maintain a constant population of stars.
The processes of star formation from gas-dust clouds and stellar dynamics are not
simulated in the model. The lifetime of class K and M for many stars will signifi-
cantly exceeds the age of the galaxy.

Step 4. Stars of all classes, except O, upon reaching the age T, = 0.1 Gyr
form planetospheres with probability P_ps=1. , stars of all classes, except O and
B, when exceeding the age T, = 1 Gyr may have planets with lithospheres (with
an Earth-like index PHI>0.7) with a probability P,, = 0.4.

Step 5. Stars of classes F, G, K, M with age T, = 3 Gyr can form Earth-like
planets with biospheres with probability P, , = 0.3. The choice is made by a ran-
dom number generator.

Step 6. Stars of classes G, K, M when the age is exceeded T, = 4 G¥T may
have Earth-like planets with noospheres with probability B,; = 0.2. and stars of
classes G, K, M when exceeding the age T, = 4.5 Gyr with probability F,; = 0.1
can acquire Earth-like exoplanets with technospheres.

Step 7. Marking stars with lithospheres, biospheres, noospheres and techno-
spheres using a random number generator in accordance with the established prob-
abilities.

Step 8. Construction of Delaunay and Voronoi grid diagrams to compare op-
tions for a) isotropic transmission of communication signals and b) transmission
of SETI messages with signal amplifiers and repeaters located at the nodes of a
tetrahedral network.

Step 9. Calculation of integral values according to the discrete equation of con-
volution of functions of the birth and death of the population of stars and statistical
indicators of the extension of the search to the peripheral regions of the cluster.

When constructing grid models of DT/VD star arrays, Delaunay tetrahedral-
ization and Voronoi diagrams, the TetGen grid generator was used. In the calcula-
tion of the local cosmic evolution filter @(s.t) data on the nearest neighbors of
each star, their spectral types, are determined by the Delaunay tetrahedral grid. Af-
ter comparing the model with the actual data on spectral types, the Markov chain
of transition probabilities is also changed and the star formation rate is rebuilt over
discrete time periods. For the discrete case, the convolution of functions 77 (s,t) the
birth and death of stars in space and time is written as

1Y =f®g= ) Y fAD WAD e(-At—1),
A=da T=TA

where the summation is performed over spectral classes S with a characteristic
radiation wavelength A and over time intervals T within each time T interval.
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Results and discussion
The resulting probabilities estimate star’s population densities that are illus-
trated in the following figure.
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Figure 2. Curves for probabilities of a) FGKM class stars and b) Earth-like
planets and super-Earths with bio- technospheres in the habitable zones of
stars.

As can be seen from the graph, the probability of the formation of biospheres
reaches significant values only after 6 billion years from the beginning of the evo-
lution of the habitable zone of the Galaxy. To animate the curves over time periods
from O to 10 Gyr, the discrete time intervals of the timer were chosen accordingly
in the range from millisecond to hour.

Visualization and volumetric rendering of the entire MWG grid model were
performed using the GLScene graphic platform [4], where a separate timer for
counting discrete age intervals was used for each spectral class of stars. The color
palette of the visualization of spectral types matched the apparent color on the
Harvard Hertzsprung-Russell main sequence stars to allow comparison of the
resulting images of the model and astronomical images obtained using satellite
telescopes.

Distance from core, kpc

-100 -50 0 50 100

Distance from core, kpc

Figure 3. Grid with Galaxy disc and habitable ring without its core
and periphery
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The results of the MWG construction, in particular, with the probabilities of
detecting biospheres and technospheres, can be obtained in a summary form. They
can also be presented for substitution in the F. Drake formula [3]. However, in
contrast to the integral approach applied in 1960 by F. Drake, in the general case,
a differential approach is currently used in modeling and estimation. These dy-
namical structures of MWG can be used, in particular, get closer to computation-
al solution of the Fermi paradox finding paths between nearest technospheres as
shown below.

StarA

Danger Zone

Shortest
Path

Habitable Zone

Figure 4. The shortest paths between stars in habitable zone on tetrahedral
mesh and grid

In the case of the expansion of a communicating civilization into other star
systems, up to the colonization of a large region of the Milky Way behind an im-
penetrable core, Drake’s integral approach does not imply the possibility of esti-
mating the number of individual stars with exoplanets that have bio-technospheres
or transmit signals that can be detected in SETI/METI programs.

Conclusion

As aresult of volumetric rendering of the MWG grid model, using the simulat-
ed spatio-temporal dynamic structure, which reflects the evolution of the system
as a whole, it is possible to determine which regions of the stars are exist inside
habitable ring of the MilkyWay. Finding shortest paths between pairs of stars in-
side the habitable ring show the difficulties of overcoming interstellar distances,
taking into account obstacles and danger zones, even at near-light speeds. Detail-
ing the model makes it possible to delineate the areas of potential habitability of
the zones of the Galaxy, where the existence of Earth-like exoplanets is most like-
ly and to purposefully receive / transmit radio signals using the SETI program to
search for a solution to the Fermi paradox, including by identifying these zones by
methods of spatio-temporal modeling . A project of the Fermi paradox simulator
has been developed at https://github.com/geoblock/fermipx, which is supposed to
be supplemented with new data during further surveys Gaia dr4 (2025) and Gaia
dr5 (2030), including new data on exoplanets inside habitable zones of stars.
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Abstract. This analytical work is based on the analysis of the influence of
various factors on the decrease in the permeability of rocks during the operation
of injection wells and the determination of their effectiveness in technologies for
treating the bottomhole zone of wells.

Keywords: permeability, injection well, clogging, residual oil saturation,
bottomhole formation zone.

Introduction

The main requirement for the operation of injection wells is to maintain the
required injectivity throughout the entire period of reservoir development.

The stability of the injectivity of injection wells depends on many factors: on
the reservoir parameters, on the operation of adjacent production wells, on the
method of well development and injection pressure, on the quality of the injected
water, etc. One of the main reasons for the decrease in injectivity is the gradual or
volley clogging of the filtering surface of the formation with mechanical impuri-
ties, salts and dispersed particles brought by water, as well as corrosion products
that are torn off by the water flow when it moves through conduits and tubing, and
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decomposition products the layer itself. During long-term operation of a well, a
large amount of suspended particles accumulate in the bottomhole formation zone
(BFZ), which clog the formation pores and significantly reduce its permeability
[1].

A review of the work in the field of combating organic deposits, both in the
conditions of the bottomhole zone of wells and in downhole equipment, shows
that when planning and implementing technologies for combating complications,
it is necessary to introduce a systematic approach that involves the analysis and
evaluation of technologies from the point of view of negative impact on the func-
tioning of the oil production system as a whole. It is necessary to assess the pos-
sible consequences of the use of enhanced oil recovery technologies, production
stimulation, and well operation technologies on the emergence of complications in
the technological processes of well operation.

The deterioration of the filtration characteristics of the bottomhole formation
zone of injection wells, as a rule, is associated by researchers with the injection
of a working agent [2]. In particular, it was noted that the most dangerous option
is the formation pores clogging with particles commensurate with the pore sizes
that can enter them and block the channels completely. This should also include
options for the formation of dense impermeable membranes by particles, for ex-
ample, particles of clay or any other particles wetted with oil.

The pore space of the bottomhole zones of injection wells has some residual
oil saturation [3]. This is confirmed by the problems that arise when transferring
high-water production wells to injection. According to the nature of the change
in phase permeabilities, at high values of water saturation, oil becomes practi-
cally immobile. Obviously, the decrease in the permeability of the bottomhole
zone of injection wells and the adjacent washed zone of the productive horizon
is influenced by the nature of the interaction in the system rock - residual oil -
injected fluids. Depending on the features of the geological and thermodynamic
characteristics of the bottomhole zone of an injection well, a change in the per-
meability of the bottomhole zone is possible due to the direct appearance and
growth of particles in the pore space with residual oil saturation, clogging effects
and subsequent filling of the pore volume with particles during filtration of water
with residual oil saturation. , adhesion of particles to rock grains. One of the most
important reasons that also determine the possibility of clogging the pore space of
the bottomhole zone of injection wells with organic substances is the presence of
emulsified oil in the injected water. An increase in the oil saturation of a porous
medium correspondingly reduces its permeability to water.

The change in free surface energy or Gibbs thermodynamic potential P in the
elementary act of sticking (or detachment) of an oil drop to a solid surface in an
aqueous medium will be determined by the sum of changes in free surface ener-
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gies at all interfaces: solid surface - water Ss, solid surface - oil Ss, water-oil Swo
in the initial and final states of this process. Following [4], under isobaric-isother-
mal conditions in the absence of phase transitions, the equation for estimating
the change in the free surface energy of the system XG in the process of selective
wetting and sticking of an oil drop to a washed solid surface in a washing solution
has the form:

2G=-0,,(1-cosO)S,+c,(S,+S,-8)=-G, +G,_-G_, @)

where: ¢, — coefficient of interfacial tension at the water-oil interface;

6 — contact angle measured in the aqueous phase;

S, —area of the outer surface of the droplet segment located on a solid substrate;

§,— area of contact of an oil drop with a solid surface;

S *— surface area of the oil drop in solution.

In equation (1), the first term characterizes the work of adhesion or sticking of
an oil drop G, and the second term characterizes the work of changing (deform-
ing) the surface area of the drop G, during spreading over the substrate during
sticking. The work of formation of the three-phase wetting perimeter G_ is the
resultant of these two processes. The minus sign indicates that wetting occurs
spontaneously with a decrease in surface energy.

On the basis of expression (1), final equations for the work of adhesion, change
(deformation) of the drop during adhesion to the substrate and wetting are ob-

tained in a form convenient for calculations: [5]

Work of adhesion
A, = —?—z‘“{ =0,250,(1 —cos8)(1— cas® 6)[4/(2+ 3cosf — 005'39)]2 > )
Work of change (deformation) of a drop during adhesion to a substrate
Ar=—Z =0, [1-(1+cos? D) + (1 + cos?2)4/(2+ 3cosh — cos?0) ] )
Work of wetting
Agy = =0, [1— (24 3cosh - cos®8) /4] “)

The values of the specific work of wetting calculated by the equations are
presented in Table 1.
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Table

Calculated values of specific work (in mJ/ m’) depending on §(®)A,,
Gorp/ (4117 315)) (1 — ((2 + 3cosf — cos® ;E]iﬁ] =A,+ 4,

1

F, 0, Sticking work |Work of adhesion| Oil Dispersion The work of
degree|degree| 5 A, /(4717-: o,) | A, f"(‘l‘ﬁ“’f ,5) Work sepa}rating a drtfp
ﬂAa,f(dl-mf G12) of oil from a solid
surface
Ay =4, — 45
0 180 1,00
1 179 0,99 32,3 -31,31 63,61
3 177 0,99 12,0 -11,01 23,01
5 175 0,98 10,0 -9,02 19,02
10 170 0,94 5,3 -4,36 9,66
20 160 0,87 3,37 -2,50 5,87
30 150 0,765 2,16 -1,395 3,555
40 140 0,633 1,62 -0,957 2,577
50 130 0,563 1,251 -0,688 1,939
60 120 0,454 0,970 -0,516 1,486
70 110 0,375 0,734 -0,359 1,093
80 100 0,289 0,550 -0,261 0,811
90 90 0,200 0,400 -0,200 0.600
100 80 0,144 0.300 -0,186 0,486
110 70 0,093 0,179 -0,086 0,265
120 60 0.055 0,106 -0,051 0,156
130 50 0,02 0,056 -0,036 0,092
140 | 40 0,01 0,0248 -0,0148 0,0396
150 30 0,0044 0,0085 -0,0041 0,0126
160 | 20 1,46x10" 1,75x10* -2,9x10° 2,04x10*
170 10 5,7x10° 7,4x10° -1,7x10° 9,1x10%
175 5 3,6x10¢ 4,0x10¢ -8,036x10¢ 4,3x10¢
178 2 8,0x10* 8,0x10* 0 8,0x108
179 1 6,0x10° 6,0x10° 0 6,0x10°
180 0 0 0 0 0

It can be seen from the table that for almost all contact angles, regardless of

the properties of the porous medium, the work of tearing off a drop from a solid
surface exceeds the work of sticking. This means that the work of oil sticking to

a solid surface is energetically favorable, and additional work must be expended

to wash film oil. Based on the foregoing, it was concluded that in the bottom-

hole zone of injection wells there are favorable conditions for the existence of
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non-recoverable film oil, which, when cold water is injected and the temperature
decreases accordingly, is one of the reasons for the decrease in the porosity and
porosity characteristics of the bottomhole formation zone of injection wells. In
addition, a change and a significant difference in the size of the capillary channels
lead to a decrease in the permeability of the bottomhole zone due to the penetra-
tion of high-viscosity residual drop oil into larger channels, which, gradually ac-
cumulating in the bottomhole zone, can reduce the injectivity of the well, in some
cases until the injection is completely stopped. As it moves through the water
conduit system, oil coalesces and can accumulate in the wellbore and bottomhole
zone in significant volumes, which is confirmed in field practice.

As a result of the study of the state of residual oil in wastewater, it was found
that oil resembles evenly scattered elastic balls with a diameter of 0.1...10 um [2].
Dispersion analysis of emulsified oil performed by the authors [6] showed that the
main volume of particles (80%) has a size of less than 10 um. At the same time,
there are particles with a size of 100 pm or more. The content of fractions with sol-
id particles smaller than 100 um was 75.1%, with sizes from 100 to 300 pm - 15%.

As aresult of analyzes of the component composition of samples of oil filtered
from water, an increased content of high-molecular hydrocarbon compounds, such
as resins, asphaltenes, naphthenic and fatty acids, was found in them; the most ac-
tive part of the oil, whose role in the formation of boundary layers is known from
a number of works [7].

Thus, as a result of the analysis of the change in the free surface energy of the
system in the process of selective wetting, it has been shown that there is a ratio of
the forces of adhesion of oil or oil to rock grains and the force of tearing off under
the influence of the velocity pressure of the flow, which is favorable for the exist-
ence of film oil, since the work of detaching a drop from a solid surface exceeds
the adhesion work. Unrecoverable film oil, into which the emulsified oil contained
in the injected water passes, with a corresponding decrease in temperature, is one
of the reasons for the decrease in the porosity and porosity characteristics of the
bottomhole formation zone of injection wells.

The temperature of the water injected into the reservoir at any time of the year
is below the reservoir temperature. And during the entire period of operation of
the injection well, the rocks of the bottomhole zone and the productive formation
are cooled. At the same time, due to the presence of film oil and precipitation of
organic substances in the cooled areas, the linear dimensions of porous blocks and
interpore channels decrease. Studies [8] found that even with a slight decrease in
reservoir temperature (T, = 59-65 °C) single clogging paraffin crystals appear
in a porous medium, and at 45°C its mass crystallization takes place.

As a result of calculations using mathematical modeling, temperature profiles
in the reservoir were built (Fig. 1), corresponding to periodic injection with the
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calculated temperature value at the end of summer and time = 114 months. (curve
1) and with the calculated value of temperature at the end of winter and time = 120

months. (curve 3) and non-periodic injection with an average temperature T = 15
°C and time = 120 months. (curve 2) [9].
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Figure 1. Horizontal formation temperature profiles

The curves are plotted for the following conditions: 1 — intermittent injection,
water temperature 20 °C, injection duration 114 months; 2 - non-periodic injec-
tion, water temperature 15 °C, injection duration 120 months; 3 — intermittent
injection, water temperature 10 °C, injection duration 120 months.

It can be seen from the results of mathematical modeling that seasonal temper-
ature fluctuations have a significant impact on the temperature distribution only in
the immediate vicinity of the well. At a distance of 50 m and further, the influence

of seasonal fluctuations on the formation of the temperature field of an oil-bearing
formation is negligible.
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Abstract. The article presents the research and application of autonomous
mobile robots, with the method of using multimodal sensors, presents the definition
and method of multisensor fusion, created a model of multimodal autonomous
mobile robots.

Keywords: mobile robotics, multimodal sensors, information fusion.

Introduction

Nowadays, the robot industry is developing rapidly, and human-computer in-
teraction technology is becoming more and more mature. Various shopping malls
have begun to use robotic guides to provide services to customers. Service auton-
omous mobile robots must recognize human intentions, facilitate human actions
and ensure human safety. We need vision, distance, force, and other sensors to
perform the task of pointing and capturing objects by the robot. This is why there
is a need for research to evaluate mulitimodal sensor information perception.

Indeed, recent technological developments in bionic sensors have made these
sensors cheap and lightweight. As a result, their use in robotics, especially in
anthropomorphic robots such as humanoid robots, is simplified. These sensors
include RGB-D cameras, haptic skin sensors, force/torque sensors, and capac-
itive proximity sensors. Traditionally, data from heterogeneous sensors are fed
into aggregation algorithms [1] (e.g., Kalman- or Bayesian-based algorithms) to
produce state estimates for environmental simulations. However, since these sen-
sors typically measure different physical phenomena, they are best used directly
in low-level servo controllers rather than for aggregating multiple sensors or de-

EEg | 153




Scientific research of the SCO countries: synergy and integration

veloping complex finite state machines. This idea was originally proposed in the
context of a hybrid paradigm for position and force control [2], and when it is
extended to multiple sensors, new problems such as control design arise.

Service robots for supermarkets have powerful intelligent technology. Thanks
to three-dimensional visual perception, they can automatically perceive the envi-
ronment. For example, when we go to the mall, it is not difficult to find a service
robot. At various key positions in the mall, it provides services for tourists in malls
and supermarkets.

Fusion of multisensory information

Combining information from multiple sensors is a popular study in large indus-
tries today. Robots today are equipped with sensors such as radar, vision sensors,
millimeter-wave radar, and force sensors. The advantages of radar are its small
size and weight, high resolution, and ability to protect against interference, but
it is susceptible to environmental influences and too expensive. Millimeter wave
radar is unaffected by weather, suitable for long- and medium-range detection, has
strong anti-jamming capabilities, but lacks the ability to identify lane informa-
tion, and has serious interference. Vision sensors are widely used and inexpensive,
but are affected by environmental factors, have limited range of vision, and are
computationally expensive. Force sensors measure force moments and convert
them to digital signals with accuracy and stability, but detection and feedback are
separate, and immediate force detection is achieved at the terminal, but the actual
implementation element is far from the terminal. Because of the lack of sensing
efficiency of a single sensor and the limitations of each sensor, information fusion
is often performed using two or more sensors.

Information fusion technology, also known as data fusion, is the process of
correlating and synthesizing data from multiple sources of information to obtain
more accurate information, and includes immediate state and threat assessment
and continuous correction to obtain more accurate information. In information
fusion, each sensor is the hardware device needed to fuse the information, the in-
formation from the sensor is the object of the information fusion, and the complex
information processing is the core of the information fusion.

Information fusion technology uses multiple modern disciplines to intersect
and synthesize research directions [3], using computer technology to collect and
transmit sensor information, detection and analysis, filtering and synthesis, cor-
relation and evaluation, and synthetic processing as the basis for accurate state
information and timely situation assessment.

Wald offers one definition of synthesis [4], which is the use of mathemat-
ics and various tools to process multiple sources of information and ultimately
produce different types of persuasive information for our various needs through
different structural frameworks. Therefore, we need to perform various forms of
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fusion, such as data fusion, feature fusion, decision fusion, as well as image fu-
sion, sensor fusion, etc.

Information fusion technology brings together a number of modern disciplines
and is closely related to computer and communication technology. Due to the
leapfrog development of computer technology, communication technology and
networking technology in our time, information fusion technology is also devel-
oping rapidly. Information fusion technology is used in various disciplines and
fields, beginning with the military and gradually flowing into the civilian sec-
tor, such as intelligence, medicine, agriculture and industry. Information fusion
techniques can be used for target detection [5-7], such as tracking and situation
assessment [8-9].

Information fusion algorithms underlie information fusion technology and are
usually divided into two main categories: classical methods and modern meth-
ods. Classical methods are a class of fusion algorithms based on mathematical
methods. They include weighted mean method, maximum likelihood method [10],
least squares, Kalman filter [11], Bayesian inference [12], classical inference and
proof theory D-S. method, proof theory D-S (Dempster- Shafer Inference) [13],
qualitative factorization method, etc. Modern synthesis algorithms are a class of
synthesis algorithms developed in accordance with the development of artificial
intelligence theory, modern information theory, and so on. The main algorithms
used in this category are: cluster analysis, fuzzy logic, neural networks, wavelet
theory, rough set theory [14], support vector machines [15]. Vector machines [16]
and other methods.

Commonly used data fusion methods include neural networks, machine learn-
ing, pattern recognition, fuzzy theory, genetic algorithms, etc. Two or more meth-
ods are often used for data fusion. For example, the combination of genetic al-
gorithm and fuzzy theory uses certain genetic operators to better simulate fuzzy
relations to obtain higher accuracy; fuzzy theory and neural networks form fuzzy
neural networks are widely used in pattern recognition and data fusion; and the
combination of genetic algorithm and neural network, genetic algorithm and fuzzy
neural network [17] has a data processing [18] and control training [19] with sig-
nificant advantages.

Algorithm and development of simulation model of manipulator opera-
tion

The use of sensors provides autonomous gripping by the manipulator. Vi-
sion-assisted grasping technology is now widely used in practice [20]. Autono-
mous grasping means that the robot arm control system obtains the position of the
target object using sensors, such as cameras, and controls the robot arm to perform
the grasping task without human intervention.

The entire capture process is conventionally divided into the following stag-
es: (1) reading information from the camera — (2) identifying the target object
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and determining its position — (3) converting the two-dimensional coordinates of
the object in the camera into three-dimensional coordinates relative to the optical
center of the camera, and then into world coordinates relative to the base of the
manipulator — (4) calculating the position of the end effector when the object is
grasped at the time of the grasp of the object — (5) then we need to calculate the
angle by which each manipulator motor should turn based on the known target
position and information about the end effector position
It is simulated in V-REP and its environment is constructed (in Fig. 1.).

Figure 1. General structure of the model in the V-REP environment

The robot itself consists of two parts - the mobile cart module and the robot
arm grip module. The mobile cart module consists of a body, four wheels. Once
the target object is identified, the cart moves to the target point and waits for the
gripper to occur.

The manipulator gripper module consists of the UR-5 manipulator, the RO-
BOTIQ-85 two-finger gripper and the sensor module. The sensor module consists
of a vision sensor, a distance sensor, a force sensor and two tactile sensors. In the
simulation, the camera detects the target and the distance sensor determines its
position, after which the gripper arm moves to the destination point and grabs the
target. The end of the robotic arm and the object are then moved together into the
box on the cart, the gripper is released, and the manipulator returns to its original
position (in Fig. 2).
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Figure 2. Simulation of the manipulator gripper module

Conclusion

This paper presents the research and application of multi-sensor fusion for
autonomous mobile robots. The finite nature of single sensors is analyzed, the
definition of multi-sensor fusion and the approach of information fusion algo-
rithm is given, the data fusion method is described. The design of the multimodal
sensor system model in V-REP is completed. A manipulator capture module is
constructed, and the solution to the inverse kinematic problem of the manipulator
in V-REP.
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Abstract [n this paper, taking the Ob swamp in the Tomsk area of West
Siberia as the research object, the diffusion of pollutants and the self-purification
ability of the swamp ecosystem are studied. The research results show that: (1)
The self-purification ability of the Ob swamp ecosystem is very strong, (2) in the
lower part of the peat deposit, a local water barrier has formed in the study area,
preventing the spread of substances in a peat deposit; 3) the distribution of the
indicator (CI) over the peat deposit largely depends not only on the initial volume
and concentration of NaCl and the presence of a water barrier, but also on the
nature of the wetness of the swamp.

Key words: Ob Swamp, Diffusion of Pollutants, Self-purification Ability.

Introduction

Environmental pollution is one of the key problems of our time. It is very acute
in the West Siberian region - one of the most important oil and gas producing re-
gions in the world, a feature of which is a very high swampiness of watershed are-
as[1-3]. The Ob swamp is one of the largest floodplain swamp systems in Western
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Siberia, located at the foot of high terraces, occupying the ancient old rivers of the
left-bank segments of the Ob floodplain in the south of the forest zone. Ob swamp
in the form of a strip about 104 km long and 1.5-7.0 km wide [4]. This swamp is
characterized by an average depth of the peat deposit of about 3.2 m, a maximum
depth of 6 m, and the occurrence of lowland peat with a degree of decomposition
of 34% and an ash content of 28-29%. Economic activities are closely related
to the swamp ecosystem, such as the discharge of waste water by residents, and
the swamp has a certain self-purification ability. After the sewage is discharged
into the swamp, its state may change. With this in mind, the authors performed a
simulation of the diffusion of pollutants using NaCl as an indicator and studied its
self-purification ability.

Object and methodology of research

The research object is the Ob eutrophic swamp in West Siberia, located on the
left bank of the Ob River. On March 18, 2021, five wells were drilled in the area
of the Ob swamp near the village of Nashchekovo (Fig. 1), in which samples of
swamp waters were taken from the active horizon of the peat deposit, and then
samples of peat and mineral deposits were taken at intervals (through 0.25 m)
along the entire depth of the peat deposit up to and including the mineral soil.
After sampling the bog water and peat, pour 50 L of NaCl solution (20 g/dm?) on
the bog surface 0.5 m from the H3 well. On October 16, 2021, swamp water and
peat samples were collected again at the same location.

Figure 1. The layout of wells in the Ob swamp near the Nashchekovo village in
the left-bank part of the Ob river valley during the experiment

The main approach to explaining the nature of changes in Cl" concentrations in
water extracts from peat before and after the release of NaCl solution is to select a
mathematical model of CI" distribution, taking into account the regime of ground-
water and marsh waters.
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Research results and discussion

As a result: 1) the accumulation of chlorides on March 18, 2021 is confined
to the interval of 3.50-4.25 m, composed of lowland woody waterlogged peat; 2)
the actual calculation of the distribution of indicator substances in a peat deposit
can be limited to a section of a peat deposit from its surface to a depth of 3 m,
formed mainly by low-lying sedge-hypnum peat; 3) within this area, the advec-
tive transport is significant (taking into account the levels of bog waters near the
middle surface of the bog) mainly in the tow layer, and the main mechanism for
the transport of pollutants along the peat deposit is diffusion, taking into account
the processes of sorption and dissolution - sedimentation [5]; 4) a section of a peat
deposit from 3.0 to 3.5 m, composed of lowland sedge peat, can be considered as a
local aquiclude (note - only in the calculated profile of the Ob swamp, which does
not exclude more significant filtration properties of sedge peat and the absence of
the specified aquiclude on other areas of the Ob swamp), within which the inter-
action “water - organic matter - gas - mineral inclusions” prevails with almost no
advective transfer and minimal diffusive transfer.
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Figure 2. Estimated change in the filtration coefficient of peat by the depth of the
peat deposit of the Ob swamp

To study the distribution of the indicator substance CI in the peat water extract
in the study area, a one-dimensional steady-state model was established, and more
detailed information on the model structure and parameters are given in [6].

The calculated and measured Cl content in the peat water extracts indicated a
satisfactory description of the final state of the peat deposits. and obtained a rath-
er unexpected picture of the monthly distribution of CI concentrations over the
depth of peat deposits. Thus, a sharp decrease in the content is observed already in
April. However, in the following months, in the absence of an additional supply of
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solution, noticeable fluctuations are observed associated with the “pulling up” of
the water mass with an increase in rainfall and “lowering” down with the predom-
inance of evaporation (Fig. 3).
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Figure 3. Calculated changes in the concentration of CI in water extracts from
peat at the depth of the peat deposit from 03/18/2021 to 10/16/2021 [Savichev,
Yang Heng, Zhou Dan, 2022]

Conclusion

The experimental research shows that (1) In March 2021, 50L of NaCl solu-
tion with a concentration of 20g/dm? was poured into well H3, and as of October
2021, the relative depth range of Cl  in the active layer increased to 1.50 - 1.75 m,
and there is no significant change at points H1, H2, H4, and HS5, indicating that
the swamp system has a strong self-purification ability. (2) Before the release of
the indicator NaCl solution, Cl- accumulation was found in the depth range of 3.5-
4.5 m, indicating the existence of an aquifer there, which prevented the diffusion
of substances, and also prevented the formation of swamp water and groundwa-
ter. exchange. (3) The distribution of the indicator (Cl) on peat deposits depends
largely not only on the initial volume and concentration of NaCl and the presence
or absence of an aquitard, but also on the nature of the wetting of the bog.
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Abstract. Wetlands exist widely in the world. In wetland areas, the relationship
between wetland water and groundwater has always been a hot spot for
researchers from all over the world. At the same time, wetland is also one of the
places where groundwater and wetland water exchange most frequently, and the
exchange process is complex and changeable. This article takes the Ob wetland
in the Russian Federation and the Poyang Lake wetland in the People’s Republic
of China as examples, and comprehensively expounds some problems existing in
the process of studying the relationship between wetland water and groundwater.

Keywords: wetland water, groundwater, Poyang lake, Ob swamp.

1. General statement of the research on the composition of wetland ecolog-
ical water body and geochemical conditions

The objects of study are groundwater of the hypergenesis zone and water of
wetlands. According to [1], a water body is understood as a concentration of nat-
ural waters on the land surface or in rocks, which has characteristic forms of dis-
tribution and regime features - a set of regularly repeating changes in the state
inherent in this water body, and hypergenesis, in accordance with [2], - a set of
processes of physical and chemical transformation of matter in the upper parts of
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the earth’s crust and on its surface during the interaction of the bio-, atmospheric,
hydro- and lithosphere.

According to the [2], water bodies are divided into underground and surface
ones; The first includes groundwater basins and aquifers, and the second - seas
or their separate parts, watercourses (canals and rivers), water bodies (lakes, res-
ervoirs, flooded quarries), swamps, natural outlets of groundwater (springs, gey-
sers), glaciers, snowfields, and surface water bodies consist of surface water and
covered by them of land within the coastline, determined by the average long-term
water level during the period when there is no ice(Fig. 1).

Figure 1. Scheme of placement of research objects in the area of the Ob swamp
(1) and in the watershed of Lake Poyan (II)

As stated in the introduction, a swamp is “a natural formation that occupies a
part of the earth’s surface and is a peat deposit saturated with water and covered
with specific vegetation” [3],which, depending on the thickness of peat deposits,
distinguish between wetlands (“a swamp with mineral soils or peat deposits of not
more than 0.3 m in a non-drained state”) and peat bogs(respectively, with deposits
of peat from 0.3 m in the non-drained state) [2]. Bogs, wetlands and a number of
objects subject to permanent or periodic flooding (lagoons, floodplains and over-
grown lakes) are in some cases considered wetlands.
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2. The study of wetlands and groundwater in the basin of Poyang Lake

The watershed of Poyang Lake, one of the largest freshwater lakes in the world
in general, and East Asia in particular, is located on the border of sections of
the middle and lower reaches of the Yangtze River (in the southern part of this
territory), and in administrative terms-in the south-east of the People’s Republic
of China, within the Jiangxi provinces. The hydrographic network is represented
by the Poyang Lake itself, connected to the River Yangtze channel, tributaries of
Lake Poyang, the main ones are the Ganjiang, Fuhe, Xinjiang, Raohe and Xiushui
rivers. A significant part of the lakeside territories is occupied by wetlands, some
of which are not used.

All of these water bodies are fed by rain and underground, which, among other
things, additionally determines the relevance of water and environmental research,
since (1) the regulation of the flow of the River Yangtze and climatic changes af-
fect the level regime of Lake Poyang, which, in turn, (2) leads to significant chang-
es in the groundwater regime and the state of wetlands. The changes mentioned
above complicate the problems of water use due to the scarcity of water resources
of the required quality (3). At the same time, the problem of water quality (4) is
further exacerbated due to the relationship between underground and river waters,
and wetland waters. In general, the general problem of the formation and function-
ing of the aquatic ecosystem of Poyang Lake is obvious, which includes aspects of
the study of the lake itself, the conditions of its interaction with the River Yangtze,
groundwater, wetland waters, etc.

However, the issues regarding the mutual influence of wetlands in the water-
shed of Lake Poyang and groundwater in terms of the formation of the chemical
composition and quality of the latter (groundwater) remain insufficiently devel-
oped, especially in terms of quantitative assessments of the regularities of spatio-
temporal changes and explanations of the mechanisms of such mutual influence.
This determined the relevance, purpose and objectives of the work under consid-
eration, which is a further development of Russian-Chinese hydrogeochemical
studies in the watershed of Poyang Lake, carried out over the past 10 years. [4].

Since the objectivity of the expected results in accordance with the tasks in
the general case increases when considering various conditions, the study under
consideration included not only the study of wetlands and groundwater in the
Poyang catchment (PRC), but also the Ob swamp in Western Siberia (RF). This
is a low-lying swamp, located in the valley of another largest Asian river, the Ob,
on the border of the forest-steppe and forest natural zones and closest in terms of
water and geochemical regimes to the wetlands in the Poyang Lake catchment (as
far as possible).
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3. Study of the Ob swamp and groundwater of adjacent territories

Western Siberia is characterized by very high swampiness, exceeding 50%
of the territory for the watersheds of a number of medium-sized rivers [5]. Ac-
cordingly, high swampiness has a significant impact on almost all aspects of the
functioning of the geosystems of this region, including groundwater. Since marsh
waters contain a large amount of organic and a number of other substances, their
entry into underground aquifers can adversely affect the quality of groundwa-
ter-the main source of water supply in the plains of Western Siberia[6]. All this
determines the permanent relevance of research on both groundwater and swamp
waters, especially against the background of observed climate changes and eco-
nomic activity[3], including in the Tomsk region, the swampiness of which ex-
ceeds 25%(Fig. 2).

Figure 2. Scheme of types of bogs in the territory of the Tomsk region (1 - low-
land; 2 - transitional; 3 - raised) and the location of the studied area of the Ob
swamp [Savichev, 2010]

Among the swamps of the Tomsk region, large swamp complexes stand out,
for example, the giant Vasyugan swamp [7], consisting of smaller swamps and dif-
ferent types (upland, transitional, and lowland). There are also very large lowland
swamps located in river valleys. One of these swamps is the Ob. It is included in
the Cadastre of peat bogs of the Russian Federation (formerly the USSR) (Map of
peat deposits..., 2000). His study until the 2000s. in most cases, they were engaged
in solving geobotanical and ecological problems, or problems of substantiating
the use of peat [8]. In 2007, the paper [9] was published, which comprehensively
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considered the formation of the ecological state of the Ob swamp and the hydro-
geological conditions of its functioning. Then a series of works was published on
the study of the chemical composition of the waters and peat of this swamp in its
natural and disturbed states [10], which are continued by the present study.

The area of the Ob swamp is located in the southeastern part of the West Sibe-
rian artesian basin (WSAB) on the border with the Sayan-Altai hydrogeological
folded region (SAGS). The results of the study of groundwater in this and adjacent
territories are presented in a large number of publications, among which it is nec-
essary to note large generalizations.[9]. Annual information on the state and use
of groundwater in the region is given in the publications of the Siberian Regional
Center (SRC) of the FGBU “Gidrospetsgeologia” [8]. We also note that various
aspects of the formation of resources and the chemical composition of groundwa-
ter in the study area have been considered in recent years in[10].

The issues of interaction between underground and marsh to varying degrees
were discussed earlier in the works, but either on the example of specific swamps,
or by comparing individual geochemical indicators of waters, but in any case,
usually without taking into account the water regime and the specifics of swamps
of different types.

4. Discuss

“The relationship between wetland water and groundwater” has always been a
hot topic of research by scholars around the world, but there is a lack of system-
atic theoretical demonstration and experimental simulation of the whole process
of wetland water and groundwater exchange in the research process; especially
for the interaction between wetland water and groundwater There is considerable
controversy over the issue of the boundary determination.
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