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Accepted: 05 February 2021 blood loss, grade 11l MARINO of the leading components is transfusion

Published: 28 February 2021 therapy, which aims to restore the erythron system and improve the
functional state of the oxygen transport system. The addition to intensive
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can reduce the number of heterogeneous transfusions and thus reduce the
number of complications in the postoperative period. Such substances may
be a solution of ceruloplasmin with a leading antioxidant effect and a
solution of D-fructose-1,6-diphosphate sodium salt of the hydrate with an
energetic effect. Criteria for exposure to these substances should be
indicators such as blood levels of hemoglobin, phosphorus, malonic
dialdehyde and lactate / pyruvate ratio.
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Citation: Tyhai Yuliia, Mykhnevych Kostiantyn. (2021) A Differentiated Approach to Infusion-Transfusion
Therapy for Large Blood Loss in Patients with Polytrauma. World Science. 2(63). doi:
10.31435/rsglobal_ws/28022021/7437

Copyright: © 2021 Tyhai Yuliia, Mykhnevych Kostiantyn. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited and that the original
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Introduction. Analysis of injuries in recent years has shown a significant (3 times) increase in
the number of victims with combined trauma complicated by shock with blood loss [1, 2]. Mortality in
this group of victims reaches 68-90% [3, 4]. One of the leading conditions in providing emergency
care to victims with combined chest and abdominal trauma with polytrauma is intensive care, the
focus and significance of which depends on the timely diagnosis of the severity of the victim, volume,
degree and rate of blood loss [5]. Despite the significant progress made in recent decades in
compensating for acute massive blood loss and prevention of possible postoperative complications,
mortality from it remains quite high and varies from 30 to 90% [6, 7].

Tactics of perioperative infusion-transfusion therapy is based on clinical assessment of blood
loss, mean blood pressure, heart rate, hemoglobin, hematocrit, acid-base parameters and blood gases
and other parameters [8]. The analysis of the depth of changes in these indicators, central
hemodynamics, parameters of cellular, humoral and gas systems of the body, oxygen transport
function of the blood and peripheral circulation are very important in the acute period of blood loss.
With adequate infusion-transfusion therapy, primarily with the possibility of reinfusion, the clinical
condition of patients improves from the first day of stay in the intensive care unit [9, 10].

Today, there are many algorithms for the correction of blood loss in various clinical situations,
including patients with polytrauma. However, the issues of metabolic adaptation of circulating
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erythron in response to different options for the introduction of hemo- and plasma correctors are still
unresolved. This is why the issues of intensive care of blood loss, including patients with polytrauma,
need detailed study and scientific substantiation, followed by the provision of recommendations for
examination, intensive care and intensive care.

The aim of the study was to increase the effectiveness of treatment of patients with polytrauma
with hemorrhagic shock through the development and implementation of a differentiated approach to
infusion and transfusion therapy based on the clarification of the mechanisms of systemic oxygen
transport in the postoperative period

Materials and methods. This study is based on the analysis of the results of a comprehensive
clinical-instrumental and laboratory dynamic study of hemodynamic, biochemical in 96 patients with
polytrauma who were treated at the polytrauma department and intensive care unit for patients with
combined trauma in Kharkiv City Clinical Emergency Hospital in the period 2017 - 2020, which
evaluated the effectiveness of the proposed treatments in the process of cohort prospective randomized
simple open-label clinical trial. The conditions for selecting patients for the study were age up to 60
years, the presence of polytrauma, the possibility of productive contact with the patient at admission
(14-15 points for GCG), obtaining informed consent, compensation at the time of injury of any
comorbidities, no history blood, cancer, severe heredity, alcoholism, mental disorders, allergic
reactions, blood transfusions, the use of immunocorrectors, glucocorticoids.

Criteria for non-inclusion were age over 60 years, the presence of damage to the craniofacial
anatomical and functional area, as well as abdominal organs, musculoskeletal system on the severity
scale (AIS), which belonged to the category of “critical injury, survival is unlikely", the presence of
post-traumatic heart attack.

In order to stratify patients, the severity of the injury was taken into account according to the
ISS scale (Injury Severity Score) — all patients had 9-24 (medium severity) points, its combination,
mechanogenesis, concomitant somatic pathology, time since injury, anesthesia and surgery. All
victims at the time of admission had a deficit of circulating blood volume (BCV) of Il degree
according to MARINO (1998) - 30-40%. BCV deficit was calculated with the formula:
BCV def. = BCV p.-BCC f., where BCCp. — proper BCC (for women 60 ml / kg, for men 70 ml / kg,
pregnant and overweight 75 ml/ kg); BCV f. —actual BCV = body weight, kg / part by weight of Ht
(hemoglobin). All patients during the operation, against the background of diuresis control as a
component of infusion-transfusion therapy were transfused 1 dose — 450 + 45 ml — donor erythrocytes
to maintain normal oxygen transport function of the blood in the postoperative period.

The selection of patients was carried out in accordance with the goal and objectives.

After the analysis of the obtained indicators at the screening stage against the background of
no probable difference between the figures of the obtained indicators in each of the groups — the
number of points and the APACHE I scale averaged 13.1 + 1.6 points — we combined all data and
took the average values with the interval min-max.

To implement the study and study the impact of a differentiated approach to the correction of
blood loss on the consequences of the course of patients with traumatic disease, patients were divided
into 3 randomized groups: group 1, 26 patients (16 men, 10 women) with mean age 47.7 + 4.6 years,
time from the moment of injury 2.02 + 0.47 hours; group 2 — 32 people (20 men, 12 women) with
average figures of age 48.1 + 3.8 years, time from injury 2.01 + 0.61 hours, who were additionally
prescribed D-fructose-1.6 -disophate sodium salt hydrate 150 mg / kg 2 times a day intravenously at a
rate of 10 ml per minute for 14 days; group 3 — 34 persons (20 men, 14 women) with average age of
47.1 £ 3.9 years, time from injury 2.06 + 0.42 hours, who in addition to the developed algorithm of
intensive care was prescribed a solution of ceruloplasmin in a daily dosage of 5 mg / kg, diluted in 200
ml of 0.9% sodium chloride solution at a rate of 30 drops per minute intravenously for 14 days in
patients with polytrauma with heavy blood loss.

Given the fundamental differences in pharmacodynamics and pharmacokinetics of
additionally prescribed substances for the functional state of the oxygen transport system in patients
with massive blood loss in the postoperative period, it was important to control the number of repeated
blood transfusions to achieve a satisfactory state of homeostasis in patients. 3 and 10 days of the
postoperative period were selected as control points: the state of erythrocyte metabolism was
determined by monitoring the level of hemoglobin, phosphorus, malonic dialdehyde in the blood of
patients, and the lactate / pyruvate ratio was determined. Methods of parametric statistics were used to
process the obtained data. Statistical processing of data that were entered into Excel spreadsheets was
performed. The significance of the obtained data was checked using Student's t-test (for n <100) at a
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given level of reliability p = 0.95. To be able to use the Student's t test, the Fischer-Snedekor test was
calculated — the ratio of the larger variance to the smaller. All mathematical operations and graphical
constructions were performed using the software packages "Microsoft Office XP": "Microsoft XP
Home" and "Microsoft Excel XP" on a personal computer.

Results of the research. Since the transfusion of donor erythrocytes is aimed at restoring the
volume of circulating erythrocytes and maintaining normal oxygen transport function of the blood,
clinically it reproduces a decrease in shortness of breath, tachycardia, increased hemoglobin in the
blood. The effectiveness of the erythrocyte transfusion procedure depends on the initial parameters of
the hemoglobin level, the presence or absence of cessation of bleeding, the hematocrit of the
transfusion medium and its shelf life.

Given that the decrease in physical and muscular activity is accompanied by a decrease in
the body's need for oxygen, against this background, excessive desire to quickly restore hemoglobin
levels can lead to the development of cardiovascular failure and increase thrombogenic hazard.i
Especially dangerous is the desire in case of hemorrhagic shock. very often accompanied by the
development of intravascular coagulation syndrome. Erythrocyte transfusion always exacerbates this
syndrome in such situations.

Since there are no absolute indications for heterologous blood transfusion, and the severity of the
patient's bleeding does not depend on the level of hemoglobin and hematocrit, it is important to differentiate
the approach to infusion and transfusion therapy in victims with polytrauma with heavy blood loss.

When performing a statistical analysis of hemoglobin in the blood, the number of blood
transfusions with a single dose (450 + 45 ml) of erythrocyte mass in order to maintain the functional
state of the oxygen transport system at a satisfactory level in patients groups 1, 2 and 3 at the time of
admission (table 1), 3-th (table 2) and the 10th day (table 3) of intensive care, the data were obtained,
which are presented in table 1.

Table 1.
. Group 1 Group 2 Group 3
Indicators (26 patients) (32 patients) (34 patients)
Hemoglobin, g/ | 92,7+8.1 87,4+9.6 90,9+7,2
Number of heterogeneous blood
transfusions 1,2+0,4 1,1+0,2 1,1+0,1
Phosphorus, mmol / | 1,06+0,22 1,07+0,19 1,06+0,17
Malonic dialdehyde, umol / 1 1,24+0,08 1,21+1,1 1,22+1,1
Lactate / pyruvate 122,4+14,1 126,1+£12.9 122,8+10,6
Table 2.
. Group 1 Group 2 Group 3
Indicators (26 patients) (32 patients) (34 patients)
Hemoglobin, g /| 92,7481 87,4+9.6 90,9+7,2
Number of heterogeneous * .
blood transfusions 3,2£0,6 1,.9x0.4 2,102
Phosphorus, mmol / | 0,78+0,04 0,82+0,01 1,02:+0,04%*°
Malonic dialdehyde, umol /1 1,09+0,02 0,62+0,01 1,02+0,02°
Lactate / pyruvate 76,2+10,4 45,8,1+16,9* 54,247 4%*
* - p<0,05 — probable difference between groups 1 and 2;
**_ p<0,05 — probable difference between groups 2 and 3;
° - p<0,05 — probable difference between groups 1 and 3.
Table 3.
. Group 1 Group 2 Group 3
Indicators (26 patients) (32 patients) (34 patients)
Hemoglobin, g /| 112,6+4,7 109,2+5,2 111,443,9
Number of heterogeneous blood % s
transfusions 3,2+0,8 1,9+0,6 2,1+0,4
Phosphorus, mmol /| 1,04+0,24 1,02+0,17 1,37+0,02%*
Malonic dialdehyde, pmol /1 0,92+0,16 0,22+0,07* 0,76+0,19°
Lactate / pyruvate 42.7+7.2 37,8+6,4 18,62, 9%%°
* - p<0,05 — probable difference between groups 1 and 2;
**- p<0,05 — probable difference between groups 2 and 3;
° - p<0,05 — probable difference between groups 1 and 3.
6 2(63), February 2021 RS Global
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Statistical analysis revealed that at the time of admission, all groups of patients were randomized
for hemoglobin, phosphorus, malonic dialdehyde in the blood, lactate / pyruvate ratio and the number of
heterogeneous blood transfusions performed during surgery. Subsequently, on the 3rd day of intensive
care, patients in group 2 had a minimum number of blood transfusions, 1.9 + 0.4, which were performed
to achieve the target level of hemoglobin in the blood as a leading component of the oxygen transport
system. With. Also, these patients had a minimum level of malonic dialdehyde in the blood and the ratio
of lactate / pyruvate, which indicated a minimal effect of anaerobic processes on the course of traumatic
disease. Finding the level of phosphorus at the minimum allowable reference level, 0.82 + 0.01 mmol /|,
also indicated a satisfactory condition of the erythron system and blood buffers.

On the 10th day of intensive care there was a tendency of the predominant effect of differentiated
infusion-transfusion therapy in patients of group 2 on the general state of homeostasis. Thus, patients in
group 2 had significantly fewer heterogeneous blood transfusions, which meant the leading pathogenetic
mechanism of complications in patients with polytrauma with massive blood loss. Although on the 10th
day of treatment, lactate / pyruvate ratios were best in group 3 patients, and in group 2 patients they were
also within the reference range. Given that the decisive factor in the results of the study was the number of
heterogeneous blood transfusions, which were necessary to maintain homeostasis in patients with
polytrauma with blood loss of Ill degree according to MARINO, the appointment of ceruloplasmin
solution with leading antioxidant action was not the most period of traumatic illness in these patients.

Conclusions. Developed and implemented an algorithm for infusion and transfusion therapy
in the perioperative period in patients with massive blood loss in polytrauma, which are prescribed to:
influence the process of lipid peroxidation — additional introduction of ceruloplasmin solution in a
daily dosage of 5mg/ kg, diluted in 200 mg % sodium chloride solution at a rate of 30 drops per
minute intravenously for 14 days — allowed to minimize the number of heterogeneous blood
transfusions and, in turn, the number of complications in the postoperative period.

Developed and implemented an algorithm for infusion and transfusion therapy in the
perioperative period in patients with massive blood loss in polytrauma, which are prescribed to:
influence the process of energy metabolism, including erythrocytes — additional introduction of a
solution of D-fructose-1,6-diphosphate sodium salt hydrate 150 mg / kg 2 times a day intravenously at
a rate of 10 ml per minute for 14 days — allowed to improve the systemic rate of systemic oxygen
transport by accelerating the recovery of aerobic metabolism in tissues.

The study of the effect of the combination in the composition of infusion-transfusion therapy as a
differentiated approach of ceruloplasmin solution and solution of D-fructose-1,6-diphosphate sodium salt
of hydrate as substances that have fundamentally different mechanisms of action, but may reduce the
transfusion of heterogeneous and heterogeneous compounds is promising. the course of traumatic illness.

Conflict of interest. The authors do not declare a conflict of interest.
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Introduction. Coma is one of the most common disorders of consciousness. It was found that
about 3% of visits to intensive care units of city hospitals are states accompanied by loss of
consciousness. The importance of this class of neurological disorders determines the need for a
systematic approach to their diagnosis and treatment [1, 2].

The increased capabilities of computed tomography led to a not entirely justified turn of
diagnostic measures in coma towards lesions detected by computed tomography (for example,
hemorrhages, tumors, hydrocephalus). This approach, at times advisable, is sometimes unreasonable,
since in most cases the coma is of toxic or metabolic origin [3].

The tactics of patient management should be conditioned by the knowledge of the pathological
nature of the diseases that cause coma. The normal level of consciousness (wakefulness) depends on the
activating effect on the cerebral hemispheres from the groups of neurons located in the reticular formation
of the brain stem. To ensure a normal level of consciousness, the integrity of the cerebral hemispheres, the
reticular formation and their connections is necessary [4, 5]. Consequently, the main causes of coma are
bilateral lesions of the cerebral hemispheres or inhibition of their activity by drugs and other drugs or
toxins; brain stem lesions or metabolic disorders that damage or inhibit the reticular formation [6].

There are observations that large unilateral lesions of the cerebral hemispheres, especially the
left, can cause drowsiness (but not to whom) even in the absence of damage to the opposite
hemisphere and reticular formation [7].

The pathophysiological bases of coma are either mechanical destruction of vital parts of the
brain stem or cerebral cortex (organic coma), or a global violation of metabolic processes in the brain
(metabolic coma). A coma of metabolic origin can occur due to the cessation of delivery of energy
substances (hypoxia, ischemia, hypoglycemia) or damage to the neurophysiological reactions of
neuronal membranes (drug or alcohol intoxication, epilepsy, or acute traumatic brain injury) [8].

Brain activity depends on the continuity of blood flow and delivery of oxygen and glucose, which
are consumed at a rate of 3.5 ml /100 g per minute and 5 ml / 100 g per minute, respectively. The stores of
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glucose in the brain are able to provide energy metabolism for about 2 minutes after stopping the blood
flow, although loss of consciousness occurs within 8-10 seconds. When hypoxia occurs simultaneously
with ischemia, the available glucose supply is depleted even faster. Normal cerebral blood flow at rest is
approximately 75 ml /2100 g per minute in gray matter and 30 ml/100 g per minute in white matter
(average 55 ml/ 100 g per minute). This level of blood flow provides an adequate metabolism with a
moderate safety factor to accommodate most physiological changes. With a decrease in cerebral blood flow
to 25 ml /100 g per minute, a slow rhythm appears on the electroencephalogram (typical for metabolic
encephalopathy), and at 15 ml / 100 g per minute, the electrical activity of the brain stops [9].

Even if all other functions, such as temperature and blood oxygen saturation, remain within
normal limits, a decrease in cerebral blood flow below 10 ml / 100 g per minute causes irreversible
changes in the brain.

Electroencephalography provides important data on the general electrophysiological state of
the cerebral cortex, and the presence of asymmetry may indicate a unilateral lesion that is not
visualized by CT examination [10].

In most cases, coma is part of a known pathological process, such as hypoxia, stroke, trauma,
hepatic or renal failure, and reactions to various medications and other medications. In this case, the
main attention should be paid to the primary disease.

It is important to remember some general rules: the causes of acute sudden coma are most
often the intake of various drugs or traumatic brain damage - hemorrhage, trauma or hypoxia; subacute
development is usually due to previous therapeutic or neurological conditions, including secondary
cerebral edema, occurring around a pre-existing lesion [11, 12]. Thus, it can be concluded that the
existing etiological classifications of coma are not convenient for use in an intensive care situation and
only complicate the choice of the optimal tactics for conducting intensive therapy.

By the method of advancing the results of the treatment of ailments in the state of the
comatose period, with the help of preventive measures, the accelerated methods of intensive therapy
will be improved.

Materials and methods.

There are 122 patients, who were on the basis of the intensive therapy of the Kharkiv hospital
of non-removable benches during the period from 2017 to 2020. Among them there are 40 patients,
group |, bully spilled according to the protocol adopted by the protocol of the ill person at the state
period comatose. There were also 82 patients: 40 - of them with the so-called neurotropic start (toxic
accent, yes, the primary accent - the primary toxicity of the cells of the central nervous system) - group
I1, 42 patients - with the vasotropic start (primary in the brain) - group IlI.

When divided into groups, we used the primary cause of the pathological condition - the
absence of consciousness - in order to introduce in its acute period of additional substances with a
fundamentally pathogenetically directed action.

Therefore, patients of group 1l were considered to be those in whom the primary was a toxic
lesion of cells of the central nervous system with global metabolic disorders in the brain, in which
there was a chemical inhibitory effect on the central nervous system with inhibition of metabolic and
electrical activity of cell membranes. and in the bark. In addition to these patients, neurotropic drugs
(nootropics) and antihypoxants (succinic acid) were added to the intensive care unit.

In turn, patients of group Il were considered those in whom the process of primary
destruction of brain structures was caused by blood spilled, or lack of its receipt, transmineralization
or "sick cell syndrome", when the cells are rapidly excreted K, impaired excretion of Na (requiring
energy expenditure that becomes deficient due to lack of oxygen.) Decreased intracellular ATP
concentration enhances the normal function of the K-Na pump. These patients in the acute period of
coma were additionally prescribed vasotron drugs (vascular wall protectors / disaggregants) —
D-fructose-1,6-diphosphate sodium salt hydrate.

Material and methods. To confirm the adequacy of randomization of patients in group I,
groups | and 11, we used rating scales and instrumental methods.

Therefore, to assess the most important physiological systems in patients of the department,
we used the method of Tarasov DG et al. (2017): in all patients, blood was taken daily to assess the
severity to determine the indicators of the general blood test, including the calculation of the leukocyte
formula, from the peripheral vein to the blood collection system with anticoagulant K2 EDTA. 30
minutes after blood collection, a peripheral blood smear was prepared and stained according to
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Romanovsky. After staining blood smears by immersion microscopy, the leukocyte formula was
determined. When detecting normoblasts in a blood smear, their number per 100 leukocytes was
counted: when their number ranged from 1 to 6 per 100 leukocytes, the severity of the condition was
assessed as moderate; when the number of normoblasts in the range from 7 to 20 per 100 leukocytes
evaluated the severity of the condition as severe; with an increase in the number of normoblasts more
than 21 per 100 leukocytes evaluated the severity of the condition as extremely severe.

To study the autoimmune response, the levels of autoantibodies to brain antigens in the serum
were determined by ELISA on the day of admission, on the 3rd, 7th and 14th day of treatment.

Preparation of the studied biological material: blood for the study was taken from peripheral or
central veins. Blood was centrifuged for 10 minutes at 2000 g. 1.5 ml of serum was frozen at -20°C
and stored until the study. A total of 590 serum samples from patients with surgical aortic pathology
were prepared for the study. To perform the study, the serum was thawed once at room temperature.

The determination of autoimmune antibodies was performed to assess the severity of brain
tissue damage as the leading markers of disease prognosis.

Methods of parametric statistics were used to process the obtained data. Statistical processing of
data that were entered into Excel spreadsheets was performed. The significance of the obtained data was
checked using Student's t-test (for n <100) at a given level of reliability p = 0.95. To be able to use the
Student's t test, the Fischer-Snedekor test was calculated — the ratio of the larger variance to the smaller.
All mathematical operations and graphical constructions were performed using the software packages
"Microsoft Office XP": "Microsoft XP Home" and "Microsoft Excel XP" on a personal compulter.

Results of the research.

For the assessment of the young inflow of ailments on the prognosis of illnesses at all points
of control - appropriate, 3rd, 7th and 14th, and for the addition - the method of Tarasov D.G. was used,
de criteria of the severity of the patients of blood problems in the norm (table 1).

Table 1. The severity of the condition of patients in groups I, Il and Il (according to the
method of Tarasov D.G., 2017)
Point of control Group I Group 11 Group III
n=40 n =40 n=42
Number of normoblasts

Admission to the clinic 2,7+1,1 2,9+£1,2 2,914

3rd day 4.2+1,7 3,9+1,9 4,1+1,6

7th day 2,9+1,2 2,719 2,9+1,4

14th day 1,8+0,6 1,6+0,9 1,8+0,7

Note: p > 0,05

From table 1 it can be seen that in all studied patients at all stages of the study — control points
— the general condition was regarded as moderate, which confirmed the finding of the total number of
normoblasts in a blood smear per 100 leukocytes in the range from 1 to 6. Which was evaluated
clinically, depended in all patients solely on the functional state of brain tissue. In this case, an
important point was the determination of autoimmune antibodies.

First, we determined autoimmune antibodies in all patients at the time of admission (table 2).
Given the absence of probable differences between the groups in terms of autoantibody numbers to
brain antigens, we calculated their average score between the groups and took it as the starting level of
comparison.

Table 2. Indicators of neurospecific proteins in groups I, Il and Il in patients in the acute
eriod of coma
Autoantibodies to brain Group I Group II Group IIT Average
antigens n =40 n=40 n=42 starting level

The main protein is myelin 32,1422 32,9421 33,1+1.9 32,7+2.06

Calcium-binding 11,4+0,6 12,1+0,9 11,9+0,7 11,8+0,7

protein S-100

Neurospecific enolase 26,122 27,2419 26,2421 26,5+2,06

Total human brain antigen 32,1+1,7 32.2+1,8 32.4+1,9 32.2+1,8
Note: p > 0,05
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It is known that the destruction of myelin is a universal mechanism of response of nervous
tissue to damage. When the central nervous system is damaged, the function of the blood-brain barrier
is disturbed, which is accompanied by an increase in the concentration of neurospecific proteins in the
serum. The dynamics of their numbers in the blood has a proportional effect on the prognosis of the
disease. Given the principle of grouping patients, it is important to observe the dynamics of
neurospecific antibodies in all studied patients (table 3).

Table 3. Indicators of neurospecific proteins in groups I, Il and Il in patients in the acute

period of coma

Autoantibodies to brain antigens Group I Group II Group III
n=40 n =40 n=42
To the main protein of myelin,
average starting level: 32,7+1,06
3rd day 37,442,2" 32,9+0,1%* 33,1£1,9%*
7th day 36,1+1,6™ 33,1+0,4* 33,4+0,7%*
14th day 34,8+1,1 32,7+0,2* 32,94+0,4**
To the S-100 protein,
average starting level: 11,8+0,4
3rd day 15,6£1,2* 12,4+0,7* 12,6+0,6**
7th day 14,4+1,1" 12,2+0,8* 12,4+0,2%*
14th day 13,7+1,2% 12,2+0,8 12,2+0,8
To neurospecific enolase,
average starting level: 26,5+2,06
3rd day 36,442 4" 29.2+1,9% 20240 %%
7th day 34,7+1,6™ 27,4+0,8* 28,2+1,1*%*
14th day 32,9+1,2% 26,8+0,68 26,9+0,9%*
To the total human brain antigen,
average starting level: 32,24+1,8
3rd day 37,4+2.6" 34,2427 32,44+1,9%*
7th day 41,2+2,9% 35,6+0,8* 35,2:+1,4%*
14th day 38,1+1,8" 34,7+0,4* 34,8+0,9%*

Note: * p <0,05 — indicator between groups | and Il; ** p <0,05 — indicator between groups | and IlI;
x p <0,05 — the indicator between group | and the average starting level of the indicator.

During the statistical analysis of the dynamics of autoantibodies to brain antigens, a significant
positive effect of the therapy prescribed in groups Il and Il pathogenetically aimed at the primary
etiological factor was determined. Thus, the main protein of myelin on the 3rd day of treatment in
patients of group | was probably p <0.05, higher than the average starting level and was 37.2 + 2.2. It
was also probably p <0.05, higher than its figures in patients of groups Il and Ill, where it was
32.9+0.1 and 33.1 + 1.0, respectively. On the 7th day of observation, the dynamics of this indicator
was identical. After 2 weeks of treatment in patients of group I the level of autoantibodies to the main
protein of myelin was not likely to exceed the average starting level, was 34.8 £ 1.1, but was probably
p <0.05, higher than in groups Il and I11, 32.7 £ 0.2 and 32.9 + 0.4, respectively.

When determining the dynamics in the blood of autoantibodies to the protein S-100 it was
found that on the 3rd day of treatment in patients of group | their level was 15.6 + 1.2, probably
p <0,05, exceeded the average starting level, and also figures in groups Il and Ill, where it was
12.4+£0.7 and 12.6 £ 0.6, respectively. In the future, this trend was maintained and only on the 14th
day of treatment, the probable difference between the groups disappeared. However, the level of this
indicator after 2 weeks of hospital stay in patients of group | remained probably p <0.05, higher than at
the start, which indicated the possibility of long-term consequences in these patients.

The same dynamics was observed in the analysis of autoantibodies to neurospecific enolase
and total human brain antigen, which can be seen in table 2.

Given the above results, it can be argued that the distribution of patients with coma at the stage
of screening by etiological factor in order to assign the appropriate pathogenetically oriented
component to the existing protocol of intensive care is an important mechanism for preventing long-
term consequences and disease in general.
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Conclusions. Being the triggering mechanism of the pathogenesis of coma development, the
etiological factor is not always decisive in mortality

Therefore, the features of pathogenetic disorders and the level of control of their changes
acquire a major role in the outcome of the disease.

One of the decisive moments in the prognosis of coma as a pathological condition is its acute
period, which requires the identification of an integrative indicator in the priority prescription of drugs
with one or another pharmacodynamics in addition to the main protocol.

The key point of the possibility of improving the prognosis in coma of any genesis is the
achievement of the perfusion-metabolic balance, which depends on the timely determination of the
dominant disorders (perfusion - metabolic) and the appointment of specific therapy from the first
minutes of contact with the patient, even at the diagnostic stage.
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Introduction. Changes in the structure and function of erythrocytes play an important role in
the development of hypoxia, so the study of human [1, 2].

One of the main biophysical indicators of blood is its rheological properties. Blood rheology —
fluidity, determined by the totality of the functional state of the formed elements (mobility,
deformability, aggregation activity of erythrocytes, leukocytes and platelets), viscosity (concentration of
proteins and lipids) and osmolarity of blood. The microcirculatory section of the vascular system is the
place where the greatest resistance to blood flow is manifested [3, 4]. The key role in the formation of
the rheological parameters of blood belongs to uniform elements, primarily erythrocytes, which make up
98% of the total cell population [5] and, according to the experimental data of VD Malyshev, AP
Pleskova (1994), determine the fluidity of blood at the level of microvessels — in the zone where gas
exchange takes place [6, 7]. The transport of substances through the erythrocyte membrane is carried out,
depending on their chemical properties, in several ways: by diffusion through lipid regions, or by carrier
proteins embedded in the membrane [8, 9]. The erythrocyte membrane is easily permeable to gases and
anions. Some enzymes are adsorbed and transported on the membrane surface [10]. The erythrocyte
membrane is not permeable to glucose, urea, potassium and sodium cations and is impermeable to
proteins. Membrane ion pumps provide active transport of sodium ions and glucose molecules [11].

Of particular scientific interest is the state of erythrocytes, which are responsible, first of all, for
the transport of oxygen in critical conditions of the body, when there is a threat of occurrence or is
already developing hypoxia. With the onset and progression of various diseases, as well as in critical
conditions, injuries accompanied by severe tissue damage, the water-electrolyte composition of the blood
is disturbed [12, 13] and, as a consequence, the functioning of the blood corpuscles is impaired. There is
a violation of one of the most important biophysical indicators of blood — microrheological properties.
Infusion of various solutions is used as replacement therapy for critical and terminal conditions.
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Hemorheological disorders contribute to the development of hypoxia, the severity and duration of which
determines the likelihood of septic complications, multiple organ failure and mortality [14].

Under the influence of unfavorable factors (disease, trauma, hypo, hyperthermia), various
changes can occur with erythrocytes — the structure changes, normal functioning is disrupted.

Irreversible morphological changes in the erythrocyte often end in hemolysis — the destruction of
the erythrocyte wall with the release of the cell contents into the environment. This happens when cells
enter a hypotonic solution. In the body, some of the cells undergo physiological hemolysis. Hemolysis of
erythrocytes also occurs in some diseases — hemolytic disease of newborns [15]; acute and chronic
poisoning with nitrogen oxides, nitrobenzene, sodium nitrite [16] and other diseases. In critical
conditions, massive hemolysis of erythrocytes in the blood vessels occurs. In this case, under conditions
of hypoxia, acidosis, and reperfusion, Fe2 + ions are released [17]. In connection with the inhibition of
enzymes, the metabolic process (ATP synthesis) is disrupted, the membrane permeability changes, and
the ability to transport substances, including oxygen, decreases. Exposure to high temperatures is also
reflected in the morphology of red blood cells. For example, with hyperthermia simulated in rats, there
was a change in the diameter of erythrocytes [18], the elasticity of the cell walls decreased and tissue gas
exchange worsened, and there was a significant increase in the hematocrit index [19].

At present, the issue of primary factors that initiate pathogenetically caused dysfunction of
erythrocytes in burn injury in its acute period is not resolved, which is important for the timely
appointment of pathogenetically determined complex of intensive care from the first minutes of
hospital stay.

The aim of the article is to reduce the frequency of complications of severe burn injury in
patients with impaired microcirculation of erythrocytes in the capillary bed by applying an algorithm
aimed at improving their architecture and functional condition.

Materials and methods. This study is based on the analysis of the results of a comprehensive
clinical-instrumental and laboratory dynamic study of hemodynamic parameters, biochemical markers
of erythrocyte functional status and evaluation of the effectiveness of the proposed method of
prevention and treatment in a cohort prospective randomized open clinical study in 96 patients with
burn trauma. from the 1st day to 1 month from the moment of admission to the clinic, who were
treated in Kharkiv City Clinical Hospital of Ambulance in the period 2018 — 2020.

The conditions for selecting patients for the study were age up to 60 years, the presence of
burn injury, the possibility of productive contact with the patient at the time of admission (14-15
points for GCG), obtaining informed consent, compensation at the time of injury of any comorbidities,
no history blood diseases, cancer, severe heredity, alcoholism, mental disorders, allergic reactions,
blood transfusions, the use of immunocorrectors, glucocorticoids.

All patients were divided into 3 groups: group |, 32 patients, whose treatment was carried out
according to the generally accepted protocol of the medical institution; group Il — 32 patients who in
addition to the main complex of intensive care was prescribed a solution of ceruloplasmin 1 time per
day intravenously 6 mg / kg body weight at a rate of 30 drops per minute for 10 days; group Il — 32
patients who in addition to the main complex of intensive care was prescribed a solution of D-
fructose-1,6-diphosphate sodium salt hydrate intravenously at a rate of 10 ml per minute 150 mg / kg 2
times a day for 10 days.

All patients were in a state of burn shock, as determined by an integrated scale (Spronk P.E. et
all., 2004). According to the rectal-skin temperature gradient, which normally averages 5.7 + 0.4°C,
patients had a second degree of burn shock with corresponding disorders of microcirculation. The
average figures of the temperature gradient at the time of admission in all patients were 11.72 + 1.1°.

Since changes in peripheral blood, such as hemoconcentration and increased viscosity,
contribute to microcirculation during burns, and anemia is masked by hemoconcentration, it is
important to determine the percentage of erythrocyte hemolysis, which is one of the prognostic criteria
for burn injury.

Clinical blood test was performed on a GEM apparatus.

The level of haptoglobin in the blood was determined by immunoturbodimetry.

To determine the functional state of erythrocytes and their ability to deform, we used the
method of scanning electron microscopy.

The method of scanning electron microscopy allows us to assess the surface architecture of
cells, in our case — the resistance of erythrocyte membranes to mechanical impact. Control and test
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samples were fixed with 2.5% glutaraldehyde solution at 4°C for 1 hour. Carried out dehydration of
cells by centrifugation in a series of aqueous solutions of ethanol in ascending concentrations of 30,
50, 70, 90% and then — acetone. The prepared cell suspension was applied to aluminum substrates and
dried in a thermostat at 37 ° C. To ensure the electrical conductivity of objects, they were sprayed with
a thin film of gold. The preparations were examined on a scanning electron microscope JSM —
6380LU (Japan) at an accelerated voltage of 20-25 kV.

Patients in each group underwent smears and performed a general blood test, studied the
morphometry of blood smears.

For a detailed analysis of changes in the surface architecture of erythrocytes, a number of
indices were calculated:

Tl — transformation index — quantitative assessment of the ratio of pathological and normal
forms of erythrocytes:

TI = (RD% + 1D%) / D%;

IOR — index of reversible transformation

IOR = OD% / D%;

I0I - index of irreversible transformation

101 = ND% / D% (D — discocytes, ND — irreversible discocytes, OD — reversible discocytes).

The definition of these indices is based on the fact that normally most erythrocytes are
represented by discocytamia. forms (Bessis M., Mohandas N., 1975).

The day of admission, the 3rd and 10th days of treatment were selected as control points. The
criteria for the effectiveness of the prescribed therapy was to determine the number of days of
treatment in the intensive care unit and the number and quality of complications that occurred in the
studied patients.

To be able to use the Student's t test, the Fischer-Snedekor test was calculated — the ratio of the
larger variance to the smaller one. All mathematical operations and graphical constructions were performed
using the software packages "Microsoft Office XP": "Microsoft XP Home" and "Microsoft Excel XP".

Results of the research. When analyzing the aggregate and functional state of erythrocytes,
we took into account the fact that the oxygenation of cells and tissues of the body largely depends not
only on the ability of hemoglobin to bind and release oxygen, but also on the rheological properties of
blood, which are largely determined by erythrocytes to deformation and aggregation, as their functions
are carried out through the free surface of the membranes. It was important to statistically compare the
studied indicators at the beginning of treatment, at the time of admission to the clinic (table 1), on the
3rd day of intensive care, as this term in terms of positive consequences in most cases coincides with
the end of clinical manifestations of burn shock (table 2), and on the 10th day of treatment, when the
additional prescribed substances have already taken effect, and you can determine the effectiveness of
their use (table 3).

Table 1. Indicators of haptoglobin and surface architecture of erythrocytes in groups I, Il and
I11 in patients with burn trauma at the time of admission to the clinic

. Group | Group 11 Group 1l
Indicators n=32 n=32 n=32
Hemoglobin, g/ | 151,249,2 154,149 .4 152,6+7.4
Haptoglobin, g/ | 0,3+0,01 0,3+0,02 0,3+0,01
Discocytes, % 64,6+6,1 64,9+4,2 64,8+9.4
Reverse discocytes, % 14,6+2,6 16,1+0,9 15,6=1,74
Irreversible discocytes, % 22,8+2.4 19,7+1.4 20,1£1,6
TI, % 0,57+0,02 0,55+0,04 0,56+0,02
IOR, % 0,24+0,01 0,24+0,01 0,24+0,02
101, % 0,34+0,02 0,32+0,01 0,31+0,02

An important point in determining the effect of additional prescribed substances in intensive
care in patients with burn injury was the analysis of erythrocyte hemolysis. The statistical analysis of
hemoglobin and haptoglobin levels in the blood of patients in groups I, Il and Il did not reveal
significant differences, which confirmed the correct randomization of patients into groups at the
screening stage in the study. Similar data were used to determine the indices that characterize the
surface architecture of erythrocytes.

RS Global 2(63), February 2021 15



WORLD SCIENCE ISSN 2413-1032

Table 2. Indicators of haptoglobin and superficial architecture of erythrocytes in groups I, Il
and I11 in patients with burn injury on the 3rd day of treatment

Indicators Group | Group Il Group Il
n=32 n=232 n=32
Hemoglobin, g/ | 117,4+6,8 128,14£2,6 122,674
Haptoglobin, g / | 0,1+0,01 0,6+0,04*%2 0,340,02%*23
Discocytes, % 62,6+4,2 71,942,9%12 64,7+3,1%23
Reverse discocytes, % 13,942,1 18,242,7 14,6=1,74
Irreversible discocytes, % 24,1422 10,7+2,1%12 21,1+1,9%23
T % 0,61+0,01 0,41+0,02 0,55+0,02
IOR, % 0,22+0,02 0,25+0,01 0,22+0,02
101, % 0,38+0,02 0,14+0,01*12 0,32+0,02%23

Note: * —p <0.05

On the 3rd day of treatment under conditions of strict infusion-transfusion therapy, in patients
of group 11, who were additionally prescribed a solution of ceruloplasmin, the level of hemoglobin in
the blood was 128.1 + 2.6 g / 1, which was slightly higher indicators among other groups of patients.
The level of haptoglobin in the blood turned out to be important data. Thus, in patients of group I, who
used the classical algorithm of intensive care of burn injury, a sharp decrease in its numbers was
determined, 0.1 + 0.01 g/ 1, which against the background of hypohemoglobinemia, 117.4 + 6.8 g / 1,
indicated in favor of advanced hemolysis.

Table 3. Indicators of haptoglobin and superficial architecture of erythrocytes in groups I, Il
and I11 in patients with burn injury on the 10th day of treatment

Indicators Group | Group 11 Group 1l
n=232 n=32 n=32
Hemaoglobin, g/ | 123,6+7,1 134,142,1 126,222
Haptoglobin, g / | 0,2+0,04 1,240,04*%2 0,340,08%*23
Discocytes, % 64,2441 78,442 9%12 69,8+3,7%23
Reverse discocytes, % 16,4+2,6 16,1+0,9 16,6+2,24
Irreversible discocytes, % 19,6+4,2 7,2+1,2%12 14,1£1,9%23
TI, % 0,56+0,04 0,29+0,01*12 0,44+0,01*23
IOR, % 0,26+0,02 0,21+0,04 0,24+0,01
101, % 0,31+0,02 0,11+0,02*12 0,21+0,04*23

Note: * —p <0.05

In turn, in patients of group Il, the maximum level of haptoglobin in the blood was determined
on the 3rd day of observation, 0.6 + 0.04 g/ 1, which was probably (p < 0.05) higher than its figures in
the groups | and Ill. Identical dynamics was determined in the study of erythrocyte transformation
indices. Thus, in patients of group Il the total number of discocytes in the blood was 71.9 + 2.9%,
which was probably (p < 0.05) higher than in groups I and III, the number of irreversible discocytes in
group II was probable (p < 0.05) less than in groups I and III (10.7 £ 2.1%), the index of irreversible
transformation of erythrocytes also repeated this trend. At the same time, in patients of group Il all
these indicators differed significantly from the data in group I, but there were no significant
differences between them due to the large variation of indicators in the variation range of patients.

On the 10th day of treatment, the trend towards the dynamics of changes in the studied
indicators did not change. Thus, in patients of group | was determined the lowest level of hemoglobin
in the blood, 123.6 = 7.1 g / 1, the lowest level of haptoglobin in the blood — 0.2 + 0.04 g / 1, which
indicated in favor of hemolysis, which persisted even after 10 days of intensive care. These changes
are also reflected in the indices of erythrocyte architectonics.

In group Il, the level of haptoglobin was maximum, 1.2 + 0.04 g / 1, which was probably
(p < 0.05) higher than in groups T and II, was the maximum percentage of total discocytes, 78.4 + 2.9%,
which was also likely (p < 0.05) higher than in groups I and III, the minimum percentage of irreversible
discocytes, 7.2 + 1.2%, which was also likely (p < 0.05) lower than in groups I and III. The index of
irreversible transformation of erythrocytes in patients of group Il was also minimal, 0.14 + 0.01%, which
was probably (p < 0.05) less than this figure in groups | and IlI.

Given the fundamentally different mechanism of action of substances additionally assigned to
the complex of intensive care of burn injury — ceruloplasmin solution and solution of D-fructose-1,6-
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diphosphate sodium salt of hydrate — it can be noted that the leading mechanism of erythrocyte
dysfunction in patients with burn injury shock at the time of admission to the clinic is a violation of
the mechanism of lipid peroxidation. The resulting oxidative stress contributes to the developed
hemolysis of erythrocytes, which negatively affects the course of burn disease and its long-term
consequences. Violation of the energy mechanisms of erythrocyte function is also significant. Given
the significant changes in the studied parameters in patients of groups I and I11, it can be argued about
the important impact of erythrocyte membrane disorders with subsequent disruption of phosphate
metabolism on the course of burn disease. Therefore, in the future it makes sense to investigate the
combination of a solution of ceruloplasmin and a solution of D-fructose-1,6-diphosphate sodium salt
hydrate in one algorithm of intensive care in this category of patients.

Conclusions.

The leading mechanism of complications in patients with burn injuries is oxidative stress.

Additional administration of ceruloplasmin solution probably reduces the severity of
intravascular hemolysis and promotes faster recovery of erythrocytes.

Determination of erythrocyte transformation indices is an important point in determining the
prognosis of the disease in patients with burn trauma with clinical signs of shock.
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Introduction. According to the European Working Group on Sarcopenia in Older People
(EWGSOP), "Sarcopenia is a syndrome characterized by progressive and generalized loss of muscle
mass and muscle strength with an increased risk of adverse events such as impaired mobility, impaired
quality of life, or death.” [1]. According to the US Center for Disease Control and Prevention (CDC),
sarcopenia is considered one of the top five risk factors for morbidity and mortality in people over 65;
associated with an increased risk of all-cause mortality and decreased self-care ability [2].

Sarcopenia is classified as primary or age-related when aging is the main cause of its
development and other causes of this condition are excluded [3]. Sarcopenia, which develops against
the background of severe eating disorders or restrictions on mobility, as well as against the
background of other diseases, is secondary [4]. Sarcopenia is a polyetiologic disease, and therefore, in
some patients it is difficult and impossible to isolate primary or secondary sarcopenia.

Multiple factors are associated with decreased muscle mass and / or strength in older adults [5,
6]. The underlying causes or mechanisms associated with sarcopenia include inadequate nutrition, lack
of exercise, bed rest, age-related hormonal changes, loss of motor neurons, atherosclerosis, obesity,
insulin resistance, and exposure to inflammatory cytokines.

With age, the distribution of fat mass in the body changes, there is an increase in abdominal
fat and a decrease in subcutaneous fat mass [7, 8]. Simultaneously, there is a decrease in the quality of
muscles, namely, a decrease in the size and number of muscle fibers (loss of type Il fibers prevails), a
decrease in muscle protein synthesis and a decrease in mitochondrial function [9, 10]. In patients with
an excessive amount of fat mass, a change in lipid metabolism in muscles was noted. Increased
infiltration of muscle tissue with lipids and adipose tissue both inside and around muscle cells. This is
likely due to a systemic increase in free fatty acids [11]. According to the literature, the results of
computed tomography demonstrate, when scanning at the level of the middle third of the thigh, an
increase in the amount of fat mass in and around the muscles [12]. Thus, aging includes an increase
and redistribution of fat mass, and changes in muscle mass: "more fat, less muscle."
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The aim of the study was to determine the severity of sarcopenia in elderly patients with
urgent surgical pathology of the abdominal cavity.

Materials and methods.

The study was a clinical prospective open cohort randomized and was conducted on the basis
of the Department of Anesthesiology and Intensive Care for patients of the surgical profile of the
municipal non-profit enterprise "City Clinical Hospital of Ambulance and Emergency Care. prof. Ol
Meshchaninov" Kharkiv City Council and on the basis of the Department of Intensive Care of the
State Institution” Institute of General Emergency Surgery named after V. T. Zaitseva" of the National
Academy of Medical Sciences of Ukraine (2019-2020). To achieve this goal, we examined 90 elderly
patients (73.3 + 7.9 years) with surgical pathology of the abdominal cavity, who underwent emergency
surgery under general anesthesia based on sodium thiopental with artificial lung ventilation, the
average duration of which was 109,2 + 24,6 min. The inclusion criteria were: age at least 60 years;
absence of somatic diseases in the stage of decompensation, class IlI-11l according to the ASA
classification. Depending on the protocol of postoperative therapy, patients were divided into 3
groups, and they were domesticated by age, sex, anthropometric data, volume and duration of surgery
and concomitant comorbid background (table 1).

Table 1. Clinical characteristics of the examined patients, (M + o)

Groups
Indicators I 11 111
Number of patients 30 30 30
Men 9 10 8
Women 21 20 22
Age, years 72,4+6,1 72,1£5,6 72,2+5,9
Height, sm 161,2+10,4 164,4+12,1 162,6+11,9
Body weight, kg 76,8+7,9 78,4+6,7 78,1+£6,9
Duration of operation, min. 109,4+31,1 110,1+£29,6 109,8+32,2

Group | (n = 30) - patients who underwent standard intensive perioperative therapy, group Il
(n = 30): standard intensive therapy with the addition of levocarnitine from the first day of stay in the
intensive care unit 15 mg / kg body weight per day intravenously slowly; group Ill (n = 30): standard
intensive care with the addition of levocarnitine from the first day of stay in the intensive care unit
15 mg/ kg body weight per day intravenously slowly for 5 days and a solution of D-fructose-1,6-
diphosphate sodium salt of hydrate 150 mg/kg 2 times daily intravenously at a rate of 10 ml per
minute for 5 days in the clinic.

By type a concomitant somatic pathology, patients were distributed as follows: hypertension
1-2 thsp. | group of 12 patients, 11 group of 14 patients, 111 group of 12 patients; coronary heart disease
Group | 17 patients, Group Il 15 patients, Group Il 14 patients; heart failure I-11A class | group 22
patients, Il group 20 patients, Il group 18 patients; type Il diabetes mellitus group | 28 patients, group
I1 27 patients, group 111 27 patients. All patients with confirmed type Il diabetes mellitus at the time of
admission received metformin 1827.2 + 236.1 mg per day as antidiabetic therapy.

During the interview, the patient clarified the presence of complaints of impaired mobility,
difficulty walking, getting up from a chair. Anamnestic data on the presence of falls and fractures in
the anamnesis were evaluated. At the time of admission, data on glycated hemoglobin levels and other
laboratory parameters (glucose, creatinine, total protein and albumin, serum lipid parameters, protein
in single and / or daily urine) were copied from outpatient charts, statements, medical histories.

The diagnosis of sarcopenia was based on the recommendations proposed by the European
Working Group on Sarcopeniain Older People (EWGSOP, 2009) [1].

The diagnosis was based on the determination of muscle mass, strength and function. When
diagnosing sarcopenia, the EWGSOP recommends the following criteria: Decreased muscle mass
combined with decreased muscle strength or muscle function.

There were 3 stages of sarcopenia, according to EWGSOP recommendations: presarcopenia,
sarcopenia, severe sarcopenia [1]. In patients with a decrease in muscle mass index alone, the stage of
presarcopenia was established; with a decrease in muscle mass and muscle strength, the stage of
sarcopenia was established.
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The study of muscle mass was performed immediately after surgery in the operating room
using the method of bioimpedancemetry on the analyzer "MEDASS" ABC-02. After obtaining the
results of the measurement of skeletal muscle mass in kg, the calculation of the musculoskeletal mass
index (SMM (kg) / height (m2) = ISMM, kg / m2) was performed. The ISMM corresponding to the
decrease in muscle mass was taken to be less than 6.75 kg / m2.

Evaluation of muscle strength was performed by the method of wrist dynamometry using a
mechanical wrist dynamometer DK-25, the evaluation of this indicator was performed taking into
account the body mass index.

To be able to use the Student's t test, the Fischer-Snedekor test was calculated - the ratio of the
larger variance to the smaller one. All mathematical operations and graphical constructions were
performed using the software packages "Microsoft Office XP": "Microsoft XP Home" and "Microsoft
Excel XP".

Results of the research.

It was important to determine the peculiarities of metabolism and muscle condition in patients
at the time of their occurrence of urgent surgical pathology. Since, according to many authoritative
sources [13, 14], more than 80% of elderly patients treated in surgical clinics have a reduced
sarcopenic index, regardless of body mass index, it was important to compare the length of stay of
patients in groups I, 11 and 111 in the intensive care unit and in the clinic in general, taking into account
the additional appointment in patients of groups Il and Ill of substances that in one way or another
affect the functional state of the muscles.

On the first day of stay in the clinic we will identify the following features of the metabolism
of the studied patients (table 2).

Table 2. Clinical characteristics of the studied patients

Indicators Groups
I (n=30) 11 (n=30) 111 (n=30)
Presarcopenia, % 53% (16) 47% (14) 43% (13)
Sarcopenia, % 47% (14) 53% (16) 57% (17)
BMI, (kg / m2) 26,2404 25,9402 26,4+0,6
HbAlc (%) 8,4+0,2 7,9+0.,4 8,1+0,4
Dynamometry
(right hand, best 16,2+1,2 15,9+1,6 16,4+1,7
result from 2 attempts), kg
Reduced muscle strength according to
KDM data, (%) 67,243,1 65,8+5,2 66,1+4,9
Intake of statins, % 93% 90% 96%
Creatinine, umol / L 82,4+6,2 81,8+4,6 82,2+5,1
GFR, ml/ min/1,73m2 60,2+8,2 62,6+7,1 61,9+6,4
Total cholesterol, mmol / | 5,08+0,4 4,48+0,6 5,11+0,2
Total protein, g/ | 72,4427 71,9+4 4 70,2+2.6
The number of treatment days in ICU 5,4+1,1 4,1+0,4 3,240, 2 #LIIILIT

* - p<0,05 - probable difference between groups

At the initial analysis to determine the metabolic status of elderly patients treated in the
surgical department for emergency surgery was 53%, 47% and 43% in patients of groups I, Il and I11,
respectively, or sarcopenia, 47%, 53% and 57% in patients of groups I, Il and 111, respectively. Also
important was the presence of elevated glycated hemoglobin (HbAlc), which was 8.4 + 0.2%,
7.9+0.4% and 8.1+0.4% in patients of groups I, 1l and Ill, respectively, which indicated the
presence of type Il diabetes mellitus, which characterizes the corresponding changes in the body by
carbohydrate metabolism. Despite the almost normal body mass index in most patients, BMI
26.2+0.4kg/m2, 259+0.2kg/m2 and 26.4 + 0.6 kg/ m2 in groups I, Il and IIl, respectively, it
was important to determine the dynamics and muscle strength, which confirmed the presence of
presarcopenia / sarcopenia in all patients. Thus, in group | the indicators of dynamometry and muscle
strength were 16.2 + 1.2 kg and 67.2 = 3.1%, in group Il - 15.9 + 1.6 kg and 65.8 + 5.2 %, in group 111
-16.4+1.7 kg and 66.1 + 4.9%, respectively.
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It was important to obtain data on the use of statins in the studied patients. Thus, more than 90% of
elderly patients admitted to a surgical hospital with urgent pathology had disorders of lipid metabolism.
The block status of patients was satisfactory, which indicated the acute origin of surgical pathology.

Given the fact that the fundamental difference between the groups, taking into account the
pathogenetic mechanisms of sarcopenia, was the appointment of a solution of levocarnitine in group Il
and a solution of levocarnitine in parallel with a solution of D-fructose-1,6-diphosphate sodium salt of
hydrate in group III, probable ( p<0.05) differences in the number of days of treatment of patients in
the intensive care unit, 5.4 = 1.1 days in group I, 4.1 = 0.4 days in group II, 3.2 + 0.2 days in patients
of group Il indicated the importance of the functional state of the muscles during the postoperative
period in elderly patients with urgent surgical pathology.

Conclusions.

Sarcopenia in elderly patients admitted to a surgical hospital is an important factor influencing
the duration of treatment in the intensive care unit and, consequently, the occurrence of complications.

The appointment of levocarnitine is pathogenetically justified in this group of patients as a
protector of the functional state of muscle tissue.

The appointment of D-fructose-1,6-diphosphate sodium salt of hydrate is an important
component of the algorithm of intensive care in elderly patients with surgical pathology, which has an
energy-protective effect and promotes their early activation.
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Introduction. One of the indicators of the quality of surgical treatment is the course of the
early postoperative period. It is considered smooth if successful [1, 2]. The causes of complications in
the early postoperative period are many. Most often they are due to various objective reasons. One of
such reasons is the inevitable impact on the body of surgical trauma [3, 4].

Any surgery is a serious stress for the patient's body. During them, the patient is exposed to
various aggressive factors that significantly affect the functioning of many body systems. As a result,
in some patients, surgical treatment induces the occurrence of pathological conditions that require
special rehabilitation [5]. That is why there is a need to study the impact of the level of surgical trauma
on the postoperative period.

In turn, it is known that obesity in the body there are numerous changes characterized by reduced
functionality of organs and systems, reduced, and in some cases, distortion of metabolic processes,
reduced reactivity and resistance (or resistance) to stress [6, 7]. In this regard, anesthesia and intensive
care in patients with high body mass index differs from that in other weight groups due to altered
metabolism of drugs, altered sensitivity to them of organs and tissues, excellent distribution of drugs in
altered water sectors and associated with increased surgical and anesthetic risk, complications [8].

It should be noted that at present there is a lot of information about the traditional list of
postoperative complications, which are mostly somatic disorders. However, it is important to take into
account the fact that surgical treatment can induce various inconspicuous abnormalities that are
difficult to diagnose. These deviations do not cause severe disorders of life, but can significantly
reduce the quality of life in the postoperative period in a significant proportion of operated patients.
One such pathological condition is postoperative cognitive dysfunction syndrome (POCD). POKD -
syndrome of cognitive impairment due to general anesthesia and surgery, which has a multifactorial
etiology, develops in the early and persists in the late postoperative period, clinically manifests itself
in the form of memory impairment, difficulty concentrating and impaired other cognitive functions
language, etc.), which is confirmed by neuropsychological testing [9, 10].
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Recently, around the world began to appear quite a lot of work on this issue. However,
specific data on the etiology of POCD, especially in patients with elevated body mass index in the
emergency clinic is not enough.

The questions of the dependence of the severity of POCD on the body mass index and the
concomitant somatic condition of such patients, on the impact of surgical trauma and severity at the
time of admission to the hospital also remain unexplored [11, 12].

The aim of the study was to increase the effectiveness of intensive care in patients with high body
mass index in the emergency clinic by improving the methods of influencing perioperative risk factors.

Materials and methods. The study selected 84 patients who were treated in the surgical
department for acute surgical pathology (cholecystectomy), had grade I-11 obesity lasting more than 10
years. All patients had concomitant somatic diseases, which in their clinical development adversely
affected the functional state of the vascular endothelium. Given that the operation itself and general
anesthesia led to the pathogenetic mechanism of surgical stress, it was important to maintain the
functional state of the endothelium at the most satisfactory level, which directly affected the state of
POCD in the studied patients.

All patients were divided into 3 groups: group |, 28 patients who received the standard
protocol of perioperative intensive care, group 1l, 28 patients who in addition to the standard protocol
of perioperative intensive care was prescribed a solution of meglumine sodium succinate intravenously
at a rate of 90 drops per minute immediately before the operation and on the 30th minute 200 ml of
1.5% solution (N-methylglucamine (meglumine)) - 8.725 g, succinic acid - 5.28 g). The appointment
was due to the fact that one of the most important factors in postoperative cognitive dysfunction is the
possible biochemical changes in homeostasis that may occur during general anesthesia and be
associated with the activation of lipid peroxidation; group Ill, group I1, 28 patients who in addition to
the standard protocol of perioperative intensive care was prescribed a solution of L-arginine
hydrochloride intravenously at a rate of 90 drops per minute immediately before surgery and at the
30th minute in 100 ml of a solution of 42 mg / ml.

To confirm the adequate randomization of patients in terms of endothelial function in all
patients before surgery and 12 hours after it was determined the level of von Willebrand factor
antigen, % (reference values 50-150%).

The integrative function was assessed by mnestico-intellectual indicator using a short scale of
mental status research MMSE (maximum score on the MMSE scale 30 points); in order to eliminate
the effect of memorization in the tests, used different options for their implementation. A decrease in
the MMSE test by 10% or more was regarded as a manifestation of POCD.

Short-term memory was evaluated by the indicator of auditory short-term memory by the
method of Luria - memorization of 5 words.

Control points were selected 12 hours after awakening after anesthesia, 3rd and 5th days of
treatment.

To be able to use the Student's t test, the Fischer-Snedekor test was calculated - the ratio of the
larger variance to the smaller one. All mathematical operations and graphical constructions were performed
using the software packages "Microsoft Office XP": "Microsoft XP Home" and "Microsoft Excel XP".

Results of the research. When assessing the functional status of the endothelium in terms of the
percentage of antigens to von Willebrand factor as a leading marker for the determination of endothelial
dysfunction (VWF: Ag), no significant difference was found between groups of patients. Thus, before
the operation, in patients of group I its average level was 182.1 = 26.2%, in patients of group II -
196.4 £22.9%, in patients of group Il - 189.6 +28.2%, p>0.05. The presence of endothelial
dysfunction in all studied patients, which was caused by somatic pathology, was determined.

When conducting a statistical analysis of indicators that characterize the functional state of the
endothelium (table 1), we identified probable differences between indicators in the groups.

Table 1. The level of VWF: Ag, %, in the blood of the studied patients

Groups
Moment of control Group | Group 11 Group III
Before surgery 182,1+£26,2 196,4+22.9 189,6+28.2
12 hours after regaining consciousness 182,1+7,9
after anesthesia 204,2+16,6 198,4+£19,2 AL

* - p<0,05 - probable difference between indicators
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Thus, during intensive care according to the standard protocol 12 hours after surgery in
patients of group | was found to increase the level of VWF: Ag, 204.2 + 30.6%, relative to baseline
in the vast majority of patients in this group, which indicated about the deterioration of endothelial
function caused by surgical stress. In patients of group Il, who were additionally prescribed
meglumine solution, the level of the studied indicator remained at the initial level, 198.4 + 19.2%,
which indicated the presence of endothelioprotective properties in the complex of intensive care of
this group of patients. In patients of group Ill, who were additionally prescribed a solution of L-
arginine hydrochloride, the level of antigens to von Willebrand factor was probably (p<0.05) less
than in patients of group I, 182.1 + 7.9%, and less in the predominant the number of patients of
group I1, which indicated the severity of endothelioprotective properties of the intensive care unit in
patients of group IlI.

Important from the point of view of the pathogenetic necessity of prescribing
endothelioprotectors on the 3rd and 5th days of treatment (table 2), given the presence at the time of
admission in all patients of compromised endothelial function on the background of obesity and
concomitant somatic pathology.

Table 2. Dynamics of cognitive parameters in the studied patients

Groups Terms of inspection, days
1 (12 hours after surgery) | 3 | 5
MMSE, points
Group | 24,240,6 25,7+0,4 26,1+0,2
Group II 26,1+0,4 26,1+0,6 26,9+0,4
Group III 28,8+0,2%13*%23 29,2+(,4%13*%23 29,6£0,1%13*23
Test 5 words, points

Group | 7,240,7 7,9+0,4 8,2+0,4
Group II 7,4 +0,9 8,3+0,2 8,6+0,1
Group 111 9’4:|:0’2*1,3*2,3 9,6:&0,4*1'3*2*3 9,7:|:0,2*1’3*2‘3

* - p<0,05 - probable difference between indicators

Statistical analysis of changes in cognitive abilities on the MMSE scale in the postoperative
period in patients of groups I, Il and Il found that surgery in itself - surgical stress, as well as general
anesthesia during surgery adversely affect almost all cognitive parameters. Thus, in patients of group |
and group |1 the dynamics of deterioration of cognitive abilities coincided with an increase in the level
of VWF: Ag in the blood. Thus, 12 hours after surgery, the total score of the functional state of higher
nervous activity on the MMSE scale in patients of group | was 24.2 + 0.6 points, group II -
26.1 + 0.4 points, which corresponded to the unsatisfactory state of cognitive abilities for this
contingent of patients. In group III, this indicator was 28.8 £+ 0.2 points, which was probably (p<0.05)
more than in groups | and Il and indicated in favor of more pronounced endothelioprotective
properties of the intensive care protocol in this group. The dynamics of cognitive changes was
identical according to the Luria test.

On the 3rd day and the 5th day of treatment, there was a corresponding trend in the restoration
and realization of cognitive abilities in the studied patients.

Conclusions.

In patients with urgent surgical pathology and surgical intervention in this regard
(cholecystectomy), who for more than 10 years have grade I-11 obesity with appropriate metabolic
changes and comorbid background, it is important to implement endothelioprotection as a prophylactic
method of cognitive dysfunction in the period after.

Oxidative stress does not have a pathogenetically destructive effect on the vascular
endothelium in such patients, so the appointment of meglumine in intensive care is not important.

In contrast, the administration of L-arginine hydrochloride is important, provides
endothelioprotection and counteracts the occurrence of postoperative cognitive dysfunction.

Conflict of interest. The authors do not declare a conflict of interest.
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cholestasis.

Intrahepatic cholestasis is characterized by the damage of endothelial cells of hepatic sinusoids, changes in the
intrahepatic hemodynamics, increased production of cytokines and free radicals. The processes of angiogenesis in
the liver are also closely connected with the functional capacity of endothelium. The L-arginine level in blood was
measured using the photometric method based. The homocysteine level was measured by the enzymatic cycling
method. To measure the level of placental growth factor (PGF) in blood plasma samples, we used the
immunochemical method.

The research has found especially severe complications in the course of pregnancy after ART in those women with
intrahepatic cholestasis whose placentas developed under the conditions of endothelial dysfunction from the very
beginning of pregnancy.

So, these factors may be early prognostic markers of severe obstetrical and perinatal disorders in women with
induced pregnancy and hepatobiliary disorders.
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Introduction. Cholestatic hepatosis of pregnancy (or intrahepatic cholestasis of pregnancy -
IHCP) is a cholestatic disease that manifests itself in the 2" or the 3™ trimester of pregnancy in
pruritus, increased levels of aminotransferases and bile acids (BA), changes in the activity of hepatic
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enzymes and is characterized by spontaneous disappearance of signs and symptoms within two or
three weeks after labor [1, 2]. In some studies, IHCP is also called idiopathic intrahepatic cholestasis
or hepatosis of pregnancy. Indeed, it is a transitory hepatic dysfunction that disappears within 1 to 3
weeks after labor. IHCP was first mentioned by F. Ahlfeld in 1883 in the Reports and Records of the
Clinic of Obstetrics and Gynecology in Hessen [3].

One should also bear in mind that, due to the exhaustion of its reserve potential in the course of
pregnancy, the liver becomes more vulnerable (Sidoroval.S., 2003; Friedman S.A., 1998, Girling J.,
1997). One should pay special attention to its functioning in case of development of gestational
toxicosis; in the pathogenesis of its severe forms, changes in the hepatobiliary system are the key factor
(Christina Song, 1998).

Intrahepatic cholestasis of pregnancy is observed in 1-2 out of 1000 pregnancies in the United
States [4]. As a rule, it manifests itself in the 3™ trimester, with the onset around the 30" week of
pregnancy (on average) and the disappearance of symptoms after labor. The differential diagnosis
includes viral hepatitis, autoimmune hepatitis, primary biliary hepatic cirrhosis and cholelithiasis.

Additional risk factors include the pregnant woman’s age, multifetal pregnancy, diseases in
anamnesis or in relatives, liver diseases before the pregnancy, cholestasis, intake of oral contraceptives [5, 6].

There are several theories of the disease pathogenesis, including the hormonal, the genetic and
other theories. According to the hormonal theory, increased secretion of progesterone and other
placental hormones in the pregnant woman’s body impedes the release of gonadotropic hormones
from the hypophysis and leads to increased cholesterol synthesis in the liver and decreased capacity of
the membranes of hepatocytes and bile canaliculi to release bile acids. What lies at the basis of
pathogenesis is a disorder of cholepoiesis and choleresis as 17p-estradiol gets to bile canaliculi and
inhibits the bile salt export pump, hampering the transport of bile acids into bigger ducts [7,8].

Endothelial dysfunction is known to be a universal pathogenic mechanism of the majority of
diseases as endothelium does not only regulate vascular tone but is also involved in the processes of
atherogenesis, thrombosis and protection of the integrity of vessel walls [Golovchenko Y.I.,
Treshchinskaya M.A., 2008]. Besides, endothelium produces a big number of biologically active
substances that influence vascular tone and angiogenesis, regulate hemostasis, adhesion and aggregation
of platelets, immune and anti-inflammatory responses [Gomazkov O.A., 2000; Aird W.C., 205].

Liver diseases are characterized by the damage of endothelial cells of hepatic sinusoids,
changes in the intrahepatic hemodynamics, increased production of cytokines and free radicals
[Yermolov S.Y., 2000]. The processes of angiogenesis in the liver are also closely connected with the
functional capacity of endothelium. Nitric oxide (NO) is synthesized by hepatocytes and cells of the
reticulo-endothelial system of the liver [Ratnikova L.I., Melnikov 1.V., 2002]. Affected by chronic
processes, the liver suffers from the inhibition of the NO biosynthesis processes, which leads to an
imbalance between vasoconstrictors and vasodilators [Hon W.M., 2002].

Aim of research — identifying the role of endothelial dysfunction and factors of vascular
homeostasis regulation in the development of obstetrical and perinatal complications in women with
infertility treated with ART and with concomitant intrahepatic cholestasis.

Materials and methods of research. We have analyzed and divided into groups 90 women
with infertility treated with ART. The basic group consisted of 50 women diagnosed with intrahepatic
cholestasis in the 2" and the 3" trimester of pregnancy, while the other 40 women did not present the
above mentioned disorder (comparison group). In addition and contrast to these 90 women with
infertility treated with assisted reproductive technologies, we have also considered 20 women who got
pregnant without ART (reference group).

The L-arginine level in blood was measured using the photometric method based on the reaction of
a-naphthol with a hypobromite reagent. The homocysteine level was measured by the enzymatic cycling
method with the use of the DiaSys kit (Germany) and the Respons 920 analyzer (Germany), following the
producer’s instructions. To measure the level of placental growth factor (PGF) in blood plasma samples,
we used the immunochemical method with electrochemiluminescent immunoassay (ECLIA).

Research results and their discussion. Endothelial dysfunction also plays an important role
in reproductive disorders, in particular infertility and recurrent miscarriage [9, 10]. Some authors even
consider it to be the basis of pathogenesis of such conditions.

Among the numerous factors of endothelial origin, nitric oxide (NO) is a generally recognized
marker of endothelial dysfunction. Nitric oxide is produced from L-arginine under the influence of the
nitric oxide synthase enzyme (NOS). It is to this L-arginine / nitric oxide system that the contemporary
obstetrics attributes the major vasoregulatory role in the gestational period [11, 12].
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Special importance for the development of the vascular network of placenta and for its normal
functioning is attributed to the vascular factors that stimulate the proliferation of endothelial cells and
increase their viability, which include the vascular endothelial growth factor (VEGF), the placental
growth factor (PGF) and the basic fibroblast growth factor (bFGF) [13, 14].

An important factor of reproductive and obstetrical disorders is hyperhomocysteinemia, which
leads to the damage and activation of endothelial cells and significantly increases the risk of thrombosis.
Homocysteine induces apoptosis of trophoblastic cells and significantly decreases the production of
chorionic gonadotropin, which may cause obstetric complications related to implantation disorders [15].

Taking into account the contemporary view of endothelial dysfunction as a universal trigger
mechanism of reproductive disorders, the role of vascular changes in the placentation process disorder as
well as the genetic susceptibility of women with infertility diagnosed with intrahepatic cholestasis to
endothelial dysfunction (unfavorable variants of the eNOS gene polymorphism) that we found in our
research, we considered it necessary to study in such women the levels of L-arginine as the NO donor, of
homocysteine as an endothelium-damaging factor and of PGF as a factor of angiogenesis [16, 17, 18].

We have researched the indicators that characterize endothelial function and may damage
endothelium in 50 women with infertility treated with ART and with concomitant intrahepatic
cholestasis (basic group), in 40 women without such hepatobiliary disorders (comparison group) and
in 20 women who got pregnant without ART (reference group). The research rysults (Table 1) have
shown in the women of the basic group a decreased level of L-arginine, that is the only source of nitric
oxide — the main vasorelaxant factor (44.9+1.1 vs. 49.6+1.3, p<0.05), which may be indicative of
endothelial dysfunction. We have also noticed a trend towards hyperhomocysteinemia, which implies
a high risk of endothelium damage, negative influence on the coagulation system, microcirculation
disorders and negative influence on the reproductive function. [19, 20, 21].

Table 1. Indicators of vascular hemostasis regulation in women with infertility and functional
hepatic disorders

. Group of women
Indicator Basic group Comparison group Reference group
L-arginine, mmol/I 44.9+1.1 49.6+1.3 53.6£1.4
Homocysteine, micromole/I 6.5+0.36 5.7+0.32 6.2+0.32

Note: * - the difference is significant with regard to the indicator in women from the comparison
group (p<0.05).

To assess the condition of vascular regulation in preghant women with functional hepatic disorders
after treatment with ART, depending on the development of obstetric and perinatal complications, we have
studied the respective indicators in 50 women with intrahepatic cholestasis (basic group), 40 pregnant
women treated with ART but presenting no hepatobiliary disorder (comparison group) and 20 healthy
women who got pregnant naturally (reference group) in the 14-16" week of pregnancy. As shown in Table
2, the women of the basic group present significant changes in the analyzed indicators. For instance, one
can see a significant decrease in comparison with the reference group of the L-arginine level (44.2+1.1 vs.
52.6+1.4 mmol/l (p<0.05)) and an increase of the homocysteine level. One should also note a significantly
decreased level of PGF in blood (91.4+8.6 vs. 132.4+11.5 pg/ml in women from the reference group,
p<0.05), which is indicative of disorders of the angiogenesis processes, which, in their turn, have a negative
impact on the development and functioning of placenta and lead to complications of pregnancy and
disorders of the condition of the fetus, which were often observed in women with hepatobiliary changes.

Table 2. Indicators of vascular homeostasis regulation in pregnant women after ART

Indicator Group of pregnant women
Basic group Comparison group Reference group
L-arginine, mmol/I (44.2£1.1)* 47.3+1.3 52.6+1.4
Homocysteine, micromole/| (6.9+£0.30)* 6.2+0.36 5.8+0.33
PGF in blood, pg/mi (91.4£8.6)* 118.849.5 132.4+11.5

Note: * - the difference is significant with regard to the indicator in women from the reference group (p<0.05).

To identify the role of the disorders of vascular homeostasis regulation in the development of
complications of pregnancy in case of hepatic disorders, we have singled out 2 subgroups in the basic group:
Subgroup 1 — 19 women with significant obstetrical and perinatal disorders (miscarriages and non-
developing pregnancies, severe preeclampsia, decompensated fetal distress), Subgroup 2 — 31 women
without such disorders. The research results show (Table 4) especially severe complications in the course of
pregnancy after ART in those women with intrahepatic cholestasis whose placentas developed from the very
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beginning of pregnancy under the conditions of endothelial dysfunction (decrease of the L-arginine level to
39.8+£2.0 mmol/ 1 vs. 45.8+1.6 in women without significant disorders of the gestational process, p<0.05),
negative influence of homocysteine (increase to 7.4+0.44 vs. 6.4+0.36 micromole/l, p<0.05), disorders of
angiogenesis processes (decrease of the PGF level in blood to 70.5+11.9 vs. 103.7+9.8 pg/ml, p<0.05).

Table 3. Indicators of vascular homeostasis regulation in pregnant women after ART

Indicator Subgroup of women
1 2
L-arginine, mmol/Il (39.8+£2.0)* 45.8£1.6
Homocysteine, micromole/I (7.4£0.44)* 6.4+0.36
PGF in blood, pg/ml (70.5£11.9)* 103.7+9.8

Note: * - the difference is significant with regard to the indicator in women of Subgroup 2 (p<0.05).

So, these factors may be early prognostic markers of such obstetrical and perinatal disorders in
case of induced pregnancy.

Conclusions. Especially severe complications in the course of pregnancy after ART were
observed in those women with intrahepatic cholestasis whose placentas developed from the very
beginning of pregnancy under the conditions of endothelial dysfunction (decreased L-arginine level),
negative influence of homocysteine and disorders of angiogenesis processes (decreased PGF level in
blood). Thus, these factors may be early prognostic markers of severe obstetrical and perinatal
disorders in case of induced pregnancy.
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Beryn. ®@akoemynbeudikalisi KaTapakTH CbOTOJIHI € HaWpO3MOBCIOHKEHIIINM OIEPaTUBHUM
BTPYYaHHSIM Ha OpraHax 30py. MaloiHBa3WBHICTh, BHUCOKOTEXHOJIOTIYHICTh Ta IIBHJKICTh
BIJTHOBJIGHHSI 30pOBHX (PYHKIIiH pOOMNSATH JaHe OorlepaTWBHE BTPYYaHHS OE3IEYHUM 1 TakuM, IO He
norpebye rocmitanizamii [1]. HaiiGinenry muckycito cepeli GakoxXipypriB Ta HAayKOBIIIB BUKIHKAE
NUTaHHS KOPEKILii acTHrMaTtu3My, TakK sK Bimomo, mo Omuspko 30% HaceneHHs CBiTy MAaloTh
poriBkoBui acturmarusM Bix 0,75]1 i Buile, sSKWii TPU3BOAMUTE JI0 3HIKEHHS TOCTPOTH 30pYy IICIHIs
(baxoemynbcudikamii karapakth [2].

Haii6inpmn po3moBCIOKEHUM METOJIOM KOPEKIIii POTIBKOBOTO aCTUTMATHU3MY € IMITIAHTAIls
TopUuHUX iHTpaoKysipHux JiH3 (TIOJ), mo 3a6e3neuye KOPOTKUI peadiniTaniiHuiA Iepio]] Ta BUCOKI
(byHKIIOHANBHI pe3ynbTaty [3, 4].

l'onoBHMM KpuTEpieM OTpUMaHHsS BHCOKOI rocTpoTd 30py npu immiantauii TIOJI e€ Toune
B3a€MOPO3TAIllyBaHHS aCTUTMATHYHOT'O KOMIIOHEHTY LITYYHOI'O KPUILTAIUKA Ta CUIBHOTO MEpHIiaHy
poriBku. Po3X0opkeHHS MaHUX MapaMeTpiB Ha 1° 3HWXKYE BEIUYHMHY IMUTIHIPUIHOTO KOMITOHCHTY
min3u Ha 3,3%, a Ha 10° - Ha 35% [5]. Oxpim TouHOi opienTanii TIOJI mo Bici acTurmMaTu3My iz 4ac
omepariii, BaXJIUBUM (HaKTOPOM BHCOKOI TOCTPOTH 30pYy Ha TAKHX O4YaX € CTAOUIBHICTh IMIUIAHTOBAaHOT
TOPUYHOI JIiH3K B micisonepaniiinomy nepioai. Potauis TIOJI y Bimmaneni cTpoku micist omeparuii
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CYIIPOBO/DKYETHCSl 3HAUHUM 3HIDKCHHSM TOCTPOTH 30pY Ta MOTIPIICHHSM HOTO SKOCTi i moTpedye
MOBTOPHOT'O ONEpaTUBHOrO BTpy4yaHHs — peno3uuii [0JL.

ChorofHi TpHBa€e MOUIYK Ta pO3poOKa NUIAXIB cTadiMi3anil TOPUYHUX IHTPAOKYISAPHUX JIiH3.
OgarM 3 TakWX € po3poOKa MOMOMDKHHX METOZIB Ta 3aco0iB 3a THUIIOM 9YH 13 3aCTOCYBaHHIM
BHYTPIIITHBOKAIICYIFHOTO KUTBIA [6,7,8].

Binpme 20 poKiB 3aCTOCOBYIOTHCS BHYTPIIIHBOKANCYNbHI cTaOimi3yroui Kinbls (3a
MiKHapoaHOW0 abpeBiaTyporo «capsule tension rings» (CTR)) mpu dakoemynbcudikamii kaTapakTu.
BoHu oTpumanu mupoke po3noBCIOHKEHHS SIK IPUCTPOT, MO JO3BOJISIIOTH XipypraM pO3LIHUPUTH MEKi
YCHILIIHUX EHIOKANCYIAPHUX BTIPY4YaHb B IEpIIy 4Yepry HpU YCKIATHEHHUX CHUTYalisX, TaKuX SK
cyOJroKcarisi KpUInTaaruKa 3 TOPYIIEHHIM HOTO 3B'SI3KOBOTO armapary [8].

Hamm po3pobieno crocié mpodimaktuku potartii TIOJI 3 BUKOpHUCTaHHSIM CTaHZApTHOTO
KaICyJIbHOTO KIJIbIS, SKHI BiJPi3HAETHCS THUM, IO KibLE iIMIJIAHTY€ETHCS B KAICyIbHUNA MIIIOK TiCIIs
immranTanii TIOJI 1 BuctaBneHHs i BiAMOBIAHO CHJILHOTO MEPHJiaHy Ta PO3TAIIOBYETHCS MOBEPX
FanTUYHUX eleMeHTIB mTy4Horo kpumrtaiuka ([larent Ykpainum Ha kopucHy Moaenb Nel45036,
omy©6:. 10.11.2020, bron.Ne21) [9].

Mera po6oTH OIHATH e(QEeKTHUBHICTP BHUKOPHCTAHHS 3alpPONOHOBAHOTO  CIIOCO0Y
MpOo(ITaKTUKK POTaIlii TOPUYHOI IHTPAOKYISIPHOI JIiH3HM Ticisa ¢akoeMmynbcrudikallii KatapakTa Ha
0Yax 3 pOriBKOBUM aCTHIMaTH3MOM.

Marepiasim i meromu nociaimkeHHss B poOoTi mpencTaBiieHI pe3ysbTaTH JIOCIIKCHHS,
MPOBEJIEHOr0 B KIIHIII cydacHoi ogrambmodiorii «BI3YCy», mo € wiiHiuHOK 0a30r0 Kadeapu
odranemornorii 3/IMY. IlpoBeneHe KOMIUIEKCHE KITiHIKO-O(TaIbMOIIOTIYHE 00CTEeXeHHS 46 TaIlieHTIB
(59 oueit), npoonepoBaHUX 3 NPUBOLY KaTapaKTH Ta CYIlyTHHOI'O POTiBKOBOTO aCTUIMAaTH3My METOJOM
¢axoemynbcudikamii karapaktd 3 iMruiaTaniero TopuyHoi [OJI. Cuma cymyTHROrO POTiBKOBOTO
acturmarusmy ctanowia Bin 0,511 no 4,25/ 3a nanumu keparometpii (B cepennbomy 1,96 £+ 0,1 JT).
Bik marienTtiB konuBascs Big 26 mo 81 (cepenHiii Bik — 54,3 £ 1,74 poku). 3a cTaTTIO IOCIIKYBaHI
XBOPI PO3MOAUBUTUCS Makke HapiBHO: 4oJoBiKiB Oyno 27 (45,8%), xinok — 32 (54,2%). Ha 30 oyax
(51%) mana micue Hespina karapakta, Ha 22-x (37%) — movaTtkoBa, Ha 1 omi (2%) — 3pina, a Ha 6-TH
ouax (10%) Oyna BukoHaHa pedpakLiiiHa 3aMiHa KPUIITAIMKA B 3B'A3KYy 3 aMETPOIIIE0 Ta IpecOiomiero.

Ha Bcix gocnipkyBaHuX oyax OyJiM iMIUTAHTOBaHI TOPUYHI iHTPAOKYJISPHI JIiH3H, Hal9acTiIe
3a Bubopowm mnaitieHTa: 27 — moHodokansHux (AT TORBI 709M/MP (Carl Zeiss Meditec, Himeuunna)
ta AcrySof IQ Toric (Alcon, CIIIA)), 14 — GidokycHux (AT LISA toric 909M (Carl Zeiss Meditec,
Himeuunna) ta AcrySof IQ ReSTOR (Alcon, CIIA)) Ta 18 tpudokansaux TIOJI (AT LISA tri toric
909M (Carl Zeiss Meditec, Himeuunna). Ilamientn Oynu mnpoomepoBaHi IBOMa Xipypramw,
IHIUBiAyanbHAN 1HIYKOBaHWN acTUrMaTtW3M skux He mepesuinyBaB 0,25][. TyHenmbHUi po3pis
BUKOHYBaBcs B Mepuaiani 160-180 rpamyciB. Ha Bcix odax omepartisi Ta micisionepamiiHui mepiox
nepebiranyu 6e3 yckiagHeHb. TepMiH criocTepekeHHs CTAHOBUB 6 MiCSAIIiB Micisl orepartii.

Bci npoonepoBani xBopi Oyin po3noaiieHi Ha 2 rpynu. B nepury rpymy (KOHTpoiibHY) Oynn
BingHeceHni 26 mamieHTiB (31 oko), ne ¢dakoemynscudikamis Ta immiaHtamis TopudyHoi 10JI
BUKOHYBAJIacs 32 CTAaHJAPTHOIO TEXHIKOIO 0€3 3aCTOCYBAaHHS METOAMK, IO MEPELIKOPKAIOTh poTalii
HITYYHOTO KpHUIUTAJIMKa B MicisonepauiiHomy nepioni. Apyry rpymny (ocHOBHY) ckianu 20 XBOPHX
(28 oueit), m1o Oynu MPOONIEPOBaHi 3a 3alPONOHOBAHOIO HAMU METOIUKOIO [9].

Ha Bcix ouax J10 Ta micist oreparii BAKOHYBAJIH Psiji CTAHIAPTHUX O(TAIBMOJIOTTYHUX 00CTEKEHb
(BizomeTpisi, aBTOpedpakTomeTpis Ha apromatuuHomy pedpakromerpi URK 700 (Unicos, I[liBmenna
Kopest), Giomikpockortisi, ipsiMa OQTaIBLMOCKOITIs, TOHOMETPIsl, TIEPUMETpist), yiIbTpa3BykoBe A- Ta B-
ckanyBanHs Ha amapati PACSCAN 300A SERIES (Sonomed, USA), ennoteniansHa MiKpOCKOMIS 3
HiJPaxyHKOM KUIBKOCTI €HIOTENaTbHUX KIIITHH POTiBKH 3a gornomororo npmiaxy SP-3000P (TOPCON,
SAmnownist), ontuuna Giometpist Ta po3paxyHok 1OJI na amapati IOLMaster700 (Carl Zeiss, Himeuunna).
T'octpory 30py BusHauamu 3a cucteMoro CHeEJUICHa, pe3yJIbTaTH IMPEACTABJICHI B JCCATHHHIN CHCTEMI.
HonatkoBo po3paxyHok TopuuHoi 10JI myOmoBaBcs Ha amapari Verion® (Alcon, CIIA) Ta uepe3
BUKOpPHUCTaHHS OH-JaiH KabKyisiTopa «Z CALC Online IOL Calculator» (Carl Zeiss, Himewunna).

CraructuHy 0OpOOKy BHKOHYBAJH 3a JIONOMOTOIO MakeTa mporpam Statistica 13.0, Homep
minensii  JPZ8041382130ARCNI10-J.  IIpoBommBcsi  pO3paxyHOK  cCepelHboi  apuMeTHYHOT
BapiauiiiHoro psay (M) Ta ii cranmaptHoi noMwiku (m). s MOpPiBHAHHS KiMTBKICHMX BEJUYUH B
TapHUX psAlaX BUKOPUCTOBYBaNHU t-KpuTepiii CThIOJCHTA 3 MONEPEIHBOIO MEPEBIPKOIO TIMMOTE3H PO
HOpPMaJIbHICTh po3monainy 3MiHHuX (Shapiro—Wilk W test) B Bapiariitnomy psiay. IIpu BigcyTHOCTI
HOPMAaJILHOTO PO3IMOAUTY BETWYMH B JOCTIIKYBaHUX BHOIpKax 3aCTOCOBYBaBCS HeEMapaMeTpUIHUI
Kputepiii ManHa-YiTHi. BiAMiHHOCTI BBa)KaJll CTATUCTUYHO BipOTiAHUMHU pu 3HadeHHi p < 0,05.
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Pe3yabTaTu. ['010BHIM KpuTepieM epeKTHBHOCTI (pakoemynbcudikaiii KaTapakTH y XBOPHX
3 CYMYTHIM POTiBKOBUM acCTUTMAaTH3MOM € BHCOKa TOCTPOTa 30py 0e3 HMMIIHAPWYHOI KOpeKuii Ta ii
30epeKEHHST B MICISONEPALIHHOMY TEpiofi, 10 JocsAraeThcs cTabinbHiCTIO monoxenHs TIOJI B
KarcysnpHOMY MitKy. Ha puc.1 mpeacraBneni cepenHi HOKa3HUKU TOCTPOTH 30pY IMICIS OMEPATUBHOTO
BTPYYaHHS B MepIiil (KOHTPOIBHIN) Ta ApyTiil (OCHOBHIN) rpynax B AMHAMIII.

FNocTpora 3opy 6e3 3acTocyBaHHsA KOpeKLUil B AMHaMIiLi 3a 6 MICALIB B rpynax crnocrepexeHHs
y b |
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Yac o6cTexeHHs nicns onepauii 'l rpyna (PEK + TION + kinsue)

Puc. 1. Iokaznuxu cocmpomu 30py nicis PEK 3 imnnanmayicio TIOJI 6 epynax cnocmepedicents yepes
5-7 owmis, 1 micays ma 6 mic. nicis onepayii
Tpumimxa: pizHuys 3 6iONOBIOHUMU NOKAZHUKAMU MINC 2DYRAMU Y 6CIX UNAOKaAx He docmosipta, p>0,035.

Ak BUAHO 3 MPEACTABACHHUX JiarpaM, CepelHi IOKa3HUKH TOCTPOTH 30py MDK IpylnamMu
PI3HATBCA B MEXKaxX OJHOrO PsAKa, ale BAXKIMBUM € Te, IO PO30ir pe3ysbTariB, sIKi MU OLIHIOEMO 32
ByCaMHM LIKaJM pO3Maxy — MEHII BUPQKEHHI caMme B OCHOBHiH rpyTii, 1€ 3aCTOCOBYBaJach iMIIaHTALIiS
BHYTPIIIHBOKAICYJIBHOTO KibL. TakoX MOMITHO, IIO Pi3HMLS 32 CEPEAHIMH MOKa3HUKaMU T'OCTPOTH
30py 0e€3 3acTOCyBaHHS KOpEKIli 30iIblIyBaNach 3 4acoM Imicis omeparifii. Tak depe3 6 Mic. micis
oreparii cepeiHi 3HaYSHHs FOCTPOTH 30py 0€3 3acToCyBaHHA KOpekiii y nepirii rpymi - 0,74 + 0,03, y
npyriit — 0,78 + 0,03. B mepruiii rpymi Ha 13 ouax (41,93%) uepe3 6 MicsimiB micis ornepaiiii 30epiranacs
MakcuMmalibHa roctpora 30py (0,9 Ta Bumie), B 14tu Bunankax (45,16%) kopekuist He Oyia moTpiOHa it
NOKpalIeHHs pedpakuiifiHoro pe3ynsTatry, Ha 4 ouax (12,9%) Oyna HeoOXigHa chepuyHa KOpEKuis, Ha
12 ouax (38,7 %) — muningpuuna, Ha loui (3,2 %) - chepo-mmiHapryIHAa.

B gpyrii  Tpymi, Jne 3acTocoByBajach  3alpolOHOBaHA  METOAMKA  IMIUIAHTAIl]
BHYTPIIIHBOKAIICYJbHOTO Kbl moBepx TIOJI, uepes 6 micsuiB rocrpota 3opy 0,9-1,0 30epiranach
Ha 14 ouax (50,0 %), B 14tm Bunamkax (50,0%) kopekmis He Oyna moTpiOHa Uit MMOKpalIeHHS
pedpakuiitHoro pesynsTtary, Ha 4 ouax(14,2 %) mokpamryBana rocTpoTy 30py cheprudHa KOpeKIis, Ha
5 (17,8 %) — umninapuyHa, B 5 Bunankax (17,8 %) 3HagoOunack cdepo-LTiHIpuIHa KOPEKIIis.

Sx npasmito, portanito TIOJI omiHIOIOTE 32 JUHAMIKOIO TOCTPOTH 30py Ta BIAMOBIAHOCTI OCi
JH3M A0 Takoi mig Jac imMrutanramii. B tabmwmi 1 HaBeneHi pe3ynbTaTH MOCATHEHHS MaKCHMAaJbHOT
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TOCTPOTHU 30py B OCHOBHiH Ta KOHTpOJBHIH rpynax uepe3 1 Ta 6 micsmiB. binbm paHHi pe3ynbTaTtu
BBa)KaJI HEMIOKA30BUMHU 7151 oiHKK cTadinpHOCTI TIOJI B KancynbHOMY MIIIKY.

Tabmuus 1. luHamika TOCTPOTH 30py Ha OdYax 3 KaTapaKTOIO Ta POTiBKOBUM aCTHIMAaTH3MOM
niciss @EK 3 immnanTaniero TIOJI B rpymax criocTepeskeHHsL.

['ocTtporta 30py
Ctpoku 0,9 — 1,0 (ximpkicTb oueit, %)(0,7-0,9 (ximbkicTb oueit, %)| <0,7 (kimbKicTb ovei, %)
crnocrepexenHs | OcnoBHa | KontponsHa | OcuoBHa | Kontpombna | OcHoBHa | KonTponpHa
rpyna rpyna rpyna rpyna rpyna rpyna
1 Micsib 13(46,4%) | 14 (451%) [11(39,2%)| 9(29,0%) | 4(14,2%) 8 (25,8%)
6 MicsI1iB 14 (50%) 13(41,9%) | 8(28,5%) 8 (25,8%) [6(21,42%)| 10 (32,2%)

3 Tabnwil BUIHO, IO BIICOTOK O4Yeil B KOHTPOJIBHIHN IpyTi, sIKi Maiy rocTpoTy 30py Bix 0,7 Ta
BuIe uepe3 1 mic miciast omepauii cknaB 74,1% (23 oka), a yepe3 6 MicsuiB micns omnepauii - 67,7%
(21 oxo). B Toii yac six B ocHOBHiit rpymi yepe3 1 micsiup micias @EK + TIOJI na 24 ouax (85,6%).
Oyna mocsarHyTa BUCOKa rocTpoTa 30py (0,7 Ta Buie). Pi3HUIM MiX MOKa3HUKAaMHU TOCTPOTH 30py 3a
rpynamMu CHOCTepeXeHHS He Oyna cratucTudHo 3HaunMoro (p>0,05). 3MeHIIeHHsT KITBKOCTI odeH 3
BUCOKHMH IOKa3HHKaMH TOCTPOTH 30py depe3 6 MicsiliB B OCHOBHiHM rpymi mo 22 (78,5%) Oymno
3YMOBIICHO PO3BUTKOM BTOPHHHOI KaTapaKTH Ha 2 OYax.

B nmopanbmomy npoBeneHuid aHani3 crabigbHOCTI mojoxenHs TIOJI B kancynpHOMY MIIIKY
npoTAroM vacy. st IIbOr0o MOPiBHIOBAIM BiCh IMIUIAHTAI] JIIH3M Ta 11 MOJIOKEHHS CTaHOM uepes3 6
MICSAIIIB micisonepamniiHo. [1o10XeHHsS BHYTPITHLOOYHOT JIIH3H OIIHIOBAJIM 3a JOIOMOTOI0 HIUTMHHOL
JAMIH Ta PO3MIIIEHHS CBITIOBOTO Iydyka mapanenbHo Hacidok Ha TIOJI Ha mpoomepoBaHOMY OIIi.
UYepes 6 MicCSAIIIB MicTs omeparii poTamis iHTPaOKYJISPHO]I JTIH3M BUSBJICHA B KOHTPOJBHIN Tpymi Ha 22
ouax (70,9%), B ocHOBHil rpymi - Ha 12 ouax (42,85%). IlpuuoMy B KOHTPOJIBbHIN Ipymi B OUIBIIOCTI
BunajkiB (Ha 13 oyax, 59 % 3 uncna poroBanux) Oyno 3adikcoBaHe BiIXHIICHHS BiCi IHTPAOKYJISIPHOI
JiH3M B MeXax 6 rpagyciB i Oinblie, B TOi yac, sSIK B OCHOBHiH rpyni y Bcix Bumaakax (12 oueit, 100 %
3 POTOBAHMX ) BIIXWJICHHSI BiCi IMITIaHTAIIIT JTIH3H HE MEPEBUIILyBaJio 6 TpayciB.

Ha pucynky 2 mpencrasieni pesynbratu BiaxwieHHa Bici TIOJI gepe3 6 wmicsuiB micis
orepariii B OCHOBHIl Ta KOHTPOJIbHIH TpyTax.

BigxuneHHs Bici po3TtallyBaHHA TOPUYHOT IHTPAOKYNAPHOT JliH3U Big MOMEHTY
iMnnaHTauii ctaHoM Yyepes 6 micAUiB nicna onepauii
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Puc.2. Cepeoni 3nauenns ma po3oie noKa3HuKie 6iOXuNeHHs 8iCi NOJONCEHHS MOPUHHOT
IHmpaokyasapHoi ain3u uepes 6 mic. nicisi PEK 6 docnioscysanux epynax (p<0,05).
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AHanizyloud OTpuMaHi JaHi MokHa ckasatd, mo mnonoxkenHs TIOJI y rpymi, ae momaTKOBO
IMITAHTYBaJIOCh BHYTPIITHBOKAIICYJIbHE KIJTBIIE 32 3aIPOIIOHOBAHOI0 METOIHMKOIO, OYyI10 OLTBII CTabiIbHE,
miH3a 30epirana cBoe BHUCXiJHE MOJOKEHHS Kpallle, a caMe Cepe/IHiil TMOKa3HHK BiAXWMIeHHS OyB Ha PiBHI
2,14+0,4 rpamycu (max — 6°, min — 0°), 1110 He MaJIO0 CYTTEBOTO 3HAUCHHS JUIsl 30POBHX (DYHKIIIH.

B Toil )xe wac B KOHTpPONBHIA Tpymi Tpymi cepeiHid MOKa3HWUK BiIXWJIEHHS CTAaHOBHB —
5,41+1,01 rpagycu (max — 30°, min — 0°), 1o BIUIMBAIO HA TOCTPOTY 30pYy Ta CYO €KTUBHI BiI4yTTS —
JTUCKOM(OPT, NBOTHHSI 1 HEMOXJIMBICTH OayuTH Ha ONHM3BKIA BiICTaHI TpPU IMIUIAHTOBaHIN
myabTudokansHii TIOJI. PisHuis Mixk cepeHiM MOKa3HUKOM BiIXHJICHHS BiCi iIMIUTIAaHTALil TOPUIHOL
JH3W B KOHTPOJBHIH IpyIi € CTAaTHCTUYHO HO0CTOBipHOIO (p<0,05).

Crig 3ayBakuTH, IO B 2 BUMNAAKaX MAI€EHTH 3 MEPIIOI TPYIH CIIOCTEPEKEHHS MoTpeOyBan
MOBTOPHOT'O ONEPaTUBHOTO BTPYYaHHs 3 NpuunHH 3HauHOi poTauii TIOJL.

KoiniuHi npuxaaam:

1. Iamientka [., 1961 p.H., omepoBaHa 3 TPWBOAY BCTaHOBIEHOTO miarHO3y: «Hespima
KaTapakTa, CKIaJHUN MIOTIYHUA aCTUTMATH3M MIPABOTO OKay.

Bucxiguuit acrurmatusm — 2,75 JI. Immmantosana TIOJI — AT Torbi 709 M (Carl Zeiss
Meditec, HimeuunHa) gepe3 1 micsmp micis omepariii morpedyBana T0IaTKOBOI IMITIHAPHYHOI KOPEKIIii
y 1,5/1. Ha mnaHoBoMy orisiii BHSBICHO, IO JiH3a poTyBajiack Ha 30 rpamyciB Ha (oHI BUpa)KeHHX
¢$i0po3Hux 3MiH KarcyneHOro Mimka. ['octpora 30py 3Hm3Mnack 1o 0,5 6e3 kopekiii, 3 JOAATKOBOO
kopekuiero sph -0,5D Ta cyl +1,5D nopisrioBana 1,0. XBopa ckapkuinacsi Ha HEUITKICTh 30Dy, IBOTHHS,
HE3a/IOBOJICHHS ~ pe3yNbTaTOM  omeparuBHOro JikyBaHHs. [lamienTka Oyma  mpoomepoBaHa:
IHTPAOKYJISIpHA JiH3a OyJia MOBEpHYTa B BUCXiTHE MMOJIOKEHHS, 3T1THO NepeJONepaliiiHoro po3paxyHKy
Ta cTabiyli30BaHa 3a JOMTOMOTO0 IMITIaHTAIli{ B KallCyJIbHAHN MIIIOK MmoBepX ranTuyHux enemeHTiB TIOJI
CTaHJAPTHOTO PO3IMKHYTOTO KUTBL AiamMeTpoM 13 MM i3 3akpyrinenumu Kinmsmu. [lpu ormsiai Ha 1-y
o0y micis omeparii rocTpoTa 30py AopiBHIoBana 1.0 (uepe3 miadparmy), BHYTPIIIHBOOYHHHA THCK B
HopMi, IOJI po3ramoBana B KarncyJlisHOMY MIIIKY 1 3aiiMae paBHJIbHE MONOKEHHS. Yepe3 6 mic. micis
MOBTOPHOI OTepariii rocTpoTa 30py MPOOTepoBaHOrO oka = 1.0, BHYTPIIIHROOYHUA THUCK B HOPMI,
nonoxenns TIOJI crabinbHe, poTallii He BUSBJICHO.

2. TMamientka H., 1967 p.H., onmepoBaHa 3 MpPHUBOJY BCTAHOBJIECHOTO Hiarnosdy: «llouaTkoBa
KaTapakTa JiBoro oka. Miomisi cepelHbOro CTYIEHI0, CKIaIHAN MiOTIIYHUI aCTUTMATH3M JIiBOTO OKa.

Bucxignuit acrurmaTtusm — 2,25 J1. Immuianrosana TIOJI — AT LISA tri toric 909M (Carl Zeiss
Meditec, Himeuunna). Lleii BUManok IiKkaBuii THM, IO MAIliEHTKAa MOTpeOyBajia JBOX JOJATKOBHX
BTpy4aHb. [Ipu mepiiomMy BTpy4aHHI BUKOHAHA PETo3uIlisi poToBaHoi Ha 20 rpamyciB JIH3M CTaHIAPTHUM
cocobom: TIOJI Oyna moBepHyTa B BUCXiJHE IOJIOKEHHS 3TiHO IepenomepaiiHoro pospaxyHky. Ha
JPYTHii IeHb TOCTPOTA 30py OrnepoBaHoro oka cranosuna 0,95 depes miadparmy, Ha 7it genp Vis OS - 0,7
HE Koperye. 3HOBY 3’SBUJIMCH CKapry Ha JIBOTHHS Ta HEYITKICTh 30py, HEMOMJIMBICTh YATATH Ha OJIU3bKIMH
BigctaHi. [lpu ormsani BusBneno, mo TIOJI moBepHymace B monoxeHHs 10 perosumii. [lamienTka
notpeOyBaia TIOBTOPHOTO OmNepaTHBHOrO BTpyd4aHHs. [lim wac omepariii BusiBieHO GiOpo3HI 3MiHH
KarcyJIbHOTO MiIKa, SIKi 1 MPU3BOAWIIM JI0 3MIHM TOJIO)KEHHSI TAaTHYHOTO €JIEMEHTY, IO BHKIIUKAJIO
TIOBTOPHE 3MillleHHs JIiH3W. Jlpyra penosuiisi BUKOHaHA 3 BUKOPHUCTAHHSM JOJATKOBOIO KallCyJbHOIO
KUBLA 32 3allPOIIOHOBAHUM HAMU CHOCOOOM ISl IOCSTHEHHS MaKCUMAaIbHOI CTAOUIBHOCTI TOJIOXKEHHS
minzu. Yepes 6 MICSILIB MIC/IsA MOBTOPHOI oOIlepallii roCTpOTa 30py OIepoBaHOro oka craHosuiia 100%,
BHYTPIIIHLOOYHUIA TUCK B HOpMI, mmonoxkeHHs TIOJI crabinbHe.

OoroBopennsi. OPTaIbMOXipypr y BCbOMY CBITI HaMararoTbCsl BUPIIIMTH MUTAHHS poTaLii
Ta CTaOUILHOCTI MOJIOKEHHSI TOPUYHOT 1HTPAOKYIISIPHOL JITH3U Y KalCyJIbHOMY MIIIKY Y 11 BHCXimHIH
3amianoBaniii Bici. Tak I'.A. ®enopoB ta B.B. EropoB po3poOwiv npucTpiil Ui IMiJBUIICHHS
poTawiifHoi cTabiIbHOCTI TOPUYHHUX IHTPAOKYJISIPHUX JIiH3, SIKM MaB BUTJIS HE3aMKHYTOTO TJIOCKOTO
KallCyJbHOTO KIJIBI 3 JABOMA IIapHIpaMH Ha KIiHLAX 1 M'SKMM CTOMOpPOM B (opMi LuIiHApa B
LEHTPaIbHIM YacTHHI KUIbIA. JlaHe Kiiblie MMicis iMILIaHTalii 00epTaloTh BCEPEAMHI KaICyJbHOTO
MiIlIKa 32 TOAMHHUKOBOIO CTPIIKOIO IO THX Hip, MOKH MOJIOKEHHS CTOIOpa HE CIiBHale 3 BiAMITKOO
Ha POTiBLI, IO MO3HAYa€e IMOJIOKEHHS CUJIBHOTO MepHIiaHa acTUrmMaTtu3my. lloTiM B KarcyiabHHI
Miniok iMmtantyTh TIOJI 1 06epTaroTh ii 3a TOAMHHUKOBOIO CTPIIKOIO Ta PO3TAIIOBYIOTh 3 YIIOPOM
OCHOBH 11 OIIOPHOTO €JIEMEHTAa B CHJIIKOHOBHH CTOIIOp, IO B CYKYITHOCTI TOBMHHO BiATIOBITAaTH BiCl
acturmatusmy [6]. Janwmii crioci6 nmobpe crabinizyBaB JIiH3Y Ta MaB CyTTeBi Hemomikd. [lo-mepmie He
OyJl0 HaJaro/KCHO INHUPOKE IPOMHCIOBE BHPOOHUITBO TAKOTO KiJbLs, IIO IEPEIIKOKAIO0
IITUPOKOMY BIIPOBADKEHHIO B TPAKTHKY, TMO-APYre BUHUKAIW TIEBHI CKJIATHOIII MPH iMIDIaHTAIil
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BKa3aHOTO KalCyJbHOTO KiNblLs, OCOONMBO NPH HEAOCTATHIN IIUpPWHI 3iHULI, MI00 CHUITIKOHOBUH
CTOTIOp 3aliHSB MPAaBHUIIBHY BICh 3 ypaxyBaHHAM Hajami iMmuiantoBaHoi TIOJI.

Kyznenos C.JI. u T'ameeB T.P. 31 cmiBaBTOpaMu TakoXX pPO3pOOHIIM BHYTPIIIHBOKAICYIHHE
KiJIbLle, OCOONUBICTIO SIKOTO OyJia HAsBHICTD HAa BHYTPIIIHIN MOBEPXHIi €TaCTUYHUX €JIEMEHTIB y BUTIISIIL
TpHOX 3yOIiB 3 3a30pamu, JjIs (ikcarii ranTuaHOTO eneMeHTy immuianTtoBanoi Hamani TIOJI 3a Tumom
«ckpenkm» [7, 8]. 3 HeoMiKiB MOXHA TIPO Ty OFOBATH BHUIEBKA3aHi IS IIOTIEPETHHOTO TPHCTPOIO.

OpepkaHi JaHi Ta HaBEJCHI KIIHIYHI TPUKIAAA CBiIYaTh NpPO Te, IO IMIDIAHTAIliS
JOJATKOBOTO KaICYJIBbHOTO KiJbIIA 3a 3alpONOHOBAaHOI0 HAMH METOJUKOIO MEpEIIKOMXKae poTamil
TOPUYHOI JIH3M B KalcCylbHOMY MimKy. Ha Hamr morsan e BigOyBaeThes 3aBASKH JBOM edeKTam:
1) kancynpHE Kinblle cTabLTi3ye KarcyabHHE MIIMIOK Ta 3amobirae iforo medopmarlii mpu poO3BUTKY
¢$i06po3HUX TpolLeciB Ta 2) MOJATKOBUI THCK Kinbls Ha rantuyHi enementd TIOJI Takox 3MeHIIye
BIpOTiAHICTH POTAIlii Ta BIIBHOTO NIEPECyBaHHA JIH3H Y KalCyJIbHOMY MIIIIKY.

Crig 3ayBaxkuTH, 1o B podorax Vokrojova M, Havlickova L, Brozkova M Tta Hlinomazova Z.
HE BHSBICHO JOCTOBIPHOI Pi3HMII B pOTaliiiHiIi CTaOLILHOCTI IMIDIAHTOBAHOTO KPHINTAIHMKA 3
HasBHICTIO 200 BiCYTHICTIO BHYTPIIIHbOKANCYIbHOTO Kinbls [ 10]. OTpuMaHi HaMu JaHi mpo OUTbITy
CTaOUTBHICTh TOPUYHOI IHTPAOKYISPHOI JIIH3HM MPH IMIUTAHTAIlll CTAHAAPTHOTO KANCYIHHOTO KiIbIIA
OOIPYHTOBYIOTHCSI CaMe ETaIHICTIO IMIUTAHTAIIIT JTIH3M Ta KaIlCyJbHOTO KijbIls. 3apOIIOHOBaHA HAMU
METOJIUKA BIAPI3HAETHCS THM, IO JOJATKOBO (DIKCye ranTH4HI €JIEMEHTH caMe IMIUIAaHTOBAaHUM
MOBEPX HUX KaINCYJIbHUM KUIBLIEM.

BucHoBku. TakuM 4nHOM MOXXHA 3pOOMTH HACTYIIHI BUCHOBKH:

1. 3anpomonoBanuii crnoci®d TPOQINAKTHKK poTalii TOPHUYHOI IHTPAOKYJSPHOI IiH3U B
KallCyJbHOMY MIIIKY 3 BHUKOPUCTAHHSIM CTaHIAPTHOTO KAICYJIBHOIO KNI, IIO IMIUIAHTYETHCS
MOBEPX TalTUYHUX OMOPHUX EJIEMEHTIB IITYYHOTO KPUIITANKKA, JO3BOJISAE MiABUIIUTH €()EeKTUBHICTH
XIpypriyHoro JiKyBaHHS KaTapakTH Ha O4Yax 3 pOTiBKOBUM acTUTMaTu3MoM, 3abesnedye
JOBTOTPUBANUHN cTabiNbHUI pe3ynbTaT 30pOoBUX (DYHKIIH, 3HHKYE YaCTOTY TIOBTOPHHUX OTEPATUBHHUX
BTPY4YaHb 3 TPHUBOMY PEMO3HUIlii pPOTOBAHOI TOPHYHOI IHTPAOKYJISPHOI JIH3M Ta MOXe OyTH
PEKOMEHIOBAHUH [T BUKOPUCTAHHS y IPAKTHIIl KaTapaKTaIbHUX XipypriB.

2. BuKopHCTaHHS CTaHAAPTHOTO KATlCyJIbHOTO KiJIBI 3 3alPONOHOBAHOIO METOJIMKOIO J03BOJISIE
3an00irTM poTaLii TOPUYHOI 1HTPAOKYJISIPHOL JIiH3M Oiiblie, HiXXK Ha 6 rpamycis B 100% Bumankis, 1o
CYTTEBO HE BIUIMBAE HA TOCTPOTY 30pYy Ta HE MOTPeOye JOJATKOBUX ONEPATUBHUX BTPYYaHb.

3. IlpexncraBnenuit cnocid npodinakTHKKU pOTalii TOPUIHOI IHTPAOKYIJISIPHOT JIH3H J03BOJISIE
JTIOCSITTH BICOKOT rocTpoTH B 85,6% BUTIA/IKIB.
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Beryn. BayTtpimasonedinkoBuii xonecTas BaritTHuX (BIIXB) — Hait0Lnpm1 mommpena marosoris
TIEYiHKU XapaKTepHa IS BariTHOCTI, Ky AEAKi JOCHTITHUKH HAaBITh BBAKAIOTH OTHIEIO 3 OPM TeCTO3Y,
MIPOSIBIISIETHCS. CBEPOIHHSM 1 TIIBUIICHHSIM KOHIICHTpAIlii KOBYHOI KHCIIOTH B CHPOBATIl KPOBI, SK
npaBuiio, po3BuBaerhes B KiHi [I-111 TpumecTtpy 1 mBUIKO MpoxoauTs micis mojoris [1, 2, 3].

Baritaux micnst momomikHHX pernpoaykTuBHUX TexHomoriid (JPT) BigHOCATE 70 Tpymm
PU3MKY aKyIIepChKUX 1 TEepUHATANFHUX YyCKIagHeHb, 30kpema i BIIXB, mo o0ymoBieHO sK
HETAaTHBHUM BIUIMBOM CaMHUX TEXHOJIOTiH, CTapIINM BIKOM JKIHOK, TaK i CYNyTHIMH COMaTHYHUMH
CTaHaMH, Cepe/l SIKUX MEBHE MiCIle TI0CiIa€ CHIOKPUHHA Ta renarooutiapHa narojoris [4, 5, 6].

Oxpim HempueEMHUX U MaTepi cuMnToMmiB, mpu BIIXB BigmidaioTs HACTYIHI aKyIIepechKi i
NepUHATaIbHI PU3MKHU, TOYHA YaCTOTA SIKUX HE BCTAHOBJIEHA: IepeqdacHi nouoru (4-12 %), 3poctanHs
YaCTOTH 3aCTOCYBaHHS KecapeBOro pocTuHy (mo 36 %), migBUINEHWH PH3MK BHYTPIIIHBOYTPOOHOI
3aru0eni 1Ioaa, MOTPAIUITHHS MEKOHII0 Y HaBKOJIOTLIOAOBI BOJH, PECIiPATOPHUN AUCTPEC-CUHIPOM Y
HOBOHAPOKEHOTO [7, 8, 9], sIKi mesKi JOCHiAHUKY BBaXKarOTh xapakTepHuMu mis BIIXB HaBiTh mpu
oescumnromMHoMy ioro mepebiry [10]. Icnye mymka, mo mnepenecenuit BIIXB mae Hecnpusmiusi
BiJiZlaJICH]1 HACIIIIKK HA CTaH 3/0POB’s XiHKU Ta quTuHHA [11, 12].

Merta gociaigkenHnsi. BctaHoOBUTH KITiHIYHI 0COONMBOCTI Tepediry BariTHOCTI, MTOJIOTIB, CTaHY
TUI0a i HOBOHAPOPKEHOTO TMPH BHYTPIIIHBONEUIHKOBOMY XOJIECTa3i BATITHUX ITICISA 3aCTOCYBaHHS
JOTIOMDKHUX PETPORLYKTUBHUX TEXHOJOTIH.

Marepiasm i Meromn mocaimkennsi. KomruiekcHo oOctesxeHo 80 BariTHHX TICs IIporpam
JPT: 40 xinox 3 mposBamu BIIXB (ocHoBHa tpyma) i 40 »xiHok 0Oe3 mposBiB BIIXB (rpyma
nopiBHSHHS). 50 )KIHOK 31 CIIOHTaHHOIO BariTHICTIO (i310J0T19HOTO Mepediry CKIIaar KOHTPOJIbHY TPYITY.

Kpurtepisimu  BkItoueHHss OynM: HasBHICT y  BariTHOI  JIOCTOBIPHOTO  JliarHO3Y
BHYTPIIIHBOTICYIHKOBOTO XOJIeCTa3y, MiATBEPIPKEHOTO KIIHIYHUMH (cBepOik) 1 JabopaTopHUMHU
JaHuMu (TABUINEHHS KOHIIEHTpAIlil KOBUYHMX KHCJIOT. TpaHCamiHa3M, OuripyOiHY); BiICYTHICTH y
BariTHOi IHIIMX 3aXBOPIOBaHb TIenaToOiTiapHOi CHCTEMH, L0 CYIPOBOMXYIOTHCS CHHAPOMOM
BHYTPIIITHHONICYIHKOBOTO XOJIECTA3Y.

KareropiajibHi 3MiHHI MPEACTaBJICHI K a0COIIOTHE YKCJIO BMITQJKIB y TPYI Ta 4acToTa Y
Bimcotkax — n (%). TecTyBaHHsA BiAMIHHOCTEW MiX HE3aJNeKHUMH BHOIpKAMHU 3IIHCHIOBAIN 3a
JoroMoror touHoro kputepito @imepa. [Ipyu npoBefeHHI CTaTUCTUYHOTO aHAJI3y PO3paxoBYBald
piBeHb 3HAUYIIOCTI (P), KPUTHYHUM BBaxkaiu piseHs 0,05.

PesyabraTtu pociimkenb. Y Outbmiocti (62,5%) mamieHTOK OCHOBHOI Tpynm niarHo3 BIIXB
BcTaHoBJeHO micist 30 TwkHIB BariTHOCTI, y iHIMX (37,5%) — Bix 24 no 30 TwxwHiB (Tabmn. 1). Heski
narieHTkn (27,5%) BimMmivaam KopoTkouacHi emizonu nposieiB BIIXB g0 24 TWkKHIB BariTHOCTI.
[TpoBiHUM KJTiHIYHIM CHUMIITOMOM OYB IIKIpHHI CBEPOXK: BiJ] HE3HAYHOT'O JIOKATLHOTO (JIOJIOHI, CTYIIHI,
NIepeIHs YepeBHa CTiHKA, MepeqIuIivaysi, TOMUIKH) y 42,5% MamieHTOK 10 HECTEPITHOIO reHepati30BaHoro,
110 TIOCHITIOETHCS. BHOUI, CYTPOBOJKYETHCSI O€3COHHAM Ta MICHXOEMOIIHHIMU po3iianamu y 12,5% xiHok.
CBepOixk CyNpOBOIDKYBaBCS PO3YICYBaHHSIMH IIKIpH 3 TOOJUHOKUMHU ekckopiamismu  75,0% 1o
MHOXMHHHX ekckopiatiil y 15,0%. Y nepeBakHoi Outbinocti BaritHux 3 BITXB ki1iHiuHI nposiBu 3 00Ky
KT we Biamivanuch, HaiuacTime croctepiranyd TomHOTY (35,0%), mooAWHOKI BUIAAKH OJIIOBOTH
(5,0%), crearosy (7,5%) Ta 3amxkenns aneruty (12,5%). YV 7 (17,5%) xinok BITXB maB Tspkkuii nepedir
(HecTepriHM CBEpODK 3 MOPYIICHHSMM 3arajlbHOr0 CTaHy, KOBTSHUIISL, 3HAYHE MIJABUIICHHS PIBHS
’KOBUHHX KHCIIOT, CyTTEBI 3MIHH THINHX JIAOOPATOPHHUX TIOKA3HUKIB).

[IpoBoannace nudepeHmianbHa JiarHOCTUKA 3 OOTYpPALifHOIO KOBTSHHUIIEIO, >KOBUOKAM STHOIO
xBopoOoro, remaruramu, HELLP-cuHApoMOM, NpeeKiIaMIiCi€rd, TOCTPOI JKHUPOBOK JTUCTPOQIEr0
MEYiHKY, IIKIPHAMH 3aXBOPIOBAHHSAMH, aJICPTIYHUMH PEAKIIIMH, 1HGEKIIHHIM MOHOHYKJICO30M
(Bipyc Emmreiina-bapp) i uuTomeranoBipycom; TOCTPUMHU Ta XpPOHIYHHMH TeNaTUTaMH, CHAaJIKOBUMHU
3aXBOPIOBAHHSAMH Te4iHKH. Y3/l opraHiB uepeBHOI MOPOXKHMUHM - 0e3 ocobnmBocTeld. Mapkepu
BipyCHHX T'€TIaTUTIB HETaTHBHI.
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Tabmuus 1. Kniniuni nposisu BITIXB vy Baritaux micas JIPT

Kniniunwuii nposis BITXB abc.u. %
IToyatok 10 30 TUXKHIB BariTHOCTI 15 37,5
IIpostu BIIXB 10 24 THXHIB BariTHOCTI 7 27,5
I_H.I(ipHI/Iﬁ CBep6i.>1<: HCSHa"IHI/II‘/'I JIOKaIbHUH (TIepeIHs YepeBHa 17 425

CTiHKA, ePEeILTIYYsl, TOMIJIKH) ’
IHTCHCUBHHI JIOKAJIbHUH 0€3 MOPYIIEHHS CHY 18 45,0
TreHeparTi30BaHul 3 MOPYIIEHHSM CHY, EMOLIHHUMU PO3JIagaMu 5 12,5
CraH NIKipHUX TIOKPHBIB: BiJICYTHICTh €KCKOpiaIliit 4 10,0
MOOJIMHOKI eKCKopiatii 30 75,0
MHOKWHHI eKCKopiarlii 6 15,0
JKoBTsHUIIS: BiICyTHA 7 17,5
CyOIKTepUYHICTh 29 72,5
BUpa)XCHA IKTEPUYHICTh 4 10,0
[MposiBu 3 6oky LLIKT: BiacyTHi 27 67,5
TOIIHOTA 14 35,0
OJrroBOTA 2 5,0
cTeaTos 3 7,5
3HIDKCHHS alleTUTy 5 12,5
Tsoxxuii mepedir 7 17,5

VY ocHOBHIli rpymi Maiike TpeTuHa (27,5%) xiHok crapmux 3a 35 pokis (mpotu 12,5 ta 8,0%
y TpyHi MOPiBHSAHHS Ta KOHTPONBHIN Trpymi, p<0,05), mo BiAmoBifae TaHUM iHIINX JOCIIAHUKIB, SKi

BiJTHOCATSH BiKk crapime 35 pokiB 1o ¢akropis puszuky BIIXB.

XKinku micns nmikyBanHs Oe3rutiaas meronamu JIPT MatoTh 0OTsHKEHMI COMaTUYHUN aHaMHE3
(tabn. 2). Ilpu oMy y xiHok 3 BIIXB cyTTeBo BuIAa 4acToTa sSK BIJHOCHO MAIliEHTOK TIPYIIH
NOPIBHSIHHSA, TaK 1 BIAHOCHO I'pyny HOpPiBHAHHS ajneprii B anamuesi (35,0% nporu 17,5 ta 18,0%
BignosimHo, p<0,05), maromnorii neuinku (20,0% npotu 7,5 Ta 4,0%, p<0,05) Ta 3axBoproBanp LIIKT

(25,0% npotu 10,0 Ta 6,0%, p<0,05).

Tabmus 2. EkcTpareHiTalibHa IAaTOJOTisl Y 00CTeKEHHX JKIHOK

I'pyma obcrexxennx
ToKasHIK OcHoOBHa, [TopiBHSIHHS, KontponsHa,
n=40 n=40 n=50

aoc.u. % abc.J. % abc.J. %
Anepris B anHaMHe31 14 35,0*# 7 17,5 9 18,0
CepiieBo-Cy/TMHHA MTATOJIOTis 6 15,0 7 17,5* 6,0
l;lai(:TT()eJ;(I);iﬂ CEYOBHILITLHOT 10 25,0% 6 15,0 5 10,0
ITaronoris 113 17,5* 6 15,0* 2 4.0
TTarosioris neyinku 20,0%# 3 7,5 2 4.0
3axsopropanns LIHKT 10 25,0*# 4 10,0 3 6,0

[IpumiTtku: * - pi3HML TOCTOBIpHA 10O MMOKa3HHUKA KIHOK KOHTpoJbHOI rpyn (p<0,05)
# - pi3HUII JOCTOBIPHA IIOJI0 MOKA3HMKA JKIHOK Ipynu nopiBHAHHS (p<0,05).

BiZHOCHO KOHTPOJIIO OOTSKEHHM OYB 1 aKyIIepChbKO-TIHEKOJIOTIYHMA aHaMHE3 Malll€HTOK

micnst JIPT (Tabm. 3).

38 2(63), February 2021

RS Global




WORLD SCIENCE ISSN 2413-1032

Tabmuns 3. AKyIepchKO-TIHEKOJIOTIYHUM aHAMHE3 00CTeKEHHUX KIHOK

I'pyna obcresxeHnx
) C— OcHoBHa, [TopiBHSHHS, KontpomnsHa,
n= 40 n=40 n=50

aoc.u. % abc.u. % abc.u. %
[Nepma BariTHICTH 18 45,0 16 40,0 29 58,0
[epmri nonoru 27 67,5 28 70,0 34 68,0
[lTyuni aboptu 12 30,0* 11 27,5* 4 8,0
BukuaHi, 3aBMepIti BariTHOCTI 13 32,5* 14 35,0* 3 6,0

MepTBOHapOIKEHHS 2 50 1 2,5 - -
BIIX mpu monepeaHix BariTHOCTI 12 30,0*# 2 5,0 1 2,0
et vlulone | wsw | 2 | so | 1| 20
CIIKA 11 27,5*# 5 12,5* 1 2,0

[TpumiTku: * - pi3HUIL TOCTOBIPHA 100 MOKa3HUKA KIHOK KOHTPOJIbHOI rpymu (p<0,05)
# - pI3HUIIA TOCTOBIpPHA MIOAO NMOKA3HUKA JKIHOK Ty nopiBHsHHES (p<0,05).

3a mapuTeTOM BariTHOCTEH Ta TOJOTIB TPYNU CYTTEBO HE PO3PI3HUTUCH, IPH LILOMY YacTOTa
MITyYHUX a0OpPTiB Ta BUKHUIHIB 1 3aBMEPJIMX BariTHOCTEH CyTTEBO HE PO3PI3HSIACH Y OCHOBHIN rpymi
Ta TpyNi NOPIBHAHHSA, poTe OyJia 3HAYHO BHUIIA BiAHOCHO YXKIiHOK 31 CIIOHTAHHOO BaTiTHICTIO. 3BEpPTaE
Ha cebOe yBary Toi akr, o y Tpetunu xinok BIIXB po3sunyscs mosropHo (30,0% XiHOK OCHOBHOL
rpynu Biamitunyn BIIXB npu momepeHix BariTHOCTSX, TOAL SIK Y TPYMi MOPIBHSIHHS Ta B KOHTPOJIi
Oynmu nume oauHouHi Bumanku). bineme 40% (42,5%) mamieHTOK OCHOBHOI Ipyny BKa3yBasld Ha
obrsoxenwnii mo BIIXB cimelinuit anamue3 (BIIXB y marepi ta/abo pigHOi cecTpu), IO CBITYUTH MPO
CHaJIkoBy 0OYMOBIICHICTh 3aXBOpIOBaHHA. Maibke TpetnHa BariTHuX 3 BIIXB (27,5% nportu 12,5 ta
2,0% B rpymi NOpiBHAHHS Ta B KOHTPoJi, p<0,05) Masiu B aHaMHE31 CHHIIPOM IOJIIKUCTO3HUX SIEYHUKIB
(CIIKA), mo Takoxx Moxke OyTH (aKTOPOM PU3HKY AAHOT'O YCKJIaJHEHHS BariTHOCTI.

TenepimHs BariTHICTh y  KIHOK  TICis  JIiKyBaHHsA — Oesmmigns  Meromamu  JIPT
XapaKTepU3yBajlaCh BUIIOK YAaCTOTOK YCKJIaIHEHb BIJIHOCHO BariTHUX KOHTPOJIBHOT rpymu (Tadi.4).

Tax, y | momoBuHI BariTHOCTI y MaIi€eHTOK OCHOBHOI TPYIIM y 2 pa3u YacTillle 10 BiHOMICHHIO
JI0 1HIIMX TPYI CHOCTepiraBcsi paHHIN TecTo3 (TOIIHOTa Ta OJOBOTA BariTHUX), YacTOTa 3arpo3u
NepepruBaHHs BariTHOCTI BiAMidajgach y TOJOBHHHM KIHOK SK OCHOBHOI TpyNH, Tak 1 TPyIH
MOPIBHSHHS, 10 XapakTepHo ais BaritHocTi micus APT (p>0,05).

VY II monoBuHI BariTHOCTI y OinbmocTi *xiHOK npu Madigecranii BIIXB Biamiueno 3arposy
nepemayacHux mosoriB (60,0% nporu 32,5 Ta 4,0% y rpymni NOpiBHAHHS Ta B KOHTPOII BiJAIOBiJHO,
p<0,05). IlnauenrtapHa aucyHKUis HiarHOCTyBajach Yy IOJIOBHHU >XKiHOK o0ox rpym micis [PT.
YacroTa auctpecy miona y xiHok 3 BIIXB Oyna maibke y 2 pa3su BUILIOIO HIX Y MAaIiEHTOK 0€3 I[bOro
yekaannenns (47,5% mnporu 25,0% piamosigno, p<0,05). Buima Takoxx i yacToTa mpeekiaMIcil
(40,0% npotu 22,5%, p<0,05).

3aranpHa ouiHka Oiogizuunoro npodimo mioga (BIIIT), HaiiOinbm 06’ €KTHBHOI iHTErpaIbHOI
OIIIHKK Horo craHy, y maiientok 3 BIIXb ckmana 7,23+0,48 npotu 9,36+0,41 Tta 9,934£0,16 Gany y
’KIHOK TPYIH MOPIBHSHHS Ta KOHTPOJILHOI TpyIH BignoBiaHo (p<0,05 B 000X BUMAKaX).

I'emoaguHaMivyHi MOpYIIEHHS MAaTKOBO-TUIALIEHTApHO-TUIOA0BOrO KpoBoodiry I-II crymens y
Oyym BusiBieHi y 22 (55,0%) BaritHuX ocHOBHOI rpynu npota 11 (25,0%) namieHToK rpyny HOpiBHIHHS
(p<0,05) Ta 'y 12 (12,0%) xinox korTponbHOi rpym (p <0,05). Kputidasni nopymieHHs: KpOBOTOKY OyiH
BusiBnieHi y 6 (15,0%) xiHok ocHoBHOI rpymu Ta 2 (5,0%) XIHOK TPynM TOPIBHSHHS, IO CTajo
MOKa3aHHSM JI0 IOCTPOKOBOTO po3pokerHs y 5 (12,5%) ta 1 (2,5%) Bunaaky BinmosiaHo (p<0,05).

Jlmst SKIHOK, BariTHHIX IMcIs 3acTocyBaHHs mporpam JIPT, xapakTepHa MigBUINCHA YacTOTa
YCKIJIATHEHUX MOJIOTIB (Tab. 5).
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Tabnuus 4. YckiaagHeHHs nepediry BariTHOCT Y 00CTeKEeHUX JKiHOK

I'pyna obcreskeHnx

P — OcHoBHa, [NopiBHsHHS, KonTposnbHa,
n=40 n=40 n=>50

abc.4. % abc.4. % abc.u. %
Panuiii recros 10 25,0* 5 12,5 5 10,0
3arpo3a nepepuBaHHs BariTHOCTI 19 47 5* 21 52,5* 5 10,0
3arpo3sa nepea4acHuX IMOJIOTiB 24 60,0*# 13 32,5* 2 4,0
IInaneHTapHa HEIOCTATHICTh 21 52,5* 22 55,0* 4 8,0
Anemis 14 35,0* 11 27,5 9 18,0
Huctpec mnona 19 47 5*# 10 25,0* 3 6,0
[peexnammcis 16 40,0%# 9 22,5* 2 4,0
- JIETKOTO CTYNeHS 11 27,5* 6 15,0* 2 4,0

- TSDKKOTO CTYTICHS 5 12,5 2 5,0 - -
3PII 14 35,0* 10 25,0* 2 4,0

[TpumiTku: * - pi3HUIT TOCTOBIpPHA MIOA0 MOKA3HHUKA JKiHOK KOHTPOJIBHOI rpymH (p<0,05)
# - pi3HUIIA TOCTOBIPHA 1100 MOKa3HUKA JKIHOK Tpymu nopisusHHS (p<0,05).

Tabmuns 5. YacToTa yCKIIaJHEHb B IOJIOTaX Y O0CTEIKEHUX JKIHOK

['pymna obcrexxeHnx

P — OcHOBHa, [opiBHsAHHS, KontponbHa,
n=40 n=40 n=>50

abc.u. % abc.4. % abc.u. %
Kecapis po3Tun 28 70,0* 21 52,5* 7 14,0
IlepemuacHi mojioru 18 45 0*# 8 20,0* 3 6,0
CnabKiCTh MOJIOTOBOI MisIJIBHOCTI 4 10,0 6 15,0 6 12,0
HIBuaki (cTpiMKi) MOJIOTH 6 15,0* 2 5,0 2 4,0
Huctpec mona B monorax 14 35,0*# 7 17,5 4 8,0
Kposoreua > 0,5 % macu Tina 11 27.5*# 5 12,5 2 4,0

[TpumiTku: * - pi3HUIT TOCTOBIPHA MIOA0 MOKAa3HKUKA JKIHOK KOHTPOJIbHOI rpymH (p<0,05)
# - pi3HUIIA TOCTOBIpPHA MIOA0 MTOKa3HUKA JKIHOK Tpyru nopiBHsHHS (p<0,05).

[lepeBakHa OUIBIIICTH XKIHOK OCHOBHOI TPYHH pPO3pPOJIKEHA HUISXOM KECapeBOrO PO3THHY
(70,0% mpotn 52,5% namieHToK rpynu nopiBHAHHS, p>0,05). [lepequacHumu Oy moyioru Maiike y
nojoBuHM nanieHTok 3 BIIXB (45,0% mpotu 20,0% y rpymi nopiBHsHHA, p<0,05), mo cniBnagae 3
JYMKOIO 1HIIMX JOCIIAHUKIB PO 301IbIICHHA pU3UKY HependacHux nosnoriB npu BIIXB. Y tperunun
xiHOK (35,0% mpotu 17,5% y rpymi mopiBHSHHS) BiIMi4eHO AucCTpec miofa B mosorax. Y 27,5% B
OCHOBHIN rpymi npotu 12,5% y rpymni NOpiBHSIHHS MOJIOTH YCKJIaTHUINCH KpOBOTeuero Oinbiue 5%
MacH Tisa, o Moxke OyTH 3yMoBIieHO AedinuTom Bitaminy K, xapakrepanm mist BITIXB.

[MicasimosoroBuii  mepioa  (Tabn. 6) y Mali€eHTOK OCHOBHOI

TPYyIH  XapaKTepU3yBaBCs

301IBIICHOI0 Y 4 pa3H BIJHOCHO TPYIH MOPIBHSHHS YacTOTO Mi3HIX kpoBoted (20,0% mpotu 5,0%

BigmnosimHO, p<0,05).

Tabmuns 6. YacTtoTa yCKiIaJHEHb MiCASTOI0TOBOTO epiory

I'pyna obcreskeHnx

OcHoBHa, [TopiBHSHHS, Konrponbha,

ToxasHik n= 40 = 40 0= 50
abc.y. % abc.y. % abc.u. %
[lopyuieHHs iHBOMIONLIT MaTKu 6 15,0* 5 12,5 2 4,0
ITopymienns nakrartii 5 12,5 4 10,0 4 8,0
I'HifiHO-CeNTHYHI YCKITaTHCHHS 4 10,0* 3 7,5 1 2,0
ITi3Hs1 KpoBOTEYA 8 20,0*# 2 5,0 1 2,0

[IpumiTku: * - pi3HUIT TOCTOBIPHA MO0 MOKa3HUKA JKIHOK KOHTPOJbHOI rpymH (p<0,05);
# - pi3HUII JOCTOBIPHA IIOJI0 MOKAa3HMKA JKIHOK Ipynu nopiBHAHH (p<0,05).
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VY ocHOBHi# rpyni BimMiueHO | BHIIQJOK aHTEHATalIbHOI CMEPTHOCTI, HAPOIUIOCH 39 KUBUX
niTedl. Y rTpymi TOpIBHSHHS Ta B KOHTPOJNBHIM TPYIi BHIAAKIB TEPUHATAIBFHOI CMEPTHOCTI He
BimMideHo, Hapoamuioch 40 ta 50 )KUBHUX JITEH BiAIIOBIIHO.

AHani3 po3noainy AiTel mo rpynax 3a CTAaHOM IPH HAPOKEHi [MOKa3aB, 10 Maibke MOJOBHUHA
JIiTell OCHOBHOI Ipylu Hapoauiach B acikcii pisHOTO cTymeHs TshxkocTi (48,7% mpotu 27,5 Ta 8,0%
y Tpynax MOpIBHSHHA Ta KOHTPONBHIN Bimmorimao, p<0,05), mpu mpomy y 10,3% miarHocToBaHa
TshKKa acgikcis (mpotu 2,5% y rpynu nopiBHsAHHSA, p<0,05), y KOHTPOJIBHIA Ipymi BUNAIKIB TSHKKOT
acikcii He BiMiUEHO.

Posmomin 3a Macoro miTel »kiHOK, mo mepenecan BIIXB, takox maB cBoi ocobmmBocTi. Tak,
Maibke TpeTWHa JiTel Hapoawiach 3 Macoro Tinma Hrkde 2500 T, mo CyTTEBO BHIIE BiAMOBITHOL
YaCTKHU K cepell IiTel Bil >KiHOK KOHTPOJIBHOI TpynH, Tak i rpynu nopiBasHHS (30,8% npotu 4,0 Ta
12,5% sigmoBigao, p<0,05), mo 0OyMOBIEHO SK BHCOKOIO YAaCTOTOIO MEPEeIIacCHUX ITOJIOTIB, TaK
3aTPUMKOIO BHYTPIITHEOYTPOOHOTO PO3BUTKY.

VY 74,4% HOBOHApOKEHUX BiJl MaTepiB OCHOBHOI TPYIH BiAMIiueHI pi3HOMaHITHI MOPYIICHHS
nepioly paHHbOI HeoHaTabHOI afanTaiii (mpotu 45,0% y rpymi nopiBHsHH:, p<0,05), cepen sKux
HaiOnpme Buaimsmuce (tadn. 7): PAC (35,9% mnporu 15,0 Tta 2,0% y rpymi HOpiBHSHHSA Ta
KOHTpONBHIA rTpymi, p<0,05), >xoBrsuuns (43,6% mnporm 17,5 Ta 8§8,0%, p<0,05) Ta
racTpoinTecTiHanbHui cuHapoM (30,8% mpotu 15,0 Ta 6,0% Binmoriano, p<0,05). 3Beprae Ha cebe
yBary mifBWIEHa y 2 pa3u BiJHOCHO T'pyNH TMOPIBHAHHSA YacTOTa remMoparidyHoro cuaapomy (17,9
npotu 7,5%, p>0,05).

Tab6murs 7. OcobaUBOCTI Mepediry paHHLOTO HEOHATAILHOTO MEPiojTy

['pymna obcTeskeHnx
oKasHIK OcHOBHa, [opiBHsAHHS, KontponbHa,
n= 39 n= 40 n=>50

abc.y. % abc.y. % abc.u. %

[Nopymienns nepioy ajganraritii 29 14,4%# 18 45,0* 2 4,0
Brpara mMacu Ttina Oiibie 10% 21 53,8* 15 37,5* 1 2,0
PJIC 14 35,9%# 6 15,0* 1 2,0
Hespororiuni mopymeHHs 12 30,8* 8 20,0* 3 6,0
I'acTpoiHTECTIHAIBHUI CHHAPOM 12 30,8*# 6 15,0 3 6,0
JKoBTaHULA 17 43,6*# 7 17,5 4 8,0
I'emopariuanii CHHIPOM 7 17,9* 3 7,5 1 2,0

[TpumiTku: * - pi3HUIT JOCTOBIPHA MIOAO TOKAa3HUKA JiTeil KOHTpObHOI rpymu (p<0,05);
# - pi3HUIIL TOCTOBIPHA 1100 NOKa3HUKaA JiTed rpynu nopieHsaHHS (p<0,05).

BucnoBku. VY Ginbmocti (62,5%) namientok micist JIPT niarno3z BITXB BcraHoBiIeHO micis
30 TwxHIB BariTHOCTI, y iHmwuX (37,5%) — Bix 24 no 30 twxHiB. Jeski namientku (27,5%) BiaMivanu
KopoTkoyvacHi emizoqu mnposiie BIIXB no 24 TwxHiB BaritHocti. Y 7 (17,5) xinok BIIXB wmas
TSOHKKUN TIepeOir.

Maibxe Tperuna (27,5%) xiHok crapmmx 3a 35 pokiB (mpotu 12,5% 6e3 BIIXB, p<0,05). ¥
xiHok 3 BIIXB cyTreBo Bumia wactrorta aneprii B anamuesi (35,0% mporu 17,5% signosigno, p<0,05),
narojorii neuinku (20,0% npotu 7,5, p<0,05) Ta 3axBoproBans ILIKT (25,0% mpotu 10,0, p<0,05).

VY tpetunu xinok BIIXB po3BuHyBcs mOBTOPHO, 42,5% Mali€eHTOK OCHOBHOI BKa3yBajH Ha
oOTsokennii mo  BIIXB  cimeiiHnii aHaMHe3, 11O CBIiYMTH TIPO CHAAKOBY OOYMOBIEHICTh
3axBOpIOBaHHs. Maibke TpetnHa XiHOK (27,5% npotu 12,5%, p<0,05) manu B aHamHe31 CHHAPOM
noJiikucTo3Hux sieanukis (CITKA).

TenepimwHs BariTHICTb MPOTiKaja 3 BHCOKOIO YacCTOTOI YCKIaJHEHb. Y YBEpTI Hali€HTOK
(25,0%) cmocrepiraBcst panmiii recro3. Y Il momoBumHI BariTHOCTI y OINBIIOCTI JKIHOK TIpH
manidecramii BIIXB BigmiueHo 3arposy mepemuacHux mosoriB (60,0% mnporu 32,5% y rpymi
nopiBHstHHSA, p<0,05). YacToTa auctpecy mioaa y xxiHok 3 BIIXB Oyna maiike y 2 pa3u BUILIOIO HIX y
MaIieHToK 0e3 1poro ycknagHenus (47,5% npotu 25,0% sianosigno, p<0,05). Bumia takox i yactoTta
npeekiaamicii (40,0% mporu 22,5%, p<0,05).

[epeBaxxaa OLIBIIICTE KIHOK OCHOBHOI TPYIIH PO3PODKEHA IIUIIXOM KecapeBoro po3tuHy (70,0%
npotu 52,5% mnauieHToK rpynu nopiBasHHA, p>0,05). Ilepeayacanmu Oyau MOMOrM Maike y TIOJIOBUHU
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nauieatok 3 BIIXB (45,0% mportu 20,0% y rpymi nopiasHHs, p<0,05). Y Tpetnnn xinok (35,0% mpotu
17,5%) BiaMivueHo aucTpec miona B nonorax. Y 27,5% npotu 12,5% monorn yCKIa HUINICh KPOBOTEUETO
oimpme 5% Macu Tina, mo Moxke Oyt 3yMoBieHO aedimmrtoMm BitamiHy K, xapaxteprum mms BITXB.
[TicismosnoroBuii nepios y Nali€HTOK OCHOBHOI IPYIH XapaKTepH3yBaBCs 30UIBIICHOI0 ¥ 4 pa3u BiJHOCHO
TPYIH TIOPIBHSHHS YacTOTOO Mi3HIX KpoBoTed (20,0% mpotu 5,0%, p<0,05).

V¥ Baritaux micisg JAPT 3 BIIXB BiaMmideHO OIWH BHITAIOK aHTEHATAIBHOI CMEpTHOCTI. Maibke
NOJIOBHHA JiTei Hapoauiack B acgikcii pisHOro cTymeHs TsbkkocTi (48,7% mporu 27,5%, p<0,05),
npu upomy y 10,3% pmiarHocToBana TsxKa acdikcis (mpotu 2,5%, p<0,05). Tperuna niteit
Hapoawmiack 3 Macoro Tifa Hmk4de 2500 1 (30,8% npotu 12,5%, p<0,05), 110 00yMOBIEHO SIK BUCOKOIO
YaCTOTOIO MEPEeTIaCHUX TOJIOTIB, TaK 3aTPUMKOIO BHYTPIIIIHBOYTPOOHOTO PO3BHUTKY .

VY 74,4% HOBOHApOHKEHUX BiJl MAaTEpiB OCHOBHOI IPYITHU BiMiueHi pi3HOMAaHITHI MOPYIICHHS
nepiogy paHHBbOI HeoHaTanmbHOI amanrtamii (mpotm 45,0%, p<0,05), cepen sKux HaWOiIbIIe
Bunismuck: PIAC (35,9% nporu 15,0%, p<0,05), xoBrsaums (43,6% mporm 17,5%, p<0,05) Tta
ractpointectinanbauii cunapom (30,8% mnporu 15,0, p<0,05). 3BepTae Ha cebe yBary miiBuIleHa y 2
pasu yactora remopariunoro cuuapomy (17,9 mpotu 7,5%, p>0,05).

ABTOpH 3asIBJSIIOTH MPO BiICYTHiCTh KOH(PIIKTY iHTepeciB.
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Ha xadenpe «ABToMaTmsanus W MEXaHU3AmWs CBApOYHOTrO mpousBoacT» ['BY3 III'TY
MPEUIOKEHO HCIIONIb30BaHUE ITyJbCUPYIOIIETO PACHBUIAIONIETO IIOTOKA TIPH  3JIEKTPOAYTOBOM
HanbuleHNH. B pabotax [1, 2, 3] npeacTaBiieH NpUHINI METO/1A, XapaKTEPUCTHKHU 000pyIOBaHUS IS
o0ecrieyeHus! MyabCalluil PacHbUIAIOLIETO MTOTOKA, (JOPMBI U JITUTEIBHOCTH UMITYJIbCOB, BO3JIEHCTBUE
IIOTOKa Ha pacmbuisieMblii MaTepuas. CHIXKEHHE BO3JCHCTBUS KHUCIOPOAA BO3AyXa Ha KHUIKUI
MeTaIa 3JIeKTPOIOB MPHU 3JIEKTPOAYTOBOM HANBUIEHUH C MyJBCUPYIOLIEH paclbUIAIONIEN cTpyel Ha
MaccolepeHoc MeTajlla MPUBEICHbI B paboTax [5].
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B pabote [2, 4] moka3aHO NOJOXKUTEIHLHOE BIMSIHHE HA CHIDKCHUE YPOBHS OKUCIICHHS
PacIbUISIOIIEr0 MaTepHuajia M MOBBIIICHUE COAEPYKAHUS JIETUPYIOIIMX KOMIIOHEHTOB B IOKPBITHH —
Hanpumep M,, Si, C. OTMEYeHO IOBBIIICHHUE IIPOU3BOIUTECIBHOCTH Mporecca U 3()HEeKTHBHOCTH
WCIIOJIb30BaHMsl MaTepuaia M BEPOSTHOCTh CHIDKCHHS OKCHIHOW (a3l Ha TpaHHIE 4YacTull B
nokpeiTud. CBOMCTBAa YacTHll, B YaCTHOCTH MHKPOTBEPIOCTh HE HCCIEHOBaHO. B To xe Bpems
MHUKPOTBEPAOCTh CBA3aHA CO BCEMU MEXAHWYECKUMH XapaKTEPUCTHKAMU, U €€ U3MEPEHHUE II03BOJIIET
OLICHUTDH POYHOCTHYIO OAHOPOJHOCTH HABUIEHHOTO CJIOSI.

Uznoxxenne OCHOBHOrO Matepuana. MUKpPOTBEPIOCTh M MHUKPOCTPYKTYPY HOKPBITHHA
UCCIeoBa Ha o00pa3lax, IOJIY4YEHHBIX JJIEKTPOAYTOBOM METAIM3aLUeH € HCIOJIIb30BaHUEM
MyJbcaTtopa, KOTOPbIA oOecriedrBaeT 4YacToTy myibcanuii B mpenenax 0—120 . B kadectse
MaTepHaja OCHOBBI HCIONBb30Baiu crans Tuna Ct3, B Buie miuactuH pazmepoM 100 x 100 x 7 mm.
Ilepen HampuIeHWEM 00pa3Ilbl 00E3KUPHUBAIIN COIBBEHTOM W IOABEPralid Apo0ecTpyiHOM 00paboTke
C Toclenyromel o0ayBKOH CKaTbIM BO3LyXOoM (Ui yaajeHus neliv). HanpuieHue npoBoauiu c
MOMOIIIbI0 MeTayn3atopa OM-17 ¢ pa3paboTaHHBIM aBTOpaMHU yCTPONUCTBOM ITyJILCUPYIOIIEH MMoayun
BO3/yxa, ¢ mpuMeHeHneM npoBojoku 08I2C. HampiieHre mpou3BOIMIM MO CIAEAYIOIIMM PEeXUMaM
171 IpoBosioku 2mM. JlaBnenue Bosmyxa 0.6 Mma, pacxon Bo3ayxa 2.5 m3/mun, Tok ayru 180-220 A,
Hanpsbkenue 28-30 B.

Xumuueckuii cocta mpososoku: C 0.05-0.15, Si 0.7-1, Mn 1.5-2.3, Ni mo 0.3, S mo 0.025,
P 1m0 0.03, Cr no 0.3, Cu o 0.3, As o 0.08.

[Ipou3BoANIIOCH HANTBUIEHHE C ONTHUMAIBHOIO PACCTOSHMS paBHOro 170MM CTpOro mox yriiom
90 rpamycoB. UroObl He OBUIO meperpeBa MOKPHITUS. sl 3TOr0 HambUIEHHE MPOW3BOAWIOCH B
HECKOJIBKO 3TanoB. Hamsusuics cinod TommuHOM okono 0.5 MM ¢ AambHEHIINM €ro OCTBIBAHHEM IO
OKpY>Karollled TeMIIEpaTyphl, U TaK MUHUMYM 5 pas.

[locne nambuieHHs, BbIpe3aeTcst 3aroToBka pasMepoM 30x30 MM, mmmdyercs HaXIa4HBIM
KaMHEM U HaXJIauyHOU OyMaroi Meiakou (Gppakiiuu ¢ mociaeayomniei mojJupoBKo.

W3mepenust MUKpOTBEPIOCTH NPOU3BOAMIM U3 yYacTKa B LIEHTPE, OTKyAa Opaiu 8 Touek Iuis
Ka)K[IOﬁ YaCTOTHI IMyJIbCalluu.

V4ELCTOH
HIMEPEHMH

MOKPbITHE

Puc.1. Cxema svibopa obpasya 0ns CHAMUSL USMEPEHULI

C mnoMompl0 MIJUTMMETPOBOM Oymaru, yddThiBas MacmTad CHHUMKOB U Pa3METKY
MUKpPOTBEp/IOMEpa, OIPENEIUId OTHOCHTEIbHOE COJEpKaHWEe OKCHAOB Ha JJAaHHBIX ydYacTKaxX
u3MepeHuii o popmyie

N = e 5 100%,
H.M
rae Frox — TIOMIAAR OOIIIAst IO CHUMKY
Fuv — IIOIIAA HE METAJUIMYECKUX BKIIFOUCHHUH

Tabmmma 1. IIpornienTHOE coepkaHie HE METAJUTMISCKUX BKJIFOUCHHHN K TUIOMIATH CHIMKA

Yacrora I'rg %
0 9.4
30-35 5.6
65-70 2.3
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Wsmepenust mpousBoaunuck Ha MukpoTrBepaomepe IIMT-3 ¢ wmarpyskoir 100 rpamm.
Veemnuenue 400x. Ha pucyHkax He TpyIHO YCMOTPETb, YTO MEXKIY 4YaCTHLAMH U CIOAMH
HaOJIF01AI0TCsI IPAHULIBI U3 OKCUIHBIX IJICHOK. TBEpPIOCTh YaCTUIIBI U3MEPSUIACh ITyTEM 3aMepa JJINHbBI
JUaroHAIM THUpaMHUIKW. PacueTHele naHHBIE CBeAeHBl B Tabnume | A7 4YacTOT, Ha KOTOPBIX
IPOU3BOAMIN NU3MEPEHUS.

Ta6m/1ua 2. 3HaueHHs MHKPOTBEPAOCTU Ha BI:I6paHHOM Y4aCTKEC MHOKPBITUA B CAWHUIAX

n3Mmepenus Hp

No be3 gactoThl Yacrora 30-35 ' Yacrota 65-70 I'x Yacrora 105 I'g
- Ho/Hre Ho/Hre Ho/Hgr¢ Ho/Hre

1 301/31 317/33 301/31 325/34

2 294/30.2 309/32 309/32 325/34

3 287/29.3 294/30.2 317/33 294/30.2

4 280/29.4 294/30.2 325/34 317/33

5 325/34 325/34 325/34 309/32

6 325/34 325/34 317/33 301/31

7 317/33 317/33 334/35 280/29.4

8 309/32 309/32 325/34 309/32

MHUKpOCTPYKTypa YydYacTKa TOKpBITUS 0Oe3 TpaBlieHHs, IONy4YeHHass 0e3 Bo3IeHCTBUS
MyJbcaTopa Ha BO3AYIIHO — pPAaCHbUISIOIIYI0 CTPYIO C HCIOJB30BAHUEM LEJIBHOW IPOBOJIOKH
MIpeJICTaBlIeHa Ha PUCYHKE 2.

Puc.2. Muxpocmpyxmypa obpasya 6e3 ucnonvzosanus nyiscamopa ygeauyerue 400x
(1- memann wacmuyet, 2- mouku 8030eticmeus. meepoomepd, 3- 2PAHULbL MEHCOY YACMUYAMIL)

IIpu yBemmuennu B 400X HE TPYOHO YCMOTPETh, YTO MEXKIy YaCTUIIAMH W CIIOSIMH
HAOIIOJAIOTCS TPAHMIIBI U3 OKCUJIHBIX TUICHOK U HE METAJUTMYECKUE BKIFOUCHUS CTPYKTYpa MOKPHITHS
HEOJIHOPOJIHA, C OOJBITUM KOJIMYECTBOM YaCTHIL PA3THYHON (OPMBI.

Ha pucynke 3 npeicTaBieHO CTpOEHHE U 3aMephl ¢ yacToTon mysbcamuu 30-35 I'u. Tak mpu
JTAHHOW YacTOTE OTMEYACTCs CYIIECTBEHHOE M3MCHEHHE ()OPMBI HAITBLISCMBIX YaCTHIl U KOJIUYECTBO
HE METAJUIMYECKUX BKJIIOYCHUH IO CPaBHEHUIO C TMOKpHITHEM Oe3 mynbcanuii. YacTHIbI UMEIOT
MEHBIITHE Pa3MEephI IO CPABHEHHIO ¢ 00pa3aMHt, BHITIOJTHEHHBIMH 0€3 IMyJbcanni.
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Puc.3. Cmpyxmypa ywacmka nokpulmus ¢ UcCnoib308anuem
nynvcupyioujeti 6030yunou cmpyu 30-35 'y npu yeearunenuu 400x
(1- memann wacmuysi, 2- mouxu 8oz0eticmeuss meepoomepd, 3- 2paHUYbL MENCOY YACHMUYAMIUL)

Ha pucynke 4 mpencraBieHO MOKpHITHE Npu dacToTe 65-70 Il oTMeuaeTcs yBenuueHue
KOJIMYECTBA YAaCTHUI[ MaJbIX pa3MepoB Ha pAxy ¢ KpymHbM. CpenHuil pasMep 4acTul] KojeOnercs B
npeaenax 50 — 350 MkM. DTo OOBACHSETCS TEM, YTO MPOMEKYTOK B CIICJOBAHUU HMITYJICOB
BO3/IYIITHO — PACTBUISIONIEH CTPYH UMEET MEHBIIYIO TI0 BpEMEHHU BETMYUHY JIJIs1 HAKOTUICHHS )KUAKOTO
MeTaJula Ha TOPLAX JIEKTPOIOB.

OO0pa3oBaHusl KUIKOTO METajUla Ha TOpPLE MMEeT OoJibliee MO MPOJOKUTEIBHOCTH BpeMs,
YeM BpPEMEHHOW MPOMEXYTOK B CJIEJOBaHUM BO3IYIIHO — PACHBUISIONIET0 IMMOTOKA TPW JaHHOU
4acToTe, 4YTO YBEJIMYMBACT YCHJIHE cOpoca >KHAKOrO MeTallla C TOPLOB 3JIEKTPOAOB CHIION
PpacHbUISIONIErO MOTOKA.

~ }" oi:?‘r
™ e

Puc.4. Cmpyxmypa yuacmxa nokpulmus ¢ UcCnoib308anuem
nynvcupyoweti 6030ywnot cmpyu 65-70 I'y npu yeenuyenuu 400x
(1- memann wacmuyel, 2- mouku 6030eticmeus. meepoomepa, 3- 2panuLbl MEXCOy YACMUYAMU)
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W3mepeHre MUKPOTBEPIOCTH TOKa3bIBAET, 4YTO C YBEIMUECHHUEM YaCTOTHI ITyJIbCAIlHid
pacHbUISIONIEH CTPyH MUKPOTBEPIOCTh MIOKPHITHS HE 3HAYNTEILHO YBEITHIHBACTCS.

Ha o0pasiie HanmbUIEHHOM € TIOMOIIBIO MyJTBCHPYIOIIEr0 METOJIa, MUKPOTBEPIOCTh HE MHOTO
BBIIIIC. DTO MPOUCXOJUT 32 CUET YMCHBIIICHUS BBITOPaHUS JETUPYIONINX dIeMeHToB. [Ipu 3amepax He
METAJZIMYECKUX BKIIOYCHHH MHKPOTBepaocTh mocturana 15.1 - 18.4 Hge. M yem ux Oousbliie, TeM
caMbIM 0011asi MUKPOTBEPIOCTh MOKPBITHS HIXKE.

HRC

MuKpoTBepaoCTb
]

15

L]

15 30 45 60 75 90 105 |'|_||
YacToTa MVIBCAITHH

Puc.5. I'pagpuk uzmenenus MuxpomeepOOCmu Yacmuy 6 3a8UCUMOCHU ON YACHOMbL NYTbCAYUL
PpacnsliAoue2o Nomoxa

Pesynbrarel nccnenoBanus 0000meHsl Ha pucyHke 5. Takum o0pa3oM HoKaszaid, 4TO HpU
WCIIOJIb30BaHUM METOJa HAIBUICHHUS C IYJBCHUPYIOLUIMM BO3IYLIHBIM IIOTOKOM C ONTUMAaJbHOMN
yacToTol 65 -70 I'11, MUKPOTBEPIOCTH MOKPHITHS yBeNIUIUBaeTcs Ha 6%.

BriBoaBbI.

1. Ilpu MCHONB30BaHUM IYJIbCUPYIOIIETO PACHIBUISIOMIETO MOTOKA HAOIIOIAeTCsl YBEINUECHHUE
MUKPOTBEPAOCTH MOKPHITUSA Ha 2.7% nipu gactote 30 — 45 ' u Ha 6 % npu yactote 65- 70 ['u. IIpu
JALHEHIIIEM POCTE YaCTOThI, CYIIECTBEHHOTO YBEIUUEHHS TBEPAOCTH HE HAOIFOIAeTCSI.

2. llpn wWcronb30BaHUM IYJNBCUPYIOMIEH CTpyH C YacToToW omTtuManbHOW 65-70 I'm
HaOJII01aeTCsl 3HAYNTENIFHOE CHIKEHNE HE METAJUNTMUECKUX BKIIIOUEHHUH 10 rpaHuLaM JacTull Ha 3.8%
mpu gactote 30-45 I'mm Ha 7.1% npu 65-70 [,
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ABSTRACT

Oil and gas deposits differ depending on the bed size, geological-physical
development conditions, oil quality and geographic location. Including
them in the development is connected with various investments to the main

constructions; subsistence and current material expenses also differ.
Therefore, from the point of view of economic efficiency, oil and gas
deposits are not equal. Location of oil and industry leads to the problem of
the sequence of putting of various deposits into operation and their
development rate. The sizes of oil and gas beds and available oil and gas
reserves in them give reason to say which of these beds will be put into
operation in the near future. Completion and development of large scale
deposits require less investments compared to small scale deposits. Such
deposits are usually highly productive, expenses per a production unit in
them is small. All these determined importance of the use of reserves in
large scale deposits in the first turn.
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Beenenne. CoBpeMeHHOE pa3BUTHE HE(PTEra3oBOH MPOMBILIJICHHOCTH U YBEIMUYEHUE 3al1acOB
BSI3KOW HE(TH, HAXOK/IECHHE €€ B OYCHb IUIOXUX TI'eoJIoro-(pH3MYeCKUX YCIOBHSAX Ha TIiIyOMHE, B
ryOOKOH 4YacTH MOpS, CBSI3aHHAs C OTHM HEOOXOJUMOCTH OOJBIIMX KalUTAIOBIOXEHUH, TpeOyeT
NpUMEHEeHUs B HedremoOblYe HOBOM TEXHUKHM W TexHojoruil. IlpaBuibHOE mpoBeneHHe
IKOHOMHYECKOH muddepeHInanmy 3amacoB B TaKMX MECTOPOXKACHHAX CHIKACT KadeCTBO
000CHOBaHUS TUIAHMPOBAHUS Ha JIOJNTYIO MEPCIEKTUBY OTPAciyd He(TEerazoBOil MPOMBIIUIEHHOCTH,
YCIIOXKHSIET YCTaHOBIICHHE MOTPEOHOCTH B MaTepUANIbHBIX, (PMHAHCOBBIX W TPYAOBBIX pecypcax ¢
TOYKH 3pEHHsI IPOU3BOACTBEHHO-pecypcHoro notenuunana (I1PIT) nedrerasopoit noObrym.

Lenbio reor0ro-SKOHOMHYECKOTO OIICHUBAHUS HE(TSIHBIX 3alacoB M PECYpPCOB SIBISIETCS
JuddepeHnuanys WX OCHOBHBIX INPHPOJHO-TEOrpadUuecKuX, TOPHOTEXHHYECKUX U TeOJIOro-
TEXHOJIOTHYECKUX YCIOBUH pPa3pabOTKH, YTO MPHBOAUT K OINPEACICHHIO TEXHHUKO-3KOHOMHUYECKHX
NoKasarened pa3padOTKU U COBOKYITHBIX 3aTpaT Ha MPOU3BOJICTBO HEPTH.

UpesmepHoe TIpepbIBaHKE CETH CKBAXKUH, HU3KUI TeMIT 1 00beM OYpeHHs, OTCYTCTBHE JIOJHDKHOTO
MaciiTada BO3JICHCTBHS OT TOJMBA IUIACTOB W JIPYTHX METOJOB, TOCTOSHHOE YXYJIICHHE TOPHO-
Te0JIOTMYECKUX YCIIOBUH Pa3pabOTKU HE MO3BOIMIO CTAOMIM3MPOBATh M MOBBICUTD IIPOU3BOACTBO HEPTH
nio [IponzBoicTBeHHOMY OOBETMHEHUIO «A3HE(TH) 1 €r0 HeTera3o/I00bIBAOIIIM ITPEATIPHSTHSIM.

Kiaccugukanus 3anmacoB 1 pecypcoB M Ie€0JI0ro-3KOHOMHIECKOe 000CHOBaHHUE, MApAIIIEIBHO
C KOJHMYECTBEHHBIM OIICHUBAHWEM CBHIpheBOM 0a3bl, SBISETCS OCHOBOM MEPONPUSATHH IO
NEPCHIEKTUBHOMY IIAHWPOBAHUIO MTPOM3BOJCTBA HE(PTH, YBEINUCHHUIO 3a1aCOB, ONPEACICHUIO 00beMa
¥ HaIpaBJICHUS T'€0JI0TOPa3BeJOYHBIX PA0OT, a TAKKe M0 HAYYHO-TEXHHIECKOMY IIpOrpeccy.

Metonosorusi ucciaenoBanus. B mpoBeneHHM HCCIENOBAaTENBLCKOW Pa0OTBHI  IIUPOKO
WCIIOJIb30BaHbl ~ METOABl  CHCTEMHOTO  IIOAXOAd, T'eOJIOT0-DKOHOMHYECKass  KiacCh(uKarus
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He(TEera3oBbIX 3allacoB U PECYpPCOB, CPABHUTEIBHOTO aHalIM3a, TPYNIHPOBaHHS, MaTeMaTHYECKH-
CTaTHCTUYECKOTO MOJEIMUPOBAHUS, TEOPHH BEPOATHOCTEH W «TPEHI»-MOJNICIMPOBAHHSA, JaHa
HSKOHOMHUYECKass MHTEPIpETAlns IOJYYCHHBIX MOJIENeN, C MOMOIIBID CTaTUCTHYECKUX KPHUTEPHEB
MIPOBEPEHA UX aJ€KBATHOCTb.

PesyabTaThl  HccieqoBaHMsA.  YPOBEHb ~ COBPEMEHHOTO  pa3BUTHSA  HE(TEra3oBOM
MIPOMBIIIJICHHOCTH TpeOyeT YBEIMYEHUs TeMIa T[OArOTOBKM €€ CBhIpheBOi 0a3pl.  [loaTomy
ycraHoBlieHHe 3(()EeKTHBHOTO COOTHOWICHHS MEXOy 3amacaMd TOTOBOM HeTH M YpOBHEM
MPOU3BOJCTBA ompeenseT BosMoxkHocTH yBennueHust [1PI1 HedrerazomoOpiBatomero npeanpusTus, u
3Ta mpoliieMa MO CHX TOp He Hammia cBoero pemeHua. Ho scHO To, 4T0 3¢ ¢EeKTHBHBIH YpPOBEHbD
obecrieueHnsi 3amacaMd He(TerazoBOW NPOMBIIUIEHHOCTH, TPU HEM3MEHHBIX TPOYHX YCIOBHSIX,
TpeOyeT MOBBIIICHU HHTEHCUBHOCTH T€0JIOropa3BeJOYHBIX paboT B cTpane. Takum oO6pa3oM, BEICOKHI
YpOBEHb OOECTIeYeHUsl 3armacaMyl MPUBOIUT K 3aMOPAKMBAaHUIO (DMHAHCOBBIX M TPYIOBBIX PECYpCOB,
3aTpadeHHBIX HAa CO3JaHWe OTHX 3allacOB B HMeElomIelcs (MHAHCOBO-TEXHUYECKOW Oaze
HedTerazo00bIuK; HU3KHUH JKe YPOBEHBb MPUBOIUT K HEA(PPEKTHBHOMY HCIIOIB30BAHUIO STHX PECYPCOB.

C BO3BHUKHOBEHHUS JTOH MpPOOJEMBl OO0 CEroAHSIIHETO MJHA oOecliedyeHre 3amacaMu
OTIpeIeTISUIH JICJICHHEeM YPOBHS 3amacoB HepTh W ra3a B Hayaine roja Ha OOBEM IUIAHOBOTO
MPOM3BOJICTBA B TOM K€ rofy. Takum 00pa3om, 3TOT MOKa3aTeldb MOKHO ONPEACIUTh B II000E BPEeMsl.
Ho mo pa3nu4HbIM TreolOTHYeCKUM, TEXHHUKO-TEXHOJOTHMYECKHMM W DKOHOMHUYECKHM (akTopaM, B
Ka4eCTBe OIEHKHU 3TOT KpUTEpU MCIOIh30BaH OBITH HE MOXET. J|pyruMu ciIoBaMu, MPU CPAaBHEHUH
MOKa3aTeNiell B Pa3HBIX PETHOHAX BO3MOXKHOCTEH pa3BUTHS He(TEra3oBOil JOOBIYHM C TOYKH 3PCHHS
ITPI1 ucnosbp30BaHUE 3TOM BEJIMYMHBI NPHUBEIO Obl K HEBEPHBIM pe3yibTraraM. Takum o0pazom,
MPAaKTHKa IMOKA3bIBACT, YTO MEXIy OOECIeueHHeM 3alacaMd W MPOM3BOJCTBOM MPAKTUYECKH HET
TOYHOU YCTAHOBJIEHHOM 3aBUCUMOCTH.

[lokazarens «pazoBocTH» (T.e. BO CKOJBKO pa3 OOJbllEe), BHIPAKAIOMIUNA COOTHOIICHHE
He(Tera3oBbIX 3alacoB W MPOU3BOJCTBA, MEHSETCS B OUEHb LIMPOKOM auanaszoHe. Jlemo B ToM, 4To,
Korja He(Tera3oBoe MECTOPOXKICHHUE SBISIETCS MPEAMETOM TOPTOBIH, IOKA3aTeNh «Pa30BOCTH
MOXET CTaTh OpYJHEM MaHUITYJSIUA TpU KOHKYPEHTHOCTIOCOOHOCTH, (DOPMHpPOBAHUHM IEHBI Ha
He(QTh, OJHUM CIIOBOM, MPH peajH3aldd ONpeieieHHBIX IYPHBIX Ieneil. B pesynbrare aHammza
BBISICHUJIOCH, YTO KO3()(UIIMEHT «pa30BOCTH» 3allacoB MEHSETCS B IIMPOKOM jauanazoHe: 8.4+262.4.
OTO 03HAYaeT, YTO MEXKAY BO3MOKHBIMH OCTATOYHBIMU HedTezanacaMd W 00bEMOM MPOU3BOIUMOMN
HEe()TH HET COOTBETCTBUS OIPENIEICHHOMY 3akoHy. Kpome Toro, xod(h(UIMEHT «pa3oBOCTH» HE
ompeniesisieT W ce0ecTOMMOCTH He(Tera3oBoro NpPOU3BOJACTBA. B ONHM3KMX 3HAYEHUSX JTOTO
nmokazartens, T.e. 22.5+24.1, B HedTerazofoObBalONMX TPEANPHUATHIX OO0bEM IPOU3BOJICTBA
cocTaBisieT cooTBeTCTBEHHO 1032.1+446.5 ThICSY TOHH.

Temn wu3MeHeHHUs TMOKa3aTens «pa3oBOCTH» 3allacOB M MPOM3BOACTBA HE COOTBETCTBYET
npaktuke. He3aBUCMMOCTh 53THUX BEJIMYMH SICHO BHIHA Ha TpUMEpPe pa3pabOTKU PasTUUHBIX
MectopoxkaeHuil. KpuBas nameneHus KodhGUIMEHTa «Pa30BOCTHY HAITIOMHHAET Mapadoly, MpUIeM ee
KOHIIBI HATIPaBJICHBI BBEPX, @ MUHIUMAaIbHOE 3HAUEHUE XapaKTepU3yeT MAaKCUMyM He(TEepOU3BO/ICTRA.

N3BecTHO, YTO COOTBETCTBHE M3MEHEHHS IOKa3aTelNsl «Pa30BOCTH» OIPENEICHHOMY 3aKOHY
3aBUCHT OT YPOBHS HCCJICIOBaHUS paiioHa HepTera3oBoi JOOBIYH CTPAHBI.

Paznenenne paiioHOB HedTerazomoObuM Ha CTENEHU MCCIEJOBAaHUS OCHOBBIBAETCS Ha
HECKOJILKMX KOJIMYECTBEHHBIX M KAYECTBEHHBIX IIOKa3aTeIsIX. BaxHeHmmM WH()OPMATHBHEIM
KOJIMYECTBEHHBIM ITOKa3aTelleM, XapaKTepU3yIOIINM CTETIEHb MCCIIEOBaHUs, ABISETCS COOTHOIICHHE
MEXy Pa3IMYHBIMU 3aIlaCHBIMH KaTETOPUSMHU. YUUTHIBass KOI(PQPHUIIMEHT HMCCIEOBAHUS, a TaKKe
pasBuTHe paiioHa HedTerazoBoil J0ObuHM, 3(PQEKTUBHOCTH, IOCTUTHYTYIO B T'€OJOTHYECKOM
WCCIIEIOBAHNN W TOWCKOBBIX padoTax, MOXHO TpoBecTH AuddepeHnranyo no MOATBEPKICHHON
He(Tera3oBOCTH pailoHOB.

YunThIBas BBIIIECKA3aHHOE, MBI TIPEJIaraeM «TPEH» MOEIh BO3MOXKHBIX He(Te3anacos, T.e.
U3MEHEeHHe 1o BpeMmeHH. KommbroTepHas o00pabOTKa JaHHBIX TI0 BO3MOXHBIM OCTaTOYHBIM
Hedreszanacam (OH3) 3a HECKONIBKO JIET MOPOXKAAET CICIYIOUIYIO «ITOJTUHOMHAIBHYIO» TPEH] MOAEb:

OH3 =-2831 T2+ 13542 T + 14397 (1)

R?=0.562
3nauenne kodpduuuenra perepmunamuu (R? = 0.562) COOTBETCTBYET CpPEeIHEMY YPOBHIO
3aBHUCHMOCTH OT BPEMEHU BO3MOXKHBIX He()TE3aImacos.
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HedreraszoBeie 3amacel — ofuH w3 OCHOBHBEIX 3neMeHTOB [IPIT B Hedrerasomoii mo0brde, u
3 PEKTUBHOE MCTIONBb30BAHME ITUX 3aM1aCOB B KOHEYHOM CHETe IPUBOIUT K POCTY 00BeMa ITPOU3BOJICTBA.

B coBpeMeHHOM Mmpe yBenWUYeHHWE NPOM3BOACTBA HE(PTH TMOBBIMIAET BaXXHOCTh HAYYHO-
TEXHUYECKOT0 TMporpecca W IOTOMY HAmlpaBleHO Ha MoBbILEHHEe 3()(EKTUBHOCTH OTpaciu
MPOMBIIUICHHOCTH U YIy4lICHHUE SKOHOMUYECKUX MOKA3ATENEH.

Taxxe HEOOXOANMO OTMETUTH, YTO HE(TSHAS MPOMBIIUIEHHOCTD TIOCTHTJIA BBICOKOTO YPOBHS
HAYYHO-TEXHHUUYECKOIO TIporpecca, W €€ JanbHeilliee pa3BUTHE CTAaBUT IMepes] coO0OH HOBBIE
TpeboBaHUs. DTU TpeOOBAHMS MOIPA3yMEBAIOT MPUMEHEHNE OMO- U HAHOTEXHOJIOTHUH, SKCIITyaTaluio
«YMHBIX)» IIaXT, HCIIOIB30BaHIE YIE€MEHTOB IU(POBOI SKOHOMHKH B SKCIUTyaTalluH CKBaYKIH.

Hcnonp3oBanne Bcex Bo3MmoxkHocTer I[IPII B HedrerazoBoit moObIde B KOHEYHOM CUETE
CIy’)KUT peanu3aluyl 00beMa KOHKYPEHTHOCIIOCOOHOTO TMpPOM3BOACTBA, OOYCIaBIMBAET €ro
YCTOMYHBOCTH B TOM HJIK HHOM CETMEHTE PBIHKA.

@DakTophl, ONpeaesoIIe U3MEHEHUE MPOU3BOJICTBA He(TH, cleayoLue:
YCOBEPLICHCTBOBAHNE MPUMEHEHHs METOJa MOJHBa, YCOBEPIICHCTBOBAHHE CIIOCOOOB MPOHM3BOACTBA
HEeTH, pacUIMpeHHe TPUMEHEHHsS METOJIOB, BIHSIOIIMX HAa 30HY JHA CKBAXXHHBI, BKIIOYCHHE B
SKCIUTyaTallUl0 HOBBIX CKBa)XUH, OCBOCHUE BO3MOXHBIX 3aIaCOB IPU MAKCHUMAJIbHO BBIFOJHOM
WCIIOJIb30BaHUN €CTECTBEHHBIX YCJIOBHH B pa3paboTKe MECTOPOXKICHHS, YIy4IICHHUE MPUMEHEHUS
HOBOUW TE€XHUKHU U TEXHOJIOTHN B IPOU3BOJICTBE HE(PTH.

B Hedrerazopoit mobOerue ¢ Toukm 3peHus peanusanuu [IPII BakHOe 3Ha4YeHHWE WMEIOT
MOJICJIMPOBaHNe HEPTETPOU3BOJICTBA, AHAIN3 CTATHCTUYECKHUX IOKa3aTeJed MOMydYeHHOHW MOJelH,
onpejiefieHHe ee aJeKBaTHOCTH M JSKOHOMHYeckass uHTepnperanus. C y4eToM CKa3aHHOTO MBI
mpeiaraeM CleayroIee MOoJAeTupoBaHue exenHeBHoro HedremnpousBoactea (EI) m B oOmem
HeprenpomsBonctea  (HII).  Tpenn-mozens  W3MEHEHWH 1O  BPEMEHH  €XKEIHEBHOTO
HEPTEPON3BOICTBA CIICAYIOIIAS:

EIl= 1.621T? - 8.278T + 24.16 )

R?=0.927

Kak BugHo u3 Mozenu, Kod(QQOUIHMEHT IETEPMHUHAINN, XapaKTEPU3YIOIINN «TPEHI», OYCHb
BbIcOK. (R? = 0.927).

U3BecTHO, yTO Ha 00BEM HEPTENPOM3BOACTBA BIHMIET MHOro ¢akropoB. OT6op M3 HHX
HanOoJiee BIMSIOIMX HAa HE(PTENPOU3BOJCTBO (PaKTOPOB SIBISETCS CIOXKHOM 3amaueit. [lpu sTom B
auteparype [1-5] paccMoTpeHs! pakTopbl, BIUSIONIHE Ha HEPTETPOU3BOICTBO.

Ha ocHoBe usuTepaTypbl W amnpHOpPHOTO aHajaM3a OBLIO YCTAaHOBJIEHO, 4YTO O00BEM
HedrenpousBoactea (HII) cszan co cnenyrommmu (akropamu: BO3MOXKHBIE 3amackl (Xi), GhoHT
AKCIUTYaTallMOHHBIX CKBaXHH (X2), kK03ddummeHT 3xcruryatanuu (Xs). HaiimeHsl KodpUIMEHTHI
koppemsanuu Mexay aprymeHToM (HIT) u dakropamu (X;). beuto o6Hapy®)eHO, 4TO 32 HCKIIOUYEHHUEM

FYX3 u Fx2x3 , KOppeJISIIMOHHAS CBSI3b MEXY IPYyTUMHU (hakTopamu ciiadas. ITo 00YCIIOBICHO TEM,

YTO B JTOH MOJENH JaHHBIE MECTOPOXKICHHH Ha MOpe W Cylle OBUIM PacCMOTPEHBI BMECTE.
EcTtecTBeHHO, YTO 3amachl 3TUX MECTOPOXKICHHA, 00bEMBbI TPOU3BOJICTBA, 3aTPAaThl HA MPOAYKT H
JIpyTHE TIOKA3aTeIN Pa3IndaloTCs, U 3TO MPOSBIIACTCS B aIEKBATHOCTH TTOJTYICHHBIX MOJICIICH.
KommbrorepHass peanuzanusi  IpejcTaBisieT  co0Oi  CIHENyNyl0  MHOTO(AKTOPHYIO
MaTeMaTHYECKU-CTATUCTHYECKYIO Mojienb HedrenponsBoacTea (HII):

HIT = 38890.89 — 0.022857X; — 1.3353297X; — 21153.1719Xs (3)

AHanmM3 CTAaTHCTUYECKUX TIIOKa3zaTeliel MOJENM IOKa3biBaeT, 4YTo Kod(hGuimeHT oomen
Koppensiiuu paBeH: R = 0.9865, T.e. o4eHb BBICOK. 3HAUY€HHE CTAaHIAPTHOH mMOrpenrHocTd (Sgr)
HaXOJUTCA B YKa3aHHBIX Npe/eiax.

B o0mem a1s1 OLEHKH MOJENH UCHojb3yercs koddduipent dumepa F. Ecaum ordyerHoe
3HaueHne kodpuunenra dumepa (Fory.) O0nbme ero kpuruaeckoro (tadimuynoro) 3HadeHus (Fpur),
TO MOJENb ajJeKkBaTHA. B Hamell Monenn kputuueckoe (TabinMuHOE) 3HaueHHe Koddduuumenrta
@urrepa F ¢ BepostHOCTBIO 95% paBHO: Fipur. = 3.62. OtueTHOE 3HaueHue 3Toro nokasarens (For)
paBHO: Fory, = 12.065, T.€. ycnoBue For. > Fipur. yIOBIETBOPSETCSL.

Uro ’xe KacaeTcsi OLIEHMBAHUS Pa3IMuYHBIX (PAKTOpPOB MOAEIM, 3Ta 3aJaya pEIIaeTCs
ucrnonb3oBanueM koddduimenta t-CtpromeHta. A UMeHHO, Yy Kodpduuuenta t-CTbloAeHTa €cTh
KpUTH4ecKoe (TaONM4YHOE) 3HAUYEHHE M OHO C BEPOSTHOCTBIO 95% paBHO: tipur. = 2.57. AHanmmu3
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MOKa3bIBAET, YTO OTYETHBIC 3HAYCHMs Xi HE MPEBBIIIAIOT KPUTHUECKOTO (TAOJMYHOTO) 3HAYCHUS
t-CtpioieHTa, T.€. YCIOBUE tory. > lipur. HE YAOBIETBOpsieTCs. [IpUunHy 3TOr0 MBI yKa3bIBaJIW BHILIE,
T.€. COBMECTHOE UCIIOJIb30BaHNE TAHHBIX MECTOPOXKICHUN Ha MOPE U CYIIIE.

AHanH3 MOKa3bIBAeT, YTO OTYETHOE 3HAYEHHUE MOKa3aTeNs P-BayKHOCTH ¢ BEpOSTHOCTHIO 95%
menbie 0.05, a 3To CBUAETENBCTBYET O BAXXHOCTH COOTBETCTBYIOIIETO KO3 PHUILIMEHTa MOICIH.

[Ipu kommbloTepHOW 00pabOTKE C BEpOSTHOCTBIO 95% ObLTM HalaeHbl KOI)OUIMEHTHI
JOCTOBEPHOCTH, IIOKA3aHbl WX BEPXHUH W HIDKHUHA Ipenesbl. BBIICHMIOCH, YTO 3TO yCIOBUE
HOJIHOCTBIO YIOBIETBOpsieTcs Kak uist pesynabrara (HIT), Tak u st BoaeicTByonmx Gpakropos (Xi),
YTO [MOKA3bIBAET A€KBATHOCTH MOJICITH.

PesyabTaThl. MogenupoBanue o0ObeMa He(pTENpOM3BOACTBA, KaK OJIUH M3 DJIEMEHTOB
BoisiBiieHuss [IPII HedrerazoBoit moObIUM, MOKAa3bIBa€T BO3MOXKHOCTH B 3TOW obOmacTtu. Jpyrumm
CJIOBaMH, UCTIONB3YSl IJIsl YBEJIMYECHHUS! CTATUCTUUECKUX IOKa3areneld Mojenu o0beMa MpPOU3BOJACTBA
($OHJ CKBa)KMH, TEXHUKY M TEXHOJOTHH, BPeMs IKCIUIyaTalluy, HAKOHEIl, IPaBUIbHYIO OpraHU3aIUIo
00BEMHOTO TIPOM3BOJICTBA 3amacoB, MOKHO yBenmuuTh [IPIl mpenmpusarus HedTera3oBoil M0OBIYH.
Bomnomienne stux padot noseicut [1PIT npennpustuii HedrerasoBoii mo0bum, [Ipon3BoACTBEHHOTO
Oo6wenunenus «AznedTe» u SOCAR, caenaer 3Tu npeanpusTis 00iee KOHKYPEHTHOCIIOCOOHBIMHU.
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Introduction. Pattern recognition is one of the priority areas of cybernetics in which the
objectives of pattern recognition with learning occupy an important place. Forecasting of natural
disasters (floods, mudslides) is also a significant problem. To solve it with the system of pattern
recognition with learning — SPRL [1,2] elaborated by us, we have to set it in the terms of pattern
recognition with learning.

Suppose we have the description corresponding to the phenomenon belonging to two classes
(we mean occurrence and non-occurrence of natural disasters). From these descriptions, let us call the
first class the set of such descriptions which correspond to the fact of occurrence of a natural disaster,
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and the second class — to the fact of non-occurrence of disasters. To predict whether a natural disaster
will occur or not in the given year t, region, and time period T,, it is necessary to have learning

descriptions previously determined based on the data of the previous 12 months of the period T, in

this region in other years. Based on these learning descriptions, such knowledge and data bases should
be determined for each class which can be used to recognize, for example within the accuracy of a 30-

day period, in the year t_, (as well as in other years) whether the same natural disaster will occur or

not in the same fixed region and the given time period T,. Based on the aforementioned, to solve this

problem, i.e. to predict a natural disaster, it is necessary to determine the initial learning descriptions in
advance. Moreover, the recognizable descriptions determined on the basis of the data of the previous

12 months of this year t,, in the same region and the period T, should be recorded in the same codes,

i.e. in the “language” in which the learning descriptions will be recorded.

Learning descriptions and their transformation. In the case of objects, a learning
description [3,4] is a sequence of the parameter values — features characterizing the object, for which
the class the object represented by this sequence belongs to is known in advance. The sequence of
parameter values — description is also called a realization [1,5]. It is a vector with m components, m —
is the number of parameters. In the case of a natural disaster, the fact of occurrence or non-occurrence

of this phenomenon must be known in the fixed region and the given period T,. In such a case, let us

call this period a learning zero block. The sequence of values of the characteristic parameters of the
phenomenon in the period of the previous 12 months corresponding to this learning zero block T in

relation to each month and region in case of occurrence or non-occurrence of a disaster will be called
learning description.

Thus, to recognize objects as well as to forecast a natural disaster (phenomenon) with the
system of pattern recognition with learning — SPRL [1,2], it is necessary to have appropriate learning
descriptions in advance.

The SPRL is implemented on a personal computer and on the basis of the real data is verified
to recognize objects of different classes: satellites, airplanes, helicopters, and also their types, for the
classification of irises, etc. The system contains: 1) the model of preliminary elaboration of the initial
information, 2) the learning model, and 3) the recognition model. The first two models include the
methods and algorithms of solving 7-7 objectives, and the third model — of solving 8 objectives.

This system can also be used to forecast a natural disaster taking into consideration its
specificity. This means that it will be possible to forecast whether a natural disaster is expected or not in

the given year, in the fixed region, and in the given period of time T, (zero block). For this, it is
necessary to know the data in the previous years in the same region and in the previous 12 months of the
period T, (learning zero block). The data should be represented in the form of sequences of values of the

relevant characteristic parameters of a phenomenon, i.e. descriptions. Under these data are meant the
features (the values of the parameters) characterizing a phenomenon in the appropriate period, which
may include the characteristic features determining occurrence and non-occurrence of natural disasters.
Besides, the system must preliminarily elaborate the data corresponding to the previous 12
months of the learning zero block i.e. such a zero block which is given in the previous years,

corresponding to the same region and the same time T, in case of which the fact of occurrence, as

well as non-occurrence of a natural disaster, is known in advance. Meanwhile, these data must be
given in relation to the learning zero block of the given phenomenon in case of occurrence and non-
occurrence separately. Hence, we must have the learning zero block and learning descriptions
corresponding to the previous 12 months of this learning zero block in the previous years and the
given region for each class separately.

It is on the basis of the data that learning descriptions should be determined by the method
(proposed in the paper [6]), which will be included in the first model of the SPRL.

The method considers choosing the initial parameters, dividing each month from the previous 12
months of the learning zero block into small periods (learning blocks), dividing the 24-hour time interval
into two intervals, determining primary, additional, and formal additional parameters. Based on the values
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of these parameters, primary learning descriptions are determined for each class in relation to each month
from the previous 12 months of the learning zero block, the learning blocks included in them, and the time
intervals mentioned above. From them, using the vector-optimization method [7] such primary learning
descriptions are chosen which belong to the Pareto set. The learning descriptions determined in this way
are transferred to the sixth objective of the first model of the SPRL — the model of preliminary elaboration
of the initial information. It uses random numbers to separate control descriptions from learning
descriptions, and from the rest of the descriptions, using random numbers and slipping control procedure,
determines the variants of learning recognizable and learning descriptions for both classes. Further, when
we mention variants, we mean variants of learning recognizable or learning descriptions. Learning
descriptions will be transferred to the learning model, which transforms these descriptions (included in the
variants) in relation to the informativity. It is obvious that on the basis of the learning descriptions
determined from the values of less informative parameters, it can be difficult and even impossible to
determine such knowledge and data bases that can be used to forecast the appropriate natural disaster.

On the other hand, since these descriptions represent learning descriptions, it is therefore
known whether the corresponding natural disaster occurred or not in the indicated learning zero block.
It means that there must exist such reasons which condition the fact of occurrence (or non-occurrence)
of this disaster. We must search these reasons in these internal hidden connections which really exist
between the parameters characterizing the disaster in relation to the previous 12 months of the learning
zero block in case of occurrence as well as non-occurrence of this phenomenon. These connections are
not explicitly given in the mentioned learning descriptions. In order to define these connections, it is
necessary to transform these descriptions. All procedures of this transformation that we use for
learning descriptions in relation to the zero block are used for learning descriptions included in both
classes, i.e. in the case of occurrence and non-occurrence of a disaster.

Based on the variants of the above-mentioned learning descriptions, the learning model already
in relation to informativity, determines these connections — new formal (artificial) parameters, functions.
For this, the learning model uses: balanced incomplete and partially balanced incomplete block-designs

(BIB- and PBIB(2)- designs), i.e. (v,b,k,r,A) and (v,b,k,r,n,A,P") i=1,2 type
configurations; (v,b,k,r, A, 1) type tactical configurations [8,9]; geometrical configurations [10] and
the vector-optimization method of choice [7]. Exactly thus determined parameters (also their values)
show inner hidden connections between initial parameters (accordingly, between their values) [1]. To

determine them, the method of solving the second objective of the learning model is used. According to
this method, for example, in the case when we have p,, j= 1,7 the number of parameters, with the

values of which are defined learning descriptions, we should determine the configuration (7,7,4,4,1),
i.e. symmetric BIB-design with parameters:v=b=7, k=r=4, ie.

(PLs P2y P4)s (P2 Pss Ps)s (Pss Pay Pe)i (Pa Psy P7)i (Psy Pey P1); (Pes P2y P2)i Py Pry Ps)-
Let us call it primary BIB-design and its blocks — primary blocks. If we enumerate primary
blocks and from them determine configuration with the same parameters (7, 4, 1), we will get the
following secondary BIB-design, i.e.:

((Pys P2 Pa)i (P Psy Ps)i (Pas Pss P7))- (P2 Psy Ps)i (Psy Pas Pe); (Pas Pes PL)- (P Pas Ps);
(P4s Pss P7); (Ps.s P7s P2))- ((Pys Psy P7)5(Pss Pes P1)i(P7s Pys Ps))- ((Pss Pes Py); (Pss Prv Py

(P1s P2y Pa))- ((Pss P2y P2))s (P2 Pus P3)i (Pas Pas Ps))- ((P7s Py Pa)s (Pyy Pas Pa)i (Pas Pay Pg))-

Each block, i.e. extended block of the secondary BIB-design contains 3 primary blocks. Such
extended blocks are separated from each other with two brackets and a dot. Each learning description
is transformed into thus determined secondary BIB-design. It means that in each primary block will be
recorded the values of the parameters given in it from each learning description in relation to the
variants and classes. Therefore, each extended block can be represented as a geometrical
configuration. In our case, i.e., when K = 3, it is represented as a triangle whose vertex coordinates
will be the values of the parameters included in each primary block. Artificial parameters are
determined by means of geometrical configurations (triangles). They can be trigonometric functions,
their combinations median ratios, etc., even heuristically determined functions, i.e. all those functions
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— formulas that characterize geometrical configurations and at the same time show connections
between their vertex coordinates.
When a geometrical configuration is a triangle, whose vertex coordinates are the elements (A, B, C)

of an extended block, the primary blocks A= (X, X,,X;), B=(y.,Y,,Ys), C=(z,,2,,2;), some
functions (artificial parameters) determined by means of this geometrical configuration look as follows:
P, =(b*+c*~a%)/2bc; P, =((p-b)(p—c)/ p(p—a))"*;

P, =(@+b)/c; By =(y;—2) (% = ¥1)* +(z, = ¥,)*)"",
where @, b, ¢ are lengths of sides of a geometrical configuration, p — half of their perimeter. These

functions show the connections between the parameter values given in the learning descriptions. They are
determined in relation to all sides and angles of geometrical configurations for each variant separately. So,
we determine the functions in relation to the extended blocks of the secondary BIB —design.

Thus, 7 triangles correspond to the above-mentioned secondary BIB —design. After this from

the artificial parameters determined in relation to each side and angle of the triangles are selected those
parameters whose one and the same meanings are contained if not in all, in most or at least in a certain
number of learning descriptions included only in one and the same class. In case of necessity,
parameters with large informativity measures can also be added to them. Determination of
informativity measures of parameters is the function of the fifth objective of the learning model. From
all parameters, determined this way the best parameters will be chosen separately for each class
included in the corresponding variant. Singular as well as pair parameters whose values characterize
only one, and meanwhile one and the same class are considered in the criterion of choice. After
dividing the values of the selected parameters into intervals, they will be recorded in new codes — in a
new "language" (the third objective of the learning model). From them, using the single and pair codes
and with the help of the elaborated criteria, the best parameters will be chosen. Thus, the learning
model transforms learning descriptions in relation to classes included in each variant this way.

Knowledge and Data Bases. After the transformation of the learning descriptions, they will
be recorded in the new language in relation to the variants. This meant that the learning descriptions
included in different variants will be recorded in the corresponding (different) “language”. Based on
them, the relevant knowledge and data bases are determined. For each learning recognizable
description, the knowledge base is determined on the basis of the learning descriptions included only
in one corresponding variant and on the base of this knowledge base — one data base. For each control
descriptions, knowledge bases are determined on the basis of the learning descriptions included in
each variant taken separately from all variants. Thus, in this case, the knowledge bases of the number
of these variants are obtained and on the basis of the knowledge bases — the same number of data
bases. Consequently, knowledge and data bases of the number of these variants are obtained this way
for each control description.

The knowledge base contains all the formulas (functions) as well as such values that are used
for the transformation of the learning descriptions; it also contains the “language” in which will be
recorded learning descriptions included in each variant.

The data base which is determined on the basis of the above-mentioned knowledge base,
contains characteristics — parameter (function) values, i.e features of both classes, but separately for
the first class and the second class: singular features, their pairs, triplets, and specific combinations of
features (groups). These groups contain combinations of characteristic and non-characteristic features
of classes. Triplets, as well as these combinations, are determined using the above-mentioned
combinatorial schemes without an exhaustive search. Therefore, the number of triplets and these
groups are significantly decreased, because of what it is possible to use them. At the same time, the
learning model determines thresholds for each class separately on the basis of the sum of the
informativity measures of features in relation to the variants and classes.

The data base, besides the above-mentioned characteristics (singular features, their pairs, triplets,
specific combinations), also contains values that will estimate these characteristics. The following is
implied in them: If a feature characterizes only one class, then it is called maximally informativity
feature (mif), but the number of descriptions containing it is called the characteristic value of this feature;
if a feature characterizes only one class and at the same time participates in all descriptions included in
this class, we call maxmif (maximum maximally informativity feature); when a feature participates in
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the descriptions of more than one class (but not in all descriptions included in all classes), then we call it
an informative feature which is characterized by the informativity measure. The learning model
calculates these measures based on the characteristics of such features which are not mif. The data base
is determined separately for each class included in each variant of learning descriptions.

The process of transforming learning descriptions and determining knowledge and data bases
is called the machine learning process. Thus, determined knowledge and data bases are passed to the
recognition model.

Choice of knowledge and data bases and forecasting of natural disasters. As soon as the
recognition model receives knowledge and data bases from the learning model, it will use the
knowledge bases for the transformation of learning recognizable descriptions and control descriptions.
In the first case, it will use the knowledge base determined on the basis of the learning descriptions
included in the corresponding only one variant. In the second case, i.e. for each control description, the
recognition model will use the corresponding knowledge base separately determined from all variants.
Therefore, the learning recognizable descriptions included in each variant will be recorded in only one
“language” in relation to classes. In the second case, each control description will be represented as the
descriptions of the number of variants and will be recorded separately in the “language” given in the
knowledge base corresponding to each variant, also in relation to classes.

The same will happen in the case of data bases. In the first case, i.e. to recognize each learning
recognizable description, will be used the data base determined on the basis of one corresponding
variant. In the second case, i.e. to recognize control descriptions, for each of them will be used the data
bases of the number of variants also in relation to classes.

Thus, based on the aforementioned, in the first case, one decision is made to recognize each
learning recognizable description. In the second case, for each control description, the primary decisions
according to the number of variants of learning descriptions are made and then, on their basis — one
decision is made [1]. The same will happen when instead of control descriptions we will have new
recognizable descriptions determined on the basis of the previous 12 months in relation to the zero block.
Thus, in this case, to recognize one and the same description are made the decisions that are made using
knowledge and data bases determined according to the number of variants containing different learning
descriptions. It is obvious recognition made on their basis will be more reliable than one decision made
on the basis of one variant using only one knowledge base and data base.

In accordance with the characteristics included in the data bases, 5 types of criteria are used to
make the primary decision: to make a decision with the first type of criterion, maxmifs of the
appropriate class are used, with the second type of criterion — maxmifs and mifs, the third type — mifs,
the fourth — mifs and the sums of informativity measures of features, the fifth — a threshold determined
on the basis of informativity measures for each class and informativity measures [1]. Moreover, such
values participate in these criteria which the recognition model needs to make the primary decisions,
for example, a number of maxmifs, mifs, learning descriptions, etc.

The recognition model, using the appropriate criteria [1] based on the primary decision (in which
is taken into consideration how many descriptions out of the recognizable descriptions and with what
degree of belonging they belong to the class) will make a decision on belonging to the corresponding
class with the degree of belonging. Exactly based on the results of the recognition of these control
descriptions the recognition model will make a decision on the occurrence or non-occurrence of a
disaster in the zero block. This is conditioned by the fact that after making a transformation of these
learning descriptions on the basis of them are determined such knowledge and data bases which contains
new functions — artificial parameters. These functions (as it has already been mentioned) indicate the
internal hidden connections that exist between the values of the parameters given in the descriptions
included in each class in relation to variants. It means that learning descriptions contain those maxmifs,
mifs, and other characteristic features that correspond to the occurrence or non-occurrence of a disaster
in the learning zero block. Besides, they are determined in relation to each month from the previous 12
months of the learning zero block, in the case of occurrence and non-occurrence separately, i.e. for each
class separately. If recognizable descriptions are correctly recognized based on the same knowledge and
data bases, they should also contain such maxmifs, mifs, and other characteristic features that correspond
to the occurrence or non-occurrence of a disaster in the zero block (i.e. in the period in which the fact of
occurrence or non-occurrence of a disaster is not known for them in advance and at the same time did
not participate in determining knowledge and data bases). Therefore, in the case of correctly recognizing
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control descriptions, their recognition indicates the fact that the same connections (artificial parameters,
their meanings) correspond to the conditions of the previous 12 months of the learning zero block in the
learning process. This correspondence also indicates the correspondence of occurrence or non-
occurrence of a disaster in the zero block and the learning zero block in which it is known in advance.

Thus, at first, will be studied the condition of the previous 12 months of the zero block; the
hidden connections between the parameters characterizing the disaster in relation to the months in case
of occurrence and non-occurrence of a disaster will be determined. Then in the following year, in the
same region and the zero block, this situation will affect the fact of occurrence or non-occurrence of a
disaster. This will be confirmed also by the fact that since data bases are determined in relation to
variants and classes, it is clear after the transformation on the basis of data bases of which class the
control descriptions will be recognized, consequently, occurrence or non-occurrence of a disaster will
be recognized in the zero block. The corresponding degree of belonging will be calculated based on
the results obtained using the primary decisions [1].

Factually, the results of recognizing learning recognizable descriptions (which is determined
using the slipping control procedure) and control descriptions show the results of recognizing new

recognizable descriptions in the same region and period T,. This is conditioned by the fact that the

first model at the very beginning separates the control and learning recognizable descriptions from the
primary learning descriptions. Because of this, it is implied that the fact of occurrence or non-
occurrence of a disaster in the learning zero block is not known to them.

Therefore, it is obvious that control and learning recognizable descriptions will not participate
in the formation of the corresponding knowledge and data bases in relation to the variants. It means
that the learning zero block has the role of the zero block, as well as the control and learning
recognizable descriptions — the role of new unknown descriptions which are determined in relation to
the previous 12 months of the zero block. Moreover, they are recognized with the help of the
knowledge and data bases determined in the learning process (in which control and learning
recognizable descriptions do not participate).

Learning recognizable descriptions should be recognized in the learning process using
knowledge and data bases determined in the previous years. Control descriptions, as well as new
recognizable descriptions corresponding to the zero block, are recognized when the system completes
its work. It is on the basis of the results of recognizing control descriptions that the occurrence or non-
occurrence of a disaster in the zero block will be recognized. This is conditioned by the results of this
recognition because they show how correctly these knowledge and data bases are determined on the
basis of the learning descriptions in the learning process corresponding to the fact of the occurrence or
non-occurrence of a disaster, how well the situation given in the previous period of the zero block is
prepared for the occurrence or non-occurrence of a disaster in the same region and period, also to what
extent it is possible to recognize the same disaster in the same region and period in the following year
based on the knowledge and data bases determined in the learning process.

As for learning recognizable descriptions, their separation from the initial learning
descriptions as well as their recognition helps the learning model to form appropriate knowledge and
data bases corresponding to the number of variants and to correct data bases. They also help the
recognition model in making primary decisions according to the number of variants and determining
the detector of trust of the system. The results obtained after recognition of learning recognizable and
control descriptions are reflected on the effectiveness of working of the SPRL and detector its trust
elaborated by the recognition model.

The approach proposed above implies that for each month, the learning process will be
conducted on the basis of their previous 12 months and the learning descriptions, as well as knowledge
and data bases, will be separately determined for them. The results of recognition of learning
recognizable, control, and also, new recognizable descriptions participate in the process of
specification (correction) of these data bases. As the recognition model takes into consideration the
correction of data bases based on the results of the recognition of the above-mentioned recognizable
descriptions, the first two of them will be corrected if these descriptions belong to the class with any
degree of belonging. The third of them will be corrected when the new recognizable descriptions
belong to the corresponding class with the degree of belonging that equals only to one. This indicates
that the more frequently the system works, the more reliable will be the subsequent recognition results
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in case of occurrence and non-occurrence of a natural disaster. It will be more convincing to evaluate
(recognize) the possibility of occurrence of a disaster.

Unlike object recognition, in the case of forecasting (recognition) disaster in the given region
and period, taking into consideration its complexity and specificity, it is necessary to have the data of
at least 5-5 years for each class separately, i.e. in case of occurrence and non-occurrence of a disaster.
Based on them, we will determine the knowledge and data bases. From the knowledge and data bases,
only those will be used separately for forecasting natural disasters in the following years, on the basis
of which the correct decision was made about the occurrence or non-occurrence of natural disasters. In
case the decisions made on the basis of different knowledge and data bases coincide, the degrees of
belonging of these descriptions will increase according to the following:

d=d,+d,-d,d,, )
where d;, i =12 i— is the degree of belonging of a description to a class. The effectiveness of the

working of the system and its detector of trust will increase accordingly (their determination on the
basis of the degree of belonging to a class, also based on the results of recognition of learning
recognizable and control descriptions is considered in the recognition model). In order to choose
knowledge and data bases to forecast natural disasters in the following years, we consider the
effectiveness of working of the system and its detector of trust as the characteristics of the knowledge
and data bases. Let us mark them with E and T accordingly. After this, we will use the vector-
optimization method according to which those bases that belong to the Pareto set will be considered as
the best knowledge and data bases.

The vector optimization method of choice is used even if we have several knowledge and data
bases and if it is based on one part from them; decisions are made on the occurrence of a natural
disaster but are based on another part — on non-occurrence of a natural disaster in the same region and
the zero block (what will not happen if the initial parameters are correctly chosen from the beginning).
In the case of the above-mentioned, knowledge and data bases will be divided into two groups. The
vector optimization method of choice is used for each group separately. The detector of trust and the
effectiveness of working the system will increase for each group separately according to the
formula (1). If we consider them as vector components in relation to which group they were
determined, we determine the lengths of these vectors. Depending on which group the vector length
will be more (the system effectiveness of working will be closer to 1 and detector of trust — to T> 0.8),
the knowledge and data bases will be used the next year to forecast occurrence or non-occurrence of
the same natural disaster in the same region and period, i.e. the zero block (these numbers are taken
presumably. They should be determined based on statistics when real data will be used).

After determining the knowledge base and data bases if they are determined on the basis of the
real data, the recognition model also should recognize the descriptions determined based on the real
data of the previous period of the same zero block and region in other years. Then, on the basis of the
recognition results, the recognition model will forecast the natural disaster, as it happened in the case
of control descriptions (for which the fact of occurrence or non-occurrence of disasters was also not
known). After using the real data it can be necessary to change or add the initial parameters considered
in the method of determining the initial learning descriptions [6].

Conclusions. To forecast natural disasters (floods, mudslides) in the given year t; region, and

the period T, with the system of pattern recognition with learning (SPRL), this objective should be set
in the terms of pattern recognition with learning. After this, all three models included in the SPRL are
used. The first model: determines descriptions in the given year t_, region, and on the basis of the data

of the previous 12 months of the period T,; on the basis of the data given in other years also in the

same region and period determines learning descriptions. From them, first of all, are separated the
control descriptions, then the variants of learning and learning recognizable descriptions. After
increasing the informativity of learning descriptions in the variants, using the combinatorial schemes,
the second model determines; artificial parameters that show hidden connections between parameter
values given in the learning descriptions; on the basis of learning descriptions in relation to variants
and classes for each recognizable description determined one knowledge base but for each control
description — knowledge base of the number of variants. On the basis of knowledge bases in this case
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the same number of the data base is determined in relation to variants and classes, but in the first case
— one data base. Consequently, based on the knowledge and data bases, the third model for learning
recognizable descriptions, with the help of corresponding criteria, will make one decision of belonging
to the corresponding class, for control description — primary decisions according to the number of
variants and on their basis — one decision. Based on the corresponding arguments and according to the
results of the recognition of control descriptions, the third model will forecast a natural disaster in the
given region and period. After correcting the data bases, on the basis of the results of the recognition
of control and learning recognizable descriptions, this model determines the effectiveness of working
of the system and its detector of trust on which these recognition results will be reflected. The learning
process should be based on at least 5-year data. They are presented separately and knowledge and data
bases are determined according to them. Such bases are chosen from them on the basis of which in the
learning process the control descriptions are assigned to the corresponding class with the maximum
degree of belonging. When using real data, it may become necessary to change the initial parameters,
which is considered in the method of determining the initial learning descriptions [6].
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Introduction. The problem of improving the efficiency of quarry electric locomotives
operation is being solved during several decades [1, 2, 3], but it has not been solved yet. Modern
achievements and the latest developments of scientists in the field of the control of
electromechanical systems (EMS), in particular, the electric drives of industrial electric locomotives
[4, 5, 6], do not enable getting the required results as the condition of the rail tracks, mechanical
equipment and traction electric motors is extremely unsatisfactory. It should be taken into account
that the mentioned factors are directly interconnected and it is impossible to solve the problem of
the high-quality repair of electric motors without the improvement of the condition of the tracks and
wheel pairs. Fig. 1 contains fragments of rail tracks of quarry electric locomotives providing the
transportation of the mining muck.
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Such defects reflect on the state of the surface of the wheel pairs (Fig. 2). In some cases the
wheel diameter decreases by 10-12 mm (Fig. 2, a), and new dents cause the appearance of the
analogous damage of the rail surface (Fig. 2, b), and even variation of the geometry of the rail head.

Appearance of hollows, caverns, dents results in slippage, which additionally damages the rail
track and the wheels at the point of their contact. When the diameter of a wheel decreases, the wheels in
the wheel pair rotate at different speed, which results in continuous slippage of the wheel surface against
the rail surface [7]. During the slippage the load is distributed irregularly between the traction motors.
Motors with a higher load overheat and quickly fail also due to the presence of low-quality electricity in
the contact network [8-14]. Motors are repaired at specialized repair enterprises allowing the following
deviation of the output parameters according to the GOST state standard: the armature winding — 10%
and the excitation winding — 2% [11-18]. The irregularity of the parameters results in irregular rigidity of
mechanical characteristics and in irregular distribution of the load among the motors. That is why the
research of the operation modes of quarry electric locomotives is a topical problem.

(1) P A v am)) &~ ¥ .
Fig. 1. Fragments of the rail track condition: a) — break, b) hollow, c) — dent

Fig. 2. Fragments of the wheel pairs condition: a) — Change of the wheel diameter, b) — dent

Problem Statement. Electric locomotive OPE-1A (OPE-1AM) is the main type of the
quarry electric locomotive at Poltava Ore-Dressing and Processing Enterprise. It is designed for the
operation on the strip mining railways electrified by alternating current with the voltage of 10000 V,
the frequency of 50 Hz, ruling gradient of 60%o. The servicing part of the traction unit consists of
six two-axle bogies, two in each section. The bogies are equipped with two wheel-motor blocks
consisting of a wheel pair and a traction motor. Direct current series excitation motors DTN (NB-
511 for OPE-1AM) are used as traction motors; in continuous duty their rated power is 418 kW at
the rated voltage and current respectively 1500 V and 300 A, maximal rotation frequency 160 s-1.

045 075 28
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Fig. 3. A fragment of the basic power circuits of the electric locomotive TED: M1E, M3E — traction
motors; PRE — reverser; PTEL — brake switch; PBE — Locomotive wheelslip relay, C1-C2 —motors
field winding; R18, R20 — shunt resistors of the motor field winding; VD1, VD3 — disconnectors of the
motor, K1-K2 — motor armature; LM1E, LM3E — inductance of the motor field winding.
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An electric locomotive is manufactured in a three-section variant and consists of a driving
electric locomotive, a diesel section, a motor dump car. Sometimes a second motor dump car is installed
instead of a diesel section. An electric locomotive is equipped with 12 traction motors. In the traction,
autonomous and brake modes traction motors are connected in parallel in each traction unit (Fig. 3).

Admissible 10% deviation of the armature winding parameters in repaired traction motors is
determined according to heat condition [7, 8, 9, 10, 13-15] and, if forced ventilation of the motors is
available, allows long-term operation. However, it should be taken into consideration that an electric
locomotive is equipped with 12 traction motors that are not especially selected for the operation in a
multi-motor electric drive system as they are motors of the same type. In this case there is a possibility of
such a situation when one electric locomotive unit will contain motors with parameter deviation within
the tolerance but of opposite values. Let us consider a probability of such a situation.

Let there be N motors in the repair fund; they are characterized by a vector of a certain
parameter deviation from the norm A=/A; A,...Ai...Ax]". Value A, that characterizes i-th motor may be
both positive and negative and may repeat m times(/<m<N).

Results of the Research. We introduce an upper-triangle matrix of the modules of the first
final pairwise differences v characterizing the difference between the motors in the pair according to
the preset parameter:

0 Vip Viz - Vg Vin
0 0 Vp -+ Vyp -+ Vyy
0 0 0 : : : :
V=[0 0 0 0 V; -V @
0 0 0o 0 O : :
00 0 0 0 0 Vg
0 0 0 0 0 0 0

With the dimension of NN (the number of the elements (N*-N)/2), its elements are calculated
by the following rule:
Vij: |Aij|=|Ai—Aj|, Vi<j. (2)
0, Vi j
If Vij~0 orV; =0, it means that the difference between the i-th and the j-th motor by preset

parameter 4, is respectively minimal or absent.
We are interested in the maximal value max(Vj;) =V . Naturally, V., may repeat Kmax

times (in theory 7<kmax<N-1).

Let us estimate the probability of the situation when during the selection of 12 motors for a
locomotive there will be a pair corresponding to V.., : a) once; b) at least once.

On the basis of the hypergeometric distribution of probabilities it is possible to write down a
probability that during the selection of 12 motors out of N the number of the chosen ones will include
exactly k (1<k<kmax), corresponding to V., :

C k . ClZ:k
PV e, K) = e ©)
C:N

Then for the probability of the extraction of one such pair it is possible to write down (one

pair — k=2):

2 10
Ckmax ) CN —Kmax

C¥

In practice N=100...400. Let us consider the “worst” case when the repair park is minimal, i.e.,
N=100 and, e.g. there is a chance to select knax=12 (6 pairs) of motors with the maximal difference by
the parameter. Then

P(Vmax:2) =

c2 .clo
p(vmax ' 2) = 12 12 88
Cigo

Taking into account that Co*=n!/(k!(n-k)!) and n is big, Stirling’s formula will be used for the
calculation of factorials:

n

e
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2 ~10

Then P(Vimax:2) = @
Ci00

The probability of the situation when during the selection of 12 motors at least one pair will be

with the maximal difference of the conditions is:

~0.284, i.e.284%. e (4)

Clm 3 C12—m
P(Vinax: (k=2)v(k=4)v(k=6)v (k=8)v(k=10)v(k=12)= Y %: 0.314, (5)
m=2,4..12  Cigo
i.e. 31.4%.

PT PT
03 04T
0.25+ 0.37
02+ 0.2
0.15+ : : : 0.1 te ’ ’

50 100 150 n 50 100 150 n
Fig. 4. The probability of the situation when Fig. 5. The probability of the situation when
during the selection of 12 motors out of n during the selection of 12 motors out of n motors
motors of the repair park one pair will be with  of the repair park at least one pair will be with

the maximal difference of the parameters the maximal difference of the parameters

The obtained results reveal that in every third case there may be a situation that will be
unfavorable from the point of view of the reliability characteristics of the wheel pair of the electric
locomotive after repair.

As mentioned above, to get real assessment of the said probabilities it is necessary to know the
law of distribution of value A; of the preset parameters as it would allow the assessment of the share

of the motor pairs with maximal deviations from the preset parameter.

Let A¥ be a casual deviation of the k-th parameter of the electric motor after repair. For the
convenience of further reasoning let us pass to relative deviations
k
sk = f— -100%, (6)

rnom

where rnkOm — rated (published) value of the required parameter. As transform (6) is of linear character, the
form of the law of distribution of probabilities of A¥ and s* coincide. Let the law of distribution 5 be

.
preset by the density of probability f 4 (x,0%), i.e. 5 ~ f 4 (x,0%), where ok = (@'{,@5, @f) — vector

of the distribution parameters. It is necessary to:
1) assess f (x,0%):

2) assess the probability of the situation when two motors of size N, randomly chosen out of
the repair fund, will have critical deviations by the k - th parameter;
3) assess the probability of the situation when two motors of size N, randomly chosen out of

the repair fund, will have critical deviations by at least one of k (k=1,K )parameters.
The assessment of the law of distribution f 5K (x,@0) requires structural and parametrical

identification of the model. Taking into account the complexity of obtaining the sufficient amount of
empiric data, which would provide the opportunity to suggest and verify a definite statistical
hypothesis as to the model, we will consider the assessment of the law of distribution based on a
number of a priori assertions and suppositions.

By virtue of the central limit theorem we can suppose, that the law of distribution ¢ * should
have a normal or at least an asymptotically normal law of distribution with zero mathematical
expectation (u=0):
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~(x-p1)°
(% 1,0) =——e 207 ()
SN \/g ’

However, according to the standard requirements, the absolute value of the post-repair
deviation of the preset parameter k cannot exceed a certain admissible value. Otherwise the electric
motor is considered unfit for operation and does not replenish the repair fund. In other words, in
practice, it is necessary to have not a normal but a truncate normal law of distribution with
symmetrical boundaries and it should be preset by the following expression with four parameters:

0 x<x

(7]

f§k (X, 4,0, %, %) = X < X< X, (8
e[
o o
0 x>x
1 2 1§ -2
Where ¢(x)—=—=e 2 — Laplace’s function, @(x) =—je 2dx — Laplace’s integral function. In this
2z NV 4 0
case three out of four components of the distribution parameter vectors can be considered exactly preset:
u 0
O]
ok =7 |=| % |,
X1 X1k
X2 X2k

mi(cﬁk —mean(5¥))? — sample
-1)ia

. . . 1 .
point unbiased and consistent assessment of parameter o, mean(&ik) = —Z(ﬁ-k ,n, n—sample size.
n:
i=1

where x, o, — particular tolerances for the k-th parameter, o, =

fok (X p1,00%, %)
01T

0 é 10 x
2
Fig. 6. A view of the density of the distribution of the truncate normal distribution with a parameter vector
Y7 0
ol | 6 |_|5077|
X11 -10
X21 10

Then the probability of getting into the left-hand and the right-hand critical zone are equal and
are determined as

. X2
p(&k 2@j= p(&k gmj: p| ¥ >X ) I f ok (X, 11,0, %, Xo ) AX. 9
2 2 2) ;0
2
Consequently, the probability of the situation when during the selection of two motors for one
wheel pair one will choose two specimens with deviations by the preset parameter k that will be
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diametrically opposite and of the type that |d1-d-2|>x1, will be equal to the following, according to the
theorem of multiplication of dependent events

5kZX72

ks x ool [k <) a sk 522 ) og. of sk <X 2
p(‘&l 52‘2x1)—p([5 ézjm[é > 2)} 2 p(5 ssz x| (10)

=

Finally, the probability of the situation when two motors of size N, randomly selected out of the
repair fund, will have critical deviation by at least one of k parameters can be calculated by formula:

p((‘&f-&%‘ 2X11)U(‘512—522‘2 Xlz)U---U(‘fle _52K‘2X1K )):1-fllp(51k —5§‘< Xlk)- (11)

As an example, let us consider a case with two parameters: armature winding resistance (R,)
and excitation winding resistance (Rs). The distribution parameter vector for the armature

yZi 0
o _| 61 |_|5077|
X11 -10
Xo1 10
M 0
o - 5 1,106
For the excitation winding - @%= | 72 |=
X12 -2
X22 2

The assessment of parameter o is obtained on the basis of the selective data
Then, according to formula (6), the following is true for the armature:
. 10
p[él > @j - p[&k < mj - p(ék > 5) = [ 1,1(x,0,5.077,-10,10)dx = 0.145.
2 2 5 &
It means that =15 motors at N=100 have the value of resistance exceeding half of the
admissible one on the right, i.e. 5%, and the same number of motors with deviation on the left.
Analogously, for the excitation winding:
. 2
p(&z > @j - p(52 < m] - p(52 21) = [ f,2(x,0,1.106, -2, 2)dx = 0.15889.
2 2 1 5
Then the probability of the situation when during the selection of two motors for one wheel
pair one will choose two specimens in which the deviations of the armature winding will be

diametrically opposite and of such type that |6, —&,|>10 by formula (10) will equal:

k
1_s51510) = of(s* <— Koy 22.n(sk <_5)p| 025 |15 15 ,_
p(‘é‘l 52‘210)—p((5 < s)m(a 25))_2 p(5 < 5)p{5k§_5}1oo 2= 0.04545
Analogously, for the excitation winding:
2
2_ o2 _ 1o 1 o 52 o 6°=21) 16 16 ,
p(‘dl —52‘21)_ p((5 < 1)m((5 21))_2 p(5 < 1)p(51S_J_—100 S5 2= 005172,

Finally, the probability of the situation when two motors of size N, randomly selected out of the
repair fund, will have critical deviation by at least one of the parameters analyzed by formula (11) will be:

p((‘511—5%‘2 Xll)u(‘élz —522‘2 Xlz))zl—ﬁp(‘ék —5§‘< X1k)=1— p(‘éf—&%‘< Xll)p(‘511_5%‘< X11)=

=1-(1-0.04545)(1-0.05172) = 0.095 ~ 0.10,
i.e. in every tenth case during the repair the selected pair may be of such a type that, at least by one
parameter, there will be a deviation exceeding the admissible norms.

Conclusions. The performed analysis of the condition of the mechanical, electromechanical
equipment of the quarry electric locomotives and rail tracks reveals that, due to the deviation of the
parameters of traction motors after repair in the electric locomotive multi-motor electric drive there
occurs irregular distribution of load among the motors, the overheat of more loaded motors and their
failure. Irregular distribution of load causes slippage resulting in the damage of the rail tracks and the
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wheels of the electric locomotive. The calculated probability of fitting up the electric drive with motors
with the widest variation of parameters reaches 30% in the existing repair park of traction motors. An
analysis of mechanical characteristics of the two-motor electric drive has been carried out. It takes into
account the slippage caused by the condition of the rail track. The growth of losses of the overloaded
motor results in the decrease of its insulation durability by 25%. Taking into consideration the fact that
there is no possibility of control of a separate track motor on the electric locomotive, high accident rate
will remain in the future. The equalization of the irregular load among the motors caused by the irregular
parameters and the deterioration of the coefficient of traction is only possible by means of additional
control of the motor magnetic flux. Besides, the synthesis of a SMART-system of control of traction
electric drive with the functions of self-control and analysis will provide the improvement of the
efficiency of the operation of traction electric drives of quarry electric locomotives. It is also possible to
solve the above problem by using additional power sources for electric motors, as alternative sources.
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Introduction. Features of recreational use of urban areas, in particular the formation of
landscape structure and integrated landscaping system of the coastal area in relation to the water area,
the creation of water-green diameters, revitalization of river valleys, the formation of individual water-
green objects, clustering - notable modern urban trends many cities around the world are still not
sufficiently implemented in the cities of Ukraine. World experience shows that a systematic approach
to the urban organization of riparian areas includes complex environmental and recreational tasks:
management of surface runoff within the catchment; protection of territories from flooding and
flooding, which can be implemented in particular in a landscape way. These processes are confirmed
by the relevant planning documents, but have not yet become widespread.

Solving the functional and planning needs of the city and the architectural and landscape
organization of recreational spaces in its structure is complicated by the peculiarities of the river
landscape and its interaction with the urban environment [4].

The issues of rehabilitation of the existing urban structure are becoming key in urban planning. The
balance of urbanized and recreational elements is also important for the sustainable development of the
city. Riverside areas, being part of urban areas with varying degrees of urbanization, have great urban,
natural and recreational potential. Urban "smart-development” of riparian areas is associated with
environmental safety, structural and functional transformations of the territories, with the identification of
their condition and rehabilitation opportunities. In order to transform urban areas and their further
sustainable development, to create a comfortable, accessible, aesthetically pleasing environment. In order to
form a recreational framework in the structure of the river zone of the city.
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The processes of rehabilitation of urban structures, and riparian areas in particular, are based
on closely integrated market conditions, state planning and local interests of communities [1]. The key
importance is attached to the stage development of the territories in accordance with the planned
master plan of the city. At the same time, one of the main principles of sustainable development of the
river zone is the creation of a single water-green, ecological-urban framework of the city. This
principle provides for the analysis of the ecological state of functional zones in the structure of riparian
areas, their restoration, removal of environmentally hazardous enterprises with subsequent
rehabilitation of territories. The aim is also to create significant green areas within the coastlines that
perform recreational and conservation functions. Rehabilitation of riparian urban spaces contributes to
the improvement of the ecological condition and restoration of the urban environment. The
composition of permissible functional zones in the structure of riparian areas, building density
parameters, is considered as a tool and an opportunity to create a comfortable environment, achieved
through close integration of landscape infrastructure, structural and planning reorganization of urban
fabric on the border with the water area. Equally important are changes in the structure of urban
mobility, the formation of a continuous pedestrian framework of the city, which aims to create a
system of pedestrian mobility that integrates the linear and nodal components of the spatial planning
infrastructure of the river zone of the city.

Materials and methods. Activation of water protection functions of river areas. Great
importance in the greening of the city is given to the formation of its ecological infrastructure, an
integral part of which is the system of greenery and the water area of the city, which comprehensively
form a natural recreational framework. This is a system of natural type, which provides the creation of
appropriate, from an ecological point of view, living conditions in the city, allows the continuity of the
natural framework in the city and forms a connection with suburban recreational areas (Fig. 1).

- nigh censity
Fig.1 Identity of recreational frame of the city Fig.2. Industrial areas in the riverside territory

The methodology of spatial-functional formation of the urban environment in the water area
takes into account the transformation of the coastal zone into a spatial-thematic scenario together with
the need to integrate the entire number of local urban planning tasks. Analysis of possible vectors of river
space development within the city with the formation of a contact zone in its structure, as a tool for
project modeling, makes it possible to regulate the structural components of buildings and landscaping
within the water area, creating a contact area with meaningful levels of interaction of river basins [3].

Rehabilitation of riparian areas, which means a set of measures within the riparian space,
contributes to the territorial restoration and implementation of the principles of ecological sustainability,
humanization and social orientation of the environment, maintaining the balance of natural and
anthropogenic components of urban landscape and recreational needs of urban population. In this period
of development, riparian areas are functionally rich and urbanized space. The study of the development of
the territorial-spatial structure of cities in relation to the water systems allowed to determine that the
riparian areas are prone to varying degrees of urbanization, some of them need renovation and
replacement. One of the main goals of the reconstruction projects is to determine approaches to the
transformation of the landscape system of the city of Dnipro into an efficient and stably functioning urban
framework. However, many aspects concerning the forms of urban landscape transformation and natural
forms in terms of their spatial characteristics and role in shaping the composition of the city, as well as the
process of forming the ecological and urban framework and the organization of open spaces remain

y low density
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unclear. Thus, the master plan, as a regulatory document, should determine the path of transformation of
the urban environment in the direction of the vector of sustainable innovative development of the territory
on the basis of the introduction of a new structural element of the natural complex.

Acquisition of qualitatively new content in the interaction of man and nature can be realized under
the conditions of providing territorial-spatial and urban processes of culturological content. Thus, the issue
of functional orientation on landscape reconstruction of territories along the waters of large rivers is
actualized in a number of scientific works that were included in this study. According to them, the analysis
of the existing functional use of the coastal zone of the city of Dnipro showed that residential buildings, as
well as public and industrial zones occupy up to 80% of the area of all developed river areas. According to
the sum of factors, the location of residential buildings near the central zone of the city gives a greater
economic effect from the use of the territory than the formation of recreational complexes, but contradicts
the need for green spaces. Industrial territories located in the middle zones of the city and in the structure of
riverine territories (Fig. 2). They are polluted, decayed and even dangerous for the development of the
territory. Numerous foreign studies have concluded that Brownfields, using the capabilities of existing
infrastructure, have great potential for sustainable development. These areas are part of planning strategies
to combat urban sprawl. These areas are used to achieve a balance in the strategies of spatial planning and
regeneration of urban areas [2]. The article considers the possibility of creating a recreational cluster, which
will ensure certain continuity of natural framework, regarding its multi-vector formation in the urban space.
This connection of the recreational cluster with the suburban green belt and water area, will allow
establishing a pedestrian and recreational framework inside and outside the city. In the context of the
functional organization and location of industrial zones in the structure of the riparian areas of the great
river, three different approaches to their extension have been identified.

- Restoration of industrial facilities with a possible change in the function of the facility.
Bringing the object to the status of a memorial, a monument of industrial architecture. Analysis and
development of strategy and stages of work depending on the complete, detailed restoration, the need
for reproduction. Identification of working technology, the urgency of modernization, the need for
improvement. The industrial function is preserved, however, the position of the functional zone in the
waters of the water is contradictory. The size of the occupied territory, the percentage of operating and
functioning enterprises requires a detailed analysis.

- Partial functionalization of industrial territories. Uncompetitive industry, further complete
change of technology, and the need for functional transformation of the structure. Reconstruction and
preservation of the main planning structures of the building. Conservation or museification of the
object depending on further strategies. Inclusion of objects of a new type, characteristic of the era of
refunctionalization, in the structure of a historic industrial facility.

- Full functionalization of industrial areas. Functionalization of the existing monument of
industrial architecture, Relatively relevant socio-cultural criteria, and structural transformations of the
functionalization of the territory, identification of stages of rehabilitation from industrial pollution.
Assessment of the historical value of objects. Changing the industrial function in accordance with
urban development strategies. Ecological rehabilitation of the territory. Strategy formed after a
detailed analysis. Reclamation of the territories which have got to a pollution zone, increase in percent
of a recreational component.

The research methodology included the use of the method of complex factor-by-factor analysis
to identify the urban potential of the territory, using a systematic approach and study of graphic,
cartographic, normative materials, with data on structural and planning and landscape organization of the
urban environment. The study conducted a multifaceted, comprehensive assessment of the factors
influencing the development and organization of the riparian areas of the Dnieper River within the city
of Dnipro. A number of conflicts have been recorded. To a large extent, the cause of pollution of the
surface waters of the Dnieper is the lack of adequate systemic actions and efforts to combat the
consequences, rather than to eliminate the factors that cause the negative impact. Thus, the main reasons
that led to the threatening state of the environment can be considered: outdated production technology
and equipment; high energy and material consumption, which exceeds two or three times the
corresponding indicators of countries; high level of concentration of industrial facilities; unfavorable
structure of industrial production with a high concentration of environmentally hazardous industries.

Results. Programs for the conservation and restoration of river ecosystems should be aimed at
minimizing damage to the sustainable functioning of the basin and preserving the integrity of river
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systems. The purpose of this analysis was to obtain a systematic view of the formation of infrastructure
within the water area in the process of urban planning and urban development. In order to improve the
environmental situation in the Dnieper region, the main activities have been identified. The recreational
framework of the city of Dnipro was revealed (Fig. 3). The comprehensive program should be formed in
order to improve the ecological condition of the Dnieper basin, solve the problems of waste
management, especially toxic and unsuitable ones, and improve the system of ecological monitoring in
the region. Environmental protection, rational use of natural resources, ensuring the environmental safety
of human life are essential conditions for economic and social development of the region. In areas of
long-term development, the question arises about the relationship between the current urban situation
and new forms, methods of rehabilitation that meet modern priorities of landscape originality,
accessibility, spatial diversity, inclusion of riparian areas and water space in city life.

Design concepts

Connecting residential areas Creating of green zones Renovation of slag dumps as Combining of the scale of axis

and the city center a place with a unique landscape nd planning structure

2 ;
Moving out detriment and Creating of technopark for Preserving of valuable and
ou?dat;d n:anufa:ture . scientcegandttechnofogy ‘ . intereslingg objects
Fig. 3. Analysis of the riverside areas in the city structure. Coastal transformation strategies.

The main principles of renovation of industrial areas of the city on the example of the city of
Dnipro. Conditionally riparian areas are divided by the type of their use of the territory. They include:
areas of production and storage facilities, areas of individual housing, areas of multi-storey housing,
recreation areas, green areas and sports areas. In the scheme of planned activities, they are presented in
different colors, according to the symbols. The main measures of environmental, communication and
social areas take into account the nature of land use, as well as involve the functional content of a
particular area. As a result of the carried out work, taking into account the revealed problems within
territorial limits of research, three basic directions of the organization of coastal space are offered:
ecological, communication and social.

Ecological direction of landscape organization. The ecological direction of the territory
development is the formation of a single structure of green spaces, which can be described as a recreational
corridor, due to the preservation of existing green areas and the formation of new in the structure of areas to
be renovated and alluvial areas. The main principles of this direction, which underlie the development of
methodological approaches are: the principle of preservation, restoration and development of the natural
potential of the territory; the principle of forming a barrier-free ecological environment; principle of parity;
the principle of adaptation, humanization and social orientation.

Communication direction of landscape organization. The communication direction of the
territory development is the formation of the main connections of the river area with the city in
general, with the adjacent residential areas in particular, and provides the connection of the planned
points of gravity along the river. The principle of communication direction and general accessibility
implies the availability of different age groups and different degrees of mobility. The main principles
of this area are: urban planning principles; the principle of general accessibility; the principle of
connectivity of the territory and adaptation; the principle of inventory and significance, priority; the
principle of the cultural matrix.
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Social direction of landscape organization. The social direction of the territory development
consists in the formation of contact zones and communicative recreational objects, within the water
area of the city, which function evenly and are structural objects of the system of recreational
pedestrian corridor along the water area. The main principles of this direction: the principle of forming
a comfortable environment; the principle of multifunctionality; the principle of comprehensive
renovation; the principle of compliance with socio-economic requirements; the principle of aesthetic
harmonization of the environment; the principle of sustainable development and environmental safety.

Integration of eco-clusters into the structure of riparian areas. Changing the quality of the
urban environment in the direction of the vector of sustainable development of the territory is possible
on the basis of the formation of principles and methods of rehabilitation of riparian urban areas.
Significantly increase the level of innovation activity will allow the use of cluster approach in the
formation of recreational corridors along the water area, introducing technopark structures replacing
industrial areas, creating tourist and recreational areas as poles of economic growth, forming
communication spaces, sustainable recreational ecoclusters. One of the approaches to the restoration
of industrial areas is their ecological rehabilitation: reclamation of areas covered by the pollution zone;
transformations within the transport infrastructure: bicycle connections, development of high-speed
rail transport, organization of communication complexes within the embankment.

Development of a system of integrated process control in the riparian zone. On the one hand,
uncontrolled self-filling of urban areas with natural elements affects the overall balance of green areas
in cities, on the other hand, provokes social and urban conflicts. This property of "uncontrolled
landscaping™ of urban areas allows urban policy to assess the reserves of environmentally friendly
development. For example, the Open Space Strategy, launched in the United Kingdom, officially
regulates the use of river water protection zones as corridors of an ecological urban framework. This
strategy also considers the small but important "green islands™ between buildings and along roads as
"informal natural areas"”, which also play a role in shaping the system of open urban spaces [5].

Conclusions. As a result of the research in order to identify the techniques and principles of
structural and spatial transformations of river areas, their current state is analyzed, with a
comprehensive urban analysis and identification of their urban potential. The principles and methods
of structural-density and morphological transformations that can be used in projects of sustainable
development and rehabilitation of the formed urban river areas have been developed.

These principles have the opportunity to be implemented through a number of methods of
urban organization. The main directions of the organization of the coastal space are aimed at forming a
clear comprehensive strategy for the transformation of the structure of the recreational facility in
accordance with current trends. Within the city, the river space is formed in a complex way, as a
strategic object in the context of ecological planning programs, as the main element of the framework
of water-green diameter, ecological corridor. All principles function in synergetic dependence, are
complexly connected with each other, in this connection, a complex of measures on landscape
organization, rehabilitation, renovation is applied in the developed territories.
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