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EXPERIENCE OF TEACHING DENTISTRY IN COMBINATION WITH INTERACTIVE
TECHNOLOGIES IN THE TEACHING MODERNIZATION IN HIGHER EDUCATIONAL
ESTABLISHMENTS OF UKRAINE

Summary. This methodological article highlights and reason modern principles of optimization of teaching
at the Department of Therapeutic dentistry, the Department of Surgical and Pediatric dentistry BSMU and at the
Department of Propedeutics of Prosthetic dentistry UMSA for students of different forms of learning. The intro-
duction of new computer technologies in educational process is well-grounded.

Keywords: interactive teaching methods, dentistry, dentist.

Introduction. Students learning level largely de-
pends on visual technical facilities that teacher use dur-
ing practical classes. Teachers are commited to seek
further implementation of modern forms and methods
of educational work into practice, which mainly con-
cerns the use of interactive computer technology [1].
Students also assess the level of teacher’s training, his
awareness of new technologies and require the most
precise teaching of the discipline during practical clas-
ses.

Main part. The purpose of learning therapeutic
dentistry, surgical and pediatric dentistry, propedeutics
of prosthetic dentistry is the formation of clinical think-
ing in students during studying "Dentistry" using inter-
active teaching methods, including modern computer
technology.

Clinical thinking in the current development of
dentistry - is a way of thinking, based on theoretical
concepts of health, that explains the nature of the dis-
ease, its clinical manifestations, and allows us to for-
mulate the strategy and tactics of its diagnostics, treat-
ment and prevention [2, 3].

During studying the disciplines "Therapeutic den-
tistry", "Surgical and Pediatric Dentistry" and
"Propedeutics of Prosthetic dentistry" students form
practical skills that can be used only with the individual
approach to learning, that is active gaine of knowledge
with the further ability to apply it [ 4, 6]. Therefore,
special attention is paid to solving situational problems
that requires students to have not only the knowledge
of the theoretical foundations of the discipline, but also
the ability to think logically, to analyze information and

summarize it. [5] The staff of the Department of Ther-
apeutic dentistry and the Department of Surgical and
Pediatric dentistry of BSMU developed training manu-
als, which make the mastering of basics easier for stu-
dents. Considering the impact of new technologies spe-
cifically on the learning process was noted that distance
learning promotes self-discipline, creative material ab-
sorbtion, and encourages the independent search for in-
formation on the topic of the class. Therefore, to im-
prove the professional capacity of students in Bucovi-
nian State Medical University information system
Moodle - distance learning system was established
(http://moodle.bsmu.edu.ua). The system of distance
learning makes it possible not only to inspect the clas-
ses, but also watch the video, lecture presentation on
the subject, to learn about current medications used to
treat certain clinical diseases, examine regulations that
regulate the actions of the physician in a particular sit-
uation or during emergency, view a list of modern lit-
erature. The system allows for computer testing of any
subject and assess the quality of knowledge. At the
same time, when filling Moodle, teachers of Bucovi-
nian State Medical University use new materials in
each discipline, including English, which improves the
quality of students knowledge.

Moodle system structuring makes the process of
learning easier during each individual class and the
school year as a whole.

The guidelines for each class of every subject
taught at the department were developed and presented
to the public by the staff of the UMSA and of the
BSMU.
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Clinical tests of different levels aimed on improv-
ing the practical skills and the knowledge of students is
an important aspect of teaching. To address this aim,
the lecture hall of the Department of Therapeutic den-
tistry has installed the multimedia set for the possibility
of projection the material on a large screen, which is
used as an interactive form of students work with tests,
resulting in simultaneous work of auditory and visual
analyzers.

Each test consists of three slides: on the first dis-
played question, the second — different answers, and the
third - the right answer.

This is the form of work that promotes advanced
study of courses and preparation for the “Step”.

To fulfill these tasks the departments lay a basis
with the proposed method of teaching students using
interactive tools in recent years. Such approach allows
to start preparing future dentists for work with patients
by obtaining some skills in pre-clinical stage. In the in-
itial stages of training students form the tactile memory
of skills and abilities by mastering each step of algorit-
mic manipulations through the use of educational phan-
toms, simulators and dummies.Senior students work on
practical skills of emergency situations and implement
a number of new educational technologies by them-
selves.The Department of Propedeutics of Prosthetic
dentistry has its own computer lab with computer test
program. All the tests are divided into three major sec-
tions of each module.

The first section controls the entry-level of
knowledge on topics of practical lessons. It consists of
15 tests from the database tests "Step 2". Each student
is given 1 minute to answear. After the last test ques-
tion, the program displays the number of correct an-
swers and the initial assessment of the degree of stu-
dents to prepare them for practical classes. That means
that teacher does not loose time on the evaluation of
students, which greatly improves the level of teaching.

The second section is the Rector’s program moni-
toring of students’ knowledge, that takes place before
the final module control and consists of 30 tests ques-
tions of all sections of the module. Students are given
30 minutes to complete all the tests, then the results of
test control goes to a teacher display.

The third section is the final module control,
which consists of two parts: the first includes tests from
the database "Step 2", the second - five situational prob-
lems. After student answers the last question, teacher
determines the overall score for the final module con-
trol.

The program for testing is created in such a way,
that whenever starting a new test, questions are deter-
mined randomly, and the answers differ every time.

This eliminates the cheating among students. Conduct-
ing computer test control excludes the human factor,
unifies testing for all students and prevents any mani-
festation of corruption at this stage.

Computer network "Internet” has the essential
meaning to the training of highly qualified personnel,
and is mostly the main source of information nowa-
days. Internet has become a source of not only text but
also video information for teachers and students of the
latest advances in therapeutic dentistry of Ukrainian,
CIS and the worlds scientists.

The Departments have available free WI-FI inter-
net, enabling both teachers and students to get the nec-
essary information, using multimedia set - to demon-
strate the latest technologies during classes.

Conclusions. The improvement of training quality
includes not only the refinement of content of training,
but also the perfection of forms and methods and or-
ganization of educational process in accordance with
the patterns of the process of assimilation. The overall
objective of the system of student learning is the con-
stant use of modern computer technologies to optimize
the teaching of the theoretical part of practical training
courses that will significantly contribute to the quality
of training future professionals, using personal comput-
ers in their future dental practice.

The prospect of further research is the search of
new, more effective ways to improve and modernize
teaching techniques to students of dental faculties.
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ASSOCIATION BETWEEN THE STATE OF COGNITIVE FUNCTION AND NATURE OF
NUTRITION, SMOKING AND USE OF ALCOHOL IN PATIENTS WITH ARTERIAL
HYPERTENSION

Abstract

Avrterial hypertension is one of the most significant medical problems. In recent years, numerous studies have
demonstrated the role of hypertension as an independent risk factor in the development and progression of cogni-
tive impairment in the general population. The identification of modifiable factors that predispose and aggravate
cognitive dysfunction in in patients with arterial hypertension is currently relevant.

Objective: to study the state of cognitive functions and psychoemotional status depending on lifestyle factors,
such as smoking, nutrition, use of alcohol, in patients with arterial hypertension.

Material and Methods:

102 patients with hypertensive disease of the Il stage, average age of 49.84 + (.83 years, were examined.
To assess cognitive functions, the Montreal Evaluation Scale (MoCA- test) was used. The level of reactive
anxiety was determined using the Spielberger questionnaire. To assess the severity of depression, the Beck- de-

pression scale was used.

Results: Analyzing the results of psychoemotional tests and cognitive function according to the overall score,

a greater degree of anxiety and a greater degree of cognitive dysfunction were noted in the 2nd group of patients,
who preferred meat, sweets, and few plant products. The absence of depression was least noticed in people who
abused alcohol, and was noted in 43.3%, 43.3% and 33.3% of patients (p <0.05 when comparing groups 1 and 3

and comparison of groups 2 and 3, respectively).

Among the alcohol abusers, there were fewer with mild reactive anxiety, and those with cognitive impairment
prevailed, with moderate alcohol consumption there were more people with mild anxiety.
The best psychoemotional background was detected with moderate smoking, and cognitive impairment was

much more frequent among heavy smokers.

Conclusions: In patients with AH stage Il who did not receive antihypertensive therapy or were treated ir-
regularly in the presence of lifestyle factors such as a lack of preferences for rational nutrition, alcohol abuse, and
smoking, cognitive impairment is found 2.2-4.2 times more often.

The most effective strategy in solving this problem can be with simultaneous exposure to several risk factors,
including necessarily and effective treatment of arterial hypertension.

Key words: arterial hypertension, cognitive impairment, modifiable risk factors.

Introduction. In recent years, more attention has
been paid to early manifestations of brain damage as a
target organ in arterial hypertension (AH). It has been
shown that brain damage can manifest not only by
stroke, but also by impaired cognitive functions, which
significantly increases the risk of developing dementia,
whose frequency reaches 10-15% per year, and for a 5-
year follow-up period in 70% of patients moderate cog-
nitive impairment are transformed into dementia [1, 2,
3]. The frequency and severity of cognitive impairment
in patients with AH increases with the development and
severity of AH and brain damage as a target organ in
AH [4]. Progressive growth of cognitive impairment
and affective (anxiety, depression) disorders, which are

observed in the majority of patients with AH, which
sometimes lead to the development of dementia. Even
moderate cognitive impairment of vascular genesis,
which are observed in AH, is considered by many au-
thors to be prognostically unfavorable [5] and worsen
the quality of life of patients, negatively affecting pro-
fessional activity, behavior in the family and society,
causing emotional distress.

It should be emphasized that the presence of cog-
nitive impairment in a patient with AH does not auto-
matically cause a causal relationship between them and
the underlying disease [6]. Since not only the level of
blood pressure, but also the way of life, plays an im-
portant role in these processes, not only because of the
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influence on the aging processes, but also because it
further determines how fully and independently the
cognitive functioning will be in the elderly. Due to nu-
merous studies, several factors have been identified that
affect the biochemical, morphological and physiologi-
cal processes of brain aging. In many cases, these fac-
tors affect the clinical manifestation of cerebrovascular
and neurodegenerative diseases [7]. These factors in-
clude: the number of calories consumed, the composi-
tion and quality of nutrition, the presence of bad habits,
physical and cognitive activity, social activity, the use
of technical innovations for social communications,
maintaining an active emotional life and controlling the
negative impact of stressful life events, etc.. At the
same time, there are many studies showing that an ac-
tive, cognitive, rational lifestyle leads to a reduction in
the risk of cognitive impairment and dementia [8, 9,
10].

Therefore, the identification of modifiable factors
that predispose and aggravate cognitive dysfunction in
patients with AH is currently relevant.

Objective: to study the state of cognitive functions
and psychoemotional status depending on lifestyle fac-
tors, such as smoking, nutrition, use of alcohol, in pa-
tients with AH.

Material and methods.

We examined 102 patients with AH stage Il who
did not receive antihypertensive therapy or were treated
irregularly (without achieving target arterial blood
pressure levels) at the age of 49.84 + 0.83 years. 40.2%
of AH patients had grade 2, 59.8% had grade 3, and the
average duration of the disease was 8.78 + 0.60 years.

To assess cognitive functions, the Montreal Eval-
uation Scale (MoCA- test) was used, which is recom-
mended by most experts in the field of cognitive im-
pairment for broad use in everyday clinical practice.
The system of formalized assessment of the MoCA-test
does not provide for a gradation in terms of the severity
of the violations, depending on the scores scored (26
points or more are considered normal) [11]. The level

of reactive anxiety was determined using the Spiel-
berger questionnaire (up to 30 points - low anxiety, 30-
45 points - moderate, 46 and higher - high anxiety) [12].
To assess the severity of depression, the Beck- depres-
sion scale was used (scores less than 11 - no depression,
11-18 points - subclinical depression, 19-25 points -
mild depression, 26-30 points - mild depression, more
than 30 points - severe depression) [13].

The diagnosis of essential hypertension was estab-
lished according to the recommendations of the Euro-
pean Society of Cardiology and of the European Soci-
ety of Hypertension [14]. The level of blood pressure
was assessed in the office measurement and 24-hour
blood pressure monitoring. The study did not include
patients who underwent craniocerebral trauma, with a
permanent form of atrial fibrillation, chronic obstruc-
tive pulmonary diseases (respiratory failure of grade 2-
3), coronary heart disease, diabetes mellitus, severe
liver, kidney impairment, obesity.

The research study is performed in accordance
with the provisions of Council of Europe Convention
for Protection of Human Rights and biomedicine. Sta-
tistical processing of the results of the study was carried
out using the computer program "IBM SPSS Statistics
22",

Results

Food. According to the nature of nutrition, which
was determined by questioning, the patients were di-
vided into two groups: the 1% group, who preferred
healthier food (fish, vegetables, fruits and a limited
amount of meat) and the 2" group, who preferred meat,
sweets, and few plant products. Characteristics of pa-
tients are presented in Table I. Patients were similar in
terms of age, duration of AH, mean daily blood pres-
sure level according to the results of 24-hour blood
pressure monitoring. Analyzing the results of psy-
choemotional tests and cognitive function according to
the overall score (Table I), a greater degree of anxiety
and a greater degree of cognitive dysfunction were
noted in the 2nd group of patients on the MoCA -test
scale (p <0.05).

Table |

The indicators of the psychoemotional sphere and the cognitive function, depending on nutrition

Indicators, units of measurement Groups
1st group (n=48) 2nd group (n=54)
Beck scale, scores 12,714+0,99 12,13+ 0,76
Test of Spielberger, scores 31,67+1,34 38,46+1,69%*
MoCA test, scores 27,23+0,21 23,32+0,42*

*p <0.05

With a more detailed analysis of the results, it can
be noted that the absence of depression was noted in
39.6% of the patients of the first group and 38.9% of
the second group. In people who prefer healthier food,
mild reactive anxiety was noted in 45.8%, moderate -
43.8%, severe - 10.4% of patients. In the second group,
severe anxiety was noted in 37.05%, moderate in
37.05%, and mild in only 25.9% of patients (p <0.05
for all levels of anxiety, respectively, in groups). On the
MoCA-test scale: cognitive dysfunction was detected
in 77.8 0% of patients of the second group and 18.5%
of the first (p <0.05). Thus, a larger number of people

who prefer less healthy food have moderate and severe
reactive anxiety, cognitive dysfunction.

Alcohol consumption. By the number of alcohol
consumed per day, which was determined by question-
ing, the patients were divided into three groups depend-
ing on the doses (one dose = 25 ml of vodka or the
equivalent amount of wine or beer). The first group did
not use of alcohol or not more than 2 doses, the second
- up to 4 doses (moderate consumption), the third -
more than 5 doses per day (abuse). The main character-
istics of the group differed only in the duration of AH,
and there were more men in the group of alcohol abus-
ers (Table I1).
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Table 1l
Characteristics of patients depending on the frequency of alcohol use
Indicators, units of measure- Groups
ment 15t group 2" group 3" group
(n=30) (n=30) (n=42)
Age, years 51,27+1,41 48,40+1,71 49,86+1,27
Sex, m/f 13/17 13/17 35/7

Body mass index, kg /m? 27,22+0,82 29.20+0,66 28,83+0,60

Duration of the disease, years 10,07+1,32 6,750,840 9,31+0,89*

average SBP, mmHg 139,77+ 2,80 138,80+2,51 138,71+2,32

average DBP, mmHg 86,50+1,92 87,00+1,74 85,31+1,82

*p <0.05 when comparing groups 2 and 3; ¢ p

group. Moreover, in the first and second groups, cogni-

<0.05 when comparing groups 1 and 2

At the general estimation of points, it is estab-
lished (Table I11), that authentic differences were avail-
able only on MoCA-test scale at persons of the third

tive impairment was noted in 23.3% and 26.7% of pa-
tients, respectively, and in cases of alcohol abuse,
88.1% of patients had impairment (p <0.05, respec-
tively).

Table 111

Influence of alcohol use frequency on indicators of psychoemotional status and cognitive funtion

Indicators, unit of measure- Groups
ment 1%t group 2" group 3 group
(n=30) (n=30) (n=42)
Beck scale, scores 12,33£1,27 12,27+1,19 12,55+0,84
Test of Spielberger, scores 34,07+2,05 33,60+1,95 37,31£1,90
MoCA -test, scores 26,77+0,47 26,37+0,24 23,50-+0,53 %=

= p <0.05 when comparing groups 1 and 2; * p
<0.05 when comparing groups 1 and 3

Attention is drawn to the fact that the absence of
depression was least noticed in people who abused al-
cohol, and was noted in 43.3%, 43.3% and 33.3% of
patients (p <0.05 when comparing groups 1 and 3 and
comparison of groups 2 and 3, respectively). Mild anx-
iety was noted in 36.7% of patients of the 1st group,
46.7% in the 2nd group, and 26.2% in the third group
of patients (p <0.05 in comparison of groups 1 and 2
and in comparison of 2 and 3 group, respectively).
Thus, among the alcohol abusers, there were more peo-
ple with depression and fewer with mild reactive anxi-
ety, and those with cognitive impairment prevailed,
with moderate alcohol consumption there were more
people with mild anxiety.

Tobacco smoking. By the number of cigarettes
smoked per day, the patients were divided into three
groups: the first group did not smoke, the second -
smoked up to 1 pack, the third - smoked more than 1
pack of cigarettes (heavy smokers). Patients were com-
parable in age, duration of AH, mean daily blood pres-
sure level by the results of 24-hour blood pressure mon-
itoring. For all groups of patients (Table 1V), with an
overall score, the level of reactive anxiety and the de-
gree of depression did not have a statistically signifi-
cant difference (p> 0.05). Cognitive impairment was
more pronounced in smoking groups (p <0.05). Cogni-
tive impairment in groups according to the MoCA-test
scale was detected in 31.7%, 40.0% and 70.8% of pa-
tients, (p <0.05 when comparing 1 and 3 groups and
comparing 2 and 3 groups).

Table IV

Comparative characteristics of the indicators of the psychoemotional sphere and cognitive function in
nonsmokers and smokers

Indicators, units of measure- Groups
ment 1%t group 2" group 3 group
(n=30) (n=30) (n=42)
Beck scale, scores 12,13£0,76 11,80£1,53 13,50+1,38
Test of Spielberger, scores 36,03 £1,55 32,07+3,00 35,25+1,95
McNair memory self-evalua- 23,619+1,39 27,27+2,65° 35,71+1,92=*
tion questionnaire, scores
MoCA-test, scores 26,31+0,21 25,53+0,78 24,00+0,56=

= p <0.05 when comparing 1 and 3 groups, * p
<0.05 when comparing 2 and 3 groups, ° p <0.05
when comparing 1 and 2 groups.

Absence of depression was revealed in 43.1% of
patients of the 1st group, 60.0% of the 2nd and 25.0%
of the 3rd group (p <0.05, respectively between the 2nd

and 1st groups, the 2nd and the 3rd group). Severe and
moderate reactive anxiety in 69.9% of patients of the
1st, 33.4%, 2nd and 56.7 3rd groups (p <0.05, respec-
tively between the 2nd and 1st groups and 2- Th and
3rd groups). Thus, the best psychoemotional back-
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ground was detected with moderate smoking, and cog-
nitive impairment was much more frequent among
heavy smokers. As we found, in the group of persons
who did not have a preference for healthy eating, the
percentage of smokers was higher by 17.5%, who con-
sumed alcohol by 39%.

Discussion While the nature of nutrition, alcohol
consumption and smoking - lifestyle factors - are po-
tentially variable, the mechanisms through which they
have a negative effect on the deepening of violations of
cognitive functions have not been studied in detail. And
information about the effects of various aspects of the
diet (including various nutrients and vitamins, food or
food groups) on reducing the risk of cognitive impair-
ment is limited and contradictory. Most likely, in our
opinion, this is due to the fact that the results may not
be entirely accurate, since the consumption of certain
products was assessed by questionnaires (question-
naires). And only adherence to the traditional Mediter-
ranean diet, including whole grains, fruits, vegetables,
fish and meat restriction, has a more convincing evi-
dence base, indicating the possibility of counteracting
the decline of cognitive functions [15, 16]. In our study,
in patients with AH with a commitment to a more ra-
tional, healthy diet, the incidence of cognitive impair-
ment was 4.2 times less than in those who were indis-
criminate in nutrition, in 18.5% of patients. It should be
understood that the nature of the diet often depends on
other lifestyle factors and demographic variables that
can also influence the extent and direction of its impact
on cognitive functions [17, 18]. And first of all it con-
cerns the use of alcohol and smoking.

We found that consumption of high doses of alco-
hol increases the disruption of cognitive functions. So
in alcohol abusing alcoholic beverages were found in
3.3 times more often. This is consistent with a large-
scale observation (40,435 people for 27 years) who
showed that frequent alcohol consumption, but not ab-
stinence from alcohol, is associated with an increased
risk of cognitive impairment up to dementia [19]. At the
same time, moderate alcohol consumption is consist-
ently associated with a less severe decrease in cognitive
functions [20]. Sufficient data based on a systematic re-
view of meta-analyzes and controlled randomized stud-
ies proved the role of smoking in increasing the risk of
developing cognitive impairment [21, 22, 23, 24]. Our
study also shows that smoking with AH is associated
with cognitive impairment. If non-smokers were found
only in 31.7% of patients, then smokers met 2.2 times
more often.

The impact of any one lifestyle factor on cognitive
impairment seems to be strong enough. And prolonged
and constant interaction throughout life can accumulate
and exert additional or synergistic value, especially
against the background of a risk factor such as AH [25].
Moreover, those who did not have a preference for
healthy eating also have other bad habits, like smoking
and alcohol abuse. The obtained data on the same oc-
currence of more severe AH during hypertensive crisis
with abstinence and alcohol abuse, as well as in non-
smokers and heavy smokers, can not be interpreted as
usefulness of these habits, as further consequences are
unpredictable and not always unambiguous. Despite

the fact that there are indirect studies showing that al-
cohol and tobacco use are associated with a higher risk
of developing dementia [25].

As a result of the analysis of the current state of
data on risk factors and the associated decline in cogni-
tive functions, it is clear that there are still many unre-
solved issues and considerable uncertainty regarding
the relationship between individual risk factors and
cognitive impairment (eg, to what extent there is a
cause-effect relationship) . These issues require further
study and analysis. Thus, given that most of the above
cardiovascular risk factors are interrelated and included
in the general concept of a healthy lifestyle. By focus-
ing on one of the factors of a lifestyle or health, we can
not sufficiently influence the reduction in the risk of de-
velopment and progression of cognitive impairment in
AH. Therefore, the most effective strategy in solving
this problem can be with simultaneous exposure to sev-
eral risk factors, including necessarily and effective
treatment of AH.

Conclusions.

1. In patients with AH stage Il who did not receive
antihypertensive therapy or were treated irregularly in
the presence of lifestyle factors such as a lack of pref-
erences for rational nutrition, alcohol abuse, and smok-
ing, cognitive impairment is found 2.2-4.2 times more
often.

2. Among those who did not have a preference for
healthy eating, the share of smokers was higher by
17.5%, who consumed alcohol by 39%.

3. In the presence of lifestyle factors such as a lack
of preference for rational nutrition, alcohol abuse,
heavy smokers in a larger number of patients with stage
Il AH, there was a violation of the psychoemotional
sphere.

Conflicts of Interest: None.
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O00KMOP MEOUYUHCKUX HAYK, npodeccop Kagheopbl namonocuieckol anamomuu XapbKo6cko2o HayuoHalb-

HO2O M@()MHMHCKOZO YHUsepcumema
3eepesa Hpuna Cepzeesna

3A0YHbLU acnupanm Kad)eapbl Nnamoo2utecKol aHamomuu XdpbKOGCKOZO HAYUOHAIIbHO20 Meduuuncm)eo

YHU8epcumema

IMPACT OF MATERNAL INFECTION CAUSED BY KLEBSIELLA PNEUMONIAE ON
MORPHOLOGICAL STATE OF OFFSPRINGS’ PULMONARY ARTERY (EXPERIMENTAL
STUDY).

BJIMSIHUE MATEPUHCKOW MH®EKLMH BbI3BAHHOI KLEBSIELLA PNEUMONIAE HA
MOP®OJIOTHMYECKOE COCTOSIHUE JJETOYHOM APTEPAM IOTOMCTBA
(OKCIIEPUMEHTAJILHOE UCCJIEJJOBAHHE).
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Summary: Among causes of morbidity and mortality of newborns, the leading role belongs to intrauterine
infections. The impact of maternal infection on the morphological and functional features of the pulmonary artery
has been studied in this article. Morphological signs of endothelial dysfunction were observed in the vessel during
this factor’s impact. In future this category of children can be susceptible to cardiovascular pathology.
Key words: pulmonary artery, fetus, newborn, infectious-inflammatory process, acute postnatal hypoxia.

AnnHoranus: Cpeny nprdarH 3a00J1€BA€MOCTH ¥ CMEPTHOCTH HOBOPOXKIEHHBIX JIeTEH BeIyIee MeCTO IpH-
HaJUIS)KUT BHYTPUYTPOOHBIM MHpEKIMAM. B crathe n3yueHo BiusiHUE MaTepHHCKOW MH(EKIH Ha MOphOpyHK-
OHYUOHAJIbHbIC 0COOEHHOCTH JIErOYHON apTepuu. HO[[ I[eﬁCTBHeM YKa3aHHOT'O (baKTOpa B cocCynac HaGJ’IIOZ[aJII/ICI)
Mop(bonornqecxne IpU3HaKn SHHOTCHHaHLHOﬁ )II/IC(byHKHI/II/I. B ,ElaJ'ILHefIHIeM JaHHasg KaTeropus Z[eTefI oaABEp-

JKCHa Ceplle‘IHO'COCYJIHCTOﬁ IIaToJIOrHuH.

Kniouegvie crosa: neroynasi aprepus, IO, HOBOPOXKIEHHBIH, NH()EKIHMOHHO-BOCTIAIUTEIBHBIN MpOLIECC,

OCTpasd NnocCTHaTajlbHasA T’UMOKCHUsL.

Berynuienne. HecMoTpss Ha BBICOKUH YpOBEHb
Pa3BUTHUSI COBPEMEHHON MEIUIMHBI, BOMPOCH 3a0011e-
BAaEMOCTH M CMEPTHOCTH HOBOPO’KAEHHBIX ITO-TIPEXK-
HEMY OCTAIOTCSl IOCTATOYHO aKTyaJdbHBIMH. B Ykpa-
MHE O0IIMil ypOBEHb IEPUHATAIBHONH CMEPTHOCTH Ha
43,2 % BBIIE CpeHEEBpONECiCKUX MoKazarteneit [1].
Cpenu IpUYMH CMEPTH HOBOPOXKJICHHBIX JETeH BeIy-
iee MECTO IPUHAJJISKUT BHYTPUYTPOOHBIM HH(EK-
M, oOycnasnuBarommM 11-45 % mnepuHaTanbHBIX
noteps [2]. Io cratuctuke, 27-36 % poKISHHBIX KH-
BEIMH JIETeH, cpelrd KOTOPHIX 2/3 HEIOHOUICHHBIX,
BHYTpHYTpoOHO MH(pHIHpoBaHHI [3]. Puck nHpUIMpO-
BaHMS IUIOAA 3aBUCUT OT THIA BO30YIUTEIS, U 11O JaH-
HBIM JIUTEpatypsbl, cocrasisiet ot 0,01 1o 75% [3, 4, 5].
JlaHHBIE TIPOBENICHHBIX HCCIICOBAHUH CBUICTEIb-
CTBYIOT 00 YBEIWYEHHH POJH YCIOBHO-IIATOTCHHBIX
MHUKpPOOPI'aHH3MOB B Pa3BUTUH BHYTPHYTPOOHOTO HMH-
(urpoBaHus WIOJA.

WHdexmoHH0-BOCTATUTEIbHBIE O0JIC3HH Y JKEH-
IIMH B CTPYKType aKyIIEepCKO-THHEKOJIOTHYECKOH 3a-
6oneBaemoctu coctasisioT ot 30,0 mo 80,0 % [6], u
MOTYT CTaTh IPUYMHOW JIOCTATOYHO CEPbE3HBIX
OCJIO)KHEHUI BO BpeMst OEpEMEHHOCTH, B PAAE CIydacs
MPUBOASIINX K YIPO3€ JUIS 30POBbS M )KNU3HH TUI0Ja U
HOBOPOX/ICHHOTO. BocnanurensHble mponeccsl Moye-
TIOJIOBOM CHCTEMBI MOT'YT MPUBECTH K CAMOTIPOM3BOJIb-
HBIM a0opTaM, MEpPTBOPOKIEHHIO, MH(OHUINPOBAHHUIO
UI0/1a, TPEXKIEBPEMEHHOM OTCIIOMKE IIalleHTHI, IPEeK-
JIeBPEMEHHBIM pOJiaM, IUIAICHTAPHON AUCOYHKINH, U
KaK CJI/ICTBUE, K THIIOKCHH [7].

o cratucTuke, mepuHaTaIbHAs 3a00JI€BA€MOCTh
Y CMEPTHOCTb BCJIEJCTBUHM BHYTPHYTPOOHOM THIIOKCHU
M OCTPOH ac(UKCHH HAPSAAY C HHPEKIMSIMH 3aHIMAaET
OJIHO M3 NEPBBIX MecT U coctaBisieT 67,0% u 43,0%,
cootBercTBeHHO [8, 9]. B GonbuimHCTBE CiiydaeB ac-
(buKCcHsT HOBOPOXK/ICHHBIX pa3BUBaeTcst Ha (GoHe BHYT-
PUYTPOOHON THIIOKCHH, SBISISICH €€ IPOJOJDKEHUEM.
IlepeHeceHHass TUIOKCHS HCTOIIAE€T BO3MOXKHOCTHU
JIETCKOTO OpraHu3Ma aJanTHpOBaThCcd K BHEYTPOO-
HOMY cymiecTBoBaHMIO [10], HapymaeT ¢GyHKIHOHHUPO-
BaHHE OpraHoB u cucreM. CTpajgaeT LeHTpaybHas
HepBHas cuctema, B 40-70% - cepmeyHO-cocyaucTas
cucrema [11,12].

OnacHOCTh BPOXKIIEHHOW HH(EKIMHU, KaK 1 THIT0-
KCHH, OOYCJIOBJIE€HAa BHICOKHMH MEPUHATAIBHBIMH |
MOCTHATAJIBbHBIMHU IOTEPSIMH, BO3MOXKHBIMU HeOIaro-
NPUATHBIMH OTIAJIEHHBIMU TTOCHEACTBUSIMH. JleTH naH-
HOM KaTeropuu B AaJbHEHIIIEM MOTYT OTCTaBaTh B pas-
BUTHH, y HHUX HaOIIOAalOTCs WHTEIJIEKTYyajlbHbIC,
HEBPOJIOTMUECKHE HapYIICHHS, YTO CHU)KAET KaueCTBO

*Im3HE U B 50% ciy4aeB NPUBOINT K WHBATHAU3ALNH
[13,14].

B cOBpeMEHHBIX OTEUECTBEHHBIX M 3apYOEKHBIX
JUTEPATYPHBIX UCTOYHUKAX €CTh HHPOPMALUI O MOp-
(O yHKIIMOHATFHBIX M3MCHEHHUSAX B JICTOYHON apTe-
pHUH Yy IOTOMCTBA OT MaTepel 6epeMeHHOCTh KOTOPBIX
nporekana ¢ ocnoxuenusmu [15, 16, 17]. Bmecre ¢
TEM, CBEJICHHsl KacaeMble BIIMSHHS MATEPUHCKON WH-
(exunu Ha Mopdooruto nerouHoi aprepuu (JIA) ne-
JIOCTaTOYHBI U TPEOYIOT 00JICe TINATEILHOTO JaTbHEH-
[IETO U3YYCHHUS.

Lenp0o TaHHOTO HCC/IETOBAHHSA SBISCTCS BBI-
SIBIICHHE MOP(OIOTHIECKHX OCOOCHHOCTEH JIErOYHOM
apTepuu y IOTOMCTBA JIaA0OPATOPHBIX KPBIC C ITOIOCT-
pPBIM  TIPOJIOHTHPOBAHHBIM  MH(EKIIMOHHO-BOCTIATH-
TETBHBIM TpoIIecCOM BBI3BAHHBIM Klebsiella
pneumoniae.

Martepuajbl U MeToAbl MccjeaoBaHus. s
OCYILECTBJICHHS ITOCTABJICHHBIX 3a7jad Ha Jaboparop-
HBIX KpbIcax TUHUA WAG ObUIH IPOBECHHI 1B IKC-
HNepUMEHTANbHBIX HccienoBanusa. Kpric pazaenuny Ha
rpynnbl.  [lepByto, OCHOBHYIO TIpYIIy, COCTaBHIIA
IUTOBI 1 HOBOPOXK/ICHHBIE OT MaTepeil HHMUITPOBaH-
ubix Klebsiella pneumoniae. B rpymnmy cpaBHeHus BO-
[T HOBOPOXKIIEHHBIE KPBICATA ITOJBEPTIIHECS IEH-
CTBHIO OCTpOH mocTHaTansHOU runokcnu (OI1D).

[epBoe uccaemoBaHNe TPOBOAMIOCH B /IBA 3TATIA,
1 OBUTO HANPaBJICHO Ha WU3y4YCHHE BIHMSHUS MaTCpPHH-
CKOM HH(EKIMK Ha COCTOsSHHE MoToMcTBa. Ha 1-m
JTarne KCIePUMEHTa ObljIa YCTaHOBIICHA HHPHUIUPYIO-
mas J103a s pasBUTHS HOJOCTPOTO MPOJIOHTUPOBAH-
HOT'0 MH(EKIMOHHO-BOCTIAJUTENBHOTO Mporecca. Pe-
¢epenc-mrammer  Klebsiella pneumoniae (NCTC
5055)) ObuM BHIOpaHBI B KauecTBe WH(EKIMOHHOTO
arenra. Ha 2-m stame paboTbl, B OpIOIIHON OJIOCTH ca-
MOK CMOJEINPOBAIM MOAOCTPHIH MH(PEKIMOHHO-BOC-
TIAJTUTENBHBIN MpoLece, 3aTeM K HUM MOMEIaly caM-
1I0B, TI0CJIE HACTYIUIEHUs] OEpEMEHHOCTH TI0JIy4EHHOE
MTOTOMCTBO (TIJIOZIOB ¥ HOBOPOXKJCHHBIX) BEIBOAMIIN 13
SKCIEPUMEHTA ISl JAIBHEHIIIETO HCCIIeTOBAHMS.

s mopenupoBanus OIIT HOBOpOXIEHHBIE
KpbICSITa B MIEPBBIA JIEHb )KU3HU €AMHOKPATHO MO/IBEP-
TJIMCh BO3JIEHCTBUIO BEICOKOTOPHOM THTIIOKCHH (yCITo-
BHSI COOTBETCTBYIOIINE MOIEMY Ha BBICOTY 7500 meT-
poB), B TeueHun 20 MUHYT, U 3aTe€M BBIBOJAMINCH U3
9KCIIEPUMEHTA.

BriBeienne 1ab0paTOpHBIX JKUBOTHBIX M3 KCITE-
pUMEHTa IIPOBOAMIIN ITyTEM NEPEAO3UPOBKH THOIEH-
Taja HATpHUs ¢ JAJIbHEUIeH nekanuraiueii, ¢ coomro-
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neHueM TpeOoBanuii EBpomeiickoil koHBeHIMH O 3a-
IIMTE MO3BOHOYHBIX >KUBOTHBIX, KOTOPBIX HCIOJIB30-
BaJIH [T SKCIICPUMEHTAIBHBIX U MHBIX Henei» (Ctpac-
6ypr, 1986).

Bo BpeMst BCKpHITHSI IPOBOAWIH 3a00p MaTepu-
asa 71t MopQoIorHuecKoro uccienoBanus. st nab-
HEHWIero M3TOTOBJICHUS MHKPOIPENapaToB KYyCOYKH
nero4yHod aprepuu ¢ukcupoBanucs B 10 % pacTBope
(hopMmanmHa, 1 3aTeM 3aUBAINCH apaguaoM. [Ipema-
paThl OKpaIIMBaIKCh 'EMAaTOKCHIMHOM U S03WHOM, Me-
TOIOM 10 Maiopu, THKpOPYKCHHOM 110 BaH [ M30HY.
Ha mukpockorne "Olympus BX-41" ¢ 06paboTkoii mpo-
rpammoro "Olympus DP-soft (version 3.1) u Microsoft
Excel npoBoauics Bech KOMILIEKC MOP(OIOTHUECKUX
u MoppoMeTpUIecKnx wuccienoBanuii. [lomyueHHpie
IpU HMCCIIeI0BaHNK IM(POBBIE JTaHHBIE 00pabaTbiBa-
JUCh METOJAaMH MaTeMaTHYeCKOW CTATHUCTUKH C HC-
MOJIb30BAHUEM QJITEPHATHBHOIO ¥ BapUAlMOHHOTO
aHanmm3a. CTaTUCTHYECKYIO 3HAYUMOCTh Pa3IMIUii 10~
KazaTesel OIpeAessii IPYU NOMOLIM HerapamMeTpuye-
ckoro U-kpurepust ManHa-Y uTHH.

Pe3yabTaThl Hecle10BaHMS M HX 00CyKIeHHe.
MaxpocKonIecKoe HCCIICAOBAHIE JIETOYHOH apTepun
C OMOIIBIO JTyHHI (X3, 8 AroNTpHit) HOKA3ajo ee UACH-
TUYIHOCTB B 00EHX HccieryeMbIX Tpymmnax. CTeHKa co-
cyJa Obl1a 3TaCTHYHOM, ¢ M4 KO HHTUMO# 0eI0BaTo-
CEepoBaToOTO IBETa. B X016 MUKPOCKOIIIMYECKOTO H3yUe-
Hust JIA Mexny IByMs rpynnaMu oOHapy»KeHbI pas3iiu-
Y.

B rpynrmie cpaBHeHus, KOTOPYIO COCTABHIIM HOBO-
POXKICHHBIE KPBICSATa NEPEHECIINE OCTPYI0 IOCTHa-
TANBHYIO TUIIOKCHUIO, CTCHKA JICTOYHON apTepul UMela
TpU 000JIOUKH: BHYTPEHHIOK, CPEIHIOI0 U HAPYKHYIO
(tunica intima, tunica media, tunica adventitia). Bayr-
peHHss 060109Ka cocyia oOpazoBaHa SHAOTENEM, Oa-
3aJbHOM MEMOpaHOW, AIIACTHYECKHMHU BOJIOKHAMH, U
6e3 4eTKUX IpaHuIl IePEeXOTUT B CPEAHIOI0 000JIOUKY.
OTHOCHTENBHEIE 00BEMBI tunica intima u tunica media
cocrawin  54,74+14,36 %, tunica adventitia —
45,4+14,36 %. DOupoTenuil mpeacTaBiIeH OIHOANEP-
HBIMH KJIETKAMH Pa3jIMYHBIMU 10 (opMe u pazmepam,
cpenneil mmomanso 14,76+0,57x101 M2, pacnoo-
JKeHHBIMU Ha 0a3zanbHOi MemOpane. CpemHsisi BHICOTA
SHAOTEIHOLUUTOB paBHsiach 2,81+0,05x 106 ™, wmm-
puHa 5,95+0,15x10® M, uTo cBUAETENLCTBYET 00
VILTONICHUHU YHIOTEIHAIBHOTO TIOKPOBA IT0 CPAaBHEHUIO
€ OCHOBHOM rpynmnoii. Ilnomans suep B cpeiHeM cocTa-
Bwa 7,59+0,30x101 M%, 40 MOCTOBEPHO GOINBIIE YEM
B OCHOBHOU Hccneayemoit rpymre (p<0,05). [Tonyuen-
HbIE JIaHHBIC, BO3MOXHO, OOBSCHSIOTCS TEM, 4TO
BCJIE/ICTBHE FMIIOKCHHU YCHIIUBAIOTCSI MeTabOIMYecKre
MPOIIECCHI B S/IPE U SAPBINIKAX, KaK MPOSBICHUE KOM-
MIEHCATOPHO-TIPUCIIOCOOUTENBLHBIX —TIporieccoB  [18].
CpenmHsisi  IJOMIagh  LOUTOIUIA3MBI  COCTaBJISsLIA
7,16£0,37x10! M2, aepHO-IIMTONIA3MATHIECKOE CO-
otHomernue (SLC) — 1,08+0,04. JlanHbIC W3MEHEHUS
NPUBOAMIN K YBEJIMYCHHUIO TUIOIIA M TIO0JIei JecKkBama-
MM H0TeMONHUTOB. B oxHOM mose 3penus (x1000)
oTMeuanoch  2-6  JeCKBaMHPOBaHHBIE  KJIETKH
(4,36+0,27). ToapHaOTENHATBHBIA CIOH COCTOSIT M3
PBIXJION  TOHKO(GUOPHILIAPHOM  COEIMHUTEILHOM
TKaHH, 3Be314aToi ()OPMBI KIIETOK, IIIAJIKUX MBIIIEY-
HBIX KIJICTOK.

Cpennroro 0007109Ky cocyna (GOpMHUPOBAIN dJa-
CTHYECKHE M KOJUIareHOBbIE BOJIOKHA. PacdeT oTHOCH-

TENBHBIX 00BEMOB IOKa3al MpeodiagaHue dIacTuie-
CKuX BOJIOKOH (63,41+10,26%) Haa KOJUIar¢HOBBIMH
(36,73£10,26%) (p<0,05). HecmoTpst Ha TO, UTO THIO-
KCHsl SIBIISICTCS CTHUMYJIOM JUIS CHHTE3a KOJUIAreHOB,
MIOJTyYeHHBIE JAHHBIE, BUANMO, MOXKHO OOBSICHUTD aK-
THBaLUel 0enKkoB (GUOyIMHOB, GUOPHUIIIMHOB M AMH-
JIMHOB, OTBEYAOIINX 32 (POPMUPOBAHHUE HIIACTHUECKUX
BOJIOKOH [19]. JlaHHBIC pe3ynbTaThl OBLIH CXOXKH C pe-
3ynbraTamu noxyderasiMu O. B. Kamyxwuroit (2015 1.)
IIPU TPOBEACHUHM SKCIEPUMEHTAIBLHOIO HCCIIEa0Ba-
HUSL: KaK B HOPME, TaK U [10CJIE BO3ACHCTBHSA XPOHHIE-
CKOH BHYTPHYTPOOHOI TMIIOKCHH, B JISTOYHOH apTepuu
IUTOJIOB ¥ HOBOPOXKICHHBIX KPBICHI Mpeo0ianany 3ma-
cTuveckue BojokHa [15].

AnBeHTHIINATbHAA 000509ka (HopMHUpOBaach
OOJIBIIMM KOJIMYECTBOM KOJIJIAr€HOBBIX W 3JIacTHYe-
CKHX BOJIOKOH, OHa COZIeprKajla YMEPEHHO HOIHOKPOB-
HBIE KPOBEHOCHBIE COCY/BI, JTUM(pATHIECKHE COCYIbI,
HEpBHBIE BOJIOKHA C OTCYTCTBHEM IMPU3HAKOB JHCTPO-
¢un. IIpu oxkpamMBaHUM JETOYHOW apTepUu IMHKPO-
¢ykcuHOM mO BaH ['M30H HabmIomanmack yMepeHHas
(byKCMHOQUIMS YTO CBUAETENBCTBYET O HAIWYUU
CKJIEPOTHYECKHX MPOIIECCOB.

Bo BTOpYIO HCCneryeMyIo IpyTITy BOLIIH IIOBI
U HOBOPOJK/ICHHBIE POXKACHHBIE MaTepsIMH HHPHUITPO-
BanHbIMH Klebsiella pneumoniae. CteHka JeroyHoOn
apTepuu TakXKe COCTOsNIA U3 TpeX 000104eK - BHYTPEH-
HeH, cpenHel, HapyxHoH. [loka3arenu OTHOCHUTENb-
HBIX 00BEMOB tunica intima u tunica media B cpaBHe-
HUHM C TPYNNOH HOBOPOXKIEHHBIX IOJBEPTaBIINXCS
BO3JICHCTBUIO OCTPOM IMOCTHATAJIbHOW THMIIOKCUU [0-
CTOBEpPHO yBenmunuBanuch (59,67+8,95 %) (p<0,05), a
o0BeMbl tunica adventitia ymenbmamucs (40,49+8,95
%) (p<0,05), maHHBIE MOKA3aTETH MOXHO PACIIEHUBATH
KaK pPa3BUTHE CKIEPOTHUYECKHX MPOLECCOB.

Ha 6a3anpHoil MeMOpaHe pacrnojaraiiuch OJHO-
SIEpHbIE  SHJIOTCIMOLMTHl  CPEAHEH  IUIOIAJIbI0
15,36+0,31x10"** M2, cpenneii BeicoThl 2,88+0,06%10°
6 M u mumpunsl —5,74+0,8x10° M, YTO HOCTOBEPHO
Gonblire mokasatesneit nepsoii rpymisl (pP<0,05).

Habmonanocs 10cToBEepHOE YMEHBIIEHHE CPEJI-
Heil momanu suep (6,95+0,20x101 m2, p<0,05). Io-
KazaTeJy CpeiHel TUIONa i UTOIUIa3Mbl YBEITHINBA-
nucs (8,40+£0,18x1071 M2, p<0,05), s1epHO-LUTOIIA3-
MaTU4eckoe CooTHouleHue pasHsuioch 0,83+0,02
(p<0,05), 4TO IOCTOBEPHO OTAMYAIOCH OT JAHHBIX
rpynnsl noromctsa neperecuero OIIl'. B otnuune ot
TPyl HOBOPOXKACHHBIX ITO/IBEPraBUIMXCS ACHCTBUIO
THIIOKCUH, JIECKBaMallMsl SHIOTEINAIBHBIX KIETOK B
onHoMm mone 3perus (X1000) mocToBepHO yMeEHbINA-
nack (2,54+0,34 ,p<0,05). [To HameMy MHEHUIO, TIOITY-
YEeHHBIE PE3YJIbTaThl MOXKHO OOBSCHUTH TEM, YTO BO
BpeMsl IIOJIOCTPOTO IIPOJIOHTMPOBAHHOTO HHQEKIH-
OHHO-BOCTIAJIUTENHOTO TIpoIlecca YCIEBaIM pas-
BUTBCS  KOMIIEHCATOPHO-TIPUCTIOCOOUTENBHBIE  TIPO-
neccel. Torjga Kak THUIIOKCHs, B HaIlIeM JKCIIEPUMEH-
TalbHOM HCCJIEJJOBAaHWM HOCWJIA OCTPBIA Xapakrep,
OKa3bIBasi CTPECCOPHOE BO3ACHCTBHE HA COCYABI, UTO
YCHIIMBAJIO AECKBaMAIIHIO YHAOTETHONTOB. [TompHI10-
TEIHAJBHBINA CIOU MPENCTaBICH PHIXJION BOJIOKHUCTON
COCIMHUTENIBHON TKaHbIO, KIETKaMU 3BE314aTod
(GOopMBI, TIagKUMKU MHOLMTaMu. MexananbHas 000-
J04Ka c(OPMUPOBAHA INACTUYECKHUMU M KOJIIAr€HO-
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BBIMH BOJIOKHAMH, UX OTHOCHTEIIBHBIC 00bEMBI COCTAB-
mum 54,89+12,06 % u 45,27+12,06 % COOTBETCT-
BEHHO.

Hapy>xHast 00071049Ka cOCTOsIIa U3 KOJUIAar€HOBBIX
M 3JaCTHYECKUX BOJIOKOH, YMEPECHHO MOJTHOKPOBHBIX
KPOBEHOCHBIX COCYJIOB, JTHUM(aTHUYCCKUX COCYIOB H
HEPBHBIX BOJIOKOH 0e3 mpu3HakoB auctpodun. [Ipm
OKpacke MUKPO(PYKCHHOM 10 BaH ['M30H B aIBEHTHIIU-
anpHOW 000JI0YKe OTMedanach yMepeHHas (pykCcHHO-
(bwHs, YTO CBUACTEILCTBYET O BOSHHUKHOBCHHU yMe-
PEHHO BBIPaKEHHBIX CKIIEPOTHICCKHX IIPOLIECCOB.

BrIiBOaBI.

1. B rpymiie moToMCTBa POKISHHOTO OT HHPHUITH-
POBaHHBIX MaTepe CpeHsIsI TOJIIMHA JIETOYHOH apTe-
pUH YBEIMYHUBAIACh MO CPABHEHHUIO C TPYMIION HOBO-
POKIEHHBIX TOJBEPTaBIINXCS BO3ACHCTBUIO OCTPOM
MOCTHATAIBHOM THIIOKCHH 33 CYET HHTHUMBI-MEIHH, ITO
yXynamiaer TpopuKy, CHUXKAET 3JIACTUYHBIC CBOICTBa
CTCHKH COCY[Ia.

2. B obeux wucciaemnyeMbIX TPYIIaxX BbISBICHBI
MOp(OJOTHYECKIE TPU3IHAKK SHAOTEIHAIBHON Awmc-
(YHKIMK BBIpAXKAIOIIUECS B YIUIONICHUH 3HIOTEIH-
ANBHBIX KIETOK, MECTaMH pPACIOJOXKCHHBIX BEPTHU-
KaJbHO MO OTHOIICHHIO K 0a3albHON MEMOpaHe, ¢ UX
JabHEHIel neckBaMarell OoJbIe BBIPAKEHHOH B
rpynme OIIl', 94To BUAMMO CBSI3aHO C OCTPOTOH IpO-
necca. B anBeHTHIIMANBEHOM 000JI0YKE COCYOB 00eHX
TPYIII BBIABICHBI CKICPOTUYCCKHE U3MCHEHUS.

3. Ilox BAMsIHMEM OCTPOM MOCTHATalIbHOW T'HIIO-
KCHUHU B CTEHKE JIETOYHOU apTepUH U3MEHSETCS KOJIuIe-
CTBEHHOE COOTHOLIEHHE BOJIOKOH. [Ipeobnananue sa-
CTHYECKUX BOJOKOH MOYXHO OOBSICHUTH aKTHUBAIHEH
6enkoB (puOYITHHOB, PUOPUIITUHOB, SIMUIUHOB, OTBET-
CTBEHHBIX 32 (OPMHPOBaHNE JAHHOTO BHIA BOJOKOH.

IlepcneKTUBHOCTH McCieI0BaHusI: OyaeT mpo-
BEJICHO IMMYHOTUCTOXUMHUYECKOE UCCIICOBAHIE.
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RISK FACTORS FOR ISCHEMIC STROKE
DOAKTOPBI PUCKA HIIEMHWYECKOI'O HHCYJIbTA

Summary: A study of risk factors (RF) in 108 patients with ischemic stroke (IS). In men, the main FR of the
development of IS are atherosclerosis (29.1%), arterial hypertension (27.2%) and coronary heart disease (25.2%).
In men with ischemic heart disease, the development of IS is more likely (25.2%) than for women (14.6%). In
women, diabetes and obesity are more significant in the development of IS than in men (27.2% versus 17.4% and
8.7%, versus 1.0%). In men, smoking is a very significant RF (71.0%). The women of our cohort did not smoke.
Stressful situation as ischemic stroke risk factors noted 9 males (29.0%) and 4 women (100.0%). Thus, the main
modifiable PR of Al in patients of our cohort had, to a greater extent, atherosclerosis, hypertension, ischemic heart
disease, diabetes and their various combinations and, to a lesser extent, smoking and stress.

Key words: atherosclerosis, cigarette smoking, coronary artery disease, diabetes, hypertension, ischemic
stroke, obesity, risk factors, stress.

Annortanus: [IposeneHo m3ydenue ¢axropoB pucka (OP) y 108-u OOMBHBIX HIIEMHYECKAM HHCYIBTOM
HN). Y myxuaun ocHoBHBIMH PP paszsurus MU seusrorcs atepockiiepos (29,1%), aprepnanbHas THNEpTEH3US
(27,2%) u umemuueckas 0one3ns cepana (25,2%). Y myxunn ¢ UBC paspurue U sBnsiercs 6oee BEpOSITHBIM
(25,2%), uem y xenmuH (14,6%). YV xeHIIMH Aa0eT U OKUPEHHE SBISAIOTCA Oojiee 3HaUMMbIMU PP pazBuTHs
WU, gem y myxuuH (27,2% npotus 17,4% u 8,7% npotus 1,0% coOTBETCTBEHHO). Y MY>KYHH KyPEHHE SIBIISETCS
BecbMa 3HaUYUMBIM DP (71,0%). XKenuuns! Hamel koroptel He Kypuid. CTpecCoBYIO CHTyaluio B kauyectse OP
pazBurust MU ormerunu 9 myxuns (29,0%) u 4 xenuwasl (100,0%). Takum 06pa3om, OCHOBHBIMH MOAU(HIIU-
pyembiMu ®P MU y GosbHBIX Hallleli KOrOPThI ObUIH, B OOJIBIICH CTEMEHH, aTepocKiiepos, runepronus, UBC,
J_'[I/Ia6GT " UX pas3IMYHbIC COYCTAHUSA U, B MEHBIIIECH CTCIICHU, KYPEHHE U CTPECC, KOTOPBIC CITYKUIA CDP, B OCHOB-
HOM, U1 MY>KYHMH MOJIOAOTO BO3pacTa.

Knroueswie cnosa: apTepraibHasg THIIEPTCH3Ms, ATCPOCKIICPO3, ,I[I/Ia6eT, HIIeMuYecKas 00JIE3Hb cepAaua, uuie-
MHUYECKUI HHCYTBT, KypeHHE, OXKHUPEHHE, CTPecC, (PaKTOphI pUCKa.

HocranoBka npodaembl. B pazputuun umemu- 7. 0ecCHUMIITOMHBIN CTEHO3 COHHBIX apTepHil;
geckoro uHcynbTa (M) Gobiyro posib UTParoT SHI0- 8. CeproBHIHOKICTOYHAS AaHEMHUS;
TeHHbIe U 9K30reHHbIe (hakTopsl pucka (DP). CornacHo 9. ropMmoHanpHas Tepanus B OCTMEHOIay3allb-
KJIMHAYECKUM pPEeKOMEHIanusiIM AMEpPHKaHCKOM acco-  HBIH IepHof;
[UalMK cepAna U AMEpHUKaHCKOW accolMalMM HH- 10. opaJyibHbIE KOHTPAIICNTHBBI;
cymsTa (American Heart Association/American Stroke 11. HenpaBUIIbHAS HETA;
Association) ®P uHCcynbTa MOAPa3aCISIIOTCS Ha MOIH- 12. gacTble cTpecchl;
¢unupyemsle, HeMOIUHUIUPYEMbIE ¥ MaJOU3y4eH- 13. HeocrarouHast pu3ndeckasi akKTHBHOCTB;
Hble [1-5]. 14. oxupeHnue.
Hemonudunupyemsle hakTops: MeHee n3ydyeHHbIE WM NOTEHIMAIBHO MOIU(HU-
1. Bo3pacr; upyemble (haKTOphl pHCKa:
2. 1o, 1. wmwurpeHs;
3. HU3KHUI BeC IPH POKIACHUH, 2. MeTabOIMYCCKHUI CHHIPOM;
4. pacoBasi MPUHAJIEKHOCTD; 3. 3noynoTpebieHHe anKoroyiem;
5. reHermueckue (aKkTOPHI. 4. HapKOMaHWUS;
Momudunnupyemsie GaKTOpbI: 5. amHO3 BO CcHE;
1. aprepuanbHas TUIEPTEH3HS; 6. THIEProMOIUCTeHHEMHUS;
2. KypeHHe; 7. TOBBILIEHHAs CBEPTHIBAEMOCTH KPOBH;
3. caxapHsIii 1uader; 8. BocmaneHus ¥ HHPCKIUH.
4. rtunepaunuaeMus (IUCIUIUAECMHUSA); Leap uccnenoBanusi. M3yunrts CTpyKTYpy U 4a-
5. 3aboieBaHMs CeplIEUHO-COCYAUCTOM CH- CTOTY (haKTOPOB PHCKA MIIEMHYECKOTO HHCYJITA.
CTEMBI;

6. MepuarTejibHasg apuTMUs,
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IMauuentsl m MeroAbl. B HacTosLEee npocrek-
THUBHOE KIIMHHYECKOE KOTOPTHOE MCCIIEOBAHNIE BKIIIO-
yeHsl 108 6onpHBIX I, HAXOIUBIIMXCS HA JICUEHHH B
otxeneHnn cocyaucror HeBpoiorun ML «Cyp6 I'pu-
rop JlycaBopma» B mepuoz ¢ 2010 mo 2013 rr.

Kpurepun Bxmrouenust: UM nonymapHoii 1okaiu-
3aLUK; TOCIMTATU3aLUs OOJIBHBIX B IEPBBIE CYTKU pa3-
BUTHSI MHCYJIbTa, OONBHBIE, BEDKUBIINE K UCXOMY 7-X
CYTOK TOCITUTAIN3AIHY.

Kpurepun uCKIIOUYEHHS: TOCIIUTAIH3ALMS OO0JIb-
HBIX B CPOKH Ooiiee 24-X yacoB; HH(pAPKT MUOKap/a;
TsDKenas popMa caxapHoro nuadera; HHOEKIIMOHHBIE U
BOCHAJIUTENbHBIE 3a00JICBaHNS; NICUCHOYHAs HEJOCTa-
TOYHOCTh; IOYEYHAsI HEJOCTaTOYHOCTb; 3JI0KaYECTBCH-
HBIE OITyXOJIH; ICUXUIeckre 00ye3Hn; 0epeMeHHOCTb.

B nccnemyemoii koropre 65010 59 (54,6%) Myx-
gnH U 49 (45,4%) xenmuH. Bo3pacT G0IBHBIX Koe-
6ancst ot 30 mo 90 mer, cocraBIAL B CpemHEM
67,56+11,34 net. 93 (86,1%) OONBHBIX BBITHCAIKCH M3
KIIMHUKY C yIy4IIeHHEM cCOCTOsiHuS, a 'y 15-u (13,9%)
OTMeYaJcs JETAIbHBIA UCXO.

Pe3ysabTaThl Hecaeq0BaHusA. Y OONBHBIX HAIICH
KOI'OpTHl B aHAMHE3€ OTMEYAIIUCh T€ WU UHBIE HEMO-
mudunupyemeie 1 Moauduipyemsie OP pa3putus
WU. B Tabn. 1 mpeacrapieHo pacnpeenaeHue 00IbHBIX
WU no nonty u ucxoy 3aboneBaHusl.

Taoauna 1
Pacnpenesienue 60sbHbIX MU o moJty u ucxoay 3adosieBaHust
TTon Yay4iienue JleTanbHBIA HCXON Bcero
abc. 4. % abc. 4. % abc. 4. %
MYKYIHHBI 54 91,5 5 8,5 59 100,0
JKEHILIUHBI 39 79,6 10 20,4 49 100,0
HUTOTO 93 86,1 15 13,9 108 100

AHaIu3 JICTATLHOCTH B 3aBUCUMOCTH OT TEHJEP-
HBIX pa3lIMuuil TOKa3aJl Cleylollee: KaKk BUIHO M3
Tabi. 1, JIeTaJbHOCTh CPEIU JKSHIUH MPEBhIIIaNa Ta-
KOBYIO Cpelld MY>XKuuH B 2 paza (66,7% mpotus 33,3%
COOTBETCTBEHHO). DTHU MOKa3aTEIN HECKOJIbKO MPEBBI-
IIAIOT JaHHBIE MHPOBOM CTAaTHCTHUKHU, COTIACHO KOTO-
PBIM JIETAJIBHBIN UCXOJ Y JKEHIIMH BO3HHUKAET ~ B 43-
45 % ciy4aes, a y MyX4uH — ~ B 34-36 % [6].

[TpencTaBsiio MHTEPEC COMOCTaBIEHHE JaHHBIX
OTHOCHTEINILHO Bo3pacTta 00JbpHbIX M Hamiel KoropTsr
C TaHHBIMM MUPOBO# cTaTHCTUKK. B Tabn. 2 u 3 npen-
CTaBJICHBI ONUCATENIbHAsL CTATUCTUKA U paclpeelicHue
6onpHbIX ¢ MU 1o oty U Bo3pacry.

Tabmumua 2
OnucarejibHasi CTATUCTHKA NlePeMEHHOI «BO3pacT»
0
n | Min | Max | M SD Me Q Qs 95% U1 pna M
HWDKHSIS TPaHAIA BEpXHsA TPpaHUIA
108 30 90 67,56 | 11,34 | 70,00 | 62,00 | 75,00 65,38 69,56

[pumeuanue: M — cpenHee apupmerndeckoe; SD
— CTaHIApTHOE KBAJpaTHYHOE OTKIOHeHHe; Me — me-
muana; Q1 — HrxHAN (25%) nponeHTHs; Q3— BepxXHHUA
(75%) nponentiis; JIV — moBepUTENBHBIN HHTEPBAIL.

Kak BumHO M3 Tabm. 2, Bo3pacT OONBHBIX KOJie-
O6ancst ot 30 mo 90 mer, cocraBiAL B CpemHEM
67,56+11,34 ner mpu 95% JIU ot 65,38% 1o 69,56%.
Ipu 3ToM, Menuana cocraBmwia 70 (Q1=62; Q3=75).

Tabmuma 3
Pacnpenenenue 60bpHbIXx MU 10 mosty U BO3pacTty
ITon 30-49 50-59 60-69 70-79 80-90 Bcero
abc.y. % abc.u. % ab6c.y. % abc.u. % abc.u. % abc.y. %
M 7 11,9 12 20,3 21 35,6 15 25,4 4 6,8 59 100
K 0 0,0 2 4,1 6 12,2 36 73,5 5 10,2 49 100
Hroro 7 6,5 14 13,0 27 25,0 51 47,2 9 8,3 108 100

IIpumeuanue: M — myxuunsl; XK — XKEHIHUHBL.

W3 T1abn. 3 BumHO, uTo yactora MM yBenuuuBa-
eTcsi C BO3pacToM OOJIbHBIX, JIOCTHras CBOErO IHKa
(47,2%) B Bo3pacte ot 70 mo 79 ner. TO B U3BECTHO
cTeneHu cornacyercs ¢ gaHHbiMu ['.A.OBanecsiHa [7],
COTJIACHO KOTOPBIM JUISl MYXXYHH XapaKTePHO Pa3BUTHE
WU B Oonee panHeM Bo3pacte (HaunHas ¢ 25 JeT), B TO
BpeMsi, KaK JKeHIIMHBI 3a00eBatoT nocie 40-45 yer. B
HaIlleM HWCCIICJIOBAaHUH CaMbIi MOJIOJOW BO3pacT ObLT
3aUKCUPOBaH y My>KurHBI — 30 JeT, a y sxeHmuH — 51

ron. B Bo3pactHol rpynme 60-69 et 3a6oeBaeMoCTh
WU Beime y Mmyx4uH B 3,5 pa3a. C BO3pacToM HOJIOBBIE
pa3IuYms CrIaXHBAIOTCS M 3a00JEBAEMOCTh CpeAd
JKEHIIMH HAYMHAET IpeBalupoBaTh. Tak, B BO3pacTHON
rpymme 70-79 ner 3aboneBaemocts U y xeHuuH B 2,4
pasa Bblllle, UeM y MyX4uH. Hamu naHHble B U3BECT-
HOW CTEMEHU COTNACyHOTCsA Takxke ¢ JaHHbIMH Dpe-
MUHramckoro uccuenosanus (1985), cormacHo koto-
peiM B MosiogoM Bo3pacte OHMK meHee BBIpaskeHBI Y
XKCHIIUH, 9eM y MYXXUHH.
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OP «pacoBas MpUHAAJIC)KHOCTDY SABIISIETCS TIOCTO-
STHHOW BeNTMYMHOM (Bce OompHBIE Oeoif pacsr; 96,3% —
apMsHE) U IOATOMY He TOJUISKHUT pacueTy. K coxae-
HHUIO, OCTaNbHBIe HeMonudunupyemsre OP («HU3KHMIA
BEC TP POXKACHUI» M «TEHETHYCCKHE (PaKTOPH») HE

MIPEACTABISIETCS] BO3MOKHBIM H3Y4UTb, BCIEACTBHE OT-
CYTCTBHS CBEJICHHH 00 3THX (hakTOpax B UCTOPHIX 00-
JIE3HH.

AHanu3 CBsI3M MEXAy FeHACPHON XapaKTepUCTH-
Ko 00pHBIX 1 Moauduimpyembivu OP pazsurus NN
TpeacTaBicH B Ta0m. 4-8.

Tabmnuna 4
Pacnpenesienne 60JILHBIX 11O MOJY U (JAKTOPY PUCKa (M301HPOBAHHBIE 3200JI€BAHHUS)
ITon ATtepockiiepos I'uneprensus NBC Juabet OxupeHue
abc.u. % abc.u. % abc.u. % abc.u. % abc.u. %
MY>KYHUHBI 15 25,4 8 13,6 11 18,6 7 11,7 1 1,7
YKEHIIUHBI 3 6,1 12 24,5 8 16,3 13 26,5 5 10,1
Hroro 18 16,7 20 18,5 19 17,6 20 18,5 6 5,6

IIpuMedanue: NPOLEHTHl pacCUUTaHbl OT YMCIA
Myk4uH (59), xeHuuH (49) u obuiero ynciaa 60NbHBIX
(108) cooTBETCTBEHHO.

Kak BuznHO U3 Ta01. 4, cpeau My KYMH OCHOBHBIM
MomudumupyembsiM OP passurus MU sBisiercs arepo-
ckiepo3 (25,4%) u, B MEHbIIEH CTENeHH, apTeprallb-
Has runeprensust (13,6%). Hanportus, y skeHIMH ¢ ap-
TepHaNbHOW TuniepTeH3uei passurue U sensercs 6o-

CTpajaroumx arepockinepozom (6,1%). UBC BeicTy-
naet B kadectBe OP y MyxuuH B Ooublueil creneHu
yeM y keHIuH (18,6% u 16,3% cooTBeTcTBEHHO). Y
KEHIIWH, CTpalaonnx anadbeTom, puck passutus VN
B 2 pasa BBIIIE, YEM y MY)KUHH, OOJNBHBIX THa0ETOM
(26,5% n 11,7% cootBercTBeHHO). OKUPEHNE BBICTY-
naet B kauectBe OP paszsurust U y xeHuH B 5 pa3
game, ueM y MyxauH (10,1% u 1,7% cooTBeTCTBEHHO).

jee BepoATHBIM (24,5%), Hexenu Yy KEHIIHH,
Tabnuua 5
Pacnipenesienne 00JLHBIX N0 NMOJY H GaKTOpPY prcKa (CoYeTaHHbIE 3200J€BAHNA)
[Ton ATepockiepos, UBC, runeprensus, ATepockiiepos, ATepockiepos,
TUNIEPTEH3US nuader THNepTeH3Hus, nuaber TUINIEPTEH3MS,
OXKUPCHUE

a0c. 4. % a0c. 4. % a0c. 4. % a0c. 4. %
MYIKYHUHBI 8 13,6 9 15,2 2 3,4 0 0,0
JKEHII[MHBI 5 10,2 6 12,2 9 18,4 4 8,2
Hroro 13 12,0 15 13,9 11 10,2 6 55

[Ipumeuanue: Te ke, 9TO U K Ta0I. 4.

Kak BumHO 13 Tabim. 5, coueranue aTepockiepos3a
C apTepHalIbHOM THIEPTEH3HEN BBICTYIAET IpaKTHUe-
CKU PaBHOW 3THOJIOTHYECKONW NPUYHHOW BO3HHKHOBE-
Ut MU xak [uis My>K4uH, Tak u Ui sxeHmuH (13,6%
n 10,2% coOTBETCTBEHHO). A BOT COYETaHHE ATEpO-
CKJIEpO3a, apTepUaIbHON TUIIEPTEH3UHU U TUabeTa BbI-
ctymnaet B kauectBe OP pazpurus U y xenuyH B 4,5

Pacnipenesienue 60JbHBIX MO MOJY U GaKTOpy

pa3 wame 4yeM y MmyxuumH (18,4% mportuB 3,4%).
Hamubonee Bricoka BeposTHOCTH pa3Butus MU nipu co-
yeranun UBC, aprepuanpHOll THIEpTeH3MH U 1radera
Kak y Myxx4uH (15,2%), Tak u y xxeHmmH (12,2%).

Tabanma 6
HCKa (KypeHHe H cTpecc)

ITon Kypenue Ctpecc Kypenue, ctpecc
abc. 4. % abc. 4. % abc. 4. %
MY >KUUHBI 4 2,2 1 1,1 7 3,8
JKEHILIUHBI 0 0,0 1 2,0 0 0,0
Uroro 4 3,7 2 1,9 7 6,5

[Tpumeuanue: Te ke, 4TO U K TabI. 4.

Kak BuaHO U3 TaOI. 6, y MY>KUHH KypeHHUE SIBJISI-
ercst Oonee yacteiM PP (2,2%), uem crpece (1,1%).
Crenyer oco6o ormeruts 7 (3,8%) MyX4HH, y KOTO-
pBIX TpHCYTCTBYIOT 00a ®P — m Kypenue u crpecc.

Kenmuuel Hameld KOropThl HE KYpHIIU, CTPECCOBYIO
ke cuTyauuto B kayectBe @P pazsutus MU otmeTuiia
Becero 1 (2,0%) marueHTka.
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Tabmuma 7
Pacnpenenenne 60JbHBIX 10 110JY U akTOpy pucka (001e3HM + KypeHue)
[on ATepockiiepos, KypeHne lumepren3us, UBC,
KypeHue KypeHHue
abc. 4. % abc. 4. % abc. 4. %
MY>KYHHBI 4 6,8 1 1,7 6 10,2
JKEHIIIMHBI 0 0,0 0 0,0 0 0,0
HUroro 4 3,7 1 0,9 6 5,6

[Ipumeuanue: Te ke, 9TO U K TaOI. 4.

Kak BugnO 13 Tabum. 7, y Mmyx4nH cogetanne UbC u
kyperus (10,2%) BeicTymaer B kadectBe ®P pazBuths
WU dame, yeM codeTaHUE aTepoCKiIepo3a U KypeHUs

(6,8%) m coueTtaHWe apTEpHANBHOI THIIEPTEH3UU H KY-
pernst (1,7%). IToBTopuMCS, 9TO >KEHIIMHBI HAIIEH KO-
TOPTHI HE KYPHIIH.

Tabnuna 8 Pacnpenenenue 60JIbHBIX MO MOy 1 (akTopy prcka (0oye3Hu + cTpecc)

ITon ATepockiiepos, l'uneprensus, crpecc UBC,
cTpece cTpece
abc¢. u. % abc¢. u. % abc¢. u. %
MY >KUUHBI 1 1,7 0 0,0 0 0,0
JKEHIITUHEI 0 0,0 2 41 1 2,0
Hroro 2 0,9 2 19 2 0,9

[Tpumeyanue: Te xe, 4TO U K TadI. 4.

Kak BuzmHO U3 Tabi. 8, y My>KUnH COYETaHHE aTe-
pOCKIJIepo3a M cTpecca BBICTyNaeT B kadecTBe DP paz-
Butust U1 B 1-om ciryqae (1,7%). Y xeHIH covera-
HHE apTepuaibHOi runepTeH3un u crpecca (4,1%) BbI-
crynaer B kauectBe OP B 2 paza vame, uem UBC u
ctpecca (2,0%).

Jna cocraBneHust Gojee IEIOCTHOM KapTHHBI O
gacTote U cTpykType OP u 6omipIiei HarJasIIHOCTH MBI
COCTaBWJIM TaK)X€ [BE DPE3YJIbTHPYIOIIUE TAaOIUIIBI
(Ta6:1. 9 m 10) a1 SHIOTEHHBIX U 3K30TeHHBIX OP.

Tabmuua 9
Pacnpenenenne OOJNBHBIX 1O 1OJY M (aKTOpy pUCKa(IHIOTeHHbIE (haKTOPbI)
Ion ATepockiiepo3 I'uneprensus NBC Junabet OxupeHne Bcero
abc. u. % abc.4. % abc.u. % | abc.u. % abc.4. % | abcu. | %
M 30 29,1 28 27,2 26 25,2 18 17,4 1 1,0 103 | 100
K 17 16,5 34 33,0 15 14,6 28 27,2 9 8,7 103 | 100
Hroro 47 22,8 62 30,1 41 19,9 46 22,3 10 4,8 206 | 100

IIpumeuanne: M — Myxuunsl, K — >KEHIIMHBI,
MIPOLIEHTHI paccuuTaHbl OT 001ero yucina OP ams reH-
JIEPHBIX KaTeropui.

Kak BunHO U3 Tabm. 9, y My»)4nH ocHOBHEIMU DP
passurust U sBstorest arepockiepos (29,1%), apre-
puambHas runepreHsus (27,2% u UBC (25,2%). ¥
myxunH ¢ UBC pa3sutne VU sBusiercs 6osiee BeposiT-
HBIM (25,2%), ueM y xeHmuH (14,6%). Y sKeHIIUH ¢

apTepualibHON runeprensueil pazsurtue MU sasnsercs
6onee BepoaTHbIM (33,0%), HeXeNH y JKEHIIUH, CTpa-
Jaronmx arepockiepo3om (16,5%). VY xeHmuH nuader
1 O)KHpPEHHE SBIIOTCS Oojee 3HaunMbIMu OP pa3Bu-
tust U, gem y myxaus (27,2% nporus 17,4% u 8,7%
npotuB 1,0% COOTBETCTBEHHO).

Tabmuma 10
Pacnpenenenne 60IBHBIX 1O MOy U (PAKTOPY pUCKa (IK30T€HHBIE (PaKTOPHI)
[Ton Kypenne Crpecc Bcero
abc. 4. % abc. 4. % abc. 1. %
MY KYHHBI 22 71,0 9 29,0 31 100
JKEHILIUHBI 0 0,0 4 100,0 4 100
HWroro 22 62,9 13 37,1 35 100

[IpuMeuanue: IPOIEHTH PACCUUTAHBI OT OOIIEro
yucya OP 1515 TeHIepHbIX KaTeropuil.

Kak BugnO u3 Tabm. 10, y My>XYlH KypeHHE SBIISI-
ercs BecbMa 3HaunMbiM DP (71,0%). JKeHuuaer
Hameil koropTsl He Kypuinu. CTpeccoBYIO CUTYalLHIO B
kagectBe @OP passutua UM orverunun 9 MyxduuH
(29,0%) u 4 xenmmnsl (100,0%).

BoiBoabl. Takum 00pa3oM, OCHOBHBIMH MOIU(DH-
mupyembiMu OP pazsutus U y 601bpHBIX Hamei Ko-
rOpTHl ObLIM, B OOJIBILEH CTENICHH, aTEePOCKIEPO3, ap-
TepuajbHas THIICPTEH3Ms, HIIEMHYecKas OOJe3Hb
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cepara, tnadeT U uX pa3InyHbIe COYCTaHHUA U, B MCHb-
el CTENeHH, KypeHHe M CTPEcC, KOTOPHIC CITYXKIIIH
O®P, B OCHOBHOM, U1 MY>KYUH MOJIOJOTO BO3pacTa.

duHaHCUPOBAHUE UCCIIETOBAaHUM TPOU3BOIUIOCH
npu copaeiictBun ['ocynapCTBEHHOIO KOMUTETa IO
Hayke MuHmCcTepcTBa 00pa3oBaHms 1 HayKu PA (rpaHT
Nel11-3b496).

KoH(pnuKT HHTEpECOB OTCYTCTBYET.

Anpec mist koppecnioneHuuu: OBaHecsiH Pyoen
AHJIpeeBUY — JOKTOP MEIUIIMHCKHUX HayK, podeccop,
3aBenyoommil kadeapoit Owomenuimubl HCTHTYTa
(apmannn EpeBaHcKoro rocynapcTBEHHOTO YHHBEP-
CHUTETA, TeN.: (+37491)496037; email:
hovrouben@gmail.com
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ABOUT PRIMARY-MULTIPLE SYNCHRONOUS MALIGNANT NEOPLASM
O IEPBUYHO-MHOXECTBEHHBIX CUHXPOHHBIX 3JIOKAYECTBEHHbIX
HOBOOBPA30OBAHUAX

Summary: localization and the most frequent combination of primary and multiple synchronous malignant
tumors in 526 patients were studied. Most synchronous tumors are localized in certain organs and systems in both
men and women. It is of great value to determine the algorithm for diagnosis of synchronous multiple neoplasias

and for scientific studies of carcinogenesis.

Key words: primary-multiple synchronous malignant tumors.
AHHOTalIl/Iﬂ: HCCJICOAOBAHBI JIOKAJIM3alusa U HanboJIee YacToe COYETAaHUE MNEPBUIHO-MHOKECTBECHHbBIX CUH-

XPOHHBIX 3JIOKa4Y€CTBCHHBIX OHyXOHGﬁ y 526 6onbHBIX. bomblas yacTs CUHXPOHHBIX OHyXOJ’IGﬁ JIOKAJIM3YyETCA B
OIPCACIICHHBIX OpraHax U CUCTEMAX KakK y MY>K4YHMH, TaK U y JKCHIIUH. DT0 MMeeT OOJIBIIOE 3HAUCHHE JUIA o1Ipe-
JACJICHUS aJIrOpUTMa JUArHOCTUKNU CUHXPOHHBIX MOJIMHEOILIa3Hi U JJI HAYYHBIX I/ICCJ'IC,HOBaHI/Iﬁ KaHIEpOreHesa.

Kniouesvie cnosa: MNEPBUIHO-MHOXKXCCTBCHHBIC CUHXPOHHBIC 3JIOKaY€CTBECHHLIC OITYXOJIN.

Ilox nepBHYHON MHOXECTBEHHOCTBIO 3JI0Kade-
CTBEHHBIX OIyXOJIeH MOApa3yMeBaloT BOZHUKHOBEHHE
Yy OJHOTO M TOTO e OOJIFHOrO, HE3aBUCHMO JAPYT OT
Jpyra, IByX uiu 0osee omyxoJieil. B cBsi3u ¢ BO3MOX-
HOCTBIO OIHOBPEMEHHOTO WJIM IIOCJIEIOBATEIHHOTO
BO3HHKHOBEHHSI MHOKECTBEHHBIX OIyXOJIeH pa3iu-
YalOT CUHXPOHHBIE MHOXKECTBEHHBIE OITYXOJIH — BBISB-
JICHHbIE OJHOBPEMEHHO, 1 METAXPOHHBIE — BBISBIICH-
HBIE uepe3 OIpeJeIeHHbII BpPEMEHHOW HHTEpBall.
BonbmmacTBO aBTOPOB [1,2,3] K CHHXPOHHBIM OTHOCAT
HOBOOOPAa30BaHusl, BEISBICHHBIC OJJHOBPEMEHHO WIIU C

HHTEpBAJIOM He Oonee 6 MecsneB. [IoHATHS cHHXPOH-
HOT'O ¥ METaXPOHHOT'O paKa SIBISIFOTCS YCIOBHBIMH, T.K.
TOYHO OMPEICTUTh Hadalno Pa3BUTHSA KaXIO0W U3 OIMy-
XOJIEH NTPaKTU4ECKU HEBO3MOXHO. [IoaTOMY peus uzner
TOJIBKO JIWIIH O CPOKAX THATHOCTUKH MHOKECTBEHHBIX
OIYXOJIEH.

IHocTanoBka mnpoOJeMbl. AKTyaJbHOCTh IpO-
6J1eMbl TIEPBUYHO-MHOXECTBEHHBIX 3JI0KaueCTBEHHBIX
HoBooOpaszoBanuii (IIM3H) cBsi3aHa ¢ MOBCEMECTHO
PETUCTPUPYEMBIM 3a IOCJIEIHHUE TOAbI yBEIHMUCHHEM
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yrciaa OOJNBHBIX C HaHHOM marojsiorueii. Emie He-
CKOJIBKO JEeCATHIETUN Ha3an oOHapyXeHHe BTOPOM
37I0Ka4E€CTBEHHOH OMyXOJNH y OIJHOTO OOJBHOTO, Kak
MIPaBWIIO, SBJIJIOCH Ka3yUCTUKON. B HacTosmee Bpems
UArHOCTHUKA IIOJIMHEOIUIa3Wil cTajla IIOBCEIHEBHOM
KIIMHUYECKOHU NpakTukoi. B cpennem, y ognoro usz 110
GONBHBIX 3JI0KaYE€CTBEHHBIM HOBOOOpa3OBaHHEM pas3-
BUBAeTCA HOBas, HE3aBUCHMas OT BBIIBJICHHOH paHee
3JI0KauU€CTBEHHAs OIyXO0Jb.

Iocaennne ucciaenoanus U nyodaukanuu. Ilo
JTAaHHBIM OTeYeCTBEHHOU [4,5] u 3apyOeskHoii [6,7] mu-
TepaTypsl, 4aCTOTa Pa3BUTHS NEPBUYHO-MHOXKECTBECH-
HBIX 3JIOKaYECTBCHHBIX HOBOOOPA30BAHUH COCTABIIACT
0,64-11,0%. CuHXpOHHBIE OIyXOIH HAOIIOAAIOTCS y
20,0-58,7% ©OompHBIX [8,9] mEepBUYHO-MHOKECTBEH-
HBIMH 3JI0Ka4eCTBEHHBIMH HOBOOOpa3oBaHusaMH. [Ipu
9TOM y MYXUYUH OHH COCTaBISIOT 42%, a y >KEHIIHUH
35% [10].

Poct 3aboneBaeMOCTH TNEpPBHYHO-MHOXECTBEH-
HBIMH CHHXPOHHBIMH 3JI0KQUe€CTBEHHBIMH HOBOOOpa-
3oBanusiMu (IIMC3H) oObscHseTCs yydIeHneM cTa-
TUCTUYECKOT'0 y4eTa, a Tak)ke BHEIPEHUEM B KIIMHHUYE-
CKYI0 TMPaKkTHKy OoJiee COBEpILCHHBIX METOI0B
JMarHOCTHKH (yJIbTPAa3BYKOBOTO HCCIIEIOBAHMSA, KOM-
NBIOTEPHOH ¥ MarHUTOPE30HAHCHOM ToMorpaduu,
ap.). Urano Y. et al. [11] paccmatpuBatoT crapenue
HacesleHHus SIMOHNM Kak OuH U3 (akTOpoB yBesnde-
HUS 3a00J1€Ba€MOCTH TTOJIMHEOIIIa3usAMH. MHOTHE aB-
Topsl [12,13] yBenuueHue 4acToThl NEPBUUHO-MHOXKE-
CTBEHHBIX OITyXOJIeH OOBSCHSIOT yXyZIICHUEM 001Iei
9KOJIOTHYECKOW CHUTyallMH, TEXHOT€HHBIM 3arpsi3He-
HHEM BO3JIYyIIHOIO OacceiHa, IUIOXUM KadyecTBOM
nuty, Boabl. [1o qanaeim [anneBa 1. X. ¢ coaBt. [14]
n XanoBa A.M. [13], moka3arenn 3a0071€Ba€MOCTH TO-
POJICKOTO HACeNEHHUs] OKa3bIBAIOTCS 0ojiee BBICOKMMU
M0 CPaBHEHMIO C CEJILCKUM. [IprMepoM ToMmy ciyxaT
KpYIHBIE TIPOMBIIIJICHHBIE IEHTPHI C Pa3BUTOH HedTe-
XUMUEH.

PazButne Gosee oxHOrO HOBOOOpa30OBaHUS Y OJI-
HOTO TaIlMeHTa HCCIICIOBATENIN TAKXKE CBS3BIBAIOT C
HACJIeJCTBCHHOCThIO, UMMYHOJIC(QHIUTHBIM COCTOS-
HHEM, HECOCTOSITEIHbHOCTBIO CHUCTEMBI €CTECTBEHHOI
PE3UCTEHTHOCTH, CUCTEMBI IETOKCHUKAIMHU, Kak (akTo-
POB  IPOTHBOONYXOJEBOW  3alIUTBl  OpraHHM3Ma
[15,16,17,18,19,20,21,22].

[Tpu aranm3e BO3PAaCTHOTO cocTaBa OOJIBHBIX Hep-
BUYHO-MHOXKECTBEHHBIMH 3JI0Ka4€CTBEHHBIMH HOBO-
00pa30BaHMAMH BBIIBICHO, YTO y MYXUYHMH KK 3200-
JIEBa€MOCTH NPUXOJUTCS Ha 65 JIET, B TO BpeMs Kak y
JKEHIIMH HauOoJiee 4acTo IOJMHEOIUIa3nu Habumo/a-
10Tcs B Bo3pacte 45-60 ner. Hausbicuias Touka 3a0o-
JIEBAEMOCTU COOTBETCTBYET 55 rojam, a 3aTeM pe3Ko
nagaet. CpegHuil BO3pacT OOJIBHBIX C MIEPBUYHO-MHO-
KECTBEHHBIMH 3JI0Ka4€CTBEHHBIMH HOBOOOPa30BaHU-
sIMH, TIO TAaHHBIM psia aBTopoB [14,13,11], cocraBmser
55,6-58,2 roga

JIBe oImyXoJu Ipy MHOXKECTBEHHBIX HOBOOOPa3o-
BaHWsX auarHoctupyiores y 84,0-100,0% O6oabHBIX,
TpH onyxoau — y 9,9-16,0%, yetsipe — y 1,62%, nare —
y 0,095% u cemb —y 0,095% [23,24].

IlepBoe omnucaHue ciaydas HEPBUYHO-MHOXKE-
CTBEHHBIX 3JIOKAYECTBEHHBIX OIyXoJsiell Obulo mpen-
ctaBieHo B 1793 r. oHIOHCKUM Xupyprom J[>KoHOM

ITupconom, HabmOAABIIM OOJBHYIO, Y KOTOPOH ITO-
CJIEIOBATENILHO Pa3BUIIUCH PaK MPABOM MOJIOYHOM Ke-
JIe3bl, 3aT€M JIEBOM M, HAKOHEL, paK MAaTKU. J[aHHBIM
TPYZOM OBUI OTKPHIT IIEPBBINA MEPUOJT B PA3BUTHH yUe-
HUS O TIEPBUYHO-MHOXXECTBEHHBIX 3JI0KQYEeCTBEHHBIX
HOBOOOpa3oBaHMAX. BTopoii mepwox HaumHaeTcs c
1889 r., korma T.Billroth npemnosxun kuHUKO-MOphO-
JIOTHYCCKUEC KPUTCPUH TMEPBHYHO-MHOKECCTBECHHBIX
3JI0KAYECTBEHHBIX HOBOOOpPA30BaHUN. DTOT MEPUOJ
XapaKTePU3yeTCsl HAKOIUICHUEM OIMCATEIHbHOTO KIIU-
HUYECKOTO M CEKIIMOHHOTO MaTepualia Mo MEePBHYHO-
MHOKECTBEHHBIM 3JI0KaYeCTBEHHBIM HOBOOOpa3oBa-
HUsAM. TpeTwii nepuo BKirtodaeT Kouer 60-x — Hagaso
70-X TO/IOB, KOT/1a HAYAJINCh KOTOPTHEIE STHIEMHOIO-
THYECKUE HWCCIEIOBAHMS 3TOW MATOJOTHH C HAYYHBIM
OTIpENICIEHNEM 3aBHCHMOCTH MEXIy IIE€PBBIM H
PHCKOM Pa3BUTHS BTOPOTO H IMOCIEAYIOIINX HOBOOOpa-
30BaHUH y OOJIBHOTO.

Hepemennble panee 4yactu o01eil npodJieMbl.
BcecTtopoHHee u3ydyeHue NEPBUYHO-MHOXKECTBEHHBIX
CUHXPOHHBIX 3JIOKaYECTBEHHBIX HOBOOOpa3zoBaHUil
IIO3BOJIACT yFHyGI/ITL HaY4YHBIC MIPCACTABJICHUA O MEXa-
HU3MaX KaHIIEPOTeHEe3a, pa3paboTaTh ONTHUMAJbHBIC
MTOIXO/BI K YITyYIICHUIO MIPO(MUITAKTHKH, THATHOCTHKA
1 JICYCHUS 3II0KAYEeCTBCHHBIX OITyXOJCH.

DTO0 AUKTyeT HEOOXOAUMOCTh H3YICHHUS COBOKYTI-
HOCTH (DaKTOPOB, BEAYIIHUX K POCTY HECKOIBKUX OMY-
XOJIeH Y OTHOTO TAIlHeHTa, YTO, BO3MOKHO, TIO3BOJIUT
BEIBUTH JIMII, TPEAPACIIONIOKEHHBIX K BO3HHUKHOBE-
HUIO NEPBUYHO-MHOKECTBEHHBIX onyxoneﬁ, n ocCy-
IIECTBJIITh 3a HUMHU JTUHAMHWYECKOEC Ha6J'HO)IeHI/Ie C 1e-
JIbIO paHHEHN JTUarHOCTHKY Ka)KJ0T0 HOBOOOPa30BaHMsI.
IlomyyenHsle naHHble 00 OCOOEHHOCTSIX Ppa3BUTHUS
IIMC3H, ux KIUHUYECKOW KapTHHBI, TUATHOCTUKH
IMO3BOJIAAIOT CBOEBPEMEHHO BBISABUTH IMMOJUHCOIIIIA3UNU Y
OOJIBHOTO W OTPEACTHUTH PAIMOHANBHYIO JeUeOHYIO
TaKTHUKY.

Cepbe3HyI0 KIMHUYECKYIO TpoOIeMy IMpelcTaB-
nset nquddepeHnnanpHas THarHoCTHKA MEXTY BTOPOH
OITYXOJTBIO WIIM PEHUANBOM U MeTacTazoM. C 3ToH Ie-
JIBI0 OYEHB Ba)KHA pa3padoTKa KpUTepueB MOP(HOIOTH-
qyecKou JAUArHOCTUKU CUHXPOHHBIX 3JI0KaUYCCTBCHHBIX
OTIYXOJIEH, YTO OMpeeNsieT pelieHne BOmpoca o Jeue-
HUH.

Baxxno YCTaHOBUTH 3aKOHOMEPHOCTU BBIABJICHUA
BTOPBIX Ol'[yXOJ'IefI B 3aBUCHMOCTHU OT TUArHOCTUPOBAH-
HOTO TIEPBOTO HOBOOOPa30BaHUS, PO U 3HAYUMOCTh
COBPEMEHHBIX METOJIOB UCCIICIOBAHMS B OTIPEICIICHUH
CHUHXPOHHBIX TIOJHHEOIIa3Hid, T.e. YTOYHHTH alro-
PUTM JUATHOCTUKU TPH TEPBUYHO-MHOKECTBECHHOM
IpoLecce.

Eme Heckonbko mecATHICTHH Ha3all oOHapyxe-
HHE€ BTOPOH 3JI0KaUE€CTBEHHOM OITyXOJIM, KaK MPaBUJIO,
ABJIAJIOCH MPOTHUBOIIOKA3aHUEM K IINIAHUPOBAHUIO pa-
JquKaabHOTO JiedueHus. CeromgHs cUTyarys KOPEHHBIM
obOpazom m3MeHmnack. OmnpeneneHWe TaKTUKU TPH
CHMHXPOHHO BBISABJICHHBIX OITYXOJIAX — 3aJa4da ropas3ngo
0oJee cI0XHas, 4eM BBIOOP METO/A JICUCHHUS COTUTAp-
HOTO 3JI0KQYECTBEHHOTO HOBOOOPa30BaHUs, H TpeOyeT
eire 0oJiee BAYMYHBOTO MOIX0a K KAXKIOMY KOHKPET-
HOMY OOJILHOMY.
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Heabr MccaegoBaHMsA: ompenencHue Hamboree
Y4acTOTO COYETAHHS OIMyXOJeH NMPH CHHXPOHHOM IIep-
BUYHO-MHOKECTBEHHOM IIPOIIECCE JUIS ITOBBIIICHUS
3((HeKTUBHOCTH JUATHOCTHKH.

OcHoBHOIi MaTepuaja. B ocHOBY pa0oTHI mmojo-
JKEeHBI MaTepHallbl UCTOpUil Oomne3Hn 526 OONBHBIX C
MEepBUYHO-MHOXXECTBEHHBIMH CHHXPOHHBIMH 3JI0Ka4e-
CTBEHHBIMH HOBOOOPa30BaHMSMH Pa3INUHBIX JIOKAJIHU-
3anuii. OCHOBHBIM KpHUTEpUEeM 0TOOpa OOJBHBIX IS
UCCIICIOBaHUS CIIY>KUJI THCTOJIOTHUECKUN JUarHo3s
MEePBUYHOI MHOKECTBEHHOCTH 3JI0Ka4E€CTBEHHBIX OITYy-
xoje#. Ecnu umena mMecTto coMHHMTENbHAas TPAKTOBKa
MEPBUYHON MHO>KECTBEHHOCTH, TO JaHHBIM Cilydail B
UCCIIENOBaHNE HE BKIIoyancs. PaccMmaTpuBanuch
TOJBKO CHHXPOHHBIE OIYXOJIH, T.€. MPOMEXYTOK Bpe-
MEHHU MEXy OOHapy>KCHHEM MEPBON M HOCIIETYFOLTHX
OIYXOJIeH He MpeBbILIa 6 MECSLEB.

IBe omyxomn oOHapyxkeHbl y 510 OOIBHBIX
(97,0+0,7%), Tpu onyxomu — y 15 (2,8+0,7%), yeTsipe
-y 1 (0,240,2%). Bcero y 526 OGONBHBIX BBISBICHO
1069 31m0KavYeCTBEHHBIX HOBOOOPA30BaHUIA.

B anammsupyemoii rpymnne MyxxuumH Obuto 200
(38,0+2,1%), xenmmu 326 (62,0+2,1%), uto cBuze-
TEIbCTBYET O 3HAYUTEIBHOM IpeoOnajaHuM IOCIen-
Hux (p<0,01).

ITpn ananmu3e BO3PACTHO-TIONOBOTO pacIpezaere-
HUsI OOJIBHBIX NEPBUYHO-MHO)KECTBEHHBIMU CHHXPOH-
HBIMH 3JI0Ka4eCTBEHHBIMH HOBOOOpPA30BaHUAMHU 00pa-
maeT Ha cebs BHUMaHHWE IpeoOsiaflaHue >KCHIIWH
(p<0,1) B Bo3pacte ot 31 o 40 et u B Bo3pacte ot 41
1o 50 ner (p<0,01) mo cpaBHEHUIO ¢ MYy>XYHHAMH. Y
MyxuuH npeodianaer (p<0,05) Oonee crapimmii Bo3-
pact (61-70 net). Ilpu 3ToM MK 3200JICBACMOCTH Y
MY’K4YMH NPUXOIUTCA Ha Bo3pacT 61-70 ner, a y xeH-
il — Ha 10 et monoxe (51-60 ner).

OcHoBHast Tpymma GombHbIXx 420 (79,8+1,7%)
nMena Bo3pact oT 45 1o 70 net, 94To COOTBETCTBYET HO-
KazaTesIM TIPH COJIMTAPHBIX OMyXOJIsiX. MHHUMAab-
HBIN BO3pacT - 16 ner, a MakcuManbsHbIH — 85. Cpenauit
BO3pacT OONBHBIX MEPBHYHO-MHOXECCTBEHHBIMHU CHH-
XPOHHBIMH 3JI0KauY€CTBEHHBIMH HOBOOOPA30BaHMAMHU
cocraBua 57,810,5 ner, myxuun — 59,620,7, sxeHIIUH
—56,840,6 mer.

Pacnipenenenue nepBUYHO-MHOXKECTBEHHBIX CHH-
XPOHHBIX 3JI0KAQYECTBEHHBIX HOBOOOpPA30BaHWH II0
MOP(OIOTHYECKOMY CTPOEHHIO TNPEICTaBICHO B Tal-
qaue 1.

Ta6muua 1
Pacnpenesienue IMC3H no mopgosiornueckoMy CTPOEHHIO
Mopdomnoruyeckoe UYucno omyxodeii (abc.u./%) p
CTPOEHUE MyKYUHBI JKenuuns!

Pax 386(94,4+1,2) 628(95,2+0,8) >0,1
Capkoma 6(1,5+0,6) 13(2,040,5) >0,1
MenaHoma 4(1,0+0,5) 9(1,440,5) >0,1
Jleliko3 3(0,7+0,4) 6(0,9+0,4) >0,1
Jlumdpocapkoma 5(1,240,6) 2(0,340,2) >0,1
JlumorpaHyneMaros 5(1,2+0,6) 1(0,2+0,2) <0,1
KaprmHon g - 1(0,2+0,2) -
Bcero 409 660

Kak y myxunn (94,4£1,2%), Tak ¥ y XKCHIIHH
(95,240,8%), mpeobiamarOT 3JI0KAYEeCTBEHHBIE OITY-
XOJIM JNuTeNuanbHod npuponsl. Ha BTOpoM Mecte
HaXOJIATCSI OIYXOJIM U3 COEIUHUTENbHON TKaHU, 3aTEM
MEeNIaHOMBI ¥ TeMOOIIacTO3BI.

Bonbmioif  uHTEpec BBI3BIBAET pacHpeleleHHe
HNEPBUYHO-MHOKECTBEHHBIX CHUHXPOHHBIX 3JI0Kaue-
CTBEHHBIX HOBOOOpazoBaHuii y 200 myxumH u 326

JKEHIIMH 110 aHaTOMHYeCKuM ootactsaM (Tabmura 2). Y
JKSHIMH moyrHeornta3un daie (p<0,01) mokanmsosa-
Jck B obnactu tasza (39,8+1,9%), rpyau (31,941,8%).
Y MmyxuuH — B o0nactu xuBoTa (23,242,1%), royioBbI
(13,1+1,7%) u mren (10,4+1,5%), 3a0prOIIMHHOTO TIPO-
crparctsa (9,411,4%).

Tabmuma 2
Pacnpenenenue IMC3H no anaToMuuecKuM 00J1aCTSIM
Yucio onyxoseit (%) p
AHaToMuuecKas Bce MyK4uHbI Kenmunsl
obmacthb (n=1069) (n=405) (n=664)
Ta3 32,7+1,4 21,0+2,0 39,8+1,9 <0,01
I'pyns 27,8414 21,0+2,0 31,9+1,8 <0,01
XKusot 16,1+1,1 23,2421 11,7+1,2 <0,01
T'omosa 7,940,8 13,1+1,7 4,7+0,8 <0,01
es 7,5+0,8 10,4+1,5 5,7£0,9 <0,01
3a0prOIMUHHOE TPOCTPAHCTBO 5,1+0,7 9,414 2,6+0,6 <0,01
HioxHAS KOHEYHOCTD 1,4+0,2 - 2,0+0,5 -
BepxHsis KOHEUHOCTh 0,2+0,1 - 0,3+0,2 -
Bes ykazaHus* 1,240,3 2,0£0,7 1,2+0,4 >0,1
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* - PeM00JIaCTO3bI

[lepBBIME THATHOCTUPOBAIUCH OIMYXOJIH, PACIIO-
JIararolrecs yalle BCero B 00mactu rpyad. BropeiMu
OMPEICTSLTMCH OMYXOJIH, JIOKAU3YIOIInecs B 001acTi

Pacnipenenenye nepBHYHO-MHOKECTBEHHBIX CHH-
XPOHHBIX 3JIOKAYECTBEHHBIX HOBOOOPa30BaHWII MO
(YHKIMOHAJIBHBIM CHCTEMaM IIPE/ICTaBICHO B Taod-
mare 3.

IIeH ¥ 3a0pIOIIMHHOTO IPOCTPAHCTBA.

Tabmmma 3
Pacnpenenenne IIMC3H no cucremam
Jloxanmm3anus omyxoneit UYucio onyxoneit (%) p
10 CUCTEMaM Bce MyK4uHbI KeHmuHs
(n=1069) (n=405) (n=664)
ITnmesapurenpHas 26,6+1,4 43,0+2,5 16,6+1,4 <0,01
ITonoBas 25,1+1,3 6,7+1,2 36,3+1,9 <0,01
Koxa 22,54+1,3 3,7+0,9 33,9+1,8 <0,01
JlpIxarensHas 9,8+0,9 23,5+2,1 1,54+0,5 <0,01
MoueBsigenuTe I HAS 8,0+0,8 16,3+1,8 3,0+0,7 <0,01
OHAOKpPUHHAs 4,2+0,6 2,2+0,7 5,4+0,9 <0,01
JIumparuueckas 1,3+0,3 2,5+0,8 0,6+0,3 <0,05
Cucrtema KpoBH 1,2+0,3 1,240,5 1,240,4 >0,1
Msrkue TKaHu 0,8+0,3 0,7+0,4 0,9+0,4 >0,1
Hpyrue 0,5+0,2 0,240,2 0,7+0,3 >0,1

[NonmmHeomma3uu y MyKIHH Pa3BUBAIOTCA Yallle B
nuiieBapuTenbHo cucteme (43,0+£2,5%), 3aTeM B JbI-
XaTeJIbHOMU (23,5£2,1%), MOYEBBIICIUTEIIEHOM
(16,3+1,8%) u nmumdartuyeckoit (2,5+1,8%). V xeH-
IIMH — B TIoJioBoi cucreme (36,3+£1,9%), koxe, BKITIO-
Yasi MOJIOUHYIO >kenesy, (33,9+1,8%) u sHAOKpUHHOK
cucteme (5,410,9%).

B 3aBHCHMOCTH OT O4epeTHOCTH BEISBICHUS TIEp-
BBIMH OITyXOJISIMH TIPEHMYIIECTBEHHO JTHArHOCTHPOBA-
JIACH 37I0KaYeCTBEHHBIE HOBOOOPA30BaHUS KOXKH, Kyia

THCTOT€HETHYECKH BXOAUT U MOJIOYHAs jkene3a. Bro-
PBIMH Hale THarHOCTUPOBAINCH OITYyXOJIM MOYEBBIZIE-
JIUTEJIBHOM U SHIOKPUHHOM CUCTEMBL.

PaccmoTpum MIOOPraHHOE pacnpeneneHue
[IMC3H B ¢yHKIMOHATIBHBIX cucTeMax. Tak B muie-
BapUTEIBHOM  cHCTeMe  JIoKajnu3oBaimuch 284
(26,6£1,4%) omyxouneit (cMm. Tabmuny 3). Mx nokanu3a-
1Us IpeJicTaByieHa B Tabmuie 4.

Ta6numa 4
Pacnpenesnenue IMC3H B opranax nuuieBapuTeJabHOil CHCTEMBbI
Uucno onmyxoueit (%)
Jlokanuzanus omyxouei Bce Myx4uHbI Kenmuab! p
(n=284) (n=174) (n=110)

Kenynox 33,1+2,8 32,7+£3,6 33,6+4,5 >0,1
IMomocts pra 16,9+2,2 21,8+3,1 9,1+2,7 <0,01
[psimast KuIKa 13,442,0 12,6+£2,5 14,5+3,4 >0,1
0O060104YHAas KUIIIKA 12,0+1,9 8,0+2,1 18,2+3,7 <0,05
CHurMoBHIHAS KHMIITKA 10,5+1,8 6,3+1,8 17,4+3,6 <0,01
ITumeson 8,4+1,7 12,1425 2,7+1,6 <0,01
ToHkas KuIIKa 1,4+0,7 1,741,0 0,9+0,9 >0,1
IMomxenynounas sxenesa 1,4+0,7 0,6+0,6 2,716 >0,1
®daTepoB COCOK 1,4+0,7 2,4+1,1 - -
OxkooymrHas )kemnes3a 0,7+0,5 1,2+0,8 - -
ITeuenn 0,4+0,4 - 0,9+0,9 -
JKemaHbIit my36Iph 0,4+0,4 0,6+0,6 - -

B npepenax nuiieBapUTENbHON CHCTEMBI CaMOM
4acTOM JOKanu3alKeld MONMHEOIIa3ui ABUIICA Kely-
JIOK, KaK Y MY>K9HH, TaK U y )KCHIIHUH. 3aTeM B TIOPIIKE
yObIBaHHS y JKCHIUH dHalle Hopakajlach 000m09Has
(18,243,7%), curmoBugnas (17,41£3,6%) u upsiMas
kumka (14,513,4%), a y MyXuuH MOJOCTh pTa

(21,843,1%), npsimas kumika (12,6+2,5%) u mumeBos
(12,1+2,5%).

Kenmynok wamie BBISIBISUICS B KauecTBE NEPBOM
OITyXO0JIH, @ 000/I0YHAs KHIIIKa — BTOPOH.

B opranax monoBoil cucteMsl umenu mecto 268
(25,1+1,3%) 37M0KaYeCTBEHHBIX OMyXoJed (cM. Tab-
iy 3). OHM pacnpenesuIuch CIeAYIONMM 00pa3oM
(Tabauua 5).
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Tabauna 5
Pacnpenenenue IMC3H nmo opranam noJioBoii CHCTEMBbI
Yucino omyxomneii (%)
Jlokanuzauus onyxonei Bcee My>X4YuHBI JKeHmuHBI p
(n=268) (n=27) (n=241)
Marka 53,8+3,2 - 59,8+3,8 -
B TOM YHCJIEC: TEJIO0 34,0429 - 37,843,1 -
LIeiKa 19,8424 - 22,0+2,7 -
Snunuku 32,8+2,9 - 36,5+3,1 -
IIpencrarenpHas xene3a 8,6+1,7 85,2+6,8 - -
Bunaranume 1,94+0,8 - 2,1+0,9 -
MatouHbie TPyObI 1,5+0,7 - 1,7+0,8 -
Snuknm 1,51+0,7 14,8+6,8 - -

YcTaHOBIIEHO, YTO Y JKEHIIUH IpeobiamaeT mopa-
skeHue tena matku (37,813,1%). Ha BTOpOoM MecTe
crost stmuHuku (36,51£3,1%), Ha TpeTheM — Imelka
MaTku (22,042,7%). Ilpu 3TOM pak Tena MaTKu y TO-
JABIIIONICTO YHUCIA JKEHIIWH JAHATHOCTHPYETCS Tep-
BEIM, a PaK SHYHUKOB BTOPHIM. Y MYXYHH Hambolee
4acTOH JIOKAJIN3aLMEH 3JJ0Ka4EeCTBEHHOU OIyXOJIH SB-

240 (22,5£1,3%)

NEPBUIHO-MHOKCCTBCHHBIX

CHHXPOHHBIX 3JIOKa4eCTBCHHBIX HOBOOOPa30BaHUi1 J10-
KaJIM30BaJIICh HA KOKE U €€ MIPOU3BOTHOM — B MOJIOU-
HOI xene3e (cM. Tabmuiy 3). Pak MOTOUHOM JKene3bl y
xeHnrH (87,612,2%) 1oOMUHHPOBAT HaJl OMYyXOJSAMHA
KOXXH pa3IMuHOM Jokanu3anuu (tabnuia 6) u npu
STOM JAUArHOCTUPOBAJICS Yallle B KauecTBe MEPBOM OITy-

JsIeTCsI pe/IcTaTeNbHast Kxene3a (85,2+6,8%). XOJIH.
Tabmuna 6
Pacnpenesienue IMC3H y 601bHBIX ¢ KAPHMHOMOM KOKH
Uucno onyxoneit (%) p
Jlokanu3anus onyxomnei Bcee Myx4uHbI Kenuunsr
(n=240) (n=15) (n=225)

MomnouHas xeinesa 82,5+2,5 6,746,4 87,6+2,2 <0,01
I'pynnas ctenka 4,1+1,2 26,6+11,2 2,6+1,1 <0,1
TonoBa 11,242,0 66,7£12,2 7,5£1,8 <0,01
B TOM 4YHCIIC: JINLIO 10,4+2,0 53,3+12,9 7,5+1,8 <0,01
BOJIOCHCTAs YacCTh TOJIOBBI 0,4+0,4 6,7+6,4 - -
yILIHas pakOBUHA 0,4+0,4 6,7+6,4 - -
Tlonenn 1,3+0,7 - 1,4+0,8 -
Crorma 0,4+0,4 - 0,4+0,4 -
ITieuo 0,4+0,4 - 0,4+0,4 -

105 (9,8+0,9%) monuHeoIUIa3Mii pachojarajiuch B
Oprasax JAbIXaTeJIbHOH cucTeMsl (cM. Tabmumy 3). Kak y
MY)XYHH, TaK M Y JKCHIIUH Yalle MOPaXKaloch JIETKOe

(tabmuma 7). [Ipu 5TOM OIyXO0JIb JIETKOTO YaIle BHISIBIIS-
Jlach MpH MOJIMHEOIIa3usiX BTopoit. Ha Bropom Mecte y
MYXUYHH - TOPTaHb.

Tabmuma 7
Pacnpenenenne IIMC3H B opranax AbIXaTeJIbHOH CHCTEMbI
UYucno omyxoneit (%) P
Jlokanu3anus omyxosuei Bce My>KYuHBI Kenuunst
(n=105) (n=95) (n=10)
Jlerkoe 61,9+4,7 61,1+1,5 70,0+14,5 >0,1
Toprans 28,61+4,4 31,6+4,8 - -
T'opTaHOIIIOTKA 3,8+1,9 3,2+1,8 10,0+9,5 >0,1
TaiimMopoBa masyxa 1,941,3 1,1+1,0 10,0+9,5 >0,1
HocornoTka 1,9+41,3 2,1+15 - -
[Tnespa 1,0+0,9 - 10,0£9,5 -
Tpaxes 1,0+0,9 1,1+1,0 - -

B MoueBbIIeIMTENIEHONM ccTeMe 00HApyXeHO 86
(8,0+0,8%) 310Ka4eCTBEHHBIX HOBOOOpa3oBaHMUil (CM.
tabmmy 3). VYV MyX4uH, B OTIHYHE OT >KCHIIHUH

(p<0,05), mepBoe MECTO 3aHUMAIOT 3JI0KAYECTBEHHBIC

HOBOOOpa3oBaHus Mo4veBoro myssipst (51,5+6,2%),
BTOpoe — mouku (47,0£6,1%). ¥ xeHmuH npeobiagaer
pak noukw (65,0£10,7%) (tabnuna 8).
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Tabnuma 8
Pacnpenenenue IMC3H B opranax Mo4eBbIIeTUTENbHOI CHCTEMbI
Yucio onmyxoneit (%) p
Jlokanusanus omyxomuei Bcee MyK4uHBI Kenmuner
(n=86) (n=66) (n=20)

[Touka 51,245,4 47,046,1 65,0+£10,7 >0,1
MoueBoii my3sIph 45,3454 51,546,2 25,0+9,7 <0,05
Ypetpa 2,3+1,6 - 10,0+6,7 -
MouYeTOUYHHK 1,2+1,2 15415 - -

B kauecTBe nepBoii 0Myx0Ju BBISBISETCS paK MO-
YEeBOTO IMYy3bIPsl, BTOPOU OMYXOJHU — paK MOYKH.

Kak u cnenoBano oxunath, Mpy aHAIKU3E pacipe-
JIeTIEHH OITyXO0JIeH SHAOKPUHHOM CUCTEMBI IIEPBOE ME-
CTO 3aHMMACT IUTOBHIHAS JKejIe3a, y xkeHIuH B 100%
ciy4aes (p<0,01), a y myxxuuH — B 77,8£13,9%.

CraTHCTHYECKH TOCTOBEPHOH pa3HUIILI B pacipe-
JICIICHIH OITyXOJIeH YHIOKPUHHON CHCTEMBI B 3aBUCH-
MOCTH OT MOPSAKA BEISBICHUS HE YCTAHOBIICHO.

PacnipenencHre MONMHEOIIA3Ui MO OpraHaM y
200 mMy>xx4rH 1 326 XKCHIIWH NPEACTABICHO B TaOIHUIIC

9. Tabmuua HarJIIAHO IEMOHCTPUPYET, YTO Yy MY>KUUH
JIOCTOBEPHO Yallle, YeM Y KEHIUH, BBISBISIOTCA (B MO-
pAAKE YMEHBIICHHUs) 31I0Ka4E€CTBCHHbIE OIYXOJIU JIeT-
KOTO, JKeJyJIKa, MOJOCTH pTa, MOYEBOTO ITy3bIpA,
MIOYKH, TOPTAHU, UILEBOAA, IPSIMON KUIIKU. Bece BMe-
cte oHHU cocTaBuiau 71,9% 0T mepBUYHO-MHOKECTBEH-
HBIX CHHXPOHHBIX 3JIOKa9eCTBEHHBIX HOBOOOpPa3oBa-
HUH y MY)X9HH. Y XCHIIUH JOCTOBEPHO Halle BCTpe-
YaJHUCh OIYXOJHM MOJIOYHOW W IIUTOBHIHOM JKENE3HI.
Onu coctaBuiu 35,1% 0T Bcex MOIMHEOTIa3U y JKeH-
IUH, & IPU IPUCOCAUHEHNUNU OIyXOJIEH MaTKU U sIU4-
HUKA, 3TOT MPOLEHT cocTaBuT 71,4.

Tabnuua 9
Pacnpenesenne IIMC3H no opranam
Jlokanusanus omyxosei UYucno onyxonue# (%) P
10 OpraHam Bcee My>X4uHBI XKeHmuHbI
(n=1069) (n=405) (n=664)

MosouHas xejes3a 18,541,2 0,2+0,2 29,7+1,8 <0,01
Marka 14,3+1,1 - 23,0+1,6 -
Kemynox 8,810,9 14,1+1,7 5,640,9 <0,01
SInyHuKn 8,2+0,8 - 13,3+1,3 -
Jlerkoe 6,1+0,7 14,3+1,7 1,1+0,4 <0,01
060/104Has KUIIKA 6,0+0,7 6,2+1,2 5,9+0,9 >0,1
IlonocTs pra 4,5+0,6 9,4+1,4 1,540,5 <0,01
IMouka 4,140,6 7,7£1,3 2,0+0,5 <0,01
[IuroBuaHAs Kene3a 4,0+0,6 1,7+0,6 5,4+0,9 <0,01
MoueBoii my3sIph 3,6+0,6 8,4+1,4 0,8+0,3 <0,01
IMpsiMast Kuika 3,6+0,6 5,4+1,1 2,4+0,6 <0,05
T'opranb 2,8+0,5 7,4+1,3 - -
T'onoBa 2,610,5 2,510,8 2,710,6 >0,1
IIumeBon 2,2+0,5 52+1,1 0,5+0,3
IIpencrarenbHas xene3a 2,2+0,4 5,7+1,2 - -
KocTHBI# MO3r 1,240,3 1,240,5 1,240,4 >0,1
JTumdoy3asl 1,040,3 1,74+0,6 0,6+0,3 >0,1
HrxHss KOHEYHOCTD 0,7+0,3 - 1,2+0,4 -
Slnuxn 0,5+0,2 1,240,5 - -
Npyrue 5,1+0,6 7,7¢1,3 3,1+0,6 <0,01

Takum 00pazoM, MPUMEPHO OJUHAKOBEIM TPO-
LIEHTHBIN NTOKa3aTelb Y MY>KUHUH PacipoCTpaHseTcs Ha
8 opraHoB, a y *KEeHIIIUH Ha 4.

IIpoaHaaM3UpOBaHA YACTOTA COUCTAHUS CHHXPOH-
HBIX 3JIOKQYECTBCHHBIX onyxonef/'l Ppa3JIMYHbIX JIOKAJIN-
3aluil IpU MMEPBHYHO-MHOKECTBCHHOM MOPaKCHUH B
3aBHCHUMOCTH OT moJia. Hambosee wyacrtoe codeTaHue
MOJIMHEOIIa3Ui Y MYXYHH OTMEUYCHO C OITyXOIISIMH,
JIOKAJTH3YIOUTUMHUCS B KEIYJKE, JISTKOM, ITOYKE, MOJI0-
CTH pTa ¥ 000109HOH KHIIKe. Y KSHITUH Haubosee Ja-
CTOE COYETAHHE OTMEYCHO C OMyXOJISIMH MOJIOYHOMN
JKeJIe3bl, MaTKH, SHYHUKOB.

BriBoasl. 1. Ilpu ananuse pacnpeneneHus nep-
BUYHO-MHOKECTBEHHBIX CHHXPOHHBIX 3JIOKAaUeCTBEH-
HBIX HOBOOOPa30BaHUI 0 AHATOMUYECKUM 30HAM BBI-
ABJICHO, YTO Y KCHIITH MOJIMHEOIUIa3HH Yalle JOKaIH-
30Bajachk B 00J1aCTH Ta3a ¥ TPYIH, Y My>XIHH B 00JaCTH
JKHBOTA, TOJIOBBI U LIEH.

2. IIpu paccMoTpeHnn pyHKIMOHAIBHBIX CHCTEM
YCTQHOBIIEHO, YTO Y MY)KUMH IOJIMHEOIUIA3UU Yalle
pacnosaraioTcsi B MUIEBAPUTENbHOMN, ABIXaTEILHON U
MOUYEBBIIEIUTENBHON CUCTEMAX. Y JKEHIIUH — B IIOJIO-
BOW CHCTEME M Ha KOK€, BKIIIOYas MOJIOYHYIO JKeJe3y.
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3. Ilpu aHanmW3e MOOPTaHHOTO pACHPEACICHUS
MICPBUYHO-MHOKECTBEHHBIX ~CHHXPOHHBIX 3JI0Kayde-
CTBEHHBIX HOBOOOPA30BaHHIA OIPECIICHO, YTO Y MYXK-
YUH Yalle AUATHOCTHPYIOTCS (B MOpPAIKE YOBIBAHMS)
OIyXOJIM JIETKOTO, JKENylKa, MOJIOCTH PTa, MOYEBOTO
My3bIPs, MOYKH, TOPTAHU, IMHUIIEBOJA, IPAMON KHIIKH.
Onu coctaBuiu 71,9%. Yalie Bcero oHU COUETAIOTCS C
OIYXOJISIMU JKEIYJKa, JISTKOT0, TOYKH, TMOJIOCTU PTa U
00010YHOM KHIIIKH.

4. Y JKeHIIMH JOCTOBEPHO 4Yallle BCTPEYAIUCH
OIyXOJIA MOJIOYHOM JKeJIe3bl, MATKH, SUYHUKOB, IUTO-
BUAHOM >ene3bl. X mpormeHnt coctasmn 71,4. Ol
yamie ObUIM CHHXPOHHBIMH C OIMYXOJSIMH MOJOYHOMN
JKeNe3bl, MAaTKU ¥ SHYHUKOB.

3Ha4yuT, OOJBIIAS YACTh CHHXPOHHBIX OMyXOJeh
JIOKAJTM3YeTCsl B OMPE/ICICHHBIX OpraHax M CUCTEMaX,
YTO UMEET HEMAJIOBAKHOE 3HAYCHHUE, KaK [T HAYYIHBIX
UCCIICJIOBAaHUI KaHIEpOTreHe3a, Tak M JJsl OIlpeaese-
HUSL QITOPUTMA THATHOCTUKH MOJMHEOTLIa3 .
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MODELING OF TRANSFORMING CIRCUITS OF ELECTROMAGNETIC TRANSDUCERS

Abstract: Research dates of the classic single-phase primary electromagnetic transducers not provided
enough accurate and simultaneous information on the values and parameters of reactive electric energy and power
of three-phases nets. On the determining above, become necessary to develop a new electromagnetic signal trans-
ducer of the value of reactive power of electricity, to account the features of the current of three-phases nets, which

differ from each other’s in value and phases.
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transducer.

Classical single-phase current transformers using
currently in electrical nets for monitoring and control
values and parameters of the reactive component of
electric energy and power, do not take for account of
mutual influence of magnetic flux fields generated by
currents of three-phases power supply systems. They
do not provide necessary accuracy, especially when
three-phases primary current have unbalance, do not
have sufficient community, covering only sizes and pa-
rameters of the electric and magnetic circuits, because
distribution of the magnetic signal conversion systems
have nonlinearity and heterogeneous distributed pa-
rameters [1]. Research dates of the classic single-phase
primary electromagnetic transducers not provided
enough accurate and simultaneous information on the
Z}Ll

prrl Ij.l.l

values and parameters of reactive electric energy and
power of three-phases nets. On the determining above,
become necessary to develop a new electromagnetic
signal transducer of the value of reactive power of elec-
tricity, to account the features of the current of three-
phases nets, which differ from each other’s in value and
phases [2].

The equivalent circuit of magnetic circuit of the
electromagnetic transducers of three-phase current
shown in fig. 1, which formed for account the assump-
tion of the magnetic permeability of steel, when entire
range of induction is constant (x = const). Flux, closes
at the outer surface of the outer cylindrical magnetic
core, can be neglected.

Zn2 i;ul
Une

Z].LT

Fig. 1. The equivalent circuit of the magnetic circuit of the electromagnetic transducers of three-phases current

For simplify the calculation of magnetic circuit of
the electromagnetic transducer of three-phases currents
used parametric structural diagrams (PSD). Fig. 1,
which are based for the construction of PSD, the fol-
lowing designations:
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Z 2:R,L12+j a)Lﬂl— - full

M
ul

complex resistance of magnetic portions;
1 -

C()C”S]_ a)C[uSZ
complex reactive magnetic resistance of the air clear-
ance;
- a general resistance

Z,uSlz_j | Z,uSZZ_j

Z/ué‘ :Z,LIC +Z/¢mc

fully integrated in the flow path is closed through the
inertial element;

Z,UC ' Z,LD;‘C
tively movable core - the inertial element and working
backlashes;

- full complex resistance respec-

Ryl' L/l’ C/l and RyZ’ L,uZ’

spectively, resistances, capacitance and inductance of
the magnetic circuit portions, respectively before and
after the movable core;

S

Cuae Zymﬂoj - the capacity of the

C'uz - re-

magnetic working air clearance;

I,u = JCOQ# - an integrated current of mag-

netic circuit.
PSD of magnetic circuit made on the basis of the
equivalent circuit, shown in fig. 2.

Fig. 2. The magnetic circuit of electromagnetic transducers

During research of the electromagnetic transducer
not considered an active and inductive resistance of the
magnetic circuit, i.e. Ry =0, X Ly = a)Ly =0
. Expressions magnetic rigidity and magnetic contain-
ers for consideration of the magnetic circuit are as fol-
lows:

_ (X =0 + (RZ—R)]
 mer(RE-RHP
_ Xy +9[r* +(RZ -R2)]

W1

W

(R, +1)(X,, —X)

C = 1
451 Ho Rg r
(R, +r)(X,, +X)
C,co= g M — magnetic
152 = Ho R —r

cell capacity of non-working parts of the air cleaners
between cylindrical magnetic cores;

p2 2 _np2\e2
Huo7 (R, —R)r
netic inertial stiffening element of the cylindrical mag-
netic cores;
W .__ R—r=26 26(R, +71)
Ho

— total magnetic rigidity of transmission clean-
ers, where bk - the width of the x-axis.

(R, + 1)y

4
/Ll.?fCILlO”(ZRS - 5)(2r + 5)bk
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Fig. 3. Curves and specific magnetic resistance
of the magnetic permeability of steel from induction

During research of electromagnetic converters
used three-phases current ferromagnetic material,
sometimes leads a sharp increase in labor induction in
the chain to the point, where one can not neglect the

nonlinear dependence B = f (H)

Accounting effect of non-linearity B = f (H)

of the dependence of effective value of magnetic flux
from the voltage coordinates section under considera-

tion using the curve O, = f(B) , where O, - the

specific resistance of the magnetic steel. Depending on
the r ge, which changes in the magnetic induction of the
electromagnetic transducer section ferromagnetic
phase current, one can substitute a particular approxi-
mating function, according to fig. 3 [3].

In the article considered each of cases of determi-
nate resistance:

1. Induction of the magnetic steel in the cross sec-
tion of the electromagnetic transducer phase current
within a range of (1). This case is a most common in
practice. In this case

Pu =8(1) @)

2. Induction of the magnetic steel in cross section

of the electromagnetic of three-phases AC inverter is
changed within the range (2). In this case, the magnetic

core is saturated and poorly fitting function can be writ-
ten as

_42

Pu 2)

3. Induction of sectional steel of electromagnetic
transducer of phase of current varies within the range
(3). In this range, the magnetic system is operating in a
highly saturated state. The expression is inserted next
approximating function:

2
Pu =8a3B". ©)
4. Induction of the magnetic steel in cross section
of the electromagnetic transducer phase current varies
within a range (4). This range is typical for magnetic
cores made of a material with a different non-linearity
in the initial section. It is approximated by the depend-

ence O, on the induction of the expression of this
range
Pu=8u t0g /B @

5. Induction of the magnetic steel in the cross sec-
tion of the electromagnetic transducer phase current
varies within the range (5). It is quite rare for a range of
the electromagnetic transducer of three-phase current,
nevertheless represents a definite theoretical interest.
The approximating function on this range was chosen
mainly, because of the conditions of integrability of the
resulting analytical differential equation has the form

2

b5
O B2 (5)

= a5y + b5\ B+
Pu = 4s) THe) 453
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Fig. 4 shows the curve of change of magnetic flux
for cases where the induction of the magnetic steel sec-
tion in the electromagnetic transducer three-phase cur-
rent changes within the allowable range.

The maximum value of the induction chosen equal

B= 2,0 Tl , Which corresponds from magnetic flux

S,=65-10°m? C,, =87-10°

11

1
. 2
—n, b(3) = 47 10

A = 27

LA

(Qux107> (78]

Gn
T W, =2:100 sy =88

Q#O =11,0-10"° Vb . Other values used in the cal-
culation are respectively:

TI1%-Gn’

0

led

xx1072 [m]
4 5

Fig. 4. The curves of change of the magnetic flux along the magnetic circuit: solid line - estimated; the dotted
line — pilot

As shown from results of research of the influence
of non-linearity of the magnetization curve for the pri-
mary flow distribution in a magnetic circuit electro-
magnetic transducer of three-phases current ranges
identified characteristic changes in the magnetic induc-
tion. As a result of research for each band proposed ap-

proximate functions as 0, = f(B). The maxi-

mum difference between calculated and experimental
dates equal 14.5% .
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ESTIMATION OF THE CALIBRATION ERRORS IMPACT OF 3D RECONSTRUCTION IN A
MONOCULAR SIMULTANEOUS LOCALIZATION AND MAPPING SYSTEM
OLIHKA BIIVIMBY IIOXNBOK KAJIIGPYBAHHS HA TPUBUMIPHY PEKOHCTPYKIIIO ¥
MOHOKYJISIPHI CUCTEMI OJTHOYACHOI JIOKAJII3AIIII TA KAPTOTPA®YBAHHS

Summary: The estimation of the quality of the three-dimensional reconstruction and the effect on it of pho-
tometric camera calibration have been investigated. The metrics of reconstruction evaluation obtained using the
SLAM algorithm are analyzed. The influence of the errors of photometric calibration on the quality of the direct
methods of visual odometry as a part of the SLAM-system is investigated. The simulation of the error of the camera
calibration parameters with the given noise level has shown that the calibration parameters deteriorate with in-
creasing noise level. In particular, after analyzing the established metrics of plane, it was found that increasing the
measurement error in the visual odometry module and in the calibration process contributes to an increase in the
error of the resulting 3D reconstruction.

Key words: environment map reconstruction, localization, mapping, calibration.

AHoranis: J{ocnikeHo OIiHKY SIKOCTI TPUBUMIPHOT PEKOHCTPYKIIIT Ta BIUTUBY Ha HEl ()OTOMETPUYHOTO Ka-
nibpyBaHHs kamepu. [IpoaHasi3oBaHO METPUKH OLIHKH PEKOHCTPYKIII, OTPUMAHOI 3a JOIOMOTOI0 aJIrOPUTMY
SLAM. locmnikeHo BIUTMB MOXHOOK (POTOMETPUYHOTO KaJliOpyBaHHS Ha SIKICTh IIPSIMUX METOJIIB Bi3yaJIbHOT 0/10-
metpii sik yactuau SLAM-cucremu. MoieroBaHHs MOXMOKH NapaMeTpiB KasliOpyBaHHS KaMepH 13 3aJaHUM PiB-
HEM IIyMy I0Ka3alo, 10 napaMeTpy KajiOpyBaHHs IOTiPUIYIOTHCS 31 30UIbLICHHSM PiBHS IIyMY. 30KpeMa, Ipo-
aHaJIi3yBaBILY BCTAHOBJICHI METPHUKH IJIOIIUHHOCTI, OyJI0 BCTAaHOBIIEHO, 1110 301IbIICHHSI TOXUOKK BUMIPIOBaHb Yy
MOy Bi3yaJbHOI OIOMETpii Ta B IpoIIeci KaliOpyBaHHS CIIPHSIE 301TBIICHHIO IOXHOKH Pe3yabTYIOY0T TPHBHMI-

PHOI peKOHCTPYKIIii.

Krouosi croea: peKOHCTPYKIIIS KapTH CEPEIOBHIIA, JIOKaITi3allis, KapTorpadpyBaHHs, KadiOpyBaHHS KaMepH.

[ocTanoBka mpodaemu Hagiramis podora 3a go-
MOMOTOI0 Bi3yalbHOI iH(pOpMaIii MoJsArae y MmocTii-
HOMY OHOBJICHHI CBOTO PO3TalllyBaHHs Ta KapTH cepe-
JIOBHIIIA IIIJISIXOM 3/IiFICHEHHSI BUMIPIiB BIZICTaHI 10 OTO-
9yl0Ynx O00’€KTiB. Y TEXHOTEHHHX yMOBaX MPOIEC
TPUBUMIPHOT PEKOHCTPYKIIii Ha OCHOBI JEKIJIBKOX 30-
OpakeHb MOXe OyTH BUKOPHCTaHUI, 00 JOMOMOTTH
poboTam BH3HAYATH iX IOJIOKEHHS Yy IPOCTOPI Ta I0-
OymyBaTH TPUBHMIPHY KapTy HaBKOJIMIIHBOT'O CEPEJIO-
BUIIA.

AJropuT™ 0JHOYAcHOI JoKalizalii Ta Kaprorpa-
¢yBanns (Simultaneous Localization and Mapping --
SLAM) Bupinrye 3aBJaHHS OIIHKH MO3HIi MOOiTb-
HOT'O JJaT4YMKa Ta o0y JOBH KapTH HAaBKOJIHMIIHLOTO Ce-
PenoBHIa B p&KUMI PeaTbHOTO Yacy. MOHOKYISpHUI
SLAM, 1o o6pobiisie qani 3 0/IHI€T KaMepH, CTaB 0CO-
OMMBO aKTyalbHOIO TEMOIO JOCTIKEHb OCTaHHBOTO
JecITIITTA. Manuii po3Mip, Majia Bara Ta HU3bKHil pi-
BEHb CHEPrOCIIOKUBAHHS MOHOKYJISIPHOT KaMepu po0-
JSTH 11 MIXOSAIIUM CEHCOPOM JUIsl aBBTOHOMHHUX po0o-
TiB, TAKHX SIK: aBTOHOMHI aBTOMOO1J1i, poOOTH-MaHiITy-
astopd, Oe3mUIOTHI  JTanbHI  3aco0HM, CHCTEMH
JIOTIOBHEHOI PEeaJIbHOCTI.

OnHe 3 HalBaXX4YMX 3aBJaHb MOHOKYJISIPHOTO
SLAM monsirae y OLiHII MIUTEHOI KAPTH JOCIIIKyBa-
HOI crieHd. MOHOKYJIsIpHA Kamepa Hajaae iHdopMariiio
3 CEHCOPIB Y BUIJISAI ABOBUMIPHUX 300paxeHb. Tomy
rIIMOMHA KOXKHOTO IIKCEJIs OLIHIOETHCS 3 BiJJHOILICHHS
KOOpPJIMHAT TOYKH PEabHOTO CBITY MiX 300pa)<eH-
HSMHU 3 Pi3HUX MO3UIii kamepu. Taki BiAMOBITHOCTI
BUSIBJISIIOTBCS IIUIIXOM TOPIBHAHHS (DOTOMETPHYHHUX
1abJIOHIB Ha CYCIJTHIX IKCENSIX KOXKHOTO OKPEMOro
riikcenst. IIpy BUKOPHCTaHHI TaKoro MiAXOAy BUHHKA-
I0Th HETOYHOCTI: TiKCeJli Ha MaJIOTEKCTypOBaHHUX 00-
JIacTsX HE MOXKYTb OYTH TOYHO CITIBCTaBJIEHHI HA 30-
OpaKeHHSIX Ta TOYHA TPUBHUMIPHA PEKOHCTPYKIisS 3a-
3BHYA 0OMexeHa 00JacTIMU 300pakeHb 3 BETMKUMHU
rpagi€eHTaMH.

Cyvacai SLAM-cucteMu MaroTh JiBa OCHOBHI
KOMIIOHEHTH: Bi3yaJlbHa OJOMETpis Ta riiobajbHA OIl-
TUMI3aIis KapTh. Y mporieci poO0TH KOMIIOHEHTA Bi3y-
aIbHOT 0JJOMEeTPii (1[0 TOCTYIMOBO OIIHIOE MO3UITII0 Ka-
MEpHU Ta CTBOPIOE JIOKAJbHY KapTy) HaKOIHWYYIOTHCS
HEBEJIMKI IIOMUJIKH Ta 3 4aCOM IOMNEpeTHbO OTPUMaHa
TIO3MIIISl KaMepy MOYMHAE 3MIIlyBaTHCh B JifiCHOTO
po3ramryBaHHs. SIKIO BHSBJICHO IONEPEIHBO BijBi-
JlaHy JIOKallilo, 3CyB MOXXHa YCYHYTH 32 JJOIOMOT'OIO
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METOJIIB TJIOOANBHOI ONTHUMI3allii KapT, TaKUX SIK 3a-
KPUTTS MUKy NUIAXY Ta ONTHUMI3allis rpady MO3uIlii.
Xoua 3arajpHa IIiTiCHa KapTa cepeOBUIIa MOXKe OyTh
OTpHMaHa, HAKOIMYEHAa ITOMIJIKA HE MOXKE OYTH IOB-
HICTIO BIUTy4eHa 3 cucTeMu. To0To, 3arainpHa eexTu-
BHICTh Oyap-aKk0i SLAM-cucTeMl BH3HAYAa€THCS TOY-
HICTIO Monyis BidyanbHoi onomerpii. IIpoTsarom
OCTaHHIX POKIB, JOCIIJUKEHHS Bi3yallbHOT 0J0MeTpii
JIOCSITIIY 3HAYHUX PE3YJIBTATIB IO MiJBUILIEHHIO TOYHO-
CTi aJITOPUTMY, HATIHHOCTI Ta epeKTHUBHOCTI [1]. 3miii-
CHEHO crpoOM peajizanii pi3HUX BUIIB Bi3yalbHOI 0J10-
MeTpii, HanpuKiIal, IpsiMa Ta HerpsMa (Ha KIFOUOBHX
TOYKax), IIiTbHA YH HATIBIIIbHA ONTUMI3AIlis Ta PO3-
pimkena ontuMizaris. OHAK, He3Ba)KalOUH Ha TaKy pi-
3HOMAHITHICTh IIIXOMIB, BCE IIE 3aIMINAECTHCA ITH-
TaHHSI i IBUIIICHHS TPOAYKTUBHOCTI i1 BIUTHBOM SIKO-
cTi (HOTOMETPHYHOTO KaliOpyBaHHS KamepH. AJKe
MIPH PO3paxyHKaxX MOJENI Bi3yalbHOI OZOMETpii HETO-
YHI TapaMeTpu KaMepH BUKOPHCTOBYIOTHCS Ha KOX-
HOMY €eTalli Ta He MOXYTh OyTH CKOMIIEHCOBaHi B pe-
3yJbTATI ONTHMI3aIIii.

[Mikceni, 1110 BiAMOBINAIOTH OJHIM 1 TiHl )K€ TPUBH-
MIpHI# TOYIll, MOKYTh MaTH Pi3HY IHTEHCHUBHICTh Ha
pi3HUX 300pa)XKCHHSAX BHACIHIIOK ONTHYHOTO BIHBETY-
BaHHS KaMepH, aBTOMATHYHOT'O TiICHIICHHS Ta aBTOMa-
TUYHMM HaJalITYBaHHSIM €KCIO3WIii. IcHye nmexinbka
MiAXOIIB 10 (POTOMETPUYHOTO KaliOpyBaHHS 3 METOIO
MPUOIM3HOTO BiTHOBIICHHS 3HAYEHb IHTCHCUBHOCTI 30-
OpakenHs. OcTaHHI JOCTIKEHHS TOBEIH, IO (POTO-
METpUYHE KagiOpyBaHHS MOXE 3HAYHO MOKPAIIUTH
e(eKTUBHICTh NMPSIMUX METOJIIB Bi3yalbHOI 0JJOMETpii
[2].

AHaJni3 ocTaHHIX J0CaiTxKeHb Ta MyOJikauii

Ha sikicTh TpUBHMIpHOT PEKOHCTPYKIi BILJIMBAE
JIeKiTbKka (PaKkTOpiB: pyxX Kamepu Ta 00’€KTIB cepeao-
BUII[A, MPOCTOPOBE KBAaHTYBAaHHA KOOpPIHMHAT 300pa-
JKeHHS [3], BIIMOBITHICTD KIIFOYOBHX TOYOK [4], mapa-
MeTpH KanmiOpyBaHHS KaMepH [ 5], HeBpaXxoBaHi CIIOTBO-
PEHHSI KaMepH, a TaKOXX 4YHCIIOBI Ta CTaTUCTHUYHI
BJIACTHUBOCTI OOpPaHOTO METOAYy PEKOHCTPYKIII [6].
Bxany Ta in. [8] Oyi10 POIEMOHCTPOBAHO, IO PEKOH-
CTPYKIIisl IO 3MiHI MOJIO)KEHh MOHOKaMepH Iijisirae
3HaYHUM MOXHOKaM B OKOJI (DOKYCY PpO3LIMPEHHS
(focus of expansion - FOE), a peKOHCTpyKIIis MO CTe-
peo300pakeHHsIM Ma€e HalOLIbLIY MOXHMOKY Ha Kpasx
noutst 30py (field-of-view - FOV). Xoua uucenbHi ekc-
MEepUMEHTAIBHI PE3yJIbTaTH IOCIIKEHHsI MOKa3aly,
110 J]aHe TBEP/DKEHHS € CIPaBeUIMBUM, PilICHHS L€l
npoGyiemu He OyJio 3armpornoHoBaHoO. [yt oTpUMaHHS
AQHATITUYHHUX PE3yJbTaTiB, B pOOOTI PO3MIIHYTO aro-
PHUTM HaOJIMKEHOT OLIIHKH, a ITOTIM PO3PaXOBYETHCS TO-
yHicTh [9]. Takuit miaxin poOUTH PO3paxyHKH MPOCTi-
[IMMH, TTPOTE€ BUKOPUCTAHHS CYOONTHMAIBLHOTO ajro-
PUTMY € OOMEKEHHSM, 3 OTJISAY Ha HAKOTIMYEHi BTPaTH
TOYHOCTI.

JocmimpkeHHs pi3HUX TUIIB TOMIJIOK Ta iX BIUIUB
Ha SIKICTh TPUBUMIPHOI PEKOHCTPYKIIii, sika OyJa oTpu-
MaHa 3 BUKOPUCTAHHSM TEXHOJIOTI] CTPYKTYpOBaHOTO
CBiTJNIa, TpencTaBUB y cBoiil poGoti SH Ta iH.[10].
Bueni copmyBanu aHaiTHYHE TPEICTABICHHS TOXH-
00K, 110 BUHUKAIOTH JJIsI [IOJI0KEHHSI TPUBUMIPHOT HO-
BEpXHI, ii opieHTaii Ta kpuBu3Hu. [ani, ['axxoyaHTi Ta
in. [11] 3anpomoHyBanu MigXin YIS OLIHKUA TPAHUIb

MOXUOOK BHMIpIOBaHb, IO BPaXOBYIOTh HETOYHOCTI,
SIKi BHHUKAIOTH TI1JT 9ac KaJiOpyBaHHS Ta TPiaHTYJIAIII.
Banacypamansa Ta iH.[12] mpoaHamizyBamm BIUTUB
IyMy (SIKFH JOC1 BBayKaBCs HE3aJIeKHHUM i pIBHOMIPHO
PO3TOAIICHNM) Ta TEOMETPii YCTAaHOBKHM 300pakeHb Ha
NOXUOKY PEeKOHCTPYKIIiT MpsAMuX HiHiit. Ix ananis nepe-
Ba)XKHO 0a3zyeThcs Ha MOJIEJIBOBAHHMX JOCIIIKCHHSIX.
Pegipa-Pioc Ta in.[13] npoaHanizyBaiyu MOMHJIKY PO3-
MIpHUX OJWHHMIb TNPH BUMIPIOBAHHSX, I[i MMOMIIKH
HaifuacTime 0OyMOBJICHI MOXMOKaMHM JIOKali3alii Ha
IUIOIIKHI 300paKCHb.

Buokpemiiennsi HeBUpillIeHHX paHille YacTHH
3arajbHoi npodyemMu

SIKicTh anropuTMy PEeKOHCTPYKIIi KapTH HaBKO-
JUIITHBOTO CepeOBHINA 3a TOTOMOroio Mmerony SLAM
B iCHYIOUHX MTiaxoax Oyia oIiHeHa BiIOBiTHO 10 TO-
YHOCTI OTPUMAHOI TPAEKTOPIi pyXy CEHCOpa Ta IIBU-
koxii anroputMy. SIkmo po3risimatu miaxoaun SLAM 3
METOI0 TOOYIOBH TOYHOI WIUIBHOI pPEKOHCTPYKIIT
00’€KTIB HABKOJIMIIHBOTO CEPEIOBHUINA, TO HEOOXITHO
BPaxoBYBaTH TPU BUIM MOXHOOK: NOXUOKH MOJIET Ka-
MepH, TOXHOKH TPU 00poOIli 300paXKeHb Ta MOXUOKU
KamiOpyBaHHs kamepu. Ha BinmMmiHy Bij BUINE3raaHUX
JOCIIKeHB, HAIIl aHAJI3 30CepeKCHAN Ha MOXUOKax
pe3ynbTarty (POTOMETPHIHOTO KalliOpyBaHHS KaMepH
JUTSL JOCITiDKEHHS 3aJIe)KHOCTI IKOCTI TPUBUMIPHOI pe-
KOHCTPYKIIi BiJl TOYHOCTiI (POTOMETPUIHOTO KaJiopy-
BaHHS.

Liti craTTi

Meroto 1aHoi poOOTH € JOCIIIKSHHS OLIHKH SIKO-
CTi TPUBUMIPHOT PEKOHCTPYKIII Ta BIUIMBY Ha Hel do-
TOMETPUYHOTO KajiOpyBaHHS KamMepH. 30Kpema, aHa-
J1i3 PEKOHCTPYKIIi1, OTPUMAHO] 3a JOIIOMOTO0 aIropH-
™y SLAM, Ta aHami3 BIUIMBY  IIOXHOOK
(oTOMETpUYHOTO KaIOpyBaHHS HA SKICTb MPSIMUX Me-
TONIB Bi3yanpHOI omometpii sk dvactuHH SLAM-
CHCTEMHU.

BuxJiag ocHOBHOr0 Marepiany

Jis OWiHKH BIDIMBY MOXHOOK KalliOpyBaHHS Ha
TPUBHMIPHY PEKOHCTPYKIIO OYII0 PO3pOOIICHO amiro-
pUTM 0OpOOKH Ta aHAIi3y CLEHH HAaBKOJHUIIHBOTO CeE-
peloBHINa, M0 OTPUMaHa B pe3ysbTaTi poOOTH CHC-
TEMH OJHOYACHOI JoKami3allii Ta kaprorpad)yBaHHSI.
KpurepieM OI[iHKM BIUIMBY OOpaHO 3HAYEHHS BEJIH-
YHHU CEPeJHBOKBAAPATUYHOTO BIIXUIEHHS TOYOK, 10
HaJieXxaTh JIEAKid 3afaHid rroruHi. s uux e
Oynu po3pobIeHi MOy Tl OTpUMaHHS 300paXKeHHsl, pe-
KOHCTPYKIii TPUBUMIpHOT XMapH TOYOK, J€TEKTyBaHHS
IUTOLIMHYU Ta PO3PaxyHKY BEJIMYMHHU BinxuieHHsS. Bci
Moy Oynu peamizoBani Ha C++ OmnepauiiiHiii cuc-
temi podoTiB (Robot Operating System -- ROS), Bepcis
Indigo. [lns mpoueciB 0OpoOKH BXiTHHX 300pakeHb
BuKopucTano 0iomoreky OpenCV [7]. O6pobka Bix
PEKOHCTPYHOBAaHOT XMapH TOYOK 3/iiICHEHA 3 BUKOPH-
cranusM Oi6miorexu PCL.

1. OrpumanHs 300paskeHb

Mopyib OTpUMaHHS 300pa)KeHb HPEICTABIISE CO-
0010 3B’SI30K OCHOBHOI CHCTEMH 3 Kameporo. Peaiizo-
BaHUI1 CepBiC HAJCHIIAE KOJIHOPOBi 300paxkeHHs Y op-
Mari, sikui miarpumye ROS. 300paxenHs, orpumane 3
KaMepH, € CTUCHYTHM JJIsl [Iepeiadi 3 HU3bKOIO IPOITy-
CKHOIO clipoMokHicTIO. KpiMm Toro, e Moayb Takox
3IIHCHIOE Bi3yaii3amilo OTpUMaHUX 300paKeHb.
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VY mocmimkeHHi Oylo BHKOPHCTAaHO KaMepy 3
00’€KTHBOM «pHu0’s19€ OKOY» 3 KyToM orirsiny 166°. [l
pekTudikamii BUXiZHOTO 300pa)KeHHS 3IiIHCHIOETHCS
mpoIeIypa TpUBUMipHOTO KaniOpyBaHHi. BoHa mpen-
cTaBisie cO00r0 OOYMCIICHHS 30BHIMIHIX Ta BHYTPIIIHIX
mapameTpiB KaMepHu.

Hexaii P — TpuBumipHa Touka 3 KoopauHaTamMu X
y CBITOBI# cucTeMi KoopIMHAT. BekTop KOOpAMHAT TO-
uku P y cuctemi kamepu: Xo = RX + T. Tyt R — noso-
POTHA MaTPHIIA, IO BiANOBia€ BEKTOPY IOBOPOTY OM:
R = rodrigues(om). Tomi Maemo koopaumHaTH Xc:
(X61'XCZ'XC3) = (Xv Y Z)'

Koopanuatu minxonsHOI mpoektii Touknu P(a,b)
MOXYTh OyTH TIpeCTaBIICHI:

Q
Il

S3
I
NN | R

r? =a? + b2
IMoxmnagemo 8 = atan(r). Toai Momens AUCTOPCIT
[14]:

Hd = 9(1 + klgz + k294+k396 + k498)
KoopauHaTH CoTBOpeHoi Touku P mpecTapiis-
10Th co6o10 BekTop X (x°, y'):

Y =b

[Mpoekuist Toukn P Ha 300paXkeHHs MpencTaBIsie

c000t0 TOUKyY P, (U, V):
u=[f(+ay)+c
v=f,y +tg

Jlnist oTpuMaHHs KaniOpyBalbHUX MapaMeTpiB Ka-
MepH HeoOXiHO 3i0paTu Habip 300pakeHb KaliopyBa-
JIBHOTO IA0NOHY B PI3HHUX MMOJOXKEHHIX Kamepu. J{is
JTAHOTO TTOCTIKCHHS OYJI0 BUKOPHCTaHO Habip 00cs-
roM 184 300paxenHs. Jlekinpka MpUKIagiB 3 HAOOPY
HaBe/IeHO Ha puc. 1.

Puc. 1 Ipuxnadu 3 kanibpysaipno2o Habopy 300padiceHs

3acrocoBytoun Metoau 0Oibmiorekun OpenCV,
OTPUMYIOTHCSI BHYTPILIIHI TapaMeTpy KaMepH Ta 3aCTo-
COBYIOTHCSI JI0 KOYKHOTO BXIZHOT'O 300paXeHHS IS yC-
YHEHHS CIIOTBOPEHb 00’ €KTHBA.

2. PexoHcTpykuis cuenn cucremoro SLAM

Jlist oTpuMmaHHS TpUBUMIpHOI iH(opMmanii mpo
CIIEHY Ta OL[IHKM MOTOYHOTO MOJOXEHHS MOJIYJs Ka-
MepH, OyJ0 BUKOPHCTaHO MOJYJIb Ha OCHOBI CHCTEMH
LSD-SLAM. CepeaHsi MIBHAKICTE OTPUMAHHS HOBOTO
KITFOYOBOTO KaJIpy B CHUCTEMi Ta OIIIHKH TOJOXKEHHS
craHoBuTh ipubau3HO 5 Ta 10 I'm. Sk mokaszano Ha pu-
CYHKY 2, OIliHKa TTTHOWHU BiI0YBA€THCS EPEBAKHO Ha

KOHTypax Ha 300pakeHHs. Takuil pe3ynbTaTr € xapak-
tepauM it 6i6mioTeku LSD-SLAM. Ipunnum ii po-
00THU MOJISITAE y MOUIYKY Pi3HUII IHTEHCHBHOCTEH 30-
OpakeHb Ta 3HAXOIDKCHHI BiJIOBITHOCTEW HA KOHTY-
pax TeKCTyp 3aJIeXKHO Bill KOHTPACTHOCTEH cieHu. s
ONTHUMAJIbHOI PEKOHCTPYKIII CLIEeHN HEOoOXiTHO 3a0e3-
neyuTn i craTW4HicTh. JlaHui Moxynbs 3abe3nedye
30ip Ta 37MUTTS BiXl PEKOHCTPYHOBAaHMX XMap TOYOK 3
pi3HHX KJIIOUOBUX KanpiB (puc.2). [loganpma onTumi-
3alisi PEeKOHCTPYKIii MOoxe OyTH 3MiHCHEHa LLIIXOM
OCT-00pOOKH OTPUMaHOT XMapH TOUYOK.
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Puc.2 Tpusumipna moodenv y pezynvmami pexoncmpykyii cyenu

3. CermeHTanisi IJIOIMHY 3 XMapPH TOYOK

Jnst cermeHTanii IIOMMHKE 3 XMapu TOYOK OyJIo
3actocoBano anroputM RANSAC (RANdom SAmple
Consensus) [15]. Lleit MeTo[ OIiHIOE TapaMeTpH MatTe-
MaTHYHOI MOJelNi Uil Habopy CIIOCTEPEKYBAaHUX JAa-
HUX SIKi MICTSTh BENTUKY KUIBKICTh BUKUAIB. BiH BuIa-
JIKOBMIM YHHOM BHOMpa€e MiHIMATbHUH HaOip TOYOK IS
OIIIHKK TTapaMeTpiB MOJIei. 3 BUMAIKOBHX 3Pa3KiB BiH
BUOUMpAE TOM, SIKWil HallKpallle BiJIlIOBiIa€ TOBHOMY Ha-
0opy TO4OK. 3a CBOIM 3arajbHUM (HOpMYIIOBAHHSIM,
RANSAC mosxe OyTH JIErKO 3aCTOCOBAHHU JJISI OMTUCY
Oynb-sIKMX MPUMITHBHUX reoMeTpryHuX (hopm. [Ipore
ocuoBuu miaxigq RANSAC mependauae, mo BXimHi
JTaHi MOKYTh HaJle)KaTH JIUIIE OTHIA MOZIETT.

OyHKIIS MPIOPUTETIB 3 M IKUM TIoporoM [ 16], mo
0a3yeThcs Ha JBOX BaroBHX (PYHKIIISIX, BHKOPHCTOBY-
€TBHCS AJIs OJIIIIIEHHS SIKOCTI CerMeHTallii, SKa Bpaxo-
BYE SIK BIZICTaHb BiJ] TOUOK JI0 IUTOIIMHH, TaK 1 y3Tr0Ke-
HICTP MK BekTOopamu Hopmami. OIHaK, IIe¢ BAMarae
OLIIHKHM BEKTOpa HOpMaJl B KOXKHIH To41li, IO € Heede-
KTUBHUM Y XMapax TOYOK 3 BEJIHMKOIO LIIbHICTIO.

BiamosigHo n0 ominok [17], 4acoBa CKJaIHICTh
RANSAC 3anexuTp Bill po3Mipy M JMHOKHHH, YaCTKA
BHUKHIIIB Ta KiTBKOCTI TOYOK B Habopi. Yac pobotu
RANSAC moxe OyTH HaIMIpHO TOBTUM Y JCSKHX BH-
najakax. Tomy po3risiiaeTbes MOIU]IKaLis AITOPUTMY
Juist O1pII e(PeKTHBHOTO JETEKTyBaHHA (POpPM y XMa-
pax TOYOK — BKIIFOYArOUYH IUIOCKI popmu. OKTOIEPEBO
BUKOPHCTOBYETBCSI JUIS BCTAHOBJIEHHS IPOCTOPOBOL
OIM3BKOCTI MIXK 3pa3KaMu Ta iX (yHKIIs OLIHKK Bpa-
XOBY€ JIMIIE JIOKAIBHY IiIMHOXHHY 3paskiB. Jloka-
JbHA BHOIpKa MIISTXOM BiOOPY TOYOK BCEPEIMHI KOX-
HOTO By3J1a, BUKOPUCTOBYETHCS JUIsSl YHUKHEHHSI HEKO-
PEKTHHX pe3yJIbTaTiB.

4. Ouinka fikocTi TPMBUMIPHOI peKoOHCTPYKIiT

OriHKy BIUTMBY NMOXHOOK KajiOpyBaHHS Ha TpH-
BUMIpHY PEKOHCTPYKIIi10 OyJI0 3A1HCHEHO IUIIXOM HO-
PIBHSIHHSL METPUK JUISi OKPEMUX IUIOIIMH IPH Pi3HOMY

PiBHI BHECEHOT IITYYHO NOXUOKH Ta OL[IHKH BIUIUBY Be-
JIMYMHH TOXUOKY Ha 1i MeTpHKu. {1 1Iboro po3paxo-
BaHO BEJIMYUHY CEPEAHBOKBAIPATHYHOTO BIAXMICHHS
XMapH TOYOK Ta Ha OCHOBI Hei IPOBEICHO OLIHKY ILJI0-
IIUHHOCTI.

Maemo XMapy TOYOK, L0 IpeCTaBIIsie€ COOO0 Ha-
6ip Towok P;(X; Y;,Z;) B cucreMi KOOpAWHAT IIIO-
muHK. JlaHa cucTeMa KOOpAMHAT € TaKolo, 110 BIiCh Z €
NepHEeHANKYJISIPHOO J10 TuomuHu. [lepeTBopeHHs, o
MePEeBOANTD TOYKY 3 TJI00aNbHOI CHCTEMH KOOPIUHAT
PEKOHCTPYKIIT y JIOKaJbHY CUCTEMY KOOPAMHAT ILIO-
LIMHK MOXe OyTH MpeACTaBleHo y BUMIALi: P, = R *
P; +T.

Busnauumo touky 0(X,Y,Z), taky wo:
_ vy
£= n
7= 2Y
n
,_th
n

Posrisinemo Touky O sik HEHTP KOOpAMHAT HOBOL
JIOKaJbHOI cucteMr. KoopAWHATH TOYOK y HOBIil cuc-
TeMi MOXYTh OyTH Npe/ICTaBIIeHi:

xi=Xi—)?
yi=Y,—-Y
Zi=Zi_Z

[IpencraBuMo TUIOMIUHY Y JIOKANBHIH CHCTEMI KO-
OpAMHAT K Z = ax + by, ne a Ta b MOXyTh OyTH OIIi-
HEHi 3 HACTYIHHX BHpa3iB (mependavaroyn, M0 BUMi-
PIOBaHHS BiIXWIIEHD 3IHCHIOETHCS B3I0BXK OCi Z):

2, . _ . . .
_ Vit Xzt X — XX Vit Lz Y
- 2. 2 _ . 2
szi XY Qxiy)
b _in NZit Vi — XX Vit NZit X
- 2. 2 _ . 2
Zx.i XYi (Z Xi )’i.)

OOYUCITUMO BiIXWJICHHS MK BHMIPSHUMHU TOY-
KaMU Ta BiJCErMEHTOBAHOIO ILIOIIMHOIO:

(zi — ax; — by;)
vaz+b2+1

e =
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Bigxunenns mromuaHocTi (FD) Moxna BU3HA-
YHUTH 32 CYMOIO 3HAYeHb MaKCUMYMY JIOJIATHOTO JIOKa-
abHOrO Bigxmienss (TP) Ta MaKCHMaabHOTO 3HAYEHHS
MOJIYJTIO Bi/l’€MHOTO JOKanbpHOTO BinxwieHHs (FP):

FD = |e" pax| + |€ max| =TP + FP

IosHoTy MeTpuk (C1), mpaBuibHicTh (C2) Ta K-
icth (Q) st OLIHKK MPECTABICHOTO METOIY BUpaXka-
I0Th HACTYITHI ITPEACTaBICHHS:

FD
= FporTPtFP

Tyt TP — KinbKicTh MIHCHUX IUIOMIMH, IO BipHO
3a/ieTeKToBaHi, FN — KUTbKICTh IUIOIIKH, IO € HEPO3-
mi3HaHUMH, FP — KiTBKICTh HEBIPHO PO3ITiZHAHUX ILIO-
10170 8

4. Pesynbratu
JOKSHHS

CKCIICPUMECHTAJILHOT' O Z[OCJ'Ii-

FD O1iHKY BIUTMBY PiBHS TOXMOOK KaIiOpyBaHHS Ha
€1= FD + TP TPUBUMIPHY PEKOHCTPYKIIiKO OYJIO NPOTECTOBAHO Ha
_FD TPHOX HabOpax JaHWX, IO BiANOBIZAIOTH PI3HHUM ClIe-
2= FD + FP HaMm. OCHOBHI TapaMeTpH HaOOpiB JaHUX MpPEICTaB-
neHi y Tabm. 1.
Ta6muus 1.
Onunc HabopiB JaHUX
Innexc Homxuna, m | Illupuna,m | Bucorta, m KinmpkicTh TOUOK CepeHs ITBHICTD (TO-
qok/M°)
1 7 5.2 3.2 45361 389
2 8.5 9.4 2.6 38265 184
3 7.3 7.2 2.5 37472 285

SIk BUHO 3 pucC.2, OTpUMaHi TPUBUMIpHI MoOJIeNi
MAarOTh JJOCTATHIO INIJIbHICTE. [ CIpUYMHEHO THM, IO
anroput™ LSD-SLAM, sk npsiMuii MeTOJ1, BUKOPUCTO-
BY€ BCIO iH(popMaIlito Ha 300pa)keHi, BKIIFOYHO 3 KOH-
Typamu. Sk 6aummMo, 1e 3a0e3rnedye BUCOKY TOUHICTh
Ta HaJiHICTh B MaJI0 TEKCTYPOBAHUX CEPEIOBHINAX 3
BUKOPHUCTAHHIM OJJHi€] MOHOKaMepH.

J11st KOXKHOT ClieHH 0YJI0 IPOBEICHO CErMEHTAIII0
IUIOIIMH T4 BUOKPEMJICHO XMapH TOYOK, SIKi SIBIISIOTh
€000t HAOOPHU BHUMIPIOBaHb, 1110 HANEKATh OHIH ILI0-
muHi. J{ami OyIiio mpoBeIeHo OILiHKY MapaMeTpiB MaTe-
MaTHYHOI MOJIENi KOXKHOI 3 TuromuH. [Ipukimam okpemoi
XMapH TOYOK, II0 BiIOBiZa€ 3aTyMIICHI MOJIEINI TIJI0-
IIMHU, HAaBEACHO Ha puc.3.

Puc.3 Pezynoemam ceemenmayii niowuru

JJ1s K0’)KHOT OTPUMAaHO] IUIOIIMHU Ta BiIMOBITHOT
iif XMap¥ TOYOK 3/1IHCHEHO OLIHKY BIIXIJICHb TUTOIIIH-
HOCTI Ta PO3PaxOBaHO MOKA3HHKH ITOBHOTH METPUK,
MpPaBWIBHOCTI Ta sKOCTi. Jlami JOCIHIIKEHO BILIHB
3MIiHM TapameTpiB KamiOpyBaHHS Ha JaHI METPHKH.
Jl1s IboTO MPOBEACHO aHaJIi3 YyTIMBOCTI MapamMeTpiB
KaMepH, B IKOMY 31iICHEHO CIIOTBOPEHHS 3HAYEHb ITi-

KCeJiB Ha IUIOIIKHI 300pakKeHHs ITyMOM 3i CTaHIapT-
HuM BigxuneHHsM Big 0.05 go 1.0 nikcens. Y tabmui
2 HaBe/IeHO BUOIPKOBI pe3yIbTaTH aHaJli3y Yy TIUBOCTI.
VY 3MoJenboBaHiil CHCTEMI KaMmepa po3TalloByBanacs
TaKUM YHHOM, II[0 HAIPSIMOK Bici Z r1o0anbHOI Ta Jio-
KaJIbHOI CHCTEM KOOP/IMHAT CITiBIIaJIae.

Tabmms 2.
JAucnepcisg napamMeTpiB KaJaidpyBaHHA K GPYHKILSA IIyMy
0.05 0.5 1.0
P, (miKc) 1.93 4.25 17.63 38.97
py (mmikc) 0.43 0.86 4.87 9.75
t, (m) 0.00 0.00 0.03 0.03
ty (M) 0.00 0.00 0.02 0.01
t, (M) 0.00 0.00 0.03 0.02
R, (rpanm) 0.00 0.01 0.02 0.02
R, (rpan) 0.06 0.14 0.76 1.48
R, (tpan) 0.08 0.23 1.13 2.27
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Ha ocHOBi oTpuMaHuX 3aIIyMJICHUX TapaMeTpiB
KaMepH OyJIo IPOBEACHO MPOIleC PEKOHCTPYKITii Ta ce-
TMEHTAIli] IUIOMIMH 3 OTPUMAaHuX Mojeneit. /s kox-
HOTO TaKOTO Ha0OPY BXiTHUX JaHHUX IPOBEICHO OLIHKY

1.2

FD

0.9

0.8

0.7

BIOXWJIEHb IUIOIIMHHOCTI. 3alIeKHICTh BIOXHUICHHSI
TJIONTUHHOCTI BiJl PiBHSA BHECEHOI MOXHOKH TSI KOXK-
HOTO 3 TPHhOX HaOOpiB TaHUX IPEACTaBICHO HA PUCY-
HKY 5.

s CljeHa 1
CueHa 2

m— ClieHa 3

0.6 0.8 1

PiBeHb WymMy

Puc.5. 3anescnicmo gioxunenns NIOWUHHOCMI 6i0 8eUHUHU NOXUOKU NAPAMEmMpI8 Kaliopy8anHs.

BucHOBKM 3 1aHOTO0 0OC/IIIKEHHS TA NepcHek-
THBHU

MopemoBaHHS TMOXHOKH TapaMeTpiB Kamiopy-
BaHHs KaMepH i3 33laHAM PiBHEM IIyMYy HOKasye, 10
mapaMeTpH KaJaiOpyBaHHs MOTIPIIYIOTHCS 31 301IbIIICH-
HSIM piBHS LIyMy. 30KpeMa, IPOaHali3yBaBIIH BCTAHO-
BJICHI METPHKH TUION[HHHOCTI, 0YJI0 BCTAHOBJICHO, IO
MOXHOKa BU3HAYECHHS LIEHTPY 300pakeHHs € IMPOIop-
IITHOO /10 TOXUOKU BUMIPIOBAaHHS. 3 I[bOT'O BUILIMBAE,
1110 30UIbIIEHHST TTOXUOKH CIIPHSIE 301IBIICHHIO MOXH-
OKM OLIIHKK NapaMeTpiB kaniopyBanHs. Kpim Toro, na-
pameTpu opieHTanii (IOBOPOT Ta 3MIIICHHS) € OiIbII
KOMILUICKCHIMH, & TOMY OUTBII YyTJINBI 10 IIIyMY BHMi-
PIOBaHb HiX iHIII TapaMeTpH.

MaitOyTHI AOCHiIKEHHs IependavyaroTs aHali3
METOiB 3MEHIICHHS IIOMUJIOK BUMIPIOBaHb, 1110 BIUIH-
BAaKOTh Ha SKICTb PE3YJIbTYHOUYOT XMapH TOYOK, Ta Iij-
BHUIIIEHHS 1X e()eKTUBHOCTI.
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Hoeckuii Anexcandp Bacunvesuu

KaHOuoam mexHu4eckux Hayk, npogeccop kageopwi
ocHosanutl u pynoamenmos O0ecckoii 20cy0apcmeeHHO
akademuu CmpoumenbCmed u apxumeKkmypol

Hoeckuii Bacunuii Anexcanoposuy

KaHOUOam mexHu4ecKkux HayK, OOyeHm Kageopvi
ocHosanutl u pynoamenmos O0ecckoil 20cy0apcmeeHHOU
akademuy CmpoumenbCmea u apxXumeKmypbi

Boiimenko Unza Braoumuposna

KaHOUOam mexHu4ecKux HayK, OOyeHm Kageopvi
ocHosanuli u pynoamenmos Odecckoii 20cy0apcmeeHHOU
akademuu CMpoumenbCmad U apxXumeKmypol

SPECIAL PROPERTIES OF LIMESTONE OF THE ODESSA REGION
OCOBBIE CBOMCTBA M3BECTHSKA-PAKYIIEYHUKA OJIECCKOI'O PETMOHA

Abstract: the technique and results of studies of anisotropic properties of limestone-shell rock are described.

It is found that the anisotropy coefficient depends on the type of load in determining the different strength charac-
teristics and is in the range of 1.89 — 0.86. Softness in humidification also depends on the type of load and is in the
range of 0.75 — 0.90. Therefore, when considering anisotropy and softness it is necessary to consider a type of
loading of limestone - shell rock.

Keywords: limestone-shell rock, anisotropy, stratification, tensile strength, shears resistance, structural
strength, softness.

AHHOTalIl/Iﬂ: Omnucana METOAWKA U PE3YJIbTAThL I/ICCJICHOBaHI/Iﬁ AHU30TPOITHBIX CBOWCTB HU3BECTHAKA-PAKY-
HI€YHUKa. YCTaHOBHeHO, 4qTOo KOB(l)(l)I/IIII/IeHT AHU30TPOIIUHN 3aBUCUT OT BHUA 3aIrpy’KCHUS IPU OINPEACIICHUU pa3-
JIMYHBIX IPOYHOCTHBIX XapaKTEPUCTUK U HaxoauTcs B mpegenax 1,89 — 0,86. PasmsrdaemocTs npu yBIa)KHEHUH
TaK)Ke 3aBUCUT OT BUJA 3arpyXeHust u Haxoautcs B npenenax 0,75 — 0,90. CnenoBaTesibHO, IPU yueTE aHU30TPO-
MU U Pa3MAT4a€MOCTH HCO6XOIII/IMO YUYUTBIBATh BHUJI 3arpYy>KCHU U3BCCTHAKA - paKyIICYHUKA.

Knrouesnie cnosa. N3BCCTHAK-PAKYIICYHUK, aHU30TPOIINA, CIIOUCTOCTD, MPECACIT MPOYHOCTH, COIIPOTHUBICHUEC
cpesy, CTpYKTypHas IPOYHOCTh, pa3sMAr4aeMOCTb.

ITocTanoBka nmpoOeMbl B 0OIIIEM BHIIE U €€ CBSI3b
C BaXHBIMU IPAaKTHUYECKUMHU 3ajadaMu. I'pyHTOBas
tonma Onecckoro peruoHa, KOTopas MCIOJb3yeTcs
KaK OCHOBaHHC ()YHIAMECHTOB 3JJaHUN W COOPYKCHUH,
XapaKTepU3yeTcsl HaMYMEM KOMILUIEKCa JIECCOBBIX
TPYHTOB, KOTOpbIE MOJCTWJIAIOTCA MOHTUYHUMU
M3BECTHSAKAMU, HI)KE KOTOPBIX 3aJIEral0T MEOTUYECKHE

rrHBL. C MOBBIIEHHEM TaXKHOCTH 3aHUI U YCTPOH-
CTBOM MHOTOSIpDYCHBIX [TOJI36MHBIX IIOMEILLIEHUI1 BO3HHU-
KJla HE0OXOJMMOCTh HCIOJIb30BaHUS W3BECTHSIKOB B
Ka4yecTBe HECYILIEro cJIosl )yHIaMEHTOB Ha €CTECTBEH-
HOM OCHOBAaHHUHM M CBaWHBIX. DTH 331a4M 00yCIOBHIN
IIPOBEACHUE NOMOIHUTENBHBIX UCCIIE0BAaHUI MEXaHU-
YECKHUX CBOMCTB M3BECTHIKA-PAKyLICUHUKA.
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AHanu3 TOCICIHUX HWCCICNOBaHUN H ITyOmH-
Karui. DKCIIEPUMEHTAIIBHBIX JaHHBIX O CTPOUTEIBHBIX
CBOMCTBaX MOHTHYECKUX U3BECTHAKOB, KAK OCHOBAaHUI
(yHmaMEeHTOB, HE Tak MHOTO. B Marepmanax n3bIcka-
HHUH [UI 9THX TOPOJ OOBIYHO NMPHUBOJAT CBEICHUS TO-
JBKO O Mpeziesie MPOYHOCTH Ha OJJHOOCHOE CIKaThE, KaKk
JUISL TIOJTyCKaJIbHBIX Mopo. J{pyrue mapamerpsl, onpe-
JISISIIOIIME POYHOCTHBIE U JIe()OpPMaIOHHBIE CBOIiC-
TBA, JI0 HEIABHETO BPEMEHU OTCYTCTBOBAIH.

Majo W3y4eHHBIMH SIBISIFOTCSI BOIIPOCHI aHU30T-
POIHHU U pa3MsArdaeMocT. VzyueHnem 3Tux BOIPOCoOB
3aHUMAaeTCs Ps YUCHBIX, B TOM YHciIe KadeIpbl OCHO-
BaHUi 1 pyHmamenToB OT'ACA, pe3ynbTaTsl KOTOPBIX
M3J0KEHHl B padoTax [1, 2, 3]. PaspaboTansr u ampo-
OMpOBaHBI METOAWKH OIPEACICHUS MEXaHHYCCKUX
CBOHCTB M3BECTHAKA, KaK B JaOOPATOPHBIX, TaK U IO-
JeBBIX ycroBusAX. OcylecTBIseTcs HAKOIUICHHE B 00-
paboTKa SKCIEPUMEHTAIBHBIX JAHHBIX C LENbI0 (Qop-
MUPOBAaHHA PETUOHAJIBHBIX HOPM.

Brinenenue HepelleHHBIX paHee dacTeil oOmien
mpoOJeMbl. Y CTaHOBJICHO, YTO 3HAYCHUE TpeAeIbHOI
Harpy3ky, MPUIOXKEHHOW BEPTHKAJIBHO K CIOMCTOCTH
HU3BCCTHAKA, OTIIMYACTCA OT 3HAYCHUH Ipu IPUII0KC-
HHH Harpy3Kd B TOPH30HTAIEHOM HalpaBJIeHUH (BIOJIb
CJIONCTOCTH). DTUM MOXXHO OOBSCHUTH pa3HOE 3Hade-
HHE TOKazaTeled ae()OPMATHUBHBIX M TNPOYHOCTHBIX
CBOHCTB B BEPTHKAJIHHOM U IOPU30HTAIHLHOM HaIIpaB-
nenun. Ho 1ocTaTouHO MOJIHBIX CBEIEHUH 00 M3MeHe-
HHUH CBOMCTB M3BECTHSIKOB C yYETOM aHMU3OTPOIHH Ha
CEroHSAIIHUN IeHb HeT. Mano u3y4yeH BOIpocC O pas-
MATYAEMOCTH U3BCCTHAKA ITPU BOAOHACBIIICHUH.

B HOpMaTuBHOI mUTEpaTYypE 38 KPUTEPUIN OLIEHKU
AHU30TPOITHBIX CBOMCTB CKaJbHBIX H TOJTYCKaJIbHBIX
HOPO/JI TIPHUHSIT KO3PPHUIMEHT aHH30TpOnHH Ka, 3HAUE-
HHE KOTOPOTO OIpEIENII0T OTHOLICHHEM IMOKa3aTess
npeziena MPOYHOCTH Ha OJJHOOCHOE C)KaTHEe B TOPU30H-
TaJIbHOM HallpaBJieHNH Rca K ero 3HaYeHUIO NP Bep-
THKaJIbHOM BEKTOpE NPHIIOXKEeHUs Harpy3ku Rc. Hamn

YCTaHOBICHO, YTO MOAZOOHOE COOTHOILICHHE MEXKAY
JOPYTUMH TIOKA3aTENsIMA MEXaHHYECKHX XapaKTepH-
CTHK WM3BECTHAKA-PaKyIICYHNKA, KOTOPBHIMH SIBISICTCS
CTPYKTYpHasl IPOYHOCTh, COIIPOTUBIICHHUE CPE3Y, CO-
MIPOTUBJICHHUE CXKATHIO B MACCHBE, OTINYAIOTCS OT KO-
s¢¢ureHTa aHM30TPONUH MO 3HAYCHHUAM Iperena
MIPOYHOCTH Ha OJTHOOCHOe cxkartue. [loaTomy, B pacue-
Tax, TJe UCHOJIB3YETCsl CTPYKTYpHAsi MPOYHOCTh U CO-
MIPOTUBJICHHE CPE3y, B TOM YHCIIE BJOJb OOKOBOH IMO-
BEPXHOCTH OypOHAOUBHBIX CBai, HY)KHO HCIIOJIb30BATh
COOTBETCTBYIOIINE KOI(D(DUIIMEHTHI aHU30TPOIIHH.

IMocranoBka 3amaun. Ilepen wnccnenoBaHUAMHU
ObLIa TIOCTABJICHA 33/1a4a OTPEACTUTH KO3 PHUIINEHTHI
AaHM30TPOIHHU H Pa3MAr4aeMOCTH HU3BECTHAKA-PAKyIIIe-
yHnKa OAECCKOT0 PETHOHA MPH ONIPEACICHUH TIpeaena
MIPOYHOCTH HAa OJHOOCHOE CKaTHe, COMPOTHBICHUS
cpe3y mo OOKOBOW MOBEPXHOCTH OYpOHAOMBHBIX CBaid
1 CTPYKTYPHOH NIPOYHOCTH B MacCCHBE.

W3noxxeHue ocHOBHOro Marepuaia. [InibHbIi 13-
BECTHSIK-paKkyIIedHuK OJeccKoro pervoHa sBISIETCS
OpPraHOTCHHOW MOPOJION, OO0JIAAoIIeH aHU30TPOII-
HBIMHA CBOMCTBAMH U CIIOCOOHOCTBIO pasMAT4aThCA
IIpY yBIaXHEHUU. Ero TOoIa COCTOUT U3 CKOIUICHUS
CKEJIETOB MOJITIOCKOB, CLIEMEHTHPOBAHHBIX Ha KOHTaK-
Tax MPOYHBIMH KPUCTAIUIM3ALHMOHHBIMU CBSI3SIMH.
[TpouHOCTH Ha pa3gaBIMBaHKUE 3aBHCUT OT HAIlpaBJIe-
HUSI yernnusl. 3Ha4eHUE MIPEAETbHON Harpy3KH, IPHIIO-
KEHHOH BEPTUKAIBHO K IUIOCKOCTH WX HAaKOIUICHHS,
OTJINYAETCS OT 3HAYEHHUH ITPU FOPU30HTAIILHOM IIPHIIO-
JKEHUM HAarpy3KH (BIOJb CIIOMCTOCTH).

Koagppuyuenm anuszomponuu npu onpeoene-
Huu npedena NPOYHOCMU HA OOHOOCHOE ciicamue.
Koahdunuent anuzorpormu Kape TpH ompeneneHud
npezesna MPOYHOCTH HA OJTHOOCHOE CKaTHhe OBLI ompe-
JCJICH 110 AT CEpUAM HUCITBITAHUI 06pa311013 U3BECT-
HSKa-paKyllleyHUKa ¢ pazmepamu rpaHeit 70 mm, oc-
HOBHBIC PE3YNIBTAaThl KOTOPBIX IPUBEICHBI B Ta0M. 1.

Tabmmma 1

CooTHolIeHHSI TOKA3aTeJ el npejaesja mMpoYHOCTH HaA OTHOOCHOE CKaTHhe
H3BECTHAKA-PAKYIICYHHKA BAOJb M MONMEPEK CJIOUCTOCTH

Cepus Kommgectso 3HadyeHue oKa3aTels Ipeaesa Koa¢ppuuuenr anu-
UCIBITAHUNI npoynocty, MITa. 30TpOINH,
Iomepex Broas ciaoucTocTH, Ka, Re
cioucrocty, R, R..a

1 10 0,84 1,28 1,52

2 10 0,50 1,32 2,64

3 10 0,98 2,12 2,16

4 10 0,52 1,13 2,17

5 10 0,89 1,27 1,43
Cpennee 50 0,75 1,42 1,89

Takum 00pazom, 1Mo pe3yiabTaTaM MPOBEICHHBIX
HCCIIeIOBaHU, peiell IPOYHOCTH Ha OJHOOCHOE CKa-
THE TIONEPEK CIOUCTOCTH MEHBILE, YeM BJIOJIb CJIOH-
croctu. [Ipn 3ToM K03 PUIKEHT aHU30TPOIIMHU COCTa-
Bu 1,89.

Kosgpdpuyuenm anuzomponuu npu onpeoenenuu
cmpykmyprou  npouHocmu. Kak H3BECTHO, Ipenen
MPOYHOCTH Ha OJTHOOCHOE CXKATHE HE OTpaXkaeT (haKTh-
YECKOT0 3HaYE€HUsI COPOTHUBIICHUS Pa3pyLICHHUIO U MO-
CIIEIYIOIIET0 YIUIOTHEHUsS M3BECTHsAKA B Maccuse. OT

JIABJICHUH, TeperaBaeMbIX (yHIAMEHTOM Ha OCHOBA-
HHUE, B TPYHTOBOH TOJIIIIE BO3SHUKAIOT HANPSDKEHHS Ha
ydacTKaxX MOBEPXHOCTH YACTHI] CKeJIeTa B TOYKaX HX
KOHTAaKTOB. BEKTOpHl HaNpspKeHUH HampaBlIeHbl Xao-
TU4HO. OT CyMMBI HX NPOEKIUIl HAa BEPTUKAIBHYIO OCh
«Z» BO3HUKAIOT HAIIPSHKEHUSI, BBI3BIBAIOIINE YIIOTHE-
HUSL 67 . OT CyMMBI HX ITPOEKIUit Ha 0Ch «X» Wi «Y»
BO3HMKAaeT HaNpsDKEHHE, BBI3bIBAIONIEe OOKOBBIE 1aB-
JICHUS Gy WU Ox. IIpy BO3ZHUKHOBEHUU T'OPU30HTAIb-
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HOTO [aBJICHWS NPH pa3faBIMBaHUN KyOHWKa OTCYyT-
CTBYET CONPOTHUBIICHHE BJOJb €0 OOKOBBIX T'paHEH,
YTO CHIDKACT 3HaUeHUE R¢ mpu paspymennu B oTauInn
OT CTPYKTYPHO#M NIPOYHOCTH Pstr B MACCHBE.

Omnpenenenne Psy B JTa0OPATOPHBIX YCIOBHUSIX
MpoBeAEHHI B mpudope (cM. puc. 1), B koropom O0K0-
BOE JaBJICHUE TPyHTa IOJ LITAMIIOM YPaBHOBEIIHBA-
€TCsl CTPYKTYPHOH IPOYHOCTHIO HCIBITBIBAEMOW IO-
POIBI, IPETATCTBYSI Pa3pyIICHHUIO €T0 B CTOPOHBI.

L

|
3 ‘\‘\

Puc.1. Buewnuii 8uo u cxema npubopa 0isi OnpeoeieHusi CmMpyKmypHoU npoYHOCU
1 - nanpasnsirowee konvyo,; 2 - wmamn; 3 - obpasey epynma, 4 - kopnyc;
5 - unouxamop uacosoeo muna, 6 - HUdCHee KOIbYO, 7 - 8EPXHEe KOTbYO

B 1abn. 2 mpuBeneHBI pe3yabTaThl ONMpeeICHUS
Pstr TTIOTIEPEK M BAOJb CIOMCTOCTH Ha 00pa3uax OJHOH

maptuu 0e3 CoONMIoAeHUS WX CHHXPOHHU3AIHH, IO-
9TOMY, KO3((PHUINEHT aHU3OTPOIUH OMpEHEICH II0
CPEIHUM 3HAYCHHUSM, [TOJTYUYCHHBIM B HCTIBITAHHSIX.

Tabmuma 2

Pe3yJ'[])TaTl)I onpeaeaeHus Psir NONEPEK M BA0Jb CJIOMCTOCTH
B M3BECTHAKAX-PAKYIICYHUKAX B BO3AYUIHO-CYXOM COCTOSTHHH

Cepus Komuaectso 3Ha4yeHue oKa3aTels CTPYKTypHOU Koa¢ppuuunenr anu-
HCIBITAHUN npouyHoctu, MITa. 30TpOINH,
Iomepek BJI0Ib CIOUCTOCTH, Pstra Ka,pstr
CJIOMCTOCTH, Pstr,
6 1 2,48
7 3 1,72
8 2 1,62
9 4 0,95
10 4 2,87
11 4 2,46
12 4 3,29
13 4 2,29
14 3 1,93
15 4 2,20
16 4 3,01
17 4 2,65
18 3 3,16
19 4 1,95
20 4 2,10
Cpennee 52 2,16 2,73 1,26

Takum o00Opazom, 10 pe3ynabTaTaM IPOBEICHHBIX
HCCIIeIOBAaHHUH, CTPYKTYpHAs TPOYHOCTD TONEPEK CII0-
HCTOCTH MEHBIIIE, YEM BJIOJIb CIOMCTOCTH. [Ipu 3TOM
K03 GHUIHEHT aHU30TPONUH Kapstr cocTaBmi 1,26.

Kosgpduyuenm anuzomponuu npu onpeoenenuu
conpomusenenus cpezy 6001b OOKOGOU NOBEPXHOCU
b6yponabusHbix ceati

OnHO M3 IPOYHOCTHBIX XapaKTEPHCTUK M3BECT-
HSKa-paKyIleYHHKa SBIAETCS CONPOTUBIICHUE CpPE3y
mo OOKOBOH TOBEpXHOCTH OypoHaOMBHBIX CBail.

CreHKN cKBa)XXMH OypOHAOMBHBIX CBail 00J1a/lat0T BBI-
COKOI1 HO31peBarocThio. LleMeHTHOE MONOKO TIpH Oe-
TOHUPOBAHUM CBaW NPOHHKAET B KPYIHBIE ITyCTOTHI
mop, o0pasys MIEpOXOBaTYIO IOBEPXHOCTH COIpSIKE-
HUSI MEX]y CTBOJIOM CBaW M OKpYXarolleld MOpoIow.
CormpoTuBiieHHe cpe3y ONpenessieTcss He TPEHUEM, a
NPOYHOCTBIO M3BECTHSKA, HAXOIMMIErocs 3a mpene-
JIaMH TIOBEPXHOCTH CTBOJIa CBaH, IPOIIMTAHHOTO 3a-
TBEpACBIIMM LIEMEHTHBIM pacTBopoM. CiemoBa-
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TENBHO, PAa3PYIICHHE MIPU «CPBIBE» MIPOUCXOAUT O H3-
BecTHAKY. CxeMa W BHEIIHWI BUJ CHIIOBOTO YCTPOH-

CTBA ISl UCIBITAHUN MOJENEH cBail NMPUBEACHBI Ha

puc. 2, a pe3ynbTaThl HCCIeOBaHuil B Tabm. 3.

]
18| 181

Puc. 2. Cxema u sHewHull 8U0 CUIOBOU YCMAHOBKU Ol UCHbIMAHUS
U3BECMHAKA-PAKYUEYHUKA MOOENsMU OYPOHADUBHBIX C8All
1, 2 - nenoodsudicnvle naumel; 3 - obpaszey ussecmusxa, 4 - mooensv ceau;
5 - Qunamomemp, 6 - uHOUKAMOPBI UACOB020 MUNA;
7 - oomkpam; 8 - nonocmsv noo namou ceau

B CKBaXMHax, HpOﬁﬂeHHBIX MOMEPEK CIOUCTO-
CTH, HO3APECBATOCTb CTCHOK BBILIC, YEM B CKBaKMHAX
BIOJIb CIIOUCTOCTH. HpenenLHoe 3Ha4YCHUC COIIPOTUB-
JICHUA CABUTY OIPEACIIICHO IO pe3yJibTaTaM COpPOKa MC-

MBITAHUI H3BECTHIKA MOJACJIbHBIMH CBAsIMH B IOIICPLCH -
HOM W IPOAOJIBHOM HAIIPABJICHUAX MO OTHOHICHHUIO K
CJIIOUCTOCTH.

Tab6muua .3

CooTHOLIEeHMS TOKa3aTe el CONPOTUBJIEHUS Cpe3y U3BeCTHAKA-PaKylIeYHUKA 110 0OKOBOIi OBepPX-
HOCTH OYpOHAOMBHBIX CBail B10JIb U NONEPeK CJOUCTOCTH

Cepus Komngectso 3Ha4YeHHe TT0Ka3aTelsl COMPOTUBICHHS Koadpuunenr annzo-
UCIIBITAHUI cpesy, MIla. TPOIINH,
Iomepex Bnons croucroctw, f Kat
cioucroctw, fe,

21 4 0,93 0,81 0,87

22 4 0,86 0,71 0,83

23 4 1.46 1.20 0,82
24 4 0,97 1,02 1,05

25 4 1,24 0,90 0,73
Cpennee 20 1,09 0,93 0,86

Takum o0Opas3om, 1Mo pe3ynbTaTaM IpPOBEIECHHBIX
HCCIIEIOBaHUH, COIIPOTUBIIEHUE CIABHUTY IOTEPEK CII0-
UCTOCTH OoJbllle, YeM BJOJb ciouctocT. [Ipu aTom
k03¢ dunuent anuzorponuu Ka s cocrasui 0,86.

Kosgpduyuenm pasmsewaemocmu npu onpedene-
HUU npedeid NPOYHOCMU HAd OOHOOCHOE Cocamue

OpHuUM M3 0COOBIX CBOMCTB M3BECTHSKA-paKy-
NICYHHKA SBJISICTCS PA3MIATr4aeMOCTh IIPH YBIAXKHCHUU.
Bomonaceimenrne oxa3pIBacT BIMSIHHE Ha CHIDKCHHE
MoKa3aTejeld MPOYHOCTHBIX CBOMCTB TpyHTOB. OHa
OIlCHUBAETCA  KOX(P(DUIIMEHTOM  Pa3MATIAEMOCTH,

OTpeNesIeMOM OTHOIICHHEM TIPEIEIOB TPOYHOCTH B
BOJIOHACHIIIIEHHOM W BO3IYIITHO-CYXOM COCTOSIHHSIX.
CorinacHo HOPMATHUBHBIM JOKYMEHTaM MOPOIbI I10
9TOMY MOKA3aTero JEATCS Ha pa3MsryaeMble U He
pa3msirdaembie. K He pa3msiryaeMbIM OTHOCSATCS T10-
poxsl co 3HaueHHeM Ksof > 0,75, a K pasMsrdaeMbIM -
mipu Ksof < 0,75.

3HaueHust K03 PULIEHTa Pa3MIr4aeMOCTH, MO-
JIy4CHHBIC 110 COOTHOIICHHIO MPEAeNa MPOYHOCTH Ha
OIHOOCHOE CXKAaTHE, OTIMYAIOTCS OT 3HAYCHUH IpH



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #4(32), 201

L
REEST 39

OIpe/IeJICHUH CTPYKTYPHOM MPOYHOCTHU U CONIPOTHUBIIE-
HUS CIABUTY BIIOJIb OOKOBOM MOBEPXHOCTH OypOHAOWB-
HBIX cBail. VICTIBITaHMS IO OIpeieNIeHITO K03 QUIIeH-
TOB pa3Msr4aeMOCTH [0 3HAYEHHI0 CTPYKTYPHOM
MPOYHOCTH U COTPOTHBIICHUS CIBHUTY BBITIOJIHEHBI TIPU
MPUIIOKEHNUH BEPTHKAJIbHON HArPy3KH MOMEPEK CIIOU-
cTocTu. BogoHackIeHHe ONBITHBIX 00pa3LoB BHIMOJI-
HSJIOCH B TeUeHue 15 cyTok.

CpenneB3BenieHHbIe 3HaueHWs Kod(pdummenra
pasMAr4aeMoCTH, MOJIYYCHHBIC [T0 PE3yJIbTaTaM OIpe-
JICTICHUsI TIpeJiesia MPOYHOCTH O00pa3IoB B BO3YIIHO-
CYXOM COCTOSIHUH R. 1 mociie BoMOHACHIIIEHUS R sat TTO
23 WCTBITAaHHUSAM B KaKIOM COCTOSIHUH TPHBEICHBI B
Tabm. 4.

Tabmuna 4
CooTHoLIEHME TOKA3aTe/ el npe/eia NPOYHOCTH OJJHOOCHOMY CHKATHIO
B BO3/1YLIIHO-CYXOM U BOJIOHACBHIIIIEHHOM COCTOSTHUM
Cepus KonuuectBo 3HaueHue ToKa3aTelis Mmpejiesia NPoOYHOCTH, Koaddumnuent pas-
HUCTIBITAaHUU MIla MAT4YaeMOCTH,
B cyxom cocrosiHun B BomoHackImeHHOM Ks
R, COCTOSTHUH, R sat
26 4+4 0,95 0.76 0,80
27 4+4 0,97 0,65 0,67
28 3+3 0,83 0,48 0,58
29 4+4 0,44 0,44 1,00
30 4+4 0,42 0,25 0,60
31 4+4 0,41 0,42 1,02
Cpennee 23+23 0,67 0,50 0,75

Takum 00pa3oM, «IHJIBHBINY» H3BECTHAK-PAKY-
HICYHUK MO0 PE3yabTaTaM HCIBITAHUNA Ha OJHOOCHOE
C)KaTHE MOXKHO OTHECTH, KaK K Pa3MsArdaeMbIM, TaK U
He pasmsrdaeMbiM. CpelHee 3HAYCHHE TOTO MOKa3a-
Tens no 46 onbiTam pasHo 0,75.

Kospdpuyuenm pasmszuaemocmu npu onpedene-
HUU CIPYKMYPHOU NPOYHOCTIU.

Hwuxe npuBeneHsl pe3yabTaTsl 32 UCIBITAHUN 1O
OIIPEAEIICHUIO TOKa3aTeIel CTPYKTypHOH MPOYHOCTH
pasHbIX 00pa3OB M3BECTHSAKA-paKyIIeYHHKa IO 16
JUTSL KQKIOTO COCTOSIHUS 110 BIIaXKHOCTH. OCHOBHBIE pe-
3yJIBTAThl IPUBEACHBI B TAOIHIE 5.

Tabuuma 5
CooTHoOLIEeHHE NTOKa3aTeJIell CTPYKTYPHOIl MPOYHOCTH M3BECTHAKA-
PaKylIeYHHKA B BOJOHACHIIEHHOM M BO31YIIHO-CYXOM COCTOSIHUHU
Cepus Kommaectso 3HayeHHe TI0Ka3aTeNs CTPYKTYPHOU Koa¢ppuuuenr pas-

WCIBITAHUH npoyHoctu, MIla. MSIT'4aeMOCTH,

B cyxom B BozoHackIeHHOM Kspstr
COCTOSIHUH, Pstr COCTOSTHHH, Pstr,sat

32 2+2 0,98 0.92 0,94
33 3+3 1,66 0,95 0,57
34 2+2 2,27 1,17 0,54
35 3+3 1,02 0,89 0,87
36 3+3 1,95 1,13 0,58
37 3+3 1,81 1,02 0,56
Cpennee 16+16 1,61 1,01 0,63

Takum 00pa3oM, M3BECTHAK-PAKyLIIEYHHUK MO pe-
3ynbTaTaM 32 UCIIBITAHUI IO ONPEIEIICHHUIO CTPYKTYP-
HOH ITPOYHOCTH MOKHO OTHECTH K Pa3MsArdaeMbIM, TaKk
KakK CpeJHee 3HaueHHe HTOTo mokaszarens pasHo 0,63.
[Mony4eHHbIe pe3yabTaThl CBUAETEIBCTBYIOT O HE3HA-
YHUTEJIbHBIX OTKJIOHEHUsIX KoddduimeHra pazMsruae-
MOCTH JIJIsl Pa3HBIX 00Pa310B OT CPEIHEB3BEIIEHHOTO.

Koagpgpuyuenm pazmscuaemocmu npu onpeoene-
HUU CONPOMuUBNenUss cpe3y 8001b DOKOBOU NOBEPXHO-
cmu OypoHabUBHBIX C8all

UccnenoBanusimu [1, 2] ycTaHOBIEHO, YTO CIBUT
BIOJIb OOKOBOI HOBEpXHOCTH OypOHaOMBHBIX CBail B

H3BECTHIKE-PaKyLIEUHUKE, IPOUCXOAUT HE TI0 OBEPX-
HOCTH CTBOJIA, @ HA PACCTOSHUU OT HETO, PABHOM IIPO-
HUKHOBEHUIO [IEMEHTHOT0 MOJIOKA B opoay. B nmpose-
JICHHBIX MCIIBITAHUAX MOJEJEH CBall 3TO pacCTOSHHUE
HU3MEHSIOCH OT 2 710 3 MM, B cpenHeM — 2,5 MM. Casur
OTIPENIeIISIIN Pa3pyLICHHEM H3BECTHSIKA B PE3yibTaTe
MepEeMEIeHHs CTBOJIA TIOCNIE «CPBIBay». YCTAHOBIICHO,
YTO W3BECTHIK-PAKYIICUHHUK 10 pe3ysIbTaTaM 48 HCITBI-
TaHWUH 110 OTIPEICIIEHUIO COTIPOTHBIICHUS CABUTY BJIOJIb
OOKOBOI TOBEPXHOCTH OypOHAOMBHBIX CBail MOXHO
OTHECTH K HE pa3MAr4aeMoMy, TaK KaKk CpeJHee 3Haue-
HUe 3Toro nokasareins pasHo 0,90.
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Tabmuma 6

CooTHolIeHHe MOKa3aTeleld CONPOTUBJIEHHUSI CPe3y U3BECTHIAKA-PAKYIIeYHUKA BI0JIb OOKOBOI MOBEPXHO-
cTH OypoHaOMBHBIX CBaii mocJjie BOAOHACHIIIEHH
M NPH BO3AYIIHO-CYXOM COCTOSIHUHU

Cepus Kommaectso 3HaueHHE TIOKA3aTeIs COMPOTHBIICHHS Koaddumment ann-
WCIBITAHUN cpesy, Mlla. 30TpOIUH,
B cyxom B BOoJOHACHIIIIEHHOM Ks, fc
cocrossaud, f. COCTOSTHUH, Te sat

38 4+4 1,03 1,24 1,20
39 4+4 1,23 1,19 0,97
40 4+4 1,72 1,35 0,78
41 4+4 0,65 0,59 0,91
42 4+4 0,65 0,49 0,75
43 4+4 0,87 0,68 0,56
Cpennee 24+24 1,02 0,92 0,90

Takum oOpa3om, 1o pesynbTatam 48 UCIBITAHUN
T0 ONpeJIeNICHHUIO CONPOTHBIICHUS CABUTY BIIOJIb OOKO-
BOM MOBEPXHOCTH OYpOHAOMBHBIX CBail MCCIICAYEMBIi

W3BECTHSIK MOKHO OTHECTH K HE pa3MsArdyaeMoMy, Tak
KaK cpeHee 3Ha4eHue 3Toro nokasarens pasHo 0,90.

Tabmuma 7

3nauyenus K03QPpULUMEeHTOB Pa3MATr4IaeMOCTH NPU ONpe/iesIeHUM Pa3HbIX NOKa3aTeseil MeXxaHu4YeCKuX
CBOMCTB M3BECTHIKA-PAKYIIEUHHKA

[IpenensHOE 3HaueHue nokasareneit, MIla
IToka3zarenu TIPH UCTIBITAHUSIX Koaddumment
MEXaHHYECKUX CBOMCTB B Bo3gymHO-cyxXOoM Iociae pa3MAr4aeMocTH
COCTOSIHUH BOJIOHACHIIICHHUS Ksof
Rc 0,67 0,50 0,75
Pstr 1,61 1,01 0,63
fe 1,02 0,92 0,90

BrIBOIBI M1 peKOMEHALNU

Ha ocHOBaHMM BBINOJIHEHHBIX MCCIEAOBAHUN
YCTAHOBJICHO, YTO AHM30TPOIIHBIE CBOWCTBA W3BECT-
HSIKa-paKyIIeYHHUKa CYIIECTBEHHBIM 00pa3oM 3aBHUCAT
OT ONpeEAEMBIX MEXaHUYECKIX XapaKTepUCTHK, TIPU
9TOM COOTHOIICHHE MEXIY KOI(PPHUIIMEHTOM aHU30-
Tpomuu coctaBisieT 2,2 pa3a. Hanbonpmme 3HaueHHS
TIOJTyYCeHBI TIPH OTIPEJENICHNH TIpejesia MPOYHOCTH Ha
onHoocHOe cxkaTue (1,89) u HanMeHbIIHE - TIPH OIpe-
JITICHUN COTPOTHBIICHUSI CPe3y BJOJb OOKOBOH ITO-
BEepXHOCTH OypoHaOMBHBIX cBaif (0,86). Koaddumment
pa3sMAr4aeMoCTd B MEHbBIIIEH Mepe 3aBUCHT OT OIpese-
JISIEMBIX MEXaHHMYECKUX XapaKTePUCTUK M HAXOTUTCS B
npezaenax 0,75 — 0,90.

TakuM o0pa3oM, IpH BBIOJHEHWH PAcdeTOB C
Y9eTOM aHH30TPOIHNH, HE0OXOAUMO HCIOIB30BAThH CO-
OTBETCTBYIOIINE KOX(HUIMECHTH, XapaKTepHBIE TEM
00 MHBIM ITOKa3aTelIsiM MEXaHWYEeCKUX CBOMCTB M3-
BECTHSKA-PAKYIICYHHKA.
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ENCODER-DECODER CONVOLUTION NEURAL NETWORK WITH CORRELETION LAYER
FOR DEPTH ESTIMATION

EHKOJEP-TEKOJIEP 3rOPTKOBA HEMIPOHHA MEPEXA 3 KOPEJALINHAM LIAPOM JIJISI
OHNIHKU I''IMBUHHA

Summary:

Today Convolution Neural Networks (CNN) successfully used in many areas of Computer Vision, especially
in Stereo Vision. However, the problem of calculation depth map with high accuracy remains unresolved. In this
paper we propose convolution neural network that allow obtain depth map with high precision and small inference
time. This network is based on encoder-decoder type, with correlation layer. Unlike other fast architectures for
depth estimation, our architecture has higher accuracy and can be used in self-driving cars. We have achieved high
accuracy on Kitti Stereo2015 benchmark.

Key words: depth map, disparity, convolution neural network, correlation layer, encoder-decoder.

AHoTamis:

Ha croropni 3roptkoBi HeiiponHni Mepexi (3HM) ycminiHo 3aCTOCOBYIOTBCS Y 6araTboX 00JacTsIX KOMIT FOTe-
PHOTO 30py, 0co0IMBO B cTepeo OaueHHi. OmHAK MpoOJeMa BU3HAYCHHS KapTH TIIMOHMHH 3 BUCOKOK TOYHICTIO
3aJIMIIAETHCS 11Ie He BUPIlIEHOI0. B naHiit pobOTi MU MPONOHYEMO apXiTeKTypy 3rOpTKOBOI HEHPOHHOT Mepexi,
sIKa 3 BUCOKOIO IBHUJIKICTIO JI03BOJISIE OTPUMATH KapTy TIIMOMHY 3 BEJIMKOIO TOYHICTIO. [laHa Mepexa OyayeThest
Ha THUII E€HKOJIEp-AEKOIED, 3 KopenﬂuiﬁHHM mapoM. ExcnepuMeHTH nokasainu, mio Ha Bi,IlMiHy IHIIUX MBUIKUX
pillIeHb OLIHKH KapTH TIUOWHH, JaHa apXITEKTypa T03BOJIIE 3 BHCOKOI TOYHICTIO OTPUMYBATH KapTy TITHOWHU

npu pyci aBTroMo0is1. Ham Bramocst mocsrtu BUCOKuX pe3ynbraTiB Ha Kitti Stereo 2015 oHaliH 3MaraHHi.
Knrouogi crosa: kapra TIIMOWHHE, HEBIIIIOBIIHICTh, 3rOPTKOBa HEHPOHHA MeperKa, KOpeIsUiiHuil map, eHKO-

Jiep-neKoaep.

IMocranoBka npodJieMu

Mera 3icTaBlieHHS IBOX CTEPEO 300pakeHb — 1€
OIIIHUTH 3HAYCHHS HEBIMOBITHOCTI BCiX MIKCEIB JIi-
BOT0 300pa)keHHs BiTHOCHO MPAaBOTO 300pakeHHsI CTe-
peo mapu. Lle omHa 3 TONOBHUX MPOOIEM KOMIT I0TEp-
HOTO 30Dy, sika Mae 0araTo 3acToCyBaHb B IIPUKJIAJI-
HUX 3ajJjayax, Taki SIK caMOXIiJHi aBTOMOO1Ii, HaBiramis
POOOTIB Ta B IPUCTPOSX 3 TOIOBHEHOK PEAIbHICTIO.
Xoua TexHIYHEe BU3HAYCHHS TTIMOWHY, HAIPUKIIA] 32
noriomororo LIDAR a6o ToF, nerko no3BoJisi€ BU3HA-
YUTH TTUOWHY, BAKOPUCTAHHS JIUIIE CTEPEO MapH JIIs
BHU3HAYEHHS IIMOMHH € OiIbII pecypco3bepirarounm
T IX0I0M.

Maroun cTepeo mapy, MONEpEIHBO BHPIBHABIIN
300pakeHHs, TINONHA TiKCcens MoXke OyTH BH3HA4YEHA
3iCTAaBJICHHAM IIIKCENIiB Ha CTEpeo mapi B3IOBXK OCi X
npu QikcoBaHiit oci y. Hexail mis ogHOTO mMiKcens Ha
JiBOMY 300paxkeHHi — (X, y), BIANOBIAHNUIT MiKCeb 3Ha-
XOJUTHCA 3 KoopauHatamu (x+d, y), d - HeBiamOBiA-
HicTh. Tomi rMOWHA AJIs TAHOTO MIiKCENs MOXe OyTH
obuucneHa, sk , ne f — poxanbHa BijcTans kamepu, | —

BiZICTaHb MiXk 0O0Ma kamepamu. Tak sik rinOuHa 00ep-
HEHO MPONOpLiiiHa 0 HEBINOBIAHOCTI, TO MPOOIEMY
3HAXOJ/DKEHHsI TIIMOMHM MOYKHA 3aMIHMTH Ha 3HAaXO-
JUKEHHS HEBIAITOBIIHOCTI.

IIpobnema crepeo 3icTaBICHHS IHTEHCHBHO JIOC-
mimpkyeTbes 3 1980-x pokiB. [IpobGiemu Bu3HAYSHHS
TIIMOMHM: KaMepu MOKYTb 0 pPi3HOMY IepeaaBaTH Ko-
JIip miKcens (HanpuKIIaja BiACBIYYBaHHS COHILA), 3ally-
MJIEHHSI KapTHHOK, BIIMIHHICTD PaKypcCiB y Kamep, pe-
TiOHM 3 OJJHAKOBHM KOJILOPOM, ITOBTOPEHHSI 00’€KTIB
(THH), 13epKATBHICTD 00’ €KTIB, IPO30PICTh (CKIIO), 3a-
rOpOJKeHHS (Ha JiBii KaMepi 00’ €KT NpHUCYyTHiH, Ha iH-
ITiH BiH 3aTYJISIETHCS 1HITMM 00’ €KTOM).

ITouaTKOBI TOCTiIKEHHS B OCHOBHOMY POOHIIH 3i-
CTaBJICHHA B YOTHPH KPOKHU: pO3paxyHOK (yHKIII Bap-
TOCTI, pO3paxyHOK CyKYITHOI ()yHKIii BapTOCTi, po3pa-
XYHOK HEBIJMOBIAHOCTI Ta MOKpAIICHHS HEBiINOBIJI-
HocTi. JIo HeaBHBOTO Yacy AaHi YOTHPH KPOKH OyIn
MPUCYTHI B 0araTbOX METOAAX JJIsl OL[IHKH HEBIAMOBI -
Hocri [17, 19, 20, 5]. Ane ocTaHHIM YacOM 3rOPTKOBI
Mepexi MoKa3ajd CBOIO IPOAYKTHBHICTH B 0araTtbox
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3a/1a4ax KOMIT IoTepHOTO 30py [13, 4, 27]. He BuHAT-
KOM CTaJla i 3aja4a MOKpAIleHHs HEBiIMOBITHOCTI B
cTepeo mapi. BUKOpHCTaHHS 3rOPTKOBHX MEPEX IS
OIIHKH TTHOMHY 3HAYHO ITEPEBEPIIIIO TPAIUIiHHI 90-
THPBOX KPOKOBi MeTou [26, 23, 9, 2].

Briepmie i ctepeo 3icTaBiIeHHS 3TOPTKOBI HEH-
POHHI Mepexi Oy 3actocoBaHi Zbontar ta Lecun [23]
JUISL TIIPaXyHKY CXOXKOCTI JBOX ITIKCENIB Ha CTEpPeo
napi. JlaHuii Meron IoCAT HaWKpamioi TOYHOCTI Ha
Kitti2015 [16] i Middlebury [18] cTepeo naracerax B
ToH yac. /laHuii MeTo/] OKa3as, 110 OPIBHIOBATH 3Ha-
YeHHS MiKceNiB y QyHKIIT BapTOCTi OyJI0 HEIOCTaTHBO,
B TOM Yac KOJIM 3rOPTKOBA HEUPOHHA Mepeka MOKE Ha-
BUMTHCS OUIBIN CTIHKO 3HAXOIWTH HEBIAIOBIIHICTS,
BUKOPHCTOBYIOUH KapTH O3HAK 300pakeHHA. AJie B J1a-
Hilt poOoTi Oynu HemONiKH, a caMe TPUBAIUHN dac Mif-
paxyBaHHS HEBiqNOBiTHOCTI (> 60s); ToMy maHuii Me-
TOJ, HE MOKHa BUKOPHCTOBYBATH ISl OTPHUMaHHS He-
BIJITIOBIZTHOCTI B 3aKPUTHX 30HAX (i1 TOYOK, SIKi HE
MPUCYTHI Ha MPaBOMY 300paKeHHI, ajie IPUCYTHI Ha Ji-
BOMY); NP BHKOPHUCTaHHI METOJIB JJIsl MOKPAICHHS
HEBI/IIIOBIIHOCTI BUKOPHCTOBYIOTHCS MapaMeTpH, 10
MiIOMPaIOThCS CAMOCTIHHO.

Hani podotu [10, 9] moxaszamu, mo migpaxyHOK
(hyHKII{ BapTOCTI, MiApaXyHOK CyKyITHOI (pyHKIIT Bap-
TOCTI Ta MiAPaxyHOK HEBiAIOBITHOCTI MOXYTh OyTH
MOPaxOBaHi 3TOPTKOBOIO HEHPOHHOIO MEPEKEIO.

3a3Buuail B TPagUIifHAX METOIAX KOMII FOTep-
HOro 30py, Hamnpukiman, sk Semi-Global Block
Matching meton [21], BUKOPHCTOBYEThCS IMiPaXyHOK
(GyHKUIT eHeprii B JeKiIbKOX HampsMkax. Ha Bigminy
BiZ Tpaauuiitnux meroniB Mayer [10] i Kendal [9] Bu-
KOPHUCTOBYIOTh 0araTo 3ropTKOBHX HIAPiB, pO3TaIlIOBa-
HHUX OJIMH 32 OJHUM 1 TPEHYBaJM BHUXIJ JaHOI MEPEXi,
11100 BiH OyB CXOXHi Ha NPaBUJIbHY HEBIAMOBIIHICTS.
JlaHi MeTou TOCSATIN HaWKpaluX pe3yabTaTiB y TOY-
HOCTI Ta B Yaci OTpHMaHHs HEBIINOBITHOCTI, Ha BiJ-
MiHY BiJl METOJIB, IO BHUKOPUCTOBYBAIM 3TOPTKOBI
IIapy TUTBKY JUTS TiAPaxXyHKY QYHKIIT BAPTOCTI.

Y Mayer Tta iH. [10], kpiM CHHTETHYHUX JaTace-
TiB, MPOMIOHYETHCS ICKIIbKA BapiaHTiB 3TrOPTKOBUX Me-
pex, sIKi moka3ayiu Herorasi pe3ynbraru Ha Kitti2015
[16]. MaHi BapiaHTH OAMH BiJ OJHOTO BIiIPI3HIIOTHCS,
aye HalikpammMm BusiBUBCs Dispnet 3 KopensiitHuUM
mapom. Jlana HelfpoHHa Mepeska BiIpi3HAEThCS HEUMO-
BIPHOIO IIBUAKICIO 00paxyHKY HEBiJINOBITHOCTI, Oyn-
3pk0 60 ms/frame. Takox TXHS apxXiTeKkTypa HOOyHO-
BaHa 110 TUITY — EHKOEP-AEKO0Iep, 10 COYaTKy 3MEH-
nrye 300pakeHHs, a MoTiM 30u1bInye ¥oro. JlaHuii Tun
MEpexX 3yCTpiuaeThcs YK€ 4acTo, BiH NPUCYTHIH i y
Kendal [9]. Ha Bimminy Big Mepexi Mayer [10], mu mo-
Jlay 1€ MIapy B KiHII iXHBOI apXiTEeKTypH, Tak 1100
BUXIJT Mepexi OyB Takux caMHX po3MipiB fK 1 BXig. Y
Mayer [10] Buxiz 3 Mepexi BABIUI MEHIINH, HIXK BXiJ
(Ha BUXO/li BAKOPHCTOBYBAIACH IHTEPIIOJIALIS 10 BXiI-
HOTO PO3MIpy 300paKeHH).

AHaJni3 ocTaHHIX J0CTiTAKeHb Ta MyO/Tikamin

Ha choromnimHiii 1eHb iCHy€ BeNIHMKa KiJbKICTh
METOMIB Ta KHIKOK I OLHKHA HEBIANOBIIHOCTI 31
cTepeo rnapu. Mu OrJIsIHEMO JIMIIE AEKiJIbKa 3 HUX 1 3po-
0MMO HaroJioc Ha METO/1ax, Ki BAKOPUCTOBYIOTb 3rOp-
TKOB1 HEHPOHHI MEPExKi.

OmHUMH 3 OCHOBHHX METOJIB IS MOOYIOBH Ka-
pTH THOWHU 31 CTEpeo Mapu B KOMITIOTEpHOMY Oa-
yendi € GBM 1 SGBM. HeponikoM 11X METOMIB € Te,
o0 BOHM HE MOXXYTHb aHAJi3yBaTH TEKCTypy 300pa-
JKCHHS, HE MOJKE aHaJIi3yBaTH A3epKalbHI MOBEPXHI,
MOTAaHO CHPABIIOTHCA 3 3aKPUTHMH  OOJACTAMHU
(occlusion) Tomro. Ha Kitti2015 [16] 3maranHi gaHi an-
TOPUTMHU MArOTh 3aHAATO BHCOKY IOMIUIKY Ta TPUBa-
JUi 9ac poOOTH.

Ha Bimminy Bin TumoBux aixroputmis [21, 3], ski
BHUKOHYIOTHCSI B YOTHPH KPOKH (IMB. BUILE), METOIU
OCHOBaHI Ha 3rOPTKOBUX HEHPOHHHUX MEpexkKax OLiHIO-
IOTh HEBIONOBIOHICTE OE€3BITHOCHO IO IMX KPOKIB.
VYmoBHO miaxonu 3HM MoxHa MOIUIHTHA HA OBI KaTe-
ropii: HaBuaHHA (QYHKIIII BApTOCTI Ta HABYAHHS KiHETIb-
B-KiHEIIb.

Hapuannus ¢ynkuii BapTocTi. Ha BinMiHy Bif 3BU-
YaHUX METPUK JUIA OIHKH (PYHKIIIT BApTOCTI, TaKi sIK
cyMa BiIMiHHOCTEHl aOCOJIOTHOT IHTEHCHBHOCTI
(SAD), HopmaitizoBana nepexpecta kopessilis (NCC),
3TOPTKOBI HEMPOHHI MEpPEKi BAKOPUCTOBYIOTh JJISl BH-
MIPIOBaHHSI CXOXKOCTI JBOX Nar4iB 300pakeHHs. Han
Ta iH. [6] Hagamu Mepexy: MatchNet — Buinse o3HaKu
3 IBOX TMATYiB i HAa OCHOBi IIOBHO3B S3HMX IIapiB PO-
OWTH BUCHOBOK IIpO iX cxoxicTb. Ha BimMiHy Bin nma-
Horo migxomy, Zbontar i Lecun [23] 3a momomororo
3HM 6inapHO kinacudikyBamu maTdi 300pakxeHb po3Mi-
piB 9x9. Takox B maHili poOOTi BUKOPHCTOBYBAIHCH
METOJIH JJIS TOCT-00pOOKH: TIepexpecHa arperaiis, Ha-
miB-Tao0anpHe 3ictaBieHHs (SGM), mepeBipka y3ro-
JDKEHOCTI 3J1iBa HANpaBo, IMO-IIKCENIbHE MOKPAILEHHS
Ta MejliaHHUH 1 OlnarepanbHuii ¢inbTpu. lana apxite-
KTypa motpebye Oarato MOBTOPIB 3ammycKy s Migpa-
XYHKY (QYHKIIT BapTOCTI (3aJISKUTh Bijl MaKCUMalIbHOT
BenuYMHM HepiamoimHocti). Park 1 Lee [12] 3anpormo-
HyBaJU TO-TIKCeIBHUN MipaMiTHUN MyTiHT 1T 3011b-
[ICHHS PEIeTITOPHOTO TOJIA ITiJ] Yac MOPiBHIHHS JBOX
matdiB. Ha Bigminy Bing OiHapHO! Kinacuikamii Mix
JnBoMa natyamu, Luo [2] 3anponoHyBanu BUUTH PO3IO-
JIUT IMOBIPHOCTI JJIST KOKHOTO MOXKIIBOTO 3HAYCHHS
HEBIAMOBIAHOCTI. X04Ya BHKOPUCTAHHS 3TOPTKOBHX
HEWPOHHUX MEpeX 3HAYHO MOKPALIWIO MOPIBHSIHHSI
naTyiB, aJie micis [bOT0 iyTh KPOKH BapTICHOT arpera-
1i1, ONTUMI3aIlis HEBIIOBITHOCTI Ta MOKPAIICHHS He-
BIZITIOBIHOCTI, 0 3arajioM NOTPEOYIOTh MOKPAIICHHS,
SIK B TOYHOCTI, TaK 1 B 4aci 004YHCIICHb.

HaBuanHs kiHenb-B-KiHeIlb. B 1iil Kareropii,
3HM nOBHICTIO OIL[IHIOE HEBIAMOBIAHICTH, IO J03BO-
JIsi€ TPEHYBaTH MEPEXKY 3 BUUTENIEM KiHEIb-B-KiHEIlb,
M0JIal0YM Ha BXiJ| CTepeo mapy i HpaBHIIbHE 300pa-
JKCHHsI HeBiamoBigHOCTi. Mayer [10] mepmmM 3ampo-
MTOHYBaB KiHEIb-B-KiHENb MiAXiJ 3 €HKOAEP-ACKOIep
apxitektypoto (Dispnet) 11t OLIHKA HEBiAMOBITHOCTI.
[MigpaxyHoKk (yHKIii BapTOCTi BKIIOUYEHO B €HKOIEP
yacTuHi apxiTekTypu. Cxoxi apxiTekrypu Ha Dispnet
Oynu 3aCTOCOBaHI AJIs OIIHKY MOTOKIB (optical flow) B
pobotax [14, 22]. Kengan [9] 3 apXiTEeKTyporo Mepexi
GC-Net, BukopucTtoBye 3D 3ropTKu miciist miapaxyHKy
¢yHuii Baprocti. OcoONMBICTIO JTaHUX APXITEKTYD € Te,
10 BOHM MalOTh Malluii yac BUKOHaHHs (MeHIue 1 c).
Takox B neskux poborax [24, 7] Ui OLIHKKA TTHOWHU
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3 OZIHOTO 300pa)XECHHSI, a HE CTEPEO AP BUKOPHCTOBY-
IOTBCSI 3TOPTKOBI MEpeXi, aje TOYHICTh HabaraTo Ti-
pIa, HiX B cTepeo mapi.

Jo mi€i x KaTeropii HaJeXUThH 1 HaI MeToA. B Ha-
I poOOTi MU 3MIHWIIM apXiTEKTypy OXHi€l Bapiarlii
apxitektrypu Dispnet, Tak mo06 oTpruMaTH HEBiIMOBII-
HICTh BHUCOKOI SIKOCTi. 3aBISKH LILOMY MU 3MOIJIU JO-
CSAITH BEJIMKOI TOYHOCTI IS OLHKH HEBIAMOBIIHOCTI
3a I[IJIKOM TIPUHHATHUH Yac.

BuokpemienHsi HeBUpillIeHNX paHille YacTHH
3araJibHOI mpodJemMu

[TpoGnema oTpuMaHHs KapTH TIIMOMHU 3 BUCOKOIO
TOYHICTIO 31 CTepeonapy 3aJUIIAETHEC HEBUPIMICHOIO.
KpiMm TOYHOCTI BaKIMBHM TMapaMeTpoOM € dac o0umc-
JICHHS KapTH TIHOWHU. SKICTh KapTH TIMOWHH, OTPH-
MaHOi 3a JOTIOMOTOI0 HAIIIO1 €HKOAep-IeKOoep apxiTe-
KTypH OyJa OIliHeHa BiATIOBITHO A0 3aralbHOBITOMHX
MeTpuK. Ha BigMiHy Bix BHIIE3ralaHUX JOCIiIKEHb
MU 3aCTOCYBaJIM OLIbLI TJIKOIIY 3rOPTKOBY HEHPOHHY
MEpexy 3 KOpesILiiHUM [IapoM, 10 A03BOJIMIO MOK-
pamuTi TouHicTh Ha Kitti OHNaliH 3MaraHHi.

Miab crarTi

Mertoto naHoi poOOTH € AOCIIIKEHHS OIIIHKU Ka-
pTH TIMOWHM 31 CTEpeonapH, 3a JOMOMOTOI0 3TOPTKO-
BUX HEHPOHHUX Mepex. 3okpema, 3HM 3a tunom en-
KOJZIep-JIEKOZIEp Ta 3 KOPENAIIMHUM IIapoM. Takox,
MPOJIEMOHCTPYBATH 3aCTOCYBaHHS JaHOI apXiTEeKTypH
B CAMOXITHUX aBTOMOOLISIX 32 PaxyHOK MaJloro dacy
00YHCIICHHS KapTH TIHOWHY 1 BHCOKOT TOYHOCTI.

BukJiag ocHOBHOT0 MaTepiaty

1. Iipxin

Mayer [10] po3risiiatoTh JeKijibka apXiTeKTyp, a
came DispNet ta DispNetCorrlD. DispNetCorrlD — e

apxitektypa DispNet, sika Mmae monatkosuii Correlation
layer. Mu o6pamu DispNetCorr1D sik 6a30BY, OCKiTbKH
BOHa J1ae Kpami pe3yibraty, Hixk DispNet [10]. Hama
apxiTeKkTypa Mae eHKoaep-aekoaep tumn. OgHak, Ha Bi-
mmiry Bin DispnetCorrlD, B skoMy BHUXiHa HEBiIIO-
BiHICTH Ma€ PO3UIMPEHHS BABIUI MEHIIIE 32 BXiTHE 30-
OpaKeHHs1, Hallla Mepea Mae Ie JOaTKOBI MapH, siKi
30UIBIIYIOTh BHXIJHY HEBIJIOBIAHICTH 10 BXIJHOTO
po3Mmipy crepeo mapu. Sk Oyzae moka3aHo B CeKIlii 4, o
JlaHa Meperka MoKasana OUTbII Kpallli pe3y/ibTaTh Ha
naracerax Kitti tra FlyingThings3D. Hamy apxirek-
Typy Mu HazBanu DispNetEqual (Equal— o3nauae pis-
HUM, TOOTO BUXiTHE PO3MHUPEHHS HEBIAIOBIIHOCTI, Ta-
KOTO0 X pO3MIpy SIK i BXiTHE PO3IINPEHHS CTEPEO TapH).

B naniit mepexi Correleation map paxye GpyHKIi0
BapTOCTi B MpOCcTOpi 03HaK. Ha manomy erami BUKOpH-
CTOBYIOTBCS HETTTHOOKI KapTH O3HAK, a caMe BUXIT 3
mrapy “conv2_2”. lami Buxin Correlation mapy 06’en-
HY€EThCS 3 KAPTaMHU O3HAK JIIBOrO 300paKeHHS, B HAIT
Ha Te, 1110 HACTYIHA YaCTUHA MEPexki MOKpauTh GyH-
KIIIF0 BapTOCTi 1 YJIOCKOHAJIUTh BHUXIJHY HEBIAMOBII-
HICTh. B "acTuHi eHKOIep, Mepeka BUTATYE iHPOpMa-
IiF0 3 BUXITHOI KAPTUHKHU Ta BYUTh KapTh O3HaK. J[aHa
YaCcTHHA Ma€ 3MCHIIYE IUIOMLY KapT O3HAaK, aye 301J1b-
IIye pO3MIpHICTb - IIe J]a€ 3MEHIIIYe Yac OOUNCICHH 1
30LIBITY€ KUTBKICTh 3aI1aM’ITOBAaHUX KapT O3HAaK. B me-
KOZep YaCTHHI MH MiJHIMaeMOCH IO BUXiTHOTO 300pa-
JKCHHS, TIPU IIHOMY IONAEMO iH(OpMAIIIO 3 SHKOAEP
mIapiB, o0 maM’sTaTH He JINIIC BUCOKOPIBHEBI KapTH
O3HaK, a il HU3bKOPIBHEBY.

OrriHKa HEBIAMOBIIHOCTI BiJOYBAETHCS B ICKOIEP
YaCTHHI 32 PI3HOr0 MaciiTaly KapTUHKH, K OKa3aHO
B Tabum. 1.

TaGmuns 1.
Apxitekrypa DispNetEqual
[Tap K|S Kananu Bx. | Bux. BxiaHi kaHanu
convl 1 7|2 6/64 1 2 left+right
convl_2 3|1 64/64 2 2 convl_1
conv2_1 512 64/128 2 4 convl 2
conv2_2 3|1 128/128 4 4 conv2_1
Correlation - |- 128/128 - - conv2_2
conv3_1 3|2 128/256 4 8 Correlation
conv3_2 31 256/256 8 8 conv3_1
conv4d 1 3|2 256/512 8 16 conv3 2
conv4 2 3|1 512/512 16 16 conv4_1
convb 1 3|2 512/512 16 32 conv4 2
convb 2 31 512/512 32 32 convb 1
conv6_1 3|2 512/1024 32 64 convs_2
conve_2 31 1024/1024 64 64 conve_1
pré 3|1 1024/1 64 64 conv6b_2
deconvb 4 | 2 1024/512 64 32 convé_2
up6_to 5 4 |2 11 64 32 pré
conv_concatb 3|1 1025/512 32 32 |conv5_2+deconv5+up6_to 5
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pr5 3|11 512/1 32 32 conv_concat5
deconv4 4 |2 512/256 32 16 conv_concatb
up5_to 4 4 | 2 11 32 16 pr5
conv_concat4 3|1 769/256 16 16 |conv4_2+deconv4+up5 to 4
prd 3|1 256/1 16 16 conv_concat4
deconv3 4 |2 256/128 16 8 conv_concat4
up4_to 3 4 |2 11 16 8 pra
conv_concat3 3|1 385/128 8 8 |conv3_2+deconv3+up4 to_3
pr3 3|1 128/1 8 8 conv_concat3
deconv2 4 |2 128/64 8 4 conv_concat3
up3_to 2 4 |2 11 8 4 pr3
conv_concat2 3|1 193/64 4 4 |conv2_2+deconv2+up3_to_2
pr2 3|1 64/1 4 4 conv_concat2
deconvl 4 | 2 64/32 4 2 conv_concat2
up2_to_1 4 | 2 11 4 2 pr2
conv_concatl 3|1 97132 2 2 |convl_2+deconvl+up2 to 1
prl 3|1 32/1 2 2 conv_concatl
deconv0 4 | 2 32/32 2 1 conv_concatl
upl to O 4 | 2 1/1 2 1 prl
conv_concat0 3|1 39/32 1 1 input+deconvO+upl to 0
pr 3|1 32/1 1 1 conv_concat0

Buxin Mepexi — e BUXij 3 mapy pr. 3MeHIIyBa-
JbHa 4YacTWHa MictuTth Cconvl_1 — conv6 2 Ta
Correlation mapu. Po3mmproBaibpHa 4acTHHA MICTHTh
3roptkoBi mapu (pr, conv_concat) ta deconvolution
nrapu (deconv, up..to..). OkpiM mapiB B KiHIl, MH JI0-
JTAJTH 11 IeKiJbKa [MapiB Ha MOYaTKy.

2. TpeHyBaHHA

2.1 laTacern

Jnst TpeHyBaHHsI BEJMKOT 3rOPTKOBOI Mepexi He-
00XiZTHO AaTaceT 3 CTepeo Maporo Ta MPaBUIBHOIO TIIH-
6uHOI0. PO3risiHEMO OCHOBHI JaTaceTH.

Middlebury dataset [ 18] micTuts Tinbku 23 cTepeo
napy 300pakeHb 3 MPABMIILHOIO MNIHONHOI0. MakcuMa-
JbHE 3HaYCHHS HeBiAMOBiMHOCTI (disparity) € 10, 1o €
MaJIUM 3HAYESHHSIM.

Kitti2015 [16] maTaceT € Bxe 3HaYHO OLTBIINM i
OyB BII3HATHH y peabHIX JOPOXKHIX CUTYAIH 3 pyXo-
MOTO aBTOMOO1JISI, OJTHOYACHO 3HIMAIOYH 300paKeHHS
3 KaMepH Ta Ja3epHOro ckaHepa. JlaHmii maTacer mic-
tuTh 200 cTepeo 300paxkeHs s TpeHyBaHHS Ta 200
CTepeo 300paXkKeHb JUIsl OLIHKY OHaiH. Po3mip 300pa-
s)keHb 375 x 1240. MakcuMalibHe 3HaYeHHS HEBIAIO-
BiZiHOCTI csirae 60, 110 € BXKe NPaKTUYHO BUKOPHUCTOBY-
BaHMM. HezonikoM JaHOro naracetry € Te, IO 3Ha-
YeHHsI TTIMOMHN B HbOMY € po3pimpkeHnmu Ha 50%, s
BEPXHBOI IOJIOBUHU 300pa)KCHHS 3HAYEHHS TJIMOMHU
BIZICYTHE Ta 4epe3 pyXx aBTOMOOISI 3HAYCHHS TTTHONHI
MOXXYTh OyTH Hebararto 3MileHnMu. AJie ioro peaic-
THYHICTh Ta JOCTATHBO HEBEIMKA KUIBKICTH CIpUsuIa
HOTr0 BUKOPHCTAHHIO JUIS TPECHYBAHHS MEPEXI.

Syntel [25] nmaracer oTpuMaHWiI 3 pPEHICPHUHTY
IITYYHNX CILEH 3 aKIIEHTOM Ha PEealiCTHYHUX e(eKTax
Ta IpOTOpLisAX B 300pakeHHi. [laHnii atacetr Mae aBi
Bepcil: 3BuYaiiHy Ta QinanpHy. PiHanbHA Bepcis Mae
Oararo edekTiB, Taki K TyMaH, B TOH 4ac sk 3BH4aiiHa
He MICTUTh 1IMX edeKTiB. Syntel naracer — oAMH 3 Haii-
OLIBLIMX JIATACeTiB, B IKOMY JOCTYITHO OijIble THUCAYI
300pakeHb JJIs1 TPEHYBaHHS JJIs KOJKHOI 3 BepcCiil Ta B
SIKOMY TIPECYTHI MaJIi Ta BEJIUKI 3MimIeHHs. Jlanwii na-
TaceT HEe BHKOPUCTOBYBaBCS JUII TPEHYBAaHHS, OCKi-
JIBKYU TIEPCOHAXI, He 30BCIM PeajiCTUHI.

FlyingChairs [14] matacer — mepmmii garacer 3
JIOCTaTHBO BEIMKOIO BUOipKoro (Outbmie 22 THCAY), B
SIKOMY Ha IeBHOMY (DOHI BUCTABIISUIUCS CTUIBII 62 TH-
miB. HemonikoM JaHOTO natacery € OJHOTHUITHICTH
00’€eKTiB Ha 300pakeHHi, TOMy MU TPEHYBaJId Ha JaTa-
ceti FlyingThings3D.

FlyingThings3D [10]- tie cunTeTrHuHmMit gaTacer 3
moHas 22 THC. CTepeo map Ik TPEHYBaHHS Ta PHOITH-
3HO 4 THC. 715 TecTyBaHHS. B HbOMY Ha (hoHI KOpOoOOK
po3TamoBaHi pi3Hi JiTardi 00’€KTH (JIITaKH, MALINHH,
nuBaHW). JlaHUi nataceT Mae MepeBaru: BEUKUU Ta
Mae pi3Hi TMIH 00’ekTiB. ToMy crouarky MH TpeHy-
BaJIM Ha HHOMY.

[Ti3Hime My 3BEpHYIHN yBary Ha IIie 1Ba JaTaceTH:
Monkaa ta Driving. Monkaa natacet Mae (oH 3 pi3HHX
Iip POKy Ta He3BMYAHHI KOJIHOPH. TaKoX OCKiNBKH MU
30mMpanucs BIANPABIATH PE3yNbTaTH BU3HAYAHHS TIIH-
ounn Ha Kitti BeOG-cTopinky [1], To mmst Toro, mob Me-
peka HaBYWIIACS PO3IM3HABATH JOPOXKHI CHTYaIlil, MU
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B3sUTH [T TPEHYBaHHS TaKoX gartaceT Driving. Jlanuit

JTIaHACET CKIIAJaBCs 3 4 TUCSY CTEPEO 300paKeHb.

Bci Tpu nataceru (FlyingThings3D, Monkaa,
Driving) Mu 00’ eqHanm B onuH i HazBanmu CHHTETHY-
HUH JaTaceT, 3 KITBKICTIO cTepeo map moHaa 36 THCsd.
Jlaroro 06cATY TOCTATHBO IS TPEHYBAaHHS TIHOOKOT
3rOpTKOBOT Mepexi, o0 He Oyno overfitting mig yac
TpEHYBaHHSI.

2.2 Merpuka

J1nst oLiHKM HAaBYAHHS HEHPOHHOI MeperKi Ha BH-
IIEHAaBEACHUX J1aTaceTaxX, BAKOPUCTOBYBAJINCS HACTY-
HI JTBI METPHKH:

1) Tpwu mikceni nommiku (3 PE).

Jana meTprka Oyia B3sTa, OCKIIPKH BOHA BHKO-
PHUCTOBYETHCS AJIS OIIHKH pe3ynbTatiB Ha Kitti [1] B
kareropii Stereo 2015 Ta Stereo 2012. Jlana meTpuka
BUKOPHCTOBYBAJIACS IS OLIIHKHA OTPUMAaHHX PE3YIlb-
TaTiB. (Takox 10AaTKOBO 10 JAHOI METPUKH BUKOPHC-
ToByBanacs ymoBa 3 Kitti BeOcailTy — BiTHOCHA ITOMH-
nxka). [likcenb BBaXKa€eThCsl MIOMUIIKOBO TIOPAXOBAHUM,
SIKIIIO OJTHOYACHO BUKOHYIOTHCS JIBI YMOBH: |dgt —
o] > 31 0 estl 5 g 5,

gt
2) MAE — cepenne 3Ha4YCHHS MOJIYIIS Pi3HHUIIB.

n
1
MAE = = dge = des
i=1

JlaHa MeTpyUKa BUKOPHCTOBYBAIACS IIij 4ac HaB-
YaHHS HEUPOHHOT MEpexi.

2.3 ITapameTpH TpeHYBaHHS

ApxiTekTypa Hamoi Mepexi Oymna po3pobiieHa Ha
¢perimBopky Caffe [15]. B sikocti onTuMizaTopa BUKO-
pucroByBaBcs Adam [11] 3 mapameTpamu Ta .

Kinbkicts 300pakenp s tpenysanns (batch
size) OyB 4. Takox migyac TPEHYBaHHS 3aCTOCOBYBa-
Bcst MeTox multistep, 3 kpokom B 70 THc. itepamuiid. [To-
4yaTKOBHH learning rate 3HaueHHsI OYyJI0 BCTAaHOBJICHO B
10, 3smenmryBasces BaBivi g0 1076

Jist Toro mo6 He Oyno overfitting, mijx yac TpeHy-
BaHHS 3aCTOCOBYBajiach data augmentation, a came mo-
BOpOT, 0Opi3aHHsA, MacmITaOyBaHHS 300pakeHHS, Ta
3MiHa KOJBOPY (KOHTPACTHICTB, TaMMa (akTop 300pa-
JKEHHS 1 OCBITJICHICTB).

3.Pe3yabTaTru

Pesymeratu TpenyBanns DispNetEqual HaBeneHO
B Ta0mIIi 2.

Sk Gaunmo 3 TabNuII 2, Hallla MepeXxa MepeBaKae
apxitekTypy DispnetCorr1D: Ha Synthetic naraceri: Ha
1.83% 3 3PE ta na Kitti2015 naraceri: Ha 0.66% 3 3PE.

Takox Hallla apxiTeKTypa Mae OUIbIINK Yac paxy-
BaHHS HEBIAIOBITHOCTI, OCKUTEKY B KiHII 0yJI0 HomaHi
mrapu. Yac paxyBaHHS HEBiIOBITHOCTI 301TBIIMBCS Ha
8 Mmc.

Takox pe3ynbTaT Hamoi apxiTekTypu Oyau mo-
nmani Ha KITTI 3maranus.

Tabmurs 2.
Pe3ysibTaTn TPEHYBaHHS
DispNetCorrlD DispNetEqual
Haracer YacruHa
MAE 3PE MAE 3PE
] train 1.48 9.76 1.23 8.28
Synthetic
test 1.73 11.08 1.56 9.25
train 0.47 341 0.34 3.19
Kitti 2015
test 0.65 441 0.57 3.75
Yac(mc) - 60 68

Hama apxitekTypa rnokasaia pe3yJibTaT Kparuii
Ha 0.55%, HiX opuTiHaJIbHA apXITEKTypa
DispNetCorr1D. Hamr pesynsrat Ha KITTI ctanoBuTH
3.79% D1-all nomuxa.

[opiasHus DispnetCorr1D 3 DispnetEqual Ha-
Be/IeHO B Tabmumi 3.

Ha 300pakeHHSIX TOMUIJIOK: HAsIBHICTD YE€PBO-
HOT'O KOJIbOPY O3HAua€ MOMUIIKY.

Sk 6aunmo, pesynsraTt DispnetEqual mae xpairy
HEBI/IMTOBITHICTH HA 3aTHFOMY (OHI 300paKCHHS 32
DispnetCorrlD.

[Ipu exciepuMeHTi 3 OIIBIIOIO KUTBKICTIO IApiB
y KiHIIi, KOJTK 300pakeHHS Ha OYATKY 301JIbIIY€ETHCS
BJIBiYi 1 B KiHIIi 3MEHIITYETHCS 3a JOMOMOTO0 IHTEPIIO-
JSIIIT 10 BUX1THOTO po3Mipy, OyJI0 TOMiueHo, 0 Jac

poGOTH Mepexi 3Ha4YHO 301JIbITYBABCS, OCKLIBKH 3rop-
KTOBI IIApH YK€ YyTIUBI 10 BXiJTHOTO PO3MIpY, TOMY
4yac paxyBaHHs HEBIJIOBITHOCTI 301JIBIITYBaBCsI MalKe
BaBiui. Yepes oOMexkeHuit yac Bukopuctanus GPU
pecypciB, 1aHy MEpexy He TPEeHyBalIu.

[Tpm cnipo0i tonaTy e OJuH 1map y rIMOuHy
(BcepeanHy apXiTeKTypH eKHOAEp-AeKoaep) OyIIo mo-
MIY€HO, [0 pe3yNbTaT 3MIHIOETHCS MAJIO0, OCKIJIbKH Ha
HaWHWKYOMY PiBHI 300pakeHHs Oy/ie 3SMEHIIIEHO X B
128 pa3, 3a KO>KHUM PO3MIPOM.

OCKUTBKH MU CTIOYaTKy TpeHyBaiu Ha Synthetic
Jaracerti, ge 300paxkeHHs po3Mipy 540x960, To mpu
TaKOMY 3MEHIIICHHI, Ha HIDKHBOMY PiBHI OyJie Tyxke
MaJia KapTa O3HaK.
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Tabmuus 3. I'padiune mopisusaus DispnetCorrlD 3 DispnetEqual

JliBe 300paxkeHHs DispnetEqual uesin-

[IOBiIHICTH

[Tomunka
DispnetCorrlD

[Tomunka
DispnetEqual

BuCHOBKHM 3 aHOTO IOCHIPKEHHS Ta HepCIieK-
THBH

BukopucranHs 3ropTKOBUX HEHPOHHUX MEPEX
JIOCSITIIN BU3HAYHUX PE3yJIbTaTiB B 00J1aCTi KOMIT 10Te-
PHOTO 30Dy, a caMe y BU3HAYCHHI IIIMOUHH KapTH 31
cTepeo mapu. Aje BU3Ha4YeHHS IIHOWMHY 1 10Ci oTpe-
Oye nokparieHHs. MU 3arpornoHyBail BUKOPUCTOBY-
BaTH 3rOPTKOBY HEWPOHHY MEPEKY 3a TUIIOM apXiTeK-
Typu eHkojaep-nekoep, DispnetEqual. Jlana mepexa
Mae JIOAAaTKOBI IapH, sKi 301TbIIYIOTH HEBI OB I-
HICTB J10 BUXiHOTO po3Mipy. Hami ekciepumenT
TMIOKAa3aJIH, 110 BUKOPHCTAaHHS JIOJATKOBHX IIAPiB J10-
3BOJISIE 3HAYHO TTOKPAIIUTH TOYHICT MIMONHH, TIPH
[IbOMY Yac OTPUMaHHs INTMOMHN CTAaHOBUTH 68 Mc, Ha
BIZIMIHY BiJl IHIIMX MIBHIKKUX apXiTekTyp. JlaHa apxi-
TEKTypa MoKasaja rapHi pesyibraru Ha Kitti onnaiin
3MaraHHi.

B MaiiOyTHIX TOCTIKEHHAX MOKPAIICHHS KapTH
rmOuHYU Oye 3MiMCHIOBATHCS 32 IOTIOMOTOo0 batie-
CIBCBKUX METO/IIB JUISI 3HAXOKEHHS arloCTEPiOPHOTO
PO3MOILTY, IO ITiIBHIUTH €EKTUBHICTh OIIHKH Ka-
PTH MIMOUHH.
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THE INFLUENCE OF THE HUMAN FACTOR ON THE LEVEL OF SAFETY CULTURE IN THE
ORGANIZATION

Summary: The main causes of accidents at work and the theory of their occurrence are considered. The
dependence of industrial traumatism on insufficient financing of measures to improve labor conditions and safety
is shown. The main provisions of the state policy in the field of labor protection are given. The need to take into
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account the "human factor" is shown to achieve a high level of safety culture. The main guidelines of the personnel

for its motivation for safe behavior have been revealed.

Keywords: safety culture, staff motivation, labor protection, occupational injuries, human factor.

To date, the Russian Federation has the following
pattern of typical production: low wages of workers,
obsolete or worn out equipment, regular accidents at
work (according to the Ministry of Labor of the Russian
Federation for 9 months of 2017, the number of acci-
dents at work with severe consequences - group, with
heavy and fatal, was 3556 cases) [12]. Often enterprise
managers do not make any attempts to introduce a
safety culture, because they do not believe in the suc-
cess of such initiatives beforehand.

However, many investors and banks assess com-
panies precisely in terms of compliance with their
health, safety and environmental requirements (Health,
Safety and Environment, HSE) [17]. Companies with
low rates of injury have an advantage over companies
in which this indicator exceeds the average, since the
likelihood of injury affects future reputational risks, as
well as the possibility of litigation costs. [1]

According to the pyramid of events of Frank Byrd
on three thousand micro-traumas one accident with a
fatal outcome is necessary [1]. In order to reduce the
likelihood of major accidents, systematic prevention of
minor disturbances is necessary.

V.H. Heinrich, the creator of the so-called domino
theory, believed that the majority of accidents were due
to incorrect actions by the staff - 88%, 10% of accidents
at work were caused by unreliable equipment, and the
remaining 2% - "force majeure" [3]. According to this
theory, the sequence of the five factors, each of which
triggers the subsequent one, is the cause of the accident.
The sequence of the above factors is as follows:

1) the origin and social conditions;

2) worker error;

3) incorrect actions in combination with mechani-
cal and physical hazards;

4) an accident;

5) damage and injury.

Similar to a number of knuckles in dominoes, pre-
venting the action of one of the factors can stop the en-
tire sequence [5].

Unlike the "domino" principle, the theory of the
multiplicity of causes (which is the development of this
principle) asserts that one work accident can have many
causes of different significance, which in a certain com-
bination lead to its occurrence [7]. According to this
theory, the main factors contributing to the occurrence
of accidents at work are behavioral and related to the
environment [18]. The category of behavioral factors
includes factors related to the employee, such as wrong
actions, lack of knowledge or skills, as well as abnor-
mal physical and mental state. Another category of fac-
tors related to the environment includes improper pro-
tection of items of equipment that present potential haz-
ards, as well as destruction of equipment as a result of
wear and tear or erroneous actions by personnel [8].

For any enterprise, profit is the main goal, and to
achieve it, it is necessary to increase the quantity and
quality of products [11]. In most cases, the economic
costs of non-production needs, such as improving

safety and working conditions, are undesirable, which
significantly reduces the competitiveness of the enter-
prise and causes a high level of industrial injuries, in-
cluding fatalities, and also increases the number of jobs
with harmful working conditions [16].

Priority direction of the state policy in the field of
labor protection is the preservation of life and health of
workers. In accordance with Art. 212 of the Labor Code
of the Russian Federation to achieve these principles,
the employer is responsible for ensuring safe working
conditions and safety. In order to fulfill the above du-
ties, an OSH management system must be established
in the organization, which is also provided by the em-
ployer [13].

Order No. 438n of the Ministry of Labor and So-
cial Protection of the Russian Federation of 19.08.2016
approved the Model Regulations on the Occupational
Safety Management System (hereinafter - the Regula-
tions). In accordance with the Regulations, the organi-
zation must develop a Policy on Occupational Safety
(hereinafter - Policy), which is a public documented
declaration of the employer about the intention and
guaranteed performance of its duties to comply with
state regulatory requirements for labor protection and
voluntarily assumed obligations [10]. The Policy estab-
lishes obligations for the implementation of consistent
and continuous measures to prevent accidents and inci-
dents of deterioration in the health of workers, occupa-
tional injuries and occupational diseases, including
through the management of occupational hazards, as
well as to continuously improve and improve the effec-
tiveness of OSH [9]. To fulfill the above obligations,
the employer annually implements measures to im-
prove labor conditions and safety and reduce occupa-
tional risk levels, developed in accordance with the or-
der of the Ministry of Health and Social Development
of the Russian Federation dated 01.03.2012 No. 181n.
According to Art. 226 of the Labor Code of the Russian
Federation, the activities mentioned above are financed
by the employer in the amount of at least 0.2% of the
cost of production (services, works).

Despite this, the practice shows that the employer,
who is responsible for safe conditions and labor protec-
tion in the enterprise, is not motivated to fulfill this line
of duty, and, being the manager of finance, often does
not find it necessary to allocate them for labor protec-
tion [14].

Such a situation can not but affect the tendency of
an increase in the number of jobs with harmful and (or)
dangerous working conditions, which in turn causes an
increase in occupational injuries, occupational dis-
eases, economic expenses and a fund of working time
[2].

Unsatisfactory working conditions entail eco-
nomic losses, which include:

- the costs of compensation and benefits, collec-
tive and individual protection of workers engaged in
work with harmful and (or) dangerous working condi-
tions;
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- Expenses of the Pension Fund of the Russian
Federation for the payment of early pensions for work
in harmful and (or) dangerous working conditions;

- costs due to losses of the working time fund due
to unfavorable working conditions and injuries.

The increase in the number of working in harmful
and (or) dangerous working conditions observed in

Russia in recent years has ceased since 2014 [4]. The
change in the situation is connected with the entry into
force on 01.01.2014 of the federal law of December 28,
2013 Ne 426-FZ "On special assessment of working
conditions" (Table 1).

Table 1
The proportion of employees employed in work with harmful and (or) hazardous working conditions
Year 2012 2013 2014 2015 2016
Indicator,% 29,1 29,3 37,05 36,87 35,93

In 2016, the highest proportion of workers work-
ing in harmful conditions was observed in organiza-
tions engaged in the extraction of minerals - the average
for Russia is 55.6%. In the Siberian Federal District, it
was 69.9%. The highest indicator for Russia is 94.7%
in the Bryansk region [12]. The high indicator is ex-
plained by the large number of peat deposits, the ex-
traction of which is characterized by unsatisfactory
working conditions in the workplace.

According to the data of the Social Insurance Fund
of the Russian Federation in 2016, for the first time,
6209 people were diagnosed with occupational disease,
which, as compared to 2015, decreased by 12.1% and
increased by 7.2% compared to 2013.

The experience of Russian and foreign specialists
has shown that by measures of application of only tech-

nical security systems and methods of declarative man-
agement style of an organization it is difficult to
achieve a high level of safety in production. To achieve
this, it is necessary to take into account the influence of
the so-called human factor [15]. The correct attitude of
the staff to their own safety and the safety of others, as
well as motivation for the safe performance of the work
will increase the safety culture in the whole production
and significantly reduce the rates of occupational inju-
ries and occupational diseases [6].

The formation of a safety culture takes place at
two basic levels - organizational and individual
(worker), by forming its main components: security
values, norms of safe behavior and basic concepts that
realize values and norms.

Table 2

Worker Safety Culture

Organizational culture

Individual culture (worker safety culture)

Values Motivation for Safe Behavior
Standards Standards Security Skills
Basic views Basic representations of the notion of worker safety, environ-

ment security, safe situation

To form a worker's safety culture, two main areas
are distinguished (Table 2):

- the implementation of the values of security at
the individual level by creating a motivation for safe
conduct;

- Implementing safety standards at the individual
level by developing safe behavior skills.

Proceeding from the foregoing, it can be con-
cluded that the worker's safety culture consists of:

1) the ability of the employee and his desire to en-
sure his own safety and safety of others;

2) personal responsibility for this security.

To motivate staff to safe behavior, various moti-
vational characteristics, such as employee orientation
to safety, labor and communication orientations, are in-
fluenced [8]. It is worth noting that the relationship of
employee orientation to safety and other motivational
characteristics is traced in the actions of workers. In
employees this orientation is not associated with any of
the above characteristics [2].

Labor orientation includes:

- a sense of duty and moral responsibility in rela-
tion to work;

- Occupation by work;

- attitude to work as a means for self-improve-
ment.

Communicative orientations include:

- striving for a favorable position in the team;

- the desire for recognition, high evaluation by au-
thoritative people;

- interest in positive communication with col-
leagues;

- the desire to render disinterested help to col-
leagues.

For effective functioning of the personnel motiva-
tion system, it is necessary to take into account the mo-
tivational characteristics mentioned above.

In the largest Russian companies, the first steps
have been taken to introduce a system of motivating
staff for safe behavior and measures are being taken to
ensure its successful functioning. What to say about the
average and small business?]

To change the situation and improve working con-
ditions for workers, prevent occupational injuries and
occupational diseases, systematic work is required to
study foreign experience and introduce best practices
for domestic production. On the part of the state, the
first steps have been taken to encourage the employer
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to exclude harmful and (or) dangerous production fac-
tors or reduce their negative impact on workers through
the use of effective personal protective equipment by
adopting the federal law "On a special assessment of
working conditions.” The next step is the widespread
introduction of personnel motivation systems for safe
work. It is at the expense of the effectiveness of these
measures, and not the concealment of accidents, that
the main goal - "zero traumatism" - is possible.
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SYSTEM FOR TEXT LOCALIZATION ON IMAGES USING CONVOLUTIONAL NEURAL

NETWORK
CUCTEMA JIOKAJI3AILII TEKCTY HA 30BPAKEHHSIX I3 3ACTOCYBAHHSIM
KOHBOJIIOLINHOI HEMPOHHOI MEPEKI

Summary: Text processing on images is one of the greatest challenges for computer vision systems. Text
localization is a major problem that must be solved for this task. Recent accomplishments in the field of artificial
intelligence presented effective solutions for similar tasks in general object detection. Different configurations of
convolutional neural networks presented themselves quite suitable for this kind of task. Such networks can be
modified and optimized for usage in text localization task.

Key words: text localization, image processing, computer vision, neural networks, artificial intelligence.

AnHoTanis: O0poOka TeKcTy Ha 300paKEHHSIX € OJTHUM 13 HAMCKIIaHIIIMX 33/1a4 CUCTEM MaIIMHHOTO 30DY.
Jlokasizallist TEKCTy Ha 300pa)KCHHI € BarOMOIO IMi[33/a4cl0, sKa MOCTA€ MPH BUPIMICHHI TAKOTO POy 3aBIaHb.
HemonaBHi ocsrHeHHST B 00JaCTi HITYYHOTO 1HTENEKTY MPEJCTaBHIM €(PEKTUBHI PIICHHS U CXOXKHX 3ajau
3arajJbHOTO NOIIYKY 00’ €KTIB Ha 300pakeHHI. Pi3Hi koH(DIrypanii KOHBOIIOLIHNX HEHPOHHUX MEPEk IMOoKa3alu
ce0e ToCTaTHRO MPHUIATHUMHE TS TAKKX 3a1a4. [101i0H1 HefipoMepeki MOXKUTH OYTH MOIU(IKOBaHI Ta ONMTHMI30-

BaHi JUI BUPIMICHHAS 3a]1adi JIOKaJli3aIlii TeKCTy Ha 300paKeHHI.
Krouosi cnosa: nokamizanist TekcTy, 00poOKa 300pakeHb, MallIMHHUA 3ip, HEHPOHHI MEpeXi, INTyIHUN iH-

TCIICKT.

IMocranoBka npodaeMu

Texcr € 1y’e MOMMPEHNM Bi3yalIbHAM 00’ €KTOM,
SIKMI MOJKE 3yCTPIYaTHCh Ha IUPPOBOMY 300paKeHHI.
TekcT MOXe 3ycTpiuaTHCh Ha BUBICKaX, JOPOXKHIX 3HA-
KaXx, peKJIaMHHX MIUTax 1 T.11. Po3mizHaBaHHs TEKCTY Ha
300pa)KeHHI MOXe€ MaTH 0araTto KOPUCHHX 3acCTOCY-
BaHb: Bix 30epekeHHs B mudpoBid ¢Gopmi HOTATOK
3pOo0OJICHUX BiJ PYKH Ta NepeKsiaay TEeKCTy Ha 300pa-
JKEHHI 3 1HO3eMHOI MOBH JI0 T€0JIOKallii Ha OCHOBI 30-
OpakenHs. He MUBIISTIHCE HA CXOXKICTH 13 TPAIUIIHHAM
ONTHYHMAM PO3Mi3HABAHHIM CHMBOJIB, PO3ITi3HABAHHS
TEKCTy Ha TMOBCSKAEHHOMY 300paKeHHI CTaBHTh P
HOBUX Ipo0JjeM, siKi MoTpedyroTh BHUpimeHHs. TekcT
Ha 300pakeHHI y MOBCAKIACHHOMY JKHTTI MOXE MaTh
pi3HUI KoJip Ta po3mip mpudTy, BiH MOXKE OYTH pyKO-
MUCHUM, 10 caMO coOOK O3HAyae, II0 HAIKCAHHSI
Moyke OyTH Jy’ke BapiaTHBHHM I0 cBoilt popmi. Koip
(hoHY Ta OCBITJIEHHS TakoX OyIyTh BiIPi3HATHUCH Bif
300pakeHHs 10 300paxeHHs. Uepe3 HeBil eMHI CKIIa-
HOCTI TpPAAMIiHHI METOAM pO3Ii3HaBaHHS TEKCTY
BKJIIOYAIOTh B ceOe OaraTo KpokiB, Ha sSIKMX BinOyBa-
€THCS TIONIEPENIHE ONPALIOBAHHS KapTHHKHU JJIsI BUIi-
JICHHsI TEKCTOBUX KaHIUaTiB. KoxkeH Takuii meton 3a-

3BHYail MOTpedye 3HAUHUX 3yCHIIb JUIS TOTO, 1100 1pa-
BIJIBHO HAJAIITYBAaTH MapaMeTpH Ta c(hOpMyBaTH €B-
PHUCTHYHI TIpaBHJja Ul KOXKHOTO KOHKPETHOTO BHUIIa-
JIKY, aJie He JJa€ YHIBepCaIbHOIO PillleHHs JUIsl pi3HOPI-
JOHUX 300pakeHb. baraToimapoBi HEHpOHHI Mepexi
nokasayim cede e()eKTHBHIIIMMH Yy BHUPILIEHHI TaKOTO
poJy 3a/1a4, OCKiJIbKY BOHH CIEI[iaIbHO CTBOPEHHI JIS
MIOUIYKY 3aKOHOMIPHOCTEH y MHOXHHI Pi3HUX MO>KJIH-
BUX BXIIHUX JaHUX AJIS1 HAJaHHS SIKOMOTa TOYHIIIOTro
pe3ynbTary.

VY naniit poGori yBara Oynae npunaineHa BHpi-
LIEHHIO 33/1a4i MOLIYKY TEKCTOBUX 00JacTel Ha 300pa-
JKEHHI 32 JONOMOT'010 KOHBOJIIOLIIHHUX HEHPOHHUX Me-
pex. IlpomoHyeThcs MONIYK TEKCTy Ha 300pa)kKeHHI
LISIXOM IIPSMOTO NependadeHHst MPSIMOKYTHHX o0Jiac-
Tei, 10 MICTATh TEKCT, 3a JIOMIOMOTOI0 JICTEKTOpPY Ha
OCHOBI 3rOpTKOBOI1 HEWpOHHOT Mepexi. Llel aerexTop
HaNpsiIMy BHJA€ KOOPJMHATH TEKCTOBHX O0OJacTell Ha
JEKITPKOX Iapax MEpexi MUIIXOM 00’€THAHOTO Tie-
pendavyeHHs HAsBHOCTI TEKCTY 1 3MILIEHHsI KOOPAWHAT
BIJTHOCHO CTaHJapTHUX NPSMOKYTHUX oOnacteil. Dina-
JIBHUM BUXOJIOM € 00’€JIHAHHS BCIX MPSIMOKYTHHUKIB,
sIKe CYNPOBOJIKYETHCSI CTAHAAPTHUM IporiecoM NoN-
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maximum suppression. s BUpilIeHHs IpobieMu pi-
3HOMAaHITHOCTI BiJIHOIIEHHS BUCOTH i ITUPUHU y CIIO-
BaX MPOIOHYETHCS ICKUIbKAa BHUXITHUX IIapiB HEHpo-
Mepexi, SKi BUKOPHUCTOBYIOTH OJHOYACHO Pi3HI sapa
3TOPTKH Ta CTAaHAAPTHI MPAMOKYTHUKH. Llelt neTekrop
Ha/la€ BUCOKY €(EeKTHUBHICTH pOoOOTH BCHOTO 32 OIUH
npoxin Ha 300pakeHHi, 0e3 moTpedu y Horo OaraTopa-
30BOMY MacuiTabyBaHHI. Y paHiii po6oTi Oyzxe mpen-
CTaBJIEHO MOJENb KOHBOJIIOIIHHOI HEHPOHHOI Mepexi
JUISL JIOKaTi3alil TEeKCTy Ha 300pa)KeHHi, y pe3yabTaTax
JOCITIJKEHHS OyIyTh TPENICTABICHHI CTATUCTUKA SIKO-
CTi pO3Mi3HABaHHS.

JocaigkeHHs HAYKOBIIB y ra;iy3i o0po0ku Te-
KCTY Ha 300pa:KeHHi

O4eBUAHO, IO 3aBIAHHS PO3II3HABAHHS TEKCTY
Ha 300paykeHHSIX MOJKHA TIOJUTHTH Ha JIB1 3a/1a4i: JIOKa-
Ji3aris TeKcTy Ta Oe3nocepesHe po3Mmi3HaBaHHS TEKCTY
y BUAiIeHHX obnacTsx. [lepiie 3aBgaHHs moJsrae y BU-
JJICHHI TEKCTY Ha 300pakKeHHi, 3a3BUYail y BUTJSLII
NPSMOKYTHHKIB, SIKI OUCYIOTH CJIOBA 00 TEKCTOBI psi-
nxu. Jlpyra 3ajja4a 1moJisira€ y nepeTBOpeHH1 BUUICHUX
TEKCTOBHX 0OnacTeill 300pa’KeHHs] HA CUMBOJIBHI T1OC-
JIIOBHOCTI, SIKi KOMII'IOTEp 3MOKE IHTEPIPETYBATH SIK
TeKCT. B 3amexHOCTI Binm Bim 00’€KTiB, SIKi PO3IMi3HA-
IOTBCS ICHYIOUI METO/IU JIOKAITi3alii TeKCTy MOKHA TI0-
IUIATH HA TP KaTETopii:

1) TlocumBoIIbHA JOKAi3allis: OKpPEMi CHMBOJIN
3HAXOAATHCS, MICIS YOro BXXE IPYMYIOTHCS B clioBa [1,
2, 3, 4]. Hanpuknaz y [1] aBTopr 3HAXOSITh CHMBOJIA
3a JI0NOMOrolo Kiacugikalii ekcTpeMalbHUX PErioHiB.
[Ticnst boTO 3HAWACHI JTITEPH TPYIYIOTHCS TIOBHUM I1€-
pebopom.

2) Jlokamizalist o cjaoBaM: cjoBa HampsMy 3Ha-
XOAATBCS CXO0XKUM METOJOM 3BHYAHHOTO TOIIYKY
00’ekriB [5, 6, 7]. YV [5] mpomonyeThes pilieHHs Ha oc-
HOBI  pETiOHAJBHO-KOHBOIIOIINHOT  HeHpoMepexi.
Crouatky 3a JOIMOMOTO0 HecIeniali30BaHOr0 reHepa-
Topa (OPMYIOTBCS PETiIOHU-KAHTUAATH, SKi MOXKYTh
MicTuTH cioBa. [1oTiM KaHIUAATH 0OPOOIITIOTECS KITa-
cU(IKaTOPOM Ha OCHOBI aJITOPUTMY BUIIAJIKOBOTO JICY
[8]. OcTaHHIM KPOKOM € 3aCTOCYBaHHS KOHBOIIOIIIIHOT
HEeWpOoHHOT Mepexi i perpecii NPsIMOKYTHHKIB, 110
OIUCYIOTh 00JIaCTI, SIKI MICTSITh CJIOBA.

3) Jlokamizaris mo TekcToBuM psakam: Croda-
TKY 3HaXOAATBCS 1T PAIKH TEKCTY, SIKi BXKE TIOTIM po-
30MBarOTHCS HA OKpeMi cioBa. [IpukiamomM MoXke Ciry-
xuTH poboTa [9], B siKil MPONMOHYETHCS ACTEKIIS PS-
KiB TEKCTy, BHKOPHCTOBYIOUM IX CHMETPHYHI
XapakTepucTuku. B nomanbuiomy y [6] Tekct nokai-
3YETBCS 3a JOMOMOTOK) IIOBHICTIO KOHBOJOIIIHHUX
HellpoMepex.

Ha manuit MOMEHT y rairy3i po3Iii3HaBaHHS 00pa-
3iB HEMa€e yHiBepCaJbHOT'O SKICHOTO pillleHHS, sKe O
JIO3BOJIIIO €(pEKTHBHO PO3ITI3HABATH TEKCT HA TIOBCSK-
JEHHOMY HU(PPOBOMY 300pakeHHi. 3HAYHOIO YacTHh-
HOIO T1i€i mpoOieMu € mpobiema JoKami3amii TeKCTY,
OCKIUJTBKHU BiH Oy’Ke€ JIETKO OyTH TeperuTyTaHuid CHCTe-
MaMHM MalIMHHOTO 30py i3 (POHOM Ta IHIIMMU KJIacaMu
00’€KTIB.

MeTa 10cTiizkeHHS: CTBOPEHHS CUCTEMH JIOKaTi-
3alii TeKCTy, sKa 3aTHa e()CKTHBHO BUIUISATU HA 30-
Opa’keHHI TeKCTOBI 001aCTI.

Meron, nmpeacraBieHuit y AaHii poOoTi miananae
ITiJ] KaTeropiro Jokamizarmii mo ciosaM. Ha BinMiHy Big
mimxony y [5], me MOEAHYIOTBCS TpU KPOKHU TIOUIYKY,
KOKEH 3 SIKMX BKIIIOYa€E B ceOe OLIbIIe OHOTO alropH-
TMY, 3alIpONIOHOBAHHI AETEKTOpP MPEICTaBIIsIE COOO0
HabaraTo MpOCTIIIU MpoIiec: HEOOXiaHe TPEHYBaHHI
JUIIe OAHI€T Mepexi. 3a OCHOBY Mepexi B3STO
SSD[10] — HemoaaBHs po3pobKa y raaysi JoKamizarii
00’€KTiB Ha 300paKCHHSX, SIKa, HA KaJlb, HE I[LIIKOM ITi-
JIXOIIUTh TS JIOKAJI3aIlii CIIiB, sIKi MOKYTh MaTH JIy¥Ke
crenudiyHi CHiBBigHOIIEHHS po3MmipiB. st Bupi-
LIEHHsI JaHOTO 3aBJIaHHS Y J€TEKTOPI TEKCTY IPOIOHY-
€TBCS IMIAP TEKCTOBUX OJIOKIB, IO 3HAYHO IIiIBHIIYE
SIKICTD POOOTH CHCTEMH.

ApxiTekTypa HellpoMepe:xi

ApxiTekTypa Heiipomepexki 300pakeHa Ha puc. 1.
Bona Bxitouae B cebe BiioMy apXiTeKTypy HeHpome-
pexi-knacudikaropa VGG-16 [11]. Tyt 36epexeni
LIapy BiJi KOHBOJMIOLIHHOTO 11 1O KOHBOIIOLIHHOTO
4 3. OcranHi iBa noBHOo3B s13HI mapu VGG-16 nepe-
TBOPEHI B KOHBOJIIOLIMHI HIJISIXOM Bi(IBTPOBYBaHHS
napametpis [10]. 3a HUMHU WAYTH JEKiTbKA T0JATKOBUX
IapiB 3rOPTKH Ta MYJIIHTY, a cCaMe LIAPH BiJl KOHBOJIIO-
iitHoro 6 70 mysninrosoro 11. Jlekibka BUXiIHUX IIa-
piB, sIKi MO’KHA Ha3BaTH IapaMH TEKCTOBHX OJOKIB,
BCTABJISIFOTHCS MICIIS OCTAaHHBOTO, @ TAKOXK JEKUIBKOX
NPOMI’KHUX KOHBOMIOLIMHKX ImIapiB. X BuXoau 36mpa-
IOTBCSl B OJMH MAacWB Ta MiAJAIOThCsA Ipolecy NON-
maximum suppression. Buxi/iHi miapu Takox € KOHBO-
JFOLITHUMHU. 3arajoM JaHa Mepexa CKIIaJacThCs JIUIIe
3 1IapiB 3TOPTKHU Ta IYJIHTY, TOMY € MOBHICTIO 3rOpT-
KOBOIO HEWPOHHOK Mepexer. BiicyTHicTh mOB-
HO3B’SI3HUX IIAPIB CIIPHUATIUBO BILIMBAE HA MIBUJIKICTh
poOOTH i, 1110 HE MEHII BAXKJIMBO, TPEHYBaHHsI HEUPOH-
HOi Mepexi. BxiaHi 300paxeHHs MaloTh OyTH MepeTBO-
PEHi TaKHM YHHOM, 11100 X pO3MipH CHIBIAAAJIH i3 BXO-
JlaMU HEHPOHHOT Mepexi.
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Sobpamenna

WGEG-16
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b e e

IMapu TexcTopm: buoKie

WS

Puc. 1 Apximexmypa netipomepesici. LLImpuxosanumu AiHisiMu NOZHAYEHO GUKOPUCMAHHS Y WAPAX MEKCMOGUX
6110xi6 s0pa 32opmxu posmipom 1 X 5, a cyyinernoro —1 X 1

[Mapy TeKCTOBHUX OJIOKIB € KINFOYOBHM €JIEMEHTOM
nerekropy. Illlap TekcTOBHUX GJIOKiB OJHOYACHO BH3HA-
YJa€ IPUCYTHICTh TEKCTY 1 HOTO pO3TallyBaHHS, B 3ajie-
SKHOCTI BiJ BXIJHUX JaHUX. Y SKOCTI BXOJIB IOJAETHCS
MaTpUIS SKICHUX XapaKTePUCTHK, PO3PaxOBaHHX Ha
HoMepeHiX mapax Herpomepeski. st KOKHOT TOUKH
BXITHOT MATpHIli IIap TEKCTOBUX OJIOKIB PO3PaxXoBYeE
Ki1acudikaniiHy OLIHKY Ta 3MIIEHHS BITHOCHO BiAIIO-
BIZIHOTO CTaHAApPTHOTO NPSMOKyTHHKA. [Ipumyctumo,
0 PO3MipH OPHUTIHAIILHOTO 300pa)KEHHS Ta MaTPHIl
XapaKTePUCTHK € (W;, h,) Ta (W, h,,) BiamosiaHo. Y To-
uri mMatpuni (i,), fKa acOIUIOETBCA 31 CTAaHAAPTHUM
OPSIMOKYTHHKOM b = (x¢, Yo, W, h), map TEeKCTOBHX

0JIOKIB B pe3yabTaTi 00poOKHM BHIAa€ BEKTOP 3HAYEHH
(Ax, Ay, Aw, Ah, c), sikuii BKa3ye Ha Te, 110 MPSIMOKYT-
HUK b = (X, y,w, h) MICTUTB TEKCT i3 BIIEBHEHICTIO C,
ae

X = xo + WoAx,

Y =Yo+ hody,

w = wyexp(Aw),

h = hyexp(Ah).

ITix gac TpeHyBaHHS, pOo3MiueHI MPSIMOKYTHHKH
TOPIiBHIOIOTBCS 31 CTAaHAAPTHUMH 33 JITOPUTMOM,
npencrasinenuM y [10]. KoxxHa Touka Ha matpuii xa-
PaKTEPUCTHK CTAaBUTHLCS y BIANOBIAHICTD CTAHIAPTHUM
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0J10KaM pi3HOTO po3Mipy. TakuM YHHOM BOHU PO3JILIS-
IOTh CJIOBa 3a PI3HUMH CITIBBIIHOIICHHSIMH PO3MIipiB,
JTO3BOJISIFOYUH JIOKATI3aTOPY 3aydyBaTH KoeillieHTH pe-
rpecii Ta kmacudikamii, cupsMoBaHi Ha 00poOKy cIiB
CXOXO0T0 po3mipy. OTxe, po3Mipn CTaHIAPTHHUX TIPS-
MOKYTHHKIB CTIEIiaJIi30BaHi ITiJ] KOHKPETHI 3a1adi.
CnoBa Ha 300pa)KeHHSIX MOXYTb MaTh BEJIHKE
CHIBBITHOIICHHS IIMPHHU Ta BUCOTU. ToMy, 0 cTaH-

JMApTHUX OJIOKiB OyJIM BKIIIOUEHI TIPOIOBIYBATI MPSIMO-
kytHukd. KoHkpernime, 6yno copmoBano 6 cranma-
PTHHUX IPSMOKYTHHKIB 31 CITiBBiTHOMIECHHAM MIMPHHA 1
Bucotu 1,2, 3,5, 71 10. s Toro, mo0 npsIMOKyTHUKA
MOTJIH TTOKPUBATH OTBITY 001aCTh, KOXKEH 3 HAX TIPO-
OyOIpOBaHUH 31 3MIMICHHSAM IO BepTuKam. [Ipuxman
B3a€MHOTO PO3MIIIIEHHSI CTaHJaPTHUX MPSIMOKYTHHUKIB
3 x 3 TalX5300paxeHo Ha puc. 2.

Puc. 2 Bzaemne posmiwyeHnss cmanoapmuux npamMoKymHuKie

[apu TekcToBUX OJIOKIB BUKOPHCTOBYIOTH KOH-
BOIOIiHHI QinbTpu 1 X 5 3amicTh cranmapTHux 3 X 3.
Takuit Bu (inbTpiB, Bukopuctanuii y [12], ctBoproe
NPSIMOKYTHE PELeNITHBHE T0JIE, SIKe Kpallle MiAXOANUTh
MPOIOBTYBAaTHM CJIOBaM 1 YHUKA€E IIyMiB, SKi Oymu O
CTBOPEHI KBaJPaTHUM PELCTITUBHUM IOJIEM.

Jnst TpeHyBaHHSI HEWPOHHOI Mepexi HeoOXiIHO
chopmyBaTH npuaaTHy QyHKIIO mITpadiB 3a KOk Oy-
JIyTh OOYMCIIIOBATUCH 3HAYECHHS PI3HMLI MK OTpUMa-
HHUM Ta O4iKyBaHUM pe3yibraTtoM. Hexail X — maTpuis
CIiBHAAiHb, C — 3HAYEHHS BIIEBHEHOCTI, [ — MiCIie3Ha-
XOJKCHHSI TEKCTOBOTO OJIOKY 3a Bepci€lo HEHpOHHOI
Mepexi 1 g — TOYHEe MiCIIe3HaXO0PKeHHS OJIOKY Biome
IS TPEHYBaNbHUX Janux. SIkmo X;; = 1, To cranmap-
THUH IPSMOKYTHHK 3 IHAEKCOM [ CHIBIaJa€ i3 mpsMo-
KYTHUKOM Y TPEHYBAJIbHHUX JaHHX 3 iHAEKCOM j. X;; =
0 B inmomy Bunajky. @ynkuis mrpadiB Mae Takuid BU-
IS

LK, 6,L,9) =  (Lunena(X, 0) +

aLKOOp[L X1 g))> Ae

N — e KiTBKICTh CTaHAAPTHHUX MPSIMOKYTHHKIB,
SIKi CIIBNAAAI0Th 3 TPEHYBAJIBHUMH MPSIMOKYTHUKAMH,
a a npuinaTo 3a 1. [ Lyoop, BUKOPUCTAHA TIIAJIKA
¢byuxis Ly [14], a 15t Lygeny — GyHKmis softmax.

CrabinpHa JIoKami3amis CIiB 3 IyXe MaJIuMu abo
BEITMKAMHU pPO3MipaMu Ta HE3BHYAHHUMH CIIiBBiTHO-
MICHHSIMH CTOPIiH BCE OAHO € mpobiemMarndHor0. J{is
TOTO 100 JOAATKOBO IiIBHIIUTH €(PEKTUBHICTH JIOKA-
nizauii, 0yJ0 BUKOpUCTAHO pi3HI MaciuTaboBaHi Bepcil

BXiTHOTO 300pakeHHs. BximHe 300paKeHHS TepeTBO-
PIOETBCA y T’ ATh MacIITaDOBaHUX BEPCiH, SKi BKIIFOYA-
IOTh Taki CIiBBiIHOMmEHHS mupuHU 1 Bucot: 300 X
300, 700 x 700, 300 x 700, 500 x 700 i 1600 x
1600. BapTo 3BepHYTH yBary Ha Te, IO JIesKi Bepcii
300pa)KCHHsSI CTHUCHYTI TOPU3OHTAJBHO, IO POOHTH
JIy’Ke JIOBTi cJoBa KOpOTIIUMHU. Take mMacimTaOyBaHHs
300pa)keHHs a€ MPUPICT Y TOYHOCTI, ajie moTpedye 10-
JIATKOBHX OOYMCIIIOBaJIbHUX OIEpalliid, 110 3MEHIIYE
HIBUJIKICTh POOOTH CUCTEMH.

KosxHe ciioBo Ha 300paXKeHHI MOKe JaTH Ha BH-
X071 HeHpoMepeKi BETUKY KiJTbKICTh IPSIMOKYTHHKIB 3
PI3HUME pPO3MipaMH Ta 3MIIIEHHSIMH, IO CTBOPIOE
po0ieMy ONTHMAJILHOTO BHOOPY OJHOTO KaHAWMIATa
JUTSL KOKHOTO cltoBa. [ToniOHa nmpobiiema 3ycTpivaeThest
y 0araTokiIacoBUX JETEKTOPiB O0’€KTiB, TaKWX SK
YOLO [13]. CranmapTHUM MigXOIOM 10 BHPILIEHHS
TaKoi MpoOJIeMH € BUKOPUCTAHHS allTOPUTMY NON-Max-
imum suppression. BUKOpUCTaHHS I[bOTO aITOPUTMY
BHUKIIIOUATH 3 HaOOpy BUIXITHHMX pPE3yibTaTiB IyOuti-
KaTH, 1[0 BKa3yIOTh Ha OZIHY i Ty K caMy TEKCTOBY 00-
JIacTh.

ExcnepumenTt

Jlnist TpeHyBaHHS 1 TeCTyBaHHsI CUCTEMH OYJIO BH-
KopucTaHo 300pakeHHs 13 0a3 manux ICDAR 2011 ta
ICDAR 2013. Jlani 3 ux BUOIpOK BUKOPHUCTOBYIOTHCS
y 3MaraHHsax 3 JIOKadi3amii, CerMeHTaIlil Ta PO3Mi3Ha-
BaHHA TEKCTy Ha 300pakeHHsx. HelipoHHa Mmepexka
OyJna HaTpeHOBaHa Ha 300paxkeHHsAX po3mipoM 300 X
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300 3 BUKOpHCTaHHSM TPadi€EHTHOTO CIycKy. Kib-
KicTb 300pakeHb y TpeHyBaibHiK BuHOipIi: 100000.
BcraHoBiieHa MIBHAKICTD HaBdauHs 1072,

Koperyroun mapameTpu cucTeMn MOXHA TIOKEPT-
BYBATH TOYHICTIO 3apaayl BiIryKy abo HaBmaku. Tomy

KpallliM MapaMeTpOM ISl OIIHKM CHCTEMH € rapMo-
Hil{HE CepeHE MIXK TOYHICTIO 1 BiATyKOM.

Tabmuws 1.
IToxka3HMKH AKOCTi pOOOTH CHCTEMH HA TeCTOBMX BHOpikax
ICDAR 2011 ICDAR 2013
P 0,85 0,86
R 0,8 0,81
F 0,82 0,83

VY Tabnuni 1 HaBeJeHi MOKa3HUKH SKOCTI poOOTH
HEHpoMepeki Ha TECTOBUX BHUOIpKaX. SIKICTH OIiHIO-
€ThCS 33 TPHOMA TIOKA3HUKAMU:

1. Tounicts (P) — BiZICOTOK MpaBUIBHO 3HAalie-
HUX TEKCTOBHUX OJIOKIB 3 YCiX 3HAWIECHHX TEKCTOBHX
OITOKIB.

2. Bimryk (R) — BigHOILICHHS KiJBKOCTI MMPaBH-
JIFHO 3HAMIEHUX TEKCTOBUX OJIOKIB 10 KIJIBKOCTI TEKC-
TOBHX OJIOKIB y TECTOBil BHOIpIIi.

3. TapmoniiiHe cepesHE MiX TOYHICTIO 1 BIATY-

P*R
koM (F = 2 P+R).

Cepenns mBuakicts podorn Ha I1K 3 Bimeoxap-
toro Titan X: 1,63 c.

BucHoBku

3anpornoHoBaHa CUCTEMA JI03BOJISIE CTaOLIBHY JIO-
KaJi3alliio TeKCTY Ha IUPpoBOMY 300paxeHHi. B moen-
HaHHI 3 ICHyFOUMMH METOJIaMH PO3ITi3HABaHHS TEKCTY
MOYKHA OTPUMATH TIOBHY CHCTEMY PO3Ii3HaBaHHS TEK-
CTY, SIKa JO3BOJISE BUIUIATH i3 300pa)KCHHS TEKCT i Ite-
PETBOPIOBATH HOTO y (popMaT, MPUIATHHIN [T MAIITHH-
HOi 00poOKku. CucTtemMa MOke OYTH BHKOPHCTaHa SK
JUTSL JIOKaJTi3amii APyKOBAaHOTO, TAK i PYKOITMCHOTO TEK-
cty. g cipomeHHs 3aa4i po3mi3HaBaHHS 10 BUXO-
IIiB 3HAWICHUX TEKCTOBUX OJIOKIB MO’XKHA 3aCTOCOBY-
BaTH KiacugikaTop, SKU MOXKE PO3AUIMTH TEKCT Ha
JIpyKoBaHui 1 pykonucHuH. OCKUTbKH APYKOBaHUH 1
PYKOITMCHUIT TEKCT MOKE 3HAYHO BIIPI3HATHCH, TAKUI
MiAXIA MOXE MiABUIUTA €(EeKTUBHICTH 0OPOOKH 30-
OpaskeHb 13 PIZHOPIJTHUM TEKCTOM.
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Kanouoam mexHuyecKux Hayx,
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Hlabanuna KOnua Bnaoumuposna

CIMYOeHm Ma2ucmpamypbl,

Canxm-Ilemepbypackuii nonumexnuueckuti ynusepcumem Ilempa Benuxozo

METHOD OF AUTOMATIC TEXT SUMMARIZATION OF TEXTS IN RUSSIAN ON THE
BASIS OF NEURAL NETWORKS
METOJ ABTOMATHYECKOI'O AHHOTUPOBAHUA TEKCTOB HA PYCCKOM A3BIKE HA
OCHOBE AIIIMIAPATA HEMPOHHBIX CETEM

Summary: The use of computers in human activities, especially scientific, not only speeds up the processes
of creating and processing documents, but also increases their number and volume. Today, many users regularly
face the need to examine a large amount of information in a short time. The way out of the situation is to read
through not the whole text, but its summary. The aim of this work is to develop a new method of automatic text
summarization of texts in Russian on the basis of neural networks. The neural network is trained to determine
whether the sentence should be included in summary or not.

Key words: text summarization, neural networks, natural language processing, machine learning, automated
language processing.

AHHOTALUSA:

[IpuMeHeHHe KOMIBIOTEPOB B YENIOBEUECKON NEATEIBHOCTH, B TOM YHUCIIE U HAYYHOI, HE TOJIBKO YCKOPSET
MPOLIECCHI CO3J[aHusl U 00pabOTKU JOKYMEHTOB, HO M YPE3BBIUAIHO YBEIMYHMBAECT UX KOINYECTBO U 00beM. Cero-
JTHS MHOTHE TI0JIb30BATEIH PETYIISIPHO CTAIKUBAIOTCS C HEOOXO0IMMOCTBIO OBICTPOTO IPOCMOTPA OOJIBIIOTO KOJIH-
yecTBa MH(GOpPMAIMH. BbIX0JJ0M U3 CHTYaIUu SIBISIETCS IPOCMOTP HE BCETO IOKYMEHTA, & €ro C)KaToro OMHCaHHs
— agHoTanmu. Llenbio naHHON pabOTHI sABNIsETCS pa3padOTKa METO/[a AaBTOMATHIECKOr0 aHHOTUPOBAHHS TEKCTOB
Ha PYCCKOM SI3bIK€ Ha OCHOBE ammapara HeHpoHHBIX ceTeil. [IponsBoautcs o0ydeHne HEHPOHHON CeTH Ha OIpe-

JACJICHNE KIIHOYCBBIX HpeZ[J'IO)KeHPIfI TEKCTAa Ha OCHOBC BEKTOPaA CBOMCTB MPEAJIOKCHUA.
Kurouesvle cnosa: AHHOTHUPOBAHUE TCKCTA, HeﬁpOHHBIe CCTH, o6pa60T1<a C€CTCCTBCHHOI'O A3bIKA, MAIIIMHHOC

oOyuyeHne, aBToMaTnieckas 00padoTKa TeKcTa.

IMocranoBka npodaemMbl.

3amaud aBTOMaTHYECKOTO AHHOTHUPOBAHHS TEK-
CTOB IIPHOOPETAIOT BCE OOJIBIIYIO AKTYaJIbHOCTH C PO-
CTOM 00BEMOB U IIOTOKOB JIaHHBIX, IPH YEM HE TOJIBKO
Juid ceTh IHTepHeT, HO U JJI IPYTUX XpaHMWIUIL HH-
dbopmanuu, Hampumep, OubIMOTEK WM 0a3 3HAHUK
Pa3NUYHBIX OpraHU3aIUH.

OrpoMHOE YHCIIO MaTEepPHAaJIOB 3aTPyIHSIET ObICT-
poe mosyueHne KpaTKuX €MKHUX CBOJOK IO TEKCTaM,
TaK KaK (GOpMHPOBAaHUE aHHOTAIMI BpydHYIO TpeOyeT
KOJIOCCABHBIX YEJIOBEUECKUX PECYPCOB, 1 UMEHHO TO-
ATOMY 3ajlada peann3anin 3¢EeKTHBHBIX METOHOB aB-
TOMAaTHYeCKOr0 aHHOTHUPOBAaHUS TNpHOOperaeT BcE
OOJIBIIYIO Ba)KHOCTh. AHHOTHPOBaHUE TEKCTOB MOMO-
raeT BBIJICINTH KIIIOYEBBIE YACTH TEKCTa U COKPATHUTh
00BEMBI TpocMaTpuBaeMoil nHpopmanuu. Hekoropsie
TEKCTHI, HAaIIPUMEp, HAYIHBIE CTaThH COITPOBOKAAIOTCS
AHHOTALMSIMU, KOTOPBIE BBIIENSAIOT OCHOBHBIE HJIEHU Pa-
60Tbl. O/HaKO, OOJBIIMHCTBO MCTOYHMKOB HE 00Ja-
JIAfOT TOJIOOHBIM TIPEHMYIIECTBOM, a MX 3arojOBKH
(TIpu HaNMMYWH), 3a4acTyI0 MOTYT 3HAYHUTEIHFHO OTIIHU-
4aThCs OT COAEPIKAHMS, YTO OJBOJUT HAC K TOMY, UTO
WHCTPYMEHTHI aBTOMAaTHYECKOTO aHHOTHPOBAHUS TEK-
CTOB MOT'YT 3HaUUTENBHO YNIPOCTUTh U YMEHBIIUTh KO-
JUYIECTBO MPOCMATPUBAEMON HH(POPMAIIHH.

AHaJIn3 MocJeJHUX UCCIeJOBAHNI U My0IuKa-
IHIA.

C camoro Havyajlia akTHBHOTO HWCIIOJB30BAHMUS
3JIEKTPOHHO-BBIYUCIUTENHHBIX MAIIUH MIEPBOTO MOKO-
JICHHS, TO €CTh C CEpeANHBI IATUACCATHIX TOJOB TPO-
IIJIOTO BEKAa, CTAJIN TPEPUHUMATELCS TIOMBITKH pellie-
HUS 33129 00pabOTKH TEKCTa HAa €CTECTBCHHOM SI3BIKE.
OpHo¥ M3 MepBhIX 3a71a4 M0 00paboTKe eCTECTBEHHO-
SI3BIKOBBIX TEKCTOB Ipu nomoiuu 9BM crano aBroma-
TUYECKOE aHHOTUPOBAHHE.

C Tex mop OBLTO MPOBEICHO MHOKECTBO UCCIIEIIO-
BaHMI 10 pa3pabOTKe aBTOMATH3UPOBAHHBIX METOJ/IOB
U MoJIeNieii aHHOTHpOBaHusL. PerreHnem npooreMsl 3a-
HUMAJIUCh TaKW€ OTE€YECTBEHHbIE HCCIIEIOBATENN KakK
H.B. JIykameswu, P.I'. TTuotposckwit, I1.I. OcmunuH,
C.A. Tpesrona, B.A. Suxo u np. U3 3apy0exxHbIX Hc-
ciemoBaTeneil  CTOMT OOpaTUTh BHHMAaHHE Ha:
H.P. Luhn, H.P. Edmundson, R. Mihalcea, J. Kupiec,
E. Lloret, G. Salton u ap. B HacTosiiiee BpeMst MOKHO
BBIJCIIUTH JIBA OCHOBHBIX MOJX0/1a K aBTOMAaTUYECKOMY
AHHOTHPOBAHHUIO:

— JKCTpPaKLUMs — H3BJIEKAIOIINE METOJIbI, OCHO-
BaHHBIC HA WM3BJICUCHWH W3 IMEPBUYHBIX JOKYMEHTOB
HanOoee HPOPMATUBHBIX (PPArMEHTOB U BKIIFOYCHUN
WX B aHHOTAIIMIO B TIOPSIIKE CIIEAOBAHIS B TEKCTE;
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— alcTpakuust — TICHEPHUPYIOIIME METOJIHI,
IpeycMaTpHUBaloIIne Co3laHie HOBOTO TEKCTa, 0000-
IIAIOMIETo MEPBUYHBIC JOKYMEHTHI [1].

W3Bnekaroimue MeTo1bl pabOTAIOT MyTEM Olpesie-
JeHnsT Haubolee BaKHBIX (PparMeHToB TeKcTa (Tpea-
JokeHwus1, ab3ausl). [Ipu 3TOM naHHBIE parMeHTs He
00pabaThIBAIOT, a M3BICKAIOT B TAKOM HOPSIKE U BHIC
B KaKOM OHH IIpUBE/IeHBI B TeKCTe. OCHOBHBIE CIIOKHO-
CTH, CBS3aHHbIC C JaHHBIM MOJXO0JOM, 3aKIFOYAIOTCS B
OIpe/IeTICHUH KIIFOUEBBIX MPEIUIOKEHNH TEKCTa, U 3a-
TEM CBSI3U ATHX MPEUIOKEHIH B SAWHBIN, yI000YnTa-
€MBIH TEKCT.

I'enepupyromue METOIBI, HAIPOTHB, HATIPABICHbI
Ha CO3/l1aHHE HOBOT'O MaTepuara, sBHO HeIpeACTaBIeH-
HOTO B TEKCTE MCXOIHOTO JIOKyMeHTa. [[pyrumu cio-
BaMU, OHU UHTEPIPETUPYIOT U UCCIEAYIOT TEKCT C MO~
MOIIBIO MEPEIOBBIX METOMOB 00OpabOTKH eCTeCTBEH-
HOTO $I3BIKa, YTOOBI CO37aBaTh HOBBIE CTPYKTYpHBIC
€IMHMIIBI TEKCTA, KOTOPBIE TMEPEJAIOT CaMyI0 BasKHYIO
nHpopManuio u3 KCXoaHOTro JoKyMeHTa. [Ipu ucnons-
30BaHUHU TCHEPUPYIOIIMX METOJO0B TEKCT aHHOTAIUH
CTpOUTCAd Ha IMpaBWIax, MPEANojJararomux HaJIu4due
JUHTBUCTHYICCKOHN 0a3bl 3HAHUIA.

BoiesieHne HepellleHHBIX paHee YyacTeil 001ei
npood/eMbl.

HecMmoTps Ha MHOKECTBO ITPOBEJCHHBIX UCCIIEI0-
BaHUIA, TpobiemMa pa3paboTKH (OpMaTBEHBIX METOIOB U
MoJiesiell UId aBTOMAaTH4eCKOro aHHOTHPOBAHUS elle
HE pelleHa, BBHIY TOTO, YTO 33jada (opMasU3anuu
€CTECTBEHHOTO f3bIKa JOCTATOYHO TPYJOEMKa, a caM
S3BIK SIBIISICTCS] HEOHO3HAYHBIM, HEOTPAaHUUCHHBIM U
3BOJIFOTUBHBIM.

BolieynnomMsHyTble XapaKTEpUCTUKU ECTECTBEH-
HOTO f3bIKa UTPAIOT 0COOEHHO OOJIBIITYIO POJIb MIPHU HC-
CJIeZIOBAaHUH MaTepHAJIOB HAa PYCCKOM SI3BIKE, TaK Kak
MMEHHO JUIsl PYCCKOTO SI3bIKa XapaKTepeH CBOOOIHBIN
MOPSIIOK  CJIOB, MOPGOJIOTHYECKast CIIOXKHOCTh, IIO-
JBIDKHOE Pa3HOMECTHOE y/lapeHHe U BBICOKAs CTEIEHb
CEeTMEHTHOM pexyknuu [2].

Ha texymmii MOMEHT M3 METO/OB aBTOMarnye-
CKOTO aHHOTHPOBAHUS TEKCTOB HAa PYCCKOM S3bIKE
Hanbosee pacnpoCTpaHEeHbl Pa3IMYHBIE CTAaTUCTHYe-
CKHUE U Fpa(bOBLIe METOBI, ABJAIOMINECA MPEACTABUTE-
JSIMU 3KCTPArupyromero noaxoaa. AHHOTAIWMH, TTOTy-
YEHHBIE C TIOMOIIBI0 IKCTPATUPYIOMIHUX MOIXOI0B, 3a-
YacTyl0 XapaKTepU3yIOTCSl HEIOCTATOYHO BBICOKUM
KaueCTBOM TEKCTa, 0ECCBI3HOCThIO. ADCTparupymoimye
K€ TMOJXOJbl TOTEHIMAIBFHO CIIOCOOHBI 00ECHeYHnTh
Jydiiee Ka9ecTBO TEKCTa aHHOTAIIUH, HO OHHU YPE3BBI-
YalHO TPYIHBI JIs HPAKTHYECKOW pean3aliy 1 HaXxo-
JIITCS Ha YPOBHE HCCIIEIOBATEIBLCKUX pa3paboToK.

[TockonbKy OOJBITMHCTBO TEKCTOB 00JIA/IAI0T [0~
CTaTOYHO BBIPAXKEHHOU CTPYKTYPOM, KIIFOUEBbIE YaCTH
JIOKyMEHTa MOXHO TIPEJICTaBUTh IIyTEM BHIOOpA Mpea-
JIO’)KEHUH HAa OCHOBE UX CBOMCTB M XapaKTepUCTUK. B
pabote [3] ObLI MpeIIOKEH CXOXUHU IMOAXOJ H pac-
CMOTPEHBI TAaKHC METOAbl MAIIMHHOTO O6y‘{eHI/I$[ C
YUHUTENEM sl pEIICHHUS 33/1a4 aBTOMaTHIECKOT0 aHHO-
TUPOBaHMA, KaK HaWBHBIA OaifiecOBCKHUH KiaccuuKa-
TOp, METOJA OHOPHBIX BeKTOpoB. HMccnenosarenem
ObUTH TIOJTyYeHBI OOHa/IS)KUBAIOIIME PE3YIIbTaThl, M0-
3TOMY B JaHHOH cTaThe OBIJIO PEIICHO HCIIONIb30BATh
BBILICYTTOMSIHYTBIH 9KCTPAKTHUBHBIH HOAXOM JUIs aBTO-
MaTHYECKOTO aHHOTHPOBAHUSA TEKCTOB HAa PYCCKOM
S3bIKE, TOJIBKO B KAYECTBE KJIACCU(PHUKATOPA, B OTIIMIHE

or [3], ObuIM BHIOpaHBI MCKYCCTBEHHbBIE HEHpPOHHBIC
CeTH.

easb craTbu.

Pa3paboTka MeTo/1a aBTOMaTH4ECKOro aHHOTHPO-
BaHMS TEKCTOB HA PYCCKOM S3bIKE Ha OCHOBE alapara
HEHUPOHHBIX CETEH.

N3noxenne 0CHOBHOIO MaTepHaJia.

Pa3pabarsiBacMbIli HAMHU METOJl IpeEAIoJaraer,
YTO MPEXJE BCETO MCXOJHBIH HOKYMEHT MPEICTABIIA-
eTcsl KaKk Habop MPeIUIOKeHNH, a CaMU MPEJIOKEHUS
paccMaTpuBarOTCsl Kak HabOp CBOMCTB M XapaKTepH-
ctuk. Cpeny 3Toro Habopa BEIOMPAIOTCS T MpeAIoKe-
HUS, KOTOpbIe HEWpOHHAs CeTh COYTET Oojee pere-
BaHTHBIMH. Pe3ynbpTaToM SIBISIETCSI HEKOTOpPOE TOJ-
MHOKECTBO IIPEJIOKEHUH HCXOTHOTO TEKCTA.

W3HayanbHO HEOOXOJMMO BBINOJIHHUTH CIEIYIO-
miee:

— OIpeAeNHTh paccMaTpUBaeMble CBOWCTBA W
XapaKTePUCTUKU TPEATIOKEHUH, 3HAUYCHHS KOTOPBIX
OyIyT SIBIATHCSI BXOJHBIMU JaHHBIMH JUIsl HEHPOHHOM
ceTy;

—  CO3/aTh Pa3MEYEHHBIM TECTOBBIN KOPIIYC TEK-
CTOB JUISl TTOCTIEAYIOIIETr0 00y4YeHUs] HSHPOHHOM ceTn;

— TPOU3BECTH HETOCPEACTBEHHO caMo olyue-
HHE CETH.

Onpedenenue paccmampueaemvix ceolicme u
XapaKmepucmuK npeonoscenuil.

Kaxnoe mnpemioxeHue aHHOTHPYEMOrO TeKCTa
TIPEACTABIIETCS] B BUAE BEKTOPA, COCTOSAIIIETO U3 6 Xa-
pakTepucTrK [f1, fo, ) fo 1

— OTHOIICHME ITOPSAKOBOTO HOMepa abzarma, K
KOTOpOMY HPHHAIJICKHUT MPEIUIOKeHNHE, K 00IeMy
yucTy ab3aleB HCXOIHOTO HoKyMeHTa (f);

— OTHOILIEHHE TOPSIKOBOIO HOMepa MpeIoxKe-
HUS B a03a1ie K 00meM YuCITy TpeIoKeHHH B ab3are
(f2);

— OTHOIIEHHWE KOJIMYECTBA CHMBOJIOB paccMart-
PHBaEMOT0 MPEIOKEHHS K KOJIMUECTBY CUMBOJIOB Ca-
MOTO JJIMHHOTO MpeToxeHus Tekcta (f3);

— OTHOIIEHHE KOJHMYECTBA KIIIOYEBBIX CJOB B
MIPEATIOKEHNN K OOIIEeMy KOJIMYECTBY TEMAaTHUECKHX
CIIOB TipeioeHus (fy);

— OTHOIIEHHE KOJMYECTBA COBIMAJAIONINX TeMa-
THYECKHMX CJIOB JIAHHOTO IIPEUIOKEHUS W IPEAbIIY-
IEero K 00IIeMy KOJIMYECTBY TEMAaTHIECKUX CJIOB pac-
CMaTpUBAaeMBbIX NpeioxeHuit (fz);

— OTHOIICHHE KOJIWYECTBA COBIAJAIONINX TeMa-
THYECKHX CJIOB JIAHHOTO TIPE/UIOKESHUS W IPEAbILY-
IEro K 00IIeMy KOJIMUECTBY TEMAaTHYECKUX CIIOB IBYX
paccMaTpHBaeMbIX MPeAIoKeHui (fz);

— OTHOIIEHHE KOJMYECTBA COBIAIAIONINX TeMa-
THYECKHX CJIOB JIAHHOTO TPEJIOKEHHS U TOCIeyI0-
IEro K 00IIeMYy KOJIMUECTBY TEMAaTHYECKUX CIIOB JIBYX
paccMaTpHBaeMbIX MPEATIOKCHUH (fg).

CBoiicTBa f;-f,0CHOBBIBAIOTCSI HA MECTOIOJIOXKeE-
HUM TIPEAJIOKEHHUS B JIOKYMEHTE WM B ero adsae.
O’knmaercsi, 9T0 ITH MapaMeTphl HOCIOCOOCTBYIOT BEI-
0opy KIIOYEBBIX IMPEAJIOKEHHUH, TaK KaK aHHOTAIIWH,
COCTOSIII[ME W3 MEPBBIX MpPEMJIOKEHH ab3ales, mpe-
BOCXOJST aHHOTAIMH, COCTABJIEHHBIE C TIOMOILBIO JPY-
THX METO/IOB CTaThH [4], a IpemsioKeHHs, pacroio-
JKCHHbIE B Hayajie U KOHIE a03aleB, MMEIOT BBICOKHE
IaHCHI TIOTIACTh B UTOTOBBIN TEKCT [5].
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CBOHCTBO f3 TOMOXET M30aBUTBHCS OT CIIMIIKOM
KOPOTKHUX BBOIHBIX TPEUIONKESHHUH, KOTOPHIE BPSI JTK
MOMaayT B aHHOTALHUIO [6].

CBOICTBO f, 3aBHCUT OT KOJUYCCTBA KIFOUCBBIX U
TEMaTUYeCKUX CJIOB B MPEUIOKEHUH. TeMaTHUYeCKHe
CJIOBa TOJYYAIOTCS CIETYIONINM O0pa3oM: U3 MOKY-
MEHTa MPOU3BOAUTCS BHIOOPKA BCEX CYIICCTBUTECIIb-
HBIX, TIPIJIATaTENBHBIX U TJIAT0JIOB, KOTOPEIE B ITOCTIE -
CTBHH CBOJIATCS K MX HaYaIbHOU hopme. J{71st moryuns-
merocss ~ Habopa  CIIOB  BBICUMTHIBACTCI WX
BCTpPEUaeMOCTh B TekcTe. KiTloueBbIMY CIIOBAMU CUHUTA-
1oTcs 25% TeMaTH4ecKuX CIoB, HO He Ooibine 10 9o
COOTBETCTBYET 00BEMY OIEPATUBHOW MaMATH YeIOBe-
kax [7]. Oxumaercs, 9To ¢ MOMOIIBIO0 3TOTO CBOWCTBA
YBEJIMYIHUTCS BEPOSTHOCTH BHIOOpA KITFOUEBBIX MPEIIIO-
>KEHUH, TOCKOJBKY TEPMUHBI, KOTOPHIE YaCTO BCTpeya-
IOTCSl B IOKyMEHTE, BEPOATHO, CBA3AaHBI C €ro TeMOH
[8]. It BBIACTICHHST TEMATHYECKUX CJIOB OBLT UCIIONb-
30BaH ToMura-nmapcep KOMHaHuu SIHAEKC, UMEIOIINH
BCTPOCHHYIO MOJAEPHKKY PYCCKOTO S3bIKa, TOCTYIHYIO
JOKYMEHTAIIMIO M HCTOJB3yEeMbI B TaKUX MOITYISp-
HBIX cepBucax kak SIHnexc.HoBoctu u Annexc.Pabora.

CBoiicTBa f5-f; OCHOBBIBAIOTCS HA CHMMETPUY-
HOM pe)epUpPOBaHKH, TO €CTh Ha OMPEICIICHUH KOJIHU-
YECTBA CBA3EH MEXIy NMPEATIOKEHUAMU [9].

PaccMoTpeHHbBIe CBOCTBA MOTYT OBITH H3MCHEHBI
WIN JIOTIONTHEHBI. BBIOOp paccMaTphBaeMBIX CBOHCTB

TIPEAJIOKEHHUN OTIPEENsieT, KAKUE PEUIOKEHHUS TIoTa-
JOyT B WTOTOBYIO aHHOTAIMI0O M BIMSAET Ha paboTy
HEHPOHHOMU ceTH.

Oobyuenue Hellponnoil cemu.

OO0ydeHue HEHPOHHOW CETH TIPOBOIUTCS I U3Y-
YEeHUsI TUIOB MPEIJIOKEHUH, KOTOpBIE JOJDKHBI OBITh
BKITFOYCHBI B aHHOTanuio. OO0ydeHrne MPOBOAWTCS Ha
TECTOBOM KOpPILyCe TEKCTOB, IIe KaX10€ NPeaI0KeHUe
BPYYHYIO OTMEYEHO KaK BXOJSIIEEC B aHHOTAILUIO HIIH
ke HeT.

HelipoHHas ceTh UIIET 3aKOHOMEPHOCTH, NPUCY-
Ke MPEIOKEHUSIM, KOTOPhIE TOJDKHBI OBITH BKIIIO-
yeHbl B aHHOTauuwoo. Mcnonb3yercs HEMpOHHAs CeTh
MIPSIMOTO PACIIPOCTPAHEHUS C TPEMSI CIOSIMH, KOTOpas,
Kak OBUTO IOKA3aHO, SBJISETCS YHUBEPCAIbHBIM (DyHK-
LIMOHAJIBHBIM annpokcumaTopom [10]. CeTb MoxeT 00-
HapyXXWBaTh IATTEPHBI W AMIPOKCUMHPOBATh (yHK-
LU0 JTIOOBIX JAHHBIX ¢ TOYHOCTHIO 10 100%, ecnu B
Ha0oOpe JaHHBIX HET IPOTUBOPEUHH.

Coznanue HeWpOHHOU ceTH mpoBoamiIoch B Neu-
rophStudio. BxoaHoii cioii pazpabarsiBaeMoii HEHPOH-
HOM CETH COCTOMT U3 IIECTH HEWPOHOB, I'l€ KaXKIbIi
HEWPOH COOTBETCTBYET OJHOMY M3 CBOHCTB MPEIJIONKE-
HUS, IITU HEUPOHOB CKPBITOT'O CJ105 U OJJHOT'O HEUPOHA
BEIXOHOTO cios (puc. 1). B xauecTBe akTHBaIIMOHHOH
(YHKIMHM HMCHONB3YETCSl CHUTMOMA, OOY4eHHE CEeTH
MIPOBOANTCS METOZOM OOpPaTHOTO PaclpOCTPAHCHUS
OLIHMOKH.

DataSet: trainingset

Int1 In2 | /In3

/ /

Ind 'In5 | InE

ﬁ\\

Outputs:

Out1

Puc. 1. Moodenwv netiponnou cemu

Jnst co3paHust TECTOBOTO KOpITyca ObUIO MCHOJb-
30BaHO 62 CTaThbHM Ha pa3IWYHbIC TEMATHKH, HalICH-
Hble B ceTd MHTepHeT. Kaxkaslilt TekcT cocrosut ot 27
1o 102 nmpeyiosxkennid, B cpeaneM — u3 49. Beero 6b110

npoananusupoBano 3076 npemnoxkeHuil. 565 npenno-
KeHHH OBIJI0 TTOMEUYEeHO, KaK KIIFOYEBEIE, B CpelHEM 9
Ha TekcT. Heliponnas ceTb Obuta ycnemHo oOy4eHa 3a
23 urepanmu (puc. 2).



L
Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #4(32), 2018 EESL 59

Total Network Error Graph

i 2 3 4 5 6 7 8 9 10 11 12 13 14 5 16 17 18 1 2 22 23 24
Iteration

Puc. 2. I'pagpux o6yuenus netipoHHou cemu

HroroBas cpeqHekBaIpaTH4Has OLIMOKa I Te-
cToBoro kopmyca cocraBmwia 0.16733 (puc. 3). Tou-
HOCTb OIpEIEIICHUs SIBISIETCS IPEIUIOKEHUE KIIFOUe-
BBIM HJIM HE SIBIIAETCS IJIs1 HEHPOHHOM ceTn cocTaBmiIa

88,76% 1o CpaBHEHHIO C PYYHOH Pa3METKOU HIJs Te-
croBoro kopmyca. st kopmyca u3 10 HOBBIX TEKCTOB
TOYHOCTE cocTaBmia 82,31%.

Input:
Input:
Input:
Input:
Input:
Input:
Input:
Input:

0,75; 0,1111; 0,4346; 0,7913; 0,0256; 0,1579; COutput: 0,8415; Desired output: 1; Error: -0,1585;
0,1667; 0,5; 0,1333; 0,7951; 0,0526; 0; Qutput: 0,7311; Desired outputs 1; Errors -0,2189;

0,5; 0,3333; 0,625; 0,2567; 0,2727; 0; Output: 0,7373; Desired output: 1; Error: -0,2627;
0,0625; 0,5; 0,125; 0,4481; 0,0789; 0; Output: 0,708; Desired output: 1; Error: -0,294;

0,0833; 0,1667; 0; 0,1337; 0; 0; Output: 0,7228; Desired output: 1; Error: -0,2772;

1; 0,5; 0,8; 0,3005; 0; 0,0833; OQutput: 0,5936; Desired output: 1; Error: -0,4064;

0,625; 0,25; 0,6; 0,3648; 0; 0; Output: 0,7518; Desired output: 1; Error: -0,2332;

0,875; 0,5333; 1; 0,3316; 0,0833; 0,1111; Output: 0,6675; Desired output: 1; Error: -0,3325;

Total Mean Square Error: 0,16733012877903023

Puc. 3. Cpeonexsadpamuunas owubdka 015 mecmogo2o KOpnyca meKcmos

BrIBOABI H MpeasI0KeHN.

ToYHOCTH pe3yabTATOB MPEIOKEHHOIO METOAa
ABTOMATHYECKOI'0 aHHOTHUPOBAHMSA TEKCTOB HA TECTO-
BOW BeIOOpKE cocTtaBmia 88,76%. PesymbraThl okaza-
JINCh BIIOJIHE YAOBJIETBOPUTEIBHBIMHU, YTO MO3BOJISET
MPOBO/NTD JAalbHEHIINEe HcciienoBaHus. BriOpanHbie
JUIsl aHajau3a INPEeJIOKEHUH CBOMCTBA, a TAaKXKE BbI-
OpaHHBIC HE3aBHCHMBIM YHTATEJIEM KIIOUEBBIC MpeE-
JIOXKEHHS JUI1 TECTOBOIO KOpIyca TEKCTOB HMMEIOT
Oonpmioe BiaMAHUE Ha paboty HelipoHHOHU cetn. CeTh
o0yuaeTcsi B COOTBETCTBHE CO CTHJIEM YHTATENIS U B CO-
OTBETCTBHE C NPEIIOKESHUSIMU, KOTOPbIE IMEHHO 3TOT
YUTaTeNh CUYMUTACT KIFOYEBBIMH. MOXKHO paccMarpHu-
BaTh JIaHHYI0 OCOOCHHOCTb KaK IPEUMYINECTBO JaH-
HOTO TMOJAX0JIa, TaK Kak JIFOOOH 4YeloBEeK MOXKET 00y-
YUTh HEUPOHHYIO CETh B COOTBETCTBUE CO CBOUMH JINY-
HBIMH TIPEMOYTCHUIMH.
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A STUDY OF THE INFLUENCE OF HIGH-ENERGY BRAKE y-RADIATION OF A BETATRON
AND y-RAYS %Co ON THE PARAMETERS OF MOS TRANSISTORS

HNCCIIEJOBAHUE BJUAHNA BBICOKOOHEPTETUYECKOI'O TOPMO3HOI'O y-U3JITYYEHUSA
BETATPOHA M y-KBAHTOB ®Co HA TIAPAMETPBI MOII-TPAH3UCTOPOB

Summary. By measuring the current-voltage characteristics investigated influence of high-energy brake y-
radiation of a betatron and y-rays °Co on the parameters of MOS transistors. It is shown that the magnitude of the
energy transfer of radiation F under irradiation with ®°Co-quanta in comparison with the action of high-energy
brake y-radiation is two times less, and the displacement of the current-voltage characteristics is significantly more.
It is established that at ®°Co irradiation with y-quanta, the density of surface states ANss in the whole studied energy
range is 35-40% higher than the values of ANss after high-energy brake y-radiation.

Key words: MOS transistor, irradiation, current-voltage characteristics, energy transfer radiation.

AHHOTal[l/lﬂ. C TIOMOINBIO UBMECPCHUA BOJIBT-aMIICPHBIX XAaPaKTCPUCTUK HCCIICIOBAHO BJIUAHUEC BBICOKO-
SHEPreTHYECKOT0 TOPMO3HOTO Y-M3IydeHHus 6eTaTpoHa u y-kBaHTOB °Co Ha mapamerpsl MOII-TpaH3UCTOPOB.
TMoka3aHo, 4TO BENMYMHA MEPEHOCA IHEPTUU M3MydeHuss F npu oOiyuennu y-kBanTamu °°Co 110 CpaBHEHHMIO ¢
BO3JICI‘/'ICTBI/ICM BBICOKOOHEPTETHYCCKOTO TOPMO3HOTO Y-U3JIYYCHUA B IBAa pada MEHBIIC, a CMCIICHUC BOJIbT-aM-
MCPHBIX XaPAKTECPUCTUK IIPU ITOM CYHICCTBCHHO OoJIbLIIE. yCTaHOBHGHO, 4TO Opu O6J'Iy‘1€HI/II/I Y-KBaHTaMU 6OCO
3HAYCHHE TUIOTHOCTH MMOBEPXHOCTHBIX cOCTOsIHMI ANss BO BCEM HCCIICIOBAaHHOM Auarna3oHe sHepruu Ha 35-40%
0oJIbIIIE 3HAYEHUH ANSS IMOCJIC BBICOKOOHEPTECTUUCCKOIO TOPMO3HOT'O Y-U3JTyUCHU.

Kniouesvie cnosa: MOH'TpaH3I/ICTOp, O6J'IyquI/Ie, BOJIbT-aMIICpHAsA XapaKTCPUCTUKA, [TICPCHOC SHECPTUU U3~
JIyYyeHus.
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IMocranoBka mpodJiembl. VccrnenoBanue Bius-
HHS pa3JIMuHBIX BHEIIHUX (PaKToOpoB (TeMIepaTypsbl,
3JIEKTPUYECKOT0 OIS, PAAUAIN U JIETHPOBAHUS Pa3-
JUYHBIMU PUMECSIMH) Ha (U3MYECKUE SBJICHHS, IPO-
UCXOZSIINE B KPEMHHEBBIX MHOTOCIOMHBIX CTPYKTY-
pax THIa MeTaI—IU3JIEKTPUK—TIOTYIPOBOJHHK SBIIS-
eTCsl OJHOM M3 aKTyaJbHBIX 3aJad COBPEMEHHOMN
MUKpPO3JIEKTpOHUKH. M3yueHne mporeccoB oOpa3oBa-
HUS 1e(EeKTOB W U3MEHEHHUS DIICKTPHUECKUX CBOWCTB
cucteMbl Si-SiO, MpU BHENIHUX BO3JCUCTBHUSIX BBI3bI-
BacT MHTEPEC MIMPOKOTO KPyra HCCleoBaTene. IToT
MHTEpec 00YCIIOBJICH, BO-NIEPBBIX, BEISICHEHUEM MeXa-
HU3Ma 00pa30BaHMUS IIEKTPUUCCKH aKTUBHBIX Aedek-
TOB B 00bEME TOJIyIIPOBOJHUKA, B TUIJIEKTPUKE M Ha
rpanune pasgena Si-SiOz. Bo-BTOpPBIX, BBIICHEHHEM
BO3MOXKHOCTEH U TIpEJeNOB NMPUMEHEHHs] TaKuX BO3-
JEWCTBHH B TEXHOJIOTHH MOTYIPOBOJIHUKOBBIX IPHOO-
poB. HecMoTps Ha TO, 4TO UMEIOTCS TOBOJIBHO MOJIHBIC
9KCIIEPUMEHTAIILHBIC TaHHBIE 10 BIUSHHUIO OOIydeHHS,
TEeMIIepaTypbl U IPYTrUX BO3/IEHCTBUI Ha (hyHKIMOHH-
poBarue M/II1-npubopoB, ocTaercs eme MHOTO Hesc-
HOTO B (JM3MYECKOM NPOMCXOXKICHUH M NPUPOJIE pas-
JMYHBIX TUIOB 3apsinoB B cucteme Si-SiOy.

AHanu3 nocaeAHNX HccaeJ0BaHUN U my0Jan-
Kkanui. V3BeCTHO, 4TO KOJIMYECTBO M MApaMETPHI pa-
JIUALMOHHBIX NOBPEXKIEHUN B MHOI'OCIOWHBIX CTPYK-
Typax CHJIBHO 3aBUCST OT YCIOBUH M OT BUAA 00ITyde-
HUs. B Hacrosimiee Bpemst nMeeTcst JOCTaTOYHO pador,
MOCBAIICHHBIX HCCIIEIOBAaHMUIO BJIUSHHUS Y - KBAaHTOB

89Co na cpoiicrea MHOII-ctpykryp [1-5]. B pabote [2]
OBUIO HCCIIEOBAHO BO3/EHCTBUE BBHICOKOIHEpreTHYE-
ckoro Topmo3Horo (BOT) y-uznydeHus Ha xapakTepu-
ctuxu kpemHueBbix MHOII-ctpykTyp. Ho no Hactos-
IIEr0 BPEMEHH MOYTH HET PadOT, MOCBSIICHHBIX U3Y-
yeanto BiusHUS BOT y-usnmydeHns Ha mapameTpsl
MHOII-CTpyKTyp ¥ CpaBHHTEIFHOTO aHAjJIH3a C BO3-
nefictBueM v - kBanToB °Co.

®opmysupoBanue uejeil crarbu. llensio
JAHHOH paboTHI SBJIAJIOCH U3yUEHUE BBIXOIHBIX H TIe-
penaToYHBIX BOJIBT-aMIIEpHBIX XapakTepucTuk (BAX),
noporosoro HanpspkeHust MOII-TpaH3ucTopoB, Tuma
KI1 304 A, o6nyuennsix y-kantamu °Co u BOT y-us-
JIy4EeHHUEM.

N3noxenne ocHOBHOTO MaTepuaJa. O0myye-
aue MOII-TpaH3uCTOPOB MPOM3BOIMIOCH TOTOKOM Y-
kBaHTOB °CO ¢ MOILIHOCTBHIO DKCIO3UIIHOHHOM 036l B
MecTe pacroyioxkenus oopasua 390 P/c, uto coorBer-
CTBOBAJIO IUIOTHOCTU MOTOKAa SHEPruu KBaHTOB (.12
Br/cm?. JluanaszoH MepeHOCOB SHEPrUM M3JIYYEHHS B
HalmmMx uccienosanusax coctapys (1+10)-10% Ihx/cm?,

Breixogasie BAX MOII-tpanzuctopoB tuma KII
304A uccaenoBanuch B 1Uana3oHe HANPSKEHUH CTOK-
HCTOK, BKJIIOYAIOIIEM JIMHEWHBIN y4acTOK U 00JacTh
HachllleHUs. V3MeHeHne JIMHEHHbIX ydyacTkoB BAX
00pasuoB, o0ydeHHbIX BOT y-m3mydeHneM npu mepe-
Hoce sHepruu F=1301x/cM? 1 06pa31oB, 061yYeHHbIX
y-xantamu ®Co npu nepenoce sHepruu F=63.5
JIx/cM? TIpeacTaBIeHo Ha pHc. 1.

oA
1
10*~
2
3
107
107
lﬂ" | | | | VM,B
10 10? 10 107 10

Puc.1. Jlunetinas obaracmo svixoonou BAX MOII-mpansucmopos:

1-xoHTpOJIBHBIE 00pas3iel; 2- obmyuenne BOT y-
M3ITy4eHHEM C TIepEeHOCOM dHepruu m3mydeHus 130
Jx/cm?;, 3- obmyuenue y-ksantamu ©Co ¢ nepenocom
sHepruu usnydenus 63,5 Jlx/cm2.

XoTsl BemUUMHA NEPEeHOCa SHEPTUM H3IIyYeHHUs
npu obaydeHun y-kBanTamu °°Co moutd B JBa pasa
MeHbIle, cMmenienne BAX mpu 3TOM CYIIECTBEHHO
Oompmie, yeMm mpu BozaeiictBum BOT y-m3mydenus.
Bnusaue BOT y-usnyuenus Ha moporoBoe Hampsixke-
Hue MOII-TpaH3ucTOpa HCCIEN0BaNOCh B IUAA30HE
nepenocoB dHeprun uziyuenus (10+6)-10° x/cm?.
M3Mepenne moporoBbIX HaNpsDKEHHH 00pasLoB 10 U

nocie oOJydeHHs TpousBoAMioch npu Ves=0 u
Vps=90 MB. B uccienoBanHoM nuamna3zoHe mepeHOCOB
SHEPTHU HM3JIyYeHHs] HaOII0AaeTCs MOHOTOHHOE CMe-
LIEHHE 3TOH 3aBUCHMOCTH B CTOPOHY OOJBIINX 3HAUE-
HUIA Vs M ©I3MEHEHUsI €€ KPYTH3HBI C YBEIINUYECHHEM T1e-
peHoca sHeprun u3nydeHusi. COOTBETCTBEHHO 3TOMY,
VMG € yBEIHMUYEHHEM MepeHoca F MOHOTOHHO yBeIH4H-
BaeTCsl B CTOPOHY OOJIBITNX OTPHLATEIbHBIX 3HAUCHUI
(puc. 2, kpuBas 1). OTmMeTnM, 4TO TIpH OOIyYSHUH Y-
kBanTamu °Co npu npakTHUECKH OJMHAKOBBIX IEpE-
HOCaxX 3HEPTMU HM3JIydeHUs yBenuueHue Vme 3HAUH-
TenbHO Ooublue (KpuBas 2), 4eM IpU BO3IAEHCTBHHU
BOT- uznmyuenus (kpusast 1).
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Puc.2. 3asucumocmv nopozosozo nanpscenus MOII-mpanzucmopos om

MepeHoca 3HEPTUH H3IydeHHs s oOpaslos,
00ITy4eHHBIX

BBICOKOHEPIe€THYECKUM TOPMO3HBIM Y-H3ITyue-
HueM (1) u

y-xBanTamu ot ©Co (2)

Pesynbprarel M3MEpEHUN OTHOCUTEIBHOIO H3MeE-
HeHusl 3(QQEKTUBHON KaHAJIbHOW IOABM)XKHOCTH TP
o6nyuenuu y-xpanTamu ©Co u BOT y-usnydenueM mo-
Ka3aJln, 9TO C yBEIWYECHUEM IIEPEHOCa YHEPTHH H3Iy-
yeHHs 3(pdeKTHBHAs MOJBIKHOCTE B MHBEPCUOHHOM
KaHajle MOHOTOHHO YMEHBIIAETCs, 3TO CBS3aHO C
YMEHBIICHUEM NIepeaTouHoM xapakTepuctuku MOII-
TpaH3HUCTOpa. 3aBHCUMOCTH d(Hh(HEeKTUBHON KaHAIBHON
MOJBIDKHOCTH OT IEPEeHOCa PHEPTUH W3Iy4YeHUS MpHU
o6nyuenuu y-kpanTamu ©Co Taxke oTIMUaETCA OT Ta-
KOi1 3aBUCHMOCTH ipu 00nydernu BOT y-m3nmydeHnem.
[pu obnydeHun Y- kBantamu °CO ¢ cpaBHUTENHHO
MeHbIe BenuunHOoM F mo cpaBHenmio ¢ BOT-
U3JIy4eHUEM HaOmogaeTcs OoJIblliee U3MEHEHHE Lsg.
PesynbTaThl M3MepeHHil Moka3anu, YTO MepesaTouHast
noamnoporosasi BAX o0pasna, 061y4eHHOro Y- KBaH-
tamu %°Co ¢ nepenocom sHeprun F = 4.10° JIx/cm?
uMeeT Oospliee CMENIeHNE U N3MEHEHHE KPYTHU3HBI 110
OTHOIIEHHIO K KOHTPOJILHOMY 00pasily, ueM oOpasell,
00nydeHHbIl TOPMO3HBIM crekTpoM ¢ F = 7.5.10°
Jx/cm?. Paccuurannbie o 3tuM BAX sHeprermue-
CKH€ CIIeKTpPhI HOBepXHOCTHBIX cocTosiHui (I1C) moka-
3BIBAIOT, YTO NPH CPABHHUTEIHHO MEHBIIEM 3HAYCHHU
nepeHoca sHepruu F npu 0651ydenuu y-kpantamu °Co
3HaYeHWE IUIOTHOCTH TIOBEPXHOCTHBIX COCTOSIHUH
ANss BO BceM HCCIIeZIOBaHHOM JHalla30HE SHEPTHH Ha
35-40% 6omnpmie 3Havenuit ANss mocite BOT y-uzmyde-
HUSL.

BeiBoabI M3 AaHHOrO HcciaegoBaHUsA. Takum
00pa3oM, W3 CPaBHUTEIILHOTO aHaINW3a HW3MEPEHUit
BOJIBT-aMIepHBIX XapakTepucTuk MOII-Tpan3ucTopon

tuna KII 304 A, noaBeprHyThIX BO3AEHCTBUIO BEICOKO-
SHEPreTUYECKOro TOPMO3HOTO Y-H3IIydeHHs OeTaTpoHa
1 y-kBaHToB %°Co MOXHO CleNaTh BHIBOJ, YTO BEJIM-
YHMHA MepeHoca YHEPriH U3IyueHus F npu oOimyueHnu
y-xBantamu °Co no cpasnenuo ¢ Bosaeiicruem BOT
Y-U3Iy4YeHUs B JBa pa3a MeHblue, a cMmemeHue BAX
IIPU 3TOM CYIIECTBEHHO OoJIbIIe. YCTAaHOBIIEHO, YTO
py 00Ty4eHnH Y-KBaHTamu °CO 3Ha4YEHHUE TIOTHOCTH
MTOBEPXHOCTHBIX cocTosiHUM ANss BO BceM Hccieno-
BaHHOM JMamna3oHe 3Hepruu Ha 35-40% Oospine 3Ha-
yeHnit ANss ocne BOT y-uznydenusi.
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Abstract

Radio frequency low pressure inductive xenon plasma was generated in a gas-discharge section of an ion
thruster model. Its full diagnostics consisted of integral and local measurements. Integral diagnostics of a gas-
discharge section included measurements of general parameters of the discharge device and its feeding line that
determined overall physical-technical image of the facility (Patented). Local diagnostics determined spatial plasma
parameter distributions using cylindrical Langmuir probes of two kinds: the straight probe-1 that operated in the
middle cross-section of discharge space and the L-shaped probe-2 moving along the discharge and revolving
around its axis, both of them provided by conventional bare probe protective shields. In the same cross-section
with the probe-1 operated radially movable plane by-wall probe simulator also measuring radial distributions of
plasma parameters. Probe-1 data were initially considered to be objective and reliable and they were published in
two articles. Subsequent analysis of its results including electron energy distribution function (EEDF) showed its
noticeable deviations from the Maxwellian function in dependence on the shield-1 length. The reason for them
was disclosed because the probe-2 could repeat probe-1 measurements in the common special position ls»1=0 and
Ish2#0 where the probe-2 was exposed to its shield influence. In this position probe-2 lowered all plasma parame-
ters. Comparison of both probes’ data identified the principled relationship between measurement errors and EEDF
distortions caused by bare probe shields. This dependence was used to correct the initial probe-1 measurements
eliminating its shield’s influence. Physical analysis of probe errors based on previous authors’ works showed that
they were caused by a short-circuited double-probe effect in the bare metal shields. As the result, three new probe
application directions were proposed: a) elimination of bare probe protective shield’s influence on measurement
results (Patent Application); b) measurements of the probe sheath thicknesses and the mean ion mass using cylin-
drical probes in Maxwellian plasmas (Patented); ¢) evaluation of ion current density to a wall under floating po-
tential using plane by-wall probe simulator (Patent Application).

Key words: gas-discharge plasma, ICP discharge, antenna coil, ferrite core, Langmuir probe, Maxwellian
plasma, Bohm effect, Boltzmann law, “3/2 power” law.

INTRODUCTION

The present work is dedicated to the studies of ra-
dio frequency (RF) inductively coupled plasma (ICP)
generated in a gas discharge input section of an RF ion
thruster model. A planar antenna coil enhanced by fer-
rite core was used in this section to generate xenon
plasma at pressure p = 2 mTorr and at the driving fre-
quency f =2 MHz. Full plasma diagnostics consisted of
two parts: a) detailed integral diagnostics arranged ac-
cording to the author’s patented method and b) local
plasma diagnostics using two cylindrical Langmuir
probes and one radially movable plane by-wall probe
simulator for plasma parameter measurements.

Probe diagnostics arranged in the present work
stimulated the development of three novel Langmuir
probe application directions: 1) elimination of bare

probe protective shield’s influence on measurement re-
sults; 2) measurement of the probe sheath thicknesses
and the mean ion mass using cylindrical probes operat-
ing in Maxwellian plasmas in which the Bohm effect,
the “3/2 power” and the Boltzmann laws are valid; 3)
evaluation of ion current density to an ion extracting
grate (IEG) of an ion thruster model, and particularly to
the internal ion extracting IEG electrode that operates
under floating potential, using the radially movable
plane by-wall probe simulator at the ceramic rod’s butt.
These diagnostics directions are described in the pre-
sent work.

1. Experimental setup

The drawing of the RF ion thruster model studied
in the present work is presented in Fig. 1.
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Fig. 1. Drawing of the RIT model 1—vacuum chamber, 2—to VGPS-12 probe station, 3—movable vacuum
fitting UT 1/16 7, 4—the straight Langmuir probe-1, 5—temperature-sensitive gauge, 6—quartz window (5 mm
thick), 7—antenna coil, 8—ferrite core, 9—cooling air output, 10—to discharge feeding line, 11—the L-shaped
probe-2, 12—reference probes, 13—8 equally spaced xenon feeding 0.4 mm holes, 14— “one-touch” input union

for cooling air, 15—xenon feeding circular collector, 16—input xenon feeding flange, 17—plane by-wall
simulator, 18—flange for ion extracting grate (IEG) installation, 19—meshwork having IEG gas-dynamic
resistance, 20—tungsten filament of the opened halogenous lamp (to start ICP discharge)

It contains a vacuum chamber 1, quartz window 6,
and planar antenna coil 7 with ferrite core 8 connected
to the electric feeding line that consisted of a trans-
former matching network (MN) and RF generator
(RFG). The upper half of the vacuum chamber 1 (about
1 liter in volume) was used as a discharge section of the
thruster model, where the ultimate oil less vacuum
reached p ~ 10 Torr. The plasma pressure p =2 mTorr
at the xenon flow rate g = 2 sccm was provided by a
meshwork 19, that was used here instead of the
thruster’s IEG simulating its gas-dynamic resistance.
Inductive xenon plasma of this model was very pure
(99.9999%) and was generated at the driving frequency
of f =2 MHz.

In Fig. 1 three Langmuir probes used for local
plasma diagnostics can be seen: two cylindrical probes,
one of them the straight probe-1 (4 in Fig. 1) that radi-
ally moved at a distance of z = 33 mm from the internal
surface of the quartz window 6, and another, L-shaped
one 11 inserted into the vacuum chamber through its
bottom, moving along the discharge and revolving
around its axis, and in the same with probe-1 cross-sec-
tion plane probe 17 installed at the ceramic rod’s butt .
The dimensions of both cylindrical probe tips, 0.15 mm
in diameter and 10 mm in length with a probe holder

1.6 mm in diameter, were selected in a separate exper-
iment [1] to arrange negligible local plasma distortions.
Note that beside probe tips, their probe holders were
represented by reference probes 12 in the form of 10-
mm pieces of their shields, 1.6 mm in diameter. These
reference probes had to be connected to the VGPS-12
probe station, together with the measuring probes to
eliminate RF distortions of their Volt-Ampere charac-
teristics (VACS).

In Fig. 1 a special point A with Isny = 0 at 13 mm
from the chamber wall is shown. It is the very important
measurement probe position for the present work. In
this point the shield of the probe-1 (4 in Fig. 1) was ab-
sent and the probe-2 (11 in Fig. 1) operated here with
rather long shield-2 and could repeat probe-1 measure-
ments for the sake of their result comparison to deter-
mine the influence of shield-2 on its probe measure-
ments.

The rest elements of the experimental facility can
be examined considering Fig. 1.

1. Integral diagnostics of an ICP gas-discharge
device

Integral diagnostics consisted of a priori measure-
ments of antenna coil parameters in free space and
within the assembled discharge unit subsequently
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measuring antenna coil currents without discharge and
with ICP discharge in the plasma section of the model.
As the result the detailed physical-technical image of
the facility was obtained including RF power loss in all
different elements of the discharge feeding line and the
efficiency of RF power transfer from RFG to plasma
ner. All these parameters were determined at the exact
RFG-discharge matching.

This diagnostics was conducted at the very begin-
ning of the subsequent experiment because it provided
the base for the precise local diagnostics. It was elabo-
rated, realized and applied to a couple of ICP devices
[2-6]. It included measurements of up to 29 parameters
that were called as control indicators resulting in regis-
tration of RF power losses in all discharge feeding line
elements, in all facility design parts and in the ICP dis-
charge. They determined overall physical-technical im-
age of the experimental RIT model that characterized
the quality of its design, selection of the MN engineer-
ing circuit and their practical realization.

Here we present only separate results of integral
diagnostics that will be usefull below. After determina-
tion of active resistances of all elements of the dis-
charge feeding line, antenna coil currents lp and | were
very precisely measured by the Rogovsky coil, RF cur-
rent monitor Pearson 2878, without discharge (lo) and
with ICP discharge (I): for Pi, = 30-250 W these cur-
rents varied in the ranges lp = 3.8-10.3 A, | = 2.1-3.7

86.4%

discharge plasma

A. Exact RFG-discharge matching, that corresponded
to maximal incident RFG power Pj, equal to half of the
full RFG power P¢/2, made discharge feeding line to be
active where voltages on different reactive elements
were mutually compensated and any line properties
could be determined using Ohm’s law. In this situation
there was no danger for the RFG in the absence of its
interaction with reflected RF power. In all subsequent
experiments with local plasma diagnostics RFG was al-
ways exactly matched with its load. According to trans-
former model of the ICP discharge [7] equivalent dis-
charge resistance was in series connected with the an-
tenna coil resistance resulting in the RF power transfer
efficiency according to the formula 7cp=1-(1/15)2. In the
present experiment this parameter varied in the range
nep(Pin) = 0.63+0.88 that shows rather high energy ef-
ficiency of this model that resulted from 1) planar ge-
ometry of its antenna coil corresponding to convenient
aspect ratio of the model’s gas-discharge space thick-
ness and its diameter and from 2) use of coil’s ferrite
core that uplifted mutual coil-discharge inductance and
RF power transfer into the discharge lowering RF
power loss in the antenna coil.

This direction of diagnostics allowed for detailed
determination of RF power balance for the experi-
mental device. Its example for the incident RFG power
Pin=150 W is shown in Fig. 2.

_6.15%:

antenna coil

2.9%:

eddy curents

4.55%:

feeding line

P. =150 W=100%

Fig. 2 RF power balance of the model’s plasma section for Pin=150 W

It confirms rather high energy efficiency of this
model. To obtain additional information on plasma
properties, integral diagnostics was undertaken for
twice xenon plasma pressure, p =4 mTorr. It was found
that at this pressure equivalent resistance of the dis-
charge plasma increased by about two times that meant
that at the parameters of the present device xenon
plasma conductivity went down with increasing pres-
sure. It is well known that such character of conductiv-
ity isobar behavior corresponds to temperatures in the
area to the left of temperature zone where these isobars
cross each other and where xenon plasma ionization de-
gree is not more than 1% [8].

Note that presented here integral diagnostics tech-
nique has been protected by the patent [2], therefore
this technical decision has exceeded world level and
this conclusion is confirmed on the state level.

3. Local diagnostics of the thruster model’s
plasma section using cylindrical

Langmuir probes having bare protective shields

Local measurements of plasma parameters were
necessary for effective thruster model designing. They
were arranged using the advanced automated probe sta-
tion VGPS-12 [9]. Initial measurements of plasma pa-
rameter radial distributions were conducted in the mid-
dle cross-section of the gas-discharge space using the
straight probe-1. These accurate measurements were
repeated several times in every probe position. Their
results were considered as rather precise and objective
and were published in the articles [5, 6]. The probe-2
repeated probe-1 measurements in the middle cross-
section of the gas-discharge space and then determined
longitudinal plasma parameter distributions that were
necessary for thruster model designing. In the present
work probe-2 data were analyzed only for the special
position A (Fig. 1) where probe-1 shield was absent and
the probe-2 was exposed to full influence of its shield.

Subsequent detailed analysis of electron energy
distribution function (EEDF) behavior in the form of
quantitative evaluations of their distortions using our
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method [5, 6] resulted in very interesting information.
According to this method measured electron saturation
current densities jes should be compared with the theo-
retical Maxwellian jesm in the form of the ratios jes/jesm.
The last theoretical parameter is the electron satura-
tion’s current density for the ideal isotropic collision-
less Maxwellian plasmas, calculated using the meas-
ured plasma parameters, electron concentration ne, and
electron temperature Te:

Jesw = (1/4)ene(8KTe/ zme) Y2
where e is the elementary electron charge, k is the

Boltzmann constant, and m. is the electron mass. To our
opinion this comparison shows real EEDF deviations

from the Maxwellian functions, i.e. closeness of real
plasmas to Maxwellian substances.

Denoting these ratios as Rm = (jes/jesm), We deter-
mined the radial distributions Rm(r) for the main probe-
1 (4 in Fig. 1) that moved at radial positions, r = 0-60
mm when its shield-length varied in the range lsn = 56—
0 mm. Note that in the special position A only an 8-mm
piece of the reference probe remained in contact with
the plasma; the rest its elements, 2 mm piece of the ref-
erence probe and initial part of its shield, were hidden
in the movable vacuum fitting 3 (Fig. 1).

The results of this action in the form of Ru(r) ra-
dial dependences for different levels of the incident
RFG power are presented in Fig. 3.
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Fig. 3 Radial Rm1 distributions for the probe-1 at different incident RFG powers Pi,

It can be seen that at r = 0 Rv values varied in ra-
ther wide range and towards r = 60 mm position they
linearly converged and rose to the single peripheral
point Ry =~ 0.87. This figure characterizes closeness of
xenon plasma to the Maxwellian substance in the spe-
cial point A. This position is not very far from the
chamber wall, perhaps in the depth of the discharge
space plasma was closer to the Maxwellian substance.
Fig. 3 proved that EEDF deviations from the Maxwell
function linearly depended on the length of the bare

probe protective shield-1. At the special position A
where the probe-1 operated without its shield-1, the
probe-2 operating under the influence of its non-zero
shield-2 repeated plasma diagnostics that showed that
shield-2 lowered all plasma parameters. At different
levels of RFG power probe-2 data corresponded to dif-
ferent values of Rw2. This fact helped to present the
comparison of both probes’ measurements in the form
of ratios (x2/x1) depending of on Rz for X = Te, ne, Vs,

and jes that are shown in the left part of Fig. 4.
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Fig. 4 Dependencies of plasma parameter reductions vs. Ry for probe-2 and probe-1
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It can be seen that shield-2 rather slightly lowered
Te (by about 10%) but the rest probe data went down
more deeply. Here the results of probe-1 measurements
at the special position A are shown as the point (X2/x1)
=1 at Rw1 = 0.87 which means that at this measured by
probe-1 minimal EEDF deviation from the Maxwell
function (jesi/jesm1) = 0.87 both probes with the same
probe tips and without protective shield influences
would result in the same plasma parameters with (x2/x1)
= 1. That is why this universal probe-1 point was used
to linearly approximate it with all four groups of probe-
2 data resulting in physically universal functions
(x2/x1)(Rm) that characterized bare shield influence on
different parameter probe measurements in the xenon
plasma of the present thruster model.

These dependencies were used to determine the in-
fluence of the bare shield-1 on the plasma parameters
beside the probe-1 and rectify errors of the initial meas-
urements. This task was solved excluding the interme-
diate variable Ry that was done using analytical expres-
sions for the straight lines of Figs. 3 and 4. In Fig. 3, we
have:

Pin=50 W: Rm1(r)=3-10"%r + 0.69 1)
Pin =100 W: Rm1(r)=1.283-10%r + 0.793(2)
Pin= 150 W: Rm1(r)=1.1-10"%r + 0.804 (3)
Pin= 200 W: Rm1(r)=0.933-10%r + 0.814(4)

In Fig. 4, we have:

(Tea/Ter) = 0.3919Rw + 0.659 (5)
(Ne2/Ner) = 0.7838Ry + 0.3181 (6)

(Vs2/Vs1) = 1.0811Ry + 0.0594 7)
(jesz/jost) = 1.5405Ry — 0.3402 (8)

To determine radial distributions for Te measure-
ment corrections, equations (1)—(4) were inserted into
equation (5) which resulted in the following expres-
sions:

Pin=50 W: (Te2/Ter) = 1.1757-103r + 0.9294 (9)

Pin= 100 W: (Te2/Te1) = 0.5028-103r + 0.9698(10)

Pin= 150 W: (Te2/Te1) = 0.4311-103r + 0.9741(11)

Pin= 200 W: (Te2/Te1) = 0.3658-103r + 0.978(12)

They are graphically presented in Fig. 5.
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Fig 5 Radial distributions of the T, correction ratios for Pi, = 50-200 W

Inserting equations (2)—(4) into linear expressions
(9)-(12), similar measurement correction functions
were obtained for the three remaining plasma parame-
ters, ne, Vs, and jes. Finally, all the measurement points
of the radial distributions Te(r), ne(r), Vs(r), and jes(r) [5,
6] were divided by the corresponding correction ratios
similar to Fig. 5 and the corrected radial distributions
for all four plasma parameters were presented in [10].

Measured EEDF distortions depending on the
length of the straight probe’s bare shield attracted our
attention to the authors’ previous works where the be-
havior of large-scale conducting bodies in contact with
plasmas was studied. In [11] a bare probe protective
shield was considered as such a body and it was shown
qualitatively that it behaved like a short-circuited dou-
ble-macro-probe that initiated short-circuited current
flowing in the shield and in plasma lowering all its pa-
rameters. Now it became clear that this physical phe-
nomenon functioned in the present experiment and its

influence on plasma parameters was determined here
quantitatively.

According to our opinion this method of local
plasma diagnostics reducing measurement errors for
Langmuir probes with bare protective shields is novel
exceeding global level. That is why the patent applica-
tion [12] for this technical decision was filed to the Rus-
sian Patent Bureau.

4. Measurement of the cylindrical probe’s
sheath thicknesses and the mean ion

mass

It is well known that in the isotropic collision-less
plasmas with the Maxwelian EEDF three physical rela-
tionships are valid: the Bohm effect, the Boltzmann law
for electron flow in retarding electrical potential field
and the “3/2 power” law in the form of the Child-Lang-
muir-Boguslavsky (CLB) equation. In this case it
seems possible to determine two interesting physical
parameters — probe sheath thicknesses and ion mass M;.
In [13, 14] this task was solved for cylindrical probes
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with bare protective shields that were used to measure
uncorrected xenon plasma parameters at the RFG
power range Pi, = 50200 W [5, 6].

In the present work this solution was refined using
described above corrected xenon plasma parameters.
First of all they were used to check up EEDF distortions
in all volume of the gas-discharge space. It was found
that for Pi» = 50 W the bulk of xenon plasma corre-
sponded to the Maxwell function with the error more
than —20 % and for Pi, = 100-200 W this error was ra-
ther less: about —13%. That is why corrected plasma pa-
rameters for Pi, = 100-200 W were used to additionally
refine [14] results. Initially corrected ion current densi-
ties jir to a probe under floating potential Vs were calcu-
lated using Boltzmann formula jir=jer=jes-eXp(-AVi/Te)

with corrected plasma parameters including AVs = Vs -
Vi. These data are expressed by the Bohm formula for
a cylindrical probe [13]
jif:Kch|ene(2eTe/Mi)”2 (13)
where Kgcyl = xCgeyl is combined Bohm coeffi-
cient (x = R/a, R is probe sheath radius, a is probe ra-
dius, Cicyi is the Bohm coefficient that should be ex-
perimentally confirmed) and M; is ion mass. This for-
mula allowed for calculations of the corrected
combined Bohm coefficients Kgcyicor for the special
experiment with the known xenon ion mass M; =
2.18-10"% kg that are presented in Fig. 6 by empty cir-
cles.
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Fig. 6 Corrected values of Kacyicorr, XcLacorr, aNd Xsrcorr at different levels of Piy

The dependence of Kgcyicorr(Pin) Was linearly ap-
proximated by the dashed line. The next step implies
determination of radii ratios x = R/a related to these
Kecy values [13]. They can be obtained using joint so-
lution of (13) and the CLB equation:

jif=(480/9)(2€‘/|\/|i)llz(AnyZ/aszBLAL) (14)

where & = 8.8542-10*2 F/m is the dielectric per-

mittivity of the vacuum and A. is the dimensionless

Langmuir parameter depending on xcg. for a cylindri-

cal probe [15]. Unification of (13) and (14) results in
the equation

XCLBAL:(480/ 9) AVF2) Kch|a2eneTel’ 2=
2.4564-10 AVF2/KgcyaZne T2 (15)

Here CLB index means correspondence of this
equation to the CLB model of probe sheath that repels
from it all electrons. The xcisAL=f(XcLs) dependence
was determined using A values for the cylindrical
probe [15]. Its quite precise approximation in the range
Xce=1.1+3.3 resulted in the expression:

XcLeAL = 0.5667xcLe3-0.5847xcLe?-0.5233xcLe+0.537(16)

Unification of (15) and (16) gave the following cu-
bic equation for xcis:

0.5667%cL8%-0.5847XcL8?-0.5233x%cLs+0.537-
2.4564- 1O7AVf3/2/KBCyIC0rraZneTellzzo (17)

It was solved for Xciscor UsSing experimental
Kgcyicor points from Fig. 6 where these data are pre-
sented by crosses. Their linear approximation denoted
by the XcLsconr Name corresponds to the function

XCLBCorr = 29'00028P|n (18)

To correct these parameters according to the
“Step-Front” probe sheath model that allows for elec-
tron penetration into the probe sheath, the correspond-
ing data [16] for xcLe = 1.4-3.6 were linearly approxi-
mated by the expression

xsr=0,662xc15+0,433 (19)

Correction of the evaluation dependence (18) was
obtained by exclusion of intermediate variable xc.g in-
serting expression (18) into (19):

xsr=2,353 — 0.001854 Pin (20)

This dependence is presented in Fig. 6 by the
dashed xsrcor line. It appeared over the dependence
Kacyicorr(Pin). Therefore it became clear that the Bohm

coefficient Cgcy should be less than unit because Kgcyi
= XCgcyl. The Bohm coefficient should be a universal
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value to lower xsrcorr(Pin) dependence and to superpose Knowledge of ion current density to the first IEG
it with the Kacyicor(Pin) function. In Fig. 6 it is shown  electrode of an ion source is very important for correct
by the dashed line 0.745Xsrcon that demonstrates nor-  calculations and development of IEG accelerating cells
mal level of this operation with the Bohm coefficient  and for determination of ion device’s integral charac-
Cecyicor = 0.745. Here the heavy dashed line represents  teristics like an ion energy cost or efficiency of propel-
0.745xse(Pin) function and the thin line is the result of  lant consumption.
Kgcyicorr(Pin) linear approximation and they seem to be According to a well known standard method [15,
rather close to each other. 18], this task could be solved using close to reality IEG
Note that in [14] similar processing of the initial model with a set of plane by-wall probes fixed in the
experimental data resulted in the Bohm coefficient ion extracting electrode providing real plasma pressure.
Ceeyicor = 1.23, that was nearly twice higher than this  In the case of difficulties with probe insulations, 1IEG

parameter of the present work. extracting electrode could be replaced by its dielectric
Now it is possible to finally formulate the practi-  imitator with a set of plane by-wall probes and with
cal, second stage of the new method of probe sheath  IEG perforations providing its normal gas-dynamic re-
thickness and mean ion mass measurement: sistance. The preparation and actualization of such an
1) For plasma EEDF not far from the Maxwellian ~ experiment can take quite noticeable time and re-
function expression (15) can be rewritten as: sources.

In the present work, it is proposed to solve this task

Xcr? ALx3.2972-107AV¢?la?n M2 (21)  without use of an ion extracting electrode or its dielec-

tric imitator. Instead of them a relatively small piece of

2) Tabulated data [15] for A_ determine the numer-  dielectric wall with a plane by-wall probe could be used

ical dependence xcig?AL=f(xcLg) in a way that with  being disposed on a radially movable probe holder.

good precision was approximated by cubic polynomial ~ This simulator of a plane by-wall probe could provide

for xc1g=1.1+3.2: steady-state influence of the wall on plasma in any ra-

dial position within model’s discharge space so that its

xcLe? AL=4.1652xcLe® -14.784xcLs2+18.605xcLe -8.114(22)  plasma properties could be determined by this plane
Langmuir probe surrounded by dielectric surface.

Combination of (21) and (22) resulted in the fol- This idea of a movable plane by-wall probe simu-

lowing cubic equation for xceg: lator was realized in the form of a ceramic rod’s butt

that served as the dielectric wall imitator supplied by a

4.1652%cLg® -14.784xcLs2+18.605Xc s -8.114-  plane by-wall probe with its lead inserted into the rod’s

3.2972-107AV#%a?n Te¥2=0 (23)  internal channel [19]. This rod had two channels, the

second one necessary for the reference probe in the

3) When eAVi<&n— maximal plasma electron en-  form of a bare metal sleeve. That is why both channels

ergy, the evaluated xc s data must be corrected using ~ Of the rod were filled with metal wires. The internal end

formula (19) to determine xse giving real probe sheath ~ of one wire served as a collecting surface of the plane

thicknesses. probe fixed flash with the rod’s butt. The second wire

4) The corrected Bohm coefficient Cacyicon=0.745 ~ Was brought out of the rod, bent back and was encircled

inserted into the Bohm formula (13) has allowed forion by the reference probe. Beside the rod’s butt a steady-

mass determination with the expression state by-wall sheath was formed in plasma because its
ceramic surface around the plane probe exceeded probe
Mi=1.113xse2n2Teljir? (24)  collecting surface by more than 10 times.

In the present work a ceramic rod of 5 mm OD

For a gas mixture propellant this parameter repre- with two channels 1.5 mm in diameter was used. In
sents mean ion mass and for a propellant of definite na-  these channels, copper wires of the same diameters
ture it shows the degree of its purity or the level of its ~ Were tightly fixed. One of them was used as a plane
contamination by air inleakage into a vacuum chamber. ~ probe 1.5 mm in diameter at the rod’s butt while an-
This method of probe diagnostics should be other one was connected to the reference probe. The

considered as a novel technical decision that exceeds  rest area of the rod’s external surface was encircled by

global level because it is protected by the patent [17]. similar metal foil that served as a grounded screen fixed
5. Evaluation of ion current density to an ion  hext to the reference probe with about 2 mm gap. The
extracting electrode of an ion thruster drawing of this plane by-wall probe simulator is shown
in Fig. 7.
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Fig. 7 The drawing of the plane wall probe simulator.
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It can be seen that the collecting surface of the
plane probe was non-uniformly surrounded by a ce-
ramic surface because the probe was shifted from the
center of the rod’s butt by about 1 mm. Perhaps this
fault can be avoided in the subsequent experiments.

Quantitative EEDF evaluations based on results of
plane probe measurements of plasma parameters
showed that in this case electron saturation current den-
sity ratios jes/jesm Were lowered to about 0.5 which
showed a substantive deviations of real EEDFs from
the Maxwell function. Therefore plasma beside the sur-
face of the ceramic rod’s butt was a non-Maxwellian
substance where Botzmann law was not valid that did
not allow for ion current density evaluations using
measured plasma parameters and the Boltzmann for-
mula for a plane probe.

In this case ion current density to a wall under
floating potential could be evaluated only using ion
branches of the plane probe VACs extrapolating them
to a floating probe potential. Usually, long probe ion
branches look linear which determines the way of their
extrapolation to this potential. Such VAC processing
was recommended in [20] for semi-logarithmic and
double-logarithmic VACs because this way of their ion
branches’ processing had some definite theoretic base.
Following this recommendation, in the present work
ion branches of semi-logarithmic VACs of the by-wall
probe simulator were linearly extrapolated to a floating
potential. Note that in the present experiment double-
logarithmic VACs resulted in the same data because
their extrapolation tangents were rather short. In [20]
they were much longer reaching plasma space potential
where ion saturation current densities ji: obtained from
VACs of both kinds differed rather noticeably.

Obtained in such a way radial distributions of ion
current densities to a wall under floating potential for
Pin = 100-250 W are presented in [19]. They were con-
firmed in subsequent experiments with ion beam with
the error of about +30% [21].

According to the authors’ knowledge this method
of plane probe diagnostics also represents a novel tech-
nical decision that was filed as a patent application [22].

6. Discussion of measurement results

Integral diagnostics of ICP devices characterized
their general physical-technical image that included
their design and circuit engineering of ICP discharge
feeding lines. Besides it showed possible ways to raise
their energy efficiency and created the base for subse-
quent local plasma diagnostics that was very important
for their effective arrangement.

The present work showed that bare probe shields
disturbed plasma parameters proportionally to their
lengths. To understand the reality of this situation, we
analyzed probe-1 VACs to evaluate the Isc current in
plasma around its shield and this process resulted in Isc
~ 0.02-0.03 A while the mean local current of the in-
ductive discharge beside the probe-1 was about Ip ~
0.2-0.3 A [10]. This comparison showed real possibil-
ities for EEDF distortions in the present experiment.

This work can be very useful for all physicists en-
gaged in plasma studies, especially for those dealing
with RF plasmas, because Langmuir probe diagnostics
is a very important and popular technique in plasma-

parameter measurements. The present results clarify
that the best way to make objective probe measure-
ments of RF plasma parameters is to use protective
shields coated with dielectric layers to eliminate the
short-circuited double-probe phenomenon mentioned
in this work. In the case of probes with bare protective
shields, it would be beneficial to follow the method pro-
posed in the present work.

Measurements of probe sheath thicknesses can
help to checkup correctness of probe theory used for
probe measurements interpretation. As for mean ion
mass determination, it characterizes the degree of pro-
pellant purity or the quality of vacuum chamber tight-
ness. So these additional plasma parameters contain ra-
ther useful information for any experiments. The pro-
posed here additional applications of Langmuir probes
can be considered as quite practical diagnostic tech-
nique because plasmas close to a Maxwellian substance
are used in numerous technological or thruster devices.

The obtained here radial distributions of ion cur-
rent density to a wall under floating potential can be
considered as rather important information for prelimi-
nary calculations of geometry, forms and dimensions of
accelerating IEG cells. The present experiment was car-
ried out without IEG electrodes because here only
physical parameters and the technical shape of the in-
ductive device were studied. It showed that the present
thruster model of a convenient design provided rather
uniform plasma near the extraction IEG electrode with
jir spread in the limits not wider than +20% and with
rather high energy efficiency up to 0.88 which were the
result of a plane antenna coil with ferrite core applica-
tion. Comparison with probe diagnostics data [18]
showed that these characteristics do not represent the
upper limit of plasma uniformity but all the same they
noticeably exceeded qualities of previously tested
thruster models [23] so that the studied here apparatus
can be considered as an effective prospect for such de-
vices of new generation.

7. Conclusions

1. Integral diagnostics of ICP devices was done
deeper and more effective in comparison with previous
similar technique. Its protection by the patent [2] means
that this technical decision exceeded global level.

2. Three novel methods of Langmuir probe diag-
nostics have been proposed, all of them having practi-
cal importance: a) reduction of measurement errors for
probes having bare protective shields; b) measurements
of probe sheath thicknesses and mean ion mass in Max-
wellian plasmas; c) evaluation of ion current density to
a wall under floating potential using movable plane by-
wall probe simulator.

3. The proposed corrections of measurement re-
sults using probes with bare protective shields were re-
alized in inductive xenon plasma of low pressure (2
mTorr) at Pi, = 50-200 W using radially movable
straight cylindrical probe.

4. In the special experiment with known xenon ion
mass it was determined that for a cylindrical probe at
Pin = 100-200 W the Bohm coefficient was equal to
CBCyI:0-745-

5. Plasma beside the plane by-wall probe simula-
tor turned out to be a non-Maxwellian substance where
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ion current density to this probe under a floating poten-
tial could be evaluated only by linear extrapolations of
ion branches of semi-logarithmic probe VACs.

6. The obtained data on radial distributions of ion
current density to the extraction electrode of the ion
thruster model showed that this model of low aspect ra-
tio with planar antenna coil with ferrite core can be con-
sidered as a promising prospect for thrusters of the next
generation due to simplified and compact construction
design of the model, its rather high energy efficiency,
and reasonably uniform radial plasma distribution with
possible future improvement.
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