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INTRODUCTION TO THE THEORY OF SUSTAINABLE OPERATION OF
TECHNOLOGICAL SYSTEMS FOR BUILDING RECONSTRUCTION

The article outlines the main provisions for increasing the stability of the
functioning of technological systems in complex and changing conditions of
reconstruction, accepted as a system of conceptual, theoretical, and methodological
foundations for the formation of their morphological appearance as adaptive
dynamically transforming technological systems. Increasing the stability of the
functioning of technological systems in complex and dynamic conditions of
reconstruction is ensured by the implementation of strategies: A-strategy. Reduced
dynamics of environmental conditions; B-strategy. Ensuring an increased level of
homeostasis of the technological system in relation to the external environment and the
dynamics of its states. The A-strategy is implemented at the stages of preparation for
reconstruction and in the process of its implementation, and the B-strategy is
implemented by the formation of a technological system that ensures its invariance with
respect to changes in the states of the external environment and which is carried out by
increasing the functional inertia of the system, functional and structural redundancy.
The author called such systems adaptive dynamically transforming technological
systems. Adaptive dynamically transforming technological systems are endowed, on the
one hand, with the properties of astatic systems — as systems with variable morphology,
capable of detecting purposeful adaptive behaviour while maintaining internal balance,
and, on the other hand, with the properties of static systems — as high-performance
specialized systems with states. Astatic properties ensure optimization of costs for
transforming the morphology and function of a technological system, as well as limiting
system states to the minimum possible level, and static properties optimize differential
effects on a variety of characteristic production situations. The use of adaptive
dynamically transforming technological systems allows us to resolve the fundamental
parametric contradiction in building reconstruction technology — highly efficient and
sustainable implementation of non-stationary construction processes in complex and
changing conditions of building reconstruction.

Keywords: technology, reconstruction, theory of sustainable functioning, adaptive
dynamically transforming, technological systems.

Introduction. Reconstruction of buildings and structures, industrial and urban
development involves the implementation of a complex of construction and installation
works in conditions that can be characterized as complex and dynamic due to the
presence of: dangerous and harmful industrial man-made factors that determine the need
for special engineering and technical measures and work aimed at ensuring regulatory
and safe conditions for construction and installation work, as well as imposing
restrictions on possible methods, parameters and modes of execution and mechanization
of construction processes; tightness of the construction site and passages to it, work
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areas and workplaces of workers; specific structure and volumes of work, characterized
by a wide and very diverse nomenclature with a non-stationary distribution of volumes
of work along the front - the presence of large, concentrated works at a time, along with
low-volume, often dispersed volumes of work within an industrial complex, residential
area, facility reconstruction or work front; a significant level of dynamics in the intensity
and dynamics of the volume of work, due, firstly, to a significant variety of
nomenclature, parameters and volumes of work, as well as the timing of their
implementation, and secondly, to the discontinuity of work due to the requirements of
the main industrial production, the conditions of urban reconstruction or technological
considerations.

Formulation of the problem. The development of fundamental issues related to
ensuring the effective and sustainable functioning of construction processes (hereinafter
referred to as S,-systems) in complex, dynamic conditions of reconstruction is relevant
for solving the problem of further and significant increase in the efficiency of
reconstruction of buildings.

Conceptually, this problem was first posed by the author in work [1] and found its
resolution in his subsequent works [2-6].

Main part. The effectiveness of the functioning of the S,-system depends on the
type of system, the current states of the external environment and the dynamics of the
states of the external environment [7-11].

If qualitative and quantitative assessments of the level of influence of a particular
state of the external environment on the performance indicators of the S,-system
(production of workers, productivity and the boundaries of the effective use of
mechanization means) have been sufficiently tested [12-15], then the nature of the
influence of the dynamics of external environment on the functioning indicators of the
S,-system requires study.

To develop basic provisions aimed at maximizing the level of destabilizing
influence of the external environment on the efficiency of functioning of the S,-system,
we will describe the internal processes in this system [16].

We will consider the general state of the system, the state of the controlled and
controlling subsystem.

The general state of the S,-system is functionally related to the input B, output Y and
internal F parameters:

C=fBY,P), (1)
where C — is the general state of the So-system;

Y — is the actual result of the functioning of the system, characterizing its
effectiveness;

B — input parameters that are functionally related to the general goal and operating
conditions of the S,-system:

B=f(Q, A, 2)
where Q — is the overall goal of the system;

A — conditions of the production situation formed by the external environment:

A= f(®, X), (3)
where ® — is a set of external certain factors (fixed and random factors that are not

controlled - natural-climatic, regional, production, regulatory, etc.);
X — a set of external uncertain factors;
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F — a set of parameters that describe internal processes in the S,—system, i.e.
internal state:

F = f(C4,Cp,2), 4)
where C4, Cp — state (a set of parameters that characterize the system’s ability to
solve the problems facing it), respectively, of the managed and control subsystems;

Z —is a set of uncertain factors of the internal environment of the S,-system.

A controlled subsystem (technological system — Sx-system) is a dynamic object
that changes its internal state C, due to the presence of some internal processes of its
functioning G under the influence of the (external uncertain) environment X, as well
as commands U from the controlled subsystem:

CA =f(Xl UrG)v (5)

where U — is a set of acceptable strategies for using active means (controllable
factors):

U=7£@.A D, (6)
where | — is information about the parameters of the result Y;,, and the parameters
of the internal state - the S, subsystem (C,):

I={Y, C}; @)
G — internal processes (patterns) of the functioning of technical systems:
G = f(Aa Ry), (8)

where A, — is a set of elements of the S,-system, which characterizes the
quality indicators of active funds (productivity, number of elements, etc.);

R, — a set of connections.

The control Sg-system carries out control in accordance with the general goal of
the So-system (Q), parameters of the external environment (A), as well as information
(I) that comes from the controlled subsystem, guided by certain control principles (P).

Then, the state of the control subsystem (Cg) is described as follows:

CB=f(Q,A,1,P). (9)
The completed formalization of internal processes [16] that occur in the S,—
system makes it possible to develop basic conceptual provisions aimed at reducing the
level of destabilizing influence of the external environment on the efficiency and
sustainability of the S,-system.
These provisions are based on the fact that when designing S,-systems, as well as
when planning its use, it is necessary to limit its diversity (Fig. 1) [16]:

H = log,n, (10)

where H — is the diversity of the system (in this case it coincides with the measure
of its disorder);
n — is the number of different states of the system.

125



3 H=log,n

Fig. 1. Dependence of the diversity value of the S,-system H
on the number of its states n

Limiting the variety of internal states of the system, i.e. a reduction compared to
the abstractly possible H — H,, can be achieved as follows (strategies):

A-strategy. Decrease in the dynamics of the external environment;

B-strategy. Ensuring an increased level of homeostasis of the technological
system in relation to the external environment and the dynamics of states; i.e.
ensuring the basic parameters of the S,-system (indicators of operational efficiency
and quality of finished products) within certain limits during the interaction of the
technological system with the external environment.

The noted strategies A and B are accepted as a general concept for increasing the
sustainability of the functioning of technological systems in complex, dynamic
conditions of reconstruction (Fig. 2).

Increasing sustainability ‘
functioning of technological systems

ensured by the A - strategy.

Decrease in the dynamics of environmental conditions

implementation of
Strategies

H—H,
‘ B-strategy.

Ensuring an increased level of hamenstasis of the technolagical system
i refation to the external enviromment and the dynamics of states

A

Fig. 2. Scheme of the general concept of increasing the stability of the
functioning of technological systems in complex dynamic conditions of
reconstruction [5-6]

Conceptual and theoretical foundations for the sustainable functioning of
technological systems.
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A-strategy. Reducing the dynamics of the state of the external environment must
be carried out at all stages of reconstruction and preparation for it, where the process
of forming and selecting solutions takes place [17]:

- preliminary reduction — at the stages of economic planning, design and
organizational and technological preparation; that is, the search at the preliminary
stages for more favorable production conditions, which are characterized by a lower
level of pressure certain (F) and uncertain (X) factors and their dynamics (D) on the
system parameters;

- operational reduction — at the stages of construction and installation work;
methods of using active means should influence the change in production situations in
the required direction.

Moreover, if {&,X},D — min, then Hg; - min, where Hg is the variety of
production situations (states of the external environment), which is also described by
a logarithmic function (Fig. 3) of the form H = log, n, where n — the number of
states of the external environment — production situations [16].

It is obvious that not every change in the parameters of the external environment
(state of the environment) can lead to a significant impact on the parameters of the
technological system.

3,5
3
2,5
2
15
1
0,5
0

Fig. 3. Dependence of the magnitude of diversity of production situations Hg
on their number n

We are only interested in such changes in the external environment that change
technological and organizational situations, that is, those that change production
situations.

Thus, the dynamics of changes in the states of the external environment can be
described as the rate of change in production situations during the calculation period:
D =n/t, where D is the dynamics of changes in the states of the external
environment (the number of production situations n per unit of production time t).

The existence of dynamics of changes in the state of the external environment is
confirmed by studies of the parameters of the work front during the reconstruction of
industrial and civil facilities (Fig. 4).
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Fig. 4. Dynamics of technological parameters (P) of the work front using the
example of replacing wooden floors of residential buildings during their
reconstruction in the central historical part of the city of Kyiv (data collected from 67
representative objects N) [5-6]:

= Row 1 — volume of work at the site, m®;

—1 Row 2 — the number of dismantled and erected floors;

= Row 3 — number of sections within the tier;

— Row 4 — the number of grips within the tier;

— Row 5 — volume of work within the tier, m;

= Row 6 — volume of work on the site, m?;

=== Row 7 — volume of work on one grlpper (shift intensity), m?;
== Row 8 — concreting map size, m?;

= Row 9 — volume of concreting map, m%;

== Row 10 — number of concreting maps on the site, m

Consequently, at the stages of planning and economic, design and organizational
and technological preparation of reconstruction, based on construction and
technological analysis of work conditions and restrictions, a preliminary (design)
reduction in the number of production situations (n) is carried out to an
organizationally and technologically justified minimum #™" according to the
condition [16]:

n - nem. (11)
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Thus, the basis for the preliminary reduction in the dynamics of the external
environment is the construction and technological analysis of the parameters and
characteristics of the reconstruction and the synthesis of characteristic production
situations based on a systematic approach, implemented by sequentially performed
procedures (Fig. 5):

I. Systematic analysis and systematization of factors that determine the conditions
and main features of construction and installation work during reconstruction with the
development and justification of classification characteristics and categories;

1. Classification of objects and conditions of reconstruction, as well as the scope
of work according to selected categories of complexity and dynamism of the scope of
work.

The initial set of characteristics, Many
parameters and factors of ~ feeed e A
reconstruction 1

System analysis and System of classification
systematization of factors “|characteristics and categories

System of characteristic production situations Ay

4 of Objects

4 of Conditions

v
| of the Work Front -

Fig. 5. Structural and logical diagram of the system formation
characteristic production situations [5-6]

The result of system analysis and classification of objects, conditions and scope of
work is a system of characteristic production situations that satisfies condition (11)
and the condition [5-6]:

{Aa} < {7}, (12)
where {Ax} — set of characteristic production situations;

{A} — set of parameters and characteristics that determine the reconstruction
conditions.

Methods of using active means (Sx-systems) should influence the change in
production situations in the required direction — provide freedom of choice of
decisions during the process [8—10].

The posed selection problem is connected, on the one hand, with the problem of
forming a set of suitable physically implementable methods U, on the other hand,
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with the problem of choosing from a set of suitable methods a set of methods U, € U,
(or at least one method) that are invariant to the operating conditions and are
“flexible” in relation to existing uncertainties.

The second side of the problem is usually solved on the basis of the principle of
adaptability (D. Gabor’s principle of inconclusive decisions), which consists in the
fact that at each stage of decision-making it is necessary to ensure freedom of
decision-making in the future - to be able to compensate for unwanted deviations from
the goal and efficiency [10] :

uld(t, 1) : sup Wi(u, A, t,7), u(t) € Uy(t, 1), (13)

where ui?(t,T) — the best (ideal) method at time t up to forecast errors for the
forecast period T;

Wt(u, A, t,7) — the best value of the efficiency criterion under the conditions for
choosing A, which have developed at time t on the set of acceptable (suitable)
methods U, (t, 7).

Thus, the basis for the operational reduction of the dynamics of the external
environment is the development and justification of:

I. A variety of methods for producing construction and installation works that are
suitable for reconstruction conditions and that are “flexible” in relation to existing
uncertainties, by improving existing methods and developing new ones that are
innovative (Fig. 6);

Il. The general concept, methodology and organizational structure of monitoring
the implementation of construction processes, aimed at obtaining and accumulating
information and its operational (electronic) documentation to implement the principle
of adaptability when making decisions.

The introduction of “flexibility” criteria (Fig. 6) for the conditions of the problem
posed in the work consists in the selection and justification of rational parameters and
the scope of application of production methods and mechanization of construction
processes, with the establishment of the degree (level) of universality of technological
solutions and methods according to the metric - specialized technology,
multifunctional or adaptive.

B-strategy. Ensuring a higher level of homeostasis of the technological system
(Sa—system) in relation to the external environment (A), as well as the dynamics of the
states of the external environment (D) is carried out by strengthening internal
functions (processes) in the S,-system, when elements or connections between they
are invariant to some transformations of the S,-system or the external environment.

In efficiency theory and systems engineering [8—10], ensuring the invariance of
the Sh-system with respect to changes (within certain limits) in the states of the
external environment can be carried out:

a) increasing the functional inertia of the system;

b) functional redundancy;

¢) structural redundancy.

Functional inertia, as a property of a technological system, characterizing its
ability to allow interruptions in work without loss of output effect, can be increased
by increasing the differential output effect of the system Y, (that is, by reserving
productivity P,) and (or) increasing operational time (by reserving time T,).
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| technological solutions suitable
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Fig. 6. Scheme for the formation
of a variety of suitable reconstruction methods [5-6]

In general, the functional inertia of a technological system (S, - system) can be
formalized in the form of functional correspondence
@ i Py Ty = Yp (14)
Functional redundancy is redundancy using functional reserves. Useful
technological functions (system properties) are taken as functional reserves, which the
system is capable of effectively performing without loss of the output integral effect,
and is formally presented in the form of functional correspondence:
@ i fa>Ya fa=2Q0) (15)
where f, — A-reserve target (useful) technological function of the S,-system,
existing at time t and determined by the i-th system property Q; of the S,-system with
properties

(Ya,Sa) [3! Q(S) = {Qi(Sa)}; i = 1,m], (16)
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Thus, technological systems with functional redundancy are interpreted as
multifunctional, universal systems that have a pre-designed set of system properties that
implement one or another technological function.

Structural redundancy is redundancy using structural reserves that change the
organizational and technological structure of a technological system (S,-system).
Structural redundancy is carried out by including adaptation means into the system
that expand the capabilities of the technological system relative to it [5-6]:

= the main technological parameter - productivity (inclusion of an additional
main or auxiliary machine in the kit);

= main technical characteristics (inclusion in the set of machines that increase
(change) digging depth, feed, lifting height, etc.);

= basic technological functions (giving the concrete pump equipment for
shotcrete, including an excavator with a hydraulic hammer in the set of earth-moving
machines, including welding and installation manipulators in the concrete-laying
complex, ensuring mechanized performance of reinforcement and formwork work).

In general, the structural redundancy of a technological system, like an S,-system,
can be formally described in the form of functional correspondence [5-6]

@ : Ay, ARy > Ky » Yp; Ag X R, — K, a7
where AA,; — i — th reserve element of the SA system;
AR,; — i —iis a backup connection;
K; — i — i combination of structure, K; € K (K — set of possible combinations of

structure, determined by the matrix A : A, X R,.)
If we combine functions (15), (16) and (17) into a system of the form [5-6]:
@ : PpTp 2 Y,
®© : fa—>Ya fa=@Qt), (18)
@ DAy, ARy = Ky = Ya; Ag X Ry — K,

then we obtain a formal description of the technological S,-system, which has an
unstable (changeable) structure, capable of adapting its functions to a reasonable
(design) set of production situations, and within these situations, maintaining
efficiency indicators within acceptable values; due to the reservation of the output
effect (functional inertia) and (or) functions (functional redundancy) and (or)
structure.

The noted S,-system will be characterized as an adaptive dynamically
transforming technological system, capable of purposefully adapting its operating
parameters to stochastic conditions and parameters of construction production in
reconstruction conditions.

Then, the system property Q; of an adaptive dynamically transforming
technological system (S?-system) can be represented by the functional ®,; from the
system processes Fy; occurring in the system [5-6]:

Qi = OulF (), T Fr= {Fy}, j = 1T Faj(®) = @(Qa0), (19)
where Fy;(t) = ®(Qy,t) - is the set of system processes generated by the j-th
interaction of subsystems in the A-th conditions of the production situation;

Q; = {Q:},1 = 1,L, — set of properties of all autonomous L; subsystems in the A
conditions of the production situation;

Q; = {Qu}, k = 1,K — set of properties [ of the autonomous subsystem;

k — property [ of an autonomous subsystem.
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If u variants of production situations are possible, then for the A-th production
situation (A € A)) we will have a set of S;-subsystems of the S2-system [5-6]

S£ = {Sl}'l = 1'L/1 (20)
such that
VaSi) [3! C K = Qi ={Qi(SR) ) i= LA @inQa=0] (1)

for all production situations (A € A)), there is a single state (C2) and a
combination of structure (K2) of the system that uniquely defines the only set of its
system properties Q; such that in the set of system properties Q; and the set of
properties of all subsystems @, there is not a single common element.

Thus, the SP-system is a complex, holistic, open technological system with a
dynamically transforming structure, with module elements and a system of adaptive
stable connections that ensure targeted and operational transformation of its own
morphology and target function in conditions of changing parameters of the
technology of reconstruction of buildings and their complexes; and can be represented
by a generalized formal model [5-6]:

{(V» St (3 Co KD - Qi ={Qi(SH)}b i=1,A Q:nQy=9],
| SP={Shl= 11

{ Qi = Ou[F(O,T]; By = {Faj}j = TJ; Fy(©) = @(Qa0), 22)
| @ i Pp Ty Yy,

(7 fA g YA! fA = q)(Qi' t)'
k @ + AAgi, AR, = K; = Ya; Ag X Ry = K.

Thus, the basis for increasing the level of homeostasis of technological systems in
relation to the external environment and the dynamics of states is:

I. Special methodology for the design and targeted application of adaptive
technological systems, the formation of which is based on the principles of controlled
dynamic transformations of organizational, technological and technical components -
its own functional-morphological structure;

I1. Basic conditions and methods for the reconstruction of buildings, industrial and
civil development, ensuring the effective and sustainable implementation of
construction processes in complex dynamic conditions of reconstruction.

In general, the above basic provisions for increasing the sustainability of the
functioning of technological systems in complex, changing conditions of reconstruction
(Fig. 7) are accepted as the theoretical foundations of their sustainable functioning, and
which also underlie the methodology for the formation of their morphological
appearance - as adaptive dynamically transforming technological systems.

Conclusions. Adaptive dynamically transforming technological systems (S?) are
endowed, on the one hand, with the properties of astatic systems — as systems with
variable morphology, capable of detecting purposeful adaptive behavior while
maintaining internal balance, and, on the other hand, with the properties of static
systems — as high-performance specialized systems with states.

Astatic properties ensure optimization of costs for transforming the morphology and
function of a technological system, as well as limiting system states to the minimum
possible level, and static properties optimize differential efficiency in a design set of
characteristic production situations.
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The use of adaptive dynamically transforming technological systems allows us to
resolve the fundamental parametric contradiction in building reconstruction technology
— highly efficient and sustainable production of non-stationary construction processes in
complex and changing conditions of building reconstruction.

Increasing sustainability
functioning of technological systems

l—l

ensured by the
. . A - strategy.
implementation . . i —
X Reduced dynamics of environmental conditions
of strategies
H->H, B-strategy.

Ensuring an increased level of homeostasis of the
technological system in relation to the external
environment and the dynamics of states

I. Systematization of factors that determine the conditions and main
| features of construction and installation work during the reconstruction
\of buildings for various purposes

1. Justification of classification characteristics and categories,
classification of objects and conditions of reconstruction, as well as the

scope of work according to the identified categories of complexity and
dynamism of the scope of work

/III. Justification of a variety of construction and installation work methods
| that are suitable for reconstruction conditions and that are “flexible” in

l—
\relation to existing uncertainties

IV. General concept, methodology and organizational structure for
monitoring construction processes, aimed at implementing the principle
of adaptability in decision making

g e Bl

> application of adaptive dynamically transforming I

V. Special methodology for the design and targeted m
&technological systems N |

|
|
[ VI. Basic conditions and methods for the reconstruction of | / ‘\ |
> buildings, industrial and civil development, ensuring the || |

.+ . M " ||
\ efficient and sustainable execution of construction processes W \

Justification of the -
morphological appearance of Theoretical o
adaptive dynamically L fundamentals of sustainable functioning of
transforming technological technological systems
systems

Fig. 7. Structural and logical scheme for the formation of theoretical foundations
for the sustainable functioning of technological systems in complex, changeable
conditions of reconstruction [5-6]
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O0.®. Ocunos

Bemyn 00  meopii  cmanozo ynxkyionyeamna - mexmon02iYHUX  cucmem
peKoHcmpyKyii oyodisens

Y emammi suxnadeno ocHo8HI NON0dCEHHS NIOBUUEHHS CIMIUKOCI OYHKYIOHYBAHHS
MEXHONOSIYHUX ~CcucmeM V CKIAOHUX 1 MIHAUGUX YMOBAX PEKOHCMPYKYIl, Ki
NPUILMAIOMbCA AK CUCMEMA KOHYENMYAnibHUuX I meopemuKo-memooon02iuHux OCHO8
Gopmysanus ix Mopponoziuno2o uendy K a0AnMUEHUX MEXHONOIUHUX CUCTEM, U0
Ounamiyne  mpaucgopmyromecs.  lliosuwenns — cmiiikocmi  QYHKYIOHYBAHHS
MEXHONOSIYHUX —CcucmeM Y CKIAOHUX MmMa OUHAMIMHUX YMOBAX PEeKOHCMpPYKYIl
3abesneyyemvcs peanizayicto cmpameeiii: A-cmpameeisi. 3HUdICEHHs OUHAMIKU CMAHIE
ooskinis,; B-cmpameeis. 3abe3neuenns niosuujeno2o pieHs 20Meocmasy mexHor02iuHOT
cucmemu no GIOHOWIEHHIO 00 3068HIUIHBO2O CePedosUWa MA OUHAMIKY 11020 cmaHis. A-
cmpamezis peanizyemvCsa HA emanax ni020mosKu 00 peKOHCMpYKyii ma 8 npoyeci i
BUKOHAHHA, a B-cmpamezis - hopmysannam mexHonoziunoi cucmemu, wjo 3abesnevye ii
iHéapianmuicme NO  BIOHOWEHHIO 00 3MIHU CMAHIE OO0BKILIA MaA 30ilCHIOEMbCA
3011bUWeHHAM DPYHKYIOHANbHOT iHepmMHOCMI cucmeMmu, PYHKYIOHATbHUM | CINPYKIYDHUM
peszepgyeannam. Taki cucmemu agmop HA36a8 a0AnMueHi MeXHON02iUHI cucmemu, wo
OUHaMiyHe MPaHCPHOpMYyrOmMbca. AOanmueHi MexHOIOSIYHI cucmemu, wWo OUHAMIUHe
mpancghopmyomsca, HAONAIOMbCA, 3 00HO20 OOKY, 61ACMUBOCMAMU ACAMUYHUX
cucmem — AK cucmem 3 MiHIUBOIO MOPHON02IEI0, 30AMHUX GUABIAMU YINECHPAMOBAHY
NPUCTOCOBYEMBCA NOBEOITHKY NpU 30epedceHHi 8HYMPIuHb020 6anaucy, i, 3 IHWO020
00Ky, 6n1acmueocmamu CImamuyHux cCUcmem — ;K BUCOKONPOOYKMUBHUX CHeYiani308aHUX
cucmem, wo 8o100I0Mb CMAHAMU.

Acmamuuni enacmusocmi 3ab6e3neqyioms oOnMUMI3ayiio UmMpam 3a nepemeopenis
Moponozii ma pynxyii mexnonoziunoi cucmemu, AK i 0OMeNHCeHHA CMAaHie cucmemu 00

MIHIMANOHO — MOJCAUBO20 PI6HA, A CMAMUYHI  6AACIMUBOCMI — ONMUMIZYVIOMb
ougpepenyianvhi  eghexmu  Ha  0Oe3niUi  XAPAKMEPHUX — GUPOOHUYUX — cumyayill.
3acmocysannsn aoanmueHux MexXHON0THHUX cucmenm, wo OUHAMIYHO

mpancgopmylomocs,  00360J1€ — GUPIUUMU  (PYHOAMEHMATLHY — NAPAMEMPUUHY
cynepeunicmeb y mexHon02ii peKoHempykyii 0yodisenv — eucoKoepekmueHe ma cmiiike
BUKOHAHHS HECMAYIOHAPHUX OYOIGENbHUX NPOYeCi8 y CKIAOHUX MA MIHAUBUX YMOBAX
pexoHcmpykyii 6yodieen.

Knrouoei cnosa: mexnonozis, pekoHcmpyKyis, meopis cmanozo )yHKyionyeanms,
a0anmueHi OUHAMINHO MPAHCPHOPMOBAHI, MEXHONO02IUHI cUuCmeMU.
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