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About the journal

The International Scientific Periodical Journal "Modern Engineering and Innovative Technologies" has been published since
2017 and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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Abstract. A method is proposed to improve the efficiency of the information system for the
safe operation of building protection. Methods of non-parametric correlation and regression for
assessment of the system of diagnostics of technical condition of complex safety of buildings are
considered. The received recommendations allow to ensure long-term and reliable safe operation of
buildings by means of timely forecasting and use of models and methods to increase efficiency of
information system of diagnostics of technical safety of buildings.

Keywords: information system, improvement of efficiency, diagnostics, technical condition,
complex security, protection.

Introduction.

Diagnostics of the technical condition of complex safety of buildings is
highlighted as an important area of construction production. The volume of this type
of work is increasing due to the physical and moral wear of buildings, equipment and
reconstruction of enterprises, the activation of new construction in areas of old
development, the reconstruction of low-rise buildings, higher prices and changes in
property ownership.

Assessing the technical state of complex building safety is one of the most
difficult tasks in the market of intelligent assessment and decision-making systems.
The difficulty lies in a large number of factors that influence the assessment, which
are quite difficult to formalize. The task of diagnosing the technical state of complex
safety of buildings is solved by experts using linear methods of statistical analysis.

Information support would help to improve the efficiency of the survey process
and reduce the risk of biased decision-making, thus resolving questions on the
processing of survey materials. Of course, experts will make the final decision, but
the presence of an information system for integrated security of management
buildings will increase the professional level of making such decisions.

Analysis of literature data.

Scientific sources were studied on the study of theoretical foundations for the
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construction of information technologies for diagnosing complex technical systems
and analytical support for their functioning, obtained by famous domestic scientists,
lack of a unified methodology for building an information system for diagnosing the
technical state of complex safety of buildings; Lack of models and methods for
improving the efficiency of integrated building safety that would enable the effective
operation of information systems for diagnosing the technical state of buildings
safety, to ensure high accuracy of decision-making regarding their condition; the
absence of a single information database that would make it possible to compare the
results of diagnostics of the technical state of safety of buildings, observe the
dynamics of aging, and systematize conclusions about their condition. Therefore, the
solution of these tasks is relevant and makes it possible to ensure long-term and
reliable safe operation of buildings by timely forecasting and using models and
methods to increase the efficiency of the information system for diagnosing the
technical state of safety of buildings [1, 2].

Ensuring long-term and reliable operation of buildings due to timely forecasting
and use of information system for diagnostics of their technical condition of complex
safety of buildings is an urgent theoretical and technical and economic problem,
which requires application of effective solutions at all stages of life cycle of buildings

13].

This approach can find practical application in organizations that maintain the
operability of the state of complex building safety.

Purpose and objectives of the study.

The purpose of the research is to develop an information system for improving
the efficiency of the system of diagnostics of the technical condition of buildings,
which will improve the efficiency of the survey process and improve the quality of
decision-making regarding the safe and reliable operation of buildings.

To achieve the goal of work to analyze the current state of the problem of using
information systems to improve the level of security of buildings. The main tasks are
identified and the choice of ways to solve them is carried out. On the basis of which
the methods of non-parametric correlation and regression are developed to evaluate
the system of diagnostics of technical condition of complex safety of buildings [4, 5].

Methods of non-parametric correlation and regression for assessment of the
system of diagnostics of technical condition of complex security of buildings.

Note some properties of ordinal statistics used in further constructions [4, 6].

Let the distribution function F(x), considered by the general population, be
continuous almost everywhere. The sample elements from this general set x, x,..., X,
are obtained as sequential values of the measured time series of any parameter. by
changing the original location of these elements according to their growth (or
decline), we get the series: x;<x,<...<x.

In this case, elements x; represent i are order statistics in the sample of the
volume n from the general population. In such an approach, the general population is
a complex of random variables.

Using rank theory to recognize a change in the dynamogram is convenient in
that this approach avoids the difficulties associated with constructing an objective
scale of absolute load values, since this parameter is significantly variable.
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In the following constructions, the rank of measurement is understood to mean
the number R(Fj), which acquires this measurement in an order of growth of a

number of values at k<i<k+n, where n — is the sample size. Kendel showed that when
n=1n

analyzing dependence, it is convenient to use statistics S(n) = > >.5;;:
i=1-1

lat F; > F,
—lat F; < F,

where F;, F; — measurements by time series of voltage, j<N.
Rank correlation coefficient

e 28(n)
n(n—1)
allows you to draw conclusions about the degree of monotonicity of a dependency

F(?).

At /=1, monotonic values grow, k=-1 characterizes a monotonic drop.

A series based on the use of information system databases, considered as time
series, showed that in most cases these series are characterized by a whole set of
characteristic local extremes of the function F=F(¢). This violates the monotonicity
condition of the function defined by Kendall statistics [5, 7].

In non-parametric correlation methods, there are two groups of related
observations X=(x;..., x,,) and Y=(u;..., u,).

If there are doubts about the applicability of the Gaussian distribution model
(and they are, in most cases, unsubstantiated), then some alternatives to the least
squares method can be used to estimate the relationship between Y and X variables.
The real content of these measurements is the order in which objects are constructed
by the degrees of severity of the measured feature. The ordinal number in such a
sorted list is called its rank [8, 9].

It 1s necessary to assess the degree of influence of sign X on the degree of
severity of response Y. If there is no such influence, then a fair zero hypothesis Hy
about the independence of ordinal signs. The solution to this problem is sought based
on the measurement ranks.

We describe the mathematical setting of the problem.

Let each i-th dimension be assigned a pair of natural numbers (7, s1), where | —
is the rank x; among the numbers (xj, ..., x), and s; — is the rank y; among the
numbers (1, ..., Vm). At the same time, we assume that there are no repeating values
among the series of numbers X and Y, so the transition to the ranks of questions does
not cause.

If the features X and Y are interconnected, then the sequence of ranks r, 7, ...,
rn affects the rank sequence si, 52, ..., Su; otherwise, the order among Y is random
with respect to the order among X. Therefore, the central point of discussion of the
hypothesis of Hj is to estimate how much the ranks sy, s, ..., 5, are exactly possible
(that is, exactly probable) with any order of numbers 7, 72, ..., r». The second
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important point is the choice of the measure of similarity of two sets of ranks [10,
11].

A rank correlation coefficient based on the fact that the proximity of these two
series of numbers reflects the value:

S=Y (-5
i=1

which varies from 0 if the sequences are completely identical, to

m3—m

3

when the rank sequences are completely opposite.
Normalized to maximum value, Spearman rank correlation coefficient
6S
pP= 1- 3

m’ —m
varies from +1 up to -1 and accepts the extreme values in case of full predictability of
one rank sequence on another. Note that the value of S does not depend on either the
first sequence number or the sort order.

Another rank correlation coefficient, known after M. Kendall's work, as a
measure of similarity between two rankings uses the minimum number of
permutations that must be made between neighboring objects in order to turn one
ordering of objects into another.

The Kendall K statistics are calculated as follows. Related observations are built
in order of X sign growth and its rank s; is determined for each yi value. On the
sequence of ranks s, s2, ..., Su, the number of inversions is determined, that is,
violations of the sequence order. For example, with m=4 and a sequence of ranks {4,
3, 1, 2}, we have the number of inversions (the essence is Kendall statistics)
K=3+2=5, where 3 — is the number of inversions for the number 3 and 2 — is the
number of inversions for the number 3. The least possible value of K=0 is obtained
with a complete match of rank sequences, most K =m(m—1)/2 of all with their

complete opposite.

The Kendall rank correlation coefficient is a statistic normalized to its maximum
and varies within the same limits as the Spearman correlation coefficient:

4k
m(m—1)

Kendall's t statistics are equivalent to p Spearman's both in capacity and in
fulfilling basic assumptions. Usually, however, the numerical values p of Spearman
and 1 Kendall are different, because they differ both in internal logic and in the way
of calculus. More importantly, the Kendall and Spearman statistics have different
interpretations: if the Spearman correlation coefficient can be considered as a direct
analogue of the Pearson correlation coefficient calculated by ranks, then Kendall
statistics are rather based on probability calculations (expressed more accurately, the
presence of differences between the probability of closely spaced observed data for
two quantities is checked).

If the data has many matching values, then it is better to use the third rank

T=1-
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statistics t-criterion that, according to interpretation and calculations, is equivalent to
Kendall statistics, except that matches are explicitly taken into account in rationing.
In short, t is the difference between the probability that the rank order of two
variables coincides, minus the probability that it does not coincide, divided by one
minus the probability of coincidences.

To check the assumption that there is no connection between the features, you
need to calculate the sample value of any rank correlation coefficient and compare it
with the critical value for a given significance level. The null hypothesis H, should be
rejected if the value of the coefficients T or p modulo obtained in the experience
exceeds the critical one.

Critical values of rank criteria can be found from tables, or calculated from
approximate formulas, which are based on the fact that at Hy and with increase m

Om(m+1)

distribution of random variables p=+m—-1 and 1=
2(2m+5)

asymptotically
approaches the standard normal law N(0, 1).

Binding tables allow you to measure connections between crosstabulatory
variables.

The relationships observed in practice are much weaker, and therefore the
question arises: how to measure the connections between tabulated variables and
assess their reliability (statistical significance). The most general communication
measures between two categorized variables are discussed.

Pearson's X;-square is the simplest criterion for checking the significance of the
relationship between two variables. The Pearson criterion is based on the fact that in
the two-way table, the expected frequencies in the hypothesis "there is no
dependency between variables" can be calculated directly.

The value of the X;-square statistics and its level of significance depends on the
total number of observations and the number of cells in the table. Relatively small
deviations of the observed frequencies from the expected ones will prove significant
if the number of observations is large.

here is only one significant limitation to the use of the X;-square criterion (other
than the obvious assumption of random selection of observations), which is that the
expected frequencies should not be very small. This is due to the fact that the X;-
square criterion by its nature checks the probabilities in each cell; and if the expected
frequencies in the cells become small, for example, less than 5, then these
probabilities cannot be estimated with sufficient accuracy using the available
frequencies.

The maximum likelihood of a X;-square is intended to test the same conjunction
hypothesis in conjugate tables as the Pearson X;-square criterion. However, its
calculation is based on the maximum likelthood method. In practice, X;-square
statistics are very close to the usual Pearson X;-square statistics.

The approximation of the X-square statistics for 2x2 tables with a small number
of observations in cells can be improved by reducing the absolute value of the
difference between expected and observable frequencies by 0,5 before being squared
(the so-called Yets amendment). The Yets amendment, which makes the estimate
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more moderate, is usually applied in cases where the tables contain only low
frequencies, for example, when some expected frequencies become less than 10.

The exact Fischer criterion can only be applied to 2x2 tables. The criterion is
based on the following reasoning. Given marginal frequencies in the table, assume
that both tabulated variables are independent. Let's ask: how likely is it to obtain the
observed frequencies in the table, based on the given marginal? It turns out that this
probability is calculated accurately by counting all the tables that can be constructed
based on marginal. Thus, the Fischer criterion calculates the exact probability of the
occurrence of observed frequencies under the null hypothesis (no connection between
tabulated variables).

McNemar's X;-square is applied when the frequencies in the 2x2 table represent
dependent samples. For example, observations of the same individuals before and
after the experiment. In particular, you can calculate the number of students who have
minimal math performance at the beginning and end of the semester or the preference
of the same respondents before and after advertising. Two X;-squared values are
calculated: A/D and B/C. A/D Xi-squared tests the hypothesis that the frequencies in
cells 4 and D (upper left, lower right) are the same. B/C X;-square tests the conjecture
about the equality of frequencies in cells B and C (upper right, lower left).

A Fi-square represents a measure of the relationship between two variables in a
2x2 table. Its values vary from 0 (no dependence between variables; X;-square = 0,0
to 1 (absolute dependence between two factors in the table).

The conjugate coefficient is a statistically-based X;-square measure of feature
relation in the conjugate table (proposed by Pearson). The advantage of this
coefficient over ordinary X;-square statistics is that it is easier to interpret, ie. its range
of change is in the interval from 0 to 1 (where 0 corresponds to the case of feature
independence in the table, and the increase in the coefficient shows an increase in the
degree of connection). The disadvantage of the conjugate coefficient is that its
maximum value "depends" on the size of the table. This coefficient can only reach 1
if the number of classes is not limited.

Interpretation of communication measures. A significant disadvantage of
communication measures is associated with the difficulties of interpreting them in
ordinary terms of probability or "fraction of explained variation," as in the case of the
Pearson correlation coefficient. Therefore, there is no one generally accepted measure
or coefficient of communication.

In many problems that arise in practice, we have measurements only in an
ordinal scale. This especially applies to measurements in the field of psychology,
sociology and other disciplines related to the study of a person. Suppose you have
interviewed a certain number of respondents in order to find out their attitude to
certain sports. You represent measurements in a scale with the following positions:
(1) always, (2) usually, (3) sometimes and (4) never. Obviously, the answer is
sometimes interesting shows less interest of the respondent than the answer is usually
interested, etc. Thus, it is possible to sort (rank) the degree of interest of the
respondents. This is a typical example of an ordinal scale. For variables measured in
an ordinal scale, there are types of correlation that allow you to estimate
dependencies [12].
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Discussion of the results of the study on methods of improving the efficiency
of the information system for safe building management.

Analysis of the measurement results shows that for a fairly long period of time
the location of local extremes on the dynamogram remains unchanged, although in
the time intervals between the coordinates of these extremes there are quite
significant variations in stresses.

However, over time, the technical condition of the building changes, which, as a
result, is accompanied by a change in the type of dynamogram and the coordinates of
the corresponding local extremes. Aging of buildings can be characterized by a
temporary vector of stable direction. As a result, it can be assumed that the second-
order Kendel statistics will undergo changes with the deterioration of the technical
condition of the building.

Analysis of these results shows that the prediction of changes in the technical
condition of buildings by only one parameter is not reliable. On the contrary, the
change in the k, parameter — Kendel statistics characterizes all stages of building
operation and changes in the mode characteristics of their operation.

Analysis of the research results shows that parameter k, is a very sensitive
indicator characterizing the change in the level of technical condition of buildings.

Note that the boundary value &, separating one characteristic state of the bearing
structure from another is k4,=0.5.

Thus, the second-order Kendel statistics can serve as a diagnostic criterion for
making judgments of the "yes"/"no" type about the level of technical safety of
building operation.

Conclusions.

1. Studies show that high variability of measurement values and changes in the
conditions surrounding buildings do not allow reliable comparisons of measured
values suitable for expert assessment of changes in the technical state of buildings.

2. The value of the voltage, which is characterized by a high level of noise, is
usefully processed using the methods of the theory of ordinal statistics, which allow
to process data without constructing scales of absolute estimates. To determine the
level of operational safety of buildings, a point estimate can be used — the second-
order Kendel rank correlation coefficient, the change in the value of which to a
critical value of £,=0,5 indicates a change in the threshold level of safe operation of
the facility.

3. Boundaries have been defined and prospects for the application of the
proposed methods for improving the efficiency of the information system for
integrated building security have been described. The result is methodological
recommendations for improving and modernizing the operating algorithms of
existing information systems for complex building security.

4. The results of the work are the basis for further scientific research in the
direction of deepening the means of intellectualizing the processes of increasing the
efficiency of the information system for diagnosing the technical state of complex
building safety.
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Annomauusn. Ilpeonacaemcs memoo, C6s3auHbLIL ¢ NoOSbluleHUeM 3hhexmusHocmu
UHGOPMAYUOHHOU cucmembl Oe30NACHOU IKCHIyamayuu 3auumol 30anutl. Paccmompenvt memoowt
HenapamempuyecKkoll Koppenayuy u peepeccust Ok OYEHKU CUCTIEeMbl OUACHOCTIUKU MEXHUYECKO20
COCMOsAHUSL  KOMNAEKCHOU bOe3onacnocmu  30anuil. Tlonyuennvle pexomeHOayuu no380Js510m
NOLYYUNMb B03MONCHOCb 0becnedenst 001208PEMEHHOU U HAOEHCHOU Oe30NACHOU IKCNILyamayuu
30aHULl 3G CYEM CBOEBPEMEHHO20 NPOSHO3UPOBAHUS U UCHONb306AHU MoOeNell U Memooos
nosvluienus  d¢ghexmusHocmu  UHGOPMAYUOHHOU — cucmemvl — OUACHOCMUKU — MEXHUYECKOU
bezonacrocmu 30anuil.
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Anomauia. Y cmammi po3ensaHymo 0OuH i3 20108HUX MPEHOI8 V 1ocicmuyi - yugposizayisi.
Lughposizayis - nepemeopenns hizuunux oanux y yugposy gopmy nodauHs, nodioHUl npoyec
CKOPOUYE 8UPOOHUYT 8UMpPaAmMu, d MAKONC CHPUYUHSAIOMb NOS8Y HOBUX MONCIUBOCMEU Ol KOMNAHI.
YV wupwomy cenci yugpogizayis HeobXioHo pozenioamu K GeKmOop C8imo8020 pPO3GUNIK).
Ipuuunoro yvoeo € me, wo yu@posizayis 0Xonae 6Ci 6UOU OIAILHOCMI TIOOUHU, NOYUHAIOYU G610
nobymy ma 3aKiHuyiouu Haykoio ma eupooruymeom. OOHum i3 iHcmpymenmis yughposizayii €
RFID. V cmammi nposedeHo cmpameciunuili aHaniz IHHOBAYIUHOI MEXHON02I 3a O00NOMO20I0
SWOT-ananizy. Taxuii ananiz cucmemamu3sye iHghopmayio npo MexHoa02il0 Ma HAOYHO 6KA3YE HA
ii nepesacu ma nHeodoiKu.

Knrwowuoei cnosa: RFID, innosayii, n10cicmuka, asmomamusayis, cKiao, cmpameidvHuil aHanis,
SWOT-ananiz, loT.

Beryn. Po3sutok IT-Texnonoriit y 21 cTomiTTi Cipu4rHUB NOSABY TepMiHy «Big
Data», 1m0 o3Hauae BeNMYE3HY KUIBKICTh PI3HUX JaHuX. B ocHOBHOMY moni0OH1 0a3u
JaHUX CKJIQJal0ThCcsl 3  HECTpykTypoBaHoi iH(popmauii. Taka iHpopmaris
3HAXOJIUThCS HA KOXKHOMY MIANPUEMCTBI. BoHa Moxke MICTUTH y OOl KUIbKICHI
MOKA3HWKH, HAMpPHUKIAJ, KUIbKICTh MPOAYKLIi, L0 BHUITyCKa€ThCs, ab0 TOBapHO-
MaTtepiaabHUX MIHHOCTEH. JIJ11 KepyBaHHS TaKOIO KUTBKICTIO JaHUX PO3POOIISIOTHCS i
BIIPOBA/KYIOTHCS HOB1 TEXHOJIOTIT Ta METOIU 300py Ta YNpPaBIIIHHS JaHUMHU.

AHaJIi3 OCTAaHHIX HAYKOBHMX JOCJHiKeHb I myOJuikaunid. B manuii yac crae
BOXJIMBUM BIJICTEKYBaTH MICII€ PO3TAIlyBaHHsS BaHTAXYy IiJ 9ac TPaHCIOPTYBAHHS
aKoMora TouHime. Y 3B'\I3Ky 3 1uM, B crtarti A. Moxammena i1 K. Bana
PO3pO0IISIETHCSL OaraTOKpUTEpiiitHa MOAENb JJIsl TPOSKTYBAHHS JIAHIIFOKKA TTOCTaBOK 3
BuKopucTaHHsIM TexHosorii RFID. Taka TexHomoris Moxke OyTH BUKOpPHUCTaHA st
ONTHMI3AIlil MPOJOBOJIHLYOTO JIAHIFOTA TMOCTABOK, OCKIJIBKHA BOHA JO3BOJIIE TOYHO
KOHTPOJIIOBATH MICIIE pO3TalllyBaHHS BaHTAXKy IO BChOMY MapiipyTy. [1]

Metow poboru € BusHaueHHs BIMBY RFID Tta Texnomoriéi loT (intepHer
peudeii) Ha JTOTICTHYHI MATIPUEMCTBA.

Bukiiax ocCHOBHHX pe3yabTaTiB A0cailxHHA. KiltouoBUM eneMeHToM poboTH
aBTOMATU30BaHUX cHcTeMax 300py Ta BiacTtexxkeHHs manux € [oT. TonoBHOIO
MepeBarol0 1€l CUCTEMU € 3B'S30K peayibHUX 00'€KTIB 13 0a3zaMu JaHUX Yy MEpexi
InTepuer. 3aBasku po3Butky loT, miampueMcTBa, MO 3aliMarOThCA JIOTICTHUKOIO,
MalOTh BEJIMKUN MacHB IaHUX, KU MOTPiOHO BUKOPHUCTOBYBATH.

OngHuM 13 HAWroJIOBHIIIMX TPEHIIB HE TUIBKM B JIOTICTHII, a W y I1HIIUX
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CerMeHTax eKoHOMiku € — mudponizaiis. Lleit mporec y pa3u miaBUILY€E MBUIAKICTh
Ta CTIMKICTh YCIX OMEpalliil y paMKax JIaHII0’KKa MOCTa4aHHs Ta 30epiraHHs TOBapiB.
[TinnpuemcTBa 1 nudpoBizalii cBOiX MPOIECIiB MOBUHHI MEepeopraHizyBaTH cami
JAHIIOKKK TIOCTaBOK, OCKUIBKM 3BHYailHE BUKOPUCTAHHS HE JacThb Oa)kaHOi
€(EeKTHUBHOCTI.

JupeKTop, KepiBHUK NPAKTUKU KOHCYJIbTaliiHuX nociyr kommnanii AIIK, PwC
y Pocii Biktopis ['mo6a onucana maitoytHe miudposizarii [2]:

1. XMapHi TeXHOJIOT1i BXK€ CTBOPIOIOTH ITU(MPOBY 1HPPACTPYKTYPY 3MiH.

3a pganumu Gartner, 10 2022 poky Ouibmie mnojoBUHU (Oau3bko 60%)
JIOTICTUYHUX KOMITaHI# BUKOPHUCTOBYBATUMYTh XMapHi MOCIYTH ayTCOPCHHTOBHUX
koMmmanii. [TomiOHI cepBicM MO3BOJIATH BIACTEXKYBAaTH B PEKHUMI OHJIAMH BEIUKI
MacWBM JIaHWX Ta BHPINIYBaTH BaXKJIWBI 3aBJaHHS MPOTATOM BCHOTO >KUTTEBOTO
[UKITy JIAHIIOTa TMOCTaBOK, HAMPHKIIAJ PEryJIOBAaTH CKIIAJICHKI MOTYKHOCTI. Takox
BBAXKAEThCS, IO LHUQPOBI3aIis M030aBUTh HEOOXITHOCTI Y BEIMKHUX (PI3MUHHX
1H(ppacTpyKTypax.

2. Texunouoris 5G yMOXKIIMBIIIOE peatizallito norexmiany "big data".

Peanizamiss motenmiany «big data» 3HM3UTH YacTKy I1HTYITUBHUX PIIIEHb Ha
KOPUCTh PpillleHb, 3acHOBaHMX Ha (akTax. MOXKIMBO, CTpaTEeTiyHUN aHami3
3MICTUTBCSL Y CTOPOHY BIJICTEKEHHS MIKPOTPEHIIB y JWHAMIIll Ta CBOEYACHE
pearyBaHHs Ha HHX. Take pillleHHS COpPSMOBaHE Ha TMepeBaru CIOKUBA4YiB Ta
BOJIATWJIbHICTh PUHKY.

3. Texunonoris IoT mniABUIIMTE TPO30PICTH JIAHLIOKKA IOCTAaYaHHS Ta
J03BOJINTH 3BECTU PYYHE KEPYBaHHS O MIHIMYMY.

3a nporHo3amu BropoBamkeHHda [oT y morictuky no 2025 poky pacthb
ekoHOMIYHMI epekT 9 mupa. non. CILIA. [HTepHeT-pedeit 703BOJIUTh KOHTPOIIOBATH
3amacy Ta BIJICTEXKYBAaTH MOCTABKH B PEXHMI PeaIbHOrO yacy. BapiaHT TEXHIYHOro
pIIICHHST — JATYMKH, K1 BIJICTEKYIOTh 3HOIIYBAHHS O0JIaHAHHS Ta TMOBIIOMIISIOTH
PO MOXJIMBY MOJOMKY.

4. PobGotm3aris 3abe3neuuTh Oi3HECY CYTTEBY €KOHOMIIO, a JIOCTaBKa CTaHE
O1JIBIII IBUJKOIO T THYYKOIO.

PoGoTn imeanbHO WIAXOASATH Uil TIOBTOPIOBAHUX PYTUHHHX —OIEparlii:
COpPTYBaHHs, MIIPAXyHOK, HpI/II/IMaHH}I Ta HepeHeCGHHH TOBapIB SIK yCEPEAMHI CKIIaly,
Tak 1 Ha erami AocTaBku "ocTaHHbOi Mumi". Ha puHKY Bxke € yCHIIIHI MPUKIATU
pobotu3zaiii. [Ipumipom, BHpPOBAKEHHS 80 THUC. POOOTIB y 25 po3mOAUTEYUX
HeHTpax gomnomorin Amazon ckopotutd Ha 20% omepalliiiHi BUTPATH 1 JOCSTTH
3aranbHOi ekoHoMiT 22 MiH noi1. CLIA Ha pik.

5. BopoBamKeHHS TEXHOJIOTi OJIOKYEeHH 3a0e3neynTh HEOOXIAHUN piBEHb
PO30POCTI HAa BChOMY JIAHIIOKKY TTOCTABOK.

JloBipa 1 mPO30pICTh ISl HACKPI3HUX JIAHITIOKKIB TOCTAaBOK 3HAXOMISITh
3pOCTaroyy ILIHHICTh. YYacTh BEJIUKOI KUIBKOCTI PIBHONPABHUX CTOPIH y CKJIAJHIN
MYJIbTUMOJIAJIbHOT ~ JIOTICTUKM ~ YHEMOJKJIUBIIIOE  Mepefady  KOHTPOJbHUX 1
peryioounx (QyHKIIM SKOMych OAHOMY YyudacHUMKY. Ha 0a3i OyiokueiiHy Bike
YCIIIIHO ONEPYITh CHUIBHOTH HAWOUIBIIMX TMOPTIB CBITY. AJIMIHICTpaIlli,
MEepeBI3HUKH, CyaHOIUIaBHI  JiHli, 3PL-onmeparopu, ekcneauTtopu  CHUIBHO
BUKOPHUCTOBYIOTh TMJIaTGopMy /s BEIEHHS Omepaiid Ta HaJaHHSA TMOCIyr Ta
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1H(opMallii KJIi€eHTaM y peaJbHOMY Yaci.

Omnwucani nofii MOKa3ylTh T€, YOTO MOKHA JOCSTTH, BMIJIO ONEPYIOYU MAaCUBOM
AaHuX. SIKIIO aHaji3yBaTH MOTOYHUN CTaH CIpaB HAa POCIMCHKHUX MiAMPHEMCTBAX,
MOB'I3aHUX 3 MPOJIOBOJILCTBOM, JI€ JIOTICTHKA BIJIIpa€ Ba)JIMBY poOJib, TO OLUIbIIE
MOJIOBUHH BTPATH MPOAYKLII — MPOCTPOUEHA MPOTYKLIIS.

BinOyBaeTbcsa moaiOHe yepe3 BETMKUN TOBApOOOIr Ta MOCTIHHOTO MPHUILIUBY
OPOAYKIIil, KOMIaHli MiJBUIIYIOYH MPOAYKTUBHICTh 3aHAATO IIBHJKO 3allOBHIOIOTH
CKJIaJId TOTOBOT mpoaykIli. be3 cucrtemarusarii abo aBTomMaTu3allli npoojaeMaTHYHO
BU3HAYUTH JI€ PO3TAIIOBYETHCA MPOAYKIS 3 BHUXIIHUM TEPMIHOM MPHUIATHOCTI.
OTxe, Mpu pydyHOMY cCHocoOl 1HBEHTapu3allli Ta IHIIUX MPOLECIB JIIOJMHA MOXE
3a0yTH YM TPOIMYCTUTH MOMEHT, KOJIM MOTPIOHO BIAMPABUTH MPOAYKIII UM CIUCATH.
[Hakie kaxxyuu, BiiOyBa€eThCs 3pOCTaHHS HENIKBIIHUX aKTHUBIB.

BupimieHHaM noai0HOI Ta 1HIIMX MOXJIMBUX MpodiieM ciyxarb RFID —
texHosorii. RFID (anrn. Radio Frequency IDentification) - cmoci®6 aBTOMaTH4HO1
imeHTudikaii 00'eKTiB, B SKOMY 3a JOIMOMOTOI0 PalOCUTHANIIB 3YUTYIOThCA abo
3aMUCYIOThCS JlaHi, M0 30epiraloThCsi B TaK 3BaHUX TpaHcroHaepax, abo RFID-
MiTku. bygap-sika RFID-cuctema ckimamaeTscss 31 3UMTYBajJbHOTO MPHUCTPOIO Ta
Tpancnonaepa (BiH xe RFID-mitka, iHO1 Takox 3acTocoByeTbes TepMin RFID-Ter).

Cucremu paaioyacTOTHOI i7eHTHdIKAIT BUKOPUCTOBYIOTHCS CHOTOJHI Yy
pO3ApiOHMX MarasMHax. IX 3aBJaHHA - KOHTPOJIOBAaTH mepeMmimenHs TMII,
KOHKPETHIILIE MITOK, SIKI pO3TalIOBYIOThCA Ha yoMych. RFID-cuctemu 103BOJSIOTH
KOMIPHHKY BHU3HAYUTH HIBUAKO 1 TOYHO XapaKTEPUCTHKU KOHKPETHOTO TOBapy, SKi
3aHOCSITHCS IT1/] YaC HAHECEHHS MITKH 3 BUPOOHUIITBA.

YV pamkax xkouuenmii Industry 4.0 BBaxaetrwbcs, mo RFID-texHosorii €
KJIIFOYOBUMU B 4YEeTBEpPTIM mpomucioBiii peBomtomii. [3] Teszamu Takoi 3asaBu
BBAXKAIOTHCA:

RFID-texHoMOrii MOXYTh HIMPOKO 3aCTOCOBYBATHCS HAa BUPOOHHUIITBI, SIK
HanucaHo Buie. Kpim 30epirans iHopmarliii mpo ToBap Ta 1HII XapaKTEePUCTUKH,
TEXHOJIOTISI 3aCTOCOBYEThCS B KiOep-(pI3MYHUX CHCTeMaxX pO3Ii3HABaHHS PI3HUX
IHCTPYMEHTIB, JONOMAararouud Ipu ckiagaHHi BHpoOiB. RFID-texHosorii MoXyTh
BumBatd Ha PLM-cuctemn (Product Lifecycle Management), mnepenarouu
Oe3mocepelHbO JaHi Mpo MpoaykT y cucreMy RFID 3aGesneuye mpo3opicTh
JIAHITIOT1B MMOCTAaYaHHs, CKJIaJIaHHs Ta HIIUX TEXHOJIOTTYHUX MPOIIECIB.

Hpyrum € nomuperHs RFID-cuctem y norictuku. 1'010BHUM 3aCTOCYBaHHSIM €
mBUAKA 11eHTU(IKALIS TPOAYKTY JJis HampaBlIeHHS HOro 10 3aMOBHUKA 3a
yHiKaasHUMH MapipyTamu. Tak, RFID-TexHonorii BigkpuBatOTh HOBI MOXJIUBOCTI 3
aBToMaru3amii JsorictuyHux mnocayr. [lpum cuuTesi Il (wTyunuit iHTEnexT) Ta
NoI0HUX PIlIEHh MOXHA CTBOPIOBATH MOBHICTIO aBTOHOMHI JIOTICTUYHI KOMIUIEKCH.
Jlo1aTKOBO /10 MM 3aCTOCYBaHHSM Y JIOTICTHII € JIOBIYHA MpoOJieMa 3aMOBHHKA —
HEB1JIOMO, Ha SIKOMY €Talll 3HaXOJMThCS 3aMOBJICHUN NpOoAyKT. [Ipu BnpoBamkeHHI
RFID 3'aBisieThcss MOMUIMBICTH SK MIHIMYM 1HAMBIIyaJdbHO BIJACTEXKYBaTU CTaH
TOBApy Ha BCIX €Tarax oro >KUTTEBOTO LUKITY.

OcTtaHHIM 13 TPHOX HANPSIMKIB € OOCIYroBYBaHHS Ta MIATPUMKA BHUITYIICHOI
npoaykiii. [ToaiOHi mponecu 3abe3neuyroThess RFID-mapkyBaHHSIM, Tak SIK BOHU
MICTSTh y 001 BCIO 1H(OpMAITiI0 PO MPOAYKITO.
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Cmpameziunuti aHaiz mexHonoeii.

Hnsa crpareriunoro anamizy texHojorii RFID 6yne 3actocoBanuit SWOT-
ananiz. SWOT-anani3 1HHOBAaLIMHUX TPOEKTIB, TEXHOJOTIH 4Yu OyAb-AKOi 1HIIOI
JISUTBHOCTI 3@ CBO€IO CYTTIO OAMH 3 HaWBAXKJIMBIIIMX 1HCTPYMEHTIB CTpaTeridyHOi
JIarHOCTUKH. 3a JIOMOMOTOI0 JIOTIYHOTO y3araJlbHEeHHS 310paHuX JaHUX MPO PHHOK,
TEXHOJOTII0 Ta 1HINI YYAaCHUKIB BUKOHYBAHOi JiSUIBHOCTI, SK 3OBHIIIHIX, TaK 1
BHYTPIIIHIX, MO’KHA MIO3HAYUTHA MOMJIMBOCTI KOMIMAHIT IPH 3A1MCHEHH] TUX Y THIITNX
T, HANpUKIaJ, HOBI MOMJIMBOCTI MIAMPUEMCTBA 3 BIPOBAKECHHIM OYIb-SIKUX
TEXHOJIOT1H, a TAKOK MOKJIMBI 3arp03u MOAIOHOMY NpoeKTy (Tadmuus 1).

Taoaunda 1 - SWOT-ananiz RFID-cucremu

RFID-cucrema

CwIIbHI CTOPOHU MOKIJIHBOCTI
IlinBUIIIEHHS KOHKYPEHTOCTIPOMOKHOCTI Ta CTBOpeHHS 3arajabHOi 0a3y JaHUX IMiIIMPUEMCTBA,;
NPOIYKTHBHOCTI; 301IbLICHHS TEMIIIB 3pOCTaHHS HiAIPUEMCTBA,;
3HIKCHHS BUTPAT Ta 301IbIICHHS IIBUIKOCTI IligBUIIEHHS CTYIICHS TIPO30POCTi TIIOOAITBHOTO
TOBapoOOOITY; JIAHITIO’KKA TIOCTABOK;
IIpocra Ta mBHUIKa poOOTa 3 TOBAPOOOIrOM; Po3BuTOK TEXHOIOTIH;
CKopoueHHSI KIIBKOCTI ITOMUIIOK Yepe3 3MEHIIICHHS | Y IOCKOHAJICHHS JIAHITFOKKIB TOCTaYaHHS,
BILUIMBY JIFOJCHKOIO (haKTopy; Maii0yTHSI CHHEPTisl MK TEXHOJIOTISIMH.

BincyTtHicTs manepoBoi npaiii;
Y nockoHalleHHi Tpoliec 300py JaHuX;
[Tosiea HOBUX mpodeciii Ha MiIPUEMCTRI.

CmaGkocTi 3arposu
3MeHIIEeHHS pOO0YHX MICIIb; 3HMKEHHS piBHS O€3MEeKH JaHUX MiANPHEMCTBA;
Bucoxka BapricTh cucteMu; [TigBuIIeHHS PiBHS CKIIATHOCTI Oi3HEC-MO/IEITI;
HeoOximHicTh HABYAHHS KaJIPiB; MosxuBe eKpaHyBaHHS ITiJT 9ac PO3MIMIEHHS Ha
JlonaTkoBi BUTPAaTH Ha BUKOPHCTAHHS; METaJeBUX KOHCTPYKIiSIX.
Hecraua HeoOXigHUX HABUYOK.
Aemopcovka po3pobka

Ha migcraBi SWOT-ananizy (tabmuns 1) cknagaersbes matpuist SWOT-ananizy
(Tabnuis 2):

Taoauus 2 - Matpuusa SWOT-anadi3y
CwtbHI cTOPOHH+MOMIIMBOCTI CrabkocTi+MOKIHBOCTI
Bucoka mpo3opicTh TOBapooOiry, 3 OTpHMaHHSIM | 3HIDKCHHS BHTPAT Ha BUIUIATY CHIBPOOITHUKAM
MOBHOI Ta oOIepaTWBHOI iH(OpMaIii, 110 CHpusie | Yepe3 CKOPOUCHHS KaAPiB CKIAy.
3HIDKEHHIO KiJTbKOCTI TOMHUJIOK.

CuItbHI CTOpPOHU+3arpo3n CnabkocTti+3arposn
CtBOpeHHs BiIIiTy Kibepbe3nekn 3pocTaHHs BUTpaT Ha HABYAHHS KaJIpiB
Asmopcovka po3pobka
BucHoBkwu.

OmHuM 13 TOJIOBHUM 3aBJaHHSAM JIOTICTHKH OYJIO 1 3aJUIIAETHCS] ONMTUMI3aIlis
Oi3Hec-TpolieciB, MO BiAOYBAaIOThCS Ha MIANPUEMCTBI. JloTicTHKa BH3HAYae Mif
cobor0 Te, MO Oyab-SIKUW TIpollec Ma€ BiAOYBAaTUCS MaKCUMAJIbHO IIBUIKO,
0e3meuHo, SIKICHO Ta mpaBmiibHO. CydyacHI TEXHOJIOTIi JO3BOJIAIOTH CKOPOTUTH 4Yac
HEOOXITHMM Ha J0CTaBKy, 30epiranHs Ta oOpoOky TMILl. 3 BuKOpUCTaHHAM
aBTOMaTU30BaHMX cucteM, Hanpukiany RFID, posrnsHyre B 11 poOoTi,
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3MEHIIYIOThCSI BUTPATH Ta BTPATH (TICyBaHHs) BAHTaXIB.
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Abstract. The article considers one of the main trends in logistics - digitalization. Digitization
- the conversion of physical data into a digital form of presentation, such a process reduces
production costs, as well as creating new opportunities for the company. In a broader sense,
digitalization must be seen as a vector of world development. The reason for this is that
digitalization covers all types of human activities, from everyday life to science and production.
One of the tools of digitization is RFID. The article analyzes the strategic analysis of innovative
technology using SWOT-analysis. This analysis systematizes information about the technology and
clearly indicates its advantages and disadvantages.
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IMPROVEMENT OF CLASSIFICATION OF SPECIALIZED COMPUTER

NETWORKS FOR HOUSE SUPPORT SYSTEMS
BJIOCKOHAJIEHHSI KJIACU®IKAIII CHEINIAJII3OBAHUX KOMIT'FOTEPHUX
MEPEXK JJ51 CUCTEM KUTTE3ABE3IIEYEHHSA BYAIBEJIb
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Lazoriv A.M. / JIazopiB A.M.
Rizniak A-H.R./ Pizuak A-TI'.P.
Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Karpatska 15, 76019
lsano-Dpankiecokuii HAYIOHATLHUL MEXHIYHUL YHIgGepcumem Hagdmu i 2azy,
lsano-®panxkiscox, Kapnamcvka 15, 76019

Anomauin. byru Oocniddceni cneyianizoeani  Komn'romepHi mepexci 01 cucmem
acummesabesneyenns — Oyoisenv. 3a  pezyibmamamu  OOCHIONCEHHS  OYI0  YOOCKOHANEHO
Kaacugixayito cneyianizosanux KOMR'IomepHux mepesc Oas  cucmem HCUMME3IAOe3neueHHs
byoigenv 3 ypaxysanuam mozo, wo CKM ons konmponio i ynpasninHsa HeequKuUMu cnopyoamu aoo
NPUMIWEHHAMU, MOJNCHA po30inumu Ha 0ea euou: 3akpumi CKM ma eiokpumi piuenHs (8 momy
yucai Ha 6a3i naamgpopmu Arduino). Yoockonanena knacugixayisi 0onomosice CnodcCusayam,
cneyianicmam ma IHWUM 3ayikaeieHum ocobam euopamu Haubinew 6ionogiony CKM ons
peanizayii ix 3a0ay w000 no6yoosu cucmem “po3ymHuii 6YOUHoOK”.

Knwuosi cnoea: cneyianizosana Komn’iomepHa — mepedcd, HPOMUCTO8A  Mepedicd,
Knacugikayis, pozymuuil 6younox, Arduino, io-homecontrol, Proline 2, X2D.

Berym.

Cucremn xutTe3abe3nedeHHs: OymaiBenb BUPOOISIOTHCS 1 BUKOPUCTOBYIOTHCS 3
kiHi 70-x pokiB XX cromitrsa. [Ipore cmodaTky BOHU Oynu ayKe MOPOTHUMU 1 3
(iHaHCOBOI TOYKH 30pYy iX MOTJIM JTO3BOJUTH COOl TUIBKM OJWHHMIIN. 3 4acoOM TaKi
CUCTEMHU BJOCKOHAIIOBAJIMCS a iX eJeMeHTHa 0a3a cTaBaja JEHIEBIIO 1 BOHH
3HAWUIUIM TIONIMPEHHS Yy BEJIMKUX KOMIIAHISIX 1 B EJITHUX 0ararornoBepXOBUX
Oynuukax. [IpoxonuB yac 1 enemMeHTHa 0a3a TaKuX CHCTEM CTaBalla BCE MEHIIONO 3a
pO3MipaMu 1 JCMICBIIO0 3a 11HO [ 1-4]. B pe3ynbpTari BUIIEBKAa3aHOTO TaKl CUCTEMU
CTaJM JOCTYNMHUMHU JJISI HIMPOKOro KOJja CIOoXuBayiB. barato po3poOHUKIB CHCTEM
KUTT€3a0€3MeUeHHsT Oy/IiBeIb, SKI paHIIIe OPIEHTYBAIUCS TIJIBKH Ha BEIMKHX
KOOPIHOPATUBHUX 3aMOBHHKIB a00 Jy’Ke 3a0e3MedyeHUX NMPUBATHUX KJIIEHTIB CTaId
IIEPEOPIEHTOBYBATH CBIM IMOTJISA] HA HOBHM CEIMEHT PHUHKY, Jie € 0araTo HEeBEIHMKHUX
MPUBATHUX CIIOKUBAYiB CEPEIHBOTO Kjacy. 3MEHIICHHS pPO3MIpIB 1 IHH
MIKPOITPOIIECOPHOT TEXHIKM 3 TapaJebHUM 3MEHINEHHSM iX BapTOCTI CIPHUSIIO
CTBOPEHHIO CHCTEM KOHTPOJIIO Ta VYIPaBIIHHSA HEBEIUKAMU CIHOpyAaMH abo
NPUMIIICHHSIMH Ha 0a3l CIeMmial30BaHMX KOMIT'IOTEPHHX Mepex. Takox
CIIOCTEPIraeThCsl BIPOBAIKEHHS BIAKPUTUX pilieHb B cdepl MmoOyAoBU CHCTEM
“Po3ymHuit 0ynuHoK”. B 3B’s3Ky 3 BUIIIEBKa3aHUM BUHHUKJIA HEOOX1THICTh BpaxyBaTH
OCTaHHI 3MIHU Ha PUHKY CHUCTEM KOHTPOJIIO Ta yNPABIIIHHS HEBEIUKUMHU CIOPYAAMHU
a00 TIPUMIIICHHSIMU Ha 0a31 Creliai30BaHUX KOMIT FOTEPHUX MEPEX Ta 3T1HCHUTH
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YAOCKOHAJEHHS Kiacuikalii crermiaaizoBaHuX KOMITIOTEPHUX MEPEX IJIs CHUCTEM
KUTTE3a0E3MeUCHHS Oy TiBEIb.

OCHOBHHU TEKCT.

B pesynbrari mpoBeneHOTO aHamizy OyJi0 BCTaHOBJIEHO, IO JUIsl KOHTPOJIO i
VOPaBIIHHS HEBEIMKUMHU CHOPyAaMH a00 TPHUMIMICHHIMHA MOKHAa BUKOPHUCTATH
crieriamizoBani mudposi Mepexi i0-homecontrol, Proline 2 ta X2D [5-7].

B tabaumi 1 HaBegeHO pe3ynbTaTH aHami3y XapaKTEPUCTHUK CHEIiali30BaHUX
nudpoBux Mepex io-homecontrol, Proline 2 tTa X2D, ki MOXKHa BUKOPUCTOBYBATH
JUISl KOHTPOJTIO 1 yIIPaBJIiHHS HEBEJIMKUMU CIIOPYAaMu a00 MPUMIIIICHHSIMH.

Ax BugHO 3 Tabnuii 1 cmerianizoBaHi Mepexi 1o-homecontrol, Proline 2 Ta
X2D € 3akputumu. ToOTo, iHDOpMaLIisl TPO HUX BIACYTHS Y BIAKPUTOMY JAOCTYIII.

YcemimHo X 1HTErpyBaTH B €JIMHY CHUCTEMY BHPOOHM BIJ Pi3HUX BUPOOHHKIB,
T03BOJIsi€ BUKOPUCTAHHS TPUHITUIIIB BiIKPUTUX CHUCTEM.

Po3pobutn camocTiiiHuil mpoekT 1 310path MmiJ CBOi MOTpPeOM CHUCTEMY
“po3ymHmMii OynuHOK® Ha 0a3i minatd Arduino 3MOXe HaBiTh KOPHCTyBad 3
HEBEJIMKUM JIOCBIJIOM aHAJIOTIYHUX PO3POOOK.

Tadauus 1 - AHaJIi3 OCHOBHMX XapaKTePUCTHK clieliaTi3oBaHuX HH(PPOBHUX
Mepe:x io-homecontrol, Proline 2 Ta X2D

[TokazHuk Hazga cnerianizoBanoi 1iudpoBoi Mepexi
Proline 2 X2D 10-homecontrol
CyMICHICTb 3 IHIIUMHU TaK TaK TaK
MepeKaMu JJIsl CUCTEM
“Po3zymHuuii 0y inHOK”
CMyru 4acToT ais 868,3 868,3 868-870
nepenaBaHHs gaHnux, Ml 434,15
Bigkpura mepexa Hi HI Hi
JIBoHampaBiieHa Mepeka TaK TaKk TaK
HIBuakicTh nepenadi 1 1 38.4
IaHuX, KOIT/C
[IndpyBanHs H/TT ananor RTS AES 128 6iT
30Ha MOLIUPEHHS MEPExKI H/7 Opanis €Bpocoro3

[Tnatdpopmy Arduino MOXKHAa BHKOPUCTATH JUISI PO3POOKH  EIEKTPOHHUX
MPUCTPOIB 3 aBTOMATUYHHUM, HAIMIBABTOMAaTUYHUM ab0 pydyHUM KepyBaHHsSIM. BoHa
BUKOHAHA 33 MPUHIIMIIOM KOHCTPYKTOpPA 3 YITKO BU3HAYCHUMH IIPABUIAMH B3a€EMO/IIT
MK ermemeHTamMu. Cucrema Ha 0a3i miatm Arduino € gidkpumoio, 1O T03BOJISE
CTOPOHHIM BHpPOOHHMKaM OpaTH y4yacTh B il PO3BUTKY 1 BHKOPHUCTOBYBATU
KOMITOHEHTH Ta IporpaMHe 3a0e3MeUeHHs BiJl PI3HUX MOCTa4aIbHUKIB [8].

BpaxoByroun BuiieBkazany iHdopMailito, HasBHY B jkepeni [9] kinacudikaiiiro
MOXHa yaockoHanuTu uursixoMm aetamizanii CKM s KOHTpodO 1 yIpaBiiHHS
HEBEJIMKUMHU CTIIOpYyaMu a00 MPUMIIIEHHSAMH, BKa3aBiy, o gaauid Tun CKM Moxe
MOJTIISITUCS HA JIBA BUJIH:
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- 3akputi CKM;
- BIIKpUTI pimeHHs (B T.4. Ha 6a31 margopmu Arduino).
Ha pucynky 1 300paxkeHa yJaoCKOHajieHa Kiacudikallis Ccreriaai3oBaHux
KOMI'FOTEPHUX MEPEXK JIJIsl CUCTEM JKUTTe3a0e3nedeHHs Oy aiBelb.

CKM s apToMaTH30BAHOTO
KOHTPOJIO Ta YNpapIiHHA
CHCTCMAaMH KHUTTE3a0e3cueHHA

Oynisensb
CKM CKM Bysbkocneuianizopani
JUIA KOHTPOJIIO 1 JUTS KOHTPOJIIO | CKM
YIpaB/liHHA BEJIMKHMH yrpaBiiHHA HEBCJIMKHMH
CHOPY/IaMH cropyaamu abo J | |
NPHMILLEHHAMH
— CKM CKM
| B ‘—‘— Juns JU1st
{_\THHJEII?TIHU He cran- ) Biawpnti yl‘lpaBIliHHH ﬂHCTaHuiﬁ—
thllll J..Lpl!.i'mu;llll Jakpuri pilueHHsA OCBIT- HOTO
CKM CKM ( Basi ;
CKM BT.H. Ha bast JIEHHAM KOHTPOJIIO 1
naatoprM 6
— Arduino) . 3oopy
iH(opmartii
CKM, axi CKM., si
MOMYTE HE MOKYTE I
NepeaaBaTH nepeaasaTu
nani wepes Jaui uepes | I
CICKTPpOME- CIEKTpOME- -
i i CKM CKM s
s OCBITJIEHHS CLIEH 1
OCBITIEHHA IHIIUX 00'€KTIB
Oy/IMHKIB MPOBE/ICHHSA
KOHLIEPTIB 1 LIOY,
3abe3neueHHs TaM
creuedekTin

[ |
3akpurTi Binkpuri
CKM CKM

PucyHnok 1 - YiockoHnasneHa kjacuikanisa cneniajaizoBaHUX KOMIT'FOTEPHUX
Mepex VISl CHCTeM KUTTe3alde3nevyeHHs OyaiBenb

OcnoBHa mnepeBara miarpopmu Arduino momnsirae B TOMy, IO BOHA HE
0OMEXKYIOThCSI arapaTHUM 1 MIPOTPaMHHUM 3a0€3MEeUeHHSIM Bijl OJJHOTO BUPOOHHUKA, a
POOUTH MOXKJIMBUM CIOXXKHBady caMoMy BHOpaTH HEOOXigHI HOMYy KOMIIOHEHTH. B
naHuii dac s toiatgopmu Arduino HasBHa IIUPOKa HOMEHKIATypa amapTaHuX
3aco01B 1 MPOrpaMHOTO 3a0e3MNeUYeHHs, 1110 JO3BOJISIE PO3POOUTH 1 peari3yBaTH 3aj1adl
3 MOOY0BU CUCTEM “pO3yMHUN OyAMHOK” OYJib-sIKO1 CKJIAJIHOCTI BiJI HAUMPOCTIIINX
70 TOCUTH CKJIQ/THUX.
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BucnoBkmu.

bynu pochimkeHi cremiaigizoBaHi KOMITIOTEPHI MEpeXi IS CHUCTEM
KUTTe3a0e3meueHHs: Oy1iBenb. 3a pe3yJbTaTaMH JOCTIIKEHHS OYyJI0 yIOCKOHAIEHO
KiIacuQiKalilo  CHEI[lali30BaHUX  KOMIT'IOTEPHUX  MEpeX s CHUCTEM
KUTTe3a0e3meueHHs: OyniBens 3 ypaxyBaHHAM Toro, mo CKM ans koHTpomio i
YIOPaBIIiHHSA HEBEJIIMKUMHU CHOPYJaMH ad0 MPUMILICHHSIMH, MOKHA PO3AUINTH Ha JIBa
Bunu: 3akputi CKM Ta BigkpuTi pimeHHs (B TOMy uucii Ha 0asi mimatdhopmu
Arduino). YnockonaneHa kiacu@ikaiis JOMOMOXKE CIOXKHBavaM, CIelliajgictaM Ta

3a/1a4 1040 MOOYA0BU CUCTEM “‘pO3YMHHI OYJTUHOK .
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Abstract. Specialized computer networks for building life support systems have been studied.
According to the results of the study, the classification of specialized computer networks for
building life support systems was improved, taking into account that networks for control and
management of small buildings or premises can be divided into two types: closed networks and
open solutions (including Arduino platform). The improved classification will help consumers,
professionals and other stakeholders to choose the most appropriate networks to implement their
smart home systems.

Key words: specialized computer network, fieldbus, classification, smart home, Arduino, io-
homecontrol, Proline 2, X2D.
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OBJECTS OF INFORMATION ACTIVITY
OBI'PYHTYBAHHSA PO3POBKU NTPOT'PAMHOI'O 3ABE3INEYEHHSA JIJISL
ABTOMATMU3AILII CTBOPEHHSI KOMILIEKCIB TEXHIYHOI'O 3AXUCTY
THO®OPMAIIII HA OB’€EKTAX IHOOPMAIINHOI JISAJIBHOCTI
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National Academy of the State Border Guard Service of Ukraine named after Bohdan Khmelnytsky,
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Hayionanvna akademis Jepocasnoi npuxopoournoi cayacou Yrpainu imeni boeoana
Xmenvruyvroeo, Xmenvnuyvkuti, Illesuenxa, 46,29000
Poljakov A.S. / Iloasikos A.C.
130 main center for communication, automation and information protection of the State Border
Guard Service of Ukraine, Kyiv, Narodna, 54 A, 03110
130 2onoenuti yenmp 36’a3Ky, asmomamuzayii ma 3axucmy ingpopmayii Jlepacagnoi npuxopooHHoi
cayacou Vrpainu, Kuie, Hapoona, 54 A,03110

Anomayia. Cmamms npucéauena 00rpyHmy8anHo po3pooOKU NPOPamHo20 3abesnedents OJis
asmomamuzayii - OisILHOCMI, NO0B8 A3aHOI 31 CMBOPEHHAM KOMNIEKCHOI cucmemu 3axXucmy
iHhopmayii, 30kpema, KOMNIEKCi8 MexHIUHo20 3axucmy iHghopmayii Ha 06’ ekmax iHghopmayitinol
disltbHocmi  opeanie [lepocasHoi npuxkopOouHoi cayaxcoi Ykpainu. Busnaueno, wo cmeopemHs
KOMNIEKCHOI cucmemu 3axucmy inghopmayii 30iCHIOEMbCA NOeMAanHo Ha NIOCMAasi HOPMAMUBHUX
00KyMeHmis 8 2any3i mexHiunoeo zaxucmy ingopmayii. OOHUM 3 emanié € CMEOPEeHHs KOMNILEKCY
MexHIYHo20 3axucmy iHgopmayii Ha 00 ’ekmi inghopmayitinoi disrbrocmi ma/abo ingopmayitino-
KoMyHikayitinoi cucmemu. Taxoodc 3a3HayeHo, wo ni0 Yac 30IUCHEHHs BU3HAYEHUX 3AaX00i8
PO3POOAAEMBCA PAO0 OOKYMEHMIB, WO 3aMBepOHCEHO HOPMAMUBHO-NPABOBOI0 0a3o0t0 & 2anysi. J{o
3Micmy pi3HUX OOKYMEHmMI8 00OH020 00 €KMYy Modce 8X00Umu 00HAK08A iHghopmayis, OMpuUMana 6
pe3yivmami Npo8eOeHUx MexXHIYHUX O0O0CNi0NHCeHb, Npome GUHUKAE HenompibHe 0YOn08aAHHS
iHpopmayii ma puzux ii UMOBIpHO2O cnomeopeHHs. B pezyivmami 0ocniodicenHs 0OIPYHMOBAHO
PO3POOKY NPOSPAMHO20 3a0e3nedeHHts, sIKe 8PAX08YE Ma YHEMONCIUBTIOE 0YON08aHHs THPopmayii
npu CMeopenHi KOMNJIEKCI8 MeXHIYHO20 3aXUCmy IHhopmayii ma 3MeHuLye pusux ii CHomeopeHHsI.

Kniouogi cnosa: saxucm ingopmayii, inghopmayitino-KomyHikayitina cucmema, KOMNieKCHa
cucmema 3axucmy  iHgopmayii, KOMNIEKC MexHiuHo2o 3axucmy iHgopmayii, 00 ’€km
iHhopmayitinoi disibHOCMI, MeXHIYHUL 3aXUcm iHpopmayii.

Beryn

CyuacHuii CBIT XapaKTEPU3YETHCA IHTEHCUBHUM BUKOPUCTAHHSIM
iHpopMariiinux Ta  1HGOPMAIIMHO-KOMYHIKAIIHHUX  cucTeM. [HbopmaliiHi
TEXHOJIOT1l HACTUIBKK I1HTErpyBaJMCh Yy BCl cdepu JIOACBKOI isJIBHOCTI, IO
HEMOJKJIMBO YSBUTU OyJb-IKy AKTUBHICTh CyYaCHOI JIIOAMHU 0€3 3aCTOCYBaHHS
JOKQJIbHUX, KOPHOpaTUBHUX ab0 Tio0anbHUX 1H(OPMaLIHHO-KOMYHIKALIHHAX
cucteMm (mam — IKC).

Jlep>kaBHI CTPYKTYpHU Ta MPAaBOOXOPOHHI OPTaHM TIEPENOBUX KpaiH CBITY
pO3ropTaroTh  BiacHi  1HQOpMaIliHI  pecypcu, CTBOPIOIOTH  1H(OpMaIliiHO-
KOMYHIKAI[IfHI CUCTeMH CHEIlaJbHOTO MPU3HAYEHHS, B TOMY YHCII 1 1HTETPOBaHi
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MDKAEep>KaBHi. SICKpaBUM NPHUKIAJAOM TaKOi CUCTEMH CIELIaJIbHOTO MPU3HAYEHHS €
iHpopMarliiiHa cucteMa MiXXHapOAHOT Opranizaliii KpuMiHaIbHOT MoMilii [HTepmno.

Pasom 3 TuM, po3ropraHHs 3a3Haue€HUX 1HGOPMALIWHUX CHCTEM Ma€ HHU3KY
PU3HKIB Ta HEOE3MEK CTOCOBHO 3aXHMCTy KOHQIIEHIIIHHOI 1H(hOpMAaIIii, 0 MUPKYITIOE
B HHUX, a caMe: MepCOHaJIbHI JIaHl, 1HJIEKC Ta XapakTep AOPYYEHb MPaBOOXOPOHHUX
OpraiB Ta iHIIa iHpopMarlis 3 ooMexeHuM goctynom (aani — [30/1).

Tomy, 000B’SI3KOBOIO YMOBOIO (YyHKI[IOHYBaHHS 1H(popMaliiiHO-
KOMYHIKaIIl{HO1 cucTeMHU, B sikiii upKyitoe [30/], € cTBOpEeHHS KOMIIJIEKCHOI CHCTEM
3axHUCTy 1H(OpMaIlii, OAHUM 3 OCHOBHHMX €JIEMEHTIB SKOI € KOMILJIEKC TEeXHIYHOTO
3axucTy iHpopmarlii.

BonHouac, CTBOpEHHSI KOMIUIEKCHOT CUCTEM 3aXUCTy 1H(OpMaIlii Ta KOMIUIEKCY
TEXHIYHOTO 3axucTy 1HGopmallli — 1€ CKIaJHI NpOoIeCH, SKI BHUMararmTh BiJ
BUKOHABIA HE TUIbKM 3HaHb Ta BMiHb BHU3HAUWTH HANpSMKH Ta 3aCO0M 3aXHUCTY
3axucTy iH(popmalli Ha 00’ekTax iHopmamiitHoi misutbHOCTI (mami — OIJ]), ane i
pO3pOOUTH Ta OMpaIoBaTH YUMaTy KUIBKICTh CYIMYTHBOI JIOKYMEHTAIlli, 0
BU3HAUYCHA KepiBHUMU JokymeHTamu. Came, OOTpyHTYBaHHS aBTOMAaTH3allii
JOKYMEHTaJbHOIO  CYNPOBOJY CTBOPEHHS KOMIUIEKCHOI CHUCTEMH  3aXUCTy
iH(dopMaIlii, B IIJIOMy, Ta KOMIUIEKCY TEXHIYHOTO 3aXHCTy iH(MOpMaIlii, 30kpemMa, 1 €
METOI0 LIbOTO AOCIIIKEHHS.

OCHOBHM TEKCT.

JlepxaBHa npukopoHHA cityk0a Ykpainu (nam — JAICY), 1k npaBooXxopoHHUI
OpraH CHEI[laJIbHOTO MPU3HAYEHHS HE 3aJIMINA€ThCS OCTOPOHb 3arajbHOI TEHJIEHIT
PO3BUTKY Ta 3aCTOCYBaHHS CyYacHHMX I1H(OpMALIMHUX TEXHOJOTIH B IISIIBHOCTI
MpaBOOXOpOHHUX YycTaHoB. Ha ceoroguimuii genp y JAIICY posropHyra Ta
(yHKIIOHY€E IHTErpoBaHa I1H(QOpPMalLIHO-TENIeKOMYHIKalliHa cuctema «[apm» [1],
AKa CKIaJA€ThCs 13 1HPOPMAIIHHO-TEIEKOMYHIKAIITHUX CUCTEM, 1110 JIIIOTh K €JJUHE
e 1 3abe3neuyoTh 00poOKy iHGopMarlii 3a BiAMOBIIHUMH BHJIAMH OIEPATUBHO-
ciyx00Boi misuibHOCTI. Ha TemepimHii wac y BIJOMCTBI  PO3TOPHYTO Ta
byHKIiOHYI0Th Onmu3bko 20 iHpopMamiiiHux Ta 1HGOPMAIIHHO-KOMYHIKAIIIMHUX
CHUCTEM CIHEIlIaJIbHOTO MPU3HAYCHHS, K1 3a0€3MeuyloTh aBTOMaTH3aIlil0 BCIX cdep
OIepaTUBHO-CITYKO0BOT Ta ciy>k00B0i aisuibHOCTI AIICY .

[ndopmariitHo-KOMyHIKaIliiHa CHUCTEMa — II€ CYKYIHICTh 1H(OpMAIIHUX Ta
CIEKTPOHHUX KOMYHIKAIIIHHUX CUCTEM, 5Kl y mpolieci o0pooku iHdopMalii Ait0Th K
enune e [2,3].

HaiiGinpmr MacmtaOHUMH Ta BaroMMMH 3 HHX Ha TeEMEpIHIA dac €
iHpOopMaIlIfHO-KOMYHIKallliHa CHCTeMa MPUKOPAOHHOTO KOHTpoio «l'apT-1»,
nporpaMHO-TexHIUHI KomIuiekcu «lapT-1/I1» sKoi po3ropHyTi B YCIX MyHKTax
NPOIMYCKYy 4Yepe3 JAep:KaBHUM KOpIOH, Ta iH(opMaliifHO-KOMYyHIKalliiiHa cucTema
NPUKOPAOHHOI cy>k0u «["apT-3», e1eMeHTu SKoi QyHKIIOHYIOTh y BCIX OpraHax Ta
nigposainax JAIICY, IKC onepatuBHO-4eproBoi ciyxou «I'apT-2» Ta iHhopMaIliifHo-
aHaJITAYHOI AisTbHOCTI «I'apT-5» Tomo. Takox B opranax JlepXOpuKOpAOHCIY KON
VYkpainu Ha o0’ekrax i1HQopMariiiHoi gisIbHOCTI st 0o0poOku 130 B
€JICKTPOHHOMY BHUIJISIZII CTBOPEHO Ta 3aCTOCOBYIOTHCS 1 aBTOMATHU30BaHI CHCTEMH
Kjacy 1 — oJHOMaIMHHI OJHOKOPUCTYBAaYEBl KOMILIEKCH.

Bci nepenideni 00’ ekt o0poOsisaoTh 1HPOpMaIlito 3 OOMEKEHUM JOCTYIIOM 3
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PI3HUMU CTyNEHAMH KOH(IICHIIINHOCTI (CEKPEeTHOCTI) Yy PI3HMX 1i BUIAX —
€JIEKTPOHHY, aKyCTUYHY, ONTHYHY, pe4oBY TolI0. Tak, B iHPOpMaIliiiHOMY MpOCTOpi
ITC npuxopagonnoro koHTposto «[apT-1»  00pobisieThest  KOHGIACHIIIITHA
iHpopMallis, fKa MICTUTh MEPCOHANIbHI JaHi OcCi0, fKI MEpPEeTHHAIOTh JIep>KaBHUN
KOPJOH, 1HJAEKCH Ta JOPYYEHHS MPaBOOXOPOHHUX OpraHiB Ha OcCi0, IO CTOSTh Ha
KOHTpoJi B’i3qy B YKpaiHy, BHi3Qy 3 JepxkaBu. Ha okpemMux aBTOMaTH30BaHUX
cuctemax kmacy 1 OIJ] opraniB HAIICY o06pobnserscs cekperHa iHdopmariis 3
pi3HUMHU TpudaMH CEKPETHOCTI. 3riJJHO YWHHOTO 3aKOHOJABCTBa Y KpaiHW,
000B’s13k0BOI0 YMOBOIO (pyHKIIIOHYBaHHS sik 3a3HadeHux ITC, Tak 1 okpemux OI/J] €
CTBOPEHHS KOMIUIEKCHUX CUCTEM 3aXUCTY 1HQOpMallii.

Kommnekcna cuctema 3axucty iHbopmaiii (man — KC3I) — 11e B3aemonoB’si3aHa
CYKYIIHICTh OpraHi3allliHUX Ta 1HKEHEPHO-TEXHIYHUX 3aXO0J1B, 3aCO0IB 1 METOJIB
3axucty iHpopmarii [1].

[Topsimok ctBopennst KC31 nezanexxHo Bij popm BIaCHOCTI € 000B’I3KOBUM JIJIs
BCIX Oprasizaiiif, B 1H(OpMAIifHO-KOMYHIKAI[IHHUX CHCTEMaX SKUX ITUPKYIIIOE
iH(dopMarlis 3 0OMEKEHUM JOCTYIIOM PI3HOTO PiBHA KOH(iIeHmiiHocTI. Boanoyac,
MOPSZIOK € €IUHUM, He3alexkHo Bix Toro um ctBoproerbess KC3I ma IKC, mio
poeKTyeThes, uu MojaepHizyeTbes IKC, o Bxxe cTBopeHa. Sk mpaBuiio, MpoOBEACHHS
poOit 31 crBopennss KC3I B IKC noknanaerscsa Ha mratHy abo mo3amTaTHy Ciysk0a
3axucTy iHpopmariii.

Cropennst KC3I Bkitouae HacTymnHi etan [4]:

1. ®opmyBanns 3aranpHux Bumor 10 KC3I B IKC.
. Po3po6xa nomituku 0e3nexu iHgopmanii B IKC.
. Po3po0xa TexniuHoro 3aBaaHHs Ha ctBopeHHst KC3I.
. Po3po0Oka npoexty KC3I.
. Beenenns KC3I B gito Ta orminka 3axumenocti inopmariii B IKC.
. CympoBoixennst KC3I.
ITlin uyac mnpoBeneHHs mnepuoro eramy crBopeHHs KC3I pozpoGmistoTses
HACTYMHI TOKYMEHTH:
® aKT pe3yJbTaTiB aHaNi3y BUXIIHUX HaHuX it ctBopenHs KC3I;
e mepernik iH(opMalii, 0 MAIIraE aBTOMAaTH30BAaHOMY OOpPOOJEHHIO Ta
noTpeOdye 3aXUCTy
akT kareropitoBanus OIJ];
akT oocrexxenns OIJI;
noJiiTuka 6e3nexu iHpopMmarlii;
nepemnik 00’ €KTIB 3aXUCTY;
MOJIeNb 3arpo3 i iHdopMalrii;
MOJIEJIb TTOPYITHUKA;
® Ta iHII JOKYMEHTH.

Pazom 3 tuMm, ogHum 3 ocHoBHux enemeHTiB KC3I 3 mepeniky iHXeHEpHO-
TEXHIYHUX 3aXO0/I1B € KOMIUIEKC TEXHIYHOTO 3aXUCTy 1H(hOpMaIlii.

Komrieke TexHIYHOTO 3aXUCTY iHpopMmarii (mami — KT3I) — me cykymHICTb
Oprafi3allifHuX, 1H)XCHEpHUX 1 TEXHIYHHUX 3aXOMAIB Ta 3aco0iB, MPU3HAUYECHUX IS
3aXUCTYy BIJ BUTOKY 1H(opmaIlii 3 0OMEKEHUM JTOCTYIIOM TEXHIYHHUMH KaHajaMu Ha

AN DN =W

ISSN 2567-5273 28 www.moderntechno.de



Modern engineering and innovative technologies Issue 18

00’ekTax 1HGOpMaLIHHOT A1sUTBHOCTI [S].

CrBopennsa KT3I Big BUTOKY TEXHIYHUMH KaHAJIaMU 31HCHIOEThCS, K0 B IKC
o0poOnsieThest  1H(MOpMAITis, 1O CTAaHOBUTH JIEPXKABHY TAEMHHUIO, ab0 KOJIH
HEOOXITHICTh IIHOTO BU3HAUCHO BIACHUKOM iH(opMaillii. Pobotu mo po3podmi KT3I
MOKJIaNaloTbess Ha mrTatHud migpo3ain T3I oprany JlepXKmpukopIoHCTYKOU
YKpainu.

[Tix gac crBopenns KT3I MoxyTh po3po0sTHCs HACTYITHI JOKYMEHTH [5]:

» MPOTOKOJI TIPO BU3HAYEHHS BUIIOTO CTYIMEHs OOMEXEHHS IOCTYIy [0
1H(hopMmarii;

» Mojenb 3arpo3 s [30/1;

» MOJIeJIb TIOPYIITHHUKA,;

» 1HIII JOKYMEHTH.

Buxoasuu 3 aHamizy AOKYMEHTIB, IIO PO3POONSIOTHCS MiJ 4Yac CTBOPEHHS
KOMILJIEKCHOI CHCTEMH 3aXuCTy iH(opMallii, B IUIOMYy, Ta KOMILIEKCY TEXHIYHOTO
3axucTy 1H(opMarllii, 30KkpemMa, a TaKOXX BPAaXOBYIOYH Te€, IO PO3POOKOI0 MOXKYTh
3aiiMaTHCs Pi3HI MIAPO3MAUIM, HUJIKOM HMOBIpHA CHUTYyarlisi, KOJM MOJEINI 3arpo3 Ta
MOpPYIIHUKA, a TAaKOX JEsIKI 1HIN JOKYMEHTH Ha OJuH 00’€ekT iHdopmariitHoi
TISTTBHOCTI MOXYTh JaBaTW pi3HI TOKa3HUKU Ta/abo pe3yibTaTH MPOBEICHUX
nochikeHb. Taka cuTyallis HENPUITYCTUMA, KOJH CIpaBa CTOCYETHCS OXOPOHH
JIep>KaBHOI TaeMHHMII a00 1HIIIOT KOH(DiAeHIIIHOT 1H(hOopMAaIIii, IO MiJJISATae 3aXUCTY 3
OOKy JIep>KaBH.

Jl71s1 BUpilIeHHS IaHOi MpOoO0JIeMU HaMU 3aIIPOTIOHOBAHO PO3pOOKa MPOTPAMHOTO
3a0e3MeyeH s, sIKe aBTOMATH3y€E MPOIEC TOKYMEHTAIBHOTO CYNPOBOJY CTBOPECHHS
KC3I ta KT3I. Ines po3poOku JaHOTO MPOTPaMHOIro 3a0€3MEUCHHS MOJISITAE B TOMY,
[0 aBTOPCHKHI TPOTPAaMHHUA TPOAYKT HAJTAE MOXIJIHMBICTH BHOCHUTH PE3YJIbTATH
BUBUYEHHS 30BHIIIHBOTO CEPEAOBHUINA, B KOMY (PYHKIIOHYE 00’€KT 1H(OpMAIiitHOT
JISTBHOCTI, 00CTEXEeHHSI 0e3M0CepelHhO CaMOro 00’€KTy, pe3ysIbTaTH aHajlizy Ta
BHUBUYCHHSI OCHOBHHMX Ta JOMOMDKHMX TEXHIYHUX 3ac00iB, 1110 BcTaHoBieHo Ha OI]l,
pe3yabTaTH CHEIllajJbHUX JOCHIPKeHb Ha HASBHICTh TEXHIYHUX KaHAIIB BHUTOKY
iHopmMmarii Ta iHmIa iHGOpMaIlis, sika TOTpiOHA sl pO3POOKH MaKETy JOKYMEHTIB Ha
ctBoperHss KC3I Ta/a6o KT3I. Boagnowac, B nmporpamMHoMy 3a0e3IeyeHH] CTBOPEHI
mabsoHn  (QopMaizoBaHUX JIOKYMEHTIB, $IKI BXOJSATh B 3a3HAUYCHUM TMaKeT
nokymeHTanii. B pe3ynbrari poGoTH, mporpamMa Ha OCHOBI (hopMali30BaHUX
1a0JI0HIB CTBOPIOE JOKYMEHTH Ha KOHKPETHHM OOpaHuil 00’€KT i1HQOpMaIliitHoi
TISUTBHOCTI 3 BUKOPUCTAHHSM paHIIIe BHECEHUX pE3yJbTaTiB 0OCTEKEHb, aHANI3iB,
JOCTIIKEHB TOLIO.

Peanizaris mporpaMHOro 3abe3nedeHHs MPOMOHYETHCS B 2 €TalH:

1. B cepenoBumi mnporpamyBanHs Microsoft Visual Studio Ha MOBI
nporpamyBanHs C# mns Windows Form po3poOmsitoThesi 3araibHHIl 1HTEpdeiic,
dbopmu 1151 BHeCEHHS 1H(QOpMaIlii, BUTTISA Ta CTPYKTYpa BUXITHUX JTOKYMEHTIB.

2. B cucremi ympasiiHHs 0a3zor0 gaHux MySQL ctBoproeThcs 6a3za pgaHux
00’€KTIB, pe3yJIbTaTiB 00CTE)KEHB, aHAJI31B Ta JOCHIKCHb.

BucHoBkH

B pe3ynbTaTi mpoBeeHOT0 JOCTIIKEHHSI MOYKHA 3pOOUTH HACTYITHI BUCHOBKHU:

- CTBOPEHHSI KOMIUIEKCHOI CHUCTEMH 3axXHCTy I1HQopMalli Ta KOMIUIEKCY
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TEXHIYHOT'0 3aXxHUCTy iH(popMalii Ha 00’ ekTax 1HGOPMAIIHHOI TISUIBHOCTI — MPOIECH
TPYMOEMHI ¥ KpOIITKI, BHMAaraiTh MPOBEACHHS CIEIIaJbHUX OOCTEeKEHb 1
JOCHIIKEHb Ta OOTSDKEHI BEJTMKUM JIOKYMEHTAIBHUM CYTIPOBOJIOM;

- 3Ha4HUM nosermeHHsaM poOotu 31 crtBopeHHs KC3I Tta KT3I crane
3aCTOCYBaHHS 3allPOIIOHOBAHOTO MPOTPAMHOTO 3a0€3MeUeHHs, B PE3yJIbTaTi POOOTH
SKOTO aBTOMATHU3YIOThCS IMPOLIECH BHECEHHS, OOpOOKM Ta BHJAYl pe3yJIbTaTiB
npoBeaeHux aociuikeHb OIl y BUTIISAI1I KOHKpETHOTO (POpMaTi3oBaHOTO JOKYMEHTA.
Boanouac, 1€ yHEMOXJIMBUTH JyOJIIOBaHHS Ta CHOTBOPEHHS 1HGOpMAIl HI0J0
KOHKpeTHoro OI/;

B nmepcrnekTuBi, 3aCTOCYBaHHS CHCTEMH YIpaBiiHHSA 0a3ot0 manux MySQL
J03BOJIUTH HAPOCTUTH TPOTpaMHE 3a0€3MeUeHHs Ta PO3MIMPUTH HOTO MOKIIMBOCTI 3
TOYKM 30py BUKOPUCTAaHHS B MEPEKEBOMY MPOCTOPI 3 JEKUIBKOX KIIEHTCHKUX
aBTOMATH30BaHUX POOOUYUX MICIIb.
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Annotation. The article is devoted to substantiation for the development of software for
automation of information activity associated with the creation of the comprehensive information
security system in particular, complexes of technical protection of information at the objects of
information activity of the bodies of the State Border Guard Service of Ukraine. It is determined
that the creation of a comprehensive information protection system is carried out in stages
according to the legislation in the sphere of technical information protection. One of the stages is
the creation of a complex of technical protection of information at the object of information
activities and / or information and communication system. It is also noted that during the
implementation of certain measures a number of documents are being developed, which is
approved by the regulatory framework in the industry. The content of different documents of one
object may include the same information obtained as a result of technical research, but there is
unnecessary duplication of information and the risk of possible distortion. As a result of the
research, the development of software is substantiated, which takes into account and prevents
duplication of information when technical protection systems is created and reduces the risk of
distortion.

Key words: information and communication system, protection system, comprehensive
information protection system, complex of technical protection of information, object of information
activity, technical protection of information.
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Poccuiickuii Texnonoeuueckuu Ynusepcumem MUPIA

AHHOmMayuA: aKmyaibHOCMyb GblOPAHHOU MmeMbl 00YCNO0BNEeHA CLONCHOCMbIO BblAGIEHUS
BUPYCOB COBPEMEHHBIMU CPEOCMEAMU 3aWUMbL UHGOPpMAYUU, ONACHOCMBIO NOJHOU ULU YACTIUYHOU
nomepu, umo oeiaem npobremy 60pbObl ¢ upycamu axmyaabHou 3adaueli coepemennocmu. Ha
NOMOWb KAACCUYECKUM Memooam Oopbbbl ¢ supycamu npuxoosm memoobl npomusooetucmasus,
CBA3AHHbIE C WUPDPOBaAHUEM OAHHBIX, IBPUCTNUYECKUM AHATUZOM U UCNONb308AHUEM HEUPOHHbIX
cemeti. [lpu smom ypogenvb yepo3vl 3apanceHusi KOMHNbIOMEPHbIX CUCHEM OCMAemcsi OOHOU U3
2NIABHBIX NPOOTIEM.

Knrwoueswvie cnosa: supyc, wughposanue, KomnvromepHas cucmema, OnepayuoHHas cCucmemd.

Bsenenne

[IpobOnema 3amutel komnbioTepHOU cucTeMbl (KC), a Takxke ycTaHOBIEHHOM
oneparuoHHoil cuctemsbl (OC), nMpu B3aUMOJICUCTBUU C BHEIIHUMHU CETSIMU MOXKET
OBITh YCIIEIITHO PEelleHa TOJIbKO Ha OCHOBE KOMIUIEKCHON 3alIUThl CUCTEM.

BonbIIMHCTBO MpOrpaMMHBIX  CPEACTB  3alIMTHl  MH(POpPMAIUU  SBISIOTCS
NPUKIAJHBIMA TpOrpaMMaMH, KOTOpbleé HEOOXOIMMO YCTaHaBIUBaTh, HO TaKXke
CYIIECTBYIOT M BCTPOEHHBIE MpPOrpaMMHO-anmnapaTrHble 3neMeHThl. CambIMU
pacIpoOCTpaHEHHBIMU W3 HUX SBISIIOTCS Pa3sHOBUAHOCTU «MEKCETEBBIX SKPAHOBY
firewall.

B nanHoil cratbe OyQyT paccMOTpPEHbl pa3iU4Hble BapUaHThl Yrpo3
0e3omacHOCTH MH(MOpPMAIUK, a TaKKe CocoObl OOPHOBI C HUMH, KOTOPbIE OCHOBAHBI
Ha METOJaX, CBS3aHHBIX C MIM(DPOBAHMEM [AHHBIX, IBPUCTUUECKUM aAHAIU30M H
MCIIOJIb30BAaHUEM HEWPOHHBIX CETEH JIJISl BBISIBJICHUSI BUPYCOB MIN(DPOBAIBIINKOB.

1. Yrpo3sl 0e30nacHOCTH ONIePAIIUOHHON CUCTEMbI

Opranmzamust 3¢ dexTuBHON 1 HagexHo 3amutel OC HeBO3MOXkHaA 0€3
IPEBAPUTENILHOTO aHajin3a BO3MOXHBIX yIrpo3 ee 0e30macHOCTU. YTPOo3bl
6e3onacHoctr OC CyIIECTBEHHO 3aBUCST OT MHOTOYMCIICHHBIX YCIIOBUHM, TAKUX Kak:
YCIIOBUHM 3KCIUTyaTalldd CHCTEMbI; OT TOTO, Kakas MH(OpMalus XpaHUTCA MU
00pabaTbIBaeTCs B CUCTEME; U T. JI.

Hanpumep, ecim OC wucnosb3yeTcs [yl OpPraHU3aldHd  SJIEKTPOHHOTO
JOKYMEHTO000pOTAa, HauOoJiee OMacHbI yIpO3bl, CBSI3aHHBIE C
HecaHKIIMoHupoBaHHbIM foctynioM (HCJl) k ¢aiinaM miam K KOMIOBIOTEPHOH CETH.
Ecnn ke omepanMoHHas CHCTEMa HCIOJB3YeTCsl Kak Iuiaropma mnpoBaiaepa
MHTEPHET-YCIAYr, TO aTaKhl Ha CETEBOE MPOrPaMMHOE OOECIEYEHUE CTaHOBATCA
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HanOoJiee OMACHBIMH.

Jlis mpenoTBpaIieHus B3JIOMa W TOMBITKH HAHECEHHsI Bpela KOMIIbIOTEPHOMN
CETH YCTPOMCTBA, €€ 3aIlIUTy OOECIEUNBAET TaK Ha3bIBAEMBII «MEXKCETEBOU SKpaH»
(npyrue HazBanus: Opanamaysp, firewall) [1]. Jdns mommepxku cereBoir OC B
Oe3omacHOil U cTaOWIBLHOW cpeie, HEOOXOAUMBI METOJbl M30JISLUU, aHAJIOTHYHBIC
KjlaccaM OapbepoB 0€30MacCHOCTH. OJTH CpEACTBA NPEJOCTABISAET TEXHOIOTHS
«MEXKCETeBOro 3KpaHa». TexHosorusi OpaHaMay’pa MOXKET HE TOJBKO pa3peliarh
JOCTYNBl MEXIy CETbI0, HO M KOHTPOJUPOBATH Tepeaady COJAEPKUMOTO, UYTO
obecrieunBaeT TMOJHOIIGHHYIO poJib Oapbepa. B To ke Bpems OpaHaMaysp
MpeIoTBpalaeT BO3HUKHOBEHHWE HEKOTOPBIX HE3aKOHHBIX ICHCTBHA W CHUXKAeT
BEPOATHOCTh MPHUUMHEHUS Bpelda OOBIYHBIM IOJH30BATENsIM H3-32 HE3aKOHHOTO
JOCTyMa XaKepoB K CETeBbIM MH(MOPMAIMOHHBIM pecypcaM U JAPYTUX HE3aKOHHBIX
JICHCTBUM.

VYTeuka wuHpoOpManuu, mojjenka WHGOPMAIMH W  YSA3BUMOCTh CHCTEMBI
0€30MacHOCTH NIPOrpaMMHOr0 O00€CleyeHus - O3TO CUTyallud, C KOTOPBIMU
M0JIb30BATEIH YaCTO CTAJIKMUBAIOTCS MPU MOBCETHEBHOM HCIIOIb30BaHHH.

Bpanamaysp 3aBepiiaeT aHajgM3 OCHOBHOM MOJIMTUKH OOECHEYEHHUs CETEBOM
0€30MMacCHOCTH, KOTOPBIM MOKHO pa3/ieIUTh Ha CIEIyIOIIHEe MOMEHTHI:

1. Inst moBbilieHUs O€30MAaCHOCTH BCEM CETEBOM Cpeibl COACPKUMOE JTaHHBIX
JIOJDKHO OBITh CcHavana 3amudpoBaHo. 3amu@poBaHHBIE JaHHBIE UTPAIOT
4ype3BblYaitHO A(Q(PEKTHUBHYIO pONb B MPEIOTBPALICHUH YTEUYKH, MOIICIKH H
YHUYTOXKEHUS NH(POPMAITMOHHBIX TaHHBIX;

2. Meron mmdpoBaHus KaHala TaKKe MOXKET 3allUTUTh U 3alH(poBaTh
JaHHBIE JBYX COCEIHHUX Y3JIOB B ceTu. ObecmneunBas 3amudpoBaHHbIC JaHHBIE TIPH
nepenaye Mo KaHamy s JOCTIDKEHUS YHUKAJIBHOTO IIU(PPOBAHUS Pa3TAIHBIX
TAHHBIX;

3. llludpoBanue y3na OTHOCUTCS K 3alIUTE CCHUIKM OT MCXOJIHOTO y3Ja K
[[EJIEBOMY Y31y, KOTOpasi aHaJIOTu4YHa MeToay mudpoBanus ccbUikd. Paznuna B ToMm,
YTO B MeTO/€ MMU(GPOBAHUS y3JIa CETEBOM Y3€J] MOXKET 3aBEpIIUTh JeHI(ppPOBaHUE
MOJIy4YEHHOTO COJEP>KUMOTO JTAHHBIX.

4. Cnenyromum cinoeM 3amutbl KC OT HECaHKIMOHMPOBAHHOTO JOCTyIa K
¢aiinaM, MOKHO CUMTATh BHYTpEHHEE MU(PPOBAHKUE IAHHBIX TUCKA.

2. lllndpoBanue JaHHBIX

JUIs 3TOr0 MOXET MPUMEHSTHCS MpeABapUTEIbHOE IMM(PPOBAHUE JaHHBIX,
HanpumMep, ¢ momonibio Metosa RSA. On ucnonp3yeTcs A 3alUTH TPOTPaAMMHOTO
o0ecriedyeHus, B cxemMax [HUQPPOBOM TOANKCH, a TaKke i Tepeaadu
3amu(POBAHHBIX COOOIIEHUH, KaK (PU3NUECKHX JINILI, TAK U CHCTEMHBIX COOOIIEHUH.

MeTon MHUIMATU3UPYETCS BBHIOOPOM MOIXOISAIIMX OOJBIIUX MPOCTHIX YHUCEIL.
[udposanue u nemmdpoBaHue COOOIIEHUS BBIMOIHIETCS C MOMOIIBIO MOAYJIBHON
apupmeTuku. Moaynp npeacTaBisieT co0oil 0oblloe 1eaoe yucio, Hampumep, 200
JECATUYHBIX IUGDP.

OcHOBHBIE  omepaluu, HEOOXOJUMbIE il pealu3aluu,  SBJISIOTCS
byHIaMEHTAIBHBIMU TSI JTFOOOTO MaKeTa KOMIBIOTEPHOU anreOpsl, Hanpumep, SAC-
2 mpejyiaraeT ux noaxoasamumM odpasom [2]. Takum oOpa3om, Takoi criocoO 3aiuThl
TpeOyeT HEOOJIBIIOr0 MPOTrPAMMHUPOBAHMS, HEKOTOPOTO TIOHHMaHUs TEOpHH,
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CIIOCOOHOCTH HaXOAUTh U COOMPATH CYIIECTBYIOUIUE KOMIIOHEHTHI.

3. IToHoAMCKOBOE MU pOBaAHME

Linux Unified Key Setup (LUKS), a eciu ObITh TOuHBIM, dm-crypt, — 310
KJIACCUYECKAsl, YHUBEPCAJIbHASI, BRICOKONPOU3BOIUTEIbHAS, XOPOLIO U3yUCHHAS U HE
uMerolas 0OHApPYKEHHBIX YSA3BUMOCTEH cucreMa mudpoBaHus AUCKOB. OCHOBHBIE
0COOEHHOCTH cucTeMbl dm-crypt:

1. MHorokparHoe mudpoBaHue MOBTOPSIOLINXCS JaHHBIX;

2. C 3amm@ppoBaHHBIM JHCKOM HEBO3MOKHO MPOBOJUTH KaKue-Iu0o0 oneparu,

€CJIM HE 3arpy>KeH K04 udpoBaHus;

3. be3 xmroueld mmMpoBaHUS HEBO3MOXHBI PE3EPBHBIE KOIMWHU, CHAMIIOTHI,
perUIMKaIus.

LUKS nopnepxuBaeT MHOTOYMCIICHHbIE JITOPUTMbI IIHU(PPOBAHUS U PEKUMBI
paboThl, a TaKkKe HEcKoJbKO Xem (yHkuui. B kauecTBe anroputma mm@ppoBaHHS
MOYKHO BBIOpaTh OJIMH M3 MHOXKECTBA MOAIepKUBaeMbIX, B vacTHOCTH AES, Serpent,
Twofish, CAST-128 u CAST-256, koTtopbie MOTyT paboTaTh B OJHOM U3 YETHIPEX
pexumoB: ECB (pexum siextponHod mudposanbHoil kuuru), CBC-PLAING64,
CBC-ESSIV:hash unu XTS-PLAIN64. Yame Bcero mo yMOJTYaHUIO MCIOJIB3YETCS
KOMOUWHaIus mapameTpoB cbc-essivisha256 ¢ mmudpoBanuem AES u 256-O0uTHBIM
Kiarouom [3].

4. llludppoBanue nanok

[Tonb3oBaTensiM JOCTYNEH JOBOJBHO IIMPOKHM BBIOOP KPUOTOTrpapuUecKux
daitnoBbix cucteM. Cpean HUX MOXKHO BblenuTh jaBe: eCryptFS, paborarouryto Ha
ypoBHE szipa U He ucnoub3yromyo FUSE, u EncFS, paboTaroiiyto B mpocTpaHCTBE
nonb3oBareins yepe3 FUSE.

Kpunrorpaduueckas ¢ainosas cuctema eCryptFS mmdpyer xaxasiii daitn no
OTAENbHOCTH. MeTafannple muU@pOBaHUS IS Kaxkaoro ¢aiina XpaHATCS B €ro
3aroyioBke. TakuMm 00pa3oM, Kak KaKIbId OTHCNbHBIA (haiiia, Tak U IeJble MarKu
MO>KHO CITOKOWHO KOMUPOBATh MEXy KOMITBIOTEpAMH. DTO MO3BOJISIET OPTraHrU30BaTh
CUCTEMY  «CJIETIOTO» PE3epBHOIO0  KONMUPOBAHMS, KOrJa KOMUPYIOTCA WU
CUHXPOHU3HUPYIOTCS TOJIBKO Te 3amudpoBaHHbIe (Pailyibl, KOTOPbIE ObUIM U3MEHEHBI.
B To xe Bpems eCryptFS He mo3BosiieT BOCHOJIB30BaThCS (QYHKIUSIMHU
JTeayTUIMKay (haiJIoBOM CHCTEMBI: KaKJIbId 3amu@pOBaHHBIA (ala HCIOIb3yeT
YHUKAJIbHYI0O KOH(UTYpAIUI0, B PE3yJIbTaT€ YEro COJACPKUMOE J1aKe WICHTUUYHBIX
W3HayalbHO (ailioB B 3amm@poBaHHOM BUAE OyAET pa3inuyaThCs, YTO SIBISETCS
MPaBUJILHBIM ¢ TOYKH 3peHus Oe3omacHocTu. Omaako y eCryptFS ecTh HECKOIBKO
npobiieM ¢ mudpoBaHUEM MATOK:

1. Ecniu nannsie mmdpyroTcs nepes cxaTueM, OHU CTaHOBSITCS

HECKUMAEMbIMU;

2. He paGoTtaet nenyrniukarus;

3. Merananubie mu(poBaHus 3aMUCHIBAIOTCS B 3ar0JI0BOK Kaxa0ro (aitia
(yBenuuuBaeTcst 00beM XpaHUMBIX JJAHHBIX, 0COOEHHO €CJIU XPAHUTCS
MHOECTBO MEJIKUX (hailJioB).

Camas momynspHast anbTepHatuBa eCryptFS - sto mmdpyromas daiinoas

cuctema EncFS. B ommmuue ot mnpenpiaymero eCryptFS, EncFS paGoraer B
MIPOCTPAHCTBE MOJIb30BATENs 0€3 KaKUX-JIMOO MOMOJHUTEIBHBIX MPUBWIETUN Yepes
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¢perimBopk FUSE. K coxanenuro, He Tak JaBHO B HEHl Obljia HaiijieHa Cephe3Has
ySI3BUMOCTB, KOTOpasi JejaeT ee Hebe3omacHO i ucnonb3oBaHus. eCryptFS
mHUPPyeT KKIABIA (Pailyl Mo OTACNIbHOCTH; OMIIMOHAIBHO MOTYT OBITh 3alIM(POBAHBI
¥ MeHa (pailyioB M Mamnok (B 3TOM CiIy4yae HajlaraloTcsi OTpaHUYCHHUS Ha JJIMHY UMEH
¢aiinos, koTopas He MOXKeT npeBbiaTh 143 cumBosa ASCII).

Kaxnpiit  ¢aiin  mudpyercss CreHepupoOBaHHBIM — CIlydallHBIM — 00pazom
CECCHOHHBIM KJIFOYOM, KOTOPHIH B 3aliM(pOBAaHHOM BHJE (IIOJIB30BATEIBCKUM
KJIIOUOM WJIM TapojieM) coxpaHsercss B MeTagaHHbix. Camu MeTaJaHHbIE
3aMHUCBHIBAIOTCS B  3aroyioBOK (¢aiijga, 4YTO TMO3BOJISET MPOCTO CKONUPOBATH
3amudpoBaHHbIA (Al Ha JAPYroil KOMIIbIOTEP M pacmu@poBaTh €ro IMTATHBIM
obpazom [3].

5. Bupychbl 1 aHTHUBHPYCHI

B nactosimiee Bpemsi BctpoeHHOM 3amuThl KC MOXkeT OBITh HEIOCTAaTOYHO.
[TosTomMy Bce Oosbliie W OOJBINE JIIOAU U KOMIIAHWHM OOpPAIIalOTCS 3a MOMOIIBIO
aHTUBUPYCHBIX MpPOTpaMM — HE MEHee BaXKHbIM crmocold, a MHOrna Haubosee
3¢ eKTuBHBIN CrOCOO 3alUThl OT BHPYCOB. TeM He MeHee, yIydllleHHE HOBOTO
aHTUBUPYCHOI'O MPOTPaMMHOT0 OOECHEUEHHUs BCErJa COMPOBOKIACTCS MOSIBICHUEM
HOBBIX BUPYCOB.

VYBenuueHne KOJWYEeCTBA U YPOBHS CIIOKHOCTH pasnnuHbix WT-cepBucos,
BO3POCIIMI TEXHOJIOTUYECKUH ypOBEHb KuOepaTak Ha TIOCyJapCTBEHHbIE WU
oOlIecTBeHHbIE HMH(OPMAIIMOHHbIE pPeCcypchl (POPMUPYIOT HOBBIE 3aayd  AJis
CUCTEMbl OOHapy>XeHHMsI W MpeAoTBpamieHuss HHIUAEHTOB. Kiacc kuOepaTak
“HyJieBOro JHs~ SIBISIETCA OJHMM M3 HaubOosee SpKUX MPUMEPOB HCIOIb30BAHUS
MEepPEeAOBbIX HMH(POPMALMOHHBIX TEXHOJOTMHA C [EJbI0 HApYIIEHHWs CBOWCTB
MH()OPMATMOHHONM CUCTEMBI M1 YHHUYTOKEHHSI COOTBETCTBYIOIIUX PECYPCOB.

Meron 3amuThl OT aTak HYJEBOTO JHS C HCIOJIb30BAHUEM TEXHOJIOTUHU
[IECOYHHIIBI B KOPIOPATHBHBIX CETAX OCHOBAaHA HAa METOJAaX KOPIOPATHBHOU
(ceTeBoil) WM AHTUBUPYCHOW MECOYHMIIbI. AHTHBHPYCHAs MECOYHMIIA TO3BOJIAET
AMYJIUPOBATh OOJbIIME (aiabl HA KOHEYHBIX CTAHIUSAX Oe3 3arpy3Kd CETeBOro
HKpaHa U CEeTH.

Mopenb cocTostHUE MHGOPMAIIMOHHONW CHUCTEMBI TO3BOJISIET aHAIM3UPOBATH U
OTCIIC)KUBATb BCE€ BO3MOXKHBIE COCTOSIHHMS, a TakKe OlLIEHUBaTh YypPOBEHb
0€30MacHOCTH B 3THX COCTOSIHUSIX M BEPOATHOCTH MEPEXOJI0B B HUX. TakuM oOpazom,
MO>XHO BBISIBUTh Han0oJiee OMacHble M3 HUX M OTCIEINUTH ICHCTBHUSA, BbI3BABIIME
COOTBETCTBYIOIINE U3MEHEHUS.

Takum o6pa3om, crocoObl OOHAPYKEHHE BUPYCHBIX MPOTPAMM C TIOMOIIBIO
MaTEeMaTHYECKUX MOJeNel CTaHOBATCS Bce Oonee MU Oonee BaXXHBIMU. bbLIoO
MPOBEJCHO MHOKECTBO HCCIEAOBAHUN KOMIBIOTEPHBIX BHUPYCOB, YTOOBI M3y4HUTh,
KaKk paboTalT KOMIBIOTEpHBIE BHUPYCHl [4]. OmHAako HEIaBHHE WCCIICIOBAHUS
MOKa3bIBAIOT, YTO HEOOXOJUMBbI HOBBIE CIIOCOOBI TMPOTHUBOAECUCTBUS BHpYyCaM-
mupoBaNIbIIMKAM, a TaKKe HEOOXOAMMO 3HATh AKTyallbHbIE MOJENU MOCTPOCHHUS
BUpPYCOB. Cpeld HUX MOXHO BBIIETUTH: Mojenbio SI, Mogenbio SIS u mogensio SIR
[5].

1. Monens SI

MuoxecTtBo MmiatrpopMm JenuTcs Ha JABe Tpymmbl: S - (susceptible) -
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BOCIIPUUMYMBBIE, TO €CTh T, KOTOphle MOTYT 3apa3utbcs, I - (infected) -
MH(UIMPOBAHHbIE HOCHUTEIH, KOTOpPBhIE MOTYT 3apa3uTh apyrux. [Ipeamomaraercs,
YTO, BOCCTAHOBUTBHCS IIOCJIE 3apaxeHHs Henb3s. Takum 00pa3oM, MHOMXKECTBO
3a00JIEBIIUX TOJIBKO PACIIUPSETCA CO BPEMEHEM.

2. Mopaens SIS

I'pynnel Takue >xe, kak B mojenu SI, Ho Ttenepp (I) - 3apakeHHBIA 1O
MPOIIECTBUU KAKOTO-TO BPEMEHU MOXKET CTaTh (S) - BOCIPUUMYUBBIM.

3. Mogens SIR

MHuoxecTBO m1aTGopM AETUTCA Ha TPU TPYHIbL: KpoMe (S) - BOCHIPUUMYUBBIX U
(I) - uHGUUMpOBaHHBIX, TOSBISAIOTCA €lle BbI3gopoBeBine R - (recovered), To ectb
T€, KTO OOJIBIIIE HE 3apa3siTC.

PaccmoTpuMm,  Kakue ~ HOBbIE  METOJAbl  MPOTHBOJEWUCTBHS  BHpycam-
G poBabIIUKaM ObLIIN BBISIBICHBI.

6. MeToabl NpOTUBOACICTBUA BUPYCAM-IIN(POBAIbIINKAM

Bupycei-mudposansmuku (BIL) octatorcss omHON W3 TJIaBHBIX NpoOJIEM B
o0JlacTH 3aIUTHl JIMYHBIX JaHHBIX Tmodb3oBaTeneit KC. C oaHOW CTOpPOHHI,
nocyiencTBusi 3apaxkenust cuctembl Bl B OONBIIMHCTBE ClydyaeB NPUBOIAT K
YaCTUYHOM WJIM TMOJHOW YTEpe [aHHBIX MOJb30BaTENsl B CHIy HEBO3MOXXHOCTHU
pacmupoBBIBaHUS 3TUX JAHHBIX [6], ¢ APYroi, COBpEeMEHHBIE CPE/ICTBA 3alTUTHI OT
BPEIOHOCHBIX MPOrpaMM 3a4acTyl0 HE CHPABISIOTCA CO CBOEW (YHKIMEH U He
3amuaroT nonb3oBarensckue KC ot 3apaxkenus. Kiaccuueckue MeToibl 00pbObI C
BpEJIOHOCHBIM TiporpaMMHbIM oOecnieuenreM (I10) octarorcs ManodhdeKTUBHBIMU
pyu OOHApYXEHUU BPEIOHOCHOTO KOJla, paHEe HE HM3BECTHOrO pa3pabOTYMKaAM
AHTUBUPYCHBIX MTPOTPAMMHBIX CPEJCTB U SKCIUTYaTUPYIOUIETO YSA3BUMOCTH HYJIEBOIO
TTHSI.

B uccnenyemoii KC  ycranaBmuBanoch  cnernuanuzupoBanHoe [0,
MO3BOJISIIOIIEE OTCIEKUBATH W 3alUCHIBATh MOKA3aTEIW Pa3JIMYHBIX apaMeTpoB
CUCTEMBbl B €IMHHUILy BpeMeHHU [7], 3aTeM MpOBOIATCS HM3MEPEHHUs IMOKa3aTese B
YEeThIPEX PA3IMYHBIX PEXKUMAaX 3arpy3KH CUCTEMBI:

l. HM3Kast 3arpy3ka — CHCTE€Ma OJKCIUTyaTUPYETCs B COCTOSIHUM TIPOCTOS,
MOJIb30BATE b AKTUBHBIE 33/1a4M HE 3aITyCKAET;

2. cpenHsia 3arpy3ka — HopMajibHasi paboTa CUCTEMBI, MOJIb30BATEb 3aITyCKAeT
nporpammsl, padboraer ¢ luTepHeToM u T. 1.

3. BhICOKas 3arpy3ka — BBIIOJHEHUE PECYpPCOEMKHUX 3ajad, Hamlpumep,
apXHWBHPOBAHUE OOJIBIITOTO 0O0BEMa JaHHBIX;
4. pabora BII - mnemocpenctBennas artaka KC BII (B skcnepumente

ucnoas3oBanuck WannaCry, no more ransom u Ap.).

B pesynbraTre amanm3a ObUTM OTOOpaHBI CIEAYIONINE TPYMIBI MMAPaMETPOB:
«ITamsare», «lIpoexTsl  cOopmmka paHHbiX», «lIpomeccop», «Cucremay,
«DPU3NYECKUN TUCK.

JlaHHBIE METPUKHU MPEJICTABIAIOT co00M 3HadeHue miomaau mnog ROC-kpuBoit
(kpuBast OIMIMOOK), MOJYyYalOTCs IyTeM IMPeoOpa3oBaHUM MCXOJHBIX 3HAYCHUI
Matpuibl  ommoOok  [8]. Marpuma omuOOK  COAEPKHUT  IepBOHAYAIBLHbBIC
XapaKTePUCTUKU OIICHUBAHUSI MOJEIN MamMHHOTO 00yueHus. ROC-kpuBasi 3aBUCUT
OT TMOKa3zaTeJe YacTOThl MPaBWIbHOW KiIacCU(UKAIMK MOJEIbI0 MAaIlWHHOTO
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o0yueHus oObEeKTOB TMoOJoXuUTeNbHOrO Kiacca (TPR) u wacToThl HempaBuibHOM
kinaccudukanuu o0beKTOB oTpuIaTenbHoro kiacca (FPR). @opmyrbsl, mo KoTophiM
BBIYHUCIISIIOTCS. 3HAYEHUST OCHOBHBIX METPUK KadecTBa MOJCNICH MAaIlIuHHOTO
oOy4eHHS:

TP+TN .. TP
accuracy = precision =
TP+TN+FP+FN TP+FP
TP precision+recall
recall = Fg=(1+ B% —
TP+FN (B 2+precision)+recall

rae TP — uucno npaBuiibHO Ki1accH(ULIMPOBAHHBIX OOBEKTOB MOJOKUTEIBHOTO
KJiacca;

TN — uncno npaBMWIbHO KIACCU(PULIIMPOBAHHBIX 0OBEKTOB OTPULIATEIBLHOTO
KJIacca,

FN — yucno ommbo4YHO KIacCuPUIMPOBAHHBIX OOBEKTOB MOJIOKUTEIHLHOTO
KJIacca,

FP — uncno omm604yHO KiaccupuIUupoOBaHHBIX 00BEKTOB OTPHUIIATEIHLHOTO
KJIacca,

B - HE0OX0AMMAas TP BHIYMCIICHUSAX CTEIIEHb TOYHOCTH.

PaccMoTpuM OCHOBHBIE MTOKa3aTeNIbHbIE METPUKHU KauecTBa Mojelen (precision,
recall, F-mepa, accuracy, AUC (miomans moa KpuBoil omubok) [8], Bpems
BBINIOJIHEHUSI), C(POPMUPOBAHHBIX M3 3HA4YeHH Marpul] omubok. B Tabmuue 1
MPUBEICHO CpelHee BpeMs BBHIMOJIHEHHS OIEpalfii Mo KiacCUpUKalUu OObEKTOB
TECTUPYIOLIET0 HabOopa JaHHbBIX, PABHOTO JIsl BCEX SKCIEPUMEHTAIBHBIX MOJIETIEH.

Tadauuna 1 - Jlannble uccieIOBAaHUS BpeMeHHU BbINOJIHEHHs AJITOPUTMOB
MAIIMHHOTO 00yYeHHUs

Aaroputm mamuHHoro | Precision | Recall, | F-mepa, | Accuracy, | AUC- Bpewst
06ydenus s % % % % ROC B"'“";‘l'f““”’

HauBHblii GaliecoBckuit 91,9 93 92,4 92 0,919 0,0004992

QITOPUTM

MHorocnoitHas 72,7 74,5 73,8 73 0,698 0,1283805

HEHWPOHHAs CETh

MarmHa onopHbIX 77 76,1 76,6 76 0,764 0,0009968

BEKTOPOB

AJITOPUTM TPAAUEHTHOTO 97,7 96,5 97,4 97 0,973 0,0079891

oyctunra CatBoost

Takum oOpa3oM, TpOBEACHHBI aHaNU3 ToKa3aTened APPEKTUBHOCTH
KJacCUpUKALUN, MPUCYIIMX PACCMOTPEHHBIM MOJENSAM, U  BBIYUCIUTEIHLHOM
(b ()EKTUBHOCTH KaXKI0M M3 HUX TOKaszal, 4To nis 3amauu BeisiBieHus BII B KC
HauOosee MOAXOASIIEH SABISETCS MOJETh HAa OCHOBE alrOpUTMa TI'PaJueHTHOIrO
oyctunra CatBoost.

BriBOADBI

Takum 00pa3oM, MOXKHO cJenaThb BBIBOJ, YTO HA CETOAHSIIHUI JI€Hb
CYIIECTBYET MHOXECTBO CHoco00B OOpbObl ¢ Bupycamu. OJHM OCHOBaHBI Ha
mU(GPOBAaHUM JTAHHBIX W TMPOTUBOACUCTBYIOT PACKPBITHIO KOH(GUIECHIUAIBLHOU
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UHpoOpMaILMy, ApPyrue OOECIEeUuBaAIOT 3alIUTy OT yTeuku HHpopmanmu. Taxxke
CYILIECTBYIOT CHOCOOBI OOHApyXEHHs BUPYCOB, OCHOBAaHHBIE Ha 3BPUCTHUYECKOM
aHaJIM3€ ¥ UCTOJIb30BaHUU CAMBIX COBPEMEHHBIX TEXHOJIOTHI, 8 UMEHHO HEUPOHHBIX
ceTen.

HecMmotpst Ha pa3HooOpa3ue METOJOB BBISBICHUS BHPYCOB, OJHA MX padora
MOKeT ObITh HefocTaTOuHa A 3 dekTuBHON 60pHObI ¢ HUMHU. [loaTOMY BCe yate u
yame OHKCHepThl B 00JacTH 3alluThl HMH(DOPMALMM aKTyaIU3UPYIOT MOJIEIH
MOCTPOEHUSI COBPEMEHHBIX BUPYCOB U MBITAIOTCA HANTH HOBBIE CIIOCOOBI OOPBHOBI C
HUMU.
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Anomauia. To determine R2L network attacks, Python created the MLP software model using
the open KDDCup database, which was used to study the values of accuracy and error from the
number of neural network learning epochs based on various data: activation functions, hidden
neurons, optimization methods. The optimal parameters and configuration of the neural network for
detecting classes of network attacks are determined: Ftp write, Guess passwd, Imap, Multihop,
Phf, Spy, Warezclient, Warezmaster.

Knrwwuosi cnosa: attack, class, category, MLP, accuracy, MSLE, configuration, activation
function, optimization methods.

Introduction.

Formulation of the problem. Creating an effective system for detecting network
attacks requires the use of qualitatively new approaches to information processing,
which should be based on adaptive algorithms capable of self-learning. The most
promising direction in the creation of such systems for detecting network attacks is
the use of neural network technology.

Analysis of recent research. The following neural networks (NN) can be used to
detect network attacks: Multi Layer Perceptron (MLP); Kohonen or Self Organizing
Maps Networks (SOM); Radial Basis Function Network (RBF), but at the present
stage, most often offered network attack detection systems built using a multilayer
perceptron. So, for example, Mustafaev A. G. by means of a neuropackage Neural
Network Toolbox of the MatLLAB program created NN that in 93 % of cases correctly
classifies attacks [3]. Zhukovitsky 1. V. and Pakhomova V. M. using Fann Explorer
created NN configuration 19-1-25-5 (19 — the number of input neurons; 1 — the
number of hidden layers; 25 — the number of hidden neurons; 5 — the number of
resulting neurons), which will allow real-time detection of threats Back,
Buffer overflow, Guess password, Ipsweep, Neptune on the computer network [5],
but it would be interesting to create NN to detect classes of network attacks according
to a certain category and conduct additional research.

The aim of the article is to study the parameters of a multilayer neural network
to determine the classes of network attacks according to the category R2L.

1. Statement of the problem and the choice of mathematical apparatus
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R2L attacks are characterized by an unregistered user gaining access to a
computer from a remote computer. The following classes of network attacks
according to the R2L category are known: Ftp write, Guess passwd, Imap,
Multihop, Phf, Spy, Warezclient, Warezmaster. The open database KDDCup was
used as initial data [4]. The main mathematical tool is a multilayer NN, the structure
of which is shown in fig. 1, where x0...x28 — input neurons (table 1); y0...y7 — the
resulting neurons, and y0 corresponds Ftp write, y1— Guess_passwd, y2 — Imap, y3 —
Multihop, y4 — Phf, y5 — Spy, y6 — Warezclient, y7 — Warezmaster.

We believe that the use of MLP as a mathematical apparatus is appropriate and
sufficient. For example, although the RBF network learns faster than the MLP
network, it is necessary to determine the number of radial elements, their location and
deviation values, the RBF model requires slightly more elements, it will run slower
and requires more memory than the MLP model. Created a software model «MLP»,
which is based on the implementation of MLP, using the language «Python» and the
following libraries: «Kerasy»; «TensorFlow»; «Pandas» and presented in [2].
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Figure 1 - The structure of the multilayer NN

Table 1 - The ratio of input parameters and attributes of KDDCup

Neuron Attribute Neuron Attribute

x0 Duraction x15 Srv rerror rate

x1 Protocol type x16 Same srv rate

x2 Service x17 Diff srv rate

x3 Flag x18 Srv diff host rate

x4 Source bytes x19 Dst host count

X5 Destination bytes x20 Dst host srv count

x6 Land x21 Dst host same srv rate

x7 Wrong fragment x22 Dst host diff srv rate

x8 Urgent x23 Dst same src port rate

x9 Hot x24 Dst host srv diff host rate
x10 Count x25 Dst host rerror rate

x11 Srv count x26 Dst host srvb serror rate
x12 Serror rate x27 Dst host rerror rate
x13 Srv serror rate x28 Dst host srv rerror rate
x14 Rerror rate
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To determine the optimal parameters of multilayer NN to determine network
attacks of category R2L, a number of experiments were conducted, during which the
accuracy and root mean square logarithmic error (Mean Squared Logarithmic Error,
MSLE) were studied and discussed at the conference [1].

2. Investigation of the accuracy of NN for different activation functions

In fig. 2 presents the results of a study of the accuracy of NN with two hidden
layers of the number of epochs of learning for different activation functions. The
figure shows that the best values of the indicator have NN with the following
activation functions: logistic function on the first hidden layer; function «SoftPlus»
on another hidden layer; function «Softmax» on the resulting layer.
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Figure 2 - Accuracy of NN for different activation functions

3. Investigation of the accuracy of NN for different numbers of hidden
neurons

In fig.3 presents the results of a study of the accuracy of NN with two hidden
layers from the number of epochs of learning for different numbers of hidden neurons
(on the layer). The figure shows that the best values of accuracy are given by the
multilayer NN at the number of 25 neurons on the hidden layer, thus obtaining the
configuration of NN 29-2-50-8, where 29 is the number of input neurons; 2 — the
number of hidden layers; 50 — the total number of neurons in the hidden layers; 8 —
the number of resulting neurons.

4. Investigation of NN error by different learning methods

For the obtained structure of NN, the results of the study of the value of MSLE
from the number of learning epochs by different methods of learning optimization
were obtained (fig. 4). The figure shows that the best value of MSLE are given by the
«Adam» method, with 25 epochs of learning enough.
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Conclusions

Based on the software model «MLP» a study of NN parameters to determine the
classes of network attacks of category R2L. The obtained values of accuracy and
MSLE from the number of epochs according to different data: activation functions;
hidden neurons; learning optimization methods. It is determined that it is necessary to
have NN configuration 29-2-50-8 (with logistics function on the first hidden layer,
function «SoftPlus» on the second hidden layer, function «Softmax» on the resulting
layer), which «Adam» method provides high accuracy.
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Figure 4 - The value of MSLE in different methods of learning optimization
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Anomauia. /[na eusnauenus mepedcesux amakx Kameeopii R2L cmeopena 6 Python
npoepamua mooenv « MLP» 3 euxopucmarnuam eiokpumoi 6azu KDDCup, Ha ocHO8i 5ikoi npoeedeHi
00CNIOIHCEHHS 3HAYEHb MOYHOCMI MA NOXUOKU 10 KiIbKOCMI enoX HABUAHHS HEUPOHHOI Mepedici 3a
PIBHUMU  OaHUMU. QYHKYIAMU aKMuayii, NPUXo8aHuMU HeUpoHaMU, Memooamu Onmumizayii.
Busnaueni onmumanvri napamempu ma Konpicypayis HetpoHHOI Mepedrci wooo 6Un6IeHHs KIACie
mepexcesux amax. Ftp write, Guess_passwd, Imap, Multihop, Phf, Spy, Warezclient, Warezmaster.

Knrowuosi cnoea: amaxa, knac, kamezopisa, MLP, mounicms, MSLE, xongicypayis, ¢pynxyis
akmusayii, memooamu Onmumizayii.

ISSN 2567-5273 43 www.moderntechno.de



Modern engineering and innovative technologies Issue 18 / Part 2

http://www.moderntechno.de/index.php/meit/article/view/meit18-02-066
DOI: 10.30890/2567-5273.2021-18-02-066

YK 629.7.615.3
CONTROL OF A DYNAMIC OBJECT WITH A NON-DIAGONAL AND
NON-STATIONARY INERTIA TENSOR MOVING ALONG A

TRAJECTORY
YIIPABJIEHUE JUHAMUNYECKHUM OBBEKTOM C HEIUAT'OHAJIBHBIM N
HECTAIIMOHAPHBIM TEH30POM MHEPLIUUA ITPU IBUKEHUU B1OJIb
TPAEKTOPUUN

Ashchepkova N.S. /Amenkosa H.C.

c.t.s., as.prof. / k.m.H., 0oy.

ORCID: 0000-0002-1870-1062

Oles Honchar Dnipro National University, Dnipro, Gagarin Ave. 72, 49010

Jlnenposckuii nayuonanvHwl ynusepcumem um. O. ['onuapa, /{nenp, np. I'acapuna 72, 49010

Annomayusn. B pabome paccmampusaemcs Memoo ynpasieHusi OUHAMUYECKUM 0OBEeKMOoM ¢
HeOUACOHATIbHLIM U HeCMAYUOHAPHBIM MEH30POM UHEPYUU NPU OBUNCEHUU 600]b MPAEKMOPUL.
Boiiu nonyuenvl pacuemuvie cxemol Osi (POPMUPOSAHUS. YRPAGTAIOWUX BO30CUCMBULL C YUEenmOoM
83AUMHO0 GIUSAHUSL KAHALO8 YAPABIEeHUs, 00YCI06IEHHbIX QU3UYeCKUMU CEOUCMBAMU 00bEeKma
ynpasnenusi. B kauecmee npumepa OuHAMUYECK020 00BLEKMA PACCMOMPEHA KOHCMPYKYUsL
MOOUTLHO20 poboma  uzmensieMou KoH@ueypayuu. Peanuzayus npeonosicennoco memooa
VAPasIeHus: NO360/5em. MUHUMUZUPOBANb OMKIOHEHUS YEeHMPAd MAcCC OUHAMUYECK020 00beKma
OMm Mpaexmopuu, YMEeHbUUMb IHEP2O3ampamsl U 00ecneyums 3a0aHHYI0 Yel08yl0 OPUEHMAYUIO
00beKma ynpasienust 8 HanpasiLeHusx NEPREeHOUKYISPHLIX HANPAGIEHUIO OBUNCEHUSL.

Knrwouesvle cnosa: mobunvHwiii pobom, menszop uHepyuu, mpaeKmopusl.

Berymuienne. Pa3BuTre HOBBIX TEXHOJIOTHUM Ji€laeT BO3MOKHBIM IMPUMEHEHUE
ABTOHOMHBIX MOOWJIBHBIX POOOTOTEXHUYECKUX CHUCTEM Ha MPOU3BOACTBE, B OBITY,
Ipy BEACHUM OOEBBIX NEHCTBUN, NMPHU JTUKBUAALMH TOCIEACTBUI TEXHOTEHHBIX U
NpUPOAHBIX KaTacTpod. Hanbosee mepcreKTHBHO HMCIOJIB30BaTh POOOTHI TPETHETO
MTOKOJICHUS, KOTOPhIE CAMOCTOSITEILHO CTPOST MOJIEIh BHEIIHEW CPEJbl, BHIOMPAIOT
noAauenu u jgocturator ux. I[lpu 3TOM peanmusyeTcss amanTUBHOE YHOPABICHUE
TUHAMUYECKUM OOBEKTOM 0€3 TMPUCYTCTBUS YEJIOBEKa-oreparopa. Y CIOBHS
IKCIUTyaTaIlMl TaKWX JIMHAMHYECKUX OOBEKTOB Yallle BCETO HE TOJILKO HE M3BECTHBI
anmpuoOpHO, HO M MOTYT BHE3AITHO MEHIThCS B IIMPOKOM auamna3zoHe. [IpuuuHbl
HEOIPEJEICHHOCTH U HECTAllMOHAPHOCTHU 3TUX YCJIOBUH COCTOST: 1) B HemocTaTke
uHOpMaIMU O CBOMCTBaX BHEIIHEW cpejbl; 2) B TEXHUYECKUX OTrPAaHUUYCHUSX,
€CTECTBEHHOM pa3dpoce u apeide nmapaMeTpoB CEHCOPHOM U JBUTATEIBHOW CUCTEM
00beKTa; 3) B BOBHUKHOBEHUHU MPETSITCTBUM M BBIYMCIUTEIIBHBIX MOTPEIIHOCTEH B
KaHajax CBSI3U U YIPABJICHUS.

Pacuiupenue cdepbl NpUMEHEHUS M TOBBIIIEHUE CIOXHOCTH 3afad s
COBPEMEHHBIX aBTOHOMHBIX MOOWJIBHBIX P000TOB (AMP) 00ycrnoBIuBaeT Haau4ue
AJIEMEHTOB KOHCTPYKIMH, TOJBWXKHBIX OTHOCUTEIBHO IIaTGOpMbl  poOOTa.
[IpumepoMm TakuMx DJIEMEHTOB KOHCTPYKIIMM MOXET OBITh MaHUITYJSITOP,
WCIIOJTHUTENILHBIE OpPTaHbl CHEIUATU3UPOBAHHOTO OOOPY/IOBAaHUS WA TIOJBHKHAS
ocHacTka: mrymn, Oyp, xkoBml u T.1. [1] [lpm skcrmyatarmum AMP st snemeHTHI
MEePEMEIIAIOTCS OTHOCUTEIIBHO TIaT(OPMBI, U3MEHSS KOH(DUTYPAIIMIO U TEOMETPHUIO
Macc JMHAMHYECKOro o0O0bekTa. [Ipu OTHOCUTENIBHOM NBW)XCHHH JJIEMEHTOB
KOHCTpYKIun AMP wuzmensiemoit koH(urypammu €ro TIaBHBIE IIEHTPAIbHBIE OCH
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MHEPLUU HE COHAIIPABJICHBI C OCSIMU CUCTEMBI KOOPAMHAT CBSI3aHHOM C maTgopMoit
AMP. CnenoBatenbHo, TeH30p nHepunu AMP B cucteMe KOOpAMHAT, CBA3AHHOU C
mw1atGopMoi, HeMaroHalIbHBI U HECTallMOHApHBIM. B HacTosiee BpeMsi MpUHATO
CUUTATh, YTO HAJIMYME TOJBHKHBIX AJIEMEHTOB KOHCTpyKiuu Maccoud 10-20% ot
Maccel maatgopmbl AMP He BaMser Ha JAMAroOHAJLHOCTH TEH30pa HHEPIHUH
IUHAMHYECKOTO0 O0OBEKTA.

[Ipu mnepememennn AMP u3smeHseMoil KoHUTypallud 10 3aJlaHHOMY
MapuipyTy CHCTEMa YIpaBJIEHUS JOJKHA 00ECTeunTh MUHMMAJIbHOE OTKJIOHEHHE
LEHTpa Macc Iat@opMbl OT 3aaaHHOW Tpaektopuu [1]. Ilpu stom ynpasnsromniue
MOMEHTBI HAapaBJIEHbI BJOJIb OCEH CUCTEMbI KOOPJMHAT, CBA3aHHOU ¢ miaTtdopmoit
AMP. Ecaum TeH30p HHEpUMU AMHAMUYECKOTO OOBEKTa HEIUArOHAIBHBIA WU
HECTallMOHAPHBIM, TO KaHaJIbl CUCTEMbl YIPABJICHHS B3aUMOCBsI3aHbl. Bo MHOrmx
Cllyyasix 3THUM NPEHEOperarT NpH aHaAJM3€ NUHAMHUKUA CUCTEMbl U (HOPMHUPOBAHHUU
YOPAaBISIOIUX MOMEHTOB, NPUHUMAs, HEJAMAaroHaJbHbIE 3JEMEHTbl MalbIMU 0€3
OLICHKU UX 3HAYCHUHU.

Taxkum oOpazoMm, pa3paboTka METOJa YIPABICHUS TUHAMUYECKHUM OOBEKTOM C
HEJMAroHaJbHbIM M HECTAalMOHAPHBIM TEH30POM HWHEPLMH MPU JIBUKEHUU BJIOJb
TPACKTOPHUM SIBISIETCS AKTyaJlbHOM HAY4YHO - NPUKIAIHOM 3axadeu. Peanumsarus
TakOro  MeToAAa IO3BOJIMT: MHWHUMH3UPOBATH  OTKIOHEHHsS LIEHTpA  Mace
JMHAMHYECKOTO O0BEKTa OT TPAEKTOPUU, YMEHBLIUTh SHEPro3aTparbl U 00ECIeYnTh
3aJJaHHYI0 YIJIOBYIO OpHMEHTalui0 OOBEKTa YINpaBICHHS B  HAIPABICHUSX
NIEPIEHANKYJISIPHBIX HAIIPABICHUIO IBHKCHUS.

AHammu3 gurtepatypbl. Cuctembl ynpaBieHHsT POOOTOB M MaHUITYJIATOPOB
OTHOCATCA K KJIACCY HEJIMHEMHBIX MHOTOMEPHBIX CUCTEM IIEPEMEHHON CTPYKTYpBI C
MHO>KECTBOM BXOJOB U BbIXOJOB. AMP ¢ MaHUIyJIATOPOM SIBIISIETCSI MEXAHUYECKOU
CHUCTEMOM, KOTOPYIO MOXHO CYMTaTh MAaHUIYJIATOPOM Ha IOJBM)KHOW OCHOBE.
3BeHbS MAaHUIYJIATOPA — IEPEHECEHHBIE TeNa, MaTdopma — Hecymee Teno [2]. B [3]
OCYLIECTBJIEH aHAJINW3 TeH30pa uHepuuun AMP ¢ MaHUIyISATOpOM MNpU pPa3HOU
KOH(UTYpali WX B3aMMHOIO MOJIOKEHUS MPU Macce MaHUIYJSATOpa C TPy30M [0
20% wmaccel iatrgopmbl AMP. Pesynbrarel nccienoBanuii, nmpuBeneHHbIE B [3, 4]
JOKa3bIBAlOT, YTO 3HAYEHHE IIEHTPOOEKHBIX MOMEHTOB HHEPIMH CHUCTEMBI MpH
OTHOCUTEJIBHOM JIBWKEHUM MAHUITYJISITOPA COU3MEPUMBI  3HAYEHUSIM  OCEBBIX
MOMEHTOB HHEpPLUUU CHCTEMBI, JaXe€ €ClM Macca NOABWXKHBIX 3JEMEHTOB
KOHCTpYKIIMM MeHblle, uvem 10% wmaccel mnatdopmbel. ABtopamu B [3]
YCTaHOBJICHHAsl 3aBUCUMOCTb 3HAUYEHUM DJIEMEHTOB TeH30pa wuHepuuun AMP
U3MEHSEMON KOH(Urypaluu OT 3HA4eHH OOOOIIEHHBIX KOOPAMHAT IOJIBHIKHBIX
AJIEMEHTOB KOHCTpyKIMH. Kpome TOro, ompezneneHa 3aBUCUMOCTb 3HAYEHUU
AJIEMEHTOB TeH30pa uHepuun AMP u3zMeHsiemoil KOHPUTypauuu OT COOTHOILIECHHUS
Macchl MIAT(GOPMbl U MacChl MOJABHKHBIX 3JEMEHTOB KOHCTpyKUMH. [losaTOMy mpu
CHUHTE3€ aJIrOPUTMOB YINPABICHUA TEH30p HWHEPLUM TAKOM CHUCTEMBI HYXHO
IIPUHUMATh HEMArOHAJIBbHBIM M HECTALIMOHAPHBIM.

[Tockonpky AMP u3mensieMoil koHGUTypauu SBISETCS TPUMEPOM M3 Kiacca
IMHAMHYECKUX OOBEKTOB C HEIUWAaroHaJIbHBIM M HECTAI[MOHAPHBIM TEH30POM
MHEPLINUU, TO TOJYyUYEHHBIE PE3yJIbTaThl MOKHO MPUMEHSATH KO BCEM 00BEKTaM 3TOTO
KJ1acca.
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IIpu nepemenienun AMP wu3MmenseMolt KoHUTrypaluu 10 3aJaHHOMY
MapIIpyTy CHCTEMa YMpaBICHHUS MOJDKHA OOECHEYUTh MUHUMAIbHOE OTKJIOHEHHE
LEeHTpa Macc MIaTGopMbl OT 3aJaHHOM TpaekTtopuu. [lpu 3TOM ympapmisioe
MOMEHTHI HaIlpaBJIEHbI BJOJb OCEl CUCTEMBbl KOOPAWHAT CBA3AHHOW C IIaTHOPMOil
AMP [5]. Pe3ynbrarhl MareMaTHYECKOTO MOJICIIMPOBAHMUS WM aHAIN3a JAUHAMUKU
AMP wu3mensiemMoil KoH(uUrypaluy, mpHUBEIEHHbIE B [6] JEMOHCTPHUPYIOT
B3aMMOCBSI3b KaHAJIOB YIpPaBJIEHUS, OOYCJIOBIEHHBbIE HEIUArOHAJIbHOCTBIO H
HECTallMOHAPHOCThIO TeH30pa uHepuuu. COBpEMEHHbIE METO/Abl YIPABICHUS
nexkeHneM AMP 1o xenaeMol TpaeKTOpUH, Pa3AesIOTCS Ha IECTh HANPABICHUN
[5, 7]: onTuManbHOE yNpaBlIEHHWE, YNPABIECHUE MO BBIYUCIUTEIHLHOMY MOMEHTY,
yOpaBJI€HHE IO CHJIOBOMY MOMEHTY, THUOpPUAHOE YyIpaBieHue, poOacTHOe
yOpaBJICHHE, YNPABICHUE C TEPEMEHHOM CTPYKTypod. AHanNM3 JUTEepaTyphl
MIOKAa3bIBAET, YTO U3BECTHBIE METObI YIIPABICHUS TPEOYIOT HAIMYUS TOYHOU MOJEIH
auHaMUKd AMP U He yduuTBHIBaIOT M3MEHEHMs MapaMeTpoB OOBEKTa B MpoIlecce
paboTbl. OTO 00yclaBiIMBaeT YXYIIICHUE YMOPABISIEMOCTH U JAeMIpUPOBAHUS
CUCTEMbI, OTPaHUYEHHE CKOPOCTU U TOUHOCTH MO3ULIMOHUPOBAHUS 00beKTa. J[aHHBIX
HEJOCTaTKOB MOXHO HM30€KaTh, NMPUMEHSS YIpaBJICHUE alallTUBHOE HE TOJBKO K
BHEUTHUM BO3/IEUCTBUSAM, HO U K U3MEHEHHUIO TapaMeTPOB TMHAMUYECKOTO0 0OBEKTA B
npoiiecce padoThI.

VYmpasnenue npuwxenneM AMP MoxHO pa3OuTh Ha Tpu 3Tama: MJIaHUPOBAHHE
MapuipyTa, [UIAaHUPOBaHUE TeKyllero (parmMeHTa MapLIpyTHOIO  3aJaHus,
peanuzaius MapipyTHoro 3aanus [8]. s obecrieueHrst HEMPEPHIBHOTO JIBUKEHUS
CUCTEMa ympaBlieHUs poOoTa JOHKHA MPUHUMATh PEUIEHUS B PEAIbHOM BpPEMEHH.
Junamuueckass monenb AMP u3MeHseMoil KOH(PUIypauuu JAODKHA YYUTHIBATh
BHEIIIHME BO3MYILEHUS, HEAUArOHAIbHOCTh U HECTAlMOHAPHOCTh TE€H30pa MHEPIIHH,
CMEIIEHUE TIOJIOKEHHsSI IIeHTpa Macc, TpPEeHUE B KHUHEMATHYECKUX Iapax,
KOHCTPYKTHUBHBIE OrpaHWYeHUs U T.J. V3BECTHBIE aNTOPUTMBI YIIPABICHUS IS
MOJO0OHBIX OOBEKTOB TMO3BOJIAIOT A(MPEKTUBHO OTpadATHIBATh JIOBOJBHO Y3KHIA
JMana3oH U3MEHEHHS apaMeTpoB 00bEKTa.

B [9] nmpennoxken meron ympaBieHHS TUHAMHYCCKUMH OOBEKTaMH, KOTOPBIi
COCTOMT B (OPMUPOBAHUU COOTBETCTBYIOIIEIO CHTHajda BEKTOpa YIMpaBJICHHUS,
mojaronierocss K OJoKy ¢GOpMHpPOBAaHUS OTPAHUYEHUS BEKTOPHOW (YHKIIHH
OTKJIOHEHHS OT 3aJaHHON Tpaekropuu. CUTrHAJ BEKTOpa YNPABIECHUS 3aBUCUT OT
CyMMbl BBIXOJHBIX CHUTHAJIOB JUHAMHUYECKOTO OOBEKTa yIpaBieHHs U OJoKa
dbopmupoBaHUs 3alaHHOM TpaeKTopuu. [lpu 3TOM CHUTHAJI COOTBETCTBYIOILETO
BEKTOpa yMpaBlieHUs, QOpMUPYETCs KaK pEIIeHHEe YpaBHEHUS OrpaHUYECHUN
OTHOCUTEJILHO HMCKOMOTO BEKTOpa YMpaBICHUS M €ro K mepBbIX NPOU3BOJHBIX.
Henocrarkom [aHHOrO MeETOAA SABISIOTCS NMPUMEHEHUS KBaJIpPaTUYHBIX KPUTEPHUEB
ONTUMAJIbHOCTH, YTO IPUBOJUT K CHHXKEHUIO 3PHEKTUBHOCTH CUCTEMBI.

B [10] paccmorpen wmeTom poOAcTHOTO — yIpaBiICHUS MHOTOMEPHBIM
IMHAMHYECKUM OOBEKTOM, COCTOSIIMNA B ONTHUMM3ALMH TPOXOXKACHUS OOBEKTOM
PAaCCUMTAHHOW TPACKTOPUU C TMOBBILIEHHBIMHU IOKA3aTEISIMU TOYHOCTH, & TAKXKE
KOMIICHCALIMK JIEVCTBUS CUJI BHEIIHErO Bo3MyIleHus. HegocraTtkoMm 1aHHOrO MeToaa
ABIISIETCS ~ TPEHEOpEKEHUE  TMEPEKPECTHOM  CBSA3BI0  KAHAJIOB  YNPaBJICHHUS
OOyCIIOBIEHHON HEAMAaroHaJbHOCTHIO M HECTALMOHAPHOCTHIO TEH30pa HWHEPLUU
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00beKTa B 0a30BOI CUCTEME KOOP/INHAT.

B [11] mpeacTaBieH anrOpuT™ yIpaBlIeHNUs aBTOHOMHBIM MOOUIIBHBIM POOOTOM,
KOTOpBIA Ha JTame WACHTU(UKANK  yYATHIBACT  HEIUArOHAIBHOCTh |
HECTAIlMOHAPHOCTh TEH30pa WHEPIMM OO0BEeKTa B 0a30BOM CHUCTEME KOOpIWHAT.
Henocratkom sBisieTcs TO, 4YTO CHUCTEMa YNPABJICHUS JIMIIb aJaNTUPYETCAd K
WHEPIMOHHBIM  OCOOEHHOCTSIM  JTMHAMUYECKOr0 OOBEKTa, KaK K BHEIIHUM
BO3MYIICHUSIM.

B3aumHoe BiMsHUE KaHAJIOB YMPABJICHUS NPUBOAUT K HEJIMHEHHOCTH
aJITOPUTMOB, MOBBIIIAECT BEIYUCIUTEIBHYIO CIIOKHOCTD 3a7a4l yIIPaBJICHUS, CHUKAET
YCTOMYMBOCTh M OrpaHUYMBaeT ckopocTb AMP mpu wManeBpax. s yuéra
HEJIMaroHaJbHOCTH M HECTAIlMOHAPHOCTH TEH30pa MHEPIUMU OOBEKTa YINPAaBJICHUS
TpedyeTcs CO3/IaHue HOBBIX aJanTHBHBIX aJTOPUTMOB, YCIIEIITHO
(YHKIIMOHUPYIOUTUX TIPU U3MEHEHUH MMapaMeTPOB TUHAMUYECKOM MOJIEIH.

AKTYyaJlbHOCTh PadoThl OOYyCIIOBJIEHA TEM, YTO YCIEXH B 00JACTH TEOPUHU
yOpaBieHUsT ©W OypHOE pa3BUTHE MHUKPOMPOIECCOPOB  CO3JAIOT  pEaIbHBIE
MPEANOCHUIKH ISl pa3pa0OTKU METOoa YNPABJICHHS TUHAMUYECKUM OOBEKTOM C
HEJIMaroOHAJbHBIM W HECTAIIMOHAPHBIM TEH30pPOM HWHeEpIuu. Peanuzanus Takoro
METOJIa MOXKET OCYILIECTBIISITECA CUCTEMOM aIalTUBHOIO YIPABICHUS C 3JIEMEHTaMU
HCKYCCTBEHHOTO MHTEJICKTA.

Hean wucciaenoBanuss — pa3paboTka MeTOAA YIPABICHHUS JTUHAMHYECKUM
0OBEKTOM C HEAUMAroHAJIbHBIM M HECTAI[MOHAPHBIM TEH30POM MHEPIUU TIPU
JIBIKCHUU  BJOJIb  TpPaeKTOpuMU. BHeApeHWe Takoro MeToAa  IMO3BOJIMT:
MUHUMHU3UPOBATh OTKJIOHEHUS IIEHTpa Macc JAUHAMHUYECKOTO OOBEKTa OT
TPAeKTOPUM, YMEHBIIUTh DSHEPro3arparbl M OOECHEYUTh 3aJaHHYIO0 YIJIOBYIO
OpPUCHTAIlMI0O O00BEKTa yIpaBJICHHUS B  HANPaBICHUAX  MNEPHEHIUKYJISIPHBIX
HaIPaBJICHUIO JBHXKCHMUSI.

OO0bekT uccienoBanus. B kagecTBe 0o0beKTa UCCIEAOBAHUS PACCMATPUBACTCS
KJIACC JTMHAMHYECKHX OOBEKTOB, IJIsi KOTOPHIX B 0a30BOM cCHUCTEME KOOpAMHAT
C1Xc1Yc1Zei, CBSI3aHHOW C IIEHTPOM MacC IIacCH, TEH30p HHEPLUU -
HEJIMaroHaJIbHbIN U HECTAllMOHAPHBIH [3, 12].

! i
Pucynok 1 — Cxema KOHCTPYKIIMH ABTOHOMHOI'0 MOOMJIBHOTO podoTa ¢
MAHUILYJIATOPOM

HUcmounuk: [6]
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[IpumepoMm Takux OOBEKTOB SIBISIOTCA: ABTOHOMHBIM MOOWJIBHBIA POOOT C
MaHumyasTopom (puc. 1) [6], aBTOHOMHBIN MOOWIBHBIA POOOT C TMOABUKHBIMH
aNeMeHTaMu KOHCTpYKIuu (puc. 2) [12], 6ecnunoTHIM 35ekTpoMoouns (puc. 3) [12]
U T.I.

Ha puc.] mnpencraBieHa cxema KOHCTpykKuuu AMP ¢ MaHMOyJIsTOpOM.
KoHCTpyKIMsT COCTOMT U3 MOJHONPUBOAHOIO 4 — KOJNECHOrO INACCH, H
aHTPOMOMOP(PHOI0 MAHUITYJISITOPA COCTOSIIETO M3 KOJbIla, BPAIIAIOLIETOCS BOKPYT
BEPTUKAJIILHOM OCH, U CTEP>KHEBBIX 3BEHBEB (PYKH), COCAMHEHHBIX POTALMOHHBIMU
KMHEMaTHYECKMMU MapaMu ISTOro Kiacca.

Pucynok 2 — CxeMa KOHCTPYKIIMH ABTOHOMHOI'0 MOOMJIBHOTO podoTa ¢

NOABUKHBIMU 3JICMECHTAMHU
Ucmounux: [12]

Ha puc.2 npuenena cxema KOHCTpYKIMH AMP ¢ MOABMKHBIMU 3JIE€MEHTAMHU.
KoHCTpyKIIMsS COCTOMT W3 TOJHOMPUBOAHOTO 4 — KOJIECHOTO INACCH, IMOJBIKHOM
OCHACTKM (KOBII, ITyH, Oyp W T.I.), COEAMHEHHBIX C IIaTHOPMON POTAIMOHHBIMHU
KMHEMAaTHYECKUMHU TapaMH TISTOT0 Kjiacca H  TOJABMKHBIX WH(POPMAIMOHHBIX
YCTPOKUCTB (KaMepa, TO3UMETP, IMOKAPHBIA U3BEIIATeNb U T.I1.) CMOHTHPOBAHHBIX Ha
KOJIBIIE, BPAIAIOIIEMCST BOKPYT BEPTUKAILHOU OCH.

Ha puc.3 npencraBneHa cxema KOHCTPYKIIMH O€CITUIIOTHOTO IEKTPOMOOHIISL.

Pucynok 3 — CxeMa KOHCTPYKIUM 0€CITUIOTHOTO 3JIEKTPOMOOMIISE
Ucemounux: [12]
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KoHCcTpyKIus cCOCTOUT U3 MOJTHONPUBOAHOTO 4 — KOJIECHOTO IIACCH, CaJlOHa JJIs
[TaCCA)KUPOB U CUCTEMBI YIIPABJICHUS.

JUiss TMHaMHYEeCKMX OOBEKTOB JAHHOIO Kiacca HEIWaroOHAJIbHOCTh TEH30pa
WHEPLHUU CUCTEMBI TeJl OTHOCUTEIHHO 0a30BOI1 CUCTEMBI KOOPJIMHAT, 00YCIIOBIMBACT
[4,6,11,12]:

— COU3MEPUMOCTb OCEBBIX U IEHTPOOEKHBIX MOMEHTOB MHEPIIMU CUCTEMBI TEN
OTHOCUTEJILHO CBSI3AHHOM € IEHTPOM Macc 1accu 6a30BOM cucTeMon
koopauHat Cl1XclYclZcl,

— BO3HHUKHOBEHHUE PACCOTJIACOBAHMUS TVIABHBIX LIEHTPAIBHBIX OCEN MHEPLIUU
CHUCTEMBI TEJI C OCSIMH CBSI3aHHOM € IIEHTPOM MAacC MIAacCh 0a30BOM CUCTEMOM
koopauHaT C1XclYclZcl,

— HECOIJIaCOBAHUE YIPABJISIOUIMX BO3AEHUCTBUN C HAIIPABJICHUSIMU IJIaBHBIX
LEHTPAJIBHBIX OCEN NHEPLIUU CUCTEMBI,

— B3aMMO3aBUCHMOCTb KaHAJIOB YIIPABIICHHUS.

Meton pemenusi. PaccmoTrpeHo ympasisemoe aBwkeHue AMP ¢ yderom
HEJMaroHaJbHOCTU TEH30pa HHEPLMH, IPU KOTOPOM BEKTOPHI YIIPABIISIIOIINX
MOMEHTOB MEHSIOT OPHEHTALMI0 OTHOCUTEIIbHO TJIABHBIX IEHTPAJIbHBIX OCEHN
uHepuuu AMP. JIpmwxenne AMP u3smensemoit KOHQUTypalUu XapaKTepHU3yeTcs
CKOPOCTBIO Vv, JBMDKEHHS BJOJb TpaekTopuu nonroca Ol - meHTpa Macc CUCTEMbI U

BEKTOPOM YIJIOBOM CKOPOCTH ) :
Q1 Q =¢-0 Sny,
Q= Q| Q =y -Cosp+0-Sing-Cosy,
Q, Q. =-y-Sinp+0-Cosy -Cos.

Bo BpeMs nBmKeHUsS JUHAMUYECKOTO OOBEKTa BIOJIL TPACKTOPUU KPUTEPHUEM
ajanTanyy  SBISICTCS MHHHMH3allds OTKJIOHEHHsI IIEHTpa Macc OOBEeKTa OT
TpaekTopun [11], ymMeHbIIeHHe 3HEpro3arpar M obecredyeHue 3aJaHHON YTIIOBOM
OpUEHTAllMM B HAIpaBJICHUSAX MEPHECHIUKYISPHBIX HAMPABICHUIO JIBHXKCHHS.
Cucrema ympaBieHHs JOJKHA OTpaOOTaTh BO3MYIIEHHE M MPEAOTBPATUTH POCT
VIJIOBBIX KOOPJAMHAT W CKOPOCTEW B  HANpaBIEHUSX, MEPHEHIUKYIISPHBIX
HamnpaBJICHUIO JABWKEHUA. lIpuBeneHHble B [6] pe3ynapTarbl MaTeMaTUYE€CKOIO
MOJICTUPOBAHUS JT0KA3bIBAIOT, YTO ISl 00€CTiedeHUs 3aJJaHHON YIJI0OBOM OpUEHTAIIUN
TUHAMUYECKOTO OOBEeKTa B HAMPABJICHUSIX TMEPHEHANKYISIPHBIX HAMPaBICHUIO
JBYDKEHUS, HEOOXOJAMMO YYHUTHIBaTh HEAMATOHATHHOCTh M HECTAIIMOHAPHOCTH
TEH30pa MHEPIIUU, U TEPEKPECTHYIO CBSA3h KaHAIOB ympasiieHus. [{eaecoobpa3HocTh
oOecrieueHns 3aJlaHHON YTIJIOBOW OpPUEHTAllMA JUHAMHUYECKOTO OOBeKTa, B
HalpaBJICHUSAX  TEPHEHAUKYJSIPHBIX  HAMpaBlieHUs  JABUXKEHUS, OO0YyCIIOBJICHA
HEO0OXOJMMOCTBIO COXpaHEHUS ero (yHKIMOHAJILHOCTH MPU aBTOHOMHOW paboTre u
BBITIOJTHEHUEM TEXHOJOTHYECKUX OTIEpaIuil.

J{nst pemieHust MOCTaBJICHHOM 3adadyu mpezgiaraercs meton [12], mpu kotopom
(dbopMHUpOBaHUE YIPABISIIONIETO BO3JCUCTBUS OCYLIECTBISIETCS ABTOMATUYECKU HA
OCHOBE aJropuTMa aJalTUBHOTO YOPABJICHHUS JUHAMUYECKHUM OOBEKTOM C
HEJAMaroHaJbHBIM M HECTAlMOHApHBIM TEeH30poM wuHepuuu. [lpu 3TOM BekTOp
YIPaBJISIOIEr0 BO3ECHCTBUS HAIMIPABJIEH Y€pe3 MPOEKIIUIO [IEHTPa MAacC CUCTEMBbI Ha
IJIOCKOCTh 0a30BOM CHUCTEMbl KOOpJMUHAT. BenuunHa ympaBisiolmiero BO3IEHCTBUS
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BBIYUCIISIETC ~ MHUKPONPOLIECCOPOM B PEXKUME  PEaJbHOIO0  BPEMEHU IO
MaTeMaTUYeCKOM MOJAENH JUHAMHYECKOTO OOBEKTa C HEAUArOHAIbHBIM U
HECTALMOHAPHBIM TEH30pOM HMHEpUUuU. Pacnpenenenue ynpapisiommMX BO3IEUCTBUN
Ha WCIHOJHUTEIbHBIE MPHUBOJBI BBINOJTHAECTCS C YYE€TOM B3aMMOCBSA3U KaHAJIOB
yOpaBleHUs, peaTn30BaHHOM 3a cueT (PU3NUECKUX CBOUCTB 00BeKTa [12].

Ha puc. 4 mnpuseagena pacu€tHas cxema (HOPMHPOBAHHUS YIPABISIONIETO
BO3JICUCTBHS TMPH JIBIDKCHUHM BIIOJIb TPACKTOPUHM JAUHAMUYECKOTO OOBEKTa C
HEJIMaroHaJdbHbIM U HECTALIMOHAPHBIM TEH30POM HUHEPLIUH.

Cornacno [12, 13] nna peanuzanuy MOBOPOTA IACCH BOKPYI MTHOBEHHOIO
HeHTpa ckopocreir M 0e3 mpockaidb3blBaHUS KOJEC HEOOXOAMMO O00eCneurTh
PaBEHCTBO YTJIOBBIX cKopocTelt Touek A, B, C, D, Cl. [Insa obecnieyenus 3agaHHON
YTJIOBOM OpHEHTAllMM OOBEKTa B HANPABICHUSAX MEPIEHIUKYISPHBIX HAIpPaBIICHUIO
nBrkeHuss BekTop VC; HE0OOXOAMMO HANpaBUTh Ye€pe3 MPOEKIMIO0 ILEHTpa Macc
cuctembl Touku Ol Ha 6azoByro cucremy koopauHaT Touky O. B [12, 13] ansa
MOJIHOIIPUBOJHOTO IIACCH TPUBEAEHBI COOTHOLICHUS JIMHEUHBIX CKOPOCTEN TOYEK A,
B,C,DucCl:

Moy
Vg
AR
AR
\\i/
ALY

Pucynok 4 — Cxema ¢popMupOBaHNs YIPABJIAIONIIEr0 BO3AeiiCTBUS NPHU
ABHKEHHMH BJ0JIb TPACKTOPHHU JUHAMHMYECKOT0 00beKTa ¢ HeIMAarOHAJIbHBIM M

HECTALMOHAPHBIM TEH30POM MHEPIUU
Ucemounux: [12, 14]

Ecnm w3BecTHa CKOpPOCTh M pajMyCc MOBOPOTA JIFOOOW M3 YKa3aHHBIX TOYEK,

JIPYTUE OMPEIEISIIOTCS C YUETOM I€OMETPUUECKUX COOTHOIICHUM:
F F,

A B

RA

=— , Ry=— , R.=F.-ctgep,, R,=F,-ctgo,,
Sin @, Sin @,

rae Ra, Rp, R, Rp — pangnyc nmosopora coorBercrByroniero koneca; Fa, Fg, Fc, Fp —
CUJia TIPUJIOKEHHAsI K OCHM KaXJOro KOJeca; ¢,, ¢, — YIJIbl MOBOPOTa IMEPEIHUX
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OpUBOAHBIX Kosiec. KoopauHaTel MIHOBEHHOTO LEHTpa cKopocTedl Touku M
PACCUUTBIBAKOTCS MPOTPAMMHO, KaK TOYKa repecedeHust BeKTopoB Rer u Rp (puc. 4).
BenuunHa cuibl MPUIIOAKEHHOW K OCH COOTBETCTBYMOWIEro kojieca Fa, Fp, Fc, Fp
BBIYMCIIIETCSI IPOrpaMMHO HA  3Tale CUHTE3a  aJalTUBHOIO  YIPABIICHUS
IMHAMHYECKUM OOBEKTOM C HEIUaroHaJbHbBIM M HECTAllMOHAPHBIM TEH30POM
WHEPLUH.

3akir0oueHHe W BBIBOABL bbUIM  pacCMOTPEHBl METOABI  YIPAaBJICHUS
JUHAMMYECKUM OOBEKTOM C HEAMAaroHaJbHbIM M HECTALMOHAPHBIM TEH30POM
MHEPLUU IIPU IBUKEHUU BIOJb TPACKTOPHUU. BbIIM MOITyUYEeHBl paCUETHBIE CXEMBI IS
(opMHpPOBaHUS YNIPABJISIIOIIMX BO3AECUCTBUN C yY€TOM B3aMMHOI'O BIIMSHUS KaHAJIOB
yIpaBieHUs1, 00YyCIOBIEHHBIX (PU3NYECKUMU CBOMCTBAMU OOBEKTA YIIPABIICHMUS.

Peanuzanus NpenoKeHHOro MeETOJa YIPABJICHUS I03BOJISET: YMEHBIIUTh
HOTPELIHOCTh MO3ULUOHUPOBAHUS JUHAMUUYECKOTO OOBEKTa NP JABH)KEHUU BJIOJIb
TPAEKTOPHUH B 3apaHee HE U3BECTHOM BHEIIHEW CpEeJe; aBTOMAaTUYECKOE ONPEIETICHUE
YW aHaju3 TEKYIIEro COCTOSHUS 3JEMEHTOB TEH30pa HWHEPLHUH JHUHAMHUYECKOTO
o0beKkTa; (HOPMUPOBAHHME YIPABIAIOMIETO BO3JACHCTBUS C YYETOM B3aUMOCBSI3U
KaHAJIOB YNpaBlIeHHUs. BHenpeHue Takoro Meroaa I03BOJUT: MUHHUMH3UPOBAThH
OTKJIOHEHHsI IEHTpa MacC AMHAMHUYECKOTO OOBEKTa OT TPAEKTOPUH, YMEHBIIHUTH
sHepro3aTpaTtl M OOECHEYMUTh 33JAHHYIO YIJIOBYIO OpPHUEHTAlMI0 OObBEKTa
YIpaBJICHUS B HAIIPABJICHUSAX NMEPIEHIUKYIISIPHBIX HAPABICHUIO IBHXKCHMUS.

[IpumeHeHne MpPeAoKEHHOr0 MeToAa YIpaBieHHUs Ipu ABkeHun AMP,
U3MEHSEMOI KOH(Urypaluy, BAOJIb TPACKTOPUHU IPEBpAIIAET aAaNTUBHYIO CUCTEMY
YIPaBJICHUS B Ype3BbIYAHO TMOKUN MHCTPYMEHT OpraHU3aluy LieJeHApaBIeHHOTO
MOBE/ICHUs pOOOTa B YCIOBUSAX HEONPEAENIEHHOCTH. [Ipu 3TOM cuctema ynpaBieHUs
MOKE€T MTHOBEHHO PEearupoBaTh HAa U3MEHEHHUS BHEIIHEH OOCTAaHOBKU M TEKYILETO
COCTOSIHUS O0BEKTA, B3aMMOCBSI3b KAHAJIOB YIIPABJIEHUS U BHEIIHUE BO3JACUCTBUS AJIs
NPEAOTBPALIEHUSI  CTOJKHOBEHMIA C IPENSATCTBUAMHU U COXpaHEHUs
Tpynocnocodnoctu AMP.
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Abstract. Track economy is the most important branch of railway transport in the republic,
on the condition of which the operation of the entire railway depends. The normal functioning of the
track economy is impossible without the use of modern resource-saving technologies, high-
performance and modern equipment, without regular provision of materials for the repair and
maintenance of the track. Traffic safety in the track economy is the key to the excellent work of the
entire Belarusian railway as a whole.

Key words: railway track, safety, track facilities, upper structure of the track, elements

Introduction.

The track services are the most important branch of the republic railway
transport. The working capacity of the entire railway depends on its condition. The
normal functioning of the track services is impossible without using of modern
resource-saving technologies, and high-performance and modern equipment, without
regular provision of materials for the repair and maintenance of the track. Traffic
safety in the track services is the key to the excellent work of the entire Belarusian
Railway as a whole.

The Belarusian railway is one of the main sections of the country’s transport and
economic complex and occupies an important place in the life support of the
Republic of Belarus and its diversified economy. The track services are the most
important branch of the republic railway transport. The working capacity of the entire
railway depends on its condition. The normal functioning of the track services is
impossible without using of modern resource-saving technologies, and high-
performance and modern equipment, without regular provision of materials for the
repair and maintenance of the track. The railway efficiency and the speed of the
trains’ movement, and the capacity of sections, and the traffic safety depend largely
on the state of the track services and its arrangements.

Main text. The purpose of the article is analysis of the track state and its main
elements, and their compliance with the requirements including the trains' traffic
safety ensuring.

To date, the role and significance of the track services continues to prevail
among the main services, since it accounts for more than 50 % of the Belarusian
Railway funds. As of 01.01.2021, the track services of the Belarusian Railway is
11,729.7 km of the deployed length of railway tracks, including 7,231.7 km of the
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main tracks, and 3,621.2 km of the station tracks, and 876.8 km of the non-public
tracks, and also more than 12 thousand switches, 1,744 crossings, 4,426 artificial
structures, which are 1913 bridges and 2,467 pipes, and 46 pedestrian bridges.

As is known, the power of the track upper structure is largely determined with
the state of the rail services. In 2020, the following works for the rail services were
carried out (Figure 1):

- track restoration repairs with new materials of 167.0 km (100.7 %), with old-
fashioned materials of 99.7 km (108.3 %);

- average repairs of 29.1 km or 145.5 %;

- 228.9 km (108.2 %) of a butt-jointless track’s lashes were laid,

- 239 sets of switches (97.6 %) were replaced, of which 204 sets based on
reinforced concrete beams.

Along with this, work was carried out for strengthen the switch economy due to
the re-laying of 216 sets of old-use switches. Also in 2020, the preserve work for 15.1
km of rail lashes was carried out.

Currently, there are no inventory rails on the fronts of the restoration repair of
the track on new materials; there is one long-term warning on the road about the
speed limit of trains at the Minsk branch in connection with the construction of the
second transport ring in Minsk.

In 2020, due to the implementation of the repair program and the actual
condition of the track, train speeds were increased by almost 350 km of the railway.

The length of the main track on a reinforced concrete base is 7,077.6 km or 98
% and the lenth of the station track is 2,365.3 km or 65 %. The butt-jointless track is
laid on 4,797.8 km or 66% of the length of the main tracks. There were laid 3,480
sets of switches on a reinforced concrete base in the main, receiving, and sending
tracks; this is 53 % of the total number. As of January 1, 2021, the number of
kilometres with excess repair deadlines is 545, or 7.5 % of the length of the main
tracks.

All the track distances contain the tracks with an excellent rating. Track-
measuring cars revealed 30.6 unsatisfactory kilometres of the main tracks in 2020 (in
2019 it was 51.8 km). It should be noted that no unsatisfactory kilometres were
detected at the Orsha, Lida, Voropaevskaya, Polotsk, Vitebsk, Krichevskaya,
Kalinkovichi and Bobruisk track distances in 2020. In 2020, 11 pieces of
unsatisfactory receiving and sending tracks were identified, which is 14 less than in
2019.

Financing for 142.7 million Belarusian roubles was allocated for the purchase of
materials for the upper structure of the track in 2020. During 2020, 29.04 thousand
tons of new rails or 224 kilometres of tracks were purchased (Figure 2).

In order to further strengthen the track services of the Belarusian Railway,
ensure the safety of train traffic and improve the efficiency of planning labour and
material resources, a program for the repair of railway tracks of the Belarusian
Railway for 2021-2023 has been developed in 2020. The state related to traffic safety
in 2020 remained at the level of 2019. Nine cases were allowed with violation of the
rules of traffic safety and operation of railway transport. For the same period of 2019,
1 crash and 8 cases were allowed (Figure 3).
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To ensure the safety of train traffic, it is necessary to work out a number of
issues related to the maintenance of rail lashes of the butt-jointless track, including
avoiding side wear by re-laying them, reducing the number of defective rails,
including through the introduction of aluminium-thermite welding and surfacing of
rails.
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Fig. 3 - Number of cases related to violation of traffic safety rules and the
operation of railway transport

In order to improve the quality of repair work in 2020, the procedure for
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accepting work on the repair of the railway track was revised. The system of
awarding bonuses to employees of the state enterprise "Remput of the Belarusian
Railway" and track distances is being improved in order to stimulate the high-quality
performance of their duties.

Due attention is paid to the curves of a small radius with the use of technical
measures to strengthen the upper structure of the track when implementing the
current maintenance of the track.

Attention 1s constantly paid to ensuring the safety of work with the use of
removable mobile units, to their fencing, taking into account the existing staff of
track fitters in the track services. It is possible to change the approaches to the
fencing of removable mobile units. The rules of interaction of work managers with
signalmen are also being improved, including by equipping employees with portable
radio stations.

Currently, work has been established on the visual control of the upper structure
of the track with the use of recently purchased diagnostic tools. Various parameters
such as butt gaps, rail wear, curve device parameters, etc are fixed. As a result, in
January 2021, 23 kilometres were identified with an unsatisfactory assessment,
including 19 km with the unsatisfactory assessment by additional parameters of the
track condition.

It is obvious that more attention should be paid to the current content of the
track. In this regard, the organization of inspections of the track service with the
involved services will improve the quality of their conduct and the timeliness of
identifying deviations in the content of the track.

The available accounting and reporting documentation maintained by the road
foreman are redundant; there is a formal approach in some cases. This distracts
middle-level managers from performing their main duties and functions along the
content of the track. In this regard, it is necessary to optimize the forms and methods
of maintaining documentation in order to cover the necessary parameters of the
railway track, which have a direct impact on the safety of train traffic and
characterize the values on the basis of which decisions are made to perform work on
replacing certain elements of the upper structure of the track within the current
maintenance or performing the next repair of the track. It is also necessary to exclude
duplication of the same parameters in different accounting forms.

To date, there is a problem of displacement of rail lashes laid with the SB-3 rail
fastener in its original design, i.e. before carrying out the certification work. For an
in-depth study of this problem, by order of the Belarusian Railway, the Belarusian
State University of Transport conducted tests of spring terminals removed from
sections of the track with different service life and missed tonnage in order to
determine the existing deformations after exposure to static and dynamic loads.

On the basis of this work, Order No. 5N of 04.01.2021 "On the production of
track works in 2021" provides for the purchase of SB-3 rail fastening elements
(gaskets and insulator) in the amount of 10 % of the length of sections of main tracks
with SB-3 fastening to secure primarily the "breathing" ends of rail lashes laid before
2018. This year, tests of the SB-3 rail fastener will continue to determine the total
bonding resource and the resource of its individual elements.
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In 2020, 15 industrial accidents occurred on the Belarusian Railway, of which 1
was fatal and 7 were severe, compared to 13 accidents in 2019, in which 15 workers
were injured, of which 6 were severe and 1 was fatal. The number of injured railway
workers is shown in table.

In order to reduce the cost of maintaining and repairing special railway rolling
stock, 10 physically and morally obsolete units were written off in 2020. In 2021, this
work will be continued, it is planned to write off five more units.

In 2020, in comparison with the same period of 2019, the total number of
employees injured at work increased at the Baranovichi department: 5 employees
were injured against 3, 2 employees were injured against 1 at the Minsk and Vitebsk
departments, at the state enterprise "Centre for Mechanization of Track works of the
Belarusian Railway", UP "BELTRANSAVTOMATIKA", the state enterprise
"BTLC": injured by an employee; against 0.

Table 1 - The number of affected railway workers

Number of injured workers
Branches of the Belarusian including the outcome
Railwa total
atiway, deadly heavy
the organization 2019 | 2020 | 2019 | 2020 | 2019 | 2020
year year year year year year

Minsk branch 1 2 2
Baranivichi branch 3 5 2 1
Brest branch 1 1
Gomel branch
Mogilev branch 4/6 1 2
Vitebsk branch 1 2 1 2
STS Rachkovichi 1
TMS-289 2 1
Remput 1 1
Centre for mechanization of

1 1
track works
Beltransavtomatika 1 1
BELINTERTRANS - transport 1
and logistics centre
Total by railway 13/15 15 1 1 6 7

Labour losses caused by industrial accidents on the Belarusian Railway
increased from 528 person-days in 2019 to 741 person-days in 2020.

The main causes of accidents in production in 2020 were failure of managers to
fulfil their duties on labour protection - 34%, violation of labour protection
requirements by victims-20 %, personal negligence of victims-46 %.
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The main types of accidents in 2020 were falling from a height (13%), falling
while moving (27%), and exposure to moving parts, objects, etc. (60%).

The characteristics of industrial injuries at the scene of the accident are shown in
Figure 4.
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Fig. 4 - Number of injured employees in 2020

The analysis of the data by the AS "Labour Protection" for the period from
January 2020 to December 31, 2020, showed that 597 prescriptions were issued to the
heads of organizations and separate structural divisions for mandatory execution,
2238 violations of the requirements of the legislation on labour protection were
revealed.

The main types of violations identified in the separate structural divisions of the
Belarusian Railways were:

- performance of works without the use of means of individual protection;

- violation of the requirements of the instructions;

- failure to fulfil official duties on labour protection and the requirements of
regulatory documents;

- insufficient monitoring of the state of labour protection.

In 2020, a number of organizational and technical measures were carried out on
the road aimed at improving working conditions and labour protection, which made it
possible to bring 77 workplaces for 148 employees into compliance with the
requirements of hygienic standards, improve working conditions at 64 workplaces for
168 employees, remove 287 workplaces from harmful and (or) dangerous working
conditions. 4555.3 thousand roubles were allocated for the implementation of
measures to protect the trois.

At all track distances, certain work is being carried out to improve working
conditions and prevention industrial injuries. Technical training is conducted monthly
with all categories of employees of the distance of the track with the study of labour
protection issues. According to the Regulations on monitoring compliance with the
Legislation on Labour Protection, the state of labour protection is monitored. A
commission is created under the leadership of the chief engineer to conduct the
«Days of Labour Protectiony.

A monthly schedule of out-of-hours inspections of the state of labour protection
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is drawn up, a schedule of quarterly control is also being developed at the outskirts
and sections of the track distance for 2021.Reviews of the detected violations are
conducted at a meeting with the head of the track distance with the registration of
protocols.

For the revealed violations of the rules of labour protection, the lack of control
over the work of subordinates, the non-use of personal protective equipment, the
existing violations in the maintenance of technical documentation on labour
protection, in conducting instructions on labour protection, distance workers are
brought to responsibility.

The article shows the role of the track economy and analyzes the state of the
upper structure of the track. Particular attention is paid to the quality of the
production of trackwork and ensuring the safety of labor and traffic safety during
their production.

Conclusions. Thus, the track services of the Belarusian Railway is a high-tech
complex of railway infrastructure improving constantly both technically and
organizationally. If all the requirements of regulatory legal acts, and instructions and
other documents are met, the track services is able to perform tasks to ensure the
economy of the republic in cargo and passenger transportation.
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Annomauyun. I[lymegoe X03iaUcmeo — BaAdNCHeUWds. OMPACIb  HCENE3HOOOPONCHO2O
MpaHcnopma pecnyonuKu, om cOCMOSIHUSA KOMOPOU 3a8UCUm pabomocnocoOHOCMb 6cell Hcele3HOU
oopoeu. Hopmanvrnoe pynkyuonuposanue nymesoco X03alcCmea HEB03MONCHO 0e3 NpUMeHeHUs
COBPEMEHHBIX pecypcochepeanujux mexHoNA02Ull, BblCOKONPOU3B0OUMENbHOU U COBPEMEHHOU
MexHuKuy, 0e3 pe2ynapHo20 obecnedenus Mamepuanamy Ons PeMOHmMA U COOepHCAHUs Nymu.
besonacnocms O0sudicenusi 6 nymegom xoszaicmee — 3anoe omauuHou pabomsi ceil benopycckotl
JHcene3HoU 00pocU 8 YeroM.

Knrwouesvie cnosa: scene3Ho00podxcHblll Nymb, 6€30NACHOCMb, Nymesoe X03AUCME0, epxHee
cmpoeHue nymu, 271eMeHmbl.
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Annomayia. Ilacadxcupcokuii mpancnopm — ye Hau8aAMCIUGIUA YacCmuna iH@ppacmpyKkmypu
micma. Ilpome y3200ceHicmb po3Knadié HANA200JceHa He CKpizb. Y cmammi po3pooaeHo
MEMOOUKY, SIKA O0360JAE Y3200UMU CKAAOAHHS PO3KIA0Y A6MOMOOINbHO20 MPAHCNOPMY NOOIU3Y
3ANI3HUYHUX 60K3AIE.

Knwuosi cnosa: mpancnopm, nacadxcupu, aemooOycu, 3ani3Huys, 60K3dl, PO3K1A0,
2POMAOCLKULL MPAHCNOPM, NEPEBe3eHHS

Berym.

Y cyyacHMX yMOBaX MICBKHM MaCaXUPChKUI TPAHCHOPT € OJAHIEID 3
HaWBAXKJIMBIIMINX CKJIAJOBUX YACTUH MICHKOTO TOCIOAAPCTBA 1 3HAYHO BIUIMBAE Ha
COIIAIbHO-EKOHOMIYHUI PO3BUTOK OYyIb-IKOTO MICTa, K€ HEMHCIUMO 0e3 mo0pe
HAJIaroJKEHOTO0  TpaHCMOpTHOro 3ale3neueHHs. [lacakupcekuili  TpoMaJChKHi
TPAHCIIOPT € OJIHIEI0 13 3HAYHUX Tally3e Trocrlo1apcTBa, OCKUIBKY Yepe3 BiACYTHICTh
y OUTBIIOCTI TPOMaJISIH OCOOMCTUX TPAHCIOPTHUX 3ac001B, MPOoOJIeMa CBOEYACHOTO Ta
SKICHOTO 3a/I0BOJICHHS TOTIUTY Ha TIEPEBE3CHHS MEPEepPOCTaE 3 CyTO TPAHCIOPTHOI B
ColliaNbHy, [0 BU3HAYAE CTABJICHHS HACEJIEHHS HE TUTHKHU 0 SKOCTI TPAHCIOPTHHUX
MOCAYyr, ajge ¥ M0 SKOCTI, IO HAJalThCA. 1 3arajioM 10 THX MPOIECIB, IO
B1IOYBAIOTHCS Y PET10OHAX Ta KpaiHi.

Benuka KiTbKICTh TACaXUpiB, SKI 3AIWCHIOIOTH IEPECYyBaHHS T'POMAJICHKUM
TPAHCIIOPTOM Il pi3HUX LUIed (poboTa, HaBYaHHS), 30KpeMa BJIAIOTHCS [0
BUKOPUCTAHHSA JIBOX 1 OLTBIIIE BUIIB TPAHCTIOPTY.

He3Bakaroun Ha HasBHICTh II€BHOI Y3TOJDKEHOCTI Y MIAX PI3HUX BHUJIIB
TPaHCIOPTY, HAlJacTiIIe 1X 3yCHIIs AyOIOI0ThHCS MapaieIbHOI0 POOOTOIO KITHKOX 3
HUX: HA3€MHOTO MICBKOTO TPOMAJICBKOTO TPAHCIIOPTY, BKIIOUAIOUN PEUKOBUH, JIIHIM
METPOTIOJNITEHY Ta 3ali3HUYHOTO (enekTpornoizna). lle MoscCHI0EThCS 1CHYIOUUMHU
nMpaBUjaMu  HAJaHHS  TPAHCIOPTHUX IMOCIYTr, [0 BHMaralmoTh HAasSBHOCTI
KOHKYPEHTHOTO CEpeIOBUIIA, 110 HE MOBHOIO MIpOIO O3BOJIIE aKIICHTYBATH YBary
MEPEBI3HUKIB HA SIKICHOMY Ta KOMIUIEKCHOMY 33JI0BOJICHHI NOTPEO KIIEHTIB —
MacaXupiB. 3BIJICK BUHUKAE MPOOJIEMa, 3 AKOI0 CTUKAIOTHCSA OLIBIIICTh MacaXupiB -
HEY3TOJDKEHICTh PO3KJIAAIB MIX BHIAAMHU TPAHCIIOPTY, IO NMPHU3BOAUTH O 3HAYHUX
HE3pYYHOCTEN SIK MacakKMpiB, TaK MEPEBI3ZHUKIB.

AKTyanpHICTh JIlaHOT pPOOOTH TMOJsra€ B TOMY, WIO0 MACAKUPH, SKi
BUKOPUCTOBYIOTh KIJIbKa BHJIB TPAHCIOPTY (3aTI3HUYHUN Ta aBTOMOOUIHHUIA)
CTUKAIOThCSL 3 MPOOJIEMOIO, KOJIM MPHU Mepecajlll 13 3ali3HUYHOTO TPAHCIOPTY Ha
aBTOMOOUTbHUM, TacakupaMm JOBOJUTHCA JOBrO 4YeKaTh Ha aBTOOyC CBOIO
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MapLIpyTy.

Merta ganoi poO0OTH pO3pOOUTH METOJIUKY, SIKA JO3BOJIUTH BUPIMIUTH MPOOIEMy
3 HEY3TOKCHICTIO PO3KJIAAY MK 3aJII3HUYHUM Ta aBTOMOOITRHUM TPAaHCIIOPTOM Ta
CKJIaJaTh PO3KJIaad TakuM YHHOM, MI00 Yac Ha OYIKyBaHHS aBTOMOOLIBHOTO
TPAHCIIOPTY CKOPOTHUBCS.

OCHOBHHU TEKCT

OCHOBOIO CHUCTEMM YMpaBIIHHS TPAHCIOPTHUMH NACAKUPCHKUMU MOTOKAMHU
MeraroJjicy Mae cratu Jiorictuka. Came sSIKiICHO TOOY/I0BaHHM JIOTICTUYHMM JIAHITIOT
MACaXXUPOIOTOKIB JTO3BOJUTh TPAHCIOPTHUM KOMIAHISIM HE TIJIbKH OTPUMYBaTH
npuOYTOK BiJl KJIIEHTIB, & ¥ MPHUBEPHYTH IXHIO yBary, 00 YHUKHYTH MEPEXOIy
MacaxupiB Ha OCOOUCTUHN TPAHCTIOPT.

CboroiHi, macaxup cam 3MYyIICHHM 3aiiMaTHCS JIOTICTUKOI CBOTO MapUIpyTy,
HE MalO4d MpU LbOMY MOBHUX BIJOMOCTEW MPO MPOIYCKHI Ta MPOBI3HI 3[10HOCTI
TPAHCIIOPTHUX MEPEeX, iX HAAIMHICTh 1 O€3MeKy, pOo3KiIaa pyXy Ta MapHIpyTH
MIPOXOJIKEHHS, 0COOJIMBOCTI HaJlaHHS TOCIYT. [3]

OpHak mMmacaxup 3MOXKE CAMOCTIMHO TPUWHATHA pIIMIEHHS Yy BHOOPI BUIY
TPAHCIOPTY, a TaKOX MapLIpyTy pyXy BIAMOBIIHO [0 BaXJIWBUX MJIi HBOTO
(bakTopiB, a TAKOXK MOXKE OYyJIb-IKOI MUTI Yacy MOMIHATH CBii mapuipyT. Kpim Toro,
Maca)Xup 3MOXe BUOUPATH 3pyUHUI ISl HHOTO PO3KJIIA] 13 TPUHUHATHOIO BApPTICTIO Ta
J0JIAaTKOBUMH TOCTyraMu. Y PO3MOPSIKEHHI MacaXupiB AJis BUOOPY € Pi3HI BUAM
TPAHCIOPTY: MICBKUM HA3eMHUH TPAHCIOPT, METPO, MICBKHM 1 TPUMICHKHIA
3JII3HUYHUMA TPAHCIIOPT, TPUMICHKHI aBTOMOOIIBHUI TPAHCIIOPT.

Sk mokasye TMpakTUKa, 3aNi3HUYHUNA TPAHCHOPT KOPUCTYETHCS 3HAYHOIO
MOMYJISIPHICTIO, HIK aBTOMOOUIbBHMIM TpaHcmopT. IloB'a3aHO 1e 13 piBHEM
KOM(OPTHOCTI AJid macaXxupiB. ABTOMOOUTbHUN TPAaHCIOPT HE 3pYyYHH, 3 MOTIIALY
IIBUJKOCTI TMEpPECYBaHHs, TEMIEpaTypu BCEPEIMHI TPAHCHOPTY Ta THYYKOCTI
MapipyTiB. [IpoTe 3ami3HUYHUI TPAHCHIOPT TaK CaMO MAa€ CBOI HEAONIKH, OCKUIBKH
AiCTaTUCA MOTPIOHOT TOUKH HE 3aBXKIU MOXKIIUBO, ITacaXXUpaM JOBOIUTHCS BAABATUCSA
710 BUKOPUCTAHHS KUTBKOX BHUIIB TPAHCIOPTY. A NMpU BUKOPHUCTaHHI KUIBKOX BHJIIB
TPaHCIOPTY BUHUKAIOTH 1HIII MPOOIEMH, 3 SKUMH JTOBOJUTHCS CTUKATUCS MAaCaAXKUPY,
Takl SIK TPUBAJ€ OYIKYBaHHS IPH MIEpecajlll 3 OJHOrO0 TPAHCIOPTHOro 3acoly Ha
1HIIIe, 3aMIOBHEHICTh TPAHCIIOPTHOTO 3ac00y, 110 B IEpioj] MaHAeMIi € 3arpO3010 I
acaKupiB.

Cporoani aBToOyCHI Mapku, MIKpOaBTOOyCH BHOYAOBYIOThH CBiil PO3KJIaa TaKUM
YUHOM, II00 Ha 3yNHHKAaX, IO pPO3TallOBaHI MOOJIM3y 3alli3HUYHUX BOK3aiB,
TpaHcmopT mpuOyBaB y dYac, KOJM MpUOyBae UM BIANpaBIseTbcs moiza. OmHak
aBTOMOOUIbHI ~ KOMIIaHIi HE OTPUMYIOTh JAaHMX Tpo oOCAr  peajbHOro
MaCaXUPOIIOTOKY, TOMY BOHH OCBOIOIOTH MACAKUPOIIOTIK BIAMOBIIHO 0 KITHKOCTI Ta
MICTKOCTI HasIBHUX y IXHBOMY PO3MOPSIIKEHHI TPAHCHOPTHHUX 3aC001B. [3]

Yepes Bce nepepaxoBaHe BUILE, TACAKUPHU 3MYIIEHI IEPEXOJUTH HA OCOOUCTUIN
aBTOTPAHCIIOPT, 11100 YHUKHYTU AUCKOM@OpTy. | 3pemToro MichbKi aBTOMaricTpasl He
CIIPABJIAIOTHCS 3 MOTOKOM aBTOMOOUTIIB, IO MPU3BOAUTH JI0 3aTPUMKH MICBKOTO
TPAHCIIOPTY Ta HE CTUKOBOK Y PO3KJIaJli aBTOMOOUIHLHOTO TpaHCHOPTY. Tak caMoO Ha
3aJII3HUYHOMY Ta aBTOMOOLIILHOMY TPAHCIIOPTI B TaK 3BaH1 TOAUHM MiK B1I0YBalOThHCS
3aTPUMKH, Yepe3 JIOBTY MOCAAKy Ta BHCAIKy MacakHupiB, IO TaK camMO MPHU3BOAWTH
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710 PyXy TPAHCIIOPTY HE 32 PO3KIIATOM.

Sxmo posrnsmat  mpoOieMy  HEY3TO/DKEHOCTI  TpaHCHoOpTy 3 OOKy
TPAHCIIOPTHUX KOMIIaHId, TO MOXHa BHUSBUTH TOJOBHI MPOOJEMHU: MPOCTHI
TPAHCTIOPTHUH 3aci® Ta MOPOKHIN IPOOIT TPAHCIIOPTY.

OCHOBHUM 1HCTPYMEHTOM CTBOPEHHS KOMGMOPTHHX TpPAHCIOPTHUX YMOB €
Y3TO/KEHICTh POOOTH MACAKUPCHKOTO BUIY TPAHCTIIOPTY JJISI BUPIIIIEHHS HACTYITHUX
mpoOeM:

» 3amoBHEHICTh TPAHCIOPTHOTO 3aC00Y

» TloposHiii MpoOiT TPAaHCTIOPTHOTO 3aC00yY

» Ilpoctuit TpancIOpTHHIA 3aci0

» JloBre ouikyBaHHs Ha TPAHCTIOPTHHIA 3aci® macakxupamu

VY Oaratbox npoOsieM ympaBiiHHS JIEXKHUTh PO3KiIaa, a JOKJIATHOTO BUBUCHHS
IUX Npo0sieM HEOOX1THO PO3TISAaTH TPAHCIIOPT SIK KOMILJIEKC.

[lepexin Ha TOTOKEHUMM PO3KIAJ] PyXy 3alTI3HUYHOTO (EJIEKTPOMOi3/iB) Ta
aBTOMOOUILHOTO  TpaHCIOpTy (aBTOOyC, MiKpoaBTOOyC, MaplIpyTHE TaKci)
3a0e3neunTh OajaHC MICIb y BCIX TPaHCHOPTHUX 3aco0ax, 1mo OepyTh y4acTh Y
MEPEBE3CHHAX, HAa OCHOBI MPUHIMIIB JIOTICTUKA 3a BKa3aHUMH MapIIpyTaMH
BUIMOBITHO JI0 TPOTHO30BAHOTIO IACAKUPOIIOTOKY, I03BOJUTH pallloHaIi3yBaTH
MPOIYCKHY CIPOMOXKHICTh €JIEKTPOMOi3AiB Ta aBTOMOOLIRHOTO TPAHCIOPTY,
CKOPOTUTH Yac OYIKYBaHHS MaCaXKUPIB JIJISt IPOIOBKEHHS TOT3KHU. [2]

Po3pobka meTonuku

Jlns BUpilieHHS TpOoOJeMH 3 HEY3TO/DKEHHM pO3KIAJOM, B TEpIIy 4Yepry
HEOOXITHO PO3POOUTH IUIAH BUPIMICHHS Npo0JeM aBTOMOOUIBHOIO TPaHCIOPTY,
OCKUIbKH BiH HalO1JIbIIE 3aJIEKUTh Bij] pi3HUX (DAKTOPIB.

Jlns y3rojpkeHHs pyxy aBTOOYCIB IiJi 4Yac TMEPEBE3CHHS MACaXUPIB MIK
BEJIMKMMU Ta IpiIOHUMHU HACEIIEHUMH ITYHKTaMH PO3POOJIEHO METOIUKY.

Meronuka € QopMyBaHHS pO3KiIaay aBTOOYCIB 1 MapHIpyTHUX Takcl Ha
3yMUHKaX, MOOJIU3y 3ali3HUYHUX BOK3aIIB, TMpHU TMepecaiill MNacaXupiB 13
3QJII3HUYHOTO TPAHCTIOPTY Ha aBTOMOO1ILHUM.

1. AHam3 3ali3HUYHOTO crioidydeHHs. HeoOximHO mpoaHami3yBaTH 3ai3HUYHE
CIIOJTyYCHHsI, BUSBUTH TIOpH J00M, AHI TWOKHS Ta MICAII, SKI € HauOUIbII
3aBaHTAKEHUMHU 3 TOTJISITY MMACaKUPOTIOTOKY.

2. Ananiz aBToOycHoro crnosydeHHs. HeoOxigHO mpoaHalizyBaTH Ta BUSBUTH
MapIipyTH, [0 BHUKOPHUCTOBYIOTHCS TMAcaKMpaMu HaWdJacTimie, 10 peamizamii
po3pobseHoi meroauku. Ha skux MapmipyTax CHOCTEpIraeTbcs HecTada MiCllb B
aBTOTPAHCIOPTI, HA TKUX

3. Busznauntu yac, mpoTIrom sSIKOro nacaxup J0OUpPA€ETHCS BiJl BUXOAY 3 BaroHa
710 aBTOOYCHOI 3yNUHKU. Ba)kIMBO 3BaXXKUTH Ha MaKCHMaJbHHUI Yac X0y Macakupa,
TOOTO BUXiJ Macaxupa 3 OCTAHHBOT'O BaroHa Moi3/a 10 3yNUHKH, 00 yci macaxupu
OJIHOTO TO0i3/1a BCTUIIIA JIATH A0 3YNMUHHOIO MyHKTY. J[Js 1IUX po3paxyHKiB MOKHA
B3sTU popmydy (1)

S
t = —
\

e t-dac, 3a SKui macakup J0OUPaAEThCS BiJl BUXOMY 3 MO13/1a 0 MMyHKTY 3yIUHKH,
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S - BIACTaHb BiJl OCTAHHKOT'O BAaroHa Ioizza (3a Mo4YaTKoOBY TOUYKY BUKOPUCTATH
MO3HAYKY «OCTaHHI! BaroH»)

V - npubnu3Ha (cepeaHs) MBUAKICTh pyXy Macakupa.

4. BuzHauuTu cepe/iHiii yac OYiKyBaHHS TPAHCIIOPTHOTO 3ac00y Macakupamu 3a
J0MIOMOT010 popmyiH (2).

toy = tanﬁ aBT tanﬁ nois T te—o

1€ tonpu6nois - Yac MPUOYTTS MOi3/1a HA BOK3aJ

t npus asr - YAC BIJIIPaBIEHHs aBTOOYCa

t 50 - YAC MPSAMYBAHHS MacaXupa BiJ] BUXOAY BaroHa /10 aBTOOYCHOT 3yITUHKU [4]

5. BuzHauut yac Ha MOCaJKy Ta BUCAIKY MACaXHPIB 3aJ€KHO BiJ MOTOKY Y
IIEBHUM J€Hb Ta Yyac JOOU.

6. 1 3 ypaxyBaHHSM MEpEIUYCHUX BHUIIE JAHUX MOXKHAa OTpUMATH (HOPMYJIH
po3paxyHky yacy npuoytts dhopmyia (3) 1 BianpasieHHs Gopmyna (4) aBTodyca Ha/3
3YITUHKH.

tBi,qfin aBT tanﬁ noisg + tB—D + tH—B

t

npué aBT tBi,qﬁyB asT — tn—s

1€ 1 upusnois - 9AC MPUOYTTS NOI34a HAa BOK3AJ

t 5.0 - 9aC MPOXOHKEHHS TacaXMpa BiJl BUXOIy BaroHa /10 aBTOOYCHOT 3yMTMHKA

t 15 - 9AC HA MOCAIKY BUCAKY MACAXKUPIB

t 5inGys asr - YAC BIAMIPABICHHS aBTOOYyCA

7. CknacTu po3KJIall PyXy aBTOOYCIB 3aJie’KHO BiJ MPOBEIACHOTO aHAIi3y Ta
M1JIPaxyHKY.

BucnoBok. OiliHka 3acTOCOBaHOI METOJIWKH B1IOYBAa€ThCS  BHACIIIOK
MOPIBHSHHS Yacy O4iKyBaHHS TPAHCHOPTHOIO 3aco0y macakxupaMu J0 3aCTOCYBaHHS
METOIMKH Ta MICJIA.
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Introduction.

Distance is one of the factors that helps or hinders humanity's development.
Transportation of various cargo, raw materials, food, equipment is an extremely
important point in terms of logistics. Everything will be much more efficient when
the efficiency of transport increases.

Progress has come a long way since society abandoned horses as their primary
means of transportation and created the first steam and internal combustion engines.
Many scientists and inventors at different times have invented and patented a large
number of different engines with amazing characteristics. Many things made them
cheaper, more powerful, more durable than our usual internal combustion engines.
Unfortunately, all these factors do not come together, which is why internal
combustion engines are leaders in use.

Moreover, some invented engines were ahead of their time, and some
developments were used to create modern engines and technologies of the future. For
example, today mankind is trying to switch to electric cars, although the first electric
car appeared before the car with an internal combustion engine. It should be noted
that during the history of the automotive industry, a large number of quite unique
copies have been developed, which are worthy of attention.

Main text

At the beginning of the automotive industry, when the general scheme of the
engine was just beginning to emerge, the number of original inventions was
extremely large. Many of them were ahead of their time technical possibilities. Yes,
130 years ago, engineer Atkinson realized that the classic internal combustion engine
has too little efficiency. Because the exhaust gases were simply released into the
atmosphere, and they can still be used. The result was an Atkinson cycle engine.
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Thanks to its development, the operating clock became longer, which allowed the
energy of the flash to be used more efficiently. However, to make such an engine in
the 19th century was almost impossible, given the technological capabilities of the
time. However, today such technologies are used by Mazda, in their innovative
SkyAktive engines. Mazda is probably the most risky and risky company,
implementing various innovations. One such innovation not found in other
automakers is the use of a Wankel engine. German engineer Felix Wankel developed
a compact engine design that could accommodate four phases of the cycle (intake,
compression, combustion, exhaust) in one rotor revolution, with the output shaft of
the gearbox rotating at three times the rotor speed. Which provides us with one cycle
of combustion on the rotor per revolution of the output shaft. It should be noted that
rotary engines were also tried to be installed on Soviet special purpose vehicles and
sports cars. For this purpose, a special design bureau was set up to develop and
research rotary engines. The first model of the Soviet rotary engine was released in
1976, it was appreciated even by Felix Wankel. By 1983, two-section rotary engines
with a capacity of 120 and 140 horsepower were developed. The design bureau for
the development and improvement of rotary engines worked until 2004 [2].

The list of extraordinary inventions includes not only Japanese companies. Yes,
the Czech TATRA in 1937 created a really interesting car with an unusual engine.
Then the world saw a car with streamlined shapes and the rear location of the V-8
engine, which took part in the endurance race. Its feature was that the engine was air-
cooled and also had hemispherical combustion chambers. Output was 75 horsepower,
which allowed to compete with the then new Ford Flathead. TATRA continued to
release this version of the V-8 until 1975. The latest interpretation was 166
horsepower, more than the Chevrolet Corvette of the same year with the L 48. Yes,
Chevrolet at the time could not compete with TATRA in power, but Chrysler could
fully compete. The fact that Chrysler considered a turbine power plant for in-car use
is so absurd that it needs to be discussed. The plan was simple: put a fourth-
generation Chrysler gas turbine on a two-door mid-size chassis. It was 1963, a time
of experimentation and achievement, a time when technology was improving and no
one was paying attention to environmental and economic standards.

Chrysler's turbine team had a long list of alternative engine benefits: lower
maintenance costs, increased engine life, five-fold reduction in parts, no low-
temperature start-up problems, no need to warm up, longer life, no cooling fluids,
instant interior heating in winter, no engine shutdown due to sudden overload, low oil
consumption, low engine weight, no engine vibration, etc. All this was reflected in
the literature of that time. However, the reality was as follows - 130 horsepower
issued by a three-speed Torqueflite transmission (without a torque converter, as it
was not needed), simply not impressive and, along with the cost of production, there
was simply no financial motivation to produce such a car. Chrysler postponed this
idea until better times and destroyed 46 of the 55 cars released. Most of the remaining
ones are in museums.

It is necessary to note the work of Ukrainian designers of the Kharkiv plant
named after Malyshev in the field of military equipment. One of the brightest
examples of this is the T-64 tank with a unique 5TD engine, which made it the best
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example of military equipment not only at that time, but also many modern models.
The tank was created in the start fifties of the 20th century. At maximum boost, peak
power was over 1,000 horsepower at 13.6 liters. The uniqueness of the engine was
that it was five-cylinder but had ten pistons. The pistons moved towards each other.
Moreover, the engine was two-stroke, diesel and turbocharged. Although, it should be
noted that it was not quite diesel, as it could use gasoline and alcohol-based mixtures.
Cooling of the engine was due to the liquefaction of exhaust gases passing under the
radiator. Of course, such equipment required special attention and appropriate
technological maintenance. Carrying out repairs in the field or skipping technical
work was literally like death. And this is not the best feature for military equipment,
which is why the use of these engines was gradually abandoned. The engine of this
design was presented in 2018 at the North American International Motor Show in
Detroit on the Ford F150. This engine is three-cylinder, six-piston, with a capacity of
2.7 liters. Its features are that at this volume it produces 270 horsepower at a cost of
7 liters per 10 km of mixed cycle, and also allows up to 30% reduction in emissions.

In addition to a wide variety of internal combustion engines and electric motors,
pneumatic engines have a special place in the history of the automotive industry. The
first pneumatic engine was used in the late 19th century in France for trams. In 1932,
the car was shown in the air at an exhibition in Los Angeles. However, in those days
no one even thought about the prospects of pneumatic engines in the automotive
industry, because they could not compete with internal combustion engines, and no
one was interested in their environmental component. In the late 70's of last century,
Angelo Di Petro invented a fundamentally new scheme of pneumatic engine. It has
no pistons and cylinders, the principle of operation is somewhat reminiscent of a
rotary engine. In the late 80's of last century, Nikolai Pustinsky created his version of
the pneumatic engine based on the internal combustion engine, leaving about 95% of
the details of the latter. The greatest success in the production of pneumatic engines
was achieved by Motor Development Internation (MDI) with Guy Negre engines.
Guy Negre first engine could run not only on compressed air, but also on diesel,
gasoline, and gas. Tests of such engines were carried out on Citroen AX cars. Fuel
consumption on the highway was 3 liters per 100 km. Having achieved such results,
MDI did not stop there and continued to develop, the goal of which was a complete
transition to compressed air. And the first prototype was Taxi Zero Pollution. This car
is the most common in Mexico. Where since 1997 there has been a gradual
replacement of the Mexico City taxi fleet with this type of car (Zero Pollution,
Airpod, Tata One Cat).

What awaits us in the future? Really only electric cars? Not quite, because
technology is not standing still, and some research is quite interesting. For example,
the technology of expanding the range of the engine with a free piston. Many electric
cars are hybrids. This allows them to expand their range by using an internal
combustion engine to get more power and charge batteries.

The term "range extender" is usually used to describe generators that run on
gasoline and are used to charge the batteries of electric vehicles, but are not used to
directly drive the wheels. This type of "range extender" is used in serial or built-in
hybrids, such as the Chevrolet Volt. They differ from "parallel" hybrids, such as the
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Toyota Prius, where the wheels can be driven by either an electric motor or an
internal combustion engine, depending on operating conditions.

Now engineers are working to ensure that the power from the internal
combustion engine is not directed to the generator, but to make the engine a
generator. That is, in one design, the crank between the pistons held a strong magnet
passing through a series of coils, creating an electric current. Then the generated
electricity is used to charge the batteries. Ideally, this type of engine will reduce the
number of required batteries. Which, in turn, will reduce the number of batteries that
will be recycled, and thus increase the economic efficiency and environmental safety
of such vehicles. Unfortunately, this type of engine design has high vibrations.
Therefore, the goal is to reduce vibration before integrating these engines into
production cars.

Another design is a free-piston linear generator that uses an internal combustion
chamber, a linear generator and a gas spring and is driven by an internal combustion
engine. However, instead of converting the linear motion of the piston into the
rotational motion of the crankshaft, as in a conventional engine, the device converts
the kinetic energy of the piston directly into electrical energy, which is used to charge
batteries.

Summary and conclusions.

Progress does not stand still, humanity simply shifts the focus. The world once
needed unique engines running on petroleum products, but today the question is more
efficient and environmentally friendly technologies. Therefore, there is a high
probability that we will soon see truly innovative developments that use completely
different principles and approaches to engines. One thing is clear - we live in an age
when oil 1s gradually losing its value as a motor fuel.
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Abstract. One of the priorities of a modern railway is to increase train speed on existing
railway lines. Problems of technical reconstruction of railways under high-speed conditions are
considered. The task of choosing optimal measures to increase the speed of trains is to develop a
project for the reconstruction of the railway with such a structure of elements and their parameters
to ensure an increase in the category at minimal cost. The decision support system Lightyear was
used to select the optimal measures to improve train speed on the Belarusian Railway.

Keywords: high-speed operation, the railways technical reconstruction parameters, multi-
criteria optimization.

Introduction

The upgrading of train speed is one of the most important tasks in improving the
rail transport operation and development. High speed of passenger trains reduces the
passenger time cost per trip and thus improves the quality of transport services.
Railways are very capital intensive and at the same time the most profitable
constructions. Designing the reconstruction of the railways for high-speed traffic
should aim at achieving their high transport and operational performance with a
minimum of construction costs and material consumption in construction.

The main challenge for the developer of the railway reconstruction project is to
make justified decisions on the structure of the system elements and their parameters.
This task could be expressed as follows: to develop the railway reconstruction project
with such a structure and parameters of elements, in order to increase the category at
minimum cost. In a situation where the costs for reconstruction are regulated, another
design task may be proposed: to develop the railway reconstruction project with such
a structure of elements and their parameters, in order to ensure maximum travel speed
at the given cost [1-4].

Statement of basic materials

The current state of rail transport theory is characterized by a developed system
of mathematical models and analysis algorithms. The use of information technology
enables the decision-making process at all stages of the railway reconstruction project
to be supported by operational information support. Implementation of such support
requires information sources management, selection of the best information model
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features and efficient design management [5, 6].

The decision support system Lightyear was used to select the optimal measures
to improve train speed on the Belarusian Railway. Lightyear is a computer system
designed to analyze and select decisions based on objective data and subjective
judgments of the decision maker.

The main purpose of the Lightyear decision support system is to assistance
decision-making in tasks related to the choice of one of several alternatives (multi-
criteria choice) [5].

Depending on speed limit levels, options for increasing train speeds on existing
lines were allocated [1]:

— "Electrification" — will increase train speed through the use of electric traction
and electric locomotives;

— "Construction of the 3rd new track" — with mixed passenger and cargo traffic,
it will make it possible to transfer high-speed passenger traffic to a separate track;

— "Modernization of communication facilities" — will ensure safety at crossings,
which is especially important when increasing train speed;

— "Elongation of arrival-departure track" — provides an additional possibility of
increasing the weight standards of trains (the formation of train with a large number
of carriages) with the intention of speeding the passage of transit traffic volume of
Belarusian Railways and increasing route speed;

— "Commissioning of new rolling stock" — will allow to increase the speed of
walking paths without performing complex reconstructive measures (e.g. use of
rolling stock with tilting Talgo, Pendolino).

Initially, Lightyear introduces a list of possible alternative solutions (Figure 1).

CTROMTENECTEO 3-T0 NYTH

InekTprdiMKaLMS

hMooepHW=aUMA CpeaCTE CEAZ
HANMHEHHE NPWEMOOTARaE0Y
MEnone 30EEHHE BCTAEOK HA M
Eeon HOBOro NOOEMKHOMD COO

JHofaeuTe Hnanute

Jakpere

Fig. 1 - Introduction of a list of alternative solutions

The evaluation of each option was carried out according to the following
criteria: work completion time, efficiency, human resources expended, cost, novelty
and environmental friendliness. For each criterion, its weight is indicated. The weight
of the criterion is an integer from the range from 0 to 100, which reflects its
importance. The more important the criterion, the more weight is assigned to this
criterion. The most important criteria were work completion time that cannot be
violated (weight 48 units) and cost — the limitation in funds (weight 29 units)
(Figure 2).
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Fig. 2 - Designation of criteria for the purpose of comparing alternatives

The next step in choosing the optimal option in Lightyear was an assessment
based on a graphical criterion. The most profitable and fastest option is the
commissioning of new rolling stock, while the construction of the third track is the
most inconvenient, long and expensive event (Figure 3).

KpuTepuit: Bpema BuINONHEHHA - - ul‘u

AnbTEpHATUBHI MeHee xenateneHa —> bonee xenatensHa
CTpOMTENECTED 370 NYTH I_J 9
INEKTPHBMKELMA [ J 20
MonepHWzaUMa COEACTE CEAZH [ J [41:]
HOnNWHEHWE NPUEMOOTARABOYHEL | | J 30
Klcnone30B8HWE ECTEEBOK HA NEp | | J 24
Beon HoBOro NoABMKHOrO COCTaE | | J 100

Fig. 3 - Entering alternative estimates according to a graphical criterion

The next step is to enter estimates according to a numerical criterion in two
tables. All the proposed options are eligible for implementation with a greater or
lesser probability (Figure 4).

The last stage is to make a final decision by analyzing all the criteria and rules.
The largest estimate belongs to the alternative "Commissioning of new rolling stock"
— 84%; the lowest - "Construction of the 3rd new track of the track" (44,1%)
(Figure 5).

If the option does not comply with any restriction rule, then this alternative is
not chosen as the optimal solution. There is no such solution in the proposed options.

Thus, it is considered rational to purchase a modern traction train that has the
maximum overall rating and meets absolutely all the rules and restrictions.
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Fig. 4 - Entering estimates of alternatives according to a numerical criterion,
and specifying the most desirable and least desirable estimates

¥y OOIWAA OUEHKA: TONEKO NO KDUTEDUAM

ANbTEPHATHER OueHka

BEng HOBOMD OABMKHOMD COCTAES 24% 84.0
MogepHuzauma cpeacTe ceAsM B1% G0.8
3 NERTEMPHK aLMA 5 501
Y1 AMHEHWE MPMEMOOTNPEE04HBIE MYT i 47 0
WecnonkzoEaHe ECTAEOK. Ha Meperot A4 44 4

CTpoMTENECTED 3-r0 NyTH 443 441

JapukcHpoEaTE | JeTaneHan oueHKka | Makcumym: 100

Fig. 5 - Calculation of the generalized evaluation of each
alternative taking into account all criteria and rules

Conclusions

Using the methods of multi-criteria optimization in the decision support system
Lightyear, the acquisition of modern traction train was chosen as the optimal
measures to increase the speed of trains on the Belarusian Railway.
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Annomayun. OOHOU U3 NPUOPUMEMHBIX 3A0AY COBPEMEHHOU MHCENe3HOU 00pPO2U ABNEeMCsl
NoBblUEHUE CKOPOCMEU OBUNMCEHUS NO0Ee3008 HA CYUWEeCMBYIOUWUX IHCENEe3HOOOPOHCHBIX TUHUSX.
Paccmompenvl npobnemsvr mexHuueckou peKoHCMPYKYUU HCeNe3HblX 00po2 No0 CKOPOCHHOE
osudicenue. Inasnas 3adaua, 603HUKAIOWAS Neped paA3paOOMYUKOM NPOEKmda PeKOHCMPYKYUU
JHCeNe3HbIX 00po2, COCMOoum 6 MmoMm, 4modvl NPUHAMb 0OO0CHOBAHHbIE peuleHUsi NO CMpPYKmype
J/IeMEeHmOo8 cucmemsbl U UxX napamempam. 3adaua 6vl60pa ONMUMANLHBLIX Mep N0 NOBbIUUEHUIO
cKopocmu 08udiceHust noe3008 Ha benopyccroil scenesnoii oopoee chopmynruposana ciedyrowum
obpazom: paspabomamsb NPOEKm pPeKOHCMPYKYUU MHCEeNe3HOU O00po2u ¢ MAKou CmpyKmypou
J/IeMEHMO8 U UX napamempamu, 4modwvl obecneuums nogvllleHue Kame2opuu npu MUHUMATbHBIX
3ampamax. B ycrosusax, koz0a 3ampamuvl HA PEKOHCMPYKYUIO PE2NAMEHMUPOBAHbI, 3a0a4a
cocmoum 6 paspabomke NpOeKma pPeKOHCMPYKYUU JHCeLe3HOU 00po2u ¢ MaKou CmpyKmypou
J/IeMEeHmo8 U UX napamempamiu, 4moovl obecneyumsv MAKCUMAIbHYIO CKOPOCMb 6 Nymu npu
3a0annblx 3ampamax. Hcnonv3ys memoovl MHOLOKPUMEPUATIbHOU ONMUMU3AYUU 8 cucmeme
noooepxcKu npumamus pewienutl Lightyear, 6 kauecmeée ONMUMANbHbIX Mep HO NOBbIUEHUIO
cKopocmu dsudcenus noe3008 Ha benopyccroii ocene3noti dopoze OvLio 8bl1OpAHO NpUOOPemenue
COBPEMEHHO20 MA208020 COCMABA.

Keywords: cxopocmmuoe osudicenue, napamempvl mexHu4eckol peKoHCMPYKYUU HCeNe3HbIX
00po2, MHO2OKPUMEPUANbHAS ONMUMUSAYUSL.
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Annotation. Crosswalks are conflict objects and places of increased losses in traffic. Based
on statistics, we can see that despite the obvious decrease in the number of traffic accidents over
time, the share of violations of crosswalk rules by vehicle drivers has not practically changed. This
problem is especially acute for unregulated crosswalks.

Key words: unregulated crosswalk, lighting, accidents, violation of rules, hitting a pedestrian,
dark time of day.

Introduction.

Crosswalk — a specially designated place on the roadway for pedestrians to cross
the roadway. Crosswalks are conflict objects and places of increased losses in road
traffic. The statistics of traffic accidents (accidents) with violation of crosswalk rules
and traffic accident statistics with all traffic violations are presented below (Figure 1,
Figure 2).
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600 B Violation of pedestrian
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Figure 1 - Statistics of traffic accidents with violation of crosswalk rules in
Gomel (Belarus) for 2011 - 2020

Author's development

Based on statistics, we can see that, despite the apparent decrease in the number
of traffic accidents over time, the proportion of violations of the rules of the
crosswalks has not changed much. And that pedestrian accidents are more often than
not independent of the pedestrians themselves.
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Figure 2 - Traffic accident statistics with all traffic violations in Gomel (Belarus)
for 2011 - 2020

Author's development

According to the figure 3, most pedestrian accidents occur during daylight
hours. This is due to greater pedestrian activity than at night. When looking at
pedestrian crashes in the dark, there is no proportional change in the number of
crashes in areas with and without lighting. The number of accidents at night with
lighting that is faulty or not switched on is 21% of the number of accidents at night
with lighting that is working.

800
700 -
600 -
® Day light hours
500 -
= Dark time of day. no
400 1 exterior lighting
300 - ® Dark time of day, exterior
lighting not on or defective
200 - B Dark time of day, exterior
lights on
100 -
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Figure 3 - Number of crashes as a function of illumination of the crash area in
Gomel (Belarus) for 2011 - 2020

Author's development
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Despite the downward trend in the number of crashes, an earlier study (e.g. for
2016-2018) [1] did not show clear correlations of pedestrian deaths or pedestrian
injuries to the illumination of these crossings.

We also can conclude that one of the main causes of pedestrian accidents in the
dark is insufficient lighting. It is especially acute at unregulated crosswalks.

The aim of the research is to determine whether the lighting at unregulated
crosswalks in the city of Gomel is sufficient and to make suggestions for solving
existing problems.

Statement of basic materials.

According to the normative documentation, the illumination of crosswalks
should be one and a half times higher than on the rest of the roadway.

It is written in paragraph 11.10 of TCP 45-3.03-227-2010: “The lighting of the
crosswalks located near the service enterprises, cultural centers, hostels, schools and
other specialized objects of the deaf and visually impaired people's societies should
be provided with the rated brightness of not less than 0.8 cd/m? Lighting of
crosswalks located in other places should be at least the required standards for the
roadway of streets of the appropriate category” [2].

According to the point 7.5 of TCP 45-2.04-153-2009 the lighting of the streets,
roads and squares with a regular traffic in the urban settlements should be designed
on the basis of the average luminance of the improved coatings [3].

The level of lighting of the carriageway of streets, roads and squares with
transitional and lower types of coatings in urban settlements is regulated by the
average horizontal lighting, which for streets, roads and squares of category B should
be 6 lux, for streets and roads of category B with transitional type of coating — 4 lux
and with coating of lower type — 2 lux.

Unregulated pedestrian crossings with weaknesses in traffic management were
chosen for the study.

Table 1 presents the data of measuring the illumination of unregulated
crosswalks in the city of Gomel at night by the device Luxmeter “TKA-LUX”. The
measurements were carried out at the selected crosswalks with a preliminary
determination of the category of the road, calculation of the hourly traffic and
pedestrian traffic intensity during the rush hour, determination of the overall
dimensions of the crosswalk. The area-weighted average illuminance was
determined.

As can be seen from Table 1, 8 out of 14 measuring locations correspond to the
norm of average horizontal pavement illumination, and 6 locations are poorly
illuminated. Accordingly, for such unregulated crosswalks there should be measures
to improve the illumination.

It is worth noting that Article 17.3 of the rules of the road traffic of the Republic
of Belarus states that the pedestrian, when crossing the roadway outside the
underpass, overpass, crosswalk and intersection at night, is recommended to mark
himself with a reflective element (elements). However, unfortunately, this article is
only advisory in nature, not obligatory to wear a retroreflective element at night.
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Table 1 - Measurement of illumination of unregulated crosswalks

The norm of average Measured average
Adress horizontal illumination of horizontal coverage
the coverage, lux illumination, lux
1. | 43 Zharkovsky St. 7,8 19,3
60 Years of the USSR St. (near
2. | the Monument to Soldiers- 7,8 1,309
Internationalists)
3 47 Krasnoarmeiskaya St. 7,8 1,094
4 11 Karpovicha St. 7,8 14,45
5. | 9 Irininskaya St. 7,8 0,175
6. | Mazurova St., 38 7,8 0,175
7. | 26 Zharkovskogo St. 7.8 0,105
8 8 Karpovicha St. 7,8 11,084
9. | 106A Sevastopolskaya St. 7,8 15,62
10. | 35 Krestjanska St. 7,8 0,352
11. | 24 Katunina St. 52 9,34
12. | Dekabristov St., 3 52 8,09
13. | 90 Ozernaya St. 5,2 15,62
14. | 179 Sovetskaya St. 19,5 22,9

Author's development

To reduce the risk of accidents it is recommended to equip all unregulated
crosswalks with insufficient lighting with additional sources of lighting, primarily
those where pedestrian collisions have already been recorded. For the implementation
of such purposes can be used:

- LED crosswalk lighting kits with modular lenses on solar power plants;

- autonomous crosswalk lighting systems with motion sensors;

- lighting of crosswalks in a more sophisticated way, which includes complexes
that warn drivers in advance of the presence of the crosswalk;

- use of contrasting coatings behind crosswalks;

- LED signs to indicate and highlight the crosswalk on the highway;

- road LED indicators.

One solution for achieving the best possible illumination at pedestrian crossings
is currently the use of secondary optics with specialised Strada modules. These
modules allow the crosswalk to be illuminated when the floodlight is horizontal and
provide an increased level of uniformity of illumination of the crosswalk. Modular
lens of this secondary optics allows to illuminate the area of the crosswalk, deflecting
the bright rays from the direction of view of pedestrians, as well as the driver of
vehicles, thereby not blinding him. Secondary optics allows to design a projector
double oblique light, directing the light beams down from the plane of the projector
and to the right horizontally. Due to this illuminate pedestrians at the crossing from
the driver's side of the vehicle. The illuminator is mounted horizontally, eliminating
the need to adjust its position. The crosswalk is illuminated evenly.

The most dangerous thing at crosswalks is the lack of light and color contrast
between the background and the pedestrian. Significant improvements in visibility on
the road can be realized by introducing contrasting coatings (brightening a section of
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the road), which is the background for walking pedestrians. Such clarification is
possible with the use of modern clarified road pavements, or colored asphalt
pavements. The result of these methods is shown in Figure 4. The LED spotlights,
labeled 1 and 2, create a spot of light illuminating part of the road to the right of the
crosswalk, which can be used to increase the brightness of the background on which
the driver sees the pedestrians. This is facilitated by the shape of the secondary optics
of the spotlights.

Figure 4 - Diagram of the crosswalk lighting with illumination of the colored

sections of the road
Author's development

Two counter projectors with such lenses, when placed at an appropriate height,
depending on the width of the road, provide illumination of the crosswalk and the
part of the road forming the background on which the pedestrians are visible.
Pedestrian figures will be visible when providing light and color contrast due to the
illuminated colored section of the road behind the crosswalk. Example of visibility
from the driver's seat can be seen in Figure 5.

Figure 5 - Visibility of crosswalk with illuminated colored road sections from the

driver's seat
Author's development

To effectively create a brightened background, the length of the colored section
strip should be approximately 20-50 meters.

Conclusions.

With industrial development there will always be a need to improve the
organization of traffic on the street and road network. And, if it is not possible to
separate traffic and pedestrian flows in space, it is necessary to pay special attention
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to various components of traffic safety.

In the study, work was done to assess lighting at 14 unregulated pedestrian
crossings in the city of Gomel. For 6 of them changes in traffic organisation are
required.
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Abstract. [lewexoonvie nepexoovl AGNAIOMCA KOHOIUKMHLIMU 00beKmamu u Mecmamu
NOBbIULEHHBIX NOMePb 8 00POICHOM OsudceHuu. Mcxo0s u3 cmamucmuku, Mol GUOUM, YMO,
HecMOmps HA o4esuoHoe cHudceHue Koaudecmea JTII ¢ meyenuem epemeHu, 005 HAPYUIEHUL
npasu npoe30a NeuexoOHblx nepexo008 G0OUMeIAMU MPAHCROPMHBIX CPeOCME NPAKMUYECKU He
uzmenunaco. OcobenHo ocmpo sma npoodiema cmoum Oasf Hepecyiupyembvlx NeulexoOHbIX
nepexoo0os.

Key words: nepecynupyemviii newiexoonwiii nepexoo, oceewjenue, /{111, napyuenue npasur,
Hae30 Ha neuLexood, memHoe 8pemMst CYymoK.
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Abstract: The article identifies areas of state regulation of road transport, explores areas of
competitiveness of the motor transport industry, proposes organizational and managerial
mechanism for road transport and considers the features of foreign experience of state regulation
in the field of transport services, in particular, much attention is paid to road infrastructure. The
possibility of using foreign experience in the formation of the system of state regulation of the
market of motor transport services in Ukraine is shown.
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Formulation of the problem. Road transport is one of the sections of the
transport system of Ukraine and serves almost all sectors of the national economy and
meets the needs of the population in transportation, as well as protects the economic
interests of our country. The cost-effectiveness and competitiveness of motor
transport depends on many factors, including the regulatory framework. The main
task of state regulation is the formation of the road transport market through the
implementation of a single economic, investment, scientific, technical and social
policy. That is why it is crucial to study the impact of government regulation on the
development of road transport.

Analysis of recent research and publications. The scientific works of G.
Mishchenko , S. Tulchynska , S. Golubka are important for the study of factors
influencing the development of road transport in Ukraine. , P. Ovchar , SO Kononov ,
V. Didkivsky , Y. Dzyadykevych , O. Chornous , O. Bobrovska .

Investigating the areas of competitiveness of the motor transport industry, G.
Mishchenko concluded that the mechanisms of state regulation have a significant
impact on the development of PBX .

S. Tulchynska, studying the problem of increasing the competitiveness of the
transport services market in modern conditions, proposed to improve the legal
mechanism of public-private partnership by expanding the legal framework ,

Analyzing the mechanisms of regulation of motor transport, the authors of
found that the formation and implementation of mechanisms of state regulation is
carried out through policy in the field of motor transport, which is an important
component of integrated transport policy. It reflects the activities of specific public
authorities, which independently or in cooperation with business and the public have
a targeted impact on the field of road transport.
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In works the organizational and administrative mechanism of development of
motor transport is offered and features of foreign are considered experience of state
regulation in the field of transport services, in particular, much attention is paid to
road infrastructure. The possibility of using foreign experience in the formation of the
system of state regulation of the market of motor transport services in Ukraine is
shown.

The results of the study of the management mechanism in the system of road
passenger transport and the main aspects of state regulation, as well as prospects for
the development of Ukraine's road transport system are presented in among all types
of commercial transport. Organic combination of different methods of state
regulation in the field of foreign economic activity of road transport will ensure their
competitiveness. The priorities are: accelerated development of transport
infrastructure in accordance with international standards of the national network of
transport corridors, its integration into the transport systems of Europe and Asia, the
Baltic and Black Sea regions and sustainable growth of transit traffic in accordance
with international requirements for speed, continuity, integrity, cargo and tariffs. of
services.

Examining the peculiarities of the formation of regional logistics systems of the
motor transport complex, the author found that "state regulation of the motor
transport complex should be systemic in nature and cover the following areas: legal,
tax, licensing, financial and tarift."

The coverage of the problem of reducing unemployment and social danger of
the regions, which is presented in, showed that “increasing the use of labor potential
is possible through the improvement of the regional transport network passenger bus
transportation by creating horizontal network clusters using the principles of
logistics".

However, the literature does not sufficiently highlight the factors that affect the
development of the national PBX, which necessitated their further study.

Setting objectives. The purpose of the study is to highlight the areas of state
regulation of road transport through the analysis of approaches to identify the
principles of transport policy.

Presentation of the main material of the study. Road transport of Ukraine serves
all sectors of the economy and promotes the development of economic ties of the
regions. It performs significant volumes of passenger and freight traffic in the
country.

The industrialized countries of the world are in favor of increasing the
competitiveness and investment attractiveness of the road transport system and its
infrastructure. State regulation of the development of the motor transport industry is
important, as Ukraine has a favorable geographical position for the flow of goods.
The main task of state regulation of road transport is to form a market for its services
through the implementation of a single economic, investment, scientific, technical
and social policy .

The key priority in the modernization of the transport system is the National
Transport Strategy of Ukraine for the period up to 2030, which was approved by the
order of the Cabinet of Ministers of Ukraine dated April 30, 2018 - 430. The strategy
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envisages the formation of transport policy, effective public administration and
directions for the development of the transport sector until 2030. To date, the work of
the industry does not meet the needs of the population and the economy in both
transportation and the requirements of Ukraine's European integration course.

The development of the motor transport industry should ensure the creation of a
free and competitive transportation market. This requires increasing the efficiency
and competitiveness of the industry, especially the need to improve the legal
mechanism of public-private partnership by coordinating public policy. The proposed
directions should serve as a basis for sustainable development of the transport
industry and contribute to the creation of a free and competitive market for road
transport services. It should be noted that in Ukraine there is underfunding of the
motor transport industry and its insufficient maintenance.

Taking into account that motor transport is energy-intensive. Many
industrialized countries in the world plan to complete the conversion of passenger
cars with internal combustion engines to electric cars by 2030, while increasing the
speed of vehicles, their efficiency and environmental friendliness. It is also planned
to increase the efficiency and quality of transport services, which will help improve
the competitiveness of the motor transport industry.

The development of road transport is positively influenced by the following
factors: social, economic, institutional and legal.

Social factors meet the needs of the population in the transportation of
passengers, transportation of goods, improving living standards and productivity. In
addition, they contribute to the creation of new jobs and the formation of high-quality
transport services.

Economic factors ensure the creation of conditions for efficient use of resources,
namely:

increasing production volumes;

creation of new jobs;

increase in incomes of citizens;

improving the quality of motor transport services;

increasing the level of competitiveness of road transport;

increase in the volume of export operations;

raising Ukraine's image in the international transport services market and

improving foreign economic activity.
Among the institutional factors we can single out the innovation and
environmental block, which includes decisions of state or local authorities on the
regulation of road transport, taking into account the environmental consequences, in
particular: -use of different fuels;

- application of the Ilatest technologies in the process of production,
modernization and reconstruction of vehicles and road infrastructure;

- replacement of rolling stock in accordance with modern environmental
requirements.

Legal factors influencing the development of road transport include:

- improving the legal framework that should regulate the activities of road
transport;

VVVVYVYYVYYVY
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- simplification of international transport and coordination of socio-economic
development of motor transport;

- improving the safety of road transport;

- harmonization of the legislation of Ukraine with the European legislation.

In our opinion, the above-mentioned factors not only influence the establishment
of the effective functioning of the motor transport market, but also contribute to the
strengthening of the national economy.

To date, the development of road transport in Ukraine is influenced not only by
positive factors, but also negative, namely:

e obsolete fixed assets and rolling stock;
e low level of intersectoral coordination of transport infrastructure development;
e irrational use of resources;
e Jlow efficiency of use of motor transport for the international transportation of
passengers and freights;
outdated legal framework;
e low efficiency of financial and economic mechanisms in stimulation receipt of
investments for the development of the motor transport industry.

Practice shows that road transport is a regulated sector and state intervention in
its work is necessary and requires the development of a transport concept. It should
COVer:

- assessment of the activities of the motor transport industry, its infrastructure
and international transport corridors;

- prospects for the development of the motor transport industry by 2030;

- identification of problems in the activity of the motor transport industry, the
reasons for their occurrence and determination of measures to eliminate them.

It should be noted that in order to accelerate the process of positive development
of road transport in Ukraine, it would be appropriate to use the experience of road
transport abroad. For example, in the United States, it is believed that "the
transportation system must be safe, stable and ensure cost-effective movement of
people and goods" . In order to reduce road accidents, the UK is developing a legal
framework for operators of large trucks, public transport and passenger vehicles . In
Poland, powerful regulatory bodies have been established, which have shown their
high efficiency in controlling and complying with the requirements and norms of
transport legislation. One of the areas of state regulation of road transport in Poland is
licensing or providing access to the market of road transport services . It should be
noted that the Ministry of Infrastructure of Ukraine cooperates with the supervisory
authorities of Poland. This provides regulation of the market of motor transport
services and creates equal conditions for road carriers of our states .

Thus, to improve the image of our country abroad, it is necessary to study the
positive experience of industrialized countries in the development of the motor
transport industry.

The authors of note that due to insufficient development of the regulatory
framework and low level of investment in the development of the automotive
industry increases the operation of technical means, deteriorating their structure and
does not ensure proper traffic safety. All this is happening in conditions of fierce
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competition, which leads to the expulsion of Ukrainian carriers from international
markets for transport services, reducing the quality of service to domestic enterprises
and the public and poses a real threat to economic security.

It should be noted that over the last decade in Ukraine there has been an increase
in the volume and quality of demand for road transport services, and this requires the
renewal of fixed assets, rolling stock and road infrastructure. The low level of use of
the geopolitical position of Ukraine and the possibilities of its transport
communications for the international transit of goods through the territory of our
country does not contribute to the effective use of the road transport system in
international transport. Positive solution of these problems is important not only for
the motor transport industry, but also for the state as a whole, as the efficient
functioning of its industrial and social spheres is largely ensured by the stable and
reliable operation of road transport.

In our opinion, a promising area that affects the development of the motor
transport industry is government regulation. It is a function of public administration
and is implemented on a legislative basis by the executive branch. It should be noted
that the functions of public administration and the functions of state regulation are
partially the same. State intervention in market processes depends on the chosen
economic forms. State regulation of motor transport activities should be carried out
on the basis of scientifically sound transport policy, which covers the following
provisions, namely:

- important motor transport operations need to be regulated using not only
environmental and road safety, but also national security;

- most of the motor transport industry belongs to the sphere of natural
monopolies, so they are considered as supporting structures of a stable and
competitive economy;

- transport services are prone to competitive bor - the motor transport system is
an important element of international cooperation and requires coordination of
domestic and foreign policy measures.

Road transport is an important part of the national economy, which has high
social, economic, environmental and technological functionality. This requires
government regulation, which must take into account the conditions of the market
and trends in strategic development. State regulation of road transport ensures the
participation of the state in the interaction of all types of road transport with each
other and with other modes of transport, meeting the needs of the population,
business and the state in moving and accessing goods and services to be transported.

The subjects of state regulation of the motor transport system can be: the
Cabinet of Ministers of Ukraine, the Ministry of Transport of Ukraine, government
agencies (departments, services, inspections) and local state administrations.

According to the Law of Ukraine "On Road Transport", state regulators interact
with local governments, NGOs and individuals .

State regulation of the process of forming a competitive market of motor
transport services involves administrative and economic methods

Administrative methods include regulating the activities of natural monopolies,
access of vehicle owners and carriers using licensing mechanisms.
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Economic methods form a competitive market for transport services, as well as
implement mechanisms of tax, tariff and investment policy. Tariff policy provides for
a combination of free pricing mechanisms with control functions . It should be noted
that investment policy should be aimed at the formation of transport and logistics
infrastructure and rearmament of rolling stock, technical means and information
systems. Today in the state economic policy there are three main models of state
regulation: imperative, indicative-informational and economic-parametric.

The imperative model combines administrative and directive management
methods.

The indicative information model encourages economic agents to act in a certain
direction.

The economic-parametric model covers the methods of legislative and economic
action on the activities of economic entities.

The development of administrative methods of regulating the market of motor
transport services, as well as mechanisms of tax, tariff and investment policy is part
of the scientific support of state regulation .

Conclusions from the study. The development of the motor transport industry
should ensure the creation of a free and competitive transportation market. The
direction that affects the development of the motor transport industry is government
regulation. It is a function of public administration and is implemented on a
legislative basis by the executive branch. The functions of public administration and
regulation are partially the same. State intervention in market processes depends on
the chosen economic forms. State regulation of motor transport activities should be
carried out on the basis of scientifically sound transport policy, which covers a
number of provisions, namely: motor transport operations should be regulated using
not only environmental and road safety, but also national security; most of the motor
transport industry belongs to the sphere of natural monopolies, so they are considered
as supporting structures of a stable and competitive economy; transport services are
prone to competition, as well as to functional interchangeability; the motor transport
industry is characterized by high infrastructure costs, so they need to be reviewed
frequently; the motor transport system is an important element of international
cooperation and requires the coordination of domestic and foreign policy measures.
Road transport is a subdivision of the national economy that has high social,
economic, environmental and technological functionality. This requires government
regulation, which must take into account the conditions of the market and trends in
strategic development. State regulation of road transport ensures the participation of
the state in the interaction of all types of road transport with each other and with other
modes of transport, meeting the needs of the population, business and the state in
moving and accessing goods and services to be transported.
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Anomayia. B Oanuii uac 3axucm MopcbKoeo y306epedcics 6i0 3CYBHUX Npoyecie €
akmyanbHolo npoonemoro. Inmencusna 3a0y008a npubepexcHux OiLIAHOK NPU3800UmMsb 00
30LMbWEHHS  KITLbKOCMI  3CY8I8, 0COOIUBO 3a Medcamu micma, Oe 0epe2oyKpInio6anbHi i
bepecozaxuchi pobomu HiKoau He nposoounucsi. B pobomi nposedeno ananiz icHyrou020 CmaHy
MOPCbKUX Yy30epedc 6 odecvkill oonacmi. Pozensanymo icuyroui npomu3cygui 3axoou. /locniodcerno
eapianmu mepacysantsn cxunis. Ilposedeno po3paxyHok cmitikocmi CXuiy npu mepacy8aHHi.

Kniouosi cnoea: y3depedicoics, 3cy8, 0epecOyKPINIo8aibHi 3ax00uU, NPOMU3CY8HI 3axX00U,
CMIUKICIb CXUTLY.

Berym.

VY36epexokst HopHoro Mopsi 1 JUMaHIB B OJIECHKIA 00JacTi 3HAXOIATHCS B
HE3aJOBUIbHOMY cTaHi. (OCTaHHIM dYacoM CIIOCTEpIraeTbCs 4YacTe OOBaJCHHS
OeperoBux CXWJIIB SIK Ha HEBINOPSAAKOBAHUX MAUISHKAX, TaK 1 B HACEJICHHUX IyHKTaX.
BbeperoykpimntoBanbHi poOOTH B MEX1 MiCTa MPOBOAMIIMCS 11I€ B MUHYJIOMY CTOJITTI
1 He Oynu 3aBepiueHi. [Ipu nboMy TepMiH iX ekcrutyaTamii JaBHO MUHYB. OCTaHHIMU
pPOKaMU CIIOCTEPIraeTbes 00JIalITyBaHHs O€pEriB MPUBATHUMH 0CO0aMU, iK1 pPOOISATh
OeperoyKpiIiroBalibHI pOOOTH HAa HEBEIMKHX MAUISHKax. [[poro HemocTaTHBO IS
MOBHOI MIATPUMKH CXWIIB B 3aJ0BUIbHOMY cTaHi. [linmMuB OeperiB i1 3a0yaoBa
NpUOEPEKHUX JAUIAHOK 0e3 OeperoykpillioBalbHUX pOOIT MPUBEAE TIIBKH JI0
noripmieHHs1 cutyanli. [loTpiOHe KOMIUIEKCHE pilIeHHS MNpPoOJeMU MPOTU3CYBHUX
3aXOMIB - BI1J] BUKOHAHHS 1H)XEHEPHO-TE€OJOTIYHUX AOCIIIHKEHb, MPOECKTYBaHHS [0
(OopMyBaHHS CTIMKOTO CXHIIY 1 CHOCTEPEXKEHD 32 HUM ITICIII BUKOHAHUX POOIT.

OCHOBHM TEKCT.

Huni na YopHomopcbkomy y30epesoki B Opmeci 1 oechKiii 00yiacTi MOKHA
criocTepiraTtu 30UIbIIeHHS KiabKocTi 3cyBiB [1-3]. Tak, 3a ocraHHil Yac cTaimcs
3cyBH B c. Camxeiika, c. KpmwxkaniBka, ¢. ®onranka (29 cepniusa 2017p.) (puc. 1, a),
M. Yopaomopceke (11 muctomama 2016 p.) (puc. 1, 6). CrnocrepiratoTbCsi 3CyBU B
parioni nopty IliBnennnii (10 numnns 2018 p.), a TakoX B PI3HUX YACTHHAX CaAMOTO
Mmicta Opnecu - Apkanuii, Ha 10-i# ct., 13-1# ct., 16-1if cT. Beaukoro ®onrtany.

['o510BH1 NpUYMHU 3CYBIB - HEMA€E OpraHi3allii BIABEJEHHS TOBEPXHEBOIO CTOKY
3 HACEJIEHO1 TePUTOPIi 1 BIIBEACHHS 3IMBOBUX BO/I, BHACIIJOK YOTO MPU IHTEHCUBHIN
3a0yJ10B1 y30€peiKs MiAHIMAEThCS PIBEHb MiJI3eMHUX BOJ. Lle Beae A0 moripiieHHs
TiIPOTEONIOTIYHMUX yMOB CXWIy. 3 iHIIOrO OOKy - abpasuBHa [isg Mops. XBWIIi
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PO3MHUBAIOTH Oeper, 301IbLIYI0YN KPYTU3HY CXUITY, 10 TAaKOK 3PELITOI0 MPU3BOIUTH
n0 3cyBiB. Po0oTm 1o ycCyHeHHI0O HEOE3NeKH 3CYBIB BHMAararOTh BKJIAJICHHS
KOJIOCAJIbHUX KOINTIB, ajie 0€3 HUX MU BTpadyaeMo LIHHI 3eMJli, HECEMO MaTepiaibHi
30UTKH.

Puc. 1 - 3cyBu B Onecokiii o0aacri:
a - 3cy6 6 c. @onmanka, 0 - 3¢yé 6 M. Yopnomopcok

Jlo BupilIeHHs I1i€i MpoOJeMU TMOBHHHI BXOJUTH SIK MPOTU3CYBHI 3aX0IU 3
YTPUMAaHHS CXWJIIB 13 CTBOPEHHSM MMIJI3EMHUX JPEHAXKHUX MPUCTPOIB, IO BUBOJSTH
IPYHTOBI BOAM B CIICIiajbHY 3JMBOCTIYHY MEPEXY, TaK 1 3MII[HEHHS OeperiB Bij
PO3MUBY, HAaHOLIbIII ONTUMATIBHUM METOJIOM SIKOTO € CTBOPEHHS IITYYHOTO TUISIKY .

[IpoTH3cyBH1 cOpyIM MOKHA PO3JIIUTH Ha MIATPUMYBaJIbHI (MiAMIPHI CTIHH,
KOHTphOpCH, KOHTPOAHKETH) 1 yTpUMYyIOdi (MajgboOBl KOHCTPYKIT TJIMOOKOro
3acTaBisiHHSA) criopyau [4]. Tlepini miaTpuMyrOTh TPYHTOBH MacuB BiJl 3pYyIIeHHS,
z[pyrl MOBHICTIO MEPETOPOIKYIOTh HUIAX PYXY 3CYBY. Bubip tumny KOHCprKmH 1
Micue PO3TAITYBAHHS 3AJIEKUTH BiJl KOHQIrypalii 1 cTaHy CXWiy 1 poOUThCS Ha
MiZICTaBl TEXHIKO-€KOHOMIYHOTO OOrpyHTyBaHHS. L{I mMeroan € TpyAOMICTKUMHU 1
komToBHUMHU. Kpim Toro, Oy/b-sika CIopyJia BUMAarae peryJjsipHUX CIOCTEPEKEHb 1
PEMOHTY.

HaiiGinpm  edekTuBHUM  CIOCOOOM  MIJABUIIEHHS  CTIMKOCTI  CXUJIIB €
BUIIOJIOKYBaHHA (puc. 2, a) abo TepacyBaHHs mnpodimo cxuny (puc. 2, 0). Ilpu
BENIMKII BUCOTI cxuily abo oOpuBy Lie Oyne MOB'S3aHO 3 BEIMKUMHU 00'€eMaMu
3eMJIIHMX POOIT Ha BENUKIM MPOTSAKHOCTI AUISHKH. TOMYy 3MEHILIEHHS KPYTU3HH
CXUITy PEKOMEHAYEThCS MPOBOAWTH 3 TEPEMIMIEHHSM 3€MIITHUX Mac 3 BEPXHBOI
YaCTUHU 10 MIJAHDKXKSA CXHJIy. TakuM YMHOM, y BEPXHIM YacTHHI B1JOYyBa€TbCA
MIJpI3aHHS CXWIIY, & B HXKHIA — IpUBaHTaxeHHs (puc. 2, B). IIpu miamuBi Oeperis i
HEMOXJIMBOTO 3pI3aHHS CXUJy y BEpXHiN yacTuHi Oyje eexTuBHEe 00JaITyBaHHS B
HU30BIA YaCTUHI CXWIy KOHTpOAHKETy, 110 OyJe SBJIATHUCA NPUBAHTAXKECHHSIM
nigomsu cxwity (puc. 2, r). Ilpu npoMy HeoOXiTHO mepeadadyuTy OOJaIITyBaHHS
Oepero3axucHoi Copyau Mo NepUMETPy KOHTPOAHKETY .

VY npaniii poOori Oyia0 MPOBENECHO MIOCHIIKCHHS 32 BHU3HAYCHHSM BIUIUBY
TepacyBaHHS CXHJIy Ha HOro CTidkicTh. J[IIIHKA IOCTIIKEHb 3HAXOIUTHCS
nipaeHHime M. YopHomopchk B OBimionosnbcbkoMy — paiioHi Opecbkoi 007acTi.
Panime ©Ha pocnimkyBaHiM JOUISHIN BigOyBajiucs MaciiTabHI TJHMOOKI 3CyBHU
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BUJIABJIIOBaHHS. Y 3CYBHMM Tiporiec Oyl 3alydeHi IMOpPOJM YETBEPTUHHOIO 1
HEOTeHOBOTO BiKy. [IOTYXHICTh 3CyBHUX MOPIA CTaHOBUTH mpubim3HO 18 - 35M. Ha
CXWJII BIJ3HAYAIOTHCS TMPOIECH TMEPEpO3MOAUTy HaNpyXKeHb B TPyHTaX, sKi
MPOSIBJISIIOTECS Yy  BUTJISIAL  OKPEMUX TPIIIMH 3aKOJIIOBAHHS 1 PO3TSATYBaHHS,
MOB'SI3aHUX 3 MOKJIMBUMH BEPTUKATHHUMH 1 TOPU3OHTATBHUMHE J1e(POpMAaITisIMH.

MPUBAHMAXKEHHS]
PUBAHMAXKEHHS

\/\

~

Puc. 2 — TepacyBanHs (BUII0JI0KYBAHHS) CXILY:
a - nHesenukoi sucomu; © - 3 mepacamus B - KOMOIHOBAHUIL
I - 001AWMYBAHHS KOHMPOAHKEmy

Ha ocHOBI aHamizy Ccy4acHOTO CTaHy Yy30€pexiKs, TeoJIOTIYHUX Ta
TIPOJIOTIYHUX YMOB B JJAaHOMY pailioHi, a TaKOXK BUPaXEHOI TEHJICHIIIT Ha 3a0y/I0BY
npuOEPEeXKHOI 1 PEaKTUBHOI 30HHU, ICHYE HEOOXIJHICTH PO3POOKH MPOTHU3CYBHUX
3aXO0/I1B Ha JaHii AustHI. Ha pucyHKy nipeacTaBieHHi TeoIorTaHui po3pi3 1 penbed
1o 1 micis TepacyBaHHs (puc. 3). TepacyBaHHS CXWITy BUKOHYBAJOCS BIIAIITYBaHHIM
CXWJIy B HIDKHIM yacTuHi 1: 1.5, B BepxHilt yactuni 1:1 1 mmpuHOO Tepacu 9,0Mm.

Peabed 20042
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Puc. 3 - I'eostoriunmii po3pi3 AiJISIHKM J0CJIiI7KeHb
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B pesynbTati pospaxyHkiB 3a gomomororo mporpamu [IK Plaxis orpumano:
CXeMU BUHHMKAIOUUX IUIACTUYHHMX 30H, CMIOPU BEPTUKAIbHUX, TOPU3OHTAIBHUX 1
MOBHUX NEPEMIIEHb, €MIOPU HAINPYTH, 3HAUEHHS KOE(II[iEHTa CTIHKOCTI CXHIY.
OcHOBHI 3 HUX TpejAcTaBiieHI Ha pucyHkax 4+6. Takox, 3HaueHHsS KoedilieHTa
CTiiiKOCTi OyJIO MiAPaXOBAaHO MO METOAY KPYTJIOLMMIIHIPUYHUX TOBEPXOHb KOB3aHHS,

MOPIBHSUIBbHI PEe3yJIbTaTH MPUBEACHI B Ta0ui 1.
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Puc. 4 - CxeMa BUHHKAIOYHUX IVIACTUYHHUX 30H B TPYHTAX CXHJLY
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Puc.7 - Enmopa noBHMX nepemMimieHb

Tabaunus 1 - KoedinieHr criiikocTi

ker MeTOY Ker
dopma cxuity KPYTJIOIMTIHAPIYHUX 3a nporpammoro [lnakcuc
NOBEPXOHb KOB3aHHS
ICHYIOUUM penbed 0,98 1,01
T€pacCyBaHHS 1,32 1,38

AHaJi3 pe3yibTaTiB PO3pPaxyHKy MOKa3ye, IO TepaCyBaHHS CXMWIIY 30UIbIIYE
Koe(iIieHT 3amacy CTIMkocTi 10 27%.

Bucnosok.

VY it po6oTi Oyno posrisiHyTo npobiemy 3cyBiB B Oneci 1 Opecbkiit o6macTi.
[IpoBenenuil aHani3 OCHOBHUX METOAIB OOpPOTHOM 3 HUMH. PO3IIIAHYTO KOHKpPETHHI
BUITAJIOK 1 JJaHI PEeKOMEHAAIl 3 MPOBEACHHS MPOTU3CYBHUX 3axo0aiB. [IpoTu3cyBHi
3aX0M y BUIJISAI TepacyBaHHS CXWIy HE BHUMAarae JI0JaTKOBUX OyiBEIbHUX
MarepiaiiB, MO ICTOTHO 3HUXKYE BapTICTh OeperoykpirioBaibHUX poOiT. Tepacu i
KOHTPOAHKETH MOXJIMBO BUKOPUCTATH Ui CTBOPEHHS JOJATKOBUX TEPUTOPil B
npuoOepexHiid 30HI MOPIB, 03€p, BOJOCXOBHUII 1 JUMaHIB, IPU LBOMY 30LIBUIY€ETHCS
CTIMKICTh CXWJIIB NIPU HAUMEHIINX BUTpPATaX.
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Abstract. Currently, the protection of the sea coast from landslide is an actual problem.
Intensive construction of coastal areas leads to an increase in landslides, especially outside the
city, where shore protection and protection works have never been carried out. In the article the
analysis of the current state of sea coasts in Odessa region has been analyzed. The existent anti-
landslide measures are considered. Options for terracing of slopes have been studied. Analysis of
the results of the calculation of slope stability shows that terracing increases the coefficient of
stability to 27%. Anti-landslide measures in the form of terracing and counter-banquets can be used
to create additional areas in the coastal zone of the seas, lakes, reservoirs and estuaries, while
increasing the stability of the slopes at the lowest cost.

Keywords: coast, shore protection measures, anti-landslide measures, slope stability.
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Anomauin. Ilpu possumky micm Ha Y30epedxcoci 6ce yacmiule SUHUKAE HeOOXIOHICMb
OyOieHuymea nooaU3y cxunis. 3acanrbHa 006xicuna bepezosoi ninii Odecu Oauzvko 30 Kkm. 3 AKUX
60% npedcmasneno cxunamu 3 pisHuUM cmynenem Hebesneku 3cygis. Ll mepumopia mae naioinbuly
iHgecmuyitiHy npusadbIugicme y aKocmi pexkpeayiunoi ma dacumnosoi 30Hu micma. Tomy eéce
yacmiwe mae micye 6y0iI6HUYMBO HA OLIAHKA, WO MENCYIOMb 3 CXULOM. Y pobomi po32nisiHymo 08i
xapaxmepni Oinanku (Cxun I ma Cxun 2), wo posmawiosaui 0Oins cXunié ONs GU3HAYEHHS
2PAHUYHO20 3HAYEHHA 000AMKOB020 HABAHMANCEHHA. Il aHANI3y GUKOPUCMOBY8ANU MeMmOoO
CKIHUEHUX eNleMeHmMIB, W0 peani308arHo y NPOSPAMHOMY KOMNIIEKCI O BUPIUUEHHS 2e0MeXHIYHUX
3a0ay Midas GTS NX. I[licia mamemamuunoco MoOeno8aHHs ma PO3PAXYHKY CXULI6 BUSHAYUIU,
wo Cxun 2 3naxooumucsi Ha medxci cmitikocmi, a Cxun 1 modicna 3asanmasxicumu 000amKo8so.

Knrwouoei cnosa: cxun, cmitikicms cXuny, Memoo CKiH4eHHUX eleMeHmis.

Beryn.

IIpu mnpoektyBaHHi, OyIIBHUIITBI Ta eKCIUIyaTaliii OyaiBedb Ta CHOPYI
HEOOX1AHO TOTPUMYBATUCh BUMOT, 11010 3a0€3MeUeHHs iX O€3MeKH Ta HAIIHHOCTI Y
BIIMOBIAHOCTI 10 HOpM [l], y SKMX HaBEIEHO y TOMY 4YHCIlI ¥ BHMOTH, IIIOJIO
OyIIBHMIITBA Ha 3CyBOHeOe3neuHux [uIsHkax. KigpkicTh 3CyBiB, 1m0 Oyna
3adikcOBaHA Ha OJIECBKMX Ccxuiax HaOmmxaerbes 10 250 [2, 3]. VYV cepemnuni
MUHYJIOTO CTOMITTS OyJI0 BUKOHAHO IIUIMH pajl MPOTU3CYBHUX 3aX01B Ha OJ1eCbKOMY
y30epexcoki [4]. YV mepiox 1967-1978 pp. BukoHaHO OyAIBHUIITBO O€pero3axmcHHUX
criopya 1-2 gepr Ha ninsanii Jlamxkepon - M.b.@ouTan. byAiBHUIITBO TPETHOI Uepru
Tak 1 He OyJIO pO3IoYaTo.

CroronHi 6eperoykpimieHas Omecu CKIAQAAEThCs 3 CUCTEMU MIiAMIPHUX CTiH,
MTYYHUX TIAHUX 1 MeOHICTUX  IUDDKIB, MO3JOBXKHIX 1  IONEPEeYHUX
IUIDKEYTPUMYIOIUUX criopyl (37 miABOAHUX XBUJIETIOMIB 1 59 TpaBepcCiB) pi3HUX
THIIIB, 1[0 YTBOPIOIOTh 3aMKHYTI 1 HallIB3aMKHYTI IpHOEpekKH1 akBaTOpii - «0acelHm»
y KUIbKOCTI - 39 mTykK. Jl0 MPOTU3CYBHUX BIIHOCATHCS TaKOX TUIAHYBAHHS TEPUTOPIT
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CXHJIIB, IO CTBOPUJIO CYHYACHHUM pesbed, 03€JIECHEHHS 1 TaKOXK CHCTeMa JIOTKIB AJis
BIJIBEICHHSI 3 3CYBHUX CXUJIIB IOBEPXHEBUX BO/I.

3aranpHa goBxkuHaA OeperoBoi mdiHii Ogecu Omu3pko 30 kM. 3 sxux 60%
MPE/ICTaBICHO CXMUJIAMHU 3 PI3HUM CTyleHeM HeOe3neku 3cyBiB. Ll Teputopis mae
HaNOUIBIITY 1HBECTULIIMHY MPUBAOIUBICTh Y SIKOCTI peKpeariitHol Ta KUTJIOBOI 30HU
micta. Tomy Bce uacTimie Mae Mmicie OyZIBHUUTBO Ha JUISHKA, 110 MEXYIOTh 3
CXHJIOM. AJIe 11€ He MOXKJIMBO 0€3 BU3HAUCHHS JIIMCHOTO HAIMPYKEeHO-Ae(hOPMOBAHOTO
CTaHy CXWJIy Ta HOro CTIHKOCTI, II0 HEMOXJIMBO 0€3 BHKOPHUCTAHHS CYy4YacCHUX
METO/IIB pO3paXyHKY Ta aHalizy. ToMy poOoTa NpuCBsYEHa aHaJI3y CTIMKOCTI CXMIIIB
Ta BU3HAYCHHIO TPAaHUYHUX 3HAYCHD JOJaTKOBUX HABAHTAKECHD € AKTYAJIbHOIO.

MeTor mOCTiIKEHHSA — € aHaJll3 CTIMKOCTI CXWIYy Ta BU3HAYEHHSI TPAaHUYHUX
3HAa4YeHb JIOJIATKOBUX HABAHTAXEHB, 110 MOXKYTh OyTH MPHUKIAICHI 3 3a0€3MeYCHHSIM
BUMOT O€3IIEKH Ta HAJIMHOCTI.

OcHOBHA yacTHHA.

JUis  BU3HAUEHHS TPAaHUYHOTO  HABAaHTA)KEHHS  BUKOPUCTAHO  JUISHKU
pO3TaIIOBaHl Ha 3CyBHUX CXWUJIAX, OJUH 3 SAKUX MPUMHUKAE 10 HAOEPEKHOT MICHKOTO
wioky  «Jlamkepon» (cxunm  Nel, pwuc.l), apyruii posramoBaHuid B paiioHi
boraniunoro caxy, niBaenHime oKy "Jensdin" (cxunm Ne2, puc.2).
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OCHOBHI HOPMaTHBHI Ta PO3PaxXyHKOBI 3HaueHHS (HI3UKO-MEXaHIYHHUX
BJIACTMBOCTEH IPYHTIB HaBenaeH1 B Tao. 1.

BogoHnocHui TOpU30HT B NPUOPOBOYHIA YAaCTHUHI IUIATO NPUYpOUYEHA M0
YeTBEPTUHHUX BIJIKJIQJICHb JIECOBUAHOI TOBILI, IO 3yCTpidaeThcsl Ha ruOuH1 7,80M
(abc¢. Bimm. 26.80m) most cxwury Nel 1 Ha rmbuni 14,60 (adc. BigMm. 41.50M) mist cxummy
Ne2 M . Bonmoymnopom Juist HbOrO CIY>KUTh TOBIIA Y€PBOHO-Oypux IinH. JKuBIeHHS
IPYHTOBOT'O BOJIOHOCHOTO TOPU30HTY BiIOYBA€THCS 32 paXyHOK aTMOC(hEpHUX OMa/iB
1 BTpaT 3 BOAOTIHHUX KOMYHIKAII, a TAaKOX 32 PaXyHOK BUTpaTH (PUIbTPALIHOIO
MOTOKY TPYHTOBHUX BOJI, 3 OOKY JIeCOBOTO IJIaTo.

Taduaunus 1 - PizuKko-MexaHiyHi BJACTHBOCTI IPYHTIB

No Hasga rpyHTy Yunsats Vsat, E, A% C, [0}
kH/M® | kH/M® | xH/m? xkH/m?

1 | Hacunuwii map 16 20 11000 | 0,3 18 16

2 | CyriMHOK cepefHii, 15 18 7000 | 0,37 20 18
JIETIOBIAIbHAN

3 | CyrmHOK cepeaHiu, 15 19 12000 | 0,37 27 16
JIECOBUIHUN

4 | I'nuna Oypa 16 18 14000 | 0,25 27 15

5 | Bannsk 13 14 23000 1,3 25 18

6 | I'muna cipo-3eneHa 15 19 16000 | 0,25 45 17

ETanu BUKOHAaHHS pO3paXyHKOBHUX CXEM:

1) Bynyemo kOoHTyp cxwiy 1 JiHIT BCepeauHl CXWIY, IO PO3AUIAIOTH IIapH
I'PYHTY;

2) CTBOpIOEMO TPaHUYHI YMOBH;

3) CTBOpOEMO TPYHTH BIANOBIAHO 10 pPEKOMEHAamid [5, 6], micis dYoro
IPUCBOIOEMO iX BIANOBIJIHUM KiactepaM. ['pyHTH MacuBY CKJIaJarOThCs 3
IIOCTHU LIAPiB, 1110 MAIOTh XapaKTEPUCTUKHU, HaBeeHl B Taoun. 1;

4) BynyeMo po3nofinieHe HaBaHTa)XeHHs Ha BEPXHI rpaHi IPyHTOBOTO MAaCHUBY;

5) O6sacTh CUCTEMHU AMPOKCUMYEMO CKIHUCHHUMH €JIEMEHTaMU;

6) Po3paxyHOK BUKOHYETHCS TIOCITIIOBHO 33 TPhOMA €TallaMH:

l.

2.

Ha mnepmomy eram BU3HAYA€THCA HAMpPyXKeHO-AeHOPMOBAHUN CTaH
I'PYHTOBOT'O MacCHBY BiJl /il BIACHOI Barul TPyHTY.

Ha gnpyromy ertami po3paxyHKy, OTpMMaHi Ha TEpIIOMYy eTari
MEepPEMIIIIEHHS B TPyHTaX OOHYJISIOTHCS, TOOTO Hampy)eHOo-TehopMoBaHU
CTaH IPyHTOBOTO MACHUBY MPUBOJUTHCS JI0 BUXIJHOTO MOYATKOBOTO CTaHY,
B1JI SIKOTO #JI€ BIJJTIK MTEPEMIIIICHb.

. Ha TpeThoMy eTani BU3HAYA€THCS OCTATOUHUN HAMpyX eHO-Ie(hopMoBaHUI

CTaH CXWJIY BiJ i1 HA HOI'O HABAHTAXKECHHSI.

. Po3paxoByeTbcsi koeimieHT 3aranbHOi Oe3meku cxwiy. [lpoBoammo

MOETANHE 3aBaHTAXEHHS KOXKHOro cxuiy 3 Kpokom B 50 kH/M2 no BTpaTn
CTIMKOCTI.

3a pe3ysnbTaTaMH po3paxyHKy O€3MeKd MpU MOCTYIOBOMY HABAHTAXKEHHI CXUITY
Oynyemo rpadik 3minu koedimienta Mgr (Puc 3).
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Puc 3 - I'pagik 3minu koedinmieaTa Mss B 3aJ1€5KHOCTI Bil pIBHSI HABAHTAKEHHS

Jl1s1 aHali3y BUKOPUCTOBYBAJIM METO/ CKIHUEHUX €JIEMEHTIB, 1110 pealli30BaHO Y
MIPOTPaMHOMY KOMIUIEKC1 I BUpilIeHHs reoTexHIYHuX 3a1a4 Midas GTS NX [7].

BucHoBoKk.

1. Cxun Ne 1.

Bceranosneno, mo cxun Nel mepeOyBae y criiikoMmy crtani. ChifiB mposiBiB
MMMOOKUX TIEPEeMINeHh Ha CXWIl Ta NpUOPOBOYHIM YaCTHHI IUTATO HUHI HE
crnocrepiraetecsi. Ilpu BiAmoBiZHOMY OOrpYHTYBaHHI MOXJIMBE OyIIBHHMIITBO 3
BJIAIITYBAaHHSAM CUCTEMU MOHITOPIHTY HANpPY>KEHHO 1e(OPMOBAHOTO CTaHYy.

2. Cxun Ne 2.

Bcranosneno, mo cxun No2 mepeOyBae y rpanudHoMy ctasi. CIijliB MPOSBIB
MIMOOKUX TIEPEeMINIEHh Ha CXWIl Ta NpUOpPOBOYHIM YaCTHHI IUIATO HUHI HE
crioctepiraetbesa. OmHak ctad cxwity Ne2, 3TiIHO 3 y3arajbHIOIOUYMMH OI[IHHUMH
pe3yJibTaTaMu BUKOHAHUX JOCHiKeHb, ¢ BBaxkatd HEBE3IIEUHUM (koediient
ctifikocti K< 1), matoun Ha yBa3l MOKJIMBICTh aKTHBI3alli 3cyBHUX Aedopmalliil, y
TOMY YHCII1 TJIMOOKUX PYXIB 13 3aXOIJIEHHSAM NIMHUCTUX 1IApiB Y OyAb-sIKH MOMEHT,
0COOJIMBO B MEP10JIM HAJIUIIKOBOTO OOBOTHEHHSI.

Ha migcraBi po3paxyHKIB Ta aHalli3y CTaHy CXWJIYy CIIJI 3alpoOlOHYBaTH
BapiaHTH 3MII[HEHHS CXWJy, IJis CTaluIi3amii HampyXeHOTO CTaHy CXWIy Ta
MIJBUILIEHHS 3amacy Woro criikocti 10 Kst> 1,2, 3 ypaxyBaHHSIM TEXHOT'€HHOTO
HABAHTAXKEHHS BiJl CIIOPY/IM Ta MOKJIMBUX HETaTUBHUX 3MiH (DaKTOPIB.

Kpim yTpumytouoi ¢yHKIIi, 3aXHCHI 3aXOAM TAaKOX TMOBUHHI TMepeadadyaTu
JPEHYBaHHS MII3€MHUX BOJI, 110 BUXOJATh HA CXHJI, Ta KOHTPOJIb 3a JieopMariisaMu
CXHIIy Ta CIIOPYJIKYBaHOI CIIOPYIU (32 MapKaMH Ta KpEHOMETpaMHu).
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Abstract. With the development of cities on the coast, there is an increasing need to build
near the slopes. The total length of the coastline of Odessa is about 30 km. of which 60% are
represented by slopes with varying degrees of landslide risk. This area has the greatest investment
attractiveness as a recreational and residential area of the city. Therefore, construction is
increasingly taking place on the site adjacent to the slope. The paper considers two characteristic
areas (Slope 1 and Slope 2), which are located near the slopes to determine the limit value of
additional load. For the analysis we used the finite element method, which is implemented in the
software package for solving geotechnical problems Midas GTS NX. After mathematical modeling
and calculation of slopes, it was determined that Slope 2 is on the verge of stability, and Slope 1
can be downloaded additionally.

Key words: slope, slope stability, finite element method.
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Anomauia. B pobomi Oocniodceno npobremy YnpaeiiHHs ma NOBOONCEHHS 3 XAPUOBUMU
sioxooamu. Ilpoananizo8ano OCHOBHI Yili NPOBAONCEHHS CUCMEMU KOMROCMYBAHHS. J{0CIOMCeHO
cneyughiuni ymosu ma acnekmu, sKi nOompiOHi O 8NPOBAONCEHHS YEHMPANI308aAHOI cucmemu
KOMHOCMYBAHHS XAP4O8UX 8i0x00i8 6 Ykpaini. Hasedeno ocHosHi Kpumepii oyiHKu nepeoymos
BNPOBAONCEHHSL CUCMEMU KOMNOCMYBAHHS XApUYo8ux 6i0xo0ie 6 Yxpaini, Hadano pexomenoayii
Wo0oo PopmysanHs cucmemu YIPAsiiHHA Xapuoeumu eioxooamu 8 Ykpaini. Pospobneno ancopumm
BNPOBAONCEHHS OEPHCABHOI eKONO2IUHOI NONIMUKU 8 chepi YNPAasIiHHA XAPUoBUMU Bi0X00aAMU 8
Ykpaiui.

Knrwuoei cnosa: xapuosi 6i0xo0u, KoMnocmyeamHs, Kpumepii, cucmema KOMHOCMYBAHHSL
Xapuosux 8i0x00is.

Beryn.

[IpotsiroM TpuBanoro yacy BBaxajnocs, IO MpoOjieMa XapyoBUX BIAXOMAIB €
aKTyaJIbHOIO JIMINE JJi1 PO3BUHEHUX KpaiH, ojaHak nomnoBiaib UNEP «Food Waste
Index Report, 2021» copocTyBaia 10 AyMKYy — MalXe y KOXHIA KpaiHi, e
BHUMIPIOBABCS PIBEHb XapUYOBUX BIIXOAIB, BIH OyB 3HaYHUM — HE3QJIEKHO BiJ PIBHS
noxoniB HaceneHHs. Y 2019 poui 17 % (mpubnuzno 931 MinbiiOH TOHH MPOAYKTIB
XapuyBaHHS) BiJ 3arajibHOi KUIBKOCTI MPOIYKTIB JOCTYMHUX CIIOXHBadam, OYJIO
BUKHUHYTO y CMITT€BI OaKH JOMAITHIX TOCMOAAPCTB, MYyHKTIB PO3APIOHOT TOPTiBIi,
pPECTOpaHIB Ta 1HIIMX MiANPUEMCTB KOMYHAJIBLHOTO Xap4uyBaHHs. BulbmiicTh BiIX0/iB
HaJIXOJHUTh 3 JOMOTOCIOAApCTB, sKi BUKHAaroTh 11 % Big 3araabHOi KUJIBKOCTI
MPOJIYKTIB XapuyBaHHA, chepu TpOMaJChKOro xapuyBaHHS — 5 %, Ta po3apiOHOI
topriii — 2% [1].

Toit dakT, 110 J1011 BUPOOJISIOTE 3HAUHI 00CATH MPOAYKTIB XapuyBaHHsI, ajie HE
3'ial0Th 1X, Ma€ CyTT€BI HETATHBHI HACIIJKUM 3 €KOJOT1YHOI Ta COLIaJIbHO-
€KOHOMIYHOI TOYKM 30py. 3 ypaxyBaHHsSM Toro, mo y 2019 poui Big ronomy
noctpaxkaanu 690 minbiioHiB moxaei, y 2020 — 811 minbiioniB mogei (a ue 1/10
HACEJIEHHS TUIAHETH) 1 OYIKYEThCSA, IO iXHSA KUIBKICTh PI3KO 30UIBIIMTHCS 4Yepes3
COVID-19, cnoxuBauaM moTpiOHA JOMOMOra Y CKOPOUYEHHI KiJIBKOCTI Xap4yOBUX
BIJIXO/IIB Ta YIIPaBIIIHHAM Xap4YOBUMH B1IXOJaMH, 10 BXKE YTBOPHIIUCS.

B mopiBHSHHI 3 pemTor0 CBITY xapuyoBi Biaxoau B €Bporeiicbkomy Coro3i €
ocobnmBo OaratorpanHuM BUKIMKOM. Y 2012 pomi B €C Oyno BurpadeHo 88
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MUJIBHOHIB TOH Xap4yOBUX BIAXOAIB — IO JIOpiBHIOE 173 Kr Xap4yoBUX BIJIXOJIB Ha
moauny [2] — npotu 6-11 kr/oco0y/pik y kpainax Adpuku Ha niBaeHs Big Caxapu Ta
[linennoi Ta IliBmenHo-CximHoi A3ii [3]. BrTpatu Xap4oBuUX TMPOAYKTIB €
ro0anpHOI0 MpOOJIEeMO0: TpeTHHAa BCi€l TKi, IO BUPOONSETHCA y CBITI, abo
BTpavaeThcs, abo ¥ae y BiAXOoAW — 1€ O3HAYae, MO MOPOKY 1,3 MUIbSIpau TOH
17IealibHUX Ta ICTIBHUX MPOJIYKTIB HE TOXOAMUTH JI0 KIHIIEBOTO criokuBayda, T00To 100
KT Ha JIIOANHY.

OcHOBHA yacTHHA.

XapuoBi Bimxoau — OaratoBeKTOpHa MpoOseMa, sika MPU3BOAUTH 10 HUBKHU
PU3HKIB: €KOHOMIYHUM — BUTpaTH, IMOB'SI3aHI 3 XapyOBMMHU BiaxojgamMu B €Bpori,
OLIIHIOIOTHCS NMPUOJIU3HO B 143 MUIbspAU €BPO; €KOJOTTYHHUIM —TeHepalis 32 paxyHOK
XapyoBUX BIAXOIB OM3bKO 8% PIYHMX BUKUAIB NAPHUKOBUX Ta3iB 1 HIOpIYHA BTpaTa
24 MITBApAIB TOHH POJIOYMX I'PYHTIB; colllanbHUil Ta eTuyHuil —y 2019 poui Bixg
rojony noctpaxaanmu 690 mineioHiB moaei, y 2020 — 811 minbiioHiB mroaei (a e
1/10 HaceneHHs TUIAHETH) 1 OUIKYETHCSI, IO TIXHSI KUIBKICTh P13KO 301IBIINTHCS Yepe3
COVID-19 [1].

HaiiGinp1 mommpeHo MNpakTHUKOK TMOBO/KEHHS 3 TBEPAUMH TMOOYyTOBUMH
BiIXoAaMHU B VYKpaiHi € iX 3aXOpOHEHHS Ha TIOJIrOHaX 1 3BaJMINAX, SKOMY
MIIIaI0ThCa  OMu3pK0 95% 3aragpbHOrO 00CATY BIAXOJIB, IO YTBOPIOIOTHCS.
[IlonenHO OAMH CEePEeAHBLOCTATUCTHUYHUN yKpaiHelb BUpoOisie npubiusno 1-1,5 kr
B1IXO/1B, Je 0sn3bko 40—70% ckianaoTh XapuoBi BIAXOU a00 iX maKyBaHHS [4].

Ha Michkux 3BajuIax HaBiTh CEPEAHHLOIO MICTa IMIOPIYHO HAKOMUYYHOTHCS
COTHI THCSIY TOH MOOYTOBUX BIJIXOJIB. Po3Kkiagatouuch, BOHU OTPYIOIOTh HOBITPS,
IPYHT, MiJA3€MHI BOJM 1 CTBOPIOIOTh, TaKUM YHHOM, CEpPHO3HY HEOE3MeKy ISl
HABKOJIMIIIHBOTO CepeloBuIla Ta JroAuHH. [loironu Ta 0co0IMBO 3BAUIIA TBEPIUX
MYHIIHUIATFHUX BIIXOMIB € TOTYKHUMH JDKepenamu 3abpynHeHHsi aTmocdepw,
rigpocdepu Ta rpyHTIB [S5]. BiibHEe MOTparuisiHHS 3BAJUIIHOTO Ta3y B HAaBKOJUIITHE
CEpellOBUIIlE BUKIWKAE HU3KY HETATUBHUX HACIIJKIB, 30KpeMa MPHU3BOJAUTH 0
3a0pyHEeHHs aTMOoc(hepy HABKOJIMIIIHIX TEPUTOPId TOKCUUYHUMH CIIOJIyKaMH, SIKi, J10
TOIO X MalOTh HEMPUEMHUH 3arax [6].

Onnum 3 Halle(heKTUBHIMIUX CIOCOOIB BUPIIICHHS MPOOJEMU MOBOKEHHS 3
XapyOBUMH BIJIXOJIaMH, SIKI YTBOPHJIMCS, € KOMIIOCTYBaHHS — METOJI BUPOOHUIITBA
TOOpUB 13 PI3HMX OPraHIYHMX BIAXOMIB, JUII OTPUMAHHS EKOJOT1YHO YHCTOl
OPOAYKIIl, MOKpAIICHHS TIPYHTY Ta 3MEHIIEHHS Ol100praHIdYHOi YacTKH TBEPIUX
MOOYTOBUX BiJIXO/IiB.

OCHOBHI LT BIPOBAPKEHHS KOMITOCTYBaHHS:

e 00poOJIATH Ta 3HENIKOKYBATH OPTaHIYH1 BIIXOAM (Xap4yoBi BIAXO/H,
CaJI0B1 BIIXOIU, EKCKPEMEHTH XyJ00U Ta 1H., IEAKTUBYBATH 30y THUKH
OakTepiii, BIpyCiB 1 HACIHHS OYyp'sSHIB);

e BUPOOJIATH OpraHiyHi J0OpHBa, K1 (P13UYHO MOKPAITYIOTh YMOBHU IPYHTY
Ta JII0Th K YACTKOBUHM 3aMIHHUK MOKMBHUX PEYOBHUH, TAKUX SIK a30T,
docdop i Kamiid, o0 MICTATHCS B XIMIYHUX JTOOpPUBAX, BiJ] IKMX MTOBHICTIO
3aJIe)KUTh CydacHE CLUIbChKE rOCTIOAAPCTBO.

Ponp komrmocty, opraHiyHoro go0puBa, OTPUMaHOro 3 BiAXOAiB, Oyina
3aTbMapeHa HaJIMIPHUM BUKOPHUCTAHHSM MECTHLIMIIB 1 XIMIYHUX JOOpHUB Y
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CIITBCBKOTOCIIOIAPCHKIN MpakTHulli. BiJICYTHICTE KOMIIOCTY, KU BUKOPUCTOBYETHCS
Ha CUIBCHKOTOCIIOMAPCHKUX TOJIAX, 1 3aJICKHICTh BiJ] XIMIYHUX JOOPUB MalH DS
HEraTHBHUX HACIIJIKIB, TAKMX SIK MOTIPIIEHHS CTaHy IPYHTY, AePIiIUT a00 HaAJTUIIOK
MOKMBHUX PpEYOBHH, CMajlaxu KOMaXxX, 3aTBEpAiHHA IpyHTy. OjaHak opraHiuHi
BIJIXO/IH, 1110 YTBOPIOIOTHCS B MOBCAKICHHOMY KUTT1, MOXYTb TOIIOMOTTH BiJTHOBUTH
POJIIOUICTh IPYHTY, SIKIIO iX BUKOPUCTOBYBATHU JJI1 BUPOOHUIITBA KOMIIOCTY.

KommocTtyBanHs Xap4oBUX BIIXOJIB MOXKE HAJaTH HE3alEpeuHy EKOJIOTIuHY,
COILlAJIbHY Ta €KOHOMIYHY KOpPHUCTh NUIAXOM: 3MEHIIEHHS O100praHiyHOl YacTKH
TBEpAUX MOOYTOBUX BIAXOIB, K1 MOTPAIUISIIOTH Ha 3BaJMINA (a 1€ B CBOIO Uepry He
JIMIIIE 3MEHIIUTH TUTOII 3BAJIUII, a ¥ 3MEHIITUTh BUKUIU 3BAJIUIHOTO 6iora3y, B CKIIa
akoro BxoauTh 35-70 % wmeTaHy); OTpUMaHHS €KOJOTIYHO YHUCTOI MNPOAYKIII,
MOKpAIIEHHS! TPYHTY MUISIXOM BHECEHHS OTPUMAHOTO KOMIIOCTY; 3a0IaPKeHHS
KOIIITIB.

[{enTpanizoBaHe KOMIIOCTYBaHHS MOKHa YCIIIIIHO 3aCTOCOBYBAaTH B MicTax abo
palioHax, skl BIIMOBIAAIOTh yCIM a00 O1IBIIOCTI HACTYTHUX YMOB:

e MicTa a00 pallOHH, SIKI ITyKAIOTh allbTEPHATUBHI CUCTEMU OYMIIECHHS,
100 3aMIHHATH 3BaJINIIA;

e MicTa a0o palloHH, SIKI MOXKYTh OKPEMO 30UpaTH SIKICHY CUPOBHUHY IS
KOMITOCTYBaHHS;

e MicTa a00 pallOHH, SIKI MOXKYTh 3a0€3MEYUTH JTOCTATHIN MOTUT HA
KOMIIOCT;

e wMicTa abo paiflOHHU, SIK1 MOXYTh 3a0€3MEUNTH JOCTATHIA OFOKET JIJIs
poOOTH KOMITOCTHHUX YCTaHOBOK IPOTATOM TPUBAJIOI0O NEPIOAY vacy;

e MicTa a00 palioHH, SIKI MAIOTh JOCTAaTHIO pOOOYY CUJTy Ta IHCTUTYLI1HHI
MEXaHI13MH JIJIs1 pO3pOOKH Ta BIIPOBA/IKEHHS IPOEKTIB CTIMKOTO
KOMIIOCTYBaHHSI.

JUist  yCHIIIHOTO BIPOBAKEHHSI NPOEKTY KOMIIOCTYBAHHS TOBUHHI OyTH
CTBOPEHI Ta OIliHEH1 crienudiyHi yMOBHU Ta acniektu [7-9]:

® colllaJibHl YMOBH;

rpoMajichbka 0013HAHICTb Ta CITIBIIpAllsl MEIIKAHIIIB;
IHCTUTYII1IHI aCTIeKTH;

MO>KJIMBOCTI yTPaBIiHHS;

(iHAHCOBI aCMEKTH;

® TEXHOJIOT1YHI aCTIEKTH.

JloTpUMyIOUYHCh OLIIHKKA HaBEJAEHUX CIEeHU(pIYHUX yMOB Ta aCIEKTIB pa3oM 13
BIJIHOCHUMH KJIIOUOBUMH KPHUTEPISIMU OIIIHKH JUIsl KOKHOTO, MOJU(PIKOBaHUHN MOTIK
NONePeIHbO1 NEPEBIPKU MOKHA BUKOPUCTOBYBATH SIK KEPIBHUIITBO HA MOYATKY €TaITy
IaHyBaHHS. {7151 KOXKHOI Tpynu cnielupiyHUX YMOB Ta acleKTiB (ColiajdbHl YMOBH;
rpomajicbka OO0I3HaHICTh Ta CHIBOpAlsd MEIIKAHLIB, 1HCTUTYIIMHI AacleKTH;
MO>KJIMBOCTI yTPaBIIiHHS; (pIHAHCOBI aCMEKTU; TEXHOJOTIUHI aCMeKTH) MalTh OyTH
PO3pO0JIeH] KITFOUOBI KpUTEPIi OIIHKH.

KirouoBi kputepii ominku crenu@ivHuX yMOB Ta aCTEKTIB MOUISIOTHCS HA TPU

Tpynu:
1. OGOB’s3KOBI KIIIOUOBI KpuTepli. Y BHUIIaIKaX, KOJM OOOB'S3KOBI KIIFOYOBI

ISSN 2567-5273 99 www.moderntechno.de



Modern engineering and innovative technologies Issue 18

KpUTEPil HE BUKOHYIOTHCS, LII€ HE MOXKHA BIPOBAKYBATH MPOCKTHU KOMIIOCTYBAHHSI.
HacriitHo pexomMeHIyeTbCsl TPU3YIUHUTH OI[IHKY a00 MEepeOIiHUTH CUTYAIil0 MiCs
MOKpAIECHHS;
2. HacriiiHO peKOMEHJ0BaH1 KJIIOYOBI KpUTepii. Y BUMAAKaX, KOJU HACTIIHO
JOULUIBHI KJIIOYOBI KpUTEPii HE BUKOHYIOTHCS, CI1J] 3aIIPOBAIUTH 3aX0AU MIATPUMKH
a00 pO3MIISIHYTH aJIbTEPHATHUBHI MPOIO3HUIILT;
3. PexomMenjoBaHi KIIFOYOBI KpuTepii. Y BHUIIaJIKaX, KOJH JOIUIbHI KJIIOUYOBI
KpUTEpii HE BUKOHYIOTHCS, CJIJ TPOSBISATH OOEPEKHICTh, OCKUIBKM MPOEKTH
KOMITOCTYBaHHSI MOXKYTh OyTH PU3UKOBAaHUMHU JIJIsl peaizallii.
Hanpuknan, comiaJibHI yYMOBH MOXYTh OIIIHIOBaTHUCS 3a OOOB’SI3KOBUM
KJIFOUOBUM KPUTEPIEM — ICHYBAaHHS MOMUTY Ha KOMIIOCT; HACTIMHO pEKOMEHI0BAHUM
KJIIFOUOBUM KpUTEpPIEM — MICLEBl (epMepd aKTHUBHO 3allydeHi [0 MPOEKTIB
KOMIIOCTYBaHHSI, MOYMHAIOYM 3 €TaliB IUIAHyBaHHS; PEKOMEHIOBAHUM KIIOYOBHM
KpUTEPIEM — 1HIIII CTOPOHU OEPYTh aKTUBHY Y4acTh Y TPOEKTaX KOMITIOCTYBaHHS.
Jlumie micns oIiHIOBaHHS CIeU(IYHUX YMOB Ta acIEKTiB pa3oM 13 BITHOCHUMU
KJIIFOUOBUMH KPUTEPISIMA OIIHKUA I KOXHOTO MOXHA TMPOBOJAUTH TEXHIKO-
€KOHOMIYHE OOTpYHTYBaHHS Ta Oi3HEC-TUTAaHYBAaHHS JJIs TTOBHOI peaiizailii MpoeKTy
KOMIIOCTYBaHHSI.
BucHoBku.
[lepcrieKTUBHUM HampsMOM 3 TOCUJICHHS MO3MIN YKpaiHM Ha MIKHApOIHIN
apeHi B c(epl eKOJIOT1YHOI MOJITUKA MOXKE CTaTH poOoTa 13 (hOpMyBaHHS CHCTEMH
YOpaBIIHHS XapuyOBMMHU BIAXOAaMHU Ta MPUBEIEHHS 3aKOHOJABCTBA y WM cdepi y
BIIMOBIJHICTh 10 HOPM 3aKoHOJaBcTBa €C Ta MDKHApOJHUX Tporpam. ['0JoBHUM
KOMIIOHEHTOM CHCTEMH Ma€ CcTaTu (OPMYBAaHHS OpPraHi3alliHO-IPABOBUX OCHOB
YIOpaBIIHHS Xap4OBHUMHM BIIXOJAaMH Ta CTBOPEHHS l€papXxii XapuyoBUX BIAXOAIB, sSKa
MOX€E CTaTH OPIEHTUPOM JJIsl J€P>KaBHOI €KOJIOTTYHO1 MOJITUKHU 100 TTOBOIKEHHS 3
Xap4OBUMHM BiAX0JaMHU. PekoMEeHJ0BaHUN alropuT™M BIPOBAKEHHS JEprKaBHOI
€KOJIOT1YHOI MOJITUKU B cpepi yrpaBIiHHSI XapUOBUMU BIIX0JlaMU B Y KpaiHi:
* MPUUHATTS MPOrpam II00 3arno0IraHHs yTBOPEHHIO XapYOBHX BiJIXO/IIB;
* OKpECJICHHS IIJIeH MI0J0 CKOPOYEHHS Xap4yOBHUX BIJIXOJIB, SIKI MalOTh OyTH
MIIKPITUICH] YITKUMH PEKOMEHIAIsIMUA Ta METOJIaMH BUMIPIOBAHHS;

* CTBOPEHHSI CUCTEMHU MOHITOPUHTY XapuOBUX BIJXO/IIB;

* CTBOpEHHS 1€papxii XapyoBUX BIJAXOIB, SIKa BKJIIOYAE KOXKEH €Tall XapuyoBUX
BTpAT;

* 30LIbIIEHHS 1HBECTHUII y BHpPIMIEHHS MPOOJEeM XapyOBHX BIAXOMIB Yy
JIOMAIITHIX YMOBax Ta B yMOBax c(epu rpoMajiICbKOTO XapuyBaHHS;

* 3a0XO0YEHHs HACEJIEHHS [0 PalllOHAJIBHOTO CIIOKMBAHHS, KOMIIOCTYBaHHS Ta
Ipornara/ja eKoJIOTIYHUX 3HAHb.

Crorogni VYkpaiHa MOXXe MNOCHIHTH OOpOTHOY 3a CKOPOYEHHS XapYOBHUX
BIJIXOJIIB Ta 3MILIHUTU CBOIO MPOJOBOJIbYY OE3MEKy 3a paxXyHOK 3MEHILEHHS BTparT,
AK1 TIOYMHAIOTHCS Ha eTarnax BUPOOHHUIITBA, CKOPOUEHHS BUTPAT JOMOTOCIOJIapPCTB,
30UIBIICHHS! 1HBECTHUIIIM y BHUpIIMICHHS TpoOJieM XapyoBUX BIAXOIB Yy JIOMAIIIHIX
yMOBax Ta B yMmoBax cdepu TrpomMajachbkoro xapuyyBaHHs. CTBOPEHHS CHCTEMH
YOpPaBIiHHSA XapuyOBUMH BiIXOJaMH Ma€ CTaTH OJHUM 3 TPIOPUTETHUX 3aBlaHb B
cdepi aepKaBHOI €KOJIOTIYHOT MOJITUKUA Y KpaiHHU.
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AHnnomauyusn. B cmammi po32isHymo coyianbHO-npasosi 3acadu opeauizayii oxopouu npayi
HA MAuWuHO0YOIBHUX NIONPUEMCMBAX, OCHOBHI NOJONCEHHS W000 peanizayii KOHCMUmyyitHo2o
npasa NpayieHUKié Ha OXOPOHY iX dcumms i 300po8’s y npoyeci mpyoosoi disivrocmi. Pozxpumo
NOHAMMS OXOPOHA Npayi, AK cucmema npasosux, CoOYiaIbHO-eKOHOMIYHUX, Op2aHi3ayiuHo-
MEXHIYHUX, CAHIMAPHO-CICIEHIYHUX 1  JIIKY8ANIbHO-NPODIIaKMUYHUX 3ax00i6 ma 3acodis,
CNPAMOBAHUX HA 30ePedCeH st HCUmmsi, 300p08 s i npaye30amHocmi JI0OUHU Y npoyeci mpyoosoi
OislbHOCMI. 3a 207106HYy Mem)y op2aHizayii 0XOpoHU npayi Ha NiONPUEMCME] 3aNPONOHOBAHO
CMBOpeHHsi mMa KOMNJIeKCHa peanizayis ii 0008’s3K08ux KomMnoHenmis. Bcmanoeneno, wo
noo0anbLUI020  00CHIONCEeHHT NpoONeMu  2apMoHi3ayii HOpM mpy0o8oeo npaea Yxpainu i3
3akon00aecmeom €8ponelicbKo20 co3y ma 3 IHUUMU MINCHAPOOHO-NPABOGUMU aKkmamu & cgepi
oXoponu npayi nompeobylomv 3abe3neyeHHs 8i0N0GIOHUX CMAHOAPMI8 OXOPOHU Npayi 6 2any3i
3QUHAMOCMI ma npayesiauimy8anHs, 3 Memorw YOOCKOHANeHHS HAYIOHAIbHO20 3AKOHO0A8CMEd 8
coyianbHo-mpyoositl cghepi.

Knruesvie cnoea: nopmamusHo npagosa 0aza, 3aKOHOO0A8Yl aKmMu, OXOpPOHA npayi,
npogeciiina be3nexa, OOMPUMAHHS 3AKOHIB, 30epediceHHs 300P08 1.

Beryn.

EdexTuBHiCTh PO3BUTKY MIANPUEMHUIITBA B YKpaiHi Ha CydacHOMY eTarli
Jep>KaBOTBOPEHHS CTaja 1HAMKATOPOM PO3BUTKY B3a€EMOBITHOCUH Yy dopmari
«BIaga-0613HeC-TpoMaATHCbKE CycnibeTBO». CKiagHa 1 cymnepewidBa iaJeKTHKa
IIUX B3aEMOBIJIHOCHMH TIOBHOIO MIPOIO B1IOOpaX)aeTbCs Yy TPUBAIMX IMOIIyKax
ONTHUMAJIbHOI OpraHi3aliiHOI MOJeNll OXOPOHU TMpalll Ha MiANPUEMCTBAX, B HEPIIY
4yepry, MUTaHHSA 3aBXKJIM aKTyaJlbHO Ha MAIIMHOOYMIBHUX MIAMPUEMCTBAX, TaK SIK
PU3MKH TpaBMaTHU3My Ta BHHHKHEHHS HENIACHUX BHIMAJAKIB HAa HHUX € 3aBXIU
migpuieHuMu. CamMe TpaBWIBHHH MiAXiA 10 OpraHizamii OXOpoHH Iipalli Ha
MIIIPUEMCTBI  CIIPUSi€ 7O CTUMYJIOBaHHS €(EKTHUBHOI pOOOTH MpalliBHUKIB Ta
OOTpYHTYBaHHS 1XHBOTO TIOYYTTS HAJIWHOCTI, CTaOUIBHOCTI W 3aIllKaBJICHOCTI
KEPIBHUIITBA y CBOIX CHIBpOOITHUKAX. 30KpeMa, 3aJJIsl 3H)KEHHS TJIMHHOCT1 KaJpiB
Ha TIANPUEMCTBI Ta MIJABUIIECHHS CAMOJWCIMIUIIHU TMpAIiBHUKA Yy CTaBJICHHI 10
pobortu [1, 2].

B cyuacHiii HayKoOBi#l JiTepaTtypi Ha MDKIUCIUIUIIHAPHIN OCHOBI TOCIIIKEHHIM
npobyieMu oxopoHW Tpaii 3aiimMaroThes M. INanmztok, B. INominbko, . Kurankis,
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€. Kenibo, O. Kobunsucokuii, JI. Morinescekuii, C. ®enopenko, M. XaniMOBCbKHI
Ta 1HIm gocaigauky [1, 2, 4, 5].

Memoto cmammi € coulaJbHO-IPABOBUM aHai3 3aCaJHUYMX XapPAKTEPUCTUK
oprasizaiiii OXOpOHH Mpaili Ha TiAIPUEMCTBI

OCHOBHHUI TEKCT

Teopetnunuit ananiz BkazaHoi mpobOiieMu notpelye, Hailnepiie, 3’sCyBaHHS B
MPaBOBIN TUIOMIMHI 3MICTy TOHSTH «OXOpPOHA MpaIli» Ta «IiAIPUEMHHUIITBO». Tak,
srigHo ctatTi 5 (1) I'ocnogapcekoro kojekcy Ykpainu [3] mpaBoBHi rocno1apChbKuit
MOpSiZIOK B YKpaiHi (opMyeTbCsl Ha OCHOBI ONTHUMAJILHOTO MOEJIHAHHS PUHKOBOTO
CaMOpPETYJIIOBaHHS €KOHOMIYHUX BIJJHOCUH CYyO’€KTIB TOCHOAApIOBAaHHA Ta
JIEP’)KaBHOTO  PETyJIIOBaHHS  MAaKpOSCKOHOMIYHHX  MPOIECIB,  BHUXOMSIYHA 3
KOHCTUTYIIHHOT BHUMOTH BIJNOBIIAJILHOCTI JAEp)KaBU TMeEpea JIOJUHOI 3a CBOKO
TISUTbHICTh Ta BU3HAUYEHHSI YKpaiHU SIK CYBEPEHHOI 1 HE3aJEeKHOI, JEMOKPAaTHYHOI,
COIIlaJIbHOI, MPABOBOI JiepkaBu. A B cTaTTi 42 BKazaHoro Kojekcy mianpueMHUIITBY,
SIK BUAY TOCIIOAAPCHKOI MISIbHOCTI, HaJlaHO TaKe BU3HAYCHHS: I AMPUEMHHIITBO — 11€
caMOCTIiiiHa, 1HIIIaTUBHA, CHCTEMaTWYHa, Ha BJIACHUM PHU3UK TOCMOJIapChKa
TUSITBHICTB, IO 3IIHCHIOETHCS CyO’€KTaMHM TOCMOJaploBaHHs (IIANPUEMIISIMU) 3
METOIO JJOCSITHEHHSI EKOHOMIYHHUX 1 COIIAJIbBHUX PE3YJIbTATIB Ta OJIEPKaHHS MPUOYTKY
[6].

Bxkazani npaBoBi HOpMH € peaizaii€r0 KOHCTUTYIIHHOTO TpaBa BU3HAYEHOTO B
ctatTl 42 KoHcturynii Ykpainu (KOK€H Ma€ MpaBo HA MIAIPUEMHUIBKY AiSUIbHICTD,
dKa He 3a00poHEeHa 3aKoHOM). BojHouac, peanizaiisi KOHCTUTYLIMHOTO IpaBa Ha
MIAIPUEMHUIBKY JISUIBHICTE OOYMOBIIOE ¥ BIANOBIJANBHICTH 33 JOTPUMAHHSA
IHIIOTO KOHCTUTYIIIHOrO MpaBa — IpaBa Ha HaJIEkKHI, O€3MeuHl 1 3I0pOB1 YMOBH
nparti (crarts 43 (3) Konctutyuii Ykpaian) [7].

Sk BipHO BKazye l. J)Kurankin (B cCBOEMY AuCEpTaLlIMHOMY JOCIIJKEHHI), Tpals
€ CKJIQJTHUM 1 6araTorpaHHUM MPOIECOM B3a€EMO/IIT JIFOJAUHU 3 TOBKIJIAM, aJI’)Ke came
BOHA MOKJIMKAaHA 3a0e3neuyBaTy AK (i310JIOTTYHUN Tak 1 AYXOBHUM PIBEHb >KUTTS
JIOJIMHU BIJAMOBITHO 1O JOCSTHYTOTO CYCHUIbHOTO Tporpecy. IIpaBo Ha mpaiito
HAJICKUTh J0 TPYIH COIIaJIbHO-EKOHOMIYHHMX IIpaB 1 B 3arajlLHOMy CEHCI BiJIOHMBa€
noTpeOy JIFOAMHU CTBOPIOBATH 1 3700yBaTH JKepena ICHyBaHHsS Jia cebe 1 CBOEl
ciM’1, peasi3oByBaTH BJIACHUW TBOPYMM IMOTEHIIIa], BHUPAKATH CBOI OCOOHCTICTH.
OcKUIbKH TpPYy/JOBE MPaBO B YMOBaxX PUHKOBOI €KOHOMIKHM BIOPSAKOBYE BIJHOCHHU
NEepeBaKHO MPUBATHUX OCI0 — TpaliBHUKA W poOOTONaBLA, 13 IIi€l MO3uIlli HOro
MOKHA PO3TJISAATH SIK TpaBo npuBaTHe. OgHAK Jep)kaBHE BTPYYAHHS B I BITHOCHHH
€ JIOCUTh TIOMITHHM, BOHO BHSBISETHCS y BCTAHOBICHHI  IPUHITUIIIB
pEerJIaMeHTYBaHHS ~ TPYJOBUX BITHOCMH, B OKpPECIIEHHI MEX JOTOBIPHOTO
pEryJIOBaHHs, y BU3HAYEHHI MIHIMAJIbHO JOMYCTHMOTO DPIBHS NMPABOBUX TapaHTIH
JUTSI TIPAIIBHUKIB, K1 HE MiUISITAI0Th MOTIPIICHHIO CTOPOHAMH YTronl y cdepi mparii.
Bignocunu nepkaBu 13 poOOTOAABISAMH, TNpodCHiIkaMu 1 TpoMaasHaMU 3 TaKHUX
NUTaHb, SIK OXOpPOHA Mpalli, CIPUSHHS 3aHHATOCTI 1 MpalleBIalllTyBaHHIO, a TaKOX
TPYAOBI CIIOPH, CIiJ PpO3TIAgaTH sIK cdepy MNepeBaxHO MyOJIYHO-IIPABOBOI
pernamenTaitii [4].

Bigrak, OCHOBHI TOJIOXKEHHSI W00 peaii3allli KOHCTUTYILINHOTO mMpaBa
MpAaIiBHUKIB HA OXOPOHY iX JKUTTA 1 3I0pPOB’Sl y MpOILIECi TPYJIOBOI AISUIBHOCTI, Ha

ISSN 2567-5273 104 www.moderntechno.de



Modern engineering and innovative technologies Issue 18

HajexH1, Oe3reuyHi 1 370pOBlI YMOBM Iipalll BuU3HaudeHI B 3akoHl Ykpainu «IIpo
OXOpOHY npaui». B ctarti 1 uporo 3akoHy HajaHO BU3HAUEHHS MOHSTTIO OXOpOHa
Hpaul — lle CHCTEeMA NPaBOBHX, COINIAIbHO-EKOHOMIYHHX, opraH13au1HHo TeXHIYHUX,
CaHITAPHO-TITIEHIYHUX 1 JIKYBaJIbHO- npoq)maKTHqHHx 3axoliB Ta 3aco0iB,
CHpPSMOBaHUX Ha 30€peKEHHS KUTTS, 37J0POB’S 1 Mpale3AaTHOCTI JIIOJAUHHU Y MPOLIEc]
TPYIOBO1 AiSUTHHOCTI.

Ha nymky [ JKurankina, SKO[0 METOIO COIIQIbHOI TOJITHKA BBaXaTH
JOCSITHEHHSI COLIAJIbHOT €(EeKTUBHOCTI, TO B HIMPOKOMY PO3YMIHHI BOHa MOXeE
pO3IIIAIaTUCA SIK CUCTEMA CIIOCO0IB 3a10BOJIEHHS COLIAIbHUX MOTPEO, Y BY3bKOMY —
AK 3BEJEHUM 10 BHPILIEHHS NPOTUPIY Yy CoLlaibHIi cdepl 1HCTPYMEHT, IO
MOM’ IKIITY€ HETaTUBH1 HACIIJIKY 1HAUBIIYaIbHOI i COIIaJIbHOT HEPIBHOCTI [4].

Hapnani Takuit miaxia Ja€ MOKJIMBICTH OOYMOBHUTH OCHOBHI cdepH ColiaabHOT
nomiTuku: 1) nemorpadis, CiM’si, MATEPUHCTBO, OATHKIBCTBO, IUTUHCTBO, MOJIOAb; 2)
oxopoHa 370poB’s; 3) ocBita, mnpodeciiiHa MATOTOBKA, TMEPEeMmiIroToBKa W
MiIBUILEHHS KBamidikarii; 4) HayKa; 5) pUHOK Tpaili, 3alHATICTb 1 0e3po0ITTS; 6)
oriata i 0XOpoHa Ipaili; 7) collagbHe CTpaxyBaHHS il 00CIIyrOBYBaHHS; 8) MEHCIMHE
3a0e3nedeHHs; 9) peryiroBaHHsS JIOXOJIB 1 CIOXHBAaHHA MacoBoro momnuty; 10)
HaJIaHHS aJIPECHO] colianbHOi gormomory; 11) kyapTypa 1 ¢hi3udHa KyabTypa, CIopT 1
Typu3M; 12) exosioriuHa Oe3neka, 3aXUCT BiJl MPUPOJHUX 1 TEXHOTEHHUX aBapiil 1
karactpod; 13) 3axXuCT coliaibHO-EKOHOMIYHUX MPaB yCiX KaTEropii rpoMasH.

[likaBUMU aJi1 HAIIOrO JOCHIIKEHHS € MipkyBaHHsA JI. MorijieBchbKoro, siKuit
3aMpONOHYBAB MPUHIIAIINA TPYAOBOTO MpaBa MOIIIUTH HAa YOTUPH Tpynu: 1) Taki, mo
BUPAXAIOTh MOJITUKY JEP’KaBU B rady3l IPaBOBOrO PETyJIOBaHHS PUHKY Mpail i
e(EeKTUBHOI 3aiIHATOCTI; 2) 10 MICTATh KEPIBHI 3acaJ iy B raixy3i BCTAHOBJIEHHS YMOB
mpail MpaliBHUKIB; 3) BU3HAYAIOTh MPABOBE PEryJIOBaHHS 3aCTOCYBaHHS Mpalll
MpaliBHUKIB; 4) 110 BII0Opa)aroTh T'OJOBHI HANpsIMU MPABOBOI MOJITUKH B Traiysi
OXOpPOHHU 3JI0POB’A 1 3aXUCTY TPYAOBHUX IpaB MpalliBHUKIB [8].

O. KoOunsHCbkUE B CBOiX poOOTax HABOJIWTH NPSIMUN BIUIMB HaBYaHHS B
3aKja/iax BUINOI OCBITH Ha MOJAJBITY NOTPeOy CHellialbHUX 3HAHb B PI3HUX raily3six
HaBYaHHSA, a OCOOJIMBO B TEXHIYHHMX. 3a HOro IOCIIIKEHHSIMHM 3MICT Ta 0OCSAT
HaBYaHHS 3 NMUTaHb OXOPOHM MpaIll JJIsSI MATOTOBKH, MEPENiArOTOBKH 1 IMiIBUIIICHHS
kBaji(ikaiii crheriagicTiB 3a poOITHUUMMH TpodecisiMu B TPOQheCciHHO-TEXHIUHUX
HAaBUYAJbHUX 3aKjaJaX BU3HAYAIOTHCS HABYAIBHHUMH MpOTpaMaMud 3 TIPEIMETIB
«OxopoHa mpaili B TaTy3siX», Kl epea0adaloTh BUBUYEHHS TAKUX TEM SK: ITPaBOBI Ta
Oprasizaifiiiii OCHOBU OXOPOHH Ipalli; 0XOpOHa Mpalli B rajry3i; OCHOBH MOKEXKHOI
Oe3MeKr; OCHOBH €JIEKTPOOE3NeKH; OCHOBU TiTi€HH Mpalll Ta BUPOOHHUOI caHiTapii,
MEIUYHI OTJISIIN;, HAJaHHS TIEPIIOi JOMOMOTH TOTEPITIIIUM TP HEMTACHUX BHIMAIKaX
To1o [5].

BkazaHi npuHIUON Jal0Th MOXJIMBICTh HaJall BU3HAYUTU ¥ OCHOBHI (YHKIIT
TPYIOBOTO TMpaBa: peryiasTuBHa (QyHKIIS (cOpsMoBaHa Ha BHOPSJKYBaHHS
CYyCHIJTBHUX BIAHOCHH y cepi mpalll Ta Ha 3a0€3MeUeHHs iX HUIECIPSIMOBAHOTO 1
HaWOUIBII JOIIIFHOTO PO3BUTKY; BOHA BTUIIOETHCS Yepe3 BU3HAUEHHS KOHKPETHHUX
HaIpsMiB MOBEAIHKH JIIOJICH, peasti3allilo HUIMHM CBOiX TPYJAOBHUX IIpaB Ta 000B’S3KiB);
coliaibHa (PyHKIIis (BU3HAYAE MPIOPUTET IMpaB 1 CBOOOJ HalMaHOTO MpalliBHUKA, 5K
cnalIoi CTOPOHM TPYJOBUX BIJHOCHH;, BUPAKAETHCA y 3a0€3ME€UEHH] MPIOPUTETY
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1HTepeciB HaWMaHOro TpalliBHUKA SK E€KOHOMIYHO CJIaOKOi CTOPOHHM TPYIOBUX
BIIHOCMH Tepe] I1HTepecaMd TMPaKTUYHO 3aBXKIU EKOHOMIYHO  CHUJIBHOTO
poboTonaBis); 3axucHa (yHKIS (00yMOBIEHa HEOOXITHICTIO 3aXHCTy CYCIUIBHHUX
BIJIHOCHH, IO YyTBOPIOIOTH TMpEeAMET BKa3aHOI Tally3l IMpaBa; 3axWINAl4d IIi
BIJIHOCHHH Ta 3aro0iraioun MopyeHb HOpM TPYI0OBOTO MpaBa); BUPOOHUYA PYHKIIIS
(BUSIBISIETBCST B PEryjIOBaHHI THOPSAAKY Ha BHUPOOHHUITBI, 3aKpiljieHi OOOB’S3KIB
poOotomaBisl  3a0e3neyyBaTd  MpaliBHUKaM  KOMIUIEKCHI ~ YMOBU  JUIA
BHUCOKOIPOIYKTUBHOI Mpalll i 000B 3Ky MpalliBHUKA €(PEKTUBHO BUKOPUCTOBYBATH
po0Oounii yac, MpUCBAYYBAaTH WOro MPOAYKTHUBHIM Mpaili; CHpPSIMOBaHA TaKOX Ha
OXOpOHY IpaBa BJIACHOCTI POOOTOMABIIIB, HA 3aXUCT iXHIX 1HTEPECIB SIK BJIACHUKIB
MaiiHa; TOOTO, CIIPUSIE 3aXUCTY MPaB CyO’ €KTIB TPYJOBUX BIAHOCUH O€3MOCEPEIHHO B
npoleci BUPOOHUITBA Ta CIHpHUsie HOpMaibHI 1 Oe3nepepBHIA poOOTI BCi€i
oprasizaiii); BUXOBHa (yHKIA (IIe BIUIMB 3a JOMOMOTOI IPaBOBHMX HOPM Ha
CBIJIOMICTh 1 BOJII0O YYaCHHUKIB TPYJOBHX IPABOBIIHOCHH 3 METOIO 3a0€3MECUCHHS
iXHPOTO HAJIE)KHOTO TOBOJPKEHHS; dYepe3 MOXKIUBOCTI 3aCTOCYBaHHS 3aXO/iB
MaTepialbHOI Ta JUCIUILIIHAPHOI BIAMOBIIAJBHOCTI JO0 BHHHUX 0ci0 Ta/abo
3a0XOUYCHHS Ta CTUMYJIIOBAHHS IOJO SIKICHOTO BUKOHAHHS TPYJOBUX OOOB’SI3KiB)
[10].

BpaxyBanusi BkazaHux (yHKIIH TPYIOBOTO TpaBa MpPU OpraHizaiii OXOpOHU
mpaii Ha IIANPUEMCTBI  JTalOTh MOXKJIMBICTH OOYMOBHUTH Taki 0OOB’S3KOBI
KOMITOHEHTH B CTPYKTYpi (CUCTEMI yIpaBIiHHS) OXOPOHU Ipall Ha MiANpUeMCTBi: 1)
CiIy»k0a OXOpOHU Tpalli; 2) MOJOXKEHHs, IHCTPYKIIi Ta 1HII1 aKTH 3 OXOPOHU Tpaili; 3)
IHCTPYKTaXI1 3 OXOPOHM Tpalll; 4) HaBYaHHS 1 MEepeBipKa 3HaHb 3 OXOPOHHM Ipall; 5)
MPOBEJICHHS] MEIUYHUX OIJISIAIB; 6) 3ac00M 1HAMBITYATbHOTO 3aXUCTY; 7) arecTarlis
poOOUMX MICIIb; 8) MOPSATOK O0IIKY HEIIACHUX BUMAIKIB.

Cmy>x0a oxopoHnu mnpaui. 3rigHo 31 crarrero 15 3akony Ykpainu «IIpo oxopony
mpaifi» Taka ciayxk0a oOOB’S3KOBO TMOBMHHA OyTH CTBOpEHa Ha MiJNPUEMCTBI 3
KUIBKICTIO Tiparorouux 50 Ta 6i1bIne oci0 y BIAMOBIIHOCTI 3 TUTIOBUM TOJIOKEHHSIM
npo ciyk0y oxoponu mpaiil [11]. Takox mae Oytu po3pobieno IlonoxxeHHS TMpo
CIIy>k0y OXOpPOHHM Mpalll IbOrO MiANMPUEMCTBA, BU3HAYEHO CTPYKTYPY TaKoi CIIyx 0w,
il YMCeNBbHICTh, OCHOBHI 3aB/IaHHs, (YHKIIIT Ta IIpaBa ii MpaIliBHUKIB.

Ha migmpueMcTBax 3 KUIBKICTIO TMpaliBHUKIB MeHIIe 50 4osioBiK QyHKIIT
CIIy>kKOM OXOpPOHH Tpalll MOKYTh BUKOHYBATH B MOPSIKY CYMICHHUIITBA (CYMIIICHHS)
ocoOM, sIKI MalTh BIAMOBIIHY MIATOTOBKY. A Ha MiJNPHEMCTBAX 3 KIJIBKICTIO
npaiiBHUKIB MeHIe 20 1151 BUKOHaHHS (QYHKIIH CITyKOU OXOpPOHU Mpalll MOXYTh Ha
JIOTOBIPHUX 3acajiax 3allydaTucsi CTOpPOHHI (axiBIl, fKI MalOTh HE MEHIIE TPbOX
POKIB BUPOOHHYOTO CTaXKy 1 MPOMIILIN HABYAHHS 3 OXOPOHH Tparil.

[Tono>keHHs, IHCTPYKIII Ta 1HIII aKTH 3 OXOPOHH mpali. 3TigHo 31 cTaTrTero 13
3akony Ykpaiau «[Ipo oxopony mpariii» poboTomaBers 30008’ s3aHUN PO3POOUTH Ta
3aTBEPAUTH TOJIOKEHHS, THCTPYKIII Ta 1HII aKTH 3 OXOPOHHU Mparli, 10 IIITh Y
MeXxax MIJIPUEMCTBA, Ta BCTAHOBJIIOIOTH IMPAaBUJIa BUKOHAHHSA POOIT 1 MOBEIIHKU
IpaliBHUKIB Ha TEPUTOpIi MIANPUEMCTBA, Y BHPOOHUYUX MPUMIIIECHHAX, Ha
OyIiBeIbHUX MallaHuYMKaX, pOOOUMX MICISIX BIAMOBIIHO A0 HOPMAaTUBHO-TIPABOBUX
aKTiB 3 OXOPOHM Mpalll, a TAKOXK 3a0€3MeUnTH NpalliBHUKAM BUIbHUI (O€301IaTHHI)
JOCTYII 10 HOPMATUBHO-TIPABOBUX aKTIB Ta aKTIB 3 OXOPOHU Mpalll Mo MiNPUEMCTBY
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[10].

[HCcTpyKIIi Ta 1HIIAa JOKYMEHTAIlIs 3 OXOPOHU Mpalll po3po0IIaIOThCS Ha MiACTaBl
MOJIOKEHh YWHHOTO 3aKOHOJABCTBA 3 OXOPOHM TIpalli, TUIIOBUX IHCTPYKIIH Ta
TEXHOJIOTIYHOT JOKYMEHTAIll MIANPUEMCTBA 3 ypaxyBaHHSIM BHAY TOCHOJIAPCHKOI
(MANPUEMHUIIBKOT) MiSUIBHOCTI Ta KOHKPETHHX yMOB Tpalli, KepiBHUKaMU
CTPYKTYPHUX MiTPO3/LIIB.

[acTpykTaxk 3 muTans oxopoHu mnpami. [lepen mouatkom poOOTH HOBOTO
mpaiiBHUKa poOOTOAaBellb 3TiIHO 3000B’si3aHuMi  MpoiHdoOpMyBaTH #oro mia
PO3MKCKY MPO YMOBH TIpalll, HasiBHI Ha Moro pobouomy Miciii. 30kpema, mpo BCi
HeOe3MeyHl YM IIKIIMBI BUPOOHUY1 (PaKkTOpH, SAKI 1I€ HE YCYHYTO, Ta PO MOKJIMBI
HACJIJIKK 1X BIUIMBY Ha 370pOB’Sl MpaIliBHUKA, a TAKOX MPO MOXKIJIMBI MUJIbIA Ta
KOMIIEHCaIlii 32 poO0Ty y TaKUX yYMOBax.

Bnacue, npu mnpuitHATI Ha poOOTYy BCl MpaliBHUKU MOBHHHI 32 PaxyHOK
poOOTONABISI TPOUTH BCTYNMHUN I1HCTPYKTaX, HaBYaHHS, TEPEBIPKY 3HAHb,
MEePBUHHUN 1HCTPYKTaX HAa pPOOOYOMY MICIll, CTaKyBaHHS 1 HaOyTTs HaBUYOK
Oe3neynux MeToiB. Lle € mepemymMoBorO 15 JOMYCKY 10 poOOTH.

BerynHuii iHCTpYKTaK MPOBOAUTH CHEIIATICT 3 OXOPOHU Tpalll, a MePBUHHUN —
OesrocepenHiii  KepiBHUK TpairiBHMKa. Hapmami 3 mpaliiBHUKaMud TOBHUHHI
MPOBOJIUTUCA TIOBTOPHI 1HCTPYKTax1 (pa3 Ha KBapTal NpU BHUKOHAHHI POOIT
nigBuIeHoi HeOe3nmeku abo pa3 Ha MiBpIvYYsl), MO3arIaHOBl (MPU 3MIHI TIPaBUII
OXOpOHHU Tpaill, 3MIHK B 00JIafHAHHI 200 MpU TOPYIICHHI MPALIBHUKOM MpaBUII
OXOpPOHHU TIpalli) Ta LUJIbOBI IHCTPYKTax1 (HAIpHUKJIaA, MPU Pa3oBUX poOOTax, HE
MOB’A3aHUX 31 chemianbHICcTIO). [HDopMalliss mpo TpoBEJAEHHS IHCTPYKTaXIB Mae
BHOCUTHUCS A0 BIJMOBIJHOTO KypHaly i PO3MUC TOrO KOTO 1HCTPYKTYBaJU 1 XTO
IHCTPYKTYBaB.

HaBuaHHs 1 mepeBipka 3HaHb 3 MUTaHb OXOPOHW Mpari. 3rigHO 31 cTaTTero 18
3akony VYkpainu «lIpo oxopoHy mpaii» NpaiiBHUKH, 3alHATI Ha poOoTax 3
M1JBUILEHOI0 HeOe3MeKor abo TaMm, Jie € moTpeda y npodeciinomy 1000pi, MOBUHHA
HIOPOKY MPOXOUTH HABYAHHS 1 IEPEBIPKY 3HAHD 3 MUTaHb OXOPOHU mpaii [11].

HaBuaHHs 3 nUTaHb OXOPOHM Mpalll TAKUX MPALIBHUKIB MOKE MTPOBOJUTHUCS 5K
Oe3rnocepeHbO Ha MIAMPUEMCTBI, TaK 1 IHIIUM CYO0’€KTOM TOCIOJapIOBaHHS, IO
3aiMaloThCd TakuM HaByaHHSAM. [lepeBipka 3HaHb NPAIIBHUKIB 3 MUTaHb OXOPOHHU
mpaill MOBUHHA 31MCHIOBATHCS BIJAMOBIAHOK KOMICIEIO MIAMPUEMCTBA, CKIIAJ SKOT
3aTBEPKYETHCS] KEPIBHUKOM IiIPUEMCTBA.

[IpoBenennss menuyHuX orisaiB. 3rigHo cratTi 169 Komekcy 3akoHIB mpo
npario Ykpaiam (K3mll VYkpainu) poboromaBerns 3000B’si3aHM 32 CBOI KOIITH
OpraHi3yBaTH NpPOBEIEHHS TMoONepeaHboro (mpu NOpUMHATI HA polOoTy) Ta
NepiogUYHUX (MPOTATOM TPYJOBOI MISUIBHOCTI) MEIWYHHMX OIJISIIIB TPAIliBHUKIB,
3afHATHUX HA BAXXKHUX po0OOTax, poOOTax i3 MIKIUIMBUMH Y HEOE3MEUHUMHU YMOBAMHU
mpaii abo Takux, Je € morpeda y mnpodeciiHomy mo6opi [6]. OkpiM 1bOTO,
poboToaBeIh 30008’ sI3aHUI MPOBOJUTH IIOPIUHI 000B’SI3KOBI MEUYH1 OTJIsU 0C10
BiKOM J10 21 poKy.

PesynbTatn mpodeciiHOro MEIUYHOTO OTJIsAy NpalliBHUKIB y BHUIVISII
3aKII0YEHHS (paxiBIIB PO MOKIIMBICTH JOMYCKY MpalliBHUKA O POOOTH 3aHOCATHCS
B iX MEIMUYHI JIOBIJIKH, SIK1 IOBUHHI 30epiratucs y poootoaasiis (B 0COO0BIM crpaBi
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npaiiBHuka). [Hpopmariito npo opraxizaiiro TPyJAOBUX MEIUYHUX OTJISIIB, a TAKOK
3pa3Kd BIANOBIAHMUX OJIaHKIB MOXXHAa 3HAWTH B Mepexi [HTepHeT Ha caiiTax
JlepxaBHOi ciaykOu VYKpaiHM 3 NHTaHb Mpami Ta il TEPUTOPIAIBHUX OpraHax
(YmpaBIiHHSAX).

3acobu iHAWBiIyaJbHOTO 3axucTy. Ha poborax 13 IIKIIJIMBUMH Ta
HeOe3MeYHUMH yMOBAaMH IIpailli, a TaK0XX Ha po0oTax, MOB’S3aHUX 13 3a0pyIHEHHIM
a00 HECTPUSTIVBUMH TEMIIEPATypHUMU YMOBAaMH, TIPAIIBHUKAM 3TiTHO 31 CTaTTEIO
164 Konekcy 3akoniB npo npaito Ykpainu (K3nll Ykpainu) poboTonaBiemM mMaroTh
OE3KOIITOBHO BHAABATUCS CIEIladbHUNM OJST, CIeliaibHE B3YyTTA Ta 1HII 3aco00u
1HJIMBIAYaJIbHOTO 3aXUCTY.

Arecranisg podounx wmicup. 3rigHo Ilopsnky mpoBeneHHs aTtecTanii poOounx
MICIIb 33 YMOBamMHM IIpall Ha NIIOPUEMCTBAX, J€ TEXHOJOTIYHUN MpOIEC,
BUKOPUCTOBYBaHE OOJIaHAHHS, CUPOBHMHA Ta/ab0 MaTepiaii € MNOTEHUIMHUMHU
JDKepellaMy  IIKIJUIMBUX Ta HEOe3MeYHUX BUPOOHUYUX (DAKTOpIB, SKI MOXKYTh
HEraTWBHO BIUIMBATH Ha CTaH 3/J0pOB’S TNPALIOIOYUX, IOBHHHA IPOBOJUTHCH
aTecTallis poOo4Mux MICIlb 32 YMOBaMH Iparil.

Taka arecraiisi TOBMHHA IPOBOJUTHUCS AaTCCTAIlIMHOK KOMICI€I0, CKIam 1
NOBHOBAKEHHS KO BH3HAYAIOThCA HAKa30oM IO MIJIPUEMCTBY B CTPOKH,
nepeadayeHl KOJEKTUBHUM JOTOBOPOM, ajie HE pIJIIe OJHOTO pa3y Ha 5 POKIB.
BigoMocTi ipo pe3ynbTatu arectallii 3aHOCSITHCS B KAPTKY YMOB Mpalii.

Hemacni Bunanku. Kepyrounces crarrero 22 3akony Ykpainu «IIpo oxopony
npai» podoTojaBelb 3000B’A3aHUM OpraHi3yBaTU PO3CIiAYBaHHS Ta BECTH OOJIIK
HEU[aCHUX BHUMAJKIB, MpoQeciiHuX 3axBOproBaHb Ta aBapii 3rigHo [lopsaky
pO3CiiyBaHHs Ta OOIKY HEIIACHUX BUIAJIKIB, TPO(eCiiiHMX 3aXBOPIOBaHb Ta aBapiil
Ha BUPOOHMITBI. 3a pe3yJbTaTaMH TAKOTO PO3CIITyBaHHS POOOTOJABElb MOBHHEH
3aTBepauTd akT 3a ¢opmoro H-5 ta H-1 (sgxmio BiH BHU3HAHUWE TOB’S3aHUM 13
BUpOOHUIITBOM [9, 12].

BucHoBkmu.

VY pa3i cucteMaTHYHUX MOPYIIEHh HOPMATMBHHMX aKTIB MPO OXOPOHY IIpari,
BHACIIIJIOK YOTO 3POCTAa€ PU3MK HACTAHHS HEUIACHUX BHIAJKIB 1 mpodeciitHux
3aXBOPIOBAaHb, MIAMPUEMCTBO Y OyAb-sIKAN Yac 3a PIIICHHSIM BiANOBIIHOIO poO0YOro
opraHy BHKOHaB4YOi naupekiii DOoHAY COLIATBHOTO CTpaxyBaHHS BiJ HEUIACHUX
BUIAJKIB HA OCHOBI1 BIATIOBITHOTO MOJaHHS CTPAXOBOT'O €KCIIepTa, KK 00CIyTroBye
e MiJIPUEMCTBO, MOKe€ OyTH BITHECEHO [0 IHIIOrO, OLIBII BHUCOKOTO KIACy
npodeciiHOTO pU3HKY BUPOOHHUIITBA.

3a mopyuIeHHs 3aKOHOaBCTBA MPO OXOPOHY Mpalll IOpUANYHI Ta Pi3nyHi ocolwu,
Kl BHKOPUCTOBYIOTh HaWMaHy TIpalio, MPUTITAlOTbCA OpraHaMH Jep>KaBHOTO
HaIJISITy 32 OXOPOHOIO TIparli A0 CriaT mrpady.

3a MOpyIICHHS 3aKOHIB Ta IHIIUX HOPMATHBHO-IPABOBUX AKTIB MPO OXOPOHY
mpaili, CTBOPEHHS MEPEIIKO Y MISUIbHOCTI MOCAJOBUX OCIO OpraHiB JIep>KaBHOTO
HarJsiay 3a OXOPOHOIO Mpalli, a TAKOX MPEACTAaBHUKIB TPOQCIIIOK, iX opraHizaiiiii ta
00’€THaHh BUHHI OCOOM MPUTSITAIOTHCS 10 AWCIUIUIIHAPHOI, aJAMIHICTPATHBHOI,
MaTepiaJibHO1, KPUMIHAJIBHOI BIAMOBIIATLHOCTI 3T1/IHO 13 3aKOHOM.

["'onoBHOIO METOIO Oprasizaliii OXOpOHH Mpalll Ha MIIPUEMCTBI € CTBOPEHHS Ta
KOMILJIEKCHA peaizailis ii 000B’I3KOBUX KOMIIOHEHTIB: 1) ciy>k0a 0XOpoHH mpaiii; 2)
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MOJIOXKEHHSI, IHCTPYKIIIl Ta 1HIII aKTH 3 OXOPOHM Ipalll; 3) IHCTPYKTaXi 3 OXOPOHHU
mpaili; 4) HaB4YaHHS 1 TIEPEBIpPKa 3HAHBb 3 OXOPOHU TpaIll; 5) MPOBEACHHS MEIUIHUX
orsiAiB; 6) 3aco0M 1HAWBIMYAIBHOTO 3aXHUCTy; 7) aTecTallis poOooYux MicCib; 8)
MOPSIIOK OOJTIKY HEIACHUX BUIIAJIKIB.

[ToTpebyroTh MOAANBIIOrO AOCTIIKEHHS IPOoOJIeMHU TapMOHI3allii HOpM
TPYJOBOTO IpaBa YKpaiHu 13 3aKOHOJABCTBOM €BPOINEHCHKOT0O COI03Y Ta 13 IHIITUMHU
MDKHApOTHO-TIPAaBOBUMU aKTaMU B c(pepi OXOPOHH Tpalll, HAPHUKIaA, TPUHHATUMUA
Ha piBHI MixkHapoiHO1 opranizaiii npaii (International Labour Organization, ILO).
Hacammnepen, 3 METOI0 yI0CKOHAJICHHS HAI[IOHAJTLHOTO 3aKOHOABCTBA B COLlIaIbHO-
TPYIIOBIi cepi, y TOMI YUCII 1I0A0 3a0€3MeUeHHs BIANOBIAHUX CTaHIAPTIB OXOPOHHU
mpail B rajty3i 3aiiHATOCTI Ta MpaleBIalITyBaHHS
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HIPUEMCTBI: €KOHOMIYHI aCleKTH PO3BUTKY,» Exonomixa ma oepocasa. Ne 1, c.

56-58. 2017.

Abstract. The article discusses the social and legal foundations of the organization of labor
protection at machine-building enterprises. First of all, it turned out that the main provisions on the
implementation of the constitutional right of workers to protect their life and health in the process
of work, to proper, safe and healthy working conditions are defined in the Law of Ukraine "On
labor protection”. The concept of labor protection is disclosed - it is a system of legal, socio-
economic, organizational and technical, sanitary and hygienic and therapeutic and prophylactic
measures and means aimed at preserving the life, health and performance of a person in the
process of work. The main spheres of social policy are determined: 1) demography, family,
motherhood, fatherhood, childhood, youth; 2) health protection, 3) education, vocational training,
retraining and advanced training; 4) science 5) labor market, employment and unemployment; 6)
payment and labor protection, 7) social insurance and services, 8) pension provision, 9) regulation
of income and consumption of mass demand; 10) provision of targeted social assistance; 11)
culture and physical culture, sports and tourism 12) environmental safety, protection from natural
and man-made accidents and disasters; 13) protection of the socio-economic rights of all
categories of citizens. The complex relationship between the employer and the employee is
considered,; the theoretically correct approaches to the safe organization of labor at enterprises in
accordance with legislative regulations are given, main areas of social policy. The principles given
in the article make it possible to further define the main functions of labor law. Taking into account
the specified functions of labor law in the organization of labor protection at the enterprise makes it
possible to stipulate such mandatory components in the structure (management system) of labor
protection at the enterprise: 1) labor protection service; 2) regulations, instructions and other acts
on labor protection; 3) briefings on labor protection, 4) training and testing of knowledge on labor
protection; 5) medical examinations;, 6) personal protective equipment; 7) certification of
workplaces; 8) the procedure for recording accidents. The main goal of organizing labor protection
at the enterprise is the creation and comprehensive implementation of its mandatory components. It
has been established that further research into the problem of harmonization of labor law of
Ukraine with the legislation of the European Union and other international legal acts in the field of
labor protection needs to ensure appropriate labor protection standards in the field of employment
and employment, in order to improve national legislation in the social and labor sphere.

Key words: regulatory and legal framework, legislative acts, labor protection, occupational
safety, compliance with laws, health preservation.
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