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PROBLEMS OF THE ARCHITECTURE OF CHILDREN BOARDING-TYPE
INSTITUTIONS IN THE DOMESTIC SCIENTIFIC DISCOURSE

Babych O.M., graduate student,
0.krokhtiak@gmail.com, ORCID: 0000-0002-2377-5891
Lviv Polytechnic National University

S. Bandery st., 12, 79000, Ukraine

Abstract. The article examines the question of rethinking the architectural qualities of a boarding-
type building in the domestic discourse. The evolution of views on the main priorities of the
institutions of alternative care for children is traced. Also have been determined the key role of
Ukraine's adaptation of the deinstitutionalization strategy in the development of approaches to the
interpretation of the residential building. Within the chronological limits of the last 30 years, have been
highlighted three stages of transformation of the theoretical opinion regarding the planning and spatial
structure of the care institutions. One of them is related to the inertia of functionalist approaches, the
priority of which were aspects of physical health and ensuring the appropriate social level. The second
stage reflects the awareness of the inadequacy of vital pragmatics and the search for different ways of
influencing social adaptation and the psychology of positive interaction. At the third stage, a gradual
transition to the understanding of the residential building as a small scale structure with a capacity
oriented to the family type of cohabitation is noted. This opened up the prospect of a significant
rethinking of the methodology of designing alternative care facilities, searching for different methods
of adapting existing buildings and designing new ones on the basis that, in general, correspond to the
so-called deinstitutionalization strategy adopted by Ukraine in 2017.

In connection with this, there is a question of assessing the current state of domestic scientific
opinion regarding the design of residential institutions. On the basis of the methods used, it is
compared with the modern understanding of the facility for alternative care in Western countries,
where the strategy of deinstitutionalization has a longer history and has given certain theoretical and
practical results. In general, it was established that the domestic discourse in this field, despite the
relatively small number of works, corresponds to the main trends in the evolution of ideas about the
care environment for orphans and children with special needs. A number of features have been
identified that are characteristic of current domestic ideas in the field of care and can become the
basis for our own tradition of architectural interpretation of children's residential institutions.

Key words: boarding school, problems, discourse, deinstitutionalization, transformation.

Introduction. In August 2017, Ukraine adopted the National Strategy for Reforming the
System of Institutional Care and Education of Children, designed for the period until 2026. This
document marked the beginning of the process of transition to a new concept of care for children
deprived of parental care. Research in the field of children's behavior and personality development
has shown that there is a serious lag in the development of children who are brought up in so-called
institutional institutions of the traditional type [1]. Therefore, there was a need to search for a new
format for a residential institution, both in the sense of a pedagogical and an architectural and
design organization. The emergence of the mentioned strategy in Ukraine shows that, in general, the
country is aware of the existing challenges at the intellectual level and is ready for significant
reform, which will require significant efforts and resources. An additional circumstance that
actualizes the topic of development and improvement of residential institutions for children is the
significant social changes associated with the consequences of the Russian military invasion in
2022, which significantly increased the number of orphans and children with special needs. The
static nature of the field of alternative care, which was associated with objective circumstances,
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should be changed to an active search for effective ways of organizing care spaces based on
deinstitutionalization and the use of modern developments in the field of psychological adaptation
and socialization of children left without parental care. In this regard, the domestic research base
needs to be studied and systematized, as well as a comprehensive assessment from the point of view
of a) cost for the purposes of practical implementation of the strategy of deinstitutionalization
transformation, the possibilities of involving certain theoretical developments in the design of new-
type residential complexes; b) its comparison with similar discourses in other countries, especially
those where deinstitutionalization processes already have a certain tradition and corresponding
analytical reflection. Thus, the preliminary hypothesis of the study arose from the fact that in
Ukraine there is a specific situation in the design of alternative care facilities, which is formed by
three factors: a) the inertia of the intuitive tradition; b) a sudden increase in the need for residential
institutions, which is connected with the consequences of the Russian military invasion of Ukraine;
c) a rapid change in the paradigm of caring for orphans based on modern research in this field.

Analysis of recent research and publications. In the domestic discourse, since the 1990s, it
IS possible to note the interest in the topic of residential institutions for children deprived of parental
care. In particular, as early as 1993, O. Dorozhkina's dissertation appeared on the peculiarities of the
treatment of children in boarding schools [2]. In 2001, M. Komisaryk published a work devoted to
the use of phytoclimate in the rehabilitation and preventive work of orphanages [3]. Architectural
problems are considered in A. Arkhaimova's dissertation "Principles of architectural and planning
solutions of social rehabilitation centers (for homeless children and adolescents)™" [4]. In the next
decade, interest in more detailed aspects of the problem and the need to revise the "institutional”
model of residential institutions and their architecture is manifested. In this context, we can note the
works of L. Gnes [5], N. Myroshnikov and Y. Doroshenko [6], P. Sankov, S. Tkach and A.
Podolinny [7], V. Abyzova and O. Voloshchenko [8] and A. Kirnaz [9]. The latest works examine
this problem through the prism of new achievements in the field of treatment of orphans, with an
emphasis on the problems of socialization and individualization, a person-oriented approach. Such
studies include the works of A. Koval-Tsepova [10] and Z. Obitochnaya [11].

The purpose of the article is to study and evaluate the current state of research on the
peculiarities of the architecture of boarding-type children's institutions in the domestic scientific
discourse.

Research objectives: 1) trace the stages of development of the national scientific discourse in
the field of boarding school architecture and outline their main characteristics; 2) outline its features
and specificity, including in comparison with similar discourses in other countries, especially those
where deinstitutionalization processes already have a certain tradition and corresponding analytical
reflection.

Research materials and methodology. The issue of the architecture of alternative care
institutions for children is an urgent direction of the development of domestic science, both given
historical reasons and modern challenges associated with the Russian military invasion of Ukraine.
In the context of the former, it is necessary to note the significant legacy of the “institutional”
concept of treatment of orphans and children with special needs, which has a complex nature and
concerns both pedagogical and educational techniques and their spatial solution. This state, at one
time, became the starting point in the transformation of ideas about the architecture of care
institutions in the domestic discourse during the 1990s. An example can be O. Dorozhkina's
dissertation "Formation of the need for aesthetic activity in pupils of orphanages and boarding
schools” from 1993 [2]. In the study, the problem is considered more generally, and certain aspects
of the functioning of residential institutions are interpreted in the spirit of the modernist industrial
worldview. Despite this, certain specific features are also noticeable in the dissertation, which
indicates that the "functionalist" approaches, traditional for the Soviet era, are beginning to be
rethought. The author focuses on the category of creativity, as one of the key means of solving the
main problem — the formation of an individual within the positive framework of self-esteem and
socialization. It is possible to note the style and methodological approach characteristic of the post-
Soviet scientific school, avoiding the "mechanical™ perception of children only from the point of
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view of their welcome, not psychological and communicative needs. The further progress of
domestic scientific thought in the field of architecture of care institutions is connected with
rethinking the space and supplementing its welcome priorities with developmental and cognitive
elements. In this sense, it is possible to note, for example, the study by M. Komisaryk "Pedagogical
conditions for the use of paleoclimate in the rehabilitation and preventive work of orphanages for
orphans™ [3]. Here, the subject of personal orientation education is developing, which is carried out
through the mechanisms of involving elements of photo design in deciding the interior design of
residential institutions. In the work, with the help of several arguments, the important role of micro
landscape zones in the psychological regulation of children who are in a care institution is asserted,
primarily it is about the negative effect of developmental delay due to alienation from the family
format of the environment of growth. It is worth noting that the author draws her conclusions at a
time when the ideology of "deinstitutionalization” had not yet gained popularity, and studies that
showed the need to revise the treatment of children deprived of parental care in special institutions
had not been conducted. In addition to the theoretical part, the research also has a practical
component, which is related to the specifics of landscaped areas in the interior. In this sense, we can
talk about the development of certain pedagogical techniques and practices related to the
arrangement of caring spaces. The result of the study is the experience of working with the
modeling of various formats of overcoming alienation and seclusion, due to the use of architectural
and design methods of using micro-landscape gardening, which, in turn, testifies to one's original
search for ways to transform the architecture of children's boarding schools in the domestic
discourse.

The further development of this topic is connected with the reception and development of the
deinstitutionalization strategy. In this context, it is worth mentioning the dissertation work of A.
Arkhaimova "Principles of architectural and planning solutions of social rehabilitation centers (for
homeless children and adolescents)" [4]. Although the work was performed at a time when the
values of deinstitutionalization were just beginning to spread in the Ukrainian scientific and
educational space, the research is already distinguished by a rather deep understanding of the basics
of the problem and the author's understanding of the actual tasks of transforming ideas about the
architecture of care institutions. The author outlines three types of this type of facility — a
consultation center, a crisis center, and social patronage. Worthy of attention is the understanding of
the modern character of the residential building, which is seen as having the qualities of dynamism
and changeability. In this regard, the main architectural tasks have been defined, which should help
align the institution of alternative care with modern ideas about the growth of a child in special
conditions. Such principles as openness to the environment, self-sufficiency, and social orientation
are distinguished, as well as the participatory principle of organizing a common living space.
Special attention is devoted to measures to create "family" and communicative camaraderie.

In a certain sense, it can be said that A. Arkhaimova's dissertation is a kind of intermediate
link that combines two fundamental concepts of the architecture of care institutions for children
deprived of parental care. Already at this time (2005), the inadequacy and harmfulness of current
types of residential buildings, their functional rigidity, and visual dehumanization were determined.
On the other hand, the author suggests a gradual transition to the new principles of the architecture
of boarding facilities. Old buildings can continue to exist, however, However, on the other hand,
there is an opinion about the need to improve the care space, in fact, within the existing worldview
principles, regarding the stay of a child in such institutions.

The work performed at such a time, for obvious reasons, could not unequivocally abandon the
experience and heritage of "institutional” objects. Here, rather, we can talk about the intuition of the
necessary direction of their changes, which generally corresponded to advanced Western experience in
this area. It is worth noting that ten years before the publication of the results of the research on the
harmful effects of children’'s stay in institutional institutions, the author combines many valuable ideas
with their transformation precisely in the direction of family orientation and "family”, which
corresponds to those measures that will be kept in the future to avoid defects of the institutional system.
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Also worthy of attention is the idea of children of different age groups living together. The
content of such distribution is to form social responsibility and inclusiveness by assimilating
guardianship functions by older children relative to younger ones and thus achieving greater
personal attention focused on each child. Therefore, a kind of new "family collectives™ are formed,
which transmit the appropriate atmosphere from one generation to another. In addition, it is worth
noting the vision of care institutions as mobile institutions that can be temporary and solve certain
tasks related to unforeseen circumstances, or reflect certain specific circumstances of a particular
local context. In addition, various mobile care facilities are likely to be able to provide services to
more children. This is becoming especially relevant now when in connection with the Russian
invasion, a large number of temporarily displaced people appeared in Ukraine, there were changes
in the family structure — mainly in connection with the departure of a part of the family abroad, etc.

In the future, it is possible to note the strengthening of the positions of the values of
deinstitutionalization in the understanding of the actual tasks of the architecture of alternative care
institutions for children. In this regard, it is worth noting the small in scope, but rich in content work
of L. Gnes "Architectural and planning organization of family-type children's homes™ in 2010 [5].
Here, the author briefly outlines the shortcomings of the traditional system of treatment of children
in care homes and also considers the prospects for further progress in the framework of
psychological and social adaptation. The methodology is based on the description, which made it
possible to identify the main problems of "institutional” institutions and outline the range of
measures for their improvement. The article distinguishes two types of environment — individual
and collective. The effectiveness of children's growth is imagined as a search for a balance in these
two spaces. In this case, architecture deals with the spatial materialization of complex concepts of
growth aimed at increasing the individualization of the individual and its positive interaction with
the surrounding social environment. Spaces for collective interaction have a complex nature and are
intended for both traditional functions (eating, educational activities, etc.) and those aimed at
revealing the child's personal qualities (various types of creativity, cognitive leisure, etc.).

Processes of commercial subjectivization of residential functions are a separate important
topic characteristic of the domestic discourse on childcare institutions. During the period of
Independence, a process of diffusion and complication in the field of care took place due to the
emergence of various private and social initiatives, which largely developed in a chamber format by
adapting premises originally planned for other purposes. In particular (and in the vast majority)
these were multi-room apartments in residential buildings, in which, thanks to a change in design,
care functions were incorporated. The positive side of this process was the decrease in the number
of children in one institution, which is one of the main signs of a "deinstitutionalized™ institution.
However, according to the author's observation, such placement in a dense urban environment
seriously complicates the formation of an effective space for child care, the priorities of which are
personal-oriented development. The paper presents arguments that the most effective solution for a
modern boarding-type institution is a single-family house in a suburban environment, in which
planning techniques should be applied, the need for which emerges from the data obtained as a
result of a questionnaire survey. Therefore, the work of L. Hnes, although not large in scope,
contains important practical results and is an example of his reflection on the problems of the
architecture of alternative care institutions in the domestic scientific environment.

Detailing and deepening of the national discourse around the topic of the architecture of care
spaces for children deprived of parental care can be seen in the research article of Y. Doroshenko
and N. Myroshnikov "Houses for the education of orphans: a retrospective and typology of care
institutions™ of 2015 [6]. The basis of the work is the structuring of four types of boarding-type
institutions — a children's home, an orphanage, a boarding school, and a family-type orphanage.
Considerable attention is paid to the principles of balancing between welcoming and personal
aspects of the child's growth process. Thus, without directly mentioning the deinstitutionalization
strategy, its main principles and values are objectively present here.

A rather ambitious goal was set in the 2016 article by P. Sankov, S. Tkach, and A. Podolinny
"Methodology for the formation of houses — boarding schools for the social adaptation of preschool
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and school-age children”, which consists in "creating new methods of organizing boarding
facilities” [7]. As a basis, the authors take the assessment of various designs of boarding houses in
such countries as Great Britain, China, the USA, Germany, and others. Judging from the text, the
authors do not yet rely on the deinstitutionalization strategy as an already formed programmatic
phenomenon in their methodology and conclusions. The content of the material unequivocally
indicates the feeling of the need for the development of a "chamber" and "family” in the
organization of care space for children deprived of parental care. A significant amount of the
material is an analysis of various methods of neutralizing the mechanical and deindividualizing
reality of traditional residential institutions. The work focuses on the examples discussed in the
article, illustrating various architectural methods that give the environment emotional sensitivity
and contribute to the individualization of personal perception by exhibiting active visual markers
open to multifaceted perception.

The development of similar developments can be noted in the 2018 work of V. Abyzov and
R. Voloshchenko "Formation of the subject-spatial environment of children's shelters”, which
focuses on slightly different aspects of the architecture of care [8]. In a relatively small volume of
work, the authors focus on the importance of the internal spaces of residential institutions. The
inconsistency of the "barracks™ planning and spatial design method for the strategy of humanization
and deinstitutionalization, the implementation of which requires complex work in several fields, is
emphasized. Hey emphasize the objective obsolescence of the "barracks" type of residential
institutions, and much attention is paid to the need to find different ways of implementing programs
of psychological rehabilitation and personal growth, which are needed by children left without
parental care, to create an environment of positive perception of the environment and their
personality. In this sense, the authors turn to such areas as the scientifically based use of color,
develop the subject of mental integration into the inner space of micro landscape elements, etc.

The same theme was continued in the article by V. Abyzov and A. Kirnaz "Features of the
formation of the space of family-type children's homes" in 2020 [9]. The authors pay attention to
the practical aspects of design and set themselves the goal of laying a methodological basis for the
further creation of a regulatory framework for the design of boarding facilities of a new
deinstitutionalized type.

In contrast to previous explorations, which devoted a significant amount to theoretical
reflection and conceptual proposals, looking for successful approaches to the actual understanding
of spaces of care, here the principles of a practical recommendation program are developed. In
particular, it is proposed to give preference to individual projects taking into account the specifics of
one or another local base. Six schematic planning types of apartment blocks have been developed,
as well as five types of apartments for the guardian-type family. The work develops the topic of
recommendations for improving the emotional and communicative atmosphere within the
framework of children's interaction with teachers and educators. Among them, the leading place is
occupied by various design techniques. An important part of the work of V. Abyzov and A. Kirnaz
became the proposals for designing children's towns oriented towards certain formats of joint stay
of different age categories. By the principles of the scientific construction of the text, the authors
also reveal a probable perspective regarding the directions of further work on this topic.

A. Koval-Tsepova's 2021 dissertation "Principles of Interior Design of Child Welfare
Institutions™ [10] can be considered a valuable contribution to the development of the architecture
of care institutions. The research structure is aimed at positioning the topic in the context of the
dynamic picture of changes in this area, as well as the need to involve an interdisciplinary scientific
approach. The main task is the priority of overcoming the lag in the cognitive and communicative
development of children who do not have direct parental care and are alienated from the family
group. The author formulates her structuring of ways to solve the internal space, and also outlines a
set of principles-recommendations that should be followed in the future. In general, the basis of the
approach proposed in the dissertation in the formation of the caring environment remains classical
artistic concepts and approaches, which only find their expression in solving specific tasks.

Modern construction and architecture, 2023, no. 3, page 7-14

11



12

ARCHITECTURE

Since the developmental delay of children in need of alternative care is currently considered
the main problem of growth in residential institutions, special attention is paid to it in the work. In
this regard, three principles of environmental design were formulated, namely: authentic, game, and
professional orientation. Each of them allows, as it is believed, to contribute to ensuring the
necessary indicators of intellectual development. In the sense of practical value and implementation
of the results, several projects are listed, which are more likely to outline directions for further
improvement.

Among the innovative ideas that were voiced in the domestic discourse in the context of the
evolution of the architecture of residential institutions, it is important to note certain experiments
with the temporality of stay in alternative care institutions. Two levels can be noted here. On the
one hand, this is the stage that precedes resettlement with a foster family (if such resettlement is
possible); on the other hand, it is the time that children spend between studies in institutions of a
general educational nature or the framework of involvement in other forms of traditional social
interaction. Under such circumstances, the understanding of the architecture of boarding schools in
a certain way changes its character, reducing attention to the stationary functional and psychological
solution of the space. However, the current state of development in this direction indicates the need
for further, first of all, practical experiments with spatial structures, the design of which should not
be limited only to the archetypes of traditional architecture.

The most recent scientific works devoted to the architecture of residential institutions for
children include the 2022 study by Z. Obitochnaya "Functional and planning organization of the
center for a joint temporary stay of the elderly and orphans™ [11]. The main idea is the proposal to
combine alternative care facilities for children and homes for the elderly. The main argument is the
complementarity of the main needs and tasks of both institutions, which can therefore work in a
complementary mode and mutually cover the special problems that are characteristic of each of
these types of institutions. The references to foreign experience given in the article are introductory,
and the proposed concept, which can be considered a valuable contribution to the topic of the
architecture of alternative care institutions, requires a long process of practical tests and gradual
reflection. Probably, in the future, facts will be revealed that will testify not only to the
complementarity but also to the mutual contradiction of the specifics of both institutions. The need
for individualized attention, which can overlap, on the other hand, does not always coincide with
the expectations in the behavioral sphere, the dynamics of the daily cycle, etc., typical for both age
groups. Despite this, the very fact of the emergence of such a concept testifies to the active
development of the architecture of boarding-type children’s institutions in the domestic scientific
discourse.

Conclusions:

1. Three stages of the development of the domestic scientific discourse in the field of
boarding school architecture are traced, which reveal an organic transformation of priorities in the
direction of distancing from the practice of "institutional™ institutions and a purely functionalist-
welcoming approach in interpreting the care environment. At the first stage, relative inertia is still
characteristic, in which a general orientation towards a re-emphasis of attention from a collective to
an individual communicative format is felt. The second stage is characterized by turning to practical
methods of architectural and design organization of the environment, searching for methods of
supplementing and enriching the arsenal of practical tools designed to strengthen the qualities of a
person-oriented model of growth, the politicization of communicative and social adaptation. The
third stage represents a more mature form of understanding the values of deinstitutionalization in
the design of residential institutions. Attempts are being made to outline the framework for the
regulation of alternative care institutions on a new conceptual basis.

2. The peculiarities and specifics of the domestic discourse of rethinking the architectural
qualities of the boarding-type building are outlined. It is established that it contains some specific
features that make it possible to talk about certain individual features; in particular, these are
experiments with the following issues: a) optimization of personal development by complementing
different age groups, including children and the elderly; b) flexible interpretation of the space of
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care through the involvement of a wide typological spectrum of adaptable premises; c) temporality
and changeability of care processes, installation of the potential of temporary and mobile
bookmarks of alternative care, development of appropriate architectural and constructive solutions.
Therefore, it can be asserted that the national professional discourse has gone through its path of
forming the values of deinstitutionalization of alternative care institutions for children and the
search for its architectural expression. The current state of development is about several promising
areas that can be developed in the future and lay the foundations for the development of a new
school of designing residential-type institutions.
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INPOBJIEMATHUKA APXITEKTYPU JUTAYUX 3AKJTAAIB IHTEPHATHOI'O TUITY
Y BITYU3HAHOMY HAYKOBOMY JUCKYPCI
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AHOTaNisA. Y cTaTTi pO3risHYTO MUTAHHS MIEPEOCMUCICHHS apXiTeKTYpHUX SIKOCTEl OymiBii
IHTEpHATHOTO THUITY y BITYM3HSHOMY AHMCKYpci. IIpocTekeHo eBOJIONiI0 MOIJISIIIB Ha OCHOBHI
NPIOPUTETH 3aKJIaly aJbTEepPHATHMBHOTO JOTJISAAY 3a AITbMH. BH3HA4YeHO KIIIOYOBY pOJb ajanTariii
VYkpaiHorw crparterii AeiHCTUTYali3allil y pO3BUTKY MiJXO/IB 10 TPAaKTyBaHHS IHTEpHATHOI Oy IiBIi.
B xpononoriunux Mexax octaHix 30 poKiB BHIUIEHO TPH eTanmu TpaHcopmarii TEOPeTUIHOI
IYMKH 100 IUIaHYBaJIbHOI Ta MPOCTOPOBOI CTPYKTYpPH 3aKiany omiku. OJUH 13 HUX OB s3aHUi 13
iHepi€ero GyHKIIOHATICTUYHHUX MiAXO0/iB, IPIOPUTETOM KOTPHUX OYJIM acCEeKTH (i3UYHOTO 3T0POB’S
Ta 3a0e3IMeUYeHHs] BIAMOBIIHOTO COIIANBLHOTO piBHA. [pyruii eranm BimoOpakae yCBIJOMIICHHS
HE/IOCTATHOCTI BITAIBHOI MParMaTHKH 1 MOIIYKH Pi3HUX CIIOCOOIB BIUIMBY HA COILIAJbHY aIallTAIIiIo
Ta MCUXOJIOTII0 O3UTUBHOI B3aeMoii. Ha TpeTboMy eTami BiJj3HAYa€eThcs MOCTYNOBUN Mepexif /10
PO3YMiHHS iHTEepHATHOI OYIiBII SK KaMepHOI MaJOMICTKOI CTPYKTYpPH OPi€HTOBAHOI Ha CiMEHHMIA
TUI CHIBXKUTTA. Lle BiIKpMIIO MEepPCNEeKTUBY CYTTEBOrO MEPEOCMUCIEHHS METOAMKH MPOEKTYBAHHS
3aKJIa/IiB AIbTEPHATHUBHOI OMIKH, MOIIYKIB PI3HUX MPUIOMIB aganTalii BKe iCHyIounX OyaiBenb Ta
MPOEKTYBAaHHS HOBMX Ha 3acajax, KOTpi, 3arajoM, BIANOBIJAIOTh TaK 3BaHIM cTparterii
neiHcTuTyIianizamnii agantoBanoi Ykpainoto y 2017 potii.

B 3B’s3Ky 13 IIUM, BUHMKA€ MUTAHHS OLIHKU CY4aCHOI'O CTaHy BITUM3HSAHOI HAYKOBOI AYMKHU
IIOZ0 MPOEKTYBAaHHS IHTEPHATHHUX 3aKiaaiB. Ha OCHOBI BHKOPHUCTaHUX METOJIB, HABOJIUTHCS il
MOPIBHSAHHS 13 Cy4aCHUM PO3YMIHHSM CIOPYIHU I aJIbTEPHATHUBHOI OMIKM y KpaiHax 3axony, e
cTparerisi ACIHCTUTYyali3amii Mae TPUBAJIIIIY ICTOPiI0 1 Jaja MEeBHI TEOPETUYHI Ta MPaKTHYHI
pe3yabTaTu. B 3aranbHOMy BCTaHOBJIEHO, 110 BITUM3HAHUI AUCKYpC y Lill cdepi, He AUBISYUCH HA
BITHOCHO Majly YMCENIbHICTh Mpallb, BiJNOBIA€ OCHOBHMM TEHCHIIISIM €BOJIIOLII YSBICHb IO
CepeIoBHILE MIKJIyBaHHS Ui AITEH-CUPIT Ta JiTel 3 0cOOMMBUMHU MOTpedamu. BcTaHoBIEHO psif
0COOJIMBOCTEM, KOTpl XapaKTepHI [Js aKTyalbHMX BITUM3HSHMX 1/l B I[apUHI MIKIyBaHHA 1
MOKYTh CTaTH OCHOBOIO ISl BIACHOT TPaJMIii apXiTeKTypHOi 1HTEpIpeTaii JUTSYMX IHTEPHATHUX
3aKJIaiB.

KurouoBi cioBa: iHTepHar, npoOieMaTika, TUCKYpC, AEIHCTUTYalli3allis, TpaHChOopMaLlis.
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Abstract. The article consides the problems of Lviv’s newest sacred architectural buildings,
namely their functional qualities. It is proven that among the main reasons why religious people
rarely attend liturgies can be a lack of time or a general reluctance to visit the church, giving
priority to other matters.

The following principles of the designing of church educational institutions are given:
denominationalism and ecumenism; multi-education; sacredness; worldliness; inclusiveness;
flexibility and mobility; traditionalism and modernity.

The main functional zones are distinguished, which include the entrance zone, sanctuary,
entertainment and recreation, educational, dining, residential, commercial, administrative, technical,
household, exhibition and auxiliary groups of objects.

The necessity of searching for new ways and means of spreading spiritual knowledge in
society is indicated. It requires new methods and approaches in the design of institutions of
religious activity. Special attention is paid to the needs of people with disabilities.

Public spaces are divided into functional and cultural and educational spaces.

Types of location of public spaces in churches are described, they are: part of the floor, in a
specially built building, with a specially decorated entrance, under the open sky, part of the building.

The topic of public space in temples is considered. It is noted that the building of the spiritual
retreat center, which combines various social functions, is designed in such a way as to ensure the
comfort of visitors and the smooth operation of all functional processes. The internal organization
of space plays an important role in this. The interior is the final addition to create an artistic image
and overall harmonious composition.

In the study, the functions of sacred architecture are determined: (commercial function,
social/public function, religious function, etc.). It is determined that the church, as a building, is
historically something more than a religious building. It is proposed to design the temple as
multifunctional and to develop it not only as a religious building, but also as a public area.
Recommendations on the architectural solution of sacred buildings are given, an overview of
individual examples of modern sacred architecture in Lviv is given. The functional properties of
modern churches in Lviv are analyzed.

Key words: functional properties, modern churches, sacred architecture, cult building, public
function.

Introduction. Along with obtaining independence from the Soviet Union, new opportunities
in the construction of sacred architecture opened up for Ukraine.
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Although there are many wonderful examples of historical sacred architecture of different
styles and eras in Lviv, there was and still is an urgent need to build new churches. After all, the
city has significantly expanded over the past half century, the population has increased, and the
demand for sacred architecture has not disappeared, even after the socialist regime. Also, the
Church itself is interested in increasing the number of new parishioners.

Analysis of research sources and recent publications. In modern sacred architecture, this
issue has been discussed by many scientists. The question of the shape and appearance of modern
sacred architecture is considered by such scientists as: Hnatiuk L., Kyuntsli R., Stepaniuk R.,
Chaplinskyi Y., Rodoslav Zhuk., Bevz M., Kryvoruchko Y. etc.

The theme of the symbolism and tradition of the sacred architecture of Ukraine is revealed in
the works of such scientists as Y. O. Doroshenko, R. O. Pustovoit, M. Bevz, L. Hnatyuk.

Authors who analyze the role of the Church in society: Podorozhnyi Y. A., Rybachuk M.,
Dyachok O. M. The public function of modern Ukrainian churches is considered by: Stotsko R.Z.,
Proskuryakov V. 1., Kucher A. M. etc.

The following authors Yatsiv M., Shevchuk G., Hnidec R. considered features of the
constructive solution of temples, as well as their acoustics and lighting.

There are many studies and publications on the topic of sacred architecture of Ukraine, but
almost all of them consider historical temples.

You can also mention Julian Chaplinskyi's video blog, namely the lecture "Think the city: the
crisis of modern sacred architecture” [1], however, this work is more concerned with the formative
qualities of temples.

Currently, there are not many studies that would reveal the functional qualities of modern
Lviv churches, which indicates the relevance of this topic.

Purpose and objectives. The purpose of the article is to analyze the problems related to the
multifunctionality of churches, to analyze the operational and functional qualities of the newest
churches in Lviv.

Methods. The Internet, literature, and interviews with temple visitors will be used to collect data.
For the study, churches built only in Lviv, and in the period from 1990 to 2021 were examined.

The base material and results of research. Throughout history, the Ukrainian church, as a
building, was not only a place of worship, but also a center of public activity, a cultural and educational
space. Fraternities were concentrated near the church, which created printing houses, hospitals, and
homes for the elderly. The sacristy performed the functions of a bank and a library [2].

In the scientific works of modern Ukrainian researchers on the topic of sacred architecture,
mainly the architectural-figurative component of the temple is highlighted, without considering the
social role of the temple in the life of Ukrainians. Such scientists as V. Kutsevich, Yu.
Kryvoruchko, T. Hevryk, V. Semchyshyn, O. Horbyk, M. Yatsiv and V. Tregubov, V.
Proskuryakova and V. Kutsevich studied these issues in more detail [3-5].

In his work "Architectural typology of spaces for public activities in the churches of M.-D.
Nimtsiv" scientists V.I. Proskuryakov, A.M. Kucher consider the topic of public space in temples.

According to scientists, it is much easier to design and build a church and public space at the
same time and in a complex. The experience of Ukrainian colleagues abroad has long proved the
possibility and expediency of such a practice [2].

In the work of scientists, there are examples of church projects by the Ukrainian architect M.-
D. Nimtsiv, and on this bassis, a classification of types of spaces for public activities in the
complexes of Ukrainian churches was carried out. The following types of location of public spaces
in churches are described, such as: part of the floor, in a specially built building, with a specially
decorated entrance, under the open sky, part of the building [2].

Scientists divide public spaces into functional and cultural and educational ones.

Functional elements include: cabinets, offices, communications, technical, warehouse,
sanitary facilities, wardrobes, multifunctional halls, stages, theaters and others. According to the
genre of cultural and educational activity, public spaces are divided into societies, unions,
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organizations, places of enlightenment, theaters. Here you can hold meetings, rallies, theater
performances, evenings, holidays, ceremonial events, and solve organizational issues [2].

The authors believe that in churches it is necessary to form both spaces aimed at the cultural
enrichment of believers, such as theaters, cinema halls, libraries, and more functional and
organizational spaces, such as halls, offices, youth organizations, etc. [2].

Regarding the spatial planning solution, according to the authors, public buildings should be
joined with the temple so that they do not infringe the integral perception of it as a sacred building [2].

The authors also pay attention to the needs of people with disabilities, in particular, they
indicate the need to equip ramps and allocate separate places in the parking lot.

We agree with the authors regarding the classification of types of location of public spaces at
the temple, as well as with their conclusions concerning the cultural and educational function of
sacred buildings.

The church also performs a spiritual and educational function in society. In the church
building, both educational institutions and circles, as well as premises for catechesis, retreats, or
consultations on religious and other issues can be concentrated.

The topic of religious enlightenment is considered in the work of K.T. Golubchak
"Architectural and planning organization of spiritual and retreat centers of the Ukrainian Greek-
Catholic Church™. The author believes that the need for the formation and transmission of spiritual
knowledge and relevant values in society, and therefore, the urgent need to find new ways and
means of spreading them in society, requires new methods and approaches in the design of
institutions of religious activity [6].

The scientist reveals the topic of the retreat centers in the church building. According to the
author, the architectural-spatial organization of the spiritual-retreat center is a complete structural
system that requires a comprehensive study and consideration of two important aspects: the stages of
formation of planning and volumetric-spatial elements and canonical elements and symbols of the
sacred space [6].

"In 2011, the Patriarchal Pilgrimage Center of the UGCC issued a directory with detailed
information on the main pilgrimage centers of Ukraine. For Ukraine, spiritual retreats are a
relatively new practice, and therefore little-studied", it is indicated in the work [6].

Having conducted an overview of world examples of spiritual retreat centers, the author
concludes that a characteristic feature of modern sacred buildings and spiritual retreat centers is
additional space for various spheres of social activity, such as leisure, recreation, creativity,
education and health promotion, which within of the complex provide a full-fledged spiritual
development of the individual [6].

The scientist singled out the main functional zones, which include the entrance zone,
sanctuary, entertainment and recreation, educational, dining, residential, commercial,
administrative, technical, household, exhibition and auxiliary groups of objects.

The work presents the principles of designing spiritual and retreat centers, in particular the
principle of focusing on the spiritual component, the principle of prioritizing sacred elements in the
selection of design spaces, the principle of differentiation based on the potential of visitors (target
audience), the principle of interconnection of design spaces with the functional purpose of the building,
the principle of integration and the principle of interfaith tolerance — these are some of the principles
that should be remembered by designers of psychiatric hospitals and recreation centers [6].

The building of the spiritual retreat center, which combines various social functions, is
designed in such a way as to ensure the comfort of visitors and the smooth operation of all
functional processes. The internal organization of space plays an important role in this. The interior
is the final addition to create an artistic image and overall harmonious composition [6].

We agree with the author that additional space for various spheres of social activity, including
creativity and education, recreation and rehabilitation, is important for religious centers.
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In our opinion, it is worth paying attention to the principles of designing spiritual retreat
centers, such as the principle of differentiation based on the potential of parishioners.

The work "Architecture of Roman Catholic Educational Institutions of Modern Ukraine™ by
R. Stotska, formulates the basic principles and presentes practical recommendations for the design
of a church spiritual and educational institution in Ukraine.

The work presents the following principles of designing church educational institutions:
denominationalism and ecumenism; multi-education; sacredness; worldliness; inclusiveness;
flexibility and mobility; traditionalism and modernity. It is noted that the center of religious and
humanitarian education as an architectural complex is a union of units of spiritual and humanitarian
education of all levels in Ukraine, making a single architectural ensemble with the church as its
main ideological and visual object [7].

We share the author's view on inclusiveness, global enlightenment and ecumenism when
designing church educational institutions.

In general, the functional purpose of a sacred building can be conditionally divided into three
points:

1. Religious function. Carrying out liturgies, rites and sacraments. The religious function is the
main, defining one for a sacred building. Therefore, a successfully designed church should have
good conditions for holding these events, that is, should have good acoustics, planning, lighting,
microclimate,etc.

This item should also include catechism, the provision of various consulting services related
to religious topics.

Since the Christian religion includes a missionary component, the church, as a Christian
building, also faces the task of increasing the number of parishioners, where various architectural
solutions can be of great help.

2. Social/public function. The temple, as a place of regular gathering of the community,
should also perform a significant social function. Considering that most people, choosing a temple,
pay attention to the proximity of the temple location [8, 9], residents of the residential area can
gather in temples for conversations and discussions. The temple building may have special places
for meetings and discussions, public debates, and performances [8, 10, 11].

This also includes charities and various rehabilitation services.

3. Commercial function. The temple can rent out various premises, places in the parking lot,
serve as a place for music concerts and other events. It can also contain various public facilities, that is,
a library, offices, a refectory, a gym, an educational institution and clubs for young people etc.

Every vicar of the church is interested in increasing the number of visitors to his church.
However, new visitors are not necessarily people who have recently converted to a particular
denomination. There are many people who identify themselves as Christians, but for one reason or
another do not often go church.

In the Pew Research Center study "Choosing a New Church or House of Worship", a survey was
conducted about the religious life of the US citizens. Although the survey was not conducted among
Ukrainians, its data are valuable for us due to the certain universality of this issue.

"More than one in five Americans (22%) attend religious services no more than a few times a
year, but they say there was a period in their lives when they attended the church more often. When
they were asked an open-ended question about why religious attendance has declined, nearly half
pointed to practical problems as the reason. This includes one in five who say they are too busy to
attend religious services regularly (for example, because of their work schedule) and one in ten who
say that going to church is not high on their personal priority list (for example, because they are
"disaccustomed themselves from it" or "too lazy" to attend regularly)" [9].

So, among the main reasons why religious people rarely attend liturgies, one can single out lack
of time or the usual reluctance to visit the temple, giving priority to other matters.
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"Today, the church is expanding its functions: parishioners not only attend services, but also
gather for seminars, communicate, organize exhibitions and holidays etc. Therefore, when planning the
space of the temple complex, it is necessary to take into account the appearance of new functional
auxiliary premises” [9, 11].

Given this it is expedient to design a multi-functional temple and develop it not only as a
religious building, but also as a public area. It is desirable to provide recreational space, premises and
activities for young people, as well as more secular premises, such as a refectory or a library. After all,
such a church will serve not only as a venue for liturgies. Believers in such churches often stay even
after the Divine Service, and the church itself begins to play a more important role in their lives.

The reason for the higher level of attendance at churches in the past can be attributed to the fact
that earlier the church building played a significant social role in the life of the believer and the
community. The architectural design and planning of the church should also contribute to the
strengthening of social bonds among its parishioners and encourage a more active religious life.
Therefore, it is important to provide premises for meetings, discussions and debates, public libraries,
etc. in the temple complex [8, 9]. Such expected things as the friendly and fascinating environment of
the building, its original design and shape can help in the popularization of the temple [10].

It is worth noting that the church, as a building, is historically something more than a religious
building. Historical sacral complexes are also centers of education and philosophy, libraries, community
centers, and even defense structures. Therefore, there is nothing exclusively modernistic in the idea of a
multifunctional temple.

Foreign experience in designing a modern sacred building with a developed public space:
Korean Presbyterian Church, USA, 2013 [12] (Fig. 1). Architects: Arcari + lovino Architects.

The church hall has a capacity of 380 parishioners and is acoustically designed to host musical
concerts and performances in addition to traditional functions. Due to its multifunctionality, believers
gather before and after the service. In this two-story building there is a picture gallery, where the works
of the parishioners are exhibited. In the basement there are three children's chapels for different age
groups (Fig. 2 and Fig. 3). The recreation area also has an indoor basketball court and a kitchen. The
monolithic vertical ribs of the sanctuary allow diffused light to enter the space through openings from
the floor to the ceiling. Together with the ceiling system, they improve the acoustic quality of the
performance [12].

Fig. 1. Korean Presbyterian Church in the USA

Among the modern Lviv churches with the most developed public function, we can single
out: Church of the Nativity of the Holy Virgin, St. John Paul Il Square. Denomination: UGCC.
Architect: Radyslav Zhuk. End of construction: 2000.
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Fig. 3. Korean Presbyterian Church in the USA. Functional zoning of the basement floor. The
author’s desighn

Modern construction and architecture, 2023, no. 3, page 15-24



ARCHITECTURE

The church is located at the intersection of two main streets and compositional axes of Sykhiv
and is one of the key elements in the formation of the general panorama of the district (Fig. 4). At
the same time, the church is an important public area and a meeting place for many residents of the
Sykhiv district. In general, this is a rather multifunctional complex. The territory of the temple
includes many premises that are aimed specifically at young people. In addition to the Sunday
school, there are also various creative clubs here, the assembly hall is used for showing films, and
classical music concerts are sometimes held in the church hall [13, 14]. Even the facade of the
building is used in an original way: from time to time, a movie projector is broadcast on it [15].

Fig. 4. Church of the Nativity of the Holy Virgin. Side view

The premises of the administration, school, and clubs are located in the basement of the
church, and thus do not conflict with the architecture of the church (Fig. 5).

S R 2 — Ground level
N X ; SN fchurch)

Fig. 5. Scheme of functional zoning of the Church of the Nativity of the Holy Virgin. The author’s
desighn

Golgotha House of Prayer (Fig. 6), Skrypnyka Str., Sykhiv. Denomination: Protestant church.
End of construction: 2006.
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Fig. 6. Golgotha House of Prayer. Author's photo

Today, the building of the House of Prayer and the seminary is one of the largest spiritual
institutions in the Western region. The prayer house project was developed by Ivan Kovalenko and
G. Kalinin.

The premises of spiritual educational institutions are also integrated into the building of the
House of Prayer.

They comprise a library with an administrative office, five classrooms, a service hall, a
computer room and a reading room. The building also has a dormitory, dining hall, gym, and
recreation rooms [16, 17].

The temple fulfills its public function very well. Some people who walk around the territory
do not even call themselves Protestants, but say that they come here regularly.

Chapel of St. Luigi Orione (Fig. 7), Abraham Lincoln St. Denomination: UGCC. Architect:
Mykola Rybenchuk. End of construction: 2007.

o
-

Fig. 7. Chapel of St. Luigi Orione. Author's photo

The chapel is part of the monastery complex of St. Luigi Orione, which also includes a temple
designed by the Swiss architect Mario Botta, and a monastery. If the previous examples were entire
sacral complexes with large territories, so this chapel is an example of the arrangement of a
developed public space even in a small building. Despite its small size, the chapel is very
multifunctional. One building contains both the hall itself for believers and premises for young
people: a catechetical school, a gymnasium, offices for the youth community, as well as
administrative premises and a rehabilitation center [18].

Conclusion. So, based on the conducted review and research, we can conclude that in modern
Lviv churches it is necessary to develop their public function more widely, as on the territory of the
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church believers would like to see a library, conference hall, children's groups, etc. At the same
time, it is desirable to improve the church territory. However, it is important to maintain a balance
so as not to make Christian churches look like ordinary multifunctional centers.
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Anortamia. CratTs po3risgae mpoOJeMU HOBITHIX CaKpaJIbHUX apXiTEKTYpHUX OyIiBeib
JIpBOBa, a came ix (yHKIiOHANBHI SKOCTIi. JloBeAeHO, IO cepe] OCHOBHHUX MPUYHH, YOMY PENiTiiHi
JIIOJIM MOXKYTh PIAKO BiABIAYBATH JITYPrii MOKHA BUALUTUTH Opak yacy abo K 3BHYaiiHe HeOaKaHHS
BIJIBIlyBaTH XpaM, HaIal0Uu MPIOPUTET IHIIUM CIIpaBaM.

HaBeneno HacTymHi NpUHIMIK TPOEKTYBaHHS LIEPKOBHUX OCBITHIX 3aKjajiiB: KOH(pECIHHICTh
Ta €KyMEHIYHICTh; MYJIbTHOCBITHICTh; CAKPaJbHICTh; CBITCHKICTh; IHKJIIO3UBHICTH;, THYYKICTh Ta
MOOLTBHICTh; TPAIUIIIHICT Ta MOJIEPH.

BuokpemieHo OCHOBHI (YHKIIIOHaJIbHI 30HH, $IKI BKJIOYAIOTh BXIJHY 30HY, CBSATHJIMILE,
pO3BakallbHO-pEKpealliiiHy, OCBITHIO, iJaJIbHIO, JKUTJIOBY, KOMEpULINHHY, aJMIHICTpPAaTUBHY,
TEXHIYHY, TOOYTOBY, BUCTABKOBY Ta JONOMIDXHY IpyIH 00'€KTIB.

Bxa3zano Ha HEOOXI1JIHICTh MOIIYKY HOBHMX LUISXIB 1 3aCO0IB MOUIMPEHHS JYXOBHHMX 3HAaHb Y
CYCIIIbCTBI, BUMarae HOBUX METOJIIB 1 MiJXO/IB B MPOEKTYBaHHI 3aKJIaJIB PEJIriiHOI JisSIbHOCTI.
[Tpunineno ocobauBy yBary Ha noTpedu ocio 3 0OMeKEHUMHU MOXJINBOCTSAMU.

I'pomaicbki MPOCTOPU MOAUISIOTH HA (DYHKIIOHAJIBHI Ta KyJIbTYPHO-NPOCBITHUIIBKI. OnHcaHo
TaKi TMIM PO3TALIYBaHHS I'POMAJICBKUX MPOCTOPIB y IIEPKBax, SIK: YaCTHHA MOBEPXY, Y CIELiaJbHO
30y0BaHOMY OY/AMHKY, 31 CHIeLialIbHO O(OPMIIEHMM BXOJIOM, M1/l BIIKPUTHUM HEOOM, YacTHHA OYiBIi.

Po3rnsHyTOo TeMy rpoMaichKoro MpocTopy y Xpamax. 3a3HaueHo, 1o byniBns myxoBHO-
PEKOJIEKIIMHOrO LEHTPY, 10 MOEAHYE B cO01 pi3HI coliaibHI (YHKIII, CIIPOEKTOBaHA TaKUM YHHOM,
o6 3abe3neunt KOMQOPT BiABIYBadiB 1 Oe3mepediiiHy poOoTy BCiX (DyHKIIOHATBHUX IPOLECIB.
BaxumBy ponb y 1bOMy BiAIrpae BHYTpIIIHS oOpraHizaumis mnpoctopy. IHTep'ep € ¢iHambHUM
JIOTIOBHEHHSIM J1s1 CTBOPEHHSI XYI0KHBOT0 00pa3y Ta 3arajbHOi FapMOHIIHOT KOMIIO3HUIII.

VY gocmikeHi BHU3HAY€HO (YHKIII CakpajibHOI —apXiTeKTypu: (KoMmepuiiiHa —(QYHKIS,
colianbHa/TpoMasicbka (yHKIIIS. peniriiHa ¢yHKINS Tomio). BuzHaueHo, 1m0 mepkBa, sK OymaiBis
ICTOpUYHO € YUMOCh OUIBIIMM HIXK peniridHa cropyzaa. 3anporoHOBAaHO TMPOEKTYBATH XpaMm
6araToyHKIIOHAILHUM Ta PO3BUBATH MOT0 HE JIMILE, K KYJIBTOBY CHOPYIY, aje i pOMaJICbKY 30HY.
Hanano pexkomeHnamii 100 apXiTEKTYpHOIO BHPILIEHHS CaKpAIbHUX CIHOpY[, HaBEIACHO OIS
OKpPEMHX MPUKIAIIB CydacHOI cakpaibHOi apxirekTypu JIbBoBa. IlpoananizoBaHo (yHKIIOHATBHI
BJIACTHBOCTI Cy4acHHUX XpamiB JIbBoBa.

Kurouosi ciaoBa: (yHKIiOHaNbHI BJIACTUBOCTI, Cy4acHl XpaMH, CaKpajbHOI apXiTEeKTypH,
KYJIbTOBa CIOPYJIa, TPOMaJChKa (QYHKIIIS.
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Abstract. Vertical cylindrical containers are widely used for storage of granular bulk materials.
The enclosing side surface of such containers is made in the form of cylindrical metal circular shells
with a wall thickness that is constant or piecewise constant along the height of the shell. Known
designs for storage of bulk materials of the reservoir type with the installation of a cylindrical shell on
the annular foundation with hinged fixed attachment of the shell to the foundation. Thin-walled shells
are made suspended from the supporting structures of the storage facilities. To stabilize the cylindrical
shape of the shell and its position in space, the suspended shells are pre-tensioned in the vertical
direction. During operation, storage facilities are empty and filled with bulk materials, exposed to the
environment in the form of wind and temperature climatic influences.

The object of study of this work is the enclosing structures of storages of granular bulk
materials in the form of vertical circular cylindrical thin-walled metal shells, in the general case of
piecewise constant thickness, subject to temperature and climatic influences of the environment —
changes in the temperature of the outside air, direct and diffuse solar radiation.

The subject of the study is the components of the stress-strain state of the shell due to changes
in temperature and climatic influences. The performed studies of the temperature fields of storage
shells on models and full-scale objects made it possible to substantiate the assignment of the
temperature field of cylindrical storage shells by Fourier series.

One-sided solar heating of cylindrical storage shells completely illuminated by the sun
induces in the shell wall a flat temperature field symmetrical with respect to the normal of incidence
of sunlight, which can be represented by a Fourier series with five terms of the cosine expansion
series. In the presence of a structure located next to the shell, which covers half of the shell along
the entire height in the circumferential direction, the temperature field is described by a Fourier
series containing 10 harmonics of expansion in sines and cosines.

The small thickness of the shell, the significant radius of curvature of the shells, the large
thermal diffusivity of metals provides a small variability of the temperature of the shell over the
thickness, the ability to describe the stress-strain state of the shell, the momentless theory and a
simple edge effect.

Formulas are obtained in Fourier series for the forces of a momentless state, the residuals of
which at the joints of shell chords of different thicknesses and in the support zones are eliminated
by a simple edge effect.

Keywords: momentless theory of shells, theory of edge effect, temperature climatic
influences, forces and displacements in an empty vertical cylindrical shell.

Introduction. Storages of bulk materials in the form of vertical cylindrical metal thin-walled
shells, during operation, are empty and filled with bulk material and experience the temperature
climatic effects described in [1]. A change in the temperature of the outside air, the intensity of
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direct and scattered solar radiation induces a flat temperature field in the shell — the temperature of
the shell is constant along the generatrix and variable in the circumferential direction, approximated
by a Fourier series containing 5 terms of the cosine expansion series for the shell fully illuminated
by the sun and 10 members of the series expansion in cosines and sines - for a shell half of which is
covered by a screen at its full height. The temperature drop across the thickness of the shell can be
neglected due to the small thickness of the shell (3 ... 10 mm) and a significant coefficient of
thermal diffusivity of metals (steel, aluminum). Has a direct effect on the stress-strain state (SSS) of
the shell? In this case, it is necessary to take into account the variability in time of the position of
the sun in the sky and the corresponding change in the position of the normal of the incidence of
sunlight on the shell. The stress-strain state of the walls of bulk materials storages under
temperature climatic influences is necessary to know when designing new bulk materials storages
and assessing the strength of existing ones.

Analysis of recent research and publications. In [1], the temperature climatic effects on
cylindrical metal shells were investigated, in [2, 3], the stress-strain state of the shell on an elastic
foundation with a piecewise constant was investigated, and in [4] with a piecewise linear bed
coefficient with axisymmetric cooling of the shell.

The small thickness of the shells, the absence of significant gradients of changes in the shell
temperature led to the application in [2-4] of the momentless theory of shells, supplemented, to
eliminate the residuals of the momentless solution, the theory of a simple edge effect. In this study,
we use a similar proven approach.

Goals and objectives. The purpose of this work is to study the stress-strain state of an empty
vertical cylindrical metal thin walled shell of piecewise constant (in height) thickness, (Figure 1, a),
caused by temperature climatic influences — non-axisymmetric heating-cooling of the shell to the
state of the same temperature in all of its points.

Methods and Results. Let us write down the basic equations of the momentless theory of
thin cylindrical shells [5, 6]. Geometric Equations:

51=£a—u+att, 52=E(Q+Wj+att, 1)
R 0 R\ op
where u,v,w — components of displacements of points of the middle surface of the shell
(positive directions are shown in Figure 1, a);
&,&, — deformation of the middle surface, respectively, in the axial and circumferential
directions;
a, B — dimensionless coordinates of the points of the middle surface: a=x/R, (angular
coordinate;
t — shell temperature is a given function of coordinates o and f;
R — radius of the middle surface of the shell;
h — shell thickness;
E, 1, ¢, — Young's modulus, Poisson's ratio and coefficient of linear thermal expansion of the
shell material.

Positive directions of efforts and displacements are shown in Fig.1.
Physical equations for a cylindrical circular shell have the form:

Eh ou ov
N, =m|:£+ﬂ(%+WJ—(l+ﬂ)~at~R~t]

Eh ov ou
N2—m{%+w+y%—(l+y)-at-l?-t] (2)

Eh  (ou ov
S=———| =+ —|.
2(1+,u)~R(8,3 6aj
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I=LIR

Fig. 1. Positive directions of effort and displacement:
a — momentless stress-strain state; b — the state of the edge effect

Equilibrium equations in displacements have the form:

2 _ 2 2
auz+l uauer1+u 6V+ (1+,u) Rﬂ,
oa 2 0p 2 oaof 60{ oa
2 _ 2 2y
1+ u au+1 y6\2+8 ow ~ (L p)- Rﬂ, 3)
2 0adB 2 oo’ Op° aﬂ op
ou ov
—+—+W=(1+ )« -R-t
/laa 0B ( :U) o
The external influence is the flat temperature field of the shell of the form:
10
t(B)=ty+ > (t, cosnB+t, sinng). (4)
n=1

The amplitudes of harmonics in (4) can beicalculated according to the recommendations [1].
For stitching the belts and on the supporting edges of the shell, we use the theory of a simple
edge effect, the main dependences of which are presented below [5]:

d*w

‘w =0, 5
da (5)
R? Eh’
where: g =3(1-x°)—, D, =———.
g ( H )hiz 12(1—,U2)
Geometric Equations:
< W . ldw .
:—’ =——’ =O_ 6
& R v R do & (6)

Physical equations:

-
Ny =0, N =Sw', my=-D W
R R da

D d®w 7
M,=u-M;, Q :EW-
The positive directions of forces, bending moments and displacements of the edge effect are
shown in Figure 1, b.
Taking into account the form of the temperature field (4), the equilibrium equations (3) for
each belt of the shell take the form:
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U 1-pou l+u 0% ow
>+ >+ +u—=
da® 2 9B 2 oadf ' oa
2 _ 2 2
tp 0u 1 ﬂa\g+8\g+@=(l+y)~at~R~ﬂ, (8)
2 0adf 2 oa® opF op op
ou

ov
,u£+£+w=(l+y)-oct ‘R-t.

In expressions (6-8), the index of the belt, for which the system of equations is written, is
omitted.
Research results. Axisymmetric temperature action (n =0). In this case, v=0, all

derivatives with respect to £ are equal to zero, and the system of equations (8) takes the form:

0,

du dw
dag " do? =0
9

du
'ud_oc;HNO =(1+ u) o Rt,.

Integrating the first equation (9) and substituting it into the second, we find:

duy _ 1w, +C,, (10)
da
, :_‘i‘t Rb 4 ¢, (11)
-4 l-pu

Substituting (11) into (10) and performing the integration, we obtain:

uo(a):—,uathOa+ C12a+C2. (12)
1-u 1-u

Arbitrary constants C, and C, included in (11) and (12) must be determined from the
tangential boundary conditions:

U, (0)=0, Ny, (1)=N"=3u, (1) (13)
and tangential conditions for joining the belts:
u; (1) =u,(0),
Ny (I) =Ny (0)
where m —the number of belts of the shell of different thickness, the numbering of the belts starts
from the fixed edge of the shell;

N," — pre-tensioning of the suspension shell in the axial direction;
g — stiffness coefficient of elastic fastening of the shell at the edge ¢, =1,,.
Taking into account [2], tangential conditions (13) and (14) explicitly look like this:

}(i:l,z,...,m—l) (14)

C21:O’
b ¢ +1.c,40-C,,-1C, =N o Rt
_ 2 i 2i 1,i+1 2,i+l 1_,U t 0 (i=1,2,...,m—1) (15)
h-C;+0-Cy; —h;-C;,, +0-Cyy = (1"‘/1)0% Rt, (hi - hi+1)’
Eh I ul Eh
m___—g—" _IC, -9-C, =N"+3 Rt +—"—at,.
{(1—#2)R (1_#2)} 1 2 1 1=, 5 (1_ﬂ) il

Discrepancies of the momentless solution arise due to different thicknesses of adjacent belts.
To satisfy the nontangential boundary conditions and the conditions for the continuity of radial
displacements and angles of rotation at the joints of the chords, we will use the theory of a simple
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edge effect, with success used earlier [2-4]. In the corresponding formulas [4], it is necessary to set
the bedding coefficient of the base k(a) =0.
Impact of non-axisymmetric components of the temperature field (n 21). We seek the

solution of the system of inhomogeneous equations (8) in the form of the sum of the general
solution of the corresponding homogeneous and particular solution of the inhomogeneous system.
Let's get a solution for an arbitrary belt. We omit the belt index in the calculations.

We represent the sought solutions in terms of two scalar functions ®(«, 8) and @, (, 8). In

this case, the function CD(a,ﬁ) determines the solution of the homogeneous system of equations
and is introduced in accordance with [6] as follows:

0 [ach ~ achj

" " oalofg Mo
2 2
v0=_%[gﬁq;+(2+y)gaqz], (16)
w, = VAV
2 2
where; V? = +—— — Laplace operator.
oa®  Op? P P

By direct substitution, one can make sure that the introduced function satisfies the first two
equations of the system. After substitution in the third equation (8), we obtain the resolving

equation for the function ®(«, B):
o'® o'd o'd o'®
U= ————( ——+V*V*® =0, (17)
oa“op oa” Of oa“op
Expanding the double Laplace operator and reducing similar terms in (17), we obtain the
resolving equation for the function ®(«, 8) in the form:
o'd
oo’
A particular solution is determined by the function ®, (a,ﬁ), which, taking into account [7],

+ 1)

0. (18)

we, introduce so that through it the displacements u,, v, and w, are expressed as follows:

U, =(1- )%,
n ) @
W =(1- ) aaaz Vo,
®(a,f)= 12()1[@2 cosnf+d{sinng |, (20)
Q(%ﬂ#i[@{‘c cosnB+dysinng |, (21)

n=1
Further calculations, without loss of generality of transformations, are carried out for the shell
completely illuminated by the sun, i.e. containing 5 terms of the cosine expansion series.
Substitution of (19) into (3) leads to the fact that all three equations coincide and the resolving

equation for the function CD(a,,B) can be written in the form:
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o'D,  oRt
oot 1-u
Taking into account (20) and (21), the resolving equations (18) and (22) for the nth term of
the series are transformed into ordinary differential equations of the fourth order:

(22)

d‘o"
=0, 23
do* ( )
43N
d <I)4t _ Rt . (24)
da 1-—pu
The solutions to these equations are written in the form:
(D:;l (a) = Clilas + C;caz + Cgca + CEC ) (25)
4
CDE:( ) aRt, a (26)
1-u 24"

Taking into account (25) and (26) n — e terms of the series of displacements of the
momentless solution look like this:

ug (o) = Rt —(3n2052 + 6,u)Cl"C -2n*aCj) —n’C},

c

2
V(@) =R, ”%—[n%ﬁ —(2+u)6na |Cf. [ n°a® —(2+ 1) 2n |}, —n’aCy, -n°Cy, (27)

2.2
nN“a

W, (a)=aRt, [1— j+ (n4a3 —12n20¢)C1"C - (n‘loz2 —4n? )CZ”c +n*aCj +n'CJ..

Changing the index "c" to "'s" in (27), we obtain formulas for calculating the amplitudes of the
harmonics of the corresponding dlsplacements at sinng. The first terms in formulas (27) are

particular solutions.
Substituting (27) into physical equations (2) after appropriate transformations, we obtain
expressions for tangential forces:

10
Nyoe (@)= " Ny ()cosng,
Nzoc 0‘ Ziol Oc Cosnﬂ (28)
10
Sec (@)= So. (@)sinngp.
where:

e (@) =——2n*(3aC] +C}, ),

2nOc (0() = O’ (29)

The formulas for the amplitudes of the harmonics of tangential forces (29) do not include
particular solutions — they are identically equal to zero. It is characteristic that the circumferential force
identically equal to zero, this is a consequence of the free movement of the shell in the radial direction.

Arbitrary constants in the expressions for the displacements (27) and effort (29), are
determined from the tangential boundary conditions and docking conditions zones recorded for the
amplitudes of the n— the term of a similar (15).

Supplementing the obtained solutions with the edge effect written for the nth harmonic
similarly to [2, 3], we obtain a complete solution of the problem posed.
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An empty vertical metal shell far from the fixed edges freely deforms in the radial direction,
which explains the vanishing of the circumferential force of the momentless state N, in the shell.

A feature of the temperature climatic effect on a vertical circular cylindrical shell is that the
temperature field of the shell seems to follow the sun, enveloping the shell, while in the shell
without a screen, the temperature field differs slightly from the one that is symmetric relative to the
normal incidence of sunlight.

Conclusions:

1. For a vertical empty cylindrical shell, with one-sided heating-cooling of the shell, a
momentless solution in the Fourier series for the components of the stress-strain state (SSS) is
obtained.

2. A simple edge effect in the Fourier series eliminates the residuals of the momentless
solution.

3. Taking into account [1], five terms of the cosine expansion series are sufficient to describe
the SSS components during cooling of a shell heated without a screen.

4. To describe the components of the stress-strain state of a shell during cooling of a shell
heated in the presence of a screen covering half of the shell along its entire height [1], it is necessary
to take into account ten terms of the expansion series in the circumferential direction in sines and
cosines.

5. The circumferential force N,(«) of the momentless state is equal to zero as a

consequence of the absence in the empty shell of restrictions on the shell displacement in the radial
direction.
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AHoTanisg. s 30epiraHHs 3epHUCTUX CHIKHX MarepiajiB IIMPOKO BUKOPUCTOBYIOTHCS
BEPTUKAIBbHI HWIIHIAPUYHI €MHOCTI. OTropo/KyBaJibHa OlYyHA TIOBEPXHS TaKUX €MHOCTEH
BUKOHYETHCA Y BHUIVIAAI UWIHIPUYHUX METAeBUX KPYTOBHX OOOJOHOK 3 MOCTiHHOIO abo 3i
IMATKOBO-TIOCTIHHOIO IO BHCOTI OOOJIOHKM TOBIIMHOKW CTiHKH. Bimomi KOHCTpyKIi aJis
30epiraHHs CHUIIKMX MaTrepialliB pe3epBYapHOrO THUIY 3 YCTAHOBKOIO ITWIIIHIPHYHOI OOOJOHKH Ha
KiblieBOMY (GyHIaMEHTI 3 IIapHIPHO-HEPYXOMHM KpIMJICHHSIM OOOJOHKH 10 (GyHIaMEHTY.
TonkoCTiHHI 00OJIOHKK POOJATH MiIBICHUMH 10 HECYYMX KOHCTPYKIiH cxoBuml. [y crabimizamii
HWTHAPUYHOT GopMH 000NOHKM Ta ii MOJOKEHHS Yy MPOCTOPi MiJBICHI OOOJNIOHKH MiIJal0Th
MONIEPETHROMY HATATY Y BEPTUKAJIBLHOMY HAIPSIMKY. Y TpoIleci eKCIuTyaTallii CXOBHUIIa OyBalOTh
MOPOKHIMHM Ta 3allOBHEHUMH CUIYYUMHU MarepiajlaMd, CXWIbHI /O BIUIMBY HaBKOJIHIIHBOTO
CepeIOBUINA Y BUTIIS/I BITPOBUX Ta TEMIIEPATyPHHUX KITIMATUYHUX BIUIMBIB.

OO6'ekTOM AOCHIIKEHHSI AaHOI POOOTH € OrOpOJKYBallbHI KOHCTPYKIIi CXOBHII 3€PHUCTUX
CHITYYHX MaTepialiB y BUTJISAAI BEPTUKAIBHUX KPYTrOBUX HUJIIHIPUYHUX TOHKOCTIHHMX METAJIEBUX
00O0JIOHOK, B 3araJbHOMY BHIIaJKy KYCKOBO-TIOCTIMHOI TOBIIWMHH, CXWIbHI IO TeMIepaTypHO-
KJIIMaTUYHHUX BIUTMBIB HABKOJHUIIHHOTO CEPEIOBHUINA — 3MIHH TEMIIEPATypH 30BHIIIHBOTO TOBITPS,
MPSIMO1 Ta PO3CITHOT COHSAYHOI pajiarii.

[IpenqmeToM JOCHIIKEHHS € KOMIIOHEHTH Hampy>KeHO-Ae(pOpPMOBAHOTO CTaHy OOOJIOHKH,
3YMOBJIGHI ~ 3MIHOIO  TEMIIEpaTypHMX  KIIMAaTUYHMX  BIUIMBIB. BuUKOHaHi  JocCHiIKeHHS
TEMIIEpaTypHUX TIOJIB OOOJIOHOK CXOBHI Ha MOJENSAX Ta HATypHUX 00'€KTax J03BOJIMIA
OOI'pYHTYBaTH 3aBJJaHHS TEMIIEPATYpHOIO MOJIS HMIIHAPUYHUX 000J0HOK cxoBUII psitamu Dyp'e.

OIHOCTOPOHHE COHS'YHE HArpiBaHHS MOBHICTIO OCBITJIICHOI COHIEM IMIIHAPUIHUX 0O0JIOHOK
CXOBMILl HAaBOJUTh y CTIHLI OOOJIOHKH IUIOCKE, CUMETPHUYHE I[0JI0 HOpMajl HajiHHSA COHSYHHUX
MIPOMEHIB, TEMIIEpAaTypHE TI0JIe, IKe MOXHA MpeAcTaBUTH psgoM Dyp'e 3 m'aTbMa 4WieHAMHU POy
PO3KJIaJlaHHA MO KOCHHycaX. 3a HasBHOCTI MOpYY pO3TALIOBaHOI 3 OOOJOHKOI CIOPYHAH, SKa
3aKpUBAE IO BCii BHCOTI IOJIOBHHY OOOJIOHKM B OKPYKHOMY HAINpsIMKY, TeMIIepaTypHE II0Je
onucyetbes psnom Pyp'e, mo MicTuTh Mo 10 rapMOHIK PO3KIIaAaHHs 110 CHHYCaX 1 KOCHHYCaX.

Mana ToBHIMHA OOOJOHKH, 3HAYHUN pajlyc KPUBH3HH OOOJIOHOK, BEIUKHUN KOE(ILIEHT
TEeMIIepaTypONpPOBIIHOCTI MeTaliB 3a0e3NeuyloTh Majdy MIHJIUBICTb TeMIepaTypu OOOJOHKH IO
TOBIIMHI, MOXIJIUBICTh OMKCY HANpPYKEHO-A€(POPMOBAHOIO CTaHY 000JIOHKH 0€3MOMEHTHY TEOpIIO 1
NPOCTUI KpaioBuil eekT.

Otpumani y psnax ®yp'e popmynu s 3ycuiab O€3MOMEHTHOTO CTaHY, HEB'S3KH SIKOTO B
CTHUKaXx IOSCIB OOOJOHKHM PI3HOT TOBIIMHHU Ta B OMOPHHUX 30HAX JIKBIAYIOTHCS MPOCTUM KpalOBUM
e(heKToM.

KurouoBi ciioBa: 6e3MoMeHTHa Teopisi 000JIOHOK, TEOpist KpalioBoro eekry, TemreparypHi
KJIIMAaTU4H1 BIUIMBHU, CHJIM Ta MEPEMIIIECHHS B MOPOKHIM BEpTUKAIbHIN HUIITHAPUYHIN 0O0TOHII.

Crarts Hagidnuia qo penakiii 27.02.2023
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Abstract. The analysis of research works on the assessment of the stress-strain state of
prefabricated metal corrugated structures of transport facilities was performed. It was established that
the stresses and deformations of structures made of ZMGK depend on a complex of influencing factors:
the amount of static and dynamic loads, the height of the backfill above the vault of the structure, the
parameters of corrugation waves, etc. However, the interconnected effect of the pipe diameter and the
thickness of the metal corrugated sheet on the stresses that occur in the metal pipe structures has not
been established.

The object of research is metal corrugated pipe constructions. To assess the stress state of the
pipe, the influence on the stress of the cross-section of the pipe and the thickness of the metal
corrugated sheet of the structure are taken into account.

It was established that the geometric parameters of the cross-section of the pipe and the
thickness of the metal corrugated sheet of the structure have a significant influence on the stress
state of metal corrugated pipe structures. When the diameter of the pipe increases, the amount of
stress that occurs in metal structures increases. However, with an increase in the thickness of the
corrugated sheet, the amount of stress, with the same pipe diameter, decreases. Increasing the
thickness of the sheet from 3.0 mm to 7.0 mm leads to a decrease in the stresses in the pipe metal by
50.39%. When the diameter of the pipe changes from 1.0 m to 6.0 m with a metal thickness of the
corrugated sheet equal to 3.0 mm, the magnitude of the stresses increased by 7.38 times, with a
sheet thickness of 4.0 mm — by 7.8 times, with a thickness of 5.0 mm sheet — 8.08 times, 6.0 mm
sheet thickness — 8.28 times, and 7.0 mm corrugated pipe sheet thickness — 8.43 times.

It was established that the gradual increase in the thickness of the corrugated sheet of the
structure leads to a decrease in the stress difference between the previous thickness of the sheet and the
increased one. With a pipe diameter of 6.0 m, the stress difference that occurs when the thickness of
the corrugated sheet is 3.0 mm and 4.0 mm is 21.35 MPa, with a thickness of 4.0 mm and 5.0 mm, the
stress difference is 14.16 MPa, at 5.0 mm and 6.0 mm, the difference in stress values is 10.25 MPa, and
with increased sheet thickness from 6.0 mm to 7.0 mm, the difference in stress values is 7.76 MPa.

The obtained results of the stress state of prefab metal corrugated pipe structures can have
practical application in the case of acceptance of the technical and economic justification, regarding the
determination of the pipe diameter and the thickness of the metal corrugated sheet of the structure. One
of the limitations of the application of these research results is the assessment of the stress state of the
pipe made of prefabricated metal corrugated structures with the parameters of the corrugated waves of
150x50 mm. Other parameters of corrugation waves are not taken into account in this study.

Keywords: prefabricated metal corrugated structures, pipe, tension.
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Introduction. Transport constructions made of prefabricated metal corrugated structures
(hereinafter referred to as PMCS) are successfully used in transport construction. There are built
culverts, tunnel-type overpasses, small bridges, bio-crossings, pedestrian crossings, etc. on the
communication routes made from prefabricated metal corrugated structures. The constructions of
PMCS are widely used in the European Union [1-4]. Well-known manufacturers of metal
corrugated structures are the Norwegian-Swedish-Finnish company ViaCon [1], the Canadian
company ARMTEC [3], and the company FRACASSO [4].

In Ukraine, several PMCS constructions have been built, for example, the tunnel overpass in
Kropyvnytsky [5], a culvert on the Vadul-Siret-state border section of the railway track in the shape
of a horizontal ellipse with axes of 6.57 m and 6.20 m [6] (Fig. 1). The transport tunnel on 228 +
160 km of the Kyiv-Kharkiv-Dovzhansky highway, the transport tunnel on the bypass in Odessa,
the transport tunnel on a bypass in Donetsk using structures SuperCor SC 86 s [7], the construction
in the village of Fructove in the Autonomous Republic of Crimea, the PMC transport structure on
the Kyiv-Odesa Highway at 169+292 km [8, 9] and a number of PMC structures on the other roads
of Ukraine.

Fig. 1. A pipe made of metal corrugated structures

A PMC tunnel-type overpass built in Kropyvnytsky is of a large cross-section size. The
construction is 9.23 m wide and 8.12 m high. The length of the overpass under the railway track is
34.19 m. At the same time, the width of the highway in the overpass is 5.5 m.

The problem and its relevance. On operating the constructions made of prefabricated metal
corrugated structures, they are exposed to a variety of influences. As a result, the constructions
suffer a variety of damages. In addition, the durability of constructions made of PMCS depends on
compliance with the technological conditions of the ground compaction backfill device and
ensuring anti-corrosion protection of metal structures.

It should be noted that in the practice of constructing PMC structures, there are cases that
residual deformations of vertical and horizontal axes that occurred during the initial service life [6].
Therefore, to ensure the load-bearing capacity of structures, multivariate calculations should be carried
out regarding to the influence of a complex of factors on the load-bearing capacity of constructions
made of prefabricated metal corrugated structures. The transverse rigidity of individual PMCS
elements is provided due to the thickness of the elements and their wavy corrugated shape. This study
presents the results of estimating the stresses that occur in metal structures, taking into account the pipe
diameter and thickness of the metal corrugated sheet.

Analysis of recent research and publications. Today, there are a number of scientific papers
on studies of the stress-strain state of PMC structures [10-16]. In scientific works [10, 11], it is
indicated that constructions made of metal corrugated structures have high reliability. Since
experimental tests of constructions have shown that PMC structures are able to withstand loads 2.5
times higher than the calculated ones. Also, the results of experimental studies of the stress-strain state
of PMC structures are given in the works [13, 14].
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In [12], it is indicated that it is difficult to estimate the actual stresses and deformations of
metal structures during the construction of structures, especially when compacting the ground
backfill of structures.

In [15, 16], the results of estimating the stress-strain state of PMC structures are presented,
taking into account the influence of the degree of compaction of ground backfill. It is established
that only with the standard degree of compaction, the load-bearing capacity and durability of such
structures are ensured. In the case of an insufficient degree of compaction in the metal of the
structures, stresses may develop that exceed the allowable stresses.

From the analysis of research, it was found that PMC structures have advantages over
concrete and reinforced concrete constructions. Most scientific works are related to studying PMC
structures, taking into account the impact of loads from vehicles and taking into account the
physical and mechanical parameters of the sealing backfill. The problems of estimating the stress-
strain state of PMC structures, taking into account the geometric parameters of structures, have not
been sufficiently developed. This would give practical results regarding the feasibility of using the
structures of a certain cross-section size. Therefore, the work conducts a study on the influence of
the cross-section of a PMC pipe and the thickness of a corrugated metal sheet on the stress-strain
state of structures.

The research purpose is an assessment of the stress-strain state of metal corrugated
structures of the construction, depending on the size of the cross-section of the pipe and the
thickness of the metal corrugated sheet.

Materials and methods of the research. To study the stress-strain state of a PMC pipe, we
consider the geometric model shown in Fig. 2. To study the features of the stress-strain state of a
pipe made of metal corrugated structures, a study of stresses that occur in metal structures
depending on the diameter of the structure and the thickness of the metal corrugated sheet of the
structure was conducted. A corrugated pipe with 150x50 mm corrugation wave parameters was
taken in the study. In this case, the thickness of the corrugated sheet is assumed to be from 3.0 mm
to 7.0 mm. The backfill height above the metal pipe arch is 2.0 m. The maximum pipe diameter is
assumed 6.0 m, and the minimum is 1.0 m.

S
o

t=3-7 mm N

VAVAWV,

Metal corrugated
§ structures

Fig. 2. Calculation scheme for assessing the stress-strain state of a pipe made of metal corrugated
structures
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Geometric and physical and mechanical parameters of metal corrugated structures and ground
compacting backfill are given in Table 1.

Table 1 — Geometric and physical and mechanical parameters of the PMC pipe used in the

calculation
No | Parameter name | Dimension |  Parameter value
Data on prefabricated metal corrugated structures
1 . . From1.0mto 6.0 m,in
Pipe diameter m .
0.5 m increments
2 Geomet_rlc parameters of wave corrugation of mm 150%50
metal pipe structures
3 |PMC thickness mm 3.0;4.0;5.0;6.0; 7.0
4 |Elastic modulus of steel MPa 2.1x10°
5 |Poisson's ratio of construction material - 0.25
6 |Specific gravity of the PMC material kN/ m® 78
Data on soil compaction backfill
7 |Specific gravity of backfill soil kN/ m® 21
8 |Backfill soil deformation modulus MPa 82
9 |Distance from the top of the pipe to the bottom
m 1.8
of the road surface
Load data
10 |Equivalent load KN/ m 182
11 |Overload coefficients - n=1.3; n;=1.1

It should be noted that the thickness of the corrugated sheet of the structure also depends on
the area of the corrugation wave, which is taken from reference data according to [17].

To check the load-bearing capacity of a pipe made of prefabricated metal corrugated
structures, the method given in [17] was used. The load-bearing capacity of metal corrugated
structures is checked by the formula:

N

A <R/m, 1)
where is the normal (tangential) force N in a corrugated structure from the design loads per length
A one corrugation is determined by the formula:

;/-n-D-[heq +h+D)-/1 7 nggﬂ
N = 2) T2 @)
2+5-9-(1—v2) 1.9
E & 3D?

An explanation of the values given in formulas (1) and (2) is given in [17].

Presentation of the main research material. The results of assessing the stress state of
metal structures depending on the diameter of the PMC pipe and the thickness of the metal sheet of
structures are given in Table 2.

From the calculation results performed (Table 2) it is established that the values of stresses
that occur in metal corrugated structures depend on the pipe diameter. Thus, with a metal sheet
thickness of 3 mm and a pipe diameter of 1.0 m, the stress value is 14.61 MPa, with a diameter of
2.0 m — 30.86 MPa, with a diameter of 4 m — 67.33 MPa, with a diameter of 5 m — 87.17 MPa and
with a diameter of 6 m — 107.89 MPa.

The value of stresses increases with increasing the diameter of the PMC pipe. When changing
the pipe diameter from 1.0 m to 6.0 m with a metal thickness of the corrugated sheet equal to 3.0
mm, the stress value increased by 7.38 times, with a sheet thickness of 4 mm — by 7.8 times, with a
sheet thickness of 5 mm — by 8.08 times, with a sheet thickness of 6 mm — by 8.28 times and with a
corrugated sheet thickness of 7 mm — by 8.43 times.
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Table 2 — The studies' results of the stress state of metal corrugated pipe structures

Thickness of metal corrugated sheet structures with parameters of
Structure corrugation waves 150x50 mm
diameter, m 3 | 4 | 5 | 6 | 7
Voltage, MPa

1.0 14.61 11.09 8.96 7.51 6.45
1.5 22.55 17.24 13.98 11.75 10.12
2.0 30.86 23.75 19.33 16.29 14.06
2.5 39.52 30.59 25.01 21.12 18.26
3.0 48.5 37.76 30.98 26.23 22.72
3.5 57.78 45.23 37.23 31.6 27.43
4.0 67.33 52.99 43.77 37.24 32.37
4.5 77.13 61.01 50.56 43.11 37.55
5.0 87.17 69.28 57.59 49.23 42.94
5.5 97.42 77.79 64.88 55.57 48.55
6.0 107.89 86.54 72.38 62.13 54.37

In addition, the amount of stress is also affected by the thickness of the metal corrugated sheet
of the pipe. Let us analyze the stress value for the smallest and largest pipe diameters. And so with a
pipe diameter of 1.0 m and a corrugated sheet thickness of 3 mm, the stress value is 14.61 MPa,
with a sheet thickness of 4 mm — 11.09 MPa, with a sheet thickness of 5 mm — 8.96 MPa, with a
sheet thickness of 6 mm — 7.51 MPa and with a corrugated pipe sheet thickness of 7 mm, the stress
value is 6.45 MPa.

With the maximum diameter of a pipe made of prefabricated metal corrugated structures,
equal to 6.0 m, which is taken in the calculations, with a thickness of a corrugated sheet of 3 mm,
the stress value is 107.89 MPa, with a sheet thickness of 4 mm — 86.54 MPa, with a sheet thickness
of 5 mm — 72.38 MPa, with a sheet thickness of 6 mm — 62.13 MPa and with a thickness of a
corrugated pipe sheet of 7 mm, the stress value is 54.37 MPa.

Fig. 3 shows the graphical dependence of stresses on the diameter of a construction made of
prefabricated metal corrugated structures and the thickness of a metal corrugated sheet of the structure.

120
100
S 80 =0O=3 mm
=
g 60 ==4 mm
% —=x=5mm
40
—+=6 mm
0 T T T T T T 1
0 1 2 3 4 5 6 7
Diameter, m

Fig. 3. Graph of stress dependence in metal corrugated structures on the diameter of the
construction and the thickness of the metal corrugated sheet
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From Fig. 3 it can be seen that with an increase in the thickness of the corrugated sheet of the
structure, with the same pipe diameter, the value of stresses changes. Increasing the thickness of the
corrugated sheet leads to a decrease in stresses in the pipe metal. It was found when the sheet
thickness increased from 3 mm to 7 mm, the stress value decreased by 50.39 %.

However, it should be noted that if we analyze the stress values, for example, with a pipe
diameter of 6.0 m and different values of the thickness of the corrugated sheet, we can see in Fig. 3,
that the stress difference when changing the thickness of the corrugated sheet from 3.0 mm to 4.0
mm is higher than when changing from 4.0 mm to 5.0 mm and so on. That is, a gradual increase in
the thickness of the corrugated sheet of the structure leads to a decrease in the stress difference
between the previous thickness and the increased one. And so when the sheet thickness was
increased from 3.0 mm to 4.0 mm, the stress value decreased by 21.35 MPa, from 4.0 mm to 5.0
mm, the stress value decreased by 14.16 MPa, from 5.0 mm to 6.0 mm, the stress value decreased
by 10.25 MPa, and when the sheet thickness was increased from 6.0 mm to 7.0 mm, the stress value
decreased by 7.76 MPa.

Conclusions. As a result of calculations of stresses that occur in metal pipe structures, taking
into account the cross-section of the pipe and the thickness of the metal corrugated sheet, the
following conclusions are obtained:

1. It is established that the magnitude of stresses that occur in metal corrugated pipe structures
depends on the size of the pipe diameter and the thickness of the metal corrugated sheet of the
structure. With a metal sheet thickness of 3.0 mm and a pipe diameter of 1.0 m, the stress value is
14.61 MPa, with a diameter of 2.0 m — 30.86 MPa, with a diameter of 4.0 m — 67.33 MPa, with a
diameter of 5.0 m — 87.17 MPa and with a diameter of 6.0 m — 107.89 MPa.

2. The results of the research have shown that the magnitude of stresses increases with
increasing the diameter of pipes made of precast metal corrugated structures. When changing the
pipe diameter from 1.0 m to 6.0 m with a metal thickness of the corrugated sheet equal to 3.0 mm,
the stress value increased by 7.38 times, with a sheet thickness of 4.0 mm — by 7.8 times, with a
sheet thickness of 5.0 mm — by 8.08 times, with a sheet thickness of 6.0 mm — by 8.28 times and
with a corrugated sheet thickness of 7.0 mm — by 8.43 times.

3. It is established that the value of stresses decreases with increasing the thickness of the metal
corrugated pipe sheet. With a pipe diameter of 1.0 m and a corrugated sheet thickness of 3.0 mm, the
stress value is 14.61 MPa, with 4.0 mm — 11.09 MPa, with 5.0 mm — 8.96 MPa, with 6.0 mm — 7.51
MPa and with a corrugated pipe sheet thickness of 7.0 mm, the stress value was 6.45 MPa.
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AHoOTAalisA. BukoHaHO aHali3 HAYKOBO-IOCTIIHUX POOIT 13 OLIHKU Hampy>KeHO-Ae()hOpMOBAHOTO
craHy 30IpHMX MeTaleBUX Tro()pOBaHUX KOHCTPYKILIH TPAaHCIOPTHUX cHopyA. BcraHosneHo, 1o
HaTpy>XeHHs Ta jaedopMariii cropyy i3 30ipHUX MeTalleBUX ro()poBaHUX KOHCTPYKIIIHM 3aJIe)kKaTh Bij
KOMIUIEKCY (DaKTOpPIB BIUIMBY: BETMUMHM CTATHYHHUX Ta JWHAMIYHUX HABAHTA)KEHb, BUCOTH 3aCHITKU
HaJl CKJCMIHHSAM KOHCTPYKLIl, napaMeTpiB xBWib ro¢pp Tomo. OJHaK HE BCTAHOBJIECHO
B3a€MOIIOB’3aHOTO BIUIMBY BEJIMYHMHU JiaMeTpy TPYOH 1 TOBIIMHM METAIEBOrO TO(GPOBAHOTO JHCTa
Ha HaNpY)KEHHS, sIKi BUHUKAIOTh Y METAJIEBIX KOHCTPYKIIISIX TPYOH.

O06’exTOM JOCTIKEHb € MeTalleBi ropoBaHi KOHCTPYKIi Tpyou. [y OIIHKK Hampy>KEHOTro
CTaHy TpyOU BpaxOBaHO BIUIUB HA HAIPYXKEHHS BEJIMYMHU [IONIEPEYHOr0 NEPETUHY TPYOU Ta TOBLIMHY
METaeBOro ro)poBaHOTO JINCTA KOHCTPYKIIIi.

BcTanoBneHo, 1110 3HAYHUH BIUIMB Ha HApYXXEHUM CTaH MeTalneBUX ropoBaHUX KOHCTPYKIIi
TpyOM MalOTh T€OMETPUYHI MapaMeTpu HONEPeYyHOro MEepeTHMHY TPyOM Ta TOBLIMHA METaJeBOIO
roppoBaHoro JjucTa KOHCTPYKIii. [Ipm 30UIbIIeHHI AiamMeTpy TpyOM BeIMYMHA HANPYXEHb, SKi
BUHUKAIOTh Y METaJIeBUX KOHCTPYKLISX, 3poctae. OpHak, npu 30UIbIIEHH] TOBUIMHU TO(PPOBAHOTO
JMCTa, BEJIMYMHA HAlpy)XeHb, NPU OJAHOMY 1 TOMY K JiaMeTpi TpyOH, 3HMXKYEThCs. 301IbLICHHS
TOBIMHU JiicTa B 3,0 MM 10 7,0 MM TIpU3BOAWTH JI0 3MEHIIIEHHS HANPY)KeHb y METajl TPyOW Ha
50,39 %. Ilpu 3mini giameTpy Tpyowu Bix 1,0 M 10 6,0 M IIpH TOBIIMHI MeTay TOPPOBAHOTO JIUCTA
piBHiif 3,0 MM, BeTMUMHA HAaNpyXeHb 30uTbMaacs y 7,38 pas3u, npu ToBIIMHI Jucta 4,0 Mm — y 7,8
pasu, npu ToBUMHI Jucta 5,0 MM — y 8,08 pasu, npu ToBuMHI Jucta 6,0 MM — y 8,28 pasu Ta npu
TOBIIMHI TO(poBaHOTO JIMcTa Tpyou 7,0 mm —y 8,43 pazu.

BcTraHoBneHo, 1110 MOCTYNOBE MiABUIIEHHS TOBIIMHK TO(QPOBAHOIO JIUCTA KOHCTPYKIIii
MPU3BOJUTH JI0 3MEHILIEHHS PI3HUII HANPYXXEeHb MK MOIMEPEHBOI0 TOBLUIMHOIO JIMCTA 1 30UIBIIEHOIO.
[Tpu giametpi Tpyou 6,0 M pi3HMILIS HapyXeHb, sIKa BUHUKAE MPHU TOBLIUHI rodpoBaHoro jmcra 3,0
MM 1 4,0 mm ckiamae 21,35 Mlla, npu toBumai 4,0 MM Ta 5,0 MM pi3HUIS BEJIHYWH HANpy>KEHb
ckianae 14,16 Mlla, npu 5,0 MM Ta 6,0 MM pi3HUII BETMUYHH HanpyxeHb ckiaagae 10,25 MIla ta mpu
MIBUIIICHI TOBIIMHY JIMCTa Bix 6,0 MM 710 7,0 MM Pi3HUIIS BETMYUH HAMPYKeHb ckianae 7,76 MIla.

OtpumaHi pe3ybTaTi Halpy»KEHOro CTaHy 301pHUX MeTajeBUX ro)pOBaHUX KOHCTPYKLIHM TpyOu
MOXXYTh MaTH NPaKTUYHE 3aCTOCYBAaHHS y BUIAJIKY MPUHHATTS TEXHIKO-€KOHOMIYHOTO OOIPYHTYBaHHS,
IOJI0 MPU3HAYEHHs JiaMeTpy TpyOM Ta TOBLIMHH METaJeBOrO TO(PPOBAHOTO JMCTa KOHCTPYKII.
OnHuM 13 OOMEXeHb 3aCTOCYBaHHS JAHUX pe3yJbTaTiB JOCIKEHb € OLIHKA HAIpy>KEHOTo CTaHy
TpyOU BHUIOTOBJIEHOI 13 30ipHUX MeTaeBUX ropoBaHUX KOHCTPYKIIH 13 mapamerpaMu XBWIb rodp
150x50 mm. TH1i mapameTpu XBUIIb rodp Y JaHOMY JAOCTIDKEHI He BpaXOBaHO.

Kurouosi cioBa: 30ipHi MeTaneBi roppoBaHi KOHCTPYKIIii, TpyOa, HapyKEeHHS.

Crarts Hagidnura qo penakmii 19.01.2023
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Abstract. The article is devoted to the consideration of the material science problems from
the standpoint of the general systems theory. The method of dialectical pairs "part-whole",
"continuous-discrete” and “randomness-necessity” is used, corresponding to the general system
coordinates, on the basis of which the third emergent component of a synthetic nature arises.
System-theoretic methods make it possible to concretize model representations using elements of
the crystallization theory of dynamic information theory. System representations are used to refine
the concept of an interface in materials and heterogeneous systems. The dialectical unity of
atomistic and geometric concepts in the theory of the formation of a new phase in binders is shown.
The probabilistic and informational description is considered as a realization of the dialectical pair
"randomness-necessity”. The concept of information is closely related to choosing one or more
options from many and remembering the choice made. The choice can be made as a result of the
action of external forces (information reception) or due to the unstable behavior of the system (the
emergence of new information). The process of structure formation can be considered as the
dynamics of an information system. The dynamics of the information system should include
interactions that provide any structure-forming particle with the possibility of transition between the
areas of influence of stable states with subsequent attraction to one of them. The formation of
structures in a binder from the position of dynamic information theory is considered as the reception
of information. It is necessary to perform work, due to which the system will go into one of the
stable states for the reception of information. The formation of new elements and structures — pores,
capillaries and cracks is considered as a transition of the system to its own potential minima — the
epigenetic landscape of the material as an emerging system. In this case, part of the energy will be
lost in the process of dissipation, and the physical entropy will increase by a value exceeding the
amount of information received. Such an effect can be considered as the "price" of the observed
macroscopic process of self-organization. The involvement of systems theory also helps, on the
basis of the principle of adequacy, to indicate the way for choosing a model object that is optimal
for studying the processes of structural transformations of a material.

Keywords: composite building materials, dispersed systems, system approach, structure
formation, dialectical pairs.

Introduction. Composite building materials (CBM) are presented as open complex non-
equilibrium systems in modern materials science [1]. The properties of such materials, including
structural-mechanical ones, can be described by several methods. In the first category of methods,
spatial averaging techniques are applied (averaging over structural components) and a transition is
made to the reduced characteristics, such as the modulus of elasticity or shear. In the second
category of research methods, a significant departure from the concept of a material as a continuous
medium is made, which corresponds to the results of modern studies of structural-mechanical and
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physical-chemical properties [1]. Since it is rather difficult to find among a set of mathematical
models and representations strictly suitable for reflecting new facts based on a structure-oriented
approach, many mathematical models of various types, both continuous and discrete, are used in
this area [1-4]. For the same reason, when studying the behavior of such systems, a verbal
description is often used [1, 5].

Analysis of recent research. To describe the properties of systems of the type under
consideration, it can be considered productive to apply the principles of the self-organization theory, as
well as the general systems theory [1]. The wide possibilities of these methods can be applied to
specific categories of materials. In particular, the multivariate behavior and properties of CBM, for
example, mineral or polymeric materials, are in good agreement with the wide possibilities of the
methods under consideration. This work is devoted to the analysis of the possibilities of applying the
corresponding methods to composite materials of the two types considered.

One view of general systems theory is that it is a more concrete embodiment of the dialectic
[5]. In systems theory, any object can be represented in a kind of coordinate space, each axis of
which corresponds to a dialectic pair (DP). The considered system or approach in this case is a
compromise, and sometimes a non-trivial synthesis, and complements pairs to triads. The dialectical
theory of systems is, by necessity, explicitly or implicitly, ternary, triadic. Some dialectical pairs
and their dialectical synthesis seem to be especially important for the problems of materials science.

Targets and goals. The purpose of this work is to increase the interpretative power and
predictive ability of traditional physical and chemical methods of building materials science by
using together with them methods based on the general systems theory, and to apply the built
version of the system approach for the theoretical study of mineral and polymer composite
materials. The corresponding tasks are, according to the applied method, the selection of the most
important dialectic pairs and the disclosure of their content using the statistical theory of
solidification of composite materials and dynamic information theory.

Objects and methods of research. The objects of research are the composite materials based on
mineral (gypsum) and polymeric binders, considered as systems. In this case, a system is understood as
a secondary integrity that arises when primary, relatively integral objects are combined, accompanied
by the emergence of new properties in this association that are not reducible to the original ones.
Methods for studying objects of materials science as systems are hierarchical. The upper, structural-
logical level, is associated with the use of dialectical system methodology. This abstract level is
concretized with the help of probabilistic methods of solidification theory and information theory,
which allow one to proceed to specific recommendations on the choice of objects and methods of
experimental research based on the adequacy principle.

Research results. The analysis of structure formation processes in this work is carried out in
accordance with the following algorithm. At the first stage, with the help of system-theoretical
representations, a set of dialectical pairs is distinguished, each of which is represented by one of the
"coordinate axes" that allow classifying materials and the processes occurring in them. It is
determined what is a dialectical synthesis for each direction. Then, the considered structural-logical
approaches are concretized using a number of physical-chemical methods. In accordance with this
plan, the following dialectic pairs (DP) are considered.

DP "part-whole". Such a pair is determined by a compromise in establishing the boundary
between the system and the environment, i.e. by specifying a surface bounding the system. This
surface also provides all kinds of interactions with the environment. Thus, a mineral or polymer binder,
taking into account its intended purpose (functioning in a structure), can be considered as an open
hierarchical system with its own scale levels, at each of which the issue of the interface has its own
special aspects. At the micro level, a binder material, for example, gypsum stone, is a polycrystalline
body, which also includes a finely crystalline component [6], in which irregularly shaped crystals are
linked into a network crystallization structure. The resulting structure often has the character of a
percolation cluster [3], and its boundaries coincide with the surfaces of the sample under study. The
description of the structure of other materials, for example, polymer compositions, is qualitatively
similar at the level of cluster structural units [7]. One of the reasons for the qualitative similarity is the
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systemic separation of structural levels, for example, the separation of the macroscopic level from the
molecular level. In this case, a qualitatively similar behavior at the macro level arises despite the
significantly different molecular structure of the materials. In the study of such structures, the problem
of the interface is solved by constructing a cellular partition of a three-dimensional space and
calculating cellular characteristics that turn into dimensional ones for extremely small cell sizes. In this
case, the surface, linear, and point features included in the system are naturally taken into account.
From a macroscopic point of view, the material should be considered in operational conditions — as a
structural element [1] or by fixing the boundary conditions at the interface of the corresponding blocks.

The problem of the existence of an interface can also, in turn, be representable by a DP. On
the one hand, the classical model representation is the model of the interface as a smooth surface,
the intersection of which is accompanied by an abrupt change in the properties of the corresponding
phases. On the other hand, the atomic and molecular structure of the corresponding composites
makes it possible to represent the material in the form of a continuous network structure, and the
formation of individual structural blocks (clusters) is associated with an increase or a maximum
decrease in the number of bonds in a molecular or polycrystalline network (Fig. 1). With such a
structure, it is difficult to speak of an interface as such.
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Fig.1. Representation of the material as a mesh polystructure

DP "continuous-discrete™. For various reasons, a universal feature manifests itself - a tendency to
grouping in space with the formation of structures, as well as in time, with the formation of consistent
tempo-rhythms and being synchronized, for all material formations from molecules to organisms. The
space-time structures formed in materials have the ability to interact with each other to form a
superstructure. Particles of material, forming hierarchical fractal-like systems in space, "filling" the
space and modeling a continuous medium, are characterized by both discreteness and continuity. This
dialectical pair is one of the most essential for material systems. For different spatial scales, the
mechanisms of formation of structures are different, but here, too, similarity considerations remain
valid. Another version of theories going from continuous to discrete is the representation of discrete
objects as spatially separated maxima of the concentration or distribution function [2].

To study the process of hydration, which occurs simultaneously with structure formation in a
binder dough, for example, based on gypsum, the state of the near-surface layers of crystals of the
initial binder CuSQ, - 0.5H,0 is extremely important. This is one of the factors determining the
further course of the process — the predominance of topochemical processes of hydration, as a result
of which the formation of a finely crystalline product is likely, or the path associated with the
dissolution of the binder, the transfer of ions through a layer of saturated solution, nucleation and
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recrystallization according to Le Chatelier-Rehbinder [4]. Here, as in the process of interaction of a
binder with surface-active additives, the molecular level of structure organization is important. The
processes occurring at the interfaces of different scale levels are decisive in the formation of the
structure of polymer composites [8, 9].

The next level of structure-forming processes in terms of scale is directly related to the
formation of a new phase nuclei from a supersaturated solution and their growth [10]. Most
mathematical models do not take into account the structure of nuclei and consider the evolution of
the distribution of nuclei by the number of atoms included in them n, n>>1. At the same time, at
each stage, the attachment of new atoms to the nucleus is associated with the fluctuation passage of
a large number of intermediate states — "active complexes”, each of which corresponds to different
free energy maxima AF. Consideration of structures of this type is carried out using the theory of
Markov processes, taking into account the possibility of transition to the nearest intermediate state.
Kolmogorov's equations are an adequate mathematical apparatus. For the number of nuclei Z(n,t)
containing n atoms by time t we have (1):

0Z(n})

T:—Z(n,t)[& (0)+P(n)}+ Z(n-10)P, (1-2)+ Z (1+ 1P (n+2), (1)

here P, (n) and P, (n) are the probabilities of addition and detachment of an atom for a nucleus

with size n.
Neglecting in (1) terms above the second order of smallness allows us to proceed to the
diffusion process and the Fokker-Planck equation (2):

2
2001 o )+ e o) 2 o 0)-p )20} @
If we assume that the intermediate states are in equilibrium with the solution (a small number
of nuclei formed), the principle of detailed equilibrium (3) arises:
b(n)P.(n)=b(n+1)P.(n+1)

b(n)P.(n)=b(n+1)P,(n+1)’ 3
here b(n) — is the equilibrium distribution function (4):
_ _4F(n)
b(n)_Nexp{ o } 4
From (1) and (3) in approximation (5):
P (), ©)

we can derive the Zeldovich equation (6) [10]:
ozZ(nt)_ o o (zZ(nt)
ot on {H(n)b(n)an(b(n)ﬂ' ©

The transition state method for the probabilities of adding and removing an atom P, (n) gives
approximation (7):

_ U_ 1 daF
Pi(n):na)exp{—ﬁ+md—n}, @)

where n — is the number of atoms near the surface of the nucleus, o — is the oscillation frequency

near the surface of the nucleus, U — is the average height of the activation maximum.
The critical nucleation concentration (CCN), which is traditional for the macroscopic description

of formation and growth, enters the stochastic description through the quantities n and P, (n) from (7).

At a certain size n”, the free energy reaches a maximum (8), which corresponds to the critical

size of the nucleus:
dar(n) _gq. )
dn n*
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Since the activation energy is U>>KT, then almost all the nuclei that have reached n=n"will
be realized in the centers of the new phase. Due to the same relation, each such nucleus can be
considered as an attracting center, a spatial attractor for ions.

The considered classical model of nucleation, being an essential idealization, does not answer
many questions of the structure formation theory. In particular, the probability of joining new
structural units to existing ones depends on the nature of the interface and, in a discrete
representation, on the structure of the nearest environment of the structural units under
consideration. Such a quantity is not isotropic (it will differ in directions). Despite the
simplification, the above representation indicates the main trends — the stochastic nature of the
formation of nuclei of a new phase and the existence of its critical size.

One of the essential heuristic analogies, which is valid for disperse systems, is the "atom —
colloidal particle” analogy. It allows transferring, with appropriate correction, approaches and
methods of description between structural levels of different scales. In particular, at the next stage
of growth, the formation of groups of particles — clusters and groups of clusters, and the formation
of a hierarchical structure of the material [2] is observed. It is fundamentally different from the
structure of crystalline bodies, the ordering here is of a probabilistic-statistical nature. The model of
close packing and a constant coordination number of a cluster-forming particle seems to be rarely
implemented due to the uneven distribution of the free energy of the particle surface. Clusters and
their groups form a poorly ordered system, more characteristic of a liquid (short range order), hence
the need for a statistical description. The approach presented in [1, 2] is generally valid for their
formation. It is important to take into account that the emerging clusters, like the emerging nuclei
for ions, are spatial "traps™ that attract sets for colloidal particles.

The formation of a coagulation structure is associated with the interaction of colloidal
particles. It is carried out due to a set of forces of various nature — dispersion, dipole-dipole,
electrostatic (associated with the mutual influence of double layers) interaction due to the structural-
mechanical barrier formed, in particular, by the surface layers of adsorbed particles. As a result, the
representation in the form of a sum (9):

U( I’): Zi“ui( r):Udisp( r)"i'UeIectrost(r)+ustr—mech( I’)+"', (9)

provides an adequate description of the complex nature of the interaction of colloidal particles.

One of the model approximations can be a refusal to consider specific types of contributions
to potential energy or simplified assumptions about them. In the simplest case, it is possible to take
into account the only qualitative feature and replace the considered potential (9) with a model one —
a "comb™" or a sum of sinusoids. The "comb™ method turns out to be useful, in particular, in studying
the spatial structure of [11] proteins. The dynamics of particle interaction during coagulation
structure formation can then be considered by the Kramers or Langevin method [12].

Coagulation and crystallization clusters at the next stages form a percolation hierarchical
structure, due to which the system undergoes setting and eventually forms a stone-like body due to
the enclosing nature of the percolation cluster of interparticle contacts of various nature
(coagulation and crystallization contacts, interparticle adhesion contacts). In addition, it should be
noted the implementation of deep minima in effective potentials (9), due to the existence of the
"material™ connections discussed above. Thus, the interaction and mutual transition between
discrete (spatial structures) and continuous (distribution of binder particles) is characteristic of all
stages of structure formation.

DP "randomness-necessity”. In any disperse system, there are interactions that can be fairly
conventionally divided into deterministic and stochastic, and their further study can be carried out
by various methods, including combined ones. In a number of cases, such a division is due to
physical reasons, for example, a significant difference in the masses of the molecules of the solution
and the Brownian particle. The probabilistic description is also justified in the case of unstable
chaotic dynamic regimes. For the corresponding systems (of a deterministic nature!) it becomes
possible to indicate equations similar to diffusion ones. Often the selection of the stochastic part is
determined subjectively by the degree of difficulty of the study. Randomness should be recognized
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as an unknown necessity, and necessity as a common mechanism for generating randomness.
All these mutual transitions can be observed on the example of structure formation in
materials. One of the most productive ways of considering this DP is based on information theory.
The concept of information involves choosing one or more options out of many and remembering
the choice made. The choice can be made as a result of the action of external forces (reception of
information) or due to the unstable behavior of the system (the emergence of new information). The
process of formation of structures can be considered as the dynamics of the information system. It
should include interactions that provide any structure-forming particle with the possibility of transition
between the regions of influence of N stable states with subsequent attraction to one of them. Then the
maximum information (information capacity) that the system can prepare is (10):
I max =1095 N - (20)
On the other hand, there are particles in the system for which it is possible to determine the
thermodynamic probability W, including the values of their coordinates and momenta. The definition
of physical entropy in bits through W also corresponds to micro information 1™ (11) [13]:
Irrr?éizsmaleo%w' (11)
The Brilouin principle of equivalence of information and physical entropy (12) is fulfilled for
micro information:
IMeys =M =S =log,W. (12)
The number of stable states N is usually much less than W. For the reception of information
(10), it is necessary to perform work, due to which the system will passes into one of the stable
states. In this case, part of the energy will be lost in the process of dissipation, and the physical

entropy S will increase by a value exceeding the amount of information received. It is fair to
consider such an effect as the "price" of the observed macroscopic process of self-organization. Due
to dissipative properties, there is a transition to stable states, the lifetime of which zis determined
by the height of the potential barrier between them (13):
h U
T P (13)
Let us pay attention to the fact that in the process of structure formation, the nuclei of a new
phase and growing clusters ensure the existence of spatially stable states, which can be estimated by
the sum (14):
nmax
N(t)= > Z(nt). (14)
*
n
It should be noted that (14) refers to the supercritical nuclei of a new phase — growing
microcrystals.
A rough estimate also gives (15):

N
N = " (15)

here Ng is the number of mobile atoms involved in the growth of the nucleus. Such an approximation
is possible, since starting from n=n"the process can be considered irreversible, U>kT.

Thus, the process of formation of the embryonic structure and the further stage of growth can
be interpreted as a kind of reception of information, the transformation of a part of micro
information (11, 12) into (macro) information (10). In this case, due to the dissipation of the
interaction energy of particles and the growing structure, the physical entropy increases, and the
centers of the new phase correspond to stable states. A similar conclusion applies to many phase
transitions accompanied by crystallization. During the structure formation of cluster systems,
colloidal particles interacting with the total potential (9) are considered as "atoms", and a growing
cluster can also be recognized as a kind of spatial stable state.
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In the process of structure formation for materials of various nature, the formation of new
elements and structures is observed — pores, capillaries, cracks. Even more complex structures are
formed in composite materials with the participation of filler particles. The approach considered
above can be extended to complex structures, if we take into account the possibility of complicating
the nature of the potentials in the corresponding systems and the emergence of multi-stability. The
geometric shape and other parameters of the emerging structures correspond to their own minima of
the potential — the epigenetic landscape of the emerging system. General characteristics of a
complex picture of structure formation with the emergence of new elements and simplified
representations associated with the theory of nucleation are the formation of macro information
(associated with the type of the emerging structure and the corresponding minima of the potential
function — attractors) and the increase in physical entropy due to this according to (12).

The transition of a part of micro information into macro information is also carried out in the
processes of destruction of the material. The microscopic level here should be recognized as the
structure of the phase boundary (inter-cluster interfaces, pores and technological cracks) or the
corresponding network structure. The formation of fracture cracks as a result of the imposition of
internal and external deformations leads to the implementation of a stable mutual arrangement of
spatial units (crystallites, atoms and molecules at the molecular level), corresponding to the
destroyed material of the sample or structure (11, 12).

For several scale levels, it is possible to observe patterns of interaction and mutual
transformation that are characteristic of this DP.

Conclusions. There are other DPs that play the role of coordinate axes in the study of systems.
Among them, we note the following: "statics-dynamics”, "inertia variability”. All of these have been
implicitly affected by the consideration of the above DPs. Conclusions. Thus, the analysis allows us to
assume that the principle of adequacy should be recognized as a criterion for choosing a model approach
to studying the mechanisms of structure formation: for each of the considered system coordinates, the
complexity of the object must correspond to the covered complexity of the study method, and the target
setting is an additional limitation. The considered “axes" are of the greatest interest for us. It seems
desirable to reduce the complexity in other directions for the experimental study of structure formation.
In particular, the selection of the binder material can be carried out in such a way as to reduce the
complexity and variety of purely chemical processes (hydration). Such materials are mono-mineral
binders. One of the possible options for the model system for the direction under consideration is
gypsum binders and, in particular, gypsum CaS0O,-0.5H,0 directly, the other is polymeric materials, for
example, epoxy resin. The processes of setting and hardening of such materials go through various
stages of structure formation, which can be described by the proposed methods of systems theory.
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AHoTanis. CTaTTs NPHUCBSYCHA PO3TISY 3aBJaHb MaTepiajlo3HABCTBA 3 IMO3UINI 3araibHOI
Teopii cucreM. BUKOpUCTaHO METO[ MiaeKTHYHHUX Tap «JacTUHA-IIey, «Oe3repepBHe-IUCKPETHE»
Ta «BHITAJIKOBICTh-HEOOXIAHICTbY», IO BIJIMOBIIAIOTh 3araJlbHOCKCTEMHUM KOOpJMHATaM, Ha OCHOBI
SKUX BUHHUKA€ TPETS €eMEP/DKEHTHA CKJIaJI0Ba CHHTETUYHOI'O XapakTepy. TeopeTuKo-CUCTEMHI METOIU
JI03BOJISTIIOTh KOHKPETH3YBATH MOJICNIbHI YSBJICHHS 32 JOITOMOTOIO €JIEMEHTIB Teopii KpucTamizamii Ta
nuHaMigHOI Teopii iHpopmarii. CHCTEeMHI YSBIEHHS 3aCTOCOBYIOTbCS JUISl YTOYHEHHS MOHSATTS
TpaHuIll pPO3AUTYy Yy MaTepiajax 1 TeTeporeHHux cucremax. [loka3aHo JialeKTMYHY €IHICTb
aTOMICTUYHUX Ta T€OMETPUYHHUX YSABJIECHb Yy TEOpii yTBOpEHHsS HOBOi a3y y B'SDKyUHMX Marepiajiax.
ImoBipHICHUIT Ta 1HQOpMaLiiHMHA ONMC pO3MISIIAETBCS AK pealizailis JIaIeKTUYHOI Tapu
"BUNIAIKOBICTb-HEOOX 1 THICTD". [ToHATTS 1H(pOpMALIil TICHO MOB'sI3aHe 3 BHOOPOM OJHOTO ab0 KITBKOX
BapiaHTIB 0araTboX 1 3amaM'siTOByBaHHs 3po0seHoro BuOopy. Bubip moxe 3a1licHIOBaTHCS BHACIIIOK
Iii CTOpoHHIX cuil (peueniis iH(opmarii) abo uepe3 HECTIMKY MOBEIIHKY CHCTEMH (BHUHUKHEHHS
HoBoi iH(opMarii). IIporiec yTBOpeHHsS CTPYKTYp MOXKHA PO3IJIIATH SIK AMHAMIKY 1H(GOpMAaIiiHoi
cucteMu. BoHa MOBMHHA BKITIOYATH B3a€EMOJIIT, 110 3a0€3MeuytoTh Oy/b-SKili CTPYKTYpOYTBOPIOIOUIN
YACTUHIII MOMJIMBICTh MEPEX0Ay MK 00JacTAMU BIUIMBY CTIMKMX CTaHIB 3 HACTYIHUM TSDKIHHSM JI0
ofHoro 3 Hux. POpMyBaHHS CTPYKTYp Yy B'SHXKydoMy MaTepiaii 3 MO3ULIi JUHAMIYHOI Teopii
iHopMmaii crpuiimaeTbes sk peuenuis iHdopmarii. s penenuii iHpopmalii HeoOXiTHO 3poOUTH
po0oTY, 32 paXyHOK SIKOi CHCTEMa Tepeiiie B OJIMH 13 CTIMKUX cTaHiB. DOpMyBaHHsS HOBUX €JIEMEHTIB 1
CTPYKTYp — TOp, KanJIsipiB 1 TPIIIMH PO3MIIAIAETHCS K IMEPEXIJ] CHCTEMH J0 CBOIX BIACHUX MIHIMYMIB
MOTEHLialy — eMIreHeTUYHOro JaHqmadry maTtepiady K cucreMH, mo ¢opmyerscs. [Ipu mnpomy
YJacTHHA €Heprii 3aryOuThCs y mpolieci aucunarii, a pisuyHa eHTporis 30UIbIINTHCS Ha BETUYHUHY, 110
MepeBUILy€e KUIbKICTh OTpuMaHoi iHGopMarii. Takuil edekT crnpaBeIMBO PO3MIAAATH SIK «IIIHY»
MaKpOCKOIIIYHOTO0 TIPOLIECY CaMOOpraHizallii, M0 CIOCTEpPIraeTbecs. 3alydeHHs Teopii cHcTeM
JonoMarae TakoXX 3 ypaxyBaHHSAM TNPHHLUITY aJIeKBaTHOCTI BKa3aTH IUIIX BHOOPY MOEIBHOTO
00'eKTa, ONTUMAJIBHOTO JJIS TOCHIIKEHHS MPOLIECIB CTPYKTYPHHUX TpaHCPOpMaLliil MaTepiaty.

KurouoBi cioBa: xommo3ulliiiHi OyAiBeIbHI MarTepiaid, JUCHEPCHI CUCTEMH, CHCTEMHUN
HiAX11, CTPYKTYPOYTBOPEHHS, JiaJIeKTU4HI TTapu.
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Anoranisa. [IpoBeneHo aHami3 BOTHE3aXUCHUX MatepiaiiB Uisl JepeB’SHUX OYHiBEIbHHUX
KOHCTPYKIIN 1 BCTAHOBJIEHO HEOOX1HICTh PO3pOOKH HaIiiHUX 3ac00IB 3aXUCTY ISl TaIbMYBaHHS
MpoLeCy 3aiiMaHHs Ta PO3MOBCIOKEHHS MOJyM'st IO MOBEPXHI OyAiBENbHOI KOHCTpYKUii. Tomy
MOCTa€e AOUIIBHICTh BU3HAYCHHS Oap'epy Ui TEIJIONPOBIAHOCTI 3aXMCHOTO IIApy 1 BCTAHOBJICHHS
MeXaHi3My TaJbMyBaHHS Iiepelayi Temia A0 MaTepialy. 3a eKCHepPUMEHTaIbHUMH JaHUMU
BCTAaHOBJICHO, II0 HEOOpOONEHUI 3pa3ok 3aifHsABCA Ha 52 ¢, MOJAYyM’s MOUIMPUIOCA TO BCHOMY
3pasky npotsroM 100 ¢, HaTOMICTh 3pa30K, BOTHE3aXUIIEHUH MPOocodyBadbHUM po3unHoM bC-13,
3aifHsABCs Ha 570 c, MOIIMpPEHHS MHOJIyM’sl MOBEpXHEI0 BiAOYyJIOCS TUIBKM Ha NEpUIid AUISHI,
MaKCUMaJlbHa TeMIlepaTypa AMMOBHX ra3iB ctaHoBmia 86 °C, a inaekc roprouocti ckias 3,42. Jlns
3pa3ka BorueszaxuiieHoro nokputrtsaiMm «PAEPBOJI-BY /) 3aropanus He BiaOynocs, OCKUIbKH Ha
MOBEPXHI YTBOPUBCS 3aXMCHUU IIap MIHOKOKCY, 1HAEKC roprodocTi craHoBUB 0. Y pezyanaTi
JOCITIJDKEHb  JIOBEJCHO, IO MPOUEC TalbMYBAHHS TEMIEPATYpH MoJsrac B PO3KJIaiaHH1
aHTHIIPEHIB Mij TeleqHOIo J€I0 1 BUIUICHHSAM JIETKUX 1HEPTHHX HpO,Z[YKTlB YTBOPEHHSIM
CaXKOTIOIOHUX HpOI[YKTlB Ha TOBEPXHI MPHUPOJHOTO TOPIOYOr0 Marepiany 1 TersIoi30JI0BAHHAM
JepeB’sTHOT KOHCTPYKINi. 3aBISKH IIbOMY CTal0 MOXJIMBHUM BH3HAYEHHS YMOB BOTHE3aXHUCTY
JIEpEeBUHU, IIIIXOM YTBOPEHHS Oap'epy ISl TEIUIOMPOBIAHOCTI TP PO3KIIAIaHHI JaKy Ha MHOKOKC.
ExcriepuMeHTanbHUMHU JTOCTIDKEHHSAMH TIATBEPIKEHO, IO 3pa30K IEPEBHHH, BOTHE3aXHILEHOL
MOKPUTTSAM, BUTPUMaB TeMIIepaTypHUll BILUTUB MPHU Aii TEIUIOBOTO MOTOKY mpoTsarom 600 c. Lle nae
OCHOBHU TBEPIUTH PO MEPCIEKTUBY IILIECIIPIMOBAHOTO KOHTPOIIOBAHHS MPOIECIB BOTHE3AXUCTY
JIEpEeBUHU TLISXOM BUKOPHUCTAHHS BOTHE3aXMCHHX 3aco0iB, CIPOMOXHHUX YyTBOPIOBAaTH Ha
OyaiBeIbHIM KOHCTPYKIIIT 3aXUCHUHN IIap, 10 TaIbMYE Mipoi3 IepEBUHU.

KuarouoBi cioBa: 3axucHi 3aco0u, BOTHECTIHKICTh, BTpaTa MacH, OOpOOJICHHS MOBEpXHI,
IIBUKICTh BUTOPAHHS IEPEBUHHU, €()EKTUBHICTh 3aXHUCTY.

Beryn. [lepeBuna, sk OyniBeIbHMIA MaTepial, BCe YacTillle BAKOPUCTOBYETHCS y OYy/IIBHUIITBI
I apxiTeKTypl OCKUIbKM Ma€ 3Ha4yH1 MO3UTHBHI €KCIUTyaTaliiiHi BaacTuBocTi. O/HaK, BpaXOBYIOUH
BUCOKY TOpIOYICTh, € MOKeKOHEeOe3[eUHUM MaTepianoM, 1o oOMexye cdepy il 3acTocyBaHHS,
0co0MMBO y 0araronoBepXxOBOMY JiepeB’sTHOMY OyAyBaHHI. 3O0UIBIIUTH CTYIiHb O€3MeYHOi
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eKCIuTyartalii 00’€KTiB, J€ BUKOPHUCTOBYIOTHCS Marepiajy i BHPOOM 3 JCPEBUHHM, MOXIHMBO 32
JIOTIOMOT'OX0 1i 3aXUCHOTO 00poOsIeHHs Bij BOrHIO. CyTh 3aXHCTy JE€PEBUHU IOJATAE B HAJTaHHI 11
3MATHOCTI MPOTHCTOSTH il TOIyM’sl, TOLIMPEHHIO IIOJyM’sl TIOBEPXHEI0, B MPOTHIi
TEPMOOKHCIIIOBAaHHOT IECTPYKIIii Ta rajbMyBaHHI IPOLECy 3aliMaHH.

Binomo, 110 gepeBrHa He 3/1aTHA 10 TIOTYMEHEBOTO TOPIHHS cama Mo co0i, a TOPATh MPOAYKTH
il po3Kany, siKi yTBOPIOIOTHCS ITiJI JII€I0 TeMIiepaTypu. BBeeHHs B Marepiall aHTUIIIPEHIB 301IbIITy€
KUTBKICTh BHHUKHEHHSI 1HEPTHHX JIETKHX IPOAYKTIB, IO (ierMaTu3yioTh rasodasni peakuii
IIOJIyM s, YCYBAIOTh TJIIHHS KapOOHI30BaHOTO 3aJIMIIKY TA 3MEHUIYIOTh IHTEHCUBHICTh BTPATH Macu
[1, 2]. [IpocouyBaibHi BOrHE3aXUCHI KOMIIO3HUIIT HE 3aBXK/IM 3a0€3MeUyI0Th CTIHKICTh AEPEBUHU JIO
BIUIMBY BHCOKOTEMIIEPATYpPHOIO PO3KJIAAY, OCKIJIBKM HE BUTPUMYIOTh TEMIIEpaTypHO BOJOTICHHUX
KOJIMBaHb Ta BTPA4YarOTh 3aXHCHI BJIACTUBOCTI. 3aCTOCYBaHHS CITyYyIOUMX HOKPHUTTIB JI03BOJISIE
TEIUIOI30JII0BaTH Marepial 3a PaxyHOK YTBOPEHHS TEPMOCTIMKOro miapy ta 30epertu Hecydy
3[aTHICTh KOHCTPYKIIIT MPH JIii BOTHIO MIEBHOTO Tepiony vacy [3, 4].

ToMy BCTaHOBIIGHHS mMapaMeTpiB MPUTHIYEHHS TOPIHHA JEPEBUHHM TIPHU ITABUIICHIN
TeMIepaTypi i BIUIMBY MOKPUTTS HA LEH mpoliec i HampaBieHe Ha 3a0e3MeYeHHs] BOTHECTIMKOCTI Ta
BIJIMOB1/THO, BU3HAYA€ HEOOX1IHICTh MPOBEJACHHS TAKUX JOCIIKEHb.

AHagi3 octaHHix AocjigkeHb Ta myOJikauii. Borueszaxmcr aepeB’sHuX OyIiBeNbHUX
KOHCTPYKLI{ NOJISiTa€ B CTBOPEHHI Ha IOBEPXHI TEIUIOI30JI0I0YMX €KpaHiB, L0 BUTPUMYIOTH
0e3rmocepeHIO JiF0 BOTHIO 1 JO3BOJISIIOTH JepeBUHI 30epiraTé cBoi (QPyHKIIi MPOTATOM 3aJaHOTO
nepioay 4acy.

B po6Gori [4] Oymo BusBIIEHO, IIO TPOOHM KOKOCOBOTO BOJIOKHA CEPEAHBOI IIIIBHOCTI,
o0pobneni BoruesaxucHumu (FR) po3unmnamu, € edekTHUBHUMHU y TPOTUCTOSHHI moxkexam. Lle
JOCHI/UKCHHST TOKa3aJlo HaWOUIbIn crpusTiuBe MoeqHaHHs bP  po3umny mns  pomanHs
BOTHECTIHKOCTI KOKOCOBUM BOJIOKHaM. 3pa3ku XiIMIYHO 00poOmsuim po3umHamu FR  pizHuHX
KoMOiHamiii Oypu i OopHoi kmcinoru. OOpoOJieHI 3pa3KW IMOKa3aJld ICTOTHE MOJIMIICHHS 1X
CTIMKOCTI 70 TOPIOYOCTI M 4Yacy MPOHUKHEHHS IMOJyM's, 3HIKEHY HIBUAKICTH TOPIHHA 1 OLIbII
BHCOKY CTIMKICTh JIO IONIMPEHHS MOMyM's. Byso mpoBeseHo perpeciiiHuil aHami3 Ui BU3HAYCHHS
CHIBBIJHOIIEHHSI MK BaroBUM MPOIEHTHUM BMicToM Oopy FR, mpucyTHhoro B po3uuHi, U
XapaKTePUCTHKAMHU CTIHKOCTI 10 OIyM'ss 00pOOJIEHUMX BOJOKHUCTHX IIMT KOKOCOBOTO BOJIOKHA, B
AKMX Mependayayocs, 110 MPOrHO3U € TOYHUMH B Mexax = 3%. Y BUCHOBKY BCTAQHOBJICHO, IO
Oyzab-sika pi3HUL y BaroBii yactii 6opy FR y po3unHi BIuiMBae Ha CTIHKICTb 10 MOJIYM's 1 PO3UHMH,
axkui MicTuB 35% 60py, HaZlaB MaKCUMaJIbHY BOTHECTIMKICTh 3pa3KiB KOKOCOBOTO BOJIOKHA.

B poOori [5] po3risHYTO BILIMB 3B’SI3yIOUOTO 3 POCIMHHOI CUPOBMHM Ha CTBOPEHHS THYUYKHX
TETI0I30JALIIMHIX MaTepialliB, ajie SIK BUPILIYEThCS IMUTAHHS, 110 ITOB’S3aHO 3 TOPIOYICTIO, HE BKa3aHO.

B pobGoti [6] po3rnsmaeTbes BIUIMB PI3HUX TeMIepaTyp TepMidHoi Mojudikamii Ta
aHTHUIIIPEHIB HAa BUOPaHi XapaKTepUCTUKU TOPIHHSA Ta XIMiUH1 KOMIIOHEHTH JiepeBuHU THKa (Tectona
grandis L. f.). Tepmiuny Moaudikariro nposogwiu npu temneparypax 160 °C, 180 °C 1 210 °C.
3ronoM TepMoMoaM(pikoBaHa JaepeBHMHa Oyna oOpoOiieHa HaTypalbHUMH (apabiHorajakTaH) 1
CUHTeTUYHUMH (pochar amMoHi0) aHTHMipeHaMH. BrumB TepMiuHOi Moaudikamii, a TaKoxX
aHTHUIIIpEHY OYJO BHSBIEHO 3a TaKUMHU XapaKTEpPUCTHKAaMM TOPIHHS, SIK BTpaTa Bar, IMIBHJKICTh
TOpIHHS, MaKCUMaJIbHA IIBUAKICTh TOPIHHS, CIIIBBIIHOIIEHHSI MAKCUMAaJIbHOT IIBUJIKOCTI TOPIHHS Ta
Yyacy MOCSTHEHHS MaKCHMAalbHOI IIBUAKOCTI TOpiHHA. XiMiuHI 3MiHU, BUKIMKaHI BIUIUBOM IIUX
(dakTopiB, BU3HAYAIMUCS 3MIHOIO BMICTY IIEIIOJIO3U, TEMIIIENI0IO03, TOJIONEI0I03HU, JITHIHY Ta
eKCTPAKTUBHUX PEYOBUH. 3B'A30K MK XapaKTepPUCTUKAMH TOPIHHA Ta XIMIYHMMH 3MIHAMHU B
TepMidHOMOIM(DIKOBaHIM JIepeBUHI aHalli3yBajHl 3a JornoMororo kopensuii Crnipmena. Pesynbratu
MoKasaJiy, 1110 TepMiuHa MOJUQIKaIis THKOBOTO JepeBa HEraTHUBHO BIUIMHYJIA Ha HOro BIaCTUBOCTI
3aiiMaHHg Ta ropiHHA. CHUHTETUYHMH aHTUIIIPpEH MaB HaWBUIIUI e(peKT YMOBUIBHEHHS Y BCIX
Bunaakax.  [IpupogHuii  aHTUIIpEH  COPUYMHUB  Kpamil  epeKT  YNOBUIbHEHHS
TepMiuHOMOIM(DiKoBaHOI fepeBuHH npu TemmnepaTypi 180 1 210 °C. Ane 3011bl1yBaBCs BIIHOCHHM
BMICT JIITHIHY, €KCTPAaKTUBHUX PEYOBMH 1 LIEJIOJIO3H, a 3MEHIIYBaJIacs KUIbKICTh XOJIOIEI0N03H 1
0COOJIMBO T'EMILIETIOJIO3M.
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SIKICTh BUKOPUCTAHHS IHTYMECIICHTHUX MOKPHUTTIB Ha OCHOBI HEOPraHIYHUX Ta OPTaHIYHHUX
PEYOBHH TOKa3aHa B poOOTi [ 7], Ie 32 paXyHOK [Iii aHTUITIPEHIB Ha OCHOBI 1MOJIi (hochaTy aMoHiI0 Ta
ra30yTBOPIOBAYiB 1 KaTali3aTopiB MOXKIMBO BIUIMBATH HAa YTBOPEHHS TEIUIOI30JIOBAIBHOTO IIApY
miHOKOKCy. OJlHaK, TOCTa€ HEOOXIAHICTh OCIIDKEHHS IO caM€ CTBOpHOE Oap’ep uIs
TETUIOMPOBITHOCTI Ta 3a0e3nedeHHs €PEKTUBHOI i1 MOKPUTTS 3 YTBOPCHHSIM MIAPY KOKCY.

Y poboti [8] moBigOMIISETHCS MPO HOBUI BOTHE3aXMCHHMM MMIAXiJ 13 3aCTOCYBaHHSIM
CHHEPTeTHYHUX i, 10 MOETHYIOTh YHIKaJIbHI BIACTUBOCTI BiTHOBIEHOTO OKcuay rpadeny (rGO) i
rigparoBaHoro Harpito Merabopatu (SMB). Po3poGieHo omHoeTanHy OOpOOKY IIETIOJI03HUX
MaTtepialliB. KOMIO3HUIIIMHUM PO3YMHOM, SIKUi cTBOproe Oap’epHuii map rGO/SMB Ha moBepxHi
THpCH, 10 3abe3nedye BUCOKOSHEKTUBHUN BOTHE3aXMCHHM 3aXUCT 3 Pi3HUMH criocoOamu mii. Lli
XapaKTepUCTHKH pO3POOJIEHO 3 YypaxyBaHHSAM CHHEprii MK BJIACTHBOCTSMH TiJpaTOBAHUX
kpuctaniB SMB, sxi npamioTs SK XIMIYHHA pagiaTop IJs YIMOBUIBHEHHS TEPMIYHOI Jerpaaarrii
LEI0JIO3HUX YaCTHHOK | Ta30HenpoHWMKHUX mmapiB rGO, mo 3amobirae IOCTyNy KHCHIO Ta
BUBIJIBHEHHIO TOKCHYHHUX JIETIOUMX pedoBHH. 30BHimHIA map rGO TakoK CTBOPIOE TEPMIUHHUH |
¢i3uunmii Oap’ep, MEPEMIlIyIOUN BYTJICHh MK MOJIYM’sSM | HE3rOpiIMMH YaCTHHKAMU JICPCBUHH.
BornesaxucHi XapakTepUCTUKU PO3p0oOJIeHOro rpadeH-00paTHOro KOMIIO3UTY Ta MEXaHI3M iX
PSKUMIB BOTHE3aXUCTY MPOJEMOHCTPOBAHO IIISIXOM TECTYBaHHSA KUIBKOX pIi3HUX (HopM
LIEJIFOJIO3HUX MaTepialiB 3 BUKOPUCTaHHAM cocHOBOi TupcH, JICII Ta cTpykTyp Ha OCHOBI BOJIOKHA.
Pesynmpratn mokazanm IXHIO BHJATHY CaMO03aTyXaloody IIOBEAIHKY 31 3HAYHOI CTIHKICTIO 0
BUBIIbHEHHSI TOKCHYHHUX | JIETKO3aiIMUCTUX JICTKUX PEYOBHH, IO CBIAYHUTH MPO TE, IO BOHU €
NPUAHATHOIO aJbTEPHATUBOIO IS 3aMiHU 3BHYAMHHUX TOKCHYHUX TaJOr€HOBAHHMX BOTHE3aXHCHHUX
Marepiaiis.

B poGoti [9] cka3aHo, mo0 3HA4YHE MiJBUIIEHHS CTIHKOCTI 0 aTMOC(HEPHUX KOJIUBAHb,
MEXaHIYHUX XapaKTEPUCTHK 3aXHUCHOTO IIapy OTPUMYETHCS BHACTINIOK BHUCOKOTEMIIEPATYpPHHUX
CIIOJYK TIPH 3aCTOCYBaHHI TUX YH 1HIIUX H00aBOK. OIHAK, I IBOTO MPOIECy HEOOX1THO HABECTH
BiJIIIOBiTHI pe4OBUHH Ta (Pi3UKO-XIMIUHI PO3PAXYHKH.

B pobGoti [10] moka3zaHo, 0 3Ha4YHA KUIBKICTh 3aXHCHHUX TOKPUTTIB Ma€ Iy HHU3KY
HEJIOJIIKIB, B TOMY YHCIII TaKuX, SIK HAHECEHHS OKPEMHUX KOMIIOHEHTIB, 1X €KCIUTyaTallisl P 3MiHi
TEeMIIepaTypHO-BOJIOTiICHUX TOdiB. [lpum TepMiuHiii 1ii BOHM BTpAayarOTh CBOi (YHKIIOHAJBHI
BJIACTHBOCTI Ta HE 3[aTHI 3aXUCTUTH MaTepianw i BupoOu 3 nepeBuHH. lle o3Hawae, mo He
BCTaHOBJICHO, K CaMe MPOXOAMTH MPOIEC PO3KIaJaHHSI BOTHE3aXMCHOTO INMPH eKCILTyaTamii mpu
MIJIBUIIIEHUX TEMIIepaTypax.

B po6orti [11] HaBeneHO AOCHIKEHHS 3aXUCHUX MaTepiayiB, CTBOPEHUX 13 OpraHidyHHX
pPEUOBHH 3 PO3YMHOM 13 KoJemaHiToBOi pyau. I[lokazaHo, MO 3aBASKM BCTAaHOBJICHHUM
CHIBBIHOIICHHSIM € JIOMYCTUMHUM 3MiHa BMICTY CKJIQJOBHX JJisi OOYMOBJIIEHHS TIPOIECY
TEIIOCTIMKOCTI.

B po6ori [12] mocnimxkeHo BiumB HatypaibHOro BojiokHa (NF), momidgocdary amonito (APP),
tpuriapary okcuny amomitiro (ATH) Ta riopuny ATH/APP na roprovicth, TepMiuHi I MeXaHi4YHi
BJIACTMBOCTI KOMIO3UTIB. BBeneHHa HaTypanbHOoro BosiokHa (NF) B uncTy €mOKCHMAHY MaTpHIIO
3MEHIIMJIO 3arajibHy TEIUIOTY 3TOpsSHHS 1 3a0e3Mednsio IMOKpalleHi BIACTUBOCTI TEPMIuHOL
nerpanamii. JlogaBanus APP migBummio BOTHECTIMKI BJIACTUBOCTI KOMIIO3UTY 31 3HAYHO
3MEHIIEHUM 3arajbHUM YacoM MOJYM’sl Ta HyJIbOBOIO Kpamnenbkoro. ['iopua 10 mac.% Tpuriapary
okcuay amomidito (ATH) 1 5 mac.% nomidocdary amoniro (APP) mpogemoHcTpyBaB HallOIbII
6araToo0ilsif0uy BOTHECTIMKICTh 13 BJIACTUBICTIO CcaMO3aracaHHs, a TaKOX HaWHIKYY BaJlOBY
TEIUIOTY Ta HAWOUTHIIHMIA 3aJUIIOK OOBYTJICHHS Cepel PI3HUX AOCTIHKCHUX CKIAAiB. 3arajiom
cKJaau, mo mictarh nuime ATH, He MOXyTh 3a0e3neunT eeKTUBHUN MUTOMUN OIip TOIYyM IO,
MOPIBHAHO 3 KomrmosuiisiMu, HarmoBHeHMMH APP. Kommnosumii, HanmoBHeHi ATH, 3HmwkyBamm
MIIHICTh Ha PO3PUB, MMOJOBXKEHHS MPU PO3PHBI Ta BIACTUBOCTI MPH 3THHI, TOJI SIK CHOCTEpiranocs
30UIBIIEHHS MIIIHOCTI Ha 3TMH KOMIIO3UIIIH, HaBaHTaxeHux APP.

B po6ori [13] moka3ano, mo rpadeHoBuii HanonucT (GNS) B moeaHaHHI 3 TpaauLiHUM
mapyBaTUM NoJBIHHUM rifgpokcuaoMm (LDH), mapyBatuM rijpoKCHIOM piIKO3€MEJbHUX METalliB
(LRH) i anTuniperom Ha ocHOBi pochopy (DOPO) BuKopuCTaHO AJIS MiABUIIEHHS BOIHECTIMKOCTI
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ernokcuaHo1 cMonu. CHHEpriYHUN eeKT 3aTpUMKH moiyM'st pocsiraetbesi B cuctemax GNS/LDH i
GNS/DOPO, ne xomb6inoBani GNS i1 LDH miaBumiytoTh B'SI3KICTh pO3IUJIABY EMOKCHUIY Ta
OOMEXYIOTh TOLIMPEHHsS MONyM's 4Yepe3 IHriOyBaHHS Kpamenb. | paHMYHUI KHCHEBUI 1HJEKC
enokcuay minBuimyBascs 3 15,9 mo 23,6 npu momaanui 0,5 mac. % xoxknoro 3 GNS i LDH. 3
momaBaHHSIM 2,5 Mac. % GNS 1 LDH, 3arampHe TEIIOBHOICHHS EIOKCHIHOI CMOIH TaKOXK
sMeHmmIocs Bix 33,4 MILk/M® 1o 24,6 MJDx/m% Cunepriunuii epexr GNS 1 DOPO otpumar
iHmmii  MexaHidm. JlomaBanHs 2,5 mac. % GNS 1 DOPO 3MmeHmWIM TiKOBY IIBUAKICTH
TerioBuaiIeHHs Bix 1194 kBT1/M? 1o 396 KBT/MZ, a 3arajibHy IMIBUJIKICTh TETJIOBUIICHHS Bif 72,5
MJDx/M> o 48,1 MJDx/M°. CuHepriuni MexXaHi3MH BOTHE3aXHCHHX 3acO0IB OyIH PETENBHO
MpOaHaIi30BaHi Ta CIiBB1IHECEH] 3 BOTHE3aXMCHUMH BJIACTUBOCTSIMH.

Po3poOka eKoJOriuHO YHCTOTO Ta BHUCOKOS(EKTUBHOIO AHTHIIIPEHY JJs 3aCTOCYBaHHS B
TOHKOMY ITOJIIMEPHOMY IOKPUTTI BCE IIE 3AJMIIAETLCSA CEPHO3HOI0 mpobiemoro. B pobori [14]
PO3pOOJIEHO KOMITO3HIIMHUNA aHTUMIPEH 3 rpadeHy s CKISHHUX JIUCTIB 32 JIOTIOMOTOK HOBOTO
pinkodasHoro mporecy ekcdomiamii Ha Micii. Komm aHTHUmipeH A0Ja€ThCs 10 MOJTIMEPHOTO
MOKPUTTSI, BIH IEMOHCTPY€ BHCOKY BOTHECTIHKICTh Il TOPIOYOTO IUIACTHKY, JepeBa Ta HETOPIOYO1
ctani. ['pannunnii kucHeBuil iHgekc (mpudmuzno 32,3%) 1 peittunr UL-94 V-0 ynprpaToHKOrO
MOJIIMEPHOTO TMOKPUTTS (mpuOIM3HO 65 MKM) MOXXHA OTPHUMATH JIsi BOTHE3aXUCTY JCPEBHHU.
Takox crioctepira€ThCsi TPUBAIUN Yac BorHesaxucHa i (55,0 xB.), sika Habarato JOBIIE, HIX Y
3BHYAWHOTO MosiMepHOoro mokputts (1,0 XB.) s Borae3axucty craii. Ll pobora mponoHye HOBY
CTpaTerit0 CTBOPEHHS €KOHOMIYHO €(EeKTUBHUX TOHKHMX BOTHE3aXMCHUX MOJIMEPHHUX MOKPUTTIB
IUISL PI3HOTO IIPOMHUCIIOBOTO 3aCTOCYBAHHS.

B pobori [15] mocmimkeHo, SK OpradiuHi KOHCEPBAHTH JUIS JEPEBHHH, IO
BUKOPHUCTOBYIOTBCS JUTSI ii 3aXHCTY BiJl IPHOKIB 1 KOMaxX-IIKiJHHUKIB, BILIMBAIOTh HA BOTHECTIHKICTh
1 TOproYi BJIACTUBOCTI JIEPEBHUX MaTepiajiB, sIKi 3a3BUYail BHKOPHUCTOBYIOTHCS Y BITUM3HSHIN
JepeBOOOPOOHIN Ta OyiBeNbHIM MPOMHUCIOBOCTI. 3 TOYKH 30py BTPAaTH HECYYOi 3JaTHOCTI
JIEpEeBUHU Ma€ 3HAYCHHSI JIUIIe MTMOMHA OOBYTIIOBAHHSA, OCKUIBKY i1 3MEHILIEHHS Oy/ie BU3HAYATUCS
3MEHIICHHSM TMOIMEPEYHOro IMepepidy JepeBHHU. bylo mepeBipeHO BIUIMB KOHCEPBAHTIB IS
JICPEeBUHHU, 3aCTOCOBAHMX JJISi HEMOIIKO/PKEHUX 3pa3KiB COCHU 3BHYAWHOI Ta SJIMHH 3BHYANHOL,
KOH/IMI[IOHOBAaHUX y HOPMAJbHHUX KIIMAaTHYHUX YMOBaxX. T€CTOBI 3pa3Kd NPOWIUIA TMOBTOPHY
00poOKy, TiCIIsi 4YOro TEpeBipeHO [i0 pi3HUX KOMOIHAIid KOHCEpPBaHTIB. 3 HasBHUX Ha
BITYM3HAHOMY PHHKY 3ac00iB 3aXMCTy JIEPEBUHU HA OCHOBI OPraHIYHHUX PO3YMHHMKIB 1 BOJHHUX
3ac00iB Oyno BUOpaHO ciM cymimieit st 00poOku. ExcriepuMeHTH 3 3aMOYyBaHHSM MOKa3ajH, 110
KOHCEPBYIOUE MPOCOYECHHS SUIMHU 3BUYAMHOI CYTTEBO BIJIPI3HSAETHCS B COCHU 3BMYANHOI, IO
BIUTMHYJIO HAa TIOPIBHAHHS pE3ylbTaTiB TecTy. EKcrepuMEHTanbHO JOCTIIKEHO BMICT BOJOTH,
BTpaTa MacH Ta PO3paxOBaHO TIMOMHY OOBYIJIIOBaHHs. BmiuB pi3HuX MmartepianiB ais oOpoOKu
OyJ0 BCTaHOBIIEHO MpPH aHaNi3l po3Mipy MOBEPXHEBHUX OIMIKiB. 3pa3ku COCHU 3BMYANHOI 3a3HAIU
3HaYHO OUIBIIOTO OIMIKY IOBEPXHI, HDK 3pa3Kd SUIMHM 3BUYAlHOI, HE3aJEXKHO BIJI THILY
BUKOPHUCTAHOTO KOHCEpBaHTa. binbiia miinbHicTh Tina, BMIcT cmonu (1...10%) 1 Ginbla movyaTkoBa
BOJIOTICTh COCHH 3BUYAMHO1 COPUYMHWIN ii 3TUHAHHS, a OT’KE, i Kpallle rOpiHHS.

TakuM 4MHOM, MOCTIIKEHHS BIUTUBY KOMIIOHEHTIB, SIKI BXOJSTH JI0 CKJIQAy MOKPUTTIB, Ha
MPOIIEC TETUIOI30JIF0OBAaHHS € HEBHPIIIEHOIO CKJIaJI0BOIO0 3a0€3MEeUeHHsI BOTHECTIMKOCTI JAEPEB’ THUX
Oy/iBeTbHUX KOHCTPYKIIH, 0 1 IepeyBajio yMOBaM MPOBEICHHS JOCITIKEHb.

Mera pgocaimkenHsi. JlaHooo MeTor0 poOOTHM Oyllo  JIOCHIJKEHHS BOTHE3aXHCHOI
€(EKTUBHOCTI CITyIyIOYOTO MOKPUTTSI JIJIsl IEPEBUHH Ta BCTAHOBIIEHHS MEXaHi3MY 11 BOTHE3aXHUCTY.

Marepiasin i Meroam JociaimkeHb. J[IS  BCTAaHOBIEHHS TOPIOYOCTI  JEPEBUHHU,
BUKOPHUCTOBYBAJIM 3pa3Ku HeoOpoOseHi (puc. 1), a Takok 0oOpoOJeHI 3aXMCHUMM HOKPUTTIMU
BIJIMOBIAHO JI0 TEXHOJIOTIYHOTO pErjaMeHTy Ha BOTHE3aXHCHI PEYOBHMHH. A OCKIJIBKH BOHHU
XapaKTePU3YIOThCS BIAMOBITHUMHU PEOJIOTIYHUMH BIIACTUBOCTSMH 1 TIOTJIMHAHHSAM, TO 0OpoOJieHa
JepeBUHAa Ma€ pi3HI 3HAUYEHHA BUTpaTH NOKpUTTA. Tak, oOpoOJIEHHS MAEpEeBUHU TNPOBOIUIN
npocodeHHsaM cymino «bC-13» y kimbkocti 560 r/M?, a TaKOXK nokputtiM «®AECPBOJI-BY [I» y
kinbkocti 241,1 r/m% B taGmuui 1 HaBeeHo XapaKTEePUCTUKH JIEPEBUHU MiCTIsi 00pOOICHHS.
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Puc. 1. MonenbHi 3pa3ku AepEeBUHU Il BUTTPOOYBaHb

Tabmuus 1 — IopiBHsUTBHA XapaKTEPUCTHKA MAacH 3pa3KiB JI0 1 Miciisa 00poOKH

. Maca SPasKE, T Habip macu Habip macu
Haspa anuripery 710 00pOOKH et 3pa3ka, Am 3paska, %
00poOKu ’ ’
He0OpOOIICHUI 3pa30K 98,8 98,8 — -
«bC-13» 99,6 103,8 4,2 4,9
«DAEPBOJI-BY [1» 156 162,5 6,5 6,7

Taxkwuii BUOIp MOKPHUTTIB MOB'SI3aHUI 3 TUM, IO 10 CHOTOAHIITHBOTO Yacy iICHYIOTh Pi3HI THITH
BOTHE3aXUCHUX 3aco0iB JJIs AepeBUHU. Tak, 30Kpema, MpOoCOYyBalbHI aHTUIIPEHU IS AEPEBUHU
(«BC-13») xapakTepH3yIOThCS HU3bKOIO BapTICTIO, @ MEXaHI3M iXHBOT il MOB'I3aHUI 3 PO3KIAIOM
AHTHUITIIPEHIB TiJ TEPMIYHOIO Ji€l0, IO CYMPOBOJDKYETHCS IOTIMHAHHSAM TeIla 1 BHIUICHHSIM
HETOPIOYMX Ta3iB Ta YTBOPEHHSIM Ba)XKKOTOPIOYOTO 3BYIJICHOTO 3JIMINKY Ha TOBEPXHI JCPEBUHH.
Taki pedyoBHHM 3aXWINAIOTh JEPEBUHY MPOTITOM HE3HAYyHOro mepiogy dacy (~600 c). Ame
3’ABISAIOTHCSI HOBI TMOKPHUTTA, IO SBISIOTH COOOK CyMIIl Karami3aTopiB Ta BYIJIEBOJHIB,
yTBOPIOBAUIB ra3zy Ta B’SHKYYMX PEUOBHH, SIKi 3/1aTHI MPH TEPMIuHIM Aii YTBOPIOBATH MIHOKOKCOBHIA
CIlydyeHHM map, mo 1 3amobira€ MPOHUKHEHHIO BHCOKOI TemIieparypu 10 AepeBUHHU. Jl0o Takux
MOKpUTTIB BiiHOCUTHCS 1 « DACPBOJI-BY [I».

JlociakeHHsl 3 BU3HAUEHHS TEPMIYHOI CTIMKOCTI BOTHE3aXMILEHOI I€PEeBUHHU MPOBOIMIM 32
METOJIMKOIO, CYTh SIKOi IoJIsArajia y TEpMIUHIH 1 Ha 3pa30K BOTHE3aXUIIEHOT IePEeBUHU pajialiiiHoi
naHesni, HOro 3amajiroBaHHs, BHMIPIOBAaHHI TeMIIEpaTypH JIETKUX PEYOBHUH TOpIHHA Ta yacy ii
HACTHWJIaHHS, 4Yacy iX 3aiiMaHHS Ta MPOXO/PKEHHS MOJIYM’S MO TUISTHKAM MOBEPXHI, BUMIPIOBAHHS
JOBKHHHU 3ropiBIIoi YacTUHU 3pazka [5]. I 3a oTpuMmaHMMH BUNPOOYBaHHSIMH PO3PaxOBYETHCS
0e3p03MIpHUH 1HJIEKC TOPIOYOCTI 32 KOePIIi€EHTOM /'

9-Q AT .. Trax —To 60-1 &1
I — . max . max . 1+ T, — |,
W A7, [ ;‘ci 1)

o

Je (| — MMTOMa TeIUIoTa 3ropsiHHS raszy nponad (23630), KI[)KH'I;

Q — BuTpara razy 3anansHoro nansHuKa (0,001), J1~c'1;

W — noTyxHICTh eNeKTpuyHOl paaiaiiiHoi naveni, 0,5 kBT;

AT max — MAaKCUMaIbHOTO MIPUPOCTY TEMIIEPATyPH JICTKUX MPOAYKTIB TOPIHHS:
ATmax=Tmax—To,

ne To — TeMrepaTypa HaBKOJIHUIIHBOTO cepenosuina, °C;

Tmax — MaKCHUMalbHA TEMIIepaTypa JEeTKUX MPOAYKTIB ropinHs, °C;

ATy — MAaKCUMATBHOTO MIPUPOCTY TEMIIEPATYPH HATPIBAILHOTO OO THAHHS:

ATHO:T]._TO y

ne T — Temrieparypa BUX1AHOTO MOBITPsl Ipu poOOTi HarpiBajibHOro 001aHaHHs, °C;
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Tp — yac 3aiiMaHHs 3pa3Ka, C;

Tmax — 4ac JOCATHEHHS] MAKCUMAaJIbHOT TeMIIepaTypH IMMOBUX Tra3iB, C;

Tj — 9ac MPOXOKEHHS PPOHTOM MOJIYM'st KOHTPOJILHUX JUISIHOK, C;

| — moBKMHa 3pa3ka, MM;

|, — TOB)KMHA MOIIKOKEHHS 3pa3Ka, MM.

Ha puc. 2 HaBeneHO MPUCTPiid IS MPOBEACHHS JOCHTIKEHh MO BU3HAYCHHIO NapaMeTpiB
3aiiMaHHs Ta MOIIUPEHHS MTOJIYM sl Y BUTJISAII BUIPOOYBaIbHOT Kamepy 00’emoMm 0,125 M.

2

— " " 10 9

. T,

11 12

Puc. 2. IlpucTpiii 11t BU3HAUCHHS TApaMeTPiB 3aiiMaHHS Ta MOLUIMPEHHS MTOIYM ’sI:
1 — BunpoOyBanbHa Kamepa; 2 — BUTSDKHA TpyOa; 3 — BeHTWISIIMHUE OTBip; 4 — TpHMady 3pa3Ka;
5 —3pa3ok; 6 — pamiamiiftHa maHeNb; 7 — 3amaaoBaIbLHUN MPUCTPI; 8 — perymoBanbHa Tpy0a;
9 — ormsiose ckio; 10 — Tepmonapa; 11 — ananoro-mudposwuii neperBopioBay; 12 — komm'rorep

Ilepen npoBeneHHsIM BUIPOOYBaHb HEOOX1IHO 3aAJTUTH MaJbHUK 7 1 BIAPErYIIOBaTH BUCOTY
nojyM’si. BKIIIOUNTH eleKTpUUHy pajialliiiHy maHenb 6 Ta mpuiaja i peecTpauii TeMnepaTypu i
BU3HAUUTU TIOYATKOBY TeMIlepaTypy AUMOBHX Ta3iB Tepmonaporo 10. IligroroBnenuit a0
BUMPOOYBaHb 3pa30K MaTepiayly 5 BCTAHOBIIOIOTH B TpUMad 4, Ta IMiIBOJSATH /10 paaialliitHol maHeml
6. Y mporeci BUIIPOOyBaHHS BU3HAYAIOTh: Yac 3alallOBaHHS (4Yac Bl MMOYATKy BUIPOOYBaHHS /10
MOYATKy MPOXOKESHHS MOJIYM’sIM HYJIbOBOI IMO3HAYKH), Yac MPOXOMKESHHS TTOJIyM’sIM i-01 AUTSHKA
110 MIOBEPXHI 3pa3Ka, BiJICTaHb, HA SIKY MOLIMPHUIIOCS MOJIyM s, MAKCUMAJIbHY TEMIIEpaTypy JETKUX
MIPOAYKTIB TOPIHHS Ta Yac 11 JOCATHEHHS.

BunpoOyBaHHs TpuBae 10 NPUIUHEHHS TOPIHHS MOJyM'ss Ha IMOBEpXHI 3pa3ka abo mpu
nocsirneHH1 600 ¢ y pa3i BIICYTHOCTI 3aiiMaHHs 3pa3Ka.

PesyabTaTn fociigkenb. [ BCTAaHOBJIEHHS BOTHECTIMKOCTI JIEPEBUHU BUKOPHCTOBYBAIU
3ananbHuM naneHUK. Ha puc. 3 HaBeneHo mpoliec NpoBeIeHHS BUIIPOOYBaHb 3pa3ka HeoOpoOIeHoT
JIepeBUHH, Ha pHc. 4 — 3pa3ka JnepeBuHHu, oOpobdieHoro «bC-13», Ha puc. 5 — 3pa3ka JepeBUHH,
o0pobaenoro mokputtsiMm «ODAEPBOJI-BY [I».

Modern construction and architecture, 2023, no. 3, page 49-60



BUILDING MATERIALS AND TECHNIQUES

Puc. 3. IIponec nmpoBeaeHHs: BUpoOyBaHb HEOOPOOIEHOT 1epEeBUHU:
a — MpoIIecC 3amaaoBaHHs 3pa3ka; O — TOPIHHSA 3pa3Ka

Puc. 4. IIpouec npoBeaeHHs BUIIPpoOyBaHb 3pa3Kka AepeBUHHU, 00pobieHoro 3acobom «bC-13»:
a — 3amaIlOBaHHs 3pa3Ka; 0 — pe3yynbTaT BUIPOOYBaHb

3 BUIIIEHABEJICHUX EKCIEPUMEHTAIBHUX JOCTIKEHb BCTAHOBJIEHO, 1110 HEOOpOOIeHNH 3pa3ok
3aropiBcsi, HATOMICTh U 3pa3ka 3axHUIIEHOTO BiJ BOTHIO — TMPOIEC TOPIHHSI Ta TOUIMPEHHS
NOJIyM’sl TIPUTHIYYEeThCs. ['ambMyBaHHS Mpollecy 3aiiMaHHS Ta MOIIMPEHHS MOJyM’sl AJs 3pa3Ka
BoruesaxuiieHoro «bC-13y nossirae y moriimHaHHI TEIUIa, M0 TOB’s3aHe 3 PO3KIIAJ0M aHTHUITIPEHIB
Ta BUJUIEHHSM HErOprOYMX Ta3iB, HATOMICTb JUIs 3pa3ka, 3aXUIIEHOTO0 MOKPHUTTSAM, BiIOyBaeThCs
YTBOPEHHS TMiJI TEPMIYHOIO JII€I0 TIapy MIHOKOKCY, IO i301F0€ Bix aii Temmneparypu. 1o cBiquuTh
PO MOKJIMBICTH MEpPEXO0ly AEPEBHUHU MpU 0OpoOJIEHHI BOIHE3aXUCHUMU 3ac00aMu 10 MaTepiais,
SIK1 BITHOCATBCS 10 BAXKO3AHMHCTHUX, 110 HE TIOMIUPIOIOTH ITOIYM 51 TIOBEPXHEIO.

Puc. 5. IIponec mpoBeaeHHS BUIPOOYBaHb 3pa3ka AePEBUHU, 0OPOOIIEHOTO IIOKPUTTIM
«DAEPBOJI-BY [I»: a — 3anantoBaHHs 3pa3ka; 6 — yTBOPEHHS TEILIO130I0BAILHOTO MIAPY KOKCY
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Pe3ynbpraTtu BU3HAYEHHS TOPIOYOCTI HaBEJCHO B TaONuIli 4.

Tabnmurs 4 — Yac npoxomkeHHst PPOHTOM NOTYM’ sl KOHTPOJIBHUX TOYOK

Temmne- Yac
parypa | 1aC | Yac npoxomxenns dponrom | AOCATHEHHS |JloBikuHa
3pasok | ppmosux| 33M- | momym’s AinsHOK 3paska, ¢ [MAKCHMAJIbHOI| ropinHs |  IHjaekc
JIEPEBUHU | ra3ip, °C | MaH- TeMIIepaTypH | 3paska, |TOpIYOCTi
HS, C MAMOBHUX T'a3iB| MM
T1 | Trmax 1 |2|3|4(5|6(7|8|9 C
Heo?{i‘}lf‘*e' 61(323| 52 | 2 |8|7|10|6|8|7|6]|7 101 294 177,5
BOTHE3a-
xumenun (60| 86 | 570 {396 (8|9 — [—|—-|—|—|— 586 62 3,42
BC-13
BOTHE3a-
XUIEHNH
«DACPBOJI- 58| 84 B 0ttt 600 B 0
BYI»

[Tix wac BumpoOyBaHb 3pa3KiB JIEPEBHHU OyII0O BCTAHOBIIEHO, IO HEOOpPOOJIEHUI 3pa3oK
3aifHsBCS Ha 52 ¢, MOXyM’sl MOLUIUPUIIOCS 1O BChOMY 3pasky mpotsarom 100 ¢, HaTOMICTb, 3pa3oK,
BOTHE3aXHUIIEHHUH MTpocouyBaibHUM po3unHOM «BbC-13», 3aitHsaBcs Ha 570 ¢, HOMIMPEHHS MOIyM s
MOBEPXHEI0 BIAOYNOCSA TUIHKM Ha MEpINii TUISHIN, MaKCHMMajbHA TeMIlepaTypa JUMOBHX TIa3iB
cranoBmia 86 °C 3a yac OUTBIIME y TIOHAJ 5 pa3iB, a 1HAECKC TOPOYOCTi ckiaB 3,42 (tabmn. 4). s
3paska, Borae3axuiieHoro nokputtsaM «OACPBOJI-BY [I», 3aropanus He BinOyaocs, OCKUIBKU Ha
MOBEPXHI YTBOPUBCS 3aXUCHHUH MIap MHOKOKCY, 1HIEKC TOprovdocTi ctaHoBuB 0.

3 ypaxyBaHHSIM TOro, LIO Hecy4l OyaiBeIbHI KOHCTPYKLII MOXYTh HIiANAgaTH BIUIMBY
TeMIepaTypy MOXKeXKl MPOTAroM TpUBaAJIOro yacy (moHaja 15 XB.), 3acTOCyBaHHS IPOCOYEHHS HE
palioHalIbHe, K HaBEJCHO BHILE, OCKUIbKM HE 3a0€3MeUYUTh CTIMKICTh BOIHE3aXUILEHOI JepEeBUHU
1o nosyM’st. TomMy Ui BU3HAUEHHSI MEXI1 MOIIMPEHHS BOTHIO JJIsl Oy/AIBEJIbHUX OrOPOKYBAIbHUX
KOHCTPYKIIH, OOpOOJEHMX CHY4YyIOUMM MOKPHUTTSM, INpPH JOBFOTPUBANIM TepMIuHIM nii, 10
XapaKTepU3yIOThCSl BUCOKOTEMIEPATypHUM e(QeKToM, Oyau MNpOBEAEHI HATypHI BUIPOOYBaHHS
[16]. ¥V pe3ynbTaTi IOCHIIKEHb BCTAHOBIEHO, L0 HEOOPOOJEHY JAEpPEeBHHY KIAacHU(pIKOBAHO SK
OyniBenbHMIM Matepian minBuiieHoi roprodocti (I'4), a nepeBHHa, BOTHE3axXHILEHA CIYYYIOUHM
MOKPUTTSIM, BIJHOCUTbCA J0 OyAiBeIbHMX MartepiaiiB Hu3bkoi roprovocti (I'l) Ta Mmoxe
BUKOPHUCTOBYBAaTUCH ISl 3a0€3MEUeHHsS BOTHECTIMKOCTI HECydyux KOHCTpPYyKIii. CTOCOBHO
JIOBFOBIYHOCTI IIPUBE/IEHUX BUIIE BOIHE3aXHCHUX 3ac00IB MOXHA KOHCTATyBaTH, L0 NMPOCOYECHHS
Ma€ TapaHTOBAHUN TEPMIH 3aXUCTY JEPEBUHHM 3 POKH, a MOKPUTTS 3a0e3Meuye 3aXUCT MPOTAroM
8...10 poKiB 3TiIHO pEerIaMeHTy.

BuCHOBKM Ta mnepcHeKTHBH NOAAIBIIMX JOCJHiIKeHb. [IpoBeneHO eKcrepuMeHTaNbHI
JOCIIJKEHHSI TOPIOYOCTI JEPEBHHHM, 3aXHIIEHOI MPOCOYEHHSM Ta CHY4YYIOUHM IOKPHTTSAM TpPH
TEpPMIUHIN A1l BUCOKOTEMIIEpAaTypHOTro MoyiyM’si. BusHaueHo TeMmneparypy Ha MOBEpXHI I€PEBUHH,
il 3aiiMaHHs Ta MOMIMPEHHS MOJIYM’ sl TOBEPXHEIO, 10 TO3BOJISE O/IEPKYBAaTH MaTepiai 31 3HUKEHUM
CTYIEHEM TOpIOYOCTi. 32 eKCIIePUMEHTAIbHIUMU JaHUMHU BCTAaHOBJIECHO, IO 1HAEKC TOPIOYOCTI IS
JIepEeBUHM, BOTHE3aXMILEHOI MpocoyeHHAM 3acobom «bC-13», ckmaB 3,42, a s JepeBUHH,
obpobnenoi mokpurtsiMm «OAECPBOJI-BYl», imaekc roprodocTi craHoBuB 0, IO MOKa3aio
e(eKTHUBHICTb 3aXUCTy. TakuM YMHOM, MPOBEAEHI TOCITIKEHHS TOPIOYOCT] JEPEBUHH 3aCBIAUYIOTD,
0 MEXaHI3M BOTHE3aXMCHOI €(EeKTUBHOCTI HAINpPaBJICHWH B CTOPOHY YTBOPEHHS Ha IOBEPXHI
TEIUIO1301F0I0YO0T0 1mapy. HasBHICTB TEII0130/110I090r0 1apy MIHOKOKCY Ha 3pa3Ky AEPEBUHU 3MIHIOE
MPOLIEC TEPMIYHOTO PO3KIAY, 3MEHIIY€E KUJIbKICTh JIETKMX MPOAYKTIB TOPiHHS, sIKI (pIIerMaTu3yroThCs
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BEJIMKOIO KUIBKICTIO 1HEPTHUX Ta3iB, IO BIIMOBIAHO MiATBEPIKYETHCS pPE3yJIbTaTaMU BU3HAUCHHS
iHIeKkcy roprovocti. Halikpaumii pe3ynpTaT OTpUMaHO AJsl 3pa3ka, BOIHE3AaXHUIIEHOTO MOKPUTTAM
«DPAEPBOJI-BY [1», oCKiIbKM Ha MOBEPXHI YTBOPHBCS 3aXMCHUH IIap MIHOKOKCY. BoueBuap Takuii
MEXaHi3M BIUTUBY MOKPHUTTA € (DAKTOPOM PEryiroBaHHS CTYIEHS CTIMKOCTI KOKCY Ta €(PEeKTHBHOCTI
TEIUIO130JTFOBAaHHS MaTepiamy.

[Toganpmn gOCHIKEHHS MOXXYTh OyTH CIPSMOBAaHI Ha BCTAaHOBJICHHSI B3a€MO3B'SI3KY MiX
CKJIAJJOBUMU Ta BIACTHBOCTSIMH BOTHE3aXMCHOTO MPOCOYyBaJIbHOrO po3umHy «bC-13» i
Borue3axucHoro mokputts «OAECPBOJI-BY [I», a Takox ix onTuMi3aiio.
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Abstract. The analysis of fire-resistant materials for wooden building structures was carried out
and the need for the development of reliable means of protection to inhibit the ignition process and the
spread of flame on the surface of the building structure was established. Therefore, there is a need to
determine the conditions for the formation of a barrier for thermal conductivity and to establish a
mechanism for inhibiting the transfer of heat to the material. According to experimental data, it was
established that the untreated sample ignited for 52 s, the flame spread throughout the sample within 100
s, on the other hand, the sample, fire-protected with the impregnation solution BS-13, ignited for 570 s,
the flame spread over the surface only in the first section, the maximum temperature of flue gases was
86 °C, and the flammability index was 3.42. For the sample protected by the "FIREWALL-WOOD"
coating, the fire did not occur, because a protective layer of pinocoke was formed on the surface, the
flammability index was 0. As a result of research, it was proven that the process of temperature
inhibition consists in the decomposition of flame retardants under the influence of temperature with the
absorption of heat and the release of non-combustible gases. Formation of soot-like products on the
surface of natural combustible material and thermal insulation of a wooden structure. Thanks to this, it
became possible to determine the conditions of fire protection of wood, by forming a barrier for thermal
conductivity during the decomposition of varnish into foam coke. Experimental studies have confirmed
that a sample of wood covered with a fire-resistant coating has withstood temperature effects under the
influence of heat flow for 600 seconds. This gives reason to assert the possibility of targeted regulation
of wood fire protection processes through the use of fire retardant coatings capable of forming a
protective layer on the surface of the material that inhibits the rate of wood burning.

Keywords: protective agents, fire resistance, mass loss, surface treatment, wood burning rate,
protection efficiency.

Cratrs Hagiinuia qo penakmii 20.02.2023

Modern construction and architecture, 2023, no. 3, page 49-60


mailto:juriyts@ukr.net
mailto:bondolya3@gmail.com
mailto:alekseytsapko@gmail.com
mailto:gorbachova.sasha@ukr.net
http://orcid.org/0000-0002-6008-9591
mailto:dianazerebcuk@gmail.com

HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

UDC 620.012:691.15:643.001 DOI: 10.31650/2786-6696-2023-3-61-76

THEORETICAL FOUNDATIONS OF FORECASTING
THE RESOURCE OF HYDRAULIC STRUCTURES

'Onyshchenko A., Doctor of Technical Sciences, Professor,
onyshchenko.a.m.ntu@gmail.com, ORCID: 0000-0002-1040-4530
!Lantoukh-Liaschenko A., Doctor of Technical Sciences, Professor,
albert.lantoukh@gmail.com, ORCID 0000-0002-6642-2359
’Kovalchuk V., Doctor of Technical Sciences, Associate Professor,
kovalchuk.diit@gmail.com, ORCID: 0000-0003-4350-1756
'Karnakov I., postgraduate student,

ihor.karnakov@gmail.com, ORCID: 0000-0002-8751-9934
National Transport University

Omelianovycha-Pavlenka str., 1, Kyiv, Ukraine, 01010

?Lviv Polytechnic National University

Street Stepana Bandery, 12, Lviv, 79013

Abstract. It is established that in terms of the discrete Markov process, the problem is reduced to
the search for unconditional probabilities of the system S at an arbitrary step k in state S;, that is,
obtaining a transition probabilities matrix. In this formulation, the model is used for assessing the
technical condition of the element; assessing the level of safety of operation of structural elements;
ranking elements according to the need for repairs, reconstruction or replacement; in strategic planning
of repair or reconstruction costs in conditions of limited funding and forecasting the remaining
resource of elements.

It is established that the theoretical basis of the study, which aims to predict the resource of
hydraulic structures in operation, is the Markov theory of random processes. For a mathematical
description of the process of element degradation, the most successful is the mathematical apparatus of
the Markov random processes.

Determination of the failure intensity parameter is the dominant feature of the Markov
phenomenological model of damage accumulation to hydraulic structures' elements. The only
parameter of lifecycle management is the failure rate A. In the model under consideration, the
parameterA is determined based on the initial conditions for an individual element obtained from the
survey results.

Because the parameter A is determined for an individual element and must be specified each time
after the next survey, the accuracy of the model will increase. The proposed model is integral. It does
not contain an explicit theoretical apparatus for a material-sensitive element, its static scheme,
construction technology, environmental conditions, etc. On the other hand, all these factors and many
other secondary ones are taken into account in the model at the moment the state of the element is
determined using classification tables containing physical and mechanical signs of degradation.

In the theory of structures, the statistical approach to formulating the transition matrix is
widespread and is based on historical data from the structure operation system. It is believed that
the transition matrix based on the data of the operating system is a more realistic basis for
predicting the processes of structures degradation. A large number of foreign studies are devoted to
the practical application of the transition matrix based on statistical data, which consider the
features of transition matrices related to the bridge operation system in different countries. In this
formulation, each element of the transition probability matrix P is the probability that the system in
the state will move to state j in one step (i.e., in one year). At the same time, it is considered that
there are no operational interventions, so the sub-diagonal elements are zero. As before, the sum of
elements of the same line is 1 and the element p;; = 1 because state j is absorbing.
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For the implementation algorithm of the Markov chain model for forecasting the technical
condition of hydraulic structures in general, the initial data are: statistical data of the distribution of
structures by the state at the time of the forecast, the rating assessment of the structure is calculated
by an expert according to the scale and the forecast time in years.

It is established that the degradation properties of structural designs are described by two
parameters: the degradation criterion and the failure rate. Any factor of the stress-strain state can be
taken as a degradation criterion: reliability, internal forces, or deformations. The degradation criterion
can be an arbitrary rating assessment. In our case, the reliability of the element is taken as the
degradation criterion, as the most general factor of the stress-strain state.

Keywords: hydraulic structures, structural degradation of structures, Markov model, service life.

Introduction. The classical a priori formulation of the life cycle of a hydraulic structure here
receives a rigorous scientific justification regarding resource — the structures are associated with
universal models of describing the phenomenological degradation processes of hydraulic structures'
elements by random functions of the Markov type. The central scientific idea of this approach is a
new paradigm of the theory of structures is to establish the relationship between the equations of
boundary States and the variable of operating time.

The problem of estimating and forecasting the resource, as a category of durability, is relevant
not only for the latest hydrotechnical structures but also has an independent extraordinary weight as
a factor of the state strategy for managing and preventing man-made risks. All countries face this
problem, but the problem is becoming particularly significant due to several unfavourable reasons
for Ukraine today. Among them, there is the complicated economic and financial situation in the
country that provokes an increase in the rate of elements' degradation due to a chronic decrease in
funding for maintaining the technical condition of hydraulic structures.

We should admit that the number of physically outdated structures is rapidly growing in the
infrastructure now. Under these conditions, for trouble-free operation and extension of the service
life of structures, new scientific approaches are needed to assess and predict the technical state of
the hydraulic structures' elements at all stages of the life cycle and establish scientifically based
service life. Such algorithms that provide quantitative criteria for the level of reliability in the time
function and, accordingly, the ability to predict the resource of hydraulic structures' elements are
considered in this paper.

The problem and its relevance. For a long time, the problem of the durability of hydraulic
structures was the subject of attention exclusively to academic circles. Forecasting the resource of
the hydraulic structures' elements while designing and operating was not paid due attention in the
theory of structures. The longevity control device has always been primitive and the least studied.
Indeed, there are no levers to control durability in the design apparatus of hydraulic structures.
Their life cycle term is assigned directively, the calculated dependencies do not have variable time,
and the durability problem is entirely in the designer's experience and intuition. On the other hand,
the problem of resource assessment was and is the most significant in socio-economic terms. It is
obvious that under these conditions, the models are aimed at evaluating and predicting the
durability of hydraulic structures with practical implementation and meet the interests of society
and state policy in man-made and economic security.

Analysis of recent research and publications. In scientific works [1-20], applied research
aimed at the theoretical foundation's development to estimate and forecast the life cycle of
construction structures and the practical apparatus to manage their resources is widely used.

In the most general form, the modern formulation of the durability problem is given in the
documents of the Joint Committee on Structural Safety in the work "The typical model™ ("Probabilistic
Model Code,1996") [15-17] and in the monograph by Robert E. Melchers [21], as the probability of
reaching the limit state per time. To do this, enter a time-dependent limit state function:

g(X,t) = R(X!t) - Q(X,t), (1)
where R(X,t) — generalized element resistance; Q(X,t) — generalized loading effect; X — vector of
basic variables; t — time variable.

Modern construction and architecture, 2023, no. 3, page 61-76



HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

The reliability function itself, how is the probability of reaching the limit state over time t it
has the form:

P(t) = Prob[min g(X(t);t) < 0 for 0 <t < ] @)
or in terms of the limit state function:
P(t) = Prob[R(X,t) — Q(X,t) < 0]. 3)

Thus, by dependencies (2) and (3), durability is formulated as a concept functionally related
to reliability. Maximum value t, which satisfies equation (1-3) is the resource of the element.

The theoretical basis of the study, which aims to predict the resource of construction
structures' elements in operation, is Markov's theory of random processes. Markov's theory is a
process whose evolution only depends on a fixed current state over time. As it turned out in the last
15-20 years, the mathematical apparatus of random Markov processes is the most successful for the
mathematical description of construction structures' elements’ degradation process.

The degradation of elements in operation will be considered a flow of failures. In our case, the
flow is considered a hierarchy of failures, which is physically a manifestation of the degradation of
elements under the influence of loads and the environment. The stationary simplest Poisson-type
flow is considered [1, 2].

The research objective is the theoretical foundations to predict the resource of hydraulic
structures.

Materials and methods of the research. A mathematical model of a random process with
continuous time and discrete states, the graph of which is linear, is called the Markov chain [1, 3, 4].
The Markov chain is described using probabilities of states. Let's denote the probability of states k
of a chain pitch in this way:

pi(K)=P(s{); pld =P(sY), @)
where k — a step number, k= 1,2,..., n-1; n—astatus number,n =1, 2, ...

For an arbitrary step of the Markov chain, there are certain probabilities of transition from one
discrete state to another. The probability of transition or the transition probability at step k from the
state S; in the state S; is called the conditional probability that the system S after step k will be in S;
provided that immediately before that it was in state S;.

Let's denote pj; as the probability of switching from state i to state j in one step. In this case, we
will assume that time t; < t;. It is convenient to record the probabilities of transition from state i into state
J in the form of a square matrix. So, for example, when n =5 (n — the number of states) we will have:

p, 1-p 0 0 0
O p 1-p, O 0
p=|0 0 P 1-p; 0 | (5)
o 0 0 p 1-p,
0 0 0 0 1

Matrix P is called a homogen_eous transition matrix (transient prot;abilities). The sum of the
transition probabilities of an arbitrary string is equal to one:

;pij =1, (6)

A vector of initial probabilities is added to the transition matrix, which sets the distribution of
absolute probabilities at the beginning of the process:

Po =[Pu, PP ™
The Markov chain is fully characterized by matrix P with the initial probability vector po.

By the known transition matrix P and the vector of initial probabilities po, the absolute
probabilities of the system's states after the fixed number of transition steps can be defined. So

denoting pi(n) — the absolute probabilities of the system's states after n the expression of the
absolute probability of the system in one step is:
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1 0 0 0 0
O = pOpy+ Py et PRy = 2Py, ®)
i
where p® — the absolute probability of the system moving from state to state in one step; i(0) —
initial probability, a component of the vector Ro; pi; — transient probabilities of the system.
Similarly to (8), by induction, we can show that:
pi” =2 ppf" 9
where p{" — n-step transition probability, determined by recurrent formula [1, 4]:
pl) :Z pj(k‘l) pi i=12 ...nj=12 ..n, (10)
i=1

where pj;; — transition probabilities, matrix elements P; k — step number; n — the number of states.
Formula (10) is convenient to use when at the beginning of the process only one first of the
component of the vector po is known, that is, the initial probability in the first state.

Next, the task is: to find the probabilities of events of the Markov chain py(t), p2(t),...,pn(t), as
functions of time. We emphasize that we are now considering a homogeneous Markov chain, i.e.
one whose transition probabilities are not a function of the step number.

Let's consider a failure chain from n events. How each of the failures is characterized is irrelevant
now. Firstly, the chain must n possible states: Sy, Sy,, S,, and secondly, the states are connected with a
linear graph of the chain, and transitions occur only in one direction — from state i to state i + 1.

The probability of making a step k on which the system will switch from state S; into state Si.q is
characterized by a transition probability density: 4; i+1. Find the function p;(t) — the probability that the
element at a given time t+At is in state of S;. To do this, we will give t small increment At. It is
necessary that within the time At the element did not leave a state S;. The probability of this is found as
the product of the probability ps(t) by the conditional probability that in time At the element will enter
state S,. This probability is 1- A;,At. Applying the probability addition rule, we get:

P1(t+At) — pa(t)( 1-L12At). (11)

Expand the parentheses in this expression, transfer p;(t) to the left side and divide both parts
of the equation by At, we get:

py(t + At) - py(t) _
At = Apph(t). (12)

Next, we will direct At to zero and go to limit:
p(t + At) — p, (1) —

AltiTO AL 1201 (1), (13)
The left side of this expression is the derivative of function py(t):

dp (t

% ==y, Py (1) (14)

Thus, a differential equation is obtained, which must satisfy function p;(t).

The differential equation for determining the function p,(t) is obtained in the same way, with
the difference that at the moment of time t+At we have for state S, two situations:

— at the moment t the element was able to S, and for time At moved to state S;;

— or at the moment t the item was already in S, and over time At not moved to state S;. Given
that, the differential equation for py(t) is recorded as:

dp, (t
P2l ). pa®©+hau(). (15)
Further, the entire system of differential equations is compiled according to one sample:
dp; (t
B PO AP0, =12 0 (16)
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In general, the equations of probability states (16) are written as follows:

dp. (t
p(;t( : = 2 Pg®); 1,j k=12 ... n (a7
k

These are the known Kolmogorov-Chapman equations describing the evolution of a discrete
Markov process with continuous time [3-5]. In matrix form, equations (20) are:

—dp(it' Y _pi.b)-E (18)

where E — state flow intensity vector.
By integrating the system of equations (18), the desired probabilities of states — the time
function are obtained. The initial conditions for integration are as follows:

at t=0 pu(t)=1; p2(t) = ps(t), ..., = pa(t) = 0. (19)
In addition, the normalization condition is used in solving a system of differential equations:
n
> pi(t) =1, (20)
i=1

which is a consequence of the fact that the events of Markov chains are incompatible and form a
complete group. The solution of equations (20) is a matrix of the transition probabilities in the form
of time-dependent variables.

By the known transition matrix elements P, and the initial probabilities vector p, are defined by
absolute probabilities system states in the time function after the fixed number of transition steps:

n
Py (1) = Z Pr-1Pu (1) | (21)
k=11
where | — current status number; n — the number of discrete states in the element's lifecycle; px —
absolute probability of the element in k — the discrete state; pik(t) — transient probability k — of the
discrete state.

Model of the Markov chain based on statistical data of the history of construction
structures in operation. Let's consider a family of random variables {Si}, forming a stochastic
process at the time ti, the system can be located, and form a complete group of events. The number
of system states is finite.

Hypotheses A. A system is defined by a set of finite states and can only be in one of them at
the moment.

B. The initial state of the system and the probability distribution of the initial state are known.

B. The stochastic process here is represented by an integral distribution function P(t) for the
time T,, which proceeds until all n process events happen — Poisson distribution:

n—1 k o—At
P(t) =1-P(T. >1)=1-5 VD&~
k=0 kl

where A is the process parameter failure rate (degradation rate); P; — the probability that the element
will enter the state k during the time t < T,.

I'. The process object is a building. It follows from formula (22) that the states of the system at
any moment t are set by their numbers k=1, 2, ..., n. The transition from state S; into state S, exactly at
k steps can occur in different ways. We consider a special case of the Markov chain in which
movement through the states occurs only in one direction, sequentially from state j to state j + 1:

J<ii<lz..<j1<jn (23)

In other terms, we consider the process graph in which the transition only to the neighbouring
state is allowed, that is, "jumps" are excluded.

To formulate the model, let's use the time-dependent transition matrix P. Each element of this
matrix pjj is a probability that the system will change from state i to state j during a certain period.
Then if the initial state po is known, then the future state of the system can be predicted for any
arbitrary time t.

(22)
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Future state vector p; can be obtained by multiplying the initial state of vector py to transition
matrix P in degree t (the number of years) [3, 4]. The initial state of the system is set by the tape-
matrix po in size [1 X n]:

Po = [P1, P2, ---, Pnl, (24)
where p; — probability of being in state i = 1, 2, ..., n; n — the number of discrete states. The system state
vector for time t is defined as the product of transition matrix P on the initial state vector of the system:

pt=Ro X P!, (25)
where P' — transition matrix P in degree t; Ry — probabilities vector in the initial state.

Next, a certain states vector is introduced d in size [n X 1] — vector of the fixed rating expert
assessments of the structure in safe operation:

d=[ryro....1]" (26)
Here T — the transpose sign; rahg — ratings, real numbers, i=1,2, ..., n.

The technical condition of the structure for any time t is defined by the dependency:

D= poX P' X d, (27)
where D; — rating assessment of the structure at time t — scalar; po — matrix-tape in size [1 X n]
probabilities in the initial state to; P' — transition probability matrix P in degree t in size [n X n].

Presentation of the main research material. Here is a hypothetical illustrative example that
demonstrates the procedure for implementing the Markov model to predict the structure state based
on the known transition probability matrix. For the construction: the number of fixed discrete states
is 5; the initial state vector (the safe operation rating vector):

d=[108642],

— Matrix-tape in size [1 X n] Rq probabilities in the initial state at to:

po=[10000]:

— transition probability matrix:

0,939 0,061 O 0 0
0 0679 0330 O 0
P=| O 0 059 0451 O
0 0 0 0,449 0,551
0 0 0 0 1

Find the construction rating forecast after t = 5 years in operation.
The solution is the technical condition of the structure expressed in a rating assessment on a
scale of 10 — 2 points after 5 years in operation for any time t is defined by the dependency:

(28)

0,730 0,137 0,079 0,039 0,018] [10
0 0,144 0,240 0,266 07374| | 8
D=L 0 0 0 0]x| 0 0 0,050 0,143 0,808|x| 6 |=9,066
0 0 0 0,018 0,982| | 4
0 0 0 0 1 2 |

Formulation of the transition matrix based on statistical data. In the theory of structures,
the statistical approach of formulating the transition matrix, which is based on historical data of the
operating system, is now widespread. Most of them are based on the dependencies of the
probability theory obtained by J. R. R. Tolkien. Bogdanoffim and F. Kozin [12-14], where the
distribution of discrete states for each year W(t) is obtained by multiplying the distribution of the
previous state by transition matrix Po:

W(t) = W(t — 1)xPy,
where W(t —1) — a vector of the previous state distribution.

Let's use the simplest of them — estimating the relative number of bridges in each of the states.
The elements of the transition probability matrix are determined by formula:

(29)
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Pij = Njj / n;j: (30)
where n;; — the number of clicks from state i into state j within a given time period; n; — the total
number of bridges in the state at the beginning of the specified time period.

Let's show the procedure to obtain a transition probabilities matrix using the example of
statistical data obtained from the road bridge operation system. Let's look at the historical data of
reinforced concrete bridges of all types in operation. The state distribution of all types of bridges is
shown in Table 1 below.

Table 1- Distribution of road bridges by operational condition

State 1 2 3 4 5 Total
In absolute terms, units. 112 758 4288 1751 122 7031
In percentage, % 1.6 10.8 61.0 24.9 1.7 100

From Table 1 we obtain a super diagonal elements' vector of the transition probability matrix

P: pii=1,2,3,...4j=i+L1

p;; = [0.016 0.108 0.610 0.249]". (31)
The corresponding transition probability matrix will have value:
0,984 0,016 0 0 0
0 0,892 0,108 0 0
P=| 0 0 0,390 0,610 0
0 0 0 0,751 0,249
32
0o 0 0 0 1 | (32
The transition probability matrix of one year in operation is calculated as P
0,968 0,030 0,002 0 0 |
0 0,79 0,138 0,066 0
P?=| 0 0 0,152 0,696 0,152
0 0 0 0,564 0,436 . (32a)
. 0 0 0 0 1
The transient probabilities matrix predicted after 5 years in operation will have value:
0,923 0,062 0,008 0,006 0,001
0 0,565 0,120 0,220 0,096
P°=| 0 0 0,009 0,388 0,603
0 0 0 0,239 0,761
: (320)
0 0 0 0 1 |

Let's introduce a 100-poinf rating system. (An important note: the technical condition
criterion in this model is a rating assessment of the technical condition of the structure), Table 2.

Table 2 — Rating assessment of the structure in operation

State in operation Evaluation scale, points
State 1. Workable 100 - 79
State 2. Limited workable 80 -59
State 3. Workable 60 - 39
State 4. Limited workable 40-19
State 5. Unworkable <20

Modern construction and architecture, 2023, no. 3, page 61-76



68

HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

Algorithm forecasting the technical condition of structures. The algorithm for
implementing the Markov chain model for predicting the technical condition of the structure as a
whole is given in Table 3.

Table 3 — Algorithm for predicting the technical condition of hydraulic structures

Step Operation

Calculating super diagonal elements of the transition probability matrix with using
formula (4.30): pi; = nj; / n; where n;; — the number of clicks from state i into state j within
a given time period; n; — the total quantity of bridges in the state and at the beginning of
the specified time period. Diagonal elements are calculated as an addition to 1.

2 | The initial state of the system is set by the tape-matrix p, by form (27).

The system state vector is calculated for time t as a product of the transition matrix P in

3 degree t on the initial state vector of the system by formula (26) p; = po X P".
4 A defined states vector is introduced d in size [n X 1] (a safe operation rating vector) by
formula (27)d =[ry, ra, ..., 1]
Technical condition of the structure for any time t is defined by dependency (28) D: = po
5 X P' X d, where Dy — rating assessment of the structure for time t — scalar; po — matrix-

tape in size [1 X n] probabilities in the initial state to; P'— transition probabilities matrix
P in degree t in size [n X n].

The Markov phenomenological model of damage accumulation. The Markov models of
random processes described above are universal. The random process described by the model is
invariant to the type of modeling object, to the material, and to the operating conditions. As for the
failure intensity parameter, it is the subject of a special study in the phenomenological model of
damage accumulation, its definition in our model is given below.

The task is to develop a phenomenological probabilistic model of the degradation of a
structural element in operation. The element degradation model aims to establish the law of
reliability in the time function and, thereby, give an apparatus for predicting its technical condition.
The model developed by us has two components: the phenomenological classification tables of
discrete states and the reliability function. The following four hypothetical propositions form the
theoretical basis of the model.

A. The numerical reliability parameter is taken as a criterion for the technical condition of an element.

B. The element's life cycle is divided into 5 discrete states. Each of the states is described by a
selection of gquantitative and non-formalized qualitative degradation indicators that characterize the
hierarchy of the element failures.

C. The process of element degradation during the life cycle is described by a discrete model
of a random Markov process with continuous time.

D. The transition from one discrete state to another is described as a Poisson process with
discrete states and continuous time by formula (25).

Discrete states of the element. The system evolution will be described by the Markov
discrete process with continuous time [5, 6]. Let's formulate the Markov process for models in
which wandering through discrete states is carried out only in one direction: from the state with a
smaller number to the state with a larger number. At the same time, the transition is possible not
only to the neighbouring state but also by "jumping™ through neighboring states. In terms of the
discrete Markov process, the problem is reduced to the search for unconditional probabilities of
finding a system S at an arbitrary step k in state S;.

The system of failures, which is a consequence of the wear and tear of the structure element, will
be considered a stream of random discrete Markov chain events. The process with "qualitative states"
is considered. The role of a random variable is played by the "random discrete state of the system".

During the life cycle of an element in operation let's introduce 5 discrete states that form a
tuple S = {S;, S», ..., Ss}. Discrete states are described by a selection of qualitative and quantitative
indicators of no formalized degradation indicators that characterize the hierarchy of element failures
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[7, 13]. A generalized description of states that represent damage accumulation as a hierarchy of
gradual element failures is given in Table 4.

Table 4 — General characteristics of states

State State characteristics
S; The element meets all the project requirements.
S The element partially does not meet the requirements of the project, but the
2 requirements of either the first or second groups of limit states are not violated.
The element partially does not meet the project requirements, but the requirements of
S the first group of limit states are not violated. A partial violation of the requirements
3 of the second group of limit states is possible, if this does not limit the normal
functioning of the structure.
S The element has signs of violations of the requirements of the first group of limit
4 states and serious violations of the requirements of the second group of limit states.
S The element has serious violations of the requirements of the first group of limit states
> |and it turns out that it is impossible to prevent them and stop its operation.

Phenomenological description of the process of element degradation of a hydraulic
structure. The process of element degradation during the life cycle is described by discrete state
classification tables. These tables, depending on the type of material and the design purpose of the
element, are compiled on the basis of the experience of expert scientists [5, 7] on supervision,
diagnostics, inspection and the testing of structures. In Table 5 an example of describing discrete
states of construction structure elements is given.

Table 5 — Operational conditions of pre-stressed reinforced concrete elements

Wear

State Defect or violation
level, %

Single chipping of small rebar sizes in concrete

Single sinks in the concrete of small sizes without exposing the reinforcement
Single hair cracks without rust marks with opening up to 0.2 mm 0-1
Hydrogen index ph=11

Local temperature-shrinkage cracks with opening up to 0.1-0.2 mm
Local chipping of concrete without exposing rebar

2 | Local sinks without exposing fittings 2-4
Local smudges without exposing the reinforcement
Hydrogen index ph=10

Numerical chips in the stretched area of the structure
Numerous sinks in stretched concrete

3 | Traces of leaching on the element surface 5-14
Hydrogen index ph=9

Single opening of force cracks in inclined sections or along the reinforcement

Cracks in the stretched concrete with an opening of more than 0.2 mm
Inclined force cracks in support zones

4 | Temperature cracks in support zones 15-33
Traces of concrete leaching on the element surface
Hydrogen index ph=8

Longitudinal cracks in compressed concrete along pre-stressed reinforcement
with peeling of the concrete protective layer

5 | Traces of rust near cracks >34
Uneven deflection of bent elements
Hydrogen index ph=7
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Reliability function. The reliability function describes the process of element degradation
during the life cycle, that is, it establishes a relationship between reliability and the service life of
the element. It is postulated that degradation speed is described by one parameter A— an indicator
of the failure rate. This indicator is assumed constant, independent of time A = A (t).

For the reliability function according to hypothesis D, the Poisson distribution law is adopted.
When k = 5 the function has the form:

P(t) =1-0,008333 (A(t)t e O, (33)
where P; — the probability that the element will enter state k within the time t < Ty .

Thus, at a given failure rate A, dependence (33) establishes a relationship between the
reliability of the element P; in i- state and time t, passed from the start of the operation to state
i=2,...5.

Transition probabilities matrix. Model A. The model is represented by the process, whose
graph is shown in Fig. 1. This is a discrete process with continuous time. The system can
sequentially move from one neighbouring state to another with a larger number, or stay in any of
them. State 5 is absorbing. This means that the system does not have the exit of state 5.

BRE8Y

0,

Fig. 1. Model A. Process graph

Let's define matrix P(i, t) and matrix E by the Kolmogorov—-Chapman equations (17). To
simplify writing matrix elements, their shape will be changed slightly. In the future, the argument t
with the transition probability pi(t), i = 1, 2, 3, 4 and transition intensitiesA(t) and argument (i, t) at
matrix P(i, t) will not be written.

In model A, let's set the transition intensities independent of the step and time:

?“ij ®)=r@t)="n. (34)
Matrix E will look like this:
E"=[xran], (35)
and equation (20) in this case is simplified and written as follows:
dP
e AP (36)
According to the process graph of model A, the system of equations (36) will be:
-pp O
d—P:K- -P P ’ 37)
dt —Ps P
—Ps P

Integrating the system of equations (37) under conditions (21, 22) gives the values of the
transition matrix elements:

[0,9900 0,0100 0 0 0
0 09802 00198 0 0
P,=| 0 0 09704 00296 0 | (38)
0 0 0 09608 00392
0 0 0 0 1|
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The initial unconditional probability is accepted px = 0.9998 (p=3.8. Here P is the safety
characteristic, and the numerical parameter is related to reliability by the relation: Pt = ®-f), where
@ is the standard function of the normal distribution), which corresponds to the minimum standard
value of the design reliability in state 1. By formula (21), an unconditional probabilities vector is
obtained in state j:

P;=[0,9998 09899 09703 09416 09047 (39)

According to the known unconditional probabilities vector of the system in state j = 1, 2,..., 5
degradation curves are defined, i.e. a family of implementations of a stochastic process, each of
which, at a given value of the failure intensity parameter, A gives transition time forecast from state
j into state j + 1 [8, 9].

Model B. Model A describes the stochastic process of gradual accumulation of damage. In
reality, the ageing process of a structure element consists not only of gradual failures but also of
sudden ones. This is exactly what model B is. In it the process of damage accumulation contains
sudden "jumps" over one state, as shown in the process graph Fig. 2.

It is also a discrete process with continuous time, with evenly distributed time intervals
between the states. The system can remain in any of them, sequentially move from one
neighbouring state S; to another one with a larger number S;.1, or jump over a nearby state S;+; to
the next one S;.,. State 5 — absorbing.

}\2 )\2

Fig. 2. Model B. Process graph

According to the process graph of model B (fig. 2) the system of equations (17) will be:
- ®Pp, 0 0 |
P _|-¢p, AP O

dt —op; 4P, AP

__21 P4 /11 P; /12 pz_
here A4 transition intensity from state S; in state Si+1; Ao — transition intensity from state S; in state
Siva; =M+ 1p.

The transition intensity to the neighbouring state is assumed Ajand the "jump" transition
intensity Ao =0,05- 4, . The numerical solution of the system of differential equations (40) by the

Runge-Kutt method gives the values of conditional transition probabilities from which the transition
matrix is formed:

(40)

10,9851 0,0049 0,0100 0 0
0 0,9704 0,0097 0,0199 0
Pob=| O 0 0,9560 0,044 0 | (41)
0 0 0 0,9418 0,0582
0 0 0 0 1
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The initial unconditional probability is assumed, as for model A px = 0.9998 (B = 3.8) and by
the known values of conditional transition probabilities Py and by formula (24) an unconditional
probabilities vector is obtained in state j of a stochastic system of model type B:

P, =[0,9998 0,9849 09558 0,9138 0,8605 . (42)

As expected, the probability in states 2-5 is lower compared to model A, which can be
interpreted as an implementation in the process of sudden failures.

Determining the failure rate parameter. Determination of the failure intensity parameter is
the dominant feature of the Markov phenomenological model of accumulation of damage to
construction structure elements. As seen from dependency (36), the only parameter of lifecycle
management is the failure rate 4. In the model under consideration, the parameterA is determined by
solving equation (33) under the initial conditions for an individual element obtained from the survey
results. The procedure for determining the parameterA was first proposed in 1999. It is in a specific
definition of the initial conditions for equation (36) with respect to an unknown parameter A:

— reliability Py; is related to a specific task i-th technical condition. This value becomes
known as soon as the discrete state of the element is classified according to the survey data, and t; —
the time elapsed from the start of operation of the element to state i. Time t; is known from the
technical documentation of the bridge. A graphical interpretation of the parameter determination
procedure is given in Fig. 3.

It is obvious that the proposed method for determining the parameter value A of a structural
element that controls the "nowadays", that is, with i-th discrete state, a life cycle model, provides
complete information about the load history in "the past”, and not only that. The failure rate
parameter defined by this procedureA contains a lot of other information about the operation of the
facility, related to the characteristics of the environment, the level of loading effects, the quality of
construction, design features, etc.

F I
0,9984 | | 295
State 2
0,9925 243
P(t) |
State 3
0,9798 |- A A N A N 2,05
|
|
|
. State 4
0,9584 \ N\ 1,74
10 20 ¢ 40 60 80 100
1
7

Fig. 3. Graphical interpretation of the failure intensity parameter definition 4
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Predicting the remaining resource of the element. The forecast of the remaining resource is
determined, again, by solving the degradation equation (36). The initial data for solving the
equation is now the reliability of element P;s — the limit value of reliability in the 5th operational
state and the parameter of the element failure rate determined in the previous step from equation
(36) A.

The time determined under these initial conditions is Ts — that is, the time that passes from the
current state of the element to the fifth operational state and is the remaining resource.

An example of the model implementation is the new regulatory documents for the system of
road bridges' operation in Ukraine [5, 6].

Analysis of model. A. As seen from the above formulation, the model is theoretically strictly
justified. However, the fact that the model is phenomenological requires a deep insight into the
physical essence of the described process, because it is necessary not only to adequately describe
each of the discrete states but also to establish changes in parameters correctly within one discrete
state, while the simulated process is continuous.

B. The decision on the number of discrete states representing the life cycle of an element is
quite subjective. It is clear that the more discrete states there are, the more accurately the continuous
process of damage accumulation is described. On the other hand, describing a large number of
discrete states requires a significant expansion of the database of reliable full-scale data. The model
developer decides where the reasonable satisfaction of these conflicting requirements is.

B. An important theoretical side of the model is the graph of the element degradation process.
The graph of the model, which depends on the number of discrete states and the connections
between them, will always be the subject of special attention on the part of the researcher, and will
always reflect his subjective idea of the essence and regularities of the process.

I'. Another fundamentally important aspect of the model is the question of the developer's
definition of the failure intensity function A(t), which is generally a random function of time.
However, there is no standard procedure here, and the researcher has to look for special techniques
for determining this basic parameter of model control.

The economic effect of forecasting the resource of hydraulic structures. Assessment of
the possible economic effect of forecasting the resource of construction structures is performed
according to criterion Z,,, which takes into account the operating costs of managing the object's
state. The minimum goal function is obtained with using the penalty method:

4 Clt(Slt) ﬂmin _ﬂi,t _ -
;;(Blm (1+ ) |:1+maX( ﬂmin ’O):| = (43)

where C;; — operating expenses for managing the condition of the construction structure i per year t,
UAH; S; — operational condition; Bpyin — minimum allowable value of the safety characteristic; B —
a value of the safety characteristic of the i-th construction structure per year t; r — discount rate
adjusted for the inflation rate, Bl;; — importance factor (priority) i-th element at the beginning of the
year t.

The time-dependent priority of a construction structure is determined by formula:
Ng

BI, () = Zw f,k(t)+ZW o, (44)

where Ng¢ — the number of factors of mfluence that depend on tlme t, in years; Ng — the number of
factors of influence that do not depend on time; w; — normalized impact factor i-th factor,
Ne
(established by experts using the Saati method, Zwi =1); f; — dimensionless value of importance i-
i=1
the structure element determined by an expert.
Thus, criterion Z,, — is the number of operating expenses adjusted for the penalty ratio. If the
safety characteristic B falls below the specified minimum allowable value of the function value Z,,
will increase, which serves as a barrier to an unjustified decrease in the permissible value of Bmin
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security features. Through fines, the achieved condition of the facility is taken into account, and
better condition means minimizing operating costs and maximizing external positive effects.

The minimum allowable level Bmin IS Set based on an economic justification, but it cannot be
less than the maximum permissible limit for the safety requirements for the operation of a
construction structure element, for example, less than 1.74.

Conclusions. Assessment of the possible economic effect of forecasting the resource of
hydraulic structures is performed according to Z criterion,,. It represents the number of operating
expenses adjusted for the penalty ratio. When the safety characteristic S falls below the specified
minimum allowable value, the value of the function Z,, will increase, which serves as a barrier for
unjustified reduction of the allowable value Bmin Of the safety characteristic. Through fines, the
achieved condition of the facility is taken into account, and better condition means minimizing
operating costs and maximizing external positive effects. The minimum allowable level Sni is set
based on the economic justification, but it cannot be less than the maximum permissible limit for
the safety requirements for the operation of hydraulic structures.

The reliability function describes the process of degradation of hydraulic structures during the
life cycle, that is, the relationship between reliability and the operating time of the element is
established. It is postulated that the degradation rate is described by one parameter — an indicator of the
failure rate. This indicator is assumed constant, independent of time.
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AHoTauisg. BcTtaHoBneHo, 1m0 B TepMiHax IUCKPETHOIO MAapKOBCHKOTO MpOLECY 3ajgaya
3BOAMTHCS JI0 MONIYKY 0€3yMOBHUX MMOBIpHOCTEH nepe0yBaHHS CHCTEMH S Ha JOBLILHOMY Kpolli k B
cTaHi S, TOOTO OTpUMaHHs MaTpUlll MepexiJHUX HMoBipHOCTe. B TakoMy (opmymroBaHHI MOzENb
CIY’KUTb JJIS: OLIHKM TE€XHIYHOTO CTaHy €JeMEHTAa; OLIHKU PIBHS O€3MeKH eKCIUTyaTallii elIeMEeHTIB
KOHCTPYKIIi; paHXMpPYBaHHS €JEMEHTIB 3a IMOTPeOOI PEMOHTIB, PEKOHCTPYKLIi abo 3aMiHH; B
CTpaTeriuHOMy IIJIaHyBaHHI BHJATKIB Ha PEMOHT a00 PpEKOHCTPYKII0 3a YMOB OOMEXKEHOIro
(iHaHCYBaHHS Ta MIPOTHO3Y 3AIUIIKOBOIO PECYPCY €IEMEHTIB.

BcranoBieHo, 1o TeopeTHUYHUM 0a3ucoM JOCHIIKEHHS, 10 Ma€ 3a METY IPOrHO3yBaHHS
pecypcy TiIpOTEXHIYHMX CHOpYJ y Tpoleci eKcIulyaralii, € MapKOBChbKa TeOpis BHUIAIKOBUX
mporieciB. Jlis MareMaTHYHOTO OMHMCY TPOIECY Jerpajarii eJIeMEHTIB HaWOUIbII BIAIUM €
MaTeMaTU4HUH arnapar BUMaJKOBUX MapKOBCHKHUX MPOLIECIB.

BusnauenHs  mapameTpa  IHTEHCHBHOCTI  BIIMOB €  JOMIHAHTOKO  MAapKOBCBHKOIi
(eHOMEHOIOT1YHOI MOJeNi HAKOMUYEHHS TMOIIKO/KEHb €JIEMEHTIB TiAPOTEXHIYHUX CIOPY/I.
€IUHUM TapaMeTpoM YIPaBIiHHS KUTTEBUM IMKJIOM € IHTEHCUBHICTH BiAMOB A. B monemni, mo
PO3IIISIAEThCS, MapaMeTp A BH3HAYAE€THCS 3a IMOYATKOBUX YMOB JJIsI OKPEMOIO eJEMEHTY,
OTPUMaHUX 32 Pe3yJbTaTaMU OOCTEKEHHS.
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3a paxyHOK TOro, IO MapaMeTp A BHU3HAYAETHCA [UISI OKPEMOTO €JeMEHTa 1 Mae
YTOUHIOBATUCSA KOXKHOTO pa3y MICIsl Y4eproBOro OOCTEKEHHS, TOUYHICTh MOJCHI ITiABUIIUTHCS.
Monenb, MO MPOTOHYETHCS, € THTErPAIbHOI. BOHA HE MICTHTH SIBHOTO TEOPETUYHOTO amapary
YyHHOTO JI0 MaTepialy eJIeMEHTY, HOTO CTAaTMYHOI CXEMH, TEXHOJIOTIl CIIOPYIKCHHS, €KOJIOTTYHIX
YMOB Ta TaKoro iHmioro. 3 iHmoro OoKy, Bci Ha3BaHi (akTopH i1 Oararo iHIIMX, APYTOPSIHUX,
OepyThCs 70 yBarm B MOJENI B MOMEHT, KOJHM 3a JIONMOMOror Kiacu(ikamiiHuX Tabaulb, IO
MICTSATh (Di3MYHI 1 MEXaHIYHI O3HAKH JIerpajiallii, BA3SHAYA€ThCS CTaH eIEMEHTA.

B Teopii criopy mommpeHuM € CTaTUCTUYHHUH MiX11 GOpMyIIFOBaHHS MaTPHIll MIEPEXO/IiB, B
OCHOBI SIKOTO JIe)KaTh ICTOPUYHI JaHI CUCTEMH eKCIUTyaTtalii cnopyau. BBakaeTbes, M0 MaTpHUILL
nepexo/iB po30yaoBaHa 3a JAaHUMHU CHCTEMH EKCIUTyaTallli € OUIbII peaicTUYHOI0 OCHOBOIO JIJIS
NPOTHO3Y TIpoleciB ngerpaganii cnopya. [IpakTHUHOMY 3acTOCYBAaHHIO MATpHIl IEPEXOIiB
pO30yI0BaHOI 32 CTATUCTUYHHUMHU JAHUMHU MPUCBAYEHA BEJIUKA KUTBKICTh 3apYO1KHUX JTOCIIIKECHb
B SKHX PO3TJISAAIOTHCS OCOOIMBOCTI MATPHIb IMEPEXOJiB IMOB’S3aHI 3 CHCTEMOKO CKCIUTyaTallii
MOCTIB pi3HUX KpaiH. B Takiif mOCTaHOBIII KOKEH €JIEMEHT MaTpPHII MMepexigHuX iMoBipHOCTEH P €
HMOBIpHICTH TOTO, III0 CUCTEMa siKa OyJia B CTaHi 1 mepeiiie B cTaH j 3a OJUH KPOK (TOOTO 3a 0JuH
pik). Ilpu 11bOMy BBa)Ka€ThCS IO BIJCYTHI CKCIUTyaTamiiiHi BTpY4YaHHS, TOMY MijjiaroHaiabHI
€JIEMEHTH € HyJIbOBUMHU. SIK 1 paHille cyma eJIeMEHTIB OJJHOI CTPOKM JOpiBHIOE 1 i eneMeHT pjj = 1
TOMY SIK CTaH | € MOTJIMHAIOYHM.

Jliis anroputMy peaizaliii MOaesli MapKOBCHKOTO JIAHIIOTA IS POTHO3YBAHHS TEXHIYHOTO
CTaHy TIAPOTEXHIYHMX CHOPYJ B LUIOMY BHUXIJTHUMHU JaHUMH €: CTaTUCTUYHI JIaHi PO3MOJILLY
CHOPY[ MO CTaHaM Ha Yac MPOTHO3Y, PEHTHHrOBa OIIHKA CIOPYIU OOYUCIICHA €KCIIEPTOM 3TiJTHO
IIKAJIM Ta 4ac MPOTHO3Y B POKaX.

BcranoBieHno, 1mo JaerpanamiidiHi BIACTUBOCTI KOHCTPYKINM CIOPYI OIMCYIOTHCS JIBOMA
napamMeTpamMu: KpuUTepieM Jerpajailii Ta iHTeHCHUBHICTIO BiqMoB. Kputepiem nerpanaiii mMoxe OyTH
NPUHHATHIA OyIb-IKUi (aKTOp HaANpyKEeHO-1e(OPMOBAHOTO CTAaHY: HAAIHHICT, BHYTPIIIHI 3yCHILIS,
nedopmarii. Kpurepiem aerpaaariii Mo)ke BUCTYNAaTH [OBUIbHA pEHTHHTOBa oOlLliHKA. B Hamomy
BUIIAJIKY 32 KPUTEPId JAerpajanii NpruiiMaeThCs HAIIHICTD €IEMEHTa, SIK HalHOUTbII 3araibHui (hakTop
HaIpY>XeHO-1e)OPMOBAHOTO CTaHYy.

KirouoBi cjioBa: TiIpoTeXHIYHI CHOPYIH, JACTpajaalis KOHCTPYKIIH cropya, MapKoBcbka
MOJIeTIb, TEPMIH CITYKOH.

Cratta Haaidinuia o penakuii 12.03.2023
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Abstract. The article decribes the issues of numerical experimental research related to the
determination of the magnitude of the waves damping when they overflow through the upper structure
of a protective hydraulic structure (PHS) of an incomplete vertical profile. The presented studies were
carried out in order to verify the results of physical experimental studies. Physical experimental studies
were carried out in the hydrowave laboratory of the Hydrotechnical Construction Department of the
Odessa State Academy of Civil Engineering and Architecture. The numerical model of the design of
the PHS of an incomplete vertical profile was made similar to the conditions of the full-scale section of
the coast of the Odessa Bay. The design of the PHS of an incomplete vertical profile is supposed to be
located at a distance L = 200 (m) from the coastline of the protected area. At the location of the
designed protective structure, the estimated water depth d = 4.0 (m). Having built the rays of refraction
and transformation of waves when the waves approach the designed structure, the calculated wave
height will be h = 2.4 (m); average wavelength A = 24.5 (m); the elevation of the upper structure of
the PHS with an incomplete vertical profile relative to the calm water level was taken equal to 4 H =
+1.0 (m), the width of the superstructure of the protective structure B = 4.0 (m). As a result of
numerical experiments, the height of the damped wave when it overflows through the upper structure
of the PHS structure with an incomplete vertical profile onto the protected water area was hy = 0.6 (m).
The results of numerical simulation differ by — 3.3% from the wave height obtained during the physical
experiment.

The use of PHS structures of an incomplete vertical profile, in order to protect the water areas of
seaports, as well as elements of the coastal infrastructure of sea cities, will increase the investment
attractiveness of creating new projects of protective and coastal protection structures, due to a decrease
in the elevation of the surface part.

Keywords: numerical modeling, barrier hydraulic structure of incomplete vertical profile, wave
damping.

Introduction. In the practice of building fencing and bank protection hydraulic structures,
structures of an incomplete vertical profile are used. Protective hydraulic structures (PHS) of an
incomplete vertical profile include structures that allow partial overflow of wave crests through their
upper structure to the protected water area with a further change in the main wave parameters.
However, in the regulatory documents of many countries on the design of hydraulic structures and
publications of various researchers, there are no scientifically based practical recommendations that
allow determining the magnitude of wave damping by structures of this type.

The obtained results of numerical simulation differ from the wave height obtained during a
physical experiment, the results of which were presented in publications [1-3]. An empirical dependence
designed to determine the magnitude of wave damping during their overflow through the upper
structure of the PHS structures of an incomplete vertical profile was presented in the publication [4].

Numerical modelling is increasingly being used to study complex physical processes that will be
observed during the operation of real objects. The use of numerical methods can significantly reduce the

Modern construction and architecture, 2023, no. 3, page 77-89

77


mailto:sinitsa_roma@ukr.net
https://orcid.org/0000-0001-6796-4785
mailto:tele@ukr.net

78

HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

time when creating complex models, reduce financial costs when conducting research and performing
fine-tuning (calibration) of the investigated structures of the PHS of an incomplete vertical profile.

Improving the design of hydraulic structures, increasing their reliability and reducing costs is
directly related to the improvement of engineering calculation methods. In modern times, the VOF
(Volume-of-Fluid) method is widely used in hydrodynamic calculations, which uses the volumetric
part of the liquid in the middle of the calculated volume of the finite element mesh as a marker option.
This approach was proposed in [5] and has several varieties that differ in the way the marker functions
are used or the way in which boundary conditions are set at the media interface [6].

The results of the numerical study presented in the article, related to the determination of the
magnitude of wave damping during their overflow through the upper structure of the PHS structure of
an incomplete vertical profile onto the protected water area, were obtained in order to verify the results
of physical experiments and confirm the reliability of the method designed to determine the values of
wave damping by PHS structures incomplete vertical profile.

Analysis of recent research. The conducted literature review showed that studies on the issues
of wave damping, and designs of PHS of an incomplete vertical profile, were carried out both in the
Soviet Union and abroad. However, to date, there are no practical recommendations in the literature
that can be used in engineering practice.

Experimental data from laboratory studies with the frontal wave approach were presented in the
publication of O.Yu. Birskaya [7]. In order to determine the wave damping coefficients, which was
recommended for use, the formula (1):

h—h, [h B AH
k.. = 0~ |=.(0.23=+23=+16
B h A ( h h ),

where: h — source wave height (m);
h, — residual wave height between the breakwater and the shore (m);

A —source wave length (m);

AH — elevation of the top of the structure relative to the calculated water level (m);

B —ridge width (m).

Having analyzed and compared the results of similar experimental studies related to the
determination of the magnitude of wave damping during overflow through the upper structure of the
incomplete profile PHS structures made of rock placement, published by (Seeling [8]; Allsop [9-11];
Kobayashi [12]); Sorensen [13], Koohestani [14], Cuomo [15], d’Angremond [16] proposed to use
the following relation (2):

(1)

R B,-0.31 -05¢
k. =-04—+0.80-(— -(1-e
=04 +080- (O3 @e 0 2

where: R, — elevation of the top of the structure relative to the calculated water level (m);

H; — source wave height (m);
B —ridge width (m);
¢ — coefficient taking into account the influence of the location of the breakwater in relation
to the wave profile, determined by the formula (3);
tana

NI (3)

where: « — angle of propagation of the wave beam with respect to the longitudinal axis of
the structure.

Having processed numerous experimental data of wave actions on the PHS of an incomplete
vertical profile, Briganti and others [17] in 2003 proposed an empirical dependence (4):

R B \_06s ~041¢
k., =-0.35-—=+0.51-(— -(1-e
t ) (H-) ( )’

(4)

where: h,— elevation of the top of the structure relative to the calculated water level (m);
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H; — source wave height (m);

B —ridge width (m).

The aim of the work was to conduct a numerical experimental study in the ANSYS Fluent
software package, related to determining the magnitude of the damping of waves when they
overflow through the upper structure of the PHS structure of an incomplete vertical profile onto the
protected water area. The studies presented in the publication were carried out in order to verify the
previously obtained results of physical experiments, and confirm the reliability of the proposed
empirical dependence presented in the publication [4].

Research methods. In the practice of building protective hydraulic structures, structures of an
incomplete vertical profile are used (Fig. 1), through the upper structure of which it is allowed,
overflow of wave crests with a further change in their main wave parameters. These structures,
depending on the conditions of use, can be exposed to both standing and breaking waves.

Ware

R
4 KYCR V » ’ 3 .. 'ﬁ%\\t\%:}.

-

..................
...........................
.....................................................................................................................................

Fig. 1. Cross section of the construction of a breakwater of an incomplete vertical profile:
1 — concrete mass; 2 — pregnant massif (slotted plate); 3 — stone base

Permissible wave heights expected in protected areas of urban infrastructure are regulated by the
parameters of preserving seashores and beach material and preventing flooding of coastal areas due to
the impact of storms of rare frequency. In cases of protection from wave impacts of seaport territories, it
is recommended to take the permissible wave heights < 1.2 (m). These conditions are established on the
basis of the possibility of mooring operations, as well as ensuring, at the moment of contact of ships
with the fenders of berthing facilities, the normal component of the speed of approach to the berths.

The project [18] is considered as an example. The design of the PHS of an incomplete vertical
profile presented in the article was supposed to be located at a distance L = 200 (m) from the coastline of
the protected territory of the Odessa Agricultural Engineering Plant. At the location of the designed
protective structure, the water depth d = 4.0 (m). Having built the rays of refraction and transformation of
waves when they approach the designed structure, the calculated wave height will be h = 2.4 (m), average
wavelength 2 = 24.5 (m), the elevation of the upper structure of the PHS of an incomplete vertical profile
relative to the calm water level will be 4 A = +1.0 (m), the width of the upper structure of the protective
structure B = 4.0 (m). In accordance with the calculations, it was found that in order to avoid flooding the
protected area of the plant, the permissible wave height should not exceed hy < 1.5 (m).

Research results. The authors of the article carried out numerical studies in order to verify the
previously obtained results of physical modelling presented in publications [1-3]. The task of the study
was to determine the magnitude of the waves damping when they overflow through the upper structure
of the PHS structure of an incomplete vertical profile. Numerical simulation was carried out using the
ANSYS Fluent software package. When modelling, a numerical model was used, the length of which
was 70 meters, and the height was 9.5 meters.

The results obtained during the numerical simulation are presented in Table 1.
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Table 1 — Numerical simulation results

No Wave transformat_ion by design p_rotective_ hydraulic structure Time_ from start Suppres_s,ed
incomplete vertical profile of simulation |wave height
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In accordance with the obtained results of numerical modeling related to determining the
magnitude of wave damping by the PHS design of an incomplete vertical profile, when waves
overflow through the upper structure to the protected water area, under the accepted boundary
conditions, the damped wave height was hy = 0.6 m (Fig. 2).
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Fig. 2. The level of the free surface of the water during the numerical simulation
(21 seconds from the start of the experiment)

In the presented studies, a time interval of up to 21 seconds from the start of the numerical
simulation was considered, which made it possible to fully evaluate the wave pattern both in the
protected water area itself and in front of the PHS design of an incomplete vertical profile.

The analysis of the vectors and fields of the velocities of movement of water particles in a
wave under the influence of an incomplete vertical profile on the PHS structure, in order to
establish the magnitude of the waves damping, was carried out on the basis of graphic materials,
which were selectively presented in Fig. 3-17. The visualizations show the trajectories of wave
movements, which are formed by the velocity vectors of the movement of water particles at the
location of the protective structure. Visualizations are reviewed at set time intervals, which were
considered in steps of 1 second for a reliable analysis. The accepted duration of the experiment was
21 seconds, which was due to the period and length of the calculated wave, which was used as the
boundary condition of the numerical experiment. The criterion for the accepted time interval was
the need to stabilize the cyclic recurrence of the movement of the wave profile, which occurred
after the passage of at least three cancelled waves to the protected water area.

The results of the numerical simulation at a time equal to 4 seconds from the beginning of the
experiment are presented in Fig. 3.
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Fig. 3. Vectors of motion of water particles at the moment of time equal to 4 seconds from
the beginning of the numerical experiment

In the process of processing the results of the numerical experiment, it was found that the
calculated wave, which is formed on the left side of the model (Fig. 3) during its movement, first of
all, meets with the influence of the stone base, while partially changing the trajectory of the
particles water. With further movement, the transformed wave meets a vertical barrier, and is
partially reflected from the upper structure of the PHS structure of an incomplete vertical profile.
From this point in time and up to a period equal to 8 seconds (Fig. 7), a standing wave is formed on
the left side of the structure, and a calm surface of the water is observed in the protected area.
Partial penetration of wave crests into the protected water area begins to appear starting from 10
seconds (Fig. 9) from the start of the numerical experiment, while the formation of a damped wave
is observed, which increases with the time of the numerical experiment.

The results of the calculations at the time of 5 seconds from the start of the numerical
experiment are shown in Fig. 4.
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Fig. 4. Vectors of motion of water particles at the moment of time equal to 5 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 6 seconds from the start of the numerical
experiment are shown in Fig. 5.
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Fig. 5. Vectors of motion of water particles at the moment of time equal to 6 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 7 seconds from the start of the numerical
experiment are shown in Fig. 6.
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Fig. 6. Vectors of motion of water particles at the moment of time equal to 7 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 8 seconds from the start of the numerical
experiment are shown in Fig. 7.

Fig. 7. Vectors of motion of water particles at the moment of time equal to 8 seconds from
the beginning of the numerical experiment
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The results of the calculations at the time of 9 seconds from the start of the numerical
experiment are shown in Fig. 8.
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Fig. 8. Vectors of motion of water particles at the moment of time equal to 9 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 10 seconds from the start of the numerical
experiment are shown in Fig. 9.
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Fig. 9. Vectors of motion of water particles at the moment of time equal to 10 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 11 seconds from the start of the numerical
experiment are shown in Fig. 10.
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Fig. 10. Vectors of motion of water particles at the moment of time equal to 11 seconds from
the beginning of the numerical experiment

Modern construction and architecture, 2023, no. 3, page 77-89



HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

The results of the calculations at the time of 12 seconds from the start of the numerical
experiment are shown in Fig. 11.
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Fig. 11. Vectors of motion of water particles at the moment of time equal to 12 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 13 seconds from the start of the numerical
experiment are shown in Fig. 12.
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Fig. 12. Vectors of motion of water particles at the moment of time equal to 13 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 17 seconds from the start of the numerical
experiment are shown in Fig. 13.

LRI ' LU N
TIN5 0, At N by . : LI Rty

Fig. 13. Vectors of motion of water particles at the moment of time equal to 17 seconds from
the beginning of the numerical experiment
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The results of the calculations at the time of 18 seconds from the start of the numerical
experiment are shown in Fig. 14.
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Fig. 14. Vectors of motion of water particles at the moment of time equal to 18 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 19 seconds from the start of the numerical
experiment are shown in Fig. 15.
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Fig. 15. Vectors of motion of water particles at the moment of time equal to 19 seconds from
the beginning of the numerical experiment

The results of the calculations at the time of 20 seconds from the start of the numerical
experiment are shown in Fig. 16.
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Fig. 16. Vectors of motion of water particles at the moment of time equal to 20 seconds from
the beginning of the numerical experiment
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The results of the calculations at the time of 21 seconds from the start of the numerical
experiment are shown in Fig. 17.

Fig. 17. Vectors of motion of water particles at the moment of time equal to 21 seconds from
the beginning of the numerical experiment

In the time interval, starting from 10 seconds from the start of the numerical experiment, the
phenomenon of the partial overflow of wave crests through the upper structure of the PHS structure
of an incomplete vertical profile onto the protected water area is observed. As a result of the
overflow, the formation of transformed waves occurs, which had significantly lower heights.

After that, the process under study is repeated cyclically (Fig. 10-17) until the wave action
stops.

Conclusions. The results of the numerical simulation presented in the publication confirm the
reliability of physical experimental studies presented in publications [1-3]. With the accepted initial
data, the difference in the heights of cancelled waves, which were obtained during the numerical
simulation and physical experiment, does not exceed — 3.3%.

An analysis of the results of the trajectories of water particles on the presented visualizations,
based on the results of numerical simulation, showed that the PHS of an incomplete vertical profile
partially reflect waves from their structure in the direction opposite to the movement of the
wavefront, the crests of the waves that have not changed the trajectory of the direction of their
movement overflow into the protected water area. Waves reflected from the structure move in the
opposite direction, interact with suitable waves and partially damp them (Fig. 12-17). With the
accepted initial data, the beginning of the interaction of the incident and reflected waves is observed
at a distance equal to half the length of the original wave from the PHS of an incomplete vertical
profile, the damping process is extended in time when the waves move to the structure and are
repeated cyclically.

The initial wave height during the numerical experiment was taken equal to A = 24.5 (m), the
elevation of the upper structure of the PHS of an incomplete vertical profile relative to the calm
water level will be 4 H = +1.0 (m), the width of the upper structure of the protective structure
B = 4.0 (m), the obtained value of the quenching coefficient was — 0.75, and the transmission
coefficient — 0.25, which suggests that the design of the PHS of an incomplete vertical profile under
these initial conditions, the kinetic energy of the waves by — 75%, which corresponds to the results
of a physical experiment presented in publications [1-3].

The numerical model presented in the publication made it possible to more thoroughly
evaluate the pattern of physical processes observed on both sides of the model of PHS structures
with an incomplete vertical profile, designed to protect the water area of seaports, as well as
elements of the coastal infrastructure of sea cities. The use of this design will reduce financial costs
by 10-15% by lowering the elevation of the surface structure.
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Y00ecwvira deparcasna axademis Gydisnuymea ma apximexmypu
Byn. Hinpixcona, 4, M. Opneca, 65029, Ykpaina

AHoTtania. CTaTTs NpUCBSYEHA MUTAHHSAM YHUCEILHOTO EKCIIEPUMEHTAIbHOTO JOCHIHKEHHS,
OB’ S3aHOTO 3 BH3HAYCHHSM BEJMYMHM TaCiHHS XBWJIb NPU TEPENHBI iX depe3 BEpXHIO OyIiBIIO
KOHCTPYKIIIH  OropopKyBaIbHUX TimpoTexHiyHuX crnopya (OI'TC) HenmoBHOTO BEPTHKAIBHOTO
npodiro. [TpeacraBneni nocmipkeHHs Oyau MPOBEICHI 3 METOI0 BepudiKallii OTpUMaHuX pe3ysIbTaTiB
GI3UYHUX  eKCIIEPUMEHTAIBHUX AOCHiKeHb. Di3uuHi eKClepUMEHTANbHI JOCHIKEHHS Oynu
NPOBEJCHI y TiapOXBHILOBIH naboparopii kadenpu «limporexHiunoro OymaiBHHLTBa» Onecbkoi
Jiep KaBHOI akazeMii OyIiBHUIITBA Ta apXiTekTypu. YucenbHa Mozenb KoHCTpykiii OI'TC HemoBHOTO
BEPTUKAIBHOTO Tpodimto Oyia BUKOHAHA aHAIOTIYHOI0 yMOBaM HAaTYpHOTO MaiJlaHYHMKa y30eperoKs
Opnecbkoro 3anmuBy. Koncrpykuito OI'TC HemoBHOro BepTUKaIbHOrO npodutro, mepeadadyBanocs
posramryBatu Ha Biacrani L = 200 (M) Big OeperoBoi JiHIT TepUTOpIi, MO 3aXUIMAETHCA. Y MICIT
PO3TaIllyBaHHSI OrOPOKYBAIBHOI CIIOPYIHM, IO MPOSKTYETHCS, pO3paxyHKoBa rimbuHa Boau d = 4,0
(m). TToOynyBaB yiyan pedpakiii Ta Tpanchopmarii XBHIb MPH MIAXOAI XBHIb 0 CIOPYIH, IO
MPOEKTYETHCS, PO3PAXYHKOBA BHCOTA XBUIIb CTaHOBUTHME h = 2,4 (M); cepeiHsl TOBKHUHA XBHJIb A =
24,5 (m); mimHecenHsi BepxHboi OymoBu OI'TC HENMOBHOrO BEPTUKAIBHOTO MPOQLIIO BiJIHOCHO
CHOKIHHOTO piBHSA BoAu Oyno mnpuiiHato piBHuM A H = +1,0 (M), mmpuHa BepxHbOI Oy/iBIi
KOHCTPYKIIi OropoukyBainbHoi criopyan B = 4,0 (M). Y pe3yabraTi NPOBENEHHS YHCEITBHOTO
eKCIIEpUMEHTY, BHCOTA, IMOTAIICHOI XBWJI, MpU TepenuBi ii depe3 BEpXHIO OyIIBII0 KOHCTPYKIIi
OI'TC HenoBHOTO BEPTUKAIBLHOTO MPODLII0 Ha aKBATOPIi, 1110 3aXHIa€Thes, ctaHoBuiaa hy = 0,6 (M).
OtpuMaHHI pe3yJabTaTH YHUCEIBHOTO MOJENOBaHHA Ha 3,3% BIAPI3HAIOTBCSA BiJ BUCOTH XBWII
OTpUMaHI 1pu TpoBeleHI  (PI3UYHOrO  eKCIEPUMEHTY. 3a  pe3yiabTaTaMH  IMPOBEICHUX
eKCIIEPUMEHTANIbHUX JIOCHI/DKEHb Oyia 3alporOHOBaHA EMIIpHYHa 3aJIeKHICTh, sKa MOXe OyTu
BHUKOPHUCTaBaHAa Yy 1HKEHEPHIM MPAKTHUIIl 3 METOIO BU3HAYEHHS BEJIMUMHU TaciHHS XBUJIb, IPH ME€PEHBI
ix yepe3 BepxHb OyaiBiI0 O TC HEMOBHOIO BEPTUKAILHOTO MIPOQIIIO.

Bukopucranns koHcTpykuii OI'TC HEmOBHOro BEPTHKAIBLHOIO MPOQUII0, 3 METOI 3aXUCTY
aKBaTOpiii MOpPCHKMX TIOpPTIB, a TaKOX eJeMEHTIB OeperoBoi i1H(PACTPYKTYpU MOPCHKHUX MICT,
JI03BOJIUTH MIIBULMTH 1HBECTULIIHY NPUBAaOINBICTh CTBOPEHHS HOBHUX IPOEKTIB OrOPOIKYBAIBHUX 1
Oepero3axucHUX CIOpYy/, 3aBISKU 3MEHILIECHHIO MO3HAYKH Ha/IBOJJHOI YACTUHHU.

KiouoBi cjioBa: uyucenbHe MOJENIOBAHHS, OTOPOJUKYBaJIbHA TIAPOTEXHIYHA CIIOpyda
HETMOBHOT'O0 BEPTUKAILHOTO MPO]1II0, TACIHHS XBUJIb.

Crarts Hagidnura qo penakmii 13.01.2023
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Abstract. To generate electricity from biofuels at heat and power enterprises of Ukraine, the
direct Rankine cycle is used, which ensures the efficiency of energy transformation within n = 0.25-
0.55. To improve the efficiency of fuel energy, use in boiler plants, it is also proposed to implement
a reverse Rankine cycle scheme. Such a proposal is good to use in enterprises where there is a need
for drying biomaterials. Instead of a separate boiler for drying processes, it is proposed to use the
energy of water condensation from flue gases. In this case, the cost of electricity for the operation of
the compressor is significantly less than the amount of heat obtained by condensing water from flue
gases. The efficiency coefficient or COP of the reverse Rankine cycle can have values greater than
one n = COP > 3. The combination of direct and reverse Rankine cycles in the technological
scheme of the boiler plant increases the efficiency of using primary energy sources.

The paper analyzes the representation of energy as a combination of two components: the
potential P and the dynamics D. The Leibniz model, in which the power N is represented as the
product of the potential P and the dynamics D with the unification of the unit of measure Watt,
allows calculating the efficiency of transformation processes of different types of energy. To
improve the energy performance of boiler plants, further development of the Newton model is
proposed, which makes it possible to calculate the process dynamism indicator — g In Newton's
model, within the framework of one type of energy, the dynamism indicator is calculated — as the
ratio of dynamics to the initial potential = D / P. Dynamism [J can be calculated as the reciprocal
of the resistance R, provided that the units of measurement of the energy components — potential
and dynamics are unified. To increase the efficiency of biofuel combustion energy use, the idea of
the reverse Rankine cycle has been implemented. The moisture condensation temperature of the
flue gases increases due to an increase in the pressure of the medium. To do this, the smoke
exhauster is moved from the discharge zone to the pressure zone. The additional energy from the
flue gases of the boilers can be used to increase the efficiency of drying biomaterials. It is possible
to refuse an additional boiler for drying materials, which significantly reduces fuel costs, and also
improves the environmental performance of technological processes.

Key words: energy, Rankine cycle, efficiency, biomass, drying.

Introduction. Heat supply systems of Ukrainian cities are combined into large energy
complexes — district heating systems (DH). For the past few decades, DH systems have been
operating stably, so only routine measures have been taken. Several pressing issues can be
identified. First of all, this is the physical and moral aging of power equipment, as well as a
decrease in efficiency and other indicators of energy excellence.

Analysis of recent research. The Millennium Declaration on sustainable development noted
the requirement to double the global rate of increase in efficiency by 2030 [1, 2]. Energy contributes
about 60% of total global greenhouse gas emissions. Therefore, in order to improve the
environmental situation, the use of biomass as a remnant of the processing of agricultural products
as fuel is encouraged. Biofuel contains less ash and provides a significant improvement in the
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environmental performance of power equipment [3]. A positive factor is the development of various
kinds of models aimed at improving the energy performance of both the main and auxiliary
equipment [4, 5]. Modeling of energy processes makes it possible to predict and analyze economic,
environmental and other performance indicators of various technologies [6-8].

An analysis of trends in the development of world energy has shown that the main thing is to
extend the life of energy enterprises and equipment by improving performance [9]. First of all, this
is the development and improvement of the performance of the joint generation of heat and
electricity at urban CHPPs with steam boilers, as well as the transfer of heating boiler plants to the
steam mode of cogeneration of electricity and heat. In addition, steam boiler plants of type D, E, K,
etc., which are many in the processing industry, can be transferred to cogeneration mode with the
combustion of biofuels (sunflower husks, miscanthus, energy willow) and other energy fuels in
Ukraine (Table 1).

Table 1 — Characteristics of different types of fuel

Units Sunflower Stone

Characteristics Measure- Miscanthus Wood
husk charcoal

ments
Calorific value MJ/kg 19-20 18.9 18-23 18-19.5
Ash content % 2.7-45 4.88 20 0.5-1.5
Humidity % 6-8 10 5-6 7-8
Sulfur % 0.23-0.45 0 5-5 0

The selected set of problems involves the development of goals and objectives aimed at
improving the performance of the energy industry, especially for the rational and sustainable
development of cities.

The Purpose of research. Analysis of the problems of development of heat supply systems
for settlements, development of measures to improve the quality indicators of the operation of the
main and auxiliary equipment, the use of energy fuels with improved characteristics.

To solve the problem, the research tasks are defined:

— analysis of indicators of perfection of energy processes to increase the capacity of
equipment and systems;

— development of indicators characterizing the dynamic processes of hydro and aero systems;

— search for effective methods of using energy fuel and new technologies that improve the
performance of its use.

Materials and research methodology. Two options for organizing energy processes — direct
and reverse Rankine cycles — were used in the research. Features of the organization of the reverse
cycle significantly increase the energy value of low-potential flue gases due to an increase in
pressure and, as a result, an increase in the temperature of the phase transition — moisture
condensation. When designing the channels of the recuperators, indicators of energy perfection
were used. In addition to the well-known indicators of the efficiency of transformation of different
types of energy, an indicator of the dynamism of the implementation of potentials into work is
proposed.

Research results. Indicators of the perfection of energy processes are used in solving
problems of increasing the power of equipment and systems. First of all, it is necessary to analyze
the concept of energy E, which can be attributed to different types of manifestation (electricity,
heat, aero and hydro dynamics ...). Dynamics is inherent in energy — movement, as well as
transformation from one type to another. In engineering, energy is most often associated with work
A. The unit of measure for work is Joule [J], which is calculated as the product of force F or weight
G and the travel path I.

E=A=FxI=Gx1l [n]x[m]=[]. (1)

Modern construction and architecture, 2023, no. 3, page 90-97

91



92

UTILITY NETWORKS AND FACILITIES

An important indicator of energy is power, which characterizes the intensity of work. The
formulas for calculating the power N are similar in different manifestations of energy [10]. Aristotle
proposed the concept of energy as a combination of two components: potential P and dynamics D
[11], but the parameters are formed into groups according to different measurable indicators:

Hydraulic energy Nny = pgOH, [W; (2
Electric energy Nei = U X [, [Wi; (3)
Thermal energy Ni= cAT M = AixM, [Bt]. 4

In hydraulics, parameter groups are formed based on the flow rate:

Q [m¥s] — volumetric; pQ [kg/s] — mass; pgQ [n/s] — weight flow rate.

In electricity, the power formula can be unambiguously divided into two components: voltage
U — potential and current strength I — dynamics. In thermal energy, the potential is represented by
enthalpy i, however, when calculating heat transfer processes or heat dynamics, the potential should
be the temperature T, since the movement or dynamics of heat goes from a high temperature to a
lower one. It is more logical to combine heat capacity ¢ with mass to represent the amount of heat in
the considered body mass M, but such a statement requires investigation. Most importantly, power
is the only indicator for which the unit of measurement [W] is unified, which makes it possible to
determine the efficiency of transformation of different types of energy.

Efficiency pump =# pump = Nhy / Nal, [W]/[W]. (5)
The energy that we expend in the pumping unit is converted into useful work for lifting and
moving water. A few decades ago, power could be represented in [hp], that is, one horsepower is
equivalent to 1h.p. = 785W.
Newton formulated a model for the correspondence of dynamic processes to the initial
potential D =P, taking into account the resistances in the system R.

Hydraulic energy Q = H>®I(Rny+ @) *%; (6)
Electric energy I =U/Re; (7
Thermal energy q=A4T/R:. (8)

But, only for electricity, the formula uses the equal sign, where the current strength | and
potential U are linearly correlated using the proportionality coefficient or resistance R. The value of
the above formulas would be significantly higher if, within the unified power indicator, the
dynamics and potential indicators were unified [12]. You can enter a normalized indicator of
process dynamism.

ey =D/P=1/R — for electricity; 9)
Unar=D/P=1/(R+ @)  —for hydrodynamics. (10)

Leibniz formulated the concept of power N = P x D as the product of the potential P and the
dynamics of D. Due to the unification of the units of power in W, the transformation coefficient of
different types of energy is presented in a normalized formO < n < 1. The Leibniz power model is
good to use optimization of processes in order to ensure minimum costs. Thus, the values 7 > 0.8
have already been reached in pumps, fans or smoke exhausters. Technologies for generating
electricity at thermal and nuclear power plants, which theoretically represent the direct Rankine
cycle, have an efficiency range of = 0.25-0.45.

Recently, heat generation technologies based on the reverse Rankine cycle have become
widespread. Such technologies use phase transition processes, when the working fluid in the
rarefaction zone changes from a liquid state to a gaseous state with the absorption of a large amount
of energy at a lower temperature — cooling and vice versa, condensation in a high pressure zone
releases a comparable amount of heat when the gas turns into a liquid.

Under favorable conditions (when the value of the compressor capacity and a small increase
in the switching efficiency increase temperature), the efficiency coefficient COP is observed as the
use of the energy of the consumed energy to the heat received from the flue gas water condensation
can be greater than the consumption of COP > 5. The technology can be designated as a system
with the definition of energy balance, since for 1 kW of energy expended, more than 5 kW is
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generated at a higher temperature than at the source. This performance is called a pump, since
energy is used from a cold environment to a warmer one. On Fig. 1 shows a diagram and graphs of
the processes of the reverse Rankine cycle in a heat pump.
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Fig. 1. Representation of reverse Rankine cycle processes:
a — scheme of heat pump processes; b — parameters of the heat pump

The main function of the processes of the reverse Rankine cycle is the extraction of energy
from low potential sources (with a low temperature) and the transfer of this energy to a medium
with a high potential (with a higher temperature). The conditional axis of separation of parameters
in the system can be considered the line 0-3 between the regulator and the compressor. Under
natural conditions, the liquid phase of the coolant medium is always at the bottom, and the gaseous
phase is located above the liquids. The heat pump circuit can be divided into two parts.

Point 0 indicates the regulator. The parameters behind the regulator can be considered the
beginning of the cycle. Section 1-2 is responsible for the transfer of energy from a conditionally
cold source — the external environment to the evaporator, in which a phase transition from a liquid
to a gaseous state occurs. The cooling power Ncqq is significantly greater than the electric power Ng
spent ON the compressor. COP in the cooling zone could be Section 4-5 is responsible for the transfer
of energy from the capacitor of a conditionally hot source to the external environment. The
capacitor undergoes a phase transition from the gaseous state to the liquid phase. Thus, the
condenser heats the environment, and the heating power Ny can be significantly greater than the
electric power Nej spent ON the compressor.

COP is the coefficient of transformation of different types of energy: electricity Ng is
consumed, and thermal power Npea IS useful. In a normalized form, with a small temperature
difference, the energy transformation efficiency can be greater than unity » > 1. The law of
conservation of energy is not violated, since in the technological cycle how much energy is
extracted in the lower part, the same amount of energy (but taking into account dissipation) is given
off in the upper part. The electrical energy in the heat pump is spent on the formation of pressure
and vacuum, as well as on transport with its own values of losses and, accordingly, efficiency. And
heat and cold are obtained by organizing natural processes in accordance with their separate balance
ratios, which are balanced taking into account dissipation and have their own efficiency values.
Rankine's ideas, implemented in the form of cyclic processes, can also be organized in technologies
that require heating with a large amount of energy for drying biomaterials: soybeans, wheat, etc.

To increase the efficiency of such processes, it is necessary to distinguish between changes in
parameters within one type of energy [12]:
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1 — Change in temperature (potential). To heat 1 kg of water by 100°C, it is necessary to
spend 400 kJ of energy.

2 — The change in thermal energy during a phase transition occurs at a constant temperature,
but has a much larger range of energy changes. When converting 1 kg of steam into water, 2000 kJ
can be obtained at a constant temperature t; = 100°C. Therefore, if you need to heat any medium, it
IS better to do it due to the energy of the phase transition and better due to the condensation of the
vapor part of the flue gases. On Fig. 2 shows a diagram of power equipment, including a boiler for
generating saturated steam and a drying plant with auxiliary equipment.
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Fig. 2. Scheme of power equipment of the system for drying biomaterials:
FB — fuel box; Gj — gas-jet; B — Boiler; E — economizer; C — cyclone; GWCR — flue gas water
condensation recuperates; Fan; SE — smoke exhauster; SC — smoke chimney

To organize the process of drying or removing moisture from biomaterials, dry heated air or
flue gases are used. To heat the air, you can use electricity, the energy of burning fuel. However, a
more economical option for air heating can be considered the energy of flue gases after boilers, the
temperature of which is often more than 150°C. As an innovative increase in the temperature of
water vapor condensation, it is proposed to use a flue gas water condensation recuperate GWCR — a
flue gas air heater.

In the first part of the dryer, preheating of soybeans is formed with the transfer of part of the
moisture from soybeans to flue gases. To organize the soybean heating process, it is necessary to
transfer energy from the flue gases without condensation, since condensation will lead to the
transfer of a large amount of water to the soybean, which is contrary to the task of drying. To
eliminate condensation, it is advisable to place the smoke exhauster D1 between the dryer and the
chimney to form a vacuum in the first part of the dryer. The temperature of the phase transition of
water in the flue gases is reduced, which eliminates the occurrence of moisture condensation in the
flue gases.

In the second part of the dryer, the task is to transfer more heat to dry air. Analysis of
parameter changes in Fig. 3 shows that an obstacle to the transfer of energy of the phase transition
is an insufficient potential — the temperature of the phase transition. Therefore, for the second part
of the dryer, it is necessary to solve the problem of improving the parameters of the recuperator
based on optimizing the value of the potential — pressure [13]. The problem of increasing the
moisture condensation temperature of flue gases can be solved by changing the installation location
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of the smoke exhauster D2 in order to organize pressure in the heat exchanger in the flue gas
channels.

D2-P | D2 +P

150 150

A2;

100 —¢ 100

A2
50 - G2 50
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a) ' i kd/kg b) i kJ/kg

Fig. 3. Heat exchange in the heat exchanger at different potentials in the gas channels:
a — rarefaction in gas channels; b — pressure in gas channels

The most economical and environmentally friendly stage of soybean dehydration is cooling in
the third section. In the cooling zone, an important parameter is the degree of air dryness dais1 =
5gr/kg.d.m. If the smoke exhauster D2 is installed after the heat exchanger, and in the flue gas
channels, the discharge of moisture condensation occurs at a constant temperature tsp, = 85°C =
const. The amount of flue gas heat transferred to air heating during condensation will be 5 times
greater than when the flue gas temperature decreases.

To improve the efficiency of the drying process of biomaterials, it is proposed to increase the
temperature of condensation of moisture from flue gases by increasing the pressure in the flue gas
channels and, accordingly, increasing the temperature at which condensation will take place [8, 9].
This solution corresponds to Rankine's idea in the zone of pressure increase in the system by the
compressor. To do this, as an innovative solution, it is proposed to install a D2 smoke exhauster in
front of the heat exchanger, that is, switch it to the fan or compressor mode (Fig. 1 and Fig. 2).
Changing the potential — pressure in the flue gas channels from discharge to pressure will increase
the condensation temperature to tspp+ = 130°C and higher. To implement such a solution, the D2
smoke exhauster moves from the zone after the GWCR recuperator to the zone after the Ts2
cyclone, switches to the compressor mode to create the required vacuum.

However, the increase in pressure that the compressor generates can significantly increase the
cost of electrical energy for the drive. Therefore, an alternative to increasing the air temperature by
increasing the compressor speed can be considered the use of a heater. The heater solves the
problem of increasing the air temperature by using steam from the boiler. The heater uses saturated
steam, which also condenses at a constant phase transition temperature tsseam = 180°C. Thus, the
paper formulated the problem of optimizing the parameters of the joint operation of the recuperate
and heater. Today, the balance of fuel costs for the operation of a dryer with a supply of 20 tons of
soybeans per hour is more than Vu = 500kg.c.t./hour. The innovative method of drying soybeans
using flue gas heat recovery for air heating provides fuel costs by more than 50%. The energy costs
for the operation of fans and smoke exhausters are not considered, since the costs for the operation
of blowers remain comparable.

Conclusions. The possibility of increasing the temperature of the reverse phase transition
within the framework of the use of the Rankine cycle makes it possible to obtain significant savings
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in resources in the system for drying biomaterials due to insignificant energy costs for the
compressor, which increases the pressure in the flue gas channels of the recuperator. To implement
this idea, the smoke exhauster operating in the boiler plant is switched to the compressor mode (the
flue gas channels in the heat exchanger will be under pressure). With a new installation of a smoke
exhauster-compressor with pressure in the recuperator, air heating will not exceed t,; + p > 120°C
due to an increase in the temperature of the phase tssg+p > 130°C.

To analyze the perfection of energy processes, it is proposed, in addition to the indicator of
the conversion efficiency of different types of energy, to apply the indicator of dynamism — as the
ratio of the dynamic component of energy to the initial potential. Such a variant of an innovative
solution can be qualified as an architecture of energy potentials of various kinds of technological
processes.
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IMOJHITIIEHHSA TIOKA3ZHUKIB POBOTHU KOTEJIBHUX YCTAHOBOK 3A PAXYHOK
BUKOPUCTAHHSA ITPAMOI'O 1 3BOPOTHOI'O IUKJIIB PEHKIHA
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Y00ecora oepoicasna akademis 6yOisHUYMBA i apximekmypu
By Jlinpixcona, 4, m. Oneca, 65029, Ykpaina

AHoTanisa. Jlns cTBOpeHHS eleKTpoeHeprii 3 OiomanuBa Ha  TEIUIOCHEPTETHYHHUX
MIJIPUEMCTBAX YKpaiHM BUKOPUCTOBYETbCS npsiMuii I1ukia Penkuna, skuii 3abesmneuye
edexTuBHICTh TpaHchopmarlii eneprii B mexxax 7 = 0,25 — 0,55. [{nst migBuimeHHsT eeKTUBHOCTI
BUKOPUCTAHHS €HEprii MmajuBa B KOTEJIbHUX YCTAaHOBKAaX 3alpOINOHOBAHO pealli3yBaTH CXEMY
3BOpOTHOTrO 1Ky Penkina. Taky mpomo3urito go0pe BUKOPUCTATH Ha MiANPHEMCTBAX, 1€ €
notpeba B ocylieHHI OiomarepiaiiB. 3aMICTh OKPEMOTO KOTJIA JUIsl OCYIICHHS IMPOMOHYETHCS
BUKOPUCTOBYBAaTH CHEPTiI0 KOHJIEHCAIlil BOJM 3 JAMMOBHX rasiB. B IIbOMy BHITaIKy BUTpPATH
€IIEKTPUKH Ha poOOTY KOMIIpecopa ICTOTHO MEHIIl 3a KUIbKICTh TeIlia, OTPUMAaHOro Hpu
KOoHJIeHcamii Boau 3 guMmoBHX rasiB. KoedimieHt edextuBHOCTI 200 COP 3BOPOTHOTO ITUKITY
Penkuna moxe Matu 3HaueHHs Ounbiie oaunuii 77 = COP > 3. IloeqHaHHS B TEXHOJIOTIYHIN cXemi
KOTEJIbHOI YCTAaHOBKM TPSMOTO Ta 3BOPOTHOrO LUKIIB PeHkiHa 30imbinye e(QeKTUBHICTh
BUKOPHUCTAHHS IMIEPBUHHUX JDKEPEN SHEPrii.

Y po0OTi BUKOHAHO aHaJi3 YsABIEHHS €HEeprii sIK MO€IHaHHS IBOX KOMIIOHEHT: MoTeHuiany /7
1 nuaamiku [|. Monens JlelOHina, y ki MOTYXHICTH N TIPEICTaBISIFOTh, K TOOYTOK MOTCHINATY
11 na nunamiky /[ 3 yHidikaiiero onuHull BuMipy Batt, 103Boiisie po3paxoByBaTu e€(hEeKTHBHICTD
nporeciB Tpanchopmamii pi3HUX BHIIB eHeprii. s MmokpamieHHs €HepreTHYHUX IOKA3HUKIB
KOTEJICHb 3alPOMOHOBAHO MOJAJBIINNA PO3BUTOK MoAeNi HbioTOHA, 110 JA03BOJISE PO3PaxOBYBaTH
MOKAa3HUK JWHaMi3M TmporeciB 4 Y Monemi HpoToHa B paMKax OJHOTO BHIY €HEprii
PO3PaXOBYETHCS MOKA3HUK JUHAMI3MY — SIK BIJHOLICHHS JUHAMIKU 10 BUXIAHOTO MOTEHINAY /4 =
JU/I1. luHami3M  MO’KHA pO3paxoOBYBAaTU SIK 3BOPOTHY BEJIMUYMHY omnopiB R 3a ymoBM yHiikamii
OJIMHUIIH BUMIPIOBaHHSI KOMITOHEHTIB €HEPrii — MOTEHITIay Ta JUHAMIKH.

[TokazaHo mpuKIaA YCHIIMIHOTO BUKOPUCTAaHHS OloMacH SK OCHOBHE MAIMBO KOTEIBHUX
YCTaHOBOK, OCKUJIBKM MICTUTh MEHIIE 30JId. BukopucTaHHs 171€i 3BOpOTHOrO 1ukiIy PeHkiHa mpo
MiBUIICHHS] TeMIepaTypu KOHJEHcAIlll BOJIOTM AMMOBUX Ta3iB 3a PaxXyHOK MiJABUIIEHHS THCKY
cepenoBuiia 3a0e3nedye  MIJIBUIIEHHS CHUCTEeMHOI e(eKTUBHOCTI mporeciB. Haiikpaie
BUKOPUCTaHHS €Heprii TMMOBMX ra3iB KOTJIIB MiBUIIYE e€(EeKTUBHICTh OCYLIEHHs Oiomarepiaiis,
CYTTE€BO 3MEHIIYE BHUTpPATH €HEPrii, MOKpaIlye €KOJOTIYHI MOKAa3HUKH POOOTH TEXHOJOTIYHUX
MIPOIIECIB.

Kurouosi cioBa: enepris, nuki PeHknHa, epeKkTUBHICTh, OloMaTepiaiu, OCYIIEHHS.
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AHoTauis. [IpobreMu cTIHKOCTI IPYHTOBUX CIOPYZ 1 PO3BUTOK 3CYBHUX MPOLECIB, B TOMY
qrciii YopHOMOPCHKOTO y30epeskiks, MPOSIBIISIOTh ICTOTHY HEOE3MEKY /I HACCICHHS Ta ICHYFOUHUX
OyniBenb 1 cmopyd. OCBO€HHS 3CYBHHUX 1 3CYyBOHEOE3NEYHHMX CXHWJIIB BUMAarae MIWIBHOTO 1
JETaTbHOTO BHUBUYCHHS, PE3yJIbTaTH SKOTO TOBHHHI CTaTH OCHOBOIO pealizamii 3aXomiB MIOA0
1H)KEHEpHOT0 3aXHCTy TEpUTOpid, BpPaxOBYBATHCS IMpPU MPOEKTYBaHHI 1 OyHIBHHUITBI HOBHX
00’ektiB. [Ipm po3paxyHKax CTIHKOCTI CXWJIIB Ta YKOCIB TPYHTOBHX CIIOPYZA BiA3HAYA€THCS
BIIMIHHICTh B PO3PaxXyHKOBHX 3HAYCHHSIX KOE(IIIEHTIB 3amacy CTIMKOCTI B JABOBUMIpHINA 1
TPUBHMIPHIM TOCTaHOBKaxX 3ajady. AHaIi3 NPOBEIEHHX JOCTI/DKEHb BKa3ye Ha HEOOXITHICTh
BpaxyBaHHS BIUIMBY TONOrpadiyHUX YMOB YKOCIB Ta CXMJIIB PH iX PO3paxyHKY 3a JBOBUMIPHUMU
CXE€MaMH B MEXax MPU3HAYCHUX CTBOPIB.

BusnauenHs koedilieHTa 3amacy CTIMKOCTI MOKe 3/1MCHIOBATHCS SK aHATITUYHUMHU, TaK 1
rpadOoaHATITHYHUMU METOJaMH. Y OUIBIIOCTI BUMAIKIB PO3PAXYHOK CTIHKOCTI CXMIIIB 1 YKOCIB i
BU3HA4YEeHHs KoedillieHTa 3amacy CTIHKOCTI MPOBOAUTBCS JUIs JBOBUMIPHMX II€pPETHHIB,
MOOYOBAaHUX TIO JIHIAX, 1110 301ral0ThCs 3 HAHOUIBIIT IMOBIPHUM HANPSIMKOM 3CYBY 3CYBHOTO Tija.

Haii0inp mommpeHi MeTOAM, sIKi 3aCTOCOBYIOTbCS B pPO3paxyHKax CTIMKOCTI YKOCIB Yy
JBOBUMIPHIH MMOCTAHOBIII 3aBJaHHS, € CAMUMH BHKOPHCTOBYBAaHUMH 4epe3 iXHIO MPOCTOTY, MPOTE
11l METOJIM 3aCHOBaH1 Ha MPUNHHATTI €KX MPUIYIIEHb, ONMMcaHuX BUIe. Ha ocHOBI aHanizy psagy
poOIT MO ABOBUMIPHOMY 1 TPUBUMIPHOMY MOJENIIOBAaHHIO IPYHTOBUX YKOCIB IOKa3aHO, 1110 OI[IHKa
CTIMKOCT1 YKOCIB Ta 3CYBHHUX CXUJIIB € CKJIaJHUM, BIAMOBIJAILHUM 1 MAJIOBUBUYEHUM 3aBJaHHSIM.

BukoHaHHS poO3paxyHKIB IPYHTOBHX YKOCIB B TPUBHUMIPHIN IIOCTaHOBLI 3aBJIaHHS J1a€
pe3yabTaTH, HAOMMKEHI JO peaJlbHOCTI, Ha BIAMIHY B  pe3ylbTaTiB, OTPUMaHUX
3araJIbHONIPUUHATHMH 1 MOMIUPEHUMH 1H)XKCHEPHHUMH METOAAMH 3a TBOBHMIpHHUMH cxemamu. Lle
MOSICHIOETBCSI TUM, IO TPUBHMMIPHA IOCTAHOBKA 3aBJIaHHS BpPaxoBye KOMOIHAIl 1H)KEHEpHO-
re0JIOrYHUX YMOB BChOTO YKOCY a00 cxuiy. TpuBUMIpHE MOJIEIIOBaHHS IPYHTOBUX YKOCIB TaKOX
JI03BOJIsIE BPaxoByBaTH (PaKTOpH, IO OKa3ylOTh ICTOTHHMH BIUTUB Ha CTIHKICTh, SKIi HE MOKHA
BpaxyBaTH MpH JABOMIPHOMY MOJI€IIOBaHHI (0cOOIMBOCTI Tomorpadii, HasBHICTb MiApi3yBaHHS
yKOCiB 200 CXWIIIB, SIPiB, TOUKOBHUX OYiBEIbHUX KOHCTPYKIIIH TOLIO).

KurouoBi cioBa: 1pyHTOBa cropyaa, Koedili€eHT 3amacy CTIMKOCTI, IITYYHHH HaCHII,
3CYBHHMM CXWI, I'PYHTOBHH YKic, CTiliKicTh, (GopMu penbedy, METOJ] PO3paxyHKY, TPUBHUMIpHA
cxema, IBOBHUMIpHA cxeMma.

Beryn.3aBnanHs 3a0e3meueHHsl CTIMKOCTI IPYHTOBUX CIIOPY/A BHUHUKAa€ MpPU MPOEKTYBaHHI
CHOPYJ TIAPOTEXHIYHOTO, MPOMHUCIOBOTO, HUBUIFHOTO, TPAHCHOPTHOTO Ta IHIIUX MPU3HAYEHb.
Braciniiok 0CBOEHHSI TEPUTOPIH, SKI paHiIle BBaXAIUCS HEOE3MEUYHUMH 1 HE TMPU3HAUYCHUMH IS
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Oy/IiBHMLITBA, BCE YacTille JOBOIUTHCS 3BOAMUTH OYAIBII 1 CHOPYOM Ha IPYHTOBUX YKOcax i
HecTIMKuX cxuiax. [Ipy 11boMy MOTpiOHO BUINIYBAaTH MUTAHHS HE TUIBKH 3a0€3MEeUeHHS iXHbBOI
CTIMKOCTI, a i 3aXUCTY HaBKOJIHMIITHHOT'O CEPEIOBUILA.

VYV 3B’43Ky 3 UMM IUTaHHA JOCSTHEHHS €KOHOMIYHO OOIpYHTOBAaHOTO BUKOPUCTAHHS
TepUuTOpii MmiJ NPOEKTyBaHHA 1 OyIIBHMITBO Ha HECTIMKMX CXWIaXx B JaHUil yac HaOyBae
aKTyalbHOTO Xapakrtepy. s NMpoeKTHHX 1 OyaiBelbHO-MOHT@XHUX OpTaHi3allii, SKi 3BOJSTH
crieniaibHi OyIiBiIl Ta CIIOPYIU Ha 3CYBOHEOE3NMEYHHMX TEPUTOPISX, MUTAHHS JOCTOBIPHOI OIIHKH
CTYIEHS CTIHKOCTI CXMJIy € OCOOJIMBO BaXJMBUM. OJHAK YITKUX PEKOMEHAAIIN MPO Te, SIKUMH
METOAAMH CJIiJ] OIL[IHIOBATH BEJIMYMHY CTYMNEHS CTIMKOCTI yKOCYy, Ha SIKOMY IUIAHY€TBHCSI BECTHUCS
OyIIBHULTBO, a TAaKOX SKI CIIOCOOM 3aCTOCOBYBaTH JJIsi BHM3HAYEHHS THUCKY Ha IPOTH3CYBHY
CHOpya1y, B JaHWK Yac B HOPMATWBHIN JIITEpaTypi HE BiJ3HA4Ya€ThCs. Po3KuIaHi Mo BeNHKid
KUIBKOCT1 JIITEPATYpPHUX JDKEPET METOIU PO3PAaXyHKY HEPINKO BEIbMH CYNEPEWIMBI 1 BAXKKO iX
3aCTOCYBATH JJISl IPAKTUYHUX O0UYHCIICHb.

AHaJi3 ocTaHHix pociimkenb. [IpodiemMu CTIHKOCTI IPYHTOBHX YKOCIB 1 PO3BHUTOK 3CYBHUX
MpOIIeCiB, B TOMY 4ncCili YOPHOMOPCHKOTO y30epexoKs, sSBJsI€ ICTOTHY HeOE3MeKy A/ HAaCEJIeHHS Ta
icHyrouux OymiBenb 1 ciopya. OCBOEHHS 3CYBHUX 1 3CYBOHEOE3MEUHUX CXUJIIB BUMArae mujibHOTO 1
JETaTbHOTO BHMBYCHHS, PE3yJIbTaTH SIKOTO TIOBHHHI CTaTH OCHOBOIO peasizamii 3axojiB MIOAO
1H)KEHEpHOT0 3aXHCTy TEpUTOpid, BpPaxoOBYBATHCS IMpPU MPOEKTYBaHHI 1 OyHIBHHUIITBI HOBHX
o0’extiB.Ilpr  po3paxyHKax CTIHKOCTI TIPYHTOBHUX VYKOCIB BIiJA3HAYAETHCA BIIMIHHICTH B
PO3PaxXyHKOBHUX 3HAYEHHSIX KOE(ILI€HTIB CTIHKOCTI B JABOBUMIpHIN 1 TPUBUMIpPHINA MOCTAaHOBKAX.
AHaui3 MpOBEACHUX IOCHIKEHb BKa3ye Ha HEOOXIIHICTh BpaxyBaHHS BIUIUBY TOMOTpadidyHUX
YMOB BChOIO YKOCY IpH MOro po3paxyHKy 3a JBOBHMIDHUMM CXEMaMU B MeXaX MPHU3HAYCHHUX
CTBODIB.

Ha cporoanimHiii JeHb B HOPMATUBHIN JIITEpPaTypi 3’ SIBISIFOTHCS BUMOTU JUIsI PO3PaXyHKY
CTIMKOCTI YKOCIB, B IEBHHX YMOBaXx, B TpUBHMIpHii noctanoBui.Tak, 3riqHo sumoram /IbH B.1.1-
12:2014 «byaiBHUITBO B celcMiYHMX paiioHax Ykpainw» [1], mepeBipka CTIHKOCTI Moxe OyTu
BUKOHAHA 32 JIONIOMOTOI0 CIIPOIICHUX METOAIB (METOJ TpaHUYHOI PiBHOBAru), KOJIU Tomorpadis
MoBepxHi 1 cTpaturpadis IPyHTIB HE NalOTh Qy>K€ PI3KUX MOpYIIeHb. Bka3zyeTbes, IO aHai3
METO/IIB PO3PAXYHKY CTIHKOCTI YKOCY B TPUBUMIPHIH ITOCTAHOBIII OUTBII 3aCTOCOBHUM JJIsT YKOCIB 31
CKJIATHOIO T'e€OMOP(OJIOTIEI0, PI3HMM NPOCTOPOBUM PO3IMOIIIOM MIITHOCTI 1 AedopMaIiiitHIX
XapaKTEPUCTHUK IPYHTIB 1 pI3HOPIIHUMH T1IPOTr€oJOTTYHUMH YMOBaMH.

3rinno JIBH B.2.4-20:2014 «I'pe6ai 3 rpyHTOBUX MarepiaiiB. OCHOBHI TOJOKEHHS»
(ITpoexkr, ocTarouna penaxiiisi) [2], mpu po3paxyHKax rpedens y By3bKOMY KaHbHOHI, Ha JUITHKAX 3
HU3BKMMH XapaKTepUCTUKAMHM MILHOCTI PEKOMEHYEThCS OLIHIOBATH CTIMKICTH YKOCIB 3
ypaxyBaHHSM IXHbOT IPOCTOPOBOT pOOOTH.

VY Bumorax JIBH B.1.1-46:2017 «ImxeHepHui 3axucT TepUTOpid, OyAiBeNnb 1 CIOPYI Bix
3cyBiB 1 o0BaniB. OCHOBHI MOJIOKEHH» [3] 3a3HAa4YEHO, IO PO3PaXyYHKH OOBaJIBHHUX IMPOIECIB CIi
BUKOHYBaTH Ha MAaTeMaTHYHUX MOJENSAX, IO BPaXOBYIOTh MPOCTOPOBICTh IIMX IPOIECIB.
Po3paxyHKku CTIHKOCTI B TPUBUMIPHIA IOCTaHOBLI CJiJ 3/1MCHIOBATH, SIK MPaBWJIO, B CKJIAJHUX
IH)KEHEpHO-TEOJIONIYHMX yMOBaxX IPH BHCOKOMY CTYIEHI iXHbOI BHMBYEHOCTI, JIOCTOBIPHOMY
BHU3HAUEHHI MOJIOKEHHSI IOBEPXHI KOB3aHHA. MeTO/In OI[IHKU CTIHKOCTI YKOCIB 1 CXMJIIB, 3aCHOBaH1
Ha Teopii rpaHWYHOI PIBHOBAru, po3MIAJar0Th TUIBKM HANpPY>KEHWH CTaH IPYHTOBOI'O MacuBY B
rpaHUYHIN piBHOBA31, [edopMallii IpyHTIB YKOCY IIPH IIbOMY HE BpPaXOBYIOThCs [3].

Brmie ¢opmu ykocy B 1uiaHi i mpogiii Ha pO3BUTOK 3CYBHHX SIBHIL YiTKO MPOCTEXKYETHCS B
MOKPUBHUX BiJKJIaAeHHsAX. Halfyacrtime 3CyBM BHHHMKAalOTh HAa OMYKJIUX 1 OIYKJIO-YBITHYTHX, a
TaKOX Ha MPSAMOJIHIMHUX B MPpOo(iii yKocax, B IUIaHI — Ha YBITHYTUX, YJIOTOBUHOMOAIOHUX 1 PIBHUX
nuisiHkax. ['onoBa 3CyBiB 3a3BHYail pO3TAIIOBYETHCS B MICISIX MEpPETMHY Mpodiito, 1€ MOJori
TUISTHKH YKOCY 3MIHIOFOTHCSI KpyTHUMH [4].

3a pe3ynbpTaTramM AOCTIIKEHb [5] BII3HAYEHO, MO0 TPHU TOCTIMHOCTI (Pi3MKO-MEXaHIYHHX
XapaKTepUCTHK IPYHTIB BIUIMB Ha 3HAuyeHHS KoedilieHTa 3amacy cTiiikocTi Hamae ¢Gopma i
reoMeTpisi caMoro ykocy. Y poOOTi He BpaxOBYBAJUCSl 3MiHA PIBHS I'PYHTOBUX BOJ, MOKJIHBE
HiApi3yBaHHS YKOCIB, HASIBHICTh TEKTOHIYHUX PO3JIOMIB, SIpiB TOILIO (puc. 1).
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Puc. 1. 3naueHHs KoedilieHTIB 3anacy CTIHKOCTI 3aJI€KHO BiJl TEOMETPUYHOI (hOpMH
PO3pPaxyHKOBHX I'PYHTOBHX YKOCIB

B xoxi mpoBeneHHS MONAIBIIMX TOCIIKCHb, TMOB’S3aHUX 3 ypaxyBaHHIM MPOCTOPOBOI
poOOTH IPYHTOBUX YKOCIB Ha iX CTYIIHB CTIHKOCTI, OyJIO BiA3HAYEHO, 1110 HAa PE3y/IbTAT BILUIMBAE HE
TIIBKY CKIIaJHA (hopMa yKOCY B IUIaHi, ajie 1 HOro MpOTSKHICTb.

BinmoBigHO 10 MPOBEACHUX MAaTEeMATHUYHUX EKCIIEpUMEHTIB [6], B poOoTi po3rismaBcs
OJTHOPITHUI I'PYHTOBHH yKic mOCTiiiHOT Bucotu «H». 3anexHo BiJ 3MiHU JTOBXKUHHU PO3PaXyHKOBOT
cxemu «B» Oynu BH3HaueHi 3HaueHHS KoeQilieHTIB 3amacy cTidkocti (puc. 2). Po3paxyHku
BUKOHYBAJIHCS METOJIOM PEAYKIIii.

Puc. 2. BimuB 10BXHHU pO3paxyHKOBOTO YKOCY Ha HOTO CTYIiHB CTIHKOCTI

Ha rpadiky (puc. 2) mnpencrtaBieHO 3aleXHICTh KOe(ILIEHTIB 3amacy CTIMKOCTI BiJ
MPOTSKHOCTI yKocy. Tak, mo oci abcuuc BIAKIAJaNOCs BIAHOIIEHHS JOBXKMHU YKOCY J0 HOro
BUCOTH, 110 OCi OpJIMHAT — 3HaYEHHA Koe]illieHTa 3arnacy CTilKOCTI.

[Ipu anamizi rpadiky Oyno BiA3HAYEHO, LIO CTYHIHb CTIMKOCTI PO3IJISHYTOIO IPYHTOBOIO
YKOCY 3aJISKUTh Bil HOrO T€OMETPUYHHUX PO3MIpiB, TOOTO MpH 301IbIIEHH] BiIHOIIEHHS JOBXHHU
«B» 1o Bucotu «H» ykocy 3HaueHHs Koe(illieHTa 3armacy CTIHKOCTI 3MEHIIY€ETHCS 1 HAOIMKAETHCA
710 3HAYCHHS, OTPUMAHOTO TPU PO3PaXyHKY MAHOTO YKOCY B JBOBHMIPHIM TOCTAHOBII 3aBIaHHI.
[TyHKTHpOM IOKa3aHa BeJMYMHA Koe(illieHTa 3amacy CTIMKOCTi, BU3HAYEHOrO 3a JBOBHMIPHOIO
CXEMOIO0 METOJIOM I'PaHMYHOI piBHOBaru. Tak, Ipy BiIHOIIEHH1 JOBXKUHH /10 BUCOTH YKOCY PIBHOMY
1, 3HayeHHs KoedilieHTa 3anacy cTiikocTi ckiano 2,0, npu BiaHomeHHi 3 — 1,5, npu BigHOIIEHH] 8
— 1,4. BenuunHa koedillieHTa 3amacy CTIHKOCTi, OTPUMAHOTO MPU PO3PAXYHKY 32 JBOBHUMIPHOIO
CXEMOI0 METOJIOM TPaHUYHOI piBHOBAry, ckiaana 1,3.
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VY npencraBneHiit po0oti [6] MOKHA HAOUHO OLIHUTH 3MiHY MOBEIIHKH IPYHTOBOTO YKOCY B
3QJIKHOCTI BiJl WOTO MPOTSHKHOCTI, a BEJIMYMHA CTYIEHS CTIMKOCTI, B 3aJIGKHOCTI BiJl pO3MipiB
PO3PaxXyHKOBOTO YKOCY, MOXKE BIIPI3HATHCSA B MiBTOpa pa3u. Takok B MOCHIIKEHHSAX BiJ3HAYCHO
MaJIOBUBUYEHICTh MTUTAHHS BIUIUBY MPOTSKHOCTI YKOCY Ha 3HaueHHs KoedilieHTa 3amacy CTIHKOCTI
IIPY MOJICITIOBaHHI PO3PaxyHKOBOT'O YKOCY B TPHBUMIpHIil mocraHoBii [ 7, 8].

JInst OIIHKHM JOCTOBIPHOCTI OTPHMaHUX PE3yJbTATIB IMOTPIOHE MPOBENCHHS MOAAIBIINX
JIOJATKOBUX JOCHIKEHb, B SKUX HEOOXiTHO BPaxOBYBaTH HE TUIbKH JOBXKHHY YKOCY, a HOTO
BHCOTY 1 MEX1 pO3paxyHKOBOI 00J1aCT1 B IOMIEPEUYHOMY HAIIPSIMKY YKOCY.

Jlo mpoctopoBux (hakTopiB, SKi BIUIMBAIOTh HA CTYIIHB CTIMKOCTI IPYHTOBHX CIIOPYZ TaKOX
MO’KHA BIJTHECTH TOYKOBI KOHCTPYKIIii. Jl0 HUX MOYKHA BITHECTH OKpeMi Oy/IiBii Ta criopyau. Sk Oyio
3a3HAYEHO paHillle, IPOTSHKHICTh IPYHTOBOT CHIOPYIM MO3HAYAETHCS HA 3HAUCHHI KoedilieHTa 3anacy
CTIMKOCTI, a HaBiTh OJWHWYHA OY/IBEIbHA KOHCTPYKIliS TPH3BOAUTH 1O 3MEHIICHHS JIOBXHHH
PO3paxyHKOBOTO YKOCY a00 cxuiy. Takox 3HA4YHUI BIUTUB pOOUTH KOHCTPYKIIisI OCHOBU PO3TIIIHYTOL
cropyau 1 i1 Tu1aHOBe po3TamryBaHHA. [Ipu manboBi OCHOBI, SIka MEpETHHAE IMepenadadyBaHy JIHIIO
KOB3aHHS, cama OyIiBJIsA BXXE € MOBHOLIHHOIO NMPOTHU3CYBHOIO CIIOPY/IOIO, sIKA KapIUHAIBHO MOXKE
3MIHUTH XapakTep, popMy Ta HaIPSAMOK MOXKIIMBHUX 3CyBHUX MporieciB. [lpu mmutHoMy QyHAaMeHTi
a00 Ha MaTbOBIN OCHOBI, sSIKa HE TIEPETHHAE TIependadyBaHy JiHIIO KOB3aHHS, OymiBis abo criopynaa
MOK€ BHCTYMaTH B POJi, K JOAATKOBOI MpUTpy3ku (OyaiBelbHAa KOHCTPYKIiS pPO3TAIllOBaHA B
MaCWBHOI YAaCTHHM 3CYBHOTO Tijia), TaK 1 HABMAaKd — JOJATKOBOTO HABAHTAXKCHHS 3PYILICHHS
(OyniBenbHA KOHCTPYKIIiS pO3TAIlIOBaHA B aKTUBHIM YaCTHHI 3CYBHOTO Tila).

Mera i 3aBranHs gocjifzkeHHs. Po3poOka MeToy BpaxyBaHHS MPOCTOPOBOTO e(eKTy mpu
CTaTUYHUX PO3paxyHKax CTIHKOCTI yKOCIB IPYHTOBHX crmopyad. s peanizaliii mocTaBieHOT METH
HEOOXiJHO BUPILINTH HACTYITHI 3a1a4i:

— IpoaHalli3yBaTy BIJIMB T€OMETPUYHHUX (HOPM I'PYHTOBHX YKOCIB Ha 3HAUYCHHS Koe]illieHTa
3aracy CTiiKOCTi;

— BUKOHATH PO3PaxXyHKHU CTIHKOCTI IPYHTOBUX CIOPY/ 3 YpaXyBaHHSM iX MPOCTOPOBOI pOOOTH;

— PO3pOOUTH pPEKOMEHJAIll MO0 BpaxyBaHHA MPOCTOPOBOTO e(eKTy HpHu CTaTHIHUX
PO3paxyHKax CTIHKOCTI YKOCIB IPYHTOBUX CIOPYI.

MeToau Aoc/ifKeHb. AHATITUYHI Ta YUCETbHI METOAU JTOCIIKEHb MOBEAIHKH IPYHTOBHX
YKOCIB y JABOBHMIpHIN MOCTAaHOBII 3aBJaHHS, 3 YpaXyBaHHSAM IXHIX MPOCTOPOBUX OCOOTHUBOCTEH.
Bukopuctani MeTOOM  ONTUMAJIBHOIO  IUIAHYBaHHS  €KCIEPUMEHTIB 13  3aCTOCYBaHHSIM
6aratoakTOPHOr0 MaTEMaTHYHOTO MOJIENIOBAaHHS MPOCTOPOBUX (PAKTOPIB, AKI BIUIMBAIOTH Ha
CTIMKICTh IPYHTOBUX CIIOPYA.

PesyabTaTn gocaigxenns. [Ipu npoexTyBaHHI OKkpemo po3TamoBaHoi Oynisii Ha 10-ii ct. B.
®onrtany B M. Ojeci, sika po3MillleHa B TAaCUBHIM YaCTHHI 3CYBHOTO Tijla, 32 y4acTIO aBTOpa, OyB
Bi[3HAUeHUI e(eKT BIUIMBY Ha MPOCTOPOBY CTIMKICTh pO3MISAHYTOro cxuiy. B pob6oTi
po3risancs ABa BaplaHTH OCHOBU OYAIBIII, III0 POEKTYETHCS:

— TajJbOBa OCHOBA 3 YMOBOIO HE NEpeTHHY IependadyBaHOl JIiHII KOB3aHHS (TIPHUrpy3Ka
MacUBHOI YaCTHHU 3CYBHOTO Tisa) (puc. 3, a);

— IaJIbOBa OCHOBA 3 TIEPETHHOM JIiHii KOB3aHHS (IPUTPY3Ka MaCUBHOI YaCTMHU 3CYBHOT'O Tijla
31 COPUMHSTTSM NAJSIMU TOPU30HTATHLHOTO HaBaHTaXeHHs) (puc. 3, 0).

3a pe3yabpTaTaMH po3paxyHKiB ABOBUMIPHHUX CXEM, BUKOHAHUMHU 32 MONEPEYHUMH PO3pi3aMH,
Kl TPOXOAATHh SIK B CTBOpI HPOEKTOBaHOi OyJiBIi, Tak 1 B MOro OJM3bKOCTI, OyiIM OTpHUMaHI
HACTYIMHI pe3yJbTaTu:

— 3Ha4YeHHs Koe(illieHTa 3amacy CTIHKOCTI J1s po3pi3y 1o cTBopy OyaiBii ckiano 1,052;

— 3HaueHHs Koe(illieHTa 3amacy CTIHKOCTI Ui po3pi3y, pO3TallOBAHOTO MOOIHM3Y CTBOPY
Oymisii ckmano 1,012.

[Ipu po3paxyHKy CTIHKOCTI 3a3HaUEHOr0 CXWIIy MO TPUBUMIpHINM cxeMmi, 3Ha4eHHs KoedirieHTa
3amacy CTIMKOCTI CKJIajo Ui MEPILOro BapiaHTy BIAIITyBaHHSA OcHOBHU Oyaisii 1,109, st npyroro —
1,188, mo cBiUMTH MpPO BIUIMB OJAMHOYHOI Oy[iBII Ha 3arajbHy CTIMKICTh NMPOTSDKHOI IPYHTOBOI
CTIOpYIH, 332 PaxyHOK WOTO 3MEHIIEHHS NOBXWHH. [l 3a0e3neueHHss HOPMATHBHOTO 3HAYCHHS
KoedilieHTa 3amacy CTIHKOCTi, skui JopiBHIOE 1,15 (aBapiliHe CHOMYYeHHS HABaHTAXEHB), LIS

Modern construction and architecture, 2023, no. 3, page 98-110

101



BASEMENT AND FOUNDATIONS

MEpIIOro BapiaHTy, 3 METOI0 KOMIIEHcalii Ae(iuTy 3CYyBHHX CHJI, HEOOXinHE 30UIBILICHHS MacH
MIPOEKTOBAHOI CIOpyau (BEPTUKAIHHOTO HABAHTAKEHHS). 3a3HAYCHWH HEMONIK TITHE 3a COOOK0
3HAYHE MOIOPOXKYAHHS OyIIBHUIITBA 1 IPU3BOJUTH A0 EKOHOMIYHO HEOOTPYHTOBAHUX BUTpAT. Takox
BIJI3HAYECHO, IO MPH PO3paxyHKax CTIMKOCTI PO3IJISTHYTOTO CXWIIy, po3TamoBaHoro Ha 10-it cr. B.
@onrany B M. Opmeci 3a JIBOMIPHUMH CXEMaMH, 3HA4YE€HHsS CTYIEHS CTIMKOCTI B 3HAuHi Mipi
BIJIPI3HAETHCA B KoeilieHTa, OTPUMAHOTO 32 TPUBUMIPHOIO cxemoro. Llelt (pakT Takox mpu3BOIUTH
70 30UIbIIEHHS KOHCTPYKI TMadbOBOi OCHOBH, NEPEBUTPATH MaTepiaiiB, TEpMiHIB, KUIBKOCTI
BUKOHYBAHHX POOIT 1 BIAMOBITHO TOJIOPOKYAHHIO IPOEKTY.

a) 0)

Puc. 3. 3aranbHuii BUTIISIT KOHCTPYKIIH OCHOBU OY1BIIL, IO TPOEKTYETHCS:
a — IMaJbOBa OCHOBA 3 YMOBOIO HE NIEPETHHY Nepe0adyBaHoi JiHil KOB3aHHS;
0 — maJgpo0Ba OCHOBA 3 TIEPETHHOM JIiHIT KOB3aHHS

[Tpu po3paxyHKy CTIHKOCTI 3a3HAYEHOTO CXUJIY MO TPUBUMIPHIM cxeMi, 3Ha4eHHs KoedilieHTa
3amacy CTIHKOCTI CKJIaJio JUIsi IEpIIOro BapiaHTy BiAIITYBaHHS ocHOBU Oyaiemi 1,109, s nqpyroro —
1,188, m0 CBiTUMTH MPO BIUIMB OAMHOYHOI OYyJiBII HA 3arajlibHy CTIHKICTH MPOTSHKHOI I'PYHTOBOI
CIIOpYIH, 332 PaxyHOK WOTO 3MEHIIEHHS IOBXWHH. [yt 3a0e3neueHHss HOPMATHBHOTO 3HAYCHHS
KoedilieHTa 3amacy CTIMKOCTi, skui JopiBHIOE 1,15 (aBapiiiHe CHOJTYYeHHS HABaHTAXEHb), IS
MEepIIOrO BapiaHTy, 3 METOI0 KOMIIEHcamii Ae(iluTy 3CYBHHX CHJI, HEOOXiTHE 30UIBIICHHS Macu
MIPOEKTOBAHOI CIOPYAU (BEPTUKAJBHOTO HABAHTAXKEHHs). 3a3HAueHMH HEIONIK TITHE 3a CO0OK0
3Ha4YHE MOJIOPOKYaHHS OyIIBHUITBA 1 MPU3BOAUTH O €KOHOMIYHO HEOOIPYHTOBAaHMX BUTpaT. Takox
BIZI3HAYEHO, L0 MPU pO3paxyHKaxX CTIHKOCTI PO3MISHYTOrO CXWiy, po3TamoBaHoro Ha 10-it ct. B.
@®ontany B M. Opeci 3a JBOMIPHUMM CXE€MaMM, 3HAU€HHsI CTYNEHsI CTIMKOCTI B 3Ha4yHId Mipi
BIJIPI3Hs€THCA BiJ KoedillieHTa, OTPUMAHOTO 3a TPUBUMIPHOIO cxemoro. Lleit GpakT Takoxk Mpu3BOIUTH
70 30UIbIIEHHS KOHCTPYKLIM ManboBOi OCHOBH, IEPEBUTPATH MaTepiaiiB, TEPMIHIB, KUIbKOCTI
BUKOHYBAaHHMX POOIT 1 BIAMIOBITHO MOJIOPOKYAHHIO ITPOEKTY.

BpaxyBanHsi okpemux OyIMHKIB B KOMIUIEKCI TIPYHTOBOI CHOpPYOH (IPYHTOBHH MAacuB,
npoekToBaHa Oy/iBis ab0 criopy/aa, KOHCTPYKLisA (yHAaMEHTY) B TPUBUMIPHIN MOCTAHOBII 3aBJaHHS
JI03BOJINTh MaKCUMAJIbHO HAOJIMKATHUCS JI0 pealibHOi 0OCTaHOBKH 1 BpaxyBaTH (popMy penbedy, 3MIHY
(b13UKO-MEXaHIYHUX XapaKTEepUCTUK IPYHTIB B MPOCTOPI; T€OMETPito 1 TUI (yHAAMEHTIB; BETMUYUHU
HaBaHTaXXEHb, 110 MEPEAAlOThCS HAa IPYHTOBY OCHOBY; B €JIUHIM CHUCTEMI PO3IJISIHYTH 1 OLIIHUTH
HalnpyXeHO-1e()OPMOBaHUN CTaH 1 CTIMKICTh CXMIY; 13 3aCTOCYBaHHSM YHCEIbHUX €KCIEepPHMEHTIB
BUOMpATH ONTUMAJIBHUI BapiaHT (PYHIAMEHTIB JJIsl IPOSKTOBAHUX OYIMHKIB [9].

B X011 BUKOHaHHS pO3paxyHKIB CTIMKOCTI CXUITY, 3@ Y4acTIO aBTOpa, Ha TepuTopii I perpkoro
(MicsiyHOT0) TIAapKy B MEXKax KOPJOHIB BYJHIb: BiiickkoBoro cmycky, I[Ipumopcekoro OymbBapy,
By [Ipumopcekoi, [lorbomkincbkux cxofiB B M. Oneci [10], Oyma BiamideHa moaiOHa CUTYyaIlis,
npencraBieHa B podborax [5, 11]. B skocTi BUXiIHUX AaHUX U1 BUKOHAHHS PO3PaXyHKOBHUX pOOIT
1 po3po0KHu pekoMeHalii OyB BUKoprcTaHMM TeXHIYHMI 3BIT MPO 1HKEHEPHO-TEOJIOTIYHI YMOBHU
JIUISIHKU TIPOEKTYBaHHS OyiaroycTporo ['pelbKoro mapky B MeKax BY/IHIlb: BiiicbkoBUM CITyCK,
[Tpumopcrkuii OynbBap, By1. [Ipumopcrka, [ToreoMkinchbki cxoam B M. Oxeci 2016 p. [12].
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[Inan cxwmimy 1 po3TamlyBaHHS TPhOX OOpaHMX PO3PAXYHKOBUX IIONEPEUHUX IEPETHUHIB
MOKa3aHo Ha puc. 4.

Puc. 4. IInan cxuy 1 po3TamryBaHHs pO3paxyHKOBHUX MONEPEYHHKIB

KinbkicTh po3paxyHKOBHX CTBOPIB 1 iXHE TMOJOXEHHS B IUIaHI BUOUPATIOCA, BUXOIAYU 3
IH)KEHEPHO-TEOJIOTIYHIX YMOB 1 3 ypaXyBaHHSIM HEOOXIJHOCTI BpaxyBaHHS TOHOrpadidyHUX
0COOJIMBOCTEN PO3IIIIHYTOTO CXUITY.

3a Bumoramu JIBH B.1.1-46:2017 «ImxeHepHU# 3axUCT TEPUTOPid, OyAiBeNb i CIOpyX Bix
3cyBiB 1 00BasiB. OCHOBHI MOJIOKEHHs» [3] U KOKHOTO 3CYBHOI'O CXMWJIY CIiJI MPU3HAYATH SIK
MiHIMYM OJHMH pPO3paxyHKOBHH CTBOp. Jl7s BEMMKMX 3CYBIB 3a/Jal0Th JOAATKOBI CTBOPH.
Po3TainryBanHss OCHOBHOT'O pO3paxyHKOBOI'O CTBOPY Ha IUISIHKaX 3CYBHUX CXHJIIB Mae€ 30iratucs 3
OCHOBHHM HaNpPsSMKOM iCHYIOUOTO a00 MPOrHO30BAHOTO PYXY 3CYBY IO JiHIl HAHOUTBIIOT KPYTH3HH
3eMHOi ToBepxHi. Ha BenMKHMX 3CyBHUX IUISHKaxX CIiJ pPO3IJISAAaTH PO3paxXyHKOBI CTBOPH 3a
KUIbKOMa HamnpsMKaMH 3 YpaxyBaHHSIM MOXJIMBOCTI 3MIHM YMOB CTIMKOCTI B pe3yabTaTi
OyIIBHUIITBA Ta CTa/il pO3BUTKY.

B xoza1 BUKOHaHHS poOOTH pO3paxyHKH CTIMKOCTI cXuily Oynu BUKOHaHI Meronamu Bishop
[13] i Janbu [14] 3a ¢ikcoBaHUMHM KPHBUMH KOB3aHHS, MPH IIbOMY BPaxOBYBAIHCS CHJIHM Bard
0JIOKY, CHJIM T1IAPOAMHAMIYHOTO BILTUBY IPYHTOBOTO IOTOKY.

Pesynprati po3paxyHKY CTIMKOCTI CXMJy 3a (iKCOBaHMMHU KPMBMM KOB3aHHS U TPbOX
PO3paxyHKOBHX CTBOPIB MpeJicTaBieHi Ha (puc. 5).

3a pe3ynbTaTaMy pO3paxyHKIB OyJIM OTpUMaHi 3HaYeHHs KOe(ilieHTIB 3aracy CTiHKOCTI:

— JUIsl po3paxyHKoBoro ctBopy 1-1 3a meromom Bishop — 0,832 i Janbu — 0,812. CriiikicTb
JIAHOTO CXMJTY B JAHOMY IIepeTHHI He 3a0e3MeueHa;

— JUIsl PO3PaxXyHKOBOTO CTBOpY 2-2 3a meroaoM Bishop — 0,785 i Janbu — 0,813. CriiikicTb
JIAHOTO CXMJTY B JaHOMY TIepeTHHI He 3a0e3IeueHa;

— JUTSL pO3paxyHKOBOTO cTBOPY 3-3 3a MeTojioM Bishop — 0,755 i Janbu — 0,728.

CTiiiKiCTh TAHOTO CXHJTY B JJAHOMY MIEPETHHI HE 3a0e3eueHa.

[Ipu aHamizi OTpUMaHUX pe3yJbTATIB OYJIO BiA3HAUEHO IX HEBIAMOBIAHICTH Bi3yaJlbHUM Ta
IHCTPYMEHTAJIbHUM OOCTEXEHHSIM JaHoro cxwuiy. Jlana pobora mpoBoiwiacs 10 BUKOHAHHS
PO3paxyHKIB 3 METOIO BUSABIICHHS MOPYLICHHS LIJIICHOCTI IPYHTOBOTO MACHBY, BUSBIICHHS 3aKOJIIB 1
3pYyLIEHb <OKOPCTKUX KOHCTPYKLIW» (MapkaHu, OOpAOpH, CXOAM, CTIHH 1 (yHIaMEHTH OyIiBEb,
CTOBITH TOIII0), PO3TALIOBAaHUX Ha OpiBIIi CXUITy 1 Horo ykoci. B pe3ynbTari 06cTexXeHHs Oyab-IKIX
VIIKOJKeHb, SKI MOTJM O MOKa3yBaTW Ha 3pYIIEHHS CXWJy, pPO3TAlIOBaHOTO Ha TepUTOpIi
I'penbkoro (Mics4HOr0) Mapky, BUsIBIEHO He OYJI0.
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Puc. 5. 3aranbHuii BUTIIS]] 3CYBHOTO Tija:
a — po3paxyHKkoBuii cTBop 1-1; 6 — po3paxyHKOBHIA CTBOP 2-2; B — PO3PaxyHKOBHIA CTBOP 3-3

bepyun no yBaru [5, 15], 1 Tak AK B 3a3HaU€HUX PO3PAXyHKOBHX cTBopax 1-1, 2-2 i 3-3
KoeiIieHTH 3amacy CTIHKOCTI B 3HAYHIM Mipi BiAPI3HAIOTHCS OJWH BiJl OJHOTO i HE MEPEBUIIYIOTh
1, a cXWJI IPU [IbOMY OYEBUIHO CTIMKHIA 32 Pe3yIbTaTaMH CIIOCTEPEIKEHbD, OYJI0 MPUUHATO PIIlICHHS
PO BU3HAYEHHs Koe(illieHTa 3amacy CTIHKOCTI, SKHi Mir OM pealbHO OLIHUTH CTIHKICTh CXHUJITY Ha
i TUISHIN 1 BU3HAYUTH MOXKIIMBI MEXI 3CYBHOrO Tila. B maHomy BHMaIKy ciiji BpaxOBYBaTH
MIPOCTOPOBY POOOTY CXHITY, A€ PEali3ye€ThCs BpaXyBaHHS BILUIUBY PO3PAXyHKOBHX CTBOPIB OIWH 3
OJTHUM 1 CYCIZHIX TUISTHOK CXHITY 3 O17bII BUCOKUM KOE(IIIEHTOM 3aracy CTiHKOCTI.

3arajgpbHUI BHUTJIST TPHBHUMIPHOT PO3PaXyHKOBOI CXEMH ICHYFOUOTO PO3PaXyHKOBOTO CXHITY 3
MeKaMH 3CYBHOTO TiJia MIPeICTaBICHO Ha puc. 6.

J0JATKOBE HABAHTAKEHHS
BiJ OyaiBaI HA CXHTI

Puc. 6. 3aranbHuiA BUTIIST TPHBUMIPHOT PO3PaXyHKOBOI CXEMH CXHITY Ha TepUTOPii ['perbkoro
(Micstunoro) mapky, M. Onieca
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VY pospaxyHky Oyna BpaxoBaHa Tomorpadisi CXuity, pi3HOPIIHICTb I'PYHTIB, BU3HAUCHHUX B
MeXKax MPOBEJICHHS Te0JIOT1YHUX BUITYKYBaHb, 3MiHA PIBHS IPYHTOBUX BOJI 11O BCIH TOBXKHHI CXUITY
Ta ICHYI04l KOHCTPYKIIii, po3TairoBani Ha ioro OpiBIi i 0 HOTO yKOCY.

B pe3ynbrari BU3HAUYEHHS HAMPYKEHO-Ae(POPMOBAHOTO CTaHy B PO3PaXyHKOBOMY CXHIII OyiIu
OTpUMaHi 30HW MaKCHUMAaJbHHUX JTOTUYHHUX HAMPYKEHb IO IPYHTY HOPYLICHOT CTPYKTYPH «ILJIAIIKa
IO TIJIAINI» 1 3Ha4YeHHsI Koe(ilieHTa 3amacy CTIHKOCTI, OTPUMAHOTO METOJOM PENyKIlii (3HUKEHHS
MIITHOCTI), sikuii ckiaB 1,004,

BukonanHs po3paxyHKIB CXWIy, PO3TalioBaHoro Ha Tteputopii ['penbkoro (MicsgHOTO)
napky M. Ozecu, B TPUBUMIPHii TIOCTAHOBII 3aBJaHHS A€ PE3YNbTaT, HAOIMKEHUN 10 ICHYI0UOTO
CTaHy CXWJIYy, Ha BIIMIHY BijJ pe3y/ibTaTiB, OTPUMAHUX 3a JIBOBUMIPHHUMH CXE€MaMH, a caMe 3a
metogamu Bishop [13] i1 Janbu [14]. Orpumani koedilieHTH 3amacy CTIMKOCTI B TpUBUMIpHIN
MIOCTAHOBIIl Ta MO JBOBUMIPHUM CXE€MaM, 3 ypaxyBaHHSIM IPOCTOPOBOrO €(eKTy, MOKa3yIkoTh, 10
HOpPMAaTHBHA CTIHKICTh CXMITy He 3a0e3neueHa. CXuil 3HaXOIUThCS B CTaHI TPAaHMYHOI PIBHOBArH.

Jlns 3abe3neueHHs HOPMATHBHOI CTIMKOCTI cxuiy «[peupkoro mapky» Oyno mnepeadadyeHo
CTIIOPYAY 3 TPhOX palialIbHUX psiiB OypoBuX maib gaiamerpoM 800 mm (puc. 7). Kpok manb i BiacTaHb
MDK psiIaMd Tladb CTaHOBUTH 1,5 M. Bigmitka 3a0or0 mamb -7,4 M, sKa BH3HA4YaJlacsh BUXOJMYH 3
MIOJIOKEHHS JIIHIT KOB3aHHS 3CYBY 3 (DI3MKO-MEXaHIYHUMH XapaKTePHCTHKAMHU TIPYHTY MOPYIICHOL
CTPYKTYPH, a TAKOXK 3yCUJIb, 1110 BUHUKAIOTh B MAJIAX Ha Liil mo3Haywi. [lo3Hauku BepXy maib 3MiHHI 1
CKJIaaroTh sl mepmoro psgxy 5,0 m, mist apyroro — 6,1 M i mans tperboro — 7,2 M. 3a3HaueHi
[IO3HAUYKW BU3HAYAIMCAd 3 YMOBM HEMOXJIMBOCTI IEpPENOB3aHHSA 3CyBY uepe3 royioBu naib. [lpu
pO3paxyHKax CTIHKOCTI CXMITy Oyl OTpUMaHi BeTHYUHA AeDIIUTY CHII, HEOOXITHHUX JIJIsl KOMIICHCAITIT
KoedilieHTa 3anacy CTiiKOCTi, 10 HOPMAaTUBHUX 3Ha4eHb. L1 BeIMYMHU CUJT CKIIAJH:

— s neperury 1-1 1915xkH (3 BpaxyBaHHS HpPOCTOPOBOrO €QeKTy NIpU pO3paxyHKax
CTIMKOCTI IPYHTOBHX YKOCIB a00 cXuiiB nedinut cui ckias 1620 kH);

— st iepetuny 2-2 1896 xH (3 BpaxyBaHHs ipocTopoBoro edexty — 1585 kH);

— uist nepetuny 3-3 1974 xH (3 BpaxyBanHs npocTopoBoro edexty — 1625 kH).

JAO0JAaTKOBC HABAHTAKECHHSA

TPH pAAH OypOBHX Nalb
aiamerpoM 800 MM

Puc. 7. 3aranpHuii BUTIISIT PO3TALTyBaHHS OypOBUX MMajlb MPOTU3CYBHOT CIIOPYIU
«["penpKoro mapky»

[Mani mpuitManucs OAHOTO THUIY B MEXax KOXKHOTO psiny. Bu3HaueHHsS BHYTPIIIHIX 3yCHIIb
(3TMHAJIBHUX MOMEHTIB 1 CHJI Tepepidy) B KOXKHOMY THII Maii BiJOyBaJIOCh HUISAXOM BHOIPKH
MaKCHMAJIFHOTO 3yCHJUIS B IIEPETHHAX PO3TAIIOBAHMX I10 BUCOTI, B CEPEHBOMY, Uepe3 1M.
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BianoBigHO 10 MpoBeIEeHUX PO3paxyHKIiB Oyiau OTpUMaHI MaKCHMAallbHI 3TUHAIbHI MOMEHTH
Ta CWIM TIepepidy Uil JABOBHMIPHHX Ta TPUBHMIPHOI cXeM. 3HAa4YeHHS YyKa3aHUX BEIHMYUH

npeacTaBiceHi B Tabmmmi 1.

Tabmuus 1 — 3HaueHHss MAKCUMATbHUX BHYTPIIIHIX 3YCHIIbB MaJISX MPOTHU3CYBHOI KOHCTPYKIIi1
«['penibkoro mapky»

BryTpimmHi 3ycumis JIBoBHMipHa cxema TpuBuMipHa cxema
3ruHaIBHAN MOMEHT, T'M 71,0 52,0
Cwiia niepepi3y, T 65,0 46,0

[Tin6ip apmyBaHHS OypoOBUX Majb BHUKOHYBaBCA 3a JOMOMOIOI0 MPOrPaMHOTO KOMILIEKCY
«SCAD». Ilanmi BCTaHOBIIOIOTBCA B IPYHTI MUISXOM 3alOBHEHHS NPOOYpEHHX CBEpUIOBHH
O0etoHHol cyMmimmio Mapku C25/30 Ha cynbdaToCTiiKOMy MOPTIAHALEMEHTI 3 MapKOK IO
MOpPO30CTiiiKocTi 1 BogoHenpoHUKHOCTI F150 1 W6 BinmoBiiHO, 3 YCTAaHOBKOIO 3BaApPHUX METAJICBUX
KapKaciB 3 M03J0BXXHBOI0 apMaTyporo kinacy AS00C 1 monepeunoro apmatyporo kiacy A240C.

Pesynbratu migbopy apMyBaHHS ISl TPHBUMIPHOT CXeMH TIPECTaBICHI Ha puc. 8. 3aXucHUi
miap 6€TOHY Ui MO3J0BKHBOI apMaTypu IPUHHATO 50 MM.

c 400 7% 400

1 NI ’i;(

S

400

400

b 800 [

Sy * +

Puc. 8. Pesynbraru nigdbopy apMyBaHHS JJIsl TPUBHMIPHOT CXEMHU:
no3A0BxkHA apmarypa S1 — 12(0322; nonepeuna apmarypa SW — @12; kpok nonepeyHoi
apmatypu 150 mm

3HaueHHS KOe(ilI€HTIB BUKOPUCTAHHS PUWHATOr0 apMyBaHHsI IPEACTaBIEH] B Ta0I. 2.

Tabmuns 2 — 3HaueHHs Koe(ili€HTIB BUKOPUCTAHHS IPUIHITOrO apMyBaHHS JJIs PO3PaxyHKIB
TPUBHMMIPHOI CXEMH KOHCTPYKIIH NPOTU3CYBHOI CIOPYAH

ITepeBipka Koeoiuient I'padiune BinoOpaxeHHs
1 MitHicTh 32 TPaHUYHUM 0,873
MOMEHTOM TIEPETHHY
2 MiIHICT TIO TTOXWITIHN cMy3i 0,358
M1 MOXHJIMMH TPIITTHAMH
3 | MiHICTh MO NOXWIIIH TPIIIUHI 0,830 |

AHani3youn pe3ysibTaTd MiA00py apMyBaHHS OypOBUX Majlb KOHCTPYKLINH MPOTU3CYBHOL
CIIOPY/AX MOXHa 3pOOUTH BUCHOBOK PO JIOCTATHIO KUIBKICTh Ha3HAYEHOI SIK MOB3JIOBXKHBOI, TaK 1
MOTIEPEYHOI apMaTypu Ta KOe(ilieHT BUKOPUCTaHHS He nepeBuinye 1,0.

[Tpu po3rasai pe3ynbTaTiB pO3paxyHKY JIBOBUMIPHUX CXEM BiJ3HAYEHO, 110 BUKOPUCTAHHS
OJTHAKOBOTO THITYy apMyBaHHS, OTPHUMAHOTO Ui TPUBHMIPDHHX CXEM HE JOIyCTHMO, TaK SK
MoTnepeIHbo MifidpaHa KUIbKICTh apMyBaHHS He 3a0e3leuye MIlHICTh OypOBHX Majb 1 KOSQIIieHT

BUKOPHCTAaHHS, B JaHOMY BHIa Ky nepesuirye 1,0 (tadm. 3).

106 Modern construction and architecture, 2023, no. 3, page 98-110



BASEMENT AND FOUNDATIONS

Tabmuus 3 — 3HaueHHs KOe(iIieHTIB BUKOPUCTAHHS IPUIHHATOTO apMyBaHHS JUIsl pO3PaxyHKiB
JIBOBUMIPHOI CXEMHU KOHCTPYKIIIM MPOTHU3CYBHOI CIIOPYIH

ITepeBipka Koedirient I'padiune BimoOpakeHHS
1 MitHicTh 32 TPaHUYHUM 1,192
MOMEHTOM IIEPETUHY
2 MilHiCTh IO TOXWITIHN cMy3i 0,506
MDK TOXHJIMMHU TPIIIHHAMH
3 | MinHiCTh MO NOXWIIIN TPIIIKHI 1,173

st 3a0e3nedeHHsT MIITHOCTI €JEMEHTIB KOHCTPYKIIIH MPOTHU3CYBHOI CIOPYIW HEOOXiTHO
301IBIITYBAaTH KUTBKICTh PO3PaXyHKOBOT apMaTypH (IIOB3I0BXXHBOI Ta MOMEPEYHOI1), 10 MPU3BENIE 10
HEOOTPYHTOBAHOTO 30UIBIICHHS 3amacy MIITHOCTI BCi€l Criopyau Ta 30UIBIICHHS BApTOCTI pOOIT 1O
3a0e3neueHHI0 HOPMAaTHBHOT CTIHKOCTI yKOCY «I pelbKOro mapKy».

Pesynbratu ninbopy apMyBaHHS ISl JBOBUMIPHOI CXEMH Mpe/ICTaBiIeH] Ha puc. 9. 3axucHuit
map OeTOHY IS O3I0BKHBOI apMaTypH NpUHHATO 50 MM.

2
> , 400 7z 400
5 | T N

| a
Sw N

Puc. 9. Pesynbratu nigdopy apMyBaHHS A7l ABOBUMIPHOT CXEMU:
no30BxkHs apmatypa S1 — 12025; nonepeuna apmatypa SW — 314; kpok nonepeyHoi
apmatypu 100 mm

400

800
v

400

3HaueHHs KOedili€HTIB BUKOPUCTAHHS IPUUHSATOrO apMyBaHHsI PEACTaBIeH] B Ta0l. 4.

Tabnunsg 4 — 3HaueHHs Koe(ili€HTIB BUKOPUCTAHHS IPUIHATOrO apMyBaHHS AJIs PO3PaxyHKIB
JIBOBUMIPHOI CX€MH KOHCTPYKIIIH MPOTU3CYBHOI CIIOPY/IH

[lepeBipka Koeoiuient I'padiune BinoOpaxeHHs
1 MitHicTh 32 TPaHUYHUM 0,955
MOMEHTOM TIEPETHHY
2 MilHicTh IO TOXUITIHN cMy3i 0,475
MDK TTOXWJIMMU TPIIIMHAMHU
3 | MinHicTh MO NOXWIIIN TPIMIKHI 0,926 ‘

SIKI10 MOpPIBHIOBATH PE3YJIbTATH PO3PAXYHKIB CTIMKOCTI TPhOX PO3PAXYHKOBHUX MOMEPEYHUX
PO3pi3iB, OTPUMAHUX 3a JBOMIpHUMH cxemamu Metogamu Bishop [13] i Janbu [14] 3 pe3ynbTatamu
3aCTOCYBAaHHS MPONOHOBAHOI MOJIENl BpaxXyBaHHS MMPOCTOPOBUX €(EKTIB, MOXKHA BIJ3HAYUTH, 1110
3HA4YEeHHS PO3PaxyHKOBOT'O 3TMHAJIBHOTO MOMEHTY 1 CHJI Mepepizy, 10 AiI0Th Ha Maji MPOTU3CYBHOT
cniopyau Oynu 3HMkeH1 B cepeabomy Ha 20 %. Leit pakTop npuzBoauTh 10:

— 3MEHILIEHHS PO3PaxyHKOBOT'0 3CYBHOI'O THCKY Ha YTPUMYIOYil KOHCTPYKIII;

— 3HW)KEHHS PO3pPaxXyHKOBUX BHYTPIIIHIX 3yCHIIb, IO BUHUKAIOThH B €IEMEHTAaX MPOTH3CYBHOI
KOHCTPYKIii (3TUHANIBHI MOMEHTH 1 CUJIU TIepepi3y), BIMOBIAHO O 3MEHIIEHHS MII[HOCTI (KJacy)
0€TOHY, 3HMKEHHS J11aMeTpPiB 1 KIJIBKOCTI K IMO3/I0BXKHbBOI, TaK 1 IONEPEYHOI apMaTypH.

BucHoBku:

1. Ha ocHoBI aHani3y psay poOiT 3a ABOBUMIPHUM 1 TPUBUMIPHUM MOJIEIOBAaHHSIM IPYHTOBUX
YKOCIB OyJIO MOKa3aHO, IO OI[iHKA CTIHKOCTI I'PYHTOBUX YKOCIB € CKJIQJHUM, BIAMOBIAIbHUM 1
MaJIOBUBYCHUM 3aBIaHHSIM.
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2. BUKOHaHHS PO3paxyHKIB I'PYHTOBUX YKOCIB B TPUBUMIpHIN IMMOCTAHOBIL 3aBJaHHS, Ja€
pe3yibTaTH, HAOMWKEHI 10 peajdbHOCTI, Ha BIAMIHY Big  pe3yabTaTiB, OTPUMaHHUX
3araJlbHONPUUHATHMHU 1 MOIIMPEHUMH 1H)XCHEPHUMH METOJaMH 3a JABOBHMIpHUMHU cxemamu. Lle
MOSICHIOETHCSI THUM, IO TPHUBHMIpPHA TOCTAHOBKA 3aBJIaHHS BpaxoBYye KOMOIHAIl iH)KEHEpHO-
T€OJIOTIYHUX YMOB BCHOT'O ITPYHTOBOTO yKOCY. TpUBHUMipHE MOJENIOBAHHS IPYHTOBHX YKOCIB TaKOXK
JI03BOJISIE BpPaxOBYBaTH (aKTOpPH, MO POOJATH ICTOTHUH BIUIMB HAa CTIWKICTh, SIKI HE MOYKHA
BpaxyBaTH MPHU JIBOBUMIPHOMY MOJEIOBaHHI (0cOOMMBOCTI Tomorpadii, HAsSIBHICTh IMMiApI3yBaHHS
YKOCIB, IpiB, TOYKOBUX OYAiBEIbHUX KOHCTPYKIIIH TOIIO).

3. OgHMM 3 B@XJIMBHX IIepeBar MpoCTOPOBOi OI[IHKU CTIMKOCTI IPYHTOBOT'O YKOCY € Te€, IO
TaKUH PO3PaxyHOK JI03BOJISIE TIPOTHO3YBAaTH PO3BUTOK 3CYBHOTO IMPOIECY HE TUIBKH IO TJIMOHMHI
JOCTIKYBAHOTO PO3Pi3y IPYHTOBOT'O MACHUBY, aj€ i B IJIaHi.
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Abstract. Problems of stability of soil structures and the development of landslides, including
the Black Sea coast, pose a significant danger to the population and existing buildings and
structures. The development of landslides and landslide-prone slopes requires careful and detailed
study, the results of which should be the basis for the implementation of measures for engineering
protection of territories, taken into account in the design and construction of new facilities. When
calculating the stability of slopes, there is a difference in the calculated values of the coefficients of
stability in two-dimensional and three-dimensional problem statements. Analysis of the research
indicates the need to take into account the influence of topographic conditions of the entire slope
when calculating it in two-dimensional schemes within the designated areas.

Determination of the coefficient of stability can be carried out by both analytical and graph-
analytical methods. In most cases, the calculation of the stability of slopes and escarpment and the
determination of the coefficient of stability is performed for two-dimensional sections constructed
on lines that coincide with the most probable direction of shift of the shear body.

The most common methods used in calculating the stability of slopes in a two-dimensional
problem statement are the most used because of their simplicity, but these methods are based on the
acceptance of some assumptions described above. Based on the analysis of a number of works on
two-dimensional and three-dimensional modeling of soil slopes, it is shown that the assessment of
the stability of landslides is a complex, responsible and poorly studied task.

Performing calculations of soil slopes in the three-dimensional formulation of the problem
gives results close to reality, in contrast to the results obtained by conventional and common
engineering methods for two-dimensional schemes. This is due to the fact that the three-
dimensional formulation of the problem takes into account the combination of engineering and
geological conditions of the entire slope. Three-dimensional modeling of soil slopes also allows
taking into account factors that have a significant impact on stability, which cannot be taken into
account in two-dimensional modeling (features of topography, the presence of trimming slopes,
ravines, point structures, etc.).

Keywords: soil structure, stability factor, artificial embankment, landslide slope, soil slope,
stability, relief forms, calculation method, three-dimensional scheme, two-dimensional scheme.
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OPFAHI3AHIﬁHO-TEUJXHOJIOFI‘IHI OCOBJIMBOCTI BUKOHAHHSA JEMOHTAXY
KOHCTPYKIIN NIOIIKO/KEHUX BEJIMKOITAHEJIBbHUX BY/IMHKIB
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AHoTanis. IIpoTAroM OCTaHHBOTO POKY, BHACTIZOK BOEHHUX Jili BUKIMKAHHX arpecieio
Pociticekoi ®Depaepamii, B YkpaiHi 3pylHOBaHO a00 TMOMIKOMKEHO Onu3bko 17,5 TucAu
O0araTokBapTHUpHUX JKUTIOBUX OymuHkiB. Ile Bimmoimae 10% Big 3aranpHOi  KIIBKOCTI
0araToKBapTUPHUX JKUTIOBHUX OYIUHKIB B YKpaiHi.

[lepeBakHa OUIBIIICTh 3PYHHOBAHUX OaraTOKBApTUPHUX OYIMHKIB € MaHEIbHOTO THILY.
[TomikopxeHe KUTIIo mijuisrae Bigoyaosi abo pemonTy. [1i1 yac BUKOHAHHS [IUX pOOIT, CKIAJOBUM
€TaroM € IEMOHTaX 3pyHHOBAaHUX KOHCTPYKIIH.

B crarri BHKIIANEHO OCHOBHI OpTaHI3aIlifHO-TEXHOJIOTIYHI OCOOJMUBOCTI BHKOHAHHS
JEMOHTaXYy KOHCTPYKIIM maHenbHUX OyauHKiB. CHCTEMaTH30BaHO JO3BUIBHY Ta MPOEKTHY
JOKYMEHTAIIi10, Ha OCHOBI IKOT BUKOHYIOThCS poOoTu. [IpoanarnizoBane BiTYM3HIHE 3aKOHOJABCTBO
B YaCTHHI BUKOHAHHS JCMOHTaXKHHUX POOIT.

HaBeneHo OCHOBHI eTanmu BHUKOHAHHS JEMOHTQXY KOHCTPYKLINA TaHENbHUX Oy/iBeb.
OcoOuMBOCTI BUKOHAHHS POOIT Ta TEXHOJIOTI0 BKa3aHO I KOKHOTO BUAY KOHCTPYKIiH. BukiaaeHo
Mepesik OCHOBHOTO MaTepialIbHO-TEXHIYHOTO 3a0e31eYeHHsT BUKOHAHHS POOIT HA MPUKJIIAZl THIIOBOTO
KPYIHOIAHEIbHOTO KUTIIOBOTO OYAMHKY.

B crarTi TakoX HagaHO MeEpeniKk OCHOBHHUX YMHHHX BHUMOT IIIOJI0 TEXHIKH OE3MEeKHU, OXOPOHU
Tparli Ta eKOJIOTIYHOCTI BUKOHAHHSI POOIT.

[IpoananizoBaHO HayKOBI Ipalll BITYM3HSIHUX Ta 3aKOPJAOHHUX BUYEHHUX IO LIbOMY HAlpaMKy
JOCIIJKeHHs Oy/1IBETIbHOI HAYKH.

3 oAy Ha 3Ha4YHUN 00CAT 3pYHHOBAHOIO KUTJIA, B YKpaiHl MPUUHATO psJl 3aKOHOAABUMX
aKTIB, SIKI JIEpPEryJIOl0Th IpoLeC JAEMOHTaXy OyaiBellb Ta OKpeMux KOHCTpykui. Ha wmiciese
CaMOBpSIyBaHHSI TOKJIAJE€HO BUPIIMIEHHS IOIUIBHOCTI JeMOHTaxy Tiei abo iHmoi OymiBii.
BianosijanpHICTh 32 HajekHE OQOPMIICHHS NPOEKTHOI JOKYMEHTallli Ta BMKOHAHHS pOOIT y
BIJIMOBITHOCTI /IO BAUMOT YMHHOTO 3aKOHOJIaBCTBA JIKUTh HAa BUKOHABIII POOIT.

HopmaruBHO-3akoHO/1aBYa 0a3za 100 BiJHOBJIEHHS, 3HECEHHS Ta JEMOHTaXy BHMarae
JI0OTIpAIIOBaHHS 3 TOYKM 30py ONTHMI3allii 1 CIPOIIEHHS MPOLEAYPHUX NMHUTaHb y TOMY YHCIHI
BpaxyBaHHSl peajiil 3alydeHHs [0 LHX MpOILEciB 1HO3EMHUX OJIaroJiMHUX I1HBECTOPIB Ta
HEOOX1HOCTI ONTUMI3allli ONOJAaTKyBaHHs TaKKX POOIT B yMOBaxX BIMCbKOBOI'O 4acy.

3anpornoHoBaHa TEXHOJOTis 0a3yeThCsl HA IOCBII JEMOHTAXXHUX Ta BITHOBIIOBAILHUX POOIT
3a HaciiikamMu BHOYXiB NOOYTOBOTO rasy Ta OIEpPaTHMBHO BJOCKOHAIIIOETHCA 3 BpPaxyBaHHAM
0COOIMBOCTEH poOIT y BIMCHKOBUI Yac Ta Mij Yyac 1HIIUX HAI3BUYAHHUX CUTYAIlIH.

KirouoBi cjioBa: pekoHCTpyKuis, BifOynoBa, BeIMKONAHENbHI OYIMHKH, JIEMOHTAX,
Oprasizarlisi, TEXHOJIOTis OYIIBHUIITBA.

IlocTaHoBKa HayKOBO-NPUKJIAAHOI podaemu. [IpobiemMu, 110 MOCTAIOTH Mepe KUTIOBO-
OyAiBeJbHUM KOMILUIEKCOM YKpaiHM BIAHOCHO JKBiAalii HACHIAKIB aBapiiiHUX pyHHYBaHb
OyziBeNb MOHAJHOPMOBHMH BILUTMBAMHU BHACHIIOK BOEHHUX Ji BUKIMKAHUX arpeciero Pocilicbkoi
®denepariii MOAIAIOTHCS HA IEKiTbKA HAMPSIMKiB, OCHOBHUMHU 3 SIKWX, Ha HAITy IYMKY, €:

1) mepuroueproBi aBapiHO-PSTYBaldbHI poOOTH O€3MOocepeHbO MICAs HAHECEHHS PAKETHO-
60MO0BHX yJapiB 110 CIPUUMHUIN pyHHYBaHHS OyiBIi;
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2) TUIaHOBE BIJHOBJICHHS, IIIAXOM TIJICUJICHHS, PEMOHTY Ta BigOYyIOBH, OO0 €KTIB,
MOIIKO/)KEHUX BHACIIJOK BOCHHUX JIiM;

3) OyIIBHHMLITBO HOBOTO JKMTJIA HA 3aMiHy BTPA4€HOI'O B PE3y/IbTaTi BOEHHHX Ji METOAaMHU
IIBUKOTO 3BEICHHS;

4) HOBe OYMIBHULITBO 33 MPOTpaMaMu MiCISIBOEHHOTO BiTHOBJICHHSI.

BupiieHsst HaBeIEHUX MUTaHb OTPeOye KOMIICKCHOTO J0CiimKeHHs [1].

[lincunenns, peMoHT, BiAOyJIOBa Ta HOBE OYIIBHHUIITBO, K IPABUIIO, CYMPOBOIKYETHCS
YaCTKOBUM a00 MOBHUM JEMOHTakeM OymiBii. Bukonanus neoHTaXHUX POOIT KPYITHONAHETbHUX
0araTokBapTUpPHUX OYIUHKIB 1 € MPEIMETOM IIi€i CTAaTTi, i OYAMHKH CKIAJAIOTh BEIUKY YAaCTUHY
BiJI 3arajibHOT KiJIbKOCTi 3pyHHOBAHOI'O Ta MOMIKOKEHOr0 XKHTa [2].

EdexkTuBHICTE BHKOHAaHHS JACMOHTOXHHX pOOIT 3allekUTh B pPsSAy OpraHizaiiitHo-
TEXHOJIOTTYHUX YMHHUKIB, SIKI MAIOTh CBOT OCOOJIMBOCTI, Ta SIKI BAPTO JTOCIIAUTH.

AHaJ3 ocTaHHIX H0CTilKeHb i myOJikamii. [TutaHHSIMU, OB’ I3aHUMU 3 JOCIIHKCHHIM
TEXHOJIOTIT Ta opraHizamii JAEMOHTaXY MaHEIbHUX OYIWHKIB Takl BITYM3HSAHI (axiBIl sIK:
VYmanekuit C.A., Yepnenko K.B., I'puroposcskuii [1.€., Tyraii S.b., Ocunos O.®., lllatos C.B.,

Tema 11i€i cTATTI JOCTaTHHO IOCHIKEHA K BITYU3HIHUMH, TaK 1 1HO3EMHUMH HAYKOBIISIMH,
takumu sk Maciej Wardach, P.M. Teuffel, Gian Andrea Blengini Tta ixmi, npore ciix
CUCTeMAaTH3yBaTU Ta OHOBUTHU HAsBHY 1H(OPMAIIO 3 OISy HA OCTaHHI 3MIHH Yy BITUYHU3HSIHOMY
3aKOHOJIABCTBI Ta 3 BPaxXyBaHHIM MTPAKTHKH BUKOHAHHS POOIT.

MeTo10 pob0TH € cHCTeMaTH3allisl OCHOBHUX OPraHi3alliiHUX Ta TEXHOJIOT1YHHUX PIllIeHb IiJ
9Jac BUKOHAHHS JIEMOHTaXy KOHCTPYKIIIH KPYITHOTIAHEIBHUX OYJMHKIB B YKpaiHi.

OcHOBHMMH 3aBJAHHSIMU POGOTH BU3HAYCHO:

— cHCcTeMaTHu3allisg B)Ke BUKOHAHMX HAYKOBUX JOCIIKEHb I1i€1 TeMU AOCITIIKEHHS;

— BHBYEHHS 0COOJIMBOCTEN BITYU3HIHOIO JIFOYOr0 3aKOHOLABCTBA;

— aHaJIi3 MPaKTHYHOTO JOCBiAY BUKOHAHHS POOIT;

— OI[IHKa OCHOBHUX HANPSAMKIB Ta MEPCIEKTUBH yIOCKOHAJICHHS BUKOHAHHS JEMOHTAXHHUX
pobiT, 0cOOIMBO B PO3pi3i HEOOXITHOCTI BIAHOBICHHS Ta KOMIIEHCAIlll BTPAYEHOrO XUTJIOBOTO
(hoHTy BHACITITOK BIHCHKOBUX JIiHA;

Metoanka gociixkenHs. [y HarvMcaHHA i€l CTaTTI BAKOPUCTOBYBAIUCS TEOPETUYHHUIA METOJ
KPUTUYHOTO aHalli3y HAyKOBHUX Mpallb BITYM3HAHUX Ta 1HO3EMHHUX BYCHUX, BUBUCHHS BITUYM3HIHOTO
3aKOHOJIABCTBA B 111 c(pepi a TaKoK EMITIPUUHUN METO MTPAKTUYHOTO JJOCBIAY BUKOHAHHS POOIT.

OcHoBHa 4yactuHa. KowmmuekcHuit mnporec po30upaHHS OyAiBEIbHUX KOHCTPYKIII
nependayvae MOBHE YW YAaCTKOBE PYWHYBaHHS 3 MOJANBIIOK MEPepOoOKOI0 YH TPAHCIOPTYBAHHIM
TSt yTumizamii (puc. 1).

PyitHyBaHHs OyAiBEIbHUX KOHCTPYKILIM — II€ CHPSIMOBAHMU BIUIMB Ha MaTepiajl OCTAHHIX 3
METOXO iX JikBigamii [3].

PO3BITPAHHA
| pyiHyBarmn
lnoa.m: ] [tlacruosc} —){nc;«om:w I
/ \L/ \

| tpascroprysar |

’/

I nepepodbxa l

/
| IOBTOPHE BHKOPHCTAHHA |

Puc. 1. Ckiiag KOMIIJIEKCHOTO MpoIiecy po30MpaHHs OyAiBeIbHIUX KOHCTPYKIIN
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Po36upanns OyaiBenbHUX KOHCTPYKIIH — Il mpouec 3 iX BHIAJCHHS 3 MOBHUM a0o
YaCTKOBUM PYHHYBAaHHSAM CKJIAIOBUX X eleMeHTiB [3].

MexanizoBaHui mporiec po3OupanHHs OyAiBeTbHUX KOHCTPYKLIN, MIiCHS PYHHYBaHHS JIMIIE
B'SI3¢BUX 1 KPIMUJIBHUX EJIEMEHTIB, HA3UBAIOTh OeMOHMANCEM KOHCIMPYKYIL.

B miit crarTi HaBeACHO TUITOBHMMA IMAXIJ A0 aHAJI3y KOJa OpraHi3alifHuX Ta TEXHOJIOTTYHHUX
pIIIEHb 1010 IEMOHTAXY CaMe KPYIHONaHeIbHUX OyIMHKIB.

o opeanizayitinux ocobaueocmeti BAKOHAHHS JTEMOHTXKHUX POOIT BiTHOCUTHCS:

— OTPUMAaHHS BUXIIHUX JaHUX, B TOMY YHCJI1 3BITY 100 0OCTEKECHHSI OyAMHKY;

— NPUMAHATTS PILICHHS 111010 BUKOHAHHS IEMOHTAaKHUX POOIT;

— po3po0Ka MPOEKTHOT TOKYMEHTAIlii,

— opMyBaHHS MEPENIKY MiATOTOBYMUX POOIT Ta 1HIIE.

Po3po011i mpoekTHUX pillieHb 11010 MOBHOTO a00 YaCTKOBOTO JIEMOHTAXKy MAae€ IMepenyBaTH
npoBeeHHss oOcTexkeHHss Oynismi. Ilinm yac ¢gopmyBaHHS BHUCHOBKIB CIiJi TaKOX BpaxOBYBaTH
YMOBU Ta 4Yac eKCIulyataulii KOHCTpyKuii OyniBmi. HasBHicTe abo BiACYTHICTH IHIIMX (OKpiM
pyiiHYBaHb BIMCHKOBOI'O XapaKTepy) HEraTUBHUX YMHHUKIB, SIKI MOTJIM MOCTIHHO a00 MepioguvHO
BIUIMBATH Ha OymiBio [4].

OchosHUMU NPOEKMHUMU OOKYMEHMAMU, 3TITHO SIKHX BUKOHYETHCS JEMOHTaXHI POOOTH €
I1OB (mpoexT opranizanii OyaiBaunTBa) Ta [IBP (mpoekt BupoOHUIITBA pOOIT).

[Ipoekt opranizaiii OyaiBHULTBA € OCHOBOIO Juist po3poOku [IBP migpsinHoro opraizartiiero.
B I1BP ¢aktuuno yrounworwtbes pimenns [10b.

[Tpu cxiraganHi 000X JTOKYMEHTIB CIIiJ] BUIUTUTH:

— OMKC 3aMOBJICHHS 10 sikoMy BUKoHaHO [II1P Ta iH11 3aranbHi NOI0KEHHS! BUKOHAHHS pOOIT;

— 3MIHHICTh BUKOHAHHS pOOIT (01HA 200 ABI);

— XapaKTepUCTUKAa YMOBU BUKOHAHHS POOIT, HASBHICTH 200 BiJICYTHICTH IiJrOTOBYMX POOIT
Ha Micili aBapii. Bka3yerbes, 1110 HE00X11HO BUKOHATH ISl IOYATKY BUKOHAHHS pOOIT;

— Ha MiJICTaBl SKO1 JO3BUIbHOT TOKYMEHTAallii BUKOHYIOTHCS pOOOTH.

Xapakmepucmuka ymo8 UKOHAHHs poOim MA€ BKIIIOYATH HACTYITHI MyHKTHU:

— OIKC a/IpecH 00’€KTa, OTOUYIOYOr0 CEPEIOBUIIIA;

— 3arajibHUM OINKC aBapiHOCTI CUTYaIlil B OyAiBIIi, SKi €IEMEHTH MOIIKOKEHO;

— ONKIC TUIIOBOTO MPOEKTY MaHEeIbHOT0 OY/IIBHUIITBA, 32 SIKUM CIIOPYIXKEHO OYANHOK;

— 3arajipHi JaHi po po3mipu OyAiBIIi B IJIaH1, BUCOTA IIOBEPX1B, IOBEPXOBICTh;

— 0coOJMBOCTI KapKacy, XapaKTepUCTHKa (yHIaMEHTIB OyaAiBli, NEPEeKpUTTs Ta
BEPTUKAJIHHHUX €JIEMEHTIB KapKacy;,

— 30BHIIIHE ONMOPSI’KEHHS (acaliB.

Cepen oprasizaliiiHUX MUTaHb OJHUM i3 TOJOBHHUX € HEOOXIIHICTH OMPUMAHHA OO038LIbHOL
O0okymenmayii, 0pOPMIICHHS aKTy JONYCKY BUKOHABIISI HA MicLie pOOIT Ta HapsAy-I0MyCKy. 3TiTHO
OCTaHHIX 3MIH B 3aKOHOJ/IaBCTBi, CKACOBaHO OTPMMAHHS JI03BOJIy Ha BUKOHAHHS pOOIT, a pIIICHHS
I0JI0 IEMOHTaXY YacTUHU a0 BCi€l COpPYIW MPUIMAETbcd BUKOHABUYMMHU OparHaMU MICIEBOT
BIIa/IM, aJIMiHICTpaIlil Ha OCHOBI BUXIJHUX JAHHHUX, B TOMY YHCIIi 3BiTy OOCTEXXEHHS OYHIBIIi, KU
po3po0isieThes KBai(PiKOBaHOIO OpraHizamicro. [IpoekTHa JOKyMEHTaIlisi Ha IE€MOHTaX TaKOX HE
nijsarae excreptusi [5].

Takox opranizaliifHO HEOOX1THO 10 MOYATKy BUKOHAHHS POOIT, BU3HAUYUTHCA 3 MEPETIKOM
MiITOTOBYUX POOIT, 10 IKMX MOXKYTh BIJIHOCUTHUCH!

— BHHECEHHSI Ta TIEPEHECEHHsI KOMYHIKAIlild Ta THMYACOBHX CIIOPY/I;

— BCTAQHOBJICHHSI IHBEHTapHUX CIOPY/I, 1OCTaBKa BCIX HEOOX1IHUX MaTepialis;

— po30uBKa Ta BUHECEHHs OCeH 1 pernepa, repeaya Mo akTy KOOpJIMHaT;

— ITHCTPYKTaX IIO/I0 TEXHIKHM O0€3MeKH Ta TEXHOJIOTI 1 OpraHi3ariii;

— pO3po0OKa 3aX0iB 010 TIOKEKHOT OE3MEKH;

— BU3HAUEHHs OaJlaHCOyTpUMYyBaua KOMYHIKaIliil OyquHKY Ta popMmyBaHHS 0a3u KpeClIeHb.

HeoOxiaHo 3a6e3neunt yMOBU 30€pekeHHs T03HaUeHb Bicel Ta pemnepa.

Texnonoeiss BUKOHAHHA OeMOHMANCHUX POOIM THIIOBOTO KPYITHOTIAHEIBHOTO OYAWHKY Mae
0COOJIMBOCTI, SIKi 3aJIe)KaTh BiJl TUITY KOHCTPYKUIT [6].

JleMoHTax OyIMHKY BUKOHYETHCS B MOCIIJOBHOCTI, 3BOPOTHIM HOro 3BeIeHHs, TOOTO 3BEPXY

Modern construction and architecture, 2023, no. 3, page 111-120 113



TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

BHU3, 10 MIOBEPXax, IBOMA 3aXBaTKaMH OAIITOBUM KPaHOM CIIOCOOOM «Ha cedey.

[TocmimOBHICTE NEMOHTaXy KOHCTPYKIIIA Ha THWIIOBIM 3axBaTI[i THIIOBOTO TOBEpXY (HE
aBapiifHMX ) HACTYITHA:

— IEMOHTaX OJIOKIB IHKEHEPHUX KOMYHIKAIIIH 1 €JIEMEHTIB CXOA0BO1 KIIITHHH;

— JICMOHTAX IMEPETOPOJIOK 1 BEHTHIISIIIHHUX OJI0KIB, CAHITAPHO-TEXHIYHUX KaOiH;

— JICMOHTa)K OTOPOK OAIKOHIB 1 JIOJKIN, TaHEJIeH BHYTPINTHIX 1 30BHIINIHIX CTiH;

— JIEMOHTX IUTUT OAJIKOHIB 1 JIODKIH, TUTUT NEPEKpUTTS [7].

Posbupanns inscenepnux xKomyHikayiti BAKOHYETbCS O PO30MpaHHS OTrOpPOIKYBAJIBHUX Ta
HECYYMX KOHCTPYKIIIH Y HACTYITHIA MOCIIiJOBHOCTI:

— po30MpaHHs BHYTPIIIHIX 1HKEHEPHUX MEPEk (TEIUIo-, BOJO-, Ta30- Ta €JIEKTPONOCTAYaHHS,
KaHaJIi3aris);

— 3HATTS BIKOHHHUX paM 1 ABepei 3 KopoOKamu, epeB’ ssHuX 1ad 1 iHIIMX JepeB’ SIHUX €JICMEHTIB;

— 3HATTS HOKPUTTA MIAJIOT (JOLIOK, JIIHOJIEYMY, TApKETy, PO30HPaHHS CTAKOK).

Marepianu po30upaHHs (JepeBo, MeTal, Kepamika, CKJIO, TOIIO) COPTYIOTh 3a BHIAMH 1
CKJIQJyIOTh B BIJIMTOBIIHI KOHTEHHEPH (ITAKETH ).

o demonmaoicy oaxy, cmin i pynoamenmy 6YOUHKY 6UKOHYIOMb MAKi pobomu.:

— TUMYACOBE 3aKPIIUICHHS JIEMOHTOBAHUX €JIEMEHTIB OYJAMHKY 3a JIOTIOMOTOI0 TEXHOJIOTIIHOI
OCHACTKH;

PO3IIMBAaHHS 3aMOHOJIYEHMX CTHKIB 1 INBIB BiAOIMHUMH MOJIOTKAMHU 3 KOMIUICKTOM
yIapHUX HACAIOK;

— pi3aHHS 3aCTaBHUX JCTaJCH — ra30Ba a00 BiIPI3HUMU KOJIAMHU;

— CcBepyliHHS (MIPOOWBaHHS) OTBOPIB B MaHeNAX 1 mimrax: giamerpom 40-50 MM pydHUMH
CBepUTWIbHUMU MatnHamu, 40—60 MM — nepdoparopamu, 85—-160 MM — CBEpUTMIIBHUM BEPCTATOM.

BinpuBanHs i 3MileHHS KOHCTPYKILIN 31iHCHIOIOTh JOMKPATOM KJIMHOBUM. BucoTa migxBaty
6 MM — 100 mmM. ITigitom Ha 45-150 Mm.

JlemoHTax OJIOKIB 1HXKEHEPHUX KOMYHIKAaIli 1 €JeMEHTIB CXOJ0BOi KIITHHH. bioku
IH)KEHEepHUX KOMYHIKallii JIEMOHTYIOTH MO TMOBEpXax, PYHHYIOUH CHUpPaHHS 3aJ1i300€TOHHOTO
MiJA0HY OJIOKY Ha CyMIXHI MaHeNi CTiH CXOAOBO1 KmiTKH. J[is JICMOHTaKY 00’€MHUX €JIEMEHTIB
maxTy JidTiB po30MparoTh KPOHIITEHHH, 10 KPIILJIATh HaHp}IMHl kaliHu 1 mpoTtuBaru. JleMoHTax
CXOMIB TMOYMHAIOTH 3 PO30MpPAHHS OTOPOX MAaiJIaHYMKIB 1 MaplIiB, MOTIM p0361/1pa10TL CYMIXKHI
IUTATH TIEPEKPUTTS 1 MDKIOBEPXOBI CXOJIOBI MalJIaHYMKHU. 3BUTBHEHI BiJ 3B S3KiB Mapiii
BUIAJISIOTH 3 MICIISl YCTAHOBKH BHJIKOBUMH 3axBaTaMi (pHcC. 2).

Puc. 2. CtporryBaHHS CXO/I0BUX MaplIiB BIJIKOBIUMH 3axBaTaMu 3CM (3axBat JJIsl CXOJJOBHX
MapuiiB) mmpuHoro 10 1500 MM BaHTaxonigiomMHicTs 10 2,0 T

Jlemonmasic nepecopoook i eeHmunAyitiHuUx Oa0Ki6, caHimapHo-mexuiunux kadin. Ilanem
MEPETOPOJIOK TUMYACOBO 3aKPIIUIIOITh MiAKOcaMd a00 TPUKYTHUMHU CTIMKaMHU B TIOEJHAHHI 3
KYTOBUMH 3B’sI3KaMU (IIaHei 3 Mpopi3aMu) 1 3 BOMA KYTOBUMH 3B’si3KaMH (CYILIUIbHI TTaHeM ).

JleMOHTaX BEHTHIISAIIHHUX OJOKIB 3 OMOPHHX IOJIMIb BENEThCS MO TOBepXaxX. Bumansrors
KpIIJICHHS] BEHTWIALIMHOTO OJIOKY B OTBOpax MEPEeKPUTTS 1 JAEMOHTYIOTH OJIOK 3 TOBEpXY.
Bunansrote 3a moTpeOu BOAOMPOBIIHUHN 1 KaHami3alidHuil crosiku. CaHITapHO-TEXHIUHI KaOiHH
3BUIBHSIOTH BiJI 3B’SI3KIB 1 MPYXKHUX 3BYKOM3OJUPYIOIIUX MPOKIAT0K, YKIaJIEHUX 10 MEPEKPUTTIO,
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MOTIM JICMOHTYIOTH KaOiny [3].

Jlemonmanic 020po0diceHb OANKOHI8 1 JI00XCIU, nauenell 306HIWHIX [ 6HympiwnHix cmin. Tlpu
JIEMOHTa1 MaHeJIel BUKOHYIOTHCS HACTYITHI ONepallii: MiAr0TOBKA MaHeli IO CTPOITYBaHHSI, 110 BKITIOYAE
OPUCTPIA 3 TUMYACOBHM KpIIUICHHSIM 1O HEPEKpUTTS ab0 10 BHYTPIIIHBOI CTIHH 3a JIOMOMOTOIO
IHBEHTapHOI OCHAIIICHHS, 3BUTBHEHHS Bl O€TOHY (PO34YHHY) 1 pi3Ka MOCTIMHUX 3B’S3KIB HA 3BAPIOBaHHI,
MPUOMpPAHHST OCHAIICHHS THUMYAcOBOIO KpIIUICHHS, BIIPUB TaHEN BiJ TOAYIIKA 3a JIOTIOMOTOIO
KJIMHOBOTO Ti/IPABIIIYHOTO JIOMKpara, BHUBIIIYBaHHS Ha TaKy, MEPEMIICHHs MaHeNi Ha TPaHCHOPTHHUNA
3aci0 (ma”esneBo3). JleMOHTaX OropoPKeHb OAIKOHIB 1 JIOKIA TIPOBOAUTHCS «3a MICIIEM.

JIeMOHTaX Oropo/KyBaJIbHUX Ta HECYYMX KOHCTPYKIH OYAMHKY CKIIQAA€TbCA 3 JEMOHTAXY
BHYTPIIIHIX 1 30BHIIIHIX CTIHOBHX MaHeNeH, mnT Ta 0J0KiB. Jlo JeMOHTa)Xy 30BHIIIHI Ta BHYTPIIIHI
CTiHOBI MaHeni MoBHHHI OyTH 3akpimeHi. s uporo B manensx Ha Bucoti 1,6 — 1,8 M Big piBHA
IIIJIOTH CBEPUIATH OTBOPH, B SIKI BCTABIISIIOTH aHKEPH JIJIsI TAMYACOBO 3aKPIIUIEHHs IiIKOCIB (pHc. 3).

Cxema la Cxema THMYACOBOTO KPINUICHHA 30BHIIHIX CTIHOBHX nanencii

a) 3 CKOPOuCHHMH niKoCamit

J]

Jaxpar (4)

S

1750

o=45°

Jaxuar (4) THMUECOBE KPIICHHA SOBHIULINGOT CTINOBOT Naneni,

L0 OFOPOULRYC CXOIOBY KIITHHY

Josninms
CTIHOBA TTAHCIb

nra

[CPCRPHTTR

w S Cxonosui
| === M Malinanans

o

’ Buyrpunus
’ CTIHOBA [HIHENL
LCXOUOBOT KATTHHK

Jls nizawocHnx crpydumnH Banramoniaiiomuanii Yeisepcanshiii .

Puc. 3. Cxemu TUMYACOBOTO 3aKpiIlJICHHSI CTIHOBUX TaHEJIeH

Jlemonmanic nium 6aIKOHI8 | 100XCIl, naum nepekpummsi. BaTkOHHI TUTMTH TUMYACOBO MOXKYTh
OyTH 3aKkpiluleHi He TUIBKM 3a JIOMIOMOTOI0 CTiHOK, a i 3 OOKy BHYTPILIHBOTO KOHTYPY OYIMHKY
IUISIXOM YKJIaJJaHHS Ha HUX CTaHJapTHUX OeTOHHUX OnokiB, Hanpukiag @BC-12-3-3 T macoro 270 Kr.

[InuTi GankoHIB 1 JIOMKIM 3BUIBHSIIOTH 3a JOTIOMOTOIO Pi3aHHS BiJ MOCTIWHUX 3B’SA3KIB Ha
3BapIOBaHHI 3 CYMDKHUMH IUTUTAMH NTEPEKPUTTSL.

Modern construction and architecture, 2023, no. 3, page 111-120 115



TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

[Tnuty GanmkoHIB 1 JIOMXKIM BIAPUBAIOTH TOMKpPATaMHU BiJl IIEMEHTHOTO PO3YMHY MOCAJTO0YHUX
Micitb. CTpOmyBaHHS TUTMT 3IMCHIOETHCS, K MPABHIIO, 32 MPOPOOJICHI B HUX JEMOHTaKHI OTBOPH.
JIeMOHTaX TUTUT TEPEKPUTTS TMOYMHAIOTh 3 JCMOHTAXY IUIUT, 10 MPUMHKAIOTH JIO CXOJIOBO-
nidToBoro By3na: 3BUIBHSIIOTH BiJl 3B SI3KIB Ha 3BapIOBAHHI MXK COO0I0, BIJIpHBAIOTh IOMKpaTamu [6].

JIeMOHTaX TPOBOIUTHCS 3 JOTPUMAHHSM INPUHIMITY: «Ha cebe» 1 «Ha kpany». s rumt
MEPEKPHUTTS 3aCTOCOBYETHCS 3aXOIUICHHS, OJIMH 3 BapiaHTIB KOHCTPYKIIIT IKOTO HaBeJIeHO Ha pucC. 4.

Puc. 4. 3axBar i it

[TpoTr MX OTBOPIB B IJIMTAX MEPEKPUTTA (B MMi1031) CBEPAJISATH OTBOPH, BCTABIISIOTH AaHKEPH
Ta 3’ €IHYIOTh X MIXK CO0010, 3aKPITUTIOI0YN KOXKHY TaHEeb.

[ToTiM POBOUTECS pO3OUPalHs Nepe2opoOoK i CMil CAHIMAPHO-MEXHIYHUX KAODIH.

bankonu mepesn po30MpaHHSM 30BHINTHIX CTIHOBUX IMaHENCH MiIMUPAIOTh TEICCKOMYHUMU
CTIMKaMHU 3 HU)KHBOTO ITOBEPXY.

Jemonmadsic 306HIWHIX | HYMPIWHIX cmiHosuX naweseti 1 OJOKIB 31MCHIOETbCS OMHCAHUM
BHUIIIE CIIOCOOOM.

Jlemonmandsic nokpieni CKIaAa€ThCs 3 PO3OMPAHHS TTOKPIBEILHOTO MOKPUTTS, IUTAT (HACTHIIIB),
¢bpu30BUX MaHeneH 1 IUIUT TOKPUTTS.

JIeMOHTaX TOKPIBEIbHUX IUIUT POOJSATH TaKk caMo, SIK 1 TUIUT MEPEKPUTTS HAa THUIIOBOMY
noBepci. JIeMOHTaX MOKPIBEIbHUX IUIUT NOYMHAIOTh 3 BUJIAJIEHHS JIOTKOBI IUINT, OTIM BUJIAJISIIOTh
1HINI TUTUTH, TOTPUMYIOUYHChH ITPU LIbOMY NPUHIIMII JEMOHTaXY «Ha cebe». BunaneHHs BOAOCTIYHUX
BOPOHOK, p0o30HMpaHHs IPUMUKaHb, pyHHYBaHHsI 3aKJIa/IeHHS CTUKIB BUPOOJISIOTHCS 32 MICLEM.

3aMOHOJIIYEH] CTHKH, IIBH, METalEBl 3B’A3KU MOKPIBEJIbHUX IUIUT (HACTHJIIB) MOBUHHI OYTH
3BUIBHEHI BiJl PO3UHHY.

CrponyBaHHS MOKPIBEIbHUX IUIUT BUPOOIsEThes 3a gonomororo crpomna (4CK) i 4oTuphox
3aXOIIEHb, 1110 BCTAHOBJIIOIOTHCA B CHELIaIbHO IPOCBEPIeH] (ITPOOUTI) OTBOpH. 151 cTponyBaHHs
MoOkHa BuKopuctoByBatu aBa asoneriaboBuil (CKII) abo kinmbueBux (CKK) crpoma. Ilotim
3JIIACHIOIOTh KPAHOM CIIA0KHI HATST CTPOII, 1 poOoUi po3pi3aroTh METAJEB1 3B’ SI3KY.

[TokpiBenbHY IUIMTY BiAPUBAIOTH TIAPOKIMHIB (METAJEBUMU KJIMHAMH) 1 MIAHIMAIOTH Ha
KUJIbKa CAaHTUMETpPIB KpaHOM IpH HAaWMMEHIIIN IIBHJKOCTI, 1100 MEepeKoHaTHCs, L0 BOHA HE
3atucHeHa. [lepen migiioMoM TMOKpiBeNbHY IUIMTY mHepeMmimarTs Ha Bucory 20-30 cm i
MEPEKOHYIOThCSl B HAJIHHOCTI cTpomyBaHHs. TakuM ke crmocoOoM JEeMOHTYIOTh (ppU30Bi MaHen,
KapHU3HU OJIOKH 1 TUTUTH TIOKPUTTS OyAuHKY [7].

Hemonmaoic mexniunozo nioninna. Jlo 3HATTA IUIMT NEPEKpUTTs (HACTHIIIB) HaJ TEXHIYHUM
HiANUDIAM HEOOX1THO BUKOINATH TPYHT, HAPHUKIIA] €KCKaBaTOPOM (31 3MIIIEHOIO BICCIO KOMAHHS), MO
30BHIIIHBOMY NEpUMETPY OyIMHKY Ha TTIMOMHY 3aKja/ieHHs (pyHIaMeHTy. 30BHIIIHI IIOKOJIbHI TaHeM
1 BHYTPILIHI MaHe 3MIMHIOI0Th TUMYAacOBO MO3/I0BKHIMU 3B’ si3KaMHU. [1iciis 3HATTS MIIUT NEPEKPUTTS
(HacTuiiB) pYHHYIOTH BiAOIMHUMHM MOJOTKaMu OETOHHY MiATOTOBKY, 3BUIBHSIOTH 3CEpEeIUHU
¢dbyHaaMeHT BiJ rpyHTY. [10TIM 1€MOHTYIOTh, BUKOPHCTOBYIOUYM OIMCAHI BHILE MPUHOMH, HOKOJIbHI
naHeni (6JI0KH CTiH) manuLIst 1 670Kk GpyHAaMEHTY. 3BUIbHEHHS €JIeMEeHTa BiJ 3B S13KIB BUKOHYIOTb,
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SIK TIPaBHJIO, HA ITi/IBici raka KpaHa. [Ipy 1iboMy B 3araibHOMY BUITAJKy HEOOXiIHO:

— IiHIMATH 1 IepEMIIIIaTH €JIEMEHT IJIaBHO, O€3 PUBKIB, pO3TOMTYBaHHS 1 OOEpTaHHS;

— TMEpEeMIllleHHs eJIeMEHTa 3/IMCHIOBATH B JBa eTamu: crmovarky Ha Bucoty 20-30 cm, a
MOJIAJIbIIE — MICHs IEPEBIPKU HAIIHHOCTI CTPOITyBaHHS;

— IIEPEeBIPUTH HAAIMHICTH CTPOITYBAaHHS, IPH MiJHATTI HE AOMYCKATH MOIITOBXIB 1 yIapiB.

— TMOMAETHCS 10 MiICIsl HABAaHTAXKEHHS Ha TPAHCHOPTHHI 3aci0 eJeMEeHT OIycKaTH 1 mpuiiMaTH Ha
BUCOTI He Oinbine 1 M, a HaBoxuTH Ha BUCOTI 30 CM BiJl piBHS YCTAaHOBKH B TPAHCIIOPTHE MOJIOXKEHHSI.

Bukonanus poOiT npu Temmnepatypi noBiTps Hwkue -20 © C He pekoMeHayeThes. JleMoHTax
301pHUX €JIEMEHTIB OyJIMHKY B 3UMMOBHUH Yac (IIpU cepelHbo000BIi TeMrepaTypi Hmwkue +5 © C i
MiHiManbHOT 1000BOI Temmeparypi Huxue 0 °C) mpoBoauTthcs BignosigHo 70 BCH 202-90. YV pasi
YTBOPEHHSI KPUTH 1 CHITY B CTHKaxX NOBEPXHI MaHeNeH CliJ OYMIIATH METaJeBUMH LIiTKamMHu a0o
IKpeOKaMH, MPOJAYBATH CTUCHEHUM TOBITPSAM. 3a00pOHSETHCS BIIITPIBATH 1 OYMINATH MOBEPXHI
naHeseH mapor ado raps4oro Bojaoro [7].

TexHomorist Ta opradizaiisi BAKOHaHHS JEMOHTKHUX POOIT 4acTo moB’s3aHi Mix co0oro. Tak
JI0 OpraHi3aliiHuX MUTaHb e(PEKTUHOBCTI BUKOHAHHS POOIT MOYKHA BIAHECTH:

— o(hopmIleHHSI BUKOHABYOI JJOKYMEHTAIIi1;

— 3/11ICHEHHS 3aX0/[iB MPOTUTIOKEKHOT OE3MEKH;

— OXOpOHA HABKOJMIIIHBOTO CEPEIOBHUIIIA;

— OXOpOHa Ipalli Ta TexXHika 0e3mnexu [3].

Buxonasua ooxymenmayiss € 3aco00M MiATBEPIKEHHS BIAMOBIIHOCTI BHUKOHAHUX POOIT
BCTaHOBJICHUM BHMOT'aM Ta MPOEKTHIH TOKyMEHTaIlii.

[Tix yac BUKOHaHHS poOIT HEOOX1THO:

— BECTH 3arajbHUil >KypHaJT pOOIT, OCHOBHUN BUPOOHHYUN JOKYMEHT, SKHH MIiCTUTh
iH(pOpMaIifo PO MOCHTIOBHICTh, TEPMIHU Ta YMOBU BUKOHAHHS pOOIT;

— crenianbH1 )KypHaITu BUKOHAHHS pOOIT;

— ohopmisTu Oe3nocepeIHb0 BUKOHABYY JOKYMEHTAIlI0 Ha BiAMOBIIHICTH MPOEKTY abo i3
3a3HAYEHHSIM 3MiH;

— BECTH IepelliK 0ci0, 110 BUKOHYIOTh POOIT (MAPAIHUK);

B xypHaii BUKOHaHHS POOIT BKa3yeThCsl TAKOXK METOIM BUKOHAHHS pOOIT, MaTepialiv, TOTOBI
BUPOOM Ta KOHCTPYKIIi1, MEXaHI3MH [0 BUKOPUCTOBYIOTHCS, BAMYIIIEHI IPOCTO]I Ta iHme. B sxypHain
BHOCSITBCSI 3ayBa)XK€HHsI 0C10, sIKI KOHTPOJIIOIOTh BMKOHAHHA 1 Oe3neky poOIT y BIAMOBIIHOCTI 3
Ha/IaHUMH 1M ITpaBaMHu.

Po6oTn HEOOX1AHO BUKOHYBATH 13 JOTPUMAaHHSIM YMHHHMX 3aKOHOJABYMX Ta HOPMATHBHO-
MIPaBOBUX aKTiB, HOPMAaTUBHUX JTOKYMEHTIB 13 IUTAHb NONMCEHCHOI Oe3neKu.

[Tin yac BUKOHaHHS JAEMOHTAXKHUX POOIT HEOOXIAHO SIK TOTPUMYBATHCh MPABHI MOXKEKHOT
0e3neKH, Tak 1 3/1HCHIOBAaTH MPOTUIIOKEKHY MPOodiTakTUKy. BiamoBigansHUM 3a BCi Il 3aX0AU €
TeHMIAPSAHUK a00 miIpsSAHUK podiT. be3nocepeHbo BiANOBIJaIbHA 0CO0a BU3HAYAETHCS HAKa30M.

3 MeToro yOe3neueHHs MOTPaIIsIHHSA Ha 00’ €KT IEMOHTaXXy, OPTaHi30BYEThCS 111J10J000Ba Horo
oxopoHa. [IpuminieHHs, /¢ BUKOHYIOThCS BOTHeHeOe3leuHi poOOTH, MOBHHHI OyTH 3abe3mneueHi
BOTHETACHUKAMHU Ta IHIIUMH 3aC00aMH MOXKEKOTACIHHS.

[lepen movyaTkoM BHKOHAHHSI JEMOHTa)XHUX pPOOIT, HEOOXIJHO NEpPEeBIPUTH HASBHICTH Ta
BIJIKPUTICTH MiJ 13HUX [UISAXIB O MiCIii BUKOHAHHS POOIT.

VY pa3i BUSBJIECHHS MOXeEX1 abo 3amaxy IUMy, rapy, HaJMIpHOIO MiJIBUIIEHHS TeMIepaTypu
HEOOX1HO HeraifHO MOBIJOMHUTHU MPO 1€ MOKEXKHY OXOPOHY, 3IMCHUTH OMOBIIIEHHS MPallIBHUKIB
PO MOXKEXKY, BAMKHYTH Bce 00JIaJJHAHHS, OpraHi3yBaTH €BaKyallito JIIOIeH.

JleMOHTaXH1 poOOTH MMOBUHHI 3/ICHIOBATUCH 13 JOTPUMAHHSIM BUMOI YHHHOTO 3aKOHOJIaBCTBA
IOJI0 OXOPOHU MA 30epedtCeH s HABKOIUWHbO2O NPUPOOHO20 cepedosuiya, 3a0e3MeYeHHsT CaHITApPHOTO
Ta €miIeMIYHOro OJyiaronoiyyus HaceleHHs Ta Oe3NeKH MPWIErTNX O00’€KTIB TEXHOT€HHOrO
CepelloBHIla B TOMY YHMCII B YacTHHI IIyMy, BiOparii, iH(ppa3ByKy 1 HHU3BKOYACTOTHOTO IIyMy B
MPUMIIIEHHAX XUTJIOBUX 1 IMBUIBHUX OYIMHKIB Ta HAa TEPUTOPIi, IO MPHISATrae a0 OyAiBEIbHOrO
MaiiTaH4YrKa, BOJOBIIBEICHHS 13 TEPUTOPIi BUKOHAHHS POOIT, 3aXUCTY OTOUYIOYO1 3a0y/I0BH BiJI MUY,
BUBE3CHHS BIIXO/IB Ta iHie [8].

Pimenns mono oxopouu npayi, eupobHuuoi canimapii ma mexHiku Oe3nexu TIOBUHHI
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BiJIMOBIAATH BUMOTaM ITPaBUJIaM TEXHIKU O€3MEeKH 3T1THO YHHHOTO 3aKOHOABCTBA.

B I1BP nmoBunHI OyTH 1Mo3Ha4YeH1 HEOE3MeUH1 30HU TIEPEMIIICHHS BaHTAXIB, CYCIJIHI OYTUHKHI
abo crmopynu, TOBITPSIHI JIiHII eJleKTporepeaay, MICIS PO3MIIIEHHS CaHITapHO - MOOYTOBHX
MPUMIIIEHb, aBTOMOOUIBHUX Ta MINIOX1THUX IIJISXiB, TOIIO.

[Ipu opranizarii po6oYMX MiCIlb TTIOBHHHI OyTH BHpIIICHI MATAHHS iX 3a0e3Me4YeHHs 3ac00aMu
KOJIGKTUBHOTO 3aXMCTy Ta IHIIUM iHBeHTapeM.3a00pOHSETbCA OJHOYACHUM JEMOHTaX 1 PO3OMpaHHS
KOHCTPYKIIii B IBOX 1 OUIBIIE sSipycax MO OJHIN BepTUKaTi.3HAXOKEHHS JIFOACH Ha TIOBEpXax, HIDKYE
Ha 3aXBartiii, ¢ pPOOUTHCS AEMOHTaXK a00 pO30MpaHHs KOHCTPYKIIIH, 3a00POHAETHCS.

Po36upannst OyniBenb (IeMOHTaX KOHCTPYKII) HEOOXITHO 3IMCHIOBATH TOCIIIOBHO 3BEPXY
BHU3 3aXBaTKaMU. 3a0OpOHSETHCS Po30MpaHHs Oy/iBeNb OJHOYACHO B JIEKUTBKOX SIpycax IO OJHIN
BEPTHUKAJI.

Peyuxnine odemonmoeanux koncmpyxyit. CydacHl €KOJIOT1YHI BHUMOTU CTaBJISATh Iepea
OyniBeTbHUKAMH 3aBJaHHS MaKCUMaJIbHO MOBHO BUKOPUCTOBYBATH, NEPEpoOIsiTH ab0 yTHII3yBaTH
NPOAYKTH pPO30MpaHHs OyHiBeNbHUX KOHCTPYKIiH cropyd. B VYkpaiHi BcTaHOBJIEHO IpaBoOBE,
oprasizarfiiiHe Ta €KOHOMIYHE MIATPYHTS ISl IEpepPOOKH OyaiBEILHOTO CMITTSI.

[Tix mepepoOkoro OymiBeNbHUX BIAXOAIB (PEHHUKIIHIOM) PO3YMIIOTh APOOJICHHS 1 IEPEpOOKy
OETOHHUX KOHCTPYKI[iH Ta 1HIIOTO TBEPAOTO OYAIBEIBHOTO CMITTS 3 METOIO OTPUMAaHHS BTOPHHHOT
CUPOBUHHU, SKY MOXKHAa 3HOBY I[IOBEPHYTH Yy BHUPOOHMYMNA LHUKJI 1 YCHIIIHO TOBTOPHO
BUKOPUCTOBYBaTH B OyIiBelIbHHX poOoTax. Y Tpoleci PEeHUKIIHTY BiAXoAiB OyliBelIbHOTO
BUPOOHHMIITBA BiIOYBAEThCA BWIIYUEHHs 3 OCTOHHUX (pakiiii ()parMeHTiB MeTaieBoi apMmarypu i
MOIaJIbIIIe TTOIPIOHEHHS OETOHY X IO OTPHUMAHHSI BTOPHHHOI IIEOSHIO HEOOX1THOTO PO3MIpY.

Jlis mpoBeAEHHS BCHOTO KOMIUIEKCY pOOIT MO PEUUKIIHTY MarepialiB 1 MepepoOKu
Oy/iBEeTBHHUX BiJIXO/IB 3aCTOCOBYETHCS CIEIialibHE, Y TOMY YHCIHi 1 MOOUIbHE 00IaTHAHHS, TaKe K
IpoOWIIbHA YCTaHOBKA, TiAPOMOJNIOT 1 Oarato iHmoOro. EdekTuBHICTH 3acToCyBaHHS came
MOOUITEHOTO APOOMIBHOTO OOJaJAHAHHS OOYMOBIIOETHCS THUM, IO B TAaKOMY BHIAJKY PELMKIIHT
MaTepialiiB MOKHA IPOBOAUTU O€3MOCEPEAHBO Ha MICIIl JEMOHTAXY.

Bapro Bim3HaumtH, mo B €BpoIi, HANPHUKIAA, OAHUM 3 OOOB'S3KOBUX YMOB IPOBEICHHS
JIeMOHTaxXy a00 3HeceHHs OyAiBii abo CHOpYyau, € HaJaHHS IOPUIUYHO ohopMIIeHOI iHDopMaIllii
po Te, KOJIH i sika ipma Oyme poOUTH yTHII3aIlio 1 IepepoOKy OyaiBenbHUX Matepiaiis [9, 10].

BucHoBku:

B crarri BHUKIaJ€HO OCHOBHI OpraHi3amiitHO-TEXHOJIOTIYHI OCOOJIMBOCTI BHKOHAHHS
JE€MOHTaXy KOHCTPYKLIN NaHEeIbHUX OyIUHKIB.

B Vkpaini ctanoMm Ha Oepe3zeHb 2023 poky BHACIHIJIOK BIMCHKOBHUX Jii, OyJIO MOIIKOKEHO
a6o 3pyitHoBaHO 710 10% >XUTIOBOTO OHTY KPYITHOIIAHENbHUX KUTIOBUX OYIMHKIB.

CkJ1a10BUM TNPOLIECOM BiA0YI0OBH BTPAYEHOI'0 JKUTJIA € IEMOHTaKHI pOOOTH.

MexaHi30BaHUI Tpoliec po30upaHHs OyAiBEIbHUX KOHCTPYKLIH, MIiCHs pyHHYBaHHS JUIIe
B'SI3€BUX 1 KPIMWJIBHUX €JIEMEHTIB, HA3UBAIOTh IEMOHTAXEM KOHCTPYKIIii.

Ha edexTuBHICTh BUKOHaHHS IUMX pOOIT BIUIMBAE Psii OpraHi3allifHUX Ta TEXHOJOTTYHHX
¢axTopiB. [lo opranizaniiHuX 0coOOIMBOCTEH BUKOHAHHS JEMOHTAXXHHUX POOIT BIIHOCUTHCS:

— OTPUMAaHHS BUX1THUX JaHUX, B TOMY YHCII1 3BITY 1100 00CTEKEHHS OyANHKY;

— NPUNAHATTS PILLIEHHS 111010 BUKOHAHHS IEMOHTaXKHUX POOIT;

— po3po0Ka MPOEKTHOT TOKYMEHTallii,

— (hopMyBaHHS TIEPEITIKY MATOTOBYUX POOOIT Ta IHIIIE.

TexHosorisi BUKOHaHHS POOIT 3alE€XWUTh BiJ BUIY KOHCTPYKIII, fIKa JE€MOHTYeThcs. B crarti
HAaBEJCHO THUIOBI TEXHOJOTIYHI pIlIEHHS JUIs HaHOUIbII TMOLIMPEHUX THUIMIB KOHCTPYKIIIH.
3anpornoHOBaHa TEXHOJOTISI 0a3yeThCsl Ha JOCBiMI JEMOHTQXHUX Ta BIIHOBIIOBAIBHHX POOIT 3a
HaciIkaMi BHOYXIB TMOOYTOBOIO Tra3y Ta OIEpaTUBHO BIOCKOHAIIOETHCS 3 BpaxyBaHHIM
oco0mBocCTeN poOIT y BIHCHKOBHUI Hac.

Ha 3akononaByomy piBHI B YKpaiHi 3HAQUHO CIIPOCTHJIM BHUKOHAHHS JEMOHTaXKHHUX POOIT B
YacTUHI JTO3BUTBHOT IOKyMEHTAIli, ajleé HOpMaTUBHO-3aKOHO/1aB4Ya 0a3a 111010 BIIHOBIICHHS, 3HECEHHS
Ta JIEMOHT&Xy BHMMAarae JOONPAIfOBaHHS 3 TOYKM 30py ONTUMI3AIlli 1 CIPOILEHHS MPOLETyPHUX
NUTaHb, y TOMY YHCJI BpaxyBaHHs peaiiil 3adydeHHS JI0 IMX IPOIECIiB 1HO3EMHUX OiaroaiitHux
1HBECTOpIB Ta HEOOX1HOCTI ONTUMI3allil OIOIATKyBaHHs TAKUX POOIT B yMOBAaX BilICBKOBOIO yacy.
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[MutanHs BUBYCHHS e(DEKTHMBHOCTI BUKOHAHHS POOIT JOCTaTHHO LIMPOKO BUCBITIIEHO B Mpalsix
BITYM3HSIHUX Ta 3aKOPIOHHMX BYEHHX, POTE B YKpPaiHi HE JOCTATHHO BHUBYECHO MHUTAHHS ITOBTOPHOTO
BUKOPUCTAHHS JIEMOHTOBaHMX KOHCTPYKLii. Came pecailkiIiHT € MePCHEKTUBHOIO TEMOIO MOAAIBIIOTO
JOCTI/DKEHHS HalPSIMKY €(heKTUBHOCTI BUKOHAHHS IEMOHTAXY KPYIMHOIIaHETbHUX OyIMHKIB.
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ORGANIZATIONAL AND TECHNOLOGICAL FEATURES OF DISMANTLING
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Abstract. During the last year, as a result of military actions caused by the aggression of the
Russian Federation, about 17.5 thousand multi-apartment residential buildings were destroyed or
damaged in Ukraine. This corresponds to 10% of the total number of apartment buildings in Ukraine.

The vast majority of destroyed multi-apartment buildings are of the panel type. Damaged
housing must be rebuilt or repaired. During the execution of these works, a component stage is the
dismantling of destroyed structures.

The article describes the main organizational and technological features of the dismantling of
panel building structures. Systematized permit and project documentation, on the basis of which
works are performed. Analyzed domestic legislation in terms of dismantling works.

The main stages of dismantling the structures of panel buildings are given. Peculiarities of
performance of work and technology are indicated for each type of construction. The list of the
main material and technical support for the performance of works is outlined on the example of a
typical large-panel residential building. The article also provides a list of the main current
requirements for safety, occupational health and environmental performance of works.

The scientific works of domestic and foreign scientists on this direction of building science
research are analyzed.

In view of the significant amount of destroyed housing, Ukraine has adopted a number of
legislative acts that deregulate the process of dismantling buildings and individual structures. The
local self-government is responsible for deciding whether it is appropriate to dismantle this or that
building. Responsibility for the proper preparation of project documentation and execution of works
in accordance with the requirements of current legislation rests with the executor of the works.

The regulatory and legislative framework for restoration, demolition and dismantling requires
revision from the point of view of optimization and simplification of procedural issues, including
taking into account the realities of involving foreign charitable investors in these processes and the
need to optimize the taxation of such works in wartime conditions.

The proposed technology is based on the experience of dismantling and restoration work
following the consequences of domestic gas explosions and is quickly improved taking into account
the specifics of work in wartime and during other emergency situations.

Keywords: reconstruction, rebuilding, large-panel buildings, dismantlement, organization,
technology of construction.
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BUMOTH JIO O®POPMJIEHHS CTATEH
y 301pHUKY HAYKOBHUX ITpallb
“CyuacHe OyJiBHHIITBO Ta apXiTeKrypa”

Jlo onyOmikyBaHHS y (axoBiii 30ipui HAyKOBHX TMpalb  HPUHAMAIOTBCA paHille He
OIryOJIiIKOBaHI HAyKOBI CTATTI, 13 3a3HAYCHOIO HIDKUE TEMATHKOK MyO TiKamiii:

1. Apxitekrypa.

2. ByniBenbHI KOHCTPYKIIIi.

3. ByniBenbHI MaTepiaiy Ta TEXHOJOTII.

4. 'igpoTexHivuHe Ta TPaHCTIOPTHE OYIIBHUITBO.

5. ImxenepHi Mepexi Ta 00aHAHHS.

6. OcHOBH Ta HyHIAMEHTH.

7. TexHozorist Ta oprasizaisi Oy iBeJIbHOTO BUPOOHHIITBA.

CrarTs N1OBHHHA BiANOBiaTH TeMaTHLi 30ipHUKA, NYy0JiKyBaTHCS BIIepLIe | BKIKYATH TaKi
eJIEeMEeHTH:

* aKTYaJbHICTh Ta IMOCTAHOBKY MPOOJIEMH Y 3arallbHOMY BUTJISAL, 11 3B'SI30K 13 BaKJIUBUMH
HAyYKOBUMH YU MPAKTUYHUMH 3aBIAHHIMH,

* aHaN3 OCTaHHIX JOCHIKEHb 1 MyOmikamii, y SKHX TNpPEACTaBICHO BUPIMIECHHS IaHOi
nmpoOjieMd 1 Ha SKi CIUPAEThCSA aBTOP; BUILICHHS HEBUPINICHUX paHIIIE YacTHH 3arajibHOl
poOJIeMH, SIKUM TPUCBSIIYETHCS 1aHa CTATTS,

* (opmymroBaHHS 1€ cTaTTi (IOCTAHOBKA 3aBJaHHS);

* BHUKJAJ OCHOBHOI'O MaTepialxy IOCTI[DKEHHS 3 IMOBHHM OOTPYHTYBAaHHSM OTPUMaHHX
HAyKOBHX PE3yJbTaTiB;

* BUCHOBKH 3 JIAHOT'O JIOCITI/KEHHS 1 TIEPCIIEKTHUBY MOJATIBIIIOTO PO3BUTKY Y IAHOMY HATIPSIMKY;

* CIIUCOK JIiTepaTypHu.

3araJjbHi BEUMOTH 10 0()OPMJICHHA TEKCTY

CratTi nmojaroThCs B eNeKTpoHHOMY Burisiai dainom Word 97 — 2003 B ¢opmari .doc. Ha3sa
¢aily Mae MICTUTM HOMEp TEMaTHKM IyOuikaiii Ta Mpi3BUINE MEpUIOro aBTopa (HampukiIaa, S5
IBanoB.doc).

CraTTi IoAar0ThCsl YKPaiHCHKOIO UM aHTJIICHKOI0 MOBOIO 1 APYKYIOTHCSI MOBOIO OpHTiHATY.

TekcroBa 4acTMHA CTAaTTi HaOupaeThesi Ha apkymax Qopmary A4 mpudrom Times New
Roman 12 nt yepe3 onuHapHuil iHTEpBaJl, BUPIBHIOETHCS MO IIUPUHI CTOPIHKH, MOJIS IO 2 CM 3 YCIX
60kiB, ab3anHuii Biactyn — 1,0 cm. O0csr cratTi 7-10 noBHUX CTOPiHOK pa3oM 3 aHOTALIAMMU.

Crpykrypa crarri:

— indexkc YJ/IK (BUpIBHAHO IO JiBOMYy Kpatro Oe3 a03alHOro BiJICTYIy, HpPONHMCHUM,
HaMBXUPHUMN);

— Ha3zea cmammi (BIALEHTPOBaHa, yci JITEpHd NPOMMCHI, HAMIBXUPHI, NEPEHOCH He
JIOTTYCKaIOThCA);

— npizeuwe, iniyianu 6cix aemopis, HAyKoGUil cMyniHv, é4eHe 36aHHsa (BUPIBHSHO IO
paBOMY Kparo, MPIi3BHUIIE — HAIIBXUPHUHN; CTYIIHb 1 3BaHHS — PSIIKOBHIA);

— NO6HA HA364 GUWLO20 HABGUAIbLHOZ0 3AK1Ady uu opzauizayii (KypcuB, BHUPIBHSHO IO
MPaBOMY KParo; SKIIO aBTOPH 3 PI3HUX HABYAIBHHX 3aKJIAIiB, TO KOXKEH aBTOP 3 OKPEMOTO PSIKA);

Modern construction and architecture, 2023, no. 3, page 121-123 121



— enekmpona nowma (BUPIBHSIHO 1O IPAaBOMY Kparo Ta nopsia yHikanbauit Homep ORCID);

— anomauyii 0o cmammi (ab3aIHUI BiACTYI, Ha3Ba HAIIBKUPHA, aHOTAIlii MHUIITYTHCSA JIBOMA
MOBaMU: YKPATHCHKOIO 1 aHTIIHCHKOIO.

Texct nepoi aHoTaLiT NUILETHCS MOBOIO OCHOBHOI'O TEKCTY CTAaTTi. AHOTAllisl BUPIBHIOETHCS
0 NIMPHUHI CTOPIHKY Ta numieTbes 8—10 paakis).

Texcr gpyroi aHoTallli, SKIIO BUAAHHS HE € IOBHICTIO aHTJIOMOBHHM, KOXKHA ITyOJIKAaIlls He
AHTJIIHCHKOI0 MOBOIO CYITPOBOKYETHCS aHOTAIIIE€I0 aHITIMCHKOI0 MOBOIO 00csiroM He MeHmn sik 1800
3HAKIB. SIKII0 BUJaHHA HE € MOBHICTIO YKPaiHOMOBHUM, KOKHA ITyOJIKaIlis HE YKPAiHCHKOIO MOBOIO
CYIPOBOJDKYETHCS AHOTAIIEI0 YKPATHCHKOIO MOBOKO 00csroM He MeHm sik 1800 3makiB. [[pyra
aHOTAITisl PO3MIIITYETHCS B KIHII CTATTI MICIISI CIIUCKY JITepaTypH Ha aHTJIHCHKii MOBI.

JIBi aHOTAIlii HOBUHHI KOPOTKO IMOBTOPIOBATU CTPYKTYPY CTATTi, IO BKIIIOYAE BBEACHHS, LiJIb,
METOAMKY, pe3yJbTaTH, BACHOBOK. MalllMHHUI [IepeKyal He 103BOJIAEThCS.

— Kawuoei croea (MDKPSIKOBHI 1HTEpBan He pOOUTHCS, al3alHMW BIJICTYIN, Ha3Ba
HaIBKHUPHA, TEKCT KJIOYOBHUX CIIiB HE Oibine 6—8 CIIiB).

Hasga crari, npi3Buie i iHiliany, HAYKOBUH CTYyIiHb, BYCHE 3BaHHA, MicIle poOOTH, aHOTAITis
1 KJIFOUOBI CJI0BA — IOBTOPIOIOTHCS YKPATHCHKOIO Ta AHIUIIHCHKOK MOBaMH.

Mix psakamu 3 iHgekcom Y JIK, Ha3Boro crari, MPI3BHINEM aBTOPIB, AaHOTAIIIEI0, OCHOBHUM
TEKCTOM 1 MEpeNiKoM JITepaTypu, JIITepaTypol0 Ha AaHMIMCHKIA MOBI Ta JPYrol0 aHOTAILI€l0
OJIMHAPHHIA IHTEpPBAJL.

— OcHOGHUIl mexcm cmammi.

CTpyKkTypa OCHOBHOTO TEKCTYy CTaTTi 3rigHO 3 moctanoBoro BAK VYkpainu Ne 7-05/1 Big
15.01.2003 p. (bronerenr BAK VYkpainu Nel, 2003 p.) noBuHHa MaTH Taki HEOOXiJHI €JIEMEHTU
(nazeu cmpykmyphnux enemenmie 6 mexcmi cmammi ROMPIOHO 6UOLTUMU HANIEHCUPHO):

— BCTyn (IIOCTaHOBKAa NpOOJeMH Yy 3arajJlbHOMY BHIVIAAI Ta ii 3B’S30K 3 BaKJIMBUMHU
HAYKOBUMH UM NMPAKTHYHUMHU 3aBJJAaHHSIMH );

— aHaJi3 OCTaHHIX JpKepeN JOCHTIKEHb 1 MmyOsikaliid, y SKUX 3all04aTKOBAaHO PO3B’sI3aHHS
npobnemu (OakaHo, mo0 e OyB aHai3 OCTaHHIX myOmikamii y (axoBuX >KypHayax) i Ha fKi
CIIMPAETHCS aBTOP;

— BUJIUJICHHS HE PO3B'A3aHHUX PaHillle YaCTUH 3arajibHOT MPOOJIeMH, SIKUM TIPUCBIIYETHCS CTATTS;

— MOCTaHOBKa 3aBHaHHsS ((HOpMYNIIOBaHHS METH Ta METOMIB JOCHIKEHHS MPOOJIeMH, IO
PO3IIIAAaeThCs y CTaTTI);

— OCHOBHMH MaTepial 1 pe3yiapTaTd (BUKJAJ OCHOBHOI'O MaTepialy JOCIIPKEHHS 3 MOBHUM
OOIPYHTYBAHHSIM OTPUMaHUX HAYKOBUX PE3YJbTaTIB);

— BHCHOBKHU (HayKOBa HOBHM3HA, HAYKOBE Ta MPAKTUYHE 3HAUEHHS Pe3y/bTaTiB JOCITIKEHHS,
MEPCTIEKTUBH MOAABIINX HAYKOBUX PO3POOJIEHbD);

— Jnimepamypa (BiUEHTPOBaHA, HAliBXHMPHA; MOCWJIAHHA B TEKCTI MOAAIOTh y KBaJIPaTHUX
AykKKax [2]; CrHMCOK JIiTepaTypy HaBOJAMTHCS BIANOBIIHO MOPSJIKY MOCHIaHb y TeKcTi 3rijHo 3 JICTY
8302:2015 Ta 3amucyeThCcsl B CTOBIMUMK; HamucaHHs «/[xepena iHdopmanii», «Ilepenik girepaTypu»
He JIONyCKaeThest). bidmiorpadivunuii CriCOK HABOIMTHCS MOBOKO OPUTIHATY Ta TPAHCIITEPYETHCS.

— ofioniocpagiunuii cnucox (References). Jlns BiATBOpeHHsS YyKpalHCHKHMX BIIACHHX HAa3B
3aco0amMM aHTJIIMChKOT MOBH MpH MEpeKajal MyOJiKaiii aHIJiICHKOI0O MOBOIO 3aCTOCOBYETHCS
TpaHciuitepauis. HalimenyBaHHs opraHizamiif Ta yCTaHOB, IO HE MEPEeKIaJaroThCs Ha aHIJIHCBKY
MOBY, TaKOX TPaHCIITEPYIOThCS. TpaHcmiTepallis Mpi3BUILl aBTOPIB BUKOHYETHCS 3AJIEKHO Bl MOBU
OpHTriHaNly JpKepena BianoBiaHo 10 BuMor [loctanosu Kabinery MinictpiB Ykpainu Big 27.01.2010 p.
No 55 «[Ipo BriopsiikyBaHHS TpaHCIITEpallli yKkpaiHCbKOTo andasiTy JJaTUHHIICIO». biGmiorpadiunuii
CIHMCOK TOBHHEH Oyrtu odopmienuid 3 BukopuctanHsm crtung |EEE STYLE 3rigno 3
«MDKHapOAHUM CTUJIEM LIUTYBaHHS Ta MOCUJIAHHS B HAYKOBUX poboTax», Kuis, 2016.

Tabnuyi cnin BUKoHyBaTH B penakropax Word 6e3 3anuBanHs. KoxkHa Tabmuis mMae OyTH
HaJpyKoBaHa 3 BIJIMOBIJHUM 3arojOBKOM Ta HYMEpALI€l0 MIcClg TMEpIIOro MOCHJIAHHS Ha He.
[Hupuna Tabiuipe HE MOBMHHA INepeBHIYBaTH mojs cropiHkd. IlpudTt B Tabnuii noBUHEH
BIJIOBIAATH WIPUDTY CTATTI.

@opmynu MaroTh OyTH BHKOHaHI B penmakropi ¢opmyn Equation 3.0 un MathType 3
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BUKOPHCTaHHAM TUIbKM 3aranbHonpuitHatux wmpudrie (Times New Roman; Symbol). Koxxna
(dhopMynia HAOUPAETHCS K OAWH 00’ €KT, Hymepallisi popmyi apaObCbKuMH ITUppPaMU CTIpaBa B TyXKKax
BUPIBHSHA 110 IIMPHHI CTOPIHKH.

Pucynku (niarpamu, ¢$oTO), OJAIOTHCA Y YOPHO-O1I0MY BapiaHTi ab0 y rpajaliisx ciporo
KOJIbOPY TICISl MEpUIOro MOCHUJIAHHA Ha HUX; MalTh OyTH 3TpYyNOBaHI Ta SIBISATH COOOI0 OIMH
rpadiyaUil 00’€KT; MaTH HyMepaIllito Ta MiAMUC MO3HAYCHHs OCh KoopauHaT. Po3Mipu mianuciB Ha
pPHUCYHKY NOBHHHI BifnoBigatu mpudrty Times New Roman 12 mr.

Pa3om 3i cTaTTero moganThCs:

— BIJIOMOCTI Mpo aBTOpa (aBTOPChKA JOBIJAKA): Mpi3BHIIE, iM’s, MO OATHKOBI (IIOBHICTIO);
BUCHE 3BaHHs, BUCHUI CTYIMiHb; M0caga, mMicie poOOTH; KOHTAKTHI aJpec i TenedoHH; MOIITOBA
azpeca, Ha SIKy HaJCUJIaTH MPUMIPHHUK 30ipHUKA

— PpeleH3is Ha CTarTio, SIKIIO aBTOPOM € acmipaHT Oe3 CIiBaBTOPIB 3 BUCHHM CTYIEHEM Ta
BYCHUM 3BaHHSIM.

Crarri, IKi He BiANOBiIaI0TH HaBeJJeHUM BUMOIaM, 10 PO3IJIsAlY He IPUIHMAIOThCS.

[Tomani Marepiaiy miUIAraroTh 101aTKOBOMY PEIIEH3YBAaHHIO WICHAMHU PEIKOJIErii a00 MPpOBITHIMHU
¢daxiBsIMH 32 HAyKOBHMH HampsMaMH, TOMY MOXYTh OyTH TIOBEpPHEHI aBTOpaM Ha
JOOIPAIIOBaHHSI.

OcTtaroune pilieHHs 1100 MyOsiKalii cTaTTi npuitMae peaakiliiiHa KoJerisi BUJIaHHS.
BinxuneHuii opuriHai He MOBEPTAETHCA.
OmnuaTa 31IHCHIOETBCS TUTBKU TICIIS MIATBEPHKEHHS PUIHSTTS CTATTI 10 JPYKY.

OpienroBana BapTicTh 1 cTopinku 50 rpH. TouHa BapTicTh OyAe BKa3zaHa MiCis NPUHHATTS CTATTI
10 ApyKy. 30ipHUK BUXOAHUTH 4 pa3W Ha PiK MIOKBApTaIbHO, B KIiHIII KOXHOTro KBapramy. Ctarti
HEOOXiTHO HAJICWIIATH J0 | 4Yuciia OCTAaHHBOTO KBapTaly (HAIPHUKIIAM, SKIIO 30ipHUK BUXOIWThH B
KIiHIII YEpBHS, TO CTaTTi MpUAMArOThcs 10 | udepBHs). Ase MpHiioM cTaTeii MOXKe 3aKIHUUTHCH
paHillie BKa3aHOTO TEPMiHY, SKIIO Oy/ie HaOpaHO HEOOXIHY KUIBKICTh CTOPIHOK.

MaTepianu HaACHJIATH 32 a/IPecolo:

Penakuist «CyuyacHe OyAIBHHMIITBO Ta apXiTEKTypa»
Opnecbka iep:kaBHaA akajieMis OyJIBHULITBA Ta apXiTEKTYpH,
By JlinpuxcoHa, 4

M. Ogneca, 65029, Ykpaina

KonTaktHa ocoba: Antontok Hazist PomaniBHa

Tein. po6. (048) 70-00-608

e-mail: visnuk_odaba@ogasa.org.ua

Caiit 30ipnuka: http://visnyk-odaba.org.ua/

IInartixkui pexBizuTH:
Hentp HTTM no AB, xox 21028281,
M®O 320478, P/p UA 103204780000026009924861812 B ITAT Ab «Ykprazoank»,

Ipu3nayenns miaarexy: «CydacHe OyaiBHULTBO Ta apXxiTekTypa, [1Ib nepiioro aBropa»

[Ipocumo micnsg BiAmpaBieHHS MarepiajiiB 000B’A3K0BO 3aTenedoHyBaTh abo 3B’s13aTUCS
€JIEKTPOHHOIO MOIITOIO, 1100 YIIEBHUTHUCS B OTPUMAaHHI MaTepiajiB Ta pillleHH] peAaKiiHoi KoJerii
o/10 myOJiKalii cTaTTi.
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