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THE CHALLENGES AND IMPACT OF COVID-19 ON SEAFARER’S
RIGHTS AND FREEDOMS
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This article discusses the importance of protection seafarer’s rights and freedoms and enforcement of
international protocols, which designates seafarers as key worker and learns challenges and experience
from the Covid-19 as an important driver for improving international legal instruments. Therefore, it has a
crucial importance to focus on seafarers’ rights and develop tools, effective, goal-oriented due diligent
action plans and mechanism, raise of the global awareness of human rights abuses at sea and deliver the
positive changes through the legal and policy development, exchange of views and the best practices for
protection seafarer’s rights despite of the Covid-19 situations.

For these purposes, the presented article researches a new emerging challenge of global maritime society
such as protection, preservation and enforcement of seafarers’ rights at sea during Covid-19. In this
relation, this article discusses the relevant international legal instruments, such as UNCLOS, 1982, MLC,
2006 and Human Rights Law as well. The present paper also describes the response of the maritime
industry to the impact of COVID-19. Lastly, article comes with the conclusion and recommendation.

DOI: 10.33815/2313-4763.2021.2.25.006-017

The Problem Statement. Seafarers ensure the smooth operation of the maritime
industry on daily basis and they are playing a crucial role in the global economy and global
trade. Prior to Covid-19 seafarers have been working on board of the vessel for significantly
longer than they have originally been contracted. In order to avoid uncontrollable spread of the
virus, States enforces different and strict restriction and regulations, therefore seafarers were
obliged to stay on board of the ship more than 11 month and lots of them were absolutely
prevented to return to ships. Those uncertain and complex legal regulations have gradually
faded, altered and infringed seafarers’ rights and freedoms, wellbeing, health and safety enforced
and secured by the MLC, 2006. Interestingly, it created humanitarian crisis, affected maritime
business and economy of State.

The relevance of the issue. In order to address the crisis caused by the Covid-19, various
international organizations such as the Office of the UN High Commissioner for Human Rights,
the UN Global Compact and the UN Working Group on Business and Human Rights several
times stated that seafarers are “collateral victims” of Covid-19. [2] Therefore, the UN General
Assembly, International Maritime Organization (IMO) [3], International Labor Organization
(ILO) [4], International Chamber of Shipping (ICS) [5] and the International Transport Workers'
Federation (ITF) [6] adopted number of legal instruments for protection and preservation of
seafarers basic rights and urged States to recognize seafarers as “key workers”.

In order to maintain effective and robust maritime system, it has great importance to
research the effects of pandemic to the seafarers’ rights and freedoms. More importantly,
understanding the impacts of the Covid-19 will enable the industry to fill the gap existed in
matters of protection and preservation of seafarer’s rights and freedoms. Nevertheless, it will
contribute supplement the knowledge by examining the impact of COVID-19 pandemic on
seafarers ’rights to shore leave, repatriation and medical care and their well-being. Beside of it,
the raise an awareness regarding international legal instruments that has been developed for
protection of seafarer’s rights are key element for seafarers to enjoy and address their rights
relevantly.

Significantly, protection of seafarers’ rights and freedoms are currently one of the most
complex and emerge matter that global maritime industry tries to address. Hence, it is important
to underline that the protection of seafarer’s rights and freedoms requires involvement of the
relevant State organs, international organizations, shipowners and relevant stockholders together
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in order to develop relevant, clear, visible and accessible action plan. The development of
successful protection mechanism requires from maritime industry actors to participate and
collaborate with each other in order to balance the business interest and issues of enforcement
and enjoyment of basic human rights by the seafarer. Therefore, taking into account the negative
impact of the Covid-19 on the protection and preservation of Seafarer’s rights and freedoms
urges decision makers to focus on this matter and develop effective tools, action plans and
mechanism through enforcement of the relevant international legal instruments.

The aim of the article. Overall, this article discusses the importance of protection and
preservation of seafarer’s rights and freedoms and enforcement of international protocols,
guidelines and recommendations which designates seafarers as key worker. It learns challenges
and experience from the Covid-19 as an important driver for improving international legal
instruments, such as Maritime Labor Convention (MLC), 2006. Additionally, paper tries to raise
of the global awareness of human rights abuses at sea and urges global maritime stakeholders
that despite Covid-19, positive change through the legal and policy development, harmonization
and standardization of international legal instruments, collaboration and exchange of the best
practices for protection seafarer’s legal interests and rights are the prior step for further
development of the maritime business and industry in general.

Materials and methods. In course of research, exhaustive list of relevant leading
materials was identified. For comprehensive and complex understanding of subject matter,
various databases were explored, researched and analyzed. This article is developed through the
analysis of primary and secondary resources. In course of research, various mandatory
international legal instruments and legislation was researched. In case of subsidiary sources
different books, journals, articles, electronic resources were used.

The main focus of the article is legal regulating regimes that had been adopted to solve
the crisis caused by Covid-19. Additionally, article defines all efforts made by international
organizations do address the matters of protection and preservation of seafarer’s rights. Aside of
the international regulatory framework, State legislation and regulations of the crisis caused of
Covid-19 is also examined. Overall, for this article qualitative research method is used and
conclusions and final recommendations are drawn based on literature review.

Conclusions. It is doubtless that the results of Covid-19 creates comprehensible and
essential conditions to develop a new human rights code of conduct, the effective, goal- oriented
action plan and due diligence guidance on seafarers’ rights in order to fix the gap existed in labor
and human rights policy and practice and to raise the bar of seafarers’ working conditions, well-
being, mental health and welfare.

The main body of the text. During Covid-19, the labor rights and freedoms unforced by
the MLC, 2006 had been hindered. The MLC, 2006 is an international legal instrument which
inter alia guarantees equal access to basic human rights. [7] MLC is known as a “Seafarer Bill of
Rights” which, by virtue of Article 4 and 5 obliges all Member States of the convention, to
adopt, implement and enforce laws, regulations and measures to protect seafarers’ legal
rights [7]. The rights endorsed by MLC, 2006 can be constituted as Human Rights and remains
applicable for everyone and everywhere.

During Covid 19, a few sensitive and key rights and obligations had been suspended and
violated, namely rights of shore leave, medical assistance, and contractual relationship. Those
rights are governed by the virtue of Regulation 2.1, 2.4, 2.5 and 4.1 of MLC, 2006.

The Regulation of 2.1 of MLC, 2006 states that seafarer must be provided with relevant
and sufficient information about the working employment contract before signature and defines
that the largest scale of maximum contract extension has to be less than 12 months [7] The
provisions of the contract shall meet standards enforced by the convention.

Under the section 2 of Regulation 2.4 and Guideline B2.4.2 of the MLC, 2006 Seafarer
are granted rights of shore leave which guarantees well- being, welfare, protection of personal
and social rights, and consistency with the operational requirement relevant to the position [7]. In
case of Aguilar v. Standard Oil Company Case, Supreme Court ruled that this right is elemental
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necessity for seafarers [8]. Therefore, each Member State are obliged to adopt the relevant
legislation to regulate matters of shore leave.

The regime of repatriation is regulated by the Regulation 2.5. which states that seafarers
have a right to be repatriated at no cost to themselves. Additionally, in accordance with
subsection b of section 2 of the Standard A.2.7, the maximum duration of service periods
onboard of the vessel which a seafarer is entitled to repatriate shall be less than 12 months [7]. In
this respect, Standard A 2.5 states that each Member State has cumulative obligations, such as to
ensure that rights of repatriation are prescribed by the relevant laws [7] and financial security are
provided to seafarers based on Regulation 2.5 of the MLC, 2006, if shipowner fails to make
arrangements for or to meet the cost of repatriation [7].

In accordance with section 1 of the Guideline B2.5.2 and Article 5 of the Vienna
Convention on Consular Relations, 1963 [9] the rights on consular assistance are guaranteed for
seafarers stranded in a foreign port. In this respect, competent authority in the foreign port, local
representative of the Flag State, seafarer’s State of nationality or State of residence shall be
informed and they have to facilitate and provide the access to relevant consular assistance
immediately [7].

Regulation 4.1 of MLC, 2006 addresses matter of health and medical cares and states that
Member State is obliged to ensure that seafarers are covered by adequate measures for the
protection of their health, they have access to prompt and adequate medical care and health
protection system with no coast of seafarer [7]. The Standard A4.1. of MLC, 2006 improves
Member State’s obligation to enforce relevant laws regulating requirements for hospital and
medical care facilities on-board and measures for health protection and medical care [7].

The right to the health is a fundamental part of human right and is recognized by various
international human rights instruments [10] and involves access of all to the relevant health care
system and assistance equally without any forms of discrimination [11]. Therefore, seafarers’
right to medical assistance is human right law [12] and shall be enforced respectfully.

During Covid-19, all above mentioned rights and regulations were violated. Seafarers
were experienced denial of their rights, inclusive shore leave rights, they were stranded onboard
of the vessel, other in shore were not permitted to enter on board of the ship due to the restriction
imposed by States, ports, shipowners, and maritime companies [13]. After Covid-19, non all
seafarers were compensated with a bonus or full wages, namely just 41% seafarers had got
compensation, whilst 32% were not being given. One of the difficult problems for seafarers was
a limited availability of medical assistance and insufficient medical abilities to deal with the
Covid-19 as well [13].

Due to above mentioned reasons seafarers experienced troubles of mental health, work-
related stress, extension, and fatigue [13, 14, 15], which no doubt damages the quality,
sustainability, efficiency and effectiveness of work performance, safety of ship and
environment [14].

Circumstance that had been created during the COVID-19 on board of the ship, namely
denial or refusal to shore leave, abandonment of seafarer, denial of medical care and assistance,
refusal of compensation for service provided beyond 12 months may be interpreted as forced
labor [16], which is violation of international legal instruments [13, 14] and Human Rights Law.

Additionally, the regulation which was imposed to guarantee safety and security of
society and avoid spread of Covid-19 was not in balance with the international regulations, in the
sense that those rights have not be just suspended, but it was impossible to enforce and
implement them even through protection of all the safety rules given by World Health
Organization.

May Covid-19 be constituted as a force majeure where States are incapable to enforce
standards derived by MCL, 2006 convention? There is different position of scholars in this
respect. [13, 14] It is not a doubt that enforcement of the minimal standards of MLC was
complicated to the reason of the Covid-19. The Pandemic created the circumstances where it was
objectively impossible for States to perform their obligations, however Covid-19 does not

@ o pybpuku exnroueno cmammi 3a memamuyHoo cnpamoganicmio « Tpancnopmui mexHonoziiy



HaykoBuii BicHUK XepCOHCBKOI AepzkaBHOI MOpchbKoi akaneMii \ERPH PSP )k

terminated or suspend obligation for State to resume the compliance with the MLC, 2006. While
admitting that, international organizations developed different measures and mechanism for
States and shipowners to resume non- compliance with MLC, 2006 even it is challenging or
difficult.

When it comes to protection, enforceability and preservation of human rights, there are
not direct regulations in UNCLOS, 1982 for those specific matters. However, articles 146 and 94
of the UNCLOS, 1982 states that Member State shall impose measures for protection human life
[17] and exercise effective jurisdiction on administrative, technical and social matters over ships
flying its flag. [17] In this respect, UNCLOS just provide the starting point and makes a
reference to the international regulations and organizations having mandate to regulate working
and social conditions of seafarers. [18] The systematic interpretation of the articles 146 and 94
makes it clear that Member State are obliged to adopt proper mechanism for effective protection,
enforcement and preservation of international human rights law in accordance with the standards
derived from international legal instruments.

Therefore, the responsibilities of State in relation of adoption or protection of human
rights are drawn from international human rights conventions, declarations, treaties and
covenants. There are lot of discussions about universality of human rights, and if States
jurisdiction and responsibility for protection of those rights are applicable in maritime zones in
general. However, different maritime zones do not question the matters of full application of
basic human rights and there is not a doubt that States bears the responsibility to the vessel
flagged to this certain State.

Taking into account all above said, the protection and preservation of human rights falls
within the State jurisdiction. Therefore, when it comes to the applicability of human rights, it
shall be said that human rights are jus cogens, universal, and it is applicable to anyone without
any discrimination and everywhere to the land, sea and air. [19] States shall adapt relevant laws
and impose effective jurisdiction in respect of preservation and protection of human rights. [10]
In this respect, the European Court of Human Rights in Hirsi v Italy case [20] underlined that
State shall ensure effective exercise of jurisdiction and control over its vessels [20].

International legal instruments do not clarify or provides special rules whether flag State
or port State is obliged to protect, enforce and preserve human rights law, however it does not
release States from the obligation to protect general Human Rights Law which is applicable to
anyone, everywhere in all maritime zones and areas despite of force-majeure situation. [30] In
this respect, the article 2 of the Universal Declaration of Human Rights states that everyone,
without any kind of discrimination or distinction, are granted and entitled all rights and freedoms
and nothing shall preclude to enjoy the basic human rights and freedoms. [10] Nevertheless, by
the virtue of the Article 1 of the Convention for the Protection of Human Rights and
Fundamental Freedoms, contracting party has an obligation to act within their jurisdiction in
order to ensure that the protection of rights and freedoms are guaranteed respectfully [10].

Various international human rights mandatory legal instruments also secure rights of
work, enjoyment of just and favorable conditions of work, social security, adequate standard of
living, rights of physical and mental health [10]. Additionally, the International Covenant on
Civil and Political Rights forbids performance of forced or compulsory labor by the virtue of
article 8 and 10 [10]. In this respect, all huma rights legal acts impose the main principle, that
contracting parties bares the responsibility of protection and preservation of rights and freedoms,
and has the primary obligation to impose relevant laws and regulation to give full effect of
application of guaranteed rights.

All above mentioned legal instruments are addressing matters of applicability of rights
and freedoms as well as. Those instruments also approach the framework of regulation and
enforceability regimes of specific rights. Nothing shall jeopardize the applicability,
implementation and enforceability of secured, granted and guaranteed rights. However, very
basic and key rights that had been triggered and infringed in course of the Covid-19. Most of
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rights had been suspended and infringed by the way that fools outside of scope of above-
mentioned human rights legal instruments.

In general, enforcement, enjoyment, preservation and protection of those rights definitely
are applicable at seas, therefore State’s responsibility to enforce it jurisdiction over these matters
are enshrined and derived not only from the international human rights treaties but also are
defined by the MLC, 2006 as well. Therefore, regulations to avoid spread of Covid-19 were not
in line with MLC, Human Rights Law and UNCLOS. From that point, it becomes crucial for
whole maritime industry to develop relevant legal and policy for addressing the explicit
application, protection, and enforcement of human rights at sea especially during these uncertain
times. In this respect, all State, whether it is Port States, Coastal States or Flag States has an
obligation to implement and exercises relevant jurisdiction over human rights matters in
accordance with international human rights compulsory legal instruments.

As it was mentioned, the crisis caused by Covid-19 was significant on shipping industry.
However, the governance and collective measures undertaken by the international organizations
was exceptional and valuable. Measures, limitations, restrictions, bans and lockdowns that had
been enforced by States to safeguard citizens made almost impossible for seafarers to enter into
ports and enjoy rights of shore leave and repatriation. More importantly, those measures created
serious “humanitarian crisis” and hindered the safety and economic interests that affected
maritime business, shipowners, States, societies and seafarers. In addition, the problem caused
by Covid-19 was directly damaging the mental health, wellbeing and safety of the seafarer as
they were completely exhausted, unable to perform their duties and unfortunately demoralized as
well. The consequences of restrictions and Covid-19 became global and emerging concern.
Therefore, as the interests of the different actors had been hindered, international maritime
organizations step in and called to States and governments to act in order to avoid collapse of the
industry. It was clear that States needed to adopt effective, measurable and time-bounded
strategy to govern the situation and facilitate the recovery of the industry.

It is obvious that due to the lack of capacities, social and economic challenges,
unpreparedness of health care system, troubles of health care facilities and equipment, the crisis
caused by Covid-19 were governed differently. It is perhaps not whole list of the challenges that
complicated the governance of the crisis for States.

In order to provide relevant assistance and help, international organizations developed
several protocols, guidelines, recommendations and resolutions for Member States, shipowners
and maritime companies. It has great importance, to discuss the measures that had been adopted
for the purposes to fill the gap existed into the international legal instruments and maritime
industry as well. The Covid-19 clearly showed the weak sides of the maritime industry that was
considered as a robust before outbreak of the pandemic. It has a great importance to discuss,
collective and protective measures adopted by international organizations and enforced by State
in order to inform readers and interested seafarers as well, that there are already international
mandatory legal instruments which enables them to protect their rights and interest in case of any
abuse or violation of basic and/or labor rights.

In order to minimize the effects of the Covid-19 on the maritime industry, seafarer’s and
shipowners, international organization, such as IMO, ILO, WHO and ITF adopted complex,
systematic and comprehensive protocols and guidelines. [21] In their framework of competence
and mandate, organizations addressed matters of crew change, resupply, certification of the
seafarers, labor and social security rights.

IMO within the framework of its mandate developed various circulars and protocols
which provided measures to govern the crisis caused by Covid-19. Beside of the uniform
recommendations, guidelines, circular letters, IMO also created the Seafarers Crisis Team in
order to provide relevant assistance to seafarers together with the ILO and ITF. [22] In relation to
seafarers, IMO also adopted the term such as “Key worker” which underlines important role of
seafarers in social functions. Moreover, IMO together with United Nations Conference on Trade
and Development (UNCTAD) urged Member States of the organization to perform effective,
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pragmatic and practical actions for smooth repatriation and crew change. All above mentioned
organizations collectively called States to make an exception for seafarers to travel and return at
home [22].

Additionally, IMO, together with ILO provided consultations to Port State Control
regimes asked for collaboration is the matters of crew change and repatriation of seafarers. On
the other hand, organizations agreed with the Port State Control to collaborate in matters of the
documentations and certifications of the seafarers. In this respect, through the inspections of
vessels and relevant documentations, Port State Control was asked to play important role to
maintain and monitor applicability of the international standards on board of the vessel,
especially in cases where the labor contract was extended more than allowed, maximum
accepted period defined by the MLC, 2006 [22].

In accordance with the statistical information provided by the IMO 400,000 seafarers
were trapped on board of ships and were not able to repatriate during the Covid-19. IMO
underlined that another 400,000 seafarers were not able to perform their duties and join the
vessel. In addition, IMO expressed that those restrictions had negative implications on seafarers’
welfare, mental health and well — being. During Covid-19 seafarers were working on board of
the vessel for 12 hours every day, and it became obvious that they were exhausted. Therefore,
IMO urged Member State to take statistical information into account and developed the 12 steps
protocol to facilitate the crew change issues as well [22].

In this respect, it is significant to mention that, during Covid-19, the crew change crisis
was one of the painful issues to regulate for international organizations, shipowners or States.
Based on statistical information revealed by IMO, ILO, ITF, UN General Assembly adopted the
Neptune Declaration on Seafarer Wellbeing and Crew Change in order to protect and preserve
seafarers’ rights. The declaration acts together with numerous remodulations, recommendations
and protocols. Currently, more than 850 organizations signed the declaration. More importantly,
this document constates basic action which shall be undertaken for crew change. The act was
issued for purposes to address and resolve the crew change crisis caused by Covid-19 for the
purposes to facilitate maritime industry and supply chain. Later, the Neptune Declaration Crew
Change Indicator was developed in order to maintain, monitor and control data regarding crew
change situation [23].

Moreover, IMO also expressed it concerns regarding access on medical assistance and
medical care which were not provided to the seafarer’s strand on board of the vessel, and
constituted it as an abandonment of the vessel in distress and infringement of human rights.
Lastly, for the appreciation and recognition of the service provided by the seafarers in course of
Covid-19, IMO nominated 2021 as a «year of action for seafarers» [22].

Whereas ILO adopted an Information Note on Maritime Labor issues which encourages
Member State to improve existing standards given by MLC, 2006 and stated that Covid-19 does
not annul or terminate those obligations, therefore Member State is responsible to resume the
compliance as soon as the circumstances justifying non- performance will no longer present. In
the Information notes on maritime labor issues and coronavirus (COVID-19). Revised version
3.0, ILO discusses that provisions of MLC, 2006 were suspended in light of the Covid-19 [24].
More importantly, the documents come with the recommendation for Member States, that
despite the Covid-19, which makes materially impossible to perform the obligation, it is vital to
enforce measures which will be meet requirements given by MLC, 2006. In this respect, above
mention document develops following recommendations for Member State:

1. to remove regulations which complicates travel of seafarers;

2. to collaborate in matters of repatriation of Seafarer;

3. to provide medical help to the ship without any further delays or complications;

4. underlines that shipowner is responsible to cover all financial expenses if seafarer got
infected on board of the ship;

5. that rights of repatriation shall be granted without increasing of the risks of infection.
[24]
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On the other hand, the WHO adopted International Medical Guide for Ships to manage
the Covid-19 cases on board of the vessel in order to ensure that seafarers have access on
relevant health protection, medical care, medicine, medical equipment, treatment, information
and expertise, safe and effective use of personal protective equipment [25]. In addition, WHO
also developed “the guidance on the safe and effective use of personal protective equipment”
which provides relevant safety rules for minimizing the risks of infection on board of the ship.
[26] In this respect WHO urges seafarers and shipowners to use specific personal protection
equipment. Above mentioned protocol together with International Medical Guide act applies to
all types of ships, to passengers and crew members, all personnel of the ship.

ITF assisted seafarers to get off from ship. ITF was fully engaged into the process of
repatriation from board of the ship and safe return of seafarers at home. More importantly,
organization inspected the vessel and inspected all potential cases where rights of seafarers were
violated or infringed. Additionally, in order to provide relevant help to vulnerable seafarers, ITF
developed relevant guidance to protect seafarers right during the COVID-19 [6]. The guidelines
contain list of practical and pragmatical recommendations for shipowners or States to facilitate
protection, informants and preservation of basic human rights of seafarers. Guidelines was
basically adopted to facilitate and enables shipping industry keep moving and working without
any delays and complications. ITF also urged States to communicate with Port State, Coastal
State, shipowner and maritime companies in matters of shore leave and repatriation of
seafarer [6].

International organization developed various circulars, guidelines, protocols and
guidelines for Member States and for shipowners as well, as they remain responsible to
implements and enforce above mentioned mandatory instruments on board of the ship. In order
to avoid collapse of the maritime trade and maritime supply chain, shipowners were urged to
facilitate the repatriation of seafarers after the completion of the labor contract at the nearest port
without hindering safety and security of seafarers. Shipowners were encouraged communicate on
matters of crew change, health care needs or shore leave with relevant ports and States.

During Covid-19, States adopted restrictions and bans which had negative impacts on
rights and freedoms of seafarers at sea. It is also understandable, that regulations were enforced
to avoid widespread of Covid-19, but on the other hand it violated seafarers’ basic rights and
interests as those regulations were not proportionate, fair, predictable, accessible and stable. Due
to this reason, international organizations encouraged States to remove all possible and hindering
rules which was complicating operation of maritime industry as well. In this respect it is more
than obvious that open and smooth operation of maritime industry safeguards not only business
interests, but increases prospects of economic prosperity of the State and society as well as.
Therefore, it is important for State and for Port States to follow the international standards and
framework, without violating a Basic Human rights and Freedoms. It is also understandable, that
regulations were enforced to avoid widespread of Covid-19, but on the other hand it violated
seafarers’ basic rights and interests.

The crisis caused by the Covid-19 and matters of adoption mechanism for seafarers’
protection was different. In case of Republic of Georgia different measures was adopted to
govern the crisis. In order to address the results of Covid-19 and provide relevant help and
assistance to the seafarers, the Republic of Georgia categorized seafarers as «Key workers» [27]
and adopted relevant legal instruments in accordance with the guidelines, resolutions and
protocols issued by the international organizations.

The Maritime Transport Agency of Georgia (MTA) [28] is the national regulator of the
maritime transport field in Georgia. MTA is responsible to implement, harmonize and enforce all
the maritime legal instruments derived from national and international legislation. In MTA is
authorized body which has full competence to maintain, improve, coordinate, perform, develop
and monitor, adopt and enforce relevant measures in maritime field [28].
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In order to implement standards which were developed by the international organizations
to promptly address crisis caused by the Covid-19, MTA adopted measures regarding seafarer’s
certification and training system [29].

The Director of Maritime Transport Agency under the under the auspices of the Ministry
of Economy and Sustainable Development issued Order N5 dated April 6 2020 «On certain
measures to be taken in the Georgian seafarers’ certification and training system in Connection
of the spread of the novel coronavirus COVID-19», which was addressing matters of
certifications and training opportunities [29].

Due to the challenges caused by COVID-19, MTA also expressed readiness to issue
relevant certifications for seafarers to fulfill and meet other prescriptions and regulations derived
from acting legislation of Georgia. Based on the Circular No. 18/CIRC/STCW, the validity of
seafarers' certificate of competency, certificate of proficiency and seamen’s book were
automatically extended for 6 months [29].

In is important to underline here, that the above-mentioned Circular also was regulating
matters of the validity of the medical certificates. During Covid-19, all the medical certifications
of the seafarers who were serving on board of the vessel were automatically extended by 6
months by the virtue of the Order N5 and the Circular Letters of International Maritime
Organization. In this respect, seafarers were not asked to make any application for extension the
validity of all above indicated certificate as it was extended without any additional procedural
requirements [29].

During Covid-19 educational institutions were also working in order to provide relevant
assistance and help in their scope of competences. The relevant training and certification centers
in collaboration with MTA were providing the access to the relevant training courses. The
educational institutions and authorized maritime training centers enabled seafarers to submit
their application and register the courses where the lectures were provided as face-to-face
principle but also remotely [28].

Despite of the Covid-19, all the matters were governed in accordance with acting
legislation of Georgia, STCW Convention, and international mandatory legal instruments,
standards and requirement. In addition, MTA also fully adopted all the international legal
instruments that were enforced by the relevant international organizations such as UN, IMO,
ILO, ITF in course of the Covid-19 [28].

MTA started collaboration with the relevant shipowners and facilitated to the repatriation
of the seafarers. In this respect, all the decisions undertaken by the MTA, inclusive guidelines,
protocols or resolutions were open, visible and transparent for interested third parties and
persons [28].

In respect of shipowners, port operations, maritime companies or operators, pilots and
masters of Georgia flagged ships were obliged to fulfill regulations prescribed by the above
mention Circuit. MTA also implemented a wide range of precautionary measures and different
solutions, to ensure the smooth operation of the maritime supply chain and port sector in the
country in response of the pandemic taking into consideration the relevant recommendations
issued by the IMO, WHO, ILO and the Government of Georgia [28].

In course of the research, based on available materials and information, it can be
concluded that the measures adopted by MTA remained effective and shall be constituted as the
best practice.

This article researched the best practice that has been promptly developed by the
international organizations. Based on above mentioned legal instruments, it is recommended for
Flag State to ensure that seafarers rights and freedoms are protected and measures undertaken on
bord of the ship meets standards provided by the international organizations. State shall ensure
that comprehensive, coherent, practical, pragmatical and effective measures are undertaken by
the shipowner on board of the ship and maritime companies as well. In this respect, it is
important to communicate, monitor and control if shipowners fulfill and performs obligations
derived from the protocols, guidelines and recommendations. Article comes with the
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recommendation that Flag State and Port State shall collaborate to effectively solve any issues
concerning crew change, repatriation of seafarers, renewal of the relevant certificates and any
documentation. Last, but not least, in order to govern the causes of Covid-19 and deal with the
rights of seafarers Member States has an obligation to adopt legislative measures which are
proportional to the protected interest, transparent, fair, predictable, equal accessible and stable
without hindering and damaging basic human rights and freedoms.

It clearly shown in this article, restrictions and bans, lockdowns and measures adopted by
States had been disproportionate and were not in comply with international standards. As the
result, it had a negative impact on seafarer’s health, well-being, safety and security. The results
of this research is that despite the fact how emerged or desperate situation is, emergency and
restrictive measures shall fully comply international human rights law and fundamental
principles of the rule of law. The standards endorsed under the international law shall prevail and
measures shall be in balanced with the protected interest.

This research paper provided relevant facts and statistical information about seafarers
whose basic rights had been violated. The results of Covid-19 makes crystally clear that there is
high need to create comprehensible and essential conditions where full application of basic
human rights will be possible for seafarers. Nevertheless, the effective, comprehensible, goal-
oriented action plan, the new human rights code of conduct, and due diligence guidance on for
preservation and protection of seafarers’ rights are highly crucial to be adopted.

The Covid-19 showed to the maritime industry, stakeholders, international organizations
and States gaps and flaws existed in labor and human rights policy and practice. Therefore, it is
vital to undertake steps in order to raise the bar of seafarers’ working conditions, well-being,
mental health and welfare.

However, implementation and adoption of the international legal instruments is not
enough. The shipowner and State shall take responsibility to improve, enforce and meet
international standards and the best practice regarding seafarer’s repatriation, working condition,
medical assistance and mental health. It is considered that the positive impact and success of the
maritime chain shall be interpreted in line with the protection, respect, preservation, enforcement
and implementation of seafarers’ rights into practice, which definitely goes beyond legal and
regulatory compliance, but also requires proper engagement of relevant decision makers, States,
international organizations, interested parties and maritime stakeholders. This article
recommends for actors of maritime industry to collaborate, monitor, perform and enforce its
duties and obligations respectfully.

The effects of Covid-19 are an experience that educational institutions and training
centers shall take into consideration in order to enhance the awareness and build relevant
capacities among seafarers to deal with the virus effectively and efficiently. On other hand, they
also need to educate seafarers and provide relevant knowledge about measures of protection of
their rights and freedoms. In this respect, rules, protocols, resolutions and guidelines adopted by
the international organizations shall be visible, accessible and deliberated to seafarers
immediately.

There is no doubt, that the Covid-19 has a negative implication on fundamental, personal,
social and other rights. The restriction, bans, strict regulations and measures were not
proportional. High level of the safety and security rules shall take into account other objectives
circumstances and shall not open the possibility for disproportionate infringement into the
protected jus cogens rights. The results of Covid-19 gives ground to come to the conclusion that
emergency and restrictive measures shall fully respect international human rights law. Therefore,
despite the fact how desperate and urgent the situation is, the fundamental principles and
fundamental rights have to prevail, every protective measure shall be in balanced with the
protective interest. In this respect, the measures adopted by the States failed to satisfy the
standards enshrined and shaped in international compulsory legal instruments.

The article researched that, based on factual evidences ships and seafarers did not have a
proper access to the medical service and infrastructure in general. In this respect, it has to be
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said, that the health rights are human rights and human rights are seafarers’ rights. Restriction
and delays to provide relevant assistance to the ship where protentional risk that wellbeing of
seafarers will be affected is high, can be constituted as an ignorance and failure to perform
obligations derived not only from international law, but also from a national law as well.

The Covid-19 also revealed gaps and limitations in the maritime employment contracts,
and seafarers’ social protection systems. It also appears that capacity to protect the rights of
those more vulnerable is very low and shall be addressed immanently. Therefore, there is high
need to adopt proper mechanism and due diligence tool for provision relevant medical help and
assistance to the ships during pandemic period.

Final Remarks and Conclusion. It is without doubt, that seafarers make significant
contribution to global maritime business and it remains important to safeguard full package of
their rights and freedoms.

The outcome of this research paper is that, it is vital to consider seafarer as «Key
workers», and grant them exceptions taking into consideration existence of their special,
objective, exceptional circumstances, reasons and situation. Therefore, it is recommended and
suggested that regulations, policies and measures which will be undertaken for safety and
security purposes shall not violate and hinder the Basic Human rights of Seafarers, because
everyone shall be treated equally without any forms of discrimination and violation of rights and
freedoms enforced by Human Rights Law.

Finally, it is obvious, that the Covid-19 brough new reality in maritime sector. The
effects of Covid-19 makes clear that maritime sector need to renew standards to create a strong,
effective, efficient, suitable, robust system where all rights and freedoms are protected and
safeguarded despite the fact how desperate the situation is in accordance with the standards
shaped by the international human rights.

The results of this paper may be used for teaching, academic, theoretical and practical
purposes. Paper also encourages academia to take active participation to raise a bar and play an
important role in protection and preservation of seafarer’s rights and freedoms. More
importantly, the results of paper may be used for further research and development as the issues
of protection and preservation of seafarers right is current, emerging challenge of global
maritime industry.

The virus Covid-19 showed how fragile the whole system could be and where are gaps of
whole legal instruments as well, however there is one question left — is maritime industry ready
for new challenges or force — majeure situation to come in nearest future — at this stage, all is
known is that collaboration between the decision makers, safeguard, proper interpretation and
protection of relevant legal instrument and adequate action are highly needed for seafarers which
run and make possible maritime business to work for the service of the society.
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Mrenanze M., Cypmaninze I'. [IPOBJIEMU I BITJIMB KOVID-19 HA TTIPABA 1 CBOBOA1 MOPSIKIB
Y yiti cmammi obeosoproemuca sadcnugicms 3axucmy npas i c60600 MOpAKi6 i 3a0e3neuenHss 0OMPUMANHSA
MIJICHAPOOHUX NPOMOKONIB, 8 SAKUX MOPAKU GUSHAYAIOMbCA 6 SAKOCMI KIUY08UX NpAYIGHUKIE |
po3zenadaromscs npobaemu i 00c6io, Haxonuwenuu 6 pamxax Covid-19, 6 sxocmi eadciugozo gaxmopa
B00CKOHANEHHSA MiJICHAPOOHO-NPABOGUX 0OKyMeHmig. Tomy 6Kpail 6adciugo 3ocepedumu yeazy Ha npasax
MOPSKI8 i po3pobumu 8iON08IOHI iIHCMpYyMeHmU, epeKmusHi, OpiEHMOBAHT HA 00CACHEHHS Yilell HATIeHCHUM
YUHOM, NPOOYMAHI NAaHu Oill i Mexauismu, NiO8ueHHs 2100anbHOI 00I3HAHOCMI NPO NOPYUIeHHS Npas
MOOUHU Ha MOPI | 3a0e3neyents RO3UMUSHUX 3MIH 3a OONOMO20I0 PO3POOKU 3AKOHOOABCMEA | NOATMUKU,
00MiH OyMKamu i nepedosol0 NPAKMuUKoIo 8 2aJy3i 3aXucmy npas MOpAKI8, He38axcaioyu HA cumyayii
COVID-19.

s yux yinei y npedcmasneniii cmammi OOCRIONCYEMbCA HOBA GUHUKANOYA NPOOIeMA CEimo6020
MOPCbKO20 CYCRINbCmMea, maxa 5K 3axucm, 30epedicenns [ 3a0e3neyenHs npag MOPAKI6 HA Nid uac
COVID-19. ¥V yvomy 383Ky, 6 yiti cmammi po3ensioaromscst 8i0N08IiOHI MINCHAPOOHO-NPABOSI OOKYMEHMU,
maxi, ax UNCLOS, 1982, MLC, 2006 i npasa aroounu. ¥ yiti cmammi maxoic OnUcano peakyiro Mopcokoi
npomuciosocmi Ha Hacnioku cnpuuuneni COVID-19. YV kinyi cmammi micmambcs 6UCHO8KU mda
pexomenoayii.

© Mrenamze M., Cypmaninze I'.
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PO3BUTOK EKOJIOFI%AHIi
TPAHCHHOPTHO-JIOT'ICTUYHOI JIAJIBHOCTI

Kaesuos K. M., 0.m.n., npogpeccop xaghedpu mpancnopmuux mexnonoziti ma mMexamiuHoi
inocenepii. Xepconcoroi 0epacasnoi mopcokoi akademii, m. Xepcon, Vpaina, e-mail:
klevtsovk@i.ua, ORCID: 0000-0001-9836-3296;

CanponoB O. O., 0.m.1., doyenm, 3acmynuux 3agioysaua kageopu, npogecop xageopu
MPAHCNOPMHUX MEXHOLO02I Ma MeXaHiuHOol iHJceHepii XepcoHCbKOI 0epicasHoi MopcbKol
axaoemii, m. Xepcon, Vkpaina, e-mail: oo.sapronov@gmail.com, ORCID: 0000-0003-
1115-6556;

AxkimoB O. B., x.m.n., Odoyenm, Oexan ¢haxyrbmemy cyOHOBOI eHepeemuru, OoyeHm
KagheOpu mpancnopmuux mexHoa02itl ma Mexaniunoi inocenepii Xepcoucobkoi 0eparcasHol
mopcvkoi akademii, m. Xepcown, Vrpaina, e-mail: akimoffsasha@hotmail.com, ORCID:
0000-0001-8613-2837;

Bacuabuenko I'. FO., x.neo.n., ooyenm kagedpu mpancnopmuux mexHon02iti ma

MexaHiuHoi iHdcenepii Xepcoucbkoi depaicasHoi mopcwvkoi akademii, m. Xepcon, Ykpainua,
e-mail: vasilchenkogenadii@gmail.com, ORCID: 0000-0002-8320-4441.

YV pobomi posensanymo ocHo8HI HANPAMKU HE2AMUBHO2O BNAUEY NOICMUYHUX CUCeM HA HABKOJIUUWHE
npupooHe cepedoguue. Buceimaeno ocHoeri nioxoou 0o ekono2izayii 102iCMUYHUX NPOYeCi8 y TAHYIONCKAX
nocmauanus. IIposedeHo meopemuuHull  AHANI3  OCHOBHUX NpPOOAEM — eKONO2IYHO20 — Xapakmepy
@yHRYioHy8anHa N02icmuyHOI cucmemu YKpainu ma 6usHaueHo nepcnekmusu ix eupilieHHs.

Hocniosceno knacugixayito ekono2iuHux 30Umkis, 6i0N0GIOHO 00 AKOI eKONI02IYHI 30UMKU HABKOIUUUHbOMY
cepedosunyy Moxcyms Oymu 3a80aui mpvoma Oasuchumu Odxcepenamu. Ilepwum Ooiceperom € came
MPAHCROpMHULL 3acib, AKUL Ompumag nowkoodcenus. Tunosumu npuxiadamu y pasi 6ucmynaromo
NOOMKU MPAHCNOPMHUX 3aCc00i8, 6HACIOOK SKUX abo nanueHo-macmuavki mamepianu (IIMM), a6o
BAHMANC HE CAHKYIOHOBAHO 63AEMOOIIOMb 13 O0BKULIAM. YNPAGNIHHA YUM 6UOOM DPUSUKOM MOCEe
30TUCHIOBAMUCSL Y KIIbKOX Hanpamax. Bushaueno neoOXiOHicmb 3HUJICY8AMU UMOBIPHICMb HACTIAHHSL
nodionux cumyayiti, 6NAUSAIOYU HA MAKi (AKmopu, sK pIeHb 3HOCY MamepiaibHO-MexHiuHol 6aszu
mparcnopmuux nionpuemcms. Tak 5K NOBHe GUKIIOUEHHS MONCIUBOCMI peanizayii NOOIOHUX PUBUKOBUX
cumyayiti. HAOMIpHO 3ampamue, HeOOXIOHO 3HUJICYBAMU MOJNCIUSI HACTIOKU peanizayii yux pusuxis.
Suusicysamu ma/abo Komnencysamu yi HACAIOKU MOJCHA 3a OONOMO20I0 CMBOPEHHS CReyiani308aHux
MPAHCNOPMHUX Mazicmpanel, Wo YHUKAIOMb 3IMKHEHHs 3 HABKOMUWHIM cepedosuyeM, CMEOPeHHAM
cucmemy MpPAHCNOPMHOI RIOMPUMKU, KA O003601UMb ONEPAMOpPY PYXOMO20 CKIAOY 8 HAUKOpOmuii
mepMinu ompumamu Keanigikosarny donomozy 8 pemonmi ma bazamo inwioco. Hacmynuum Odcepenom
PUBUKY € MPAHCNOPMHI EMHOCTI. BHACIiO0K nowko0icents mpancnopmHux EMHOCmell eKoai02iuni 30umKu
MOdCYymb OYmuU 3a60aui 3a 00NOMO2010 83AEMOOIL 6AHMANCY MA HABKONUUHBOZO CePe00BULYA.

Y pobomi pospobreno penkine exono2iuHUX PUsUKIE JIOSICMUYHO20 NpoYecy 3a CYKYNHUM DieHeM
nomenyiinol wkoou. Hasedenuil penkine € 6a308um K1acugikamopom 3 Memow po3pooKu cucmemu
IHOUKamopie, Wo Xapakmepusyroms CMIUKICmMb J102ICMUYH020 npoyecy. [lani iHOuKamopu nOGUHHI
KIIbKICHO 8I000pajicamu UMOGIDHICMb peanizayii HA8eOeHUX eKON02IYHUX PUBUKIE, d MAKONC KLIbKICHO
8i000pasxcamu  pigeHb NOMEHYIUHUX 30UMKIG, ale Npu YbOMYy MAMb IPYHMYSBAMUCL GUKIIOYHO HA
00'ekmugHill KinbKicHill inghopmayii, wo xapaxmepusye 102iCMuyHUIL npoyec.

Kniouosi cnosa: exonocicmuxa, eKono2iuHa KOHYenyisi J02ICMUu4Hol OIIbHOCMI; JO2ICMUYHA CUCmeMa,
JAAHYIONHCOK NOCMABOK, 02ICMUYHI NPOYyecu.

DOI: 10.33815/2313-4763.2021.2.25.018-027

IMocTanoBka npodjemu. Ha croroHimHii AeHb iCHYE psll 0OOMEKeHb, Kl 3aBaKalOTh
TUTAHOMIPHOMY PO3BHTKY JrojacTBa. OpHaK, SK OCHOBHY, CIiJl PO3TJBIIATH TIOOAIBHY
€KOJIOTIYHY Mpo0ieMy, ska 00'€JJHy€ CBITOBE CHIBTOBAPUCTBO Ha HUIAXY 10 ii BUpimeHHS. |
OCKIJTBKM CTaH HABKOJHWIITHBOTO CEPEOBHINA MOTIPIIYETHCS BUKIIOYHO BHACIIIOK JISIIBHOCTI
JFOZICH, MOB'S3aHUX 13 BUPOOHUIITBOM Ta JIOCTABKOIO CYCHUTFHUX OJar, Ha €KOJIOT1YH1 MPUHIIUIN
MalTh OyTH OpIEHTOBAaHI W JIOTICTMYHI JIAHIFOXKHA TIOCTaBOK. Pe3ynbraroM B3aemomii iX
YYaCHUKIB, OKpPIM JOCSTHEHHS TPAIUIIMHIX EKOHOMIYHHX IIiJIel, Mae cratu 3abe3medeHHs
BHCOKOTO OE3MEeYHOro PiBHSA BCIX JIOTICTHYHHMX TporeciB. [lepmoueproBumu st YKpaiHu €
BHUBYCHHS Ta BUPIMIEHHS MPOOJIEeM B3a€MO3B'SI3KY JIOTICTHYHOI AISUTBHOCTI Ta HABKOJHUIIHBOTO
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CepeIOBHILA, OCKUIbKHU MU 3alliKaBJeHl B JIOCSITHEHH1 BHCOKOTO piBHS
KOHKYPEHTOCIIPOMOXKHOCTI JIOTICTUYHOI Tady3l 3 HalOUIpIl TOBHMM BUKOPHCTAHHSAM 11
MTOTEHITIATY.

AHaJi3 ocTaHHIX AociaimkeHb i myOuaikanii. JloricTuuHi MOCHIHKEHHS E€KOJIOTTYHUX
NUTaHb MPHUCBSYEHO Oarato poOIT BITYM3HAHUX Ta 3aKOPJOHHHUX BUEHUX, Cepel SKHX:
Mamak H. M. [1], Maprit H. O. Tta binonixka V. 3. [2], CmipHoB L. IT'. [3], Yeknos B. ®. [4],
TytoB C. [5], bpanymak H. [6], Tamkunckuii A. M. [7] Ta iHmi. Y mocTaTHIA KIJIBKOCTI
myOUIIKYIOTECS 3BITH MIKHAPOJHHUX Ta HAIllOHAJIBHUX OpraHi3allii, 1o BioOpaXkatoTh pealbHU
CTaH JOBKULIS Ta BIUIMB HAa HHOTO PI3HMX BHUAIB €KOHOMIYHOI MissIbHOCTI. Pazom 3 Tum, He
MOBHICTIO OCBITJICHUMH 3QJIMIIAIOTHCS MUTAHHS €KOJIOTIYHOCTI JAHIFOKKIB MOCTABOK, MiIXOMAIB
JI0 YTIPaBJIIHHS HUMH Ha OCHOBI €KOJIOTIYHUX TPUHIIMITIB.

Meta po60TH — TOCTIKEHHS PO3BUTKY HayKOBO-METOJAWYHUX Ta MPUKIAIHUX ACHEKTIB
IIO/I0 BJIOCKOHAJICHHS JICPKABHOTO PETYJIOBAHHS JIOTICTUYHHX TIPOLECIB 3 YypaxyBaHHSIM
OXOPOHU HAaBKOJIMIIIHBOTO CEPEJOBUIA Ta MPOTHO3YBAaHHS EKOJOTIYHUX PHU3MKIB 3riIHO 3
KOHIICTIIIIEIO CTATIOTO PO3BUTKY KpaiHH.

Matepiaium Ta MeTOAUKA J0CTiTxKeHHs. J[OCTiIPKEHHsI METOJ0JIOT1 CTAIOr0 PO3BUTKY
JIOTICTUYHUX MPOLECIB, JO3BOJIMIO KOHCTATyBaTH, 110 KJIIOYOBOK TUIKOIO YIPABIIHHA IHX
IpPOIIECIB € EKOJOriuHa. YTpPaBIiHHSA CTIMKICTIO COLAJIbHOTO Ta E€KOHOMIYHOI'O PO3BHUTKY
HacamIepe] MOoB'si3aHe 3 MPOIECOM YIPaBIIHHSA O€3M0ocCepeHhO MPOLIECOM TPAHCIOPTYBAaHHS
CHUPOBHMHHM, BUPOOHMIITBA MaTepiajiB Ta CHOXKMBaHHS pI3HMX ToBapiB. Ekosorizaumis ramysi
CTaJIOTO PO3BUTKY € JIMIIE YaCTKOBO KEPOBAHOIO, CTOCOBHO JIOTICTUYHUM MpPOIECaM, OCKUIBKA
¢bi3u4HUM BiIOOPAKEHHSAM IIOTO MPOLECY YIPABIIHHSA BUCTYNA€E MPOrHO3YBAHHS €KOJOTIYHUX
PHU3HKIB, SIKI BJACHUMM CWJIAMHM € KOMIUIEKCHMM 00'€eKTOM yrpaBiiHHS. EKOJOriuHI pU3uKH
3yMOBJICHI WMOBIPHICTIO HETaTMBHUX MPOSABIB MPHUPOJHUX CHJI Yy TMPOLECl JOTICTUYHOI
JUSIBHOCTI. AJie 3 1HIIOTO OOKYy, €KOJIOTIYHI PU3MKU BUPaKalOThCS y HMOBIPHOCTI BIUIUBY
JOTICTUYHOTO TMpPOLECY Ha HAaBKOJIMIIHE cepefoBulle. Peamizaiisi eKOJOTIYHOTO PHU3HKY
OPU3BOAMTH 10 MIKOAW Ui TPUPOAM Ta CYCHUIBCTBA. BIAMOBIZHO 10 KOHIEMIi CTaxoro
PO3BHUTKY, BEKTOpP HACIIJKIB peami3allii €KOJIOTIYHHX PHU3HMKIB € YITKO BH3HAYEHUM, a caMe
CIpSMOBAaHMM Ha HaBKOJMIIHE cepenoBuie. OTe, caMe HACTIJIKA BIUTUBY JIOTICTHYHHUX
MIPOIIECIB HA HABKOJIUIITHE CEPEIOBHINE 1 OyyTh BUCTYIIATH 00'€KTaMHU YIIPABIIHHS B aJTOPUTMI,
10 PO3POOIAETHCS.

VY pamkax ympasiiHHA O€3MOcepeaHbO JOTICTUYHUMHU TPOIECAaMH €KOJIOT1YHI PU3UKH
MOXYTb OyTH Kiacu]ikoBaHi BIAMOBIAHO /10 2-X 0a30BUX KiIacu(ikamiiHUX O3HAK:

1. Txxepeno pusuky (RES). Ilix mkepenom pu3uKy po3yMIEThCS €IEMEHT JIOTICTUIHOTO
MPOIIECY, IO € MEePIIONPHUINHOI0 €KOJOTTYHUX HACIIIKIB peari3allii pu3UKOBOT MOIii.

2. OOG'ext peamizamii pusuky (OES). Ilim oG'ekTtoM peamizaiii pU3HKy pPO3YMIETHCS
KOHKPETHHH €JIEeMEHT HaBKOJHUIIHHOTO (EKOJOTIYHOTO) CEepelOBHUINA, SKOMY OyJo 3aBIaHO
IITKOM BHACITIIOK peajizailii pu3uKoBOi MOIii.

Knacudikamist eKoJOTiYHMX PHU3WKIB JOTICTUYHUX TmporeciB BixmoBimHo 10 RES
npeacrasieHa Ha puc. 1 [8].

Exosroriudi pu3nku JOTICTHYHUX TPOIIECiB
BinnosinHo 10 RES

v
A\ 4 \4
Pusykn HaHeCCHHs Pusuku HaHeceHHs mIKoIU PU3MKY HAHECEHHS KON
LIIKO/(M HABKOJIUIIHBOMY HABKOJHIIIHBOMY HABKOMHIITHBOMY
CCPCIOBHIIY BHACTIAOK CCpCaAOBUILY BHaCJIi,IIOK CEpENOBUILLY BHaCHiI[OK
TOMIKO/UKCHHA HOIKOJKEHHA IIPOLECY TPAHCIIOPTYBAHHS
TPAHCIIOPTHHUX 3aC00IB TPAHCIOPTHUX EMHOCTEH

Pucynok 1 — Kinacudikarrist eKoIOTi9HUX PU3UKIB JOTICTUYHHX MPOIieciB BimmosigHo 10 RES
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Sk MoXxHa 3poOWTH BUCHOBOK, BIITIOBIIHO 1O AaHOI Kiacu]ikallii, eKoJOTidHI 30UTKH
HaBKOJIMIIHBOMY CEpElOBHIY MOXYTh OyTH 3aBIaHi TpboMa 0a3ucHUMH JpKkepenamu. [leprmmm
JDKEpEJIOM € caMe TPAHCIIOPTHUH 3aci0, KM OTPUMAaB TONIKO/DKEHHS. THITOBUMH MTPUKIIAIaMU
y pa3i BUCTYMAIOTh MOJIOMKH TPAHCIIOPTHUX 3ac00iB, BHACTIAOK sAkuXx abo [IMM, abo BaHTax He
CaHKI[IOHOBAHO B3A€EMOIIOTh 13 JOBKUUISAIM. YTpaBIiHHA [HM BHJOM pPH3HKIB MOXeE
3MIACHIOBATHCA Y KUIBKOX HampsiMax. Hacammepen He0oOXigHO B3HIKYBaTH WMOBIPHICTh
HAcTaHHS NOJIOHMX CUTYyallii, BIUIMBAalOUM Ha Takl (aKkToOpH, SK PIBEHb 3HOCY MaTepiajbHO-
TEXHIYHOT 0231 TPAHCHOPTHUX MIANPUEMCTB. TaK sIK MOBHE BUKIIOUEHHSI MOXKIMBOCTI peastizamii
MOA1I0HUX PU3MKOBHUX CUTYalld HaJMIpHO 3aTpaTHE, HEOOX1AHO 3HMXKYBAaTH MOXJIMBI HACHIJIKU
pearnizanii [UX pU3MKIB. 3HIKYBaTH Ta/a00 KOMIIEHCYBATH 1i HACHIJKU MOYKHA 3a JIOTIOMOIOO
CTBOPEHHS CIIELIAJI30BaHUX TPAHCIOPTHUX MaricTpajeil, II0 YHUKAIOTb 3ITKHEHHS 3
HaBKOJIMIIHIM CEpPEIOBUILEM, CTBOPEHHSAM CHUCTEMM TPAHCIOPTHOI MiATPUMKH, sIKa JJO3BOJIMTH
orepaTopy pyXoOMOro CKjiajay B HaWKOPOTIII TEPMIHM OTPUMATH KBali(piKOBaHy JOINOMOTY B
peMoHTI Ta Oararo iHmoro. HacTynmHuM JpKepenoM pU3MKY € TPaHCHOPTHI €éMHOCTI. BHacmizok
MOIIKO/DKEHHS TPAHCHOPTHUX €MHOCTEM €KOJIOT1YHI 30UTKM MOXYTh OyTHM 3aBjJaHi 3a
JIONIOMOT 010 B3a€EMO/I1 BaHTa)Ky Ta HABKOJHMILIHBOI'O CEPEAOBUIIIA.

3aBepiIaibHUM JHKEPEIOM HEOE3MEeKH € MPOoIeC TPAHCIIOPTYBAHHA. Y TEpIIly 4epry Ie
BUPAXKAETHCA Y BIIX0/aX, 10 (GOPMYIOTECS B paMKax AaHoro npouecy (Bukuau CO2, TeXHIYHOT
PIOMHM, IO CKUIAETHCS, TOLIO). 30UTKU B IaHOMY BHIIaJKy MAlOTh IEPMAaHEHTHUN XapakTep, 1
MOXYTbh OyTH BUKJIIOUHO KOMIIEHCOBaHi. KilfouoBMMHU ejeMeHTaMM JIep>KaBHOT'O PETYJIIOBAaHHS Y
pa3i MOXyTb OyTu (iCKaJbHI IHCTPYMEHTH, MPHUB'S3aHI O PIBHS EKOJOTIYHOCTI NaJMUBa Ta
IHIIUX €JEMEHTIB JIOTICTUYHOrO mpolecy. SK NpUKIag MOXHAa HaBecTH AudepeHLialiio
TPAHCIIOPTHOTO TIOAATKY JJISi EJIEKTPOTPAHCIOPTY Ta TPAHCIOPTY, MO (QYHKIIOHYE 3a
nornomororo JIB3 Ha anbTepHAaTUBHUX JKepesax eHeprii.

HaBenena knacudikauist 103BoJisie TuepeHIiIoBaTH €KOJIOTT4HI 30UTKU 3aJIEKHO 3 HOoro
JDKepesia, y MeXax JIOTICTMYHMX mporneciB. JudepeHuianis eKoJoriYHuX 30MTKIB 3 HOTJISILY
BEKTOpIB HACIIAKIB MpeAcTaBiIeHa Ha puc. 2 [8].

ExomnoriuHi pu3HuKH JOTICTUYHHUX MPOLIECIB
BiamoBigHo 10 OES

Puzuku Puzuku Puzuku Puzuku Puzuku
3a0pyTHEHHS 3a0pyTHEHHS 3a0pyIHEHHS 3a0pyTHEHHS HAHECCHHS
3eMeJbHUX BOJIHUX MOBITPSTHUX JCOBHX ITIKOTA

pecypciB pecypciB pecypciB pecypciB 6ioctepi

Pucynok 2 — Kitacuikaiiist eKOJIOTIYHUX PU3UKIB JIOTICTUYHHX TpoIieciB BignoinHo 10 OES

BianosigHo mo miei kinacudikaiii ekojgoriuyHi 30MTKA AUQEpeHITiHoBaH1 3a KIFOYOBUMH
€JIeMEeHTaMH HaBKOJMIITHLOTO cepenoBuia. Hacammepen HEOOXiTHO pO3MVISHYTH PU3HKH
3a0pyaHEHHS 3eMelIbHuX pecypciB. lleir Bum mepembavae BTpaTy XIMIYHUX Ta (I3UIHHX
BIIACTHBOCTEH 3eMENbHUX PECYPCiB, CIPUYMHEHUX KOHTAKTOM 3 MaJUBHUMH eneMeHTamu, [IMM
a00 HeOe3MeYHNMH BaHTa)XaMH. 3TiHO 3 HAaBEJCHUM BH3HAYCHHSM, MOXHA 3pOOUTH BHCHOBOK,
o0 JDKEpesioM INKOAM B JaHOMY BHIAJKy B TMEpHIy Yepry BHUCTYNAIOTh MOIIKOIKEHI
TPAHCIIOPTHI 3acO0M Ta TpaHCHOPTHI eMHOCTi. He3Baxkarounm Ha Te, mo 3HauHi Bukugu CO2 B
atMocdepy Ta/abo iHII BIIXOIU MPOIECy TPAHCIOPTYBAaHHS MPHU MEBHIM KOHIIEHTpAIlii MOXKYTh
BUKIIMKATH 3a0pyJHEHHS 3€MEIbHUX PEeCcypciB, UM 30MTKOM MOKHA 3HEXTyBaTH. KIIFOuoBOIO
HeOe3MeKo JaHuX 3a0pyAHEHb € BTpaTa XIMIYHHUX BJIACTUBOCTEM TIPYHTY, LIO0 HEMHUHYyYE
MPU3BOJNUTE JIO BTPATH POIIOYOCTI Ta MOJAIBIIOT0 3a0pyAHECHHS JIICOBUX PECYpCiB Ta
3anoAisiHHS MWKOaN Oiocdepi.
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Hamni posrisiHeMo 3a0pyIHEHHST BOAHUX pecypciB. KimrouoBi 30MTKH Bix 3a0pyIHEHHS
BOJHUX PECYPCIB BHUPAXKAIOTHCS Yy 3HUIIECHHI 0iochep MOpyIIeHUX aKBAaTOPii, MOTEHIIHHOMY
CKOpPOYEHHI JDKEPEN MPIiCHOI MUTHOI BOJH, & TAKOXK MOTEHIITHOMY 3a0pyJHEHHIO 3€MEIbHUX Ta
JICOBUX pecypciB y MiclsX iX JOTUKY. He3Baxaroun Ha Te, 1110 KJIIOUYOBY HEOE3MeKy Uil BOJAHUX
pecypciB € JIOTiCTHYHI TpolecH, 3a0e3leyeHi BOAHUM TPAHCIOPTOM, ITOIIKO/KEHHS
TPAHCHOPTHUX €MHOCTEH ab0 pyXOMOro CKjaly MoOIU3y akBaTOpii TaKOXK MOTEHIIIHO MOXYTh
OyTu JKepenoM 3a0pyAHeHHs. Bigxoau camoro mpoiecy TpaHCHOPTYBAaHHS Y pa3l TeX MOXYTh
3aBJIaTH IIKOAM. 30KpeMa HIeThCsl PO CKUAAHHS TeXHIYHMX BOJ B aKBaTOPii, 110 € IPUPOIHUM
IpoIecOM ISl OUTBIIOI YacCTHHM BaHTaKHOTO BOJHOTO TPAHCHOPTY. PerymoBaHHS IHOTO
npolecy MOXe 3/A1HCHIOBATHCS 3a JONOMOIOI0 30HYBaHHS TPAHCHOPTHHUX KOPHUAOPIB Ta
BUIJIEHHS CIIEIlai30BaHuX 00JIacTeN ISl CKUIAHHA.

Jani cnig po3riisiHYyTH PU3MKH 3a0pyJHEHHS MOBITPSHUX pecypciB. Y pasi JaHHX
PU3UKIB, OCHOBHHM JDKEPEIOM IIKOAW € Oe3MoCcepeqHhO caM MpoIec TPaHCHOPTYBaHHS.
Hespakaroun Ha Te, mo BuTiK IIMM a0o iHIKMX HeOE3NMEYHMX BaHTAXKIB TAKOX MOXKE
CIPUYMHUTH 3a0pyJHEHHS TMOBITPSHUX PECYpPCIB, OCHOBHY ILIKOAY 3aBJAlOTh O€3M0CEpPEeIHbO
Bukuaun CO:2 Ta IHHIIMX BIAXOIIB Mpolecy NepepoOKd MajauBa, L0 3ropsitoTh B aTtMocdepi.
3HIKYBaTH JaHUM OOCSATr BUKHIIB MOXKHA LUIIXOM HEPEXOoJy Ha OUIbLI €KOJOT1YHO-CTIMKUN
TPAHCHOPT (K €IEKTPUYHUN TPAHCHOPT, Tak 1 TOPUIHUI TPaHCIOPT, TPAHCIIOPT, IO MPALIOE
Ha NMPUPOAHOMY ra3i abo MiJBUIIEHOI'O €KOJIOTTYHOrO KJIacy), a TAaK0K CKOPOYEHHS BIJCTaHEH 1
MPOCTOIB, BHACTIIOK YOr0 BUTpaTa MajivBa (a OTXKe, Ta BUKUIIB) Oyzae 3HKyBaTHCcs. Jlami ciin
pPO3MIISIHYTH PU3MKK 3a0pyJIHEHHS JICOBUX pecypciB. Hacammepen cmin 3a3HauuTH, IO
peaizanis JaHUX PU3HKIB € HACIIAKOM peani3auii pu3HKiB 3a0pyTHEHHS 3eMEJIbHUX PECYPCIB.

Pusuku 3a0pyHEHHS Pusuku 3a6py nHeHHs Pusuku 3a0pyaHeHHS
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Pucynok 3 — Cxema nocii1oBHOT peajizaiii pu3HKiB JOTiCTUYHUX TPOLECIB,
mudepeniitiopannx Bianosiaao 1o OES [8]
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baszoBuii moTeHmiHMIA 30MTOK BiJ WX PU3HMKIB BHABISETHCS Y HE BiITBOPIOBAHOCTI
JICOBHX PECypCiB, 1 HaBiTh y MOTEHIIHIN mKoai Oiocdepi. KirouoBi mxepena 30UTKIB y pasi
IIGHTUYHI JpKepenaM 30MTKIB BiJ peartizallii pu3HKiB 3a0pyIHEHHS 3eMEIbHUX pecypciB. OgHuM
13 KJIIOYOBHUX HANpsSMIB YMpaBIiHHS HWMOBIPHICTIO HACTaHHA IIbOTO PHU3UKY MOXe OyTH
MPOKJIaJIaHHs TPAHCIIOPTHUX MapILIPyTIB 11032 JIICOBUMH pECypcamu.

Ha 3aBepuieHHs pO3IIsIHEMO PHU3HMKHU 3amoJissHHA Ikoau Oiocdepi. Peamizamis 1ux
PHU3HKIB € HACIIAKOM peaii3allii pu3uKiB OJIHIET YW KITBbKOX momnepenaHix rpym. [lpu mpomy
MOTEHI[IIiHA IIKOAA Bij peaji3alii UuX PU3MKIB € HaiOuIbImo. 30uTku Olocdepi Moxe OyTu
3aBlaHo Oylb-SKUM 13 BUIUICHHX paHime kepen. KirouoBumMu HampsiMaMu yIpaBIliHHS
HIKOJIOI0 MOKe OYTH SIK MPOKJIaJaHHS TPAHCIOPTHUX MapLIpyTiB B 00Xia HaHOUIbII LIHHUX
oOnacreil 6iochepu, 1 3HWKEHHS 00CITy BUKUAIB 3arajoM. HaBeneHi rpynu pusHKiB MOXKYTb
OyTH HaciiikoM oauH oxHoro. OTxe, Ui BHU3HAUEHHS MPIOPUTETHOCTI YINpPaBIIHHA
HMOBIpHICTIO peaizalii HeoOX1JHO JIOT1YHO (popmati3yBaTu MOXKIIUBI 1ociiioBHOCTI. Ha puc. 3
HaBeJeHO  OJOK-cXeMy  TOCHIIOBHOI  peamizamii  pU3HMKIB  JIOTICTUYHHMX  MPOIECIB,
nudepenitiioBanux BianosiaHo 10 OES.

Sx MoxkHa mo6auuTH Ha (puc. 3), y MeXaxX JaHOi MOCTIOBHOCTI MOXHa BUALIUTH 4
TunoBl (asu. Y pamkax nepmioi (a3u HaBeIEHO IEPBUHHI HANPSAMKU 3alOMAISIHHA IIKOJIU
€KOJIOTIYHOMY cepeoBully. /laHMX HampsMiB BCbOro 3 i3 5 iCHYIOUMX. 3aloJisiHHS HIKOIU
6iocdepi Ta/abo TICOBUM pecypcaM HEMOKIIMBO 11032 3arO/ISTHHIM IIKOIU 3€MHUM, BOJHUM YU
NOBITPSIHUM pecypcaM. OTxke, 3 NOIVIALY HanpsMiB YIpaBiIiHHA KMOBIPHICTIO peani3auii, came 3
JaHUX BUAM PU3MKIB OyayTh mpioputeTHUMHU. [lpyra ¢a3za € HalOUIbII HAOBHEHOIO Ta
BioOpaXkae MOXKJIMBI HACHIJIKU pealtizauii pu3ukiB nepioi ¢asu. Sk 6aunmo, HaliMOBIPHILIINM
€ 3aBmaHHs mkoau Oiocdepi. Lleir dakt oOymoBieHuit Tum, mo Olochepa € HEBIIEMHOIO
YaCTUHOIO HABKOJIMIIHBOTO CEpPElIOBUINA, 30MTKM SKOi 3aBIAIOTh 3a pe3yjbTaTaMM peaizaiii
pusukiB nepwoi ¢aszu. Cuig 3a3HaYuTH, WO Yy ApYyrid ¢as3i BIICYTHI PUBUKH 3a0pyAHEHHS
NoBITpsHUX pecypciB. Lle 3YMOBJICHO nudepeHianiero JKepen 30UTKIB, ONMCAHUX paHILIe.
Tpetst a3a po3kpuBae MOXJIHMBI Hacmigku Apyroi ¢asu. Sk Oaunmmo, y Mexax TpeTboi ¢a3u
TaKOXK IpeBatoe 30Tk Oilocdepi. YeTBepra (aza € 3aBepluanbHONO, 1 HACHIAKM ii peanizawii
HallMeHI KMOBIpHI.

HaBenena cxema J103BOJIsIE PaHkKyBaTH MOXKIIMBI HACJI1JIKU BiJl HABEJCHUX BU/IIB PU3HKIB.

Pe3ysabTaTH Aoc/igKeHb Ta X 00roBopeHHsi. Y pasi OLIHIOBaHHS PO3MIpY HIKiITHBUX
HACJIIKIB TepeadavacTbcsl BH3HAYATH iX SK y KUIBKICHHX Kareropisx (Turomia 3apa’keHHs,
KUTBKICTh TOTPOLIEHUX TMPHUPOIHUX OO'€KTIB TOIIO), TaK 1 y SAKICHHX (XapakTep 3apa)KeHHs
Tomo). B exoHoMmiuHIN iHTeprpeTanii aabTEPHATHBHO MOXJIMBUX KUIBKICHMX Ta SKICHHX
KaTeropiii Moke BUCTYIIATH JTUCKOHTOBAaHA BapTICTh 3aXO/IB MO0 BiJHOBIECHHS IMOIIKOKEHIX
ekosoriyaux 00'extiB (1) [9]:

By = Cp+ YT —1_
e+ L Ea+n® (D
ne C; — BapTICTh 3aXOJiB IIOJO BiJHOBJICHHS TMONMIKO/UKCHHX EKOJIOTIYHUX OO0'€KTIB Yy

notouyHomy mepiofi; C,. — BapTiCTh 3aX0JiB Y HACTYMHHX Mepiojax; 1 — KiIbKICTh MEPiOiB;
I — cTaBKa AUCKOHTY 3 PO3PaxyHKY Ha Mepio/l.

[Ipunyctumo, Mo Bex 1I€HTHYHA KOKHOMY 3 BCTAHOBJICHUX BHUJIB PU3UKIB JIOT1ICTUYHUX
nporecis, nudepenniiioanux BinnosigHo 1o OES. Jlane npumynieHHs € CripaBeIMBUM, TaK SK
yCcepeIHeHe JIeIbTa TJAHOTO IMMOKAa3HHUKA JIUTS KOXKHOTO 3 BHIUICHUX HAIPSIMKIB € JOCHUThH 3HAYHHM,
10 JI03BOJISIE€ 3HEXTYBATH MOPIBHSUIBHAUMHE BIAXWICHHSAMU. Y TOH ke Yac, QyHKINs, 0 OMUCYE
WMOBIpHICTh HACTaHHS KOXKHOI HOBOi (pa3u € cmaaHorw. Y pa3l JaHOTO JOCIHIJDKEHHS CIIiJT
MPUITYCTUTH, 10 I (QYHKIlISA JTiHIHHO crajHa. TakuM YMHOM, PiBE€Hb MOTEHIIHHOI MIKOIU Bij
peasnizaliii Toro 4u iHIIOTO PU3UKY MOKe OyTH BU3HAUEHHMI HACTYNTHUM YHHOM (2) [9]:
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ne P, — piBeHb MOTEHIIMHOI IMIKOM Bij peatizallii pu3uKy X, AudepeHIiioBaHOTO BiATOBIAHO
no OES (6ain); Ix — uncno mosiBU BUIY PU3MKY X, AudepeHiiioBaHoro BiamoigHo n1o OES, y
¢dazi n; N —HOMEp BiAMOBIIHOI (a3u.

BinnosimHo no HaBeaeHoi ¢opmynu (2) BUIpaBICHO 3arajbHi IpHUBATHI pPiBHI
MOTEHITIHHOT IIKOIM BiJI peaizailii HaBeJAeHUX pU3HKiB (Tadm. 1).

Tabmuus 1 — PiBeHp noTeHiHUX 30MTKIB Bi peartizallii HaBeJeHuX pu3ukiB [10-12]

Paza 1 Paza 2 Pa3za 3 Paza 4 Cyma
PI/I3I/IKI/I. 3a0pyTHEHHS 3eMEeTHHHIX 1,00 0.50 0,00 0.00 1,50
pecypciB
Pusuku 3a0pyTHEHHS BOJIHUX PECYPCIB 1,00 0,50 0,00 0,00 1,50
PI/IBI/IKI/I. 3a0pyTHEHHS MOBITPSIHUX 1,00 0,00 0,00 0,00 1,00
pecypciB
PI/I3I/IKI/I‘ 3a0pyIHEHHS JTICOBUX 0,00 0,50 0.33 0,00 0.83
pecypciB
Pusuky HaHeceHHsI mKkoau 6iocdepi 0,00 1,50 0,67 0,25 2,42
Cyma 3,00 3,00 1,00 0,25

Sk GaunMo, 3 MOTJIAMY MOTEHIIIHHOI IIKOAW, HAMOUIBII 3HAYYIIMMH € TIepIia 1 JIpyra
¢aza. [Ipu npomy, KO B pamMKkax mnepmoi (a3d YMOBHMH BHECOK Yy CYKYNHHUH 30UTOK
PIBHOMIPHO pO3MOAUIEHUI MK pU3MKaMU 3a0pyIHEHHS 3€MEJIbHHX, BOJHUX Ta IMOBITPSHUX
pecypciB, y pamkax Apyroi ¢a3u KiIouoBa posib Oe3MepedHo BiJBeleHA PU3UKAM 3arodisiHHSA
mkonu 6iocdepi. Ilpu npoMy naHa ponb 30epiraeTbcs B paMKax TPEThOi Ta 4eTBEpTOi (azu.
IToxa3uuk P i KOXHOTO 3 BUAIB PU3MKY BM3HAYeHO CyMolo OaiiB y Bcix ¢aszax. Ha puc. 4
HaBEJEHO PEHKIHT EKOJIOTIYHMX PHU3MKIB JIOTICTUYHUX IpoueciB BianmosiaHo ao OES 3a
CYKYITHUM PiBHEM MOTEHIIIIHOI IKOAH.

3.00
2,50 2.42
2,00
1.50 1.50
1.50
1.00

1.00 0.83
- I
0,00

Pusuku 3a0pytHeHHS Pusuku 3a0pytHeHHS Pusuku 3a0pytHeHHS Pusuku 3a0pytHEHHS Pusuku HaHeceHHs

JIICOBHX PecypciB TIOBITPSIHUX PECYPCIiB BOJIHHX PECypCiB 3eMEJIbHUX PECypCiB ko 6iocdepi

PucyHok 4 — PeHKIHT €KOJIOTIYHHAX PU3HKIB JIOTICTUIHUX TIpoItieciB BianoBiaHo 10 OES
3a CYKyIIHMM piBHEM MoTeHUiHHOT mKkoau (0amn) [13]

BianosigHo 1o HaBeneHoro peHkiHry (puc. 4) Kamyctuna JI. M. BucioBummacs, 1mo pu3uk
3anofisHHA MmKoau Oiocdepi € mnpiopuTeTHUM. OJHAKOBO MPIOPUTETHUMHU € PUBHUKH
3a0pyAHEHHS BOJIHUX PECypCiB Ta pHU3UKH 3a0pyIHEHHsS 3eMENbHUX pecypciB. Jlami wmayTh
pU3UKHU 3a0pYyJHEHHS MOBITPSIHUX PECYPCIB, IO TAKOXK BU3HAYAETHCS CHEIHU]IKOIO iX Kepena.
OcTaHHIO TIO3UIIIIO 3aliMalOTh PU3UKH 3a0pYyIHEHHS JIICOBUX PECYPCIB, IO € HE TaK BaKJIUBO,
CTOCOBHO PU3UKIB 3a0pyAHEHHS 3eMEIbHHUX pecypciB [14].
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H. TI. KapnioBa nana cBOIO OIIHKY, Ta CTBEPIKY€E, IO HE3BaKAOUM Ha CHOPMOBAHHIL
PEHKIHT, HE MO)XHa 3a0yBaTd, IO 3 TOYKH 30pYy YIPaBIiHHA HMOBIpHICTIO peaii3arii
3HAYYIIMMH € BUKIIOYHO PU3HMKH Teprioi (a3m, a came pU3MKH 3a0pyTHEHHS 3EMEIbHUX
pecypciB, pU3HKHU 3a0pyAHEHHS MOBITPSIHUX PECYPCIB Ta PU3UKH 3a0pyIHEHHS BOJHUX PECypCiB.
@dopMyBaHHS YHIBEpPCATBHOTO PEHKIHTY [aHWX pPH3HUKIB HEMOXIIMBO, OCKIJIBKH HaBeleHi
KpuTepii piBHO3HAYHI 3 MOTJSAY MPIOPUTETHOCTI YMpaBiiHHS, 1 HaBiTh AudepeHIiiioBani 3
MOTJISAY 1HCTpyMEHTapito ynpaiiHuas [15].

BucuoBku. OCHOBHI YMHHHKU €KOJIOTri3amii JIOTICTHYHOI MiSUIBHOCTI CHOTOAHI HE
MOXKYTh ITHOPYBAaTH H1 OKpPEM1 YYaCHUKHU JIAHIFOXKKIB MOCTAYaHHS CUPOBUHHU Ta MPOIYKIi, HI
JepkaBa y mpoleci MmoOyloBHM Ta pPO3BUTKY CBO€l JIOTICTUYHOI CHCTeMHU. PesynpTatu
MIPOBEJIEHOT0 JOCTIKEHHSI CBIAYaTh PO YMCIEHHI MPOSBH HEBIANOBIAHOCTI JIOTICTUYHOT
cucTeMH YKpaiHM MDKHApOJHUM €KOJIOTIYHHMM CTaHJapTaM Ta BHMOraM, 30KpeMa piBHIO
€KOJIOTTYHOCTI JIOTICTUYHOI AisU1bHOCTI y KpaiHax €C. Tomy, 1 JOCATHEHHS CTpaTeriyHOl METH
— 3a0€3Me4YeHHs] KOHKYpPEHTOCIPOMOXKHOCTI BITYM3HSHOI JIOTICTUYHOI raiy3i, 00’€KTHBHOIO
HEOOXI1THICTIO € OpIEHTAIlisl 3aKOHOJABYMX IHII[IATUB, €KOHOMIYHMX Ta OPraHi3aliifHNX YMOB
JISUTBHOCTI, COLIAJbHUX BaXKEJIB BIPOBA/DKEHHS IEPEJOBOTO CBITOBOIO JOCBILY Ta
IHHOBAIIMHUX pillleHb Y cepl exoorizamii JOriCTUYHOI AISUIBHOCTI.

VY pamkax ynpaBiiHHS Oe3MOCepefHbO JOTICTUYHHUMH IPOLECAMU €KOJIOTIUHI PU3UKU
Oynu kiacudikoBaHl BIANOBIAHO A0 2 0a3oBHX KiacudikamiiHuX o3Hak: J[xkepeno pusuky
(RES) ta O6’ext peamnizaii puszuky (OES).

HaBeneni rpynu pusuKiB MOXYTb OyTH HacligkoM OAMH oaHoro. OTxe, 3 METOI
BHU3HAYEHHS MPIOPUTETHOCTI KepyBaHHs HMOBIPHICTIO peanizauii Oynu joriuHo ¢opmanizoBaHi
MO>KJIMBI TOCJIZOBHOCTI y BUIJISAI OJOK-CXEMH IOCIHIIOBHOI peasi3alii pU3UKIB JIOTICTUYHHUX
nporecis, AudepeHLiioBaHUX BIANOBITHO 10 00'ekTa peanizauii puszuky. Llg cxema no3Bosnse
paHXyBaTH MO>KJIMB1 HACIIIJIKHU BiJ] HABEJCHUX BUIIB PU3HUKIB.

Y poGoTi po3poOJIEHO PEHKIHT EKOJOrIYHUX PHU3MKIB JIOTICTUYHOTO Ipolecy 3a
CYKyIHHM piBHEM MOTEHIiiHOI mkoau. HaBenenuit peHKiHr € 0a30BHM KiacH(iKaToOpoMm 3
METOI0 PO3POOKM CHCTEMHM €KOJOTIYHUX 1HAMKATOpIB, II0 XapaKTepU3yIOTh €KOJOTIuHY
CTIMKICTh JIOTiCTMYHOTO Tporecy. JlaHi IHAMKATOpM TIOBMHHI KUIBKICHO BigoOpakaTu
WMOBIpHICTh peasti3allii HaBeJCHUX EKOJOTIYHUX PH3UKIB, a TaKOX KUIBKICHO BiJIOOpaXkaTh
piBeHb MOTEHUIHHUX 30MTKIB, aje MPHU [bOMY MAalOTh IPYHTYBaTHCS BUKJIIOYHO Ha 00'€KTHBHIN
KUTBKICHIH 1H(pOpMAIIii, 10 XapaKTepu3ye JOTICTUYHUHN TTPOIIEC B IIIOMY.
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KaeBuoB K. H., CamponoB A. A., AxkumoB A. B., Bacuabuenxo I. FO. PA3BUTUE
SKOJIOTU3ALIUU TPAHCIIOPTHO-JIOTUCTUYECKOM JAEATEJIBHOCTH

B pabome paccmompenvt 0CHOGHBIE HANPAGLEHUS GIUAHUSL JOSUCHMUYECKUX CUCHEM HA OKPYICAIOUI0
npupoonyio cpedy. Oceewenvl 21agHbie NOOX00bl K IKOAOLUBAUUU TOCUCMUYECKUX NPOYECCO8 8 YeNnouKax
nocmagox. Ilpoananusupoganvl OCHOBHbIE NPOOIEMbL IKOLOSUHECKO20 XAPAKMepd QYHKYUOHUPOBAHUS
JIOSUCIUYECKOU cUcmeMbl YKpauHvl u onpeoeieHbl NepCnekmuebl UX peuleHus.

Paspabomana knaccuguxayus skonocuuecko2o ywepba, 6 cOOmMeemcmeuy ¢ KOmopou, 9KOJ02UYeCKUll
yugepb okpydscaioweti cpede Mmodxcem Oblmb HaHecen mpemsi OazucHviMu ucmouHuxamu. Ilepevim
UCMOYHUKOM  SIBNIAEMCS  CaMO MPAHCNOPMHOE CPeOCcmeo, noayyusuiee nogpedicoeHue. Tunoevimu
npumepamu 8 OGHHOM CLyyae 8blCMYNAom NOJOMKU MPAHCHOPMHBIX CPEOCMS, 6CLeOCMEUE KOMOPbIX TUbO
I'CM, nubo epy3 He CAHKYUOHUPOBAHO G3AUMOOCUCMBYIOM ¢ OKpydcaruel cpedol. Ynpasnenue
OAHHBIM BUOOM PUCKOM MOJICEM OCYWECMEISIMbCsl 6 HEeCKOAbKUX Hanpaeienusix. B nepeylo ouepedb
HeoOX00UMO CHUIICAMb  BEPOSIMHOCHb HACMYNJICHUS. HOOOOHBIX CUumyayuil, 6030elUcmeysi HA Mmakue
paxkmopul KAk ypogeHs U3HOCA MAMEPUATLHO-MEXHUYECKOU 0a3bl MPAHCnOpmHubIX npeonpusmuil. Tax kax
NOHOE UCKTIOUEHUE B03MOICHOCTIU Peanu3ayuu NOOOOHBIX PUCKOGLIX CUMYAYUil Ype3MEPHO 3ampamHoe,
HeoOX00UMO CHUIMCAMb B03MOJCHLIE NOCIEOCMBUA Om peanrusayuu OaHHuIX puckos. CHudcams u/unu
KOMNEHCUPOBAMb  OQHHble NOCIeOCMBUS  MOJICHO — NOCPEOCMBOM — CO30aHUSL  CREYUATUIUPOBAHHBIX
MPAHCNOPMHBIX  MASUCTIPAel, U30e2arowux CONPUKOCHOBEHUE C OKpydcaloujell cpedol, co30aHuem
cucmemvbl MPAHCNOPMHOU NOOOEPIHCKY, KOMOPAsi NO360JUM  ONepamopy HOOGUNCHO20 COCMABA 6
Kpamuaiuiue CpoKu NOJYHUMb KEANUDUYUPOBAHHYIO NOMOWb 8 peMOHme u MHoz2oe opyeoe. Cnedylouum
UCMOYHUKOM DUCKA AGTIOMCS MPAHCROPMHble eMKocmu. Bcreocmeue nospedicoenus mpaHCcnopmHblx
eMKOCmell IKON0SUHeCKUll yujepb Mmodicem Oblmb HAHECeH NOCPeOCmEoM 63auMOOetcmeus 2pysa u
oKpydcaowert  cpedvl.  3agepuauumM  UCHOYHUKOM — ONACHOCMU  AGISemcs  cam — npoyecc
MPAHCROPMUPOBKU.

B pabome paszpaboman paHKuHZ IKOIOSUHECKUX PUCKOE JOSUCTHUHECKO20 NPOYeccd No COBOKYRHOMY
VPOGHIO NOMEHYUATLHO20 Yiyepba. [Ipueedennvlil poHKuHS 6151emcst 6A3UCHbLIM KAACCUDUKAmopom O7is
yenei pazpabomku  CUCMEMbl UHOUKAMOPOS, XAPAKMEPUIYIOWUX YCIMOUMUBOCTb  IOSUCHUYECKO20
npoyecca. Jlannvie uUHOUKAMOPbL OOJINCHbL KOIUYECMBEHHO OMPANCAMb 8ePOSIMHOCHb  Peanu3ayuu
NPUBCOEHHBIX IKONIOSUYECKUX PUCKOS, a MAKIICE KOMUYECBEHHO OMPAdICAmb YPOGEHb NOMEHYUATbHOZ0
yujepba, HO NpuU 3MOM OO0JINCHLL OCHOBLIBAMbCS UCKIIOYUMEIbHO HA 0O0bEKMUBHOU KOAULECMBEHHOU
uH@oOpMayuY, Xapaxmepusyiouuil 102UCmMu4ecKull npoyecc.

Knrouesvie cnosa: okxonocucmuxa, 9KOAOSUHECKAs KOHUENYUsl JO2UCMUYECKOU  OesimelbHOCU,
JIOSUCMUYeCKAsi CUCIeMA; YeNnouKa NOCMABOK, JIO2UCTUYECKUE NPOYECChl.

Klevtsov K., Sapronov O.0., Akimov O. V., Vasylchenko H. Yu. DEVELOPMENT OF GREENING
OF TRANSPORT AND LOGISTICS ACTIVITIES

The paper considers the main directions of the negative impact of logistics systems on the environment. The
main approaches to the greening of logistics processes in supply chains are highlighted. Theoretical
analysis of the main problems of ecological character of functioning of logistic system of Ukraine is carried
out and prospects of their decision are defined.

The classification of ecological damages according to which ecological damages to environment can be
caused by three basic sources is investigated. The first source is the vehicle that was damaged. Typical
examples in this case are vehicle breakdowns, as a result of which either fuels and lubricants (fuel) or
cargo do not interact with the environment without authorization. This type of risk can be managed in
several ways. The need to reduce the probability of such situations by influencing such factors as the level
of wear of the material and technical base of transport enterprises is determined. Since the complete
exclusion of the possibility of realization of such risk situations is excessively expensive, it is necessary to
reduce the possible consequences of the realization of these risks. These effects can be reduced and / or
offset by the creation of specialized highways that avoid collisions with the environment, the creation of a
transport support system that will allow the rolling stock operator to receive qualified repair assistance in
the shortest possible time, and much more. The next source of risk is transport tanks. Damage to transport
tanks can cause environmental damage through the interaction of cargo and the environment.
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The paper develops a ranking of environmental risks of the logistics process by the total level of potential
damage. The given ranking is a basic classifier for the purpose of development of the system of the
indicators characterizing stability of logistic process. These indicators should quantify the probability of
realization of these environmental risks, as well as quantify the level of potential losses, but should be
based solely on objective quantitative information that characterizes the logistics process.

Keywords: ecology; ecological concept of logistics activity; logistics system; supply chain; logistics
processes.
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Po3pobneno dea nosux komnoumuux mamepianu i nOKpumms Ha ix ocHogi, Axi eénpoeadicerno y III1
«Iumenexmyanvui mopcvki mexuonoeiiy m. Muxonais. [Januii pesynbmam 3abesneuye nioguujeHHs
006208iyHOCMi Oemanell 3acodi@ MOPCbKO20 md pPIuK08020 MPAHCHNOPMY 34 PAXYHOK RNioeuujeHoi
MenIoCmitiIkocmi ma KOpPO3IUHOI CMIUKOCMI pO3pOOIeHUX HONIMEPHUX KOMNOZUMHUX Mamepianie ma
3aXUCHUX NOKpummie Ha ix ocHosi. Iliosuwjenns Kopo3iliHoOl cmitikocmi O0CAZHYMO 3a O00NOMO2010
BUKOPUCMAHHA 3AXUCHO20 NONIMEPKOMNOZUMHO20 NOKPUMMSL HA OCHOBI eNOKCUOH020 0IaH08020 Onicomepy
EJI-20, moougpixosarnozo 3,3-ouxnop-4,4-ouaminoougenitmemarnom, Hanoguenozo noxicmuponom « Oazucy
ma 3ameepoxceno2o noaiemunennoniaminom IIEIIA. BeedenHsa 00 enoxkcuoHoz2o 38°A3ysauda mMaxux
iHepedienmia 00360/14€ NIOBUWUIMY NOKAZHUKY DYUHIGHUX HANDYHCEHb NPU 32UHAHHI eNOKCOKOMNO3UMIB 8i0
0. = 48,0 Mlla (0ns enoxcuonoi mampuyi) oo o, = 110,6 MIla. 3axuche noxpumms 6UOKDEMIIOEMbCS
NIOBUWEHOIO KO2e3IUHOI0 MIYHICIO, WO 3a0e3neyye CnoGiIbHEeHHS NPOHUKHOCMI A2PECUBHUX Cepedosully V
00’em  pospobnenozo  enoxcuxomnosumy. DopmyeanHs  3aXUCHO20 NOKpUMMA i3  NIOBUWEHOIO
MeniIoCmitiKicmio 3abe3neuero WAAXOM 66e0eHH s ] cnonyune Mmooughixamopa
4,4-ouaminoougeninmemany, Hanosurosaua nonicmupona «QOazucy ma meeponuxa IIEIIA. 3a maxoeo
emicmy  3abesneveno  opMy6anHs ~ KOMNOZUMHUX —Mamepianié i3 NOMNUWEHUMU  NOKAZHUKAMU
mennocmitikocmi 6i0 T = 341 K (0ns enokcuonoi mampuyi) oo T = 355 K. Ompumani gizuxo-mexaniui,
mennoQizuuni 61acMU80CMi ma Kopo3itiHa CMIUKICMb pO3POOIEHUX Mamepianié NOPIGHAHI I3 8i00MUMU
ceimosumu  ananozamu. lLle € Heonocepeokoganum CIOUEHHAM IX KOHKYPEHMOCHPOMONCHOCMI HA
ceimogomy punky. Cnio 3aznauumu, wo po3pooneni 3axuchi NOKpUMms 00380IUNU 30LTbULUMU NOKAZHUKU
PYUHIBHUX HanpydceHb npu 3eunanui y 2,0...2,3 pasu, a kopositnoi cmitikocmi y 1,6 pazie nopisHano i3
HeMOOUDIKOBAHOIO eNOKCUOHOIO MAmMpUuyero.

Knrwowuosi cnosa: enoxcuonuii onieomep, nokpumms, mooughikamop, nanoguiosay, noxicmupon «Oaszucy,
3,3-0uxnop-4,4-ouaminooupeniimeman, 4,4-0ouaminoougenitmemarn, KOpO3iiHa cmitKicmo,
MenioCmitiKicmy, pYUHIBHI HANDYHCEHHS NPU 3UHAHHI.
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[HocranoBka mnpoOsemu. Excruryaraiis MOpCHKOTO Ta PIYKOBOTO TPAHCHOPTY
nepeadayvae (pakTop NOCTIHHOTrO BIUIMBY arpeCUBHOTO CEpeIOBUINA Ta TEMIIEPATYPHOTO IMOJIS Ha
neraini ycrarkyBaHHs. Lle CynpoBOMKY€EThCS MO3AINIAHOBUM PEMOHTOM, a00 3aMiHOO JIETaleH,
10 MPU3BOIUTH JO CYTTEBUX EKOHOMIUYHUX BUTpaT. OCHOBHHMI HampsiM BHpIIIEHHS JaHOl
npoOJeMH CKJIaJae po3poO0Ka HOBHX 3aXHCHUX TOKPHUTTIB 13 KOMIUIEKCOM HEOOXIIHHUX
HOJIMIIEHUX BIACTUBOCTEH: (Pi3MKO-MEXaHIYHUX, TEIUIO(I3NYHUX, KOPO31HHOI CTIHKOCTI TOLIO.
Kpim TOro, Baromoro CKIJIaJOBOIO € HEOOXITHICTh 0araTopa3oBOr0 BITHOBJICHHS POOOUYOI
noBepxHi. Cepesl iCHyIOUMX NIISAXiB BHpIIIEHHS JaHOI MpoOJIeMU OKpeMe Miclie 3aiiMaroTh
3aXHMCHI TIOKPUTTS Ha EMOKCHUIHIA OCHOBI depe3 IepeBard, 3yMOBJICHI HEOOXiTHUMU
TEXHOJIOTIYHUMH Ta €KCIUTyaTalliiHUMH BIACTHUBOCTSMHU. B 1IbOMy IJ1aHi MEPCIIEKTUBHOIO € TXHS
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m Im>xeHepia y TpaHCIIOPTHIN raaysi

¢iznyHa 1 XiMiyHa MonuQikallis BOJHOYAC i3 HANOBHEHHSIM TUCIIEPCHUMH YacCTKaMH, IO
3yMOBITIOE (POPMYBaHHS MaTepiay i3 MOJTIMIIEHUMH Y KOMIUIEKCI BIaCTUBOCTSIMH.

AHani3 ocTaHHIX AocifkeHb i myOaikamiii. IcHye mmpokuid CreKTp HOJTIMEpHHUX
koMro3uTHUX MarepianiB (KM) 13 migBUIIEHOIO KOPO3IWHOIO CTIMKICTIO Ta MOJIMIICHUMU
(h13MKO-MEXaHIYHUMH Ta TEII0()I3UIHIUMH BIACTHBOCTMH [ 1—4]. YV maHoMy HanpsMKy BEIEThCS
aKTUBHa po3poOKa TakUX KOMIIO3MTIB, y TOMY 4YMCIl ¥ BIIOMUMH YKpPaiHCBKUMH Ta
3aKOPIOHHUMH BYCHUMH. BaromuMm (hakTopom [Tt MPOBENCHHS JOCTIKEHD Y JAHOMY HarpsiMy
€ eKCIUTyaTallis ieTaneil 3aco0iB TpPaHCIIOPTY y arpeCUBHUX CEPEOBUIIIAX — PIUKOBA Ta MOPChKa
BoAa, OeH3uH, HapTa Ta pi3HI KUCIOTU. BoaHowac naHi Aeraini peryJjsipHO 3a3HAIOTh BIUIUBY
TerioBoro mnojs. IliaBuIleHHs HAAIMHOCTI Ta MI>XPEMOHTHOTO PECypCy yCTaTKyBaHHS J10CI HE
BTpayae CBO€EI aKTyaIbHOCTI.

VY 3B’A3Ky 13 HayKOBO-TEXHIYHHM IPOTrPecoM OUIbII MPIOPUTETHUM € BJIOCKOHAJIEHHS
B1JIOMHX ITOKPHUTTIB 3 TOYKU 30pYy €KOHOMII KOIITIB Ta Yacy. 3araJibHOBIJIOMO, 1110 BUKOPUCTaHHS
3aXMCHUX TOKPHUTITIB Ha OCHOBI emokcuaHoro ojiromepy EJI-20 Ta 3aTBepkeHux
nometwiennonaiaminom [IETIA [5, 6] 3a0esmeuye MIABUINEHHS MIXPEMOHTHOTO PECypCy
neranei 3aco0iB MOPCHKOIO Ta pPIYKOBOTrO TpaHcmopTy. [l mosinmieHHs Gpi3uKo-MeXaHIqHHX 1
TeIu10(13MYHUX BIIACTUBOCTEH BUKOPUCTOBYIOTh MOAM(]DIKATOPU Ta HAIIOBHIOBAY1 32 KPUTUYHOTO
BMiCTy. B 1aHOMy HampsiMKy [IOLUJIBHUM € BHMKOPHUCTaHHS MarepiajiB i3 aKTHUBHUMH J0
MDK(}a30BOi B3aEMOJIi TpylnaMud Ta NOJIOHOIO CTPYKTYypoOlo, L0 3a0e3nevyye MiABUILEHHS
KOTe31iHOT MIIIHOCTI 32 paxyHOK HIUIBHO 3IIMTOT CTPYKTYPH.

Bceranosneno [7], 1m0 ogHUM 13 NEPCHEKTUBHUX 3ac001B popMyBaHHS mosiiMepHoro KM
13 moJtinIIeHuMH (i3UKO-MEXaHIYHUMHM BJIACTUBOCTSIMU € BBEJICHHS /10 €MOKCUAHOTO 3B’ s3yBaya
Moaudikatopa 3,3'-Juxnop-4,4'-nuaminogudeninmerany (AXIADM) 3a KpUTUUHOTO BMICTY
q = 0.25 mac.4. Ha 100 mac.4. enokcuaHOrO IiaHOBOrO oniromepy EJI-20.

Jst dopmyBanass KM 13 mominmmeHuMu TEIIo(i3MYHUMH BIACTUBOCTSMHU JOIUIHBHUM €
BBeJIeHHA MojudikaTopa 4,4'-nuaminogudeninmerany (JADPM) [8, 9].

Moaudikamis iCHyIOUMX TOJIMEpiB € OUIbIl MMBUAKUM Ta EKOHOMIYHHM 3aco00M
OTPUMAaHHS HOBHMX MaTepiamiB i3 HEOOXITHUMHU BJIACTUBOCTSIMHU Yy TOPIBHSHHI 13 pO3pOOKOIO
HOBHX MarepiaiiB. Bimomum crnocoOoM oTpuMaHHS HEOOXITHOTO PE3yJbTaTy € CyMillyBaHHS
nojiiMepa 3 IHIIMMHU cnoidykamu. OcoOnuBHIl mpiopuTeT 3aiiMae BUKOPUCTaHHS BTOPUHHHMX
pecypciB, OCKUIBKH BiANpanboBaHi MOJTIMEPH MPU3BOAATH 10 3a0pyAHEHHS HABKOJIWIIBHHOTO
cepenoBuma [10, 11]. ABropamu [11] oOrpyHTOBaHO MPIOPUTETHICTH BUKOPHUCTAHHS BTOPUHHHUX
pecypciB y BUPOOHUITBI y TIOPIBHSHHI 13 CKJIalyBaHHSIM a00 CIaTOBaHHSAM OCTaHHIX. OqHUM 13
3aco00iB BHUPIMICHHS ICHYIOUOI TIPOOJIEMH € MOKJIMBICTh 3aCTOCYBaHHS IPOMMCIOBHX
MOJIIMEPHUX BIIXOMIB Yy BHIVIAAI MOAPIOHEHOT KPOIUIKH, OTPUMAHOiI 3 HEKOHIHMIIWHUX,
3a0pyaHeHMX Ta OpakoBaHMX BHpoOiB 13 TepmoruiactiB [12]. Tlomictupon «Oasucy
BHOKPEMITIOETHCS BI/IHOCHO HEBHCOKOIO COOIBAPTICTIO T4 MOXIIMBICTIO BUKOPUCTAHHS y SKOCTI
BTOPHHHOT'O PECypcy, 10 B CBOIO Uepry 3ade3nedye 3MEHIICHHs 3a0pyJHEHHSI HaBKOJIMIITHBOTO
cepeoBHIIa.

MeTta pobdoTH — pO3pOOJICHHS 3aXUCHUX IOJIMEPKOMIIO3UTHUX TOKPHUTTIB 13
MIIBUIIICHOI0 KOPO31HOIO0 TPUBKICTIO Ta TEIUIOCTIHKICTIO JUIS TTOJAJBIIOTO IX BIPOBAKEHHS Y
MIPOMHCIIOBICTb.

Marepiajn Ta MeTOAMKA AOCTiIKeHHsl. B SKOCTI €MOKCHIHOTO 3B’si3yBada BHOpaHO
enokcuaHui miaHoBuit omiromep wmapku EJ[-20 (I'OCT 10587-84). IlomieTwrieHnoniaMin
(ITEITA) (TY 6-05-241-202-78) BUKOPHUCTOBYBAIM B SIKOCTI TBepaHUKA. Bukopucranus I1EITA
Ha/Jla€ MOXJIMBICTh 3IIMBaHHA €MOKCUAHMX KOMIO3MILIA NpU KIMHATHUX TeMIeparypax.
CrexioMeTpHYHE CITiBBIIHOIICHHS KOMIIOHEHTIB «CTIOKCHUIHHIA OJIroMep — TBEPIHUK» CKJIa/Iae
100 : 10.

3  wMeroro  3a0e3MeyeHHA  TMOJIMIIEHHS  (i3MKO-MEXaHIYHUX  BJIACTUBOCTEH
BUKOPHCTOBYBAIH XIMiYHY Moaudikario KOMTMO3UIIIT 3.,3’-nuxmnop-4,4’-
mraminonugeninveranom (AXIADM). Januit Moandikatop BUKOPUCTOBYIOTH B SIKOCTI
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TBEPIHUKA €MOKCHIHUX CMOJI, TOJIIypETaHiB Ta CKIOIUIACTUKIB. He € po34rMHHUM y BOJI, JIETKO
YTBOPIOE COJIi 13 MiHEPATLHUMU KUCIOTAMU, PO3YMHHUN y OPTaHIYHUX PO3ZYUHHHUKAX.

Jlns  ¢dopmyBanHs KM, mnpu3HadyeHHWX I8 eKCIUTyaralii B yMOBaxX  BIUIMBY
TEMIIEpaTypHOTo TOJisA, BUOpaHo moaudikarop 4,4-nuaminonudeninmeran (JJADM), skuii €
BOXJIUBUM TIPOJIYKTOM Yy XiIMI4HIH HPOMHCIOBOCTiI, BUKOPHCTOBYETBHCA y SIKOCTI TBEPIHHUKA
eMOKCUIHUX CMON Ta TepMmoracTiB. [lpoaykTu, siki BUpPOOISAIOTH 3a MOro JOMOMOTOIO,
BIJIPI3HSIOTHCSA MOJIIIIEHUMHA MEXaHIYHUMU BJIACTHUBOCTSIMH, €JICKTPOI30JISIIIIETO,
TEPMOCTIHKICTIO Ta 3HOCOCTIHUKICTIO.

VY oOpanux monugikatopiB moJiOHa CTpyKTypa Ta HasiBHI aKTHBHI apOMAaTHU4HI TpyNu
NH2, noni6ui g0 icuyrounx y TBepauuka I[IEITA. Ile 3abe3meuye miIBUIEHHS pPEaKIiiHOT
3/IaTHOCTI KOMITOHEHTIB.

CrpykTypa HamoBHIOBaua mojictupony «Oa3zuc» € moai0HOI A0 ICHYHYOi Yy
enokcuHoro nianoBoro ojiromepy EJI-20. OOuaBa KOMIOHEHTH MAalOTh 1EHTUYHI OEH30JIbHI
kil Ta «-CH» rpynu. Beranosneno, mo ans ¢opmyBanas KM i3 onTuManbHUMU (i3UKO-
MEXaHIYHUMHU Ta TEIUIO()I3UYHUMHU BIACTHUBOCTSIMHU JOIIJIFHO BBOJIWTH HANOBHIOBAY BMICTOM
g=0,06 mac.u. Ha 100 wmac.y. emokcumuoro omiromepy EJI-20. Monekynspaa ¢opmyna
HanosHioBava: [CH2CH(CeHs)]n. 110 mmpoxo po3noscromkenuit y ¢iaopuctuuHiii chepi, Kpim
TOTO BUOKPEMITIOETHCS BIIHOCHO.

Jns nocnipkeHHs aHTHUKOPO31MHOI CTIMKOCTI pO3pOOJEHMX MOKPUTTIB A AeTaeit
TPAHCHOPTY, SIKI EKCILTYaTYIOTh Y arpECUBHUX CEPEOBUIIAX, BCTAHOBJIEHO 3MiHY MacH 3pa3KiB,
monupikoBanux JAXTADPM/JADPM 1 nanoBHeHux [1O. 3pa3ku BUTpUMYBaIM Yy arpecCUBHHUX
cepenosuiiax yacom 720 rox 3a rtemneparypu I'=293 £2 K. 3pasku 3 macoro 1,0...1,2r
3BAXYBaJM HA aHamMTHYHUX Barax Mapku BJIP-200 3 Tounictio mo + 0,001 r mnepen
JOCIIPKEHHSM 1 MICJIsI BATPUMKHU B arpeCUBHUX CEPEIOBUIIIAX.

Po3paxyHOK NpPOHHMKHOCTI arpeCHUBHHMX CEPENOBMI IMpH 30UIBIIEHHI MacH 3pa3KiB
MIPOBOJIAIIH 3T1THO POopMyITH:

7 =228 100%. (1)
a
HaBnaku, mpu 3MeHIIEHHI Macu 3pa3KiB MPOHUKHICTh arpecUBHOI MAacH CepeIOoBHUII]
pOo3paxoByBaiu 3a (POPMYJIOIO:
7 =372 100%, )
a
7€ y — KOpo3iliHa TPUBKICTh, %; a — Maca 3pa3KiB 70 BUIIPOOyBaHb, I'; b — Maca 3pa3kiB micis
BUNIPOOYBaHH, T.

PyitHiBHI HampyXeHHS 1 MoAydb npyxHocTi KM mnpu 3ruHaHHI BU3HA4yald 3T1THO
I'OCTy 4648-71 i I'OCTy 9550-81 BiamoBigHo.

BumiproBanHs TeruiocTidkocTi mposeaeno 3rigHo 3 'OCT 21341-75.

Pe3yabTaTtH gociaigxkeHb Ta ix oOroBopeHHsi. [lepmmii eram JOCTiKEHb CKIIaJlaB
BUNIPOOYBaHHA KOPO3i1MHOT CTIMKOCTI PO3pOOIIEHUX MaTepiaiiB MiClsi BUTPHUMKH Y arpeCUBHHX
cepenoBHINax BIpoaoBxk vacy t =720 rox 3a Temneparypu 7 =293 £+ 2 K. Jlnsa miarBepuKeHHS
JIOCTOBIPHOCTI MPOBEICHUX EKCIIEPHUMEHTIB BOJJHOYAC BUMIPOOYBaK BijoMi po3pobieHi KM.

[IpoBeaeHo BUNPOOYBaHHS I’ SITH CKJIAJiB aHTUKOPO3iMHIX KM:

— eNOKCHJHA MaTpullsid (KOHTPOJIBHUH 3pa3ok), sKy c(OpMOBaHO 3a HACTYIHOTO
CITIBBITHOIIICHHSI KOMIIOHEHTIB — enokcuaaui oiiromep EJI-20 : tBepauauk ITEITA — 100 : 10;

— KM 1, chopmoBanuii 3a HACTYITHOTO CITiBBiIHOLICHHS KOMIIOHEHTIB — €MOKCUIHUN
omiromep EJI-20, mogudikatop AXJIADPM, nanosHioBau [10 i tBepauuk ITEITA - 100 : 0,25 :
0,06 : 10;

— KM 2, cpopmoBaHuii 3a HACTYMMHOTO CITiBBIIHOIICHHS KOMIIOHEHTIB — EMOKCUIHHIMA
omiromep EJ[-20, momudikatop JADPM, nanosutoBau 10 i tBepmuuk IIEITA - 100 : 1,00 :
0,06 : 10;
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— KM 3, cdopmoBaHuMii 3a HACTyHHOIO CIIBBIJHOIIEHHS KOMIIOHEHTIB —
MouGikoBaHUN 3B’s3yBad : cuHTe30BaHa mnoiiMepHa muxta CIIHI : cymim nuckpeTHUX
BoiokoH  (/IB 2: momiakpun (40 %), mmepcts HarypasibHa (40 %), OamOyk (20 %))
(1=1,5...2,0 mm, d = 30...35 mxm) — 100 : 0,05 : 0,05) [13];

— KM 4, cdopmoBaHWii 3a HACTYIHOTO CITIIBBiIHONICHHS KOMITOHEHTIB —
MonudikoBanuii 38’ s3yBau : CITHI: IB 2 —100 : 0,05 : 0,10 [13].

3riHO 3 MPOBEIEHUMH JOCIIUKEHHSIMH (TaGn. 1) BCTaHOBIEHO, LIO0 HalMeEHIa
IIPOHUKHICTh arpeCUBHHUX CEpPEIOBHUI XapakKTepHa Juid Kommno3utHoro marepiamy KMI1. Ile
3YMOBJICHO BHMCOKOIO XIMIYHOK CTaOUIBHICTIO Yy po3poOieHoro wmatepiany. CHOBUIbHEHHS
MIPOHUKHOCTI arpecUBHUX CEpPEAOBHUIL Yy 3aXHCHE IOKPUTTS 3yMOBJIECHO 30UIbLICHHAM
MMOKA3HUKIB KOTe31iHOI MIIIHOCTI, 5IKa, B CBOIO 4Yepry, 3a0e3neyeHa B3a€EMOJIEI0 aKTUBHUX TPYIl
MonudikaTopa 1 HalOBHIOBaua Yy IMpolEecax 3LIMBAHHSA EMNOKCHKOMMO3UTY. B pesynbrarti
B1/10yBa€eTbcs (OpMyBaHHS LIIJILHOI IPOCTOPOBOI CITKU MOJIMEPY, IO 3a0e3Medye MOTIMILIEeHHS
(13MKO-MEXaHIYHUX BIACTUBOCTEH c(hopMOBaHUX MaTepiaiiB.

Tabmus 1 — PesynpTaTil 10oCa1pKeHHs KOpo3iitHoi cTifikocTi KM

Acpecusne 3mina macu 3paskie, %
cepedosuye Mampuys KM 1 KM 2 KM 3 KM 4
Hadra 2,9 1,6 2,0 2,2 2,6
bensun 2.8 1,7 2,1 2,2 2,7
Mopcbka Boaa 3,2 1,6 2,0 2,0 2,9
AuetoH 3,0 1,7 2,1 2,4 2,7
NaOH (50 %) 3,1 1,5 2,0 2,1 2,9
HCI (10%) -0,3 -0,1 -0,3 -0,2 -0,3
H2S04(10%) -0,5 -0,2 -0,2 -0,3 -0,4

[pumitka. Cxnag KM 1 — enokenanmii oniromep E/1-20, mogudikatop AXIADM, nanosutoBau I10 i TBepaHHK
IIETIA - 100 : 0,25 : 0,06 : 10; Cxnag KM 2 — enokcugauii oxiromep EJ[-20, momudikatop JADPM, HanoBHIOBaY
IO i tBepmamk IIETIA - 100:1,00 : 0,06:10; Cxmag KM 3 — momudikoBaHuii 3B’s3yBad : CHHTE30BaHa
nopomkoBa mmxrta (CIIL) : cymim auckperanx BosokoH (/IB 2: momiakpun (40 %), mepcts HatypanbHa (40 %),
6aMOyk (20 %)) — 100 : 0,05 : 0,05) [10]; Cxmam KM 4 — momgudikoBanmit 38°s3yBau : CIIII: IB 2 — 100 : 0,05 :
0,10 [13].

Po3pobneni marepianu KM1 1 KM2 fouinkHO BHKOPUCTOBYBAaTH MJIsSi BiJHOBIICHHS
1 TIABMILEHHS HaAIWHOCTI JeTanell 3aco0lB MOPCHKOIO Ta PIYKOBOIO TPAHCIOPTY, SKI
eKCIUTyaTyloTh B YMOBax BIUIMBY arpecuBHHX cepeaoBuil. Marepian KM1 HeoOxigHO
3aCTOCOBYBAaTH IS IIJBUINCHHS TTOKAa3HUKIB KOPO3IMHOI CTIAKOCTI JeTaneu, mpu ix
eKCIUTyaTallii B yMOBaX BIUIMBY arpecuBHUX cepenoBuml. Marepian KM 2 po3pobieHo mis
3axXHCTy JeTajei, sIKi BAKOPUCTOBYIOTh B YMOBAaX [Iii TEMIIEPaTypHUX HABAHTAXKCHb. Y BUIJISIII
3B’sA3yBaya IMpu (GopMyBaHHI pO3pOOJIEHHUX MaTepialiiB BUKOPUCTAHO EMOKCUAHUN oOJiromep
EN-20, y sxwit BBoaunu moaudikyrodi 1o6asku IXJIADM/JIADPM Tta nanoBHioBau 10, sxi
3a0e3neuyroTh MiABUILEHHS CTYIEHS 3IIMBAaHHS MOJIMEpY 1 KOre3iitHOi MIITHOCTI reTepOreHHuX
KOMITO3UTIB.

Hns popmyBanHst KM | iHrpemieHTH BBOAMIM y HAaBEJCHOMY HIDKYE CITiBBITHOIICHHI
(mac.u.).

VY pe3ynbTari MpoBeNeHUuX MOCHiKeHb po3pobneHo aBa xkommoszutu (KM1 i KM2) ta
MOKPUTTS HAa 1X OCHOBI 13 TMIJIBUIIEHOI KOPO3IMHOI TPHUBKICTIO Ta TEIUIOCTIUKICTIO, SIKi
BIJINIOBIJAIOTh BUMOTaM €KCILTyaTallil Cy4acHHX TPAHCIIOPTHUX 3aCO0i1B.

o pybpuxu exnioueno cmammi 3a memamuuHol cnpsamoganicmio « Tpancnopmui mexnonoziiy
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KM1 — enokcuaHMi KOMITO3UT 3 TIOJTINIIICHUMA aHTHKOPO3IHHUMU BIIACTUBOCTSIMHU.

OcHOBHE TIpU3HAYEHHS — PEMOHT 1 MiJBUIICHHS HAAIMHOCTI IeTanel 3aco0iB MOPCHKOTO
Ta PIYKOBOTO TPAHCIOPTY, SKI KOHTaKTYIOTh 13 arpecCMBHUM cepenoBHIeM. JlomiibHIM €
BUKOPHUCTAHHA /Ji1 BiJHOBJICGHHS Ta MiJBUIICHHS HAIIHHOCTI KOHCTPYKIINA KOPIyCy CyIeH
(HanOymoBa, KPUILIKA Ta KOMIHTCH TPIOMIB, TOIIIO).

CKJ'IaL[ KM1 (mac.4.):

eNOoKCHIHUHI AlaHoBui osiromep EJ[-20 100
— t1BepaHuk [IEITA 9...11
—  wmoaudikarop AXTADPM 0,25
— HanoBHioBau I10 0,06

KM2 — enokcuaHui KOMITO3UT 3 MOJIMIIEHUMH TEIIO()I3UIHUMHU BIACTUBOCTSIMH.

OcHOBHE NPU3HAYEHHS — PEMOHT 1 MiJBUILEHHS HaJAIHHOCTI JeTaleil 3ac00iB MOPCHKOTO
Ta PIYKOBOTO TPAHCIOPTY HpH iX poOOTI B yMOBaxX BIUIMBY TEIIOBOro mojs. JlouipHuM €
BUKOPUCTAHHS JJIS BI/IHOBJICHHS Ta MiIBULIICHHS HA{IHHOCTI KOHCTPYKLIH KOPIYCY CYyJIEeH.

CKJ‘IaI[ KM2 (mac.u.):

enoKCUAHUHN aianoBui oniromep EJ[-20 100
— t1Bepauuk [IETTA 9...11
— moaucdikarop JAOM 1,00
— ganosHioBay 110 0,06

3amponoHOBaHO 3acTocyBaHHS po3poOienux komnos3utiB KM1 1 KM2 y Burmsaai
3aXMCHUX TOKPUTTIB Ha JETaJsIX MOPCHKOTO 1 PIYKOBOTO TPAHCIOPTY, a caMe€ Ha KOPITyCl
HIBAPTOBHOI J1€01AKH, HaaOyA0BHU, TPyOONPOBOIIB, CenapaTopi OYMCTKU JIbSUIBHUX BOJI, TOLIO.
VY BUTIIAAI MEpIIOro miapy 3amporiOHOBAHO BHUKOPHCTAHHS €MOKCHIHOTO JTIaHOBOTO OJIrOMepy
EJ1-20 i3 tBepauukom I1EITA, sik KOMIO3HUTY 13 ONTUMATbHUMH aAre31HHUMU BIACTHBOCTSIMHU.
KM?2 o6pano y Burisit popMyBaHHS APYroro mapy 4epes MoinieH1 Termaopi3nyHi BIacTUBOCTI
HOPSA 13 JOCTAaTHIMU MOKa3HUKAMHU MOJYJISl IPY>KHOCTI MPH 3TMHAHHI. B sIKOCTI TpeThoro mapy
obpano KMI1 wuyepe3 onTumanbHi aHTHKOPO3iiHI Ta (Di3MKO-MEXaHi4HI BIACTUBOCTI TaKOTO
KOMIO3UTy. Po3po0ieHi 1mapu MOKPUTTS JOLUJIBHO BUKOPHUCTOBYBATH K HE3aJ€KHO, TaK 1y
KOMITIEKC] (Y BUTJISIII TPUILIAPOBOTO aJr€3MBY) Ui PEMOHTY 1 30UIBIICHHST HAIIMHOCTI JeTaneit
TpaHcnopTy. Po3pobiieHy cxeMy 3MilllyBaHHS Ta HAHECEHHS! KOMITO3HIIii HaBeEHO Ha puc. 1.

Hns  onrtuMmizanii mpouecy QopMyBaHHS 1 HaHECEHHS MOKPUTTIB Ha TOBEPXHIO
YCTaTKyBaHHA pPO3pOOJIEHO TEXHOJOriI0, fKa MOJsIrae y HacTymHoMy (puc. 1): momepenHe
HiirpiBaHHsl €MOKCHIHOTO JiaHoBoro oiiromepy EJI-20 mo temmeparypu 7=353+2K i3
MO0 BUTpUMKOIO YacoM 7 = 20 = 0,1 xB. Hamgani mpoBOauTECs T03yBaHHS KOMITOHEHTIB
13 MOJANBIINM iX TiIPOAMHAMIYHMM CYMIIICHHSM YIbTpa3BykKoBoto o0poOkoro (Y30). Ilicns
3MILIYBAaHHS €MOKCHUAHOI CMOJM, Mojudikaropa 1 HamoBHIoBada dvacom 7=1,5+0,1 xB
KOMITO3HUIIII0 OXOJIO/KYIOTh 10 KIMHAaTHOI Temreparypu dyacoM 7= 60 + 5 xB. HactynHwmii etan
CKJIajae miairpiBanas kommosuilii g0 7=353 +£2 K micns BBeAeHHs TBepAHHWKA. HaHeceHHs
HNOKPUTTSA 3AIMCHIOEThCS THEBMAaTHUYHUM PO3NIICHHSIM BOpPOMOBXK dyacy 7=60...80xB i3
MOJAIBIIOK BUTpUMKO yacoM 7 = 12,0 + 0,05 rog.

3rigo 3 'OCT 27.002-2015 TepMmiH «HAAiIHHICTH» OXOIUTIOE DA TaKUX (YHKIIIH, SK
O€3BIIMOBHICTh, PEMOHTONPHUIATHICTh, JIOBIOBIYHICTh, 30€pPEKYBaHICTh Ta TOTOBHICTb.
Po3pobiieHo 3aXuCHI MOKPUTTS Ha KOMITO3UTHIM OCHOBI, SIKi epeadavyaroTh MiIBUIIEHUH CTPOK
eKCIuTyaTallii B yMOBaX arpecHBHUX CEpEJOBHII Ta TeMIlepaTypHoro BIuMBY. Lle 3abe3neuye
0€3BiZIMOBHICTh Ta JIOBTOBIYHICTH JeTaliell 3aco0iB MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY.
[TepeBaramMmu  po3poOKH, TOPIBHSHO 13 TpaJAMIIHHUMU MaTepialaMH, € 3a0e3MeueHHs
HEOOXiJTHOro TepMiHy eKcIutyaTamii aiare3uBiB — 4...6 pokiB BOJHOYAC 13 BIJHOCHO HHU3BKOIO
BapTICTIO pO3p00JIEHUX MaTepialliB HA CBITOBOMY PUHKY.
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[TinirpiBasHs CMOTH Jl03yBaHHS KOMIIOHEHTIB
EJ-20 Mou-

Hamos- dixarop
EI-20 1iopay 1,2 TIETIA

Butpumka yacom -

T=353K
t=20x8
Bara
3minryBaHHS KoMIOHEHTIB Ha Y30 O.XOHOH)K? I A0 Jlonasatis i nep CMILLY Bttt
Mo KIMHATHOI TEMIIEPaTyPH  TBEPAHMKA Y KOMIO3HIII]
Hamos- 4
20 mopy TP Ef-20  TENA

1,2
T

3 - ) 77 O

Tliirpisatns 110 HaneceHms kommosu i Burpiia Ha nositpi
yacom 12 roz
T=353K

i

Pucynok 1 — Texronoriuna cxema popMyBaHHS 3aXHCHUX MTOKPHUTTIB

PesynpTatn mMopIBHANRHOX BHIIPOOYBAaHb
BiaactuBocteii KM

110
120
100
80
Lo 52
60 0
40
10.510.7
20 2.3 25 3.1 16 >4 62 52
0
E, Ma a3r, MMa HabyxaHHa BapTicTb y.o/kr
marepiany
(kopo3iitHa
CTIWKICTD)

KM1 © EM1 = EMN2

Pucynok 2 — INopiusiaas KM1 i3 cBiTOBUMHU aHAJIOTaMu:
KM1 — po3po6inenuii komriosut; EI1 1 — kommosut EninpaiimM-046 (Tikkurila, @innsamisn);
EII 2 — kommno3zut Wilkopox 500 (WILCKENS FARBEN, HimeuunHa)
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Pesynpratu mopiBHATRHUX BHIIPOOYBAaHb BIACTHBOCTEI
KM

348

400
300
16.8
200 EM 2
13.9
EM1
100 3.1 10.5
KM 2
0
E, Ma oar, MMa T, K y.0./Kr

EKM2 mEMN1 mEMN2

Pucynoxk 3 — ITopiBuasiHas KM2 i3 cBITOBUMH aHAJIOraMu:
KM2 — pozpobnennit kommno3ut; EIT 1 — kommo3ut ¢ipmu Belzona 1161 (Benukobpuranis);
EII 2 — xommo3ut Hempadur Multi-Strength 35842 (Hempel, Himeuunna)

Ha puc. 2, 3 HaBeneHO MOPIBHSAHHS MOKAa3HUKIB (DI3MKO-MEXaHIYHUX 1 TETIO(I3HUHUX
BJIACTUBOCTEH, a TAKOXK KOPO31HHOT TPUBKOCTI PO3POOICHUX KOMIIO3UTHUX MaTepiaiiB mopsy i3
BIJOMUMH  CBITOBUMH  aHajoramu. JIOBeZIeHO  HAasBHICTh  KOHKYPEHTOCIIPOMO>KHOCTI
po3pobnennx KM y mpoMHUCIOBOCTI.

BucHoBku. 3a pe3yabTaTaMy €KCIIEPUMEHTATBHIX JOCIIKEHb PO3PO0JIEHO KOMITIO3HUTHI
3ac00iB  pIYKOBOTO Ta MOPCBKOTO  TpaHCHOPTy. BmpoBamkeHHs  po3poOieHUX Y
[T «IHTenexTyaabH1 MOPCHKI TEXHONOT1I» (M. MukonaiB) 3a0e3neuuno:

—  30UIbIIEHHS NMOKA3HUKIB PYHHIBHUX HAINPYXeHb pU 3ruHaHHi y 2,0...2,3 pasu;

—  MIiJBUIIECHHS KOPO3iiHOI cTiKOCTI y 1,6 pa3is.

Po3pobneni marepiaay JOLIUJIBHO 3aCTOCOBYBATH Ui 3aXUCTy YCTaTKYBaHHS, SKe
BUKOPUCTOBYIOTh y arpeCHMBHHX CEpEIOBHINAX Ta YMOBaxX IMiJBUIIECHUX TEMIIEPATypHUX
HaBaHTAaXEHHSAX. KOHKYpEHTOCIIPOMOXKHICTh MIATBEP/UKEHO TMOPIBHAHHAM 13 aHajloramu
BIJOMHMX CBITOBUX BHUPOOHMKIB. HamifiHicTh 3a0e3nedeHO 3a paxyHOK IiJIBULIECHHS
JIOBFOBIYHOCTI Ta MI>KPEMOHTHOT'O PECYPCY 3aXMCHUX MOKPHUTTIB.
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S.A. Smetankin and other. Compos. Mech. Comput. Appl. 2020. V. 11. P. 77-98.

8. BruiuB monudikaropiB CisHi2CL2N2 ta Ci3HisN2 Ha MexaHiuHI BJIACTMBOCTI
enokcuaHoi marpuii / A. B. Bykeros, B. I'. Kyniniu, C. A. CmeTaskin Ta iH. Hayxosi Homamxu.
2019. C. 37-45.

9. Buketov A. V, Sapronov O. O., Brailo M. V. Investigation of the physico-mechanical
and thermophysical properties of epoxy composites with a two-component bidisperse filler.
Strength of Materials. 2014. V.46. N. 5. P. 717-721.

10. Jlro6emxkuna E. I'., I'ynp B. E. DddexTuBHBIE TEXHOIOTUN BTOPUYHON MepepaboTKU
TepmoruiacToB (0030p). Ilnacmuueckue maccor. 1991. Ne 2. C. 3—11.

11. Pemnsasxk B. W., Burazesa O. B. HccinenoBaHue BO3MOXHOCTU —YTUIIM3ALMU
TUTACTUKOBBIX OTXOJIOB, OOpasylomuXcs Ha O00BeKTaX BOIAHOTO TpaHcmoprta. Becmmuuk
T'ocyoapcmeennozo  ynusepcumema MOPCKO20 U peyHO20 ¢hroma uUMeHu  aomupana
C. O. Maxaposa. 2016. Ne3 (37). C. 45-52.

12. HockoB /I. B., Apremenko C. E., OBunnnukosa I'. [1. Monudukanus BTOPHUHBIX
MOJIUMEPOB. M36. 8y306. Xumus u xum. mexnonozus. 2003. T.46. Bem.1. C. 131-133.

13. Corrosion resistance of epoxy composite coatings for the transport industry in
aggressive environments / A. V. Buketov, O.M. Bezbakh, N.M. Buketova and other. Journal of
hydrocarbon power engineering. 2020. Ne 7 (1). P. 26-30.

REFERENCES

1. Slovnyk-dovidnyk zi zvariuvannia ta skleiuvannia plastmas / M. V. Yurzhenko ta in.;
zared. B. Ye. Patona. Kyiv : Naukova dumka, 2018. 368 s.

2. lurzhenko M. V., Korab M. H. Zvariuvannia vysokotekhnolohichnykh plastmas :
monohrafiia. Sumy : Universytetska knyha, 2016. 319 s.

3. Starokadomskyi D. L. Vlyianye dyspersnosty y kontsentratsyy asrosyla v sostave
polyapoksydnsikh kompozytsyi na ykh nabukhanye v kysleikh sredakh. Ukr. khym. zhurn. 2010.
Ne7-8. S. 89-96.

4. Koriakyna M. Y. Yspsitanye lakokrasochneikh materyalov y pokreityi. M.
Khymyia, 1988. 272 s.

5. Buketov A. V., Stukhliak P. D., Chykhira I. V. Vlastyvosti modyfikovanykh
ultrazvukom epoksyplastiv. Ternopil: Krok, 2011. 201 s.

6. Ontsyklopedyia polymerov: / redkol.: V. A. Kabanov y dr. M. : Sovetskaia
Ontsyklopedyia, 1974. T. 2. 1032 s.

7. Processes of dynamic thermal destruction of composite epoxy materials as a function
of 3,3-dichloro-4,4-diaminodiphenylmethane content / A.V. Buketov, V.G. Kulinich, S.A.
Smetankin and other. Compos. Mech. Comput. Appl. 2020. V. 11. P. 77-98.

8. Vplyv modyfikatoriv C13H12CL2N2 ta C13H14N2 na mekhanichni vlastyvosti
epoksydnoi matrytsi / A. V. Buketov, V. H. Kulinich, S. A. Smetankin ta in. Naukovi notatky.
2019. S. 37-45.

9. Buketov A. V, Sapronov O. O., Brailo M. V. Investigation of the physico-
mechanical and thermophysical properties of epoxy composites with a two-component
bidisperse filler. Strength of Materials. 2014. V.46. N. 5. P. 717-721.

10. Liubeshkyna E. H., Hul V. E. Dffektyvneie tekhnolohyy vtorychnoi pererabotky
termoplastov (obzor). Plastycheskye masser. 1991. No2. S. 3—11.

11. Reshniak V. Y., Vytiazeva O. V. Yssledovanye vozmozhnosty utylyzatsyy
plastykoveikh otkhodov, obrazuiushchykhsia na obsektakh vodnoho transporta. Vestnyk
Hosudarstvennoho unyversyteta morskoho y rechnoho flota ymeny admyrala S. O. Makarova.
2016. Ne3 (37). S. 45-52.

12. Noskov D. V., Artemenko S. E., Ovchynnykova H. P. Modyfykatsyia vtorychneikh
molymerov. Yzv. vuzov. Khymyia y khym. tekhnolohyia. 2003. T.46. Veip.1. S. 131-133.

o pybpuxu exnioueno cmammi 3a memamuuHol cnpsamoganicmio « Tpancnopmui mexnonoziiy


http://link.springer.com/journal/11223

HaykoBui BicHUK XepCOHCBHKOI Aep:kaBHOI MOopchbKoi akaneMii WA PR PAk
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BykxeroB A. B., Kyaununu B. I'., Kyaunuu B. B., Cmerankun C. A., Ilanaruuii B. U. BHEJAPEHUE
BAIMTHBIX TEIUIOCTOMKHUX AHTHUKOPPO3MOHHBLIX TIIOKPBITHM JIJIS PEMOHTA U
[IOBBILIEHU A HAIEXXHOCTU JIETAJIEM TPAHCIIOPTHBIX CPE/ICTB

Paspabomanvl 08a HOGbIX KOMROZUMHBIX MAMEPUALd U HOKPbIMUs HA UX OCHOGe, GHedpeHHble 6 YII
«Hnmenniexmyanvhvie MopcKue mexnonro2uuy 2. Huxonaes. 9mo obecneuusaem nogviulenue 001208€4HOCIU
demaneil cpeocme MOPCKO20 U PEYHO20 MPAHCHOPMA 34 CHem HOGbIUEHHOU MEeNIOCMOUKOCMU U
KOPPO3UOHHOU CMOUKOCMU  PA3PAOOMAHHBIX NOIUMEPHbIX KOMNOUMHBIX MAMEPUANTO8 U  3AUUINHBIX
HOKpbImutl Ha ux ocHose. llosvlienue KOpPO3UOHHOU CIMOTKOCMU 0DECNEYeHO ¢ NOMOUBIO UCTONb30BAHUSL
3aUUMHO20 NOLUMEPKOMROZUMHO20 NOKPLIMUSL HA OCHOBE 9NOKCUOHO020 Ouanogozo oaucomepa I/]-20,
Moougpuyuposannozo 3,3-ouxnop-4,4-ouamunoougenuimemanom, HanoaHeHHo20 noaucmuponom «Oasucy u
omeepaicOénnoeo  nonusmunennonuamunom IIEIIA.  Beedenue 6 3nokcuowoe cesasyloujee  maxux
UHZPEOUeHmMOo8  NO360NAem  NOGLICUMb  NOKA3AMENU  Pa3pyuwlaiowux  Hanpsiicenutl  npu  useube
INOKCUKOMRO3UMO8  om Oy = 48,0 MIla  (Ona  snoxcuowou  mampuyvl) 00 Oy = 110,6 Mlla.
Coopmuposannoe 3awumuoe nOKpvimue 6bl0eNAeMCcs NOGbIUEHHOU KO2E3UOHHOU NPOYHOCMbIO, 4MO
obecneuugaem  3aMedieHUe  NPOHUYAEMOCU — AZPECCUBHbIX Cped 8 cocmase  paspabomanHo2o
anokcuxomnosuma. Qopmuposanue 3auuUmHoO20 ROKPbIMUsL ¢ NOBLIUEHHOU MENLOCMOUKOCTbIO 00eCnedeHo
nymem 6gedenuss ¢ I/[-20 moougpuxamopa 4,4-ouamunooughenuimemana, HaANOIHUMENST NOAUCMUPONA
«Oasucy u omeepoumens IIEIIA. Ilpu maxom codepycanuu obecneueno Gopmuposarue KOMNOIUMHBIX
Mamepuanos ¢ yryyuieHuoviMu noxasamenamu mennocmovxocmu om T = 341 K (0na snoxcuoHot mampuywt)
0o T = 355 K. IIpogedeno cpasHeHue uuKo-mexanuieckux, menioQusuyeckux ceolucmas u KOppOo3UOHHOU
CMOUKOCIYU  pa3pabOmManHblX Mamepuanios ¢ U3GECMHbIMU MUPOBLIMU —AHANO2AMU. MO  AGILeMcs.
HeNnocpeoCcmeeHHbIM OOKA3AMENbCHBOM BOZMONCHOCIU UX KOHKYPEHMOCNOCOOHOCMU HA MUPOBOM DbIHKE.
Cnedyem ommemums, umo pazpabomanuvie 3auumuvle NOKPLIMUS NO360IUNU VEETUUUMb NOKA3AMenu
paspyuiarowux Hanpsaxcenutl npu uzeube 6 2,0...2,3 pasa, a xopposuounnou cmouxocmu 6 1,6 paza no
CPABHEHUIO ¢ HEMOOUDUYUPOBAHHOU INOKCUOHOU MAMPUYel.

Kntouegvie cnosa: snoxkcudmbwill onucomep, nokpuimiue, MOOUGUKAmMop, HanoIHumenb, noaucmupon « Oasucy,
3,3-0uxnop-4,4-ouamunoougenurmemar, 4,4-0uamunoougenuimemarn, KOPPO3UOHHA ~ CMOUKOCHb,
MENIO0CMOUKOCHb, PA3PYUAIOWUE HARPSIJICEHUs NPU U32ube.

Buketov A. V., Kulinich V. G., Kulinich V. V., Smetankin S. O., Palagnii V. I. IMPLEMENTATION OF
PROTECTIVE HEAT-RESISTANT ANTI-CORROSIVE COATINGS FOR REPAIR AND INCREASING
OF VEHICLE PARTS’ RELIABILITY

Two new composite materials and coatings based on them have been developed and implemented in the
private concern "Intellectual Marine Technologies" in Nikolaev city. .The result arranges the increasing
of sea and river transport’s details’ durability due to the increased heat resistance and corrosion resistance
of the developed polymeric composite materials and protective coverings based on them. An increasing in
corrosion resistance was achieved by usage of the epoxy-based protective coatings, based on epoxy diane
oligomer ED-20, modified by 3,3-dichloro-4,4-diaminodiphenylmethane, filled with “Oasis” polystyrene and
hardened with polyethylene polyamine PEPA. The introduction of such ingredients into the epoxy binder
allows to increase the destructive stresses during bending of epoxy composites from on = 48,0 MPa (for
epoxy matrix) to on =110,6 MPa. Formed protective coating was distinguished by increased cohesive
strength, which allow the slowing down the permeatation of aggressive media in the volume of the developed
epoxy composite. The creation of a protective coating with increased heat resistance was accomplished by
introducing into the epoxy oligomer ED-20 the modifier 4,4-diaminodiphenylmethane, the filler
of polystyrene "Oasis" and the hardener PEPA. With this content, the formation of composite materials with
improved heat resistance from T=341K (for epoxy matrix) to T =2355K. The obtained physical
mechanical, thermal physical properties and corrosion resistance of developed materials were compared
with well-known world analogues. It was actual approval of their competitive ability on the world’s market.
It should be noted that the developed protective coatings allowed to increase the indicators of destructive
bending stresses to 2,0...2,3 times, and corrosion resistance to 1,6 times in comparence with unmodified
epoxy matrix.

Keywords: epoxy oligomer, coating, modifier, filler, “Oasis” polystyrene, 3,3-dichloro-4,4-
diaminodiphenylmethane, 4,4-diaminodiphenylmethane, corrosion resistance, heat resistance, flexural
breaking stress.
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MOJEJIb PYXY ABTOMOBLIS 11O KPUBOJITHIHHIN TPACI

Poratuncbkmii P. M., 0-p mex. nayk, npogecop xagpeopu asmomobinie Teproninbcbkozo
HAYIOHANIbHO20 MeXHIuYHo20 YHieepcumemy imeni leana Ilynosn, m. Tepnonine, Ykpaina,
e-mail: rogatynskyi@gmail.com; ORCID: 0000-0001-8536-4599;

JIsmyk O. J., 0-p mex. nayk, npogecop kagpedpu asmomobdinie TepHonitbcvbkoeo
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Xopowmyn P. B., acnipaum kageopu asmomobinie Tepnoninbcbko2o HAYIOHANLHO20
mexHiuHo20 yHisepcumemy imeni leana Ilynios, m. Tepnonine, Yrpaina.

Y cmammi pozenaoaemuvcsa numanna 3a6e3neuenns Kypcogoi cmiiikocmi agmomoobinia Ha emani CKiaoans
ma eubopy mpaekmopii pyxy aemomoOiis no NIOWUHHIL mpaci i3 yMoeu MiHIMI3ayii He2amueHux
OUHAMIUHUX 8NAUGI8. JlocsAcHenHs 6Ka3aHOi Memu 3a0e3neuycmuvcsi 6CMAHOBNEHHAM 3aKOHOMIPHOCHEN
8UOOPY WBUOKICHO20 PedcUMy PyXy ma payioHaibHOi mpaekmopii pyxy asmomoOins i, 6i0no8ioHO, 3aKOHY
3MIHU Kyma noopomy KOJIC 3aNedCHO 8i0 napamempis mpacu, 30kpema ii kpuunu. Buxionumu oanumu
0711 po3pobaeHoi Moodeni € napamempu mpacu ma ii OilbHUYb 32I0HO MEXHIYHUX 8UMO2 HA OYOIGHUYME0 MaA
OUCMAaHYITIHO20 30HOYBAHHSL, 3d AKUMYU BUZHAYAIOMbCA OiICYYI napamempyu KpUGUHU mpacu ma ii cmye.
Tpaexmopis pyxy aemomobins 3a0aemvcsi K NAPAMEMPUYHA QYHKYIS 6I0 WIAXY NPOUOEH020 3A0OHIMU
KoJlecamu i3 8paxy8anHHAM 3MIHU KYMA HAXULY KOAIC N0 MPACi, 3a KO 8USHAYEHO MPAEKMOPIL pyXy KOJIC i
aemomobina ma ix Kpusunu. Y32000ceHHA KpUSUH MpAcu ma Mmpackmopii pyxy 003601uUn0 6CmMaHoOSUmu
be3neuni KineMamu4Hi pedcUMu pyxy aemomo0iis no KpUGOIIHIUHII MpAact.

Pyx no xpueoniniiini mpaekmopii npuzeooums 00 nepepo3nooily Cuil ma MOMEHMIs, wo OiImumyms Ha
aemomo0inb. Bonu 8pieHogasicyiomvcs peakyisimu Ha YOMUpbOoX Koaecax, i 6CTAHOBNIEeHHs KIHeMAMUYHO20
ma OUHAMIYHO20 pedcuMy pPyXy O00360J58€ 8 NOOAIbUOMY VIMOYUHUMU OUHAMIKY A8MOMOOIIL 8 yinomy,
suKopucmogyiouu imepayitunuti npoyec. Ha nooanvuwiux imepayisx ymoyHaemvcs nepeposnodil cuil Ha
peanvHi Koneca i 8i0 8e10CUNeOHOi MOOeli nepexodsims 00 MOOeli HOMUPbOX KOAICHO20 A8MOMOOLIsA 3
VMOYHEHHAM KIHeMAMUYHO20 Ma OUHAMIYHO20 PeXCcUMie pyxy asmomooiis.

Ilobydosana mooenv nepebyOosu pyxy agmomobina i3 O0OHIEi cmyeu Ha IHWY 3a 21A0KOK QYHKYIEW
nepexooy Ha OCHO8I 2inepboaiunux yHKyiu. Bcmarnosneni 0cooaueocmi KIHeMamuyno2o0 ma OUHAMIYHO20
DedcUMy pyxy 3a 3anponoHO8aHUM NEPexo0OM i3 UOOPOM KpUBOi nepexody ma 6Cman081eHHAM De3neuHux
napamempie OUISIHOK Nepexooy 3aNeNHCHO 8Ll WBUOKICHO20 PENCUMY PYXY A8MOMODLIsL.

Kiouosi cnosa: mooens, aemomobine, Kym HaxuLy Koic, Kypcoéa CMIuKICmb asmomo0ii, KpUueuna mpacu.

DOI: 10.33815/2313-4763.2021.2.25.038-047

ITocranoBka 3amaui. I[lutaHHs KypcoBOi CTIHKOCTI pyXy aBTOMOOULTIB Mpu pyci IO
KPUBOJIHIMHIA Tpaci 3 ypaXyBaHHSM 3MIiHHHMX y dYaci CHJ, € aKTyaJbHHM, OCKUJIbKM 3MiHHA
JTUHAMIKH aBTOMOOLIS MPH IIbOMY TPH3BOIUTH 10 3MiHM TapaMeTpiB CTIMKOCTI aBTOMOOIJIS.
30epekeHHsT KypcOBOI CTIMKOCTI aBTOMOOINIS 3a0e3MedyyeThCsl BIAMOBIIHICTIO PEKUMIB Ta
BUOpPaHOI TPA€eKTOpIi pyXy TOIOJIOTI TpacH, CTaHy JOPOKHBOTO MOKPHUTTS, MOTOJHIM yMOBaM
tomo. IloeqHanHs 1uX (akTOpiB € BaKIMBUM €JIEMEHTOM pO3pOOKM  BiIIMOBIIHUX
MaTeMaTUYHUX MoOJIeNIel, MOoTpeda SKUX 3 TMOSIBOI0 aBTOMATH30BaHWUX CHCTEM IIPABITiHHS
aBTOMOO1IEM CyTTEBO 3pocia.

AHaJi3 ocTaHHIX J0CHizKeHb i myOaikamiid. Y BiIOMUX TpaIrsix MPOBEJACHO JeTaabHI
JOCIIJKEHHSI KypCOBOi CTIHKOCTI JUIs MPSMOJIHIMHOTO Ta KOJOBOTO pyXy aBTOMOOiNs, HOro
BXOJDKEHHSI B MOBOPOTH, [1—6]. 30Kkpema neTaqbHO PO3IJISHYTa TPAEKTOpis aBTOMOOUIS Mpu
BXO/DKEHHI Ta pyci Mo Kpyrosii TpaekTopii [1], pO3KpUTO BIUIMB MAacoOBHUX Ta JUHAMIYHHX
(hakTOpiB Ha KypCOBY CTIMKICTh JIETKOBOTrO aBTOMOO1UIA [2], moOyaoBaHi (pa3oBi mopTpeTu Ta
TpaekTopii pyxy LEeHTpa mac aBromMoOunsa [4]. JletampHuii aHamiz CTIHKOCTI aBTOMOOULIS Y
HEYCTAJICHUX PEXHUMax pyXy HaBelaeHo B [5—7]. IlpoTe HH3Ka TMTaHb, IO CTOCYKOTHCS
pamioHaJbHOTO, 3 TOYKH 30pYy 3a0e3ledeHHs KypcoBOi CTilikocTi aBTOMOOLS, BHOOpY
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(YHKIIOHATTBHOTO 3B’SI3Ky 3MIHM KyTa MOBOPOTY KOJIC Ta TapaMmeTpiB TpaekTopii pyxy
aBTOMOOLIIA 13 peKUMaMH PyXy Ta apaMeTpaMH po3TallyBaHHs TPacH, PO3KPUTO HEAOCTATHBO.

Crig BIAMITHTH, IO B CyYaCHUX aBTOMOOIISAX JUIsl cTa01Ti3aIii OJI0KEHHST aBTOMOOLIS B
npolieci BUKOHAHHS MaHEBPIB BUKOPUCTOBYEThcs cucTteMa ESP, mo cTexuTh 3a TpaekTopiero
aBTOMOOLIST Ta ii BIANOBITHICTIO KYTy IOBOPOTY KepMa Ta B pa3i BiIXWJICHHIO BHOCHTH
KepyBaJbHI BIUIMBM IPUTaJbMOBYBaHHAM Kojic. 3okpema y [8] HaBeAe€HO MOPIBHIIBHY
XapaKTepUCTUKY TpaekTopii pyXy aBTOMoOUIsA 3 cuctemoro ESP 1 6e3 Hel mo xepoBaHOCTI Ta
CTIMKOCTI IpH 3aHOCI aBTOMOOUIS Ha J0pOo3i, 16 PO3KPUTO Imepesary ii BUKopucTaHHs. [Iporte
cucrema ESP, nmpotuairoun HemocTaTHINA 4M HaIMIpHIA 00€pTaIbHOCTI, HE 3abe3medye BUOOpY
ONTUMAJILHOI TPAEKTOPIi, B LIJIOMY, TIPH PYCl IO KPUBOJIHIHHUM JUIIHKaM, IiepeOy10B1 Ha 1HIILY
cMyry. A ToMy BUOIp ONTHMAaJIbHOI TPAEKTOPIi PyXy aBTOMOOUIS 3aJIeXHO BiJI KpUBUHU TpacH,
XapakTepy HepeMillleHHs Ta mepeOyloBU MO CMyrax i3 y3rOJKEHHSM MIBUAKICHOTO PEXUMY
HOT0 PyXy € aKTyaJbHOI 33/1a4€l0.

Meta pociigkeHb mojsrae B 3a0e3leueHi KypcoBOi CTIHKOCTI aBTOMOOUIS Ha eTarli
CKJIaJlaHHA Ta BHOOpPY TpaekTopii pyXy aBTOMOOUIS 13 YMOBM MiHIMI3alli HEraTMBHHUX
JUHAMIYHMX  BIUIMBIB. JOCATHEHHA BKa3aHOI MeTH 3a0e3MeuyyeThCsl  BCTAHOBJICHHAM
3aKOHOMIpPHOCTEH BHOOpPY WIBUAKICHOTO PEXHUMY pPyXy Ta palllOHaJIbHOI TPA€eKTOpii pyxy
aBTOMOOUIS 1, BIANOBIJHO, 3aKOHY 3MIHM KyTa IOBOpPOTY KOJic, 13 MapaMeTpaMu Tpacu
aBTOMOO1ISI, 30KpeMa 11 KpUBUHH.

Buki1ageHHsI OCHOBHOIO MaTepiaay gocjigxeHHsl. PO3BUTOK cuCTeM TI100aJIbHOTO
nosunitoBanHa (GPS) Ta nucrtaHmiiiHoro 30oHayBaHHS 3eMil J03BOJISE HA HOBOMY pIBHI 3
BUCOKOIO TOYHICTIO MOJIENIIOBATH PO3MIIEHHS TpPacu, BIJICIIJKOBYBATH ii 3MIHM, a TaKOX
BH3HAYaTH Ha HIA KOOPAWHATH PYXOMHX 00’€KTIB, 110 JO3BOJISIE€ PO3POOIATH ehEeKTUBHI MOIE]
pPyXy aBTOMOO1IIS 3aJI€3KHO BiJ yMOB Ha Tpaci [9, 10] B T.4. pe’kumMi peallbHOTro 4acy.

Hexait y 6a3oiii (Hepyxowmiii) cucremi koopamHat OXYZ, mio Hepyxomo 3B’si3aHa 3
TPACcOI0 33JaHO PIBHSHHS TPacd B MapaMETPUUHOMY BH[I, K (QYHKLIA IUIAXY IO i cepeHii
JHIT:

X =X():Y =Y(1):Z=2(), (1)

ne | — mapamerp JOBXHMHU UISAXY IO CEPEAMHHIN JIiHIT TpacH.

Jis BUManKy IUIONIMHHOTO PO3MIIEHHS TPacH 3ajada BH3HAYCHHS TPAEKTOPIl pyxy
aBTOMOOLIS TTEPETBOPUTHCS Y JBOBUMIpPHY, e HampsMok oceil OX ta OY Bu3HauaTHMEMO 3a
reorpagpiyHUMHI KOOpJUHATAMH, TpUYOMY Bich OX CIIPSIMOBYETHCSI B CTOPOHY PyXY, @ TOYaTKOBI
3Ha4eHHsA NapameTpiB Tpacu mnpuilmemo X (0)=0; Y(0)=0. Bexkrop HampsmMKy Tpacu Ha

MOYaTKy  pPyXxy I, =1(t,)=0(y MMOYaTKOBUH MOMEHT  4acy t, =0), Oyne

r()(O) =X/(0)-T +Y/(0)-] i3Biccio OX yTBoOproBaTume KyT &,.
Kpusuna tpacu B momuni OXY Oyxe

_ |X| i~ X

K(h="———+—-—.
( ) (X;z +Y|12)(3/2)

)

VY 3aranbHOMY BHUIIAJIKY, TPAEKTOPisl TpAacH BU3HAYAETHCA TEXHIYHUMU BUMOTAMH Ha
OyIiBHUIITBO 1 11 MOXKHa PO30MTH Ha Takl JUISTHKHA: MPSMOJIHIAHI 3 HYJOBOK KPHUBHHOIO;
KOJIOBI TIOCTIHOI KPUBUHU; TIEPEXiIHi, IO KJIOTOI/I 13 JiHIHHOIO 3MiHOK KPUBHHU; MEPEXiIHI 13
1HIIIMM 3aKOHOM 3MiHHM KPUBHHHU.

Hexaii Tpaca moxinesa Ha n BiapiskiB (minsHok) mosxuun sxux Al =l —1_ i Ha

SKUX KPUBUHA 3MIHIOETHCS 3T1THO 3aJI€KHOCTI:

Ki(l):ai"'bi(l_li—l)a 3)
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e s mpsMmoniHidHmx ginsHOK @ =0, b, =0; mms xomoBux — b, =0, nma mimstHOK
noOyaoBaHuX 1o kinotoini - &, #0, b, #0, npudomy Ha nouarky nepmoi ainstaka Ky, =0, a
Ha rpanuisix nepexony aiok K (1) =K, (1))

Toni 3akoH 3MiHM KPUBHHU 32 JIOBXKUHOIO TpacH Oyie:
K() = (1@, +b,0 =11 HIA =)0, =D} @)

e H[(I1-1._)(. =] — byukuis T'esicaiina, mo pisxa 1 Tijabku Ha i -iit giastHI T2 0 - HA HITHX,

HI( - Ii—l)(li —D]={1+sign[(I - Ii—l)(li -Dl}/2.
ITpu npoxopxeHHi aBToMo0O1st yepropoi m+1 - of mimstaku (1, <1 <1 _,,), Obkyunii KyT

MOBOPOTY TPACH IPH 3MiHi 11 KpUBUHH 32 3aJICKHICTIO (3) BU3HAYaTUMEThCS SIK:
é:(l) = ‘):0 + am+l(| - Im)+ bm+1(I - Im)/2 +Z[(ai (II - Ii—l) +bi (I i_li—l)/z] . (5)
i=1

Ilpu anpokcumarii 3anexuocti (4) rmaakor kpusowo & =& () xoopaunatn Gixydoi
TOUKH E Tpacw BU3HAYATUMYThCS B MapaMETPUYHOMY BUTIISAI SIK (QYHKIIiSI JOBKUHU TPACH:

Xy =X()=JeoslEMdls Y, =Y(1)=[sin[Z(D]dI. (6)

0 0
SIkimo cmyra pyxy 3MilieHa BiJTHOCHO cepeauHHO] JdiHii Tpacu no oci OY Ha Bignans U, ,
TO 3a yMOBM piBHOCTi rpaHn4yHux ymoB |,,(0)=1,(0) BoHa Oyne €KBiAMCTAHTOIO BiTHOCHO
CepeIMHHOT JIiHIT TpacH 1 11 pIBHSIHHS B TapaMEeTPUIHOMY BHUIJIS I 3ayiexHO Bix | Oye:
! '
U, 'Y| Uy X|

JosxuHa nuisixy |, mo cmysi pyxy 3B’s13aHa i3 mapaMeTpoM Tpacu | 3aleKHiCTIo:

X, () =XDH+

|, =1-Au,, (8)

fie A,— KyT MDK BEKTOPAaMHU HANpPSMKY TPacu Ha il Mo4arky I_0 Ta B Gixyuiit Touri tpacu I(1),
A; =&(1)=&y; &, =arctg[Y,(0)/ X[ (0)].
BexkTop HanpsMKy pyxy B Oixkyuiit Touri E cepenunHOi Tpacu I_E (I) ra B Touni F, cmyrn

pyxy I, (1) 3 TaM sxe mapamerpom | 6ymyTs komineapui, To6To I (1) =1, (1), e

L) =X/ D-T+Y, D75 T, =X/D)-T+Y/(1)-].
KpuBuna cMyTH pyxy i3 KpHBHHOIO TPacH 3B’s3aHa 3AJIEKHICTIO:

_ K@
Ku(lu)—l_uAK(l)- 9)

Po3mimenHss aBToMOO1ISI Ha KPUBOJIHINAHIN Tpaci BUSHAYaTUMETHCSA 3 OJIHIET CTOPOHH
napaMeTpamMH MPOHJIEHOr0 aBTOMOOIIeM MUIAXYy, a 3 1HIIOi - ObKydnM mapamerpom Tpacu |.
Jn1st o0yI0BU TPAEKTOPIl pyXy aBTOMOOLIIS 1O Tpaci, po3rJITHEMO HOTo BEJIOCUIIEIHY MOJIENb, B
AKI{ 7Ba TEPEIHIX Ta JBa 3aJHIX KOJIC 3aMiIlleHI OJHUM TMEPEIHIM Ta OJHUM 3aJHIM YSIBHUMHU
KoJIecaMH, PO3MIIIIEHUMH Ha 0ci aBTOMOOLIS, pHc. 1.
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[lpm cmigyBaHHI 3a TpPacolw KyT IMOBOPOTYy & YSBHOTO IEPEAHBOrO Koyieca Oyne
¢ynkmiero dwacy 6, =0(t). Ilpu 1npomMy [uUIAX, TNPOHAEHHHA TEpPEIHIM  KOJIECOM
S, =1, —4=1-A a — A, ne A — komicHa 6a3a aBToMOOLIsA. BiamoBigHO, MIBUIKICT MEPEIHHOTO

KoJieca 3B’s[3aHa 13 3MIHOIO B yaci O1Ky4oro napamerpa po3MilIeHHs aBTOMOOLUIA Ha Tpaci:
v, =dl,/dt=dl/dt-u-dA,/dt. (10)

CriBBITHOLIEHHST MIX €JEMEHTAapHUMH IepeMIIleHHsIMH YSBHOIO 3aJHbOro ds, Ta
nepengHporo ds, Koidic (3aAHbOI Ta MepenHboi ocel aBTOMOOLNSA), 0e3 BpaxyBaHHS KyTiB
BIJIBEJICHHSI KOJTiC Oye:

ds, =ds, cosb, . (11)

I3 BpaxyBaHHSM KYTiB BiJIBEI€HHS, BIAMOBIHO MEPEAHBOTO O, Ta 3aJHBOTO O, KOIIC,
3anexHicTh (10) mpuiime BUTIISI:

ds, cosd, =ds, cos@, —9,). (12)

BiamoBigHO, CHIBBIAHOIIEHHS MiIX IXHIMH IIBUJIKOCTAMH TPU pPycCl 13 3MIHEHUM
HanpsiMoM Oyze:

_y cos(@, —9,) .

(13)

2
c0s0,

Skmo umeHtp Barm aBToMoOuIs C(X:;Y.) 3HaXOAMTBCA BiA 3aaHBOI OCi Ha Bigmani
OC=b=yw_ A Big nenrpa 3agupoi oci O(X,;Y,), TO eIeMeHTapHe NepeMillIeHHs [IEHTpa Baru
aBTOMOO1IsI Oy e

sin®(0 -6, +6,)
dSC=dSZ_.\/cosz52+l//é COSZ(0—151)2 .

(14)

Po3mictumo movatok cucremu koopauHat O ,x,Y, aBTOMOOLIS NOCEpEeIUHI 3aJHBOI
foro oci, a Bick koopauHaT O, X, CIPAMYEMO MO OCi aBTOMOOUIA 3a HAMpSIMOM pyXy.
BignoBigHo npu enemeHTapHoMy nepemimieHi T. O, Ha ds, Bice O,x, pa3oM i3 KOPIyCOM

2

aBTOMOO1JISI TOBEPHETHCA HA €JIEeMEHTapHUM KyT d¢ , 110 PIBHUIL:

_ ds;sin(f, -0, +05,) ds,sin(6, — 5, +5,) .
Acoso, Acos@-06,) (15)

do

MutTeBa KyTOBa HIBUIKICTh HTOBOPOTY aBTOMOO1UIS BITHOCHO BEPTUKAIBHOI OCi Oyie:

w_d_(p_ Vv, sin(6; =6, +0,) V,sin(f, -0, +0,)

dt Acosd, Acos(b, —9,) (16)
Paniyc Ta kpuBHMHa TpaekTOpii pyxy nepeansoro (R, ; k) ta 3aauporo (R, ; K, ) komic:
ds Acosd.
R =—=— A (17)
de sin(6, -0, +9,)

sin(6, — o, +0,)
k — t 9 2/
: Acos?, (18)
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R =ds2 _ Acos(@,-9,) .

> dp  sin(6,—5,+5,) (19)
K = sin(6, =95, +9,) . o)
Acos(@, -9))
457 cos @04 / a b %
. = s e
75 s 904 dSc cos 0c 452 00502

3 o

\ A EF: C Bi a5 B

BE: C: T s
R2 £
[ Al Re 4
v} / —
o R>

100
I

=]
b

0.1!

Pucynok 1 — Cxema 10 BU3HAUYCHHS B3a€MO3B’ 3Ky IIOBOPOTY KOJIIC i3 TPAEKTOPIEIO PyXy aBTOMOOIIIS

I3 (18) ta (20) cmigye, o (QyHKIIOHATBHUN 3B'SI30K KpUBHMH k Ta K, BHU3HAYa€THCA
KyTaMU MOBOPOTY MEpe/iHiX Kojlic & Ta KyTaMHu BiJIBEIECHHS ), Ta J, .

k, cos(0,)
k — 1 2
> cos, -9) 1)

Paniyc R. Ta kpuBuHa k. TpaekTOpii pyXy LEHTpa Baru aBTOMOOIIIS:

ds sin*(0—6, +5,)
R.=—¢ =R ’ 5, 22 22
c do 2\/00S » TWc 0052(0—51) (22)
k, cos’(@—5
k 2 ( l) (23)

= 2 2 2 - 2 )
(oS’ 5, cos* (0 —8,) + i sin*(0— 5, + 5,)

3anexHocTi kpuBHH TpacHu (2) uu (3) Ta cmyru (9) OJHO3HAYHO OMHCYIOTH T€OMETPII0
IJIOCKOT Tpacu. SIKIIO MEepemHe KOJIeCO aBTOMOOUIS 3aBKIHM CIIIyBaTUME TOCEPEIHHI CBOET
cmyru, to K =K, (I,,), me 1, =, +A. BiamoBigiHO KyT MOBOPOTY YySBHOTO MEPEAHHOTO

KoJIeca JUIs CITiyBaHHs CePeJMHOI0 CMYTH Ma€ 3MiHIOBaTHCh 32 3aKOHOM:
6, =6(l ) =arcsin(K ,,Acosd, )+, —9,, (24)

1

ne |, =1,, = I v,(t)dt — Obkyua JOBXKHMHA IUIAXY MEPEAHBOTO YSBHOTO KOjeca IO CepeiuHi
0

CMYTH PyXy aBTOMOO1JIS.
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MurteBuit nenTp obepranHs kopmyca aBtomoOins C, (X.,;V,) Y BIAcHIi cucremi
KOOpIUHAT Oye:
Atgo, A
XCw = 5 ycm = .
tg(0—-9,)+tgo, tg(6—-9,)+tgo,

(25)
IMpu Bigomux koopauHaTax meHTpa Baru aBtomoOins C, (X, ;Xy), paaiyc #oro
MIOBOPOTY TIPH pyci O KPUBOJIHIHHIN Tpaci

Ry =y (Xew =X )> + (Ve = Y ) - (26)

[Ipu pyci aBTOMOOLIS MO KPUBOJIHIWHIMN Tpaci Ha HBOTO JISATUMYTh 1HEPIIHHI CHIH
F,=mvZk. Bin aii Bimuentposoro npuckopenns a, =VcK.. Jlns 3abe3nedenns KypcoBoi

CTIMKOCTI aBTOMOOLIS BIALIEHTPOBI NMPUCKOPEHHS HE TOBHMHHI MEpEeBEpIIyBATH MEBHOI O
IPUCKOPEHHS 3EeMHOro TsDKiHHA. Toxal JomycTHMMe BIJLEHTPOBE IPHCKOPEHHS MOXKHA
BCTAHOBUTH 5K 8, =K, g, 1e K - Koe(IiLieHT, 10 3aJIeKUTh BLI THITy aBTOMOOLIS Ta HOro CTaHy,
MOTOJHUX YMOB, CTaHy JOPOKHBOTO IOJIOTHA TOIIO. BiAMOBIAHO MIBHAKICTE aBTOMOOLISA TO
Tpaci He TOBMHHA NEPEBUILyBaTH MAKCUMaJbHOI HA TUISHKAX BEJIMKOi KpuBUHU. [TpupiBHABIIN
ke =K, (l,) BU3HaYMMO 3aKOH 3MiHH MaKCUMAJIBHO JOMYCTUMOI IBUIKOCTI 11O TPACi:

k,9
K,(,)

IIpu nepeOGynoBi aBTOMOOUIA 13 OJHiIE]T CMyrm Ha IiHIIY, HOTO TPAEKTOpii PyXy
BIJIB’SI3y€ThCS BiJ Tpacu cMmyru. Ilpu npoMy BakJMBO MIHIMI3yBaTu 4ac Mepexoiy 13 OJHIET
CMYI'M Ha IHIIY NpH AOMYCTUMOMY piBHI JUHAMIYHMX HaBaHTaxeHb Oe3 puBKiB. OcTaHHE
JOCATAETHCS, KOMM (DYHKLIS, 1110 OMUCYE JIIHIIO PyXy aBTOMOOUIS MPHU MEPEXOAl Ha 1HIIY CMYTy
Ta ii mepia i gpyra noxijaHi OyayTh raAKUMU (QYHKIIISIMH.

Takum BuMoram y MOBHI Mipi BIJNOBIAA€ JiHIS, L0 BHU3HAYAETHCS TiNEpPOOTIYHUM
TAHT€HCOM 1 JUIs IPSMOi Tpacu Ma€ BUTIISA:

_u-tanh[A(x—Q/2)]+u _u.-e*®?
- 2 1+t

Vaon(lu ) = (27)

y(X)

(28)

e U — BiJJajdb MK OCbOBHUMH JIHISIMH CyCiIHIX cMyr (IIMpHHAa CMyTH); A — mapaMmerp
3rJaKyBaHHS KpUBOI Tepe0ynoBH, BH3HAYae I PO3TATHYTICTh; Q — JOBXKMHA [IISHKU
IPOTSTOM SIKOT IPOXOTUTH Mepedy10Ba CMYT pyXy aBTOMOOLIIS.

Bubepemo Maie monepevHe MEPEMIIEHHS &g, AKE CYTTEBO HE BIUIMBAE HA JIMHAMIKY
aBTOMOOLI 1 BU3HAYCHHs HOro Tpaekropii ta mpuiiMemo, mo Y(0)=¢,. Toai 3rixHo (28)

JOBKHMHA AUISHKY 1epeOyaoBu Q BH3HAYAETHCS 13 YMOBHU:

Q 1 U—EQ

=— I —=2 . (29)

A &

Ae &, — mapamerp BIIXWJICHHS JIiHII TimepOOIIYHOTO TaHTeHCa BiJ OCl CMYTH, SKUH €

HECYTTEBUM JUIsl 3MiHU TPAEKTOPIl pyXy aBTOMOOIIA 1 SKU BU3HAYAE MTOYATOK HOTO BXOIKEHHS
B IIepE/IOBY cMyTH, &, < 0,01.

Burnsag minii mepeOymoBU JUIsi pi3HUX 3HAYCHb HapaMeTpy A s CMyT IIAPUHOIO
U =3 m Ha ainsHIi JoBKuHOW 40 M HaBelneHa HA pHC. 2.
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6

yl(x) 4.5

y2(x)

y3(®)

ri(x) 1.5

-1.5
0 5 10 15 20 25 30 35 40

X
Pucynox 2 — Tpaekropii nepeOymoBr aBTOMOOINISA i3 OAHIET CMYTH Ha IHITY IJIS Pi3HUX 3HAYCHD
napaMeTpy 3TNIaKyBaHHs TPAcKToOpii pyXy (IO Mipi 3pocTaHHs NoBXUHY nepedynoBu): A=0,4 m™';
A=03m"; =02 m"

3MiHa HaNpsMKY pyXy Hpu nepedy10Bl CMYT BU3HAYAETHCS (DYHKLIEIO:
y'(X) =dy/dx=0,5usech’[1-(x—Q/2)], (30)

sKa MpUMae MaKCUMalIbHE 3HAa4eHHsI B T. X =Q/2, ne piBHa y'(Q/2)=0,51-U.

Q
e . . 2
JlopxuHa niHii mepeOy0BM  BH3HAYA€ThCA 13 3&IEKHOCTI S, :'[ 1+, dx.
0

Q Q
[3 BpaxyBaHHsM TOTO, MO Y'(X) << 0, IPUAMEMO S;, = J.(l +y'?/2)dx=Q+ O,SJ. y.2dx.
0 0

JHpyra noxigHa (yHKIIT BiMOBIZa€e 32 TUHAMIKY pyXy aBTOMOOUIS 1 BU3HAYAETHCS 3a
3aJIKHICTIO:

y'(x)=d’y/dx* =—Autanh[ A(X —Q/2)]sech’[A(x—Q/2)]. (31)
OyukIis (28) Mae 1Ba EKCTPEMYMH, 110 PiBHI:
Yoo =1k, AU, (32)
ne K, — koeodiuienT piBuuit K, = 0,385 .

Jlia monorux JiHiA nepeOynoBH aBTOMOOLIS 3 OAHIE] CMYrM Ha 1HIIY HOTO KpUBHHA
BU3HAYAETHCS 32 3AJIEKHICTIO!

K, =Y"(X)/\1+y"? =k y'(X). (33)

ne k. — koedimient npuBenenns, K, =0,96.
BignoBinHo, Ha aBTOMOOUIP JiATUMYTh IHepHiHi cwm F, = mszX Bix mil
. 2 . . o . .
BiZIIeHTpoBoro mpuckopeHHs a, =V'K,. Jlng 3abe3meyeHHs KypcoBOi CTIMKOCTI aBTOMOOLIsS

O0OMEXEHHsSI 10 JOMYCTHMOMY BiAIIEHTPOBY MPUCKOPEHHIO TpH TepeOy0BI aBTOMOOLISA IO
CMyrax HaklaJgae OOMEXEeHHs Ha BUOIp TpaekTopii mepeOyaoBHM 3ajeKHO BiJ| MIBUAKICHOTO
pexumy pyxy. I3 BpaxyBanusaMm (27), (32) ta (33) — mapameTp 3ri1a/KyBaHHs KPUBOT mepeOy0BH
/A TIOBHHEH OyTH He Oiblie:

Ky9
A= |——, 34
kyVvu %)
ne Ky =K(K, — xomruiekcHuii Koe(illi€eHT BIUIMBY TpPAa€eKTOpii pyXy npu nepeOyIoBi Ha

JTUHAMIKY aBTOMOO1IS.
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Sxmo mepeOymoBa aBTOMOOIIIS 13 OJIHIET CMYTH Ha iHIIY BiZOYyBA€THCS 3a TPAEKTOPIETO,
o onucyethes (28), To, 13 BpaxyBaHHsM (29) ta (34), TO IOBXHMHA IISHKU NepeOyaoBU Mae
CTaHOBHUTHU
ksu
Q=v %I

ke &q

%0 (35)

VY Bumnanky, Konu nepedyaoBa Ha iHIIY CMYyTy MPOBOIMTHCS HA KPUBOJIHIMHINA JUISHII
TpPacu, TO PO3PAaXyHOK BIUIMBY ILIBUJAKICHOIO PEXUMY pPyXy Ha TpaekTopito mnepeldyloBH
IPOBOJUTHCA AHAJIOTIYHO 13 BpaxyBaHHSIM TOTO, IO KpUBUHH Tpacu (2) um ( 3) Ta KpUBHUHU
nepeOy10Bu (32) 10aar0ThCs, IO BHOCHTH 3MIHH B PO3PaXyHOK BiILIEHTPOBOTO MIPUCKOPECHHS.

BucnoBku. Po3po0iieHa Mojenb 3a BIJIOMUMH MapamMeTpaMu PO3MIIICHHS Tpacu Ta
3aKOHOM TIOOYJIOBH TPAEKTOPii PyXy aBTOMOOUIS J03BOJISE BH3HAYMTH BCl KiHEMATHYHI Ta
JMHAMIYHI TapaMeTpu HOro pyxy Ta BCTAHOBUTH B3a€EMO3B 30K 3MiHU KyTa IIOBOPOTY MEpEIHIX
KOJIIC 3aJIeKHO BiJ] KPUBUHU TpacH. BaKJIIMBUM € BCTAaHOBJICHHS JONMYCTUMHX DPEXHMIB PyXY
aBTOMOOLIIS 3aJI€KHO BiJl MMapaMeTpiB TPAcH Ta MIBUIKICHOTO PeXXHUMY PyXy aBTOMOOLIS, Ta MpU
3MiH1 HOTO TpaeKkTopii, 30KpeMa Ipu nepeOyaoBi pyxy 13 oJiHI€El cMyrH Ha iHIly. BecTanoBieHo,
10 YHUKHYTH CYTT€BUX JAWHAMIYHUX BIUIMBIB, SIKI MOTJIM O HOPYLIMTH KYpPCOBY CTIMKICTb,
JI03BOJIsI€ BUOIp MJIABHUX TPAEKTOPIM MPOXOJKEHHs TpacH Ta ii 3MiHM. LluM BUMoram y moBHii
Mipi BIAMOBiA€E pyX aBTOMOOLIS MO KPUBHUX, IO ONMUCYIOThCA 3alexHicTio (28). Taka moznens
JI03BOJISIE BU3HAYNTH KIHEMAaTHYHUN Ta JWHAMIYHUX PEKUM IMPOXOKEHHS Tpac Ta BHOMpATH
0e3neyHi pe>kKUMHU MPOXO/HKEHHS TPacH Ta OLIHIOBATH MapaMeTpu AUISTHOK Nepedy0BU pyXy 1O
CMyTax.

Pyx 1o KpuBOMiHIHHI TpaeKTOpii MPU3BOJUTH 10 MEPEPO3NOJLLY CHJI Ta MOMEHTIB, IO
JTISATUMYTh Ha aBTOMOOUIb. BOHM BpIBHOBaXXYIOTHCS peakUisIMM Ha YOTUPbOX KoJiecax,
1 BCTAHOBJICHHS KIHEMAaTHYHOTO Ta JMHAMIYHOIO DPEXHMY pyXy JIO03BOJISE€ B IOAAIBILIOMY
YTOYHUTH JUHAMIKy aBTOMOOLIS B LIJIOMY, BUKOPUCTOBYIOUHM iTepauiiHuil nmpouec. Ha nmepuriit
iTepanii BU3HAYAIOTHCS YCEpeAHEHI KyTH BiJIBEJCHHS MEpeiHIX O, Ta 3aJHIX J, KOJIC 3a JI€I0
IHepUIHHOI CHMJIM BiJX BIJIEHTPOBOTO NpUCKOpeHHs. Ha momanpmiux iTepamisix YTOYHSETHCS
MEepepo3nO/IiI CUJI HAa pealibHI Kojieca 1 BiJ BEIOCHUNEAHOI MOJAEINI MEepexXoasTh 0 MOJEI
YOTHPHOX KOJIICHOTO aBTOMOO1JIS 3 YTOUHEHHSIM KIHEMAaTUYHOTO Ta TUHAMIYHOTO PEXUMIB PyXy
aBTOMOOLIISL.
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Poratunckmii P. M., Jlamyk O. JI., I'eeko H. Bb., Xopomyn P. B. MOJEJIb ABIXEHUA
ABTOMOBWJIA 110 KPUBOJIMHUYECKOM TPACCE

B cmamve paccmampueaemes 6onpoc obecneuenus Kypcogou YCmoUuuugoCmu asmomoOuis Ha smane
cOopxu u evibopa mpaekmopuu OBUNCEHU ABMOMOOUNA NO WIOCKOCMHOU mpacce ¢ YCA08UAMU
MUHUMUBAYUYU HE2AMUSHBIX OUHAMUYECKUX 8030elicmeuil. [Jocmudicenue yKa3antol yeau obecneyusaemcs
YCMAHOBNeHUeM 3aKOHOMEPHOCmell 8bl00pA  CKOPOCMHO20 PedCuMa  OBUICEHUSL U PAYUOHANLHOL
MPpAeKmopuy OBUINCEHUS. ABMOMOOUNS U, COOMBEMCMEEHHO, 3AKOHA USMEHEHUs yead no8opoma Kojiec 6
3q8ucuMocmy  OM NApaAMempo8 mpaccyl, 6 HACMHOCMU, ee Kpugunvl. HCX0OHbIMU OaHHLIMU OIS
PaspabomanHoll Mooenu AGIAIOMCA NAPAMEMPbl MPAccbl U ee YUACMKO8 COSNACHO MEXHUYeCKUM
mpebosaHuUaAM HA CMPOUMenbCmeo U OUCTIAHYUOHHO20 30HOUPOBAHUS, NO KOMOPbIM ONPeOessomcs.
bezywue napamempusl KPUGUHbL MPACCHL U ee NOIOC.

Tpaexmopus Osudcenus agmomMoOUIs 3a0demcs KaK napamempudeckds QYHKYus nymu npouoeHHo2o
3AOHUMU KOJecamu ¢ Y4emoM USMeHeHUs Yeld HAKIOHA KOAec Mo mpacce, No KOMOPOU onpeoeneHvl
mpaekmopuu  0gudcenus Korec u aemomoounss u ux xpusumvl. Coenacogamue Kpusux mpaccol U
Mpaekmopuy  08UNCEHU NO3BOIUNO YCIMAHOBUMb 0e30NACHble KUHEMAMUYECKUe DexCUumbvl OBUMHCEHUs
asmomoouns no KpUusoIUHelHo mpacce.

Hsudicenue no KpugoIUHEUHOU MpPAeKmoOpuu npueooUm K nepepacnpeceneHulo Cuil U MOMEHMOS,
oeticmsyiowux Ha agmomoduns. OHu ypasHO8eUUBAIOMCS PeaKYUAMU HA Yemblpex KONecax, U YyCmaHos8Kd
KUHEMAMU4ecko20 U OUHAMUYECKO20 PEXCUMA OBUCEHUs NO3BOTIAEM 6 OdNbHetueM YMOUHUMb OUHAMUKY
asmomobus. 8 yeiom, UCnoIb3ya umepayuonuslii npoyecc. Ha nocredyrowux umepayusx ymounsemcs
nepepacnpeoenerue Cuil Ha peanbHble KOAeca u om 8el0CUNeOHoU MOOeny nepexo0sim K MOOeu Yemvlpex
KOJECHbIX A8MOMOOUNell ¢ YMOYHEHUeM KUHEeMAMUYEeCKo20 U OUHAMUUECKO20 DEeNCUMO8 OBUNCEHUS.
a8momMoounA.

Tlocmpoena modenv nepecmpoiiku 08UNCEHUL ABIMOMOOUILS C OOHOU NOAOCHL 8 OPY2YI0 RO 21A0KOU yHKYUU
nepexooa Ha OCHO8e 2unepOOIUHecKux GyHkyull. Ycmarnoenenvl 0coOeHHOCMU KUHEMAMUYECKO20
U OUHAMUHECKO20 DeXCUMA OBUNCEHUS NO NPEeONIONCEHHOMY nepexody ¢ 6blO0pOM Kpusol nepexooa
U YCcmanoeneHuio 0Oe30NACHbIX NApAMempo8 YYaCmKO8 Nepexood 6 3asUCUMOCIU Om CKOPOCMHOZ0
pexcUMa 08UMNCEHUST ABMOMOOUNA.

Kniouesvle cnoga: modens, agmomobunb, yeon HAKIOHA KOJec, Kypco8as YCMOUuU8oCms agmomooun,
KpUBUHA MPACCy.

Rogatynskyi R., Lyashuk O., Hevko 1., Horoshyn R. CAR MOTION MODEL ON A CURVED LINE
The article discusses the issue of ensuring the exchange rate stability of the car at the stage of assembly
and the choice of the trajectory of the car along a flat track with the conditions for minimizing negative
dynamic effects. Achievement of this goal is ensured by establishing the patterns of choosing the speed
mode of movement and the rational trajectory of the vehicle and, accordingly, the law of changing the
angle of rotation of the wheels depending on the parameters of the track, in particular, its curvature. The
initial data for the developed model are the parameters of the route and its sections in accordance with the
technical requirements for construction and remote sensing, according to which the running parameters of
the curvature of the route and its stripes are determined.

The vehicle trajectory is specified as a parametric function of the path traveled by the rear wheels, taking
into account the change in the angle of inclination of the wheels along the track, along which the
trajectories of the wheels and the vehicle and their curvature are determined. Coordination of the
curvatures of the track and the trajectory of movement made it possible to establish safe kinematic modes
of movement of the car along a curved track.

Moving along a curved path leads to a redistribution of forces and moments acting on the car. They are
balanced by the reactions on the four wheels, and the setting of the kinematic and dynamic driving modes
allows further refinement of the dynamics of the vehicle as a whole using an iterative process. At
subsequent iterations, the redistribution of forces to real wheels is clarified and from the bicycle model they
pass to the model of four-wheeled vehicles with the specification of the kinematic and dynamic modes of
vehicle movement.

A model is built for restructuring the movement of a car from one lane to another according to a smooth
transition function based on hyperbolic functions. The features of the kinematic and dynamic mode of
movement on the proposed transition with the choice of the transition curve and the establishment of safe
parameters of the transition sections depending on the speed mode of the vehicle are established.
Keywords: car, model, wheel angle, cars stability, track curvature.
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[ popmysants KOMROZUMHUX MAMepianié ma 3aXUCHUX NOKPUMMIE HA IX OCHO8I BUKOPUCMAHO
enokcuoHuil  dianosuti  onitomep mapku EJ-20 i meeponux noniemunennoniamin ITIEIIA. Bubip
PI3HOOUCNEPCHUX HANOBHIOBAYIE 0OYMOGNEHUL HAAGHICIIO AKMUBHUX 2PYN HA IX NOBEPXHi, KOMNLEKCOM
NONINWEHUX XAPAKMEPUCTNUK KOMNOHEHMIB, W0 GUKIUKAE HAYKOBUL 1 Npakmuuuuil iumepec npu
BUKOPUCMAHHI 000ABOK OISl POPMYBAHHA 3AXUCHUX NOKpummie. OnmumanvHuil 6Micm pizHOOUCNEPHUX
0obasox y enoxcuonomy 36’azyeaui EJ[-20 eusnaueHo 3a 00NOMO20I0 MAMEMAMUYHO20 NIAHYBAHHSA
excnepumenmy 3 gukopucmannam npukiaonozo nakemy STATGRAPHICS® Centurion XVI. L]e 0o36onuno
CHpOHO3Y6aMU MA OMPUMAMY eNOKCUOHe NOKPUMMSA 3 KOMIIEKCOM NONINUWEHUX G1acCmugocmell.
Bcmanosneno, w0 noninuweHumu  QizuKO-MeXaHIUHUMU  BIACMUBOCHISAMU — XAPAKMEPUIVIOMbCS
KOMNO3UMHUL MAMEPIan HACMYNHO20 CKAA0Y: cymiul ouckpemuux opeaniunux éonroxkon — q = 0,025 mac.u.,
anmuaziomepyioua oovasxka hydropho biervasmittel — q = 20 mac.u. na 100 mac.u. onicomepy EJI- 20 i 10
mac.u. meeponuxa IIETIA. Taxuil enokcukomMnosumuuil mamepial XapakmepuzyemvCs HACMYNHUMU
61ACMUBOCAMU. PYUHIBHE HANPYJICEHHs Npu 32unanni — s = 92,6 MIla, mooyis npyscnocmi npu
seunanni — E =5,6 I'Tla. Ha ochogi mamemamuyno2o niaHy8aHHs eKCNepuMeHmy GU3HAYEHO GapiaHmu
NOKpUummig, sKi eunpobo8yeanu Ha KOpo3iuHy mpuskicmy. [Iposedenuli aHani3 3MiHU NUMOMO20 ONOpY i
numomoi emHocmi nokpummie enpooosdic 30 0i0 ni0 6nAUGOM pI3HUX acpecusHuUx cepedosuuy (cipuana
Kucnoma i piukosa 6o0a) sa memnepamypu T = 293 + 2 K. Bcmanogneno, wjo KOMRO3UMHUL mMamepiar,
AKUl micmumby y c8oemy ckaaodi: enoxkcudnuu oricomep EJ-20 (100 mac.u.), CJOB (0,025 mac.u), HDBS
(20 mac.u.), meeponux noniemunennoniamin IIEIIA (10 mac.u.) 3a paxynox ymeopenns ou@ys3itino2o
bap’epy 6 00’emi 3aXUCHO20 NOKPUMMA XAPAKMEPUZYEMBCSA HAUGUWUM 3HAUEHHAM NUMOMO20 ONOpY i
HAUMEHWUM 3HAYEHHAM NUMOMOI EMHOCMI Y 6CIX azpecuHux cepedoguwyax. Lle ceiouume npo nokpawjenmi
AHMUKOPO3IUHI enacmusocmi nokpumms. Bisyanvnuii ananiz Oeghexmis, sxuil nposoounu 6 npupooHux
YMOBAX Ni0 8NAUBOM PIUKOB0T 600U i 3MIHHUX memnepamyp y dianazoni AT = (258...298) + 2 K enpodosoic
7= 250 0i6 003801U8 NiIOMEepOUmMmuU nonepeoHi eKCnepuMenmanbii O0CIIONCEHHI | BUSHAUUMU NOKPUMMS 3
NONINWEHUMU AHMUKOPOITIHUMU 61ACMUBOCNAMU.

Kniouoei cnoea: enoxcuona mampuysi, pyuHieHi HANPYICEHHS NPU 32UHAHHI, MOOYIb NPYICHOCI Npu
3eUHANHI, MameMamuyne NIaHY8aAHH eKCRePUMEHIY, ONMUMI3ayis Hano0HI08Aaud, KOPO3is.

DOI: 10.33815/2313-4763.2021.2.25.048-058

IloctanoBka mpoojaemu. [IpobreMa aHTUKOPO3IMHOTO 3aXHUCTy JeTajeii TPaHCHOPTY
MOJISITa€ y TOMY, 1[0 3HAYHA KiJIBKICTh JieTajeid, By3JliB 1 arperatiB BUTOTOBIISIOTH 13 cTalel Ta
CIUIaBIB Ha OCHOBI 3aiiza. Ha chorogHi cruraBu miABUIIEHOI KOPO31MHOI CTIHKOCTI TaKOX
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3a3HAOTh PYWMHYBaHHS y NPUPOAHUX (ITOBITPSI, HPUPOIHI BOJOWMHU 1 IPYHTH) Ta TEXHOJOTIUHUX
cepenoBuax (Hadra, KUCIOTH, JyTH). Lle y cBoro uepry nmpu3BOAUTH 10 3HAYHMUX (PIHAHCOBHUX
BUTPAT OB’ SI3aHUX 13 3aXHUCTOM BiJI KOpO3ii JeTalieil TpaHCIIOPTY, BapTICTIO PEMOHTHUX poOiT, a
TaKO’)X 30MTKAaMM 3a paxyHOK THUMYaCOBOIO NPUIUHEHHS HOPMAJIbHOTO (DYyHKI[IOHYBaHHS
MOIIIKOPKEHOTO KOpOo3i€o 00aHaHH 9u TpaHcnopty [1-3].

AHaJi3 octanHix my0aikauniil Ta gocaigkensn. [[1s1 HaAIHOTO 3aXUCTY JIeTaNeil, By3IiB
1 arperartiB TPaHCIIOPTY, TEXHOJOTIYHOIO YCTAaTKyBaHHs, METAJIEBUX KOHCTPYKIIN aKTyaJIbHUM €
po3po0Ka HOBMX KOMIIO3UTHHMX MaTepiajliB Ta MOKPUTTIB Ha iX OCHOBI 3 BHCOKHUM XIMIYHMM
ornmopoM. OaHMM 13 C€MOCOOIB MIABHUINEHHS CTIHKOCTI 3aXHCHUX IOKPHUTTIB JI0 arpecUBHHUX
HOPUPOAHUX 1 TEXHOJOTTUHUX CEPEIOBUIL € BBEJCHHS Y €MOKCUAHY MATPUIIO PI3HOIUCIEPCHUX
HanoBHIOBayiB. PaiioHanbHe moO€qHAHHS JO0ABOK pI3HOI  (I3UKO-XIMIYHOT TNPUPOAM 1
JMCTIEPCHOCTI 3a0e3Me4YnTh MiJBUILEHHS CTYNEeHs 3IIMBAHHSA KOMIIO3UTHOIO Marepiaiy 1
BIJIMOBI/THO JTO3BOJIUTH TMOJIMIIUTHA €KCIUTyaTaIiiiHl XapaKTepUCTUKUA PO3pOOJIEHUX MaTepiaiib.
BpaxoByroun BullleHaBEACHE aKTyalbHUM € JOCHIPKEHHsS BIUIMBY JABOX HAllOBHIOBAdiB Y
KOMIUIEKCI Ha (PI3UKO-MEXaHIYHI 1 AHTUKOPO3iiHI BIACTHUBOCTI KOMIO3UTHHX MaTepiajiiB 1
MOKPUTTIB Ha iX OCHOBI [4-8].

Merta po6oTHM — AOCHIAUTH BIUIMB BOJOKHHCTOIO 1 JHUCIEPCHOIO HAIOBHIOBAYiB Ha
BJIACTUBOCTI €MOKCUAHUX 3aXUCHUX MTOKPHUTTIB.

Marepiasin Ta MeTOoaAMKA JOCHiIKeHHsl. [[1s1 (QopMyBaHHS 3aXMCHMX IOKPHUTTIB
BUKOPUCTOBYBAJIM €MOKCUIHMM aiaHoBuid omiromep Mmapku EJ[-20 (I'OCT 10587-84). Lle
MPOAYKT HA OCHOBI AUCmiIuinoBoro edipy mudenimommponana. Moro XxapakTepHCTHKH:
MoJekysipHa Maca Men-20 = 340 1/Momb; (DyHKLIOHANBHICTE enokcuauuX rpyn fen = 2,0; BMicT
enokcuaHux rpyn — 20,0...22,5%; BMmicT rigpokcunbHuX rpyn — 1,25%; B’A3KicTh
n = 13...20 Ia-c; ryctuna p = 1,160 r/cm’® [1-4].

JUis  TONINIIEHHS BIACTUBOCTEH 3aXMCHUX MOKPUTTIB BUKOPUCTOBYBAJIM  JBA
HAIlOBHIOBAYl y KOMIUIEKCI (CyMilll JUCKPETHHUX OPraHIYHMX BOJIOKOH 1 aHTHATJIOMEPYIOUY
nob6aBky Hydropho biervnsmittel), onTuManpHUT BMICT SKUX BHU3HAYQJIH METOAOM
MaTeMaTUYHOTO IUIAHYBAHHS EKCIEPUMEHTY 3 BHUKOPUCTaHHAM HPUKIAJHOTO MaKeTy
STATGRAPHICS® Centurion XVI.

Cymim  guckpetHux opranHiyHux BoJokoH (CIOB) xapakrepu3yeTrbcs HACTYIHUM
cxinagoM: moBk — 50 %, akpuwin — 45 %, momaming — 5 %, 3 mapamerpamu | = 9...15 mmM,
d = 18...25 MkM. AKpuJIOBI BOJIOKHA 3a0€3MEYyIOTh CTIHKICTh 10 aTMOC(HEPHOrO BILIUBY
(BUCOKHIA CTYMiHb BOJOBIAIITOBXYBaHHS), MIABUIIYIOTH TEIUIOCTIHKICTh. Tomi, SIK BOJOKHa
HIOBKY 3a0€3MeuyloTh eIacTUUHICTh. [loniamia BUKOPUCTOBYIOTh SIK aHTUKOPO31MHUN MaTepiall.

3BakarouM Ha CXWJIBHICTH /IO arJIOMEpPYBaHHS JUCKPETHUX BOJIOKOH BHUKOPHCTOBYBAJH
aHTHarjaoMepyrpouy n00aBKy HiMenbkoro BupoOHuuTBa Hydropho biervnsmittel (HDBS)
(po3mipom yacTok 8...12 MKM), 110 10/1aTKOBO 3a0e3nedye CTIHKICTh 10 aTMOC(HEPHOro BIUIUBY
1 MOpPO30CTIHKICTb.

dopmyBaHHS MOAM(PIKOBAHOT EMOKCUAHOT MAaTpUIli BUKOHYBaIM Y IOCIIIOBHOCTI,
onucaHii y nparx [5-7].

VY pob6oTi gocmiKyBanu: pyHHIBHI Hampy>KeHHS 1 MOJYJb MPYXKHOCTI MPU 3THHAHHI,
KOpO31ifHy CTIHKICTh, 3a METOJMKaMM omnucaHumu y mpausx [1-7]. KoposiliHy cTiiikicTh
JIOCIIJKYBAJIM JIBOMa METO/IaMU: y JJaOpaTOpPHUX YMOBAX aHai3yBald 3MiHY TUTOMOTO OIOPY
1 MHATOMOI €MHOCTI 3pa3KiB y dYaci IMiJl BIUIMBOM AarpeCUBHUX CepenoBUI (piuKkoBa Boja
(p. Auinpo), cipuana kucnora (I'OCT 4204-77), BukopuctoByroun npmian RCL-metp Tumy
E7-22 1 y npupoaHux ymMoBax Mij BIUIMBOM PIYKOBOI BOJM 1 3MIHHHMX TeMIIepaTyp y Jiana3oHi
AT = (258...298) = 2 K Bopoaosxk 7= 250 116 mpoBoAUIHN SIKiICHUN aHaNI3 (HasBHICTh AC(EKTIiB)
1 KiTbKiCHHH (3MiHA MacH B IHTEPBa 4acy).

PesyabTaTn pocaigxeHHs ta ix oorosopenHsi. [lonepeHb0 METOIOM MAaTEMATUYHOTO
TUTaHYBaHHS €KCIIEPUMEHTY BU3HAYAIH PAIliOHATBHUN BMICT OCHOBHOTO HAIIOBHIOBAaYa — CyMilli
JTUCKpeTHUX opraHiyHux BojokoH (CJIOB) Ta nonaTKoBOro — aHTHAriaoMepyrdoi J100aBKH
hydropho biervnsmittel (HDBS). IIpu onrrumizariii BMICTy pi3HUX 3a MPUPOJOI0 HAIMOBHIOBAUIB
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it (OpMyBaHHS 3aXHCHOTO TIOKPUTTSI BHKOPHUCTOBYBAJIM OpPTOTOHAJIBHE IICHTPAJIBHE
KOMITO3UIlIHE TJIaHyBaHHSA. BMICT OCHOBHOTrO Ta J0AATKOBOTO HAMOBHIOBAadiB BUOUpPANU Ha
OCHOBI KOMIUIEKCHHUX JOCIIDKEHBb (i3uKo-MexaHiuHuX BractuBocteid KM [7, 9, 10]. Buxomsuun
3 pe3yNbTaTiB AOCHiKeHHs Kore3iiiHoi MinHOCcTi KM, y Tabn. 1 HaBeneHO OCHOBHI piBHI 3MiHU
BMicTy komroHeHTiB C/IOB i HDBS.

Tabnuus 1 — PiBHI 3MIHHUX B YMOBHOMY 1 HAaTypaJlbHOMY MaciuTadax

" 3uauennn pieHie 3MIHHUX
C.ep eonit .I('p oK (mac.u.), wio gionogioaromep
Komnonenmu @Dakmop | pisens, q, eapitoeanns,
YMOGHUM OOUHUUAM
mac.u. Aq, mac.u. 1 0 +1
CyMiIll AMCKPETHUX
OpraHiYHUX BOJIOKOH X1 0,025 0,015 0,010 0,025 0,040
(CHOB)
AHTHarnomMepyroda
nmobaBka hydropho X2 20 10 10 20 30
biervnsmittel (HDBS)

MaremMaTuuHy MOJETb 3aJeKHOCTI BiacTUBOcTed Y =f (X1, X2) miykanu y BHIJISIII
piBHsHHS perpecii [11-13]. Takum YMHO OTpUMAaNK HACTYIHI PIBHSIHHSA perpecii:
— MpY aHaJTi31 pyHHIBHUX HAIIPYKEHb P 3rHHAHHI (1):

y, = 83,24 — 6,12x; — 2,83x, — 4,02x% — 4,37x5 — 5,40%X,Xy; (1)
— IIPY aHaNi31 MOAYJIS MPY>KHOCTI IPU 3TUHAHHI ()2):
y, = 5,39 — 0,25x; + 0,05x, — 0,28x% — 0,08x3 — 0,28x; x,. (2)

Jnst  cTaTucTHYHOi OOpPOOKM OTpUMAaHHMX pE3yJbTaTiB EKCIEPUMEHTY IPOBEICHO
MepPEBIPKY BIATBOPIOBAHOCTI AociiiB 3a kpurepiem Koxpena (G), 32 METOJMKOIO OMHMCAHOK Y
npausix [11, 12]. IlepeBipka pe3ynbraTiB ekcriepuMeHTy 3a KpurepieM Koxpena ans dikcoBaHoi
“MoBipHocTi o = 0,05 migTBepAwiia BiATBOpIOBaHICTH AochifiB. [Ipm 1boMy po3paxyHKOBE
3HaueHHs Kkpurepito Koxpena: Gposp =0,158, a Tabnmune 3HadeHHs kputepito KoxpeHa:
Gmaen = 0,478 (ans y1). BianoinHo po3paxyHkoBe 3HaueHHsS kputepito Koxpena: Gposp = 0,273,
a TabiauuHe 3HaueHHs kputepito Koxpena: Gmaa: = 0,478 (s y2). TakuM UMHOM BCTaHOBIICHO,
10 BUKOHYeTbCSI YMOBa Gposp = 0,158 < Gmaan = 0,478 (ans pyHHIBHMX Hanpy>XeHb MpHU
sruHaHH1) 1 Gposp = 0,273 < Gmasn = 0,478 (711 MOIYIIst IPY>KHOCTI TIPY 3TUHAHHI) BiIITOBITHO.

Hanani Bu3Havanu 3Ha9yniicte KoeirieHTiB piBHSHHS perpecii, aHaIi3youn pe3yaIbTaTH
3a TUTAHOM EKCTIIEpUMEHTY Yy BIIIOBIIHOCTI 1O METOJIWKH, OmNucaHid y mpargx [11-14].
[TepeBipuBImM 3HAYYHIICTh KoedilieHTIB piBHAHHL perpecii (1) Ta (2) BCTaHOBJIEHO, IO
PIBHSHHS 3aJIUIIAETHCS 0€3 3MIH IS TOCIIPKYBAaHUX BIACTHBOCTEH.

3a kpurepiem @imepa [11-14] BcTaHOBIEHO, IO MPEJACTaBICHI PIBHSHHS aJIE€KBATHO
OIMHCYIOTH CKJIa/I KOMITO3HIIi.

3a METOAuKOW0, omucaHoro y mpaugx [l11-16], mpoBoaunuM mepeTBOPEHHS, A
OTpUMaHHS PIBHSAHB perpecii 3 HaTypaJbHUMHU 3HAUYEHHSIMM 3MiHHHX napaMetpiB. [Ipu mpomy
OTPHUMAHO HACTYIIHI PIBHSHHS perpecii:

- pyHHIBHI Hanpy>KeHHS MPH 3TUHAHHI

o, = 52,4815 + 1204,81q, + 2,3633q, — 17851,9q7 — 0,0437q% — 36,041 4. (3)
- MOJYJb MPYXKHOCTI MPH 3TUHAHH1
E = 3,66852 + 82,963q, + 0,0841667q, — 1259,264%? — 0,00083¢% — 1,833, ¢,. 4)

3a 0NIOMOTO00 PIBHSAHB NPE/CTABICHUX Y HATYPaJIbHUX 3HAUEHHIX MO0y yBaiu rpadiku
3aJIeKHOCTI BUX1/THOT BeNMYMHU (pyHHIBHI HANIPy>KEHHS 1 MOJyJIb IPY>KHOCTI IPH 3TMHAHHI) BiJl
BMicTy 100aBOK. ['eomMeTpuyHy iHTEpIpeTallito MOBEpXHi BIATYKY HaBeJIeHO Ha puc. 1, a, 0.
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Pucynok 1, a — Po3paxyHkoBa moBepxHs BiATYKY (pyiHHIBHI Hanpy Ke€HHS NP 3THHaHHI) a5 = (Q1, 02)
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Pucynoxk 1, 6 — Po3paxyHkoBa HOBEpXHs BiATyKy (MOIYIIb Py KHOCTI Tipu 3ruHanHi) E = f(q1, 02)

AHanizyloun po3paxoBaHy IMOBEPXHIO BIATYKY BH3HAUEHO, IO MAaKCHUMaJIbHUMHU
NOKa3HUKaMH PYHHIBHHX HANPYXXCHb MPHU 3THHAHHI XapaKTePU3YOThCsS KOMITIO3UTH TPH BMICTi
HAIOBHIOBAYiB: CyMilll JUCKPETHHX opraHiyaux BojokoH (CJOB) - 0,025 wmac.u.,
anTuaroMepyrdoi no6aBku hydropho biervnsmittel (HDBS) — 20 mac.u. (o5 = 92,6 MIla).
MaxkcuManbHIUMH MOKa3HUKaMH MOJYJIS IPY>KHOCTI TIPU 3TUHAHHI — €MOKCHIHUI KOMIO3HT 32
HACTyITHOTO BMICTY A00aBOK: CyMilll JUCKpETHUX opraHiuHux BojokoH (COB) — 0,010 mac.4.,
a"HTHaraoMmepyroya nobaska hydropho biervnsmittel (HDBS) — 30 mac.u. (E = 5,8 I'Tla).

BpaxoByroun, mo po3poOiieHi MaTepiaid MOMJIMBO BHKOPHCTOBYBATH y 0aratbox
rajy3sx MpPOMHCIOBOCTI, MependayeHo iX eKCIUTyaTallisl y pi3HHX arpeCHBHHUX CEpeIOBHUINAX,
30KpemMa piukoBa Boja, cipuana kuciora ('OCT 4204-77).

3HavYyIMM TpH po3poOIili aHTUKOPO3IMHUX MOKPHUTTIB € 3MaTHICTH 30epiraTu aaresiiHy
Ta KOTe31iHY MIIHICTh Mij Ji€r0 30BHIMHIX ¢akTopiB (TMOBITps i3 Temmeparyporo Big 233 K no
323 K (£20 K), BizHOCHa Bosoricth 10 95% mpu temnepatypi 293 K (+20 K), ynsrpadionerore
BUTNIPOMIHIOBAHHS, 3HWKCHHUH aTMOCHEpHUI THCK, poca, TyMmaH). OKpiM TOTO, Ba)KIHMBOIO
XapaKTEPUCTHKOI0 KOPO3IMHOTPUBKOTO IMOKPUTTS € MPOHUKHEHHS arpeCHBHOTO CEepeOBHUINA
Kpi3b MOJiMep 10 OCHOBU. ToMy, y poOOTI TIPOBOIWIM JOCIHIKEHHS KOPO31HHOT TPUBKOCTI Y
nabopaTopHUX 1 Oe3rmocepeIHhO Y MPUPOAHUX yMOBaX. Y JaOOpaTOpPHUX yMOBax aHAi3yBalld
3MiHy TUTOMOTO ONOPY 1 MUTOMOI €MHOCTI PO3pOOJICHMX MaTepiajiB y daci i BILTHBOM
arpeCUBHUX CEPeIOBUII (CipUaHa KHUCIOTa, PIYKOBA BOJIA).

VY npupoaHHMX yMOBax IIiJi BIUIMBOM PiYKOBOi BOAM 1 3MIHHUX TEMIIepaTyp y JMiarma3oHi
AT =(258...298) £ 2 K Bopomomx 7= 250 1i0 mpoBOAMIM SKICHUHM aHaii3 — JOCHIHKYyBaIN
NOKPUTTA 3a 30BHIMIHIMH O3HaKkaMH (KpalioBa KOpoO3is, BIJIIapyBaHHS TMOKPUTTS,
PO3TPICKYBaHHS), a TaKOX KUIBKICHUH — aHali3yBaJd 3MiHY Baru IOKPUTTIB TOBIIUHOIO
h=130...150 MM i mmomero S=27,5 cM?, sAKi HAHOCHIM Ha 3pa3kH 3i crami 45 MeTomom
THEBMATUYHOTO PO3MUIICHHS.

MeTonoM MaTeMaTHYHOTO TUIAaHYBAaHHS CKCIEPUMEHTY BH3HAYCHO CKIIAJ JT0OABOK ISt
(¢opMyBaHHS  €MOKCUKOMIIO3UTHHX 3aXMCHHX TOKPHUTTIB. Y  J1a0OpaTOpHHUX  YyMOBax
BUNPOOOBYBAJIM YOTHPHU BapiaHTH aHTUKOPO31MHOTO €MOKCUKOMITO3UTHOTO MOKPpUTTS (AEIT):
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— AEII 1 — maTpuns (KOHTPOJIbHUHN 3pa30K);

— AEII 2 (CHOB (0,010 mac.4.) + HDBS (30 mac.u.);

— AEII 3 (CHOB (0,025 mac.u.) + HDBS (20 mac.u.);

— AEIl 4 (CHAOB (0,025 mac.u.) + HDBS (10 mac.u.).

ExcniepuMeHTanbHO BCTAHOBJICHO HAaWMEHIII MOKA3HUKU MMHATOMOTO OTOpY 1 HaMOLIbIIi
MOKa3HUKH MMUTOMOT €EMHOCTI y JTOCIII)KYBaHUX CEPEJOBUIIAX IS €MOKCUAHOI MaTpul (puc. 2).
[Ipu 1BOMy CIHifl 3ayBakKMTH, IO 3HIDKeHHA omopy (3 p=0,17 Om'M? 10 p=0,15 OM'M> — y
cepeoBuIli piukoBoi Boau; 3 p = 0,20 OM'M> 10 p=0,17 OM-M?> — y cepenoBumli cipyaHoi
KHCIIOTH) cIocTepiraiim y mepiog 5-i 1nobu BunpoOoByBaHHS. OTpuMaHl pe3ynbTaTu
JIOCITIJKEHHS BKa3yIOTh IIPO OYATKOBY CTa/Iil0 YTBOPEHHS KOPO3ii.

IIpn upomy misa pos3pobnenux kommno3utHux marepiamis AEIT 2, AEIT 3, AEII 4
(puc. 2, a) crioctepirany HECYyTTEBE 3MEHIICHHSI TUTOMOIO OMOPY 1y CepeIOBUIL PIYKOBOI BOAU
Brpoaosx 30 mi6 nmocmimkenns. BomHodac ciipg 3a3HayuTH, MO 3MIHY MHUTOMOI €MHOCTI
crioctepiranu y mepion 5-i mobu gochimkenHs (puc. 2, 0). Ilpu npomy HaiiMeHIe 3HauY€HHS
nutomoi emHocTi — ¢ = 11,0...12,0 nd/m? xapakTepre 11 KoMmo3utHoro matepiany (AEIT 3)
HanoBHeHoro CJIOB 3a Bmicty 0,025 mac.u. i HDBS — 20 mac.4., 1110 KOpentoe i3 pe3ysbraTaMu
MMATOMOTO OTOPY Ta CBIMYUTH NPO OJIOKYBaHHS mporecy nudysii cepenoBuia piukoBoi BOIU
(ioHIB BOJH 1 KHCHIO).

[Ipu nocnimxeHi KOpo31iHOI CTIHKOCTI po3po0eHUX MaTepiajliB y CEpeOBHUILI CipYaHOi
KHUCJIOTH CIIOCTEPIraiy JeN0 3MEHIICHHS MOKa3HUKIB MUTOMOIO OMOpPY 1 30UIBIIEHHS] TUTOMOI
€MHOCTI (ITOPIBHSHO 13 CEPEIOBHINEM BOJH), IO TTOB’SA3aHO 13 MEepedIroM XIMIYHUX peakiii, ki
MPU3BOJATH /10 YTBOPEHHS TiIPOKCUIIBHUX 10HIB Ta mijgBuineHHs piBHs pH. Lle y cBoro uepry
CYNPOBOJIKYETHCS MPOLIECOM XIMIYHOTO pyHHYBaHHS 3B’ SI3KIB MOJIMEDY.

P, OM M? — c, I@/M*—

0,20 —

ors| F—F——3 1 3,
|

Wk

P, OM-M? —

025

b W

0,20

J—

Pucynok 2 — YacoBa 3MiHa MUTOMOTO OTIOpY (2, B) Ta MUTOMOI EMHOCTI (0, T') aHTHKOPO3iitHIX
STIOKCHIHUX 3aXMCHUX IMOKPHUTTIB ITpH gacToTi | kK[ y arpecuBHUX cepeoBHIIaX:
a, 0) piukoBa Boa (p. JHinpo); B, ') cipyaHa KucioTa; 1 — MaTpuis (KOHTPOIBHUH 3pa3oK);
2 — AEIl 2 (CAOB (0,010 mac.u.) + HDBS (30 mac.u.); 3 — AEIT 3 (CIOB (0,025 mac.4.)
+ HDBS (20 mac.4.); 4 — AEIT 4 (CAOB (0,025 mac.u.) + HDBS (10 mac.4.)
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Bceranosneno, nokputrtss AEIT 3, mo Mictuth y cBoeMy ckianai HarmoBHeHOoro CJIOB 3a
BMmicTy 0,025 mac.u. 1 HDBS — 20 mac.u. xapakTepu3yeTbcsi HalHOUIBIINM 3HAYEHHSIM TTUMTOMOTO
omopy — p=0,23O0m'M?> i HaliMeHIINM 3HaueHHAM NHUTOMOI €eMHOCTI — c = 14,0 nd/Mm?
(puc. 2, B,1). ToOTO, MOXHA MPUIYCTUTH, L0 ONTHMAIbHE CIHIBBIHOIIECHHS H00aBOK, fK1
MICTSITh 3HA4HY KUTBbKICTh akTUBHUX -O-H- 1 NH2 rpyn 3abe3neuyroTh MiABHINEHHS CTYTICHS
3IIMBaHHA Ta 3a0e3ledye CIOBUIBHEHHS ENEeKTPOXIMIYHMX pEeaKiii, BHACIIJOK YTBOPEHHS
mudy3iiiHoro 6ap’epy B 00’ €Mi 3aXHCHOTO TIOKPUTTS.

BpaxoByroun HaBe[ieHI BUIIE pe3yibTaTH [OCIIHKCHHS MOXHAa CTBEP/KYBAaTH, IO
HaWO1IBII arpeCHBHUM CEPENIOBUILEM € CipyaHa KHUCIoTa, ae po3poosene mokputts AEIT 3
XapaKTePU3YEThCS MiIBULICHUMH aHTUKOPO31IMHUMHU XapaKTePUCTHKAMHU.

[Ipu nocnimkeHi KOpO3idHOT CTIHKOCTI PO3pOOJICHUX MaTepialiB y MPUPOIHUX YMOBaX
(puc. 3) BukopuctoByBanu piukoBy (/[uimpoBy) Bomy. JlochmimkeHHs TPOBOIMIM Ha
ripo0ioNoTivHIN CTaHIlT M. XepPCOH.

Skicauii aHamiz (puc.3) y [OpUPOJHMX YyMoOBax (3a Jiama3oHy TeMIeparyp
AT = (258...298) £ 2 K) 103BOJisie KOHCTAaTyBaTH IIPO BHCOKY KOpPO3iliHY CTaOUIBHICTH
po3po0iieHnX MaTepiaiiB Ha OCHOBI EMOKCHJIHOTO 3B’sA3yBaua 3 pI3HUMH 32 MPHUPOAOIO
nobaskamu (AEIT 1; AEIl 2; AEIl 3) y arpecMBHOMY CepeAOBHUINI NIpU 3HAKO3MIiHHIN
TEeMIeEepaTypi, IMO03asgK KpaioBOi KOpPO3ii, BiAlIApyBaHHS MOKPHUTTSA, PO3TPICKYBaHHSA HE
cnoctepiranu. Crocrepiranu Kopo3iiiHe pyHHYBaHHS TIOBEPXHI MeETally HE 3aXHILIEHOTO
3aXUCHUM MOKPUTTIM. OJHAK KUIbKICHUUM aHami3 (Tali. 2) J03BOJUB BCTAHOBUTU 3MIHY Macu
HNOKPUTTIB MICJI €KCIEPUMEHTAIBHUX JOCIIPKeHb. BBaXkanu, 110 B cepeIoBHIL PiYKOBOI BOAU
BiIOYBa€eThCs COpOLisl BOAM CMOKCHIHOI MATPUIEI, TAaKUM UYHWHOM BHUKOPUCTaHHS
HEHAIOBHEHHUX IOJIIMEPIB HE € aKTyalbHUM. Y TaKOMY BUIIQ/IKy MOJIMBE POHUKHEHHS BOJIOTH
Ha TpaHUIIO NONUTY (a3 MOKpUTTS — MeTajeBa OocHOBA. Toji, SIK pallioHajJbHE BEACHHSA Yy
MOJIIMEPHY MATPHIFO0 BOJOKHHCTO-TUCIEPCHOT JO0ABKH CHpHUsS€ MIABUIICHHIO XiIMIYHOT
CTIMKOCTI 10 arpeCUBHOTO CEPEAOBHUIIIA, 110 MOSCHIOETHCS 3MEHIIEHHIM 01 HoJiMepy B 00’ emi

KOMIIO3UTY.

I I 111 I II III
a) 0)

Pucynox 3 — JlociimkeHHS KOPO31HHOT CTIHKOCTI:
a) nokputts 10 Bunpodosysanus (I - AEIT 1; II - AEII 2; IIT - AEII 3);
0) nokputts micas 250 ni6 BunpoodosyBanns (I - AEIT 1; 11 - AEII 2; 11 - AEIT 3)
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Tabmuus 2 — Koposziiina crifikicts [TKII micist BuTpuMkn npoTtsirom 250 1i6 y piukoBiid BoJi pu
3HaKO3MiHHIN TemmnepaTypi (258...298) + 2 K

3mina macu HanOBHEHUX ENOKCUKOMROZUMHUX ROKPUMMIE
Onmumaishuii emicm 6 yM08ax 6Ny piukoeoi 6oou, %

HANOGHIOGAUM, g, Mac.1. o eunpoéosysanns, my, % | Ilicna eunpobosysanns, my, %| Am, %
AEII 1 — maTpuns
(KOHTPOJIBHUH 3pa30K); 3,2 3,39 0,19
AEII 2 (CIOB
(0,010 mac.a.) + HDBS 32 3,25 +0,05
(30 mac.4.)).
AEIT 3 (CAOB
(0,025 mac.u.) + HDBS 3,4 3,42 +0,02
(20 mac.4.));
AEIT 4 (CIOB
(0,025 mac.4.) + HDBS 3,1 3,15 +0,05
(10 mac.4.));

BucHoBku. Ha 0cHOBI poBeIeHNX KOMIUIEKCHUX JOCIIPKEHb BCTAHOBIIEHO HACTYIIHE.

1. MeTtogoM MaTeMaTUYHOTO IJIAHYBaHHS €KCIIEPUMEHTY ONTHMI30BaHO BMICT PI3HHUX 32
(b13UKO-XIMIYHOIO TPUPOIOI0 100ABOK Yy EMOKCHAHOMY 3B’Si3yBadi JJIsi OTPUMAHHS MOKPUTTIB
(DYHKIIIOHAJILHOTO TMpU3HA4YCHHS. BCTaHOBIIGHO ONTUMAaJbHUKA BMICT OCHOBHOTO (CyMili
JUCKPETHUX OPTraHIYHUX BOJIOKOH) 1 JOJATKOBOTO (aHTHArjioMmepyrodoi mobaBku hydropho
biervnsmittel) HamoBHIOBadiB 11 (GOPMYBaHHS KOMIIO3WUTIB 3 IMABUIICHUMH (I3HKO-
MEXaHIYHUMHU BIACTHBOCTSIMHU. JlOBEEHO, IO BBEIEHHS CyMIlll JUCKPETHHX OpraHiyHUX
BOJIOKOH 3a BMicty ( = 0,025 mac.4. Ta aHTHarioMmepyrouoi gob6aBku hydropho biervnsmittel 3a
BMicTy ( = 20 mac.u. Ha 100 mac.u. omiromepy EJI- 20 i 10 mac.u. TBepauuka I1EITA 3a6e3neuye
dbopmyBaHHS Martepialy 3 TaKMMH BJIACTHBOCTSMU: PYHHIBHI HANpPy>XEHHS MpPU 3THHAHHI —
052 = 92,6 MIla, monmyns nipy>kHOCTI Tipu 3ruHaHHi — E = 5,6 ['Tla.

2. BcranoBieHo, 1o BIpooB:x 7 = 30 106 BUTPUMKHU y PI3HUX arpECUBHUX CEPEIOBUIIIAX
(cipuaHa KHCIOTa 1 PIYKOBA BOJIA) HAHOUIBIIUM 3HAUYEHHSM ITUTOMOTO OIOPY XapaKTePU3YETHCS
po3pobnenuii kommno3utHuid matepiann AEII-3, mo MICTUTh y CBOEMY CKJIadi: €MOKCHIHHUMA
omiromep EJ[-20 (100 mac.u.), CJAOB (0,025 mac.u), HDBS (20 mac.4.), TBepIHUK
nomietwiennoiamin [TEITA (10 mac.4.) 3a paxyHOK yTBOpeHHS nudy3iiiHoro 6ap’epy B 00’emi
3aXMCHOTO MTOKPUTTSL.

3. Ha oCHOBiI KUIBKICHOTO 1 SKICHOTO aHaji3y KOpPO31MHOI CTIHKOCTI po3po0JeHUX
MOKPUTTIB y pUpoaHUX yMoBax (AT = (258...298) + 2 K Bnpoposx 7 = 250 1i0) BCTaHOBIJIEHO,
He3HayHy 3MiHy Macu (Am = 0,02%) Ta BiACyTHICTh Ae(eKTiB MpH BUIIPOOOBYBaHHI MaTepiaiy,
10 MICTUTH y CBOEMY CKJIaJll HACTYITHI KOMIIOHEHTHU: CYMIII IUCKPETHUX OPTraHIYHUX BOJIOKOH —
g=0,025 mac.u. Ta aHTHariaoMepywouy mo0aBky hydropho biervnsmittel — q= 20 mac.u.
OtpuMaHi pe3yibTaTd BUIPOOOBYBAaHHS y MPHUPOJHUX yMOBAaX KOPENIOIOTH 13 pe3yJbTaTaMH
JOCIIJKEHHSI KOpO3iMHOT CTIHKOCTI y JabOopaTOPHMX YMOBax, IO CBIAYUTH MpPO BHUCOKI
MMOKa3HUKHM aHTUKOPO31MHUX BIaCTUBOCTEH.
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Canpono A. A., Illapanos B. JI., Bopooner II. A., CanponoBa A. B., Hacracenxo B. O.,
Manaramii B. U. HOBEMIIUE IIOJIUMEPHBIE MATEPHAIJIbI JUISS AHTUKOPO3MOHHOM
3AILUTHI TOBEPXHOCTEM CY/IHOBBIX I'PY30BbIX U ITAJTYBHBIX MEXAHU3MOB

s popmuposanus KOMROZUMHBIX MAMEPUALO8 U 3AUUIMHBIX NOKPLIMUL HA UX OCHOBE UCHOIb30BAHbI
9MOKCUOHBLIL Ouanoswlll onueomep mapku 3/-20 u omeepoumens nonusmunennonuamur IIIIA. Bvibop
PA3HOOUCTIEPCHBIX  HANOJHUMENel  00YCI08NeH HAMUYUeM aKMUGHLIX 2PYNN HA UX HNOBEPXHOCMU,
KOMNJIEKCOM VIYYUEHHBIX XAPAKMEPUCIUK KOMNOHEHMO8, YMO Gbl3bleaen HAYUHbIU U NPAKMU4ecKull
uHmepec Npu UCNONL308AHUU 000ABOK OJid (QOPMUPOBAHUA 3auUmMHBIX nokpuimull. OnmumanibHoe
cooepoicanue pasHOOUCHEPHLIX 006a60K 6 3NOKCUOHOM céazyrouem I3/-20 onpedeneno ¢ noMOwbIO
MAMeMamuyecko2o nAAHUpo8anus ¢ ucnoavzoganuem npukiaonozo nakema STATGRAPHICS® Centurion
XVI. Omo no36omuno cnpoecHo3upogams U NoaAy4ums NOKCUOHOE NOKPbIMUE C KOMIIEKCOM VIYYUEeHHbIX
ceoticme. YcmanosneHo, 4mo VIy4uleHHbIMU QUIUKO-MeXAHUYECKUMU CBOUCBAMU XapaKmepusyiomcs
KOMNO3UMHbLIL MAMepuan ciedyloue2o cocmaga: cmech OUCKpemuvlx opeanudeckux sonokon — g = 0,025
macc.y., aumuaziomepupyiowas oobaska hydropho biervnsmittel — Q=20 macc.u. na 100 macc.u.
onueomepa I-20 u 10 macc.w. omeepoumens I[IEIIA. Taxou 5noKCUKOMROZUMHBIL MAMEPUATL
Xapaxkmepusyromcs ciedyiouwumu C8oUCMeamu. paspyuaioujee HanpaxceHus npu uzeube — o, = 92,6 Mlla,
MoOyns  ynpyeocmu npu  uzeube — E=D561Tla. Ha ocHose mamemamuyueckoeo nNIaGHUPOBAHUS
IKCHEPUMEHMA OnpedeieHbl 6aPUAHMbL ROKPLIMULL, KOMOpble UCHbIMbIBAIU HA KOPPOZUOHHYIO CIOUKOCHID.
Ilposeden ananus usmeHnenus yOeabHO20 CONPOMUGLEHUS U YOENbHOU eMKocmu NoKpulmuil 6 meyerue 30
CYMOK NOO GNUAHUEM DA3IUYHBIX A2PeCCUBHBIX Cped (CepHAs KUCIOmA U peyHdas 600a) npu memnepamype
T = 293 =+ 2 K Ycmanogieno, 4mo KOMHO3UMHBIL MAMEPUa, coOepicawuii 8 ceoem cocmase.
anokcuonvili - onucomep (100 macc.u.), CHOB (0,025 macc.w), HDBS (20 macc.u.), omeepoumens
noausmunennoauamur 119114 (10 macc.u.) 3a cuem obpazosanus Ooug@ysuonnozo dapvepa 6 obveme
3AUUMHO20  NOKPLIMUSA  XAPAKMEPU3Yemcs  8blCOKUM — 3HAYEHUeM YOelbHO20 CONpOMUBNeHUs U
MUHUMATILHOIM 3HAYEHUeM YOelbHOU eMKOCU 80 8CeX azpecCcusHbix cpedax. Imo ceudemenbcmeayem oo
VAYYUEHUU AHMUKOPPO3UOHHBIX CE0UCME NOKpulmus. Busyanvuwii anaiuz Odeghexmos, npoeoouMvix 6
ecmecmeeHHbIX YCI08UAX NOO GIUAHUEM DPEYHOU 600bl U nepemMeHHbIX memnepamyp 8 ouanasone AT =

(258..298) + 2 K 6 meuenue t = 250 cymok no38oaun noOmMeepoums npeosapumenbHbule
IKCNEPUMEHMANbHBIE UCCIe008AHUS U ONpedenumb NOKpblmue ¢ VIYYUEHHbIMU AHMUKOPPOZUOHHbLMU
ceoticmeamu.

Knrwouegvle cnosa: snokcuonas mampuya, paspywarowue HanpajiceHuss npu uzeube, Mooyisb ynpyeocmu
npu uzeube, mamemamuyeckoe NAAHUPOBANUE IKCHEPUMEHMA, ONMUMUZAYUS HANOTHUNES, KOPPO3USL.

Sapronov O. O., Sharanov V. D., Vorobiov P. O., Sapronova A. V., Nastasenko V. O., Palagniy V. I.
THE NEWEST POLYMER MATERIALS FOR ANTI-CORROSION PROTECTION OF THE
SURFACES OF SHIP CARGO AND DECK MECHANISMS

Epoxy diane oligomer of ED-20 brand and polyethylene polyamine PEPA hardener were used for the
formation of composite materials and protective coatings on their bases. The choice of dispersed fillers is
due to the presence of active groups on their surface, a set of improved characteristics of the components,
which is of scientific and practical interest in the use of additives for the formation of protective coatings.
The optimal content of various additives in the epoxy binder ED-20 was determined by mathematical
planning using the application package STATGRAPHICS® Centurion XVI. This allowed us to predict and
obtain an epoxy coating with a set of improved properties. It was found that the composite material of the
following composition are characterized by improved physical and mechanical properties: a mixture of
discrete organic fibers — q = 0.025 wt%, anti-agglomerating additive hydropho biervnsmittel — q = 20
wt%. per 100 wt%. by weight oligomer ED-20 and 10 wt% firm PEPA. Such epoxy composite material are
characterized by the following properties: destructive bending stres — o5t = 92.6 MPa, flexural modulus — E
= 5.6 GPa. Based on the mathematical planning of the experiment, the variants of coatings that were tested
for corrosion resistance were determined. The analysis of changes in resistivity and specific capacity of
coatings for 30 days under the influence of various aggressive media (sulfuric acid and river water) at a
temperature of T = 293 + 2 K. It is established that the composite material containing: epoxy oligomer ED-
20 (100 wt%), CDOW (0.025 wt%), HDBS (20 wt%), hardener polyethylene polyamine PEPA (10 wt%)
due to the formation of a diffusion barrier in the volume of the protective coating is characterized by the

ISSN 2313-4763



m Im>xeHepia y TpaHCIIOPTHIN raaysi

highest the value of resistivity and the lowest value of specific capacity in all aggressive environments. This
indicates improved anti-corrosion properties of the coating. Visual analysis of defects, which was carried
out in natural conditions under the influence of river water and variable temperatures in the range AT =
(258... 298) + 2 K for T =250 days allowed to confirm previous experimental studies and to determine
coatings with improved anticorrosive properties.

Keywords: epoxy matrix, destructive bending stresses, modulus of elasticity in bending, mathematical
planning of the experiment, filler optimization, corrosion.
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INEHTU®IKALISI CTAHY 3AJIMIIKOBOT'O PECYPCY,
MEXAHIYHUX TA TEPMOJUHAMIYHUX ITPOLIECIB
Y TYPBOHATHITAUYAX 3 BUKOPUCTAHHSIM METOY
AKYCTHUYHOI EMICII

Mlapko O. B., 0.m.n., npogecop xagedpu mpancnopmuux mexmonozitc ma MexaHiuHoi
inorcenepii. Xepconcokoi Oeporcasnoi mopcwvkoi akademii, m. Xepcon, Vkpaina, e-mail:
avsharko@ukr.net, ORCID: 0000-0001-6400-8528;

KaeBuoB K. M., 0.m.u., npogpecop xagedpu mpancnopmuux mexHonoit ma mMexarHiyuHoi
inoicenepii Xepconcoroi depoicasnoi mopcokoi axkademii, m. Xepcon, Vxpaina, ORCID:
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Kagheopu mpancnopmHux mexuHoo2il ma MexaHiuHoi indcenepii XepcoHcbKoi 0epicasroi
Mmopcwvkoi akademii, m. Xepcown, Vxpaina, e-mail: akimoffsasha@hotmail.com, ORCID:
0000-0001-8613-2837;

CrenanuukoB /. M., x.¢)-m.H., doyenm xagheOpu enepeemuxu, erekmpomexuiku i izuxu
Xepconcvkoeo Hayionanvbho2o mexuiuno2o yhieepcumemy, m. Xepcow, Yrpaina, e-mail:
dmitro_step75@ukr.net, ORCID: 0000-0001-5027-2213;

Ilapko A. O., km.H., acnipaum «Kagedpu asmomamuzayii, poOOMOMeEXHIKU i

mexampoHuiku XepcoHcvko20 HAYIOHANLHO20 MEXHIYH020 YHigepcumemy, M. XepcoH,
Vkpaina, e-mail: sharko_artem@ukr.net, ORCID: 0000-0002-6350-7189.

Ilpeocmasneno memooonozito ma pe3yibmamu GUIHAYEHHS 3aNUWKO8020 pecypcy mypOoHacHimauie
Memooamu HepyuHisHux eunpobysansv. Ha ochosi cunmesy pe3yibmamie 63a€MO036'a3Ky aAKyCMUYHUX ma
MEXAHIYHUX BIACMUBOCEl Mamepianie ma Y3aeaibHeHHs 00c8idy excnayamayii mypbonacnimauis
po3pobaeno cucmemy OiAZHOCMUKU MEXHIYHO20 CMany mamepianie mypoonacwimauie. Ompumano
2PAHUYHY KpUugy 001acmi npaye30amuocmi mamepianry KOHCMpYKyii mypOoHazuimaya y KOOpOUHamax
gionocnoi depopmayii axc 0o pyunysanns. Bukonaguiu 6UMIDIOBAHHA WiINbHOCMI CUSHANIE AKYCMUYHOL
emicii ma Kopucmylouucs paHudHumMu KpUSUMU MOICHA GUHAUUMU GIONOBIOHI 3HAYEHHS 3ANUULKOBO20
pecypcy. Ymoeoro npaye30amnocmi € HeguUxio mpacKkmopii HagaHmMadlceHHs 3a medici 061acmi 6U3HAYEHHS
cmany npayeszoamuocmi koucmpykyii. Kopucmylouuce npeocmagneHumy  3a1edICHOCMAMU  MOJICHA
BUHAYUMNU 3HAYEHHA 0eopMayiliHux Xapakmepucmuk mamepiany 3a oanumu AE sumipiosans. Ilokazano,
WO WINbHICMb aKyCMUKO-eMICIUH020 CUSHANY NPU SUMIDIOSAHHAX 3AIUWKO080I Oedhopmayii npu posmsey
ma 32uni GIOPI3HAIOMbCSL HA NOPs0OK. Lle dae modciugicms 3a 0ONOMO2010 YACMOMHOT inbmpayii oKpemo
BUOIIUMU HU3LKO MA GUCOKOYACMOMMI CKIAO0BI AKYCMUKO-eMICIliHO20 CUSHATY MA SUSHAYUMU MAKUM
YUHOM BIOHOCHI Oepopmayii 32uHy ma po3mscy HA OCHO8I EOUHO20 IHQOPMAYIUHO2O CUSHATY.
3anpononosano cxemy posmiujeHHs OAMYUKI6 aAKyCMUYHOI eMmicii npu KOHMpONi 3a1UmKo8020 pecypcy
niowunnukie i éanonpoeodie mypoonacnimauie NR34/S 102 eonosnozo osucyna MAN B&WIL 32/40.
Bucoka ingpopmamuenicme ma moumicmv  GU3HAUEHHS  3ANUWIKOB020 pecypcy Mamepianie 3d
pe3yIbmamamys aKyCmuyHUX UMIpIO8anb 00360J5€ NIOSUWUMU pideHb I0eHmugikayii cmany mamepianis.
Jna  36y0oicennss ma  nputiomy aKyCMUYHUX X6Ulb MOJCYMb Oymu GUKOpUCAN]  OEe3KOHMAKMHI
€/1eKMpPOMAHIMHO-AKYCIMUYHI Nepemeoploéaii abo nepemseopiosayi 3 CyXum moykosum kKowmaxmom. Lle
00360/1€ NPOGOOUMU AHANI3 MA HMepnpemayilo Oanux abo 6e3nocepedHbo HA CYOHI, AbO UWISAXOM
nepeoayi oanux 00 yewmpy 6i00aieHoi JiacHOCMUKU Kauaiamu padio3s’szxy. Ompumani pesyivmamu
MOJCYMb  CIAYACUMU  MOOENTbHUM — NPeOCMABGNIeHHAM —6UBYEHHS — G1ACMUBOCMel ma NpoeHO3YEaHHs
3aMUUKOB020 PecypCy KOHCMPYKYIlL.

Knrouosi crosa: axycmuuna emicis, mypoonazuimay, 3a1umKosuil pecypc, i0eHmugikayis cmamy.

DOI: 10.33815/2313-4763.2021.2.25.059-073

IMocranoBka mpodJjemMu. BapTicTh MOPCHKUX TPAaHCIOPTHUX CYACH JIOCSTAE JICCSITKIB
MineiioHiB nonapiB CIIIA. Ha cynmHoBi eHepretwuHi yctaHoBkHM mnpumnamgae mo 10...30% iei
BaprocTi. Ilepion OyniBHUIITBA OJHOTO CyJIHA TpHUBAa€E OJIM3BKO POKY, a HOPMATUBHUI TEpPMiH
cyx6u — 20...25 pokiB. [Ipotarom TepMiHy ClyOM €HEpreTHYHY YCTAaHOBKY 3a3BHYail He
3MIHIOIOTb, & 3/IIKCHIOIOTH 1i Oe3nepepBHE TEXHIYHE 00CITyTOBYBAaHHS 1 MEPIOAMYHI PEMOHTH.

HaniltHicTs Ta mpaime3faTHICTh €KCIUTyaTalii MeTaleBUX KOHCTPYKLINA 3aleKUTh Bil
SIKOCTI MOHITOPWHTY TEXHIYHOTO CTaHy MEXaHIYHHWX BJIACTUBOCTEH MarTepiajiB BiAMOBIAHO 1O
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BHUMOT MDKHApPOJHUX cTaHmapTiB. Pazom 3 TuMm, y mporeci ekcrulyaraiii B YMOBax
HEBHU3HAUEHOCTI XapaKTepy Ta BEJIMUYMHU HABAHTAKECHb BiJOYBA€THCS BIIXHUICHHS BIACTUBOCTEH
MaTepiaiiB BiJl X HOPMATUBHUX 3HAYEHb, IO MOTPEOYE MEPIOAMYHUX 3yIMHOK OOJIQHAHHS Ta
MIPOBEJICHHS 11aTHOCTUYHHUX POOIT.

HeoOXigHICTh OIIIHKM 3aJMIIKOBOTO PECYpCy BHU3HAYAETHCA, SIKIIO BiANPAIbOBAHO
PO3PaxXyHKOBHM TEepMiH CIyXOM yCTaTKyBaHHsS, NpPU HAOIMKEHHI TEPMiHIB HOPMATHBHOL
TEXHIYHOI J1arHOCTHKH, IPU BIAXWICHHSX Yy PEKUMax eKCIUTyartalli, IpM BUKOHAHHI PEMOHTHO-
BiJIHOBJTIOBAJIBHUX POOIT.

BigmoBa oOmamHanHsS B mepioj HOro eKCIUIyartamii € HaciaiJKOM MOTIPIICHHS HOTo
MIIHICHUX Ta (PYHKIIOHATBHUX MapaMeTpiB, IO BiI0YBAETHCS BHACTIIOK IPUPOIHUX, (PI3UUHUX
Ta (I3UKO-XIMIYHMX MpOIECIB y Marepiajax. BiaxXwieHHsS BiJl IUX CTaHIB 3HMXKYeE Oe3IeKy
eKCIUTyaTalii Ta pecypc, 10 poOUTh 3aBIAAHHS KOHTPOJIO, IIarHOCTHKM Ta IHPOTHO3YBaHHS
rapamMeTpiB MIIHOCTI €KCIUTyaTaIliiHOTO OOJaJHAHHS Y peaylbHOMY MaciTabi yacy 0coOJIMBO
aKTyaJIbHUM.

MeTow0 pobdOTH € JOCHIKEHHS METOJIB JIarHOCTYBaHHS 3alIUIIKOBOTO PECYpCy
TypOOHarHiTaya rojIoBHOT0 JBUTYHA CyJlHA B ITPOLEC HOro eKCIuTyaTallii.

AHaJi3 oCcTaHHIX AocCJigkeHb I myOJikauiii mo BuU3HAYEHIN MpoOieMi MOKa3ye, IO
cepen 3aco0iB TEXHIYHOI AIarHOCTHKH OCOOJIMBE MICIE BiABOJIUTHCS aKyCTUYHHM METOAaM 1
30KpeMa MeTOJaM aKyCTHYHOi eMicii. Bu3HaueHHS 3aJMIIKOBOTO pECypcy MeETaleBUX
KOHCTPYKIIii 3 BUKOPUCTAaHHSM sBHILA akycTH4HO1 eMicii (AE) npeacraBneno y [1]. B [2-4] AE
METOJ] BHKOPHCTAHWHA JUIA OIIHKH Jerpajalii MEXaHIYHHX BIIACTUBOCTEH MpH CKIAJHUX
nedopMaliiHuX BIUIMBaX, y [5—7] nOns OWIHKK 3amacy MiHocTi 3a jpomomoroo AE 1
(dpakTanbHOro aHamizy naaHux, y [8—10] myis BU3HAUEHHS 3aJMIIKOBOTO pPECypCy IyCKOBHX
OyaAiBeNbHUX KOHCTPYKLIH KOCMIYHUX pakeT-HOCIiB, y [11-13] ans BU3HAueHHs 3amacy MilHOCTI
KOHCTPYKLIH IPY HaBaHTAXKEHHI.

InTepec 10 BU3HAUEHHS 3aJIMIIKOBOTO pecypcy KOHCTPYKIIHM y mpoleci X eKcIuryararii
CTUMYJIIOBaB PO3pPOOKY CyYacHUX I1HCTPYMEHTAIBHUX 3ac00iB 1 PI3HOMAHITHUX TEXHIYHUX
3actocyBasb [14—18]. Tak y [15] moka3aHo, 10 3aJUIIKOBI HAIPYTH B OOPOOTIOBAHUX JETAISIX
MAaIOTh BEJIMKHUU BIIMB HA BTOMHY JOBTOBIUHICTh. BHBUEHO BIUIMB 3aJIMIIKOBHX HANPY>KEHb i
4ac yJIbTPa3ByKOBOTO TOKapHOTO 0OpoOiIeHHs B 30H1 pizanHsA. Y [16] mpeacTaBiieHi pe3yiabTaTu
JOCTIPKeHb 3 BTOMJICHOCTI TIpU BHUCOKOMY OaraTOIMKIIOBOMY HaBaHTaxkeHHi. Y [17]
MIpe/ICTaBJIeHI OI[IHKYA HAIIPYKEeHO-Ae(OPMOBAHOTO CTaHy OPUCTOTO 3ajIi3a.

MeTo/ OIiHKM 3aJIMIITKOBUX HAMPYT 1 BU3HAYEHHS HA iX OCHOBI 3aJIMIIIKOBOTO PECYPCY
BUKOPUCTAHUM IS OIIIHKM SKOCTI TpPH HUKIIYHUX HaBaHTaxkeHHsX [18]. B [19] ominka
3aJIMIIKOBUX HANpPYT BUKOPUCTAaHA JJIsl MPOTHO3YBAHHS JAWHAMIYHOTO MOJYJIS rapsvoi cyminii
ac(hanbTy MpHU JTOCTIPKEHHI aBTOMOOUTBPHUX JOPIT 1 MTPOSKTYBaHHI TOPOXKHIX MOKPUTTIB. B [20]
OTPUMAHO PIBHAHHS JUISI TPOTHO3Y MAaKCHMAaJIbHOTO HANpyXeHHS OETOHHUX JpEHaKHUX
TpyOOIIPOBOIIB, CXWJIBHUX 0 PI3HUX YIIKO/DKCHb 1 CKIQJHMX YMOB ekcrutyatarii. Y [21]
METOJIM OI[IHKM 3aJMIIKOBOTO PECypCy BHKOPHUCTaHI MPH TOCTIIKEHHI MIIIHOCTI Ha CTUCK ISt
LIEMEHTHUX KOMMO3UTIB 3 ¢a3oBuM mepexogoMm, y [22] — JAnsd TOpPOrHO3YBaHHS
eHeproePeKTUBHOCTI Ta MPOAYKTUBHOCTI COHSYHOrO muCTHiIsATOpa. Y [23] mpencraBiieHui
MOHITOPHHI CTaHy KOHCTPYKIIH TpPH TNPOHUKHEHHI METaly B CKJIO 1 KepaMiKy IIiJ dYac
TEPMOLMKIIYHOTO CTapiHHA 3a JOMOMOTOK (PEeMTOJIa3ePHOTO JIaTYMKa Ha BOJOKOHHIM
OperriBChbKil PemiTIIi.

3a ocTaHHI POKM 3HA4YHO 3poOcia KUIBKICTH pOOIT, MO0 JAEMOHCTPYIOTh MOXKIHMBOCTI
aKyCTUYHOI eMicii B HepyHHIBHOMY KOHTPOJIi, MOHITOPUHTY, BUSBJICHHI HECIIPABHOCTEH 3HOCY 1
BIZIMOB CTaHIB KOHCTPYKIIiil. AHaII3 pi3HUX MPUHIIMITIIB aKyCTHYHOI eMicii 1 iX 3aCTOCOBHOCTI J0
OIIIHKM 3aJIMIIIKOBUX HAMNPYT BUKIAJAEHO B [24]. V [25] npeacTaBieHo MOIETIOBAaHHS aKyCTHYHOI
eMicii, BUKJIMKaHOI TUHAMIYHUM 3pYIIEHHSIM PiIMHU B PEKUMI MacTHIIa 1 BIULITMBOM HepiBHOCTEH
MOBEPXOHb B yMOBaX eKcIUTyartamii. Y [26] mpenacTaBieHa OHIAWH-JIOKami3alis mIKepena
aKyCTUYHOI eMicii B OETOHHHX KOHCTPYKLISX 3 BHKOPHCTAHHSIM ITE€pamiifHUX 1 €BOJIOLIHHUX
anroputMiB. B [27] onucana fiarHOCTUKA 1 MPOTHO3 HECTIPABHOCTEH MiAMIUITHUKIB KOJICHUX Map
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BUCOKOIIBH/IKICHUX TIOi3/1iB 3 BHKOPHCTAaHHSIM METOJIB BiOpamii 1 akycTuuHoi eMmicii mpu
Oe3rnepepBHOMY MOHITOPHHTY cTaHy MigmunHUKiB. CkiageHa kiacudikalis HeclpaBHOCTEH
IpY HU3BKUX, CEPENIHIX 1 BUCOKUX MIBHIKOCTSAX JUIsl CTBOPEHHS BIAMOBIAHOI 0a3u jaHuX 1 6asu
3HaHb.

[IpoBenenuit aHami3 iICHyIOYMX METOJIB 1 3aC00IB BU3HAUCHHS 3QJIUIIIKOBOTO PECypcy B
peanbHOMYy MaciiTabi yacy Oe3 3yNMHOK YyCTAaTKyBaHHs IIOKa3aB, L0 OCKUIBKM BEIMYMHA
HaBaHTa)XCHHS € HEBU3HAUYEHOIO, IPU IHTEHCUBHIN eKCIuTyaTalii o0afHaHHsI B yMOBaX MIKOBUX
HABaHTAXEHb, LIUJIKOM BUKOPHUCTOBYBaTH HAasBHUHA JOCBiA JJIi TEXHOJIOTii BU3HAYEHHS
3QJIMIIIKOBOTO PECYPCYy METaJIeBMX KOHCTPYKIII B yMOBaXx KOMOIHOBAaHOTO HABAaHTAKCHHS 3a
JAHUMU aKyCTHKO-€MICIIHUX BUMIPIOBaHb HE NPECTABISETHCS MOXKIUBUM [2].

Onniero 3 mpoOiem, MmO 0O0MEXye BIPOBAHKEHHS aKyCTUKO-€MICIHHOTO METOdY JUIst
KOHTPOJIIO 3aJIMIIKOBOIO pecypcy o0jaJHaHHs € BiJICYTHICTh KUIBKICHOTO 3B’SI3Ky pe3yJbTaTiB
JIarHOCTUKU 3 3aJMIIKOBUM pPECYpCOM BHUPOOIB, KpiM TOro, OUIbIIICTH POOIT NPUCBAYEHO
BIUIMBY Ha Martepiajl OJJHOro BHIYy Jedopmauiil y TOH yac SK MpH eKCIuTyaTalii KOHCTPYKLi
MaTepial MiIaeThCsi KOMIUIEKCHOMY BIUIMBY CKJIQJIHUX HAaBAaHTAXKCHb.

Marepianun Tta Meroauka aociaigxkeHHs. HaiiOinpm edekTHBHUM 1 palioHATbHUM
3acO000M MiJIBULIEHHS MOTY>KHOCT1 JABUT'YHa BHYTpIIIHbOrO 3ropsiHHs (/IB3) € Bukopucranus
ra3oTypOIHHOTO HAJAyBY, MiJ SKHUM PO3yMI€ThCS IM0Jaya MOBITPS B LMIIHAPU MiJl TUCKOM (Y
pe3ynbTaTi 4oro MiJBULIYEThCS BaroBiil 3apsii MOBITPs) 3a paxyHOK BUKOPUCTAHHSI €HEPrii
BIJIMpaIbOBaHUX ra3iB. Y BCIX YOTUPUTAKTHHUX CyIHOBUX JIB3 momepenHe cTUCHEHHS MOBITPs
B1I0YBA€THCS 3a JOTMIOMOTOI0 BIAIICHTPOBOIO KOMIIPECOPA, KU MPUBOIUTHCA B 10 Ta30BOIO
TypOiHOIO, 10 MPALIOE Ha BIANPALbOBaHUX raszax ausens. CyKymnHICTh KOMIIpecopa Ta ra3oBoi
TypOiHU € TypOOHarHiTaueM.

Komnpecop TypOoHarsitaua sBisie co6010 0JHOCTYIIEHEBHUH BiILIEHTPOBUN KOMIIpECOp 13
jonateBuM audy30poM. BuxiionHwmii ra3 BiJ TOJIOBHOTO JBUTYHA HAJAXOIUTHh HA POOOYE KOJIECO
TypOiHM uepe3 corioBui amapar. Pobodi jonmaTtku 3akpydeHi, MaiTh OaHAaX Ta SIMHKOBE
KpituieHHS Ha Kouieci. KonmiHgacTwii Baj 3aXWIIAEThCS BiJl TapsS4HMX Ta3iB KOXKYyXOM, a podoue
KOJIECO KOMIpecopa — IapoM 1307111l Ta aiadparmoro.

I'a3oBa wacTrHa TYpOOKOMITpECOpY, CKIAJA€ThCs 13 padialibHO-OCHOBOTO KoJieca, sKe
pO3TalIoBaHO y Kopmyci. BuxmonHi rasu BiJl JBUTYHa IOCTYNalOTh 0 POOOYOro MPOCTOPY
ra3oBoi TypOiHHU IO Ta30MPOBOY, HICIIs YOTO 3a IOTIOMOTOI0 COTIOBOTO anapaTy, 3MEHIIYEThCS
THCK 1 301IBIIY€ETHCS MIBHIKICTH Ta3y, TAKOXK ra3aM HAAAETHhCS KyT T0JIadi Ha KOJeco TypOiHM.
Koneco Typ6inu nocakeHe Ha OJHOMY Baly 13 KOJIECOM KOMIIPECOpY.

VYuriapHeHHsT Bajdy Ta30BOI 4YacTHHW TypOOHarHitada JaGipuHTOBOro TUITy. DyHKIIISA
7a0ipHHTOBOTO YIIIJILHEHHS IMOJISTA€ Y TOMY, 100 3am00IrTH MpOpUBY Ta3iB i3 pobodoi kamepu
ra3oBOi YaCTHHM, 110 MPU3BEJE 0 BTPATH TUCKY Ta 3a0pyAHEHHS MacTWiIa, SKe MOJAEThCS 10
OTIOPHUX MiAUIMITHUKIB. J{JIs1 OKpamieHHs: poOOTH YHIUIBHEHb MO KaHally, MOAA€THCS MOBITPS
MiJT THCKOM 13 KaMepH KOMITPECOpY.

Jlsist OIIHKYM CTaHy Mpare3/1aTHOCTI KOHCTPYKIIiH, 110 eKCIUTyaTyIOThCs B IaHUH MOMEHT
yacy HeoOXiJlHe He TUIbKM BHU3HAYEHHS MEXaHIYHUX BIACTHUBOCTEH, alie 1 BHU3HAUYEHHS
BJIACTUBOCTEH, UYTJIMBUX /IO JIOKAJBHUX CTPYKTYpHHX 3MiH, IO MpPOSBISIOTECA B
MIKpOIIacTUYHIN nmedopmariii Ta 3MiHAaxX JIOKaJIbHUX MIKpOHampyr. MillHI BIACTUBOCTI
3HWKYIOTBCS HE TUTBKM 31 3pOCTaHHSAM TEPMiHY €KCIUIyaTalii, ajie i mpHu MOCHIEHHI CHUIOBUX
YMOB.

beszaBapiiiHa ekcruryarallisi €JleMEeHTIB TypOOHAarHiTadyiB 3aJeXHUTh Bl  SIKOCTI
MOHITOPHHTY iX TEXHIYHOTO CTaHy 1 peanizamii Gi3uYHUX METOIB J1arHOCTUKH. AHAI3 PU3UKY
aBapiii Ha HeOe3MeYHUX BUPOOHHUYUX O0'€KTAX IOJIATAE B CHCTEMATUYHOMY BUKOPHCTAHHI BCi€i
JIOCTYITHOI iH(opMartii 11 ineHTudikarmii HeObe3nek 1 HeOakaHUX TOTIH.

Sk  moKa3ye JIOCBiJ, eKCIUTyaTalii MOpPCBKHX Cy/J€H OCHOBHMM  3aBJaHHSAM
JIarHOCTYBAaHHS € BH3HAYEHHS TEXHIYHOTO CTaHy TOJIOBHMX JIBUTYHIB 1 €HEpPreTHYHUX
yCTaHOBOK. Y Tabn. | HaBeAECHO NaHi MIOJ0 BIJHOCHOI YaCTOTH BiJIMOB €JIEMEHTIB CYIHOBHX
JIBUTYHIB BHYTPIIIIHBOTO 3TOPSHHS.
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Tabmuig 1 — CratucTrka po3noairy BigMoB 3a migcuctemamu JIB3

Byzon /IB3 Bionocna wacmoma 6iomoeu
Brynka nuniagpa 0,042
Kpwumika numigapis 0,017
Knamannuii MexaHi3M 0,072
[TpuBig MexaHi3My Ta30pO3NOALTY 0,032
ITanuBHHI Hacoc 0,090
dopcyHka 0,105
Typboxommpecop 0,054
TpyOonpoBiz BHCOKOTO TUCKY 0,096
KpuBomunnHo matyHHANA MeXaHi3M 0,096
KomninBan Ta miamUIHAKA 0,021
[oBiTpOpO3MOAiIEHUK 0,014
HagsicHi MexaHi3MH1 0,121
T 0,240

HopmanbeHa po0OoTa roJ0BHOIO JBUTYHA 3aJI€KUTh BijJ MPAaBUIBHOTO (YHKIIOHYBAaHHS
HOro OCHOBHHX ITiJICHCTEM Ta €JIEMEHTIB IMIIHAPOIIOPIIHEBOI T'PyIH, MAJUBHOI amapaTypH,
ra3orypOoHarHitaya, MiJIIMIHUKIB Tomo. HaBenmeHni JaHi MIATBEPIKYIOTH MOTPedy
BINPOBA/KEHHSI HOBUX TEXHIYHUX 3aCO01B J1arHOCTyBaHHS. BiJIMOBIIEHHS €JI€MEHTIB CyAHOBOL
enepretuuHoi ycraHoBku (CEY) moxna knmacudikyBaTu Ha BHIIQIKOBI Ta 3akoHOMipHi. Ha
e(eKTUBHICTh POOOTH JBUTYHA BIUIMBAE poOOTa HOT0 By3JiB, arperaTiB Ta CUCTEM, Y TOMY YHCI1
cucteMu TypOoHaanyBy. Ha cucremy HanayBy mpumazae HaiOinblia KUIBKICTh BiZIMOB, IO
BIUIMBA€ Ha MHUTOMY BHUTpPATy NajMBa, BapTICTh PEMOHTY Ta TEXHIYHOTO OOCIyroBYBaHHS, a
TaKO’K Ha TOTOBHICTH n3€Ns 10 podoTu. CTaTUCTUKA MOKa3ye, 110 Ha koxH1 1000 roaun poboTtu
B cepeaHbOMY Mpunagae npuomusno 3,5 % B 3arajibHOI KUIBKOCTI 1X 3YNMHOK 4Y€pe3 BiIMOBU
ra3otrypOoHarHiTaui. Po3nojisl BiIMOB 1O Pi3HUX By3J1aXx TypOOKOMIIPECOpPiB MpPEACTABICHO B
Tabn. 2. OCHOBHUMH BY3JlaMHU Ta €JIEMEHTaMU TYpOOKOMITPECOPIB, IO BUXOJSITH 3 Jaly, €:
M1 IIIWAITHAKY, YIIUTBHEHHS, POTOp Ta KOPITyC.

Y  mpaktvmi  igeHTUdIKalii CcTaHy €JEMEHTIB CYJHOBOIO  YCTaTKyBaHHS
BUKOPHUCTOBYIOTh Bi3yaJIbHMI OIJIsi, Ti/IpaBiliuHi BUIPOOYBaHHS, METOAU AePEKTOCKOMIi,
TEXHOJIOT1YHI 1 ME€XaHI14H1 BUINIPOOyBaHHs. BidyanbHuil oruisiy 1 riipaBiiyHi BUIIPOOYBaHHS
BUKOPHUCTOBYIOTHCS JUIsI BU3HAUEHHS MPUYMH MOIIKOKEHb. /ledexTockomnito npoBoasTh, SIK
Ha CyJIHI TakK 1 I 9ac peMOHTY.

3anuImKOBUM pecypc oOJlalHaHHS — 1€ CyMapHE HallpallOBaHHs OOJIaHaHHS BiJ
MOMEHTY TIPOBEJCHHS KOHTPOJIO TEXHIYHOTO CTaHy JO TEpeXOoly B TPAaHUYHHUHA CTaH.
3aBnaHHg iAeHTH(IKalii CcTaHy Ta BH3HAUEHHS 3aJIUIIKOBOTO pECcypcy MeTaleBUX
KOHCTPYKIIIH y TIPOIIeCl eKCIuTyaTallii mepeadadae CrioCTEPEKEHHS 3a 3MIHOIO MEXaHIYHUX
BJIACTMBOCTEH MaTepiajiB MPU HAKOIMUYEHHI IMOIIKOKEHb.

Tabnuus 2 — Po3noais (y %) BiIMOB 1O pi3HUX By3JIaX TYPOOKOMIIPECOPIB

Jemans mypéokomnpecopa Biocomok eiomoe
Kopmyc 9,0
Komnpecop 0,5
Typbina 4,8
ViineHeHHES 16,7
PoTtop 15,2
[TiqIUITHUKA 43,8
MacJsiHi HacocH 10,0

Teopis BU3HAUEHHS MEXaHIYHUX BJIACTHUBOCTEHM MaTepiajiiB 3aCHOBaHA Ha BUBYCHHI
Hamnpy>KeHO-1e(OpMOBaHOIO CTaHy. MexXaHI4Hl BJIACTUBOCTI CTPYKTYPHO-UyTIuBI. [x
BU3HAYAIOTh, MIJAI0YH T1JI0 PyHHYBaHHIO 200 HE0OOPOTHOI nedopmariii.
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HepnomikamMu iCHYFOYMX KOMIUICKCIB JIarHOCTHKH 1 BHU3HAYCHHS OCTAaTOYHOTO
pecypcy €:

—  CTaTHUYHICTEH;

—  HeoOXiJHICTh 00Ky BEIHUKOI KITBKOCTI pI3HOMaHITHUX MMOKa3HHKIB;

—  oOMeeHHs B 4aci i IpoCcTopi, Ha SKUX PO3IOBCIOIKY€ETHCS PIIICHHS;

— HEMOBHOTA 1 HeaJIeKBaTHICTh 1H(OpMAIlii;

—  HU3bKa SIKICTh IPOTHO3HUX OLIHOK;

—  HEOJHO3HAYHICTh MPUYUHHO-HACIIIKOBUX 3B S3KIB;

—  HU3bKa MPOJYKTUBHICTb A1arHOCTHKHU;

—  HEOOXIJHICTh CKaHyBaHHs 1 MIATOTOBKYU MOBEPXHI JUIsI KOHTPOJIIO.

Boporsba 3 mumu HemosikamMu MoOKe OyTH MpOBEIEHA 3a PaxyHOK BHMIPIOBaHb,
CTBOPEHHSI METOAMK ileHTH(]ikamii Ta MOJENIOBaHHS, MPOrPaMHOI0 Ta MaTeMaTUYHOI'O
3a0e31eUeHHs.

IcHye HeocnaOHMI iHTepec 10 Mpolecy BU3HAUEHHsS CTaHy METaJeBHX KOHCTPYKIIi B
yMoBax HeBU3HadeHOCTI. OJIHaK ICHYI0Yl METOAMKHU Ta aIrOPUTMHU MPU3HAYEH] JJIsi BUPIILIEHHS
YAaCTKOBUX INHUTaHb IIarHOCTUKU 1 MarOTh PAJ OOMEXeHb, TaK SIK HE BPAaXOBYIOTb BEJIHMKOIO
PI3HOMAaHITTS MapaMeTPiB 1 yYMOB, K1 MatOTh MICIIE€ B ITPOLIECI EKCILTyaTalii o01a{HaHHS.

InTepec 10 BU3HAUEHHS 3aJIMIIKOBOIO pecypcy KOHCTPYKIIHM y mporeci X eKcIuryartarii
CTUMYJIFOBaB PO3pPOOKY Cy4daCHUX IHCTPYMEHTaJbHHUX 3ac00iB 1 OaraTwii MepesiKk TeXHIYHHUX
3aCTOCYBaHb.
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Pucynok 1 — Briok-cxema ekcriepuMeHTanbHOi ycTaHOBKHY 17151 AE BUMipioBaHb
[IpY BUNPOOYBAaHHSX HA PO3TAT 1 YOTUPUTOUKOBUH 3TUH:
1 — MexaHI3M CHJIOBHUMIpIOBada, 2 — MeXaHi3M Jie)opMyBaHHA, 3 — KOHTPOJIHOBAaHUH 3pa3ok, 4 — oropa,
5 — iapenTop, 6 — Omok ¢inpTpiB, 7 — aHANOTO-IM(POBHI MEepeTBOpIOBaY, § — OJOK HAKONWYECHHSA Ta
00poOku iHpopMalii, 9 — peectpytounii npuctpiid, 10 — m'e3oenekTpuynnii naTauk, 11 — TeH30METP,
12 — 6710KM ONEpeIHBOTO TTOCHIICHHSI.

MOXITUBOCTI, SIKi TTOB'S3aH1 3 JUCTAHI[IHHUM BHKOPUCTAHHIM MeTony AE, Mar0oTh BeIHKi
nepeBaru TMOPIBHSHO 3 IHIIMMHU METOJaMH HEPYWHIBHOTO KOHTPOJIIO, IO BHMAararTh,
HANPUKJIA], BIJCYTHOCTI HEOOXiMHOCTI BHUIAICHHS 130JAMIHHUX OOOJIOHOK, 3BUILHEHHS
KOHTEHHEpIB i1 KOHTPOJIO BiJ BHYTPINIHBOTO 3MICTY JAJsl A1aTHOCTUKH a00 CKaHyBaHHS
BEJIMKUX KOHTPOJIbOBAHHUX ITOBEPXOHB 0€3 3yNMHKH 00JIaHaHHS [T IPOBEICHHS 1IarHOCTUKH.

Opniero 3 mpobieM, MO0 OOMEXKYIOTh €(QEKTUBHICTh TEXHIUYHOI MiarHOCTHUKH, Ta
BU3HAYCHHS 3aJMIIKOBOTO pecypcy TypOOHarHiTauiB y mporeci iX ekcIuryaTamii B yMOBax
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CKJIaJHUX JWHAMIYHUX HABAaHTAXXECHb € BIJCYTHICTh KIJIBKICHUX pe3yJIbTaTiB TiarHOCTUKU
3 3AJIMIIKOBUM PECypcoM BHPOOIB.

JUis ~ TiarHOCTHKW — 3aJMIIKOBOTO  pecypcy  TypOoHarHitadiB  Oyna  3i0paHa
eKCIIepUMEHTaIbHa YCTAaHOBKA, B SIKiM 11eHTU(IKALISI CTPYKTYPHUX OCOOIMBOCTE HAKOTTMYEHHS
TIOIITKOKEHB 1 pyHHYBaHb MaTepiaiiB 1o nanuM AE 3nilicHIoBamach Ha OCHOBI aHaJli3y CTYTICHS
nepopMyBaHHs 3pa3KiB, OTPUMAHHUX NP JOCTIDKEHHI Ha PO3pHUBHIA MamuHi YMS 1 mamuHi
Ui ButnipoOyBanb Ha 3ruH MIII-10 [28, 29]. OcHOBHOIO BUMOI0I0 IO €KCIIEPUMEHTY € PIBHICTh
3HAa4eHb CEPEIHHOKBAIPATUYHUX MOXMOOK IPU BUMIPIOBAaHHAX Ha PO3TAT Ta 3TUH. Y 1Ll poOoTi
I YMOBa JOTPUMYETHCS 3a PAXYHOK €IMHOTO PEECTPYIOUOro OJOKY 3 MUGPOBOIO 1HIUKAIIEID
AE curnanis (puc. 1).

VY BUMIpPIOBaJIbHIA YCTAHOBII BUKOPUCTOBYBAJIHUCS HIMPOKOCMYTOBI aKyCTHUYHI AATYUKU
10 aKkycTuko-emiciiiHoro npuiany A®d15. Peectpanis curnamiB micins nocuieHHs no 90 16
BUKOHYBajiocs 3anam'stopytounM ocumiorpagom RIGOL DS1052E Digital oscilloscope. Ilpu
LbOMY TPOBOAMBCS 3allUC CHUTHANIB y IudpoBoMy Qopmari. BumiptoBanus aedopmarii
BH3HAYAIOCA NUIIXOM (ikcallii BHIOBKEHHS 3a JOMOMOTOI0 MIKPOMETPUYHOTO E€JIEKTPOHHOTO
inaukaTopa mnepemimenns Micron digital indicator DT-7011. CuHXpOHHO peecTpyBanoCs
napameTpu aeopMyBaHHS 1 MOMEHTH BUHUKHEHHs curHaiiB AE.

Pe3yabTaTH 10cailzKeHb Ta iX 00roBopeHHs. Pe3yabTaTi eKCiepuMeHTy MpeicTaBleH]
y Tabm. 3 [28, 29].

Tabmuns 3 — ExkciepumeHTanbH1 3Ha4eHHS (13MKO-MEXaHIUHUX XapaKTePUCTHK MPH PO3TITYy Ta
3rUHI

Haeanmc;l.lajflc‘:ennﬂ = Hlinvnicme AE | Hanpyscenna o, Buooeacenns Bionocna
I "| cuenany N, 108 ¢t Mlla (npozun) |, mm oeghopmauisn & %
PosTar
16867,44 0,47 281,1 0,375 0,17
18436,50 0,40 307,3 0,463 0,20
18828,77 0,19 313,8 0,477 0,21
19711,37 0,16 328,5 0,577 0,26
20103,63 0,55 335,1 0,591 0,27
20495,90 0,41 341,6 0,705 0,32
20888,16 0,33 348,1 0,737 0,33
21182,36 0,65 353,0 1,923 0,86
2128043 0,44 354,7 4,189 1,88
23535,96 0,29 3923 11,022 4,94
25497,29 0,25 4249 13,330 5,98
29419,95 0,22 490,3 17,390 7,80
3run
166,71 1,39 93,8 6,511 1,13
196,13 1,02 110,4 6,815 1,19
264,78 1,37 149,0 8,011 1,39
372,65 1,92 209,7 14,011 2,44
377,56 1,88 2124 14,312 2,49
386,38 1,86 2174 14,823 2,59
392,27 1,54 218,7 15,418 2,69
460,91 1,66 234,5 23,901 4,17
465,82 1,73 2353 24,030 4,19

MomMeHTH BUHUKHEHHS curHamiB AE mpencraBieHi He y BUIIISIII YaCOBUX BIJIIKIB, IO €
MOXHOKOI0 €KCIIEPUMEHTAIbHOT YCTAHOBKH, a y BUTJISAAI CTpuOKiB amruinitynu AE curnamy Ha
miarpamMi HaBaHTKEHHsS, (PIKCOBAaHUX 3a MIKAJIOK CHJIOBOTO TIPUCTPOIO, IO € PEaKIli€ro
Marepialy Ha HaBaHTa)KCHHS.

Sk aHanmizoBaHa aKyCTHYHA XapaKTepucTuka Oyia oOpaHa minbHicTh AE curaamy N, sika
oOumcnoBanacs 3a HopMmyoro:
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NZ
N=75 M

ne Ny — KUTBKICTh IEPEeTUHIB TPaHUIHOTO piBHSA curHainy AE, t — yac inaukarii curxaiy.

Ieit mapameTp st cTam npu Aedopmariii po3TIry Ha TOPSAIOK BiJIPI3HIETHCS BiJl TAKOTO
npu aedopmarii 3runy. Ilpyu KOMIIIEKCHOMY XapakTepi MO3J0BKHBOT'O PO3TATY Ta MOMEPEYHOTrO
3TUHY 11 BJIACTHBICTH JO3BOJHUThH YITKO BH3HAYUTH TUI Aedopmariii y 3pasky & abo & s
pO3TATY Ta 3TUHY. BUJ Takux 3anexHocTel HaBeAeHo Ha puc. 2 [1, 2].

3aBmaHHA 11eHTU(QIKALll CTaHy Ta BHU3HAUYEHHS 3aJIUIIKOBOTO PECypcy MeTaleBUX
KOHCTPYKLINA Yy TpoIeci eKcruryaraiii mnependayae CIOCTEPEKEHHS 3a 3MIHOK MEXaHIYHHX
BJIACTMBOCTEH MaTepiajiiB MPU HAKOIMMYEHHI MOIIKOJKEHb, B SKOCTI SKHX oOpaHa Aedopmariis
[IOBEPXOHb BUPOOY NPU HABAHTAXKEHHI.

3?

N
®
~—

N W
T T

[ 6) .
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Pucynok 2 — 3anexxnocTi BintHOCHOT aedopmaii (&) Bix minbHOCTi AE curnamnis (N)
Jutst 3TUHY (@) 1 po3Tsary (0)

Ilpu omiHmi mnpamne3naTHOCTI MeTajJeBHX KOHCTpYyKHid Mmetomamu AE noBoauThCs
BUpIiIIyBaTu 00epHEHY 3a/1auy 3a 3HaueHHSAMU AE curHaniB y MOMEHTH peecTpallii BHHUKHEHHS
spuma AE BW3HAYaTH BENWYMHM HaBaHTaXeHb Ha BHPIO. lle Moxke OyTH BHUKOHAHO 3
BUKOPHCTAHHSM alpOKCHUMAIIHHUX TOJiHOMIB.

ATIpOoKCHMAIIiifHI TIOJIIHOMHU 3aJIeKHOCTEeH BigHOCHOT aedopmarii Bix ryctuHu AE
curHamiB &(N) a6o &(N) nis po3Tary Ta 3ruHy MarOTh BUTTISA:

—0.094N? +0.348N —0.108
gp(N): 2
N —-3.394N +2.929

; )

2
gg(N): 0.238N " +0.022N +0.002 .

3
N*—0.436N +0.049 @)

[Ipu ampokcumariii oTpuMaHa KpHBa, IO 3TIIAIKY€E, 30BCIM HE 00OB'S3KOBO MPOXOAUTH
4yepe3 BCl BY3JIOBI TOUKH 1 SBJISIE COOOI0 3arajibHy TEHACHITIIO 1 3aKOHOMIPHICTb.

3HavyeHHs1 KOe(illieHTIB eTepMiHAIl]l apOKCUMAaLiHHUX TOJIIHOMIB AOPiBHIOIOTH 0,9799
i po3tsary ta 0,9683 s 3ruHy. 3HaueHHS CepeAHbOKBAJAPATHMYHHMX MOXUOOK CTaHOBIATH
0,2762 nns posrsary ta 0,9683 mns 3runy. Ilpm oTpuMaHHI IIMX 3HAYeHb BHKOPHCTOBYBABCS
naket nporpam Matemathica 9.0.
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OuikyBaHuil eQeKT BiI BIPOBAHKCHHS TPOLECY BU3HAYCHHS CTaHy METaJICBHX
KOHCTPYKIIIH HOJIATaE B:

—  30UTBIICHH]I MIXKPEMOHTHOTO TIepioay poOoTH;

— migBumieHHi ekcryaraniinoro KK/l o6nagnanns;

—  3a0e3medyeHHi HalIHHOCTI yCTaTKyBaHHS;

—  3MEHIIECHHI 3aTpaT Ha TeXHIYHEe 00CITyroBYBaHHS,

—  CIIOCTEPEKEHHI 32 CTAHOM O€3IMepPEPBHOTO MPAIOI0YOTO 00Ia HAHHS.

IIpu OararomapamMeTpUYyHOMY HaBaHTAXEHH1 JUIsI BU3HAYEHHS 3aracy MIIHOCTI CIIiJ
BpaxoBYBaTH SK 3MIHIOIOTbCS NapaMmeTpu Jedopmalii Ipu 3MiHI [ApaMeTpiB HaBaHTAKEHHS
100 I'paHUYHOro craHy. ['paHMyYHa KpHuBa 00JIACTI MpalEe3AaTHOCTI KOHCTPYKINH y CKIIaJHUX
YMOBax MpEJICTAaBIIEHA Ha PUC. 3.

o, MPa
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Pucynok 3 — I'pannyna kprBa 1 Ta TpaeKkTOpis HABAHTAXKECHHS 2 B KOOPAWHATAX MEXaHIYHOI HANIPYTH
(I — obmacts mpane3natHocTi, Il — o0acTe pyitHyBaHHS

Jlnst noBinbHOI TOYKM A TEOMETPHYHO KOE(DIIIEHT 3aJIMIIKOBOTO PECYPCYy JOPIBHIOE
BIZTHOIIEHHIO Biapizka OB 1o Binpizka OA:

A= o8 >1. 4)
0OA

B o6unacTi icHyBaHHS 3akoHy ['yka Hampyra mponopiiiiHa nedopmaiii, OJHaK y nepioau
eKCIUTyaTallli, KOJIM MOXKJINBA HAsABHICTh MIKOBUX HaBAaHTAXXEHb Ta BIIXWUJIEHB BlJ] HOPMATUBHUX
TEXHOJIOTIYHUX MapaMeTpiB BUKOPUCTAHHS 00NaJHAHHA, KpUBa Hampyra-aedopmariisi BAXOAUTb
3a o0sacThb 3akoHy ['yka. Tomy puc. 3 Mae OyTu nepeOyaoBaHUi y KoopAuHATAX & = (&) ax 10
pyiinyBanHs. Takuii Tpadik mnpeAcTaBiIeHUN Ha puc. 4 y BUIIII TPAaHUYHOI KpPHUBOi, IIO
BIJTOKPEMITIOE 00JTaCTh MPAIe3aTHOCTI Bl pyHHYBaHHS.

AHaui3 puc. 4 mokasye, 10 Ha TPaHUYHIN KPUBIH € JIB1 YITKO BUPAKEHI IUISTHKH 3 PiI3HUM
XapakTepoM 3aleXkKHOCTI & = f(&): mepima aiisHKa XapaKTepHU3YEThCS IMIBUAKOIO 3MIHOIO
nedopmarlii po3TITy TpH HE3HAYHMX 3MiHaxX jAedopmariii 3ruHy Ta BIAMOBITAE 3HAYCHHSIM
BiJIHOCHOI Jehopmaliii po3Tary B AiamaszoHi & € (0; 0,34) ta 3runy B nianasoni & € (0,8; 4,19),
JpyTa AUITHKA XapaKTepu3y€eThesl MOBUTFHOIO 3MIHOIO Jedopmallii po3TAry MpH BEIUKUX 3MiHAX
nedopmarliii 3rMHYy Ta BIANOBiJAa€ 3HAYEHHSIM BIIHOCHOI Aedopmariii po3TATy B Jiama3oHi

& € (0,34; 7,8) Ta 3runy B miamasoHi & € (0; 0,8).

YMOBOIO TIpare3aTHOCTI € HEBUXIJ TPAEKTOPii HaBaHTAXEHHS 3a MexXl o0macTi
BU3HAUEHHS CTaHy Tpale3laTHOCTI  KOHCTpykiii. Kopucryiounch  mpeacTaBIeHUMU
3aJIe)KHOCTSIMU MOXKHA BHU3HAUUTH 3HAYCHHS JAe(opMaliiiHMX XapakTepUCTHUK MaTepiaily 3a
nanumu AE BUMipIOBaHb.
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Pucynox 4 — I'pannana kpuBa 1 y koopanHaTtax BigHOcHOI pedopmartii (I — o61acTh mpare3naTHocTi,
II — obGmacTp pyiiHyBaHHs1), Ha BCTaBIIl [TOKAa3aHO JUITHKY IpaHMYHOI KpUBOi 1, 1110 BiANOBiAa€e 30H1
npyxHoi aedopmariii Ta TpaeKTOPisi MOKIMBOTO HaBAaHTAXKEHHS 2

BuxonaBm BuMipioBaHHA LIUIbHOCTI AE curnamiB, KOpPUCTYIOUHUCh TI'PaHUYHUMHU
KPUBHMHU MOKHA BU3HAUUTH BIAMOBIIHI 3HAYEHHS 3aJIMILIKOBOrO pecypcy. s 1boro HeoOxigHo
HaHECTH Ha Trpadik puc. 4 KOOPAWHATU TOUYKHU A, K1 BIANOBIIAIOTH BIAHOCHIN Aedopmarliii npu
HaBaHTaXEHHI 32 JaHUMU AE BUMIpIOBaHb 1 MPOBECTH Yepe3 II0 TOUKY 3 MOYATKy KOOPIHHAT
IPOMIHb J0 TIEPETHHY 3 TPAHUYHOKO KPHBOK. BU3HAUMBIIM TaKMM YHHOM IOJIOKEHHS TOYKU A
MOYKHA 3HaWTH KOe(iLi€EHT 3aJIMIIKOBOTO pecypcy A uepe3 BiIHOLIeHHs Biapi3kiB OB no OA.

Ockinbkn  AE BuMiproBaHHsA 3alMIIKOBOI Jedopmamii Tpu  po3TAry Ta 3TUHI
BIJIPI3HAIOTBCSA HAa MOPSIOK, TO BHECOK KOXKHOI 31 CKJIaJOBUX Yy KOOPJMHATY TOYKH A, SAKUH
BU3HAYAETHCS 3a INUIBHICTIO iMIynbciB AE curnamy, Oyzae BiIpi3HATHCA 1 3a 4acTOTOIO.
BukopuctanHs B eKCIEpUMEHTAJIBHIM YCTaHOBIII YacTOTHOTO (iIbTpa IO3BOJSIE OKPEMO
BUUTUTH HU3bKO Ta BUCOKOYACTOTHI CkiafoBi AE curnaiy, BU3HaAUMBIIN TAKUM YHHOM & Ta &.

Po3mimennss AE fpaTu4uMkiB Tpu  KOHTPOJi 3aJHMIIKOBOTO pecypcy MiAIIUITHUKIB 1
BaJIoNpoBOiB TypOoHarHiTauiB NR34/S 102 romoBHoro msuryna MAN B&WOIL 32/40
nepeadayvae iX BCTAHOBJICHHS Y JaOipHHTHOMY YUIUIEHHI KOMIIPECOPHOI YaCTHHHU, y TIPUTHCKHIN
BTYJIII MiAIIMITHUKA KOB3aHHS Ta y JJAOIpMHTHOMY YIIUJICHHI TypOIHHOI YaCTHHHU.

[Ipu oIiHII 3aJUIIKOBOTO pecypcy Ta JiarHOCTYBaHHS TEXHIYHOTO CTaHy BHpPOOiB
HEOOXiTHO BUKOPHUCTOBYBATH 3a3/aJIeTi/Ib MPU3HAYECHI KOHTPOJBHI PiBHI HaaiitHOCTI. TexHIuHUT
CTaH BaJiB Ta MiIIIMITHUKIB TYpOiH A1arHOCTYETHCS 3a PIBHAMH HaAIHHOCTI:

— HaAIMHUNA piBEHb CIPABHOTO TEXHIYHOIO CTaHy, B SIKOMY IHTepBal Koe]ilieHTa
3aJMIIKOBOrO pecypey A=1,3 ...1,1;

—  YacTKOBO HaniiHui piers A=1,1 ...1,0;

— aBapiiiHMi piBeHb, SKWH XapaKTEpU3ye CTaH CYXOTO TEpTS MiAMIMIHHUKIB, IO
MPU3BOJIUTS iX JI0 MOJOMKH, A=1 1 MeHIIe.

[Ipu cTBOpeHHI cucTeMU iAeHTH}IKAIl CTaHy 3aJIHMIIKOBOTO pecypcy TypOOHarHiTadiB
3 BUKOPUCTaHHAM METOY aKyCTHYHOI eMicii HeoOXilHe BUKOHAHHS HACTYITHUX €TalliB:

— Ha OCHOBI JOCBIy €KCIUIyaTallii BCTaHOBJIIOBATU MPUYMHM, L0 MPHU3BOIATH [0
BiAMOB OOJIaHAHHS;

—  BUSBJISATH AIarHOCTUYHI TapaMeTPH 00’ €KTIB;

—  BCTaHOBIIOBATH 3B’SI3KM JIIarHOCTHYHHX ITAPAMETPIB 3 TEXHIYHIM CTAHOM 00’ €KTa;

— BCTAHOBJIIOBAaTH TIPAaHWYHE 3HAYEHHS MapaMeTpiB, IO XapaKTepU3ylOThb Mepexil
KOHTPOJIHOBAHOTO 00’ €KTa B 1HIIMI KJIAC TEXHIYHOTO CTaHY;
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—  pO3pOOJIATH METOAM BUMIPIOBAHHS JiarHOCTHYHHUX TTapaMeTpiB;

—  BU3Ha4yaTH 00CSTH, MEPIOAUYHICTh Ta MOCIIJOBHICTh BUIPOOYBaHb.

301IbIICHHS TIATHOCTUYHUX CUTHAJIIB IPOTOPIiliHE 301IBIIICHHIO 3HOCY, BTPATH OE3MEKU
Ta 3MEHILIEHHIO 3aJIMILIKOBOIO PECYpCY arperary.

Jnst 30y[OKeHHST Ta NPUHAOMY AaKyCTUYHHUX XBWIb MOXYTh OyTH BHKOPHCTaHi
OE3KOHTAKTHI EJEeKTPOMArHiTHO-aKyCTUYHI TepeTBOpIoBadi abo TMepeTBOpIoBadi 3 CyXUM
TOYKOBUM KOHTakTOM. lle 03Bosise MpOBOAMTH aHAi3 Ta IHTEPHpPETAIil0 JaHuX abo
Oe3mocepelHbO Ha CyJAHI, ad0 LUIAXOM MepeAayi JaHuX A0 LEHTPY BiJAaJICHOI A1arHOCTUKU
KaHaJlaMU pajio3B's3Ky.

MOHITOPUHI CTaHy 3a OCHOBHUMH IlapaMeTpaMH JI03BOJISIE TOJETIIUTH MHiATPUMKY
Mpane3/1aTHOCTI CyJHOBOTO OOJIA[IHAHHS Yy MOpP1 Ta 3MEHIIUTH OOCAT TEXOOCITyroBYyBaHHS.
JliarHOCTMYHA CHCT€Ma MOHITOPUHIY aKyCTHUHUX IapaMeTpiB TypOOHAarHiraua MOXe
CKJIa/IaTHCA 31 3MIHHOI KUJIBKOCTI 1HTEJNEKTYaJbHUX BUMIPIOBAYIB CTaHy BY3JiB, LIEHTPAJIBHOTO
KOMI'IOTepa, pPO3TAIlOBAaHOIO Ha OOpTy CyJIHa Ta BiAJAJEHOr0 KOMIT'IOTepa Ha Oepesi
3 MOXJIMBICTIO KOH(irypanii Ta ananizy AE curnainis uepes IHTepHer.

[Ipu BUMIpIOBaHHAX y peajJbHUX yMOBax poOOTH TypOoHarHiTaua natuuk AE cnpuiimae
HE TUIbKU CHUTHAJI, 10 HECEe KOPUCHY 1H(QOpMAIlilo, aje 1 CTOPOHHI CUTHAIM BUKJIMKaHI BUCOKOIO
BIOpDOAKTHBHICTIO  Mpalforouux  arperaTiB. g  BuauleHHs  KopucHoi  iH(opmaii
B EKCIEPUMEHTAIBbHIN YCTAaHOBIII 3acTOcOBaHa (inpTpallis curHaiiB. lle mo3Bossie BUALTATH
KOPUCHUI CUTHAJ 3a JOMIOMOT'00 YaCOBOT CEJIeKIIi.

BcranoBneHo, 110 cTaH mMarepiaiiB BaliB Ta MiJIUIMIHUKIB TypOiH 3aJ€XUTh BiJl yAapiB
ta BiOpauii. [Ipu ekcrryaTanii BUpo0iB CyHOBOI €HEPreTHUHOI YCTAHOBKM MOMEHTHU 31TKHEHHS
pI3HUX JeTajei 1 MexaHI3MiB BiIOyBalOTHCS B MEBHI MPOMIDKKHK Yacy abo mpu 0OepTaabHOMY
pyci B MEBHI KyTOBI NPOMDKKM ()a30BOro cTaHy MexXaHi3My. BKIIO4amouum peecTpyrouy
amapatypy TUIBKM B MOMEHTH BUHHKHEHHS KOPHUCHOTO CHUTHAIy MOXHA 3HAYHO 3MEHIIUTH
KUTBKICTh (PAKTOPIB, 1110 3aBa)KAIOTh J1arHOCTHIII B IPOLIECI eKCILTyaTallii.

OTpumaHi  eKCIIEpUMEHTaJbHI  pe3yJNbTaTh  JO3BOJIAIOTH  BUPIMIUTH  3aBJAHHS
MOHITOPHHTY TEXHIYHOTO CTaHy €JIEMEHTIB TypOoHardiTauiB. [[ysi mboro morpioHo po3poOUTH
JIarHOCTUYHY MOJelb. J[iarHOCTHYHA MOJENIb BCTAHOBIIIOE 3B'A30K MK CTAaHOM CHUCTEMH Ta ii
BiJIOOp@KEHHSAM Y MPOCTOPI JIarHOCTUYHUX CUTHAIIB. J[1arHOCTUYHUMH TIapamMeTpamMu MOXKYTh
OyTH: cujia TepTsl, TeIUIOBUALICHHS, IHTEHCUBHICTh 3HOIITYBaHHS, BiOpalii Ta iH. CTpyKTypHUMHU
rapamMeTpaMu MOXYTh OyTH: (Pi3MKO-MEXaHiuHI BIACTHBOCTI MAaCTHJIBHHMX MaTepialiB; (i3uko-
MeXaHIYHI XapaKTepUCTHKH BY3JiB TEPTA Ta iH.

BucHoBku

1. OrpumaHi eKCHepUMEHTaIbHI pe3yJbTaTH JO3BOJIAIOTH BUPIMIUTH 3aBJaHHS
MOHITOPHHTY TEXHIYHOTO CTaHy €JeMEHTIB TypOoHarHitadiB. J[Jig 11bOoro HEOOXiTHO BUKOHATH
BUMIipIOBaHHs 1UIbHOCTI AE curnaiis, 3a skumu, KopucTyrounch 3anexHocTsMu e=f(N) ms
pO3TATY Ta 3TUHY BU3HAYWTH BIJMOBIIHI 3HAUYECHHS 3QJIMINTKOBHX AedOopMalliil, 3a SKUMHA MOKHA
3HAUTH BEJIMYHMHY 3aJUIIKOBOTO PECypCy Ta 3amacy MIIHOCTI Marepiady TypOOHarHitadis.
[TigBUIEHHST TOYHOCTI MPOTHO3HUX OI[IHOK BEJMYMHH 3AIHUIIKOBOTO PECYPCy MOKHA JOCATTH
BUKOPUCTAHHAM alpOKCUMALIHHUX TOJTIHOMIB.

2. OrpuMmaHi pe3yNbTaTH MOXYTh CIYXXHTH MOJCIBFHUM VSBJICHHSM BUBYCHHS
BJIACTUBOCTEH 1 NPOTHO3YBaHHS 3aJIMIIKOBOTO pecypcy KOHCTpyKuUiid. CTBOpeHi 3acobu
TEXHOJIOTIYHOTO Ta 1H(OopMaliifHOro 3a0e3nedyeHHs MpPOLECiB AIarHOCTUKM B  yMOBax
HEBU3HAUYEHOCTI XapaKTepy 1 BEIMYMHM HABaHTAXEHb JI03BOJIIIOTH OTpUMaTH jAedopmariiiui i
MILIHICHI XapaKTepUCTUKHN MaTepiaiiB HE 3aJIeKHO BiJ (POPMU 1 BUAY HABAaHTAKEHHSI.

3. Bucoka iHpOpPMATHUBHICTh 1 TOYHICTh BU3HAYEHHS 3aJIMIIKOBOTO PECYpCy MaTepialiB
3a pesyiabTaraMu AE BHMIpIOBaHb J03BOJISE MIABUIIWTU piBEHb i1MeHTHdIKalii cTaHy 1
JIarHOCTHKHU MaTepiaiiB.
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lapko A. B., KaesuoB K. H., AxumoB A. B., CremanuyuxoB JI. M., Ilapko A. A.
NAEHTUOUKAIIUA  COCTOSAHUA  OCTAJIBHOT'O  PECYPCA, MEXAHMYECKUX U
TEPMOJAMHAMUNYECKUX IMPOIIECCOB B TYPBOHATHUTATEJISIX C UCIIOJIb3OBAHUEM
METOJIA AKYCTUYECKOU DMHUCCHUU

[Ipeocmasnenvt Mmemoodonozus u pe3yrbmamol OnpedeneHiuss OCMAamo4Ho20 pecypca mypbonaznemamenet
Memodamu Hepaspywarowux ucnvimanutl. Ha ocnoge cunmesa pe3yismamos 63aumocesi3u aKyCcmudeckux
U MeXanuyeckux CeoUCme Mamepuanios u o0b600weHus onvlma 3KCnayamayuu mypbonaznemamenet
paspabomana cucmema OUACHOCIUKU MEXHUYECKO20 COCMOSHUS MAMepuaios mypbonaznemamenel.
Honyuena  epanuunas  Kpueas — obracmu  pabomocnocoOHOCmMU — Mamepuaild — KOHCMPYKYuu
mypOoHazuemamens 6 KOOPOUHAMAX OMHOCUMENbHOU Oeopmayuu enioms 00 paspyuieHus. Ycrnosuem
PabomocnocoOHOCMU  6IAeMCsl He8blX00 MPAeKmopuy HASpy3Ku 3a npeoeivl 001acmu onpeoeneHus
cocmosiHust  pabomocnocobnocmu  KoHcmpykyuu. Hcnonwsyss npedcmasienuvie 3d6UCUMOCTIU  MONCHO
onpedeiums 3HaAYeHUe OepOPMAYUOHHBIX XAPAKMEPUCMUK MAmepuana no Oanuvim AD uszmepenuil.
Buinonnue uzmepenue niomHoCmMu CUSHANO8 AKYCIMUYECKOU SIMUCCUU, U HONb3YSICh SPAHUYHBIMU KPUGLLMU
MOJICHO Onpedenums COOmMEemcmeyloujue 3HaueHuss ocmamoyno2o pecypcea. Ilokasano, umo niomuocmu
AKYCMUKO-DMUCCUOHHO20 CUSHALA NPU USMEPEHUSIX OCMAMOYHOU 0e(opMayuu npu pacmsdiceHun u uzzuoe
OMAUYAIOMCSL HA NOPAOOK. DMO NO3605EN C NOMOUWBIO YACHMOMHOU (UIbMPAYUU OMOETbHO 8blOEUMb
HU3KO U  BbICOKOYACMOMHbIE COCMAGISIOUUE  AKYCIMUKO-OMUCCUOHHO20 —CUSHALA U  ONpedenums
omHocumenvHbie Oepopmayuu uzuba U pacmsdicenusi Ha OCHO8e eOUHO20 UHDOPMAYUOHHO2O CUSHAIA.
Ipeonooicena cxema pazmewenus O0amMyuKo8 AKYCMUYECKOU IMUCCUU NPU KOHMPOLe OCMAMOYHO20
pecypca noOWUnHUKO8 U 8aionposodos mypboonacnemameneu NR34/S 102 enasnoco oeucamenss MAN
B&WIL 32/40. Bovicoxas uH@OpmMamusHOCMb U MOYHOCHb ONPeOesieHuss OCMAmouYH020 pecypca
MAMEPUAOs no pe3yibmamam aKyCmu4eckux UsmMepenull no3eosiem no8blCUnib YPOGeHb UdeHmupurayuu
cocmosiHust mamepuanos. s 8030yicOeHUss U npuemMa aKyCmu4eckux GO01H MO2YM UCHOLb308AMbCS
OeckoOHMAaKmHble IeKMPOMASHUMHO-AKYCIMUYeCcKUue npeodpazoeameny uiu npeobpaz’osamenu ¢ CyXum
MOYEeUHbLIM KOHMAKMOM. Dmo no360/sem Hpoeooums aHAIU3 U UHMePnpemayuio OaHHblx aubo
HenocpeoCcmeeHHo Ha cyOHe, TUbO nymem nepeoayu OaHHbIX 8 YeHMpP YOALeHHOU OUASHOCIUKU NO KAHALAM
paouocesszu. Tlonyuennvie pesyiomamvl MOZYM CILYICUMb MOOEIbHbIM NpedCmasienuem OJisi U3yyeHus
CBOUCME U NPOZHOZUPOBAHUS OCMAMOYHO20 PECYPCA KOHCTNPYKYUIL.

Knwouesvie cnosa: axycmuueckas amuccus, mypboHazHemamenb, OCMAMOUHbIL pecypc, uoeHmupurayus
COCMOSIHUSL.
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Sharko O. V., Klevtsov K. M., Akimov O. V., Stepanchikov D. M., Sharko A. O. IDENTIFICATION
OF THE STATE OF THE REMAINING RESOURCE, MECHANICAL AND THERMODYNAMIC
PROCESSES IN TURBOCHARGER USING THE ACOUSTIC EMISSION METHOD

The methodology and results of determining the residual life of turbochargers by non-destructive testing
methods are presented. The system of technical condition diagnostics of materials of turbochargers on the
basis of synthesis of results of acoustic interrelation and mechanical properties of materials and
generalization of operation experience of turbochargers is developed. The boundary curve of the efficiency
region of the turbocharger construction material in the coordinates of relative deformation up to fracture is
obtained. The corresponding values of the residual resource are determined by measuring the density of
acoustic emission signals and using limit curves. The condition of working capacity is the failure of the
load trajectory outside the area of determining the state of performance of the structure. Using the
presented dependences it is possible to define values of deformation characteristics of material according
to AE of measurements. It is shown that the density of the acoustic emission signal when measuring the
residual strain during tension and bending differ by an order of magnitude. This makes it possible to
separate the low and high frequency components of the acoustic emission signal by means of frequency
filtering and to determine the relative bending and tensile deformations on the basis of a single information
signal. The scheme of placement of sensors of acoustic emission at control of a residual resource of
bearings and shaft lines of turbochargers NR34 / S 102 of the main engine MAN B&WIL 32/40 is offered.
High informativeness and accuracy of determining the residual life of materials based on the results of
acoustic measurements allows to increase the level of identification of the state of materials. Non-contact
electromagnetic-acoustic transducers or dry point contact transducers can be used to excite and receive
acoustic waves. This allows the analysis and interpretation of data either directly on board or by
transmitting data to a remote diagnostic center via radio. The obtained results can serve as a model
representation of studying the properties and forecasting the residual life of structures.

Keywords: acoustic emission, turbocharger, residual life, state identification.
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3CHPECC-METO/]I OEHKH BEBICTPOJEVCTBHUS CJIOXKHBIX
N3MEPUTEJBHBIX CUCTEM

Tonomanos C. C., x.m.H., Ooyenm, OoyeHm Kageopsvl KCHIYAMayuu Ccyo008020
9NeKMPooOOPYO0BAHUSL U CPEOCME A8MOMAmMuKy XepcoHcKol 20cy0apCmeeHHOU MOPCKOU
axaoemuu, e-mail: goloschapov46@gmail.com

Ilpu paspabomxe CRONCHOU UBMEPUMENbHOU CUCTEMbL YaACmo 0Obleéaem HeoOXO00UMbIM OYEeHUMb ee
OUHamu4ecKue napamempsl ¢ yeivio onpedeieHus ObICmpooetcmeus, Ymo seisemcs 0cobo aKkmyaibHbLM
npu CO30anUU ABMOMAMUYECKUX cpedcms uzmepenus. Ilpu smom nodobHvle cmpyKmypbl Yacmo umerom 6
c80eM cocmaege YCUIUmenu uiu ammeHamopbsl, YAPAagisemMble HANPAICEHUeM, KOMopbule Gakmuyecku
ocyulecmenaiom onepayuio ymHoodicenus cueHanog. C yenvio NpuUMeHeHus CHPYKMyp, UCHOAb3YeMblX
6 meopuu asmomamuyeckozo ynpasienusi (TAY), maxue snemenmuvl 3aMeHAIOMCS HA CYMMAMOpbL
n02apumos ¢ nocredyrowum nomenyuposanuem. s auneapusayuu Onepayuil 102apu@dmuposanus
U NOMEHYUPOBAHUSL UX NPUOTUNCEHHO NPEOCMAGISIIOM KAK ONepayuu GbIMUMAHUSL U CIONCEHUsL TUHEIHbIX
@yukyull. AHAIOZUYHBIM CNOCOOOM BHIPANCAIOMCS U Opyeue HEeIUHEUHble ONepayuu UMepUumeibHblx
36enbes. [lonyuennvle cmpykmypol npeocmagisiomces kax cxemvl TAY ¢ nocrnedyrowum cocmasnenuem ux
nepeoamounvlx (QYHKYUl, HaA OCHOBE KOMOPBIX ONPeOesiemcss NepexooHdas XapaKkmepucmuka CUCmembl
6 yenom. B kauecmee npumepa npumenenust npugedeHH020 Memooa paccCmMampuéaemcs cxema usmepumers
eMKOCMU 6ApPUKANO08 HA OCHOBE eMKOCHMHO20 Oelumens ¢ NpOCMPAHCMBEHHbIM Pa30elieHueM KaAHAl08
UBMEPEHUsL, COOepIHCauids 2eHepamop 6blCOKOU YACMOmbl, eMKOCMHOU Oelumelib, 8 COCMA8 KOMopo2o
BKTIOUEH UBMEPSAEMbLIL 8APUKAN, YNPABGTAEMbLI YCUTUMENb, 084 KAHALA USMEPEHUS, KANCObI U3 KOMOPbIX
codepoicum  ycunumenb GblCOKOU HACMOMbL U OemeKmop, 6blYumaiowee yCmpoucmeo, YCmpoucmeo
CpasHenUs, UCMOYHUK ONOPHO20 Hanpsidicenusi. OOuH U3 KAHAN08 USMEPEHUsl OX8AYEH OMPUYAMETbHOU
00pamHoll C8:3b10, BMOPOU COOEPI’CUM GblyUmMAtoujee YCMpoUcmeo, 61a200aps KOMopomy Ha e20 8bixooe
Gopmupyemcst cucHal, RPONOPYUOHATbHLIIL usmMepsiemoll emxkocmu. [lokazano, Kak MOJCHO paccuumams
bvicmpoOdelicmaue NpuUEeOeHHOU cxembl NPU CKAYKOOOPA3ZHOM USMEHEeHUU HANPAXCeHUs CMeujeHus,
n00asaemo20 Ha usmMepsiemolil 8apuKan yepes snemeHm paszesasku. 1IpeonodcenHblit Memoo npuodauUNCeHHO20
BbIHUCTICHUST DLLCMPOOCUCMBUS USMEPUMELHBIX CUCEM OOCMAMOYHO NPOCI U 3P hekmuser u no3eosiem
SHAYUMENLHO YNPOCMUMb OnpedeieHue OUHAMUYECKUX NAPAMEempos He MOJIbKO USMEPUMENbHbIX, HO U
cucmem YnpaeieHusl, COOePAHCAUUX 36€Hbsl, KOMOPble OCYWECMEIION ONePayull YMHONCEHUs. Ul OelleHUs!
CUSHATIOB.

Knroueevie cnosa: usmepumenvhas cucmema, YAPAGISAeMblil YCULUmMenb, NepeoamoyHds @QyHKYus,
nepexoOHast XapaKmepucmuxa.

DOI: 10.33815/2313-4763.2021.2.25.075-082

Berymiienne. Ilpu pazpaboTke U MPOEKTUPOBAHUU CIIOXKHOM M3MEPUTEIBHON CHCTEMBI
4yacTo ObIBaeT HEOOXOAMMBIM OIIEHUTh €€ JAMHAMHUYECKUE MapaMeTpbl ¢ LENbI0 ONpeeseHHs
OBICTPOAECHCTBUSI, UTO SBJISAETCA OCO0O AKTYaJbHBIM IPH CO3/I1aHUM ABTOMATHYECKUX CPEICTB
n3MepeHnus. [IpuMepoM Takoi CUCTEMBI MOXKET CIIY’KUTh CXEMa U3MEPUTENS] EMKOCTH Ha OCHOBE
€MKOCTHOTO JICJUTENsI C TMPOCTPAHCTBEHHBIM pa3JelieHUEM KaHaoB u3MmepeHus [1, 2],
cojgepxamas B ce0e MHTErpupylolyde Ienu, oOlajaroliue 3ama3fblBaHUEM, U Kackas,
OXBA4YEHHBIN OTPHULIATEILHOW 00PaTHON CBSI3BIO.

ITockonmbKy K HacTOSIIEMY BPEMEHHU HE CYLIECTBYET €IUHOW METOIUKHU OIpPEIEICHUS
JUHAMHYECKUX MapaMeTpPOB MOJOOHBIX CHUCTEM, Ha BOOPYKEHHE MPUXOIUTCS OpaTh METOJBI,
UCIIOJIb3YEMBIE B IPYTUX CMEKHBIX OTPACIIAX HAYKH U TEXHUKH.

HanbGonee npuMeHuMoi J1sl M3ydyeHus: JUHAMHUKHU IPOLECCOB CIEAYET CUUTATh TEOPHIO
aBromatuyeckoro ympasieHus (TAY) [3, 4]. Onqnako Meroasl Kiaccuueckoi teopun TAY B
CBOMX CTPYKTYPHBIX CX€Max ONEpUPYIOT, B OCHOBHOM, CyMMAaTOpaMu M ABYXIIOJIOCHUKAMH C
pPa3IUYHBIMM CTAaTHUYECKMMM U JTUHAMHUYECKUMH XapakTepuctukamu [5, 6]. [lpu stom
OTCYTCTBYIOT MEPEMHOXAIOIIME DJIEMEHTBl — TakWe, Kak 4YacTO BCTpEYaloIluecs B
U3MEPUTENIbHON TeXHHMKE, YCUIIUTENN C YIpaBisieMbIM KoddduunenTom ycunenus [7, 8, 9] wiu
ynpasisiemble aenutenu curHaios [10, 11]. Ilocnennue Toke MOXKHO paccMaTpuBaTh Kak
yIpaBisieMble YCHIUTENN ¢ Ko duireHToM nepenadn kKn<l. B Takux yCHIHMTEISIX OHEpaIyio
YMHOXXEHUSI CUTHAJIOB MOXKHO 3aMEHHUTH OIEpalueil CI0XKEHHUs Jorapu(MOB 3TUX CUTHAJIOB C
NOCIEAYIOIUM OTEHIUPOBAHUEM.
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OnHako yKkazaHHBIC ONEPAIMH SIBISIOTCS HEIWHEHHBIMH, YTO 3HAYUTEIHHO YCIIOXKHSIET
pacder OBICTPOJCHCTBHS, TO3TOMY C LENBIO MPEoOpa3OBaHHs pPAacCMAaTPUBAEMOW CHCTEMBI B
JMHEHHYI0, OTIEpPallii YMHOXCHHS U JICJICHUS MOXXHO 3aMEHHUTH MPUOIMKEHHBIMHU JINHEHHBIMH
GbyHKIUAMU:

e~ X+1; Inx~x-1. (1)

JIeHCTBUTENLHO, pA3JIOKEHUE TIOKA3aTeIbHOW W JjiorapudMuyeckod (yHKIUH B
cTeneHHou psia naet [12]:

2 3 2 3
U PIRASRA L S 1nx=—1+x—(x_1) +(X_1) .,
no o2t 3 2 3

OTKyJla, OTPAaHWYMBASACH TICPBBIMH JIByMS WICHAMH TIPUBEJICHHBIX PSAIOB, IOJIy4YaeM
BoIpakeHus (1).

AHaJOTMYHBIM CHOCOOOM MOXHO MpPEACTaBUTh M JApPyrUe HEJIUHEHHbIe Onepaluu
U3MEPUTEIILHBIX 3BEHBEB.

Heabio crarbu sBisieTcsl pa3paboTKa ONEPATUBHOTO METO/a MPUOIMKEHHOW OLIEHKH
OBICTPOJCHCTBUS  CIIOKHBIX ~ HM3MEPHUTEIbHBIX CHCTEM Ha OCHOBE IpeoOpa3oBaHus
WU3MEPUTENIbHBIX CTPYKTYp C MHOXHUTEJIBHBIMU JIEMEHTAMHU JJIsl MOJYYEHHs] THUIIOB 3BEHBEB,
ucnosb3yeMbix B TAY.

OcHoBHasi yacTb. B cnyuae, eciau Bce 3BEHbsSI CXEMbl YJAeTCsl JUHEApU3UpoBaTh (C
HEKOTOPBIMHM  JIONYLICHUSMM), PYKOBOACTBYSCH IIPUHLMIIOM CYIEPHO3ULIMH, EAUHMIYY B
BbIpaKeHUAX (1) MOXKHO ONyCTHTh M TOTJA ONEPALUI0 YMHOXEHHUS MOXXHO NPUOJIMKEHHO
IIPEICTAaBUTh KaK ONEPALIMIO CIOKEHUS, a OIIEPALIUIO JEJICHUS — KaK OllEepalvio BBIYUTAHMSL.

Janee, ucnonb3yss HpUEeMbl W MeTolbl mpeoOpa3zoBaHusi cxem B TAY wu 3Has
nepeaaTouHble (PyHKIUN OTACIbHBIX 3JIEMEHTOB U 3BEHbEB CXEMBbI, ONPEACISIOT IepeIaTOYHYIO
(YHKIMIO CUCTEMBI B IIEJIOM, 110 KOTOPOH MOKHO HAWTHU €€ MEPEXOAHYI0 XapaKTePUCTHKY.

Kak npumep peanuzanuy paccMOTPUM YXKe YNOMSHYTYI0 cxemy (puc. 1) m3aMepeHus
€MKOCTH Ha OCHOBE €MKOCTHOT'O JICJIUTEJI C MPOCTPAHCTBEHHBIM pa3zelieHueM KaHaios [1, 2].
IIpu >ToM B KauecTBEe M3MepsAeMoi eMKOCTH Cx HCHOIB3YETCs MOJIYIPOBOJHUKOBAS €MKOCTb
(Bapukar), ynpasisiemMasi OT HICTOYHHMKA HAMPSKEHUsI CMELIEHHs (Ha CXeMe He TIOKa3aH).

: J
C
r VA ”T vl =~ m yC
1c

U
= V2 [— m2 By_&wﬂ;

Pucynoxk 1 — MI3smepuTenb eMKOCTH C €MKOCTHBIM JETTUTENIEM
U IPOCTPAHCTBEHHBIM pa3eiICHUEM KaHaJOB:
I' — reneparop BbICOKOH 4acToThl; YY — ympaBisieMblid ycunutenb, Y1, Y2 — ycunutenu BBICOKOU
ygactoTel; [1, /12 — nmerekropsl; BY— BeumTaromee yctpoiictBo; YC — ycTpoHcTBO CpaBHEHHS,
Uon — OIIOpHOE HAIIPSIKEHUE

B or1oli cxeme Mexay TIeHepaToOpoM BBICOKOM 4YacTOThl W JEIUTENIEM BKIIOYEH
yHpaBJIIeMblid yCUIUTENb, KOO(PPHUIUEHT YCHIECHHSI KOTOPOT'0 MPOMOPLHUOHAJIEH YIIPaBISIOLIEMY
HanpsbkeHuro. [Tockosibky cxema oxBadeHa 0OpaTHOM CBSI3bI0, OyI€T CIIPaBeIIMBO PABEHCTBO

C
k 1=Uon’ (2)

Uk ——
“Vc+C,

o pybpuku éxnoueno cmammi 3a memMamuiHo10 CHPAMOBAHICTNIO «Aeémomamu3sayis
ma Komn 1omepHo-iHmezposani mexHoni02ii»



HaykoBui BicHUK XepCOHCBHKOI Aep:kaBHOI MOopchbKoi akaneMii WA PR PAk

rae U, — Hanpsbkenue reHeparopa I', K — K09 GHUMEHT yCHIICHHS yIPABIISIEMOT0 YCHINTEIS

VYV, C — BemnmunHa emkoctu gemutenss C, Cx — €MKOCTb MCHBITYEMOIO BapHKarna,
K, —Kkoadduupent nepenaqn ycuurens V1 u gerekropa 1.

IlockosbKy BXOA BTOpPOro yCwWIMTeNsd Y2 MOAKIOYEH K BbIXoAy YV, Ha BBIXOXE
nerekropa J12 nomyuum:
U, =U_kKk

2 yy2»
rae k,, — kooddurment nepenaun yeunurens Y2 u gerekropa /2.

C yuerom (2):

C+C. Kk
U =y —=x. v
12 on C k

yl
Ipumem Kk, =K,

Torna Ha BeIXO/€ BeIUMTaOMIETO O0J10Ka BY momyunMm:
— —_ X
Usblx_UHZ_U _U )

CUTHAJI, MPONOPILMOHAIBHBIA HM3MEPSEMON EMKOCTH, IMOCKOJbKY BCE OCTaJIbHBIE BEJIUYMHBI,
BXOJISIIIIUE B ITOJyYEHHOE BBIPAKCHHUE — TOCTOSTHHBIC.

PaccmoTpuM, Kak W3MEHSETCS BBIXOJHOM CUTHAjd BO BPEMEHU HIpPU CKAYKOOOpa3HOM
U3MEHEHHWN YIIPABIIONIETO HANpsDKeHHs cMmerneHus. [Ipu 3ToM Bce ocTanbHBIE MapameTphl
CXeMbl (HamnpshKEHHE BBICOKOYACTOTHOIO I'€HEpaTopa, OMOPHOE HANpsKeHHE) OyJeM CUMTaTh
NOCTOSTHHBIMU. TakXe CYHMTaeM, YTO BCE 3BEHBS CXEMBI MOXHO JIMHEapH3upoBaTh. Torma c
YYeTOM CKa3aHHOTO M LENH HANpPsHKEHUs CMEIEHHs C U3MEpsSEeMbIM BapUKallOM CXeMa IMpUMET
BUJ (puc.2).

vy ED — V1 = a1 J
UCMt UBLIX
—>() JP «(Uew —> V2 = 12 —

Pucynox 2 — Cxema aHaim3a mepexoJHOTo MpoIecca Mpy BXOTHOM BO3JCHCTBUN HAIIPSDKCHUEM
CMELICHUS:
VYV — ynpasnsemsiii ycmmtens, EJl — emxoctHO#N nemurtens; Y1, V2 — yeumurenu; 1, /12 — nerekTopsr;
OP — snementsl pa3Bsa3ku no nenu cmemieHus; Cx(Uey) — QyHKIMOHATBHAsS 3aBUCHMOCTH €MKOCTH
BapHKara OT HalnpshKeHUs cMelleHus (BonbTdhapaaHas XapaKTepUCTUKA)

YuuteiBas, 49T0 KOIQOUIMEHT mMepefadn eMKOCTHOro jenurens K, =——c

1+
C

1 N
MPEJACTaBUM TMOJYYEHHOE BBIPAKEHUE B BUJIE e pasnarasi KOTOpoe B CTeneHHOM psia [12] u
+ X

C

OTrpaHMYMBAsCh MIEPBBIMU IBYMs WICHAMH pPsfa, moaydaem K, ~1——*
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dynkunonaneHyto 3aBucumoctb C, = f(U,_ ) mnpuOmmwkeHHO BbIpasMM B BHIC

A
3apucumoctd C, ¥ — , 1€ 4 — NOCTOSHHAs BEJIMYKHA.

cm

C yuetom 3Toro cxema npumer Buf (puc. 3):

C
1_>=x
vy c - V1 | J1
UCMt A BBIX
Ol L L vo | e Y

Pucynok 3 — CtpykTypHas cxema ¢ yuyeToM Ko3dduimenTa nepenayu eMKOCTHOTO ICTUTEIS U
3aBHCUMOCTH €EMKOCTH BapuKarna OT HaIPSKEHUS] CMEILCHUS

Anantupys npuBeACHHYIO cxeMmy 1oj cTpykrypbl TAY, nonyuum (puc. 4):

vy >®—>V1—>H1J

Uen(t) A C

UBLIX
V2 = 2 —

Pucynok 4 — Cxema, aranTupoBaHHas 0] CTPYKTYpsl TAY

3aMeHssl onepaluu YMHOXKEHUS (JefieHus]) Ha clloKeHue (BhIYMTaHHe) Jorapudmos c
MOCJIEAYIOIIUM OTEHLIUPOBAHNUEM, TTIOTYUYaEM.

—»1(1} — < VI Al = vy | V2 (= 12 2=
In
eX

|

Ue, P In & InA

3

Pucynok 5 — 3ameHna onepannii yMHOKEHUsI (I€JICHUS) Ha CI0KEeHUE (BBIYMTAHHE) JIOTapr(PMOB
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3aMeHuM JorapupMUPOBAHKE U MMOTCHIIUPOBAHUE UX NPUOIMKEHHBIMU (YHKIHASIMHU.

11
InC | X ? Vi gl vy V2 b
UCM IHA )
1

OP

Pucynok 6 — 3amena oneparuii sorapuMupoBaHus (IIOTCHIUPOBAHUS ) UX MPUOIMKEHHBIMU
hyHKIIAME

[TockonbKy BCe 3BEHbS, BXOJAAIINE B CXEMY, NMPEACTABIAIOT COOOH TUHEHHbIe (yHKINH,
BXOJSILIME ITOCTOSHHBIE BEJIMYMHBI MOYKHO OIyCTUTB. C yYETOM 3TOr0 UMEEM:

You | op —(@)—1 V1 il vy V2 IV

o 1

Pucynok 7 — PeaynpTupytomas cxeMa 3aMeIieHus

[Tycte Wi(p) — nepenarounas gynkius kanana Y 1-/(1; Wa(p) — nepenarounasi GpyHKIus
kaHana Y2-J12; Wp(p) — nepenarounas GyHKIus Henu pas3Bsizku, Ky U Koc — COOTBETCTBEHHO
nepeaaToyHbie KOA(PGUIMEHTH YIPaBISIEMOTO ycwinTenss YY M KaHaima oOpaTHOW CBSI3M —
Oe3MHEPLIMOHHBIX 3BeHBEB. Torma obmias nepeaatoynasi pyHKIHUS CXEMbl paBHA

Wl ( p)ky

W(p) sz(IO)—1 WL (P, e

W, (p). 3)

Iemnps pazsssku (RC-miens), nerexropst J1 u [I2 mpenctaBum B BHIIE anepHOIAYECKUX
3BEHBEB C MEPEAATOYHBIMU (PYHKIIHSIMH
I(1
T,p+1

k2
T,p+1’

K
W = P W =
p(p) T p+19 l(p)

p

., Wi(p)= 4

rae Kp, ki, k2 — koadduimenTs mepemayn memu pas3BS3KH, MEPBOTO U BTOPOTO JETEKTOPOB
COOTBETCTBEHHO; 1p, 11, T2 — IOCTOSSHHBIE BPEMEHH 3THX K€ 3BCHBEB.
B ciyuae usmepenuns Ha yactote 1MI'1 noctostHHbIe BpeMeHu 71 1 12 nerektopos JI1 u

12 uzmepsitoTcest AoAsIMU MIULDTHCEKYHT. [TloaTomy moactasuB (4) B (3), mpeHeOperas wieHaMu
BBICILIETO MOPS/IKA MAJIOCTH M TIOJIaras Jjis mpocToThl K, =Ky, =1, re K, - K03 durmeHt

0o0paTHOM CBSI3U, TOTYUYUM:

W(p) = % Ok kK
Tpp+1 05T, p+1 T,p+1

(4)

AHaiau3 TMOJYYEHHOIO BBIPAXKEHHSI MPHUBOJUT K BBIBOAY, YTO paccMaTpuBaemas
U3MEpUTENIbHAS CUCTeMa BeleT ce0s Kak pealbHOEe HHTErpUpylollee 3BEHO C MOCTOSHHOU
BpPEMEHHU:

T~T,+05T +T,. 4)
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BeiBoabl. PaccMoTpeHHBIE MeTOJN MNPHUOIMKEHHOTO BBIUMCIEHUSI OBICTPOAECHCTBUSA
U3MEPUTENIBHOM CHUCTEMBI TOCTATOYHO MPOCT M 3()(PEKTUBEH M MOMKET MCIIONb30BaThCs IS
ONEpaTUBHOW OLIEHKM OBICTPOJCHCTBUS Ha CTaJAWMd TNPOEKTUPOBAHUS M  ONTUMH3ALUU
IapaMeTpoB CUCTEMBI B ILiesioM. IIpuBeneHHas Meroamka HCHojb30BaHus npuemos TAY B
cllydae TIPUMEHEHHUSI B CXE€MaX YCHJIMTEJEH C yNpaBlisieMbIM KO3(DPHUIMEHTOM YCHIICHUS WU
aTTEHIOATOPOB T03BOJIAET 3HAYUTENBHO YNPOCTHTH BBIYMCICHHUE OBICTPOAEHCTBHS HE TOJIBKO
WU3MEPUTENIbHBIX, HO U JIIOOBIX JAPYTUX CUCTEM, COJAEPKAIIMX 3BEHbS, KOTOPHIE OCYILECTBISIOT
OIepaLuy YMHOXEHHUS U (WIN) IETCHUs.
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Tosomanos C. C. EKCIIPEC-METO/] OLIIHKM IIBUAKOAII CKJIAJHUX BUMIPIOBAJIBHUX
CUCTEM

Ilpu po3pobyi ckaadHoi umiproganvHoi cucmemu uacmo 0y6a€ HeOOXIOHUM OyiHumu ii OUHAMIYHI
napamempu 3 Memo0 BU3HAYEHHs WBUOKOOIL, WO € 0COOIUBO AKMYANLHUM NPU CIMBOPEHHI A8MOMAMUYHUX
3aco0bis eumiprosanis. Ilpu ybomy nooiOHi CmpyKmypu 4acmo Maioms y C60EMY CKIAOi RIOCUn08ayi abo
ameHiOamopy, Kepoeaui Hanpyeolo, AKi 30IUCHIOIOMb ONepayilo MHONCEHHS CUSHANiG. 3 Memoio
3aCMOCY8aHHsL CIMPYKMYP, WO SUKOPUCMOBYIOMbCS 8 meopii asmomamuyunozo ynpaeninus (TAY), maxi
e/leMeHmU 3aMIHIOIOMbCSL HA CYyMAMOpU 102apudmie 3 nooarbuum nomeHyiioganuam. s nineapusayii
onepayitl 102apumMy8anus ma NOMeHYil08AHHA IX HADIUNCEHO NPeOCAsNaAms K onepayii 8iOHIMAHHS
ma CKIa0aHHs JNIHIUHUX QYHKYIL. AHANO2IYHUM CHOCODOOM SUPANCAOMbCsl THULL HeNIHIUHI  onepayil
sumiprosanvhux aamox. Ompumani cmpykmypu npeocmagnaiomeca Ak cxemu TAY 3 nacmynnum
CKIAOAHHAM IX nepedasanvbHux (OYHKYill, HA OCHOBI SAKUX BUSHAYAEMbCA NepexioHd Xapakmepucmuxa
cucmemu 8 yinomy. AK npuxiad 3acmocy8anHs HABEOEHO20 Memoody PO32IA0AEMbC CXeMd 8UMIPIO8aya
EMHOCTI B8APUKANIE HA OCHOBI EMHICHO20 OLILHUKA 3 NPOCMOPOBUM NOOLIOM KAHANIE GUMIDIOGAHHS, WO
Micmume 2eHepamop UCOKOI uacmomu, EMHICHUU OLIbHUK, 00 CKIAOY K020 BKIIOYeHUU SUMIPHO8AHUL
8apuUKan, Keposanuli NiOCUIO8ay, 08a KAHAIU GUMIPIOBAHHS, KOJCHUU 3 AKUX MICIUMb RIOCUTI08AY BUCOKOL
yacmomu, npucmpil, wo GIOHIMAE, NPUCMPINl NOPIGHAHHS, OJicepenio onoproi Hanpyeu. OOuH 3 Kaauie
BUMIDIOBAHHA OXONIEHUUl He2aMmUBHUM 380POMHUM 38'A3KOM, Opyeull MICmumv NpUcmpii, wo 6iOHIMAE,
3A605KU AKOMY HA U020 8UX00I POPMYEMbCS CUSHAT, NPONOPYIUHUL uMIipro8anoi emrocmi. Tlokaszarno, sk
MODJICHA PO3PAXY8AMU UBUOKOOII0 HABEOEHOI cxeMu npu cmpuOKONOOIOHIL 3MIHI Hanpyeu 3cysy, wo
NnO0AEMbCs HA BUMIPIOBAHULL BAPUKAN Hepe3 elleMeHm pO36'sa3Ku. 3anponoHo8aHuil Memoo HabIUNCEHO20
00UUCTIeHHST WBUOKOOII BUMIPDIOBATLHUX CcucmeM O00CUmb NpoCcmull | epekmuenull i O00360158€ 3HAYHO
cnpocmumuy GU3HAYEHHS OUHAMIYHUX NAPAMEmpie He MINbKU UMIPDIOBANbHUX, a U CUCMEM YRPABTIHHS, U0
Micmsame JaHKU, SKI 30TUCHIOOMb ONepayii MHONCeHHs ab0 NOOLLY CUSHAILS.

Kniouosi cnosa: eumiprosanvua cucmema, Keposawuil NIOCUIO8aY, nepeoamua (QGyuKyis, nepexioua
Xapakxmepucmuxa.

Goloschapov S. S. EXPRESS METHOD OF EVALUATION OF SPEED OF COMPLEX MEASURING
SYSTEMS

When developing a complex measuring system, it is often necessary to evaluate its dynamic parameters in
order to determine the speed of response, which is especially important when creating automatic
measuring instruments. Moreover, such structures often include voltage-controlled amplifiers, which
actually carry out the operation of signal multiplication. In order to apply the structures used in the theory
of automatic control (TAU), such elements are replaced by adders of logarithms with subsequent
potentiation. To linearize the operations of logarithm and potentiation, they are approximately represented
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as operations of subtraction and addition of linear functions. Other non-linear operations of the measuring
units are expressed in a similar way. The resulting structures are presented as TAU circuits with the
subsequent compilation of their transfer functions, on the basis of which the transient response of the
system as a whole is determined. As an example of the application of the above method, a circuit for
measuring the capacitance of varicaps based on a capacitive divider with spatial separation of
measurement channels is considered, containing a high-frequency generator, a capacitive divider, which
includes a measured varicap, a controlled amplifier, two measurement channels containing high-frequency
amplifiers and detectors, subtractor, comparison device, reference voltage source. One of the measurement
channels is covered by negative feedback, the second contains a subtractor, due to which a signal
proportional to the measured capacitance is generated at its output. It is shown how the speed of the given
circuit can be calculated with an abrupt change in the bias voltage supplied to the measured varicap
through the decoupling element. The proposed method for the approximate calculation of the speed of the
measuring systems is quite simple and effective and makes it possible to significantly simplify the
determination of the dynamic parameters of not only measuring, but also control systems containing links
that carry out the operations of multiplying or dividing signals.

Keywords: measuring system, controlled amplifier, transfer function, transient characteristic.
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Poboma cnpamosana Ha eupiwienHs npuxkiaoHoi 3adaui po3poOKU A8MOMAMUYHOI cucmemu 0OpoOKu
eIeKMPOHHUX OOKYMEeHmI8, a came OOHiei 3 ii wacmun - knacugpixamopa. [nsa eupiuienHs nocmagneHoi
3a0a4i 3aNPONOHOBAHO BUKOPUCHIOBYBAMU RIOX00U MAWMUHHO20 HABYAHHS MA WMYYHO20 IHMENEeKmYy.
Bupiwennus nocmaenenoi 3a0aui npu 36UdaiiHux yMosax He cKiadae mpyoHowis, npome 6 OaHiti pobomi
PO32N80AEMbCSL BUNAOOK OOMENCEHOCTNI HABYANLHOI BUDIDKU, WO € NOWUPEHUM BUNAOKOM NpU po3pooyi
cucmem Ha 0a3i 3anponoHOBAHUX Ni0Xo0ie. Y pobomi npoeedeHo 00CHIOHCEeHHsT NOYAMKOBUX OAHUX HA
OCHOBI sIKUX 6y0e Nnpo6e0eHO HABYAHHA MOOell mMA GU3HAYEHO KIIbKICmb Kiacis, wo 6yoyme
PO3NIZHABAMUCH, KLIbKICMb NPeOCMABHUKIE Y KOJICHOMY KIACi ma OO0CHiONCeHO 0cobaugocmi ix
npeocmagients. Y pobomi npeocmagieHo nioxoou, 3aCMoCy8ants AKUX 00360NAE 30INbUUMU MOYHICb
cucmem mako2o muny, 8 yMo8ax 0OMelceHOCmi no4amrkosoi Hauanvhoi eubipku. Ceped 3anponoHo8aHuUx
nioxo0ie po3enadaemovcs NPUHYUn MIHIMIz3ayii napamempie npu @GopmysanHi apXimeKkmypu wimy4Hol
HeUpoHHOI Mepedci, ayzmeHmayis OAaHUux, NepeOHABUAHHA WMYYHOI HeUPOHHOI Mepedci WAAXOM
3acmocysannsi agmoenkodepa. Ompumana moynicms y 94-95 %, nicis 3acmocyeanns 3anponoHOS8aHUx
nioxooie ua eiominy 6i0 70 % nouamkosux, niomeepoNcye MONCIUBICTNL ONEPaAMmueHoi po3podKu
AHANO2TYHUX KIACUPDIKAMOPIE MaKo2o Mmuny, npu oOMedxNceHill eubipyi ma 6 ymoeax Minimizayii uacy, 3
00CAZHEHHAM BUCOKUX NOKAZHUKIE MOYHOCMII.
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Beryn. YV ganuii wac, misnbHICTH Oyab SIKMX 3aKJIaliB 1 YCTaHOB HEMOXJMBa 0e3
opranizauii 1okyMeHTooOiry. HeoOXiqHICTh OTpUMaHHS JOKYMEHTIB, IEPEBIPKU TOCTOBIPHOCTI,
BHeCeHHS 1H(opMmarlii 10 BIANOBIAHMX 0a3 naHuUX 1 T.1., 3aiiMae Oarato 4acy Omneparopis
BIJIMOBIIHUX CHUCTEM, a TaKOX HEOOXIJHO BpaxOBYBaTH IIOACHKUN (akTop. 3amiHa eTamiB
pyuHOI OOpOOKHM MPOTrpamMHOIO JO3BOJUTH 3MEHIIMTH 4ac OOpoOKH TOKYMEHTIB Ta Mpuodepe
BIUIMB JIIOJICBKOTO (haKTOPY Ha TOYHICTh BUKOHAHHSA poOIT. 3 4Oro BHUIUIMBAE, IO BHUPIIIEHHS
NPUKIATHOI 3a7adl  pO3pOOKM aBTOMATHUYHOI CHCTEMHU OOpOOKM JOKYMEHTI € JOCUTh
aKTYyaJbHOIO B MOTOYHUI Yac IHUPOKOTO BIPOBAKEHHS €JIEKTPOHHOTO JOKYMEHTOOOITY.

3anponoHoBaHi CUCTEMH JO3BOJISIOTH BUPIIIYBAaTH pPs 3a7ad, TaKUX SK: INepeBipKa
HasIBHOCTI MeYaTku abo MiAMUCY, MepeBipka HassBHOCTI Ta BaJIHOCTI AaTH, MAPCUHT KIFOUOBHX
€JIEMEHTIB JJOKyMEHTY, TOIIO. Y poOOTI BUPINIYETHCS 3a7a4a PO3POOKH aBTOMATHYHOI CUCTEMU
00poOkM ckaH/(hOTO arecTariB, SK NPUKIAAY JTOKYMEHTa, M0 00poOiserscs. OmpaitoBaHHs
JIAHOTO JTOKyMEHTA TOJIsiTac y BHECEHHI OIIHOK B 0a3y JaHUX, MEPEpPaxyHKy CepeaHbOro Oairy
aTecTaTy Ta NEpeBIpKH HOro BIANOBITHOCTI 10 MOJAHOTO 3HAYEHHS 3 METOI0 YHHUKHEHHS
danscudikamii mannx. OOpoOka BEIMKOI KUIHBKOCTI aTecTaTiB oOlepaTopaMH, TOOTO pydHa
00poOka, 3aiiMae BEJNMKY KIJIBKICTh Yacy Ta MPU3BOAMUTH A0 HEMHHYYHX TOMHIIOK OINEPaTOpiB.
Biarak, 3amiHa etamy pydYHOI TMEPEBIPKH MPOTPAMHOIO, TO3BOJUTH 3MEHIIMTH 4Yac OOpOOKH
JIOKYMEHTIB Ta MiABUIIUTH TOYHICTH 1X IEPEBIPKH.
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Y gmaHili poOOTI pO3MIIANAETHCS BHUPINICHHS JIMIIE OJHIET CKJIAOBOI CHCTEMU
ABTOMATUYHOTO pO3Mi3HAaBaHHA CKaH/(OTO JOKyMEHTIB, a came Kiacudikamii 300paxxeHb
OTPUMAaHUX IICJIsl OIpALIOBaHHS JOKYMEHTa CETMEHTATOpOM, SKHHA BHIUILE CKIIAIOBI
JOKYMEHTH, SIKi moTpeOyroTh Kiacudikanii. Knacudikarop npomnoHyeTbcs BUKOHATH HA OCHOBI
MITY9HOI HEHPOHHOT MEPEXKi, sIKa BUPINIYE KIACHYHE 3aBJaHHs PO3Ii3HABaHHS 00pa3iB.

Binomo, 1m0 ocHOBHa YacTWHA 4Yacy, MpU po3poOlll HEHPOHHUX MEPEXK, CKIAJae came
OTIPAIOBAHHS BX1THUX JaHUX JUIA iX 3pyYHOTO MPEJCTaBICHHA. Y NTaHOMY BUIQJIKy HEOOXITHO 3
KO’KHOTO JOKYMEHTY BUPI3aTH BU3HAUCHHH, YHIKAIBHUHN [0 CBOEMY HAIIOBHEHHI CEIMEHT, SKUH
Oyne B moaanpHIoMy 00poOisTHCs, 30epertu ioro y HOBUM (ailm Ta 3reHepyBatu oMy
BIIMOBIAHY MITKY. HeoOXiIHO 3a3Ha4MTH, 110 OMKMCAHA BUIIE POOOTA, 3 MiATOTOBKU JAOCTATHHOI
KUIBKOCTI JIaHUX JUIsl HaBYaHHS HEMPOHHOI Mepexi, MoTpedye HasBHOCTI BEIMKOI KUIBKOCTI
OpUTiHaNIB JOKYMEHTIB, L0 0OpOOJIAIOThCSA, Ta 3aliMae AOCUTH Oarato uvacy. s aeskux
3aB/laHb, 3a0€3MeUeHHs 3a3HAYEHUX YMOB MOK€ OyTHM HEMOKJIMBUM (BIACYTHICTH JOCTaTHHOI
KIUJIBKOCTI JOKYMEHTIB Jj1s1 00poOKu), a00 HE MOUUIbHUM (Yac MiArOTOBKU JAaHUX T4 HaBUAHHS
HEUpOMEpPEKI B JEKUJIbKa pa3iB MEPEBUIIYE YaC BUKOHAHHS OOPOOKM B PYUYHOMY PEXKHMI).
BpaxoByroun 3a3HaueHe, a caMme CKJIQJHICTh BHMKOHAHHS YMOB WIOAO KIJIBKOCTI BXI1JHOI
iH(popMalii Ta yacy, NPOMOHY€ETbCS PO3POOUTH KiIacu(]iKaTOp B yMOBaX 0OMEXEHOCT1 BUOIPKH,
TOOTO 3MEHILIMBIIM Yac pPYy4HOI MIATOTOBKM BHOIpKM s HaB4yaHHSA Mepexi. [Ipakruuna
peamizamisi IMITy4HOI HEHWPOHHOI Mepexi, IOCIDKeHHS poOOTH Ta aHali3 pe3yJbTaTiB
IIPOIIOHY€EThCS BUKOHATM HA NPUKIAAl  KJIacudikaTopa arecTaTiB  OLIHOK  IIKUIBHOI
IBaHAAIITHOAIILHOI CUCTEMH OI[IHIOBAHHS.

HeoOxigHicTh HaB4YaHHA Mojeni kiacudikaiii 300pa)keHb Ha HEBEIUKOMY 0O0Cs31
JAHUX — 3BUYaiiHA CUTYaIlls, 3 SIKOI0 YaCTO CTHKAIOTHCS B IIPAKTHUII PO3Mi3HABaHHSIM 00pa3iB 3a
JIOTIOMOTOK0 TEXHOJIOT1H KOMI'FOTEpHOro 30py Ha mpodeciiiHomy piBHI. [li «HEBETUKUMY
00'eMOM PO3YMIETHCS BiJl ACKUTBKOX COTEHb JI0 JACKIIBKOX JIECITKIB TUCSY 300pakeHs [1].

VY npomy Matepiaii po3risAaeThCsl IPOCTa CTPATETis BUPILLICHHS JAHOTO 3aB/IaHHS:

VY uactuni 1, po3po0iieHO HEBENMKY HEHPOHHY MepexXy 3a MPHUHLUIIOM MiHiMizaril
napameTpiB, o0 3agaTH 0a30BUM piBeHb TOYHOCTI Kiacudikarii. [Ticas goro mpeacTtaBieHO
BapiaHT €(QEKTHBHOTO CIOCOO0Y PO3IIMPEHHS MOYaTKOBOI HaBYabHOI BHOIPKM s 3amadi
po3mizHaBaHHA o0Opa3iB — data augmentation. Po3risiHyTo JBa OCHOBHMX NMPUHOMH TITHOOKOTO
HaBYAHHS Ha HEBEJIHMKHX HaOopax NaHWX: BUJAUJICHHS O3HAK 3 BUKOPUCTAHHSM MOIEPETHBO
HaBYEHOI MepeKi 1 JOHaBYaHHS MOIEpPeIHbO HABUEHOT Mepexi.

VY wactuni 2, OyAe pO3IISHYTO MOXKJIMBICTH 3aCTOCYBaHHsS TE€HEpAaTHBHO-3MarajibHOI
mepexi (GAN — Generative Adversarial Networks) sik cmocoOy poO3IIMPEHHS TOYaTKOBOL
BUOIPKU 3 METOIO MOKpAIICHHS PIiBHS TOYHOCTI po3mizHaBaHHs. (DiHambHE 3HAUEHHS TOYHOCTI
pob6oTH po3pobIIeHOT Moe Oye OTPUMAHO TICIsI MPOBEICHHS PETYJIIApU3allii.

Meta po6oTu. MeToro gaHoi poOOTH € PO3pOOIICHHS Ta JOCTIIKEHHS POOOTH OJHIET 13
CKJIJIOBUX aBTOMATHYHOI CHCTEMH OOpOKM JOKYMEHTIB, a came KiacudikaTopa, Ha MpUKIAIl
knacudikatopa OIIIHOK B aTecTaTi, B yMOBax OOMeEXeHOCTI HaB4aibHOi BHOipku. Poborta
CIIpsIMOBaHa HAa BHU3HAYCHHS JOIUIHHOCTI 3aCTOCYBaHHS MiAXOIIB ITiIBUINCHHS PiBHS TOYHOCTI
TaKUX CHCTEM B YMOBaX OOMEXEHOCTI BUOIPKH Ta BU3HAYCHHS] TOYHOCTI POOOTH pO3pOOICHOTO
Kiacudikaropa micis 3aCTOCYBaHHS 3alIPOTIOHOBAHMX IT1IXO/TIB.

AHaJi3 iCHYI0UYMX JliTepaTypHUX J:Kepesa. Ha cboronHimmHii JeHb iCHY€ JOCUTH BETTHKA
KUIBKICTh MaTepialiiB, 110 OMUCYIOTh CIIOCOOM BHUKOPUCTAHHS HEHPOHHUX MEPEX IS CXOXKHX
3amad. Hampuknan, pobGota [2] mpucBsdeHa po3poOIli CHCTEMH pO3Mi3HABAHHS MHCEMHHUX
CHUMBOIIIB 3a JOTIOMOTOI0 IITY4YHO! HEeHpoHHOI Mepexi. [IpoTe y camoMy martepiani He onucaHa
CTPYKTypa HEMPOHHOI MEpexKi, a BiZITaK HE 3pO3yMiJli BUMOTH Ta MOTpedU Ha i1 HaBYaHHSI.

ABTopamu po0GoTH [3] MAOCHIIKEHO OCHOBHI METOIM BHUKOPHUCTAHHS 3TOPTKOBHUX
HEHPOHHUX MEpEX JUIsl BUPIIICHHS 3a/1a4i Kiacudikaiii TekcTiB. ExcCriepuMeHTH Ha TEKCTOBHX
JaHUX BEJIHKOTO 00CATYy IMOKa3alu, 1[0 3TOPTKOBI HEHpPOHHI Mepexi st 3amadi kiacudikarii
TEKCTIB JIO3BOJISIFOTH JIOCSTTH SIKOCTi, aHAJOTiyHOi abo Kpamioi B MOPIBHSAHHI 3 TpaaWIitHUMU

o pybpuku éxnoueno cmammi 3a memMamuiHo10 CHPAMOBAHICTNIO «Aeémomamu3sayis
ma Komn 1omepHo-iHmezposani mexHoni02ii»
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Meroaamu. [Ipore aHamOriyHO O BHUIIECKA3aHOTO y CaMOMY MaTepiayli He OMHcaHa CTPYKTypa
3aMpornOHOBaHOI HEHPOHHOT MEpEexi.

VY poboti [4] ommcaHO CHHTE3 3rOPTKOBOI HEMPOHHOI MEpexi Ui pO3IMi3HABaHHS
pykonucHuX nu¢p Ha 6a3l knacuuyHoro natacery MNIST. Marepianu onucyroTh BUPILIEHHS
KJIACHYHOI 3amavi 3 ypaxyBaHHSM JOCUTHh Benukoi BuOipku. [lpm BupimeHHs 3amadqi
BUKOPUCTOBYBABCSI MPUHLIUI pETyJIsipU3allii.

Y pobori [5] mnpoBeaeHo aHaii3 poOOTH YOTHUPHOX PIZHOMAHITHUX MOJENeH
pO3Mi3HAaBaHHS PyKONMMCHUX Ludp Ha 6a3i kiacuunoro natacery MNIST npu HaBYaHHI JaHUX
MoJieJiell Ha pi3HOMY 110 BeJIMYUHI 00’eMoBI1 BubOipku, a came 25, 50, 75 ta 100 %. Hasitb npu
25 % 006’eMOBiI BUOIPKH KITbKICTh ek3eMIusapiB ckinagae 15000 3HaueHb, MO CKIAJAHO HA3BATU
oOMexxeHHM ata ceToM. [IpoTe aHamoriuHo A0 BHINECKAa3aHOTO y CaMOMY MaTepiajii He OIucaHa
CTPYKTYpa HEHPOHHOI Mepexi.

VY poboti [6] po3risinaeThCsi BAOCKOHAJIEHHS TPAJAMLIMHOIO METOJYy pO3Ii3HAaBAHHS
300pakeHp Ha 0a3l 3aropTKOBUX HEHPOHHHUX Mepex. byiio 3po0ieHO BHCHOBKH, MO0
JOIUTHHOCTI BUOOPY OAHIET 3 TPhOX (DYHKIIIM akTHBAIlli. 3 pe3yJbTaTiB JOCIIKEHHS 3pO0JICHO
BUCHOBKH, 1110 py4HE KOPUT'YBAaHHS MapaMeTpiB BCe 1€ NOTPiOHO B MPOLECI EKCIEPUMEHTY ISt
BU3HAYCHHS HAWKpAIIUX MapaMeTpiB PO3POOKH Ta BUKOPUCTAHHS HEMPOHHUX MEPEK.

VY poboti [7] mpencraBieHa peanizauis IITY4HOI HEMpPOHHOI Mepexi Ui peajizamii
knacudikamii pykornuchHoi 0asu nanux MNIST. Kpim toro, y pob6oTi, Hamaraiuch IOCSITH
CTHCHEHHs 300pa)keHHs 3a jomnomoroio Autoencoder Ta BU3HAUUTH Horo edexkTuBHICTh. Lle
JI03BOJII€ 3MEHILUTH PO3MIp MEpexl Ta TaKUM UYMHOM 30UIbIIYIOTh MOXKJIMBICTH MOKPAIIUTH
OPOAYKTUBHICTH i1 poboTu. MaTepiajiu OMMCYIOTh BUPILICHHS KJIACHYHOI 33/1a4l 3 YpaxyBaHHAM
JIOCUTH BEJIUKOI BUOIPKH.

AHaJi3 HaBYaJIbHOI BUOIpKHM. AHai3 Ta ONpaLOBaHHS BUOIPKU MTOYATKOBUX JaHUX, HA
OCHOBI SIKMX Oy/e TpOBEIEHO HaBYaHHS MO, € HaJA3BUYallHO BAXIJIMBUM €TallioM MpU
po3pob1i cucteM Ha 0a3i MalIMHHOrO HaBuaHHS. Came Ha IbOMY eTami PO3pOOKH MOXKHA
BU3HAUUTH KUIBKICTh KJACiB, IO OYyIyTh pO3Mi3HABATUCH, KUIBKICTh iX MpPEICTaBHUKIB,
0COOJIMBOCTI MpECTaBIEHHS, TOLIO.

VY HamoMmy BUNAAKy 00 €KTOM pO3Ii3HAaBaHHS BHCTYMAIOTh 300paKeHHS, IO OYyIyTh
OTpHMaHI B pe3yJIbTaTi OIpPALIOBAHHSA JOKYMEHTIB CErMEHTAaTOpOM, HaNpuKiIax: TabemiB
YCHINIHOCTI, TOJATKIB JI0 aTECTaTy PO CEPEIHIO OCBITY Ta iHIIE. 3a3HaueHI JOKYMEHTH MICTATh
y co0l TepeNiK MpeaMeTiB Ta BIAMOBIIHUX OIIIHOK, MPUYOMY OI[IHKHM MOXYTh OyTH SK
PYKOITUCHUMU I (pamur a00 CIIOBaMHU Tak 1 ApyKoBaHUMHU (pHcC. 1).

QEOL /T oing 8 J

Pucynoxk 1 — Pi3Hi Tinm npencraBieHHs OIiHOK

[IpuitHATO pilIeHHs, IO APYKOBaHI Ta PYKOMUCHI €K3EMIUIIPU MOXKHA PO3TIISIATH SIK
OJIMH KJIac, OCKUIbKH JaHl €JIEMEHTH IIOBMHHI MaTH CXOXl1 TaTepHH. Biarak, KUJIbKICTh
YHIKaJIbHUX KJIACIB IS 3alPOMIOHOBAHOT MOJeNi ckiianaTume 24, a came 12 KaciB pyKOMHCHHUX
Ta JAPYKOBAaHUX CJIOBECHHX OINIHOK Ta 12 KIJIaciB PyKONMHMCHUX Ta JPYKOBAaHUX IH(p. MoxanBa
CUTYallis, KOJTH B COPMOBAHOMY CETMEHTATOPOM O0JIACTI 3 TUX UM IHIIUX MPUYHMH OI[IHKUA HE
Oyze, a TOMy JJisi TyCTOTO TMOJIsI HEOOX1JHO BU3HAYHMTH OKpeMHH Kiiac. BinmoBimHO 10 BuIle
CKa3aHOTo, TONEPEHbO /ISl BUPIIIEHHS 3a/1a4i kiacudikalii Oyso BU3Ha4eHO 25 KJaciB.

[Tonepenniit anamiz 30 momaTKiB 10 aTecTaTiB TOKa3aB, IO 3arajbHa KUIBKICTh
VHIKQJIbHUX 32 MOpeJCTaBICHHAM (pi3HMH wmIpUdT, MOYepK 1 T.I.) OIIHOK B aTecraTax He
pIBHOMIpHA JJIsi KOKHOTO 3 KJIaciB, a JJIA JCSIKWX KJAciB B3araji ckiamae Hynb. Kmacu, mio
BiJIMIOBIAIOTh OLIHKAMH «OJHMHY», «IBa», «Tpm», «1», «2», «3», «4», «5» B3arani He MaloTh
npeactaBHUKIB y BuOipIli 30 atectaTiB. [IpociiaKoBy€EeThCS HAIBHICTH IBOX TPYIT KJIACIB OIIIHOK,
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a came: mudp Ta PYKONUCHHUX, NPU YOMY 3arajbHa KUIBKICTh MPEICTaBHHUKIB Yy Tpymnax
BIZIPI3HSAETHCS Maibke B 8 pasiB.

3 momepenHpOro aHalli3y JaHUX BUIUIMBAE JIBI MPOOJIEMH: BiJICYTHICThH INPEICTABHHUKIB
JeSIKUX KJIaciB Ta HEPIBHOMIPHICTh MPEJCTABHHUKIB MOMIXK BCiMa KJIacaMHu.

3po3ymisio, MO0 HaBYaHHS HEHPOHHOI Mepeki 0e3 MPeCTaBHUKIB JISIKHX KJIaciB HE Mae
ceHcy. BupimeHHs gaHoi nmpobiemMu MOXJIMBE PI3HUMH CIOCOOaMU, HANpHUKIAL: PO3IIUPEHHS
BUOIPKM 3a paxyHOK ICHYIOYMX JaTaceriB, Hampukian, Takux sk «MNIST», mo He €
YHIBEpCAJIbHUM BHPIIIEHHAM [UIS CXOXKHX 3a]lad; PO3LIMPEHHs BHUOIPKM HUIAXOM 0OpoOKH
OUIBIIOT KIJIBKOCTI aTecTariB ado MITy4YHE CTBOPEHHSI IPEACTaBHUKIB KiaciB. OCKIIbKU 3ajaya
BUPILIYETHCSI caMe€ IpPU YMOBI OOMEXKEHOCTI MartepiajiB Jjs HaBYaHHSA Mepexi, Oyaemo
BBA)KaTH, 1110 BXKE ICHYIOUUX BUOIPOK ISl PO3LIMPEHHS MOYAaTKOBOI BUOIPKH, SIK 1 J1OJAATKOBHUX
JIOKYMEHTIB JJIsl OTIPAllIOBaHHS HE ICHY€, BiITaK OOMpPaEMO OCTaHHIN BapiaHT.

3HauHa HEpPIBHOMIPHICTh MPEJICTAaBHUKIB IOMDK BCiMa KjlacaMu Iepefdayae, M0
HellpoMmepe)ka HaBUMTHCS Kpallle pPO3IMi3HAaBaTH Ti KJIacH B SIKUX IMPEICTaBHUKIB OuIbLIe, 110
TaK0X MO>KHA BUPIIIKUTU ONUCAaHUM BHIlE BapiaHToM. [IpoTe, HikaBuUM € (akT, 10 AesKl Ipynu
KJIaCiB MalOTh CXOXKY PO3MOAUIEHICTh. BiTak MOXIMBO pO3poOUTH OKpeMo Kiacu]ikaTop uis
KOXHOI 3 Ipyl KJaciB, IO BUPIMIMTH MpoOJeMy HEPIBHOMIPHOCTI NPEICTaBHUKIB MOMIXK
rpynamMu KIiacis.

[licnss pyyHOro BUpPIBHIOBAHHS PO3IOJAUIEHHS IPEICTaBHUKIB MOMDK BCIMa KilacaMu
OTPUMAaHO HACTYIIHE NPEACTABICHHS JaHUX: JJs KiaciB 13—24 3 cepelHIM 3HAUEHHSAM KiJIbKOCTI
npencTaBHUKIB 12, muist kiiaciB 1-12 3 cepeiHiM 3HaU€HHSAM KUIBKOCTI MPEACTaBHUKIB 26.

Buoip cTpykTrypu HeiipoHHoi Mepesxi. HaBuanHs HelpoHHOI Mepexi — Lie mpolec
ONTHMI3allll MmapameTpiB 00paHOi MOJENI Ha HaBYaIbHIM BUOIPII 3 METOI JIOCSAITH BUCOKOTO
piBHS y3arajJbHEHHs, TOOTO TOYHOCTI POOOTH MAAaHOI MOJENl Ha JaHUX, SKI paHille He
3aCTOCOBYBAJIHCh.

Binomo, mo Haiikpamuii croci® oTpuMmaHHsS Mojeni 0e3 nepeHaByaHHsS, TOOTO, KOJIU
MOJIeNIb 3aBYMJia BCi MIA0JOHM TPEHYBAJBbHUX BHOIPOK, IIO HE OOOB’S3KOBO XapakKTEpHI
TECTOBIN — 30LIBIIEHHST 00’ €My TPEHYBAJIBHHMX JaHWX. MoOJieib, HABUCHA Ha BEIIMKOMY 00Cs3i
JAHWX, MaTUME BEJHMKY Yy3arajlbHEeHIiCTh, JO TOTO K BelIMKa BHOIpKa J03BOJIAE 301IbIIyBaTH
MMOUHY caMoi Mepeki. 3 1HIIOT CTOPOHU 0OMEXXEHHI 00’ €M TPEHYBAJIBHOI BUOIPKH 00YMOBITIOE
MiHIMIi3allil0 mapaMeTpiB Ul HAaBYaHHS, a BiATAaK MNIMOMHUA MEpexi, TOOTO Mepexi JOBEIeThCs
BUBYATH 3KaTl NpPEJCTaBICHHA. Y TOW k€ 4ac, MOJAEIb NOBHHHA MaTH JIOCTATHIO KUIBKICTh
napameTpiB, MO0 HE BUHUK €(EeKT HeJAOHABYaHHS. Y 3B’SA3Ky 3 OOMEXKEHICTIO IaHWX, IS
po3po0iieHHsT HelpoMepeki kiacudikaiii MPOMOHYEThCS BHKOPHUCTATH TPHHIMI MiHIMIi3aii
CTPYKTYpH HEMPOHHOT MEpEexKi.

Jlnist BUpIIIEHHS KJIACMYHOI 3a/1a4l pO3Ii3HaBaHHS MAJIOHKIB 3a3BHYail BUKOPUCTOBYIOTh
no0pe 3apeKoMeHayBaBIIMi ceOe MiAxia yepeayBaHHsS 3TOPTKOBHX Ta arperyBajbHHUX INApiB.
Binrak, BpaxoByrouM BC€ BHILE CKa3aHE 3alpOIOHOBAHA HACTYNHA CTPYKTYypa/TIMOMHA
kiacugikaropa s po3Ii3HaBaHHS CETMEHTIB JOJATKIB J0 aTeCTaTiB, IO CKJIaJae B cede NBidl
yepenoBaHi 3ropTkoBi (convolutional layer) Ta arperyBanpHi mapu (max pooling layer),
BupiBHIOBaNbHUH map (flatten layer) Ta nBa moBHO3 eqHaHUX 1iapa (dense layer).

PosrnsnaeTscs nBa BapiaHTa peaiizallii, SK OJIMH 3arajbHUN KiaacudikaTop Ha 25 KiaciB
Ta JIBa OKpeMUX Kiacudikaropa s nudp Ta CiiB.

BianoBiHO 10 cKa3aHOro BUILE, IIIMOMHA HEHPOHHMX MEpeX BU3HAU€Ha, a MapaMeTpu
1IapiB Taki, sIK KUIBKICTh (iIBTPIB, X pO3MipH, KUTBKICTh HEHpPOHIB, (YHKII akTUBamii i T.1.
Mia0upavcs 1HAMBIAYabHO J0 KOXKHOTO 3 KiacudikaTopiB. Y pesyibTaTi migoopy Oyio
OTPHUMAaHO JIBi CTPYKTYpHU: TIepIIa CTPYyKTypa BilMoBiae kiacudikatopy mudp; apyra CTpykrypa
BiJIMOBIIae Kiacu(dikaTopy CIiB Ta 3araJibHOMYy KiacudikaTtopy. bBijmeln meTtambHUNA OMHUC
CTPYKTYpPH 3 YHCIOBUMH XapaKTEPUCTUKAMHU MOKHA TOOaYUTH Ha puc. 2 [8].
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300paskeHHS MICIIs cerMEeHTaTopa

J

300paxkeHHsI MiCIsl CerMeHTaTopa

J

3roprkoBuii map (Kiabkicth GinbTpiB=20,
SIAPO 3ropTKH (5%5), Kpok 3ropTku=1)

3roprkoBuil map (KinbKicTb GinbTpiB=30,
SIIPO 3TOPTKH (5%5), KPOK 3ropTKH=1)

i

i

ArperyBanbHuii mrap, max-pooling (sapo
(2x2), xpok =2)

ArperyBansHui map, Max-pooling (sapo
(2x2), xkpok =2)

3ropTkoBuii mwap (kibkicts QGineTpis=10,
iAo 3ropTk (5%5), Kpok 3ropTku=1)

3ropTkoBui map (Kinbkicts GineTpis=20,
SIIPO 3rOPTKH (5%5), Kpok 3ropTku=1)

ArperyBansHHuil map, Max-pooling (sapo

ArperyBanbHu# map, Max-pooling (sxpo

(2x2), xkpok =2) (2x2), xpok =2)

IloBHO3'enHanmMif map (KUTBKICTH IToBHO3'eiHaHUM map (KUIBKICTH
HEWpoHiB=64) HEWpPOHIB=64)

TloBHO3'etHaHMIA mWap (KLTBKICTH
HeWpoHiB=12)

[ToBHO3'emHaHMit map (KUIBKICTH
HEeHpoHIB=25)

1 1

Howmep knacy

Howmep xnacy

a) 0)
Pucynok 2 — [loBHa cTpykTypa kiacudikatopis:
a) — kmacudikartopa mudp, 6) — 3aranpHOTO Ki1acudikaTropa Ta Kiacudikaropa ciiB

3aranpHa KUIBKICTh MapaMeTpiB OMUCAHUX BHIE CTPYKTYp HEUPOHHHX MEpeX OCUThH
BeNIMKa, HAMPUKIAaA aJs kinacudikaropa nuudp ckmamae 16614, nns 3aranpHOro KiaacudikaTopa
37124. Onrumizanii Takoi KiJIbKOCTI TapaMeTpiB Nepeadadae BeNUKY KUIbKICTh €K3eMIUIAPIB s
HaBYaHHS, a TOMYy 0€3 MPOrpaMHOro PO3LIMPEHHS HaBYaJIbHOT BUOIPKH HE OOIUTHUCK.

AyrMeHTauisi, monepeaHss o0podka JaHMX Ta HaBYaAHHS HeHpPOHHOI Mepe:xi. [l
pO3LIMpPEHHS] HaBYajdbHOI BHUOIPDKM BUKOPHUCTOBYETbCA MiAXiA ayrmeHtamii ngaHux (data
augmentation) — 11e METOJIMKa CTBOPEHHS J0JATKOBUX HaBYAJbHUX JAHUX 3 HAABHUX JaHUX. Y
IIbOMY BHUMAIKYy J0 €K3eMIUILIPY 3 HAaBYAJIbHOI BHOIPKH 3aCTOCOBYIOTHCS BHKOHAHHS TIOBOPOTY
KapTUHKU Ha BHUIAJKOBHH 3 33JJaHOTO Jiala30Hy Tpajlyc, BUMAAKOBE MACIITa0yBaHHS, 3/IBUT 110
BCIM ocsiM. Binrak, 3 moyarkoBux 380 yHIKalIbHMX €K3€MIUIAPIB, MICIS ayrMEHTallii JaHHUX
Oys0 oTpuMaHo BuOipKy 3 po3mipom 4000.

[lepen mepenavero B MepexKy J1aHl MOBUHHI OyTH MEpETBOPEH1 B TEH30pU. Y JaHUN Yac
naHi 30epiratotbes y BUIAl ¢aitnie JPEG, Tomy iX moTpiOHO migrotyBaTH Ui nepenadi B
MepeKy, BUKOHABIIM HACTYIIHI KPOKH: JAeKoayBaTH BMicT 3 ¢popmaty JPEG y Tabnuui mikcenis;
IPOBECTHU 3pi3 MOPOTOBUX 3HAUEHB 3 METOIO MPUOpATH LIIyM Ha 300paKE€HHSX, 3MIHUTH MaciTad
3HAYEHHS MiKceNiB 3 aiana3ony [0, 255] y miamazon [0, 1].

VY 4KOCTI METPUKM sl JOCHIDKeHHS e(QEeKTHBHOCTI 3alpONOHOBAHUX MoOJIENei
BUKOPUCTOBYIOTBCSI CTaHAAapTHI (DYHKIIit0 BTpaT categorical crossentropy Ta accuracy — 4acTka
NPaBUIBHUX BiJIMOBI/IEH aNTOpUTMY.
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[Ticns oOpaHHs BIATOBIAHOT CTPYKTypH MOZEJI Ta MPOBENEHHS IMONepenIHboi 00poOKH
JaHUX, MPOBEICHO HAaBUAHHS 3arajlbHOI HEHPOHHOI MepeXi JJIsi OTpUMaHHS 0a30BOrO piBHS
TOYHOCTI pO3Mi3HABAHHS, a TAKOX MPOBECHO HABUYAHHI HEHPOHHUX MEPEX ISl TPYII KIaciB JUIs
BHU3HA4YEHOCTI MPABUIIBLHOCTI 3alPOINOHOBAHOTrO Miaxony. OcTaHHIM OyJ0 NpOBEIEHO HAaBYAHHS
ONMMCAaHUX MEPEX 3 BUKOPUCTAHHSIM ayrMEHTallil JaHWX, pPE3yJbTaTH HaBUaHHS HaBelIeHi

Ha puc. 3-5.
TPEHYE/BHA Ta EANIANHA TOHHICTE TPEHYBAIbHA TA BAMNIAIIHHA TOUHICTE
1 - TpEH}'EEIIBHE w 1 1
— BAmaniHa - i
0.8 4 o 0.8
0.6 0.6 1
0.4 04|
0.2 1 0.2
1 s TPEHYEAILHA
0 0 — BammaniiHa
0 10 20 30 40 50 0 500 1000 1500 2000
91000451 €IoXHU
Pucynok 3 — Pe3ynbratu HaBuaHHs KiacugikaTopa nudp 0e3 ayrMeHTawii 1aHux
Ta 3 ayTMEHTAIII€I0 TaHUX
TPEHYEA/EHA T2 BAMIANIHA TOYHICTE TPEeHYEANEHA TA EAMIANGHA TOUHICTE
1 ] 1 -
a
0.81
'
0.6 1 g
L]
0oa! &
0.2
1 4‘ * TpeHYEAIbHA | * TpeHYEQILHA
0 ' — BAJHTAIHHA 0 — Barimarniiza
0 40 &0 120 160 V] 300 1000 1500 2000
€II0XHU €IoXHU
Pucynoxk 4 — I[IpomixkHi 1aHi HaB4aHHS KinacudikaTopa ciiB 0e3 ayrMeHTaii JaHux
Ta 3 ayTMEHTAIII€I0 TAHUX
TPEHYBANBHA T2 Ba/iTaniiHA TOYHICTE TPEHYVEAIBHA TA EAMTATIHA TOYHICTE
1 | = TpeHVEANEHA 1
| — Bampaniiza
0.8
06
04]
0.2 )
1 * TpEeHYEAIBHA
0 L — BAMNTAIHHA
0 10 20 30 40 50 0 500 1000 1500 2000

CIIOXH CIIOXH

Pucynoxk 5 — IIpomixiH 1aHI HaBYaHHS 3arajibHOTO KilacudikaTopa 0e3 ayrMeHTaii
JIAHUX Ta 3 ayTMEHTAII€I0 TaHUX
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3 pe3ysbTaTiB MPOBEACHOTO HABYAHHS IITYYHUX HEHPOHHHUX MEPEX BUIHO, IO JJIST BCIX
BUMAJKIB HAaBYaHHs, KUIbKICTh €MOX HaBYAHHS MOKJIMBO 3MEHIIUTH O€3 BTpaTH BajiAaliiHOl
TOYHOCTI, a BIATaK 3MEHIINTH Yac HeOOX1THUH [Tt HABYAHHS 3aIPOTIOHOBAHUX MEPEXK.

BuxopuctanHsi aBTOCHKOepa Uil NepeJHaBYaHHA KiaacudikaTopiB. ABTOCHKOEP
(Autoencoder) — 1e ocoOJMBa apXiTeKTypa HEHPOHHOI MEpeki, OCHOBHA 3ajada SKOl
BITHOBJICHHSI BXIJHOTO CHUTHAJIy Ha BUXOJl 3 MEPEXi, IUIIXOM BIJHOBJICHHS CUTHANIY 3 HOTO
CTHCHYTOI perpe3eHTarii. ¥ 1pOMYy BUNAJAKY BXIIHWW CHUTHAJ BIJHOBIIOETHCS 3 TIOMHIIKAMU
yepe3 BTpATH MiJl Yac MPOXOKEHHS MPUXOBAHOIO IIapy, NpoTe, o0 iX MiHIMI3yBaTH, MEepexa
3MyLIeHa BUUTHUCS BIAOMPATH HAMOLIBbII BasKJIMBl O3HAKU B MPUXOBaHUX mmapax. Ll ocobnuBicTh
JEKUTh Y MOXKIIMBOCTI BUKOPUCTAHHS aBTOEHKOJEpa i nepeaHaByaHHA. OCHOBHOIO METOIO
poOOTH aBTOEHKOJAEPIB — OTPUMATH Ha BUXIJHOMY IIapi BIATYK, HaOUIbII ONM3BKUNA 0
BX1JIHOTO, a BIATaK CTPYKTypHa XapakTepHa OCOOIUBICTh ABTOCHKO/IEPIB — KIIbKICTh HEHPOHIB Y
BX1JIHOMY Ta y BUX1JJHOMY ILIapi 30ira€ThCsl.

BpaxoByroun, 110 CTPYKTYpH 3alpOIIOHOBAaHMX KiIacu(ikaTopiB BiJOMI, 3alIPOMOHOBAaHA
HACTyIIHA CTPYKTypa aBTOCHKOJEpa Ui MepeJHaBUYaHHs, IO BiIMOBINAE, TBOM YepeyBaHHSIM
3rOPTKOBUX Ta arperyBajlbHUX MIapiB, 3rOPTKOBOrO MIApy IO CEpPeJuHI Ta 3HOBY JBOX
yepeyBaHHs 3arOPTKOBUX Ta arperyBaJIbHUX MIapiB (puc. 6).

HaBuanHsi aBTOeHKOJiepa BiOYBaeTbCs Ha JaHUX OTPUMAHUX IIiCJIA ayrMEHTalii, a
BIJITaK HE 00YMOBIIIOE MPOOIEMU iX OOMEXKEHHSI, a PU JOJIaHH1 JI0 SIKICHO HABUEHOTO €HKO/epa
(came eHkojepa — HepIIOl TMOJOBUHM AaBTOCHKOZEpa, L0 YaCTKOBO BIJMNOBIJAE CTPYKTYpi
kjacudikaropa) MOBHO3'€IHAHMX IIAPIB J03BOJSE OTPUMATU HEUPOMEPXKY, IO BIAIOBiIA€
CTPYKTYp1 KilacudikaTopa 3 He HABYSHUMHU JIMIIIE IOBHO3'€IHAHUMH II1apaMu. [9]

Conv2D

!

MaxPooling

4

Conv2D

!

MaxPooling

UpSampling

!

Conv2D

!

UpSampling

!

Conv2D

PucyHnok 6 — 3anponoHoBaHa CTpyKTypa aBTOEHKOepa

3aMOpO3MBIIK Ti MIApU HEHPOHHOI Mepexi, sKi OyIM MonepeTHhO HABYEHI MPU CHUHTE3I
aBTOCHKO/IEpAa Ta TPOBIBIIM JIOHAaBYaHHS MOBHO3'€HAHUX MIapiB OyJO OTPUMAaHO TOTOBI
HEMpOHHI MepekeBi Kiacu]iKaTopiB 3 HACTYTHIUMHU TapaMeTpamMu TOYHOCTI (Taba. 1).
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Tabmuus 1 — Pe3ynpraTi HABYaHHS HEHPOHHUX MEPEK

Knacugixamop . , 3azanvnui
Knacudghikamop cnie 3 ,
Iapamempu uughp 3 Knacugikamop 3
nepeoHasuannaAMm

nepeoHasuanHAM nepeoHasuanHaMm

KinpKicTh mapaMeTpiB Mepexi 16614 37124 37124

Bemnunna HaBYAITBHO 114 266 380
BUOIpKH
Banigariiina TOYHICTh MOAET] 09411 0.953 0,938

BucnoBku. Y poOOTi pO3MISAHYTO MIAXOAUW 10 PO3POOKH CKJIAJO0BOI CHCTEMH
aBTOMAaTHYHOI 0OpOOKHU JOKYMEHTIB, a caMe KJlacu(ikaTopa B yMOBaxX 00OMEKEHOCTI HaBYaIbHOT
BUOIpKH. Y SKOCTI €K3eMIUIAPIB Al PO3POOJICHHS, JOCHIIKEHHS €(PEeKTHBHOCTI Ta TOYHOCTI
3ampOIIOHOBAHUX IMIJIXOJIIB Ta CHUCTEM BHUKOPUCTOBYBasiach BHOipka 3 30 arecTaTiB OI[IHOK
HIKIJIbHOT IBaHAAUSTHOATBHOT CUCTEMH OIIHIOBaHHS, a came 380 mpeacTaBHUKIB.

IToka3zaHo, 1m0 onepaTUBHE po3poOJCHHS KiIacu(]iKaTOpiB TAKOTO THUITy MOXIUBE MpPU
BUKOPHUCTAHHI 3alpOlOHOBAaHMX MIAXOJIB ayrMEHTalll JaHuX Ta IepeAHaBYaHHs Ha 0a3l
aBTOoeHkoj/iepa. OTpuMaHe MOYaTKOBE MOPOTOBE 3HAUEHHS TOYHOCTI Kiacudikaropa B Mexkax
65%, oTprMaHa TOUHICTb Y 95 % micis 3acTocyBaHHS 3alPOMOHOBAHUX MiIXOIB CBITUYUTH, 110
pU po3po0Ili aHATIOTIYHUX CUCTEM, ITPH OOMEKEHI HaBYaNIbHIN BUOIPIIl, MOXKIIMBE TOCSTHEHHS
BHCOKHMX TOKa3HHUKIB TOYHOCTI. OTpuMaHa TOYHICTH HaBiTh 0e€3 peryispusaiii 00yMOBIIOE
OTPUMAaHHS KJIacU(pIKaTOPIB 3 OUIBII BUCOKMM 3HAYEHHSM TOYHOCTI.

VY pe3ynbpTari NONEpeHhOr0 Haji3y MOYaTKOBOI BHOIPKH OyJIO0 NMPUHHATO PIIIEHHS 10
po3po0i11i TBOX OKpeMHX KiIachu(iKaTOpiB JJIsl ABOX OKPEMHUX T'PYI KJaciB. 3TiAHO 3 OTPUMaHUX
pe3yabTaTiB, 3aMpPONOHOBAHUN MiAXiM JO3BOJIMB MIAHATH TOYHICTh 3arajbHOi Kiacudikarlii
aTecTaTiB Ha JEKUIbKAa BIJACOTKIB. 3BiACH CIiAye, IO JUIsl BHU3HAUEHHS YHIKAIbHUX, a0o0
HETMOUIMPEHUX EK3EMIUIAPIB Ma€ MiClleé HaBUaHHS NPUHIMIIOBO OKPEMOi, IMepCOHATbHOI
CTPYKTYPH/MOJEITI.
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Zhuchenko O., Korotynskyi A., Tsapar V., Fedotov V. NERAL NETWORK CLASSIFIER OF
AUTOMATION DOCUMENT PROCESSING SYSTEMS

The work is aimed at solving the applied problem of developing an automatic system for processing
electronic documents, namely one of its parts of the classifier. To solve this problem, it is proposed to use
approaches to machine learning and artificial intelligence. Solving this problem under normal conditions is
not difficult, but this paper considers the case of limited training sample, which is a common case in the
development of systems based on the proposed approaches. The study of initial data on the basis of which
the model will be taught and the number of classes to be recognized, the number of representatives in each
class and the peculiarities of their presentation. The paper presents approaches, the application of which
allows to increase the accuracy of systems of this type, in the conditions of limited initial initial sampling.
Among the proposed approaches, the principle of minimizing the parameters in the formation of the
architecture of the artificial neural network, data augmentation, pre-training of the artificial neural
network by using an autoencoder. The obtained accuracy of 94-95 %, after the application of the proposed
approaches in contrast to 70 % of the original, confirms the possibility of rapid development of similar
classifiers of this type, with limited sampling and time minimization, achieving high accuracy.

Keywords: neural networks, argumentation, autoencoder, pre-learning, classifier.
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Y cmammi posensoacmuca nepcnexmugnuii memoo OiaeHOCMUKU MA A8MOMAMUYHO20 KOHMPONIO 3d
6EKMOPOM Napamempis Onsl GUPIWIEHHS NpoOaIeMU NiOGUWEHHS epeKmusHoCcmi excniayamayii cyOHO801
asapitino-nonepeoxcysanvnoi cucmemu (AIIC). 'V mamemamuuniii moodeni cucmemu 0iazHOCH)8AHHS
cmany CyOHOBUX CUCEM Deani3o8aHo aneopumm, AKUil 0036014€ 3abe3neyumu  a8moMamuyHuil
MOHIMOpUHZ Ma NPOSHO3Y6AHHA cmaHy cyOHa ma iuoeo cucmem. Peanizayisn 6 cucmemi ynpaéninns
000amK08020 360POMHO20 36'AA3KY Y ULNAOT pe2yIAmopa 00380IA€ He MINbKU HAKONUYY8amu iHghopmayiro
npo NpuliHAmMi piuieHHs, OMPUMAaHi pe3yIbmamu ma CUSHAIU HpO HecnpagHocmi, ane U 3abe3neyye
CYMICHICMb pe3ybmamié HA OCHOSI OlacHOCMUYHOL IHGopmayii. Buxopucmanns cucmemu niompumku
npuiinamms piwens 30 36opomuum 36'si3kom (CIIIIP, anen. DSS — decision support system) y 3a60aHHAX
aB8MmMoOMamu4Ho20 KOHMPOJI, AK IHMENeKMyalbHOl cucmemu i3 cnocmepicayem 3a 6eKmOpoM CMAHY,
0038015€ ompumysamu inghopmayiro npo CMaH CYOHOBUX CUCEM YV PedCuMi peanbHoz2o Hacy ma
npocHO3y8amu ixXHiti Maubymuii cmaH.

Kntouosi cnosa: asapitino-nonepeddcysanvia cueHanizayis, O0iaeHOCMY8aHHs, IHopmayiliHa cucmema,
HaOdilHiCb, eKxcnyamayisi.

DOI: 10.33815/2313-4763.2021.2.25.092-100

Beryn. Ha Bcix cywacHMX cyaHaX, He3alle)KHO BiJl THUIY Ta KOHCTPYKIIi,
BUKOPHCTOBYIOTh ~ CHCTEMH  JIarHOCTYBaHHS  OONaJHaHHS —  CHUCTEeMYy  aBapiiiHO-
nonepekyBanbHoi curHamizaiii (AIIC) [1, 2]. OcHoBHuM 3aBaaHHAM Takux cynHoBux AIIC e
Oe3nepepBHE AIarHOCTYBaHHS Cy/JTHOBUX CHCTEM y PEeKUMI peabHOro dacy. J{o uyncima HalOuibn
edextuBHuXx AIIC moxxna BimHectn HactymHi cucteMu: NORCONTROL 8810; UMS 2100
narcekoi ¢pipmu «LINGSO MARINE»; AUTO CHIEF-700 nimenskoi pipmu «KONGSBERGY;
MANAGER 301M.

AKTyaJbHICTh JocCHizKeHHsl. 3aranpHuil mpouec pobGotu AIIC moxHa onwucaru
HACTYTTHUM YHHOM:

— oTpuMaHHA iHpoOpMmalii Npo CTaH 00'€KTy JIarHOCTYBAaHHS 1 MEPETBOPEHHS ii A
MOAITBIII0T 0OPOOKH;

— BHABJCHHSA B iHoOpMaIli, M0 HAAXOAWTh, O3HAK BIAXWJIEHHSA IapaMeTpiB 1
(hopMyBaHHS TONIEPEKYBAIBHOTO a00 aBapiiHOTO CHUTHATY PO HACTAHHS €T MOJii.

[ToHATTS cTaHy CUCTEMH € OCHOBHHM BHIXITHUM TOHSATTSAM [3], TOMy IO CTaH CHCTEMH
BIJIOKpEMIIIOE MaiiOyTHE BiJl MHUHYJIOTO 1 MICTUTh BCIO iH(oOpMalliro, sika HeoOXigHa s
BH3HAYEHHS peakilii 00'ekTa Ha JOBIIBHUHN BXigHUI curHaJI. OCHOBHOIO BJIACTUBICTIO CTaHy € T€,
10 Maii0yTHI 3HAUEHHS KOT0 HE 3aJIeXkaTh BiJl XapaKTepy JOCSITHEHHS CUCTEMOIO ii MOTOYHOTO
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ctany. TakuM YMHOM, MOKHA C(OPMYJITIOBATH BIACTUBOCTI, SIKUMHU MTOBHHHA BOJIOAITH CHUCTEMA,
MOBE/IiHKA, KO BiJIMOBIAAa€ MOHSITTIO CTAHY.

Jani OynemMo BHKOPHCTOBYBAaTHM HACTyIHI BHU3HaueHHs (1): X — BeKTOp CTaHiB, U —
BEKTOp YIIPABIiHHS, § — BEKTOp 30ypeHHs,

X1 u1 gl

2 . u2 . gZ .

Jl=%x; dimx=n; J=u dimu=m; . |1=9 dimg =Kk. (1)
X, u, O«

it MOKIMBOCTI OOJIKY KOHCTPYKTHBHHX OCOOTMBOCTEH 00'€KTa BBEAEMO MHOKUHY
napameTpiB y Bursii marpuii A. Takox BBeAeMO MOHATTS JuHaMmiuyHOro o0'ekta W, skuii
HaOupae Burmigy W =W(X,u,g, 4). Skmo npumyctutd, mo A=const, a Takox
HE3aJIe)KHICTh MOBEAIHKU CUCTEMH BiJl 30BHIIIHIX BIUIMBIB, TO MOKHA JOCTIIKYBaTH 3aJ1€KHICTh
BEKTOPIB Big yacy. s poro 3aikcyeMO TOUKY pexuMy Ipu X*, U*, g*.

3 ornsay Ha yMOBHU 30epexeHHs cTaHy o6 ‘ekmy Odiacnocmysannsa (O/]) 6e3 ypaxyBaHHs
yIOpaBIiHHSA Ta 30ypeHHsl, U1 BUX1AHOI BeauuuHu (1) oTpumyemo:

oy dx 1 0’y d’x 1 &'y d’x
552 > T2 3
ax dt 2 GX X* dt 6 6X X* dt

Xee(X)>y~x +— +..+R=0. (2)

o
JlJist 3MiHH KOHTpPOJIbOBAHUX IMapaMeTpiB 00'€KTa AIarHOCTYBAaHHS B MEKax JIOMMYCTUMHX

pexkuMiB poboTH 0Oe3 ympaBlliHb Ta 30ypeHb OTPUMYEMO Pi3HI MOJENi, (OPMYIIOYH X

BIZTHOCHO CTapIuoi nmoxigHoi (tadiu. 1).

Tabmuist 1 — Mogeni nonyctumux pexumi podotu O]

Iiofgeo,,oi’( Pienanna mooeni
—1
1 dX oy X0
dt OX

2 2 -1 5 -1
2 Ex (L2 ) [y |dx, lay o

dt 2 OX*xx X, )dt (20
3 d’x_(12y ) (12 \dx_ (12 ax (1Y) _,

dt’ (60X’ ) (20x% ) dt® | 60x« dt " (6 oxe

[lo3HaumBImIM MaTpulll B PIBHSAHHAX Mozenl sk A, Al, AZ, OTPUMAEMO CTaHAAPTHY

dbopMy Mojzeni IWHAMIKM CHCTEMH B TpocTopi craHiB. PiBHsAHHsA 3MiHM ctany O] y mexax
JOIYCTUMUX 3HAYEHb JIIHIMHOT CHCTEMHU TPETHOTO MOPSAKY Ma€ BUTIIS:

X+ AX+AXx+AXx=0. 3)

BmnuB ynpaenine Ta 30ypens Ha OJ] MokHa omucyBaTH 3a TUM K€ METOJAOM, ajie
3a3BHYal € JOCTaTHI MOJENi 3 MPaBOIO YACTUHOIO HYJIBOBOTO MOPSIKY [3, 4]:

X+ AX+AX+AXx=Bu+Qg. 4)
Jns onmcy moxeni auHamiyHoi cuctemu OJ] y mpocTopi cTaHiB 3acTocyeMo (opMyiTy
Komi:
X=Ax+Bu+Qg. ()
Buxomsun 3 ¢opmymu (5), MOXKHA CTBEPIXKYBAaTH PO MOXIIUBICTH MOJEIIOBAHHS
JUHAMIYHOTO 00'€KTa. Y HaWMPOCTIINIOMY BHUIAIKY CIOCTEPITalOThCS BIUIMBH YTPABIIHHS Ta

30ypenHs mpu Bimomux wmatpuigx moneni OJl. OO'eqHaBmm piBHSHHS Moneni Ta 00'ekra,
OTPUMAEMO CHCTEMY:
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X = AX+ Bu+Qg

X, = AX,+B,u,+Q.9, (6)

[TpumnymieHHs iIeHTUYHOCTI MO/IeTi 00'€KTa Ta BUMIPIOBAHUM YIPABIIHHAM 1 30ypeHHSIM
IJISL OLIHKY BIAXHUJICHHS MOZENI Bix 00'ekTa no3Bossie peanizyBatu mogens W, st o6'exra Wy

BUIJIA1 MPOCTOI CXeMH, Ky Ioka3aHo Ha puc. 1. Orpumana monens W, Moxe «pyXaTHCS» Y

temmi 00'ekta W abo BunepekaT Horo.

X

u
€= X-Xm

g

Pucynok 1 — Cucrema ¢popMyBaHHS OLIHKY BIIXUJICHHS CUCTEMH Ta ii MOAENI

[Tix moMuikow OyAeMo PO3yMITH PI3HHUINIO BEKTOpa CTaHy O0'€KTa JiarHOCTYBaHHS Ta
Horo Mozueni:

X_Xm:AX_ArnXm+BU_Bmum+Qg_ngm' (7)

JUis 1AeHTUYHOI MOJENl 1 BUMIPIOBAHUX YHPABIIHHAX Ta 30ypeHHSIX OTPUMYEMO
PIBHSIHHSA Y BIAXWJICHHAX

A=A; B=B; Q=Q, - X-%,=Ax-x,) - é&=Ae. (8)

[Ipu piBHUX ITOYATKOBHX YMOBaX MOJIC]h Ta CHCTEMa 3HAXOJAThCS B PIBHUX CTaHAX
€=0 . IIpu pi3HUX MOYATKOBMX YMOBaX Ta 3a YMOBHU aCHUMIITOTHMYHOI CTiiikocTi cuctemu (8),
MMOMUJIKA OI[IHKHA BEKTOpa CTaHy MPHU3BENe J0 HYyJS TITbKUA Yepe3 MEeBHH 4ac. YCYHYTH TaKui
HEJOJIK B OI[HIIl BEKTOpa CTaHIB MOYKHA BBEJICHHSM MPOMOPIIIHOTO PETyIsaTopa B yHpaBIiHHS
Mojeiunto 3 Marpunero nepeaadi W, . Takum 4MHOM, OTPUMY€EMO CUCTEMY PiBHSHB (9):

e=(A+W)e — £=0Ces. )

AJTOpUTM yCYHEHHS TIOMUJIKU OLIIHIOBaHHS cTaHy (9) 300pakeHo Ha puc. 2. Peanizamis
J0JJATKOBOTO KOHTYpPY PETYJIOBaHHS 3a IMOMMIIKOIO JI03BOJISIE JIOCTaTHHO IIBUAKO YCYHYTH
IIOMUJIKY, fAKa IMO3HAYAE€THCA Bi}IMiHHOCTSIMI/I IMOYaTKOBHUX YMOB. v TaKOMY BHUIIAJIKY MOJICJIb
Oylie «Ha3MO0TaHATH» 00'€KT, KOPEKTYIOUH CBOE YIIPABITIHHS HA TIOMHJIKY € .

PucyHok 2 — Anroput™ yCyHEHHS TOMIJIKH TOYaTKOBUX YMOB

o pybpuku éxnoueno cmammi 3a memMamuiHo10 CHPAMOBAHICTNIO «Aeémomamu3sayis
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JluHaMi4HI XapakTepUCTUKU cucTteMu (9) BHU3HAYAIOTHCS BIACHUMM 4YHUCIAMH MaTpHUL
G . Ockinbku Matpunsg W, oOupaeTsest 10BiIBHO, TO 3a BuOOpoM W, MoskeMo BimiOpaTy BiacHi

griciaa matpuii G, ki 3a0e3mevars HEOOXiqHY aCHMIITOTUYHY 301KHICTh TIOMHUJIKH OI[iHFOBAHHS
JI0 HYJIAL.

Takuit acCHMOTOTUYHHI CIIOCTEpPIrady CTaHy AO03BOJSE BUKIIOYUTH TUIBKH MOMUJIKY, sIKa
NOB'sI3aHa 3 MOYATKOBUMHU yMOBaMH a00 HEKOHTPOJbOBaHMMHM 30ypeHHsMU. [Ipore peanizariis
TAaKOro0 METOAY JIOCUTh IPOCTa SK B aHAJIOTOBOMY, TaK 1 B nudposomy anroputMmi. Hampukinan,
pearmizamiss MeronoM Pynre-KyTTu mepmioro moOpsiiKy Mae BUTISA s PIBHSHHS TIEPIIOTO

nopsaky (10):
X(t + At

X XE+AD)-x() . . _ )—X(O) _
T Ax T AX(t). (10)

Takum YWHOM, IJI I1apr «06'€KT-MOI[6J'IB» OTPUMYEMO!
X(t + At) = X(t) + Ax(t)At }
X, (t+At)=x_(1)+ Ax_(D)At]
(11)
X(t) =X,

—> &, =&, + Ag At
X(t+At)=Xx,,,

Hns toro, mo0 oTpuMard OiNBII BHCOKY CTYHiHb 301KHOCTi, BBEAEMO TOJATKOBUHN
3B'SI30K:

€ =&, +(A+W)g, At (12)

Jns imentudikamii Monaenel AMHaMIYHUX O0'€kTiB [3—5] MOBTOpUMO WIiAXil, SKHIA
BUKOPHUCTOBYEThCSA TpH TMOOYI0BI crmoctepirada. [IpumycTumo, 10 B CHUCTEMi PIBHSHb Y
IPOCTOpI CTaHIB MaTpuIlsl 00'€KTa BiIPI3HAETHCS BiJA MaTpuii Mojemi. Y HaWmpocTimomy
BHITQJIKYy OJHOBUMIPHOI CHCTEMH (CYHOBOI CHCTeMH 1—3 piBHS CKIAAHOCTI) MaEMO:

X(t) = ax(t) () — %(m) = ax(t ‘
Xm(t):amxm(t) _>X()_Xm( )—aX()—ame()_ (13)

[Ipuiivemo Aa=a-—a,,, AX=X— X, TaKUM YUHOM OTpuMaeMo (13) y Buruszi:
AX = a,,AX + Aax. (14)

3 piBHsHHS (14) MOXHa BUMIPATH AX, X, TOMY NPHU OI[IHKK MaTpHIll Mojieni Ad MOKeMo
BHU3HAYUTH BEJIMYUHY TOMUIKH
_ AX-a,AX
X

Aa (15)

Jlnist 6araTOBUMIpHUX CHUCTEM, TaKHX, HAPUKJIAJ, SIK Cy/JHOBAa CHCTEMa IiarHOCTYBaHHS,
3aMICTh MPOCTOTO po3paxyHKy (15) y mpocTopi CTaHIB BUKOPUCTOBYIOTHCS MAaTPUYHI PIBHSHHS
[4-7, 9]. ¥ cTpykTypy cHCTEMH AOAAETHCS NOAATKOBUM onTUManbHUM perymarop W, skuii
3a0e3neuye MmiJICTPOIOBAHHS MoJieni i 00'ekT (puc. 3). Takum 4YHHOM, OTPUMYEMO CTPYKTYPY 3
JIBOMa DETyJATOpPaMU: acUMITOTHYHUM croctepiradem W, Tta igeHtugikaropom W, ne
perymsrop W, Oyne 3MEeHITyBaTH MOMIIKY & , HAOIMKYIOUN MAaTPHUII0 MOAEl abo om — BEKTOp

napameTpiB mMojeni. [Ipu nmparHeHHi BeKTopa MOMHIKKA € 10 HyJIsl, BEKTOp IapaMeTpiB MOJICITi
om OyJe MparHyTH 10 BEKTOpa mapaMmeTpiB 00'ekTa d.
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Pucynok 3 — Anroput™ BiJHOBJICHHS BEKTOpa MapaMeTpiB

Beenemo BupimaneHe npaBuiio L(Ae) 11t BU3HaYeHHS MEX1 HOPMAJILHOTO CTaHy 00'€KTa
niarHoCcTyBaHHS

Aa, e Q < Q

Aa, €Q, = Q

‘acQ if (16)

Ao, eQ < Q

JIsI KOKHOTO IIapaMeTrpa ¢;; Mozeial o0'ekrta OymemMo OyayBaTH aJTOpPUTM aHai3
ij

BekTOpa mapameTpiB. I[Ipu BH3HAUEHHI BCIX J[AOMYCTUMHUX MEX IapaMeTpiB BHU3HAUMMO
BUpIIIAIbHE TPABUIIO:

o; €Q if |aij —a*ij|<8
o; Q if |aij —a*ij|25 (7

Takum ymHOM, OTpUMyeMO JIOTiuHY (yHKI0 L(a), sika dhopMmye CyKeHHS MPO CTaH
o0'exkra. TakuM YMHOM, 3arajbHa CHCTEMa IaTHOCTUKUA Ta aBTOMATHYHOTO KOHTPOJIIO CTaHY
00'ekTa mpuiiMe BUTIIA, SIKUI 300pakeHo Ha puc. 4.

W

g &= X-Xm

Ouinka
CTaHy
00’exTy

L()

Pucynok 4 — Cucrema aBTOMaTH4HOTO KOHTPOJIIO CTaHy 00'€KTa 3a BEKTOPOM MapaMeTpiB CUCTEMHU
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Jnst 00poOKHM JaHWX TPO HECHPABHOCTI OO'€KTIB MIarHOCTYBAHHS, OJIEP)KYBAaHUX Bill
crocrepiraya, HeEOOXiJHO CTBOPEHHS TaKoi CHUCTEMHU MIATPUMKH TPUNAHATTS pillleHb, sKa
JIO3BOJIMTH TIOCTayaTH OIEpaTopy HEHAJAMIpHY I1H(QOpMAIE0 MPO METOAM Ta aJTOPUTMH
YCYHEHHSI Tpo0JIeMH, 10 BUHUKIIA.

PimenHs 3ajadi CTBOPEHHSI TaKOi CUCTEMH KOHTPOJIO Ta JAIarHOCTHKHU CTaHy 00'e€kTa 3a
BEKTOPOM CTaHIB, a TAKOXX BapiaHTH BUPIIICHHS BUHUKIIMX MTPOOJIEM, TIPEICTABICHO Ha pHC. 5.

\\% €= X-Xm

L(e)

=D crmp

Pucynok 5 — CtpykTypa cuCTeMH aBTOMaTHYHOTO KOHTPOJITIO Ta TiarHOCTHKHU
3a BEKTOPOM CTaHy

Bu3HaunMo OLIHKY CTaHy y BHIVISII JIOTIYHOTO BHCIIOBIIIOBAHHS, SIKE BU3HAYAE 3B'SI30K
KOMITOHEHT BEKTOpa CTaHIB 3 MHO>KMHOIO OI[IHOK CTaHy 00'eKTa:

a, =1 if |x—x*|<s& T
;=0 if |x—x*|=& 7 (18)

BusnaumBmm andasit craHiB 00'€kTa, OTPUMYEMO 3arajbHUH aJITOPUTM MPUHHSITTS
pilieHs:

n

w, |if U a
i=1

w, if LJaiLJﬁ1
w=1 - (19)

w, ifLJzii

i=1

“

TakuMm 4MHOM, OTPUMAHO MPOCTHH AITOPUTM CHCTEMH aBTOMAaTHYHOI 1IarHOCTHKH CTaHy
o0'exTa. SIKIIO MomaTH aHami3 ympaBiiHb Ta 30ypeHb, TO 3'SBISETHCS MOXIIUBICTH OILIHIOBATH
CTaH 00'€KTa B HIMPOKOMY CHEKTPi peKHUMIB 1 HABaHTaXXKEHb. AJIe HEJIOJIIKOM TaKOTo MiIXOIy €
BIZICYTHICTb 3B'A3Ky BHUpimanbpHOTo mpasuia (19) 3 BekTopom mapameTrpis 00'ekTa.

Jns mporHo3y craHy o00'€eKTa HEOOXiJHO OIHUTH INBHUIKICTH 3MIiHHM 0 -BEKTOpa
napaMmeTpiB 00'€KTa, 10 YacTO Ba)KKO BUKOHATH 3a OILIIHKOIO BEKTOPA CTaHIB.

Jlns BeKTOpa TMapaMeTpiB MOKJIMBO OLIHUTH JHHAMIKY PIBHSHHS B IIPOCTOPi CTaHIB
napaMeTpiB 3 MaTpHIEI0, MPHU IIbOMY BUAUISETbCS OOJIACTH S, HAJEKHICTH JIO0 SKOI BEKTOpa
CTaHiB BU3HAYa€ MMO3UTUBHHUI POTHO3 MPAIE3JaTHOCTI CUCTEMH:

da Q ifaes

a2 7 ?S\0, ifaes 20)
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Take piBHsAHHS MOxe OyTH ineHTH()IKOBAaHO METOJaMH, sIKi OyJIu OmucaHi paHime Ta
MOY€E BUCTYTIATH K MOJIEIb TPOTHO3Y.

Amnani3 cTany o0'eKTa 3a MIBHAKICTIO 3MIHU TTapaMeTPiB J03BOJISE MOOYyBaTH CUCTEMY
MPOTHO3Y BiIMOB, SIKy ITOKa3aHO Ha pHC. 6.

da/dt 1 O6karka ;/Ho%j Crapinus BinmoBu
\l;\Q?_

/'

T

[
»

Pucynok 6 — IlIBuaxicTh 3MiHM BEKTOpa MapaMeTpiB Ta IPOTHO3 BiIMOB

CriocTepirarous 3a BEKTOPOM IapaMeTpiB MOJIENi, BUKOPHCTOBYEMO BEKTOp CTaHy X,
BEKTOp ympaBiiHHA U, BeKTop 30ypeHHS ( Ta BeKTOp mapameTpiB «. Ilpu Takomy
CIIOCTEPEIKEHHI CTaH CUCTEMH OIIHIOETHCS MIOJ0 JONMYCTUMHUX 3HAYCHb. TaKMM YWHOM, CTaH
CHCTEMH BIJJHOCHTBHCS JI0 MHOKUHHM HOpMabHUX cTaHiB W * | SKIII0 BC1 BEKTOpA YKJIaJalOThCS B
3a/1aHl paMKH:

Nu-ut <,
W eW * if< 21)
lg -9 =
o —a *H <g,
Bwupa3s (21) Bu3Hauae BUMOTH BiANOBIAHOCTI BEKTOPA IMapaMeTpiB:
Ix—x* < e,
L lu—u<e,
W eW * if Sle—a* o <g (22)
gz, 71 M =5
fo-a|<e,

SIKo mpu JOMYyCTUMHUX YIIPABIIHHAX Ta 30ypPEeHHSX BEKTOp MapameTpiB y HOPMi, TO B
TaKOMY BHITAJIKy 1 BCS ccTeMa Oy/ie B HOpPMAJIbHOMY CTaHi.

OcHOBHi pe3yJIbTaTH Ta BUCHOBKH. MeTO/ TIarHOCTUKU T4 aBTOMAaTHYHOTO KOHTPOJIIO
32 BEKTOPOM IIapaMeTpiB € TMEpPCIEeKTHBHUM, TOMY IO 3HAaHHA BEKTOpa MapaMeTpiB 00'eKTa
JI03BOJIsSI€ BUBHAYUTH CTaH 00'€KTa, U TAKMM YUHOM KOHTPOJIIOBATH CTaH 00'eKTa.

MareMaTiuHa MOJETh CHUCTEMH IiarHOCTYBAaHHSI CTaHy CyJHOBHX CHCTEM Yy 3aJadax
ABTOMATUYHOTO KOHTPOJIO y BUIJISAI CIIOCTEpiraya 3a BEKTOPOM MapaMeTpiB CHCTEM J03BOJISE
OUIKyBaTH BHUKOPHCTAHHS IHTEJCKTyallbHUX CHCTEM, SKi 3a0e3rmedarh aBTOMATHYHUHN
MOHITOPHHT, TPOTHO3YBAaHHS CTaHy CyJHAa Ta MOrO CHUCTEM, a TaK0X (OopMyBaHHS PEeKOMEH Al
JUIS TIOUTYKY Ta YCYHEHHIO HECTIPaBHOCTEW 00J1a JTHAHHSI.
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PoxkkoB C. A., Konapamos K. B., Tumodees K.B., byrakoB MHN.Bb., CrapoB M.B.
MATEMATHUYECKAS MOJIEJIb CUCTEMbBI ABTOMATHUYECKOI'O KOHTPOJISI COCTOSAHUA
OBBEKTA I10 BEKTOPY ITAPAMETPOB CUCTEMBbI

B cmamve paccmampusaemces nepcnekmugHwili Memoo OUASHOCIMUKU U ABMOMAMUYECKO20 KOHMPOsi No
8eKMOpPY NApamempos O peuleHuss npooremvl nosvluleHus 3QgexmusHocmu dKCnayamayuu cyoosou
asapuiino-npedynpedumenvtoti  cucmemvt  (AIIC). B mamemamuyeckou  MoOenu  cucmemvl
OUACHOCIMUPOBAHUA ~ COCMOAHUA  CYOOBbIX  CUCHEM Peanu308aH  ANeOPUmMM, KOMOpPbuLl NO36071em
obecneyums aABMOMAMUYECKULl MOHUMOPUHE U TNPOZHOZUPOBAHUE COCHOAHUA CYOHA U €20 CUCHEM.
Peanuzayus 6 cucmeme ynpagienus OONOIHUMENbHOU 0OPAMHOU CEA3U 8 8Ude pe2yamopa No3eoaem He
MONBLKO HAKANIUSAMb UHDOPMAYUIO O NPUHAMBIX PEUleHUAX, NOTYUEHHBIX Pe3VIbIamax u CUSHAIax o
HeUCnpasHoOCMAX, Ho U obecneyugaem CcONOCMASUMOCHb Pe3YIbINAMO8 HA OCHO8e OUALHOCMUYECKOl
ungopmayuu. Hcnonvzosanue cucmemvl nOOOEPI’CKU NPuHsmus pewenuti ¢ oopamuou ceésazvio (CIIIP,
anen. DSS — decision support system) @ 3a0auax aemomamuiecko20 KOHMpOIs, KAK UHMENNIeKmYaNbHOl
cucmemyl ¢ HabaOOameneM no 6eKmMopy COCMOAHUSL, NO3GONAEM NOLYUAMb UHDOPMAYUIO O COCMOSHUU
CYO0BbIX CUCEM 8 PENHCUME PeAbHO20 BPEMEHU U NPOSHOZUPOSamb ux 6yoyiuyee cocmostue.

Knrouesvie cnosa: asapuiino-npedynpeoumenvHas CUSHATU3AYUS, OUACHOCMUPOSAHUE, UHDOPMAYUOHHAS
cucmema, HAOEHCHOCHIb, IKCIILYAMAYUS.

Rozhkov S. A., Kondrashov K. V., Timofeev K. V., Butakov I. B., Starov M. V. MATHEMATICAL
MODEL OF THE SYSTEM OF AUTOMATIC OBJECT STATE CONTROL BY THE VECTOR OF
SYSTEM PARAMETERS

The article considers a promising method of diagnostics and automatic control by the vector of parameters
to solve the problem of increasing the efficiency of operation of the ship's emergency warning system
(APS). In the mathematical model of the system for diagnosing the state of ship systems, an algorithm is
implemented that allows for automatic monitoring and forecasting of the state of the ship and its systems.
The implementation of additional feedback in the form of a controller in the control system algorithm
allows not only to accumulate information about the decisions made, the results obtained, and fault signals,
but also ensures the comparability of the results based on diagnostic information.

Such an implementation of the asymptotic state observer makes it possible to quickly eliminate the error
associated with the initial conditions or uncontrolled perturbations. The implementation of this method is
quite simple in both analog and digital algorithms. The article shows the implementation of the algorithm
by the Runge-Kutta method of the first order. For the asymptotic convergence of the estimation error to
zero, the observer matrix is chosen arbitrarily.

The article shows that in order to predict the state of an object, it is necessary to estimate the rate of
change of the vector of object parameters, but this is quite difficult to do by estimating the state vector.

The paper also shows that it is possible to evaluate the dynamics by an equation in the state space of
parameters with a matrix, however, in this case, it is necessary to single out the area in which the state
vector determines a positive forecast of the system's performance.

The use of a decision support system with feedback (DSS, eng. DSS - decision support system) in automatic
control tasks, as an intelligent system with an observer along the state vector, allows you to receive
information about the state of ship systems in real time and predict their future state.

Keywords: alarm system, diagnostics, information system, reliability, operation.Key words: alarm system,
diagnostics, information system, reliability, operation.
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HaykoBui BicHUK XepCOHCBHKOI Aep:kaBHOI MOopchbKoi akaneMii WA PR PAk

BUMOI'M 1O O©POPMJIEHHA MATEPIAJIIB

Jlo ApyKy MpUAMAIOTBCS CTATTi 3 Pe3yIbTaTaMH BIACHUX OPHUTIHAIBHUX JOCIIKEHb, 110
MalOTh HAayKOBY 1 MpakTUYHY 3HAuymicTb 1 He mnyOmikyBamucs pgoci. Jlo Ipyky He
NpUIiMaIOTHCS CYTO OTJIS/IOBI cTaTTi. BiAmoBiganpHICTh 3a 3MICT CTATTi HECE aBTOP.

3rigHo 3 Bumoramu 1. 3 IlocranoBu Ilpesunii Bumioi Artectamiitnoi Kowmicii Ykpainu
Ne 7-05/1 Big 15.01.2003 p., HayKOBi CTaTTi, 10 HAJAIOTHCA A0 JPYKY, IOBHHHI MICTUTHU
HACTYTIHI €JIEMEHTH: NOCTAaHOBKA MpOoOJIeMHU Yy 3arajJbHOMY BUIJISAL Ta ii 3B 30K 13 BaXKJIMBUMU
HAayKOBUMHM YU MPAKTUYHUMU 3aBJAHHAMMU; aHAJI3 OCTaHHIX JOCIIIKEHb 1 MyOJiKalii, y SKUX
3alI04YaTKOBAHO PO3B’S3aHHS JaHOI MpoOJeMH, Ha sKI IOCHIAETHCS aBTOP; BUAUICHHA
HEBHUPINICHWX paHIlIe YacTHH 3arajbHOl MPOOJIEMH, SKAM MPHUCBAYYETHCS  CTATTS;
dopmyiroBaHHA IiJiell cTarTi (IOCTAaHOBKA 3aBIAHHA); BUKJIAJEHHS OCHOBHOIO MaTepiany
JOCIIJKCHHST 3 TIOBHUM OOIPYHTYBaHHSM OTPUMaHHX HAYKOBUX pe3yJIbTaTiB; BUCHOBKH IOJ0
JTAHOTO JIOCIIPKEHHS Ta MEePCIEeKTUBU MOAATIBIINX HAYKOBUX JOCTIKEHb Yy JAHOMY HAlpsIMKY.

Ob6csae cmameti — 10 10 cTOPIHOK, BKJIFOYAIOUX BC1 MaTepiaiy, y T. 4. TaOJIHILIl, PUCYHKH,
rpa¢iky Ta COUCOK JIiTepaTypHUX Jkepen. CyMapHuil 00csAr pUCYHKIB 1 TaOJIUIb MOBUHEH OyTH
He Outbire 30% o0cary OCHOBHOI YaCTHHHU.

Ogopmnenns cmammi. Ha nepiiii cTopiHii pykonucy 3a3zHaudaeTbes konx Y/IK, Hazpa
po0oTH, pi3BHULLE, 1HILIATU Ta HAYKOBUI CTYIIHb (3BaHHS) aBTOPA(iB).

Koo VJIK — no niBomy Kpato, po3mip mpudry — 10.

Hazea — 1o ueHTpy ApyKOBaHUMH JiTepaMu (IIPUQT KUPHUIL, po3mip mpudrty — 14).

Ingpopmayia npo asmopa(is): mnpizBulle, 1HIIIATN, HAYKOBUI CTYIiHb, BYCHE 3BaHHS,
MOBHA Ha3Ba YCTaHOBH ab0 TPOMAJACHKOI opranizaiii, mocama, nepxaBa, ORCID aBtopa —
KypCUBOM, IO JIIBOMY Kparo, po3MipoM mpudty 12.

Texcm nanaetses y hopmati peraktopa MS Word mpudrom Times New Roman, po3mip
mpudty — 12, inteppan — 1.

[apamerpu cropinku (omuis menio ®AJI, TTapamerpu cTOpiHKHM):

po3mip namnepy — A4: 210%297 mwm;

Opl€HTAIlIS apKyllla — KHUKHA (anb0OMHa He JIOITyCKAEThC);

moJist — 2 ¢cMm;

namitypka — 0 cMm;

KOJIOHTUTYJHU — 1,3 cM;
a63anHuil Biactyn — 1,25 cM, BUpIBHIOBAHHS 3a NIMPUHOIO, CTOPIHKK 0€3 Hymepallii.

@opmynu TOBMHHI OyTH HaOpaHi 3a JIOTIOMOTOI0 BOYJOBaHOrO penakTopa (opmyi
Equation Editor. Bei ¢opmynn BCTaBisitoThbCs B TaOJUII0 3 HEOKPECIEHHM KOHTYpPOM, IO
CKJIaJIa€ThbCs 3 JIBOX KOJIOHOK: y TepIliid 3HaxoAuTbes (opmyna 6e3 abzaiy i BHpIBHSHA IO
HEHTPY, Y ApYTiid — HOoMep GopMyiH (SKIIO Takuil €) Texx 0e3 ab3ally 1 3 BUPIBHIOBAaHHSM I10
HEeHTPY. Mexa MiX KOJIOHKaMH TaOJIUIIi BCTAHOBIIOETHCS Ha Mo3Haulli 14 cM.

e crocyerbes Takoxk Gopmys 1 CUMBOIIIB (GOPMYIL, sIKI CTOSATH 1O Tekcry. [lapamerpu B
penakTopi GopMys MOBMHHI B TOYHOCTI BIAMOBITATH HAaBEJACHUM HUXk4e. Po3mipu (orilis MEHIO
penaxtopa Equation Editor: PO3MIP, Busnauutn):

— 3BuyaiiHuii 12 or.

— KpynHuuii ingexc 7 or.

— JlpiOHwmii iHIEKC 5 T.

— Kpynnuii cumBon 18 nt.

—  Hpi6uwmit cumBou 12 mr.

Tabauyi Habuparothes y Microsoft Word.

Pucynku moBuHHI OyTH YOpHO-OUTMMH, OakaHO TPO30OPHUMH, 1 BCTaBJieHI y daui i
po3npykiBky ctarti. @opmar pucyHkiB (tif, pcx, bmp TOmo) moBuHEH OyTH CYMICHUH 3
penaktopoM TekcTy Microsoft Word. Po3ainbHa 3naTHICTh pucyHKiB — He MeHIe 300 dpi.

Cmpyxmypa cmammi: BCTyn (TIOCTaHOBKA 3a7a4i a00 mpoOieMu); pileHHs 3a1a4i (MeTa,
3amayi, 00’€KTH, MPEAMETH, METOAM IOCHIPKeHHS); OCHOBHI pe3ylbTaTH Ta BHUCHOBKU 3
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MEPCIIEKTUBAMH; CIIMCOK BUKOPHUCTAHMX JITepaTypHUX oKepen. OCHOBHI pO3IUIA MOXKYTh MaTH
Ha3BH, BI/IMiHHI BiJl IPUBEJICHUX BUIIC HAIIMEHYBaHb.

Cnucok eukopucmanoi nimepamypu TIONAEThCS 3arajJbHAM CIIHCKOM Y KiHIII PYKOIHUCY
(MOCHIAOBHICT, — Y MOPSIAKY 3TaayBaHHs MO TEKCTY) 3TAHO 31 BCTAaHOBICHUMH BHUMOTaMU
cranaapty ACTVY 7.1:2015. V cnucky noBuHHO OyTH He MeHuIe 10 mxepen, y CIUCKY NOCUIIaHb
Henpunyctumo BukopuctaHHs JICTY Tta 3arajpHOHaLIOHAJBbHUX CTaHAAPTIB, BiJACOTKOBE
CIIBBIIHOIICHHS camMonuTyBaHHs — He Ouibme 30 % (to0ro sikmo Bwu Bukopucramm 10
MOCHJIaHb, 3 HUX MOKe OyTH He Ouibine 3 Ha poOOTH aBTOpa).

Jlo craTTi TaKoK HAaBOIUTHCS Mepelnik jitepatypu natununeto (References), mis iioro
oopmnenHs BuxkopucroByBaTH APA-ctmib. CHUCOK JITEpaTypd TpaHCIITEPyeTbCs abo
MePEKIIAIAETHCS aHTITINCHKOI0 MOBOIO. TpaHcmiTepyBaTu iHPOpMaIir0 HEOOX1THO BIMOBITHO 10
nocraHoBu Kabinery MinictpiB Ykpainu Bix 27.01.2010 «IIpo BnopsiikyBaHHs TpaHCHiTepawii
yKpaiHChbKOro ajn(aBiTy JIATUHUICIO» (TpaHCIITEPaLil0 YKPAaiHChKOT MOBH MOXKHA 3/1MCHUTHU 3a
nocwiaHHsaM  http:/translit.kh.ua [oOpatu  crammapt: Ilacmoptuuit (KMY  2010))).
TpancniTepyBaTu [Kepena, SKU MULTYThCS JTaTUHULEIO HE TIOTPiOHO.

Cmpykmypogani anomayii yKpaiHCbKOIO, POCIHICHKOIO Ta aHIIHCHKOI0 MOBaMH 0OCSITOM
Bix 1800 3HakiB 6e3 mpoOUIiB HAAAIOTHCA: HA MOBI OPUTIHAIY CTaTTI Mepei BCTYIOM, Ha JABOX
HIINX MOBAX — MICJIs TEKCTY CTATTi. Y KiHIII aHOTAIiil HABOAATHCS KJIFOYOBI CJIOBA.

Jloxymenmu, wo nooaromuvcs 00 pedaxyii.

Jlns my6itikariii aBTOp MOBUHEH HAJaTH 10 BiAALTY TexHiuHOi iHdopMmanii X/ IMA:

— Komm’rotepuuit BapianT ctaTTi — (aitn, Habpanuil y pegakropi Microsoft Word,

— (paiin KOXKHOTO PUCYHKA, BKIIFOUEHOT'O B CTATTIO, OKPEMO;

— pyKoOmHC cTaTTi (Ha manepoBOMy HoCIi), MiANUCaHUN aBTOPOM(aMU) — 2 IPUMIPHUKH.

Kpim Tekcty cTarTi aBTOpOM(aMu) HaJJar0ThCA:

— CTPYKTYpOBaHa aHOTallisd Ta KJIIOYOBI1 CJIOBA YKPAiHCHKOIO, aHTJIIHCHKOIO 1 POCIHCHKOIO
MOBaMH, BKJIFOUAIOYH HA3BY CTATTi Ta MPi3BUIIA aBTOPiB TPhOMa MOBAMHU — Ha OKPEMil CTOPIHLIL;

— JineH31iHuN 10TOBIp;

— BIJIOMOCTI TIPO aBTOPIB (MPI3BHIIE, iM s, IO OATHKOBI, BYUCHHH CTYIiHb, BUCHE 3BaHHS,
Miciie poboTH, Tocaja, JoMainHs abo ciry)00Ba ajpeca, KOHTAKTHUH TenedoH, e-mail, HayKoBi
inTepecu aBTopiB, ORCID aBTopa(iB)) — Ha OKpeMiid CTOPIHII.

PepakmiifHa koseris 3anuinae 3a coOO0 MpaBO K HE MyOJiKyBaTh poOOTH y pasi ix
BIIXWJICHHS, TaK 1 IpUHMaTH PIlICHHS OO0 iX BIAMOBITHOCTI HampsMaM XKypHary. Pykomucu
aBTOpaM HE IMOBEPTAIOTHCS.
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