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CONSTRUCTION MEDIATION: GLOBAL EXPERIENCE FOR ALTERNATIVE
DISPUTE RESOLUTION IN THE MODERNISATION
OF MULTI-APARTMENT RESIDENTIAL BUILDINGS

Derkach S., postgraduate student,
derkach.sergii@gmail.com, ORCID: 0009-0006-4380-4924
National Academy of Fine Arts and Architecture

20, Voznesens'kyi uzviz, Kyiv, 04053, Ukraine

Abstract. Modernisation of multi-apartment buildings is one of the steps towards achieving the
goals of sustainable urban development. Modernisation of buildings and construction in general causes
many disputes between the condominium, co-owners and other stakeholders, especially approval and
financial issues. Such disputes are usually interpersonal rather than legal or legislative. In this regard,
litigation is impractical or not at all within the competence of the courts. Modernisation, as an
architectural, engineering, constructing and the process of urban development in general, is not an
obligation and is a manifestation of desire of communities and a goal of the country, therefore the
dispute resolution on this issue requires a special and innovative approach. Mediation is almost the
only one way to resolve disputes between condominiums and co-owners on issues of modernisation
and further operation and maintenance. If for many countries in the world construction mediation,
although a relatively new concept, is already widely used in practice, then in Ukraine this method of
dispute resolution is little known and not widespread. This method has proven its effectiveness in
practice, because it is quick and simple in contrast to the litigation, which can suspend or delay
construction for a very long time. Mediation helps parties reach agreement on any issue. Modernisation
is an important and necessary step, at the same time controversial and difficult, due to the need for co-
financing of the project by the co-owners of the house. Disputes between the parties are not only
obstacles for project implementation and development but also endangers the achievement of
achieving the goals of urban sustainable development. The larger project the more controversial issues
arise that need to be resolved: not only financial, coordination and legislation but also compliance of
norms and rules of non-government organisations or foundations that finance the program.
Implementation of global mediation experience in modernisation and urban planning will help to more
effectively and easily develop construction processes and dispute resolution between stakeholders of
the project. The research and implementation of this issue is an important step on the way to improving
the processes of modernisation of multi-apartment building, construction and urban planning.

Keywords: construction, mediation, modernisation, alternative dispute resolution, multi-
apartment buildings, sustainable urban development.

Introduction. According to the set goals of sustainable urban development, the issue of
modernisation of residential buildings is an important topic [1]. Given that modernisation is part of
construction, in this context, condominiums and co-owners of multi-apartment buildings are among
the stakeholders. Between the condominium, as the initiator and organiser of the modernisation, and
the co-owners, there is a controversial issue of co-financing the project of modernisation of the
building. Considering that the majority of the low-income population lives in the houses most in
need of modernisation, the granting of consent on the modernisation project is controversial,
because the financing requires costs that some co-owners cannot afford. Non-compliance of this
issue makes it impossible to implement the project, which jeopardises the achievement of some of
the goals of sustainable urban development. Given that participation in the modernisation of the
house is only a desire and a manifestation of will, and not an obligation, dispute resolution is more
interpersonal than legal. Therefore, it is hardly possible to resolve the dispute in court. Mediation,
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as an alternative dispute resolution (ADR), is almost the only way for this issue.

Given that modernisation is part of the construction process, it is possible that other
controversial issues may arise, which should be resolved by mediation. Construction mediation is
widely used in countries around the world, especially in conditions of rapid development of
architectural solutions, the construction industry and modernisation. Alternative dispute resolution
may have other names besides mediation, such as: negotiation, adjudication, conciliation, dispute
resolution council. But this is just the use of other terms and does not affect the essence of the
process in this mediation context. The issue of mediation in the construction sector is an integral
part of resolving construction disputes.

Conflict situations in construction are a big problem because decisions depend on realisation
of the project. Construction, architecture and design are some of the most profitable areas of
business. And at the same time one of the most risky. The construction of new facilities involves
large financial investments and also takes a lot of time. In addition, the industry depends on
economic stability in the country and immediately reacts to any changes. During the period of
economic growth, we observe its rapid development, and during the recession — stagnation.

An economic crisis, environmental disasters, changes in legislation, other force-majeure
circumstances can affect a significant increase in the cost of the project, for which the developer
company and its partners may not be ready. This is the reason for poor-quality work, incomplete
construction, and half-empty buildings standing idle for years. And as a result — conflicts that often
arise in this area.

Disputes in the field of construction and design can also arise due to the imperfection of the
contracts signed by the parties and the low level of compliance by the parties with the terms of the
signed contracts.

Considering how important reputation is for companies both before investors and partners,
and a decrease in trust can lead to serious financial losses, participants in a conflict in the field of
construction and design are interested in its resolution taking place as confidentially as possible.

Ukrainian legislation in the field of construction and design is imperfect, therefore the possibilities
of effective resolution of conflict situations in court are limited. The litigation takes a long time, during
which construction is suspended. Especially when it comes to the modernisation of apartment buildings,
which is an integral part of achieving the goals of sustainable development. To resolve controversial
issues, which are usually related to the disagreement of co-owners of apartment buildings to undertake
co-financing of the project, there is a need to resolve the dispute between association of co-owners of
apartment building and co-owners. Solving the issue in court with the involvement of lawyers is
impractical, because the modernisation of a multi-storey building is not the responsibility of the co-
owners, but is only their manifestation, necessity and relevance in terms of the latest development of the
country and the globalisation of the whole world, which requires being oriented not only to the present,
but also for the future. And these are just some of the dispute issues that arise in construction. After all,
construction is one of the most difficult branches in legal regulation. That is why mediation as
alternative dispute resolution (ADR) may be the only possible way to resolve disputes in construction
and design and to get out of crisis situations in modernisation of multi-apartment buildings.

Mediation is a modern out-of-court way of resolving disputes and conflicts with the participation
of a neutral mediator who helps the parties reach an agreement to make mutually beneficial decisions.
The use of mediation in construction is an effective way of settling disputes and conflicts and is
relevant and timely, both at the early stages of the emergence of conflicts — pre-trial settlement, and at
the stages of consideration of disputes in court. Mediation can not only reduce the number of legal
disputes, but also reduce the financial and time costs of dispute resolution.

Mediation is widely used in many countries of the world and is even welcomed, and
sometimes it is a legal priority to reduce the burden on the country's legal system. If in many
countries of the world this method of dispute resolution has been used for a long time and is not
something new, then in Ukraine it is not widely known and is very rarely used. Only in 2021, thanks
to the adoption of the Law of Ukraine About mediation, such a method of dispute resolution was
legally established as an alternative to the court process [2].
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Mediation is a process in civil law relationship also. A significant part of disputes in the field of
construction can be attributed to the most complex in terms of proving and predicting their results.
Especially when it comes to the modernisation of apartment buildings and the relationship between
condominiums and co-owners. After all, disputes can arise on any issue, especially when it comes to
financial issues when modernising a building. As a rule, it is difficult to refer such a dispute to a judicial
one, because the dispute does not arise due to legal inconsistency and violation of current norms and
legislation, but due to the disagreement of the majority of co-owners to co-finance the program of
modernisation of the house. Therefore, it is impossible to find a solution to such a dispute in court. And
the only way to resolve the dispute is to find a compromise and give consent or to engage a specialist
who will act as a mediator in the dispute resolution, without accepting any side, will help to reach an
agreement. Mediator is a third party whose task is to help find resolution between the disputing parties.

Analysis of Recent Research and Publications. Construction mediation is actively
researched and considered in scientific publications. The researchers have recently reviewed the
topics such as voluntary participation in construction dispute mediation. The authors N. Cao and
S.0. Cheung found that voluntariness is an important feature of successful mediation and an
alternative to litigations is also an integral part of a construction contract. Mediation has been
encouraged as a primary alternative dispute resolution mechanism to deal with construction disputes
in Hong Kong [3-5]. J. Sidoli del Seno asserts that mediation has wide values in a construction and
which can lead to significant cultural changes in the industry and related processes and also have a
positive impact in this area development [6].

The topic of construction mediation in countries is considered separately. The interest of the
parties to dispute resolution with the participation of a mediator is revealed [7]. There is considered the
point of view of mediators on processes in construction mediation in Scotland [8]. The topic of
mediation in construction disputes in England identified barriers to the greater use of meditation in the
English construction industry [9]. Alternative dispute resolution methods in the Kingdom of Saudi
Arabia are rarely used because the public work contract prevents the use of methods other than litigation
[10]. Mediation of Construction Disputes in the United States, haw Alternative Dispute Resolution,
including dispute review boards, partnering, arbitration and mediation, have become the primary ways
of settling construction disputes [11]. The result of construction disputes in the New Zealand Context
suggests that more than 97% of construction disputes are directly related to human factors such as
perception, behaviour and performance [12]. Mediation systems in the construction industry in
European Countries are composed by authors in research [13]. Mediation is considered by authors in
scientific publications in different countries and in different contexts, including separately considered
construction mediation on the examples of different countries. Ukrainian authors mainly consider
mediation in the general sense without distinguishing it from construction mediation. Mediation
compares with litigation and determines the advantages of ADR in the European Union example [14].

Unfortunately, construction mediation in Ukraine is not widely raised and considered.
Therefore, the research of construction mediation, as part of the construction process in dispute
resolution, is an extremely relevant topic, especially in modernisation projects.

Objective and Tasks. The objective of research is to analyse the use of construction
mediation in the world. Identifying the level of interest in ADR from states, construction
organisations and stakeholders. Determination of the level of using mediation as an alternative
dispute resolution in the construction industry. The task is to identify and determine the advantages
of resolving disputes through mediation in the modernisation of multi-story buildings.

Materials and methods. Mediation at the legislative level has been established in many
countries of the world for a long time. An overview of mediation prospects is considered by V. Derkach
in the article "Development and perspective of mediation as alternative dispute resolution” [15].
Centres have been established to provide mediation services in many countries. Some countries
allocate the mediation process at the court level. The concept of construction mediation as a
separate type appeared not so long ago, but it is already widely used.

Singapore Mediation Centre was established to provide mediation services, including for
businesses in the field of construction and infrastructure in Singapore [16]. However, the Singapore
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Construction Mediation Centre was established only in 2019 to promote mediation as a preferred
process for resolving construction disputes [17]. The American Arbitration Association has developed
rules for industry arbitration and mediation procedures, including procedures for large, complex
construction disputes [18]. Construction Industry Authority of the Philippines provides clarification on
alternative dispute resolution in construction [19]. The Hong Kong Institute of Construction Managers
(HKICM), as a professional organisation for construction management, has begun to promote, develop
and encourage the use of mediation as an effective dispute resolution mechanism of construction
disputes by establishing its own mediation scheme and providing mediation services to its members
and the general public since 2010 [20]. HKIAC Mediation Services was also established in Hong
Kong, which also resolves construction disputes [21]. The Construction Industry Council in the UK
has published a standard mediation procedure (CIC MMAP) to help parties to reach a compromise in
construction and engineering with mediation [22, 23].

Mediation in Ukraine has been adopted at the legislative level only since 2021 by the Law of
Ukraine about mediation [2]. Therefore, the issue of construction mediation to dispute resolution in
construction and modernisation projects in Ukraine is a relevant and actual topic. Modernisation is a
relevant issue for many countries, especially the post-Soviet countries. Modernisation in Ukraine of
residential buildings is extremely important, considering that more than 90% of residential
buildings were built in Soviet times without complying with today's energy efficiency standards and
have operational wear and tear of many building elements. Dispute resolution in construction and
modernisation in many cases is only possible through ADR, as mediation. The results of the
research on the renovation of social housing of old buildings that do not have modern needs from
the point of view of socio-political, economic goals and sustainable development are highlighted in
the report "The Regeneration of Large-Scale Social Housing Estates. Spatial, Territorial,
Institutional and Planning Dimensions" [24]. The research was financed by the European Union, so
it can be noted that research into the modernisation of residential buildings is carried out not only
by scientists in a private manner, but also by organisations commissioned by the government.

According to the latest statistical data of Ukraine, a part of all residential buildings was built
in the period from the beginning of the 1950s to the end of the 1980s [25]. Some of them are old
and emergency [26]. Detailed information is in Figure 1 and Figure 2.

Post-Soviet countries have heritage "panel houses™ apartment buildings including countries of
the European Union. Low-income people live mostly in old houses. These houses are most in need
of modernisation, the problem of solving the co-financing agreement for modernisation emerges
acutely. Between the condominium, as the initiator of the modernisation project, and the co-owners,
disputes constantly arise regarding the agreement on co-financing. Disagreement makes the process
of modernisation and construction impossible, which leads to the impossibility of achieving the
goals of sustainable cities and communities. Therefore, dispute resolution is a very relevant topic.
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Fig. 1. Percentage of residential buildings by years of construction
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old The research is built with a descriptive method based on the

4.5% em:“f;"cy analysis method. The research used a quantitative and qualitative

’ analysis of the world experience of construction mediation to

identify the effectiveness and prevalence of using this method as an

alternative dispute resolution. The survey method revealed the level

of interest of co-owners of multi-apartment buildings and their

possibilities of co-financing in the modernisation of multi-apartment

buildings, as well as controversial issues arising between interested

parties. Thanks to this, the main controversial issues between

condominiums and co-owners and other stakeholders in the project

e for the modernisation of multi-story buildings were identified and

93.8% analysed. Comparative analysis revealed the advantages of mediation

_ in comparison with litigation. The method of generalisation analyses

Fig. 2. Percentage of old and  {he possibility of implementing the global experience of construction

emergency buildings mediation to use alternative disputes resolution between

condominiums and co-owners and other interested parties in the modernisation of multi-apartment

buildings. The research includes a qualitative analysis of the legislative framework for the use of

mediation in Ukraine and other countries. Quantitative and qualitative analysis of the recommendations

of international organisations related to construction and encouraging and developing construction

mediation gave an answer to the community's interest in using this method. This made it possible to find

practical experience for using the method in Ukraine. Using the method of statistical analysis, the need

for modernisation of multi-apartment buildings in Ukraine and the problems that arise due to unresolved

disputes have been revealed. Data analysis was accomplished using both descriptive and statistical
methods.

The main material. Advantages of construction mediation. Disputes from legal and personal
relations arising in construction projects are an inevitable phenomenon. This is due to the fact that
the relations of the parties are formed within the limits of a huge number of technical requirements
and legislation — state building regulations and legislative acts regulating legal relations in
construction, with which one of the parties is most often not familiar. In addition, everyone has
different views on the definition of the result of such activities. Therefore, more and more often, to
resolve such conflicts, the parties involve the services of mediators, who help a quick and efficient
reach of dispute resolution. Comparative characteristic of litigation and mediation is in Figure 3.

Litigation |VS| Maediation

initiative by
consent of the parties

initiative one of the party

appointment of a judge choice of the mediator
decision is made in according decision is made in according
to legislation to interests of parties

the mediator only facilitates the

the court makes a decision . .
resolution of the dispute

: accelerated and non-formalized
long and formalized procedure

procedure
contest between parties cooperation of parties
process is publicity process is privacy

Fig. 3. Litigation vs mediation
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All construction disputes conventionally can be divided into several categories, which are
shown in Figure 4.

approval financial organizational legal

- A
construction disputes

- Y
Fig. 4. Construction disputes

Most of the disputes belong to the approval and financial categories, since, although the
activity is technical, it is often impossible to accurately determine the scope of the necessary work,
the amount of materials, the terms and even the final result. All these categories are "framework",
while the parties often try to establish them quite precisely by agreement of the parties, which leads
to conflicts.

This is especially evident in the case of implementation of a project to modernise multi-
apartment buildings. Disputes between the condominium and co-owners are a very common
phenomenon. Mediation is the preferred procedure before litigation. The advantages are shown in
Figure 5.

Faster Cheaper Efficiently | |Confidential

Advantages of mediation

Fig. 5. Advantages of mediation

Faster. The litigation is held with the procedure of preparation for the court session, in which
the date of the hearing is set, the parties are notified, during the first court hearing the parties are
rarely completely ready for it, so the trial is postponed. All these and other aspects slow down the
process of resolving the conflict, moreover, disputes of this kind rarely end in the first instance, as a
result, litigation is so long. There are also disputes that are not within the jurisdiction of the courts,
such as obtaining consent for co-financing of the modernisation project by the condominium from
the co-owners. In some cases, the mediator can help solve the problem literally in one day during
one meeting with the parties.

Cheaper. Regular increase in the services of lawyers and advocates, state duty and other
hidden costs — all this makes court proceedings extremely expensive. In the case of mediation — it is
enough to pay for the services of a specialist.

Efficiently. The main problem of construction disputes is an interpersonal conflict, which at
the time of the court session turns into an economic dispute. Judicial bodies are not designed to
resolve interpersonal conflicts, which significantly complicates the resolution of an economic issue.
A mediator, on the contrary, initially acts as a negotiator in the resolution of all related issues, so
that the parties can conduct dialogue regarding the main dispute as effectively and openly as
possible.
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Confidential. Without involvement of witnesses, experts and other third parties. The dispute
resolution is resolved during personal meetings of the parties who are interested in finding a
solution to the problem.

In Western countries, a new mediation technique is gaining momentum: the mediator is used
by the parties at the entire stage of construction work. That is at the slightest hint of a conflict, it is
immediately eliminated with the help of a mediator. Thus, the probability of conflict situations is
reduced to very low values, which in the long run allows significantly reducing financial and time
costs and improving the quality of services.

Global experience of construction mediation. Mediation was started in the 20th century in the
United States of America (USA), United Kingdom (UK), Australia and then in Europe, Asia, Africa
and others. Mediation is applied and regulated by legal norms depending on the country's
legislation. Mediation in Ukraine as an alternative dispute resolution is a relatively new
phenomenon and is almost never used by the courts as the main process before and during the trial.
Although, according to the Mediation Law of Ukraine, mediation can be applied as an alternative in
the process of resolving a dispute in court with the participation of the mediator — a specially trained
neutral, independent and impartial individual who conducts mediation [2].

In contrast to Ukraine:

— The United States adopted the Uniform Mediation Act — the lawyer's duty is to inform the
client about the possibilities and advantages of mediation, and also to confirm in court that they
considered the option of mediation. At the same time, the judicial system is not obligated to
consider the dispute through mediation, but can only recommend it [27].

— The European Union (EU) adopted Directive 2008/52/EC of the European Parliament and
the Council of May 21, 2008 on certain aspects of mediation in civil and commercial matters. This
Directive should apply to cases where the court directs the parties to mediation or where national
law provides mediation. Furthermore, as a judge may act as a mediator under national law, this
Directive should also apply to mediation conducted by a judge who is not responsible for any
judicial proceedings relating to the case or cases in dispute. However this Directive should not
apply to attempts by a court or a judge hearing a case to resolve a dispute in the context of a judicial
proceeding in relation to the dispute in question, or to cases where a court or judge hearing a case
seeks assistance or advice from a competent person [28]. On the basis of this Directive and on the
initiative of each a member of the European Union, their own regulatory documents were later
adopted. Depending on the legislation of the participating country, the mediation process is
regulated and the persons who can be mediators are determined. Also, depending on the legislation
of each country, mediation with the participation of the court may differ. If in some countries the
mediation process may be mandatory before litigation, in other countries this process is not
obligated by the authorities.

— In Ireland, the courts have the power to order the parties to apply for mediation or another
form of alternative dispute resolution and to interrupt (stop) the proceedings in this connection.
Court encourages parties to use an alternative dispute resolution procedure if the court deems it
appropriate and facilitates the use of such a procedure. If the party refuses such a proposal, a
penalty may be applied on the party that refused [29].

— In Australia, one of the services of the Federal Court of Australia is the mediation service.
All cases are mediation, regardless of their complexity and number of parties such as commercial
and corporate law, intellectual property, industrial law, consumer law, human rights, admiralty and
tax law [30].

— In New Zealand the Building Disputes Tribunal, Authorised Nominating Authority under
section 65 of the Construction Contracts Act 2002, which provides alternative dispute resolution [31].

— Under Singapore law, if a dispute is resolved through mediation, each party to the dispute is
protected from litigation for a similar dispute [32].

Statistics data in USA and UK [33, 34], and International Chamber of Commerce [35] also
confirmed popularity mediation.
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Organisations such as the International Chamber of Commerce, the International Federation
of Consulting Engineers (FIDIC) have adopted mediation rules according to commercial companies'
needs. FIDIC developed its own provisions on methods for resolving disputes and recommends
supporting the development of Alternative Dispute Resolution (ADR) and prescribing ADR
methods such as mediation or others in the contract in the event of a conflict situation [36, 37].
Construction and engineering disputes can have high financial costs and damage business
relationships and be very debilitating. Mediation plays an important role in resolving construction
and engineering disputes. Construction Industry Council (CIC) has published the CIC Model
Mediation Agreement and Procedure (CIC MMAP) to help parties reach a compromise in a
construction and engineering dispute through mediation [22, 23].

State institutions, organisations and associations in different countries of the world not only
implement mediation in resolving commercial disputes, but also directly in construction. The
Construction Industry Authority of the Philippines (CIAP) is a government agency attached to the
Department of Trade and Industry (DT]I) for policy and program coordination, licensing and registration
and, among other things, takes part in ADR like mediation in the construction industry [19]. The
construction industry has grown rapidly in recent years and continues to grow, especially in
Singapore and Hong Kong.

The issue of mediation in the construction sector is an integral part of resolving construction
disputes. Institutions deal with mediation in the construction industry, such as Hong Kong Institute
of Construction Managers (‘HKICM”), being a professional institution in construction management,
has started to promote, develop and encourage the use of mediation as an effective dispute
resolution mechanism in settling construction disputes by setting up its own Mediation Scheme and
providing mediation services to its members and the general public since 2010 [20]. The
construction industry is interested in quick and efficient resolution of issues and protection of their
interests and avoiding obstacles that cause stand idle construction. To this end, the Singapore
Construction Mediation Centre was set up in 2019 with the aim to encourage mediation as a
preferred process for resolving construction disputes and facilitating and reducing time and
financial costs in order to avoid an unwanted stoppage in the development of the construction
industry [17]. For the sake of structuring and transparency and systematisation in the resolution of
construction disputes of any complexity without litigation and simplifying the understanding of the
ADR procedure in the construction field, the American Arbitration Association has developed
regulations for industry arbitration and mediation procedures [38].

International Chamber of Commerce is an international organisation that unites chambers of
commerce, commercial organisations and companies for the development of international trade
standards, the joint protection of interests in international organisations and the resolution of
commercial disputes, publishes the Mediation Rules [39].

Given that in the modernisation of multi-apartment buildings, financing usually occurs at the
expense of non-profit organisations and partner funds, the entire process must comply with the
project management methodology of non-governmental organisations — transparency and
compliance between all stakeholders.

Project management requires the following:

1. Project management should be carried out in a balanced way, with an equal degree of
responsibility in relation to each stakeholder.

2. Project management methods should apply consistently to all actions in each phase of a
"life" project.

3. All aspects of project management must be coordinated and harmonised to ensure the
effectiveness of all elements (components) of the project at the stages of its development, planning,
monitoring and implementation.

4. Project management should be collegial — the management process involves the
participation of all stakeholders in the identification, development, planning, implementation and
monitoring of the project. This ensures its transparency and compliance, improves quality,
strengthens human resources and provides guarantees for project implementation at all levels.
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5. Review and reassessment management processes are needed throughout the life of the
project in order to ensure that the development process, project implementation plans and intended
results have not lost their significance and relevance to the current situation. This practice improves
the accuracy of estimates and plan next steps.

Given this methodology, condominiums and co-owners are faced with a complex procedure
when modernising a house and the occurrence of disputes is an integral part of the process.
Mediation is an extremely effective way to dispute and resolve such controversial issues. But,
unfortunately, this method is rarely used in Ukraine, which causes obstacles to improve living
conditions.

Conclusions. Mediation is widely used in practice in countries on all continents. In most
countries of the world, mediation is quite common and is often used as an alternative to litigation.
In Ukraine, mediation still needs development and could become a very effective and efficient tool
for dispute resolution in construction, and especially in disputes between condominiums and co-
owners, because, as a rule, these disputes are not the competence of the courts.

The construction industry is interested in the quick dispute resolution and protection of its
interests, such as the development of construction reconstruction and modernisation contracts with
an indication of ADR through mediation in cases of disputes, because misunderstandings, conflicts
and downtime in construction not only create obstacles to the implementation of the project, but
also stand on the way to achieving the goals of sustainable urban development.

In countries where the construction industry is developing at a rapid pace, mediation is widely
used to construction disputes resolution, norms and rules are established, and advice is provided at
the level of state institutions, institutes and associations. Special centres, in addition to other legal
organisations and companies, provide mediation services in construction, separating disputes on
other issues and sectors. Every year, mediation in construction gains momentum and proves its
effectiveness. Therefore, it is not surprising that professional associations and federations develop
and implement standard contracts that include mediation in case of dispute resolution. The
introduction of a mediator service at all stages of construction to avoid disputes confirms the
effectiveness of mediation in construction. In Ukraine, mediation as a phenomenon is not widely
used, and even more so, it is not separated as construction mediation. Given the complexity of
construction processes and negotiations between condominiums and co-owners regarding the
modernisation of multi-apartment buildings, many controversial issues arise, the resolution of
which usually cannot be attributed to the competence of the courts in Ukraine. It is necessary to use
the experience of foreign countries and the experience of foreign and international institutes,
foundations and associations specialising in construction. Modern trends require the development of
mediation in the construction sector not only in disputes resolution between condominiums and co-
owners, but also in construction. International experience can help in drawing up construction
contracts including the mediation process in case of disputes resolution.

It is necessary to pay attention to the peculiarities and specifics of the conflicts in construction
that arise in this industry and consider in dispute resolution. Changes in legislation, construction
regulations, new programs that did not exist before, such as, for example, the modernisation of
multi-apartment buildings, the appearance of new project participants, disputes become more
complicated every year and, as a rule, become multilateral character, which requires a long time and
large financial costs for litigation. Litigation is not appropriate at all in some cases. Therefore,
mediation support for each large construction project and object is objectively requested. If
mediation is used from the early stages of construction relations between all stakeholders that can
prevent conflicts developing into multi-year litigation.

Construction disputes resolution in court each of the disputing parties spends the main time
either proving the guilt of the other party or justifying themselves. The relations of the parties
sometimes take on a shade of confrontation, rivalry and enmity instead of a partnership in such a
hard competition of the litigation. The construction industry should be aimed at creating and
maintaining good business relations and this is what mediation is aimed at.
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For the litigation of all construction disputes, as a rule, and sometimes this is a requirement of
the law, are necessary to conduct one or more judicial expertise (construction and technical,
examination of design and estimate documentation, environmental, energy efficiency examination,
accounting, examination of the market value of materials) and many others. These are significant
additional time and financial costs. Mediation is a real helper in this case because the need for
examinations may disappear. Mediation is the practice in many countries of the world.

Without negotiations (that is without mediation), it is almost impossible to resolve individual
construction disputes in courts, where condominiums or co-owners are one of the disputing parties.

Disputes by mediation, in particular construction disputes, in some countries, such as
Australia, Finland, are considered directly by the courts. Mediation is one of the most common
means of dispute resolution in the Hong Kong construction industry for example.

Construction with all its subspecies related to the economy and human activity, unites a large
number of people involved in construction and related to it as stakeholders. Issues of financing,
calculations, timeliness and quality of completion lead to conflicts often. Therefore, this area is the
most conflictual and has the potential for alternative dispute resolution by mediation.

The process of mediation is not new and already has its successful history in most countries of
the world. Countries are interested in alternative dispute resolution, such as mediation, in
connection with which legislative acts were developed. This has led to the establishment of relevant
organisations, federations, associations, institutions and centres in most countries, which set rules,
regulations and procedures and encourage mediation and provide advice, including in the field of
construction.

Mediation in Ukraine has not yet developed and is not widely considered for the dispute
resolution in construction. Therefore, legislative authorities (institutes), organisations, agencies,
associations in the construction industry, based on foreign experience, have to develop and provide
recommendations regarding alternative dispute resolution in Ukraine. The creation of a mediation
centre, including construction mediation centre, would significantly increase the demand for the use
of this method in resolving disputes, as well as contribute to a more effective and faster dispute
resolution between stakeholders in construction, especially in resolving complex issues regarding
the coordination of co-financing of the modernisation of multi-apartment building between
condominium and co-owners.
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BYIIBEJIbHA MEJIAILIS: CBITOBHII JOCBIJ
AJILTEPHATUBHOI'O BUPIIUEHHS CIIOPIB
ITPA MOJEPHI3AILI BATATOKBAPTUPHUX KUTJIOBUX BYINHKIB

Jepkau C.1., acmipanr,

derkach.sergii@gmail.com, ORCID: 0009-0006-4380-4924
Hayionanvna axademisn obpazomeopuoeo mucmeymaa i apximexmypu
By/1. Bo3necencwkuii y3Bi3, 20, Kuis, 04053, Ykpaina

AHoTanisi. MonepHizaiisi 6araToKBapTUpHHUX OYIWHKIB € OJHUM 13 KPOKIB JI0 JOCSATHECHHS
IiJIeH cTamoro po3BUTKY MicT. MojaepHizailis OyIuHKIB Ta OYyJiBHUIITBO 3arajoM BUKIIMKA€e Oararo
cynepedok Mk OCBDB, criBBIacHUKaMH Ta 1HITUMH 3aI[IKaBJICHUMH CTOPOHAMH, OCOOIHMBO OO0
MOTO/DKeHH Ta (PIHAHCOBHX MNHTaHb. Taki Cymepeykd 3a3BHYail € MIDKOCOOWCTICHMMH, a He
MIPAaBOBUMHU YM 3aKOHOAABYMMH. Y 3B'S3KYy 3 IIUM PO3INISAJ CIpaB € HEAOUUIbHUM abo B3araji He
BXOJIUTH JI0 KOMIIETEHI1 cyniB. MoaepHizalis, sIK apXiTeKTypHUH, 1HXKCHEpHUH, OyIiBeJbHUIN Ta
nporec MicToOymyBaHHs 3arajioM, He € 3000B’s3aHHSIM, a € MPOSIBOM Oa)kaHHS T'poMaj 1 METOIO
KpaiHu, TOMY BUPIIICHHS CIIOPY 3 IIbOT0 MUTaHHS MOTPeOy€e 0COOIUBOTO Ta IHHOBAIIHOTO T AXOY.
Menianis — ui He €auHUN criocid BupimeHHs cropiB Mibk OCBb Ta crniBBlacHUKamMHu 3 MHTaHb
MoZIepHi3allii Ta MOJAJIBIIOI eKCIuTyaramnii Ta oOcIyroByBaHHS. SIKIIO anst GaratboxX KpaiH CBITY
OyaiBeNnbHA MeJiallisl Xou 1 € BIJHOCHO HOBHM TOHATTSIM, ajie¢ BXKE IIMPOKO BHKOPHUCTOBYETHCS Ha
NPaKTUIl, TO B YKpaiHi el crnocid BHpPIMIEHHS CHOPIB € MAJOBIAOMHM 1 ManonommpenuM. Llei
croci® JOBIB CBOIO €(PEKTHBHICTh HA MPAKTHIIl, aJpKe BIH IIBHAKHI 1 MPOCTUH Ha BIIMIHY BiJ
CYIIOBOTO PO3IJISTY, SIKHA MOXE TIPU3YIMUHUTH a00 3aTATHYTH OYIiBHUIITBO Ha JyXKE TPUBAIAN Yac.
Meniaiiist JonoMarae CTOpOHaM JOCSATTH 3ro/id 3 Oynb-SIKOTo MUTaHHSA. MojepHi3allis — BaXJIMBHH 1
HEOOXiTHUI KPOK, BOJHOYAC CYNEPEWIMBHU 1 CKJIAIHUM, depe3 HEOOXiJHICTh CHiB(iHAHCYBaHHS
MPOEKTY CHiBBIACHUKaMU OyauHKY. Cymepedkd MK CTOPOHAMM € HE JIUIIE IEPEIKOIOI0 s
BIIPOBA/DKCHHSI Ta PO3BUTKY IPOCKTY, ajie M CTaBIAThH IMiJ 3arpo3y JOCATHEHHS MIJICH CTalioro
pPO3BUTKY MICT. UMM OUIBIIMN MPOEKT, THUM OUIblIe BHHHUKAE CYNEPEWIMBHX IMHTaHb, SKi
MOTPeOYIOTh BUPIMICHHS: HE Jniie (iHAHCOBI, KOOPJAMHAIINWHI Ta 3aKOHOAABYI, a W JOTPUMAHHS
HOPM 1 MpaBWJI HEYPSIOBUX OpraHizaiiii un ¢oHMiB, sKi (iHAHCYIOTh Hporpamy. BrpoBamxeHHS
CBITOBOT'O JIOCBIJly MeJialii B MoJepHi3alii Ta MicTOOy/lyBaHHI JIOIOMOXe OibIl e(peKTUBHO Ta
JIETKO PO3BUBATH Tpollecd OymiBHHUIITBA Ta BHUPIIMICHHS CIOPIB MK 3aIliKaBICHHUMH CTOPOHAMU
npoekty. JlocmipkeHHs Ta peanmizallis JaHOTO TMHUTAHHS € BaXJIMBUM KPOKOM Ha MUISIXY
BJIOCKOHAJEHHs TMpOLECiB  MOJepHi3auii OararokBapTHpHOi 3a0ynoBH, OymiBHHMLTBA Ta
MICTOOY/TyBaHHs.

KurouoBi ciioBa: OyniBHMIITBO, Meiallisi, MOJIEpHI3allisl, albTepHAaTUBHE BHUPIIICHHS CIOPIB,
OaraTokBapTHUPHI OyAMHKH, CTAJIUN PO3BUTOK MICT.
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TEOPETUYHHIA AHAJII3 TOHATTS PETYJIATOPHA MOJITHKA Y INIAHYBAHHI
TA 3ABYJOBI MICTA: OCHOBHI IIAXO/JAU TA CYYACHI TEHAEHIIIT

'Kocbmiii M.M., n.apx., mpodecop,

kosmiy.lud@gmail.com, ORCID: 0000-0003-4823-5573
l)KyMﬁeifl C.b., acnipaHT,
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aknao suwoi oceimu « Ynieepcumem Kopona [lanunay

Byn1. KonoBanbiis, 35, M. IBano-®pankiBebk, 76018, Ykpaina

AHoTtaunisi. Perymsropna mnomituka y cdepi miiaHyBaHHs Ta 3a0yJ0BH MICT € KIHOYOBHUM
€JIEMEHTOM JIeP>KaBHOTO YIPABIIIHHS, CIPSIMOBAHUM HA 3a0€3MEUYEHHS €KOHOMIYHOI CTabUTLHOCTI,
comiasbHOrO J00pOoOYTY Ta CTiMiKOro po3BuUTKY. B ymoBax rmoOamizamii Ta iHTEHCHBHOIO
TEXHOJIOTIYHOTO TpOorpecy e(eKTHBHE pEryilioBaHHS MICTOOYMIBHUX TMPOIECIB CTae Aenali
BYJIMBIIINUM JUIS BUPIIICHHS Cy4aCHUX BUKJIHKIB.

MeToro 1aHOTO JOCIIPKEHHS € MPOBEICHHS TEOPETHYHOTO aHaJi3y MOHATTS PEryJsTOPHOI
MOJIITUKY y TNIaHYBaHHI Ta 3a0yA0B1 MICT, BUBUEHHSI OCHOBHUX MiAXOJiB A0 i peanizailii, a TaKox
BU3HAUCHHS CYYaCHUX TCHJCHIIH Ta MOXIMBOCTCH ajamnTarii MiDKHApOJHOTO JIOCBILY JUIS
VYkpainu. 30kpemMa, TOCHIKEHHs CIPSIMOBaHE Ha BUSABICHHS €(EKTUBHUX MOJEICH peryasTopHOl
MOJIITHKY, SIKI MOXYTb OyTH IHTETpOBaHI B HaI[lOHAJIbHE 3aKOHOJABCTBO Ta TPAKTUKY JJIs
MOKPAIIEHHS YIPABIiHHS MICBKUM PO3BUTKOM.

VY nocnipkeHHI BUKOPUCTAHO KOMIUIEKCHUH MMIJIXiJ, 10 BKIIIOYAE aHAJi3 HAyKOBUX ITyOIiKallii,
HOPIBHSUIBHUH aHai3 PEryISTOPHUX MOMITHK PI3HUX KPaiH, METOAM KPUTUYHOI'O OIJISY JiTepaTypy Ta
cuHTe3y AaHuX. OcoOIMBY yBary mpuaLIeHO NOCBiay Takux kpaid, sk CILIA, Himeyunna ta Ciaramyp,
JIe 3aCTOCOBYIOTHCSI PI3HOMAHITHI MIIXO/U JI0 PETYIIOBAHHS MICTOOYIIBHUX MPOIIECIB.

AHaii3 1moxasas, 1o peryJsTOpHa NOJITHKA Y IUIaHYBaHHI Ta 3a0yI0BI MICT € 6araTorpaHHUM
SIBUIIEM, SIKE BKJIIOYA€ TaKi OCHOBHI MIJXO0JH, SIK 30HYBaHHs, CTpaTeriuHe NpoCcTOPOBE MIaHYBaHHS,
eHeproe(PeKTUBHICTb, I1HTErpalisi TPAHCIOPTHOI 1HPPACTPYKTYpU Ta aKTUBHE 3aJydCHHS
IPOMAJICBKOCTI 10 Mpollecy MPUMHATTA pilieHb. BusBIeHO cydacHi TEeHAEHLII y peryisaTopHii
MOJIITUI, Cepe]] AIKUX 1HHOBAIIIHI MIAX0U 0 MJIaHYBAaHHS, BUKOPUCTAHHS HU(PPOBUX TEXHOJIOT1H,
aKIEHT Ha CTIMKOMYy pO3BUTKY Ta ekojoriuHiid Oesmeri. [IopiBHAIBHMI aHali3 PeryyisTOPHUX
nonituk CIIA, Himeyunnu ta CiHramypy 03BOJIMB BM3HAUUTU €(PEKTUBHI MOJIEN, SKI MOXYTh
OyTH aJanToBaHi AJi1 YMOB YKpaiHH.

JlochipkeHHsT MIATBEpAMJIO, W0 €(QEeKTUBHA pEryiasTOpHA IMOJNITHKAa € BaKJIUBOIO
NEePEeAYMOBOIO CTAJIOr0 EKOHOMIYHOIO PO3BHUTKY, COLIANbHOI CTaOIIBHOCTI Ta 3aXHMCTy IHpaB
rpomanss. [loganpini JOCHIAKEHHS MalOTh 30CEPEIUTHCS Ha IHTerpauii Hu(QpoBUX TEXHOJOTIH Y
PEryasTOpHI MPOLIECH, BIIOCKOHAJIEHHI MEXaHI3MiB KOHTPOJIO Ta MOHITOPHHTY, IO CIPHUSTHME
CTIMIKOMY PO3BHUTKY MICT B YKpaiHi.

KuarouoBi cioBa: perymiropHa TNOJNITHKA, IUIAaHYBaHHS MicTa, 3a0ynoBa, Jep)KaBHE
YIOPaBIiHHSA, E€KOHOMIYHMM pPO3BUTOK, NOPIBHAJIBHUI aHaii3, MIKHApOJHUN JOCBiA, HUQPPOBI
TEXHOJIOTi, colliajibHa CTabiIbHICTh, HOPMAaTUBHO-TIPABOBI aKTH, €PEKTUBHICTh PETrYJIIOBAHHS.

Beryn. PerynstopHa mnojiTHKa € KIIOYOBUM IHCTPYMEHTOM JIEPKABHOTO YIPABIIHHA Yy
IUTaHyBaHHI Ta 3a0yJ0BI MiCTa, CIOPSIMOBAHUM Ha 3a0€3MEUeHHs] €eKOHOMIYHOI CTaOLIBbHOCTI, 3aXUCT
IpaB IPOMAJISH 1 MITPUMKY CHpaBeUIMBUX YMOB KOHKypeHIii. OfHaK, cydacHa Teopis Ta MpakTHKa
PETYIATOPHOI TONITUKH CTUKAIOThCS 3 YHCICHHHMH BUKJIMKaMH, SKi MOTPEOYIOTH TPYHTOBHOTO
HayKkoBoro aHaiizy. Cepell HUX BapTO 3a3HAYUTH I100ai3allil0 eKOHOMIUYHHMX IPOLECIB, HMIBUIAKHNA
PO3BUTOK TEXHOJIOTIH, 3MIHY MOJITUYHHX Ta COLIAJBHUX YMOB, @ TaKOX 3pOCTalOuMil BILJIMB
MDKHApPOJHUX OpraHi3arlii.
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BincyTHICTh YITKOrO Ta 3arajJbHOBH3HAHOTO BU3HAYEHHS MOHATTS «PEryJATOpHA IONITHKA
MiICTa» CTBOPIO€ HEBHU3HAYCHICTh y ii 3acTocyBaHHI Ta ouiHIi edektuBHOcTi. lle Bumarae
JETaTbHOTO aHaNli3y OCHOBHHUX IMIJXO/IB A0 BH3HAYCHHS PETYISATOPHOI MOJNITUKH y TUIAHYBaHHI Ta
3a0y710B1 MiCcTa Ta BUSBIICHHS CydYaCHUX TEHIEHIIN y ik cdepi. Hezpakaroum Ha 3HAYHY KUIBKICTh
ICHYIOUMX JOCHI/DKeHb, TNHTAaHHS BHU3HAUCHHS Ta Kiacu]ikamii peryasTOpHOI MOJITHKH
3aJUIIAIOTHCS BIAKPUTUMU 1 TOTPEOYIOTH MOJANIBIIOTO BUBUEHHS.

OTxe, MOCHIKEHHS TOHATTS PErylsATOPHOI HOJITHKH MicTa, il OCHOBHHX HiAXOJIB Ta
Cy4aCHHUX TEHJICHIIIM € HEOOXiTHUM SK JJII TCOPETUYHOTO PO3YyMIHHS IBOTO SBHINA, TaK 1 JJIs
MPAKTUYHOTO BIOCKOHAJIICHHS PETYISTOPHUX MeXaHi3MiB. Lle crmpusitume Kpamomy po3yMiHHIO
pOJIi JIEp’KaBH y peryJtoBaHHI €KOHOMIYHUX 1 COIIAIBHUX IPOIIECIB, a TAKOXK 3a0€3MEYUTh OCHOBY
JUTSL PO3POOKU TOJITHK, IO BiAMOBITAIOTh CYyYaCHIUM BHKJIHKAM.

AHaJi3 ocTaHHIX J0CTiIzKeHb Ta nmyouikanii. TeopeTnyHmii aHANII3 TOHSITTS «PETYJIATOPHA
MOJITUKA Y TUIAaHyBaHHI Ta 3a0y/J0BI MICTa MPHUBEPTAE 3HAYHY YBary JOCIIIHHUKIB y Pi3HUX KpaiHax,
10 OOYMOBJIGHO 3pOCTal0YOI0 MOTPEOOH B €()EKTMBHOMY YIPABIiHHI MICBKHMH TEPUTOPISIMH B
YMOBaXx IIBHJIKOI ypOaHizallii Ta 3MiH y CYCHIJIbHUX, EKOHOMIYHHUX, 1 €KOJIOTIYHUX YMOBAX.

OCHOBHI TIXO/IU /IO PETYJISITOPHOI MONITUKH y TUIAHYBaHHI MIiCTa IPYHTYIOTHCS HAa BU3HAUEHHI1
HOPMATHBHUX 1 TIPaBOBHX paMOK, SIKi PETYNIOIOTh TpolecH 3a0yJOoBH Ta PO3BUTKY MICHKOI
iHppacTpykrypu. Jocminnuku, Taki sk Komymaesa [.B. [1], BaukoBcskuit K. 1 'aBkanosa H. [2], y
CBOIX po0OoTax 3a3HAuYalOTh, IO €()EKTUBHA PETYIATOPHA TIOJITHKA JO3BOJSE 30amaHCcyBaTH
1HTEpecH pI3HHX CTEUKXOIJEpiB, 30KpeMa AeprKaBH, 3a0yJI0BHHUKIB, 1 MICIIEBUX T'pPOMAl, LUISIXOM
3a0e3MeueHHs MPO30POCTi Ta Mepe0avyBaHOCTI PETyISATOPHUX MIPOLICITY.

[HmMHA BaNMHMBHM AacleKT PeryisaTOpHOI MOJITUKU Yy MICBKOMY IIJIaHYBaHHI CTOCYETHCS
3a0e3neueHHs] CTIHKOTO PO3BUTKY MICBKMX TepuTopiil. 3okpema, mocmimkenHs Bosnoi 0. [3]
MIJKPECIIOITh POJIb PErYISATOPHOI MOMITHKU y 30€peKeHHI MPUPOJHUX PECypcCiB, 3MEHIICHHI
BILTUBY 3a0y/I0BM HAa HABKOJIUIITHE CEPEOBHINE, a TAKOX y 3a0e3MeueHHI JOCTYITHOCTI KUATIA JUIs
PI3HUX COIIAJIbHUX I'pyn HaceneHHd. Lli qocaiaAHUKY BiA3HAYAIOTH, 10 PETYIATOPHA MOJITHKA Ma€e
BpPaxOBYBaTH JIOBIOCTPOKOBI €KOJIOTIYHI Ta COIiajibHI HACHIAKHA MICBKOTO IUIAaHYBaHHS, IO €
0CO0JIMBO BOXKJIUBUM y KOHTEKCTI INI00ATbHUX 3MiH KIIIMATY.

CyuacHi TeH/ICHIIT B PEryJIsATOPHIN MOJITHII 30CEPEIKYIOTHCS Ha BIIPOBAPKECHHI 1HHOBALIIHHIX
MiAXOMIB A0 IUIAaHYBaHHS Ta YIPaBIIHHSA MICBKUMH Teputopisimu. lle Bkimrowae 1udposizailito
PETYJISATOPHUX IMPOLECIB, 3AIYy4EHHSI TPOMAJCHKOCTI JI0 YXBaJEHHS pIIIeHb, a TaKOX IHTErpaiito
KOHLIEMILIIN «pO3YMHOT'0 MICTa» y MiChKe I1aHyBaHHsA. Po6otn Anamoscekoi B. C. [4], I'abpens M.M.
JIEMOHCTPYIOTh, 1110 BUKOPUCTaHHS 1H()OPMAIIHUX TEXHOJIOTIN y pEeryasTOPHIA MOJITHIL JT03BOJISIE
HiIBUIINTH €(PEKTUBHICTD YHPABIIHHS MICBKUMH TEPUTOPISIMHU, CIIPOCTUTH B3AEMOJIII0 MDK YPSJIOM 1
rpoOMajsIHaMH, a TaKOXK 3a0€3MeYUTH OLIBII MPO30PHUH 1 MII3BITHUI MTPOLIEC TPUHHSTTS PIIIEHb.

Ha ocHOBI mpoBeAE€HOro aHalizy MOXKHA 3pOOMTH BHMCHOBOK, IO HOHSATTS «pEryssTopHa
MOJIITUKA» y TUTAHYBaHHI Ta 3a0yJ0B1 MICTa € CKJIAAHUM 1 OaraTorpaHHUM, IO OXOILTIOE MIMPOKUN
CTEKTpP aCIeKTiB — BiJl HOPMAaTHBHUX PaMOK 1 TPOLIEAYp 0 IHHOBALIMHUX MIAXO/IB 1 JeleHTpati3amii
ynpaBiiHHA. CydacHl JOCHIKEHHS MIIKPECTIOI0Th HEOOXIIHICTh MOAAIBIIONO PO3BUTKY ILIHOTO
HalpsIMKy 3 METOI0 3a0e3MeyeHHs] CTIMKOro PO3BUTKY MICT, IXHBOI €KOJOTIYHOI Ta COLiaJbHOI
CTIMKOCTI, a TaKko 3a0e3nedeHHs e()eKTUBHOI'O 1 PO30POro YIPaBIiHHSA MICbKUMU TEPUTOPISMHU.

He3Baxaroun Ha 3Ha4HUI 0OCST JOCHTIJKEHb, IPOBEICHUX Y Cepl peryasTOPHOI MOJITHKH Y
MJIaHyBaHHI Ta 3a0y/10B1 MICT, ICHY€ KUJIbKa KITFOUOBUX MPOOJIEM, K1 3aJIUIIAIOTHCS HEBUPIIIICHUMU:

— 0araTo JOCHiKEeHb 30CePeIKYIOThCS HA OKPEMHX aCIEeKTaxX PeryasiTOPHOI MOJMITHKH, TAKUX
SIK €KOHOMIKa ab0 €KOJIOTis, ajie BiICYTHSI KOMIUIEKCHA OIlIHKA MIKTady3eBUX B3a€MOJIIH 1 BIUTMBIB
y MiCBKOMY CEpPEeIOBHIIIL;

— NUTAHHA aJanTanii peryJaToOpHUX paMOK JO0 [IBUAKUX TEXHOJOTIYHHUX 3MIH 1
riobanizaniifHuX TpoIeciB MOTpedye OUTBIN JAeTaTbHOTO BHBYCHHSI, OCOOIHBO Y KOHTEKCTI CMapT
MICT Ta HIU(PPOBUX TEXHOJIOTIH.

HeoOxigHi 101aTKOBI JOCHIKEHHS, SKi O aHaNi3yBaldH BIUTUB PETYISTOPHUX 3aXOJiB Ha
comianbHy cepy, BKIIOUYAIOUX MATAaHHS HEPIBHOCTI, JOCTYIY /IO TIOCIYT Ta COIIaIbHOTO 3aXHUCTY.

VY naniii crarri Oyzae 3poO0JeHO akKIEHT Ha TEOPEeTHMYHOMY aHalli3i OCHOBHHMX MiJXOIIiB JI0
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BU3HAUYCHHS PETYJIATOPHOI MOJITUKY Y IUTaHYBaHHI Ta 3a0y/I0B1 MICT, a TAKOXK Ha BUSIBIICHHI Cy9aCHUX
TEHJICHIIIH, 1110 T03BOJIUTH 3aKPUTH JESK] 3 ICHYIOUNX MTPOTAJTUH Y IOCII/HKECHHI IT€T TEMU.

Merta Ta 3aBaaHHs. MeToI0 cTaTTi € BCEOIYHUI TEOPETUUHUIN aHaIIi3 TIOHATTS PETyIATOPHOI
MOJIITHKY y TIAHYBaHHI Ta 3a0y/I0B1 MicTa, BU3HAYEHHs OCHOBHUX ITJIXOJIIB /IO 1i TPaKTyBaHHS Ta
JOCTIKEHHSI CYJacHUX TEHICHINHN y il cdepi. BiAmoBiHO 10 1[-OTO, OCHOBHI I AOCITIIKEHHS
MaroTh HaCTYITHUM BUTIIAA:

— BUBUYUTH Ta CHCTEMATU3YBaTH Pi3HI HAYKOBI MiJXO/AU 0 PO3YMiHHS PETYJIATOPHOI MOTITHKH
y IUTaHYBaHHI Ta 3a0y/10BI MiCTa, SKi IPEICTaBIICHI B Cy4acHiH JiTeparypi;

— IpOAHANTI3yBaTH HOBITHI TPEHIAM Ta 3MIHH Yy pEryIATOpHIM momiTuili, 0OyMOBIEHI
MIO0ATBPHUMHU  TIpOIECaMH, TaKUMU K mudpoBa TpaHchopmarisi, 3MIHU B EKOHOMIYHOMY
CEPEIOBHIIII Ta €KOJIOTIYHI BUKITUKY;

— BU3HAYMTH, SK PETyJATOpHA TMOJITHMKAa MICT BIUIMBAa€E HA CEKOHOMIYHI, COIialbHI Ta
eKOJIOT14HI aCHeKTH, 30KpeMa, Ha IHHOBAaIlliHY aKTHBHICTb, PIBEHb KOHKYPEHTOCIPOMOKHOCTI,
JOCTYII JI0 PECYPCIB Ta MOCIYT, a TAKOXK Ha 3a0€3MeUeHHs €KOJIOT1YHO1 Oe3IeKH;

— HaJaTH PEKOMEHJAIil MO0 HAMpPsAMKIB MOJAJBIIMX HAYKOBUX JOCIIIKeHb y cdepi
pPEeryJsTOPHOI TMOJITUKH Yy IUIaHYBaHHI Ta 3a0yl0OBI MiCTa, a TaKOX IMPAKTHYHHUX 3aXOMdiB, sKi
MOXYTh OYTH BIPOBA/KEHI ISl MOKPALICHHS PEryJIATOPHUX MEXaHi3MiB.

Marepiaan Ta MeTOAMKA JOCTiAKeHHA. Y I[bOMY JOCTII)KEHHI BUKOPUCTOBYBAIKCS Pi3HI
METOAM /IS 3a0e3MedeHHs] BCeOIYHOTO Ta 00’ €KTUBHOTO aHANI3y MOHSTTS PETYISATOPHOI IMONITHKHY,
il OCHOBHMX MiXO/IiB Ta Cy4aCHUX TEHJCHIIIN, 30KpeMa:

— METOJI CHCTEMAaTUYHOTO OTJISIY JIITepaTypH MepeadadaB CUCTEMaTHYHUH MOIIYK, BiAOip Ta
aHaJIi3 HayKOBUX Mpallb, 10 CTOCYIOTbCSA PEryJATOPHOI MOMITUKUA MICT. 3aBASKHU LIbOMY MiIXOAY
OyJi BUSIBIICHI KITFOYOBI KOHIIENTYAJIbHI PAMKHM Ta TEOPETUYHI MiJAXOIU O BU3HAUCHHS Ta aHAJI3y
PEryJIATOPHOI NOJITUKHU Yy MJIaHYBaHHI Ta 3a0y/I0B1 MICTa;

— METOJ aHalli3y JOKYMEHTIB 3aCTOCOBYBABCS JIi BUBYCHHS OQIIIHHUX HOPMaTHBHO—
MPABOBUX AaKTiB, YPAJOBHUX MOCTAHOB Ta 1HIIMX JOKYMEHTIB, SIKI PEryjlOI0Th AiSUIBHICTH Yy cdepi
PETYJIATOPHOI TOJIITUKH MICT;

— METO/I MOPIBHAJIBHOIO aHaJli3y BUKOPUCTOBYBABCS JUIsl HOPIBHAHHS PErYIATOPHUX MOMITUK
MICT y pi3HHX KpaiHax a0o perioHax. [lopiBHSHHS 3IiHCHIOBAIOCS 3a KPUTEPISIMHU, TaKHUMHU SIK
MIIXOAM 10 PETYIIOBaHHS, IHCTUTYIIHHI MEXaH13MHU, 11111 Ta €(EeKTUBHICTH MOJITUKH.

JIJis BUKOHAHHS TAHOTO JOCIIKEHHS 3aCTOCOBYBAIMCS PI3HOMAHITHI MaTepialiv, BKIIOYAIOUH:
HAYKOBI CTaTTi Ta MOHOTrpadii 3 TeMH PEryasTOpHOI MOJNITUKU MICT; O(iliifHI TOKYMEHTH, Taki sK
3aKOHM, IOCTAHOBH Ta 1HILII HOPMATHUBHI aKTH; CTATUCTUYHI J1aHi, 310paHi 3 BIAKPUTHX PKEPEN, TaKUX
SIK HalllOHAJIbHI CTAaTUCTUYHI CITy>kKOM, MDXKHapoH1 opraHizauii (Hanpukian, OECD, IMF); inteps’to
Ta KOHCYJbTAII] 3 €KCIIEpTaMH y Taly31 PEryISTOPHOI NOTITUKH.

Omnucani METOIM Ta MaTepiany JO3BOJSIOTH HE JIUIIE BCEOIYHO JIOCIITUTH 00paHy Temy, aie
i 3a0e3MevyyloTh MOXKJIMBICTh BIITBOPEHHS JOCTIIKEHHS IHIIMMH CIIeHiaTiCTaMM, IO MiJBUIILYE
Ha/AIHHICTh Ta BaJIIJIHICTh OTPUMAHUX PE3YJIbTaTIB.

PesyabraTn pociaigxkenn. PerynstopHa noniThka B ypOaHICTUMHOMY KOHTEKCTI OXOILIIOE
IIMPOKMHA CHEKTp 3axo[iB, CIPSAMOBAHMX Ha IUIAHYBaHHSA, pPO3BUTOK Ta peEryJlOBaHHS
BUKOPHUCTAaHHA MICHKHX TEpUTOpiii. Ii crenmdika BU3HAYACTHCSA YHIKATBLHMMH YMOBAaMH, fKi
BUHUKAIOTh Y MICBKMX CEpelIOBHUINAX, TAaKUMH K BHMCOKA ILIUIbHICTh HACEJIEHHS, 1HTEHCHBHE
BUKOPHUCTAHHS PECYPCIB Ta CKJIaJH1 COL1aIbHO-EKOHOMIUHI B3a€EMO3B'SI3KH

OCHOBHOI0O METOI0 PEryJIsTOPHOI MOJITHKHA B MICTax € CTBOPEHHS YMOB JUIsl CTajoro
PO3BHUTKY ypOaHiCTUUHUX TepuTopii. lle Bkimouae 3a0e3neueHHs €(EKTUBHOTO BUKOPHUCTAHHS
3eMJIi, 3aXMCT HABKOJHUIIHBOTO CEPEIOBHUIIA, PO3BUTOK TPAHCIOPTHOI 1H(PPACTPYKTYpH, a TaKOXK
3a0e3MeyeHHs )KUTIOBUX Ta KOMEPLINHUX MoTped HaceneHHs (Tabu. 1). 3aBIaHHAM L€l MOIITUKY €
OajaHCyBaHHSA I1HTEpPECIB PI3HUX TPYyN — OKHUTENIB, MiANPUEMIIB, AEPKAaBU Ta TPOMAICHKHUX
oprasizariiii — 3 METOIO IOCATHEHHS TAPMOHIMHOTO PO3BUTKY MICHKOTO ITPOCTOPY.

BuiienaBeieni 3aBJaHHS BHMAaralOTh KOOPJAMHAIT M MK PI3HUMH DIBHSAMH YpsIy Ta
3a;Ty4yeHHs] MIMPOKOTo KOJia 3alliKaBJIEHUX CTOPiH, BKIIOYAIO4YM IpOMaJChKi Opradizailii, Oi3Hec Ta
HayKOBE TOBapUCTBO.
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3araioM, peryisaropHa IMOJIITUKAa B ypOaHICTUMHOMY KOHTEKCTI Mae 3a0e3meuyBaTu OanaHc
MDK E€KOHOMIYHUM PO3BHUTKOM, €KOJIOTIYHOIO CTIWKICTIO Ta COIIAJBHOI CIPaBeJIMBICTIO,

CTIPUSIOYH TAKUM YUHOM CTBOPEHHIO KOM(OPTHOTO 1 0€311eYHOr0 MiCHbKOT'O CepeIOBHILA.

Ta6mums 1 — Lini Ta 3aBaaHHs peryIsITOPHOT MOJIITUKY y TJIaHYyBaHHI Ta 3a0y10B1 MicTa

I1ini Ta 3aBIaHHS XapaKkTeprucTruKa
EdexTuBne Onrumizallis BAKOPUCTAHHS TEPUTOPIH IS PI3HUX LUK, TAKUX 5K
BUKOPUCTAHHS MICBKUX | )KUTJIO, KOMeplis, iH(QpacTpyKTypa Ta 3ejeHi 30HU. lle Bkimouae
3eMelb 30HYBaHHS, BU3HAYCHHS MIUILHOCTI 3a0yJOBH Ta BCTAHOBJICHHS
OyaiBeTbHUX HOPM.
3axucT BrnipoBapkeHHST €KOJIOTIYHUX CTaHAApTiB, KOHTPOJIb 32 BHKHUIAMHU
HaBKOJIMIIHBOTO 3a0py/HIOIOUMX  PEYOBMH, 3aXUCT MNPUPOJHHX  pecypciB i
CepeIOBHUIIA 010piI3HOMAHITTS B MiChKUX YMOBaX.
Po3zBuTox [InanyBaHHs 1 pO3BUTOK €(EKTUBHUX TPAHCIIOPTHUX CHUCTEM,
TPaHCIIOPTHOT BKJIFOYAIOYH JIOPOTH, TPOMAJCHKHI TPAHCHOPT, BEJIOCHIICAHI JOPINKKH
iHpacTpyKTYpH Ta MIIOXiaHI 30HU. Lle TakoX BKIIIOYA€E YIPaBIiHHS JOPOKHIM PyXOM
Ta 3HWKEHHSI 3aTOPIB.
3abe3nedeHHs CrpusiHHs OyAIBHHIITBY JOCTYITHOTO JKHTJA, PO3BUTOK COLIaIbHOT
YKUTJIOBHUX Ta 1H(pacTpyKTypH, TAKOi SK MIKOJH, JIIKApHI Ta KyIbTypHI 3aknanu. Lle
COLIaIbHUX MOTPe0 BKJIIOYA€ MIATPUMKY COIIIQJIbHO OPIEHTOBAaHOTO OyAiBHHUIITBA Ta
3a0e3MeYeHHs] IOCTYITHOCTI MOCTYT.
3anmyueHHs CTBOpeHHS MeEXaHI3MIB JUIi yd4acTi MEIIKaHIIB Yy TpoIeci
IPOMAaJICBKOCTI J10 IUITAaHYBaHHS Ta PO3BUTKY MiCTa, BKJIIOYAIOYM TPOMAJCHKI CIyXaHHS,
NPUAHATTS PilIEHb KOHCYJIbTAIIi] Ta 3aIydeHHs 10 popMyBaHHS MICBKUX MTPOTPaM.

Iicepeno: ckradeno asmopamu Ha ocHosi [3-T].

VYrpaBiaiHHSA PO3BUTKOM MICT 3I1MCHIOETHCS Yepe3 Pi3HOMAHITHI PETYISATOPHI IHCTPYMEHTH.
[HCTpyMeHTH peryisTOpHOI MOJITHKY y MJIaHyBaHHI Ta 3a0y/10Bi MicTa € 3aco0ami, 3a JOTIOMOTOI0
SKHX JepKaBa, MyHIIMIIATITETH Ta IHIOI OpPraHW YIPaBIiHHA 3a0€3MEUyIOTh BHKOHAHHS LJIeH i
3aB/IaHb PETYJIOBaHHS MiCbKUX TepHTOpiil. Lli iHCTpyMeHTH MOXkHa Kiacu(iKyBaTh Ha MPaBOBI,
€KOHOMIYHI, aJIMIHICTPaTHBHI Ta CoIliaybHi (Ta0. 2).

ITpaBoBi iIHCTpYMEHTH BKIIIOYAIOTh MiCTOOYAIBHE 3aKOHOJIABCTBO, PErJaMeHTH Ta HOPMaTHBHI
aKTH, 110 BCTAHOBJIIOIOTH MPaBUJIa BUKOPUCTAHHS 3eMJIi, OyIIBHUIITBA Ta PEKOHCTPYKIIi OY/IiBETb.
ExoHOMIUHI 1HCTPYMEHTH MepeadadyaioTb BUKOPHCTAHHS (DIHAHCOBUX CTUMYJIB Ta CaHKIHN ais
MIATPUMKA a00 OOMEXKEHHS TEeBHUX BHUIIB MISTIBHOCTI, TAaKUX SK TMOJATKOBI TMUIBIH JIJIS
3a0yJOBHUKIB abo mTpadu 3a mnopyleHHs OyaiBenbHUX HopM. ColianbHl IHCTPYMEHTH
CHpSIMOBaHI Ha 3aJy4yeHHS T'POMAJACHKOCTI /0 MpolLeCcy NPUMHSTTS pIlIeHb Yepe3 I'poMasiChKi
CIIyXaHHsI, KOHCYJIbTAIli] Ta 1HII1 ()OPMH y4acTi.

EdexTuBHe MicTOOyMiIBHE pPETyNIOBaHHS MOTpeOye TICHOI B3aeMOii Ta KOOPAMHAIT MIXK
JepKaBoOr0, TPOMAJICHKICTIO Ta 6i3HecoM. Lle BriItoUae:

— nyOniuHo-nipuBaTHe napTHepcTBO (ITIIIT) — cnibHI NPOEKTH MIX JIepKaBHUMHU OpraHaMu Ta
NPUBaTHUMH KOMIAHISIMH, CIIPSIMOBaHI Ha peaizalliio IHppacTpyKTYpHHX 1 COL[IaJIbHUX MPOEKTIB;

— KOHCYJIbTaTUBHI paJii Ta KOMITETH — CTBOPEHHS KOHCYJIBTaTUBHHX OpTaHiB, IO CKJIaTy
SKHX BXOJATH MPEJACTaBHUKY JIEP’KaBHU, IPOMAJICBKOCTI Ta O13HECY, JUISl PO3IIIly BaXKIIMBUX MTUTaHb
MicTOOY11BHOI MOJIITHUKH;

— MeJialilo Ta po3B's3aHHA KOH(IIKTIB — BHUKOPUCTAHHA MeJialii s po3B'I3aHHA
KOH(QIIKTIB MDK PpI3HUMH 3allIKaBJI€HHMH CTOpOHaMH, 3a0e3Ne4eHHs CIpaBeVIMBOCTI Ta
KOHCEHCYCY Y MPOLeCi MIPUHHSTTS PillIeHb.

Takum 9rHOM, B3a€EMOJIisI JEPKABU, TPOMAJICHKOCTI Ta O13HECY € KPUTHYHO BAKIIUBOIO IS
YCIIIIHOTO MICTOOY/IBHOTO peryitoBaHHs. BoHa crnpuse BpaxyBaHHIO 1HTEpECiB YCiX CTOPIH,
3a0e3neuye Mpo30piCTh 1 MIA3BITHICTh, a TAKOX CIPHUSE TOCSITHEHHIO CTAJOr0 PO3BUTKY MICBKHUX
TepuTopiit (Tabm. 3).
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Tabnuus 2 — [HCTpyMEHTH PEryIsITOPHOI MOJIITHKU MICT

Hassa

XapakTepucTUKa

IIpasosi incmpymenmu

HopmaTtuBHo— mpaBoBi
aKTH

3aKOHU, MOCTAHOBU, YKa3W Ta PETVIAMEHTH, IO BCTAHOBIIOIOTH
MpaBmJIa Ta CTAHJAPTH 3a0YOBY 1 BHKOPUCTAHHS 3EMIIL.

MicToOyniBHI MIaHA

['eHepanbHi I1aHU, AETANBHI MIJIAHU TEPUTOPIH, IJIAHN 30HYBAaHHS,
10 BU3HAYAIOTh OCHOBHI HANpPSIMKH PO3BUTKY Ta (YHKLIOHAJIBHE
30HYBaHHS TEPUTOPIH.

ByniBensHi HOpMU Ta
CTaH/apTH

[lpaBuna, 00 pEryalOOTh TEXHIYHI AaCHEeKTH OyIiBHUIITBA,
BKJIFOYAIOYU MaTepiayiv, KOHCTPYKIIi, O€3MeKy, eHeproeeKTHBHICTD.

Exonomiuni incmpymenmu

[MonaTkoBi cTUMYH Ta
HUIBIH

ITogaTkoBl 3HMKKM, 3BIILHEHHS BIJ MOJATKIB a00 3HMKCHHS
MOJATKOBUX CTaBOK JUIA peajizallii ColialbHO BaXJIUBHX abo0

eKOJIOT1YHUX MPOEKTIB.

®dinaHcoBI cyocHii Ta
TpaHTH

dinaHcoBa MmATpUMKa IS peaizaiii 1HQPacTpyKTypHUX abo
COLIIJIBHUX MPOEKTIB, TAKUX K OyTIBHUITBO JOCTYITHOTO JKUTJIA.

[TaTa 3a BAKOPUCTAHHS
pecypciB Ta MociIyr

PerynroBanHs BapTOCTi OpEHIM 3eMJli, KOMYHAJIbHUX IIOCIYT,
CTHMYJIIOBAHHS PalliOHATHHOTO BUKOPHCTAHHS PECYPCIB.

Aominicmpamueni incmpymeHmu

[Tpouenypu
JIIIEH3YBaHHA Ta JO3BOJIU

Hananus JnineH3idd, J03BOJIB Ta TMOTO/KEHb Ha OYHiBHHIITBO,
KOHTPOJIb 32 BIJAMOBIJHICTIO MMPOEKTIB HOPMaM 1 CTaHapTaM.

IHcriekuilini 3axo0au

Harnmsnm Ta KOHTpPONb 3a JOTPUMAHHAM Oy/IiBEITBHUX HOPM,
perynspHi NepeBipKU Ta ayauT.

[ImanyBaHHd Ta
KOOPIMHALIIS

VYnpaiiHHS peanizamielo MicTOOYIiBHUX MPOEKTIB, KOOPAMHALLS
MIX JIep)KaBHUMH OpraHaMy, 3a0yJOBHHKAMHU Ta TPOMaJIChKICTIO.

Coyianvui incmpymenmu

I'poMazceki cimyxaHHs Ta

3amydeHHs MEIIKaHI[iB /10 OOTOBOPEHHS MPOEKTIB, MPOBEICHHS

KOHCYJIbTAIIi{ OINUTYBaHb Ta KOHCYJIbTAIlill, BpaXyBaHHS IPOMaJICHKOI JTYM.
[adopmariitna 3abe3nedeHHs A0CTyny A0 iHpopMmalmii Tpo  PEryiIsaTopHy
HiATPUMKA Ta MOJITUKY, OCBITHI KaMIlaHii 3 MHUTaHb EKOJOTIYHOI CTIMKOCTI,
MIPOCBITHHUIITBO 30epeKeHHs] KyJbTYPHOI CITaIINHU TOIIO.

Ioicepeno: cknaoeno asmopamu Ha ocHosi [1-6].

Tabnuis 3 — B3aemois aepxaBu, rpoMaChbKOCTI Ta O13HECY y MpoIieci MicTOOyAiBHOTO

peryioBaHHs
CropoHa Ponb @DyHK1I] Ta IHCTPYMEHTH ®dopmu B3aeMoIii
HepxaBa I'onoBHun — CTBOpeHHs HopMaTuBHOI 6a3u |— [1yOniuHo-npuBaTHe
peryisTop — IlnanyBanHs Ta ctpareriude  |maptHepcrBo (ITITIT)
yIpaBIiHHA — KoHcynbTaTuBHI paau
— KonTpoub Ta Harmsiza — J103BUIBbHI TpOLIEIypH
I'pomancekicTh| Y4acHUK npolecy, |— ['poMaaceki ciayxaHHs Ta — I'pomaaceki 0OroBOpeHHS
3a0e3MeueHHs]  |KOHCYJbTallil — AKTHUBI3M Ta rpOMaJIChKi
npo3opocTi Ta  |— [HIIaTUBHI rpynH Ta aKiii KaMIIaHii
nia3BiTHOCTI |- [HpopmaniiiHa miaTpuMKa — Menianis
biznec InBecrop Ta — IuBecTuii Ta pO3BUTOK — Ily6GniuHo-ipuBaTHE
BUKOHaBelb  |— CmiBmpartis 3 JepKaBHUMU naptaepctso (ITITIT)
opraHaMu — Koncynpramii 3
— BignoBifanpHICTh Ta JIep>KaBHUMHU OpraHaMHu
couianbHa QyHKIIA — KopnopatuBHa coriaipHa
BianoBianeHicTh (KCB)

Joicepeno: cknadeno asmopamu Ha ocHosi [3—T].
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Peamizanis perynaropHoi mNOMTHKH Yy cdepi IulaHyBaHHS Ta 3a0yZ0BH MicTa MOXe
3MIMCHIOBATHCS 32 PI3HUMH IMIXOJaMH, 3aJeKHO BiJ JCp)KaBHOI CTpaTerii, KyJbTYpPHHUX
0CO0IMBOCTEH, PIBHS €KOHOMIYHOT'O PO3BHUTKY Ta MPIOPHUTETIB cycninbcTBa. OCHOBHI MiAXOIH /10
peamizaiii peryIsITOpHOI TMOJITUKA BKIIOYAKOTh: JUPEKTHBHUN MiaXid, iOepadbHUN MIAXI,
KOMOIHOBaHMIA MiJX1/T Ta MMyOJIYHO-TIPUBATHE MAPTHEPCTBO (TabII. 4).

Tabmuus 4 — OCHOBHI MiIXOIM 10 peai3alii peryasTOpHOI MOJITUKY y TUTaHyBaHHI Ta 3a0y10Bi

MicTa
IMigxin OCHOBHI XapaKTEPUCTUKH ITepeBaru Henonixku
HupexktuBauil |— KopcTke nep:xaBHe — Bucokwuii piBeHb — bropokparuzm
perytoBaHHs KOHTPOJIIO — ObMmexeHHs
— llentpamizoBane — 3abe3rneyeHHs O€3MeKn | IHHOBaIlil
TJIaHyBaHHS — 3ano0iranHs XaoTUYHOMY |— BifACyTHICTB
— Caskii Ta OOMEXEHHSI | PO3BUTKY THYYKOCTI
Jlibepanbumii |— MiHIMaJIbHE IepKaBHE | — 3aTydeHHS 1HBECTHIIIN — MOXIUBICTh
BTpYYaHHs — IlIBunka peanizarrist HEpPETyJIbOBAaHOI'O
— Camoperynsiisi pUHKY |[IPO€EKTIB PO3BUTKY
— JlewenTpaimizarist — IlinTpumKa iHHOBAIIi — Pusuku s
— CTtuMymnoBaHHA iH(DpacTpyKTypHu
KOHKYpEHIIii — MoHBI cortianbHi
Ta EKOJIOT1YH1
npoOieMu
Komb6inoBanuii |— bananc mix nep:xaBuum |— EdextuBHe ynpapninus | — MoXIuBicTh
peryatoBaHHSM Ta pecypcamu KOH(JITIKTIB MiXK
pUHKOBHMH MexaHi3Mamu |— ColliaiibHa CTaOUIBHICTh | ACP)KAaBHUMH Ta
— Crpateriune — 30epekeHHs €KOJIOT1UHOI | TPUBATHUMH
peryntoBaHHs CTIHKOCTI IHTEepecaMu
— IliaTpuMKa iHHOBAII ! — HeoOxinHicTh
— ComianbpHi rapanTii Y3rOJKEHHSI IHTEPECiB
[Ty6miuno- |- CminbHa peaizaris — 3anyuenns npuBatHoro |— CKIIagHICTh
IIPUBAaTHE IPOEKTIB JIEP’KaBOIO Ta Karitanry KOOpAMHALIIT MIXK
MAapTHEPCTBO | MIPUBATHUM CEKTOPOM — [linBumeHHs JIepKaBOIO Ta
(TIIIIT) — CninbHe ¢iHaHCYBaHHS |€(EKTUBHOCTI YIPABIIHHA |IPUBATHUM CEKTOPOM
— Posnonin puzukis MPOEKTaAaMU — MoxuBi
— KonTtposns Ta — Posnoain ¢ginancoBux PO30XKHOCTI Yy LIJIAX 1
yHpaBJiHHSA PU3HKIB PIOPUTETAX

Ioicepeno: cknaoeno asmopamu Ha ocHosi [1-5].

JIMpeKTUBHUMA MiJXi 0a3yeThCsi Ha KOPCTKOMY JE€P’KaBHOMY DPEryJIIOBaHHI BCIX acIlEKTiB
MICTOOYIBHOI JisUIbHOCTI. Jlep’kaBa BCTAHOBIIOE JI€TaJIbHI MpaBWiIa Ta HOPMH, SIKUX IOBHUHHI
JOTPUMYBATHUCS BCl YHaCHUKHU MPOIIECy, BKIIIOYAIOUn 3a0yI0BHUKIB Ta 1HIIMX MPUBATHUX CYO'€KTIB.
JupekTuBHUM MiAXij 3a0e3nedye BUCOKUN PIBEHb KOHTPOJIIO 32 MICTOOYAIBHOIO JISUIBHICTIO, 11O
MOJKE€ CHPUATH 3aMO00IraHHIO XaOTMYHOMY PO3BHTKY MICT 1 3a0e3NedeHHI0 Oe3NeKH TPOMajIsH.
OpHak BiH TakoX MOXK€ MPU3BOJIUTHU A0 OIOPOKpPATHMUHUX IEPEIIKOJ], OOMEXyBaTH 1HHOBaLli Ta
THYYKICTb y peaii3allii MpOoeKTiB.

JlibepanbHUN MIOX1 XapaKTePU3YeETbCS MIHIMAIBHUM JEpKAaBHUM BTPYYAHHSIM Y IPOLECH
IUIaHyBaHHs Ta 3a0ynoBu Micta. BiH TIpyHTyeThCS Ha NpPUHIUIAX PHHKOBOI EKOHOMIKM Ta
caMoperyJidllii, 16 OCHOBHY POJib BIIrPalOTh PUHKOBI CHUJIM Ta NMPUBATHI 1HiNiaTuBH. JliGepanbHuil
MiIX1 COpUs€e 3aTydeHHIO 1HBECTHIIiM, MBUAKINA peari3allii MpoekTiB Ta iHHOBaIisAM. [IpoTe BiH
MOK€E MPU3BOAUTH JI0 HEPETYIHOBAHOTO PO3BUTKY MICT, MPo0OJieM 3 1HHPACTPYKTYPOIO, COLIATTbHOIO
HECTIPaBeIMBICTIO Ta HEJJOCTATHIM 3aXMCTOM HaBKOJIMIIHBOTO CEPEOBHUIIIA.

KomOinoBaHMi1 MiaXia, TaKoX BIIOMHUN SIK 3MilIaHUKA a00 TIOPHIHMMA, MOETHYE EIEMEHTH
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JUPEKTHBHOTO Ta JibepasbHOrO miaxoniB. BiH copsMoBaHUN Ha JOCATHEHHsS OajaHCy Mix
JIepKaBHUM PETYyJIOBaHHAM Ta PUHKOBHMMH MEXaHi3MaMH, BPaxOBYIOUHM MOTpeOM CYCHIIbCTBA Ta
exoHoMiku. KoMOiHOBaHMA MinXix M03BOJsIE €(EKTHBHO pearyBaTd Ha BHKJIUKH CYy4acHOTO
ypOaHICTHYHOTO PO3BUTKY, 3a0€3Medyloud OJIHOYACHO CKOHOMIYHE 3pOCTaHHS, COIllajJbHYy
CTaOUIbHICTh Ta €KOJIOTIYHY CTIHKICTb.

[TyGniyHO-TIpUBaTHE MAPTHEPCTBO € crenudiyHO (GOPMOI B3aEMOJII MK JIEPKABOK Ta
MIPUBATHUM CEKTOPOM, sIKa BKJIIOYA€E CHUIbHY peaiizamnito MictoOyniBHux npoektis. I no3Bomse
MOETHYBATH JepKaBHI peCypcH Ta MPUBATHUMN KamiTall AJisl BUPILIECHHS CKIAIHHUX 3aBIaHb y chepi
1HPPACTPYKTYPH, )KUTIOBOTO OYAIBHUIITBA Ta IHIIMX TaIy3sX.

[IIIII € edexkTHBHHM IHCTPYMEHTOM peajizallii CKIaIHUX MICTOOYAIBHUX IPOEKTIB, IO
JI03BOJISIE JIEpXKaBl 30CEpeIUTUCS Ha CTPATEriuHUX IMUTAHHAX, a OI3HECY — Ha OIEepaTHBHOMY
yIpaBiIiHHI Ta peatizallii MPO€EKTIB.

Takum uymHOM, BHOIp MiAXOAy M0 peamizamii peryisaTopHOi MOJITHKH y IUIaHYBaHHI Ta
3a0y70B1 MiCTa 3aJCKHUTh BiJl KOHKPETHUX YMOB Ta IIiIed po3BUTKY. KokeH 3 MiaxoJiB Mae CBOi
NepeBaru Ta HEJOJIKH, 1 IXHE KOMOIHYBaHHS MOXKe 3a0e31eunTy HalOUIbI epeKTUBHE BUPIIICHHS
CKJIATHUX YPOAHICTUYHHX 3aBJaHb.

VY cydacHHUX yMOBaX PO3BHTOK PEryJIATOPHOI MOJITHKH Yy cdepi IIaHyBaHHS Ta 3a0yJ0BU
MICT 3a3Ha€ 3HAYHUX 3MiH, 3YMOBIIEHUX IJI00ali3alli€to, 3pOocTaHHsAM ypOaHizailii, eKOJIOTTYHUMU
BUKIIMKaMH Ta mudpoBoro Tpanchopmariero. i pakTopu CTUMYITIOIOTH MOSBY HOBHX MIIXOIB Ta
IHCTPYMEHTIB, SIKI JO3BOJISIIOTH aJanTyBaTH PEryIATOpPHY TMOJITHKY JO HOBHX peaniidi Ta
3a0e3neuyBaTu CTIHKUI PO3BUTOK MICBKUX TEpUTOpid. Po3risiHeMo OCHOBHI cydacHi TeHIEHIIi B

perynaropHii nomiruii (Tadm. 5).

Tabmuns 5 — CyyacHi TeHIEHIT B peryasTOPHIN MOTITHII MiCT

Tetentis OcHOBHI [Tpuxnaau Bruis Ha PO3BUTOK
XapaKTEPUCTUKU 3aCTOCYBaHHS MicTa
Crilikuii pO3BUTOK — InTerpanis npuHmmiB |— BripoBamkeHHs — [linBumIeHHs SIKOCTI
CTIHKOCTI eHeproeeKTUBHUX KUTTS
— 3eneHa apxitektypa |OyaiBenb — 3HIKEHHS
Ta iH(pacTpykTypa — Po3BUTOK 3€n€HNX €KOJIOT1YHOTO
— 3axXHCT TOBKIJIIS 30H HaBaHTAXKCHHS
— Anarnrranist 1o 3MiH — Crpori exonoriyHi — [TigBumeHus

¢binaHCyBaHHA

— ComiansHa
BIITOBIAATIBLHICTE
Oi3HECY

JIOCTYITHOT'O JKHUTJIA
— Po3BuTok
TPOMaCHKO1
1H(pacTpyKTypHu

KJIIMaTy CTaHJapTH CTIMKOCTI J10
KJIIMAaTUYHUX 3MiH
[Mudposizaris — EnextpoHHe — EnextponHi — Crpo1eHHs
ypsAAyBaHHS 1aThopMu JUIs JI03BUIBHUX TPOLETYP
— udpose MOJIaHHA JOKYMEHTIB  |— OnTumizanis
MIiCTOOY/iIBHE — BipryanbHi Moieni | TUTaHYBaHHS Ta
MOJICIIFOBaHHS MICT yIpaBIIiHHS
— Intepner peueit (IoT) |—IoT nnst ynpasminag | — IlinBuiieHHs
1H(paCcTPyKTYypoOIO e(eKTUBHOCTI
BUKOPUCTAHHS MiCBKUX
pecypciB
[Ty6niuno-npuBatHe |— CriiibHa peamizaiis — CrinpHi — [TigBumenus
ITapTHEPCTBO MIPOEKTIB JIEP’KaBOIO Ta |1H(PACTPYKTYpHI e(eKTUBHOCTI IPOEKTIB
NPUBATHUM CEKTOPOM | TIPOEKTHU — Posnoain
— CninpHe — 3abe3nedyeHHs (h1HaHCOBUX PHU3UKIB

— 3any4eHHs
MIPUBATHOTO KaIiTamy

26
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[TponoBxeHnHs TabauIl 5

. OcHoBHI BruiuB Ha po3BUTOK
TenneHIs [Ipuknaam 3acTocyBaHHs X
XapaKTePUCTHKU MicTa
3ay4eHHs — I'pomanceki — I'pomanceki — IligBuieHHs
IrPOMAJICHKOCTI KOHCYJIBTAIIIl Ta y4acTh | OOTOBOPEHHS ILJIaHIB JOBIPH JIO BIIaJH
— IIpo3opicth Ta 3a0y0BU — 3MeHIICHHS
MHII3BITHICTE — ITyGmikarist BIIKpUTHX | COIladbHOT
— Bigkputi naHi ta ITaHUX HaIpPYXKEHOCTI
JOCTyI 70 iHpopMalii |— 3BiTH Mpo AisUIbHICTh | — [TokpareHHs
OpraHiB Biaau SIKOCT1 IPUHHATTS
pileHb
MixaucuurtiHapauii | — CoiBrpars Mix — Koopaunaris miii mixk  |— KomrnexkcHuit
HIIX1T PI3HUMHU BiJIOMCTBAMHU | TPAHCTIOPTHUMHU, X1 10 PO3BUTKY
— BpaxyBaHnHs eKOJIOTIYHUMHU Ta MicTa
coLiaJbHUX Ta coriabHUMU ciyO0amu | — [TiABUIICHHS SKOCTI
KYJIBTYpHHX aclekTiB  |— [IporpaMu miaTpuMKH | KUTTS
— MixHapoHe KYJIBTYPHOTO — Apamrranis
CHiBpOOITHUIITBO PI3HOMAHITTS HEepeOBUX MIPAKTUK
— Bukopucranus
MDXXHApPOJHOTO JOCBITY Y
PpO3poOI1Ii MOTITHK

Joicepeno. cknadeno asmopamu na ocnosi [4-9].

Po3rnsiHyTi TeHAEHIIT B PErYIATOPHIN MOMITHII MICT CHPSMOBaHI Ha 3a0€3MEUeHHS CTaJIoro,
IHKITIO3UBHOTO Ta 1HHOBAI[IHHOTO PO3BUTKY ypOAHICTHUHUX TEPUTOPIN, aJlalTaIlilo 0 II00AIbHUX
BUKJTUKIB Ta MiJBUIIEHHS SKOCTI JKUTTA MiCbKOTO HACEIICHHS.

PerynstopHa nomituka y cdepi riaHyBaHHs Ta 3a0y/0BU MICT 3HAYHO BapilOEThC Y PI3HUX

KpaiHax cBiTy. [IOpiBHSJIBHMI aHaJi3 PEryisaTOPHUX IONITHK JOTIOMara€ BUSBUTH €(EKTUBHI
MIIXOAM, SIKI MOXYTh OYTHM aJanToBaHl JUisi TOKpPAUIeHHS MICBKOrO YIpaBiiHHSA B YKpaiHi.
PosrisineMo OCHOBH1 0COOIMBOCTI PETYISTOPHUX IMOJITUK y TakuxX KpaiHax, sk CIIIA, HimeyunHa
ta Cinramyp (tab. 6).

Tabmuus 6 — [TopiBHAIBHUN aHATI3 PErYIATOPHUX MOJITUK MICT Y pI3HUX KpaiHaX CBITY

Kpaina OcHOBH1 0c0O0IMBOCTI [HCTpyMeEHTH [Tpuknaau epeKTUBHUX
PETYISTOPHOI MO TUKH perymoBaHHs MIPAKTHK

CIIA Jenentpanizariis, 30HyBaHHSI, €KOJIOT14HI JeranbHe 30HyBaHHS,
PI3HOMAHITTS MiIXO/1B, CTaHJIapTH, MyOI1uHI 3aTy4EeHHS
30HYBaHHS, MyOIiuH1 CIIyXaHHS IPOMAJICBKOCTI J10
CIIyXaHHs 00rOBOPEHHSI POEKTIB

Himeuunna | CtpykTypoBaHe IIpoctropose nnanyBaHHs, | JKopcTKi BUMOTH 10
MIPOCTOPOBE MJIAHYBAaHHSI, | €HEPTeTHYHI CTAaH/IaPTH, | €HEProePeKTUBHOCTI
BHCOKI1 €KOJIOTTYHI IpOMaJICbKi KOHCYNbTalii | OyIiBenb, aKTUBHE
CTaHJApTH, EHEPTeTUIHA 3aJy4eHHs
e()eKTUBHICTH IPOMaJICHKOCTI

Cinranyp LlenTparnizoBaHe Lentpansue nnanyBanHs, | EpexktuBne
IUTaHYBaHHS, IHTErpallist | iHTerpaist TPaHCIIOPTHOT | BUKOPUCTAHHS 3E€MIIL,
TpPaHCTIOPTY Ta 3a0y/10BH, | IHQPACTPYKTYpH, 3€JIeHa | BEPTUKAJIbHE

3eJieHa iH(ppacTpyKTypa

iHpacTpyKTypa

03EJICHEHHS, 1HTeTparlis
TPAHCIIOPTHUX PILIEHb 3
YKUTJIOBOIO 3a0y/TOBOIO

Iowcepeno: cknadeno asmopamu na ocnogi [9-14].
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[TopiBHSANBHUI aHaNi3 PEryIsATOPHUX MONITUK Yy PI3HUX KpaiHaX MOKa3ye, M0 YCHIllIHI
MIX0OW 10 MICTOOYyIyBaHHsS 3ajexarh BiJ OaratboX (akTopiB, BKIOYAIOYHM HAI[IOHAJbHI
0cO0IMBOCTI, JOCTYHHI pecypcu Ta iHCTUTYHIHHY cTpykTypy. CLIIA neMOHCTPYIOTh MPHKIAIH
JEIEHTPAII30BAHOTO YIPaBIiHHS 13 3allydeHHSIM TpoMajachkocTi, HimeuunmHa QokycyeTbcs Ha
CTilikoMy pO3BUTKY Ta eHeproedexTuBHOcTi, a CiHramyp BiA3HAYAETHCA IHHOBAIIHHUMU
pIIEHHSMH Y BUKOPUCTAaHHI OOMEXXEHHX PECYPCIB.

Perynaropna momituka B cdepi MicToOyayBaHHS B YKpaiHi CIIUPAEThCS HAa CYKYIHICTBH
3aKOHOJaBYMX Ta HOPMAaTHBHMX aKTIB, SIKI 3a0€3M€UYyI0Th KOMIUIEKCHUN MIJX1J1 10 MJaHyBaHHS Ta
po3Butky MicT. Cepen Hux 3akoH Ykpainu «IIpo perymoBaHHS MICTOOYHIBHOI IisUIbHOCTI» Ne
3038-VI Big 17 mororo 2011 p. (¢ KIHOYOBUM HOPMATUBHUM aKTOM, KM BH3HAYa€ IOPSJIOK
pO3poOKM Ta 3aTBEp/HKEHHS MicTOOyMiBHOI JoKyMmeHTanii), 3akoH Ykpainu «IIpo ocHoBH
MmictoOymyBanus» Ne 2780-XII Bim 16 mucromama 1992 p. (e OCHOBOIO i MPaBOBOIO Ta
€KOHOMIYHOTO PETyJIIoBaHHs MicToOynayBaHHs), 3akoH Ykpainu «lIpo crpareriuny exoyoridny
omiaky» Ne 2354-VIII Big 20 Oepesnst 2018 poky (BBOAHUTH OOOB'SI3KOBY €KOJIOTIYHY OIIHKY
MICTOOYAIBHHX JOKYMEHTIB, TaKHX SIK T'€HEpajbHI IUIaHW, IIO J03BOJISIE BPAaXOBYBATH BIUIMB Ha
HABKOJIMIIIHE CEPEOBHIIE HAa paHHIX eramax IaHyBaHHs) [16-18]. Bonu Bu3HA4arOTh MpaBOBi
paMK# Ui 3a0€3MeYeHHsI CTIHKOTO, €KOJIOTIYHO YHCTOTO Ta COLIATBHO OPIEHTOBAHOTO PO3BUTKY
MICT, a TaKOX JIO3BOJISIIOTb KOHTPOJIOBAaTH Ta pEryjloBaTH Ipolecu 3a0yl0oBH 3 METO0
30epekeHHs OalaHCy MK CKOHOMIYHUMH, COIIAIbHUMH Ta €KOJIOTIYHHMH 1HTEPECAMH.

He3Baxaroum Ha ICHyBaHHS 3aKOHOJaBYOi 0a3M Ta CTaHAApTiB, CydacHa IOJIITUKA
MiCTOOYAyBaHHS B YKpaiHi CTUKAETHCS 3 HU3KOIO BUKIIMKIB:

— HU3bKUI pIBEHb BUKOHAHHS Ta MOHITOPUHTY JAOTpUMaHHA HOpM. Yacto OyaiBesbHi
MPOSKTH HE TOBHICTIO BiAmoBimaroTe BuMoram JIBH, mo Moke mpu3BOAWUTH OO0 TpoOieM 3
€KOJIOTI€10 Ta KOM(POPTOM MICBKOTO CEpeIOBHIIIA;

— crmabka iHTerpaiisi IHHOBAI[iIMHUX pimeHb. Xo4a 3aKOHOAaBYa 0a3a 3aKiajae OCHOBY IS
CTaJIOTO PO3BUTKY, IHTErpallis IHHOBALIMHUX TEXHOJOTiH y OyIIBHUUTBO (HAMPUKIAL, «PO3YMHI»
MicTa ab0 eKOJIOTIYHO YHCTi OyaiBili) BiOYBa€ThCS TMOBUIBHO Yepe3 BiJCYTHICTh CTHMYIIB Ta
HAJIEXKHOT'O PeryJIIOBaHHS.

VYkpaina Moxe B3STH Ha 030pO€HHSI HAMKpaIlli MPaKTUKU 3 KOXKHOI 3 IUX KpaiH, aAanTylouH iX
70 BiacHUX peaniil. 3okpema, YKpaiHi BapTO YacTKOBO 3alO3MYMTH aMEPUKAHCHKUH J1OCBIX
neneHTpamzaiii y cgepi mictoOyayBanss. e mo3BoauTe perionam i rpoMagam OUIbIIE BILUTMBATH
Ha TIPOLIECH IUIAHYBAHHS TEPUTOPIM, BUXOJSMYM 3 JIOKAJbHUX NoTpeOd. MicleBi opraHu BiIagu
MOXKYTh Kpallle BpaxOBYBaTH JeMoOrpagidyHi, €KOHOMIYHI Ta €KOJOTi4HI YMOBHM KOHKPETHHUX
TEpUTOPIH.

BaximBuM acrekToM € ajanTamis HIMEIbKOi MPAaKTHKH 1HKIIO3WBHOTO IJIAHYBaHHS Ta
IpOMaJICBKUX KOHCYNbTalii. [{e miaBUIMTE Ipo30piCTh MPOLECIB Ta COpUATUME OUIBLIIHN T0Bipi A0
PEryJIATOPHUX OpraHiB.

3anpoBaPKEHHs €IEMEHTIB «pO3yMHUX MicT», sk y CILIA, mOBUHHO cTaTH NPIOPUTETOM IS
YKpalHChKUX MICT. ABTOMaTH3allisl MPOLECIB yIpaBliHH, IH(poBizalia OyaiBeIbHOI JOKyMEHTaIli
Ta BUKOPUCTaHHS Cy4aCHUX TEXHOJIOTIH O3BOJATH 3HU3UTH HABAHTAXKEHHS Ha 1HQPACTPYKTYpY Ta
3a0e3neunTH ePEeKTUBHE IJIaHyBaHHS.

Jns  BupilleHHS 0pobjJeM 3 XaoTUYHOK 3a0yJO0BOK0 Ta MOPYUIEHHSAM €KOJOTTYHUX
CTaHJapTiB, YKpaiHa MOX€ BUKOPHUCTOBYBATU €JIEMEHTH CIHramypchkoi mojemni. LlenTpanizoBane
YIpaBIIiHHSA CTPAaTeTIYHUMHU NPOEKTaMU JO3BOJMTH TapaHTyBaTH JOTPUMAHHS 3aKOHOJIABCTBA,
BOJIHOYAC 320€3MeUyI0YH MIBHIKE PearyBaHHs Ha BUKJIHKH.

[Ipu agantamii MD>KHAPOAHOTO AOCBiAYy YKpaiHa 3IIITOBXHETHCS 3 HU3KOK BHKIHKIB, SIKi
MoTpeOyIOTh YBaru Ta BiJMOBITHOTO BUPIIICHHS:

— IHCTHUTYIIHHI Ta TpaBoBi Oap'epu — BIPOBA/PKEHHS HOBHUX MIJXOAIB MOXE BHUMAaraTu
3HAYHUX 3MIH Y 3aKOHOJIaBCTBI Ta OpraHizaliifHiil cTpyKTypi;

— (hiHaHCOBI pecypcH — peanli3aliss KOMIUIEKCHHX IPO€EKTIB YacTO MOTpedye 3HAYHUX
(hiHAHCOBHX BKJIQJICHb, 1[0 MOXKE OYTH BUKJIMKOM JJISI MICIICBUX OFOKETIB;

— KYJBTYpHI Ta COILiaJIbHI aCMEeKTH — 3MIHU Y PETYIATOPHIN MOJITHIII MOXKYTbh 3YCTPITH OMIp 3
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00Ky TpOMaJAChKOCTI Ta Oi3Hecy, II0 BHMarae e(eKTHBHOI KOMYHIKAIlll Ta 3aJyuyeHHs YCiX
3aIliKaBJICHUX CTOPIH.

BucHoBku. PerynstopHa nomituka y cdepi miaHyBaHHS Ta 3a0yJOBH MICT € HaJ3BHYANHO
BOKJIMBUM 1HCTPYMEHTOM JICPKABHOTO YIPABJIiHHA, IO CHPHUSAE EKOHOMIYHIA CTaOlIBbHOCTI,
COLIIaIbHOMY OJIaronoyyyqro Ta CTiIKoMy po3BUTKY. IIpoBeneHuit TeopeTuyHmid aHali3 OCHOBHUX
IIJIXO/TIB Ta CYYaCHUX TCHJICHIIIH Y pEeryJATOPHIN MOJIITHII 103BOJIsSIE€ 3pOOUTH HACTYITHI BUCHOBKH:

1. PerynsatopHa noiituka y cdepi MiCTOOyAyBaHHS OXOIUTIOE IIUPOKHM CHEKTpP 3aXOMdiB Ta
IHCTPYMEHTIB, CIIPSIMOBAaHUX Ha PETYJIIOBaHHSA BUKOPUCTAHHS 3eMIIi, 3a0yI0BU Ta PO3BUTKY MICHKOT
iHppacTpykTypu. Big MiHIMambHOTO BTpyYaHHS /0 aKTHBHOTO JEP)KABHOTO PETYIIOBAHHS — pi3HI
I1JIXO/IA 3aCTOCOBYIOTBCSI 3aJI€KHO BiJl HalllOHAJTLHUX OCOOJIMBOCTEH Ta MPIOPUTETIB.

2. BusBieHo, 1m0 OCHOBHI MiAXOIM BKIIOYAIOTH 30HYBAHHS, CTPATEri4HE MPOCTOPOBE
IJIaHyBaHHS, C€HEProe(PeKTUBHICTh Ta CTIMKWKA PO3BUTOK, T'POMAJICHKY y4YacTh Ta IHTETparlito
TPAHCIOPTHOI 1H(OPACTPYKTYPH 3 MICHKHM pO3BUTKOM. KOXKEH 3 KX MiIXOJIB Ma€ CBOI IMepeBaru
Ta BUKIIMKHU, 110 TOTPEOYIOTh BpaxXyBaHHs IIPU BIPOBAIKEHHI.

3. Cepen cy4acHUX TCHJICHIIIH PETYISTOPHOI MOMITHKY BUAUISIOTHCS 1IHHOBAIIWHI TIXOAH JI0
IUTaHYBaHHS, BUKOPUCTAHHS IIU(PPOBUX TEXHOJIOTIH, aKIIEHT Ha CTIMKOMY PO3BUTKY Ta €KOJIOTTUHIN
Oe3reli, a TAKOK aKTHBHE 3aTy9YECHHS TPOMAJICHKOCTI 10 MPOIECY MPUIHSTTS PIillICHb.

4. Hocein CIIA, Himeuunnu ta CiHranypy AEMOHCTPYE PI3HOMAHITHICTh MIIXOJIIB 0
PETYJIATOPHOI MOJITHKU Y MicTOOYIyBaHHI. BUBYCHHS IIUX MIPAKTHK JI0O3BOJISIE BUSIBUTH €()EKTHBHI
Mojeni, SIKI MOXYTh OYTHM YacTKOBO aJanToBaHl B YKpaiHi [Uisl MiABHILEHHS e(eKTHUBHOCTI
YIIPaBIIiHHS MICBKUM PO3BHTKOM.

5. BripoBaskeHHS 30HYBaHHS, CTPATET1YHOTO IPOCTOPOBOIO IJIAHYBAaHHS, EHEProeeKTUBHOCTI
Ta 3ejeHOl 1H(PACTPYKTYpH € MEpCIEeKTHBHUMHU HANpsSMKaMHU JJIS TIOKPAIICHHS MiCTOOYMiBHOT
noyiTuku B YKpaiHi. BonHouac HeoOXiHO BpaxoByBaTH HaIllOHAIBHI OCOOJIMBOCTI Ta 3a0€3MeUnTH
e(EeKTUBHY aJanTalil0 MDKHAPOIHHUX MPAKTHK 70 YKPAiHCHKUX peatiii.

CyuacHa MOJenb peryiasTOpHOI MOJITUKK YKpaiHu y cdepi IutaHyBaHHSA Ta 3a0yJOBU MICT
BiJI3HAYAETHCSI HU3KOI OCOOJIMBOCTEH, IO MOTPEOYIOTh NETAIILHOTO aHAi3y W BUBYCHHS JJIS 1i
MOJIaJIBIIOTO BJOCKOHATICHHS.

[To-neprie, BaXXJIMBUM €JIEMEHTOM CYYacHOI MOJENI € Mpolec ACUeHTpati3alii, sKiuii Hajgae
O1NIbII TOBHOBAXEHHSI MICIIEBUM TpoMajiaM Yy MPUUHATTI pillieHb MO0 TUIaHYBaHHS Ta 3a0y/I0BU.
Ile no3Bossie OUTBII €PEeKTUBHO BpPaxOBYBATH MICILIEBI MOTpPeOH, MPOTE BOJHOYAC CTBOPIOE HOBI
BUKIIMKU y (OpMi HEOCTaTHbOI KOOPAMHALIl MK PI3HMMHU DPIBHSAMU BJIaJd Ta HE3aBEPLICHOCTI
HOPMaTUBHO-TIPAaBOBOi 0a3u.

[To-npyre, Ha cydyacHOMY €Tari pO3BUTKY PETYIATOPHOI MOMITUKH BaXJIMBY POIb BIAITParOTh
IHHOBAIIMHI MIAX0AM A0 MICTOOYAYBaHHS, Takl SIK pO3pOOKa KOMIUIEKCHUX IUIaHIB PO3BUTKY
TepuTopidi, uMpoBizalig MpoLeciB MICTOOYAIBHOT JOKYMEHTAllli Ta IHTerpamis TEeXHOJIOTIH
«pO3yMHOTro MicTay. Lli HOBOBBE/IEHHS CIIPUSIOTH MTOKPAILIEHHIO YIPaBIiHHSA MICBKUMH pecypcaMu,
30KpeMa 3eMJiel0 Ta 1H(PACTPYKTypOro, OJHAK BOJHOYAC BUMAralTh MHEPErNany TPaAUIIHHUX
I1IXO0/TIB /10 TUTAHYBAHHS 1 MIABUIIICHHS KBaTi(iKaIii BIAMOBITHUX (PaxXiBIliB.

[To-Tpete, eBpoiHTerpamiiiHi mpoiecd B YKpaiHi BHUMararoTh ajganTaiii HalliOHAJIBHOTO
3aKOHOJABCTBA JI0 €BPOMNEHCHKUX CTAHIApPTIB CTAJIOr0 PO3BUTKY Ta €KOJOriYHMX BuMoOr. Lle
O3Hayae, M0 PETyIATOpHA TMOJIITHKAa Mae OyTH Opi€eHTOBaHa Ha 3a0e3MeyeHHs TapMOHIi Mik
ypOaHi3alli€lo Ta OXOPOHOI JTOBKULIS, 30KpeMa 4epe3 BIPOBAIKEHHS HOBUX €KOJIOTTYHHUX HOPM 1
MPAKTUK Y MICTOOY/TyBaHHS.

[lomanbmni JOCHIAKEHHS B LIbOMY HamNpsMKy MOXYTb OYyTH CHpsSMOBaHI Ha BUBYEHHS
MEXaHi3MIB KOOpAWHAIT MK Jep>KaBHUMH 1 MICHEBUMHU OpraHaMH BIAAH, YIOCKOHAJICHHS
HOPMAaTUBHOI 0a3u, a TaKOX JOCIII)KEHHSI €(EeKTUBHOCTI BUKOPUCTAHHS U(POBUX TEXHOJOTIH Y
MIPOLIECi PEeTYASATOPHOT MOTITUKH.
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Abstract. Regulatory policy in the field of urban planning and development is a key element of
public administration aimed at ensuring economic stability, social welfare and sustainable development.
In the conditions of globalization and intensive technological progress, effective regulation of urban
planning processes is becoming more and more important for solving modern challenges.

The purpose of this study is to carry out a theoretical analysis of the concept of regulatory
policy in urban planning and development, to study the main approaches to its implementation, as
well as to determine modern trends and opportunities for adapting international experience for
Ukraine. In particular, the research aims to identify effective models of regulatory policy that can be
integrated into national legislation and practice to improve the management of urban development.

The research uses a comprehensive approach, which includes the analysis of scientific
publications, comparative analysis of regulatory policies of different countries, methods of critical
literature review and data synthesis. Special attention is paid to the experience of countries such as
the USA, Germany and Singapore, where various approaches to the regulation of urban planning
processes are used.

The analysis showed that regulatory policy in urban planning and development is a
multifaceted phenomenon, which includes such basic approaches as zoning, strategic spatial
planning, energy efficiency, integration of transport infrastructure and active involvement of the
public in the decision— making process. Modern trends in regulatory policy have been identified,
including innovative approaches to planning, the use of digital technologies, an emphasis on
sustainable development and environmental safety. A comparative analysis of the regulatory
policies of the USA, Germany, and Singapore made it possible to identify effective models that can
be adapted to the conditions of Ukraine.

The study confirmed that an effective regulatory policy is an important prerequisite for
sustainable economic development, social stability and protection of citizens' rights. Further
research should focus on the integration of digital technologies into regulatory processes,
improvement of control and monitoring mechanisms, which will contribute to the sustainable
development of cities in Ukraine.

Key words: regulatory policy, city planning, construction, public administration, economic
development, comparative analysis, international experience, digital technologies, social stability,
regulatory and legal acts, regulatory effectiveness.
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Abstract. The shift in the urban paradigm during the 20™ century led to a significant
reconsideration of the living space of city residents. The principles of the modernist worldview,
which acquired the nature of a universal urban design strategy in the Athens Charter of 1931,
initiated a negative attitude towards the block development that had prevailed before. The courtyard
spaces inherent in it started to be perceived as insufficient, and their original concept as places of
recreation and social interaction was redefined. As a result, the internal environments of blocks
were spontaneously used by residents for various purposes, leading to their degradation and chaos.
This was particularly relevant to Ukrainian cities, where the population of historic centres was
densifying, with an increased impact on all types of spaces.

The crisis of modernist urban design and the expansion of postmodern values have returned
attention to historical heritage as an auxiliary source of shaping and removed the intensity of the
confrontation between the ‘contemporary’ modernist worldview and the ‘historical’ one.
Subsequently, urban concepts have absorbed many ideas related to the environmental discourse,
inclusiveness, barrier-free accessibility, pedestrian accessibility, and density. All of this has
significantly changed the understanding of approaches and principles of interpretation of historic
urban spaces, including residential courtyards.

The article considers promising urban design strategies that can be used for the contemporary
interpretation of courtyard environments, primarily focused on design and social aspects. This is
due to the methodological structure, which is based on a dual understanding of the priorities of this
process. On the one hand, courtyard spaces are perceived as places of recreation and greening, and
on the other hand, as environments for socialising and community bonding.

In this regard, four urban design strategies have been identified that may form the basis of
certain areas of urban design in the future: a) functional universalisation; b) spatial diversification;
c) communicative adaptability; d) variable accessibility. The first strategy refers to the integration
of courtyard spaces into measures to introduce walkability and optimal density. In this case, we are
dealing with introducing a number of functions into courtyard spaces that were typical of external
street areas, but aimed at the nearest residents. The second strategy is aimed at returning to the
ideology of green oases and recreational areas, with further expansion of spatial elements through
vertical development. The strategy of communicative adaptability is related to the development of
courtyards as places of gathering and solidarity of the resident’s community. The last strategy is
related to the proposal to provide access to the courtyards to external visitors at certain times.

Key words: urban design strategies, urban studies, courtyard spaces, public spaces, design,
inclusiveness, adaptability, urban greening,

Introduction. Contemporary urban studies pay considerable attention to the issues of density [1]
and sustainability [2] on the one hand, and the preservation of cultural heritage and the authenticity
of the historical environment [3] on the other hand. These two priorities sometimes contradict each
other, which requires the search for new, more comprehensive approaches to the interpretation of
the modern urban environment. In this regard, courtyard spaces of residential buildings are an
important object of theoretical reflection and practical experiments. This is due to the fact that in
territorial and spatial terms they are not exploited territory reservoirs which allow providing a
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number of qualities necessary for the modern city to the areas of historic buildings.

The main areas of involvement and transformation of these spaces are increasing the amount of
greenery, promoting social cohesion, ensuring the concept of a city of short distances, and supporting
cultural diversity. In addition, courtyard spaces interpreted by design means in a certain way become
an element of additional valorisation and acquisition of symbolic capital by a city. Therefore, the
theoretical task is to outline the concept of harmonisation and reconciliation of different approaches
and requirements related to the involvement of the significant potential of the internal spaces of
residential blocks of historic buildings, providing them with inclusive and adaptive qualities with
maximum preservation of the authentic material substance and memorability of the place.

Analysis of sources and publications. The problem of interpreting courtyard spaces has been
the subject of a number of studies that have examined both micro and macro aspects of this topic.
For example, in the article by R. Gupta and M. Joshi ‘Courtyard: A Look at the Relevance of
Courtyard Space in Contemporary Houses’ the potential of using courtyard areas in terms of their
energy efficiency, in particular, heat conservation [4] is analysed. This area of thinking is specific to
contemporary urban vision and opens up new possibilities for interpreting these fragments of urban
fabric, although having a long history, in the context of which we can mention the article by M.
Taleghani and M. Tenpierik ‘Environmental Impact of Courtyards’ [5]. Among the more
voluminous works, we can mention books by D. Kaiser ‘Courtyards: Intimate Outdoor Spaces’ [6],
D. Zhang ‘Courtyard Housing and Cultural Sustainability: Theory, Practice and Product’ [7], etc.

A significant number of studies are devoted to the design and architecture of courtyard spaces
in particular cities and cultural and historical contexts. Examples of such works are articles by A.
Erarslan ‘A Comparative Analysis on the Spatial Organisation of the Traditional Courtyard House
with Iwan in Southeastern Anatolia’ [8], M. Masullo et al. ‘Historical Cloisters and Courtyards as
Quiet Areas’ [9], T. Adebara ‘Private Open Space as a Reflection of Culture: the Example of
Traditional Courtyard Houses in Nigeria’ [10], etc.

Based on the analysis of the sources, we can dwell upon two fundamental approaches to
covering the topic under consideration. The first of them is related to the historical retrospective of
the phenomenon of courtyard spaces, when the object of study is the regularities of composition,
structure, and functional use. The second deals with the changing nature of courtyards and the
possibility of their adaptation to the requirements of contemporary urban studies.

The purpose of the article is to outline the design and social aspects of urban design strategies
for the urban interpretation of courtyard spaces in historic cities based on the analysis of sources
and methods used.

Research objectives. In accordance with the purpose, a number of research objectives have
been defined to determine the transformative and adaptive capabilities of courtyard spaces in areas
of historic buildings. First and foremost, an important issue is to determine the basic values of the
spatial organisation of urban areas; on the one hand, they must meet the criteria for the quality of
living in a contemporary city, and on the other hand, perceive the material heritage as a valuable
authentic material that needs to be preserved and maintained. In the future, this should lead to the
emergence of a theoretically grounded strategy, or a number of strategies for the contemporary
interpretation of courtyard spaces, as well as examples of their adaptation to specific urban spaces.
Particular emphasis is placed on the design and social aspects, as the former make it possible to
address many of the above interpretive challenges in a relatively flexible and affordable manner,
while the latter link them to the concepts of solidarity and cohesion among urban residents with the
aim of creating a more competitive and friendly living environment.

The materials and methodology of the research are a combination of the following two
approaches: a) a study of the current state of courtyards and their use by residents enabling to
establish the needs of the latter and their expectations regarding the spatial content of the living
space closest to them; b) a study of the character of the urban environment that has developed in
areas of historical buildings with authentic courtyard spaces.

The main material. Since the emergence of postmodernism, the issue of the urban approach to
the organisation of historic centres has become more complex and problematic due to the coincidence
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of many factors influencing their functional content. Historic centres have become magnets for
tourism, business and government, as well as for living, which has significantly marked them out in
comparison to other urban areas. While in the period of late modernism there was a tendency to
settle in suburban private houses, later, due to high transport and time costs, the high-density
concept grew in popularity [1]. All of this has led to the fact that historic centres and areas of pre-
modern block development began to bear a heavy functional load, which has led to the emergence of a
complex set of problems and requires the search for new approaches at both theoretical and practical
levels. Additionally, it is worth highlighting that they should take into account not only the need to
preserve valuable architectural heritage, but also find ways to ensure the quality of life in these areas
that meets current urban values, such as those stated in the European Union strategies [11].

A study of the current state of forty courtyards in Lviv and their use by residents revealed a
complex symbiosis of functions that spontaneously emerged as a result of the following factors:
a) the location of retail and service establishments on the ground floors, which functionally try to
expand into the courtyards (storage facilities, unloading ramps, etc.); b) the location of equipment
serving the household needs of residents (drying clothes, stroller storage, etc.); ¢) improvised and
amateur elements of improving the aesthetic level of the space by the residents themselves
(installation of tables, benches, sculptures, flower beds, bicycle parking, etc.); d) improvised
methods of ensuring private security (fences, grates, etc.). These most common functions are
complemented by others related to the legacy of population densification during the Soviet period
and the emergence of more apartments with smaller area. In addition, the study revealed a
predominantly significant level of deterioration of the construction material, which requires
revitalisation efforts [12].

The study of the nature of the urban environment in areas of historic buildings with authentic
courtyard spaces in such districts of Lviv as Pryvokzalna, Novyi Svit, and Levytskoho Street
showed differences depending on the location within the urban area. In particular, in districts
further away from the centre, the main neighbours are commercial establishments, parking spaces,
playgrounds and small areas of greenery. In the areas that can be attributed to the city centre,
additional neighbourhood facilities related to hospitality and tourism infrastructure emerge.

These and other findings make it possible to dwell upon about the following patterns. The
first of them is the attempts of residents to address the functional necessities lacking in the external,
public space, such as parking for various types of transport, access to recreation and leisure areas
(including children’s), etc. The second is the factor of convergence of different purposes due to the
functional heterogeneity of the use of historic buildings. The third is related to the attempt to
expand one’s own private space at the expense of the courtyard space through the extension of
balconies, stairwells, complex wall configurations, etc.

In view of this, we can speak of two approaches to the development of design strategies for
the urban interpretation of courtyard spaces in historic cities. One of them is to interpolate
spontaneous initiatives into municipal programmes and plans for the development of urban areas,
and the other is to apply the principles of contemporary urban studies to the courtyard spaces of
historic areas, regardless of individual initiatives of residents. Obviously, these two ‘maximalist’
suggestions should be synthesised into a balanced strategy or vision that is both progressive and
adaptive.

The analytical and evidence-based materials obtained make it possible to outline four possible
strategies that could become the basis for more detailed programmes of interpretation of courtyard
spaces in the future. They are based on the values of financial optimisation and social cohesion. The
first value consists in finding opportunities that will make the process of contemporary
interpretation of courtyard spaces as cheap as possible and, therefore, affordable even in middle-
income urban communities. In a practical sense, it is related to design, which is supposed to
significantly replace costly structural and construction transformations. The second consists in the
formation of a strategy for a new urban community that is more united and cohesive [13], which is
expected to achieve better indicators of attractiveness and quality of life. In this sense, courtyard
spaces should be redefined as environments of collaboration, communication and socialising.
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The first potential strategy is functional universalisation, which follows from the results of the
methods used within this study. It involves understanding courtyard spaces as reservoirs of space
that are needed to bring traditional historic blocks in line with the values of the contemporary city,
primarily quick access to a wide range of goods and services. The main target audience here is the
actual residents of the building or buildings in question, but with the possibility of attracting a wider
range of visitors. First of all, the implementation of this strategy can solve the problem of
accessibility to service elements, parking for small-sized urban transport (electric scooters, bicycles,
scooters, etc.), leisure areas, etc. The design aspects that should be taken into account here are to
solve the problem of lack of actual space, as well as to develop spatial elements with a reasonable
level of self-sufficiency in operation, which will allow for the efficient and long-term operation of
the proposed facilities. The social aspect, which is related to the design aspect, is the organisation of
a space of inclusive presence and equal access, which will prevent some residents from perceiving
the courtyard space as more ‘theirs’ and other residents perceiving it as less ‘theirs’.

The strategy of spatial diversification entails elevating the concept of joint presence and
interaction within courtyard environments to a higher level by redefining these spaces as green
oases and micro-landscape zones. This approach integrates ecological, social, and architectural
dimensions, creating a multifaceted enhancement of the urban experience. From an ecological
perspective, beyond the dendrological considerations-such as selecting and arranging plant species
to optimize environmental benefits-the strategy emphasizes the design elements that facilitate
vertical spatial expansion. This vertical development might include the introduction of green walls,
rooftop gardens, and other forms of biophilic design, contributing to an enriched urban
microclimate and enhancing biodiversity within the cityscape.

Moreover, the social dimension of spatial diversification transcends mere accessibility
improvements. It fosters a cooperative ethos among residents, encouraging communal activities
such as shared plant care, harvesting, and maintenance of these green spaces. This collective
engagement not only strengthens social bonds but also embeds a sense of stewardship and
responsibility towards the shared environment. Additionally, spatial diversification necessitates a
thorough analysis of the existing courtyard environment to identify and address any functional
deficits, ensuring that these spaces meet the diverse needs of the community.

Another critical strategy, which can be termed communicative adaptability, focuses on
transforming courtyard environments into hubs of community cohesion, aligning with the principles
of co-housing. This strategy advocates for a flexible framework of activities and interactions that
are tailored to the specific needs and preferences of the residents. The overarching goal is to
cultivate a culture of friendship and solidarity, which can be viewed as a form of social capital that
enhances the overall attractiveness and livability of the urban area. By fostering a strong, supportive
community, residents can collectively engage in initiatives aimed at improving housing and
environmental conditions, effectively interact with municipal authorities, and advocate for their
rights. This, in turn, can lead to a heightened sense of security, inclusiveness, and community
identity. The design aspect of this strategy could involve creating communal spaces that
memorialize the collective experiences and milestones of the community, thereby reinforcing the
social fabric.

While intra-building communication is vital for fostering internal community cohesion, it is
equally important to recognize the courtyard community as an integral part of the larger urban
ecosystem. This brings us to the fourth strategy, which may be referred to as the strategy of
changing accessibility. This strategy proposes the occasional transformation of courtyard spaces
into public areas, thereby enhancing their multifunctionality and integrating them more fully into
the urban fabric. By opening up these spaces to the public, the historic urban fabric can be endowed
with the qualities necessary for a modern, vibrant city. This approach also offers the potential for
municipal investment in the maintenance and enhancement of these courtyards, contributing to their
revitalization. The design aspects associated with this strategy include the development of features
that emphasize the historical and cultural significance of these spaces, such as memorials, plaques,
or art installations that contribute to the site's memorability and attractiveness as a tourist
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destination. Socially, this strategy facilitates the integration of the building community into the
broader urban context, enabling them to participate in economic activities related to tourism and
hospitality, and fostering a dynamic interaction between residents and the city's diverse population.

In addition to these strategies, there is a burgeoning potential associated with the development
of immersive presence technologies. Although still in its nascent stages, these technologies offer the
possibility of augmenting the physical environment of courtyard spaces, providing new avenues for
social interaction and collective activities even in limited physical spaces. Immersive technologies
could potentially mitigate the constraints of physical space, allowing for virtual expansions of these
environments and enabling residents to engage in shared experiences that transcend the physical
limitations of their surroundings. This could include virtual gardening, augmented reality tours, or
digital communal gatherings, adding a layer of technological sophistication to the traditional
concept of courtyard spaces. As these technologies evolve, they may offer innovative solutions for
enhancing both the social and spatial dimensions of urban living in historic city centers. In a
broader context, augmented reality technologies are likely to influence the rethinking of living
environments at various levels [15], including the courtyard.

Promising avenues for future research encompass a detailed examination of the multifaceted
communication dynamics that emerge within various functional combinations of courtyard space
environments. A key area of interest involves investigating the nature and patterns of interactions
that occur among different user groups-residents, tenants, employees of offices and shops, and
occasional visitors-each of whom may utilize the space for distinct purposes. Understanding these
communication patterns is crucial for identifying potential synergies or conflicts that arise when
diverse actors share a common courtyard space.

Moreover, research should explore the role of design interventions in addressing the
challenges posed by the simultaneous use of these environments by multiple stakeholders. This
includes the development of strategies and design solutions that facilitate harmonious coexistence
and enhance the functionality of the courtyard for all users. For instance, spatial zoning, adaptive
furniture, and flexible layout configurations could be investigated as means to accommodate
different activities and interactions within the same space without leading to congestion or
territorial disputes.

In addition, an important aspect of future research should focus on identifying the various
benefits that effective communication within these shared spaces can yield. These benefits may
extend beyond mere functional coexistence and include the fostering of a sense of community, the
enhancement of social capital, and the promotion of collaborative behaviors among users. For
example, the interaction between residents and commercial tenants could lead to mutually
beneficial arrangements, such as local businesses offering discounts to residents or organizing
community events that increase foot traffic and customer loyalty. Similarly, the presence of office
workers in the courtyard could contribute to a dynamic, vibrant atmosphere during working hours,
which might otherwise be underutilized.

Furthermore, research could investigate the potential of courtyard space environments to
serve as informal meeting spaces where spontaneous interactions between different user groups
occur, leading to the exchange of ideas and the development of social networks. This aspect of
communication could be particularly relevant in urban settings, where opportunities for such
interactions may be limited due to the compartmentalization of residential, commercial, and
professional spaces.

Finally, the exploration of how these communication dynamics and design interventions can
be optimized to maximize the overall well-being of all users is another critical area of research. This
could involve the application of environmental psychology principles to design spaces that are not
only functional but also psychologically supportive, promoting relaxation, socialization, and a sense
of belonging among users. In this context, the study of courtyard environments could contribute to
broader discussions on the role of shared spaces in urban sustainability and community resilience,
offering insights into how design can facilitate positive social outcomes in increasingly dense and
diverse urban landscapes.

Modern construction and architecture, 2024, no. 9, page 33-40

37



38

ARCHITECTURE

Conclusions:

The study of the condition and usage patterns of forty courtyards in Lviv city has uncovered a
complex and organically developed symbiosis of functions within these spaces. This multifaceted
functional integration has emerged spontaneously as a result of several key factors:

a) The strategic location of retail and service establishments on the ground floors of buildings,
which often seek to extend their operational footprint into the courtyard spaces, leading to the
incorporation of elements such as storage facilities, unloading ramps, and ancillary spaces. This
encroachment reflects the dynamic interaction between commercial activities and residential spaces,
where the boundaries between public and private domains are frequently negotiated and redefined.

b) The placement of equipment and installations that cater to the everyday household needs of
residents, including facilities for drying clothes, storage for strollers, and other practical uses. These
elements highlight the functional adaptability of courtyard spaces, which serve as essential
extensions of domestic spaces, accommodating a range of utilitarian purposes that support daily life
in urban environments.

c) The presence of improvised and often amateur efforts by residents to enhance the aesthetic
quality of the courtyard spaces. These include the installation of furniture such as tables and
benches, decorative elements like sculptures and flower beds, and functional amenities such as
bicycle parking. These resident-driven initiatives underscore the importance of individual and
collective agency in shaping the environmental and social character of courtyard spaces,
contributing to a sense of ownership and community identity.

d) The adoption of improvised methods by residents to ensure private security within the
courtyard spaces, including the installation of fences, grates, and other protective measures. These
interventions reflect the dual role of courtyards as both shared communal spaces and zones where
personal and property security concerns are addressed, illustrating the balance between openness
and defensibility in urban residential settings.

Based on the findings of the study, four urban design strategies have been delineated and
defined, each of which holds the potential to guide future urban design practices and policies:

a) Functional Universalization: this strategy advocates for the integration of courtyard spaces
into broader urban planning initiatives aimed at enhancing walkability and achieving optimal
population density. By treating courtyards as integral components of the urban fabric, this approach
seeks to maximize their utility and connectivity, facilitating more sustainable and livable urban
environments. The concept of functional universalization envisions courtyards as multifunctional
spaces that contribute to the overall accessibility and fluidity of the urban landscape.

b) Spatial Diversification: this strategy focuses on reinvigorating the ideological concept of
courtyards as green oases and recreational areas, while also promoting the vertical expansion of
spatial elements. By incorporating vertical gardens, green walls, and other forms of vertical
landscaping, this approach aims to enhance the ecological value and aesthetic appeal of courtyard
spaces, transforming them into verdant sanctuaries within the urban core. Spatial diversification
seeks to counteract the effects of urban densification by providing residents with accessible green
spaces that support both environmental sustainability and human well-being.

c) Communicative Adaptability: this strategy involves the introduction of functions into
courtyard spaces that were traditionally associated with external street areas, but which are
specifically designed to serve the immediate residential community. By reimagining courtyards as
semi-public spaces that facilitate social interaction and community engagement, this approach
emphasizes the role of courtyards as venues for local events, gatherings, and other forms of
communal activity. Communicative adaptability aligns with the principles of co-housing and
community-oriented urban design, fostering a sense of solidarity and collective identity among
residents.

d) Variable Accessibility: this strategy proposes a flexible approach to the accessibility of
courtyards, allowing for controlled access by external visitors at designated times. By opening
courtyards to the public on a limited basis, this approach seeks to balance the private needs of
residents with the public interest in preserving and utilizing historic urban spaces. Variable
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accessibility encourages the integration of courtyards into the broader urban experience, potentially
enhancing their cultural and economic value while also ensuring that their primary function as
residential spaces is maintained.

These strategies, when considered together, offer a comprehensive framework for the future
development and management of courtyard environments in urban settings. By addressing the
functional, ecological, social, and accessibility aspects of courtyards, these strategies provide a
roadmap for enhancing the quality and sustainability of urban living, while also preserving the
unique character and historical significance of these spaces.
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MPOEKTHI CTPATEI'TL YPBAHICTI/I‘—{HOi IHTEPIIPETAILIIL IBOPOBUX
IMPOCTOPIB ICTOPUYHUX MICT: IU3AUHEPCBKI TA COOIAJIBHI ACIIEKTH
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AHoTanis. 3MiHa ypOaHICTUYHOI MapagurMu BIPOJOBK XX CTONITTS MpHUBENa 10 CYyTTEBOTO
[IEPEOCMUCIIEHHS )KUTTEBOI'O IIPOCTOPY MELIKAHIIB MICT. [IpMHIMIIN MOJEPHICTCHKOIO CBITOIIIALLY,
Akl HaOynmu XapakTepy yHiBepcaJbHOI MpoeKTHOi cTpaterii B Adincbkiit xaptii 1931 poky, namu
[IOYaTOK HEraTUBHOMY CTaBJICHHIO J0 KBAapTajbHOI 3a0yq0BM, KOTpa MaHyBaja 10 Toro. J[Boposi
MIPOCTOPH, KOTPi OyiH il BIACTHBI CTAIH CHPUUMATUCH SK HEAOCTATHI, a iX MOYaTKOBa KOHIICTIIIis,
SK MICIII peKpearlii Ta CHIJIKYBaHHS 3a3Haja IEPEOCMUCIICHHS. BHacIigoK 1bOro, BHYTPIIIHI
CepeIoBHINA KBApTAJIiB CTAIN CTUXIMHO BUKOPUCTOBYBATUCH MEIIKAHIIMH ISl PI3HUX MOTPEO, 110
MPUBEJNIO A0 iX XaoTw3allii Ta aerpanaiii. OcoOnMBoO 11e CTOCyeThea MicT YKpaiHu, Ae BiaOyBaBcs
MpOIIeC YIIITbHEHHSI HACEICHOCTI ICTOPUYHKX LEHTPIB 13 30UThIIEHHSAM HaBaHTAXXEHHS Ha BC1 THIN
MIPOCTOPIB.

Kpu3za MomepHICTCHKOTO MPOEKTYBAHHS Ta MOLIMPEHHS IHHOCTEH MOCTMOJEPHY MOBEPHYIH
yBary 10 ICTOPUYHOI CHAJIIMHU, SIK JOHNOMDKHOIO JKepena (OPMOTBOPEHHS 1 3HSAJIM TOCTPOTY
MPOTHCTOSIHHS MK «CYY9aCHHM» MOJIEPHICTCHKUM CBITOTIISZIOM Ta «iCTOPUYHHAMY». B moganmsiiomy,
ypOaHicTHUHI KOHIENII1 BBIOpanu B cebe Oarato iiei, moB’sI3aHUX 13 €KOJOTTYHUM JUCKYPCOM,
IHKJTIO3UBHICTIO, 0e30ep’€pHICTIO, MIMIOXiIHOK JOCTYIHICTIO Ta INUIbHICTIO. Bce me cyrreBo
3MIHHJIO PO3YMIHHS MiJXOMAIB Ta IPUHIHUIIIB IHTEpIpeTalii ICTOPUYHUX MICBKUX MPOCTOPIB, B TOMY
YHCIIi TBOPIB )KHUTIOBOI 3a0yI0BH.

VY cTarTi po3riasHYTO MEPCHEKTUBHI MPOEKTHI CTPATerii, KOTPi MOXKYTh OyTH BUKOPUCTAHI JIJIs
CY4acCHOTO TPAaKTYBaHHS JBOPOBUX CEPEOBHII, MEPEIOBCIM 30CEPEIHKEHUX Ha TU3aHEPChKUX Ta
coliaNbHUX acnekrax. lle moB’sf3aHO 13 METOMOJIOTIYHOK CTPYKTYpOI, KOTpa BUXOAMTH i3
JIBOSIKOTO PO3YyMIHHSI TPIOPUTETIB JAHOTO TPOIeCy. 3 OJHOTO OOKy, JBOPOBI TPOCTOPU
CIpUIMAIOThCA SIK MICLSL peKpeallii Ta 03eJeHEHHs, a 3 1HIIOro — SIK CepelOBUILA [T KOMYHIKAIi1
Ta TypTYBaHHS KOJICKTHBY MEIIKAHIIIB.

B 3B’s3Ky 13 IUM, BUJILJIEHO YOTHPH MIPOEKTHI CTpaTerii, KOTpi B MailOyTHbOMY MOXYTb JIATTH
B OCHOBY OKpEMHUX HamNpsAMKIB MICBKOIO Ju3aiiHy: a) (QYHKIIOHANBHOI YHiBepcaiisalii; 0)
pocTOpoBoi nuBepcudikalii; B) KOMyHIKaliHHOI aJalTMBHOCTI; T) MIiHJIMBOI aoctymHocTi. Ilig
MEPIIOKD CTPATETIEI0 PO3YMIETHCS 1HTErpalisi JBOPOBUX IPOCTOPIB y 3aXOJU 13 BIPOBAIKEHHS
KOPOTKO{ JIOCTYIMHOCTI Ta ONTUMAaJbHOI INIJIBHOCTI. Y IIbOMY BHUIIaJKy MOBa 1€ MPO BHECEHHI Y
JIBOPOBI MPOCTPU psAy (PYyHKIIIH, KOTp1l OyiaM BJIACTUBI 30BHILIHIM BYJIUYHHUM apeajiaM, siKi, OJJHaK
CIpsIMOBAaHI Ha HaWOMKYMX MeMIKaHLiB. [lpyra cTpaTeris copsMoBaHa Ha IOBEPHEHHS J0
171e0JI0Tii 3eNIeHNX 0a3 Ta PeKpeariifHuX 30H, 3 MOJATBIITNM PO3MIMPEHHSM MPOCTOPOBUX €JIEMEHTIB
32 PaxyHOK BEPTHKAJbHOIO pPO3BUTKY. CTpareris KOMYyHIKallilfHOi aJanTHUBHOCTI IOB’s3aHa 3
PO3BUTKOM BHYTPIILIHIX ABOPIB SIK MICIb TYPTYBaHHS Ta coiijapu3anii OyIMHKOBOTO KOJEKTHUBY.
OcTtaHHs cTpaTeris MOB’sA3aHa 3 MPOMO3ULIEI0 HAJaBaTH B MEBHHUM 4Yac JOCTYN IO BHYTPIIIHIX
JIBOPIB 30BHIIIHIM BiJIBiTyBauaM.

KurouoBi cjoBa: mnpoekTHi cTpaterii, ypOaHiCTHKa, ABOPOBI MPOCTOPH, TI'POMAJICHKI
MPOCTOPH, TU3aiH, IHKIIIO3UBHICTbD, a/IAITUBHICTh, MICbKE O3CJICHCHHS.

Cratrs Hagidnuia qo penakimii 14.06.2024
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Abstract. The values of a solidary and democratic society, based on the principles of equality,
significantly influenced the conceptual and practical principles of design throughout the Modern era. To
a large extent, the formative base of modernism — the leading worldview trend that defined the
architecture of the 20th and early 21st centuries — is connected with them. One of the important stages in
the development of this process was the spread since the 1980s "universal design™ concept that aimed at
creating a more inclusive space, avoiding various forms of isolation and inequality depending on the
physical abilities of a person.

Currently, theoretical and practical achievements in this area make it possible to talk about a
holistic system of views on design, which, however, still remains largely unrealized to the extent
that the goals of universal design can be considered generally achieved. Nevertheless, thanks to the
implementation of a number of initiatives and programs, inclusive and friendly environments for
different groups have begun to emerge in many European cities, which testify to the benefits of the
"design for all" concept. In addition to the purely humanistic aspect, it also gives cities advantages
in terms of a more complete use of human potential, maintaining a high economic and social
attractiveness, which ultimately increases the competitive indicators of the city.

This article consists of three principle parts, two of which are reflective and one analytical. In
their sequence, they have the following form: a) an outline of the current concepts of universal
design, which are present in various initiatives and programs of the European Union and a wider
range of sources that create the relevant discourse; b) assessment of issues related to the equality of
space in domestic analysis and practice; c) determination of the local specificity of Ukraine, which
determines the perspective of applying the principles of universal design.

Based on the analysis, have been outlined the main features of a possible strategy for the
development of universal design principles in Ukrainian cities, including taking into account the
consequences of full-scale russian military aggression, which began in February 2022.

Keywords: universal design, Ukrainian cities, European initiatives, inclusiveness, barrier-
free, user-centered design, integral accessibility, post-war reconstruction.

Introduction. The concept of universal accessibility, which has developed over the past decades,
is currently a multifaceted system of views on design, the relevance of which is constantly growing due
to many factors. First of all, it is an increase in life expectancy, which has the consequence of an
increase in the number of elderly people. The resulting concepts of age inclusiveness and friendliness
to different age groups are one of the examples of how urban planning concepts and social behavioral
models are transformed under the influence of changing age demographics. However, the category of
universal design is a wider ecosystem of outlook on the environment, which requires much greater
efforts, including implementation into mass culture and lifestyle. In this regard, various forms of
institutionalization, legislative fixation and authoritative constituation of universal design has a great
importance, due to which special attention belongs to various programs and acts that have been
developed or supported at the level of the European Union, as well as by full and associated members.
In view of the European integration strategy of Ukraine, an important topic of the architecture theory is
the development of a strategy to involve the aforementioned array of deterministic foundations and
practices into the reality of domestic science and project outlook. The architecture of Ukrainian cities,
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especially in view of the consequences of full-scale russian military aggression, will require a
significant conceptual rethinking, and one of its leading directions should be the strategy of
implementing the principles of universal design.

Publications and sources analysis. The main document of the European Union in the field of
universal design can be considered the publication named "Achieving full participation through
universal design” [1]. It, on the one hand, synthesizes current ideas about the concept and principles
of universal design, and on the other hand, much attention is paid to the practical aspects of its
implementation in various contexts. A feature of the presentation of the material is its interpretation
within the value framework of the European Union based on the equality and equal value of all
members of society. Therefore, universal design is seen not only as a strategy for caring for the
disabled, but also as a concept of blurring the perceptual difference between members of society
depending on their physical condition.

In addition, universal design has become the subject of many well-founded scientific studies,
among which books can be highlighted E. Steinfeld ta J. Maisel "Universal Design: Creating
Inclusive Environments™ [2], S. Goldsmith "Universal Design" [3], S. Burgstahler "Universal
Design: Process, Principles, and Applications™ [4], R. Null "Universal design: Principles and
models” [5], A. Hamraie "Building access: Universal design and the politics of disability"” [6], J. S.
Kim and Y. J. Byung. Universal safety and design: Transition from universal design to a new
philosophy [7], K. Carr and others "Universal design: A step toward successful aging"” [8] etc. In
most of these and other similar works, one can trace the common structure of the presentation of the
material, which consists of three principle parts: a) a historical excursion about the emergence of the
concept of universal design; b) justification of its compliance with the values of an inclusive and
solidary society; c) outline of a number of practical directions and methods of its implementation.

It is important to note that it is characteristic of European initiatives related to the subject of
universal design to associate it with the category of "quality of life" [9], as well as the
competitiveness of urban collectives.

The goal of the article consists in outlining the specifics of the potential for the
implementation in Ukraine of the principles of universal design, which are defined by the
documents of the European Union.

Objectives of the study. Given the special relevance of the theme of universal design for
Ukraine, which became a victim of russian military aggression, an important task of the theory of
architecture is to determine effective ways of forming the National Strategy for the Development of
the Environment, which is based on the values of barrier-free and integral accessibility,
strengthening factors that contribute to the solidarity of society regardless of age and functional
characteristics of citizens.

In connection with this task of the research, there is an outline of a number of prerequisites
that can significantly improve the quality of inclusiveness based on the already existing world
experience, among which the European experience represents the greatest value. This is due to two
main factors — territorial proximity and the status of an associate member of the European Union.
For this, it is necessary to perform the following consecutive steps, which are related to the
comparative analysis of current European developments and special features that determine the
Ukrainian specificity of this issue. It is assumed that preliminary analytical work in this direction
will provide an opportunity to move to the stage of developing practical recommendations both at
the national and regional levels.

Research materials and methods have a two-syllable character and correspond to his tasks.
At the first stage has been carried out, an analysis of theoretical and practical material related to the
determination and implementation of the concept of universal design based on its interpretation by
the institutions of the European Union. On the second, there is a comparison of the obtained results
with the current state of the architectural living space in Ukraine with an emphasis on its
compliance with the values of integral accessibility.

Results and discussion. The concept of universal design encompasses a wide
interdisciplinary discourse and also touches on fields of knowledge that are not directly related to
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architectural design and urban planning, such as education, web design, employment, etc.
Therefore, the attention in this article will be focused only on those aspects that relate to the
physical living space on the scale from premises to urban formations.

On the basis of the above-mentioned sources and, above all, the publication "Achieving full
participation through universal design”, it is possible to single out the following areas of
development of universal design, which have a priority status and relate to the thematic boundaries
of this article: a) ensuring equal access to civic activity, implementation of political rights and
freedoms, demonstration of one's opinion on various aspects of social life, etc.; b) ensuring equal
access to places of leisure, culture and neighborhood communication; c) the development of such
standards of living that will make it impossible to differentiate accessibility to any benefits
depending on the user's physical condition; d) ensuring the same level of mobility within the urban
space.

In general terms, the ergonomics of universal accessibility can be systematized according to
the following large-scale circles: a) universalization of personal space (furniture, planning,
landscaping, etc.); b) universalization of pedestrian accessibility (shops, parks, leisure, sports
infrastructure, etc.); ¢) universalization of urban transport infrastructure (stops, tracks, parking,
etc.); d) universalization of places of city-wide interaction (theaters, museums, central squares,
botanical gardens, etc.). The structure indicated here is complemented by other directions of
achieving equality of opportunities in the field of media [10], education [11], etc.

In view of the above outlined directions of development of universal design in architectural
design and urbanism, which have also received approval in a number of municipal projects of
European cities, it is worth focusing on the state of correspondence between existing experience and
the imagined ideal of an environment of universal accessibility. Examples of the implementation of
certain local initiatives are mostly of a limited nature and serve only as "signal™ markers for further
dissemination. The paradigm of spatial equality and equality of opportunities, which is seen as a
leading feature of the architecture of the 21st century [12], faces the problem of the nature of
constitution. As a certain total feature of the space, universal accessibility has often been perceived
within the framework of the "progressive” worldview, as a new ideology framework that replaces
outdated, limited and erroneous views that should remain in the past. At the same time, the practice
of various initiatives has shown that instead of a "progressive" vision of implementing the concept
of universal design, a "performative"” approach is more effective. It involves flexible work with the
existing environment, which is gradually transformed by layering various transformative changes,
as a result of which the universal design achieves its goal.

The performative framework also allows for the creation of a realistic strategy for the
implementation of spatial equality in Ukraine, which has developed its own urban specificity, which
will be discussed further. In contrast to most European cities (especially Western European), the
following features of the architectural and urban planning environment can be noted: a) a significant
legacy of the typical design of the Soviet era of the 1970s and 1980s; b) the spread of high-density
buildings in the 2000-2020s period (primarily in large cities). Spatial formations of both these types
have different performance potential and require separate consideration. In addition, there are
common features between European and Ukrainian cities, especially those related to the historical
area, suburban areas of low-rise buildings and objects of moderate modernism (which differs from
the heritage of construction according to typical projects).

Next will be considered the potential of realizing each of the four generalized directions of
universalization corresponding to the documents of the European Union with the just mentioned
features of the urban specificity of Ukrainian cities. The universalization of personal space within
the legacy of the typical built-up of the Soviet era of the 1970s and 1980s is one of the most
difficult tasks, since this type of objects is characterized by extreme pragmatism in terms of space
saving [13]. In this regard, two possible scenarios of actions can be distinguished — minimalist and
maximalist. The first should include the strategy of transformation of this kind of entities in the
direction of reducing the number of residents and increasing the living space per person. This will
make it possible to implement ergonomic techniques of universalization and improve the level of
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inclusiveness. The maximalist scenario includes programs to replace areas of typical development
with new ones, more adapted to improved conditions of presence. The universalization of
pedestrian accessibility for this type of environment should be based on the use of a significant
reserve of territory, which is an inherent feature of typical built-up areas. It should be used to
deploy additional equal opportunities equipment and infrastructure, which also includes the
provision of additional elevators, entrances, ramps, safe leisure areas, etc. The universalization of
urban transport infrastructure for this type of architectural and urban planning environment should
probably take into account the need not only for the proper arrangement of public transport stops,
but also for the transformation of access routes to them. This is due to the fact that the norms, in
accordance with which such housing units were designed at the time, were aimed at physically
healthy people of working age. Therefore, using the already mentioned potential of a large supply
of in-house and intra-neighborhood spaces, it is necessary to create individual projects of paths for
movement on wheelchairs, with the help of means for the blind, elderly people and children, etc. In
addition, it is necessary to pay attention to the intersection of communication elements. An example
can be underground pedestrian crossings, which were initially designed without taking into account
the interests of people with special needs. A similar specificity is also characteristic of larger
transport hubs, such as railway stations, complex interchanges of public transport. In all these cases,
the functional modernist morphology allows introducing elements of universal design at a level
sufficient for its full functioning. The universalization of places of city-wide interaction is
considered here not on a city-wide scale, but in the context of a residential area and therefore
concerns local places of attraction such as cinemas, churches, natural objects of general attraction
(lake and river embankments, hills with a panoramic view, etc.). Very often, these zones underwent
changes during the period of the late 20th and early 21st centuries and lost the initial potential that
made it possible to effectively implement the program of diversity of opportunities. However, in
those cases where the authentic environment is preserved, it is necessary to use the already existing
accessibility infrastructure as a starting point for full universalization of the environment. As a rule,
in the era of late Soviet modernism, wide staircases, deep niches, various methods of accentuating
the features of the object by increasing the scale of certain details were used in the objects
according to the so-called individual projects. All these elements can be used to accommodate the
infrastructure of equal opportunities.

Given the similarity of the environments created as a result of construction according to
typical projects, it is worth considering the possibility of developing a series of unified
recommendations and block design solutions that will simplify the process of developing working
documentation and reduce the overall costs of implementing projects implementing the principles of
universal design in these cases. At the same time, it should be understood that the very "typicality"
of one's living space is mostly perceived by residents as a disadvantage, therefore, the
implementation of such strategies should involve a significant level of variability and creative
interpretation in each individual case. It should also be borne in mind that a typical Soviet building
often arose as a result of the construction of one or another factory or enterprise to house its
employees. As a result, large solidarity communities of residents emerged, which are connected not
only by a common neighborhood, but also by former joint activities. This, in turn, improves the
prospects of their participation and participation in the development of initiatives regarding the
implementation of the principles of universal design in their own living space. Although at the
moment, given the disappearance of most of the former enterprises of the planned economy, this
potential has probably decreased, nevertheless, the tradition of shared life experience, which took
the form of transmission between generations, should be considered as a valuable factor in the
further urban performance of this kind of residential environments.

The concept of implementing the principles of universal design in the conditions of high-
density buildings of the 2000-2020s period is a more difficult task for theoretical reflection, because
of their greater heterogeneity and spontaneity. Although many construction objects of that time had
a modernist character [14], the principles of their design often differed significantly from the basic
principles of socially responsible calculation of functional rationality. The dominance of the
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commercial settlement and the erosion of the complex principles of the arrangement of the living
space resulted in a decrease in the number of nearby accessible green areas, residential areas,
educational institutions and leisure facilities. In addition, closed, isolated environments began to
appear, which significantly changed the parameters of accessibility and equal accessibility [15].

With this in mind, the universalization of personal space for this type of environment consists
in an individual search for an appropriate planning solution in the conditions of a flexible structural
system of buildings, among which the absolute advantage belongs to frame structures. A much
more difficult task is the transformation of residential areas, which are mostly small and filled with
cars that lack parking spaces. Many examples of this type of building can be recognized as suitable
for non-discriminatory transformation only under the condition of very significant changes in the
strategy of treating individual transport. Instead, the universalization of pedestrian accessibility
here, as a result of higher density, has a more favorable character. The practice of locating
commercial real estate at the ground level significantly improves universal and quick accessibility
to many benefits. At the same time, the low level of greening and recreational areas indicates the
need for a more systematic approach to the perspective transformation of buildings in the years
2000-2020. The universalization of urban transport infrastructure should take into account the fact
that the residential structures of that time arose without reference to the complex calculations that
were inherent in the age of advanced modernism. Herewith, the objects that arose during this period
can be both well located in relation to the city-wide transport network and almost completely
disregard it, focusing on private vehicles. Therefore, the strategy for achieving equality of
opportunities should focus on laying new routes and diversifying types of mobility. The
universalization of places of city-wide interaction is one of the most difficult tasks given their small
presence in this type of development. This is due to weak state regulation and the priority of
commercial calculations of developers, who primarily preferred the construction of residential areas
for sale. Therefore, in certain cases, even those public spaces that already existed disappeared. In
this regard, it is worth talking about several ways to solve this problem, the main of which is the
improvement of the currently existing service centers by providing them with more diverse
functions and missions. This can happen as a result of coordinated activities of local communities
with authorities, including through the implementation of special programs for the humanization of
the urban environment. Studies of recently built complexes testify to the existence of a rather one-
sided approach to the universalization of this kind of residential environment. It consists in
concentrating attention only on the formal arrangement of playgrounds, often without
accompanying infrastructure. This leads, in particular, to the fact that children remain in the danger
zone even while on such sites, and the special needs of older residents are not taken into account at
all. In addition, the lack of a sufficient number of places for vehicles significantly changes the
nature of those minimal efforts to ensure equality of opportunities, which are implemented in
certain places.

Taking into account such circumstances, the implementation of the values of equal access in the
built-up spaces of 2000-2020 requires a complex mechanism of transformation, which may, among
other things, require some changes in the planning and spatial structure and, probably, a change in the
functional purpose of living spaces. Friendly spaces for different ages and physical conditions will
require the restructuring of a larger urban area, with the possibility of access to it by residents of
different buildings and a rethinking of the principles of gated communities. A special task is the
transformation of approaches to vertical communication, which arose as a result of the development of
high-rise residential construction and often does not take into account the needs of universal design
[16]. Two approaches can be distinguished: radical and moderate. As part of the first, some of the
highest levels are reimagined as zones of general accessibility, recreation and leisure, with the
possibility of getting there by both existing and new means of vertical transportation. Probably, some
apartments or technical premises should change their functional status. In a moderate version, it is
possible to limit yourself only to the installation of new elevators, with a greater degree of equality of
access, which allow overcoming the currently existing restrictions.
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Conclusions:

1. The following priority directions for the development of universal design in the field of
architecture and urbanism, which are supported by EU documents, have been identified: a) ensuring
equal access to civic activity, exercising political rights and freedoms, demonstrating one's opinion
regarding various aspects of social life, etc.; b) ensuring equal access to places of leisure, culture
and neighborhood communication; c) the development of such standards of living that will make it
impossible to differentiate accessibility to any benefits depending on the user's physical condition;
d) ensuring the same level of mobility within the urban space. In accordance with these directions,
large-scale circles of ergonomics of general accessibility are outlined: a) universalization of
personal space (furniture, planning, landscaping, etc.); b) universalization of pedestrian accessibility
(shops, parks, leisure, sports infrastructure, etc.); c) universalization of urban transport
infrastructure (stops, tracks, parking, etc.); d) universalization of places of city-wide interaction
(theaters, museums, central squares, botanical gardens, etc.).

2. The general features of the "performative"” approach to the probable national strategy for
the implementation of the principles of universal design are formulated, in connection with which
two specific features of Ukrainian cities are highlighted, in relation to which European documents
in this field should be adapted in a special way, namely: a) significant the legacy of the typical
design of the Soviet era of the 1970s and 1980s; b) the spread of high-density buildings in the 2000-
2020s period (primarily in large cities). A brief description of the design action strategy for each of
the general accessibility ergonomics circles is provided for these two specific features.
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€BPOINIEMCbKI IPUHIUIINA YHIBEPCAJIBHOI'O JTU3AHHY
TA IX 3ACTOCYBAHHS B APXITEKTYPI YKPAIHCbKUX MICT

®pankis P.b., k. apx., JI0LIEHT,
romanfrankiv@gmail.com, ORCID: 0000-0003-1100-0930
Hayionanenuu ynieepcumem «JIvgiscoka nonimexmixay
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AHoTauis. L{[iHHOCTI coiapHOro Ta IEMOKPATUYHOTO CYCIIbCTBA, OCHOBAHOTO HA MPUHIIMIIAX
piBHOCTI, BIpoaoBX Bci€i CydacHOI €MOXW CYTTEBO BIUIMBAJIM HA KOHIENTYaJIbHI Ta MPaKTHUYHI
NPUHLUIN TPOSKTYBaHHA. 3 HUMH, 3HAUYHOIO MipOI0, TIOB’s13aHa cama (popMOoTBOpYa 6a3a MOJICPHIZMY —
IPOBIJHOIO CBITOIVIAJHOTO HANPSMKY, SKUM BU3HA4YMB apXiTekTypy XX Ta modarky XXI cTomiTTs.
OnmHuM 13 BaXXJIMBUX €TaIliB PO3BHUTKY LLOTO Tpolecy crajno nommpeHHs 3 1980-x pokiB KoHIemnmii
«YHIBEpCATBHOI'0 IM3aiiHy», COPSMOBAHOIO Ha TBOPEHHS OLIbII 1HKIIO3UBHOTO MPOCTOPY, YHUKHEHHS
pi3HKX (OPM 130JIs11ii T2 HEPIBHOMPABHOCTI 3aJISKHO BiJl (DI3UMUHHX 37aTHOCTEH JIFOAUHH.

Ha nanuit yac, TeopeTuyHi Ta MpakTUYHI 3400YTKH y I HApUHI Aal0Th MOXKJIMBICTH TOBOPUTH
IO MUTICHY CHCTEMY TOTJIAIIB Ha MPOSKTYBaHHS, 5IKa, O/IHAK, JIOCI 3aIMINAETHCS, 3HAYHOIO MIpOIO HE
peani3oBaHOI0 y Tid Mipi, KOJM Il YHIBEPCATHHOIO JHU3aliHy MOXXYTh BBaXKATUCh 3arajiom
JIOCATHYTUMH. THUM He MeHIIe, 3aBISKMA peamisalii psmy iHimiaTuB 1 mporpam, y O0araTbox
€BPOINEHCHKUX MICTaX CTajdM BUHHMKATU IHKJIIO3UBHI Ta JPYXKHI 7O PI3HUX TPYH CEpelOBHILA, SKi
CBiUaTh MpO MepeBaru KOHILEMIIT «TpOeKTyBaHHS Ui BCiX». KpiM CyTO TyMaHICTHYHOTO acmeKTy,
BOHA TaKOX JIa€ MiCTaM IepeBark 3 TOUKU 30py OLIbLI HOBHOTO BUKOPUCTAHHS JIFOICHKOIO MOTEHIaly,
MATPUMKH BUCOKOT €KOHOMIYHOI Ta COIIalTbHOT MPUBAOIMBOCTI, 1110 3PEIITOO TiIBUIIYe KOHKYPEHTHI
MOKA3HUKHU MICTa.

JlaHa cTaTTs CKJIagaeThesl 13 TPhOX NPUHIMUIIOBUX YaCTWH B 3 SKUX peQIeKCcHBHI 1 oxHa
aHAJIITUYHA. Y CBOiM IOCIIIOBHOCTI BOHM MAarOTh HACTYNHUIH BHIVISA: @) OKPECICHHS aKTyaIbHUX
KOHILIENIIH YHIBEPCAIBHOIO JU3aliHy, Kl IPUCYTHI Y PI3HUX 1HILIAaTUBAX 1 porpaMax €BporeicbKkoro
Coro3y Ta HIMPILIOTo Koja JpKepes, KOTpl TBOPATH BIAMOBIIHUI AUCKYpC; 0) OLIHKA MpoOJIeMAaTHKH,
MIOB’513aHO1 13 PIBHOMNPABHICTIO TMPOCTOPY Yy BITUM3HSHIA AHATITUII Ta NPAKTULl; B) BU3HAUEHHS
JoKanmbHOI  crmenMiku  YKpaiHM, KOTpa BH3HA4a€ MEPCIEKTUBY 3aCTOCYBAaHHS IPHUHIIMIIB
YHIBEPCAIBHOIO IN3aiiHy.

Ha ocHOBiI mpoBegeHOro aHami3y, OKpPECIEHO TOJIOBHI PUCH HMOBIPHOi CTparterii po3BHTKY
MIPUHLMIIB YHIBEPCAIBHOTO TM3aiiHy B YKPaiHChKUX MiCTaX, B TOMY YMCIi, 3 BpaXyBaHHSIM HAcCJiJIKIB
MOBHOMAcCIITaOHOT pOCICHKOT BIHCHKOBOI arpecii, KoTpa po3nodanach y aotoMy 2022 poky.

CdopMynboBaHO 3araibHl pUcH «ep(GOpMaTUBHOTO» MIAXOAY A0 HMOBIPHOI HalllOHATHHOT
cTpaterii BIPOBA/HKEHHS NPUHILMIIIB YHIBEPCATbHOTO TU3alHY, Y 3B 43Ky 3 UMM BHOKPEMIICHO JIBi
crenu(piyHl pUcH yKpaiHCbKUX MICT, IIOJ0 SIKUX CIiJ PO3IJISIAaTH €BPONEHChKI JOKYMEHTHU y Il
cdepi. OCOOJMBUM UYMHOM aJaNTOBAaHO, a caMe: a) CYTTe€Ba CHAJIllMHA TUIOBOIO JU3alHY
pamsacbkoi 100u 1970-1980-x pokiB; 0) mommpeHHs niuibHOI 3a0ymoBu B 2000-2020-x poxax
(Hacammepen y BenMkHX Mictax). KopoTkuit omuc crpaterii HMpOEKTYBaHHsS Ul KOXKHOTO 13
€pProHOMIYHMX K1JI 3arajibHOT TIOCTYITHOCTI HAJAa€ThCs IS IUX JABOX KOHKPETHUX (PYHKIIIM.

KuarouoBi cioBa: yHiBepcanpHuil au3aiiH, yKpaiHCBbKI MICTa, €BpPOMEWCHKI 1HIIIATHUBH,
IHKJTIO3UBHICTb, 0e30ap’€pHICTh, KOPUCTYBadye-LIEHTPUUHUN JU3aiiH, 1HTEerpajbHa JOCTYIHICTS,
MTOBOEHHA BiJI0Y/I0BA.
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Abstract. The paper considers the issue related to determining the effect of mechanical
activation of a mineral binder on the properties of both hardening and hardened cement-water
compositions. The mechanical activation of cement in combination with the consumption of ground
limestone, the amount of which was adjusted in the range from 0 to 40 % of the cement mass, is
relevant for this study. The effect of mechanical chemical activation of Portland cement only and
Portland cement with the addition of 20 and 40 % ground limestone on changing the water-solid
ratio of equiviscous compositions was studied. It was shown that mechanical and chemical
activation of a cement-water composition has a positive effect on reducing the WI/S ratio of
equiviscous compositions from 0.42 (no activation) to 0.38 (activation period 180 sec). The
obtained experimental results indicate the presence of an induction period of heating of the cement
paste both on Portland cement not subject to mechanical activation (this period is approximately 6
hours from the moment of interaction of cement with water) and on Portland cement subject to
mechanical activation. In this case, the induction period was no more than 2 hours. Joint mechanical
activation of an aqueous mixture of Portland cement and ground limestone ensures acceleration of
the hydration processes of the binder, which is confirmed by the intensification of the exothermic
heating of the filled cement-mixing compositions. The positive role of mechanical activation is also
reflected in the acceleration of the thickening rate of the compositions, which was recorded by the
kinetics of the decrease in the diameter of their spread over time. The positive role of mechanical
activation in reducing the effective viscosity of cement-containing compositions is confirmed,
which ensures a decrease in their water-solid ratio by an average of — 8 ... 10 %. A positive effect of
mechanochemical activation of Portland cement with the addition of ground limestone on the
strength of cement stone at the age of 3 days has been revealed. Experimental studies indicate that
only due to mechanical activation the strength of samples made of cement stone with the addition of
ground limestone can be increased by almost 25...30 %.

Keywords: mechanical activation, Portland cement, ground limestone, exothermic heating,
cement stone.

Introduction. In the technology of production of mixed cements, Portland cement with the
use of ground limestone is widely used. Such cement is obtained both by compatible grinding of
Portland cement clinker, limestone and the addition of dihydrate gypsum and by careful mixing of
Portland cement with ground limestone.

A promising method for improving the physical and mechanical characteristics of hardened
composites based on such mixed cements is their mechanochemical activation in a high-speed
mixer. The issues considered in the article are related to determining the effect of the addition of
ground limestone on the properties of cement-water compositions, namely water-hardening ratio,
exothermic heating and compressive strength of cement stone.
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Analysis of the latest research and publications. One of the important problems in the
technology of production of mixed cements is the creation of optimal combinations of Portland cement
with mineral additives, including ground limestone, the presence of which increases the potential
capabilities of the binder [1-3]. In this regard, the replaceable part of Portland cement with mineral
additives, in addition to economic efficiency, helps to obtain a binder with improved properties [4, 5].

The effect of introducing mineral additives into Portland cement significantly enhances the
mechanical and chemical activation of mixed cement in turbulent flows [6-10]. In works [11-13] it
is shown that the use of activators helps to solve a set of issues related to both the improvement of a
homogeneous freshly prepared mixture and the increase in the strength of cement stone and
concrete based on it [14-16]. The use of high-speed mixers for cement activation in combination
with the use of mineral additives, in our opinion, will ensure acceleration of cement hardening
processes and intensification of exothermic heating, which will make it possible to abandon both
heat-moisture treatment and the use of energy-intensive fast-growing cements.

Purpose of the study. The aim of the proposed work is to determine the effect of activation
of a mixed binder in a rotary high-speed mixer (n = 1800 rpm) on the water-solid ratio (with a
constant flow of the composition in the range of 120+5 mm), its exothermic heating and the
compressive strength of the cement.

Research methods. Activation of Portland cement and a mixture of Portland cement with
ground lime (mixed binder) was carried out by intensive processing of water cement and cement-
lime compositions in a rotary high-speed mixer. The use of a rotary mixer provides physical and
chemical activation of both Portland cement grains and ground limestone grains. In the turbulent
flow, the chemical dispersion of limestone particles is ensured, as well as the peeling off of
neoplasms from the surface of cement particles. The activation time of Portland cement and the
mixture of binder with ground limestone was 90 and 180 seconds. An inactivated mixture of
identical composition, which was subject to mechanical activation, was used as a control.

To determine the exotherm of cement compositions, the thermal method was used, which is
characterized by the relative simplicity of conducting the experiment. The thermal method involves
effective thermal insulation of the hardening sample at a constant ambient temperature. The
temperature of the sample, which is equal to the ambient temperature at the beginning of the
experiment, will change over time as a result of two processes, namely:

a) exothermic reaction resulting from the chemical interaction of cement with water;

b) heat exchange between the sample and the environment.

Ensuring the same temperature throughout the volume of the sample is achieved by creating a
high thermal resistance, for which a thermos is used, which is a glass flask with double walls
between which a vacuum is created. Fluctuations in room temperature in the process of determining
exothermic heating do not exceed +1.5 % °C. The prepared cement dough is placed in a container
with a volume of 150 ml. Fixation of the temperature of the sample was carried out at the expense
of a mercury thermometer, which was placed in the center of the sample with the help of a copper
tube half filled with transformer oil. Fixation of the temperature of the hardening cement dough was
carried out every hour until the moment when the next heating indicator did not change or was
lower than the previous one.

The influence of mechanical activation and the amount of ground limestone in the binder on
strength was determined by mechanical compression tests of beam samples measuring 4x4x16 cm.

The compositions of the mixtures for the preparation of the samples were taken as given in
Table 1.

Research results. The studies were conducted using Portland cement M500 (manufacturer
"Yugcement”, branch of PJSC "Dikerhoff Cement Ukraine™), which meets the requirements of
DSTU B V.2.7-46:2010 "Cements for general construction purposes. Specifications and mixtures of
Portland cement with ground lime are 20% and 40 %. To determine the effect of activation of the
cement-water composition with the addition of ground limestone on the change in the water-solid
ratio, the compositions of the mixed binder were used, which are given in Table 1.
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Table 1 — Mixed binder compositions
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1 100 0 0 120 0.42
2 100 0 90 118 0.39
3 100 0 180 120 0.38
4 80 20 0 121 0.44
5 80 20 90 122 0.42
6 80 20 180 120 0.41
7 60 40 0 11 0.45
8 60 40 90 120 0.43
9 60 40 180 120 0.42

The experimental data presented in Table 1 indicate that the mechanochemical activation of
the cement-water composition has a positive effect on the decrease in the water-solid ratio of
equiviscous compositions from 0.42 (no activation) to 0.38 (activation period of 180 sec). It should
be noted that the main contribution to the decrease in the water-solid ratio is provided by the
activation of the cement-water composition for 90 sec (the W/S ratio decreases from 0.42 to 0.39,
i.e. by almost 8 %). Subsequent activation causes an insignificant decrease in the water-solid ratio
and does not exceed 2...3 %.

A similar effect of mechanical activation on the change in the water-solid ratio (provided that
the specified cone spread of the mixture is obtained) is also observed for cement-water
compositions with the addition of ground limestone in the amount of 20 and 40 %. Thus,
mechanical activation for 180 sec of a cement-water composition with the addition of 20 % ground
limestone causes a decrease in the W/T ratio from 0.44 (no mechanical activation) to 0.41, and with
the addition of 40% ground limestone from 0.45 (mechanical) to 0.42, i.e. by more than 7 %. It
should also be noted that an increase in the content of ground limestone in the binder causes an
increase in the water-solid ratio, which, in our opinion, requires the use of plasticizing additives.

As for the kinetics of changes in the diameter of the spread of water-cement-containing
compositions depending on the duration of mechanical activation and the content of ground
limestone, the following should be noted:

1) mechanical activation causes a more intense thickening of the mixture, which is appeared
in a sharp decrease in the diameter of its spread over time;

2) an increase in the content of ground limestone in the binder largely neutralizes the effect of
mechanical activation on the increase in the mobility of cement-water compositions, Table 2.
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Table 2 — Kinetics of the decrease in the diameter of the mixture cone spread depending on the
activation period and the limestone content in the binder

Curing Ne composition
period, h 1 2 3 4 5 6 7 8 9

0 120 120 120 120 120 120 120 120 120

0.5 109 105 95 112 115 104 115 109 111
1 104 91 76 105 109 93 109 102 105

15 95 75 63 95 98 71 98 92 96
2 83 61 81 81 63 87 83 80

2.5 70 75 68 83 76 66
3 61 69 63 77 68 64

3.5 62 70 62
4 65

4.5 61

* Ne composition corresponds to the data shown in the Table. 1

The high-speed mixing of cement-containing aqueous compositions with the addition of
ground limestone also affects the kinetics of their exothermic heating. The experimental results of
exothermic heating are given in Table 3.

Table 3 — Exothermic heating of cement-containing aqueous compositions with the addition of
ground limestone

£ o
= w | @3 _ . . .
% GE; = 5’5_ Temperature of exothermic heating of compositions, °C, after, hour
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gles| 2 |EE2
£l38| 2 |28%
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2|5 5 2= 9|1 2 3 4 5 6 7 8 9 10 | 11
£ | B|E8E
= m =7
S S
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
1 0 0 25 |25.2|1253(254|275{30.0(381| 50 | 61 | 61 | 61 | 60
2 0 90 25 125.0|125.1|27.1|36.0{39.5|59.1|65.3|65.3|65.0|64.5|64.4
3 0 180 25 |25.0|127.0|30.0|40.0|62.0|68.2|68.2|68.0|67.6|67.4|67.0
4 | 20 0 25 125.0126.5|27.0|27.0|31.0|37.0|48.0|52.1|52.049.7|49.5
5| 20 90 25 |25.0|126.7|27.7|30.0{38.0|47.1|558 556|554 550 |55.0
6| 20 | 180 25 125.0|127.0|27.5|35.2|54.3|59.0|59.0|588 586 |583]|58.0
7| 40 0 25 125.0|126.1|27.2|28.0|30.0|37.5|42.0|43.4 434432421
8 | 40 90 25 1255|27.0]29.2|30.0|355|40.2|47.3|47.3|47.1|47.0]46.8
9| 40 | 180 25 |25.0127.2|28.0|31.2|46.5|51.3|51.3|57.1|57.0|50.8|50.6

A graphical representation of the kinetics of exothermic heating of the hardening activated
cement-water composition (composition Nos. 1, 3 and 6, 8) is shown in Fig. 1.
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Fig. 1. Effect of mechanical chemical activation on exothermic heating of cement-water composition:
a— cement-water composition without addition of ground limestone (warehouses 1, 3); b — cement-
water composition with addition of 40% ground limestone (warehouses 6, 8); 1 — cement-water
composition activated for 180 sec; 2 — control (no mechanical activation); 3 — cement-water
composition activated for 180 sec with addition of 40% ground limestone; 4 — control (no mechanical
activation of the given composition)

The results of sample tests given in Table 4 indicate a significant influence on the strength of

cement stone of both the mechanical activation of the binder and the amount of ground limestone in
the binder.
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Table 4 — Compressive strength of cement stone (MPa) depending on the duration of mechanical
activation and the content of ground limestone in the binder

Mixture Composition of the binder
activation Portland cement — PC — 80 %; ground PC 60 — %; ground
time, sec 100 % limestone — 20 % limestone — 40 %
1 2 3 4
0 19.1 15.4 12.1
90 24.2 18.9 16.4
180 25.7 19.7 17.9
Conclusions:

1. Mechanochemical activation of cement-containing compositions with the addition of
ground limestone ensures a decrease in their viscosity, which allows to reduce the water-binding
ratio by 8...10% and, at the same time, to increase the compressive strength of cement stone at the
age of 3 days (compared to control) on average by 25...35%.
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AHoTamifa. B po0oTi po3rismaroThCs THUTaHHS, IOB’S3aHHI 3 BHU3HAYCHHSM BIUIUBY
MEXaHOAKTHBAllll MiHEpaIbHOTO B’SHKYYOrOo Ha BIACTHBOCTI SIK TBEPAHYYUX, TaK 1 3aTBEPIALIUX
[IEMEHTHO-BOJIHUX KOMIIO3HINH. AKTYaJIbHUM JUIS JAQHOTO JIOCHI/DKCHHS € MEXaHOAKTHBAITis
[IEMEHTY B MO€AHAHHI 3 BUTPATOI0 MEJIEHOTO BalHAKY, KUIBKICTh SIKOTO KOperyBayiacs B Jiana3oHi
Bix 0 0 40 % Macu ieMeHTy.

JochimkyBaBcss BIUIMB —~ MEXAHOXIMIYHOI  aKTUBalili TUIBKM  MOPTJIAHALIEMEHTY Ta
nopTiaHaAueMenTy 3 1o6askoro 20 i 40 % MeneHoro BamHIKy Ha 3MiHY BOJOTBEPAOTO BiIHOIICHHS
PIBHOB’SI3KMX KOMITO3HIIiH. [TokazaHo, 110 MexaHOXIMiYHa aKTHBAIIis IIEMEHTHO-BOAHOI KOMITO3HITi1
MMO3UTUBHO BioOpakaeThcsi HAa 3MeHIIeHHI B/T BigHOMmEHHS piBHOB’SI3KMX Kommosuiii 3 0,42
(axtuBamis BiacytHs) no 0,38 (tepmin aktuBamii 180 cek). OpepxaHi eKcCliepUMEHTAIbHI
pe3yabTaTh CBiAYaTh MPO HASBHICTH IHAYKIIKHOTO TEPIOAy PO3IrpiBy HMEMEHTHOTO TicTa SK Ha
MOPTJIAH/IEMEHTI, [0 HEe MMiJJIAraB MeXaHOaKTHBaIlli (Led mepioj cKiamae MpuOJMU3HO 6 rox 3
MOMCHTY B3a€MOJii I[IEMEHTY 3 BOJOI) TaK 1 HAa MOPTIAHALEMEHTI, SKUH TIsATaB
MexaHoakTuBalii. B mpomy pasi iHaykuiiHuii mepion ckiagaB He Ouibine 2-X roauH. CymicHa
MEXaHOAKTUBAIlil BOJHOI CyMIIIl TOPTJIAHIIEMEHTY Ta MEJEHOTO BamHsAKY 3a0e3neuye
INPUCKOPEHHS TMpOIECciB  Tijgparaiii B sXKydoro, II0 MIATBEPAXKYEThCS  IHTEHCU(DIKALIE
€K30TePMIUYHOTO PO3ITPiBY HAIIOBHEHUX I[EMEHTO-BMIIIYIOUYUX KOMITO3HUIIIH.

[To3uTBHAa poONb MEXaHOAKTHMBALll BIAOOpPAXKAETbCS TAKOX HA TPUCKOPEHHI TEMIIIB
3arycTiBaHHsS KOMIO3ULIH, 0 (QiKCyBaJloCs KIHETHUKOIO 3MEHILEHHS JllaMeTpy iX po3IUIMBY B 4acl.
[TinTBepIKeHa MO3UTHBHA POJb MEXAaHOAKTUBAIlll B 3MEHIIIEHHI €()eKTUBHOI B A3KOCTi IIEMEHTHO-
BMIIIYIOUMX KOMITO3HUIIIH, 10 3a0e3Meuye 3HMKEHHS X BOJIOTBEPAOTO BIIHOIIEHHS B CEPEIHHOMY
Ha—8...10 %.

BusiBneHo MO3UTHUBHUN BIUIMB MEXAaHOXIMIYHOI aKTHBaIlll MOPTIAHALIEMEHTY 3 JT0OABKOIO
MEJICHOTO BaIHSAKY Ha MIIHICTh IIEMEHTHOTO KaMeHI0 B 3-X q00oBoMy Billl. ExcrieprMeHTanbHi
JOCHIPKEHHST CB1YaTh MpPO Te, 1[0 TUIBKM 3a paXyHOK MEXaHOAKTHBAIlli MILHICTh 3pa3KiB 13
[IEMEHTHOT'0 KaMEHIO 3 T00aBKOIO MENIEHOT0 BAIMHIKY MOXKe OyTH mifBuIeHa Maixke Ha 25...30 %.

KurouoBi ciioBa: mMexaHOAaKTHBAIlis, TMOPTIAHAIEMEHT, MEJICHUN BamHIK, €K30TePMIUYHUN
pO3ITpiB, IEMEHTHHUI KaMiHb.
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Abstract. The traditional material for the construction of buildings in the Northern Black Sea
region is a cheap local stone — limestone-shell rock. Most of the buildings in the central part of the city of
Odesa, which are of historical and architectural value, are constructed of this material. With proper care
and maintenance, these structures can perform their functions for hundreds of years, but as a result of
shell rock moisture due to negligent operation and a number of other reasons, the supporting structures
are damaged, followed by the collapse of the building. In many cases, the direct cause of the destruction
of load-bearing walls is the damage or absence of the outer plaster layer. Repairing walls with cement
compounds exacerbates the problem. The article discusses some aspects of the possible use of gypsum-
based composite materials for repairing damaged walls of limestone-shell rock buildings. The
requirements for the repair composition are formulated. The expediency of using gypsum as a binder for
the repair plaster mixture for exterior repairs is substantiated. An ash-gypsum-cement composition was
used to increase the water resistance of the plaster. Sufficient water resistance and vapor permeability of
the proposed composition were confirmed. This paper presents the results of studying the adhesive
strength of the contact of the developed composition with the surface of various materials. Methods and
measuring equipment developed at the ODABA were used. The adhesion strength of the proposed
mixture with the surface of shell rock is close to the standard strength. The use of the adhesive additive
Ceresit CC 81 increases the adhesive strength of the joint of the proposed composition with shell rock by
1.5 — 2 times. The optimal amount of the adhesive additive to be introduced will be determined by the
results of a multifactorial experiment to study the effect of a complex of chemical additives of different
functional purposes on the properties of the proposed repair composition.

Keywords: limestone-shell rock, plaster layer, ash-gypsum-cement mixture, water resistance,
vapor permeability, adhesion.

Introduction. Many old buildings in the Black Sea basin are made of cheap local building
material limestone-shell rock. This environmentally friendly natural stone has become widespread
in the Odesa region due to its good technical and operational properties [1-3]. A significant
disadvantage of this material is the loss of strength when it is moistened. As a result of improper
and negligent exploitation, cases of destruction of limestone buildings have recently become more
frequent. One of the reasons for soaking the walls is the damage or absence of a plaster layer on the
exterior surfaces. Repairs to shell rock walls with cement-sand mixtures accelerate the destruction
of structures for a number of reasons [4]: chemical incompatibility of materials; greater strength of
the plaster compared to the main layer; different deformational properties; and, finally, lower vapor
permeability of the plaster layer. The use of imported restoration mixtures recommended for the
repair of historic buildings raises certain doubts for a number of reasons:

— the chemical composition of the plasters is unknown, which makes it impossible to conclude
that they are compatible with shell limestone;
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— short experience of using these materials does not allow us to judge the durability of both
the plaster layers and the plastered structures;

— the high cost of imported restoration compositions increases the cost of repair work.

In view of the above, the development of domestic limestone-compatible repair compositions
that can compete with foreign, much more expensive analogues is an urgent task. The main
requirements for the properties of the plaster composition being developed can be summarized as
follows. The mixture must be:

— chemically compatible with the limestone-shell rock material;

— water resistant;

— have sufficient strength;

— have high vapor permeability;

— have good adhesion to shell rock;

— moisture deformations of the hardened plaster layer should be consistent with the
characteristics of the main wall;

— should be cost-effective.

Analysis of recent research and publications. For the correct selection of the basis of the
repair composition for the walls of buildings made of limestone-shell rock, it is necessary to take
into account the technical data of plasters with different types of binders (Table 1) [5].

Table 1 — Technical data of plasters with different types of binders

Characteristics of Types of plasters

of the plaster mixture Gypsum Cement Cement-lime
Layer thickness (wall) 50 mm 20 mm 20 mm
Layer thickness (ceiling) 20 mm — —
Grain size I mm 0.8 mm 0.8 mm
Compressive strength 1-2 MPa 0.9 MPa 0.9 MPa
Adhesion 0.5 MPa 0.4 MPa 0.3 MPa
Vapor permeability 0.15 mg/m-h-Pa | 0.07 mg/m-h-Pa 0.07 mg/m-h-Pa
Consumption per 10 mm/m” 9-12 kg/m* 15-20 kg/m® 15-20 kg/m®

According to Table 1, gypsum-based plasters have the best characteristics. Particularly
noteworthy are the large thickness of the layer applied in one pass, high vapor permeability and
economical consumption of the mixture per unit area of the treated surface. An extremely important
feature of gypsum plasters is the short curing time, which helps to increase the productivity of repair
work. However, all these advantages leveled by the low water resistance of gypsum, which makes it
impossible to use it in its pure form for exterior facade work. The issues of increasing the water
resistance of gypsum compositions are discussed in many publications [6—10]. Promising methods of
increasing the water resistance of gypsum ae: the creation of mixtures based on gypsum and cement
with the addition of components with pozzolanic activity, the use of hydrophobizing additives, the use
of complex additives with ground fillers (for example, expanded clay dust), and others [11, 12].

As a result of analyzing the available information on ways to increase the water resistance of
gypsum, this study adopted a gypsum-cement mixture with the addition of thermal power plant ash
as a pozzolanic additive as the binder base of the plaster composition. The studies confirmed the
sufficient water resistance of the proposed compositions [13]. The softening coefficient of the
proposed composition approached 0.8, which already makes the mixture waterproof with the
possibility of further increasing water resistance due to hydrophobic additives.

An important criterion for choosing a plaster mixture for shell rock walls is the vapor
permeability of the plaster layer and its consistency with the base material. This condition is of
particular importance for maintaining the normal moisture state of the building envelope and
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preventing excessive moisture accumulation in the walls during operation, which leads to a loss of
structural strength and their possible destruction. Measurements of the transfer properties of the
proposed ash-gypsum-cement compositions by the "dry cup" method showed that their vapor
permeability exceeds the vapor permeability of limestone-shell rock [14], i.e., the plaster layer will
not prevent the escape of vaporized moisture from the wall to the outside.

The strength of adhesion of the plaster layer to the wall base-shell rock — is also an important
factor to consider when designing a repair composition. Adhesion refers to the adhesion of materials
of different composition and structure, which is due to their physical and chemical properties. The
adhesion of building and finishing materials is carried out mainly on the principle of mechanical
and chemical bonding. The mechanism of mechanical bonding consists in the penetration of the
applied substance into the pores of the outer layer or connection with a rough surface. With the
chemical adhesion mechanism, the bond between materials, in particular those of different
densities, occurs at the atomic level [15].

As can be seen from Table 1, gypsum plaster is characterized by higher adhesion compared to
cement and cement-lime plaster, but the type of surface to be treated is not specified here. For ash-
gypsum-cement compositions, there is no data on adhesion to limestone at all.

Purpose and objectives. The aim of this study is to evaluate the adhesion ability of the
proposed compositions for plastering the walls of limestone-shell rock buildings and the possibility
of increasing it, for which it is necessary to choose a method and device for measuring the adhesion
strength, perform the necessary measurements and evaluate the effect of the adhesive additive on
the adhesion strength between the plaster layer and the shell rock.

Research methods and materials. Mecasurements of the adhesion of the developed
compositions to surfaces of different nature are carried out by the "tear-off method". The device for
measuring adhesion (Fig. 1) developed at the PATBM Department of OSACEA.

Fig. 1. Device for measuring adhesion by the tear-off method (top view)

The test specimen is a system of a ring filled with a mixture connected to a base plate due to
the adhesion of the mixture to the surface. The prototype is prepared as follows. A threaded cone ring
is placed on a dust-free support surface of a plate made of the selected material and filled with the test
mixture (Fig. 2). The samples are kept for 7 days. The principle of adhesion determination is to
measure the force of detachment of the ring with the test mixture from the plate surface.

The test specimen is fixed in a collapsible cassette with a hole for the ring. The cassette is
self-centering thanks to a ball joint with a bracket fixed through a load cell to the massive base of
the device. The ring is connected to the movable pneumatic cylinder rod by a threaded coupling.
The ring is detached from the surface when the rod moves under the action of compressed air from
the pneumatic compressor. The loading speed is controlled by a valve. The result of the adhesion
measurement is determined with an accuracy of 0.01 MPa by the built-in computing device as a
fraction of the maximum tear-off force divided by the contact area (the area of the ring's inner hole
in contact with the plate surface) and is recorded on the digital display of the device.
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Fig. 2. Schematic of a specimen for testing the adhesive properties of a mixture:
1 — a plate made of real or model material; 2 — a metal conical ring with internal thread; 3 — the
tested mixture; 4 — the zone of adhesive contact of the tested mixture with the supporting surface of

the plate

The condition of the supporting surface has a significant impact on the adhesion measurement
results. In previous measurements of the adhesion of repair mixtures to shell rock, a significant
variation in results was observed depending on the quality of the surface (the presence of
heterogeneities, cracks, cavities, etc.). Therefore, it was decided to use two types of surfaces: real —
plates sawn from limestone blocks, and conditionally model — homogeneous surfaces of ceramic
facing tiles, and to increase the number of measurements for samples of each composition (at least
five). The surfaces of the shell rock plates were prepared according to the requirements [16, 17].

The investigated samples of ash and gypsum cement mixtures were made in accordance with
the three-factor plan Bs [18], which varied the type and amount of raw materials. After constructing
and analyzing mathematical models of a set of properties, including strength, water resistance, and
vapor permeability, the basic composition of the repair mixture for further experiments was
determined: 60 parts of ground clinker cement and 40 parts of ash per 100 mass parts of G5
gypsum. The amount of water for the mix was selected according to the normal flow of the mixture.

Ceresit CC 81 was used as an adhesive additive, an additive designed for the preparation of
manually or mechanized mixtures with enhanced adhesive properties [19]. To measure the adhesion,
three batches of 5 samples were made: control without additives, with an adhesive additive in the
amount of 3% by weight of dry components, and with an adhesive additive containing 10%.

Research results and their interpretation. The adhesion of the proposed additive-free
composition to the surface of shell rock, averaged over five measurement results, is characterized
by a tear-off force per unit contact surface of 0.25 MPa. The adhesion of the same composition to
the surface of ceramic tiles is 0.30 MPa.

Qualitatively, the effectiveness of the adhesive additive, depending on its content, can be visually
assessed by the traces of contact between the mixture and the tile surface (Fig. 3): at a 3 percent additive
content, tearing occurs on the tile surface, and at 10 percent — on the mixture itself, which indicates that
in this case the adhesive strength of the contact exceeds the cohesive strength of the mixture.

Fig. 3. Features of detachment of samples with different content of adhesive additive from the
surface: a—3%; b —10%
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When the Ceresit CC 81 adhesive additive was introduced into the mixture in an amount of
3%, the adhesion strength of the plaster mixture with the surface of shell rock increased by 1.3
times compared to the non-additive mixture, and when 10% of the additive was introduced, it
increased by 2 times (Fig. 4).
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Fig. 4. Changes in the adhesion of the proposed plaster composition to shell rock (1) and ceramic
surface (2) depending on the content of the adhesive additive in the mixture

The relative change in the adhesive strength of the contact between the mixture and the
ceramic surface with the introduction of 3% of the additive was 1.3 times compared to the additive-
free mixture, and with the introduction of 10% of the additive — 2.1 times, however, in absolute
terms, the adhesion to tile is expectedly higher than that to shell rock under any conditions.

The graphs (Fig. 4) clearly show a proportional increase in adhesive strength, depending on
the amount of additive to any surface, at least in the studied interval of 0 — 10%. The linear nature
of the dependence makes it possible to extrapolate this trend to some area outside the experiment,
but the selected interval for varying the amount of additive is already quite large, and further
increasing the additive content in general construction mixtures is economically inexpedient.

Conclusions. Thus, it can be concluded that the use of the Ceresit CC 81 additive is effective
in increasing the adhesion of the proposed plaster mixture to the main shell rock wall. Reasonable
limits of the amount of adhesion additive to be introduced will be established based on the results of
the planned experiment, in which, in addition to the specified additive, other chemical additives, in
particular plasticizing and hydrophobizing additives, will be introduced into the mixture. These
additives are known to be capable of increasing adhesion to a certain extent.

However, increasing adhesion is a separate task of the broader task of creating a plaster
mixture with a given set of properties for the walls of limestone-shell rock buildings. At this stage
of this task, all strength (including adhesion) characteristics of the composition should be ensured at
the highest possible level in order to further bring them in line with the properties of the material of
the main wall — limestone-shell rock by introducing inert fillers, for example, screening out shell
rock sawing products, which will significantly reduce the cost of plaster mix for the repair of
historic buildings.
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AHoranisi. TpamumiiiHuM Marepiamom s OymiBHUITBa OynmiBenb B I[liBHIYHOMY
[TpuyopHomop'i € nemeBuil MicleBHH KaMiHb — BalHAK-4epemamHuK. bimpmiicts OyniBens B
HeHTpalbHIA YacTuHi Micta Onecu, SKi NPEACTaBIAIOTh ICTOPUYHY Ta apXiTEKTypHY LIHHICTb,
noOynoBaHi came 3 mporo marepiany. Ilpu nmpaBuiIbHOMY IOTJISAL Ta OOCIYrOBYBaHHI Ii CIIOPYIU
3MaTHI BUKOHYBaru CBOi (YHKIII MPOTATOM COTEHb pPOKIB, ajle B pe3ylbTaTl 3BOJOKECHHS
YeperanHuKa 4epe3 Heqdany eKCIUTyaTamilo i psay IHIIUX NPUYHH BigOyBa€ThCs MOUIKOIKCHHS
HECy4YuX KOHCTPYKIIH 3 moAalblIuM oOBasleHHsIM Oy/iBii. ¥ Oararbox BHUMAaJKax 0€3M0CcCepeTHbOI0
NPUYMHOIO pPYHHYBaHHS HECYYMX CTiH € TIOMIKO/DKEHHS, a0o0 BiJICYTHICTb, 30BHIIIHBOTO
IITYKaTypHOro miapy. PeMOHT CTiH LEMEHTHUMM CKJIaJaMH 3arocTproe Mpobiemy. Y cTarti
PO3TISAAIOTECS Kl aCIEKTH MOXKIIMBOTO 3aCTOCYBAaHHS KOMITO3WI[IHMX MaTepiaiiB Ha OCHOBI
rincy Juis PeMOHTY IOIIKO/UKEHUX CTiH OyiBesnb 3 BamHsAKy-uepenamHuka. CQopMynboBaHO
BUMOTH JI0 peMOHTHOro ckiany. OOIrpyHTOBaHO NOUIIBHICTh BHKOPUCTAHHSA TIICy SIK B’SDKY4YOl
OCHOBU PEMOHTHOI INTYKAaTypHOI CyMilll AJis 30BHIIIHIX PEMOHTHUX pOOIT. Jlns minBUIECHHS
BOJIOCTIHKOCTI IITYKaTYpKHd BHKOPHUCTOBYBABCS 30JIOTINCOIEMEHTHHN CcKian. [linTBepmkeHo
JOCTATHIO BOJOCTIMKICTh 1 MapOIPOHUKHICTh 3allPOIIOHOBAHOTO CKIIady. Y JaHiil poOOTi HaBeIEHO
pe3yibTaT JOCHIKEHHS aAre3iiHOi MIITHOCTI KOHTAKTy pO3pOOJEHOro CKiIaxy 3 IMOBEPXHEIO
pi3HUX MarepiaiiB. BuxopucToByBamucs MeTOOU Ta BUMIpIOBajibHE OOJagHAaHHSA, pO3poOJIeHI B
OIIABA. AnresiiiHa MILHICTb 3YEIJIEHHS 3alpOINOHOBAHOI CyMIIl 3 MOBEPXHEI0 YepenallHUKy
HaOIMKaeThCsl 70 HOpMATUBHOI. 3acTocyBaHHs afire3iHoi no6aBku Ceresit CC 81 migBuinye
aAre3iiHy MIIHICTh 3'€HAHHS 3aMpPONOHOBAHOTO CKJIAMy 3 uepenamHukoM B 1,5 — 2 pasm.
OnTtuManbHy KIUIBKICTh ajAre3iiiHoi J00aBKW, IO Mae€ BBOJUTHUCH, Oylde BCTAHOBJIEHO 3a
pe3ynbratamMu 6araro()akTOPHOTO €KCIIEPUMEHTY 3 BUBYEHHSI BIUIMBY KOMIUIEKCY XIMIYHUX J100aBOK
pi3HOrO (PYHKIIOHAJIBHOIO MPU3HAYEHHS Ha BIACTUBOCTI 3alIPOIIOHOBAHOTO PEMOHTHOTO CKIIATY.

KurouoBi cJjioBa: BamHsK-uepenamiHUK, MITYKaTypHUH Iap, 30JOTINCOLEMEHTHA CyMIII,
BOJIOCTIMKICTh, TAPONPOHUKHICTB, aJ[re3is.
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Abstract. Short information on computational materials science is given, with the
methodology of material properties fields, in composition and process coordinates, as the part of it
and as the background of the study presented in this paper. One of the main means of the
methodology is random scanning the whole and local fields. These tools were developed and used
to solve many problems in materials science related to the properties defined by mutually
independent factors. The purpose of the study presented in this paper has been to develop the tool
for random scanning the fields of properties effected by "mixtures” of g components, linearly
related portions of components in rangers from 0 to 1, with their sum equal to 1. In these cases, the
factors domain (or subregion of it) presents the simplex. The special designs of experiments to get
reduced polynomials describing the fields in simplex coordinates are used. Two procedures for
generating any number of uniformly distributed points on the simplex have been developed. These
points define the virtual mixtures simulated in computational experiments. The procedures were
tested by scanning the fields of two rheological characteristics of lime suspension filled with
"short", “medium", and "long" cellulose fibers. Experimental-statistical models in the form of
reduced polynomials for effective viscosity at shear rate equal tol s™ and for the rate of destruction
of liquid structure (parameters of power-law model of flow, K = n; and m) obtained in previous
study are used to determine the levels of these characteristic for each of simulated mixture.
Computational experiments were carried out, in which the fields of n; and m in whole simplex
domain and in some of its zones were scanned, allowing the generalizing indices of the fields and
different correlations between n; and m in different zones of mixture triangle to be estimated.

The developed tools, the procedures of generating random points, which would define the
simulated compositions of the "mixtures”, make significant contribution to the progress of the
methodology of recipe-technological fields of properties and to computational materials science.

Keywords: design of experiment, simplex domain, experimental-statistical model, effective
viscosity, rate of destruction, lime suspension, cellulose fiber.

Introduction. In 1992 the first issue of the international journal "Computational Materials
Science” (CMS) was published [1]. That year has been proposed (Voznesensky V.A., 1993) to be
considered the year of the birth of this direction of science. The aim of CMS and the journal
declared at the title page of the first issue has been "to enhance the communication between
experimental materials research and computational work on both existing and new, advanced
materials and their applications”. Since then the scope of the journal expanded quite a lot [2].

Analysis of recent research and publications. The methodology of composition-process fields
(recipe-technological fields, [3, 4]) was put forward as the component of computational materials
science. The field Y(x) of material property (any characteristic of material structure, any criterion of
its quality, even its cost) presents the values of Y in coordinates of material composition and
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parameters of production and exploitation processes, vector of CP-factors X = (X1, X2, ..., Xi, ..., Xk)-
Random scanning the fields has become one of the main instruments of the methodology
[3, 4, etc.]. It was developed for domain of normalised factors (1):

1< x <1. 1)

Random scanning the whole or local fields means: generating uniformly distributed points in
factor domain or its subregions (compositions and process factors values corresponding to the
points); calculating the levels of Y(x) by its model. In most cases multifactor polynomial
experimental-statistical models (ES-models, [5]) are used.

When studying multicomponent disperse systems, the building composites among them, the
system of factors under study or some of them (factor subsystem) can present the "mixture”. This is
when the portions (from 0 to 1) of the components forming the mixture (1 in a sum) should be
considered as the factors. It can be the mixture of fractions of the grains of several size or different
minerals, or the portions of the components in complex chemical admixtures, etc.

"Mixture™ (M) is the system (subsystem) of linearly related factors v;, the portions of the
components forming the mixture (2). Mq is the mixture of g components.

0<vi<l, 2vi=1,v=(vg, Vo, ..., Vi, ..., Vg) € Q. 2

The domain Q, of factor space is (g-1)-dimensional simplex (segment, triangle, tetrahedron ...).
In these cases of linearly related factors the special kinds of polynomials are used as the models of
the fields Y(x), basing on corresponding experiment designs [6-12].

To carry out the scanning of property fields in such domains one should have the means to get
uniformly distributed points in them.

So the aim of the study presented in this paper has been to develop the procedure of generating
the random points on the simplex and to test it solving some specific material science problem.

The methods include the following.

The generating of random numbers is carried out with the help of Excel analysis package. In
Excel all calculations are carried out. Other means (including specially designed) can be also used.

To test the procedure in practice the results of previous research [13] are applied, in particular,
the models for two parameters of Ostwald-de-Waele rheological equation [14], power law model
written here in logarithmic form (3). The coefficient K in (3) is equal to the effective viscosity 1, (Pa-s)
at shear rate ' = 1 s, and the exponent m < 0 characterizes the rate of destruction of fluid structure
during shear deformations — the higher |m|, the less stable is the fluid structure during flow.

Inn (X) = InK(X) + m(x) - Iny". 3)

Among the dozens of the models of non-Newtonian fluid flow [15] the power law model, the
good one for engineering applications in certain ranges of shear rate, is commonly used.

It should be underlined that the parameters in (3) are not the constants, of specific non-
Newtonian fluid, of certain composition, as they are commonly considered, but the functions of
composition factors. Effective viscosity can be estimated by such model for any composition at any
shear rate in the ranges under study, as it was done, in particular, in [3, 16, 17]. The model (3)
illustrates the possibility and usefulness of combining the models of different levels [3], for
instance, ES- model and structural simulation models [18, 19].

Viscosity curves and models of type (3) in the range of y” between 0.066 and 8.41 ¢ were
obtained (adequate with error not more than 5%) when studying [13] lime suspension filled with
Technocel® cellulose fibers of three lengths. The rotational rheometer "Polimer” RPE-1M was used
to get the curves.

The portions of fibers of three lengths were varied in the experiment: v; — mass fraction of
"short™ fibers, with nominal length of 200 um; v, — fraction of "medium" length fibers, 1000 um;
vz — fraction of "long" fibers, 2500 um. They present the mixture (4) of 3 fractions (q = 3).

0<Vi<l, Zvi=1,v=(vy, Vo, Va). 4)
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The amount of fibers introduced into the suspension remained constant — 0.9 parts by mass
per 100 parts of lime, at water-lime ratio equal to 1.

The experiment was carried out according to simplex-lattice design of incomplete 3 degree [7],
the points being the same as in non-saturated simplex-centroid design of the 2" order [8]. The
points of the design are given in Table 1.

Table 1 — Compositions of 7 mixtures according experiment design

Points | 1 2 3 4 5 6 7
Vi 1 0 0 0.5 0 0.5 |0.333
Vo 0 1 0 05 | 05 0 ]0.333
V3 0 0 1 0 05 | 05 |0.333

The data obtained in the designed natural experiment have allowed the models (5) and (6) of
the kind (7) to be got, for Inn; and |m| (the effects insignificant at 10% risk have been eliminated).
The isolines of these two rheological parameters are shown in Fig. 1.

InK=Inmy1= 2.978v; — 0.533vyv, — 1.489vivs + 0vivovs
+ 2.593v, — 0.223v,V3

+2.761v3 (5)
Im| = 0.951v; £0wvv, +0.158vivs + 0.867 vivovs
+1.025v, —0.158v,v3
+ 0.892v; (6)

Y = Awvi +Apvivo +Asvivs + Az VaVovs
+ Aova  — AgsVoVs
+ Asvs (7)

These are the models used in computational experiments, to illustrate statistical trials on
simplex with application of procedures presented below.

‘?1 \"1

"_r] |E1I “3 -‘I-I ‘.rj

Fig. 1. Isolines of effective viscosity n; (Pa-s) and of destruction rate |m|-10°
on mixture triangles

The results include the following.
Firstly, the procedures of generating random points (mixtures) in simplex domain themselves.
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Any number of random values &; for g variables (i = 1...q) uniformly distributed inside (0, 1)
limits are generated.

The transformations of generated &; to v; that would provide (2), Xv; = 1, have been put
forward.

1. The simplest one (8):

Vi :filzgi (8)

2. Another one (9):
vi:ai+<§i-di-d /S, if S>d, (9)

Vi=a;+ ii-di + (d-S)'di‘(l-Z’:i) /(Z di— S), if S<d,

where i =1, ... q; aj, bj— lower and upper borders of the range of v;;
di=bi—a;d=1-Xa;S=X¢&-d.

One hundred of the points
obtained using formular (8) are
shown in Fig. 2.

The points at the vertices of
the triangle are added since their
coordinates cannot be generated
principally (as any fixed exact
values).

Secondly, usage of the
developed procedures for
scanning the fields of rheological
characteristics of the suspension
filled with fibers.

Some results of one
realization of scanning the field

M(vi, Vo, Vv3) are shown in Fig. 3. _ o
The levels of the field at each Fig. 2. The hundred random points inside the

point shown in F|g 2 were SimpleX and 3 fixed pOintS at its vertices

determined by model (5). The

error of the model was not accounted for, but multiple realization of scanning, with multiply
generated distribution of points (mixtures), showed the convergence of results to the field
determinate by model (5).

Not only can the main generalizing indices G{vi, V», v3} of the field ni(v1, vz, v3), such as
minimal and maximal levels and their coordinates, be determined after sorting the mixtures by the
values of Y (n; in this case) but the other valuable numerical characteristics too. The important one
among them, the "size" of the region of acceptable mixtures, the ratio (©2) of the number of
compositions that would comply with specified levels of Y (set by a customer or some standard, or
by an idea of researcher) to the quantity of all compositions under consideration [3, 4, 20]. The
estimates of this and other G can be seen in Fig. 3.

Analysis of correlation of 7; with |m| in various subregions of mixture factors domain can be
carried out using the developed procedures.

The scatter diagram of the values of two rheological characteristics determined for 7 mixtures
in natural experiment shows the absence of correlation, as the diagram presenting the generated
sample of 103 paired values also does (Fig. 4).
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Fig. 4. Scatter diagrams of the values of n; and |m| obtained in natural experiment
(7 compositions) and in computational experiment (103 compositions)
over the whole domain of mixtures under study

It would be reasonable to assume a significant difference in the structures of suspensions with
fibers of different lengths and with their mixtures, and, consequently, a different relationship
between viscosity and the rate of destruction of the structure.
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Fig. 5. Scatter diagrams obtained in computational experiments:
a — in zone of mostly "short" fibre; b — in zone of mostly "medium" fibre;
¢ —in zone close to vertex vs (of "long" fibre); d — inside the triangle
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The computational experiments in various zones of mixture triangle have been carried out to
estimate the correlation of n; with |m|, both developed procedures (8, 9) of generating linearly
related mixture factors being tried. Some results are presented in Fig. 5.

The levels of [m| and n; were estimated, in particular, at the following limits of factors values:

e06<v;<1,0<v,<504,0<v3504 (Flg 5, a);
e0<v;<0.3,0.7<v,<1,0<v3<0.3 (Fig. 5, b);
e0<v;<04,0<Vv,<04,0.6<v3<1(Fig.5,c¢);
¢0.1<v;<0.8,0.1<v,<0.8,0.1 <v3<0.8 (Fig. 5, d).

The results could be more impressive in case of wider ranges of the properties under study.
Nevertheless, the revealed differences in correlation indicate to the changes in mechanisms of
structure formation with changes in specific disperse phase. The changes in mechanisms should be,
probably analysed from physical-chemical mechanics point of view [21].

Other tasks and problems of materials science when the mixtures (2) are involved could be
solved now, with the help of the developed procedures, as the problems had been solved [3, 20, 22-24],
using random scanning the fields in normalized coordinates (1). The "involved mixtures" means
that it could be the system of both mutually independent and linearly related factors, and even with
two mixtures [3, 12].

The search for the best solution by some criteria of optimality, at any number of specified
restrictions and the problems of multicriterial compromise optimization [3, 20, 23, 24],
computational experiments for isoparametric analysis [3, 22] and for analysis of the changing
generalizing indices of properties fields [3, 12], other tasks that need random scanning the fields of
properties can be also fulfilled when whole factor domain or part of it presents g-component
simplex.

Conclusions. The new tools have been developed that makes significant contribution to the
development of the methodology of recipe-technological fields of properties and to computational
materials science. These are the procedures of generating uniformly distributed random points in
simplex domain, which define the simulated compositions of the "mixtures".

The procedures have been applied in study of rheological characteristics of lime suspension
filled with the mixture of cellulose fibre of three lengths. The way to estimate the generalizing
indices of the fields of material properties has been shown. The computational experiments have
been carried out in different subregions of mixture triangle to evaluate the correlation of effective
viscosity of the suspension with the rate of its structure destruction under certain shear rate. The
differing correlation from zone to zone has been revealed.

The developed tools open up new opportunities for studying the variety of the "mixtures,
technologies™ systems with means of computational materials science.
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OBUYHNCJIIOBAJIbHI EKCOEPUMEHTH ITPYM BUBUEHHI BJIACTUBOCTEHN
MATEPIAJIIB 1111 BINTUBOM ®AKTOPIB «CYMIIII»
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Y00ecwvira deparcasna axademis Gydisnuymea ma apximexmypu
By Jlinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoTanisa. HaBonuThcst KOpoTKa iHpOpMAaLlis Ipo KOMIT IOTEpHE MaTepiao3HABCTBO Ta MPO
METOAOJIOTII0  PELeNTypHO-TEXHOJIOTYHUX TIONIB BJIACTUBOCTEH SK Horo ckmajgoBoi. Lle
MepelyMOBH JOCITIIKEHHS, MPEACTaBIeHOro y i ctarTi. OJMH 13 OCHOBHHX 3aC001B METOOJIOT1]
IIOJIIB BJIACTUBOCTEN — BUIIA/IKOBE CKaHYBAHHS MOBHMX 1 JIOKaJIbHUX 1oiiB. Lleil iHcTpymeHTapiit
Oy110 po3po0IICHO Ta BUKOPUCTAHO IIiJ] YaC BUPINICHHS 0araTbOX 3aBJaHb MaTepialO3HABCTBA, KON
BJIACTUBOCTI BM3HAUAJIUCS JI€I0 B3a€EMO-HE3AJICKHUX YMHHHUKIB. Mera IpencTaBlIeHOro
JOCHIJUKEHHS. — PO3pOOMTH 1HCTPYMEHT Ul BUIIAJKOBOTO CKAHYBaHHS IOJIIB BJIACTUBOCTEH, 110
BU3HAYAIOTHCS «CyMillIaMU» KOMIIOHEHTIB (], JIIHIHHO MOB'SI3aHUMH X YaCTKaMH B Jiana3zoHax Big 0
1o 1; cyma ( ygactkor gopiBaroe 1. Y mux Bumankax (akrtopna obmacts (abo ii mimobnacts) €
CUMILIEKCOM. BUKOpHUCTOBYIOThCS CIieliaibHi MJIaHH €KCIEPUMEHTIB, 00 OTpUMaTH CIeliaibHi
HaBE/EHI TMOJIIHOMH, IO ONHUCYIOTh IMOJS Y CHMIUIEKCHHX KoopauHaTax. Po3pobneHo 1Bi
MIPOLICAYPH ISl TEHEpYBaHHS Oy/b-SKOTO YHCIIa PIBHOMIPHO PO3MOAUICHUX TOYOK Ha CHMILICKCI.
Im BimmosinaroTh «cyMimi» y 00uYHuCIIOBANBbHUX ekcnepuMeHTax. lIponenypu 6me BUIIPOOYBaHi
IPU CKaHyBaHHI IOJIIB JBOX PEOJONIYHUX XapaKTePUCTUK BAaMHIHOI CycleH3ii, HaloBHEHOI
KOPOTKHUMH, cepeILHan 1 JIOBTUMH UENIOJO3HUMH BOJIOKHAMH. EKcnepHMeHTaﬂLHo CTaTI/ICTI/IlIHl
MOJIENTi, Y BHIUIAI HABEACHHX IOTIHOMIB, [ e(heKTHBHOI B’SI3KOCTI MPH MBHAKOCTI 3¢yBy 1 ¢ Ta
TEeMIy pyHHYBaHHsS CTPYKTYpU pinuHM (mapaMmerpiB cTemeHeBoi moneni tedii, K = n; ta m),
OTpUMaH1 B NONEPEAHBOMY JOCITIIKEHHI, JO3BOJISAIOTh BU3HAYUTH PIBHI LIMX XapaKTEPUCTHUK IS
KOXHOI CUMYJIbOBaHOI cymilli. BUKOHaHI 0OYMCIIOBaJIbHI €KCIIEPUMEHTH, B SIKMX MPOCKAHOBaHI
monsg Mp Ta M y BCid CcUMIIEKCHIA 00macTi Ta B JeSKUX ii 30HAaX, JO3BOJSIOYM OLIHUTHU
y3arajibHIOI04l MOKa3HUKU TOJIB Ta PI3HY KOPENALil0 M1 Ta M y PI3HUX 30HaX CyMIIIEBOTO
TPUKYTHHKA.

Po3pobneni 3aco0u, mporenypu reHepalii BHUIAJKOBUX TOYOK, SKi CUMYJIIOIOTH CKJIaad
«CyMilIei», pobssATh 3HAUHUI BHECOK y PO3BUTOK METOAOJIOTIT pEeleNTypHO-TEXHOJIOTIYHHUX I10JIIB
BJIACTUBOCTEHN Ta B KOMIT IOTEPHE MaTepiaJo3HABCTBO.

KirouoBi cioBa: miaH eKclepUMEHTY, CHMIUIEKCHa 00JacTh, €KCHEepUMEHTAIbHO-
CTaTHUCTUYHA MOJIeNb, €(QEeKTUBHA B’SA3KICTh, MIBUAKICTh JECTPYKIlil, BalHsSHA CYCIEH3id,
IEJTF0JI03HE BOJIOKHO.
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AHoOTaliAg. Y crarTi po3rsSHYTO HiAXOIU 10 (GOopMyBaHHS CKJIaliB JIY>KHO-aKTMBOBAaHUX
JEKOPaTUBHUX LUIAKOMOPTIAHJALEMEHTIB s IOPOIIKOBOrO OETOHYy 3 BMICTOM B HHX
noprinanaiemMenty tumy III[1 5...45% 3 BHCOKMMH eKCIUTyaTalliiHUMH 1 JEKOPAaTUBHUM
BJIACTUBOCTAMHU. byna BHMKOHaHa ONTUMI3allisl CKJIAaAiB JEKOPATHMBHUX JY>KHO-aKTMBOBAaHUX
[JTAKOTIOPTIAH/IIEMEHTIB 3 BUKOPUCTAHHSIM CTaTHCTUYHUX METOJIIB IJIAHYBAaHHS EKCIIEPUMEHTIB.
B axocTi BiIOUTIOI0YHX 1 CTPYKTYPOYTBOPIOIOYMX KOMIIOHEHTIB OyJU BUKOPHUCTaHI TOHKOIUCIIEPCHI
no6asku Ti0z 1 CaCOs3 3 613010 > 90%. B SKOCTI JIy’)KHOTO KOMIIOHEHTY — METaCHJIiKaT HATPilo
y BUIJISAL  HETITPOCKOMIYHOTO MOPOUIKY. BuKOHaHI OCHITKEHHS JO3BOJUIM OTPUMATH
JEKOPAaTHUBHI NUIAKOMOPTIAHAIEMEHTH 3 Oiu3HOI0 45...77%, 10 103BOJSE BUKOPHUCTOBYBATH X
JUIl OTPUMAaHHS KOJbOPOBUX LIEMEHTIB 3 IIMPOKUM CHEKTPOM KOJbOPIB — BijJ OLIOr0 JO YOPHOTO.
BcranoBieHo, 110 J1y>)KHO-aKTUBOBHI JIEKOPaTHBHI LUIAKOMOPTIAHALIEMEHTH MalTh y Bili 28 1ib
akTUBHICTH 37...59 MIla. Yci ckilaan MaroTh XOpOITy TUHAMIKY TBEPAIHHS 1, BUXOSYH 3 MIIIHOCTI
y Bili 2 ni6 — 22...36,6 MIla, ix mMo»xHa BiTHECTH IO MIBUIKOTBepAHyuux. Ha iX ocHOBI MokHa
BUTOTOBJISITH CyX1 OyAiBENbHI CyMmilll. YCl CKJIagu pPO3YMHIB HA OCHOBI JIY)KHO-aKTHBOBaHUX
JEKOPATUBHUX HUIAKOMOPTIAHALEMEHTIB JIEMOHCTPYIOTh JOCTaTHBO BHUCOKY MOPO3OCTIHKICTh —
F200. Ile mo3Boise€ BUKOPUCTOBYBATHM iX JUIsI BHUIOTOBJIEHHS BHPOOIB 1 PO3YMHIB SK JUIS
eKCIUTyaTallll y NpUMILIEHHSIX, TaKk 1 Npu Jii arMocepHUX BIIUBIB 0€3 BTPAaTH MNPOEKTHHUX
XapaKTepUCTHK 1 IEKOpATUBHOI puBabauBocTi. BiacHi nedopmartii ycanku 1eKOpaTUBHUX JTY>KHO-
aKTUBOBAaHUX  INUIAKOMOPTIAHAINEMeHTiB  ckiamarots  0,51...0,61 mm/M, 10  BUKIIOYAE
TPIIIMHOYTBOPEHHS 1 NepeayacHe pyilHyBaHHA BHpOOiB. OcoOnMBO epeKTHBHE JUIs YHpPaBIiHHS
BJIaCHUMH JedopmalisiMu ycaaku BukopuctanHs 1o0aBku CaCQOs. Takum unHoM, no6aska CaCOs
BUKOHYE (YHKIIIi HE TIIBKH I€KOPATUBHOIO, ajie i CTPYKTYpOYTBOPIOIOYOI0 KOMIOHEHTY. beToHH1
Ta PO3YMHOBI CyMIlll MOXYTh OYTHM BHUKOPHUCTaHI JJii BUPOOHHUITBA JEKOPATUBHUX Ta IHILIUX
BUPOOIB TPaJULIAHUM CIIOCOOOM, cIlocoOoM ekcTpysii, 3D-napykom Ha OyJiBelIbHHUX HpPUHTEpax
TOIIO. A HE HA/ITO JOBT1 CTPOKH TYXKaBJIEHHS 1 MIBUIKUN HAO1p MIITHOCTI JO3BOJISIFOTH BUTOTOBIISITH
BUpOOU 6e3 Ter1oBooroi 00poOku abo 3 MiHIMAIbLHUMH BUTPAaTaMH TEIUIOBOI €Heprii.

KurouoBi cjioBa: y)XKHO-aKTHBOBaHI JCKOPATHBHI ILIAKOMOPTIAHIIEMEHTH, OUIM3HA,
MIIHICTh, Je(OPMATUBHICTh, EKCIIEPUMEHTATHHO-MATEMATUYH1 MOJIEII.

Beryn. Po3BUTOK TpOMHCIOBOCTI Ta TONITHKA O€3MEKM BUMAararOTh HOBHX OymiBEIHHUX
MaTepialiB. 30KpemMa Iie BiTHOCUTHCS 1 10 AEKOpAaTUBHUX IleMeHTiB. [lomut Ha HUX 1 BUMOTH A0 X
eKCIUTyaTallliHUX XapaKTepUCTHK MOCTIHHO 3pocTaioTh [1]. JlekopaTUBHI IIEMEHTH, SIK MPaBUIIO,
BUTOTOBJISIFOTHCSL HA OCHOBI Oinux mopTiananeMenTi [2]. OnHak Taki IEMEHTH MalOTh YCi HEAOMIKU
TPaAULIHHOTO MOPTIIAHIIEMEHTY — HU3bKY €KOJIOTTUHICTh Ta BUCOKY €HEproeMHICTh. BOoHH, TaKOX,
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HE 3aB)X/IH 37aTHI 3a0€3MeYUTH OTPUMAaHHS JIEKOPATUBHUX EKOJIOTTYHUX 1 KOM(POPTHUX MOKPUTTIB 3
MIIBUIIICHUMH €KCIUTyaTaiiHuMu mokazHukamu [3]. Kpim Toro, maneko He 3aBkIH BUMAara€eThCs
BHCOKA CTYIiHb OUTOCTI IEeMEHTIB (> 68%), Ha OCHOBI SKUX BUTOTOBISIOTHCS KOJBOPOBI LIEMEHTH.
Tak, 3rimHo 10 BUMOTr [4] AomycKaeTbes Uil JEKOPATUBHUX LIEMEHTIB YKOBTO-YEPBOHOI raMu Ta
KOPUYHEBOTO KOJIbOPY 3aCTOCOBYBATH IIEMEHT 3 Oinm3HOI He MeHmie 40%, a Ijsl 4OpHOTO — 0
40%. Tomy e(heKTHBHOIO albTEPHATHUBOIO TPAAULIWHUM LEMEHTaM MOXe OYyTH IeKOpaTUBHUI
JyKHO-aKTMBOBAaHUH HUIAKOIOPTIAHIEMEHT 3 MiHIMAIbHUM BMICTOM KIIIHKEPHOI CKJIanoBoi. Bin
TaKOX JIO3BOJISIE 3a0€3MEUUTH P CIEIlaJbHUX BIACTUBOCTEH — IIMPOKUH J1alla30H 1 CTaO1IbHICTh
KOJIbOPIB, BUCOKY MIIIHICTh, BUCOKY aJr¢3ii0, JOBrOBIYHICTh Ta iH. [5-9].

AHali3 ocraHHiX xociaimkeHb Ta my6Jaikaunid. Icnye nymka [10], mo BukopucTaHHS
KOMITOHEHTIB JIy’)KHO-aKTUBOBaHUX LIEMEHTIB, SIKi YTBOPIOIOTH BUCOKOIY)KHE CepeIoBHUIIIE (30KpeMa
METACWIIKaTy HATpil0), MOXE HETraTHBHO IMO3HAYUTUCh HA JIEKOPATHUBHHUX 1 EKCIUTyaTalliHUX
BJIACTHBOCTSAX LIUX LIEMEHTIB. J{omyckanock, 110 BUCOKa MPUCYTHICTh OKCHIIB 3ajli3a Ta MapraHI[io
3/1aTHA CYTTEBO MOTIPITYBATH OUTH3HY JEKOpAaTUBHUX IeMeHTIB. Y niteparypi [10] e moB's3yeTbes
3 yrBopeHHsM criontyk tuny FeSO4-7H,0 1 1ie Oyno mpuunHOIO 11 MOOOKBAaHb 11010 MOXJIMBOCTI
OTpUMaHHS Ha 1X OCHOBI OLTMX JEKOPATHBHHX IIEMEHTIB. JlOCTAaTHHO BHUCOKHH BMICT KIIHKEPY Y
[UIAKOMIOPTIAH/IIIEMEHTaX TaK0XX BUKIMKAE€ CYMHIBH BiTHOCHO MOXJIMBOCTI iX BiJOLIIOBaHHS.
BkasyBanoce [11] Ha MOXIMBICTE BUCOJIOYTBOPEHHSI, SIKE BUHHUKAE 32 PAXyHOK MAacCOIEPEHOCY Ha
MOBEpXHIO O€TOHY JyXKHOI coii 3 1i mocmiayrudoro kapOonizamiero. [linBuilieHa KiUTbKICTh
rerenonioHuX ¢as, MmO YTBOPIOIOTHCA B JIY)KHO-aKTUBOBAHUX IIEMEHTaX, MOXE BHKJIHKATH
migBuieHi aepopmartii yeaaku [12, 13] V BUKOHAHUX paHilIe JOCTIIKSHHIX Y [[bOMY HAPSIMKY
[14-16] Oyna HemocTaTHBO MPUIIICHO YBard MM NUTaHHAM. KpiM TOTrO, MUTaHHS BHKOPUCTAHHSI
[JIAKOMIOPTIAH/IIIEMEHTIB Y SIKOCT1 JIy’)KHO-aKTUBOBAaHUX JEKOPATUBHUX B3araji HE pO3IJIfIal0Ch.

Metoro po6oTH € po3poOKa 3aco0iB OTPUMAaHHS IIEMEHTIB 3 BHCOKMMH JCKOPATUBHUMU 1
eKCIUTyaTal[ifHUMU ~ BJIACTUBOCTSAMHM HA  OCHOBI  IIJAKOMOPTIAHALIEMEHTY, aKTHUBOBAHOTO
BHUCOKOAKTUBHUM JIY)KHUM KOMITOHEHTOM — METACWJIIKaTOM Harpito. Y poOOTi TpeacTaBieHi
pe3ynbTaTi JOCTIIKEHb 1o OTPUMaHHIO JIEKOPATUBHUX Ty KHO-aKTUBOBAaHUX
[IJTAKOTIOPTIAHIIEMEHTIB 3 BMICTOM B HUX moprianauneMenTy tuiy 111 Bix 5 mo 55%. Hampsimok
JOCTIKEHb € aKTYalIbHHUM 1 3 eIeMEHTaMH HOBU3HH.

Marepiajn Ta MeTOAMKH AOCTiMKeHb. SIK aIFOMOCHITIKATHI KOMIIOHCHTH HEMEHTY OyIn
BUKOPHUCTaHI TOHKOMEIIEHI JOMEHHUN TpaHyJIbOBaHMM HUIaK Ta mopriaHaueMeHTt tumy [III1 3
nutomoro moBepxHero  4000...4100 eM?/r (3a bneiinoM). XapakTepuCTUKH MIJAKy Ta
MOPTJIAHALIEMEHTY TNpesicTaBieH] y Tabun. 1 ta tabi. 2.

Tabmung 1 — XapakTepucTuka 1uiaky, BAKOPUCTAHOTO Y TOCI1KEHHSIX

Bwmicr oxcumis, % mac.
SlOZ A|203 CaO MgO FeO 803 Nazo

32,13 11,48 50,27 1,14 0,4 1,8 0,77 1,30 1,18

B.ILIL, % M,

Tabmung 2 — XiMIKO-MiHEpaJOTTYHUM CKJIaJ] MOPTIAHALEMEHTHOT O KiiHKepy nementy 111

Bwmict okcuzis, % mac. B.ILIL, Bwmict minepainis, % mac.
S|02 A|203 FeZOg CaO MgO 803 RZO % Cgs ,B-CZS C3A C4AF
210 56 48 650 25 0,7 015 025 580 190 725 155

B sIKOCTI JTy’)KHOTO KOMIOHEHTY — MeTacwiikar HaTpito meHrtarigpat (NaxO-SiO.-5H,0) vy
BUIJISIII HETITPOCKOIIYHOTO MOPOIIIKY.

B sxocti BiIOUTIOIOYHMX Ta CTPYKTYPOYTBOPIOIOUMX J00aBOK BUKOPHUCTOBYBAIU J1OKCH]L
tutany (TiO, — pyti) i kapooHar kasbiiro (CaCOs) y nopourkonoaioHiit Gpopmi 3 6iictio 90%.

[IpurotyBanHg TicTa Ta UEMEHTHO-IIIIAHMX PO3YMHIB 3JIHCHIOBAIM Y CTaHAAPTHOMY
3MimryBaui  Tunmy Xob6apT. Sk ApiOHMI 3amOBHIOBaY Y I[IEMEHTHO-MIIIAHMX PO3YMHAX
BUKOPHUCTOBYBAJIM CTaHAAPTHUH Micok ['ycapiBChKOro poJoBHILA.
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MinHicTh IEMEHTIB BH3HauYanmu BinmoBigHo g0 EN 196-1 Ha 3paskax-06amoukax ckimamy 1:3
(emeHT : micok) po3MipoM 4x4x16 cm. BinmHomeHHsT 00'eMy PO3YMHHOTO CHJIIKATy JI0 MAacH
nementy (mami P/Il) mnpum  mpuroryBaHHi  IEMEHTHO-TIIIAHMX  PO3YMHIB  MiAOHpanu
eKCIICpUMEHTAIBHO, MO0 BEJIWYMHA JliaMeTpy pO3IUIMBY, BHUMIpsSHA Ha CTaHIAPTHOMY
CTPYILLYIOYOMY CTOJIMKY, cTaHoBMJIA 106...115 MMm.

YMOBH 3aTBEpJiHHS 3pa3KiB 11 BU3HAUCHHS MIIHOCTI OYyJIM HACTYITHUMHM: ITICISA
BUTOTOBJICHHSI Ta 710 2 110 — BigHOCHA BOJOTICTh @ = 95...100%, t = 20+£2°C. A micns 2 ni6 i g0
MOMEHTY BUIIPOOYBaHb 3pa3Ki BUTPUMYBAJIHCS Y BOJI.

VYcaka BU3HAYaIach 3TiJIHO METOIUKH, BUKJIaAeHO1 B [17].

Jlyis ontuMizarii CKIaAiB JTy>)KHO-aKTHBOBAHHX JIGKOPATHBHUX IIEMEHTIB, 3pyYHOCTI OOPOOKHU
OTPHMAaHUX JIaHMX Ta CTBOPCHHS MAaTEMAaTHYHOI MOJIENI €KCIICPUMEHTY Y BUIJISIIII PiBHSHB perpecii
OyIio 3a/isiHe MaTeMaTHYHE IUIAHYBAHHS 3 BUKOPHCTAHHSIM MOBHO(AKTOPHUX E€KCIIEPUMEHTIB, SIKi
TPaIUIiifHO 100pe 3apeKOMEHIyBaI0 cebe y HaykoBuX gocimimkeHHsx [18]. B skocti dakropa X1
Buctynanu Butpatu BigOumoBawiB 7i0; (0%—4%—-8%) i CaCO; (0%-12%-24%). B sxocti
¢dakropa X2 — BMicT MetacuiikaTy HaTpito (8%—10%—-12%) i B sikocTi pakTopa X3 — BMICT HUIAKY
y HUIaKo-eMeHTHi#i cymirri (45%—70%—95%).

Sx nobaBka, IO 3MEHINYEe pPH3UK TMOSBH BHCOJIB, 1 BOJOYTpUMYyIOYa 100aBKa,
BUKOPHUCTOBYBABCsSl HATpiii KapOOKCHMMeTHIIEemonao3a y Kinbkocti 0,5%. BucomoyrBopeHHs
BH3HauYan0ch BignosiaHo 10 [19] (Hoxarok I).

Mopo3socriiikicTs BuzHavanace 3riqHo [20]. byB Bukopuctanumii npyruii 6a30Buii MeTon i3
3amopoxyBanuaM 3paskis npu —20°C B 5% pazuuni NaCl.

Ckuaz 1 61TM3HA BUXITHUX CyXHUX B'SUKYYHMX KOMITO3HIIN MTpeacTaBieHi y Tadi. 3 1 Ha puc. 1.

Tabmuus 3 — binu3HA BUXIIHUX B'SHKYYHX MaTepiajiiB 0e3 JTy>KHOTO KOMIOHEHTY

Ckuaz cyxoro B'shpkydoro 6e3 Jy»KHOTo KOMIIOHEHTa, % Mac.

Ne MOPTIAHIIIEMEHT Bimmsua, %
3/m St IIUTaK TiO, CaCOs ’

1 100 — - - 63

2 - 100 - - 76

3 50 50 - - 69

4 25 75 - - 74

5 22,5 66,6 9,9 - 75

6 45 45 10 - 70

7 17,5 52,5 - 30 72

8 30 30 - 40 73

2 3 4 5 6 7 8
76% 69% 74% 75% 70% 72% 73%

Puc. 1. binu3H4 BUX1IHUX CYXHX B'SYKYYUX KOMITO3ULIN O€3 JIy’)KHOTO KOMIIOHEHTY

Buznauenns Oinmm3HU 3pa3kiB BUKOHYBAJIOCh 3a JOMOMOror crekrpodoromerpa NS810 3
nianazoHoM A0BxkuH xBUib 400...700 aM. [y mOpiBHAHHS BUKOPHCTOBYBaBCs 3pa3ok Ral 9016 3i
ctynenem oOimu3nu L = 98,85.

Pe3yabTaT Aociiqkensb. bynu BUKOHaHI JTOCHIIKEHHs BIUIMBY B1IOLTIOIOYUX J00ABOK Ha
CTYINiHb OUTM3HU KOMIO3MLIA Ta iX (Pi3MKO-MeXaHIYHI BJIACTHUBOCTI 3 BUKOPHCTAHHSM MOBHOI'O
(aKTOPHOTO EKCHEPUMEHTY THUITY [IPE-3° 3 (GYHKLIAMU BIATYKY Y BUIJISAL OLIM3HU, CTPOKIB
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MOYaTKy TYXKaBJCHHS 1 MIIHOCTI Ha cTuUcK. DakTopw, Mexi iX BapilOBaHHA Ta MaTpPUL
€KCIIEpUMEHTY 3 (DYHKIIISIMU BIATYKY MpecTaBleHi y Tabi. 4 ... Tabi. 6.

Tabmnis 4 — Buxingi naxi

Ne Onunuii PiBHi BapitoBaHHs (haKkTOPIB
3/l Paicropn BUMIpY Koy -1 0 +1
Bwmicr TiO, % 0 4 8
1 : X1
Bwmict CaCO3 % 0 12 24
2 Bwict Na,0-SiO,'5H,0 % X2 8 10 12
3 Bwict muaky y HIITI] % X3 45 70 95

Y pesynprari 0OpoOKHM maHMX Taba. 5 Oyiau OTpUMaHI aJeKBaTHI PIBHSAHHS perpecii —
crynento O6inmu3Hu (brio,), mirtHOCTI Yepes 28 mid (R T10228) Ta TEPMiHIB [TOYATKY TY>KaBJICHHS (Trio,):

Brio, = 65,02 + 8,6-X1 + 1,8 X5+ 5,2-X5 — 7,5X4% — 0,5-X5% + 4,5-X5° —
- 0,13'X12 + 0,13'X13 — 0,13'X23 (1)

Rrio, 2 = 42,37 — 1,8 X4 + 3,9 X5 +4,9- X3 + 1,37-X4% + 0,87-X5% — 0,13-X5° —
—0,25-X13+ 3,25 X3 (2)

Trio, = 48,23 — 5-X; — 11,4-X5 + 25-X3 — 2,89-X;2 — 6,89-X,2 + 12,11-X5° +
+ 1,63'X12 — 2,38'X13 - 13,38'X23 (3)

Tabmuis 5 — Matputis excriepuMenTy 3 BigoumoBadem 7i0;

M;;g }I:;H Martpuus miany Mi]_[Hi(.:TL RCT:, Mlla, Crtpoku .
No y KOzax y HATYpaJIbHUX BEIMYMHAX micis, 1io. MOYaTKy .CTyHI’HI:J
Tio, WUC p— TykaB-  OinmuzHU, %
Xl X2 X3 % % % 2 7 28 JICHHS, XB.
1 + + + 8 12 95 33,6 443 54,6 45 7
2 - + 0 12 95 36,6 48,3 58,8 56 60
3 + - + 8 8 95 25,5 32,1 40,1 91 74
4 - - + 0 8 95 31,0 39,6 44,2 110 56
5 + + - 8 12 45 23,6 29,6 38,5 26 67
6 - - 0 12 45 24,1 30,1 41,9 29 50
7 + - - 8 8 45 22,0 27,9 37,3 20 63
8 - - - 0 8 45 25,0 31,9 40,4 28 46
9 + 0 0 8 10 70 24,2 31,0 42,0 41 66
10 - 0 0 0 10 70 27,2 35,0 45,3 50 49
11 0 + 0 4 12 70 29,0 38,6 47,0 31 66
12 0 - 0 4 8 70 25,4 33,4 39,1 52 63
13 0 0 + 4 10 95 30,2 38,6 47,2 86 75
14 0 0 - 4 10 45 22,2 27,4 37,0 35 65
15 0 0 0 4 10 70 25,7 33,3 42,4 48 65
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Tabnuus 6 — Marpuus ekcnepumenty 3 BinoimoBadeM CaCO3

Mril;f;l;ﬂ Marpuris mwiany MiuHigTL RCT:, MIla, Crtpoxu .
No ¥ KOMaX B HATYpaJIbHUX BEIMYUHAX micas, 0. MOYaTKy 'CTyrn'Hr;
CaCOs WUC P TyxaB-  OumM3HU, %
X1 X2 X3 % % % 2 7 28 JIEHHS, XB.
1 + + 24 12 95 31,6 42,3 53,5 56 66
2 - + 0 12 95 34,6 46,2 56,6 57 59
3 + - + 24 8 95 23,5 30,1 38,2 86 66
4 - + 0 8 95 29,0 37,5 42,3 104 55
5 + - 24 12 45 21,6 27,6 36,7 43 68
6 - + - 0 12 45 22,1 28,0 39,8 28 49
7 + - - 24 8 45 20,0 25,9 35,4 26 60
8 - - - 0 8 45 23,0 29,8 38,5 29 45
9 + 0 0 24 10 70 22,2 29,1 39,9 49 62
10 - 0 0 0 10 70 25,2 33,1 43,5 50 51
11 0 + 0 12 12 70 27,0 36,6 45,1 29 65
12 0 — 0 12 8 70 23,4 31,4 37,3 45 63
13 0 0 + 12 10 95 28,2 36,6 45,1 59 64
14 0 0 - 12 10 45 20,2 25,4 35,3 25 57
15 0 0 0 12 10 70 23,7 31,3 40,4 35 62

OOpobka nanux Tabm. 6 103BONMIIA OTPUMATH AaAeKBAaTHI PIBHSAHHS perpecii — CTyNEHIO
. , . . . 2 .. .
61mm3HU (Beico,), MitHOCTI Yepes 28 mib (R cacos 8) Ta TEPMIHIB MMOYATKY TYXKABJICHHS (T Caco,):

Beaco, = 61,41 + 5,7-X1 + 1,1-X, + 3.6-X3 — 4,60-X;2 + 2.31-X,2 — 1,19-X3% —

—-0,75-X12 — 1,25 X313 — 0,25- X3

R caco?® = 40,37 — 1,8 X1 +3,9-Xp + 4,9- X5 + 1,37-X12 + 0,87-X52 — 0,13-X5° —

—0,25-X13+ 3,25-X03

Tcaco, = 35,04 — 0,7-X1 — 7,6-Xp + 22-X3 + 14,46-X,° + 1,96-X,2 + 1,961-X3° +
+ 4,25 X1, — 3,75 X413 — 11,5: X3

(4)

()

(6)

Perpeciiinuii anani3 piBHsAHb (1...3) 3 BigOumoBaueM 770, mokasye, 10 yCl TpU (QakTopu
MO3UTHUBHO BIUIMBAIOTh Ha OuIn3HY. JloGaBka 7i0; nemo 3HUXKY€E MILHICTh, a (PaKTOp METaCUIIKaTy
HaTpil0 1 NUIAKy — HaBMaku crpusie ii 3pocraHHio. [lpucyrHicts 7i0; 1 MeTacwiKaTy HATpiio
CHpHUs€ CKOPOUEHHIO CTPOKIB TYXaBJICHHSI, IPUCYTHICTh IJIaKy — 30UIbLICHHIO.

AHaNoriuHi SKICHI 3aJ€KHOCTI CIOCTEPIraloThCsl 1 MPU BUKOPUCTAHHS, K BiIOiTIOBaYa,
nob6asku CaCOs (piBHsHHS 4...6). [30m0BepxHi O6UTM3HU cKkiIaaiB 3 100aBkot0 7i0; y BUTIISIL KBa3i-
IBOX(aKTOPHUX €KCIIEPUMEHTIB MpeCTaBlIeHl Ha pHC. 2.
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Puc. 2. BruB Ha cTyniHb OUTH3HH JTY>KHO-
aKTHBOBAHUX IIJAKOIOPTIAHALIEMEHTIB
120 ' no6aBku 7i(0; 3a7€KHO BiJl BMICTY IIJIAKY Y
" Baer [IJTAKOTIOPTIAH/IIEMEHTI 1 KUTbKOCTI

maky, % JTY’KHOTO KOMIIOHEHTY

Mertacuiaikat
Hatpiw, %

[3omoBepxHi OuMM3HU cknaaiB 3 go6aBkor0 CaCOz y BUITISII KBasi-ABOX(AKTOPHUX
eKCTIEpUMEHTIB IIPEJICTaBJICHI Ha puC. 3.

[lpu BukopucraHHi BigOiumO0O40i mobGaBku TiO; Oynu OTpUMaHi LEMEHTH 3i CTyleHEeM
oum3Hu 46...77%, a npu BukopuctanHi CaCOs; — 45...66%. CTpoku NOYaTKy TYy>KaBJIE€HHS
3Haxoauiuch y mexkax 0-20...1-50 rox.-xB. 1 0-25...1-44 roa.-xB. BIAMOBIIHO.

BcraHoBieHo, 110 JIy)KHO-aKTHBOBAHI JIEKOPATHBHI IIJAKOMOPTJIAHALIEMEHTH MaroTh y Billl
28 ni6 mimHicte Ha crtuck 37..59 MIla. VYci ckimagu MaioTh XOpONIy IHHAMIKY TBEPIiHHS 1,
BUXOJITYM 3 MIITHOCTI y Bimi 2 ai6 — 22...36,6 MIIa, ix MoHa BiIHECTH /0 MIBUIKOTBEPAHYUHX.

VYei CKJIau pPO34MHIB Ha OCHOBI Jy’)KHO-aKTUBOBAaHUX JIEKOPAaTUBHUX
[IJTAKOTIOPTIAH/IIEMEHTIB JIEMOHCTPYIOTh BUCOKY MOpPO3OCTiiKicTh. BcTaHOBIEHO, 10 BTpara ix
MimHOCTI Ticas 150 muKIiB 3aMOpOKYBaHHS Ta pO3MOpOKyBaHHsS (1o BiamoBimae mapiii F200)
CKJ1ajae BChoro 2...4%, BTpaTH MacH BiJICYTHI, JYIIEHHS IOBEPXHI HE CIIOCTEPIraeThCs.

Buxosun 3 6:m3bKoi Bigoiumorouoi ail qo6asku TiO, mpu ii Bmicti 4% i 8%, onTHMAaIbHOO
KUTBKICTIO 100aBKM MOXKHa BBaxkatu 4...5% (puc. 2).
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Puc. 3. BinuB Ha cTymiHb OiTU3HU JTYKHO-
95,0 AKTUBOBAHUX IUIAKOOPTIAH/IIEMEHTIB
no6asku CaCQOs 3a1€XKHO Bl BMICTY HIJIAKy
y IIJTAKOMIOPTIIAHIIEMEHTI 1 KUTbKOCTI
JY’KHOTO KOMITOHEHTY

Cryniub 6ian3uni, %
a
[e2]
L

BwmicT
nIaKy, %

IlikaBo, 1110 HE AMBISYHUCH Ha JOCTAaTHbO BUCOKUH BMicT 100aBkuM CaCQO3 y KOMIIO3UIISX
(24%) ix MIIHICTH HECYTTEBO BIIPI3HAETHCS BiJl KOMIO3uUIIi# 6e3 nodaBku — 53,5 MIla i 56,6 MIla
BINOBITHO (Tabu. 6, mo3. 1 1 2). Ile Moxe OyTH MOsSICHEHE THM, 110 PO3Mip YAaCTUHOK KapOOoHaTy
Kanplio (6...9 MKM) CHIBCTaBHUHM 3 pO3MIPOM BIAKPUTHUX KANUISPHHUX MOP LIEMEHTHOTO KaMEHIO,
10 CHpHUS€ YIIIIBbHEHHIO MIKPOCTPYKTYPH LEMEHTHOTO KaMEHIO dYepe3 3aloBHEHHS 3epHaMu
N00aBKM BakKaHCIM y 3a30pax MDK 3€pHAMM LIEMEHTY, 1 MiJBHUILEHHSIM JHCIepCii MPOIYKTIB
rigpaTaiii, Ui SKUX MiKPOYACTHHKH KaJbIIUTY CIIyKaTh [ICHTPaMH KpucTamizaiiii [21, 22].

BinMiueHO TakoX MO3UTUBHMM CTPYKTypOyTBOprOlouui BIuMB jAoOaBku CaCQOs; Ha
negopMaTUBHICTh JpiOHO3EpHUCTUX O€ToHIB. Pe3ynbraTu JoOCHiKeHb BIacHUX Jedopmarii
yCamKd  JCKOPATHBHUX  JY)KHO-aKTHBOBAaHUX  [UIAKOMOPTIAHIIEMEHTIB y  MPHCYTHOCTI
ONTUMAJIBHOI KIJIBKOCTI BiAOLTIOI0UMX T0OaBOK MPEICTaBIeHI Ha puc. 4.

Sk BunmHO 3 puc. 4, HaliMeHIIa ycajKa JO0 MOMEHTY cTa0uTi3allii crocTepirajach y 3paskiB 3
nobaskoro CaCOs; — 0,51 mm/M. VYcanaka y ckianiB 3 gobaBkoro T10, 1 6e3 m00aBku —
0,61....0,62 mm/Mm. TiO; BHacHimok Manoi KiabKOCTi (4%) i XIMIYHOI IHEPTHOCTI MPAaKTUYHO HE
BIUIMBAE Ha ycaaky. ToMy MOKa3HUKM yCaaku CKiaaiB Oe3 n00aBku i 3 mobOaBkor TiO; mano
BIJIPI3HAIOTHCS OJMH BiJl OJTHOTO.
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0a
o1 [ —s—4-CaCc03 (24%)
\ =—0—2 -Ti02 (4%)
0,2 +% == | - Oe3 100aBKH

Ycagka, MM/M

|

0,7 -7 Puc. 4. BB BinOUIIOIOUNX
O Y ®N YO T oA 8 g Er) g %l 6 .
AN STWLN®OO dANF W9 JI00aBOK Ha BiacHi aedopMarrii

Yac, 1io ycaiku

Jlnist 3amo0iraHHs BHCOJIOYTBOPEHHIO IO CKJIAaMy JYXKHO-aKTHBOBAaHUX IEMEHTIB BBOJIMIACH
no0aBKa HaTpii KapOOKCHUMETHJIIIEITIOIO3H. BcraHosieHo, 110 nobaBka HaTpii
KapOOKCUMETHIIIEION03U Y KibkocTi 0,5% TMOBHICTIO BUKIIIOYAE PHU3UK TOSBU BHCOINIB. Kpim
TOr0, BOHA 3[JaTHAa BUKOHYBATH I11€ I 1 pojib BOAOYTPUMYIOYOI Ta IUIaCTH(iKyI0UO0i J0OaBKH.

BucHoBkHu. TakuM YHHOM, OTPUMaHI JEKOPATHWBHI IIJIAKOMOPTIAHALIEMEHTH 3 JIY)KHOIO
aKTUBAII€}0 METACHIIIKATOM HATPito 13 BMicTOM B HuX noprianauementy I1I[1 5...55%, sxi matoTh
Oimu3ny y mianasoni 45...77%. lle m03Boisie BUKOPUCTOBYBATH iX JUIsI OTPUMAHHS KOJBOPOBHX
IIEMEHTIB 3 IIUPOKUM CIIEKTPOM KOJIbOPIB — Bij] O1JIOTO A0 YOPHOTO.

BcranoBneHno, 1o JIy>KHO-aKTHBOBaHI JEKOPATHUBHI IITAKOMOPTIAHALEMEHTH MArOTh y Billl
28 ni6 axtuBHICTH 37...59 MIla. VYci cknaau MaroTh XOPOILy TUHAMIKY TBEPAIHHS 1, BUXOASUYU 3
MiIHOCTI y Bimi 2 mi6 — 22...36,6 MIIa, ix MOkHA BITHECTH 0 IMIBUAKOTBEpAHY4YHX. Ha X OCHOBI
MO>KHA BUTOTOBJISITH CyXi Oy/IiBeIbHI CyMimni. Yci CKJIad PO3YUHIB HA OCHOBI JIY’)KHO-aKTHBOBAHUX
JEKOPATUBHUX LUIAKOMOPTIAHILEMEHTIB JIEMOHCTPYIOTh JOCTaTHBO BHUCOKY MOPO30CTIHKICTH —
F200. Lle mo3Boisie BUKOPUCTOBYBATH iX JUISI BHUTOTOBJICHHS BHPOOIB 1 pPO3YHMHIB SK JUIS
eKCIUTyaTalii y MNpHUMILIEHHAX, TaK 1 Opu Ali atMocepHUX BIUIMBIB 0€3 BTpPATHU MPOEKTHUX
XapaKTEePUCTHK 1 I€KOPaTUBHOI TPUBAOIUBOCTI.

Brnachi nedopmanii ycaaku JeKOPaTHBHUX JIY)KHO-aKTHBOBaHMX LUIAKOMOPTIAH/LIEMEHTIB
crkmagaroth 0,51...0,61 MM/M, IO BHKITIOYAae TPIIIMHOYTBOPEHHS 1 TependyacHe pyHHYBaHHS
BUpoOiB. Oco01MBO epeKTUBHE I YIPABIiHHI BIACHUMHU Ae(opMaiisiMi ycaJlki BUKOPUCTaHHS
no6asku CaCOs. Takum unHoM, no6aBka CaCO3 BUKOHYE QYHKIIT HE TUIBKH AEKOPATUBHOTO, ajie
i CTPYKTYpOYTBOPIOIOYOTO KOMITIOHEHTY.

beroHH1 Ta po34MHOBI CyMilll MOXYTb OyTH BHUKOPUCTaHI Ul BUPOOHULITBA JEKOPATUBHUX
BUPOOIB TpaguLiiHUM crocoOoM, crmocoboM ekcTpysii, BiOpompecyBanHs, 3D-apykoM Ha
OyZAiBeNbHUX MPUHTEPAX TOIIO. A HE HAATO JIOBI1 CTPOKH TYXKABJIEHHS 1 IIBUJIKHA HaO1p MIITHOCTI
JI03BOJISIFOTh BUTOTOBJIATH BUPOOU Oe€3 TersioBosioroi oOpoOku abo 3 MiHIMAJIbHUMM BHTpaTaMu
TETJIOBOT €Heprii.

[IpencraBneni pe3ynbTaTH € CUTHAJIBHMMH, BKa3ylOTb Ha MPHUHLUIIOBY MOKJIMBICTh
OTpUMaHHS BHCOKOSIKICHUX ePeKTHBHUX JIEKOPATUBHUX TyKHO-aKTHBOBaHUX
[IJIAKOTIOPTIAH/IIEMEHTIB Ta OETOHIB Ha IX OCHOBI 1 CIYI'YIOTh MEPEIYMOBOIO JUISI PO3POOKH Y
MEPCIEeKTUBl BHCOKOMIIIHUX JIEKOPaTHUBHHUX IOPOIIKOBO-PEAKTUBHUX OETOHIB 3 KEPOBAHOIO
MIIHICTIO, e(OPMATUBHICTIO, JOBIOBIYHICTIO Ta IHIIMMH CIELIATbHUMHU XapaKTePUCTUKAMH.

Ioasika. ABTOpUM BHUCIOBIIOIOTH MOASKY MIHICTEpPCTBY OCBITH 1 Hayku YKpaiHu 3a
¢binaHCcOBY MiATPUMKY IpoekTy (peectpariitauii Ne 0123U101832), sikuif BUKOHYETHCS 32 PaxXyHOK
OroxeTHOTO (hiHancyBaHHs y 2023...2025 pp.
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Abstract. The article discusses approaches to the formation of compositions of alkali-activated
decorative Portland slag cements containing Portland cement type CEM1 5..45% with high
performance and decorative properties. The optimization of the compositions of decorative alkali-
activated Portland slag cements was carried out using statistical methods for designing experiments.
Finely dispersed TiO, and CaCO; additives with a whiteness of 90% were used as bleaching
components. The alkaline component is sodium metasilicate in the form of a non-hygroscopic powder.
The research carried out made it possible to obtain decorative Portland slag cements with a whiteness
of 45...77%, which allows them to be used to produce colored cements with a wide range of colors
from white to black. It has been established that alkali-active decorative Portland slag cements have an
activity of 37...59 MPa at the age of 28 days. All compositions have good hardening dynamics and,
based on the strength at the age of 2 days — 22...36.6 MPa, they can be classified as fast-hardening.
Based on them, it is possible to produce dry construction mixtures. All mortar compositions based on
alkali-active decorative Portland slag cements demonstrate fairly high frost resistance — F200. This
allows them to be used for the manufacture of products and solutions both for indoor use and when
exposed to atmospheric influences without loss of design characteristics and decorative appeal. The
inherent shrinkage strains of decorative alkali-activated Portland slag cements are 0.51...0.61 mm/m,
which eliminates cracking and premature destruction of products. The use of the CaCO3 additive is
especially effective for controlling the shrinkage deformations. Thus, the CaCO3 additive performs the
functions of not only a decorative component, but also a structure-forming component. Concrete and
mortar mixtures can be used to produce decorative products using the traditional method, extrusion, 3D
printing on construction printers, etc. And not too long setting times and a rapid increase in strength
make it possible to produce products without thermal treatment or with minimal consumption of
thermal energy.

Key words: alkali-activated decorative Portland slag cements, whiteness, strength,
deformability, experimental mathematical models.
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Abstract. Solving the problem of ensuring the reliable functioning of drainage systems is
important not only for Ukraine, but also for scientists around the world. Since these systems are
critically important for life support, their uninterrupted operation is of strategic national importance. The
issue of preservation and restoration of existing underground communications is gaining particular
relevance due to increased environmental requirements. To protect groundwater from contamination
with aggressive reagents, it is important to understand the reasons for the destruction of underground
communications structures and effective methods of their repair. The article analyzes scientific works
related to the problems of ensuring the trouble-free operation of objects that are part of the complex of
constructions of sewer tunnels of the city. Grouped according to the direction of research work: research
on the corrosion process in water drainage networks; analysis of modern ones; materials, laboratory
tests; technologies for restoring drainage networks. Analysis of studies of the condition of structures of
objects; research of materials and methods of repair and restoration of sewage tunnels and inspection
shafts, which are currently used with high efficiency in domestic and foreign practice; development of
technological and organizational solutions and restoration of destroyed sewage structures of drainage
networks. The analysis of the researches of domestic scientists showed that the sewer tunnels of large
cities of Ukraine are worn out as a result of long-term operation, ineffective solutions to protect
structures from the influence of an aggressive environment, low-quality materials and structures used
during construction. Restoring normative operational characteristics, increasing the durability of sewage
tunnels is a costly and technically complex task, the solution of which is urgently needed to prevent
accidents, including those with serious environmental consequences. Existing modern technologies of
work performance, materials and structures used for repair and restoration works with different
efficiency solve these problems, at the same time, the need to reduce costs for repair and restoration
works requires the search for cost-effective materials, structures and methods of work performance. The
analysis of the conducted studies shows that the problem of increasing the durability of sewage network
structures should be solved comprehensively, taking into account the current situation.

Keywords: sewage disposal, influencing factors, recovery technologies, repair, anti-corrosion
coating, research analysis.

Introduction. Already at the beginning of the 20th century, and especially after the First
World War, the intensive development of technology for the transportation and treatment of
wastewater began. The development of industry and the processes of urbanization caused an
increase in the volume of wastewater and the load on transport highways.

Since drainage networks belong to life support systems, their normal functioning is a task of
state importance. The problem of preservation and restoration of existing underground
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communications becomes especially urgent in connection with the increased requirements of
ecology. In order to protect groundwater from the ingress of various aggressive reagents, it is
necessary to know the reasons for the destruction of underground communications structures and
the methods of repairing damage.

Solving the problems of ensuring the reliable operation of the city's drainage systems is
relevant not only for Ukraine, but also for scientists around the world.

Analysis of recent researches and publications. In the domestic researches of 1.O.
Abramovich [1], Aleynikova A.l. [2-7], Brigady O.V. [8], Bulgakova Yu.V. [9], Goncharenko D.F.
[5-7, 10], Dobryaeva A.A. [11], Zabelina S.A. [4, 5, 11], Kabusya O.V. [12], Kis V.M. [13],
Kurovskii I.1. [14], Kovalenko A.V. [15], Korinko L.V. [16], Rosenthal N.K. [17], Starkova O.V. [6,
18, 19], Klein Y.B. [20], Mezhenskyi A.N. [21], Uvarova E.P. [21], lurchenko V.O. [22, 23] and
others, foreign D. Shtein [27], J. Horstmann [28], W. Fischer [29], U. Schmidt [30], D. Ufermann
[31], R. Stein [32], B Miiller [33], S. Ellerhorst [34], V. Niederehe [35], R. Kammerer [36],
D. Mathews [37], S. Tambe [38], M. Pozoki [39], K. Luo [40], M. Kiliswa [41], T. Gourley [42],
E. Hewayde [43], S. Taheri [44] and others pay great attention to the repair and restoration of
drainage tunnels with the use of various building and construction materials resistant to aggressive
sewage environments, the study of factors affecting the operational durability of sewage tunnels.

The purpose and objectives of the research. The purpose of the article is the analysis of modern
scientific and practical research in the field of water distribution systems. Analysis of scientific works:

— regarding the condition of structures of objects that are included in the complex of structures of
sewage networks, research of factors leading to their failure of functioning and research devoted to the
issue of reducing the influence of an aggressive environment on drainage structures;

—aimed at solving the problems of increasing the operational reliability of sewage tunnels;

— research of materials for repair and restoration of sewage tunnels and inspection shafts,
methods of their implementation;

— regarding the methods of technological, organizational and constructive solutions for the repair
and restoration of destroyed sewage tunnels and inspection shafts.

The main part. Researchers from all over the world are dealing with issues of increasing the
operational resource of sewage collectors. Based on a comparison of the scientific works of researchers
from near and far abroad, they can be grouped according to the direction of research works:

— research of the corrosion process in water drainage networks (Table 1, Iltem 1);

—analysis of modern materials, laboratory tests (Table 1, Item 2);

— technologies for restoring drainage networks. (Table 1, Iltem 3).

Table 1 — Analysis of modern scientific and practical research in the field of water distribution

system
Scientific The main provisions of the study,
Ne works, Comment
I advantages
scientists
1 2 3 4
1. Corrosion processes in the sewage network
1.1 | 1.0. In the works of Professor 1.0. Abramovich | At the same time, in his

Abramovich [1] | [1], who was most directly related to the | work, the author paid

design and construction of sewage tunnels
in the city of Kharkiv, great attention was
paid to the study of factors affecting their
durability. As the author emphasizes in his
scientific works, it is the corrosion
processes occurring in the above-water part
of the tunnels that have the greatest impact
on their durability.

insufficient attention to the
selection of construction
materials that can resist
corrosion  of  reinforced
concrete pipes, tubing and
monolithic reinforced tunnel
treatment. His assumptions
about the destructive effect
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Continuation of Table 1

1 2 3 4
of gas corrosion were
confirmed after several years
of operation of both
reinforced concrete pipes
and tunnels.
1.2 | V.O. lurchenko | In the studies, much attention is paid to | A comprehensive  study
[22, 23] the process of gas corrosion and reducing | highlighting the quantitative
the influence of an  aggressive | and qualitative assessment
environment on the construction of | of the dispersion of harmful
drainage networks. In the works, the | substances in the atmosphere
author noted that the genesis of acid | directly for the city of
formation on the vault is caused by | Kharkiv.
microbiological processes, which are
caused by immobilized microbiocenoses
in the tray part of sewer pipelines: mainly
microbiological sulfate reduction of
sulfate reduction to hydrogen sulfide by
protons of organic compounds. The
formed hydrogen sulfide is released into
the atmosphere of the basement space and
dissolves in film moisture on the tunnel
vault. The work noted that an important
condition for the development of biogenic
sulfuric acid corrosion in sewage systems
is the presence of moisture on the surface
of the building structure, which is exposed
to hydrogen sulfide. Building structures
that are constantly in a dry state are not
susceptible to biogenic sulfuric acid
corrosion, even if hydrogen sulfide is
constantly  present.  Decreasing the
humidity of the gas environment of the
tunnel by supplying fresh air to the sub-
basement space significantly slows down
the rate of concrete corrosion.
1.3 | Brigada O.V.|The work provides an analysis of | A meaningful study in which
[8] emergency  situations  during  the | reviews of sections of

operation of drainage networks, methods
of diagnosing their condition and
controlling the composition of the
atmosphere in the underground space of
sewage pipelines. The features of non-
destructive monitoring of the state of
concrete collectors are characterized, the
main coefficients for calculating the
depth and speed of concrete corrosion are
determined experimentally.

sewerage networks in the city
of Kharkiv are given, the
concentration of hydrogen
sulfide in the atmosphere of
the underground space is
determined by two methods.
The determination of the
effectiveness of protective
coatings of various
compositions to  protect
concrete from the biogenic
aggression of sulfuric acid is
given.
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Continuation of Table 1

1 2 3 4

1.4 | S.A. Zabelin, In the scientific work, an analysis of | A meaningful study. On the
A.l. Aleynikova | experimental studies of materials that | basis of the analysis of the
[4] resist corrosion was carried out. latest works, approaches,
and practices devoted to the
study of corrosion processes
of sewage -collectors, and
according to the results of
their grouping in accordance
with  the direction of
research, the authors
proposed a methodology for
the study of microbiological
corrosion of  drainage
collectors and the main

methods of combating it.

2. Analysis of modern materials, laboratory tests

2.1 | N.K. Rosenthal | The studies emphasize that the | Modern sewage pipelines
[17] catastrophic consequences of corrosion | are a complex complex of
destruction of water supply, drainage and | interconnected structures in
water treatment facilities require large- | which  various  physical,
scale solutions to the problem of | chemical and biological
ensuring their durability at the stages of | processes take place. The
design, construction and operation. The | action of such processes is
safe operation of these facilities requires | not controlled and is
taking into account world experience and | accompanied by significant
conducting own research with the | costs associated, in
involvement of specialists from various | particular, with a decrease in
fields: chemists, technologists, | the operational reliability of
microbiologists, designers. In his work, | the functioning of sewage
promising materials for corrosion | collectors.  Almost  all
protection were considered. modern studies of methods
2.2 | V.M.Kis[13] | The question of increasing the durability | of increasing the operational
of reinforced concrete pipelines was | resource of water drainage
reflected in the works where the author | networks, destroyed under
developed liner pipelines lined with thin- | the influence of
walled profiled polyethylene. microbiological  corrosion,
2.3 | O. Kabus, The work considers the assessment of the | are related to the application

V. Lykhogray
[12]

increase in durability of protective
coatings applied to the middle layer of
polymer concrete. This is a layer that is
formed as a result of applying a polymer
coating with a filler on the surface of
ordinary concrete with a large exposed
aggregate. Exposing the large aggregate
using the "washed concrete" technology
allows you to significantly reduce the
contact area of the coating with cement
hydrates that react with an acidic
environment and reduce the likelihood of
subsurface corrosion and peeling of the

of technologies for the use

of polymeric materials.
Modern  multi-component
materials  have  quality

characteristics that prevent
corrosion damage to
structures.
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Continuation of Table 1

3

4

coating. The results showed that the
formation of a surface polymer concrete
layer allows to increase the durability of
concrete  structures in an acidic
environment.

2.4

V. Fischer
(Germany) [29]

In the scientific work of the German
scientist, considerable attention is paid to
the selection of pipes for open methods of
repair and restoration work on sewage
networks. Special attention in his research
was paid to pipes of large diameters made
on the basis of polypropylene. The strength
characteristics of the pipes and the
expediency of their use under various
operating conditions are given in the work.

2.5

Bodo Miiller
(Germany)
[33]

In his work, the author presented the
results of research on plastic materials
for their use in repair and restoration
works.

2.6

Wilhelm
Niederehe
(Germany) [35]

The work considers static loads on
sewage pipelines during open repair
works, in particular for pipes made of
concrete, reinforced concrete, polymer
concrete, fiberglass and other materials.

2.7

D. Mathews,
A. Cox (USA)
[96]

The research conducted by the authors
suggests the use of polymer nanocoatings
as a method of controlling the corrosion
of iron pipelines.

2.8

S. Tambe and
his colleagues
(India) [38]

Laboratory modeling of microbiological
corrosion processes of sewage systems
was analyzed in the research. The article
evaluates the effectiveness of epoxy
coatings with and without biocides
through their interaction with cultures of
sulfate-reducing bacteria in an anaerobic
environment. Methods such as the
formation of inhibition zones, visual
observations, scanning electron
microscopy (SEM), electrochemical
impedance spectroscopy (EIS) and
analysis of coating adhesion to the inner
walls of the collector were used to
evaluate the microbiological efficiency.

2.9

N. Rohem and
his colleagues
(Brazil) [46]

The study analyzes the use of polymer-
based composite materials for repairing
and strengthening damaged pipelines.
Experimental tests have shown the high
efficiency of the new composite material
in the process of restoring the inner
surface of pipelines.

Modern construction and architecture, 2024, no. 9, page 82-96



UTILITY NETWORKS AND FACILITIES

Continuation of Table 1

2

3

4

2.10

M. Pazoki and
his co-authors
(Iran) [39]

The study conducted a comparative
analysis of polyurethane and polyvinyl
chloride for lining concrete sewer pipes
for  protection against  biological
corrosion. Experimental data showed that
after three  months, polyurethane
demonstrates better strength and stability
in an acidic, aggressive environment
compared to PVC. Thanks to its strong
adhesion to the concrete surface, the
polyurethane coating effectively reduces
the penetration of the acidic solution
formed as a result of the fermentation of
sewage into the concrete structure.

2.11

K. Luo and his
co-authors
(China) [40]

The study considered tubular composite
raw materials, as well as a comparison of
methods of their formation and
evaluation of efficiency, in particular
from the point of view of service life. and
corrosion resistance.

2.12

M. Kiliswa
(South Africa)
[41]

In scientific works, the rate of biogenic
corrosion of concrete is analyzed, which
depends on the chemical composition of
binding components (cement, additives),
as well as on the microstructural
characteristics of concrete. mixtures used
in the manufacture of sewer pipes.

2.13

T. Gourley,
G. Johnson
(Australia) [42]

Research by scientists has suggested
sewer pipes made using geopolymer
concrete show excellent corrosion
resistance in these highly aggressive
environments. Laboratory and practical
comparative tests of sewage networks
show the advantage of a sewer pipe made
of geopolymer concrete.

2.14

E. Hewayde
and co-authors

[43] (Iraq),

The paper investigates the issue of anti-
corrosion coating based on copper oxide
and silver oxide. Each of the oxides was
mixed with an epoxy resin used to repair
concrete sewer pipes before being sprayed
onto the inner surface of the concrete pipes
to form a coating film. These tests showed
that sulfide formation by sulfate-reducing
bacteria in oxide-coated pipes was reduced
by 92% and 100%.

2.15

S. Taheri and
his colleagues
(Australia) [44]

In a scientific study, the influence of
mullite, an aluminosilicate mineral, on
the strength and resistance of concrete to
acid corrosion was analyzed under the
conditions of accelerated tests in sulfuric
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Continuation of Table 1

3

4

acid solutions at pH 025 and 1.
Scanning electron microscopy, micro-X-
ray fluorescence spectrometry and
Vickers hardness were used to evaluate
physicochemical methods such as
compressive strength. The results showed
that the addition of mullite slightly
changes the overall strength of solutions
and concrete samples, but significantly
increases their resistance to sulfate
corrosion, in particular by 90%. This
indicates a potential extension of service
life and reduced maintenance costs for
concrete pipes subject to acid corrosion
in sewage systems. It was also noted that
the inhibition efficiency depends on the
acid concentration and improves with
increasing mullite content in the samples.

3. Recovery technologies

3.1

A.O. Dobryaev
[11]

The scientific research is devoted to an
open way of carrying out repair and
restoration works. With the participation
of the author, constructive solutions for
the restoration of the Ordzhonikidzev
collector in the city of Kharkiv were
developed: the pipeline to be restored is
built ~ from  monolithic  reinforced
concrete, the preserved tray part serves as
the basis for the new pipeline, and a pipe
made of profiled polyethylene is installed
as a lining. The method of calculating the
strength characteristics of the structure
being developed, based on the finite
element method, is proposed.

The technical, technological
and organizational solutions
proposed by the author
significantly ~ shorten the
duration and reduce the cost
of repair work, extending the
life of the collector by using
profiled polyethylene.

3.2

Yu.B. Klein
[20]

In the studies, the performance of works
in an open way in water-saturated soils is
considered. The work proposes a device
that allows combining the processes of
soil  development and temporary
fastening with simultaneous drying of the
soil in the drilling zone with water-
receiving devices mounted in the blade
part of the shield of the temporary mobile
fastening.

The use of this method using
the developed device makes
it possible to reduce the
duration of work by 2 times
compared to the duration of
these works by existing
methods.

3.3

D.F.
Goncharenko
[5-7, 10]

In scientific works, the problems of the
destruction of shallow sewage collectors,
methods of their preparation for
restoration and repair, technological
solutions for repair and restoration of
collectors by open and closed methods

devoted
and
proposed

The author

numerous studies
scientific works,
numerous technical,
technological and
organizational solutions that
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Continuation of Table 1

1 2 3 4
are widely considered. These works are | significantly shorten the
based on theoretical calculations and | duration and reduce the cost
have practical implementation. of repair and restoration
works.

34 | DF. The scientific publication examines the | The automated systems for
Goncharenko, theoretical justification of the choice of | choosing the way to restore
O.V. Starkova, | open and closed methods of repair and | water pipes using the fuzzy
A.l. Aleynikova | restoration of water pipes. In these | logic apparatus proposed by
[6] works, the authors study the methods of | the authors will allow to

choosing priority factors that affect the | significantly reduce the cost
determination of the method of carrying | of repair and restoration
out repair and restoration works. In the | works.

scientific works, the authors developed

automated systems for choosing the

method of restoring water pipes using the

apparatus of fuzzy logic.

35 |D.F. The research has developed several | Technical, technological and
Goncharenko options for carrying out repair work in | organizational solutions
Yu.V. sewage tunnels damaged by gas | proposed by the author
Bulgakov [9] corrosion. The main one is the insertion | significantly  shorten the

method, which involves the use of | duration and reduce the cost
polyethylene and fiberglass pipes of large | of repair and restoration
diameter. In case of incomplete corrosion | works.

destruction of the finish, it is proposed to

restore the crypt part of the tunnel by

reinforcing it with composite

reinforcement,  followed by the

application of a protective layer by fiber

shotcrete. For this purpose, the authors

selected fibers and complex additives

that allow to increase the strength and

waterproofing of the concrete layer that

is applied again.

3.6 | O.B. Starkova | In the works, a model of a justified | The author developed a

[6, 18, 19] choice of methods of repair and | method for the reasonable
restoration of the sewage network section | selection of methods of
was developed. The author considered | repair and restoration of the
single-criteria optimization under the | sewage network and is
condition of choosing one method of | recommended for further
repairing the section of the sewage | implementation in practice.
collector; single-criterion optimization
under the condition of choosing several
methods of repairing the section of the
sewage collector; multi-criteria
optimization when choosing methods for
repairing the sewage collector area.

3.7 | ANN. Scientific works are devoted to | The presented approach is
Mezhenskyi, methodical development of selection and | meaningful, and for further
E.P. Uvarova standardization of indicators of reliability | implementation in
[21] of water supply and drainage pipelines. production and use in
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Continuation of Table 1

1 2 3 4
In these works, the composition and | practice, it requires certain
structure of the parameters of the | qualifications.
sequence of the formation of design
materials of all sections of the complex
project were determined, the potential
possibilities of their multivariation were
revealed for all stages in the genesis of
the complete life cycle of the
construction, operation, reconstruction
project, using the calculation method of
carrying out planned and preventive
repairs taking into account the level of
normative environmental requirements.

3.8 | S.A. Zabelin In scientific studies, special attention is | The universal installation,
[4] paid to the repair and restoration of | developed by the author,

sewage pipelines at a depth of 4 m or | ensures the stability of the
more, located in heterogeneous bulk | soil on the walls of trenches
soils, where the groundwater level can | and pits and allows the
reach 0.5 m. Often, water supply, gas | removal of soil, atmospheric
supply and other communication | and waste water during
networks are located nearby. For repairs | work.

in such conditions, the author developed

a design solution for vertical fastening

for trenches and pits.

39 |AL In the scientific work, with the help of | The  authors  suggested
Aleynikova, economic forecasting methods, accident | conducting two types of
B.S. Sorokina, | rates were calculated and a comparative | monitoring - periodic, which
V.Yu. Sorokina | analysis with previous years was carried | is carried out 4 times a year,
[2] out. We note the constant rapid growth of | and large-scale, which is

costs for the repair of sewage manholes | carried out once, which will
from year to year, which once again | allow for more detailed
confirms the relevance and timeliness of | forecasting and reduce the
conducting this study, because all these | costs of restoring drainage
costs can be reduced due to the | networks.

implementation of a monitoring system.

3.10 | ALl The scientific publication noted that | The authors offer a complex
Aleynikova, basalt-based  products  meet  the | of technical, technological
P.Yu. requirements for materials used to protect | and organizational solutions
Hulievskyi, sewage networks. The authors proposed | that significantly shorten the
I.V. Voronenko | developed organizational and | execution time and reduce
[3] technological solutions for the repair and | the costs of repair and

restoration of tunnels in the bordering | restoration works.
places with inspection shafts by restoring
the arch with basalt tile lining.
311 | AV. The work is devoted to the development | A distinctive feature of the

Kovalenko [15]

of effective technological solutions for
the elimination of accidents in sewage
tunnels. The author analyzed emergency
situations that occurred in various cities,
including Kharkiv. For this purpose, the

technologies developed by
the author during the
elimination of accidents in
deep tunnels is the double
protection of the massif and
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Continuation of Table 1

3

4

author ~ proposed  technical and
technological solutions aimed at creating
protection of the massif and the surface
of the soil by artificially freezing them
with liquid nitrogen, followed by
penetration of the blockage and
construction of secondary processing by
counter-pressing with reinforced concrete
rings.

the soil surface from
displacements and
deformations. At the same
time, the tray part of the
tunnel treatment that is not
destroyed by gas corrosion
is used as a fence from
below.

3.12

I.1. Kurovskii
[14]

In his works, the author developed a
methodology for calculating the strength
of precast monolithic steel-concrete liner
pipelines lined with material from slag
casting of the Nikopol Ferroalloy Plant.
In his work, the designs of the joints of
steel nicrolite pipe liners are proposed.

It would be advisable to
make the economic
efficiency of wusing this
technique and compare it
with other techniques.

3.13

G.0. Damekin
[24]

The work is devoted to increasing the
efficiency of works on the restoration of
tunnel collector structures. The author
proposed to repair the crypt part of the
tunnels damaged by corrosion by lining
them with large-format sheets of ceramic
tiles. A methodology for calculating the
strength of the facing layer has been
developed.

Technical, technological and
organizational solutions
proposed by the author
significantly ~ shorten  the
duration and reduce the cost
of repair and restoration
works.

3.14

I.V. Korinko
[16],

V.0.
Voronenko
[25],

V.V.
Zaporozcia [26]

The issue of increasing the operational
durability of inspection mine structures
was reflected in the works. Repair and
restoration of mine wall structures was
carried out using reinforced concrete
panels lined with profiled polyethylene,
slag-cast panels manufactured at the
ferroalloy plant, clinker brick, and
polymer concrete.

Technical, technological and
organizational solutions
proposed by the authors for
the restoration of inspection
shafts of sewage collectors,
which significantly shorten
the duration and reduce the
cost of repair and restoration
works.

3.15

D. Stein
(Germany) [27]

In  scientific  works, considerable
attention is paid to open methods of
repair and restoration of sewage
pipelines. The author believes that an
important part of pipeline repair is the
arrangement of pipe joints and the
replacement of damaged elements.

The scientist investigates
numerous examples of the
repair of sewage systems
using ceramic, polyethylene
and fiberglass pipes, and
also presents the results of
the restoration of brick
pipelines in the cities of
Western Europe.

3.16

J. Horstmann,
P.
Pfannenschmidt
(Germany) [28]

In the scientific works of scientists, the
use of geotextile materials in open
methods of repair and restoration works
on sewage pipelines is considered.

The author presents a number
of technical, technological
and organizational solutions
that significantly shorten the
execution time and reduce the
costs of repair and restoration

works.
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Continuation of Table 1

(Poland) [45]

in the city of Warsaw are considered is
significant. During the construction of
the new tunnels, the microtunneling
method was used with the use of shields,
which allow laying fiberglass pipes with
a diameter of 3000 mm, which were
supplied by the Hobas company.

1 2 3 4
3.17 | U. Schmidt, The research examines technical and | Special attention is paid to
A. Bohasch technological  solutions that were | the system of damping the
(Germany) [30] | developed in the German city of Minden | outgoing gases from the
to reduce the level of corrosion of | channels with the help of
reinforced concrete channels, as well as | special equipment installed
odors entering the environment from the | in inspection shafts.
channels. Quantitative indicators
characterizing the
effectiveness of the adopted
decisions are presented.
3.18 | R. Stein In the studies, the question of the | Attention is paid to the
(Germany) effectiveness of the application of | efficiency of using various
[32] injection methods during the | materials and methods of
rehabilitation of channels made of | their application in damaged
reinforced concrete is considered. The | channels and pipelines.
qualitative characteristics of construction
materials used for injecting pipelines
located in different soils are presented.
3.19 | S. Ellerhorst, Scientific research was focused on the | The presented approach is
M. Schroder, analysis of the economic efficiency of | meaningful, and for further
B. Woffen methods of carrying out repair and | implementation in
(Germany) [34] | restoration works in an open manner. production and use in
practice, it requires certain
qualifications.
3.20 | R. Kammerer In his research, the author considered in | Technical, technological and
(Germany) [36] | detail the repair and restoration of | organizational solutions
pipelines made of ceramic bricks. The | proposed by the author
author of the article, using the example of | significantly  shorten the
channels laid out of bricks in the century | duration and reduce the cost
before last in Frankfurt am Main, provides | of repair and restoration
the method of research of these channels, | works.
the list of equipment and tools that are
recommended for its implementation.
Factors leading to their destruction, plans
for their rehabilitation are considered.
3.21 | Z. Suligowski, | The work in which the technical and | The author offers a number
M. Orlowska- | organizational-technological solutions of | of technical, technological
Sczostak the reconstruction of the drainage system | and organizational measures

that significantly reduce the
duration and costs of repair
and restoration works.

Conclusions and directions for future research. In the article, the following were grouped

according to the direction of research work and summarized in a table: the study of the corrosion
process in water drainage networks; analysis of modern ones; materials, laboratory tests; technologies
for restoring drainage networks.
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On the basis of the performed analysis of the latest works, approaches, and practices devoted to
the study of problems in the operation of drainage networks, the problem of increasing the durability of
sewage tunnels, which include main and duplicate tunnels, inspection shafts and ring sections, should be
solved comprehensively, taking into account the current situation .

The analysis of research by domestic and foreign scientists showed that sewer tunnels of large
cities are worn out due to long-term operation, ineffective solutions to protect structures from the
influence of an aggressive environment, low-quality materials and structures used during construction.
Restoring normative operational characteristics, increasing the durability of sewage tunnels is a costly
and technically complex task, the solution of which is urgently needed to prevent accidents, including
those with serious environmental consequences. Existing modern technologies of work performance,
materials and structures used for repair and restoration works with different efficiency solve these
problems, at the same time, the need to reduce costs for repair and restoration works requires the search
for cost-effective materials, structures and methods of work in the future.

References

[1] I. Abramovich, Seti i sooruzheniya vodootvedeniya. Raschet, proektirovanie,
ekspluatatsiya, Osnova, 2005.

[2] A.l. Aleynikova, B.S. Sorokin, V.Yu. Sorokina, "Rozrakhunok efektyvnosti
vprovadzhennia monitorynhu stiikoho funktsionuvannia kompleksu kanalizatsiinykh
merezh i sporud”, Naukovyi visnyk budivnytstva, vol. 105, pp. 51-57, 2021.
doi.org/10.29295/2311-7257-2021-105-3-51-57.

[3] A. Aleynikova, P. Hulievskyi, I. Voronenko, "Organizational and technological
solutions for the repair and restoration of sewage tunnels in the places adjacent to
exploration mines”, Komunalne hospodarstvo mist, vol. 4(178), pp. 118-124, 2023.
https://doi.org/10.33042/2522-1809-2023-4-178-118-124.

[4] S.A. Zabelin, A.l. Aleinikova, "Suchasnyi pidkhid do doslidzhennia biohennoi korozii
kanalizatsiinykh kolektoriv", Zbirnyk naukovykh prats Ukrainskoho derzhavnoho
universytetu zaliznychnoho transportu, vol. 172, pp. 20-36, 2017.

[5] D. Goncharenko, S. Zabelin, A. Aleinikova, A. Anishchenko R. Hudilin, "Development
and study of hydmechanical method for cleaning sewage collectors from contamimnation”,
Eastem-European joumal of enterprise technologies, vol. 5/10(95), pp. 40-47, 2018.

[6] D.F. Goncharenko, O.V. Starkova, A.l. Aleinikova, "Razrabotka avtomatizirovannoi
sistemi vibora sposoba vosstanovleniya vodovodov s ispolzovaniem apparata nechetkoi
logiki®, Sistemi obrobki informatsii, vol. 124(8), pp. 18-23, 2014.

[7]1 D. Gontscharenko, A. Aleinikova, P. Hulievskyi, A.Ratschkowskij, "Effiziente
Nutzung von Basaltelementen in Abwassernetzen", Korrespondenz Abwasser, vol. 70(1),
pp. 33-35, 2023.

[8] O.V. Bryhada, Shliakhy zapobihannia nadzvychainym sytuatsiiam na betonnykh
sporudakh vodovidvedennia, FOP Brovin, 2022.

[91 Yu.V. Bulgakov, Razrabotka organizatsionno-tekhnologicheskikh  reshenii,
povishayushchikh ekspluatatsionnuyu dolgovechnost kanalizatsionnikh tonnelnikh
kollektorov: diss... kand. tekhn. nauk, KhNUBA, 2015.

[10] D.F. Goncharenko, Ekspluatatsiya, remont i vosstanovlenie setei vodootvedeniya,
Konsum, 2008.

[11] A.O., Dobryaev, S.A. Zabelin, "Tekhnologicheskie o0sobennosti stroitelstva
kanalizatsionnikh kollektorov s primeneniem polimernikh trub”, Naukovii visnik
budivnitstva, vol. 57, pp. 502-508, 2011.

[12] O. Kabus, V. Lykhohrai, "Creation of combined polymer concrete surface layer to
increase the efficiency of polymer coatings in sulfuric acid environment”, AIP
Conference Proceedings, vol. 2684(1), 2023. https://doi.org/10.1063/5.0120064.

Modern construction and architecture, 2024, no. 9, page 82-96

93


file:///C:/Users/User/Downloads/doi.org/10.29295/2311-7257-2021-105-3-51-57
https://doi.org/10.1063/5.0120064

94

UTILITY NETWORKS AND FACILITIES

[13] V.N. Kis, "Sposob vosstanovleniya i zashchiti napornikh vodovodov s ispolzovaniem
polietilenovikh izdelii”, Resursoekonomni materiali, konstruktsii, budivli ta sporudi, vol.
11, pp. 348-352, 2004.

[14] I.1. Kurovskii, "Sposob vosstanovleniya i zashchiti kanalizatsionnikh kollektorov s
ispolzovaniem nikrolitovikh izdelii", Rusursoekonomichni materiali, konstruktsii, budivli
ta sporudi, vol. 11, pp. 240-247, 2004.

[15] A.V. Kovalenko, Razrabotka tekhnologicheskikh reshenii, povishayushchikh
effektivnost rabot pri likvidatsii avarii na kanalizatsionnikh kollektorakh: diss. ... kand.
tekhn. nauk. KhGTUSA, 2002.

[16] 1.V. Korinko, Nauchnoe obosnovanie i razrabotka organizatsionno-tekhnologicheskikh
reshenii, povishayushchikh ekspluatatsionnuyu dolgovechnost sistem vodootvedeniya:
diss... dokt. tekhn. nauk, 2003.

[17] N.K. Rozental, "Korroziya i zashchita betonnikh i zhelezobetonnikh konstruktsii
sooruzhenii ochistki stochnikh vod™, Beton i zhelezobeton, vol. 2, pp. 78-86, 2011.

[18] O.V. Starkova, "Modeli obosnovannogo vibora metoda remonta i vosstanovleniya
uchastka kanalizatsionnoi seti", Naukovii visnik budivnitstva, vol. 3(85), pp. 80-85, 2016.

[19] T. Kostyuk, A. Plugin, O. Starkova, D. Bondarenko, O. Borziak, "Software tools for
development of a methodology for selecting construction materials according to their
performance characteristics”, AIP Conference Proceedings, vol. 2684 (1), 2023.
https://doi.org/10.1063/5.0120109.

[20] Yu.B. Klein, Pidvyshchennia efektyvnosti remontno-vidnovliuvalnykh robit na
kanalizatsiinykh merezhakh, roztashovanykh v vodonasychenykh gruntakh: diss. ...
kand. tekhn. nauk, KhNUBA, 1997.

[21] A.N. Mezhenskii, P.Ye. Uvarov, "Upravlenie proektami rekonstruktsii vneshnikh
truboprovodnikh setei zhilishchno-kommunalnogo khozyaistva”, Rekonstruktsiya zhitla,
vol. 5, pp. 138-146, 2004.

[22] V. lurchenko, E. Lebedeva, E. Brigada, "Environmental safety of the sewage disposal
by the sewerage pipelines”, Procedia Engineering, vol. 134, pp. 181-186, 2016.
https://doi:10.1016/j.proeng.2016.01.058.

[23] V. lurchenko, O. Melnikova, Yu. Levashova, N. Kosenko, "Corrosion of Concrete in a
Water Management Structure in Conditions of Biogenic Sulfuric Acid Aggression”, Key
Engineering Materials, vol. 953, pp. 55-62, 2023. https://doi.org/10.4028/p-0GBXtM.

[24] H.O. Damiekin, Rozrobka tekhnolohichnykh rishen vidnovlennia konstruktsii tunelnykh
kolektoriv: diss. ... kand. tekhn. nauk. Kharkiv, 1997.

[25] V.V. Zaporozhets, "Vozmozhnost primeneniya keramicheskogo kirpicha i sostavov
pronikayushchei gidroizolyatsii dlya remonta i vosstanovleniya smotrovikh shakht setei
vodootvedeniya", Resursoekonomichni materiali, konstruktsii, budivli ta sporudi, vol. 18,
pp. 488-492, 2009.

[26] V.O. Voronenko, "Tekhnologiya i organizatsiya remonta kanalizatsionnogo shakhtnogo
stvola s ispolzovaniem armirovannikh shlakolitikh konstruktsii”, Naukovii visnik
budivnitstva, vol. 36, pp. 35-40, 2006.

[27] D. Stein, Practical Guideline for the Application of Microtunneling Methods, Stein and
Partner Germany, 2005.

[28] J. Horstmann, P. Pfannenschmidt, "Geokunststoffe im Rohrleitungsbau", Erd — und
grundbau, pp. 29-33, 2002.

[29] W. Fischer, "Abwasserrohre im Vergleich", KA — Wasserwirtschaft. Abwasser, vol.
60(9), pp. 765-772, 2013.

[30] U. Schmidt, A. Bohatsch, "Massnagmen gegen Geruch und Korrosion im Mindener
Kanalnetz umgesetzt"”, Korrespondenz Abwasser, vol. 61(4), pp. 291-297, 2014.

Modern construction and architecture, 2024, no. 9, page 82-96


https://doi.org/10.1063/5.0120109

UTILITY NETWORKS AND FACILITIES

[31]] D. Ufermann, M. Lohse, J. Muller-Rochholz, "Untersuchungen zur
Korrosionbestendigkeit von Selbstverdichtendem Beton unter Schwefelsaureexposition™,
Korrespondenz Abwasser, vol. 57(3), pp. 231-239, 2010.

[32] R. Stein, "Stand und Einsatzbereice der Injektionsverfahren bei der Kanalsanierung",
Korrespondenz Abwasser, vol. 61(5), pp. 386-398, 2014.

[33] M. Bodo, "Wie nachhaltig sind Kunststoffrohre zur Kanalsanierung”, Wasser.
Abwasser, vol. 1, p. 16, 2010.

[34] S. Ellerhorst, M. Schroder, B. Woffen, "Wirtschaftlichkeit von MaBnahmen zur
Schadensbehebung im o6ffentlichen Kanalnetz", KA — Wasserwirtschaft. Abwasser, vol.
47(5), pp. 674-680, 2000.

[35] W. Niederehe, "Statische Tragfdhigkeit und Verformungs-verhalten von
Abwasserkanalrohren™, Wasser—Abwasser, vol. 148(1), pp. 84-86, 2007.

[36] R. Kammerer, "Schadenentwicklung in Steinzeugrohren”, Korrespondenz Abwasser,
vol. 59(9), pp. 812-820, 2012.

[37] D. Mathews, A. Cox, "Polyethylene Encasement for External Corrosion Control for Iron
Pipelines”, Florida Water Resources Journal, vol. 12, pp. 44-49, 2015.

[38] S. Tambe, S. Jagtap, A. Chaurasiya, K. Joshi, "Evaluation of microbial corrosion of
epoxy coating by using sulphate reducing bacteria”, Progress in Organic Coatings, vol.
94, pp. 49-55, 2016.

[39] M. Pazoki, "Comparativ Evaluation of Poly Urethane and Poly Vinyl Chloride in Lining
Concrete Sewer Pipes for Preventing Biological Corrosion”, International Journal of
Environmental Research, vol. 10(2), pp. 305-312, 2016.

[40] K. Luo, S. Zhang, R. Wang, "The "Research Development of Tubular Textile
Composites Application on the Trenchless Pipeline Inversion Linimg Rehabilitation
Technology"”, Key Engineering Materials, vol. 671, pp. 306-314, 2016.

[41] M.W. Kiliswa, "Composition and microstructure of concrete mixtures subjected-to
biogenic acid corrosion and their role in corrosion prediction of concrete outfall sewers",
PhD Thesis. University of Cape Town, 2016.

[42] T. Gourley, G. Johnson, "The corrosion resistance of geopolymer concrete sewer pipe",
Concrete in Australia, vol. 43(1), pp. 38-44, 2019. [Online]. Available:
https://www.researchgate.net/publication/336639705_The_Corrosion_Resistance_of Ge
opolymer_Concrete_Sewer_Pipe.

[43] E. Hewayde, G. Nakhla, E. Allouche, P. Mohan, "Beneficial impact of coatings on
biological generation of sulfide in concrete sewer pipes"”, Structure and Infrastructure
Engineering, vol. 3(3), pp. 267-277, 2007. https://doi:10.1080/15732470500424260.

[44] S. Taheri, G.P. Delgado, O. Agbaje, "Corrosion Inhibitory Effects of Mullite in
Concrete Exposed to Sulfuric Acid Attack”, Corros. Mater. Degrad, vol. 1(2), pp. 282-
295, 2020. https://doi.org/10.3390/cmd1020014.

[45] Z. Suligowski, M. Orlovska-Szostak, "Umbau des Abwassersystems von Warschau",
Korrespondenz Abwasser, vol. 59(1), pp. 20-25, 2012.

[46] N. Rohem, "Development and qualification of a new polymeric matrix laminated
composite for pipe repair”, Composite Structures, vol. 152, pp. 737-745, 2016.

Modern construction and architecture, 2024, no. 9, page 82-96

95


https://www.researchgate.net/publication/336639705_The_Corrosion_Resistance_of_Geopolymer_Concrete_Sewer_Pipe
https://www.researchgate.net/publication/336639705_The_Corrosion_Resistance_of_Geopolymer_Concrete_Sewer_Pipe
https://doi:10.1080/15732470500424260
https://doi.org/10.3390/cmd1020014

96

UTILITY NETWORKS AND FACILITIES

AHAJII3 CYYACHHUX HAYKOBHUX TA HPAKTUYHUX JOCJIZKEHD B I'AJTY 31
PO3IIOAVIBYHOI CUCTEMMU BOJOBI/IBEAEHHSA

! AneiinixoBa A.lL., 1.T.H, IOLIEHT,

alevtynaal222@gmail.com, ORCID: 0000-0002-2486-4263

I'yaescsknii ILIO., 1ok. i,

gulevskiyp@gmail.com, ORCID: 0000-0002-4164-2101

1'2B0p0HeHK0 I.B.,

ptokhvo@ukr.net, ORCID: 0009-0006-0109-579

1Xap1<iecbi<uﬁ HayioHanebHUull yHigepcumem micbkozo ecocnooapcmea imeni O.M. bexemoea
Bys1. Mapmana baxanosa, 17, m. Xapkis, 61002, Ykpaina

2KIT «Xapkiesoookanany,

Byn. Konropceka, 90, M. XapkiB, 61052, Ykpaina

AHortauig. Po3p's3anHs npoOnemu 3a0e3neueHHs HAIIMHOTO (DYHKIIOHYBaHHS CHCTEM
BOJIOBIJIBEJICHHS € BXJIMBUM HE JIMILIE JUIsl BYCHUX HAIIOI KpaiHU, ajie i AJIs1 HAyKOBIIIB YChOTO CBITY.
OCKUTBKH 11l CHCTEMH € KPUTHYHO BXIMBUMH ISl )KUTTE3a0€3MEeUCHHS, X Oe3mnepebiiiHa podora Mae
cTpareriuie jepkaBHe 3HadeHHs. OcCOOJIMBOI aKTyaJIbHOCTI HaOyBa€ NHUTaHHS 30€peKeHHS Ta
BIZTHOBJICHHS ICHYIOUMX IIJ36MHUX KOMYHIKAIliil Yepe3 MOCHIIeH] eKoloriuHi BUMord. st 3axucry
IPYHTOBUX BOJ BiJl 3a0py/IHEHHS arpECUBHUMU peareHTaMu BasKJIMBO PO3YMITH IPUUUHU PyHHYBaHHS
KOHCTPYKIIH MiI3EMHUX KOMYHIKaIlil Ta ePeKTUBHI METOIM 1X PEMOHTY. Y CTaTTi MPOBEICHO aHAII3
HAYKOBHUX Tpallb 10 CTOCYIOThCs MpoOsieM 3abesnedeHHs Oe3aBapiiiHOl eKcIuTyartallii 00’€KTiB, IO
BXOJIATH JI0 KOMIUIEKCY CTIOPY/l KaHATI3aI[IfHUX TYHEJIB MiCTa. 3rpyOBaHO BiJIIOBIIHO 70 HAMIPAMKY
poOIT JOCHiKEHb: AOCHIIKEHHS KOPO31MHOro Mpolecy B Mepekax BOJOBIABEICHHS; aHaIi3
CYYacHHUX; MaTepialis, 1a00paTopHi BUITPOOYBaHHS; TEXHOJIOT] BI/IHOBJICHHS MEPEX BOJOBIIBEACHHS.
AmHaniz A0CHipKeHb CTaHy KOHCTPYKIIKA 00’€KTiB; JOCIIIKEHHS MaTepialliB 1 METOJIB PEMOHTY Ta
BiJTHOBJICHHS KaHAJI3aIIMHUX TYHEIB 1 OIVISAAOBUX IIAXT, SIKi HA CHOTO/HI 3 BUCOKOIO €(EKTUBHICTH
3aCTOCOBYIOTHCS y BITUM3HSHIN Ta 3apyOLKHIA MpakTULll; PO3POOKY TEXHOJNOTIYHUX Ta
OpraHi3alifHuX  pilleHb Ta BIJHOBJICHHS 3PYHHOBAHMX KaHANI3AI[IMHUX KOHCTPYKIIH Mepex
BOJIOBIIBEZICHHSI. AHAJI3 AOCHIPKEHb BITUM3HSHUX BYEHUX II0Ka3aB, IO KaHaJi3alliifHI TyHemi
BEJIMKUX MICT YKpaiHM 3HOIIEHI BHACHIJIOK TPUBAIOI €KCIUTyaTailii, He €(PEKTHBHHUX pIillleHb 00
3aXUCTy KOHCTPYKIIH BiJ BIUIMBY arpecMBHOIO CEpeJIOBUINA, HHU3bKOI SKOCTI MaTepiaiiB 1
KOHCTPYKIIIM, SIKI 3aCTOCOBYBIMCH TIiJi 4Yac OyIIBHUIITBA. BITHOBIEHHS HOPMAaTHBHHX
eKCIUTyaTalllfHUX XapaKTePUCTHUK, MiJBUIIEHHS TOBTOBIYHOCTI KaHANI3allIMHUX TYHENIB BUTpATHA i
TEXHIYHO CKJIQJ[HA 3a/1a4a, BUPIIIEHHS SKOT rOCTpo HeoOX1IHE AJIs 3aro0IraHHs aBapisiM, Y TOMY YHUCITL
TaKuM, II0 MarOTh CEpi03HI €KOJIOTIUHI HAcHiAKU. ICHyroul cydacHI TEXHOJIOTIi BUKOHaHHS pPOOIT,
MaTepiajii Ta KOHCTPYKIIi, 1110 3aCTOCOBYIOTbCS /ISl PEMOHTHO-BIJTHOBIIOBAJIBHUX POOIT 13 PI3HOIO
e(QEeKTUBHICTIO, BHPIIYIOTh I 33/Jadi, pa3oM 3 THUM MOTpeda 3HWKEHHS BUTpPAT HAa PEMOHTHO-
BITHOBJIIOBAJIbHI POOOTH BHUMAarae MOIIYKYy €KOHOMIYHO €(EeKTUBHMX MaTepiaiB, KOHCTPYKILIHA Ta
METO/IB BUKOHAHHS pOOIT. AHami3 3MIHCHEHUX NOCHIKEHb MOKa3zye, 10 MpolieMa MiJBUIIECHHS
JIOBIOBIYHOCTI KOHCTPYKIIM KaHaT3alllfHUX MepeX IOBHHHA pO3B'SI3yBaTHCS KOMIUIEKCHO 3
ypaxyBaHHSAM ITOTOYHOI CUTYalLlii.

Kurouosi ciioBa: BonoBiABe[eHHS, ()aKTOPU BIUIMBY, TEXHOJIOT1i BIJTHOBJIEHHS, PEMOHT,
aKTUKOPO31iHI MOKPUTTSI, aHANTI3 TOCHTIKEHb.
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METOAM I IPAKTUKHU BITPOBA/UDKEHHSA TA 3ACTOCYBAHHSA PI3BHUX THUIIIB
IMTYYHOTI'O IHTEJEKTY I HAYKH ITPO JAHI UIAA PINEHHA ITPOBJIEM Y
BOJHIN IHOPACTPYKTYPI
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DJIII Hoszawmamnuii KOHCATMune
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AHoranisa. [IpeqveTroM noCHiIKeHHs B JaHid cTaTTi Oyna NpaKTHKa BIPOBA/DKEHHS Ta
METOJIMKH 3aCTOCYBAHHSI PI3HMX THIMIB IITY4YHOTO I1HTENIEKTY, HayKd PO JaHi AJsl BUSBICHHS
BUTOKIB 3 BOJONPOBIAHUX MEPEX, MOHITOPUHTY CTaHIB MPICHOI BOJAM Ta BUSBICHHS 3a0pyAHEHB,
OYMIIEHHS MPICHUX BOJONM BiJ BIIXO/IIB 3 MIANPHUEMCTB ITPOMHCIOBOCTI Ta BUJOOYTKY KOPHCHHUX
KONJIMH, KOHTPOJIb BUTPATH MPICHOI BOJM Ta PO3p0o0Ka e(heKTUBHIIIMX METOIiB (IbTpalii BOAH.

bynu Bu3HayeHi mepeBard Ta HENONIKM MPAKTHKU BIPOBADKEHHS Ta 3aCTOCYBaHHS
TEXHOJIOTIH Pi3HUX THIIIB IITYYHOTO 1HTEJIEKTY Ta HAYKH MPO JaHi JUIsl aBTOMATH3allii TpauIiifHIX
METOJIIB BUKOHAHHSI pOOIT 3 MOHITOPUHTY, KOHTPOJIO Ta CYIYTHIX pOOIT B 1HAYCTpii BOIHOTO
rocrojapcTBa. Y CTaTTi BHUPIOIYIOTBCS Taki 3aBOaHHS: OOTPYHTYBaHHS  e(EKTUBHOCTI
BIIPOBA/KEHHS TEXHOJIOTIM PI3HUX THUIIB MITYYHOTO IHTEJEKTY Ta METOIB HayKd MpOo JaHi Ta iX
NPAaKTUYHE 3aCTOCYBaHHSA 3 MPOTPAMHMMH Ta amapaTHUMH TEXHOJOTISIMH JUIS aBTOMAaTH3aIlil
TpaAULIHHUX METO/I1B BUKOHAHHS POOIT y Taiy3i BOJHOTO TOCIOapCTBA.

Jlnsi BUINICHHSI TOCTABICHWX 3aBJaHb Oyjla BHKOPHCTaHAa METOIMKA i3 3aCTOCYBAHHSAM
3aralbHOHAYKOBHX Ta CIELIaJbHUX METOAIB MOCTIIKEHb — TEOPETUYHHX (aHaii3, MOSICHEHHS,
y3arajJlbHEHHS, IIOPIBHSAHH).

BuxopuctanHs Takoro miAXOAYy JMAO3BOJWIO OTPUMATH Taki pe3yabTaTH: BCTaHOBIEHI
0CcOOIMBOCTI, MIO BIUIMBAIOTH HA TOYHICTh aHaNi3y 3i0paHUX HaHUX, IIO 3aCTOCOBYETHCS
TEXHOJIOTISIMU PI3HUX THUIIIB INTYYHOTO I1HTENEKTY Ta METOAIB Hayku NIpo Aani. BimoOpaxeHo
MIPaKTUKU Ta METOAM OUTbII €(PEKTUBHOTO Ta TOUHOT'O 3aCTOCYBaHHS J1aHOI TEXHOJIOTI].

[IpoananizoBaHo HaykoBi JnaHi. [IpoBeneHe AOCHIPKEHHS JO3BOJIMIIO BHU3HAYUTH MPAKTUUHI
MOXJIMBOCTI Ta MPOOJIEMH, IO € B JaH1i TEXHOJIOTI].

Po3pobneni pexkomeHgamii moa0 e€()eKTHBHOrO BHKOPHCTAHHS Ili€i TexHouorii. Bussneni
YHMHHUKY, 10 BIUTMBAIOTH €()EKTUBHE BUKOPUCTAHHS ITi€1 TEXHOJIOTIT y IPOMHCIOBOCTI.

KuarouoBi cioBa: mTyyHUil 1HTENEKT, Hayka HaHMX, SKICTh BOJAW, BUSBIIEHHS BUTOKIB,
KOHTPOJIb BUTPATH BOJIH.

Beryn. Opniero 3 Mmeroro cranoro po3sutky OOH 3a Homepom 6 € «YHucra Boma Ta
caniTapis». L{g meTta mepenbavae 3a0e3MedeHHs] BUIBHOTO JIOCTYNY JO YHCTOI MUTHOI BOJIU BCIM
JOJAM TUTAaHETH. Tyau TaKOXK BXOIWTH: IMIJBUIICHHS SKOCTI BOJH, PO3MIUPEHHSM JOCTYIY IO
JDKepes YMCToi BOJIM, BUPIIIEHHS Mpo0iieM, NOB'A3aHUX 13 OpakoM i 3a0pyaHeHHsM Boau. 1llo mae
Ha yBa3l 3MIIIHEHHSI TPOMAJICBKOTO 37I0POB'sS, CKOPOUYEHHS 3aXBOPIOBaHb, 110 TEPEIAIOTHCS Uepes
BOJY, Ta CIIPUSHHS 3arajlbHOMY cTanioMy po3BUTKY [1]. Boma — 1e BaxxIuBUN mpUpPOIHUN pecypc
JUIS KUTTENISUIBHOCTI JIFOJICBKOI IMBLII3aIli, 00CIr I[bOr0 pecypcy oOMexeHHH. 3amoOiraHHs
BUTOKY B CHCTEMax pO3MOJLTY BOAM BAXIUBO AN €()EKTUBHOTO KOPUCTYBAHHS BOJIHUMHU
pecypcamu [2].

AHaJi3 ocTaHHIX J0caiKeHb Ta mybJikaunii. [ledinuT Boau, M0 po3MUPIOETHCS, Y BCbOMY
CBITI 3a4inae 4oTUPH MUTbApAU ociO HaceneHHs [ 1]. BHacaimok 3Ha4HOTO 3pOCTaHHS HACEICHHS CBITY
Ba)XXJTUBICTh PAI[iOHATBHOTO YIPABIIHHS BOJHUMHU pecypcaMu 3pociia 4epe3 BUCHAKEHHs IPUPOIHUX
pPECYPCIB SK HACHIIOK BUCOKOro momuty [2]. ¥V cepemubomy Omm3bko 30% BOaM, IO TOAAETHCS
KOMYHQJILHUMH TIATPUEMCTBAMU J0 MICHKUX PailOHIB, BTPAYa€ThCsl BHACIIIOK MHOXXHHHUX BUTOKIB

Modern construction and architecture, 2024, no. 9, page 97-104

97


mailto:devops8me@proton.me
http://teacode.com/online/udc/62/628.17.html

98

UTILITY NETWORKS AND FACILITIES

13 Tpy0 y mporieci posmoainy [3, 4]. ToMy qye BaXKITUBO MOCTIHHO MOHITOPUTH SIKICTh TOBEPXHEBUX
BoA [5-7] be3niu kpaiH y BChOMY CBITI MalOTh MpOOJEMH 3 paIlioHaJIbHIM BHUKOPHUCTAaHHIM TIPICHOT
BOIU uepe3 BUTOKM [8]. Be3KOHTpOJbHUI BHIOOYTOK KOPHCHHX KOMAIMH TPH3BOAUTH IO
3a0pyAHEHHS PIYKOBHX BOJONM NIPUJIETIMX J0 Kap'epiB Ta maxT [9]. B ocTaHHI IeCATHIITTS SKICTh
BOJIY B pIYKax 3a3Hajia 3HAYHOTO BIUIMBY 3a0pyIHIOIOUMX PEYOBHH 1 BIIXOJIB, IO HaJalli MOXeE
IIPU3BECTU IO CEpPHO3HMX HEraTMBHUX HACIIIKIB IS JIIOJeH, BOMHUX OPraHi3MiB Ta HaBKOJIMIIHBOTO
cepenosuina B niiomy [10]. Sxicte Boxu € HEOOXiTHO YMOBOIO Uil KOM(OPTHOTO MPOKUBAHHS SIK
MICBKHX, TaK 1 CUTbCHKUX KHUTEJIB, Y 3B'SI3KY 13 3pOCTaHHSIM TJI00ATBHOTO 3a0py/THEHHS MTOKpAIEHHS
SIKOCTI BOJJHOT'O CEpPEIOBHUINA € MPIOPUTETHUM HanpsiMoM [ 11]. 3abpyaHeHHs piYKOBUX BOJ HITpaTaMU
HOTIpIIye 370pOB'Sl BOAHUX €KOCUCTEM, CIPUSAIOYM LBITIHHIO BOJOPOCTEH, BTpaTi BOJHOIO
010pI3HOMAHITTSI, & TAKOXK PU3UKAM JUIsI 3I0POB'S Ta KUTTS JroauHu [ 12]. KapcToBi Bomoimm CXUilbHi
70 BIUIMBY SIK QHTPOIOI€HHOI, TaK 1 MPUPOAHOI IISUTBHOCTI, SIKa BIUIMBA€ Ha IIPOLIEC CTOKY Ta
MIEPEHECEHHS 3a0pYIHIOIOYNX PEYOBHH, a TAKOXK 3MIHIOE MPHUPOJHUN TiAPOJOTIYHUA Ta MOKUBHUMA
nukia. Ha »xanp ¢i3uuHi CcTaHIii MOHITOPHUHTY € JOPOTUMH 1 TPYIOMICTKHMH, IIIO OOMEXye ix
BUKOPHCTAHHS JUII MOHITOPHHTY SIKOCTI BOJM y Benukomy macmTadi [13]. Toune mporHo3zyBaHHS
3a0pyAHEHHS BOJU € OCHOBOIO KOHTPOJIIO SIKOCTI BOJHOIO cepenoBuila. HeBH3HadeHICTh BXIJHUX
3MIHHHX Ta HECTAI[IOHApHI Ta HENiHIIHI XapaKTePUCTHKU PsIiB 3a0pyTHEHHS BOJIHM MEPEIIKOIKAIOTh
TOYHOCTI POrHO3YBaHH: 3a0pyaHeHHs Boau [ 14]. BoxHi pecypcu € OCHOBOO JKUTTS Ta EKOHOMIYHOI'O
PO3BUTKY JIFOJCTBA. TOYHE MPOTHO3YBAaHHS SIKOCTI BOOM € KIIOYEM JIO €(PEKTUBHOTO YIPaBIiHHS
BOJAHMMH pecypcamu [15].

Meta Ta 3aBIaHHS AOCTi:KeHHs. [aiy3p Mae HU3KY IpoOjeM y 3B'I3KY 3 BiACYTHICTIO
IIMPOKOTO BIPOBAHKCHHSI HOBUX TEXHOJIOTiH Ta METOMiB. Y 3BSI3KY 3 IIMM ICHY€ HEOOXiTHICTh
aHaJIi3y MPaKTHK BIPOBA/HKEHHS Ta 3aCTOCYBAaHHS HOBHX TEXHOJIOTIH y pI3HMX KpaiHax CBITY AJIs
MOPIBHSIHHS 3 TPAAMIIIMHUMHU METOJaMH Ta PO3YMiHHS cheuu}iku BHUKOPHUCTAaHHA HOBUX
TEXHOJIOTIH, iX mepemar Ta mpoOieMm. ll{o Hamani AOmOMOXKE MOCTIIHMKAM Ta MPaKTHKaM y iX
TEOPETUYHMX Ta IPAKTUYHUX POOOTaX 3 AAHOI TEMATHUKH.

Metoau pociigxkeHHs. [l BHpINIEHHS 3aBJaHb 3aCTOCOBYBajacs METOIOJIOTISA, IO
BKJIOYa€ BUKOPHUCTAHHS 3arajlbHOHAYKOBHMX Ta CIELIaIi30BaHUX METOJIB JIOCIIIKEHHS, TaKUX 5K
TEOPETUYHI METO M (aHAaJIi3, IHTepIpeTalis, y3aralbHEeHHS, 31CTaBICHH).

OcHoBHHUIT MaTepiai. Boia € royioBHOIO MOTpebOI0 BCIX JKUBUX ICTOT IulaHeTH. YUepe3 He
palioHaJbHE BHUKOPHCTAHHS TPICHUX BOJHUX PECYpCiB, pi3HI KpaiHW CBITY CTHUKAIOTHCS 3
npoOJeMOI0 HecTadl BOAM, 1 I MpolieMa 3pocTae 3 KOXHHUM POKOM. 3HaYHMM YMHHUKOM L€l
npoOiieMl € Croci0 JKUTTS JIIOJCH, iX HEnoiHpOPMOBAHICTh, a TAKOX HEHONIK 3HaHb [2, 8].
3abe3neueHHs YUCTO0 BO/IOKO CIIOXKHMBAYIB Y BCbOMY CBITI € HEOOX1IHOIO YMOBOIO 15l 30€peKeHHs
HaBKOJIMIIIHBOTO CEPEJIOBUINA Ta CHOPHUSHHS EKOHOMIYHOMY 3pocTtaHHio [1, 2]. V 3B'3Ky 3i
3pocTaroydoro ypOaHi3alli€ro Ta iHIyCTpiani3ali€lo B yCbOMY CBITI 3Ha4HO 301IbIIMIACA KUIBKICTH
BOJIM, WIO CHOXHBAEThCSA. HeHanexHe TOBOKEHHS 3 TNPUPOAHUMH BOJHUMH pPecypcaMu
CIPUYMHUIIO 3pOCTaHHS 3a0pyAHEHHs BOAM [5]. MOXIMBICTD BiICTE)KEHHS 3a0pyIHEHHS BOJHHUX
JOKEpeNl € BaXXJTMBUM €JIEMEHTOM YIPABIIHHS HABKOJUIIHIM CEPEOBUIIEM, HEOOXITHUM JIJIs
3a0be3neueHHs] O€3MeYHOro BOJONOCTAYaHHS, MIATPUMKH €KOJIOTIYHOro OanaHcCy, CHpHUSHHSA
COIIAIbHOMY PO3BHUTKY [6, 7].

Amnaniz npobneM. Y JesIKHX perioHax BTpaTH BOAU 3 HECNPABHUX TPYO BHACIIJOK BHUTOKY
MOXKYTh focsiratd 50% BiJ MocTayaHHs, 1110 MPU3BOAUTH O CYTTEBUX COIL[AIbHUX Ta (PIHAHCOBHUX
BTpatr. Y (hiHAaHCOBI BTPAaTH BXOAUTH BApTICTh CUPOi BoIH, ii 00poOka Ta mocraBka. binbiie Toro,
BUTOKH MOTIPIIYIOTH CTaH Mepexi TpyO uepe3 KOopo3ito Ta po3puB TPYyO, IO B MOJANBIIOMY MOXKE
MIPU3BECTH JI0 TMOMIKOKEHHS IOpIir Ta (GyHAaMeHTIB Oy/iBelb PO3TAIIOBAHUX TMOPSA 3 MICISIMU
BUTOKIB. biblie TOro, KOMyHasbHi ClIy>kOU B I€IKMX KpaiHaX BUCTABJISIOTh PAXyHKHU CIIOKHBayam
3 ypaxyBaHHSM BTpaT BHACHIIOK BUTOKIB |3, 4].

Hanpuxnan, y takii iHQpacTpykTypHO po3BuHeHi kpaini sik CIIIA, cepeanst cim'ss Moxe
BuTpavyatu 61au3pko 100 JiTpiB Ha IeHb yepe3 BUTIK BoH [8].

Butiku Tak caM0 BHKIMKalOTh 3a0pyAHEHHS JKEpel BOAM, IO Hajalll Mae cepilo3Hi
HACIIJKH, OCKIJIBKH MPU3BOJIUTH JI0 ClIajaxy 3aXBOPIOBaHb, 110 MEPEJAIOThCS Yepe3 BOAY, TAKUX SIK
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XoJjepa, AU3eHTEePist Ta YUepeBHUHM TH(, 1110 CTBOPIOE II100aIbHY 3arpo3y s nuBimizanmii [1].

Bigomo, mo cuHTeTHYHI 3a0pynHIOBadYi, SIKIi BUHHMKAIOTh BHACIHIIOK YyTHJII3AIlii BIIXOIB
BUPOOHMIITBA B HAWOMMKY1 BOJHI JKepena, Taki K PiukKd, MOXKYTh OyTH BUSIBJICHI B MHUTHIN BOJII
10 BCOMY CBITY B Pi3HUX KOHIICHTpaLisix [5-7].

3 ¢axTopiB, 10 BIJIMBAIOTh HA HIOJCHHUN OOCSIT BUKOPHUCTOBYBAHOI BOJAM, BapTO BUILIUTH
TaKi: perioH JOJH, K1 )XUBYTh Ha bim3bkomy Cx0/1i, BUKOPUCTOBYIOTh OLIbIIE BOJHU, HIXK JIFOAH B
Awmepui, €Bpomi, A3ii, Appuni ta ABctpanii. Kimimar — y kpainax, Jie JiTO € OCHOBHUM CE30HOM,
BHUTpaTa BOAM OljIbIla, HIXK Y perioHax, Je JIITO He € TaKuM. Po3TairyBaHHs — CIIOXKHUBA4l y MicTax
BUKOPUCTOBYIOTH OiJIbIIIe BOAM, HIXK CIIOXKHBAYl y CUTLCHKIN MicueBOCTi [8].

VY TpamuuiiiHi METOIH, SIKI IIMPOKO BUKOPUCTOBYIOTHCS Ul BUSIBJICHHS BUTOKIB, BXOJSATH
aKycTHKa, iH(pauepBoHa TepMorpadis, CUTHaIU JATYUKIB THCKY 1 BUTPATH BOAM, a TaK CaMo
reopajapd € TOYKOBHUMH 1 TPYHTYIOTHCS Ha IIONEPENHIX MPUIYIIEHHSX MPO MICIS BUTOKIB.
BHacnigok 1poro BOHM OOMEXKEHI Yy CBOIH 3IaTHOCTI €(pEeKTHBHO KepyBaTH BOIOIPOBITHHUMHU
MepekaMu. A depe3 BUCOKY 3aJICKHICTh BiJl BUKOPUCTAHHS JTaHHUX, 310paHUX JaTYMKAMH THCKY 1
BUTpPATH BOJYW, I€W MIXiA CXWIBHHMHA JI0 HETOYHOCTeW. He3Bakarounm Ha BIPOBAKEHHS
€JIEKTPOHHOI CHCTEMH, WLI0 JIONOMarae y BiJJajeHill mnepenadi JaHUX MPO THUCK HAa OCHOBI
MPOTOKOJIB TII00AILHUX CHCTEM MOOUIBHOTO 3B'3Ky. Lls cucrema 3HaYHO OOMEX)eHa MepeKkaMu
Masoro macmta®y. Uu He Oynu mpoBeeH] 1HII JOCTIIKEHHS, 13 3aCTOCYBAaHHSAM JaHOTO METOAY Y
BOJIOTIPOBITHUX MEpEeXax BEIMKOTO MacIiTady [4].

31e01IbIIOr0 TPAAUIIIIHI METOIU BUSIBIICHHS BUTOKIB BUKOPUCTOBYIOTH MACUBHI MIIXOAH, K1
3a3BHYail BUMararTh, mo0 OOCIYroBYIOUHMH TEXHIYHUI MEPCOHANT OOCTE)XYBaB MEBHY IUIIHKY Y
nomykax BUTOKIB. lI{o moTpebye 3HauHOTrO Yacy ta pecypcis [3].

Ha »anp, He3BakarouW HA TEXHOJOTIUYHUA Tporpec, TPamuIiiiHI METoAM, SK 1 paHime,
IIMPOKO BUKOPHCTOBYIOTHCS JUIsl KOHTPOJIIO SIKOCTI BoAu. He3Baxaroun Ha Te, IO 11 METOAH JdyXkKe
Hee(eKTHBHI, BHACIIJIOK BHCOKOI BapTOCTi, TPUBAJIOCTI Ta BIJCYTHOCTI MOKJIHMBOCTI HaJaHHS
iHdopMarlii mpo SKicTh BOAU Y PEKUMI peanbHoro dacy [1, 5].

BoHu Takok BHMararoTh BEJIMKOTO 300py AaHUX Ta JabOpaTOPHOTO aHawi3y, MO POOUTH iX
e i pecypcoMiCTKUMHU. biibln Toro, pyyHi o0uucieHHs Ta Ja00paTOpHI aHANI3U BEJIUKHUX JaHHUX
SIKOCT1 BOJIH € JIO TOTO X TPYAOMICTKUM IporecoM [6].

Y cdepi ympaBiaiHHS BOJHUMH pecypcamMu TPaAMLiiHI METOAW NPU3BOIATH IO
HEepalioHAIbHOIO PO3NOALTY Ta BUKOPUCTaHHS BoaH [9].

Hes3Baxaroun Ha Te, 110 B 0ararb0X PO3BHMHEHUX KpaiHaX CTBOPEHO TEXHIYHO MPOCYHYTI
CHUCTEMHU MOHITOPHHTY SIKOCT1 BOJIH, Ill CUCTEMH YacTO CTHUKAIOTHCS 3 TaKUMHU MPOOJIEMaMH, SIK
HeZOoCTaTHS CTaOIMbHICT, MOJETEeH Ta BHUCOKI BUMOTH IO TEXHIYHOI €KCIepTH3U. Taki cucTeMu
BIJICTe)KEHHS 3a0pyJHEHHS BOJM BKJIIOYAIOTh PYUYHY 11€HTU(IKAII0, 130TONHE BIACTEKEHHS
riIpoXiMiyHE MOJETIOBaHHA. METOoA PYYHOTO JOCIHIIKEHHs BKIIIOUA€ Taki MpOUEeAypH, sIK BiaOip
po0 1 MOHITOPUHT JUIsl TOYHOTO BU3HAYEHHSI JKEpeI 3a0pyAHEHHS, ajie 1€ METOJ 4acTo He Ja€
YITKUX pe3ynbTaTiB. ['ipoxiMiuHE MOJEIIOBaHHS, 3aCHOBAaHE Ha PO3pOOI TiAPOJOTIYHUX Ta
TiIPOAMHAMIYHAX MOETEeH, MpU3HAYeHe IS BU3HAUCHHSI PO3TAlIyBaHHS JDKepen 3a0pyaHEHHS,
IpoTe Led MiJXil 4acTO CHUPAETbCS Ha MOJAENI, AKI MOXYTh HETOYHO BiOOpakaTH CKIIAIHY
JTUHAMIKy MIrpariii Ta TpancgopmMaiiii 3a0pyHIOIOUYNX PEUOBHH [7].

BukopucTaHHs TEXHOJIOTIH MITYYHOrO 1HTENEKTY Ta HAyKHU MpO JAaHi J103BOJIsiE€ e(heKTUBHIIIE
3HAaXOAWTH BHUTOKY. Hampwkiaa Mozeni MallMHHOTO HAaBYaHHS — JIOKATBHOTO (haKTopa BUKHIY
(LOF) 1 reorpadiuno 3BakeHoi perpecii (GWR), sopoBamxkeni B ['IC-cucteMy BUSBIIEHHSI BUTOKIB
BOJIM, OKPEMO ToKa3anu 3arayibHui 30ir 80% y HaOopi JaHWX, IO BKa3ye Ha iX e(eKTUBHICTH IS
BHU3HAUCHHS BUTOKIB [4].

3HauHy €(eKTUBHICTh TaKOX MOKa3y€e METO/l BU3HAYEHHSI BUTOKIB aKCEJIEPOMETPH 1 TaTUUKHU
3MIHM THCKY s OOpOOKM OTpUMaHMX JaHUX, IO BHUKOPUCTOBYE s 300py JAaHUX ¥y
BOJIOIIPOBITHUX MEpekax BHUKOPHUCTOBYBajacs MOeb MTy4dHOI HelipoHHOT Mepexi (ANN). Ilicas
psay TOJiMIIeHb 30UIBLICHHS KUIBKOCTI JpKepesd JaHuX, TOUHICTh jaocsria 86,5% 1 86,2%. lle
CBIAUUTHh MNpO e(EeKTUBHICTb IHTErpamii KUIbKOX JDKepen JaHUX MOJIMNIIEHHS MOXJIMBOCTEN
BUSIBIICHHST BHUTOKIB. AHAJOTIYHO, AN TETIHOBOI KOHirypamii micis o0'eqHaHHS GyHKINH
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TouHicTh pocsarna 82,1% 1 82,0%, mo minkpeciioe IiHHICTH 00'€qHaHHA (YHKIIH Ui OUTbII
HaJIHHOTO BUSIBJICHHS BUTOKIB Y CKJIATHUX KOH(IrypaIisx Mepex [2].

Hactynuuii MeToji BUKOPHCTOBYE JUISl JTOCHTI/PKEHHSI TPYyOy 3araibHOi JOBXHHHU 42,6 KM, IO
ckyafaeTeest 3 782 BysiniB. s 300py JaHUX BUKOPUCTOBYIOTHCS OJIMH JAaT4MK PiBHS B Oaky, Tpu
aaT4iky BUTpaTH Ta 33 narumku TUcKy 1 Mojenb GNN s 06poOku nanux. JlaHuii MeTos mokasye
BUCOKMI pe3ysbTaT BHSIBJICHHS BHUTOKIB, ajlé MAa€ HETOYHOCTI 4Yepe3 HMOMHIKOBHUX IO3MTHBHHUX
PE3YJIbTATIB, 10 BUHUKAIOTH Yepe3 e(heKT BUTOKY, L0 MOIIMPIOETHCS MO IOCTIHKYBaHii Mepexi [3].

TexHomorii IWTYYHOro 1HTENEKTY Ta HAyKU PO JaHl TaK caMO €(PEKTHBHO 3aCTOCOBYIOTHCS
UL KOHTpONO0 sikocTi Boau. Hampuxman, inTepHer peuer (IoT) Texnosorii skoro pasime
3actocoByBaiucs 6e3 TexHosorii 11l He moka3yBaB MOCTIMHE MOJIMIIIEHHS AKOCTI BOJIU. OCKUTBKH
i1 e(heKTUBHOTO TOKPAILIeHHs SKOCTI BOAM JaHi, 310paHni 3a jponomoror mpuctpois loT, maioTh
OyTH TmpoaHaji3oBaHi Ta iHTeprpeToBaHi. J[is mporo eramy HeE0OXiTHO BHKOPHCTOBYBATH MOJEII
MaIIMHHOTO HaBuaHHS ML, mo3Boisitoun aHanmi3yBaTH JaHi B pexuMi peanbHoro uacy. lllo mae
MOJKJIMBICTh Ha PaHHIN cTajli BUABIATH Ta CBOEYACHO pearyBaTH Ha NMPOOJIEMH 3 SIKICTIO BOAM.
Hanpuknan, 3acTocyBaHHS anrOpUTMiB MaIlIMHHOTO HaB4aHHS sIK SVR, Xgboost, MLP, LR noBemno
CBOIO €(DEKTUBHICTH JJII KOHTPOJIIO SIKOCTI Boau [1].

Mogeni MamIMHHOTO HAaBYaHHS JO3BOJIIIOTH AHANI3yBaTH Ta MOJEIIOBATH 3aCTOCYBAaHHS
MXenes y TEXHOJOTISIX OYMINEHHS BOAU. Y 3B'I3Ky 3 TUM, 1m0 MXenes — Iie HOBHH KJjac
rpadeHONONIOHNX JIBOBUMIPHUX 3'€[HAHBL TEPEXifHUX MeTaliB 3 ByriemeM. Voro moreHmian y
chepl OUMILEHHS BOJM 1€ IOBHICTIO HE BHUBYeHHMH. Tomy Mojeni MalIMHHOIO HaBYaHHS
BIJIrparoTh BUPIMIAIBHY POJb y TOYHOMY MPOTHO3YBAaHHI BIACTHBOCTEH MXenes Ta KepiBHUIITBI
iXHBOIO (PYHKITIOHATI3AIIEI0 AJIs M1BUIICHHS e()eKTUBHOCTI OYHUIIIEHHS BOAH [5].

Mogeni MalIMHHOTO HaBYaHHS HEOOXITHO MOKPAIIyBaTH, IS IbOTO 3aCTOCOBYETHCS METOIH
XAl sKi MOKYTh aHaIi3yBaTH MOJENI JABOMa CIOCOOAMH: HE3aJIEKHO BiJ MOJAENI 4u crienudiyHO
it mozeni. Llel migxix mo3BoJisse OTpUMATH OUTHII JOCTOBIPHI JaHi Bill MOJAENEH Ta MiABUIIUTH
IHTepIpPETOBaHICTh Ta HPO3OPICTH  MoOJEJNEeH  MAIIMHHOTO  HaBYaHHA. SIK  OpUKIaau
BUKOPUCTOBYIOTBCS TpH Mojeni mammaHOro HaBuanHa: RF, XGBoost ta LightGBM. locnimkeHHs
nokazano, mo XGBoost mokazaB kpamii pesynstaTd, B Toi yac sk RF 1 LightGBM mnoxkazanu
XOpOIIi pe3yinbTaTH, 0 CBIIYUTH Mpo 3actocyBanHs ML y cdepi sikocti Boau [6].

Mogeni MalIMHHOTO HaBYaHHS TAaKOX YCHIIIHO 3aCTOCOBYIOTHCS Il IPOrHO3YBaHHS
OTpeOU JIFOJIMHU Y BOJI1 B JIEHB 3aJI€KHO BiJl PETIOHY, CE30HY, TEMIIEpATypH, MICIsl pO3TallyBaHHS,
POy 3aHsATh, pelniriiiHux ¢akropiB Ta ix migpo3ainiB. Hanpuknan, taki moaeni ML sk Decision
Tree 1 LightGBM mnoka3ytoTe BiIMIHHUN pe3yJbTaT Mpallol0YM CHUIBHO 3 JaTYMKaMH BUTpATH
BOJIM Ta COJICHOIAAaMH, 110 Bhanocs 3MonemoBaTtu B Tinkercad. 1y BUKOHaHHS IIbOTO 3aBIAHHS B
nopiBHAHHI 3 Moxaensmu Linear, Ridge, Lasso, ElasticNet, Random Forest, XGBoost (Extreme
Gradient Boosting), KNN (K-Nearest Neighbors), SVR (Support Vector Regression), MLP
(Multilayer Perceptron), CatBoost, Deep Neural Network, mMOka3HHKH SKHX HE TOKa3aJd
edeKTUBHICTh Y BUKOHAHHI 11i€i 3a1ad4i [§].

TexHosorii MTY4YHOrO IHTENEKTY Ta HAyKd IMPO JAaHI MOXYTb HE JIMIIE KOHTPOJIIOBATH
3a0pyIHEHHs BOAM, a I 3/1HCHIOBATH ii BIIHOBJIEHHS 3 BUKOPUCTAHHSAM IE€pPEOBUX TEXHOJIOTIH.
EdextuBni MeTonu Ha ocHoBi Il 103BONSAIOTH ONTUMI3YyBaTH BUKOPHUCTAHHS PI3HUX TEXHOJOTIN
OYUIIIECHHS, TAaKUX SK afcopOllis, I0HHUI OOMiH, eJIeKTPOKIHETUYHI MPOIECH, XIMIYHE OCAKEHHS,
¢iToOiampHa pEKyJIbTHBALll Ta MeMOpaHHAa TEXHOJIOrS g €()EeKTUBHONO BHUJAJIECHHS
3a0pyIHIOIOUYMX PEYOBUH 13 MOCTpaxaanux BogoiM. Lli MeToan B OCHOBHOMY BUKOPHCTOBYIOThCS B
paifoHaxX aKTHBHOTO BUAOOYTKY KOPHUCHHX KOMayiuH. JIJIsi 3aXMCTy Ta OYMIICHHS TOBKOJHIIHIX
BOJHUX JIKepen [9].

Jns  epexkTUBHOTO MOHITOPUHTY Ta YIOpPABIIHHS BOJHUM CEPEIOBHUIINEM CIUIBHO 3
texHousorissiMu I 3acTocoByrOThCS pi3HI MpoOrpamMHi Ta amapaTHi KOMIOHEHTH. Sk yxe Oyio
3a3HA4YEHO BWIINE, IIeH 1HTEpHET pedeid, a Takox TexHousorii ['IC, mucranIiitHoro 30H1yBaHHS Ta
BILIA. Ixus ciinbHa po6oTa 03B0Is€ MIBUAKO i TOYHO BUKOHYBATH TIOCTaBJIeHi 3aBaHHs [7].

Hapuyena mozens MammHHOTO HaB4aHHA SVR Moke MpOTrHO3yBaTW HITpaTh B CUIBCBKHX Ta
MICBKUX PIYKOBHUX CHCTEMax Ha OCHOBI 3arajJlbHUX Ta JETKOBUMIPIOBAHUX TiIPOXIMIYHUX 3MIHHUX [12].
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Mogens XGBoost Moxke OynyBaTu HeMiHIMHY KapTorpadiuHy 3aJeXHICTh MK JaHUMHU 3
KUTBKOX JDKEpeN Mpo KOHLEHTparili mkiammBux pedoBuH. 1[0 m03Bossie 3a0€3MEUnTH TOYHE
nepeadayeHHs] KOHLIEHTPAIliil Ha HEKOHTPOJIbOBAHUX JTUISHKAX piukoBoi Mepexi [13].

I'iopunna moxens RF-CEEMD-LSTM moske TOYHO NMPOTHO3YBAaTH TEHIEHIIIT 3a0pyaHEHHS
BOJIH 13 CEpEIHBOI0 a0COMIOTHO BiJIcOTKOBOO NoMuikor (MAPE) mentie Hixk 8%, 110 103BOJISIE
MIPOTHO3YBATH HEJIiHIMHI Ta HeCTalllOHAPH] TOCIIIIOBHOCTI 3a0pyaHeHHs Boau [14].

Tabmuus 1 — 3acTocyBaHHS PI3HUX THIIIB TEXHOJIOT] IITYYHOTO 1HTEJICKTY HAa BUPIIIECHHS

PI3HUX 3aBJaHb y raiy3i BOJHOTO TOCIIOAAPCTBA

Tun Monens 3acTocyBaHHs ITocunanasa
MLR Omuinka mporeciB aacopOiii 3a0pyAHEHUX BOIONM [9]
DL ANN BusiBisaTH Ta JIOKaJIi3yBaTH BUTOKH B CHCTEMaXx [2,9,10]

PO3MOALTY BOJIH; OILIIHKA ITPOIIECIB aJcopOii
3a0py/IHEHUX BOJIOWM; PETYIIOBAaHHS 10HHOTO
CKJIaTy BOJIU JJIs BUJIAJICHHS BOKKHX TOKCHYHUX
BIJTOKpPEMITIOE HeOaKaH1 MaTepiaiy Bl BUX1THIX
PO3YMHIB JIJIsl YUIICHHS BOAW a00 CTPUMYBaHHS ii
3a0pyTHEHHS; BUSBICHHS MaTepialiB JIIs
10HOCENEKTUBHUX MEMOpaH; MPOTHO3yBaHHS SIKOCTI
BOJIU
ANFIS Orinka mpoteciB afacopOiii 3a0pyIHEHUX BOJONM; [9]
PETYIIOBaHHS 10HHOTO CKJIaTy BOJY JIJISl BUAAJICHHS
TOKCHYHHUX BAKKUX METAJIB
GNN BusiBisATH Ta JIOKa/Ii3yBaTH BUTOKH B CHCTEMaXx [3]
pPO3MOJILTY BOJIU
DNN [IporHo3yBaHHS SKOCTi BOJIH [10]
ML LOF BusiBneHHs BUTOKIB [4]
GWR BusiBjICeHHST BUTOKIB [4]
SVR MOHITOPHUHT SIKOCTI BOJIU; IPOTHO3YBAHHSI IKOCT1 [1, 11, 12]
BOJIU
MLP MOHITOPHUHT SIKOCTI BOJIU [1]
LR MOHITOPHHT SIKOCTI BOJIH [1]
XGBoost | MOHITOpUHT SIKOCTi BOJH; OLliHKa Ta MPOTHO3YBaHHS [1, 6, 13]
SIKOCT1 BOJIH
RF Orinka Ta IPOrHO3YBaHHS SKOCT1 BOJIH, [6, 14, 15]
MPOTHO3YBAHHS SKOCTI BOJIN
LightGB OriHKa Ta IPOTHO3YBaHHS SIKOCTI BOJIM; KOHTPOJIb [6, 8]
M pO3MOiTY BOIN
Decision | KonTpomab po3mnoainty Boau [8]
tree
SVM BusBrienHs maTtepiamiB A 10HOCETEKTUBHUX [9, 10]
MeMOpaH; TPOTHO3YBAHHS SIKOCT1 BOJIH
MarmmvHHe HaBYaHHS €)EKTUBHO B3AEMOJIIE 3 [5]
MXene i1 OUHIIEHHS BOIU
BusnaueHHs po3TanryBaHHs Ta BiJICTEXKEHHS [7]
3a0pyAHEHHS BOJU

BuxopuctoBytoun T1iOpumni moxaeni XGBoost Ta RF, sKi BHUKOPHCTOBYIOTH METOJ
IITYMOTIOJIABJICHHSI TAaHUX — MOBHY aHCaMOJIEBY €MIIPHYHY MOJIOBY JCKOMITO3HIIIIO 3 aJallTHBHUM
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mrymoM (CEEMDAN). Takuii MeToz 103BOJIsSI€ IPOTHO3YBATH ILICTh MOKA3HHUKIB SKOCTI PIYKOBOT
Boau. Pesymbpratn mokasyiorh, mo: CEEMDAN-RF Haiikpaimie miaxoauTh Ijisi MTPOTHO3YBaHHS
TeMIIepaTypu, pO3UMHEHOTo KHucHIO Ta nutoMoi mposigHocti, a CEEMDAN-XGBoost Haiikparie
MIIXOAUTh JJs TMPOTHO3YBaHHsA 3HaueHHd pH, MyTHOCTI Ta (IyopecueHTHOI pPO3YMHEHOI
opraniuHoi pedoBunH [15].

SAx BuaHO 3 Tabn. 1 HaWOMBII yHIBepcanbHOIO TexHojoriew IIII, mo 3acTtocoByeThes s
BUPIIICHHS PI3HUX 3aBAaHb y Taly3i, € MoJeNib mTy4yHoi HeiiporHol mepexi — ANN. Tak camo
Bapto Big3HaunTu ANFIS sika e x came sik 1 ANN BiTHOCUTBCS 110 TaMO0Koro HaBdaHHs, X GBoost
i LightGBM — Mopneni € mijg TUMaMyd MaIlIMHHOTO HaBYaHHSA. BOHM MeHII 3aTpeOyBaHMMHU HIXK
ANN, ane maroTh OUTbIe (DYHKIIIOHAIBHICTH HDK 1HIN MOJEIN, IO PO3TJISAJAIOTHCS B JIAHOMY
JIOCJILKEHHI.

PesynbraTH JpociigxkeHb. Pe3ynbrath JaHOrO JIOCHITKEHHS MarOTh HAyKOBY HOBH3HY,

OCKUTbKM OynM BHM3HA4YeHI MEpeBaru Ta HENOJIKM BUKOpUCTaHHS pizHux TumiB LI 3a ocranHi
YOTUPH POKH JIJISl PI3HUX 3aBJIaHb y Tajly3i BOJAHOTO TOCIOIapCTBa.
Pesynprati nOCHi/PKEHHS MarOTh HAyKOBE Ta MPAKTUYHE 3HAYEHHS, y 3B'I3KY 3 BUSIBJICHHSIM
HacTynHoi iHdopMmarlii, sika Oy1e KOpUCHA SIK JIJIs TPAKTUKYIOYHX (DaxiBIliB y 1X MPOEKTax, TaK 1 AJIs
JOCTITHHKIB y iX MaiOyTHIX poboTtax. Pizni mozaeni 11 epexTuBHI 1UIsi IEBHUX 3aBJIaHb, SIK BUHO
B Tabmuui 1. Butoky B Mepekax BOAOINOCTaYaHHS € CEpHO3HOI0 MPOOIEMOIO AJS MiANPUEMCTB
BojoniocTadanas. OTxe, MOTPIOHO KOMIUIEKCHUHM TMIAXiJ IO J03BOJISIE CBOEYACHO BUSBIATH
KOJMBAHHS y CHUCTEMi, Kl BKa3ylOThb HAa BHUTOKY. TakuMu METOJaMHU € TEXHOJOTIi IITYYHOTO
IHTENIEKTY, 110 B3a€MOJIIOTh 3 IHIIMMHU MPOTPAMHMMH Ta allapaTHUMHU KOMIIOHEHTaMHu. TakuM sk
IHTEpHET pedel € eEeKTUBHUM B YIPaBIIHHI SKICTIO BOAM BHACIIJOK TOYHOCTI, IIBHJIKOCTI Ta
0e3nepepBHOCTI MOHITOPHHTY, aHAJI3y Ta MPOTHO3YBAHHS SKOCTI BOJIU. 3/JaTHICTh MAIIMHHOTO
HABYaHHS MPOTHO3YBAaTH Ta KOHTPOJIOBATH BHUTpPATy BOAU CHUIBHO 3 MIKPOKOHTPOJIEPOM.
JloBOMTH €(heKTUBHICTH 3aCTOCYBAHHS Li€1 TEXHOJIOTI U1l BUPILICHHS TAKUX 3aBIaHb.

BucHoBKM Ta mepcneKTHBH MOJAJBIIUX J0CTiIKeHb. He3Bakaioum Ha BCIO KOPUCHICTh
3aCTOCYBAHHS TEXHOJIOTIH IITYYHOTO 1HTENEKTY Ta HAyKH MPO JaHi B Taly3i, Y IIbOTO METOY IIE €
cyTTeBl HemopoOku. Habopu naHux nms aHaiily MOBUHHI OyTH TOYHI 1 BKJIIOYATH BCl HEOOXITHI
JaHi, o0 BpaxyBaTu sIK HalOiIbIIe GakTOpPiB, 1 3pOOUTH MPOTHO30BAaHE 3HAYCHHS OLTBII TOYHUM,
ase 11e, Ha >Kallb, HE 3aBXJU MOXJIHMBO. TOMY BKpail Ba)KJIMBO MOKPALTUTH METOMIOJIOTiI0 300py Ta
00poOKHU BETUKHUX OOCSTIB TaHUX.

B nanumit yac He icHye €QMHOI TexHoJOril, sfika Moria O e(peKTHBHO 1 MOBHOIO MipOIO
BUpINIYBAaTU BCl BUAM 3a0pyaHeHb. BHAcHiAOK MOCTITHONO MOHITOPUHTY Ta OOCIYrOBYBAaHHS
npuctpoiB loT nns 3a0e3nedeHHs] TOBroBIUHOCTI Ta €(EKTHBHOCTI CHUCTEM TMOTPiOHE perynspHe
KamiOpyBaHHS JAaT4YMKIB, 3aMiHa 3HOUIEHMX KOMIIOHEHTIB Ta OHOBJIEHHS IPOTPAMHOIO
3a0e3NeueHHs] € BaXJIMBUMU METOJaMU OOCIYrOBYBaHHS Ul ONTHUMAJIbHOIO ()YHKI[IOHYBaHHS
npuctpois loT Ta IIII.

L5 cTaTrTs Mae MepcreKTUBU MOJANBIINX HAYKOBUX JOCIHIDKEHb, A€ MOTPIOHO Oy/e BUBUUTH
3actocyBaHHA Bcix mojened LI 3 Bennkoro KiabKicTIO HaOOpiB AaHMX. Takox HEoOXigHO Oyne
po3pobka Ounbin cknagaux moaener I, 3maTHUX 0OpoOIATH BENMUKI JaHI 3 PI3HUX JDKEpEl, 10
MIJIBUIIATh TOYHICTh Ta HAAIMHICTh CHCTEM BUSIBJICHHS BUTOKIB. A, BIIPOBA/DKEHHS MOJIEEH, 10
CaMOHABYAIOThCS, TOTIOMOXKE CHCTEMaM PO3BUBATHCA 1 pearyBaTH Ha HOBI MOJIeNll BUTOKIB 3 4acOM
OUTBII 3JIar0/KEHO 1 TOUHO. JloCipKeHHS Ta po3poOKa MOJIENIe MAIIMHHOTO HABYAHHS, 3JJaTHUX
eeKTUBHO 00pOOIATH BiZICYTHI 200 HETIOBHI J1aHi, BUPIIINTh 3HAYHY YaCTHHY ICHYIOUHX MPOOIIEM.
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METHODS AND PRACTICES FOR IMPLEMENTING AND APPLYING DIFFERENT
TYPES OF ARTIFICIAL INTELLIGENCE AND DATA SCIENCE TO SOLVE
PROBLEMS IN WATER INFRASTRUCTURE
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Abstract. The subject of the study in this article was the practice of implementing and
applying various types of artificial intelligence and data science to detect leaks from water supply
networks, to monitor freshwater conditions and to detect pollution, clean freshwater bodies from
waste from industrial and mining enterprises, control freshwater flow and develop more efficient
water filtration methods.

The article identifies the advantages and disadvantages of the practice of introducing and
applying various types of artificial intelligence and data science technologies to automate traditional
methods of monitoring, control and related work in the water industry. The article addresses the
following objectives: to substantiate the effectiveness of implementation of various types of
artificial intelligence technologies and data science methods and their practical application with
software and hardware technologies to automate traditional methods of performing work in the
water industry.

To solve the tasks set, the methodology used was based on general scientific and special
research methods, such as theoretical methods (analysis, explanation, generalisation, comparison).

The use of this approach allowed us to obtain the following results: the features that affect the
accuracy of the analysis of collected data used by technologies of various types of artificial
intelligence and data science methods were identified. Practices and methods for more efficient and
accurate application of this technology are reflected.

Scientific data are analysed. The study allowed identifying the practical opportunities and
problems of this technology.

Recommendations for the effective use of this technology have been developed. The factors
that influence the effective use of this technology in industry are identified.

Keywords: artificial intelligence, data science, water quality, leakage detection, water flow
control.
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Abstract. The intensification of military operations on the territory of Ukraine, which are
accompanied by missile attacks and bombing of territories, requires the use of reliable protective
structures. Modern codes require the provision of each new building with storage facilities that
guarantee the safety of life and health of citizens, so the correct determination of all loads on the
structural elements of protective structures is an urgent issue. Taking into acoount the fact that the
previous codes were somewhat outdated and had limited access for a long time, a significant event
was the adoption in 2023 of new codes for the design of protective structures of civil defence.

The main requirements and recommendations of SBC B.2.2-5:20023 were taken into account
when conducting research on determining the loads on buried walls of bomb shelters. Such
structures, as we know, perceive a constant load from the lateral pressure of the soil, which during
an explosion is supplemented by an episodic load from the action of an air wave.

Modern specialized literature contains rather limited information on scientific research and
development in the field of design of protective structures. An actual issue is also the study of the
influence of determining factors on the intensity of the load on the walls of buried protective
structures and the possibility of its adjustment in order to reduce it.

Taking into account the nature of the distribution of loads on the underground walls of bomb
shelters, a dependence was obtained to determine the resulting active pressure and quasi-static load
caused by the action of an air wave.

The pressures from the soil and the blast wave at different orientations of the contact wall and
for different types of soil environment were studied. The loads in contact of a smooth and rough
wall with sandy, sandy and loamy soils with different indicators of physical and mechanical
characteristics were considered.

The obtained results indicate a significant influence of the geometric parameters of the wall
and the features of the contact soil on the resulting pressure, which can vary depending on the
studied factors by 10-20%, which indicates the possibility of reducing the load on protective
structures, operating with the considered indicators.

Key words: protective structure, active soil pressure, quasi-static load from the action of an air
wave.

Introduction. Today's reality require a more careful and balanced approach to the design and
construction of protective structures. Russian aggression determined the need for safe exploitation
of civil and industrial buildings, which resulted in the adoption of new codes requiring the provision
of reliable protection structures against dynamic impacts during shelling and bombing of each
building object. Thus, there is a need to determine additional loads that arise as a result of an
explosive wave and have a short-term, but significant impact on the structural elements of buildings
and structures. Fortification structures located in the zone of active hostilities require special
attention and comprehensive analysis during design.

It should be noted that until last year, when designing protective structures, somewhat
outdated standards, which were based on the requirements of the Soviet era and have lost their
relevance were used. Besides, the use of these codes was limited and could not be used in general.
In 2023, new construction regulations [1] were adopted, which contain the detailed information and
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regulations on the design of civil defense protective structures.

Statement of the problem. The design of protective structures requires a detailed definition
of the acting loads and a detailed analysis of the influence of the main factors on their intensity.
Determining the parameters of the wall and the soil environment, which can significantly reduce the
pressure on the structural elements of the building, make it possible to choose the most optimal
configuration of the wall and the type of surrounding soil environment.

Analysis of modern research. Modern specialized literature has a rather limited list of
sources that highlight issues related to the design of protective structures, therefore there is an
urgent need for a comprehensive study and analysis of issues related to the laws of the propagation
of blast waves in various environments, their impact on above-ground and underground structures,
and the specifics of the definition of corresponding loads.

The scientific work [2] is devoted to the study of the consequences of the explosion on the
surface of the base and in the soil environment when penetrating the rocket with the subsequent
development of the blast wave. The authors used numerical modeling of blast wave propagation in soil
and the effect of soil-structure interaction through a computationally efficient means using an advanced
analysis tool by method of finite elements (LS-DYNA). The results showed that the underground
explosion had a significantly greater effect at a greater distance, and the intensity and speed of
additional pressure was greater in high-density soils. The research of the blast wave on underground
structures in a homogeneous and layered soil environment was conducted, taking into account the
reflection and refraction of the blast wave.

The mechanics of the explosive load and its interaction with the soil and underground
structures are considered in the article [3], taking into account possible explosion scenarios. Also,
the phenomena related to external and internal explosion are explained, such as cavitation, soil
compaction, soil liquefaction, multiple reflection, quasi-static gas pressure phase, and Mach stem
formation. The authors analyzed the interaction of the soil and the underground structure during the
explosion, taking into account various factors, and proposed progressive methods of research on the
impact of explosive factors.

The work [4] presents the state of research on the parameters of an air explosion and a ground
shock wave, a shallow underground explosion, as well as ground and buried explosion-proof
shelters. The phenomenon of Mach self-reflection, loading parameters and empirical blast models
as well as damage criteria for buildings subjected to an underground blast and available peak
particle velocity (PPV) prediction models are considered. The main parameters necessary for the
development of shelter projects are analyzed, taking into account the characteristics of materials,
such as a high degree of deformability or plasticity, the use of impact-insulating panels and the
mechanism for controlling the formation of cracks. The authors comprehensively consider the
explosion phenomenon and the extreme loads on shelters caused by it, analyze the effectiveness of
using advanced materials such as fiber concrete, ultra-high-performance concrete, and FRP
composites to increase the safe exploitation of protective structures.

The team of authors [5] carried out a technical inspection of the shelter structures of the main
building of the Volyn Regional Children's Clinical Hospital in the city of Lutsk with the aim of
adding several additional floors. Taking into account the additional load, the load-bearing capacity
of the walls and foundations was checked, and a safety margin was established.

In the study [6], a non-linear analysis of an existing industrial four-story reinforced concrete
building was carried out in the event of an explosive load in the part where the production unit is
located. The explosive load applied in this study is in the form of a positive impulse load of
pressure with respect to time. The explosion pressure is rated as the pressure created by an
equivalent charge of trinitrotoluene (TNT) calculated in accordance with 1S4991 and European
Codal specifications. The patterns of deformations of the structural elements due to the explosive
load, such as the lifting of the slab, the lateral bending of the beams and the bending of the columns,
were determined. In addition, an analysis of the use of additional structures (RC walls and X-
strings) was performed to evaluate the most effective combination of retrofits applied to reduce the
probability of failure and increase the blast resistance of the industrial structure.
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The study [7] considered a model for calculating the penetration of projectiles, the impact of
mines and aerial bombs into the thickness of the soil lying around a multi-layered shelter, which
consists of a covering material, a mattress, a distribution layer and a supporting structure. The
authors presented the main provisions of the scientific and methodological approach to the
calculation of multi-layered underground protective structures and the study of the impact of
projectiles on them. Calculations of the main protective elements are given, the influence of the
main factors on their effectiveness is analyzed. It was established that the depth of penetration of
the projectile into the ceiling depends on the shape of the main part of the projectile, its mass,
diameter, speed and angle of immersion in the protective layers.

In [8], the effect of seismic isolation of the foundation on the intensity of the explosive load is
considered. Linear and non-linear analysis methods were used to compare the dynamic behavior of
school buildings designed with and without base rubber isolators with lead cores. A numerical
assessment of explosive loads at different distances and their impact on structures was carried out.
Numerical analysis was carried out using the SAP2000 software based on the finite element
method. As a result of the study, it was concluded that structures with basic insulators effectively
reduce the consequences of the explosion at certain distances, and these distances will affect the
design of the shelter walls.

The authors [9] analyzed detonation and deflagration explosions and their impact on
buildings, taking into account the excess pressure from the air shock wave. The determined loads on
the structural elements of the protective structure when it is above ground, semi-submerged and
buried are placed under the most unfavorable operating conditions of the structural elements. The
obtained results indicate that the calculated load can be both significantly greater than the excessive
pressure when the protective structure is located above ground, and less when it is located
underground.

In work [10], modern fortifications of various purposes and locations are considered. The
authors emphasize the insufficiency of fundamental theoretical and experimental research in the
field of construction of fortifications. As a result of the analysis of the most common fortification
structures, the authors conclude that it is necessary to use reinforced concrete structures to ensure
reliable and effective protection.

The developers in [11] proposed a new effective and reliable construction of a structure of
civil defense, which consists of an underground part made of monolithic reinforced concrete and a
cover made of prefabricated reinforced concrete arches. The work presents the method of
calculating all structural elements taking into account the additional pressure from the blast wave,
including considering the load from the soil pressure and the equivalent load from the pressure of
the shock wave on the underground part of the protective structure.

The team of authors [12] proposed a new analytical method based on the formulation of
equations of the limit equilibrium of the soil backfill for the spatial problem in order to determine
the active pressure of the soil on the retaining wall under conditions of explosive loading.
Numerical studies were carried out for three types of soils under the same dynamic loads. The
results are presented in tabular and graphic form with a comparison of pressure at one point, which
allowed to assess the influence of the physical and mechanical characteristics of the soil on the blast
pressure, the features of the interaction of the retaining wall with different soil environments under
conditions of additional dynamic load, and to assess the consequences of the explosion on the
structure of the retaining walls.

The article [13] presents the results of a numerical study of the influence of the geometric
parameters of the retaining wall and backfill on the magnitude of the lateral pressure of an
anisotropic heterogeneous soil environment, which indicate that by correcting the specified
parameters, it is possible to reduce the soil pressure significantly.

A review of scientific publications indicates the need to study the influence of the parameters
of contact media on the intensity of soil pressure during the action of an explosive air wave on the
underground walls of bomb shelters.
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The purpose of the study: the analysis of the influence of the main factors (type and physical
and mechanical parameters of the soil base, configuration and roughness of the surface of the
underground wall of the protective structure), determining the intensity of the lateral pressure of the
soil, taking into account the additional pressure from the air shock wave on the underground walls
of the protective structures.

Presentation of the main research material. The design of reliable bomb shelters requires
the determination of loads on underground walls from constant soil pressure and temporary
additional load during the passage of an air wave. According to (clause 14.1.1.1 [1]) the structure of
protective buildings one must design on the influence of combinations of loads in stable (main) and
emergency design situations, taking into account the quasi-static load from the action of an air
shock wave, according to the class or group of the protective structure.

Limit calculated value of quasi-static load gexq IS recommended to accept in an emergency
combination of loads with a combination factor equal to 1.0 (14.1.1.3 [1]), taking into account its
episodic nature, and determine according to the formula (14.1.1.2 [1]):

(ex,d = Ym > Uex,eqvs (1)

Qexequ — the quasi-static characteristic load, which for the horizontal quasi-static load when
calculating external walls is determined by the formula (14.1.3.4 [1]):

Qex.eqv= Pmax X Kp X Ko , (2)
where Pnax is the reduced horizontal load, kPa, which is determined depending on the scheme
of application to the structure of protective buildings.

Since the work is devoted to the determination of loads on underground walls, scheme "a"
was adopted as the main one (Fig. 14.1 [1] ), which corresponds to the full depth of the built-in
protective structure, i.e. Pmax = P> . Reduced load according to (14.1.2.1 [1]) is assumed to be
uniformly distributed over the area and applied normally (perpendicularly) to the wall surface.

The horizontal reduced load on the external wall elements is determined by the formula
(Table 14.2 [1]):

Po= K, x 4Py , (3)

where K, — the coefficient accepted according to table 14.3 [1] depending on the soil

characteristics in accordance with the standards for the design of foundations of buildings and

structures: K, = 0.4 for sands with a water saturation coefficient S, < 0.5, K, = 0.5 for sands with a water

saturation coefficient of 0.5 < S, < 0.8; sandy loams with a fluidity index of I, < 1; loams and clays with
flow rates I, < 0.75;

K, = 0.6 for loams and clays with flow rates 0.75 < I_< 1,

APe — calculated excess pressure, which is taken in accordance with tables A.1 of Appendix
A [1], depending on the protective properties and the class of protective structures. For objects
located within the project development of territories and settlements, assigned to the relevant groups
of civil protection (storage class A-1V) AP =100 kPa;

Kp is the coefficient of dynamism, which is taken according to table 14.9 [1] depending on the
calculation scheme; Kp =1 for embedded walls (calculation condition 1A).

Ko is a coefficient that takes into account the change in pressure on the walls due to the
horizontal component of the mass velocity of soil particles, attenuation of the compression wave
with depth, and pressure reduction due to the movement of the structure and deformation of the
walls. For recessed and rammed walls, the value of the coefficient Ko =0.8 when calculating
according to the calculation condition 1A (14.1.3.4 [1]).

yim 1S the load reliability coefficient, which is taken for the limit design value of the quasi-
static load equal to 1 (14.1.1.2 [1]).

Taking into account dependencies (1, 2 and 3), the calculated horizontal quasi-static load on
the walls of the bomb shelter is determined by the formula:

Oex,d = Yfm < Ko X APex < Kp X Kq . (4)
The study of loads was carried out for the underground wall of the protective structure, which
is in contact with soil environments consisting of sandy, sandy and loamy soils. By substituting the
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appropriate parameters into formula (4), the intensity of the calculated horizontal load is obtained:

— for sand: Qexg=1x 0,4 %100 x 1 x 0,8=32;

— for sandy loam: Qexg= 1% 0,5x% 100 x 1 x 0,8=40;

— for loam: Qexg=1x 0,6 x 100 x 1 x 0,8=48.

Permanent loads acting on buried structures include the lateral pressure of the soil, the
intensity of which depends on the physical and mechanical characteristics of the soil base and the
structural features of the structures.

Earlier [14], dependencies were obtained for determining the lateral pressure of heterogeneous
soil on massive supporting structures, taking into account the anisotropy of the mechanical
characteristics of the soil environment. A flat problem was considered, the solution of which was based
on the main premises of the classical theory of S. Coulomb. The active pressure component is the sum
of the components, which reflect the influence of mass forces in the volume of the boundary soil prism,
surface load and internal cohesion forces respectively, which are determined according to Caco's
theorem:

Ea:;/~h2-Ny-(1+Ncor)+q~h~qutc(ﬁl)-h-NC (5)

where y— the specific gravity of the soil in contact with the wall;

h is the height of the wall when it is projected vertically;

c( f1) — the basic adhesion on the soil surface at its orientation S ;

g — the evenly distributed load on the soil surface ;

N cor — the correction coefficient;

N,, Ng, N care coefficients reflecting, respectively, the weight factor, the surface load on the
soil prism, and the internal adhesion forces.

For conducting a numerical experiment, a steep wall with a height of 5 meters was considered
with its vertical and inclined orientation at the inclination angle f 3, which was equal to 260° , 270°
and 280°, respectively (Fig. 1).

Taking into account the responsibility of protective structures, the most acceptable structure
that can be recommended as an enclosure is a "wall in the soil”, which is currently quite common in
construction practice. According to ( clause 9.3.2 [15]) structures of this type should be designed
taking into account horizontal loads from soil pressure.

Assuming the condition of a flat task, which corresponds to most underground structures of
protective buildings, let's determine the concentrated force of pressure from a quasi-static load at a
vertical wall ( 3= 270°):

— with a sandy contact soil environment:

Q. = Uy g xh=32x5=160xH ;

— with a sandy loam contact soil environment:

Q. = Qg X =40x5=200xH ,

— with a loamy contact soil environment:

Q. = 0o g xh=48x5=240xH .

Concentrated pressure force from a quasi-static load at an inclined wall ( 3 = 260°, 3 =
280°):

— with a sandy contact soil environment:

Q. =g xh/c0s10" =32x5/c0s10" =162,56xH;

— with a sandy loam contact soil environment:

Q. =0 ¢ x/c0s10" =40x5/cos10" = 203, 2xkH;

— with a loamy contact soil environment:

Q. =0y xh/c0s10" =48x5/cos10 = 243,84kH.
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Fig. 1. The calculation scheme for determining the loads on the wall
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The active pressure of the soil was determined using a computer program for a smooth and
rough wall, while the coefficient of roughness 6= 0.3¢ , where ¢ is the angle of internal friction of
the soil.

Sandy and clayey soils with the following physical and mechanical characteristics were
considered as contact media:

1. Medium-grained sand: y = 16 kN/m %, 9 = 37°, ¢ = 2 kPa;

2. Medium-grained sand: y = 16 kN/m %, ¢ =37°, ¢ = 0 kPa;

3. Coarse sand: y = 17.5 kN/m %, ¢ =41°, ¢ = 0 kPa;

4. Sandy loam: y = 17 kN/m 3, ¢ = 24°, ¢ = 10 kPa;

5. Loam: y = 18 kN/m 3, ¢ =12°, ¢ = 12 kPa.

To analyze the combined effect of lateral soil pressure and pressure (Fig. 2) due to the blast
wave, a formula was obtained for determining the resultant of these pressures Q exe (Fig. 3):

Qe =E2+Q2 +2E, xQ, COS S, (6)
where E 4 is the active soil pressure;
Qex — the pressure on the wall from a quasi-static load.
o'is the roughness angle of the wall.
The results of the calculations are presented in Tables 1 and 2.

Bs Bs
il
Qex
E. | D
P2 €a
Fig. 2. The load on the wall from active Fig. 3. The calculation scheme for determining
pressure and blast wave the resulting Q exe
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Table 1 — The load from lateral soil pressure and quasi-static blast wave pressure on a smooth wall
in its vertical and inclined orientation

3 =260° p3=270° S35 =280°

Ea ‘ Qex ‘ Qex,e Ea ‘ Qex ‘ Qex,e Ea ‘ Qex ‘ Qex,e

1. Medium-grained sand: y = 16 KN/m ®, 9 = 37°, ¢ = 2 kPa

26.52 | 162.56 | 189.08 | 39.73 | 160.0 | 199.73 | 54.81 | 162.56 | 217.37

2. Medium-grained sand: y = 16 kN/m >, » =37°, ¢ = 0 kPa

37.51 | 162.56 | 200.07 | 49.70 | 160.0 | 209.70 | 64.03 | 162.56 | 226.59

3. Coarse sand: y = 17.5 kN/m *, p =41°, c = 0 kPa

3265 | 16256 | 19521 | 4542 | 160.0 | 20542 | 60,60 | 16256 | 223.16

4. Sandy loam: y=17 kN/m ®, ¢ = 24°, ¢ = 10 kPa

3.03 | 2032 | 206.23 | 2468 | 2000 | 22468 | 46.32 | 203.20 | 249.52

5. Loam: y = 18 kN/m °, ¢ =12°, ¢ = 12 kPa

24.65 | 24384 | 268.49 | 5037 | 240.0 | 290.37 | 75.02 | 243.84 | 318.86

Table 2 — The load from lateral soil pressure and quasi-static blast wave pressure on a rough wall
with its vertical and inclined orientation

B=1260° B=270° B=280°

Ea ‘ Qex I Qex,e Ea ‘ Qex ‘ Qex,e Ea ‘ Qex ‘ Qex,e

1. Medium-grained sand: y = 16 KN/m ®, 9 = 37°, ¢ = 2 kPa

2418 | 16256 | 186.35 | 36.98 | 160.0 | 19642 | 52.03 | 16256 | 213.85

2. Medium-grained sand: y = 16 kN/m ®, 9 = 37°, ¢ = 0 kPa

3421 | 16256 | 196.24 | 46.30 | 160.0 | 205.63 | 60.85 | 16256 | 22258

3. Coarse sand: y = 17.5 KN/m °, o = 41°, ¢ = 0 kPa

29.82 | 16256 | 191.80 | 4243 | 160.0 | 201.66 | 57.83 | 16256 | 219.41

4. Sandy loam: y = 17 KN/m ®, 9 = 24° ¢ = 10 kPa

279 | 20320 | 20597 | 22.99 | 2000 | 222.83 | 4380 | 203.20 | 246.72

5. Loam: y = 18 kN/m °, 9 =12°, ¢ = 12 kPa

23,28 | 243.84 | 267.08 | 48.02 | 240.0 | 287.94 | 7215 | 243.84 | 308.38

Conclusions. The results of the study indicate the influence of the physical and mechanical
characteristics of the soil, as well as the configuration of the contact face of the wall and its
roughness on the resulting pressure from the soil and the quasi-static pressure caused by the air blast
wave. Thus, the maximum pressure is obtained for a smooth wall with orientation f3 = 280° in
contact with loam, the minimum total load corresponds to the orientation of the wall 3 = 260°
when it comes into contact with a sandy soil environment (medium-grained sand characterized by
low adhesion), and the difference between them is 17%.

The maximum value of the resulting pressure from the soil and the blast wave within the same
soil environment corresponds to the orientation of the wall 5 = 280°, while exceeding the minimum
pressure corresponding to f3; = 260° by 10-20%. With the same orientation of the wall, the
maximum pressure values that correspond to the contact soil medium of loam exceed the
corresponding minimum values for sand with little cohesion by 1.4-1.5 times.

Thus, the optimal option for a buried wall of a protective structure is a rough structure with its
orientation f3 < 270° and a contact medium formed by medium-sized sand, characterized by little
adhesion.

Undoubtedly, the study of loads on bomb shelter walls needs further development. The
interaction of a wall with a heterogeneous soil under excessive pressure is of some interest, taking
into account the peculiarities of its passage through different environments, the nature of its
refraction and reflection, taking into account the physical and mechanical characteristics of the soil.
The codes [1] do not contain recommendations for adjusting soil strength parameters under
conditions of explosive impact. The application of normative recommendations regarding the
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adhesion and the angle of internal friction under the condition of dynamic impact during an
earthquake is not correct, taking into account the fact that seismic waves originate in the earth's
crust, and the blast wave is usually generated in the air.

Thus, by manipulating the parameters of the wall and artificially creating a contact soil
environment with appropriate strength indicators, it is possible to reduce the pressure on the
underground walls of protective structures significantly.

Perspectives for further research. Taking into account the layered nature of soil deposits,
which is characteristic of most natural bases, the perspective of further research is related to the
determination of loads on underground structures of protective buildings when passing a shock blast
wave in a heterogeneous contact soil environment.
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HABAHTAKEHHS HA 3AI'JIMBJIEHI CTIHU 3AXUCHUX CIIOPY [

Boiitenko 1.B., x.T.H., TOIICHT,

voytinna@ukr.net, ORCID: 0000-0002-9239-8196

Oodecvka depacasna akademis 6YOiGHUYMBEA MA apXimeKmypu
ByI. Jlinpixcona, 4, M. Oneca 65029, Ykpaina

AHoOTamifA. AKTUBI3allisl BOEHHHUX [il Ha TepuUTOpii YKpaiHH, SKi CYIpPOBOIKYIOTHCS
pakeTHUMHU OOCTpiaMu 1 6omOapayBaHHSM TEPUTOPi, 0OYMOBIIIOE HEOOXITHICTH 3aCTOCYBAaHHS
HaJliHUX 3axucHUX crnopyA. CyyacHI HOPMHM BHMAararTh 3a0e3ledYeHHs KOKHOI HOBOOYIOBH
CXOBMILAMH, SIKI TapaHTYIOTh 30€pEKEHHS JKUTTA 1 3M0pOB’S TPOMAISH, TOMY AaKTyaJllbHUM
IUTAHHSAM € KOPEKTHE BU3HAYEHHS BCIX HABaHTAXXEHb HA KOHCTPYKTHBHI €JIEMEHTH 3aXHUCHMX
cropya. 3BaXKarouu Ha Te, 0 MONepeaHI HOPMH OyIIM JIEII0 3aCTapiIMMHU 1 Ha MPOTA31 TPUBAIOTO
yacy Malu OOMEXEHUH AOCTYI, 3HAYYIIOK MoJiel0 Oyno mpuitHATTs B 2023 polli HOBHX HOPM
I0/I0 IPOEKTYBAHHS 3aXMCHUX CIIOPY/] IUBUIFHOTO 3aXUCTY.

OcHoBui BuMoru i1 pekomenpamii JIbH B.2.2-5:20023 Oynu BpaxoBaHi NpU MPOBEACHHI
JOCHIUKEHb CTOCOBHO BHU3HAUEHHS HABAaHTAXKCHb Ha 3arimOiieHi cTiHm OombocxoBuml. Taxi
KOHCTPYKIIii, IK BIJIOMO, CIIPUHMAIOTh MOCTIHE HaBaHTaXXEHHs BiJ] O1YHOTO THCKY IPYHTY, SIKe IIPH
BHOYXY JIOTIOBHIOETHCS €I1130IMYHUM HABAHTAKEHHSIM B1JT JIi1 OBITPSIHOT XBHUJII.

CyuacHa creniani3oBaHa JiTeparypa MICTHTb JIOBOJI OOMexeHy iH(opMalio MIo10
HAayKOBHUX JOCIIKEHb 1 PO3po00OK B cdepl MPOEKTYBaHHS 3aXHUCHUX CHOPYH. AKTyaJbHUM
MUTAHHSAM TaKOX € BUBUEHHsI BIUTUBY BU3HAYAJILHUX (DAaKTOPIB HA IHTEHCUBHICTh HABAaHTAXKEHHS Ha
CTIHM 3arJu0JI€HUX 3aXUCHUX CHOPY]I 1 MOXKJIMBOCTI HOTO PEryIIOBaHHS 3 METOIO 3MEHILIEHHS.

BpaxoByroun xapakTep po3noJiIeHHs HaBaHTaKE€Hb Ha MiJ[3eMH1 cTiHM OoMOocxoBuIl, Oyna
OTpUMaHa 3aJIeKHICTh JJI BU3HAUYEHHS PE3YJbTYIOUOi BIJl aKTMBHOIO THCKY 1 KBa3iCTaTHUYHOTO
HaBaHTaXXEHHs, 00YMOBIIEHOT'O /I1€0 MOBITPSIHOT XBUII.

JlocaiKyBaJIuCh TUCKU BiJl TPYHTY 1 BUOYXOBOI XBHJII IPU PI3HUX OPIEHTALISIX KOHTAKTHOI
CTIHM 1 JJIsl PI3HUX THIIB I'PYHTOBOTO cepefoBUIIa. Po3risianuch HaBaHTAXXEHHS MPU KOHTAKTI
IJIAJKOT 1 IMIOPCTKOI CTIHM 3 MIIIAHWMHU, CYHIIIAHUMU 1 CYTJIMHUCTMMU IPYHTaMHU 3 PI3SHUMH
MOKa3HUKaMHM (P13MKO-MEXaHIYHUX XapaKTEPUCTHK.

OTtpuMaHi pe3yibTaTH CBIYATh NPO CYTTEBHM BIJIUB F€OMETPUYHMX IMApaMETPIB CTIHU 1
0CO0IMBOCTEH KOHTAKTHOTO IPYHTY Ha Pe3y/bTYI0Uy THCKIB, sIKa MOXKE 3MIHIOBATHUCH B 3aJI€KHOCTI
Bim jJochijkyBaHuX ¢aktopiB Ha 10-20%, 110 CBIAYATH TPO MOXIHUBICTH 3MEHIITYBAaTH
HaBaHTAXXCHHS Ha 3aXUCHI CIIOPYH, OTIEPYIOUYH PO3TIISHYTUMH MOKa3HUKAMHU.

Kurouosi ciioBa: 3axucHa crniopyla, akTUBHUNA THCK I'PYHTY, KBa3iCTaTHUHE HABAHTAXEHHS
BiJ{ J1ii HOBITPSIHOT XBHUJII.

Crarts Hagidnuia no penakmii 17.06.2024
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BUMOTH IO 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 NIOBHHHA BiANOBiIaTH TeMaTHLi 30ipHUKA, NY0JiKyBaTHCS 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 TNpEACTABICHO BUPIMICHHS IaHOi
nmpoOjieMd 1 Ha SKi CIUPAEThCSA aBTOP; BUILICHHS HEBUPINICHUX paHIIIE YacTHH 3arajibHOl
poOJIeMH, SIKUM TPUCBSIIYETHCS 1aHa CTATTS,

* (opmymroBaHHS METH CTATTI (IOCTAaHOBKA 3aBJaHHS);

* BHUKJAJ OCHOBHOTO MaTepialxy IOCTI/DKCHHS 3 IOBHHUM OOTPYHTYBAaHHSM OTPUMAaHHX
HAyKOBHX PE3yJbTaTiB;

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

* CIIUCOK JIiTepaTypHu.

3araJjbHi BEUMOTH 10 0()OPMJICHHA TEKCTY

CratTi noJatoThCs B eNeKTpoHHOMY Burisial ¢ainom Word 97 — 2003 B ¢opmari .doc. Ha3sa
¢aily Mae MICTUTH HOMEp TEeMaTHKM IyOuikaiii Ta Mpi3BUILNE MEpUIOro aBTopa (HAmpukKiIaa, 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 oguHapHUil IHTEPBal, BUPIBHIOETHCA 110 IHUPHUHI CTOPIHKY, MO 1O 2 CM 3 YCIX
60kiB, ab3arHuii BiacTyn — 1,0 cm. O0csr cratTi 7-16 NOBHUX CTOPiHOK Pa3oM 3 aHOTALIAIMMU.

Crpykrypa crarri:

— indexkc Y/[K (BUpPIBHAHO IO JIiBOMY Kparo ©Oe3 a03al[HOro BIiACTYIy, NPONHUCHUM,
HaIBXUPHUMN);

— Hazea cmammi (BIALEHTPOBaHa, yci JITEpH NPOMMUCHI, HAMIBKUPHI, NEPEHOCH He
JIOTTYCKaIOThCA);

— npizeuwe, iniyiaau 6cix aemopis, HAyKoGUil cHMyniHb, é4eHe 36aHHsa (BUPIBHSHO IO
paBOMY Kpao, MPIi3BHUIIE — HAIIIBXUPHUHN; CTYIIHb 1 3BaHHS — PSIIKOBHIA);

— HO6HA HA364 GUWLO20 HABGUAIbLHOZ0 3AK1Ady uu opzauizayii (KypcuB, BHUPIBHSIHO IO
MPaBOMY KParo; SKIIO aBTOPH 3 PI3HUX HABYAIBHHX 3aKJIAIiB, TO KOXKEH aBTOP 3 OKPEMOTO PSIKA);

114 Modern construction and architecture, 2024, no. 9, page 114-116



— enekmpona nowma (BUPIBHSIHO MO IPAaBOMY Kparo Ta nopsia yHikanbauit Homep ORCID);

— anomauyii 0o cmammi (a03aIHUI BiACTYI, Ha3Ba HAIIBKUPHA, aHOTAIlli MHUIITYTHCSA JIBOMA
MOBAaMU: YKPATHCHKOIO 1 aHTIIHCHKOIO.

Texcr nepmioi aHoTalii NUIIETHCS MOBOIO OCHOBHOI'O TEKCTY CTaTTl Ta IOBUHEH OyTu He
Menul sk 1800 3naxiB.

Tekcr gpyroi aHoTalli, SKIIO BUAAHHS HE € IOBHICTIO aHTJIOMOBHHM, KOXKHA IyOJIKallis He
AHTJIIHCHKOI0 MOBOIO CYITPOBOKYETHCS aHOTAIIIE€I0 aHITIMCHKOI0 MOBOIO 00csiroM He MeHmn sik 1800
3HAKIB. SIKII0 BUJaHHA HE € MOBHICTIO YKPAiHOMOBHUM, KOKHA ITyOJIKaILlisl HE YKPaiHCBKOIO MOBOIO
CYIPOBOJDKYETHCS AHOTAIIEI0 YKPATHCHKOIO MOBOIO 0OcsiroM He MeHm sik 1800 3makiB. [[pyra
aHOTAITisl PO3MIIIYETHCS B KIHII CTATTI MICIISI CIIUCKY JITepaTypH Ha aHTJIINCHKii MOBI.

JIBi aHOTAMii MOBUHHI KOPOTKO MOBTOPIOBATH CTPYKTYPY CTaTTi, IO BKJIIOYAE BCTYIH, METY,
METOAMKY, pe3yJbTaTH, BACHOBOK. MalllMHHUI [IepeKiaj He 103BOIAEThCS.

— Kawuoei croea (MDKPSIKOBHI IHTEpBal HE pOOUTHCS, al3alHMW BIJICTYN, Ha3Ba
HaIBKHUPHA, TEKCT KJIOYOBHUX CIIiB HE Oibine 6—8 CIIiB).

Hasga crari, mpi3Buie i iHilianyd, HAYKOBUH CTYyIiHb, BYCHE 3BaHHA, MicIle poOOTH, aHOTAITis
1 KJIFOUOBI CJI0BA — IOBTOPIOIOTHCS YKPATHCHKOIO Ta aHIJIIHCHKOK MOBaMH.

Mix psakamu 3 iHgekcom Y JIK, Ha3Boro crari, MPI3BHINEM aBTOPIB, AaHOTAIIIEI0, OCHOBHUM
TEKCTOM 1 MEPeNiKOM JITepaTypu, JIITepaTypol0 Ha AaHMNMCHKIA MOBI Ta JPYrol0 aHOTAli€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 HEOOXiIHI €JIEMEHTH
(nazeu cmpykmyphnux enemenmie 6 mexcmi cmammi ROMPIOHO 6UOLTUMU HANIEHCUPHO):

— BCTyn (IIOCTAaHOBKAa NpoOJeMM Yy 3arajJibHOMY BHIVIAAI Ta ii 3B’SI30K 3 BaKJIMBUMHU
HAYKOBUMH UM NMPAKTHYHUMHU 3aBJJAaHHSIMH );

— aHaJi3 OCTaHHIX JpKepelN AOCHTIKEHb 1 MmyOsikaliid, y sSKUX 3al04aTKOBAaHO PO3B’S3aHHS
npobnemu (OakaHo, mo0 1e OyB aHai3 OCTaHHIX myOmikamii y (axoBuX >KypHayax) i Ha sKi
ONUPAETHCSI aBTOpP, BUJUICHHS HE pO3B'I3aHUX paHIlle YacTUH 3arajbHOi MpoOJeMH, SKUM
MPUCBAYYETHCS CTATTS;

— IIOCTaHOBKA METH Ta 3aBJaHHs ((HOPMYITIOBaHHS METH Ta 3aBAaHb JOCIIKEHb);

— MareplaJii Ta METOAU JIOCHIUKEHHsS (ONMHUC BUKOPHUCTAHUX MaTepiajiB Ta MeETOJIB
JOCTIKEHHS TPOOJIeMH, 110 PO3TIISIAETHCS Y CTATT1);

— OCHOBHHUHM MaTepiall 1 pe3yJbTaTu (BUKJIAJ OCHOBHOTO MaTepialy JOCHIKEHHS 3 TTOBHUM
OOI'pYHTYBaHHSAM OTPUMaHUX HAYKOBUX PE3YNbTaTiB);

— BHCHOBKM (HayKOBa HOBH3HA, HAYKOBE Ta MPAKTUYHE 3HAUYEHHS PE3y/IbTATIB OCIIKEHHS,
NEPCHEKTUBH MMOATBIINX HAYKOBUX PO3POOJIECHB);

— Jimepamypa (BiILIEHTPOBAaHA, HAIIBXUPHA; TOCWJIAHHSA B TEKCTI TOJAIOTh Y KBaJpaTHUX
ayxkax [2]; cnucok miTepaTypu HABOAWTHCS BIAMOBIAHO MOPSIKY MOCKIAHb Y TeKCTi 3rigHo 3 JICTY
8302:2015 Ta 3ammcyeThCs B CTOBITYMK; HanucaHHs «J/[kepena indopmartii», «Ileperik miteparypm» He
nomyckaerbest). biOmiorpadidHuii CIMCOK HABOJUTHCS MOBOK) OpHTIHAITY Ta TPaHCIITEPYETHCSL.
KinbkicTe mocuiaHp Ha JiTEpaTypHI JKepelia y CTaTTi MOBUHHO OyTH He MeHIe 15 mxepen. OcobmmBa
yBara npuaiIsieTbesl CydacHUM aHTJIIOMOBHHUM CTaTTsAM, 30KpeMa iHekcoBanux WoS abo Scopus.

— oioniozpaghiunui cnucox (References). Jlns BiATBOpPEHHs YKpaiHCHKMX BJIACHUX Ha3B
3ac00aMH aHIINHCHKOI MOBM TIpH TepeKyiaai MyOrikaiii aHTIHCBKOI0 MOBOIO 3aCTOCOBYETHCS
TpaHchiTepariis. HaliMeHyBaHHsSI opraHizaiiii Ta yCTaHOB, IO HE TMEPEKIAJTAOThCS HA aHTIIIHACHKY
MOBY, TaKOX TPaHCIITEpYyIOThCs. TpaHciiTepallis Mpi3BUI aBTOPIB BUKOHYETHCS 3AJISKHO BiJl MOBU
OpHriHay Jkepena BianoBiaHo 10 BuMor [loctanosu Kabinery MinictpiB Ykpainu Bin 27.01.2010 p.
Ne 55 «Ipo BopsaKyBaHHS TpaHCIiTepalii ykpaiHcbkoro andasity gatununero». bidmiorpadiunuii
CIHCOK TOBWUHEH Oytu odopmwiienuii 3 Bukopuctanusm ctuias |EEE STYLE s3rimro 3
«M1XKHapOJHUM CTHJIEM LIMTYBAaHHS Ta MOCUJIaHHS B HAyKOBUX poOoTax», Kuis, 2016.

Tabauyi cnin BUKoHyBaTH B pemakTopax Word 6e3 3anuBanHs. Koxxna tabmuiis mae OyTu
HAQ/IpyKOBaHa 3 BIAMOBIJHUM 3arojlOBKOM Ta HyMEpalli€lo IMicis MNEepIIOro MOCHJIaHHS Ha Hei.
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upuna Tabnuipe HE MOBHHHA TNEpeBHINYBaTH mojs cropiHkd. lpudTt B Tabmuii mnoBuHEH
BIIMOBIIaTH MIPUQPTY CTATTI.

@opmynu MaroTh OyTH BHKOHaHi B penmakropi ¢opmyn Equation 3.0 un MathType 3
BUKOPHCTAHHSAM TUIbKHM 3aranbHOnpuiiHATHX MmpudTiB (Times New Roman; Symbol). Koxna
dopmyna HaOHpaeThCs K OAUH 00’ €KT, Hymepalis (opMyn apabCbKuMH IU(ppaMu CIIpaBa B TyXKKax
BHUPIBHSHA 10 IIUPHHI CTOPIHKH.

Pucynku (nmiarpamu, (HoTo), MOAAIOTHCS y YOPHO-O1IOMY, KOJHLOPOBOMY BapiaHTi abo y
rpajialisx Ciporo KOJbOpy MiCJs MEPIIOTro MOCWIAHHS HAa HUX; MalOTh OyTH 3TPYIOBaHi Ta SBISATH
co0ot0 oauH rpadiuyHuii 00’ €KT; MaTH HyMEpaLilo Ta MiJNKC MO3HAYEeHHS 0Ch KoopauHat. Po3mipu
IIJIMKMCIB HA pUCYHKY MTOBUHHI BiamoBigatu mipudty Times New Roman 12 mr.

Pa3om 3i cTarTero nogaTLCA:

— BIJOMOCTI Mpo aBTOpa (aBTOPChKA JOBIAKA): MpPI3BUINE, IM s, MO OAaTHKOBI (ITOBHICTIO);
BUCHE 3BaHHS, BUCHHI CTYIIIHB; MOCAaa, MicIle pOOOTH; KOHTaKTHI aJpecu W TenaedOoHH; MOIITOBA
azipeca, Ha SIKy HaJICUJIaTH IPUMIPHUK 30ipHHUKA

— PpEeIeH31s Ha CTaTTIO, SKIIO aBTOPOM € acmipaHT Oe3 CIBAaBTOPIB 3 BYCHHWM CTYIICHEM Ta
BUCHUM 3BaHHSIM.

CrarrTi, sIKi He BIINOBIIAIOTH HABEAEHUM BHMOIaM, /10 PO3IJIsiAy He IPUHMAKThCS.

[Tomani MaTepianu MiUIATral0Th JOJATKOBOMY PEIICH3yBAaHHIO WIEHAMHU PEIKOJerii a0o mpoBiAHUMHU
¢daxiBusMH 3a HAYKOBHUMH HalpsMaMH, TOMY MOXYTh OyTH TIOBEpHEHI aBTOpamM Ha
JOOTIPAIFOBAHHS.

OcrartouHe pimeHHs mo0 myOTiKamii CTaTTi NpuitMae pegaKiiifHa KoJeris BUIaHHS.
BinxwieHnii opuriHal He IOBEPTAETHCA.
Omutara 301HCHIOETHCS TUTBKH MiCTS MIATBEPAKEHHS IPUMHSTTA CTATTi 10 IPYKY.

Bapricte my6mikamii crarti 1100 rpu. 30ipHUK BUXOAWTH 4 pa3uW Ha piK MIOKBapTaIbHO, B KiHII
KO)KHOTO KBapTaiy. CTaTTi HeoOXiHO HaJcWiIaTh 10 | 4ucna OCTaHHBOTO KBapTaly (HalpuKIam,
SKILO 301pHUK BUXOAWTH B KIHIIl YEPBHS, TO CTATTI NMpUMaloThes 10 1 yepBHS). Aje npuiioM crareit
MOXe€ 3aKIHUUTHCH PaHillle BKa3aHOTO TEPMiHY, SKIIO Oy/e HabpaHO HEOOXiTHY KUTBKICTh CTOPIHOK.
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M. Oneca, 65029, Ykpaina
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