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EVALUATION OF ENGINEERING STRUCTURES DEFORMATION (ACCURACY)

(PexomeHdoeaHo YneHamu pedakuitiHoi kosnezii 3-pom 2eor. Hayk, npodp. O.M. leaHik ma 3-pom 2eon. Hayk, npogp. C.A. Buxeoro)

The construction of the model of accuracy of the measuring processes of the automated monitoring system of engineering structures
deformations from the point of the theory of accuracy is considered in the article. From the point of view of the generalization of the
accuracy of measurements by the automated system of engineering structures monitoring, the construction of the model of the measuring
process is considered, resulting in separate characteristics and properties of the object to be investigated. In this case these are values
of deformations of engineering constructions' structures.

The brief acquaintance with the automated system of monitoring of engineering structures deformations, which represents a chain of
optoelectronic devices-deformation marks, which are installed on constructions of structures and fix the created line is given. The use of
this system allows to solve the problem of the preventive assessment of the dynamics of local technogenic deformation in the engineering
structure and thus to increase the level of technogenic safety of the personnel of the engineering structure.

Compared with modern well-known methods and means for determining the engineering structures deformation, an automated de-
formation monitoring system has the following advantages:

1. Cross-section geodetic control of deformations (position) of elements of the full volume of engineering structure with increased
accuracy.

2. Automated control of engineering structures deformations in real time, including in limited or inaccessible for visual measurements
places.

3. Control of the technogenic safety of the engineering structure, prediction of the moment of the emergency, warning about the
upcoming critical state (moment) of the engineering structure in real time with the accurate definition of a certain area.

4. Installation of the entire monitoring system occurs during the construction of the structure, pre-installation sites of optoelectronic
devices - deformation marks are agreed with the designers and architects.

5. The mean square error of measurement of relative deviations of deformations is not less than 0,1 0,5 mm at distances between
optoelectronic devices up to 10 m.

6. Information on the magnitude of deviations from the nominal (initial) position goes to the remote central control panel of the system
in real time scale.

7. In the case of upcoming moment of dangerous deviation (deformation), the command from the main control panel receives a signal
for rapid response with the accurate designation of the place of dangerous deformation.

Keywords: automatic control of deformations of engineering structures, deformation marks, monitoring of deformations of

engineering structures.

Formulation of the problem. Modern construction and op-
eration of engineering structures requires the development and
dynamic introduction of an automated system for monitoring
engineering structures that would measure deformations with
increased accuracy and efficiency, would have access to mon-
itoring structures in places not accessible to visual measure-
ments, while all the information about deformation could be
promptly received to a remote post for processing.

Analysis of recent research and publications. Mod-
ern well-known automated systems of monitoring of engi-
neering structures deformations based on the combined use
of modern geodetic instruments such as opto-electronic to-
tal stations, GPS and various sensors, etc., have significant
disadvantages, which can include both the complexity of the
design, and the lack of accuracy of the definition defor-
mations, impossibility to observe the deformations of engi-
neering structures in places unattainable by visual
measurements. In addition, these devices and equipment
have difficulties in fixing them to structures, high cost and
lack of protection from vandalism.

Formulating the goals of the article. The purpose of
the article is to construct a model of measuring process car-
ried out by an automated system for monitoring the engi-
neering structures deformation and obtaining values of
deformations of engineering constructions' structures.

Presentation of the main research material. The task
is solved by creating an automated system for monitoring

the deformation of engineering structures. The system con-
sists of a chain of optoelectronic devices - deformation
marks, which are installed on the structures of the construc-
tion and which fix the generated line.

On fig. 1. There is a block-diagram of created line of au-
tomated system of engineering structures monitoring (Silva
el al., 2015; Malik, 2016) which includes:

1,2, ..., n-1, n — optoelectronic (OE) dual-channel de-
vices automated system for monitoring the deformations;

LS1, LS2 — Insignia of the reference geodetic signs of
the cavity;

4 — lenses of monitoring system devices;

5 — block of double photovoltaic matrices;

6 — control block;

7 — block of registration, transformation and processing
the information;

8 — indication block;

9 — record and information maintenance unit;

10 — block of assessment of the construction structure
solidity;

11 — block of subsidence monitoring AZ ;

12 — block of monitoring of spatial network deformation
AX,AY, AZ;

13 — block of technogenic situation assessment;

14 — signaling and alert block;

15 — means of communication.

Units 7-13 are laptop (or small computer or tablet).

© Malik T., Bryk Ya., Zatserkovnyi V., Belenok V., 2019



~ 78 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Fig. 1. Block diagram of an established line of automated system of monitoring of engineering structures deformation

The scheme of the most simple OE device — deformation
mark (fig. 2), which is included into block-scheme of estab-
lished automated line from fig. 1, that is blocks 1, 2, ...,
n contain (Silva el al., 2015).

4 — lenses;

matrices

5 — photodetection matrices;

16 — sighting mark in the form of light ring;

Fig. 2. Scheme of optoelectronic dual channel
device-deformation mark

To measure the deviations of the optoelectronic device-
deformation mark from the cavity it is necessary to measure
the magnitude of the linear shift of the beam of light formed
by the lens in the working plane of the photomatrix. In this
case, the light streams from the visual marks fall on the
lenses, which focus images of the marks (light rings around
the lenses) on the targets of the photo matrices (Malik and
Bryk, 2016).

The automated system for monitoring the deformations
of engineering structures includes solving a set of tasks:

1. In-depth geodetic control of deformations (position) of
elements of the full volume of structures with increased ac-
curacy.

2. Automated control of deformations of engineering
structures in real time, including limited or inaccessible
places for visual measurements.

3. Control of technogenic safety of engineering struc-
tures, prediction of the moment of emergency, warning
about the approach of the critical state (moment) of the en-
gineering structure in real time with the accurate designation
of a certain area.

In (Rosenberg, 1975) we consider the construction of
models of measuring processes and systems from the
standpoint of the theory of accuracy. From the point of view
of generalization of accuracy of measurements by auto-
mated system of monitoring of engineering structures (Malik
2016).we consider the construction of the model of the

17 — light rays from sighting marks 16, which come
through lenses 4 and appear on photodetection matrices;

18 — light rays coming from mark 16 into lenses of neigh-
boring devices;

19 — body of OE device;

20 — bases of OE devices bodies;

L-L' — established line.

A prototype of an opto-electronic dual-channel device —
a strain mark is shown on fig. 3 (Malik, 2016).

Fig. 3. A prototype of an opto-electronic
dual-channel device — deformation mark

measuring process (as a result of which we obtain certain
characteristics and properties of the object of study, in this
case - the values of deformations of structures of engineer-
ing constructions.

The diagram (fig. 4), which shows the model of the
measurement process, is indicated by:

D - a plurality of deformation marks, devices from the
automated system of monitoring of engineering structures,
fixed on the structures of engineering construction (d € D );

M — mathematical models that describe a plurality of
deformation marks (me M );

E — set of standards of working measures (e€ E);

d — deformation mark from the set D (de D );

IM , — the main probabilistic mechanism that randomly
selects a deformation mark d from a plurality D,

IM ; - an accidental mechanism for implementing the
measurement process with certain sources of errors;

A, — an operator that describes an ideal system that is
error-free;

p — a criterion for evaluating the ideal system 4, ;

a, — a theoretical model of an ideal measurement sys-

tem that is free of errors;
A — operator of a real system;
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a,_, i a, —the result of a comparison of the ideal and

t—1
real measurement systems for the previous #—1 and current
t cycles;

o’ — a criterion for comparing ideal and real systems;

Z —impact of the environment, man-made factor;

C —technological influence on the system due to errors
of assembly technology, errors of nodes and details of de-
vices-deformation marks of the automated system of moni-
toring of engineering structures ;

o —random error of determination of coordinates of de-
formation marks;

A — systematic error of determination of coordinates of
deformation marks;

& =0, +A, — otal error, consisting of random and sys-

tematic (g€ E);

(t—1) - previous cycle;
(¢) - current cycle;

o,, —random error of the system, or error of measure-
ment of deformation of deformation marks;
o,, —acceptable value of random error;

A, — operator of control (checking) of the real system;

S — block of storage and accumulation of statistical data;

d — filter of deformation results, block of determination
of level (degree) of danger;

W — ablock of decision making on the possibility of elim-
inating the causes of deformation of engineering structures;

O3 - block of alert about the rapid approximation of crit-
ical deformation and communication.
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Fig. 4. Model of process of measurement of engineering structures monitoring by automated system

Let us consider the model of the measurement process
of engineering structures by an automated monitoring sys-
tem (fig. 4).

We have a plurality D of deformation marks d fixed on
structures of an engineering construction, while d € D , the
thesaurus M includes a plurality of mathematical models
me M that describe a plurality of object-deformation marks
included in D . Standards E represent a plurality of stand-
ards of working measures, which are set in the form of con-
ditions and requirements for instruments for measuring
deformations, norms for the construction of engineering con-
structions or from the experience of construction and exploi-
tation of engineering structures (ee E) (for example, the
requirements for the characteristics of the matrix grid, lens,
measuring blocks of optical-electronic automated system for
monitoring deformations of engineering structures).

During the observation of engineering structures defor-
mation, the model of the measurement process interacts
with one, very specific, deformation mark d from a plurality
of deformation marks D , while it is unknown with which of
them, but which has changed its original position, which is
subject to observation and research as a result. In this case,
the choice of mark d is random and can be represented in

the form of the action of some probabilistic mechanism IM,
, which randomly selects a certain deformation mark 4 from

aplurality D (d € D) . As aresult, it is necessary to identify

the deformation of the brand d with one of the standards
with a certain value of the parameters, and from there - and
with the specific model m * includedin M (m*e M ), clos-
estto d according to the comparison criterion p’, which can
be represented as:
(1)
The ideal system is an ideal construction of an engineering
construction with fixed deformation marks on it. The ideal sys-
tem, which is described by the operator 4, , compares with the

help of the operator p the deformation mark 4 with all the

m* = argminp’(d,m).

meM

standards of the set E, with the result of measuring a, the
deformation of the mark d will be free of errors.
The real system with the operator Ap is a concrete de-

sign of the measuring system, which includes different
equipment and which is influenced by various factors. In this
case, the real system also includes a measure and a com-
parator, which is described by a model that takes into ac-
count the presence of various factors of influence.

The results of measurements are influenced by the factors:

1) the limited number and duration of monitoring data
available for monitoring of the process of the deformation
marks d, resulting in a specific measurement case model
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of the measurement process works with individual imple-
mentations dl, the emergence of which is controlled by a

probabilistic mechanism IM{7 that determines the statisti-
1

cal nature of the measurement problem;
2) the action of the external environment Z , including the
man-made factor, which affects the elements of the measuring

system and changes in time unpredictably. Realizations Z5

are "chosen" by a probabilistic mechanism IM _;

3) the factor of technological influence C that affects the
system due to errors in the assembly of optoelectronic devices,
errors in the manufacture of nodes and parts of the automated
system of monitoring engineering structures, or as a result of
aging and depreciation of the system, is taken into account by

the inclusion of the probabilistic mechanism IM . .

In a real system, the results of measurements are af-
fected by errors that can be interpreted as a result of com-
parison in accordance with some criterion p;, which is
specified in the normative document or that is put into the
system in advance and which depends on the purpose of

measurement.
During multiple observations of engineering structures

deformations, the parameters a, of an ideal system remain
unchanged, and indicators a, of the real system change ran-
domly due to the presence of random mechanisms [MJ,

IM,, IM  which are sources of errors.

In the scheme of the model of the process of measure-
ment (fig. 4), a real system of determining the coordinates of
deformation marks, at least from two cycles ¢ —1 and ¢ re-
spectively. The result of each measurement cycle in the real
system changes due to the influence of various factors Z , C,
and as a result, each result has a plurality of errors €€ E , in-
cluding random ¢ and systematic A, (g, =0, +A,), which
can be described by the expressions:

g =arg miIlEp:_l (an at—l) ) (2)
e, =argminp), (q,,q,). (3)

g€E
According to the fact that the errors obey the normal distri-
bution law, we compare the errors according to a certain crite-
rion p'At , taking into account the significance of the systematic

error, we introduce an adjustment for its effect, we obtain from
the two measurement cycles the amount of errors

Oy =4/O )+ O, » (4)
which falls into the statistical block where data from all
measurement cycles is accumulated. Acceptable level of
quality of this system is regulated by the requirements and

the value of the admission G, . The control operator 4,
carries out a comparison of the error G, and its permissible

value o, and, based on the results of the processing of the

deformation measurements, one assess the situation of the
structure of the engineering structure, for example, based on
three levels:

Level 1 - is a result close to the lower limit of tolerance,
but still within tolerance;

Level 2 — is a result that exceeds the tolerance within
certain limits - a signal to the natification block - steps must
be taken to strengthen the construction;

Level 3 - is the result of a signal to the block of notifica-
tion of the need to urgently take measures to evacuate peo-
ple and values.

The value of the results from all three levels of situation
assessment falls into the signaling and notification unit of the
automated system of monitoring of engineering structures
(block 14, fig. 1). In the case of the danger of the second and
third levels, the information comes to the operational re-
sponse units of the automated system of monitoring of engi-
neering structures (block 15, fig. 1).

The main sources of errors in the automated system for
monitoring the deformation of engineering structures one
can include the overall mean square error (MSE) of defor-
mation determination by the system, which includes:

Group Z errors — MSE for the influence of the environ-
ment, man-made factor;

Group C errors — technological MSE for the impact on
the system due to errors in the assembly of devices, errors
in the manufacture of nodes and parts of devices-defor-
mation marks of the monitoring system.

Errors of group C: MSE inspection of device-deformation
mark system (random); MSE visualization on the center of the
light ring of the deformation mark of the device system (ran-
dom); MSE due to inaccuracy of alignment of the focal length
of the device's lens system (random); MSE definition of dis-
tances between devices of the system (random); MSE result
due to accumulation of errors in the system (random); MSE
as a result of instability of foundations (precipitation) under the
reference marks (random); MSE information loss in electronic
tract (random); MSE transmission of information on the elec-
tric channel (random); unpredictable mistakes.

Errors of group Z: MSE due to fluctuations in ambient
temperature (random).

In the composition of errors of determination of the coor-
dinates of deformation marks, all the components of the
MSE are included, used to determine the deformations by
devices of an automated deformation monitoring system.

Conclusions. As a result of construction of the model of
the accuracy of the measurement process by automated
system of monitoring of deformation of engineering struc-
tures we have the following:

1. Theoretical substantiation of the matrix image of the
system of deformation measurements of structures of engi-
neering constructions.

2. Recommendations on the choice of optimal control of
the process of measuring deformations of engineering struc-
tures, which means such control which provides a minimum
error in the presence of uncontrolled effects on the defor-
mation of the structure.

3. Mathematical basis for research of an array of defor-
mations of elements of an engineering structure.
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NOobBYOOBA MOJAENI TOYHOCTI A@TOMATVI3OBAHO'I' CUCTEMU MOHITOPUHI'Y
OE®OPMALIN IHKEHEPHUX CMNOPY[

Po3ansinymo no6ydosy modesii moyHocmi eumiproganibHUX MPoyecie asmomMamu3o8aHoi cucmemu MOHIimopuHay deghopmayili iHXeHepPHUX Cro-
py9 3 no3uyii meopii mo4Hocmi. 3 noansdy y3a2anbHeHHs MOYHOCMIi 8UMiprO8aHb a8MOMamu308aHOK CUCIMEMOIO MOHIMOPUH2Y iHXeHepHUX Cro-
py9, po3znsiHymo nobydoey moderni eumiprogasnibHO20 npouyecy, 8 pe3ysibmami 4020 OMpuUMaHO OKPeMi Xxapakmepucmuku i enacmueocmi o6'ekma,
wo nionsizae docnidxeHHI, y OaHoMy eunadky ue eesluduHU deghopmauili KOHCMpPYyKUili iHxeHepHoi criopydu. HaeedeHo kopomke 03HaliloOMIIEHHS] 3
aemomamu308aHOI cuCMeMolo MOHimopuHay deghopmauili iHXeHepHUX cropyod, sika siesisie co6010 1aHY02 ONMUKO-e/IeKMPOHHUX npunadie — de-
ghopmayiliHux MapoK, W0 8CMaHOBIIIOMbLCS Ha KOHCMPYKUisix criopydu i ¢hikcyromb cmeopeHy niHito. BukopucmaHHs aHoi cucmemMu do3eosisie
eupiwumu 3ae0aHHs nonepeodxyeanbHOi oUyiHKu OUHaMIKu sIoKanbHOi mexHo2eHHoI deghopmauyii e iHxeHepHil cnopydi i mum camum nideuwyumu
pieeHb mexHo2eHHOI 6e3rneKu nepcoHany iHxeHepHoi crnopyou.

IMopieHsiHO i3 cy4acHUMuU 3a2anbHogidoMuMu MemodamMu i 3acobamMu eu3Ha4yeHHs1 Oeghopmauili iHXeHepHuUXx criopyd, aeémomamu3oeaHa cuc-
mema MoHimopuHay de¢ghopmayili Ma€ maki nepesazu:

1. Hackpi3Huli 2eo0e3u4Huli KOHMposib deghopmauill (Mos1oKeHHs) erleMeHmie NoeHo20 06 'eMy iHxeHepHoOI criopydu 3 nideuujeHor MoYHicmio.

2. Aemomamu3soeaHuli KOHmposib deghopmayili iHXeHepHUX criopyd y PexuMi peasibHO20 Yacy, 8 MoMy Yucsli 8 o6MexeHuUx abo HeAOCSKHUX
0ns1 8i3yasnlbHUX 8UMIipIOB8aHb MiCUsiX.

3. Komponb mexHoz2eHHOI 6e3neku iHxeHepHoi criopydu, nepedba4yeHHs1 MOMeHMYy asapiliHoi cumyauii, mnonepedxeHHs1 NPO HabIIUXXEeHHS Kpu-
muy4yHo Hebe3neyHo20 cmaHy (MoMeHmy) iHxeHepHOi criopydu y peasibHOMy Macwmabi 4Yacy 3 mo4YHUM NMO3Ha4YeHHsIM neeHol GiNsHKU.

4. Monmax eciei cucmemu MoHimopuHay eidbyeaembcsi nid yac 6ydieHuymea crnopyou, nornepedHbO Micysi KPinsIeHHs1 OMMUKO-esIeKMPOHHUX
npunadie — deghopmauyiliHux Mapok Mo200XXyrombCs 3 MpoeKkmaHmamu i apximekmopamu.

5. CepedHbokeadpamuyHa noxubka eumiproeaHHs1 8iOHOCHUX gidxuneHb de¢ghopmayili He 2ipwe 0,1 =+ 0,5 MM npu eidcmaHsIX MiX onMmuKo-esnek-
mpoHHumu npunadamu 8o 10 m.

6. Inghopmauyis npo eenuyuHu 8idxuneHb 8i0 HOMiHaNIbLHO20 (M0YamKoO8020) MOoJIoKEeHHsI Ha0xodumb Ha eiddaneHull UeHmMpanbLHUU nyabm cuc-
memu y peanbHoMy Macwmabi yacy.

7. Y sunadky HabnuxeHHsi MOMeHmMy Hebe3rneyHo20 eioxusneHHs1 (Oeghopmauii) Mo KoMaHOi 3 20/108HO20 Ny IbMYy ynpassliHHSA Ha0xo0umb cuaHan
Onst weudKo20 peazyeaHHs1 3 MOYHUM MO3HaYeHHSIM Micysi He6e3ne4yHol deghopmauyil.

Knro4oei cnoea: aemomamuyHuli koHmposne degopmauyili iHXeHepHuUx crnopyd, deghopmayiliHi MapKku, MOHimopuHa deghopmayili iHxeHepHUX
crnopya.
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NOCTPOEHUE MOJOENN TO‘IHOCTVIVABTOMATVI3VIPOBAHHOI7I CUCTEMbl MOHUTOPUHTA
OE®OPMALNN MHXEHEPHbBIX COOPYXXEHUU

PaccmompeHo nocmpoeHue modesiu MoYHOCMU U3MepuMmesbHbIX MPOYEeccoe asmomMamu3uposaHHol cucmemMbl MOHUMOpPUHa2a deghopmayuli
UH)XXeHepPHbIX COopyXeHull ¢ Mo3uyuu meopuu mo4Hocmu. C moyku 3peHusi 0606weHUs1 MoOYHOCMU U3MepeHuUli aemomMamu3upoeaHHol cucmemol
MOHUMOPUH2a UHXEeHEePHbLIX COOPYKeHUU, pPacCCMOMPEHO MocmpoeHue Modesiu usMepumesibHO20 fnpouecca, 8 pesysbmame 4e20 nosy4yeHb! omoe-
JIbHbIE Xapakmepucmuku u ceolicmea uccsiedyemoz0 o6bekma, 8 aHHOM Cclly4ae 3mo eeluYuHbl deghopmayuli KOHCMPYKUYUL UHXEHEPHO20 COO-
PyXeHusi. Aemomamu3upoeaHHasi cucmeMa MOHUMOPUH2a OeghopmMayuli UHXEHEePHbIX COopYy)eHull npedcmaensem coboli uenb OnNMuKo-
3J1eKMPOHHbIX NMPU60pPoe — dechopMayUOHHLIX MapOK, YCMaHOB/IEHHbLIX Ha KOHCMPYKUUSIX COOPYKeHU U ¢hUKCUPYOUWUX CMEOPHYH JSIUHUK. Ucno-
nb30oeaHue 0aHHoOU cucmeMbl o3eosisiem pewums 3adayy npedynpexoarouwjeli oyeHKu OUHaMUKU JI0KasibHOU mexHo2eHHoU deghopMayuu 8 UHxe-
HEPHOM COOPYXeHUU U, meM caMbIM, 08bICUMb YPOBEHb MEXHO2EHHOU 6€30MacHOCMU NepcoHasa 8 UHXeHEePHOM COOPYXeHUU.

IMo cpaeHeHuto ¢ coepeMeHHbIMU 06uWeuszsecmHbIMU Memodamu u cpedcmeamu onpedesieHusi U usMepeHus1 deghopmayuli UHKEHEPHbIX COOPY-
JKeHull, aemomMamu3upoeaHHasi cucmema MOHUMopuHaa degpopmauyuli o61adaem credyrowumu npeumMyujecmeamu:

1. CKke03Holi 2eode3udeckuli KOHMposib deghopmayuli (MOSI0XKEHUsI) 3/IeMeHmMoe MoJsIH020 06 beMa UHXEHEePHO20 COOPY)KEHUs! C MoebIWeHHOoU
MoYHOCMbI0.
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2. Aemomamu3upoeaHHbIii KOHMposb deghopmayull UHKEeHEPHbIX COOPYXeHUll 8 peXXumMe peasibHO20 8pPeMeHU, 8 MOM Huciie 8 02paHUYeHHbIX
unu HedocmynHbIx Onsl 8U3yasibHbIX U3MePeHUli Mecmax.

3. Konmponb mexHoz2eHHOU 6€30MacHOCMU UHXEHEPHO20 COOPYXeHusl, npedsudeHUe MOMeHmMa asapuliHol cumyayuu, npedynpexoeHue npo
npubnuxeHue KPUMUYECKU OMaCHO20 MOMEHMa UH)XXeHEepPHO20 COOPY)KEHUsI 8 peaslbHOM Macwmabe epeMeHU ¢ MOYHbIM onpedesieHUeM y4acmka.

4. Monmax eceli cucmeMbl MOHUMOPUH2a Mpoucxodum 80 8peMsi CmpoumesibCinea CoOOpPYXeHusi, npedsapumesibHO Mecma 3aKperseHus on-
MUKO-371eKMPOHHbIX ycmpolicme — 0eghopMayUOHHbLIX MapOK ymeepxdaromcs ¢ MpoekmaHmamu U apxumeKkmopamu.

5. CpedHekeadpamuyeckasi owubka usMepeHUsi OmHoOcumesibHbIX OMK/IoHeHuUl deghopmayuli He npesbiwaem 0,1+ 0,5 MM npu paccmosiHUsIX
MeXAy onmuKo-3/1eKmPOHHbIMU ycmpolicmeamu 0o 10 m.

6. MHpopmayust o eesudUHax OMKIIOHEHU om HOMUHaJIbHO20 (Ha4aslbHO20) MOJIOXKEHUsI mocmynaem Ha omaoasneHHbIl yeHmpanbHbIX Mybm
cucmembl 8 peasibHOM Macwmabe epeMeHuU.

7. B cniyyae npubnuxxeHusi MOMeHmMa ornacHo20 OomkJIoHeHus (Oeghopmayuu) no komaHoe ¢ 271a8HO20 Mysibma ynpasJsieHusi mocmynaem cuaHasn
6bICMPO20 peaz2upoeaHusi C MOYHLIM YMOYHEHUEM Mecma.

Knroyeenie cnosa: asmomamu4eckuli KOHMPosib deghopmayull UHXKEHEPHbIX COOPYKeHUl, OehopMayUOHHbIE MapKu, MOHUMOPUHa deghopma-
Yull UHXXeHePHbIX COOPY)XeHUU.



