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CHAPTER 1

ENSURING CYBER RESILIENCE TRANSFORMATION
OF PERSONNEL MANAGEMENT PROCESSES
IN A MULTI-PROJECT ENVIRONMENT

Dotsenko N. V., Chumachenko I. V., Nekrasov I. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-1

INTRODUCTION

In the era of digitalization, HR management requires a review of classic
approaches to management to ensure the effective functioning of the company.
The increasing speed of transformation and the lack of consideration of the
specifics and needs of the organization make this process chaotic and sometimes
lead to the opposite effect:

— loss of stability of functioning;

— information leaks;

— disruption of established business processes’.

The analysis of the impact of digital technologies on the transformation of
strategic management, described in the work of Donchak L., Pogryshchuk O.,
Sysoeva 1., showed the need to implement innovative cyber defense systems,
which in turn requires improving the digital infrastructure, increasing its
accessibility, and revising the organization's corporate culture?.

The implementation of projects in a multi-project environment of the
company makes the issue of developing a policy for ensuring cyber resilience
of processes relevant and requiring an urgent solution. Personnel management
of portfolio projects involves the exchange of a large amount of data between
elements of a multi-project environment, which leads to the need to take
cybersecurity requirements into account.

Developing and implementing a comprehensive approach to increasing cyber
resilience will ensure the resilience of the organization through preparedness

! JIBopruk O. Crparerii, BUKIUKHI Ta YCIHILIHI MPaKTUKK B €noxy LuppoBoi TpaHnchopmarii Oi3Hecy.

Develop-ment Service Industry Management. 2023. No 4. C. 107-111. URL: https://dsim.khmnu.edu.ua/
index.php/dsim/article/view/68

? Jlonwak JI., ITorpimyk O., Cucoesa I. Crpareriunnii MeHeKMEHT y UM(PPOBY IOXY: BUKIUKH Ta
MOXUIHBOCTL. Exonomixa ma cycninecmeo. 2024. No 70. URL: https://economyandsociety.in.ua/index.
php/journal/article/view/5237
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for cyber threats, cyber risk management, and the development of recovery
mechanisms after cyber attacks.

1. Analysis of existing methods for solving the problem
of transforming human resource management processes
and formulating the task

Transformation of HR processes in a multi-project environment occurs under
constraints of time and cost of implementation. The speed of implementation of
transformation processes leads to the fact that the audit process of the existing
state of organizational and digital systems does not always take place. At the
same time, transformation and implementation of new processes at critical
infrastructure facilities are carried out in real time, ensuring configuration
management of resources’.

Among the regulatory framework that regulates data security issues, this
should be noted:

— standard ISO / IEC 27001 "Information security management
systems";

— standard ISO / IEC 27701 "Privacy Information Management
System";

— standard ISO / IEC 27005 "Information security risk management";

— standard ISO / IEC 270 17 "Cloud security controls";

— standard ISO / IEC 2 2301 "Business Continuity management";

—  General Data Protection Regulation (GDPR);

— the Network and Information Security Directive NIS2;

—  Law of Ukraine "On Protection of Personal Data";

— Law of Ukraine "On the Basic Principles of Ensuring Cybersecurity in
Ukraine";

— Resolution of the Cabinet of Ministers of Ukraine "On Approval
of General Requirements for Cybersecurity of Critical Infrastructure
Facilities" “.

When working with transnational companies, the issue of ensuring the
protection of personal data in accordance with the GDPR standard arises,
which is not always considered during the accelerated transformation of human
resources management processes’.

3 Dotsenko , N., Chumachenko , 1., Galkin , A., Kuchuk , H., Chumachenko , D. Modeling
the Transformation of Configuration Management Processes in a Multi -Project Environment.
Sustainability 2023. No. 15 (19), 14308. DOI: https://doi.org/10.3390/sul 51914308 .

4 ITocranoBa KMV «IIpo 3arBepmkeHHs 3arajibHUX BUMOT 10 Kibep3axucTy 00’€KTiB KPUTHYHOI
inppacTpykTypu» https://zakon.rada.gov.ua/laws/show/518-2019-%D0%BF#Text

s 3aranbHuit permament npo 3axucT ganux (GDPR) URL: kmu.gov.ua/storage/app/media/uploaded-
files/es-2016679.pdf https://gdpr-text.com/uk/



Implementing existing project management systems in a multi-project
environment, in particular SAP, involves distributing access rights and working
with many projects, but does not eliminate the risks associated with the influence
of the human factor on the emergence of cyber risks®.

The conducted analysis of cyber threats identified typical risks that arise
when transforming human resource management processes into a multi-project
environment:

— risks of personal data confidentiality;

— risks of access management in a multi-project environment;

— the complexity of the security audit;

— risks of integrating digital platforms;

— risks of cyber incidents related to remote work;

— risks of using Al

The issue of integrating human resource management processes with cyber
management was considered in the works of N. Tyukhtenko, M. Navrotska’,
T. Dluhopolska, and Huk. Yu.?, Mat N.-H.N. & al’, Kiselak M.!°,

By cyber resilience of human resource management processes in a multi-
project environment, we mean the ability of project HR processes to anticipate,
withstand, adapt, and recover from cyber incidents, while maintaining the
continuity of personnel management and the reliability of resource provision
for the needs of a multi-project environment.

Key HR processes from the perspective of ensuring cyber resilience are
presented in Table 1.

The purpose of the study is to develop a model of the process of ensuring
cyber resilience of the transformation of human resource management processes
in a multi-project environment.

The objectives of the study are:

— to analyse the approaches to ensuring cyber resilience of the organization
and processes;

6 CrBOpiTh Oi3HEC 13 OLIBIION BiAMOBIAHICTIO, CTIMKICTIO Ta MOTYXHIIIUM cTanuM po3BuTkoM URL:

https://www.sap.com/ukraine/products/sustainability.html?url _id=banner-ua-homepage-row3-suite-pos8-
sustainability-250520

7 AKTyalbHI THTAHHS IHHOBALHHOTO YNPABNIHHS JIIOACHKMMH PECypcaMH B YMOBaxX ajanTaiii
0i3Hec-cepeIoBUIIA JIO T ch?opMauiﬁan 3miH. (2025). Cepia: Exonomika, 29, 85-97. https://doi.
org/10.34079/2518-1394-2025-15-29-85-97

8 Jnyrononsceka T.I, I'yk 10.B. Ludposa tpancdopmanis y chepi HR: mampsimm, mpoGnemu
Ta MOXIUBOCTL. [Ipuuoprnomopcwii exonomiyni cmyoii. BPMH. 62. ZOdel‘ C. 13-18.5RL: https://doi.
org/10.32843/bses.62-2

o Mat , N.H.N, Jaafar , SM, Kamalbatcha , Z., & Derani , NES (2025). HRM Implementation ,
gig work , and the love framework : A systematic review of evolvin% dynamics in the modern digital
workplace . Multidisciplinary Reviews , 9 (3), 2026113. https://doi.org/ 03,1893/multirev.2026113

107 Kiselak , M., Zizek , S.S. (2026). The Impact of Digitalization on Human Resources Management
. In : Mulej , M., Hrast , A., Strukelj , T., Likar , B., Sarotar Zizek , S. ( eds ) Bases for an Innovative
Sustainable Socially Responsible Society Volume II. Palgrave Studies in Governance , Leadership and
Responsibility . Palgrave Macmillan , Cham . https://doi.org/10.1007/978-3-031-96891-4 6
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— to analyse the impact of cyber risks on project management resource
provision processes in a multi-project environment;

— to develop a model for the process of ensuring cyber resilience of the
transformation of human resource management processes in a multi-project
environment;

— to develop the recommendations for the implementation of the model.

Table 1
Key HR processes
HR - process Criticality

Access management Critical

Allocation of resources between projects Critical

Personnel planning High

Evaluation and KPIs High

Competency management High

Recruitment and selection Medium/high
Training and development Medium
Engagement management Medium

2. Main research material

For recovery programs and critical infrastructure projects it is advisable to
use the Zero principle Trust Architecture!!, contributing to increase cybersecurity
in information structures. This becomes extremely important in conditions
of war and post-war restoration of critical infrastructure facilities because it
contributes to increasing the level of security of the facility.

According to NIST Cybersecurity Framework with the main elements of
Improving Critical Infrastructure Cybersecurity is a Function and Category'?:

— Identify (Asset Management ID.AM; Business Environment ID.BE;
Governance ID.GV; Risk Assessment ID.RA; Risk Management Strategy
ID.RM; Supply Chain Risk Management 1D.SC);

—  Protect (Identity Management and Access Control PR.AC; Awareness
and Training PR.AT; Data Security PR.DS; Information Protection Processes
and Procedures PR.IP; Maintenance PR.MA; Protective Technology PR.PT);

—  Detect (Anomalies and Events DE.AE; Security Continuous Monitoring
DE.CM; Detection Processes DE.DP);

1 Zero Trust Architecture URL: https://www.nccoe.nist.gov/projects/building-blocks/zero-trust-

architecture

12 NIST Cybersecurity Framework v.1.1, Framework for Improving Critical Infrastructure
Cybersecurity https:/nvlpubs.nist.gov/nistpubs/CSWP/NIST.CSWP.04162018.pdf



— Respond (Response Planning RS.RP; Communications RS.CO; Analysis
RS.AN; Mitigation RS.MI; Improvements RS.IM);

— Recover (Recovery Planning RC.RP; Improvements RC.IM;
Communications RC.CO).

Resource management according to the PMI PMBoK standard involves the
following processes:

— Resources Management Planning (RMP);

—  Operations Resources Estimation (ORE);

— Resources Acquisition (RA);

—  Project Team Development (PTD);

— Team Management (TM);

— Resources Control (RC).

NIST Cybersecurity Element Projection The framework for resource
management processes in projects is given in Table 2.

Functional identification ensures strategic alignment of human resource
management processes with cyber risks implementation of projects in a multi-
project environment. As a result of the analysis of the categories Governance,
Risk Assessment, Business Environment in the context of Resource Management
Planning, Operations Resources Estimation forms a matrix of critical project roles,
Cyber-HR Risk Register, a team cyber resilience competency map. Human risk
assessment will identify competency gaps, key role overload, and single point of
failure in the team, outsourcing risks (in the process of acquiring resources) and
risks associated with the functioning of geographically distributed teams.

The next stage is to form a team capable of functioning resiliently, adaptively,
ensuring a certain level of cyber resilience. Based on the implementation of
Identity Management and Access Control; Awareness and Training; Information
Protection Processes and Procedures; Maintenance within processes Resources
Acquisition and Project Team Development is forming a model for distributing
access by roles, a plan for developing competencies and Cyber-aware
onboarding / offboarding.

Understanding that a team functions as an organizational system makes it
possible to provide both technical and organizational support for management
processes.

Incident management allows for rapid response to anomalies and ensures
reliable operation of the human resources management system. Incident
response protection should be built into HR processes and safe default scenarios
and automatic response scenarios should be defined.

A contextual model of the process of ensuring cyber resilience of the
transformation of personnel management processes in a multi-project
environment is presented on Figer 1.
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The inputs to the context model are:

—  project information;

—  process cybersecurity requirements;

— cyber resilience requirements;

— resource provision.

The outputs of the contextual model are:

— cyber risk management plan;

— incident recovery plan;

— recommendations for developing a cyber-resilient team.
When decomposing the model, tunneled outputs were added:
— cyberrisk register;

— incident response.
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Framework
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Process of ensuring cyber-resilience
of transformation of personnel
processes

in a multi-project environment

Cyberrisk Management Plan
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Resource provision

Project cybersecurity
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Fig. 1. Context model of the process of ensuring cyber resilience
of transformation of personnel management processes in a multi-project
environment

Project Manager, PMO, cybersecurity are involved in the process specialist,
who act on the basis of regulatory documentation, corporate standards, NIST
Cybersecurity Framework.

As a result of the decomposition of the contextual model, taking into account
the requirements for cyber resilience, a decomposition model of the process
of ensuring cyber resilience of the transformation of personnel management
processes in a multi-project environment was built (Figure 2).

The Identify (ID) process involves identifying/understanding the resources,
risks, and context associated with managing project human resources in a multi-
project environment.

Protect (PR) process is designed to create safeguards to maintain the security
of human resource management processes.

Detect (DE) process is designed to identify anomalies and events that may
indicate incidents related to the implementation of human resource management
processes.

The Respond (RS) process implements a response to identified incidents in
accordance with the cyber risk management plan. The Recover (RC) process
ensures recovery from events and improves human resource management
processes from the perspective of ensuring cyber resilience of processes.

To analyze the effectiveness of the model, the proposed system of metrics
is given in Table 3.
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Metrics for ensuring cyber resil

Table 3
ience of HR management processes

Metrics

Description

Detection

Effectiveness

MTTD-HR Mean time to detect HR incident

Average time from appearances incident before
it detection

Incident detection rate

HR incidents detected before escalation

Proactive detection ratio

Fraction incidents detected preventively

Analy

sis Quality

Root cause coverage

% of incidents from formalized RCA

Role-level analysis

Role-Level Analysis Index

Systemic cause ratio

% of causes that are systemic rather than
individual

Response

Effectiveness

Decision latency

Time from analysis to management decision

Corrective action rate

% of incidents from implemented corrective
actions

Role frequency adjustment

Frequency of role correction after incidents.
Indicator adaptability

Learning

Effectiveness

Lessons learned utilization rate

% lessons learned , actually used in new projects




Continuation of table 3

Training alignment index Fraction exercises related to real incidents

Competency update rate Update frequency competency models
Organizational Memory Metrics

Incident reuse index How many times incident reused

Knowledge formalization rate % of incidents converted to knowledge

Cross-project transfer ratio Using knowledge between projects

Impact Metrics

Incident recurrence rate Frequency similar incidents

Human risk exposure index Integral indicator human risks

Project disruption reduction Reduction influence incidents per project

The cyber resilience contours of human resource management processes are
presented in Table 4.

Table 4
Contours of cyber resilience
Contour Elements
Protection | Zero Trust; RBAC/ABAC; data encryption, segmentation and prioritization of
projects

Continuity | HR-BCP/HR-DRP; backup HR scenarios; alternative HR management channels
Adaptation | Al audit, process audit, human in the loop, role and access updates

When implementing the model, project documents are formed, which reflect
measures to ensure cyber resilience of human resources management processes:
cyber risk management plan;
incident recovery plan;
recommendations for developing a cyber-resilient team;
cyberrisk register;
incident response.

CONCLUSIONS

The issue of ensuring cyber resilience of the transformation of human
resource management processes in a multi-project environment is considered.
It is determined that despite the advantages, the digital transformation of
management processes has significant challenges related to cybersecurity issues
and ensuring cyber resilience of management processes.

For human resource management processes in a multi-project environment,
ensuring cyber resilience and responding to cyber threats is most relevant, since
the level of cyber threats increases in a multi-project environment, which can
lead to the loss or leakage of confidential information. Based on the analysis

10



of cyber threats, the most critical processes from the point of view of ensuring
cyber resilience were identified.

The concept of cyber resilience of human resource management
processes in a multi-project environment has been introduced. A projection
of NIST Cybersecurity elements has been developed Framework for resource
management processes in projects, which became the basis for developing
a model of the process of ensuring cyber resilience of the transformation of
human resource management processes in a multi-project environment.

Models of the process of ensuring cyber resilience of the transformation of
human resource management processes in a multi-project environment (context
model and process decomposition model) have been developed. The contours
of cyber resilience of processes have been identified: protection contour,
continuity contour, adaptation contour. The proposed models can be applied to
formalize transformation processes in terms of ensuring cyber resilience.

The study is being conducted within the framework of the research
project 2025.07/0038 of the National Fund of Ukraine on the topic “Scientific
Foundations for the Formation and Management of Human Capital in
a Multi-Project Environment to Support the Sustainable Development of
Ukraine’s Recovery Programs”.

SUMMARY

Digital transformation of management processes promotes the development
of companies, but requires the development of approaches to ensure the cyber
resilience of human resource management processes.

The purpose of the study is to develop a model of the process of ensuring
cyber resilience of the transformation of human resource management processes
in a multi-project environment.

The concept of cyber resilience of human resource management processes
in a multi-project environment is considered. An analysis of approaches to
ensuring cyber resilience of the organization and processes is carried out,
the regulatory framework governing data security issues is considered. An
analysis of the impact of cyber risks on the processes of resource provision
of project management in a multi-project environment was carried out, which
allowed to identify processes with a high level of criticality of cyber resilience.
A projection of NIST Cybersecurity elements is constructed Framework for
resource management processes in projects. Models of the process of ensuring
cyber resilience of the transformation of human resource management processes
in a multi-project environment (contextual model and process decomposition
model) have been developed. Recommendations for the implementation of the
developed models are provided.

N
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CHAPTER 2

SOFTWARE METHODS
FOR ENVIRONMENTAL THREAT ASSESSMENT
BASED ON REAL-TIME DATA ANALYSIS

Oleshchenko L. M.
DOl https://doi.org/10.30525/978-9934-26-653-9-2

INTRODUCTION

The rapid intensification of anthropogenic activities, urbanization, and
climate change has led to a significant increase in the frequency and severity
of environmental threats, including air and water pollution, extreme weather
events, and ecosystem degradation. These challenges pose serious risks to
public health, economic stability, and sustainable development at both regional
and global levels. As a result, timely detection, assessment, and mitigation of
environmental threats have become critical priorities for modern societies.

In recent years, the widespread deployment of environmental sensors,
IoT devices, satellite platforms, and citizen sensing systems has enabled the
continuous collection of large volumes of heterogeneous environmental data.

Unlike traditional environmental monitoring, which relies on periodic
measurements and offline analysis, contemporary monitoring infrastructures
generate high-velocity data streams that reflect rapidly changing environmental
conditions in near real time. This shift has fundamentally transformed
environmental data from static datasets into dynamic streaming data, requiring
new computational paradigms for effective analysis and decision support. The
availability of streaming environmental data alone does not guarantee timely
or reliable threat assessment. Conventional software systems and analytical
methods are often designed for batch processing and are not capable of
handling the velocity, volume, and variability inherent in continuous data
streams.

Environmental threats are frequently characterized by complex
spatiotemporal patterns, nonlinear dynamics, and uncertainty, which further
complicate real-time interpretation and forecasting. These limitations highlight
the need for advanced software methods that can operate under real-time
constraints while ensuring scalability, robustness, and analytical accuracy.
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Software methods for environmental threat assessment based on streaming
data analysis provide a promising solution to these challenges. By integrating
stream processing architectures, intelligent data analytics, and adaptive modeling
techniques, such methods enable continuous monitoring, early detection of
anomalous environmental events, and predictive assessment of potential
risks. The use of machine learning and data-driven models within streaming
environments allows systems to learn evolving patterns, adapt to changing
conditions, and support proactive rather than reactive decision-making.

The relevance of this research is further reinforced by its practical importance
for critical domains such as public health protection, disaster risk reduction,
smart city management, and environmental policy development.

Real-time environmental threat assessment systems can support rapid
response to pollution incidents, inform early warning mechanisms, and enhance
the resilience of urban and natural ecosystems. In this context, the development
of scientifically grounded and software-oriented methods for streaming data
analysis represents not only a technological challenge but also a societal
necessity.

The research of software methods for environmental threat assessment based
on streaming data analysis addresses fundamental gaps in existing environmental
monitoring systems and contributes to the advancement of intelligent, real-time
decision-support technologies capable of responding to the growing complexity
and urgency of environmental challenges in the modern world.

The development of software-based environmental monitoring systems
is closely linked to advances in sensor networks and data transmission
technologies. One of the foundational contributions in this area was provided by
Akyildiz L.F., Melodia T. and Chowdhury K.R., who presented a comprehensive
survey of wireless multimedia sensor networks. Their work analyzed
architectures, communication protocols, and data processing challenges
associated with high-volume and heterogeneous sensor data, forming the
technological basis for continuous environmental data acquisition and streaming
analysis'.

The transition from data collection to predictive analytics based on streaming
data was further demonstrated by Ramakrishnan N., Butler P., Muthiah S.,
Self N., Khandpur R.P., Saraf P., et al., who introduced the EMBERS system
for forecasting civil unrest using open-source indicators. Although focused
on social phenomena, this study established important methodological
principles for real-time threat assessment, event detection, and large-scale

! Akyildiz LF., Melodia T., Chowdhury K.R. A survey on wireless multimedia sensor networks.

Computer Networks, 2007, vol. 51, no. 4, pp. 921-960. https://doi.org/10.1016/j.comnet.2006.10.002.
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stream processing that are directly applicable to environmental threat
analysis?®.

The integration of sensing technologies into urban-scale systems was
examined by Zanella A., Bui N., Castellani A., Vangelista L. and Zorzi M.,
who explored the role of the IoT in smart cities. Their research highlighted
the importance of distributed sensing, data fusion, and real-time processing
for monitoring urban environments, including air quality, noise pollution,
and energy efficiency. This work emphasized the need for scalable software
architectures capable of handling continuous data streams?.

The societal relevance of environmental monitoring systems is reinforced
by studies linking environmental indicators to economic and health outcomes.
Mujtaba G. and Shahzad S.J.H. analyzed long-term air pollution data across
OECD countries and demonstrated significant relationships between pollutant
levels, economic growth, and public health. Their findings underline the
necessity of reliable data-driven assessment tools to support sustainable
development and policy decision-making®. Complementing macro-level
analyses, Keswani A., Akselrod H. and Anenberg S. investigated the clinical
and public health impacts of air pollution in the context of climate change. Their
work provided evidence that real-time environmental monitoring is critical for
early detection of health risks and for informing adaptive mitigation strategies,
thereby strengthening the case for continuous, software-based environmental
threat assessment systems®.

A broader conceptual framework for integrating environmental monitoring
into urban development was provided by Bibri S.E. and Krogstie J., who
conducted an extensive interdisciplinary review of smart sustainable cities.
Their study emphasized the role of advanced analytics, real-time data streams,
and intelligent decision-support systems in addressing environmental challenges
within complex urban ecosystems®. Recent advances in machine learning and

2 Ramakrishnan N., Butler P., Muthiah S., Self N., Khandpur R.P., Saraf P, et al. Beating the News
with EMBERS: Forecasting civil unrest using open source indicators. Proceedings of the 20th ACM
SIGKDD International Conference on Knowledge Discovery and Data Mining, 2014, pp. 1799-1808.
DOI: 10.1145/2623330.2623373.

3 Zanella A., Bui N., Castellani A., Vangelista L., Zorzi M. Internet of Things for smart cities. IEEE
Internet of Things Journal, 2014, vol. 1, no. 1, pp. 22-32. DOL: 10.1109/JI0T.2014.2306328.

4 Mujtaba G., Shahzad S.J.H. Air pollutants, economic growth and public health: implications for
sustainable development in OECD countries. Environmental Science and Pollution Research, 2021, vol.
28, pp. 12686—-12698. DOI: 10.1007/s11356-020-11212-1.

3 Keswani A., Akselrod H., Anenberg S. Health and clinical impacts of air pollution and linkages
with climate change. NEJM Evidence, 2022, vol. 1, no. 7, article EVIDra2200068. DOI: 10.1056/
EVIDra2200068.

6 Bibri S.E., Krogstie J. Smart sustainable cities of the future: An extensive interdisciplinary
literature review. Sustainable Cities and Society, 2023, vol. 31, pp. 183-212. DOIL: 10.1016/.
$¢s.2017.02.016.
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data stream analysis have further expanded the capabilities of threat detection
systems. Yang Y., Wu Q., He B., Peng H., Yang R., Hao Z. and Liao Y. proposed
a contrastive learning framework for social bot detection based on structural
entropy and multi-view data representations. Although applied to social
data, the methodological innovations presented in this work demonstrate the
potential of advanced representation learning for analyzing complex, evolving
data streams’.

Sun T., Liu C., Chen L., Qian Z., Li P. and Zhu Q. introduced a unified
framework for multi-modal detection that leverages dynamic interactions
and evolving stances. The proposed approach illustrates how heterogeneous
streaming data sources can be integrated and analyzed in real time, offering
transferable concepts for multi-source environmental threat assessment?®.

The most recent developments focus explicitly on environmental
applications of machine learning (ML). Rajesh M., Babu R.G., Moorthy U.
and Easwaramoorthy S.V. presented a ML-driven framework for real-time
air quality assessment and predictive environmental health risk mapping.
Their work integrates streaming sensor data with predictive models to
generate continuous risk assessments, representing a mature example of
software-based environmental threat analysis grounded in real-time data
processing’.

Many advanced learning models suffer from limited interpretability, which
complicates the explanation and justification of system decisions to stakeholders,
policymakers, and domain experts. This issue is particularly critical in
environmental applications, where transparency and trust are essential.

The validation of software-based environmental threat assessment systems
remains challenging, especially in the context of rare and extreme events.
Such events are often underrepresented in historical data, making it difficult to
evaluate model robustness and generalization capabilities.

Addressing these limitations requires further research into explainable
artificial intelligence, adaptive real-time processing techniques, and resilient
software architectures capable of maintaining reliable operation under uncertain
and evolving conditions.

7 YangY., Wu Q., He B., Peng H., Yang R., Hao Z., Liao Y. SeBot: Structural entropy guided multi-
view contrastive learning for social bot detection. Proceedings of the 30th ACM SIGKDD Conference on
Knowledge Discovery and Data Mining, 2024, pp. 3841-3852. DOI: 10.1145/3637528.3671871.

8 Sun T., Liu C., Chen L., Qian Z., Li P., Zhu Q. A unified framework for multi-modal rumour
detection via multi-level dynamic interaction with evolving stances. Information Processing &
Management, 2025, vol. 62, no. 3, article 104066. DOI: 10.1016/j.ipm.2025.104066.

’ Rajesh M., Babu R.G., Moorthy U., Easwaramoorthy S.V. Machine learning-driven framework
for realtime air quality assessment and predictive environmental health risk mapping. Sci Rep. 2025,
15(1):28801. DOI: 10.1038/s41598-025-14214-6.
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1. Software methods for environmental threat assessment

Environmental threat assessment is a multidisciplinary process aimed at
identifying, evaluating, and forecasting risks posed by natural and anthropogenic
factors to ecosystems, human health, and critical infrastructure.

From a software engineering perspective, environmental threats are
represented as complex events emerging from continuous streams of
heterogeneous data, including sensor measurements, satellite observations,
meteorological inputs, and socio-environmental indicators.

Traditional assessment approaches relied on retrospective analysis of static
datasets, which limited their ability to support timely decision-making. In
contrast, modern environmental monitoring systems increasingly operate in real
time, requiring software methods capable of continuous data ingestion, on-the-
fly analysis, and adaptive response. This shift necessitates the development of
scalable, fault-tolerant, and intelligent software solutions that can process high-
velocity data streams while maintaining analytical accuracy and robustness.

Software methods for environmental threat assessment can be classified
according to several key dimensions: data processing paradigm, analytical
approach, temporal characteristics, and level of automation (Tables 1-2).

Table 1
Classification by data processing paradigm
Data p ro?essing Description Typical use cases
paradigm

Batch processing Analysis of accumulated Long-term trend analysis, policy
historical data evaluation

Micro-batch processing | Near-real-time processing with Periodic air quality updates
short delays

Stream processing Continuous, event-driven data Real-time pollution detection,
processing early warning systems

Stream processing paradigms are particularly relevant for environmental
threat assessment, as they enable immediate reaction to rapidly evolving
environmental conditions.

Machine learning—based approaches dominate contemporary systems due to
their adaptability and ability to handle non-stationary data streams.

Environmental threat assessment systems are commonly implemented using
layered or pipeline-based architectures designed to support continuous data flow.

Typical architectural layers are next.

1. Data acquisition layer — sensors, 1oT devices, remote sensing platforms.

2. Stream ingestion layer — message brokers (e.g., event queues, data
streams).
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3. Stream processing layer — real-time analytics engines.
4. Analytics and intelligence layer — ML models, anomaly detection,

forecasting.

5. Visualization and decision support layer — dashboards, alerts, APIs.

Table 2

Classification by data analytical methods

Method category

Key characteristics

Examples of applications

Statistical methods

Linear/nonlinear modeling,
descriptive analytics

Threshold-based pollution alerts

Rule-based systems

Expert-defined rules and
heuristics

Regulatory compliance
monitoring

Machine learning methods

Data-driven pattern recognition

Air quality prediction, anomaly
detection

Deep learning methods

Hierarchical feature learning

Spatiotemporal pollution
forecasting

Hybrid methods

ML techniques

Combination of statistical and

Robust real-time threat
assessment

Such architectures enable modularity and scalability while supporting real-
time analytics under high data velocity conditions.

Real-time environmental analytics requires methods that operate under strict
latency constraints and can adapt to evolving data distributions (Table 3).

Table 3

Real-time analytical tasks

Task

Objective

Software methods

Event detection

Identify abnormal environmental
conditions

Change-point detection, stream
clustering

Anomaly detection

Detect deviations from normal
behavior

Autoencoders, isolation-based
methods

Prediction

Forecast future threat levels

Online regression, recurrent neural
networks

Risk assessment

Estimate potential impact

Probabilistic modeling,
fuzzy inference

Software-based approaches to environmental threat assessment offer several
significant advantages that make them well suited for modern monitoring
scenarios. One of the primary benefits is the capability for continuous monitoring
and early detection of environmental threats.

By processing streaming data in real-time, software systems can identify
emerging anomalies and hazardous conditions at early stages, enabling timely
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responses and mitigation actions. This continuous operation contrasts with
traditional batch-oriented methods, which often fail to capture rapidly evolving
environmental phenomena. Another important advantage lies in the scalability
of software-based methods. Contemporary stream processing architectures are
designed to handle large volumes of heterogeneous data originating from diverse
sources, such as sensor networks, remote sensing platforms, and meteorological
services. This scalability allows environmental monitoring systems to expand
in both spatial and temporal dimensions without fundamental redesign.

Current research in software-based environmental threat assessment is
oriented toward enhancing system intelligence, adaptability, and robustness.
One prominent trend is the integration of explainable ML techniques into
real-time analytics frameworks, aiming to improve model transparency
and user trust without sacrificing predictive performance. Another active
research direction involves the development of self-adaptive and self-healing
environmental monitoring systems that can automatically adjust their behavior
in response to changes in data patterns, system performance, or environmental
conditions.

In parallel, there is growing interest in the fusion of physical models
with data-driven approaches. By combining domain-specific knowledge with
machine learning, hybrid models can improve prediction accuracy and ensure
consistency with known environmental processes. The emergence of distributed
and edge-based analytics platforms is reshaping the architectural landscape of
environmental monitoring systems. These platforms enable data processing
closer to data sources, reducing latency and enhancing scalability in large-scale
deployments.

SaveEcoBot platform represents a significant milestone in the development
of environmental information systems in Ukraine.

As the first comprehensive environmental monitoring system of its kind in
the country, SaveEcoBot integrates data from multiple sources to provide near
real-time information on key environmental indicators.

By aggregating, processing, and visualizing diverse environmental data,
the platform supports both public awareness and scientific analysis, thereby
addressing a critical gap in national environmental information infrastructure'®.

The importance of SaveEcoBot is grounded in its ability to transform raw
environmental data into actionable knowledge. In many regions, particularly
those with limited access to centralized monitoring systems, fragmented or
delayed environmental data have historically hindered timely decision-making.

SaveEcoBot addresses this challenge by offering an accessible, web-based

10 SaveEcoBot. The first environmental system in Ukraine. URL: https://www.saveecobot.com/en.
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interface through which users, researchers, and policymakers can observe
current environmental conditions, track trends, and identify emerging threats.

The map in Fig. 1 indicates a spatial cluster of elevated air quality index
AQI values concentrated around the industrial zone, suggesting a localized
pollution hotspot likely associated with industrial activity and limited dispersion
conditions.

Fig. 1 reveals a potential environmental hazard manifested as a localized
concentration of elevated air pollution indicators in the vicinity of the industrial
area, where multiple monitoring stations report consistently higher values
compared to surrounding regions. This spatial pattern suggests an increased
risk of adverse air quality impacts, likely linked to industrial emissions and
insufficient pollutant dispersion, which may pose a threat to public health and
requires continuous monitoring and further investigation.
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Fig. 1. Spatial distribution of air quality monitoring stations and AQI
levels in the industrial area (SaveEcoBot platform, 28.12.2025)

The platform’s emphasis on transparency and broad accessibility enhances
environmental literacy and fosters engagement with environmental issues
across society. From a technological perspective, SaveEcoBot exemplifies the
potential of software platforms to support streaming data analysis and real-time
environmental assessment. Although not originally designed as a research tool,
the system demonstrates how harmonized data flows from sensor networks,
governmental databases, and citizen reporting can be synthesized into a coherent
analytical environment. This approach aligns with contemporary paradigms
of environmental threat assessment, in which data velocity and heterogeneity
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demand flexible and scalable software solutions. By enabling continuous data
ingestion and visualization, SaveEcoBot foreshadows more advanced analytical
frameworks that incorporate real-time anomaly detection, predictive modeling,
and automated alerts.

The platform’s architecture highlights the potential for future enhancements
through the integration of ML and real-time processing techniques. For example,
predictive modules could be developed to forecast critical environmental
events, while anomaly detection algorithms could provide early warnings
of pollution spikes or hazardous exposures. Such capabilities would extend
SaveEcoBot’s utility from a primarily informational system to an intelligent
decision-support infrastructure capable of proactive environmental threat
assessment. In this regard, SaveEcoBot offers an invaluable case study for
the application of advanced software methods in real-world environmental
monitoring.

SaveEcoBot is not only a pioneering environmental system within
the Ukrainian context but also a practical demonstration of how software
platforms can support continuous environmental assessment. Its role in
aggregating heterogeneous data, promoting transparency, and enabling
broad access to environmental information underscores the importance
of integrated digital solutions in addressing complex socio-environmental
challenges.

As environmental monitoring evolves toward more intelligent, adaptive
models, platforms such as SaveEcoBot provide both inspiration and foundational
infrastructure for next-generation analytical systems.

The presented in Fig. 2 fragment of SaveEcoBot data illustrates a snapshot
of multi-parameter environmental monitoring collected from a single device at
a specific time point. The measurements indicate moderate particulate matter
concentrations, with PMio = 52.7 pg/m® and PM..s = 28.1 ug/m?, which may
exceed recommended health guidelines and suggest potential short-term air
quality concerns. In contrast, gaseous pollutants such as formaldehyde and total
volatile organic compounds (TVOC) are reported at negligible levels, while
basic meteorological parameters (temperature and pressure) remain within
normal ranges.

This data analysis fragment demonstrates the platform’s capability to
integrate heterogeneous sensor readings for comprehensive, time-synchronized
environmental assessment and highlights the importance of particulate matter
as a key indicator of localized pollution risk.

SaveEcoBot platform provides capabilities for real-time environmental
data analysis by continuously collecting, synchronizing, and visualizing
heterogeneous sensor streams, including air quality indicators and meteorological

22



parameters. Its analytical functionality enables users to observe short-term
dynamics, detect abnormal patterns, and assess correlations between pollutants
and environmental conditions as they evolve over time.

deviee_id phenosenon value logged_at
[} 24784 pm1 20618 2025-07-31 10:17:00
1 24764 pm25 3.805 2025-07-31 10:17:00
z 24TE4 pm1d 8.515 202507-3110:17:00 def read csv_safely(path: str) -> pd.DataFrame:
~ _ df = pd.read_csvipath])
3 24764  temperature 17.831  2025-07-31 10:17:00 df.colunns = [c.strip() for ¢ in of.columns |
4 24764 hurnidity 82.502 202507-31 10:17:00 return df
3 24764 pressurs_pa 984315110 2025-07-31 10:17:00  dfs_raw = {p: read_csv_safely(p) for p in paths}
[3 24784 pm1 1098 2025073109800 Ly L e e dtems ()
7 24764 pm25 3076 2025-07-31 10:18:00 PrANC{"AAFILE:", )
displayid.head(18)})
3 24784 pm10 5.510 2025-07-31 10:18:00 print{*shape:, d.shape)
~ _ print{"columis:”, list{d.columns))
8 24TG4  temperatrs 17.810 2025-07-31 10:15:00

Fig. 2. Fragment of SaveEcoBot data analysis from IoT device 24764

By integrating time-series visualization, threshold comparison with
regulatory limits, and interactive exploration, SaveEcoBot supports rapid
situational awareness and evidence-based decision-making for environmental
risk assessment (Fig. 3).
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Fig. 3. Air quality data at the address Yuriy Popravky Street, 4 in Kyiv
(for the period from 28.11.2025 to 30.11.2025)
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The presented figure exemplifies these capabilities by showing the
temporal evolution of PMa.s and PMio concentrations alongside temperature,
atmospheric pressure, and relative humidity. The chart reveals pronounced
short-term fluctuations in particulate matter, with several peaks approaching
or exceeding recommended safety thresholds, while meteorological variables
change more smoothly. Notably, increases in particulate concentrations
coincide with periods of relatively stable pressure and decreasing
temperature, suggesting limited dispersion conditions that may exacerbate
pollution accumulation.

Real-time analytics in SaveEcoBot facilitate the identification of hazardous
episodes, support the interpretation of pollution—weather interactions, and
enable early warning of potentially adverse air quality events.

2. Real-time radiation monitoring integrated with data processing

and analysis of solar activity and solar flares

The research of radiation emissions in real time, conducted in parallel with
the processing and analysis of solar activity and solar flare data, is of critical
scientific and practical importance. Solar activity is a primary driver of variations
in cosmic radiation, including high-energy particles and electromagnetic
emissions that directly affect the near-Earth space environment. Sudden
increases in radiation levels caused by solar flares and coronal mass ejections
can pose significant risks to space-borne and ground-based technological
systems, as well as to human health in aviation and space missions. Therefore,
integrating real-time radiation monitoring with continuous solar data analysis
enables timely detection of hazardous events and supports rapid decision-
making processes.

From a methodological perspective, the parallel analysis of radiation
measurements and solar activity parameters allows for the identification of
causal relationships and temporal correlations between solar phenomena and
radiation dynamics. Real-time data streams from radiation sensors, when
synchronized with observations of solar flares, sunspot activity, and solar
flux indices, provide a comprehensive framework for modeling radiation
variability.

Such an approach improves the accuracy of predictive models and
enhances the understanding of energy transfer mechanisms from the Sun to the
Earth’s magnetosphere and atmosphere.

The real-time integration of radiation monitoring and solar data analytics
is essential for the development of advanced ecarly-warning systems. These
systems can support space weather forecasting by detecting precursors of
extreme solar events and estimating their potential radiological impact. The
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ability to process and analyze large volumes of heterogeneous data in parallel
is particularly important in the context of modern observational infrastructures,
which rely on distributed sensors, satellite platforms, and high-performance
computing environments.

The results of such integrated studies have long-term significance for the
design of resilient technological systems and radiation protection strategies.
By improving situational awareness of radiation conditions influenced by solar
activity, this research contributes to safer satellite operations, more reliable
communication and navigation systems, and enhanced protection of critical
infrastructure. Consequently, real-time radiation research combined with
intelligent analysis of solar activity represents a key interdisciplinary direction
at the intersection of space physics, data science, and applied engineering.

Research of streaming data on solar radiation and analysis of indicators
from open platforms using software methods was conducted. The basis of the
air quality monitoring system is a block of three metal-oxide semiconductor
sensors of the MQ series, located on the right side of the board. This block
includes sensors MQ-3, MQ-7 and MQ-9, each of which has a similar structure:
a ceramic tube with a built-in heating element, covered with a sensitive layer
of tin dioxide. The principle of their operation is based on a change in the
electrical conductivity of this layer.

These sensors are mounted on expansion boards and enclosed in cylindrical
stainless-steel mesh housings, which serve both as particulate filters and
as explosion-protection elements due to the presence of internal heating
components.

Each sensor contains a micro-ceramic tube coated with a tin dioxide (SnOx)
sensitive layer and an embedded nickel-chromium heating coil.

During operation, the heating element raises the temperature of the SnO-
layer to activate surface chemical reactions. In clean air, oxygen molecules
adsorb onto the sensor surface and capture free electrons, resulting in high
electrical resistance. When target gases are present, such as ethanol vapors
(MQ-3), carbon monoxide (MQ-7), or carbon monoxide and combustible
gases like methane and LPG (MQ-9), they react with the adsorbed oxygen.
This reaction releases trapped electrons back into the conduction band,
causing a decrease in sensor resistance. The sensor is configured as part of
a voltage divider, and the resulting voltage change is sampled by the ADC.
An increase in gas concentration corresponds to an increase in the measured
output voltage and, consequently, higher ADC readings. The MQ-7 sensor
operates with a cyclic heating profile, alternating between high-temperature
cleaning and low-temperature sensing phases to improve selectivity for
carbon monoxide.
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Radiation measurement using a Geiger—Miiller tube

Ionizing radiation detection is performed using a Geiger—Miiller (GM) tube,
specifically the J-305 glass tube, located in the lower section of the device. The
tube consists of a sealed glass envelope filled with a low-pressure inert gas mixture
and equipped with a central anode wire and a conductive cathode layer. A high
voltage, typically in the range of 380400 V, is applied between the electrodes,
establishing a strong electric field without sustaining a continuous current.

When ionizing radiation (primarily beta or gamma particles) enters the tube,
it ionizes gas atoms, producing free electrons. These electrons are accelerated
toward the anode, initiating a Townsend avalanche that results in a short current
pulse. Each pulse corresponds to a single detected radiation event.

Ambient temperature and relative humidity are measured using a digital
capacitive sensor module mounted on the SD card adapter. The humidity-
sensing element is based on a polymer dielectric whose capacitance varies with
absorbed water vapor. As relative humidity increases, changes in dielectric
permittivity are converted into precise digital humidity readings by the
sensor’s internal circuitry.

Temperature measurement is typically realized using an integrated silicon-
based temperature sensor or thermistor. Unlike the analog MQ sensors, this
module communicates with the microcontroller via a digital interface, ensuring
stable, noise-resistant data transmission and eliminating the need for ADC
conversion.

In clean air, the resistance of the sensor is high, but when heated and
in contact with the target gas, a chemical oxidation reaction occurs on the
surface. This leads to a decrease in electrical resistance in proportion to the gas
concentration. Each sensor is doped for specific impurities: MQ-3 reacts mainly
to alcohol (ethanol) vapors, MQ-7 is specialized for detecting carbon monoxide
(CO), and MQ-9 is a combined sensor for carbon monoxide and combustible
hydrocarbons such as methane and propane-butane. The signal from the gas
sensors is analog and is fed to the analog-to-digital converter (ADC) of the
microcontroller.

A 10-bit bit depth with a threshold voltage of 3.3 V is used, which allows
converting the sensor output voltage into a digital range of values from 0 to
1023.

The higher the numerical value obtained, the higher the concentration of the
detected gas in the air (Fig. 4).

A digital temperature and humidity sensor mounted on an adapter is used
to measure the microclimate. Humidity measurement is carried out by the
capacitive method: the sensor contains a capacitor with a polymer dielectric
capable of absorbing water vapor from the environment.
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The change in humidity affects the dielectric constant of the polymer and

changes the capacitor capacitance, which is then converted into percentage
values. The temperature is recorded by a built-in semiconductor element, and
all data is transmitted to the controller via a noise-resistant digital interface.

Solar radiation from the height of the sun is shown in the Fig. 5.
Python methods were used to find the regression dependence:
df resampled = df.resample('10T").mean().dropna()
def calculate sun_altitude(row):
date with tz = row.name.replace(tzinfo=datetime.timezone.utc)
return get_altitude(row['lat'], row['lon'], date with_tz)
df resampled['sun_altitude'] = df resampled.apply(calculate sun_altitude, axis=1)
df daylight = df resampled[df resampled['sun_altitude'] > 0].copy()
X = df daylight['sun_altitude'].values.reshape(-1, 1)
y = df daylight['radiation'].values
reg = LinearRegression().fit(X, y)
y_pred = reg.predict(X)
r2_score = reg.score(X, y)
plt.figure(figsize=(10, 6))
plt.scatter(df daylight['sun_altitude'], df daylight['radiation'], alpha=0.3, s=10)
plt.plot(df daylight['sun_altitude'], y_pred, color="red', linewidth=2,
start_date = df resampled.index.min()
end date = start date + datetime.timedelta(days=7)
week df = df resampled[(df resampled.index >= start date) & (df resampled.index

< end_date)].copy()

print(f"\n Analysis of the week {start date.date()} o {end date.date()}")
90

Sample time interval analysis was from 2023-04-30 to 2023-05-07 (Fig. 6).

Python methods were used to find the regression relationship:
week df['hour of day'] = week df.index.hour + week df.index.minute / 60
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X time = week dfl'hour of day'].values.reshape(-1, 1)
y_rad = week_dff'radiation'].values

poly = PolynomialFeatures(degree=2)

X _poly = poly.fit_transform(X_time)

poly reg = LinearRegression().fit(X_poly, y rad)

X range = np.linspace(0, 24, 100).reshape(-1, 1)

y_poly pred = poly reg.predict(poly.fit transform(X range))
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Fig. 5. Dependence of radiation (flares) on the height of the sun
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The dependence of gas concentrations and radiation on the time of day was
studied. Average values by hour:
hour radiation MQ3 MQ7 MQ9
0 1.628346  68.391634 67.022900 99.138550

1 1.646679  68.290962 66.838103 98.082266
2 2.050192  68.690332 67.229613 96.802576
3 5.066239  69.274220 67.648767 96.113950
4 27436708 69.658421 67.827370 95.393173
5 68.353680 70.530418 68.492415 95.075105
6 99.605249 70.509736 68.121539 94.486783
7 106.204988 69.695175 67.984081 94.128687
8 109.893291 68.687844 68.203765 94.863063
9 91.192113 68.025165 67.803630 96.321176
10 94.261812 67.231018 66.583220 97.258566
11 87.988099 67.591331 67.197946 103.845882
12 92.266487 67.168665 66.660335 106.132874
13 76979410 66.839487 66.084558 109.827603
14 61979529 66.795793 65.927512 108.319749
15 23.289983 66.616441 65.780667 106.127355
16 7.119139  67.138495 66.505668 105.753083
17 2.238965 67.339127 66.653917 103.355099
18  1.639621 67.516913 66.607686 98.559791
19 1.629242  67.574867 66.895444 96.233144
20 1.619183 67.803843 67.263903 95.050285
21 1.628695 68.690631 68.443665 96.962783
22 1.630391 68.674213 67.914109 97.275175
23 1.623799 68.602496 67.297990 100.783763

The observed diurnal pattern of average radiation is primarily driven by
the daily cycle of solar elevation and the associated modulation of solar and
secondary cosmic radiation reaching the Earth’s surface. Radiation levels
increase rapidly after sunrise as the Sun rises higher above the horizon, reducing
atmospheric path length and attenuation, which leads to enhanced penetration of
high-energy particles and electromagnetic radiation. Peak values are typically
observed around local midday, when solar elevation and solar-driven ionization
processes are strongest. As the Sun sets, atmospheric absorption increases
and the contribution of solar radiation diminishes, resulting in a sharp decline
in measured radiation during the evening and nighttime hours, when only
background terrestrial and cosmic radiation remains.

According to NOAA, moderate solar activity was observed on May 6,
2023 with several active regions on the Sun (regions 3293, 3294, 3296, 3297,
3299). The largest region, 3297, had an area of 0.460 millionths of a sphere
and a complex magnetic configuration (Beta). This activity could have caused
an increase in radiation levels, which is confirmed by our data — a record value
of 2627 (Fig. 7).
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SolarHam

Fig. 7. SDO/HMI Quick-Look Magnetogram (May 6, 2023)"

The magnetogram of the Sun is image of the distribution and polarity of
the magnetic field in the photosphere. Such images show areas with positive
and negative magnetic polarity (active regions, sunspots), but not the flares
themselves.

Solar flares are usually observed: in the ultraviolet or X-ray range (SDO/
AIA), as bright local flashes of radiation associated with a sharp restructuring
of the magnetic fields. HMI magnetograms are used to analyze the prerequisites
of flares, since a complex and tense configuration of the magnetic field can
indicate an increased probability of their occurrence, but the flares themselves
are not directly visible in them'?:

Issued: 2023 May 06 0030 UTC

# Prepared jointly by the U.S. Dept. of Commerce, NOAA,
# Space Weather Prediction Center and the U.S. Air Force.
#

Joint USAF/NOAA Solar Region Summary

SRS Number 126 Issued at 0030Z on 06 May 2023

Report compiled from data received at SWO on 05 May

1. Regions with Sunspots. Locations Valid at 05/2400Z
Nmbr Location Lo Area Z LL NN Mag Type

3293 NI3E07 150 0110 Dai 10 06 Beta

I SDO/HMI  Quick-Look Magnetogram: 20230506 000000. URL: https://solarham.com/
pictures/2023/may6 2023 mag.jpg

12 National Centers for Environmental Information. URL: https://www.ngdc.noaa.gov/stp/space-
weather/swpc-products/daily reports/solar region summaries/2023/05/20230506SRS.txt.
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3294 SO8E30 127 0120 Hsx 02 01 Alpha
3296 N16E20 137 0280 Dki 05 11 Beta
3297 NOSE36 121 0460 Ekc 11 18 Beta
3299 SO06E55 102 0050 Dao 05 04 Beta
IA. H-alpha Plages without Spots. Locations Valid at 05/2400Z May
Nmbr Location Lo

3289 N20WS55 212

3292 N14W54 211

3295 NI16W61 218

3298 S16E18 139

II. Regions Due to Return 06 May to 08 May
Nmbr Lat Lo

3279 S19 048

3282 N12 043

Solar Elevation Function (Required for Day/Night Filtering):
def calculate solar elevation(row):
"""Calculates solar elevation in degrees.
lat = row['Lat']
lon = row['Lon']
time = row['Timestamp']
doy = time.timetuple().tm_yday
gamma = (2 * np.pi / 365) * (doy - 1 + (time.hour - 12) / 24)
eqtime = 229.18 * (0.000075 + 0.001868 * np.cos(gamma) - 0.032077 * np.sin(gamma)
- 0.014615 * np.cos(2 * gamma) - 0.040849 * np.sin(2 * gamma))
decl = 0.006918 - 0.399912 * np.cos(gamma) + 0.070257 * np.sin(gamma) \
- 0.006758 * np.cos(2 * gamma) + 0.000907 * np.sin(2 * gamma) \
- 0.002697 * np.cos(3 * gamma) + 0.00148 * np.sin(3 * gamma)
time_offset = eqtime + 4 * lon
tst = time.hour * 60 + time.minute + time.second / 60 + time_offset
ha rad = np.radians((tst / 4) - 180)
lat_rad = np.radians(lat)
cos_zenith = np.sin(lat_rad) * np.sin(decl) + np.cos(lat_rad) * np.cos(decl) * np.cos(ha_rad)
return np.degrees(np.arcsin(np.clip(cos_zenith, -1, 1)))
# --- Data Loading and Cleaning ---
column_names = [
'CallSign', 'Time', 'Date’, 'Lat', 'Lon', 'Alt',
'Radiation_Flashes', "Temp', 'Humidity',
'MQ3_ADC', 'MQ7_ADC', 'MQ9_ADC', 'Unused', 'Empty'
]
df = pd.read_csv('LOG.TXT', sep=";', names=column_names, header=None)
df.drop(columns=['CallSign', 'Unused', 'Empty'], inplace=True)
numeric_cols = ['Lat', 'Lon', 'Alt', 'Radiation_Flashes', 'Temp', 'Humidity', 'MQ3_ADC', 'MQ7_
ADC', ' MQ9_ADC"]
for col in numeric_cols:
dfcol] = pd.to_numeric(dffcol], errors='coerce')
df['Timestamp'] = pd.to_datetime(df['Date'] + ' ' + df['Time'], errors='coerce')
df = df[(df['Lat'] != 0) & (df['Lon'] != 0)].dropna(subset=['Timestamp', 'Lat', 'Lon']).copy()
df['Sun_Elevation'] = df.apply(calculate_solar_elevation, axis=1)

nn
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# --- 2. SOLAR STORM DETECTION LOGIC ---

# 1. NIGHTTIME FILTER: Sun must be significantly below the horizon
# (e.g., lower than -10 degrees, which is past astronomical twilight).
NIGHT ELEVATION THRESHOLD = -10

#2. RADIATION THRESHOLD: Must be significantly above the normal nighttime background

# (Normal background max was 3 flashes. A storm should be > 5,

# or maybe 3x the average background). We set a conservative threshold of 10 flashes.

STORM_RADIATION_THRESHOLD = 10

# Apply filters

night_data = df[df['Sun Elevatlon] < NIGHT_ELEVATION_THRESHOLD]

solar_storm_events = night data[night data['Radiation Flashes'] >=
STORM_RADIATION_THRESHOLD]

The solar storm detection technique successfully filtered out the vast
majority of noise caused by daylight leakage, leaving only events that recorded
high levels of radiation when the sensor was actually in complete darkness.

Event frequency: the events were detected over a two-month period,
indicating several separate high-energy particle events occurring near Kyiv.

TBypical peak value: most events show peaks in the range of 10 to 22 flashes
(in 5 seconds). This is approximately 3-7 times the normal nighttime maximum,
indicating a significant increase in the flux of ionizing particles.

Peak event (exception): the event that occurred on 03.07.2023 at 19:45:24
is distinguished by 54 flashes. This value is almost 5 times higher than the next
largest event, and approximately 18 times higher than the normal background.

Potential Solar Storm Events Detected (Radiation > 10 flashes at night):

| | Timestamp | Sun_Elevation | Radiation Flashes |
I - I | d
| 67336 |2023-05-08 19:17:34 | -14.3566 | 1
| 136836 | 2023-05-12 19:59:23 | -17.0644 | 22|
| 258585 |2023-05-19 21:21:49 | -19.5333 | 10 |
| 535912 | 2023-06-04 23:12:14 | -15.234 | 1
| 570763 | 2023-06-06 23:41:12 | -13.3423 | 10 |
| 897493 | 2023-06-25 22:12:51 | -16.0957 | 10 |
| 1033739 | 2023-07-03 19:45:24 | -10.6102 | 54 |

In this research, near—real-time event stream processing is implemented
using the Kappa architecture, which relies on a single, immutable event log for
both micro-batch and replay-based processing. Unlike the Lambda architecture,
which separates batch and streaming layers and requires duplicated business
logic, the Kappa approach unifies processing semantics through a common
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event log. This design reduces development and maintenance costs, simplifies
testing procedures, and eliminates inconsistencies between real-time and batch
computations.

The immutable nature of the log facilitates the implementation of idempotent
processors, enabling safe reprocessing of identical data without side effects — an
essential property for fault recovery. The physical decoupling of write and read
paths allows independent scaling of ingestion and analytics workloads, while
micro-batch support provides elasticity under bursty event arrivals without the
operational complexity of heavyweight message brokers. Spatial unification
is achieved through the H3 hierarchical hexagonal grid system, which offers
near-equidistant neighborhood relationships and stable aggregation operations.
Hexagonal geometry more naturally approximates circular influence zones and
reduces distortion effects commonly associated with square grids. The hierarchical
structure enables seamless transitions across spatial resolutions, as higher-level
aggregates are computed by consolidating finer-grained cells, thereby simplifying
the construction of multiscale analytical views. Efficient neighborhood operations,
such as k-rings and distance disks, are particularly important for calculating
spatial risk aggregates in quasi—real-time scenarios (Fig. 8).

The use of a fixed grid also simplifies storage indexing: daily and weekly
materializations rely on identical keys, avoiding expensive spatial joins — an
advantage in applications where proximity and coverage are prioritized over
exact geometric precision.

The presented architecture illustrates an integrated data pipeline for real-time
ingestion, processing, and analytical exploitation of heterogeneous geospatial
and radiation-related data streams. At the ingestion layer, live and near—real-time
events are collected from multiple sources, including social and news channels,
satellite-based fire detection systems (FIRMS), and radiation monitoring
sensors. All incoming data are normalized and persisted in a centralized event
store, which functions as an immutable events log and provides a reliable
foundation for downstream processing, replay and auditability.

The processing layer is organized as a micro-batch workflow that performs
a sequence of domain-specific transformations and analytics.

Key stages include deduplication of fire radiative power (FRP) events
within defined temporal windows, baseline estimation and anomaly detection
for gamma radiation measurements, and morphologically aware geocoding
to ensure robustness across linguistic and semantic variations in location
references.

In parallel, cross-signal corroboration is applied to correlate independent
data streams, enabling the identification of consistent patterns and the reduction
of false positives by validating events across multiple sensing modalities.
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Fig. 8. Diagram of the connections between the elements
of the proposed software

Geospatial accessibility and reachability analysis is incorporated through
isochrone-based modeling and routing via the Valhalla router, producing
reachability metrics that characterize spatial influence and response potential.
The processed and enriched data are then materialized in an analytical
storage layer based on DuckDB, where spatial indexing H3 supports efficient
aggregation and querying.

Materialized views, such as daily risk and demand indicators at H3 resolution,
provide a structured interface for user-facing analytics and visualization.

Overall, the architecture emphasizes scalability, temporal coherence,
enabling near—real-time situational awareness and decision support in
environments influenced by radiation dynamics and geospatial factors.

As a lightweight analytical core, DuckDB is employed as an embedded,
column-oriented database optimized for high-performance local OLAP queries.
Its vectorized execution model, column compression, and support for modern
storage formats enable high query throughput on a single node without
deploying distributed clusters. Embedding the database engine directly within
the application process simplifies transaction management of local artifacts and
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enhances reproducibility by co-locating data and code versions. This configuration
is particularly well suited for autonomous and local analytics use cases, where
inter-node coordination is unnecessary and data volumes do not justify the
operational overhead of distributed processing frameworks. For network-based
computations of distance, reachability time, and isochrone construction, the
research utilizes the Valhalla routing engine, which operates on OpenStreetMap
graph data and supports fully offline execution. Isochrone calculations are
performed on preprocessed map tiles, producing temporal accessibility metrics
that are directly integrated into coverage models and visualized on the same
H3 tiles. Although preprocessing introduces an upfront cost, it is offset by the
robustness and speed of accessibility estimation in critical situations, which
is especially important for autonomous deployments. The preservation of all
intermediate artifacts supports auditing and result reproducibility, in line with
contemporary principles of open and reproducible data analytics. The integration
of these components results in a coherent architectural framework: the immutable
event log ensures reliable data lineage; CQRS decouples analytical queries from
write operations and accelerates projection generation; H3 indexing resolves
geometric heterogeneity; DuckDB provides fast local aggregations without
additional servers; and Valhalla enables offline accessibility assessment.

This hybrid approach, combining micro-batch stream processing, H3-based
spatial indexing, embedded OLAP analytics, and offline routing — achieves
a balanced trade-off between functionality and architectural complexity for
environmental threat monitoring systems. Ultimately, the overall architectural
risk profile is reduced: failure of any individual module does not compromise
historical data, as all events are preserved in the immutable log and analytical
views can be reconstructed through replay. Infrastructure requirements are
minimized, node autonomy is increased, and dependency on external services
is reduced, which is particularly critical under crisis and emergency conditions.

CONCLUSIONS

The research directions indicate a clear transition from traditional reactive
monitoring systems toward intelligent, autonomous software platforms capable
of continuous and proactive environmental threat assessment. Such systems
represent a critical step toward more resilient and sustainable environmental
management in the face of increasing environmental complexity and uncertainty.

The software methods identified periods of increased radiation that

coincided with solar activity data from official NOAA sources.

Proposed software monitoring system demonstrated its effectiveness in
detecting solar storms and changes in the radiation background, and also showed
the possibility of using inexpensive sensors for environmental monitoring.
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This research presents a coherent software-based solution for environmental
threat assessment that integrates near—real-time stream processing, spatial
unification, and efficient local analytics within a compact and resilient
architectural framework. By adopting the Kappa architecture with an
immutable event log, the proposed approach ensures consistent processing
semantics for both real-time and historical data, eliminating the duplication
and synchronization issues inherent to Lambda-based solutions. This design
significantly improves system reliability, simplifies maintenance, and enhances
fault tolerance through deterministic replay and idempotent processing.
Compared to existing environmental monitoring platforms that rely on
heavyweight distributed infrastructures or tightly coupled processing pipelines,
the proposed solution demonstrates clear advantages in terms of architectural
simplicity and operational efficiency.

The use of hierarchical H3 spatial indexing provides stable, multi-resolution
spatial aggregation and efficient neighborhood analysis, overcoming the
limitations of irregular geometries and expensive spatial joins commonly found
in traditional GIS-centered systems. This enables scalable, real-time spatial risk
assessment while maintaining computational predictability.

The integration of DuckDB as an embedded analytical engine further
distinguishes the proposed approach from conventional server-based or
cluster-dependent analytics solutions. High-performance local OLAP queries
can be executed without the overhead of distributed coordination, improving
reproducibility and enabling autonomous operation.

In parallel, the incorporation of the Valhalla routing engine allows for offline
computation of accessibility and isochrone-based metrics, a capability rarely
supported by existing systems that depend on continuous network connectivity.

The proposed software solution offers a balanced combination of scalability,
resilience, and analytical expressiveness, while minimizing infrastructure
requirements. Its ability to operate autonomously, recover from failures without
data loss, and support quasi—real-time spatial analytics makes it particularly
well suited for environmental threat monitoring under resource constraints and
crisis conditions. These advantages position the proposed approach as a robust
and adaptable alternative to existing environmental monitoring and decision-
support systems.

SUMMARY

Software methods for environmental threat assessment represent a critical
foundation for modern environmental monitoring systems.

The transition to streaming data analysis has fundamentally changed the
requirements for software architectures and analytical methods, emphasizing
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real-time processing, adaptability, and scalability. Systematic classification
and comparative evaluation of existing methods demonstrate that hybrid, ML—
driven approaches integrated into stream processing architectures offer the most
promising solutions for real-time environmental threat assessment.

Software-driven approaches can dynamically adapt to changing
environmental conditions by updating analytical models and decision rules as
new data become available, thereby maintaining relevance in non-stationary
environments. Software-based environmental threat assessment systems
support proactive and predictive decision-making. By incorporating ML and
predictive analytics, these systems can forecast potential threat scenarios
and estimate associated risks before critical thresholds are exceeded. Such
predictive capabilities are particularly valuable for risk management, early
warning systems, and strategic planning in domains related to public health,
environmental protection, and critical infrastructure resilience. Despite these
advantages, software-based approaches also exhibit several limitations that
must be carefully considered.

A fundamental challenge is their strong dependence on data quality and
sensor reliability. Inaccurate measurements, missing data, or sensor failures
can significantly degrade the performance of analytical models and lead to
false alarms or missed detections. This dependency necessitates robust data
validation, preprocessing, and fault-tolerance mechanisms within the software
architecture. Another limitation is the computational complexity associated
with real-time machine learning models, especially deep learning techniques.
Processing high-velocity data streams under strict latency constraints requires
substantial computational resources and efficient model optimization strategies.

The proposed software solution provides an efficient and resilient framework
for environmental threat assessment by combining unified stream processing,
hierarchical spatial indexing, and lightweight local analytics. Unlike existing
software approaches that rely on complex distributed architectures and
duplicated processing logic, the solution ensures consistency, fault tolerance,
and reproducibility through an immutable event log and idempotent processing.
Its ability to perform near—real-time spatial analytics, operate autonomously
with minimal infrastructure, and recover analytical views through replay offers
clear advantages in scalability, reliability, and practical applicability, particularly
in resource-constrained and crisis scenarios.
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CHAPTER 3

BMJinB MOAN®IKYBAHHA
PIOKICHO3EMEJ/IbBHUMIW METAJIAMUA
HA KPUCTANI3ALIKO 3ANI3OBYIJIELLEBMX CI1J1ABIB

Bbocuin M. B., Ky3uk O. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-3

BCTYI

B Vkpaini € mepcnekTuBHI pojioBHIIa piaKicHo3eMenbHuX MetaiiB (P3M),
110 € CTPATETIYHOIO IIEPEBAroI0 ISl MPOMHUCIIOBOCTI. P3M BHKOHYIOTH BaXKIIUBY
pOJIb Y PO3BHUTKY Oararox rajiyseid BUpoOHUITBA' 2.

HocnimkyBanucss BigHocHO uwcti cuHTeTnmyHi Fe — C — Si cruiaBu
PI3HOI CTeleHI eBTEKTUYHOCTi. BMICT €JIeMEHTIB B OCIHIPKYBaHUX CILIaBax
3MiHIOBaBCs B iHTepBam 2,60-3,85 % C; 1,81-3,38 % Si; 0,01 % Mn;
0,004-0,016 % S; 0,005 % P; 0,356 % Ce’.

[IpoBommim  pocmipkeHHss  MoauikyBaHHS — CcIUiaBiB  (epolepieM
mpu 1450 °C saxi 3arBepAiBaii B THUDII 31 IIBHIKICTIO OXOJOKCHHS
~ 90 rpan/xB. BukoHyBaBcs TepMIYHMH aHaii3 Tpolecy KpucTajizaii,
MeTasorpadidHi JOCTIPKSHHS! BUINBKIB.

Takox mpoBoamiy MoaM(iKyBaHHS TPH PO3JIMBAHHI METaly B TOHKOCTIHI
MeTayiieBi gopmu miamerpom 16 MM 3 ToBmMHOK criHku 0,15 MM, ski
po3ramoBaHi B TIMIrpiTiH mamoTHiH o6oiiMi. Ilpm xpucramizamii, ska
KOHTPOJIIOEThCS 32 TEPMIYHOIO KpHBOIO, (hOPMH BUTATYBaJIUCS 3 000iMH
i 3akamoBanucs B 10 %-my pozunni NaCl.

MomudikyBaHHS IIe BUKOHYBAJOCS Ul TEXHIYHMX YaByHIB HACTYITHOTO
cximany: 3,14-3,28 % C; 2,65-2,75 % Si; 0,67 % Mn; 0,032 % S; 0,005 % P;
0,290 % Ce. MeTan BUIIABISABCS B IUIABUILHIN rmeui emuicTio 50 kr. ITicis
neperpiy jgo 1435-1457 °C posmnaB moamdikyBanu mpucagkamu P3M

! HlnusoBnit J1., bineupkuii B. Ponb piakicHuX i piAKiCHO3EMEIbHUX METANIB Y 5-6 TEXHOJIOTTYHHX

YCTPOSIX: IepCHeKTUBU YKpaiuu. [ eomexnonozii. 2022. Ne 5. C. 40-44.
2 Hosocan 1.51., Pyceka P.B., Ilnackonp C.A. Pimko3eMenbHi MeTajau: KIFOYOBI KOMIIOHEHTH
Cy4acHUX TeXHOIOTiH. [nnosayiiina exonomixa. 2024, sum. 1. c. 222-38. URL: https://inneco.org/index.
php/innecoua/article/view/

3 AdanaceeBa O.B. Marepiasio3HaBCTBO Ta KOHCTPYKIiHHI Marepiami: Hapd. mocid. XapkiB: XHYPE,
2016.188 c.
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1 po3nuBany y (GopMy 3 pi3HHM TEruIOBUM onopoM. IIIBHAKICTE OXOJIOMKEHHS
mpo6 miamerpom 50 MM, momkuHO 200 MM 3MIHIOBAIHCS B Jiala3oHi
65-325 rpan/xs*,’.

Takum umHOM, Tpeba BUBUMTH DsiJ] CIUIABIB y IIUPOKOMY iHTEpBaJi 3MiHU
XIMIYHOTO CKJIaJy, IIBUJIKOCTEH OXOJOKEHHS 1 BMICTY MOIU(IKaTOPIB.

1. Moaudikyroumnin Bname P3M Ha 3anizoByrnewesi cniaeu

JloCmiIoKeHHST TPOBOMMIIN JUIsl 3aCBTCKTUYHUX CIUIABIB JUIS JTOCHIIIB,
OTPUMAHMX IPH IJEHTHYHUX yMoBax MoaudikyBaHHs 1 kpucramizamii. I3
MPOBEACHUX JOCIIJIIB BUIUIMBAE, 1[0 HEBEIUKI OOABKH LEPiO0 MPUBOIATH
JIMIIE JI0 JAESIKOro MOApPIOHEHHsS eBTEKTHYHOro rpadity. 31 30UIbLICHHIM
BMICTy LEpil0 CIIOCTEpIraeThCsi YTBOPEHHS KOMIAKTHOro rpadiry.
B cTpykTypi 3’SIBISIIOTBCS CBTCKTHUYHI KapOigu i momayibplie 301IbIICHHS
nepir npuBonae 10 GOpMyBaHHS KOJOHIH ayCTCHITHO-KapOiIHOT CBTCKTUKH.
[Ipu makcuMasbHUX J0OABKax LEPilo €BTEKTHKA 3 TOHKO AudepeHIiiioBaHnM
rpadiToM cTae MNEpPEeBa’KHOIO CKIIAJIOBOI0 TEPBUHHOI CTpyKTypu. Ymcio
KYJISICTUX BKJIIOUEHB TpadiTy pi3Ko 3HUKYETHCS 31 3HUKHEHHSIM €BTEKTHUYHHUX
KapOiiB.

Ha (puc. 1) HaBeneHi KpHBi OXOJIOKEHHSI OIIMCYBAaHHUX 3Pa3KiB.

eV L

AR

1050
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1,2, 3,4, 5 — Bmict nepito Binmosinuo 0,01; 0,040; 0,163; 0,211; 0,358
Puc. 1. Kpugi oxo/101:KeHHSl 32¢BTEKTHYHOI0 YaBYHY

¢ Kumsixin B. C., Onanaciok A.C., Jamopa K.O. OcHoBH (i3H4HOr0 Marepiano3HaBcTBA: HaBd.

noci6. y 2 4. Cymu. Cymchkuit nepxaBuuit yHiBepeutet, 2015. Y. 2. 291 c.

3 AntonoBa ['B., BepmkoB O0.0., Manynesuy O.€. Marepiano3nasctBo. TexHomoris
KOHCTPYKUIHHUX MaTepiaiiB. Mamepianosnascmeo: Hasd. moci6. 3anopixoxs. 2024. 215 c.
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KpuBi oxonopKkeHHsI ONMCYBaHUX 3pas3KiB (puc. 1) MOKasyroTh 3MilLlCHHS
TEMIIEpaTypHOTO PIiBHS E€BTEKTHMYHUX 3YIHHOK, SIKI 3aKOHOMIPHO IOB’SI3aHHI
3 BMicTOM 1iepito. [lepeoxonomkenns pinkoi (a3u 30UIbIIY€ETHCS aX 0 BMICTY
Lepito, 3a0e3rneuyroun MakCHUMalbHY CTymiHb BinOuty. Ilpum monambmomy
MiJIBUIICHHI BMICTY IIepif0 BifOyBaeTbcsi (OpPMyBaHHS TOHKOI rpadiTHOI
€BTEKTHKH 1 PIBEHb TEMIIEpaTypHUX 3YINHMHOK MPHU €BTEKTHYHIH KpHcTamizamil
MTOYMHAE 301TBITYBATHCS.

Omnucanuii XapaxkTep MpoLecy CTPYKTYPOYTBOPEHHS € 3arajlbHUM JUISl BCIX
JOCII/PKYBaHUX 3aji30ByliienieBux cruiaBiB. Ha (puc. 2) HaBenaeHi TepMiuHi
KPHBI 3pa3KiB YaCTHHHU JOCIIIIB.
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1,2,3,4,5, 6,7 — Bwmict nepito Bignosigao 0,01; 0,033; 0,044; 0,073; 0,089;
0,187; 0,240
Puc. 2. KpusBi 0x0/101keHHS 10€BTEKTUYHOI0 YaBYHY
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[Ipu cmiBcTaBiICHHI TEPMIYHMX KPUBUX 3pa3KiB YaCTWHHU JOCTIMIB TpH
IIBUAKOCTI oxoiomkeHHs ( 67, 121 1 173 rpan./xB.) MOKHA BKa3aTd Ha Te, IO
PI3HHUIA B XIMIYHOMY CKJaJi i IIBUAKOCTI OXOJOMKCHHS HE TO3HAYA€THCS Ha
3aKOHOMIpHIiH 3MiHHI TIEpPEOXOJIOMKCHHS PO3IUIABIB, IO 00YMOBICHO BMICTOM
MO (iKaTopiB.

Touni  XapaKTepHCTHUKH  KOHIGHTPAI[iIMHUX  30H  MOAW(DIKYyBaHHSA,
3a0e3meuyour BimNoBiqHY (opMy Tpa(iTHHX BKIIOYCHH i TICBHY CTYIIiHB
BiZIO1ITY, TTOB’s13aHi 31 CKJIaJIOM CIUTaBY 1 IMIBHIKICTIO OXOJOIKCHHS.

[TosiBa KOMIAKTHOTO rpadiTy CYHPOBOKYE 301TBIICHHS YHCIIA eBTCKTUYHHUX
kapOimiB. 31 3pOCTaHHSIM IIBUIKOCTI OXONOMKCHHS KOHIICHTpaIiliHA 30HA

43



(opMyBaHHS KOMIIAKTHOTO TpadiTy 3MILIYETHCS B HANPSIMKYy MEHIIHX
KOHLICHTpAIliil 1epito. BaxinBorw 0OCOONUBICTIO BHCOKOIICPIEBHX CIUIABIB
€ YTBOPEHHS TOHKOT rpad)iTHOI €BTEKTHKH, 1110 MTPUBOANUTD 10 PI3KOTO 3HIKCHHS
YHCila eBTEKTHYHHUX KapOi/iB 1 KOMIIAKTHUX IpadiTHUX BKIIOYCHB.

MexaHi3M YTBOPEHHSI KOJIOHIH TOHKOI TpadiTHOI EBTEKTUKH BHBYABCS
SIK Ha CHHTETMYHHMX, TaK i Ha NPOMHCIOBHUX cIuiaBax. Ha kiHIleBoMy erari
KpHCcTallizalii crutaBy KoJoHii rpadiTHOi €BTEKTHUKH NPHUXOISATh B 3ITKHEHHS
1 HaOyBaloTh ToJieqpUYHy (OpMY, I'PAHHUII KOJIOHIN MPH IIbOMY 30araqyroThCs
JIKBaTaMH.

3a TaHUMHU JI0CITKEHHSI BEJIMKOT KUIBKOCTI KOJIOHIH, CTPYKTYpPHUM LIEHTPOM
OKpeMOi KOJIOHIT € HalOUIbIl KOMIIAKTHE TrpadiTHE BKIIOYEHHS, SIKE A€
M0YaTOK rpaiTHOMY CKeJIeTy KOJIOHII, sika ()OPMYETBCS IIUISIXOM PETyJISIPHOTO
po3ratyKeHHs paJliaJIbHO HallpaBJICHUX IUIACTHH.

JlocuimpkeHo po3noai Hepito, iTpilo y CIiaBax, MO MICTSATh BiJi THCSYHUX
YacTOK BIJICOTKAa JIO ONTHUMAJbHOI KUIBKOCTI (3a0e3redyround OTpHMaHHs
KyJIICTHX 3epeH rpadity). [Ipu gociimKeHHI BUKOPUCTOBYBAIM Cy4acHi METOAN
aHaizy.

Po3nozin 1100y Ispu3y0d0ro ejneMeHTa B MOIU(IKOBAHOMY YaBYHI MOXKHA
MOKazaTl Ha NPHUKIAAI nepieBoro cruiaBy. Ilpum HeBenmkomy BMICTI Liepito
B cruiasi 0,005% Ta rutacTiHYACTIA GopMi TpadiTy CIIOCTEPIra€ThCs MEPEBAXKHE
30CepeKeHHS 1epito y rpadithii ¢paszi’,’.

VY cmnagi, mo mictuth 0,04% 1epiro 3 KOMIIAKTHOO, PiAIie MIOOYIISPHOR,
(dhopmoro rpadiTy Mae Miclie IepeBaXKHa JIOKai3allist uepiro B rpaditi. [Tpu ipomy
Jiesika KUTBKICTb LIEpilo € B HerpadiToBii YaCTUHM CIUIABY 1 PO3MOIUISETHCS 32
MEXaMH MEPBUHHOI CTPYKTYPH.

VY uepieBomy 4YaByHi 3 migBHIICHUM BMicToM Mmomudikaropa 0,30 % mpu
30aradeHHi 1epieM rpadiTHOI (a3u CIIOCTEPITaeThCs MEPEBAXKHA JIOKAi3allis
Horo B HerpaQiToBii YaCTWHM CILIaBY, 110 MEKaX EBTEKTUYHHMX KOJOHIH, LI0
MaroTh He ()EPHUTHY, a MEPIITHY METAJICBy OCHOBY.

Tak npu BMICTI 11epito B uaByHi, 110 gopiHIoe 0,005%, HOTo KOHIIEHTpAIis
B rpaditHii ¢azi gocsrae 0,027-0,034%, B HerpadiToBili YaCTUHM CILIaBY —
nate 0,0024%. Y gaByHi 3 0,04% Lepiro KOHIICHTPAIlisS HOTO B KYJSICTHX 3€PHAX
rpadity nocsrae 0,27%, y miactuHuacTux Ta kommaktHux — 0,15% — 0,25%,
IIPY OJTHOYACHOMY 3HIDKEHHI WOro BMICTy B HerpadiToBiii 4acTHHI CIUIaBy —
0,015-0,023%. Y uepieBomy yaByHi, BMmicToM 0,3 1% 11epito, mopsia 3i 30araucHHIM
nepieM 3epeH rpadiTy BiIOyBaeThCs 3HAYHE 30CEPCIDKEHHS Moaudikaropa 3a
MeXaMM HEPBHHHOI CTPYKTypH mipu #oro Bmicti 0,58-0,72 %. Ilpu Benmkux

¢ Adranginsun €. I, 3asumko O. B., Jlonarsko K. I Marepianosnasctso: niapy4nuk. K.: Buima ocira,
2012. 548 c.

7 Marepiano3nascTBo: Hasd. 110¢i6. / by3uno B.1. Ta in. Ininpo: HTY «/lI1», 2021. 243 c.
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KIUJIBKOCTSIX LIepisi B YaBYHI CIIOCTEPIraeThCsi HOro 3Ha4YHE 30arayeHHst HUM He
rpadiToBOT YaCTUHHM CIUIABY NPH 3HIDKEHI HOro KOHIEHTpauii B rpadiTi.

VY BIiONOBITHOCTI 3i 3MIHOK BMICTY IIEpil0 B 4aByHi 1 rpaditHol ¢asu
3MIHIOETBCS 1 (opma BKIIOUEHb rpadiTy: IUIACTHHYATA INPH HEBEIMKUX
KOHIICHTpAIIISIX LIEpito B 4aByHI B rpadiTHIl (asi, KyirsicTa — IIpH ONTUMAaIbHUX
KOHIICHTpAIISIX 1Iepil0 B YaByHi I MakCUMaJbHOMY BMICTi Horo B rpadiri.
AHaJoriyHi 3aKOHOMIPHOCTI B PO3MOiII MOAN(IKYIOUOrO eJIeMEeHTa B YaByHI,
B 3QJIOKHOCTI BiJ HOro koHueHtpauii, i ¢opma BkimoueHb Tpadity, sKi
(bopMyrOThCS B CIUIABi, BCTAHOBJICHI TakoxK i s itpiro®,’, !0,

ExcriepuMeHTanbHI  pe3ysibTaTd  [OKa3yloTh, IO TIPH  OXOJIO[PKEHHI
MOAM(DIKYIOYOrO YaBYHY IpHM 3apoJUKEHHI 1 3pocraHHi rpaditHol Qasw,
MoaH(DIKaTop € MOBEPXHEBO aKTHBHUM €JIEMEHTOM I10 BiJIHOIIEHHIO JI0 Tpadiry,
MIEpEeBaXKHO aJIcOpOyeThes 3epHamu rpadity. Lle mpuBoIUTHE 10 BUHMKHEHHS
1 ¢yHkuioHyBaHHs MQY31HHUX TOTOKIB DIOOYJISPU3YIOUOTO  €JIeMEHTa,
HampaBieHuX 10 rpaditHoi (as3u, ski 0COONMBO IHTCHCHUBHO MPOTIKAOTh
B PIIKOMY YaByHi.

Hapsiny 3 ¢opmyBanusM rpaditHoi ¢asm B MoaudikoBaHOMY 4YaByHI
3apOKYIOTBCS 1 3pOCTAlOTh JICHAPUTH ayCTCHITY, OO0 €JIHaHI IepieM.
B 1mux ymoBax npu BH3HAYCHIHN, ajie HE MOBHIH JIOKai3allii 00y ISIpU3YH0Y0ro
eJleMeHTy B rpaditi Horo posmoiin B He rpadiToBiii YacTHHI CIUIaBy Mae
HEpIBHOMIPHMH XapakTep 3a paxyHOK MacCHBHOIO BIJTUCHEHHS aTOMIB
MoauGikaropa B MDKAGHAPUTHHN mpoctip. [ligBHINEHHS KOHUEHTpamii
DIOOYJISIPU3YIOUOTO  €JIEMEHTa B MDKICHAPUTHOMY IPOCTOpI MEPBHHHUX
JICHIPHUTIB AyCTEHITY 30UIbIIYE MOMJIMBICTH YTBOPEHHS XIMIYHHX 3’€IHaHb
CeFe,, YFe, lle npuBomurh [0 MNOABM APYroro Iudy3iHOro MHOTOKY
Mozau(ikaropa, HalpaBIEHOr0 JO XIMIYHOI CIHOJNYKH, IO (OPMYETHCS
B MDXKJICHIPUTHOMY ITPOCTOPI.

Bci 11 mpoiiecu cyTTEBO BIUIMBAOTH Ha OymoBy rpadiTHOI (pa3u B 4YaByHI.
Tak momudikoBaHi uaByHH DIOOYISIPU3YIOUMM EJIEMEHTOM B  KIUJIBKOCTSIX,
SKi HE TIEePeBHIIYIOTh ONTHUMaJbHI KOHIEHTpalil 3a paxyHOK IIEPeBa)KHO
abcopOrii mioOynspusaropa B rpaditi 3ade3reuye HEBEIIPOBKY KOCQilli€HTIB
0, IOBEPXHEBOI0 HATArY IIO0 i-IpaHsAM 3epHa rpadiry i, SK BHUIALOK LbOIO,
y BiamosigHocTi 3 mpaBwioM [1i0ca- Kropi-Byneha — xBasicdepoinuzaiiiro

8 bocmit M.B., boca O.A. BB pinkiCHO3eMEeIbHHX METaliB Ha CTPYKTYpYy Ta BIACTHBOCTI

3aU1i30BYVICLEBHX CIUIABIB. 36ipnux naykosux npays HYK. Muxonais: TenbBetnxa. 2025. Ne 3 (501).
C. 42-48.

? barmox I, Tpoman A.. YeskoBa H., Mamonosa A., Momuanoscska I. BractuBocti Ta cTpyKTypa
vaByHy, Moaudirxoanoro JI'M-texuomnoriero. [Ipoyecu aumms. 2024. 156(2), C. 29-37.

10 Bepxosmok A.M., Hapiscbkuii A.B., Morunarenko B.I. Texuosorii omep:kanHs MeraiiB Ta
CIUIaBiB I JIMBapHOTO BUPOOHHMITBA: HaBy. 1moci0. / 3a pex. akagemika HAH Vkpainu B.JI. Haiineka.
K.: BumaBuuunii gim “Biniuenko”, 2016. 224c.
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3epHa rpadiry. [linBumieHHst koHueHTpamii MoaudikaTtopa B 4YaBYHI BHKIMKA€e
00’eananHs rpaditHoi (a3su Moau(piKOBAHUM €IEMEHTOM, IIPU SKOMY @, = O BXKe
He peanizyeTthesi i rpadit HaOyBae AernoOyIIprU30BaHMi KapOOBUIHMH BUTIS' .
Pesynbratn posmoainy P3M 1 iTpito B 4aByHax myke H00pe Y3rouKyrThCs
3 JITepaTypHUMH JJAHUMH.

2. NocnipykeHHsa snamBy P3M Ha KpucTanisauito 3a1i30ByrieLeBmx
CnJ1aBiB 3a/1i30BYr/1eL,€BUX CMNJ1aBiB

BuBuanu B3aemopito P3M Ha kpucTanizaimiio 4aByHy Ta HOTO CTPYKTypY
B 3aJISKHOCTI BiJl YMOB OXOJIOJPKCHHSI.

Jnst nocnijpkeHHs KpucTanmizalii 4aByHy BHKOPHCTOBYBAJIM 3arapTOBaHO
CTpyKTypHHH MeTon. [Ipm 1IbOMy BHKOPHCTOBYBAJdM CHHTETHYHHMH YaBYH,
skuii mictute 4,0 % C; 3,00% Si; 0,05% Mn; 0,013 % S; 0,014 % P,
MonudikoBanuii nmobaBkamu itpiro B Mexkax 0,03 —1,0 %. BcraHoBneHo,
[0 BBEICHHS B ciuiaB iTpito B Mexax 0,03-1,0 % He BHOCHTH HPUHIUIIOBUX
3MiH B TOCJIJIOBHICTh KpHcTamizamlii. B daByHi 3 mo6aBkoro jmo 0,1% iTpito
KpHCTaJI3alisl MOYNHAETHCS 3 BUAUICHHS TpadiTy 1 3aKIHYYEThCS €BTEKTUYHUM
po3manom piguan Ha A+I" 1 A+1]. 30iIbIICHHS KUTBKOCTI BBEIICHOTO B PO3ILIAB
ITpit0 B AOCIIKYBaHUX MEXaX CIpHUsiEe CTadLIi3alil piiMHM, IO TO3HAYAETHCS
B 3MEHIICHHI TeMIIepaTypy KpHcTalli3amii Ha/UIMIIKOBOI a3y 1 EBTEKTHKH.
IIpn BBenenni poGaBok itpito Oinbme 0,1% mopsin 3 Tpaditom i3 pinuHK
KPUCTAIII3Y€eThCs TIEPBUHHUI LIeMeHTHT'?,".

BcranoBneHa MikpockomiuHa —KapTHHa —(DOPMOYTBOpPEHHSI —rpadiTHUX
BKJIIOYCHB B 3aJICKHOCTI BiJI BEJIMUMHM TOOABKH ITPIs.

B nouarkoBomy cruiaBi NepBUHHUH TpadiT 3 MOMEHTY HOSIBH JI0 3aBEPILICHHS
KpHcTaitizalii Mae ractuHuacty gpopmy. B crutaBax 3 nobaskamu 0,03 — 0,05 %
ITpil0 HEBEJIMKI BKIJIIOUCHHS rpadiTy MaroTh Kymsicty ¢opmy. Ane B mporueci
pocTy BOHH TpaHC(OPMYIOTHCS 1 10 TOBHOTO 3aTBEPIiBaHHS CIUIaBy Ha0yBalOTh
u1acTiByaty Gopmy i3 TOCTPUM BiAray’)KEHHSIM.

301IbIICHHS KUTBKOCTI BBEICHOTO B 4aByH iTpito 10 0,1% mpuBOIUTH 10
TOrO, 110 rpadiTHI BKIIOYEHHS JIOCATAIOTh BEJIMKUX PO3MIpIB, 3aJIMIIAIOYHCH
KyJISICTUMH OUTBII TPUBAJIMKM NPOMIKOK 4acy. BHSBISETBCS XapakTepHa Juist
KyJsictoro rpadity mpomMeHHcTa CTpyKTypa, 10 30epiraeTbcs B LIEHTPaJbHIN

1 JIucenko O.b., Kaninina T.B. Marepiano3HaBctBo: koHcnekt Jiekiii. Kam' sHeske: JATY, 2019.

268 c.

12 IBanoBa JI.X., Komoruno €.B., Mupomnnuenko I.O. PixkicHo3eMenbHI MeTand y BaJKOBHX

vaByHax // Inopmamiitni Texnonorii B MeTanmyprii Ta Mammno6ynyBanHl. ITMM’2022: Te3u nonosinei
MiKHApOIHOT HayKOoBO-NpakTH4HOT koH(epeHtii. Juinpo: HMetAY, 2022. C.30-34.

13 IsanoBa JI.X., Komortumo €.B., Xurbko O.1O., Tepexin B.O. Otpumanus i 3acTOCyBaHH:I
KOMIUICKCHUX MOAM(IKaToOpiB 3 piaKiCHO3eMenbHUMH MeTanamu. Meman i aumms Ykpainu, 2020. 1.28.
Nel(320). C.30-33.
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YacTHHI KiHIIEBUX yTBOpeHb. Ha mepedipiiHMX IUISHKaX TaKUX BKIIOYCHb
rpadiT KpUCTami3yeThesl y BUNIS IIIACTHHYACTHX Bigramyxens ',

[Nonanpuie 30UIbIICHHS KIJIBKOCTI ITPIIO y CIUIABI CIIPHSE BIOCKOHAJICHHIO
¢dopmu rpadity.

Jnst  oCHiJUKEHHS CYMICHOTO BIUIMBY IIBHJIKOCTI OXOJIOJDKGHHS Ta
no6aBok P3M Ha mpomuec cTpyKTypOyTBOPEHHS YaByH Hicisl MOAM(IKYBaHHS
BWIMBAJIM Yy (OpMy 3 CHPSIMOBAHUM BIJIBEICHHSM TEIUIOTH. TemmneparypHi
KPHBI KpHCTaji3alii 3anmucyBain 3a JOIOMOTOI0 TEpMOIap y YOTHPbOX TOUKax
BIJIMBKA, 1[0 PO3TAILIOBYIOTHCS Ha BEPTUKAIBHIN OCI.

Sk mMomudikaTopu BUKOPHCTOBYBAJIM IEpid, JIAHTaH Ta ITPid YacTOTOIO
99,5% ocHoBHOrO enemenTta. Kinbkicte Moaudikyro4oi 100aBKH 3MiHIOBaIACs
B Mexkax Big 0,03 — 1,0 %.

Ha puc. 3 npencrasieHa 3ajeKHICTh TEMIIEPATypH MOYATKy €BTEKTHYHOTO
NIEPETBOPEHHSI YaByHY BiJl KUIBKOCTI BBEIEHOTO ITPIIO IPH MIBUAKOCTSIX
oxonopkenHst 1,78 rpan/cek (kpua 1) ta 3,68 rpan/cex (kpuBa 2). SIkicHO
aHaJIOTIYHA 3aJIEKHICTh CIIOCTEPIraeThesl ISl LIEPIEBOTO Ta JJAHTAHOBOTO YaByHY
B a0COJIOTHUX BEJIMYMHAX 3HIDKEHHS Temmeparypu. HaiOimbmr epexTuBHO
3HIKY€E TEeMIIeparypy iTpiH, MOTiM BXe Iepii 1 JaHTaH.

30inbmenns  no6asku itpito Bix 0,03% o 0,3% cyTTeBO 3HMKYE
TeMITIeNparypy Mo4aTKy eBTeKTHYHOI peakuii. [Ipy boMy B CTPYKTypi 4aByHY
3'ABISIETHCS LIEMEHTHT, rpadit HaOyBae KOMIAKTHY KyJssicty gopmy. [Tonansrre
30utbIIeHHs npucanku iTpito 10 1,0 % mpu3BOAMTH 10 3HAYHOTO BUIOLTY
YaByHY.

P3M nokpamrytoTh JIMBapHi BIACTUBOCTI Ta 3MEHILYIOTh YCaJKOYTBOPEHHS,
a TaKkoX 1 TOKPAIIYIOTh PiKOIUIMHHICTB CIUIaBY.

3ami3oBymieneBi clulaBd  npu  BUKopucTanHi P3M  3acTOCOBYIOTHCS
JUIi  BUPOOHMLTBA BHCOKOSIKICHMX BWJIMBKIB 13 BHCOKOMIIIHOTO 4YaBYHY,
MOAM(IKOBAHOTO YaBYHY 1 € JIETOBAHUX CTaJled Ul MallnHOOYIyBaHHS,
aBTOMOO1JIEOy/lyBaHHS Ta CIJIbCHKOTOCIIOAAPCHKOT TEXHIKH.

JUis Bu3HaueHHs BmuBy P3M Ha 4Yac €BTEKTHMYHOIO IEPETBOPEHHS
BUKOPUCTOBYBaJIM KPHBI OXOJIOJDKEHHSI B JUISTHKaxX BHWJIMBKIB 3 MIHIMaJIbHOIO
LIBHUJIKICTIO OXOJIO/DKEHHS, JIe TeMIeparypHa 3yNHHKa (iKCyeTbcs HaiOUIbII
qiTko. Ilpu moOymoBi rpadiyHUX 3aJCIKHOCTEH Y PpO3PaXyHOK MPHAMAITH
OXOJIOJDKEHHSI BUJIMBKA BiJl [I0YATKy KpHCTaJIi3alii eBTEKTUKU JI0 TEMIIepaTypu
1050 °C.

4 SmmmeCchkuit M. M., ®@enopos I. E. Brums mporieciB 101aTKOBOTO JIEryBaHHs, MiKpOJICTyBaHHS

Ta Moau(iKyBaHHSI Ha Benactisocti XpOMapraHIeBOro 4aByHy. Bicuux /[onbacvkoi Oepacashoi
Mawunobyoignoi akademii. 2017. Ne 2 (41). C.82-88.

5 ®ecenxo K.B. MonudikyBanms 4aByHy B JHBHHKOBiil CHCTEMi il BHPOOHHIITBA IBOIIAPOBUX
BIUIMBKIB: JIHC. ... KaHI. TexH. Hayk: 05.16.04. Kuis, 2016. 153 c.
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1 — mBuUAKicTh oxonomkeHHs 1,78 rpan/cexk;
2 — MBUAKICTh OXOJOMKCHHS 3,68 rpam/cex
Puc. 3. 3mina Temneparypu mo4arky eBTeKTHYHOIO IEPETBOPEHHSA
YaBYHY B 3aJ1€KHOCTI Bi/l KVILKOCTI BBeIeHOTI0 iTpilo

31 30inpIreHHsM 100aBku P3M gac eBTEKTHYHOT KpUCTATI3aIli1 301y ETHCS
1 Mae MaKCUMallbHE 3HAUYCHHS JJIS ITPIEBOTO Ta IIEPi€BOTO YaBYHIB IIPH BBEICHHI
0,1 — 0,3%, a st manTanoBoro mpu BBeneHHI 0,5% momudikatopa. [Toganemre
3pocraHHsl J100aBoK P3M mpu3BOAMTH 10 3MEHIICHHS Yacy KpucTajizamii
€BTEKTHKH, NPOTE MiHIMAJIFHUM BOHO 3QJIMINAETHCS JUIS BHXIJHOTO YaByHY Ta
yaByHy 3 HeBenmukumH 110 0,05% nobaskamu P3M (puc. 4).

MaxkcuManpHa — TPUBANICTh  CBTEKTHYHOI  KpHCTami3amii  BiAmOBimae
YTBOPEHHIO B CTPYKTYpi 4YaBYHY KyJISICTOI Ta HepeximHux ¢opm rpadity
32 HasBHOCTI HE3HAYHOI KUIBKOCTI LIEMEHTHTY. 3MEHIICHHS TPHUBAJIOCTI
KpHUCTali3alii, BUKIHKAHE TOAATBIINAM 30UTBIICHHAM MOAH(DiKyI0Uoi 100aBKH
MOB'sI3aHE 31 3MEHIICHHSIM KUTBKOCTI TpadiTy B CTPYKTYPI CILIaBY.

Xin TemrmeparypHOi KpuBOi KpHcTami3aimii BimoOpakae TEIUIOBHH OalaHC
MIX TETUIOTOO KPUCTAII3allii, Ta BiIBEICHHAM TCILIOTH. [Ipy OLIHII OTPUMaHUX
pe3ynbraTiB 3 Mi€l TOYKM 30py 30IIBLICHHS Yacy OXOJIOJPKCHHS BHJIMBKA
B iHTEpBaJIi TEMIEPaTyp €BTEKTHYHOTO IEPETBOPEHHS BUKJIMKAHE BBEACHHIM
P3M He Mosxe OyTH ITOSICHEHO 3MIHOIO (Ja30BOT0 CKJIaly €BTEKTHKH OCKIIBKH, 5K
OyJ10 BCTaHOBJICHO NpH MeTanorpadiyHoMy nociipkerti P3M BinOumoe yaByH,
3MEHIIYIOUM TUM CaMHUM TEIUIOTY. 3BIJICH BHIUIMBAE, IO NMPUYMHOIO SIBHIIA,
[0 CHOCTEPIraeThCs, 3BICHO, CIY)KUTh 3MCHIICHHS MIBHIKOCTI KPHCTATi3amii
B MOIM()iKOBaHUX YaBYHAaX.

Jlo mosiBM CyLisIbHOT ayCTEHITHOT 000JIOHKH HABKOJIO KYJISICTUX YTBOPEHB
rpadity takomy edexTy Moxe crnpusaTH aacopouis P3M Ha rpaditi, mo
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MPU3BOAUTHL J10 301ibIICHHS eHeprii akTuBalii mpouecy Kpucraiizarii
Ta CYTTEBOTO IIEPEOXOJIOKEHHS CILUIaBy, IO YCKIAJIHIOE audy3iiiHi
IIpoLecH.
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1,2,3 — xpuBi iTpi€BUii, IepieBUH, TAHTAHOBUH YaByH
Puc. 4. Yac oxo/101keHHs] BUWIMBKA BijJ M0YATKY eBTEKTUYHOIO
neperBopeHHs a0 Temneparypu 1050 °C 3a1e:kH0 Bix BBeIeHOro
Moaugikaropa

Bcranosneno, mo B 4aByHi, MomudikosaHomy 0,3% iTpito, KOHIEHTpamis
Moaudikaropa B OKpeMHUX MUISTHKAX KYIACTHX TPadiTHUX BKIFOUCHB TOCATAE
0,81 — 1,21%. BuBueHHSI MiKPOCTPYKTYp BIWJIMBKIB i3 4aBYHIB, MO (IKOBAHUX
P3M, mokasano, o BIUIUB IEpif0, JIAHTaHY Ta iTPif0 Ha CTPYKTYpy UYaBYHY
€ TIPUHIIAIIOBO iCHTUIHHM. Ix no6asku, nounnaroun Bix 0,03% itpiro 1 0,05%
Lepif0 Ta JaHTaHy, BUABIIIOTH BiAOUTIOIOYY HiF0 HAa CTPYKTYpy dYaByHY. 3i
30UTBIICHAAM KIUTBKOCTI Mopau(ikaTopa, IO BBOAWUTHCS, IIHMOMHA BimOiTy
30uIBIIyeThCS Big 3-4 MM y 4aByHi 3 mo6aBkamu 1o 0,05% mo 40-50 mm
y 4aByHi, mogudixoBanomy 1,0 % P3M. Pazom 3 HaiiOunbmmm BinOUTIOIOUNM
BIUTHBOM Ha CTPYKTYpY YaBYHY, iTpiii Ma€ HaileeKTUBHIMINN CPEepoinn3yrOUmii
BIUTHB Ha QopMy TrpadiTy. 3a HUM 3a piBHEM e(PEKTHBHOCTI CIiITy€e Aami mepii
1 JTaHTaH.

Coepoimmyrounii BrummB P3M Ha dopmyBaHHS TpadiTy 3HAYHOIO MipOIO
3aNIC)KUATh Bl YMOB BiBEJCHHS TEIUIOTH. Y CTPYKTypi BHJIMBKA Ha BiICTaHi
3-5 MM BiJ XOJNOAWIHHHUKA YTBOPIOETHCSA KYISCTHU rpadit (miamerp TioOyriB
10-15 Mx) mpu modasi itpiro 0,03%, a nepito Ta manrany 0,05%, y Toi gac sk
B iHIIOMY 00'eMi BHJIMBKA TpadiT Mae IIaCTHHYACTY abo IUIacTiBYacTy Gopmy.
Y 30HI BUIHBKA, 110 PO3TAMIOBYETHCS HA BifcTaHi 60-65 MM Bi XOIOIMIEHUKA,
BBEJICHHS ITPifO0 TiBKH B KinbkocTi 0,35-0,4% i mepiro 0,4-0,45% 3abesmedye
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chepumuzanito Tpadity (miamerp mioOymiB 50-80 Mk) T0oOTO edexTHBHA
KiJIbKIiCTh Momudikatopa 301IbLIyeThCsl Ha MOpsmok 'S, 1819,

MonunodikyBanns cruiaiB P3M, Hampukiiag, iTpiem, mepieM Ta iHIIMMHA
€ TIPOIIeC BBEACHHS LIUX EJIEMEHTIB 10 PIAKOTO PO3IUIABY JJISl MTOKpAIICHHS
iX MEXaHIYHHX BIJIACTUBOCTCH, KapOCTIMKOCTI, 3HOCOCTIMKOCTI, a TaKOXK
i JIMBapHUX BJIACTUBOCTEH 3aii3oBymieneBux cmiaBiB. P3M  niooTe sk
MoaudiKaTopu NpU KpUCTalli3alii CrjiaBy, a TAKOX BIUIMBAIOTH HA CTPYKTYPY
KpUCTaii3alii, 3MEHIIYIOYM TaKOX IOPUCTICTh 1 3BICHO TOKpAIyIO4n
MIKPOCTPYKTYpY, L€ BaXJIMBO JuIsd Jerajed, ski OyayTb mpaioBaTu
B HaJI3BHYaiiHMX ymoBax. MonudikyBanHs P3M mnokpairye MexaHiuHi
BIACTHBOCTI CIUIaBiB, TOOTO, 30UIBLIYIOYM MIIHICTh, IUIACTUYHICTh Ta
3aBISKM KyJSCTiH Qopmi rpadity 3miMCHIOETBCS TakoXK 1 MOIUQIKYyHHS
KPHUCTAIIYHOI penriTku craneit™.

P3M oumiyroTh po3IiaB, BOHM MOXYTh 3B'S3yBaTh MIKIIJIUBI JOMIIIKH —
cipky 1 ¢ocop 3 yTBOPEHHSIM IILIAKIB.

Momudikatopu 101a0Th Y BUNIAL Bepo-croiyk ado Iie YHCTHX MEeTalliB
IiJ] Yac 3aJMBaHHS METaly B KIBIII, I[C BUKOPUCTOBYIOTh CICIialIbHI JOOABKH,
siki MicTsiTe P3M.

BukopuCTOBYIOTH KapoCTiMKi CTaji JJIsi BUTOTOBJICHHS JeTajleH, sKi
IPALIOIOTh MIPU JY’KE BUCOKHX TEMIIeparypax.

B uaByHax BHKOPHUCTOBYIOTH P3M nns  nmokpamieHHd AK  iX
MEXaHIYHHMX BJIACTUBOCTEH, TaK 1 JMBAPHUX XapaKTEPUCTHK, HATPUKIAJ,
LIE CTOCYEThCS BUPOOHMLTBA JeTalled MallMH JUIsl ManHOOYTyBaHHs
i aBTOMOO171e0y1yBaHHS.

MorkHa BBaXKarTu, o MoaudikyBanHs P3M — e oiuH i3 e(heKTHBHUX METOJIIB
JUISL CTBOPEHHSI BHUCOKOSIKICHMX CIUIABIB 3 IMOKPAIICHUMM EKCILTyaTalliiHUMN
XapaKTepUCTUKAMHU.

¢ By6nukos B.B., Hapiscbkuii A.B., Baunscekuii F0.[]., Scuncekuii O.0. BucokomiiHuii yaByH 3i
3MIIHEHHM KPEMHIEM Ta HiKeJIeM O-TBepAHM po3uuHoM. Meman ma aummsa Ypainu. 2020. Tom 28. Ne
3. C. 63-68.

17 Jlyk’smmerko 1.B., Kueruno B.B., buba €.I., Smmmucekuii M.M., Kosamsuyk O.I. Bmius
JIETYBaHHS, MIKPOJIETYBAaHHS Ta MOAM(IKyBaHHS Ha BIACTHBOCTI 3HOCOCTIMKHMX XPOMOMApraHIEBHX
yaByHiB. [Ipoyecu rumms. Kpucmanizayis ma cmpykmypoymeopenns cnaagis. 2025. Ne 3 (161). C.52-
61.

8 Tpoctsauunn A.M. KoHenis 3actocyBaHHs BOAHEBOT 00POOKH IS YIOCKOHAICHHS CTPYKTYPHO-
(a3oBoro craHy Ta BIACTHBOCTEH (DyHKIIOHAIBLHHX MaTepiajliB Ha OCHOBI CIUIABIB PiIKiCHO3EMENBHHX
Ta NMepexiJHIX METAB: JKC... J-pa TexH. Hayk : 05.02.01. JIbBiB. 2022. 116 c.

19 Tpanosa JI.X., Konoruno €.B., Xursko O.10., Tepexin B.O. BB kommiekcHux Moaudikaropis
Ha CTPYKTYpY 4YaBYHIB 3 Pi3HHM BMicTOM Cipku. Meman ma numms Yxpainu. 2022. Tom 30. Ne 2 (329).
C.30-34.

20 bybic A., ®emopor I. IlimBHINEHHS BIACTHBOCTEH JKAPOCTIMKMX cTamell mmst poOOTH B
eKCTPEMAIIbHUX yMOBax MiKpoueryBauHs i MoaubikyBauus. Hosi mamepianu i mexwonozii 6
mawunobdydysanni (Ipayi Misxcnapoonoi naykoso-mexuiunoi konghepenyii). 2016. (6), C. 158-159.
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BUCHOBKU

AmHami3 MoOpQoIorii KOMOHIH ayCTeHITHO-KapOiTHOI €BTEKTHKH O3BOJISIE
3pOOHUTH BHCHOBOK, IO YTBOPEHHS TI'padiTo-ayCTEHITHOI EBTEKTHKH SBIISIE
TUTIOBUM BHMIAJOK POCTY JABOX €BTEKTHYHHUX (a3. 3apomKeHHs KOJIOHIH
BiOyBa€eThC B yMOBaX BEIHMKHX TII€PEOXOJO/UKEHb. AJIe BHCOKA CTYIiHB
TUQEpPEHITIIOBAHHS CBTEKTHKH 3a0e3Meuye CyTTEBE IMIABUINCHHS JTIHIHHOL
IIBUIKOCTI KpuCTamizamii. [HTeHCHMBHE BUAUICHHA TEIUIOTH KpPHCTATi3amii
BHPAXKAETHCS B TMIBUIICHHI TEMIIEPAaTYyPHOTO PIBHS €BTEKTHYHHUX 3YNMHHOK Ha
TEPMIYHUX KPUBUX.

3pa3Ku CIIaBy pi3HOTO CKJIA/ly TapTyBalics HA PI3HMX €Tarax KpucTaizanii
i migmaBamwmcs aHamizy. MeranorpadidHi JOCTIHKCHHS TO3BOJMIA 3POOUTH
BHCHOBOK ITPO iICHYBaHHsI 3aKOHOMIPHOCTEH 3B’SI3Ky MK CTPYKTYpOIO CIlIaBa
i mapameTpaMu MoAH(iKyBaHHS.

BcranoBneHa HEpiBHOMIPHICTH PO3MOAITY IEPIF0 MK CTPYKTYPHHMH
CKJIQJIOBUMHU cIutaBy. IIpHMCYTHICTHP B IIEMEHTHTI IIepif0 HE BHSBIICHA.
B wmomn¢ikoBaHMX cCIDTaBaX dYacTO BHABISIFOTECA TpadiTHI BKIIOUCHHS
3 YITKO BUPaXCHUM BHYTPIIIHIM siIpoM. J{OCTiIKEeHHS TTOKa3yIOTh, IO IepieM
30aradeHi 00'emu rpaditTHOI (a3u, sKi B Iporeci KprcTami3almii 3HaXOIIThCS
B KOHTAKTi 3 PiIUHOIO.

3Bakaroyl HAa BCTAHOBJICHHWHA IO3WTHBHUN BIUIMB IHTEHCH(IKAIiN
BiJIBEICHHS TEIUIOTH Ha ()OPMYBaAHHS KyJSICTOTO IpadiTy, a TAKOXK pe3yIbTaTh
JOCIIKCHDb CyOCTpPYKTYypH TpadiTHUX YTBOPEHb Yy YaByHi, HaBEICHO
Taki MipKyBaHHS NP0 MOXJIMBHHA MexaHi3M cdepoiamsyrouoi mii P3M.
Jerazanis po3miaBy i Hacammepeq HOro IMOOKe PO3KHCICHHS 332 PaxXyHOK
YTBOPCHHS CTIHKMX OKCHAIB y TMO€AHAHHI 3 ICTOTHHM IE€PEOXOJIOKCHHIM
YaByHY NPHU3BOAMTH /IO PO3LICTUICHHS TpadiTHUX KPHCTAIIB Ta OOMEXECHHS
BKJIFOUCHHS 0a3MCHUMHU TUTOMMHAMU. [Ipu 3HAYHIN aHI30TpOIMil BIACTHBOCTI
KPUCTATIYHUX TpaT rpadiTy MOXKYTh MaTH Miclie BUOIpKoBOi agcopOitis P3M
Ha TOPLEBUX IPpaHsAX rpadiTHUX KpUCTaax, M0 TAKOX, SIK 1 BUCOKHH CTYyIiHb
TIEPEOXOIIOKEHHS, 3a0e31euy€e HiBETIOBaHHS MIBUAKOCTEH 3pOCTAHHS PI3HUX
rpaHei.

Ha mincrasi Takux ysBieHs npo BB P3M Ha mporiec GopMOyTBOPEHHS
rpadiTHUX BKIIOYEHH T00pe MO)KHA TIOSCHHUTH pPi3HOMaHITTS (opMm rpadity
Ta #oro TpaHC(hOpMAIli0O B MpPOIECi 3pOCTaHHS B YaBYHAaX, MOIM(IKOBAHUX
pi3HUME 100aBKaMU iTpiro.

P3M 3BiCHO CyTT€BO BHUKOHYIOTh BIUIUB MOAU(IKyBaHHI Ha
KPHUCTATI3aIlil0 CIUIaBiB, BOHH [iIOTh SK MOAU(DIKATOpPH, II€ BIUTHBAE
Ha po3Mmip, ¢opmy, a Takok (a3oBHH CKIaa KPHCTANIB, IO CIPHUSIE
YTBOPEHHIO HOBHX (a3, 1€ TAKOX MOXYTh BIUIMBATH 1 Ha OTPAaHKY CaMHUX
kpucTaniB. TakoX BIUIMBAIOTH HAa MBUAKICTh HYyKJIEaIil i picT KPUCTATiB, TIPH
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LbOMY 3MILIY€EThCS PiBHOBAra, 1e MPHU3BOAUTH JI0 OTPUMAaHHS BiJIOBIAHO
JIpiOHO3EPHUCTOI CTPYKTYpHM Ta 3MILHEHHs CIUIaBIB 1 MOKpameHHs iX
MEXaHIYHUX BIACTUBOCTEI.

OcHoBHI MexaHi3mu BILIMBY P3M — 1ie 3MiHa IIBUKOCTI HyKJI€Allil, a TaKoX
P3M MoXyTh BHCTyHaTd sSK LEHTPU KpHCTaii3auii, 301IbLIYIOUM KUIBKICTH
LICHTPIB 3apOAKOYTBOPEHHSI 1, BIIIOBIIHO, 3MEHIITYIOUH PO3MIp 3€pEeH.
B3aemonitoun 3 IHIIMMH €JIEMEHTaMH CIUIaBy, BOHH ()OPMYIOTh HOBI, O1JIbII 32
BCE TYIOIUIABKi CHOJIYKH, SIKi BIIIMBAIOTH HA CTPYKTYDY.

P3M OynyTh KOHIEHTpYBaTHCs Ha IIOBEPXHSIX POCTY KpHCTaliB, IpU
LIOMY 3MIHIOETBCS iX MOP(OJIOTis Ta 3HIKYIOThCS Ne(EeKTH, [Ie TOKPALILYE 5K
BJIACTHBOCTI, TaK 1 3amodirae pyiiHyBaHHIO KPHCTAIIIB.

P3M MoOxyTh Takox 3MiltyBaTH (pa3oBi piBHOBar, Inpyu LbOMY CHPHUSIOTH
BUJIIJICHHIO HOBHX (ha3 abo mie cTabinizamii IeBHUX CTPYKTYP, 11€ BaKIMBO JUIs
CILIaBIB 3 BUCOKOIO MIIIHICTIO.

3aBasikM B3a€MOJIIT 3 IHIIMMHU JIOMIIIKaMH (Hampukian, i3 3amizom), P3M
TaKOXK CIHPUSIOTH, SK 3MEHIICHHIO Ae(EeKTIB, TaK 1 IOKPAIIEHHIO SIKOCTI X
KpHucTasliyHoi CTpykTypu. P3M mokpaliyroTh MeXaHiYHi BJIACTHBOCTI, IpH
LbOMY BiZIOyBa€ThCs MOAPIOHEHHS 3€pHA Ta YTBOPEHHS JIUCIEPCHHUX (a3, 110
3MILHIOE CILIaB.

3aBasiku P3M MoOXKHa CTBOPHTH HOBI CIUIaBH 3 YHIKaJbHUM (pazoBUM
CKJIJIOM Ta 3 MiJBUIIEHUMHU XapaKTePHUCTHKAMH.

Orxe, P3M € nocutrh mNOTYy)KHUMH MOAW(IKATOPaMH, IO JO3BOJISE
KepyBaTh TMPOIECOM KpHUCTaJi3allii CIUIaBiB JJIs JOCSATHEHHS X HEOOXiIHOT
MIKpPOCTPYKTYPH, @ TAKOXX BJIACTHBOCTEH CIIJIaBiB.

AHOTALLIA

Posmisnaersest  mpobnema MomudikyBaHHS — 3aJ1i30BYIVICIIEBUX — CIUIABIB
pinkicHozemensHUME MeTanamu (P3M) — e nporec JoiaBaHHs X €IEMEHTIB
(maHTaHy, 1epiro, ITPIF0 TOIIO) U MOKPAIICHHS iX, JIMBAPHUX 1 MEXaHIYHUX
BJIACTHUBOCTEH TOOTO, MOKPAIICHHS TUIACTUYHOCTI, MIIIHOCTI, 3HOCOCTIHKOCTI Ta
(opMyBaHHS IpiOHO3EPHUCTOI CTPYKTYPH HIISIXOM IX BIUIMBY Ha KPUCTATI3aLIII0
Ta (a3oBi MEPETBOPEHHS ISl BUCOKOSKICHUX YaByHIB Ta crajed. KirouoBumu
acriekramu  MoxudikyBanus P3M e BmmB Ha crpykrypy, P3M Takox
JIeCYIb(QypyIOTh CIUIABH Ta 3BICHO 3B'S3yHOTh IIKIUIMBI JOMIIIKK (CIpKY,
KHCEHb, a30T), YTBOPIOIOYH IIPH [[bOMY CTAOLIbHI CHONYKH, Ile BIUIMBAIOTH Ha
(dopmyBanHs rpadiTy B 4aByHax 1 BKIIOYEHb B CTAJSIX, CHPHUSIIOUYN YTBOPEHHIO
cdepoinHoro rpadiry, TOOTO KyJISCTOTO.

[TokpameHHss ~ BJIAacTHMBOCTEH  3aJli30BYIVIELEBMX  CIUIABIB  IOJIATA€
B 3MeHIIeHHI jaedekTiB. Ile crocyerbess MiHIMI3alii ra3oBUX Ta ycaJOYHUX
MTOPOXKHHUH, IIJIAKOBUX BKJIFOYCHB, 10 POOUTH BHJIMBKHU OUIBII IIITBHUMHU.
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[lizBuiieHHs MeXaHIYHUX BIACTHBOCTEH 3aJli30BYIVICLICBUX CIUIABIB IPU
Bukopucranti P3M sik Mmoangikaropis mossirae y 3011bIIeH1 MilHICTI, TBEPIICTI,
3HOCOCTIHKICTI Ta IUIACTUYHOCTI CIUIABIB.

P3M Ta ix mexaHi3Mm nii sk MoaudikaTopiB BIUIMBY Ha KpUCTali3allilo
CIJIaBy, 3MIHIOYM YMOBH 3apOJUKEHHS Ta POCTY KpPHUCTaliB, MPU3BOAUTH 0
(opMyBaHHS sSIK OLIBLI OJHOPIIHOT, TAK 1 JIPIOHOT CTPYKTYpH.

Takum  uymHOM, BBeaeHHs P3M B 3ami3oBymieleBi  CIUIaBU
€ e(eKTUBHUM MeToAOM iX MOAM(IKyBaHHS, IO JO3BOJISIE OTPUMAaTH
CIUIaBH 3 MOKPALICHUMH MEXaHIYHUMH Ta JINBAPHUMHU BIACTHBOCTSIMH IS
BIAIIOBIZaNbHUX JAETaleH.
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CHAPTER 4

NMOLWKOAXXEHICTb BETOHHUX
| SAJIIBOBETOHHUX KOHCTPYKLIN

Hopodees B. C., NMywkap H. B., 3iHuyeHko I. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-4

BCTYN

[Tpu npoBeieHHI 00CTEKEHb TEXHIYHOTO CTaHy 3a1i300€TOHHUX KOHCTPYKIIH
CIIOCTEpIraeThCsl BEJIMKAa KUIBKICTh JE(EKTiB Ta IOLIKOPKEHb: BOJOCSHI
TPILIMHU B3I0BXK TO3/I0BXHBOI apMaTypH 3 TOBIIMHOIO IIapy KOpo3ii apMarypu
10 2,0 MM; TpIIMHHU B3/I0BX MO3A0BKHBOI poO040i apMarypu 3 HIMPHUHOIO
PO3KPHUTTS 10 3 MM; BIJKOJIIOBAHHS 3aXMCHOTO IIapy B3JOBX IT03/10BXHBOT
apMaTypy BHACIIIIOK KOPO3il; BUMIUPaHHs pobouoi apmaTypu koioH (puc. 1).!

Puc. 1. lepexTH i MOMKOIKEHICTH KOJTOH

Mu BBa)kaeMO, IO TPUIHHOIO TOSBHU AC(PEKTIB Ta MOMIKOIKEHb KOHCTPYKIIIH
€ HEOTHOpiAHA CTPYKTypa OCTOHY, Ha Ky BIUTMBAE CEPEIOBHIIE SKCILTyaTaIlii.

! Zinchenko H.V. Stressed-deformed condimion and distruction of technologically
damaged reinforced concrete structures. New stages of development of modern science in
Ukraine end EU countries: monografia / H.V. Zinchenko, V.S. Dorofeev. Riga, 2019. P. 166.
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Mertoto poOOTH € BUBYECHHSI OCHOBHUX IPHYUH 3aPOPKEHHSI T PO3BUTKY
nedekTiB  3ai300eTOHHMX KOHCTPYKIIH B IpOLEC CTPYyKTypOYTBOPEHHS,
BUHHMKHEHHS Ta PO3BUTOK TEXHOJOIIYHOI IONIKO/PKEHOCTI OETOHIB, BIUINB
MOYaTKOBOT TIOIIKOJUKEHOCTI Ha eKCIUIyaraliliHi BJIACTUBOCTI OETOHIB Ta
KOHCTPYKIIiif, @ TAKOXK Ha POOOTY 3ami3006TOHHUX KOHCTPYKIIi#Z,?,*.

1. ®opMyBaHHS CTPYKTYpu 6yAiBe/IbHUX KOMMO3UTIB

Kommosuuiiini  (ckiagHi) MarepiaJii  OTPUMYIOTh  IUIIXOM  (pi3MKO-
XIMIYHOTO 4M  ()I3UKO-MEXaHIYHOTO 3'€HAHHS PI3HOPIJHUX KOMIIOHEHTIB.
BcranoBneno, mo ¢i3uko-MexaHIuHI XapaKTEpPUCTHKU KiHIIEBOTO MaTepiaiy
MOB'si3aHI HEJIHIHHO 3 XapaKTepPUCTHKAMM BHXIJHHMX KOMIIOHEHTiB. MoxHa
MIPUIYCTUTH, IO TPH B3a€EMOJII KOMIIOHEHTIB yTBOPIOIOTHCS BHYTPIILIHI IO
BIJJHOILICHHIO JIO Marepiaiy CTPYKTYpH, B3aEMOJIs SIKUX IPHU3BOJIHUTH JIO MOSBU
SIBUII CHHEpriaMmy. Sk mpaBuiio, komro3uuniiiHi OyniBesbHI Marepianm (KBM)
CKJIQIAlOThCS 3 B'SDKYYOT0, HAITOBHIOBAYIB 1 3aII0OBHIOBAYIB. 3arajibHy KiJIbKICTh
cknanoBux cTpyktyp KBM MokHa BUAIIMTH 32 XapaKTEpPHUMH CTPYKTYPHHMH
HCOJHOPITHOCTAMHU (pHC. 2).

Puc. 2. Opranizanisi CTpyKTYpH KOMNO3HUiHHNX OyaiBeIbHUX MaTepiajiB:

1 — enemenmapnuii cmpyKmypHuil enemenm 8'sicyuoco;, 2 — HANOGHIOBAY,
3 — yemenmuuil Kamino, 4 — MIIKUll 3aN06HIOBAY, 5 — MAKPOCMPYKMYPHI MpPiunu,
6 — nopu, 7 — po3uunna yacmuna (mampuys); 8 — KpynHuil 3anoeHioeau

2

> Jlopodees B.C., 3inuenxo I.B., Kypumiox /I.B., ITymxap H.B. TloroBIeHHS TpoMaacbknux
OyniBenb, NMOMKOJKEHNX BHACHiNoK A1l BuOyX1B Progressive Opportunities and Solutions of
Advanced Society: npani 2 MixHap. i IpakT. iHTEpPHET-KOH(. (%{mpo, 7-8 nucromana 2024
p.) Auinpo, 2024. C. 90.

* Jopodees B.C., Bngosnﬁ B.M. TexHosoriyHa MOMKOKEHICTh OyIiBeIbHUX MaTepialiB i
koHcTpykuiit. Oxeca, 1998. C. 65.

4 Hopodees B.C., 3inmyenko I'.B., Pomaniox B.B. JlocmimxeHHs XapaxTepy po3momimy
HaIpyTH Ta MHepeMillleHb Oils BepIIMHH TPIMIHHU B 3a1i300€TOHHHUX eIeMEeHTax. Pecypcocmki
mamepianu, KoHcmpykyii, 6yoient ma cnopyou. 2017. Bum. 34. C. 131.
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Ha xoxxHOMY BUJIUJIEHOMY PiBHI CTPYKTYpPHOI HEOTHOPITHOCTI MaTepiajl MOKHa
OIKCATH 3 MO3ULIT JIHIIHOT MEXaHIKH, CTPYKTYPHOI MEXaHIKU Y1 MIKPOMEXaHIKH.

[pencraBnenHs Marepiaity sk CyLlUIbHOT cepeau riepedavae BUUICHHS 00'eMy,
B SIKOMY IHIMBIyaJibHiI BJIACTUBOCTI €JICMCHTIB HIBEIIOIOTHCSI. MiKpoMexaHika
BUBYAE TIPOIIECH, SIKI IPOTIKAIOTh MIXK OKPEMHUMH KOMITOHEHTaMHU TIPH iX B3a€MOii
SIK B TIPOLICC] TEXHOJIOTIYHOI IIepepoOKH, TaK 1 B POLIEC] eKCIUTyarallii Marepiaiy.
BusiBnenns ocobiauBocTel B3aeMOIii OKPEMHX CKIIJ0BUX J03BOJIMTH PO3KPUTH
MexaHi3M (OpMyBaHHS CEPEJHIX XapaKTepUCTUK Ha piBHI M. Y cBolo uepry,
aHaJIi3 B3aeMOJIl CTPYKTyp Ha piBHAX M), M,,... M, (puc.2) po3KpuBae MeXaHi3M
(dopmyBanHs (isuko-mMexaHiyHHX xapaktepuctuk KBM 3  GararopiBHEBOO
oprasizami€ro CTpykTypu. Taki marepiajii MOXKHA MPEJICTABUTH SK MaTepiaju
THITy "CTPYKTypa B CTPYKTYpi" 4M "KOMIIO3UT B KOMITO3MTI".

J171st KOXKHOTO PiBHS BU/ICHOT CTPYKTYPHOI HEOAHOPITHOCTI HMOBIpHa NOsIBa
TPIlMH, AOBXHHA SKUX @ Oyna OM MeHIIe camoi CTPYKTYpHOI HEOJHOPIJHOCTI
m,, a/m, < 1. OCKiJIbKY B MaTepiaji BUHUKAIOTh Ae()eKTH Ha PI3HUX MaclITaOHUX
PIBHSIX, BOHH € HEOE3MeUHUMH ISl OHUX "CTPYKTYp" 1 O€3NEUHUMH JUTS THIIHX.
B 3arampHOMY BUITaKy HEOOXiTHO TOOUBATHUCS, 1100 TPIIIUHY 3 OLIBIIT HU3bKUX
MaclITabHUX "cTPyKTyp" He HmepepocTaiy OU B OLIbII BHCOKI 10 PO3MipiB M.,

[TosiBa i pO3BUTOK TPILIMH y TBEPIIIOUMX Marepiaiax 3ajeKarh BiJ] KIIbKOCTI
B3aEMOJIIIOUMX (a3, iX MEeXaHIYHUX XapaKTEPUCTUK, FTEOMETPUYHUX HTapaMeTpiB
reTeporeHHOl CUCTEMHU, TEOMETPUYHUX XapaKTEPUCTUK KOMITO3UTHUX 3pa3KiB 4n
KOHCTPYKIIil, BEJINUMHM 1 KIHETUKH PO3BUTKY BJIACHUX 00'€eMHHUX aedopMariii,
3MIiHM PEOJIOTTYHMX XapaKTEPHCTHK TBEPAIIOUOi CHCTEMH, IHTEHCHBHOCTI
1 mapameTpiB TEXHOJIOTIYHUX BIUIMBIB.

CkJiagHa QyHKIIOHAIbHA 3AJI€KHICTB 3apOKEHHS | PO3BUTKY TEXHOJIOTTUHHX
TPILIMH Ha XapaKTEePHUX PIBHSAX CTPYKTYpHUX HeonHopigHocteir KBM craButh
3ajia4y BHBYCHHS MEXaHI3MIB CTPYKTYpOYTBOPEHHS i pyHHYBaHHSI KOMIIO3MTIB
OararopiBHeBOi opranizamii crpykrypu. I[lposeaeni mocmimxenss?,’,’,t?,1°

*  Comomaros B.I., Bupommii B.M., Hopodpeer B.C., Cipenko B.B. Kowmmosumiiini

OyniBenbHI MaTepianu i KOHCTPYKLii MOHMKeHOI MaTepianoemkocti. Kuis, 1991. C. 9.

p h; . . ; L
Hopodees B.C., Bugom/m B.M. TexHomoriuHa MomKOKEHICTh OyiBEIbHUX MaTepiamiB i

koHcTpykuiit. Oneca, 1998. C. 75.

7 ,Z[opog)ees B.C., 3inuenko I'B. UncenbHi 10CHiIKEHHS, MO XapaKTePU3yIOTh I10YaTKOBY

cTajllo poOOTH KOMIO3UTIB. Hosi mexnonozii ¢ 6yoienuymei. 2017. Bun. 33. C. 31.

8 Hopodees B.C., [Tymkap H.B. PyiinyBanns rizporexHiynnx 6eTOHIB MpH Ail MUKIIUHHX

HaBaHTaXeHb 1 BIIUBIB. Science and technology of the present time: Priority development

directions of Ukraine and Poland: proceedings of International Multidisciplinary Conf.

(Wolomin, 19-20 October 2018). Wolomin, 2018 P. 95.

Dorofeev Vitaliy, Myronenko }gor, Pushkar Natalia. The Effect of Technological Damage on

the Properties and Reliability of Construction Materials and Structures Applied Mechanics

and Materials (AMM). 2022. Vol. 908. P. 152.

0 opodees B.C., 3inuenko I'B., Ilymkap H.B. BrumB TexHONOri4HOI MONIKOMKEHOCTi Ha

CTilKICTh OETOHIB 1)15)14 MAJIOIMKIOBOMY HABAHTaXKCHHI Promisinfg ways of solving scientific problems:

roceedings of IX International Scientific and Practical Conf. (Brussels, 26-28 December 2022).
russels, 2022. P. 20.
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MoKasaiu, M0 IS SIKICHOTO ONHMCaHHA (PI3MKO-MEXaHIYHMX [pPOLECiB
CTPYKTYpOyTBOpeHHsI 1 pylHyBanHs KBM 1 BCTaHOBIIGHHS KUIBKICHHX
CIIBBIJHOILICHb JOCTaTHHO BUAUIMTH JIBI CTPYKTYypH: MIiKpo- i MakpopiBHi. Ha
MikpopiBHi KBM XapakTepHOI0 CTPYKTYPHOIO HEOJHOPIAHICTIO € "B'SDKyde-
HaroBHIOBaY'". MakpocTpyKTypa TNpeJcTaBieHa HEOJHOPIAHICTIO "pO34MHHA
yacTHHa-3anoBHIoBa4". [lpudomy npuIycKaeTbcs, IO KOXKHA BHJJICHA
CTPYKTypa CKJaJaeTbcsl 31 CBOIX CTPYKTYp OULIBII HHM3BKOIO MaclITaOHOrO
piBHs. Taki cTpykTypu B Marepiaii iCHYIOTh HE 130JIbOBAaHO OJ{HA BiJ OIHOI.
[IpopocTaroun 3 OJHOrO Ha IHIIMKA MAacCIITAOHWN PIBCHb, BOHU B3a€MOJIIIOTH
Mix co00r0. BUKOHY€ETHCSI CBOEpiIHA cCaMOOpraHi3allisi FTeTePOreHHOT CUCTEMH,
KOJIM CTPYKTYpH HI)KHBOTO MAacCIUITa0HOTO PIBHS IHILIIOIOTH OpraHi3aliio
CTPYKTYp OLIBII BHCOKOrO MaclITaOHOrO PiBHS, LIO B CBOIO YEPry BHKIIHMKAE
3MiHY BHXIJHHMX CTPYKTyp. Taka jaiajeKTHuHa B3a€MOJisl MUK CTPYKTypamu
B mnomictpyktypHux KBM mnorpebye audepeHmiiHOro BUBYECHHS KOXKHOI
CTPYKTYPH 3 MOCIIIOBHUM IX 3'€/IHAHHSIM Y KOMIIO3UT.

baratopiBHeBa  opranizauiss  crpyktypu KBM  nmocrarHbo  4iTKO
MIPOIVISIIAETECST B OeTOHAX, SIK HAWOILIBII MacoBill NMPOMyKii MPOMHUCIOBOCTI
OyniBeJIbHUX MarepiaiiB, Bijl CyOMIKpPOKpPHCTAIIIB reJIeBOT CKIIaI0BOI 3 pO3MipOM
10%..10"° M 1o  HeogHOpiAHOCTI  "pPO3UMHHA  YACTHHA-3AIMOBHIOBAY"
3 XapakTepHUM po3mipoM 2-102 m.

MiKpOCTpYyKTypa YTBOPIOETbCS ULUISIXOM  CYMIIIEHHS  HHU3BKOB'SI3KUX
B'SOKYYMX 1 JMCIIEPCHUX HAIIOBHIOBAYiB, BKIIIOYAIOYHM JAWCIIEPCHY apMarypy
MUIKHX (pakiuii (IeMeHTy i BoJH, O1TyMy 1 TOPOIIKY, TOJIMEpY 1 HAOBHIOBAYA).
BrnactuBOCTI MIKPOCTPYKTYpH BH3HAUAIOTHCS SIBUIIAMH, SIKI IPOTIKAOTh
y KOHTaKTi pinkoi i TBepaoi ¢as, To0TO 3aiexarh Bij KUIBKOCTI HAllOBHIOBAYa,
Horo nucnepcHoCTi, (Di3MKO-XIMIYHOT aKTHBHOCTI IIOBEpPXHi, KOHIIEHTpalii
B'SDKYHYOr0, KUIBKOCTI HEOE3MeUHHX JUIS JTaHOI CTPYKTYypH JAe(eKTiB Ta iHIIUX
¢axropiB. MIKpOCTpyKTypa INpUCYTHS 3B'S3KOBUMH B’spKyduMu KBM, min
SIKHMH  PO3YMIIOTh OIHApHI KOMIIO3HUIIIT, IO CKIAJAIOThCSI 3 HH3BKOB'SI3KHUX
TUTACTUYHUX B'SDKYYUX 1 HAIIOBHIOBAUiB.

B3aemoist OkpeMUX KOMITOHEHTIB 1 cKJ1aoBUX cTpykTyp KBM 3xilicHIoeThCst
1o noBepxHsaM posaiiy (I1P). Moxna Buninmutu tpu tunu [1P, xapakrepHux [uist
Mikpo- 1 MmakpocTpykTyp KBEM:

1. Ilpm  B3aemoxii  OKpeMHX  KOMIIOHEHTIB  3JIHCHIOETBCS  IX
B32€MOPO3UYMHEHHSI.

2. Bs3aemopuisi KOMIIOHEHTIB CYNPOBO/DKYETHCS XIMIYHUMM PEaKLisIMH,
y 3B'SI3Ky 3 UAM YTBOPIOETHCS MEPEXiHUM map 3 MoAU(IKOBAHOTO Marepiaiy.

3. Ilpm B3a€MOJi1 KOMIIOHEHTH HE CTBOPIOIOTH TIEPEXI/IHI IIapH.

Bupineni tunm ITP ctBOprotots cBoi crpykrypu KBM, i moBuHHI Marn
XiMiYHYy cTaOlIBHICT Ha BeCh HEpioj eKcIulyaTaiii, 3a0e3redyBaTy 3aJaHui
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piBEHb MEXaHIYHMX BJIACTHBOCTEH ISl TEPEPO3NOAITY TEXHOJOTIYHHX,
eKcIuTyaTaiiHux jaedopmMaliii 1 HanpyXeHb MK OKPEMHMH KOMIIOHEHTaMH
Ta CTPYKTypamH, 3a0e3ledyBaTH BIACTUBOCTI TETEPOreHHOI cepeau SK
enuHoro Marepiainy. Kpim toro, IIP, mo 3'sBuimcs, 3qaTHi NPUCKOPUTH 200
YIOBUIBHUTH PO3BUTOK TPIIMH B CHCTEMi, 1[0 HEOOXiHO BpaxoByBaTH IpU
MIPOEKTYBaHHI CKJIQJIB Marepiady 3 MIHIMAJIBHOI KUIBKICTIO TOYaTKOBUX
nedekriB. B HamoBHeHMX cucTeMax po3BHHYTa IuUIoma mnoepxHi [IP 3narna
Moan(iKyBaTH BIACTMBOCTI I'OTOBOTO Marepiany 1 3MIHIOBaTH yYMOBH HOTO
TEXHOJIOTIYHOT epepOOKH.

Knacugikanito KBM Ha MakpopiBHI MOXKHa TIPOBOAMTH [0 BHIY
1 IPU3HAYEHHIO 3aITOBHIOBAYIB:

1. ByziBenbHI KOMITO3UTH i3 3aIIOBHIOBAaYaMH y BUIVISI I'PaHyJl PABUIILHOT
i HempaBwiIbHOI (opMHU. BeToHM MOXKYTh MaTH XaOTHYHO pPO3TAllOBaHY
apMarypy, TIONEpeYHi pO3MIpH EJIEMEHTIB SKOi TOpIBHSIHI 3 KPYITHICTIO
3aII0BHIOBAYIB.

2. KBM, Hacu4eHi JIHIHHUMH apMYIOUUMH €JIEMEHTaMH 3 ONTHMaJIbHUM
TEOMETPUYHUM DO3TALIYBaHHSAM B iX CTPYKTYpi i 1o 00'eMy KOMITO3UTHHUX
BUPOOIB.

3. KBM, ckuiajieHi i3 B’spKy4HX 1 OpIEHTOBAaHUX BOJIOKHHCTHX 3aIlIOBHIOBaUiB,
00'€JTHaHKX Y IUIOCKI apMyIOUi €JIEMEHTH.

4. KBM, cKOMITOHOBaHI 13 B’sDKYYHX 1 3aIlIOBHIOBaYiB, 00'€/IHAHUX Y KapKacu
1o 00'eMy BUpOOIB.

3anporioHoBaHa Kiacu(ikalis M0 BUAY 1 NPHU3HAUCHHIO 3alIOBHIOBAdiB
nependayae, Mo MPYKHO-MEXaHIYHI XapaKTepUCTHKH 1 1X HIUIbHICTH MOXYTh
OyTH BUILIE, IOPIBHIOBATH 200 OyTH HIDKYE IPY)KHO-MEXaHIUHUX XapaKTEPHCTHK
1 NIIJIBHOCTI B SDKYYHX.

2. XapaKTep po3noBCIOAXKEHHS BHYTPILLIHIX MOBEPXOHb PO3ainy
i TEXHOIOrYHMX TPILWMH B 6eToHax

[IpoBeneHi nocHiKeHHS 1 aHaIi3 TTOKa3aJlu, 10 Ha KOKHOMY BHJIIJICHOMY
pPiBHI CTPYKTYpHUX HEOJHOPIJHOCTEH peaji3yeThCsi CBii  MEXaHi3M
CHOHTAHHOTO CTPYKTYpOyTBOpeHHs. [Ipu 1bOMy SIKICHO HE CXO0X1 MeXaHI3MHU
oprasizamii CTPYKTYp HpPHU3BOAATH JO YTBOPEHHS CXOXKHX CTPYKTYPHHX
rnapaMeTpiB — BHYTPIIIHIX mnoBepXxoHb posairy (BIIP) 1 texHomoriyHMX
TpimH. BIIP pi3HMX TUMIB 1 TEXHONOTIYHI TPIIMHU BH3HAYAIOTh
TeTepPOreHHICTh OKPEMHX CTPYKTYPHUX HEOJHOPITHOCTEH 1 reTeporeHHicTh
Bchoro Mmarepiany. Takum gwmHoM, BIIP i TeXHOJOTrIYHI TPIMIMHE MOXHA
BiIHECTH /0 NpUAOaHUX CTPYKTYpHHX €JEMEHTIB, BHJ 1 Xapakrep
PO3MOBCIO/DKEHHST SIKMX BHM3HAYalOTh y NOAAJIBIIOMY 3[aTHICTh AKTHBHO
BIIMCYBATHCS B YMOBHU €KCILTyaraiii.
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Jnst sKiCHOT OLIHKM pOJi OAHUX abo IHIIUX EJEMEHTIB CTPYKTypH
B IIOBEIHII MOJICTPYKTYPHOTO Marepially BHUHMKJIA HEOOXIIHICTH PO3poOKH
Mozedi cTpykTypu 6etony. [Ipu po3po0ui Mosiesni 6eToHy BUXOIUIIH 3 arpiopHOi
iHpopMalii Tpo HAsBHICTh Ha BCIX PIBHAX CTPYKTYPHHUX HEOIHOPIIHOCTEH
HecyuiibHOCTEH y Buninl BIIP i TexHomoriynmx TpimuH. HesanexHo Bix
IIPUYMH CTBOPEHHs 1 MacmrabHoro piBHs BIIP marore 3aranbHi O3HaKH, 10
SIKMX MOKHA BiJTHECTH:

—  PO3ALJICHHS MaTepiaiy Ha OKpeMi (parMeHTH, 3 yTBOPEHHIM (parMeHTiB
4y 1apiB MOAM(IKOBAaHOTO Marepiaiy, BIACTUBOCTI SIKOTO BIIPI3HAIOTHCS BiJl
BJIACTMBOCTEH Marepiaiy B 00'eMi;

— 3JarHICTH cCHpUAMaTH HaBaHTaXeHHS 1 xgedopmamii y 3BSIBKY
3 30BHIIIHIMHM BIUIMBaMH 1 BHYTPIIIHIMH NpPOLIECAMH, SIKI IEPEAaloThCs Bill
(dparmenra 10 GpparmeHra;

—  3JaTHICTBh NepeposnoaisaTu aedopmarii Mixk pparMeHTaMHu;

— € OJHMM I3 B@KJIMBUX JOKEPE]T BHYTPIUIHBOIO 1 30BHIIIHBOTO
TEIJIO00MIHIB.

Sk nokaszano B!, Geperu TpimuH sik cBoepiani BITP cipuiimaroTsh 06'eMHi
nedopmariii, 10 po3BUBAIOTHCA Yy TBEpAitouoMy B'spKydomy. Lle mpusBoauth
JI0 30UIBIIEHHS] MIMPUHU PO3KPUTTS TPIMIMH, HAKOIMYCHHS MaKCHMallbHUX
IUTACTUYHUX  JedopMamiii 1 CKauykonoaiOHOro NPOPOCTAHHS — TPILIMHU
JI0 HACTYIIHUX MiClb 3aTpUMKH. [Ipu 1bOMY 31iHCHIOETBCS 30UIBLICHHS
IUTOILI TTOBEPXHI OEperiB TPIIMHM, IO A€ MOXIUBICTh CIPUAMAaTH OibIi
nedopmanii 1 iX rpagieHTH, Ta NPHU3BOAWUTH JIO MOSBU SBHUI] (OPMO3MIHU
MIPOTHIICKHUX OeperiB i mojasblie 301IbIMIEHHS IX PO3KPUTTS Ta HACTYITHOTO
MIPOPUBY MiCLlb 3aTPUMKH. Y BHIIAQAKY NMPOPOCTAHHS TPIIIMHU 10 MEPETUHY
3 Oeperamu iHIIOl TpimuHM 1i QYHKIII SK KOHLEHTparopa HamnpyXeHb
BTpavaloThCsl, 1 BOHA neperBoproeTbest y BIIP 3 koMIuiekcoM mepepaxoBaHUX
Bumie o3Hak. TakuMm umHOM, BIIP € 3aBepiieHuMu y CBOEMY pPO3BUTKY
TEXHOJIOTTYHIUMHU TPIIIHHAMH.

B 3aranpHOMY BHNQAKy B MOJENb CTPYKTypu OetoHy BikitoueHi BIIP,
YTBOPEHI B PE3yJIbTaTi B3a€MOJIi1 PO3UMHHOT YACTHHH 3 KPYITHHM 3aIl0OBHIOBaYEM
(puc.3,a) 1 LEMEHTHOIO KaMEHIO 3 MUIKMM 3anoBHIOBaueM (puc.3,0) ta BIIP
MDKKIIACTEpPHHUX ITOBEPXOHb PO3/iy Ha PiBHI IIEMEHTHOTrO KameHs (puc.3,B).
[Tpu upomy MoxxHa BuuTH BITP Ha Mexi po3niny MaTpwili 3 3al0BHIOBaYaMu
i BIIP y marpuuHomy marepiadi.

Jlo TEeXHONOTIYHMX TPIIIMH MOXKHA BITHECTH HECYLUIBHOCTI Marepiaiy,
10 YTBOPIOIOTHCSI HA PI3HUX PIBHSX CTPYKTYPHOI HEOIHOPITHOCTI, SIKI MOXKHA

1 ConomatoB B.I.,, Buposuit B.M., Jlopodee B.C., Cipenko B.B. Kommosumiiiui

OyniBenbHI MaTepiann i KOHCTpYKLii moHIKeHOT MaTepianoemkocti. Kuis, 1991. C.55.
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OXapakTepu3yBaTH NPOTSDKHICTIO, SiKa B JICKLIbKA pas3iB OlIbIle po3Mipy Mix
MIPOTWIICKHUMH TIJIOIMHAMU (Oeperamu) 1 HasiBHICTH OfHI€T ab0 JBOX TOYOK
(J1iHiif) 3MUKaHHS POTWICKHUX IUIONIMH (Oeperis).

Puc. 3. Moaeab cTpyKTYpU 0eTOHY

a — maxkpocmpykmypa; 06 — pieenv "pozuunna wacmuna — Kpynuui 3anoeniogay’;
6 — pisenvb "yemewmmuull Kaminb — MIIKul 3anoeniosau'; 1 — KpynHuil 3anoeHiosay;
2 — po3uunHa wacmuHa;, 3 — MIIKUL 3aN06HI06aY, 4 — MpiWuHU 34enjieHHs no 6cil
NOBepXHI 3aN06HI06AUI8, 5 — MPiwuUNU 34enieHHs, PO3MAUOBAN] HA OKPEMUX OLNAHKAX
NOBEpPXHi 3ano6HI06aYi8;, 6 — MpiWuHU, PO3MAWOBAHT MIJIC 3anoeHIOGauamu; 7 —
mpiwunu, AKI 3aMuKaromecs na bepeeax inwux mpiwun, 8 — mpiwunu, ne3agepuieni
y ceoemy po3sumky; 9 — moougixosanuii nosepxnesuii wiap na BIIP i bepecax mpiwun;
10 — yemenmuuii xamino;, 11 — mpiwunu, wo SuHUKIU 6 pe3yibmanmi 63aemooil
MITKUX 3aN08HIOBAYIE | yeMeHmHo20 Kamenlo; 12 — cmpykmypui 610Ku yemeHmHozo
Kamenro; 13 — midcknacmepni nogepxmi posoiny, 14 — mexnono2iuni mpiwunu na pismi
YeMEeHMHO20 KAMEHIO

[IpuunHOIO BUHUKHEHHS 3apOAKOBUX TPIMMH € O00'€eMHI 3MiHM, SIKi
CYIPOBO/KYIOTh TBEPIIHHS 1 CTPYKTypOYTBOPEHHS MIHEPaJbHUX B'SIKYyUHX.
MorkHa TpeICTaBUTH, 1110, PO3BHBAIOYKCH TI0 TEBHUM 3aJIC)KHOCTSIM y BCHOMY
00'eMi MaTpuUHOTO Marepiay, aedopmariii 0THOYACHO IHIIIIOIOTh PHHIIUIIOBO
pi3HI MeXaHi3M{ yTBOPEHHS 3apOAKOBHX TpiluH (0a30BHMX HECYIILHOCTEH)
B JIeTepMiHOBaHUX Miclsix. Ha piBHI CTpyKTYpHOI HEOAHOPITHOCTI "MaTpuIs-
3amoBHIOBa4i" MICIIe BHHHMKHEHHS 3apOJKOBMX TPIIIMH BH3HAYA€THCS
TEOMETPHUYHUMH XapaKTEPUCTHKaMH MaKpPOCTPYKTYPH 1 CHIBBiIHOIICHHSM
3HadeHb R, 1 R.. V Bumaaky R, < R, 3apoixoBi TpilllMHM BUHUKAIOTH Ha
MEXI pO3UTy MK MarpUYHUM MarepiajioM 1 3alOoBHIOBAYEM 3 IOAAIBIINM
IIPOPOCTAHHAM Ha il rpanuui po3ainy. s cutyanii R, > R, 3aponkoBi TpimuHu
3'ABISIOTBCS Yy MarpUYHOMY Marepiaini MDK 3amoBHIoBauamu. Ilopmanmbmra
TPAEKTOPisl TAaKUX TPIIIMH BU3HAYAETHCS CTPYKTYPHUMH OCOOIMBOCTSIMHU
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Marpu4yHOro marepiany. KoHKpeTHe Miclie MOSBH TPIIUHA B MaKpOCTPYKTYpi
1 Mikporpaekropii ii pPO3BUTKY MOB'S3aHI 3 YTBOPEHHSIM MIDKKIACTEPHHX
TIOBEPXOHB PO3JITy PI3HOTO MacITaOHOTO PiBHS, SIKI MPH 00'€MHUX 3MiHaX, 110
TIPOJIOBKYIOTBCS, 37aTHI TPAHC(POPMYBATUCS B TEXHOJIOTI4HI TpitHu uu BIIP,
SIKI XapaKTepHi JUIsl JaHOTO PiBHS CTPYKTYpPHOI HEOIHOPIJHOCTI.

MoskHa TpeACTaBUTH, WO Ii IPOLECH pEeali3yloThCs Ha yCIX PIBHIAX
CTPYKTYPHUX  HEOJHOPIAHOCTEH,  B3a€EMOBIUIMBAIOYM 1  B3a€MOIIOUU
OAMH 3 OAHUM. Y BHNAAKy MOJICTPYKTypHOI oOpraHizamii marepiamy
o0'emHi nedopmarii, nepexosud Ha OUIBII BHCOKMH pIBEHb CTPYKTYypHOI
HEO/HOPITHOCTI MPHU3BOIATH JI0 MOSBU 3HAYHMX IUIOMIMH TOBEPXOHb PO3JILITY.
Micrie 1 BUJ [UX IUIONIMH BH3HAYAKOTHCS OCOOJIMBOCTSIMH JIAHOTO PIiBHS
CTPYKTYPHHUX HEOJHOPIIHOCTEH, 1 BOHM ABTOMAarHYHO BXOISITH CKJIAJ0BOIO
YaCTKOI0 B CTPYKTypy Ha piBHI B3a€MOAii LIEMEHTHOTO KaMEHIO 3 MIIKHM
3anoBHIOBa4eM (puc.3,0) i Ha piBHI caMOro IIEMEHTHOrO KaMmeHio (puc.3,B).
B Momeni mpeicTaBieHI TEXHOIOTIYHI TPINIMHHU, SKI B IMPOLECI CBOJFOLIT
Marepiary He BUPOAWINCH y TIOPH 1 KaIJIsIpy 3a paxyHOK "'caM03alikoByBaHHs".

OCKIiJIbKH TPAEKTOPIs IX PO3BUTKY BH3HA4YEHA JUCKPETHOIO OyIOBOIO Pi3ZHHX
PIBHIB CTPYKTYpHHUX HEOJHOPIJHOCTEH, TO J0 BHU3HAYEHOTO pPIiBHS BIUIMBIB
eKCIUTyaTaliiiHl TpiMHU OyayTh 3aMUKaTHCs Ha Oeperax TEXHOJIOTIYHHX
TpitmH un Ha BIIP. [Ipu npomy eneprisi, HeoOXiJHa ISl 3pOCTAHHS TPIILUHA
PO3CIIOEThCS, IO 3aTPUMYy€E MPOLECH pyHHYBaHHS. 3aMHKaHHS TPIIUH Ha
Oeperax iHmmx TpinwmH yn BITP nepeBonuts ix y HoBoyTBOpeHi BIIP, npu sikux
(GyHKLii TPIIMHU SK OCHOBHOTO (hakTopy MOAUIy Marepialy Ha caMOCTiHHI
YaCTHHH BTPa4YatoThesl. PIBEHB BIACTHBOCTEH PH LIbOMY HE 3MIHIOETHCS OCKIITBKU
TEXHOJIOT1YHI TPIIIMHU IIEPETBOPIOIOTHCSI B EKCIUTyaTalliifHI 1 pO3BUBAIOTHCS
B MEXKax OJIHOro CTpPyKTypHOro ¢parmenty. Ilomanbiri HaBaHTaXeHHs! OyayTh
BukiuKkari 00’equanHs BIIP i TpimmH pi3HUX CTPYKTYpHHUX (DparMeHTiB IO
JIOCTAaTHBO CKJIQJIHUM TPAEKTOPISIM, SIKI 3aJIe)KaTh BiJl IOYATKOBOTO JHCKPETHOTO
CTaHy KOJKHOTO PiBHS cTpyKTYpHOi HeoqHopiaHocTi. [Ticast 00’ exnanns BIIP no
PO3Mipy MaricTpaibHOI TPILIMHA MOXKE CIIOCTEPIraTHcs Il He3BOPOTHE 3pPOCTAHHS
JI0 TIOBHOTO PO3IUJICHHSI Marepialy B KOHCTPYKIii Ha YacTHHU (PYIHYBaHHs).

B cuny Toro, mo KiHeTMKa pyHHYBaHHsS Marepiasy KOHCTPYKILIH, sKi
eKCIUTyaTylOThCsl B EKCTPEMaJbHUX YMOBax, B 3HA4YHId Mipl BH3HAYA€THCS
BHJIOM 1 XapakTepoM po3noscropkeHHs BIIP i TexHONMOriYHUX TPIMIKMH Ha Pi3HUX
PIBHSIX CTPYKTYpPHUX HEOAHOPITHOCTEH OETOHY SIK IMOJIICTPYKTYPHOTO MaTepiaiy,
MO)KHa BB@)KaTH, 1110, 3MIHIOIOYM OCHOBHI IapaMeTpU BHXIIHUX CTPYKTYPHHUX
€JIEMEHTIB B 3aIIPOIIOHOBAHIM MOENI CTPYKTYpH OETOHY, MOKHA OULIBII MOBHO
BHUKOPUCTOBYBATH pECypC Marepiaiy 3a paxyHOK 3MiHU HOro pyHHyBaHHS.

B sikocTi 0ocHOBHUX (hakTOpIB, sIKi JO3BONISIIOTH 3MIHUTH BUJ 1 Xapaktep BITP
Ta TEXHOJOTIYHUX TPILIMH, MPUHHATI (hopMa 1 MIHEPAIOTIYHUI CKIIa]l KPYITHUX
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3al0BHIOBAYiB. 3MiHA [UX €JEMEHTIB J03BOJIUTH OTPUMAaTH OCTOHU 3 PI3HUMHU
TUIIAaMH CTPYKTYPHUX HapaMeTpiB Ha PiBHI MakpOCTPYKTYPH, MPEICTABICHOIO
HEOJTHOPIHICTIO "PO3YNHHA YaCTHHA-KPYIHI 3arioBHIOBaYi".

KinbKicHY OILIHKY MOIIKOYKEHOCTI OETOHY TEXHOJOTIYHUMH JAedekramu
MIPOBOJIMIIM Y€PEe3 BU3HAYCHHS MOIIKO/DKEHOCTI TOBEPXHEBUMH TPIIIMHAMHU.

[NomkomxeHicTh OeTOHY JedeKkTamMy BU3HAYaJM BHMIPIOBAHHSAM JIOBKHUHU
MOBEPXHEBHUX TPIIIMH KypBiMETpoM 3 TouHIcTIO 10 0,001 MM Ha IPOTHIEKHUX
rpassix 3paska. [ToBepxHeBi TpilHU (iKCyBaIUCs BUTPUMKOIO 3pa3KiB Y BOAHUX
po3uMHax TaHiHy. 3MiHa Jy)KHOCTI OCTOHY B padOHI TPIMH 3MiHIOBaja
3a0apBICHHS TaHiHIB, BUABILSIIOUH Ta (ikcyroun Tpimunau'2. [lpuitHara MeToanka
BU3HAYEHHS TPIMIMH TI0Ka3aja, 110 BOHA MOXKE JO3BOJIMTU BUSIBILSITH TPIILUHU
LIMPUHOK PO3KPUTTS Big 2 MKM 1 OUlble i JOBKHHOIO 2 MM i Olmblie.
TexHoOrIUHI TPIIIMHU BU3HAYAIMCS Ha 3pa3kax BikoM moHaa 200 mib (puc.4).

]

X
o
=
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Puc. 4. Meton Bu3HaYeHHs KoedilieHTa yIIKOMXKEHOCTI:

1 — mexuonoeiuna mpiwuna doexcunoio 1, ; 2 — eeodesuuna ninia I; 3 — euodinena

cre?

OiNAHKA HA NOBEPXHI GEMOHY
KH = lcrc/l (1)

®i3ugHa CcyTh KoeQillieHTa ToIArae B OINHII NHTOMOI JOBXHHHU
MTOBEPXHEBUX TPILINH, BUABICHUX Ha OIUHMUII JOBXHWHH. 3i 30imbmeHHsIM K,
MIITHICHI 1 JeOpMaTHBHI XapaKTePUCTHKH OCTOHY 3HIKYIOTHCS.

PosmssHemMo  MexaHi3M  TpaHchopMamii  TEXHONOTIYHHX  TPIMIWH
B eKcIUTyaramiiftHi. [ MOosSCHeHHS MeXaHi3My 3apODKEHHS TPIIMH TIPH il
3HAaKO3MIHHUX HaBaHTaKCHb 3aIPOIIOHOBAHO Kilbka Mojenei (puc.5).

2. opodees B.C., 3inuenko I.B., IlenikoBa A.I. BruiuB TeXHOJOTIYHOI MOUIKOIKEHOCTI
Mmarepialy Ha HampyXeHO-Ae)OpMOBAHUII CTaH 3THHAJIBHUX 3a1i300€TOHHHX EJIEMEHTIB.
Bicnuk Jlvgiscvbko2o HayionanbHo2o azpapro2o yuigepcumemy, Apximexmypa i cinbcbke
oyoienuymeo. 2017. Bumn. 18. C. 77.
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Puc. 5. MexaHi3Mm 3apoj:keHHs1 TPiluH (a) Ta ioro po3BUTKYy (0)

1...1V — emanu 3apodacennsi ma po3eumky emomHux mpiwun, 1...3 — depopmyearns
no nrowunam; 4, 5 — amina xapakmepy nogepxti; 6 — 3ap0O0NCeHHsT MPIWUH eKCmpy3ii;
7 — 3apooicentsi mpiwuH inmpysii

[Tin nieto po3TAryro4Mx HamnpyKeHb B JISSIKIA IUIONIMHI BiOyBaeThesl 3CYB.
3cyB y 3BOPOTHOMY HANpsIMKy (3MiHa 3HaKy HalpyXeHb) iJie Mo mapaiesbHiid
wiommuHi. [Ipy bOMy MOXIIMBI BUIABIIOBAaHHS 200 E€KCTPY3isl UM BJIABIFOBAHHS
a0o0 1HTpY3isl MOBEPXHI JOCUTH 130TPOITHOTO 1 Mpy>kHOTo Marepiainy. [Tpu 3MiHHIX
HaINpy>KeHHSX BIIABIIOBAHHS SIBJSIE COOOIO 3apOJIKOBY TPIIIMHY, 3AaTHY 3pOCTaTH
JI0 TOTO 4acy, IOKH JIOCSATHE IOBXKHMHH, NMPU SIKidH BH3HAYAIBHOIO YMOBOIO
HOJIAJIBIIIOTO 3POCTAHHS CTAIOTh HaNpy>KeHHst Ot 1 Bepiumuu (puc. 5, 0).

[Npunyckaersesi, MO0 B TOJi BHCOKMX HAalpyXeHb Yy BEpIIMHI TPILIMHA
BiOyBaeThCs 3cyB. lle cripuumHse 30UTBIICHHS NIMPUHA PO3KPHUTTS TPIIMHA Ta
ii 3pocranns Ha Aa. BinOyBaerbest 3cyB Ha il monmsi (eran IIT). dudysiiini
NPOLIECH 3[aTHI TMEPETBOPUTH TOCTPUIl KiHelb TpiMHU Ha Tymwmid. [lin miero
CTHCKAIOYMX HAlpY)KeHb IIMPUHA PO3KPUTTS TPIIMH 3MEHIIYEThCS, 1 TUIACTUYHI
nedopMartii, 10 BUHUKAIOTh, CIIPHUSIOTH BIHOBJICHHIO rocTporo rupia (eram V).
ITicns 4oro LUK IOBTOPIOETHCS 1 TIllMHA 301IBIIY€EThCS HA YEProBe 3HA4CHHS Aa,.

[IpeacTaBuMO HamiBHECKIHYEHHY IUIACTHHY 3 TPIMIMHOIO, PO3TAIIOBAHOIO
Ha oci cumerpii (puc. 6). Ilin BIiIMBOM 30BHINIHIX BIUIMBIB Marepiay 3a3Hae
00'eMHuX aedopMariiit 31 3SMIHHUM 3HAKOM.

ukn nmounHaersest 3 aedopmariii 30iabmeHHsT 00’ emy. Uepe3 npuitHATI
NpUMyIIeHHs Oepera TpiluH Oy1yTh MepeMilaTucs mapaieabHO caMuM cobi'?.

3 Nopodees B.C., Buposuiit B.M. TexHonoriuna momkoKeHICTh OyaiBeIbHIX MaTepiamiB i

koHCTpykuii. Oxeca, 1998. C. 88.
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Puc. 6. MexaHizM BTOMHOIO 3pOCTAHHS T€XHOJIOTiYHOI TPIlIMHHU NPH
3HAKO3MiHHHX 00'eMHHX AedopManisix HAGYXaHHA: reoMeTPUYHI
napaMeTPH TeXHOJIOTiYHOi TPilMHM (2); 3MiHA reOMeTPHYHHX
napaMeTpiB TpilllMHU NPU NJIACTHYHUX Aedopmanisax 6ins ii rupJa (0);
3MiHa mapaMeTpiB TPilIMHU NPU NJIACTHYHOMY dedopMyBaHHi rupjaa Ta
ii OeperiB (B); 3MiHa BJIaCTHBOCTell TPIlIMHM 32 PaxXyHOK ii 3pocTaHHs (T)

BBenemo kiHIeBi po3Mipm 3pa3ka 1 HmpuUiiMEMO, IO B HBOMY TPIIIMHU
pO3TaIIoBaHi mapaieiIbHO OfHA J0 OJHOI Ha BiICTaHi, MpH AKiH BinOyBaeThCs
HEpIBHOMIpHUH po3nonin aedopmamii SK MO JOBXKHHI TPIMIMHH, Tak 1 Ha
MIPOTHIICKHUX Oeperax (puc.7).

30inpImeHHEsT 00’eMy MaTepialy BHKIMKA€ HEPIBHOMIPHUN PO3MOIIT
nedopmariiit Ha 6eperax TpimuH (puc. 6, 0).

Posnonin nedopmarii B paitoni Tpimmar AB 3a yMOBH NiHIHHOT 3a7I€KHOCTI
MK 00'eMHUMH 3MiHAMH MaTepiasly Ta Horo IniHIHHUMH aedopMariisvMu
BH3HAYaIH TpadoaHaTiTHIHIM METOIOM.

AmHami3 mokasaB, IO Yepe3 TeOMETPHYHI OCOOMMBOCTI B3a€EMOPO3TAITyBAaHHS
TPIIMH Ta X PO3MIpiB BHHUKAIOTH TPAMiEHTH nedopmariii, sKi BHKIMKAIOTh
mosiBy medopmariit 3cyBy. OcTaHHI MOXYyTh BHHHMKHYTH SK Ha camoMy Oepesi
TpimmHY, Tak i Ois 1i rupia. Ha Gepesi Tpimuan gedopmaliii 3maTHi yTBOPIOBATH
JUIHKY BHZABIIIOBAHHS, 10 BEIE JO YTBOPEHHS BTOMHHX 3apOIKOBHX TPILHH.
3cyB y BepIIMHI TPIOMHHU BeAe 10 1l po3BUTKy Ha 3HadeHHS Aa. [pamieHt
nedopmariii BI3HaYa€e HApsIM PO3BUTKY TAaKOi TPIIIMHU. TakuM YMHOM, BXKE Ha
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cra/ii 30UTbIIeHHS 00’ €My MaTepialy IpH HepiBHOMIPHOMY po3roaiti Jedopmartiit
HaOyxaHHsI Ha Oeperax TPIlMH MOKIIBE 3POCTAHHSI TPIIIMHH Ta TTOSBH 3aPOIKOBUX
TpimuH. BinOyBaeThest IpOOTICHHS CTPYKTYpPH Matepiary 3a CXeMoro (puc. 7, B).

Puc. 7. MexaHi3m 3pocTaHHs BTOMHOI TPillMHU npH Aii Ha ii Oeperu
Pi3HOBETHKHX ycaaAKOBHX Aedopmaliii: po3moain ycagkoBux aedopmaniii
y 3pa3ky 3 TpilumHaMu (a); reoMeTPUYHI MapaMeTpH TPIlMHHU Ta
po3mnoain Ha ii Oeperax gedopmanii HaGyxanus (0); 3MiHa reoMeTPUYHHX
napaMeTpiB TPilllMHH 32 PAXYHOK IUIACTHYHOTO dedopMyBaHHs Oeperis
i rupaa (B); Te caMe 3a paxXyHOK 3apo/izKeHHs Ha il 6eperax HOBHX TPilllUH
(r); 1 — 3pa3ok; 2 — noBepxHeBi TpiluHN; 3 — pi3HOBeTUKI ycaaKoBi
nedopmanii; 4 — Tpimuuu B 00’emi MaTepiay; 5 — 30HU MIACTHYHOCTI HA
Oeperax; 6 — 30HH MJIACTHYHOCTI 0insA rupsaa; 7 — HOBi MOBepxHi po3aixy
Ha Oeperax TpiluHu

[orentiitHa MOXIIMBICTH 3POCTaHHA Ta TpaHC(HOPMAIlii TEXHOIOTITHIX
TPIIMH B eKCIUIyaTaliifHi MpH 3HAKO3MIHHHX OO0'€eMHHX 3MiHaX MaTepiary
CTaBUTH 3aBJaHHA BHWBYCHHS BIUIMBY KiNBKOCTI HHUKJIIB 3MiHH 00’eMy Ha
HAKOMTMYEHHS TOMIKO/KCHb y OeToHi. 30UTbIIEHHS Ta 3MCHIICHHSA 00 eMy
Marepiamy BimOyBaeThCs TpU HOTO eKCIUTyaTamii B yMOBaxX IEPiOAWIHOTO
3BOJIOKCHHS 200 BHCYITyBaHHS, 3MiHH TeMIIEpaTypHy Ta iH.

[IpoBeneno BumpoOyBaHHS 3pa3KiB BikoM 540 mi6 Ha [it0 MaJOIMKIOBOTO
3BOJIO’KCHHSI Ta BUCYILYBaHHS 3 METOI0 BU3HAYECHHS XapaKTepy TEXHOJIOTIYHOI
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TIOLIKO/PKEHOCTI Ta HOro BIUIMBY Ha KIHETHKY PO3BUTKY EKCIUTyaTaliiHUX
TpimuH. KijgbKiCTh IMKIIB 3BOJOKEHHS Ta BUCYIIyBaHHS craHoBmia 80 Ta
110. ¥V mpormeci AOCTIIKCHb BUMIPIOBAIOCS HAKOIWYCHHS IOIIKOKCHb Ta
K,,. JlocnimkeHHs NOKa3aiy, [0 B Mipy 30LIbIIEHHS LUKIIB 3BOJIOXKECHHS
Ta BUCYIIYBaHHS y OETOHAaX pI3HOIO CKJIQAy BiJOyBAa€ThCS HAKOIMYCHHS
notkokeHp' . TIpn 1bOMy MOXKHa BHAUIATH TPU BUIAJKH HAKOMHUYCHHS
MOIIKO/KEHB (puc. 8).
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Puc. 8. BniiuB 3B0/103keHHSI Ta BUCYIIYBAHHS HA 3POCTAHHSA NOBEPXHEBUX
TPIlMH: 3MiHA JOB/KMHH NOBePXHEBUX TPIilllMH (2); 3MiHA IHTEeHCUBHOCTI
3pocTaHHs TpiwuH (0); 1...4 — HOMepH ckJIaAiB 0eTOHY

s meprmoro BHMaAKy (puc.8,a) xapakTepHO, 110 mpu mepmmx 80 mukiax
BiOyBaeThCSI HE3HAYHE 3OUTBIICHHS [OBXHWHMA TPIIUH. MakcuMaabHe
30UIBIICHAS AOBKUHU TPIIIUHU CTaHOBUTH 04%. lle Moke OyTH TOB's3aHO
3 TUM, MO O00'€MHI 3MIHH [UIS JaHUX CTPYKTYp OCTOHY IPH MOYATKOBUX
LUKJIAX 3HAKO3MIHHOI eopmarnii He MOXKYTh MPU3BECTH JI0 YTBOPEHHS HOBUX
MTOBEPXOHB PO3ILUTY (TPIMIMH), a 3MiHA JOBXHHHU TPIIIAH MOXe OyTH IMOB's13aHa
3 TMIPOCTAHHIM TEXHOIOTIYHUX TPIIIHH.

Jns  gpyroro BHIagKy XapakTepHa IHTEHCHBHA 3MiHA IPOTSKHOCTI
TTOBEPXHEBUX TPIIINH, sKa Moxke cTaHOBUTH 290%. Lle moxe OyTu moB'si3ane
3 TIOSIBOFO Ta PO3BUTKOM HOBHX MOBEPXOHB PO3ILTY. 3i 301IBIICHASIM KiTBKOCTI
mukaiB Big 80 mo 110 BigOyBaeThcs pi3ke HAKOMUYEHHS TOMIKOKEHB,
1 MakcUMaIbHUI TpHUpIiCcT cTaHOBUTH 399%.

B oxpemy rpymy MOo)kHa BiTHECTH CKJIaJH, VIS SIKUX 3MiHA MOMIKOKEHOCTI
BiIOyBA€THCS MPOTIOPIIIIHO KITBKOCTI IIAKIIIB.

4 Jlopodees B.C., 3inuenko [.B., [lymkap H.B. BB TeXHOJOTIYHOI MOIIKOMKEHOCTI Ha
CTIiHKICTh OETOHIB MPH MANOLHUKIOBOMY HAaBaHTAXKEHHI Promising ways of solving scientific problems:
proceedings of IX International Scientific and Practical Conf. (Brussels, 26-28 December 2022).
Brussels, 2022. P. 21.
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BinMiHHICTB Y 3MiHI MOIIKO/PKEHOCTI OCTOHIB JI03BOJISIE OLIIHUTH IIBUIIKICTh
HAKOITUYCHHS JC(PEKTIB Mo iX iHTeHCUBHOCTI (puc.8,0). JlaHi mokas3yroTh, 10
JUIL 4acTHMHU OETOHHMX CKJIaJiB MaKCHMajbHa IIBUJKICTH HAKOIUYCHHS
nedekriB BinOyBaeTbess npu 80 nukiax. [lonmanbine 301TbIIEHHS KiIBKOCTI
LUKJIIB 3HIKYE IHTEHCHUBHICTH MPUPOCTY JOBKHMHHM PO3BUTKY TpimmH. Jlist
THIIMX CKJIaiB OeTOHY (4) IHTEHCUBHICTh HAKOIIMYEHHS 1e(EKTIB Pi3KO 3pOCTaE
miciist 80 1MKIIIB.

Excrutyaramisi KOHCTpYKIii B 30HaX IONEPEMIHHOTO BILIMBY BOJOIOCTI
riependayae, 1o Mpy 3MiHi KIIMaTHYHUX YMOB (HAaIPUKIIa, B 3MMOBHI 1Iepion)
Moe BifiOyBarHcs ix 6aratopa3zoBe 3aMOPOXKYBaHHS Ta PO3MOPOXKYBAHHSL.

BunpoOyBanHs mpoBoxmiiocs Ha 3paskax posmipamu 70x70%x280 mm 3a
IIPUCKOPEHUM METO/IOM (HACHUYECHHS Ta PO3MOPOKYBAHHS 3pa3KiB 3/11HCHIOBAIN
B 5% po3unni NaCl, a 3amopoxxyBanHs — B kamepi ipu -50°C). PozamoporkyBaHHs
MIPOBOJIMIIM Y BaHHI 3 BOJOO, Temmeparypa sikoi cranoBmia 15..20°C. Byino
nposeznieHo 100 nuKIIiB 3aMOPOXKYBaHHSI Ta BiJJTaBAHHSI.

[IpoBeneHi AOCITIKCHHS MOKA3aIH, MO 31 30UIBIICHHSAM KiJTBKOCTI IHKIIIB
y OeToHax BinOyBa€ThCsS HAKOMMYEHHS IOIIKO/DKEHb. MOXKHA BUAUIMTH JBa
BUIIAJIKN HAKOITMUCHHS MOUIKO/KEHB (pHc.9).

700
/ e
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500 1

J0BXUHA TPiWwMH L, cm

300

0 KinbKictb umknis, n 100
200

Puc. 9. Bniinp KijIbKOCTI IMKJIIB 3aMOPOKYBAHHSI Ta PO3MOPOKYBAHHS
HA 3MiHy NPOTSIZKHOCTI NMoBepXHeBUX TpimmH: 8...13 — HoMepu ckaaaiB
0eToHy

Jnsi mepumioro BHMIAJKY XapaKTepHE He3HayHe 30UIbIIEHHS IPHPOCTY
JOBKUHM TPIMHUA. MaKCUMaJbHUI NPUPICT 301IbIICHHS JOBKUHU TPILUHA

69



cranoButh 60%. lle Moxe OyTH TOB'sI3aHE 3 IOCTYIOBHUM MiJPOCTaHHSIM
TEXHOJIOTIYHHUX TPIIINH.

Jaist ipyroro BUNAKy XapakTepHa IIOMiTHA 3MiHa IPOTSHKHOCTI TOBEPXHEBUX
TpimuH, mo cTaHOBUTH 211%. Ile moB's3aHO 3 MOSIBOIO Ta PO3BUTKOM HOBHUX
MIOBEPXOHB PO3/LIY Ta HOBUX TPIilKH.

AHanoriyui 1ani oTpuMaHi It KoeilieHTa MOMIKOKEHOCTI.

BUCHOBKHN

[IpoBenenuii aHamni3z mokasye, 10 KOMITO3MLIHHI OyaiBesbHI Marepianu
€ CKJIAJCHUMM O0araTOKOMIOHEHTHHMH CEPEAOBHIIAMH 31  CKJIaJHOIO
OpraHi3ali€o CTPYKTYpU IO THIy "CTPYKTypa B CTPYKTypi" ud "KOMIIO3UT
B kommo3uTi". Taka ckiangHa opranizamis cTpyktyp KBM e 00'eqnyrouoro
OCHOBOIO MarepiaiiB pi3HOI NPUPOAM B’SDKYYHMX, 3alOBHIOBAaYiB 1 (i3HKO-
MeXaHIYHUX BiacTHBOCTel. Lle m03BOIIsE IiIECIPSIMOBAaHO BHUKOPUCTOBYBATH
OKpeMi CTPYKTYpHI €JIEeMEHTH 1 Hiai "CTpyKTypu', a TaKOXK TEXHOJOTIYHI
puioMH 1 crocoOM Uit OTPUMAHHS KiHIIEBOTO IMPOAYKTY 3 MiJABHIIEHUMHU
MEXaHIYHUMH XapaKTEpPUCTUKAMH 1 eKCIUTyaTallilifHOI0 HaIiHHICTIO.

@dopmyBaHHS! BHYTPIIIHIX TOBEPXOHb PO3ALITY MK MAaTPHYHUM Matepiajiom
Ta BKJIIOYCHHSIMM BU3HAYAETHCS XapaKTepOM aJre3iiHO-KOre3idHUX CHII
3B'A3Ky Ha MeXaxX pO3AlIy, Crioco0aMH YKJIaJaHHS Ta KiIbKICTIO BKJIIOYEHb.
LinecnpsimoBaHa 3MiHa IUX I[apaMeTpiB  JIO3BOJIUTH  ITPOTHO3YBaTH
TIOLIKO/PKEHICTh MAaKPOCTPYKTYPH TEXHOJIOTTYHUMH Je(EKTaMHU.

[IpuitHaTa MeTOAMKa OLIHKM TEXHOJIOTIYHOI ITOLIKO/PKEHOCTI uepe3
MIOBEPXHEBI TPILMHY [T0Ka3aJa, 110 3aPOIIOHOBAHUH CIIOCIO J03BOJISE BUSBUTH
TPILMHYU 3 MIMPUHOIO PO3KPHUTTS BiJ 5 MKM 1 JIOBXHMHOIO OLIbIIE 2 MM, IO
Jla€ MOXKJIMBICTh BHBUUTH PO3BUTOK TEXHOJIOTIYHHMX TPIIMH MpH il cepean
eKCIUTyaTallii, i TpaHCHOPMAIliF0 TEXHOJIOTTYHUX TPIIIUH B EKCILTyaTalliiHI.

BcraHoBiieHO  BIUIMB — [MOYATKOBOI — MOIIKO/DKEHOCTI  MaTepiaiiB  Ha
eKCIUTyaTaliiHl BJIACTUBOCTI KOMIIO3MIIMHMX OydiBENbHUX MarepialliB Ta
koHCTpyKIiit. [IpoBeneHuit anami3 103BOIIsE 3pOOUTH BUCHOBOK, 110 301IBIIICHHS
II0YaTKOBOT TOIIKO/DKEHOCTI 3a PaXyHOK YTBOPEHHs Oe3iidi TPIlMH CIpHsE
IHTEHCHBHOMY HaKOIIMYECHHIO IIOLIKO/DKEHb SIK 3@ PaXyHOK TEXHOJIOTTYHHX
TPIIIUH, TaK i 32 PAXyYHOK YTBOPCHHS HOBUX MOBEPXOHb o3y (TpimuH). e
BIUIMBAE€ Ha XapakTep PyHHyBaHHs 3pa3KiB MICis 3HAKO3MIHHOI nedopmarii,
1 7103BOJIsIE BU3HAYUTH CTIHKICTh Marepiayly NMpH pi3HUX 30BHIIIHIX BIUIMBAX.

AHai3 CTpyKTypH OETOHY sIK TpyOOreTeporeHHOro Marepiainy i MexaHi3MiB
CTPYKTYPOYTBOPEHHSI Ha MIKpPO- 1 MakKpOpIiBHSX JIO3BOJIUB 3alpONOHYBaTH
MOJIEJIb CTPYKTYpH OETOHY, B SIKy KpiM 3aIlOBHIOBadYiB, MaTpU4HOTO Marepiaiy,
MOAM(DIKOBAHOTO IIapy Ha MeXi PpO3JUly MaTpulll 1 3aloBHIOBaYiB, IOp
1 KamuisipiB, BKIIIOYEHI B SIKOCTI EJIEMEHTIB CTPYKTYPH TaKi €JIEMEHTH SIK
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texHousoriuHi TpimuHu i BIIP. B cBoto 4epry Texnonoriuyni Tpimman i BITP
KJacuQikoBaHi 3a MAaCIITAOHOIO 03HAKOIO, 32 MICIIeM BUHUKHEHHS 1 HAIIPSIMKOM
po3Butky. IIpoBercHui aHami3 JO3BOJIMB HAMITHTH TEXHOJOTIYHI IUISXH
OTpUMaHHS OETOHIB 3 PEryJbOBAHUMH BHJILICHUMH CTPYKTYPHUMH €JIEeMEHTaMHU
3 METOIO MiJIBUIIEHHS CTIMKOCTI IPU PI3HUX PEeKMMaX eKCILTyararlii.

AHOTALLIA

Po3risiHyTo KOMIO3MIIKHI OyniBenbHI Marepianu (OETOHHM), BIACTHBOCTI
SIKMX (OPMYIOTBCSI Ta TPaHC(HOPMYIOThCS y 4aci Ha BHYTPIIIHIX MOBEPXHSX
posnimy. Ormucano MexaHi3M (opMyBaHHS CTPYKTYpH KOMITO3HMLIHHKX
OyniBeJIbHMX MarepiajliB — OCTOHIB 3 YTBOPEHHSM IIOBEPXOHb PO3JALTY Ha
TUTOLIMHI KOHTAKTY, BKJIIOYEHb Ta MaTPHILi. SIK BKIIIOYEHHS PO3IVISIHYTO JApiOHUNA
1 KpYIHUI1 3aII0BHIOBAY, a SIK MaTPULS — PO3UMHHA YAaCTHHA 1 IEMEHTHHI KaMiHb.
[ToniOHe BWaiNEHHSI CTPYKTYPHUX DIBHIB J03BOJISIE BCTAHOBUTH BUHHMKHCHHS
HeOe3neyHnx Ae(eKTiB, po3Mip SKUX OUIBIIMN 32 PO3MIP CKIIAJIOBUX CTPYKTYpH
esemenTa. Tomy po3mip xaedexTy, Oe3nedHHil Ha OAHOMY CTPYKTypHOMY
piBHI, cTae HeOe3NeYHUM Ha OLTbII HU3BKOMY DiBHI. TEXHOJOTiYHI TPIIMHH
BU3HAYAIOTh ITOIIKO/DKEHICTh KOHCTPYKIIH TEXHOJOTTYHUMH Je(eKTamMH,
SIKI TPaHC(OPMYIOThCSI B CKCIUTyaTalliiHI Ta BU3HAYAKOTh CKCILTyaTallliiHy
HajiiHicTh. HeomHOpinHICTE KOHCTPYKIII TPONOHYETHCS BU3HAYaTH Yepe3
IIOBEPXHEBY MOUIKOKEHICTh TEXHOJIOTTYHUMH JiepeKTaMu.

BcraHoBneHO xapaktep TPIIIMHOYTBOPEHHS Ta PO3BUTKY TPIIIMH IpU ii
30BHILIHBOTO HABAHTAKEHHS y 3aJi300€TOHHUX CTUCHYTHUX 1 3THHAJIBHUX
eJIEMEHTax 3aJIe)KHO BiJl TEXHOJIOTIYHOI momkomkeHocti. IlokasaHo, 110
PO3MONia ycaakoBuX AeopMaliiii B OETOHI 3 CITKOI TEXHOJIOTIYHHUX TPIIIUH
BIUIMBAE€ Ha JeQOPMATHBHICTh 1 Ha CTIHKICTH NPH arMoc(epHOMY BIUIMBI
CepeioBHUINA, a TAKOK B YMOBaX BTOMHOI'O MaJIOIMKJIOBOTO HaBAaHTAXKEHHSI.
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CHAPTER 5

BUCOKOTEMIMEPATYPHI TEXHOJ1OI i CTBOPEHHA
MOJIIGYHKLIOHANTbHUX KOMMO3ULINHUX
MATEPIANIB | MOKPUTTIB 3 BUKOPUCTAHHAM
CKJTAHUX | ATFOMOCUNTIIKATHUX MIKPOCOEP

Kasumupenko 0. O.
DOl https://doi.org/10.30525/978-9934-26-653-9-5

BCTYI

CyvacHuii monuT Ha NONIQYHKIIOHAJIbHI KOMITO3MIIIHI Marepiain
3yMOBJIIOE PO3BUTOK TEXHOJIOTIH 1 PO3MIMPEHHS CHUPOBMHHOI Oasm uis iXx
CTBOpeHHs. EKcTpeManbHi YMOBH eKCIUTyaTarlii BUMaraloThb BiJl pO3POOHUKIB
BUTOTOBJICHHS JIETKOB&KHUX MarepiaiiB, 3[JaTHUX BUTPUMYBaTH JIMHAMIYHI,
TEPMOIMKIIIYHI, TiJPOCTAaTUYHI HABaHTaKCHHS Ta IMPAILlOBaTH B YMOBax
TEIJIOBUX, EJIEKTPOMAarHiTHUX, IOHI3yIOYMX BHUIPOMIHIOBAaHb Ta KOPO3IMHHUX
cepernoBuil. HajmaHHS 1MX CIemiadbHUX BIIACTHBOCTEH 3IIHCHIOETBCS 3a
y4YacTIO HEOpraHiYHMX MiKpocdep, SKi BBOIATHCS y MEBHIH KUIBKOCTI 70
CKJIaJly KOMITO3HITIH.

Le ckusiHi, KepamiuHi, ByIVIeleBl, METaIi30BaHi Ta iHII BUIU Mikpocdep,
10 BUPOOJISIIOTHCS XIMIYHUMH Ta €HEPreTUYHUMH MiANPHEMCTBAMH, MOMHUT Ha
siki 3pocrarnme. KoskHui 3 X BUJIB MaTHMe CBOI CTPYKTYpHI i Mopdosoriyni
ocoOimBOCTI, (i3MKO-MeXaHIUuHI Ta XiMi4HI BiacTUBOCTi. Kpim ckmamy
CTNIONYYHUKIB 1 Mikpocdep Ha eKCIuTyaTalliifHi BIACTHUBOCTI BIUTMBATHME
YIIOpSIKOBaHICTh Mikpocdep y 00’eMi KOMITO3HITIH.

1. AHani3 TEXHONOMYHUX NUTaHb
Ta dopMyntoBaHHS NPo6eMU A0CNio)KEeHb
1.1. TexHo/0riyHi MOKJIUBOCTI YIOPSIAKOBAHOI0 NaKyBaHHsI Mikpocdep
Y CKJIaJi KOMIO3UMLii

Bigomi TexHOJOrii CTBOPEHHS! KOMITO3MLIHHMX MaTepialiB 3a X ydacTio
IPYHTYIOTBCS Ha:

— BBEJCHHI iX JO CKJIaJy KaydyKiB 3aJUlsi OTPUMAaHHS TPHOOTEXHIYHMX
MarepiaiB 3 HU3bKHM KOC(]ILIEHTOM TEpTs KOB3aHHS Ta MaJIOI0 MIBHUAKICTIO
3HOIIYBaHHS;
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— JoJaBaHHi 1X y LEMEHTHI CKJIaJ{ TOHKOIIAPOBHX OyIIBEJIbHUX CyMillIeH
3 MIJBUIICHUMH aJCOPOLIITHUMH BJIaCTHBOCTSIMH;

— YTBOpEHHI BOJHO-AMCIEPHIHHMX CKJaJiB, BHUKOPUCTAHHS  SIKHX
CIPSIMOBAHO Ha PETYJIOBAHHS IPOLECIB TAPONPOHUKHEHHS 1 BOJIOTIOIIMHAHHS;

— 3MINIYBaHHI METaJi30BaHUX CKISIHUX MIKpocdep 3 CyCHEH3isIMH
JUISL OTPUMAaHHS TEIUIO3aXMCHHUX MOKPHUTTIB 3 e(EeKTOM eKpaHyBaHHS BiJl
€JIEKTPOMArHiTHUX BUIIPOMIHIOBaHb;

— (opMyBaHHI CHHTAKTHHMX IIiH Ha OCHOBI TEPMOPEAKTUBHUX IOJIMEPIB,
SIKI 32CTOCOBYIOTBCS JUISi BUTOTOBJICHHS BIANIOBIAJIbHUX €JIEMEHTIB 1 JeTalner
3ac00iB MOPCBKOT, MiZIBOIHOI, a6POKOCMIYHOT TEXHIKH.

Tak, y TpuOOTEeXHIUHMX Marepiajiax aJIOMOCHIIKAaTHI I[TOPOXKHUCTI
mikpochepu (ACIIM), AKIIIO BOHU 3HAXOSTHCS HA MOBEPXHI TEPTH', SIBISIOTH
c00010 «3aXUCHUH EKpaH BiJ] 10JIaJIbIIOr0 3HOLTYBaHH:». Macosuii BMicT ACTIM
y cKiazi OyTa/ieH-CTUPOJILHOT I'YMOBOI CyMillli 3HAXOJUTHCS y Mexkax 2...8%.
Jnst migBUINEHHS TEIUIOI30JILIMHUX BJIACTUBOCTEH MiHEpPAIBbHUX B’ SDKYUUX
a00 TONIMEpHUX IITYKaTypHUX IOKPUTTIB HAIIOBHEHHS HOPOKHUCTHMH
CKJISHUMHU a00 alflOMOCHIIKATHUMHU Mikpocdepamu 3pocratume 10 90%?2, mio
TIOSICHIOETBCSl OCOOJIIMBOCTSIMU MEXaHI3MIB Teruionepeaadi B 00’ eMi CyLijbHOTO
KOMIIO3UTY. 3aBJISKH CKIIONMOAIOHMM IIOBEpXHSIM MiKpocdep IepeHoc Teruia
BiZOyBa€ThCs BiJl HArPITUX MOBEPXOHB JIO XOJOAHUX 4YEpe3 EJIEeKTPOMarHiTHi
xBUIi ((oTOHHU), e(eKT BiJ SKUX MOCHIIOETHCS BiII3CPKAJICHHSIM OCHOBHHUX
THITIB BUIIPOMIHIOBaHb 1 KOHBEKTHBHUMH MPOLIECAMH IO MOBITPIO. 301/IbIICHHS
koe(ilieHTy 3armoBHEHHS 00°eMy MiKpocdepaMu CIPHUSTHME ITiJIBUILCHHIO
3[ATHOCTI «PO3CIIOBAHHs paiamiiHOl CKJIAZ0BO» TCIUIOBOTO IOTOKY, SKHIA
Majla€ Ha JICKOPAaTUBHY IIOBEPXHIO EHEpro3depiraoduoro MOKpuTTs (dacany
OymiBenp’. Llell edekrT 3HAYHO TOCHIIOETBCS B PE3YNbTaTi 3aCTOCYBAHHS
MeTani3oBaHuX Mikpocdep?. ABTOpH® 30cepe/KYIOTh yBary Ha PiBHOMipHOMY

! ITiBoBapoB O. A., IlaBnenko A. A. IHHOBamiiiHe 3aCTOCYBaHHS IIOMOCHIIKaTHHX Mikpocdep

(ueHocdep) sk eheKTHBHOTO HAMOBHIOBAYA B KOMIIO3UIINHI Marepianu. Hayka, mexnonoeii, innosayil.
2023. Ne 2. C.48-56. DOL http://doi.org/10.35668/2520-6524-2023-2-06

2 IlnaxornikoB K. B., JlemensoBa O. b., bomapenko O. I. ApncopObuiiini BracTHBOCTI
ATIOMOCUITIKATHUX MIKpocdep y LEMEHTHOMY KoMIo3uti. Haykosuii eicnuk Oyodignuymea. 2018. T. 92.
Ne 2 C. 219-225. DOI: 10.29295/2311-7257-2018-92-2-219-225

3 Caenko H. B., buxos O. O., ITonos 10. B., deminos /. B. OuiHka MOXIMBOCTI 3aCTOCYBaHHS
BOJHO-/IUCIIEPHHUX OKPHUTTIB B SKOCTI JEKOPaTUBHO-3aXUCHOI 00poOku dacaxi OyxiBens. Bulletin of
Odessa State Academy of Civil Engineering and Architecture: Building materials and techniques. 2020.
Ne 79. Pp. 126-134 DOI: 10.31650/2415-377X-2020-79-126-134

4 Cimbipkina A. M., Xauneupkuit B. C., CsepmiikoBeska O. C., UepsakoB O. B. BeskontaxtHi
BUMIPIOBAHHS MPOBIJAHOCTI TPOTOTHIIIB 30BHIIIHIIIHIX TEIUIO3aXMCHUX MHOKPUTTIB HA OCHOBI
METali30BaHUX CKIHUX Mikpocdep. [fumannus ximii ma ximiunoi mexmnonocii (Voprosy Khimii i
Khimicheskoi Tekhnologii). 2020. Ne 5. C. 81-87. DOI: 10.32434/0321-4095-2020-132-5-81-87

3 I'ycaxosa K. I, Tpauescokuit B. B., llynsxenko [{. M., Grande D., @aiinneiic O. M. Cunrakrhi
MHU SK KOMIIO3MIIHHI MaTepialy Ui BHCOKOTEXHONOTIYHUX Taly3ei MPOMHCIOBOCTI. [lonimepHuil
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po3MnoAii CKISHUX Mikpocdep y 00’eMi MoiiMEpHOI MaTpuii i 3aJeKHOCTI
rigpocratuyHoi MINHOCTI Ta IHIMMX (QYHKIIOHAJIBHUX  BIACTUBOCTEH
CHHTAaKTHUX IIiH BiJ koe(illieHTa nmaKyBaHHS MiKpocdep, SIKUH MOXY csiraTé
0,9. BUIbIIICTh TEXHOJOTiM CTBOPEHHS KOMIO3WIIMHUX MarepiajdiB MOXKHA
Ha3BaTH «XOJOJHMMH» ab0 «TeIUIMMHU», J€ TeMIlepaTypHi Iapamerpu
mpocoyeHHss He mnepeBunryBarumyTth 60...90 °C, mo € eHeproeheKTUBHUM
Ta IIO3UTHBHO BIUIMBAaTUMYTh Ha 30epiraHHs Mikpocdepamu chepuaHoi
¢dbopmu, 3MOYYBAaHOCTI IX CHOJYYHHKAMH. HaroMiCTh CyTTEBO 3MIHUTH
BJIACTHBOCTI 1 HAOyTH HOBOTO JOCBi/ly 3aCTOCYBAaHHSI KOMITO3HIIiH, HATOBHEHUX
CKJISIHUMU 1 KepaMiuHHUMHU Mikpocdepamn, MOKHA IUISIXOM 3aCTOCYBaHHS
BHCOKOTEMIIEPAaTYPHUX TEXHOJIOTIH, SIKi JIO3BOJISITH MIIHO 3’€HYBAaTH iX MIX
c00010 Ta BUKOPHCTOBYBATH METaJIeBI KOMITOHEHTH.
1.2. ®opmyI10BaHHS HAYKOBO-TeXHIYHOI NMPodJieMHn

Ta MeTH JO0CJiIKeHHs

Ha  mincrasi IIPOBE/ICHOTO aHaJizy  JITepaTypHUX  JpKepell
B po00Ti c(hOpMYITEOBAHO HAYKOBO-TEXHIYHY MP0G/IeMy PO3BUTKY TEXHOJOTIH
CTBOPCHHS MOJNI(DYHKIIOHATBHIX KOMITO3UIII, HAITOBHCHUX HEOPTraHIYHUMHU
Mikpocdepamu.

Mera  fpocaiukeHHSI — —  IPYHTOBHUII aHaJis3, y3araJbHEHHs
MOXJIMBOCTEH  3aCTOCYBAaHHS ~ BHUCOKOTEMIIEPATypHHMX  TEXHOJOTIH  Juisi
OTPUMaHHS KOMITO3MLIHHMX MaTepiajiB 3a y4acTI0 MOPOKHHUCTHX CKIISTHHX
1 aJTIOMOCHITIKaTHUX MiKpocdep 3 BU3HAYCHHSIM MPOOJIEMHUX MUTaHb, NIepeBar,
HEJIOJIKIB, (PI3UKO-XIMIYHUX HPOLECIB K HAyKOBO-TEXHIYHUX MEPEIYMOB 1100
IX pO3BHUTKY.

O0’ekT  pocaimken, —  Qi3uko-ximiuHi  mpouecu  (opmyBaHHS
KOMITO3UIIHHUX MaTepialiB i MOKPHUTTIB, 10 CKIaLy SKAX BXOISITH MTOPOXKHUCTI
CKJISIHI 1 QJTFOMOCHJIIKATHI MiKpOC(epHu.

IIpeamer fociaimkeHb — TEXHOJIOTI] CIIKaHHA Ta EJIEKTPOAYTOBOTO
HarwieHHs 171t GopMyBaHHS KOMIO3UIIIHHUX MaTepiajiiB i HOKPUTTIB 3 y4acTIO
Mikpocdep.

1.3. Marepiaju Uil OTPUMAHHS eKCIIEPUMEHTAIBHUX 3pa3KiB

ExcrieppumMeHTabHi poOOTH MOJISIraliv Yy OTPUMaHHI Ta JIOCIIDKEHHI HapTii
CIPOOHUX 3pa3KiB:

— cIie4yeHuX 0e3 CIIOyYHHUKa CKISTHUX Mikpocdep;

— CIIEYCHUX CKIISIHUX MIiKpocdep 3 MOpOIIKoM (IyApor0) ajlfoMiHio;

— €JIEKTPOJYTOBHX ITOKPUTTIB, HAIOBHEHHUX CKIISTHUMH Mikpocdepamu;

—  EJEKTPONYrOBHX  IOKPHUTTIB, HAIlOBHEHHX  AJIOMOCHIJIIKATHUMHU
Mikpocdepamu.

B TexHONOTIsIX BUKOPUCTAHO HOPOXKHMUCTI CKIsiHI Mikpocdepu (ITCM)
BupoOHuuTBa GipMu «3MCo» (odiuiiHuM aucTpud'roropom kommaHii «3M»
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B Ykpaini € ¢ipma INTA 3M) ta ACIIM 3o0mbni Mapku MIIk200-400 (TOB
«Bupobuuue 06’ ennanns Mikpocdepn», Ykpaina). XiMidYHUIN CKIIaJ BUXITHUX
MarepiaiB, sSKi 3aCTOCOBAaHO JUIsi OTPHMAaHHS EKCIEPHUMEHTAJIbHUX 3pa3KiB

HaBeJICHO y Taou. 1.

Tabmuus 1

XimiuHuii ckiiaJ BUXITHUX MaTepiagiB

Martepianu

OmnocepenkoBanuii XiMmiuauii ckiaajg, mac.:,%

Jlnst TexHoJI0riii cnikaHHs cKIsAHUX Mikpocdep 6e3 cnoJy4yHHKA

CxurstHi Mikpocdepu cucreMu
Na,0-B,0,-SiO,

SiO, — 69,0; Na,O, — 13,5; CaO - 6,0; B,O, — 7,5; ZnO
-2,0; F-20
Cxuiaz ra3oBoi dasu B cepenuni Mikpochep — SO,

CrusiHi Mikpocdepu cucteMu
Na,0-SiO,

SiO, — 77,0; Na,O, — 23,0
Cruiaj ra3oBoi ¢asu B cepequni mikpocdep — SO,

Jlist TexHOJIOTi ciKaHHS CKIASAHUX MiKkpocdep 3 NOPOUIKOM aJTIOMiHi0

CkustHi Mikpochepu cucTeMu
Na,0-B,0,-SiO,

SiO, — 69,0; Na,O, — 13,5; CaO - 6,0; B,0, — 7,5; ZnO
-2,0,F-2,0
Ckuaz razoBoi ¢asu B cepenuni mikpochep — SO,

Topomok anmtominito, JJCTY
6058-73
(30kpema mapku ITA-4)

Al -98,8; Fe — 0,35; Si — 0,4; Cu— 0,02

[yapa amomiHiro
JCTY 5494-95
(30kpema mapku ATIC-1A)

Al-99,8; Fe — 0,2

Jl1si popMyBaHHS NOKPHUTTIB, HaNOBHEHUX MiKkpocdepamu

Crajnesa IijgKaagka

C13 ('OCT 380-2005)

C-0,14...0,22; Mn - 0,30...0,60; Si —ne 6inbuie 0,05;
Fe — ocHoBa

3BapOBAJIbHUN APIT

650" (3a BMicToM Mn Onu3bka 10
AISI 1066/1070)

C-0,62...0,7%; Si — 0,17...0,37%; Mn — 0,9...1,2%; Cr
ue 6inbme 0,25%; Fe — ocHoBa

CB-08 (ISO 14341-A-G 4Sil)
CB-08I'2C (ISO 14341-A-G3Sil)

C-0,5...0,12%; Si — 0,17...0,37%; Mn — 0,35...0,65%;
Cr ue 6inbmie 0,1%; Fe — ocHoBa

C-0,05...0,11; Si — 0,70...0,95; Mn — 1,80...2,0; Cr —
110 0,20; Ni —y0 0,25; S — o 0,025; P — 0 0,03

CBAMI-5 (ER 5356 / AWS A5.10)

Mg — 5,0; Fe — 10 0,4; Cr — 0,12 ; Mn — 0,15; Si — 10
0,25; pemwra — Al

HamosuroBau

AnromocikatHi Mikpocdepu

Si0, =74,9%; AlL,0, —13,9%; K,0 — 2,8%; Na,0 — 1,9%;
Fe,0, — 0,9%; CaO — 1,2%;FeO — 0,6%; TiO, — 0,2%
Cxuaz razoBoi dasu B cepeauni mikpocdep: CO, — 70%;
N, - 30%

CkustiHi Mikpochepu

Si0, — 69,0; Na,O, — 13,5; CaO - 6,0; B,O; — 7,5; ZnO
-2,0,F-2,0
Cxuaz razoBoi ¢asu B cepenuni mikpochep — SO,

Loicepeno: mabnuyio cknadeno agmopom.
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2. TexHo1I0riYHa J1aHKa OTPUMaHHSA i eKcnyaTauiiHa cnpsMOBaHICTb
KOMMO3ULiHHUX MaTepianiB i MOKPUTTIB

[IpoanamizyeMo «IiHIIKY» pO3pOONEHUX KOMITO3UIIIHUX MaTtepialiB
1 MOKpUTTIB (puC. 1): iX TEXHOIOTIYHI 0COONMUBOCTI, CTPYKTYPY, 3aCTOCYBAHHS.

«Cunmaxkmuune niHOCKI0» — TaKy aBTOPCHKY Ha3By OTPHUMaB JIETKOBAXHUI
KOMITO3UIIHHUH MaTepia, IKUH CKJIQIAETHCS JIUIIIE 3 OTHUX CKIISTHUX Mikpocdep,
criedeHnX Oe3 cromy4yHuKiB. ExciepumenTanbHi podotu mposommmmcs 3 [ICM
HATPIHOOPCHITIKATHOTO 1 HATPIMCHIIIKATHOTO CKJIAMy; IX XIMIYHHH CKIaja
HaBeneHO y Tabm. 1. 3aBmsgku BapilOBaHHS TEMIIEPaTypHO-IehOopMaliiHIMH
1 YacoBUMH mapamerpamu®, MOXHA OTPHUMYBATH KOMIIO3HT UIIIBHICTIO
320...360 xr/™M°, sKuit 30aTHAM BUTPUMYBATH BCEOIUHMI TiAPOCTATHIHHUN THCK
o 40...45 MIla. PexoMenmoBana TEXHOJIOTIYHA IOCIIAOBHICTh CKJIAHACTHCS
3 omepartiii:

— JIO3YBaHHSA CKIITHUX MiKpocdep MacoBUM ab0 00’€MHHM CIOCOO0OM;

— ix BiOpamifHOTO YIIITPHEHHS, SKE CIPUATHME OUIBII KOMITAKTHOMY
MaKyBaHHIO Mikpocdep pizHoro miamerpa (20...100 mMkm), me Outbm ApiOHI
YACTHHKN PO3TAIIOBYIOTHCS MK YaCTHHKAMH OLIBIIOTO JiaMeTpy, yTBOPIOIOUN
MEXaHIYHUN 3B SI30K;

— cmikaHHA Mikpocdep y JAeKiTbKa eTamiB 3 TEeMIEPaTyporo KiHIIEBOL
i3orepmiuHoi BuTpuMkn 600...650 °C. Ha meBHi cTanii mporpiBaHHA
MTOPOIITKOBE TiJI0O MOXKHA ITiIpecoByBaTH HeBenukuM TrckoM (0,2...1,2 MIIa),
110 CIIPUSATHME YMOBaM KOHTaKTHOTO NPHITIKaHHS CKJITHUX YaCTHHOK 3a PaXyHOK
PO3M’SIKIIICHHST HaHOITBIII JIETKOTOITKOI CKIT0(as3w y CTiHII MiKpochepH.

@opmyBaHHS IIUIBHOTO Kapkacy BilOyBaeThCsl MUISIXOM yTBOPECHHS
MDKYAaCTKOBHX KOHTaKTHHX IUIONIMH, SK I TI0Ka3aHo Ha (parMeHTi
MiKpoCTpykTypH (puc. 1, ontuuny Mikpodororpadito 3podIeHo y TeMHOMY
moni Ha wMikpockori MMP-2P npu 36imemenHi 360 pasiB). [ligibpani
TEXHOJIOTIUHI PEXHUMH CIPUATUMYTH 30€pIraHHIO CKISHUMH YacTHHKaMH
¢dbopmu, MakcIMaiIbHO HaOmmkeHoi 10 cdepudHoi Ta (GopMyBaHHIO TMEBHOI
Bigkputoi mopuctocti (7...20%) y crpykrypi Marepiamy. lle 3ymosiroe
MTOE€THAHHS T1POCTATHYHOI MIITHOCTI 3 TEIUTOI30MISIIHHOT 37JATHICTIO KOMIIO3HUTY
(A =0,031...0,50 Bt/(m'K) B miamazoni Temmepatyp 25...400 °C, mo no3Bose
PEKOMEH/TyBaTH HOro Juts 0ONaHaHHS 3aC001B MOPCHKOT 1 MiIBOAHOT TEXHIKH' .

6 Kasumuperko 10. O., Taiinaenxo O. B. Komm’roTepHe MojenrOBaHHsS PO3MOALTY TeMIeEparyp
CNiKaHHA CKISHUX Mikpocdep. [Tumanns ximii ma ximivnoi mexnonozii (Voprosy Khimii i
Khimicheskoi Tekhnologii). 2024. Ne 3. C. 67-74. DOL: 10.32434/0321-4095-2024-154-3-67-74

7 Kazymyrenko Yu., Solomoniuk N., Drozd O. Glass microspheres thermo-deformation sintering
processes in the technologies of obtaining materials for underwater technical equipment. POLISH
MARITIME RESEARCH. 2023. 3 (119). Vol. 30. Pp. 174-180. DOLI: https://doi.org/174-180 10.2478/
pomr-2023-0050
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Creveni Mikpoctepit Creveni [okpurts, TlokpiTTA,

v iriesi HATOBHeHI i

[T — CKT0ATIOMIHi€BI HaroBHeHi

; i CTAHID i

TiROCKTON Matepiamt IR ATOMOCIIKATHINI!
\ B Mikpacdepavit

Marepiamt Temnoisomiii Pentrenosaxiichi Jewngipysaresi 3HococTiiiki
IBYI0CTI \atepia MaTepiaTI HOKpHTIA TIOKPHTTA

Puc. 1. «Jliniiika» marepiajiiB i NOKpUTTIB, HAMOBHEHUX Mikpochepamu

[cknadeno asmopom]

Cneueni CcKI0QMOMIHIES] Mamepiaiy BUTOTOBISIOTHCS 33 aHAJOTIYHOO
MCTOIMKOI, MI0 W «CHHTAaKTHYHE MIHOCKJIO». Jl0 TICBHOrO HaBillICHHS
cstHUX  Mikpochep momaethest 50% (00’€MH.) TOpOIIKYy abo mympu
AIFOMIHIFO (XIMIYHHIA CKJIaJ HaBeaeHo y Tabm. 1). TexHonmoriuxa 3amada
nojsiratiMe Y (OPMyBaHHI IIUIBHO CIEYCHOT KOMITO3MINT 3 [MOYCPrOBUM
po3TairyBaHHSAM ~ KOMIIOHEHTIB:  aNIOMIHIH—CKJIsiHA — Mikpocdepa:  Ha
puc. 1 HaBemeHo ¢GparMeHT onTHYHOI MikpodoTorpadii, 3podieHol 3a
nonomoroto Mikpockonia BUOJIAM-U 31 30inemennsm y 500 pazie. Taka
CTPYKTypa 3abe3Medye MiIBHIICHI PEHTICHO3aXNUCHI BIACTHBOCTI Matepianis®;
MMUTOMHUI CBHHICBMH €KBIBaJCHT (BIIHOIICHHS CBHMHIIEBOTO €KBIBAJICHTY 0
TOBIIMHKM 3pa3Ky) cTaHoBuTh 0,45...0,6; Uisi «CHHTAKTHMYHOTO ITIHOCKIIA»
MUTOMHI CBUHIICBHI ekBiBaJieHT ckiaxatume 0,14. ABTOpOM JOCHIIKECHO
MOTPIHUN e(PEKT MOITMHAHHS CKIITHOI MOPOKHUCTOK MIKPOC(HEPOIO MOTOKY
10HI3yI0OYMX BUIPOMiHIOBaHb (cTiHKa Mikpochepun—SO,—CcTiHKa Mikpocdepn),
SIKMH TakoX TPUTAMaHHUH JUIs METal-CKISSHUX MarepiaiiB 1 TOKPUTTIB
1 ITOSICHIOE 3pOCTaHHS PEHTICHO3aXUCHUX BJIACTHBOCTEH 1 paialiiHol CTIHKOCTI
KOMITO3HIIiH 31 30inbIeHHsaM y ix 00’ emi [ICM®. Ha jokanbHHUX TUISHKAX MiK

8 Kazumupenko 10. O. IlepcnekTHBH 3aCTOCYBAaHHS METAIOCKISHUX MOKPHUTTIB 3 IiJBUIICHUMH

PEHTTeHO3aXHCHUMH BIACTUBOCTSMU U KOHCTPYKIIiif TEXHIYHHX 3aC00IB NEPEBE3CHHS PaJi0aKTUBHUX
pedoBuH. Bicnuk Jlveiécbkoeo depoicasiozo ymisepcumemy 6esnexu ocummeoisnonocmi. 2013, Ne 8.
C. 134-140.

i Kazymyrenko Y. Patterns and Mechanisms of interaction of Radioactive Cargo Radiation wite
Metal-Glass Layer of Watercrats Structure. The advanced science journal. 2014. Iss. 12. P. 45-48
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MikpocdepaMn YTBOPIOIOTbCS CyOMIKpOKpHCTaNIiYHI 00JacTi, SIKi J0JaTKOBO
MOIVIMHAIOTh EHEPril0 BUIIPOMiHIOBaHb. HasBHICTH mopucTOCTI 30UIBIIYE
aHI30TPOIII0 METaNeBOi MaTpHLli i CHpUSTHME 0araTopa3oBOMy PO3CIIOBaHHIO
MPOMEHIB. Y CKJIaJli METaJ-CKJISTHUX KOMITO3MIIN CKJIsTHA MiKpocdepa HaOyBae
edexty «Mmeranizauii», SKMH MOCWIIOE 3[aTHICTh MOCIa0aoBaTH AUQy3iitHNI
TIOTIK Ma/IAl0YKMX ITPOMEHIB 1 IOSICHIOE ITiABUIIEH] PEHTTEHO3aXHCHI BIIACTUBOCTI
y TIOPIBHSIHHI 3 «CHHTaKTUYHUM ITIHOCKIIOM.

OmnucaHi NPOLECH € XapaKTePHUMU I ISl MEMai-CKASHUX e1eKmpPo0y2o8Ux
nokpummig. I1oTparuisiioun y 30Hy JyTH IIiJ] 4ac €JIeKTPOIYrOBOrO HaIlUJICHHS
MOPOXKHKUCTA CKJIsIHA Mikpocdepa OOBONIIKAETBCS PO3IUIABICHHM METAJIOM
1 4epe3 HM3bKy IIUIBHICTh CIUIMBA€E Ha IOBEPXHIO MOKPUTTSA. Tomy min wac
MIKpPOCTPYKTYPHHUX JIOCII/DKEHb IONEPEYHUX ILTI(IB BUSBISETHCS 3aHMKCHA
ix koHmeHtparis (mo 11%), ocHoBHUIT BMIcT crisstHUX Mikpochep (35+7%)
CIIOCTEpIraeThcs Ha MOBEPXHI HAIMICHOTO Ha CTAJEBY MIiAKIAaIKy 3pasky. Lle
TIOSICHIOE 3/1aTHICTh PO3POOJICHHUX IMOKPUTTIB 3aXUIIATH Bij Ji1 BUIIPOMIHIOBaHb
MOBEPXHIO KOHCTPYKLIH Maike yABIYl y TIOpIBHSHHI 3 IOKPUTTSMH 0e3
HaroBHIOBaya. [IMTOMMH CBHMHIIEBUII E€KBIBAJICHT IOKPUTTIB KOMITO3MIIi
CB-AMI5-TICM cknagarume 0,75; mist kommoswuiii Ce-0812C— IICM — 0,55,
110 TIOSICHIOETHCS BIJIOMBHOIO 37IaTHICTIO aimoMiHito. [IpoTe craneBi mOKpUTTS
XapaKTepU3YIOTbCSl  MIJBUILEHOIO 3HOCOCTIMKICTIO 1  JeMIdipyBaJbHOIO
3aatHicTiO'. TTig yac KOPOTKOYACHOTO MOTPAIUIAHHS Y 30HY AyrH MiKpochepu
30epiratorb cepuuHy (opMmy, SK L€ HIITBEPUKYE (DparMeHT eJNeKTPOHHOI
Mikpodotorpadii Ha puc. 3 (3po0JCHO 3a JONOMOIOI PEHTTEHIBCHKOTO
Mikpockomna-mikpoanaiizaropa PEMA-102-02).

ExcriepuMeHTaNbHI  AOCHIKEHHST 3 (OPMYBaHHS  €1eKmpoOy206UX
nokpummié 3 CymimpHOTArHyTUX ApoTiB CB-0812C, CB-0812, 651" (XiMiuHwMiA
CKJIAJl HAaBEAEHO y Ta0l. 1), Hanognenux aniomoCcunixamuumu nOpOICHUCMUMU
MiKpocepamu  TIOKa3aaM JOUUIBHICTH 1X  TOJAJIBIIOTO  BHKOPHUCTAaHHS
B yMOBax TepTs'!, MiJBUIICHUX TEMIIEPATyp i XIMIYHO aKTUBHUX CEpeAoBHII 2.
Mikpocdepu, MOTpaIUIIOUN y 30HY €JIeKTPUYHOI ayru, 30epiratorh Qopmy
cepruHOIO (pparMeHT onTHYHOI MikpodoTorpadii, 3podIeHOT 3a JOIOMOT0I0
Mmikpockorna BUOJIAM-U 3i 30inbinenssiv y 500 pa3iB, HaBeseHO Ha puc. 1), He

10 Kasumupenko 0. O., Jlebenesa H. 0. Teoperuuni mepeayMoBu eKcrulyaraiii KOHCTPYKIUiH 3

METaJI-CKIISIHUMU 3aXUCHUMH MOKPUTTAMU B YMOBaX CYJAHOBHX BiOpauiil. Haykosuil gichux XepcoHcokol
Oeporcasroi mopcokoi akademii. 2020. Ne 1. C. 175-185. DOI: 10.33815/2313-4763.2020.1.22.175-185

1 Kasumnpenko 10. O., Jlebenesa H. 0., Makpyxa T. O. 3acrocyBaHHs 30JbHHX Mikpocdep
s (pOpMyBaHHS KOMIO3MLIHHMX TIOKPUTTIB Ha CTaleBid moBepxHi. Bueui sanucku Taepiticbkozo
nayionanwHo2o yuisepcumenty imeni B. 1. Bepnaocvkoeo. Cepis: Texniyni nayku. 2022. Tom 33 (72). Ne
3. C. 81-86. DOI https://doi.org/10.32838/2663-5941/2022.3/13

12 Kasumupenko 0. O., Jlebenesa H. 10., Makpyxa T. O. KoposiiiHa cTiiikicTs i Temio3axucHi
BIIACTHBOCTI KOMIO3MLIHHUX MOKPUTTIB, HAOBHCHMX 30JBHUMH Mikpocdepamu. Texwiumi nayku ma
mexnonoeii. 2022. Ne 1(27). C. 38-44 DOI: 10.25140/2411-5363-2022-1(27)-38-44
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3MIHIOIOTH CBOTO XIMIYHOTO CKJIaJly, HE YTBOPIOIOTH CKJIO()a3H i HE BCTYIAIOTh
y B3a€EMOJII0 3 MarepiajoM craneBoi mMarpuui. Sk 1 y BUIajaky (GpopMyBaHHs
CJICKTPOAYTOBUX  IOKPUTTIB, HAOBHEHMX CKISSHUMU  Mikpocdepamu,
ACMII ckoHIIEHTpOBaHI Ha X IOBEpXHI 1 yTBOPIOIOTH €(EKT MiJABHUIIEHOI
3HOCOCTIAKOCTI, SIKHA HAWOUIBII OYCBHIHHUIA IS TMOKPUTTIB KOMITO3HIIIT
65T—ACMII 65T, Bnagenns mikporBepaocti (Hug, = 3,59 I'Tla) nepesurye
MIKpOTBepAicTh MOKpUTTs 3 651" mpubnuzno Ha 17%. Iligsumena Ha 10 %
TIOPHUCTICTh HE BBAKAETHCSI HEHOJIKOM a00 1eeKToM, a € CIPHUSITIUBOIO JUIs
IIPOCOYCHHSIM MACTHJIOM 3a]UIs MOJaJIbIIOi pOOOTH B yMOBAaX TEPTSL.

3. DisnKo-xiMiyHi NpoLLecu CTPYKTYPOYTBOPEHHS KOMMO3ULLiHHUX
MaTepiasiiB i NOKPUTTIB

B ocHoBy mosicHeHHs  (I3MKO-XIMIYHMX  Ipoliecd  (OpMyBaHHs
KOMITO3ULIHHUX MaTepialiB 1 HOKPUTTIB ITOKJIAICHO:

— TEOPEeTHYHI 1 TEeXHOJIOTIYHI HanpalloBaHHS HAayKOBLIB 3 aAnQy3iHHOTO
3BapIOBAaHHS CUTAJIB 3 MeTagaMu';

— (i3uxo-XimMiuHe OOIPYHTYBaHHS IpOIECY 3MOYYBAaHHS CKJIa KpaIUIIMH
PO3MIIABICHOTO METAIy 33715l OTPUMAHHS MIIHOTO MastHOTO 3’ €THAHHS";

—  CTPYKTYpHO-XIMiYHa  TEOpis CKIyBaHHS CKJISHHX  PO3IUIABIB,
3anoyatkoBana PJI. Mromnepom!'® i po3BuHyTa Ha MpoTs3i Garathbox POKIB
HAyKOBIIIMH 3 O0JIACTi CTBOPEHHS CIEIIaIbHUX BU/IB CTEKOJ'” 1 JOCIIKEHD 1X
(bYHKIIOHATIBHUX BIACTUBOCTEH'S;

— OCHOBHI TOJIOYKCHHST MEXaHIKH CTPYKTYPHO-HEOTHOPIMHUX Marepiaiis'®;

3 Kasumupenko 0. O., Jle6enesa H. FO., Makpyxa T. O. [lepcrnieKTiBH 3aCTOCYBAaHHS MOKPHTTS 3
651, HAIIOBHEHOTO ATIOMOCHIIIKATHUME MiKpoc(epaMyl, y CyTHOOYNIBHHX TEXHONOTIX. Bueni 3anucku
Taspiticvkoeo nayionanvnozo yuieepcumemy imeni B. 1. Bepnaocekoeo. Cepis: Texuiuni nayku, 2022,
Tom 33 (72), 6, C. 8-12. DOI https://doi.org/10.32782/2663-5941/2022.6/02

4 Bepesiu JI. S, Tanee T. P. OcoGnuBOCTI TEXHOJIOTIT 3BaprOBAHHS By3JIB Mifb—aliOMiHIf—CHTAIL.
Bicnux Yepniziecokoeo Oepoicasnozo mexwonoziunozo yrisepcumeny. Cepia «Texniuni naykuy. 2014.
Ne 7 (71). C. 158-163.

'S Kpacosesknit B. II, T'a6 1. I., Creutox T. B., Kpacosceka H.O. 3MouyBaHHS KBapLoBOTO CKia
JIETKOIUTABKUMH TIPUIIIHHAMK  po3miaBaMu. Aoeesisi posnnasie i naiika memanie. 2017. Bum. 50.
C. 18-27.

16 Stefan Reinsch. Oberflichenkeimbildung von Silikatglédsern der Stochiometrie des Cordierits und
des Diopsids. Berlin. 2001. 121 s.

17 Crponcekuit O. B., Benrep €. ®., Onekcenxo II. ®., Mempuuuyk O. B. Xanbkorenigui
CKJIONO/IOH] HAMIBIIPOBITHUKHU: BJIACTHBOCTI Ta MPAaKTH4HI 3acTocyBanHs : MoHorpadis. Hixun : HIY
iM. M. Toroms, 2016. 236 c.

18 . InemsnnikoB M. M., XKnanrox H. B. Hosi ckimomoniOHi marepiany i MeTomu iX CHHTE3y.
CKnonooioni mamepianu i eupoou. Pyuxyionanwni mamepianu. [EnexrponHuii pecypc] : HaBd. mocio.
Kuis : KIII im. Irops Cixopeskoro, 2024. 100 c.

19 Minenin C. O., Benmkoisanenko O. A., Posunka I'. I1., Tlosropak H. I. CkinueHo-eieMeHTHi
METOIM OLIHKH TEXHIYHOr0 CTAaHy BEIHKOrabapUTHHX KOHCTPYKII 31 CTPYKTYPHO HEOZHOPIIHHX
matepianiB (Omisin). Texwiuna Oiaenocmurka ma Hepytinienuti kowmpons., 2021. Ne 2. C. 14-19 DOIL:
https://doi.org/10.37434/tdnk2021.02.02
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— HayKOBi YABJIICHHA TIPO HOBerHeBi sBUlla Yy MiKpOFeTepOFCHHI/IX

1 qucnepcHuX cucremax?,

B Taln. 2 y3aranpHeHO poOaeMHi MUTaHHs (OpMyBaHHs EBHOI CTPYKTYpH
MarepiaiB 1 MOKPHUTTIB, Ky HEOOXiIHO OTPUMAarH HPOTITOM TEXHOJIOTIYHOTO
LUKITY 3310151 (POPMYBaHHS HEOOXIIHHMX eKCIUTyaTaliiHuX BiacTuBocTei. s
iX BUpILICHHS aBTOPOM PO3POOJICHO TEXHOJOTIYHI PEKOMEHJAlii, SKi TaKoX

HaBEJICHI y TaONHII.

Tabmuusg 2

IIpo6sieMHi MUTAHHSA CTPYKTYPOYTBOPEHHSI KOMINO3ULIIiHUX MaTepiaJiB
i HOKpPUTTIB i TexHOJIOTiUHI pexoMeHaalii 1010 iX BUpilIeHHS

IIpo6aeMHi NUTaHHSA CTPYKTYPOYTBOPEHHS
KOMNO3MIiiiHUX MaTepiajiB i mokpurTiB

IIpakTuuHi pexomenaanii

Chikanns 0e3 cnoJy4Hn

KiB CKJISHUX Mikpocdep

VYTBOpeHHs pinkoi (a3u miJ 9ac KOHTAKTHOTO
MIPUIIKaHHS CKISTHUX YaCTHHOK

3acTocyBaHHS TEXHOJIOTII rapsaoro
[IPeCyBaHHs 3 NPHUKIATAHHIM HEBEIUKOTO
tucky (P =0,2...1,2 MIla) 10 nonepeaHbo
posirpitoi GpopMoBKU

Husbkuii cTyniHb CIiKaEMOCTI CKIISTHUX
Mikpochep

KoHTposp 3a ycagouHUMHU MIPOLECaMu
MPOTSTOM BCHOTO TEXHOJIOTYHOTO IIHKITY

1 OCTHUTaHHs CIIEYEHOTO TiJIa Pa3oM 3 GOPMOIO
i 440

Iopymennst mikpocdepamu chepuanoi hopmu
MPH TIEPEBHILCHH] TepMoaedopManiHmx
napamerpis (650 °C; P>1,2 MIla)

AwHaiiz MIKpOCTPYKTYPH, PETEIbHE
KOHTPOJIIOBAHHS TePMO-AehopMaIiiHuX
1 4aCOBHX MapaMeTpiB

Bucoxuit Bincorok (o 25...30%) Bigkpuroi
MIOPHCTOCTI y 00 €Mi CIIedeHoro Marepiaiy

3acTocyBaHHs BiOpOyTpyIIyBaHHS HaBilIaHHS
CKJITHHX Mikpocdep Ta 3aCTOCyBaHHs
HEBEIIMKHX THCKIB Iapsyoro IpecyBaHHs

CriikaHHsI CKJASTHUX M

ikpocdep 3 meTanamu

Pi3HuI y 3HAUCHHSIX Koe(ilieHTIB
TepmigHoro posmupenss (KTP) merany i cxia

3HATTS MDK(Da3HUX HAIPYyXKeHb HIIIXOM
OCTHIaHHSI CIIEUEHOTO TiJia Pa3oM 3 (HOPMOI0
i miv4ro

OKHCHIOBaJIbHI IPOIECH Y METaIeBUX
MOPOILKaX

Peani3armist mpouecy CIiKaHHS y iHEPTHOMY
cepenoBHLli ab0 y KOHTEIHEpPi, BUTOTOBJICHOTO
3 TepMiYHO HeoOpoOIeHoro rpadiTy

Brpara ckinsaumu mikpocdepamu chepudnoi
(opmu 1py MiABUILEHHI TEMIIEpaTypH

3acTocyBaHHS PEKHUMIB ITOCTYIOBOTO
MPOTpiBaHHs MOPOIIKOBUX CyMilleil, KOHTPOJIb
3a PIBHOMIPHUM PO3IOJIIOM TEMIIEpaTyp

y IpecoBIi

PiBHOMIpHHMIT po3noain piakoi dasu

3acTocyBaHHsI Mijl Yac CMIKaHHS HEBEIUKHX
THCKIB MPeCyBaHHs, 30KpemMa Ha

TEMIIEPATyPHUX €Tarax MPOMiXKHUX BUTPHMOK

20

Muenos-Tlerpocsa M.O., Jle6inp B.1., [laskoBa O.M., Jle6iny O.B. KonoinHa Ximis: miapy4HHK:

2- Bu/L., BuIp. i jonoH. X.: XHY imeni B.H. Kapasina, 2012. 500 c.
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[TponorkeHHs TadHII 2

IIpo6ieMHi NMUTAHHS CTPYKTYPOYTBOPEHHS
KOMIO3MIIHUX MaTepiajiB i mokpurTiB

TMpakTuuni pekomenganii

BurikaHHs MeTaneBoi CKJIag0Bol

Bubip MeraneBux MOPOLIKIB 3 JOCTATHBO
[IHUPOKMM [iaria30HOM IIJIaBJICHHSI

JonaBanHs CKISSHMX Mikpocdep 10

CKJI/ly eJ1eKTPOJYIroBHX MOKPUTTIB

HepiHoMipHuMiA po3mofiin cKIIHUX Mikpochep
10 00’ €My HOKPHTTSI

CrpyKTypHHil 1e()eKT € HEBUIIPABHUM, TIPOTE
HE CYTTEBO BILUIMBA€E HA CKCIUTyaTalliiHi
BJIACTHBOCTI

Hwusbknii koedinieHT 3al0BHEHHS 00’ €My
MIOKPUTTS CKISTHUMH Mikpocdepamu

CrpyKkTypHUi 1e(eKT € HEeBUIIPABHUM.
30iibLIeHHS 00’€MHOTO BMiCTy MiKpochep
y CKJIaJli MOKPHUTTIB 3HUKY€E PEHICHO3aXUCHI
BJIACTHBOCTI, IIPOTE ITiIBUILY€E MIIIHICTH
34YCTIJICHHS 3 MiIKIIaIKOF0

JlonaBaHHs aJTIOMOCHIIKATHHX MiKkpocdep 10 CKIaly eJeKTPOAYTOBHX IOKPHTTIB

HepiBHOMipHHI PO3IOJIIT aTFOMOCHITIKATHUX
Mikpocgep 10 OBEpXHi ITOKPHUTTS

CrpykrypHHi 1e(DEKT € HEBUIIPABHUM, MPOTE
HE CYTTE€BO BIUIMBA€E Ha SKCIUTyaTaliiHi
BIIACTHBOCTI

BukpuiryBaHHS alOMOCHIIIKATHUX Mikpocdep
3 METaJIEBOi MaTPHLI 4epe3 HU3bKY KOTe3iiHy

3acTocyBaHHs JOAATKOBOTO AU(DyY3iHHOTO
BUIIANTy a00 MPOCOYCHHS MOPUCTOT OBEPXHI

MILHICTB

TIOKPUTTS JICTKOIIJIABKUMU KOMIIOHCHTaAMU

Jicepeno: cknadeno asmopom

PesynpTaTi TEOPETHYHUX 1 EKCIIEPHUMEHTAIbHUX JOCHTIDKCHb IOKA3aIH
MEPCIICKTUBH PO3BHUTKY BHCOKOTEMIICPATYPHHX TEXHOJOIIH Ui OHepKaHHS
HOBHUX KOHKYPEHTOCIIPOMOXKHUX MarepiajliB HOKPUTTIB, HAOBHEHUX CKIISTHUMHU
1 adroMOCHIiKaTHUMHU Mikpocdepamu. [IpoTe Ha maHW 4Yac mpoOIEeMHHM
MMUTaHHAM, SKe TOTpedye MOHaNmbIIol po3poOKH, € eHeproeeKTUBHICTH
oOaHaHHs, HEOOXiTHICTh HOTO YIOCKOHAJICHHS 1 MOAEpHi3aIlii.

BUCHOBKU

[MopoxHHCTI CKIAHI 1 aOMOCHIIKATHI MIiKpoc(hepHh € IepCreKTHBHOO
BHXI/THOIO CHPOBUHOIO JJISi CTBOPEHHS IMOJNI(YHKIIOHATHHUX KOMITO3HUIIIHHUX
Marepiais, SKi OJTHOYACHO MOEIHYIOTh Y CO01 TeIUIOI30IIAIIHHI, aHTU(PUKIIIHHI,
MIIHICHI Ta iHIIIi BTACTHBOCTI, SIKi PETYIIOIOThCS TAaKyBaHHSIM a00 pamioHaIbHIM
po3moniIeHHAM Mikpocdep o 00’eMy Ta MOBEPXHi KOMITO3HTIB.

KOHKYpEHTOCIPOMO)XHHMH ~ TEXHOJIOTISIMA ~ OTPHUMaHHS KOMITO3UIIIHHHX
MarepialiB 1 TOKPUTTIB 3a YYacTI0 CKISHUX 1 KepaMidHHX Mikpocdep
€ PI3HOBUHM CITiIKaHHS Ta Ta30TePMIYHOTO HAIMJICHHS IT0 CTaJICBiil OBEPXHI.

ExcniepuMeHTanbHO OTPHMAaHO 1 JOCHI/DKCHO CHOpOOHI 3pasKd, sKi
CKJIAIAIOTBCS 31 CIICYCHHX Oe3 CHONYYHHKa CKISTHHX MiKpocdep; CIeYeHHX
CKJSTHHX MiKpocdep 3 TOpomKoM (IyIpor0) alOMIHIIO; EIEKTPOMYTOBUX
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MOKPHUTTIB, HANOBHEHUX CKISHUMHM MiKpocdepaMn Ta eJIeKTPOIYyTrOBUX
MTOKPUTTIB, HATOBHCHUX KEPaMIYHUMH MiKpOChepamu.

BusHayeHO 3B’S30K MDK CTPYKTYpHHMH OCOOJMBOCTSAMH OTPUMaHUX
MarepiaiiB, T€OMETPUYHMM TaKyBaHHSM Mikpocdep y 1IX ckimami Ta
(YHKIIOHAJIBHUM TIPU3HAYCHHSIM.

[IpoananizoBaHo MpoOIEMHI MUTaHHS CTPYKTYPOYTBOPEHHSI PO3pPOOIECHUX
MarepialiiB i MOKPHUTTIB Ta 3alPONOHOBAHO MPAKTHYHI PEKOMEHAIlT MO0 1X
BUPILICHHS.

HayxoBo-nipakTH4yHe 3HAUCHHS OJIEp)KaHUX PE3yJbTariB  IOJsraTuMe
y CTBOPEHHI HAyKOBO-TEXHIYHHMX TIEPEAYMOB JUIsi OTPUMAaHHS HOBHUX
KOHKYPEHTOCIIPOMOXKHUX ~ KOMITO3HUIIIHUX MarepiaiiB i MTOKPUTTIB
3 TIOPOXKHUCTUX CKISIHUX 1 aJIFOMOCHIJIIKATHHX Mikpocdep, BUKOPHUCTOBYIOUH
JUISL [ILOT'O BHCOKOTEMIIEpATypHi TEXHOJIOTII.

[lepciekTiBH  MOJANBIIMX JOCHIIPKEHb IOB’SI3aHI 3 PO3MIMPEHHAM
TEXHOJIOTIYHUX MOXKJIMBOCTEH CTBOpEHHs (DYHKLIOHAJIBHMX MarepiasiB Juis
CyIHOOYyBaHHs i 00’ €KTIB MOPCHKOT iHPPACTPyKTypH.

AHOTALLIA

CyvacHuil PHHOK XIMIYHOI IIPOMHCIIOBOCTI CTBOPIOE BEJIMKE PI3HOMAHITTS
HEOpraHiyHuX Mikpocep, 3a YYacTIO SKUX BHIOTOBJISIFOTHCSI JIETKOBaXKHI
KOMITO3UIIHHI MaTepiajy i MOKPHUTTS JUIs CYTHOOYIyBaHHS i MOPCBKOI TEXHIKH,
aBiaOy/lyBaHHs, rajty3el eHepreTUKH TOIIO. X BIAaCTHBOCTI 3al1ekKaTh HE TUIbKH
BiJ] CKJIaJly KOMITOHEHTIB, a i BiJ XapaKkTepy po3IoAijieHHs Mikpocdep 1o 00’ emy
Ta MOBEPXHI Marepiaiy, a TaKoXK IIUILHOCTI 1X MakyBaHHs y Komro3uuisx. Ha
BIJIMiHY BiJl BIIOMHX TEXHOJIOTiH, Jie TIOPOKHUCTI CKJISIHI 200 aJIOMOCHITIKaTHI
Mikpocdepr 3’€IHYIOTBCS 3 MOJIMEPHUMH a00 B’SDKYYMMH PEUOBHHAMH,
BITPOBA/PKCHHSI BHCOKOTEMIIEPATYpPHUX TEXHOJIOTIH Jla€ 3MOTy IO€AHYBaTH X
3 MeTaJlaMH, CTBOPIOIOYM Marepiayii 3 HOBHUMH BiacTHBOCTAMH. CIIiKaHHAM
CKJIISIHMX Mikpocdep 0e3 CHONyYHHKIB MOXKHA OAEP)KYBaTh JIETKOBaXKHI
KOMIIO3UIIHHI Marepiaiu, sIKi CKJIAJAIoThCsl BUKIIOYHO 3 OJHHUX Mikpocdep
1 HOEHYIOTH Y OOl TEIUIOI30MSIHHY 34aTHICTh 1 TIJPOCTATUYHY MII[HICTb, 110
3yMOBJIIOE X 3aCTOCYBaHHS JUISi BUTOTOBJICHHS IIJIBOAHUX TEXHIYHHMX 3ac00iB
1 TIaBy4ynx 00’€KTiB. 3’€HAHHS CIIKAHHSAM CKISIHUX MIKpoc(ep 3 MOPOIIKOM
a00 MyIporo aNOMIHIO 1 TOJaBaHHS 1X JO CKJIaay aJFOMIHIEBUX 1 CTaJICBUX
CJICKTPOAYTOBUX MOKPHUTTIB Jae 3Mory ¢GopMyBaTu pajialiifHO 3axucHi
KOMITO3UIIIi 3 MiZIBUIIIEHUMHU PEHTI€HO3aXUCHUMH BIIACTUBOCTSIMHU, SIKi 3HANIILIN
CBOE 3aCTOCYBAHHS JJIsl BUTOTOBJICHHS €JIEMEHTIB CylEH Ul PaJiOaKTHBHHX
BaHTaXiB. HamoBHEHHs CTaleBUX IOKPUTTIB MOPOKHUCTHUMH CKISIHUMHU
1 aJIFOMOCHITIKATHUMH MiKpocdepamu Haslae iM ieMIdipyBabHUX BIACTUBOCTEH,
3HOCOCTIMKOCTI, TEPMO- 1 KOPO3IMHOI CTIHKOCTI, IO € MAyKE BaKIHUBUM
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JUI Cy4acHOTo MalinHOOyAayBaHHs. [IpoaHanmizoBaHO MPOOJICMHI MUTaHHS
CTPYKTYPOYTBOPEHHS PO3pOOJICHUX MaTepiajliB i MOKPUTTIB Ta 3alPOIIOHOBAHO
MIPaKTHYHI peKoMeHamii moxo iX BupinieHHs. HayKoBo-IipakTHYHE 3HAUCHHS
OZIEp)KaHNWX PE3yJbTarTiB MONAraTHME Yy CTBOPEHHI HAyKOBO-TEXHIUYHHMX
NepelyMoB Ui OTPHUMAaHHS HOBHMX KOHKYPEHTOCIIPOMOXKHHMX KOMIO3UIIIHHUX
MarepiaJiiB 1 TOKPUTTIB 3 MOPOKHHCTHX CKISHHX 1 aJIOMOCHIIIKaTHUX
Mikpocdep, BHKOPHCTOBYIOYHM JUIsSi I[bOI'O BHCOKOTEMIIEpATYpHI TEXHOJIOTII.
[lepciekTiBM  MOJANBIIMX  JOCHIIPKEHb  IMOB’SI3aHI 3 PO3MIMPEHHAM
TEXHOJIOTIYHUX MOXKJIMBOCTEH CTBOpEHHs1 (DYyHKLIOHAJIBHMX MarepiasiB Juis
CyaHOOYyBaHHs 1 00’ €KTIB MOPCHKOT iHPPACTPyKTypH.
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CHAPTER 6

CREATION AND TESTING OF AUXILIARY
TECHNOLOGICAL EQUIPMENT FOR SOLVING
CURRENT PROBLEMS OF LASER WELDING
OF THIN-WALLED PRODUCTS MADE

OF STAINLESS STEELS

Yurchenko Yu. V.
DOl https://doi.org/10.30525/978-9934-26-653-9-6

INTRODUCTION

The use of sheet metal allows reducing the weight and dimensions of
welded structures, as well as decreasing their cost. At the current stage of
welding technology development, much attention is paid to welding metals with
a wall thickness of less than 2 mm in various structures'. Thin sheet metal is
traditionally used in industries such as aviation, chemical, food, etc. In aviation,
these are pipelines, turbine elements, fuselages, etc.?,’. Every year, hundreds
of aircraft are manufactured worldwide, with kilometers of welded joints in
their construction. In the chemical industry, these are pipelines, reservoirs,
tanks, and vats. These products usually have a significant length of welded
joints and increased requirements for their quality. In light industry, particularly
in the food industry, most metal products are thin-walled: refrigeration
units, pipelines, vessels, tanks, containers for sugar and dairy plants®’. Thin-

! Altenbach H., Eremeyev V. Thin-walled structural elements: Classification, classical and advanced
theories, new applications. shell-like structures / ed. by H. Altenbach, V. Eremeyev. Cham: Springer
International Publishing, 2017. URL:https://doi.org/10.1007/978-3-319-42277-0_1 (date of access: 17.01.2026)
2 Shelyagin V.D., Khaskin V.Yu., Bernatsky A.V., Siora, A.V.. Laser welding of thin-wall filter
elements of steel 08Kh18N10T. The Paton Welding Journal, 2017. Vol. 4. P. 49-52. URL: https://doi.
org/10.15407/tpwj2017.04.10 (date of access: 17.01.2026).

3 Kuczek T. Application of manufacturing constraints to structural optimization of thin-walled
structures. Engineering Optimization. 2015. Vol. 48, no. 2. P. 351-360. URL: https://doi.org/10.1080/030
5215x.2015.1017350 (date of access: 17.01.2026).

4 McNair S. a. M., Chaharsooghi A. S., Carnevale M., Rhead A., Onnela A., Daguin J., Cichy K., et
al. Manufacturing technologies and joining methods of metallic thin-walled pipes for use in high pressure
cooling systems. The International Journal of Advanced Manufacturing Technology. 2021. Vol. 118,
no. 3-4. P. 667-681. URL: https://doi.org/10.1007/s00170-021-07982-8 (date of access: 17.01.2026).

3 Wang K., Li L. Structural analysis and optimal design of a spherical thin-walled stainless steel
water tank without reinforced tie ribs. Journal of Vibroengineering. 2024. Vol. 20, no. 4. P. 983-1000.
URL: https://doi.org/10.21595/jve.2024.23812 (date of access: 17.01.2026).
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sheet structures are also actively used in automotive engineering, household
appliances, construction, medicine, etc. Among the materials most commonly
used in these industries, austenitic stainless steels are the most widespread.
They account for about two-thirds of global production of stainless steels®.
Their structure remains austenitic across the entire temperature range — from
cryogenic to melting temperatures — due to alloying with nickel, as well as
nitrogen and manganese. Austenitic steels are not susceptible to heat hardening,
but can be strengthened by cold deformation. They have excellent formability
and weldability, are non-magnetic, and retain their ductility at very low
temperatures’,®. The most common is the 300 series — chromium-nickel alloys,
where the austenitic structure is achieved mainly by adding nickel. The most
widespread steels of the austenitic class are AISI 304, AISI 316, and AISI 321.
The chemical composition of these steels according to ASTM A480/A480M-
22a is given in Table 1.

Table 1

Chemical composition of steels, % by wt.’
Grade | C Si | Mn | Ni S P | Cr | Cu | Ti | Mo | Fe
AISI 304 [<0,08 [<08 [<2  [o-11 [<0.02 [<0,035[17-19 [<03 |- - Bal.
AISI 316 [<0,03 |<04 [<1-2 [13-15 |<0,02 |<0,035|16-18 |- - 2,5-3,1 | Bal.
AISI 321 [<0,12 |<0.8 [<2  [9-11 [<0,02 [<0,035[17-19 [<03 [04-1 |- Bal.

Stainless steels AISI 304, AISI 316, and AISI 321 are widely used in
industry due to their corrosion resistance and high mechanical properties.
AISI 304 is the most common grade used in the food industry, household
appliances, architecture, and mechanical engineering. AISI 316 contains
molybdenum, which increases its resistance to aggressive environments,
particularly those containing chlorine, making it the grade of choice for
marine, chemical, and medical applications. AISI 321 is alloyed with titanium
and is characterized by high heat resistance and resistance to intergranular

6 Michler T. Austenitic stainless steels. Reference Module in Materials Science and Materials
Engineering. 2016. Vol. 1, no. 6. URL: https://doi.org/10.1016/b978-0-12-803581-8.02509-1 (date of
access: 17.01.2026).

7 Ibrahim O., Ibrahim 1., Khalifa T. Impact behavior of different stainless steel weldments at low
temperatures. Engineering Failure Analysis. 2010. Vol. 17, no. 5. P. 1069-1076. URL: https://doi.
org/10.1016/j.engfailanal.2009.12.006 (date of access: 17.01.2026).

8 Lv X., Chen S., Wang Q., Jiang H., Rong L. Temperature dependence of fracture behavior and
mechanical properties of AISI 316 austenitic stainless steel. Metals. 2022. Vol. 12, no. 9. 1421. https://
doi.org/10.3390/met12091421 (date of access: 17.01.2026).

®  ASTM A480/A480M-22a. Standard specification for general requirements for flat-rolled stainless
and heat-resisting steel plate, sheet, and strip. Effective from 2023-06-02. Official edition. URL: https:/
store.astm.org/a0480 a0480m-22a.html (date of access: 17.01.2026).
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corrosion, which makes it applicable for use in high-temperature equipment,
aviation, and other industries where high operating temperatures are
present!,' 12,

Given the properties mentioned above, austenitic steels are most often used
for the manufacture of thin-walled structures. To join them, welding processes
must be used that ensure minimal heat impact and high-quality welded joints.
The main types of welded joints for thin-sheet products are butt joints for flat
products and girth joints for cylindrical products.

1. Analysis of the disadvantages of common methods
for welding thin-walled products

Today, the most common methods of welding thin-walled products in the
world are plasma, electron beam, TIG welding, and MIG welding!3,'4,'5.

Despite the variety of welding processes, the methods described above have
their disadvantages. Plasma welding involves high costs for welding equipment
and consumables. This can significantly increase the cost of implementing
the technology. In addition, achieving the required weld quality requires high
precision in joining the welded edges, which complicates the process, especially
when it comes to processing thin or long parts'c.

Although electron beam welding is effective, it is not without its
disadvantages. The welding equipment for this technology is complex and
expensive, making it less accessible for widespread use. In addition, vacuum
chambers are required for welding, which limits the ability to process large or

10 Michler T. Austenitic stainless steels. Reference Module in Materials Science and Materials
Engineering. 2016. Vol. 1, no. 6. URL: https://doi.org/10.1016/b978-0-12-803581-8.02509-1 (date of
access: 17.01.2026).

1" Ibrahim O., Ibrahim I., Khalifa T. Impact behavior of different stainless steel weldments at low
temperatures. Engineering Failure Analysis. 2010. Vol. 17, no. 5. P. 1069-1076. URL: https://doi.
org/10.1016/j.engfailanal.2009.12.006 (date of access: 17.01.2026).

2. Lv X, Chen S., Wang Q., Jiang H., Rong L. Temperature dependence of fracture behavior and
mechanical properties of AISI 316 austenitic stainless steel. Metals. 2022. Vol. 12, no. 9. 1421. https:/
doi.org/10.3390/met12091421 (date of access: 17.01.2026).

13 Kumar K., Kumar C. S., Masanta M., Pradhan S. A review on TIG welding technology variants and
its effect on weld geometry. Materials Today Proceedings. 2021. Vol. 50. P. 999-1004. URL: https://doi.
org/10.1016/j.matpr.2021.07.308 (date of access: 17.01.2026).

4 Advancing implantable medical device reliability with enhanced laser joining technology. Home —
Medical Design Briefs. URL: https://www.medicaldesignbriefs.com/component/content/article/52177-
advancing-implantable-medical-device-reliability-with-enhanced-laser-joining-technology ~ (date  of
access: 17.01.2026).

5 Sabdin S. D., Hussein N. L. S., Sued M. K., Ayof M. N. Joining of thin plates using various arc
welding heat sources—A Review. Journal of Advanced Manufacturing Technology (JAMT). 2018. Vol.
12, no. 1. P. 357-370. URL: https://jamt.utem.edu.my/jamt/article/view/4005 (date of access:
17.01.2026).

16 Khoshnaw F. Welding of metallic materials methods, metallurgy, and performance. Elsevier, 2023.
608 p.URL: https://doi.org/10.1016/c2020-0-03713-8 (date of access: 17.01.2026).
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heavy products. Since electron beam welding is performed in closed vacuum
chambers, complex guidance systems are required for accurate positioning of
the electron beam and finding the welding location. The process itself is also
accompanied by X-ray radiation, which requires special protective measures
for personnel’.

TIG welding also has its drawbacks. In particular, excessive welding
current can cause the tungsten electrode to melt, affecting the quality of the
weld by forming brittle tungsten in the weld pool. In addition, this welding
process has a low speed, which limits its productivity when welding large-
sized products.'s.

Among the main disadvantages of MIG welding is a less stable welding
arc, which can lead to an uneven welding process. Another problem
is feedback from the welding wire, which can sometimes be uneven,
making it difficult to control the welding process. In addition, there may
be problems with wire burnout and increased sparking, which can lead to
a fire hazard. Welding also produces a large amount of smoke and harmful
fumes, requiring the use of appropriate ventilation and personnel protection
measures'”.

2. Analysis of the growth and spread of laser tech
for welding thin-walled products
Along with the above-mentioned methods of welding thin-walled
structures, laser welding is becoming increasingly popular and widely
used. Over the past 10 years, laser technologies have developed rapidly,
reducing the cost of kilowatt power of laser radiation by approximately
10 times, which has made laser welding even more competitive compared
to traditional types of welding®. This is confirmed by data from various
consulting agencies, which indicate that the global market for laser welding

17 Kumar K., Kumar C. S., Masanta M., Pradhan S. A review on TIG welding technology variants and
its effect on weld geometry. Materials Today Proceedings. 2021. Vol. 50. P. 999-1004. URL: https://doi.
org/10.1016/j.matpr.2021.07.308 (date of access: 17.01.2026).

18 Manh N. H., Van Anh N., Van Tuan N., Xu B., Akihisa M. Research and development of a novel
TIG welding torch for joining thin sheets. Applied Sciences. 2019. Vol. 9, no, 23. 5260. URL: https://doi.
org/10.3390/app9235260 (date of access: 17.01.2026).

1 Lv X, Chen S., Wang Q., Jiang H., Rong L. Temperature dependence of fracture behavior and
mechanical properties of AISI 316 austenitic stainless steel. Metals. 2022. Vol. 12, no. 9. 1421. https://
doi.org/10.3390/met12091421 (date of access: 17.01.2026).

2 Yurchenko, Yu. V., et al. Analysis of actual problems of laser welding of stainless steel thin
sheets and search for solutions. International Journal of Science Engineering and Technology.
2024. Vol. 12, no. 5. P. 1-9. URL: https://doi.org/10.61463/ijset.vol.12.issue5.289 (date of access:
17.01.2026).
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equipment in 2022-2023 amounted to $2.5-2.9 billion?',?2,>>. This market
is expected to reach approximately $4 billion by 2032, with a compound
annual growth rate (CAGR) of 5.5% during the forecast period*. The rapid
evolution of laser technologies is also confirmed by a significant increase in
the number of scientific publications related to laser processing, particularly
laser welding.

To assess the spread of lasers in welding technologies, a bibliometric
analysis of the Scopus and Google Scholar databases was conducted. The
analysis consisted of determining the number of publications covering laser
welding processes published between 2014 and 2024. The search was conducted
using keywords in two categories: “Laser welding processes” and “Prevalence
of laser use.” According to the results of the analysis, works devoted to laser
welding account for approximately 12% of publications on Google Scholar
(90,000) and 17% of publications in the Scopus database (88,850) related to
welding materials. At the same time, 51% (340,600 works) of the peer-reviewed
publications in Scopus focus on materials processing in industry (Materials
Science and Engineering). 24% (160,190 works) are devoted to the use of
laser technologies in medicine and biotechnology, and chemical sciences rank
third with 16% (108,970 works). This indicates that over the last decade, laser
welding processes have become an important and relevant area of scientific
research®.

The main advantages of laser welding are: no need for complex vacuum
chambers, highly localized thermal effect, small size of the heat-affected zone,
and minimal residual deformation. Fig. 1 shows a comparative diagram of heat-
affected zones for different welding methods. It shows that laser welding has
one of the smallest heat-affected zones, making this process one of the most
optimal for welding thin-walled structures.

2 Bala Y., Rajendran D. K. Global welding market growth. Automation in Welding Industry:
Incorporating Artificial Intelligence, Machine Learning and Other Technologies. 2024. P. 229-243.
URL: https://doi.org/10.1002/9781394172948.ch13 _(date of access: 17.01.2026).

2 Buang A. S., Bakar M. S. A, Rohani M. Z. A review of trend advanced welding process and
welding technology in industries. International Journal of Technical Vocational and Engineering
Technology. 2024. Vol. 5, no. 1. P. 133-145. URL: https://journal.pktm.com.my/index.php/ijtvet/article/
download/103/72 (date of access: 17.01.2026).

s Rahadian N. Advancements in welding technology: A comprehensive review of techniques,
materials, and applications. Journal PEP Bandung. 2025.Vol. 2, no. 1. P. 62-110. https://ejournal.
pepbandung.ac.id/index.php/gm/article/view/12 (date of access: 17.01.2026).
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no. 5. P. 1-9. URL: https://doi.org/10.61463/ijset.vol.12.issue5.289 (date of access: 17.01.2026).

92



TIG welding Electron beam welding
\

T N
MIG welding Plasma welding Laser welding

Fig. 1. Heat-affected zone for different welding technologies?®

Despite the rapid growth of laser welding as a highly productive technology
with deep penetration, minimal deformation, and high process speed, a number
of technical challenges and problems remain relevant and still don't have a final
solution. These include the formation of craters at the beginning and end of the
welded joint, ensuring reliable gas protection, effective heat removal, control of
welding stresses and deformations, as well as reliable clamping of the welded
edges of thin-sheet parts.

3. Analysis of the main problems of laser welding
of thin-walled products
3.1. Crater formation in a welded joint

The formation of craters at the end of a welded joint during laser welding
remains one of the pressing issues in the manufacture of ring welded joints in
thin-walled products. According to EN ISO 6520-1:2007%, a crater is a cavity
that forms at the end of a welded joint under the effect of electric arc pressure
and/or gas jet and volumetric shrinkage of metal during its crystallization. In
international terminology, this defect is referred to as a «crater» and is shown
in Figure 2. The problem of crater formation at the end of a welded joint has
been known for a long time, but with the development of welding technologies,
thin-walled or closed joints, where it is impossible to use traditional lead-out
strips, it is becoming increasingly relevant®,

% Advancing implantable medical device reliability with enhanced laser joining technology. Home —
Medical Design Briefs. URL: https://www.medicaldesignbriefs.com/component/content/article/52177-
advancing-implantable-medical-device-reliability-with-enhanced-laser-joining-technology ~ (date  of
access: 17.01.2026).

27 EN ISO 6520-1:2007. Welding and allied processes — Classification of geometric imperfections in
metallic materials — Part 1: Fusion welding. Effective from 2014-02-15 URL: https://uscc.ua/uploads/
page/images/normativnye%20dokumenty/dstu/vigotovlennya-mk-mizhnarodna-gilka-standarty/78-dstu-
1s0-5817-2016-zvaryuvannya.pdf (date of access: 17.01.2026).

% Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
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Fig. 2. Crater at the end of a welded joint during laser welding:
a) top view, b) scheme of the crater of a welded joint?

Despite its apparent simplicity, the crater zone is highly complex in terms
of thermodynamics, hydrodynamics, metallurgy, and stress-strain state. This
is where hot cracks, pores, shrinkage cavities, and microinclusions most often
occur, which impair the mechanical properties of the joint, reduce its tightness,
and, under unfavorable conditions, can lead to premature failure of the welded
joint under load (Fig. 3)%.

 crack porosity / wormhole (:_) crater / cavity

80 80r 80 mm

Fig. 3. Defects in welded joints®!

Controlling the completion of the welding process is particularly challenging.
While most technological solutions are aimed at ensuring a stable weld pool in
steady state, the completion zone is inherently unstable: after the heat source is
turned off, the character of heat flows, temperature distribution, and crystallization
rate change, leading to a local loss of balance between phase and hydrodynamic

29

EN ISO 6520-1:2007. Welding and allied processes — Classification of geometric imperfections in
metallic materials — Part 1: Fusion welding. Effective from 2014-02-15 URL: https://uscc.ua/uploads/
page/images/normativnye%20dokumenty/dstu/vigotovlennya-mk-mizhnarodna-gilka-standarty/78-dstu-
180-5817-2016-zvaryuvannya.pdf (date of access: 17.01.2026).

30 Jian G. A. O., Xiaojiao S. O. N. G., Lihua P. A. N, Ling X. L. A., Jie X. U. Study on the quality
control of arc crater in laser welding girth weld. Electric Welding Machine. 2022. Vol. 52, no.5. P. 112-
116. URL: http://doi.org/10.7512/j.issn.1001-2303.2022.05.16 (date of access: 17.01.2026).

31 Lai W. J., Ganguly S., Suder W. Study of the effect of inter-pass temperature on weld overlap start-
stop defects and mitigation by application of laser defocusing. The International Journal of Advanced
Manufacturing Technology. 2021. Vol. 114. P. 117-130. URL: https://doi.org/10.1007/s00170-021-
06851-8 (date of access: 17.01.2026).
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processes. As a result, the crater becomes a concentrator of residual stresses and
a source of crack initiation. In addition to cold cracks, there is also the problem
of hot cracks forming during laser welding of austenitic stainless steels*’. The
main reason for their occurrence is the presence in the microstructure of the
welded joint of residual molten films with a reduced melting point, which are
formed as a result of micro-segregation of low-melting elements such as sulfur,
phosphorus, copper, silicon, or the formation of eutectics based on Ni,S,, Fe.P,
etc. These films remain in a liquid state even at temperatures significantly lower
than the equilibrium solidus temperature of the base material, making them
particularly sensitive to mechanical and thermal loads*. Under the action of
shrinkage stresses arising during cooling or as a result of a rapid change in heat
flows in the area of the welded joint, these films lose their integrity, forming
hot cracks.

Avoiding crater formation at the beginning and end of a welded joint is an
important condition for ensuring high quality and tightness of welded joints,
especially during laser welding. One of the key approaches to minimizing
craters in laser welding is to adjust the heat balance at the beginning and end
of the welded joint.

The most common and effective strategy for avoiding crater formation is
to reduce the laser power at the end of the weld (ramp-down). The method of
reducing the power of laser radiation at the end of the welded joint allows the
temperature in the weld pool to be lowered, promoting uniform crystallization.
By reducing temperature gradients and cooling rates, shrinkage stresses are
reduced, susceptibility to hot cracks is reduced, and the risk of shrinkage
cavities forming in the crater is minimized*.

In their study, Kenda et al.> used three variants of laser radiation power
reduction (RD) profiles (Fig. 4). Profile P, — classic regime with a linear power
reduction of —1.5 W/ms for transition from deep penetration to heat conduction
regime. Profile P, is a new approach with a zigzag decline: initially to 73% of

32 Ramon J., Basu R., Voort G. V., Bolar G. A comprehensive study on solidification (hot) cracking
in austenitic stainless steel welds from a microstructural approach. International Journal of Pressure
Vessels and Piping. 2021. Vol. 194. 104560. https://doi.org/10.1016/j.ijpvp.2021.104560_(date of access:
17.01.2026).

3 Zhang P, Jia Z., Yu Z., Shi H., Li S., Wu D., Tian Y. A review on the effect of laser pulse shaping
on the microstructure and hot cracking behavior in the welding of alloys. Optics & Laser Technology.
2021. Vol. 140. 107094. URL: https://doi.org/10.1016/j.optlastec.2021.107094 (date of access:
17.01.2026).

3 Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
3% Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
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power, then 53 Hz modulation with a slope of —0.15 W/ms. Profile P, is similar
to P,, but with a frequency of 106 Hz and a slope of —0.25 W/ms.

100 100
80 80
60 80
&
o 40 o 40
20 20F
o L L L " 0 . ; ; . !
0 20 40 60 80 100 0 20 40 60 80 100
t %] t %]
a) Rectangular ramp-down profile b) P:  ramp-down profile
100 100
80 80
&0 &0
R 8
o 40 o 40
20 20
0 . . s o " : .
0 20 40 80 80 100 0 20 40 60 80 100
t %] t[%]
¢) P; ramp-down profile d) P; ramp-down profile

Fig. 4. Laser power reduction profiles: a) rectangular, b) P, ¢) P,, d) P,*

Fig. 5 shows a top view of three typical welded joint finishes made
according to RD profiles P,, P,, P,. When welding with profile P, the surface
of the welded joint is smooth but has several long axial cracks, which usually
occur under such conditions (Fig. 5a). These cracks begin when the power is
reduced, and in a certain area of the welded joint, they exist in parallel across
the width. The surface of the welded joint when using zigzag profiles P, and
P, (Fig. 5b and 5c) has an arc-shaped structure, i.e., it contains pronounced
crystallization zones. The number of such zones corresponds to the number
of power modulation cycles embedded in the corresponding RD profile. The
images in Fig. 5b and 5c also show that only short surface cracks are formed
when zigzag profiles are used. This is because the powerful modulation of the
laser beam forms crystallization zones that act as barriers to crack propagation®’.

3% Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
37 Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
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Fig. 5. Comparison of crack morphology on the surface of a welded joint
at different laser power reduction profiles: a) P;; b) P,; ¢) P,*

There are several other methods for avoiding crater formation, including
defocusing the laser beam, welding with overlap, and using a “smoothing”
weld*. The disadvantage of the laser defocusing method is the need to use
complicated optical systems in welding heads that ensure controlled change
of the focal length. This complicates the design of the equipment, increases its
cost and maintenance requirements. The “smoothing” weld method requires an
additional pass, which also increases processing time and additional internal
stresses due to repeated thermal influence.

Based on the results of a review of scientific works devoted to the study
of crater formation at the end of a welded joint, the following conclusion can
be drawn. Despite the existence of a certain number of scientific works in this

¥ Kenda M., Klob¢ar D., Nagode A., Bra¢un D. Analysis and prevention of weld crater cracking in
circumferential laser microwelding of automotive pressure sensors. Engineering Failure Analysis. 2021.
Vol. 128. 105579. URL: https://doi.org/10.1016/j.engfailanal.2021.105579 (date of access: 17.01.2026).
% Gook S., Ustiindag O., Gumenyuk A., Rethmeier M. Avoidance of end crater imperfections at high-
power laser beam welding of closed circumferential welds. Welding in the World. 2019. Vol. 64, no. 2.
P. 407-417. URL: https://doi.org/10.1007/s40194-019-00841-x (date of access: 17.01.2026).
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area, the topic of crater formation during laser welding of thin-walled welded
joints made of stainless steel remains unexplored. Therefore, further research in
this area remains relevant.
3.2. Protection of the welding zone to ensure high quality welded joints

The topic of gas protection during welding with concentrated energy sources
is relevant because most methods involve welding in the open air without the
use of vacuum chambers. Gas protection plays a key role in such cases. Due
to the high temperature and localized action of the heat source, even a small
amount of air entering the welding zone can lead to the formation of oxide films,
pores, cracks, and other defects. This degrades the metal structure and reduces
the strength and durability of welded joints*,* ,*2,%*. One of the main factors that
reduce the effectiveness of gas protection during welding is flow turbulence.
When transitioning from laminar to turbulent flow, the protective gas mixes
intensively with the surrounding air, causing the oxygen concentration in the
welding zone to rise rapidly (Fig. 7)*,%. As a result of pulse exchange at the
transition layer with the environment or with the wall (i.e., metal surface), the
velocity profile undergoes asymmetric changes with increasing propagation
length*®.

Therefore, analysis of surface and free jets allows to evaluate the efficiency
of protective gas delivery through flat or tubular nozzles*'.

4 Mahajanam S., Heidersbach K. Corrosion studies of heat-tinted austenitic stainless steel. Materials

Performance. 2021. Vol. 60, no. 5. P. 42-47. URL:https://doi.org/10.5006/mp2021_60 5-42_(date of
access: 17.01.2026).

4 Kearns J. R. The corrosion of heat tinted austenitic stainless alloys. Corrosion. 1985. P. 1-11. URL:
https://doi.org/10.5006/c1985-85050_(date of access: 17.01.2026).

#  Zhang Z., Jing H., Xu L., Han Y., Zhao L., Zhou C. Effects of nitrogen in shielding gas on
microstructure evolution and localized corrosion behavior of duplex stainless steel welding joint. Applied
Surface Science. 2017. Vol. 404. P. 110-128. URL: https://doi.org/10.1016/j.apsusc.2017.01.252 (date of
access: 17.01.2026).
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sulfide stress corrosion cracking of duplex stainless steel. Corrosion. 2015. P. 1-15. URL: https://doi.
org/10.5006/c2015-06084 _(date of access: 17.01.2026).
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org/10.3390/jmmp5040139 (date of access: 17.01.2026).

4 Chen K., Hu Z. H,, Huang R., Li M. X,, Xiao R. S. Outflow Forms of Shielding Gas in Laser
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URL: https://journal.bjut.edu.cn/bjgydxxb/en/article/pdf/preview/10.3969/.issn.0254-0037.2007.12.020.
pdf (date of access: 17.01.2026).
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Fig. 6. Characteristics of helium flow depending on nozzle diameter,
visualized using schlieren imaging*

Near-surface jets demonstrate a significantly longer laminar flow section
and less turbulence at the same Reynolds number*, which indicates the
advantage of flat nozzles over other shapes. Depending on the Re value, either
stable (Re = 330) or unstable (Re = 370...750) near-surface jets are formed,
with higher flow velocities slowing down earlier and being more dependent
on external disturbances. The flow rate of the protective gas is one of the most
thoroughly studied parameters due to the ease of its regulation. Blackburn et
al.*® found that reducing the flow velocity improves the visual appearance of
the weld, as excessive velocity causes turbulence in the gas flow.

Vysko¢®! investigated the effect of flow velocity on the shape of a weld
and found that increasing it reduces the energy absorbed by the plasma
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pdf (date of access: 17.01.2026).

4 Wang S., Zhou Y., Alam M. M., Yang H. Turbulent intensity and Reynolds number effects on an
airfoil at low Reynolds numbers. Physics of Fluids. 2014. Vol. 26, no. 11. 115107. URL: https://doi.
org/10.1063/1.4901969 (date of access: 17.01.2026).

0 Blackburn J., Allen C., Hilton P, Li L. Nd:YAG laser welding of titanium alloys using a
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torch and at the same time increases the width of the weld. The paper
analyzed the relationship between the distance of the shielding gas supply
and the porosity of the weld. The optimal supply distance stabilized the
vapor-gas channel and reduced porosity. In addition to gas consumption,
the researchers also focused on the position of the gas shielding nozzle®2.
Campana et al.?® concluded that for effective protection, the gas should be
supplied at a perpendicular to the workpiece surface, and the nozzle height
should be minimized to ensure reliable protection of the vapor-gas channel
and the high-temperature welding zone. Grevey et al. investigated the effect
of the nozzle angle and found that as the angle decreases, the size of the gas
protection zone increases™.

The most characteristic manifestation of insufficient gas protection of the
welding zone is the formation of oxide films on the metal surface, known as heat
tint. On stainless steels, such oxide films form at temperatures above 300°C.
Their thickness depends on the temperature regime, the duration of heating,
and the oxygen content in the weld zone (Fig. 7). Areas with oxide films are
characterized by lower corrosion resistance compared to the base metal, which
can lead to the formation of local corrosion®®,.

The color of oxide films formed during welding varies from light straw
to dark blue depending on the temperature. This is due to the formation of
oxide films, which are predominantly composed of chromium and iron. During
oxidation, alloying elements, in particular chromium, can diffuse to the surface
because they oxidize more easily than iron®’.
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Fig. 7. Colors of oxide films on the surface of stainless steel™

As a result, an area with reduced chromium content forms under the film,
which negatively affects the corrosion resistance of this area compared to the
rest of the steel volume®. The rate of oxidation and the level of depletion of
alloying elements in the area under the film are determined not by the overall
chemical composition of the steel, but by the properties of the oxide film
itself, in particular its ability to diffuse®®. Heterogeneous oxides consisting
mainly of chromium and iron form on the surface. They are located above the
metal that has already lost some of the chromium. Due to its heterogeneous
structure, the presence of defects and internal stresses, such an oxide film does
not provide reliable protection against corrosion. In certain environments,
this can lead to local corrosion in the area with reduced chromium content
located under the film®. During service, welded joints made of stainless
steel may be exposed to various types of corrosion, namely pitting, crevice,
intergranular, and stress corrosion®?,%3,%4. A protective passive film on the
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surface of stainless steel provides high resistance to uniform corrosion in
typical oxidizing environments®,%,. However, in the presence of aggressive
factors, local destruction of this film is possible, leading to the formation of
pitting corrosion®,®. The effect of high temperatures in the range of 500-
800 °C (so-called «critical temperatures») during welding followed by slow
cooling in air makes 2 mm thick austenitic corrosion-resistant steel AISI 304
susceptible to intergranular corrosion’,’ ",

Under these conditions, chromium carbides precipitate along the grain
boundaries, reducing the chromium content in the adjacent area (Fig. 8). If
the chromium concentration decreases below the critical level for passivation
(approximately 11.5%), this area becomes anodic relative to the rest of the grain,
leading to sensitization of the material and its susceptibility to intergranular
corrosion”. Areas with chromium depletion may also become pathways for the
preferential formation of other types of localized corrosion or crack propagation
in the presence of tensile stresses’™.
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Fig. 8. SEM image of chromium carbides at the grain boundaries
of AISI 304 steel”™

Special gas protection systems are used to prevent the formation of oxide
films on the metal surface during welding and to reduce the likelihood of
corrosion damage. They ensure the supply of protective gas to the welding
area in order to isolate the molten metal and adjacent areas from contact with
oxygen, nitrogen, and moisture from the environment. The development of
effective gas protection devices is a relevant area of research, since the quality
of a welded joint significantly depends on the stability and uniformity of the gas
flow. A number of scientific papers have proposed technical solutions aimed at
forming a laminar flow of shielding gas, which increases the effectiveness of
protection and minimizes the formation of defects in the welded joint’,””,”8.

One of the main ways to make reliable gas protection is to gradually create
a steady laminar flow. To start with, diffusers made of sintered metal or metal
foam are used to even out the gas speed. These diffusers really cut down on flow
turbulence and make the gas spread out more evenly (Fig. 9)”. Depending on
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the requirements for protection quality and nozzle design, it is possible to use
both individual elements and their combinations. For example, a honeycomb
structure can be installed after the diffuser to direct the flow along the nozzle
axis, effectively reducing transverse velocity fluctuations. At the same time, to
achieve sufficient stabilization, a ratio of cell length to diameter of at least 5:1 is
selected, which suppresses turbulence and promotes the formation of laminar
flow®. It is important to avoid abrupt changes in the shape and cross-section
of the internal channels of the nozzle. The transition areas between sections
are made with radius, which reduces the probability of flow disruption and
the formation of new areas of turbulence. Such a smooth direction ensures
a uniform laminar flow, especially if the channel length is sufficient to form
a full parabolic velocity profile (Fig. 9)%'.
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Fig. 9. Schematic cross-section of a protective nozzle with radiused edges
and a sintered metal diffuser®

Another common technique is to use multiple directions for supplying protective
gas. Gas is supplied both directly to the welding area and to the surrounding space.
This is achieved through separate channels: one directed straight at the welding
area, another at an angle or opposite to the direction of the beam to prevent air
ingress, and a third through the central chamber with subsequent distribution
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through a honeycomb structure. In addition, the devices are equipped with welding
fume extraction systems that do not interfere with the main flow of shielding gas.
For this purpose, extraction nozzles are used, which remove gas only from the
periphery, leaving the central zone with a clean inert environment®.

A review of scientific works on gas protection shows that there are currently
studies devoted to the general patterns of laminar flow formation during
welding with a relatively large gap between the clamping plates. However, the
development of devices capable of ensuring an effective laminar gas flow in
a narrow gap between closely spaced clamping plates of the clamping device
remains outside the scope of research. This confirms the relevance of creating
gas protection devices for such welding conditions.

3.3. Formation of welding stresses and deformations

Welding with highly concentrated energy sources inevitably leads to
residual stresses and deformations after cooling of the weld zone. Localized
heat influence and subsequent uneven cooling cause internal stresses and
deformations that can significantly affect the geometric accuracy and strength
of structures®. Figure 10 shows typical forms of deformation that occur during
the welding of flat parts.

Transverse and longitudinal shrinkage, as well as angular distortion, are the
three main types of welding deformation that are commonly combined in real
welded structures®.

In particular, Figure 1la shows the distribution of longitudinal residual
stresses (in the direction of welding) both along the weld and at the cross
section in its center. The maximum tensile residual stress is recorded in the
area around the weld line. Compressive stresses are formed in areas distant
from the weld zone to maintain equilibrium. Along the weld line, the residual
stresses at its ends decrease to zero due to free boundaries. Similarly, Figure
11b shows the distribution of transverse residual stress: it is tensile in the center
and compressive at the beginning and end of the weld, and approaches zero at
the edges of the plate®.
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deformation®

The level of welding deformations and residual stresses is largely determined
by the amount of heat input. As a rule, with an increase in heat input, both
residual stresses and the degree of deformation increase®. In this sense, laser
welding, which is characterized by high energy density, is advantageous because
it requires less heat input compared to other welding methods.*.

The evolution of residual stresses during welding is related to the interaction
of metallurgical changes and microstructure morphology. Tensile residual
stresses have a negative effect on structural integrity, while compressive
residual stresses usually have a positive effect, in particular increasing fatigue
strength®,’!. The change in stress caused by grain size may be a consequence
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of variations in the properties of the austenitic and ferritic phases, in particular
elastic deformation, thermal and plastic mismatch. At the same time, the crystal
lattice parameter, which is a function of the interstitial atom content, is crucial
for interpreting the desired residual stress in expanded austenite of AISI 316
steel”. On the other hand, it has been proven that solid-phase transformation
has a certain effect on the distribution of residual stresses in AISI 304 steel, but
this effect is not significant®.
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Fig. 11. Scheme of residual stress distribution during welding: (a) stress in
the welding direction, (b) stress in the transverse direction®

The study® examined the effect of microstructure and heat input on residual
stresses after laser welding of 1 mm thick AISI 304 stainless steel. During
the research, laser welding was performed with a constant laser power of 750
W, while the welding speed was varied in the range of 0.6...1 m/min, and the
defocusing value was varied in the range of 0...-1 mm. It was found that a ratio
of chromium to nickel equivalents of about 1.69 confirms a ferrite-austenite
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type crystallization mode, in which the microstructure consists of a combined
phase of needle-like and lath d-ferrite in an austenitic matrix. The maximum
d-ferrite content (12%) is achieved at the lowest heat input of 45 J/mm, while
at an increase to 75 J/mm, its amount decreases to 7-8%. With increasing heat
input, the thickness of dendrites increases from 484 nm to 927 nm, and the
interdendritic interval doubles from 3 to 6 pum, while lath d-ferrite decreases
in favor of needle-like §-ferrite (Fig. 12). The highest quality welded joint is
observed with minimal heat input, which is explained by a very fine dendritic
structure and minimal inter-dendritic spacing. The higher coefficient of thermal
expansion of nickel compared to chromium causes tensile stresses in the
v-austenite phase and compressive stresses in the d-ferrite dendritic phase.

At low heat input, which increases the chromium content and reduces nickel,
compressive stresses arise, which contribute to a reduction in residual stresses.
Also, reducing the heat input from 75 to 45 J/mm reduces the longitudinal
tensile stresses to 245 MPa, which is below the yield strength, and the transverse
residual stresses change from tensile to compressive (Fig. 13)%.

Several approaches can be used to reduce stress and deformation levels.
For example, the use of closely spaced external clamping plates when welding
straight welded pipe joints. External clamping plates significantly reduce
residual stresses and welding deformations by more than 30% compared to not
using clamping plates.”. The use of copper backing plates on the back side of
welded joints also significantly reduces residual stresses and deformations®.

Based on the results of a literature review of contemporary scientific works
on laser welding of thin-walled parts, the following areas for further research
were identified:

1. Gas protection during laser welding of thin-walled products in
a narrow gap between clamping plates is important to prevent the formation
of oxide films, pores, and a decrease in the corrosion resistance of joints.
Currently, there are studies devoted to the general patterns of laminar flow
formation during welding with a relatively wide gap between the clamping

% Kumar B., Bag S., Mahadevan S., Paul C., Das C., Bindra K. On the interaction of microstructural

morphology with residual stress in fiber laser welding of austenitic stainless steel. CIRP Journal of
Manufacturing Science and Technology. 2021. Vol. 33. P. 158-175. URL: https://doi.org/10.1016/j.
cirpj.2021.03.009_(date of access: 17.01.2026).

7 Mandal N.R. Welding Residual Stress and Distortion. Ship Construction and Welding. Springer
Series on Naval Architecture, Marine Engineering, Shipbuilding and Shipping. 2017. Vol. 2. Springer
URL: https://doi.org/10.1007/978-981-10-2955-4 17 (date of access: 17.01.2026).

% Mohammed M. S., Hamdey M. D., Kareem A. H., Majdi H. S. Investigation of copper backing
plate effects in stainless steel welding distortion, heat distribution, and residual stress. International
Journal of Heat and Technology. 2024. Vol. 42, no. 4. P. 1434-1446. URL: https://doi.org/10.18280/
1jht.420433 (date of access: 17.01.2026).

108



NEEZANTNDDIN
I:| ENTe 3004% WO+ 26mem Magr KK SPnAsntear

S8 lnm}‘(cml:" ic spaci

EnTe 3000 WO J0me Mige THEX  Sgeedemten H

Fig. 12. Variation of the primary dendritic lattice of 6-ferrite under
different welding parameters for 1 mm thick AISI 304 steel: a) P = 750 W,
V =1 m/min, AF = 0 mm; b) P=750 W, V =1 m/min, AF = -1 mm;
¢) P=750 W, V = 0.8 m/min, AF = 0 mm; d) P="750 W, V = 0.8 m/min,
AF =-1 mm; e) P=750 W, V = 0.6 m/min, AF = 0 mm; f) P =750 W,

V = 0.6 m/min, AF = -1 mm *
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plates'®,"1 12 However, the development of devices capable of ensuring an
effective laminar gas flow in the narrow gap between closely spaced clamping
plates remains outside the scope of research. This confirms the relevance
of creating gas protection devices for such welding conditions. To reduce
turbulence in the flow and ensure stable and constant gas protection in the
welding zone, it is promising to use additional gas distribution elements in
the design of gas protection devices based on metal meshes or sintered porous
metal, which allow stabilizing the speed and reducing the intensity of mixing
with atmospheric air'®,'™. The ratio of the diameter to the length of the outlet
channel also plays an important role, which must be at least 1:5 to ensure laminar
flow stability'®. Further research should focus on developing a gas protection
device for welding in conditions of a narrow gap between the clamping plates,
which would ensure a stable laminar flow of protective gas.

2. The problem of deformation and residual stresses in thin-walled welded
structures is particularly critical due to the low rigidity of the elements and
high sensitivity to thermal effects. Even when using laser welding with a lower
level of heat input compared to other welding methods, deformations caused by
a concentrated heat source can lead to a loss of geometric accuracy and strength
of products and welded joints, respectively'®,'””. Among the known solutions,
the most effective are the use of copper backing plates, which, due to their high
thermal conductivity, ensure effective heat dissipation and reduce the size of
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Fig. 13. a) distribution of residual stresses at the lowest heat input
of 45 J/mm, b) change in the size of primary o-ferrite dendrites
depending on residual stress'’®

the heat-affected zone, as well as the optimization of laser welding parameters,
which reduce the levels of stress and deformation in welded products!'®,!0 !,
An important condition for the effectiveness of these solutions is the optimal
placement of the clamping plates and ensure that the parts fit completely to
the copper backing plate. Further research may be directed toward studying
the stresses and strains in the welded part at different distances between the
clamping plates.

3. The formation of craters at the end of a welded joint during laser welding
remains one of the major problems in the manufacture of girth welded joints
in thin-walled products. Despite the existence of research, the main focus in
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these studies is on the welding of dissimilar metals or carbon steels!'?,'3. There
are still only a limited number of studies specifically related to the welding
of thin-walled elements made of austenitic stainless steel. This creates a need
for further research into avoiding crater formation when welding thin-walled
products with a rotation axis made of stainless steel. One of the most promising
approaches to eliminating crater formation is to use a smooth increase and
decrease in laser power at the beginning and end of the welding process,
respectively. The use of zigzag power modulation allows to reduce the length
of crystallization cracks in the crater and limit their penetration into the welded
joint, In addition, overlap welding and smoothing welds also help reduce the
risk of craters and crystallization cracks forming''s. Further research prospects
include optimizing the profiles of increasing and decreasing the power of laser
radiation during welding, taking into account the specific geometry of the joint
and the properties of the material.

4. Development and testing of auxiliary technological equipment

for laser welding

The efficiency of laser welding of thin-walled stainless steels is largely
determined not only by the parameters of the welding modes, but also by the
level of technological support for the process. Given the short lifetime of the weld
pool (10-20 ms) and the limited length of the welded joint section, which requires
gas protection no more than 30-40 mm long. Therefore, it is important to use gas
protection devices that ensure stable conditions for the crystallization of the weld
metal and prevent the formation of oxides and defects in welded joints.

An important auxiliary technological device is a clamping device designed
for precise fixing and joining of welded edges. Its use will minimize gaps
between welded parts, improve heat dissipation from the welding area, and
reduce the probability of non-welds and thermal deformations.

To ensure process stability and high repeatability of girth welded joints, it is
also necessary to use a precision rotator, which will ensure accurate positioning
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of parts, uniform movement, and improve weld formation, especially at the
beginning and end of the welded joint, where craters and other defects often
occur.

The development of 3D models and working drawings of auxiliary
technological equipment elements was carried out using the Autodesk Inventor
CAD system.

4.1. Creation and testing of a gas protection device

To solve the problem of gas protection of the welding zone, a gas protection
device for welded joints was designed (Fig. 14) and manufactured (Fig. 15).
The design of the device allows the use of various protective gases, which are
applied depending on the chemical composition of the materials being welded.
The protective gas is supplied to the outer surface of the welded samples, to the
molten metal bath spot, and to the welded seam. The gas protection device for
laser processing consists of two parts.

6 Vg

a b
Fig. 14. 3D model of a gas protection device for welded joints (a):
1 — protective gas distributor mounting, 2 — protective gas distributor,
3 — M4 screws; (b) cross-section of the protective gas distributor housing

Fig. 15. Manufactured gas protection device for welded joints
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The gas protection distributor is a solid structure made of copper measuring
80x16x28 mm, has two side bevels at an angle of 75° for unhindered passage
between the clamping plates of the clamping device, and a third bevel at an
angle of 15° for docking with the nozzle of the laser processing head. The
gas protection distributor body has a blind hole @¥8.6 mm and sixteen holes
2 mm perpendicular to it, as well as one hole @2 mm at an angle for supplying
protective gas to the welding zone. The length of the holes is 13 mm, which ensures
laminar flow of the protective gas and eliminates turbulence that can lead to air
suction into the welding zone. The ¥8.6 mm hole has a G1/8 thread for connecting
the fitting. There are also four M4 threaded holes for attaching the protective gas
distributor holder. The distributor and gas protection holder are fastened to each
other with four M4 screws. The protective gas distributor fastener is a bent thin-
sheet part made of 0.8 mm thick corrosion-resistant steel. The part has 4 grooves
for attaching to the gas protection distributor and one 933 mm hole for attaching to
the laser processing head using a nozzle clamping nut. Figure 16 shows a schematic
of the gas protection device attachment to the laser welding head.

Fig. 16. Scheme of attaching the gas protection device to the laser welding
head, where 1 — protective gas distributor attachment, 2 — protective gas
distributor, 3 — M4 screws, 4 — nozzle clamping nut, 5 — nozzle, 6 — fitting,
7 — laser welding head housing

4.2. Creation and testing of a clamping device
In accordance with the requirements of EN ISO 15614-11:2015 on the
manufacture of test welded joints, a preliminary design of laboratory equipment
for the manufacture of flat and cylindrical samples from thin-sheet material
using laser processing technologies was developed. Fig. 17 shows a 3D model
of the developed technological equipment.
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In accordance with the draft design, a clamping conductor was manufactured
for welding test welded joints using mechanical processing such as milling,
grinding, drilling, and welding.

The clamping device for welding flat and cylindrical samples consists of
several parts and has dimensions of 650x170x675 mm (Fig. 18). Frame 1 is
designed for mounting device elements on it. It is a welded structure made of
a 25x25 square profile pipe. A base plate 7 and a screw mounting plate 8 for
the drive of the movable clamp 4 are welded to two sides of the opposite edges.
A profile pipe was chosen to reduce the weight of the frame structure. The base
plates and screw mounting plate are machined and have parallel edges. The
frame dimensions are 650x170x186 mm.

Fig. 17. 3D model of a clamping device for welding flat and cylindrical
samples made of thin sheet material: 1 — frame; 2 — clamping plates;
3 — inner clamp (movable); 4 — movable clamp drive; 5 — weld joint

orientation device; 6 — support elements; 7 — base plate; 8 — screw
mounting plate

Frame 1 is installed on two support elements 6 made of channel bar
No. 16, which are fixed on the assembly and welding table. To ensure uniform
contact with the sample and prevent deformation during welding, clamping
plates 2 made of 20 steel measuring 660x68%x20 mm are used. Two fixed
clamping plates with bevels towards the weld are installed on the base plate for
unobstructed passage of the gas protection device.

The movable clamp 3 is a cylindrical element made of aluminum alloy D16T
and is fixed with a screw on the underside of the clamping device. The diameter
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of the body can vary depending on the diameter of the workpiece being welded.
The clamp body has a gas protection system for the back of the weld, which
consists of a protective gas supply channel and a weld cooling element. It
provides reliable protection of liquid and hot (with a temperature above 500°C)
metal from the surrounding atmosphere. A groove and a protective gas supply
channel are provided for inserting the gas supply bar. The gas supply bar has
49 holes with a diameter of 2 mm for the passage of protective gas from the
back side of the weld. The types of protective gas are selected depending on
the chemical composition of the materials being welded. The shielding gas is
supplied to the inner surface of the welded samples, the molten metal pool spot
of the laser beam, and the welded seam (seam protection length up to 90 mm).
The gas supply system is equipped with a 10 mm diameter hose connector
(through which the gas is supplied). Gas consumption is 4-30 l/min at
a pressure of 0.01-0.25 MPa. To reduce resistance when removing the welded
cylindrical workpiece (part), flats are machined on both sides of the housing.
The dimensions of the housing are 500 mm in length, 81 mm in diameter, and
it weighs 6 kg.

Fig. 18. Clamping device for welding flat and cylindrical samples made
of thin sheet material

The clamping device design also includes two cooling plates made of copper
with a 4x2 mm groove for gas supply from the reverse side of the workpiece
(part) with a length of 500 mm. The @1.5 mm holes for the protective gas outlet
in the gas supply plate are made together with the holes in the cooling plates.
The gas supply plate and the cooling plate are connected to each other in one
part. Depending on the profile of the workpiece (part) being welded (flat or
cylindrical), the plates are changed in the clamp body.
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The welded joint alignment device is designed to set a guaranteed gap
between the edges of the workpiece (part) before final compression and to align
the edges along the axis of the clamping device in the manipulator coordinate
system. The alignment device is set in the groove between the fixed clamping
plates using pins mounted on the frame. Between the support plate and the
clamping plate there is an alignment ruler — a steel strip 27x500 mm thick
0.15 — 0.35 mm, made of 65G steel. It is fixed by compression between the
support and clamping plates. Figure 19 shows schemes of laser welding using
a clamping device.

a b

Fig. 19. Schemes of laser welding using a clamping device: a) welding
of flat parts, b) welding of cylindrical parts, where 1 — focusing lens, 2 —
laser beam, 3 — workpiece to be welded, 4 — weld

To test the clamping device and gas protection device, experiments were
conducted on welding 1.5 mm thick AISI 321 steel using various welding
parameters. A DY 044 Nd:YAG laser with a radiation power of up to 4.4 kW and
a radiation wavelength of A=1.06 um, manufactured by Rofin-Sinar (Germany),
was used for the research. The welding post is shown in Figure 20.

Test bead-on-plate welds were performed using different welding modes.
Laser welding modes were optimized by visually inspecting the welded joint
for defects in accordance with EN ISO 13919-1:2015 «Welding — Electron
and laser-beam welded joints — Guidance on quality levels for imperfections —
Part 1: Steel, nickel, titanium and their alloys». This standard provides for visual
inspection for the presence of such defects in welded joints as: lack of fusion,
lack of penetration, undercut, excessive convexity, excessive penetration, metal
leakage, concavity of the root of the weld and its undercut, metal spatter. Based
on the results of visual inspection, no defects were found, and three optimal
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welding modes with the same linear energy were selected: 1) P = 1.5 kW,
V = 1.5 m/min, 2) P =2.5 kW, V = 2.5 m/min, 3) P = 3.5 kW, V = 3.5 m/min,
welds No. 1, No. 7, and No. 8, respectively (Fig. 21).

a b
Fig. 20. Welding post with installed clamping device (a)
and gas protection device (b)

a b
Fig. 21. Welded AISI 321 steel bead-on-plate samples:
(a) weld face, (b) root side

As can be seen from the images of welded samples, the clamping device for
welding thin-sheet materials ensures constant uniform heat dissipation from the
welding zone, uniform clamping of the welded sample along the entire length of
the clamping conductor, as well as gas protection of the reverse side of welded
joints. In turn, the gas protection device for the welding zone and the cooling
metal of the weld also provides reliable gas protection, which allows to obtain
welded joints without heat tint. Fig. 22 shows images from X-ray inspection,
which show the absence of pores in the obtained welds.
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Fig. 22. X-ray image of the resulting bead-on-plate welds in 1.5 mm thick
AISI 321 steel

4.3. Creation and testing of a precision rotator
For laser welding of girth welded joints of thin-walled products made of
high-alloy steels, auxiliary precision technological equipment was developed
and manufactured, which is a precision rotator (Fig. 23).

Fig. 23. 3D model of a precision rotator: 1 — servomotor; 2 — chuck for
clamping rotating bodies; 3 — front headstock; 4 — rear headstock;
5 — rear headstock spindle for supporting rotating bodies; 6 — bed

Figure 24 shows the general view of the front headstock

The bracket is made of 10 mm thick steel plates welded at a 90° angle and
machined in two mutually perpendicular planes for mounting the motor and
fastening to the bearing housing. The bearing housing is mounted on a slide
made of Steel 3 (mild steel). Its purpose is to allow the headstock to move
along the machine bed. The bed profile resembles a dovetail. The bearing
housing is made of 25 mm thick steel and accommodates bearings that support
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the axis of rotation of the faceplate (Fig. 25, item 1). A @120 mm lathe chuck is
mounted on the faceplate for clamping the workpieces. A coupling is installed
on the faceplate shaft to connect it to the motor shaft. A spacer sleeve is
installed between the housing elements and serves to protect the bearings from
contamination (Fig. 25, item 2).

Fig. 24. General view of the front headstock: 1 — bracket; 2 — bearing
housing; 3 — faceplate with shaft; 4 — slide; 5 — locking screw;
6 — coupling; 7 — chuck

Fig. 25. Bearing housing, where 1 — bearings, 2 — spacer sleeve

Figure 26 shows a general sectional view of the rear headstock.
The purpose of the rear headstock is to support the axis of the welded
structure component. The clamping cone moves in the horizontal direction

by means of a sleeve actuated by a screw—nut pair during rotation of the
handwheel.
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Fig. 26. Sectional view of the rear headstock: 1 — clamping cone;
2 —sleeve; 3, 4 — screw—nut pair; 5 — handwheel.

Figure 27 shows the completed precision rotator.

Fig. 27. Precision rotator

Due to the presence of a frame, the precision rotator allows welding parts
up to 450 mm long. The chuck for clamping rotating bodies can accommodate
parts with a diameter of 6 to 90 mm. The servomotor is synchronized with the
laser welding system, ensuring positioning accuracy of 1 mm and repeatability
of no worse than +0.08 mm.

The precision rotator allows laser welding according to the scheme shown
in Figure 28.

As a test of the precision rotator, laser welding of a bellows with a flange
made of stainless steel AISI 304 was performed (Fig. 29).

Laser welding was performed in pulse mode with a pulse frequency of
1000 Hz. The welding head has a focal length of 200 mm (AF = +5 mm).
The maximum power of laser radiation is P = 240 W. The welding speed
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V = 0.5 m/min (1 rev/5 sec). To protect the welding area, a protective gas —
high-purity argon — was used. The gas consumption was 20 1/min.

1

Fig. 28. Laser welding scheme on the precision rotator, where 1 — focusing
lens, 2 — laser beam, 3 — workpiece to be welded, 4 — weld

Fig. 29. Welding bellows on a precision rotator

To prevent metal spatter and crater formation, a smooth start and smooth
stop at the end of the welded joint welding process was used, as well as
a smooth increase and decrease in laser radiation power at the beginning and
end of the welding process. The parameters of the laser welding parameters are
given in Table 2.
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Table 2
Laser welding parameters for bellows

. Welding power, Movement relative to
. ‘Welding speed, .
Stages of welding A | 9% the axis of the part,
V m/min average
w degrees
0,5 20 3
Power increase 0,5 40 3
0,5 60 3
Main seam 0,5 120 365

0,5 60 3
Power decrease 0,5 40 3
0,5 20 3

As a result of laser welding using a precision rotator, a welded joint of the
bellows with the flange was obtained (Fig. 30).

i

M

Fig. 30. Result of laser welding of a bellows made of AISI 304 steel with
a wall thickness of 0.25 mm with a flange made of AISI 304 steel, where
1 — bellows, 2 — weld, 3 — flange

The rotator allows to make girth welded joints, ensuring uniform weld
penetration. An additional advantage is the presence of a servo motor, which
provides precise control of the rotation speed and allows to automate the
welding process, increasing its stability and productivity. This, in turn, makes it
possible to develop laser welding technology for other products used in various
industries, such as aircraft manufacturing, mechanical engineering, etc.

CONCLUSIONS
Analysis of scientific works on laser welding of thin-walled products has
made it possible to identify a number of pressing issues and to develop and
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manufacture the necessary auxiliary technological equipment to overcome
them:

1) The clamping device allows the production of flat and cylindrical
samples from thin-sheet material that meet the requirements of EN ISO 15614-
11:2015, from steels and alloys across a wide range of technological parameters.
This is achieved thanks to the clamping device’s design, which includes an
internal clamping device with a shielding gas system for the weld root, a copper
cooling plate, and an alignment ruler for the edges of the workpieces to be
welded.

2) The gas shielding device provides reliable protection of the welding
zone and the cooling weld metal due to its shape, which allows it to be used
between closely spaced clamping plates of the clamping device. Additionally,
the diameter and length of the gas supply holes have a ratio greater than 1:5,
which ensures a laminar flow of the shielding gas and prevents the formation of
turbulence.

3) The precision rotator enables the formation of girth welds with diameters
up to 90 mm, ensuring uniform weld penetration thanks to the servomotor,
which provides precise control of the rotational speed and allows automation of
the welding process, thereby enhancing its stability and productivity. Another
advantage is the ability to synchronize the servomotor with the laser control
unit, which makes it possible to apply a technological technique such as smooth
increase and decrease laser radiation power at the beginning and end of the
welding process to prevent crater formation in the welds.

The results of testing the developed auxiliary technological equipment
confirmed its effectiveness. The use of this equipment will allow solving a wide
range of tasks relevant for the rocket, chemical, medical, defense and other
industries that use thin sheet metal in production.

SUMMARY

The effectiveness of laser welding of thin-walled corrosion-resistant steels is
determined not only by the welding parameters but also by the level of technological
support of the process. This study analyzes the main challenges in laser welding
of thin-walled components, including insufficient shielding of the weld zone,
difficulty in achieving precise edge alignment, thermal deformations, and defect
formation at the beginning and end of the weld. Based on this analysis, the key
steps to eliminate these issues and improve process stability were identified. A set
of auxiliary technological equipment was developed and manufactured, including
a clamping device, a shielding gas device, and a precision rotator. The proposed
clamping device ensures accurate positioning of components, minimization of
gaps, and effective heat dissipation. The shielding gas device creates a stable
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laminar flow of protective gas over the weld and the cooling metal. The precision
rotator provides uniform formation of girth welds and enables automation of the
welding process. The developed equipment was experimentally tested under real
laser welding conditions. The results demonstrated that the obtained welds comply
with the requirements of EN ISO 15614-11:2015, confirming the effectiveness of
the proposed technical solutions.
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CHAPTER 7

OBI'PYHTYBAHHA | OC/IIOXKEHHA KOHCTPYKLUIT
HAPAJIbHUKOBOIO COLLUHUKA MPOCAMHOI
CIBAJZIKU 13 SMEHLUEHUM TATrOBUM OINMOPOM

ApTtemeHko . 1O.
DOl https://doi.org/10.30525/978-9934-26-653-9-7

BCTYI

CyvacHuii eranm pO3BHTKY arpapHoro BHpPOOHMITBA B  YKpaiHi,
XapaKTepU3YETHCS IMiBUIICHUMH BUMOTaMH JI0 eHeproe(eKTHBHOCTI Ta SIKOCTI
BUKOHAHHS TEXHOJIOTIYHHMX OIEpalliif, 30KkpeMa CiBOM TNpPOCAIHUX KYJIBTYD.
[TociB € omHi€r0 3 HAWBIAMOBITANBHININX ONEPAIiii TEXHOJIOTTYHOTO IMPOIIECY,
OCKIUJIbKM CaMe Ha [IbOMY €Talli 3aKJIaJaroThCsl MEepeayMOBH Ul (popMyBaHHS
PIBHOMIPHHX CXOJiB, ONTHUMAaJBbHOTO PO3BUTKY PpOCIMH 1 MaiOyTHBOT
BpokaiHoCTI. Bupimansny posb y 3a0e3nedeHHi BiAMOBITHOCTI arpoTeXHIYHUM
BHMOT'aM BilirparoTh pob0Yi OpraHu NPOCAHUX CIBAJIOK, 30KpeMa COITHHUKH, SIKi
6e3mocepeHb0 (GOPMYIOTh OOPO3HY JUIS YKJIaJaHHsS HACiHHS Ta 3a0e3MeuyroTh
HOTo 3aropTaHHs IPYHTOM.

HapanpHUKOBHH CONIHMK € OJHMM 13 HaWHOIIbII IONIMPEHUX THIIB
COIIHUKIB JUIS TPOCAITHUX CIBAJIOK 3aB/SIKH ITPOCTOTI KOHCTPYKIIi Ta 311aTHOCTI
(dhopmyBaru 4iTKy 00pO3HY 3a/1aH0i THOWHN. BogHOYaC TpaauIliitHi KOHCTPYKIi|
HapaJIbHUKIB XapaKTepU3YIOTHCS MiJABHIIEHUM TATOBHM ONOPOM, IHTCHCHBHUM
nedopMyBaHHSIM I'PyHTY Ta HECTaOIIBHICTIO ITapaMeTpiB OOPO3HHU, OCOOINBO 32
3MIHHHX IPYHTOBHX YMOB. Lle HeraTuBHO BIUIMBAE Ha SIKICTh HACIHHEBOTO JIOXKA,
PIBHOMIPHICTb PO3MIIICHHSI HACIHHS, SIK 110 JIOBXKHHI TaK i NIMONHI 60po3HH, Ta
SHepreTUYHI MOKa3HUKHA POOOTH MOCIBHOTO arperary.

YnockoHaleHHs! KOHCTPYKIT HapaJlbHHUKA, 3 YpaXyBaHHSIM 3aKOHOMIpHOCTEH
B3aeMoJIii poO0Y0i MOBEpXHI 3 IPYHTOM, JO3BOJHTH ONTHMI3yBaTH MpOLEC
pi3aHHS Ta TEpPEeMIIICHHs IPYHTOBOTO INApy, 3HU3UTH EHEPrOBHTPATH Ta
3abe3meunTr crabinbHe (opMyBaHHS OOpPO3HM 3 PIBHUM, YIIIJIbHEHUM
1 BOJIOTMM HACIHHEBHM JIOXKeM. TakuM 4MHOM, OOIPYHTYBAaHHS pallioOHaJIBHOT
KOHCTPYKII HapaJbHUKOBOIO COINHMKA 13 3MEHIICHHM TSITOBUM OIIOPOM
€ BWKJIMBUM HAIpsSIMOM IIiIBUIICHHA €(QEeKTUBHOCTI CiBOM Ta 3a0e3NedyeHHs
BHUKOHAHHS arpoOTEXHIYHUX BUMOT JI0 MOCIBY ITPOCAITHUX KYJIBTYP.
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1. MNocTaHoBKa npo6siemMu

[lin wac poGOTM HapaJbHUKOBOIO COIIHHKA OJHUM i3 BH3HAYaJIbHHX
eKCIUTyaTalifHNX IOKa3HWKIB € BEIMYMHA HOro TATOBOTO OIOpY, fKa
0e3nocepelHbO BIUIMBA€E, K Ha CHEPreTHYHI BUTPATH IIOCIBHOTO arperary,
TaK 1 Ha AKiCTh (OPMYBaHHSA TOCIBHOI Oopo3HHU. [limBUIIEHUI TATOBHN OIIip
HapaJjbHUKa 3YMOBIIOETHCS OCOONMBOCTSMU HOrO reoMeTpii, KyTaMH aTaku
pOoOOYMX MOBEPXOHB, IUIOLICI0 KOHTAKTY 3 IPYHTOM Ta XapakTepoM Jedopmarii
IPYHTOBOI'O CEpPEIOBHINA B 30HI Pi3aHHS i MepeMilieHHs .

Haii0inpim  po3mOBCIOMKEHI HApadbHUKOBI COITHWKH MAalOTh  TYNHH
KyT BXOKCHHS B IPYHT 1 TPAIfOIOTh HA 3MHHAHHS TPYHTY Bif Hii po6odmx
MTOBEPXOHB HAPAIBHUKA, IPUIOMY YUM OLITBIIT HEOTHOPITHAN TPYHT TUM OiIIbIIe
HABAHTA)KCHHS IOTPIOHO MPHUKIACTH HA COLIHHK UL HOTO CTAllOro pyxy?.
Tomy, omHi€rO 13 OCHOBHHX Tpo0IIeM Tpu 301TbIICHI HABAHTA)XCHHS Ha COIIHUK
€ HaaMipHE YIIIPHCHHS TPYHTY B 30HI JHa Ta OOKOBHX CTIHOK OOpO3HH.
[lpy 3HaYHOMY TATOBOMY ONOPI HAPaJbHUK IHTCHCHBHO CTHUCKAE IPYHT, LIO
NPU3BOIUTH IO YTBOPEHHS IEPEyLIUIBHEHOTO IIapy, sIKWi IOTIpIIy€e BOJHO-
TIOBITPSIHUI PE)KMM HACIHHEBOTO JIOXKA TA YCKIIAJHIOE MPOPOCTaHHS KOPEHEBOI
CHUCTEMH pOCITHH. Y pe3ynbTari (GopMmyeTbes Oopo3Ha 3 HECTaOUTFHOIO
CTPYKTYPOIO, [0 HE BiANOBiIa€ arpOTEXHIYHUM BUMOT'aM JI0 MIOCIBY MPOCAITHUX
KYJIBTYD.

[Hmoro mpoGemMoro, MpH TMOCIBI B HEOAHOPITHUNA TPYHT, € MOPYIICHHS
reoMeTpii OOpO3HM, 30KpeMa HEpPIBHOMIpPHICTH I TIHOWHU Ta IIUPHUHH.
3pOCTaHHs TATOBOTO OINOPY CIPUYMHSE KOJIWBAHHS COLIHWKA y BEPTHKAIbHIN
1 TOPU3OHTAJBHIN IUIOMIMHAX, OCOOJIMBO Ha MOJAX 3 MOTAHOK IiATOTOBKOO
rpynty. Lle npusBoguth 10 (opMyBaHHS OOpPO3HHM 3 XBHJIACTUM JHOM, IIO
YHEMOXXJIMBIIOE PIBHOMIpHE PO3MIIICHHS HACIHHS Ha 3aJaHiil IIHOWHI.

[ligBumeHwid TATOBUH OIIp TAaKOX CIPHSE IHTEHCHBHOMY IIEPEMIICHHIO
Ta PO3KUIAHHIO TPYHTY B OOKH Big OOpo3HH. Y TakWX yMOBax BEpXHIiH,
OUTBII CYXWI IIap IPYHTY YacTO 3MIIIYEThCS B 30HY HACIHHEBOTO JIOXKA, IO
NOTipIIye KOHTAKT HACiHHS 3 BOJIOTUM I'PYHTOM i1 3HH)KYE IOJBOBY CXOXICTb.
Kpim Toro, HagMipHe pyilHYBaHHS IPYHTOBOI CTPYKTYPH MOXKE TIPH3BOAUTH 110
YTBOPEHHS TPYIOK, SIKi YCKIAIHIOIOTh PIBHOMIpHE 3aropTaHHs HaciHHs. Takox,
IpU MiJABUIICHHI HaBaHTAXCHHS Ha COLIHHK, 3pOCTae 3HOIIYBaHHS POOOYMX
MTOBEPXOHb HapalbHUKA. [Ipu 3017bIICHI TATOBOTO OMOPY 30UTBIIYETHCS CHIA

! Apremenxo J11O., Jlysan ILI., Jlysan O.P, Kosbaca B.II. OOrpyHryBaHHS KOHCTpYKLIl
KOMOIHOBAHOrO HapajJbHMKAa COLIHMKA TNPOCArmHOi CiBajku. KOHCTpylOBaHHsS, BHUPOOHHLTBO Ta
eKCILTyaralis cimbebkorocnonapebkux mamms / ITHTY, Bum. 55, 2025. C. 121 — 133. URL: https:/
zbirniksgm.kntu.kr.ua/pdf/55/13.pdf

2 Boiitiok JI.I. Cinbebkorocnomapebki mamuan. OcHOBH Teopii 1 pospaxynky: Ilimpydsux /
JI.I. Boiitiok, B.M. bapanoscekuii, B.M. Bynrakos Ta in.; 3a pen. JI.I. Boiitioka. K.: Bumia ocsira,
2005. C. 141 — 142. URL: https://studfiles.net/preview/5063474/page:25/
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TEPTS MK METAJIOM i IPYHTOM, 1110 PU3BOAUTH JIO HIBUAKOI BTPATH TOYATKOBOI
reoMeTpii poOOYOi MOBEPXHI HapaJibHUKa Ta IOTIPUIyE SIKICTh (OPMYBaHHS
OOpO3HH, 1110 MOXKE 3HM)KYBATH MOJBOBY CXOXKICTh HACIHHS Ha 5-12%°.

TakuM 4YMHOM, IiABUIIEHUH TATOBMH OINIp HApaJbHUKOBOTO COIIHHKA
€ KOMIUIEKCHOIO ITPOOJIEMOT0, SIKa OIHOYACHO IOTIPIIY€e EHEPreTHYHI TOKa3HUKU
poboTH ciBaJIKM Ta 3HWXKYE SIKICTh (opmyBaHHS Oopo3Hu. lle oOymoBitoe
HEOOXiJHICTh KOHCTPYKTHBHOTO BJIOCKOHAJICHHS HApaJbHUKA COIIHUKA 3 METOIO
3MEHIIECHHS TATOBOTO ONOpY, cTalimizamii napaMeTpiB 00po3HH Ta 3a0e3MeueHHs
BUKOHAHHS arpoOTEXHIYHUX BHMOT JIO MOCIBY IPOCANTHUX KYJIBTYp. 3HW)KCHHS
TSATOBOTO OHoOpy Ha 25% J03BOJNMTH CIBAJIKAM IPAIIOBATH Ha ITiJBHIICHUX
mBUAKOCTAX 8-10 KM/rom Oe3 BTpaTH SKOCTI MOCIBY, 3MCHIIYIOUH TPH I[HOMY
BUTpATH NajdbHOro Ha 15-20% Ta miJBUILYIOUHN MPOAYKTUBHICT Ha 1,5 ra/rox’.

2. AHani3 KOHCTPYKTUBHUX 0COGIMBOCTEN COLLUHMKIB NPOCaNHUX

ciBasiok

OcHoBHa (QYHKISI COIIHMKA, SKy TOBMHHI 3a0e3redyBard HOro
KOHCTPYKTHBHI TIapaMeTpH, noisrae y (GOpMyBaHHI OOpO3HHM 3 SIKICHUM
HACIHHEBUM JIOKEM, TOYHOMY VYKJIQJaHHI HACIHHS Ta PIBHOMIPHOMY HOTro
3aropTaHHi IPYHTOM, IO € BH3HAYaJbHUM UUHHUKOM ISl €(EeKTHBHOTO
MpopocTaHHs Ta (GOpMyBaHHS APYKHIX CXOAIB. SIK CBiguaTh JOCIIKCHHS’,
YCHINITHICTh BUKOHAHHS SIKICHOTO Tpoiecy (HopMyBaHHs OOPO3HH 3HAYHOKO
MipOIO 3yMOBJICHA KOHCTPYKIIIEIO COIIHUKA Ta (Di310IOTTYHIUMHU OCOOIHBOCTSIMH
npopoctanHsi HaciHHS. ToMy 3a0e3nedeHHs] ONTHMAJbHOI MIIIBHOCTI IPYHTY
B 30HI 3aropTaHHs HACIHHS Ta MIHIMaJbHUH TATOBHH OIIp CaMOro COIIHHKA
Ma€ Ha/I3BUYaliHO Ba)XKJIMBE 3HAYCHHSI.

Jlist MOXKITMBOCTI OOTPYHTYBaHHS OCHOBHUX KOHCTPYKTHBHUX IapaMeTpiB
HOBOI'O COIIHMKA MPOCAMHOI CIBaJIKK HEOOXIAHO PO3IISIHYTH BXKE 1CHYIOUI
KOHCTPYKIII COLIHMKIB Ta IX €JEeMEHTIB, sKi 3a0e3NneuyloTh MpoLec
6opo3HoyTBOpeHHSl. OCHOBHUMHM 3aKOPJIOHHMMH BHPOOHHMKAaMH HOCIBHHX
MallliH, 10 HpeJCTaBlIeHl B YKpaiHi € BCECBITHBO BifoMi (ipMM Taki, SIK
Kverneland, Monosem, Gaspardo, Amazon, Kuhn ta ixmri. BitTuu3HsHU#H cekTop

> Artemenko D., Onopa V. Experimental researches of a precision seed drills coulter equipped with a

disk seedbed former. 3aranpHonepKABHUN MIXKBIIOMYHI HayKOBO-TEeXHIYHMI 30ipHIK. KOHCTpyrOBaHHs,
BUPOOHHIITBO Ta eKCILTyaTallis ciabebkorocnoaapebkux Mamud / [IHTY, Bum. 49, 2019. C. 10-18. URL:
http://zbirniksgm kntu.kr.ua/eng/archive/49/49 Artemenko eng.html

¢ Excrutyaraniss MaIIMHHO-TPAKTOPHOTO Mapky B arpapHoMy BupoOHuutsi / B.FO.Imbuenxo,
I1.1.KapacpboB; 3a pen. B.YO. Inpuenxko. K.: Yposxkaii, 1993. 288 c.

5 Jmutpo Apremerko. J{ocimiKeHHSI KOHCTPYKIIHHIX IapaMeTpiB €IEMEHTIB COLIHHKA JUIs TTOCIBY
HpOCaNHuUX Ky/bTyp. HaykoBo-TexHiuHi JOCII/UKEHHs y ramy3i MEXaHi4HOI imKeHepii Ta TpaHCIopTy:
KoJeKTHBHa MoHorpadis; 3a 3ar. pex. A.A. KamkaxoBa. Axajgemiss TeXHiYHHX HayK Ykpainu. [Bamo-
OpanxiBesk: Bumasens Kymmip I'M. 2023. C. 72-110. URL: https://ukrtsa.org.ua/wp-content/uploads
/2023/05/mech_transport.pdf
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nociBHUX MamvH 3aiimarots Elvorti, ®daBoput, Pemcuntes. Bei ni BupoOHHKH
MIPONOHYOTh MOCIBHY TEXHIKY [UIS MOCIBY MPOCAITHUAX KYJIBTYP, TOMY CIIOYATKY
HCOOXIHO PO3MISHYTH KOHCTPYKTHBHI OCOOJMBOCTI 3aBOJCHKHX COIIHUKIB
(puc. 1).

-

Puc. 1. ComtHuKH npocanHux ciBaJIOK siKi NMpeacTaBjeHi B YKpaiHi:
1 — Kverneland; 2 — Monosem; 3 — Gaspardo; 4 — Amazon; 5 — Kuhn;
6 — Elvorti

3 (puc. 1) BUIHO, IO COUIHHUKH YIS MOCIBY NMPOCAMHHUX KYIBTyp HaOymn
CBOTO OCTAaTOYHOTO BHUIVISTY 1 MAOTh MPAKTHYHO OJHAKOBY KOHCTPYKIIiFO. AJe
JUTE MOKITUBOCTI 3°SICYyBaHHS IepeBar i HEHONIKIB UX COIIHHWKIB IPOBEAEMO
aHasi3 X KOHCTPYKILii.

Comnuk ¢pipmu Kverneland® (puc. 1.1), BUpI3HAETHCS MACHBHUM, IITHPOKUM
KOpPIIyCOM Ta BiJHOCHO HH3BKHM HApaJbHUKOM i3 Maike BEpTHUKAIBHOIO
MEPEAHBOI0 KPOMKOIO Ta KJIMHOBOIO HIDKHBOIO OCHOBOIO. Taka KOHCTPYKIIiS
XapakTepHa Ui BCiX COITHHMKIB KOB3AIOUOTO THITY, ¢ OCHOBHE HABAaHTAKCHHS
MpUIMagae Ha TEPeAHI0 TpaHb, IO po3pizae IpyHT. II’sAra commHuka Mmae
BUTATHYTY, KJIMHOBY ()OPMY TaKe BUKOHAHHS HaIpaBJICHEe HA CTa01Ii3aIiio X0my
B TOPU3OHTANBHIN MJIOMIKHI, IO 3a0e3Medy€e YTBOPEHHS OOPO3HU 13 HIITEHUMHA
crinkamu. [lepeBaroro maHoi KOHCTPYKIii € BHCOKA CTaOiIbHICTh ITHOMHH Ha
JIETKUX Ta CepPeHiX M00pe MiArOTOBICHUX I'PYHTAX 3aBISKH IIMPOKIH OMOpHIiil
moBepxHi. OnHaK, MPaKTHYHO BEPTHKAJIHHUKA KyT BXOMKCHHA HapabHHUKA
B IPYHT CTBOPIO€ 3HAYHHIA JTOOOBHUH OIIip Ta CIpusie 0ro 3SMHHAHHIO TIOTIEPEY,
o0 MOXKE MPU3BOIUTH JO YTBOPEHHS MEPEACOIIHMUKOBOIO maropba Tta

6 KVERNELAND. Monopill — Mechanische Einzelkornsdmaschine. Prizise Vereinzelung — nicht
nur bei Riiben. Kverneland Group Deutschland GmbH, 2017. 16p. URL: https://www.kverneland.de/
Saetechnik/Einzelkornsaemaschinen/Kverneland-Monopill-Monopill-e-drive-II
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NepeyIiIbHeHHS CTIHOK 00po3HH. Lle Moke HeraTMBHO BIUIMHYTH Ha PO3BUTOK
KOPEHEBOT CHCTEMH B MOCYIUINBI HIEpiojiu.

Comnnk dipmu Monosem’ (puc. 1.2), Mae XapakTepHHI MPAMOIiHIHHO-
KPHUBOJIIHIMHUHA HapaJbHUK HEBEJIMKOI INUPUHM B MEpeAHi 4YacTuHI 13
MIPaKTHYHO BEPTHKAJIBHUM HOCKOM, IO IUIABHO MEPEXOIUTh Y PO3LIMPIOBAHY
YaCTUHY JI¢ KPIIUIAThCS IIOKU. Tpamerienoniona ¢gopma mpodiito 103BOJISIE
HE TUIBKU po3pi3arH, a i po3COBYBaTH IPYHT, (POPMYIOUH UiTKE KIMHOMOAIOHE
noxe. KommakTHi po3mipu HapajbHUKa CBig4aTh MPO IHOro OpieHTalilo Ha
poboTy B cCKiaai CeKwild 13 3HaYHMM NPUTUCKHMM 3ycHiuisiM. llepeBaroro
TaKOi KOHCTPYKIIIi € TapHEe KOMIFBAaHHS MIKpopenbedy Ta 3MaTHICTh PO3pi3aTh
HEBEJMKI POCIMHHI pemTkn Oe3 iX 3araryBaHHs B OoposHy. [0j0BHHM
HEJIOJTIKOM € CXMJIBHICTH J0 3aJMIIaHHS BHYTPIIIHBOT MTOPOKHUHU BOJIOTHM
I'PYHTOM 4epe3 BIJICYTHICTh 30H CAaMOOUHIIEHHS B MICIli CTHKY HapalbHHKa
Ta mik. Takok mpu poOOTI Ha BHCOKMX WIBHJIKOCTAX TaKMH COLIHUK MOXeE
HE TPUMaTH 3a7aHy IIIMOMHY IOCIBY 33 PaxyHOK IIiJIHIMaHHS B BEPTHUKaJIbHIN
TUTOIMHI, IO TOPYUIYE PIBHOMIPHICTH BHCIBY 110 IJIMOMHI.

Konerpykiiist HapanbHuka comHuka ¢ipmu Gaspardo® (puc. 1.3), mae
napabomyHy GpopMy poO60ouoi MOBEPXHi 3 MOCTYIIOBUM 30UIBIIICHHSIM KyTa aTaKu
B HIDKHIA 4acTHHI. 3HauHa BHUCOTA COLIHMKA 3a0e3leduye TUIaBHE 3arTHOICHHS
Ta MiHIMaJIbHE TIOPYLICHHS CTPYKTYPH BEpXHBOTO mapy IpyHTYy. COLIHHMK Mae
KIIMHOBY HI)KHIO YaCTHHY, sSIKa YTBOPIOE I’ATY 1 pOpMye HACIHHEBE JIOXKE, TaKa
KOHCTPYKIisl MiHIMI3y€e 00’€M IepeMilllyBaHOTO B OOKH TIPYHTY Ta CIpHsE
YTBOPEHHIO YIIIIbHEHHUX CTiHOK O0opo3Hu. KittoyoBa nepesara Takoi KOHCTPYKIii
COIIHUKA HHU3bKAa EHEProMiCTKICTh Tpolecy (opmyBaHHS OOpPO3HH Ta sIKiCHE
YIIUIBHEHHS JIHa OOPO3HU CaMOI0 Baroro CeKIii 6e3 101aTKOBOTO HABAHTAYKEHHSL.
Henonixom € ciabka 3axMIIeHICTh OOPO3HH BiJl OCHIIAHHSI CyXOTO BEPXHBOTO
11apy IpyHTY, OCKIJIbKH COIIHUK ITiJ] yac (hOpMyBaHHs MPAKTHYHO HE BiABOIUTH
fioro B 0ik Bix Oopo3Hu. Ha moraHo miAroToBjIeHUX IPyHTAX TAaKUil HAPaJIbHUK
MOXKE IMPALOBATH HECTAOUIBHO, BIOPYIOYM B COIIHUKOBIA TPyIi Ta MOTpedye
JI0/IaTKOBOTO HaBaHTAYKCHHS.

Comnnk ¢dipmu Amazone’ (puc. 1.4), Mae CcTymiHYacTy KOHCTPYKIIiFO
HapaJIbHKKA, JIe YITKO BUJIUICHHH HOCOK 13 TYIHMM KyTOM BXOJDKEHHS B IDYHT
1 BUHECEHUI BIIEpe/l BITHOCHO I'SITH, sKa i popMye HAaCIHHEBE JIOXKE Ta CTIHKU
0oposuu. Lle m03BONSIE PO3MIIMTH MPOLECH BIIKPUTTS Ta OE3MOCEPEIHBOTO

7 MONOSEM. The precision Planter specialist. MECA V4. Ribouleau MONOSEM — FRANCE,
2018. 24p. URL: https://www.monosem.com/Range/Planter-range/MECA-V4

8 Prospect of the GASPARDO Company. 2017. SP Range. Pneumatic precision seed drills. Italy.
URL: https://www.maschio.com/assets/Uploads/Leaflet-SP-RANGE-17-2017-09-W00230043R-EN.pdf

Operating manual. AMAZONE. Precision airplanter. AMAZONEN-WERKE H. DREYER GmbH
& Co. KG. Germany, 2017. 224p. URL: http://et.amazone.de/files/pdf/mg5226.pdf
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¢dopmyBanHs 60po3HH. Kopryc HapanbHUKa Mae MOCHIICHI pedpa >KOPCTKOCTI,
10 BKA3y€ Ha MOXKJIMBICTh BHCIBaTH MPOCAITHI KYJIBTYPH 110 BChOMY Jiala3oHy
mbuH. [lepeBaroro Takoro COIHUKA € BUCOKA SIKICTb MIATOTOBKHM HACIHHEBOTO
JIO)Ka: HOCOK PO3KpPHBAE OOpO3HY, a I’SiTa YIIUIBHIOE, CTBOPIOIOYM KOHTAKT
HaciHHA 3 11 AHOM. HeomikoM € CKIIaaHICTh KOHCTPYKIIi Ta MiABUIIEHHH Omip
COIIHUKA B 3aJ(HIH 4aCTHHI 32 paXyHOK 301JbLICHHS HOTO LIMPH TPH MEepexosi
BiJl HapaJbHUKA 10 LK. TakoX Takui COIIHMK Ma€ 3HA4YHy Bary, IO MOXeE
3MIIyBaTH LEHTP Mac MOCIBHOI CEKIIii.

Comnnk ¢ipmu Kuhn'® (puc. 1.5), mae arpecuBHy (opmy HapadbHHKA
y BUIVISUUL KITMHY, SIK B TOPU3OHTAIBHIN TaK 1 BEPTUKAIBHIN IJIOMNHAX, 3 KDYTHM
BUTMHOM HOCKA Ta IIMPOKOIO I1°SITO0, IIPHYOMY I1°sITa B 3a/JHIH YaCTHHI TiTHsTa
Bropy. Taka KOHCTpPYKIIisl COIIHMKA PO3paxoBaHa Ha MaKCHMaJbHE BUTICHCHHS
IPYHTY 13 30HM BHCIBY, a ()OpMyBaHHS HACIHHEBOTO JIOXKa BinOyBaeThCs
HEBEJIMKOIO JIUISIHKOIO HapaJIbHUKa B MICLI IIEpeXojly MepeaHboi HOro YacTHHU
B 1’ary. IloBepxHs HapaJbHUKa Ma€ CIELialibHy TepMiuHy OOpoOKy Juist
MiJBUILICHHS 3HOCOCTIMKOCTI B 30HAX HaWOULIBIIOro TepTs. [0J0BHA mepeBara
TaKol KOHCTPYKLII, 11e 31aTHICTh ()OPMYBaTH IIUPOKY 1 YMCTy OOpPO3HY HaBiTh
3a HeCcNpHATIMBUX YMOB. [IpoTe BeiMka mMpuHA HapaJlbHUKA TPU3BOIUTDH 10
BHCOKOT BUTpATH IaJIMBa Yepe3 MiJBUIICHUH TaroBuid omip. Takox npu podori
Ha JIETKUX MINIaHUX I'PYHTaX TaKUH COIIHMK 3aHAJTO CHJIBHO PO3KHIAE IPYHT,
110 MOJKE TIPU3BOJIMTH JI0 HEPIBHOMIPHOTO 3aropTaHHsl OOpO3HHU.

Cornnk, BupoOHHKa mociBHOT TexHiku Elvorti' (puc. 1.6), Mae knacuuny
KWIEBUIHY KOHCTPYKIIIO 3 HapaJbHUKOM BEJIMKOTO pajiyca KpHBU3HH.
Ile TpaauuiiiHa KOHCTPYKLISt JuIs CIiBaJOK, IO MPAIOIOTh 3a KIACHYHOIO
TEXHOJIOTi€I0 00poOITKY IpyHTY. HapajbHUK Mae JIOBry pikydy KpPOMKY, IO
PO3MOiJIsiE 3HOC MO BCiM TOBXKHHI POO0OUYOT MOBEPXHI, a TIEPEXiJ] BiJl HOCKA JI0
II’SITM BUKOHaHWH 11aBHO. [I{oku comrHuMka Bpi3aHi B IOBEpXHIO HapalibHUKa
1 HE BHCTYNAIOTh 3a Hel, 0 HE YTBOPIOE MEpenajiB TOBIIMHU COIIHUKA MIX
pobounmu mnoBepxHsaMu. [lepeBaroro € mpocrora BUTOTOBJIEHHS, HU3bKa LliHA
Ta rapHa MPUCTOCOBAHICTD JI0 BOJIOTHX YMOB (MEHIIE CXWJIBHUN JI0 3aJIMITaHHS
y HOPIBHSHHI 3 IHIIUMHU PO3IIISIHYTUMU MoziesIsiMu ). HeostikoM € Bennka BUcOTa
1 JIOBXHMHA COIIHHKA, III0 MOXKE IOTIPUIYBAaTH TATOBI XapaKTEPUCTHKH CIBAJIKU
Ta MPU3BOANTH JI0 BUHOCY BOJIOTOTO IPYHTY Ha MOBEPXHIO, 1[0 IIPOBOKYE HOTO
LIBHJIKE BUCHXaHHS. TakoX TakuWil COIIHMK MOXKE TIOTaHO TPUMATH INIMOMHY Ha
NepeyIIbHeHNX JTUITHKaX.

1 Prospect of the Kuhn Company. 2015. Planter 3. Precision seed drills. Kuhn farm machinery (UK).
URL:  http://www.kuhn.co.uk/uk/range/seeding/pneumatic-precision-seed-drills/planter-3-m-single-bar.
html

" Product Catalog. Technology in harmony with the nature. Elvorti — Chervona zirka. Ukraine, 2016.
20p. URL: https://www.elvorti.com/content/pdf/2016/KATALOG 2016 EN_SITE.pdf
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TakuM 4YMHOM, SKIIO MiJACYMyBaTd pO3IIS KOHCTPYKIIH 1CHYIOUHX
COIIHUKIB TO MOKHA CKa3aTH, I110:

OinbLIicT po3mIsiHYTHX Mozened (3okpema Kverneland ta Kuhn) marors
CYTTEBHI JJOOOBHI OIip Yepe3 KOHCTPYKIIIO IEPeAHbOI YaCTHHU HapalbHUKa
sika 3a0e3nedye nodarok GopmyBanHs 00po3HH. Lle npu3BoaUTE 10 HaIMIPHOTO
3MUHAHHS IPYHTY TOIIEPEy COIIHHUKA, YTBOPEHHS IIEPEICOIITHIKOBOTO T1aropoa
Ta NepeyLUIUIbHEHHS CTIHOK OOpO3HW, IO MOXE 3aBaKaTH HOPMAaJIbHOMY
PO3BUTKY KOPEHEBOT CHCTEMHU POCIIUH;

KOHCTPYKIIT 3 KOPOTKUMH HapalbHHKaMH a00 CKJIaJHOI BHYTPIIIHBOIO
reomerpiero (Monosem, Amazone) CXWIbHI JI0 3aJUIAHHS BOJIOTHM TPYHTOM
Ta 3a0MBaHHS NMOXHUBHUMH peluTkaMu. Lle mopyiye TeXHOIOTIYHHMN Ipolec
BHCIBY Ta BUMarae 4acTHX 3yIIMHOK arperary JUisi OYMIIEHHS POOOYHMX OpraHiB;

Mozeni 3 Benukoro noexuHO0 (Elvorti) abo mapabomiunoro (opmoro 6e3
BHpaXEHOro omopHoro Hocka (Gaspardo) [IeMOHCTPYHOTh HE3aIOBUIBHY
CTaOUIbHICTh MIMOMHM HA TBepAUX ab0 HEPIBHOMIPHO YIIIJIBHEHHX IPyHTaX.
BuHukae edexT migHATTS COIIHMKA HA BUCOKHMX HIBUAKOCTSIX, IO NMPHU3BOJUTH
JI0 HEpIBHOMIPHHX CXOIB Yepe3 pi3Hy NIMOWHY PO3MILICHHS HACIHHS;

B psAli KOHCTPYKIiil (30kpema Gaspardo) crocTepiraerbcs HEIOCTATHIN
3axXUCT OOPO3HU Bijl OCHUIIAaHHS CyXOro BEPXHBOTO HIapy IPYHTY Ha ii JHO 10
MOMEHTY MNaJiHHA HaciHHs. lle mepemko/pkae KOHTaKTy HACiHHS 3 BOJIOTHM
LIapOM, 110 € KPUTHYHHUM (PaKTOPOM Y IMOCYIUIMBUX YMOBAX IMOCIBHOT KaMIaHii.

PobGoTn Hajg BIOCKOHAJICHHSM KOHCTPYKIIH  KJIACMYHHMX  COLIHHUKIB
MIPOCAITHHUX CiBaJIOK NMPOBOAMINCH CYyYaCHUMHM JIOCIITHUKaMH, TOMY HEOOXiJTHO
TAKOXK PO3IIISTHYTH TX KOHCTPYKIIIT.

Tak, B po0OTi'> MPOMOHYETHCS YAOCKOHAICHHH COLIHUK MPOCAITHOI CIBAIKH
(puc. 2), KOHCTpYKLisl SIKOTO 0a3yeTbCs Ha BHKOPHCTaHHI KOMOIHOBaHOTO
HapaJIbHHKA, 110 MOEJHYE JeKIbKa (QYHKI[IOHAIBHUX 30H: y TIEpPEIHINd YacTHHI
pO3TaIIoBaHUK BEPTHKAJIBHUI HOCOK 13 TOCTPHM KyTOM BXODKCHHS, CEpEIHS
YacTHHA Ma€ KJIMHOMOMIOHY (OpMY 3 TOCTPHM BEPXHIM Ta TYIUM HIKHIM
KyTaMmH, a 3aJHsl YaCTHHA 3aBEPILYETHCS CIICIIaIbHOIO I’ ATOKO JUIsl YIIIIbHEHHS
HaCiHHEBOTO JIoXKa. BepxHsl 4acThHA HapajJbHUKA B TOPU3OHTAJIBHIN TUIOLMHI
3arocTpeHa IIiJi KyTOM, MEHIIMM 3a KyT Teprs IpyHTy o0 cranb. Taka
0ararocTyIreHeBa apXiTeKTypa 3a0e3Meuye MOCIIiJOBHE PO3Pi3aHHs, PO3CYBaHHS
Ta (POpMyBaHHS OOPO3HH.

lonoBHOIO TepeBarol0 TEXHIYHOrO pIlIeHHS € BHCOKa CTaOLIBHICTH
DIMOMHYU X0y HpU poOOTI HAa HEPIBHOMIPHO YIIUIBHEHHX IPYHTaX. 3aBJIsKU
BEPTHKAJIBHOMY HOCKY COIIHHMK JIETKO PO3pi3a€ IPYHT, 3HIDKYIOUH TATOBHA

12 Tlarent Vkpainu Ne 136252, J[.1O. Apremenko, B.A. Maxapa, B.B. [lapienko, B.B. Ilykaios,
B.IO. Axmagiesa. Commux. MITK A01C7/20 (2006.01). Ne u201902037/UA; 3assin. 28.02.2019; Omy0u.
12.08.2019; Brox. Ne 15. URL: https:/sis.nipo.gov.ua/uk/search/detail/1373323/
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OIlip, a KJIMHOBUJHA CepelHs YacTHHA e(EKTHBHO BIiIBOAWTH BEPXHI IapH
B o0OuypBa OOKM, YCyBaro4M YTBOPEHHS IEPEACOLIHHKOBOrO maropba. I1’sra
3 TyIUM KyTOM 3abe3sreuye sikicHe (opMyBaHHS JIOXKa JJIsl HACIHHS, @ HaXWII
pOOOUNX MTOBEPXOHB CIIPUSIE CAMOOUYMILCHHIO POOOYOro OpraHy Bij BOJIOTOTO
IPYHTY Ta POCJIMHHHUX PELITOK.

72 J 4

Puc. 2. ITatent UA 136252: 1 — HOCOK; 2 — OBePXHS BiIKHIAHHS;
3 —m’ara; 4 — MOKH

OCHOBHUM HEJIOJNIKOM L€l KOHCTPYKIII € IIiJIBUIIEHa YyTJIMBICTH JIO
TOYHOCTI KYTIB 3aTOuyBaHHS pPOOOYHMX IIOBEPXOHb, OCKIUJIBKH BiJXUIICHHS
BiJl KyTa TEPTsS MOXKE MPU3BECTH [0 3aJIUIAHHA a00 HAIMIPHOTO 3MUHAHHS
rpynty. CkilajiHa reoMeTpisi CepeHbOI YacTHHH, JIe MOEAHYIOThCS TOCTpi Ta
Tyl KyTH, CTBOPIOE JIOAATKOBI TPYIHOII IPU BUTOTOBJICHHI Ta BiJHOBIIECHHI
poboYoro opraHy B yMOBaxX PEMOHTHHX MaicTepeHb. KpiM TOro, HasBHICTh
BEPTHKAJIBHOTO HOCKAa MOXKE CIPHSTH IIBHJIIIOMY 3HOCY HEpEeIHBbOT KPOMKHU
py poOOTi Ha IUIBHUX IPYHTAX.

3anporioHoBaHa B, KOHCTPYKIliss cOmHWKAa (puc. 3) oOCHalieHa
KOMOIHOBaHMM KJIMHOBHUM HapalbHUKOM, 1€ BepxHs (OUIbINA) YacTHHA Mae
TOCTPHI KYT BXOJUKEHHS B IPYHT, @ HI)KHSI YacTHMHA Ta 3aJHs II'ATa TYNHUH.
OcoOnuBICTIO € Te, 110 B FOPU3OHTANIBHIN IJIOMIMHI HapallbHUK 3aroCTpeHHUl
il KyTOM, MEHIIUM 3a KyT TepTs IPyHTY 00 craib. Taka reomerpuyHa cxema
CHpsIMOBaHA Ha aKTUBHE PO3Pi3aHHs LIapy IPYHTY BEPTHKAJIBHOIO KPOMKOIO Ta
OJIHOYACHE (POPMYBaHHS YIILJIBHEHOTO JTHA OOPO3HHU.

13 Tlarent Ykpainu Ne 133540. Apremenko JI.1O., Csipers M.O., Onona B.A., Komap SI.M. Cownuk.
MIIK A01C7/20 (2006.01). Ne u201811332/UA; 3assn. 19.11.2018; Omy6n. 10.04.2019; brom. Ne 7.
URL: https:/sis.nipo.gov.ua/uk/search/detail/1344841/
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Puc. 3. Iarent UA 133540: 1 — BepxHsl po0o4a NMOBepXHsI; 2 — HUAKHSA
po6oua noBepxHs; 3 — moku; 4 — W’ATa

[lepeBaroro  KOHCTPYKIi  COINIHMKA € TIOBHE YCYHEHHS  e(eKTy
TIepPEJICOLTHUKOBOTO Tarop0a, OCKIUJIBKM 3aroCTpeHa BEpXHsI YacTHHA BiIBOIUTH
IpyHT Oe3rocepeHbo B 00uaBa OOKM Bij OOpo3HH. BuKopHcTaHHS rocTporo
KyTa y BEpXHIH YacTHHI 3HA4YHO IIOJIETHIYE PyX COIIHMKA, a TYNMUH KyT I SITH
rapaHtye craOiibHe (pOpMyBaHHS NIJIBHOTO HACIHHEBOTO JIOKAa Ha 3ajaHii
mmouHi. CONIIHMK JIEMOHCTPYE TPAKTHYHY 3/aTHICTH JI0 CaMOOUMIIEHHS BiJ
3a0yp’sIHEHOCTI Ta BOJIOTOTO IPYHTY 3aB/SIKM IPABUIILHOMY MiJI00pY KYyTiB aTaky.

OCHOBHHUM HEIOJIIKOM TaKol KOHCTPYKIii MOXe OyTH BUCOKa IHTCHCUBHICTh
3HOCY HWKHBOI YaCTHHU 3 TYITUM KyTOM BXOJKCHHSI, OCKIIBKH BOHA CIIpuiiMae
HaiOUIbIII HABaHTaKEHHS NPU YIIUIbHEHHI jaHa Oopo3Hu. Okpim TOTO,
BIJICYyTHICTH IUIOCKOTO ONOPHOTO HOCKa (SIK y MOIEpenHiX MOJeNsiX) poOuTh
L€l COIIHUK OIIbII 3aJ€XKHUM BijJ CTaOLIBHOCTI KOIMIOBAJIBHHUX KOJIC CEKIT
CIBAJIKH ISl TPUMAHHSI 33/1aHOI IIMOMHU Ha HepiBHOMY penbedi. Takox yepes
TOCTPY BEPTHUKAJIBHY KPOMKY KOHCTPYKIISI MOXKe OyTH YyTJIMBOIO 10 OiYHHX
BIJIXWJICHb ITPH 3yCTPidi 3 BEIMKUM KOPIHHAM 200 KaMiHHSM.

B pobGori'¥, aBTOpH NpPOMOHYIOTH KOHCTPYKIFO COIIHHMKA (puc. 4), sika
0a3yeThbcsl Ha BUKOPHCTaHHI Oarato()yHKI[IOHAJIBHOTO HapalbHUKA, PO3IJICHOTO
Ha TPH KJIIOYOBI 30HH: MEPEIHIO KIMHOBY YaCTHHY 3 TYIIUM KYTOM BXOJUKEHHS,
CepelHIO YacTHHY 3 IUIOCKOI0 OCHOBOIO B TOPHM3OHTAJIBHIM IUIOMIMHI Ta
3aJHI0 HIDKHIO YacTHHY, IO 3aBEPILIYETHCS KIMHOBOIO I1'sITOI0. BakimBoro
0COOJIMBICTIO € 3arOCTPEHHsI BEPXHbOI YaCTHHHU HapaJbHUKA B TOPH30HTAIbHIHN

4 Tlarent Vkpainu Ne 150808. Apremenxo /I.1O., [leninosa T.IT., Maxapa B.A., Hecrepenko O.B.,
borarupsos JI.B., Onoma B.A.. Comnuk. MIIK A01C 5/06, A01C 7/20 (2006.01). Ne u202106879/
UA; 3asr. 02.12.2021; Omy6m. 20.04.2022; brom. Ne 16. URL: https:/sis.nipo.gov.ua/uk/search/
detail/1686437/
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IUTONIMHI ITiJ] KyTOM, 1[0 MEHIIHIA 32 KyT TepTs cTalli 00 rpyHT. Taka KOHCTPYKIIis
HapaJIbHUKa COILIHMKA JI03BOJISIE MOCIIIOBHO BHUKOHYBATH PO3pi3aHHs ILIACTa,
Horo ymiijbHeHHs Ta O0e3nocepenHe GOopMyBaHHS HACIHHEBOTO JIOXKA.

J Vi
aN
O

/

Puc. 4. ITarent UA 150808: 1 — po6oua noBepxHs; 2 — moku; 3 — nm’sira

lonoBHOO MepeBarolo 3arporoHOBAHOTO TEXHIYHOTO PILICHHS € e()eKTHBHE
3ano0iraHHsl yTBOPEHHIO MEPEACOIIHMKOBOrO maropba 3a paxyHOK aKTHBHOTO
BIZIBE/ICHHSI TPYHTY KIIMHOBOIO MOBEpXHE0 B obOuaBa Ooku. [lmocka ocHosa
CepeaHbOT YaCTHHU COLITHUKA CTA01Ii3y€ PyX 10 INIMOWHI Ta IPOBOUTH ITOTICPETHE
YIIUJIBHEHHSI HWDKHIX IIapiB, CTBOPIOIOYM YMOBH Il PIBHOMIPHOTO XOIy
’sati. KomOiHalis UX eNeMEHTIB pa3oM i3 BIACTHBICTIO CAMOOYMIIEHHS MpU
TTIBUIIEHIH BOJIOTOCTI 3a0e3reuye MiHIMaIbHUM TSATOBHH OMip Ta (OpMyBaHHS
YiTKO OKPECJICHOTO KJIMHOBOTO JIOXKA JUTS SIKICHOTO KOHTAKTY HACIHHS 3 TPYHTOM.

OCHOBHMM HEJIOJIIKOM KOHCTPYKIIi y 3arajbHOMY BHIIaJIKy € BUKOPHCTAHHS
TYIOTO KyTa BXO/DKEHHS B NEPEHIM YacTHHI, 110 Ha TyKe TepeyNiIbHEHUX a0o
CYXHX IDYHTaxX MOXeE MPU3BOJIHUTH 0 IiBUIICHOTO 3MHUHAHHS IPYHTY 3aMiCTh
fioro uncroro pospizanns. CKiajHa TeOMETpis, IO TOEAHY€E KIMHOBI Ta IUIOCKI
TIOBEPXHi, YCKJIAQJHIOE TEXHOJOTIUYHMI IPOIEC BUTOTOBJICHHS Ta BiIHOBJICHHS
pobouoro oprany mnpu 3Hoci. KpiM TOro, miocka ocHOBa CEepeiHbOI YacTHHH
MOKE CTBOPIOBATH JOJATKOBHH OITip NP poOOTI Ha BaKKUX DIIMHUCTHX IPYHTaX,
TIOTEHIIFHO BUIITOBXYIOYH COIIHHK Ha IIOBEPXHIO IIPY BUCOKIH IIBH/KOCTI TTOCIBY.

3 METOI0 YCyHEHHsS HETaTMBHOIO BIUIMBY BEpXHIX MIapiB IPYHTY Ha
npouec mociBy Llumbanom A.IV'°, 3ampomoHOBaHa KOHCTPYKINS COLIHHKA

15 [Marent VYkpainm Ne 159673. Llumban A.I., Apremenko /11O, Jlyzan ILI., Omoma B.A.,
Mauox 0.B., BorarupsoB J.B. Commux. MIIK AQIC 7/20 (2006.01). Ne u202401264/UA; 3assi.
11.03.2024; Omy6m. 26.06.2025, bron.Ne 26. URL: https:/sis.nipo.gov.ua/uk/search/detail/1862713/
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3 BUKOPUCTAHHSM KOMOIHOBAHOTO HapasibHUKa (pHC. 5), M0 MOETHYE B CcOOi
poboui moBepxHi 3 pi3HOIO reoMeTpicro. BepXHsi yacTHHAa BUKOHAHA y BUIIISAI
JIBOTPAHHOTO TMOXHJIOr0 KJIWHY 3 TOCTPUM KYTOM BXO/DKCHHS B IPYHT, IO
JIOTIOBHIOEThCSL IUIOCKMM HOCKOM Yy TepeaHii dvacTuni. HuwxkHs vacThuHa
[UIABHO TEPEXOMUTh y M'ATYy 3 TYMUM KYTOM BXOMKCHHS, MPU3HAYCHY JUIs
6e3nocepeIHBOro (OPMyBaHHS HACIHHEBOTO JIOXKA, IIPH [[bOMY [IUPHHA OCHOBH
BEPXHbOTO KJIMHY TEPEBHIILYE MIUPHHY OOPO3HH.

Puc. 5. Iarent UA 159673: 1 — poGoua moBepxHs; 2 — MJIOCKHI HOCOK;
3 — ’ara; 4 — WOKH

[on1oBHOIO TIEpEBarol0 Takoi CXEeMH € SKICHE PO3MiICHHS IPYHTOBHX IIAPIB:
TOCTPHH KJIMH e(EKTUBHO BIIKWAAE CyXHH BEpXHiH map yOik, 3amobiraroun
Horo ocuraHHIo Ha JHO 60po3HU. [TTockuii HOCOK pa3oM i3 HIMPOKOIO OCHOBOIO
3a0e3MeuyloTh BHCOKY CTaOUIBHICTh IIMOMHM XOAY HAaBIiTh HA YIIUIBHEHUX
JUISTHKAX, 10 TapaHTye PiBHOMIPHICTB 3aropTaHHs HaciHHs. Kpim Toro, Haxui
poOOUNX IUIONIMH IiJ] KyTOM, MEHIIUM 3a KyT TEpTs cTaii 00 IPYHT, CIpuse
CaMOOYMILEHHIO POOOYOro OpraHy Ta 3HWXKY€E 3arajllbHUH €HEPreTH4HUH Omip
IIiJ] 9ac MOCiBY.

OCHOBHMUM HEJOJIIKOM JaHOi KOHCTPYKIIl € TiJBHUIIEHA CKJIaJHICTh
BUTOTOBJICHHS KOMOIHOBAaHOTO HapaJibHUKA TIIOPIBHSIHO 3 TPaAWIIHHUMHA
OIHOPIMHUMHU KOHCTpYyKUisMHU. CKilaJHa reoMeTpisi 3 HasBHICTIO NEPEXiTHUX
30H MIX INIOCKMM HOCKOM, JIBOTPAaHHUM KJIMHOM Ta IT SITOI0 MOKE ITPH3BOIUTH
JI0 HEpIBHOMIPHOTO 3HOCY poOOYMX TOBEPXOHb Y 30HAX KOHIEHTpamii
HanpyKeHb NpH poOoTi Ha aOpa3sMBHHUX IPyHTaX. Tako 30UIbIICHA IIUPUHA
BEPXHHOI YaCTHHU HapaJbHUKA MOXKE MiABHMINYBATH YYTIMBICTH COIIHUKA JI0
BEJIMKOT KIJIBKOCTI POCIIMHHUX PELITOK Ha ITOBEPXHI MOJIS.
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B po6ori'é, mpomnoHyeThCs yAOCKOHAICHA KOHCTPYKIIis COLIHKKa (pHC. 6),
sika 0a3yeThCcs Ha BUKOPHCTaHHI KOMOIHOBAaHOIO HapaslbHHKA, IO PO3/iIICHUH
Ha Tpu (YHKIIOHAJBbHI 30HU: CEPEIHIO, BEPXHIO Ta 3a1HI0 HWKHIO. CepenHs
YacTHHA 3 HOCKOM Ma€ TOCTpi KyTH BXOJDKEHHS B 000X IUIOMIMHAX, TOAI SIK
BEPXHs YyacTUHA (MOBEPXHS BIJKUJIAHHS) XapaKTEPH3Y€ETHCS TIOJIBOEHUM KyTOM
araku Ui IHTEHCHBHOTO BiJIBEJCHHS IPYHTY. 3aJHs YacTHHA 3aBEPIIYETHCS
KIIMHOBOIO IT’ITOIO 3 TYIHMM KyTOM BXO/DKEHHS, IPUYOMY TOBIIHMHA IEPEIHIX
CerMEHTIB y JiBa pa3M MEHIIA 3a TOBHIMHY ITSITH, a 332 3arOCTPEHUM HOCKOM
repeioaueHa crenianbHa IOpOKHUHA.

Knro4oBoro mepeBarol0 TEXHIYHOrO pIMIeHHS € e(DEeKTHBHUH MNOIIapOBHN
00pOOITOK I'PYHTY, TOCTPHUI HOCOK PO3pi3a€ IUIACT, @ BEPXHS MOBEPXHS BIIKUIAE
cyxuii map BOIK, 3a1100iratoun Horo NpOCUIaHHIO Ha JHO Oopo3Hu. HasBHicTh
MOPOKHMHU 32 HOCKOM CYTTEBO 3HIKYE TATOBUH OHIp Ta IEpeIKoKae
HAJIMIIAHHIO BOJIOTOTO IPYHTY Ha II’STY, IO 3a0e3Meuye CTaOUIbHICTh ITHOUHH
XOJIy Ta sIKICHE YIIIJIbHEHHsI HACIHHEBOTO JIoxka. KpiM Toro, Haxmi1 ycix pobounx
TIOBEPXOHB ITiJI KyTOM, MEHIIINM 32 KYT TepTs CTalli 00 IPYHT, FapaHTy€ BUCOKY
3[aTHICTh POOOYOro OpraHy 70 CaMOOYHMILEHHSI.

OCHOBHUM HEJIONIIKOM KOHCTPYKIII € ii TeXHOIOT1YHa CKIIaJHICTh, 3yMOBJICHA
PI3HOIO TOBIIMHOKO €JICMCHTIB Ta CHCIU(IYHOI FEOMETPIER0 30H MEPEXOY, IO
37I0pPOXKY€E TIPOLIEC BUPOOHHUIITBA.

7 2 ;4

Puc. 6. ITatent UA 161657: 1 — HOCOK; 2 — MOBepPXHS BiAKHIAHHS;
3 — ’ara; 4 — WOKH

16 Tlarent Ypainu Ne 161657. Apremenxo /110, Onona B.A., Jlysan ILI., Mynenko K.A. Corunuk.
MIIK A01C 7/20 (2006.01). Ne u202501031/UA; 3assn. 11.03.2024; Omy6mn. 25.12.2025, Bron.Ne 52.
URL: https:/sis.nipo.gov.ua/uk/search/detail/1891976/
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Takok HasBHICTh MOPOXKHUHM OJ[pa3y 3a HOCKOM MOXE CTaTh MiCIeM
HaKOIMYEHHsI POCIMHHUX PELITOK NPH POOOTI Ha IOJSX 3 BUCOKUM piBHEM
3a0yp'ssHEHOCTI a00 TICNIsA JKHHB, MO IMOTCHIIHO TpU3BeAC 10 3a0WBaHHS
COIIHMKA. 3MIHHAa TOBUIMHA HapaJlbHUKAa TaKOK MOXKE MPOBOKYBaTH
KOHIICHTPAIIII0 HAaIPY>KeHb Y METall, 0 3HIKYE 3arajibHUH pecypc JIeTaii npu
po0OTi Ha BaXXKHX 200 KaM'SIHUCTUX IPyHTaX.

VY3aranpHIOIOYM pe3yJbTaTH aHallizy, SK CEepiHMX 3pa3KiB IPOBIIHUX
CBITOBMX OpEHJIB Tak 1 MAaTeHTHOI JOKyMEHTalii Ha HOBI PO3POOKH, MOXKHA
BUJUJIUTH CUCTEMHI HEJIONIKH HapaJbHUKOBUX COIIHHKIB, SIKI PO3MOIUISIOTHCS
32  TEXHOJOTIYHUMHM, AarpOTEeXHIYHMMH Ta eKCIUIyaTaliiHUMH O3HAaKaMH.
OcHoBHOI0O TpobIeMoro OubiiocTi cepiiHux koHeTpykiii (Kverneland, Kuhn,
Elvorti) 3anumaerscst He3a10BIIbHA SIKICT (pOpMyBaHHS OOPO3HU TIPH MOTaHil
miaAroroBui rpyHTy. Yepes Tymi KyTH BXOMKEHHS B IPYHT BiJOyBa€TbCsi HOTO
3MUHAHHS Ta MiATOPTaHHs TONepeay colnHuka. Lle crnpuumHse mpocuraHHs
CYXOro BEPXHBOIO IIapy IPYHTY Ha JHO OOPO3HM II€ JI0 HMOTPAIISIHHS TYIU
HaCiHHS, 110 PO3PUBAE KOHTAKT HACIHMHU 3 BOJIOTUM HACIHHEBUM JIOXKEM
1 3HMKYE IIOJBOBY CXOXicTh. KpiM TOro, KoHCTpykuii 0e3 creriaizoBaHHX
YIIUIBHIOBA4IB HE 3a0€3Me4Yy0Th He0OX1THOT MIIJIBHOCTI JJHa OOPO3HH.

Po3mistHyTI  KOHCTPYKIII 4YacTo MalTh 3HAYHUA INUTOMHUI TATOBHA
omip. Y cepiiHMX 3pa3kax II€ 3yMOBJCHO BEJIMKOIO IUIOMICIO JI0OOBOTO
repepizy HapaJibHMKa. Y 3allaTeHTOBAHMX HOBUX MOJEINSIX, IOIPH TOCTPi
KyTH BXOJDKEHHS, NPOOJIEMOI0 MOXe OyTH «e]eKT NpHUCMOKTYyBaHHS» abo
IiIBUIICHE TEPTSI Y 30HaX MEpexoy MiX pi3HUMHU (DYHKIIOHAJILHUMH TPaHIMU
(HampuKIa/1, MiX INIOCKMM HOCKOM 1 KJIMHOBOIO OCHOBOI0). Takox ji1st Mozieneit
13 BEJIMKOIO JIOBXMHOIO HapaJIbHUKA XapakTepHa HECTA0UIbHICTh NIMOMHU X0y
(miHIMaHHS) Ha BUCOKUX LIBHJKOCTSIX IOCIBY.

CribHUM HEZOJIIKOM BIOCKOHAJEHUX ITaTEeHTHUX PO3pOOOK € IXHs BHCOKA
TEXHOJIOT1YHA CKJIaJHICTh. BUTOTOBIIEHHS KOMOIHOBaHHX HapAJILHUKIB 13 TPhOMa
i OibllIe POOOYMMHU 30HAMH, Pi3HOK TOBIIWHOK CJIIEMCHTIB Ta CHECIH(DIuHUMHE
KyTaMH 3aTouyBaHHs (MEHIIMMM 3a KyT TepTsl) BUMarae BHCOKOI TOYHOCTI
BHUPOOHHMIITBA Ta JIOPOToro oonagHanHs. KpiM TOro, HassBHICTh TEXHOJOTTYHUX
MOPOXKHMH 200 CKIQJHHUX IIEPEeXO/AiB T'€OMETpil CHpHsS€E HAKOMHMYCHHIO
BOJIOTOTO IPYHTY Ta POCIMHHUX pemTok. Yepes ckiaany GpopMmy pi3Hi YaCTHHU
HapaJIbHUKa 3HOUIYIOTHCS 3 PI3HOI IHTEHCHBHICTIO (HaiiOunblie nepenHii
HOCOK Ta 3aJIHs I1’5ITa), 10 MIBUAKO BHUBOIUTH 13 JaJy BEeCh JIOPOTUil pobounii
opra.

Just iMmoptHuX cepiiiHux comHukiB (Monosem, Amazone, Gaspardo)
TOJIOBHUM HEJOJIKOM € BHCOKa BapTICTh BOJOIIHHA CaMOI0 CiBaJIKOIO,
CKJIQIHICTh HAJIAIITYBaHHS EJIEKTPOHHUX Ta MEXaHIYHUX CHUCTEM JI03yBaHHS
B IIOJIbOBUX YMOBAaX, a TaKO)K HU3bKA PEMOHTONPHUAATHICTh HAPAJIBHUKIB, SIKi
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3a3BMYail € IJIBHOJMTUMM Ta HE IepeadavyaroTh YacTKOBOTO BiJHOBJIECHHS.
BiTun3HsHI aHaloOry, HaBNAaKHM, 4YacTO MAalOTh HEIOCTAaTHIO 3HOCOCTIHKICTH
MarepiaJiiB, 10 HIBEJIOE iX MepeBary B ILiHI Yepe3 YacTi 3aMiHH.

3. BupilueHHs npob6aemu
JUis MOXJIMBOCTI KOHCTPYKTHBHOTO OOIPYHTYBaHHS HOBOi KOHCTPYKIIi
COIITHHMKA 3 HAPAJILHUKOM SIKUW Ma€ 3MCHIICHUI TSArOBHU Omip Oyiyu BU3HAYCHI
OCHOBHI TEXHOJIOT1YHI OIepallii sKi BiH MOBUHCH BUKOHYBATH (pHC. 2).

TexHoAGzIHIl NPoYeC LmBOpenHHs DopoIHy
YOOCKOHOAEHUM COWHUKOM MPOCANHOi CIBaiKky

!

Fospizanms BepxHpoz0  wapy pyHmy ma
LCYHEHHS NEPEWKOT 13 30HU PODOMY  COWHUKG

!

Yacmkobe bidbederrs b Ok BepxHeozo
CYxozo Wwapy ZoyHmy

!

lovamok @oprybarHs 0gposHY

!

llodamok @opmybanHs CimHoK S0p03HY

!

Yimbioperns 1 yibHeHHT HOCHHESOZ0 AoXxa

!

Fa0e3N89EHHA YTPUMAHHS CITIHOK O0p03HY
GG purybarns 0o nompanisnHs HaciHHA

Y Y Y Y Y O
) U

Puc. 7. CxeMa BUKOHAHHS TEXHOJIOTiYHOIO MPOLECY YI0CKOHAJCHHM
COITHMKOM IPOCANHOI CiBAJIKH

3 MeTor0 pearizamii HaBeACHUX Ha (PHUC. 7) TEXHOJOTIYHMX OIeparii Oyia
po3pobiieHa yIoCKOHAJICHA KOHCTPYKILisl COIIHKMKA MpocarHoi ciBanku. Howii

147



COIIHUK Ma€ KOMOIHOBaHWIl HapallbHMK, SIKMH CKIJIANAEThCS i3 JBOX POOOUYMX
YaCTHH, BEPXHS 4YaCTHHA, KIMHOBMH HOCOK, IIpH3HAueHa ISl BiJKPUTTS
1 BIIBEJECHHS CyXOro IPyHTy B Oik BiJ OOpO3HM Ta Ma€ B BEpTHKaJbHIH
1 TOPM3OHTANIBHIN IJIOIMHI TOCTPUI KyT BXOJDKEHHS B IDYHT, HMDKHS YacTHHA,
I°sta, i3 TYIMM KyTOM BXOJUKEHHS B IDYHT, NpH3HadeHa Juisi (OPMYBaHHs
YIIUIBHEHUX CTIHOK OOpPO3HHW 1 HACIHHEBOTO JIOXKA, MPUYOMY BEPXHSI 1 HUIKHS
YaCTHHU HapaJbHUKA B BEPTUKAIBHIH IIIOIINHI OJJHAKOBI, @ HOCOK HapaJlbHUKa
Mae mmpuHy Ha 10% Oinbplny 3a TOBIIMHY COLIHMKA, HIDKHS KpDOMKa HOCKa
Ma€ MiJHOM B TOPM30HTANBHIHM IUIONIMHI, a BCl poOOYl YacCTHHHU HapallbHHKa
HaXWJICHI IMiJ] KyTOM MEHIIUM KyTa TepTs IPYHTY 110 CTaJi.

Ha (puc. 8) mokazana ¢QpoHTaJbHA 1 TOPHU30HTAJIbHA IPOCKILiS
YIAOCKOHAJIEHOTO COIIHHKA.

7 2 k| 4

Puc. 8. Comnuk i3 3MeHIIIEHMM TSATOBUM ONOpPoM: 1 — KIIMHOBHI HOCOK;
2 — HapaJbHUK; 3 — ’ATa; 4 — WOKH

3anporoHOBaHUi COLIHUK IPAIfO€ HACTYITHMM YHHOM: pPyXalOuWCh Ha
mIMOMHI MOCIBY BEpPXHsI YacTHHA HapallbHWKA y BUINISI KIMHOBOro Hocka 1,
SIKAH Ma€ B BEPTHKAJbHII 1 TOPU30HTANIBHIN IUIOIIUHI TOCTPUHA KyT BXO/DKEHHS
B IPYHT poO3pi3ae Horo i po3cyBae B OOKHM, a HaCTHUHY ITiJHIMAE 1 BIABOAUTH B 01K
Big psaka. Hocok 1, 3a paxyHOK rOCTpHX KyTiB BXOJDKEHHSI B IPYHT HE TUIBKH
HOJIETIIYE PYX COUIHUKA, a 1 yCyBa€ MEPElIKOIH TPUMAIOUU 3aJaHy TIHOUHY
X0Jy. 3a paxyHOK IMiJiloMy B HWXKHIM 4YacTHHI, B3a€EMOJisl HOCKa 3 IPYHTOM
BiZIOyBa€ThCSl 1O KPOMKaM KIMHOBOI TOBepXHi. OCKUIBKM INUPUHA HOCKA
Olnbllla 32 IIUPUHY COLIHMKA TO HABAHTAXKEHHS 1 OIIp IPYHTY MEPEBAKHO
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PO3IMOAIIAIOTECST HA #oro moBepxHi. [li yac pyXy B IPYHTI HOCOK TaKOX
nopyiye OiuHI IIapd HAaBKOJIO COIIHMKA THM CaMHMM 3MEHIIYE CHIIM TepTs
10 3ajHii YacTWHI HapajbHUKAa 2 1 IOKaM couHuka 4. Pyxarounce HuxdYe,
KJIMHOBA I15ITa 3, B 33/IHIIl YaCTHHI yTBOPIOE HACIHHEBE JIOXKE ISl PIBHOMIPHOTO
PO3MilllEHHSsT HACIHHS 10 MIMOMHI 1 JOBKHUHI psijika. 3a paXyHOK TOro, LIO I1’siTa
PYXa€EThCsl 'y BXKE BIAKPUTIH OOpo3HI 3MeHuIyeThest 11 TsroBuit omip. Ll{oku
COIIHUKA 4 YTPUMYIOTh I'PYHT ITOKM HACiHHSI HE MOTPAIKTh Ha JHO OOPO3HH,
a TIOTIM 3aKpPHBAIOTh HOTO MIAPOM BOJIOTO TPYHTY.

EdexruBHicTh poOOTH COIIHHMKA 320€3M1eUy€EThCsl TAKUMHU (DaKTOPaMH:

3aBASKM KJIMHOBOMY HOCKY HapajibHHKa 3 TOCTPHM KyTOM BXO/DKCHHS
B IPYHT Ta 3017bLICHIN BIITHOCHO CaMOro COLIHMKAa IIMPUHI OIip COIIHHKA
MiHIMaJIbHUHM, a pyX B BEPTHKaJbHIH IUIOMMHI piBHOMIpHUMH. Poswmimena
B 3aJHId 4YacTWHI HapajJbHUKA II’SITa i3 TYNHUM KyTOM BXOJDKEHHS IDYHT
3a0e3mneuye (popMyBaHHS HACIHHEBOTO JIOXKA IS PIBHOMIPHOTO PO3MILICHHS
HACIHHS 110 [THOWHI,

32 paxyHOK KJIMHOBOIO HOCKa 3 TOCTPHM KYTOM B XO/DKEHHSI B IPYHT
B TOPU30HTAJIbHIH IJIOIIMHI, 3aIIPONIOHOBAHNH COILTHUK 3a0€311euy€ piBHOMIpHUN
pyX Io IMOWHI psijiKa Ta BiJBEJCHHS BEPXHIX CyXHUX IIapiB IPYHTY B OiK Bij
00pOo3HHM, a NpH TOTPAIUIIHHI Ha MEPEeIIKOAU 1 YIIJIbHEHI JUISTHKH IPYHTY
pyiinye ix. Ilpm 1poMy npu MiABMIINEHHI BOJOTOCTI IPYHTY KOHCTPYKIIis
COIIIHUKA CIIPUSIE HOTO CaMOOYHIIICHHIO.

3 METOI0 BHU3HAYEHHS TATOBOIO OIOPY YAOCKOHAJIEHOTO HapallbHHKa
COIIHUKA, TOOYIyeMO MaTeMaTuuHy MOjeNnb, siKka 0a3yeTbcs Ha HOro
TEOMETPUYHHX Iapamerpax Ta (i3MKo-MeXaHIYHUX BIACTUBOCTSX IpyHTY. Jlist
CKJIQJIaHHsI MaTeMaTH4YHOI MOjelsi B3aeMOJil COIIHUKA 3 IPYHTOM HEOOXiJTHO
PO3IVISIHYTH CyMapHHH TATOBHH omip R, , SKWH JOPIBHIOE CyMi CHJI OHOpY, IO
BUHHKAIOTh Ha KO)KHOMY KOHCTPYKTUBHOMY €JIEMEHTI (HOCOK, I1’SITa Ta IIOKH)
ITiJ] YaC BUKOHAHHS TEXHOJIOTIYHOI Omeparrii.

BBesnemo mo3HaueHHS IS BCIX MapamMeTpiB, IO XapaKTepPH3yIOTh
KOHCTPYKTHBHI OCOOJIMBOCTI HOBOrO HapajbHuKa (puc. 9). Teomerpnuni
HapaMeTpy yHOCKOHAJIEHOTO HapalbHUKAa B METpax: g — IIMOMHA MOCIBY
(mmOuHA pO3MILIEHHS! HACiHHS); § — DIMOWMHA XOIy HOCKa; A — mIMOHMHA
pyXy T’SITH; [, — JOBKHHA COLIHUKA; [ — JOBKMHA HapajbHUKa; /i — moBxkuHa
KOHTAKTy HOCKa 3 TPYHTOM; /, — TOBXKHHA I’ SITH TI0 SIKi#l (POPMYy€eThCS HACIHHEBE
noxe; I, — JMOBXKHMHA IUSTH, [] — TOBIIMHA HOCKA; b, — TOBIIMHA COIIHHKA;
b, — IUpHMHA HAPANBHUKA; ¢ — KyT aTaKM HOCKA COLIHMKA; B — KyT aTaku
I'SITH COIIHKMKA; Y — KyT aTakh HOCKAa B TOPWU3OHTAIbHIN IUIONMHI, § — KYT
PO3XMITY IT’SITU B BEPTHKAJIBHIH TUTONIUHI.

di3uko-MexaHiuHI BIACTMBOCTI IPYHTY SIKi BIUIMBAIOTh Ha YMOBH POOOTH
HapajdbHHUKA: k — MUTOMHU Omip IPyHTY (omip pizanHio Ta aedopmariii), [[1a];
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q,, — omip IpynTy yminsHennio, [Ila]; p, — cepemniii GiuHMH THCK IpyHTY
Ha OiUHy MOBEepXHIO comrHuKa, [[1a]; ¢ — KyT TepTs rpyHTY mmo crani, [rpan],
koe(iieHT TepTa f =1gd; p — WIUIBHICTH IPYHTY, [I/cM’]; V, — HMIBHAKICTBH
PYXy COILTHHKA, [M/C]; g — MPHUCKOPEHHS BUTFHOTO MaAiHHSA, [M/c?].

R ) 9
/e 4

< °f %é} -

%/E

X

Y
—r 1
T L L

VLAV

Puc. 9. CxeMa KOHCTPYKTHUBHHX MapaMeTPiB COLIHHKA
siKi BIVIUBAIOTh HA TATOBHUI OMip

3araibHUM TATOBUH OMIp CONTHWKA R, BHU3HAYAETHCA, K CyMa YOTHPHOX
OCHOBHHUX KOMIIOHEHTIB:
R.=R +R,+R +R,,

Je: R, — omip KIMHOBOTO HOCKa (Pi3aHHs Ta PO3CYBaHHS IPYHTY);

R, — omip ’sTH (YIIUTBHEHHS CTIHOK i HACIHHEBOTO JIOXKA);

n
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R, — omip TepTs Ha OIYHUX MOBEPXHSX (IIOKaX);

u
Rv‘ — IUHAMIYHHANA OMIp BiIKUIAHHS IPYHTY.

BusnauaemMo onip KIMHOBOrO HOCKa HapaJbHHKA COLIHMKA. HOCOK BHKOHYE
OCHOBHY po0OOTy 3 pyHHYBAaHHS MLIUTICHOCTI TPYHTY, a OCKUIBKH IIHPHHA
Hocka B Ha 10% Oinblua 3a TOBIIMHY COLIHHMKA b, , OCHOBHE HAaBaHTA)KCHHS
30CePeKY€ETCSl CaMe TyT, IOJETHIYIOYM PyX HACTYIIHHX YacTHH COLIHHUKA.
Hocok Mmae roctpi KyTH BXOIKEHHS B IPYHT o (BEepTHKaIbHUII) Ta y

(Topu30HTANBHUIT), @ HOTO OTip 3aJIeKUTH BiJl MUTOMOTO OIOPY IPYHTY £ :

—k-B- .M.in ¥
Rk Boe = s (2] )

[Mutomuit omip IPyHTY k € IHTErpaJbHUM HOKA3HUKOM, SIKHH ITOKa3ye,
sKa CWJIa MOTpiOHA NI BHpi3aHHA Ta JeopMarii Iiacrta IPYHTY ILIOUICHO
nonepevHoro nepepizy B 1m? B Hamomy Bunaiky (lem?). s po3paxyHKy k
HEeoOXiTHO BpaxyBaTH [Ba OCHOBHI aCIEKTH: BIACTHBOCTI CaMOro IPYHTY Ta
reOMETPIil0 HOCKa HapallbHUKA.

[MuToMwmii ormip TPYHTY k 3aJIEKHUTH BiJ BHYTPILIHIX CHJI 3YCTUICHHS IPYHTY:
OTIOPY PO3PHBY 3B’S3KIB MiXK YaCTHHKAMH, OIOPY MEPEMIIICHHIO YaCTOK OJHA
BITHOCHO OFHOI (KYT BHYTPIIIHBEOTO TEPTS) Ta KyTa TEPTS IPYHTY IO CTAJi.

[eomerpisi poOOYOro OpraHy Mae BIUIMB Ha 3MCHILCHHsS BEMYMHH k 3a
paxyHOK: TOCTPOTrO KyTa aTaku HOCKa o, SIKMH 3a0e3redye Jerke BXOKCHHS
B IPYHT Y BEpTHKAIBHIA IUIOIIMHI, TOCTPOro KyTa y Y TOPU30HTAIbHIN
IUIOMIMHI, SKUH 3a0e3rnedye po3pi3aHHS Ta PO3CYBaHHSA IPYHTY B OOKH Ta
OIMPUHA HOCKAa B, OCKUIBKM HOCOK MIHMPIIE 3a CONTHHWK 1 B ITIpoleci podoTH
OCHOBHI CHJIM 30CEpPE/DKEHI caMe Ha HbOMY TO, Lie 3HIDKYE CyMapHHMil omip 3a
paxyHOK 3MEHILICHHS TePTs 3aHIX YaCTHH ITOBEPXOHb COLIHHUKA.

JUisi KIMHOBOTO HOCKa HapaJibHUKA, TEOPETHYHE 3HAYCHHS k MOXKHA
BU3HAYUTH Yepe3 Koe(ilieHT 00'€MHOTO CTHCHEHHS Ta KyTH HaXHJTy [TIOBEPXOHb:

k=00~(1+tg(a+¢)'tg[;j], 3)

Jie 6, — 'paHNYHa Halpyra pyHHyBaHHS IPYHTY P NPSIMOMY CTUCHEHHI;

ig(oa+¢) — Xapakrepusye, fAK KyT HaxuiIy HOCKAa o Ta Teprs ¢
30UIBIIYIOTh HEOOXIJHE 3YCHJUISA, OCKUIBKH o TOCTPH, 3HAYCHHS TaHICHCA
Oyzie MiHIMaJTbHUM;

tg(%) — BpPaxOBYE pPO3XWI HOCKa B TOPU3OHTAJBHIA IUIOIIUHI, YHM

TOCTPIIIHHA KYT Y, TAM MEHIIAM € MMUTOMHA OMip & .
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[MuTomuii omip IPyHTY & TaKOXK 3aJICXKHTH BiJl IIBUIKOCTI PYXy COIIHHKA
V. 1 Ma€ BJIaCTHBICTb 3pOCTATH B 3aJISKHOCTI BiJI BIACTHBOCTEH IPYHTY:

ko:k+€'chn (4)

Jie € — KoedillieHT, 10 BPaxoBYy€ BIAKUIAHHS IPYHTY Ta HOT0 LIUIBHICTD p .

[Mapamerp o, (rpaHuyHa Hampyra pyHHYBaHHS IPYHTY IpH HPSIMOMY
CTHCHEHHI) € (YHIAMEHTAJBHOK XapaKTEePHCTHKO B MeEXaHili IpyHTIB'
1 BUBHAYAETHCS Yepe3 JiBa OCHOBHI IapaMeTpu:

Gozzc'tg(450+%Js (5)

JIe ¢ — NUTOME 3UEIUICHHS IPYHTY;

¢, — KyT BHYTPIIIHBOIO TEPTSI IPYHTY.

3anexHicTh (5) Mokasye MakCUMajbHY BEPTHUKAJIbHY HAIIPyTy, SIKY MOXeE
BUTPUMATH IPYHT 03 O14HOT miATpUMKH (SIK 1€ BiIOYBAETHCS IPU pOoOOTI HOCKA
COIIHUKA, KO BiH Bpi3a€TbCcs B MacuB). SIKIIO IPYHT MilaHUH (3uerieHHs
c~0), TO G, NpAMYE JI0 HyJsl. SIKIIO IPYHT DIMHUCTHUH (3YEIUICHHS BHUCOKE),
G, CTae OCHOBHMM (akropom oropy. Takoxk moTpiOHO BpaxoByBaTu, LIO G,
CYTTEBO 3MEHIIYETHCS MpPU 30UIBLICHHI BOJIOTOCTI I'PYHTY (3HAUCHHS MOXe
3MEHIIIyBaTuCh B 1,5-2 pasm).

Omip m’situ R, (YUIIJIBHEHHS CTIHOK 1 HACIHHEBOTO JIOXKA) JIEI0 3HWKEHHH,
OCKLJIbKH BOHA PYyXa€ThCsl Y BKE YaCTKOBO BIZIKPUTiN HOCKOM Oopo3Hi. HaciHHeBe
Joke (POPMY€ETHCS IIUISIXOM YIIUILHEHHS IPYHTY. BUKOpUCTaHHS B KOHCTPYKIIIT
I’ATH 3 TYIIUM KyTOM [ 3a0e3reuye HeoOXiJHe MUTOME HaBaHTKEHHS IS
CTBOPEHHS YIIUIBHEHUX CTIHOK 1 JIOXKa, 10 KPUTHUYHO JUIsi KOHTAKTY HACiHHS
3 Bosororo. Toxi omip R, 3a1€XuUTh BiJl MapameTpa ¢, (OMp yIIUIbHEHHIO) Ta

KyTa f3:
R,=q,, b, -h-1g(B-9). (6)

Busnauenns THTOMOTO OMOpy IPYHTY YUIUIBHEHHIO ¢, € KIIOHOBHM AU
PO3paxyHKy MmapaMeTpiB IT’sITH COITHMKA (1103. 3, puc. §). Ha BigmiHy Bijg HOCKa,
KU po3pizae IPyHT, I’ sITa Ma€ TYIMUH KyT aTak [, 0 CTBOPIOE HOPMATbHUN
THUCK Ha JHO OOpO3HW Uil (OPMYBaHHS HACIHHEBOTO JIOXKa. TeOpeTHYHO

17 Koctiouenko M.M. Mexanika 1pyHTiB: HaBuanpHHii mociOunk / M.M. Koctiodenxo.
Intepuerpecype KuiBcpkoro ymiBepcurery. geol.univ@kiev.ua. 116c¢. [Exextponnmii pecypc]. URL:
http://www.geol.univ.kiev.ua/lib/mehanika_gruntiv.pdf
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q,, PO3PAXOBYETHCA YEPE3 MOJENb 00’€MHOTO CTHCHEHHS ab0 Yepes3 Teopiro
IpaHUYHOI PIBHOBArd IPYHTY.

Tomy, ockinbku 1m’ATta Mae Tynumid KyT B TO TEOPETHUYHE 3HAYEHHS ¢,
B po0OYiif 30HI TAaKOK 3aJIE)KHUTH BiJl TOTO, SIK CHJIA TSATU MEPEPO3MOIIIAETHCS
Y BEpPTUKAJIbHHN THCK:

s ()

ne F, — cuia Tru, sSiKa Ji€ Ha I ATY;

b, — mMpUHA I ATH;

[, — JIOBXHHA TI'STH, TI0 SIKiil POPMYETHCS JIOKE;

ctgB — xoranreHc kyrta arakd. Ockiieku B Tymuit (> 90°), me CTBOpPIOE
3HaYHe BEPTUKAJIbHE 3yCHUIUIS BHH3, 10 1 3a0e3Meuye yIliabHeHHS.

3riaHo 3 arpoBUMOraMH palioHaIbHUM Oy/e Takuil mindip mapamerpa g, ,
[P SIKOMY CTBOPIOETHCS THCK, 1m0 mopiBHioe 0,05 — 0,1 Mlla, nmpu Takux
3HAYCHHSIX 3a0e3IeUy€eThCs KaMIIPHUN MiAHOM BOJIOTH 10 HACIHHS, aje He
CTBOPIOETHCS HAJIMIPHOTO TSATOBOTO OIOPY R, .

Cuiia TSTH ISITH COLIHMKA F,, € TOPU30HTAIBLHOI CKIIAIOBOIO PEaKIil
IPYHTY, 10 BUHUKAE B Tporieci (hopMyBaHHsI HaCIHHEBOTO Jioxka. Ha BingMmiHy Bij
HOCKa, SIKHI pO3pi3a€ IPYHT, I1’sATa MPAIFOE B PEXKHMI 3MHUHY Ta YIIIJIbHEHHS.
OCKUTBKH 11’ITa PyXa€ThCsl B OOPO3HI, BXKE BIAKPHUTIH HOCKOM, TO il OCHOBHE
3aBlaHHs, [I€ YIIUJIBHUTH JHO Ha mimOuHy A . Omip R, BHHHKae uepe3
HEOOXiHICTh TOM0NATH OMp IPYHTY CTUCHEHHIO ¢, Ta CHJIM TEPTS po6Odoi
MOBEepXHi 00 IpyHT. J|jiss KOMOIHOBaHOTO HapaJbHHKA 3 TYIIMM KYTOM aTakd f3,
CHUJIA TSTH I'SITH F, BU3HAYAETHCSI HACTYITHUM YHHOM:

FT:FB-tg(B—90°+¢), (®)

ne F, — BepTUKaJIbHE HABAHTAXKEHHS , SIKE JII€ HA COIIHMK (BiJ MPYKUHU
abo Barm).

TakuM YWHOM, JUIS 3MEHIICHHS 3HAYeHb TSTOBOTO ONOpY I'STH R,
HEOOXiHO:

JOTPUMAHHS YMOBU ([3—90°<¢), 110 JO03BOJII€ YHUKHYTH HaropTaHHIO
IPpyHTY Tiepen M sTor0 (edekT Banka) 1 3a0esnedye IJIaBHE KOB3aHHS
3 YIIITbHEHHSIM;

JIOTPUMAHHS BHUCOKOI SIKOCTI POOOYHMX MOBEPXOHb OCKUIBKH 3MEHIICHHS ¢
0e31ocepeIHbO 3HMKYE TATOBHUH OIIIp;

BHUOIp MPaBHIBHOI HMIUPUHH II'SITH HapajbHUKA COIIHHKA, IIUPUHA I’ SITH
b, MOBHHHA OyTH MIHIMAJILHO JOCTATHBOIO ISl PO3MIIIIEHHS HACIHHSI, 00 He
CTBOPIOBATH 3aliBOTO OIOPY.
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Pospaxyemo cknajsioBy omnopy TepTs mo mokax R, . Omip Teprsi BUHHMKaE
Ha OIYHMX ITOBEPXHSIX IIIK COIIHHMKA, SKi yTPUMYIOTb CTIHKM OOpO3HH BiJ
OCHIaHHS IPYHTY. 3aBISKH KOHCTPYKTHBHOMY pillleHHIO ( B > b, ), O1uHHMI THCK
P, CYTTEBO 3MEHIIYEThCA, TO:

R,=2-fp.S., 9)

ne S, — e(eKTUBHA MIOMA KOHTAKTY IIiK 3 IPYHTOM.

Jnst BU3HA4YeHHs! AMHAMIYHOI CKJIaZioBa TSTOBOTO ONOpPY R, , HEOOXiJTHO
BPaxoBYBaTH €HEPTilo, 10 BUTPAYAETHCS HA BIIKUJIAHHS YaCTHHOK I'PYHTY BOIK
IPU BUCOKHUX HIBUAKOCTSIX PyXy V., :

RV:p-B~h~Vf-sin(%j. (10)

[Mapamerp p Xxapakrepusye Macy IPYHTY, SIKy COIIHHK 3MYyIICHHN
MEePEMIIIyBATH IIOCCKYH/IH.

OO’eqHaBIIM  BCl CKJIAJIOBI, OTPUMYEMO 3QJICKHICTh JUIsi BHU3HAYCHHS
TSIFOBOTO OIOPY YIIOCKOHAJIEHOTO COLIHUKA!

sin(a+¢)
cos(¢)

+[2'f'pm 'Sm]+{P~B-h-V2-sin[;H

Ha ocHOBI IpOBEAEHOT0 TEOPETUYHOTO aHAIII3y Ta PO3POOKU MaTeMaTU4HOI
MOyIeJi B3a€MOJIIT yIOCKOHAJIGHOTO COILTHHMKA 3 IPYHTOM, MOYKHA CKa3aTH, I110:

posmineHHss (QYHKIM HapaJbHHKAa Ha JIBI CIEI[iai30BaHi 30HH TOCTPHIA
KIMHOBHMH HOCOK JUIsl pO3pi3aHHs Ta modyarky (GopMmyBaHHS OOpO3HH Ta IT’SITY 13
TYIHM KyTOM BXOJDKEHHS B IPYHT Julsl ()OPMYBaHHs HACIHHEBOTO JIOXKa JI03BOJISIE
ONTHUMI3yBaTu eHeproBuTparu. OCKUIbKK I1'SITa PYXaeTbCs y BXKE PO3MYyILEeHiH
OOpO3Hi, 3araJbHUN TATOBHH OINp R, 3HIKYETHCS IMOPIBHSHO 3 CYLUJIBHUMH
KOHCTPYKIISIMH, TIPH 1IbOMY 3a0e3IeuyeThcs siKicHe (DOpMyBaHHSI HACIHHEBOTO
JI0XKa;

BCTAHOBJICHO, IO KPUTHYHO BaXKJIMBHUM [apaMETpPOM € MEePEeBHIICHHS
HIMPUHHA HOCKA HaJ TOBIIMHOIO COIHHMKA Ha 10%, 11e CTBOPIOE TEXHOJIOTTYHUI
3a30p MIXK CTIHKaM¥ OOPO3HHM Ta [IOKaMH COIIHMKA, [II0 CYTTEBO MiHIMI3y€ Omip
Tepra R, 1 3anobirac 3aKJIMHIOBAHHIO POOOYOro OpraHy B HEpEylIiIbHEHUX
a0o0 BOJIOTHX IApax IPyHTY;

R =|k-B-h- -sin[%] +[ 4y, s 1g(B-) |+

(11)
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JuIst 3a0e3redeHHs] eeKTy CaMOOYMIIEHHs Ta CTaOUIbHOI IIMOMHHM XO.y,
KyTH aTakd HOCKa o 1 y IOBHMHHI OyTH TFOCTPUMHM I MEHIIMMH 32 KYT TEepTs
IpyHTY 00 cTanb (¢ ~28-30°). BoxHouac, BUKOPUCTAHHS TYNOrO KyTa araku
’ATH B € palioHaJIbHUM IS CTBOPEHHS HEOOXiZHOIO HOPMAJILHOTO THCKY ¢,
Ha JIHO OOpO3HHM, IO TapaHTy€e KalUISpPHE I JHSTTS BOJIOTH 10 HACIHHS;

3anpoIOHOBaHa MareMaTHyHa Mopenb (3an. 11) jae 3Mory TeopeTHuHO
pO3paxoByBaTH HEOOXiJHE TATOBE 3YCHJUIS 3aJISKHO BiJl THUIY IPYHTY (depes
NOKa3HUKKM k Ta ¢, ) Ta WBHAKOCTI pyxy V,. Ile nosBosise me Ha erami
MIPOCKTYBaHHs MiAOMpaTH NapaMeTpd COIIHMKAa Tak, 100 3ade3neuuTn
MiHIMaJIbHY €HEProEMHICTB MOCIBY NPU JOTPUMaHHI arpoTeXHIYHUX BHMOT JI0
MiATOTOBKU HACIHHEBOIO JIOXKA.

3 MeTOoI OTpPHMaHHS paliOHAJbHUX MapaMeTpiB poOOYMX MOBEPXOHb
VIAOCKOHAJICHOTO HapajbHUKA COIIHHKA [POCAMHOI CIBAJIKK HEOOXIIHO
MpoBecTH TpadivHe JOCIHIIKEHHS OTPUMAHUX 3aJI€KHOCTEH.

Ha (puc. 10) HaBeneHa rpagiyna 3aj1e)KHICTh BIUIMBY KyTa aTaKd KIMHOBOTO
HOCKa Ha WOoro TAroBHi omip. SIk BUAHO i3 rpadika 31 301IbIICHHSIM KyTa aTaku
HOCKa HapaJbHMKa COIIHHMKA ¢ HOro TSTOBHH OMip 3pocTae HENiHIHHO JuIst
BCIX PEXMMIB IIBHJKOCTI Ha SIKMX IPALIOe COIIHMK. [Ipy 1iboMy, MiBUILCHHS
LIBHUJIKOCTI TIPU3BOAUTH J0 Mapase]bHOTO 3CYyBYy KPHBUX BIOpY, a MpH o >35°
CIIOCTEpIraeThcsl pPi3Ke 3POCTAaHHs ONOpY uepe3 30UIbIIEHHS HOPMAaJbHOTO
THCKY IPYHTY Ha ITOBEPXHI HOCKa.

TakuMm 4MHOM, MOXKHA CKa3aTH, IO Jiara3oH palioHaJbHUX 3HAYCHb KyTa
arakd HOCKa HapaJibHMKa COIIHMKAa o Oyde Jexatn B Mexax o =20...30°
, B IIbOMY Jlialla3oHi 3HAa4eHb KyTa araku 3a0e3ledyeTbcs MiHIMalbHUI
omip pi3aHHIO TPU CTAOUIBHIA IIUOWHI XOMYy COIIHUKA, IO 30IiraeThes
3 OCIIIKECHHAM 8.

OcCKiNbKM 11’5iTa HapaJbHUKAa COIIHMKA MPAIIO€ Ha YIIUIBHEHHS CTiHOK
1 HACIHHEBOTO JIOXKa TO HEOOX1/THO 3HATH palllOHAJIbHI KYTH ii aTaku Ta Jiana3oH
HaBaHT@XKEHb, SIKMH Oyne CrnpuaTH 3a0e3MEUYEeHHI0 SKICHOTO BHKOHAHHS
YTBOPEHHSI OOPO3HHU.

Ha puc. 11 HaBeneHa 3aJeXHICTh BIUIMBY KyTa aTakH ITSITM Ha 11 TATOBHA
OITip TPH PI3HUX HaBaHTAXKEHHsX. AHali3 HaBEJCHOI 3aJIE)KHOCTI 1TOKa3aB, 110
31 30LIBLICHHSIM BEIMYMHM KyTa aTakd ISITH 3 TATOBMH OMip IT'SITH JIHIHHO
3pocrae. lle mMOSCHIOETbCS IIEPEXOAOM PEXHUMY pOOOTH BiX YIIUIBHEHHS
3 KOB3aHHSIM JIO PS)KMMY HaropraHHs. ParioHaqbHUME TapamMeTpamMu Ui 11 SITH
MOXKHA BBA)XKaTH MOEAHAHHA KyTa aTaku (=105..115°, Ta HaBaHTaXKCHHS Ha
COIIHUK B Jiama3oHi Q =350..450H .

8 Artemenko, D., S. Leshchenko, V. Onopa, V. Majara, and V. Deikun. 2022. Analysis of the
combined coulter point of the precision seed drill. Agricultural Engineering International: CIGR Journal,
24(4): 57-71. https://cigrjournal.org/index.php/Ejounral/article/view/7435/3947
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OCKIJIbKM Ha TATOBI XapaKTEPUCTUKH Ma€ BIUIMB INUIBHICTH IPYyHTY Ta
LIBHJKICT PyXy COIIHMKAa TO HEOOXiJHO BH3HAUUTH, sIKa IIBHJIKICTH Oyse
HaMOUIBII MPUHHATHOIO Uit pOOOTH Ha BCbOMY Jlialla3oHi LIUIBHOCTI IPYHTY,
sIKa MOYK€ 3yCTpiYaTHCh MiJ1 4ac MOCiBy.

Ry H
60

5 2/
40 7
=

]
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20

=

1 0 25 30 35 40 45 a,rpag

Puc. 10. BoiiuB KyTa aTaky KJIMHOBOI0 HOCKA HA HOTO TSATOBHUIA omip
npu p=0,8r/cv’ Ta W=20%:1—-V.=1,5m/c32-V.=2,0m/c;
3-V.=25mlc
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Puc. 11. BuiuB kyTa araku n’ATH Ha 1 TATOBUIl OIip NPH HABAHTAKEHHI:
1- 0=300H ;2 — Q0=400H ;3 — O =500H
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Puc. 12. BniuB MIBHAKOCTI pyXy COIIHHMKA HA HOro ATMHAMIYHMI omip
npu mijbHoCTi rpyuTy: 1 — p=0,72/crm’ 32— p=0,82/cn’ ;
3_ p=0,92/cn’

Ha puc. 12 naBeneHa 3aleKHICTh BIUIMBY IIBHIKOCTI PyXy COIIHHKAa Ha
HOro MUHAMIYHHU OMip MPW 3MiHI IIITBHOCTI TPYHTY. SIK BUAHO, TUHAMIYHHMA
OITip 3pOCTa€e KBAAPATHUYHO 31 IWBUAKICTIO pyxy. Ilpu V. <1,5m/c iioro yactka
HE3HAYHa, a IPU ¥, > 2,5 m/ ¢ JMHAMIYHUI OIip CTa€ CHiBPO3MIPHUM 3 OIIOPOM
pizanHro. ToMy parioHadpbHHHN [ialma30H MIBUAKOCTI 0a)KaHO TPUMATH B MEXKax
V.=15.22m/c
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Puc. 13. BiuimB KyTa po3Xujy HOCKA HAPAJbHUKA Ha 0ro TArOBMIil Npu:
1- a=20°; 2 a:25°; 3_ o =30°
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Ha puc. 13 HaBejieHa 3aJeKHICTh BIUTMBY KyTa PO3XMIIY HOCKA HapalbHUKA
Y ma fforo TaroBmii omip. AHami3 HaBegeHHX TpadikiB IOKa3aB, IO 3i
30iIBIIEHHSAM KyTa pO3XHIy ! 3pocTae IUIOIIA KOHTAKTy HOCKAa 3 IPYHTOM
Ta 3MEHILIYETHCSA TEPTS LIIK 38 PaxyHOK PO3CYBaHHS IPYHTY, ajie IpU y > 35°
MIPUPICT ONOPY IMEPEBUILNYE TMO3UTUBHUN e€(EeKT pO3BaHTAXKEHHs LK. Takum

YHHOM MOYKHA CKa3aTH, IO pAIliOHAJIbHUM Jiala30HOM KyTa PO3XHIY HOCKa

- . - ¥ =20...30°
OPU30HTAJIbHIN TUIOMIWH1 6yzle 3HAYCHHA .

Ha puc. 14 HaBeneHa 3aJeXKHICTh 3MiHH TSATOBOTO OIOPY BiJM IIBHIKOCTI
PYXy COIIHHMKA y MOpIBHSHHI i3 cepiiHMM comrHnkoM. OTpuMaHi 3aJIeKHOCTI
BUKOHaHI 3 BHKOPHCTaHHSM palliOHAIBHHUX IapaMeTpiB poOOYHMX eJIEeMEHTIB
YIOCKOHAJIEHOTO HapaJbHUKA COIIHKKA, SIKi Oy/IM BCTAaHOBJICHI BHUIIE.

R, H
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Puc. 14. 3ane:xxHicTh 3MiHU TATOBOI0 ONOPY Bil IIBHIKOCTI PyXy COIIHUKA
y nopiBHsIHHI i3 cepiiiHuUM comiHuKOM: 1 — yI10CKOHAJIEHUI COIIHUK;
2 — cepiliHuii comHuK

[Ipu ananizi OoTpUMaHMX 3aJEKHOCTEH MOXKHA OAYUTH, 110 OOHMJIBI KPUBI
MaloTh HENHIWHMH 3poCTalouuii Xapakrep, 110 OOYMOBICHO IiJIBUILEHHSIM
JUHAMIYHOT CKJIAZOBOI TATOBOTO OMOpPY 31 30LIBIICHHSIM HIBHIKOCTI PYXY.
Ha mamux mBuakoctsx V. ~0,5Mm/c, pisHunmg Mik eKCIEpHMEHTAILHAM
1 cepiiHMM COIIHUKAMH HE3HAuYHa Ta CTAaHOBUTh ONM3bKO 5%, OCKITBKH
OUHAMIYHI €(QEeKTH MPaKTUIHO He NpOSBIA0ThcA. [Ipm miamasoHi poboumx
weuakocreit V. =1,5..2,2m/¢  nepepumieHHs TAroBoro omopy cepiiHOro
comHuka 3pocrae 10 8§ — 15%, mo moB’si3aHO 3 OUIBIIMMHU CHJIAMH TEpTS
1Mo OIYHMX T[OBEPXHIX COIIHHMKA, BIJCYTHICTIO PpO3BAaHTAXEHHsS WK Ta
MEHIII pAlliOHAILHOI0 TeoMeTpiclo Hocka. [Ipm mBuakocti pyxy V. moHan
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2,5 m/c, TIEpEeBUILEHHS TATOBOIO OIOPY CEpidHOTO couHuka jocsrae 18 %,
IO TTOSICHIOETHCS PI3KUM 3POCTAHHSIM JIMHAMIYHOIO OIOpY Ta MOTIPHICHHAM
YMOB CaMOOYHILEHHSI poOOYMX TMOBepXOHb. OTpuMaHMi rpadik Mokasye, 1o
e(eKTUBHICTh Y/IOCKOHAJICHOT KOHCTPYKIIi COLIHMKA 3pOCTaE 31 30UIbIICHHSIM
LIBHJKOCTI PyXY, @ 3HW)KEHHS TSATOBOTO ONOPY Y MOPIBHSHHI 3 CepiiHUM
COIIHUKOM CTaHOBUTH 5..15% B 3aJIe)KHOCTI BiJl IIBUJIKOCTI PyXy COIIHHKA.
Ile cBiguuTh HpPO TE, IO 3alpONOHOBaHA KOHCTPYKLIS YIOCKOHAJIEHOTO
COIIHUKA € 0COOJIMBO €(EKTUBHOIO B yMOBaX IHTEHCUBHUX PEKHUMIB POOOTH,
XapaKkTepHUX ISl Cy4acHMX NpocanmHuX ciBajok. OnHak, JUIs BU3HAUCHHS
KIHIEBHX, ONTUMAaJbHUX IapaMeTpiB 3alpONOHOBAHOIO COIIHMKA HEOoOXiHe
MIPOBEICHHS  JIOJATKOBHX  EKCIEPUMEHTAJIbHUX  J1ab0paTOpHO-TIOIBOBUX
JIOCITIJPKEHb 32 METOJUKOIO TIOBHOTO (DaKTOPHOTO BUIIPOOOBYBaHHSL.

BUCHOBKHN

1. IlpoBeneHuii aHami3 KOHCTPYKIII Ta YMOB pPOOOTH HapaJbHUKOBOTO
COIIHUKA MPOCAITHOT CIBAJIKK TI0Ka3aB, 110 BEJIMYMHA TSATOBOTO OIOPY CYTTEBO
3aJI©KHUTh BiJl TEOMETPUYHUX IapaMeTpiB HOro poOOYMX YacTWH, KYTIB IX
BCTaHOBJICHHSI, INMPHHU POOOYMX €JIEMEHTIB Ta peKMMiB poOoTH. BeTanosieHo,
10 HepalioHaJIbHUIT BUOIp LUX ITapaMeTpiB MPU3BOJAUTH JI0 3pOCTAHHS ONOPY
pi3aHHIO, TEpTS MO OOKOBHMX IOBEPXHSX Ta JUHAMIYHOI CKJIJ0BOI OINOPY, IO
HEraTMBHO BIUIMBA€ Ha €HEPrOEMHICTBH MPOLECY CiBOM.

2. Ha ocHOBI po3po6ieHo0i MaTeMaTHYHOT MOJIeJIi CYyMapHOTO TSTOBOTO OIIOPY
COIIIHUKA, KA BPAaXOBYE OIp PI3aHHIO IPYHTY, TEPTS IO IOKaX, AMHAMIYHUI
OIlip Ta BIUIMB BEPTHKAJIBHOTO HABAaHTAXCHHS, BCTAHOBJICHO HENIHIMHUI
XapakTep 3MIHM TSATOBOTO OINOPY 31 3pOCTaHHSAM IIBHIKOCTI pyxy. IIpu npomy,
TEOPETHYHO JJOBEJICHO, 1110 €()eKTUBHICTh YIOCKOHAIEHOI KOHCTPYKIIIi COITHUKA
3pocrae 31 30UIBLIEHHSIM MIBHIKOCTI, IO OCOOJIMBO BAXIMBO JJISI Cy4acHUX
YMOB TIOCIBY.

3. AHaii3 BIUIMBY HIMPUHHM HOCKa HapajbHUKAa COIIHMKA TO0Ka3aB, II0 31
30UIBIICHHSM JIAaHOTO MapaMeTpa CyMapHHH TATOBHH omip Oyne 3pocraru
BHACJIIJIOK 30UIBIIICHHS IJIOMI KOHTAKTY 3 IPYHTOM Ta 00’eMy 1e(hOpMOBAHOTO
mapy. PazoM 3 THM BCTaHOBJIEHO, 110 IPUHHSATA NIPH BUX1THOMY HPOEKTYBaHHI
KOHCTPYKIII HOCKa HapaJbHHKa IIMpUHA sika cknana L1, e pamionanbHoO Ta
3a0e3medye KOMIIPOMIC MiX MiHIMI3aIli€l0 TATOBOTO OMOPY, CTIHKICTIO XOIy
COITHHKA Ta SKICTIO POPMYyBaHHS OOPO3HH.

4. JlocmimKkeHHS BIUTUBY KyTiB aTakd HOCKA Ta ITSITH COIIHUKA TOKAa3aJH,
o0 30iTBIICHHS KyTa PO3XIIY HOCKAa B TOPH30HTANBHIN IUTONIMHI CIIpHsE
MTOKPAIIEHHIO YMOB CAaMOOUHNIIIEHHS Ta cTabii3amii pyxy, OJHaK HOTO HaJAMipHE
30UTBIICHAS MPHU3BOANUTE A0 3POCTAaHHS OIYHMX CHJI 1 SIK HACHIZOK TATOBOTO
onopy. BcranoBieHo, 1o 3MiHa KyTa 3aJHBOI YaCTHHH HOCKa Oe3IocepenHbo
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BIUIMBA€E Ha BEJIMYMHY CHJI TepTs Ta AedopMallii IpyHTY, a OT)KE Ha 3arajlbHUl
TSATOBUII OMIP COLIHHUKA.

5. TlopiBHsIBHUN aHaJ3 EKCIEPUMEHTAIBLHOTO Ta CEpIHHOrO COIIHHKIB
M0Ka3aB, IO YJAOCKOHAJEHa KOHCTPYKISI MOXE 3a0e3MeYUTH 3MEHILCHHS
CYMapHOTO TSATOBOTO OIIOPY B CEPEAHbOMY Ha 5 — 18 % 3aJ1e:KHO Bij] IIBUAKOCTI
pyxy. Lle miaTBeppKye NOIUIBHICT 3aIIPONOHOBAHUX KOHCTPYKTUBHUX PIllICHb
Ta CBIAYUTB MPO IX eHeproeeKTHBHICTD 1 MEPCIEKTUBHICTD ISl BIIPOBAPKCHHS
y CcepiiiHi TpocamHi CiBaJIKM, IHCIAs JOAATKOBUX CKCICPHUMEHTAIBHUX
BUIIPOOYBAaHb.

AHOTALLIA

B naniii po6oTi po3niisiacThes akTyalibHa po0JieMa 3HIKEHHS eHePrOEMHOCTI
MIPOLIECY MOCIBY HUISIXOM YAOCKOHAJICHHS KOHCTPYKIii COLIHMKA MPOCAITHOI
ciBasku. [IpoBeneHo aHaIi3 KOHCTPYKTUBHHUX OCOOIMBOCTEH CEPIHHNX COLTHUKIB
1 BCTAaHOBJICHO OCHOBHI (DaKTOpPH, SIKI BU3HAYAIOTh BEJIMUUHY X TATOBOTO OIODY.
3anporoHOBaHUI YJOCKOHAIEHUH COIIHHMK 13 3MEHIIEHWM TSATOBUM OIOPOM
KOMOIHOBaHOI KOHCTPYKIii. Po3po0ieHo MaTteMaTiyHy MOJEINb TATOBOTO OIOPY
Y/IOCKOHAJICHOTO COLIHUKA 3 YPaxXyBaHHSIM OIOpPY Pi3aHHIO, TEpPTsl, JUHAMIYHUX
CKJIQIOBHX Ta BIUIMBY HIBUAKOCTI pyXy. Ha ocHOBI MonentoBaHHs 1100y10BaHO
3aJIe)KHOCTI TSTOBOTO OMOPY BiJI TEOMETPUYHHX ITAPaMETPiB POOOUNX €IIEMEHTIB.
OOrpyHTOBaHI palioHaIbHI TapaMeTpH HapaJibHUKa COITHHKA, SIKi 3a0€311e4yI0Th
3HWKEHHSI €HEPreTUYHHUX BUTPAT MpU 30€pEeKeHH] arpoTeXHIuHOT SKOCTI CIBOM.
BurkoHaHO MOpPIBHSUIBHY OLIHKY CepifiHOT Ta YZOCKOHAJICHOI KOHCTPYKIIiH.
BcraHoBIIEHO MOXJIMBICTH 3MEHILICHHS TATOBOTO omopy Ha 5 — 18% 3ayiexHo
BiJl pexxumiB poboru. OTpumaHi pe3ynbrard IiATBEP/UKYIOTh €(QEKTHBHICTh
3aIpONOHOBAHUX KOHCTPYKTUBHHX PIIIEHb T2 MOXXYTh OyTH BHUKOPHCTaHIi Npu
MIPOEKTYBaHHI Ta MOJIEpHI3allii MPOCANHUX CiBaJIOK.
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CHAPTER 8

FA3OrAPATHA TEXHOJIOIIA
TPAHCIMOPTYBAHHA NMPUPOOHOIO A3y
MOPCbKUM TPAHCITOPTOM

Bocuit M. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-8

BCTYI

BaxnuBUM YMHHUKOM eHepreTHyHoi Oesnekn YkpaiHu € e]eKTHBHE
TPaHCIIOPTYBaHHS Tra3y y BUDIAAl rasorigpariB. Ha njanmit wac juis
TPaHCIIOPTYBAaHHSI Ta3y BHUKOPHUCTOBYIOTBCSI TEXHOJOTIi CKpAaluIEHOTO Tras3y
i texHomoriss LNG-tankepu. LNG-TexHONIOTIS pO3MISAAETBCS Hapasi sK
aJIbTEpHATUBA TPYOONPOBITHOMY TPAHCIIOPTY. AJBTEPHATHBHA TEXHOJOTIS IS
TPaHCIIOPTYBAHHS T'a3y MOPCHKUMH CyJIHAMH € TIEPEBE3CHHSI I'a3y Y CTUCHEHOMY
crani — 1ie CNG-texHomoris'.

PuHOK eBpomeiicbkoro rasy 3Ha4HO Oy/ie BIUIMBATH Ha IUIAHU PO3POOKH
QIBTEPHAaTUBHMX IUIXIB TPAaHCIOPTYBaHHA ra3y B Ykpainy. llepcriextnBa
B MaiOyTHBOMY /ISl YKpaiHU — 11e MOXKJIMBICTB iMnopty razy 3 CLIA, Kaunamu,
€BpoIeicbkuX KpaiH, sk Benuka Bpuranis, Hopseris, Ta kpaiH OJM3BKOro
cxony — Karapy, OAE, Ipaxky.

OTike epeKTHBHICTH aJIbTEPHATHBHUX ITOCTABOK TPUPOTHOTO ra3y MOPCHKUM
TPaHCIIOPTOM Oy»Ke 3ajeXaTH BiJ] TEXHIYHMX 1 CKOHOMIYHHMX IIOKa3HHKIB,
HaBEJICHUX BHIIE CIIOCO0IB TPAHCHOPTYBAHHS Iazy.

Tak, wnampuknan, texuosorit LNG Oyge mnorpeOyBatn 3HAYHOT
CHEProBUTPAaTHOI Ta BHCOKOBApTICHOI IH(PACTPYKTypH 31 CKparjeHHS
1 perazucikauii npupoxHoro rasy, siky tpeba Oymysaru. [TinmpuemcrBa LNG-
TEXHOJIOTI] € JIOBFOCTPOKOBUMH I1HBECTHLIHHMMH MPOCKTAMH, JUIS SIKHUX
HeoOXiqHO OyJIBHMITBO ab0 OpeHAa TaHKEPHOTO Mopchkoro ¢uoty. Haeneni
YUHHUKA OyIyTh II€pEHIKOKAaTH, IO-Neplle, OpraHizamii TpaHCHOPTYBaHHS
razy 3a jgornomMororo LNG-TexHOnOrii 3 HEBEJMKUX i30JbOBAHUX POJIOBHII,
T0-/IpyTe — 1€ MacIITaOHICTh Ta HEMEePEPBHICTh BUPOOHMITBA TeXHONOoTii-LNG,

! Economides M., Sun K., Subero G. Compressed Natural Gas (CNG): An Alternative to Liquefied Natural
Gas (LNG). Journal SPE Production & Operations. Volume 21, Number 2. SPE 92047. Society of Petroleum
Engineers. 2006. P. 318-324.
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SIKI HEOOXiJHI Uil MiATPUMAaHHS TEPMOAMHAMIYHOI e()eKTHBHOCTI, a TaKOX
MiHiMi3alil BUTpaT Ha BUPOOHUIITBO JAHOT TEXHOJIOTi%.

AJIBTEpHATUBHUM MOPCBHKHUM CIIOCOOOM JUIsSl TPAHCIIOPTYBaHHS IPUPOAHOTO
ra3y 3 pOZOBHII, sIKi 130JIbOBaHi, € NepeBe3eHHs razy 3a pornomoroo CNG-
texHouorii. I[Ipupoanuii ra3 npu nepeBe3eHHi Ta 30epiraHHi B €MHOCTSIX Oyjie
nepedyBaTu y CTUCHEHOMY CTaH MijJ BUCOKUM THCKoM 200-250 atm.

Texnonoriss CNG ckI1a1a€Thes 3 MpoIecy CTUCKaHHS ra3y, TPaHCIOPTYBaHHS
fioro Tankepamu CNG, Ta HasBHOCTI JEKOMIPECIHHOrO TepMiHAIYy JUIst
30epiranHss razy. CNG-TexHONOTrisSi Mae 3BICHO HIDKYY BapTicTh HOTro
BUpOOHMLTBA Ta 30epiraHHs B mopiBHsHHI 3 LNG-TexHosOri€l0, TOMY IO
BupoOHHLTBO 32 CNG-TeXHOJI0Ti€I0 He Oy/ie BKIIIOYATH MPOLEC OXOJIOKEHHS,
a TaKoX 1 KpIOTeHHMX pe3epByapiB. Ha naHuil yac TaHKepH, SIKUMH N1EPEBO3STH
ras 3a gornomororo CNG-TexHos10ri1 Ha BEJIUKI BiICTaHi, 3HAXOAATHLCA Ha CcTail
PO3pO0OK i OYIyTh PO3IISAATHCS KOHKYPEHTOCIIPOMOKHUMH TPAHCIIOPTYBAHHIO
razy LNG-texHouoriero.

[TopiBHSIHHS ~ CIIPOMOMKHOCTI ~ TPAHCIIOPTYBaHHs ra3y TaHKEpaMu 3a
texHosoriero CNG 3 tankepamu 3a LNG-TEXHOIIOTI€I0 TIOJSITAa€ B HACTYITHOMY:
BOHH ¢()CKTHBHI B PI3HUX 32 MacmTabaMu MPOCKTAX MPH TPAHCIIOPTYBaHHI ra3y.
[MipmpuemcTBa Ta Mopcbki cyna LNG-TexHONOr i Npu BEIMKHUX KamliTalbHUX
BUTparax OynyTh peHTalesbHi, BAKOPUCTOBYIOUYH 1X B IHHOBALlIHHUX MPOEKTaxX
3 BEJIMKUM 3aIacoM rasy, a TAKOX PHHKaMH 30yTy BHCOKOTO 00csry’. Mopchki
cyna CNG-texHonorii OyayTb OuibIl MOOLIBHI, BOHM CKIIQNAIOTHCS 3 Cy/AEH
3BICHO MEHIIIOTO PO3MIpy, aje OUIbINi 3a KUIBKICTIO, I Ja€ MOXKIHUBICTBH
TPaHCIOPTYBATH T'a3 IOAHS OE3MOCEPEHBO aXK JIO0 BIAMOBITHO PO3MOAIIEIOrO
TpybonpoBoxy. Ilpoektr CNG-TexHosorii MoxkHa NOOyITyBaTH 3a KOPOTLIMA
TEpMiH 1 BiH Oyle Mard 3Ha4YHO OUIBIIMH JOXiJ B MOPIBHSHHI 3 MPOEKTOM
LNG-texunoorii*,’.

[TopiBHIOIOUHM TPAHCIIOPTYBaHHsI a3y MopcbkuMu cyamu LNG-TexHosoriero
3 CNG-TexHOIOri€l0, BiJIcTaHb, 32 SIKOIO OLIbII e(eKTHBHE TPAaHCHOPTYBaHHS
razy 3a CNG-TexXHOJIOTI€I0, 3MIHIOETHCS B 3aJICKHOCTI BiJ THIY IPOEKTY,
PO3MIpIB  POJOBUIL, PHHKY IEPEBE3CHHS 1 JPYIMX EKOHOMIYHHMX YMOB.
3aranbHi BUTpaTH 3 TpaHCcopTyBaHHS rasy CNG-TEXHOJOri€l0 B MOPIBHSIHHI
3 LNG-TexXHOJIOTI€I0 € HIDKYMMH, HAPUKIIAA, IpU BifcTtani, Meruie 2500 kM.

2 Seungyong Chang. Comparing Exploitation and Transportation Technologies for Monetisation of

Offshore Stranded Gas. Seungyong Chang // SPE Asia Pacific Oil and Gas Conference and Exhibition:
Indonesia, Jakarta. 2001. 17-19 April. P. 24-32.

3 Gudmundsson J. Storing natural gas as frozen hydrate / J. Gudmundsson, M Parlaktuna, A. Khokhar //
SPE Production and Facilities. 1994. February. P. 69 — 73.

4 Tawm camo.

3 Kanda H. Economic study on natural gas transportation with natural gas hydrate (NGH) pellets. 23rd World
Gas Conference, Amsterdam. 2006. 11p.
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[lepcrieKTHBHOIO TEXHOJIOTIEI0 TPAHCIIOPTYBaHHS ra3y € 3acrocyBaHHs NGH-
TEXHOJIOTIi B MOPIBHSHHI 3 TPAIULIHHUMK TEXHOJIOTISIMU — 1I€ TPYOOIPOBITHUIA
tpancopt i LNG-Texnnorisi. NGH-TexHoIorist — TeXHOJIOT ISl TPaHCIIOPTYBaHHS
i 30epiraHHs TPHUPOIHOIO Ta3y, sKa 3acCHOBaHA Ha HOro IICPCTBOPCHHI
B TBEpIWH TiIpaTHUH CTaH NPH BIANOBIIHUX TEPMOIUHAMIYHMX IMapameTpax
TUCKy Ta Temreparypu. Bona Oyae €KOHOMIYHO BHWIIJIHOK Ha BiJICTaHi
1000 xm. ITepcrieKTHBHUMU HaNpsIMKaMU TPAHCIIOPTYBAHHS a3y JUIs OAAJIbIIOT0
JIOCITIJPKEHHS Ta BIPOBA/UKEHHS € HACTYITHE: pO3pOOKa HOBITHIX €HEProoaIHuX
TEXHOJIOT'IH, BIANOBIIHO, OTPUMAaHHS METaHy 3 MOKJIAiB Ia3oriJparTiB; TaKOX
po3po0Ka 3BICHO MPOIIECIB Ta YCTaTKyBaHHs 0e3 TPyOOIPOBIIHOTO MOCTAYaHHS
METaHy B TiJJpaTHOMY CTaHi 3a JOMOMOTOK MOPCHKOTO TPAHCIOPTY®.

Hapasi iHTepec 10 mpobGiemMu rasorifpariB y cBiTi, a TakoX B YKpaiHi
3HAYHO BHPIC, PO3IIOYNHAETHCS X IPOMUCIIOBE OCBOEHHS. MOPCHKI rasorijaparu
3apa3 BH3HAHI Cy4aCHMM HaWNEepCIIEKTHBHIIINM Ta aJIbTEPHATUBHUAM I1aJHBOM
y Oararbox KpaiHax CBITY, PO3BIJIKOIO T4 OCBOEHHSM iX aKTHBHO 3aiiMarOThCs
y CHIA, Kanani, Benukiii bpuranii, ®@panmii, Himeuunni i Snownii. Tak
simoHcbka komnanist (JOGMEC) nepiia B cBiTi BUaoOyina ra3 3 rifpariB MeTany
3 jHa okeaHy. Ha cboromHi AOCIHIIKEHHS MO MEPEBE3CHHIO MPUPOJHOTO ra3y
y BUIVISLII TipariB HaOyBaroTh HIMPOKOTO PO3MOBCIO/PKEHHSI.

Tak minicrepctBo enepretuxu CIIIA pazom 3 npuBarHoto dipmoro Chevron
MIPOBOJAITH AOCIIKEHHs y pamkax npoetky Gas Hydrates JIP B MekcukaHcbkii
3aTomi. 3riJJHO OLIHKHK BiJJOMOI aMepuKaHChKoi komraHii Mineral Management
Service, MpUPOJHI 3amacu rasoriApaTHOro razy B MEKCHKaHCBKIH 3aTolli
nocsiratote 600 TpiH M.

VYkpaiHa TakoXk BKpail 3allikaBjeHa B PO3BHUTKY ra30riJpaTHUX TEXHOJOIiH
3a NGH-texnomnorieto. Otxe BUI0OyBaHHS METaHy 3 NMPUPOTHHUX I'a30TiapariB
JacTh MOXJIMBICTH 3aMIHMTH OUIbIY YAacTHHY IMIOPTHOTO HPUPOIAHOTO
rasy, a B IOAAJBIIOMY JaXe IIOBHICTIO BIJJMOBHTHCS BiJ Hboro. Tomy
TPaHCIIOPTYBAHHSI IPUPOIHOTO ra3y 3a JOIIOMOIOI0 T'a30TiIpaTiB € aKTyaJIbHUM
MMUTaHHSIM, SIK aJbTEpHATHBA HOTO IEPEBE3CHHIO 3BICHO Yy 3PIIPKEHOMY CTaHi.
Incturyrom reosnoriunnx Hayk HAH Ykpainu y 1990-x pokax Oynu HpOBeL[eHl
nociimkenHs y YopHOMy MOpi Ta BHABJIEHi TPHM 30HH IipaTOyTBOPEHHS. X
3amacu csraroth 0ins 50—-60 TpinH M* MeTtany'.

Texnosorii goOyBaHHs MeTaHy 3 HOro riipariB OyayTh I'PYHTyBaTHCsl Ha
MOPYILEHHI TePMOAWHAMIYHOI PIBHOBAru 3BICHO B CHCTEMi «MeTaH — BOAa —

6 Tapxo f1.b., [lenuenko JI.O., [lenuenko M.M. IlepcnekTHBY ra3origpaTHoi TEXHONOTIT HA PUHKY

MOPCBKHX NepeBe3eHb MPUPOIAHOTO rasy. Po3sioka ma po3podka nagpmosux i 2azosux pooosuuj. 2012.
Bum. 2 (43). C. 49 - 55.

7 Ky [B., II'stanuko O.1., Kpyumesna B.T., ®emopenxo [I.C, Kimmmenko B.B. Meranorigparni
TexHonorii B VYkpaiHi: JocmimkeHHs 1 nepcnektuBu. [eonoeis. [ipruymeo. Hagpmozazosa cnpasa.
Enepeemuxa. 2014. Ne 1(3). C. 3-10.
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rizpaT MeTaHy» BIANOBIJHO HUISIXOM JIOKAJBHOTO IiJBHIICHHS TeMIIEpaTypH,
Ta 3HWKEHHS THCKY, JIOJIaBaHHS TAKOX aKTUBHOTO Il TPETHOI'0 KOMITOHEHTa
(pinuHU a0 ra3sy). [Ipu BiICYyTHOCTI 3aMKHYTOIO MPOCTOPY 3BICHO MEpIIi JiBa
HIUISIXH OyIyTh BUTPATHHMH, a PI3HHILIO TEMIIEpaTypH 1 THCKY 3 JOBKULIAM
HEeoOXiHO OyJie 3aBKAu MiATPUMYBATH.

Hapasi TexHoiorisi 3 mepeBeieHHsS NPUPOJHOTO Tady B TiJpaTHUH CTaH
JIOCKOHAJIIIa, aHDK TEXHOJIOTisl J0OYBaHHS ra3y METaHy 3 MPUPOJHUX TipaTiB.
VYemimHO  BHKOHAHO — JIOCIIIHO-TIPOMMCIIOBI  BUNPOOYBaHHS — ra3oriJparHoi
TEXHOJIOT] OTpUMaHHS Karcyis (TeNneT), siKi CKJIQJAIOThCs 3 TiJpariB MeTaHy
Ta 3BICHO BOJM, OpPraHi30BaHO TAaKOX BHPOOHHUITBO TiIPAaTHUX Karcyll
3 npoxyktuBHicTIO 0,7 T/meHb (32 METaHOM), I 3IIHCHEHA OI[iHKa BapTOCTi
TPAHCIOPTYBaHHS MPUPOIHOrO Ta3zy TriapatHUM crocodoom. Humi y cBiti
iCHy€e KUIbKa TEXHOJIOTIH, a TaKOoX TCEXHOJOTIYHUX pIlICHb, SKi IOB’s3aHi
3 Ta30riIpaTHUM TPAHCHOPTYBAHHSM HPUPOIHOTO a3y, BOHW 3HAXOAATHCS Ha
PI3HHX CTaigX PO3pPOOKH Ta BIPOBAKCHHS', .

BpaxoByroun eKoJIOTiYHI YMOBH YKpaiHU JJOCUTH I[IKABOKO Oy/Ie TEXHOJIOTIs
HOPBE3bKHMX JOCITIIHUKIB. IX TEXHOMNOTis M0 MePETBOPEHHIO MPUPOIHOTO Tazy
BTa30T'1J[paT J103BOJISIE TPAHCIIOPTYBATH I'a3 SIK 0€3 BUKOPUCTAHHS TPYOOIIPOBO/IIB,
Tak 1 30epiraHHs B Ha3eMHHMX CXOBHILAX 3BICHO IIPU HOPMAJIbHOMY THCKY.
Tomy mpakTHYHa IHHICTH L€l TEXHOJOTI TOJIsirae B TOMY, 110 BOHa Oye
3a0e3rneuyBaTi MOXJIMBICTH PO3POOKH, HE TUIBKHM BIIJAJICHUX POIOBHIL Taszy,
a me W yruiizanii HOIMyTHOTO Ta3zy JJIsl OKPEMHX POJIOBHMIL, SIKI HE BXOASATH
3BICHO JI0 CKJIQJly BEJIMKHX HA(TOra30HOCHHMX 30H, 30KpeMa IIe CTOCYEThCS
mwenbdiB, A SIKMX TPOKJIAJSHHS Ta3onpoBoay HepeHTadenbHo. CyThb 1€l
TEXHOJIOTI] MoJArae B TOMY, IIO Ta3 Oyje MepeTBOPIOBATUCS B 3aMOPOXEHHN
Tripat, BiH 3MILIYETHCS 13 0XOJI0/HKEHOI0 HA(TOI 10 KOHCHCTEHLIT BiAMOBITHO
piikoi TIIMHM 1 B TakoMy cTaHi OyJe NMEepeBO3UTHCS, HANPUKIIAJ, MOPCHKUMHU
cymamu 10 Oepera. [Ipu mopiBHSHHI 3 pe3yJbTaTaMH MOMEPEIHIX TOCIIIKCHb
B I[bOMY HaNpsMKy JaHa TEXHOJIOTis € TEeXHOJOTiyHMM rnpopuBoM. IlepeBara
B TOMYy, IO OTPHMaHa 3BICHO Ta3oHa()TOBA CyMIlI, IPHU OXOJIOKEHHI JI0
temreparypu -10...-20 °C, OGyne 30epirarn cTaOUIBHICTH IIPU HOPMAJIBEHOMY
arMoc(epHOMY THCKY.

B Snonii noOymoBaHa HamiBIPOMMCIIOBA YCTAHOBKA 3 OTPUMAHHS TaKOX
JILOJIOTA30TiJPATHUX «IITYJIOK», IX MOXKHa 30epiraTd Ta TPaHCIIOPTYBATH
npu  HU3BKMX Temmeparypax. Y Benwmkii bpuranii Bke crTBOpeHa

8 ITequenko JI1.O., ITequenxo M.M. TpaHcmopTyBaHHS NIPHPOJHOTO Ta3y y Tra3oriaparHiil ¢opmi.

Teonocis. I'ipnuymeo. Hagpmozaszosa cnpasa. Enepeemuxa. 2014. Nel(3). C.100-113.

®  Trondheim Gudmundsson J.S. Gas-in-ice: Concept evaluation / J.S. Gudmundsson, M. Parlaktuna //
Technical report, Department of Petroleum Engineering and Applied Geophysics, Norwegian University
of Science and Technology 1991.
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JOCIITHO-TIPOMHUCIIOBA YCTaHOBKA, 3a JIOINIOMOTOI0 SIKOT BiANPAIbOBYIOTh
TEXHOJIOTII0 OTPUMAHHSI Ta30TiIpaTiB Ha MOPCHKUX IUIaT(opMax 3 MoAaIbIINM
ix TpaHcnopryBaHHAM. [IpoTe edexTnBHOI, TOOTO, (KOMEPIIHHO NPUBAOIMBOT)
MIPOMHCIIOBOI TEXHOJIOTIT BUPOOHHIITBA Ta30TiIPaTiB MOKH I1ie He icHye'".

JlinepoM 1O MAOCIHIKEHIO Ta CTBOPEHIO YCTAaHOBOK JUIi BUPOOHMIITBA
razorigpariB € Snonis. Binoma kommanist Mitsui Engineering & Shipbuilding
Co pazom 3 JOGMEC Bxe cTBOpHIIM NeEpIy TEXHOJIOTIUHY (HAIiBIIPOMHUCIIOBY)
ycraHoBKy. Ha mepriomy erami yTBOPIOETBCS TiJparHa IIyJblla METOIOM
Oapboraxy. Ha npyromy erami — ra3oBi rigpatu OymayTh OYMINATUCS, A iM
HagaeThes cepuuna Gopma (miamerpom 5-70 mMm).

Byke momanbine 30epiraHHs ra3oBux rinpariB Oyae 3.iiicHIOBaTHCS Ipu
arMocepHOMY TUCKY 1 TeMriepatypi 61ist -20 °C, TOOTO IpH TEPMOAMHAMIYHUX
yMOBaxX, TPH SIKUX BHABIAETbC edekT camokoHcepsauii. IIpogykTuBHICTH
ycranoBku ckiagae 600-800 kr/mo6., ane npu HEOOXiTHOCTI BOHA MOXE OyTH
30inbIIeHa 1 10 5-6 T.

1. AHani3 BifoOMUX TEXHOJIOTiA TPaHCMOPTYBaHHSA NMPUPOAHOIO rasy
y rasorigpaTHoMy cTaHi

3apa3 €  npoOimeMH 3 HAaKOIMYEHHSM,  TPAHCIIOPTYBAaHHSM,
a TakoX 1 30epiraHHsIM MPHUPOIHOTO Ta3y. Pa3oM 3 THUM TpaauIliiiHi TEXHOJIOTI]
TPaHCIIOPTYBAaHHs TPHPOIHOrO Tazy dyepe3 TpyOOnpoBoau abo y BUINIII
CKpAIICHOTO Y¥ CTHCHEHOTO ra3y HepiJKo OyBaloTh HE JOCHTh €(DEKTHBHUMH,
HalpuKiag, npodieMa 3a0e3NeueHHs] CHOKMUBA4iB MPHPOJAHUM Ta30oM IpU
BiJICYyTHOCTI TpyOOIPOBO/IiB 200 BM100yBaHHS I'a3y 3 HEOOIAIITOBAHMX POJIOBHIIL,
tommo. OTKe BaXJIMBUMH CTAalOTh TEXHOJIOTI] TPAHCIIOPTYBaHHS 1 30epiraHHs
rasy B TJJpaTHOMY CTaHi, KpiM TOTO, PO3POOKH HU3bKOPEHTAOEIBEHUX POJOBHIL
Ta JIOPO3pOOKH BXKE BHCHAKEHHX POIOBHII 3a JOIOMOIOI0 KOHBEpCii rasy,
SIKMH BUOOyBa€eThes 3 TifpariB. HacmigkoM LOro € BaykJIMBI MHUTAHHS L10JI0
CTBOPEHHSI YCTAaHOBOK 3 BHUPOOHMITBA I'a30BHX TiJpariB i TPaHCIOPTYBaHHS
MIPUPOJTHOTO a3y B ra3oriipaTHOMY CTaHi.

3apa3 SInoHi€l0 OnpanboByOTHCSI MOJKIMBOCTI MOPCHKOTO TPAHCIIOPTYBAHHS
MIPUPOJHOTO Tra3zy B rasorizparHoMmy crtani abo NGH (natural gas hydrate).
VY 3B'si3Ky 3 THUM 10, HEOOXijHa JJIsl 30epiraHHs 1 TPAHCIIOPTYBAaHHS Ta30BUX
rifpaTiB TemIieparypa, 3Ha4HO OJIFKYE JIO MPUPOIHOI, @ TUCK IPH MiHYCOBHX
3HAQUEHHSIX TEeMIIepaTypH TipaTy MOXKHA 3HM3MTH JI0 arMocdepHoro, Ttomy
1 ycTaTKyBaHHS JUIS IX OTPUMAaHHS Ta CIeliajdbHi TPAaHCIOPTHI 3aC00H ISl HOTO
TIepeBE3CHHS JCIIEBII, HAITPUKIIA, 32 TPAHCIIOPTYBAHHS 3PiPKEHOTO METaHy.

10

Nakai S. Development of natural gas hydrate (NGH) supply chain. Proceedings of the 25 th world
gas conferences. Kuala Lumpur, Malaysia, June 4-8. 2012. P. 367-375.
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AmnHamiz  jiTepaTypHUX JDKepel  IOAO0  pPO3po0OK, TOB’sS3aHUX 13
TPAHCIOPTYBAHHSAM Ta3y B ra3oripartHiil ¢popmi, BKa3aB Ha Te, 10 HAWOUIBII
JIOCKOHAJIMM 1 OOIPYHTOBaHUM € CIIOCIO BUPOOHHUIITBA Ta30BHUX TiApaTiB JyIs
TpaHCIIOPTYBaHHs 1 30epiraHHs, sKuil 3axuuieHui narentom. Llel cmoci0
BKJIIOYA€ MMIATOTOBKY Ta3y 1 BOAHM, TiJpaToyTBOPEHHs, cenapaunilo (BiaIileHHs
BiJ| rasorigpary rasy i BOAM, 1[0 HE YBIMIUIM OO CKJIQAy TiApary), MOTIM
OXOJIOJDKEHHSI 1 3aMOpPOXKYBaHHS rasorifipary, naji (opMyBaHHs TipaTHHX
YaCTHHOK (HANpuKiIaj, rpaHy’i, aiamerpoMm 2-20 MM), TaKOXK OXOJIOKCHHS
1 3aMOpOXXyBaHHs yYTBOPCHHUX TIpaHyl, Ta iXx 0OOpH3KyBaHHS BOJOIO
1 3aMOpOXKYyBaHHsS TOTOKOM OXOJIOJDKEHOTO rasy. BiimoBimHO 110 BigoMoro
BHHAXOy JaHUH croci0 BHKOHYETHCS 3a JIONOMOIOI0 YCTAaHOBKH, sKa
CKJIQIA€THCS 3 peaKTopa riipaToyTBOPEHHs, 10 Ma€ MPUCTPOI JUIs Mojadi rasy
i BOIU Ta BUBEICHHS 3BICHO BOJOTa30TiqpaTHOI CyMIllli, TAKOX BHYTPILIHIH
TEIJIOOOMIHHHK Ta OXOJIOJPKYBAIBHUH KOXKYX; BIJIIOBIZIHO CUCTEMH IiITOTOBKU
1 mozadi ra3y (cemaparopa, KOMIIpecopa, TeINI000MIHHUKA); HacOca I0adi BOIU
(mianmuTyBaHHS 1 PELMPKYISLIT); TakoK CHCTEMH I0adi PElHPKYJIbOBAHOTO
rasy (kommpecopa 1 TemiooOMiHHMKA); TpudasHoro cemaparopa; Ta
TEIJIOOOMIHHHMKA OXOJIOZPKEHHS! TiJIpaTHOI MacH; MPUCTPOIO Ul (pOPMYBaHHS
TiIpaTHUX Karicyll; Ie 3BICHO MPHUCTPOIO JUIs HAHECEHHS Ha TiApaTHi Karcynu
BOJIM Ta TEIIOOOMIHHHKA JUTS 3aMOPOKYBaHHS Ta30TiAPaTHUX Karicy'.

CrorofiHi  po3poOka CPEKTHBHUX CIHOCOOIB TPAaHCIOPTYBaHHS Tra3y
BBA)KAETHCSl OJHIEI0 3 aKTyaJbHUX 3aJa4 He TUIbKM HadTorasoBoi raiysi,
ayie i eHepreTMYHOro KOMIUIEKCY B Iutomy. Hapasi 3’sBisIOTBCS TEXHOJIOTII,
SIKI ZI03BOJIATH 3a0€3IIEUNTH MOXKJIMBICTH PO3POOKH SIK BIJIAJICHUX TA30BUX
POMOBHII Tak i yTHJi3awii MOIyTHOTO a3y OKPEeMUX POJOBHIL] Ha(TH, B T.4.
i Ha menbdi, AT HUX TPOKJIAJKa ra3onpoBoay HepeHTabenbHa. OCHOBOIO
LUX TEXHOJIOTIH € Croci0 CTBOPCHHS 3aMOPOKEHOTO TipaTy rasy, 3MilIaHOTO
3 mpomoM. Pasom 3 TuM, oTpuMaHa «ra3o-OydepHa» CcyMill IOBHHHA
OXOJIOJDKYBATHCSl 0 TeMIleparypu, Ol Hyns rpajayciB Ta Oyne 30epiratu
CTaOUIBHICT TP HOPMAJbHOMY arMoc(epHoMy THCKY. OueBHIHO JaHa
TEXHOJIOTISI JIO3BOJIMTH IEpeIyciM BHUPIMIMTH 3aj1adi TPaHCIIOPTYBaHHS Tasy,
HC BHKOPHCTOBYIOUM TPYOOIPOBiA Ta OE3MEYHOro 30epiraHHs ra3oriparHoi
CyMillli IPH HOPMAITLHOMY THCKY Ta TemIieparypi'?.

Toxx 3Ha4yHWMI HAyKOBMH IHTEpeC CTaHOBHTH IIE€PEBEJICHHS  rasy
B ra3orifipaTHUil CTaH Ta HOro TpaHCHOpPTyBaHHS. BogHouac posmmproeTbest

1 Gudmundsson J.S., US Patent No.5,536,893. Method for production of gas hydrates for
transportation and storage / J.S. Gudmundsson; inventor J.S. Gudmundsson. Ne195748; 07.01.1994; pub.
16.07. 1996. 7p.

12 TaBnenko AM., Ilemuenxo JI.O., Ilemuenko M.M. Oprosizamis Oe3mepepBHOIO  LHUKIY
BUPOOHUITBA 2az06ux cidpamis. Coipnux nayrkogux npays SWorld. 2012. Tom 8. C. 98-106.
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MOXKJIMBICTh €KCIIOPTHOTO IIOTEHIialy rasy BJIAcHOTO BHUIOOYTKY, MOXIIHUBO
peatizyBaru 6e3TpyOHy rasudikanio YKpaiHu.

3rigHO TBEP/UKEHb aMepukaHchbkoro mpodecopa Croana Oinst 70 %
MIPUPOJHUX POIOBHIIL Ta3y € HEBEIMKNX PO3MIPIB 1 10 HUX 30MTKOBO ITPOKJIAIATH
TpyOu. SnoHcekoro kopropauiero Mitsui  Engineering and Shipbuilding
CTBOPEHO JIOCHTIJHUH TIPOEKT MOPCHKOTO CY[AHA, SIKMH BHPOOJSE «CyXuit
METaHy, NePEeBO3UTH HOT0, 1 OJJHOYACHO CIIOKMBAE YACTHUHY JUIS CBOIX MOTpPEO.
[HIMH miaxix OpaKTHYHOTO BUKOPUCTAHHS — 1I€ CyXe TajibHe JUIsl aBTOMOOIIB.

TpyOomnpoBigHuid ~ TpPaHCIOPT ~ BBAXKAIOTh  HAWJCIICBIIUM  BHIOM
TPaHCIIOPTYBAaHHsS TPHUPOAHOIO Tra3y, aje Npu 30UIbIICHHI BiACTaHI HOro
e(eKkTuBHICT Oyne 3MEHIIyBaTHCS. TEXHONOTISI 3pPIPKEHHS HPUPOAHOTO
ra3y 3BICHO 3MeHIIye Horo mnovarkoBuii o6’em y 600 pasiB, 110 JOLUIBHO
JUISL TPAHCIIOPTYBaHHS a3y Ha BijgcTraHb, He MeHmie 1800 kM mpu piuHOMY
00’eMi, He Hik4e 4 mipa M. [Ipu bOMY BapTiCTh OJHOTO TaHKEpa-ra3oBo3a,
Hampukian 06’emom 125 tuc. M?, cranoButh a0 150 miH. $. 3 puc. 1 BuHO,
110 Ta30TiIpaTH JIOUUIEHO TPAHCIIOPTYBATH BCE TaKH HA CEPe/HI BijCTaHi.

10.0
06 em razy. 3pimzerait
(Mipm e, razv) Tpybonposomm MPUPOIHMIT ras
S
1.0 | "
SR [ —
TTpupomHi Tas ¥ Ta30riopaTHIA Ipimsxerni
doprai raz
0.1 I
100 1000 10000

BiocTaHe, KM

Puc. 1. EdexTuBHiCTh TPAHCIIOPTYBAHHS NPHPOJHOIO ra3y
J10 CHOKUBAYIB 32 Pi3HUMH TEXHOJIOTisSIMHU

Bapro mopiBHIOBaTH TEXHOJIOTIIO TPAHCIOPTYBaHHS ra3y y Ia3oriipaTHii
¢dopMi 3 TEXHOJOTI€I TPAHCHOPTYBaHHS 3piKeHOro ra3y. [lopiBHSIHHS
e(eKTUBHOCTI NMX TEXHOJOTIH TOKa3ajo, M0 3arajbHi  BUTpaTH
TPaHCIIOPTYBAaHHS TIPHPOIHOTO Tazy y TBEPIOMY CTaHI BHSBWINCS Ha
12 — 24 % mmxuumu. [lepeBaramu ra3oriipaTHUX TEXHOJIOTIH TAKOX € IIPOCTINIi
YMOBH TPAHCIIOPTYBaHHs Ta 30epiranus. B Toil yac, sk 3pi/pKeHUH TpUPOTHUN
ra3 HeoOXiJTHO TpaHCHOPTYBaTH Ipu Temreparypi -162 °C Ta BUCOKOMY THCKY,
110 € 3HAYHOI0 HEeOE3NEKOI0 ISl HaBKOJIMIIHBOTO CePeIOBUINA, IPUPOIAHUM Ta3
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y razoriaparHiii popmi Moke repedyBary ImiJ1 4ac 30epiraHHs Yu MepeMilleHHs
nipu Temreparypi -15 °C.

B VYkpaiHi OUbIIICTh ra30BUX Ta Ta30KOHACHCATHUX POJOBHIL 3HAXOISATHCS
Ha 3aBepIIAIBHIN cTalii po3poOKu, 0arato POXOBHUIN MAKOTh HEBEIHKI 3amacu
rasy 1 3HaXOAAThCSI HA YMMaJiH BiZCTaHi BiJ] HassBHUX KOMYHIKaIlil, IPHYOMY
CIIOKHMBadi ra3y dacto OyBaroThb OOMEXKEHI HasBHICTIO Ta30NpPOBONIB Ta
BUTpaTaMM Ha iX NpOKJIajaHHs. bepyun 10 yBarm BHIICHABEJCHE, TOLIBHO
PO3IVISIHYTH, SIK NIEPCIIEKTUBHUI, aJaliTOBaHUH /10 EKOHOMIYHUX YMOB YKpaiHH
TEXHOJIOTIYHUH LUKJI, SIKMM BKJIIOYAE BHJOOYBaHHS, TPaHCIIOPTYBaHHS,
30epiraHHsl Ta CIIOXKHMBAHHSI MPUPOIHOTO Ta3y 3a ra3oriJpaTHOI0 TEXHOJOTIE0
CHIUIBHO 3 IHIIMMU IHHOBAI[ITHUMU PIIICHHSIMU.

B VYkpaiHi OCHOBHMM TpaHCIIOPTHMM 3acO00M JUIs  II€PEBE3CHHS
rigpariB rady € MOpChKi cyaHa. TpaHCHOpTyBaHHS TijpariB Trazy [0 Micus
30epiraHHsl BiJIOYyBa€ThCs B 3aMOPOXKEHOMY BHIVISII MOPCHKUM TPAaHCHOPTOM
(3 Ter0i30Jb0BaHUMK OyHKEPaMH ISl TPaHyJIbOBAHOTO Ti/IpaTy rasy 1 TeHTOBaH1
Ta TEIUIOI30bOBaHI Ul Jibojorasorigpariux OnokiB). Jlo Ttoro »x ciin
000B’SI3KOBO IEPeI0AYUTH MOXKITUBICTD YTUITI3AIIT Ta3y MPH YaCTKOBIH AucoIianii
3aCTOCOBYIOUM HOTO B SIKOCTI KOMITIOHEHTa MaJIbHOTO. 30epiraHHs rasoriapary
BiZIOyBaeThCsl Ha HE3HAYHIHM BiJCTaHi BiJ CHOKMBaya, 110 JI03BOJISIE MPOBOAUTH
JIMCOLAIIIO TipaTy npy MiHIMaJIBHOMY THCKY (Hanpukiazn, 0,3 MIla).

OnmHuM 13 HaWBaKJIMBIIIMX MPOLECIB Ta30ripaTHUX TEXHOJOTIH, sIKi
PO3pOOIIAIOTECS B CBITI, 1€ YTBOPEHHS Ta3ori(paTHUX Karcyl, rpaHyil abo
OJIOKiB, NPUAATHUX JO TPAHCIOPTYBaHHS 1 JIOBFOCTPOKOBOTO 30epiraHHs.
{06 3amobirTu BTparam Mija Yac TPaHCIOPTYBaHHS 1 30epiraHHs yTBOPEHUX
ra3oriZipaTHUX CTPYKTyp Ha IX IMOBEPXHI BapTO yTBOPIOBATH JIOJISHY KipKy
3 METOoI0 X mpuMycoBoi KoHcepsatii. [t edexTBHOrO 3anOBHEHHS 00’ €My
TiJIpaTOCXOBHII 3aIIPOIIOHOBAHO BUTOTOBIISATH OJOKH y (opmi KyOiB. Buamum
BHOOPOM BBa)KAETHCSI MOHOJITHHH OJIOK BEJIMKUX PO3MIPIB, MPOTE, NPUHHATHA
TEXHOJIOTISl /ISl TIPOMMCIIOBOTO BHPOOHHWIITBA TaKUX TIa30TiApaTHUX OJIOKIB
JOTerep 1ie He po3po0ieHa.

Huni axkTyanbHUMH CTAlOTh TEXHOJIOTI] TPAHCIIOPTYBaHHS Ta 30epiraHHs
MIPUPOJHOTO ra3y B TipaTHOMY CTaHi, Ta PO3pOOKM HU3BKOPEHTAOEIbHUX
POMOBHII 1 TaKOXK JOPO3POOKH BXKE BHUCHAKEHHX POIOBHIL 33 JONOMOIOIO
KOHBepcii Tasy, skuil BunoOyBaeThbcsi 3 rigpariB. lle o3Hawae, mo craroth
B)XJIMBUMH ITUTAHHS CTBOPEHHSI YCTaHOBOK 3 BMPOOHHIITBA Ta3oriipaTiB Ta
TPaHCIIOPTYBAHHS iX Y BUIVISIJII FPaHYJIbOBAHOTO ra3orijgpary, Ha 10 BKa3ylOTh
OCTaHHI JIOCATHCHHS SITOHCHKHUX (DaXiBIIiB.

BaxnuBo mpoBecTHM IMOPIBHSJIBHUE — aHali3 TEXHOJOTIH MOPCHKOTO
TPaHCIIOPTYBAaHHS TPHPOJHOTO Ta3y 3 OOIPYHTYBaHHSM HEPCIEKTHBHUX
TEXHOJIOT1H HOro TPaHCIIOPTYBaHHS B ra30ripaTHOMY CTaHi.
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2. TexHoNOriYHUM UMK Ta TeXHOJIoriYHa cxema BUKOPOUCTAHHA
rasorigpaTtHoi TexHoorii AN BUA06YTKY i NigroToBKu
[0 TPaHCMOPTYBaHHA NPUPOAHOro rasy

lazorigpatn — (TOOTO TimpaTH TMPUPONHUX Ta3iB, KIIATpaTH) KPHUCTAIIdHI
CIIOJYKH, BOHH yTBOPIOIOTHCS NMPU IIEBHHX TEPMOAMHAMIUYHHMX YMOBax 3 BOIU
i ra3iB. [Iporec yTBOpeHHS TifpariB Tra3zy BiIOyBa€ThCs MPU BHCOKHX THCKAX
1 HU3BKUX TEMIIEPaTypax, B MOAAIBIIOMY Lie 30epiraHHs Ta IUIABICHHS 103BOJIE
iX e(eKTHBHO 3aCTOCOBYBAaTH B PIi3HMX TEXHOJOTIYHHUX IMpOLEcax, 30Kpema
L€ CTOCYEThCS BUPOOHMIITBA 1 aKyMYJIOBAaHHS XOJOTY, CTHCKYBaHHS Pi3HHX
rasiB, pO3IUICHHS TaKOXX Ta30BHX CYMILICH, [Ie ONPICHEHHs COJIOHHX BOJ NPH
TPaHCIIOPTYBaHHI MPUPOIHOTO Ta3y y Ta3oripaTHOMy cTaHi (puc. 2)13,1415,

Puc. 2. Buruisig razorigpariB: a) cTpyKTypa ra3origpatry MeTaHy;
0) cpepnuna popma rigpaty Merany

lazorizpatn iCHyIOTH B TPHUPOAHMX YMOBaX, 3a OI[IHKaMH OUIBIIICTH
TIOKJI/IiB BYIVIEBOJHEBUX I'a3iB BiAMOBITHO 3HAXO/ATHCS CaMe B ra30riJpaTHOMY
CTaHi.

lazorizmpaTHa TEXHOJOTIS TO TIEPEBENEHHIO Ta3y B TigpaTHUH CTaH
po3pobieHa Ta YCINMIHO 3/ifiCHEHa NpPH TPOMHCIOBOMY BHUIPOOYBaHHI
OTPUMaHHS TiIpaTHUX Karcyl ToOTO (TeJeT), sIKi CKJIaJaroThCs BiATOBITHO
3 TifpaTiB MeTaHy 1 BOJIM, Ta OPraHi30BaHO BHPOOHUIITBO JaHUX TiJIPAaTHUX
Karcyl. 3rifHo 3 po3poOJIEHOI0 TEXHOJIOTIEI0, IMPUPOJHMH Ta3 MOBHHEH
ounmarucs Bix CO, ta H,S 1 y B3aemonii 3 H,O oxepxyrors rasorizparu
y BUDIAI rpaHyil. [paHynu ToOBHHHI 30epiratucs y OyHKepi, iX MOXHa
TPaHCIIOPTYBaTH MOpeM B KOHTeWHepax mpu Temneparypi —20 °C. Ilotim

3 Sloan E.D., Koh C.A. Clathrate hydrates of natural gases. CRC Press. 2008. 752 p.
4 Sloan E. D., Jr., Koh C., Sum A. K. Natural Gas Hydrates in Flow Assurance. Colorado School of Mines,
Summer workshop. June 10-12. 2009. Colorado. 75 p.

5 Bocnit M.B. [JlocmimKkeHHs mporiecy YTBOPEHHS Ta30BUX TiApaTiB Ha MOBEPXHI Po3miny (a3 «ras-
pinunay. Enepeomexronoeii ma pecypcosbepescenns. 2025. Tom. 85. Ned. C. 93-103.
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razorizpard Tpeba IOCTYIIOBO IEPEBAaHTAXYBATH Y LHCTEPHH 3 BHCOKHM
THUCKOM, sIKi TIEPEBO3SATh Ta IMONAKTHCS 110 ra3oBoi marictpani. 1100 3akadartu
ra3 o marictpaii HeoOXiHO 3IMCHUTH pera3udikallito ra3oriparis IUIIXOM
iX pgucomiarii, ToOTO PO3KJIaJaHHsS HAa BOAY 1 ra3 mijJ BIUIMBOM 30BHIIIHIX
YMHHHKIB HAarpiBaHHS.

J1J1st BUBYCHHS ITPOIICCIB YTBOPEHHS Ta AMCOIIiallii ra30TiIpariB By IJICBOIHIB,
SIKI BXOJISITH JI0 CKJIaJly NPUpPOAHOro Tasy, B lucruryti rasy HAH Ykpainu Oyno
crBopeHo rigparauit crenn CI'-16:100. Ha 6asi rirpomerpa TOPO3-3-2BU3
(BmacHa po3poOka Iuctutyty rasy HAH VYkpaiuu) CTBOpEHO TakoK eKcrpec-
METOJ] BU3HAYEHHsI TEPMOJMHAMIYHMX Ta 3BICHO KIHETHYHHX IlapaMeTpiB
razorigpariB. Hanpukmaza, Uit NPUCKOPEHHS NPOLECIB YTBOPEHHS TiApariB
pobouy kamepy rirpomerpa obmamHanu Oapborepom. Ilpu ycepemnHeHHI
JMAHUX TEMIICpaTypy BOJM 1 ra3iB 3a BIJIIOBIIHOTO THCKY B Kamepi 0apOorepa
(ikcyBaaM TEpMOAWHAMIYHI YMOBHM YTBOPEHHS I'a30TiApaTiB BIANOBIIHO IS
JTAHOT TEXHOJIOTTYHOI CXeMHU 0apOOTyBaHHSI.

[IporoHyeTbCcs TEXHOJIOTIUYHUNA CIOCIO TipaTOyTBOPEHHS NPH BUAOOYTKY
BYIVIEBOJHEBUX Tra3iB 3 MaJOJCOITHUX POMOBHI IPU TPAHCIOPTYBaHHI Ta
perasudikanii ( puc. 3).

YMOBHO 1el TeXHOJIOTIYHUH LUK PO3AUISETHCS HA TPU CKIIAI0BI:

— YMeopeHHsl 2a302iopamis i 2I0pamuux nejiem MPHU CTUCKYBaHHI ra3y, sSKHii
BiIOMpaEThCs 13 CBEPIUIOBHH, TiAPATOyTBOPEHHS, MOTIM iX cemapauis i Jaii
IIPECYBaHHsl Ta TPaHYIIOBaHHS Ta3oripariB (TOOTO YTBOPEHHS TIiJpaTHUX
TeJieT), MOTIM BOHH 3aBaHTAXKYIOThCSI B KOHTEHHEpH, 1€ 30epiraloThCs, MOXKHA
TPaHCIIOPTYBATH 1 IPOBOJAMUTH perasudikauito; — mpancnopmyeants TiIpaTHUX
nesieT Ge3rmocepeIHbo JI0 CIIOKUBAYa; — pecazuikayis TIApaTHUX IENeT, Mpu
LbOMY BiJOYBA€ThCSI BUAIICHHS Ta3y, sSIKMH HAIPABIAETHCS 10 CIIOXKKBayva's,

3a CXeMHHM PIllICHHSIM, HaBEJICHUM Ha pUC. 4, BIUIOOYBaHHS 1 ITiITOTOBKA 110
TPaHCIIOPTYBaHHS BYIJIEBOJHEBHX I'a3iB 3 MaJOEOITHUX POJOBHUIL BUKOHYETHCS
3a ra30riIPaTHO TEXHOJIOTIEH TaKUM YuHOM'’.

[Mpuponuuii ra3 — Ccymiml NPUPOAHOTO rasy 3 IHIIMMHU BYIJICBOIHIMHU
3 cBeputoBuHU 1 mipu tucky P = 0,1 MIla ta tremneparypi 7'= 293 K Hagxonurts
B cemaparop 2, TyT BIH BIJIOKPEMJIIOETbCS BiJ| Kpameib Ha(TH, KOHAEHCATy
i Boau 3. OuniueHuii ra3 OyJe CTHCKATHCs B KOMITpecopi 4 Ta OXOJIO/KYBaTHCs
B TCIUIOOOMIHHUKY 5. OXOJOMKCHUN Ta CTUCHYTHH Ta3 Jajli 4epe3 CKEKTOP
6 Ta 3BicHO OapOoTakHMI mpucTpiit 11 moctynae B Kpucraiizarop 7, B HOTO
TaKoXX MOmaeThest 1 Boja. B kpucramizaropi mpu P = 2 Mlla 1 7 = 293 K

1© Kimmenko B.B., Tlemuenko M.M., Tlexuenko JI.O. MozentoBanHs ajjiabarHoro crioco0y yTBOpEHHsI
JIbOZIOTA30T1IPATHUX Kancyi. Xonoouwnera mexnixa i mexronoeia. 2010. Ne 6 (128). C. 41-45.

17" Bocuit M.B., Kimverko B.B. TpascmopTyBasHs mpUPOIHOTO Ta3y B Ta30TiApaTHOMY CTaHi. Po3gumox
mpancnopmy. 2022. Bum. 1(12). C. 129-142.
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Kompecop Thdbedenms 2asy b ‘ Thdbedenms body b
KPUCaAIamag KPUCTRAIAMEY
| |
P-2Mlla, T-293K * * P=2Mlla, T=293K
Lenapamaop
2any Ymbopers 2a30zi0pa-

M & kpucmam3aamap!

P=0,1Mlla, T=293K
Y P=2MIla, T=276K

fas 3

Lenaparys
chepaneomIL e

zasozigoamit

P=2Mlia, T=276K

[pecybarms
2a302150amib

Y P=2MIla, T=276K

[ parymedars
2a3021G0aml

YP O 1MIla, T=263K

FoepzarHs
2a302100amE

Y P=01Mlla, T=263K

Tparcnopmybarts Go
cnoxubaga (koHmetHeny)

Y

Pezaszugikalis
P—0,15MIla, T-283K

Puc. 3. TexHoJIOTiYHMI HMKJ IiIpaTOyTBOPEHHS NPH BUI00YTKY
BYIVIEBOJAHEBHUX Ia3iB 3 Ma101e0iTHUX pPoAoOBUIl, 30epiraHHs,
TPaHCNOPTYBaHHs i perasudikauii

OyAyThb YTBOPIOBAaTHCS Ta30TiIpaTH, a TEIUIOTa TiApaTOyTBOPEHHsS 3BiCHO
BIIBOIUTHECSA AareHTOM (TIPOTAaHOM), SKAH KWUOHUTH y BHMapHUKY 8. Tuck
BOoAM He Oyae KPHTHYHOIO BEIMYHMHOIO JUIA HPOLecy TIigpaToyTBOPEHHS
Ta BCTAHOBIIOETHCS Ha BIATIOBIAHOMY piBHI, 3BICHO OLIBII BHCOKOMY,
HDK THCK B caMOMy KpHCTami3aropi 7. Aje Bce K TaKd THCK BOAHM Tpeda
BIJIPETYIIOBAaTH TakK, 100 3a0e3medyBayiocs, JOCTATHE 3a OOCSITOM, BBEICHHS
BOIH B KpucTaiizatop 7. LIIBUAKICTH TiApaToyTBOPEHHS MOXKHA 301IbITyBaTH 3a
JIOTIOMOTO0 PELIUPKYJIFOI0Y0T0 HEPOPEaroBaHoro rasy, Horo MoJKHa IOIaBaTH
B KPHUCTAJI3aTOp TaKOXK IO OCHOBHOTO ITOTOKY CBIXKOTO Ta3y depe3 exXeKTop O,
MIPH IIBOMY JOCATAETHCS IIe Kpallle IepeMilTlyBaHHS BOAX Ta ra3y (CyCHeHsii).

Boporasrinparna cycmensis Oyme momaBatucss HacocoM 12 B cemapaTop
razorigpariB 13, me TigpaT BiZOKPEMITIOETHCS BiJ BOIH, SKy Halli 3MIIIyIOTH
3 TTOTOKOM CBIXKOi BOAM Ta HAINPABIIIOTH 3HOBY B KpHcTaiizarop 7. Hami micus
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Puc. 4. CxeMHO-TeXHO/I0Ti4YHe pillleHHS] BUKOPHCTAHHSA TiIpaTOyTBOPEHHS
AJ18 BUAOOYTKY i MIATOTOBKHM /10 TPAHCNIOPTYBAHHS BYIVICBOJHEBHUX ra3is
3 MaJioae0iTHUX POTOBMILL

cerapariii BOoTiipaTHo] cycrieHsii riipati HeoOX1THO MOIaBaTH B IPUCTPIN A1
TpaHyJIIOBaHHS YacTOK Tifpary 16 (excrpyzaep). Boxy, sika Buxinunacs B mpoueci
eKCTpy/AEpyBaHHsI, HAITPABIISIOTH 3HOBY B KpHCTaIIi3aTop (Ha pHc. 4 HE IOKa3aHo),
a 3 ras3orizpariB 3BiCHO OyayTh (hOpMyBaTH ra3origpaTHi NeJeTH, HaUPUKIAJI,
MoxHa y ¢opMi Kynbok niamerpoM 20 mM. [lenetn B rpanyssitopi 17 OynyTs
OXOJIOJDKYBATHCS 10 TeMreparypu = — 20 °C Ta 4acTKOBO ITiJ]MOPOXKYIOTHCS
ra3oM, SIKMH MOMAETHCS 3 BUMApHHUKA 14, TIPH IIbOMY YTBOPIOIOTHCS T'PAHYIIH.
I'panynu OynyTh HaAXOOWTH MO TPAHCIIOPTEpY B MPUCTPIH JyIs KOHCepBalii
rizpariB 18, moriM 3Bepxy Ha HHMX Oy/e PO3MMIIOBATHCS OXOJOKEHa BOja
1 T1IpaTH MOKPUIOTHCSI TOHKMM ILIIAPOM JILOJLY, 30epiralouu pH [bOMY BMICT razy
BCEpe/IMHI YaCTHHOK. J{iaMeTp CTHCHYTHX YaCTHHOK TiJipaTy Oyje 3aJiekaTu BiJl
croco0y X TpaHyIIOBaHHS 1 M€ BiJi HEOOXITHOTO CTYIICHSI CTUCHEHHS, JiaMeTp
IpaHyJIbOBAaHUX YaCTHHOK TiJ[paTy INPHPOTHOIO ra3y IOBHHEH 3HAaXOAWTHCH
B Mexax 10...20 mm. LliteHiCTh 3BICHO T'paHYIBOBAaHMX YAaCTHHOK Tiapary
razy noBuHHa cTaHOBUTH 850-950 kr/m’. ToBIIMHA KpHKaHOT OOOIOHKH MOXKE
3MIHIOBAaTHCSl 32 HEOOXITHOCTI, KprmkaHa OOOJOHKA MOBMHA MaTH TOBIIMHY
0,5 — 1,5 mm. Kpmwxkana obonoHka b0y Oyae MaTH BIUIMB Ha CTaOUIBHICTH
caMHX YacTHHOK TiJpary.
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Hacamnepen, 3amobiraerbcs mudysis ra3y 3 CEpeMHUA B 30BHIIIHE
cepelloBuIle, OCKUIbKM audy3is rasy Kpi3b Jif Mi3epHa i HEIO MOXHA
3HEXTYBaTH, Jalli, KpukaHa oOOOJIOHKAa — II€ 3aXHCHE IIOKPUTTS, SKe
BTPUMY€ TMIiJBHUIICHUH BHYTPINIHIA THUCK Yy YacTHHILI TiJgpary, SKAd
JOCTaTHIM JuIst 3amoOiraHHs Jucolianii THUIOBOrO TiApaTry NPUPOIHOIO
raszy 3a TemIeparypu Ha jAekiibka rpaaycis Hiwkue 0 °C 1 armocdepHOMy
THUCKY.

Opnepxani B Takui croci® rpaHylbOBaHI, OXOJO/KEHI Ta IOKPHUTI
KPHM)KaHOK O0O0OJIOHKOIO (TOOTO TOHKHMM MIAPOM JIbOJAY) YACTHUHKH TipaTy
y BUDNIAII nener chepudHoi (GOpMH MOCTYNarTh B pe3epByap KOHTEHHeEp
19 nnst ix 30epiranss. lleil koHTe#Hep 3pydYHUH /sl TPaHCIOPTYBaHHS
1 Hagaxl I IPOBEACHHS Mpolecy pera3udikariii.

Juis mpukiany, 3riJIHO TEXHIYHOTO 3aBJIaHHS BUTPATH BYTJIEBOJHEBHX
ra3is  ckmajgaoth 1250M° 3a moOy 1 iX ciig TpaHCHOPTYBaTH Ha
BizcTanp B Mexax 100 kM. HeoOximHO po3poOHMTH CXEMHI PIlICHHS s
TpPaHCIOPTYBaHHs 1 pera3udikanii ra3oriapaTis ByIJIeBOJHEBHUX I'a3iB TaAKOX
MaJioIeOiTHIUX POJOBUIII.

Sk 3a3Havanocs pasille, YTBOPEHI BIANOBIJIHUM YHHOM TIa30TiJpaTHi
MeJeTH, SIKI MOKPHUTI KPMIKAHOKO IUIIBKOIO HEBEJIMKOI TOBIIMHHU, MOXXHA
TpUBAIMHA 4ac 30epiraTv, a TaKoX TPAHCHOPTYBATH NPU aTMocepHOMY
THCKY Ta Temmeparypax -10...-20 °C, HaBite npu temmeparypi -1,5 °C
YIPOJIOBX IEBHOTO Yacy BOHM 30€epiraloThb CBOIO CTIHKICTb.

EnemenrapHi oO4YMCIICHHS NOKa3ylOTh, 110 HAIPHKIAJ, MPH BUTpaTax
MPUPOAHOTO ra3y Oinsg ~52 m* 3a roguny (1250 m* 3a 100y ), T yTBOPESHHS
IM* razorigpariB He0OXigHO ~ 3 TO.

l"a3origparHi meneTy, sKi MiArOTOBIEHI IO TPAHCIIOPTYBaHHS, X MOXXHa
HalOBHIOBAaTH B IJJACTMAacoOBl TEPMOI30JIbOBaHI €MHOCTI-KOHTEIHEpH,
Hanpukian, posmipom dxh = 0,7x1,2 M. B oIHY €MHICTH BMICTUTBCS
~ 0,4...0,5 T rasorimpariB, a TaKUX EMHOCTCH, BPaxXOBYIOYH YacC Ha
perasudikaiito, 10cTaTHbo Oyne 12 mrT.

B pasi HeoOXiqHOCTI HAKONMMYEHHSI 3BICHO PEe3epBHOI MacH razorijparis,
HaIpHKIaJ, B pe3yJbTaTi HEPIBHOMIPHOTO CIIO)KMBaHHS MPUPOJHOTO Tasy,
BapTO Ha MiCIli CIIO)KMBaHHS PO3MILIYBaTH WIE JOAATKOBY CTalliOHAPHY
eMHICTh (200 HaBiTh KiJIbKa €MHOCTEH) Julsl 30epiraHHsi ra3oriJipaTHHUX
IeJeT npu arMoc(epHOMYy THCKY Ta HEBEJIMKUX BiJl’€MHUX TeMIleparypax,
B sKy Oyno O IOLNIBHO PO3BAaHTAXyBaTH ra3oriipaTH 3 TPaHCIOPTHHX
€MHOCTEH.

Peraszudikaniss rasorizpariB 3IIHCHIOETBCS HPSIMO B TPaHCIOPTHHX
KOHTCHHepax, IUISIXOM [Mojadi B HUX Teriol Boau temmneparypoto 30...40 °C,
Juist i1 HarpiBaHHsSI MOYKHA BUKOPHCTOBYBAaTH TEIUIOBUH Hacoc (puc. 5).
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Puc. 5. Cxemne pimennsi perazudikamii rixpaTHux mejer A4 ix
TPAHCIOPTYBAHHS B KOHTeiiHepi: 1 — Kopmyc TPAaHCIOPTHOI EMHOCTI;
2 — maTpy0ox mogayi ra3y cno:kuBauy; 3 — TepMoizonsiris;

4, S5 — maTpy0oK A NiABeJeHHS TemI0i BOAH i BilBeIeHHSI XOJI0IHOI;
6 — JII0K 1715 HAIOBHEHHS Ta30TiIPaTHUMU MejieTaMu; 7 — ra3origparui
neJjeTH; 8 — TenJoBUiA HACOC

[pomec perasudikariii B TpaHCTIOPTHIM €MHOCTI HacTymHHHA. B marpy0Oox
4 Gynme monaBaTHCS TEIUTa BOJA 3 TEIUIOBOTO Hacocy 8. KOHTaKkTyroum 3 TETIoro
BOIOIO, TEJETH CIIOYAaTKy MiAIirpiBalOThCS JO TEMIIepaTypH IUIABJICHHS,
a TOTiM TUIaBIATECSA mpH TUCKy P = 0,15 MIla. T'a3, mo BumgingeTscs depes
maTpyOOK 2, HANpaBIAETHCS IO CIIOXKHMBAYa, a XOJIOJHA BOIA 3BICHO depes
maTpyOOK 5 ToBepTaeThCs M TMIAITPIBY MO TemioBoro Hacocy 8. Twuck
ra3y micnsa perasudikamii moBumHeH ctaHoBuTH 0,15 Mlla. Tox mBHAKICTH
TUTaBJICHHS Ta30TiIPaTiB i, 3BiCHO KUTBKICTh BUAIJICHOTO Ta3y, CIIi peryIIoBaTH,
TTOTO/KYFOUH X 3 TpahikoM CIIoXXUBaHHS. B Termii mepiox poky perasudikatop
JIOPEYHO BUKOPHCTOBYBATH SIK OXOJOKYBad JJISI CHCTEMH KOHAWIIOHYBaHHS
TIOBITPSI.

OpnHi€r0 3 aKTyaJdbHHX 3a[ad HE TUTHKU ra30BOl i HAPTOTAa30BOI Tamy3i, aye
1 CHEepPreTHYHOTO KOMIUIEKCY B IIUIOMY, € pPo3poOKa CrmocobiB e(EeKTHBHOTO
TpaHCIIOPTYBaHHA Ta3y. OCTaHHIM dYacoM 3 SBIIIOTBCS TEXHOJOTII, sKi
JIO3BOJIAIOTH  3a0€3MEYUTH MOXIIUBICTh PO3POOKH, SK BiITANCHUX Ta30BUX
POIOBHUIN Ta YTHIi3alii MOMYTHOTO Ta3y OKPEeMHX POMOBHUIN Ta3y i HadTH,
TakoX 1 Ha menbgi, IS HUX MPOKIaJKa Ta30lpoBOAy Oyne HepeHTaOeIbHO.
OCHOBOIO IIUX TEXHOJOTIH € HOBUH CIIOCIO CTBOPEHHS 3aMOPOXKEHOTO TiIpaTy
rasy, 3MIIIaHOTO 3 JHOAOM. Pa3oM 3 TWM, oTpuMaHa «ra3o-OydepHa» cymimr
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Oy/ie OXOJIOIKYBATUCS 10 Temieparypu, onusbkoi go 0°C i 30epirae cramicth
IIpU  HOpPMaJBHOMY arMoc(epHOMy THCKy. besnepedHo pgaHa TEXHOJOTIs
JI03BOJIMTH, HAacaMIlepe/l, BUPILINTH 3a/]a4i TPaHCIOPTYBaHHS Tasy 3BiCHO 0e3
BUKOPUCTaHHsI TPyOOITpoBOy Ta Oe3MeYHOro 30epiraHHs ra3oripaTHol cymini
IIPYU HOPMAJILHOMY THCKY 1 TeMIeparypi.

OTKe BeNMKe 3alliKaBJICHHS MIPE/ICTABIISIE IEPEBEICHHS ra3y B ra3oriipaTHy
(dopMy i TpaHCHOPTYBaHHS HOTO B TakoMy BUIVIsLII. BogHouac po3mmproeTses
TaKO)K MOKJIMBICTH EKCIIOPTHOTO IOTEHIialy BYIVIEBOJHEBUX TIa3iB, TOOTO
MOXKJIMBO peastizyBaru 0e31pyOHy rasudikaiio Ykpainu.

Jo mpiopiTeTy ra3origpaTHUX TEXHOJIOTiH MOXXHa BITHECTH MPOCTIII
YMOBU TpPaHCHOPTYBaHHA Ta BIigNOBiHO 30epiranHs. Ilpupomuuii ras
B TrasoriiipatHid Qopmi MoXe 3HaxomuTHCs mij 4vac 30epiraHHs abo
nepeminieHHst 3a Temmeparypu -15 °C. Bapro 3asHaumTH, IO I
TPAHCIOPTYBAaHHS Tra3y y BHUIVISAI Ta30rigpariB HEOOXiIHI CIemialibHi
repMeTHYHI €MHOCTi. TpaHCIOPTYIOUM TifpaTH, CIiJ] KOHTPOJIOBAaTH THUCK
1 Temreparypy BcepeinHi €MHOCTI, 1100 He po3TaBaja KpuKaHa Kipka Ha
MTOBEPXHI TiIpaTiB. SIK 3ragyBanocs BHIE, IPOIIEC TPAHCIIOPTYBAHHS IipaTiB
MOJKHA peasli3yBaTh HaBiTh MPU aTMOC(EPHOMY THCKY 1 TeMIeparypi HIK4Ye
0°C. Bigrak HE0OXiJIHO BUKOPHCTOBYBATH aKTHBHE OXOJOKEHHS IPOCTOPY,
B SIKOMY OyIyTh 3HAXOIUTHCS Ta30TiApaTH, IS MiATPUMKHA HEOOXITHOI 1X
TEeMIIepaTypu MpH NepeBe3eHi.

BUCHOBKHN

1. BuxonaHo aHaji3 CcTaHy HayKOBMX Ta IIPaKTUYHHUX JOCIHIIKCHb
ra3oriZipaTHUX TEXHOJIOT1H. PO3MISHYTO MUTAaHHS BUKOPHCTAHHS ra30riJpaTHoi
TEXHOJIOTIT JUIsl TPAHCIIOPTYBAHHS BYIJICBOJHEBHX I'a3iB y ra3orijaparHiii Gpopmi.

2. 3amporoHOBaHO 1 ONHMCAaHO CXEMHE PIIIEHHS TEXHOJIOTIYHOTO IMKITY
YTBOPEHHS Ta30rigpariB NpH BHUAOOYTKY NPHPOJHOrO razy 3 MayloAeOiTHUX
POZIOBHILL, HOTO TPAHCIIOPTYBAHHS T2 BUKOPUCTAHHSI.

3. Ha ocHOBI JliTeparypHUX JaHUX BUKOHAHI MOPIBHSHHS OCHOBHHMX TEXHIKO-
€KOHOMIYHHX ITOKa3HUKIB TPAHCIIOPTYBaHHS a3y BiJl MaIOJCOITHUX POIOBHIILI,
BHUKOPUCTOBYIOYHM pi3HI TEXHOJIOTI], Ta MOKa3aHO IepeBaru IEepCIIeKTHBHOI
ra3oriipaTHoi TEXHOJIOTI] TPAaHCIOPTYBAaHHS BYIVICBOIHEBUX ra3iB Ha BiicTaHi
~ 100 km.

4. 3'icoBaHO, IO TEXHOJIOTISI TPAHCHOPTYBAHHS IPUPOJHOTO Traszy
B ra3oriipatHiii GopMi MOPCEKUMU CyIaMU Ma€ PsiJi IepeBar Hajl TEXHOJIOTISIMH
LNG i CNG. LNG-texHosorist BiiIipaniboBaHa Ha CBITOBOMY PHHKY. 3BiCHO
NGH-TexHOIOrisI NMEPCHEeKTUBHO MIAXOAUTh JUIsl  BUPIMICHHS IMpOOJIeMH
JuBepcudikalii MoCTaBOK MPUPOIHOTo razy B YKpaiHy, a TaKoXX BYIJICBOJIHIB
Ipy po3poO0Ii MOPCHKUX POJOBUIN a3y 1 HadTH.
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5. TlokazaHo, 11O TPaHCIIOPTYBAaHHS SIK HPUPOIHOrO, TaK 1 IOIYTHOTO
ra3y y ra3oriJpaTHoMy CTaHi € NEpCHEKTUBHUM IpPU po3poOIli HEBEIMKUX Ta
BIJIMOBITHO BiJTAJICHUX BiJ 1H(PACTPYKTYpH PONOBHUIL, TOMY IO HEJOLIIBHO
OynyBaru TpyOomnpoBoau abo iHppacTpykTypy TexHonorii LNG.

6. Ilpy mopiBHSHHI BapTOCTI TpaJULIHHUX 1 ra30TigpaTHUX TEXHOJOTii
TPaHCIOPTYBaHHs Ta 30epiraHHs BYIJICBOIHEBHX I'a3iB MAa€EMO HACTYIIHE, BOHU
Hapasi 3HaxOJAThCS Ha OAHOMY piBHI. [Ipy BUKOpHCTaHHI repeBar TEXHOJIOTIi
Ha OCHOBI Ta30BHX TiJpaTiB, BOHM CTAlOTh CEPHO3HOIO abTEPHATHBOIO BCIM
TPaIUIIITHAM TEXHOJIOTISIM.

AHOTALLIA

CrnoxnBaHHS IPUPOTHOTO ra3y B YKpaiHi Ta CBiTi Hapa3i MOCTIIHO 3pocTae.
TpamuuiiiHi TeXHOJOTii TPAaHCIOPTYBaHHS BYIJIEBOAHEBHX TIa3iB € MEHII
e(peKTUBHUMHU, HIX Ta30T1{paTHI TeXHOJIOoril. [CHyI04Yl TEXHOJIOTIi HE CIPHUIOTh
PO3po01LIi HEBENMKHUX POJOBUIL. Ha choromHi NpUpoAHUii Ta3 TPAHCIIOPTYETHCS
y 3pikeHOMY BT 32 LNG TEXHOIIOT1€10 MOPCHKHMHU Cy/laMH. TakoxX iICHYIOTh
AJIBTCPHATUBHI TEXHOJIOTI, 10 HUX BiTHOCAThCS CNG-TEXHOJIOTIT — CTHCHCHHIA
ra3 Ta nnepcrexkruBHa trexHosorist NGH — ra3 y rasorinparsiit popmi. IIposenero
nopiBHsUIbHUK aHanmiz CNG -, LNG — i NGH-texHos0riii TpaHCHIOpTYBaHHS
MIPUPOJHOTO Ta3y MOPChKUMHU cyaamu. OOIpYHTOBaHO TIIEPCHEKTHUBH Ta
HayKkoBi OCHOBHM BrpoBajukeHHs NGH- TexHonorii TpaHcmopTyBaHHs rasy
B rasorigpatHomy craHi. Hasemeni mnepeBarm NGH-texHosorii. 3rigHo
3 Bimomoro Hapaszi NGH- TexHonoriero nependaueHo TiIpaTOyTBOPEHHS Ta
(dopMyBaHHS TiApaTHUX TpaHyJl. 3anpOIOHOBAHO IPOBOIUTH (HOpMYyBaHHS
ra3orifipariB y BUIVISIII TiAPaTHHUX MEJeT, SIKi MOKPUBAIOTHCS TOHKHM IApOM
npoay. Bubip dopmMu Ta MOCTIIOBHICTE BUTOTOBJICHHS IICNICTIB CIPSIMOBaHI
Ha onrtumizanito mporeciB TexHonorii NGH. Texuonoriss NGH no3sossie
3 MiHIMaJBHUMH €HEProOBUTPAaTaMH OAEPKYBAaTH IIEJIETH BiJIIOBIIHUX PO3MIpiB.
TpaHcnopTyBaHHSI IPUPOAHOTO Ta3zy y BUIISL ra3orifpariB y ¢opmi mnesieriB
JI03BOJISIE 3HAYHO 3HU3UTHU BapTICTh CIICIialli30BAHUX MOPCHKHX TaHKEPIB.
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CHAPTER 9

AHAJI3 ®OPMYBAHHA YACOBUX 3ATPUMOK
Y FANET 3 MPOCTOPOBO-PO3MNOAIJTEHUMHA
NOoBITPAHUMU BY3JTAMU

Caiko B. I',, Komapos B. O., Meggeegap 1O. I.
DOl https://doi.org/10.30525/978-9934-26-653-9-9

BCTYI

CTpiMKHH pPO3BUTOK OE3MUIOTHUX JITAJbHUX arapariB Ta Oe3JpOTOBHX
TEXHOJIOT1H 3B’s13Ky 3yMOBHUB ()OPMYBaHHSI HOBOTO KJIaCy PO3MOIIIEHUX MEPEXK —
Flying Ad Hoc Networks (FANET), y sKMX TOBITpsiHI By3JIH BHUKOHYIOTH
GbyHKIIT mKepen, npuiiMadiB i perpaHcisaTopiB iHdopmauii',’. Ha Bigminy
Bin wiracnyHuXx MoOimpHHX ad hoc wmepex, FANET xapakrepusyroTbes
TPUBUMIPHOIO TIPOCTOPOBOIO OpTraHi3ali€ro, BUCOKOIO MOOUIBHICTIO BY3IIiB,
JTUHAMIYHOIO TOIIOJIOTIEI0 Ta MTOBHOK a00 YaCTKOBOKO BIJICYTHICTIO (hikCOBaHOL
IHppacTpyKTypH 3B’sI3Ky. 3a3HaueHi OCOOJMBOCTI 3yMOBIIOIOTH IPHHIIUIIOBO
HOBI BHMMOTHM [0 YaCOBHX XapaKTEPUCTHUK IIepe/laBaHHS JaHUX 1 ICTOTHO
YCKJIQTHIOIOTh 3a0€3IIeUeHHS] CTa0UIBHUX MapaMeTpiB SKOCTI 0OCIyroByBaHHS
B MOBITPSIHUX Mepexax’.

Opnieto 3 kirowoBux mnpobnem ¢ynkuionyBanus FANET e ¢opmyBanus
YacoOBHX 3aTPUMOK TIii dac 0OaratoxomoBoi mnepexadi iHdopmarmii Mix
MPOCTOPOBO-PO3MOAIICHAMH TIOBITPIHUME By3idamu®. Y TakuX Mepexkax
3aTpUMKa TepeAaBaHHs [P-makeTiB BU3HAYAETHCS HE JMIIE MapaMeTpamu
(i3uUHOTO KaHaiy, aje i CyKyIHOIO JIi€I0 MEXaHi3MiB IOCTYITy 70 CEPEIOBHIIIA,
MpOIeNyp MapIHIpyTH3allii, OOpOOKM TMAaKEeTiB Ha MPOMDKHUX IOBITPSIHUX
By3JlaxX, a TakoK mporueciB Oydepuzamii Ta ueprysanus. IIpoctopoBuit
PO3MOALT MOBITPAHUX ILIAT(GOpM 1 TXHS IHTEHCHBHA MOOUIBHICTH TPH3BOIATH

! Gupta L., Jain R., Vaszkun G. Survey of important issues in UAV communication networks // IEEE

Communications Surveys & Tutorials. 2016. Vol. 18, no. 2. P. 1123-1152.

2 Bekmezci L., Sahingoz O. K., Temel §. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

3 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

4 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.
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JI0 TIOCTiHOT mepedyIoBH TOMOJIOTIT MEpPEKi, 3MiH KUIBKOCTI XOIIiB Ta CYTTEBOI
BapiaruBHOCTI end-to-end 3aTpUMKH, 1110 € KPUTUYHHUM ISl CHCTEM YIIPABIIiHHS,
KOOP/IMHALIT Ta MepeaBaHHsl TaHUX y peanibHOMY 4aci’.

AHai3 cy4acHHX HayKOBUX JIOCIIJDKEHb IT0Ka3ye, 110 OUIBIIICTh 1CHYIOUMX
MiJXOMIB IO OIIIHIOBAHHS YaCOBHX 3aTPUMOK Yy OE3APOTOBHX MEpeKax
opieHTOBaHI Ha cranioHapHi abo cnabkomobinbHi MANET Ta rpyHTYIOTBCS Ha
MIPUNYIIEHHSAX BIJIHOCHOI CTA0IIBHOCTI TOIOJIOTIi 1 YaCOBUX XapaKTEPUCTHK
kaHamiB 3B’s3ky®. YV Bumagky FANET Taki mpumylieHHsT € METOAOJOTIYHO
HEKOPEKTHUMHM, OCKUIBKM HE BpPaXOBYIOTh TPUBUMIPHOI TIeoMeTpii Mepexi,
BHUCOKHX INBUJKOCTEH pyXy HOBITPSHHUX BY3JIB, JAWHAMIYHUX 3MiH YMOB
MOLIMPEHHsT pajiocurHaniB Ta cneuudiuHoi poni BIIJIA sk akTMBHUX
6aratoyHKIIOHATBHUX PETPAHCIATOPIB’,. YHACIIIOK 1IbOTO KJIACHYHI MOJEIi
4acoBOI 3aTPUMKH He 3a0e3MeuyroTh aJIeKBATHOTO OITUCY 4YacOBOI MOBEIIHKU
6araToxornoBHX IOBITPSIHUX MEPEXK 1 HE JI03BOJISIIOTH KOPEKTHO 11eHTU(IKYBaTH
JOMIHYFOYl YUHHUKH 11 ()OpMyBaHHSI.

Oco6muBoi yBarm B FANET mnorpeOye anani3 BIumMBy 0araroxornoBoi
apxiTeKTypH Ha 4YacoBl XapaKTepUCTHKM IepelaBaHHi JaHux. KokeH
MPOMDKHUN TOBITpSIHMKA By3os jgoxae jgo end-to-end 3aTpuMmky BiacHi
CKJIQJIOBl, TOB’S3aHiI 3 JIOCTYNIOM JIO CEPEIOBHUINA, OOPOOKOI TMAKETIB
1 uepryBaHHsIM, a JWHaMika MapupyTiB 3yMOBIIOE IXHIO YacOBYy
HecTabimbHICTE’. 3a TakWX YMOB 4YacoBa 3aTpUMKa HaOyBae Xapakrepy
BHIIQJKOBOI BEJIMYMHM, IO YCKJIAJHIOE 3a0e3MeueHHs JeTepMiHOBAaHMX
rapaMeTpiB SIKOCTi 00CIyroByBaHHs Ta MOTpedye IIMOIIOro aHaJiTHYHOTO
OCMMCJICHHS MeXaHi3MiB i (popmyBaHHS.

VY 3B’s3Ky 3 IIUM aKTyaJbHHM € aHaJiTHYHE JOCIIJUKEHHS (OpMYBaHHS
yacoBux 3arpuMok y FANET 3 mpocTopoBo-po3noiiieHUMH MOBITPSIHUMHA
By3JlaMH, CIIPSIMOBaHE HE Ha PO3pOOJIEHHS KOHKPETHHX METOAIB ONTHMI3arlii,
a Ha cucTeMHHH po3kiaj end-to-end 3aTpUMKHM Ha CKJIaJOBI Ta BH3HAYCHHS
IXHBOT i€epapXii 3aJIEKHO BiJl apXITEKTYpH MEpexi, KIJIbKOCTI XOIIiB 1 JUHAMIKH

3 Bekmezci L., Sahingoz O. K., Temel §. Flying ad-hoc networks (FANETS): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

6 Corson S., Macker J. Mobile ad hoc networking (MANET): Routing protocol performance issues
and evaluation considerations : RFC 2501. IETF, 1999.

7 Caiiko B. T, Pangzisinos I [I., Komapo B. O. Crnoci® Ta iHTerpoBaHHii KOMILIEKC BU3HAYCHHS
MICLE3HAXO/DKEHHSI HA3eMHHX JDKepel pajioBUIpomiHioBaHHS Ha 06a3i BIUJIA  crheniambHOro
npusHaueHHs // 30ipuuk HaykoBux mpaup BITI: cucremn i texuosnorii 3B’s3ky, iHpopmarusauii ta
kibepoOesnexu. 2025. Bum. 7. C. 165-176.

8 [Tarent VYkpainm Ha kopucHy Momens Ne 160108. besmimoTHuil mitanbHHIl —amapar
myastukonteproro tuiy / Komowmiiines O. B., Pagzisinos I'. JI., Caiiko B. I, Komapos B. O. Omy6u.
06.08.2025, bromr. Ne 32.

°  Royer E. M., Toh C. K. A review of current routing protocols for ad hoc mobile wireless networks
// TEEE Personal Communications. 1999. Vol. 6, no. 2. P. 46-55.
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noBiTpsiaux miaTdopm!’. Takuil miaxXig CTBOPOE METOMOJIOTIYHE MiAIPYHTS
JUISL TIOJAJTBILIOr0 OOIPYHTOBAHOTO BHOOPY TEXHIYHMX 1 IMPOTOKOJIBHHUX PILIEHB
y noBiTpsinux ad hoc mepexax.

Metoro posaity € aHami3 ¢GopMmyBaHHS uacoBux 3arpumok y FANET
3 MPOCTOPOBO-PO3MOIIICHUMH TTOBITPSIHUMH BYy3JIaMU IIUISIXOM JIEKOMITO3HII|
end-to-end 3aTpUMKH Ta BHSBICHHS KJIIOYOBHX MEPEKEBUX 1 apXiTEKTypHHX
YMHHHKIB, 110 BU3HAYAIOTh ii BEJIMYMHY Ta BapiaTMBHICTh. [ NOCSTHEHHS
rocTraBiieHol MeTH B poboTti posmisiHyTto ocobmuBocti FANET sk wiacy ad
hoc mepex, mpoaHani3oBaHO CKJIaJOBI 4acOBOI 3aTPUMKH Ha PI3HHX PiBHIX
MIPOTOKONIB, @ TaKOX JIOCII/DKEHO BIUIMB 0araToxorioBOi apXiTeKTypu Ta
MOOUIBHOCTI TOBITPSIHUX BY3JIIB Ha 4YacOBI XapaKTEPUCTUKH II€PEAaBaHHs
naHux ',

1. FANET sk Knac npoctopoBo-po3nogisnieHnx ad hoc mepex

Flying Ad Hoc Networks (FANET) posmisnarorses siK crierianizoBaHui
nigkimac MooutbHUX ad hoc Mepex, y sKoMy By3iaMu Mepexi € 0e3mijIoTHI
JITaJbHI anapary, 31aTHi JUHAMIYHO 3MIHIOBATH CBOE IPOCTOPOBE TOJIOKEHHS
Ta BUKOHYBaTH QYHKLIT mepeaaui, perpancsuii i o6podku indopmamii'>. Ha
Binminy Big Tpamuiiitaux MANET, ne MOOUTBHICTE By3J1iB 3a3BUYail 0OMEKEHA
JIBOBHMIPHOIO TUIOIIMHOK Ta MOPIBHSHO HEBEJUKUMU IBHIKOCTIME, FANET
(YHKIIOHYIOTh Y TPHBHUMIPDHOMY IIPOCTOpPI Ta XapaKTepU3YIOThCS 3HAYHO
BHUIIOI0 JMHAMIKOIO TOIIOJIOTI], 110 NPUHLMIIOBO 3MIHIOE YacOBY HOBEIIHKY
Mepexi.

[IpocropoBuit posnonin nosiTpsHux By3daiB y FANET dopmyerscs He
JIMIIE BHIAJKOBUMH IIEpPEeMIIlCHHSIMH, a W nitecnpsiMoBanuM pyxoMm BITJIA
BIJIMIOBIIHO /10 BHUKOHYBaHMX 3aBJaHb, 110 IPHU3BOAUTH 10 HEPIBHOMIPHOI
HIUTBHOCTI MEPEeXi Ta MOCTIMHOI 3MiHM BiJCTaHEW MiX CycCimHiMH By3nammu'®,
VY Takux ymMoOBax KOXKEH IMOBITPSIHMH By30Jl BOjHO4YAc € (pi3M4HO MOOUIBHUM
00’€KTOM 1 JIOTTYHUM EJIEMEHTOM MEPEKEBOI iIHPPACTPYKTYPH, 1110 YCKIAIHIOE
3aCTOCYBaHHS KJIACHYHHUX MOJEJICH aHali3y MEepeXeBUX 3aTPUMOK.

BaxmmBoro ocobnuBictio FANET € 0GaratoxomoBa apxiTekTypa nepeaadi
JaHUX, SKa BUHMAKAE BHACHIZOK OOMEXEHOi JaJIbHOCTI pajiioKaHaly,

10 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

1 Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.

12 Bekmezci 1., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

13 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.
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HEeoOXiqHOCTI 00XOMy 30H paJioTiHeH abo pO3MIMpPEHHS 30HW IOKPUTTS 3a
paxyHOK MOBITpsiHUX perpaHcisTopis'®. ¥V oGararoxomoBux FANET koxeH
BITJIA moxe BUCTYIIATH SIK TIPOMDKHHIA BY30J1 MapIIPYTY, T0Jal0uH J0 3arajibHoi
4acoBOi 3aTPUMKH BJIACHI CKJIAQJIOBI, IMOB’si3aHi 3 JOCTYIIOM JIO CCPEIOBHIIA,
00poOKor0 makeTiB 1 Oydepusaiiero.

HaBigMiHy Bij cTanionapHuX 200 c1abKoMOOLITBHUX MEPEIK, 0araToXonoBiCTh
y FANET wmae nuHaMiuHU# Xapakrep: KUIBKICTh XOMIB MIX JDKEPEIOM
1 mpuiiMaueM 3MIHIOETBCS B 4aci 3aJIe)KHO B NMPOCTOPOBOI KOoH]iryparii
MOBITPSHUX BYy3JIiB 1 iXHBbOI MOOUTBHOCTI. Lle mpu3BomuTH 10 TOrO, 11O end-
to-end 3arpumka B FANET He Moke po3misiiaTucs siK CTalliOHapHa BEJIMYMHA,
a HaOyBae BJIACTHBOCTEH BMIIA/IKOBOTO IPOLECY 3 ICTOTHOIO BAapiaTHBHICTIO.

e onnieto BuzHauanpHo prucoto FANET e cnienudiuna posib HOBITPSHUX
BY3JIIB SIK aKTHBHUX MEPEKEBHX EIEMEHTIB, sIKi OEIHYIOTh (PDYHKIIT (iznaHOrO
HOCIs, pamioTepMiHany Ta Mapipytuzaropa'’. OOMexeHi eHepreTudHi pecypeH,
MacorabapuTHI XapaKTCPUCTHUKU Ta OOUYMCIIOBaIbHI MOXIMBOCTI BITJIA
HaKJIQJAl0Th JI0JaTKOBI OOMEXEHHs Ha peaii3alilo IMPOTOKOJIbHUX CTEKIiB
i 6e3rnocepeHbO BILIMBAIOTH HA 3aTPUMKH OOPOOKH ITaKeTIB Ha KO)KHOMY XOTIIi.

VY mnopiBusaHi 3 MANET, FANET xapakTepu3yroThCsl TakOX IHIIUMHA
YMOBaMH NOIINPEHHs pasiocurHanis. [lepeBaykHa HasBHICTh MPSMOi BUIMMOCTI
MDK TIOBITPSHUMH By3JaMH 3MEHIIY€ BIUIMB 0araTolpOMEHEBOCTI, OJHAK
BHCOKa MBUAKICTH pyxy BIIJIA crnpuumHs€ mOmiepiBCbKi 3CyBH Ta IIBHJIKI
3MiHM TIapaMeTpiB KaHally, IO BiJIOMBA€ThCS Ha CTAOUILHOCTI II€peaaBaHHs
JaHUX 1 YacTOTi MOBTOPHMX TNepenad'’. Y KOHTEKCTI (OpMyBaHHS YacCOBUX
3aTPUMOK L€ 03Hayae, Mo (Gi3MYHUI piBeHb BIUIMBAE HA YaCOBI XapaKTEPUCTUKU
OIIOCEPEAKOBAHO 4Yepe3 MEXaHi3MH JIOCTYIY J0 CEpeAOBHINAa Ta KEepPyBaHHS
repeiaBaHHsIM.

Takum umHoM, FANET nouinpHO po3IIsLIaTd HE MPOCTO SIK OE3IPOTOBY
MEpexXy 3 PYXOMHMH BY3JaMH, a SIK [POCTOPOBO-PO3MOAUICHY TUHAMIUHY
cucTeMy, y SKiH YacoBi 3aTpUMKH (OPMYIOTBCS BHACIIJIOK B3a€MOJIIT
TOTIOJIOTIYHUX, MPOTOKOJBHUX 1 (i3uyHnX uyuHHKKIB'. Takuil miaxia cTBOproe
OCHOBY JUI TOJabINOi JiekoMno3umii end-to-end 3arpumku Ta anamizy il
CKJIQJIOBHX 3 ypaxyBaHHSIM CIelM(iki 6araToXornoBUX MOBITPSHUX MEPEK.

4 Gupta L., Jain R., Vaszkun G. Survey of important issues in UAV communication networks // [EEE

Communications Surveys & Tutorials. 2016. Vol. 18, no. 2. P. 1123-1152.

15 Bekmezci 1., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

16 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

17 Corson S., Macker J. Mobile ad hoc networking (MANET): Routing protocol performance issues
and evaluation considerations : RFC 2501. IETF, 1999.
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2. lekomMnosuuis yacosoi 3aTpumMkn B FANET

VY o6araroxomoBux FANET 3 mpocTOpOBO-pO3MOAIICHUMH TOBITPSHUMHA
By3JIaMH 4acoBa 3aTpPUMKa IEpeaBaHHsA JaHUX MK JDKEpEeJIoM 1 mpHuiiMadeM
(dopMyeThCs SIK Pe3yNIbTaT MOCIIIOBHOTO HAKOIMYEHHS 3aTPUMOK Ha KOKHOMY
MIPOMIXKHOMY XOIli MapuipyTy. Ha BimMmiHy Bin iHQpPacTpyKTypHUX MEpex 3i
cramioHapHuMH By3namu, Y FANET KibKicTh XOTiB, iXHIN CKIIaJ] Ta ITapaMeTpH
KaHATIB 3MIHIOIOTBCS B Yaci, IO 3yMOBIIOE HEOOXITHICTH (HOPMAIHHOTO
po3kiany end-to-end 3aTpuMKHM Ha CKJIaIOBi 3 ypaxXyBaHHSIM OaraTopiBHEBOT
MIPOTOKOJIBHOI apxiTekTypu's.

3aranpHy end-to-end 3arpumMky mepenmaBanHs maketa B FANET momimeHO
TIOIATH y BUIIISI CYMH 3aTPUMOK Ha BCIX XOINaxX MapHIpyTy:

T=3T, (1

H
h=1

ae:

T — KUIbKICTB XOITIB MK JDKEPEJIOM 1 Ipuiimauem;

T, — CyKyIHa 3aTpUMKa Ha h-My HOBITpSIHOMY By3Ji;

H — 3arajibHa KUIbKICTb XOIIiB.

Taxwuii miaxin € npuanunosuM st FANET, ockinbku kokeH BITJIA Bukonye
POJIb aKTHBHOTO MEPEXKEBOTO €JEMEHTa 1 J0fa€ BIACHUHM BKJIAJ y YacOBY
TTOBEIHKY MapuIpyTy.

3arprMKa Ha OKPEMOMY XOIli MO)Ke OyTH JIEKOMIIO30BaHa Ha CKJIaIO0Bi,
OB sI3aHi 3 PI3HUMH PIBHSIMH HPOTOKOJILHOTO CTEKY:

T, =Tprop(h)+ Ttx(h)+ TMAC (h) + Tproc(h) + Tqueue(h) 2)

ae:

Tprop — 3aTpuMKa IOIIUPEHHS CUTHAIY;

Tix — 3aTpUMKa NepeaBaHHs Kajpy;

TMAC — 3aTpuMKa JOCTYILy 10 CEPEIOBUIIA;

Tproc — 3aTpuMKa 00poOKH Kajpy (IaKeTy);

Tqueue — niepeOyBaHHs Kajpy B Oydepi;

3aTpuMKa MOMIUPEHHsS! Tprop BHU3HAYAETHCS BIJCTAHHIO MiXK MOBITPSHUMH
BY3JIaMH Ta IIBUJKICTIO TIOIIUPEHHS EJIEKTPOMArHiTHOI XBHJIL:

Tprop(h)z% 3)

18

Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.
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ae:

d — BIJICTaHb MIX Ilepe/iaBadeM 1 npuiMadem;

¢ — IIBUJIKICTH CBITJIa Yy BUILBHOMY IPOCTODI.

Jns taktnunux FANET, ne Bimcrani mixkx BITJIA 3a3Buuaii cTaHOBISATH
oauHMII a00 JAECATKH KiJIOMETPIB, L5 CKJIaJI0BA MA€E MOPSIOK MIKPOCEKYH/ 1, SIK
MIPaBUIIO, HE € IOMiHyI04010. [IpoTe 31 301IbLIEHHSIM IIPOCTOPOBOTO PO3HECCHHS
abo BHcOTH TWIATGOPMHU Ti BHECOK MOXKE 3pOCTAaTH Ta HAKONUYYBAaTHCS TPHU
0araToxoroBiii peTpaHcIsii.

3arpuMKa nepenaBaHHs Tix BU3HAYAETHCS PO3MIPOM KaJpy Ta HIBUAKICTIO
(i3U4HOTO KaHay:

Tprop(h) = 4

L
R
ae:

L — noBxXHHA KaJpy;

R — WIBWJKICTH TEepeaaBaHHs JaHUX.

Y FANET 1ns ckianoBa iCTOTHO 3aJIeKUTH BiJl YMOB KaHaly, aJallTHBHUX
CXeM MOyl Ta KOJyBaHHS, a TAaKOX BiJl 0OMEXEHb MPOIYCKHOI 3/1aTHOCTI
paniointepdeticy BITIIA.

Opniero 3 KIo4oBUX ckiIagoBux 4acosoi 3arpumku B FANET € 3arpumka
Jnoctynmy 1o cepeposumia TMAC, sika (QOpMYEThCS Ha KaHaJIbHOMY piBHI.
VY Meperkax 3 BUIAJKOBUM JJOCTYIIOM BOHA BKJIIOYAE Yac OYiKyBaHHS 3BIIbHECHHS
KaHally, BUIIaJIKOBI 3aTPUMKH BiJIKJIQJIEHOTO Mepe/laBaHHsI Ta MOBTOPHI Iepeaadi
y pasi komiziit’. B ymoBax Bucokoi mobinsHOcTi FANET 11 ckiajioBa Moxe
TIepEBHIIYBaTH BCI iHIII Ta OyTH OCHOBHHUM JPKEPEIIOM SIK CEPEIHBOI 3aTPUMKH,
Tak i ii BapiaTHBHOCTI.

3arpumka 00poOKH Tproc TOB’s3aHa 3 BUKOHAHHSIM MEPEKEBHUX (YHKIIN
Ha OOpTYy MOBITPSHOTO BYy3/a, 30KpeMa aHaJli30M 3arojloBKiB, MPUHHATTAM
MapupyTH3aliiHAX pillieHb, HdpyBaHHIM 1 (HOPMYBaHHIM HOBHX Kajapis™.
OoOmesxeni obGuncimoBanbHi pecypen BIIJIA  3ymMOBmIOIOTH Te, IO HAaBiTh
TIOPIBHSHO TPOCTI Omepalii MOXXYTh BHOCHUTH BiJUyTHHH BKJIaJl y 3arajbHy
3aTPUMKY, 0COOJIMBO TIPH BHCOKIH IHTEHCUBHOCTI Tpadiky.

OxpeMo ciiJt BUIUINTH 3aTPUMKY TIepeayBaHHs Kaapy B Oydepi Tqueue , sika
BHHHKAE BHACIIJOK THMYACOBOTO HAKOIIMYEHHS TIAKETIB Y Oyepax moBiTpstHOrO
By3na. Y FANET 1s ckianoBa € HalOUTBII HECTAOUTFHO, OCKITBKH 3aJICKHUTh

19 Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function // IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.

2 Bekmezci 1., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.
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BiJl MHUTTEBOTO HABAaHTAXEHHS, 3MIHM MapIIpyTiB Ta MapaMeTpiB JOCTYILy
1o cepenoBuiia. Came 3arpuMka Tquewe 4acTO BH3HAyae BEJIMYMHY jitter Ta
YCKJIQJIHIOE ITIATPUMAHHS AETEPMIHOBaHMX YaCOBUX XapAKTEPUCTHK.

Takum umHOM, end-to-end 3arpumka B FANET Qopmyerbes sk
OaraTopiBHEBa CyKyITHICTb JIETEPMIHOBAHHUX 1 BUMAJAKOBUX CKJIAIOBUX, IPUIOMY
iXHI} BIHOCHUI BHECOK 1CTOTHO 3aJISKUThH Bijl KUIBKOCTI XOIIiB, apXiTEKTypH
JOCTYIy JIO CEPEIOBHINA Ta JWHAMIKH ITPOCTOPOBOIO PO3MOALITY MOBITPSIHUX
By3JiB. Taka JIEKOMITIO3MIISI CTBOPIOE (OpMalibHy OCHOBY JUIS TOJAIIBIIOTO
aHaJIi3y BILIMBY MOOUIBLHOCTI Ta TOIOJOTIYHMX 3MiH Ha YacOBI XapaKTEPUCTUKU
6araroxonoBux FANET.

3. Bn/aiMB npocTopoBOro posnoAisly Ta Mo6isibHOCTi MNOBITPAHUX BY3iB
Ha YacoBi 3aTPUMKU

[Ipocroposwuii posnozinnosiTpsiHux By31iBy FANET e ogHuM 3 BU3Ha4Ya1bHUX
YMHHHKIB ()OPMYBaHHs 4aCOBUX 3aTPHMOK, OCKUJIBKH 0€3110CEepPEHbO BILINBAE
Ha TOIOJIOTII0 MEpeXi, KUIbKICTh XOIMIB MDK JUKEpelIoM 1 npuiimMayeM Ta
CTaOUIBHICT, MapUIPYTIB IepeiaBaHHs JaHMX. Ha BiaMiHy BiJ Ha3eMHHX
MANET, y skux By3dM 3a3BHuYaii OOMEXKEHI JBOBHMIPHHM IPOCTOPOM
1 BIIHOCHO HeBeNUKMMHU mBHAKOCTsMH nepeminients, FANET ¢yHkuionyors
y TPHUBHMIPHOMY CCPEIOBHINI 3 BHCOKOK JHUHAMIKOK 3MIH MPOCTOPOBOL
KoH(piryparii*'.

['eomeTpist IPOCTOPOBOTO PO3MOIUTY MOBITPSHUX BY3JIIB BH3HAUA€E CEPE/IHIO
JIOBKMHY MAapUIpyTiB y Mepexi Ta KUIBKICTh HPOMDKHHX PpETPaHCISIIN,
HEoOXimHMX st nepenaBaHHs iH(opmarii. 3i 30LIbLICHHSIM BiAcTaHi
MDK By3namu abo 3menmeHHsM 1muibHOCTi FANET 3pocrae imoBipHicTh
0aratoxoroBoi nepeadi, M0 MPU3BOAKUTE J0 JIiHIHHOTO 3pocTanHs end-to-end
3aTPUMKH BIAMOBIZHO 10 KiTBKOCTI XOMiB*. YV I[bOMY KOHTEKCTi MPOCTOPOBHIA
PO3IIOAIT BHCTYNAa€ HE JIMIIE TCOMETPUYHHM IapaMeTpoM, a H KIIFOYOBOIO
MEPEKEBOIO XapaKTCPUCTUKOIO, sKa BH3Ha4Ya€e yacoBy moseainky FANET.

Bucoka MOO1TbHICTE HOBITPSIHHUX BY3J1iB 3yMOBIIIOE IOCTiHHI 3MiHH TOIOJIOTI]
Mepexi, IO TMPHU3BOJUTH IO YacTHX IepeOyloB MapUIPyTiB IIepeaaBaHHs
JaHuX. Y TakuX yMOBax 3aTpHMKa (POpMYEThCS HE JIMILIE K CyMa 3aTpPUMOK
Ha OKpEeMHX XOmax, ajie i K pe3yJbrar IPOLECiB BUSBICHHS, ITIATPUMaHHS Ta
BizHOBIeHHS MapiupyTiB®. Yacti po3pusu mMapuipyTie y FANET cnipuuussoTh

2l Bekmezci L., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

2 Gupta L., Jain R., Vaszkun G. Survey of important issues in UAV communication networks // [EEE
Communications Surveys & Tutorials. 2016. Vol. 18, no. 2. P. 1123-1152.

3 Perkins C. E., Royer E. M. Ad-hoc on-demand distance vector routing // Proceedings of the 2nd
IEEE Workshop on Mobile Computing Systems and Applications. 1999. P. 90-100.

189



JIO/IaTKOBI 3aTPUMKH, OB’ s3aHi 3 IIOBTOPHOIO MapIlpyTH3allieto, Oydepusarieto
MIAKETiB Ta MO>KIIMBUMH BTPAaTaMH JIaHHX.

OcoOmuBictio  FANET € T1e, mo MOOUIBHICTE BY3JiB 4YacTo Mae
LJIECHIPSIMOBAHUI XapakTep, 3yMOBJICHHI BHKOHAHHSAM MICiii a00 TaKTHYHUX
3aBnaHb. lle TPU3BOMUTH /IO HEPIBHOMIPHUX 3MIH IIUIBHOCTI Mepexi
B PI3HUX NPOCTOPOBUX 30HAX Ta IOSBU TUMYACOBHX BY3bKHX MICIb, y SIKHUX
3aTPUMKH PI3KO 3pPOCTAIOTh Yepe3 MEPEeBaHTAKEHHS MPOMIKHUX IMOBITPSIHUX
perpaHciaTopiB®. Y Takux CIEHapisX 3aTpHMKa 4YepryBaHHS HA OKPEMHX
By3JIaX MOXKE CTaTH JOMIHYIOYOI CKJIaoBok0 end-to-end 3aTpuMKH.

MoOINBHICTD TIOBITPSHMX BY3JIB TakoX BIUIMBa€ Ha CTaOLIBHICTB
paniokaHalliB MK HUMH. 3MIiHM BiJCTaHi, KyTa B3a€MHOI OpieHTaulii aHTeH
1 IIBUJKOCTI pyXy NPU3BOAATH 10 (UIYKTyaliil piBHSI CHT'HANY, JOIUICPIBCHKHX
3CyBiB 1 3MiH e(eKTHBHOI HIBHIKOCTI IepeJaBaHHsS JNaHUX. Y pe3yibTari e
CIIPUYMHSIE 30UIBIICHHS KUTBKOCTI OBTOPHHX TI€peaad Ha KaHaJIbHOMY PiBHI,
110 OTIOCEPEAKOBAHO IiIBUIIYE YacOBI 3aTPUMKH Ta TXHIO BapiaTHBHICTb.

CyrreBUM (AKTOpPOM € TakOK IPOCTOPOBO-4acoBa KOPEISILIS pPyXy
MOBITPSHUX BY31iB. Y BHIIQJKy rpynoBoro abo poiioBoro pyxy BIIIA
3MIHHM TOIOJOTIi MOXYTh MaTW KBa3iJIeTEPMIHOBAaHMH XapakTep, M0 3HUXKYE
BapiaTHBHICTh 3aTPUMKH MOPIBHSIHO 3 BUIAJAKOBUMH MOJICISIMH MOOITBHOCTI®.
BoaHouac npu xaoTH4HOMY pyci a00 4acTHX MaHeBpax CTaOlIbHICTh MapIIPYTIB
PI3KO 3MEHIITYETHCS, 1110 HETaTUBHO BIUIMBAE HA YACOBI XapaKTEPHUCTUKH MEPEXKI.

VY 6araroxonoBux FANET i3 mpocTopoBO-po3nOAiIEHUMH MOBITPSIHUMHU
By3JIaMH OCOOJMBOI yBaru IoTpedye B3a€MO3B’SI30K MK MOOUIBHICTIO Ta
MeXaHi3MaM{ KEpyBaHHS JIOCTYIIOM [0 CepeloBHIa. 3MiHa HPOCTOPOBOI
KoH(irypanii Mepesxi BIUTMBAE HA KiJIbKICTh aKTUBHHUX BY3JIIB Y 30HI B3a€EMHOTO
palioNOKPUTTS, L0 Oe3M0CEepeaHbO IM03HAYAEThCS HA PIBHI KOHKYPEHINT
3a JOCTYN [0 KaHaly Ta BEMHYMHI 3aTPUMKH JOCTYIy?. YHACHIZOK I[HOTO
MIPOCTOPOBUI  PO3MOAUI 1 MOOUIBHICTE TOBITPSIHUX BY3JiB  (DOPMYIOTh
KPOCpPIBHEBHI BIUIMB Ha 4acOBI 3aTPUMKH, MOEJHYIOYHM (Pi3M4HI, KaHAJbHI Ta
MEpPEKEBI aCIeKTH.

TakuM YMHOM, TIPOCTOPOBHMH PO3MOAUT 1 MOOUIBHICTH HOBITPSHUX BY3JIiB
€ (yHIaMEeHTaIbHIMK YMHHUKaMK (opMyBaHHS 4acoBux 3arpuMok y FANET.
Bonyr BU3HAYAIOTH KIBKICTh XOIIiB, CTa0UIBHICTh MapIIpyTiB, YMOBH JIOCTYILY
JI0 CEpe/IOBHIIA Ta XapaKTep YepryBaHHs IAKeTiB, M0 B CYKYNMHOCTI (opmye

2 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.

»  Camp T., Boleng J., Davies V. A survey of mobility models for ad hoc network research // Wireless
Communications & Mobile Computing. 2002. Vol. 2, no. 5. P. 483-502.

% Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function // IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.
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CKJIa[(HY, HCCTAIllOHAPHY YaCOBY IIOBCIIHKY MEpCKi. YCBIJIOMJICHHS IMIi€i
B3a€MO/IIT € HEOOXIIHOK MEePEIyMOBOIO JUIS TMONATBIIOr0 aHali3y MEXaHi3MiB
JerepMiHizauii 3arpuMok y 6araroxonoBux FANET.

4. Ponb MexaHi3MiB A0CTyny A0 cepefoBuLL,A Ta YaCOBOI CUHXPOHi3aLii
y $opMyBaHHi 3aTPUMOK

MexaHi3MH JIOCTYIly J0 CHUIBHOTO CepeOBHUINA Iepeiadi € OJHUM
3 KJIIOYOBMX YMHHUKIB (popmyBaHHs yacoBux 3arpumok y FANET, ockinbkn
caMe Ha KaHaJIbHOMY DIBHI BHHHKAIOTh SIK JIETEPMIHOBaHi, TaK 1 BHIIJKOBI
CKJIaJIOBI 3aTPHMKH, IIOB’s3aHI 3 KOHKYPCHIIIEI BY3JIB 3a paliopecypc.
VY 0araroxornoBHX IOBITPSIHUX MeEpekax BIUIMB MEXaHI3MIB JIOCTYIy [0
CepelioBUINA TIOCHIIIOEThCS Yepe3 BHUCOKY MOOUIBHICTH BY3JIB, 3MIHHY
LITBHICTh MEPEXKi Ta JUHAMIYHHN CKIIa[l aKTUBHUX MepenaBadiB®’.

Y FANET mmpokoro TOIIMpEHHS HaOylu MeEXaHi3MH  JIOCTYILy
3 BUIIQJKOBMM IIPHUHIIMIIOM, 30KpeMa MpoToKoau Ha ocHoBi CSMA, ski
3a0e3MeuyroTh MPOCTOTY peai3aiii Ta THYYKiCTh B yMOBax JUHAMIYHOL
tornonorii’t. TIpore B 6araroxomnoBux CICHAPIAX TaKi MEXaHI3MHU TPU3BOIATH 110
3HAYHOT BapiaTUBHOCTI 3aTPUMOK, OCKIJIBKH 4Yac JOCTYITy J0 KaHaJy 3aJIeKHTh
BiJl BHITIQJIKOBHX IHTCPBAIB BIJKIIAJCHOTO MEPEIaBaHHs, KIIBKOCTI KONi3ii Ta
MOBTOPHUX Tepeaad. 3a BUCOKOT MOOUIBHOCTI MOBITPSIHUX BY3JIB LI YHHHHUKU
(dopMyIOTh ICTOTHHH jitter, SIKMI HAKONWYYETbCS MPU TPOXOJUKEHHI IMaKera
yepes JIeKiJIbKa XOIIiB.

AJIBTEpHATUBOIO BUIIAJKOBOMY JOCTYIYy € JI€TEpMIHOBaHI MeXaHi3MH,
3aCHOBaHI Ha 4YacoBOMY pO3MOAUI pecypcy, 3okpema TDMA-nonioHi
cXeMH. Y TaKMX CHUCTeMax KOJKHOMY By3Jdy abo Tpymi By3iiB 3a3falierigb
MIPU3HAYAETHCS YaCOBUHI 1HTEPBAJ JUIsl IIepe/iadi, 110 JO3BOJISIE€ YCYHYTH KOJi3ii
Ta OOMEXHMTH MaKCUMaJbHUI Yac OUiKyBaHHS JIOCTYIy JI0 cepepoBuina. s
FANET 3acTocyBaHHS 4aCOBO-PO3/IJICHOTO JJOCTYIy € OCOOJIMBO aKTyaJbHUM
3 Oy Ha HEOOXIIHICTh NPOTHO30BAHMX YACOBUX XapaKTEPHCTHK
repeaaBaHHs qaHuX.

KirouoBoro  mepenyMoBOK  peanmizamii  JeTepMIHOBAHUX  MEXaHI3MIB
noctyny B FANET € HasiBHICTB y3ropKeHOi 4acoBOi IIKaJIW MIX ITPOCTOPOBO-
PO3IMOAUICHUMH  MOBITPSIHUMHM ~ By3JlaMH. 3a  BiJCyTHOCTI  (hikcoBaHOT
iHGPACTPYKTYpU CHHXPOHI3allisl BHYTPILIHIX TOAUMHHUKIB BY3JIiB CTA€ CKIIATHIM
3aBIaHHSM, OCKUIBKH KIIACHYHI IPOTOKOIM MEPEKEBOT CHHXPOHI3alii B yMOBax
BHCOKOT MOOIJIBHOCTI Ta 3MIHHOT 3aTpUMKM KaHaliB He 3a0e3MedyroTh
JOCTaTHHOT TOYHOCTI.

27 Tanenbaum A. S., Wetherall D. J. Computer Networks. 5th ed. Pearson Education, 2011. 960 p.

2 Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function / IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.
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VY 1pbOMy KOHTEKCTI OCOOJMBY pOJIb BiJIrpae BUKOPUCTAHHS II0OAJIbHUX
HaBIraliiHUX CYIMYTHHUKOBUX CHCTEM SIK JpKepena omopHoro yacy. GNSS-
CHHXpOHI3allis 3a0e3rneuye €IiMHy 4acoBYy LIKaJy JUISl BCIX IOBITPSHHUX BY3IIiB
3 TOYHICTIO, JOCTAaTHBOO ISl pealtizallii 4acoBO-ICTEPMIHOBAHOTO JOCTYIY IO
cepeloBUINA. 3aB/sIKM [[bOMY MEXaHI3MHU JOCTYIy MOXYTb OyTH OpraHizoBaHi
TaKUM YMHOM, 10 MOMEHT IIepe/iadi aKeTa BU3HAYA€ThCsl HE CTAHOM KaHally,
a I00AJIbHO Y3TOJUKEHHM YaCOBHUM CJIOTOM.

BukopucTanHs 4acoBO-CHHXPOHI30BAHOTO JIOCTYIY HPUHIUIIOBO 3MIiHIOE
xapakrep ¢(opmyBanHs 3arpumok y FANET. Yac ouikyBaHHsS nocTymy 10
cepenoBuIna crae 00MEXEHUM 3BEpXy TPHBAIICTIO Kaapy abo ¢peiimy, a Komisil
MIPaKTHYHO YCYBAIOTHCSA. Y pe3yibrari 3aTpUMKa JOCTYIy 1O CepelOBHIIA
HaOyBae KBa3iJIEeTEPMiHOBAHOIO XapakTepy, a ii BapiaTHBHICTb ICTOTHO
3MEHIIYEThCS. Y 0araroXonoBUX CLEHapisX 1€ NMPHU3BOJUTH [0 JIHIHHOTO,
repe10auyBaHOro HAKOITMYEHHS 3aTPUMOK 3aMiCTh BUIIAJIKOBOTO, XapaKTEPHOTO
it CSMA-1ofiOHUX MTPOTOKOIIB.

BoxHouac 3acTocyBaHHS JIeTEPMiHOBAaHMX MEXaHI3MIB JIOCTYITy Ta YacOBOi
cunxponizaiii B FANET mnop’s3ane 3 meBHUMH OOMEXCHHsAMU. JlMHaAMivuHA
TOHOJIOTISt Mepeki mnoTpeOye anmanramii po3KiIaaiB JOCTYIy, a ITOMHIIKA
cuHXpoHi3auii abo Brpata GNSS-curnamy MoXyTh HPU3BOANUTH IO TOPYIIECHHS
4acoBOl y3roJpkeHocTi MK Bysinamu. Tomy B peanpHux FANET wacrto
3aCTOCOBYIOTHCS TIOPHIHI MiJXOIH, SIKI TOEAHYIOTh €IEMEHTH JISTEPMIiHOBAHOTO
Ta BUITAJKOBOTO JOCTYILy 10 CEpEIOBHUINA.

TaknMm UNHOM, MEXaHI3MH JIOCTYITY JI0 CEPEOBHIIA TA YACOBOi CHHXPOHI3awii
BIJIrpaloTh BU3HAYaJbHY pOJib Y (opMyBaHHI yacoBux 3aTpuMok y FANET.
BunankoBi cxemu JOCTYIy 3yMOBJIIOIOTH BHCOKY BapiaTHBHICTB 3aTPHUMOK,
TOZI SIK YacOBO-CHHXPOHI30BaHI MEXaHi3MH CTBOPIOIOTH HEPEIYMOBH ISl 1X
JerepMiHizamii. YCBIIOMIICHHS I[bOI'O B3a€MO3B’SI3KY € B@KJIMBUM E€TarioM
AQHAJITUYHOTO JIOCIIJDKEHHS YacoBoi moBeniHku OararoxornoBux FANET
3 NMPOCTOPOBO-PO3NOAIIEHUMH TOBITPSHUMH By3JIaMH Ta (POPMYy€e OCHOBY JUIsl
MOAAJIBIIOTO y3arajlbHEHHS! OTPUMaHUX Pe3yJIbTarTiB.

Ha Bigminy Bing iHQpacTpyKTypHHUX a00 CciaOKOMOOUIBHHUX O0€3pOTOBUX
mepexx, FANET xapakrepusyroTbCsi TPUBUMIPHOIO JUHAMIYHOIO TOIOJIOTIEIO,
BHCOKOIO MOOIJIBHICTIO BY3JIB 1 BIJICYTHICTIO LICHTPAJII30BAHOTO KEPYyBaHHSI, 110
MPUHIMIIOBO BIUTUBAE Ha MexaHizmu (opmysanHs end-to-end 3arpumox?.

Yacosa 3arpumka B FANET dopMmyeTbes SIK CyKyMHICTh CKIIQIOBHX Pi3HOT
MIPUPOIH, SIKI HAKOIMHMYYIOTHCS Ha KO)KHOMY XOII MaplipyTy. 3alpornoHOBaHa
nexomnosuilis end-to-end 3aTpUMKH J03BOJISIE BUOKPEMHUTH BHECOK 3aTPUMOK

#  Bekmezci 1., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.
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TIOLIMPEHHs], TIepelaBaHHs, JIOCTYIY JI0 CEpeloBHIa, 0OpOOKH Ta YepryBaHHs
MaKeTiB, a TAKOX IPOAHaIi3yBaTH IXHIO BIJIHOCHY 3HAUyIIICTh 3aJIE)KHO BiJl
apXiTeKTypH Mepeki Ta yMOB (yHKLiOHYBaHHS '

Jns taktnunux 1 orneparuBHUX cueHapiiB FANET 3arpumMka mommpeHHs
CUTHAJY, SIK NPaBHJIO, HE € JIOMIHYIOUOIO CKJIJIOBOIO, TOJI SIK BHpILIaJIbHUI
BIUIMB Ha YacOBI XapaKTEPUCTHKH MAIOTh 3aTPUMKH KaHAJILHOTO Ta MEPEKEBOTO
PiBHIB, 30KpeMa 3aTpUMKa JOCTYITy J0 CEPEAOBHIIA Ta 3aTPHMKa YepryBaHH:.
[xHs BapiaTHBHICTh 3HAYHOIO MipOI0 BU3HAYAECTHCSA TPOCTOPOBUM PO3MOILIOM
MOBITPSIHUX BY3J1iB, KiTbKICTIO XOMIB 1 IMHAMIKOK TOMOJOTTYHUX 3MiH?!.

AHaJi3 BIUIMBY MPOCTOPOBOTO PO3MOAUTY Ta MOOUIBHOCTI ITOKa3aB, IIO L
(axropu Oe3rocepeIHFO POPMYIOTh HECTAI[IOHAPHUH XapaKTep YaCOBUX 3aTPUMOK
y FANET. 3minu miinpHOCTI Mepeski, nepeOynoBa MaplpyTiB i HecTaOUIBHICTh
pajiokaHaliB TPHU3BOAATH /IO HAKONMYCHHS 3aTPUMOK Ta 3pOCTaHHs jitter,
IO YCKJIAJHIOE 3a0€3MeUeHHs JETEPMIHOBAHMX YaCOBUX XapaKTEPUCTHK IpU
OaratoxomnoBiii mepenadi AaHuWX?. BUMagKoBi CXeMH JOCTYIy, XapaKTepHi Ui
knacnyanx MANET, y FANET npusBonsth /10 3Ha4HOT BapiaTHBHOCTI 3aTPHUMOK,
sIKa HAKOITMYYEThCS 3 KOKHMM JIOIAaTKOBMM XxoIloM. HaromicTh 3acTocyBaHHS
YaCOBO-CUHXPOHI30BaHUX MEXaHI3MIB JIOCTYIy CTBOPIOE MEPEAyMOBH JUIsl
OOMEXEeHHSI Ta YaCTKOBOI JAeTepMiHizallii 3aTpUMOK, X04a IX peajizailis B yMoBax
JIMHAMIYHOT TOTIOJIOTIT OB sI3aHa 3 HU3KOIO NMPAKTHYHUX OOMEKEHb.

VY3aranpHIOOUM pE3yNbTaTH, MOXHA 3poOHTH BHCHOBOK, mo FANET
JOLUIBHO PO3IISIATH SIK AMHAMIYHY ITPOCTOPOBO-PO3IOIUICHY CUCTEMY, Y SIKIH
YyacoBa 3aTpUMKa € HE CTaTMYHUM MapaMeTpoM, a pe3yJlbTaToM B3aeMOJii
TOIOJIOTIYHUX, MPOTOKOJIBHUX 1 (PI3UYHUX YMHHHKIB. Takuii MiIXix I03BOJISIE
KOPEKTHO IHTEpPIIPETYBaTH 4YacoBy IIOBEIIHKY 0araroxoroBHX IOBITPSIHUX
Mepex 1 (QOpMye METOHOJNOTIYHY OCHOBY JUUIsl TOHAJBINUX JIOCHIKCHb,
CIpSIMOBAaHUX Ha IiJABHIIEHHS TependadyBaHOCTI Ta KEPOBAHOCTI YaCOBHX
xapaktepuctuk FANET.

5. MeTogu4HuIA aHasi3 aHTEHHUX i Gi3UYHUX METOAIB 3MEHLLEHHS
3aTpumoK y FANET
PozButok FANET stk ocHOBM Juiss 1OOY/IOBH DO3IOIUICHHX IMOBITPSHUX
CHUCTEM 3B’SI3Ky 3yMOBHB 3pOCTaHHS BHMMOI O 4YacOBUX XapaKTEpPHUCTUK
TriepesiaBaHHs JaHUX, 0COOJIMBO B 0AaraToXOMOBHX CLEHApIsAX. Y TakuxX Mepekax

0 Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.

31 Gupta L., Jain R., Vaszkun G. Survey of important issues in UAV communication networks // [EEE
Communications Surveys & Tutorials. 2016. Vol. 18, no. 2. P. 1123-1152.

32 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.
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0e3MuIOTHI JHiTalbHI amapaTtd OJHOYACHO BHKOHYIOTH (YHKIIi JDKepe,
npuiiMadiB 1 peTpaHcisTopiB iH(poOpMalii, MO0 NPU3BOAUTH J0 HAKOIUYCHHS
YaCcOBHX 3aTPUMOK Ta 3pOCTaHHS IX BaplaTMBHOCTI MPH MPOXOKEHHI MaKeTiB
4yepes3 JCKijbKa MOBITPSIHUX BY3MiB>.

Y  cyuacHux pocimimpkeHHsx FANET ocHoBHa yBara TpaauuidHO
MIPUAIISIETHCS MEPEXKEBUM 1 KaHAIBHUM MEXaHi3MaM KEepyBaHHS 3aTPHUMKaMH,
30KpeMa MapuIpyTH3allii Ta JAOCTymy J0 cepenoBuina. Bomnouac dizmuHwmii
piBEHb 1 AQHTEHHI CHUCTEMHM YacTO pPO3NINAIOTHCS IEPEBAKHO 3 MO3UIIH
IiIBUIICHHS MIPOITYCKHOI 31aTHOCTI a00 €HEepreTUYHOI e()eKTUBHOCTI, TOMI SIK
iXHI{ BIUIMB Ha YacoBl XapaKTEPUCTHKH MEpPEeXi 3aJUIIAE€TbCS HEIO0CTaTHBO
CHCTEMATH30BaHUM™.

Pazom 3 Tum y FANET ¢i3uunuii piBeHb Ma€ iCTOTHUH HENpsSIMMU BIUINB
Ha (opMyBaHHS 4YacOBMUX 3arpuMOK. HecTaOurbHICTH pajiokaHaiy, 3MiHH
YMOB IOLIMPEHHs CUTHAITY, JIOTUIEPIBChKI 3CyBH Ta (IyKTyarii piBHS CHUTHaIY
MIPU3BOJSATE 10 3POCTaHHS IMOBIPHOCTI HOBTOPHHMX Iiepenad, 110, y CBOIO
yepry, Oe3nocepeHbO BiIOMBAETHCS HA 3aTPUMKaX JIOCTYITy JO CEpelOBHIIA
Ta Mpolecax YepryBaHHsS Ha KaHabHOMY piBHI. Y OaratoxomoBux FANET
Taki e(ekTH HaKONUYyroThCs, (OPMYIOUM 3HAaYHY BapiaTHBHICTH end-to-end
3aTPUMOK HABITh 32 BITHOCHO CTa0IBHOT TOIOJOTII.

AHTEHHI CUCTEMH BiJiIrpaloTh y IIbOMY KOHTEKCTI OCOOJIMBY POJIb, OCKIIBKU
came BOHM BH3HAYarOTh POCTOPOBI BIACTUBOCTI PAI0JIIHKIB MiXK TIOBITPSTHUMHU
By3JlaMH. BuKkopHcTaHHS CIIpIMOBaHHMX aHTEH, NMPOCTOPOBOI JuBepcudikarii,
MIMO Ta TexHonorii ¢opmyBaHHS NPOMEHs BIUIMBAE HE JIMIIE Ha PIBEHb
CUTHAJy, aje W Ha CcTaOUIbHICTh KaHaly, IMOBIPHICTH PO3PUBIB 3’€JHAHb
Ta YacTOTy IMOBTOPHUX Mepenad. [Ipore B OLIBIIOCTI POOIT IIi MEXaHi3MH
AHAJI3YIOTHCS 130JIbOBAHO BiJ YaCOBOT MOBEAIHKM MEpPEXi, 0e3 sIBHOTO 3B’S3KYy
3 (hopMyBaHHSM 3aTPUMOK 1 X BapiaTUBHOCTI.

OcootmuBocti FANET, 30kpema TpuBUMipHa MOOIJIBHICTD, 3MIHHA T€OMETPIst
Mepexi Ta 0OMeKeHI pecypcu TOBITPSHHUX IUIaT(opM, YCKIaJHIOIOThH MpsiMe
TIepPEeHEeCEHHsT PEe3yJIbTaTiB, OTPUMAHMX Ul HAa3eMHHX O€3/pOTOBHX MEpexK,
Ha MOBITPsHI cueHapii’®. Lle 3yMOBIO€ HEOOXIHICTh OKPEMOTO0 METOANYHOIO
OCMHCJICHHSI aHTCHHHUX 1 (I3MYHUX METOJIB caMe B KOHTEKCTI 3MEHIICHHS
yacoBux 3arpuMok y FANET, a He nuime nokpamieHHs €HEepreTM4HuX ado
CIEKTPaJIbHUX MMOKA3HUKIB.

3 Bekmezcei 1., Sahingoz O. K., Temel S. Flying ad-hoc networks (FANETS): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

3 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

3 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.
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Y mnomepenHix poboTax TmoOkKazaHo, o Juis OararoxomoBux FANET
JOMIHYIOUAMH 3 TOYKH 30pYy YacOBOI HECTAOUILHOCTI € 3aTpUMKH, IOB’s3aHi
3 KaHaJIbHUM pIBHEM 1 JOCTYNIOM [0 cepenoBHiia. BomHouac ¢izuuHuid
piBeHb popMy€e BUXIJHI YMOBH JUIsl IX BUHUKHEHHS, BU3HAUYaI0YH CTAOIIBHICTD
PamioNiHKIB 1 XapakTep MOBTOpPHUX mepenad. Lle cBiquuTh MpPO JOIUIBHICTH
po3misiay anteHHHx 1 PHY-meromiB sk 6a3oBoro piBHS cradimizailii 4acoBHX
XapaKTepUCTHUK, SIKUH JIOTMIOBHIOE MEPEKEB] Ta KaHAIbHI MEXaHI3MHU KepyBaHHs
3aTpPUMKaMHU.

VY 3B’513Ky 3 IIUM aKTyaJIbHUM € MCTOIUYHHUI aHai3 aHTCHHUX 1 (Pi3HUHIX
MeTofiB 3MeHuIeHHs 3aTpuMok y FANET, cnpsiMmoBanuii Ha cucteMaTH3aliio
TXHBOTO BIUIMBY Ha YaCOBI XapaKTEPUCTUKHI MEPEKi 0€3 IepEeX01y /10 KOHKPETHHX
QITOPUTMIYHUX peattizauiid. Takuii miaxia 103Bossie BUSHAUYUTH POIIb (Pi3MYHOTO
PiBHSI B 3araJibHii apXiTeKTypi KepyBaHHs 3aTPUMKaMM Ta CTBOPIOE IIJIIPYHTS
JUTSL TIOAAJIBIINX 1HTETPAiiHUX JOCTIKEHb, 10 nmoeaHyoTh PHY-, MAC- Tta
MEPEKEBI MEXaHI3MU.

Metoro po3nily € MCETOMUYHHUI aHali3 aHTCHHUX 1 (I3UYHHUX METOIIB
3MeHIIeHHsT dacoBux 3arpuMok y FANET 3 ypaxyBanusm crenudiku
0araToxXornoBUX IOBITPSHUX Mepex. JIs HOCSATHEHHS IOCTaBJIEHOI METH
B poboTi po3nISTHYTO pOib (Ii3MYHOrO piBHA y (opMyBaHHI YaCOBUX
XapaKTepUCTUK, IPOAHATI30BaHO BIUIMB AHTEHHUX CHCTEM, HPOCTOPOBOI
nuBepcudikanii, MIMO Ta TexHosoriii (hopMyBaHHS NMPOMEHS Ha CTaOLIBHICTh
palioNiHKIB, @ TAKO)K BU3HAYEHO OOMEXKEHHs 3aCTOCyBaHHsS aHTeHHHMX 1 PHY-
migxomiB y FANET.

5.1. Poub ¢izmuHoro piBHsa y ¢popmyBanHi yacoBux 3atpumok y FANET
®iznynnit pisenb y Flying Ad Hoc Networks (FANET) Ttpaauuiiino
PO3IISIIAEThCA SIK MIJICHCTEMA, 10 BH3HAYa€ MPOIYCKHY 3/aTHICTh, AaJbHICTh
3B’SI3Ky Ta €HepreTuuHy e(eKTHBHICTh IiepelaBaHHS JaHuUX. BopHowac
y 0araroXomoBuUX TOBITPSHUX Mepexax (GI3UYHMKA pIiBEHb Ma€ ICTOTHHH
OIIOCEPEAKOBaHHU BIUIMB HAa YaCOBI XapaKTEPUCTHKH MEpeiaBaHHs, (OpMyIOun
BHUXI/IHI YMOBH JUIsl pOOOTH KaHAIBHOTO Ta MEPEKEBOTO PiBHIBY.

Y FANET 3arpumka TOIIMPEHHS CHUTHAJYy 3a3BHYail HE € JIOMIHYIOYOIO
ckianoBoro end-to-end 3aTpuMkH, onHaK (Hi3WYHI BIACTHUBOCTI pajioKaHaIy
0e3rnocepelHb0 BIUIMBAIOTH Ha IMOBIPHICTh TIOMMJIOK, MOBTOPHHX Iepenad
1 po3puBiB 3’e€qHaHb. [loTipmIeHHS SKOCTI KaHaJy NMPHU3BOIUTH JO 3POCTaHHS
KIUJIBKOCTI TIOBTOPHHUX TepeJiad Ha KaHAJIbHOMY PiBHI, 1110 BUKJIMKAE 301JIbIICHHS
3aTPUMKH JIOCTYILy JIO CEpE/lOBHINA Ta HAKONWYEHHs jitter y 0araTtoXomoBUX
MapmpyTax®’.

3% Goldsmith A. Wireless Communications. Cambridge : Cambridge University Press, 2005. 664 p.

37 Rappaport T. S. Wireless Communications: Principles and Practice. 2nd ed. Upper Saddle River :
Prentice Hall, 2002. 736 p.
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Ocoobmugictio FANET € nunamiqHuii Xapakrtep pajiokaHaiy, 3yMOBICHUI
TPUBUMIPHOIO MOOUIBHICTIO MOBITPSHUX BY3JiB, 3MIHOIO IX B3a€MHOTO
IIPOCTOPOBOTO TOJIOKEHHSI Ta MIBUAKOCTEH pyxy. JloruepiBcbki 3cyBH,
¢Guykryanii piBHS CHUTHaJly Ta UIBHAKA 3MiHA YMOB NPSMOi BHAWMOCTI
MIPU3BOJSATE JI0 HECTALlIOHAPHOCTI KaHaJly HaBITh y MeXaxX OJHOTO CEaHCy
nepeaBaHHs®. Y Takux ymoBax (i3HuHHII PiBEHb CTa€ DKEPETIOM YacOBOi
HEeCTabUIBHOCTI, SIKa JlaJli TPAHCIIOETHCS y BUIVIA/I BapiaTUBHOCTI 3aTPHUMOK Ha
BUIIMX PIBHAX MPOTOKOJIBHOTO CTEKY.

VY oGararoxonoBux FANET ¢isuunuii piBeHb BIUIMBAE Ha 4YacoBi
XapaKTEepUCTUKK HE 130JbOBAHO, a 4Yepe3 JIAHIIOT MPUYMHHO-HACIIIKOBUX
3B’5I3KiB: HecTaOUIbHICTh KaHaly — 3poctanHs BER — moBrophi nepenaui —
30ubieHHss MAC-3aTpuMKH — HaKOoMMYeHHs jitter. Takuii MexaHi3M 3yMOBIIIO€
Te, 10 HABITh HE3HAYHI ITOKPAIIEHHs cTa0lIbHOCTI (DI3UYHOTO KaHaly MOXYTh
Mary HeNpOIOPIIHHO BEJIMKUH e(eKT 11010 3MEHILIeHHS BapiaTUBHOCTI end-to-
end 3arpumku®.

Huns FANET xapaktepHa TakoX 3aJ€XKHICTh YacOBHX XapaKTEPUCTHK
BiJl YMOB NPsIMOI Ta HENpsIMOI BUAMMOCTI MDK TOBITPSHMMH By3JaMu. Xoda
MOBITPsHI TIATGOPMHU YacTO 3a0e3NeuyloTh CHpUSTINBI yMOBH LOS-3B’s13KY,
maneBpu BIIJIA, 3MiHa BHCOTH Ta Opi€HTalil aHTEH MOXYTb NPHU3BOJUTH JI0
KOPOTKOYACHHMX IOTiplIeHb KaHary abo nepexoiB y NLoS-pexumu. Taki nopuii
CYIPOBOJKYIOThCS PI3KMMH 3MiHaMH e()eKTHBHOI MIBUAKOCTI NepeJaBaHHs Ta
3aTPUMOK, 1[0 0COOIMBO KPUTHYHO U1l OAraToOXOMOBHX MapIiupyTiB*.

AmntenHi cuctemu Ta PHY-pimenHs BU3Ha4al0Th MPOCTOPOBI Ta CIEKTPaIbHi
BiactuBocti panioninkiB y FANET, a orxe — i cTyminb crabinbHocTi (izngHOro
kaHaiy. Ha BinMiHY Biji MEpeKeBHUX 1 KaHAJIbHUX MEXaHi3MiB, sIKi pearyloTh Ha
B)XK€ HasBHI MOPYILEHHS 3B’s3KYy, (i3UUHMI piBeHb (OPMY€ NEPBHHHI YMOBHU
JUTs X BUHHKHEHHs a00 3arnobiranss. Y mpomy ceHci PHY mMoxe posmisaatucs
sK 0a30BHH piBeHb CTabLI3aIlil YacCOBHX XapaKTEPHCTHUK, IO 3MCHIIYE
HaBaHTaxeHHss HA MAC 1 MepexeBi MexaHi3MH KepyBaHHS 3aTpuMKamu®!.

Takum unHOM, ¢isnunmii piBens y FANET cnin posmisnarn He nuiie
sIK 3aci0 3a0e3nedyeHHs 3B’SI3KY, ajie 1 SK HeNnpsIMAN 1HCTPYMEHT KepyBaHHS
4acoBUMHM 3aTpuMKamu. Metoandnuii ananiz PHY-piniens y KOHTEKCTi 4acOBUX

8 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

3 Kurose J. F, Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.

40 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

4 Bekmezci 1., Sahingoz O. K., Temel §. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.
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XapaKTEePUCTHUK JI03BOJISIE TIEPEOCMUCIHTH POJIb AHTEHHUX CUCTEM 1 (Di3MYHUX
METOJB SIK CKJIaJIOBOI KOMIIIEKCHOTO IIJIXOAY 0 3MEHIICHHS 3aTPUMOK
y 6araToxornoBHx HOBITPSHUX Mepekax. Lle cTBOproe OCHOBY JJIsl TIOJAIIBIIOTO
PO3IVIsIy aHTEHHHUX MeXaHi3MiB cTadinizanii yacoBux xapakrepructiuk y FANET.
5.2. AHTEHHi cHcTeMH SIK 3aci0 cTraodimizamii
yacoBux xapakrepuctuk y FANET

AHTEHHI CUCTEMH € OJTHUM i3 KJIFOYOBUX esieMeHTiB (hiznunoro piBHst FANET,
sIKI BHM3HA4YalOTh IPOCTOPOBI BJIACTHBOCTI PAAIONIHKIB MK IOBITPSIHUMH
By3JIaMH Ta Oe3I0ocepe/IHbO BILIMBAIOTh Ha CTAOUIBHICTH IEpe/laBaHHs JaHHX.
VY KOHTEKCTI YaCOBHMX XapaKTepHCTHK AaHTEHHI PIIICHHS MaroTh PO3INISIATHCS
He JuIIe sK 3aci0 MiABMINEHHsS DPIBHS CUTHaly a0o IMPOIYCKHOI 37aTHOCTI,
a SIK IHCTpyMEHT 3MEHILICHHS BapiaTUBHOCTI 3aTPUMOK HIISIXOM cTalimizaril
¢biznuHOrO KaHAMy*.

Y FANET tpamuuiiHO 3acTOCOBYIOTBCS BCECIPSIMOBAaHI aHTEHH, IO
3a0e3Meuy0Th MPOCTOTY pealtizallii Ta HeYyTIIUBICTD IO OpPIEHTAIIT MOBITPSHOL
riardopmu. [Ipore Taki anTeHu GOPMYIOTH PaIioIiHKK 3 BUCOKOIO Yy TIUBICTIO
JI0 3aBaj, 0araTolpOMEHEBOIr0 INOMIMPEHHS Ta B3aEMHUX IIEPEIIKOA MIX
CyCIIHIMHU By3/1aMH. Y 0araToxXornoBHX CLEHApisX L MPU3BOJHUTH JI0 3POCTaHHS
IMOBIPHOCTI TIOMWJIOK 1 NOBTOPHUX Hepenady, IO TPAHCIIOETBCS y BHIVIIL
301MbIICHHS 3aTPUMKH TOCTYIy 10 CEpPEIOBHIIA Ta HAKOTHUYCHHS jitter*.

3actocyBaHHsa crnpsmoBaHux aHTeH y FANET nosBonsie 3ocepeautu
SHEeprilo BUIPOMIHIOBaHHS B HANPSMKY LUILOBOTO By3Ja, 3MEHIIYIOYH PiBEHb
3aBa/l 1 MiABHUIYIOUHM CTAaOLIBHICTh Pa/ioiHKy. Y 4acOBOMY acleKTi I1e O3HavYae
3MEHIICHHS KUJIbKOCTI MIOBTOPHUX Tepesayd 1 OuIbl mepeadadyBaHy MOBEIIHKY
KaHAJIBHOTO PiBHS, IO 0E3MOCepeIHRO BILIMBAE HA BapiaTHBHICTH 3aTPHUMOK*.
TakuM YMHOM, CHPSIMOBAaHI AHTEHW MOXKYTh PO3IISIATUCS SK MeEXaHi3M
HENPSIMOTO KePyBaHHS YaCOBHMH XapaKTEPUCTHKAMH MEPEXi.

OcoOnuBe  3HaueHHs aHTeHHI cucremu HaOyeatotb y  FANET
3 BUCOKOIO IIUIBHICTIO BY3JIiB 200 B CLEHApisX IHTEHCHMBHOTO 0araroxoroBOro
perpancitoBanHsl. OOMEKEHHS MPOCTOPOBOTO BHUIIPOMIHIOBAHHS JIO3BOJISIE
3MEHIIUTH KUIBKICTh KOHKYPEHTHHX IIepeaBadiB y 30HI B3a€EMHOIO BILIHBY,
IO 3HIKYE PIBEHb KOJI3iH 1 QuIyKTyaliil 3aTpUMKH JIOCTYIY 10 CEPEIOBHIIA.
Y pesynbrari end-to-end 3aTpuMka CTa€ MCHII BapiaTHBHOK HAaBIiThH 3a
30epeKeHHS BUIAJKOBUX MEXaHI3MiB IOCTYIy Ha KaHAJIbHOMY PiBHI*.

4 Rappaport T. S. Wireless Communications: Principles and Practice. 2nd ed. Upper Saddle River :
Prentice Hall, 2002. 736 p.

# Goldsmith A. Wireless Communications. Cambridge : Cambridge University Press, 2005. 664 p.

4 Bekmezci 1., Sahingoz O. K., Temel $. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.

4 Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function // IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.

197



Ymoru excrutyaranii FANET naxianators crienudiuyii BAMOTHM Ha aHTEHHI
cucreMd. TpuBMMipHa MOOUIBHICTH MOBITPSIHUX BY3JIB 1 MOCTiHHA 3MiHa
iX B3a€MHOI OpieHTalii yCKJIaJHIOIOTh BHUKOPHCTAHHS KOPCTKO (DIKCOBaHMX
crpsiMOBaHUX aHTeH. [Ipore HaBiTH IMOMipHA CHPSIMOBaHICTH a00 ajanTHBHA
nepeOyoBa JiarpaMu BHITPOMIHIOBAHHSI MOXKE 1ICTOTHO 3MEHIIMTH (IIyKTyarii
SIKOCTI KaHaJTy Ta MOB’s3aHi 3 HUMH 4acOBi HeCTaOlmbHOCTI,

AHTEHHI CHCTEMH TaKOX BIUIMBAIOTH Ha 4YacoBi xapakrepuctuku FANET
4yepes 3MiHy MPOCTOPOBOI CTPYKTYypH Mepexi. DopMyBaHHS OUIbII CTa0LTBHUX
1 JIOBrOTPHBAJIMX JIIHKIB MK OKPEMHMH IapaMH BY3JIiB CIIPHS€ 3MEHILICHHIO
4acTOTH NepeOyaoBH MapIIPyTiB i, BIANOBIAHO, 3HMKEHHIO BapiaTHBHOCTI
3aTPUMOK, MOB’SI3aHUX 3 MapIIpyTU3AlIHHUMU MOMIsIMU. Y IIbOMY CEHCI
AQHTEHHI PIILICHHS MalOTh MDKPIBHEBUH BIUIHMB, TOEAHYIOUN (Di3U4HI Ta MEpeKeBi
acriekTH (popMyBaHHS 4YaCOBUX XapaKTEPUCTHUK.

Takum uymHOM, aHTeHHiI cucremu y FANET noninsHO posmisiaru sik
6azoBuii 3acid crabinizalii YacOBUX XapaKTEPUCTHK, SKUH Ji€ Ha (i3HIHOMY
piBHI Ta 3MEHINyE JpKepesia BapiaTHBHOCTI 3aTPUMOK IIe A0 iX IMposiBy Ha
KaHaJIbHOMY Ta MEpEXEBOMY DPIBHSX. METOJMYHMI aHalli3 aHTCHHHUX pILlCHb
CTBOPIOE OCHOBY JUISi MOAAJIBLIOTO PO3IVISLY IPOCTOPOBOi JuBepcudikarii,
MIMO Ta TexHousoriii (opMyBaHHS NPOMEHS SIK IHCTPYMEHTIB 3MEHILCHHS
3aTPUMOK y 0araroxoroBHX MOBITPSIHUX Mepexax.

5.3. IIpoctopoBa nuBepcudikanis Ta MIMO y KoHTeKcTi 4acoBHX
3arpumoxk y FANET

IIpocropoBa pmBepcudikamis Ta OaratokaHanbHi TexHonorii MIMO
TPaAMLIIHO PO3IVISIAIOTECS SIK 3acOOM ITJBHMIICHHS IPOIYCKHOI 31aTHOCTI
Ta HaJiifHOCTI 0e3poTOBUX cHcTeM 3B’s3Ky. Oxnak y koHtekcti Flying Ad
Hoc Networks (FANET) ix mouigpHO aHaii3yBaTH TaKoXK 3 MO3MLIM BIUIMBY
Ha YacoBl XapaKTEPUCTHKU IepellaBaHHs, 30KpeMa Ha CTaOIbHICTh 3aTPUMOK
y GarartoxomnoBux cueHapisx*’. IIpoctopoBa muBepcudikaiisi IPyHTYEThCS Ha
BUKOPUCTAHHI JICKUIBKOX aHTCHHHX EJIEMEHTIB JJIsi (JOPMYBAHHS HE3aJICKHUX
a00 4acTKOBO KopenboBaHMX KaHaniB nepenaBanHus. Y FANET, ne panmiokanan
3a3Ha€ MIBUAKHUX (MIIyKTyarii yHaciI0K MOOUIBHOCTI MOBITPSIHUX BY3JIiB 1 3MiH
reoMeTpii Mepexi, TuBepcudikallisi J03BOJSE 3MECHIIUTH IMOBIPHICTh TITHOOKUX
3aBMHpaHb Ta KOPOTKOYAaCHUX PO3PUBIB 3B’S3Ky. Y YacoBOMY BHMIpi Iie
O3Haya€ 3HWKEHH KiJIbKOCTI TOBTOPHUX TIepead 1 Ol cTalbinbHy MOBEIIHKY
KaHaJIBbHOTO PiBHS*.

46 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:

Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.

4 Rappaport T. S. Wireless Communications: Principles and Practice. 2nd ed. Upper Saddle River :
Prentice Hall, 2002. 736 p.

#  Goldsmith A. Wireless Communications. Cambridge : Cambridge University Press, 2005. 664 p.
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VY o6araroxonoBux FANET edekr mnpoctopoBoi nuBepcudikamii mae
BJIACTUBICTh HakonuuyBarucs. Crabunizaiis KOXHOTO OKPEMOro pajioiiHKy
3MEHIIy€ BapiaTUBHICTh 3aTPUMOK Ha BIJIMOBITHOMY XOIIi, IO y CYKYITHOCTI
MPU3BOANTL 1O 3HIDKeHHs jitter Ha end-to-end piBHi. Takum dYuHOM,
HaBiTh IMOMIpHE MIiABUIIEHHS HaJIHHOCTI (I3WYHOTO KaHAy MOXE Maru
HENPOIOPLIHHO BEJIMKUI BILUIMB HA 4aCOBI XapaKTEpPUCTHKH 0AararoxoroBOrO
Mapupyty®.

Texnonorii MIMO 'y FANET wMoxyte  peaii3oByBartucs sk
y Ppexumi mpocTtopoBoi amBepcudikaiii, Tak 1 y BUNILAI MPOCTOPOBOTO
MYJIBTUIUICKCYBaHHS. Y KOHTEKCTI 3MEHIICHHs 3aTPUMOK 1 X BapiaTMBHOCTI
MIPIOPUTETHUM € came AuBepcH]IKaIHUI PeKUM, OCKIIBKH BiH CIIPSIMOBAaHUN
HAa IiBUINCHHS CTa0IIbHOCTI KaHay, a HC Ha 30UIBIICHHS MIKOBOI MIBUIKOCTI
nepenaBanHs. Buxopucranns MIMO sk iHcTpyMmeHTa craOimizauii 3HUXKYe
HWMOBIPHICTh MOBTOPHUX Iepeaay i, BiJIIOBIIHO, 3MEHIIY€E 3aTPUMKH JIOCTYILY
JIO CEpEeJIOBHUIIA Ta YePryBaHHs MakeTis>’.

Ocootmugictio FANET € Te, 1m0 ehexTHBHICT IPOCTOPOBOI ANBepcHdiKarii
ta MIMO cyTT€BO 3aJIeXKNTh BiJl TeOMETPil PO3MILLICHHS! aHTEH Ha MOBITPSHIN
rardopmi, 1 opieHTalii B MPOCTOpI Ta B3aEMHOTO PO3TAIyBAaHHS BY3IiB.
TpuBnMipHa MOOUIBHICTH MOJKE SIK ITiJBHIIyBaTH €(hEKTUBHICTD JUBEpCcUdiKanii
32 paxyHOK 3MIHM NPOCTOPOBHMX KOPEJSLiH, Tak 1 3HWXKyBaTH Ii yepe3
oOMexeHHs Maco-radaputHux xapakrtepuctuk bBIIJIA Ta HecTaOlnbHICTH
opienrarii aHTen.

3 METOIUYHOT TOYKH 30py BaXKIIMBO ITIJKPECINTH, 1110 3acTocyBanHs MIMO
y FANET He moBHHHO po3IiIsiiaTHCs 130IbOBAHO BiJl MEXaHI3MIB JIOCTYIY J0
cepenouina. Crabimizaniss (pi3MYHOr0 KaHaly 3MEHIIYE BapiaTHBHICTb 4acy
repesiaBaHHs KaJpiB 1 NOBTOPHHMX IEpejay, 10 CTBOPIOE OLIBII CHPUSTINBI
YMOBH JIsl IPOTrHO30BaHO1 poOoTH MAC-piBHS HaBITh y BUIAAKy BUKOPHUCTaHHS
ribpuaHnx ab0 YaCTKOBO BHUIAJKOBUX CXEM JIOCTYIY™,

Bonnouac Bukopucranus npoctopoBoi ausepcudikanii ta MIMO y FANET
CYIPOBOKYETBCSI HHM3KOIO OOMEXEHb, MOB’SI3aHUX 3 EHEProCIOKUBAHHSIM,
OOYMCITIOBAIGHOIO CKJIQIHICTIO Ta BUMOraMu Jio amapartHoi peamizamii. LIi
(axTopy MOXYTH OIOCEPEAKOBAHO BIUIMBATH Ha 3aTPUMKH OOpPOOKH IaKeTiB

% Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.

0 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

3l Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.

2 Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function / IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.
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i TIOBMHHI BpaXOBYBaTHCS HpPU METOJUYHOMY aHANi3i iX JOUIIBHOCTI JUIs
KOHKPETHHX CIICHApPiiB 3aCTOCYBaHHS .

Takum unHOM, IpocTopoBa auBepcudikamis Ta MIMO y FANET noninsHo
posmisimaté K (i3uuHI MexaHi3MH cTaburnizamnii 4acoBHX XapaKTepPHCTHK,
sIKI 3MEHIIYIOTh JDKepelia BapiaTMBHOCTI 3aTPUMOK Ha pIiBHI pajioKaHaly Ta
OIIOCEPEKOBAHO BIUIMBAIOTH HAa POOOTY KaHAJILHOTO i MEpEKEBOTO PIBHIB.
Ile crBOprO€ MeToaWMYHE MIAIPYHTS JAJsl MOAAJIBIIONO aHai3y TEXHOJOIiH
¢dbopmyBaHHs TpoMmeHs Ta multi-bcam migxodiB sk 3aco0iB 3MCHIICHHS
3aTPUMOK y 0araroxoroBHX MOBITPSIHUX Mepexax.

5.4. TexunoJiorii popmyBanns npoMensi Ta multi-beam nigxonn
SIK YUHHUKHU 3MeHIIeHHs 3aTpuMok y FANET

Texnounorii gopmysanns npomens (beamforming) ta multi-beam minxoan
€ JIOTIYHUM PO3BUTKOM aHTeHHHX 1 MIMO-piens Ta HaOyBarOTh 0COOIMBOTO
3naueHHsi B Flying Ad Hoc Networks (FANET) 3 ommsimy Ha TpuBHMIpHY
MOOUIBHICTH BY3JIB 1 JUHAMI4HY 3MiHY HPOCTOPOBOI KOH(QIrypamii mMepexi.
VY yacoBOMy KOHTEKCTI Iii TEXHOJIOT] JAOIJILHO PO3INIIaTH HE JIMIIE sIK 3aci0
MPOCTOPOBOTO (DOKYCYBaHHS CHEPTii, a sIK MEXaHi3M cTadimi3alii paaioiiHKiB,
[0 OIOCEPEKOBAHO 3MCHIIYE BapIaTUBHICTh 3aTPUMOK Y 0araroxOomoBUX
CIIeHapisX.

Beamforming j03Bosisie aanTHBHO 3MIHIOBATH JiarpaMy BUIIPOMIHIOBaHHS
AQHTEHHOI CHCTEMH BiAINOBITHO JI0 IPOCTOPOBOTO MOJIOKEHHS! IIJILOBOTO By3JIa.
Y FANET ue cnpusie 3MeHIIeHHIO (uIyKTyawiii piBHS CHUTHaly, BHUKJIMKaHUX
MaHEBpaMH MOBITPSIHUX IUIAT(GOPM, Ta 3HWKEHHIO BIUIMBY CTOPOHHIX 3aBajl.
VY uacoBomy BUMIpi cradumizamiss pajioidiHKy NPHU3BOIUTH JO 3MEHILCHHS
IMOBIpPHOCTI NMOBTOPHUX Iepesiay i Oinblr nependadyBaHoi poOOTH KaHAJIBHOTO
PIBHSI, [0 3HIKYE BapiaTUBHICTH 3aTPUMOK JIOCTYITY JIO CEPEeIOBHIIa*,

Y OGararoxomoBux FANET mnepeBarm beamforming nposBisitoTbCs
KyMysaTUBHO. KockeH cTabii3oBaHUH JIIHK 3MEHIIY€E JIOKaJbHY BapiaTHBHICTh
3aTPUMOK, SIKa B IHIIIOMY BHIIQ/IKy HAKOITMUYyBaacs 0 y3I0BK MapuipyTy. Takum
YMHOM, HaBITh YaCTKOBE 3acCTOCYyBaHHs (DOpMyBaHHsS INPOMEHS Ha OKPEMHUX
XOlnax MO)Ke IMO3MTHBHO BIuMBaTd Ha end-to-end 4YacoBi XapaKTEpHUCTHKU
Mepexi®.

Multi-beam migxoau, 1o nepeadadaroTh OMHOYACHE (POPMYBaHHS ICKITBKOX
MPOCTOPOBO  PO3JIICHUX IPOMCHIB, BiIKPHBAIOTh JIOJATKOBI MOXIIUBOCTI
3MeHIIeHHs 3aTpuMok y FANET. 3 MeToanyHO1 TOUKH 30py IX 3HaUEHHS IONIArae

33 Bekmezci 1., Sahingoz O. K., Temel S. Flying ad-hoc networks (FANETs): A survey // Ad Hoc
Networks. 2013. Vol. 11, no. 3. P. 1254-1270.
3 Goldsmith A. Wireless Communications. Cambridge : Cambridge University Press, 2005. 664 p.

3 Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.
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y mapaienisamii pajioiiHKIB, sSKa I03BOJIAE 3MCHIIUTH C(PEKT MOCIIIOBHOTO
store-and-forward nepenaBanHs Ha MPOMDKHUX By3J1aX. 32 HAIBHOCTI JIEKITBKOX
CTaOUIbHUX TIPOMEHIB MOBITPSIHUI BY30J MOXKE MIATPUMYBAaTH OIHOYACHI
3’€IHaHHS 3 KUIbKOMa CyCiJlaMH, IO 3HW)KY€ Yeprd Ha KaHaJIbHOMY DPiBHI Ta
o0MeKye HaKOMUUeHHs jitter .

Y FANET 3acrocyBannss beamforming 1 multi-beam TexHomorii
YCKIIATHIOEThCS  JIMHAMIYHOIO 3MIHOIO B33a€MHOI Opi€HTAlii IMOBITPSIHUX
ratopm 1 MBUIKOIO nepeOy0Boto Tonosorii. [ToMunkyn HaBeJeHHS TIPOMEHS
a00 3aTpUMKH HOTo ajganTanii MOXKyTh THMYACOBO MOTIPUIYBATH SIKICTh KaHAITy,
110 B YacOBOMY BHUMIpi HPOSIBISETHCS K KOPOTKOYACHI CIUIECKH 3aTPHMOK.
Tomy 3 METOOMYHOT TOYKH 30py Ba)JIMBO pO3MIsSaaTH (OpPMyBaHHS IPOMEHs
HE SIK 11eaTi30BaHUi MeXaHi3M, a SIK IHCTPYMEHT i3 IeBHUMHU OOMEKEHHSIMH Ta
KOMITpOMicaM# MK CTabUIBHICTIO KaHAIY W CKIJIaJHICTIO peaizarii®’.

BaxnuBuM acmektoM € Takok B3aemoiiss beamforming-pimens i3
MexaHi3MaMu JIocTyny 10 cepenoBuina. CraOimizamiss (i3MYHOTO KaHaIy
Ta 3MEHIICHHS pIBHS MIDKBY3JIOBHX 3aBaJi CTBOPIOIOTH IIEPEAYMOBH JUIs
6inbi mporHo3oBaHoi po6otn MAC-piBHS, HaBiTh y BUNAJAKy BHKOPHCTaHHS
riOpuaHnx abo 4acTKOBO BHIIAJIKOBUX CXEM JIOCTYITY. TaKMM YMHOM, TEXHOJIOTIi
(opMyBaHHS TPOMEHsI BHCTYNAIOTh IiJICHIIIOBaYeM €(DEeKTHBHOCTI KaHAJIBHUX
MEXaHi3MiB KepyBaHHS 3aTPUMKaMH, a He iX 3aMiHO0®.

3 meroan4Hoi Touku 30py beamforming i multi-beam migxomu B FANET
JOLUTBHO PO3MIISLAATH SIK (Di3NYHI MEXaHi3MH 0OMEKEHHS JUKEPEIT BapiaTHBHOCTI
3aTPUMOK, IO BHHUKAIOTH YCPe3 HECTAOLIbHICTH PaliONiHKIB i KOHKYPCHIIO
32 JIOCTYN 10 CEpelOBMINA. IX 3acTOCYBaHHS CTBOPIOE OiNbIn CTabinbHe
¢izuuHe MArpyHTS Ul pOOOTH KaHAJIBHOTO Ta MEPEKEBOIO PIBHIB 1 3HIIKYE
WMOBIpHICTD PI3KMX (UIyKTyaliii 4acoBUX XapaKTEPUCTHK y 0araToxXxOImOBUX
TIOBITPSIHUX Mepexax.

Po3risiHyTi aHTeHHI Ta ()i3UYHI METOIM 3MEHIICHHS YacOBHX 3aTPUMOK
y FANET wmarore cninbHy METOAMYHY OCHOBY, siKa INOJsArae y cradimizanii
PaMioNiHKIB SIK TICPBUHHOIO JDKEpesia 4acoBOi HecTaOUIbHOCTI. Hesaxkarouu
Ha BIIMIHHOCTI Yy NpHHLMIAX peaii3alii, COpsMOBaHI aHTEHH, MPOCTOPOBA
nuBepcudikaniss, MIMO Ta TexHosorii (opMmyBaHHS NPOMEHsS BIUIMBAIOTh
Ha 4YacoBl XapaKTEPUCTUKU Mepexi dvepe3 IMoAiOHI MPUYMHHO-HACIIIKOBI
MEXaHi3MH.

3 Mozaffari M., Saad W., Bennis M., Debbah M. A tutorial on UAVs for wireless networks:
Applications, challenges, and open problems // IEEE Communications Surveys & Tutorials. 2019.
Vol. 21, no. 3. P. 2334-2360.

37 Yanmaz E., Yahyanejad S., Rinner B., Hellwagner H., Bettstetter C. Drone networks:
Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.

% Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function / IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.
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AHTEHHI cucTeMn 3a0e3MeuyroTh IMPOCTOPOBY CEIEKII0 IepeaBaHHs,
3MEHIIYIOUM piBeHb 3aBaja 1 (uiykryanii sikocti kanaimy. IIpocrtoposa
nuBepcudikanis Ta MIMO migBUIIyOTh HaIIHHICTE (I3UYHOTO KaHATy
32 paxyHOK BHKOPHCTaHHS JIEKUIBKOX ITPOCTOPOBUX CTYIIEHIB CBOOOJIM,
3MEHIIYIOUM IMOBIPHICTh TIMOOKHMX 3aBMHpaHb 1 KOPOTKOYAaCHHX pPO3PUBIB
3’enHanHs. Texuounorii (opMyBaHHs npoMeHst Ta multi-beam mixxoau, y cBOro
4epry, J03BOJISIIOTh a/IallTUBHO MIJATPUMYBATH CTaOUIbHI JITHKK Ta 0OMEXyBaTh
B3a€MHUH BIIMB CYCIIHIX BY3JIiB Y IIIJIbHUX 200 0araroxornoBux KOHQITryparisx.

VY uacoBoMy BUMIpi BCi IIi MEXaHI3MH 3MEHIIYIOTh KUIBKICTh IMOBTOPHHUX
nepenay, QurykTyamii 4acy JOCTyIy JO CepeloBUINAa Ta HecTaOLIbHICTh
YepryBaHHs MakeTiB, SKi € OCHOBHMMH JDKEpEIaMH BapiaTUBHOCTI 3aTPUMOK
y FANET. Takum unHOM, anTeHHi Ta PHY-migxoqu BUKOHYIOTH POJib 0a30BOTO
piBHs cralumizalii YacoBHX XapaKTEPUCTHK, (OPMYIOUM CIPHUSTIMBI YMOBH
JUIsl pOOOTH KaHAJIBHOTO Ta MEPEKEBOIo PiBHIB 0e3 HEOOXITHOCTI iX KOPCTKOI
JeTepMiHi3allii.

BogHouac criIbHOIO PUCOIO PO3IISTHYTHX METOJIB € 1X HEeNpsSMHHA Xapakrep
BIUIMBY Ha YacoBi 3aTpUMKH. AHTEHHI Ta (i3UuHI pPILICHHS HE KepyloTh
3aTpUMKaMH Oe3MocepeiHbo, a 3MEHINYIOTh BapiaTHBHICTH pajlioKaHaly, sKa
TPAHCIIIOETBCSI Y 4YacoBYy HECTAOUIBHICTh HA BHIIHMX PIBHAX IMPOTOKOJIBHOTO
cteky. Lle 3ymoBittoe HeoOXiMHICTh po3rsaaTu anTenni, MIMO ta beamforming-
IiJIXO/IM HE 130JIbOBAHO, & Y B3a€MOIT 3 MEXaHi3MaMHu JOCTYITY JI0 CCPEIOBHIIA,
MapHIpyTH3alii Ta 4acoBOI CHHXPOHI3allii.

Takum unHOM, anTeHHI Ta PHY-Metoau y FANET norineHo iHTeprpeTyBaTu
SK (yHJaMEHTaJbHUI KOMIOHEHT KOMIUIEKCHOTO ITiAXOAY A0 3MEHIICHHS
YacOBHX 3aTPUMOK, SIKMH JIONOBHIOE MEPEKEeBl Ta KaHaJIbHI MEXaHI3MH Ta
CTBOPIOE METOJIUYHE MIAIPYHTS IS TIOJAIBIIOrO aHamizy IiX O0OMeXeHb
1 IPAaKTHYHOT 3aCTOCOBHOCTI B YMOBAX PEaJbHUX MOBITPSHUX MEPEK.

5.5. PHY-meroaun apanranii Ta ix BIuMB Ha yacoBi 3arpuMkn y FANET

Metomu ananTaiii Ha (Hi3MYHOMY PiBHI € HEBIJl'EMHOKO CKJIAJIOBOKO CYYaCHHX
0e37IPOTOBUX CHCTEM 3B’SI3KY Ta IIMPOKO 3aCTOCOBYIOTHCS JUIS IMIATPUMAaHHS
CTIMKOCTI KaHally B yMOBax 3MiHHOTO pamiocepenopuma. ¥ Flying Ad Hoc
Networks (FANET) PHY-ananranis HaOyBae 0coOJIMBOrO 3Ha4€HHS 3 OIVISILY
Ha TPUBHMMIpPHY MOOUIBHICTH TOBITPSHHUX BY3JIiB, IIBUIKI (UIyKTyarlii sKOCTI
KaHally Ta OOMEXEHI pecypcH MOBITPSHUX IuiaThopM. Y 4acoBOMY KOHTEKCTI
TaKi METOIH AOLIIBHO PO3NNISAATH SIK MEXaHi3MH OIOCEPEIKOBAHOIO BILIUBY
Ha 3aTPUMKH, sIKi (OPMYIOTh TIEPEIYMOBH JJIsl CTaOUILHOT pOOOTH KaHAJIBHOTO
PpiBHSL

OnHuM 13 6a30BuX iHcTpyMenTiB PHY-ananranii € anantiuBHa MOIYISIS Ta
xoxyBanHs (AMC), 1110 103BOJISIE 3MIHIOBATH MTapaMETPH MEPEIaBaHHs 3aJIeKHO
BiJ morouHoro crany kanaiy. ¥ FANET 3acrocyBanus AMC crnpsiMoBaHe He
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JIMIIE Ha IMiABUIICHHS CepeIHbOT IIBUAKOCTI NepeiaBaHHsl, ajie i Ha 3MEHIIICHHS
IMOBIPHOCTI MOMMWJIOK Yy HECHpPHUSTIMBUX YMOBax. Y 4YacoBOMY BHUMIpi Le
O3Haya€ CKOPOUCHHS KUIBKOCTI MOBTOPHUX Ie€pesad i, BiIOBIIHO, 3MEHIIICHHS
BapiaTUBHOCTI 3aTPUMOK JIOCTYITY JIO CEPE/IOBHIIA TA YePryBaHHS MaKETIB.

Pa3om 3 THM, 4acTi 3MiHM PEKHUMIB MOAYJISILIT Ta KOAYBaHHS MOXKYTh CaMi IO
co0l cTaTH JPKEpeJIoM YacoBOi HECTaOLIbHOCTI, 0COOIMBO B yMOBaX HIBUAKHX
GurykTyariii kaHamy. 3armi3Hijia a00 HETOYHA OIliHKA CTaHY KaHaly IPU3BOIUTH
JI0 HEY3TO/DKEHOCTI IapaMeTpiB Mepe/iaBaHHs Ta KOPOTKOYACHOTO MOTIPIICHHS
SIKOCTI 3B°s13KY, 110 y OararoxoroBux FANET nposiBisieTbest y BUIVISII CIUIECKIB
3atpuMok. lle Bumarae mMeTonuuHOro OajaHcy MiX MIBUAKICTIO ajanTauii Ta
CTabIIBHICTIO YACOBUX XapaKTEePUCTHK.

[HmmM BaxknmuBuM acriektoM PHY-apanranii € BuOip cTpyKkTypH Kajapy Ta
TpuBaJIoCTi (DI3MYHUX IHTEPBAIIB IEpeiaBaHHs. 3MECHIICHHS JOBXKUHH KaJpiB
1 BUKOPUCTaHHS PEXKHMMIB i3 HU3BKOIO 3aTPHMKOIO JI03BOJIIE OOMEXKHTH dHac,
HEOOXiJHMH JUIS MOBTOPHOI Iepenadi y pas3i NMOMWIKH, L0 3HHIXKYE IIKOBI
3HAYEeHHS 3aTPUMOK. BojHOUac KOpoTKi KaJpy 301IbIIYIOTh HAKJIAJHI BUTPATH
Ta MOXYTb NPHU3BOIUTH JI0 3pOCTaHHs HABAaHTA)KCHHS HA KaHAIbHHUH DiBEHb,
IO MTOBUHHO BPAXOBYBATHCS TIPU METOANYHOMY aHawi3i 1xX JouinbHOCTI®.

PHY-meronu ananrariii TakoX TOB’si3aHI 3 KEPYBAaHHSM MOTYXHICTIO
TriepesiaBatHsl, sSIKe BIUIMBA€E HA CTa0UIBHICTD PAJIOJIIHKY Ta PiBEHb MIKBY3JIOBUX
3aBap. Y FANET nanmipHi durykryamii moTyHOCTI MOXYTh IPH3BOIUTH
J0 HecTaOLIBHOI SIKOCTI KaHaly Ta 3pOCTaHHS BapiaTHMBHOCTI 3aTPUMOK,
TOAI sSIK TOMIpHA Ta MPOTHO30BaHA aJamTallisi CHpHUse CTaOLTI3aIil YacoBUX
XapaKTepUCTUK. Y IbOMY CEHCI KepyBaHHS IOTYXHICTIO CIIii PO3MIsAaT HE
JHIIC K CHEPTeTUYHHH, a 1 K 4acoBUi MexaHi3m®!.

VY ©oararoxornoBux FANET BaxMBO BpaxoByBaTH KyMYJSITUBHHH eQeKT
PHY-ananranii. HaBiTh He3Ha4yHa HECTAOLIBHICTD ApaMeTpiB (i3MYHOTO PiBHS
Ha OKPEMOMY XOIli MO)KE€ HAKOIMYYBaTHCS B3JIOBXK MapupyTy, (opMyroun
icrorHy BapiatuBHicTh end-to-end 3arpumok. Tomy PHY-anmanrauwis wmae
po3mIsiaaTtics 3 MO3MLIN y3romkeHocTi i1 4acoBOi MOBEOIHKH 3 MeXaHi3MaMH
JIOCTYIY JI0 CEPEIOBHUINA Ta MapLIPyTH3allii, & He SIK aBTOHOMHHIT mpotiec .

Takum umnom, PHY-meroqu anmanranii y FANET BukOHYIOTH MOABIHHY
pOJNb IOAO0 YacCOBUX XapaKTEPUCTHK: 3 OXHOro OOKY, BOHM 3MEHIIYIOThH
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JUKepelia BapiaTMBHOCTI 3aTPUMOK IUIIXOM cTadiiizauii kaHaiy, a 3 iHIIOro —
3a HeBaajoro abo HaJMIPHO arpecHBHOTO 3aCTOCYBaHHS MOXYTb CaMi CTaTu
JUKEpPEJIOM 4acoBOi HECTaOUIbHOCTI. MeTOIMYHMI aHa3 [UX KOMITPOMICIB
JI03BOJIsIE KOPEKTHO BU3HAa4nTH Micue PHY-ananranii y 3aranbHiil apxitekTypi
3MEHIICHHS 3aTPUMOK Y 0araTtoXoloBUX MOBITPSHUX MepeKax.

5.6. Oome:xennst antennux i PHY-nigxoniB y FANET

HesBakaroun Ha MOTEHIIa)l AaHTEHHUX 1 (PI3MYHUX METO/IB L1010 3MEHILCHHS
yacoBux 3arpuMok y Flying Ad Hoc Networks (FANET), ix npaktuune
3aCTOCYBaHHS CYNPOBO/DKYETHCS HU3KOI OOMEKEHb, 3yMOBIICHHUX CICIH(IKOO
MOBITPSIHUX IUIATGOPM, JUHAMIKOIO MEpeXi Ta B3aEMOIEI0 MK PIBHSIMHU
IIPOTOKOJIBHOTO CTeKy. MeToMuHMI aHali3 HUX OOMEKEeHb € HEOOXIHUM JUIst
KOpeKTHOI iHTepnperauii MoxnuBoctedd PHY-piBHS y KOHTEKCTI KepyBaHHs
YaCOBHMH XapaKTEPUCTHKAMH.

OmauM 13 0a3oBUX OOMEXKEeHb € Maco-rabapuTHI Ta EHepreTHyHi
XapaKTePUCTUKU OC3MIIOTHUX JITAJbHHUX amapariB. Peamizaiiss CKIaJIHUX
AHTCHHUX cHCTeM, OararokaHanbHuX MIMO-pimieHr a0 aJanTHBHOTO
(dopMyBaHHS INpPOMEHS NOTpedye JOJAaTKOBUX AHTEHHHMX  €JIEMEHTIB,
panioyacTOTHUX TPaKTiB 1 OOYMCIIOBAJIBHMX pEcypciB, IO Moxe OyTH
KPUTHYHUM Juisi Manopo3MmipHux BIIJIA 3 oOMexeHMM eHeproOIIKeTOM.
VY dacoBOMy acrekTi 11eé MOKe TPHU3BOAUTH JIO0 3pOCTAaHHS 3aTPUMOK 0OpoOKH
Ta HENPSIMUX JPKEpell BapiaTUBHOCTI.

[HmmM BakmBUM  (AaKTOPOM € TpUBHMIpHa MOOUIBHICTB 1 HecTaOlIbHA
opieHTauiss MOBITpsSHUX IU1ardopM. I aHTEHHHMX CUCTEM 13 BUPaKEHOIO
CHIpsIMOBaHICTIO 200 beamforming-pilieHb TOYHICTH HABEACHHS IPOMEHS Ta
LIBUJIKICTh HOTo ajanTainii MaroTh KPUTHYHE 3Ha4deHHs. [loMuiku opieHTamii,
3aTPUMKH B OHOBJICHHI JliarpaMy BUITPOMIHIOBaHHs a00 IHEpLIHHICTh MEXaHI3MiB
KEpyBaHHsI MOXKYTh TIPH3BOANTH JI0 KOPOTKOYACHOTO IOTIPIIEHHS SKOCTI KaHaIy,
uio y 6araroxornoBux FANET mposiBIsIETbCS Y BUIVISI CIUICCKIB 3aTPUMOK .

OOMEKEeHHSIM ~ METOJMYHOTO  XapakTepy € TakoK HEMOXIHBICTh
i301p0BaHOr0 3acrocyBanHs PHY-migxonmiB Juis HOBHOIIHHOTO KEpyBaHHS
YaCOBMMH 3aTpUMKaMH. AHTEHHI Ta ()I3WYHI METOAM BIUIMBAIOTH HAa 4YacoBi
XapaKTePUCTUKU OIMOCEPEIKOBAHO, Yepe3 CTaOLIi3allii0 paaioKaHaly, 1 He
MOXYTb CaMOCTIHHO 3a0e31eYnTH OOMEXEHHS 4acy JOCTYIy [0 CepelOBHIIA
a00 KOHTPOJIb YePTyBaHHS MAKETIB. 3a BIJCYTHOCTI Y3rOMIKCHUX MEXaHI3MIB Ha
KaHaJIbHOMY Ta MepexeBoMmy piBHAX edekr Bijg PHY-crabinizauii Mmoxe OyTn
YaCTKOBO a00 MOBHICTIO HiBEILOBaHUIH®.
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Communications, coordination, and sensing // Ad Hoc Networks. 2018. Vol. 68. P. 1-15.

¢ Kurose J. F., Ross K. W. Computer Networking: A Top-Down Approach. 7th ed. Pearson
Education, 2017. 864 p.
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JlonarkoBi OOMEXEeHHSI 1TOB’s13aH1 3 aJlaTUBHUMH MexaHi3MaMu (hi3n4HOrOo
piBHs. Yacti 3MiHM peXHMIB MOIYJSLil, KOAyBaHHs ab0 TOTYKHOCTI
riepesiaBatHsl, Xo4a i CIpsIMOBaHi Ha MiTPUMaHHS SIKOCTI KaHaJIy, MOXKYTh caMi
110 co01 CTBOPIOBATH YacOBY HECTAOUIBHICTh 32 PaXyHOK 3aTPUMOK OIIHIOBaHHS
CTaHy KaHally Ta nepeOymoBu mapametpiB nepenaBanns. Y FANET i3 Bucokoro
LIBHJKICTIO MOOUTBHOCTI 1i €()eKTH MOCHIIOIOTHCS, 10 BUMarae o0epexHOro
METOJMYHOTO MMiAX0ay 10 3actocyBanHs PHY-ananraii.

CyTT€BUM YHMHHHMKOM € TaKOX B3a€EMOJisl MK QHTCHHUMH PilICHHIMHU
Ta MeXaHi3MaMH JOCTyIly JO cepeioBuma. Hampukian, BHKOPHCTaHHS
CHpsIMOBaHUX aHTeH abo multi-beam niaxoiB 3MiHIOE IPOCTOPOBY CTPYKTYPY
3aBajl, 10 MOYKEC NPU3BOAUTH J0 HEOYiKyBaHOI ITOBEIIHKHM BHIIQJKOBUX CXEM
JIOCTYITy Ta BIUIMBATH Ha IX 4acoBi XapakTepucTuku. bes BiamosiqHOT ananTanii
MAC-piBHS Taki epeKTH MOXKYTb 3MEHIITYBaTH O4iKyBaHUH TTO3UTHBHHUN BIUINB
PHY-meroniB Ha 3aTpuMKu®,

Takum unHOoM, antenHi Ta PHY-ninxonu y FANET matots posnisgaTucs sik
0OMEKEHHH, ajie BAXIJIMBUN KOMITOHEHT KOMIUIEKCHOI apXiTEKTypH KepyBaHHS
YaCOBUMH 3aTPUMKAMHM. IX e(eKTHBHIiCTh iCTOTHO 3aleKHTh BiJl amapaTHUX
MOYKJIMBOCTEH HOBITPSHHUX IUIAT(QOPM, XapakTepy MOOUIBHOCTI, Y3rOMKEHOCTI
3 KaHaJIbHUMHU Ta MEPEKEBUMHU MEXaHi3MaMH, a TaKOX BiJl YMOB €KCILTyararfii.
VYeBiJOMIIEHHST IMX OOMEXEHb € HEOOXiJHOI0 IEepeayMOBOIO Ul KOPEKTHOTO
3aCTOCYBaHHS aHTEHHUX 1 (PI3MYHUX METO/IB Ta (POPMY€E OCHOBY IS ITOJATBIIUX
iHTerpaniiHux nociijkens y ramysi FANET.

VY po3aini 34ICHEHO METONWYHUN aHalli3 aHTCHHUX 1 (DI3MUHUX METOIIB
3MeHIIeHHsT dacoBux 3arpuMok y FANET 3 ypaxyBanusm crenudiku
6araToxornoBux NOBITPsSHUX Mepexk. [lokasano, mo (i3u4HUIA piBeHb 1 aHTEHHI
CHCTEMH BIJIrparoTh BaXKIIUBY, X04a M OINOCEpEIKOBaHY poib y (hopMyBaHHI
YaCOBHMX XapaKTepHCTHK IE€PelaBaHHsl JIaHMX, BU3HAYalOuu CTaOLIBHICTH
palioNiHKIB Ta MOYATKOBI YMOBH JUIsl POOOTH KaHAJIBHOTO 1 MEPEKEBOIO PiBHIB.

Y pe3ynbTari aHasi3y BCTAHOBJICHO, 1[0 aHTCHHI PIIIICHHS, TaKi SIK CIIPSIMOBaH1
aHTeHH, npocroposa auBepcudikanisi, MIMO Tta Texnomorii (opmyBaHHS
IIPOMEHSI, CIPHUSIOTh 3MEHIICHHIO BapiaTHBHOCTI YaCOBHMX 3aTPUMOK IILISIXOM
crabinizanii Gpi3MYHOro KaHally Ta 3HMKEHHS IMOBIPHOCTI IOBTOPHHX TI€pead.
V 6araroxonoBux FANET edexr Takux METoiB Mae KyMYJISITHBHUI Xapakrep,
OCKUJIbKM 3MEHIIICHHS YaCOBOi HECTaOUILHOCTI HA OKPEMHUX XOIax MpPU3BOANUTH
JI0 3HWOKEHHS jitter Ha piBHI end-to-end 3’eHaHHS.

Hoseneno, mo PHY-meroam apanramii, 30kpema ajganTHBHA MOMIYJISILS
1 KoJyBaHHs1, BUOIp CTPYKTYPH Ka/IpiB Ta KEpyBaHHs MOTY)XKHICTIO TIepejaBaHHs,

% Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function / IEEE
Journal on Selected Areas in Communications. 2000. Vol. 18, no. 3. P. 535-547.
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MOXYTb SIK 3MEHIIIYBaTH, TaK i 30UIbLIYBAaTH BapiaTHBHICTH 3aTPUMOK 3aJIeKHO
Bil cmocoOy ix 3actocyBaHHs. lle 3yMOBIOE HEOOXiTHICTH METOAMYHOIO
OajaHcy MK craOumizali€lo KaHally Ta 4acOBOKO Y3TO/DKEHICTIO IapaMeTpiB
¢i3uuHOrO piBHS, OCOOJMBO B yMOBaX BHCOKOI MOOUIBHOCTI HOBITPSHHX
By3uiB. Takum unHOM aHTeHHI Ta PHY-migxoam He MOXYTh po3IISAATHCS SIK
caMoJI0CTaTHi 3aco0M KepyBaHHS yacoBuMH 3atpumkamu y FANET. Ix Brms
Ha YacoBi XapaKTEPUCTUKU Ma€ HENPSMHH XapakTep 1 ICTOTHO 3aJIe)KUTh BiJl
Y3TO/DKEHOCTI 3 MeXaHi3MaMM JIOCTYIly 10 CEpelOBHINA, MaplipyTH3auii Ta
4acoBOI CHHXpOHI3amil. 3a BIJCYTHOCTI Takoi Yy3TOMKEHOCTI ITO3UTUBHHUN
edexr Bix crabinizauii Gpi3MYHOr0 KaHairy MoXke OyTH YacTKOBO ab0 MOBHICTIO
HIBEJILOBAaHWH Ha BHUIIMX PIBHIX NPOTOKOJILHOIO CTEKY.

OtpuMaHi pe3yabTaTd JIO3BOJISIIOTH IHTEPIPETYBaTH aHTEHHI Ta (i3uuHi
MeTo/u K 0a30BuUii piBeHb cTabimizanii yacoBux xapakrepuctik y FANET, sikuii
3MEHIIYE JpKepelia BapiaTHBHOCTI 3aTPUMOK IIIe JI0 1X MPOsiBy Ha KaHAJIBHOMY Ta
MepEeKeBOMY piBHAX. Takuil miXi TOMOBHIOE MEPEXKEBI i KaHAIbHI MEXaHI3MH
KepyBaHHS 3aTPUMKaMH Ta (OPMy€ METOIMYHE MIAIPYHTS Ul KOMIUICKCHUX
apXITEKTYpHUX pilieHb.

BUCHOBKHN

1. FANET pouinpHO po3misiiaTé sIK MMPOCTOPOBO-PO3IOAUICH] JANHAMIYHI
cucrteMu, y skux end-to-end 3arpuMKa € HECTaliOHAPHOKO BEJIWYHMHOIO Ta
(bopMyeThCS BHACIIIOK B3a€MOJIIT TOMOJOTTYHKX, MPOTOKOJBHUX 1 (PI3UUHUX
YUHHUKIB.

2. 3amporoHOBaHa  JICKOMIIO3WIIsl ~ 4acoBOI  3aTPUMKH  JI03BOJISIE
(opMaNbHO BHOKPEMHUTH BHECOK 3aTPHMOK IIOIIUPEHHS, IepelaBaHHs,
JOCTYITy 10 CepeloBHIla, 0OpOOKM Ta YepryBaHHS IAKETIB Ha KO)KHOMY XOITi
6araToxornoBOro MapuipyTy.

3. Hns Oimpmocti mpaktuyHux —cueHapiiB  FANET  nominyrounmu
€ 3aTPUMKH KaHAJILHOTO Ta MEPEIKEBOT0O PiBHIB, 30KpeMa 3aTpUMKa JIOCTYITY 110
cepeloBHUINa 1 3aTpUMKa YepryBaHHs, TOJI SK 3aTPUMKA MOLIMPEHHS CHIHAITY
Ma€e 0OMEKEHU BILUIHB.

4. TlpoctopoBuii pO3MOALT i BHCOKA MOOUIBHICTH MOBITPSHHUX BY3IIiB
6e3rocepeHbO0 BU3HAYAIOTH KUJIbKICTh XOMIB, CTa0UIBHICT MAPUIPYTIB 1 piBEHb
KOHKYPEHIIT 3a JOCTYyH JI0 paJioKaHajy, 0 3yMOBJIIO€ 3HaYHY BapiaTHBHICTh
YaCOBHX XapaKTEPUCTHUK.

% Caiixo B. I, 3iruenko M. O., Komapos B. O., Cononosuuk B. 1., Kpusonamos 5. B., Kpusonamnos

I 5. Mopenb iHTErpOBAHOIO MEPEXKEBOIO KOMIUIEKCY 3B’s3Ky 3 BHKOpHCTaHHAM BIUIA s
I ABHILIEHHS e(eKTUBHOCTI BUPIMIECHHS LITHOBUX 3aBIaHb CIEL[ialbHOrO Mpu3HaveHHs // Bueni 3ammcku
Tagpilicproro HanioHansHOTro yHiBepcuTeTy iMeHi B. 1. Bepnancekoro. Cepist: Texuiuni nayxu. 2025. T.
35(75), Ne 2, 4. 1. C. 130-138.
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5. BunangxoBi MexaHI3MH JOCTYIy JIO CEpeIOBHINA IPHU3BOIATH JIO
HakonuueHHs jitter y 6araroxornoBux FANET, Toxi sk 4acoBO-CHHXPOHI30BaHi
Ta JIETEPMIHOBaHI MiJAXOIH CTBOPIOIOTH MIEPEAYMOBH Ul OOMEKEHHS 3aTPUMOK
1 MiJBUILIEHHS 1X Mepea0adyBaHOCTI.

6. @i3uyHMH piBEHb 1 aHTCHHI CUCTEMH MalOTh ICTOTHUH HENPSIMHUI BILTUB
Ha yacoBi xapakrepuctiuki FANET depe3 cTaOuIbHICTh pajlioiiHKIB 1 4acTOTy
MIOBTOPHUX Iepesiad.

7. AHTeHHI pimeHHs, npocropoBa ausepcudikamis, MIMO Tta texHosorii
(hopMyBaHHSI TIPOMEHS JOIUILHO PO3NISAAATH K 0a30Bi MeXaHi3MH cTadimizanii
YaCOBHX 3aTPHUMOK, 110 JOIOBHIOIOTh KaHAIbHI i MEPEIKEBI METOJIH.

8. OtrpumaHi pe3ynbraTy CTBOPIOIOTh METOANYHY OCHOBY ISl OJANIBIINX
JOCII/DKeHb, CIPSIMOBAaHUX Ha JETEpPMIiHI3allll0 Ta KepyBaHHS YacCOBUMH
xapakrepuctukamu OaratoxonoBux FANET y TakTW4yHUX 1 KPUTHYHHUX
3aCTOCYBaHHSIX.

AHOTALLIA

VY crarTi nmpoaHaizoBaHO OCOOIMBOCTI (POPMYBAHHS 4aCOBHX 3aTPHUMOK
y Flying Ad Hoc Networks (FANET) 3 mnpocTopoBo-po3noaijiecHUMu
noBiTpssHuME By3namMu. FANET posrisgaroThes ik UHAMIYHI 0araTtoxorosi
Mepexi 3 TPUBUMIPHOIO TOIOJOTI€I0 T4 BUCOKOIO MOOUIBHICTIO BY3JB, IO
3yMOBIIIOE HecTalioHapHUi Xapakrep end-to-end 3arpuMKH. 3anpoIIOHOBAHO
JICKOMITO3UIIII0 YacOBOI 3aTPUMKH 3 YypaxXyBaHHSIM BHECKY (i3UYHOTrO,
KaHAJIBHOTO Ta MEPEKEBOT0 PiBHIB, @ TAKOXK MPOLECiB 00pOOKH 1 YepryBaHHs
MaKeTiB Ha MPOMIXHHUX By3nax. [lokasano, mo y OararoxomoBux FANET
JOMIHYIOUMH BIUIMB HAa YacOBI XapaKTEPUCTHKH MalOTh 3aTPUMKH JIOCTYILY
0 cepeloBHIa Ta Oydepwusarii, TOAI SK 3aTPUMKa IOIIMPCHHS CUTHATY
3a3BUYAil € APYropsaHOr0. J{OCHiIPKeHO BIUIMB HPOCTOPOBOTO PO3MONLTY
Ta MOOUIBHOCTI MOBITPSHMX BY3JiB Ha BapiaTHUBHICTH 3aTPUMOK 1 jitter.
Oxkpemy yBary MpHIIJICHO pOJIi MEXaHI3MiB JOCTYIY JO CCpPCAOBHINA Ta
4acoBOi CHMHXpOHi3amii y QOpMyBaHHI JETEPMIHOBAHUX 1 BHIIAIKOBHX
CKJIaJIOBHUX 3aTPUMKH. BUKOHaHO METOIWYHUI aHai3 aHTEHHUX 1 (QI3MYHHX
MeTOIB Ik 0a30Boro piBHs cradimizanii yacoBux xapakrepuctuk y FANET.
OTtpumaHi pe3yasraTd GOpPMYIOTh METOJOJIOTTUHE MIATPYHTS AJISI TOJANIBIINX
JOCTI/DKEHb 1 IPOEKTYBaHHS TOBITPSIHUX MEpEeX i3 NPOTHO30BAaHUMHU
YaCOBUMH XapaKTEePUCTHKAMHU.
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CHAPTER 10

CTAJZINN PO3BUTOK Y JIOTICTUL|
AK KJTKOYOBUIN CTPATEFNYHUNIN OPIEHTUP

BinoHor O. €.
DOl https://doi.org/10.30525/978-9934-26-653-9-10

BCTYI

AHa3yI0uH CTallui PO3BUTOK SK CTPATETidHy KOHIICIIIIIO, sSKa CIpsSIMOBaHa
Ha 3a0e3MeUeHHs] TapMOHIMHOTO TOEJHAHHS EKOHOMIYHOTO 3pOCTaHHS,
€KOJIOT1YHOT PIBHOBArH Ta COLIAJILHOTO A0OPOOYTY, BapTO 3a3HAYUTH, 10 TAKUH
MAX1 TPYHTY€EThCS Ha BCTAHOBJICHHI OajaHCy MiX 3aJ0BOJICHHSM Cy4YacHHUX
MoTped JIOACTBA 1 3aXUCTOM IHTEpeciB MalOyTHIX IMOKOJIiHb, BKJIOYAIOUM IX
norpedy B O€3MEYHOMY 1 3710pPOBOMY JOBKIJIII.

Ha pucynky 1 mpencraBieHO KOHIENTYallbHI 3acajd CTajoOro pPO3BHTKY,
110 IHTEPIIPETYIOTHCS SIK MiJiCHA Ta 30ajaHCcOBaHA CHCTEMa B3a€MOIIOB’ I3aHUX
€KOHOMIYHOI, €KOJIOTiYHOi Ta comianbHOi ckianoBuX. ExoHOMIYHA ckiagoBa
opieHTOBaHa Ha 3a0e3nedeHHs e(QEKTUBHOTO BHMKOPHCTaHHS PECypcCiB,
MJBUIIEHHS KOHKYPEHTOCIIPOMOXXHOCTI  CyO’€KTiB TOCIHOJNApIOBaHHS Ta
(hopMyBaHHSI JOBFOCTPOKOBOI EKOHOMIYHOT cTabiIbHOCTI. Exonoriuna ckiragoBa
nependadae  MiHIMI3alil0 HEraTHBHOTO BIUIMBY TOCIOAAPCHKOI MAisIIBHOCTI
Ha JIOBKULIA, pallioHaJbHE BUKOPUCTAHHS IMPUPOTHHUX PECYpCiB, 3MEHILICHHS
BUKHU/IIB 3a0py/AHIOIOUMX PEUYOBMH 1 BIPOBAKCHHS EKOJIOTIYHO Oe3MeYHuX
texHosorii. ComianpHa CKiIazoBa BioOpaXkae CHPSIMOBAHICTB  CTAJIOTO
PO3BUTKY Ha MOKPAILEHHS SKOCTI KUTTS HaceleHHs, 3a0e3eueHHs Oe3neyHnx
1 TITHUX YMOB TIpalli, PO3BUTOK JIFOJICHKOTO KalliTally Ta MOCHJICHHS COLaIbHOT
BIJIMIOBITAIEHOCTI Oi3HECY.

B3aemonist 3a3HaYeHUX CKIAJOBUX (DOPMY€E IHTErpOBaHY MOJEIb CTAJIOrO
PO3BHUTKY, y ME¥ax sIKOi IOCATHEHHSI CKOHOMIYHHX PE3YJIbTaTiB HE BiJ0OyBaeThCA
32 pPaxyHOK TOTIPIICHHS COI[ialbHUX YMOB a0o0 Jerpajaamii JTOBKLLIA,
a COI[iaJIbHUI MPOrpec Ta EKOJorivyHa Oe3leka po3MISIArThCs K HEOOXimHi
TIepelyMOBH  JIOBFTOCTPOKOBOTO EKOHOMIYHOTO 3pOCTaHHS. TakuM UYHHOM,
CTaJM{ PO3BUTOK ITOCTAE SIK AMHAMIYHUI NPOIeC rapMoOHi3allii eKOHOMIYHHUX,
COIIaJIbHUX Ta €KOJIOTIYHHX IHTEPECIB y CTpATETiuHii MepCHeKTHBI.
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EKOHOMIYHA
CKJIAJIOBA
* EdexTtuare BukopuctaHHa pecypcia
+ EdhexTuare BrkopucTaHHa exeprii
+ BripoBapykenHs iHHOBaL|ii

* 3pocTanna nobpobyTy
—
\
CTAJINI 4
PO3BUTOK |

g COUIAJIBHA EKOJIOITYHA
i CKJIAOBA e E CKIIATIOBA .
|+ 3abeaneeHHs i | = PayjoHansHe BUKOPUCTaHHA 'i,

3aXMLLEHOCTI ! | MpUpoAHuX pecypcia

| = MNigeuiyeHHa AKocTi >UTTA — + Mepexia Ha BiQHOBMIOBaNkHY
eHepreTvky s

+ 3HIKEHHA HEraTUBHOrO

\ 5 o
+ 3abesnedeHHa coLjansHoi
| CnpaeeanmeocTi

Puc. 1. KonnenrtyanbHi 3acagu cTajoro po3sBuTKy sik 30271aHCOBAHOI
CHCTEMH B3a€MOIIOB’I3aHUX €KOHOMIYHOI, €KOJIOTIYHOI Ta comiajIbHOT
CKJIAJOBHX

KoHmermist cramoro po3BHUTKY, sKa 0a3yeTbcss Ha CHHTE31 TPbhOX
B33a€MOIIOB’SI3aHUX KOMIIOHEHTIB, a camMeé — CKOHOMIYHOi, EKOJIOTi4HOi
Ta CONIaJbHOI CKJIAJ0BOi, MOXE pPO3DISAATHCS SIK albTepHaTHBa MOJEIi
EKCTEHCUBHOTO EKOHOMIYHOTO 3POCTaHHS, sIKa NPU3BOAWIIA JIO EKOJIOTTYHHX
KpH3, COLIIaJIbHOT HEPIBHOCTI Ta BUCHAXKEHHS pecypciB. OTike, 3BayKarouy Ha Te,
110 CTAJIMH PO3BUTOK € OJHUM 13 CTpaTEriYHUX NPIOPUTETIB PO3BUTKY JIIOCTBA
Ha HaWONMKYY NEpCIEKTHBY, BIPOBA/DKEHHS HOTO MIiAXOMIB € aKTyaJlbHUM
3aBIAHHSAM JUIS BCiX cep, B TOMY YHCII 1 JIOTICTUKH. B KOHTEKCTI JIOTiCTHYHOT
JOSUTBHOCTI 1le  Oyne CHpHsTH, 3 OJHOTO OOKY, 3HIKCHHIO HETaTHBHOTO
€KOJIOTIYHOTO BIUIMBY, ONTHMI3allii BUTpaT Ta MiJABHIICHHIO €(EKTHBHOCTI
BHUKOPHUCTAHHS PECYPCiB, a, 3 IHIIIOT0, 3pOCTAHHIO COIIaIbHOT BiIMOBIJAILHOCTI
MAPUEMCTB, MiJIBUIIECHHIO 1X KOHKYPEHTOCIIPOMOXXHOCTI Ta 3a0e3MeUeHHI0
JIOBI'OCTPOKOBOI CTIMKOCTI B yMOBaX Cy4acHUX IIOOAIbHUX BUKIIUKIB.

1. B3aeMO3B'130K CTa/Ioro0 PO3BUTKY Ta JIOTICTUKU
3rigHO 3 MDKHApOIHUMH JTOKYMEHTaMu, 30kpeMa Jleknapariero Pio-me-
XKaneiipo 3 HaBKOMHUIIHBOTO CepeoBHINa i po3BUTKY, (1992 p.)'; Tlopsiakom

! Jexmapanis Pio-ne-JKameiipo 3 HaBKONIHIIHBOIO cepefoBHIa i po3BUTKY, (1992 p.). URL: https://

www.un.org/ru/documents/decl _conv/declarations/riodecl.shtml
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neunuM Ha XX cromitrs®; Linsamu cranoro po3sutky OOH, (2015 p.)?, Mmoxna
c(OpMYIIIOBATH BiCIM KIJIIOUOBUX MPHUHIIMIIIB CTAJIOI0 PO3BUTKY:

1. IpuHumn iHTerpauii, sSIKMH MoJsira€ y B3a€MOIIOB’SI3aHOMY BHPIILICHHI
€KOHOMIYHHUX, EKOJIOTTYHHX Ta COLIAIBHUX MPOOJIEM.

2. TlpuHIMO MDKIOKOJNIHHOI CIPaBeMIMBOCTI, KU JeKiapye TypOoTy
po moTpedu MaOyTHIX MMOKOJIHb.

3. IlpuHUMO BHYTPILIHBOIIOKOJIHHOI CIIPABEIMBOCTI, IKUH € OCHOBOIO JI0
3MEHIICHHS HEPIBHOCTI MIX JIIOIbMHU, PErioHaMH, KpalHaMH TOLIO.

4. TlpuHumn 3anmoODKHUX Jii, SKMH nepegdayae MpoOakTUBHI Jii, TOOTO
MOTEePE/HKCHHS HETaTUBHUX HACIIJIKIB JisUIBHOCTI, @ HE JIUIIC TX JIKBIJAII0.

5. TlpuHnumn «3a0pynHIOBadY IUIATUTHY, KU BBOJMTH BIANOBINAJIBHICTH
BHUpOOHMKA a00 KOpUCTyBaua (CIIOKMBa4a) 3a HETaTUBHUI BIUIUB Ha JIOBKIJUIS.

6. IlpuHumn yuacri, ToOTO 3aiy4eHHsI I'pOMaJICbKOCTI, Oi3HECy, BIaaN JI0
MIPUHHATTA pillIeHb y cepi CTaoro po3BUTKY.

7. TlpuHUMO panioHaJBLHOTO BHKOPHCTAHHS MPUPOJHUX PECypCiB, SKUI
Mae 3a0e31eunTH OalaHC MK CIIO)KUBAHHSM 1 BiJIHOBJICHHSIM.

8. IlpuHuun mio0alibkHOrO TMAapTHEPCTBA SKUI 3000B’s13ye 0 MOOYIOBH
MDKHApOAHOI CIiBHpalll y BUPILIEHHI TIOOAJbHUX EKOJOTIYHUX 1 COLialbHUX
rpo0iem.

CyTHICTP IIOCTOrO NPHUHLUITY, TOOTO NPHHLMUITYY Yy4acTi, 3aJydeHHS
rpomaJicbkocTi (Iaprucumaiis), OizHecy, Blaju 10 NPUHHATTA pilieHb y cepi
CTAJIOTO PO3BUTKY TMepedadae HEOOXiMHICTh DIMOIIOrO aHai3y MHOXUHH
BIJIMIOBIJAJILHUX. 3arajioM, MHOXHHA CYO €KTiB, Ha sKi MOKJIAJa€ThCS
BiJIMIOBITAJIBHICTH 32 peali3allito KOHIICIIIT CTAJIOr0 PO3BUTKY, € TY)KE ITHPOKOFO
1 3aJIeKUTH SIK BiJl PIBHS, TaK i BiJl KOHTEKCTY. 30KpeMa, 3a iepapXi€lo piBHIB
BIJIMIOBITAJILHOCTI CEpel OCHOBHHMX MOXKHA BUJIUTUTH HACTYITHI: MDKXHapOMIHI
iHCTUTYLIT, AepkaBH Ta iX ypsId, NPEICTAaBHHUKIB Oi3HECy pI3HOTO piBHSA,
MicIIeBi TpOMajii, TPOMaJIChKI Ta HEYPsIIOBI OpraHizaiii, Ta KOKHOTO OKPEMOTO
IHIUBIyyMa, PUCYHOK 2.

Ha naiiBuiomy piBHI i€papxii, sIK BUJHO 3 PUCYHKa 2, mependadaeTbces
B3a€EMOJIISl JIepXKaB Ta IX ypsliB 3 MDKHapOAHUMHM IHCTUTYILISMH, SKa Mae
OaraTopiBHEBHH 1 CHCTEMHHH XapakTep Ta 0a3yeThcsl Ha MO€HAHH] TOJIITHYHOT
KOOpJMHALIIT, HOPMAaTUBHOIO PETYIIOBaHHS, (PIHAHCOBOI MIATPUMKH i OOMiHY
3HAHHSAMM.

Ponb MDKHapOTHHMX THCTUTYLIH B yMOBaxX BIPOBA/DKEHHS IT1JIXO/IB CTAJIOTO
PO3BUTKY TOJNISITAa€, 3 OAHOrO OOKy, y pO3poOIi IHIIiaTHB, CTpaTeriuHii
KOOpJMHAIT Jiif TakMX MiXKHapomHUX opranizamiii, sk OOH, CeitoBuii OaHK,

2 Topsinok nennuit Ha XXI cromitta. URL: https://dev.sd4ua.org/shho-take-stalij-rozvitok/bazovi-
dokumenti/
3 Iini cranoro po3sutky. Oprauizauis 06’ eHanux Hauiil. Ykpaina. URL: https://ukraine.un.org
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€C rtomo, sIKi po3poOJISIOTH PAMKOBI yrojiv, HaJaroTh (DIHAHCOBY MiATPUMKY
Ta 3a0e3NeuyloTh MOHITOPHHI, a, 3 1HIIOrO OOKY, Yy MOIIYKYy Ta 3a0e3NeueHHi
(iHaHCYyBaHHS 4epe3 IPaHTH, KPEAUTH Ta 1HIII PECYpCH.

lepapxis pigHie
8MposadKeHHs

| LOEPXABW TA IX YPALM <>  MDKHAPOOHI IHCTUTYLYT
Il BI3HECOBI OPTAHI3ALYI

m TPOMA/ICBKI TA HEYPA/IOBI
OPFAHI3ALYIT

v MICLIEBI TPOMALM

\ OKPEMI IHOMBIAYYMA

Puc. 2. Iepapxis piBHiB BinnmoBigaabHocTi 3a peasizaniio KoHIenuii
CTAJIOT0 PO3BUTKY

SIxmmio po3misaTH PiBHI BiANOBIAATBHOCTI 32 peastizallifo KOHIIEMIIi CTaIoro
PO3BHUTKY Ha MOJIEIi Iep>KaBH, TO Ha HAMBUIIIOMY piBHI i€papxii mependadaeTsest
po3po0Ka TONTHKH Ta BHUKOHAHHS MDKHAPOAHUX 3000B’s3aHb. Jlo MpHKIamy,
ypsau (QOpMYIOTH HAIlOHAJBHI CTpaTerii CTajioro PO3BHUTKY, PO3POOISIIOTH
1 BIPOBAKYIOTh 3aKOHOMABYY 0a3y, Peryisiii TOmo. A TaKoX KOHTPOJIOIOTH
MDKHapomHi 3000B’s3aHHS IIOA0 BHKOHAHHS IIJICH CTajloro pO3BUTKY,
Bm3HaueHnXx OOH, y pamxax Ilopsinky nennoro Ha nepion go 2030 poxy.

JisuTbHICTh TIPEICTAaBHUKIB 0i3HECOBHUX CTPYKTYp PI3HOTO PIBHS B yMOBax
CTaJIOTO PO3BUTKY TNependadae BIPOBAHKEHHS BiINOBIJAIBHOTO YIIPABIIHHA
Ta iHHOBaIii. BiamoBimanmpHE yIpaBIiHHA TONATaE B iHTErparmii MPUHIHUIIIB
CTaJIOTO PO3BUTKY y BHPOOHWYI TMPOIECH, YIPABIiHHA pecypcamMu Ta
KOPIOPATHUBHY MOMITHKY, & IHHOBAIiHI MiAX0IN Peati3yloThCs yepe3 po3pooKy
EKOJIOTIYHHUX TEXHOJOTIH Ta 3MCHIICHHS BIUIUBY Ha MOBKILIS .

OCKUTBKH caMe TPOMaAH BiIrparoTh KIIOYOBY POJIb Y pealizaiii MpO€eKTiB,
OB’ A3aHMX 13 PO3BUTKOM iH(PPACTPYKTYpH, OXOPOHOIO MOBKIJUIA, OCBITOIO
TOIO, TO MJS peami3amii MOJOKEHb CTpaTerii CTajmoro PO3BHTKY TaKOXK
nepeadadaeTbesl aKTUBHE 3aTy9YEeHHS TPOMaJ Ha MiCIIEBOMY DiBHI.

Pons Tpomancekpmx Ta HEYPSANOBHX OpraHizalliii mpu peamizamii Iinei
CTaJIOTO PO3BUTKY IIONIATa€ Yy TMPOCBITHUIBKIN Micii Ta anBokamii. Came

4 Kepisuuurso «[locunenns poii OisHecy B gocsruenni LICP B Ykpainin. URL: https:/www.undp.

org/uk/ukraine/publications/kerivnytstvo-posylennya-roli-biznesu-v-dosyahnenni-tssr-v-ukrayini

214



IpOMAJIChKI OpraHizaiii CHPUSIOTH O0I3HAHOCTI CYCILUILCTBA, MPOBOISTH
MOHITOPUHT TIOJIITHYHUX ITPOLIECIB Ta 3aXMIIAIOTh IpaBa. TakoXk rpoMaJIChKi Ta
HEYPSIIOBI OpraHizailii KOHTPOIIOIOTh pealli3allif0 MPOEKTIB 100 BUKOHAHHS
IHILIATHB y TaIy3sX EKOJIOTi], COLiaIbHOI PIBHOCTI Ta €KOHOMIYHOTO PO3BUTKY.

JKUTTsE KOXKHOT OKpEeMOi JIIOIMHM B yMOBaxX CTAJIOTO PO3BHUTKY IOJISATaE
y hopmyBanHI HOBOI (itocodii iCHyBaHHS, siKa I'PYHTYETBCSI Ha YCBIJJOMJICHHI
B3a€MO3B’SI3Ky MiXK OCOOHCTOIO JisUIBHICTIO Ta DIOOAJIBHUMH COIiaJbHO-
eKoJIOTTYHMMH  rporiecamu. KimtouoBuMHM  ckiagoBuMu  Takoi  (inocodil
€ ocoOucTa BIANMOBIAAJIBHICTH Ta aKTHBHA I'pOMaJIChka y4acTb. Lle mependauae
(hopMyBaHHsI HOBOT MOJIEII1 CKOJIOTIYHO BIAMOBIAAIHHOT MOBEIHKH, 1[0 OXOILITIOE
pailioHaNbHE BUKOPHCTAHHS IPHUPOIHHUX PECYpCiB, CBIiJIOME CIOKHUBAHHS,
MiHIMI3allil0 BIJIXOJIB, COPTYBaHHS CMITTS Ta 3HW)KEHHS HETaTUBHOTO BILIUBY
Ha JIOBKULIL. BopHouac rpoMajichka ydacTh HPOSIBISIETHCS Yepe3 3alyueHHs
IpOMaJisiH JI0 MICIIEBUX EKOJIOTIYHHMX 1 COIIaJbHUX IHIIIATHB, HIATPUMKY
CTJMX IPOEKTIB Ta y4yacTh Yy NPHUHUHATTI pilIeHb HA JIOKAJIBHOMY DiBHI, IO
CHpHs€ MiJBUIICHHIO SKOCTI JKUTTSI CYCIUIbCTBA B IIJIOMY Ta 3a0€3NEUCHHIO
JIOBI'OCTPOKOBOT'O CTAJIOTO PO3BUTKY.

3po3yMiio, M0 KIIKOY JI0 YCHIIIHOI peasizamii Ll cTajoro po3BUTKY
ToJIArae y NapTHEPCTBI MIXK yciMa piBHSIMHU BIJIIOBIIbHOCTI. AJle, aHali3yI0un
eKOJIOTTYHHMI BEKTOp CTpaTerii, BapTo 3BEpHYTH O0COONIMBY yBary Ha Oi3HECOBi
CTPYKTypH BHPOOHHYOI Ta OOCIyroByrO4Oi c(epH, OCKUIbKM MacIiTadu ixX
JSUTBHOCTI  Ta Xapakrep Oi3Hec-TpolreciB  0e3nocepesiHbo OB SI3YIOThCS
3 3aroCTpeHHsM npoOiieMH BIUIMBY Ha JOBKULIL. OKpemoi yBarm B pamKax
JIAHOTO JIOCIII/DKEHHSI 3aciyroBY€ JIOTICTUYHA JisUIBHICTB, sIKa € 0a30BOIO
JUISl €KOHOMIYHOI CHCTeMH JiepkaBu. HeraTuBHI BIUIMBH, SIKI 3yMOBIIIOIOTHCS
JIOTICTUYHMMH TIPOLIECAMH, IOB’SI3aHi 3 BHUKWAAMH LIKIUIMBUX PEYOBHH Ta
MApPHUKOBUX Ta3iB yepe3 IHTEHCHBHE BUKOPUCTAHHS TPAHCIOPTHHUX 3acO0iB;
3a0pyIHEHHS TMOBITPs, IIYyMOBE Ta BiOpalliiiHC HABAaHTAXXCHHS HAa MIChKi
TEpUTOPIl; HaAMIpPHE CIIOXKMBAHHS EHEPreTUYHUX PECYPCiB; YTBOPEHHS BEIHUKOI
KIJIBKOCTI BIIXOJIB, 30KpeMa NaKyBaJbHUX MarepianiB, Tomo. Kpim ToTO,
HU3BKUH PIBEHb ONTHMI3alii JOTiCTHYHMX IPOLECIB MOXKE MPHU3BOAUTH 0
JIOIaTKOBOTO HaBaHTAKEHHS HA IHPPACTPYKTYpY, BAHUKHEHHSI 3aTOPOBUX SIBUILL
Ha JIOporax Ta IMiJBHUIIEHHS PU3MKIB /sl OE3NEKH.

CyKyIHICTh IIMX HEraTMBHUX BIUIMBIB aKTyaslidye HEOOXIJHICTh TEpexomy
MINPUEMCTB  JIOTICTUYHOTO ~ CEKTOpY JO0 CTaluX MOAENEeH JisUIbHOCTI,
CIIPSIMOBAaHMX Ha 3MCHILICHHS MIKOAW JOBKULIIO, IMiJABUIIECHHS €(QEeKTHBHOCTI
omnepariii Ta BIIIOBIJaJIbHE BUKOPHCTAaHHS pecypciB. Takui mepexin crae He
JIMIIIE €KOJIOTIYHOIO, a i eKOHOMIYHOIO Ta COLIIaJIbHOI0 BUMOT'OIO CY4YaCHOTO PHHKY.

OcTaHHIM 4YacoM IPOCTEKYETHCS CYTTEBE 3POCTAHHS HAyKOBOTO IHTEpECy
3 0OKy 3apyODKHHMX Ta BITYM3HSHHX JOCJTIJHHUKIB SK IO 3arajbHHUX IUTaHb
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IMIUIEMEHTALIT I[iJiel CTanoro po3BUTKY °, °, 7, Tak i 0 BUBUCHHS ce(IYHIX
HarpsiMiB X peasnizamii y cepi JOTiCTHKH.

30KpeMa, y HayKOBUX NpalsiX aKLIEHTYEThCS yBara Ha IHTerparil NpUHIMITB
CTaJIOr0 PO3BUTKY B JIOTICTWYHI CTparerii MiANPUEMCTB, ONTHMI3allil
JIOTICTUYHMX TPOIECIB 3 ypaxyBaHHSM EKOJOTIYHUX OOMEXEHb, ITiJBUIICHHI
COLiaJIbHOT BIJINOBIAAJIBHOCTI JIOTICTUYHKUX IIPOBaiepiB Ta BIPOBAKCHHI
IHHOBAIIITHUX «3CJICHUX» JIOTICTHYHHUX PILICHB.

Ho mnpuknamy, B poborax®, °, 0 ' npociimkyerbcs mpobiemaruka
3a0e3MeueHHs] CTaJOr0 YIPAaBIiHHS JIaHIIOraMHd TOCTa4aHb Ta JliSUIBHICTIO
MIAPUEMCTB  JIOTICTUYHHMX [POBaWJEpiB 3 ypaxyBaHHSM EKOJOTIYHHUX,
€KOHOMIYHHUX 1 COLIaJIbHUX ACMEKTIB X (PYHKI[IOHYBaHHSI.

B po6oti ' posrmsmaroThCs CyYacHi IMiAXOAM A0 BIPOBAIKCHHS CTaIHMX
MPAaKTHK y CHUCTEMi YNPaBIiHHS MpPOLECAMU JIOTICTHYHOTO OOCIyrOBYBaHHS
Cy0’€KTiB TOCIIOAAPCHKOI MisIBHOCTI. 30KpeMa, yBara 30CepelUKYeThCS Ha
iHTerpanii NPUHLMITB CTAJIOr0 PO3BUTKY B JIOTICTUYHI CTpAaTerii MiANPHEMCTB
3 ypaxyBaHHSIM EKOJIOTIYHUX KPHUTEPIiB, a TAKOXK Ha 3aCTOCYBaHHI IHCTPYMEHTIB
OLIIHIOBAaHHS €(DEKTHBHOCTI JIOTICTUYHUX TpoueciB. OKpeMy yBary IpHIiICHO
MMUTAHHSIM MIABUILEHHS SKOCTI JIOTICTHYHOTO CEpBICY, 3HW)KCHHSI HETaTHBHOTO
BIUIMBY JIOTICTUYHOI JisUTHOCTI Ha JOBKUUISL Ta (POPMYBAHHIO IEPEIyMOB
JUist  3a0e3IeYeHHs] JIOBFOCTPOKOBOI KOHKYPEHTOCHPOMOXKHOCTI  CyO’€KTIiB
rOCIIOJJapIOBaHHS.

3 Boromo6os B.M., Kmumenko M.O., Menpuuk JLI., Pakoig O.0. Crparteris cTanoro po3BuTKy:
MMinpyunuk. 3a penaxuiero npopecopa B.M.boromo6osa. — K.: BLl HYBIITY, 2018. — 446 c.

6 Crparerist cTajoro po3BUTKY: €Bpormeicbki ropusontn [Enexrponnmii pecypc]: Ilinpyunnk /
LJI. Slxknmenxo, JLII. Tlerpamko, T.M. [Jumanb, O.M. Canasop, €.5. Illanosanos, M.A. T'anabypna,
O.B Huuuk, O.B. Mapruntok. — K.: HYXT, 2022. — 337 ¢. URL: https://rep.btsau.edu.ua/bitstream/
BNAU/7990/1/stratehiia_staloho.pdf

7 Komowmienp JI.B. Crparerist cranoro po3sutky: Hasu. [TociGuuk. — Kpormsruupskuit: 2019. — 126 c.
8 Tanax Ipuna, Kocuucekuii Jmutpo. InTerpamis HNpUHUIMINB CTaa0ro PO3BUTKY B YHPaBIiHHA
JIAHIIFOTOM TIOCTAYaHHs Y JIOTICTHYHUX HpoBaiiiepis. 1| MiKHapoaHA HAyKOBO-NIPAKTUYHA KOH(EpEHILis
“Modern Perspectives on Global Scientific Solutions”, 7-9 xosrus 2024, bepren, Hopgeris, 2024,
c.75-85

i lanax I. 1., Kprokoscbka JI. 1. OcoOnuBOCTI ynpaBmiHHS PEBEPCUBHUMH TIOTOKAMH Y 3aMKHEHOMY
JaHIIo31 nocTavyanb. BicHuk HamionanmsHoro tpancmoprHoro yuiBepcutery. Cepist TexHiuHI HayKH.
2021. Bum. 48. C. 73-82. DOI: https://doi.org/10.33744/2308-6645-2021-1-48-073-082

10 Tanax LI, JobpoBomscbka A.M., Jlo6poBomscekuii O.C., Ouap [1.0. [Tigxoau 10 BIPOBaKEHHS
CTaIUX TIPAKTHK Yy [isUIBHICTH JIOTICTHYHOrO mposaiinepa. HaykoBmit sxypHanm «ABTOMOOLIBbHI
noporu i popoxue OymiBHuuTBo», 2024. Bum. 116. Yactuna 2. Kuis. C. 278-297. DOI: https://doi.
org/10.33744/0365-8171-2024-116.2-278-297

1 binonor O.€., T'amax LI, Ouap /[.O. BrimB cucTemu ympaBliHHS 4YacOBUMH CIOTAMH Ha
poGounii yac BOAIIB y MiANPHEMCTBAX JIOTICTHYHUX HPOBaiiepiB. MeHEDKMEHT Ta MiIPHEMHULTBO:
TPEHAN PO3BUTKY. 3anopixoks, 2025. — Bumyck 1 (31), C. 50 — 66. DOI: https://doi.org/10.26661/2522-
1566/2025-1/31-05

12 binonor O. €., fnimescekuit C. B., Koctiouenko O. B., ®apryunmii B. 1., Yepnenro 1. O.,
Sluimescpkuit €. C. BrpoBapkeHHs MiAXOAIB CTANOr0 PO3BUTKY M Yac YMPABIiHHSA MPOLECAMU
TPAHCIIOPTHOTO OOCITYroByBaHHs Cy0 €KTiB rocrmomapchkol aisuibHOCTi. oporu 1 moctu. Kuis, 2025.
Bum. 31. C. 322-335. DOI: https://doi.org/10.36100/dorogimosti2025.31.331
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Takox 3aciayroByloTh Ha yBary poOOTH, SIKI HMPUCBSYCHI JOCIHIPKCHHIO
CITIJIOTICTHKH, SK OJHI€l 13 Cy4YacHHMX JIOTICTHYHMX KOHIEMIH, sKa BlacHe
i cdopMmyBanacs min BIUIMBOM CTaloOro pO3BHTKY. 30Kkpema, B poboTi'
PO3IVISIIAIOTHCS KIIIOUOBI ACIEKTH 3a0e31edeH s e()eKTUBHOCTI CITLIOTiCTHYHOT
CHUCTEMH, K TAKOi, sSIKa CKIIAJa€ThCs 13 MiJACUCTEM MOOIILHOCTI, O€3IeUHOCTI
Ta EKOJIOTTYHOCTI MiChKOTO cepefoBuiia. OKpeMHid HanpsMOK HayKOBHX
JOCHi/DKeHb B cdepl  3a0e3nedeHHs CTajloCTi TPAHCHOPTHHX CHCTEM
MIPOCTEXKYEThCS B poOOTax, sIKi (POKYCYIOTbCS Ha IUIAaHyBaHHI CHUCTEM CTaJloi
MOOIJIBHOCTI y BEJIHMKUX MicTax', 15,

B xoHTeKcTI 3a0e31eYeHHs COLiaIbHOT CKIIa/I0BOT CITUIOTICTHKH, SIKY MOXKHA
pO3MIAAATH K 3a1ady 3a0e3medeHHs Oe3rnedHoi MOOUTBHOCTI, 30KpeMa 1 MI0JI0
BPa3JIMBUX YYaCHUKIB JOPOKHBOTO PYXY, 3aCIyrOBYIOTh Ha yBary pobotu's, .
Jlo mpukiaay, B poOOTi'® mpoBeseHO eKCIepTHE OLIHIOBAHHS 1H)KCHEPHUX Ta
IUTaHYBaJIbHUX PIilIEHb I0A0 MiJBHUILCHHS DPIBHS OE3MEKH BHUINE3a3HAYCHOI
Kareropii y4acHHKIB JOpPOXXHBOTO pyXy Ta 3a0e3ledeHHs! I1HKIIO3HMBHOCTI
B CITUJIOTICTUYHHX CHCTEMaxX MICT YKpaiHu.

AmHani3 BHIlIe3a3HAaYCHUX HAYKOBHMX Mpallb I10Ka3aB, IO OUIBIIICTH i3 HUX
nepeOyBarOTh MEPEeBAXKHO HAa CTafil amanTailii IIeld CTallor0 PO3BHUTKY IO
YKpaiHCBKOI'O KOHTEKCTY a0o Ha erami ()OpMyBaHHsS KOHLENTYAJIBHHX 3acall
BITPOBAJPKEHHS TTIXO/IiB CTAJOro PO3BUTKY B naHii cdepi. BogHouac Bapro
3a3HAYMTH, 10 CyYacHi COLiaIbHO-eKOHOMIUHI Ta Oe3rnekoBi peanii B YkpaiHi
3yMOBJIIOIOTh HarajibHy NOTpeOy SKHAWIIBUALIOIO MEPeXo1y BiJl TEOPETHYHOTO
OCMHCJICHHSI 3a3Ha4€HOi MpoOJIEeMaTHKH JI0 eTarty il MpakTU4HOI peasizarii.

13 13. Binonor O.€., I'anak LI, JloGpoBonbcbka A.M., Snimescekuit C.B. Cucremni acmexktu

3a0e3neyeHHst e()eKTUBHOCTI CITUIOTiCTHKM. MEHEePKMEHT Ta MiJNPHUEMHULTBO: TPEHIM PO3BHUTKY.
Sanopixoks, 2025. — Bunyck 2 (32), C. 221 — 235. DOL: https://doi.org/10.26661/2522-1566/2025-2/
32-18

4 Binonor O.€., Suimescpkuii C.B., Fanax L1, Kimmuyk 10.0. YupasiiHs MiCbKOK MOOUIBHICTIO:
Kpalli IpaKkTUKU BIPOBA/DKCHHS IIPOEKTIB PO3BHTKY CHCTEM CTanoi MOOLIBHOCTI B MicTax YkpaiHm.
ABTOMOOINTBHI  TOpOrM 1 JOpokHE OyRiBHMITBO: HaykoBui kypHan. Knis, 2025. — Bum. 117.1.
C. 276 —292. DOLI: https://doi.org/10.33744/0365-8171-2025-117.1-276-292

15 Bimonor O.€., fnuimescekuii C.B., Kimamuyxk 10.0., Yeprenko 1.0. Micbka MOOLTBHICTE B YKpaiHi:
aHaJi3 OCHOBHHX BHKIMKIB. Bicnuk HauionamsHoro tpancnopraoro yHisepcurtery. Cepist «TexHiumi
Hayki». HaykoBo-texniunuii 30ipauk. — K. : HTY, 2024. — Bun. 1 (58). C. 11-22. DOL: https://doi.
org/10.33744/2308-6645-2024-1-58-011-022. URL: http://publications.ntu.edu.ua/visnyk/58/011.pdf

1 Suimescekuit C.B., Bimonor O.€., KopueBcbka A.A. OOMEKEHHS WIBHIKOCTI TPAHCIOPTHHX
3aco0iB B MicTax /Uil IIABHIICHHS OC3MeKH BPAsIMBHX YYACHHKIB JTOPOKHBOIO pyxy. BicHuk
HauionansHoro tpancnoprHoro yHiBepcurety. Cepis « Texniuni Haykuy. Haykosuii 30ipuuk. — K. : HTY,
2023. — Bum. 1 (55). C. 335-347. DOI: https://doi.org/10.33744/2308-6645-2023-1-55-335-347. URL:
http://publications.ntu.edu.ua/visnyk/55/335.pdf

17 Polishchuk V., Yanishevskyi S., Bilonoh O., Nahrebelna L., Trushevsky V., Korchevska A.,
Semenchenko O., Vyhovska 1. (2023). Expert assessment of engineering and planning solutions to
improve the safety of vulnerable road users in Ukraine. / Expert assessments in decision making: risks
and safety: collective monograph. Pp. 154-206. Tallinn: Scientific Route OU, 222. Scopus DOI: https://
doi.org/10.21303/978-9916-9850-2-1

8 Tam camo.
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2. Ponb NOFICTUKKU Y JOCATHEHHI Linel cTasioro posBUTKY

Cepen 17 mmoGampHux 1inmeit cramoro po3Butky (LICP) Opranizamii
O06’ennannx Hariid, ski, SIK 3a3HaYaNOCs BUINE, CIIPIMOBaHI Ha 3a0e3MCUCHHS
OamaHcy MK €KOHOMIYHMM 3pOCTAaHHSM, COIIIAIbHUM TIPOTPECcOM Ta
30epeKeHHSIM HABKOJIMIIHBOTO MPHUPOIHOTO CEPEloBHINA, cepa JOTICTHKA
BiZlirpae KITIOUOBY pOJb Y JNOCSATHEHHI mioHaiMmenmre 10 i3 17 Bu3Ha4eHHX
migei. Xoya HaHOUTBII TICHHIH 3B’ 130K JIOTICTUYHOT isTTBHOCTI TIPOCTEKYETHCS
i3 rakumu L{CP, pucynox 3:

— HCP 7 — gocTtymHa Ta 4ncTa SHEPTif;

— LCP 9 — mpomuciIoBicTh, iHHOBaII{ Ta iHPpPACTPYKTypa;

— HCP 11 — cramni MicTa Ta TpOMaJI;

— LCP 12 — BinmoBinanbHE CIIOKHUBAHHS i BHPOOHHIITBO;

— LCP 13 — 6opoTsba 31 3MiHOIO KITIMAaTY;

— IICP 17 — napTHEpcTBO 3apajyl CTAJIOr0 PO3BUTKY.

Ccepa moricTHKM Bifirpa€ BaXJIUBY pOIb Yy JOCSATHEHHI OLTBINIOCTI
3 OUX IiIel, OCKUIBKM BOHA BIIMBAE HA PECypcoe(eKTHBHICTH, TPAHCIIOPT,
00CITyroByBaHHsSI TOPTOBEJIbHHUX, BHUPOOHHYMX MiANPHEMCTB Ta KIHIEBHX
CIOKMBaUiB, iHQPacTPyKTypy Ta Kiimar tomro. CIrig 3a3HAYUTH, [0 TOCSITHCHHS
LCP B norictumi BinOyBaeThCS Ha OCHOBI BIIPOBAPKCHHS CTAUX IPAKTHK.
IIpn mpoMy, cTaii MPaKTUKK PO3MISNAIOTHECS SIK KOMIUIEKC YIPaBIiHCHKHX,
TEXHOJIOTIYHHUX, OpraHi3alifHUX Ta COIIaJbHO-CKOJIOTIYHUX pIleHb, SKi
CHCTEMHO BIIPOBA/DKYIOTBCSI Yy  JiSTIBHICTH  JIOTICTUYHHMX  IpOBaiepiB
3 METOI0 MiHiMi3alii HeraTHBHOTO BIUIMBY HA JTOBKUIIS, a TAKOXK CYCIIUIBCTBO,
palioHANIBHOTO BUKOPUCTAHHS PECYpCiB Ta 3a0e3MedeHHs JIOBTOCTPOKOBOL
E€KOHOMIYHOT €()eKTHBHOCTI 1 CTIHKOCTI PO3BHUTKY.

Crai mpakTHKH B TiSUTBHOCTI JIOTICTHYHUX MPOBAHIEePiB MOXKHA PO3IITHTH
Ha TaKi KaTeropii, sIK: eKOJOTIUHI CcTall MPaKTUKH, TEXHOJOTiuHI Ta mHu(poBi
MIPAKTUKA CTAJOTO PO3BHUTKY, OpraHi3amiifHO-eKOHOMIYHI MPAKTHKH, COLiaTbHi
CTaJIi MPAKTHUKH, IHCTUTYIIHHI Ta YIPABIiHCHKI MMPAKTHKH, PUCYHOK 4.

Exomoriuni crami mNpakTWKH, SKi CHpPSMOBaHI Ha 3MCHIICHHS BIUTUBY
JIOTICTHYHHX OIeparliii Ha MOBKIIISA, BKIIFOYAIOTH ONTHMI3aIii0 TPAHCIIOPTHUX
MapIIpyTiB 3 METOI0 CKOPOYEHHSI BUKMIIB IIKITTMBUX PEYOBHH Ta MAPHUKOBUX
ra3iB, BUKOPUCTAHHS €HEProe(heKTHBHNX Ta AIBTEPHATUBHUX BHJIIB TPAHCIIOPTY,
BITPOBA/PKCHHST €KOJIOTIYHO YHMCTHX BH/IB IMAJINBa, MOJAEPHI3AIII0 CKIAICHKOI
1HQPACTPYKTYpH 3 BUKOPHCTAHHSIM CHEPro30epiraloumx TEXHOIOTIH, a TaKOXK
3MEHIIECHHS 00CATIB Bi/IXOIB IIUITXOM HOBTOPHOTO BUKOPHUCTAHHS Ta MIEpepoOKn
MaKyBaJIbHAX MaTepiaiB.

TexHomoriuni Ta OUQPOBI MPAKTHKH CTAJOrO PO3BHTKY 3a0€3MeuyloTh
MiABUIIEHHA  €(EKTUBHOCTI  JIOTICTUYHMX  TPOIECiB 1  3HIKCHHSA
pecypcomictkocTi. Jlo HHMX HajeXaThb 3acTOCYBaHHS CHCTEM YIIPABIIHHA
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tpancnoptoM 1 ckiagom (TMS, WMS), Buxopucranus unppoBux riarhopm
JUISl MOHITOPHHTY BaHT)KOIIOTOKIB Y peaJlbHOMY 4Yaci, aBTOMaru3ailis poreciB
IUTaHYBaHHSI Ta KOHTPOIIO, @ TaKO)K BIPOBA/DKCHHS aHAIITHKH JaHUX JUIs
MIPOTHO3YBAHHS MOMUTY 1 3MEHIIEHHS HAUTMIIIKOBHUX OIepaliii.

MixHapoaHa cnisnpaus y

Buropucmaia mparcropmy Ha vt ot

anbmepHamusHux 5)((9[.79176)(
enepeil. Briposaduenna ['apMoHi3allist cTaHpapTie
ewepaoaﬁepleamwx ‘mexHonoaiu nepeseseHs, 06MiH
¥ cknadax {;ED— acam;neﬂnﬂ, 17 TIAPTHEPCTB0 {HHOBALIHVMMU MPaKTUKaMM.
smart-cucmemu) SAPATHCTIHKOTD
PIBBHTHY

NOTICTUHIX NaHLOTIB.

Poggumok smart- 3
nozicmudku TIPOMHCAOBICT, eymﬁm
(mpaHcnopmHux THHOBALLI TA cnidy
m‘;’ﬂil;;’;ﬁm IHPACTPYKTYPA n02icmusHor
wucbposx OisnbHocmi
mexonozii: 10T, Big (mpaticropmy,
Data, GPS, L. noercmul_#;ux
uenmpie),
By SZ:;'%:“ Pospayrox CO-
- ewmicit y
JIOZICMUSHUX X806 | 1 CIIDKMBAHHA TA n02iCMudHUX
My MUMOdanLHUX BIPOGHIALTRO
Hmpie. npoyecax,
exonozidHa
m cepmucpvaun.
Onmumisayist ciminozicmuku Poasumok pesepcugHoi
(3HUXEHHS mpacbiKy, wymy, nozicmuku (noemopHe
3a6PyOHEHHS). BUKOPUCMAHHS! NaKy8aHHS,
Posgumok cmanux eudig MobinsHocmi nepepobka eidxodie).
ma ¢hopmysaHHs cucmem cmarnoi BriposadxerHs npunyunie
Moﬁrnbnucmr.__ eKono02iyHo2o dusaliHy
Possumox ikkmio3ii ma NaHYt02i8 NoCMayaHHs.
6esbap‘epHocmi.
BukopucmarHs MikpoMoGinbHocmi.
Puc. 3. Poab gorictuxkn y gocsirnenni LHCP
CTANI MPAKTUKUN
B COEPI
NOTICTUKKN
EkonoriyHi TexHonoriyHi Ta OpraHisaujinHo- . . . inHi
. N N P Ll X CoujanbHi ctani IHCTMTY”.MH' 2
crani umdposi cTani E€KOHOMIYHI e yrpaBriHCbKi
NpakTukn npaKTYKH cTani npakTIki cTani NpakTuku1

Puc. 4. Kareropii cTajanx npakTUK B JoricTuii

Oprani3amifHO-eKOHOMIYHI ~ MPAKTUKKA Tepen0dadaroTh — palioHai3aIliio
JIOTICTHYHHX JIAHITIOTIB Ta OTITUMI3aIlifo BUTPAT. [10 HUX BiTHOCSTH KOHCOJiJAIIiFO
BaHTaXiB, PO3BUTOK MYJIBTHMOJIAJIbHUX MIEPEBE3CHb, BIPOBA/KEHHS IPUHIIHITIB
«3€NIeHOI JIOTICTUKW», IHTETPaIlil0 CTalWX KPHUTEpiiB y BHOIp mMmapTHEpiB
1 TIOCTauabHUKIB, a TAaKOXK OIIHIOBAHHS EKOJOTIUYHUX 1 COIIATBHUX PHU3UKIB
y JIAaHIIOTax MOCTa4YaHHS.
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CouianbHi crayi NpaKkTUKH, SIKI CHIPsIMOBaHI Ha 3a0e3redyeHHs Oe3reuHux
YMOB IIpali, MiJBUILEHHS PiBHS COLIAIBHOI BIAMOBIAAJIBHOCTI Ta A0OpOOYTY
NIepCOHAITY, OXOILIIOIOTh JOTPUMAaHHS HOPM OXOPOHH Mpalli, 3HMXKCHHS PiBHS
BUPOOHHMYOrO TpaBMATH3My, HAaBYaHHS IPAIIBHUKIB TMPUHIUAIAM CTaJIOro
PO3BUTKY, HMIATPUMKY €THYHUX CTAHIAPTIB y B3a€MOBITHOCHHAX 3 KIIEHTAMHU
Ta TapTHEpaMH, a TaKOXK Yyd4acTh JIOTICTUYHHUX KOMIIAHIM y COIliaJIbHUX
1 'yMaHITapHUX iHIIiaTHBax.

[HCcTHTYLIHI Ta yHNpaBIiHCHKI TIPAKTUKH 3a0€3MeYyloTh CHUCTEMHICTh
BIIPOBA/DKEHHSI ~ CTAJOT0  PO3BUTKY. Jlo HHMX Haiexarb po3poOsieHHs
KOPIIOPATUBHHUX CTPATEriil CTaJoro pO3BUTKY, IHTErpailisi CKOJOTIYHUX
1 colliaJbHUX TOKAa3HUKIB Y CHCTEMY OLIHIOBaHHS €(EeKTUBHOCTI JiSUTBHOCTI,
JOTPUMaHHS MIDKHAaponHUX ctaHaapriB i1 ceprudikauiid (ISO, ESG), a takox
myONliYyHa 3BITHICTH IMOJ0 BIUIMBY JIOTICTMYHOI AisUTBHOCTI Ha IOBKULIS Ta
CYCHIJIbCTBO.

Ioseprarouricek no nutanns peanizanii L[CP yepes cram nmpakTuku, BapTo
3a3HAYUTH, M0 1X MOXHA CTPYKTYPyBaTH 3a OKpeMHMH (DyHKIIOHAIbHUMH
chepamu JoricTuky. Xoya OUIBII JOIUJIBHO IPEACTABIATH IX TNPHUKIAIA
B MEXaxX OKPEMHX JIOTICTHYHHMX KOHIICMIIIH, sIKi BiacHe 1 chopmyBaiucs
i BIUTMBOM cCTparerii crajioro po3BUTKy. lle, 30kpema, 3ejieHa JIOTiCTHKA,
pPEBEpCUBHA JIOTICTHKA Ta citiiorictuka. CucreMaru3allisi NPUKIaIiB CTAIUX
MPaKTUK, cripsiMoBaHuX Ha nocsrHeHHs LICP, siki peasi3yroThCs B JIOTICTHIL,
HaBeJeHa B Tabmumi 1.

CyyacHHI PO3BHUTOK JIOTICTHKH BiZIOYBA€ThCS IIiJi BIUIMBOM IJIO0AIBHHIX
eKOJIOTIYHHMX,  COLIAJIbHMX 1 EeKOHOMIYHHMX  BHKJIMKIB.  AHAII3yIOuu
KOHIICTITYalIbHI 3acaj CTaJOr0 PO3BUTKY (AMB. pHC. 1), MO)KHA HPOCTEKUTH
BEKTOPHY OPI€HTAIIIFO Ha IEBHI CKJIAJIOBI CTAJIOr0 PO3BUTKY KOHIICIIIIiH 3€JICHOT,
PEBEPCUBHOI Ta CITIJIOTICTUKY, SIKi 332 CBOEIO CYTTIO CIIPSIMOBAHI Ha JOCSTHCHHS
OamaHcy Mik e()EKTHUBHICTIO Oi3HECY, CKOJIOTIYHOK OE3IEKO Ta KOM(pOPTOM
cycmijbeTBa, Tabmuus 2. TakuM YMHOM, MOXKHA CTBEpJUKYBATH, IO CYTO
€KOJIOTIYHE CIPSIMYBaHHS Ma€ KOHIICMIIis 3eJIeHOT JIoricThKU. ExoHOMiuHe Ta
CKOJIOTIYHE CIPSMYBaHHS Ma€ KOHIICIIiS PEBEPCUBHOT JIOTICTUKU. A KOHIICTIIIis
CITUIOTICTHKM OpIEHTOBaHA HA JOCSTHCHHS COIIaJbHUX HA CKOJOTIYHUX
LICP. Ilpu 1pomy, BCi TP CKIIQJOBI CTAJOTO PO3BUTKY € B3a€MO3aJICIKHUMHU
Ta B3aEMOIIJCWIIOBAIEHIUMU. ToOTO, ’KOAHA 3 HUX HE MOXKE PO3BUBATHCS
130J1b0BaHO O€3 MOPYILIEHHS TapMOHI1 pO3BUTKY CycIijbeTBa. Llel B3aeMo3B’ 130k
111 YacTo 300pa)aroTh Y BUIISAI «TPUKYTHUKA CTAJIOTO PO3BUTKY.

ExoHoMiyHa CKJIaJioBa CTajOro pPO3BUTKY CIpsIMOBaHa Ha e(EKTHBHE
BHUKOPHUCTAHHS PECYPCiB, 3a0C3MEUCHHS CTa0LIBHOTO CKOHOMIYHOTO 3POCTaHHS
Ta (popMyBaHHS KOHKYPEHTOCIIPOMOJKHOI €KOHOMIKH, SIKa HE 3aBJIa€ IIKOAW
JNOBKULTI0. OCHOBHMMHM LUISMH B paMKaX EKOHOMIYHOI —CKJIQJOBOI €
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MiJBUIICHHS TMPOAYKTUBHOCTI Ta I1HHOBAIIMHOCTI EKOHOMIKH;
dbopmyBaHHS pecypcoeEeKTHBHOIO BHPOOHHIITBA,;

«3EeJICHO»

E€KOHOMIKH;

CTBOPEHHS

3a0e3MeUCHHS TiHOT Mpalli Ta EKOHOMIYHOT OC3IEKH HACEICHHS TOIIO.

Tabmuus 1

Crani npakTuky, cnpsiMmoBaHi Ha gocsirHenHs LICP,

SIKi peaJii3yloThes B JIOricTHII

Marepiais.
IIpiopuTe3attisi BUKOPHCTAHHsI 00ITOBOT
Tapu

Konuenuist CraJti NpaKTHKH, COPSIMOBAaHI Ha . .
R - OuikyBani edexrn
JIOTiICTHKH peasnizaniro LICP
3MEHILCHHST BUKU/IIB 3a0py/IHIOIOYUX
PEYOBHH Ta MTAPHUKOBHX Ta3iB.
BukopucTaHHs eHepro-e(peKTUBHUX Ta | SHIKCHHST €HEProCIIOKHBAHHS Ta
AJIBTEPHATUBHUX BUJIB TPAHCIIOPTY. CIOXKMBAHHSI TIPUPOJIHUX PECYPCIB.
BripoBa/pKeHHST €KOJIOTYHO YHCTUX CKopoUeHHST 00CATIB BiIXO/IB 3aBISKH
BUJIIB [TAJIHBA. OIITHMI3ALlil YITAaKOBKH Ta IOBTOPHOMY
3enena MonepHi3attist CKJIaiChKol BHKOPUCTAHHIO Marepiais.

JIOTICTHKA IH(PACTPYKTYPH 3 BUKOPHUCTAH-HSIM MiHimi3aliiss HETaTHBHOIO BILIUBY
€Hepro30epiralounx TeXHOJOT 1. TPAHCIOPTHHX 1 CKIIAJICHKHX Orepartiil Ha
3MeHIIeHHsT 00CATIB BiJIXOAiB LIUIAXOM | JIOBKIJLIS.

OBTOPHOTO BUKOPHCTAHHS Ta 3MEHIICHHSI HEraTHBHOIO BILIMBY Ha
repepoOKH MaKyBaJbHHX MaTepiajiiB CKOCHCTEMH.
ITizBuIeHHs eKororiyHoi Oe3nexu
TEePUTOPIN
3MEHIICHHS] BUKOPUCTAHHS IEPBUHHUX
. . . NIPUPOIHUX PECYPCIB.
ITixTprMKa HUPKYISIPHOT SKOHOMIKH. pup peeypeis. .
R CkopodeHHst 00CATiB BIIXO/IB, 1110
CTBOpEHHS 3aMKHYTHX JIQHIIIOTiB .
I UISTaI0Th 3aXOPOHEHHIO.
MOCTa4aHHsL. . .
PeepcuBHa 3HIKEHHS] BUKH/IIB [TAPHUKOBHX T'a3iB 3a
. TlepepoOka Ta MOBTOPHE BUKOPUCTAHHS
JIOTiCTHKA PaxXyHOK IIOBTOPHOIO BHKOPHUCTAHHS Ta

nepepoOKH Marepiais.

Minimisatiist 3a0pyIHEHHS IPYHTIB, BOIH

Ta TOBITPSL.

TTpOIOBIKEHHS JKUTTEBOIO LIMKITY MPOIYKLIT

Ciri-noricTuka

BuxopucranHs ekoioriyHoro
TPaHCIIOPTY.

CTBOpPEHHSI MICBKHX JIOTICTUYHUX
LEHTPIB.

Komncomigariiss 10CTaBoOK Ha OCTAHHINA
MHUJTL.

Po3BUTOK CcTanux BUIiB MOOIIBHOCTI.
Po3BuTok 1HKIIO31T

3MEHIIEHHS BUKUJIB 3a0pyIHIOI0UHX
PEYOBHH i TTAPHUKOBUX Ta3iB.
TlokparteHHs SIKOCTI HOBITPSI B MICTi.
TlinBuieHHs eneproedeKTMBHOCTI
JOCTABKH.

3MEHIIEHHS! IHTEHCUBHOCTI PyXy

Y LIEHTpaJIbHUX palioHax.
Onrumizariis MapLpyTiB JOCTABKH.
SHIDKEHHS ILIyMOBOTO i BiOpatiiiHoro
HABAHTAKCHHS Y MICHKHX 1 IPUMICBKUX
30HAX.

3MEHIIIEHHSI 3aTOPOBUX SIBHUILL.
CrBOpeHHS MiCbKHX 0e30ap’epHHX
MIPOCTOPIB
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Tabmuusg 2
Opienranis cy4yacHUX JIOTiCTHYHUX KOHLeMmuii
Ha CKJIAJI0BY CTAJIOI0 PO3BUTKY

OpienTaniss Ha CKJIA0BY
CTAJIOT0 PO3BUTKY

Konuenuis Joricrukmn OcHOBHa MeTa

MiHimi3aliss HeraTHBHOTO BIUTHBY Ha
3erneHa Jorictuka JIOBKLJUISL B YCbOMY JIOTICTHYHOMY Exosoriuna cknanosa
JIAHIIIO3i

ITinTprMKa DUPKYISIPHOI EKOHOMIKH.
OpraHizalis peBepCUBHUX (3BOPOTHUX)
PeBepcuBHa JloTicTHKA | TOTOKIB (OBEPHEHHSI, yTHIII3aLlis,

ExoHOoMiuHa Ta eKOJIOTiYHA

. .. CKJIaJI0BI
nepepoOKa, BUKOPUCTAHHS 00iroBoi
Tapu)
OnTumizaiis JOTiCTHYHUX TPOLECIB . .
L . . . CorianbHa Ta €KOJOTiYHa
CirinoricTuka Yy MiCTax i3 ypaxyBaHHIM €KOJIOTIYHUX

. . CKJIZ0BI
Ta COIIAJIbHUX aCIIEKTiB

J111s1 OTTiHIOBaHHS PE3yIIBTaTUBHOCTI iHIIIaTHB B TaHOMY HAIPsIMKY HaifuacTire
BHUKOPHCTOBYIOTh TaKi TMOKa3HHKH, sk BBIl Ha jgynry HaceneHHs; piBeHb
3aHATOCTI; HeProe(PeKTUBHICTH BUPOOHHUIITBA; iIHBECTHIIIi B €KOTEXHOJIOT1i.

B sxocTi mpuKIamiB €KOHOMIYHHMX CTajHX TPAKTHK B JIOTICTHIII MO)KHA
PO3IISIIATH  PO3BUTOK [UPKYISIPHOT EKOHOMIKM B JIAHIIOraX MOCTaYaHHsI,
OIITUMI3AII0 MAPIIPYTIB TS 3MEHIIICHHS TPAHCIIOPTHUX BUTPAT; BUKOPUCTAHHS
€HeProoIIaHUX CKIIA/IiB TOIIO.

ExonoriuHa CKkiajioBa CTAlOr0 PO3BHUTKY 3al0e3reuye  30epekeHHs
MIPUPOTHOTO CEPEIOBHIINA 1 palliOHAIbHE BUKOPHCTAHHS MPUPOJHUX PECYpPCIiB
3aUT 33JOBOJICHHS MTOTPeO HUHINTHHOTO Ta MalOyTHIX MOKOMiHE. [Ipu mpomy,
[iThOBA HAIIPABJICHICTH TOJNATAE Y 3HIDKCHHI BUKHIB IIKiITUBUX PEYOBUH Ta
MApHUKOBUX Ta3iB; OXOPOHI MPUPOJHUX PECYpPCiB; PO3BUTKY BiJHOBIIOBAHOI
SHEPIeTHKH; YIPaBIiHHI BIIXOJaMH Ta TMOBTOPHOMY BUKOPHCTaHHI PECypCiB;
(hopMyBaHHI EKOJOTIYHOI CBIIOMOCTI HaceleHHs. Peamizaris AaHWX MijeH
BiIOyBa€THCSI HA OCHOBI HACTYIMHUX KIIFOYOBUX IPHHIIUTIIB!

— «3a0pyIHIOBAY TUIATUTHY;

— NPIOPHUTET MPEBEHTUBHUX 3aXOJIiB;

— eKOJIOTiYHA BiATIOBIAAaTBHICTE Oi3HECY;

— BIIPOBADKCHHS ekoJorigHoro MeHemxMeHTy (ISO 14001).

B sxocTi mpukIaniB eKOJOTIYHUX CTaNWX TPAKTHK B JOTICTUIN MOXKHA
pO3IISIIATH Tepexiji Ha EeKOJOTiYHUN TPAaHCIOPT; SKOJOTiYHE MaKyBaHHS Ta
MOBTOPHE BUKOPHCTAHHS TApH; CTBOPEHHS «3€JICHHUX CKJIA/IiB)» 3 BUKOPUCTAHHSIM
BiJTHOBJIFOBAHOI €HEPTii TOIIO.

CorianbHa CKJIaJI0Ba CTAIOr0 PO3BUTKY CIPSIMOBAHA Ha IMiJIBUIICHHS SKOCTI
JKUTTS JTFOJMHH, 3a0e3MeUYeHHsI COLiaIbHOT CITPAaBEUIMBOCTI Ta TapMOHIITHOTO
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PO3BUTKY cycriibeTBa. Cepesi OCHOBHUX IijIel MOYKHA BHIUIUTH: 3a0e31Ie4eHHS
TIIHUX yMOB Tpali Ta 3alHATOCTi, IOJIOJAaHHSA OiHOCTI, HEPIBHOCTI,
JMCKPUMIiHaLlii; PO3BUTOK OCBITH, OXOPOHH 3/10pOB’sl, Oe3reku; (popMyBaHHs
COLIiaJIbHO BIAINOBIJALHOTO Oi3HECY; ydacTh T'POMAJCBKOCTI y NPHHAHSTTI
pilLICHB.

KirouoBrMH  MTOKa3HMKAMHK I OIIHIOBAaHHS  YCHIIIHOCTI  IHIIIaTHB
y naHiit cepi € piBeHb T00pPOOYTY HACENCHHS, KU BiOOpakae CKOHOMIUHY
CTaOUIBHICTb, PIBEHb MOXOMIB Ta SKICTh JKUTTS T'POMAaJSH; JIOCTYIHICTh
0a30BHX COLIAJILHUX TOCIYT (OCBITH Ta OXOPOHH 37I0POB’sl), 1[0 XapaKTepU3ye
MOXKJIMBOCTI HACEJICHHS II0JJ0 OTPHMAaHHS SKICHHMX Ta CBOEYaCHHX OCBITHIX
1 MEIUYHHUX TOCIYT; PiBeHb COLIaJbHOI 3rypTOBAHOCTI, SIKUM CBIUUTH IIPO
CTYIiHb IHTErPOBAHOCTI PI3HUX COLIAIBHUX I'PYII, PIBEHb JOBIPU B CYCIiIbCTBI
Ta TOTOBHICTBH JIO CIUIBHHUX JiH; @ TakoXX CTYIMiHb PO3BUTKY KOPHOPATHBHOI
COL[iaIbHOT ~ BIJNOBINAJBHOCTI, 10 BU3HAYAETHCS PIBHEM  3ay4EHOCTI
MIJIPUEMCTB JI0 peatizailii COmialbHUX, CKOJIOTIYHUX 1 STHYHKX IHII[IaTHB.

B skocTi mpuKIIaAiB CONiajdbHUX CTAIMX NPAKTUK B JIOTICTHII MOXKHA
pO3IIsIAaTH TOTPUMAaHHS CTaHIapTiB Oe3MEeKH Mpalll JIOriICTUYHOIO MepCoHaITy
(BomiiB, aucIieTYepiB, EKCIIEIUTOPIB, MPaLiBHUKIB CKIJIAAiB); 3a0e3NeyeHHs
PIBHMX MOXJIIMBOCTEH TIpH MpaleBIallTyBaHHI; CTBOpEHHs KoMmQopTHOT
CITIJIOTiCTHKH, O€3MeYHOT I HaCceJIeHHS; IPOrPaMH COLiaIbHOIO TTAPTHEPCTBA
AIPUEMCTB 3 IpOMaJIaMHu.

3 oIy Ha BUILIEBHMKIIAJICHE, B3a€MO3B 30K MK CKJIAIOBHMHU CTAJIOTO
PO3BUTKY MOKHA IPEJICTABUTH Y HACTYITHOMY BHIVIS[, PUCYHOK 5.

EKOJIOrN4YHA
CKITALOBA
Possumok exonoaiyHo 3dopose doekinsis,
693ne'-IHU'X mexHonogit, 6eaneyHe cepedosulye,
eKoiHHosayji, SIKICMb KUMMS HACeNeHHs

eHepaoeghekmugHicms
EKOHOMIYHA & — COUIATIBHA

CKNAIOBA CKNALOBA

CmeopeHHs1 poboyux micub,
3pocmarHs 006pobymy,
crpasednusuti po3nodin
doxo0ie
Puc. 5. B3aeMo3B’s130Kk MiK €K0JIOTiYHOI0, EKOHOMIYHOK Ta COIiaJILHOIO

CKJIAIOBUMH CTAJIOTO0 PO3BUTKY
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Otmxe, CTaqMil PO3BUTOK — II€ CHCTEMa PIBHOBArM MiK EKOHOMIYHOIO
e(eKTUBHICTIO, EKOJIOTIYHOI0 OE3MEeKOI0 Ta COLIabHOI CIPABEUINBICTIO.
Exonomiyna ckiazoBa 3a0e3rnedye pecypcH, €KoyoridHa — ixX 30epeKeHHs,
colliaNbHa — CIOpPSAMYBaHHS PO3BHTKY Ha Onaro mroamHd. [ AOCATHEHHS
CTaJOCTI HEOOXiJHA IHTerpauis MOJITHKH JAep)kaBH, Oi3HECYy Ta CyCIHiIbCTBA,
0co0aMBO y cdepax 3 BHCOKMM DECYPCHHM CHOKHBAaHHSAM — TaKuX, SIK
JIOT1CTHKA.

3. Migxoan Ao BiacTeXXeHHSA YCMilUHOCTI AOCArHEHHS LiIei CTaaoro
PO3BUTKY

OkpeMUM BaXKJIMBUM 3aBJaHHSM 3QJIAIIAE€THCSI HCOOXIIHICTh BiJCTEKCHHS
yemimHoceri  gocsirHenHst L[CP B sorictumuniit  gisutbHOCTI.  [IpumycTtumo,
[0 Ha PIBHI OKPEMOro IMiANPUEMCTBA, K€ OC3MOCEPEIHbO € JIOTICTHYHHM
poBaiinepom, a0 BUPOOHUYOTO YK TOPTOBEIBHOTO IMiIPUEMCTBA, SIKE B CBOT
OpraHi3auiiiHii CTPYKTypi Mae€ BIIACHMH JIOTICTUYHHMH MiAPO3/iad 1 BUKOHYE
JIOTICTHYHE OOCIYrOBYBaHHS BJIACHUMH CHJIAMH, CTyIiHb nocsrHeHHs [[CP
MOYKHA OITUCATH Yepe3 IHTerpalIbHUH MOKa3HHK:

ESD = WecoEecﬂ + WenvEenv + WsocEsoc > (1)

ne: Eg — epeKTHUBHICTh CTAJIOr0 PO3BUTKY (CTAJIMX MPAKTHUK) B JOTICTHYHIN
JUSTBHOCTI,

E,,,— €KOHOMIYHA CKJIa/IOBa;

E,, — €KOJIOT1YHa CKJIaJ0Ba;

E,,, — colliajibHa CKJIaJI0Ba;

Wops Wonss Wepe — KOC(DILIIEHTH BaroMocTi €KOHOMIYHOI, €KOJOTi4HO Ta
COLiaIbHOT CKJIaJO0BOI.

s Bu3HA4YCHHS KOCQIIIEHTIB BAaroMOCTi CKOHOMIYHOI, CKOJIOTIYHOI Ta
COL[IaJIbHOT CKJIAJIOBUX MOXYTh 3aCTOCOBYBATHCS EKCIIEPTHI, HOPMAaTHBHI,
iepapXi4Hi Ta CTaTUCTUYHI MiJXOIH, a TAKOK iX KOMOIHawii, IO J03BOJISIE
BpaxyBaTu sK Tajay3eBy CHEUU(IKy JIOTICTHYHOI MisJIBHOCTI, TaK 1 HasBHY
iHpopmauiiiny 0a3zy pocimimkeHHs. B Tabmuni 3 HaBeneHa MOpPIBHsIbHA
XapaKTepUCTUKa OCHOBHMX MiAXOMIB, sKi Haifuacrilie BUKOPHCTOBYIOTHCS
B HAyKOBUX JOCIIHKCHHSX Il BU3HAYCHHS KOS(illi€HTIB BArOMOCTI 3a TaHUMHU
CKJIaJIOBHMH.

ExoHoMiuHa e(heKTHBHICTb JIOTICTUKU MOXe OyTH IPE/ICTaBICHA Y BHIVISII
CHCTEMU HOPMOBaHHX MOKa3HHKIB:

Eeco = Za[ : Pmax (2)
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Je: P— TIOKa3HWMKH e(EeKTHBHOCTI JIOTICTHYHOI JisTbHOCTI (piBEHB
JIOTICTHYHHUX BUTpAT, OOOPOTHICTh TOBAPHHUX 3amaciB, MPOXYKTUBHICTh
TPaAHCIIOPTY, PiBEHb CBOEYACHOCTI TOCTadaHb, MPHOYTKOBICTh JIOTICTUIHHUX
orepaniif Tomro);

P MaKCHUMaJbHO MOIycTUME (TpaHWYHE, €TAJOHHE) 3HAueHHs i-TO
MTOKAa3HMKA, SKE BUKOPHCTOBYETHCS B MOIETSAX OLIHIOBAHHS €()EKTHBHOCTI,

30KpeMa CTaJIOr0 PO3BUTKY JIOTICTUKH;
o, — Koe(ilieHTH BaroMoCTi €eKOHOMIUYHHUX HOKa3HHKIB;
i — IHJIEKC €EKOHOMIYHOIO ITOKa3HHKa, i=12,...,n;
n — 3arajibHa KiJTbKICTh CKOHOMIUYHUX 1HIUKATOPIB, IO BUKOPHCTOBYIOTHCS
JUTSL OLIIHFOBAHHS.

Tabmurs 3
XapakTepucTHKA OCHOBHUX MiX0iB /15 BU3HAYeHHs Koe(iuieHTiB
BaroMocTi
Iiaxix KopoTka xapakTepucTuka IlepeBaru Henoutiku
Iepenbauae 3amydyeHHs R .
. . — cy0’€KTUBHICTh
IPYIH EKCIEPTiB (HAYKOBLIB, |— BPAaxoOBY€ raiy3eBy omiEoK:
MPEACTAaBHUKIB JIOTICTHYHHUX | crielu(iky Ta Hor ;:6a
Exkcneprauit KOMITaHil, OpraHiB BIagn), MIPaKTUYHUI TOCBiK; P .
. . . B JOCTATHIM
Juihiv'ebis SIKI [IJTSIXOM aHKETYBaHHS — THYYKHI 0 yMOB | . .
PR KIIBKOCT1
a00 paH)XyBaHHS BU3HAYAIOTh |KOHKPETHOI KpaiHU .
. . .. . KBaTi(hiKoBaHHUX
BIZIHOCHY Ba)KJIMBICTh KOJKHOI |4M PerioHy .
.. eKCIepTiB
CKJIQJIOBOI CTAJIOr0 PO3BUTKY
Basyerscst Ha momapHoMy
MOPIBHSHHI CKJIQJIOBUX — (hopmanizoBaHuit .
. . |- BigHOCHA
. CTaJIoro PO3BUTKY i MIUPOKO BU3HAHUIT .
Merton anamizy CKJIaIHICTh
. - 3 TMOAANBIINM PO3PAXYHKOM METOI; .
iepapxiii (AHP, PO3paxyHKiB;

meton Caari)

BaroBHX KoeilieHTiB Ha
OCHOBI MaTpuIli Tepesar ta
MEPEBIPKOIO Y3TOIKEHOCTI
CYJUKEHb eKCIEepTiB

— JI03BOJISIE
MePEBIPUTH JIOTIYHY
Y3TOKEHICTh OI[IHOK

— 3aJIEXKHICTD Bif
eKCIEePTHUX CYIKEHb

— MpOCTOTA Ta

— HE BPaxoBy€
raiy3eBy abo

zmcr[epci}o TIOKa3HHUKa

. . . PO30PicTh; :
PiBHOBaKHUI Tlepenbavae npuiHATTS O T U perioHanbHy
(HOpMaTHBHUIT) PIBHUX Bar Juisi BCiX . . crenudixy;
L 3a BiJICYyTHOCTI
miaxiz CKJIaJIOBUX — MOXE 3aHIKYBaTH
0OIPYHTOBaHUX
POJIb OKPEMHX
nepesar
CKJIaJI0BUX
Barosi koedinieHTn
. — notpeba
. BU3HAYAIOTHCS HAa OCHOBI .
CratucTuyi N s . Y BEJIMKOMY MacuBi
CTaTHCTUYHOT 00pOOKH — 00’ €KTHBHICTb; .
METOAN JIOCTOBIPHHX JaHUX;
. (aKTHYHUX JaHHX, 30KpeMa  |— Oa3yBaHHS Ha .
(daxropruii N — CKJIQJHICTh
. Yyepe3 BHECOK KOXKHOT peanbHUX JaHUX .
anani3, PCA) . IHTEpIpeTanii
CKJIAJIOBOI y 3arajbHy .
pe3ynbTaTiB
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[TponorxeHHs TaOIHII 3

. . |~ migBumena
TMoenHye excriepTHi OLIHKH 3i IV
HaliiHiCT
CTaTUCTUYHUMHU METOAaMH abo .
. . pe3yibraris;
Kombinosanwuii HOPMATHBHUMH OOMEKEHHIMHE .
.. — Gayranc Mix -
miaxin (HanpUKIaa, eKCIepTHEe

00’ €EKTHBHICTIO
Ta IPAKTHIHOIO
JIOIIBHICTIO

KOPHI'YBaHHs Pe3yJIbTariB
(axkTopHOTO aHaNII3y)

I[Ipn upomy, P"* sBuse co0OI0 BepxHIO Mexy (LiIboBOro abo
HOPMAaTHUBHOT'O 3HAYEHHS) 1-TO IHANKATOPA, JOCSTHEHHS a00 MEPEBUILIECHHS SKOi
BBA)KAETHCSl ONTUMAJIBHUM 3 TO3UIIH CTaIoro po3BUTKy. JlaHWH MOKa3HHUK,
SIKMH 3aCTOCOBY€TBCS JJIsI HOpMamizamii Ta MaciuTaOyBaHHS PI3HOPIIHMX
CKOHOMIYHHUX, €KOJIOTIYHHUX 1 COIialIbHUX MapaMeTpiB JOTiCTHYHOI JisUTBHOCTI,
BH3HAYAETHCS HA OCHOBI HOPMATHBHO-NPABOBHX aKTiB, Tay3eBHX CTAHAAPTIB
(ISO 14001, ISO 45001, ESG), cTpareriynux mijen miInprueMcTBa, HAHKpammx
MIPaKTHK (OCHYMapKIHTY).

Exornoriuna e)eKTHBHICTB JIOTICTUYHOI iSUTBHOCTI BioOpakae MiHIMi3alio
HETraTUBHOTO BIUIMBY Ha JOBKULIA:

" E.
Ep= 2P| 1= (3)
= j
ne: E, — NMOKasHUKK (DAKTMYHOTO €KOJOTIYHOTO HABAaHTAKEHHs (BHKHIH
MIKIJJTMBUX PSYOBHH Ta MAPHUKOBUX Ta3iB, MIyM, BiOpaIlisi, BIAX0IH);
E}" —TpaHHYHO NOMyCTHMi 3HAYEHHS ITOKa3HUKIB (PaKTHIHOTO EKOOTiqHOTO
HaBaHTAKCHHS;
B, — Koe]illieHTH BATOMOCTI €KOJIOTIYHUX MOKA3HHKIB;
j — IHIEKC eKOJIOTIYHOIo MOKa3HuKa, j=1,2,...,m;
m — 3arajbHa KiJIbKICTh €KOJIOTTYHHX 1HIMKATOPIB, 0 BUKOPHCTOBYIOTHCS
JUTSL OL[IHFOBAHHS.
CorianpHa €(DEKTUBHICTD JIOTICTHYHOI [ISUTBHOCTI XapaKTePH3y€E YMOBHU
Tparii Ta BIUIMB Ha CYCIIJIbCTBO:

E, = ZYk -5 4)

ne: S, — HOpMalli30BaHI 3HAYCHHS COIIaIbHUX TOKa3HWKIB e(peKTHBHOCTI
JIOTICTUYHOT IisTbHOCTI;

Y, — Koe(ilieHTH BaroMoCTi COMiaJbHUX MOKA3HUKIB,

k — 1HAEKC COIllaJIbHOTO MOKa3HuKa, k =1,2,...,[;
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| — 3arajpHa KUIBKICTh COLIANPHUX IHAMKATOPIB, IO BHKOPHUCTOBYIOTHCS
JUTSL OLIIHFOBAHHS.

HopmamizoBane 3Ha4eHHS  COIialbHUX  IOKAa3HUKIB  e€()eKTUBHOCTI
JIOTICTHYHOI TiSUTBHOCTI MOJKHA BU3HAUUTH 32 HACTYITHUM BHPa30M:

Sfact
— Sk

— qnorm
Sk

S (5)

ne: S/ — daxtuuHe 3HAUEHHS K-TO COLIaJbHOrO MOKA3HUKA, OTPUMAHE
HA OCHOBI CTaTUCTHYHHX [AHHX ITiIIPUEMCTBA a00 Pe3yJbTaTiB COIMiaJhHOTO
MOHITOPUHTY (HanpuKIaa, GaKTHIHUN PiBEHb TPAaBMATHU3MY, CEpEIHS 3apo0iTHA
IaTa, 9acTKa MepcoHaly, Mo MPOMIIIA HAaBYaHHSI TOIIO);

S;™ — HOpMaTHBHE (eTaJloHHe a0 WiJIbOBE) 3HAYCHHS K-ro COIiaIbHOTO
MOKa3HUKA, BCTAHOBJICHE BiJIIOBIJHO /IO Tajy3eBUX CTAHIAPTIB, 3aKOHOAABUUX
BHUMOT, MixxHapogauX pexkomeHaanii (ILO, ISO 26000) abo cTpaTeriyHuX mijen
i ITPUEMCTBA.

[Ipn iHTepmperamii pe3yabTaTiB IHTETpaJIbHOIO IOKAa3HWMKA Eg, IOJ0
nocsrHeHHsT LICP B soricTiuHiil missTbHOCTI OyieMO BUXOAWTH 3 HACTYITHUX
[TOJIOKEHD:

— KO Eg, >1— BHCOKWI piBeHb €()EKTHBHOCTI BIPOBAIKCHHS CTAJIOrO

PO3BHUTKY;
— ko Eg, ~1 — IpUHHATHAHN piBeHb e()EeKTUBHOCTI BIPOBA/KEHHSI CTAJIOTO

PO3BHUTKY;

— Ko Eg, <1 — HEeoOXiHICTh KOPUTYBaHHS JIOTICTHYHOI CTparerii.

B sxocTi me omHOrO MiAXOMy 1O OIIHIOBAaHHS YCHIIIHOCTI JOCATHEHHS
LHCP B mismpHOCTI JIOTICTHYHOTO TIpoBaiimepa (JOTICTHYHIA MisITBHOCTI)
MOXKHA  pO3ISLIATH  PO3POOJIEHHS ~ CHUCTEMHM  KJIIOYOBHX  [MOKA3HHUKIB
omintoBaHH:A edexruBHOCTI (KPI) 3a KOXKHOFO 13 CKIIQJIOBUX CTAJIOTO PO3BUTKY
(eKOJIOTIYHOK0, EKOHOMIYHOIO Ta comianbHOow0). [lpu mpomy, came KPI nmarote
MOJKJIUBICTh TPOBEICHHS KUTBKICHOI Ta SKICHOI OINHKH pPe3yJIbTaTUBHOCTI
TISUTBHOCTI OpraHi3alii, mapo3airy abo OKPEeMOro MpoIecy MO0 TOCITHEHHS
MOCTABJICHUX CTPATEriyHUX 1 omepariituux iineil. Taka cucreMa JacTb 3MOry
MIPOBECTH OIIHIOBAHHS JIOKAJIbHO 332 KOXKHUM 1HJMKATOPOM Ta, HA OCHOBI 1X
3HAYCHb, — KOMIUIEKCHO, 338 KOYKHOIO CKJI3JIOBOIO CTAJIOTO PO3BHUTKY.

BinmirHOCTI Mik KinbkicHEMH Ta skicHuMU KPI monsraioTe y ToMy, mI0
mig kimpKicHuME KPI MaroTh Ha yBa3i NMOKa3HHKH, SKi MAlOTh YiTKE YUCIIOBE
BHPKCHHS, a TiJ AKICHUMH — Ti, SKi BiTOOpakaloTh piBeHb, cTaH ab0 SKICTh
mporeciB. [Ipu 1mpomy, kimbkicHi KPI pospaxoByrorbes 3a Qopmyramu Ta
JIO3BOJISIFOTH OJIHO3HAYHO BHMIPSITH PE3YJIbTAT, a SIKICHI — 9aCTO OI[IHIOIOTHCS 32
[IKaJIaMH, eKCIIEPTHUMU METO/[aMH, aHKETyBaHHIM a00 ayJuTaMu.
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VY KOHTEKCTI CTajoro pO3BUTKY JIOTICTUYHOI MisIIBHOCTI OOMIBa THUIH
KPI € B3aeMO/IONOBHIOIOUMMHU: KUIBKICHI (DIKCYIOTh pe3ynbrar, a SKICHI —
e(eKTUBHICTh yHpaBmiHHSA mporecamu. Otxe, kinbkicHi KPI no3BossioTh
OLIHUTH (PaKTHYHI pe3yJIbTaTH peastizamii el cTaioro po3BUTKY B JIOTICTUYHIN
mismbHOCTI, ToAi sK sikicHi KPI Binobpaxaiore piBeHb iHTerpauii MpUHIHITIB
CTANOCTi B CHCTEMY YHPaBIiHHS JOTiCTHYHHUMH TIPOIECAMH. X KOMILIEKCHE
BUKOPUCTaHHs 3a0e3reuye BceOIuHy Ta OO0 €KTHBHY OIIHKY e(eKTHBHOCTI
CTaJIOT'O JIOTICTUYHOTO PO3BUTKY.

I'pyna moKa3HMKIB 3a EKOJIOTIYHOK CKJIJO0BOI0 CTaJOr0 PO3BUTKY
(Environmental KPI) crnpsimoBana Ha OIiHIOBaHHS 3MEHIICHHS HETaTHBHOIO
BIUIMBY JiSUIBHOCTI JIOTICTUYHOIO MpoBaiiepa (JOTICTHYHOI IisUTBHOCTI) Ha
JOBKUIISI Ta OI[IHIOBAHHS PIBHS CKOJIOTIYHOI BiAMOBIIAaIBHOCTI JIOTICTHYHOTO
npoBaiiiepa. Ilpu 1poMy, cepell OCHOBHMX ITOKa3HUKIB JIaHOI I'pYIH BapTo
BHJIUIUTH HACTYIIHI:

— piBeHb BUKHIIB CO2 HA OIMHMIIIO TPAHCIIOPTHOI POOOTH;

— YacTKa €KOJIOTIYHO YMCTOTO TPAHCIIOPTY B aBTOIIAPKY;

— IIUTOME CIIOKHMBAHHS MTAJIILHOTIO;

— Y4acTKa BUKOPHUCTAHHS aJIbTEPHATUBHUX JDKEPEJ EHeprii;

—4YacTKa BIAXOMIB, IO NUISraroTh nepepolii abo MOBTOPHOMY
BHUKOPUCTaHHIO;

— IHJIEKC €KOJIOIIYHOI BiAIIOBIIHOCTI.

B Tabmuui 4 npencrasieHo rpymy KPI 3a exonoridHoro CkiagoBoO Ta
HaBEJICHO 1X KOPOTKY XapaKTEPUCTHUKY.

Tabmus 4
I'pyna KPI 3a exo0/10Ti4YHOI0 CKJIAI0BOI0 CTAJION0 PO3BUTKY
KPI 3a exo/10riunoxo OmuHuIi
. XapakTepHcTHKA
CKJIAI0BOIO BHMIpIOBaHHS
1. PiBens Bukuzais CO: Ha P IToka3HHK XapaKTepU3ye eKOJIOriuHy
OJIMHHIIKO TPAHCIIOPTHOT POOOTH e(hEeKTUBHICTD TPAHCIIOPTHUX OIepaLliii
. IToka3HHK BKIIFOYAE eNIEKTPOTPAHCIIOPT, TiOpHIHI
2. YacTka eKoJIOri9HO YUCTOro | .
% aBTO, TPAHCIIOPT EKOJIOTIYHOIO CTAHAAPTY
TPAHCIIOPTY B aBTOIAPKY
Euro-6
TokasHuk BimoOpaxae e(heKTHBHICTh
3. TTutome CIIOKUBAHHS /100 kM; /100p u .
MapIIPyTHOTO IUIAHYBAHHS Ta TEXHIYHOTO CTaHy
MaJIbHOTO JI/T-KM
TPaHCIOPTY
4. YacTka BUKOPHCTAHHS o Tloka3HuK BpaXoBye 3aCTOCYBaHHS
IBTEPHATHBHUX JHKEPEN SHeprii ’ BIIHOBJIIOBAHOI eHeprii Ha CKiIaax i TepMiHaIax
5. Yacrka BifXOAiB, 110 IMoka3uuk xapakrepusye eeKTUBHICTh
HiJUIATatoTh nepepooi abo % YHPABITiHHS TAKyBAHHAM 1 CKIIaICBKUMU
HIOBTOPHOMY BHKOPHCTAHHIO Bixo1amMu
6. Ingexc exonoriyHol IToka3HKK XapaKTepu3ye BiJINOBIHICTh
BIJIIOBiTHOCTI crargapram ISO 14001, EMAS, ESG-3BiTHOCTI
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I'pyma moOKa3HUKIB 3a EKOHOMIYHOIO CKJIQJIOBOIO CTaJIOTO PO3BUTKY
(Economic KPI) BimoOpaxae (iHAHCOBY JIOIIBHICTH Ta CKOHOMIUHY
pe3yJIbTaTUBHICTh BIIPOBA/PKEHHS CTAINX MPAKTHK B JiSUIBHOCTI JIOTICTHYHOTO
mpoBaiinepa (JOricTUYHIN MisUTBHOCTI) B KOHTeKeTi nocsiruenns [ICP. B skocti
OCHOBHHX TIOKa3HMKIB 32 €KOHOMIYHOIO CKJIJI0BOIO CTAJIOr0 PO3BUTKY MOXKHA
pO3IIaTH HACTYIIHI:

— 3MiHa ONepaliifHNX BUTPAT Ha JOTICTHKY;

— EKOHOMisl BUTpPAT Ha MaJIUBO;

— peHTa0esbHICTh 1HBeCTHLIH y cTaiy Jorictuky (ROI);

— piBeHb  3aBaHTAXEHHS  TPAHCIOPTHUX  3aco0iB  (BUKOPUCTaHHA
BaHTAXKOITITHOMHOCTI);

— c0o01BapTICTh JOTICTUYHUX TTOCIYT;

— YacTKa JJOXO/IB BiJ| KJII€HTIB, OPIEHTOBAHUX Ha CTAJIMH PO3BUTOK.

B Tabmuui 5 npencrasieno rpymny KPI 3a ekoHOMIYHOO CKIIa0BOIO CTAJIOTO
PO3BUTKY Ta HaBE/ICHO iX KOPOTKY XapaKTEPUCTHUKY.

Tabmuns 5
I'pyna KPI 3a ekoHOMIYHOI0 CKJIAJ0BOI0 CTAJIO0I0 PO3BUTKY
KPI 3a exo/10riunor0 OnpuHunIi
i XapakTepHcTHKA

CKJI/I0BOIO BHMipIOBaHHS
1. 3mina onepariiHux % IToka3HUK BUKOPUCTOBYETHCS JUTsl OPIBHSIHHS
BHUTpAT Ha JIOTICTUKY BUTpAT JIO 1 MiCJisi BIPOBA/DKCHHS CTAIMX pilllcHb
2. ExoHoMis BUTpaT Ha % IToxa3HUK XapakTepu3ye pe3yibTaT onTHMI3amil
MTAJIBO MapLIpyTiB Ta OHOBJIECHHS aBTOIAPKY
3. PenrabenbHICTh TToka3HUK BUKOPUCTOBYETHCS ISl OLIHFOBAHHS
IHBECTHIIH y cTamy % e(eKTHBHOCTI KalliTaJIOBKJIAJICHb Y «3EICHI»
norictuky (ROI) TEXHOJIOTIi

4. PiBeHb 3aBaHTAKCHHS

TPAHCIIOPTHUX 3aC00IB TlokasHuk xapakrepusye eGeKTHBHICTh

%

(BUKOpHCTaHHS BHUKOPUCTAHHS JIOTICTUYHUX PECypCiB
BaHTAXKOIII IHOMHOCTI)

5. CobiBapTicThb rpH/T; TpH/ [uTerpanbHUii MOKa3HUK €KOHOMITHOT
JIOTICTHYHMX TIOCIIYT 3aMOBJICHHS edexTuBHOCTI

6. YacTka J0XOJIiB BiJ
KJIIEHTIB, OPi€HTOBaHUX Ha | %
CTAJIMH PO3BHTOK

ITokasHuk BioOpaxkae KOHKYpPEHTHI IepeBart
nposaiiaepa

I'pyna moka3HUKIB 3a couiaibHOIO cKianoBoto (Social KPI) ouintoe Brums
JSUTBHOCTI JIOTICTUYHOTO MpoBaiiaepa (JOriCTHYHOI IisUTBHOCTI) Ha IEepCOHal,
KIIEHTIB Ta cycnibeTBo. Cepell OCHOBHMX IOKa3HMKIB JIaHOI T'PYIU BapTo
BHUJIUIMTH HACTYIIHI:

— piBeHb BUPOOHUYOTO TPAaBMaTH3MY;

— IHJICKC IUTMHHOCTI KaJIpiB;
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— YacTKa [epCcoHally, 10 MPOMIIIOB HaBUAHHS 31 CTAJIIOTO PO3BUTKY;

— IHJIEKC 3aJI0BOJICHOCTI MEPCOHAILY;

— piBeHb 3a/I0BOJICHOCTI KJIIEHTIB JIOTICTHYHUMH TOCITYyTaMH;

— y4acTh y COLIQIIbHUX Ta €KOJOTIYHUX IHIIIaTHBaX.

B tabmuui 6 npencrasneno rpymy KPI 3a conianbsHOI0O CKi1aJ0BOIO CTAIOrO
PO3BUTKY Ta HaBEICHO iX KOPOTKY XapaKTEPUCTHUKY.

Tabmuusg 6
I'pyna KPI 3a coniaibHOI0 CKJIa/10BOI0 CTAJIONO PO3BUTKY
KPI 3a exo10riuyno0 OnpuHuIi
q XapakTepHCcTHKA
CKJIa ) BHMIPIOBAHHS

1. PiBeHb BUPOOHHUYOTO
TpaBMaTU3My

Bunaakis/100
[paLiBHUKIB

Tloka3sHuK XapakTepHu3ye piBeHb Oe3MeKH
npari

2. IHI€KC TUTMHHOCTI KaJIpiB

%

TMoxasHnk BigoOpaxkae comiaabHy
CTa0IBHICTh Ta SIKICTh YMOB ITpalli

3. YacTka nmepcoHaiy, mo
IPOHIIOB HaBYAHHS 31 CTAJIOTO

%

Tloxa3HuK XapakTepHusye piBeHb
3aTyYCHOCTI MIPAlliBHUKIB Y BIPOBAIKCHHS

PO3BUTKY CTQINX IPAKTUK
4. IHaekc 3a10BONICHOCTL Sann TToxasHuk hopMyeThcs Ha OCHOBI
MepCcoHaIy BHYTPILIIHIX ONUTYBaHb
5. PiBeHb 3a70BOJICHOCTI KIIi€HTIB |%; Iloka3HuK iHTErpye couiaabHUIA aCeKT
JIOTICTUYHUMH [OCIYTaMu NPS SIKOCTI cepBicy
. KUJIbKICTh Iloka3Huk BizoOpa)kae KOPIOPATUBHY
6. Y4acTb y coliajibHUX Ta . K . . .
. A nporpam/ comuiajgbHy Bi/IOBIJaJIbHICTh JIOTICTHYHOTO
eKOJIOTTYHMX HiliaTHBax . .
[IPOEKTIB npoBaiizepa
Jlnst  KOMIUIEKCHOTO — OmiHroBaHHS — edekrtuBHOCTI  BripoBapkeHHs  [[CP

B JISUIBHICTH JIOTICTHYHMX IIPOBAaiJIepiB JOLUIBHO COpPMyBaTH IHTErpabHUN
THIIEKC CTAIOCTI JIOTICTHYHOIO TIPOBaiiiepa, KUl pO3PaXOBy€ETHCS SIK 3BKCHA CyMa
KPI 3a Tppoma ckinazoBumu. Takoxk rependoadacTbcsi BAKOPUCTAHHS OCHUMApKIHTY
13 cepeIHpOraTy3eBUMHU MOKa3HUKamu. [Ipy IboMy, B KOHTEKCTI peaizaliii OCHOBHOT
METH, Ma€ MOCTIHHO 3aiiicHIoBaTHCS MrHaMiyHui aHani3 3MiH KPI y gaci.

Sk MoxxHa OauuT 3 TaOIUIB 4-6, ipeacrasieHi Tam KPI 4iTko BiaOBiIar0Th
BHUMOTaM, K1 IO HUX BHCYBAIOTHCS. TOOTO, BOHM MalOTh PsiJi HACTYITHUX O3HAK:

— peneBanTHIicTh — KPI 6e3nocepeaHbo OB’ s13aHi 31 CTpaTeriYyHUMHU IISIMH;

— BuMiproBaHicTh — KPI MaroTh 4iTKy KiIbKicHY a00 0anbHy hopmy;

— nocsokHicTh — KPI € peanicTHuyHUME U1 BUKOHAHHS;

— nopiBHIoBaHicTh — KPI 1103BOMNISIIOTE MPOBEAEHHS aHAIi3y y Yaci Ta Mix
00’exTamu;

— opienTauist Ha pesynbrar — KPI MatoTs Habarato mmpiny opieHTalito HiX
JIMIIE Ha MPoLeC.

VY KOHTEKCTI HEOOXIZHOCTI CHCTEMHOTO BIJCTEKEHHS PE3yJIbTaTHBHOCTI
nocsirneHHst [{CP Ha piBHI jepkaBH Ta OKPEeMHX rajixy3eid eKOHOMIKH, s
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OLIIHIOBaHHS Iporpecy ixX peanizauii B Ykpaini Oyia0 po3po0OieHo cuctemy
3 183 mnHamioHanpHUX iHAMKaTOpiB. Y Mexkax koxHoi L[CP Bu3HaueHo
BIJIIOBIIHI 3aBJaHHs, 3arajibHa KiJILKICTh SIKUX CTAHOBUTE 86, 1 IS KOKHOTO
3 HUX C()OPMOBAHO KOMILJIEKC PEIIEBAHTHUX 1HAMKATOPIB, 110 3a0€3Me4yoTh
MOJKJIMBICTh KOMIUIEKCHOTO Ta IOPIBHSUIBHOTO OLIHIOBAHHS JIOCSTHYTOTI'O
nporpecy. Takwil MiIxiJ TO3BOJSE 3AIHCHIOBATH MOHITOPUHI peaizallii
LICP, BusiBisATH mHpoOJSEeMHI HanmpsMH Ta OOIPYHTOBYBAaTH YIPaBIIHCHKI
pimieHHs y cdepi CTasoro po3BUTKY Ha HAIlOHAJIBHOMY Ta Taly3eBOMY
PIBHSIX.

JeprxaBHa ciryx0a craructuku Ykpainu criibHo 3 VoxUkraine 3a migTpuMKn
IIporpamu po3sutky OOH B Ykpaini Ha 0a3i JJoOpOBiIIBHOTO HAIlIOHATHHOTO
oy mono L[CP 3milicHrO€ MOCTIHHUE MOHITOPUHT Ta OLIHKY MPOrpPeCy
nocsraenns IICP 3a mertomomoriero EkOHOMIYHOI Ta cOIMialbHOT KoMicii
OOH nans Asii ta Tuxoro okeany (UNESCAP)". BianoBigHo 10 KoxHOT mimi
OIIPYITIONHIOIOTECS. PE3YNIbTaTH OIIHIOBAHHS 33 BH3HAYCHUMH 1HJMKATOPaMH.
Binkputy miargpopmy LICP B Vkpaini pospoOneno JlepikaBHOIO CIlyk0010
cratucTHKK Ykpaiuu y napraepctsi 3 [IPOOH B Ykpaini B pamkax rnporpamu
OOH «CrpusiHHS CTpaTeriYyHoMy IIJIaHYBaHHIO Ta (iHAHCYBaHHIO CTIIKOrO
PO3BUTKY YKpaiHH sSIK Ha HalliOHAJIBHOMY, TaK 1 Ha PEriOHAJLHOMY PiBHI», IO
¢inancyersest Criinmbanm ®onjom LICP.

B Tabmumi 7 mpeacTaBiIeHO KIJIBKICHY XapaKTepHCTHKY 1HIHMKaTOpiB
BiJICTeXKCeHHsT ycmimHocTi nocsrHeHHs [[CP B VkpaiHi, mij KO Ma€eTbCs
Ha yBa3l CTyHiHb (PAaKTMYHOTO BUKOHAHHS BU3HAYEHHMX 3aBJaHb 1 IJILOBUX
opiertupiB [ICP, 1m0 OMiHIOEThCSI HA OCHOBI CHCTEMH KUTBKICHHMX 1 SKiCHHUX
IHIMKATOPIB Ta BioOpaxkae mporpec KpaiHu, raixysi abo opraHizauii y Hanpsimi
CTaJIOr0 PO3BUTKY.

Tabmuus 7
CykynHicTb iHIMKATOPIiB BigcTexeHHs ycnimHocTi focsirnenns ICP
B YKpaiHi
LHCP 3aBaaHHs Inaukaropu

ICP 1 — nononanus 3 3aBaanns (1.1; S inpmkaropis (1.1.1; 1.1.2; 1.2.1; 1.3.1; 1.3.2)
OitHOCTI 1.2; 1.3)
IICP 2 — nononanus 4 3ananng (2.1; 11 ingukaropis (2.1.1; 2.1.2; 2.1.3; 2.1.4; 2.1.5;

TOJIONY, PO3BUTOK 2.2;2.3;2.4) 2.2.1;2.2.2;23.1;2.3.2;2.3.3;2.4.1)

CLJIIBCHKOTO TOCIIOIapCTBA

IICP 3 — minne 9 3aBmanb (3.1; 3.2; | 16 ingukaropis (3.1.1; 3.2.1; 3.3.1; 3.3.2; 3.4.1;

310poB’s 1 Omaromomyyust | 3.3; 3.4; 3.5; 3.6; 34.2;343;,344;3.5.1;3.5.2;3.6.1;3.6.2;
3.7, 3.8;3.9) 3.7.1; 3.8.1; 3.8.2; 3.9.1)

19

Binkpura miardgopma LICP B Ykpaini. URL: https://sdg.ukrstat.gov.ua/uk/goals/
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[TponorxeHHst TadbmuI 7

IICP 4 — sixicHa ocBiTa

7 3aBnansb (4.1; 4.2;
4.3;4.4;4.5; 4.6;
4.7)

14 inpukaropis (4.1.1; 4.1.2; 4.2.1; 4.3.1; 4.4.1;
442,443,44.4,45.1;,452;4.6.1,4.7.1;
4.7.2;4.7.3)

IICP 5 — rennepna
piBHICTBH

6 3aBnmasb (5.1; 5.2;
5.2;5.4;5.5;5.6)

20 ingukaropis (5.1.1; 5.2.1; 5.2.2; 5.2.3; 5.2.4;
52.5,52.6,52.7,528;,52.9;52.10; 5.2.11;
52.12;5.3.1;5.4.1, 54.2; 543, 5.5.1; 5.6.1;
5.6.2)

IICP 6 — uucra BOZa
Ta HaJeXHI caHiTapHi
YMOBH

5 3aBaaub (6.1; 6.2;
6.3; 6.4; 6.5)

12 inaukaropis (6.1.1; 6.1.2; 6.1.3; 6.1.4; 6.1.5;
6.2.1;6.2.2; 6.3.1; 6.3.2; 6.4.1; 6.4.2: 6.5.1)

IICP 7 — nocrynna ta
YHCTa SHEpris

4 3apnanns (7.1;
7.2;7.3;74)

7 inpukaropis (7.1.1; 7.1.2; 7.1.3; 7.2.1; 7.2.2;
7.3.1;74.1)

IICP 8 — I'igna mpars ta
€KOHOMIYHE 3pPOCTaHHS

6 3aBmanb (8.1; 8.2;
8.3; 8.4; 8.5; 8.6)

14 inpukaropis (8.1.1; 8.1.2; 8.1.3; 8.1.4; 8.2.1;
8.2.2;8.3.1; 8.4.1; 8.5.1; 8.5.2; 8.5.3; 8.6.1;
8.6.2; 8.6.3)

ICP 9 — npoMHUCIIOBICTb,

7 3aBnansb (9.1;

14 inpukaropis (9.1.1; 9.1.2; 9.1.3; 9.1.4; 9.2.1;

iHHOBAIIIT Ta 9.2;9.3;9.4;9.5; 9.3.1;9.3.2;9.4.1;9.4.2;9.4.3; 9.5.1, 9.5.2;
iHdpacTpyKTypa 9.6; 9.7 9.6.1;9.7.1)
IICP 10 — ckopoueHHs 5 3aBmanb (10.1; 8 inaukaropis (10.1.1; 10.2.2; 10.2.1; 10.3.1;
HepiBHOCTI 10.2; 10.3; 10.4; 10.3.2; 10.3.3; 10.4.1; 10.5.3)
10.5)
LCP 11 — cranuii 6 3aBmanb (11.1; 10 ingukaropis (11.1.1; 11.1.2; 11.2.1; 11.3.1;
pos3BuTOK MicT i rpoman | 11.2; 11.3; 11.4; 11.3.2; 11.3.3; 11.4.1; 11.5.1; 11.5.2; 11.6.1)
11.5; 11.6)

IICP 12 — BigmoBigaibHe
CIIOKUBAHHSI Ta
BHPOOHHLTBO

4 3aBnanns (12.1;
12.2; 12.3; 12.4)

6 inpukaropis (12.1.1; 12.2.1; 12.2.2; 12.3.1;
12.4.1; 12.4.2)

IICP 13 — oM’ sIKIIIEHHS
HACJIIIKIB 3MiHU KJIiMaTy

1 3aBmanns (13.1)

1 ingukarop (1.3.1.1)

LICP 14 — 30epexeHHs
MOPCBKHX PECypciB

3 3aBnanns (14.1;
14.2; 14.3)

4 imgukaropu (14.1.1; 14.2.1; 14.2.2; 14.3.1)

IICP 15 — 3axucr Ta
BiJIHOBJIECHHS €KOCUCTEM
cyi

4 3apnanns (15.1;
15.2; 15.3; 15.4)

13 ingukaropis (15.1.1; 15.1.2; 15.1.3; 15.2.1;
15.2.2; 1.3.1; 15.3.2; 15.3.3; 15.3.4; 15.3.5;
15.3.6; 15.4.1; 15.4.2)

LCP 16 — mup,
CIIPaBEUTHBICTh Ta
CHJIbHI IHCTUTYTH

9 3apmanb (16.1;
16.2; 16.3; 16.4;
16.5; 16.6; 16.7,
16.8; 16.9)

24 ingukaropu (16.1.1; 16.1.2; 16.1.3; 16.2.1;
16.2.2; 16.2.3; 16.2.4; 16.2.5: 16.2.6; 16.2.7;
16.3.1; 16.3.2; 16.4.1; 15.5.1; 16.5.2; 16.5.3;
16.6.1; 16.7.1; 16.8.1; 16.8.2; 16.8.3; 16.8.4;
16.8.5; 16.9.1)

LCT 17 — napraepcTBO
3apaju CTajaoro
PO3BHUTKY

3 3aBpanns (17.1;
17.2; 17.3)

4 imgukaropu (17.1.1; 17.1.2; 17.2.1; 17.3.1)

Jo mnpuknany,

pO3IVIIHEMO SIK  Ha  IiaTdopmi

HCP mnpencraBieHo

nociimpkerHss mopo gocstHeHHs [[CP 12 «BinmoimanbHe CHOXXKHBaHHS Ta
BHPOOHHIITBOY», sTKa Ma€ OE3MOCEpeIHE BiTHOIICHHS 0 CPepH JOTiICTUKU. 3a
JAHOIO IIJITI0 BU3HAYCHO YOTUPHU 3aBHaHHs. 30KpeMa, 3aBaaHHs 12.1 «3Hu3uTH
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PECYPCOEMHICTD EKOHOMIKIY, 3aBlaHHs 12.2 «3MEHIINTH BTPaTH ITPOIOBOILCTBA
y BUPOOHMYO-30yTOBHMX JIaHIIOXKKax», 3aBuaHHs 12.3 «3abe3meunTn craie
BUKOPUCTAHHSI XIMIYHMX pPEUYOBHH Ha OCHOBI IHHOBAIIIIfHUX TEXHOJIOTIH Ta
BUPOOHHMITB» Ta 3aBAaHHsI 12.4 «3MEHIIMTH OOCAT YTBOPCHHS BiJXOJiB
1 30UTbIINTH OOCST X MEepepoOKH Ta MOBTOPHOTO BUKOPUCTAHHS Ha OCHOBI
IHHOBAIIITHUX TEXHOJIOTIN Ta BUPOOHHUITBY. Jlai, B MeKaxX KOXKHOTO 3aBIaHHS
BHJIUICHO TICBHI MMOKA3HWKH, sIKi 1 BUCTYNAKOTh B POJIi 1HIUKATOPIB OIIHKH
nporpecy pocsraenHs [ICP. Tak, 3a 3aBmanHsm 12.4 BUAUISIOTBCS IBa
Moka3HUKKN «OOCST yTBOPEHHUX BIJIXO/IB yCiX BHIB €KOHOMIYHOI IisUIBHOCTI Ha
opuuuio BBID» — (inaukarop 12-4-1) ta «YacTka criajieHUX Ta yTHIII30BaHUX
BIJIXOIIB y 3arajbHOMY 00Cs31 YTBOpEHHMX BiaXoAiB» — (iHaukartop 12-4-2),
Jiarpamu 3a sSIKMMH TIpEJCTaBICHO Ha PUCYHKax 6 Ta 7 BinmoBinHO. JlogaTkoBo
JI0 KOXKHOI JliarpaMy HaBOJMTBCS TaOIMLs, sika i1H(OpMye Npo HalioHAJIbHI
MeTa/iaHi, Ha OCHOBI SKUX 1 Oyno MmoOyaoBaHi JaHy miarpamy, Tadomuii 8 Ta
9 BiAIIOBiAHO.

05 A6 Pt e 209 wm pval wm 0
L )

Puc. 6. Obcsir yrBopeHux BixoniB ycix BUIAIB eKOHOMIYHOI AislJILHOCTI
Ha oquHuiio BBIL, kr na 1000 xoa. CIIA 3a IIKC 2011 poky

OTxe, BincTesxkeHHs ycminrHocTi nocsraernas LICP B Yipaini 3a jomomororo
CHCTEMH HAIIOHANBHUX IHAWKATOPIB CTBOPIOE MIAIPYHTS IS (OPMYBaHHS
IHTerpaibHOI XapaKTePUCTHKU PE3yIbTaTUBHOCTI peaisalii 3aBIaHb CTaJOro
po3BuUTKY. Taka cuctema J103BOJISE OLIHIOBATH PIBEHb JOCSTHEHHS BCTAHOBJICHHUX
IHAWKATOPIB, aHAi3yBaTH AWHAMIKY iX 3MiH, a TaKO)X BH3HAUaTH CTYIIiHb
30aTaHCOBAHOCTI EKOHOMIYHUX, CKOJOTIYHHUX Ta COIIaThbHUX KOMIIOHCHTIB
PO3BUTKY, Y TOMY YHCIi B Tally3¢BOMY pO3pi3i, 30KpeMa y chepi JIOTiCTHKH.
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Tabmuns 8
Mertanani pisa ¢paxkTuuHoro ingukaropa 12.4.1, 10CcTynHOro 3i CTATHCTHKH
Ukraine, Haii0u:k40i 10 BiinoBigHoro riodajasuoro ingukaropa LHCP

b 12 BijnoBijiaiibHe ClIOKHUBaHHS Ta BUPOOHUIITBO
12.4 3meHImMTH 00CAT YTBOPEHHS BiIXOIB 1 301MBIIUTH 00CAT iX
3aBaaHHs nepepoOKH Ta IOBTOPHOTO BUKOPUCTAHHS HA OCHOBI iHHOBAI[IHHUX

TEXHOJIOTI Ta BUPOOHUIITB

12.4.1 OGcsr yTBOPEHHX BIIXOAIB YCIX BUIB €KOHOMIYHOI JisIIBHOCTI Ha
omuuuio BBIL, kr Ha 1000 gon. CHIA 3a ITKC 2011 poky

Opranizanis JlepkaBHa ciyx0a cratuctuku Ykpainu ([epxcrar)

Opununs BuMipy |kr Ha 1000 mon. CIIA 3a ITKC 2011 poky

OO0csr yTBOPEHHX BIJIXOIB YCiX BHIIB €KOHOMIYHOI JISUIBHOCTI Ha
omuuuio BBIT pospaxosano 3a IIKC y mocriliaux ninax 2021 poky.
2022-2023 poku — JlaHi HaBeieHO Oe3 ypaxyBaHHS THMYacOBO
OKYIIOBaHUX POCiiicbkoro esieparicio TepuTopii Ta YaCTHHH TEPHTOPIIL,
Ha SIKUX BeIyThCsl (Benucsi) 6oioBi jil. JlaHi MOXyTh OyTH YTOYHEHI.

ITokazuuk

KomenTapi Ta
00MeKeHHS

B Sasgonen 200 pory

s w6 bill e 019 pir bl 102 s
L

Puc. 7. YacTka cnajieHUX Ta YTUJIi30BaHUX BiIXOAiB y 3arajibHoMYy 00csi3i
yTBOpeHHX Bigxonis, %

3 ommimy Ha CTpareriyHi MPIOPUTETH Cy4acHOrO PO3BUTKY, Cepell
SKMX TPOBIMHE MICIIC IIOCIa€ KOHICIIS CTaJ0ro PO3BUTKY, IHTETparlis
1l OPUHIMUIIB y JIOTICTHYHY MisUIbHICTE HaOyBa€ OCOOJHBOI aKTyaJbHOCTI.
BripoBa/pkeHHSl CTalIMX JIOTICTHYHUX PINIEHb € KPUTUYHO BAXIJIMBUM JUIs
3HW)KEHHSI HEraTHMBHOIO €KOJOTIYHOrO BILUIMBY, ONTHMI3alii JIOTICTUYHUX
BHUTpPAT 1 MiIBUIICHHS €()EKTUBHOCTI BHKOPHCTAHHS pecypciB. BomHowac 1e
CIPUSE 3POCTAHHIO COIIAIBHOT BIAMOBIAAIBHOCTI MIAMPHUEMCTB, IiABHUIICHHIO
1X KOHKYPEHTOCIPOMOKHOCTI Ta 3a0C3MCUCHHIO JOBIOCTPOKOBOI CTIHKOCTI
(GYHKIIOHYBaHHS B yMOBaX Cy4acHUX IIOOAIIbHUX BUKIIUKIB.
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Tabmums 9
Metanani qis ¢paxkTuunoro ingukaropa 12.4.2, 10cTynmHOro0 3i CTATHCTUKH
Ukraine, Haii0usk4oi 10 BianoBigHoro riodanasuoro ingukaropa LHCP

b 12 BijnoBijiajibHe ClIOXKHMBaHHS Ta BUPOOHUIITBO
12.4 3meHImMTH 00CAT YTBOPEHHS BiIXOIB 1 301MBIINTH 00CAT iX
3apaaHHs nepepoOKH Ta IOBTOPHOTO BUKOPUCTAHHS HA OCHOBI IHHOBAIIHHHX

TEXHOJIOTiif Ta BUPOOHHIITB

12.4.2 YacTka CHiaJeHUX Ta YTHJII30BaHHUX BIJXOMIB Yy 3arajlbHOMY 00cCs3i
YTBOPEHHX BiIXOMiB, %

Opranizanis JlepkaBHa ciryx0a cratuctuku Ykpainu ([eprxcrar)

Opununs BuMipy [ Bincorok (%)

2022-2023 poku — JlaHi HaBeieHO O€3 ypaxyBaHHS THMYacOBO
OKYIIOBaHUX Pocilicbkoro ereparicio TepuTopii Ta YaCTHHH TEPHTOPI,
Ha SIKUX BEIyThCsl (Benucsi) 60ioBi fil. JlaHi MOXyYTb OyTH YTOYHEH.

Iokazuuk

KomenTapi Ta
00MeKeHHS

BNCHOBKU

VY mporeci AOCTiKEHHST BCTAHOBJICHO, II0 B yMOBAaX peaizalii crparerii
CTaJOro pPO3BHUTKY, sika 0A3yeThCsl HA MOEJHAHHI E€KOHOMIYHOI, COIalbHOT
Ta CKOJOTIYHOI CKJIaJOBHX, JIOTICTHYHA MisUTBHICTH BiJirpae KIIOUOBY pOJb
y GOYHKIIOHYBaHHI EKOHOMIYHOT CHCTEMH JIepKaBy. BU3HAUEHO, IO JTOTICTHYHI
MIPOLIECH € JDKEPENIOM CYTTEBUX HEraTWBHHX BIUIMBIB HAa JOBKLUIS Ta MiChKe
CepeIoBHIIE, 30KpeMa Yepe3 BUKH/IH [IKIUINBUX 1 MApHUKOBUX Ta3iB, HAJMIpHE
CIOKUBAHHSI CHEPreTHYHUX PECYPCiB, YTBOPEHHS BIXO/IB, & TAKOXK J0ATKOBE
HABaHTAKEHHS Ha 1HOPACTPYKTYpPY Ta 3pOCTAHHS PU3HUKIB [UIsl OS3MEKH 332 YMOB
HENOCTAaTHHOI ONTHMI3allil.

OOrpyHTOBaHO HEOOXIHICTH MEPEXOLY HMIAMPUEMCTB JOTICTHIHOTO CEKTOPY
JIO0 CTaJHMX MOJIEJIeH JMisUIbHOCTI, [0 OPI€EHTOBAHI HA 3MEHINEHHS HEraTHBHOTO
BIUIMBY Ha JIOBKIJIUIS, iIBUIIICHHS OTICPAIliifHOT €()eKTHBHOCTI Ta BIAMIOBITaIbHE
BUKOPUCTAHHsI pecypciB. J{oBeIeHO, 1110 TaKuii epexi € He JIHIIE eKOIOTIYHOI0,
a il eKOHOMIYHOIO Ta COLATLHOI BUMOTOIO CYYaCHOTO PHHKY.

BcTaHoBiIEHO, 1110 JIOTICTHKA MA€ ICTOTHUI BILIMB HA JOCSITHEHHS OLIBIIOCTI
LICP, 30kpema depe3 3abe3lmeueHHS pecypcoe(eKTUBHOCTI, PO3BUTOK
TPAHCIOPTHOT Ta JIOTICTHYHOI IH(PPACTPYKTYpH Ta 3HMUIKEHHS KIIMATHYHUX
pusHKiB. 3’sicoBaHo, mo apocsrHeHHs L[CP y cdepi norictuku BinOyBaeThes
[UISIXOM  BIIPOBA/DKCHHS CTAJIMX TPAKTUK, SIKI OXOIUIIOIOTh YIPaBIiHCHKI,
TEXHOJIOTI4HI, OpTaHi3alliifHi Ta COLiaThHO-CKOJIOTIUHI PIllICHHS.

Y Xoml [IOCHIKCHHS CHUCTEMATH30BaHO CTalli TIPAKTHKH B MeEXax
JIOTICTHYHHX KOHIICMIIIH 3eJICHOI, PeBEPCUBHOI Ta CITUIOTICTHKH Ta BH3HAYCHO
X BEKTOPHY OpIEHTAIII0 Ha CKIIAJIOBI CTAJIOTO PO3BHUTKY. 30KpeMa, BCTAHOBJICHO,
[0 3€JIeHa JIOTICTHKA Ma€ MEePEeBAXKHO EKOJIOTIYHE CIIPSIMYBaHHS, PeBEPCUBHA
JIOTICTHKA TIOETHY€ CKOHOMIYHI Ta SKOJIOTIYHI I[iTi, a CITUTOTICTHKA OpiEHTOBaHA
Ha JIOCSITHEHHSI COIIaJIbHUX 1 €KOJIOTIYHUX ACTIEKTIB CTAJIOT0 PO3BUTKY.
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3anpornoHOBaHO IMIAXOAW 10 OLIHIOBaHHs piBHA jgocsrHeHHs L[CP
B JIOTiCTHYHIN AisuibHOCTI. Ha piBHI mignpreMcTBa JOUUIBHUM € BUKOPHUCTAHHS
KOMIUJIEKCHOTO IHTErpaJIbHOTO IIOKa3HHKa 3a EKOHOMIYHMM, EKOJOTTYHHM
i comiagbHUM Bektopamu abo cuctremu KPI, Tomi sk Ha MakpopiBHI
e(eKTUBHICTh BIPOBA/UKEHHS CTAJUX INPAKTUK MOXKE OLIHIOBAaTHCS 3a
Jonomororo HanioHansHUX iHAMKaropiB LICP, 30kpema THX, 110 Oe3nocepeHbo
TIOB’5I3aHi 3 JIOTICTUYHOIO JIISUIBHICTIO.

AHOTALLIA

B ymoBax HeOOXiZHOCTI BIPOBAJUKEHHS CTpaTerii CTajloro pO3BHTKY,
sika 0a3yeThcs Ha CHHTE31 TPhOX B3a€MOIIOB’SI3aHMX KOMIIOHEHTIB, a came:
€KOHOMIYHO{, COIiaJbHOI Ta EKOJOTiYHOI CKJIAJ0BOi Ta MOXKE PO3IIISAATHCS
SIK aJITEpPHATHBA MOJIEl EKCTEHCHBHOIO E€KOHOMIYHOTO 3pOCTaHHsS, OKPeMOi
yBard 3aciyroBy€ JIOTiCTHYHA JiSUTBHICTH, sIKa € 0a30BOI0 U CKOHOMIUHOL
cUCTeMHU JepXaBu. HerarwBHI BIUIMBH, sIKI 3YMOBIIOIOTHCSI JIOTICTHYHHMH
rporecamu, MOB’s3aHi 3 BHKHIAMU IIKIJUIMBUX PEYOBMH Ta IAPHUKOBUX
ra3iB 4yepe3 IHTCHCHBHE BHUKOPUCTAHHS TPAHCIIOPTHHX 3aco0iB; 3a0pyaHEHHs
TMOBITpS, IIIyMOBE Ta BiOpallifiHe HaBaHTa)XEHHs HA MICBKI TEpUTOPIil; HaMipHE
CIIOKMBAHHS EHEPTETUYHUX PECYPCiB; YTBOPEHHS BEJIMKOI KIIBKOCTI BiJIXOJIB,
30KpeMa MaKyBaJIbHMX MarepiamiB, Tomo. KpiM TOro, Hu3bKHil piBeHb
ONTUMI3AIll JIOTICTUYHUX MPOIECIB MOXKE MPUZBOIUTH 10 JIOJATKOBOTO
HaBaHTKECHHS Ha 1HOPACTPYKTYPY, JOPOXKHIX 3aTOPIB Ta IiBHIICHHS PU3UKIB
quist 6e3riexku. CyKynHICTh IIMX HEraTHMBHUX BIUIMBIB akTyasli3ye HEOOXiIHICTh
Tepexoty MiANPUEMCTB JIOTICTUYHOTO CEKTOPY JI0 CTaJIMX MOJENeH JisUIbHOCTI,
CHPSIMOBAHUX HA 3MEHIICHHS IIKOAW JOBKIJUTIO, IMiJBUIIEHHS €(EKTHBHOCTI
orepaliii Ta BiNOBiaJIbHE BUKOPUCTaHHS pecypciB. Takuii mepexin crae He
JIMIIE EKOJIOTIYHOIO, a ¥ €KOHOMIYHOIO Ta COLIAJIbHOI0 BHMOTOIO CY4acHOTO
PHHKY.

Coepa noricTvky Bifirpae BaKJIUBY poib y jgocsirHeHHi Ounbmocti LCP,
OCKIUJIbKM BOHA BIUIMBAE HA pecypcoedeKTHBHICTb, TPAHCIIOPT, 00CIyrOBYBaHHS
TOPrOBEJIbHUX Ta BUPOOHWYMX MIANPHUEMCTB, IHQPACTPYKTYPY Ta KIiMar TOIIO.
Cunip 3a3HauntH, mo pocsrHeHHs L{CP B sorictumi BinOyBaeThcs Ha OCHOBI
BITPOBA/PKEHHS CTAJIMX NMPAKTUK. [Ipy 1bOMY, cTalli MPaKTHKHA PO3IIISAAI0THCS
SIK KOMIUIEKC YNPaBIIHCHKUX, TEXHOJOTTYHMX, OpraHi3aliiHUX Ta COLIaJbHO-
€KOJIOT1TYHHX PIllIeHb, SIKi CACTEMHO BIIPOBAKYIOThCS Y TISUTbHICTD JIOTICTUUHHX
MpOBaiiiepiB 3 METOK MiHIMi3allil HEraTUBHOTO BILIMBY HA JOBKIJUISA, a TAKOX
CYCIHIJIbCTBO, PpAIiOHAJBHOTO BUKOPHCTAHHS pecypciB Ta 3abe3nedyeHHs
JIOBI'OCTPOKOBOI €KOHOMIYHOT €()EKTUBHOCTI 1 CTIHKOCTI PO3BUTKY.

Crani TpakTHKW B JIOCHI/DKEHHI CTPYKTYpPOBaHO B paMKaxX OKPEMHX
JIOTICTUYHMX KOHIEMIH, sIKi BIacHe 1 copMyBalMCs Mijl BIUIMBOM CTparerii
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cTasioro po3BUTKy. lle, 30kpema, 3ciicHa, peBEepCHMBHA Ta CITUIOTICTHKA.
Takok TPOCTEKEHO BEKTOPHY OpPIEHTAIF0 HA TIEBHI CKJIAJOBI CTAJOro
PO3BUTKY BHIIE 3a3HaYE€HHX KOHIEMIiH. 30Kpema, BCTAHOBJIEHO, IO CYTO
€KOJIOTIYHE CIIPSIMyBaHHsS Ma€ KOHLCIIisl 3€JICHOT JIOTiCTHKH, €KOHOMIYHE Ta
€KOJIOT1YHE CHPSIMYBaHHS Ma€ KOHIICIIIis peBEPCUBHOT JIOTICTUKH, a KOHIETIIIIS
CITIJIOTICTHKH OpIEHTOBaHA Ha JIOCSTHEHHsI colliaibHUX Ha exojorigyanx L{CP.

B po6oTi 3arpornoHOBaHO MiIXOAHU 0 BIICTSIKCHHS YCIIIITHOCTI JOCATHCHHS
LICP B norictuunii nisutbHOCTI. Ha piBHI OKpemoro miJnpHeEMCTBa, sKe
€ JIOTICTHYHUM TpoBaiinepoM, ab0 BHUPOOHWYOTO YU TOPrOBEIHHOTO
ATTPUEMCTBA, SIKE B CBOTH OpraHi3aliiHii cTpyKTypi Ma€ BIaCHUH JIOT1CTHYHUNA
IAPO3/IT 1 BUKOHYE JIOTICTHYHE 0OCITyrOBYBaHHSI BIIACHUMM CHJIAMH, CTYIIHb
nocsirnensst LICP 3anponioHOBaHO BU3HAYaTH Yepe3 KOMILIEKCHHI IHTerpaibHUN
MOKa3HUK, SKHH BKJIIOYAE OIHKY 3a TpbOMa BEKTOPAMH: CKOHOMIYHHM,
EKOJIOTTYHMM Ta COLiaJbHUM. TakoX 3 Li€I0 METOI MOKHA BHKOPHCTOBYBAaTH
CHCTEMH KJIOYOBMX MOKA3HHKIB OI[IHIOBaHHS €(EKTHBHOCTI 3a KOXXHOIO 13
CKJIQJIOBHX CTaJIOro po3BUTKY. [iist oninku nporpecy nocsirnenns L{CP Ha piBHi
JIepiKaBH ad0 OKPEMHX Taiy3eld eKOHOMIKM MOYKHa BUKOPUCTaTH HalliOHaJbHI
iHnuKaropu, siki Oyno po3poOiieHo B YkpaiHi Ta, SIKI OIPUIIIOIHIOIOTHCS
JepxaBHOIO CIy’)K00I0 CTAaTUCTUKM YKpaiHM Ha BIAKPUTIH muiardopmi
LCP (B mapraepcrBi 3 I[IPOOH B pamkax mnporpamu OOH «CnpusiHHs
CTpareriyHoMy IUIaHYBAaHHIO Ta (PIHAHCYBaHHIO CTIHKOTO PO3BHUTKY YKpaiHU
SIK Ha HalllOHAJILHOMY, TaK 1 Ha perioHajbHOMY piBHI»). [leBHI iHIMKaTopH,
SKI MaloTh Oe3rnocepeHe BiJHOIICHHS JIO JIOTICTUYHOI JiSUIBHOCTI, TaKOX
MOXYTb CIYI'yBaTH B SIKOCTI BUMIPHHUKIB ycImintHOCTI K jgocsirHenHs LICP, tak
1 BIPOBAKEHHS CTAJIMX IPAKTUK B c(epi JOTICTHKH.
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CHAPTER 11

YMNPABJTIHHA NMAPTHEPCbKUMU BIAHOCUHAMU
B TAHUOI'Y NOCTAYAHHA AK IHCTPYMEHT
ESG-IHTEIPALLIT TA NMIABULLLEEHHA CTATOCTI

NOTICTUYHOIO NPOBANEPA

lanak I. I.
DOl https://doi.org/10.30525/978-9934-26-653-9-11

BCTYI

YemimHui nepexig 10 3eleHO0] eKOHOMIKM MOXJIMBHE JIMIIE 32 yYMOBH
CHUCTEMHOTO TIIXOMy, SKWAH Tependadae y3ro/DKCHY B3aeMOi0 Oi3Hecy,
JIep’KaBM Ta MDKHApOJHUX IMApTHEPIB, a TaKOX (OPMYBAHHS CIPUSTIMBOTO
IHCTUTYLIHHOTO Cepe/IOBHUINA ISl BIPOBAPKCHHS CTAIMX pPINICHb. Y IOMY
mporeci KIIOYOBE 3HAYEHHs MAaloTh IJBHIICHHS EHEProe(eKTUBHOCTI,
PO3BHTOK BIJJHOBIIIOBAHUX JDKEpesl EHeprii Ta MOJepHi3alis EKOHOMIYHMX
mporeciB, MO 0e3M0oCcepe/IHhO0 BIUIMBAIOTH Ha 3MCHIICHHS EKOJOTIYHOTO
HaBaHTaKCHHS Ta MiJIBUILCHHS CTIHKOCTI rocoapchbkoi AisutbHOCTI. BogHowac
Ba)XJIMBY POJIb BIIrparoTh OCBITHI i iH(OpMaIiiiHi iHIIIaTHBH, SKiI CHPUSIIOTH
(hopMyBaHHIO €KOJIOTIYHOI BIAMOBITATBHOCTI Ta 3aTy4YCHHIO BCIX YYaCHUKIB
C€KOHOMIYHUX BiJIHOCHH JIO peai3allii MPHHIIUIIB 3eJICHOT eKOHOMIKH. ATanTaris
TPaIUI[IHAX Tay3eil, PO3BHTOK IHHOBANIWHUX TMiAXOMIB y BHPOOHUIITBI
W HaJaHHI TOCIHYT, a TAaKOX ITTOIIMPEHHS MPO30PUX CTAHAAPTIB 1 cepTudikanii
CTBOPIOIOTH HEOOX1/IHI MEPETyMOBH JJIsl JOBTOCTPOKOBOT'O CTAJIOI0 PO3BUTKY Ta
TTiIBUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI Cy0’€KTIB TOCIIOAAPIOBaHHS B YMOBax
CTPYKTYPHUX 3MiH'.

Y Mipy nmocuieHHsS BUMOT JI0 BiJIIOBianbHOCTI Oi3Hecy 3 00Ky iHBECTOPIB,
PETyIATOPIB 1 CyCHiNbCTBA 3a3HAYCHI IMiIXOAM ACAalli OLTBIIC MOITHPIOIOTHCS
Ha cdepy yHpaBiiHHS JIAHIIOTaMH TOCTa4aHHsS, y MeXaxX SKHX CTalliCcTh
pO3IIIaEThC HE SIK JIOAATKOBAa IepeBara, a sIK KIIOYOBHH KpUTEpid
e(eKTUBHOCTI JIiSUIBHOCTI. 3a TaKMX YMOB CTIHKICTbh IOCTA€ SIK CTpaTeridyHuit

' Huseynova N. Transition to sustainable development and green economy. Modern Knowledge:

Research and Discoveries: proceedings of the 3rd international scientific and practical conference
(Vancouver, July 19-20, 2024). Vancouver, 2024. P. 47-54. DOL: 10.51582/intercont.19-20.07.2024.004.
https://archive.interconf.center/index.php/2709-4685/article/view/6689/6727
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MiJXiJ, [0 [O3BOJISIE KOMIIAHISIM, 30KpeMa JIOTICTUYHHM MpoBaiiaepam,
30epiraTé KOHKYpPEHTHI MO3UINI NIISXOM IHTErpallii eKOJIOTTYHHX, COIiaIbHUX
ta ynpasiiHchkux (ESG) mpuHIMIB y B3a€MOAiI0 3 MapTHEpamMM JIAHIIOra
noctadanus’. [lompu 3pocTaHHs 3allikaBIeHOCTI Oi3HeCY y BIPOBaIKCHHI
CTaJMX TPAaKTUK, JIOTICTUYHI TIPOBAiIepH  INPONOBXKYIOTH  CTHKATHCS
3 TPYIHOLIAMU 3a0C3MCUYCHHS CKOJIOTIYHOI Ta COI[aJIbHOI BiJIIOBIJAJIBHOCTI
B MEXax BJACHOI OMepamiiHOl IisUTbHOCTI. 3HAYHOK MIpOK I 3YMOBJICHO
repesiadero 4acTWHM JIOTICTUYHUX (YHKLIH Ha ayTCOPCHHI TPaHCHOPTHUM
OpraHizailisM i MepeBi3HUKAM, MisUIbHICTh SKHX HE 3aBXKAM BIANOBINAE IUISIM
crasnoro po3BuTky Ta ESG-npunnmnam. Pi3Huii piBeHb yrpaBiaiHCHKOT 3piIocCTi,
(IHAHCOBUX MOXKJIMBOCTEH, a TAaKO)K HEOJHAKOBE CHPUIHATTS BUMOT IOJO
eKOJIOT1YHOT Oe3leKkn, yMOB Tpali Ta COIiajbHOI BIANOBINANIBHOCTI cepen
CyOIiIpsSITHUKIB CTBOPIOIOTH JIOAATKOBI PH3MKHU JJIsl peIyTallii, mpo30pocTi Ta
CTaJIOCTI JiSUTBHOCTI JIOTICTUYHOTO MpoBaiiepa. Y 3B’s3Ky 3 IUM 3pOCTa€e POJIb
YIPaBJIiHHS NAPTHEPCHKUMH BIJHOCHMHAMH sIK iHCTpyMeHTy ESG-inTerpaii, mo
JI03BOJISIE JIOTICTUYHOMY TIpOBaiiyiepy (OpMyBaTu BUMOTH JI0 CyOIiIpsTHHKIB,
KOOpJIMHYBATH IXHIO JISUTBHICTH 1 CHPHUSTH MiJBHIICHHIO DIBHS CTaJIOCTI
B ME@XaX YChOTO JIOT'ICTHYHOTO JIAHIIIOTA.

dinancoBa 3BITHICTb TpaJULIHHO CIIyryBaja KIIOUOBUM JDKEPEIIOM
iHpopManii as 3alikaBIeHUX CTOPiH Tpo (IHAHCOBUI cTaH, omepamiiHi
pe3yiabraTd Ta TPOIIOBI MOTOKM KommaHid. OjHaK YHCIEHHI JOCIIKESHHS
MOKa3yIoTh, 110 1 JIaHl BXKE HE € JOCTATHIMHU JUIsl €(EKTUBHOTO HPUHHATTS
pillleHb, OCKUIBKH Cy4acHI CTEHKXOJAEpPH OYIKYIOTh MIHMpInoi iH(opMamii mpo
€KOJIOT1YHi, COI[iaibHi Ta CEKOHOMIYHI HACTIJKH JiSUIbHOCTI i IPHEMCTB’,
Came TOMY pO3BUTOK He(hiHAHCOBOI 3BITHOCTI, @ 3TOJIOM 1 3BITHOCTI 31 CTAJIOTO
PO3BUTKY, CTaB HEOOXIJHUM €JIEMEHTOM Cy4YacHOrO BiJIIOBIIAJILHOIO Ta
CTpaTerivyHO OPIEHTOBAHOTO KOPIIOPATUBHOIO YIPABIiHHS.

YeBinomiieHHsT He0OX1IHOCTI CTaIor0 PO3BUTKY JIOTICTUYHUM IPOBaiiiepoM
Ma€ BHXOJHUTH 332 MEXI JEKIapaTHBHUX IIAXOMIB 1 MOTpeOy€e IHCTUTYLIIHOTO
3aKpIIJICHHS. Y CHCTeMi YNpaBIiHHSA Ta NPUHHATTA pimeHs. [lepexin Bix
TpaaMuUiiiHOl onepauiitHol Moeni 0 cranoi JTisUIbHOCTI repeadavyae He JnIIe
BITPOBA/PKEHHS OKPEMHX €KOJIOT1YHUX UM COLIAIbHUX 1HIIIaTHB, a i pOpMYBaHHS
MEXaHi3MIB BHMIPIOBaHHS, KOHTPOJIIO Ta OLIHKH JOCATHYTHUX pE3YyJIbTaTiB.
VY 1bOMy KOHTEKCTI 3BITHICTB 31 CTaJOro PO3BUTKY BHCTYHA€ KIIOYOBUM
IHCTpyMEHTOM, 10 3abe3neuye ¢ikcaiilo (aKTUYHOTO BIUIMBY JIOTiCTHYHOT
JUSUTBHOCTI HA CKOHOMIYHI, COIiaJIbHI Ta €KOJIOT1YHI aClCKTH, a TAaKOXK CIIyTy€e

2 Cassani, L., and Gomez-Zavaglia, A. Sustainable food systems in fruits and vegetables food supply

chains. Front. Nutr: 2022, V.9, 829061. https://doi.org/10.3389/fnut.2022.829061

3 Kelly L. History of Sustainability Reporting. Energy Elephant. 2022. URL: https://blog.
energyelephant.com/history-of-sustainability-reporting/
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JIOKa30M peaJbHOI 1HTerpaii NPHHIUIIB CTAJIOCTI y TOBCSKICHHI Oi3Hec-
npouecu. Came yepe3 cucTeMy MOKa3HUKIB, CTAHAAPTIB 1 PO3KPUTTS iHpopmartii
3BITHICT (DOPMYy€ «MICTOK» MIDXK ONEpaLifHOI0 iSUIBHICTIO JIOTICTHYHOTO
MpoBaiiiepa Ta CTPATEriyHOK OPIEHTAIIIEI0 HA CTAUI PO3BUTOK, POOIISTYH TICH
nepexij] MPO30PUM 1 MePeBipeHUM sl 3alliKaBICHUX CTOPiH".

OcHOBHa iJ1est HOJISATa€e B TOMY, 1110 iHTerpanis ESG-npuHIumiB y JisuibHICTH
YUYACHUKIB JIOTICTUYHOT'O JIAHIIIOTa [TOCTAYaHHs CIIPUSIE CTAJIOMY PO3BHUTKY BCi€i
Mepexi, MiJIBUIICHHIO KOHKYpPEHTOCHPOMOXXHOCTI MapTHEpPIB Ta 3pPOCTaHHIO
ix iHBecTHHiWHOI mnpuBabmuBocti. JlorictuyHi mpoBaiinepyu, OpieHTOBaHI
Ha JIOTPUMaHHS EKOJIOTIYHMX, COLIAJIBHUX Ta YIPaBIIHCHKUX CTaHIApTiB,
BUCTYMNAIOTh KIIOYOBUMH KOOPJIMHATOpaMM LbOTO Ipolecy, (opMyroun
JIOBIOCTPOKOBY I[IHHICTH JUIsl IIMPOKOTO KOJIa CTEHKXOJIAEPIB uepe3 pO3BUTOK
MAPTHEPCHKUX BITHOCHH Y JIAHLIIOTY TIOCTa4aHHS.

BogHouac y OLIBIIOCTI JOCIHI/DKEHb CTalOrO YNPABIiHHS JIaHIFOTaMU
MOCTaYaHHS aKIEHT TPAJULIHHO POOUTHCS Ha B3aEMOAIT MK KIIOYOBUMHU
yYacHHKaMH, 10 MepeOyBalOTh Ha OMHOMY OpraHi3aliiHOMY piBHI, 30Kpema
BUPOOHMKAaMH,  IIOCTaYaJIbHUKAMH,  JUCTPHO’IOTOpaMH,  pO3ApiIOHUMH
MepeXaMH Ta JIOTICTHYHUMHM IpoBaiizepamu. Taki mapTHepH, SK MpPaBUIIO,
MAroTh ITOPIBHIHHI PECYPCHI MOXKIIMBOCTI, IHCTUTYLIIHY 3pUIICTb 1 CTpaTeriuHy
CIPOMOXHICTh 110 BrHpoBapkeHHs ESG-mpuniumie. OHAaK TOCSITHCHHS
CHCTEMHOi CTaJOCTi JIaHIIOTa MOCTa4aHHs He Moke OyTH OOMEXeHe Juile
UM pIBHEM B3a€MOJii, OCKUIPKM 3Ha4HA YacTHHA EKOJIOTIYHUX, COLiaJIbHUX
Ta ONepaliiiHuX BIUIMBIB (POPMYETHCS 3a y4acTiO CyOIiApsTHHKIB, SKi, XO4a
1 He HaJeXxarh JI0 s1pa JIAHIIora NOCTayaHHs, € 0e310CepeIHbO 3allyYeHUMU
JI0 BUKOHAHHS JIOTICTUYHKX Ta TPAHCIOPTHHX orepariit. Came ToMy 3aTyueHHs
CyOmipsITHUKIB, MaJIMX ab0 CEepeaHiX MiJIPHEMCTB i3 HWKYUM piBHeM ESG-
3pLIOCTI, IO POIIECIB CTAJIOr0 PO3BUTKY HAOYBa€e 0COOIMBOTO 3HAYCHHS 3 TOUKH
30py (opmyBaHHS IHTErpoBaHOI CHCTEMH CTAJIOTO YIPABIIHHS JIOTICTHYHUM
MPOBaiIEpOM.

[Mompu Te, 1m0 Taki MmiJIPUEMCTBA 3a3BHYail HE 3000B’s3aHi 3/IIHCHIOBATH
(dbopmanbHe po3kputts ESG-indopmariii, pe3yibTati iX onepariitHoi JisuibHOCTi
0e3rnocepeiHbO BIUIMBAIOTh HAa CYKYIHI €KOJIOTIYHI Ta COLialibHI MMOKa3HUKH
poBaiinepa, ki BiioOpakaroThes y HOro He(iHaHCOBIH 3BITHOCTI. J{JIst BeTUKUX
JIOTICTUYHMX KOMMAaHiH, IO AeAaii vacrime (YyHKIIOHYIOTh Y CEpelOBHII
MTOCHJIEHUX BUMOT JIO0 CTAJIOCTI Ta MPO30POCTI AIsUTBHOCTI, 30KpeMa Y KOHTEKCTI
eBporeiickKoi inTerparii, piseHb ESG-3pinocti cyOmiapsAHUKIB CTae BXKIMBUM
YMHHUKOM MisTIBHOCTI. Y 1IbOMY 3B’SI3Ky MOTHBAIIisl, HAaBYaHHS Ta IOCTYIOBa

4 Inten Meutia, Zulnaidi Yaacob and Shelly F. Kartasari. Sustainability reporting: An overview of the
recent development. Accounting and Financial Control, 2020, 3(1), 23-39. http://dx.doi.org/10.21511/
afc.03(1).2020.03
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inrerpauiss ESG-npuHIMIIB y MisSUIBHICTE CYONiPSAHUKIB PO3MIISAAIOTHCS SIK
IHCTPYMEHT MiIBUIIEHHS CTaJIOr0 PO3BUTKY CAMOTO JIOTICTUYHOTO ITpoBaiiaepa.

VY 3a3HaueHOMY KOHTEKCTI aKTyaJli3yeThCsl oTpeda y morbieHoMy aHasi3i
MEXaHi3MiB, 3a JOIIOMOTOIO SIKMX JIOTICTUYHHI NpoBaiiiiep MOKe BIUIMBATH Ha
PIBEHB CTANOCTI AISTIBHOCTI CYOMiPSIHUKIB, HE 00MEKYIOUUCh (pOpMaTbHUMH
BUMOTaMH Y KOHTPaKTHUMH 3000B’si3aHHSIMH. OcoOnmuBOi yBaru mnorpedye
YIpPaBIiHHSA NapTHEPCHKHUMHU BIJHOCHMHAMM SIK IHCTPYMEHT KOOpPIMHAIi,
MortuBalii Ta mocTtynoBoi iHrerpauii ESG-npuHOMOIB y  AisUIBHICTB
CyOMiIPSTHUKIB, IO JO3BOJISIE TIOEJHATH CTPATCTiYHI I JIOTiICTUYHOTO
npoBaiiziepa 3 peaJbHUMHU OINEpPAlifHUMU IMPAaKTHKAMU Ha HIKYMX PIBHIX
naHora nocradanHs. Came dyepe3 Taki MeXaHi3MH MOXJIMBO 3MEHIINTH
PO3pHB MK JEKIApOBAaHMMH IUISIMH CTAJOrO PO3BUTKY Ta (AKTHYHUMH
pe3yibTaraMu JIOTICTUYHOI JIsUIBHOCTI, a TaKoXK 3a0e3MEeYuTH IUTICHICTh
ESG-migxomiB y Mexax ychOro JIaHIFOra CTBOpeHHs Baprtocti. Lle 3ymoBiroe
JOLUIBHICTh ~ JOCIHIKCHHSI  YNPaBJIiHHS  TAapTHEPCHKMMH  BiHOCHHAMHU
B JIAHIIOTY IOCTa4yaHHs sIK i1HCTpyMeHTy ESG-iHTerpamii Ta miiBUILCHHS
CTaJIOCT] JiSUIBHOCTI JIOTICTUYHOTO IIpOBaiijepa, Mo i BU3HAYae MeETY, JIOTIKy
Ta CTPYKTYpy AaHOi poOOTH.

MerTol0 JaHOTO JOCHI/DKEHHS € aHaji3 pojl yIpaBliHHS NapTHEPCHKUMHU
BIJHOCMHAMM B JIQHLIOIy IIOCTA4aHHS sK IHCTpyMeHTy iHTterpaunii ESG-
NPUHIMIIB Yy AISUIBHICT  JIOTICTUYHOIO TIpoBaiiiepa 3  ypaxyBaHHAM
ocoOimBOCTEH B3aeMOiT i3 CyOmiqpsAHUKAMU.

Jlnst OCSITHEHHsI TTOCTaBJICHOI METH y po0OTi nependavaeThesi po3risi
TEOPETHYHMX IIXO/IB 10 CTAJIOT0 YIPABIiHHSI JaHIFOraM1 IOCTa4yaHHsl, aHaJI3
cunenugiku ESG-iHTerparii y JIOTiCTHYHIN AisUTBHOCTI, @ TAKOXK OCIIIHKCHHS
MOXKJIMBOCTEH 3aCTOCYBaHHS MOTHMBALIMHMX Ta KOOPAMHAIIMHUX MEXaHi3MIB
3aJy4eHHs CyOMiJPS/AHUKIB 0 IPOLECIB CTATIOTO PO3BUTKY.

1. Knro4oBi enneMeHTH ctanoro ynpaeniHHa Ta ESG-cTpaTerii
JIOTiICTUYHOTrO npoBaaepa

Crpareris  cTajoi  MisUIbHOCTI  JIOTICTHYHOTO  MpoOBaiiiepa  Mae
30Ccepe/pKyBaTHCh Ha TpiopuTeTax y cdepi cTanoro po3BUTKY Ta BiJIOBIIHUX
MarepianbHux TeMax ESG, 1o BioOpaxkeHo Ha puc. 1°.

Uitka cTpareris jgomomarae 3a0e3MEYMTH Y3rODKCHICTh OpraHizamii Ta
CIUIbHY POOOTY HaJ JOCSATHCHHSM 11 LICH, a TaKOXK BU3HAYAE TPIOPUTCTU Ta
ONTHUMAJIEHUI PO3IIOJIUT pecypCiB iist peaitizaliii 1ux 1ieit. [locriitHe nparHeHHs

3 Tanax LI., JlodpoBosbceka A.M., JloopoBosbckkuit O.C., Ouap J1.O. ITiaxoau 10 BIPOBaPKEHHS

CTaJINX HPAKTUK Yy JIsUIBHICTH JIOTICTHYHOTO mpoBaiinepa. HaykoBuii sxypHan. ABTOMOOLIbHI 10pOrH i
IOpOXKHE OyTiBHHITBO: HayKoBuii sxypHan Bum. 116. Kuis. 2024. C. 183-206. http://publications.ntu.
edu.ua/avtodorogi i_stroitelstvo/116.2/278.pdf
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MIHIMI3yBaTH PH3HMKU Ta TOCHIFOBATH MOXJIMBOCTI, 0a3yrO4YrCh Ha pe3yibrarax
LIOpIYHOT OIIIHKK TIPIOPUTETIB, JO3BOJISE aHAII3yBaTH MOTPEOM W OYiKyBaHHS
3aIliKaBJICHUX CTO