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CIRCADIAN RHYTHM OF TOTAL PERIPHERAL VASCULAR 
RESISTANCE IN THE PHASE OF ANURIA IN INFANTS
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Alimov Davron Anvarovich
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Abstract. Based on the study of the data of hourly monitoring of total peripheral 
vascular resistance (TPVR) in 33 children with ARF, the revealed increase in TPVR 
by more than two times with a hyperdynamic type of hemodynamics remained 
increased during intensive care, hemodialysis in all patients. A significant direct 
correlation of TPVR and DBP was observed only in patients of the 1st group. The 
most prolonged inversion of the circadian rhythm of the TPVR was detected in 
the 2nd group (16 days out of 30), somewhat less long in the children of the 3rd 
group (12).

Keywords: circadian rhythm, total peripheral vascular resistance, anuria, 
children.

Relevance. Interorgan structural and functional connections between the kid-
neys and other systems, such as the cardiovascular system, are more pronounced 
in childhood due to limited reserve capabilities, which is especially pronounced in 
pathological conditions. At present, it is not enough to study individual parameters 
of kidney function in patients with uronephrological pathology. It is advisable to 
use an integrated approach with the use of methods to create an idea about the 
work of the heart in these patients, deviations of its parameters from the norm, 
and most importantly, to identify the presence of combined defects in the kidneys 
and heart, which is not a rare occurrence. Total vascular resistance is the sum 
specific resistance, which the blood has overcome, having reached a given section 
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of the cardiovascular system. In places of branching and bending of the arteries 
and arterioles, the laminar nature of the blood flow is disturbed and becomes tur-
bulent (vortex). The eddies that form perpendicular to the blood flow significantly 
increase the internal friction of the blood, and much more pressure is required to 
move it. In the capillaries, the nature of the blood flow becomes chain-like, since 
their diameter is equal to or even somewhat smaller than the diameter of erythro-
cytes. Erythrocytes move one after another one by one in a chain, deforming in 
accordance with the size of the capillary. The TPVR parameter has a rhythm. As 
noted in the literature, TPVR in the daytime was found to be lower compared to 
morning values, and the capillaries were maximally dilated at 18:00. In the work 
of the authors, lower values of TPVR were recorded during the year at 2-4 pm 
compared to the morning ones, which coincides with the above-mentioned litera-
ture data [1-4]. Due to the lack of data on changes in TPVR during the period of 
anuria in children under 3 years, we tried by prolonged monitoring to identify the 
features of changes in the indicator in acute renal failure.

Goal of the work. To study and evaluate changes in the circadian rhythm of 
the total peripheral vascular resistance in the phase of anuria in infants.

Material and research methods. The data of hourly monitoring of total pe-
ripheral vascular resistance (TPVR) in 33 children with ARF admitted to the ICU 
of RSCEMC with anuria from 1 to 5 days at the age of 10 months to 3 years 4 
months from the ICU of regional children’s hospitals and branches of RSCEMC 
was studied. Prior to admission to the clinic, all patients received anti-inflammato-
ry therapy aimed at the treatment of ARI-2, pneumonia 25, glomerulonephritis - 4, 
AII-3 patients. According to the indications, due to severe progressive respiratory 
failure, patients were provided with invasive mechanical respiratory support from 
the first day. All patients underwent hemodialysis, 4 patients underwent hemodi-
alysis in combination with plasmapheresis under the control of hemodynamics, 
acid-base status (ABS), respiratory system, maintenance, antibacterial, anti-in-
flammatory, syndromic corrective intensive therapy according to the recommen-
dations in the literature. A favorable outcome with the restoration of full func-
tional activity of the kidneys and discharge from the hospital was observed in 23 
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 (10), the second - children (13) with a favorable outcome after intensive 
care for 11-90 days.

As shown in Table 1, 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 
20 or more days (p<0.05, respectively). In group 2, the duration of mechanical 
respiratory support (MRS) was 18.6 ± 8 days, in group 3, a longer MRS did not 
improve the outcome of the disease. The following formula for calculating TPVR 
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was used: TPVR=SBP*5/MOV*10, dyn.s.cm¯⁵m, where SBP is systolic blood 
pressure, MVB is the minute volume of blood circulation.

Table 1.
Characteristics of patients 

Groups Age, month. Start of IVL, days Duration of MCI, days In ICU, days
1 29±2,8 0 0 7,8±1,5
2 19±7,7 4,3±3,5 18,6±7,6 27,8±4,3*
3 30,5±6,5 5,5±0,5 25,5±6,7 30,7±6,8*
* - the difference is significant relative to the indicator in group 1.

Results and its discussion.
As shown in Tables 2 and 3, upon admission, all children showed a significant 

increase in TPVR (more than 2 times), which, against the background of inten-
sive care, hemodialysis, remained steadily elevated without significant changes in 
the mesor and TPVR on average over the period of observation of the circadian 
rhythm.

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

Days 1  group 2 group 3 group
1 2128±193 2606±697 2663±479
2 2246±119 2027±162 1944±134
3 2613±171 2284±204 2072±148
4 2617±203 2190±128 1921±87
5 2751±122 2190±145 1945±129
6 2557±174 2223±152 1843±202
7 2485±176 2507±116 1784±161
8 2350±136 2189±187 1867±163
9 2495±406 2481±234 2148±145
10 2293±262 2272±185 2179±182
11   2083±167 2150±172
12   2082±160 1944±135
13   2066±133 1987±165
14   2485±274 2050±189
15   2220±261 1904±135
16   2145±164 1691±173
17   2278±142 1860±248
18   2389±141 1924±213
19   2309±167 2010±205
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20   2163±201 1715±140
21   2249±194 1893±218
22   2237±151 1921±200
23   2449±233 1766±183
24   1903±274 1900±323
25   1771±200 1863±143
26   1951±179 2122±188
27   2381±398 2248±216
28   2228±304 2108±252
29   1569±172 2105±192
30   1703±306 1940±217

Table 3.
Average circadian rhythm of OPSS in the phase of anuria 

of acute renal failure dyn.s.cm¯⁵m
Hours 1 group 2 group 3 group

8 2406±217 2451±264 2068±214
9 2426±163 2383±300 1995±229
10 2444±232 2261±310 1962±233
11 2352±206 2226±369 1949±283
12 2510±306 2243±286 1974±306
13 2554±215 2108±176 2031±228
14 2583±236 2134±225 2142±276
15 2406±231 2108±259 2083±314
16 2416±298 2113±239 1986±189
17 2446±337 2161±255 2029±261
18 2374±243 2248±252 1947±188
19 2446±220 2209±268 1974±213
20 2359±223 2257±267 1950±217
21 2365±271 2233±329 1983±185
22 2630±429 2212±293 2012±206
23 2588±266 2122±209 2019±250
24 2720±233 2118±199 1900±182
1 2600±221 2155±273 1947±237
2 2467±153 2142±211 1916±185
3 2446±170 2141±246 1941±207
4 2406±175 2107±262 1971±216
5 2419±238 2126±241 1886±179
6 2299±282 2098±301 1913±176
7 2345±316 2148±307 1907±203
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Figure 1. Dynamics of the mesor of the circadian rhythm of TPVR in acute renal 
failure up to 3 years, dyn.s.cm¯⁵m

Attention was drawn to the trend of a relatively higher average daily level of 
TPVR in groups 1 and 2 relative to changes in the indicator in group 3 (Fig. 1), 
although in general the mesor of the circadian rhythm of peripheral resistance in 
the most severe patients was significantly increased (Fig. 2). The changes were 
of an oscillatory nature with an amplitude of fluctuations in group 1 of 200-600 
dyn.s.cm¯⁵m (Fig. 3). The most pronounced fluctuations in the amplitude of the 
circadian rhythm of the TPVR were observed in group 2 on days 1, 14.27.

Figure 2. Circadian rhythm of TPVR up to 3 years, dyn.s.cm¯⁵m
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Figure 3. Amplitude of diurnal changes of TPVR, dyn.s.cm¯⁵m

Figure 4. Duration of acrophase shift in % relative to the duration 
of intensive care in the ICU

The longest inversion of the circadian rhythm was found in the 2nd group 
(16 days), somewhat shorter (12) in the children of the 3rd group. Although, in 
percentage terms, the longest shift in the peak of the acrophase of the circadian 
rhythm of the TPVR was observed in group 1, which suggests a more active par-
ticipation of the circadian rhythm of the TPVR in the process of adaptation in 
conditions of acute renal failure in children of the 1st group (Fig. 4). The latter 
can be explained by a relatively less pronounced radical external influence, such 
as prosthetic external respiration in groups 2 and 3 due to more pronounced disor-
ders, progression of acute respiratory failure.

The tendency to increase TPVR at night characterizes an increase in the load 
on the heart muscle, which, in conditions of secondary myocarditis, the adverse 
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effect of general intoxication on the myocardium, further increases the risk of 
developing acute heart failure. In this regard, it may be necessary to enhance the 
vasodilatory effect of drug correction in the dark. 

Figure 5. Correlations of TPVR with hemodynamic parameters

The found strong inverse correlation of changes in TPVR and IOC character-
izes the hyperdynamic type of hemodynamics in all patients. So, in the 1st group, 
the correlation between TPVR and the MVB was (-0.93), in the 2nd - (-0.76), in 
the 3rd group - (-0.72). A less pronounced negative correlation of TPVR and SV 
of the same direction corresponded to the hyperdynamic nature of the restructur-
ing of the function of the cardiovascular system, indicating participation in the 
compensatory mechanism and an increase in stroke volume. An increase in TPVR 
corresponded to a decrease in PAP, confirmed by a negative correlation in group 
1 (-0.64), in group 2 - (-0.49), in group 3 (-0.6). Reliably significant direct cor-
relation of TPVR and DBP was observed only in patients of group 1 (0.76). The 
decrease in the correlation between TPVR and DBP was facilitated not only by 
a more severe general condition, but also by the need to use medications during 
mechanical ventilation that have a vasodilating effect (hypnotics, relaxants).

Conclusion. Initially increased TPVR by more than two times with the hyper-
dynamic type of hemodynamics remained elevated during intensive care, hemodi-
alysis in all patients. Reliably significant direct correlation of TPVR and DBP was 
observed only in patients of group 1. out of 30), somewhat less long in children of 
the 3rd group (12).
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Relevance. The most common causes of prerenal acute renal failure (ARF) in 
children are dehydration against the background of acute gastroenteritis, accompa-
nied by loss of fluid through the gastrointestinal tract (vomiting, diarrhea), exoge-
nous (poisoning) and endogenous (sepsis) intoxications, and the so-called “losses 
in the third space” (with burns, nephrotic syndrome, liver disease). Causes of renal 
acute renal failure in children include diseases of the renal parenchyma (glomer-
ulonephritis, autoimmune and vascular damage to the renal tissue), exposure to 
drugs (antibiotics and others) and nephrotoxins. Serious consequences of oliguria 
/ anuria are pulmonary edema and brain, hypervolemia (volume overload), hyper-
kalemia, acidosis, drug toxicity. The goal of intensive therapy for acute renal fail-
ure is the prevention of these potentially fatal complications and renal ischemia: 
hemodynamic optimization, maintenance of mean blood pressure at the level of 
80-100 mm Hg, active treatment of hypoxia, provision of zero or even negative 
balance to prevent pulmonary edema in anuria, monitoring of electrolyte com-
position blood, acid-base balance (ABB). The authors consider it unacceptable 
to add potassium to infusion solutions and the use of drugs that can increase po-
tassium levels (angiotensin-converting enzyme inhibitors (ACE inhibitors)). The 
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inadmissibility of the use of nephrotoxic drugs (aminoglycosides, non-steroidal 
anti-inflammatory drugs (NSAIDs), ACE inhibitors), control of doses of drugs 
that depend on renal excretion (digoxin, antibiotics: vancomycin and amikacin). 
Osmodiuretics (mannitol, 10-20-40% glucose solution, 7.5-10% sodium chloride 
solution), afferent arteriole dilators (dopamine at doses of 1-2 mcg / kg / min, eufil-
lin 8-10 mg / kg per day), and then loop diuretics (furosemide), application which 
should be administered as a bolus of 3 mg/kg followed by a metered infusion at a 
rate of 0.5 mg/kg/h. The absence of a pronounced diuretic effect from the therapy, 
a decrease in the glomerular filtration rate, as well as an increase in creatinine or 
urea during the day by more than 1.5 times are indications for renal replacement 
therapy. Early initiation of extracorporeal detoxification helps prevent the devel-
opment of multiple organ failure. Dialysis is characterized by a negative nitrogen 
balance; therefore, patients on hemodialysis require an increased protein content 
in food (1.5 mg / kg / day). Renal replacement therapy (RRT) is a complex of 
heterogeneous in structure and the fundamental principles of the procedures car-
ried out to maintain the life of a patient with lost functions of their own kidneys. 
Methods of renal replacement therapy (MRRT) are divided into extracorporeal 
- hemodialysis (HD), hemofiltration (HF), hemodiafiltration (HDF), peritoneal di-
alysis (PD) and kidney transplantation. A perfusionist who provides hemodialysis 
in a child first of all faces the problem of hemohydrobalance disturbance and its 
correction. Numerous studies have confirmed the concept that antihypertensive 
therapy slows down the rate of progression of CKD [1-4]. However, there is not 
enough data on changes in the MBVduring anuria in young children, which served 
as the basis for this study.

Goal of the work. To study the features of the circadian rhythm of the minute 
volume of blood 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 the minute 
volume of blood (MBV) in 33 children with acute renal failure admitted to the 
ICU of RSCEMC with anuria from 1 to 5 days at the age of 10 months to 3 years 
4 months from the ICU of regional children’s hospitals and branches of RSCEMC 
was studied. Prior to admission to the clinic, all patients received anti-inflammato-
ry therapy aimed at the treatment of ARI-2, pneumonia 25, glomerulonephritis - 4, 
AII-3 patients. According to the indications, due to severe progressive respiratory 
failure, patients were provided with invasive mechanical respiratory support from 
the first day. All patients underwent hemodialysis, 4 patients underwent hemodi-
alysis in combination with plasmapheresis under the control of hemodynamics, 
acid-base status (ABS), respiratory system, maintenance, antibacterial, anti-in-
flammatory, syndromic corrective intensive therapy according to the recommen-
dations in the literature. A favorable outcome with the restoration of full func-
tional activity of the kidneys and discharge from the hospital was observed in 23 
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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 (10), the second - children (13) with a favorable outcome after intensive 
care for 11-65 days.

As shown in Table 1, 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 20 or 
more days (p<0.05, respectively). In group 2, the duration of mechanical respira-
tory support (MRS) was 18.6 ± 8 days, in group 3, a longer MRS, unfortunately, 
did not improve the outcome of the disease.

Table 1.
Characteristics of patients 

Groups Age, month. Start of IVL, days Duration of MCI, days In ICU, days
1 29±2,8 0 0 7,8±1,5
2 19±7,7 4,3±3,5 18,6±7,6 27,8±4,3*
3 30,5±6,5 5,5±0,5 25,5±6,7 30,7±6,8*

* - the difference is significant relative to the indicator in group 1. 

Results and discussion. In groups 1 and 2, the indicators of the mesor of the 
circadian rhythm of the MBVdid not differ significantly from the age norm, only 
in the 3rd group, from the first day, a statistically unreliable, but clinically signifi-
cant trend was revealed to increase the mesor of the circadian rhythm of the MBV 
by 200-600 ml relative to the indicator in groups 1 and 2 (Table 2).

Table 2.
Dynamics of the mesor of the circadian rhythm MBV (l/min)

Days 1 group 2 group 3 group
1 2,8±0,3 2,4±0,5 3,0±1,3
2 2,7±0,1 3,1±0,2 3,9±2,7
3 2,3±0,1 2,8±0,2 3,5±2,7
4 2,5±0,2 2,9±0,1 4,0±2,8
5 2,4±0,1 3,0±0,2 4,0±2,9
6 2,5±0,2 2,9±0,2 4,8±2,9
7 2,5±0,2 2,7±0,1 4,4±2,8
8 2,7±0,2 2,9±0,2 4,0±2,9
9 2,5±0,3 2,8±0,2 4,1±2,7
10 2,8±0,3 2,8±0,2 3,7±2,4
11   3,0±0,2 3,6±2,5
12   3,1±0,2 4,4±2,9
13   3,0±0,1 3,6±2,4
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14   2,6±0,2 3,7±2,5
15   2,7±0,2 3,4±2,7
16   2,9±0,2 4,2±2,9
17   2,6±0,2 4,2±2,6
18   2,6±0,1 3,9±2,7
19   2,7±0,2 3,7±2,0
20   2,8±0,3 4,4±2,8
21   2,8±0,2 4,1±2,3
22   2,8±0,2 4,4±2,2
23   2,7±0,2 4,1±2,5
24   3,3±0,5 4,3±2,4
25   3,7±0,3 4,1±2,4
26   3,1±0,2 3,4±2,3
27   3,2±0,2 3,6±2,4
28   2,6±0,3 4,0±2,6
29   3,0±0,5 3,8±2,5
30   3,6±0,8 4,4±2,7

Table 3.
Average values of the MBV in the circadian rhythm (l / min)

 Hours 1 group 2 group 3 group
8 2,6±0,2 2,6±0,2 3,1±0,3
9 2,6±0,2 2,7±0,3 3,2±0,4
10 2,5±0,2 2,9±0,3 3,2±0,3
11 2,6±0,3 2,9±0,4 3,3±0,4
12 2,5±0,2 2,9±0,4 3,3±0,4*
13 2,5±0,2 3,0±0,2 3,2±0,3*
14 2,5±0,2 3,0±0,3 3,2±0,4*
15 2,6±0,2 3,0±0,3 3,2±0,4*
16 2,6±0,2 3,0±0,3 3,2±0,3*
17 2,6±0,3 2,9±0,3 3,1±0,4
18 2,6±0,2 2,9±0,3 3,2±0,3*
19 2,7±0,2 2,9±0,2 3,2±0,3
20 2,7±0,3 2,8±0,2 3,2±0,3
21 2,6±0,3 2,9±0,3 3,2±0,3
22 2,5±0,4 3,0±0,4 3,1±0,4
23 2,4±0,2 3,0±0,3 3,1±0,3*
24 2,4±0,2 2,9±0,3 3,4±0,4*
1 2,5±0,2 2,9±0,3 3,3±0,4*
2 2,5±0,1 2,9±0,3 3,3±0,3*



19

SCIENCE. EDUCATION. PRACTICE

International Science Conference

3 2,6±0,2 3,0±0,4 3,3±0,4*
4 2,6±0,2 3,0±0,3 3,3±0,4*
5 2,6±0,2 2,8±0,3 3,3±0,4*
6 2,7±0,3 2,9±0,3 3,3±0,3
7 2,7±0,3 2,9±0,4 3,3±0,3

*-significantly relative to the indicator of group 1

Analysis of the average values of the MBV in the circadian rhythm in the phase 
of anuria of acute renal failure (tab. 3) up to 3 years made it possible to state a 
significant significantly significant increase in the MBV in the daytime (from 11 
to 18 hours) by 32% -24%, and at night (from 23 hours to 5 hours) by 28%-32% 
(p <0.05, respectively). The revealed increase in the MBV both in the daytime and 
at night was evidence of an unfavorable change in hemodynamics in children of 
the 3rd group, even in the absence of significant differences in the circadian mesor 
the rhythm of the studied indicator from the indicators of patients with a favorable 
outcome (Fig. 1,2).

Figure 1. Dynamics of the mesor of the circadian rhythm of the MBV in l / min.

Figure 2. The average values of the MBVin the circadian rhythm in the phase 
of anuria of ARF up to 3 years
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Figure 3. Dynamics of the amplitude of the circadian rhythm MBV, l/min

Attention is drawn to the oscillatory nature of the change in the amplitude of 
the daily rhythm of the MBV. The trend towards an increase in the amplitude of 
the circadian rhythm of the MBV in group 1 on days 6-10 was due to an increase 
in the volume of infusion therapy as the excretory function of the kidneys was 
restored (Fig. 3). In the 2nd group of children, the amplitude of daily fluctuations 
in the MBVup to 23 days was no more than 200 ml, an increase in the indicator 
by 24.28 days was explained by the transfer of children to spontaneous breathing 
as reflexes, adequate breathing, and consciousness were restored, which, as a rule, 
was accompanied by a compensatory reaction of the heart of the vascular system, 
primarily of an adaptive nature under conditions of restoration of adequate spon-
taneous breathing in the process of effective treatment of pneumonia at an early 
age (Fig. 3). the development of decompensation of the function of other organs, 
including acute heart failure, impaired regulatory function of the central nervous 
system in acute cerebral insufficiency (Fig. 3).

The longest inversion of the circadian rhythm of the MBV was found in chil-
dren of the 2nd group (12 days), in the 3rd group, the shift of the acrophase of the 
circadian rhythm of the MBV to the night hours lasted 10 days (Fig. 4). That is, 
a violation of the circadian rhythm of the MBV in the form of a shift in the peak 
of the acrophase to the dark time of the day fully corresponded to the severity 
of the disease, which leads to the advisability of more careful monitoring of the 
circulatory system at night due to an increased risk of developing acute cardiac 
decompensation in more severe children of groups 2 and 3, more intensive patho-
genetically substantiated syndromic correction.
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Figure 4. Duration and severity of the shift of the acrophase 
of the circus rhythm of the MBV 

Figure 5. MBV correlations

A direct strong correlation was found between changes in the MBVwith SV 
(0.69; 0.7) and PBP (0.77; 0.6) in groups 1 and 2, which weakened in group 3 
(0.5; 0.54, respectively). ). The negative correlation dependence of the mean BP 
on the MBV (-0.61) and between the MBV and DBP (-0.63) in group 1 reflected, 
compared with other groups, a more pronounced compensatory involvement of 
peripheral vascular tone with changes in the MBV.

Conclusion. In the group with an unfavorable outcome, from the first day, a 
statistically insignificant, but clinically significant trend towards an increase in the 
mesor of the circadian rhythm of the MBV was revealed, as well as a significant 
increase in the MBV both in the daytime and at night relative to the indicator in 
groups 1 and 2. In group 1, compared with other groups, a more pronounced com-
pensatory participation in the process of adapting the tone of peripheral vessels 
with a change in the MBV was revealed.
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Abstract. The pandemic caused by the new coronavirus SARS-CoV-2 is 
another challenge for humanity. The efforts of scientists and doctors around the 
world are aimed at studying the features of the epidemiology, pathogenesis, clinic 
and treatment of the coronavirus infection COVID-2019. Direct interaction of the 
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causative agent of a new coronavirus infection with ACE-2 receptors, which are 
present both in the alveoli of the lungs, the myocardium, and in the endothelium of 
blood vessels, leads to damage to the vascular wall, stimulates response thrombus 
formation. One of the important mechanisms in the pathogenesis of osteonecrosis, 
including that of the jaw bones, in the occurrence of bone necrosis is a violation of 
blood circulation, as well as a deterioration in the rheological properties of blood 
and a slowdown in the rate of volumetric blood flow, which can be the cause of 
intravascular coagulation. These two factors are the main cause of bone necrosis 
with the release of inflammatory mediators. Therefore, it can be assumed that 
damage to the vascular wall and impaired microcirculation in a new coronavirus 
infection may contribute to the development of a destructive form of osteonecrosis 
of the jaw bones.

We report a case of diffuse destructive osteonecrosis of the maxilla in a 67-year-
old female patient suffering from hypertension and type 2 diabetes mellitus after 
bilateral pneumonia associated with a new coronavirus infection.

During the first hospitalization, surgical intervention consisted in the removal 
of teeth 2.4, 2.5, 2.6, a freely located bone sequester of the alveolar process within 
the boundaries of teeth 2.4, 2.5, periostectomy within the boundaries of teeth 2.2, 
2.3, 2.4, 2.5. There was no bleeding from the sockets of the teeth, the visible bone 
of the alveolar process was white, bloodless, “naked”.

When examined 2 months after the operation, in the oral cavity - exposure of 
the bone of the alveolar process within the boundaries of 2.1 - 2.6 teeth, when 
probing from the side of the palate - a pathological pocket extending in the 
direction of the soft palate to a depth of more than 2.0 cm. Bone sequestration 
within the boundaries of the alveolar the process containing the sockets of the 
removed teeth is mobile. A surgical intervention was performed - sequestrectomy, 
during which a defect was formed that communicates the oral cavity with the nasal 
cavity on the left and the maxillary sinus. The defect is closed by a protective plate 
that separates the cavity of the mouth, nose and maxillary sinus.

Key words: new coronavirus infection, maxillary osteonecrosis, osteonecrosis, 
sequestrectomy.

Introduction
On December 31, 2019, the Center of the World Health Organization (WHO) 

in China officially announced the registration of pneumonia of unknown etiolo-
gy in the city of Wuhan (Hubei Province). All the first sick patients were some-
how connected with the local Huanan animal and seafood market [6]. On January 
7, 2020, scientists from the Shanghai Clinical Center for Public Health and the 
School of Public Health established the complete genomic sequence of the caus-
ative agent of this pneumonia [4], on February 11, 2020, a new coronavirus in-



25

SCIENCE. EDUCATION. PRACTICE

International Science Conference

fection was named COVID-2019, and the virus that causes it was renamed SARS 
-CoV-2 (Severe acute respiratory syndrome coronavirus 2) [3].

The new SARS-CoV-2 coronavirus is a single-stranded RNA-containing vi-
rus of the Coronaviridae family, Beta-CoV B line. It is assigned to pathogenicity 
group II, like some other members of this family (SARS-CoV virus, MERS-CoV) 
and, presumably, is a recombinant virus between a bat coronavirus and a corona-
virus of unknown origin. The genetic sequence of SARS-CoV-2 is at least 79% 
similar to that of SARS-CoV [2].

According to the literature, the infectious process is realized mainly by air-
borne and contact-household transmission of the pathogen, which contributes to 
the pandemic spread of SARS-CoV-2.

To date, Hoffmann et al. and Walls et al. provided compelling evidence that 
SARS-CoV-2 accesses body cells via angiotensin-converting enzyme 2 (ACE-2) 
receptors in the same way that SARS-Cov did earlier. The genes responsible for 
the expression of ACE-2 localized on the X chromosome have been identified. 
ACE2 receptors are found in the heart (endothelium of the coronary arteries, myo-
cytes, fibroblasts, epicardial adipocytes), vessels (endothelial and vascular smooth 
cells), intestine (epithelial cells of the intestine), lungs (epithelial cells of the tra-
chea and bronchi, type 2, pneumocytes, macrophages), kidneys (luminal surface 
of tubular epithelial cells), testicles, brain. The vulnerability of the lungs due to vi-
ral infection can be explained by the large surface area of alveolar epithelial cells. 
At the same time, ACE-2 receptors are mainly associated with cell membranes and 
are almost not present in the bloodstream in a soluble form [8].

The incubation period for a new coronavirus infection ranges from 2 to 14 
days, on average 5-7 days. Among the first symptoms of COVID-19, as the fre-
quency of occurrence decreases, an increase in body temperature, a cough - dry or 
with a small amount of sputum, shortness of breath, myalgia and fatigue, a feeling 
of tightness in the chest, as well as headaches, hemoptysis, diarrhea and nausea. 
These symptoms at the onset of infection can also be observed in the absence of 
an increase in body temperature [7].

Clinical forms of COVID-19: asymptomatic (1-3%); mild (affecting only the 
upper respiratory tract); moderate (pneumonia without respiratory failure); severe 
(pneumonia with the development of respiratory failure); very severe (critical) 
form (pneumonia, sepsis, septic shock, multiple organ failure). Neurological 
symptoms of varying severity are observed in 36% of patients [1].

Mortality in COVID-2019 is proportional to the age of patients: from 0% in 
children under 9 years old to 14.8% in people over 80 years old [9].

Direct interaction of the causative agent of a new coronavirus infection with 
ACE-2 receptors, which are present both in the myocardium and in the endothe-
lium of blood vessels, leads to damage to the vascular wall, stimulates response 
thrombus formation with subsequent deposition of cholesterol and a decrease in 
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the diameter of the lumen up to critical obstruction, which, according to studies, 
leads to myocardial damage in many patients with COVID-19 [10].

One of the important mechanisms in the pathogenesis of osteonecrosis, in-
cluding jaw bones, in the occurrence of bone necrosis is circulatory disorders. 
The accumulation of inflammatory exudate in the bone leads to an increase in 
intraosseous pressure (M. V. Grinev, 1977), a violation of microcirculation. This 
is also facilitated by the deterioration of the rheological properties of the blood 
and the slowing down of the rate of volumetric blood flow, which can be the cause 
of intravascular blood coagulation. These two factors are the main cause of bone 
necrosis with the release of inflammatory mediators [11]. In the upper jaw, periph-
eral sequesters are predominantly formed, in contrast to osteonecrosis of the bone 
caused by desomorphine or treatment with bisphosphonates, in particular, zoli-
dronic acid [5]. Therefore, it can be assumed that damage to the vascular wall and 
impaired microcirculation in a new coronavirus infection may contribute to the 
development of a destructive form of odontogenic osteonecrosis of the jaw bones.

Own observations
In the period from 12/12/2020 to 12/28/2020, patient M., born in 1953, was 

treated at the Department of Maxillofacial Surgery at clinics of Samara State Uni-
versity. Upon admission, she complained of nasal congestion, swelling of the face 
on the left. From the anamnesis, it was revealed that after suffering COVID-19, at 
the end of October, nasal congestion appeared, swelling on the face on the left. At 
the end of November, her condition worsened, she was hospitalized to the ENT 
department of City Hospital No. 8. Then she was transferred to the therapeutic de-
partment of hospital No. 8 due to anemia. After the discharging from the hospital, 
she turned to the dentist at the place of residence, taking into account the defeat 
of the maxillary sinuses, the presence of 2.4, 2.5, 2.6 teeth with foci of chronic 
infection in the periodontal area, spontaneous dislocation of the tooth 2.1, tooth 
mobility 2.2, 2.3, 2.4, 2.5, 2.6, consultation and treatment was recommended at the 
department of maxillofacial surgery.

When examined by a maxillofacial surgeon, asymmetry of the face was noted 
due to a slight swelling of the soft tissues of the infraorbital, buccal regions on the 
left, the skin integuments of a physiological color, without infiltration, are collect-
ed in a fold. Nasal breathing is difficult on the left, in the left nasal passage there 
are purulent crusts. Palpation of the anterior wall of the maxillary sinus on the left 
is moderately painful. Full opening of the mouth, painless. There was a classic 
“muft-like” infiltrate in the region of the alveolar process of the upper jaw on the 
left, smoothness and pain on palpation of the transitional fold in the boundaries 
of 2.2 - 2.6 teeth. Tooth 2.4 is cariously destroyed, 2.6 is restored with a filling, 
2.2, 2.3, 2.5 are intact. During percussion, she noted soreness of 2.2 - 2.6 teeth, 
mobility of 2-3 degrees.

Clinical and radiological examinations were conducted. In the general (clini-
cal) blood test - changes characteristic of the inflammatory process, the level of 
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CRP - 36.35 mg / l; biochemical blood test, coagulogram at admission - within the 
reference limits of the norm. According to X-ray data of the bones of the facial 
skull, the anterior wall of the left maxillary sinus extending to the lateral wall, 
zygomatic bone, and lateral wall of the orbit are represented by modified bone 
fragments with reduced density. In both maxillary sinuses, frontal sinuses, cells 
of the ethmoid labyrinth - thickening of the mucous membrane. The diagnosis 
was made: Chronic osteonecrosis of the upper jaw on the left in the acute stage. 
Chronic pansinusitis.

Surgical intervention consisted in the removal of teeth 2.4,2.5,2.6, a freely lo-
cated bone sequester of the alveolar process within the boundaries of teeth 2.4,2.5, 
periostotomy within the boundaries of 2.2, 2.3, 2.4, 2.5 teeth. No pus was obtained 
from the sockets of the extracted teeth during periostectomy. The wound con-
tained loose granulation tissue, which was sent for histological examination. An 
abscess was opened on the hard palate. Traces of pus were received, 2 drainage 
were installed, hemostasis was performed. There was no bleeding from the sockets 
of the teeth, the visible bone of the alveolar process was white, bloodless, “naked”.

Conducted traditional complex drug treatment, physiotherapy, 5 sessions 
of hyperbaric oxygen therapy. On the 3rd day after the intervention, there were 
symptoms of perforation of the maxillary sinus on the left, during the examination 
a communication with the maxillary sinus in the area of the extracted tooth 2.6 
was found as a result of rejection of the interradicular septum. The patient was 
discharged with improvement on the 14th day after the operation.

After discharge from the hospital, outpatient monitoring of the patient con-
tinued for 1.5 months. During this time, the patient had an abscess of the lower 
eyelid, spontaneous extraction of teeth 2.2, 2.3, rejection of small bone sequesters, 
scanty purulent discharge from the wound in the oral cavity remained, as well as 
growth of granulations without a tendency to epithelialization and exposure of 
sequestering bone areas (Fig. 1.).

Figure 1. The view of the oral cavity of patient M. Forming sequester in the re-
gion of the alveolar process of the upper jaw on the left 1 month after the opera-

tion of tooth extraction, periostectomy.
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When examined 2 months after the operation, moderate asymmetry of the 
face remained due to a slight swelling of the infraorbital region on the left, nasal 
voice. In the oral cavity the exposure of the bone of the alveolar process within the 
boundaries of 2.1 - 2.6 teeth is observed, when probing from the side of the pal-
ate - a pathological pocket extending in the direction of the soft palate to a depth 
of more than 2.0 cm. A slight purulent discharge from the granulating wound 
remains. Teeth 1.1, 1.2 are mobile 3 degrees, 2.7 - immobile (Fig. 2.).

Figure 2. The view of the oral cavity of the patient M. Sequestration of the upper 
jaw on the left 2 months after the operation of tooth extraction, periostectomy.

According to computed tomography with 3D reconstruction, there is a bone 
sequester in the region of the alveolar and palatine processes of the upper jaw 
with a demarcation zone (Fig. 3.A, 3.B, 3.C). A decision was made to perform a 
sequestrectomy.

   

Figure 3A and 3B. The computed tomogram of the patient M., 2 months after the 
operation of tooth extraction, periostotomy. Front and Horizontal cuts.
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Figure 3C. The computed tomogram of patient M., 3D reconstruction, 2 months 
after tooth extraction, periostectomy.

The operation was performed under general anesthesia (intubation anesthesia). 
Teeth 1.1, 1.2 were removed; using a raspator, without much effort. The bone 
sequester formed by the alveolar process of the upper jaw within 1.2–2.6 teeth 
and the palatine process of the upper jaw with the nasal crest and lower part of the 
vomer is dislocated into the oral cavity (Fig. 4A., 4B.).

   

Figure 4A and 4B. The sequester of the upper jaw, palatal and nasal surfaces.

A defect was formed, communicating the oral cavity with the nasal cavity and 
the maxillary sinus on the left. In the sinus there is a polyposis-altered, partially 
necrotic, mucous membrane, which is removed and sent for histological exam-
ination. The edges of the wound are mobilized, brought together, the wound is 
sutured tightly.

Unfortunately, on the 7th day there was a divergence of the wound edges at 
the level of tooth 2.6, subsequently the defect increased, despite the manufacture 
of a protective plate that separates the oral cavity, nose and maxillary sinus (Fig. 
5, Fig. 6).
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Figure 5. The view of the oral cavity of the patient M. The communication 
of the oral cavity with the maxillary sinus and the nasal cavity on the left.
Figure 6. The view of the oral cavity of the patient M. with a protective 

plate applied.

Discussion
Osteonecrosis of the jaw bones is a complex inflammatory disease, most often 

of odontogenic etiology, which is most severe in the lower jaw. A lighter, “be-
nign” course of the disease in the upper jaw with no extensive destruction of bone 
tissue, the rare development of phlegmon in the adjacent soft tissues is explained 
by its anatomical and topographic features - good vascularization, the presence 
of a large number of holes in the compact layer, which contributes to the rapid 
evacuation of purulent exudate under periosteum or submucosal. In some cases, 
the maxillary sinus is involved in the inflammatory process. At the same time, the 
spread of the inflammatory process from the maxillary sinus deep into can lead to 
bone damage and the development of osteonecrosis of the upper jaw. In the upper 
jaw, peripheral sequesters are predominantly formed, in contrast to osteonecrosis 
of the bone caused by desomorphine or treatment with bisphosphonates, in par-
ticular zolidronic acid. In this case, significant areas of necrosis are predominantly 
formed, including the maxillary bone, areas of the zygomatic bone. In our case, 
we observed the formation of an extensive sequester in the upper jaw in a patient 
with comorbid pathology after a new coronavirus infection.

Conclusions
Thus, a violation of microcirculation in bone tissue caused by the direct effect 

of the SARS-CoV-2 virus on ACE-2 receptors in the vascular endothelium leads 
to the development of a widespread destructive inflammatory process with the 
formation of extensive areas of necrosis during exacerbation of existing foci of 
chronic odontogenic infection.
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Annotation. Relevance. Altai Krai is one of the most intense foci of 
opisthorchiasis invasion. Manifestations of autonomic dysfunction are a 
predisposing factor in the development of cardiovascular pathology and can serve 
as an indicator of cardiovascular disorders. In clinical practice, non-invasive 
methods that determine heart rate variability are most widely used to assess 
autonomic dysfunction.

Purpose of the study: to assess the nature of cardiovascular disorders in 
patients with chronic opisthorchiasis.

Material and methods. 46 patients with a diagnosis of chronic opisthorchiasis 
verified by coproovoscopic and/or duodenal probing were examined by random 
sampling. In order to study the manifestations of autonomic dysfunction, daily 
monitoring of ECG and BP was used. Frequency and spectral analyzes of the 
heart rate were performed using the Korveg software.

1 The study is being carried out in accordance with the State task for 2021-2023. “Technologies for 
predicting and preventing combined pathology of the liver and cardiovascular system in opisthorchiasis 
invasion”.
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Results. In patients with chronic opisthorchiasis, before deworming, 
manifestations of autonomic dysfunction were characterized by increased activity 
of the sympathetic nervous system. The prevalence of sympathicotonia and activity 
of the central regulatory systems in chronic opisthorchiasis was revealed (indices 
of regulatory systems of the autonomic nervous system - IVR, p = 0.003 and INRS, 
p = 0.001). As shown by the data of this study, the manifestations of cardiovascular 
disorders in opisthorchiasis invasion are expected in at least 69% of cases, with 
a confidence limit of 69-98% and an average estimate of 88%. The development 
of autonomic dysfunction can act as a trigger for various prenosological 
changes, functional arrhythmias, which in the future provide pathology from the 
cardiovascular system during opisthorchiasis invasion.

Key words: opisthorchiasis, cardiovascular disorders, autonomic dysfunction.

The Ob-Irtysh basin is the largest endemic area for opisthorchiasis, which be-
longs to the category of “uncontrollable” parasitic diseases in our country. In the 
middle reaches of the Ob and the lower reaches of the Irtysh, the incidence of the 
local population reaches 70-80% and even 90%. The uniqueness of the natural 
data of the region, the peculiarities of the hydrological regime ensure the stable 
functioning of opisthorchiasis foci throughout its territory. Altai Krai is one of the 
most significant natural foci of opisthorchiasis not only in Western Siberia, but 
also on the territory of the Russian Federation as a whole [1]. The incidence rate of 
this helminthiasis in the territory of the region is from 44 to 34 per 100 thousand of 
the population, which exceeds the national figure of 12 to 15 per 100 thousand of 
the population by 2 or more times, while the incidence of carp fish in the Ob-Irtysh 
basin ranges from 70 up to 90% [2]. The long-term coexistence of helminths with 
the human body often leads to serious consequences, which cannot but affect the 
general level of health of the population of endemic territories. With opisthorchia-
sis, not only allergies develop, but also dysfunctions of many organs and systems: 
liver, immune and cardiovascular systems, digestive organs, etc. The diversity 
and non-specificity of the clinical manifestations of opisthorchiasis expands the 
relevance of this problem to an interdisciplinary one and requires an increase in 
the effectiveness of care for such patients.

The primary habitat of opisthorchis is the hepatobiliary system, as well as the 
ducts of the pancreas. The liver is regulated by both the sympathetic and parasym-
pathetic branches of the central nervous system, which play a critical role in en-
ergy homeostasis, organ damage, and repair. In various liver diseases, autonomic 
dysfunction is a frequent clinical manifestation and can aggravate their course.

Autonomic dysfunction is a predisposing factor in the development of car-
diovascular pathology (arrhythmias, coronary heart disease) and an indicator of 
cardiovascular disorders, the risks of which are believed to be associated with 
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liver diseases [3]. Increased workload on the heart due to altered sympathetic ac-
tivity and defective parasympathetic response may contribute to functional and 
structural changes in the heart. In a study by D. Houghton et al., it was found that 
sustained sympathetic activity is a stimulus for structural and functional changes 
in cardiomyocytes and the interstitium of the heart muscle, left ventricular remod-
eling, and ventricular tachyarrhythmia [4]. In clinical practice, non-invasive meth-
ods that determine heart rate variability are most widely used to assess autonomic 
dysfunction [5].

Identification of the influence of autonomic dysfunction and the nature of car-
diovascular disorders in chronic opisthorchiasis is of practical importance for de-
termining adequate therapeutic interventions that are aimed at reducing the risks 
of cardiovascular diseases in such patients.

Purpose of the study: to assess the nature of cardiovascular disorders in pa-
tients with chronic opisthorchiasis.

Material and methods of research From 2021 to 2022, 46 patients with chronic 
opisthorchiasis aged 18 to 55 years were examined by random sampling on the 
basis of the KGPFHCI “Regional Clinical Hospital” outpatient department. All 
examined patients underwent deworming of opisthorchiasis on the basis of the 
infectious diseases departments of the State Budgetary Institution of Healthcare 
“City Hospital No. 11, Barnaul”.

Criteria for inclusion in the study: laboratory-confirmed opisthorchiasis; age 
from 18 to 45 years for men, 18-55 years for women, voluntary informed con-
sent to participate in the study. Criteria for exclusion from the study: the presence 
of other parasitic invasions according to serological and coproovoscopic studies 
(echinococcosis, trichinosis, toxocariasis, ascariasis, etc.), the presence of acute 
and chronic liver diseases of an infectious (viral hepatitis) and somatic nature (al-
coholic, autoimmune, against the background of metabolic violations); a history 
of cardiovascular disease; early family history of cardiovascular disease (women 
under 65, men under 55); smoking, alcohol abuse; a history of diseases that in-
crease the risk of cardiovascular events: impaired glucose tolerance, diabetes mel-
litus type 1, 2, hypertension, coronary heart disease, congenital malformations 
of the cardiovascular system, blood diseases, kidney disease (glomerulonephritis, 
chronic kidney disease); the presence of obesity (BMI from 16 to 25); the presence 
of a woman in menopause, a history of eclampsia during pregnancy. The exami-
nation took into account the data and their dynamics, which were reflected in the 
developed “Map of clinical and laboratory examination of a patient with chronic 
opisthorchiasis”. Each patient was made aware of the purpose, principles, and 
design of the study before it began. The design of the study and its documentation 
were approved by the Local Committee on Biomedical Ethics (LEC) of FSBEI HE 
Altai State Medical University of the Russian Ministry of Health.
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The examination included: collection of complaints by passive and active 
questioning, anamnesis of the disease, anamnesis of life, epidemiological anam-
nesis data with the establishment of the fact of eating river fish in anamnesis and 
living in an endemic territory for opisthorchiasis (Altai Territory). An objective 
examination was carried out using generally accepted methods of examination of 
organs and systems, allowing to identify the symptom complex of invasion.

The diagnosis of chronic opisthorchiasis was verified microscopically by the 
detection of helminth eggs in the feces (in 80.0% of patients), eggs and/or mari-
tis of opisthorchia in the duodenal contents (in 20.0% of patients). Deworming 
with praziquantel (biltricid) was carried out in the inpatient department of the 
infectious diseases department of the KGPFHCI “City Hospital No. 11, Barnaul” 
in accordance with the standards of medical care and federal clinical guidelines 
“Opistorchiasis in adults”.

In accordance with the design of the study, the main (patients with chronic 
opisthorchiasis, n=46) and control (n=15) groups of subjects matched by sex and 
age were formed.

Daily monitoring of the work of the heart (holter monitoring) was carried out 
using the equipment “Kardiotechnika” (INKART, St. Petersburg). The analysis of 
the results was carried out using the KTResult 2 program version 2.4.155, chan-
nels I, II, III, AVR, AVL, AVF, V1, V2, V3, V4, V5, V6, tones, pressure, move-
ment, movement 2, rheopneumogram were recorded. Analysis of blood pressure 
(BP) monitoring was carried out according to the Korotkov method with the ad-
dition of oscillometry. The number of measurements was sufficient to assess the 
average values at night and the variability of blood pressure. In order to study 
the manifestations of autonomic dysfunction, methods of frequency and spectral 
analysis of the heart rate were used. The functional state of the circulatory system 
was assessed using the Korveg computer program (certificate No. 2000610883, 
dated September 8, 2000). The parameters were determined in the rest position 
(lying) and active orthostasis (standing). The results obtained were entered into 
the computer program “Korveg” with the subsequent calculation of indicators that 
make it possible to evaluate the activity of various parts of the autonomic nervous 
system: mode (Mo) characterizing the most probable level of functioning of the 
circulatory system; mode amplitude (AMo) reflecting the stabilizing (mobilizing) 
effect of centralization of heart rhythm control, due to the influence of the sym-
pathetic division of the autonomic nervous system; variation range, considered 
as an indicator of the activity of the parasympathetic division of the autonomic 
nervous system. The following indices were calculated according to the above in-
dicators: the regulatory system tension index (RSTI), which reflects the degree of 
centralization of heart rate control; vegetative balance index (VBI) indicating the 
ratio between the activity of the sympathetic and parasympathetic divisions of the 
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autonomic nervous system; an indicator of the adequacy of regulation processes 
(IARP), which makes it possible to judge the presence of excessive or insufficient 
centralization of heart rhythm control; centralization index (CI) characterizing the 
degree of relative activation of subcortical and higher levels of heart rate control; 
vegetative rhythm indicator (VRI), which allows to judge the vegetative balance 
from the point of view of assessing the activity of the autonomous regulation cir-
cuit.

The paper uses methods of statistical processing, depending on the type of 
random variables and the task of the study. Continuous values are presented as 
M±SD, where M is the sample arithmetic mean and SD is the standard deviation. 
Qualitative feature values are presented as observed frequencies and percentages. 
Comparison of quantitative parameters in the comparison groups was carried out 
using the Mann-Whitney test. The level of statistical significance in testing the 
null hypothesis was taken to be the corresponding p<0.05. The χ2 test was used 
to compare the frequencies of qualitative features in independent samples. In all 
cases, two-sided versions of the criteria were used. Calculation of point estimates 
of probabilities and confidence intervals for them was carried out using the Bayes-
ian estimate for small samples and the binomial distribution model for estimating 
confidence limits. Processing and graphical representation of the data was carried 
out using computer programs Statistica 10.0 (Russian version), Excel.

Results. According to the results of the study, it was found that in the clini-
cal polymorphism of the course of invasion, the manifestation of cardiovascular 
disorders was detected in 9 (19.6%) patients with chronic opisthorchiasis before 
treatment and was characterized by complaints of tachycardia (7 people), pain in 
the heart area - 1 person, severe arrhythmia - 1 person. These were patients with 
an invasion duration of more than five years.

In the group of patients examined using daily monitoring of ECG and blood 
pressure (n=15), clinical manifestations were observed in 33.3% of patients. 
Analysis of the results of daily monitoring of ECG and blood pressure revealed 
the following changes in 86.7% of the examined patients: sinus bradyarrhyth-
mia (66.7%), pairs and triplets of ventricular and supraventricular extrasystoles 
(40.0%), systolic and/or diastolic hypertension (40.0 %), including those with an 
insufficient degree of nightly decrease in blood pressure (20.0%), an increase in 
the average daily pulse pressure (26.7%).
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Table 1. 
The frequency of cardiovascular disorders according to the data of daily 

monitoring of ECG and blood pressure in patients with chronic 
opisthorchiasis before treatment

Cardiovascular disorders n=15, %
sinus bradyarrhythmia 20,0

ventricular extrasystoles 13,3
hypertension (systolic BP and/or diastolic BP) 6,7

sinus bradyarrhythmia 46,7
ventricular and / or supraventricular extrasystoles, pairs, triplets 26,6

hypertension (systolic BP and/or diastolic BP) 20,0
increase in average daily pulse pressure 26,7

When using the Bayesian method, it was found that cardiovascular disorders 
in opisthorchiasis invasion are expected in at least 69% of cases with a confidence 
limit of 69-98% and an average estimate of 88%.

Of the patients with chronic opisthorchiasis examined using the Korveg pro-
gram (n=17), only 2 people complained of manifestations of the cardiovascular 
system (pain in the heart area, tachycardia). At the same time, a change in vegeta-
tive tone by the type of sympathicotonia and hypersympathicotonia, as a trigger 
for the pathology of the cardiovascular system, detected using the Korveg pro-
gram, was recorded in 82.4% of the examined main group. It should also be noted 
that during the survey, only 1 person complained of tachycardia, while according 
to the results of Corveg, tachycardia (in orthostasis) was registered in 16 out of 17 
examined (94.1%).

When comparing the indicators of frequency analysis according to the data of 
the computer program “Korveg” in patients with chronic opisthorchiasis before 
treatment, significantly significant changes were revealed compared to the con-
trol group. An increase in the average heart rate in orthostasis, an increase in the 
AMo index both in the rest position (p=0.002) and in orthostasis (p=0.0001) was 
revealed, which indicates the predominance of the influence of the sympathetic 
division of the autonomic nervous system (SNS). Spectral analysis of heart rate 
variability, which allows assessing the sympathetic, parasympathetic, humoral 
effect on heart rate, revealed a significant increase in first-order waves (LF, p= 
0.012) at rest, which indicates an increasing activity of vasomotor and baroreflex 
mechanisms in the supine position and the possibility of development inappropri-
ate reactions to physical activity.

In the main group, prior to treatment, a significant pronounced shift in auto-
nomic homeostasis towards activation of the sympathetic division of the nervous 
system was revealed. In comparison with the control group, the regulatory system 
tension index (RSTI) in orthostasis was 2.27 times higher (p=0.001), the vegeta-
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tive balance index (VBI) in orthostasis was 1.8 times higher (p= 0.003), which re-
flects an increase in sympathetic load regulation. The indicator of adequacy of reg-
ulation processes (IARP) was also significantly increased both in the rest position 
(p=0.019) and in orthostasis (p=0.0001), which indicates excessive centralization 
of heart rate control and can be considered as a marker of reduced functional and 
adaptive capabilities of the body as a result of the constant functional stress of the 
systems that regulate the rhythm of the heart.

A significant increase was also noted in the centralization index (CI) in the 
standing position (p=0.002), which reflects a more pronounced activation of high-
er levels of heart rate control.

Thus, vegetative homeostasis at rest and during exercise in the main group 
in patients with chronic opisthorchiasis was characterized by the predominance 
of the influence of the sympathetic nervous system. When assessing the adaptive 
capabilities of patients in the main group, functional and/or moderate tension of 
regulatory systems was revealed during exercise in 68.4% and 28.6% of cases, 
respectively (Tables 5, 6).

Table 2. 
Parameters of frequency and spectral analysis in patients with opisthorchia-

sis before treatment and in the control group (M±SD)
Indicators of frequency 

and spectral analysis
Patients, n=17 Control 

group,n=15
P, for the Mann-

Whitney test 
CR (с) 94,08±12,89 84,60±12,98 0,0216

AMo (л) 42,53±12,94 29,84±7,65 0,002
AMo (с) 53,52±14,24 33,53±7,63 0,0001
LF (л) 0,31±0,70 0,18±0,11 0,012

RSTI (с) 412,29±228,76 181,30±94,63 0,001
VBI (с) 503,14±247,32 272,72±152,90 0,003

IARP (л) 48,86±18,08 34,99±9,68 0,019
IARP (с) 86,03±27,48 47,02±13,54 0,0001

CI (с) 412,29±228,76 190,80±109,18 0,002
Note: s - standing, l - lying

Table 3. 
Comparative analysis of autonomic homeostasis in patients with chronic 

opisthorchiasis before treatment and control group (%)
Indicators Patients, 

n=17
Control 

group, n=15
P, for the Mann-

Whitney test 
Vegetative homeostasis with a 
predominance of SNS (l)

31,6 4,8 0,03

Vegetative homeostasis with a 
predominance of SNS (s)

63,2 14,3 0,025

Voltage Regulatory Systems 68,4 28,6 0,02
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Conclusion. As shown by the data of this study, manifestations of cardiovas-
cular disorders in opisthorchiasis invasion are expected in at least 69% of cases 
with a confidence limit of 69-98% and an average estimate of 88%.

It was found that in patients with chronic opisthorchiasis before deworming, 
the clinical manifestation of cardiovascular disorders was less common (33.3%) 
than according to the results of instrumental studies - daily monitoring of ECG and 
blood pressure (86.7%), (p<0.001). Manifestations of autonomic dysfunction were 
observed in all examined and were characterized by an increase in the activity of 
the sympathetic nervous system in 82.4% of cases. Along with sympathicotonia, 
the predominance and activity of the central regulatory systems in chronic opis-
thorchiasis was revealed (indices of regulatory systems of the autonomic nervous 
system - VBI, p = 0.003 and RSTI, p = 0.001). Prolonged vegetative dysfunction 
can act as a trigger for various prenosological changes, functional rhythm distur-
bances, which provide further pathology from the cardiovascular system.

The assessment of the frequency and nature of cardiovascular disorders in 
chronic opisthorchiasis is of practical importance for determining indicators of 
the risk of developing cardiovascular diseases and targeted prevention in such 
patients.
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Abstract. Sarcopenia is an age-associated atrophic degenerative change in 
skeletal muscles, leading to a loss of strength and volume, contributes significantly 
to an increased risk of disability, and is one of the five risk factors for mortality 
in the elderly. The article presents the results of studying the adaptive potential in 
sarcopenic obesity in the elderly: in practically healthy elderly people, a normal 
level of adaptation was observed, in people with obesity, adaptation strain, in 
people with sarcopenia, unsatisfactory adaptation, and in people with sarcopenic 
obesity, adaptation failure. To predict the decline in functional ability after 60 
years, it is advisable to use the continuum obesity - sarcopenia - sarcopenic 
obesity, to determine the level of energy metabolism.
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Introduction. Sarcopenia is an age-associated atrophic degenerative change in 
skeletal muscles that leads to loss of strength and volume, contributes significantly 
to an increased risk of disability, and is one of the 5 risk factors for mortality in 
the elderly. The term “sarcopenic obesity”, reflecting the combination of obesity 
and sarcopenia, has been used relatively recently. Currently, there is an increase in 
the prevalence of both sarcopenia and sarcopenic obesity, which is due, on the one 
hand, to an increase in life expectancy of the population (in 2000 there were about 
600 million people over 60 years old, and by 2050 up to 2 billion are expected). 
). On the other hand, this is due to an increase in the prevalence of obesity in the 
population [1-6].

The purpose of this work is to study the adaptive potential in sarcopenic 
obesity in the elderly.

Materials and methods
The study included 162 elderly people aged 65 to 74 years, incl. 72 men and 90 

women, the average age of the patients was 69.2+3.4 years.
All people were divided into 4 groups. The 1st group included practically 

healthy elderly people (38 people), the 2nd group - obese, but not having sar-
copenia (46 people), the 3rd - elderly people with sarcopenia, but not obese (37 
people), in the 4th - people with sarcopenic obesity (41 people). The relevant 
characteristics are shown in table 1.

All people included in the study underwent anthropometric measurements: 
measurement of height, body weight, measurement of waist, hips, their ratio, cal-
culation of the Quetelet index. Also, a bioimpedance study was performed using 
the AVS-02 Medass equipment (Russia), muscle strength was measured using a 
DMER-120-0.5-D dynamometer (Tves, Russia).

The interpretation of the results of the study was carried out in accordance 
with the recommendations of the European Working Group on Osteoporosis and 
Sarcopenia (2009).

Blood samples were taken from all people included in the study.
The state of adaptation of the body was assessed on the basis of anthropometric 

and hemodynamic data, as well as biochemical blood parameters: the content of 
adenosine triphosphate (ATP), adenosine diphosphate (ADP) and lactate dehydro-
genase (LDH). The cell energy potential (EP) was calculated, reflecting the rate 
of mitochondrial respiration according to the ratio: EP = ATP/ADP. The level of 
adaptation was characterized based on the values of the adaptive potential (AP), 
the calculation of which was carried out according to the method of R.M. Bae-
vsky in the modification of A.P. Berseneva et al. (1987, 1997) according to the 
following formula: 

AP (in points) = 0.011 • (HR) + 0.014 • (SBP) ++ 0.008 • (DBP) + 0.014 • 
(age, years) ++ 0.009 • (body weight, kg) – 0.009 • (height, cm) - 0.27, 
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where HR is the heart rate (per minute); SBP - systolic blood pressure (mm 
Hg); DBP - diastolic blood pressure (mm Hg).

Index values were taken as satisfactory adaptation
AP = 2.1 and below, the adaptation voltage was stated at values from 2.11 to 

3.2 points; at values from 3.21 to 4.3 - unsatisfactory adaptation and from 4.3 and 
above - failure of adaptation.

For statistical analysis of the results obtained during the study, we used the 
Student’s t-test. and the 0-distribution hypothesis, wherein the difference in scores 
is significant at t 2, in which case p<0.05. The Upton method was also applied 
(the study of data in contingency tables «2x2» to assess the differences between 
non-parametric parameters with the calculation of the indicator χ2. Statistical pro-
cessing of the data was carried out, which were entered into Excel spreadsheets, 
mathematical and statistical analysis of the data was carried out using program 
«Statgraphics plus for Windows», version 11.0.

Results and its discussion
Table 1 shows the characteristics of adipose tissue in the composition of the 

body of the elderly, depending on the presence / absence of sarcopenia and obe-
sity. The index of fat mass in obesity (Group 2) and sarcopenic obesity (Group 
4) was comparable and amounted to 27.1+0.7 kg and 26.2+0.2 kg, respectively. 
At the same time, the indicator of fat mass in obesity was significantly higher 
(p<0.05) than in people without obesity and sarcopenia (Group 1), in which this 
indicator was 18.1+0.6 kg, and in elderly people with sarcopenic obesity, this 
indicator was significantly higher (p<0.05) than in people with sarcopenia (group 
3), in which it was 17.2 + 0.5 kg.

The proportion of fat in obesity (Group 2) and sarcopenic obesity (Group 4) 
was comparable and amounted to 35.8+0.03% and 32.7+0.02%, respectively. 
At the same time, the indicator of fat mass in obesity was significantly higher 
(p<0.05) than in people without obesity and sarcopenia (Group 1), in which this 
indicator was 28.5+0.02, and in elderly people with sarcopenia In obese patients, 
this indicator was significantly higher (p<0.05) than in people with sarcopenia 
(Group 3), in whom it was 26.4+0.01.

Table 1
Body composition data in the elderly

Index Patients groups
1 (n=38) 2 (n=46) 3 (n=37) 4 (n=41)

Fat mass (kg) 18,1+0,6 27,1+0,7* 17,2+0,5 26,2+0,2*
Fat percentage (%) 28,5+0,02 35,8+0,03* 26,4+0,01 32,7+0,02*
Subcutaneous fat (cm2) 211,3+4,0 261,1+2,2* 215,1+4,1 256,2+3,2*
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Visceral fat (cm2) 46,2+0,3 65,9+2,9* 45,2+0,4 62,2+1,8*
Body mass index (kg/m2) 23,2+1,1 33,1+0,7* 21,4+2,0** 26,2+3,1**

*p<0.05 compared with the 1st (control) group and with the 3rd group (with 
sarcopenia);

**p<0.05 compared to group 2 (obese). 

The index of subcutaneous fat in obesity (Group 2) and sarcopenic obesity 
(Group 4) was also comparable and amounted to 261.1+2.2 cm2 and 256.2+3.2 
cm2, respectively. At the same time, the indicator of fat mass in obesity was sig-
nificantly higher (p<0.05) than in people without obesity and sarcopenia (Group 
1), in whom this indicator was 211.3+4.0 cm2, and in elderly people with in sar-
copenic obesity, this indicator was significantly higher (p<0.05) than in people 
with sarcopenia (group 3), in whom it was 215.1+4.1 cm2. A similar picture was 
observed in the analysis of indicators characterizing visceral fat. The indicator 
of visceral fat in obesity (Group 2) and sarcopenic obesity (Group 4) was also 
comparable and amounted to 65.9+2.9 cm2 and 62.2+1.8 cm2, respectively. At the 
same time, the indicator of fat mass in obesity was significantly higher (p<0.05) 
than in people without obesity and sarcopenia (Group 1), in which this indicator 
was 46.2+0.3 cm2, and in elderly people with in sarcopenic obesity, this indicator 
was significantly higher (p<0.05) than in people with sarcopenia (group 3), in 
whom it was 45.2+0.4 cm2.

Thus, it turned out that the characteristics of adipose tissue in the body of el-
derly people who are practically healthy and those with sarcopenia are identical. 
Characteristics of fat in the body composition of people with sarcopenic obesity 
were generally similar to those in people with obesity, with the exception of the 
body mass index, which was significantly lower (26.2+3.1 kg/m2 vs. 33.1+0.7 kg 
/m2, p<0.05), which is explained by the loss of muscle mass.

We studied adaptation rates in the elderly depending on the presence/absence 
of sarcopenia and obesity (Table 2).

Table 2
Data on adaptation levels (adaptive potential) in elderly patients

Index Group
1 (n=38) 2 (n=46) 3 (n=37) 4 (n=41)

Normal adaptation (Person /%) 9 (23,6%) 3 (6,5 %) 0 0
Adaptation voltage (Person/%) 26 (68,5%) 21 (45,8 %) 9 (24,3 %) 8 (19,5 %)
Unsatisfactory adaptation 
(Person /%)

3 (7,9 %) 17(36,9%) 12 (32,5%) 6 (14,7%)

Disruption of adaptation 
(Person /%)

0 5 (10,8%) 16 (43,2 %) 27 (65,8 %)

AP, points 2,0+0,02 2,9+0,04* 3,4+0,03*,** 4,4+0,07*,**,#
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*p<0.05 compared with the 1st (control) group;
**p<0.05 compared with group 2 (obese);
#p<0.05 compared to the 3rd group (with sarcopenia).

Analysis of adaptation in elderly patients showed the following results. Thus, 
in the group of practically healthy elderly people, the level of normal adaptation 
was 23.6%, the level of stress of adaptation was 68.4%, the level of unsatisfactory 
adaptation was 7.9%, and the indicator of the level of adaptation failure was 0. For 
a group of people with obesity , but without sarcopenia, the following results were 
obtained: the level of normal adaptation - 6.5%, the level of stress of adaptation 
- 45.6%, the level of unsatisfactory adaptation - 36.9%, the level of adaptation 
failure - 10.8%. In the group of elderly people with sarcopenia, but not obese, the 
indicators were as follows: the level of normal adaptation - 0, the level of stress 
of adaptation - 24.3%, the level of unsatisfactory adaptation - 32.4%, the level of 
adaptation failure - 43.2% . In the group of people with sarcopenic obesity, the 
indicator of normal adaptation was equal to 0, the level of stress of adaptation was 
19.5%, the level of unsatisfactory adaptation was 14.6%, the level of adaptation 
failure was the highest in comparison with other groups - 65.8%.

Conclusions
1. Practically healthy elderly people had a normal level of adaptation, people 

with obesity had a strain of adaptation, people with sarcopenia had an unsatisfac-
tory adaptation, and people with sarcopenic obesity had a failure of adaptation.

2. With an increase in the degree of carbohydrate metabolism disorder, an 
increasing decrease in the adaptive capabilities of the body took place, and the de-
velopment of senile asthenia in the form of sarcopenia as its manifestation potenti-
ates this negative cascade up to a breakdown in adaptation during the development 
of sarcopenic obesity.

3. To predict the decline in functional ability after 60 years, it is advisable to 
use the continuum obesity - sarcopenia - sarcopenic obesity.

4. To develop comprehensive gerontological programs in the detection of sar-
copenic obesity, it is advisable to use not only standard methods, such as bio-
impedancemetry, but also to determine the level of energy metabolism, which 
reaches maximum values in sarcopenic obesity, which should be considered as 
a predictor of adaptation failure and risks of a progressive decrease in functional 
ability . 
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Introduction.
Vertebral osteochondrosis ranks first, accounting for 48% of all diseases of 

the nervous system. Scientists and leading experts say that a person under 30, 
even leading an active lifestyle, once a year needs a correction of the spine, and 
at 40 and older, at least 2 times a year, a preventive treatment of the spine should 
be performed. The reasons for most cases of treatment of diseases of the spine or 
heavy physical activity, or a long tense posture (sitting). In these categories of 
patients, the musculoskeletal system of the spine weakens, the back muscles cease 
to play the role of shock absorbers of the vertebrae, the nerve roots are infringed, 
and the so-called “lumbago” occurs. Methods of medical rehabilitation based on 
mechanotherapy are pathogenetically justified and effective for the largest number 
of patients with diseases of the spine.

The purpose of this work is to describe our own experience of using devices 
for mechanotherapy.
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Material and methods. The work used our own observations made during 
the implementation of rehabilitation programs during 2019-2022 in 628 patients 
with spinal dysfunction. This work is descriptive in nature and aims to familiarize 
practitioners with the possibilities of mechanotherapy. In the work, the devices of 
the Research and Production Enterprise “ORMED” (Ufa) were used.

Results and its discussion.
A variant of a professional decompression apparatus for traction and vibra-

tion-thermal, roller massage of the spine is the ORMED-professional apparatus. 
Its features: local traction when the angles of traction change, it is possible to lo-
cally stretch exactly the part of the spine in which the problem arose; color touch 
LCD control panel, allows you to set all the parameters of the procedure, load, 
time, mode, type of traction, rate of increase in load, rate of decrease, rest time. 
All this can be visually controlled on the real-time traction graph during the pro-
cedure and the parameters can be changed at any time. Areas of traction: cervical 
spine; lumbosacral spine; joints of the upper and lower extremities. Traction force: 
for the cervical region from 2 to 20 kg, for the lumbosacral spine from 2 to 60 
kg. Stretching modes: constant (continuous) stretching with the use of a constant 
dosed force in a continuous time interval; variable traction - for short intervals of 
time, the dosed effort increases or decreases; differentiated traction - in the frontal 
plane (achieved due to the difference in the lengths of the traction belts. In this 
case, the length of the belt on the diseased side is greater than that of the healthy 
one); vector extension - in the sagittal plane in front and behind (achieved by 
changing the angle of traction with respect to the horizon).

Therapeutic effects: unloading of the spine, by increasing the distance between 
the vertebrae; non-surgical treatment of herniated intervertebral discs by reducing 
the hernial protrusion and reducing (decompression) intradiscal pressure; elimi-
nation of subluxations in the intervertebral joints, which gives a decompressive 
effect, eliminating disc displacement and curvature of the spine; improves blood 
circulation and trophism of the entire spinal column; the muscular corset of the 
spine is strengthened.

An example of the installation of horizontal and vertical traction of the spine 
is “ORMED traction”. The traction device is designed for professionals who com-
bine traction, manual therapy and medical massage. Stretch options: horizontal, 
vertical. Traction areas: cervical spine, lumbosacral spine, joints of the upper and 
lower extremities. Traction force: for the cervical region from 2 to 15 kg; for the 
lumbosacral region from 2 to 70 kg. Therapeutic effects: non-surgical treatment 
of herniated intervertebral discs, by reducing the hernial protrusion and reduc-
ing (decompressing) internal pressure; treatment of osteochondrosis and degen-
erative-dystrophic diseases of the spine; treatment of protrusions of intervertebral 
discs; treatment of curvature of the spine, scoliosis. Stretching modes: constant 
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stretching mode; the constant traction mode is most often used to perform local 
traction (on a specific area of   the body, joint or SMS) and has mainly a decom-
pression effect. The effectiveness of this stretching regimen is increased when 
combined with various types of physical therapy, manual therapy and reflexology. 
Continuous traction mode is successfully used by traumatologists, orthopedists in 
the treatment of diseases of the spine and joints of the upper and lower extremities.

Variable traction mode: variable (intermittent) traction - for short periods of 
time, the dosed force increases or decreases. Intermittent traction is more effec-
tive than continuous traction and the impact is less sharp and intense. Intermittent 
stretching consists in the fact that fast traction, performed over a different period 
of time (the strength of traction varies), is replaced by fast relaxation, performing 
stretching with a given rhythm. Intermittent and continuous tractions are often 
combined to obtain an effective result.

It is also possible to note the following variants of devices: the apparatus of 
physiological traction “ORMED prophylactic” (traction is carried out on an in-
clined plane under the influence of the patient’s own body weight - autogravita-
tional traction); “Ormed relax” (apparatus for roller vibration-thermal mechani-
cal massage); “AQUATRACTION” (automated complex for underwater traction 
and hydro-aeromassage with a counter patient lift. The success of treatment with 
underwater traction is explained by the fact that in warm water, under the influ-
ence of a small load on the spine, there is complete relaxation of the muscles and 
stretching of the paravertebral elastic tissues and ligaments); “ORMED - kineso” 
(installation for active-passive mechanotherapy of the spine; kinesiotherapy de-
vice is designed for dosed dynamic changes in angles in the anterior-posterior 
directions with different modes of flexion and extension in the thoracic and lumbar 
spine. It allows you to perform procedures with the ability to change the frequency 
and height of the amplitude In this case, there is a non-forced traction of the spine 
in a passive mode, when lying down without the active participation of the mus-
cles of the body. This has a therapeutic and training effect on the ligaments of the 
vertebrae and intervertebral discs, contributes to the prevention and treatment of 
curvature of the spine, and improves the mobility of its links. In addition, thera-
peutic movements on the apparatus develop deep muscles that are not involved in 
ordinary life, restore the rhythm and depth of breathing).

Conclusions
1. Mechanotherapeutic devices for complex treatment and biomechanical cor-

rection of functional disorders of the spine are the most effective therapeutic tech-
nical means.

2. The main operating factors are dosed axial traction, local vibrational and 
thermal effects on the spinal column.

3. Restoration of the functions of the spine occurs in the following areas: the 
elimination of muscle tension and the removal of local functional blocks; increase 



49

SCIENCE. EDUCATION. PRACTICE

International Science Conference

in range of motion and restoration (correction) of physiological curves and mobili-
ty of the spine; an increase in the intervertebral space (decompression) of the spine 
and the elimination of intervertebral hernias.

4. Hardware mechanotherapy contributes to the development and strengthen-
ing of the paravertebral muscles and ligaments in the form of a muscle corset, 
allows you to return displaced vertebrae to the correct physiological state, prevent 
and cure postural disorders and scoliotic deformities (curvature) of the spine.
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Abstract. Adaptation of the body to cold requires a multifaceted restructuring 
of the work of many functional systems of the body. A special role in adaptation 
to cold is played by the sympathetic nervous system and its neurotransmitters 
norepinephrine and adrenaline. In our work, we studied the receptor 
mechanisms of regulation of the tone of the arteries of the rabbit extremity to the 
neurotransmitter adrenaline during 10 days of cold adaptation. Pharmacokinetic 
and pharmacodynamic changes in the reactivity of arterial alpha-adrenergic 
receptors to adrenaline were studied by the Lineweaver -Burk and Sketchard 
method. This made it possible to determine the number of active a-adrenergic 
receptors in the arteries and their sensitivity to adrenaline during adaptation 
to cold. The work shows that after 10 days of cold, the pressor response of the 
arteries to all 8 doses of adrenaline increased due to an increase in the number 
of active arterial adrenoreceptors by 32% and an increase in the sensitivity of 
adrenoreceptors to adrenaline by 50%.

Keywords: rabbits, cold adaptation, arteries, alpha-adrenergic receptors, 
epinephrine, Lineweaver -Burk and Sketchard plot.
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Introduction. Adaptation to the cold of the body occurs constantly from year to 
year, which activates the genetic reserves of survival in extreme conditions [1, 4]. To 
such long-term switching of the body’s work to the cold, a multimillion-dollar tem-
porary adaptation took place. But in the last century, the body began to undergo more 
often short-term adaptation to cold and maladaptation processes during subsequent 
stay in heat. Such short-term processes of adaptation to cold [2, 4] were not developed 
in the evolutionary process and caused a disturbance in the activity of the functional 
systems of the body. Therefore, in recent years, more and more studies have appeared 
to study the results of short-term adaptations to cold [4, 6, 7].

Thus, whole body heat acclimatization has been shown to increase the vaso-
dilating response of the fingers during cold water immersion and increase the rate 
of hand warming, potentially improving local cold tolerance [7]. A study showed 
[8] that seven consecutive days of cold water immersion can reduce the intensity 
of chills by 36%.

The authors [6] showed that a 4-week cold acclimatization suppressed the 
cold-induced increase in proton leakage and decreased the intensity of shivering 
in skeletal muscle, observed an increase in the association between the cold-in-
duced increase in heat production and the intensity of shivering after 4 weeks of 
cold acclimatization.

In the studies of Novosibirsk scientists [4], the term appeared as incomplete 
adaptation, when they showed that adaptation to cold occurs only after 24-5-30 
days of staying in cold. According to their data, the body endured the 10-15th 
day of cold adaptation especially badly, which was expressed by the presence of 
extrasystoles, insomnia, pain in the heart, but the authors did not find out the phys-
iological mechanisms of these symptoms.

Therefore, the aim of our research was to study the receptor mechanisms of 
ligand-receptor interactions of adrenaline with arterial alpha-adrenergic receptors 
after 10 days of cold adaptation.

Material and research methods. Studies have been carried out on male rabbits. 
The control group consisted of 28 rabbits kept at ambient temperature (+)18-22’C for 
30 days. Cold exposure was carried out daily for 6 hours in a cooling chamber at a tem-
perature of (-)10’C, the rest of the time the rabbits (18 animals) were at a temperature 
of (+)18-22’C. The vascular response of a preparation from the musculoskeletal region 
of the hind limb was studied when perfused with the blood of the same animal using a 
constant-capacity pump [3, 5]. Eight doses of epinephrine were injected intra-arterially 
before the pump inlet, changes in perfusion pressure were recorded with an electroma-
nometer and recorded via an ADC in a computer.

To describe the interaction of a mediator [3] with a specific receptor, the the-
ory of Clark and Ariens was used, which is based on the fact that the magnitude 
of the effect is proportional to the number of receptor-mediator complexes. The 
maximum effect occurs when all receptors are occupied. To analyze the response 
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of vascular regions, we used a graphical method for determining the parameters 
of mediator-receptor interaction in double inverse Lineweaver-Burk coordinates 
and Sketchard coordinates [3, 5]. The maximum possible pressor response (Pm) 
of perfusion pressure to adrenaline was determined, which was proportional to the 
number of active alpha-adrenergic receptors. The dissociation constant (Kd) of 
the mediator receptor was calculated, which was equal to the dose of adrenaline 
causing 50% of the maximum possible (Pm) perfusion pressure response. The 
value of sensitivity (1/K) of the interaction of adrenaline with adrenoreceptors 
of the arteries of the limb was also determined, which is numerically equal to the 
reciprocal of the dissociation constant (Cd).

Research results and discussion. The introduction of eight increasing doses of 
adrenaline caused, as in the control group, an increase in the pressor response of the 
perfusion pressure of the arteries of the hind limb. Comparison of the average values 
of the increase in perfusion pressure at doses of injected adrenaline from 0.125 µg/kg 
to 3.0 µg/kg showed their significant increase after 10 days of cold adaptation.

Figure 1 shows the increase in perfusion pressure (Pm mm Hg) of the control 
group (N) of animals and rabbits after 10 days of cooling (10 DAYS). In both 
groups, an increase in the dose of adrenaline leads to an increase in the pressor re-
sponse to perfusion pressure (Pm). At a dose of 0.125 mcg/kg in the control group 
Pm=28 mm Hg. , and after 10 days of cooling, the perfusion pressure increased 
by 89% and amounted to Pm=54 mm Hg, this difference is significant P<0.001.

Figure 1. Average values of the increase in the perfusion pressure of the arterial 
bed of the hind limb in response to adrenaline in the control group and after 10 
days of cold adaptation. Abscissa: drug doses in mcg/kg (Y). Y-axis: change in 
perfusion pressure in mm Hg, first columns - animals of the control group, sec-
ond columns - animals after exposure to cold, asterisks - significant differences 

to the control group (*P<0.01).
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At a dose of adrenaline 0.25 mcg/kg in the control group Pm=51  mm Hg, 
and after 10 days of cold Pm=91 mm Hg, which is 79% more than in the control 
group (at P<0.001). As can be seen from Fig. 1, subsequent doses of adrenaline 0.5 
μg/kg, 1.0 μg/kg, 1.5 μg/kg, 2.0 μg/kg, 2.5 μg/kg, 3.0 μg/kg revealed the follow-
ing pattern: at all these doses, perfusion pressure in animals after 10 days of cold 
adaptation was much higher than the corresponding perfusion pressure in animals 
in the control group with a high degree of significance (P<0.001). So at a dose of 
0.5 µg/kg, the perfusion pressure was 67% more, 1.0 µg/kg more by 56%, 1.5 µg/
kg more by 51%, at 2.0 µg/kg more by 47%, by 2.5 µg/kg more by 44%, at 3.0 
mcg/kg more by 42% when compared with the control group.

To elucidate the mechanisms of changes in alpha-adrenergic reactivity of the 
arterial vessels of animals after a 10-day cold exposure to adrenaline and to quanti-
fy the mediator-receptor interaction, Fig. 2 shows a graph of changes in perfusion 
pressure in double inverse coordinates. As can be seen from Fig. 2, the straight 
line, reflecting the reactivity of the arteries of animals after 10 days of cooling, 
crosses the y-axis at 1/Pm=0.0034, which corresponds to Pm=294 mm Hg. This 
figure characterizes the number of active alpha-adrenergic receptors and is theo-
retically equal to the perfusion pressure when 100% of arterial alpha-adrenergic 
receptors are excited by an infinitely large dose of adrenaline.

The control group of animals is shown in Figure 2 by a straight line (N), which 
crosses the y-axis at 1/Pm=0.0045, which corresponds to Pm=222 mm Hg and re-
flects the number of active alpha-adrenergic receptors of arterial vessels in animals 
of the control group. Thus, the number of active alpha-adrenergic receptors after 
10 days of cooling increased from Рm=222 mm Hg in control up to Рm=294 mm 
Hg after 10 days of cooling, that is, the number of active alpha-adrenergic recep-
tors increased by 1.32 times or increased by 32% compared with the control group.

To characterize the sensitivity of the interaction of adrenaline with arterial 
alpha-adrenergic receptors, the straight line characterizing the group of animals 
after 10 days of cooling was extrapolated to the intersection with the abscissa 
axis, which made it possible to obtain the parameter 1/K=1.8 (1/μg.kg), which 
characterizes the sensitivity of the interaction adrenaline with alpha-adrenergic 
receptors. As can be seen from Fig. 2, in the control group (N) this indicator was 1/
K=1.2 (1/mcg.kg). Thus, after 10 days of cold adaptation, the sensitivity of alpha-
adrenergic receptors to adrenaline increased from 1/K=1.2 in control to 1/K=1.8 
(mcg.kg), that is, after 10 days of cold, the sensitivity of receptors increased by 1.5 
times or increased by 50%. Thus, it can be concluded that after 10 days of cooling, 
the sensitivity (1/K) of arterial alpha-adrenergic receptors to adrenaline increases 
by 1.5 times, and the number of active alpha-adrenergic receptors (Rm) increases 
by 1.32 times. As a result, the following changes in the perfusion pressure of the 
arteries of the hind limb on the introduction of increasing doses of adrenaline are 
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noted: for all doses of adrenaline (0.125-3.0 µg/kg), the pressor effect is signifi-
cantly (P<0.001) greater in animals after 10 days of cooling (Fig. 1, 2 ) compared 
to the control group.

Figure 2. An increase in the perfusion pressure of the arterial bed of the hind 
limb of a rabbit in response to adrenaline in double inverse coordinates in the 
control group (N) and after 10 days of cold adaptation. The abscissa shows the 
reciprocal of the dose (1/mcg.kg). The y-axis shows the reciprocal of the perfu-

sion pressure (1/mm Hg) per 8 doses of adrenaline.

We see the explanation for these changes in the following mechanisms of 
self-regulation, so when the body is exposed to cold on the 10th day of cold adap-
tation, low doses of adrenaline narrow the peripheral arteries more strongly, blood 
flow in the skin and muscles worsens, which contributes to the preservation of heat 
and longer survival in the cold. But this, at the same time, dramatically increases 
the risk of frostbite. Therefore, on the 10th day of cold adaptation, with a signif-
icant cold load (in our experiments, this is a large dose of adrenaline), the risk of 
frostbite increases, compared with the control group.

On fig. 3 on the abscissa axis - the value of the pressor response of the arteries 
to 8 doses of adrenaline (mm Hg), Pm1 - the maximum pressor response in the 
control, Pm2 - the maximum pressor response after the cold (mm Hg). On the 
y-axis, the value (Y mm Hg/DOSE) from dividing the pressure response (mm 
Hg) to the introduction of 8 doses of adrenaline (mcg.kg). Angles a1-tg1 and a2-
tg2 reflect the sensitivity of adrenergic receptors to adrenaline in control (1/K=t-
g1=Y1/Pm1=266.4/222=1.2), reciprocal of sensitivity (1/K) dissociation constant 
of mediator-receptor (K = 0.833 mcg.kg - dose giving 50% of the effect of the 
maximum). 
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Figure 3. Graph of changes in the pressor response of the arterial bed of the 
rabbit limb to 8 doses of adrenaline in the control and after 10 days of cold ad-
aptation in the Sketchard coordinate. On the abscissa axis, the pressure is mm 

Hg. On the y-axis, mm Hg/mcg.kg.

After cold (1/K=tg2=Y2/Pm2=529/294=1.8) reciprocal value of sensitivity 
(1/K) mediator-receptor dissociation constant (K=0.555 µg.kg – dose giving 50% 
of the effect of the maximum).

Conclusions. As a result of our studies, we can conclude that after 10 days 
of adaptation to cold, the reactivity of arterial vessels to adrenaline significantly 
increased due to an increase in the number of adrenoreceptors by 32% and an in-
crease in the sensitivity of adrenoreceptors to adrenaline by 50%.
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Abstract. The article discusses the possibility of reducing systolic blood 
pressure (SBP, mmHg) in a person suffering from hypertension (H) through 
regular dosed physical activity in the form of running and walking. For the first 
time, the authors consider the mechanism of occurrence of muscle hyperemia 
(MH), which is manifested by a decrease in the sensitivity of alpha-1-adrenergic 
receptors of arterial vessels to the reducing effect of norepinephrine. It has been 
proven for the first time that active muscular activity in the form of running and 
walking for an hour in men with H contributes to a decrease, but also to the 
normalization of elevated SBP due to MH, not only during the day, but also for 
a much longer time. From a physiological point of view, this is important for 
restoring metabolic processes in muscles and switching on the mechanisms of 
adaptation of the whole organism to muscle loads. After daily regular physical 
activity (PA) for a month, increased SBP in men decreased from 160-170 mm. rt. 
Art. up to standard values. At the same time, the heart rate (HR, beats/min) did not 
undergo significant changes.

Keywords: dosed running and walking, systolic blood pressure, men, 
norepinephrine, muscle hyperemia.
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Relevance. From a physiological point of view, during muscle activity, arte-
rial vessels expand due to MH, while muscle blood flow increases [1]. It would 
seem that the expansion of the lumen of arterial vessels in the muscle tissue should 
lead to a decrease in blood pressure (BP) during muscular work, but this does 
not happen, since the concentration of norepinephrine and adrenaline increases in 
the blood, which, acting on the alpha-adrenergic receptors of the arteries, reduce 
them, resulting in a decrease in blood flow [3]. The fact that during muscular 
work there is an expansion of the arteries and an increase in muscle blood flow 
has long been known, but why this happens has not been proven. We assumed 
that if MH dilates arterial vessels and if physical activity in the form of walking 
and running is quantitatively selected, then it is possible not only to reduce and 
normalize blood pressure in hypertension. When asked about the strength and du-
ration of physical activity, only fragmentary and fragmentary studies are given [4, 
5]. Regular, moderate-intensity sports activity is known to be sufficient to lower 
blood pressure. Forms of training recommended for this include walking, jogging, 
cycling, and dynamic strength training. However, the intensification of general 
physical activity can also lower blood pressure, regardless of other risk factors [6]. 
Many athletes train too intensely or too repetitively [2]. There are two ways to set 
the optimal training intensity: by measuring the level of lactate (lactic acid) in the 
blood or by using the heart rate (HR).

The oxygen, or aerobic, system is the most important for endurance athletes 
because it can support physical performance for a long time. The oxygen system 
provides muscle activity with energy through the chemical interaction of nutrients 
(mainly carbohydrates and fats) with oxygen. Glycogen stores can vary greatly, 
but in most cases they are enough for at least 60-90 minutes of submaximal in-
tensity work. At the same time, the reserves of fats in the body are practically 
inexhaustible. Under the influence of training, a person’s aerobic capacity can 
increase by 50%.

The lactate system manifests itself when muscle work can no longer be sup-
ported by the aerobic system alone due to lack of oxygen. From this point on, the 
lactate mechanism of ATP resynthesis, the by-product of which is lactic acid, is 
involved in the energy supply of physical work. With a lack of oxygen, the lactic 
acid formed in the first phase of the aerobic reaction is not completely neutralized 
in the second phase, resulting in its accumulation in the working muscles, which 
leads to acidosis, or “acidification” of the muscles [2].

An analysis of the scientific studies available to us showed that the load should 
be chosen at a low concentration of norepinephrine and lactate. Heart rate should 
be in the range of 90-105 times per minute at a speed of 4-6 km / h, which we used 
in our studies. At the very beginning of any exercise, regardless of the intensity 
of physical activity, the energy supply of the body occurs only in the anaerobic 
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way. Each time, it takes the body several minutes for the aerobic system to fully 
kick in - until the lungs, heart, and oxygen transport systems adjust to the demands 
of the load. Until then, the required energy is supplied by the lactate mechanism.

Thus, the identification of the mechanisms of MH during physical exertion in 
humans is not only fundamental for science, but can also help to partially solve 
the problem of prevention and treatment of H with a physical activity selected for 
a given person.

Material and research methods. The study involved 18 men (63.4±1.6 years) 
whose systolic blood pressure was in the range of 173±8 mm Hg., and diastolic 
- 120 ± 7 mm Hg. During the last two months, the men endured high blood pres-
sure without complaints. They did not take drugs, did not smoke or drink energy 
drinks, did not get sick, led a healthy lifestyle, limited salt intake, had at least 8 
hours of sleep at night, and had no pronounced stress factors. Prior to the study of 
the effect of physical activity on blood pressure, men firstly ran for 30 days daily 
for 60 minutes in the morning at a pace of 92-105 steps per minute. Secondly, 
6000-8000 steps were taken daily in the afternoon. After that, they ran and walked 
for another 30 days, during this period blood pressure was measured immedi-
ately after exercise and then regularly during the day from 7 am to 12 pm. These 
changes in systemic pressure per day for 30 days of running and walking were 
statistically processed. Changes in systemic pressure were analyzed before and 
after running, then during the day every 2 hours. During the run, blood oxygen 
saturation was measured with a pulse oximeter, which was always in the range of 
95% -98%, heart rate did not exceed 110 bpm. Systemic pressure was measured 
with an automatic tonometer UA-777.

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) and the oral consent of the men.

Results of the study and their discussion. We have shown that during MH nor-
epinephrine significantly reduces its vasoconstrictive effect on arteries in working 
muscles. The results of regularly measured blood pressure in men who trained for 
30 days showed that before training by running at 8 am, SBP was 173.6 ± 4.1 mm. 
rt. Art. I would like to draw attention to the fact that after daily morning (starting at 
8 am) hourly running and walking (Fig. 1) for 30 days, blood pressure in absolute 
values was 137.4 ± 3.8 mm. rt. Art. (p<0.05). Thus, it can be stated that regular 
dosed physical activity in the form of running and walking reduced the SBP by 
36.2 mm. rt. Art.

As for the heart rate (Fig. 2), it decreased from 88.7±2.9 beats/min before the 
start of the study to 81.2±2.5 beats/min (p<0.05) after 30 days of regular exercise .
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Figure 1. The indicator of the systolic blood pressure in men after 30 days of 
regular jogging and walking.

In our opinion, the decrease in systemic pressure was the result of a monthly 
muscle training by running and walking due to MH. At the beginning of training, 
up to 30 days of running, there were no such pressure reduction results. After 30 
days of regular daily running and walking, systemic pressure was normal for the 
entire 24 hours. Based on these data, we for the first time put forward a hypothesis 
that after sufficient intense muscle loads, MH has a pronounced aftereffect during 
the day of observation. 

Figure 2. Men’s heart rate after 30 days of regular jogging and walking.

The most important indicator of men’s tolerance to dosed physical activity is 
blood oxygen saturation, which we conduct with a pulse oximeter 7 times within 
30 days (Fig. 3).
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Figure 3. Dynamics of blood oxygen saturation during 30 days of examination.

Thus, over 30 days of regular jogging and walking with a health-improving 
orientation, the percentage of blood oxygen saturation in men increased by 1.3%, 
while starting from day 20 it steadily exceeded 98%.

Why did we take 30 days of training as a basis? It is known that only after 7-15 
days the genome is activated and the synthesis of regulatory peptides begins. The 
men trained for 2 hours per day, one hour of running and one hour of walking.

Conclusion. The mechanism of MH is to reduce the sensitivity of arterial 
alpha-1-adrenergic receptors to the pressor action of norepinephrine. We have 
proven that muscle work in men in the form of 1 hour of running contributes to 
the expansion of arteries and a decrease in elevated blood pressure due to MH. 
At the same time, MH manifests itself during the day, i.e. has inertia and afteref-
fect, which is important for restoring metabolism in muscles and switching on the 
mechanisms of adaptation of the whole organism to muscle loads. The second 
muscle load in the form of one hour of walking stabilizes and improves the hy-
potensive result of one hour of running. We have proved that after daily physical 
exercises for a month, SBP reaches the age normative values.
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Abstract. The main purpose of the study was to study the influence of various 
shapes and materials of root pin tabs in multi-root teeth on the distribution of 
masticatory pressure. Calculations of the stress-strain state in the studied groups 
of teeth were carried out using 3-D models. In the course of the study, it was 
determined that the most important factor for an adequate pressure distribution is 
the length of the pin part of the root tab and the presence of an unloading platform. 
Modeling of root pin tabs with several short pins was the most unfavorable.
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An analysis of the structure of defects in hard tissues of teeth and data on the 
prevalence of caries diseases and its complications shows that the problems of re-
storing severely damaged teeth are still relevant. The use of dental implants cannot 
completely solve the issues of restoring the integrity of the dentition, in addition, 
the use of a natural tooth root has many advantages in terms of physiological load 
distribution and preservation of the natural periodontium of the teeth. As studies 
conducted by various authors show, in the Russian Federation, the use of root pin 
inlays (RPI) made of metal alloys and zirconium dioxide is a common method for 
restoring teeth with a destroyed crown part [1,2]. This method is widely known, 
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easy to use, but has its own peculiarities and difficulties [1,3]. In particular, our 
studies of judicial practice in dentistry in the country for the ten-year period 2013-
2022. showed that in terms of the frequency of occurrence among the reasons 
that became the basis for the appeal of patients to the courts, RPIs are in 3rd 
place among fixed orthopedic structures (after metal-ceramic crowns and implant-
supported crowns) [4.5]. Moreover, during the period under study, the number of 
claims to the quality of the manufacture of RPI did not decrease, which indirectly 
confirms the presence of unresolved issues and problems.

A fairly large number of publications and scientific studies are devoted to the 
development of optimal methods for the restoration of single-rooted teeth, and 
there are practically no scientific works on modeling RPI in multi-rooted teeth, 
and the data in these works are contradictory []. In this regard, the manufacture of 
RPI in chewing teeth causes certain difficulties. This is due to the peculiarities of 
the structure of the roots of the chewing group of teeth, with the variability in the 
distribution of chewing pressure with different types of inlays, etc.

The purpose of our study was to determine the optimal options for modeling 
RPI in masticatory teeth in the u/j and l/j, depending on the structure of the roots, 
by conducting a mathematical analysis of 3-D models and calculating the stress-
strain state for various modeling options for RPI with one, two, three pins. In ad-
dition, options for restoring multi-rooted RPI teeth from a cobalt-chromium alloy 
(CCA) and from zirconium dioxide were studied.

To achieve the goal and implement the objectives of the study, using the Ansys 
SpaceClaim software, we created 84 tooth models (48 models with RPI from CCA and 
36 RPI from zirconia). Real dental images from CBCT studies were used to create the 
models. Moreover, the most characteristic teeth in terms of structure were selected: 1 - 
with a parallel arrangement of the roots (П-shaped shape of the roots); 2 - roots with a 
divergence angle of more than 35° (Λ-shaped roots). The third group consisted of teeth 
in which the roots had a bend of more than 35° (Г-shaped roots), in the fourth group 
there were teeth with an O-shaped root (Figure 1).

Figure 1. 3D models of teeth with different root structure: a) parallel arrange-
ment of roots (П-shaped); b) divergence of roots more than 35° (Λ-shaped 

roots); c) with a bend in the area of the middle apical third more than 30° (L-
shaped roots); d) roots in the form of the letter O (O-shaped roots)
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Further, for each RPI model for 4 groups of teeth, using the Ansys Workbench 
software, models with one, two, three CCA pins, as well as with one and two zir-
conia pins were created. Calculations of stress-strain states were carried out taking 
into account the application of a load of 100N directed along the axis of the tooth 
and at angles of 15°, 30° and 45°. An example of tables of values of principal 
stresses is shown in Figure 2.

Figure 2. The third main stresses in the tooth with one, two, three pins at the 
root tab (cobalt - chromium alloy) in the case of a force acting at an angle of a) 

0°; c) 15°

To verify the results of mathematical modeling in the laboratory, a study was 
made of the strength properties of chewing teeth restored by RPI (Figure 3).

Figure 3. Laboratory tests of the strength properties of chewing teeth restored 
by RPI with a different number of pin parts

As a result of the studies conducted, data were obtained indicating that the 
most important factor influencing the increase in the load on the hard tissues of a 
multi-rooted tooth is not the shape of the roots or the number of pin parts of the 
inlay itself. For adequate load distribution, the length of the pin part is important, 
since with a long pin, the load is distributed along the length of the root and is less 
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concentrated at the end of the pin and in the cervical zone. In cases where it is im-
possible to model long pin parts of the inlay (with curved roots, canal obturation, 
etc.), it is preferable to model one pin and form an unloading area perpendicular to 
the tooth axis, because this reduces stress in the most critical areas. Studies have 
shown that the modeling of RPI in multi-rooted teeth with 2.3 short pins is the 
most unfavorable, because this reduces the possibility of creating an unloading 
platform, increases the load in the zone of root furcation, without allowing, at the 
same time, to distribute pressure over the roots of the teeth. When using zirconium 
dioxide (less elastic than cobalt-chromium alloy) for the manufacture of RPI, the 
stresses in the teeth are reduced in almost all cases.

Modern research methods, including the use of mathematical modeling, pro-
vide us with opportunities outside the human oral cavity to predict the functionali-
ty of orthopedic structures and develop the most rational treatment options.
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One of the promising areas of modern alternative energy is biofuel cells (BFC) 
- devices for converting the chemical energy of a fuel into electrical energy using 
biological catalysts (enzymes, microbiological communities, etc.).

Microbial fuel cells (MFC) are a special case of biofuel cells. MFCs use micro-
organisms to extract energy from complex organic mixtures. Microorganisms are 
typically inoculated into the anode chamber to biocatalyze substances to produce 
electrons, protons, and other bacterial metabolic products. The fuel in this case 
can be domestic and industrial wastewater, which makes them a very attractive 
tool for protecting the environment. However, the large-scale application of this 
technology is still impossible, since an increase in the performance of the MFC is 
required: higher power and energy efficiency [1].

The efficiency and performance of MFCs should be studied during long-term 
tests close to real-time practical use (1000 h), taking into account the effects of 
long-term changes in biomass activity, electrode fouling, membrane plugging, 
metabolite accumulation and product degradation. In this regard, the development 
of a mathematical model of the processes occurring in the MFC can be an impor-
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tant step towards scaling the technology for extracting electricity from wastewater 
with its associated treatment.

An important stage in the development of an efficient MFC is the selection of 
catalytic systems capable of providing high output characteristics for a long period 
of time, as well as convenient for subsequent scaling.

There are quite a lot of works on MFC designs for wastewater treatment in the 
literature. However, these studies are mainly devoted to the development of labo-
ratory prototypes of MFCs. Popular designs are single-chamber, double-chamber, 
cylindrical. Most scaling studies have studied tubular or plate type reactors. To 
increase the power, individual modules are connected in series or in parallel into 
batteries [2-10].

This paper presents the results of modeling the phenomena occurring in a sin-
gle-chamber cell, which is a prototype of a membraneless MFC [11].

Experimental studies of the phenomena of membraneless MFC glucose-oxy-
gen with anodic and cathodic bioelectrocatalysts were carried out by the group of 
V.A. Bogdanovskaya at the Institute of Electrochemistry and Physical Chemistry. 
A.N. Frumkin Institute of Chemistry of the Russian Academy of Sciences (herein-
after referred to as IPChE RAS) by employees of the Electrocatalysis laboratory. 
Experiments on the cultivation of microorganisms and their immobilization on 
a carbon carrier were carried out at the D. Mendeleev University of Chemical 
Technology of Russia at the Department of Biotechnology. The results of the 
study of various electrocatalytic systems, both biotic and abiotic, are presented in 
our previously published works [11–13]. The catalytic system of the anode was 
a community of microorganisms of bacterial and fungal cultures, immobilized in 
graphene-like thermally expanded expanded graphite, the cathode was the laccase 
enzyme, also immobilized on carbon material (soot and carbon nanotubes).

The electrodes were tested in the developed fuel cell cell with an electrolyte 
chamber. During the tests, current-voltage curves were recorded, and partial 
curves were also measured to separate the contributions of cathodic and anode 
processes to the total voltage of the fuel cell. To obtain partial curves, galvanos-
tatic current-voltage curves were measured with each point held for 1 min, and the 
voltage that stabilized was recorded. During the measurement of the galvanostatic 
curve, the displacement of the anode potential relative to the reference electrode 
was recorded. The sum of the cell voltage and the anode potential was used to 
calculate the cathode potential at each current value.

Mathematical modeling of the processes occurring in the MFC is based on the 
method described in [14]. The mathematical model is developed by integrating 
bioelectrochemical kinetics and mass and charge balances within the MFC. The 
simulation examines various parameters that significantly affect the performance 
of the MFC, and the time variation of the MFC voltage, power density and fuel 
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concentration is investigated using dynamic simulation. This method is relatively 
simple and easy to implement, which can contribute to the expansion of its practi-
cal application in the design and operation of MFCs.

It is assumed that fuel is preliminarily poured into a membraneless MFC, and 
oxygen is supplied from the cathode side at a certain rate.

It was assumed that glucose on the bioanode is not completely oxidized, the 
reaction does not go to the end, that is, not with the formation of CO2 and protons, 
but with the formation of gluconic acid: 

                          (1)
At the cathode, oxygen is reduced with the participation of laccase, which is 

a catalyst in the bioelectrocatalysis reaction. In general, the reaction looks like:
LOHeHO +→++ −+

22 222
2
1                                    (2)

Or with laccase:
LOHeHOL +→+++ −+

22 244                                 (3)

The rate of glucose oxidation at the anode can be written as the ratio:
                                  (4)

where СG— glucose concentration, mol/m3; X is the biomass concentration, 
mol/m3; ηa is the overvoltage at the anode, V; k1 is the reaction rate constant at 
the anode, mol/(m3s); KG, Monod’s constant for glucose, mol/m3; α is the charge 
transfer coefficient at the anode; F is the Faraday constant, C/mol; R is the univer-
sal gas constant, J/(mol K); T is the operating temperature of the element, K; n is 
the number of electrons involved in the reaction.

We write the oxygen reduction rate at the cathode as follows:
                            (5)

Where CL is the concentration of laccase in the active layer of the cathode, mol/
m3. CO2 — oxygen concentration, mol/m3; ηс — is the overvoltage at the cathode, 
V; KO2 — is the Michaelis constant for oxygen, mol/m3; k2 is the reaction rate con-
stant at the cathode, mol/(m2 s); β - the charge transfer coefficient at the cathode.

It is assumed that the MFC is an ideal mixing reactor, in which all mass trans-
fer processes proceed so rapidly compared to biochemical and redox reactions that 
the concentrations of all reagents in the solution volume can be considered equal 
to the concentrations on the electrode surface. Consequently, the mass balances of 
the main participants in the electrode processes can be represented as a system of 
ordinary differential equations:
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The change in glucose concentration can be described using the equation:
                            (6)

The change in the concentration of protons occurs only due to reactions (2-3), 
can be written in abbreviated form:

                                     (7)

The equation describing the change in the concentration of microorganisms 
has the form:

                      (8)

Where V is the volume of the electrode chamber, m3; Qa is the volumetric flow 
rate of the feed solution at the anode, m3/s; A is the electrode surface area, m2; fx 
is the percentage of microbial leaching; Y growth of active biomass; Kdec is the 
biomass decay constant, 1/s.

The equation for changing the concentration of gluconic acid, taking into ac-
count the fact that it enters the system only due to the reaction, has the form:

                                             (9)

The equation for the reduction of oxygen at the cathode:
                      (10)

The current density in the cell is calculated using the Faraday equation:

∑=
i

Micell NZFi                                        (11)

Where icell is the current density in the cell, A/m2; zi is the charge number of 
particles.

The charge balances at the anode and cathode can be written as:
                                    (12)

                                    (13)
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Where Са and Сс – capacitances of the anode and cathode, respectively, F/m2;
When calculating the cell voltage, we assume that the ohmic resistances arise 

due to the resistance of the solution. The dependence for calculating the voltage 
can be represented as:

                          (14)

Where Ucell – cell voltage, V; U0 – cell open circuit voltage, V; dcell is the dis-
tance between the electrodes, m; κaq is the electrical conductivity of the solution, 
1/(Ohm m).

The system of ordinary equations was solved by the difference method using 
the implicit Euler scheme. The scheme is absolutely stable.

The calculations were carried out taking into account the following parameters 
given in Table 1. Some of the parameters were obtained based on the conditions of 
the experiment. As a result of the calculations, the values of the reaction constants 
were found.

Table 1. 
Parameters used in MFC simulation

Parameter Description Value 
F, C/mol Faraday constant 96485.4

R, J/(mol∙K) Gas constant 8.3144
T, K Temperature 303

, м Distance between electrodes (exp.) 5·10-3

Ca, F/m2 Anode capacitance [14] 400
Cc, F/m2 Cathode capacitance [14] 500

, m3 The volume of the electrolyte chamber 7·10-6

Y, kg/kg Bacteria growth 0.01

, m2 Cathode area 16·10-4

, m2 Anode area 16·10-4

, V Open circuit voltage: 0.526

, mol/m3 Michaelis constant for oxygen[14] 0.004

рН, dimensionless solution pH 4,7
, mol/m3 Glucose Mono Constant 3.68·10-9

kaq, 1/(Om∙m) Solution conductivity 2.05·10-3

k1, mol/(m2∙s) Anode reaction rate constant 1·10-8

k2, mol/(m2∙s) Cathodic reaction rate constant 1.43·10-12

α, dimensionless Cathode charge transfer coefficient 0.6
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β, dimensionless Anode charge transfer coefficient 0.7

, mol/m3 
Oxygen concentration in the feed solution 0.3125

, mol/m3 The concentration of glucose in the feed solution 500

, mol/m3 Surface concentration of laccase 0.468·10-3

As a result of the calculations, the values of the reaction constants were found 
and the values for voltage and power were obtained. There is comparison of the 
calculated values with experimental data at Figures 1-2 .

Figure 1. Dependence of cell voltage 
on current density

Figure 2. Dependence of power on 
current density

It can be seen from the graphs that the calculated values are close to the exper-
imental ones. The calculation error in accordance with formula (15) was 0.389:

2
1

exp )(1 calc
j

N

j j ii
N

S −= ∑ =

                                 (15)

The dependences for the overvoltage at the anode and cathode were also ob-
tained (Fig. 3):

Figure 3. Dependence of the voltage on the anode and cathode 
on the current density
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Graphs of changes in the concentrations of components on the anode and 
cathode from the values of the current density were also plotted (Fig. 4–6). The 
concentrations of glucose and oxygen are practically independent of the current 
density. Since the current density of the cell increases with time, it can be con-
cluded that the time of the potentiodynamic tests is short enough to judge the con-
sumption of glucose. The oxygen concentration does not change with time, since 
oxygen is continuously supplied to the system and the rate of its recovery is much 
lower than the rate of supply.

On fig. 4 there is  the change in the concentration of microorganisms at the 
anode, their concentration slightly decreases, which is associated with the simul-
taneous growth and death of microorganisms.

Figure 4. Dependence of the concentration of microorganisms 
on the current density

On fig. 5-6 there are graphs of changes in the concentrations of protons and 
gluconic acid. It can be seen that their concentration is growing due to their release 
as a result of the reaction at the anode.

Figure 5. Dependence of the pro-
ton concentration on the current 

density

Figure 6. Dependences of the concen-
tration of gluconic acid on the current 

density

Previously [11], we performed an optimization of the glucose concentration in 
the feed solution, which was approximately 0.55 M. Therefore, optimization of the 
glucose concentration was not performed for this biocatalytic system.
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Conclusions. A mathematical model has been developed that describes the 
phenomena occurring in a membraneless fuel cell with biotic and abiotic elec-
trocatalysts. When developing the model, it was assumed that the biofuel cell is 
an ideal mixing reactor. A software module has been developed for solving the 
equations of a mathematical model. The software module is implemented in the 
C# programming language. The parameters for solving the equations of the math-
ematical model are found. The output characteristics of the biofuel cell were cal-
culated, discharge curves, profiles of changes in the concentrations of participants 
in the electrode processes from the values of the current density were obtained.

For a more detailed description of the behavior of microorganisms, it is neces-
sary to separately describe the rates of their growth and death.

This study is the basis for further work on the development of efficient MBFC 
designs integrated with a membrane bioreactor for the treatment of a wide class 
of wastewater.
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Abstract. Software engineering is described, which ensures the creation of 
intelligent systems by non-programming users in various natural languages. 
Introduction of knowledge modules for non-programmers and generation of 
knowledge bases based on them. The principles of creating knowledge bases 
should be the “humanization” and “automation” of programming. Humanization 
should be based on the language of “business prose”, as close as possible to 
the natural. The following are described: a knowledge base dictionary, combined 
modules with formulas, modules - tables, modules of geometric procedures, 
modules for selecting from a database, modules for generating 3D models, and a 
choice of knowledge representation language.

Keywords: Industry 4.0, Industry 5.0, digital production, Internet of knowledge, 
Internet of things, integrated systems, intelligent systems.

Introduction
The Digital Economy project is included in the National projects of Russia for 

the period from 2019 to 2024. Among the goals of this project is the use of domes-
tic software in the field of digital production, as well as the creation of end-to-end 
digital technologies mainly based on domestic developments. The task is to trans-
form the industry through the introduction of digital technologies and platform 
solutions. This problem is relevant for other countries as well.

Conceptual model of knowledge modules
The conceptual model of knowledge modules should be based on the interna-

tional standard, which is most appropriate to choose IDEF0. IDEF0 as a standard 
was developed in 1981 as part of the industrial automation program, which bore 
the designation ICAM (Integrated Computer Aided Manufacturing). The IDEF 
standards set inherited its name from this program (IDEF stands for ICAM Defi-
nition). In the process of practical implementation, the participants of the ICAM 
program faced the need to develop new methods for analyzing interaction pro-
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cesses in industrial systems. At the same time, in addition to an improved set of 
functions for describing processes, one of the requirements for the new standard 
was the availability of an effective methodology for interaction within the “an-
alyst-specialist”. The standard provides group work on the creation of a model, 
with the direct participation of all analysts and specialists involved in the project.

Since here we are talking about intelligent systems, the most important el-
ement is the knowledge module, which is chosen as the module of the IDEF0 
standard (see Fig. 1), presented in the language of “business prose”.

Figure 1. External representation of the module in the IDEF0 standard

IDEF0 is a functional modeling methodology. Its peculiarity is the emphasis 
on the subordination of objects. IDEF0 deals with the logical relationships be-
tween modules. The description looks like a “black box” with inputs, outputs, 
controls and mechanism, which is gradually detailed to the required level.

Knowledge modules in the language of business prose
In order to be properly understood, IDEF0 has dictionaries for describing ac-

tivities and arrows. In these dictionaries, you can give descriptions of what mean-
ing is attached to a particular activity or arrow.

All control signals are displayed. The model within IDEF0 is used in the organ-
ization of business processes and projects based on the modeling of all processes.

The names and names of the input, control and output variables of the MIM 
should be selected from the dictionary of the knowledge base (see Fig. 2).

Name Name type
Standard axle diameter, mm
Axle length standard, mm
Chamfer width, mm
Collar diameter, mm

d
L
c
D

R
R
R
R
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Collar width, mm
Fillet radius, mm
Shoulder rounding radius, mm
Material Grade
Bending moment, N*mm
Permissible bending stress, MPa
Initial axis diameter, mm
Axle length initial, mm
Axis type
Detail number

H
r1
r2

Grade
Mi
Ti
dо
Lo
ТО

Ном
dr

R
R
R
S
R
R
R
R
S
I
R

Figure 2. Knowledge Base Dictionary

The formation of knowledge modules (KM) is carried out using the SPRUT 
ExPro system [1,2]. In the module in Fig. 3, the calculation is carried out accord-
ing to the formulas of a number of quantities.

Module: M1
Developer: Evgenev G. B.
Name: Calculation of axle diameter
Source of information: Anuryev V.I. Designer’s Handbook, v.2, p.9

Name  Name Limitation
 Axis type

  Bending moment, Nmm
  Permissible bending stress, MPa

TO

Mi
Ti

smooth axle  
axle with collar

(0.,95000)
[0.6,0.95]

 Estimated axle diameter, mm dr (Mi/(0.1*Ti))^(1/3)
Figure 3. External representation of the module - formulas

Using knowledge modules to describe formulas, you can create text variables, 
for example, product designations, texts for the content of technological opera-
tions, transitions, etc.

In many cases, engineering knowledge is presented in the form of tables. Fig. 
4 shows a table for assigning the basic preparatory-final time for worm wheels. 
Tables can have multi-tiered headers and sidebars. In this case, the header speci-
fies the replacement of devices with division by the values of the modules of the 
flight. The sidebar indicates the nature of the machine setup with divisions for the 
type of feed of worm cutters.
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Figure 4. External representation of the module - tables

In a system built on the basis of the SPRUT software [1,2], geometric and 
complex mathematical calculations cannot be represented in the form of an MK. 
To use mathematical knowledge, modules with mechanisms in the form of soft-
ware modules have been introduced. An example of such a module is shown in 
fig. 5. This MK is designed to generate a drawing of the designed part. Similarly, 
surface and solid models of products can be generated, as well as access to soft-
ware tools created outside the SPRUT environment.

Module: M8
Developer: Evgenev G. B.
Name: drawing forming
Source of information: Anuryev V.I. Designer’s Handbook, v.2, p.7

Name Name Limitation
 Axis type
  Standard axle diameter, mm
  Axle length standard, mm
  Chamfer width, mm

TO
D

L
c

axis smooth 
(0 , 50]

 Detail drawing AXLE AXLES.prt
Figure 5. External representation of the module - geometric procedures
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(Limitation - the name of the program AXLES.prt; Name - the name of the 
graphic base segment)

Methods (complex functions) generated from elementary MK can be repre-
sented as MK and used to solve complex problems.

Mechanisms of knowledge modules. Selecting from a database
Information about the properties of materials, the parameters of standard and 

purchased products, as well as production resources (properties of machines, fix-
tures, tools, etc.) are often stored in databases. During the design process, it is 
necessary to select information from database tables. For these purposes, the MS 
of selection (selection) from databases is used.

An example of a database selection module is shown in fig. 6. In this module, 
the axis type is the control variable. It is necessary to select from the database the 
values of only those variables that define a part of this type - a smooth axis.

Module: M3
Developer: Evgenev G. B.
Name: Appointment of standard dimensions of the axis smooth
Source of information: Anuryev V.I. Designer’s Handbook, v.2, p.7

Name Name Limitation
Axis type
Estimated axle diameter, mm

TO
dr

smooth axis (0, 50] 

Standard axle diameter, mm
Chamfer width, mm

d

c

Base: STND
Table: Axes

Where “ d ”>=dr

Axes
d D H r1 r2 c
5. 8. 1.5 0.4 0.6 0.6
6. 10. 2. 0.4 0.6 0.6
8. 12. 2. 0.4 0.6 0.6
10. 14. 2.5 0.6 0.6 1.
12. 16. 2.5 0.6 0.6 1.
14. 18. 3. 0.6 0.6 1.6
16. 20. 3. 0.6 0.6 1.6
18. 22. 3. 1. 0.6 1.6
20. 25. 4. 1. 1. 1.6
22. 28. 4. 1. 1. 1.6
24. 30. 4. 1. 1. 1.6
25. 32. 5. 1. 1. 1.6
28. 36. 5. 1. 1. 1.6
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30. 38. 5. 1. 1. 1.6
32. 40. 6. 1. 1.6 2.5
36. 45. 6. 1.6 1.6 2.5
40. 50. 6. 1.6 1.6 2.5
45. 55. 7. 1.6 2.5 2.5

 
Figure 6. External representation of the module - selection from the database

Mechanisms of knowledge modules. Generation of 3D models
SolidWorks provides a formula engine that helps you fully define the geometry 

of a model, as well as specify relationships and constraints. For design engineers, 
this is important because the behavior of systems often relies on dynamic ratios of 
quantities that depend on various geometric parameters.

After creating a solid model from a sketch with dimensions, we can begin to 
link one global dimension to another, if necessary, to make it more dynamic and 
responsive to changes in the design of the part, i.e. this size becomes a function of 
other sizes. It is at this stage that the static part becomes intelligent (Fig. 7).

Figure 7. Global variables binding

There are a number of works that are devoted to the creation of intelligent 
CAD systems. However, they do not set the task of creating semi-automatic de-
sign systems and rapid generation of 3D models.

To provide the ability to generate 3D models using knowledge bases, it is nec-
essary to connect the previously created knowledge method to the CAD system 
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using a specialized PRT module, with which, based on the model parameterized 
in the CAD system, a part and (or) assembly unit could be generated 3D model of 
a product with dimensions calculated in other modules of engineering knowledge.

If all the parameters indicated and transferred after recalculation are selected 
and calculated correctly, the system, after a short load, will rebuild the original 
worm gearbox, for example, a worm gearbox according to new requirements (Fig. 
8 and Fig. 9).

Otherwise, the original 3D model will disappear and an error notification will 
be displayed. 

Figure 8. Method of semi-automatic design of worm gear

Figure 9. Generation of a parameterized 3D model of the product

The SPRUT system provides for the possibility of organizing cyclic processes. 
Cycles are generated automatically when one of the method modules appears in 
the output variables, which performs the function of controlling the repetition of 
the cycle of the selected variable with the identifier FinCalc. A method can contain 
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only one loop. To set loop variables, engineering knowledge modules without 
input variables are used, which are not included in the loop body, but are located 
before it.

Choice of knowledge representation language
The system has the ability to represent knowledge in various natural languag-

es. As noted above, the names and names of input, control and output variables of 
knowledge modules should be selected from the dictionary of the knowledge base, 
which for the Russian language is shown in Fig. 2. At the same time, any natural 
language can be chosen as the language.

Module: V13
Developer: Evgenev G. B.
Name: Calculation of nominal deformation value
Source of information: Shuvalov S. A. Guidelines for the calculation of wave 

gears on a computer. Publishing house of BMSTU, 1987
Name Name Limitation 

Reducer type
  Gear ratio given
  Number of teeth of the flexible wheel 
pre

TипРед
 uz

 zf

wave single-crown 
(0,)

Starting torque increase factor K1 1.9
 Nominal value of radial deformation NWo 0.84+0.001*uz+1.6*10^(-3) 

*K1*uz^(1/2)+0.15*10^(-3) *K1*uz
 Depth of teeth admissible, mm  hd 4*NWo-(4.6-4*NWo)*zf/10^3-2.45

Figure 10. External representation of the module with formulas 
in the source language

In engineering books, functional dependencies are often represented as for-
mulas. The external representation of the module - formulas is shown in fig. 10 in 
Russian.

The external representation of the same module in Hindi is shown in fig. 11.

मापांक: V13
डेवलपर : Evgenev G. B.
सूचना का एक स्रोत: Shuvalov S. A. Methodical instructions for the calcula-

tion of wave gears on a computer. Publishing house of BSTU, 1987 
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नाम नाम परिसीमन

रेड्यूसर
गियर अनुपात दिया गया

फ्लेक्सिबल व्हील प्री के दांतों की संख्या

TипРед
 
uz
 
zf

लहर एकल-मुकुट

(0,)

टॉर्क बढ़ाने का कारक शुरू करना K1 1.9

मूल्यांकन मूल्य
रेडियल विरूपण
 स्वीकार्य दांतों की 

NWo 0.84+0.001*uz+1.6*10^(-3) 
*K1*uz^(1/2)+0.15*10^(-3) 
*K1*uz

स्वीकार्य दांतों की ग  hd 4*NWo-(4.6-
4*NWo)*zf/10^3-2.45

Figure 11. External representation of the module with formulas in Hindi

The methods of the created Knowledge Base can be rejected from the SPRUT-
BZ system and used in various application systems.

Conclusion
The methodology and tools of software engineering with automatic program-

ming, as well as the possibility of using various natural languages, are presented. 
A description of the knowledge bank and epistemological levels of knowledge 
representation is given. Described: knowledge base dictionary, combined modules 
with formulas, modules - tables, modules of geometric procedures, modules for 
selecting from a database, modules for generating 3D models, expert program-
ming methodology, classification of knowledge levels, choice of knowledge rep-
resentation language.

When creating modules and methods of knowledge bases, software tools for 
computers are automatically generated. 
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Abstract. The methods of modelling and control parameters of the ultrasonic 
piezoelectric transducers used for wire bonding in the electronic devices are 
investigated. It is established, that resonance frequencies of ultrasonic transducer 
may be with different mechanical oscillation modes. It was found that the matching 
of the piezoelectric driver and the horn in the mode of longitudinal mechanical 
vibrations at the resonance frequency helps to achieve the maximum quality of the 
wire bonding. Technological tests carried out confirm this statement.

Key words: Piezoelectric driver, horn, ultrasonic transducer, wire bonding.

Currently, installations for mounting wire and tape leads in electronic products 
use ultrasonic or thermosonic microwelding with the resonant frequency of an 
ultrasonic transducer (UST) in a wide frequency range - mainly from 60 to 140 
kHz [1,2]. The use of ultrasonic pulsers with a resonant frequency of ≥ 100 kHz 
expands the technological capabilities of the lead-wire equipment, providing flex-
ible modes of micro-welding on the contact pads of the crystals and the external 
leads of the package.

A modern UST for microwelding installations is a classic design consisting 
of a piezoelectric emitter connected to each other and a waveguide with a hole at 
the end for clamping a working tool (Fig. 1). The main function of the waveguide 
is to supply the working tool with longitudinal mechanical vibrations enhanced 
in amplitude from a piezoelectric emitter (piezodriver), which converts the input 
electrical signal into mechanical vibrations due to the inverse piezoelectric effect. 
On the back side of the UST there is a piezoelectric emitter based on an even num-
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ber (4,6,8) of piezoelectric rings, compressed by two metal plates by means of a 
pin or bolt. This design converts the supplied electrical voltage of ultrasonic fre-
quency at a certain resonant frequency (depending on the design of the UST) into 
mechanical vibrations of a piezoelectric emitter. Mechanical vibrations propagate 
along the waveguide to the attachment point of the working tool, which transmits 
these vibrations to the connection zone.

The parameters of a piezoelectric radiator or an UST assembly (a piezoelec-
tric radiator with a screwed waveguide by means of a threaded stud) are usually 
measured by an impedance analyzer or a vector analyzer with the calculation of 
the values of the elements of the known equivalent circuit of the UST [3,4], its 
resonant frequency Fs, quality factor Q and impedance R1 (Fig. 2 ).

Figure 1. Design of an ultrasonic transducer for
terminal connections

In this case, not only numerical parameters are available, but also graphical 
information on the behavior of the impedance, the phase shift between the ap-
plied alternating voltage to the SPD and the current flowing through it near reso-
nance, as well as a circular diagram of admittance (similar to the Wolpert-Smith 
diagram). It can be seen from Fig. 2 that both USTs have almost ideal circular 
dependences of the total conductivity in the resonance region, which means that 
there are no side resonances. The graphs below the pie charts show impedance 
(red line) versus frequency and the phase shift between UST voltage and current 
(blue line). At the resonance frequency, the phase curve has a stepped character, 
which is widely used for phase locked loop systems. Despite the different resonant 
frequencies (99.6 kHz and 108.7 kHz) of the ultrasonic transducers shown in Fig. 
2, they are comparable in terms of the quality factor Qm = 579.9 for the UST in 
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Fig. 2a and Qm = 514.1 in Fig. 2a. 2b and impedance 12.3 ohms (for 99.6 kHz) and 
17.9 ohms (for 108.7 kHz).

It is obvious that the resonant frequency of the piezoelectric radiator must 
match or be as close as possible to the natural resonant frequency of the wave-
guide, while the resonant frequency of the SPD assembly measured by the imped-
ance analyzer will be close to the frequency of the piezoelectric radiator. It has 
been experimentally established that the deviation of the resonance frequency of 
the assembled UST by more than 1.4 kHz from the resonance of the piezoelectric 
emitter leads to a deterioration in the quality of the connection.

             

 а)                                                                   б)
Figure 2. Electrical parameters of 2 SPDs obtained using a vector network ana-

lyzer at resonance frequencies: 99.6 kHz (a) and 108.7 kHz (b)

To find out the reason, the modeling of waveguides designed for ultrasonic ra-
diant resonance frequencies in the UST environment was carried out by the finite 
element method in the ANSYS, FEATool Multiphysics and Comsol Multiphysics 
packages. The simulation results show that the waveguide can have several natural 
resonant frequencies with different oscillation modes in the area of the working 
tool clamp (Fig. 3). The mode shape of the waveguide also depends on the geom-
etry of the waveguide itself. Therefore, it is advisable in the process of designing a 
waveguide to carry out simulations in the above UST systems to analyze the spec-
trum of natural vibrations of the waveguide. Figure 3 shows a significant change 
in the distribution of nodes (dark blue) and antinodes (red, light green) along the 
waveguide axis from the point of docking with the piezoelectric emitter to the 
clamping point of the working tool at the end of the waveguide.
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        а)                                                               б)

Figure 3. Longitudinal vibrations in waveguides at a calculated 
resonance frequency of 98 kHz (a) and bending-torsional vibrations at 

a frequency of 106 kHz (b)

These negative phenomena are usually reflected in the diagram in Fig. 2 as 
small peaks on the impedance curve, which may signal the need for more thorough 
diagnostics and tuning of the assembled UST. Technological tests were carried 
out in the mode of assembly of semiconductor devices with aluminum wire with 
a diameter of 50 microns. The current strength of the leads was 21-23 g. The ap-
pearance of the wire connections is shown in Fig.4.

Figure 4. Appearance of wire interconnects Al wire with a diameter 
of 50 microns

In this case, a waveguide with various piezo emitters with resonant frequencies 
of 99.8 kHz and 104.8 kHz was used. The best results (in terms of product yield) 
were achieved with 99.8 kHz piezoelectric radiators.
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Abstract. The research was carry out in order to develop a method for skipping 
fuel supplies (turning off individual piston strokes) at low frequencies of crankshaft 
rotations and at partial engine operating modes with direct-acting fuel supply 
systems to increase fuel efficiency. The developed method is easily implement using 
a ring-type discharge valve with electronic control. The fuel supply is controlee by 
a valve made in the form of a split elastic ring and installed in a high-pressure line 
above the plunger pair. An electromagnet located in the cavity of the annular valve 
controls it using an electronic regulator, acting at the right moment according to 
the signals coming from the sensors of the engine crankshaft speed, the volume of 
incoming air and the position of the piston. The proposed direct-acting fuel supply 
system with an electronically controlled ring valve reliably ensures the speed and 
load characteristics of the engine by affecting the number of cyclic feeds. With 
a decrease in the load and speed of the engine crankshaft, the number of cyclic 
fuel supplies decreases due to a decrease in signals to the electromagnet winding 
and, as a result, the valve does not attract and passes the fuel supply. Reducing 
the unevenness of the fuel supply by the dynamic component that occurs when 
the supply is switch off is ensured by reducing the inertia of the regulator due 
to the electronic control of the ring valve. The developed mathematical model 
of a direct-acting fuel supply system with an annular discharge valve allows us 
to reveal the relation-ship of fuel supply parameters with the design dimensions 
of the split ring. Such a direct-acting fuel supply sys-tem with an electronically 
controlled discharge valve allows, due to the skipping of working strokes in low-
load and idle modes, redistributing the provided amount of fuel to the working 
cylinders, significantly reduce fuel consumption.
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1 Introduction
Agricultural production is one of the main sectors of the country’s economy, 

which constantly needs to attract mobile energy resources to perform technologi-
cal processes in crop production and animal husbandry. The most promising way 
to ensure the efficiency of the use of technical means in the agro-industrial com-
plex is the modernization of the fuel supply system of the internal combustion 
engine [1].

Fuel supply systems of direct action of diesel engines have proven themselves 
well throughout the entire period of long-term operation. Their wide distribution 
became possible thanks to the modified design of all elements of the system, uni-
fication, maintainability and unpretentiousness.

They work most effectively in modes close to nominal [2]. A study of tractor 
and combine diesels in operation has shown that most of the time in the balance 
is occupy by work that requires only a partial load on the engine [3]. Similar re-
sults were show by our earlier observations in conditions of a very high culture of 
equipment operation in the Berthold farm (Bavaria, Germany).

With a decrease in the load on the engine and the transition to low rotational 
speeds of its crankshaft and at idle, the efficiency of the fuel supply system de-
teriorates significantly due to a decrease in the value of the cyclic supply and an 
increase in its irregularities between sections and between cycles [4].

One of the options for preventing a decrease in the cyclic supply and the effi-
ciency of diesel at partial loads is the method of turning off the cylinders [5]. This 
method proved itself when idling the engines D-108, D-160 and D-180 of the 
Chelyabinsk Tractor Plant and A-01M of the Altai Engine Plant.

The positive effect of turning off the cylinders was obtain on the eight-cylinder 
engine of the Kamaz-740 car [6]. The disconnection of a part of the cylinders was 
carry out by connecting the high-pressure pump discharge line with the low-pres-
sure line using a controlled electromagnetic valve in the fuel supply system.

Research is underway to turn off the cylinders of tractor and automobile diesels 
with simultaneous action on the valves of the gas distribution mechanism in partial 
load modes [7] to reduce losses on the piston pumping strokes in the suction and 
compression cycles. A reduction in the hourly fuel consumption of diesel up to 
38% was find when some of the cylinders were switch off in low-load modes [8].

The company “MTU” (Germany) has modernized diesel engines 12V956TB, 
introducing the technology of sequential shutdown of cylinders [9]. 

The method of disconnecting cylinders on an engine operating on a Miller 
cycle with an adjustable suction stroke through the control of the valve lift of the 
gas distribution mechanism was developed by Tula Technology [10]. Studies have 
shown the possibility of reducing engine fuel consumption by 23%.

The cylinder shut-off method is widely used on gasoline engines of passenger 
cars. Mercedes used the Active Cylinder Control (ACC) system to automatically 
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turn off half of the cylinders on eight and twelve cylinder engines on its 500- and 
600-series cars. The Multi-Displacement System (MDS) is use on Jeep, Dodge 
and Chrysler vehicles. General Motors has also implemented a Displacement on 
Demand (DoD) system on its cars. Honda has developed a Variable Cylinder 
Management (VCM) system. Since 2012, Volkswagen has been using a similar 
system called Active Cylinder Technology (ACT), but already on four-cylinder 
TSI engines with a volume of 1.4 litters. Audi also supplied its powerful V8 and 
V12 engines first, and then four-cylinder 1.4-liter engines with the COD (cylinder 
on demand) system.

The common disadvantages of the cylinder shutdown method on various en-
gines is an increase in the required starting speed and the uneven rotation of their 
crankshaft.

The purpose of the scientific work is to study the method of skipping fuel sup-
plies when operating a diesel engine at low loads with an electronically controlled 
ring valve and a mathematical description of its functioning.

2 Conditions, materials and methods of research
We have conducted research on the development of a method for skipping the 

fuel supply by alternating in all cylinders when operating a diesel engine with a 
partial load. This method will reduce the impact of the disadvantages of the cylin-
der shutdown method on engine operation.

Preliminary calculations carried out for the D-240 four-cylinder tractor diesel 
engine showed that a consistent increase in the number of disconnected cylinders 
leads to an increase in the unevenness of rotation of its crankshaft and the condi-
tional values of the starting revolutions of the ns. The calculation data are given 
in table 1.

From the data in the table, it can be seen that the values of δ are greater than the 
values of unevenness recommended for tractor diesels - 0.004...0.010, but slightly. 
To reduce δ to 0.01, it is necessary to start the engine when working on all cylin-
ders or increase the moment of inertia of the flywheel.

Reducing the inertia of its mechanical regulator is essential for improving 
the quality of fuel supply. Electromechanical regulators with annular discharge 
valves, which can ensure the passage of fuel supplies, have shown themselves well 
in improving the quality of fuel supply in any modes [11]. 

The annular discharge valve is install above the plunger pair of the high-pres-
sure pump as shown in Figure 1.
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Figure 1. Diagram of an electromechanical regulator with an annular discharge 
valve:1- plunger; 2, 6, 11, 12 - channels; 3 - sleeve; 4 - valve body; 5, 8 - cavi-

ties; 7 - split ring; 9 - pin; 10 - electromagnet; 13 - drain valve; 14 - electromag-
net coil; 15 - electronic regulator; PSD - permanent storage device; PG - pulse 

generator; ADC - analog to digital converter; P – processor; RAM - random 
access memory; C- switchboard; PPS- piston position sensor; AV- incoming 

air volume sensor; SS -engine crankshaft speed sensor; FC - fuel supply control 
lever.

A split ring 7 is built into the valve body 1, fixed on one side with a pin 9. An 
electromagnet 10 with a coil 14 is install in the valve cavity 8. The free side of the 
ring is capable of blocking the drain channel 12. 

To supply fuel to the cylinder through the nozzle, the plunger 1 of the pump 
pumps fuel through the discharge valve by lifting the split ring 7, while the elec-
tromagnet 10 additionally attracts the ring, which covers the drain channel 12 with 
a free edge.

When the electromagnet is de-energized, the split ring is lower and the drain 
channel 12 opens. The high-pressure line connects to the drain and fuel injection 
into the cylinder stops. The residual fuel pressure in the high-pressure line is pro-
vide by the drain valve 13.

Thanks to the electronic regulator 15, the annular discharge valve can adjust 
the fuel injection advance angle and the feed duration (the value of the cyclic feed), 
determined by the moment and duration of the control pulse to the electromagnet.

The timely supply of a pulse to the electromagnet is provide in accordance with 
the data received from the sensors of the piston position, the volume of incoming 
air, the rotational speed of the engine crankshaft and the fuel supply control lever.
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To skip the supply, when the plunger is inject with fuel, the control pulse is not 
apply to the electromagnet and the fuel sent directly to the drain. The elasticity of 
the ring is calculate so that the height of its lifting and the movement of the free 
edge from the fuel pressure is not enough to close the drain channel 12.

Thus, an annular discharge valve with an electromagnet can regulate the op-
erating modes of a diesel engine by passing fuel supplies depending on the load. 
When the load decreases, it is not the amount of cyclic feeds that decreases, but the 
number of missed feeds increases. In this case, the value of the cyclic feed will be 
equal to the nominal value. This will have a positive effect on the quality of fuel 
spraying, mixing and combustion. In this connection, it is expect to increase the 
efficiency of the engine.

3 Results of the study
A mathematical model of an electrically controlled fuel supply system with 

an annular discharge valve has been develop, taking into account the peculiarities 
of its operation, based on the use of the method of hydrodynamic calculation of 
existing direct-acting fuel supply systems.

 The movement of fuel in the high-pressure nozzle was consider taking into 
account the pressure of waves coming towards at the speed of sound. The fuel flow 
rates in the injection and control channels were determined based on the continuity 
equation of the fluid flow.

To describe the ongoing process in a high-pressure pump, the equations of the 
volume of liquid (fuel) and the dynamic equilibrium of a ring-type discharge valve 
were use:

       

where pa, ps - the pressure of the supplied fuel in the cavities above the plunger 
and in the suction channel, Pa; 

fcc, fi, fhp - the cross–sectional areas of the control channels, injection and high 
pressure lines, mm2; 

sp - the speed of the plunger, m/s; 
sci, scc, svc - the fuel feed rates in the channels injection, control and in the valve 

cavity, m/s; 
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Va, Vvc, Vfv – volume in the cavities above the plunger, in the valve cavity and 
free volume, m3; 

ρf – the density of the supplied fuel, kg / m3; 
Q0, Q1, Q2, Q3, Q4- fuel consumption in the system of equations in the intake 

channel, in the discharge channel, in the control channel, through the plunger gaps 
in the spool part and in the piston part, kg/s; 

Mk – weight of the ring with a cut, kg; 
nn and φ - the rotational speed (min-1), and the angle of rotation (degree) of the 

cam shaft of the pump; 
σiw, σvc, σcc, σ2, σ3, σc- the logical elements; 
hrr -the rise of the split ring, mm; 
prp - the radial pressure of the ring, Pa; 
b and D - the width and diameter of the ring, mm; 
βa, βvc - the compressibility coefficient of fuel in the cavities above the plunger 

and in the valve cavity.
Formula (1) is the balance of the fuel volume in the cavity above the plunger. 

The following (2) and (3) equations are the balance of the fuel volume in the valve 
cavity. If there is no gap, the expression (2) is use for calculation, if there is a gap 
– (3).

The amount of fuel entering the cavity per unit of time with the ring valve 
raised in equation (2) is equal to the flow through the discharge channel, with 
the excep-tion of fuel in the control channel and in the discharge pipe. When the 
control voltage is applied to the electro-magnet, the step function σcc = 0. Equation 
(3) (it’s left part) describes the volume changes (Vfv) per unit of time in the cavity 
(Vvc) of the ring. At the same time, the right part of this equation demonstrates an 
increase in the volume of fuel in the cavity of the Vvc, which leads to a decrease in 
the free volume of the Vfv.

The dynamic equilibrium of the annular discharge valve is describe by formu-
las (4) and (5). In equation (4) (left part) is the inertia force of the split valve ring, 
and the sum of the fuel pressure forces and the valve force in the right part.

The following logical elements were take into ac-count: with pa≥ рiw was 
taken σiw=1; with pa ≤рiw was taken σiw = -1; when the intake window was open, 
σiw = 0 was taken; when the ring was pressed against the body, σc=1 was taken; in 
other cases, σc =0; with pa≥ рs, σvc =1 was taken; with  pa≤рs, σvc = -1 was taken.

The order of use in the calculation of equations (2) and (3) is determined by 
the logical elements σ2 and σ3: so for Vvc≥0 and pvc=0 was taken σ2=0 and σ3=1; for 
pvc>0 and Vvc=0 was taken σ2=1 and σ3=0.

Injection pressure and fuel consumption are deter-mine by the following ex-
pressions:
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where (µf)p - the effective section of the atomizer, mm2; 
µp, µs - the fuel consumption coefficients in the plunger sections and spray 

holes; 
pg - the gas pressure in the cylinder, Pa;
pf - the fuel pressure in front of the needle cone, Pa;
fh - the cross-sectional area of the spray holes, mm2.
For the calculation, the fuel injection process was di-vide into a number of 

stages, from the beginning of the plunger movement and the lifting of the annular 
dis-charge valve to the landing of the nozzle needle cone on the locking belt (com-
pletion of injection).

Calculations carried out using these equations made it possible to clarify the 
design dimensions of the devel-oped fuel supply system with an electronically 
controlled annular discharge valve, in particular, the parameters determining the 
stiffness of the ring and the volume of the valve cavity - diameter (D), width (b) 
and thickness (t) of the split ring.

The adequacy of the developed mathematical mod-el was check by comparing 
the calculated data with the experimental results. Previously, the design dimen-
sions of the annular discharge valve were assumed to be equal to D=20 mm, b=10 
mm, t= 0.5 mm. The rotational speed of the camshaft of the fuel injection pump 
with a dimension of 1TN-9X10 is assumed to be nn = 600 min-1, the pressure at the 
nozzle P0 = 1.0 MPa with full cyclic fuel supply with the FD-22 nozzle.

Table 2 shows the calculated (С) and experimental (E) fuel pressure values at 
the nozzle and the values of the cyclic fuel supply.

Table 2. 
Calculated and experimental pressure values at the nozzle 

fitting and cyclic fuel supply
Indicate Angle of rotation of the crankshaft, degree

4 6 8 10 12 14 16 18 20
Pressure at the nozzle fitting, 
MPa

C 0 25 45 50 52 53 20 0 0
E 0 23 46 48 50 54 18 0 0

Cyclic fuel consumption, g/cycle C 0 4.2 6.2 6.3 6.3 6.4 6.5 3 0
E 0 5.1 6.0 6.2 6.3 6.4 6.5 3.2 0
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A comparative analysis of the calculated and experimental data revealed that 
the deviation is no more than 3%, which confirms the adequacy of the mathemat-
ical model.

Fig. 2 shows the results of a study of the main performance indicators of the 
D-240 diesel engine from the number of cylinders operating simultaneously, i.e. 
when one, two and three cylinders are switch off, respectively.  Experiments have 
shown that when the cylinders are switch off, the unevenness between the fuel 
supply sections also changes.

Figure 2. Dependences of specific effective fuel consumption (ge), power (Ne) 
and unevenness between sections (δc) of diesel D-240 on the number of working 

cylinders (i).

It is prove that the unevenness increases as the number of disconnected cylin-
ders increases. The specific effective fuel consumption increases significantly and 
the effective power decreases (fig. 2).

Turning off the cylinders significantly affects the minimum-stable engine 
crankshaft speed. So when working on four cylinders, it was 750 min-1, on one – 
700 min-1.

Disconnecting one of the two cylinders of the D-21A engine at an effective 
power of Ne = 3 kW ensured a reduction in specific fuel consumption from 700 to 
420 g/kWh.

The calculated and experimental data obtained allow us to establish the possi-
bility of regulating the engine crankshaft speed by passing fuel supplies depending 
on the load. For example, reducing the load by 1% makes it possible to skip every 
hundredth working stroke, by 10% – every tenth, by 20% – every fifth, etc. Such 
regulation makes it possible to inject the full fuel rate in each operating cycle, and 
therefore, as the load decreases, the specific fuel consumption will decrease, and 
the load characteristic itself will change smoothly.
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Thus, turning off the cylinders, or even better, skipping the working strokes 
(fuel supply) as the load decreases is an effective way to increase the fuel efficien-
cy of diesels.

4 Conclusion
• a direct-acting fuel supply system with an electronically controlled annular 

discharge valve ensures reliable regulation of the engine shaft rotation speed by 
passing fuel supplies while reducing the load;

• the develop mathematical model of the fuel supply system with an electron-
ically controlled ring valve allows you to establish the relationship and perform 
calculations of the design parameters of the fuel supply system (switching off the 
working strokes of the pistons) of the engine;

• the effect of the proposed fuel supply system with an electronically controlled 
injection ring valve is manifested in an increase in the fuel efficiency of a diesel 
engine, especially in partial load and idle modes. So the diesel D-21A specific 
consumption decreased from 700 to 420 g/kW·h in the Ne = 3 kW mode. 
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Abstract. The present paper reviews and analyzes the weather routing 
system in the LuckGrib application. The Weather Routing system is capable of 
generating optimized paths through weather systems from one point of a ship’s 
route to another. These paths take into account the ship performance and comfort 
preferences creating actual routes through weather systems. The examples given 
below, their consideration and all related tools will help explore the possibilities 
of weather navigation. 

Keywords: Weather Routing system, LuckGrib, actual routes through weather 
systems. 

Introduction
Weather systems can be complex. They are constantly changing because the 

wind changes in strength and direction over time. Based on the general approaches 
to solving optimization problems presented in [1], it is possible to consider the 
process of finding optimal routes in various ways as it might be difficult to decide 
how to navigate in a complex weather system. The decisions having made at the 
beginning of a voyage can later lead to the worst results due to the incompetence 
of navigators or ignoring seemingly hidden changes in the weather.    

Simply stated, the Weather Routing system is capable of generating the opti-
mized paths through weather systems from one point in a ship’s route to another. 
These paths take into account the ship performance and comfort preferences, cre-
ating realistic routes through weather systems [2].    
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The examples given below, their explanations and all related tools will help 
you explore the possibilities of weather navigation.  

One of the guiding principles to be taken into account in this activity is that 
captains and navigators don’t like to be told what to do. For example, it is not of 
full use to receive guidance from the system representing a path to be followed 
without understanding the decisions that are part of that path.   

LuckGrib Weather routing systems
The purpose of the LuckGrib weather routing system is to improve the un-

derstanding of the capabilities of weather systems. This is not just to indicate the 
path to be followed but also to use weather routing for better understanding of the 
evolution of weather systems.  

There are tools in the LuckGrib enabling to improve the understanding of the 
environmental conditions by means of various ways. The LuckGrib is advanced 
system that allows to explore weather systems – Figure 1[3].  

The LuckGrib weather routing system is a modern implementation of a con-
cept existing for decades.  It solves the routing problem on your device [3].  

Figure 1. LuckGrib application (download page) [3]

Those familiar with the LuckGrib application know that this weather routing 
system has been designed to be the most intuitive understandable, flexible, accu-
rate, powerful and high-performance system.  
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It is suggested to consider the passage of a ship in the Pacific Ocean. 
The weather forecast loaded shows the following conditions (Figure 2): 

Figure 2. Weather forecasts [3]

There are two obvious options available.
The first option: a direct route between Hawaii and Neah Bay. It is the shortest 

distance but, in this route, the weather conditions prevailing in the forecast are 
ignored.    

Another option is to follow the rule of thumb which means in this case that a 
ship will head north until it is at the latitude of Neah Bay and afterwards turn to 
east.  

Figure 3. Route Options [3]
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None of these routes are optimized for the weather forecast at the time of the 
passage. However, the LuckGrib weather routing system can be used to create an 
optimized path through this weather system from Hawaii to Neah Bay:

Figure 4. Optimized route [3]

It is necessary to note that the generated weather path usually uses a rule of 
thumb, however, the system has been able to determine that the forecast suggests 
a favourable approach to Neah Bay from the south-west due to the west-westerly 
winds prevailing at the time the ship approaches this area. Surely, if we were to 
follow this route, we would be updating our weather forecasts at least every day, 
and by the time of approaching the point where it is required to take a decision 
about the turn to east, we would have up-to-date data for taking such a decision.    

Wind vectors are displayed along the generated route, making it easy to see the 
predicted wind directions. 

On the right in Figure 4 there is an analytic image having the full solution 
space generated by the weather forecasting system, which is used to display the 
true wind speeds for all possible positions where a ship might be after leaving 
Hawaii.  

The colour at each position on the analytic image is determined by converting 
the GRIB time to the time when the ship will be on the route, where wind condi-
tions are estimated based on wind strength. The image shows the weather system 
conditions on your ship when it will be navigating the route.   

While considering the wind speed analysis on the right, we can see the favour-
able wind speeds prevailing when leaving Hawaii, with a short period of high 
winds (orange, ~27 knots) some time after departure. Then the wind subsides. The 
blue spot indicates a light wind, about 7 knots in this case. This corresponds to the 
proximity to the centre of the high-pressure zone. After a short break the winds 
return and are favourable until the end of the passage.   

There is another example where we can see the weather routing with signifi-
cant surface currents – Figure 5. 
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Figure 5. Route optimization against the background of significant 
surface currents 

The isochrone method on the basis of which routes are built 
Isochrones are lines connecting the points of simultaneity of any phenomenon 

or event. In our case the question is: if the ship is at the point of departure where 
can it be, for example, in an hour? In order to solve this initial problem, the system 
will evaluate the wind forecast at a given point and time, and then plot routes in 
all directions from the starting point. As the ship has a heading it is possible to 
calculate the heading wind angle – Figure 5.    

  

Figure 5. Isochrones and outer zone [5]

This is the first isochrone in weather routing solution. The ship from the start-
ing point can be at any of the points on this outer line after an hour. The outer line 
is an isochrone, connecting the points and showing where you might be after one 
hour of travel. Thus, isochrones are the optimal solutions (but not the only ones). 

It should be noted that although the isochrones represent optimal solutions, 
they cannot be declared as the only optimal solution. Most likely, there will be 
alternatives that can appear at about the same time.  

The following process has to be taken at least every day: 
 – load the latest (updated) weather data;
 – run the solver without a target point;
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 – study the space of solutions; 
 – choose an intermediate target point;
 – restart the solver to generate a new path.  

Figure 6. Route Options [4]

The weather route and the actual route along which the ship was proceeding, 
are shown in Figure 6. These routes are very close to each other, almost coincide, 
for the first 2.5 days. The weather route in this case suggested that it is better to 
continue proceeding to the east.    

It should be noted that the path to the target point and the dynamic path are the 
same for the first 24-28 hours. This is an ideal situation since before you have to 
make the decision (either turn and proceed to north of the route or continue pro-
ceeding to the south according to the weather route) you will download the latest 
weather data and be able to analyze the situation again based on the position where 
your ship really is.   

Thus, when choosing intermediate, tactical, target points that will be moni-
tored by the weather router, there is no need to limit yourself to considering only 
those weather data that you download and analyze. 

For example, if a ship is navigating the passage that is against constant winds 
such as trade winds, you must use this knowledge to place your target point so that 
it can be possible to take advantage of those winds.   

If there is a fairly constant wind in the area you will be passing through, you 
can explore the area before the departure, and plot a lot of routes through it. It 
should give you a good representation of how the initial part of your route should 
join the subsequent part. Of course, you will reevaluate your initial assumptions as 
you get closer to the point of making decision.    
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Conclusions
The base of the weather routing system is an advanced isochronous solver 

which is accurate and very efficient. You can provide the solver with many config-
uration settings, such as setting sailing upwind angle limits, rolling, etc.  

The solver is easy to use, often quickly providing informative results in situa-
tions where other solvers encounter difficulties or fail.  

It should be noted that this weather routing system is available in LuckGrib 
on macOS, iOS and iPadOS platforms. The basic solver, visualization and set of 
configuration options are the same on all these platforms. Each of these platforms 
can generate the same weather routes. However, the interface used to interact with 
the system varies depending on the platform.     
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Abstract. The paper proposes a method for determining the most probable 
sliding surfaces and the stability factors of heterogeneous soil slopes. Numerical 
calculations were used to construct diagrams of shearing and holding forces 
along the proposed sliding surface.
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Introduction. The problem of ensuring the stability and reliable operation of 
soil massifs and rocks with slopes and ledges arises in the design of many struc-
tures for hydraulic, industrial, civil, transport and other purposes. Soil massifs and 
rocks are earth dams, dams, embankments, sides of deep pits, foundations and 
natural slopes when they or the adjacent territory are used for economic activity. 
When designing and building on slopes or when placing buildings and mecha-
nisms (vehicles and structures) on slopes, slopes or sides of quarries, one should 
also begin with an assessment of the degree of stability of the inclined surface. In 
order to increase the efficiency, completeness of exploitation and development 
of deposits, improve technical and economic indicators with safe operation, it is 
necessary to reliably ensure the stability of rock slopes. At the same time, the 
main task is to determine the optimal parameters of slopes and ledges, taking into 
account their long-term stability with a minimum amount of work and various 
loads. Overestimated slope angles lead to the development of destructive (land-
slide) phenomena; on the other hand, low slope angles cause a sharp increase in 
the volume of work and material resources, as well as incomplete development of 
mineral deposits [1-2]. To justify the slope stability parameters, a detailed study 
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of all factors influencing the process of soil shear on slopes and ledges is required. 
In this case, the choice of the method for calculating the stability of slopes and 
ledges of quarry walls is of decisive importance [1]. One of the main issues related 
to assessing the degree of stability of mountain slopes, as well as determining the 
size of possible collapse prisms, is the construction of the most probable fracture 
surface.

Recently, with the intensive development of computer technology, significant 
changes have occurred in the methodology for calculating the stability of soil 
slopes and made the creation of software for calculating the stability of slopes 
economically feasible and justified, which in turn led to widespread use in engi-
neering practice. It became possible to perform calculations for slopes with com-
plex geometry, take into account additional loads that change over time, structur-
al strengthening elements of slopes, seismic and groundwater effects, etc. in the 
calculations. Visual control of the data, as well as graphical display of the results, 
made it possible to understand much more about the process than just calculating 
the stability coefficient. Now on the market there are a number of software prod-
ucts for calculating the stability of slopes, among them the most famous are: the 
Geo-Slope and SoilVision programs, the GEO5 program of the Fine company, 
the GeoStab program of the software package for geotechnical calculations of the 
“InzhProekStroy” LLC company, the “OTKOS” (slope) program of the KREDO- 
DIALOGUE, the program “OTKOS”. Version 1.5 of the SCAD-Soft software 
package, the software OAS of the Polotsk University, the software package for 
analyzing the stability of the slope of the JSC NII VODGEO SSC RF and others. In 
almost all of the above programs, the iteration method is used to find the center of 
a round-cylindrical sliding surface, i.e. the most critical sliding surface is sought. 
Obviously, the soil mass, as well as their collapse compartments, is considered to 
be an absolutely rigid body. Consequently, these methods cannot take into account 
the deformed state of the soil mass arising from static and dynamic loads. In addi-
tion, using existing methods, finding the most dangerous round-cylindrical sliding 
surface using a selected area does not guarantee finding the minimum value of the 
stability coefficient, since several local minima may exist in other areas [3].

Methodology. It is generally accepted that the value of the stability factor K of 
the slope is defined as the ratio of the sums of the holding and shear factors acting 
along the most probable failure surface, which, by virtue of the name, should be 
determined in such a way that the value of K has a minimum value. In the general 
case, the value of K is defined as the ratio of two curvilinear integrals along the 
fracture (slip) line. Along the entire sliding surface, the soil destruction criterion 
is adopted in the form of the Mohr-Coulomb law. At the limit-stressed state of the 
soil massif, the formula representing the stability coefficient has the form:
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where Φудер ,Φсдв  - holding and shearing factors acting along the most probable 
fracture surface. These factors can be forces acting along a possible sliding surface 
or, in the case of a round cylindrical sliding surface, according to the Terzaghi 
method, the forces of moments relative to the central axis of the cylinder [2]. In 
engineering calculations, various, very limited classes of possible slip lines are 
used (straight line, circular arcs or logarithmic spirals). However, it is obvious that 
for homogeneous slopes one can choose sliding surfaces in the form of an arc of 
circles, i.e. circular sliding surface.

In the general case, the value of the stability coefficient is defined as the ratio of 
two curvilinear integrals along the slip (destruction) line and has the form:

                                             (1)

where s - the area of the most probable sliding surface. In the case of consider-
ing a two-dimensional formulation, the slip surface is replaced by the slip line, and 
the area, respectively, by the length along the surface line. If s is an arc coordinate, 
i.e. the shape and position of the slip line are known, then the curvilinear integrals 
can be replaced by definite integrals, and the value of the stability coefficient is 
calculated as the ratio of the sum of the holding and shearing factors (forces). In 
the usual approach, the area (compartment) of the collapse under consideration 
is divided into vertical fragments (columns) by drawing vertical lines, and the 
integral for calculating the stability coefficient is replaced by the corresponding 
sums (the accuracy of the result is affected by the split width of these fragments). 
Through the weight of each fragment, the normal  and tangential  stresses 
acting on the sole of this fragment at the moment of limiting equilibrium are de-
termined.

In [4-6], a method was developed for assessing the stability of homogeneous 
soil slopes, combining two calculation approaches: the assumed sliding surface is 
considered to be round-cylindrical surfaces, and in calculation (1), the stress state 
is supposed to be determined from the solution of a two-dimensional problem of 
continuum mechanics. The proposed method or method for assessing the stability 
of soil slopes is also based on this assumption. The normal and shear stress acting 
on the site forming an angle with the horizon (with the x-axis) is calculated by the 
formula
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(2)

where ,  and  -stress values obtained by solving a two-dimensional 
problem. In the case of considering a dynamic non-stationary problem, the highest 
value that occurs during the considered time is taken as the stress values. Thus, 
using normal and shear stresses along the sliding surface line, it is possible to 
determine the stability factor. However, the whole difficulty lies in determining 
the intended sliding surface, which gives the minimum value of the stability coef-
ficient. Therefore, the problem of stability estimation is a statically indeterminate 
problem.

To find an arbitrary (unknown) sliding surface, we proceed as follows. The 
local (local) stability coefficient (for a limited slope area or for a small particle), 
taking into account (2), has the form

                    (3)

where угол α - is the angle between the tangent of the considered small area 
(curve) with the horizon (x-axis). The local stability coefficients (3), in addition to 
the mechanical characteristics, also depend on this angle of inclination of the most 
probable slip area (curve) at the considered point in the slope zone. Equation (3) 
can be written as:

                        (4)

Investigating the ratio for the coefficient of stability to the extremum, we de-
termine the value of the angle at which the condition k=kmin is satisfied. To give 
the minimum value of the stability coefficient k=kmin for the point under consid-
eration for different angles of the probable shear surface, we equate  , and 
determine the angle of inclination of the proposed slip surface (line) at this point. 
Carrying out simple calculations, we find the angle α between the Ox axis and the 
platform (line), along which the stability coefficient at the point under consider-
ation has a minimum value: 

                                    (5)

where 
It can be seen from relation (5) that at any point of the slope zone there are two 

slip areas (lines) with the same minimum value of the stability coefficient.



110

SCIENCE. EDUCATION. PRACTICE

International Science Conference

As noted above, this method for assessing the stability of soil slopes (deep 
pit sides) consists in finding the most probable (dangerous) sliding surface using 
design stresses, at which the stability coefficient has a minimum value. To build 
the most probable expected sliding surface, the following procedures should be 
performed sequentially.

1) A plane problem is solved and the values of the stress state of all points of 
the slope area of the soil massif with all acting loads are determined (in the case of 
considering a non-stationary problem, the maximum stress values are determined 
during the considered moment of time or the dynamic coefficient should be found 
for using the engineering method);

2) Using the calculations of the local stability coefficient (4), a point is deter-
mined in the vicinity of the slope transition to the base (leftmost point), or in the 
vicinity of the crest (rightmost point);

3) Through the found point, located near the contour of the slope, where the 
condition k=kmin is fulfilled, a straight line segment is drawn, forming an angle α 
with the horizontal axis (Ox axis), determined by relation (5) with a positive sign 
for a point in the vicinity of the transition of the slope to the base , or with a minus 
sign for the ridge point near the slope. The length of the segments depends on the 
geometric dimensions of the soil slope (slope height), the shorter the length of the 
segment, the more accurate the probable sliding surface will be; Thus, a small seg-
ment of the supposed most probable sliding surface is determined. Further, for a 
point located at the other end of the found segment, the angle α is again determined 
and a new segment is drawn through the middle of this segment at this angle. This 
procedure continues until the last segment of the proposed sliding surface inter-
sects another slope contour;

4) After determining the most probable sliding surface, the assessment of the 
stability of the whole soil slope is carried out according to the formula (1) using a 
numerical calculation.

Thus, we find the most probable slip surface (line). The position and shape of 
the most probable slip surface (line) depend on the geometric dimensions of the 
slope (on the height of the slope and the angle of occurrence), the physical and 
mechanical characteristics of the soil or rock (density, cohesion, angle of internal 
friction, etc.), as well as the stress states from acting loads.

Calculation results. According to the proposed method for assessing the 
stability of soil slopes, a program was compiled for finding the intended sliding 
surface and the stability coefficient. The figure shows the result for a uniform 
slope with ledges. An array with a height of 20 m and a general laying angle 

 with the following soil characteristics was taken as the initial data: den-
sity ; specific cohesion c = 30 kPa. The stability factor for this 
sliding surface was 1.7457. As can be seen from the figure, for a uniform slope, 
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the most expected sliding surface practically coincides with the round-cylindrical 
sliding surface.
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Figure Estimated sliding surface and diagram of shear (1) and holding (2) 
stresses along the surface

Conclusions. A method is proposed for assessing the stability of soil and 
mountain slopes, which combines two calculation approaches and takes into ac-
count the nonlinear properties of deformation. The essence of the method is to use 
the solution of a plane problem (stress-strain state) taking into account all factors: 
heterogeneity and geological features of the massif, acting static and dynamic 
loads and finding the most probable sliding surface by minimizing the values of 
local stability coefficients
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Abstract. This article is devoted to the problem of studying the capabilities 
of unmanned aerial vehicles in solving the problems of gas and oil leaks. It 
explores the features of the use of unmanned aerial vehicles in monitoring the 
reliability of the operation of oil and gas transport equipment. In this study, a set 
of interchangeable payload modules (photo camera, television camera, infrared 
camera, thermal imager), ground control station and catapult are used as part of 
the Tachyon UAV complex. In order to study and solve the problem of counting gas 
and oil leaks using UAVs, a scheme for converting the dimensions of the detection 
object in TV channels in the form of an UAV unit with a matrix converter is 
proposed. Integral algorithmic development of the proposed computer application 
is presented.

Keywords: unmanned aerial vehicles, leaks, gas, oil, transport equipment, 
programming

Introduction. Russia is one of the few countries in the world that has a pow-
erful aircraft design and aircraft industry potential. The development of the avi-
ation industry makes it possible to overcome the backlog in the construction of 
unmanned aerial vehicles (UAVs) and take a competitive place in their production 
and operation [1]. The scientific, technical and technological potential is relevant 
for state financing of the aircraft industry and is attractive for investment. One of 
the areas that allow the implementation of new ideas and professional experience 
in the form of final products is the creation of unmanned aerial vehicles (UAVs) 
[2].

The development of each of these components when creating a UAV requires 
a high development of aircraft construction, electronics, information and other 
technologies. Therefore, few countries in the world have a full cycle of such a 
unique production - from UAVs to its target equipment in ground control posts. 
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Simultaneously with the development, production and use of UAVs in the world, 
a regulatory and legal framework for the joint use of the joint space of UAVs and 
the space piloted by aircraft is being formed.

A very relevant and popular area of using UAVs is to take into account the 
problems of gas and oil leaks [3]. In the aspect of taking into account the problems 
of the reliability of the operation of oil and gas transport equipment, it is very im-
portant to implement the UAV technology in the program for counting the number 
of gas and oil leaks.

The purpose of this article is to study the possibilities of unmanned aerial ve-
hicles in solving the problems of gas and oil leaks.

The discussion of the results. In the structure of the Russian market, the share 
of civilian UAVs accounts for more than 70% of the market, in which the main 
share is occupied by consumer drones - fig. 14]. 

Figure 1. UAV application area in Russia

Today, unmanned aircraft are intensively used in the civil sphere to perform 
the following functions [4-5]:

- protection of borders;
- maintenance of law and order;
- combating the consequences of natural disasters or man-made disasters;
- monitoring of the ecological state of the natural environment.
The problems of unmanned aerial vehicles concern not only UAVs, which are 

an integral part of the unmanned aerial complex (UAC), which includes:
- air vehicle (AV)
- modern special on-board equipment;
- ground control, launch and landing systems.
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The unmanned aircraft complex is a complex aviation technical system, which 
includes [6]:

- one or more UAVs;
- command centre;
- means of communication;
- means of launch, rescue and maintenance;
- means of transportation.
Modern Raybird 3 UAVs can monitor targets over large areas with a radius of 

thousands of hectares / km and transmit video in a short time (for a short period 
of time, as well as broadcast video in real time). The use of unmanned aerial sys-
tems is very cheap. UAV like Raybird 3 can cover large places with a radius of 
thousands of hectares / km and link video in a short time - within a short period of 
time, and can show the picture live. Gyrostabilizing gimbals with built-in infrared 
thermal sensors are currently widely used at night [7]. Modern UAVs for diagnos-
ing the reliable operation of oil and gas transportation equipment can easily meet 
the requirements for monitoring gas and oil leaks in such basic applications:

- assessment of territories and perimeter;
- automated identification of types of leaks;
- monitoring the progress of gas and oil leaks;
- assessment of the size of gas and oil leaks;
- environmental management.
Focusing on the processes of development and implementation of UAV tech-

nology in the direction of monitoring the reliability of the operation of oil and 
gas transport equipment, we highlight the main promising aspects of its use in 
comparison with other technological methods: the possibility of flying over a large 
area, its inaccessibility, its closeness in certain periods of time, its closeness in 
terms of logistics capabilities for ground facilities [8].

In this paper, the features of the use of the small UAV “Takhion” in solving 
the problems of the reliability of the operation of oil and gas transport equipment 
are investigated - fig. 2 [9]. 

Figure 2. Appearance of the “Tachyon” UAV
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A scheme is proposed for converting the dimensions of an object for detecting 
gas and oil leaks in TV channels in the form of an UAV unit with a matrix con-
verter, which is shown in Fig. 3 [10].

Figure 3. Scheme for obtaining a video image of gas and oil leaks in a TV with a 
matrix converter, as an element of the “Tachyon” UAV

Further, from the point of view of developing a computer application for the 
Tachyon UAV for monitoring the reliability of the operation of oil and gas trans-
port equipment, it is necessary to combine the following software algorithms, such 
as MASK R-CNN, Slic superpixels, Treshlding histograms and OpenCV + FF-
mpeg.

Conclusion. This article is devoted to the problem of studying the capabilities 
of unmanned aerial vehicles in solving the problems of gas and oil leaks. It ex-
plores the features of the use of unmanned aerial vehicles in monitoring the reli-
ability of the operation of oil and gas transport equipment. As part of the study, a 
set of interchangeable payload modules (a camera, a television camera, an infrared 
camera, a thermal imager), a ground control station and a catapult are used as part 
of the Tachyon UAV complex. An integrated algorithmic development of a pro-
posed computer application for the Tachyon UAV for monitoring gas and oil leaks 
in real time using the MASK R-CNN, Slic superpixels, Treshlding histograms and 
OpenCV + FFmpeg software algorithms is presented.
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Abstract. With the growth in the production of equipment for monitoring 
physical quantities, the need for microelectromechanical systems (MEMS) is also 
growing.

Due to the strong demand for these devices, there is a need for more research 
and development of new materials, improved geometry and the use of new physical 
principles to meet the needs of consumers.

Currently, micromechanical accelerometers (MMA) of capacitive type are 
gaining particular popularity, as they are characterized by high sensitivity and 
accuracy of measurements of physical quantities.

In this paper, approaches to the construction of sensors for one-, two- and three-
axis systems are considered. The results for various types of elastic suspension are 
presented. The designs of perforated inertial masses are considered. The main 
advantages of these systems are revealed.

Keywords: micromechanical capacitive accelerometers, natural oscillation 
frequency, elastic suspension, inertial mass, microelectromechanical systems.

I Introduction
Currently, there are various types of designs of the sensitive element (SE) of 

capacitive MMA [1–3]. The main parameters in the production of any device are 
low cost and ease of manufacture, the availability of technology and the possibility 
of using it in various fields of science and technology. MEMS products more than 
meet these requirements, as well as these devices are reliable and have the ability 
to reach sizes of several micrometers [4].
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Industrial devices are often systems with large dimensions, which, in addition 
to the sensor itself with approximate dimensions of 2x2 cm, also include signal 
processing boards, fittings and other devices, due to which the weight increases 
to 150 g, which does not allow using this solution in products that are critical to 
weight and size indicators. Currently, there are many approaches to the production 
technologies of capacitive-type SE MMA, ranging from various types of elastic 
suspension (ES) to the features of the technological process [5].

One of the widely used materials in the manufacture of SE is single-crystal sili-
con due to its low hysteresis, resistance to overloads and the ability to package it 
in signal processing boards. Single-crystal silicon has been especially widely used 
in areas where microminiaturization is important. However, one of the significant 
drawbacks is the low sensitivity [6,7].

During the operation of the sensors, the readings of the device will be affected 
by destabilizing factors such as temperature, vibration, humidity, and others. In 
this regard, it is necessary to pay attention to these phenomena already at the de-
sign stage of the device. Especially when operating in extreme conditions, whether 
it be a wide range or temperature difference, from -55 ° C to 300 ° C, mechanical 
and hydraulic shocks and other conditions. It is necessary that the device has a me-
chanical strength higher than the entire system as a whole, since the sensor must 
have a greater margin of safety than the design as a whole [7,8].

II. Investigation of various types of elastic suspension of the sensitive el-
ement

The physical and geometric parameters of the SE directly affect its stiffness, 
sensitivity and resonant frequencies.

When designing the SE MMA, it should be taken into account that the stiffness 
factor has a greater effect on the sensitivity and natural oscillation frequency. The 
frequency characteristics of the MMA also depend on the geometric parameters of 
the ES. The first mode for a single-axis MEMS accelerometer is working, while 
others will have a parasitic effect on the device [6,8]. For the stability of the op-
erating parameters, it is necessary that the first mode is further away from the 
subsequent ones so that the first resonant frequency is not affected by the others.

There are many types of ES: folded springs, torsion bars, comb drives and 
others.

Springs are mainly used in single-axis sensors, due to the folding structure, 
thickness and length, it is easy to provide the necessary rigidity, achieve the de-
sired sensitivity for one axis. It is also worth noting that this design provides large 
movements for the main axis. One of the main types of ES in the form of a folded 
spring are: folded beams with rectangular and round sections, and straight beams 
[9]. The considered suspensions are shown in Figure 1. 
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Figure 1. The design of the elastic suspension: a) folded beams with 
a rectangular section; b) folded springs with a circular cross section;

c) straight beams

The thickness of the ES, its type, and the orientation of the crystallographic 
silicon surface significantly affect the design parameters.

The ES of the «straight beams» type has the maximum difference between the 
first modes and subsequent ones at a width of 120 μm and the orientation of the 
silicon surface (111) in comparison with other designs. Reducing the width and 
changing the orientation of silicon from (111) to (100) for any type of construction 
leads to a decrease in the difference between the first and second modes [1, 9].

The crystallographic orientation of silicon directly affects its residual stress-
es as the temperature changes. Thus, when silicon is (111) oriented, suspensions 
have maximum stresses in the model with straight beams, and minimum stresses 
in a suspension with a rectangular cross section [5]. It should be noted that residual 
voltages directly affect the sensitivity of the device and its reliability, the lower the 
voltage, the greater the stability and sensitivity.

The study of impact resistance is one of the defining areas of application of 
MMA. Mechanical shock can cause various kinds of damage to the MEMS - ac-
celerometer, ranging from cracks to chips and complete incapacity of the device. 
The impact resistance depends on the width of the UE, a large width entails an 
increased impact resistance, however, the mass of the SE increases and the sen-
sitivity decreases. It is worth noting that stiffness and mass also affect sensitivity. 
Sensitivity formula for SE MMA: 

 ,                                                  (3)

where S – accelerometer sensitivity,
a - the SE acceleration,
x - movements of SE,
k is the stiffness coefficient of the elastic suspension,
With an increase in the length of the «folded spring» ES, the displacement 

along the main axis also increases, while the sensitivity along the cross axes de-
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creases. This is due to the fact that the displacements along the main axis differ by 
more than two times, relative to the transverse ones [8].

Thus, the model with straight beams has the highest values for mode ratios, 
which can make it possible to use this type of ES for high-precision measure-
ments, while being the least affected by impact, for example, in life support con-
trol systems. The rectangular profile pleated spring model has shown the best per-
formance in impact resistance, which can be concluded that the operation of this 
model is suitable for harsh conditions, for example, in deep hole drilling machines 
[7,9].

The orientation of silicon also affects the results, for example, with the orienta-
tion of silicon (111), the ES, regardless of the width, has large values of resonant 
frequencies and their ratios, therefore, for accurate measurements, it is necessary 
to choose the orientation (111) [3].

One of the methods for implementing multiaxial MMA is a torsion suspension 
[4,8]. MEMS is also an accelerometer, also designed to measure linear accelera-
tions along an axis perpendicular to the plane of the substrate, and its modal anal-
ysis was carried out. The material used in the calculation is single-crystal silicon.

Torsion springs are able to go beyond the substrate due to torsional deforma-
tions, which has an advantage over folded springs. However, torsion bars often 
require a large aspect ratio of 1:50 9]. Figure 2 shows a torsion suspension.

Figure 2. The design of the torsion suspension

This ES consists of a pair of vertical torsion beams 2 and 3 and a lightweight 
rigid beam 1. Beam 2 consists of two parallel plates, which protects this structure 
from bending deformations while isolating torsion deformations. The design of 
the considered SE is shown in Figure 3.
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Figure 3. The design of the SE with torsion bars

Figure 3 shows IM 1. Metal pads 5 for anchor elements on the substrate. There 
are also platforms 4 on which capacitive elements 3 are installed, in turn they are 
used to measure capacitance, which in turn is necessary to determine linear accel-
eration. The torsion bars themselves 2.

It should be noted that this design has a large area compared to a folded spring 
and a large mass, since the width of the torsion bars is 100 microns and their 
mounting design goes beyond the ES and requires additional stationary mass. This 
design operates on small ranges from 1g to 10g, the first oscillation mode is equal 
to 8845 Hz, which is more than the designs of uniaxial sensors with the folded 
spring type ES at 100 Hz. The next two modes are equal to 10459 and 10465 Hz, 
respectively, their ratios are also equal, however, when considering multiaxial ac-
celerometers, it is worth striving to equalize the values of the first three modes [9].

The development of MMA with torsion bars is a promising area, but it needs to 
be improved. Increased mass, area and large frequency discrepancy is a disadvan-
tage for SE with torsion bars. In the future, these devices can be used as three-axis 
accelerometers and used in navigation systems.

For a two-axis accelerometer, comb drives, the so-called «P-beams» [9], are 
used. The advantage of comb drives for use in two-axis systems is that in addition 
to the longitudinal compression deformation, due to the design of the drive, there 
is also a transverse one, which allows the SE to move along two axes X and Y. 
Figure 4 shows the SE with ES in the form comb drives.
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Figure 4. Movable inertial mass with suspensions

This SE has the necessary sensitivity along two axes. This development can be 
applied in many areas. Some of the most popular in capacitive biaxial probing are 
the automotive and household industries [43].

III. Analysis of Structures with Perforated Masses
To resolve issues with the mass of the structure, perforated IMs are used. Per-

foration can be performed both as partially removed parts of the moving mass 
(PM), and in the form of a full-fledged electrode structure (ES), the so-called 
«sandwich structure» [24,44-46]. Figure 5 shows the design of the SE with a per-
forated central mass (CM).

Figure 5. Sensing element with perforated mass

It should be borne in mind that in this case, with a decrease in IM, the sensi-
tivity of the sensor and its resonant frequency also change. It must be understood 
that when designing a SE, everything boils down to the fact that the system had the 
necessary rigidity, high sensitivity, and load resistance. So the resonant frequency 
is found by the formula:

 ,                                               (2)

where  – natural oscillation frequency, 
m is the SE mass.
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It can be seen from equations (1) and (2) that these are reciprocal values, there-
fore mass perforation can be used in the design if it does not significantly affect the 
sensitivity for the sake of a smaller mass of the structure.

The “sandwich construction” of MMA is shown in Figure 6.

Рисунок 6. Сэндвич – конструкция ЧЭ

The IM of this SE consists of movable electrodes. Under the influence of accel-
eration, there is a change in capacitance between mobile and fixed ES. This design 
is especially popular in uniaxial MMAs [10]. It is also noted that the sensitivity 
along the Y axes is about 1% and Z is about 7%, and these characteristics directly 
depend on the thickness of the ES [45]. Figure 16 shows the dependence of MMA 
sensitivity on the thickness of the springs.

Figure 7. Dependence of deformations and sensitivity on the thickness 
of the ES along the Z axis

From this figure it can be seen that with an increase in the thickness of the 
springs, the deformation and sensitivity along the parasitic Z axis decrease.
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Figure 8. Dependence of deformations and sensitivity on the thickness of the ES 
along the Y axis

With the Y-axis, the situation is different. So with an increase in the width, the 
deformation decreases, but the sensitivity increases, but it is worth noting that for 
the Y axis, the sensitivity is not critical.

At the same time, it should also be taken into account that with an increase in 
the width of the ES, the mass of the SE as a whole also increases. In the considered 
design of the SE MMA, it is necessary to look for the best variant of the ES, since 
this MEMS will mainly depend on the parameters of the ES.

Particularly popular is the “sandwich construction”, where the moving mass is 
fixed between two stationary ES, and the elastic suspension has two fixing points 
instead of one [10]. Figure 9 shows a diagram of this SE.

Figure 9. SE «sandwich - structures»: 1 - substrate of single-crystal silicon; 
2 and 5 - stationary ES are shown; 3 - IM; 4 - UP

For this design, it is advisable to use silicon with (111) orientation, since in 
this case the displacements along the main X axis exceed Y by 50 times, and the 
Z axis by 10 times, which will significantly affect the sensitivity. Modal analysis 
shows that the first resonant frequency differs from the subsequent ones by almost 
3 times, which proves that the sensitivity is maximum along the main X axis [45].

In order to lighten the mass, perforated MIs can be used [10]. However, these 
elements need to be improved. At the same time, the cost of this design increases 
along with the complexity of the technological process.
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IV. Conclusion
In this work, the designs of various ESs were considered. It was found that 

in the case of single-axis sensors, it is advisable to use UEs of the type of folded 
springs or straight beams, however, it is necessary to take into account the individ-
ual features of each of the structures and find compromise solutions regarding the 
width, orientation of the lattice and its type.

For two-axis systems, the use of ES of the “comb drives” type is one of the 
best options, since the deformations for the X and Y axes are less than two times, 
which indicates that the sensor has the necessary sensitivity for these axes.

One of the promising elastic suspensions for a three-axis sensor is a torsion 
suspension. Although this design requires improvements, however, for the sake of 
its simplicity and efficiency, it has further prospects.

Considered possible designs of perforation IM. The designs show good sensi-
tivity, which is provided by the inertial mass suspension elements used, in particu-
lar by reducing the width of the pleated springs. However, it should be taken into 
account that the complexity in manufacturing these SEs increases with the number 
of holes or electrodes in the IM.
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