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EFFICACY OF PLATELET RICH PLASMA FOR TREATMENT 
OF KNEE OSTEOARTHRITIS

Vasilchenko Nikita Vadimovich
Clinical Resident
Radish Ivan Ivanovich
Department Head
Clinical Hospital № 1 of the Office of the President of the Russian Federation, 
Moscow, Russia

Abstract. The article presents the results of evaluating the effective-
ness of treatment of patients with osteoarthritis of the knee joint of 1-3 
degrees using platelet-rich plasma. According to the results of the study, 
it was found that the maximum decrease in indicators on the WOMAC 
and YOUR scales, in the form of relief of pain, reduction of stiffness and 
increase in range of motion, occurred in patients after 3 procedures of in-
traarticular injection of PRP. 

Keywords: osteoarthrosis, platelet-rich plasma, WOMAC and VAS 
scales.

Introduction
Osteoarthrosis (OA) of the knee joint is the main source of pain in the 

knee joint, and is detected in 35% of the population over 65 years of age 
[1]. In this case, the main non-surgical methods for treating OA of the knee 
joint are: taking non-steroidal anti-inflammatory drugs, reducing body 
weight, physiotherapy, as well as intra-articular injections of hyaluronic 
acid and corticosteroids. Intra-articular administration of platelet-rich au-
tologous plasma is considered as one of the promising methods.

Biological therapies for osteoarthritis of the knee joint are becoming 
increasingly popular among patients and among healthcare providers [5]. 
Along with the popularity and frequency of use of biological methods of 
treatment, the number of publications in this area of therapy has increased. 
Perhaps this is due to a change in the concept of OA, shifting the main em-
phasis of etiology and pathophysiology towards inflammatory processes 
[3, 6, 8]. 
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Platelet-rich plasma therapy is an autologous blood product with a high 
platelet concentration. Platelets have a high concentration of growth fac-
tors and cytokines, which have a stimulating effect on the regeneration of 
bone, cartilage and surrounding soft tissues. However, there are 4 catego-
ries of final PRP products: pure platelet rich plasma (P-PRP); plasma rich 
in white blood cells and platelets (L-PRP); pure platelet rich fibrin (P-PRF); 
white blood cell and platelet-rich fibrin (L-PRF). The main clinical benefit 
for treating knee OA is the use of pure platelet rich plasma (P-PRP), while 
the use of plasma rich in white blood cells and platelet (L-PRP) can po-
tentiate inflammatory changes in OA [4]. The biological mechanisms of 
the interaction of platelet factors with various tissues of the body are quite 
complex and not yet sufficiently studied. 

Purpose of the study
Evaluate the effectiveness of treatment of patients with knee osteoar-

thritis of 1-3 degrees using platelet-rich plasma.
Materials and methods
We examined 104 patients (of which 44 men and 60 women) aged 22-

47 years, with a diagnosis of knee osteoarthritis of the 1-3 degree accord-
ing to ICRC Cartilage MRI criteria, confirmed by MRI diagnosis. 

Patients who had systemic blood diseases, oncological diseases (in-
cluding a medical history), and the continuous use of anticoagulants were 
excluded from the study.

Platelet rich plasma (PRP) concentration of biologically active mole-
cules of growth factors in plasma obtained from the patient’s own blood is 
used in the treatment. Depending on the severity of osteoarthritis of the 
knee, patients were prescribed a course of intra-articular PRP injections 
from 1 to 3 with an interval of 7 days between injections. After the injection, 
patients were not allowed physical activity for 2-3 days, as well as taking 
non-steroidal anti-inflammatory drugs for 4 weeks.

The results were evaluated before the first injection, and also after a 
week of subsequent injections using the visual analogue VAS scale (with 
a rating from 0, complete absence of pain up to 10 points, intolerable pain) 
and the arthritis index scale of the Western Ontario and McMaster (WOM-
AC) universities from 0 to 100 points as an indicator of pain, impaired func-
tion and stiffness [2, 9].

Statistical processing of the obtained data was performed using the 
computer program STATISTICA-12. When assessing the statistical signifi-
cance of differences between groups, the non-parametric Mann-Whitney 
test was used, when comparing the indicators of one group at different 
stages of observation, the Wilcoxon test. The results of descriptive sta-
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tistics are presented: the central characteristics of the distribution of the 
data of an indicator, that is, its measure of position: median (Me); statistical 
characteristics of the scatter of the trait data, that is, scattering measures: 
standard deviation (SD), standard error of the mean (SEM), interquartile 
range (Q1–Q3). The critical level of reliability of the null statistical hypoth-
esis was taken equal to 0.05.

Results and discussion
An analysis of the data showed that before treatment on the WOMAC 

scale, the median was 58 points (interquartile range (Q1–Q3) from 50 to 
63 points) (Fig. 1). 7 days after the first intra-articular PRP injection, the 
median on the WOMAC scale was 38 points (interquartile range (Q1–Q3) 
from 25 to 42 points). 

One week after the second PRP injection, a WOMAC score was made, 
where the median was 23 points (interquartile range (Q1–Q3) from 14 to 32 
points). Moreover, the differences between intraarticular injection 1 and 2 
were statistically significant (p<0.0001).

Fig. WOMAC assessment (score) in patients treated with PRP
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In patients who required a PRP of 3 injections, the median was 11.5 
points (interquartile range (Q1–Q3) from 8.5 to 22 points). The differenc-
es between intraarticular injection 2 and 3 were statistically significant 
(p<0.0001).

As is known, to determine the number and frequency of injections, to 
obtain greater effectiveness of PRP therapy there are significant difficul-
ties. So, some researchers came to the conclusion that precisely 2 PRP 
injections with an interval of 2 weeks are an effective treatment for OA of 
the knee joint [7, 10]. 

Thus, the use of PRP therapy can significantly improve the indicators 
of the functional state of the knee joint and the quality of life of patients.

Figure 2 shows the successful use of platelet-rich plasma for the treat-
ment of OA of the knee, confirming an improvement in overall health as-
sessment. So, against the background of the therapy, a week after the 
first procedure, a decrease in the median of the VAS scale was observed, 
which was 3 points (interquartile range (Q1–Q3) from 3 to 4 points) (p 
<0.0001).

Fig. 2. VAS pain assessment (score) in patients with PRP therapy



12

Process Management and Scientific Developments

One week after the second PRP injection, a VAS score was made, 
where the median was 2 points (interquartile range (Q1–Q3) from 1 to 
3 points). The differences between 1 and 2 by intraarticular injection of 
platelet-rich plasma were statistically significant (p <0.0001).

In patients who required a PRP of 3 injections, the median was 1 point 
(interquartile range (Q1–Q3) from 0 to 1 point). The differences between 2 
and 3 injections were statistically significant (p <0.0001).

The study of the correlation between the assessment of pain accord-
ing to the WOMAC scale and pain according to the VAS scale against the 
background of the ongoing PRP therapy showed the following. The pres-
ence of a reliable direct correlation between the values of the WOMAC and 
VAS indicators was established: the Spearman rank correlation coefficient 
before treatment turned out to be 0.58 (p<0.001); 7 days after the first 
intra-articular injection, the PRP was 0.59 (p<0.001); after a week from 
the second it was 0.8 (p<0.0001), and after the third injection it was 0.81 
(p<0.0001).

Thus, the maximum decrease in VAS, as well as a significant improve-
ment in the clinical picture in the form of relief of pain, decreased stiffness 
and increased range of motion, occurred in patients after 3 procedures of 
intra-articular administration of PRP. 

Conclusions. According to the results of the study, it was found that 
PRP therapy has great potential in reducing pain and improving function in 
patients with osteoarthritis of the knee joint. Despite the clinical effective-
ness of PRP therapy, more standardized, multicenter controlled trials are 
needed to formulate protocols with clear indications of the number of injec-
tions and the interval between them. 

In general, the proven clinical efficacy and high safety along with the 
simplicity of the method allows us to recommend it in the treatment of os-
teoarthritis of the knee joint, both in specialized departments of hospitals 
and in outpatient trauma and orthopedic practice. 
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DANINI-ASHNER TEST FOR BOYS AGED 8-12 WITH YEAR-
ROUND FORM OF ALLERGIC RHINITIS ENGAGED 

IN GRECO-ROMAN WRESTLING

Izvin Alexander Ivanovich 
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Abstract. The task is set by the Dagnini-Ashner test to assess the ex-
citability of the parasympathetic department of the autonomic nervous sys-
tem in boys of the second childhood of Tyumen, suffering from year-round 
allergic rhinitis of mild severity of clinical manifestations, during classes in 
Greco-Roman wrestling. 

Keywords: allergic rhinitis, boys 8-12 years old, Dagnini-Ashner test, 
Greco-Roman wrestling.

Relevance
The beginning of the new millennium was marked by frightening pre-

dictions regarding the increase in the incidence of allergic rhinitis (AR), 
especially in children, leading to dire consequences [1, 2]. According to the 
forecasts of most researchers, the incidence of AR will steadily increase 
(according to some sources, up to 5% per year) and by 2020 may reach up 
to 50% of the child population [3]. Currently, the global average prevalence 
of AR is 30% [4]. So, in the USA, about 30 million people suffer from AR, 
in England AR is diagnosed in 16% of the population, in Denmark - 19%, 
in Germany - from 13 to 17%. Over the past decades, the prevalence of 
AR in children in Russia is up to 34% in different regions and is increasing 
from year to year [5, 6].
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It should be noted that the incidence of AR in Russia varies from 13.3 
to 38%, including seasonal AR from 13.7 to 24% [7]. Along with improved 
diagnostics, new AR treatment strategies are being developed [8, 9, 10, 
11, 12, 13]. The ARIA expert working group, together with the World Health 
Organization, the World Organization of Family Doctors (Wonca) and the 
International Primary Care Respiratory Group (IPCRG), believe that AR is 
a chronic respiratory disease that plays a significant role in the develop-
ment of bronchial asthma [14].

Symptoms of AR affect school attendance, and allergies are one of 
the main reasons for skipping school. So, in the USA, more than 2 million 
missed school days are associated with it [15, 16]. In children with insuf-
ficiently controlled AR, the ability to learn decreases, which affects their 
school activities [17]. Children with AR may be more irritable and more 
tired, be inattentive and have difficulty concentrating on the lesson [18, 
19]. AR is a significant financial cost. So, the annual costs associated with 
the diagnosis and treatment of patients with AR in Europe are 1.5-2 billion 
euros, and indirect costs - 1.5-2 billion euros; in the United States, direct 
costs at the end of the 20th century amounted to  5.6 billion dollars [20].

The year-round and seasonal form of AR are distinguished [21, 22, 23]. 
Seasonal AR is associated with exposure to plant pollen allergens and 
manifests itself during certain periods of flowering of trees and grasses. 
Allergens can be pollen from trees (birch, hazel, oak, alder, elm, maple), 
grasses (timothy, fescue, bonfire, foxtail, bluegrass, rye) and weeds (qui-
noa, wormwood, ragweed), as well as mold fungi. Features of seasonal 
rhinitis is the frequency of exacerbations. Year-round AR is caused by al-
lergens from house dust, ticks, cockroaches, rodents, and some types of 
mold fungi. 

In the available literature, we did not find studies showing the effect of 
the Danyini-Ashner test to assess the excitability of the parasympathetic 
autonomic nervous system in boys of the second childhood period, suffer-
ing from AR of varying severity of clinical manifestations involved in Greco-
Roman wrestling. 

A test was proposed in 1908 independently by the Italian physician Gi-
useppe Dagnini (May 19, 1866 - October 19, 1928) and the Austrian physi-
cian Bernhard Aschner (January 27, 1883 - March 09, 1960) and currently 
bears their name [24, 25].

Purpose of the study: evaluate the excitability of the parasympathetic 
department of the autonomic nervous system in boys of the second child-
hood of Tyumen, suffering from year-round allergic rhinitis of mild severity 
of clinical manifestations during Greco-Roman wrestling. 
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Material and methods
19 boys (the main group - MG) of the second childhood period (8-12 

years old) involved in Greco-Roman wrestling, suffering from a year-round 
form of AR were examined. The control group (CG) consisted of 22 boys of 
the same age who did not have somatic diseases, also involved in Greco-
Roman wrestling together with the boys of MG. Training sessions were 
held 4 times a week for 1.5 hours in the presence of a doctor. When se-
lecting age groups, the “Scheme of age-related periodization of human 
ontogenesis” was used, adopted at the VII All-Union Conference on the 
problems of age-related morphology, physiology and biochemistry of the 
USSR Academy of Pedagogical Sciences (Moscow, 1965). All boys are 
indigenous and study in secondary schools of the city of Tyumen. 

Given that among the boys involved in the gym there are children who 
suffer from the year-round form of AR, we tried to minimize the number 
of provoking factors of its manifestations. For this purpose, multiple wet 
cleaning was carried out not only of the gymnasium, but also of the wres-
tling mat, as well as utility rooms, regular airing of the hall, prevention of the 
appearance of ordinary clothes, street shoes, etc. in the hall.

The standard Danyini-Ashner test (eyes-heart reflex) consists in mod-
erate pressure with the fingers of the hand for 20 seconds on the side sec-
tions of the eyeballs. In the classical test methodology, the calculation of 
the heart rate (HR, beats/min) is carried out 1 minute before the pressure 
and 1 minute after the pressure on the eyeballs. 

We have modified the sample procedure, which consists in the fact that 
HR calculation was carried out within 15 minutes after the sample. HR was 
determined by palpation on the radial artery for the first and last 10 sec-
onds of each minute, as well as using an electrocardiograph. In 6 (31.6%) 
boys with AR, an oculocompressor with a load of 300 g was used.

The studies corresponded to the ethical standards of the biomedical 
ethics committees developed in accordance with the Helsinki Declaration 
adopted by the BMA, Order of the Ministry of Health and Social Develop-
ment of Russia №774n dated August 31, 2010 “On the Ethics Council”, 
and Order of the Ministry of Health of the Russian Federation №226 dated 
06.19.2003 “Rules clinical practice in the Russian Federation. " The prin-
ciples of voluntariness, human rights and freedoms guaranteed by Art. 21 
and 22 of the Constitution of the Russian Federation.

Results and discussion
The eye-cardiac Dagnini-Ashner reflex is caused by afferent connec-

tions of the orbital branch of the trigeminal nerve and the vagus nerve of 
the parasympathetic nervous system [26], which form synoptic connec-
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tions with the visceral motor nucleus of the vagus nerve of the reticular 
formation of the brain stem. Efferent pathways of the vagus nerve go from 
the cardiovascular center of the medulla oblongata to the heart, while in-
creased stimulation of the cardiovascular center leads to suppression of 
the function of the sinus node [27].

The results of the study showed (Table 1) that one minute after the ces-
sation of pressure on the eyeball, the normal type of eye-heart reflex, i.e. 
slowing of the pulse by 4-10 beats/min, occurred in 16 (88.9%) boys. 

Table 1. Types of responses of the cardiovascular system of boys 
of the second childhood MG and CG to the Danyini-Ashner test 

Types of reactions Age, years
8 9 10 11 12

After one minute
Normal – slowdown of HR 

of 4-10 beats/min.
MG (n = 19)

CG (n = 22)

2 
(10,5%)

3
(13,6%)

2
(10,5%)

4
(18,2%)

5
(26,3%)

8
(36,4%)

4
(21,1%)

3
(13,6%)

4
(21,1%)

4
(18,2%)

Sharply positive – slowdown  of HR of 
over 10 beats/min.

MG (n = 19)

CG (n = 22)

1
(5,3%)

–

1
(5,3%)

–

–
–

–
–

–
–

Negative – no HR change.
MG (n = 19)
CG (n = 22)

–
–

–
–

–
–

–
–

–
–

After 15 min
Normal – slowdown of HR 

of 4-10 beats/min.
MG (n = 19)
CG (n = 22)

1
(5,3%)

–

–

–

–

–

–

–

–

–

A sharply positive reaction (vagotonic type of eye-cardiac reflex) was 
detected in two (10.6%) boys aged 8 and 9 years. Estimating the results 
of the test, we noted that eight and nine year old boys, firstly, when un-
dergoing a medical examination at a physical-physical dispensary, were 
somatically healthy, not counting AR. Secondly, both are at the initial 
stage of training in Greco-Roman wrestling. We did not reveal a negative 
reaction of the cardiovascular system of the boys to the Danyini-Ashner 
test. 
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Examination of the Danyini-Ashner eye-heart reflex in boys of the sec-
ond childhood period 15 minutes after pressure on the eyeballs showed 
that all had a normal type of reaction.

Based on the test results, we recommended that the trainer of boys with 
AR increase the duration of its introductory part to 15-20 minutes during 
training, using various gymnastic exercises aimed at preparing the body 
for intense muscle activity. In healthy children, the duration of "entry" into 
the main stage of training was 5-7 minutes. 

Clinical observations during the year of the boys with AR, engaged in 
Greco-Roman wrestling, showed that regularly conducted dosed physical 
activity contributed to a significant reduction in the severity of the manifes-
tations of rhinitis. After three months of training, 5 (26.3%) boys stopped 
rhinorrhea and nosebleeds, the severity of headaches, fatigue, decreased 
appetite, improved sleep, improved sleep. After 6 months from the start 
of training, 12 (63.2%) boys also noted the cessation of sore throat and 
coughing, discomfort in the abdomen and a decrease in irritability. After a 
year of playing sports, 18 (94.7%) boys noted the absence of AR symp-
toms that occurred before the Greco-Roman wrestling. 

It is noteworthy that the duration of regular Greco-Roman wrestling 
exercises affects the severity of the clinical manifestations of AR. The 
lower the passport age, the weaker the allergization of the boys is less 
pronounced, and the influence of wrestling is more significant in terms of 
reducing the severity of the clinical manifestations of AR. 

 Conclusion
1. In 89.4% of boys of the second childhood who are engaged in Greco-

Roman wrestling and are sick with a year-round form of AR, immediately 
after the cessation of pressure on the eyeball, a positive (normal) type of 
Danyini-Ashner eye-heart reflex was revealed. The vagotonic type of eye-
heart reflex is much less common (10.6%), and only in 8 and 9 year old 
boys. 15 minutes after pressure on the eyeballs in all boys, regardless of 
sports, there was a normal type of reaction. 

2. AR is not an obstacle to sports, including Greco-Roman wrestling. 
In connection with AR, boys during training should increase the length of 
the introductory part to 15-20 minutes, while using various gymnastic ex-
ercises aimed at preparing the allergic body for intense muscle activity. In 
18 (94.7%) boys, a year later, the absence of AR symptoms that occurred 
before the Greco-Roman wrestling was revealed. 

The authors declare the absence of conflict of interest.
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Abstract. The working conditions of workers employed in the produc-
tion operations of averbands in the silk-weaving industry, carried out both 
manually and on machine tools, do not comply with hygiene regulations. 
An analysis of the dynamics of the indicators of the functional state of their 
body showed that from the beginning to the end of the working day, physi-
ological reactions are noted, indicating a pronounced industrial fatigue, 
more pronounced with manual averband.
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of the organism, fatigue, prevention.

Among the fabrics made from natural silk, a special place is occupied 
by avlar atlases - fabrics of a national assortment that are in high demand, 
especially among the population of Central Asia. The technology for the 
production of avlar atlases is peculiar; it is based on special dyeing of the 
warp and weft before weaving them into fabric. The yarns of the base are 
subjected to special preparation: skeins of silk yarns of the required pe-
rimeter (libits) are stretched on the averband machine, averband workers 
use special wooden sticks with special coloring clay to apply the ornament 
of the future drawing, designed by artists, to the libids; areas of libits that 
should not be stained are tightly tied with cotton threads.

Until recently, manual averband was used at all enterprises of the silk-
weaving industry of Uzbekistan. Averband workers worked sitting on the 
floor with legs crossed, bent at the knees. Manual tightening of the base 
was carried out by performing small circular movements of the hands and 
wrist joint with simultaneous muscle effort of 4.5-15.7 N at a high pace 
(1210±2.6 movements per hour). Workload of the main work reached 
75.9% of the time budget.
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Under these conditions, a pronounced local tension of the muscles of 
the hands and shoulder girdle with a static load of the working posture 
was noted, and requirements were imposed on the function of the visual 
analyzer.

To date, a mechanical averband has been designed and implemented 
at "Atlas" JSC, which has made it possible to increase labor productivity. 
Under these conditions, the process of manual winding of the libits is ex-
cluded, the need to perform small movements is eliminated, the working 
position is changed. Work is performed while standing. However, the static 
load on the shoulder girdle increased, while holding the winding thread it 
reaches 78.4 N.

Purpose of the study was an assessment of the hygienic and physi-
ological effectiveness of the new averband machines with the develop-
ment of recommendations for improving working conditions, rationalizing 
work and rest.

Research methods.  Working conditions were studied by traditional 
methods using an aspirator, psychrometer, anemometer, sound level me-
ter, light meter in accordance with the requirements of the Sanitary Rules, 
Norms and Hygienic Standards of the Republic of Uzbekistan № 0294-
11 [1], 0325-16 [2], 0141-03 [3 ], 0324-16 [4], building norms and rules 
2.01.05-96 [7], as well as the methodology “Methodology for assessing 
working conditions and certification of jobs according to working condi-
tions” [6]. 

The physiological reactions of the working organism were studied in 
the following order: before starting work, the initial and background char-
acteristics of the indicators of the functional state of various body systems 
were recorded, and at the end of the shift, physiological reactions develop-
ing during the working day were recorded. All measurements were made 
directly at the workplace. 

To assess changes in the central nervous system, the speed of the 
visual - motor reaction (VMR) was determined using a chronoreflexometer 
apparatus. The functional state of the visual analyzer was evaluated by the 
critical frequency of light flicker on the apparatus KCHSM-80. The attention 
function was studied using adjustment tables with a regulated text. The 
functional state of the cardiovascular system was studied by hemodynamic 
parameters: the pulse rate was calculated by the palpation method on the 
radial artery, and the level of blood pressure was measured using the Ko-
rotkov sound method. Using the calculation methods, the systolic volume 
and cardiac output (SV and CO) were determined using the Stara formula. 
According to the Hickem formula, the average dynamic pressure and pe-
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ripheral resistance in the capillaries were calculated [5]. The state of the 
neuromuscular system was studied by physiological tremor and muscle 
endurance. 

The studies were conducted at the Atlas Margelan Production Associa-
tion, which is a modern production facility whose workshops are located 
in airtight buildings and are equipped with new technological and sanitary 
equipment.

The working conditions and the state of physiological reactions of work-
ers – averband workers employed both on manual and mechanical aver-
band – were studied. 22 practically healthy volunteers aged 24 to 45 years 
with a work experience of 2-14 years were examined.

Research results. It was established that the microclimate of industrial 
premises in different seasons of the year can be described as heating. Air 
temperature ranged from 22 to 35 °C, humidity - from 55 to 75%, with an 
air velocity of 0.3–0.7 m/s. During the shift, the distribution of the supply air 
was uneven, as a result of which, in the areas located near the air condi-
tioners, the temperature was 22-24 °C, and in the center of the workshop 
it reached 35 °C. Illumination at workplaces ranged from 220 to 400 lux. In 
the mechanical averband workshop, intense broadband noise was gener-
ated by the averband machines, which in the frequency range 125–1000 
Hz exceeded permissible values   by 2–6 dB. 

A comparative study of the physiological reactions of those working on 
manual and mechanical averband showed the most informative data char-
acterizing the functional state of the neuromuscular apparatus (muscle en-
durance, physiological tremor), as well as the attention function of workers 
(table 1).

When using a manual averband, the muscular endurance to a static 
load of ¾ maximum was clearly reduced by more than 35%. When work-
ing on a mechanical averband, this decrease is less pronounced. Both the 
absolute number of touches and their growth from the beginning to the end 
of the work when measuring physiological tremor were significantly differ-
ent. The critical frequency indicators of light flicker and the duration of the 
proofreading test in the compared groups were statistically significantly 
different.



25

Process Management and Scientific Developments

Table 1. Indicators of the functional state of the body of workers on 
manual and mechanical averbands

Indicators of 
physiological 

reactions

Before work
In the middle 

of the working 
day

Upon 
completion 

of work

Difference 
(before work 

and at the end 
of work)

Reliability

M±m M±m M±m 2-4 p<3-4

1 2 3 4 5 6
MANUAL 
AVERBAND
Heart rate in 
minutes

70,1±1,2 70,5±1,4 75,7±1,9 +5,6 0,05

Blood pressure, 
mmHg
maximum 119,9±1,8 118,2±1,7 112,5±2,0 -7,2 -
minimum 71,2±2,7 74,1±0,5 75,2±2,0 +4,0 -
pulse 48,7±2,8 44,1±1,9 37,3±2,3 -11,4 0,001
dynamic average 87,4±1,3 88,8±2,2 87,6±3,1 -0,8 -
Systolic heart 
volume, ml 60,6±3,4 56,6±2,8 52,0±3,2 -8,6 0,01

Cardiac output, ml 4248,0±42,6 3993,8±36,1 3936,4± -311,6 0,01
Peripheral 
resistance in 
capillaries, din

1645,5±23,7 1778,3±21,8 1779,8±26,1 +134,3 0,05

Simple visual 
motor reaction 
time, sigma

28,0±0,3 35,7±2,2 38,1±0,5 +10,1 0,001

Duration of the 
corrective test, sec.

91,5±2,8 93,3±0,3 94,1±2,3 +2,6 -

Critical fusion 
frequency of light 
flickers, Hz

35,6±0,2 33,3±0,9 29,4±0,5 -6,2 0,001

Physiological 
tremor, number of 
touches

15,2±0,2 14,3±0,9 14,0±0,6 -1,2 -

Muscular 
endurance, sec. 80,0±0,6 62±0,4 52,0±0,9 -27,4 0,001

MECHANICAL
AVERBAND
Heart rate in 
minutes 67,1±1,7 67,9±1,4 71,8±1,7 +4,7 0,05
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Blood pressure, 
mmHg
maximum 115,4±1,4 116,2±1,5 120,8±1,5 +5,4 0,01
minimum 79,9±1,3 72,2±1,5 73,5±1,3 -6,7 0,01
pulse 35,5±2,3 44,0±2,1 47,3±2,6 +11,8 0,01
dynamic average 91,7±2,5 86,8±2,4 89,2±3,1 -2,5 -
Systolic heart 
volume, ml 48,0±1,9 57,5±2,1 58,5±2,4 +10,5 0,001

Cardiac output, ml 3274,4±23,4 3904,2±24,3 4200,3±26,3 -929,9 0,01
Peripheral 
resistance in 
capillaries, din

2239,8±28,4 1778,1±23,1 1698,5±21,3 -541,3 0,01

Simple visual 
motor reaction 
time, sigma

29,9±0,5 28,2±0,5 32,5±0,4 +2,6 0,001

Duration of the 
corrective test, sec. 90,0±0,4 92,0±0,8 100,0±0,5 +10,0 0,001

Critical fusion 
frequency of light 
flickers, Hz

35,8±0,3 32,4±0,5 32,1±0,5 -3,7 0,001

Physiological 
tremor, number of 
touches

21,6±0,2 21,8±0,4 29,5±0,5 +7,9 0,001

Muscular 
endurance, sec. 81,0±0,8 69,0±0,5 65,0±0,4 -16,0 0,001

The materials obtained indicate that a working posture sitting on the 
floor, a large number of small movements with a small amount of muscle 
effort are more tiring than working on a machine, although in the latter case 
the amount of muscle effort has increased. However, work on both manual 
and mechanical averband causes certain changes in the physiological 
state of the working organism. On the part of the cardiovascular system, 
when working on a manual averband in the dynamics of the working day, 
there is a significant increase in pulse rate, an increase in minimum blood 
pressure, a decrease in pulse blood pressure, systolic and cardiac output, 
an increase in peripheral resistance in the capillaries, which indicates ten-
sion of the functional state of the cardiovascular system [8].  When working 
on a mechanical averband, the dynamics of the indicators of the cardio-
vascular system are more favorable: a certain increase in pulse rate, an 
increase in the maximum and decrease in the minimum blood pressure, 
systolic cardiac volume and cardiac output increase, and peripheral resis-
tance in the capillaries decreases.
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On the part of the central nervous system, when working on both man-
ual and mechanical averband, the dynamics of work shows an increase 
in the time of simple visual-motor reaction in manual averband workers by 
26.6% of the background working level, and when working on a mechani-
cal averband by 8.6 %., the task execution time for the proofreading test 
increases, the indicator of the critical frequency of light flickers decreases, 
which indicates the development of inhibitory processes and indicates in-
dustrial fatigue

Thus, the working conditions of workers employed in the averband pro-
duction operation in the silk-weaving industry, performed both manually 
and on machine tools, do not comply with hygiene regulations. An analy-
sis of the dynamics of the indicators of the functional state of their body 
showed that from the beginning to the end of the working day, physiologi-
cal reactions are noted, indicating a pronounced industrial fatigue, more 
pronounced with manual averband.

To improve working conditions and reduce the fatigue of labor pro-
cesses, physiological and hygienic recommendations have been devel-
oped for improving working conditions at silk-weaving enterprises in Uz-
bekistan. A number of measures were introduced at Atlas Margilan Pro-
duction Association: the operation of the ventilation system was adjusted, 
which ensured a 12-fold air exchange, maintaining the temperature at 24-
28 °C, relative humidity 55-60%. Illumination at workplaces was brought 
up to 500 lux. Individual protective anti-noise devices have been intro-
duced, for employees of a mechanical averband, industrial gymnastics 
are being conducted in the second half of the working day. As a result, the 
physiological responses of averband workers stabilized, efficiency and la-
bor productivity increased by 3.9%. Proposals are being implemented to 
streamline jobs, improve the ergonomic parameters of mechanical aver-
band machines and other preventive measures to improve working condi-
tions in silk weaving.

Conclusions
1. Working on a manual averband with a working pose sitting on the 

floor, with a large number of small movements with a small amount of 
muscular effort is more tiring than working on a mechanical averband 
machine.

2. To improve working conditions and reduce the fatigue of labor pro-
cesses when working on a mechanical averband, it is necessary to intro-
duce physiological and hygienic recommendations for improving working 
conditions.
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Abstract. For many years, the treatment of purulent diseases of the 
brush has not lost its relevance. Despite the progress in modern medicine, 
this pathology retains its prevalence and, most importantly, is often found in 
patients of working age, which determines the socio-economic importance 
of the search for new approaches to the treatment of purulent diseases of 
this localization. On the basis of the department of purulent surgery of the 
SBHI CCH №4, two groups of patients were studied and treated: patients 
with purulent diseases of the hand with open postoperative wounds using 
traditional treatment methods (antibacterial therapy, immobilization, dress-
ings with antiseptic solutions and ointments, wound enzymes) and with the 
use of photodynamic therapy (PDT) in the postoperative period. 

The article describes the methodology for conducting a PDT session in 
patients with purulent diseases of the hand. The effectiveness of treatment 
in the studied groups was assessed: a comparison of the timing of inpatient 
healing in groups, an analysis of the dynamics of the course of the wound 
process. When comparing the results of the two groups, the acceleration of 
healing of postoperative wounds in patients for whom PDT was used was 
1.8 times faster: the early appearance of granulations and the antibacte-
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rial effect of this procedure were noted, which significantly improves the 
treatment outcome for this pathology. This makes the use of PDT relevant 
and appropriate in the complex treatment of purulent diseases of the hand. 

Keywords: photodynamic therapy, purulent diseases of the hand, 
drainage-washing system, photosensitizer, necrectomy.

Introduction
The problem of treating panaritium and phlegmon of the hand remains 

complex and relevant, despite the successes of modern medical science. 
Of all the primary patients visiting a surgeon with purulent diseases, pa-
tients with panaritium and phlegmon of the hand make up from 15% to 
31% [1], while from 50% to 85.5% of them are patients of working age. It 
is noted that men are sick more often than women [2]. Economic losses 
associated with temporary disability caused by purulent diseases of the fin-
gers and hand are many times greater than those with purulent processes 
of a different localization.

In particular, according to the literature, 17-60% of patients with bone 
panaritium amputation of phalanges is performed. It is also reported that 
up to 48% of minor hand injuries are complicated by suppurative process, 
which leads microtrauma to one of the leading factors in the development 
of severe purulent process on the fingers and hand [1-3].

Very often, pain with purulent-inflammatory pathology of the hand is 
permanent, which dramatically affects the quality of life of patients. Due 
to impaired function of the hand and the characteristics of the pathological 
process, purulent diseases of the hand dramatically reduce the effective-
ness and quality of professional activity [2-4]. 

In the surgical treatment of purulent pathology of fingers and hands, the 
method of choice is the method whose main principles are optimal access, 
adequate necrectomy, and completion of surgery by installing a drainage-
washing system (DWS) in the wound with primary suturing of the skin.

However, with extensive wounds of the hand, often there is no pos-
sibility for a full closure of the wound defect, which requires open wound 
management. In addition, there are a number of medical contraindications 
to the application of DWS and wound healing under primary sutures (bite 
and crush wounds, etc. [1-7]).

Open wound management of the wrist leads to an increase in the number 
of hospital days. At the same time, the risk of joining a secondary infection 
increases, there is a need for frequent dressings, which in the absence of 
sutures are very painful. Thus, it becomes necessary to search for newer and 
more effective methods of treating wounds in the early postoperative period [8].
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One of the promising methods for treating purulent wounds of various 
localizations is photodynamic therapy (PDT), which is widely used through-
out the world for the treatment of purulent diseases [9-10]. 

Photodynamic therapy is a method of treating cancer, some skin dis-
eases (psoriasis, ichthyosis, pustular diseases, etc.) or infectious diseas-
es, inflammatory diseases of the mucous membranes (including chronic 
periodontitis) based on the use of photosensitive substances, photosensi-
tizers (PS), and laser radiation with a specific wavelength [11-14].

In the scientific literature there is practically no information on the use of 
PDT in the treatment of purulent diseases of the hand.

The purpose of this study was to compare the efficacy in the treatment 
of patients with purulent diseases of the hand with the open management 
of postoperative wounds using photodynamic therapy and using traditional 
treatment methods.

Materials and methods
An analysis of the treatment of 86 patients with purulent diseases of the 

fingers and hand, admitted to the purulent surgery department of the SBHI 
CCH № 4 for the period from December 2017 to December 2019, was per-
formed among them men - 60 (69.7%) people. The age of patients ranged 
from 19 to 64 years, 78 (90.7%) belonged to persons of working age. Deep 
forms of panaritium occurred in 51 (59.3%) patients, hand phlegmon in 
31 (36.0%), hand phlegmon with a transition to the forearm in 4 (4.7%). 
In 90% of patients, damage to the right hand prevailed. Among patients 
with concomitant pathology, patients with type II diabetes mellitus predomi-
nated - 10 (20%), with diseases of the cardiovascular system - 8 (16%), 
with multidrug addiction - 3 (6%), with systemic lupus erythematosus - 1 
patient. According to the causative factor: non-production injuries predomi-
nated - in 45% of patients, bitten wounds - in 30%, industrial injuries - in 
10%, post-injection injuries - in 5%, unclear genesis - in 10%.

Patients, depending on the method of treatment, were divided into 2 
groups. When comparing the control and the main groups by age and sex, 
forms of the disease, the duration of the disease before admission to the 
hospital, it can be stated that they are comparable in their characteristics: 
the main group included 43 patients who underwent PDT after opening the 
purulent foci, the control group also amounted to 43 patients, in the treat-
ment of which was performed according to the traditional method.

Prior to the study, all patients underwent a standard examination, in-
cluding assessment of clinical and laboratory data, radiography of the 
damaged hand, and ultrasound examination of the soft tissues of the hand. 
According to indications, vaccination against tetanus was carried out (ad-
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ministration of tetanus toxoid and tetanus toxoid serum according to the 
scheme), as well as bacteriological and histological examination of wound 
components at various periods of treatment.

At the first stage, patients of both groups underwent surgical treatment. 
A purulent lesion was opened, necrectomy, and drainage under local con-
duction anesthesia corresponding to the level of infection. 

Patients in the control group were subsequently given standard com-
bined treatment, including antibacterial therapy, analgesics, daily dressings 
with antiseptics, physiotherapeutic treatment (UHF, UV, magnetotherapy).

And patients of the main group in the postoperative period underwent 
PDT. A photo-irradiation session was performed as early as possible: on 
the second (less often on the third) day after opening the purulent focus 
on the background of open wound management. The number of sessions 
ranged from 1 to 2, depending on the area of   damage to the hand and the 
dynamics of wound cleansing.

The PDT session consisted of the following steps. A bandage was ap-
plied to the wound with the gel form PS of the "Chloderm" chlorin series 
(Declaration of Conformity of 04/19/17, GOST 31695-2012, LLC "Chlo-
derm", Russia) with an exposure of 20-30 minutes (based on 1 ml of gel for 
3-5 cm2 of the treated surface). Over a given period of time, pathologically 
altered cells accumulated PS. Next, the wound was washed with saline 
to remove PS residues. PS activation was performed by light exposure to 
the wound surface with laser radiation of the "Atkus-2" apparatus ("Atkus" 
LLC, RF) with an output power of 1 to 2 W and a wavelength of 660±0.03 
nm, energy density of 20 to 25 J/cm2 (Fig. 1). The irradiation time for ex-
ternal light supply using light guides with a polished end was determined 
by the formula [15,16]: T (s) = D (J/cm2) / Ps (W/cm2),  where T – exposure 
time, D – required light dose (energy density), Ps – power density.

The energy density brought to the wound should be on average 30-40 
J/cm2: at an energy density of less than 30 J/cm2, a weak effect was ob-
served, complete destruction of the wound microflora did not occur, and 
at an energy density of more than 40 J/cm2, healthy wound tissue was 
necrotized. Therefore, the power density of the light emitted by the semi-
conductor laser was chosen in the range of 0.1-1 W/cm2, and the exposure 
time to the wound was varied from 30 to 400 s, depending on the area of 
the wound. The power density was chosen depending on the size of the 
light spot.

Under the influence of PDT, the toxic effect of bacterial products was 
reduced, phagocytosis was activated, wound cleansing, reduction of mi-
crocirculatory disorders, intensification of previously repressed successive 
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reparative processes were noted: macrophage reaction, collagen synthe-
sis, scarring and epithelization (maturing granulation tissue with vertical 
vessels appeared on day 6-7) fibroblasts and severe fibrillogenesis). To 
assess the bacterial landscape of the wound, the wound contents were 
inoculated before and after the PDT session. A histological examination of 
tissues of the wound edges was also performed on days 2, 3, and 6 after a 
PDT session (to assess the dynamics of inflammation, determine the tim-
ing of the onset of granulation tissue). 

Fig. 1. Laser exposure of the photosensitizer

We evaluated the elimination of the photosensitizing drug using laser 
fluorimetry using the "Spectrum-Cluster" apparatus developed on the ba-
sis of a spectrometer ("Cluster" LLC, Russia, λ = 400-700 nm). Optical 
spectrometers are apparatuses consisting of a grating polychromator with 
a multichannel photodetector and exciting laser sources (in an amount 
from one to three). The spectral range of the device is 400-1000nm. The 
spectral resolution of a spectrometer with a fiber optic probe is less than 3 
nm, the spatial resolution when scanning the probe along the wound sur-
face is about 1 mm. In this study, we evaluated the dynamics of absorption, 
distribution, and elimination of PS in a postoperative wound. At each PDT 
session, fluorescence intensity was measured in arbitrary units of tissue at 
several stages: 
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-  on an unchanged area of the skin;
- in the wound before applying the drug;
- 20-30 s after application (to assess the fluorescence of the drug be-

fore its absorption by tissues);
- then every 5 min during the exposure period of the drug in the wound 

- 10-15 minutes. A more frequent measurement led to a violation of the 
silent regime of the drug exposure and a decrease in the PS efficiency at 
the irradiation stage. At this stage, fluorescence dynamics was evaluated. 
In addition, at this stage, the peak of maximum fluorescence activity was 
estimated, after which a session of exposure to the wound with a laser 
device should be performed, otherwise, after this moment, the elimina-
tion of PS by the patient’s body began, resulting in a decrease in the 
concentration of the drug in the wound, this, and the effectiveness of the 
procedure itself.   

- during the "Atkus-2" laser session, fluorescence was measured to 
evaluate the total PS burnout in the wound. 

Thus, the fluorescence measurement made it possible to confirm the 
optimal exposure time of PS in the wound, to evaluate the photoactivity 
of the drug, and also to establish the exact term for the end of the PS 
reaction in the wound - to confirm the complete photo-absorption of the 
drug.

Statistical processing of the data obtained from our own observa-
tions was carried out using the Microsoft Office 2017 application package 
(Word, Excel), by the method of variation statistics using Student's criteria. 
A comparison was made of the average values, including determination of 
the measurement error and the significance of differences in the timing of 
inpatient treatment, the timing of wound healing between the study groups. 
Differences were evaluated as significant at p <0.05.

Results
Assessment of fluorescence was carried out in conventional units. The 

fluorescence intensity of the patient’s healthy skin was 0.4-0.5 convention-
al units, depending on the phototype. When comparing the fluorescence 
intensity in the wound after PS application, an increase in intensity was 
observed during 15 minutes of exposure in the wound: 20 s after applica-
tion, the fluorescence intensity was 0.6±0.05 conventional units, after 5 
minutes - 5.9±0.07, after 10 min - 8.3±0.07, at the 15th minute the fluores-
cence intensity was 15.4±0.1. Next, laser irradiation was performed during 
the calculated irradiation time, after which the fluorescence intensity was 
again measured, which after the end of the PDT session fell to the initial 
values–0.7±0.03. 
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The terms of inpatient treatment of patients with purulent wounds of 
the hand depended on the genesis of the wound, the depth of the lesion 
and the duration of hospitalization from the moment of injury. On aver-
age, in the traditional treatment group, the duration of inpatient treatment 
was 12.5±0.8 days, complete wound healing was observed on 17±0.8 
days. In 30% of patients of this group, repeated necrectomy and sanita-
tion of a purulent necrotic lesion were required. In patients who under-
went PDT in the postoperative period, the duration of inpatient treatment 
was 6.88±0.7 days (p=0.03), complete wound healing was noted on 11.5 
days. 

Fig. 2. Time Dependence of Fluorescence Intensity

During bacterial culture of the wound discharge prior to surgical treat-
ment of wounds, most often - in 29 patients (67.4%) - Staphylococcus 
aureus was found, epidermal staphylococcus in 7 (16.3%). Anaerobic non-
clostridial infection was observed in three cases.

According to the clinical picture and histological examination data on 
the 2nd, 3rd day after PDT, the wound was cleaned of purulent-necrotic 
masses, granulation tissue appeared.

On the first day after the PDT session, a histological examination 
showed a decrease in inflammatory phenomena (Fig. 3a), on the second 
day fresh granulations were visualized in the wound, purulent discharge 
was not detected (Fig. 3b), which is also confirmed by the results of inocu-
lation of contents from the wound.
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a b
Fig. 3. Biopsy of tissue taken from the edge of the wound of patient 

K. (stained with hematoxylin and eosin):
a – before the PDT session: fragments of necrotic altered muscle fibers 

and fibrinous-leukocyte layer; edema, plethora of vessels of the deep sec-
tions of the wound, islets of forming granulation tissue (increase x120);

b – on the second day after the PDT session: macrophages and indi-
vidual non-oriented fibroblasts near vascular elements (zoom x200)

Bacteriological studies revealed the antimicrobial effect of PDT: in the 
seedlings taken after completion of PDT, there was no growth of microor-
ganisms detected in the initial bacteriological studies.

Amputation of phalanges, repeated necrectomy after PDT was not re-
quired. All patients after PDT showed a significant reduction in pain. The 
advantages of using this technique in the treatment of purulent wounds 
of the hand can also include the absence of additional destructive tissue 
lesions in the wound, the possibility of exposure to deeply located tissues 
and an analgesic effect. During PDT there was practically no bleeding dur-
ing dressings.

There were no allergic reactions to PS. During the PDT session, pain 
was absent. During the PDT session and after it hyperthermia, no local 
inflammatory reaction was noted. 

Conclusion
The methodology developed by us for the use of PDT in the complex 

treatment of purulent diseases of the hand with open wound management 
has a positive effect on the course of the wound process, accelerates 
wound cleansing and significantly reduces the healing time of wounds (up 
to 1.4 times), and, consequently, reduces the duration of inpatient treat-
ment (in 1.7 times) and the achievement of good functional results, which 
is of great socio-economic importance, leads to an improvement in the im-
mediate and long-term results of treatment of this severe pathology. 



37

Process Management and Scientific Developments

References

1. A.S. Lyubsky, M.S. Alekseev, A.A. Lyubsky, T.A. Gadzhikerimov, 
A.E. Brovkin. Errors and complications in the provision of medical care to 
patients with purulent-inflammatory diseases of the fingers and hands // 
Attending physician,2000, № 21, P. 25-27.

2. Daigeler A. Differential diagnosis of "sterile" phlegmonous hand 
infections // A.Daigeler, M. Lehnhardt, M. Helwing et al. // Chirurg. - 
2006

3. Goldstein -Ellie J. National hospital survey of anaerobic culture and 
susceptibility methods: III // J. Ellie-Goldstein, D.M. Citron, P.J. Goldman, 
R.J. Goldman Anaerobe. - 2008. V.14. - №2. - P. 68-72

4. Reichert B. Hand infections resulting from underestimation of minimal 
injuries/ B. Reichert, P. Oeynhausen-Petsch, P. Mailander // Handchir 
Mikrochir Plast Chir. - 2007

5. Stranadko E.F. The main stages of the development of photodynamic 
therapy in Russia // Photodynamic therapy and photodiagnostics, 2015.,  
№1  P.3-10.

6. Stranadko E.F. et al. Photodynamic therapy for purulent diseases of 
the soft tissues // - Surgery, №9, 2000.

7. Pletnev S.D. Lasers in clinical medicine. // Guide for doctors. Ed. 
S.D. Pletnev. M. Medicine,1996, 432 P.

8. E.A. Lukyanets Search for new photosensitizers for photodynamic 
therapy / Photodynamic therapy and photodiagnostics, 2013. 

9. Machneva T.V. Doc. Diss. Photodynamic mechanism of therapeutic 
action of laser and LED radiation, Moscow, 2015.

10. Luz, A. F., Pucelik, B., Pereira, M. M., Dąbrowski, J. M. & Arnaut, L. 
G. Translating phototherapeutic indices from in vitro to in vivo photodynamic 
therapy with bacteriochlorins.// Lasers in surgery and medicine  50, 451–
459 (2018)..

11. Malwina Karwicka, Barbara Pucelik, Michał Gonet,Martyna Elas 
Janusz M. Dąbrowski. Effects of photodynamic therapy with redaporfin on 
tumor oxygenation and blood flow in a lung cancer mouse model

12. Maksimova N.V. Tikhonov V.E. Evaluation of the effectiveness 
of photodynamic antibiotic therapy in the complex treatment of chronic 
antibiotic therapy in the complex treatment of chronic generalized 
periodontitis in patients requiring orthodontic treatment. // In the world of 
scientific discoveries, 2016; 11(83). P. 99

13. Dougherty T.J. Haematoporphyrin as a photosensitiser of tumours. 
//Photochem Photobiol 1983; 38: 377-379.



38

Process Management and Scientific Developments

14. Tolstykh P.I., Klebanov G.I., Shekhter A.B. et al. Antioxidants and 
laser radiation in the treatment of wounds and trophic ulcers. M: Publishing 
House "Eco" 2006; 238.

15. Geynits A. V. Laser therapy in cosmetology and dermatology — 
Moscow; Tver: Triad, 2010 — 400 P. 54.

16. Geynits A.V., Sorokaty A.E., Yagudaev D.M., Trukhmanov R.S. 
Modern view of the mechanism of photodynamic therapy. // Photosensitizers 
and their bioavailability. Urology 2006; 5: 94-98.



39

Process Management and Scientific Developments

THE EFFECT OF EXPERIMENTAL TYPE 1 DIABETES ON 
THE MORPHOFUNCTIONAL STATE OF MAST CELLS OF THE 
FALLOPIAN TUBES OF THE OFFSPRING OF FEMALE RATS
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Abstract. The article discusses the structural and functional state of 
mast cells of the fallopian tubes in sexually mature offspring of female rats 
with experimental type 1 diabetes mellitus. Given that mast cells secrete 
mediators responsible for the regulation of tissue homeostasis, the authors 
conducted a study in which the quantitative and subpopulation composi-
tion of mast cells was analyzed according to the degree of their granular 
saturation and degranulation, indices of granular saturation and degranu-
lation were also calculated.

Keywords: type 1 diabetes, fallopian tubes, mast cells and their sub-
population composition.

Introduction
At present, diabetes mellitus takes the 1st place in prevalence among 

endocrine diseases and is considered “a threat to national security” [1]. It 
has been established that type 1 diabetes mellitus has a negative effect on 
the formation and functioning of the reproductive system [5]. At the same 
time, it is known that mast cells, thanks to the secretion of biologically ac-
tive substances, take an active part in the implementation of homeostatic 
type protective reactions [6]. There are numerous studies that indicate a 
change in the content of mast cells, their secretory activity in the reproduc-
tive system, which indicates their participation in the paracrine regulation 
of the functioning processes of structural elements and confirm the opinion 
of mast cells as cells of a diffuse endocrine system that actively support 
tissue homeostasis of the reproductive system [4]. An analysis of the litera-
ture shows that the role of type 1 diabetes mellitus in the morphofunctional 
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formation of the reproductive system of offspring is not well understood. In 
connection with the foregoing, the goal of this study was to analyze the ef-
fect of experimental type 1 diabetes mellitus on the structural and function-
al state of mast cells of the fallopian tubes in the offspring of female rats.

Materials and research methods
The studies were conducted on sexually mature offspring of white labo-

ratory rats of the "Wistar" strain. To achieve this goal, experimental animals 
were divided into 2 groups. The first group consisted of 10 animals from 
intact mothers (control group). The second group included 10 animals of 
sexually mature offspring from mothers with experimental type 1 diabetes 
mellitus (experimental group). 

To model type 1 diabetes mellitus, a conventional technique was em-
ployed using streptozotocin [2], which was administered intraperitoneally 
to animals 3 times with an interval of 7 days (2.5 mg per 100 g of body 
weight in the first and third weeks and 2 mg in the second week) per 100 
g). Under the influence of streptozotocin, laboratory animals developed 
diabetes mellitus, as evidenced by the constant elevated values   of glucose 
in the peripheral blood, which persisted for at least 3 months. For mating, 
1 week after the last administration of streptozotocin, female rats were 
transplanted to intact males. 

Work with experimental animals was carried out in accordance with the 
"European Convention for the Protection of Vertebrate Animals" (Stras-
bourg, March 18, 1986), used in the experiment for other scientific pur-
poses. 

The object of the study was the fallopian tubes of sexually mature (70-
day) offspring of female rats with experimental type 1 diabetes mellitus. 
During the study, histological, histochemical and statistical research meth-
ods were used. The fallopian tubes were fixed in 10% neutral formalin. The 
preparations were made according to the generally accepted scheme. To 
detect mast cells, serial histological sections of the fallopian tubes were 
stained with 0.1% toluidine blue solution. To assess the morphofunctional 
state of mast cells, we calculated their number and analyzed the subpopu-
lation composition of cells according to the degree of their granular satura-
tion and degranulation, using the generally accepted method of D.P. Lind-
ner et al., Followed by the calculation of indices of granular saturation and 
mast cell degranulation [7]. 

Statistical processing of the results was carried out using the PAST 
program (v.3.13). During statistical processing of data using the method of 
variation statistics, the arithmetic mean and its error were determined. To 
identify differences in the compared indicators, the nonparametric Mann - 
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Whitney test was used. In this case, results were taken into account where 
the significance level (p) of the detected differences was less than or equal 
to 0.05 (95%).

Research results and discussion
The data obtained allow us to state that in diabetes mellitus there is a 

significant decrease in the content of mast cells in the wall of the fallopian 
tubes. It was found that in experimental animals the number of mast cells 
was reduced and amounted to 89±2,627 per 1 rat, while the quantitative 
composition of mast cells in intact animals was 119±2,345. When study-
ing the subpopulation composition of mast cells of the fallopian tubes of 
the experimental and control group of animals according to the degree of 
granular saturation, we obtained the following data (table № 1). We found 
that experimental type 1 diabetes mellitus causes a significant increase 
in the proportion of very dark cells by 19.31%, a decrease in dark cells by 
9.7%, light cells by 6.19%, and very bright by 3.42%. Due to the fact that 
very dark cells predominate in experimental rat pups, it can be assumed 
that the excretory function of mast cells fades, and heparin cannot exhibit 
its antioxidant and antidiabetic properties [3,6]. When the subpopulation 
composition of mast cells changes, the index of granular saturation in ex-
perimental animals increases, which is equal to 4.24±0.458, whereas in 
intact animals this indicator is 2.48±0.299.

Table 1
Subpopulation composition of mast cells in the fallopian tubes 

of intact and experimental animals according to the degree 
of granular saturation (%)

Groups
Cell types

Very dark cell 
(M±m)

Dark cell
(M±m)

light cell
(M±m)

Very light cell 
(M±m)

Control 12,82±1,572 58,46±2,113 17,43±1,907 11,29±1,116
Test 32,13±2,311* 48,76±1,804* 11,24±1,406* 7,87±0,664*
* – the results are statistically significant (p <0.05) compared with the 

control
We noted that in experimental type 1 diabetes mellitus, the proportion 

of non-degranulating in experimental rat pups increases by 34.26% and in 
cells with a weak degree of degranulation by 12.42%. At the same time, 
there is a decrease in the proportion of moderately degranulating cells 
by 21.23% and cells with strong degranulation by 25.45% (table № 2). A 
change in the subpopulation composition of cells by the degree of degran-
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ulation leads to a decrease in the mast cell degranulation index in experi-
mental animals. So, if in intact animals the degranulation index turned out 
to be 2.94±0.277, then in experimental rats the studied parameter was only 
1.89±0.153, which indicates a violation of the excretory activity of mast 
cells. 

Table 2 
Subpopulation composition of mast cells 

of the fallopian tubes according to the degree of degranulation (%)

Groups
Cell types

N/d/cell (M±m) W/d/cell 
(M±m) M/d/cell (M±m) H/d/cell (M±m)

Control 8,21±1,197 19,49±1,665 42,56±1,599 29,74±1,914

Test 42,47±1,571* 31,91±1,875* 21,33±2,071* 4,29±0,972*
* – the results are statistically significant (p <0.05) compared with the 

control
Note. N/d/cell– non-degranulating mast cell;
W/d/cell– weakly degranulating mast cell;
M/d/cell– moderately degranulating mast cell;
H/d/cell– highly degranulating mast cell.
In general, the results suggest that mothers with experimental type 1 

diabetes can have offspring with compromised reproductive health, which 
is self-convincing evidence of a decrease in the content and inhibition of 
the secretory function of mast cells of the fallopian tubes.

Conclusion
Thus, it can be concluded that the progeny of female rats with experi-

mental type 1 diabetes mellitus experience changes in the content of mast 
cells, as well as their subpopulation composition according to the degree 
of granular saturation, which is manifested in an increase in the proportion 
of very dark cells, and the subpopulation composition according to the de-
gree of degranulation, which is observed in an increase in the number of 
non-degranulating mast cells and cells with weak degranulation, compared 
with the control. These data are confirmed by a significant increase in the 
index of granular saturation of mast cells in experimental animals, which 
indicates an increase in their secretory activity, as well as a decrease in 
the degranulation index, which may indicate an inhibition of their excretory 
ability. The results also suggest a certain role for mast cells in the patho-
genesis of disorders of the morphofunctional state of the female reproduc-
tive system in the offspring of mothers with experimental type 1 diabetes.
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Annotation. The analysis of clinical and sociological patterns of mental 
disorders in the personality structure of patients with epilepsy is carried 
out. During the study, such disease indicators as the type of attack and 
the duration of the disease were taken into account: simple and complex 
partial seizures, seizures with secondary generalization predominated, the 
duration of the disease was up to 30 years. The diagnosis was checked in 
the examined patients on the basis of the results of clinical, neurological, 
psychopathological, pathopsychological, neuropsychological, electroen-
cephalographic examination and computed tomography of the brain. The 
study of clinical and psychological characteristics in patients with epilepsy 
was carried out using the following methods: clinical observation method, 
psychodiagnostic methods: “Methods for assessing mental activation, in-
terest, emotional tone, tension and comfort”, method “Level of social frus-
tration”. In patients with epilepsy, reliable multidimensional clinical and so-
ciological characteristics of mental activity were revealed. The considered 
characteristics are of interest to doctors, clinical psychologists and other 
specialists who provide medical, rehabilitation, psychoprophylactic care to 
patients with epilepsy.

Keywords: epilepsy, clinical aspects, social aspects.

Epilepsy is one of the most common neuropsychiatric diseases. A large 
number of scientific works are devoted to diagnosis [1,2,3], social function-
ing [4,5], treatment and rehabilitation of patients with epilepsy [6,7].

The purpose of this work was to study the clinical and social aspects 
in patients with epilepsy.

Material and methods of research. The study included 317 patients, 
aged from 18 to 65 years, with various forms of epilepsy, in the structure 
of the disease which was dominated by simple, complex partial seizures, 

1This work was supported by the RFBR (grant No. 20-013-00529).
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disease duration of more than 30 years. The verification of the diagno-
sis in the examined patients was carried out on the basis of the results 
of clinical and neurological, psychopathological, pathopsychological, 
electroencephalographic examination and data of computed tomography 
of the brain. The study of mental disorders conducted using the follow-
ing methods: clinical observation method, psychodiagnostic methods:  
"Methodology for assessing mental activation, interest, emotional tone, 
tension and comfort", method "Level of social frustration". Statistical data 
processing was carried out using the program Statistica 10.0.

The influence of the environment on a person has an important role in 
the functioning of the individual. The identity of a sick person is influenced 
by parents, close relatives, colleagues, friends, etc. It is important that the 
patient, on the one hand, understand his area of   responsibility, but at the 
same time feel support, understanding. Self-confidence is a fundamental 
factor in success. It is difficult to be successful if people around say about 
your helplessness and failure. The patient is directly or indirectly affected 
by his immediate environment. The qualities that determine the personal-
ity of a particular person are formed under the influence of relations with 
people around them, under the influence of processes taking place in 
society. 

The environment of a person is not only people, these are books, films, 
social networks. A person is born at a certain point in the world, in a coun-
try and a family with a certain culture, lifestyle, foundations and rules. To 
become a person, a person must learn from social experience and, on the 
other hand, contribute to society. At the same time, it reveals and manifests 
precisely the qualities inherent in nature by nature and formed by society 
through education. In the process of human development, his spiritual, 
mental and physical characteristics change from quantitative transforma-
tions to qualitative changes. In his youth, a person is still very dependent 
on his home circle of friends, on relatives and friends, but gradually out-
side influence is added to him. There are friends, acquaintances, teachers 
and mentors. Particularly strong influence is exerted by people whom one 
would like to be like. In this case, the so-called imitation mechanism works, 
the desired manners and behavior. 

In process of spiritual growth, as a result of the influence of the disease, 
a sick person undergoes reappraisal of values. The patient can no longer 
communicate with his past friends. Its vibrational level rises, and ways with 
many people begin to diverge.

Man is a social being who cannot live alone and cannot stand the role 
of an outcast. To avoid this role, people often try to get lost in their environ-
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ment, to become like everyone else. For example, if a person’s environ-
ment, his close friends live an active life, play sports, a person can’t ignore 
sports for a long time, sooner or later he will be drawn into a sports life, 
because one way or another the sports theme and the theme of an active 
lifestyle will be one of the most relevant and energetically powerful. A per-
son will either have to take an active part in the life of friends, sharing their 
interests, thoughts with them, or change his environment.

The social environment plays an important role in the birth of personal-
ity. Everyone lives in society, so he needs to learn how to interact with him. 
To be implemented here, a person will need to develop communication 
skills. They can be easily achieved through frequent direct communica-
tion with people around him. In childhood, this can be communication with 
parents, later with teachers and friends. This factor in the development of 
the human personality can also be improved in adulthood. For example, 
a person can review his social circle and use the observation method to 
understand how he affects him and whether he is developing.

The social factor consists of the influence of society on a person. This 
may be the political situation in the country where the individual lives, or 
his religious preferences, the influence of the media and social norms and 
orders. Each person tries to create an environment around him that would 
in every way contribute to his development and self-improvement. At the 
same time, he should not feel constrained and restless. After all, everyone 
understands that it is much easier to develop in an environment where all 
other people also strive to improve and improve their lives. 

Each person in his life has his own environment, which affects the for-
mation of his personality. When a person has a positive environment, it 
supports him, motivates and brings joy to life. But if it is negative, then even 
successful people who find themselves in a bad environment become 
worse than they were. The human environment not only affects the person-
ality, but also shapes it. If a person is goal-oriented, then it is much more 
natural and easier to achieve goals set in an environment of the same kind 
as to start walking towards a goal, convincing people around him that he is 
capable of something. And such people, in turn, can easily sow the seed of 
doubt in his abilities. Even failure will be perceived differently.

The influence of the environment in which a person is located occurs in 
such a way as not to stand out from it and be on a par with everyone. When 
someone begins to do something that is not the norm for the environment, 
it starts to bother him. Each word can affect a person and change his at-
titude to something. This is how consciousness and worldview are formed. 
Of course, not every opinion reverses the idea of   the world.
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Without a doubt, the environment affects the person, but how strong 
this influence will depend on the inner core of the person. At a young age, it 
is difficult to resist the environment, and then it becomes the task of adults 
- through their own examples, beliefs and just talking, to show what is good 
and what is bad. But adults always have the right to choose what to do 
their life, what to set goals for themselves and what kind of people to sur-
round themselves with. Each word is interpreted by a person and passes 
through a series of internal mental filters, as in the production of a product 
in a factory, and as a result, after going through a great mental processing, 
an opinion is formed. Often people from the environment think that their 
advice helps, but in fact, on the contrary, they only prevent other people 
from achieving their goals. This is due to the lack of competence and own 
experience of consultants in those topics on which they give advice. 

As a person develops and acquires life experience, the vast majority of 
people sooner or later create a family and children. Here, too, the environ-
ment has a direct impact.

Society forms social standards and stereotypes of behavior, so as not 
to stand aside, a person must learn these rules. First, it acquires general 
characteristics of the behavior of the social group in which it is located. 
Over time, individual character traits are developed that allow to realize the 
makings and abilities inherent in his genotype.

Modern society is a certain cultural sphere, falling into which the individ-
ual is attacked by opinions and assessments. There are many people who 
seek to impose their interests and their attitude to something. Of course, 
you need to be able to withstand this and, as mentioned above, build an 
internal system.

The influence of the environment on human life is great. As it turned 
out, half of the components of success are the environment. When a per-
son can clearly and clearly determine his goals, desires, he will understand 
which path will bring him success. On the way to his goal, he will meet 
people who will influence him: someone will teach something, teach a les-
son, someone will protect, support, inspire or try to stop his development. 
Each of the people he meets will play a role in his life.

To study the clinical and sociological characteristics in patients with epi-
lepsy, the following methods were used: "Methodology for assessing men-
tal activation, interest, emotional tone, tension and comfort", methodology 
"Level of social frustration." “Methodology for assessing mental activation, 
interest, emotional tone, tension and comfort” is intended to determine the 
characteristics of a person’s mental state by indicators of mental activa-
tion, interest, emotional tone, tension and comfort. According to the results, 
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the severity of each of the mental states was determined - high, medium 
and low. Mental activation: high degree - 5.8% of patients, medium degree 
- 60% of patients, low degree - 34.2% of patients; interest: high degree - 
11.5% of patients, medium degree - 42.8% of patients, low degree - 45.7% 
of patients; emotional tone: high degree - 22.8% of patients, medium de-
gree - 54.4% of patients, low degree - 22.8% of patients; tension: high 
degree - 31.4% of patients, medium degree - 57.2% of patients, low de-
gree - 11.4% of patients; comfort: high degree - 22.8% of patients, medium 
degree - 45.8% of patients, low degree - 31.4% of patients.

The methodology “Level of social frustration” was developed on the 
basis of preliminary expert selection and ranking of those areas of the 
system of social relations that appear to be most significant for any person 
in the context of its interaction with micro- and macro-social environment. 
According to the results of this methodology, the level of social frustration 
in the examined patients with epilepsy was determined - a low level was 
detected in 11.7% patients, a moderate level of social frustration was found 
in 52.8% of patients, and a high level of social frustration was found in 
35.3% of patients.

The study shows: the importance of a comprehensive clinical, social 
and psychological study of epilepsy; the need to evaluate the totality of 
clinical and socio-psychological indicators and their multidirectional re-
sults, which makes it possible to more accurately build the treatment and 
rehabilitation process.

Thus, a disease such as epilepsy has a significant impact on the for-
mation and manifestations of manifestations of psychopathological symp-
toms, options for the social functioning of patients, which is important to 
consider when conducting treatment and rehabilitation measures. The re-
habilitation of patients with epilepsy in the near future will become a holistic 
system that will strive to achieve a common goal - to restore or maintain 
their biological and social status.
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Summary. This article discusses ways to improve the effectiveness of 
combined neuroprotection in the recovery of cognitive functions in stroke 
patients. We place the combined pharmacotherapy "Citicoline" in complex 
application with the preparation "Cortexin" at the centre of the recovery of 
cognitive functions. A clinical study of 75 patients with the duration of the 
disease from the development of ischemic stroke for more than 1 year 
was carried out. The Montreal Scale was used to objectify the assessment 
of cognitive deficits. The statistical analysis of the obtained data shows 
an increase in the effectiveness of combined cyticoline neuroprotection 
in combination with cortexin in the recovery of cognitive functions in the 
rehabilitation period of ischemic stroke.

Keywords: stroke, combined neuroprotection, cyticoline, cortexin
In the modern period in Russian reality, cerebrovascular diseases are 

one of the most pressing problems of modern neurology, given the high 
prevalence of this pathology in the population. According to many scien-
tists researchers, the most problematic field is disorders of cognitive func-
tions of the brain. Scientific studies of A.N Boyko, I.V. Damulin confirm that 
cognitive deficiency after a stroke reaches about 40 to 70% of cases [4, 7].

Modern clinical studies in recent years have shown a steady increase in 
patients of 30-40 years of age, which subsequently leads to disability, 84% 
of patients have pronounced cognitive disorders after a stroke, which is 
our global medical and social problem. In the basis of our combined phar-
macotherapy and psychotherapy we first of all see a systemic approach in 
the restoration of memory, attention, mental, intellectual activity, as well as 
social and psychological adaptation and working capacity [3].
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In modern medical science, the most famous, common drugs with neu-
roprotective properties, positively affecting the recovery of postinsult cog-
nitive disorders: cerebrolysin, cortexin, actovegin, cyticoline, cholinalphoc-
erate. However, in many scientific sources the highest efficiency according 
to meth analysis is noted in cyticoline [10]. Cyticolin has a non-protective 
effect in acute and chronic cerebral ischemia. Cyticoline is known to im-
prove the synthesis of phosphatidylcholine in ischemic tissue, resulting 
in stabilization of cell membranes. In addition, the synthesis of proteins, 
nucleic acids, acetylcholine and other neurotransmitters is restored in the 
injured neurons of the brain [8].

Particular attention is paid to the properties of low molecular weight 
neuropeptides that penetrate the blood-brain barrier and have multilateral 
effects on the central nervous system. One of the neuropeptide neuro-
protectors is the domestic preparation cortexin containing a complex of 
low molecular weight peptides (weighing 1 to 10 kDa). The mechanism of 
action is due to the activation of neuropeptide brain neurotrophic factors; 
Stabilising the balance of braking and excitatory amino acids, serotonin, 
dopamine; GAMK-ergichesky influence; Reduced level of brain convulsive 
readiness. [5,9].

In most cases the drugs have been tested as monotherapy, relatively 
recently much interest has emerged in a combined approach in the recov-
ery of neurological functions after stroke.

The combination of cyticoline with a drug of natural origin (neuropep-
tide "Cortexin") can be used in patients with vascular cognitive disorders 
in the rehabilitation period after ischemic stroke, both of which have a wide 
spectrum of pharmacological action [2].

Comparative study of pharmacotherapeutic effectiveness of drugs 
"Cyticolin" and "Cortexin" in patients with ischemic stroke in rehabilitation 
period, comparable by sex, age, duration of disease, was carried out. The 
study included patients with moderate cognitive disorders who had a dura-
tion of more than 1 year since the development of the stroke.

Patients with pronounced motor (hemiplegia) or speech (aphasia) dis-
orders caused by stroke are excluded from the group. To study the ef-
fectiveness and portability of drugs ("Cyticolin" and "Cortexin"), patients 
who have undergone psychological diagnosis were selected, as well as 
informed in detail about the tactics and strategies of the process of recov-
ery of cognitive functions (ICD data - 10. I67.2, I67.8). In strict compliance 
with the criteria, 55 patients who entered the neurological department No. 
3 of the N.A. Semashko RCB in the period 2017-2018 were examined 
and treated. The method of blind randomization divided the patients into 2 
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groups. The first group - 28 patients who received basic therapy in com-
bination with the preparation "Cortexin" 20 mg/m. The second group - 27 
patients who were treated with basic therapy, combination therapy with 
preparations "Cortexin" 20 mg v/m and "Cyticolin" at a dose of 1000 mg 
v/a cap per day [1].

The diagnosis and evaluation of the patient 's cognition functions in-
cluded the study of language functions, short-term and working memory, 
attention, abstract thinking. The Montreal Cognitive Assessment Scale 
(MoCA) was used for this purpose. Non-parametric methods were used 
to determine differences between groups: U-test Mann-Whitney for two 
independent samples and Wilcoxton signed-rank test for two dependent 
samples. The differences between the compared groups were considered 
statistically significant at p < 0.05. Statistical analysis is performed in the 
package STATISTICA 20.0.

In the analysis of the assessment of intellectual impairment evaluated 
by the Montreal Scale of Cognitive Functions on the day of arrival, no 
reliable differences between the groups were identified. The duration of 
hospital treatment was 12 days.

Age list of patients: 30-39 years - 1.8%, 40 - 49 years - 12.7%, 50-59 
years - 38.18%, 60 years are also more senior - 47.2%.

Clinical studies conducted in Group 1, patients who were treated with 
cortexin in combination, showed that the average results of the MoCA 
scale, although statistically significant after treatment, remained below the 
standard of 26 points (Wilcoxton Z-criterion = 2.73; p<0,006

In the second group, the averages reached the norm (Wilcoxton Z-
criterion = 4.54; p<0,00001).

The results of differences in the distribution of scales between groups 
of patients with different combinations of therapeutic preparations demon-
strate that the recovery rates of cognitive impairment after treatment with 
cyticolin and cortexin are statistically significantly higher than in treatment 
with cortexin alone (U-criterion = 194.5; p-level = 0.01).

Thus, our clinical study fully confirms the efficacy of Citicolin and Cor-
texin combination therapy compared to Cortexin monotherapy (U-criterion 
= 194.5; P-level = 0.01) in the recovery of cognitive functions in the reha-
bilitation period of ischemic stroke. The findings suggest the effectiveness 
of the complex therapy of these drugs, which may be recommended for 
introduction into clinical practice of the treatment of cognitive impairment 
in patients in the rehabilitation period.
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Annotation. The current problem is considered in the article - early 
diagnosis of skin melanoma, unsatisfactory results of early diagnosis can 
be solved, among other things, by training primary contact specialists - on-
cologists, dermatologists, and surgeons. The authors conducted training 
in a master class format according to the authors patented methodology 
of specialists, which led to an improvement in the sensitivity, specificity, 
and accuracy of diagnosis of skin melanoma. The training was conducted 
in 3 cities - Samara, Moscow, Chelyabinsk. It is concluded that the use of 
training methods for specialists in the master class format can significantly 
improve the diagnosis of skin melanoma and reduce the unjustified num-
ber of biopsies.

Keywords: Skin melanoma, training in the early diagnosis of skin mela-
noma, an author's methodology for teaching the diagnosis of skin mela-
noma, early diagnosis of skin melanoma

Introduction
The early diagnosis of skin melanoma is one of the most important 

problems in oncology (Holmes GA, Vassantachart J M etal., 2018; Dinnes 
J, Deeks JJ, Chuchu N, 2018). It should be noted that the accuracy of di-
agnosis by doctors of primary contact is low. So, according to the data of 
Anisimov V.V., only in 37% of cases, skin melanoma can be placed at the 
initial appointment in the consultative department (Anisimov V.V., 2001). 
Many authors note an unacceptably high proportion of stage 3-4 (ne-
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glect) in case of skin melanoma, which amounted to 21.3% (2014 - 22.1%) 
(A.D. Kaprin, V.V. Starinsky et al., 2016). At the same time, the necessary 
knowledge about the signs of MK among the population without spe-
cial education is available only from 5 to 9.9% (Halteh P, Scher R, etal., 
2017). Self-examination by an untrained specialist, according to a num-
ber of authors, the sensitivity is from 25% to 93% depending on the stage 
of the tumor process, while the specificity is usually higher (83% - 97%). 
Attempts have been made to increase the skills for diagnosing melanoma 
through various training programs have proven effective (Czajkowska Z, 
Hall NC, 2017; Robinson JK, GaberR, etal., 2014; McWhirterJE, et al., 
2013), and therefore this technique can be used as a simple and cheap 
screening (Hamidi R, etal., 2010). Although many authors note that the 
diagnosis of “melanoma of the skin” can be made already at the initial 
examination of a patient by a doctor of almost any specialty (Fink C, 
Haenssle HA., 2017).

Purpose of the study
To evaluate training opportunities for diagnosing skin melanoma of spe-

cialists of various levels in the training format - a master class. Tasks - to 
evaluate the sensitivity, specificity and accuracy of diagnosis of skin mela-
noma before and after training.

Material and research methods
In the format of the master class, mass training was carried out ac-

cording to the author’s method (certificate No. 2018613017) using the au-
thor’s database (patent for the invention No. 2018620399) and remotes in 
various centers of the Russian Federation. At the input stage, a test was 
presented, according to which, basing on the results of the voting, initial 
indicators were evaluated - sensitivity and specificity, general accuracy of 
the diagnosis of respondents of doctors of various specialties. Then, clini-
cal cases were analyzed with an audience presenting photographs of clini-
cal data, medical history, digital dermatoscopy with and without immersion. 
The diagnosis was confirmed by histological examination. Clinically and 
dermatoscopically indicated characteristic symptoms that help to make the 
correct diagnosis in each case. After conducting a clinical analysis of cas-
es, the audience was presented with exit control, according to the results 
of which the effectiveness of training was calculated. Criteria - sensitivity, 
specificity and accuracy of diagnosis. In the learning process, a developed 
author database was used.

Research results
Table 1 presents the average values   of the diagnostic parameters for all 

students according to the results of input and output testing.
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Table 1. The dynamics of diagnostic parameters in the study group, 
the average diagnosis of skin melanoma

General characteristics of the group
Doctors oncologists and dermatologists 

(n = 138)
sensitivity specificity accuracy

Input diagnostic parameters 95,17% 73,99% 84,58%

Diagnostic output parameters 97,58% 87,37% 92,48%

As can be seen from the data presented, after training, the diagnostic 
parameters of the group significantly increased. So, if before the master 
class the sensitivity of determining skin melanoma was 95.17%, and the 
specificity was 73.99%. After the lecture, the sensitivity of the group was 
97.58%, and the specificity was 87.37%. In absolute numbers, the data are 
presented in table 2.

Table 2.
An increase in the number of all correct answers after training

 in a master class format.
City melanoma benign skin neoplasms 

Samara, 2016 82 319
Moscow, 2017 30 253

Chelyabinsk, 2018 47 269
As can be seen from the data presented, the greatest increase was 

achieved in the specificity of the diagnosis of skin melanoma.
Discussion of the data
In practical terms, the constant use of this technique can mean: fewer 

unnecessary biopsies of pigmented skin neoplasms suspicious of mela-
noma in patients, including in cosmetically significant parts of the body, 
fewer days of fear in anticipation of a histological conclusion, fewer refer-
rals to specialized specialists, possible saving material and technical re-
sources of healthcare facilities. At the same time, the obvious drawback of 
this method is the lack of an individual approach to students (all tests and 
training take place in a large group), the brevity of the training program.

Findings
1. After training, the number of unjustified biopsies, especially in cos-

metically significant areas of the body, may decrease.
2. The use of specialist training methods in a master class format can 

significantly improve the diagnosis of skin melanoma.
3. In a short time, you can increase the diagnostic parameters of a large 

number of specialists.
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Abstract. Introduction: The state of the child’s physical development 
(height, weight and body mass index) is an important predictor for assess-
ing the risk of developing local forms of tuberculosis (TB) in tuberculosis 
children.

Purpose: assess the weight, height and BMI in children with latent tu-
berculosis infection and without it at certain age periods.

Materials and methods: the study included 200 children aged 5-15 
years, 131 children were in the VI dispensary group - the main group, 
69 conditionally healthy children of 2 health groups - control group. The 
z-score (StandardDeviationScore - SDS) of growth, weight, BMI were cal-
culated using the WHO AnthroPlus program, and the interpretation of the 
results was carried out according to WHO recommendations.

Results: Growth rates among tuberculosis patients, which belong to 
the group of low values: z-score <-2 SD, were observed in 2.3% (95% DI: 
0.7-6.5%), in the control group, such indicators were not registered. At the 
same time, the relative number of girls with lower than average growth 
rates was statistically significantly different from the control group. Among 
boys, growth indicators in the main group differed statistically significant-
ly from the control group. When analyzing the results of measuring body 
mass indicators in the studied groups, it was found that the indicators in 
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the main group were reduced. So, among tuberculosis patients, who be-
long to the group of values   “below average”: z-score -1 SD - (-2 SD), were 
observed in 28.24% (95% DI: 21.24–36.49%), in the control group, such 
indicators were not found. Moreover, differences in this category of values   
are statistically significant, since they do not overlap with DI, since in the 
second group 95% of DI is 0-5.2%. Significant differences are also deter-
mined in the category where the values   exceed the average body weight 
parameters for a given age (z-score> +1 SD - (+2 SD)). In the main group, 
the number of children with a range of BMI estimates below the average: 
z-score -1 SD - (-2 SD), in the main group was 9.1% (95% DI: 5.3-15, 3%), 
for the control group such indicators were not registered 0%. Disharmoni-
ous physical development was observed in 34 children of the main group 
(25.9%; 95% DI: 19.2–34.1%), which significantly differs from the control 
group (8.7%; 95% DI: 4.05-17, 7%).

Conclusion: Significant changes in length and body weight, regardless 
of age and gender in the main group were revealed. The predominance 
of disharmonious and sharply disharmonious development is most pro-
nounced in patients in the prepubertal period. The delay of growth crosses 
was established by the main anthropometric indicators. Inadequate physi-
cal development is closely interconnected with the normal psycho-emo-
tional state of the child, directly affect the outcome of tuberculosis infection, 
as well as the development of concomitant pathology.

Keywords: children, age, physical development, latent tuberculosis in-
fection.

SUBSTANTIATION OF RESEARCH 
One of the indicators in children with a reactive response to external fac-

tors is growth. The negative impact can be due to both exogenous and en-
dogenous causes. This nature of the response is due to the fact that it is in 
childhood that the growth rate acquires the maximum value. Low body mass 
index (BMI) is an important predictor for assessing the risk of developing 
localized forms of tuberculosis (TB) in tuberculosis children. It was found that 
TB occurred three times more often in patients with a BMI below 10% or more 
of body weight corresponding to the required standards for age and gender. 

PURPOSE OF THE STUDY: evaluate weight, height and BMI in chil-
dren with latent tuberculosis infection and without it at certain age periods. 

METHODS: the study included children aged 5-15 years who were reg-
istered in the clinic in connection with latent tuberculosis infection, consist-
ing in the VI dispensary group. A total of 200 children were included in the 
study, of which 131 were infected with Mycobacterium tuberculosis, the 



59

Process Management and Scientific Developments

remaining conditionally healthy children with the second group of health. 
This work was carried out on the bases of RSBIHC Smolenskaya Oblast 
Children's Clinical Hospital, RSBIHC Smolensk Tuberculosis Clinical Dis-
pensary Children's Department, RSBIHC Children's Tuberculosis Sanato-
rium "Priselye". A transverse (simultaneous) study was carried out. Criteria 
for inclusion in the control group: patients uninfected with Mycobacterium 
tuberculosis, patients aged 5-15 years, patients of 1-2 health groups. Cri-
terion for inclusion in the main group: patients infected with mycobacte-
rium tuberculosis, patients of the age group 5-15 years old, children do 
not receive vitamin-mineral preparations, children did not have oncological 
diseases, thyroid and parathyroid diseases, hereditary and musculoskel-
etal diseases, chronic diseases of kidney, gastroenterological diseases ac-
companied by malabsorption syndrome.

Body weight was determined using TVES VMEN-200-50/100-DZ elec-
tronic floor scales with an accuracy of  up to 50 g. Body growth was mea-
sured using a vertical medical height meter MSK-233 with an accuracy of 
0.5 cm. Z-score values (StandardDeviationScore - SDS) growth, mass, 
BMI were calculated according to the WHO AnthroPlus program, and the 
interpretation of the results was carried out according to WHO recommen-
dations. The study period - August - August 2018-19.

RESULTS
When comparing the study groups, it was found that growth rates in 

the main group were reduced. Thus, growth rates among tubified patients, 
which belong to the group of low values: z-score <-2 SD, were observed in 
2.3% (95% DI: 0.7-6.5%), in the control group, such indicators were not re-
corded. At the same time, differences in this category of values are not sta-
tistically significant, since 95% DI overlap, since in the second group 95% 
DI is 0–5.2%. Significant differences are determined among the remaining 
categories. In the range of average values, the relative number of patients 
of the first group is lower than 29.7% (95% DI: 22.5–38.1%) versus 59.4% 
in the control group (95% DI: 47.64–70.21%). In addition, 95% of the DI 
relative frequencies do not overlap in terms of values below average (z-
score -1 SD - (-2 SD)) and above average (z-score> +1 SD - (+2 SD)). 

When comparing growth rates depending on gender, it was revealed 
that in the main group, the number of girls with indicators that belong to the 
“above average” and “high development” (z-score = + 1SD) groups was 
statistically significantly different from the control group. The percentage of 
girls with average growth between the groups did not differ 15.27% (95% 
DI: 10.11-22.4%) in the main group and 28.9% (95% DI: 19.62-40.5%). At 
the same time, the relative number of girls with lower than average growth 
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rates was statistically significantly different from the control group. 
Among boys, growth indicators in the main group differed statistically 

significantly from the control group, except for the range of average DI val-
ues overlapped: in the main group - 14.5% (95% DI: 9.49-21, 54%), and in 
the control group - 30, 43% (95% DI: 20.8–42.1%).

When analyzing the results of measuring body mass indicators in the 
studied groups, it was found that the indicators in the main group were re-
duced. So, among tuberculosis patients, who belong to the group of values 
“below average”: z-score -1 SD - (-2 SD), were observed in 28.24% (95% DI: 
21.24–36.49%), in the control group, such indicators were not found. More-
over, differences in this category of values are statistically significant since 
they do not overlap with DI, since in the second group 95% of DI is 0-5.2%. 
In the range of average values, the relative number of patients of the first 
group does not differ from the control - 71.7% (95% DI: 63.51-78.76%) ver-
sus 84.1% in the control group (95% DI: 73.6-90,8%). Significant differences 
are also determined in the category where the values exceed the average 
body weight parameters for a given age (z-score> +1 SD - (+2 SD)). 

In the range of average values, the relative number of patients of the 
first group does not differ from the control - 71.7% (95% DI: 63.51-78.76%) 
versus 84.1% in the control group (95% DI: 73.6-90,8%). Significant differ-
ences are also determined in the category where the values exceed the av-
erage body weight parameters for a given age (z-score> +1 SD - (+2 SD)).

According to the analysis of calculated BMI values in the main and 
control groups, the absence of statistically significant differences between 
the groups was determined: for all groups of values, 95% DI overlapped

The results of the assessment of body mass indices showed that the 
relative number of children of the main group and the control group, which 
are not statistically significantly different, are in different categories.

At the same time, the addition of an extra variable, which grouped the 
data according to gender, revealed differences among boys in the studied 
groups. So, in the main group, the number of children whose BMI assess-
ment range falls into the category “below average”: z-score -1 SD - (-2 SD), 
in the main group was 9.1% (95% DI: 5.3— 15.3%), for the control group 
such indicators were not registered 0%.

In order to identify the possible disharmony of physical development, 
a comparison of sigmal deviations in growth and body weight was per-
formed. Disharmonious physical development was observed in 34 children 
of the main group (25.9%; 95% DI: 19.2–34.1%), which significantly differs 
from the control group (8.7%; 95% DI: 4.05-17, 7%). An analysis of the age 
data of this subgroup of children showed that the greatest number of sub-
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jects with disharmonious development occurs at the age of 11–13 years 
(61.7%; 95% DI: 45.1–76.1%). It should be emphasized that the distribu-
tion of children depending on gender in each age period, for the subgroup 
under consideration, did not significantly differ. In the period of 5-7 years, 
the number of girls with disharmonious development was 20.5%; 95% DI: 
10.35-36.8%, boys 14.7%; 95% DI: 6.45-30.13%). For the age range of 
11–13 years, the female subjects were 35.2%; 95% DI: 21.49-52.09% ver-
sus male 26.4%; 95% DI: 14.6-43.1%.

CONCLUSION
In tubified children and adolescents, a decrease in length and body 

weight is determined. Disharmonious and sharply disharmonious develop-
ment options prevail. Growth crosses are late in terms of basic anthropo-
metric indicators. In children of prepubertal age, physical development is 
below average and low in 23% of cases, among which the disharmonious 
type is 40% of cases. Inadequate physical development is closely related 
to the normal psycho-emotional state of the child and directly affects the 
outcome of tuberculosis infection, the ability to overcome the disease and 
the exit of a full-fledged personality into adulthood, despite tuberculosis.
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Abstract. Summary data of contemporary literature focuses on enthe-
sopathies. The article describes the issues of etiology, pathogenesis, clinic 
and diagnosis. The area of enthesis becomes a “weak link” in the appa-
ratus of the periarticular tissues, where under excessive load micro- and 
macroscopic lesions occur, which subsequently lead to inflammation. In-
flammation of the enthesis enhances the degeneration of adjacent tissues 
of the tendons, ligaments, cartilage, bone. The causes of enthesopathy are 
congenital bone abnormalities, osteochondrosis leading to radicular syn-
drome (compression of the spinal nerves), microtrauma of ligaments and 
tendons, metabolic disorders (for example, with osteoporosis and gout), 
severe prolonged physical activity, various endocrine and infectious dis-
eases, and also autoimmune and inflammatory joint damage. The question 
of the etiopathogenesis of the disease remains open, as a result of which 
there is no pathogenetically substantiated treatment. Despite the variety of 
medical devices and physiotherapeutic procedures, the treatment results 
remain unsatisfactory, there is a high percentage of relapses and a chronic 
process. Inflammatory and degenerative-dystrophic damage to the enthe-
sis is attracting increasing attention, as it represents one of the peculiar 
groups of diseases of the bone-ligament-tendon complex and makes a 
significant contribution to the clinical picture and pathology.

Keywords: enthesis, bone-ligament-tendon complex, non-calcified fi-
brocartilage, etiopathogenesis
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Introduction
Enthesopathy - one of the forms of paraarticular inflammation that oc-

curs at the site of attachment of the tendon, fascia and capsule of the joint 
to the periosteum (entheso complex). The term “enthesopathy” was intro-
duced by La Cava in 1959 to describe the process observed in entheses 
after mechanical trauma [1]. Despite the fact that the adjective "enthetic" 
comes from the ancient Greek word "enthetikos", which means "introduced 
into the body from the outside," in the XIX century the adjective was in-
creasingly used to refer to diseases that were "implanted into the body 
from the external environment." Currently, the term is used to refer to focal 
abnormalities occurring at the site of attachment of tendons, ligaments, 
fascia, muscle or articular capsule to the periosteum.

The joints remain the most mobile area of   the locomotor apparatus, 
which adequately explains their frequent traumatization, leading to vari-
ous severity of inflammatory changes. With the entry of plasma compo-
nents and leukocytes into the joint cavity, the rapid release of intracellular 
lysosomal enzymes, a synovial cell response occurs. Normally, synovial 
fluid is represented by synovial integument cells - synoviocytes (34.2 - 
37.8%), histiocytes (8.9 - 12.5%), lymphocytes (37.4 - 42.6%), monocytes 
(1.8 - 3.2%), neutrophils (1.2 - 2.0%) and unclassified cells (8.3 - 10.1%). A 
significant part of integumentary synovial cells is active monocytic phago-
cytes capable of capturing infectious or any other antigenic material (in-
cluding autoantigen) [2].

If a person has joint problems, such as arthrosis or arthritis of various 
forms, then, as a rule, in more than half of cases this has a connection with 
the enthesis and the development of enthesopathy, this pathology makes 
up one fourth of all diseases of tendons and ligaments, it is considered 
quite common among degenerative inflammatory diseases of the muscu-
loskeletal system of the body, is one of the most difficult to treat today and 
is found in 60-85% of the adult population [3, 4, 5, 6].

The causes of damage, the mechanism of development and the course 
of the inflammatory process in the enthezo complex are studied very inten-
sively, there are studies in the available literature on the issues of diagnosis, 
treatment and rehabilitation, as well as histological, cytological, autoimmune 
and other changes occurring in the complex in different phases of its physio-
logical and pathophysiological functioning, however, a clear answer still does 
not exist, and the opinions of the authors on some issues radically differ.

Purpose of the study
Examine the etiological and pathogenetic features of enthesopathies, 

analyze and systematize the data obtained. 
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Material and methods
The work used a systematic review of literature in the public domain, 

and our own research materials. 
Results and discussion
Anatomical features. Consider the structure of the enthesis on the ex-

ample of the Achilles tendon. We emphasize the bone-ligament-tendon 
complex (BLTC), which has a trapezoidal shape, with the apex facing up. 
The distal part of the tendon spreads along the tubercle of the calcaneus, 
while increasing the area of the tendon does not lead to an increase in the 
number of its fibers. A feature is the absence of fatty layer of tendon-bone 
transitions. BLTC includes: tendon-fibro-osteo-cartilaginous part (TFOC); 
periosteal-fibro-cartilaginous part  (PFC); tendon-fibro-cartilaginous part 
(TFC); capsule part (C) and fatty “clutch” ”, all these parts are combined 
into a complex and function as a single organ (Fig. 1).

A feature of the anatomical structure of the enthesitis is inelasticity and 
high mechanical strength under relatively unfavorable conditions of local 
blood circulation. Enthesitis are deprived of their own vessels, tissue nutri-
tion is provided by adjacent arteries, providing blood supply to the bone 
and tendon.

The elasticity and strength of the enthesitis is ensured by the align-
ment of the acting forces, while maintaining the rigidity of the connection. 
A physiological change in the position and shape of collagen fibers does 
not lead to a concentration of force in the area of   connection of the bone 
and soft tissues, and the stress is exponentially distributed to the proximal 
tendon, which reduces the risk of rupture in such a biomechanically vulner-
able area as enthesitis [7].

Etiopathogenesis. The reasons for the development of pathology of 
periarticular tissues may include: acute or chronic trauma, mechanical 
overload, often repeated stereotypical movements in the joint. Secondary 
pathology of periarticular tissues occurs against various diseases, such 
as diseases of the musculoskeletal system (orthopedic developmental ab-
normalities, arthrosis, arthritis, spondylitis, syndrome of dysplasia of the 
connective tissue, joint hypermobility), endocrine-metabolic disorders (dia-
betes mellitus, disorders of fatty, calcium metabolism hypothyroidism, hy-
povitaminosis), neurotrophic disorders, vascular disorders, hyperimmune 
reactions, etc. [8, 9].

There are two types of enthesopathies: primary inflammatory and pri-
mary degenerative. Primary inflammatory enthesopathies develop with the 
spread of inflammation from adjacent joints with arthritis [10]. The primary 
degenerative process occurs as a result of repeated minor injuries with 
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constant overload or is the result of a single major tissue damage in the 
area of   enthesitis. The cause of the overload can be both high physical 
activity and a violation of the biomechanics of movements in diseases of 
the musculoskeletal system [11, 12]. 
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A. B.
Fig. 1. A. The lateral-dorsal section of the ankle joint; B. BLTC (KP - 

Kager Fat Pad; BV - blood vessels; FT - fatty tissue).

The pathogenesis of enthesopathy is based on a degenerative inflam-
matory process. With a load in the area of   enthesitis, the zone of the most 
intense tension is formed. Due to its high mechanical strength, most fibers 
remain intact. Moreover, in the areas where the collagen bundles are con-
nected to the bone tissue (with fibrous enthesitis) or the transformation of 
collagen fibers into fibrous cartilage (with fibro-cartilage connection), sin-
gle microfractures are formed. A single microdamage is asymptomatic and 
goes unnoticed. With repeated microtraumatization, the number of breaks 
gradually increases. In the tendon tissue, zones of fatty degeneration ap-
pear. All this negatively affects the strength of enthesitis, increases the 
likelihood of subsequent damage and contributes to the development of 
inflammation. With a primary inflammatory lesion, the reverse mechanism 
is observed. Inflammatory phenomena create favorable conditions for the 
appearance of microcracks, the tendon tissue is scarred and undergoes 
fatty degeneration, enthesitis degeneration sites are formed [13; 14; 15; 
16]. 
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Currently, various theories of the emergence and development of hu-
man enthesopathy are being considered - mechanical, autoimmune, ge-
netic, synovial-complex. Consider some of the most significant, in our opin-
ion, of them.

I. Mechanical theory. Inflammation caused by a mechanical factor par-
tially damages the non-calcified fibro-cartilaginous part of enthesitis, which 
in turn leads to the activation of mainly macrophages of the innate immune 
system. In addition to activating the innate immune system, a factor that 
damages the fibro-cartilaginous part of enthesitis, regardless of its nature 
(mechanical, infectious, or stress-related), can cause an inflammatory re-
sponse, including the activation of Toll-like receptors (TLR), belonging to 
the group of cellular receptors with one transmembrane fragment, which 
recognize the conserved structures of microorganisms and activate the 
cellular immune response of recognition receptors of the conserved struc-
tures of microorganisms, the characteristic structures of microbes, such as 
bacterial or viral DNA, RNA, and dendritic cells, are identified. According to 
this hypothesis, TLRs are activated as a result of the deposition of auxiliary 
molecules originating from intestinal bacteria at the site of damage to the 
fibro-cartilaginous part of enthesitis. Macrophages M1 (pro-inflammatory 
phenotype) activated by damage to enthesitis begin to secrete pro-inflam-
matory cytokines (TNF-α, IL-18, 12 and 23), prostaglandins (PGE2), nitric 
oxide, various growth factors and neuropeptides. This is followed by apop-
tosis, the release of pain mediators and matrix metalloproteinases, which 
decompose collagen and proteoglycans. Subsequently, under normal con-
ditions, that is, with typical mechanical damage to enthesitis, sequential 
secretion of immunosuppressive cytokines IL-10 and IL-13 is observed, 
which signal macrophages M2 (immunomodulatory and tissue remodeling 
phenotype) to switch the phenotype from M1 to M2, stop inflammation, 
reduce TLR reactivity and inhibit the production of pro-inflammatory cyto-
kines (Fig. 2).  

The intestinal mucosa is a key site of IL-23 production, however, Chla-
mydia trachomatis can also serve as a source of IL-23 production. The 
pro-inflammatory cytokine IL-23 induces, acting on an isolated population 
of CD3 + CD4-CD8-enteral resident lymphocytes, which leads to an in-
creased concentration of TNF and IL-6 in enthesitis. Thus, it can be con-
cluded that IL-23 is a key pro-inflammatory cytokine in the structure of 
enthesitis when exposed to a mechanical factor.

The TNF-α cytokine produced by macrophages M1 stimulates syno-
vial fibroblast-like synoviocytes, as a result of which inflammation pro-
gresses. 
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Fig. 2. Scheme for  triggering a cascade of  inflammatory processes 
in response to TLR cell activation. Pathogen-associated molecular 
fragment of the molecule (PAMF); damage-associated molecular 
fragment (DAMF); dendritic cell (DC); antigen presenting cell (APC); 
regulatory T-lymphocyte (RTL); T-helper (TH); follicular TX (THf)

 
 

A. B. 

Fig. 3. A. Physiological attachment of BLTC. B. Damaged BLTC, 
vascularization, impaired fiber structure, fibrosis.
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Patients with clinical signs of enthesopathy have increased vascular-
ization and cell infiltration in the non-calcified fibrocartilaginous (FC) part 
of enthesitis (Fig. 3).

II. Synovial-enteral-complex theory
Benjamin and McGonagle (2009) observed the relationship between 

enthesitis and the adjacent synovial membrane of the bursa or adipose 
tissue and coined the term “synovioentesis complex” (SEC) [17; eigh-
teen]. They drew attention to inflammation of the surrounding tissues 
of enthesitis as a major factor in the etiopathogenesis of enthesopathy 
[19].

According to SEC theory, partial damage to enthesitis can activate the 
mechanisms of innate immunity and stimulate the rapid development of 
bursitis. The authors give a similar explanation of their theory of “func-
tional enthesitis,” according to which a conflict of a tendon moving in close 
proximity to a bone that acts like a pulley (for example, tibialis posterior 
tendon and medial malleolus) can cause tenosynovitis. Benjamin and Mc-
Gonagle have also demonstrated the pro-inflammatory possibility of adi-
pose tissue in tendons and surrounding enthesitis tissues. Adipose tissue 
exhibits endocrine or paracrine activity and releases growth factors and 
pro-inflammatory cytokines. It is vascularized and innervated, and can be 
a source of pain and play a role in the inflammatory response [19; 20]. The 
blood vessels that appear in the tendons during inflammatory-reparative 
processes can be from adipose tissue adjacent directly to the tendon (pa-
tella ligament, quadriceps tendon), from parathenone (Achilles tendon), 
from loose connective tissue in the tendon and from the mesentery ten-
dons (eg, tendon sheath and Achilles tendon), from the bone marrow [17]. 
Vascular invasion contributes to the absence of periosteum in enthesitis, 
which allows bone marrow stem cells to gain direct access to the soft 
tissues of enthesitis and facilitates its recovery. With fibro-cartilaginous 
enthesitis, FC degeneration creates favorable conditions for vasculariza-
tion of bone marrow capillaries [17; 18; 19]. Damaged as a result of chronic 
inflammation of the tendon and ligament, they are restored due to the pro-
liferation of blood vessels that occur within the boundaries of enthesitis. 
The patient may show clinical symptoms of enthesopathy, but a visual ex-
amination cannot determine the order of events: was the inflammation of 
the adipose tissue near enthesitis caused by microdamage, which is, for 
example, enthesophyte, or regardless of whether the primary inflamma-
tory process in the adipose tissue (or in the bursa), and whether there is 
an enthesophyte (a mineralized scar) that has no causal connection with 
the pathology of the tissues surrounding enthesitis [21].
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III. Autoimmune theory.
Aggrecan - is a large proteoglycan, which is one of the constituent com-

ponents of the fibro-cartilaginous structure, and can be a potential autoan-
tigen. In an experiment, aggrecan introduced into mice caused peripheral 
arthritis and spondylitis [22]. The content of aggrecan and binding protein 
increases with tendon contraction, while type I collagen is replaced by 
type II collagen. In patients with rheumatism, these autoimmune response 
molecules have been identified as autoantigens. However, not all authors 
agree that the fibro-cartilaginous structure is the place where the develop-
ment of enthesopathy begins. This is due to the fact that joint damage has 
a different etiology [19, 22].

IV. Genetic theory.
In recent years, intensive studies have been carried out on the se-

quence of genes encoding numerous proteoglycans and glycoproteins, 
which play a key role in the development, structure and function of the 
tendons and ligaments that make up enthesitis. They not only allowed 
to learn more about the etiopathogenesis of various diseases or patho-
logical foci, but also to develop pathogenetically substantiated therapy 
of these diseases, including the affected problem of enthesopathy [23, 
24]. It is known that the presence of chromosome 9q33 is correlated with 
Achilles tendon break causes. In the absence of fibromodulin, tendon 
fibers undergo reduction: the diameter changes, the shape is blurred, the 
location is disturbed, and the number of tenocyte cells and the number 
of endotendon are reduced. Studies in mice showed the development 
of ectopic calcification in the Achilles tendon in the absence of biglycan 
and fibromodulin. The absence of proteoglycan 4 led to the development 
of calcifications (calcified scars) in tendons and tendon membranes [25, 
26].

Diagnostics of enthesopathy is a very difficult task, a lack of under-
standing of the etiopathogenesis of the disease and the choice of the nec-
essary treatment tactics determines today the need for a wide diagnostic 
spectrum of the patient’s examination [27, 28]. 

Acute or chronic damage to BLTC is most often associated with pro-
longed physical activity, repetitive exercises, activities or operations of a 
professional nature, affecting, as a rule, the area of the joint and adja-
cent tissues. Usually, the enthesopathic clinic is represented by the com-
monplace Celsus-Galen inflammatory pentad [9]. Physical and clinical 
research has low sensitivity, the incidence of enthesopathies does not ex-
ceed 20% [29, 30]. However, some distinguishing features of enthesopa-
thy can be formulated:
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the mismatch between active and passive movements (active are lim-
ited, with a normal volume of passive); pain intensifies exclusively in a 
certain position of performing movements and is absent when the vector 
and direction of these movements change; puffiness, pastiness are slightly 
expressed and are exclusively local in nature; the superficial arrangement 
of the topical structures of enthesitis makes it possible to determine local 
pain points during palpation.

In a general clinical blood test, a systemic analysis noted a shift in the 
formula to the left, the appearance of monocytes, medium and wide cyto-
plasmic lymphocytes. In the absence of an anamnesis and obvious clinical 
signs of the presence of a viral disease, the accumulation of lymphocytes 
in the microscopy of exudative fluid and their increase in the systemic cir-
culation indicates their possible relationship.

X-ray signs of enthesopathy in the initial phase of the development of the 
disease are not explicitly expressed, are characterized by indirect manifesta-
tions in the form of compaction (lightening) of periental tissues. In the future, 
with a long course and chronicity of the process, signs of soft tissue compaction 
are revealed, a periosteal reaction is manifested, calcifications are detected.

Ultrasound is a sensitive and non-invasive test method for assess-
ing the presence of enthesopathy. Ultrasonic signs include a decrease in 
echogenicity, a violation of the tendon structure, its thickening, calcifica-
tions at the attachment site, enthesophytes and bone erosion. The use of 
dopplerography in the energy doppler mode allows you to detect abnormal 
vascularization of the attachment site both in soft tissues and in the adja-
cent bone [31].

Ultrasound signs of BLTC enthesopathy: disturbance of the normal fi-
brillar echostructure - thickening of the tibial-fibular ligament, inflammatory 
edema - accumulation of fluid around the tendon of the fibular muscle, in 
the cavity of the tibial-fibular joint, signs of arterial blood flow in the thick-
ness of the synovial membrane and its proliferation, linear hyperemia ta-
lus-fibular ligament.

Magnetic resonance imaging (MRI) can be performed using a high (from 
1 to 3 T) or low (up to 1 T) field [32] and allows you to establish the inflam-
matory and destructive nature of the lesions of the tendon-ligamentous 
apparatus and its fixation sites. For the purpose of MRI of the diagnosis 
of lesions of the enthesocomplex, the following multiprojection modes are 
used - T1W, T2W, STIR, as well as a mode with signal suppression from 
adipose tissue (STIR) [33].

The MRI picture of the damaged enthesocomplex is characterized by 
the following structural changes: thickening, snapping, the appearance of 
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areas of reduced and increased density, microfractures (defects) of the 
fibers; in the paraarticular region, portions of local osteitis and an erosive 
defect in the bone plate are visualized. 

The normal tendon in MR images has a uniformly low signal intensity 
in all sequences. When examining MR images for enthesopathy, the fol-
lowing should be evaluated: thickness and signal intensity of tendons and 
ligaments; periental (the area surrounding the LTC complex) soft tissue; 
adjacent bone marrow to detect edema (sequences with fat suppression); 
erosion of the adjacent bone (cortical defects of the bones and irregulari-
ties of the contours) and enthesophytes (lengthening of the contents of the 
bone marrow are iso-intensive to the medullary bone) - T1-VI sequence; 
additional findings in neighboring structures (articular or bursal fluid) [32, 
34].

Cytological research method -microscopic results of exudative fluid 
give an idea of the cellular composition and nature of inflammation - an 
increase in white blood cells corresponds to the signs of a bacterial pres-
ence, in other cases we can talk about an autoimmune origin.

Histological examination of enthesitis can be considered as the gold 
standard of diagnosis, but it is rarely carried out due to ethical and legal 
difficulties [29].

A correctly established diagnosis, as a rule, makes it possible to carry 
out etiopathogenetic treatment. However, we are faced with various situ-
ations that do not allow this to be done - there is no well-defined standard 
scheme for diagnosing and treating enthesopathy, the circle of specialists 
who should deal with this problem is not outlined, there is no clarity in un-
derstanding the pathogenesis of the ongoing process.

Discussion.
Enthesopathy is one of the forms of paraarticular tissue damage that 

has been little studied to date, it can be characterized as a degenerative-
dystrophic inflammatory process that occurs at the sites of attachment of 
tendons, ligaments, joint capsules and fascia to the bone, in the presence 
of common clinical, radiological, ultrasound, magnetic resonance and oth-
er characteristic signs and the absence in the blood plasma of rheumatoid 
and similar factors [35, 36].

It should be recognized that the etiopathogenesis of the occurrence 
of enthesopathies is still not entirely clear. Considering the many theories 
of the occurrence of enthesopathy, we come to the conclusion that both 
septic and aseptic inflammation can underlie. Infectious lesion of enthesitis 
often remains undiagnosed, often mistaken for a degenerative pathology 
of the disease. The role of the infectious agent in the development of en-
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thesopathy is very significant, as a provoking factor can be a very exten-
sive human microbiome (usually the intestines, foci of chronic infections of 
the oropharynx, teeth, kidneys, etc.), and in some cases there is a latent 
infection (Fig. 9).

• Borrelia
• Yersinia
• Chlamydia
• Campylobacter jejuni
• Salmonella
• Streptococcus
• Parvovirus B19
• etc.

 

 Borrelia 

 Yersinia 

 Chlamydia 

 Campylobacter jejuni 

 Salmonella 

 Streptococcus 

 Parvovirus B19 

 etc. 

Fig. 9. The most common representatives of latent infections 
(in descending order).

A secondary factor in the damage of enthesitis when exposed to an 
infectious agent is the launch of immunopathological processes associ-
ated with the development of a hyperimmune response. So Chlamydia and 
Yersinia, can serve as a source of IL-23 production and are able to initiate 
a cytotoxic T-cell response. The pro-inflammatory cytokine IL-23, acting on 
an isolated population of CD3 + CD4-CD8-enteral resident lymphocytes, 
leads to an increased concentration of TNF and IL-6 in enthesitis, and an 
increase in phagocytosis and destruction mechanisms.

Identifying enthesitis involvement remains an important task for the 
surgeon because initial acute edema, inflammatory infiltration, and micro-
damage of the cartilage can go into chronic intra-cartilage ossification and 
late-stage bone erosion.

Analyzing the data of modern literature that are in the public domain, 
we have to admit that enthesopathies remain difficult for the diagnosis and 
treatment of the form of damage to the periarticular tissues of the LTC 
complex. Despite the wide variety of technical equipment available today, 
multidirectional drug support, modern methods and techniques of diag-
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nosis, treatment and rehabilitation, the results of treatment leave much to 
be desired. There is a high percentage of relapses and chronicity of the 
process. It can be assumed that further study of enthesopathy will allow us 
to approach understanding of etiopathogenesis, pathomorphology and sig-
nificantly improve the diagnosis and, as a result, treatment of the patient.
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Abstract.  The questions of studying the role of the biological factor in 
the formation of professional and professionally determined morbidity of 
workers of medical and preventive organizations are considered. Statisti-
cal data of nosocomial infection of medical personnel are analyzed, con-
clusions are made about the leading risk factors and the main preventive 
measures. 

Keywords: nosocomial infections, biological factor, occupational and 
occupationally caused morbidity, medical personnel.

One of the components of the HCAI problem is the incidence of medi-
cal personnel. Among the many professional factors that medical staff en-
counters in the process, communication with infectious patients occupies a 
special place. Medical workers, as well as hospital patients, are involved in 
the epidemic process. According to many authors, occupational morbidity 
among medical workers exceeds that in many leading industries [1].

Medical workers are a contingent of high risk of infection with infectious 
diseases caused by both opportunistic and pathogenic microorganisms. 
Diseases of workers of medical organizations arising as a result of their 
professional activities are an important practical public health problem. 
The health issues of medical workers are among the priority due to their 
enormous socio-economic importance [2].

Infection of health workers is facilitated by:
 - uniqueness of the environmental conditions of the medical institution;
 - presence of a large number of sources of infection among medical 

personnel (carriers, patients);
 - aggravation of the epidemiological situation among the population 

in the country: an increase in the incidence of HIV infection, syphilis, 
tuberculosis, viral hepatitis B, C, etc.;
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 - growing shaft of aggression of invasive interventions (diagnostic and 
therapeutic procedures), during which not only patients, but also medical 
staff can become infected;

- widespread use of antibiotics and cytostatics that change the bioce-
nosis of the mucous membranes and skin of the medical staff, open the 
"entrance gate" for fungi and other microorganisms;

- acceleration of the rate of evolution of microorganisms – pathogens 
of HCAI;

specifics of the hospital department: the departments of least risk can 
be considered cardiological resuscitation, neurological, neurosurgical, 
traumatological - the smallest percentage of detection of microorganisms 
from patients;

- length of service in the hospital: the greatest risk is in the first two 
years of medical staff, it is 10%, then there is a reduction in risk: 3-8 years 
of service - 4%; 9-11 years old - 3%; over 15 years -0.3%;

- compliance with hygiene standards: the incidence of medical per-
sonnel in departments that do not comply with the standards is 2 times 
higher than the same indicator in the departments that comply with the 
standards.

Infection of medical personnel occurs as a result of the implementa-
tion of both natural transmission mechanisms and the artifact, artificial 
transmission mechanism created by medicine. The artifactal transmission 
mechanism is associated with invasive diagnostic and therapeutic proce-
dures. The risk of infection through the blood is especially great. In contact 
with blood, more than 30 infections can be transmitted, the most signifi-
cant are viral hepatitis B and C, HIV infection.

In recent years, in Russia there has been a significant risk of infection 
of medical staff, especially in tuberculosis dispensaries. Among occupa-
tional diseases of medical workers in our country, respiratory tuberculosis 
occupies the first rank [4].

The medical staff, especially young people, in children's hospitals have 
been infected with rubella, chicken pox. The shift in the incidence of mea-
sles by older age groups poses a real danger of infection of medical per-
sonnel not only in children’s, but also in adult departments.

A high prevalence of respiratory infections by medical personnel was 
also found, among which Legionella, influenza, and coronaviruses were 
detected. Medical workers were the first to encounter a beginning wave of 
influenza and other acute respiratory viral infections, have closer contacts 
with patients throughout the entire period of epidemic trouble, which ex-
plains the increase in the incidence of these infections.
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The literature describes cases of nosocomial outbreaks associated 
with herpes viruses. Viruses are able to be transmitted by airborne drop-
lets, contact household and other ways, survive on environmental objects, 
therefore wearing gowns and masks does not always protect against infec-
tion [6].

Among medical workers, there are diseases of salmonellosis, dysentery 
with nosocomial infection. Outbreaks of acute gastroenteritis of rotavirus 
etiology among patients and medical personnel are described. Outbreaks 
may be associated with common transmission factors: contamination of 
drinking water in the event of a malfunction in the water supply system; 
infection of medical personnel during manipulations (patient care).

Cases of professional infection by doctors with typhus, pneumocysto-
sis, helicobacteriosis, rubella, and malaria have been reported. Fatalized 
generalized meningococcal infection has been reported by the dentist.

In 2011, a nosocomial outbreak of Crimean hemorrhagic fever was de-
scribed in the infectious diseases department of the Central District Hospi-
tal of the Rostov Oblast (8 medical workers fell ill) [3].

Medical personnel are exposed to the risk of infection not only by infec-
tions caused by pathogens, but by conditionally pathogenic microorgan-
isms that circulate in the hospital. Infectious processes caused by CPM 
are devoid of specificity: caused by the same pathogen, occur in different 
organs, and vice versa, different types of microorganisms can cause in-
flammation of the same organ or tissue. Conditionally pathogenic micro-
organisms cause respiratory infections (pharyngitis, laryngitis, bronchitis, 
tonsillitis, pneumonia); urinary tract (cystitis, pyelonephritis); diseases of 
the gastrointestinal tract; skin and subcutaneous tissue and others.

The risk of occupational exposure threatens endoscopic medical per-
sonnel. The risk of infection depends on experience and intensity of work.

In the departments of purulent surgery, 63% of the medical staff de-
velop various forms of purulent-inflammatory infections during the year.

The problem of mycoses is becoming more and more significant. In 
the hematological departments of St. Petersburg, for example, candi-
diasis of the oral cavity and esophagus was detected in 6% of medical 
personnel.

HCAI risk groups among medical workers are people who have a 
chronic pathology (somatic or infectious), a reduced immune response, 
age over 45-50 years. Constant communication with infectious patients in 
the process of work causes a change in the immune status and reactivity of 
the body of medical workers. According to I. A. Khrapunova, 40% of physi-
cians show signs of secondary immunodeficiency [5].
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Control measures and prevention:
a) organizational and administrative:
 - compliance with the rules for the admission of personnel to work;
 - preliminary and periodic medical examinations;
 - examination of medical personnel for epidemiological indications;
 - organization of a medical examination of medical personnel;
 - treatment of all identified infectious diseases, both professional and 

non-professional;
 - according to indications - immunological examination of medical 

staff and correction of immune status;
 - organization of immunization of medical personnel;
 - development of a standard case of occupational disease;
 - development and implementation of instructions for medical 

procedures, safety measures during their implementation;
 - development of personal protective measures;
 - training of medical personnel.

 b) hygienic:
- architectural and planning decisions;
- effective ventilation system;
- rational labor regime;
- providing a balanced diet;
- providing workwear and personal protective equipment;
- introduction of modern safe medical technologies;
-compliance with hygiene standards when working with occupational 

hazards;
- compliance with the rules for the disposal of medical waste.
Conscious attitude and compliance by the medical staff with the re-

quirements of the anti-epidemic regime will prevent occupational morbidity 
of employees, which will significantly reduce the risk of HCAI diseases and 
maintain the health of staff and patients.
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Abstract. This study examined the preference of children for drinking 
various types of drinks and estimated the amount of fluid consumed by 
schoolchildren during the day. It was found that most students drink any 
type of water, and one in five of the children surveyed prefers sweet soda. 
In the course of the questionnaire, children were informed about the im-
portance of water for the human body and animals, about the role of water 
in the life of the planet. Associative perceptions associated with the word 
water were clarified. For most students, the word "water" is associated with 
the seas and oceans. Students receive most of the information about water 
during class. The study involved 300 schoolchildren aged 7 to 17 years. 

Keywords: schoolchildren, water, drinks, preferences, awareness
Introduction
Water is an indispensable component of all living organisms. The 

amount of water contained in the body of an adult is 65-70% of its mass, 
including up to 31% in the bones and up to 83% in the lungs [1]. The hu-
man body cannot store water, so every day we constantly lose water with 
exhaled air, with perspiration and with physiological secretions. Ensuring 
timely replenishment of the lost fluid is of great importance for the optimal 
functioning of the body. Every system in the body, from cells and tissues to 
vital organs, requires water to function. Water transports nutrients to all the 
cells of our body and oxygen to our brain. Water allows the body to absorb 
and ingest minerals, vitamins, amino acids, glucose and other substances. 
Water flushes toxins and waste from cells, helps regulate body tempera-
ture. 
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Drinking water activates the metabolism. For example, drinking 500 ml 
of water increases the metabolic rate by 30% within 30–40 minutes [2]. It 
was found that even mild dehydration leads to a general disturbance in 
mood, reduces cognitive and motor skills, affects memory and sensitivity 
to pain [3, 4, 5]. The brain works better with enough water.

The daily requirement of the human body for water under normal con-
ditions is about 2.2 liters. The amount a person needs depends on age, 
body size, health status, activity level, as well as weather (temperature and 
humidity level). A person replenishes his water balance with both drinking 
water and other liquids, vegetables and fruits. But the best sources are 
drinking water and milk. 

The drinking regimen of children is formed in early childhood based on 
family and collective childhood preferences. Moreover, children are poorly 
informed about the importance of water in human life and living organisms. 
These questions are addressed in this study.

Research method
The main method used in the study was a questionnaire. The main 

questions during the survey were: 
• type of water consumed: tap, bottled, sweet carbonated drinks and 

tea, any, milk;
• amount of fluid drunk during the day;
• where students get information about the role of water in life on the 

planet;
• what schoolchildren associate with the word “water”;
• feel tired during the day or get tired only in the evening, note fatigue 

and decreased working capacity by the middle of the day.
300 students participated in the survey. The age of respondents was 

from 7 to 17 years. Gender of respondents: 150 - female, 150 - male. Stu-
dent performance is average.

Research results
The results of the schoolchildren’s response about the type of water 

they consume are shown in Figure 1. The diagram shows that 30% of stu-
dents drink any type of water. One in five of the children surveyed prefers 
sweet soda.
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Tap water 16%
Bottled water 25%

Milk 3%

Tea 6%

Any water 30%

Sweet Carbonated 
Drinks 20%

Fig. 1. The responses of students about the type of water they consume

Most children (168 people) drink 2.5 liters of water daily, on average, 
132 people drink 2 liters of water daily (Fig. 2).
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50%

1 liter 1,5 liter 2 liter 2,5 liter

Fig. 2. The amount of fluid consumed by schoolchildren during the day.



85

Process Management and Scientific Developments

Most of the students surveyed learned about the importance of water 
for humans and animals, about the role of water in the life of the planet 
during lessons (48% of respondents). The remaining students received 
information from books and during conversations with adults (Fig. 3).

Lessons
48%

Conversations
24%

Books
28%

Fig. 3. Where do students get information about the meaning of water
When asked what the word “water” is associated with, respondents 

answered: seas and oceans, you can wash your hands, drink tea, wash 
dishes and swim (Fig. 4). For most students, the word “water” is associated 
with the seas and oceans (37% of respondents).

Can wash your 
hands
10%

Bathe
17%

Washing dishes
8%

To drink tea
28%

Seas and oceans
37%

Fig. 4. What is associated with the word "water" among students
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Most students note fatigue and decreased performance by evening 
(97%) and only 3% get tired in the middle of the day (Fig. 5).

0%

20%

40%

60%

80%

100%

120%

Middle of a day Evening

Fig. 5. The results of responses of students about the onset of fatigue.

Conclusions
1. Most schoolchildren follow family preferences when drinking water. 

Moreover, most children drink any water or sugary sodas and tea. Purified 
and bottled water is consumed by 25% of schoolchildren, and tap water - 
only 16%. 

2. Most children (56%) consume up to 2.5 liters of fluid per day.
3. Schoolchildren receive basic information about the importance of wa-

ter in human life and living organisms in lessons (48%). They get the rest 
of the information from books (28%) from conversations with adults (24%).

4. The word water in schoolchildren is associated with the sea (37%), 
tea (28%), swimming (17%).

5. The overwhelming majority of schoolchildren show fatigue by eve-
ning (97%), and only 3% - in the middle of the day. 
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Abstract. On the example of n-decane, chemical transformations of 
alkanes of normal structure in an aqueous and water-acidic medium under 
hydrodynamic cavitation action were studied. Based on the data of gas 
chromatography and gas chromatography with mass spectral detection, it 
is established that the main products of the reactions are n-alkanes with 
a higher and lower molecular weight, in comparison with n-decane, cy-
cloalkanes, benzene and its alkyl derivatives, condensed polycyclic com-
pounds. Based on the chemical composition of the reaction products, it is 
shown that the main reactions are dehydrocyclization, accompanied by the 
formation of benzene and its alkyl derivatives, alkylation of the resulting 
aromatic compounds and their subsequent dehydrocyclization, accompa-
nied by the formation of naphthalene and its alkyl derivatives. The acidic 
reaction of the medium suppresses the flow of free-radical condensation 
transformations of n-alkane, strengthens the processes of heterolytic de-
struction of n-alkanes, contributing to the intensive formation of aliphatic 
limit hydrocarbons with a lower molecular weight.

Keywords: mechanochemistry, alkanes, cavitation, destruction, con-
densation, isomerization.

INTRODUCTION
The steady growth of global consumption of motor fuels, along with 

a high level of capital expenditures of oil refineries, actualizes research 
in the field of mechanical destruction of oil and its components [1-7]. It 
is established that the mechanochemical effect on hydrocarbons initiates 
processes of condensation and destruction [3-7]. The chemical transfor-
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mation is free-radical in nature. Ultrasonic action due to the effect of cavi-
tation in water media allows generating free radical states and water ions 
[8] in quantities sufficient for the mechanochemical initiation of transforma-
tions of oil hydrocarbons already in the liquid state. Since alkanes are the 
main component of commercial oil, the purpose of this study was to study 
the general regularity of the chemical transformation of n-alkanes under 
hydrodynamic cavitation treatment of hydrocarbons in an aqueous emul-
sion.

EXPERIMENTAL PART
Water was introduced into the system as a diluting medium, as well as 

as a primary source of free radicals and ions, and to suppress condensa-
tion processes.

Under the action of cavitation, the molecular bonds of water were sub-
jected to homolysis with the formation of free radicals that initiate the pro-
cess of dissociation of alkanes. In order to shift the balance in the direction 
of destruction, mechanochemical treatment was carried out under condi-
tions of continuous distillation, similar to distillation with water vapor. The 
research was carried out on the model compound - n-decan.

An emulsion of water and n-decane prepared from components taken 
in a ratio of 9 : 1 (by volume), was placed in a cavitator of the design of 
Petrakov A.D. and treated with ultrasound for 10 min. The total volume of 
the processed mixture was 2 liters.

An experiment was also performed with the acidification of an aqueous 
emulsion with glacial acetic acid taken in a volume of 1.14 ml, similar to the 
experiment described in [5].

The content of hydrocarbons in the obtained samples was studied us-
ing a PerkinElmer gas chromatograph Clarus 500 with a flame ionization 
detector and a capillary column 30 m long, with an internal diameter of 0.32 
mm and a fixed phase “Elite – 1” (film thickness 0.25 microns). Conditions 
for chromatography: programming the temperature of the column thermo-
stat from 40°C, thermostating for 5 minutes, then heating at a speed of 
5°C/min to 310°С and hold the final temperature-10 min. The carrier gas 
is nitrogen. The temperature of the injector (sample input node) is 220°C, 
the detector is 300°C. The data collection and processing program is To-
talChrom. Identification of n-alkane peaks was carried out by the relative 
retention times and yield sequence on the chromatogram relative to the 
standard of n-dodecane and isoprenoids: pristan and phytane. The mass 
fraction of paraffin is determined by the external standard method based 
on calibration charts. The peak area was calculated in relation to the sum 
of the areas of all peaks on the chromatogram of the full ion current.
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Other hydrocarbons were determined using a gas chromatograph with 
mass detection on a Clarus 500/Turbomass-Gold device equipped with a 
30 m × 0.25 mm × 0.25 mm capillary column with a MS-5 methylphenyl-
silicon elastomer.

Conditions for chromatography of other hydrocarbons: programming 
the temperature of the column thermostat from 40°C, thermostating for 
5 minutes, heating up to 310°C at a speed of 5 deg / min, holding the 
final temperature – 20 min. The carrier gas is helium. The temperature of 
the injector is 220°C, the electron source is 190°C, and the transfer line 
is 300°C. Registration of mass spectra at an electron energy of 70 eV, 
mass scanning range 41-450 m/z, spectrum scanning time 0.2 s, delay 
between scanning 0.05 s. The internal calibration standard acenaften-D10 
in chloroform in the amount of 0.912 micrograms was introduced into each 
analyzed sample.

Identification of organic compounds by GC–MS was performed by pro-
cessing the spectra for relative retention times and by reconstructing the 
chromatogram of the total ion current from characteristic ions.

After the peak detecting of the identified component, its mass spectrum 
and all characteristic fragment ions were determined and the original chro-
matogram was reconstructed. The mass spectra of the components were 
compared with the NIST 98 mass spectrum catalog. If the mass spectra 
matched by more than 90%, the substance was considered as identified. If 
the match was less than 90%, the most likely group of organic compounds 
was determined, which included the substance under study.

Table 1-Main characteristic ions used for identification 
of hydrocarbons

Characteristic 
ions, m/z

The name of the 
hydrocarbon

Characteristic 
ions, m/z

The name of the 
hydrocarbon

55, 69, 83 cycloalkane 155, 156 dimethylnaphthalene

91, 92 n-alkylbenzenes 178 phenanthrene

105, 106 methylalkylbenzene 191, 192 methylphenanthrene

128 naphthalene 202 pyrene, fluoranthene

141, 142 methylnaphthalene 228 chrysene, 
benzanthracene

Then the peak area was calculated in relation to the sum of the areas 
of all peaks on the chromatogram of the full ion current.
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RESULTS AND DISCUSSION
The obtained products of mechanochemical reactions were studied by 

the method of GC and GC-MS (tables 2 and 3).

Table 2 - Content of n-alkanes in decane subjected to mechano-
chemical action according to gas-liquid chromatography

N-alkanes
Content, % mass.

N-alkanes
Content, % mass.

without 
СН3СООН

with 
СН3СООН

without 
СН3СООН

with 
СН3СООН

С5 0.0004 - C20 0.0002 0.0038
С6 - - C21 0.0002 -
С7 0.0467 0.2268 C22 0.0002 0.0031
С8 - - C23 0.0001 0.0027
С9 0.2394 0.2088 C24 0.0002 0.0029

С10 97.2034 94.9543 C25 0.0001 0.0093
С11 0.1473 0.0222 C26 0.0002 0.0039
С12 0.0354 0.0107 C27 0.0001 0.0034
С13 0.0150 0.0051 C28 0.0002 -
С14 0.0146 0.0031 C29 0.0093 0.0028
С15 0.0023 - C30 0.0081 0.0017
С16 0.0014 - C31 0.0047 -
С17 0.0010 0.0050 C32 0.0041 -

Pristan 0.0006 - C33 - -
С18 0.0006 - C34 - -

Phytan 0.0004 - Total 0.5332 0.5094
C19 0.0004 -

Table 3 - Content of the main classes of hydrocarbons in the Decan 
after ultrasonic exposure in an aqueous medium according 

to gas-liquid chromatography with a mass detector

Main classes of hydrocarbons
Mass content, %

without СН3СООН with СН3СООН

Monocyclic hydrocarbons 1.58521 0.17125
Aromatic hydrocarbon 1.31561 0.16651
Dicyclic hydrocarbons 0.00602 0.00195

Polycyclic hydrocarbons 0.00137 –
Cycloalkane 0.00042 0.01039
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Chemical transformations of hydrocarbons in the conditions 
of homolysis of bonds (without acetic acid)

Analyzing the presented data, it should be noted that both destructive 
and condensation processes occur. Alkanes with higher and lower molecu-
lar weight, aromatic hydrocarbons are formed. The directions of the main 
transformations of n-decane can be described in the following diagram 
(Fig. 1):

3 4
C10H22

C9H20

C11H24

1

2

Figure 1 - Diagram of the main transformations of the n-decane

These reactions are free-radical in nature and are described by three 
kinetic stages: initiation, chain growth, and chain breakage.

Initiation is associated with the occurrence of free-radical states caused 
by homolysis of C-C-decane bonds and reactions of the water environment.

There are two hypotheses about the products of primary splitting of wa-
ter molecules in the ultrasonic field. According to the hypothesis of Anbar 
and Gaisinsky, the scheme of this process can be presented in the follow-
ing form:

H2O : H, OH, H2, H2O2 ,
and according to the hypothesis of Margulis and Maltsev:

H2O : H, OH, H2, H2O2, eaq
.

Formed radicals and molecules capable of interacting with hydrocarbon 
molecules can both enhance and reduce the flow of condensation and 
destructive processes in the system [8].

Consider successively all the patterns of conversion of hydrocarbons 
flowing in aqueous medium under the effect of cavitation treatment. The 
radicals obtained in the process of splitting water transfer the free valence 
to the decane molecules, being at the interface of the phases. Since the 
reactor can be considered as an ideal mixing reactor, the process of free 
valence transfer at the interface of the phase contact should be considered 
the main one.
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As a result of ultrasonic exposure, individual decane molecules under-
go homolytic rupture of the C-C bond to form free radicals. It is assumed 
that the break of the hydrocarbon chain is possible, both in the middle of 
the molecule, at the weakest C-C bonds, and at the end of the carbon 
chain (Fig. 2):

CH3 (CH2)8 CH3 CH3 (CH2)7 CH2 CH3 (CH2)7 CH3 + C10H21
+ C10H22

- CH3

CH3 (CH2)3 CH2 CH2 (CH2)3 CH3 CH3 (CH2)3 CH3 + CH2 CH (CH2)2 CH3

Figure 2 - Main directions of destruction of the n-decane molecule

The formed radicals are able to recombine with neighboring decane 
molecules, forming alkanes with a lower molecular weight and new radi-
cals. Thus, the first direction of transformation shown in Figure 1 is realized.

Chemical transformations in direction 2 (Fig. 1), leading to the forma-
tion of undecane and, to a lesser extent, higher homologues, are realized 
by recombination of the radical on the reactor wall or in the reaction volume 
[9] (Fig. 3):

CH3 (CH2)8 CH2  H
- H2O

OH
CH3 (CH2)8 CH2

+ C9H20

- C9H19

CH3 (CH2)7 CH CH2

CH3 (CH2)8 CH3
+ OH

CH3 (CH2)8 CH2 CH3 (CH2)7 CH CH2
+ OH

- H2O - H2O

CH2 CH (CH2)7 CH3 + CH3 CH3 CH2 CH (CH2)7 CH3
+ C10H22

C11H24 + C10H21

Figure 3 - Scheme of formation of n-alkanes with a higher molecular 
weight under the action of peroxide radicals formed as a result of 

hemolysis of water molecules

The simplest radicals, having increased reactivity due to the content of 
unpaired electrons, tend to stabilize and are double bonded to the olefin 
molecule to form n-alkane (Fig. 3). The flow of reactions in the direction 3 
leads to the formation of benzene and its alkyl-substituted derivatives.

The production of benzene and butylbenzene occurs as a result of cy-
clization of the formed unsaturated radicals. The reaction is preceded by 
isomerization of primary radicals into more stable secondary ones, which 
occurs as a result of migration of the hydrogen atom inside the molecule 
from position 1 to position 5 through a cyclic transition state. This transfor-
mation leads to cyclization of the alkene (Fig. 4):
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CH3 (CH2)7 CH CH2 + OH CH2 (CH2)3 CH2 CH2 CH2 CH2 CH CH2

H2C

H2C

CH2

CH

CH2

H

CH2 CH2 CH2 CH CH2

CH3 (CH2)3 CH (CH2)3 CH CH2

C4H9

- 3H2

C4H9 + H

- C4H9

Figure 4 - Scheme of formation of cycloalkanes and arenes

Dehydrogenation and dealkylation of the alkylbenzene side chain re-
sults in unsubstituted benzene (Fig. 4).

Chemical transformations of oil n-alkanes under ultrasonic 
influence of water-acidic media

Destructive processes are noticeably enhanced in the conditions of 
acid catalysis (tables 2, 3). Most clearly, based on the obtained experimen-
tal data, the process can be described by the scheme of the main direc-
tions of transformation of n-decane (Fig. 5).

C7H16

C10H22

C9H20

1

2

3

Figure 5 - Diagram of basic transformations of n-decane in acidic 
media under hydrodynamic receipt action

Alkanes undergo two main transformations during ultrasonic exposure: 
degradation (Fig. 6) and dehydrocyclization (Fig. 7)..

The C-C bond degradation (direction 1-2, Fig. 5) is due to the hetero-
lytic bond break occurring according to Table 2 at the end of the alkane 
molecule (Fig. 6):

CH3 (CH2)7 CH2 CH2

CH3 (CH2)6 CH CH2 + CH3 CH3 (CH2)6 CH CH2

CH3 (CH2)7 CH2 CH3
H+

H2-

CH3 (CH2)6 CH CH2
H

CH3 (CH2)6 CH CH3
+ C10H22+

C10H21
-

C9H20
H+

H2



95

Process Management and Scientific Developments

CH3 (CH2)5 CH2 CH2 CH2 CH3 (CH2)5 CH2 + CH2 CH2

CH3 (CH2)5 CH2
+ C9H20

C7H16  + C9H19

Figure 6 - Scheme of heterolytic destruction of n-alkane during 
hydrodynamic cavitation treatment of aqueous media 

in the presence of acid

Dehydrocyclization (direction 3, Fig. 5) is caused by successive het-
erolytic cyclization of the alkane molecule, its dehydrogenation with the 
formation of aromatic hydrocarbons and the subsequent breaking of the 
β-C-C-bond of the alkyl fragment of the benzene ring, which is capable of 
further separation of the alkyl radical from the benzene ring (Fig. 7):

CH3 (CH2)7 CH2 CH3
+ H
- H2

CH2 CH2 CH2 CH2 CH2 CH2 (CH2)3 CH3

CH2 CH2 CH2 CH2 CH2 CH2 (CH2)3 CH3
- 3H2

Figure 7 - Scheme of heterolytic dehydrocyclization of n-alkane un-
der hydrodynamic influence of water-acidic media

CONCLUSION
Ionic and free radical mechanisms of mechanodestruction of n-alkanes 

are equally characterized by a qualitatively common set of products of 
mechanochemical transformation of normal hydrocarbons in the water en-
vironment under hydrodynamic cavitation action. Quantitative differences 
in the reaction products indicate a deeper course of reactions of dehydro-
cyclization and alkylation of the formed aromatic hydrocarbons with the 
formation of condensed poly-nuclear aromatic compounds in an acidic en-
vironment.

Hydrodynamic cavitation action of water media under neutral pH condi-
tions contributes to the intensive flow of dehydrocyclization processes of 
n-alkanes, with the formation of cyclohexane, mono-and dionuclear arenes 
and their derivatives.

The acidic reaction of the medium suppresses the flow of free-radical 
condensation transformations of n-alkane, strengthens the processes of 
heterolytic destruction of n-alkanes, contributing to the intensive formation 
of aliphatic limit hydrocarbons with a lower molecular weight.
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Abstract. This work presents the results of many years of research on 
the production of bitumen-polymer materials based on gossypol resin, in-
tended for waterproofing various building structures, isolating underground 
steel pipelines in order to protect them from aggressive environments, as 
well as for roofing and asphalt concrete coatings. 

Keywords. Oil depletion, bitumen composition, gossypol, softening 
point, alternative method, unconventional raw materials.

Introduction
Oil bitumens – are one of the many-toned oil products, and at the same 

time one of the scarce ones. The share of oil bitumen in the total volume 
of commodity products of world oil refining is 3-4%. The total demand 
for bitumen today is estimated at 102 million tons per year, while 85% of 
the bitumen demand is in the road industry. The bitumen produced by 
its physical and mechanical properties and technical indicators does not 
meet the requirements that are necessary for modern construction. They 
are too fragile, have low adhesion properties and are not resistant to ag-
ing. Obviously, this is due to the fact that bitumen was not considered a 
target product for a long time, and due attention was not paid to improving 
the technology of its production, as a result of which the quality of bitumen 
and its volumes do not correspond to the modern market. At the same 
time, the demand for it by a number of industries is increasing every year. 
The total demand for bitumen in Uzbekistan is satisfied by 50%. On the 
other hand, according to the annual report of the BP Statistical Review of 
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World Energy, by the beginning of this year, the total volume of explored oil 
in the world amounted to 1.7 trillion barrels, which is enough at the current 
level of consumption for 53 years [1].  

However, the problems of oil depletion, as well as the acute shortage of 
oil bitumen in the national economy, make it expedient to develop and use 
unconventional raw materials for the production of bitumen.

The purpose of this study was to develop a new, competitive bitumen 
composition based on gossypol resin and a method for producing it with 
improved physical, mechanical and technological parameters, with high 
adhesive, anticorrosive properties, with resistance to aging, wide tempera-
ture range of ductility, increased heat and frost resistance.

Materials and methods
The main objects in conducting theoretical and applied research in this 

article were calcium oxide, urotropine, urea and gossypol resin - waste of 
oil industry. To achieve the goal of the study, a modern laboratory base of 
the Urgench State University was used. Various modern physicochemical 
research methods were used.

Results and discussion
When fats and oils are treated with alkali solutions during chemical re-

fining, salts, soaps, which are insoluble in neutral fat, are formed, aqueous 
solutions of which are easily separated from fat due to their high density. 
Such a soap mass is called soap stock. Cotton stocks of the Urgench oil 
and fat factory (Uzbekistan) contain 40.5-62.2% of total fat, 17.4-22.0% of 
neutral fat, 3.7-6.1% of non-fat substances, 10.0-30.7% of moisture. The 
average molecular weight of 276. 

Soapstock is lightened by the decomposition of fats, followed by distil-
lation of the resulting crude fatty acids. Fatty acid distillation is carried 
out at temperatures of 220-230 °C. As a result of these processes, at 
the same time as part of the fatty acids is distilled off, a gossypol resin is 
formed in the cube, containing from 40 to 50% of the products of conden-
sation, polymerization, and gossypol interaction products. 

Despite the seemingly obvious benefit, if we involve in the produc-
tion of bituminous materials huge reserves of secondary raw materials 
- gossipol-containing waste, unfortunately, the main issue has not yet 
been resolved - their immediate or planned disposal. However, gossypol 
resin as a large-capacity waste of the oil and fat industry, containing a 
significant amount of fatty acids, along with other products of conden-
sation and polymerization, could serve as a raw material for valuable, 
severely deficient products for various purposes with very high economic 
and social effects.
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Our scientific studies have proved that the structural features and 
properties of the resulting waste gossypol resin show a very diverse and 
rich chemical nature, upon closer examination of which the possibility of 
obtaining valuable materials becomes quite obvious. At the same time, 
analysis of literary sources shows that the use of gossypol resin in the 
development of oil-free bitumen technology is one of the most effective 
and efficient directions. 

In this work, gossypol resin was used, resulting from the distillation of 
fatty acids at a temperature of 220-230 °C, containing from 40 to 50% of 
condensation, polymerization and gossypol reaction products. In the com-
position of gossypol resin, 12% of nitrogen-containing compounds, 36% 
of the products of the conversion of gossypol, which retained naphthol 
hydroxyls and 52% of fatty and hydroxy fatty acids in the form of lactones, 
were found. Gossypol resin is composed of polyphenol, fatty acids, hydro-
carbons, nitrogen and phosphorus compounds, as well as gossypol con-
version products. The presence of naphthalene core compounds in the 
composition also makes the products of the modification of the gossypol 
resin thermo-, chemo- and radiation-resistant, and the phenolic, hydroxyl, 
carboxyl and aldehyde groups - reactive with high complexing properties. 
However, gossypol resin is fundamentally different in composition from tra-
ditional oil tars, therefore, obtaining a substitute for oil bitumen based on 
gossypol resin has its own specific feature and requires the search for 
certain conditions using non-traditional modifier additives. 

Obtaining a high-quality substitute for petroleum bitumen based on 
gossypol resin has its own specific feature and requires the search for cer-
tain conditions, as well as the use of non-traditional additives of modifiers, 
plasticizers and builders. Long-term experimental research yielded posi-
tive results. To obtain the specified grades of bitumen, a thermally oxidized 
gossypol resin was used as a binder - waste from oil and fat plants, rubber 
crumb (plasticizer) - waste from worn tires (CRU).  According to the pro-
posed composition, VAT residue of monoethanolamine purification (VRM), 
urotropine and urea were used as the active modifier. Quicklime was used 
as the builder, in the following ratio of components, wt.%: Thermally oxi-
dized gossypol resin - 88.0 ÷ 90.0; CRU - 4.0 ÷ 5.0; VRM -3.5 ÷ 4.0; urea 
- 0.45 ÷ 0.50; quicklime - 0.5 ÷ 1.0; urotropin - 0.04 ÷ 0.05. 

For thermal oxidation of the resin, air was used. It was oxidized at a 
temperature of 250-260 °C, for 120 min, with constant stirring, the plasti-
cizer — rubber crumb — wastes of worn tires (up to 1 mm in size) were 
loaded, and the extract was allowed to stand for 30 min to swell, the crumb 
destruction in a gossypolic medium, then vat was gradually added the 
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precipitate of monoethanolamine purification, after its uniform distribution 
throughout the volume, was added - building quicklime and mixed until the 
gas evolution ended, then, when the mass was cooled with atmospheric 
oxygen to 135 °C, the rest of the modifier, namely urea and urotropin, was 
added to let the mass sit until gas evolution was completed.

The addition of urea and urotropine to the composition makes gossy-
pol resin modification products thermo-, chemo-, and corrosion-resistant. 
In many respects, it can successfully replace expensive oil bitumen, the 
deficit of which is felt every year. In this case, the introduction of urotropine 
and urea, which exhibits complexing properties in the proposed composi-
tion, makes it possible to streamline and strengthen the structure of poly-
condensed molecules. As a result of this interaction of all the constituent 
ingredients, the product obtained from this composition acquires the prop-
erties necessary for building bitumen: reducing the depth of penetration of 
the needle, water saturation, increasing the temperature of softening and 
flash, which leads to the achievement of the task - increase fire safety, wa-
ter resistance, corrosion resistance and hardness of the cover [1]. 

Thus, the physicomechanical characteristics of bitumen compositions 
based on gossypol resin are increased - the temperature range of plasticity 
is expanded, frost resistance is increased, resistance to cyclic deforma-
tions at low temperatures, and their service life is increased. 

If we take into account that the main function of bitumen in a mixture of 
asphalt concrete is to bind the components into a single unit, while main-
taining the desired elasticity, plasticity and strength, the pavement con-
structed using the bitumen developed by us over time under the influence 
of air oxygen, sunlight and under the influence of many different factors 
after evaporation, low-boiling fractions, high-molecular compounds have 
the best required characteristics and are densely compacted. As a result 
of this, the road surface becomes mechanically strong and heat resistant. 

Building bitumen based on gossypol resin is used in the construction of 
road coatings, for insulation of metal structures and for roofing. They com-
pletely replace the oil bitumen of the brands BND 60/90, BNI 70/130, BNK 
90/10. Tested and approved by MAC "Autoyul" of the Republic of Uzbeki-
stan. Bitumen-polymer composition meets the requirements of technical 
specifications TU 64–22518677-01: 2001 and is produced according to the 
technological instructions approved in the established manner. Depending 
on the purpose of the bitumen, the following grades are produced: UBC, 
IBC, RBC, where: 

• UBC - universal bitumen-polymer composition designed for water-
proofing building structures and for preparing asphalt concrete coatings;
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• IBC - insulating bitumen-polymer composition is intended for 
waterproofing underground and insulation of surface steel pipelines;

• RBC - roofing bitumen-polymer composition is intended for roofing.
The results of physical and mechanical properties of bitumen based on 

gossypol resin are given in the table.                                               

Table 
Physico-mechanical properties of obtained bitumens 

based on gossypol resin
1. Needle penetration depth, at 25 °C, 0.1mm 
UBC
IBC
RBC

60-90
22-41
6-22

2. The softening temperature on the ring and the ball, °C, not lower than
UBC
IBC
RBC

47
69
91

3. Tensility at 25 °C, cm, not lower than
UBC
IBC
RBC

54
3.2
1,1

4. Flash point, °C, not lower than
UBC
IBC
RBC

315
315
315

5. Solubility in benzene or chloroform,%, not less than 99,5
6. Mass fraction of water Traces
7. Water absorption in 24 h,%, no more than 0,1

For the novelty of the development, 2 patents of the Republic of Uzbeki-
stan were obtained, and there is also an international certificate of compli-
ance with ISO 9001:2015. The production enterprise "Khorezm anticorr 
invest" has organized mass production of the above bitumen [2,3].

The proposed bitumens in appearance and physico-mechanical param-
eters does not differ from oil bitumen, they have the appropriate sanitary 
and hygienic conclusions and toxicological passports. Tested and agreed 
at the Republican Center for certification and standardization in construc-
tion. 

The developers guarantee, if subject to the application technology, the 
high efficiency of bitumen for the insulation of building structures, founda-
tions, pipes, metal structures, power transmission towers, petrochemical 
facilities, water pipes, gas pipelines from aggressive environments, as well 
as the preparation of asphalt for repair and restoration and roofing.
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Abstract. This paper presents the results of research on the develop-
ment of technology for acid-resistant anticorrosive coatings. Technical con-
ditions have been created for obtaining anticorrosive agents, registered 
with Uzstandard agency, an international certificate of conformity ISO 9001 
for a new type of product has been obtained.

Keywords: acid-resistant coatings, corrosion, damage, rusting, corro-
sion protection, technological scheme, technical regulations

Introduction
In the world, metals are considered the main, most important structural 

material in the development of any industry, and at present there are no 
economic areas without its application. The problem of protecting metals 
from corrosion appeared in the early times of human use of metals. Ev-
ery country on a global scale suffers very large losses in economic terms 
due to rusting of metals and serious economic losses due to corrosion 
of structures. In this regard, the prevention of failure of various buildings, 
structures, equipment due to damage by aggressive media is of particular 
importance. 

Today in the world, scientific research is being conducted on the pro-
duction of corrosion protection products for metal structures and equip-
ment, the production of anticorrosion agents in various environments, 
ensuring their comprehensive action as much as possible and reducing 
costs, scientific justification is needed in the following areas: to determine 
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the physicochemical properties of raw materials used in the manufacture 
of anti-corrosion agents; conduct research work for the production of ac-
id-resistant and anti-corrosion agents; to develop a basic technological 
scheme of their production and make its description; to improve the stages 
of obtaining anti-corrosion agents, the development of technological regu-
lations for production [1]. 

The purpose of this study was to develop a technology for produc-
ing import-substituting, export-oriented and highly effective acid-resistant 
anticorrosive coatings based on waste oil and grease industry - gossypol 
resin and local resources and putting it into practice.

Methods
In this work, we used chemical and modern physicochemical methods 

of analysis: X-ray phase, IR spectroscopic, differential thermal methods of 
analysis.

Results and its discussion
To create anti-corrosion coatings that meet international standards for 

performance, to develop new generations of coatings with low cost, the 
easily available industrial waste - gossypol resin - was chosen as the main 
raw material. Qualitative indicators of the selected gossypol resins for the 
study are given in table 1 [2].

Table 1
Qualitative indicators of gossypol selected for research

Name of indicators Characteristic and norm
First grade Second grade

Appearance and color homogeneous mass from dark brown 
to black

Acid number, mgKOH/g 71-100 50-70
Solubility in acetone,%, not less 80 70

Mass amount of ash,% not less than 1,0 1,2
The amount of moisture and volatile 

substances,% 4,0 4,0

Melting temperature, °C 70 70
Flash point temperature, °C 250 250

Ignition temperature, °C 285 285

In order to increase the diversity of acid-resistant coatings, increase the 
drying rate and enhance adhesion, as well as provide rust modification, 
CaO, zinc oxide, phosphoric acid, and an acid corrosion inhibitor, urotropin 
(CH2)6N4, were introduced into the composition of gossypol resin. 
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Chemical and electrochemical methods were used to test the corro-
sion resistance of the obtained samples based on the results of numerous 
studies in order to determine the optimal ratios of the components in the 
composition. The data obtained are proved by chemical methods. The cor-
rosion rate is estimated as surface mass loss per unit time (g/m2×h∙10-3). 
The test results are shown in table 2.

Table 2
Test results for steel samples in a 20% H2SO4, solution treated 

with a gossypol resin based anti-corrosion coating

Samp-
les

GR:CaO:
ZnO:H3PO4:

(CH2)6N4,
mass.,%

The difference 
in sample 

mass, g (day)

Corrosion rate, g/m2,
10-3 (day)

The degree of 
protection,% (day)

Appearance 
of the 

sample after 
90 days

7 28 90 7 28 90 7 28 90

0 Without coatings 0,0105 0,0567 0,0696 44,4 56,16 22,08 - - - severe 
corrosion

Gossypol resin: CaO: ZnO: H3PO4: (CH2)6N4

1 91:2:0:2:4,5:0,5 0,0014 0,0067 0,0742 5,91 7,13 4,48 86,4 88,2 89,6 little 
corrosion

2 90:2:2:5,5:0,5 0,0010 0,0089 0,0013 4,03 9,22 4,35 90,6 94,3 90,1 traces of 
corrosion

3 89:2:2:6:1 0,0001 0,0005 0,0009 0,41 0,46 0,29 99,0 99,2 98,2 Clear

4 88:2:2,0:6,5:1,5 0,0007 0,0008 0,0014 3,47 5,27 1,64 98,2 98,1 97,2 traces of 
corrosion

5 87:2:2,0:5,5:1,5 0,0014 0,0019 0,0025 5,1 7,35 3,19 97,2 96,5 95,5 little 
corrosion

The change in the anticorrosive properties of coatings over time is de-
termined according to the requirement of GOST 6992 visually on an eight-
point scale. Coating a - stainless and b - rusted to 1 mm in samples of 
steel St 3 were tested in distilled water, 3% NaCl solution, 20% solutions of 
H2SO4, HNO3, HCl. Five types of coatings were prepared. The content of 
the amount of urotropin in them was in the range from 0.5 to 1.0%, respec-
tively, tests have been conducted. The influence of the atmosphere on the 
stability of coatings was measured in urban conditions of Urgench (the Aral 
Sea region) of moderate aggressiveness for 2 years. The optimal samples 
of the acid-resistant anticorrosion coatings we created were evaluated in 
the range of 1-2 points, their resistance to the effects of the atmosphere, 
water, 3% NaCl and 20% H2SO4, HNO3 and HCl was completely proved 
and were approved. The conformity of all coatings to the standard require-
ments for the test time is determined. Based on the foregoing, it can be 
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concluded that anticorrosion coatings synthesized on the basis of ther-
mally oxidized gossypol resin and local resources, unlike analogues, have 
specific properties. It has been fully proven that they form on the surface 
of carbon steels a thin, stable, chelate-type shell tightly glued to the metal 
base and are very stable in acidic media. 

The physicomechanical properties of the film were checked on plates 
made of sheet steel grade 08KP and 8KS according to GOST 16523-78, 
size 150x70x1.0 mm. Coatings were applied to plates, both uncoated, with 
corrosion products on the surface, and stripped, by brush or by dipping, 
until a layer thickness of at least 60-80 microns was reached. Rust was 
obtained artificially by holding the plates in a 3% sodium chloride solu-
tion for 3 days at room temperature. Drying of the coatings was carried 
out at room temperature (22-25°C) for 24 hours. Before testing, the dried 
samples were kept at room temperature for 2.5-3 hours. When preparing 
anti-corrosion coatings, the most optimal solvent was nefras 130/210 (TU 
ANP 3-8-94) or white alcohol C4 155/200 (GOST 3134-78). 

The conditional viscosity of the coatings was determined using a VZP-
4 viscometer at 20 °C. The film thickness of the anticorrosion coating was 
measured with a magnetic thickness meter ITP-1. The thickness of the 
coatings is determined on an ITP-1 magnetic device. The strength of the 
coatings for bending is determined according to GOST 6806. The impact 
strength of coatings was determined according to the requirements of 
GOST 4765. The measurement was carried out on a U-1A device. The 
adhesion of the applied coatings was determined on the basis of the 
requirements of GOST 15140. The determination was carried out on a 
4-point scale. If one part flies out of 100 parts - 1 point, two parts fly off - 
2 points, etc. The resistance of the protective properties of the coatings 
was determined by soaking them in distilled water to water, a 3% NaCl 
solution to salt, and acid resistance in 20% solutions of various acids, 
respectively, for 14 days. The weathering resistance of the coatings was 
tested on samples located on the roofs of the "Khorezm anticorr invest" in 
Urgench for 2 years. The penetration depth of the needle in the composi-
tions was determined on a penetrometer according to GOST 11501. In 
this case, the temperature of the test substance, the load and the duration 
of immersion are recorded. The usual load is 100 g, the duration of im-
mersion of the needle in the substance is 5 seconds, and the temperature 
of the substance at the time of the test was +25 °C. The depth of penetra-
tion of the needle is expressed in degrees, determined by the disk of the 
penetrometer, where each degree of the disk corresponds to lowering the 
needle by 0.1 mm.
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To determine the corrosion rate in various environments, the method of 
measuring polarization resistances was used. The softening temperature 
of the coatings was determined by the ring and ball method according to 
GOST 11506. The generalized results of the physicochemical parameters 
of acid-resistant coatings based on gossypol resin, calcium oxide, zinc ox-
ide, phosphoric acid and hexamethylenetetrain are given in Table 3. Based 
on the tabular data, it can be concluded that all indicators of the physico-
chemical properties of the coatings meet the requirements of GOST [3]. 

Table 3
Physico-mechanical properties of coatings based on gossypol resin
№ Name of indicators Norm of indicators

1 Colour from dark brown to black

2 Appearance Resinous
3 Smell Specific
4 Flash point temperature °C 315
5 Strength with metal upon application 

(adhesion), MPa, not less than 4,0

6 Impact strength, n∙m, not less than 1,9
7 Bending strength, mm, not more than 7,0
8 Temperature range during application, °C 4-45
9 The rate of hydrogen ions, (pH) 5,6-6,1

10 Crystallization temperature, °C - 40
11 Consumption, g/m2, no more than 100,0
12 Water absorption,%, no more than 0,1
13 Drying time, hours, no more than 12-14
14 Protective ability, days, not less than 1000,0
15 Full formation of the protective layer, days 4-5

These coatings are superior to foreign analogues in their quick drying, 
resistance to impact, elasticity, resistance to bending, a high degree of 
adhesion, the ability to apply any decorative varnishes and a high degree 
of acid resistance. 

Based on the above data, we can conclude that the created acid-resis-
tant coatings based on gossypol resin and technogenic resources meet all 
the parameters of world standards. The results of their tests in various in-
dustrial facilities have fully proved the reliability of the above results, about 
which the relevant acts are drawn up. In order to determine the optimal 
solvents for dissolving acid-resistant coatings, studies were carried out 
with nefras, white alcohol, gas condensate and kerosene. Studies have 
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shown that when dissolving acid-resistant coatings in solvents (kerosene, 
gas condensate, white spirit and nefras) at a ratio of 1: 3, a homogeneous 
acid-resistant mass with a glossy texture is preserved in all solvents, pre-
serving all physicochemical properties. Further studies drew attention to 
an even greater increase in the resistance of coatings to high temperatures 
and the acid resistance of chromates. In studies, an increase in the in-
hibitory properties of chromates was observed, starting from 1.6.10-3 mol/l 
(when using potassium dichromate, a solution with a concentration of 2-3 
g/l is taken). The created compositions were tested in acidic media in three 
concentrations at a temperature of 50-150 °C. 

Tests show that the addition of 10-4-10-3 mol/l potassium dichromate 
ensures reliable protection in heat exchange devices and high tempera-
tures. It is noteworthy that with a sufficient number of bichromate ions, the 
anticorrosive protective force increases with increasing temperature and 
the possibility of using chromate compositions as acid-resistant coatings 
at high temperatures is created. As a result of research, the production of 
heat-resistant coatings was achieved. Test + was carried out for 24 hours, 
the data obtained is given in table.4. 

Table 4
Test results of acid-resistant coatings when exposed to various 

acids and high temperatures 
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H2SO4

20 50 88,0
87,5
87,0

2,0 2,0 6,0 1,0 1,0
1,5
2,0

0,0067
0,0032
0,0005

0,72
0,53
0,15

72,2
85,5
95,6

40 100 87,0
86,5
86,0

2,0 2,0 6,0 1,0
2,0
2,5
3,0

0,00770,00320,0006 0,23
0.22
0,17

93,0
93,6
94,1

60 150 86,0
85,5
85,0

2,0 2,0 6,0 1,0
3,0
3,5
4,0

0,00780,00330,0005 0,24
0.19
0,15

93,1
93,7
95,5

HNO3 40 25 86,0 2,0 2,0 6,0 1,0 3,0 0,0032 0.22 93,6
30 85,5 3,5 0,0006 0,17 94,1

HCI
20 25 86,0 2,0 2,0 6,0 1,0 3,0 0,0039 0,63 81,5
30 30 85,5 3,5 0,0045 0,33 90,1
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From the results of numerous studies conducted, the optimal ratios 
of compositions stable at high temperatures (100-150 °C) in aggressive 
chemical environments and reliably protecting steels were determined. 

The next stages of the study were devoted to enhancing the acid resis-
tance of coatings at high temperatures. According to the results of numer-
ous studies, it was determined that the inhibitory strength of the mixture 
of chromates and ZnSO4 gave a greater effect than the sum of individual 
compounds at maximum concentrations, and the complete cessation of 
corrosion of St3 steels under the influence of a mixture of 20 mg/l of chro-
mate and 60 mg/l of sulfate in the range pH = 1.5-3.0. 

Due to its low toxicity and low cost, zinc phosphates are widely used in 
the synthesis of anticorrosive substances. Its anti-corrosion mechanism is 
justified by the formation of the following complex compounds under the 
influence of water and other aggressive substances:

Zn3(PO4)2∙4H2O = [Zn3(PO4)2(OH)2∙(H2O)2]
2- + 2H+

These are the bases of the complex type acid at the anode sites with 
Fe2+ and Fe3+ ions form very stable corrosion inhibitors:0

[Zn3(PO4)2(OH)2∙(H2O)2]
2- + Fe2+= [Zn3(PO4)2(OH)2∙(H2O)2] ∙Fe

The formed stable complex salt has a sufficient inhibitory property, in 
addition, this shell sharply counteracts the osmotic absorption of water and 
other aggressive substances. Another feature of the inhibitor is the stabil-
ity of the coating during prolonged use of the material. It is based on high 
adhesive ability [4]. 

Based on the laboratory studies and tests performed on the laboratory 
model unit, a process flow diagram for the production of acid-resistant an-
ticorrosive coatings from gossypol resin was developed and the material 
balance was calculated.

The main scientific and practical results are as follows:
A comparative study of the physicochemical properties of gossypol 

resin - the waste of oil plants in the country and local resources by modern 
methods, i.e. As a result of studying the processes of dehydration and 
thermal oxidation of gossypol resin from various sources, the optimal pa-
rameters of these processes were determined: the dehydration time for the 
release of 94.1-96.6% of water and the heating temperature of 170-240 °C. 
In order to increase acid-resistant properties, drying speed and adhesion, 
as well as modification, CaO, zinc oxide, orthophosphoric acid and an acid 
corrosion inhibitor - hexamethylenetetramine (CH2) 6N4 were introduced 
into the composition of gossypol resin, their optimal ratio is equal to GR:Ca
O:ZnO:H3PO4:(CH2)6N4=89:2:2:6:1 and due to the absence of changes on 
the surface of the test samples even after 90 days, the production of these 
types of coatings on an industrial scale is recommended.
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The difference between the created anti-corrosion coatings and import-
ed analogues was determined to be due to faster drying, shock resistance, 
elasticity, bending resistance, high adhesion and the ability to apply any 
decorative varnish and high acid resistance. Technical conditions have 
been created for the production of anticorrosive agents, registered with 
Uzstandard, an international certificate of conformity ISO 9001 for a new 
type of product has been obtained.
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The purpose of the research is to assess the role of mine water in the 
management of surface water pollution in the Eastern Donbass. The lead-
ing drivers of environmental transformation in the region are the coal min-
ing and coal processing industries. Under the influence of these factors, 
many negative consequences and, above all, intensive pollution of surface 
water are formed. To solve the problem, standard methods of mathemati-
cal statistics and the original method of assessing water quality by the total 
pollution indicator are used. Mn, Fe, Se, Be, as well as SO4, M, Na, Mg. 
contribute the largest share of surface water pollution. Mine waters play 
a leading role in the pollution of surface water in the region studied. The 
high efficiency of the original method of assessing water quality by the 
total pollution indicator is shown. The level of pollution of mine and surface 
waters demonstrates the need to implement environmental rehabilitation 
measures and improve treatment technologies.

Keywords: mine, surface water, chemical composition, pollution indi-
cator, Eastern Donbass

Introduction
In the Eastern Donbass, the coal mining and coal-processing industries 

have a significant impact on the environment, causing serious damage to 
public health and environmental potential in the region. These factors form 
man-made cracking of rocks, deformation of buildings and structures, silt-
ing of watercourses, salinization of soils, and mass elimination of mines 
intensified the processes of subsidence of the earth's surface, flooding of 
areas, formation of powerful flows of pollution of air, water and geological 
environments, the release of "dead air" and other negative phenomena [1-
3, 10]. Such negative effects are typical for many coal basins in the world  
[1, 4, 6, 8, 9]. To achieve this goal, more than 2,000 analyses of the chemi-
cal composition of mine and surface waters were used, standard methods 
of mathematical statistics and the original method of assessing water qual-
ity by the total pollution indicator were used. 
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Methodology
The original method of calculating the concentration ratio  and the total 

pollution indicator is used to assess surface water pollution [2, 3]. The 
categories of water and environmental pollution (table 1) are used.   The 
i-component concentration ratio is calculated according to the following 
formula:

K iC =Ci/C mac,   

where the component's Ci-concentration, Cmac, is the maximum permis-
sible or background concentration of the component.

The degree of water and environmental pollution by n components is 
estimated by the total pollution indicator:

ZC=∑i KiC - (n-1).
The categories of water pollution and the environment are listed in Ta-

ble 1.
Table 1

Water and environmental pollution categories
Total pollution indicator  Water and environmental pollution categories

<2 Norm
≥2  - 16 Risk
≥16 - 128 Crisis
≥128 - 1024 Disaster
≥1024 The Great Disaster

The total pollution indicator makes it possible to assess the quality of 
the chemical composition of any type of water (atmospheric, surface, un-
derground, man-made) relative to any regulatory indicators.

In this paper, the MAC rules are set for the following documents: for 
the United States: "U.S. Environmental Protection Agency (U.S.EPA); for 
the EU - EU directive "On the quality of drinking water intended for human 
consumption" 98/83/EU; for WHO - "1992. Drinking Water Quality Control 
Guide"; for Russia – in documents [5, 7].

Research results
Mine water is the main source of surface water pollution in the Eastern 

Donbass.  The composition of this water is sulphate magnesium-sodium 
water (table 2), in which the concentration of SO4 reaches 12, and mineral-
ization 17.5 g/l. On average, the mineralization of mine water is five times 
and higher than the mineralization of clean surface water, and for surface 
water this ratio is three times. For all limited components in mine waters 
there is an excess of MAC for drinking water (table.2).
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Table 2 
The average composition of mine and surface water (mg/l and %-mole)
Type of water рН HCO3 SO4 Cl Ca Mg Na Fe M

Mine water 6,95
591 2837 + 347 + 293 267 + 966 +

33.7 5301 +
12 76 12 17 28 55

Surface water 7,95
428 1773 + 212 267 146 + 575 +

0.45 3401 +
14 74 12 26 24 50

Clear surface water 7,98
303 304 200 153 85 50

0.04 1095
30 37 33 46 42 12

Note. Here and in all tables the sign "+" means exceeding the concentrations of compo-
nents on MAC for water of drinking and cultural use [5], M – mineralization

Special studies have shown that mine water is classified as a "disaster" 
by drinking water pollution standards. The highest polluting indicators are 
Fe and Mn, where the concentration rate exceeds hundreds of times. In 
addition, heavy pollution is observed in Al, Li, Be, Ni, and macro compo-
nents for SO4, Na, Mg and M. Regarding the requirements for fisheries 
water, the total figure is 1013, which is very close to the category of "di-
saster".    

Tables 3 and 4 provide parameters for the distribution of macro-com-
ponent concentrations and trace elements of surface water chemistry. 
The distributions of all components are highly volatile. So4 concentra-
tion reaches 4, Na - 1.6, mineralization - 6.8g/L; Fe - 5.65, Mn - 7.72 
mg/l, etc.

Table 3
Distribution of macro components in surface waters (mg/l)

Component The average Median Minimum Maximum Standard

pH 7,95 7,99 7,00 8,73 0,31

HCO3 428 406 98 793 142

SO4 1773   + 1585 17 4007  + 815

Cl 212 157 50 917  + 146

Ca 267 276 80 621 88

Mg 146  + 146 6 353  + 76

Na 575  + 343 25 1574  + 313

M 3401  + 2948 1104 6772  + 1324
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Table 4
Distribution of trace elements in surface waters (mg/l) 

Element The average Median Minimum Maximum Standard
Al 0,34  + 0,11 0,02 11,60  + 1,18
Be 0,0008  + 0,0007 0,0001 0,0037  + 0,0006
Fe 0,45  + 0,21 0,04 5,65  + 0,68
Cd 0,0005 0,0001 0,0001 0,0065  + 0,0010
K 13,0 7,5 0,3 67,0  + 14,3

Co 0,002 0,001 0,001 0,039 0,005
Li 0,16  + 0,08 0,02 0,65  + 0,15
Cu 0,003 0,002 0,001 0,009 0,002
Mn 0,61  + 0,27 0,01 7,72  + 1,00
Ni 0,009 0,001 0,001 0,482  + 0,051
Pb 0,0010 0,0010 0,0010 0,0013 0,0001
Se 0,019  + 0,009 0,005 0,070  + 0,017
Sr 3,92 3,75 0,37 8,76  + 2,15
Cr 0,0018 0,0010 0,0010 0,0060 0,0014
Zn 0,014 0,006 0,005 0,335 0,034

Table 5 provides an assessment of the quality of the surface waters 
of the Eastern Donbass. According to WHO and Russian regulations, the 
region's surface waters are classified as "risk" and, according to US and 
EU regulations, as a "crisis." According to the requirements for fisheries, 
pollution is classified as a "crisis".

Table 5
Assessment of surface water quality

Компонент
Component X

Ki
MAC 
USA

Ki
MAC 
EU

Ki
MAC
WHO

Ki
MAC RF
Drinking 

Ki
MAC RF 
Fisheries

pH 7.2 0  0 0  0 0
SO4 1773 7.0 7.0 7.0 3.5 17.73
Cl 212 0.85 0.85 0.85 0.6 0.7
Na 575 Н Н 2.8 2.8 4.8
Mg 146 Н 2.9 Н 2.9 3.65
M 3001 6.0 2.0 3.0 3.0 3.0
Al 0.34 1.7 1.7 1.7 1.7 8.5
Be 0.0008 0.2 Н 4.0 4.0
Fe 0.45 1.5 2.2 1.5 1.5 4.5
Cd 0.0005 0.1 0.1 0.17 0.5 0.1
K 13.0 Н 1.2 Н 0.4 0.26

Co 0.002 Н Н Н 0.02 0.2
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Li 0.16 Н Н Н 5.3 5.3
Cu 0.003 0.002 0.0015 0.003 0.003 1.0
Mn 0.61 12.2 12.2 1.2 6..1 61
Ni 0.009 Н Н 0.45 0.45 0.9
Pb 0.001 0.07 0.1 0.1 0.1 0.17
Se 0.019 0.38 1.9 1.9 1.9 9.5
Sr 3.92 Н Н 1.3 0.44 1.55
Cr 0.0018 0.02 0.04 0.04 0.04 0.04
Zn 0.014 0.003 0.003 0.005 0.014 1.4
Zc 17 19 8 10 109

Note. M - water mineralization, H - lack of information about MAC.

Conclusion
A detailed analysis of the quality of the chemical composition and pollu-

tion of mine and surface waters in the Eastern Donbass has been carried 
out. The high efficiency of the original method of assessing water quality 
by the total pollution indicator, which allows to estimate the degree of pol-
lution of different types of water for any number of components, is shown. 
Mine water contains very high concentrations of many components, much 
higher than MAC. The highest concentrations are observed by Fe and Mn, 
for which the excesses of MAC are hundreds, and in some cases thou-
sands of times. Typically, the excess of MAC is ten times detected for Al, 
Li, Be, Ni, Se, Cu and zn. From macro components, significant pollution is 
manifested by concentrations of SO4, Na, Mg and M. Mn, Fe, Se, Be, as 
well as SO4, M, Na, Mg.

Comparison of the list of components of pollution of mine and ground-
water strongly demonstrates that mine water plays a leading role in the 
management of surface water quality. The very high level of pollution of 
mine and surface waters indicates the urgent need to perform monitoring 
observations, to carry out measures to rehabilitate the environment in the 
region and to improve treatment technologies, primarily to reduce fe and 
Mn concentrations.
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Abstract. In this scientific article shows potential of created microtri-
angulation network, results what we have got if we will use this method of 
surveying. All works has done in Oil&Gas project in Kazakhstan. Beside 
new method article has all process detail explanation about coordinate 
systems, its calculation, determination and transformation. After all, article 
shows rconclutions of searching and checking new method in construction.
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Introduction
The availability of accurate and reliable information relating to the posi-

tion and uncertainty of the site survey control marks is critical to the integ-
rity of the Project. The purpose of this report is to introduce innovations in 
higher geodesy by creating new microtriangulation network and thereafter 
use it for survey control works. In addition, as the Survey Control Network 
itself defines the accuracy of all survey work carried out on the project, it is 
imperative the survey control used placement matches the design coordi-
nate system used throughout the design and fabrication of all next works. 
This report outlines the existing the methodology used to verify the survey 
control network, the results and parameters must be following to as coordi-
nate delta listings, the procedure for performing surveys on the subject site 
and the recommendations and conclusions. 

Synopsis 
Provided the proposed new localised site grid contains survey control 

points that are homogeneous, accurate and reliable with respect to posi-
tion and uncertainty and: 

 - the above-aforementioned factors mentioned in the "Implications of 
Coordinate Shift" are of no significance or are negligible;

 - the positioning relative to the site datum 122 or any other datum is 
of no significance, then the revised coordinate values with applied scale 
factor should be adopted. 
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Survey Control Network Verification 
GNSS equipment and observation techniques employed have a direct 

impact on the accuracy and uncertainty of the survey results. Discussions 
with the project surveyor revealed the original supplied control (second or-
der control) was performed by GNSS observations connected to only one 
1st order control point. This is far from ideal and not the standard practice 
of utilising surround control. Further, static observations session length at 
each of the second order control marks was apparently in the order of 1 to 
1.5 minutes. The standard practice for GNSS control surveys to the accu-
racy required on the project is a session length of one (1) hour plus five (5) 
minutes per one (1) km baseline length. The project surveyor has informed 
me that the stated accuracy of these control points is in the order of 20mm 
at best (Report required for confirmation). 

Quality of Control Network is beyond the scope of this verification sur-
vey to audit the quality of the originally supplied survey control network as 
it is dependent upon the following components: 

 - The Network Design; 
 - The survey practices adopted to older will; 
 - The equipment and instrumentation used; 
 - The reduction techniques employed. 

These components are usually proven by the results of a successful, 
minimally constrained least squares network adjustment computed on the 
ellipsoid associated with the datum on which the observations were ac-
quired. 

Survey Control verification surveys have been performed with preci-
sion total stations  utilizing methods appropriate to achieving the standards 
specified. 

The quality of the control survey were qualified in terms of uncertainty 
in three ways:

1. Survey Uncertainty. The uncertainty of the horizontal and vertical 
coordinates of the survey control marks relative to the survey in which it 
was observed. This verification process is independent from the influence 
of any imprecision or inaccuracy in the underlying datum realisation.

2. Positional Uncertainty. The uncertainty of the horizontal and vertical 
coordinates of the survey control marks with respect to the defined datum. 
This represents the combined uncertainty of the existing datum realisation 
and the new control survey. 

3. Relative Uncertainty. The uncertainty between the horizontal and 
vertical coordinates of any two survey control marks within the survey con-
trol network. 
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Field Survey Methodology 
Lack of inter-visibility and line of sight between survey control marks 

within the supplied survey control network restricted the use of direct ob-
servation verification. Instead, a separate network of interconnecting con-
trol stations with sufficient redundancies was set up to connect the relevant 
survey control marks. This process involved large degrees of freedom and 
eliminated traditional traverse errors providing a solution that: 

 - Had no instrument plumbing errors (everything is measured from the 
perspective of the instrument axis);

 - Minimised orientation errors;
 - Provided the opportunity to set the Instrument closer to the survey 

control mark (increased accuracy), as free stations are not reliant upon 
pre-existing ground control to setup over;

 - Provided substantial redundancy leading to sub millimetre residuals;
 - Enabled easy and fast future identification survey control verification. 

Survey instrument setup coordinates for each station within the in-
terconnecting network were established through a minimum of six (6) to 
ten (10) pre-established control points. Refer "Table 3 – Existed Control 
Points". A least squares multiple iteration bundle fit was then applied to the 
network and further transformations applied to set the coordinate system. 

This control method is very similar to the triangulation technique. Refer 
"Table 4 - Triangulation classes and categories". However, none of existing 
classes does not fit the parameters.

Table 3 – Triangulation classes and categories
Class, 

category
Angle root-mean-
square error, min

Fractional error of 
basis

Length of triangle 
side, km

I class 0,7 1: 400000 >20
II class 1,0 1: 300000 7 - 20
III class 1,5 1: 200000 5 - 8
IV class 2,0 1: 200000 2 - 5

1 category 5,0 1: 50000 0,5 - 5
2 category 10,0 1: 20000 0,25 - 3
Micro triangulation network is a chain of triangles with sides not less 

than 200 m and not more than 1000 m, laid between two sides or points 
of triangulation. 

The triangles that define the analytic network should be close to equi-
lateral. Angles at the defined points must be at least 30° and not more than 
150°. All angles in the theodolite triangles shall be measured with an ac-
curacy of not less than 30", the residual angles in triangles shall not exceed 
1’. The relative error of the farthest side should not exceed 1/2000.
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Table 4: Existed control points
Supplied Verification Difference

Point ID Easting Northing Elevaton Point ID Easting Northing Elevaton δE δN δELE

C13 2924.994 2922.679 103.47 C13 2924.994 2922.679 103.470 0.000 0.000 0.000

C30 2919.187 2911.501 104.663 C30 2919.187 2911.501 104.663 0.000 0.000 0.000

C31 2915.49 2911.683 105.153 C31 2915.489 2911.684 105.153 0.001 -0.001 0.000

C32 2913.218 2911.499 105.079 C32 2913.217 2911.500 105.079 0.001 -0.001 0.000

C33 2913.961 2911.781 106.536 C33 2913.960 2911.782 106.536 0.001 -0.001 0.000

C34 2917.113 2911.781 106.521 C34 2917.113 2911.782 106.522 0.000 -0.001 -0.001

C35 2913.21 2922.293 104.686 C35 2913.210 2922.295 104.686 0.000 -0.002 0.000

C36 2919.106 2922.292 104.888 C36 2919.106 2922.293 104.889 0.000 -0.001 -0.001

C37 2918.209 2922.01 106.663 C37 2918.210 2922.011 106.663 -0.001 -0.001 0.000

C38 2915.69 2922.012 106.64 C38 2915.691 2922.013 106.640 -0.001 -0.001 0.000

C41 2931.318 2911.534 104.869 C41 2931.317 2911.534 104.869 0.001 0.000 0.000

C46 2919.201 2922.288 107.953 C46 2919.202 2922.290 107.953 -0.001 -0.002 0.000

C47 2925.184 2922.297 107.915 C47 2925.184 2922.297 107.915 0.000 0.000 0.000

C48 2931.203 2922.293 107.902 C48 2931.202 2922.292 107.901 0.001 0.001 0.001

C49 2922.723 2922.012 107.061 C49 2922.724 2922.013 107.062 -0.001 -0.001 -0.001

C50 2913.206 2911.509 107.501 C50 2913.205 2911.510 107.501 0.001 -0.001 0.000

C51 2919.205 2911.514 107.872 C51 2919.204 2911.515 107.872 0.001 -0.001 0.000

C52 2925.203 2911.516 107.929 C52 2925.203 2911.516 107.929 0.000 0.000 0.000

The new type of microtriangulation with the following parameters:
1. The use of auxiliary control points for triangulation;
2. Using at least 12 control points;
3. Distance is not more than 80 m;
4. Full accounting of atmospheric parameters (temperature, atmo-

spheric pressure, humidity)
5. From each setup observe as many visible existing control points as 

possible;
6. Minimum 6 existing control points must be observed;
7. Minimum 6 connecting points between current station and the next 

station must be observed;
8. All new Control points need to be observed minimum 2 times from 

separate setups;
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9. All control points need to be observed 2 faces LF/ RF;
10. All benchmarks in the vicinity should be observed to verify the verti-

cal component;
11. Ideally a minimum of benchmarks should be observed;
12. All benchmarks shoulds be observed to a traverse prism accurately 

setup over the control point;
13. All control points should be observed from as may setups as pos-

sible.
Compliance with these parameters ensures maximum accuracy in the 

initial data up to microns. Also identified those strong points:
 - which were affected by external physical factors and exceeded the 

permissible residual or destroyed, were subsequently excluded from the 
catalogue;

 - which had incorrect initial data in the directory of strong points, were 
subsequently changes to correct data.

Results
Table 5 – Results of verification

Supplied Local 
Control

Verification Survey 
Local Control Comparison

Benchmark ID Easting Northing Easting Northing Easting Northing
KV1 2630.658 3193.177 2630.656 3193.174 -0.002 -0.003
KV2 2440.048 3069.360 2440.050 3069.361 0.002 0.001
KV3 2440.075 2888.601 2440.076 2888.603 0.001 0.002
KV4 2550.611 2813.670 2550.614 2813.675 0.003 0.006
KV5 2707.369 2813.673 2707.370 2813.675 0.001 0.002
KV7 3153.547 2454.590 3153.538 2454.611 -0.009 -0.021
KV9 3277.315 2340.259 3277.299 2340.273 -0.016 -0.014
NM4 3040.725 3238.008 3040.720 3238.003 0.005 -0.005
NM5 2849.264 3069.284 2849.265 3069.283 0.001 -0.001
NM6 3087.560 2918.929 3087.561 2918.928 0.001 -0.001
NM7 3155.101 2696.211 3155.101 2696.219 0.000 0.008
NM8 3491.691 2811.346 3491.686 2811.348 0.005 0.002

Conclusion 
All Local coordinate values listed in the "Catalogue for Coordinates and 

Elevations of Monuments in site" that are not highlighted in yellow are suit-
able for use on the site for further survey control identification and module 
installation works. However, prior to implementation and issuance of any 
"new localised" survey control coordinates, it is recommended that: 
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 - Any impact associated with datum and/or survey monument 
coordinate shifts is considered;

 - Reference is made referring actual position of R. L. on the survey 
monument;

 - Transformation parameters are provided to allow conversion 
between UTM 39 grid and 3GP plant grid and;

 - Coordinates are supplied in both UTM-39 and 3GP Plant Grid. 
The survey control coordinates that are highlighted in yellow, namely 

KV7, KV9 and NM7 will need to be rechecked, re-coordinated and re-veri-
fied for position prior to release and issuance.

Compliance with parameters ensures maximum accuracy in the initial 
data up to microns. Also identified those strong points:

 - which were affected by external physical factors and exceeded the 
permissible residual or destroyed, were subsequently excluded from the 
catalogue;

 - which had incorrect initial data in the directory of strong points, were 
subsequently changes to correct data.

In the end, new microtriangulation method of control gives the most ac-
curacy coordinate data. Precise quality of measurement is the most impor-
tant in all survey works and appears the valuation of surveyor qualification.
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Introduction
The intensive development of the processes of creating the information 

society leads to the creation of universal collective use systems  (CUS), 
adaptable to various subject areas and invariant to operating systems and 
other system-wide and tool software. This increases the relevance of the 
problem of the optimal organization of the computing process, providing 
a flexible and dynamic discipline of service. Obviously, such a CUS has 
a number of specific properties [1]. A wide class of applications requires 
CUS flexibility and high adaptability. It should ensure interactivity not only 
between users and the system, but also between elements of the system, 
i.e. it must possess the property of sociability.

For CUS, the problem of organizing the computing process, dynamical-
ly maintaining the optimal mode of functioning of the computing complex 
as a whole, taking into account many parameters, is very relevant, that is, 
CUS should be parametric.
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The composition of users assumes the presence of people of very dif-
ferent computer literacy. The system should serve them all at a high level, 
provide them with the opportunity to invest their intelligence in the product 
they create, use their knowledge, skills, experience, i.e. CUS must be intel-
ligent.

In other words, the problem of the collective use of software, technical 
and information resources requires the development of a methodology and 
technology for creating interactive collective use systems of parallel action 
(ICUSPA) with elements of artificial intelligence that have the properties of 
parametricity, sociability and intelligence. 

This paper discusses the methodology for creating ICUSPA and its 
main components. A significant place in it is occupied by the principles 
of structuring and the concept of databases, in connection with which it is 
called “Structural-Basic Technology” (SBT).

Structuring of CUS 
Since CUS is a complex system, methods for studying complex sys-

tems are applied to it [2]. According to SBT, CUS can be represented as

𝔖𝔖= 〈ℑ, ℭ,𝔐𝔐〉, 
 where ℑ ‒ system interface with the external environment; ℭ ‒ system 

management; 𝔐‒ subject area model.
The set ℑ contains means for converting input-output messages to the 

internal representation and vice versa, providing syntactic invariance of the 
set of system states (and, therefore, ℭ and 𝔐) with respect to the sets of 
input and output messages.

In dialog systems, the components ℑ can be represented as 

ℑ= ⋃ 𝐿𝐿𝑖𝑖𝑁𝑁
𝑖𝑖=0 , 

 

,

where N ‒ number of user categories; L0 ‒ system administrator language  
Li (i=1,2, …, N) ‒ language of  the i category user.

The component ℭ is represented by the triple ℭ=〈L,S,M〉, where L ‒ 
language (means) of interaction with the control component; S - resident 
program of the control component, M ‒ control component model.

Component 𝔐 includes a database 𝔇, a database of relations ℜ be-
tween elements 𝔇 and a database of algorithms (laws, rules) 𝔄 interac-
tions of elements of a database of relations ℜ and, possibly, a database 𝔇, 
i.e. 𝔐=〈𝔇, ℜ, 𝔄〉. Database 𝔇 may consist of the database of the object 𝔇o 
and the database of the environment 𝔇c.

This conceptual decomposition is applicable to each component of the 
system at each level of the hierarchy.
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The blockiness, modularity, structuredness and structural homogeneity 
of the system modules at all levels of the hierarchy determine the standard 
and recursive nature of control processes, which corresponds to the natu-
ral structures of complex objects.

This approach also helps minimize (unify) many CUS tools while maxi-
mizing the number of subject areas (adaptability of the first to the second) 
in the system and the invariance of the first with respect to many operating 
environments in which the software tools operate over many subject areas. 
Along with this, the problem of the optimal organization of the information-
computing process, which provides a flexible and dynamic discipline of 
service, is being updated. 

In SBT, tree structures are considered as the basis using appropriate 
research methods. To represent network structures, both methods for con-
verting them to tree structures are provided, as well as methods and means 
for representing and processing hierarchical networks using, if necessary, 
advanced relational models and special operations on them (naming and 
dereferencing operations).

CUS as a whole and a number of its elements, tools (software, data-
bases, dialog schemes) are partially ordered hierarchical structures. As 
a toolkit for their analysis, initial structuring and transformation (dynamic 
restructuring), the sequential deepening method [3] (SDM) is used, which, 
due to its versatility and simplicity, makes it possible to isolate, structure, 
simplify and unify control processes.

Sequential deepening method 
Let 𝔄 ={  } ‒ be a partially ordered set of hierarchical structure 

( k - 1, 2, …, n ‒ the level of the hierarchy; ik ‒ element serial number at the 
k - th hierarchy level).On a se  a certain relation of order δ is defined from 
the set Δ of relations admissible on this set.

Denote by S( ) the component set of the element ,
and f(i1, i2, …, in) - the number of elements in this set (for the highest level 
f()=m, for the terminal element ‒1). Let the set 𝔄 be analyzed for the truth 
of some predicat pi𝑃𝑃={pi}. In each case, the predicate 𝑝𝑝0  chooses pi ,  the truth of which is checked. If the 

predicate pi is true, some procedure pi  is true, some procedure qi from the set of procedures  𝑄𝑄= {qi}  

is performed, where 𝑞𝑞0 - is the control procedure for choosing qj (j= 1, 2, …, 𝑘𝑘 ), corresponding to pi . 

The SDM mechanism is determined by such a recursive algorithm scheme: 

for {𝐴𝐴𝑖𝑖1 | i1 = 1,2, …, m} execute P´ ; 

for i1 from 1s with step 1 to m execute:                                    

          if  f(i1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2| i2=1,2,…,f(i1)} execute P´ ;                    

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   

n) for i1 from 1s with step 1 to m execute: if f(i1) >1, for i2  from 1s with step 1 to f(i1) execute: 

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute: 

          if f(i1,i2, … ,in-1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2,…,𝑖𝑖𝑛𝑛| in=1,2, … , f(in-1)} execute P´.  

P´= 𝜂𝜂: φ(po) → 𝜓𝜓(qo), φ(po) = pi, ψ(qo) = qj ; i =1,2, …, m;  j = 1,2, …, k. 

 

. In each case, the predicate p0 chooses pi, the 
truth of which is checked. If the predicate pi is true, some procedure pi is 
true, some procedure qi from the set of procedures Q= {qi} is performed, 
where q0 - is the control procedure for choosing qi ( j = 1, 2, …, k ), cor-
responding to pi.

The SDM mechanism is determined by such a recursive algorithm 
scheme:
for 

pi𝑃𝑃={pi}. In each case, the predicate 𝑝𝑝0  chooses pi ,  the truth of which is checked. If the 

predicate pi is true, some procedure pi  is true, some procedure qi from the set of procedures  𝑄𝑄= {qi}  

is performed, where 𝑞𝑞0 - is the control procedure for choosing qj (j= 1, 2, …, 𝑘𝑘 ), corresponding to pi . 

The SDM mechanism is determined by such a recursive algorithm scheme: 

for {𝐴𝐴𝑖𝑖1 | i1 = 1,2, …, m} execute P´ ; 

for i1 from 1s with step 1 to m execute:                                    

          if  f(i1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2| i2=1,2,…,f(i1)} execute P´ ;                    

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   

n) for i1 from 1s with step 1 to m execute: if f(i1) >1, for i2  from 1s with step 1 to f(i1) execute: 

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute: 

          if f(i1,i2, … ,in-1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2,…,𝑖𝑖𝑛𝑛| in=1,2, … , f(in-1)} execute P´.  

P´= 𝜂𝜂: φ(po) → 𝜓𝜓(qo), φ(po) = pi, ψ(qo) = qj ; i =1,2, …, m;  j = 1,2, …, k. 

 

 execute P´ ;
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for i1 from 1s with step 1 to m execute:

if 

pi𝑃𝑃={pi}. In each case, the predicate 𝑝𝑝0  chooses pi ,  the truth of which is checked. If the 

predicate pi is true, some procedure pi  is true, some procedure qi from the set of procedures  𝑄𝑄= {qi}  

is performed, where 𝑞𝑞0 - is the control procedure for choosing qj (j= 1, 2, …, 𝑘𝑘 ), corresponding to pi . 

The SDM mechanism is determined by such a recursive algorithm scheme: 

for {𝐴𝐴𝑖𝑖1 | i1 = 1,2, …, m} execute P´ ; 

for i1 from 1s with step 1 to m execute:                                    

          if  f(i1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2| i2=1,2,…,f(i1)} execute P´ ;                    

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   

n) for i1 from 1s with step 1 to m execute: if f(i1) >1, for i2  from 1s with step 1 to f(i1) execute: 

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute: 

          if f(i1,i2, … ,in-1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2,…,𝑖𝑖𝑛𝑛| in=1,2, … , f(in-1)} execute P´.  

P´= 𝜂𝜂: φ(po) → 𝜓𝜓(qo), φ(po) = pi, ψ(qo) = qj ; i =1,2, …, m;  j = 1,2, …, k. 

 

 execute P´;
.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

n) for i1 from 1s with step 1 to m execute: if f (i1)>1, for i2  from 1s with 
step 1 to f (i1) execute:

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute:

pi𝑃𝑃={pi}. In each case, the predicate 𝑝𝑝0  chooses pi ,  the truth of which is checked. If the 

predicate pi is true, some procedure pi  is true, some procedure qi from the set of procedures  𝑄𝑄= {qi}  

is performed, where 𝑞𝑞0 - is the control procedure for choosing qj (j= 1, 2, …, 𝑘𝑘 ), corresponding to pi . 

The SDM mechanism is determined by such a recursive algorithm scheme: 

for {𝐴𝐴𝑖𝑖1 | i1 = 1,2, …, m} execute P´ ; 

for i1 from 1s with step 1 to m execute:                                    

          if  f(i1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2| i2=1,2,…,f(i1)} execute P´ ;                    

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   

n) for i1 from 1s with step 1 to m execute: if f(i1) >1, for i2  from 1s with step 1 to f(i1) execute: 

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute: 

          if f(i1,i2, … ,in-1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2,…,𝑖𝑖𝑛𝑛| in=1,2, … , f(in-1)} execute P´.  

P´= 𝜂𝜂: φ(po) → 𝜓𝜓(qo), φ(po) = pi, ψ(qo) = qj ; i =1,2, …, m;  j = 1,2, …, k. 

 

 execute P´. 

pi𝑃𝑃={pi}. In each case, the predicate 𝑝𝑝0  chooses pi ,  the truth of which is checked. If the 

predicate pi is true, some procedure pi  is true, some procedure qi from the set of procedures  𝑄𝑄= {qi}  

is performed, where 𝑞𝑞0 - is the control procedure for choosing qj (j= 1, 2, …, 𝑘𝑘 ), corresponding to pi . 

The SDM mechanism is determined by such a recursive algorithm scheme: 

for {𝐴𝐴𝑖𝑖1 | i1 = 1,2, …, m} execute P´ ; 

for i1 from 1s with step 1 to m execute:                                    

          if  f(i1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2| i2=1,2,…,f(i1)} execute P´ ;                    

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .   

n) for i1 from 1s with step 1 to m execute: if f(i1) >1, for i2  from 1s with step 1 to f(i1) execute: 

              .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  execute: 

          if f(i1,i2, … ,in-1)>1, for {𝐴𝐴𝑖𝑖1,𝑖𝑖2,…,𝑖𝑖𝑛𝑛| in=1,2, … , f(in-1)} execute P´.  

P´= 𝜂𝜂: φ(po) → 𝜓𝜓(qo), φ(po) = pi, ψ(qo) = qj ; i =1,2, …, m;  j = 1,2, …, k. 

 CUS as a whole and a number of its elements, tools (software, data-
bases, dialog schemes) are partially ordered hierarchical structures. SDM 
is used as a tool for their analysis and transformation, which, thanks to its 
versatility and simplicity, makes it possible to isolate, structure, simplify 
and unify control processes.

Each specific application of SDM is associated with the determination 
of a relation of order d, procedure q   and conditions for its application p (in 
the general case, these elements can be sets).

Plurality conditions P may also contain conditions for limiting the recess. 
Information structures and means of their organization 

CUS uses the concept of a virtual integrated database (VDB) [4], which 
allows to describe hierarchical relations. The latter allows us to consider 
complex hierarchical structures within the framework of an extended rela-
tional data model (RMD), in which either a simple domain or a relation can 
correspond to an attribute. The operations of the RMD link algebra take 
place in the extended RMD with some reservations.

For set-theoretic intersection, union, and addition operations, the com-
patibility condition for circuits is required. The product, projection, and divi-
sion of relations are distinguished in that, in addition to data elements ri, 
Di domains are allowed in relations; or relationships , where ji - the 
rank of the relationship (the depth of the relationship). The operations of 
θ-connection and θ-restriction take place only in the case of simple do-
mains.       

To manipulate compound domains, operations of naming (increasing 
the rank of the ratio by one) and dereferencing (decreasing the rank by 
one) are intended.

The latter can be performed until the rank of the relation is equal to 
zero. In this case, the relation turns into attribute Ai.
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The concept of data multibase (DMB) is defined in relation to the ad-
vanced RMD. It is based on the concept of procedural independence, 
which is defined in relation to single data, its sets, domains, composite 
domains, tuples, attributes and relationships. 

After that, DMB is determined using its scheme and a set of functional 
dependency structures ℜ´(ℒ´), {(ℜ´(ℒj), 𝔉𝔉ℜ𝑗𝑗)}, 

where ℜ´={ℜ1, ℜ2, …, ℜ𝑘𝑘}; ℒ´={ℒ1, ℒ2, … , ℒ𝑘𝑘}, 

        ℜ1={R1, R2, …, 𝑅𝑅𝑖𝑖1}, 

             .  .  .  .  .  .  .  .  .  . 

        ℜk  ={𝑅𝑅𝑖𝑖𝑘𝑘+1, 𝑅𝑅𝑖𝑖𝑘𝑘+2, …, Rm},                                      

        ℜp⧼𝔄𝔄⧽ℜq;   p, q =1, 2, …, k; 

        ℒj={ℒ𝑙𝑙𝑅𝑅𝑙𝑙
},  j=1, 2, …, k;  𝑙𝑙= { , … ,𝑖𝑖𝑗𝑗+1

1  𝑚𝑚
𝑖𝑖𝑗𝑗 }. 

 

ℜ´(ℒ´), {(ℜ´(ℒj), 𝔉𝔉ℜ𝑗𝑗)}, 

where ℜ´={ℜ1, ℜ2, …, ℜ𝑘𝑘}; ℒ´={ℒ1, ℒ2, … , ℒ𝑘𝑘}, 

        ℜ1={R1, R2, …, 𝑅𝑅𝑖𝑖1}, 

             .  .  .  .  .  .  .  .  .  . 

        ℜk  ={𝑅𝑅𝑖𝑖𝑘𝑘+1, 𝑅𝑅𝑖𝑖𝑘𝑘+2, …, Rm},                                      

        ℜp⧼𝔄𝔄⧽ℜq;   p, q =1, 2, …, k; 

        ℒj={ℒ𝑙𝑙𝑅𝑅𝑙𝑙
},  j=1, 2, …, k;  𝑙𝑙= { , … ,𝑖𝑖𝑗𝑗+1

1  𝑚𝑚
𝑖𝑖𝑗𝑗 }. 

 In DMB, functional dependencies can only occur within each of the sets 

ℜ𝑗𝑗. .

This definition of DMB is sufficiently general for other databases and 
multisets to be presented as its special cases.

Operations such as intersection, union, addition, multiplication, coordi-
nation, projection, division, θ-connection, θ- restriction, defined for RMD, 
occur in the DMB if the operands and their results do not go beyond the 
scope of the DMB (or multiset) and under the conditions specified above, 
which determine the feasibility of operations in the extended RMD. Naming 
and dereferencing operations, like the previous ones, take place within the 
framework of one DMB element.

Special operations on DMB are µ-decomposition and u-union opera-
tions. The first is intended to convert the database to DMB, the second 
- to combine several (or all) DMB elements into a single DMB element 
(or database). The operations of µ- decomposition and u-union can be 
applied to any data sets that make up the base, i.e. to domain, tuples 
and relationships. The relation to which the µ-decomposition operation is 
applicable is called multi-relation. Then the database, in which there is at 
least one multi-relation, can be called DMB. These operations contribute 
to the implementation of the most important feature of the CUS database 
- multiplicativity.
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CUS implies, on the one hand, the use of databases focused on solving 
various classes of problems, and on the other hand, their independence 
from applications and the ability to use the information concentrated in 
them by many application programs or users. Since the application pro-
gram or user query language is oriented to a specific DBMS, to exclude 
the replication of programs (queries) by the number of databases, it is 
necessary to ensure the exchange of information between them, i.e. their 
sociability. One of the ways to ensure database interoperability is the intro-
duction of a virtual layer and advanced RMD.

The communicability of the database is also due to the need to provide 
a mechanism for responding to a top-level request, when the required in-
formation is placed in the database at the lower levels of the system hier-
archy, which is associated with the exchange of control information at the 
language level (delegation of the request along the database chain and 
delivery of the response to the point of the original request). This allows 
calling CUS interactive, considering dialogue as a special case of such 
systems. 

The flexibility and responsiveness of the database is significantly due 
to its parametricity. Database parameters can be: the physical amount of 
memory V, the response time to requests (responsiveness) T, the number 
of elements of DMB N, the operating mode R, etc.

In the parametric system of each function of data management or ma-
nipulation, which determines the degree of system responsiveness, many 
algorithms must be compared. In the control graph, the node that imple-
ments such a function represents many equifunctional algorithms. Each 
task in such a column corresponds to a certain chain (path) with many im-
plementation options (due to multi-nodes). The function of the control sys-
tem is to choose the option of a given fixed path that most closely matches 
the given value of the responsiveness parameter.

The implementation of the parameters V and T substantially determines 
the type of data model. The performance of the same function in different 
models can vary significantly in time.

The parameterization mechanism is also used in the construction of 
dialogue schemes using frames.

The performance of a DMB depends on the structures of the data pre-
sented in it. One of the effectively multiplicable structures is a multilayer 
structure adequate to a wide range of tasks. The reorganization of the 
multilayer structure is carried out by the generalized operations of join-
ing and splitting, the implementation of which in this case is also greatly 
simplified.
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Constructing dialogue systems (DS) 

The effectiveness of a DS depends not so much on the appropriate 
technical or software tools for dialogue as on the content of knowledge 
exchanged between a person and a computer, and the degree to which 
the language means of the system correspond to the characteristics of the 
object displayed in its model and the user. These considerations were not 
the last in the formation of the SBT of the creation of CUS [5].

Highlighting ℑ, ℭ and 𝔐, as well as 𝔇 and ℜ represents the most 
important feature of SBT. This is one of the most significant points that 
determine the orientation of DS to various classes of objects and users, 
on the one hand, and to the representation of knowledge in the system, 
on the other. The latter provides, in turn, the adaptability and extensibil-
ity of DS due to the unified methods of accumulation and presentation 
of knowledge from various subject areas. This is achieved through the 
creation of an integrated model from a set of domain models, served by a 
single monitor, universal in functions and implementation methods. Such 
an integrated model consists of two components: MD ‒ integrated data 
model (DB) and MS ‒ a set of computational schemes that make up the 
set of oriented weighted graphs (possibly with multinodules representing 
equifunctional modules). The nodes of the graph correspond to transi-
tions to subgraphs of a lower level or moments of user interaction with a 
computer. Frames are used to store information about the graph in the 
database.

Analysis of the DS structure allows us to conclude that it is possible 
to implement the functions of the control component ℭ and the means of 
organizing components 𝔐 and ℑ in the form of a fairly universal software 
complex in which three levels of hierarchy can be distinguished: system 
processes, functional processes, functional program modules.

This module controls the course of the dialogue process in accordance 
with the structure of a specific dialogue scheme. For each application, a 
dialogue diagram is compiled that is implemented under the control of a 
dialogue monitor (DM). As a toolkit, a special set of DS developer pro-
grams is used. To create a scheme, its descriptor is set with general infor-
mation about the dialogue scheme and its parameters (unique name of the 
scheme, numbers of the initial and final states, sizes of the general area of 
the scheme parameters, comment text) and state descriptors containing 
information about the actions performed in this state. The following types 
of states are possible: control U, information I, information control C, for-
mat F, computational V, macrostate M.
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Submission of knowledge in CUS [1]
One of the requirements for developed CUS is the availability of means 

for presenting knowledge in two aspects - the knowledge base as part of 
the subject area model and as an intelligent interface between the user 
and the system.

The decomposition of the subject area model mentioned above, which 
includes, along with the database, a base of relations between data ele-
ments and the rules for changing these relations, creates the basis for 
representing knowledge in CUS as a set of rules. The instant situation 
containing the current data about the object is replaced by a second-level 
model in which knowledge about the object is presented, i.e. the relation-
ship between data and the situation, the patterns of change in time and 
space. It is also necessary to have rules for manipulating them, procedures 
for using these structures, bearing in mind that rational behavior is peculiar 
only to a system of information processing elements.

The elements of knowledge, interconnected, form a network. This is a 
prerequisite for using semantic networks or frame technology to represent 
knowledge of the apparatus. Frames are the most appropriate mecha-
nisms for presenting knowledge because they can describe not only static 
objects or situations, but also their changes in time, various actions. Due 
to the variety of visual means of frames, a number of program synthesis 
elements can be assigned to the system itself, using the knowledge gained 
from matching frames with specific objects. This increases the intelligence 
of the system.

Representation of the dialogue scheme in the form of a system of frame-
states along with the representation of knowledge in the structure of the 
domain model provides ample opportunities for creating hierarchical, distrib-
uted according to the scheme, knowledge base in CUS. The addition of their 
language means of logical inference determines the possibility of construct-
ing various artificial intelligence systems, in particular expert systems.

The SBT for creating CUS also provides appropriate methods and tools 
for their modeling, interactive multi-data processing and other components 
[6-7]. 

Referecnes

1. Khalilov, A.I., Kalantarov, G.A. Technological aspects of creating a 
shared computing environment with elements of artificial intelligence // 
Resp. mix. sci.-tech. coll. – Kharkov.: Publishing House "Basis", 1990. – 
Issue 45. – P. 35-42. 



132

Process Management and Scientific Developments

2. Khalilov, A.I. On the structural-base model of a parallel-action sys-
tem // Scientific. journal "Problems of programming." Materials of the 2nd 
international SPC by program. Kiev, May 23-26 2000. – Kiev: ISS NASU, 
2000. - № 1-2, Spec. Issue – P. 122-128.

3. Khalilov, A.I. The method of successive deepening and some of its 
applications // Coll. "Theory and practice of system programming". -  Kiev: 
RIO IK AN UkrSSR. – 1976. – P. 180-191.

4. Khalilov, A.I. Some issues of database organization in complex auto-
mated control systems // J. "Cybernetics". – 1981. - № 3. – P. 40-45.

5. Khalilov, A.I., Shilkin, A.I. About one approach to designing interac-
tive systems for collective use // Automated systems for scientific research 
of collective use: Coll. sci. work.‒ M, 1984.‒ P. 38‒44.

6. Khalilov, A.I. About one application of structural-base technology // 
Materials fifth region. NPK "Computer technologies in science, econom-
ics and education. CT-SEE2004". Makhachkala, November 23-25, 2004 
– Makhachkala: CPI DGU, 2004. – P. 70-73.

7.  Khalilov, A.I. Problems of dynamic parallelization of computations // 
J. "Cybernetics and systems analysis." – Kiev, publishing house "Scientific 
thought". - 1997. -  № 2. – P. 11-19.  



133

Process Management and Scientific Developments
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Abstract. Communication between hearing people and the deaf through 
computer sign language systems is a significant problem in any country. In 
the article, we suggest an original approach to recognize the Russian sign 
language, based on the notation system for describing any sign language 
(The Hamburg Sign Language Notation System). Detecting two of gesture 
components – the shape of the hand and its location – results in building 
corresponding neural networks. A training dataset for deep learning was 
created to provide a successful training process of neural networks (the 
Dataset). An alternative approach based on biologically-inspired neural 
networks and the prospects of its developing was also considered.

Keywords: sign language; gesture recognition; artificial neural net-
work.

Introduction 
The 70 million deaf people worldwide who use sign languages (SLs) 

as their primary language of communication are represented by the World 
Federation of the Deaf (WFD). According to the 2010 All-Russian Census, 
the number of signers of the Russian sign language in the Russian Fed-
eration is about 120.5 thousand people, but according to other estimates 
this number is several times larger. Need to develop systems for machine 
translation of sign languages (From hearing to deaf and vice versa) con-
sists of both insufficient number of sign language interpreters and not al-
ways desirable mediation (Medicine, personal relations, etc.) in the com-
munication of deaf and hearing citizens.

1The reported study was funded by RFBR and DST according to the research project No. 
19-57-45006.
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An example of a sign language translation system available in the world 
can be mentioned: HandTalks (Brazil), ProDeaf (Brazil), ViSiCAST (Eu-
rope), The American Sign Language Avatar Project at DePaul University 
(USA) и Surdophon (Russia) [1].

Deaf gestures are characterized by the following components on which 
the meaning of the gesture depends: palm configuration, palm orientation, 
gesture location, nature of movement and non-manual component [2, 3].

Methods and Related Work 
Overall, there are several criteria for measuring the efficiency of ges-

ture recognition systems: scalability, reliability, real-time performance and 
user independence [4]. Application of the deep learning techniques that 
currently show their effectiveness in general visual recognition remains 
problematic for SLs, due to limited availability of labeled datasets. Com-
pared to speaking languages they are scarce, and for some national sign 
languages are virtually non-existent2. One of the directions of our work 
involves creation of SL dataset for Russian language, for which we already 
collected 927 video image files with static one-handed signs (Fig. 1). After 
converting the video files to JSON using OpenPose library and analyzing 
21 points of the right hand’s skeletal model (Fig. 2), we obtained the points’ 
selection confidence of 0.61. This accuracy confidence so far remains in-
sufficient to recognize one-handed static gestures, so we are considering 
other approaches, as described in the current paper.

Accurate recognition of SL is also challenging due to high dynamism, 
overlaps, etc., so traditional NNs, including the ones based on deep learn-
ing methods, have problems accounting for all the possible movement vec-
tors. Hence, lately the recognition based on biosimilar neural networks [5] 
is gaining increased interest. In the visual cortex of the brain, the motion 
analysis begins already in the primary visual cortex. In particular, complex 
cells, acting as the basis for pooling neurons, have detection of elementary 
movements as the main function. Further, the movement is analyzed se-
quentially in zones V3 (dynamic form) and V5 (perception of movement). 
Ultimately, a general motion map is constructed within the visual field.

In [6] they relied on Leap Motion controller for recognizing the signs, and 
used hand’s skeletal model, neural networks and machine learning meth-
ods. On average, accuracy of 90% was achieved for the handshape. The 
histograms approach for detection and localization of the hand is consid-
ered a classic [7]. To detect the object, the histograms based on the criterion 
of color or brightness uniformity are constructed, while for the object local-
ization the histograms are based on the number of bright dots in the image.

2See a review and comparison of SL datasets at e.g. https://facundoq.github.io/unlp/
sign_language_datasets/index.html



135

Process Management and Scientific Developments

The algorithm for the sign localization proposed in [8] works stably in 
low lighting, both of the environment (background) and the user's work-
place, and allows identification of two-handed gestures (Fig. 3). The trans-
formation of the image into grayscale on the early stages of the localization 
allows to increase the speed of the processing. Another way for speeding 
up is to decrease the size of the processed frames.

  
 

Fig. 1. Extract from the dataset with one-handed signs 
we are developing for the Russian SL.

 
 Fig. 2. The OpenPose detection procedure for assessing 

the probability (confidence) of choosing 21 points 
of the skeletal model of finger joints.

The experiments have shown that for stable localization the image of 
256*256 pixels is enough. The employment of the double removal – of the 
background and the final frame, the use of the fast localization method 
for the region of interest on the histograms allows applying the proposed 
algorithm on both desktop and mobile devices.
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Fig. 3. Localized images with low lighting (a) and medium lighting 
(b) of the work area, with low lighting of the background (c) and 
localization of the two-handed sign showing the number 7 (d).

Recognition of palm configuration based on Leap Motion controller
Our palm recognition method is based on the Hamburg Sign Language 

Notation System [9]. 
The handshape recognition is performed in the following steps:
1. Hand tracking using the Leap SDK.
2. Transformation of the hand joints’ coordinates into angles.
3. Recognition of the particular handshape.
4. Transcribing to the HamNoSys.
Based on Leap Motion technology [10], 21 joints for the hand and 12 

joints for the hand are distinguished (Fig. 4.).

 
 Fig. 4. The joints’ points used in the recognition.
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The experimental validation was done with two groups of 10 subjects 
each – adults and children. In the first group, consisting of 5 males and 5 
females, the age ranged from 21 to 37 (average 28). In the second group, 
there were 5 boys and 5 girls, aged form 6 to 9 (average 8).

The subjects were presented with 19 handshapes drawn on sheets of 
paper. They could train the signing for up to 30 minutes before the actual 
experiment, in which they showed the prescribed handshapes sequential-
ly. The time for identifying each of the handshapes was 1 second, and the 
software would show the presumably recognized handshape. The soft-
ware operator was recording the correctness or failure in the recognition. 
Each subject had 3 trials for each of the 19 configurations. The recognition 
accuracy was calculated as the ratio between the number of correct rec-
ognitions to the total number of trials. The accuracy for the adult group in 
the experiment was 98.9%, while for the children group it was only 76.4%.

We believe the difference in the accuracy was due to lower clarity and 
higher variability in handshape signing in children. 

Recognition of the Sign Location Based on OpenPose Library
In our work, to recognize the location of the gesture, we used the Open-

Pose library, which is intended for 2D-determination of key points of a per-
son’s arm and body in real time.

The coordinates of the key points of the hand are separated from the 
original image, which are then translated into notations HamNoSys. As a 
result, we have a component of the location of the gesture (Fig. 5).

  
 Fig. 5. Recognition of the sign located at the face level.
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We further performed experimental validation of the sign location rec-
ognition. There were 5 possible locations: at the face level, left shoulder, 
right shoulder, chest, and stomach. There were 8 subjects (4 males, 4 
females), with the age ranging from 21 to 34 (average 26). The subjects 
were presented with the 5 possible sign locations drawn on the sheets of 
paper, and they had up 10 minutes for the training. After that, they would 
make the signs in the specified locations, and each sign was fixed for 1 
second. The software output the presumable location, and the operator 
would record the correctness or failure of the recognition. The number of 
trials for each subject and each of the 5 locations was 3. The accuracy in 
the experiment, calculated as the ratio between the number of correct rec-
ognitions to the total number of trials, amounted to 88%.

Conclusions
In this paper, we suggested an approach to recognition of the sign lan-

guage, based on combining the notation system for sign languages (Ham-
NoSys) and the deep machine learning. The example of recognizing the 
two of gesture components was presented. Neural networks were built 
to recognize the shape of the hand by the Leap SDK, and the location of 
the gesture was detected by the OpenPose library and a 2D camera. A 
special training dataset was formed for the successful training of neural 
networks by the techniques of deep learning. An experimental verification 
of the quality of the hand shape recognition showed the probability of cor-
rect recognition at 98.9% for the adults and a little less accuracy (76.4%) 
for children. Recognizing the location of the gesture provided the 88% ac-
curacy. An alternative approach based on the biologically-inspired neural 
networks and the prospects of designing this kind of networks was also 
considered.

References

1. Grif M.G., Prihodko A.L. Approach to the Sign language gesture 
recognition framework based on HamNoSys analysis //Actual problems of 
electronic instrument engineering (APEIE–2018) : proc. [progr. and abstr.], 
Russia, Novosibirsk, 2–6 October 2018. – Novosibirsk, 2018. – V. 1, part 4. - 
P. 426–429. - ISBN 978-5-7782-3615-8. - DOI:1109/APEIE.2018.8545086.

2. Kendon A. Current Issues in the Study of Gesture. The Biological 
Foundation of Gestures: Motor and Semiotic Aspects. Lawrence Erlbaum 
Associate, 1986, pp. 23-47.



139

Process Management and Scientific Developments

3. Al-khazraji S. et al. Modeling the speed and timing of American 
Sign Language to generate realistic animations //In Proc. 20th Internation-
al ACM SIGACCESS Conference on Computers and Accessibility, 2018, 
pp. 259-270.

4. Rautaray S.S., Agrawal A. Vision based hand gesture recognition 
for human computer interaction: a survey. Artificial Intelligence Review, 
2015, 43 (1), pp. 1–54.

5. Kugaevskikh, A.V, Sogreshilin, A.A. Analyzing the Efficiency of 
Segment Boundary Detection Using Neural Networks. Optoelectronics, 
Instrumentation and Data Processing, 2019, 55(4), pp. 414-422.

6. Du Y., Liu S., Feng L., Chen M., & Wu J. Hand Gesture Recogni-
tion with Leap Motion. arXiv preprint arXiv:1711.04293, 2017.

7. McKenna S., Gong S. Gesture Recognition for Visually Mediat-
ed Interaction using Probabilistic Event Trajectories //Proc. of BMVC'98, 
Southampton (England), 1998, pp. 498-508.

8. Grif M.G., Lukoyanychev A.V. Gesture localization in the test mode 
in the integral system of sign language training. Journal of Physics: Confer-
ence Series, 2019, 1333, Art. 032023.

9. Hanke, T. HamNoSys – representing sign language data in lan-
guage resources and language processing contexts //In Workshop Pro-
ceedings Representation and processing of sign languages (LREC), Paris: 
ELRA, 2004, pp. 1-6.

10. Simon T. et al. Hand Key-point Detection in Single Images Using 
Multiview Boot-strapping //Proc. IEEE Conf on Computer Vision and Pat-
tern Recognition, 2017, pp. 4645-4653.



140

Process Management and Scientific Developments
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TANGENTIAL DEVELOPABLE MIDDLE SURFACES
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Today, shells with developable middle surfaces are widely used in ar-
chitecture, civil, industrial and road construction, mechanical engineering 
and instrument making, aircraft construction, rocket and ship building, tex-
tile industry, and sculptural compositions. Due to the ability to be devel-
oped on a plane by all points of the surface without folds and breaks, while 
keeping the length of curves and the angles between any curves belonging 
to the surface unchanged, developable surfaces are used for approximat-
ing complex surfaces, thereby contributing to their even greater use in all 
areas of human activity. The study of torse shells at the Peoples' Friend-
ship University of Russia (RUDN University) has been conducted since 
1963. The scientists of the RUDN University have obtained great results 
in the field of setting developable surfaces with analytical equations, in 
the section of moment and membrane (momentless) calculation theories, 
methods of design of surface developments, replacing complex surfaces 
with developable surfaces, and parabolic bending of torses.  

  Keywords: developable surface, equal slope shell, torse, architecture, 
sculpture, aircraft, shipbuilding, textile industry, agricultural engineering

Introduction
The design of large-span spatial structures in modern architecture and 

construction has become possible due to the appearance of thin-walled 
shells in combination with the rational use of materials and the advent of 
numerical methods for calculating strength. Having various advantages, 
certain forms of shells are also used in many areas of industry and produc-
tion.

Most technical products and elements are described and modeled by 
analytical surfaces. To simplify the manufacturing process of such prod-
ucts, these surfaces are approximated by the simplest surfaces, in par-
ticular torse shells, which can be developed on a plane without folds and 
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breaks. Numerous methods of designing developable structures and prod-
ucts allow you to give them the necessary shape with the specified engi-
neering requirements [1].

When cutting thin-walled developable products, previously, the meth-
ods of descriptive geometry were mainly used. Now modern computer pro-
grams are used. The monograph [1] provides seven analytical methods of 
design of surface developments.

Application of developable surfaces and shells
Today, the problems of applying the obtained theoretical results in ar-

chitectural, construction, machine-building practice and in other branches 
of human activity are widely discussed. The most interesting suggestions 
for the use of developable surfaces are contained in [2-5].

In the aviation industry, due to the simplicity of formation, shells in the 
form of developable surfaces are used when specifying complex surfaces 
of segments of the outer skin of aircraft. The most commonly used method 
is to construct developable surfaces by moving a straight line along two 
original guide curves. Free bending is one of the most effective ways to 
shape the skin panels. This technology is used as an independent process 
for bending panels, and for editing workpieces.

In shipbuilding, torse shells are used in the design of hull contours. De-
velopable surfaces are of particular interest to builders of boats and yachts 
made of plywood, since the effort required to form the torse shells is less 
than in the manufacture of surfaces of double curvature.

 In agricultural engineering, the developable surface in the form of an 
open helicoidal shell is widely used as devices for transporting bulk, straw 
and semi-liquid cargo (Fig. 1). 

Figure 1. Application of developable surfaces in agricultural 
engineering
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Degenerate developable surfaces (cones, cylinders) are widely used 
in the design and manufacture of various pipelines for the oil and gas and 
chemical industries, for cotton processing and cotton gin enterprises. The 
developable surface in the form of an open helicoid is found in drilling 
machines, in screw conveyors intended for transporting grain, flour, feed 
and other bulk products in technological lines at grain processing and feed 
mills.

Developable surfaces are used in a wide range of industries, including 
the textile industry in the production of clothing and footwear [5]. The use 
of developable surfaces for cutting clothing is considered in many works, 
including [6]. Also, in the fashion industry, geometric methods for design 
developments of undevelopable surfaces using a torse shell are proposed 
for designing clothing products.     

Figure 2. Walt Disney Concert Hall), Anaheim, United States

In modern architecture, the use of developable surfaces is demonstrat-
ed in a number of developed projects and implemented structures. There 
are proposals for the use of torse shells for covering the building of re-
pair and mechanical workshops, for overlapping an arbitrary quadrangular 
plan with parabolic arches at the ends as guide curves, or for a shell with 
the ends in the form of two inclined flat parabolas [1]. The most famous 
architects of our time are Frank Owen Gehry (Fig. 2), Hans Hollein, San-
tiago Calatrava and Zaha Hadid used the developable shape when creat-
ing their projects. The article [4] describes examples of using developable 
surfaces in modern architecture. In [7], the influence of surface shape on 
the creation of unique structures is studied, and examples of the use of 
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developable surfaces are given. The project of the awning of developable 
surface shape is proposed in [8].

Design of spatial structures in the form of torse shells in architecture 
and construction is simplified in some cases due to the possibility, for ex-
ample, to use rolled or flat reinforcement mesh for reinforcement of rein-
forced concrete shells, and to perform formwork in the same way as for 
planar elements of structures made of straight or sheet elements that can 
be made directly on the site of construction of a building. However, no real 
reinforced concrete structures in the form of developable surfaces have 
been found in the technical literature [9].

Geometric research of developable surfaces
The study of the geometry of developable surfaces begins in 1805 after 

the publication of the book by G. Monge "Application of analysis to geom-
etry". In total, there are 10 ways to design developable surfaces [1] and all 
of them are based on the positions put forward by G. Monge.

       
Figure 3. Developable surface of the equal slope with a guide 

ellipse at the base 

The most recent work devoted to the study of the geometry of a par-
ticular case of a developable surface, namely the equal slope shell with 
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the director ellipse, is an article by O. O. Alyoshina [8], (Fig. 3). Interest-
ing regularities have been established for the construction of this class 
of surfaces depending on the geometric parameters of the guide ellipse 
at the base and the angle of inclination α of the rectilinear generators u. 
The law of setting a flat curve (D-A-B) obtained at the self-intersection of 
rectilinear generators u is also defined. it is established that this flat curve 
is a hyperbola.

Information about earlier studies of developable surface geometry can 
be obtained from the monograph [1] and from the article [3].

Membrane (momentless) and moment theory of developable shell 
calculation

The most complete information on this section is contained in [1, 3, 10]. 
The results obtained in these works were supplemented and analyzed in 
other works of researchers from the RUDN University [8, 11, 12, 13, 14].

In [15], we compare the results of calculating the torse shell of the equal 
slope with the director ellipse on the results obtained by the finite element 
method and the variational-difference method when the director ellipse is 
rigid fixed. The advantages and disadvantages of each method are identi-
fied. The use of the SCAD Office computer system based on the finite 
element method is more versatile than the variational-difference method 
for solving complex spatial structures. However, the results obtained in 
some nodes of the shell turned out to be more correct when solving the 
variational-difference method.

Conclusion
The author sees great resources for the use of developable surfaces 

that have undeniable positive properties in architecture, construction, and 
engineering, and suggests that we look at the great potential for creating 
interesting and unusual forms of structures, buildings, and small architec-
tural forms from developable surfaces and compositions of these surfaces. 
The class of developable surfaces is extensive, including cylindrical, coni-
cal, and torse shells. Currently, the technical literature describes 24 devel-
opable surfaces of general appearance and 10 developable surfaces of 
the equal slope [1]. The most complete information for understanding the 
nature of geometry, on the research of the stress-strain state and on the 
use of developable shells, the interested reader will find in the works from 
the literature list. It should be noted that among the torse products, the 
most popular is the open helicoid, which is devoted to many works, such as 
on geometry, for example, [1, 7, 11, 16], so and according to its calculation 
on durability [1, 13].
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Summary. The article describes the problem of friction unit surface 
layer parts wear resistance assurance based on control of geometrical 
and physic mechanical properties to be formed the machining. Also paper 
presents operation of a newly-developed software providing visualization 
of topography of a machined surface on the basis of ISO 25000 standard 
and taking into account physical and mechanical properties of material, as 
well as changes in the surface during running-in.

Keywords: friction, wear, surface layer, performances, machining

Introduction
Mechanical engineering and aviation industries use various techno-

logical methods to ensure predefined performances of surface quality of 
parts taking into consideration the required operating conditions, including 
heating temperature, operating loads, environment, duration of different 
processes. For example, surface roughness determines not only fatigue 
strength and durability, but it is interrelated with mechanical properties of 
various surface layers. To ensure the predefined surface quality param-
eters of an item and thus the performances of machine parts, finishing 
stages of machining include so-called optimal cutting modes that provide 
not only minimal wear rate of the cutting tool, but also maximum value of 
fatigue strength and wear resistance of the parts.

Machine components’ wearing is characterized by destruction of con-
tact surface layers. Physical, chemical and fatigue processes occur in 
these layers as a result of parts mating surfaces interaction. Wearing phe-
nomena has accumulative character and grows out of repeated accumula-
tion of damages, thus the wear resistance is rather sensitive to insignificant 
changes of materials properties. 
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The normal operation of a unit is characterized by the minimal wear rate 
of the material and the simultaneous forming of balanced roughness and 
rate of the mechanical hardening of a surface layer of machine compo-
nents [1-5]. Duration of break-in period of interfaced machine components 
depends upon the difference between the initial quality parameters and 
optimal parameters of the surface layer. 

Operation of metal cutting equipment under the optimal condition of 
machining ensure regular profile of surface pattern, thus allowing obtaining 
minimal values of wear intensity in mating machine parts [6]. Thus, setting 
certain technological conditions of machining ensure the best values of 
several performance characteristics of machine parts at the same time.

Theoretical part
Since 2016, alongside existing standards GOST 25142-82, GOST 

2789-73, new standards GOST R ISO 4287-2014 and GOST R ISO 
25178-2-2014 have been introduced in Russia that define regulated three-
dimensional parameters of surface roughness. Besides, the rough surface 
may be represented as a Fourier space including parameters that charac-
terize the machining process and tool geometry [7].

Consider a square wave f(x) of length 2L. In the range [0, 2L], this can 
be described by an expression of the form (1)

1)]1/()/([2)(  LxHLxHxf  ,                       (1)
where H(x) is the Heaviside function, x is the argument, and taking into 
account that the formation of the transverse roughness depends on the 
radius at the vertex r of the cutting tool, the angles in the plan φ and φ1, the 
feed S, the cutting depth t, the cutting forces Px and Py, the cutting zone 
temperature Θp, for the function of transverse roughness for turning (2)

).,,,,,,,,()( 11 xSrPPtFxf рyx                       (2)
In addition to the transverse roughness, there is a longitudinal rough-

ness measured in the direction of the cutting speed due to the oscillations 
of the technological system, as a consequence of the rigidity of the techno-
logical system j, as well as the cutting speed v, the front γ and the posterior 
α angle of the cutting tool, cutting forces Pz and Py, temperature in the 
cutting zone Θp. In addition, the longitudinal roughness can be influenced 
by errors associated with the wear and tear of equipment, for example, the 
spindle of the machine.
Longitudinal roughness can be represented by a pseudo-random number 
algorithm that is based on the Box-Muller transformation or described by 
the transition function to the general normal distribution after obtaining the 
standard normal random profile value, which allows the generation of a 
normal random variable to be completed.
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In this case, for the longitudinal roughness function for turning (3)
),,,,,,,,,,()(2 yzRvPPjFyf рyz                   (3)

where z is the surface roughness value due to the action of random fac-
tors, σ is the intensity of the impact of random factors on the longitudinal 
roughness, or after the transformation, R is the radius of the workpiece.

By varying the parameters of these equations, one may describe the 
regularities in profile formation after lathe turning with sufficient accuracy 
and obtain its mathematical model. Such an approach served as a foun-
dation for developing a software solution (Certificate of state registration 
of software no. 2017614676), allowing calculating the coordinates of the 
surface points of a part processed with lathe turning (Fig. 1), as well as 
plotting the spectrogram of the surface roughness (Fig. 2).

 
 

Longitudinal profile, Y Transversal profile, X 

Figure 1. An example of using the developed software

 
 Figure 2. An example of plotting the spectrogram of the surface 

roughness

Basing on the proposed methodology of the mathematical description 
of the profile, 3D models of surface after lathe turning were created and 
their interaction (contact) was modeled with the help of a Finite Element 
Method-based system. The profiles were modeled for various processing 
modes: v = 41 m/min, t = 0.5 mm, S = 0.2 mm/rev made of 20Cr13 accord-
ing to GOST 5632-72 with a hardness of 330HV. 
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The testing was conducted at a rubbing velocity of 0.08 m/s and a nor-
mal load of 9.81 N. The design model is shown in Figure 3.

 
 

Specimen #1 

Specimen #2 

Figure 3. A design model of contact interaction between the 
specimens for analysis with the Finite Element Method: 

F is a normal force, V is a rubbing speed, specimen 1 is still, 
specimen 2 is moving

At the first stage of modeling, the contact interaction between two sur-
face profiles, the number of contact areas was predicted and their loca-
tions as the profiles are closing. Then, a calculation was performed in 
accordance with the loading diagram shown in Figure 3, that resulted in 
obtaining the deformation distribution pattern when the profiles come into 
contact (Figure 4).

 

 Figure 4. Deformation distribution pattern after running-in of the 
specimen profiles



151

Process Management and Scientific Developments

Experimental part
From analysis of Figure 4, one may conclude that after running-in, the 

contact interaction pattern became more uniform. The number of areas 
with a pinpoint contact reduced, while the number of areas with a larger 
contact area increased (flat contact areas).

The experiments were conducted in the laboratory of the Department 
of Aircraft Engines and General Engineering, P.A. Solovyov Rybinsk State 
Aviation Technical University with the help of a T-11 friction machine. In 
the figure, you can see picture of the second specimen after running-in, 
as well as the results of modeling the run-in surface with the equations 2 
and 3.

 

                                a                                                        b
Figure 5. Picture of the specimen surface after running-in (magnified 
х40) (a) and spectrogram of the run-in surface obtained with the 

equations 2 and 3 (b).

Based on the foregoing, it is possible to present an algorithm for calcu-
lating the equilibrium 3D roughness in the following form (Figure 6). 

As initial data the conditions of operation of parts in the friction unit, the 
physical and mechanical properties of the materials of the mating parts are 
taken into account. The calculation of the parameters of the equilibrium 
roughness can be performed using the dimensionless Kragelsky-Komba-
lov criterion. Based on the calculated value of the parameter of the equi-
librium roughness and the geometry of the working surfaces of the parts, 
a choice is made of the processing method: turning, milling, grinding etc. 
Next, the longitudinal and transverse surface roughness functions are cal-
culated from equations (2) and (3). Calculation of technological processing 
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conditions is performed on the basis of known design dependencies for 
selected methods of surface treatment of the workpiece. Depending on the 
method and processing modes, recommendations for choosing lubricant-
cooling agent are offered.

 
 Figure 6. Algorithm for calculating the equilibrium 3D roughness

Conclusion
Using the Finite Element Method has allowed finding the contact inter-

action area, the values of deformation and stresses in the contact zone, 
load distribution patterns along the surface, the value of contact closing 
and a number of other parameters.
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The developed software solution allows calculating the longitudinal and 
transversal roughness of items produced with lathe turning according to 
GOST R ISO 4287-2014 and GOST R ISO 25178-2-2014, which are cre-
ated on the basis of ISO 25000 international standard. It allows for fast 
import of data into any top-level CAD systems for subsequent plotting and 
analysis of a 3D rough surface.

The developed algorithm of treatment conditions calculation providing 
of machine components surface layer wear resistance allows technologist 
in the processing design stage to determine machining conditions provid-
ing forming of the balanced geometrical and physic mechanical properties 
of machine components surface layer permitting to reduce running-in time 
of machine components.
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Abstract. The influence of surface epilamization on the deformation 
behavior of products and their mechanical properties has been studied. 
A significant increase in technological ductility and improvement of stam-
pability of low-carbon thin-sheet cold-rolled steels due to a significant re-
duction in roughness and “healing” of surface defects has been proved. 
A significant advantage of epilamization is the increase of technological 
plasticity not due to the weakening of the sheet, but on the contrary, with 
an increase in the actual resistance to destruction.     

Key words: cold-rolled steel, thin sheet, epilamization, surface rough-
ness, strength, ductility, tensile, stamping, ability to stretch.

Introduction
World production of sheet and strip is constantly growing, occupy-

ing more than 70% of total steel production, of which thin sheet and strip 
constitute a significant part. Further development of the main branches of 
mechanical engineering and construction, as well as production of house-
hold appliances show that consumption of this type of rolled iron will only 
increase and the range of areas of its application will obviously expand. 
This, in turn, stimulates the intensive introduction of new technologies in 
manufacturing products from more technological steels, which will improve 
their quality, ensure significant energy and resource-saving effect and re-
duce costs.

A significant part (up to 90%) of cold-rolled sheet metal is processed by 
cold stamping methods, which make possible to obtain a varied in forms 
and accurate in size products with significant savings in me

In the automotive industry, sheet metal stamping has become the most 
widespread both in the range of products and in their number. It is impossi-
ble to imagine the design of any car or lorry without this production process. 
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Modern automatic high-performance lines of cold stamping of products 
from cold-rolled steel sheet billets require high plasticity, deep and complex 
stretching due to the complexity of the geometric shape of the stamped 
parts. At the same time, increasing level of operational requirements im-
plies the need to maintain the strength of steel after stamping. However, 
increasing the strength of the rolled product causes reduction in its techno-
logical ductility, and thus significantly impairs stamping [1]. In this regard, 
developing new methods of processing rolled steel, which combine these 
conflicting requirements and improve the properties of steel is topical. 

Status of issue  
At the stage of sheet production, its technological plasticity depends 

on the chemical composition of steel and the mode of recrystallization an-
nealing: the less carbon and impurity atoms in steel, and the lower the yield 
strength σ0,2 after annealing, the higher the plasticity [2]. Recrystallization 
annealing of cold-rolled steel completely removes hardening, the metal 
acquires an equilibrium structure, and its plasticity is restored. However, 
the attenuating treatment of cold-rolled steel takes time, requires special 
equipment, and significant power costs.

Recently, new steels (TRIP (transformation induced plasticity steels), 
DP (dual phase steels), etc.) of high strength with sufficient ductility and 
constant capability of stamping have been developed and are increasingly 
used, especially in the automotive industry [3]. To obtain modern high-
strength (High-strength steels, HSS; Advanced-high-strength steel, AHSS) 
and high-quality steels a set of complex problems must be solved that 
are associated with determining and creating conditions for optimal chemi-
cal and phase composition, microstructure at each stage of a complex 
process (thermomechanical processing, controlled rolling, micro-alloying), 
which requires significant financial costs to improve and develop steel-
making technologies. Such steels must certainly be used, for example, 
for the elements of the power frame of machines. The parts, that are not 
subject to significant loads and require deep and complex stretching during 
stamping, are made of mild steels of grades 08кп (analog of 1449-1HR, 
1HR, 2HR, DC01, DD13) or 08ЮА (DC 04 / FeP 04 HR 1 HR 2), which is 
stabilized by aluminum.

Quite often in the practice of automotive industry there is insufficient 
stampability of sheet billets, which leads to significant economic losses, 
because there have not been any methods to improve the ability to stretch 
the finished sheet so far. This determines the relevance of finding new so-
lutions to solve this important problem.
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Based on theoretical and experimental research in the field of modern 
materials science, it is proved that the state of the surface layer of a de-
formed body is a functional independent subsystem and radically affects 
the level of its plastic flow and properties [4,5]. Guided by this, the paper 
investigates the effect of epilamization (EP) of the surface of steel sheet 
billets on their deformation behavior and the formation of properties. EP 
[6] is one of the modern types of nano-coatings, which are widely used to 
reduce friction and wear of contact surfaces, increase the stability of cut-
ting tools and stamping equipment, protect metal surfaces from corrosion 
[7,8]. There is no information though concerning the impact of EP on the 
technological properties of steel and on the deformation behavior of steel 
products and their mechanical characteristics.

Tasks and objectives  
The aim of the work is to increase the technological plasticity while 

maintaining the strength of cold-rolled low-carbon sheet steel billets by 
surface EP.

The following tasks were set in the work: 1 – to investigate the effect of 
EP on the deformation behavior and properties of sheet steel in tension; 2 
– to determine the effect of surface EP on the deformability of sheet billets 
that will be subject to cold stamping. 

Material and methods of research. 
The experiments were performed on the sheet low-carbon cold-rolled 

steels 20 (rolled thickness 1.2 mm) and 08кп (thickness 0.5 mm). The 
surface of the sheet samples in the state of delivery was covered with 
a nanosized monomolecular film of epilam – fluorine surfactant (fluorine 
surfactant) – by immersion in the bath with epilam for 10 min at a tempera-
ture of 50 - 55 ° C. Roughness and surface profile were measured using 
a profilometer-profilograph with the analyzer sensor whose sensitivity al-
lowed to estimate the topography of the surface from 0.005 μm. Mechani-
cal characteristics were determined during the tensile test of flat samples 
with a working part size of 80×12.5×1.2 mm. The ability to stretch was 
evaluated on the samples of size 50×50×0.5 mm according to the results 
of Eriksen tests.

The main results of the research
Fig. 1 shows the curves “stress σ - deformation ε” of steel 20 samples in 

the initial state and after EP. The values of the mechanical characteristics 
are given in Table 1. 
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 Fig. 1. Dependence “stress σ - deformation ε” for steel 20 samples:

1 - before EP; 2 - after ЕP

The research results show that EP with a relatively slight decrease in 
strength characteristics (σв, σ0,2 decrease by 4% and 9%, respectively) 
leads to a significant increase in plasticity: relative elongation by 44% and 
relative narrowing by 57%. At the same time, the actual fracture stress Sk 
due to extremely high plasticization increases by 12.5%. Thus, the true 
strength of the sheet billets after the surface EP is higher than that of the 
sheet in the state of delivery.

Table 1‒ Mechanical characteristics of steel 20 samples 
before and after EP

State σв, MPa σ0,2, MPa Sк, MPa δ, % y

Without EP 375 290 480 25 21

After EP 360 265 540 36 33

It should be noted that the hardness of the sheet remained unchanged 
(before EP HV5 = 130 - 133 MPa, after EP - 129 -132 MPa). This indi-
cates that the change in properties after surface treatment by EP is not 
associated with the characteristics of the material, but with a change in the 
behavior of sheet samples during deformation, which clearly illustrate the 
tensile curves in Fig. 1.
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As is known, the deformability of the product significantly depends on 
the roughness of its surface. In the initial state, the sheet had a high rough-
ness – Ra = 1.6 μm (Fig. 2, a). EP significantly reduced the roughness 
to 0.21 μm. Against the general smoothed background only insignificant 
separate buckles are registered (fig. 2, b).

Surface smoothness is also well illustrated by the study of surface 
scanning using an electron microscope (Fig. 3).

This striking change in the state of the surface is explained by the fact 
that the epilam has a low surface tension, due to which it flows into the 
smallest surface irregularities and “cures” surface defects (cavities, submi-
croscopic cracks, pores), which prolongs the stage of elastic-plastic defor-
mation of metal.

Significant improvement of the surface condition and significant effect 
of plasticization of samples should affect the quality of stamping. To con-
firm this, a steel sheet made of steel 08кп and 0.5 mm thick after EP was 
tested for extrusion by the Eriksen method. The results are given in Table 
2. It should be noted that after EP of steel 08кп the depth of the hole dur-
ing extrusion even exceeds the requirements of the category Extremely 
Complicated Stretching (SCS) for steel 08YUA, which has less carbon and 
harmful impurities (especially oxygen).
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Fig. 2. Profilograms of steel 20 samples: a - initial state; b - after the ЕP
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Fig. 3. The surface of the samples of steel 20 after various treatments:

a - grinding (initial state); b - ЕP

Table 2 - Test data for extrusion of steel sheet 08kp
State Hole depth, mm Stretching category

Initial before the EP 9,05 Very Deep Stretching (VDS)

After the EP 11,85 Extremely Complicated Stretching 
(SCS)

   
This very significant improvement in the capability of steel for such a 

complex stretching will dramatically increase the efficiency of the process 
of its cold stamping – reduce the number of transitions, reduce the cost of 
stamping tools, increase the process productivity. At the same time, we 
should expect improvement of products quality, appreciable reduction of 
flaws and considerable economic effect. The recommended method of 
plasticization of cold-rolled thin-sheet low-carbon steel is protected by pat-
ents [9].

Conclusion
1. When sample surfaces were tested for tensile, their EP significantly 

increased the plasticity characteristics (relative elongation by 44% and rel-
ative narrowing by 57%) without a significant decrease in strength indexes 
(temporary resistance σв and yield strength σ0,2 are reduced by 4% and 9 % 
respectively). Moreover, the actual fracture stress Sk increases by 12%. 
Thus, the strength of the sheet billets after surface EP, despite the sig-
nificant plasticization, is higher than that of the sheet in the state of 
delivery. 



160

Process Management and Scientific Developments

2. The main reason for the plasticization of sheet billets is healing sur-
face defects, which continues the stage of elastic-plastic deformation and 
complicates the beginning of the formation of concentrated deformation, 
which causes destruction.

3. EP significantly improves the stamping of low-carbon sheet steels. 
The ability to stretch sheet from steel 08кп increases 1.3 times (from the 
group of Very Deep Stretching, regulated by GOST 9045-93, to values that 
exceed the requirements of Extremely Complicated Stretching for steel of 
better quality 08ЮА), which will significantly increase the efficiency of the 
stamping process and improve product quality.

4. A significant advantage of epilamization is the increase in the ability 
to stretch not at the expense of weakening the sheet, but on the contrary, 
with increasing the actual resistance to destruction
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Abstract. The article provides a comparative analysis of the 7.62 mm 
Yalguzag sniper rifle, the first national weapon of our country to meet world 
NATO standards, its technical characteristics, its leading position in the 
world arms industry, and similar weapons of the world. At the same time, 
for higher-precision production of complex shaped parts of the 7.62 mm 
Yalquzag sniper rifle, the stages of their technological process measure-
ment control on coordinate measuring machines (on the example of Hexa-
gon Tigo SF 3D coordinate measuring machine) are given.

Keywords: sniper rifle, optical sight, geometric dimensions, shape er-
rors, model, lighter frame

Yalquzag sniper rifle was created by Azerbaijani engineers. The in-
formation about this lightweight sniper rifle was released to the public in 
December 2012 by the Ministry of Defense Industry. The sniper rifle was 
presented to the President on December 17, 2012.

Yalquzag has a range of 1,000 meters, a capacity of 10 cartridges and 
a weight of 7.1 kg. The Yalquzag is a weapon that fully meets NATO stan-
dards. At present, all parts of the weapon are manufactured in local facto-
ries, ie "Yalguzag" is a 100% NATO sniper rifle produced in local factories.
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Figure 1. Sniper rifle Yalguzag

The parts of Yalguzag are made of high-strength aluminum alloy. Based 
on the results of the tests, the weapon underwent certain changes, while 
maintaining the overall design and ballistic properties compared to the pre-
vious model.

According to experts, Yalquzag, which was created and developed 
with great care and precision, due to its tactical and technical features, 
which has been popular in its class for the last 10 years JNG-90 “Bora-12” 
(Turkey), “Truvelo CMS-7.62” (CAR), CDX Lite, CDX Tac (Canada), “Orsis 
T-5000” (Russia), Accuracy International AX308 (England), APR 308 (Swit-
zerland) are among the weapons that can compete with sniper rifles [1-5].

Channels have been opened in the barrel of the weapon to provide addi-
tional rigidity, light weight and improve cooling. A new mounting bus is envis-
aged in the plane where the pipe is connected to the box. The open areas on 
the sides of this cover provide additional cooling function to the pipe during 
firing, which in turn increases the durability and service life of the pipe.

One of the important features of the weapon is the presence of "Pica-
tinni" type spectacles in accordance with the MIL 1913 NATO standard to 
combine it with optics and various accessories. It is possible to add various 
accessories to the top and sides of the weapon through these performanc-
es prepared at the Ministry of Defense Industry.

In accordance with the research plan, in order to achieve higher accu-
racy in the processing of complex shaped parts of the 7.62 mm Yalquzag 
sniper rifle, we determined the following step-by-step algorithm for their 
measurement and control operations on coordinate measuring machines 
using coordinate metrology:
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1. Selection of complex shaped details that require high accuracy dur-
ing the processing process.

2. Full mastery, analysis, analysis and study of geometric configuration 
of complex high-precision details.

3. Thorough study of constructive documents, drawings of complex 
high-precision details, norms and requirements to them.

4. AutoCAD and Solidworks, etc. in modern engineering programs of 
high-precision details of complex shapes. Development of 2D and 3D 
drawings and models.

5. Development of PS DMIS CAD program to determine the required 
high-precision geometric dimensions and shape errors of complex shaped 
high-precision details on coordinate measuring machines.

6. Determination of required geometric dimensions and shape errors 
of high-precision details of complex shape on coordinate measuring ma-
chines.

7. Preparation of the report protocol, analysis of the obtained results 
and submission of expert suggestions.

 
 Figure 2. Coordinate measurements of the lighter frame 

on a Hexagon Tigo SF machine

The following experimental-research works were carried out in accor-
dance with the above algorithm.



165

Process Management and Scientific Developments

Traditional metrological research of the lighter frame: The lighter 
frame is the moving part of the automatic 7.62 mm Yalquzag sniper rifle.

The lighter frame is designed to move the lighter and transmitter and 
pull the cartridge out of the belt (Figure 3). At the back of the lighter frame, 
the extractor is mounted on a pole with a shaft. The lighter is designed to 
transfer the cartridge to the cartridge housing of the barrel, close the bar-
rel channel, blow up the cartridge capsule and remove the shell from the 
cartridge housing. The lighter consists of a body, an extractor, a spring and 
an axis with an arrow and an axis of the extractor. The extractor and spring 
cartridge are used to remove the barrel from the cartridge housing and 
hold it in place until it touches the protrusion of the ejector in the barrel box. 
The return battle spring with the guide shaft is designed to return the lighter 
frame to the front position with the lighter and provide the energy needed 
to blow up the capsule of the striker cartridge.

To make a combination of lighter and lighter frame, one of the intricately 
shaped details of the 7.62 mm Yalquzag sniper rifle, the beaten pistachio 
is processed on a programmed machine immediately after the plating pro-
cess, followed by heat treatment.

After heat treatment, a magnetic defectoscope detects internal defects 
(such as internal cracks). These types of defects usually occur when the 
pistachio is beaten and stratified. Once the internal defects of the lighter 
joint under investigation have been identified, if no cracks are found inside 
the part, the part is transferred to the chemical coating operation.

The choice of metrological research tools for any of the finishing opera-
tions of the lighter frame design of the 7.62 mm Yalquzag sniper rifle, of 
course, begins with the metrological study of the design.

In this section of the study, we must select metrological research (mea-
surement) tools to monitor and verify the deviation of the ∅14.6H9 inner 
surface of the shell from the uniformity of the lighter along the central M 
axis after the final operation in the lighter frame combination of the 7.62 
mm Yalquzag sniper rifle. The following provisions are taken as a basis for 
the selection of metrological research (measurement) means:

1. In order to guarantee the relative measurement error δö given or cal-
culated, the given relative error δö of the measuring instrument selected for 
metrological research must be less than 25 ÷ 30% δö. That is, δö = 0,7δö

2. The choice of research tool depends on the scale of production or the 
number of identical tools used in operation.

3. The measurement method determined based on the purpose of the 
control and study provides the requirements for the measurement tool to 
be grounded.
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4. The following should be taken into account when selecting measur-
ing, control and metrological research tools based on their metrological 
characteristics. If the technological process of the product under study 
is unstable, ie if any parameter we measure significantly deviates from 
the given field of application, then the scale of the selected tool should 
exceed the specified distribution range of the value of the measured pa-
rameter. When choosing a measuring instrument, it is important to know 
the scale of the measuring instrument as well as the length of the working 
area.

 
 

   
 

Figure 3. Drawing of the lighter frame of the 7.62 mm 
Yalquzag sniper rifle 
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The correct choice of measurement, control or metrological research 
tools for the part under study is one of the most important issues for the 
control operations on the part under study.

This in turn applies equally to each of the categories of technological 
five of control.

Bu isə öz növbəsində texnoloji nəzarətin beş kateqoriyasının hər birinə 
eyni dərəcədə aiddir. The categories of technological control are as fol-
lows:

- Complete control
- Selective control
- continuous control
- Period control
- Due control. 
To control the deviation (error, deviation) of the surface of the lighter 

frame part ∅14,6H9 from the same axis on the surface M, we determine 
that the support from ST SEV 144-75 is T = 0.05 mm = 50 m km.

Half of the support will be T / 2 = 50/2 = 25 microns.
The average value of the required accuracy is calculated as follows.

Kdavr
′ = 2,5 + 1,4

2 = 1,95 

 The error of the measuring or control device we choose

                               
mkm

K

T

d
öl 86,9

535,2
25

95,13,1
25

3,1
2 







 will be. 
 As a result of the calculations, we take 10.0 as the closest price to the 

price we determined. This value corresponds to the indicator with a distri-
bution value of 0.01 mm. Therefore, we can use this measuring head (in-
dicator) as a measuring tool that we need to monitor the part under study.

One of the main tasks of metrological research is the process of design-
ing a control caliber for the joint surface of the part. Since the joint surface 
of the part under study is (∅14,6h9), the control caliber for it is designed as 
a result of calculations shown in the following sequence.

1. First of all, the fit and support for smooth cylindrical parts and parts 
are determined from the standard tables.

2. Then the nominal values of the dimensions of the non-passing and 
passing sides of the working gauges are determined. 

Calculate the value of the working dimensions for the gauge plug in the 
following sequence:
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We choose the values of deviations es (mm) and lower ei (mm) from 
GOST25347-82:

;043,043 mmmkmES   
.00 mmmkmEİ   

We determine the values of the largest and smallest limits of the hole 
(slot):

;643,14043,06,14max mmESDD    

.6,1406,14min mmEİDD    
We find in GOST 24853-81:

;008,081 mmmkmZ    

;01 Y   

;005,051 mmmkmH    

.002,02 mmmkmH p    
We calculate the values of the working dimensions of the side of the 

caliber plug to be designed:

;5945,14
2
005,0008,06,14

2
1

1min
max mmHZDПР 

 
 

.5895,14
2
005,0008,06,14

2
1

1min
min mmHZDПР 

 
 

We also calculate the values of the working dimensions of the impen-
etrable side of the caliber plug we are going to design:

.6405,14
2
005,0643,14

2

;6455,14
2
005,0643,14

2
1

max
min

1
max

max

mmHDHE

mmHDНЕ





 
 

 

We determine the wear price for the side of the gauge plug:

            .5945,1405945,141max mmYDПР yey   
 Calculate the values of the working dimensions of the side of the gauge 

plug:

                

;593,14
2
002,0008,06,14

21min
max mm

H
ZDПРN p 
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.591,14

2
002,0008,06,14

21min
min mm

H
ZDПРN p 

 
 We calculate the values of the working dimensions of the impenetrable 

side of the control caliber.

.642,14
2
002,0643,14

2

;644,14
2
002,0643,14

2

max
min

max
max

mm
H

DНЕN

mm
H

DНЕN
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 Research of the lighter frame of the 7.62 mm Yalquzag sniper rifle 
with coordinate metrology. The 7.62 mm Yalquzag sniper rifle, the object 
of our research, is an automatic mode combat weapon and is the most 
widespread firearm in the world (Figure 2). It has the ability to fire sequen-
tially in both single and automatic mode. This weapon differs from others 
by its high reliability and simple maintenance.

 
 Figure 4. Lighter and lighter frame on a Hexagon Tigo SF machine

performing coordinate measurements
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One of the important conditions for improving the quality of the 7.62 mm 
Yalquzag sniper rifle is to obtain accurate, accurate measurement infor-
mation about the parameters, characteristics and properties of the lighter 
frame, which is one of its parts [6-9].

Model and detail of the 7.62 mm Yalquzag sniper rifle lighter and lighter 
frame were examined as follows in the Hexagon Tigo SF coordinate ma-
chine (Figure 4, 5).

As a result, a study of the lighter frame on the Hexagon Tigo SF showed 
that if the complex details of the 7.62 mm Yalquzag sniper rifle were test-
ed and put into operation in a coordinate machine, high-precision results 
would be obtained and better weapons would be produced.

Results and suggestions.
1. The concept of ensuring the unity of coordinate measurements by 

coordinate methods of geometric parameters of complex shaped surfaces 
has been developed theoretically and experimentally.

2. Algorithms and programs for coordinate measurements of geometric 
parameters of surface shape and roughness have been developed.

3. Mathematical models of the principles of analysis of error organizers 
of coordinate measurements obtained on the basis of scientific research 
allow to select the coordinate measurement system for accuracy, to carry 
out their verification methods, as well as to evaluate the accuracy of mea-
surement results.
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ANALYSIS OF THE ELECTRIC FIELD OF A PLANE LATTICE OF 
SIGN-ALTERNATING AXES

Leonov Vladimir Semenovich
Ph.D., Professor 
International Academy of System Studies – IASS, Moscow

Abstract. The electric field of a plane lattice of sign-alternating axes 
can be represented by a complex potential. Separating the real and imagi-
nary parts of the complex potential, we find the electric field strength func-
tion and its modulus. Analysis of the electric field of a plane lattice of sign-
alternating axes shows us that this field is short-range. When moving away 
from the lattice, its electric field strength decreases very quickly. We see 
that at a distance equal to the lattice step 1.0a, the field strength decreases 
by an order of magnitude, and at a distance of two steps 2.0a from lattice 
its electric field can be neglected in practical calculations. Our analysis 
shows us that the electric field of the lattice of sign-alternating axes is a 
very inhomogeneous field and this is a short-range field at a distance of 
one step of the lattice. Sign-alternating fields are widely used in my fun-
damental theory of Superunification: sign-alternating superstrings, sign-
alternating shells of nucleons and others [1-5].

Keywords: sign-alternating fields, short-range fields and forces, theory 
of Superunification, sign-alternating superstrings, bifilar winding, quantum 
engines, Universe.

1.  Calculation  of  the  lattice  field  of  sign-alternating  axes. Fig. 1 
shows a plane lattice of sign-alternating electric axes. The signs of polarity 
of the electric charge of such axes are alternating when the plus (+) sign 
changes to a minus (-) sign on the adjacent axis. Such a plane lattice is 
accepted by us as infinite. The origin of the Y coordinate is the axis with a 
positive charge (+), and the X axis is lying in the plane of the lattice.
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of sign-alternating electric axes. The signs of polarity of the electric charge of such axes are 

alternating when the plus (+) sign changes to a minus (-) sign on the adjacent axis. Such a plane 

lattice is accepted by us as infinite. The origin of the Y coordinate is the axis with a positive 

charge (+), and the X axis is lying in the plane of the lattice. 

 

 

 

 

 

 

 The electric potential U of sign-alternating electric axes of a similar bifilar winding (Fig. 

4) is described by a function of a complex variable [1]: 
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 where τ is the linear density of electric charges of the axis, C/m; 

Fig. 1. This is a plane lattice of sign-alternating electric axes. 
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Fig. 1. This is a plane lattice of sign-alternating electric axes.

The electric potential U of sign-alternating electric axes of a similar bi-
filar winding (Fig. 4) is described by a function of a complex variable [1]:

)zatg(iLn
4

U
10 


                      (1)

where τ is the linear density of electric charges of the axis, C/m;
ε0 = 8.85.10—12 F/m is electric constant;
ε1 is the relative dielectric constant of the medium;
a is the distance between the centers of the axes, m;
z = x + iy is a complex number (i2 = -1).

We separate the real part of the complex potential (1) from its imaginary 
part and we obtain the function of the electric potential φ (x, y) in a rectan-
gular coordinate system [5]:
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Next, we find the function of the electric field intensity vector E as the 
gradient from the scalar field of the potential φ (x, y) of the lattice of sign-
alternating electric axes [6]:
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where i and j are unit vectors in the x and y axes, respectively.
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As we see from (2) and (3), the electric field of the lattice of alternat-
ing electric axes is represented by special functions [7, 8]. So that we can 
make a graphical representation of the electric field in equipotential and 
electric lines of force, we must write the equations for equipotentials and 
electric lines of force, provided that equipotential lines are always perpen-
dicular to the electric lines of force. The line perpendicularity condition is 
satisfied by equation (1) and its solutions (2) and (3). 

We assume that the electric potential of an axis with a small radius r0 
has a maximum value ½ φmax. The potential difference along the axes (+) 
and (-) is equal to ½ φmax - (-½ φmax) = φmax. By this we set the boundary 
conditions for solving our equations. Further, from (2) we find the linear 
density τ of electric charges of the axis under the boundary conditions ½ 
φmax, x = r0, y = 0:
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2. Equations equipotential and electric field lines of the lattice of 
sign-alternating fields. Next, we separate the variables with respect to y 
and x in equation (2) and obtain the equipotential equation in implicit form 
through hyperbolic functions:
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After substituting (4) in (5) we obtain the equation of equipotentials of a 
lattice of sign-alternating electric axes:
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where k1 is the equipotential coefficient which has its own formula:
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The lines of equipotentials intersect the X axis at the point x at y = 0:
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                                      (8)

Equations (6), (7) and (8) allow us to graphically represent the lattice 
field of sign-alternating electric axes in the form of equipotential surfaces 
having the potential φ/φmax expressed in relative units (Fig. 1). 

To build a picture of the field in electric lines of force we use the stream 
function Ψ of intensity E (3) which penetrates the lattice of alternating elec-
tric axes (Fig. 1) [7]:
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Next, we find the total flux Φ of the electric field emerging from the 
charged axis using the Gauss theorem for surface S around an axis:
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From (10) we find:
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Substituting (11) in (9) we get:
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From (12) we obtain the equation of the electric lines of force:
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The total flux Φ and its parts in the form of the ratio Ψ/Φ are included 
in (13). The magnitude of the flux penetrating the first quadrant of the co-
ordinate system between the X and Y axes is one quarter: Ψ/Φ = ¼. The 
beginning of the coordinate is the X axis, and we will do the counting direc-
tion of the flux counterclockwise. Then along the X axis at y = 0 the flux is 
equal to zero Ψ = 0, and along the Y axis as y → ∞ the flux is equal to one 
quarter (12):
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Equation (13) allows us to determine the coordinates of the electric 
lines of force for the relative flux Ψ/Φ from 0 to ¼ inside the first quadrant 
with any interval. Due to the symmetry of the field, we can always construct 
its complete picture for four quadrants of the coordinate system from the 
calculated data for the first quadrant.

4 
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 Based on equations (2), (3), (6) and (13), we constructed a graphic picture of the electric 

field of the lattice of sign-alternating electric axes in the form of equipotentials φ = const and 

electric lines of force E (Fig. 2). Analysis of the electric field of the lattice of sign-alternating 

Fig. 2. The picture of the electric field of the lattice of sign-alternating electric 
axes is represented by the equipotentials φ = const and electric lines of force E. 
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φ E 

a 
½ a ½ a 

X 

Fig. 2. The picture of the electric field of the lattice of sign-alternat-
ing electric axes is represented by the equipotentials φ = const and 

electric lines of force E.
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Based on equations (2), (3), (6) and (13), we constructed a graphic 
picture of the electric field of the lattice of sign-alternating electric axes in 
the form of equipotentials φ = const and electric lines of force E (Fig. 2). 
Analysis of the electric field of the lattice of sign-alternating electric axes 
shows us that this field is very inhomogeneous and is mainly concentrated 
in the lattice itself at distances of no more than the step of the lattice a. This 
is a short-range electric field.

3. Analysis  of  a  short-range  field  of  a  lattice  of  sign-alternating 
fields. Next, we find from (3) the modulus of the electric field strength E of 
sign-alternating electric axes:
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On the Y axis at x = 0, the modulus of the electric field strength E1y (15) 
will have the form:

y
a

sh

1f;
)y

a
sh(a2

E 1

10

y1 






                   (16)

As we see from (16), the field strength E1y changes according to the 
inverse hyperbolic sinus law (f1, Fig 3), which is characterized by a very 
rapid decline when we move away from the lattice of sign-alternating elec-
tric axes.

On the Y axis at x = 0.5a, the modulus of the electric field strength E2y 
(15) will have the form:
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As we see from (17), the field strength E2y changes according to the 
inverse hyperbolic cosine law (f2, Fig 3), which is characterized by a very 
rapid decline when we move away from the lattice of sign-alternating elec-
tric axes.

Figure 3 shows graphs of a rapid decrease in field strength when we 
move along the Y axis moving away from the lattice plane of sign-alternat-
ing axes (Fig. 1). We see that at a distance equal to the lattice step 1.0a, 
the field strength decreases by an order of magnitude, and at a distance 
of two steps 2.0a from lattice its electric field can be neglected in practical 
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calculations. Our analysis shows us that the electric field of the lattice of 
sign-alternating axes is a very inhomogeneous field and this is a short-
range field at a distance of one step of the lattice. 

5 
 
electric axes shows us that this field is very inhomogeneous and is mainly concentrated in the 

lattice itself at distances of no more than the step of the lattice a. This is a short-range electric 

field. 

 3. Analysis of a short-range field of a lattice of sign-alternating fields. Next, we find 

from (3) the modulus of the electric field strength E of sign-alternating electric axes: 

2
1

22

10

22

x
a

cosy
a

ch
a4y

E
x
EE









 




























   (15)  

 On the Y axis at x = 0, the modulus of the electric field strength E1y (15) will have the 

form: 

y
a

sh

1f;
)y

a
sh(a2

E 1

10

y1 






    (16)  

 As we see from (16), the field strength E1y changes according to the inverse hyperbolic 

sinus law (f1, Fig 3), which is characterized by a very rapid decline when we move away from 

the lattice of sign-alternating electric axes. 

 On the Y axis at x = 0.5a, the modulus of the electric field strength E2y (15) will have the 

form: 

y
a

ch

1f;
)y

a
ch(a2

E 2

10

y2 






    (17)  

 

 

 

 

 

 

 

 

 

 

 

 As we see from (17), the field strength E2y changes according to the inverse hyperbolic 

cosine law (f2, Fig 3), which is characterized by a very rapid decline when we move away from 

the lattice of sign-alternating electric axes. 

Fig. 3. We see a rapid decrease in the field strength E1y (16) and E2y (17) as a function of 
f1 (16) and f2 (17) when we move along the Y axis moving away from the lattice plane of 
sign-alternating axes (Fig. 1). 
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Fig. 3. We see a rapid decrease in the field strength E1y (16) and 
E2y (17) as a function of f1 (16) and f2 (17) when we move along the 
Y axis moving away from the lattice plane of sign-alternating axes 

(Fig. 1).

The electric force Fe acting on the electric charge qe in a sign-alternat-
ing field (Fig. 1) is proportional to the field strength E (3), (15), (16), (17). 
These are short-range forces:

EFe eq                                              (18)

4.  Practical  application  of  sign-alternating  fields  in  science  and 
technology:

4.1.  “Antigravity”  dielectric  separators  of  finely  dispersed parti-
cles. The separator includes: bifilar winding 1, drum 2, brush 3, hopper 4, 
fraction receiver 5, particles 6 (Fig. 4).

Bifilar winding was used by Nikola Tesla in electric devices. We wrapped 
the bifilar winding 1 on the drum 2 in two wires with insulation. Power wind-
ing 1 is AC, frequency 50... 3000 Hz, voltage 1... 10 kV. Bifilar winding has 
a unique property, it attracts both non-magnetic (dielectric and conductive) 
and magnetic materials. Earth gravity also manifests itself in a similar way. 
The force Fe attraction of the particles by the bifilar winding is due to their 
polarization p, where p is the electric dipole moment of the particle [9]:
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EFe gradp                                        (19)
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 Bifilar winding was used by Nikola Tesla in electric devices. We wrapped the bifilar 

winding 1 on the drum 2 in two wires with insulation. Power winding 1 is AC, frequency 50... 

3000 Hz, voltage 1... 10 kV. Bifilar winding has a unique property, it attracts both non-magnetic 

(dielectric and conductive) and magnetic materials. Earth gravity also manifests itself in a similar 

way. The force Fe attraction of the particles by the bifilar winding is due to their polarization p, 

where p is the electric dipole moment of the particle [9]: 

EFe gradp       (19)  

 The separator works as follows [10]. Particles 6 (seeds, dust and crushed rock) from the 

hopper 4 are fed to the surface of the bifilar winding 1 which attracts them with force Fe. The 

drum 2 has a rotation and under the action of the force P of gravity, various particles are divided 

into fractions in the receiver 5. For this work, I was awarded the Russian Government Prize in 

Science and Technology in 1995. 

 The name “antigravity” separator is taken by me in quotation marks, since fully 

antigravity is created due to the combined influence of the gradients of electric (19) and 

magnetic fields as a gradient of electromagnetic energy gradW. 

Fig. 4. This is a scheme of an “antigravity” dielectric separator 
with a bifilar winding in section A (increase ). 

A 

A 4 
1 
2 
3 
6 
5 

~ 

P 
Fe 

Fig. 4. This is a scheme of an “antigravity” dielectric separator
with a bifilar winding in section A (increase ).

The separator works as follows [10]. Particles 6 (seeds, dust and 
crushed rock) from the hopper 4 are fed to the surface of the bifilar winding 
1 which attracts them with force Fe. The drum 2 has a rotation and under 
the action of the force P of gravity, various particles are divided into frac-
tions in the receiver 5. For this work, I was awarded the Russian Govern-
ment Prize in Science and Technology in 1995.

The name “antigravity” separator is taken by me in quotation marks, 
since fully antigravity is created due to the combined influence of the gra-
dients of electric (19) and magnetic fields as a gradient of electromagnetic 
energy gradW.

4.2. The creation of artificial gravity and antigravity quantum en-
gines. My studies of the behavior of particles in the field of a bifilar winding 
allowed me to recognize the electromagnetic nature of quantum gravity. To 
create gravity force F, we must, like formula (19), create an energy gradi-
ent W which quantized space-time is filled with [11, 1]:

gradWF                                           (20)
Formula (20) is the main one when describing the fundamental forces of 

nature: gravity, electromagnetism, nuclear and electroweak forces. From 
(20) it follows Newton's gravitation law and the momentum conservation 
law, which are special cases of the formula (20) by the enormous energy 
quantized space-time. In astrophysics, the energy W (20) is dark energy 
and it is able to move the galaxies with acceleration by force F (20). The 
Universe has tremendous elasticity and tension, which are set by sign-
alternating superstrings.

4.3. The Universe has sign-alternating superstrings. Our Universe 
is pierced by electric and magnetic superstrings which are an endless 
chain of sign-alternating electric (±e) and magnetic (±g) charges-quarks. 
These are point charges. Fig. 5 shows a scheme for calculating the electric 
force Fe acting on elementary quark-charges (± e) inside a superstring. 
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 The magnetic superstring has a similar tension force: Fg=±1.4.1023N, confirming the 

colossal elasticity of quantized space-time (dark matter). For the first time I was able to calculate 

these forces based on the methodology for the analysis of sign-alternating fields. 

 4.4. A nucleon has an alternating shell as the basis of nuclear forces. The theory of 

Superunification has made significant adjustments to our understanding of the nature of nuclear 

forces. We left the quark structure of nucleons. But we replaced fractional quarks with entire 

quarks (±1e). In addition, we placed quarks in the sign-alternating nucleon shell. The nucleon 

shell can be compressed and by this action it itself forms the nucleon mass as a result of 

spherical deformation (Einstein's curvature) of quantized space-time (dark matter). But most 

importantly, we got the effect of the attraction of the alternating shells of nucleons to each other, 

regardless of the presence of an unbalanced charge on the nucleon (Fig. 6) [1, 13, 14]. 

Fig. 5. Calculation of the tensioning of sign-alternating electrical superstring. 
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Fig. 5. Calculation of the tensioning of sign-alternating electrical 
superstring.

For a = ½Lq0 = 0.37.10–25   m, we obtain the superstring tension force 
using the field superposition principle, where e = 1,6·10-19 C is an elemen-
tary electric quark-charges [1, 12]:
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The magnetic superstring has a similar tension force: Fg=±1.4.1023N, 
confirming the colossal elasticity of quantized space-time (dark matter). 
For the first time I was able to calculate these forces based on the method-
ology for the analysis of sign-alternating fields.

4.4. A nucleon has an alternating shell as the basis of nuclear 
forces. The theory of Superunification has made significant adjustments 
to our understanding of the nature of nuclear forces. We left the quark 
structure of nucleons. But we replaced fractional quarks with entire quarks 
(±1e). In addition, we placed quarks in the sign-alternating nucleon shell. 
The nucleon shell can be compressed and by this action it itself forms the 
nucleon mass as a result of spherical deformation (Einstein's curvature) 
of quantized space-time (dark matter). But most importantly, we got the 
effect of the attraction of the alternating shells of nucleons to each other, 
regardless of the presence of an unbalanced charge on the nucleon (Fig. 
6) [1, 13, 14]. 8 
 
 

 

 

 

 

 

 

 

 

 The attraction of sign-alternating shells of nucleons implements the principle of short-
range contact forces at distances r ~ 10--15 m. The nature of these short-range forces, as shown by 
the calculations (see the graph in Fig. 6b), fully corresponds to the nuclear forces between 
nucleons in the nuclei of atoms [1]. 
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The attraction of sign-alternating shells of nucleons implements the 
principle of short-range contact forces at distances r ~ 10--15 m. The nature 
of these short-range forces, as shown by the calculations (see the graph 
in Fig. 6b), fully corresponds to the nuclear forces between nucleons in the 
nuclei of atoms [1].
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DYNAMIC LEONOV INTERFEROMETER FOR DETECTING THE 
FIELD OF DARK MATTER PARTICLES

Leonov Vladimir Semenovich
Ph.D., Professor 
International Academy of System Studies – IASS, Moscow

Abstract. We present the design of a Leonov dynamic interferometer 
for detecting the field of dark matter particles and obtained positive results 
from its testing. Unlike the Michelson interferometer, in which the arms of 
the interferometer are located at an angle of 900 and rotate in a horizontal 
plane, in the Leonov interferometer, the shoulders are turned in opposite 
directions at an angle of 1800 and the light rays from the laser in the shoul-
ders also move in opposite directions and converge on the screen, forming 
interference fringes. In this case, the slightest deviation of the arms of the 
interferometer from the horizontal leads to a sharp shift of the interference 
fringes on the screen. We have given a theoretical justification for the fact 
that the shift of interference fringes is caused by the deformation (Einstein 
curvature) of the field of dark matter in the field by terrestrial gravity. We 
have shown that the spherical field of terrestrial gravity is formed as a result 
of spherical deformation of the field of dark matter, which is a four-dimen-
sional quantized space-time. We found that the carrier of the field of dark 
matter is a four-dimensional particle - a quantum of space-time (quanton), 
which has no mass but accumulates electromagnetic energy. Quanton is 
the only four-dimensional particle that combines time and space, and is 
the carrier of electromagnetism and gravity. The concentration of quantons 
in a unit volume characterizes the quantum density of the medium, which 
in accordance with the theory of Superunification sets the speed of light in 
vacuum. In the Earth’s gravitational field, a field of dark matter is deformed, 
which leads to a change in the quantum density of the medium in the verti-
cal direction (along the radius). This leads to a change in the speed of light 
in the radial direction relative to the earth's horizontal. We see this fact as a 
shift of interference fringes when the shoulders of the dynamic interferom-
eter are turned relative to the horizontal (Leonov effect), thereby register-
ing a change in the concentration of dark matter particles. This experiment 
confirms the validity of the theory of Superunification [1-5].
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1. The problem of finding particles of dark matter. The search for 
dark matter particles is one of the most important tasks of fundamental 
physics. Physicists have made numerous attempts over the past two de-
cades (and even earlier) to detect experimentally dark matter particles 
have proved to be untenable and failure. There you can specify about 50 
such unsuccessful projects. In [6], a list of projects for the search for dark 
matter particles was carried out. So, in 2013 there were 36 such projects, 
and in three years by 2016 their number increased to 48. Moreover, new 
projects appeared there, and some of the old projects were liquidated due 
to their inefficiency. In addition, there are other projects that are not listed 
in these lists. In total, physicists currently have more than 50 projects for 
the search for dark matter particles [6].

Paradoxically, physicists do not have a unified theory explaining the 
nature of dark matter with so many active projects to search for dark matter 
particles (table 1, [6]). At the same time, physicists have a large number 
of diverse and conflicting hypotheses, which is about 20 (Table 2, [6]) and 
causes us to be perplexed. With such a large number of universities (table 
3, [6]) and scientists involved in projects to search for dark matter par-
ticles, we can talk about the crisis of global fundamental science. We see 
the helplessness of scientists who cannot explain the nature of the new 
observed astrophysical effects (curvature of a ray of light in the absence of 
gravitational masses, accelerated motion of galaxies and others).

The reason for these failures lies in the complete misunderstanding 
by modern physicists of the nature of dark matter and its quantized dis-
crete structure [7]. This, despite the fact that the basis of dark matter is 
the quantum of space-time (quanton), which I introduced into theoretical 
physics back in 1996, and dark matter is nothing but quantized space-time 
[1, 7-10]. I apologize to readers that I have to give references mainly only 
to my published works due to the absence of other convincing works about 
the nature of dark matter and the structure of cosmic vacuum.

2. Quanton is the only four-dimensional particle carrier of dark 
matter. The fact that dark matter is the basis of the cosmic (physical) vac-
uum is now beyond doubt. In this case, from the standpoint of Einstein's 
general theory of relativity (GR), dark matter should possess the properties 
of four-dimensional space-time, that is, it should be a carrier of time and 
space at the same time. In addition, dark matter must possess electromag-
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netic and gravitational properties in order to be simultaneously a carrier of 
electromagnetic and gravitational fields. In the experiments of Michelson 
and Morley it was found that the cosmic vacuum does not consist of par-
ticles having mass, like a gas-like mechanistic ether that does not exist in 
nature. Thus, dark matter is weightless matter. Therefore, all attempts to 
find a dark matter particle with mass (like an axion) were unsuccessful [11].

So, a particle of dark matter should have the following properties:
 9 this particle must be four-dimensional;
 9 this particle must be a carrier of time and a carrier of space at the 

same time;
 9 this particle should not have mass;
 9 this particle must be a carrier of electromagnetic and gravitational 

fields, simultaneously;
 9 this particle should be the carrier of a new previously unknown field 

of dark matter and the fifth fundamental force [1].
Quanton is the only four-dimensional particle satisfying the proper-

ties listed above. Fig. 1 show the structure of a quanton consisting of four 
quarks in a projection. Quanton is formed as a result of electromagnetic 
compression of an electromagnetic quadrupole (Fig. 2), previously un-
known in physics [1, 9, 12].
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 Quanton includes four integer quarks (charging): two electrical (+ 1e and -1e), and two 

magnetic (+ 1g and -1g), installed at the vertices of the tetrahedron. Magnetic quarks were 

previously unknown in physics. Magnetic and electric integer quarks have no mass, but are 

carriers of electromagnetic energy. For the first time in 1996, I found the correct relationship 

between a integer magnetic quark (± 1g) and a integer electric quark (± 1e) [1, 9, 12]: 
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 The process of physical quantization is the process of filling space with quantons. Figure 

3 show a grid model of quantized space-time in projection onto a plane in the form of lines of 

force of an electromagnetic field. Figure 4 show a solid-state model of quantized space-time is 

presented. These models clearly characterize the structure of dark matter as a discrete structure. 

 Quantized space-time (dark matter) is characterized by the quantum density of the 

medium ρo, ρ1, ρ2 (there is a concentration of quantons per unit volume [q/m3]) taking into 

account Lqo (2) [1, 14]: 
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Fig. 2. The electromagnetic 
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Quanton includes four integer quarks (charging): two electrical (+ 1e 
and -1e), and two magnetic (+ 1g and -1g), installed at the vertices of the 
tetrahedron. Magnetic quarks were previously unknown in physics. Mag-
netic and electric integer quarks have no mass, but are carriers of electro-
magnetic energy. For the first time in 1996, I found the correct relationship 
between a integer magnetic quark (± 1g) and a integer electric quark (± 
1e) [1, 9, 12]:
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where Co ~ 3.108 m/s is the speed of light in vacuum.

The calculated diameter of the quanton is Lqo ~ 10--25 m and it repre-
sents the fundamental length (Leonov's length) [1, 13]:
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The process of physical quantization is the process of filling space with 

quantons. Figure 3 show a grid model of quantized space-time in projec-
tion onto a plane in the form of lines of force of an electromagnetic field. 
Figure 4 show a solid-state model of quantized space-time is presented. 
These models clearly characterize the structure of dark matter as a dis-
crete structure.

Quantized space-time (dark matter) is characterized by the quantum 
density of the medium ρo, ρ1, ρ2 (there is a concentration of quantons per 
unit volume [q/m3]) taking into account Lqo (2) [1, 14]:
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 In order to experimentally fix the traces of dark matter particles, we need to control the 

quantum density of the medium ρ1 and record its change. It should be noted that it is not possible 

to detect single quantons. First, the diameter of the quanton is very small and amounts to about 

10–25 m (2). The sensitivity of electromagnetic methods is insufficient to penetrate so deep into 

the depths of dark matter. Secondly, single quantons in nature do not exist; they are connected 

into the global electromagnetic field of dark matter in the form of a power electromagnetic grid 

of the Universe (Fig. 3) [1, 14]. 

 3. Justification of the design of the interferometer for recording the field of dark 

matter particles. One of the most sensitive instruments for recording the field of dark matter is 

considered to be a Michelson interferometer. The interferometer arms in the projects have a 

length of: LIGO - 4 km, VIRGO - 3 km, KAGRA - 3 km and are located horizontally in a static 

state. The results of these experiments are negative [15]. An analysis of negative experiments on 

the search for dark matter particles indicates that experimenters do not fully understand the 

quantized structure of dark matter as a luminiferous medium. 

 An interferometer reacts to a change in the speed of light by a phase shift of an 

electromagnetic light wave in the form of a shift of interference fringes when two light beams 

are superimposed. The change in the speed of light under terrestrial conditions can be observed 

as a result of the deformation of the field of dark matter by the gravitational field of the Earth. In 

Fig. 3. Grid model of the quantized space-time 
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quantons; 2) electrical quarks; 3) magnetic 
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In order to experimentally fix the traces of dark matter particles, we need 
to control the quantum density of the medium ρ1 and record its change. It 
should be noted that it is not possible to detect single quantons. First, the 
diameter of the quanton is very small and amounts to about 10–25 m (2). The 
sensitivity of electromagnetic methods is insufficient to penetrate so deep 
into the depths of dark matter. Secondly, single quantons in nature do not 
exist; they are connected into the global electromagnetic field of dark matter 
in the form of a power electromagnetic grid of the Universe (Fig. 3) [1, 14].

3. Justification of  the design of  the  interferometer  for  recording 
the field of dark matter particles. One of the most sensitive instruments 
for recording the field of dark matter is considered to be a Michelson inter-
ferometer. The interferometer arms in the projects have a length of: LIGO 
- 4 km, VIRGO - 3 km, KAGRA - 3 km and are located horizontally in a 
static state. The results of these experiments are negative [15]. An analysis 
of negative experiments on the search for dark matter particles indicates 
that experimenters do not fully understand the quantized structure of dark 
matter as a luminiferous medium.

An interferometer reacts to a change in the speed of light by a phase 
shift of an electromagnetic light wave in the form of a shift of interference 
fringes when two light beams are superimposed. The change in the speed 
of light under terrestrial conditions can be observed as a result of the de-
formation of the field of dark matter by the gravitational field of the Earth. In 
the theory of Superunification, it is established that the speed of light C is 
a variable that is determined by the square root of the quantum density of 
the medium ρ1 (dark matter) around the Earth [1, 16]:

                               (4)

The distribution of the quantum density of the medium ρ1 for the Earth’s 
spherical gravitational field is described by solving the two-component 
Poisson equation with distance r from the center of the earth [1, 17]:

                            (5)

where Rg is the gravitational radius of the Earth (without a factor of 2):

                                  (6)

where G is gravitational constant; m is mass, kg;  is maximum gravita-
tional potential of quantized space-time (dark matter), J/kg.
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We substitute (5) in (4) and obtain the formula for the speed of light C 
in the central gravitational field:

                                     (7)

We expand (7) in a series and for r >> Rg and discard terms of higher 
orders, we get:

          (8)

Formula (8) allows you to calculate the deceleration of the speed of 
light ΔС on the Earth's surface in comparison with remote space. For this, 
we substitute the values in (8): the speed of light Co ~ 3.108 m / s; Earth's 
gravitational radius Rg = 4.44.10--3 m (6); the average radius of the Earth r = 
6.67.106 m and we get the value ΔС (8) on the surface of the Earth:

           (9)

The deceleration of the speed of light ΔС (9) on the Earth's surface is 
0.1 m/s. This is consistent with GR. But we are interested in the change 
in the speed of light C in the Earth’s radial gravitational field as a gradient 
gradC in the direction along the radius r:

              (10)

Formula (10) allows us to estimate the sensitivity of the interference 
method of changing the speed of light of the radial gravitational field of the 
Earth on its surface under spherical deformation of quantized space-time 
(dark matter). To do this, we substitute the corresponding parameters in 
(10) and we obtain the value gradC (10) on the surface of the Earth:

m
s/nm15

m
s/m1015

)1067.6(2
1044.4103

r2
RC

gradC 9
26

38

2
go 




 


    (11)

So, the change in the speed of light inside dark matter deformed by 
spherical Earth's gravity on the Earth’s surface in the radial direction is 
15 nm/s/m (11). A sensitivity of 15 nm/s /m of the interference method are 
sufficient to observe a shift in the interference fringes at the arm of the in-
terferometer less than 1 m at a red laser wavelength of 635 nm.
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A change in the speed of light will not be observed in the horizontal 
direction at r = const and С = const in accordance with (11): gradC = 0:

0
dr

)constC(dgradC 


                                (12)

Therefore, in LIGO, VIRGO, KAGRA projects, even with a horizontal 
interferometer arm length of 3–4 km, experimenters cannot detect the hori-
zontal change in the speed of light from the change in the quantum density 
of the medium (dark matter): gradC = 0 (12), obtaining negative results in 
experiments on the search for dark matter particles [15 ].

4. The design of a dynamic interferometer and the results of its 
tests. Fig. 5 shows a scheme of a dynamic interferometer: a) a top view, 
b) a side view that includes: laser 1, splitter 2, mirrors 3-6, lens 7, screen 
8, base 9, axis 10.

The interferometer works as follows. The light beam 11 from laser 1 
enters the splitter 2. The splitter is a 4 mm thick transparent glass plate 
mounted at an angle of 450 to the laser beam. Next, the laser beam is 
divided into two beams, which are directed in opposite directions to the 
mirrors 3 and 4, and being reflected from them, converge on the screen 
8, forming interference fringes. For this, mirrors 4 and 5 are additionally 
installed. Lens 7 serves to enlarge the image on the screen 8. The base 9 
is a massive slab of black marble with an axis 10, excluding its thermal and 
mechanical deformation. The length of the interferometer arms L1 and L2 is 
250 mm, but it works well with shoulders of 100 mm or less.

As we see, in contrast to the Michelson interferometer in which the 
arms of the interferometer are located at an angle of 900, the Leonov inter-
ferometer arms are turned in opposite directions at an angle of 1800. In this 
case, the light rays 11 from the laser 1 in the arms L1 and L2 also move in 
opposite directions, and further the rays converge on the screen 8, form-
ing interference fringes (Fig. 5a). In this case, the slightest deviation of the 
interferometer arms on the axis 10 from the horizontal by an angle φ leads 
to a sharp shift of the interference fringes on the screen 8 (Fig. 5b). We ob-
serve this effect as a result of a change in the speed of light in the deformed 
gravitational field of the Earth in accordance with formulas (10) and (5).

I want to note that the principle of operation of the Leonov interferom-
eter based on the new physics (the theory of Superunification [1]), which 
established the quantized structure of dark matter and gave the rationale 
of the new design of the interferometer for detecting of field of the dark 
matter particles. Many dynamic laser interferometers of various applica-
tions are produced in the world, but they cannot detect the field of dark 
matter particles unlike the Leonov dynamic interferometer.



190

Process Management and Scientific Developments

7 
 
arms on the axis 10 from the horizontal by an angle φ leads to a sharp shift of the interference 

fringes on the screen 8 (Fig. 5b). We observe this effect as a result of a change in the speed of 

light in the deformed gravitational field of the Earth in accordance with formulas (10) and (5). 
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 5. Conclusion: We were the first in the world to successfully detect the field of dark 

matter particles, confirming experimentally the validity of the theory of Superunification. This 

new theory completed the unification of fundamental interactions begun by Einstein in GR [1-

18, 19]. I introduced a new parameter in quantum theory is the quantum density of the medium. 

This allowed us to significantly simplify the computational mathematical apparatus of the 

quantum theory of gravity and make it clear to the engineer. This allows us to study the 

properties of dark matter in terrestrial conditions using a dynamic Leonov interferometer.  

Fig. 5. The dynamic Leonov interferometer scheme for detecting the field 
of dark matter particles in the Earth’s gravitational field 
(Fig. 5b not shown: splitter 2, mirrors 4-5 and lens 7). 
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Fig. 5. The dynamic Leonov interferometer scheme for detecting the 
field of dark matter particles in the Earth’s gravitational field

(Fig. 5b not shown: splitter 2, mirrors 4-5 and lens 7).

5. Conclusion: We were the first in the world to successfully detect the 
field of dark matter particles, confirming experimentally the validity of the 
theory of Superunification. This new theory completed the unification of 
fundamental interactions begun by Einstein in GR [1-18, 19]. I introduced 
a new parameter in quantum theory is the quantum density of the medium. 
This allowed us to significantly simplify the computational mathematical 
apparatus of the quantum theory of gravity and make it clear to the en-
gineer. This allows us to study the properties of dark matter in terrestrial 
conditions using a dynamic Leonov interferometer. 

Currently, we are developing a whole series of small-sized various de-
vices of the type Leonov interferometer for controlling cosmic quantized 
space-time and controlling the concentration of dark matter which makes 
up 100% of the Universe and not 85% as is commonly believed.
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Аbstract. It is proved that the direct product of partial semilattices is 
a partial semilattice, i.e. the class of partial semilattices is multiplicatively 
closed. This class is hereditary in the sense that every subgroup of a par-
tial semilattice is again a partial semilattice. However, it is shown that it is 
not homomorphically closed.

Keywords: Partial groupoids, semigroup, , algebraic operation, con-
gruence, homomorphism.

A partial action [1] on a set S is a ternary relation θ on S that satisfies 
the condition: (a,b,c,cS)[(a,b,c), (a,b,c)]c=c .

Instead of  (a,b,c) , usually write a b=с ().  . If it is clear about 
what partial action we are talking about, then we will not write. If for elements 
a,bS    under no circumstances does s∈S take place (a,b,s),  , then 
we will write a b=   (of course, assuming that this symbolØ is not an ele-
ment of the set S).

A partial action ( )  on a set S is called complete if for any a,bS    
we have a b.    A partial groupoid (S;·) is called idempotent (com-
mutative, weakly associative, associative, catenary) if a2=a (ab=ba ;  
from )()( bcacab    what follows ab)c=a(bc) ; ab)c=a(bc) ; from 

bcab   what follows )()( bcacab   ) for any Scba ,,  
A groupoid S is called weakly idempotent if a2    always implies a2=a 

for any aS . A groupoid S is called connected if for any a,bS    there 
exists an element xS   such that ax , xb . Podgruppam B of a 
groupoid (A;)   is called closed [1] if for any b1,b2B   such that b1b2,  
should b1b2B .

A partial semilattice is called [4] an idempotent commutative weakly as-
sociative partial groupoid. Every semilattice is a partial semilattice, but not 
Vice versa. Since an idempotent associative complete groupoid is called 
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a bundle, it is natural to call an idempotent weakly associative groupoid a 
partial bundle. Obviously, a commutative partial bundle is a partial semilat-
tice. 

The groupoid }0{ SS    is called the null extension of the groupoid S. 
It is easy to see that a groupoid is associative if and only if its null extension 
is a semigroup. Therefore, the study of associative groupoids is equivalent 
to the study of semigroups with zero.

Let S, S' be arbitrary groupoids. Displaying S:  S   it is called a [1] 
homomorphism if (a,bS)(ab)(a)(b)=(ab)..   A homomor-
phism * is called strong if (a)(b)   follows ab   for any a,bS.    
V. T. Kulik [2] noted that the study of strong homomorphisms of groupoids 
is equivalent to the study of those homomorphisms of zero extensions of 
these groupoids, for which only zero is displayed in zero. 

An equivalence * on a groupoid (S;·) is called a congruence if for any a 
a,bS   there exists a cS , such that 

abc. 

 Congruence t is called strong if for any x,x,y,y S such that  xx, yy, xy  
xx, yy, xy  always 

xy. 

 
On a groupoid S, every congruence is strong if and only if either S is a 

complete groupoid or S is a groupoid with empty multiplication.
Let τ be a congruence on the groupoid (S;·). A factorset 

S   with respect 
to a partial action









ba

cbac
ba 




 если,
, если,

  

 it is called a factorgruppoid of a groupoid S by congruence τ.
These definitions directly imply the following properties of an arbitrary 

congruence τ of a groupoid S.
1°. А factorgruppoid 

S   is idempotent if and only if every τ - class is a 
closed subgroup in S. 

2°. А factorgruppoid 
S   is commutative if and only if the condition

abc c entails bac 

 
3°. If the groupoid S is associative, then the groupoid 

S   is weakly as-
sociative, and every * - class is an associative subgroup in S.

4°. If the factorgruppoid 
S   is weakly associative and every τ - class 

is a weakly associative subgroup, then the groupoid s is also weakly as-
sociative S. 
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5°. If S is an associative groupoid, and τ is a strong congruence on S, 
then the factorgroupoid 

S   is associative.
Property 5° has no place for arbitrary congruence τ. for Example, let the 

groupoid S be defined by a table:

· a b c d e f

a a – c – e –

b – b – d – f

c – c – e – c

d d – f – d –

e e – c – e –

f – f – d – f

Using, for example, the Light associativity test, we conclude that S° 
is a semigroup. Hence, S is an associative groupoid. Let τ be an equiva-
lence on S corresponding to the partition ={а},  ={в}, ={с, d, e, f} .It 
is easy to see that τ is a congruence. This congruence is not strong, for 
eτe, cτf, ec , but ef=.  . The factorgroupoid 

S   has a table

o a β γ

a a – γ

β – β γ

γ γ γ γ

The factorgruppoid 
S   is not associative, since ()== ,

but  ()=,   since = . Although, as can be seen from the 

table, 
S   – it is an idempotent commutative weakly associative catenary 

connected groupoid, that is, it is a catenary connected partial semilattice.
6°. The factorgruppoid 

S   of a catenary groupoid is catenary if every τ* 
- class is a weakly associative connected closed subgroup of the groupoid 
S. N Note that the catenarity of the groupoid S and the factorgroupoid 

S  

does not yet imply the connectivity of the * τ- class. For example, let s be 
a groupoid S:
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· a b c d

a a b – –

b b b – –

c – – c d

d – – d d

and τ is the equivalence to S corresponding to the partition ={a}, ={c}, ={b, d} 
={a}, ={c}, ={b, d} . It is clear that τ - congruence on S. the factorgroupoid 

S   is 
given by the table

o a β γ
a a – γ
β – β γ
γ γ γ γ

These tables show that (S;·), ( 
S  ;°) are catenary groupoids, but the 

groupoid τγ is not connected.
7°. A factorgruppoid 

S   of an associative groupoid is a partial copula if 
and only if every * - class is a closed subgroup of S. 

8°. If in an associative groupoid S every *τ - class is a closed subgroup 
and the condition abc  always implies bac , then 

S   it 
is a partial semilattice. If the groupoid S is catenary, and every τ - class is a 
connected subgroup in S, then the partial semilattice 

S   is catenary.
Proposition 1. Strong homomorphic image of a partial semilattice (cat-

enary groupoid) it is also a partial semilattice (catenary groupoid).
Thus, the class of partial semilattices is closed with respect to strong 

homomorphisms. However, the class of partial semilattices is not homo-
morphically closed. For example, an identical transformation on the basis 
set of an anti-chain Y={a,b} (an anti-chain is a partially ordered set in which 
any different elements are incomparable) is an epimorphism of this anti-
chain to a groupoid (Y;), where () is defined by the table

o a b

a a a

b – b
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But the groupoid (Y; o), being noncommutative, is not a partial semilat-
tice.

Note that an arbitrary homomorphic image of a catenary groupoid is not 
necessarily catenary. In fact, the identical transformation of the set S={e,f,g} 
is an epimorphism of the anti-chain (S;o) defined by the table

o e f g
e e e –
f e f g
g – g g

Lemma. The homomorphic image of a connected groupoid (associative 
commutative connected catenary groupoid) is connected (catenary). 

Evidence. Let S be a connected groupoid :ST   is an epimorphism 
t1,t2T,  , then there are s1,s2S,  , such that s1φ=t1, s2φ=t2. Since the grou-
poid S is connected, there exists sS , that s1s, ss2,   whence 
(s1s)= (s1)(s)=t1t, , (ss2)=(s)(s2)= tt2, where t=s. 
Let S be a commutative associative connected catenary groupoid, :ST   
is an epimorphism, t1t2, t2t3 (t1,t2,t3T).  . There are s1s2s3S   
such that si=ti (i{1,2,3}).  . Since S is a connected groupoid, there are 
s,sS , that 
s1s, ss2 и s2s, ss3, 

 
and, in view of the catenarity of the groupoid S,
(s1s)s2, s1(ss2)  и (s2s)s3, s2(ss3) 

 where we get ((s1s)s2)(ss3).   Due to the associativity and com-
mutativity of the groupoid S, we have ((s1s)s2)(ss3)=((ss1)s2)(s3s)=ss1s2s3s,  

((s1s)s2)(ss3)=((ss1)s2)(s3s)=ss1s2s3s,   i.e. (s1s2)s3, s1(s2s3)   and since φ is a 
homomorphism, then (t1t2)t3, t1(t2t3). 

Definition. Let. А, В -groupoids. A groupoid whose base set is the Car-
tesian product А×В, and the action is defined by the rule:

(𝑎𝑎, 𝑏𝑏) ∙ (𝑐𝑐, 𝑑𝑑) = { (𝑎𝑎𝑐𝑐, 𝑏𝑏𝑑𝑑)
0,     𝑖𝑖𝑖𝑖 𝑎𝑎1𝑎𝑎2 = 0𝐴𝐴, 𝑏𝑏1𝑏𝑏2 = 0𝐵𝐵, 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒 , 𝑖𝑖𝑖𝑖 𝑎𝑎𝑐𝑐 ≠ ∅ ≠ 𝑏𝑏𝑑𝑑 

 it is called the direct product of the groupoids A and B. Let А and В be grou-
poids with zeros 0А,, 0В. Set ((A\{0А})(B\{0B}){0},   along with the 
binary operation

(𝑎𝑎1, 𝑏𝑏1) ∙ (𝑎𝑎2, 𝑏𝑏2) = { (𝑎𝑎1𝑎𝑎2, 𝑏𝑏1𝑏𝑏2)
0,     𝑖𝑖𝑖𝑖 𝑎𝑎1𝑎𝑎2 = 0𝐴𝐴, 𝑏𝑏1𝑏𝑏2 = 0𝐵𝐵

, 𝑖𝑖𝑖𝑖 𝑎𝑎1𝑎𝑎2 ≠ 0𝐴𝐴, 𝑏𝑏1𝑏𝑏2 ≠ 0𝐵𝐵, 
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is a complete groupoid and is called [3] the direct product of groupoids A, 
B with a combined zero.
Note that the direct product of the groupoids А, В is exactly the zero restric-
tion of the direct product with the combined zero of their zero extensions. 
It is easy to prove the following

Offer 2. The direct product of two idempotent (commutative, associa-
tive, weakly associative, connected, catenary) groupoids is an idempotent 
(commutative, associative, weakly associative, connected, catenary) grou-
poid.

It is not difficult to introduce the concept of a direct product of any set of 
groupoids and prove proposition 2 for this General case as well.

According to proposition 2, the direct product of partial semilattices is a 
partial semilattice, that is, the class of partial semilattices is multiplicatively 
closed. This class is hereditary in the sense that every subgroup of a par-
tial semilattice is again a partial semilattice. However, as we saw above, it 
is not homomorphically closed.
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Abstract. The article summarizes Newman’s result on the antinormal 
of magnus subgroups in groups with one defining relation with torsion and 
Bagerzade's theorem for groups with one defining relation without torsion.

Keywords: magnus subgroups, antinormal, groups.  

The main goal of this article is to generalize the well-known B. New-
man theorem on the small normality of magnus subgroups in groups with 
one defining relation with torsion [1], and Bagerserzade's theorem [2] for 
groups with one defining relation without torsion. Consider a group with 
one defining relation

                        (1)
We assume that the defining relation  in a free group 

 is a cyclically irreducible word. For definiteness, we 
assume that each generator of the group G is included in 

Definition  1. The subgroup M of G groups generated by the set of 
generators

 is called a magnus subgroup.
A group with one defining relation of the form

               (2)
called a group with one defining relation with torsion.

1This work was supported by a grant from the RFBR №19-41-710002p_a
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Theorem 1. [1] (B. Newman). Assume G - a group with one defining 
relation and with torsion, and M – magnus subgroup of the group G, and 
assume  then

 where E - singular subgroup.
Definition 2. Assume a group G with one defining relation

and  where free group, 
 and assume  and 

Then subgroup  – magnus subgroup of the group G.
Lemma 1. Suppose , where  a group with one de-

fining relation with torsion, F - free group, and M – magnus subgroup of 
the group G and . Then, if  then  The 
proof is obvious.  

Lemma 1. Suppose , where  group with one defining 
relation with torsion and assume for any magnus subgroups 
groups , and any  by condition then 

, then the group G inherits this property. The proof 
is obvious.
The following theorem generalizes B. Newman's theorem.

Theorem 2. Suppose
group with one defining relation with torsion and assume  and  mag-
nus subgroups of the group G and  are such, that  
then  

The proof is carried out by mathematical induction along the length of 
the base  defining relation  of groupG and 
the number of generators. If , the 
statement is obvious. Suppose that the statement of the lemma is valid 
for all groups with one defining relation with torsion and with the basis of a 
defining relation satisfying the condition   (symbol |r|      
denotes the word length of r in a free group).  

Consider the group 
 The base  contains all generators of 

G, cyclically irreducible, begins with  and satisfies the con-
dition . Assume  

t(z)= 0 and in G there is the relation , 
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where ,   (  - sum of indicators 
for t in r). We represent G in the form of HNN - extensions of the group 

using associated subgroups 
,  and fixed isomor-

phism  defined as follows: 
 that is 

   
Assume  – is the process rewriting the words of the group G in the gen-

erators  into the words of the group G in the generators
. Denote by  the subgroup 

, given on generators .
Then   

, where  Element , satisfying the relation 
 choose minimal in the double adjacency class 

. Suppose ,   
, Bj ,  - representatives of left adjacency classes H on 

 Then, the ratio  will have the form:

       (3)
Assume, that  then in order for the ratio (3) occured, the condi-

tion  is necessary. But since   and 
⊂  then by Lemma I and the inductive hypothesis we have that  

 hence,  If    
where , , then we get the case considered above.   
Assume . Then the following cases are possible: 

1 )  and 
2) 

where   
In any of them, as is easy to see, . Assume that 
each of the subgroups contains generatrix t. Suppose 

. We represent G in the 
form of a semidirect product of groups  and N, i.e,  where 

 Each factor  has a 
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representation ;
factors  are united by the subgroup 

 and each 
. Subgroups  in new generators will have repre-

sentation ,  where 
 , 

 
Suppose that G has a relation  where   

. It follows from it that  Suppose 
. Rewrite  in the new generators of the 

group G:  Here   and 
 can be considered belonging to N. Assume that  has the small-

est syllable length in a double adjacency class 2. Assume that 
 . Since  where  - mag-

nus subgroup in   then on the basis of the inductive 
hypothesis and Lemma I we have . Assume that for any  

. Symbol  denotes the syllable length of an element 
in a group, which is a free product of groups with a union. If  
and  it follows from the inductive hypothesis that .
Consider the case when . Suppose 

  - normal forms  in N. 
Then ratio  will take the form

               (4)
If  then from the inductive hypothesis we get  As-
sume . The word  is a transform; otherwise, rais-
ing both sides of relation (4) to some extent, we find that the syllable 
length of the left side of (4) is less than the length of the right. In this way, 

 where each i ∈ 2 . However, this con-
tradicts minimality  in the class 2. It follows that 

 that is, the previously considered case. 
Consider the case when in the relation , 

 and we can assume that , that is .
Suppose  , where ∈ 1,  ∈ 2. We assume 
that η is such that the condition (a) 
Otherwise, raising both sides of the relation       
to the appropriate degree, we will achieve the fulfillment of condition (a) By 
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the choice of  we have . Suppose     
 ∉ 1 . Then

                                                                      (5)

Since   then   
 But then from the relation  it follows 

that  that is, the syllable length  can 
be reduced by multiplying on the right by elements from 2.Suppose 

 In this case, relation (5) does not hold in G, since, 
raising both its parts to the power n>2, we get that 

, where  If  1 , 
then in this case  belong to the subgroup  which is the mag-
nus subgroup of G, and by Theorem 1 the statement of the theorem is true.  
Consider the case when the base   defining relations of the 
group G satisfies the conditions:  Suppose

.It is 
known [2] that in this case the group G can be embedded isomorphically 
into the group    
using isomorphism  
In this case, subgroups   in  correspond to subgroups: 

  Consider 
in  the subgroups   

. Since the basis of the determining relation 
 of the group  satisfies the condition 

 then in  for any  satisfy-
ing condition  can be shown in the same way as above, 
that  Since the ratio  of G in a group  
corresponds to  and  satisfies the con-
ditions , it can be 
shown that   It follows that     
The theorem is proved.
2 In this section of the article, we consider a generalization of Bagerzade's 
theorem:

Theorem 3. Suppose  – a group with one defining torsion-
free relation, r is cyclically given. If M – magnus subgroup G and  
then  - cyclic subgroup.
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 Theorem 4. Suppose  – a group with one defining rela-
tion without torsion, r is cyclically given.  - magnus subgroups and 

 are such that  Then  - cyclic 
subgroup.

We carry out the proof by the method of mathemati-
cal induction along the length of the defining relation. Sup-
pose . Assuming that 

 (  - graphic equality), then the theorem follows 
from Theorem 2. Suppose the theorem holds for all groups with one defin-
ing relation for which  (the symbol | | denotes the 
length of a word in a free group). Let us prove this theorem for groups for 
which the length of the defining relation . We as-
sume that  starts with c and all generators of the group 
are contained in r; r is cyclically irreducible.

I.Suppose 
a) Consider the case when  do not contain t. 

.
Represent in the form of HNN – expansion:  

 where ,
.

  and  
 where 

.
Suppose  is such that  and rang(

)>1 and suppose  respectively,  are 
such that rang  rang and

                                                                              (6)

Subgroups  are set in new generators. De-
note by  – subgroups   in new generators: 

. By choice 
, (  starts at c) generator 

 Therefore  moreover, 
 or  it is possible 

that  is contained both in  and in  Assume that  
then  where   Besides, 

  since  we choose minimal in a double 
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adjoining class  Consider the relationship:
      (7)

Suppose  Then:
      (8)

If  and since  and  
where then , where  which fol-
lows from the relation:  since  
and  then based on an inductive hypothesis rang 
( ) 1.

Suppose  suppose  
 and  then relations (6) take the form: 
 We introduce the notation . 

The words 
 . By as-

sumption  and subgroups  Assume 
that  Then ratios  must be performed 
in a free group  what is impossible since words  and  con-
tain different generators. Suppose  then . Hence, 

 that is  is contained in the word h and therefore, 
since , then . 
Therefore, by the inductive hypothesis, the relation  
takes place then and only then, when rang( ) 1. Suppose 

 where  Then ra-
tios (6) will be equivalent to the relations  Since 

 on  and  then 
by the inductive hypothesis we have rang( ) 1. If  then 

 – magnus subgroups in H and the theorem holds.
b) suppose each subgroup  contains generator t, that is 

,  We represent the group G 
as follows:    where   and

where factor and 
associative groups  
where each  Then in the new generators of the subgroup 

 will havethe form: 
,   
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where 

, where  and 

From equality (6) it follows that  and  
, 

In addition, we can assume that 
c) Consider the case, when =0. b1) Consider the case 

when  Suppose  where  and 
 is a normal form  in N. Assume that  then relation 

(6) will have the form:
                                                            (9)

In what follows, we assume that the word  is chosen in the double coset 
 to be the smallest. Since in the ratio (9) , and  

we get the previously considered cases.
c2) Suppose for certain  Then we can assume 
that  and  Really, if  and  then 
consider instead of  and if that 
equality  is replaced by equality ,  if 

 then in this case the equality  is replaced by 

Therefore, we will assume that ,  and suppose that 
equalities (6) have the form:

      (10)

where  , , and 
  - normal form of words , respec-

tively. Note that in normal form  each of the syllables  (writ-
ten in generators ). We will assume that that 
is  then from equalities (10) we obtain that the syllable 
length  can be reduced by multiplying by  that is the word  is not 
minimal. If and  then by virtue of equali-
ties (10) we have that ,   and since 
in class  the word  has a minimum syllable length and a mini-
mum length, then . Suppose  and 
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suppose where , and assume that  then 
 Under the assumptions, in order for the relation (6) to 

be made, it is necessary that , but since  then 
 therefore, by the inductive assumption, it follows that rang(

) 1. Assume that  then relations (6) take the form:
                        (11)

It's obvious that  since  By 
condition  and there exist such , that 

 It's obvious that must be con-
tained in one factor. Really, if  and  are not contained in 
one factor, then the ratio  we replace by the relation 

 for which  and  
which is impossible. In this way,  Consider the subgroup 

 In order for relations (11) to take place, it is neces-
sary that  Therefore, by the inductive 
assumption, we obtain that rang( ) 1.
(d) Now, consider the case when 

Assume that , then we can assume that 
 Really, if  then the equa-

tion  replace by the equation  Therefore, 
we will consider the case when 

. Assume that  Then 
 where

 Obviously there is such , that  :
 moreover  We will assume that 

, otherwise replace  their respective de-
grees. As and in case (c), we consider the group G as an extension of N 
with the help of the subgroup  We will assume that  and

 where  Suppose in G, at least one of 
the equalities (6) holds, i.e.  

     (12)

Since  is minimum in double class  then  and  
in addition, it is obvious that since otherwise the syllable 
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length of  would be less; so  and  are not contained 
in one factor  of the group N. Further, if  then  contains in 
its irreducible record   therefore, if  then  and  
=  is also contained in different factors. Therefore, raising both sides 
of relation (12) to a power  we get that the syllable word 
length  will be greater than the syllable length of the left 
side of equality (12), which is impossible. Therefore, we assume that 

 but then it follows from 
equality (12) that the syllable length  can be shortened by multiplying 
by elements from , which is also impossible by inductive hypothesis. 
Which proves the case in question. The case when one of the subgroups 

 contains the generator t, while the other does not contain it, it is similar 
to the one considered above.
Consider the case when the defining relation  of the group 
G satisfies the conditions: .
It is known that in this case the group G can be embedded isomorphically 
into the group  us-
ing isomorphism ,  Under this 
isomorphism, subgroups in  will correspond to the subgroups:     

 Consider in  
the subgroups 

Since defining relation of the group  
satisfies the condition , then in 

 for any  satisfying the condition  can also 
be shown in the waythat it is done above, that rang( )

. Correlation  in the group G  corresponds to 
the ratio  in the group . We 
show that from the relation  fol-
lows the ratio  in . Suppose the contrary, that is 

 such that 
Note that the word B does not contain generators a  does 

not contain y. Since f is an isomorphic embedding,  
that is  maps the subgroup isomorphically  
on G, then there is such , that  Then  

 Consider the product 
hence  It's obvious that 
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 and  Hence,  
 and ; we obtain a 

contradiction. It follows that rang(  Hence, 
rang( ) , which proves our theorem.
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