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DETERMINATION OF SCOPE OF GEODETIC
SURVEY DURING THE OPERATION OF BUILDINGS
AND STRUCTURES SUBJECT TO EFFECTS

OF MAN-CAUSED GEODINAMIC PROCESSES

Introduction. Forecasting the dynamics of the progressing of building deformations with the use of the data of
instrumental measurements should take into account the influence of geodynamic processes and other factors of
the external environment on the operational suitability of buildings. The duration of the life cycle of buildings
depends on the timely consideration of the damage threats and forecasting of changes in their technical condition
under the influence of natural, man-caused, constructional, and operational factors.

Problem Statement. Untimely detection and elimination of defects is the cause of damage and deformation
of buildings.

Purpose. The purpose of this research is to forecast the progressing defects and damage by the methods of
timely assessment of the technical condition of buildings, with the use of instrumental measurement data on the
influence of environmental factors on the mechanism of destruction and wear of buildings during their construc-
tion and operation.

Material and Methods. The methods of analysis and generalization have been used to substantiate the rele-
vance and to formulate the purpose and objectives of the research. The retrospective method for studying the ob-
Jjects over time has been used to collect statistical information and analytical materials on the main parameters of
their construction and operation. 1o forecast the parameters of instrumental measurements at the stages of the life
cycle, there have been employed the following empirical research methods: survey, monitoring, generalization of
experience, expert suroeys, expert evaluations, and forecasting.

Risks of damage have been assessed based on the materials of engineering studies, given the possibility of hazard
activation, the power and remoteness of the threat source, the technical condition of buildings, and the compaction.
The initial data for choosing an effective system are: the stability of the slopes where the building is located, their
steepness, the condition and geological composition of the soil base, sources of possible flooding and vibrations.
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Results. The authors have proposed choosing an effective system of instrumental obseroation of landslides during the con-
struction and operation of buildings given the vulnerability criterion. The developed method allows choosing an effective system
of landslide observations, during the construction and operation of buildings, given the mentioned criterion, i.e. the property of
the building to lose serviceability as a result of its possible damage under the influence of negative factors.

Conclusions. The proposed method can be used to determine the scope of instrumental observations of landslides and the
periodicity of landslide control during the construction in complex geodynamic conditions.

Keywords: geodetic suroey, scope of measurements, efficiency of measurements, technology and arrangement of measurements.

Studying the effects of construction works on the
surrounding territory and neighboring developed
areas is an urgent problem that requires the in-
vestigation of different-scale natural and man-
caused geodynamic processes and ways to deal
with them. Defects and damages of buildings that
have not been timely detected and rectified cause
deformations of buildings. In addition to material
expenses related to the rehabilitation of operating
properties of the structures, the consequences of
such deformations results in social injuries and en-
vironmental losses. Therefore it is very important
to estimate the operating conditions of buildings,
to forecast a possible development of defects and
damages and to work out measures for their stabi-
lization and elimination. To this end, it is necessary
to have a clear idea of a mechanism of wearing out
and destruction of structural components during
their operation and effects of environmental fac-
tors on them. This is impossible without obtaining
the actual data by geodetic measurements.

Building deformations depend on the properties
of base soils, with types of deformation depending
on their structural features. Under effect of the
building weight the soils are compacted, which
results in subsidence of the foundation. The soils
have various properties. Therefore, the subsiden-
ce is irregular and causes deformations of the
building, with horizontal loads increasing them
additionally.

Natural, combined natural and man-caused or
pure man-caused geological processes affect the
occurrence of emergencies. Variations of composi-
tion and quantity of ground water and changes in
the temperature conditions facilitate intensifica-
tion of geodynamic processes. Geological dangers
are also affected by man-caused factors: static or
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dynamic effects of enterprises, buildings, transport,
mechanisms, man-caused underfloodings, pump-
ing of groundwater, thermal or electromagnetic
fields [12]. These changes result in increased geo-
logical risks in such places where their develop-
ment was impossible before a man-caused interfe-
rence. Let us characterize the main factors of na-
tural and man-caused effects on the serviceability
of buildings and developed areas.

Underflooding is a process of natural or man-cau-
sed nature, which is dangerous for buildings [12;
14]. The artificial (man-caused) causes of under-
flooding are as follows: changes in the conditions
of surface flows during earthworks on vertical grad-
ing or backfilling of natural drains and ravines;
leaks from water utilities and storm sewages, arti-
ficial ponds; disturbances of surface water and gro-
undwater flows, significant breaks between earth-
works and construction works; infiltration of pro-
cess water; decreased evaporation under buildings
and pavements; groundwater damming in coastal
or riverside areas; barrage effects during const-
ruction of buried underground structures.

The negative consequences of underfloodings
are related with the following: subsidences and
cavities of the earth’s surface, which are formed
due to compacting of wetted soils at the bases of
buildings; hydrodynamic rarefaction of soils, which
becomes apparent as soil removals on slopes or in
construction excavations; the formation and in-
tensification of sliding, karst, karst-suffusion, ero-
sion and other geologic dangers with corrosion
destruction of building foundations and basements,
flooding of cellars, hoist ways, underground struc-
tures and utilities, terrain swamping.

Slides occur when the stability of slopes is dis-
turbed by man-caused or natural processes and a

ISSN 2409-9066. Sci. innov. 2023. 19 (1)



Determination of Scope of Geodetic Survey During the Operation of Buildings and Structures Subject

force of soil adhesion is less than the gravity force.
The slipping down of earth masses may be hardly
noticeable or reach some dozens of meters per
second [10]. At that intensification and formation
of deep block slides of squeezing and slipping, de-
velopment of smallest surface slides of slipping,
visco-plastic flow, hydrodynamic destruction and
sudden rarefaction are possible.

Karst is one of the widespread geologic proces-
ses, which may lead to slides and subsidences of
buildings. Such a danger becomes apparent as
rapid local subsidences and collapses of the earth’s
surface due to falling of roofs of karst cavities and
carry-over of water-saturated rocks into them.
The intensification of karst development is ac-
companied by an increased zone of intensive wa-
ter exchange, deformations of terrains, destruc-
tion of buildings, and ruptures of buried lines.

The life cycle of buildings depends on timely
accounting of risks of damages and forecasting of
changes in the operating conditions of buildings
under the effects of external (natural or man-cau-
sed) and internal (construction or operational)
risks. The risks of damages shall be estimated on
the basis of engineering survey data subject to a
possible intensification of dangers, capacity and
remoteness of a threat source, operating condi-
tions of the building and vulnerability conditions.
In addition, the vulnerability of the building and
surrounding territory shall be estimated [7].

Vulnerability means a building property to lose
serviceability due to a possible damage of the buil-
ding under effects of negative factors. The degree
of vulnerability depends on the conditions of the
building, its soil base and surrounding territory.

To perform a quantitative estimation of risk ef-
fects, let us estimate the degree of danger. An
“ideal” version of vulnerability K is hypothetic
and characterized by no danger from the total ef-
fect of risks. In this case {min k& } = 0. Given the
normalization principle for the cilaracteristics, we
assume that {min £ } = 1 corresponds to the maxi-
mum danger for the territory. That is 0 <K <1.

The parameters that characterize the vulnerabi-
lity are summarized in Table 1 with the designations
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Fig. 1. Example of graphic interpretation of data obtained by
the expert polling

of parameters, their conventional codes y, and sub-
codes for values of parameters y,, ,,, y,,, which
has small influence, medium influence and maxi-
mum influence on the building. If the parameters
are given in the numerical form, the vulnerability
is defined as a linear function of the parameter.
Given that at the present stage the databases
for effects of external and internal risks have not
been sufficiently elaborated, we estimate the ef-
fects of the parameters on the vulnerability of
buildings with the use of the method of expert
evaluation [ 1; 15; 6] with specialists who have ex-
perience in the design and operation of building
involved. The typical result of the expert evalua-
tion is shown in Fig. 1. This result is based on the
data obtained by expert polling. Henceforth, we use
only those parameters that have maximum values.
To determine the factor of building vulnerability
we use reduced estimated value. The reduced va-
lue of these estimates is the maximum factor of
vulnerability to the specific parameter y,.

Table 1. The Parameters Characterizing
the Building Vulnerability

Group | Subgroup Designation and value
code code of parameter
Y, Parameter i
Y, Value of parameter 7, which has the
minimum influence on vulnerability
Y, Medium value of parameter i
Yy Value of parameter 7, which has the
maximum influence on vulnerability
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Fig. 2. Example of determination of the reduced factor of
vulnerability to a parameter on the basis of the data obtained
by the expert evaluation

The reduced maximum factor of vulnerability
Yy, to a parameter is defined as the ratio of the
Value of rank 7, obtained by the expert evaluation
to the sum of all ranks applied, that is:

g

b= (1)

where j is the number of the vulnerability value; i
is the number of the vulnerability value to be ap-
plied; 7 is the total number of values to be applied.
The degree of lesser vulnerability is defined as
y,=0.67-y,andy, = 0.33 -y, if the parameters
are specified by specific expression (Figs. 1—2).
When the parameters have numeric values
(Fig. 3), the factor of vulnerability to a certain pa-
rameter can be found with the use of expressions:

0.33
(x'x—“)'yi3,x<xi1

0.67-0.33

Y, = {(0.33+(x—xi )= . ) Ys, (2)
i2 il
X2 X,
Table 2. The Characteristics of the Threat Sources
Degree of threat
lefrtafll; zzir high medium low
sources Parameter value,
coefficient of significance, £,
Parameter i value value value
k=11 k,=1.0 k,=09
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yiB’yizyiS'
0.33
(1_X'T)'yi3’x<xi1;
1.0-0.33
=G W a2y, (3)

O,yi<0,

where y, is vulnerability to the i parameter; x is
the parameter’s value; y, is the reduced maximum
factor of vulnerability to the i" parameter, x,, x,,
are the parameter’s values that separate low, me-
dium, and high vulnerabilities

To estimate the vulnerability to factors that threat-
en with damages, let us apply the factor of vulnerabil-
ity to all factors & as maximum probability of influ-
ence exerted by a specific factor. It is determined as a
sum of the factors of vulnerability to some parame-
ters of the factor for a specific building

k=5, ()

where y, is the reduced numeric value of the i
parameter of influence, 7 is the number of param-
eters that affect this object.

Under potential risks damages appear depend-
ing on the vulnerability of buildings, the charac-
teristics of a threat source, the operating condi-
tions of buildings, and the soil compactness con-
ditions. These factors may be estimated individu-
ally for every specific case on the basis of data
taken from publications or by the method of ex-
pert polling. The result of such an estimation can
be expressed as a coefficient of danger signifi-
cance k, for the net factor of vulnerability.

The characteristics of threat sources are listed
in Table 2. For determining the building impor-
tance level, we use the coefficient of significance k_
corresponding to the importance level (see Table 3).
For the building operating conditions, the coeffi-
cient of significance & has been used (see Table
4). Then the factor of vulnerability of building &,
to the specific risk factor can be expressed as

kvb - kd ’ kc ’ koc ’ ky’ (5)
where £, is the coefficient of significance (capa-

city) of the threat source; k_is the coefficient of
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Fig. 3. Vulnerability function: a — for expression (2); b — for
expression (3)

significance for the building importance level; &
is the coefficient of significance for the building
operating conditions; ky is the factor of vulnera-
bility in formula (4).

The significance coefficients are determined on
the basis of data taken from publications, results
of experimental studies or by the method of ex-
pert polling. The most optimal values are listed in
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Tables 2—8. If there are several threat parameters,
they shall be considered separately and the maxi-
mum value k£, = k" shall be used for estimation.
Survey shall be decided separately for every so-
urce. When the means of survey coincide they are
combined for all sources.

Thus, for making a decision on the expediency
of surveying and the survey scope, a classification
of building vulnerability (low, medium or high)
to a specific factor of risk has been proposed:

o the low vulnerability

k,<033-k, =033, (6)

where £, is the maximum possible value of the
factor of vulnerability, £, = 1 irregardless of

the coefficients for the risk factors;
o the medium vulnerability

0.33 >k, > 0.67; (7)
o the high vulnerability
k,>0.67 (8)

Table 3. The Coefficient of Significance
for the Building Importance Level

Designation Value Characteristic
k. 0.9 Importance level CC1
1.0 Importance level CC2
1.1 Importance level CC3

Table 4. The Coefficient of Significance
for the Building Operating Conditions

Designation Value Characteristic of conditions

k 1.0

oc

normal

1.2 satisfactory

unserviceable — the building
shall be inspected and a deci-
sion on overhaul shall be made
abnormal — the building shall
be inspected and a decision on
reconstruction or removal shall
be made
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k , can take values that exceed 1.0 when coeffi-
cients of threat significance or building impor-
tance level, etc. are taken into account.

Table 5. The Degree of Building Vulnerability to Slidings

The necessity of survey, its scope and periodicity
are decided on the basis of the results obtained dur-
ing the determination of factors of vulnerability:

Parameter ‘Coefh‘c%en_t. Lithologic rock units Slope steepness Groundwater conditions
of slope stability
Parameter code Y, Y, Y,
Degree of vulnerability 0.30 0.21 0.18

Table 6. The Slope Parameters

Code Designation of parameter Degree of vulnerability
Y, Coefficient of slope stability
1.25 0.10
1.20 0.20
>1.15 0.30
Y, Lithological rock units
Silicified claystones, siltstones, sandstones 0.07
Marls with layers of marly siltstones, claystones, sandstones 0.14
Marls with layers of sandstones, calciferous claystones with layers 0.21
of sandstones
Y, Slope steepness, degr.
0—2 0.10
2—10 0.21
10—15 and more 0.31
Y, Groundwater conditions
Absence of underground water 0.06
Sporadic expansion of underground water 0.12
Constant level of underground water 0.18

Table 7. Sliding Probability

Risk of sliding occurrence at which decisions
on taking necessary measures are needed, %
Construction works
Protection Protection of structures Sl
ope survey
of structures or slope survey

Large-scale construction works >10 — 5—10
Works of higher significance >5 5—10 1-5
Works of special significance >1 1-5 0—1
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¢ for the low vulnerability of building, the scope
of survey is usual i.e. given the low probability
of damages, no instrumental survey is neces-
sary; visual survey is sufficient during planned
inspections;

¢ for the medium vulnerability of building, the
scope of survey is expanded i.e. given the medi-
um probability of damages, in addition to plan-
ned visual inspections used for the usual level
of survey, periodic instrumental survey shall be
carried out to determine possible correlations
between the building or foundation parameters
and the dynamics of the recorded damages sub-
ject to subsidences, inclinations etc.;

¢ for the high vulnerability of building, the scope
of survey is special i.e. given the high probabili-
ty of damages, in addition to the expanded scope
of surveying, the building shall be equipped
with an automated monitoring system for the
prevention of emergencies; the system compo-
sition and structure shall be determined indi-
vidually, subject to the analysis of potential
risks and damages.

With the use of the survey data the further de-
velopment of processes may be forecasted. The
control intervals shall be established subject to a
maximum possible rate of the control parameter
dynamics and the ratio of costs of such works to
possible losses that may arise because of untimely
detection of damages.

Below, the examples of the application of this
procedure for the determination of the scope of
instrumental survey of slidings and appropriate
control intervals when construction is carried
out under complex geodynamic conditions are
considered.

When the scope of instrumental survey of slidings
is determined, the input data for the selection of a
system and design of measurement procedure are
the stability of slopes and their steepness, the
conditions and geological composition of the soil
base, sources of floodings and vibrations, which
threaten the stability of slopes. The risks of dama-
ges are estimated with the use of the data of engi-
neering surveys provided for designing of mea-
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sures to reduce negative effects of geological pro-
cesses, natural or man-caused emergencies. In
addition to the risks of damages, the vulnerability
of the building and the surrounding territory
shall be estimated.

The degree of building vulnerability depends on
the properties of the building, the characteristics
and conditions of the soil base. The parameters of
buildings and developed areas, which affect the deg-
ree of vulnerability are as follows: the type of un-
derground structure, the degree of wear of buil-
ding, the type of foundation, the coefficient of
slope stability, the lithologic rock units, the slope
steepness, and the groundwater conditions. The
expert polling establishes the maximum possible
degree of vulnerability to slidings (Table 5).

The main parameters of buildings and bases
that affect the degree of vulnerability to slidings
are shown in Table 6. To estimate the building
vulnerability to the factors that threaten with sli-
dings, the factor of building vulnerability % , which
is expressed as a sum of the degrees of vulnerabi-
lity to specific factors, has been used. To determine
the building importance level, the coefficient of
influence on vulnerability is taken from Table 3.
The factor of building vulnerability %, to a spe-
cific risk factor may be determined in accordance
with (5). If there are several threats, they shall be

Table 8. Recommended Approximate Intervals
of Slope Monitoring

Survey intervals, days
Coefficient Type of stability failure and slope

of slope stability deformation (types of slidings)
squeezing slipping

0.7 7 10

0.8 12 18

0.9 20 25

1.0 40 60

1.1 60 100

1.2 180 300

1.35 360 500
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considered individually and the maximum value
k,= k" shall be assumed.

Underfloodings and vibrations may cause an
increase in the probability of slidings. It should
be kept in mind that all antisliding measures shall
be foreseen at the stage of design. The data that
characterize the parameters of underflooding so-
urces caused by water utilities and the parameters
of vibration sources have been presented in [3].
The factor of building vulnerability to slidings is
calculated in accordance with (4) with the use of
values from the works and Tables 5—6 [3, 8,9]. A
decision on the necessity to make a survey and its
scope shall be made given relations (6—8).

Further development of slidings may be fore-
casted on the basis of the survey data. The control
intervals are determined on the basis of the data on
maximum rates of slidings subject to the ratios of
costs of these operations and the losses induced by
untimely detection of the sliding processes.

When determining the sliding control intervals,
we consider the following main types of slidings:
slipping, squeezing, upfloating, subsiding, and
rarefying. In the developed areas, the most preva-
lent are slipping and squeezing slidings. Slidings
in the areas of development and economic activi-
ties result in negative consequences. Table 7 shows
the probabilities of slidings and the measures that
shall be taken, subject to the building importance
level, in the area of sliding.

Slopes shall be considered as stable ones if the
coefficient of stability is 2, > 1. The value k£, = 1
relates to the equilibrium limit. When buildings
are to be located on a slope, the coefficient of
slope stability shall comply with the following re-
quirement

k(: Z kc.ad’ (9)

where &_, ,is the permissible value of stability co-
efficient, which is determined subject to loads,
reliability and operation conditions at the stage
of design.

In the areas where slidings are probable and
the coefficient of stability complies with the re-
quirement & > 1, horizontal displacements, un-
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derground water table, and pore pressure shall be
surveyed. The periodicity of horizontal displacement
monitoring (T ) can be determined by (10).

=56, /V. (10)

For slipping sliding, the maximum rate of slid-
ing is defined [Bugrov, 2002] by the following
formula:

mon.max

p-g-H? sina

Vmax

: " (1)

where p is the density of soil, t/m? H is the maxi-
mum thickness of sliding soil mass, m; o is the slip-
ping angle, degree; p is the soil viscosity.

The average rate across the whole cross section is

Vuv — l . ‘/Cm”x'

=% (12)

The recommended approximate intervals of slope
survey for the various types of slidings and vari-
ous values of the stability coefficients are shown
in Table 8. The values have been determined ba-
sed on the experience of surveying.

Since the main cause of slidings is saturation of soil
masses by water, the pore water pressure shall be
monitored. At the stage of design works, a possible
rate of pore pressure dynamics shall be determined.
Measuring devices shall be selected with the due ac-
count of the range of possible pressure dynamics and
the required accuracy of measurements.

The periodicity of monitoring of pore water
pressure may be defined as follows

A
mon.pw = %’ (13)
p.
where A is the resolution of a pore pressure
transducer; V. is the possible rate of pore pres-
sure dynamics, which shall be determined at the

stage of designing.

CONCLUSIONS

1. Forecasting of dynamic building deformations
with the use of instrumental measurements dur-
ing the construction and operation stages shall
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take into account the effects of geodynamic pro-
cesses and other environmental factors on the
serviceability of buildings.

2. The procedure allows the selection of an ef-
fective system of instrumental control of slidings
during the construction and operation of build-
ings subject to the vulnerability criterion. During
the operation of buildings, the basic data for the
selection of a measuring system are the stability
and steepness of slopes on which the buildings
are located, the conditions and geological compo-
sition of the soil base, the sources of possible un-

derfloodings and vibrations, which may threaten
the stability of slopes.

3. Horizontal displacements and underground
water table shall be monitored in the territories
that are adjacent to new construction works and
for which slidings are possible. Since the presence
of ground water is the main cause of slidings in
addition to horizontal displacements, the pore
water pressure shall be monitored as well.

4. Measuring devices shall be selected subject
to the ranges and rates of possible changes in the
monitoredparameters.
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BCTAHOBJIEHHA OBCAT'IB TEOAE3MYHINX CIIOCTEPEXEHD
ITPU EKCILJIVATAIIT BYAIBEJIB I CIIOPY/I 3 YPAXYBAHHSM BIIJIBY
TEXHOTEHHUX TEOANHAMIYHNX ITPOIIECIB

Beryn. TIporHosyBanis AnHaMiki po3BUTKY fedopmartiit 6y/iBesb 3 BAKOPUCTAHHAM JAHUX iIHCTPYMEHTATBHUX BUMIpIO-
BaHb Ma€ BPaXOBYBATH BILIMB T€OMHAMIUHUX TIPOIIECIB Ta iHMNX (haKTOPiB 30BHINTHBOTO CepeIOBUIIA HA eKCILTyaTalliiHy
npugatHicTs 6y aiBesb. TPUBAMICTD KUTTEBOTO UKy OyIiBEJIb 3aJI€KUTh Bijl CBOEYACHOTO yPaxyBaHHSI 3arPO3 IIOLUIKOKEH-
H$1 Ta IPOrHO3YBAHHsI 3MiHU IXHBOI'O TEXHIYHOIO CTAHY 111/l BIUIMBOM IIPUPOHKX, TEXHOTEHHUX, OY/iBEJIbHUX Ta eKCILTyaTa-
IIHUX YUHHUKIB.

IIpo6GaemaTuka. HecsoeuacHe BUSABJIEHHS Ta yCyHeHHsT Ae(DEKTIB € IPUYMHOIO MOMKOKEHH Ta 1edopMalliil Criopy .

Mera. [IporaosyBaHHs po3BUTKY /e(DEKTIB Ta MOIKO/ZKEHb METOAMU CBOEYACHOI OLIIHKK TEXHIYHOIO CTaHy OyAiBesb 3
BUKOPHUCTAHHSIM JIAaHUX IHCTPYMEHTAJIbHUX BUMIPIOBAaHb BIIUBY (haKTOPIiB cepe/lOBUIIA HA MEXaHi3M PYIHYBaHHS i 3HOIIIEH-
Hs1 OyiBesib y 1poiieci OyIiBHUIITBA Ta €KCILIyaTallil.

Marepiauu it MeTOu. 3aCTOCOBAHO METO/IM aHAJI3y Ta y3araJbHEeHHSs, PETPOCIIEKTUBHII METO/I, CTATUCTUYHUI Ta aHa-
JITHYHI MeTo/ . BUKOpHCTaHO eMITiprdHi METOH JOCIIKEHHS — 00CTEsKEHHsT, MOHITOPUHT, y3araJbHEHHsT I0CBI/LY, OITUTY-
BaHHA (DaxiBIliB, EKCIIEPTHI OI[IHKH, HAYKOBE MTPOTHO3YBAHHS — JI7IsT TPOTHO3YBAHHS MTapaMeTpPiB iHCTPYMEHTATbHUX BUMi-
PIOBaHb Ha eTarax KUTTEBOTO IUKJY. PUBMKH MOIITKO/KEHD OI[IHEHO 33 MaTepiajlaMi iHKeHePHUX JIOCTI/KEHb 3 ypaxyBaH-
HSIM MOJKJIMBOCTI aKTHBi3allii HeOesIeK, MOTYKHOCTI Ta BiJIAJIEHOCTI JUKepesa 3arpo3H, TEXHITHOTO CTaHy Oy/IiBesb, YMOB
VIIIJIBHEHOCTI.

Pesyabratu. Bubip ehexTuBHOI ciCTEMU iHCTPYMEHTAJIbHUX CIIOCTEPEKEHD 3a 3CyBaMHy TP Oy IiBHUIITBI Ta eKcILTyara-
1i1 6y tiBeJIb 3aIIPOIIOHOBAHO BUKOHYBATH 3 YPaXyBaHHSIM KPUTEPIio ypasiuBocti. MeToauka 103BoJisie 00upati eheKTUuBHY
CHCTEMY CIIOCTEPEKEHb 3a 3CyBaMU IPpU GyIBHUIITBI Ta eKcIryaTaltii Oy/1iBesib 3 ypaXyBaHHSIM BKa3aHOTO KPUTEPIIo, TOOTO
raTuBHUX (haKTOPIiB.

BucHoBKH. 3allpOIIOHOBaHy METOIMKY MOKHA 3aCTOCOBYBATH JIJIsl BCTAHOBJICHHS 00CSTIB IHCTPYMEHTAIBHUX CIIOCTEPE-
JKEHb 32 3CyBaMU Ta [ePIOJIMIHOCTI KOHTPOJIIO 3CYBIB [Py OYIiBHUIITBI B CKJIA[HUX F€OANHAMIYHUX YMOBAX.

Kmouosi crosa: reone3ndti criocrepeskerHsi, 00csiru, e(eKTUBHICTb, TEXHOJIOTisl BUMIPIOBaHb, OyIiBHUIITBO, EKCILTyaTaIlis,
ypasJmBicTh Oy/IiBeb.

108 ISSN 2409-9066. Sci. innov. 2023. 19 (1)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


