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FUNDAMENTALS OF THE THEORY
OF RESTORATION PROCESSES

Introduction. The development and justification of the modern fundamentals of the theory of restoration proces-
ses is a critical issue that enables continued innovation and improvement in the foundations of technology imp-
lementation and the methodology of organizational and technological design for the restoration of architectural
monuments.

Problem Statement. This process requires establishing a new system of logical principles for restoration,
which includes fundamental provisions, assumptions, and organizational and technological constraints. This sys-
tem, in its entirety, illuminates the core logic underlying the theory of restoration processes.

Purpose. To substantiate the foundations of the theory of restoration processes by developing a system of prin-
ciples and logical proofs tailored to the unique properties of both the object and subject of research — the archi-
tectural monuments and the processes of their restoration.

Materials and Methods. A systematic and comprehensive approach has been employed, considering modern
theories and principles of architectural restoration. The conceptual foundation is the indispensable requirement to
ensure the authenticity of the object of restoration, whether the entire structure, its parts, or individual elements.

Results. A system of theoretical propositions, assertions, and logical constructs describing the foundations of the
theory of restoration processes for architectural monuments has been developed. The research confirms that the cent-
ral logical element of this theory is the concept of a single, concurrent process of transformation, where both the
material elements and the object of restoration are treated as a unified subject of work within the restoration process.

Conclusions. The creation of the theoretical foundations for restoration processes applied to architectural
monuments has enabled the organization of modern ideas, principles, and approaches into an open, internally
differentiated, and cohesive system of knowledge. In this framework, the restoration process has been considered
a specific sequence of actions for executing a complex set of restoration processes of varying complexity. The es-
sence, structure, and established combinations of these processes have been determined by the system properties
of the restoration object, the conditions under which the restoration is performed, and the existing organizational
and technological constraints.
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For the sake of brevity, the construction process-
es carried out during the restoration of architec-
tural monuments will be referred to here as “res-
toration processes.”

The current foundation of restoration process
theory is largely based on an extensive collection
of empirical data, comprised of many documen-
ted facts. However, this foundation does not fully
reveal the underlying nature of the processes and
phenomena that occur within an architectural mo-
nument during restoration. Furthermore, it lacks
sufficient proprietary rules and proofs (the theo-
retical foundation and logic of the theory remain
incomplete). Much of the theoretical and applied
knowledge in this area has been borrowed from
other fields of construction, such as reconstruction,
repair, or new construction, with only minimal
adaptation to the specific characteristics of the
object in question — namely, architectural monu-
ments and the restoration processes they undergo.

The development of restoration process theory
is intrinsically linked to the broader evolution of
theoretical concepts regarding the restoration of
architectural monuments. It is closely tied to both
fundamental and applied research in the techno-
logy and methods used to organize construction
work on buildings and structures designated as
architectural monuments. Restoration process
theory also intersects systematically and recipro-
cally with general construction theory and the
fundamental principles of construction manage-
ment. On one hand, it builds on the scientific
foundation of industrial and civil construction
technology and organization, adopting its prima-
ry theoretical and methodological principles as
the starting point for restoration process theory.
On the other hand, it adapts these principles to
the specific needs of restoration.

The improvement of restoration process theory
shall be continuous and sustainable, ensuring the
timely incorporation of new empirical data, theore-
tical abstractions, and idealizations into the theo-
retical framework. This process of refinement also
extends to the methodology of organizational and
technological planning for restoration projects.
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Various aspects of the development of theore-
tical concepts and principles for the restoration of
architectural monuments, as well as the techno-
logies and methods employed, have been explored
by both domestic and international scholars [1—
11], as well as in the author’s previous works [12—
16]. However, these and other studies do not add-
ress the critical scientific and practical issue of
developing and justifying the fundamental prin-
ciples of restoration process theory.

In accordance with modern views on science
and technology [17], the fundamentals of res-
toration process theory should be seen as an
open, internally differentiated, and integrated
system of knowledge that possesses its own (see
Fig. 1):

+ Object and subject of study — architectural mo-
numents and the processes involved in their
restoration;

+ Empirical foundation — a vast collection of do-
cumented facts;

o Theoretical foundation — a set of concepts, axi-
oms, and idealizations describing the objects of
the theory;

o The logic of the theory — rules and proofs;

« Aset of propositions — the primary body of theo-
retical and applied knowledge.

Architectural monuments, as objects of resto-
ration or have unique properties that define the
key parameters of their restoration process, influ-
enced by a multitude of factors — conditions un-
der which restoration work is carried out.

The restoration processes, which are treated as
the subject of research (both design and implemen-
tation), also possess distinct properties that differ
from other types of construction, due to their
unique logical essence specific to restoration.

An architectural monument, as a historical struc-
ture that has reached the point of restoration, ex-
hibits a certain degree of preservation and techni-
cal condition. Depending on the chosen approach,
it may undergo conservation, analytical restora-
tion, synthetic restoration, or adaptive restora-
tion. These restoration methods define the diffe-
rent types of restoration objects:
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Fig. 1. Structural logic relations of the fundamentals of restoration processes theory and its components

o Conservation object. an architectural monument cient parts with minimal intervention and a li-
in the process of being protected from further mited scope of restoration work;
deterioration; o Synthetic restoration object: an architectural mo-

o Analytical restoration object: an architectural nument in the process of near-complete reconst-
monument undergoing reinforcement of its an- ruction;
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o Adaptive restoration object: an architectural mo-
nument being adapted for new purposes and
functions.

Depending on the level of restoration comple-
xity being designed, the restoration object can
range from an architectural ensemble, a single
monument, or any of its components — whether
structural, engineering systems, or individual
elements.

The unique properties of a restoration object,
encompassing its various characteristics ((x,)):
functional parameters (¢), construction technolo-
gy (%), preservation level (n), and technical con-
ditions (&) and other parameters, may be consi-
dered to be its systemic property (X ):

X, =) =f(@ 608 ..), (1) =0 (1)

The systemic property of a restoration object is
unequivocally determined by the properties of its
constituent elements (x,, ): parts, individual struc-
tures, and structural elements:

, i=(1,K). (2)

Eliminating the existing diversity of characte-
ristics ((x,)) — oo of a restoration object is achie-
ved by constructing new ideal objects — state cate-
gories of the restoration object (). These categories
collectively describe its systemic properties une-
quivocally and have a finite number, representing
a set of categories of minimal scope; K — min:

X, = (Kj), K € K; K — min.

3)

Any change in the systemic properties of the res-
toration object directly influences the restoration
process (S, ), which refers to a specific sequence of
restoration activities of varying complexity. The
nature, structure, and established combinations
of these activities are determined by the systemic
properties of the restoration object (X ), the con-
ditions under which the restoration processes are
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carried out (Y)), and existing organizational and
technological constraints (O).

Thus, the restoration process can be mathema-
tically formalized as a functional relationship:

Sor - Xm" K" Or' (4)
Each component of this functional relationship

can be represented as a matrix of characteristic
parameters, given expressions (2) and (3):

Yjt o1

Y2 o1
X0,=<Kj>,Yp=<yj>= i 07_=<01>= o, . (5)

Yiu Op

Any establishment of a specific sequence of res-
toration processes forms a corresponding restora-
tion technology, each of which is based on an app-
ropriate method. The method of restoration is de-
termined by the principles underlying the forma-
tion of the restoration process, and its logical es-
senceis defined by the characteristics that describe:

1. The integral (systemic) properties of the ob-
ject of restoration (X ), the conditions under which
the restoration processes are carried out (Y,), and
the constraints imposed (O,). These include:

o The category of architectural monument comp-
lexity, which gives rise to a group of restoration
methods for monuments of moderate, medium,
and high complexity.

o The category of structural strength and spatial
stability of architectural monuments, which forms
a group of methods for their restoration, such as
recovery, reconstruction, reinforcement, restora-
tion, and protection from further deterioration.
2. The properties of the elements (x,,) of archi-

tectural monuments, specifically:

o The category of strength and stability of load-
bearing structures, which forms a group of me-
thods for restoring load-bearing structures.

o The category of rigidity and spatial stability of
load-bearing frameworks, which forms a group
of methods for restoring the rigidity and spa-
tial stability of load-bearing frameworks.
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Fig. 2. The system of the architectural monument restoration methods and their structural logic relations during the forma-
tion process

o The category of strength and structural stabili- The groups of methods discussed create the ove-
ty of foundational soils, which forms a group of | rarching system of restoration methods for archi-
methods for restoring soil foundations. tectural monuments (see Fig. 2).
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Principal parameter, y

Time, ¢

Fig. 3. Interpretation of the non-stationarity of the restora-
tion process with a deterministic trend (function y(¢) and
the range of its fluctuations W[y (¢)]

From the analysis of expression (5), it follows
that the conditions under which restoration pro-
cesses are performed (Y)) and the organizational-
technological constraints (O,) are characterized
by a high degree of variability and multiplicity.

Thus, the conditions under which restoration
processes are carried out, along with the imposed
constraints, collectively form highly complex and
unique restoration conditions. These are prima-
rily characterized by the fragmentation, heteroge-
neity, and temporal discontinuity of the work front
(,f), which is perceived as its dominant and ove-
rarching characteristic.

The mastery of this work front, given its gene-
ral characteristic, logically dictates the overall pro-
perty of the restoration processes (S ): their non-
stationarity, multiplicity, and heterogeneity.

The non-stationarity of the restoration process
(““S"y manifests itself in the variability of its pri-
mary parameters (duration, intensity, producti-
vity) over time. The restoration process is conside-
red a non-stationary process with a deterministic
trend, so its magnitude is forecasted as the mathe-
matical expectation M[y(¢)] at a given time ¢,
which belongs to the project interval [0, T] (see
Fig. 3). Formally, this can be expressed as a func-
tional representation:

wS 5 y(t)=M[y®)],t[0,T].  (6)

The multiplicity of restoration processes (““S")
manifests itself in the presence of a significantly

926

broader range of preparatory ““s?, auxiliary “/s®
and primary ““s?" processes, such that

(7)

ast;_) ast(])m', ast;zu’ asdsfri — 0.

]

The heterogeneity of restoration processes (“*/S")
manifests itself in the simultaneous combination
of a large number of restoration processes with
varying technological characteristics and levels
of complexity. This leads to a substantial incre-
ase in their diversity (H), which tends toward
infinity:

avdSi — H =log,n — oo,

(8)

where H is the measure of diversity of the restora-
tion processes; 7 is the number of restoration pro-
cesses of various essence and complexity.

If we combine expressions (6), (7), and (8), we
obtain a formal description of the systemic proper-
ty of restoration processes (.S ):

SIS 0

.\isSo = (lleS{i) anS(i’ amdS{i) - sisF (9)
provided that
“S = y() =My ()], t [0, T,
ast;_) asdsglr, asdsgu, asdsfri_) 0. (10)

]
adSt — H =log,n — o

The systemic properties of the restoration ob-
ject& (see (1)) alter the conventional concept of
labor processes. In the restoration of architectur-
al monuments, the overall set of labor processes
forms two hierarchical groups (see Fig. 4):

o The first group consists of restoration labor pro-
cesses, corresponding to simple and complex
restoration processes.

o The second group includes conventional labor
processes, which correspond to work operati-
ons and work movements.

This division of restoration processes into
two groups serves as the conceptual foundation
for implementing the most critical condition
of restoration — the imperative to ensure the
authenticity of the restoration object, its parts,
or elements. This is accepted as the a-crite-
rion (o).
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Fig. 4. Breakdown of a complex restoration process (CP,) by the components: {SP, } is the set of simple restoration processes;
{0, is the set of work operations; and {W,} is the set of work movements

At these hierarchical levels — simple and com-
plex restoration processes — the aforementioned
a-criterion is introduced. This criterion alters the
methods and modes of executing work operations
and simple restoration processes. It ensures that
within the set of possible methods for their exe-
cution (M}), there is no method (* m;) that does
not meet the a-criterion:

M, ={m,}—>a;i=(,M)
provided that

(11)

Fmi=0.

The object of restoration, as a historical structu-
re, fundamentally alters the logical essence of the
processes involved in its transformation. In line
with the general theory of construction processes
formulated by Professors V. K. Chernenko and
O. E Osipov [18], the logical essence of constructi-
on processes is understood as the presentation of
the construction process as a unified and interde-
pendent set of purposeful actions aimed at transfor-
ming material elements into a construction product.

Thus, the central logical element of the theory
of restoration processes is the concept of a unified,

ISSN 2409-9066. Sci. innov. 2024. 20 (6)

concurrent transformation of material elements
(ME) and the object of restoration (OR), which
are considered together as the single object of la-
bor (OL) in the restoration process (see Fig. 5).
Any unified, concurrent transformation Pj from
the set of possible transformations P, € {P} can be
associated with a unique pair of interrelated chan-
ges in the states of both the material elements
(S8t,— St ) and the object of restoration (St,— St, ):

[ {(St, N Stn),]
(v,p) 3 :
(St, > St,)

The second logical element of the natural-scien-
tific foundation of the theory of restoration pro-
cesses is the concept of the product of the restora-
tion process. Its designed property C” is formed
through the interrelated and concurrent trans-
formation of the initial properties of both the ob-
ject of restoration and the material elements. This
can be expressed as (C'— C") U (C?— C™), where
the final unified property C» = {C?} U {C'} is crea-

ted by the simultaneous change of both sets of cha-
racteristics.

(12)
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Fig. 5. The process of creating the restoration product can be understood as a set of simultaneous and coordinated transfor-
mations {P,} applied to the object of labor across the combined set of states of the material elements (ME) and the restoration
object (OR), represented as St,U St,. This process also involves external influencing factors {V.} U {V'}.

For any single simultaneous transformation P,
from the set of possible transformations P, € {P},
a corresponding pair of interrelated changes
can be defined: the change in the properties of
the material elements (C' — C") and the chan-
gein the properties of the restoration object
- C™):

i n
(viﬂlm{(cgﬁczi}
(C:->C™)

The initial properties of the material elements
(C™) correspond to the respective properties of
the restoration object (C”). However, the pro-
cess of changing these properties occurs through
their own phenomenological processes ®' = {¢'}
and ®? = {¢?}, which govern the transformation

of the properties of both the material elements
and the restoration object:

98

(13)

Crees Cr,
VV,CI,CZ 3'(1)’—{@’}?11 : (14)
° —{(pz};Z—l,m,(p No°

The third logical element of the scientific essen-
ce of the theory of restoration processes is that
the conditions under which they are carried out
are determined by a combined set of influencing
factors {V } U {V } that establish:

First, the general environmental conditions —
including natural-climatic, atmospheric, produc-
tion, and organizational-technological factors {V'};

Second, the specific restoration conditions —
defined by functional-purpose and construction-
technological factors and limitations {V'}.

Thus, for any single concurrent transformation
P,of the state of the object being worked on, there
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corresponds a paired set of interdependent chan-
ges in the external environment — representing
the factors that influence the process:

(V,Pj) EI!{ (Vl _>Vn)!

(Vo V)

By combining expressions (12), (13), (14), and
(15), we obtain a theoretical model of the restora-
tion process. This model reveals the scientific es-
sence of the processes and phenomena underlying

(15)

Cm«> C™,
I I 7_7
v.cc eI —{(P},l—_l,n,l L
O} :{(pz};2:1, m;, @ N’

Thus, it can be asserted that the restoration
process as a whole represents a unified and inter-
related set of purposeful actions aimed at the si-
multaneous transformation of both material ele-
ments and the restoration object into the final

the restoration:

product of the restoration process. The central lo-
gical element of the theory of restoration proces-

[ ( St, — St ); ] ses is the concept of a single, simultaneous trans-
. formation of material elements and the restoration
(St, > St,); . ) : :
1 ! object, which are treated as a single subject of la-
(V P) a1 (€ =>C"); (16) bor in the restoration process.
A (C* >C™); The overarching characteristic of the restora-
) tion work front is its fragmentation, heterogenei-
(‘/z _) Vn )’ . . . .
_ ty, and temporal discontinuity, while the general
Vr—->Vo ] property of restoration processes is their non-sta-
provided that: tionarity, multiplicity, and diversity.
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OCHOBU TEOPII PECTABPAIIIMHUX ITPOIIECIB

Beryn. Po3po6ka Ta 06rpyHTYBaHHS Cy4aCHUX OCHOB T€OPil pecTaBpaliilHiX MPOLECIB € aKTYaJIbHUM IIUTAHHSIM, 1110 J03BO-
Jis€ 3a06e31eYnTH OAAIBIINI IHHOBAIIHHIIT PO3BUTOK Ta BAOCKOHAJIEHHSA OCHOB TEXHOJIOTII BUKOHAHHS Ta METOLOJIOTII Op-
raHisaniino-TeXHOJIOTYHOTO TIPOEKTYBAHHS MPOIECIB pecTaBpallii Tam’ ITOK apXiTeKTyPU.

IIpo6Gaematuxka. Ile morpebye BCTaHOBJIEHHS HOBOI CHCTEMU JIOTIYHUX CYTHOCTEl pectaBpaiiiiHoro npouecy, GyHiaMeH-
TaJbHUX I10JIOKEHb, IPUITYIIIEHb Ta OPraHisaliiiHO-TeXHOMOr YHIX 0OMesKeHb. L[ cucreMa y BIACHOI CyKyITHOCTI BUCBITJIHOE
OCHOBHY JIOTIKY TeOpii.

Merta. O6rpyHTYBaTU OCHOBH TEOPIl PeCTaBpalliiiHIX IIPOIECIB i3 BJIACHOK CUCTEMOKO IIPABUII i IOKa3iB, SIKa € alalTOBAHOK
1110710 0COOJIMBYX BJIACTUBOCTEN 00’€KTA Ta TIPEAMETa AOCIKEHHS] — [aM SITOK apXiTeKTYPH Ta [IPOIIECiB iXHbOI pecTaBpaltii.

Marepiam it MeToau. Bukopucrano cucteMHi KOMILIEKCHI JOCIiPKEHHS 3 YPAXyBaHHSM Cy4aCHUX YsIBJI€Hb Ta IIPUHITU-
B pecraBpailii maM'saTOK apXiTeKTypH, KOHIENTYaJbHUM IIAIPYHTAM € HeoAMiHHe 3abe3NedeHHsl CIpaBKHOCTI 00'eKTa
pecTaBpaitil, i1oro acTunm abo eJeMenTa.

Pesyabsratu. CTBOPEHO CYKYITHICTh TEOPETUYHUX [I0JI0KEHb, TBEP/KEHD Ta JIOTTYHUX [TO0Y/I0B, 1110 OIUCYIOTh OCHOBHU TEO-
pii pecraBpariiitHuX MPOIECiB MpU pecTaBpaltii maMm’sToK apXitekTypu. /[oBeieHo, 110 IeHTPATBbHUM JIOTIYUHUM eJIeMEHTOM
Teopii pecTaBpalilfHUX MPOIIECIB € YSIBJIEHHS IIPO €INHUI CIIIJIBHO-O/IHOYACHUN ITPOIieC IIepeTBOPeHHsT MaTepiaJIbHUX eJle-
MEHTIB Ta 06’€KTa pecTaBpailii, IKi pO3rIAAa0OThCS AK €AMHUAN MPEAMET Mpalli pecTaBpalliitHoro mpoiecy.

BucHoBku. CTBOpeHHST OCHOB TeOpii pecTaBpalliliHUX MPOIECIB, 10 3IHCHIOIOTHCS i/l Yac pecTaBpallii mam’ssToK apxi-
TEKTYPH, I03BOJUIIO YIIOPSIAKYBATH CydacHi ysSIBIEHH, TPUHITUIIN 1 TTiZIXOIN TIIO/I0 TeXHOJIOTIi Ta OpraHisallii pectaBpartii y
BiJIKPUTY, BHYTPIlITHBO AnePEHIiiioBaHy Ta IiJTICHY CUCTEMY 3HaHb, B SIKiii IPOIlec pecTaBpailii PO3IJISIAEThCS SIK TIEBHUI
HOPSAIOK BUKOHAHHS KOMILIEKCY PECTaBPAIliiIHUX MIPOIECIB PI3HOI CKJIJHOCTI, CYTHICTh, CTPYKTYPa Ta BCTAHOBJIEHI KOMOI-
Hallii SKOr0 BU3HAYAIOTHCA CHCTEMHUMU BJIaCTUBOCTAMU 00’ €KTa pectaBpaliii, yMoBaMK BUKOHAHHSA PecTaBpaliiiHuX mpoie-
CiB Ta icHyI0YMMK OpraHizaliiiHO-TeXHOJOTTYHUMEI OOMEKEHHSIMHU.

Kmouoesi cnosa: ocHOBY Teopii, Tpottecu pecTaBpallii, TEXHOIOTis pecTaBpallii, TaM SITHUKHT apXiTeKTYPH.
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