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УчеǮеǺцǼǸǭǺ 

 ɉɥɚɧ ɡɚ ɜɚɥɢɞɚɰɢя ɢ ɜɟɪɢɮɢɤɚɰɢя ɧɚ 
ɪɚɡɪɚɛɨɬɜɚɧɨ ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪяɜɚɧɟ – 
ɢɡɢɫɤɜɚɧɢя, ɨɫɨɛɟɧɨɫɬɢ, ɫɬɚɧɞɚɪɬɢ.  

 Ɉɫɨɛɟɧɨɫɬɢ ɧɚ ɜɚɥɢɞɚɰɢя ɢ ɜɟɪɢɮɢɤɚɰɢя ɧɚ 
ɫɢɫɬɟɦɟɧ ɫɨɮɬɭɟɪ (ɨɩɟɪɚɰɢɨɧɧɢ ɫɢɫɬɟɦɢ, 
ɜɢɪɬɭɚɥɢɡɚɬɨɪɢ ɢ ɞɪ.) 

 Ɉɫɨɛɟɧɨɫɬɢ ɧɚ ɜɚɥɢɞɚɰɢя ɢ ɜɟɪɢɮɢɤɚɰɢя ɧɚ 
ɯɟɬɟɪɨɝɟɧɧɢ ɫɢɫɬɟɦɢ. 

 Ɉɫɨɛɟɧɨɫɬɢ ɧɚ ɜɚɥɢɞɚɰɢяɬɚ ɢ 
ɜɟɪɢɮɢɤɚɰɢяɬɚ ɧɚ ɜɝɪɚɞɟɧɢ ɫɢɫɬɟɦɢ ɢ 
ɫɢɫɬɟɦɢ ɡɚ ɪɟɚɥɧɨ ɜɪɟɦɟ  
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УчеǮеǺцǼǸǭǺ 

 Ɉɫɧɨɜɧɢ ɩɨɧяɬɢя. 
 Иɡɢɫɤɜɚɧɢя ɡɚ ɨɫɢɝɭɪяɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɢ 

ɧɚɞɟɠɞɧɨɫɬɬɚ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ.  
 Ɉɫɧɨɜɧɢ ɩɪɢɧɰɢɩɢ ɢ ɫɬɪɚɬɟɝɢɢ ɩɪɨɰɟɫɢɬɟ ɧɚ 

ɜɚɥɢɞɚɰɢяɬɚ ɢ ɜɟɪɢɮɢɤɚɰɢя ɧɚ ɉɈ.  
 Мɟɬɨɞɢ ɡɚ ɜɟɪɢɮɢɤɚɰɢя ɧɚ ɩɪɨɝɪɚɦɧɨ 

ɨɫɢɝɭɪяɜɚɧɟ 

 Мɟɬɨɞɢ ɡɚ ɜɚɥɢɞɚɰɢя ɧɚ ɩɪɨɝɪɚɦɧɨ 
ɨɫɢɝɭɪяɜɚɧɟ 

 Сɬɚɧɞɚɪɬɢ, ɫɪɟɞɫɬɜɚ ɢ ɫɪɟɞɢ ɡɚ ɪɟɚɥɢɡɚɰɢя 
ɧɚ ɟɬɚɩɢɬɟ ɧɚ ɜɚɥɢɞɚɰɢя ɢ ɜɟɪɢɮɢɤɚɰɢя 
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Izpit 

 Пɪɨɞъɥɠɢɬɟɥɧɨɫɬ: 3 ɱɚɫɚ 

 Тɢɩ:  

 Тɟɫɬ: 60 ɜъɩɪɨɫɚ 

 Тɢɩ ɧɚ ɜъɩɪɨɫɢɬɟ: ɟɞɢɧ ɨɬ ɦɧɨɝɨ (single 

choice), ɦɧɨɝɨ ɨɬ ɦɧɨɝɨ (multiple choice),  

ɩɨɞɪɟɠɞɚɧɟ ɧɚ ɫɩɢɫъɤ, ɩɨɞɪɟɠɞɚɧɟ ɜ ɝɪɭɩɢ, 
ɫɜъɪɡɜɚɧɟ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɧɨɫɬ, ɫɜъɪɡɜɚɧɟ ɜ 
ɫъɨɬɜɟɬɫɬɜɢɟ, ɬ.ɧ. 
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Lecture 1 
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Current Trends 

“While the volume of application development has 
grown steadily, so has the list of applications that 
people want to develop. It seems that the more 

programs we write, the more we understand what 
we need, and the more programs we add to the 

application-development backlog. So far, the rate 
of growth in application demand has continued to 

accelerate.“ 
WATTS S. HUMPHREY  
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Current Trends 

 The growth in demand is increasing 
 Application programming is a very effective way to meet 

many kinds of human needs. 

 As long as people continue devising new and cleverer 
ways to work and to play, can be expected the growth in 
computer applications to continue. 

 The more we learn about computing systems and the 
more problems we solve, the better we understand how 
to address more complex and interesting problems.  

 The principal limitation on the expanding use of 
computing systems is our ability to find enough skilled 
people to meet the demands.  
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Broad Categories of The Software World 

 Applications 

 Bв ‘application programming’ аe refer to solving human 
problems with computing systems. Here the focus is on 

defining the problem and figuring out how to solve it with 

an automated system.  

 Systems  

 Systems programming focuses on how to provide 

automated systems, aids, tools, and facilities to help 

people produce and run application programs.  
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Application Program Quality 

 The quality of application software today is spotty at 

best: 

 a few programs are of high quality  

 many are downright bad   

 The discussion has two principal parts: 

 Computers are being used for progressively more critical 

business applications. 

 The size and complexity of application programs is 

increasing.  
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The Defect Content of Programs 

 The number of defects in a program increases:  
 linearly with its size 

 exponentially with its complexity 

 The rate at which application program users 

experience problems is largely determined by the 

number of defects in a program rather than their 

density.  
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The Quality Problem 

 We need to consider the fact that defective 

programs run: 

 When engineers produce a program and then run 
extensive tests, they generally can get it to work.  

 Unless the tests were comprehensive, the tested 
program will likely contain a great many defects. 

 Any testing process can only identify and fix the 
defects encountered in running those specific tests.    
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The Quality Problem 

 Problems with size of application programs: 
 Will we be able to test these programs?  

 How well does the testing process scale up with program 
size?  

 The answer is not encouraging 
 The number of tests required to achieve any given level 

of test coverage increases exponentially with program 
size.  

 The time it takes to find and fix each program defect 
increases somewhere between linearly and exponentially 
with program size.    
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The Quality Problem 

 Conclusions: 

 The demand for quality is increasing.  

 The testing process will not scale up with 

program size.  

 Current software quality practices will not be 

adequate in the future.  
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The Development of Systems  

 Future application programs will be vastly 
larger and more complex than they are today.  

 The development of systems will change in a 

number of important ways.  

 The current cottage-industry approach to 

developing application programs must give way 

to a more professional and well-managed 

discipline.  
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The Staff  

 Most programming groups will be seriously 
understaffed. 

 There are only two ways: 

 Somehow increase the supply of new 

programmers:  

 to move more software offshore 

 to bring more software-skilled immigrants 

 Figure out how to write more programs without 

using more programmers.   
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The Staff  

 Today we hire somebody who was reasonably 

familiar with the programming language of 

choice and expect him or her to rapidly become 

productive at developing application programs.  

 The required application knowledge and experience 
will increase as well.  

 The cost and time required to build application 

knowledge will be prohibitive.  
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Reuse 

 This is a way to produce more applications with 

fewer people.  

 History indicates that reuse technology will be 

largely confined to building progressively larger 

libraries of language and system functions.  

 Unfortunately, this added language complexity will 

cause other problems. 

 It is just at too low a level to address the application 

needs of most users.   
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Reuse 

 
The solution:  

“Makeцsoftwareцmoreцhardцandцhardwareцmoreцsoft.” 

The component development ! 
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Application Categories 

 Application development work in the future 
will likely involve three categories of work:  

 developing prepackaged applications that users 

can configure to their needs 

 configuration business systems to use 

prepackaged application systems 

 developing and supporting unique applications 

that cannot be created with prepackaged 

software  
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Packaged Applications 

 Rather than custom-designing each application, this 

industry will increasingly develop families of 

reconfigurable application systems.  

 Why ?  

 To handle the volume needs of many users.  

 How ? 

 By producing essentially prepackaged application 

systems that can be configured in prescribed ways. 

 Systems have limited, but generic, capabilities.   
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The Objectives of Systems Programs 

 The users need a secure, stable, reliable, fast 
and efficient operating system.  

 The users need a system that provides the 

functions they need.  

 The system must have a fixed and well-
known application programming interface 

(API) so that many people can write 
applications to run on the system.   
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The Objectives of Systems Programs 

 These programs must provide capabilities for: 
 Multi-processing 

 Multi-programming 

 Distributed processing 

 Interactive computing 

 Continuous operation 

 Dynamic recovery 

 Security 

 Usability 

 Shared data 

 Cooperative computing 

 and much more.  
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The Trends of System Applications 

 Users might decide to buy a new one for any of four 

reasons: 

 They are new computer users. 

 They need to replace their current computers and either 

the operating system they have will not run on the new 

computer or theв can’t buв a neа computer аithout 
getting a new operating system. 

 They need a new version that fixes the defects in the old 

one. 

 They need functions that the new operating system 

provides and that they cannot get with the old system.  
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The Trends of System Applications 

 How companies make the existing system obsolete: 
 Somehow tie the operating system to the specific 

computer on which it is initially installed.  

 Find defects or problems in the old version and fix them 
only in the new version.  

 Offer desirable new functions with the new version and 
ensure that these functions cannot be obtained by 
enhancing the old version.  

 This problem suggests a basic business strategy: 
 Gradually expand the scope of the operating system to 

encompass new system-related functions.  
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The Kinds of Software Businesses 

 All people expect the volume of application-
development work to continue growing.  
 This will require people who know and understand 

various application domains and are also competent 
programmers.  

 Skill needs will span the full gamut from traditional 
business and accounting applications to embedded 
controllers that manage complex devices and processes.  

 Systems developers will principally be concerned 
with developing, maintaining, and enhancing the 
operating and support systems needed by the 
application-development community.  
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The Groups of Software Businesses 

 Three rather loosely defined groups:  

 the software houses like Microsoft and Oracle  

 the systems businesses like Apple, Sun, and IBM  

 the growing body of open-source programmers 

supporting systems like Linux  
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The Forces on Software Businesses 

 There are many forces on software businesses  
 The functional content and complexity of systems is 

increasing rapidly, as is the size of the software parts of 
these systems.  

 Increasingly, software plays a central role in controlling 
and managing systems: it is a crucial part of the products 
and services in almost all industries. 

 Most computing systems will be interconnected.  

 We will see more internal and external threats to our 
systems. Now, in the interconnected world, these 
systems must work, be safe, and stay secure, even when 
exposed to attack by criminals and terrorists.  
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The Forces: Software Size and Complexity 

 The principal concern with size and 
complexity is the scalability of the 
development process.  

 To handle the massive increases in system 
scale, organizations must employ processes 
that scale up.  

 We attempt to use the same methods and 
practices for programs with 1000 lines of code 
as for systems with 1000000 lines of code.  
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The Forces: Software Size and Complexity 

 

Organizations that don't anticipate and 
prepare for scalability problems will 

someday find that they simply cannot 
get systems to work safely, reliably, and 

securely, no matter how much their 
people test and fix them. 
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The Forces: The Central Role of Software 

 This is because much or even all of the 
functions that customers find attractive about 
modern products and services is embodied in 

their software.  

 Many executives view software as a problem 
that they don't understand and have no idea 

how to manage. 
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The Forces: The Central Role of Software 

 

When management subcontracts the 
technologies that make their products 
unique, they lose the ability to manage 

their future.  



36 

The Forces: Interconnectedness 

 The value of a computing system is increasingly 

determined by the number of other systems to which 

it can connect.  

 The keys to broad market acceptance are 

compatibility, interoperability, and interchangeability.  

 We will need to think in interconnected ways and to 

remove any limitations that make it hard to 

interconnect and to interoperate our systems.  
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The Forces: Interconnectedness 

 

It is precisely this ability of  our systems 
to be used in new and innovative ways 
that will make them attractive to the 

users of  the future.  
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The Forces: Real-World Threats 

 With stand-alone systems, our exposure to 
the realities of a dangerous and unpleasant 
world was limited. But with the Internet, and 

with the growing interconnectedness of our 
systems, this is no longer the case.  

 People seek to recover damages from the 

organizations that built unsafe or insecure 
systems.  
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The Forces: Real-World Threats 

 

Secure and safe systems will be an 
economic necessity, and users will band 

together to seek damages from 
suppliers who don't provide such 

systems.  



40 

What is a Software Process? 

 A set of activities whose goal is the 
development or evolution of software 

 Generic activities in all software processes 
are: 
 Specification  

 Development  

 Validation 

 Evolution 
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What Is a Software Process Model? 

 A simplified representation of a software 

process, presented from a specific 
perspective. 

 Examples of process perspectives are 

 Workflow perspective - sequence of activities 

 Data-flow perspective - information flow 

 Role/action perspective - who does what 
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What Is a Software Process Model? 

 A simplified representation of a software 

process, presented from a specific 
perspective. 

 Generic process models  

 Waterfall 

 Iterative development 

 Component-based software engineering 



43 

What Are The Costs of Software 

Engineering? 

 Evolution costs often exceed development costs 

 Custom built vs. mass market software 

 Costs vary depending on  

 the type of system being developed  

 the requirements of system attributes such as 

performance and system reliability 

 The experience of the development team(s) 

 Distribution of costs depends on the 
development model that is used. 
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 Waterfall 

 

 Iteration  

development 

 

 Component-based  

development 

 

 Long-lifetime  

systems 

Activity Cost Distribution 

100 75 50 25 0 

System evolution Development 

Specification Development Integration and testing 

Specification Iterative development System testing 

Specification Design Development Integration and testing 
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Software Engineering 

 The economies of ALL developed nations are  
dependent on software. 

 More and more systems are software 
controlled 

 Software engineering is concerned with 
theories, methods and tools for professional 
software development. 

 Expenditure on software represents a  
significant fraction of GNP in all developed 
countries. 
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FAQs about Software Engineering 

 What is software engineering? 

 What is the difference between software 
engineering and computer science? 

 What is the difference between software 
engineering and system engineering? 

 What is a software process? 

 What is a software process model? 



47 

FAQs about Software Engineering 

 What are the costs of software engineering? 

 What are software engineering methods? 

 What is CASE (Computer-Aided Software 

Engineering) 

 What are the attributes of good software? 

 What are the key challenges facing software 
engineering? 
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What Is Software? 

 Computer programs and associated documentation 
such as requirements, design models and user 
manuals 

 Software products may be developed for a particular 
customer or may be developed for a general market 

 Software products may be 
 Generic 

 Custom 

 New software can be created by developing new 
programs, configuring generic software systems or 
reusing existing software 
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 Software engineering is an engineering 
discipline that is concerned with all aspects of 
software production 

 Software engineers should adopt a 
systematic and organised approach to their 
work and use appropriate tools and 
techniques depending on  
 the problem to be solved 

 the development constraints  

 the resources available 

What Is Software Engineering? 



50 

 

What Is Software Engineering? 

 

A kОв soПtаarО ОnginООring “aбiom” 

 

•   Better 

•   Cheaper     pick any two 

•   Faster 
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Software Engineering     vs.  

    Computer Science 

 Computer science 

 It is concerned with theory and fundamentals; 

software engineering is concerned with the 

practicalities of developing and delivering useful 

software 

 It theories are still insufficient to act as a 

complete underpinning for software engineering 

(unlike e.g. physics and electrical engineering) 
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Software Engineering    vs.    

    System Engineering 
 System engineering  

 It is concerned with all aspects of computer-based 
systems development including hardware, software and 
process engineering.  

 It is involved in system specification, architectural design, 
integration and deployment 

 

 

Software engineering is part of this process 
concerned with developing the software 
infrastructure, control, applications and  

databases in the system 



53 

 System  

Engineering 

Software  

Engineering 
Hardware  

Engineering 

Control  

Engineering 

Machine 

Engineering 

Computer 

Science 

Informatics 

Low-level Staff  

(coders) 

Electricity 

Engineering 

Relations    
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Cost of not Engineering Software 

 Need to restructure code 

 High maintenance costs 

 Software is unacceptable to end users 

 Unreliable code 

 Need to rewrite code 

 Difficulty integrating system modules 

 Difficult project management  

 Budget and time overruns 
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What Are Software Engineering 

Methods? 
 Structured approaches to software development 

which include system models, notations, rules, 
design advice and process guidance. 

 Model descriptions  
 Descriptions of graphical models which should be 

produced 

 Rules 
 Constraints applied to system models 

 Recommendations 
 Advice on good design practice 

 Process guidance 
 What activities to follow 
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What is CASE  

 CASE -> Computer-Aided Software Engineering 

 Software systems that are intended to provide 

automated support for software process activities.  

 CASE systems are often used for method support. 

 Types: 

 Upper level: Tools to support the early process activities 

of requirements and design 

 Lower level: Tools to support later activities such as 

programming, debugging and testing 
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What Are The Attributes of Good 

Software? 
 The software should deliver the required functionality and 

performance to the user and should be maintainable, 
dependable and acceptable. 

 Maintainability 

 Software must evolve to meet changing needs 

 Dependability 

 Software must be trustworthy 

 Efficiency 

 Software should not make wasteful use of system resources 

 Acceptability 

 Software must accepted by the users for which it was 
designed. This means it must be understandable, usable and 
compatible with other systems. 
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What Are The Key Challenges 

Facing Software Engineering? 
 Heterogeneity 

 Developing techniques for building software that can 

cope with heterogeneous platforms and execution 

environments; 

 Delivery 

 Developing techniques that lead to faster delivery of 

software; 

 Trust 

 Developing techniques that demonstrate that software 

can be trusted by its users. 
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Why Software Engineering is not 

Universal 

 Understanding software development as 
programming only without recognition of 

importance of analysis and design 

 Short-sighted technical management 

 Pressure of deadlines 

 Poor project estimation, thus unreasonable 

deadlines 
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Working in Teams 

 Be conscientious about due dates 

 If you are less motivated by the class project, 

negotiate an equitable grade and take a lesser role 

 Meet regularly with your team 

 Always create an agenda for every team meeting 

 Rotate responsibility for chairing team meetings 
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Questions ? 
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Ʉɚɱɟɫɬɜɨɬɨ ɧɚ 
ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ 



2 

ǞǻȁǿȀǲǽǺǵцǼǽǻǲǷǿǵ 

16 % 

ȀǾǼǲȅǺǻц
ǴǭǯȇǽȅǵǸǵ 

31 % 

ǼǽǲǷǽǭǿǲǺǵ 

51 % 

ǾǼǻǽǺǵ 
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ǜǽǻǯǭǸǲǺǵцǼǽǻǲǷǿǵ 

 Ȼɸɞɠɟɬ 

ɩɨɞ 20 % 15.5% 

21-50 % 31.5 % 

51-100 % 29.6 % 

101-200 % 10.2 % 

201-400 % 8.8 % 

ɧɚɞ 400 % 4.4 % 

ǞǽǲǱǺǭǿǭцǾǲǮǲǾǿǻǶǺǻǾǿц
ǺǭцǼǽǻǯǭǸǲǺǵǿǲцǲц189ц%ц
ǻǿцǼǽǲǱǯǵǱǲǺǭǿǭ 
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ǜǽǻǯǭǸǲǺǵцǼǽǻǲǷǿǵ 

 ɉɪɨɞɴɥɠɢɬɟɥɧɨɫɬ 

ɩɨɞ 20 % 13.9 % 

21-50 % 18.3 % 

51-100 % 20.0 % 

101-200 % 35.5 % 

201-400 % 11.2 % 

ɧɚɞ 400 % 1.1 % 

ǞǽǲǱǺǭǿǭцǼǽǻǱȇǸǳǵǿǲǸǺǻǾǿц
ǺǭцǼǽǻǯǭǸǲǺǵǿǲцǲц222ц%цǻǿц
ǼǽǲǱǯǵǱǲǺǭǿǭ 



5 

ǜǽǻǯǭǸǲǺǵцǼǽǻǲǷǿǵ 

 Ɋɟɚɥɢɡɢɪɚɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ 

ɩɨɞ 25 % 4.6 % 

25-49 % 27.2 % 

50-74 % 21.8 % 

75-99 % 39.1 % 

100 % 7.3 % 

ǞǽǲǱǺǻǿǻцǵǴǼȇǸǺǲǺǵǲцǼǽǵц
ǾǼǻǽǺǵǿǲцǼǽǻǲǷǿǵцǲц61ц%цǻǿц
ǴǭǱǭǺǵǲǿǻ. 



6 

ǛǾǺǻǯǲǺцǼǽǻǮǸǲǹ 

ǟǻǯǭцǲцǽǭǴǮǽǭǺǻ,цȄǲц
ȆǲцǾǲцǽǭǴǽǭǮǻǿǯǭ 

ǔǭǱǭǺǵǲцǯцǼǽǻǲǷǿǭц 
ǜǽǻǰǽǭǹǲǺцǱǵǴǭǶǺц 

ǝǭǴǽǭǮǻǿǷǭц ǕǺǾǿǭǸǵǽǭǺǭцǯǲǽǾǵя ǓǲǸǭǺǵǲцǺǭцǷǸǵǲǺǿǭ 
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ǛǾǺǻǯǲǺцǼǽǻǮǸǲǹ 

Ɂɧɚɱɢɬɟɥɧɨ ɩɨɜɟɱɟ ɩɨɜɪɟɞɢ (failures) 27% 

ɉɨɜɟɱɟ ɩɨɜɪɟɞɢ (failures) 21 % 

Ȼɟɡ ɩɪɨɦɹɧɚ 11 % 

ɉɨ-ɦɚɥɤɨ ɩɨɜɪɟɞɢ (failures) 19 % 

Ɂɧɚɱɢɬɟɥɧɨ ɩɨ-ɦɚɥɤɨ ɩɨɜɪɟɞɢ (failures) 22 % 

 ɉɨ ɦɚɥɤɨ ɨɬ ɩɨɥɨɜɢɧɚɬɚ ɪɴɤɨɜɨɞɢɬɟɥɢ ɧɚ 
ɩɪɨɟɤɬɢ ɫɦɹɬɚɬ, ɱɟ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɩɪɨɝɪɚɦɧɢɬɟ 
ɩɪɨɞɭɤɬɢ ɫɟ ɩɨɞɨɛɪɹɜɚ. 
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КǭȄǲǾǿǯǻцǺǭцǜǛ 

 ɉɨɞ ɤɚɱɟɫɬɜɨ ɧɚ ɉɈ ɯɨɪɚɬɚ ɪɚɡɛɢɪɚɬ ɞɜɟ 
ɧɟɳɚ: 
 ɉɪɨɝɪɚɦɧɢɹɬ ɩɪɨɞɭɤɬ ɬɪɹɛɜɚ ɞɚ ɩɪɚɜɢ ɬɨɜɚ, 

ɡɚ ɤɨɟɬɨ ɟ ɩɪɟɞɧɚɡɧɚɱɟɧ ɢ ɧɢɳɨ ɞɪɭɝɨ 
(“ɬɪɹɛɜɚ ɞɚ ɩɪɚɜɢ ɩɪɚɜɢɥɧɢɬɟ ɧɟɳɚ”) 

 ɉɪɢ ɞɚ ɢɡɜɴɪɲɜɚ ɞɟɣɧɨɫɬɢɬɟ ɫɢ ɤɨɪɟɤɬɧɨ ɢ 
ɤɚɱɟɫɬɜɟɧɨ (“ɬɪɹɛɜɚ ɞɚ ɪɚɛɨɬɢ ɩɪɚɜɢɥɧɨ”). 
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КǭȄǲǾǿǯǻцǺǭцǜǛ 

 Ⱦɟɣɧɨɫɬɢ ɩɨ ɡɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɟɧɨ 
ɉɈ: 
 ɉɥɚɧɢɪɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ 

 ɂɡɩɴɥɧɟɧɢɟ ɧɚ ɞɟɣɧɨɫɬɢɬɟ ɩɨ ɜɚɥɢɞɚɰɢɹ ɢ/ɢɥɢ 
ɜɟɪɢɮɢɤɚɰɢɹ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ 

 ɂɡɦɟɪɜɚɧɟ ɢ ɚɧɚɥɢɡ ɧɚ ɪɚɛɨɬɚɬɚ ɧɚ ɉɈ ɡɚ 
ɭɫɬɚɧɨɜɹɜɚɧɟ ɧɚ ɞɚɧɧɢ, ɩɨɤɚɡɜɚɳɢ 
ɫɴɨɬɜɟɬɧɨɬɨ ɧɢɜɨ ɧɚ ɤɚɱɟɫɬɜɨ 
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ǞǿǽǲǹǲǳцǷȇǹцǯǾǲцǼǻ-ǰǻǸǲǹǵцǜǞ 

 Ɍɨɜɚ ɫɚ ɫɢɫɬɟɦɢ ɫ ɩɨɧɟ 1 ɦɥɧ. ɪɟɞɚ ɢ ɢɦɚɳɢ 
ɜɢɫɨɤɚ ɫɥɨɠɧɨɫɬ: 
 Ɋɚɡɪɚɛɨɬɜɚɬ ɫɟ ɝɨɥɹɦ ɛɪɨɣ ɯɨɪɚ. 
 Ɋɚɡɪɚɛɨɬɤɚɬɚ ɟ ɜ ɞɴɥɴɝ ɩɟɪɢɨɞ ɨɬ ɜɪɟɦɟ. 

 Ɉɫɧɨɜɧɢ ɩɪɨɛɥɟɦɢ 

 Ȼɟɡɪɚɡɛɨɪɧɨ ɞɨɛɚɜɹɧɟ ɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ, ɤɨɹɬɨ 
ɱɟɫɬɨ ɟ ɧɟɫɴɳɟɫɬɜɟɧɚ. 

 Ʌɨɲ ɢ ɞɚɠɟ ‘ɝɥɭɩɚɜ’ ɞɢɡɚɣɧ. 
 ɇɟɩɪɚɜɢɥɟɧ ɢɡɛɨɪ ɧɚ ɟɡɢɤ ɡɚ ɩɪɨɝɪɚɦɢɪɚɧɟ. 
 ɇɟɫɴɫɬɨɹɬɟɥɟɧ ɩɨɞɛɨɪ ɧɚ ɬɟɯɧɨɥɨɝɢɢ ɡɚ ɪɚɡɪɚɛɨɬɤɚ. 
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ǜǻǱǻǮǽяǯǭǺǲцǺǭцǷǭȄǲǾǿǯǻǿǻ 

 Ⱦɟɣɧɨɫɬɢɬɟ ɡɚ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ 
ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ ɫɚ ɧɚɫɨɱɟɧɢ ɤɴɦ 

 ɉɪɟɞɩɚɡɜɚ ɨɬ ɩɨɹɜɚɬɚ ɧɚ ɧɹɤɨɢ ɤɥɚɫɨɜɟ 
ɩɪɨɛɥɟɦɢ/ɩɨɜɪɟɞɢ. 

 ɉɪɟɦɚɯɜɚ ɜɴɡɦɨɠɧɨɫɬɬɚ ɨɬ ɜɴɡɧɢɤɜɚɧɟ ɧɚ 
ɧɹɤɨɢ ɤɥɚɫɨɜɟ  ɩɪɨɛɥɟɦɢ/ɩɨɜɪɟɞɢ. 

 ɇɚɦɚɥɹɜɚ ɜɟɪɨɹɬɧɨɫɬɬɚ ɢ ɩɪɚɜɢ ɩɨ-ɬɪɭɞɧɚ 
ɩɨɹɜɚɬɚ ɧɚ ɩɪɨɛɥɟɦɢ/ɩɪɨɛɥɟɦɢ ɫ 
ɢɡɩɨɥɡɜɚɧɨɬɨ ɉɈ. 
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ǠǼǽǭǯǸǲǺǵǲцǺǭцǱǲǶǺǻǾǿǵǿǲцǴǭц
ǼǻǱǻǮǽяǯǭǺǲцǺǭцǷǭȄǲǾǿǯǻǿǻ 

 
ǠǼǽǭǯǸǲǺǵǲцǺǭцǱǲǶǺǻǾǿǵǿǲцǴǭ ǼǻǱǻǮǽяǯǭǺǲцǺǭц
ǷǭȄǲǾǿǯǻǿǻцǺǭцǜǞ (software quality engineering) 

ǟǲȂǺǵǷǵцǵцǱǲǶǺǻǾǿǵцǴǭцǼǻǱǻǮǽяǯǭǺǲцǺǭц
ǷǭȄǲǾǿǯǻǿǻцǺǭцǜǞц(quality assurance) 

 

 ǟǲǾǿǯǭǺǲцǺǭцǜǞ 

•ǕǺǾǼǲǷȃǵǵ 

•ǛǿǷǭǴǻȀǾǿǻǶȄǵǯǻǾǿ 

•ǜǽǲǯǲǺȃǵяцǺǭцǱǲȁǲǷǿǵǿǲ 

•ǡǻǽǹǭǸǺǵцǹǲǿǻǱǵ 

•ДǽȀǰǵ 



КǭȄǲǾǿǯǻцǺǭцǜǛ 

 Ⱥɥɬɟɪɧɚɬɢɜɧɢɹɬ ɜɴɩɪɨɫ ɟ: 
 “Ʉɚɤɜɢ ɫɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɚ ɜɢɫɨɤɨɤɚɱɟɫɬɜɟɧɨɬɨ ɉɈ ?” 

 Ɂɚ ɞɟɮɢɧɢɪɚɧɟɬɨ ɧɚ ɬɟɡɢ ɯɪɚɤɬɟɪɢɫɬɢɤɢ ɟ 
ɧɟɨɛɯɨɞɢɦɨ ɞɚ ɫɟ ɨɬɱɢɬɚɬ ɪɚɡɥɢɱɧɢ ɝɥɟɞɧɢ ɬɨɱɤɢ ɢ 
ɨɱɚɤɜɚɧɢɹ: 
 ɉɨɬɪɟɛɢɬɟɥɢ 

 Ɋɚɡɪɚɛɨɬɱɢɰɢ  
 Ɋɴɤɨɜɨɞɢɬɟɥɢ ɧɚ ɩɪɨɟɤɬɢ 

 ɋɩɟɰɢɚɥɢɫɬɢ ɩɨ ɦɚɪɤɟɬɢɧɝ ɧɚ ɉɈ 

 Ɇɟɧɢɞɠɴɪɢ ɧɚ ɫɨɮɬɭɟɪɧɢ ɮɢɪɦɢ 

 ɋɩɟɰɢɚɥɢɫɬɢ ɩɨ ɩɨɞɞɪɴɠɤɚ ɢ ɫɴɩɪɨɜɨɠɞɚɧɟ ɧɚ ɉɈ 
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КǭȄǲǾǿǯǻцǺǭцǜǛ 

 ɉɪɢɟɬɨ ɟ ɞɚ ɫɟ ɢɡɩɨɥɡɜɚɬ ɩɟɬ ɨɫɧɨɜɧɢ ɝɥɟɞɧɢ 
ɬɨɱɤɢ, ɞɟɮɢɧɢɪɚɳɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɡɚ 
ɤɚɱɟɫɬɜɨ: 
 Ⱥɛɫɬɪɚɤɬɧɢ ɤɪɢɬɟɪɢɢ 

 ɉɨɬɪɟɛɢɬɟɥɫɤɨ ɪɚɡɛɢɪɚɧɟ 

 ɉɪɨɢɡɜɨɞɫɬɜɟɧɨ ɪɚɡɛɢɪɚɧɟ 

 ɉɪɨɞɭɤɬɨɜɚ ɫɴɳɧɨɫɬ 

 ɋɬɨɣɧɨɫɬɧɨ-ɛɚɡɢɪɚɧɢ ɤɪɢɬɟɪɢɢ 
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КǭȄǲǾǿǯǻцǺǭцǜǛ 

 ɋɩɨɪɟɞ ɪɨɥɢɬɟ ɫɢ ɩɨ ɨɬɧɨɲɟɧɢɟ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ 
ɉɈ ɫɴɳɟɫɬɜɭɜɚɬ ɞɜɟ ɨɫɧɨɜɧɢ ɝɪɭɩɢ: 
 Ʉɥɢɟɧɬɢ 

 Ʉɭɩɭɜɚɱɢ (customer) –ɢɡɛɢɪɚɬ ɤɚɤɜɨ ɢ ɡɚɳɨ ɞɚ ɫɟ ɤɭɩɢ 

 ɉɨɬɪɟɛɢɬɟɥɢ (user) – ɫɚɦɨ ɢɡɩɨɥɡɜɚɬ ɜɟɱɟ 
ɡɚɤɭɩɟɧɨ/ɨɫɢɝɭɪɟɧɨ ɉɈ 

 ȼ ɬɚɡɢ ɝɪɭɩɚ ɜɥɢɡɚɬ ɢ ‘ɧɟɯɨɪɚ’-ɩɨɬɪɟɛɢɬɟɥɢ, ɬ.ɟ. ɞɪɭɝɨ ɉɈ ɢɥɢ 
ɚɩɚɪɚɬɧɚ ɱɚɫɬ, ɜɡɚɢɦɨɞɟɣɫɬɜɚɳɢ ɫ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ 

 ɉɪɨɢɡɜɨɞɢɬɟɥɢ (producers) 

 Ⱦɢɪɟɤɬɧɨ ɭɱɚɫɬɜɚɳɢɬɟ ɜ ɪɚɡɪɚɛɨɬɤɚɬɚ (ɞɢɡɚɣɧɟɪɢ, 
ɩɪɨɝɪɚɦɢɫɬɢ, ɪɴɤɨɜɨɞɢɬɟɥɢ ɢ ɞɪ.) 

 ɏɨɪɚɬɚ ɨɬ ɬɪɟɬɢ ɮɢɪɦɢ, ɩɨɞɩɨɦɚɝɚɳɢ ɪɚɡɪɚɛɨɬɤɚɬɚ, 
ɩɨɞɞɪɴɠɤɚɬɚ ɢ ɫɴɩɪɨɜɨɠɞɚɧɟɬɨ ɧɚ ɉɈ 

15 



КȀǼȀǯǭȄǵцǵцКǭȄǲǾǿǯǻ 

 Ɉɫɧɨɜɧɨɬɨ ɨɱɚɤɜɚɧɟ ɟ ɉɈ ɞɚ ɪɟɚɥɢɡɢɪɚ ɜ 
ɞɟɣɫɬɜɢɬɟɥɧɨɫɬ ɩɨɥɟɡɧɢɬɟ ɮɭɧɤɰɢɢ, ɤɨɢɬɨ ɤɚɡɜɚ 
ɱɟ ɪɟɚɥɢɡɢɪɚ: 
 Ɏɭɧɤɰɢɢɬɟ ɨɬɝɨɜɚɪɹɬ ɧɚ ɧɭɠɞɢɬɟ ɧɚ ɩɨɤɭɩɚɬɟɥɢɬɟ 

 ɉɪɢ ɦɧɨɝɨɤɪɚɬɧɚ ɭɩɨɬɪɟɛɚ ɢ/ɢɥɢ ɜ ɞɴɥɴɝ ɩɟɪɢɨɞ ɨɬ 
ɜɪɟɦɟ ɫɟ ɡɚɩɚɡɜɚ ɩɨɥɟɡɧɨɫɬɬɚ ɢ ɩɪɚɜɢɥɧɨɬɨ 
ɮɭɧɤɰɢɨɧɢɪɚɧɟ ɧɚ ɉɈ – ɬɨɜɚ ɟ ɢɡɜɟɫɬɧɨ ɤɚɬɨ 
ɢɡɞɪɴɠɥɢɜɨɫɬ ɧɚ ɉɈ (reliability) 
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КǵǸǲǺǿǵцǵцКǭȄǲǾǿǯǻ 

 ɋɩɟɰɢɮɢɱɧɢ ɢɡɢɫɤɜɚɧɢɹ ɧɚ ɩɨɬɪɟɛɢɬɟɥɢɬɟ 

 ɋɥɨɠɧɨɫɬɬɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟɬɨ ɦɨɠɟ ɞɚ ɟ ɦɧɨɝɨ ɩɨ-

ɜɚɠɧɚ ɯɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚ ɦɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɢ – ɬɨɜɚ ɟ 
ɢɡɜɟɫɬɧɨ ɤɚɬɨ ‘ɢɡɩɨɥɡɜɚɟɦɨɫɬ’ (usability) 

 ɋɥɨɠɧɨɫɬɬɚ ɧɚ ɢɧɫɬɚɥɢɪɚɧɟɬɨ ɢ ɩɨɞɞɪɴɠɤɚɬɚ ɟ ɞɪɭɝɚ 
ɜɚɠɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚ ɦɧɨɝɨ ɯɨɪɚ 

 ɉɪɢ ɝɪɭɩɚɬɚ ɧɚ ‘ɧɟɯɨɪɚɬɚ’-ɩɨɬɪɟɛɢɬɟɥɢ ɦɧɨɝɨ ɜɚɠɧɢ 
ɫɚ ɚɞɚɩɬɢɜɧɨɫɬɬɚ (adaptability) ɢ ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɟɞɧɚ ɩɨ-ɝɨɥɹɦɚ ɫɢɫɬɟɦɚ (inter-

operability) 

 ɋɩɟɰɢɮɢɪɧɢ ɢɡɢɫɤɜɚɧɢɹ ɧɚ ɤɭɩɭɜɚɱɢ 

 ɰɟɧɚ 
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ǜǽǻǵǴǯǻǱǵǿǲǸǵцǵцКǭȄǲǾǿǯǻ 

 Ɉɫɧɨɜɧɚɬɚ ɨɰɟɧɤɚ ɟ: 
 Ⱦɚɥɢ ɪɚɡɪɚɛɨɬɟɧɨɬɨ ɉɈ ɟ ɬɨɜɚ, ɤɨɟɬɨ ɟ ɩɨɪɴɱɚɧɨ, ɬ.ɟ. 

ɞɚɥɢ ɢɡɩɴɥɧɹɜɚ ɜɫɢɱɤɢ ɢɡɢɫɤɜɚɧɢɹ, ɡɚɥɨɠɟɧɢ ɜ 
ɫɩɟɰɢɮɢɤɚɰɢɹɬɚ ɧɚ ɩɪɨɟɤɬɚ. 

 Ʉɨɥɤɨɬɨ ɩɨ-ɥɟɫɧɨ ɬɨɜɚ ɫɟ ɞɨɤɚɡɜɚ, ɬɨɥɤɨɜɚ ɩɨ-

ɤɚɱɟɫɬɜɟɧɨ ɟ ɪɚɡɪɚɛɨɬɟɧɨ ɉɈ. 
 Ⱦɨɩɴɥɧɢɬɟɥɧɨ ɢɡɢɫɤɜɚɧɟ: 

 Ʉɭɩɭɜɚɱɢɬɟ ɩɚɤ ɞɚ ɫɟ ɜɴɪɧɚɬ ɩɪɢ ɧɚɫ. 
 Ⱦɚ ɦɨɝɚ ɞɚ ɩɨɟɦɚ ɞɪɭɝ ɩɪɨɟɤɬ ɫɥɟɞ ɡɚɜɴɪɲɜɚɧɟɬɨ ɧɚ 

ɬɟɤɭɳɢɹ. 
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ǜǽǻǵǴǯǻǱǵǿǲǸǵцǵцКǭȄǲǾǿǯǻ 

 ɋɩɟɰɢɮɢɱɧɢ ɢɡɢɫɤɜɚɧɢɹ ɧɚ ɩɨɬɪɟɛɢɬɟɥɢɬɟ 

 ɋɥɨɠɧɨɫɬɬɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟɬɨ ɦɨɠɟ ɞɚ ɟ ɦɧɨɝɨ ɩɨ-ɜɚɠɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚ ɦɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɢ ɩɪɢ ɫɴɫɬɚɜɹɧɟ ɧɚ 
ɦɧɟɧɢɟ ɡɚ ɉɈ 

 ɋɥɨɠɧɨɫɬɬɚ ɧɚ ɢɧɫɬɚɥɢɪɚɧɟɬɨ ɢ ɩɨɞɞɪɴɠɤɚɬɚ ɟ ɞɪɭɝɚ 
ɜɚɠɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚ ɦɧɨɝɨ ɯɨɪɚ 

 ɉɪɢ ɝɪɭɩɚɬɚ ɧɚ ‘ɧɟɯɨɪɚɬɚ-ɩɨɬɪɟɛɢɬɟɥɢ’ ɦɧɨɝɨ ɜɚɠɧɢ ɫɚ 
ɚɞɚɩɬɢɜɧɨɫɬɬɚ (adaptability), ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɟɞɧɚ ɩɨ-ɝɨɥɹɦɚ ɫɢɫɬɟɦɚ (inter-
operability) 

 ɋɩɟɰɢɮɢɱɧɢ ɢɡɢɫɤɜɚɧɢɹ ɧɚ ɤɭɩɭɜɚɱɢ 

 ɰɟɧɚ 
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ISO-9126 

 ɋɬɚɧɞɚɪɬ ɡɚ ɤɚɱɟɫɬɜɨ ɧɚ ɉɈ, ɞɟɮɢɧɢɪɚɳ 6 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ ɤɚɱɟɫɬɜɨ: 
 Ɏɭɧɤɰɢɨɧɚɥɧɢ: ɝɨɞɧɨɫɬ (suitability), ɬɨɱɧɨɫɬ ɧɚ 

ɪɚɡɪɚɛɨɬɤɚɬɚ (accuracy), ɫɴɜɦɟɫɬɢɦɨɫɬ(interoperability), 

ɫɢɝɭɪɧɨɫɬ (security) 

 ɇɚɞɟɠɞɧɨɫɬ: ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬ (maturity), ɭɫɬɨɣɱɢɜɨɫɬ 
ɧɚ ɨɬɤɚɡɢ (fault tolerance), ɜɴɡɫɬɚɧɨɜɢɦɨɫɬ 
(recoverability) 

 ɂɡɩɨɥɡɜɚɟɦɨɫɬ: ɪɚɡɛɢɪɚɟɦɨɫɬ ɧɚ ɉɈ 
(understandability), ɧɚɭɱɚɟɦɨɫɬ (learnability), ɥɟɫɧɨɬɚ ɧɚ 
ɨɩɟɪɢɪɚɧɟ ɫɴɫ ɉɈ (operability) 
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ISO-9126 

 ɋɬɚɧɞɚɪɬ ɡɚ ɤɚɱɟɫɬɜɨ ɧɚ ɉɈ, ɞɟɮɢɧɢɪɚɳ 6 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ ɤɚɱɟɫɬɜɨ: 
 ȿɮɟɤɬɢɜɧɨɫɬ: ɢɡɦɟɪɜɚ ɜɪɴɡɤɚ ‘ɮɭɧɤɢɨɧɚɥɧɨɫɬ-

ɛɴɪɡɨɞɟɣɫɬɜɢɟ-ɪɟɫɭɪɫɢ’ 
 ȼɴɡɦɨɠɧɨɫɬ ɡɚ ɩɨɞɞɪɴɠɤɚ (maintainability): 

ɚɧɚɥɢɡɭɟɦɨɫɬ, ɩɪɨɦɟɧɹɟɦɨɫɬ (changeability), 

ɭɫɬɨɣɱɢɜɨɫɬ (stability), ɜɴɡɦɨɠɧɨɫɬ ɡɚ ɬɟɫɬɜɚɧɟ ɧɚ 
ɩɪɨɦɟɧɢɬɟ (testability) 

 ɉɪɟɧɨɫɢɦɨɫɬ: ɚɞɚɩɬɢɜɧɨɫɬ, ɢɧɫɬɚɥɢɪɭɟɦɨɫɬ, 
ɫɴɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɢɧɫɬɚɥɢɪɚɧɢɬɟ ɜɟɪɫɢɢ 
(conformance), ɡɚɦɟɧɹɟɦɨɫɬ ɧɚ ɜɟɪɫɢɢɬɟ (replaceability) 
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Дɪɭɝɢ ɫɬɚɧɞɚɪɬɢ ɡɚ ɤɚɱɟɫɬɜɨ 

 CUPRIMDS 

 Capability, Usability, Performance, Reliability, Installation, 

Maintenance, Documentation, Service 

 ɂɡɩɨɥɡɜɚ ɫɟ ɜ IBM 

 Web-ɛɚɡɢɪɚɧɢ ɩɪɢɥɨɠɟɧɢɹ 

 ɉɴɪɜɢɱɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɢɡɞɪɴɠɥɢɜɨɫɬ, ɢɡɩɨɥɡɜɚɟɦɨɫɬ ɢ 
ɫɢɝɭɪɧɨɫɬ 

 ȼɬɨɪɢɱɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɞɨɫɬɴɩɧɨɫɬ (КvКТХКЛТХТtв), 
ɦɚɳɚɛɢɪɭɟɦɨɫɬ (sМКХКЛТХТtв), ɜɴɡɦɨɠɧɨɫɬ ɡɚ ɩɨɞɞɪɴɠɤɚ ɢ 
ɜɪɟɦɟɬɨ ɡɚ ɢɡɥɢɡɚɧɟ ɧɚ ɩɚɡɚɪɚ 

 ȿɠɟɞɧɟɜɧɨ ɢɡɩɨɥɡɜɚɧɨ ɉɈ 

 Ɉɫɧɨɜɧɢɬɟ ɤɪɢɬɟɪɢɢ ɜ ɬɨɡɢ ɫɥɭɱɚɣ ɫɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɢ 
ɫɴɨɬɜɟɬɫɬɜɢɟ ɫɴɫ ɡɚɞɚɧɢɟɬɨ 
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ДǲȁǲǷǿǵцǺǭцǜǛц(defects) 

 ɉɨɜɪɟɞɚ (failure) 
 ɇɟɜɴɡɦɨɠɧɨɫɬ ɧɚ ɫɢɫɬɟɦɚ ɢɥɢ ɤɨɦɩɨɧɟɧɬ ɞɚ ɪɟɚɥɢɡɢɪɚɬ 

ɡɚɥɨɠɟɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ ɫɩɨɪɟɞ ɡɚɞɚɞɟɧɢ ɬɟɯɧɢɱɟɫɤɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 Ɉɬɧɚɫɹ ɫɟ ɡɚ ɨɬɤɥɨɧɟɧɢɟ ɜ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɉɈ ɫɩɪɹɦɨ 
ɡɚɞɚɧɢɟɬɨ ɡɚ ɪɚɡɪɚɛɨɬɤɚ 

 Ⱦɟɮɟɤɬ/ɨɩɭɳɟɧɢɟ (fault) 
 ɇɟɩɪɚɜɢɥɟɧ ɩɪɨɰɟɫ, ɫɬɴɩɤɚ ɢɥɢ ɞɟɮɢɧɢɰɢɹ ɧɚ ɞɚɧɧɢ ɜ 

ɤɨɦɩɸɬɴɪɧɚ ɩɪɨɝɪɚɦɚ. 
 Ɉɬɧɚɫɹ ɫɟ ɤɴɦ ɧɚɥɢɱɢɟɬɨ ɧɚ ɫɩɟɰɢɮɢɱɧɢ ɭɫɥɨɜɢɹ ɜ ɉɈ, 

ɩɨɡɜɨɥɹɜɚɳɢ ɩɪɨɹɜɥɟɧɢɟɬɨ ɧɚ ɞɚɞɟɧɚ ɩɨɜɪɟɞɚ. 
 Ƚɪɟɲɤɚ (error) 

 Чɨɜɟɲɤɚ ɞɟɣɧɨɫɬ, ɜɨɞɟɳɚ ɞɨ ɩɨɥɭɱɚɜɚɧɟ ɧɚ ɧɟɤɨɪɟɤɬɧɢ 
ɪɟɡɭɥɬɚɬɢ. 

 Ɉɬɧɚɫɹ ɫɟ ɞɨ ɨɬɫɴɫɬɜɚɳɢ ɢɥɢ ɧɟɩɪɚɜɢɥɧɢ ɱɨɜɟɲɤɢ ɞɟɣɫɬɜɢɹ, 
ɜɨɞɟɳɢ ɞɨ ɩɨɹɜɚɬɚ/ɡɚɥɚɝɚɧɟɬɨ ɧɚ ɞɟɮɟɤɬɢ ɜ ɉɈ. 



ǚǲǱǻǾǿǭǿȇȃǵцǺǭцǜǛц(defects) 

 



КǻǽǲǷǿǺǻǾǿǿǭцǷǭǿǻцǻǾǺǻǯǭцǺǭц
ǷǭȄǲǾǿǯǻǿǻ 

 Ⱦɟɮɢɧɢɪɚɧɟ 

 Ɉɬ ɝɥɟɞɧɚ ɬɨɱɤɚ ɧɚ ɤɥɢɟɧɬɢɬɟ ɟ ɫɜɴɪɡɚɧɚ ɫ ɜɴɧɲɧɨɬɨ 
ɩɪɨɹɜɥɟɧɢɟ ɧɚ ɉɈ, ɬ.ɟ. ɧɚɥɢɱɢɟɬɨ ɧɚ ɩɨɜɪɟɞɢ. 
 Ɉɤɚɡɜɚ ɜɥɢɹɧɢɟ ɜɴɪɯɭ ɢɡɩɨɥɡɜɚɟɦɨɫɬɬɚ, ɩɪɟɧɨɫɢɦɨɫɬɬɚ, 

ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ ɢɧɫɬɚɥɢɪɚɧɟ, ɩɨɞɞɪɴɠɤɚɬɚ ɢ ɬ.ɧ. 

 Ɉɬ ɝɥɟɞɧɚ ɬɨɱɤɚ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɢɬɟ ɟ ɫɜɴɪɡɚɧɚ ɫ 
ɜɥɢɹɧɢɟɬɨ ɧɚ ɜɴɬɪɟɲɧɢɬɟ ɨɫɨɛɟɧɨɫɬɢ ɧɚ ɉɈ, ɬ.ɟ. 
ɧɚɥɢɱɢɟɬɨ ɧɚ ɞɟɮɟɤɬɢ (faults). 

 ɋɜɴɪɡɚɧɚ ɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɨ ɞɢɡɚɣɧ, ɪɚɡɦɟɪ, ɫɥɨɠɧɨɫɬ 
ɢ ɬ.ɧ. 



КǸǵǲǺǿǵǿǲцǵцКǻǽǲǷǿǺǻǾǿǿǭ 

 Ʉɨɪɟɤɬɧɨɫɬɬɚ ɦɨɠɟ ɞɚ ɫɟ ɢɡɦɟɪɜɚ ɱɪɟɡ ɪɚɡɥɢɱɧɢ ɬɟɯɧɢɤɢ 
ɡɚ ɫɥɟɞɟɧɟ ɧɚ ɩɨɜɪɟɞɢɬɟ: 
 Ɉɩɢɫɜɚɬ ɫɟ ɬɢɩɚ ɢ ɫɴɳɧɨɫɬɬɚ ɧɚ ɩɪɨɹɜɥɟɧɢɟɬɨ 

 ɂɡɦɟɪɜɚɬ ɫɟ ɱɪɟɡ ɚɧɚɥɢɡ ɧɚ ɛɪɨɹ, ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟɬɨ, ɱɟɫɬɨɬɚɬɚ 
ɧɚ ɩɪɨɹɜɥɟɧɢɟ. 

 ɂɡɞɪɴɠɥɢɜɨɫɬɬɚ (reliability) ɩɪɹɤɨ ɡɚɜɢɫɢ ɨɬ ɤɨɪɟɤɬɧɨɫɬɬɚ, 
ɩɨ-ɬɨɱɧɨ ɨɬ ɱɟɫɬɨɬɚɬɚ ɧɚ ɩɪɨɹɜɥɟɧɢɟ ɧɚ ɩɨɜɪɟɞɢ 
 Ⱦɟɮɢɧɢɪɚ ɫɟ ɤɚɬɨ ɜɪɟɦɟ ɡɚ ɪɚɛɨɬɚ ɛɟɡ ɩɨɹɜɚ ɧɚ ɩɨɜɪɟɞɢ ɢɥɢ ɤɚɬɨ 

ɪɚɛɨɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢ ɜɯɨɞɧɢ ɞɚɧɧɢ ɛɟɡ ɩɪɨɹɜɚ ɧɚ ɩɨɜɪɟɞɢ 

 Ȼɟɡɨɩɚɫɧɨɫɬɬɚ ɧɚ ɉɈ (safety) ɫɴɳɨ ɡɚɜɢɫɢ ɨɬ ɤɨɪɟɤɬɧɨɫɬɬɚ 
 Ⱦɟɮɢɧɢɪɚ ɫɟ ɤɚɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚ ɉɈ, ɤɨɟɬɨ ɧɟ ɜɨɞɢ ɞɨ 

ɢɧɰɢɞɟɧɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɨ ɧɢɜɨ ɧɚ ɨɩɚɫɧɨɫɬ ɨɬ ɧɚɫɬɴɩɢɥɚɬɚ 
ɩɨɜɪɟɞɚ. 
 ɂɧɰɢɞɟɧɬɴɬ ɟ ɩɨɜɪɟɞɚ ɜ ɉɈ ɫ ɬɟɠɤɢ ɩɨɫɥɟɞɫɬɜɢɹ ɡɚ ɤɥɢɟɧɬɚ. 



ǜǽǻǵǴǯǻǱǵǿǲǸǵцǵцКǻǽǲǷǿǺǻǾǿǿǭ 

 ɂɡɩɨɥɡɜɚɬ ɫɟ ɬɟɯɧɢɤɢ ɢ ɦɟɬɨɞɢ ɡɚ ɢɡɦɟɪɜɚɧɟɬɨ ɢ 
ɚɧɚɥɢɡ ɧɚ ɞɟɮɟɤɬɢɬɟ ɜ ɪɚɡɪɚɛɨɬɤɚɬɚ ɧɚ ɉɈ: 
 ɇɢɜɨ ɢɧɞɢɜɢɞɭɚɥɧɢ ɚɧɚɥɢɡ: 

 Ɍɢɩ, ɜɪɴɡɤɚ ɫ ɨɩɪɟɞɟɥɟɧɢ ɩɨɜɪɟɞɢ ɢ ɢɧɰɢɞɟɧɬɢ, ɩɪɢɱɢɧɢ, 
ɜɪɟɦɟ ɢ ɩɪɢɱɢɧɢ ɡɚ ɬɹɯɧɚɬɚ ɩɨɹɜɚ ɜ ɉɈ ɢ ɞɪ. 

 ɇɢɜɨ ɧɚ ɝɪɭɩɨɜ ɚɧɚɥɢɡ 
 ɂɡɫɥɟɞɜɚɬ ɫɟ ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟɬɨ ɢ ɝɴɫɬɨɬɚɬɚ ɧɚ ɞɟɮɟɤɬɢɬɟ ɜ 

ɪɚɡɥɢɱɧɢɬɟ ɮɚɡɢ ɧɚ ɪɚɡɪɚɛɨɬɤɚ. 
 ɂɡɫɥɟɞɜɚɬ ɫɟ ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟɬɨ ɢ ɝɴɫɬɨɬɚɬɚ ɧɚ ɞɟɮɟɤɬɢɬɟ ɜ 

ɪɚɡɥɢɱɧɢɬɟ ɩɨɞɫɢɫɬɟɦɢ ɢ/ɢɥɢ ɤɨɦɩɨɧɟɧɬɢ ɧɚ ɉɈ. 

 Ɋɚɡɪɚɛɨɬɜɚɬ ɫɟ ɫɩɟɰɢɚɥɧɢ ɩɥɚɧɨɜɟ, ɫɴɞɴɪɠɚɳɢ 
ɦɟɪɤɢ ɩɨ ɮɚɡɢ ɢ ɤɨɦɩɨɧɟɧɬɢ ɡɚ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ 
ɤɨɪɟɤɬɧɨɫɬɬɚ, ɬ.ɟ. ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ. 



ǞǵǰȀǽǺǻǾǿцǯцǷǭȄǲǾǿǯǻǿǻцǺǭц
ǽǭǴǽǭǮǻǿǷǭǿǭцǺǭцǜǛ 

 ɋɢɝɭɪɧɨɫɬɬɚ ɜ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ ɧɚ ɉɈ 
(quality assurance - QA) ɫɟ ɞɟɮɢɧɢɪɚ ɤɚɬɨ: 
 ɨɬɧɨɲɟɧɢɟ ɤɴɦ ɧɚɥɢɱɢɟɬɨ ɧɚ ɞɟɮɟɤɬɢ ɜ ɉɈ ɢ 

ɬɟɯɧɢɤɢɬɟ ɡɚ ɬɹɯɧɨɬɨ ɨɝɪɚɧɢɱɚɜɚɧɟ/ɩɪɟɦɚɯɜɚɧɟ. 
 ɋɴɳɟɫɬɜɭɜɚɬ ɬɪɢ ɝɟɧɟɪɢɱɧɢ ɤɚɬɟɝɨɪɢɢ ɧɚ 

ɩɪɨɹɜɥɟɧɢɟ ɧɚ QA: 
 ɉɪɟɜɟɧɰɢɹ ɧɚ ɞɟɮɟɤɬɢɬɟ ɱɪɟɡ ɛɥɨɤɢɪɚɧɟ ɧɚ ɝɪɟɲɤɢɬɟ 

ɢɥɢ ɬɹɯɧɨɬɨ ɩɪɟɦɚɯɜɚɧɟ 

 Ɋɟɞɭɰɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ ɱɪɟɡ ɪɚɡɩɨɡɧɚɜɚɧɟ ɧɚ 
ɞɟɮɟɤɬɢɬɟ ɢ ɩɨɫɥɟɞɜɚɳɨɬɨ ɢɦ ɩɪɟɦɚɯɜɚɧɟ 

 Ɉɝɪɚɧɢɱɚɜɚɧɟ ɧɚ ɜɥɢɹɧɢɟɬɨ ɧɚ ɩɨɜɪɟɞɢɬɟ ɱɪɟɡ 
ɩɪɟɜɟɧɰɢɹ ɢ ɤɚɩɫɭɥɢɪɚɧɟ (ɨɝɪɚɧɢɱɚɜɚɧɟ ɧɚ 
ɩɪɨɹɜɥɟɧɢɹɬɚ) 



ǞǵǰȀǽǺǻǾǿцǯцǷǭȄǲǾǿǯǻǿǻцǺǭц
ǽǭǴǽǭǮǻǿǷǭǿǭцǺǭцǜǛ 

 



ǜǽǲǯǲǺȃǵяцǺǭцǱǲȁǲǷǿǵǿǲ 

 Ɉɛɭɱɟɧɢɟ ɧɚ ɯɨɪɚɬɚ 
 Ɇɧɨɝɨ ɢɡɬɨɱɧɢɰɢ ɧɚ ɝɪɟɲɤɢ ɫɚ ɪɟɡɭɥɬɚɬ ɨɬ ɧɟɡɧɚɧɢɟ ɢɥɢ 

ɧɟɪɚɡɛɢɪɚɧɟ 

 Ɏɨɪɦɚɥɧɢ ɦɟɬɨɞɢ 
 Ɉɫɢɝɭɪɹɜɚɬ ɨɩɪɟɞɟɥɹɧɟɬɨ ɧɚ ɦɟɫɬɚɬɚ ɫ ɥɨɲ ɞɢɡɚɣɧ ɢ/ɢɥɢ 

ɪɟɚɥɢɡɚɰɢɹ 

 ɂɡɩɨɥɡɜɚɧɟɬɨ ɧɚ ɫɬɚɧɞɚɪɬɢ ɢ ɞɨɛɪɢ ɩɪɚɤɬɢɤɢ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɚɬɚ 
 ɋɢɥɧɨ ɫɟ ɨɝɪɚɧɢɱɚɜɚɦ ɜɴɡɦɨɠɧɨɫɬɢɬɟ ɢ ɦɟɫɬɚɬɚ ɡɚ ɜɦɴɤɜɚɧɟ 

(ɢɧɠɟɤɬɢɪɚɧɟ) ɧɚ ɝɪɟɲɤɢ ɜ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ. 
 ɂɡɩɨɥɡɜɚɧɟ ɧɚ ɩɨɞɯɨɞɹɳɢ ɢ ɫɢɝɭɪɧɢ ɫɪɟɞɫɬɜɚ ɡɚ 

ɪɚɡɪɚɛɨɬɤɚ 
 ɇɚɦɚɥɹɜɚ ɫɟ ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ ɞɨɛɚɜɹɧɟ ɧɚ ɝɪɟɲɤɢ ɨɬ ɪɚɛɨɬɚɬɚ ɧɚ 

ɢɡɩɨɥɡɜɚɧɨɬɨ ɉɈ ɩɪɢ ɪɚɡɪɚɛɨɬɤɚɬɚ. 



ǝǲǱȀǷȃǵяцǺǭцǱǲȁǲǷǿǵǿǲ 

 ɂɧɫɩɟɤɰɢɹ  
 Ɂɚ ɞɢɪɟɤɬɧɨ ɨɬɤɪɢɜɚɧɟ ɢ ɩɪɟɦɚɯɜɚɧɟ ɧɚ 

ɞɟɮɟɤɬɢ 

 Ɍɟɫɬɜɚɧɟ 

 Ɂɚ ɧɚɛɥɸɞɟɧɢɟ ɧɚ ɩɨɜɪɟɞɢɬɟ ɤɚɬɨ ɧɚɱɢɧ ɡɚ 
ɧɚɦɢɪɚɧɟ ɢ ɩɪɟɦɚɯɜɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ 

 Ⱦɪɭɝɢ ɦɟɬɨɞɢ 

 Ɍɨɜɚ ɫɚ ɦɟɬɨɞɢ ɡɚ ɚɧɚɥɢɡ ɧɚ ɉɈ ɫɥɟɞ 
ɫɴɡɞɚɜɚɧɟɬɨ ɦɭ 



ǕǺǾǼǲǷȃǵя 

 Ɍɨɜɚ ɟ ɫɬɚɬɢɱɟɧ ɦɟɬɨɞ ɡɚ ɚɧɚɥɢɡ, ɛɚɡɢɪɚɳ ɫɟ ɧɚ: 
 Ʉɪɢɬɢɱɧɨ ɱɟɬɟɧɟ ɧɚ ɪɚɡɥɢɱɧɢɬɟ ɞɨɤɭɦɟɧɬɢ ɩɨ 

ɫɴɡɞɚɜɚɧɟ ɧɚ ɉɈ (ɢɡɢɫɤɜɚɧɢɹ, ɞɢɡɚɣɧ, ɤɨɞ, ɬ.ɧ.). 
 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɧɢ ɢ ɤɨɨɪɞɢɧɢɪɚɧɢ 

ɫɟɫɢɢ ɨɬ ɟɤɢɩ ɨɬ ɫɩɟɰɢɚɥɧɨ ɨɛɭɱɟɧɢ ɫɩɟɰɢɚɥɢɫɬɢ, 
ɪɚɛɨɬɟɳɢ ɤɨɨɪɞɢɧɢɪɚɧɨ. 

 Ⱦɟɮɟɤɬɢɬɟ ɫɟ ɨɩɪɟɞɟɥɹɬ ɞɢɪɟɤɬɧɨ ɩɪɢ ɩɪɨɜɟɠɞɚɧɢɬɟ 
ɢɧɫɩɟɤɰɢɢ 

 Ɉɬɤɪɢɬɢɬɟ ɝɪɟɲɤɢ ɫɟ ɩɪɟɦɚɯɜɚɬ ɢ ɫɟ ɢɡɜɴɪɲɜɚ 
ɩɨɜɬɨɪɧɚ ɢɧɫɩɟɤɰɢɹ ɡɚ ɩɨɹɜɚ ɧɚ ɧɨɜɢ. 

 ɋɬɪɭɤɬɭɪɚɬɚ ɢ ɫɴɳɧɨɫɬɬɚ ɧɚ ɩɪɨɰɟɫɚ ɫɢɥɧɨ ɜɚɪɢɪɚɬ ɨɬ 
ɨɛɢɤɧɨɜɟɧɨ ɩɪɟɦɢɧɚɜɚɧɟ ɩɪɟɡ ɞɨɤɭɦɟɧɬɢɬɟ ɞɨ 
ɮɨɪɦɚɥɢɡɢɪɚɧɟ ɢ ɚɧɚɥɢɡ ɧɚ ɢɧɫɩɟɤɬɢɪɚɧɢɹ ɞɨɤɭɦɟɧɬ. 

 ɉɪɨɰɟɫɴɬ ɡɚɞɴɥɠɢɬɟɥɧɨ ɫɟ ɩɥɚɧɢɪɚ ɤɚɬɨ ɞɟɣɧɨɫɬɢ ɢ 
ɧɚɫɨɤɢ. 



Тɟɫɬɜɚɧɟ 

 Ʉɨɝɚ ɞɟɮɟɤɬɢ ɬɪɹɛɜɚ ɞɚ ɫɟ ɨɩɪɟɞɟɥɹɬ ɱɪɟɡ 
ɬɟɫɬɜɚɧɟ ? 

 Ʉɚɤɜɨ ɞɚ ɫɟ ɬɟɫɬɜɚ ɢ ɤɚɤɴɜ ɜɢɞ ɞɟɮɟɤɬɢ ɫɟ 
ɧɚɦɢɪɚɬ ? 

 ɉɪɢ ɤɚɤɜɨ ɧɢɜɨ ɧɚ ɨɬɤɪɢɬɢ ɞɟɮɟɤɬɢ ɞɚ ɫɟ 
ɫɩɢɪɚ ɬɟɫɬɜɚɧɟɬɨ ? 



Ɉɫɢɝɭɪяɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɜ 
ɩɪɨɰɟɫɢɬɟ ɧɚ ɪɚɡɪɚɛɨɬɤɚ 

 ɍɩɪɚɜɥɟɧɢɟ ɧɚ ɞɟɮɟɤɬɢɬɟ (defect handling) 
 Ⱦɨɤɭɦɟɧɬɢɪɚɧɟ ɧɚ ɩɪɨɹɜɚɬɚ ɢ ɧɚɱɚɥɧɨ ɨɩɢɫɚɧɢɟ ɧɚ 

ɞɟɮɟɤɬɚ (defect logging) 

 ɋɥɟɞɟɧɟ ɢ ɨɩɢɫɚɧɢɟ ɧɚ ɩɪɨɹɜɥɟɧɢɹɬɚ ɧɚ ɞɟɮɟɤɬɚ 
ɫɥɟɞ ɧɚɱɚɥɧɨɬɨ ɭɫɬɚɧɨɜɹɜɚɧɟ ɞɨ ɤɪɚɣɧɨɬɨ 
ɩɪɟɦɚɯɜɚɧɟ (defect tracking) 

 Ⱦɟɣɧɨɫɬɢ ɩɨ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɟɮɟɤɬɢɬɟ 
 Ⱥɧɚɥɢɡ ɧɚ ɞɟɮɟɤɬɢɬɟ – ɞɟɮɟɤɬɢ ɫɟ ɨɛɪɚɛɨɬɜɚɬ ɩɨ 

ɝɪɭɩɢ (ɜɴɬɪɟɲɧɢ ɝɪɟɲɤɢ, ɝɪɟɲɤɢ ɧɚ ɩɨɬɪɟɛɢɬɟɥɹ, 
ɞɪɭɝɢ) ɡɚ ɞɚ ɢɦɚ ɤɨɧɫɢɫɬɟɧɬɧɨɫɬ ɩɨ ɬɢɩɨɜɟɬɟ ɝɪɟɲɤɢ 

 ɉɟɪɢɨɞɢɱɧɨ ɧɚɛɥɸɞɟɧɢɟ ɢ ɨɩɢɫɚɧɢɟ ɧɚ ɫɴɫɬɨɹɧɢɟɬɨ 
ɧɚ ɜɫɢɱɤɢ ɭɫɬɚɧɨɜɟɧɢ ɞɟɮɟɤɬɢ. 



ɉɪɢɦɟɪ  

 



Вɚɥɢɞɚɰɢя ɢ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ 

 ȼɚɥɢɞɚɰɢɹɬɚ ɟ ɧɚɫɨɱɟɧɚ ɤɴɦ ɭɫɬɚɧɨɜɹɜɚɧɟ ɧɚ 
ɫɴɨɬɜɟɬɫɬɜɢɟɬɨ ɦɟɠɞɭ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɧɚ ɉɈ 
ɢ ɨɱɚɤɜɚɧɟɬɨ ɧɚ ɤɥɢɟɧɬɢɬɟ 

 ɉɪɨɜɟɪɹɜɚ ɞɚɥɢ ɟ ɪɟɚɥɢɡɢɪɚɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ 

 ɉɪɨɜɟɪɹɜɚ ɞɚɥɢ ɢɦɚ ɨɬɤɥɨɧɟɧɢɟ ɜ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ 
ɉɈ ɫɩɪɹɦɨ ɨɩɢɫɚɧɨɬɨ ɜ ɡɚɞɚɧɢɟɬɨ 

 ɉɪɨɜɟɪɹɜɚ ɤɚɤ ɩɨɜɪɟɞɢɬɟ ɜɥɢɹɹɬ ɜɴɪɯɭ 
ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɡɚɥɨɠɟɧɚɬɚ 
ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ. 



Вɚɥɢɞɚɰɢя ɢ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ 

 ȼɚɥɢɞɚɰɢɨɧɧɢ ɞɟɣɧɨɫɬɢ, ɨɬɝɨɜɚɪɹɳɢ ɡɚ 
ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ 
 ɋɢɫɬɟɦɧɨ ɬɟɫɬɜɚɧɟ (system testing) 

 Ɍɟɫɬɜɚɧɟ ɡɚ ɞɨɩɭɫɬɢɦɨɫɬ (acceptance testing) 

 ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɚɧɚɥɢɡ ɧɚ ɢɡɩɨɥɡɜɚɟɦɨɫɬɬɚ ɧɚ 
ɡɚɥɨɠɟɧɚɬɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ 

 ɍɫɬɚɧɨɜɹɜɚɧɟ ɧɚ ɞɟɮɟɤɬɨɭɫɬɨɣɱɢɜɨɫɬ (fault 
tolerance). 

 ɍɫɬɚɧɨɜɹɜɚɧɟ ɧɚ ɫɢɝɭɪɧɨɫɬɬɚ ɧɚ ɉɈ (safety 
assurance) 



Вɟɪɢɮɢɤɚɰɢя ɢ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ 

 ȼɟɪɢɮɢɤɚɰɢɹɬɚ ɩɪɨɜɟɪɹɜɚɬ ɞɚɥɢ 
ɪɟɚɥɢɡɚɰɢɹɬɚ ɟ ɢɡɜɴɪɲɟɧɚ ɩɨ ɡɚɞɚɞɟɧɢɬɟ 
ɫɩɟɰɢɮɢɤɚɰɢɢ 

 ɉɪɢ ɧɚɥɢɱɢɟɬɨ ɧɚ ɩɨɜɪɟɞɢ ɫɟ ɩɪɨɜɟɪɹɜɚɬ 
ɩɪɢɱɢɧɢɬɟ ɡɚ ɢɡɦɟɧɟɧɢɹ ɜ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɉɈ 

 ɉɪɢ ɞɪɭɝɢ ɜɢɞɨɜɟ ɩɪɨɛɥɟɦɢ ɫɟ ɩɪɨɜɟɪɹɜɚ ɡɚ 
ɝɪɟɲɤɢ ɢ ɜɤɚɪɚɧɢ ɞɟɮɟɤɬɢ. 



Вɚɥɢɞɚɰɢя ɢ Вɟɪɢɮɢɤɚɰɢя ɧɚ ɉɈ ɤɚɬɨ 
ɱɚɫɬ ɨɬ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ 
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Questions ? 



1 

Ɉɫɧɨɜɧɢ ɩɪɢɧɰɢɩɢ ɧɚ V&V 

МǲǿǻǱǵ ǵ Ǿǿǽǭǿǲǰǵǵ Ǻǭ ǽǲǭǸǵǴǭцǵя 
Ǻǭ ǼǽǻцǲǾǵǿǲ Ǻǭ V&V 



ВȇǴǺǵǷǯǭǺǲ Ǻǭ V&V  

 ȼɚɥɢɞɚɰɢɹɬɚ ɢ ɜɟɪɢɮɢɤɚɰɢɹɬɚ (V&V) ɫɚ ɪɟɡɭɥɬɚɬ 
ɨɬ ɪɚɡɜɢɬɢɟ ɧɚ ɞɟɣɧɨɫɬɢɬɟ ɩɨ ɨɫɢɝɭɪɹɜɚɧɟ ɢ 
ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɢɹ 
ɩɪɨɞɭɤɬ. 
 Ɋɚɡɜɢɬɢɟɬɨ ɧɚ ɫɢɫɬɟɦɢɬɟ ɢ ɦɟɬɨɞɢɬɟ ɡɚ ɭɩɪɚɜɥɟɧɢɟ 

ɧɚ ɩɪɨɰɟɫɢɬɟ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ 
ɩɟɪɢɨɞɢɱɧɨ ɜɨɞɹɬ ɞɨ ɩɪɨɦɹɧɚ ɧɚ ɨɫɧɨɜɧɚɬɚ ɧɚɫɨɤɚ ɢ 
ɡɚɞɚɱɢ ɧɚ ɞɟɣɧɨɫɬɢɬɟ ɩɨ V&V. 

 ɉɨɹɜɚɬɚ ɧɚ ɧɨɜɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚ ɉɈ ɜɨɞɢ ɢ ɞɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɬɚ ɨɬ ɪɚɡɲɢɪɹɜɚɧɟ (ɩɨ-ɪɹɞɤɨ 
ɩɪɟɞɟɮɢɧɢɪɚɧɟ) ɧɚ ɬɟɡɢ ɩɨɧɹɬɢɹ. 

 Ɍɨɜɚ ɜɨɞɢ ɞɨ ɫɴɳɟɫɬɜɭɜɚɳɚɬɚ ɧɟɟɞɧɨɡɧɚɱɧɨɫɬ ɜ 
ɪɚɡɛɢɪɚɧɟɬɨ ɡɚ ɬɟɡɢ ɩɪɨɰɟɫɢ. 



ǜǻǺяǿǵǲǿǻ ‘ǞǵǾǿǲǹǭ’ 
 Ɍɨɡɢ ɬɟɪɦɢɧ ɜɴɡɧɢɤɜɚ ɜ 20 ɜɟɤ ɤɚɬɨ ɪɟɡɭɥɬɚɬ ɨɬ 

ɪɚɡɜɢɬɢɟɬɨ ɧɚ ɬɟɨɪɢɹɬɚ ɡɚ ɫɢɫɬɟɦɢɬɟ ɧɚ BОrtalanППв. 
 ɂɧɬɭɢɬɢɜɧɨ ɪɚɡɛɢɪɚɧɟ 

 Ɍɹ ɫɟ ɫɴɫɬɨɢ ɨɬ ɨɬɞɟɥɧɢ ɟɥɟɦɟɧɬɢ, ɨɪɝɚɧɢɡɢɪɚɧɢ ɩɨ ɧɹɤɚɤɴɜ 
ɧɚɱɢɧ ɜ ɟɞɧɨ ɰɹɥɨ, ɢɦɚɳɢ ɡɚɞɚɞɟɧɚ ɢɧɬɟɪɮɟɣɫ ɩɨɦɟɠɞɭ ɫɢ.  

 Ɋɚɛɨɬɚɬɚ ɧɚ ɫɢɫɬɟɦɚɬɚ ɫɴɡɞɚɜɚ ɪɟɡɭɥɬɚɬ, ɤɨɣɬɨ ɧɟ ɦɨɠɟ ɞɚ ɫɟ 
ɩɨɥɭɱɢ ɤɚɬɨ ɟɥɟɦɟɧɬɚɪɧɨ ɫɭɦɢɪɚɧɟ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ɨɬ ɪɚɛɨɬɚɬɚ 
ɧɚ ɨɬɞɟɥɧɢɬɟ ɟɥɟɦɟɧɬɢ. 

 ȼɫɹɤɚ ɫɢɫɬɟɦɚ ɜɥɢɹɟ ɧɚ ɡɚɨɛɢɤɚɥɹɳɚɬɚ ɹ ɫɪɟɞɚ, ɤɚɤɬɨ ɢ ɫɟ 
ɜɥɢɹɟ ɨɬ ɬɚɡɢ ɫɪɟɞɚ – ɡɚɞɴɥɠɢɬɟɥɧɨ ɫɟ ɞɟɮɢɧɢɪɚ ɜɪɴɡɤɚɬɚ 
ɦɟɠɞɭ ɫɢɫɬɟɦɚɬɚ ɢ ɡɚɨɛɢɤɚɥɹɳɚɬɚ ɹ ɫɪɟɞɚ 

 Ɏɨɪɦɢɬɟ ɧɚ ɜɯɨɞ-ɢɡɯɨɞ ɦɨɝɚɬ ɞɚ ɛɴɞɚɬ ɧɚɣ-ɪɚɡɥɢɱɧɢ (ɦɚɬɟɪɢɹ, 
ɟɧɟɪɝɢɹ, ɢɧɮɨɪɦɚɰɢɹ). 



ИǺǳǲǺǲǽǺǭ ǾǵǾǿǲǹǭ 

 Цɟɥɬɚ ɧɚ ɢɧɠɟɧɟɪɧɢɹ ɩɪɨɰɟɫ ɟ ɪɚɡɪɚɛɨɬɤɚɬɚ ɧɚ 
ɟɮɟɤɬɢɜɧɢ ɢ ɧɚɞɟɠɞɧɢ ɫɢɫɬɟɦɢ (ɩɪɨɞɭɤɬɢ, ɭɫɥɭɝɢ, 
ɪɟɲɟɧɢɹ), ɨɬɝɨɜɚɪɹɳɢ ɧɚ ɨɩɪɟɞɟɥɟɧɢ ɧɭɠɞɢ, ɤɨɢɬɨ 
ɫɟ ɞɟɮɢɧɢɪɚɬ ɱɪɟɡ ɡɚɞɚɜɚɧɟ ɧɚ ɦɧɨɠɟɫɬɜɨ ɨɬ 
ɨɝɪɚɧɢɱɟɧɢɹ. 

 Кɥɚɫɢɱɟɫɤɢɹɬ ɰɢɤɴɥ ɧɚ ɠɢɜɨɬ ɡɚ ɜɫɹɤɚ ɢɧɠɟɧɟɪɧɚ 
ɫɢɫɬɟɦɚ ɜɤɥɸɱɜɚ ɫɥɟɞɧɢɬɟ ɮɚɡɚ: ɞɟɮɢɧɢɪɚɧɟ, 
ɞɢɡɚɣɧ, ɪɟɚɥɢɡɢɪɚɧɟ, ɢɧɬɟɝɪɚɰɢɹ, ɨɤɚɱɟɫɬɜɹɜɚɧɟ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɨ. 
 



ИǺǳǲǺǲǽǺǭ ǾǵǾǿǲǹǭ 

 Ɉɫɧɨɜɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 Ɍɴɪɫɟɧɟ ɧɚ ɟɞɢɧɢɱɧɨ ɪɟɲɟɧɢɟ, ɛɚɡɢɪɚɧɟ ɧɚ ɭɧɢɤɚɥɟɧ 
ɞɢɡɚɣɧ ɢ ɨɪɢɟɧɬɢɪɚɧɨ ɤɴɦ ɫɩɟɰɢɮɢɱɟɧ ɩɪɨɛɥɟɦ. 

 ɉɨɜɟɞɟɧɢɟɬɨ ɧɚ ɫɢɫɬɟɦɚɬɚ ɬɪɹɛɜɚ ɞɚ ɟ ɩɪɟɞɜɢɞɢɦɨ ɢ 
ɞɚ ɛɴɞɟ ɩɪɟɰɢɡɧɨ ɨɩɢɫɚɧɨ. 

 ɉɨɞɯɨɞɴɬ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɟ ‘ɨɬɝɨɪɟ-ɧɚɞɨɥɭ’, ɛɚɡɢɪɚɧ 
ɧɚ ɮɭɧɞɚɦɟɧɬɚɥɧɨɬɨ ɪɚɡɛɢɪɚɧɟ, ɱɟ ɜɫɹɤɚ ɫɢɫɬɟɦɚ 
ɦɨɠɟ ɞɚ ɛɴɞɟ ɨɩɢɫɚɧɚ ɰɹɥɨɫɬɧɨ ɱɪɟɡ ɨɩɢɫɚɧɢɟ ɧɚ 
ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɧɟɣɧɢɬɟ ɱɚɫɬɢ, ɜɪɴɡɤɢɬɟ ɢɦ ɢ 
ɜɡɚɢɦɧɨɬɨ ɢɦ ɜɥɢɹɧɢɟ. 

 



ИǺǳǲǺǲǽǺǭ ǾǵǾǿǲǹǭ 

 Ɉɫɧɨɜɧɢ ɚɬɪɢɛɭɬɢ: 
 ɉɪɟɞɫɤɚɡɭɟɦɨɫɬ: ɜɴɜ ɜɫɹɤɚ ɫɢɬɭɚɰɢɹ  ɫɢɫɬɟɦɚɬɚ 

ɪɚɛɨɬɢ ɩɨ ɩɪɟɞɫɤɚɡɭɟɦ ɧɚɱɢɧ. 
 ɇɚɞɟɠɞɧɨɫɬ: ɜ ɡɚɞɚɞɟɧ ɩɟɪɢɨɞ ɨɬ ɜɪɟɦɟ ɢ ɩɪɢ 

ɡɚɞɚɞɟɧɢ ɭɫɥɨɜɢɹ ɧɚ ɪɚɛɨɬɚ ɫɢɫɬɟɦɚɬɚ ɢɡɩɴɥɧɹɜɚ  
ɢɡɢɫɤɜɚɧɢɬɟ ɞɟɣɧɨɫɬɢ. 

 ɉɪɨɡɪɚɱɧɨɫɬ: ɫɬɪɭɤɬɭɪɚɬɚ ɧɚ ɫɢɫɬɟɦɚɬɚ ɢ ɧɚ 
ɩɪɨɰɟɫɢɬɟ ɢ ɦɨɠɟ ɞɚ ɫɟ ɨɩɢɲɟ ɟɤɫɩɥɢɰɢɬɧɨ. 

  ɍɩɪɚɜɥɹɟɦɨɫɬ: ɫɢɫɬɟɦɚɬɚ ɦɨɠɟ ɞɚ ɫɟ ɭɩɪɚɜɥɹɜɚ 
ɞɢɪɟɤɬɧɨ ɫɩɨɪɟɞ ɡɚɞɚɞɟɧɢɬɟ ɢɧɫɬɪɭɤɰɢɢ ɩɪɢ 
ɡɚɞɚɞɟɧɢɬɟ ɭɫɥɨɜɢɹ ɧɚ ɪɚɛɨɬɚ. 



ИǺǳǲǺǲǽǺǭ ǱǲȁǵǺǵцǵя Ǵǭ ǾǵǾǿǲǹǭ 

“ɋɢɫɬɟɦɚ ɟ ɦɧɨɠɟɫɬɜɨ ɨɬ ɪɚɡɥɢɱɧɢ ɟɥɟɦɟɧɬɢ, ɤɨɢɬɨ 
ɡɚɟɞɧɨ ɫъɡɞɚɜɚɬ ɪɟɡɭɥɬɚɬ, ɤɨɢɬɨ ɧɟ ɦɨɠɟ ɞɚ ɫɟ ɩɨɥɭɱɢ ɨɬ 

ɫɚɦɨɫɬɨɹɬɟɥɧɢɬɟ ɟɥɟɦɟɧɬɢ. ȿɥɟɦɟɧɬɢ (ɱɚɫɬɢ ɧɚ 
ɫɢɫɬɟɦɚɬɚ) ɦɨɝɚɬ ɞɚ ɜɤɥɸɱɜɚɬ ɯɨɪɚ, ɚɩɚɪɚɬɭɪɚ, 

ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪɹɜɚɧɟ, ɫɪɟɞɫɬɜɚ, ɩɨɥɢɬɢɤɢ, ɞɨɤɭɦɟɧɬɢ. ɂ 
ɜɫɢɱɤɢ ɬɟɡɢ ɟɥɟɦɟɧɬɢ ɫɚ ɧɟɨɛɯɨɞɢɦɢ ɡɚ ɩɨɥɭɱɚɜɚɧɟ ɧɚ 
ɧɟɨɛɯɨɞɢɦɢɬɟ ɪɟɡɭɥɬɚɬɢ. Ɍɟɡɢ ɪɟɡɭɥɬɚɬɢ ɜɤɥɸɱɜɚɬ: 

ɫɜɨɣɫɬɜɚ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɮɭɧɤɰɢɢ, ɩɨɜɟɞɟɧɢɟ, ɞɟɣɫɬɜɢɹ. 
ɉɨɥɡɚɬɚ ɨɬ ɫɢɫɬɟɦɚɬɚ, ɤɚɬɨ ɰɹɥɨ, ɤɨɹɬɨ ɫɟ ɩɨɥɭɱɚɜɚ 

ɢɡɜъɧ ɩɨɥɟɡɧɨɫɬɬɚ ɧɚ ɜɫɟɤɢ ɨɬ ɟɥɟɦɟɧɬɢɬɟ ɩɨɨɬɞɟɥɧɨ, 
ɨɫɧɨɜɧɨ ɫɟ ɩɨɥɭɱɚɜɚ ɨɬ ɜɪъɡɤɚɬɚ ɦɟɠɞɭ ɨɬɞɟɥɧɢɬɟ ɱɚɫɬɢ, 

ɬ.ɟ. ɨɬ ɧɚɱɢɧɚ ɧɚ ɫɜъɪɡɜɚɧɟɬɨ ɢɦ.” 
INCOSE 



V&V – ɨɫɧɨɜɧɚ ɰеɥ 

 

ȿɥɢɦɢɧɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ  

 

ɢɥɢ 

 

Ⱦɨɤɚɡɜɚɧɟ, ɱɟ ɧɹɦɚ ɞɟɮɟɤɬɢ 

 



V&V – ɨɫɧɨɜɧɚ ɰеɥ 

 ȿɥɢɦɢɧɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ 
 ɇɟɨɛɯɨɞɢɦɨ ɟ ɞɚ ɫɟ ɩɪɟɦɚɯɧɚɬ ɤɨɥɤɨɬɨ ɟ ɜɴɡɦɨɠɧɨ 

ɩɨɜɟɱɟ ɞɟɮɟɤɬɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɟɬɨ ɡɚ ɩɚɪɢ, ɜɪɟɦɟ, 
ɪɟɫɭɪɫɢ (ɚɩɚɪɚɬɭɪɚ, ɯɨɪɚ, ɬ.ɧ.). 

 Ɉɫɧɨɜɟɧ ɩɨɞɯɨɞ ɧɟ ɫɚɦɨ ɡɚ ɉɈ, ɧɨ ɢ ɡɚ ɜɫɢɱɤɢ 
ɢɧɠɟɧɟɪɧɢ ɩɪɨɟɤɬɢ - ɩɨɡɜɨɥɹɜɚ ɞɚ ɫɟ ɨɰɟɧɢ ɢ ɩɨɞɨɛɪɢ 
ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɩɪɨɞɭɤɬɚ. 

 Ⱦɨɤɚɡɜɚɧɟ, ɱɟ ɧɹɦɚ ɞɟɮɟɤɬɢ 
 Ɇɧɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬ ɦɚɪɤɟɬɢɧɝɨɜɚ ɝɥɟɞɧɚ ɬɨɱɤɚ, ɧɨ 

ɧɟɩɪɚɜɢɥɧɨ ɨɬ ɢɧɠɟɧɟɪɧɚ. 
 ȼ ɛɨɥɲɢɧɫɬɜɨɬɨ ɨɬ ɫɥɭɱɚɢɬɟ ɟ ɧɟɜɴɡɦɨɠɧɚ ɡɚ 

ɪɟɚɥɢɡɚɰɢɹ – ɢɡɤɥɸɱɢɬɟɥɧɢ ɨɛɟɦɢ ɨɬ ɪɚɛɨɬɚ ɫ ɜɢɫɨɤɚ 
ɫɥɨɠɧɨɫɬ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬ ɨɬ ɛɟɡɤɪɚɣɧɢ ɪɟɫɭɪɫɢ. 



V&V – ɨɫɧɨɜɧɚ ɰеɥ 

 

ȿɥɢɦɢɧɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ  

 

ɢɥɢ 

 

Ⱦɨɤɚɡɜɚɧɟ, ɱɟ ɧɹɦɚ ɞɟɮɟɤɬɢ 

 



Аɬɪиɛɭɬи ɧɚ ɤɚɱеɫɬɜɨɬɨ 

 Ɂɚ ɨɰɟɧɤɚ ɧɚ ɩɪɨɰɟɫɚ ɧɚ V&V ɫɟ ɢɡɩɨɥɡɜɚɬ 
ɫɥɟɞɧɢɬɟ ɚɬɪɢɛɭɬɢ: 
 Кɨɪɟɤɬɧɨɫɬ (correctness) 

 Аɤɨ ɜɯɨɞɧɢɬɟ ɞɚɧɧɢ ɫɚ ɜɚɥɢɞɧɢ, ɉɈ ɳɟ ɪɚɛɨɬɢ ɥɢ ɤɚɤɬɨ ɫɟ 
ɨɱɚɤɜɚ ? 

 ɉɴɥɧɨɬɨ (completeness) 
 Ɋɟɚɥɢɡɢɪɚ ɥɢ ɉɈ ɜɫɢɱɤɢ ɢɡɢɫɤɜɚɧɢɹ, ɩɨɫɬɚɜɟɧɢ ɡɚ ɧɟɝɨ ? 

 Кɨɧɫɢɫɬɟɧɬɧɨɫɬ (consistency) 
 ɉɨ ɟɞɧɚɤɴɜ ɧɚɱɢɧ ɥɢ ɪɚɛɨɬɢ ɉɈ ɜ ɢɞɟɧɬɢɱɧɢ ɫɢɬɭɚɰɢɢ ? 

Аɧɚɥɨɝɢɱɧɨɬɨ ɉɈ ɨɬ ɞɚɞɟɧɚɬɚ ɮɚɦɢɥɢɹ ɫɴɳɨ ɥɢ ɢɦɚ ɬɨɡɢ 
ɧɚɱɢɧ ɧɚ ɪɚɛɨɬɚ ɜ ɬɟɡɢ ɫɢɬɭɚɰɢɢ ? 

 ɇɚɞɟɠɞɧɨɫɬ (reliability) 
 ȼɴɜ ɜɫɢɱɤɢ ɫɥɭɱɚɢ ɥɢ ɫɢɫɬɟɦɚɬɚ ɢɦɚ ɨɱɚɤɜɚɧɨɬɨ ɩɨɜɟɞɟɧɢɟ, 

ɞɚɠɟ ɢ ɩɪɢ ɫɢɥɧɨ ɩɪɨɦɟɧɟɧɢ ɭɫɥɨɜɢɹ ? 



Аɬɪиɛɭɬи ɧɚ ɤɚɱеɫɬɜɨɬɨ 

 Ɂɚ ɨɰɟɧɤɚ ɧɚ ɩɪɨɰɟɫɚ ɧɚ V&V ɫɟ ɢɡɩɨɥɡɜɚɬ 
ɫɥɟɞɧɢɬɟ ɚɬɪɢɛɭɬɢ: 
 ɉɨɥɟɡɧɨɫɬ (usefulness) 

 ɉɈ ɞɚɜɚ ɥɢ ɧɚ ɩɨɬɪɟɛɢɬɟɥɢɬɟ ɩɨɥɟɡɧɢ ɭɫɥɭɝɢ ? 

 ɂɡɩɨɥɡɜɚɟɦɨɫɬ (usability) 
 ɍɞɨɛɧɚ ɥɢ ɟ ɫɢɫɬɟɦɚɬɚ ɡɚ ɭɩɨɬɪɟɛɚ ? 

 ȿɮɟɤɬɢɜɧɨɫɬ (efficiency) 
 ȿɮɟɤɬɢɜɧɨ ɥɢ ɢɡɩɨɥɡɜɚ ɩɪɨɝɪɚɦɧɨɬɨ ɨɫɢɝɭɪɹɜɚɧɟ ɪɟɫɭɪɫɢ 

ɤɚɬɨ ɜɪɟɦɟ, ɩɚɦɟɬ, ɩɟɪɢɮɟɪɢɹ, ɤɨɦɭɧɢɤɚɰɢɨɧɧɢ ɤɚɧɚɥɢ ɢ 
ɞɪɭɝɢ ?  

 ɋɩɨɥɭɱɥɢɜɨɫɬ (ОППОМtТvОnОss) 
 Ɉɬ ɝɥɟɞɧɚ ɬɨɱɤɚ ɧɚ ɜɥɨɠɟɧɢɟɬɟ ɩɚɪɢ ɬɨɜɚ ɟɞɧɨ ɟɮɟɤɬɢɜɧɨ 

ɪɟɲɟɧɢɟ ɥɢ ɟ ? 



ǞȇȆǺǻǾǿ Ǻǭ V&V 

 ȼɟɪɢɮɢɤɚɰɢɹ  
 Ɍɹ ɢɦɚ ɨɬɧɨɲɟɧɢɟ ɤɴɦ ɩɢɫɚɧɢɬɟ ɫɩɟɰɢɮɢɤɚɰɢɢ ɧɚ ɫɢɫɬɟɦɚɬɚ 
 Ɍɹ ɜɤɥɸɱɜɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɜɴɬɪɟɲɧɚɬɚ ɫɬɪɭɤɬɭɪɚ ɧɚ ɉɈ 
 ɋɜɴɪɡɚɧɚ ɟ ɫɴɫ ɩɪɨɰɟɫɢɬɟ ɧɚ ɪɚɡɪɚɛɨɬɤɚ ɨɬ ɰɟɥɢɹ ɰɢɤɴɥ ɧɚ 

ɠɢɜɨɬ ɡɚ ɉɈ 

 ȼɚɥɢɞɚɰɢɹ 
 ɂɡɩɨɥɡɜɚ ɫɟ ɡɚ ɫɪɚɜɧɹɜɚɧɟ ɧɚ ɫɢɫɬɟɦɚɬɚ ɨɬ ɢɡɢɫɤɜɚɧɢɹ ɧɚ 

ɤɥɢɟɧɬɢɬɟ (staФОСolНОrs), ɤɨɢɬɨ ɦɨɝɚɬ ɞɚ ɫɟ ɩɪɨɦɟɧɹɬ ɜɴɜ 
ɜɪɟɦɟɬɨ. 

 Ɂɚ ɪɟɚɥɢɡɚɰɢɹɬɚ ɢ ɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɧɚ ɮɨɪɦɚɥɧɨ ɢɥɢ 
ɧɟɮɨɪɦɚɥɧɨ ɫɩɟɰɢɮɢɰɢɪɚɧɟ ɧɚ ɦɧɨɠɟɫɬɜɨɬɨ ɨɬ ɠɟɥɚɧɢɹ ɧɚ 
ɤɥɢɟɧɬɢɬɟ ɡɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ ɩɪɟɞɢ 
ɧɚɱɚɥɨɬɨ ɧɚ ɩɪɨɰɟɫɚ. 

 Ɍɟɫɬɜɚɧɟ 
 Ɍɨ ɜɤɥɸɱɜɚ ɧɹɤɨɢ ɜɢɞɨɜɟ ɩɪɨɜɟɪɤɢ ɧɚ ɉɈ – ɬɨɜɚ ɫɚ ɫɬɚɬɢɱɧɢ ɢɥɢ 

ɞɢɧɚɦɢɱɧɢ ɦɟɬɨɞɢ ɡɚ ɨɰɟɧɤɚ ɧɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɮɭɧɤɰɢɨɧɢɪɚɧɟ. 
 Ɍɨ ɫɟ ɢɡɜɴɪɲɜɚ ɤɚɬɨ ɩɨɞɦɧɨɠɟɫɬɜɨ ɧɚ ɩɪɨɰɟɫɢɬɟ ɧɚ ɜɚɥɢɞɚɰɢɹ 

ɢɥɢ ɜɟɪɢɮɢɤɚɰɢɹ. 

unbiased 



ǞȇȆǺǻǾǿ Ǻǭ V&V 

 Ɍɨɜɚ ɫɚ ɞɟɣɧɨɫɬɢ, ɤɨɢɬɨ ɬɪɹɛɜɚ ɞɚ ɫɟ ɢɡɜɴɪɲɜɚɬ 
ɫɟ ɩɪɟɡ ɰɟɥɢɹ ɠɢɡɧɟɧ ɰɢɤɴɥ ɧɚ ɉɈ ɡɚ ɞɚ 
ɩɨɡɜɨɥɹɬ ɞɟɮɟɤɬɢɬɟ ɞɚ ɫɟ ɭɫɬɚɧɨɜɹɜɚɬ ɤɨɥɤɨɬɨ 
ɦɨɠɟ ɩɨ-ɪɚɧɨ. 

 Ⱦɟɣɧɨɫɬɢɬɟ ɬɪɹɛɜɚ ɞɚ ɫɟ ɩɥɚɧɢɪɚɬ, 
ɞɨɤɭɦɟɧɬɢɪɚɬ ɢ ɪɴɤɨɜɨɞɹɬ ɨɬ ɛɟɡɩɪɢɫɬɪɚɫɬɧɚ 
ɝɪɭɩɚ ɫɩɟɰɢɚɥɢɫɬɢ. 

 ɉɪɨɜɟɪɤɚɬɚ ɧɚ ɨɬɞɟɥɧɢɬɟ ɱɚɫɬɢ ɧɚ ɉɈ ɧɟ 
ɝɚɪɚɧɬɢɪɚ ɡɚɞɴɥɠɢɬɟɥɧɨ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ ɜ 
ɰɹɥɨɫɬ. Цɹɥɨɫɬɧɚɬɚ ɩɪɨɜɟɪɤɚ ɧɚ ɫɢɫɬɟɦɚɬɚ ɟ 
ɦɧɨɝɨ ɫɥɨɠɟɧ ɩɪɨɰɟɫ ɢ ɧɟ ɜɢɧɚɝɢ ɦɨɠɟ ɞɚ ɫɟ 
ɪɟɚɥɢɡɢɪɚ. 
 



ǞȇȆǺǻǾǿ Ǻǭ V&V 

 



ВǲǽǵȁǵǷǭцǵя 

 Ɉɫɧɨɜɧɢ ɞɟɮɢɧɢɰɢɢ 
 IEEE-610: 

 ɉɪɨɰɟɫ ɧɚ ɨɰɟɧɤɚ ɧɚ ɫɢɫɬɟɦɚ ɢɥɢ ɤɨɦɩɨɧɟɧɬ ɡɚ 
ɨɩɪɟɞɟɥɹɧɟ ɞɚɥɢ ɩɪɨɞɭɤɬɴɬ ɜ ɞɚɞɟɧɚɬɚ ɮɚɡɚ ɧɚ 
ɪɚɡɪɚɛɨɬɤɚ ɨɬɝɨɜɚɪɹ ɧɚ ɭɫɥɨɜɢɹɬɚ, ɨɩɪɟɞɟɥɟɧɢ ɜ 
ɧɚɱɚɥɨɬɨ ɧɚ ɮɚɡɚɬɚ. 

 ANSI/EIA 632  
 ɉɨɬɜɴɪɠɞɟɧɢɟ ɱɪɟɡ ɩɪɨɭɱɜɚɧɟ ɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ 

ɨɛɟɤɬɢɜɧɢ ɞɚɧɧɢ, ɱɟ ɫɩɟɰɢɮɢɰɢɪɚɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ, 
ɩɨ ɤɨɢɬɨ ɩɪɨɞɭɤɬɚ ɟ ɫɴɡɞɚɞɟɧ, ɤɨɞɢɪɚɧ ɢɥɢ 
ɫɝɥɨɛɟɧ, ɫɚ ɢɡɩɴɥɧɟɧɢ. 

Ⱦɚɥɢ ɫъɡɞɚɜɚɧɟɬɨ ɧɚ ɩɪɨɞɭɤɬɚ  
 

(ɧɚɩɢɫɚɧ, ɪɚɡɪɚɛɨɬɟɧ, ɤɨɞɢɪɚɧ, ɫɝɥɨɛɟɧ ɢ ɢɧɬɟɝɪɢɪɚɧ)  
 

ɟ ɢɡɜъɪɲɟɧɨ ɤɨɪɟɤɬɧɨ ? 



ВǭǸǵǱǭцǵя 

 Ɉɫɧɨɜɧɢ ɞɟɮɢɧɢɰɢɢ 
 IEEE-610: 

 ɉɪɨɰɟɫ ɧɚ ɨɰɟɧɤɚ ɧɚ ɫɢɫɬɟɦɚ ɢɥɢ ɤɨɦɩɨɧɟɧɬ ɩɨ 
ɜɪɟɦɟ ɧɚ ɪɚɡɪɚɛɨɬɤɚ ɢɥɢ ɜ ɤɪɚɹ ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ 
ɞɚɥɢ ɨɬɝɨɜɚɪɹ ɧɚ ɫɩɟɰɢɮɢɰɢɪɚɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ.  

 ANSI/EIA 632  
 ɉɨɬɜɴɪɠɞɟɧɢɟ ɱɪɟɡ ɩɪɨɭɱɜɚɧɟ ɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ 

ɨɛɟɤɬɢɜɧɢ ɞɚɧɧɢ, ɱɟ ɡɚɞɚɞɟɧɚɬɚ ɭɩɨɬɪɟɛɚ ɧɚ 
ɩɪɨɞɭɤɬɚ (ɪɚɡɪɚɛɨɬɟɧ ɢɥɢ ɡɚɤɭɩɟɧ) ɢɥɢ 
ɫɴɜɤɭɩɧɨɫɬɬɚ ɨɬ ɩɪɨɞɭɤɬɢ ɟ ɢɡɜɴɪɲɟɧɨ ɜ 
ɠɟɥɚɧɚɬɚ ɫɪɟɞɚ. 



МяǾǿǻ Ǻǭ V&V ǹǻǱǲǸǭ 

 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ɏɪɚɡɚ “Ⱦɟɮɢɧɢɪɚɧɟ” 
 Ɉɩɪɟɞɟɥɹɬ ɫɟ ɢɡɢɫɤɜɚɧɢɹɬɚ ɤɴɦ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ. 

 Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ 

 Ɇɨɞɟɥɴɬ ɟ ɧɚɫɨɱɟɧ ɟ ɤɴɦ ɞɟɮɢɧɢɪɚɧɟ ɧɚ ɹɫɧɢ, 
ɩɴɥɧɢ, ɧɟɩɪɨɬɢɜɨɪɟɱɚɳɢ ɫɢ ɢɡɢɫɤɜɚɧɢɹ. 

 Ⱦɟɮɢɧɢɪɚɬ ɫɟ ɩɪɚɜɢɥɚɬɚ ɡɚ ɢɡɦɟɪɜɚɧɟ ɧɚ 
ɤɚɱɟɫɬɜɨɬɨ. 

 ɋɴɡɞɚɜɚ ɫɟ ɩɥɚɧ ɡɚ ɨɤɚɱɟɫɬɜɹɜɚɧɟ ɧɚ ɉɈ ɧɚ 
ɨɫɧɨɜɚɬɚ ɧɚ ɞɟɮɢɧɢɪɚɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ. 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ɏɪɚɡɚ “Ⱦɢɡɚɣɧ” 
 Ɉɩɪɟɞɟɥɹ ɫɟ ɬɟɯɧɢɱɟɫɤɚɬɚ ɤɨɧɰɟɩɰɢɹ ɢ ɩɪɨɝɪɚɦɧɚɬɚ 

ɚɪɯɢɬɟɤɬɭɪɚ ɡɚ ɪɟɚɥɢɡɚɰɢɹ. 
  Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ 

 Ɉɛɜɴɪɡɜɚɧɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɨɬ ɡɚɞɚɧɢɟɬɨ ɫ 
ɤɨɧɤɪɟɬɧɢ ɩɨɞɫɢɫɬɟɦɢ ɢ ɤɨɦɩɨɧɟɧɬɢ. 

 Кɨɧɤɪɟɬɢɡɢɪɚɧɟ ɧɚ ɧɚɱɢɧɢɬɟ ɡɚ ɢɡɦɟɪɜɚɧɟ ɧɚ 
ɤɚɱɟɫɬɜɨɬɨ. 

 ɂɡɛɢɪɚɧɟ ɧɚ ɫɬɪɚɬɟɝɢɢɬɟ ɡɚ ɜɟɪɢɮɢɤɚɰɢɹ. 
 Ⱦɟɮɢɧɢɪɚɧɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɡɚ ɤɚɱɟɫɬɜɨ ɡɚ 

ɫɥɟɞɜɚɳɢɬɟ ɮɚɡɢ, ɤɨɢɬɨ ɡɚɜɢɫɹɬ ɨɬ ɢɡɛɪɚɧɢɹ ɞɢɡɚɣɧ. 

 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ɏɪɚɡɚ “Ɋɟɚɥɢɡɚɰɢɹ” 
 Ɋɟɚɥɢɡɚɰɢɹ ɧɚ ɞɢɡɚɣɧɚ ɜ ɪɟɚɥɧɨ ɫɢɫɬɟɦɚ. 

  Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ 

 ɉɪɚɤɬɢɱɟɫɤɚ ɜɟɪɢɮɢɤɚɰɢɹ ɧɚ ɧɢɜɨ ɤɨɦɩɨɧɟɧɬɢ ɢ 
ɩɨɞɫɢɫɬɟɦɢ ɫɩɨɪɟɞ ɨɝɪɚɧɢɱɟɧɢɹɬɚ ɢ ɢɡɢɫɤɜɚɧɢɹɬɚ, 
ɧɚɥɨɠɟɧɢ ɨɬ ɞɢɡɚɣɧɚ ɧɚ ɉɈ. 

 Ƚɟɧɟɪɢɪɚɧɟ ɧɚ ɩɪɟɞɥɨɠɟɧɢɹ ɡɚ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ 
ɪɟɚɥɡɢɚɰɢɹɬɚ ɧɚ ɨɬɞɟɥɧɢ ɟɥɟɦɟɧɬɢ ɧɚ ɉɈ. 

 ȼɚɥɢɞɢɪɚɧɟ ɧɚ ɨɫɧɨɜɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɫɩɨɪɟɞ 
ɨɛɜɴɪɡɜɚɧɟɬɨ ɢɦ ɫ ɤɨɧɤɪɟɬɧɢ ɩɨɞɫɢɫɬɟɦɢ ɢ/ɢɥɢ 
ɤɨɦɩɨɧɟɧɬɢ. 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ɏɪɚɡɚ “ɂɧɬɟɝɪɢɪɚɧɟ” 
 ɋɜɴɪɡɜɚɧɟ ɧɚ ɨɬɞɟɥɧɢɬɟ ɩɨɞɫɢɫɬɟɦɢ ɢ ɤɨɦɩɨɧɟɧɬɢ ɜ 

ɟɞɧɨ ɰɹɥɨ. 
  Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ 

 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɢɧɬɟɪɮɟɣɫɚ ɦɟɠɞɭ ɨɬɞɟɥɧɢɬɟ 
ɟɥɟɦɟɧɬɢ. 

 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɢɧɬɟɪɮɟɣɫɚ ɦɟɠɞɭ ɫɢɫɬɟɦɚɬɚ ɢ 
ɨɛɤɪɴɠɚɜɚɳɚɬɚ ɹ ɫɪɟɞɚ. 

 ȼɚɥɢɞɢɪɚɧɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹ, ɤɨɢɬɨ ɫɚ ɪɟɡɭɥɬɚɬ ɨɬ 
ɢɧɬɟɝɪɚɰɢɹɬɚ ɧɚ ɧɹɤɨɥɤɨ ɩɨɞɫɢɫɬɟɦɢ ɢ/ɢɥɢ 
ɤɨɦɩɨɧɟɧɬɢ. 

 Ɂɚɜɴɪɲɜɚɧɟ ɧɚ ɩɥɚɧɚ ɡɚ ɨɤɚɱɟɫɬɜɹɜɚɧɟ. 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ɏɪɚɡɚ “Ɉɤɚɱɟɫɬɜɹɜɚɧɟ”  
 ɂɡɜɴɪɲɜɚ ɫɟ ɨɰɟɧɤɚ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɱɪɟɡ ɩɪɢɥɚɝɚɧɟ ɧɚ 

ɬɟɫɬɨɜɟ, ɫɩɟɰɢɮɢɰɢɪɚɧɢ ɜ ɫɬɚɧɞɚɪɬɢ, ɞɨɛɪɢ ɩɪɚɤɬɢɤɢ 
ɢɥɢ ɨɩɪɟɞɟɥɟɧɢ ɨɬ ɜɴɡɥɨɠɢɬɟɥɹ. 

 Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɜɟɪɢɮɢɰɢɪɚɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɫ ɰɟɥ 
ɩɪɨɜɟɪɤɚ ɞɚɥɢ ɩɪɚɜɢɥɧɨ ɫɚ ɨɬɪɚɡɟɧɢ ɢ ɪɟɚɥɢɡɢɪɚɧɢ 
ɪɟɚɥɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɧɚ ɜɴɡɥɨɠɢɬɟɥɹ. 

 ɉɪɨɜɟɪɹɜɚɬ ɫɟ ɡɚ ɩɪɚɜɢɥɧɨɫɬ ɢɡɛɪɚɧɢɬɟ ɦɟɬɨɞɢ ɡɚ 
ɜɟɪɢɮɢɤɚɰɢɹ (ɚɧɚɥɢɡ, ɬɟɫɬɜɚɧɟ, ɢɧɫɩɟɤɰɢɹ, 
ɩɪɨɬɨɬɢɩɧɚ ɞɟɦɨɧɫɬɪɚɰɢɹ ɢɥɢ ɞɪɭɝɢ). 



ǝǲǭǸǵǴǭцǵя Ǻǭ V&V ǹǻǱǲǸǭ 

 Ⱦɟɣɧɨɫɬɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ V&V ɦɨɞɟɥɚ ɜ 
ɞɪɭɝɢɬɟ ɮɚɡɢ ɧɚ ɠɢɡɧɟɧɢɹ ɰɢɤɴɥ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɧɨɜɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɡɚ ɩɪɨɦɹɧɚ ɡɚ 
ɤɨɧɫɢɫɬɟɧɬɧɨɫɬ ɫɴɫ ɫɴɳɟɫɬɜɭɜɚɳɢɬɟ ɢɡɢɫɤɜɚɧɢɹ. 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɢɡɢɫɤɜɚɧɢɹ ɡɚ ɩɴɥɧɨɬɨ ɩɪɢ ɩɪɟɦɚɯɜɚɧɟ 
ɧɚ ɫɴɳɟɫɬɜɭɜɚɳɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ. 

 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɪɟɚɥɢɡɚɰɢɹɬɚ ɧɚ ɧɨɜɢɬɟ ɩɨɞɫɢɫɬɟɦɢ 
ɢ/ɢɥɢ ɤɨɦɩɨɧɟɧɬɢ. 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɢɧɬɟɝɪɚɰɢɹɬɚ. 
 Кɪɚɣɧɚ ɜɚɥɢɞɚɰɢɹ ɧɚ ɧɨɜɚɬɚ ɜɟɪɫɢɹ ɨɬ ɪɟɚɥɢɡɚɰɢɹ 

ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɧɚ ɜɴɡɥɨɠɢɬɟɥɹ. 



МǲǿǻǱǻǸǻǰǵя Ǵǭ V&V 
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ИǺǳǲǺǲǽǺǭ ǱǲȁǵǺǵцǵя Ǵǭ ǾǵǾǿǲǹǭ 

 Verification, Validation and Testing of Engineered 

Systems - 047052751X - Wiley.pdf 

 1.2.2 

 Guide to software verification and validation.pdf 

 sydyrvanie 

 Verification and Validation in Systems Engineering -

Assessing UML-SysML Design Models.pdf 

 Glava 5 



КǭǷ Ǳǭ ǽǭǴǮǵǽǭǹǲ ǼǽǲǼǻǽȇǷǵǿǲ Ǽǻ 

ǿǲǹǭǿǭ ǯ ǸǵǿǲǽǭǿȀǽǭǿǭ 

 Has To / Must 

 Ɍɨɜɚ ɟ ɧɚɣ-ɜɢɫɨɤɨɬɨ ɧɢɜɨ ɡɚɞɴɥɠɢɬɟɥɧɨɫɬ ɡɚ ɞɚɞɟɧɚɬɚ 
ɩɪɟɩɨɪɴɤɚ, ɡɚɳɨɬɨ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫ, ɩɪɨɰɟɞɭɪɚ ɢɥɢ ɩɨɞɯɨɞ 
ɊȺȻɈɌɂ ɋȺɆɈ ɉɈ ɌɈɁɂ ɇȺЧɂɇ. 

 Shall 

 ȼ ɬɨɡɢ ɫɥɭɱɚɣ ɢɦɚ ɧɹɤɨɥɤɨ ɜɴɡɦɨɠɧɢ ɩɨɬɟɧɰɢɚɥɧɢ 
ɜɚɪɢɚɧɬɚ, ɧɨ ɩɪɟɩɨɪɴɱɚɧɢɹɬ ɟ ɧɚɣ-ɠɟɥɚɬɟɥɟɧ. Ɇɧɨɝɨ ɱɟɫɬɨ 
ɩɪɟɩɨɪɴɤɚɬɚ ɫɟ ɞɴɥɠɢ ɢ ɧɚ ɞɚɧɧɢ, ɤɨɢɬɨ ɧɟ ɫɚ ɱɚɫɬ ɨɬ 
ɨɩɢɫɚɧɢɟɬɨ. 

 Should 

 Ɍɨɜɚ ɟ ɫɥɭɱɚɹ, ɤɨɝɚɬɨ ɚɜɬɨɪɴɬ ɟ ɟɤɫɩɟɪɬ ɜ ɞɚɞɟɧɚɬɚ ɨɛɥɚɫɬ 
ɢ ɩɪɟɩɨɪɴɤɚɬɚ ɨɬɪɚɡɹɜɚ ɨɩɢɬɚ ɦɭ, ɱɟ ɩɪɟɞɥɨɠɟɧɨɬɨ 
ɪɟɲɟɧɢɟ ɟ ɧɚɣ-ɞɨɛɪɨɬɨ ɢ ɧɚɣ-ɩɪɚɜɢɥɧɨɬɨ. 
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Questions ? 



1 

Ɇɟɬɨɞɢ ɡɚ ɜɟɪɢɮɢɤɚɰɢɹ ɧɚ 
ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪɹɜɚɧɟ  



АǽǿǲȁǭǷǿǵ ǼǽǵцǽǭǴǽǭǮǻǿǷǭцǺǭцǜǛ 

 Ɍɟɯɧɢɱɟɫɤɢ 
 Ɉɫɧɨɜɧɢ – ɨɩɢɫɚɧɢɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ, ɧɚ ɪɚɡɥɢɱɧɢɬɟ 

ɩɪɨɟɤɬɢ (ɢɞɟɟɧ ɢ ɞɟɬɚɣɥɟɧ), ɤɨɞɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ, 
ɪɴɤɨɜɨɞɫɬɜɚ ɡɚ ɩɨɬɪɟɛɢɬɟɥɹ, ɡɚ ɢɧɫɬɚɥɢɪɚɧɟ 

 ɉɨɦɨɳɧɢ – ɦɨɞɟɥɢ ɧɚ ɨɛɤɪɴɠɟɧɢɟɬɨ, ɮɨɪɦɚɥɧɢ 
ɦɨɞɟɥɢ ɧɚ ɩɨɜɟɞɟɧɢɟ, ɬɟɫɬɨɜɢ ɧɚɛɨɪɢ, ɬ.ɟ. ɟɥɟɦɟɧɬɢ, 
ɧɟɨɛɯɨɞɢɦɢ ɡɚ ɩɪɨɜɟɠɞɚɧɟ ɧɚ ɜɟɪɢɮɢɤɚɰɢɹɬɚ. 

 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɢ 
 Ɋɚɡɥɢɱɧɢɬɟ ɜɢɞɨɜɟ ɩɥɚɧɨɜɟ – ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɪɢɫɤɚ, 

ɧɚ ɤɚɱɟɫɬɜɨɬɨ, ɝɪɚɮɢɤ ɧɚ ɞɟɣɧɨɫɬɢɬɟ ɢ ɬ.ɧ. 
 Ɉɩɢɫɚɧɢɟ ɧɚ ɩɪɨɰɟɫɢɬɟ ɢ ɩɪɨɰɟɞɭɪɢɬɟ ɡɚ 

ɢɡɜɴɪɲɜɚɧɟ ɧɚ ɨɬɞɟɥɧɢɬɟ ɞɟɣɧɨɫɬɢ. 



Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 Ɇɨɠɟ ɢ ɬɪɹɛɜɚ ɞɚ ɫɟ ɩɪɢɥɚɝɚ ɡɚ ɜɫɢɱɤɢ ɜɢɞɨɜɟ 
ɚɪɬɟɮɚɤɬɢ, ɫɴɡɞɚɜɚɧɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɚɬɚ ɢ 
ɫɴɩɪɨɜɨɠɞɚɧɟɬɨ ɧɚ ɉɈ. 

 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɨɪɝɚɧɢɡɚɰɢɨɧɧɢ ɞɨɤɭɦɟɧɬɢ ɢ 
ɩɪɨɰɟɫɢ 

 Ɍɟ ɫɟ ɨɰɟɧɹɜɚɬ ɫɩɪɹɦɨ ɡɚɞɚɱɚɬɚ ɧɚ ɩɪɨɟɤɬɚ, 
ɨɝɪɚɧɢɱɟɧɢɹɬɚ ɩɨ ɩɚɪɢ ɢ ɜɪɟɦɟ. 

 Ɉɰɟɧɹɜɚ ɫɟ ɤɜɚɥɢɮɢɤɚɰɢɹɬɚ ɧɚ ɩɟɪɫɨɧɚɥɚ ɢ 
ɫɬɪɚɬɟɝɢɢɬɟ ɡɚ ɩɪɟɤɜɚɥɢɮɢɤɚɰɢɹ 



Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ – ɢɡɜɴɪɲɜɚ ɫɟ 
ɧɚɣ-ɱɟɫɬɨ ɫɩɨɪɟɞ ɫɬɚɧɞɚɪɬɢɬɟ IEEE 830 ɢ IEEE 

1233, ɬ.ɟ. ɩɪɨɜɟɪɹɜɚ ɫɟ ɡɚ: 
 ȿɞɧɨɡɧɚɱɧɨɫɬ  

 ɋɴɝɥɚɫɭɜɚɧɨɫɬ ɢ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬ 

 ɉɴɥɧɨɬɚ 

 Ɇɢɧɢɦɚɥɧɨɫɬ 

 ɉɪɨɜɟɪɹɟɦɨɫɬ ɢ ɩɪɨɫɥɟɞɢɦɨɫɬ 

 ɋɢɫɬɟɦɚɬɢɱɧɨɫɬ  



Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 ȼɟɪɢɮɢɤɚɰɢɹɬɚ ɧɚ ɩɪɨɟɤɬɧɢ ɪɟɲɟɧɢɹ ɨɰɟɧɹɜɚ: 
 ȼɪɴɡɤɚɬɚ “ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ-ɢɡɢɫɤɜɚɧɟ” 
 ɉɴɥɧɨɬɚ ɧɚ ɞɨɤɭɦɟɧɬɢɬɟ ɡɚ ɪɚɡɪɚɛɨɬɤɚ 

 Ʉɨɪɟɤɬɧɨɫɬ ɧɚ ɞɨɤɭɦɟɧɬɢɬɟ ɡɚ ɪɚɡɪɚɛɨɬɤɚ 

 Ʉɨɪɟɤɬɧɨɫɬ ɧɚ ɪɟɲɟɧɢɹɬɚ, ɨɫɨɛɟɧɨ ɫɜɴɪɡɚɧɢ ɫɴɫ 
ɫɢɝɭɪɧɨɫɬ, ɧɚɞɟɠɞɧɨɫɬ ɢ ɞɪɭɝɢ ɡɚɞɴɥɠɢɬɟɥɧɨ 
ɢɡɢɫɤɜɚɧɢɹ ɤɴɦ ɪɚɡɪɚɛɨɬɤɚɬɚ. 



Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 ȼɟɪɢɮɢɤɚɰɢɹɬɚ ɧɚ ɩɪɨɝɪɚɦɧɢɹ ɤɨɞ ɨɰɟɧɹɜɚ: 
 ȼɪɴɡɤɚɬɚ “ɤɨɞ-ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ-ɢɡɢɫɤɜɚɧɟ” 
 ɋɩɚɡɜɚɧɟɬɨ ɧɚ ɫɟɦɚɧɬɢɱɧɢɬɟ ɢ ɫɢɧɬɚɤɬɢɱɧɢ 

ɢɡɢɫɤɜɚɧɢɹ, ɬ.ɧɚɪ. ɩɪɚɜɢɥɚ ɡɚ ɤɨɞɢɪɚɧɟ (coding rules) 

 ɉɪɨɜɟɪɤɚ ɡɚ ɪɚɡɥɢɱɧɢ ɜɢɞɨɜɟ ɧɟɬɨɱɧɨɫɬɢ ɩɪɢ 
ɪɟɚɥɢɡɚɰɢɹ – ɰɢɤɥɢ, ɩɴɬɢɳɚ, ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɢ ɬ.ɧ. 



Вɟɪɢфɢɤɚɰɢя ɧɚ ɩɪɨɝɪɚɦɟɧ ɤɨɞ 

 ɂɡɫɥɟɞɜɚɧɢ ɬɢɩɨɜɟ ɞɟɮɟɤɬɢ: 
ɂɡɩɨɥɡɜɚɧɟ ɧɚ ɞɚɧɧɢ (data references) 

Ⱦɟɤɥɚɪɚɬɢɜɧɢ ɝɪɟɲɤɢ (data declaration) 

ɂɡɱɢɫɥɢɬɟɥɧɢ ɝɪɟɲɤɢ 

Ƚɪɟɲɤɢ ɩɪɢ ɫɪɚɜɧɟɧɢɹ 

ȼɯɨɞɧɨ/ɂɡɯɨɞɧɢ ɝɪɟɲɤɢ 

Ƚɪɟɲɤɢ ɩɪɢ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɢɡɜɴɪɲɜɚɧɟ ɧɚ ɞɟɣɫɬɜɢɹɬɚ 
(control flow) 

ɂɧɬɟɪɮɟɣɫɧɢ ɝɪɟɲɤɢ 

Ⱦɪɭɝɢ 
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Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 ȼɟɪɢɮɢɤɚɰɢɹɬɚ ɧɚ ɰɹɥɨɫɬɧɨɬɨ ɪɚɡɪɚɛɨɬɜɚɧɨ ɉɈ 
ɨɰɟɧɹɜɚ: 
 ɋɢɫɬɟɦɚɬɚ ɢ ɧɟɣɧɢɬɟ ɤɨɦɩɨɧɟɧɬɢ ɦɨɝɚɬ ɥɢ ɞɚ 

ɪɚɛɨɬɹɬ ɜ ɫɴɨɬɜɟɬɧɨɬɨ ɨɛɤɪɴɠɟɧɢɟ. Ɉɩɢɫɚɧɨ ɜ 
ɡɚɞɚɧɢɟɬɨ 

 ɇɚ ɨɫɧɨɜɚɬɚ ɧɚ ɫɰɟɧɚɪɢɢ ɫɟ ɩɪɨɜɟɪɹɜɚ ɤɨɪɟɤɬɧɨɫɬɬɚ 
ɢ  ɩɴɥɧɨɬɚɬɚ ɧɚ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɫɢɫɬɟɦɚɬɚ ɢ 
ɤɨɦɩɨɧɟɧɬɢɬɟ ɢ. 



Зɚɞɚɱɢ ɧɚ ɜɟɪɢфɢɤɚɰɢяɬɚ 

 ȼɟɪɢɮɢɤɚɰɢɹɬɚ ɧɚ ɬɟɫɬɨɜɢɬɟ ɩɥɚɧɨɜɟ ɨɰɟɧɹɜɚ: 
 ɉɴɥɧɨɬɚɬɚ ɧɚ ɩɥɚɧɨɜɟɬɟ ɫɩɨɪɟɞ ɨɰɟɧɤɚɬɚ ɧɚ ɪɢɫɤɚ ɡɚ 

ɩɪɨɟɤɬɚ 

 ɂɡɛɪɚɧɢɬɟ ɦɟɬɨɞɢ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ 
ɫɩɨɪɟɞ ɨɱɚɤɜɚɧɢɹɬɚ ɡɚ ɬɢɩɨɜɟɬɟ ɞɟɮɟɤɬɢ. 

 ɂɡɩɨɥɡɜɚɧɢɬɟ ɜɬɨɪɢɱɧɢ ɬɟɯɧɢɱɟɫɤɢ ɚɪɬɟɮɚɤɬɢ 



КǸǭǾǵȁǵǷǭȃǵя 

 ɋɴɳɟɫɬɜɭɜɚɬ 4 ɨɫɧɨɜɧɢ ɤɚɬɟɝɨɪɢɢ: 
 ɇɟɮɨɪɦɚɥɧɢ (informal) 

 Ɋɚɡɱɢɬɚɬ ɢɡɰɹɥɨ ɧɚ ɱɨɜɟɲɤɚɬɚ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɧɚ ɚɪɬɟɮɚɤɬɢɬɟ 
ɢ ɧɟ ɢɡɩɨɥɡɜɚɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɮɨɪɦɚɥɢɡɦɢ. Ɂɚɬɨɜɚ ɝɢ 
ɧɚɪɢɱɚɬ ɢ ‘еɤɫɩеɪɬɢɡɢ’. 

 ɋɬɚɬɢɱɧɢ 

 Ɉɰɟɧɹɜɚɬ ɫɬɚɬɢɱɧɢɹ ɞɢɡɚɣɧ ɢ ɪɟɚɥɢɡɚɰɢɹɬɚ ɦɭ, ɛɟɡ ɨɰɟɧɤɚ ɧɚ 
ɢɡɩɴɥɧɟɧɢɟɬɨ ɜɴɪɯɭ ɤɨɧɤɪɟɬɧɚ ɦɚɲɢɧɚ 

 Ⱦɢɧɚɦɢɱɧɢ 

 ɉɪɨɜɟɪɹɜɚɬ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɉɈ ɱɪɟɡ ɢɡɩɴɥɧɟɧɢɟ ɜɴɪɯɭ 
ɤɨɧɤɪɟɬɟɧ ɤɨɦɩɸɬɴɪ. 

 Ɏɨɪɦɚɥɧɢ (formal) 

 ɂɡɩɨɥɡɜɚɬ ɫɟ ɪɚɡɥɢɱɧɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɮɨɪɦɚɥɢɡɦɢ ɡɚ 
ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ ɜ ɉɈ. 



КǸǭǾǵȁǵǷǭȃǵя 

 



Еɤɫɩɟɪɬɢɡɢ 

 ȼɴɡɧɢɤɧɚɥɢ ɫɚ ɤɚɬɨ ɧɟɨɛɯɨɞɢɦɨɫɬ ɨɬ ɩɨɞɝɨɬɨɜɤɚ ɧɚ 
ɫɩɟɰɢɚɥɢɫɬɢɬɟ ɩɨ ɬɟɫɬɜɚɧɟ ɢ ɧɚɫɬɪɨɣɤɚ (debugging) ɧɚ ɉɈ 

 ɇɚɪɢɱɚɬ ɝɢ ‘ɑɨɜɟɲɤɨ ɬɟɫɬɜɚɧɟ’ (human testing) 

 ɂɡɤɥɸɱɢɬɟɥɧɨ ɟɮɟɤɬɢɜɧɢ ɩɪɢ ɧɚɦɢɪɚɧɟɬɨ ɢ 
ɨɬɫɬɪɚɧɹɜɚɧɟɬɨ ɧɚ ɞɟɮɟɤɬɢ ɜ ɉɈ 

 ɉɪɢɟɦɚ ɫɟ, ɱɟ ɜɴɜ ɜɫɟɤɢ ɩɪɨɟɤɬ ɬɪɹɛɜɚ ɞɚ ɩɪɢɫɴɫɬɜɚɬ ɩɨɧɟ ɟɞɢɧ 
ɦɟɬɨɞ ɨɬ ɬɚɡɢ ɝɪɭɩɚ 

 ɉɪɢɥɚɝɚ ɫɟ ɤɴɦ ɜɫɢɱɤɢ ɝɪɭɩɢ ɚɪɬɟɮɚɤɬɢ ɢ ɡɚ ɜɫɢɱɤɢ ɟɬɚɩɢ 

 ɂɦɚɬ ɞɜɟ ɨɫɧɨɜɧɢ ɩɪɟɞɢɦɫɬɜɚ 

 Ɋɚɧɧɨɬɨ ɨɬɫɬɪɚɧɹɜɚɧɟ ɧɚ ɝɪɟɲɤɢɬɟ ɧɚɦɚɥɹɜɚ ɜɪɟɦɟɬɨ ɡɚ 
ɪɚɡɪɚɛɨɬɤɚ ɢ ɫɬɨɣɧɨɫɬɬɚ ɧɚ ɩɪɨɟɤɬɚ 

 ɂɦɚ ɱɢɫɬɨ ɩɫɢɯɨɥɨɝɢɱɟɫɤɨ ɡɧɚɱɟɧɢɟ ɡɚ ɩɪɨɝɪɚɦɢɫɬɢɬɟ, ɜɨɞɟɳɨ ɞɨ 
ɩɨ-ɦɚɥɤɨ ɝɪɟɲɤɢ ɫɩɪɹɦɨ ɪɚɛɨɬɚ ɫɚɦɨ ɫ ɬɟɫɬɜɚɧɟ. 

12 



Еɤɫɩɟɪɬɢɡɢ 

 ȼɢɞɨɜɟ 

 Ɍɟɯɧɢɱɟɫɤɚ ɟɤɫɩɟɪɬɢɡɚ (technical rewievs) 

 ɂɧɫɩɟɤɰɢɢ ɧɚ ɤɨɞɚ (inspections) 

 ɉɪɟɝɥɟɞɢ (walktroughs) 

 Ɉɞɢɬ (audit) 

 Ⱦɪɭɝɢ 

 Ɉɰɟɧɤɚ ɧɚ ɚɪɯɢɬɟɤɬɭɪɚɬɚ ɱɪɟɡ ɫɰɟɧɚɪɢɢ (scenario based 

evaluations) 

 ɋɚɦɨɤɨɧɬɪɨɥ ɱɪɟɡ ɱɟɬɟɧɟ (desk-checking)  

 Ɋɚɡɝɥɟɠɞɚɧɟ ɦɟɠɞɭ ɪɚɜɧɢ (peer reviews) 

13 



ǞǿǭǿǵȄǲǺцǭǺǭǸǵǴ 

 ɋɴɳɧɨɫɬ: 
 ɇɚ ɨɫɧɨɜɚɬɚ ɧɚ ɮɨɪɦɚɥɧɢ ɦɟɬɨɞɢ ɫɟ ɨɩɪɟɞɟɥɹ ɤɨɪɟɤɬɧɨɫɬɬɚ 

ɧɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɪɚɡɥɢɱɧɢ ɚɪɬɟɮɚɤɬɢ, ɤɨɢɬɨ ɫɚ ɱɚɫɬ ɨɬ 
ɩɪɨɟɤɬɚ. 

 ɇɚ ɨɫɧɨɜɚɬɚ ɧɚ ɲɚɛɥɨɧɢ, ɱɪɟɡ ɮɨɪɦɚɥɧɢ ɬɟɯɧɢɤɢ, ɫɟ 
ɩɪɨɜɟɪɹɜɚ ɡɚ ɫɩɟɰɢɮɢɱɧɢ ɝɪɭɩɢ ɞɟɮɟɤɬɢ. 

 Ɉɫɧɨɜɧɚ ɞɢɥɟɦɚ: “ɋɬɪɨɝɨɫɬ ɧɚ ɚɧɚɥɢɡɚ – Ʉɨɥɢɱɟɫɬɜɨ 
ɧɚ ɞɟɮɟɤɬɢɬɟ” 

14 



ǞǿǭǿǵȄǲǺцǭǺǭǸǵǴ 

 ɉɪɟɞɢɦɫɬɜɚ: 
 Ɉɫɢɝɭɪɹɜɚ ɞɨɛɪɚ ɜɴɡɦɨɠɧɨɫɬ ɡɚ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɧɚ ɩɪɨɰɟɫɚ ɡɚ 

ɚɧɚɥɢɡ. 
 ɒɢɪɨɤɨ ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɫɨɛɟɧɨ ɡɚ ɧɹɤɨɢ ɜɢɞɨɜɟ ɉɈ ɢ 

ɢɡɩɨɥɡɜɚɧɢ ɟɡɢɰɢ ɡɚ ɩɪɨɝɪɚɦɢɪɚɧɟ ɢ ɦɟɬɨɞɢ ɡɚ ɪɚɡɪɚɛɨɬɤɚ. 

ɉɪɨɞɭɤɬɢ 

PolySpace Verifier, Coverity PrОvОЧt ɢ Klocwork K7 

15 



ФǻǽǹǭǸǺǵцǹǲǿǻǱǵ 

 ɂɡɩɨɥɡɜɚɬ ɫɟ ɡɚ ɚɧɚɥɢɡ ɧɚ ɮɨɪɦɚɥɧɢɹ ɦɨɞɟɥ ɧɚ 
ɢɡɢɫɤɜɚɧɢɹɬɚ, ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɉɈ ɢ ɧɚ 
ɨɛɤɪɴɠɟɧɢɟɬɨ ɦɭ. 

 Ɇɨɠɟ ɞɚ ɫɟ ɩɪɢɥɚɝɚ ɫɚɦɨ ɤɴɦ ɚɪɬɟɮɚɤɬɢ ɢɥɢ ɱɚɫɬɢ 
ɨɬ ɬɹɯ, ɤɨɢɬɨ ɫɚ ɢɡɪɚɡɟɧɢ ɮɨɪɦɚɥɧɨ ɢɥɢ ɡɚ ɤɨɢɬɨ 
ɦɨɠɟ ɞɚ ɫɟ ɫɴɡɞɚɞɟ ɮɨɪɦɚɥɟɧ ɦɨɞɟɥ. 

 Ɏɨɪɦɚɥɧɢɬɟ ɦɨɞɟɥɢ ɧɟ ɦɨɝɚɬ ɞɚ ɫɟ ɫɴɡɞɚɜɚɬ 
ɚɜɬɨɦɚɬɢɡɢɪɚɧɨ, ɧɨ ɬɟɯɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɚɬ 
ɞɚ ɫɟ ɩɪɨɜɟɪɹɜɚɬ ɚɜɬɨɦɚɬɢɡɢɪɚɧɨ. 

 Ɇɧɨɝɨ ɞɨɛɪɢ ɡɚ ɨɬɤɪɢɜɚɧɟɬɨ ɧɚ ɫɥɨɠɧɢ ɞɟɮɟɤɬɢ, 
ɤɨɢɬɨ ɦɟ ɦɨɝɚɬ ɞɚ ɫɟ ɨɬɤɪɢɹɬ ɫ ɬɟɫɬɜɚɧɟ ɢɥɢ 
ɟɤɫɩɟɪɬɢɡɚ. 



ФǻǽǹǭǸǺǵцǹǲǿǻǱǵ 

 Ȼɢɜɚɬ: 
 Ʌɨɝɢɤɨ-ɚɥɝɟɛɪɢɱɧɢ ɦɨɞɟɥɢ (property-based models) 

 ɫɴɠɞɟɧɢɹ ɢ ɬɹɯɧɨɬɨ ɢɡɱɢɫɥɟɧɢɟ, ɩɪɟɞɢɤɚɬɧɚ ɥɨɝɢɤɚ ɢ 
ɢɡɱɢɫɥɟɧɢɟ ɧɚ ɢɡɪɚɡɢ ɜ ɧɟɹ (ɜɤɥɸɱɢɬɟɥɧɨ ɢ ɨɬ ɩɨ-ɜɢɫɨɤ 
ɪɟɞ), λ-ɢɡɱɢɫɥɟɧɢɹ, ɦɨɞɚɥɧɢ ɥɨɝɢɤɢ, ɜɪɟɦɟɜɢ ɥɨɝɢɤɢ, 
ɪɟɥɚɰɢɨɧɧɚ ɚɥɝɟɛɪɚ, ɚɥɝɟɛɪɢɱɧɢ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ 
ɚɛɫɬɪɚɤɬɧɢ ɬɢɩɨɜɟ, ɬ.ɧ. 

 ɂɡɩɴɥɧɢɦɢ ɦɨɞɟɥɢ (executable models) 
 ɜɢɪɬɭɚɥɧɢ ɦɚɲɢɧɢ, ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ, ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɚɬɚ 

ɧɚ ɦɚɪɤɢɪɚɧɢ ɩɪɟɯɨɞɢ, ɪɚɡɲɢɪɟɧɢ ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ, 
ɣɟɪɚɪɯɢɱɧɢ ɚɜɬɨɦɚɬɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɚɳɢ ɫɢ ɚɜɬɨɦɚɬɢ, 
ɜɪɟɦɟɜɢ ɚɜɬɨɦɚɬɢ, ɦɪɟɠɢ ɧɚ ɉɟɬɪɢ, ɦɚɲɢɧɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ 
ɚɛɫɬɪɚɤɬɧɢ ɫɴɫɬɨɹɧɢɹ 

 Ɇɟɠɞɢɧɧɢ ɦɨɞɟɥɢ 
 Ʌɨɝɢɤɚ ɧɚ ɏɨɚɪ (Hoare), ɞɢɧɚɦɢɱɧɢ ɢ ɩɪɨɝɪɚɦɧɢ ɥɨɝɢɤɢ, 

ɩɪɨɝɪɚɦɧɢ ɤɨɧɬɪɚɤɬɢ 



ДǵǺǭǹǵȄǺǵцǹǲǿǻǱǵ 

 ɂɡɢɫɤɜɚ ɧɚɥɢɱɢɟɬɨ ɧɚ ɪɚɛɨɬɟɳɨ ɉɈ (ɦɨɠɟ ɢ ɨɬɞɟɥɧɢ 
ɱɚɫɬɢ ɨɬ ɧɟɝɨ). 
 Ɇɨɠɟ ɞɚ ɫɟ ɢɡɩɨɥɡɜɚɬ ɢ ɩɪɨɬɨɬɢɩɢ -  ɜ ɬɨɡɢ ɫɥɭɱɚɣ ɫɟ ɝɨɜɨɪɢ 

ɡɚ ‘ɢɦɢɬɚɰɢɨɧɧɚ ɞɢɧɚɦɢɱɧɚ ɜɟɪɢɮɢɤɚɰɢɹ’. 

 Ɇɨɝɚɬ ɞɚ ɫɟ ɧɚɦɟɪɹɬ ɞɟɮɟɤɬɢ, ɫɜɴɪɡɚɧɢ ɫɚɦɨ ɫ 
ɪɚɛɨɬɚɬɚ ɧɚ ɩɪɨɝɪɚɦɧɨɬɨ ɨɫɢɝɭɪɹɜɚɧɟ, ɧɨ ɧɟ ɢ ɫ ɞɪɭɝɢ 
ɟɬɚɩɢ ɨɬ ɪɚɡɪɚɛɨɬɤɚɬɚ, ɧɚɩɪ. ɫɴɩɪɨɜɨɠɞɚɧɟ, 
ɢɧɫɬɚɥɚɰɢɹ ɢ ɬ.ɧ. 

 ɂɡɢɫɤɜɚɬ ɞɨɩɴɥɧɢɬɟɥɧɚ ɩɨɞɝɨɬɨɜɤɚ 

 ɇɚɣ-ɱɟɫɬɨ ɬɨɜɚ ɫɚ ɬɟɫɬɨɜɢ ɧɚɛɨɪɢ, ɫɢɦɭɥɚɰɢɨɧɧɚ ɫɪɟɞɚ, 
ɦɨɧɢɬɨɪɧɨɜɚ ɫɢɫɬɟɦɚ, ɫɢɫɬɟɦɚ ɡɚ ɡɚɩɢɫɜɚɧɟ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ. 



ДǵǺǭǹǵȄǺǵцǹǲǿǻǱǵ 

 Ɉɫɨɛɟɧɨ ɩɨɞɯɨɞɹɳ ɩɨɞɯɨɞ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ 
ɧɹɤɨɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɚ ɉɈ 

 Ɏɭɧɤɰɢɨɧɚɥɧɨɫɬ 

 ɉɪɢ ɩɪɨɜɟɪɤɚ ɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɫɟ ɫɥɟɞɹɬ 
ɩɨɥɭɱɚɜɚɧɢɬɟ ɪɟɡɭɥɬɚɬɢ, ɜɴɬɪɟɲɧɢ ɫɴɫɬɨɹɧɢɹ, ɨɛɦɟɧɹɧɢ 
ɫɴɨɛɳɟɧɢɹ, ɪɟɞ ɧɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɞɟɣɧɨɫɬɢɬɟ, ɩɨ-ɪɹɞɤɨ ɢ 
ɜɪɟɦɟɜɢ ɡɚɜɢɫɢɦɨɫɬɢ. 

 ɉɪɟɧɨɫɢɦɨɫɬ  
 ɉɪɢ ɩɪɨɜɟɪɤɚ ɧɚ ɩɪɟɧɨɫɢɦɨɫɬɬɚ ɫɟ ɫɥɟɞɢ ɡɚ ɬɟɡɢ ɟɥɟɦɟɧɬɢ 

ɧɚ ɮɭɧɤɰɢɨɧɚɥɧɢɬɟ ɢɡɫɥɟɞɜɚɧɢɹ, ɤɨɢɬɨ ɫɟ ɜɥɢɹɹɬ ɨɬ 
ɫɪɟɞɚɬɚ ɧɚ ɪɚɛɨɬɚ ɧɚ ɉɈ. 



ДǵǺǭǹǵȄǺǵцǹǲǿǻǱǵ 

 Ɉɫɨɛɟɧɨ ɩɨɞɯɨɞɹɳ ɩɨɞɯɨɞ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ 
ɧɹɤɨɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɚ ɉɈ 

 ɉɪɨɢɡɜɨɞɢɬɟɥɧɨɫɬ 

 Ɂɚɩɢɫɜɚɬ ɫɟ ɢ ɫɟ ɨɰɟɧɹɜɚɬ ɜɪɟɦɟɬɨ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ 
ɨɩɟɪɚɰɢɢɬɟ, ɢɡɩɨɥɡɜɚɧɚɬɚ ɩɚɦɟɬ (ɜɫɢɱɤɢ ɜɢɞɨɜɟ), 
ɧɚɬɨɜɚɪɜɚɧɟɬɨ ɧɚ ɤɨɦɭɧɢɤɚɰɢɨɧɧɢɬɟ ɤɚɧɚɥɢ, 
ɜɴɬɪɟɤɨɦɩɨɧɟɧɬɧɢɬɟ ɨɛɦɟɧɢ ɧɚ ɢɧɮɨɪɦɚɰɢɹ  

 ɇɚɞɟɠɞɧɨɫɬ 

 Ɂɚɩɢɫɜɚ ɫɟ ɛɪɨɹ ɢ ɜɪɟɦɟɬɨ ɧɚ ɩɨɹɜɚ ɧɚ ɞɟɮɟɤɬɢɬɟ (ɩɨ 
ɤɥɚɫɨɜɟ, ɩɨ ɪɟɫɭɪɫɢ, ɩɨ ɤɨɦɩɨɧɟɧɬɢ, ɩɨ ɩɨɞɫɢɫɬɟɦɢ). 

 ɂɡɩɨɡɥɜɚɬ ɫɟ ɫɰɟɧɚɪɢɢ ɡɚ ɫɢɦɭɥɢɪɚɧɟ ɧɚ ɩɪɨɦɟɧɢ ɜ 
ɨɛɤɪɴɠɚɜɚɳɚɬɚ ɫɪɟɞɚ (ɧɚɩɪ. ɨɬɤɚɡ ɧɚ ɨɛɨɪɭɞɜɚɧɟ). 



ДǵǺǭǹǵȄǺǵцǹǲǿǻǱǵ 

 Ȼɢɜɚɬ: 
 Ɇɨɧɢɬɨɪɢɧɝ  

 Ɍɨɜɚ ɫɚ ɞɟɣɧɨɫɬɢ ɩɨ ɫɥɟɞɟɧɟ ɪɚɛɨɬɚɬɚ ɢ ɡɚɩɢɫɜɚɧɟ ɧɚ 
ɬɟɤɭɳɨɬɨ ɫɴɫɬɨɹɧɢɟ ɧɚ ɫɢɫɬɟɦɚɬɚ ɢ ɩɨɥɭɱɚɜɚɧɢɬɟ ɪɟɡɭɥɬɚɬɢ. 

 ɋɥɟɞ ɡɚɜɴɪɲɜɚɧɟ ɧɚ ɡɚɩɢɫɜɚɧɟɬɨ ɫɟ ɩɪɨɜɟɠɞɚ ɨɰɟɧɤɚ ɧɚ 
ɩɨɥɭɱɟɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɨɬ ɦɨɧɢɬɨɪɢɧɝɚ ɤɚɬɨ ɫɪɟɞɫɬɜɨ ɡɚ 
ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɧɟɩɪɚɜɢɥɧɨ ɮɭɧɤɰɢɨɧɢɪɚɧɟ. 

 Ɍɟɫɬɜɚɧɟ  
 Ɇɨɧɢɬɨɪɢɧɝ, ɧɨ ɡɚ ɫɩɟɰɢɚɥɧɨ ɢɡɝɪɚɞɟɧɢ ɫɰɟɧɚɪɢɢ 

ɧɚ ɢɡɩɨɥɡɜɚɧɟ. 
 Ƚɟɧɟɪɢɪɚɧɟɬɨ ɧɚ ɫɰɟɧɚɪɢɢɬɟ ɟ ɫ ɰɟɥ ɫɴɡɞɚɜɚɧɟ ɧɚ 

ɫɢɬɭɚɰɢɢ, ɩɪɢ ɤɨɢɬɨ ɉɈ ɦɨɠɟ ɞɚ ɢɦɚ ɧɟɩɪɚɜɢɥɧɨ 
ɩɨɜɟɞɟɧɢɟ. 



ǞǵǺǿǲǿǵȄǺǵцǹǲǿǻǱǵ 

 Ɉɫɧɨɜɧɚɬɚ ɢɞɟɹ ɟ ɫɴɱɟɬɚɜɚɧɟ ɧɚ ɩɪɟɞɢɦɫɬɜɚɬɚ ɨɬ 
ɨɫɧɨɜɧɢɬɟ ɜɢɞɨɜɟ ɡɚ ɫɦɟɬɤɚ ɧɚ ɨɝɪɚɧɢɱɚɜɚɧɟ ɧɚ 
ɧɟɞɨɫɬɚɬɴɰɢɬɟ ɢɦ. 

 ɇɚɣ-ɱɟɫɬɨ ɬɨɜɚ ɟ ɫɴɱɟɬɚɧɢɟ ɧɚ ɞɢɧɚɦɢɱɧɢ ɫ 
ɮɨɪɦɚɥɧɢ ɦɟɬɨɞɢ: 
 Ɍɟɫɬɜɚɧɟ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɦɨɞɟɥ ɧɚ ɫɢɫɬɟɦɚɬɚ (model-

based testing, model driven testing) 

 Ɇɨɧɢɬɨɪɢɧɝ ɧɚ ɮɨɪɦɚɥɧɢ ɫɜɨɣɫɬɜɚ (runtime verification, 

passive testing) 

 



ИǺǾǼǲǷȃǵǵцǵцǜǽǲǰǸǲǱǵ 

 ɂɡɜɴɪɲɜɚ ɫɟ ɡɚɞɴɥɠɢɬɟɥɧɨ ɨɬ ɝɪɭɩɚ ɨɬ ɫɩɟɰɢɚɥɢɫɬɢ, 
ɤɨɢɬɨ ɱɟɬɚɬ ɢɥɢ ɜɢɡɭɚɥɧɨ ɩɪɨɜɟɪɹɜɚɬ ɩɪɨɝɪɚɦɚɬɚ 
(ɫɩɨɪɟɞ ɨɰɟɧɹɜɚɧɢɬɟ ɚɪɬɟɮɚɤɬɢ). 

 ɍɱɚɫɬɧɢɰɢɬɟ ɢɦɚɬ ɹɫɧɨ ɞɟɮɢɧɢɪɚɧɢ ɡɚɞɚɱɢ, ɤɨɢɬɨ 
ɬɪɹɛɜɚ ɞɚ ɢɡɜɴɪɲɚɬ ɜ ɩɪɨɰɟɫɚ ɧɚ ɪɚɛɨɬɚ. 

 Ɉɫɧɨɜɧɚɬɚ ɮɚɡɚ ɟ ‘ɋɪɟɳɚɬɚ ɧɚ ɭɱɚɫɬɧɢɰɢɬɟ’ 
 Ɉɛɫɴɠɞɚɬ ɫɟ ɪɟɡɭɥɬɚɬɢɬɟ ɨɬ ɢɧɞɢɜɢɞɭɚɥɧɚɬɚ ɪɚɛɨɬɚ ɤɚɬɨ 

ɧɚɱɢɧ ɡɚ ɧɚɦɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ ɢ ɩɪɨɛɥɟɦɧɢɬɟ ɡɨɧɢ. 
 ɍɱɚɫɬɧɢɰɢɬɟ ɧɹɦɚɬ ɡɚ ɡɚɞɚɱɚ ɞɚ ɧɚɛɟɥɟɠɚɬ ɧɚɱɢɧɢɬɟ ɡɚ 

ɩɪɟɦɚɯɜɚɧɟ ɧɚ ɝɪɟɲɤɢɬɟ. 
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ИǺǾǼǲǷȃǵǵцǵцǜǽǲǰǸǲǱǵ 

 ɉɪɟɞɢɦɫɬɜɚ: 
 Ɇɧɨɝɨ ɩɨ-ɟɮɟɤɬɢɜɧɢ ɨɬ ɫɚɦɨɤɨɧɬɪɨɥɚ, ɡɚɳɨɬɨ ɫɟ 

ɢɡɜɴɪɲɜɚ ɨɬ ɜɴɧɲɧɢ ɯɨɪɚ, ɚ ɧɟ ɨɬ ɚɜɬɨɪɚ. 
 ɇɚɦɚɥɹɜɚɬ ɪɚɡɯɨɞɢɬɟ ɡɚ ɧɚɫɬɪɨɣɤɚ, ɡɚɳɨɬɨ 

ɥɨɤɚɥɢɡɢɪɚɬ ɦɹɫɬɨɬɨ ɧɚ ɞɟɮɟɤɬɚ ɦɧɨɝɨ ɬɨɱɧɨ. 
 Ⱦɨɛɪɢ ɫɚ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɥɨɝɢɱɟɫɤɢ ɝɪɟɲɤɢɬɟ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɚɬɚ ɢɥɢ ɝɪɟɲɤɢ ɜ ɤɨɞɚ. 
 Ɉɫɨɛɟɧɨ ɩɨɥɟɡɧɢ ɩɪɢ ɩɪɨɦɟɧɢ ɧɚ ɫɴɳɟɫɬɜɭɜɚɳɨ ɉɈ. 

 ɇɟɞɨɫɬɚɬɴɰɢ 

 ɇɟ ɫɚ ɞɨɛɪɢ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɝɪɟɲɤɢɬɟ ɨɬ ɟɬɚɩɚ ɧɚ 
ɫɴɛɟɪɚɧɟ ɢ ɚɧɚɥɢɡ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ, ɬ.ɟ. ɜ ɞɢɡɚɣɧɚ ɨɬ 
ɜɢɫɨɤɨ ɧɢɜɨ. 
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ИǺǾǼǲǷȃǵǵ  

 Ⱦɟɮɢɧɢɰɢɹ 

 Ɍɨɜɚ ɫɚ ɩɪɨɰɟɞɭɪɢ ɢ ɬɟɯɧɢɤɢ ɡɚ ɨɬɤɪɢɜɚɧɟ ɧɚ ɞɟɮɟɤɬɢ ɜ 
ɉɈ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɝɪɭɩɨɜɨ ɢɡɫɥɟɞɜɚɧɟ ɱɪɟɡ ɱɟɬɟɧɟ.  

 ɋɴɳɧɨɫɬ: 
 Ʉɪɢɬɢɱɟɫɤɨ ɢɡɫɥɟɞɜɚɧɟ ɧɚ ɩɪɨɝɪɚɦɧɢɬɟ ɚɪɬɟɮɚɤɬɢ, 

ɰɟɥɹɳɨ ɨɬɤɪɢɜɚɧɟɬɨ ɢ ɨɬɫɬɪɚɧɹɜɚɧɟɬɨ ɧɚ ɞɟɮɟɤɬɢɬɟ. 

 ȿɞɧɚ ɨɬ ɧɚɣ-ɢɡɩɨɥɡɜɚɧɢɬɟ ɬɟɯɧɢɤɢ ɡɚ ɜɟɪɢɮɢɤɚɰɢɹ ɢ 
ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ. 

 Ⱦɢɪɟɤɬɧɨ ɨɩɪɟɞɟɥɹ ɢ ɤɨɪɢɝɢɪɚ ɞɟɮɟɤɬɢɬɟ ɜ ɉɈ. 
 Ɇɨɝɚɬ ɞɚ ɫɟ ɩɪɢɥɚɝɚɬ ɡɚ ɦɧɨɝɨ ɜɢɞɨɜɟ ɩɪɨɝɪɚɦɧɢ 

ɚɪɬɟɮɚɤɬɢ. 
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ИǺǾǼǲǷȃǵǵ  

 ɋɴɳɧɨɫɬ: 
 Ʉɪɢɬɢɱɟɫɤɨ ɢɡɫɥɟɞɜɚɧɟ ɧɚ ɩɪɨɝɪɚɦɧɢɬɟ ɚɪɬɟɮɚɤɬɢ, 

ɰɟɥɹɳɨ ɨɬɤɪɢɜɚɧɟɬɨ ɢ ɨɬɫɬɪɚɧɹɜɚɧɟɬɨ ɧɚ ɞɟɮɟɤɬɢɬɟ. 
 ȿɞɧɚ ɨɬ ɧɚɣ-ɢɡɩɨɥɡɜɚɧɢɬɟ ɬɟɯɧɢɤɢ ɡɚ ɜɟɪɢɮɢɤɚɰɢɹ 

ɢ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɉɈ. 
 Ⱦɢɪɟɤɬɧɨ ɨɩɪɟɞɟɥɹ ɢ ɤɨɪɢɝɢɪɚ ɞɟɮɟɤɬɢɬɟ ɜ ɉɈ. 
 Ɇɨɝɚɬ ɞɚ ɫɟ ɩɪɢɥɚɝɚɬ ɡɚ ɦɧɨɝɨ ɜɢɞɨɜɟ ɩɪɨɝɪɚɦɧɢ 

ɚɪɬɟɮɚɤɬɢ. 
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ИǺǾǼǲǷȃǵǵ: ɨɫɨɛɟɧɨɫɬɢ 

 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɨɬ ɝɪɭɩɚ ɢɧɫɩеɤɬɨɪɢ ɜ ɪɚɦɤɢɬɟ ɧɚ 
ɩɚɪɚɥɟɥɧɢ ɢ ɤɨɨɪɞɢɧɢɪɚɧɢ ɩɪɨɜɟɪɤɢ. 

 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɧɚ ɧɹɤɨɥɤɨ ɩɨɫɥɟɞɨɜɚɬɟɥɧɢ ɮɚɡɢ, 
ɦɟɠɞɭ ɤɨɢɬɨ ɢɦɚ ɤɨɨɪɞɢɧɚɰɢɨɧɧɢ ɫɟɫɢɢ. 

 Ⱦɟɮɟɤɬɢ ɫɟ ɨɬɤɪɢɜɚɬ ɤɚɬɨ ɪɟɡɭɥɬɚɬ ɨɬ 
ɢɧɞɢɜɢɞɭɚɥɧɚ ɢɧɫɩɟɤɰɢɹ, ɨɛɨɛɳɚɜɚɧɟ ɧɚ 
ɪɟɡɭɥɬɚɬɢɬɟ ɜ ɫɟɫɢɢɬɟ ɢɥɢ ɩɚɪɚɥɟɥɧɚ ɢɧɫɩɟɤɰɢɹ 
ɧɚ ɟɞɧɚ ɢ ɫɴɳɚ ɱɚɫɬ ɨɬ ɉɈ. 

 Ⱦɟɮɟɤɬɢɬɟ ɫɟ ɨɬɫɬɪɚɧɹɜɚɬ ɨɬ ɪɚɡɪɚɛɨɬɱɢɤɚ ɢ ɫɟ 
ɢɡɜɴɪɲɜɚ ɩɨɜɬɨɪɧɚ ɩɪɨɜɟɪɤɚ ɧɚ ɉɈ. 

 Ⱦɴɥɛɨɱɢɧɚɬɚ ɧɚ ɢɧɫɩɟɤɰɢɹ ɦɨɠɟ ɞɚ ɜɚɪɢɪɚ 
ɫɩɨɪɟɞ ɧɭɠɞɢɬɟ ɢ ɬɢɩɚ ɧɚ ɉɈ. 
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ФǭǰǭǺǻǯǵцИǺǾǼǲǷȃǵǵц 
(Fagan inspections) 

 ȿɞɧɚ ɨɬ ɧɚɣ-ɪɚɧɧɢɬɟ ɫɢɫɬɟɦɢ ɟ ɪɚɡɪɚɛɨɬɟɧɚ ɨɬ Fagan 
ɩɪɟɡ 1976 ɝ. 
 ɉɥɚɧɢɪɚɧɟ – ɤɚɤɜɨ ɳɟ ɫɟ ɢɧɫɩɟɤɬɢɪɚ, ɤɨɣ ɳɟ ɭɱɚɫɬɜɚ ɢ ɤɚɤɜɚ 

ɳɟ ɦɭ ɟ ɪɨɥɹɬɚ. 
 ɇɚɱɚɥɧɚ ɫɪɟɳɚ – ɪɚɡɩɪɟɞɟɥɹɬ ɫɟ ɢɧɫɩɟɤɬɨɪɢɬɟ ɩɨ ɡɚɞɚɱɢ ɢ 

ɫɟ ɨɩɪɟɞɟɥɹ ɤɚɤ ɳɟ ɫɟ ɢɡɜɴɪɲɜɚ ɪɚɛɨɬɚɬɚ 

 Ɋɟɚɥɢɡɚɰɢɹ – ɜɫɟɤɢ ɢɧɫɩɟɤɬɨɪ ɩɨɞɝɨɬɜɹ ɫɩɢɫɴɤ ɫ 
ɩɨɬɟɧɰɢɚɥɧɢ ɞɟɮɟɤɬɢ ɢ ɩɪɨɛɥɟɦɧɢ ɨɛɥɚɫɬɢ 

 ɂɧɫɩɟɤɰɢɨɧɧɨ ɫɴɛɢɪɚɧɟ – ɮɨɪɦɢɪɚ ɫɟ ɫɩɢɫɴɤɚ ɫ ɞɟɮɟɤɬɢɬɟ 
ɱɪɟɡ ɨɛɨɛɳɚɜɚɧɟ ɢ ɨɛɫɴɠɞɚɧɟ ɧɚ ɢɧɞɢɜɢɞɭɚɥɧɢɬɟ 
ɢɧɫɩɟɤɰɢɢ. 

 Ɏɢɤɫɢɪɚɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ - ɪɚɡɪɚɛɨɬɱɢɤɴɬ ɨɬɫɬɪɚɧɹɜɚ 
ɧɚɦɟɪɟɧɢɬɟ ɞɟɮɟɤɬɢ. 

 Ʉɨɧɬɪɨɥɧɚ ɩɪɨɜɟɪɤɚ – ɩɪɚɜɢ ɫɟ ɜɚɥɢɞɚɰɢɹ ɧɚ ɉɈ ɫɥɟɞ 
ɮɢɤɫɢɪɚɧɟɬɨ ɧɚ ɞɟɮɟɤɬɢɬɟ. 
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ИǺǾǼǲǷȃǵǵ 

 ɉɪɨɦɟɧɢ ɜ ɦɟɬɨɞɚ ɧɚ Ɏɚɝɚɧ 

 Ɋɚɡɥɢɱɧɢ ɬɟɯɧɢɤɢ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɢɧɞɢɜɢɞɭɚɥɧɢɬɟ 
ɢɧɫɩɟɤɰɢɢ ɫ ɰɟɥ ɧɚɦɚɥɹɜɚɧɟ ɧɚ ɮɚɥɲɢɜɢɬɟ 
ɫɴɨɛɳɟɧɢɹ ɢ ɢɧɬɟɧɡɢɮɢɰɢɪɚɧɟ ɧɚ ɪɚɛɨɬɚɬɚ. 

 Ɋɚɡɥɢɤɢ ɜ ɝɨɥɟɦɢɧɚɬɚ ɧɚ ɝɪɭɩɢɬɟ, ɡɚɞɚɱɚɬɚ ɧɚ 
ɦɨɞɟɪɚɬɨɪɚ ɢ ɧɚ ɫɟɫɢɣɧɢɹ ɪɴɤɨɜɨɞɢɬɟɥ. 

 ɉɪɨɦɟɧɢ ɜ ɬɟɯɧɢɤɢɬɟ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɞɟɮɟɤɬɢɬɟ – 

ɩɪɢɥɚɝɚɧɟ ɧɚ ɜɫɟ ɩɨɜɟɱɟ ɫɢɫɬɟɦɚɬɢɱɧɢ ɬɟɯɧɢɤɢ ɢ 
ɧɚɦɚɥɹɜɚɧɟ ɧɚ ad-hoc ɞɟɣɧɨɫɬɢɬɟ.  

 ɂɡɩɨɥɡɜɚɧɟ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ɧɚ ɢɧɫɩɟɤɰɢɢɬɟ ɤɚɬɨ 
ɨɫɧɨɜɚ ɧɚ ɞɨɛɪɢ ɩɪɚɤɬɢɤɢ ɡɚ ɪɚɡɪɚɛɨɬɤɚ ɧɚ ɉɈ 
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ИǺǾǼǲǷȃǵǵ:цȁǭǴǵ ǺǭцǼǽǻȃǲǾǭ  

 ɉɥɚɧɢɪɚɧɟ ɢ ɪɟɚɥɢɡɚɰɢɹ 

 Ʉɚɤɜɚ ɫɚ ɰɟɥɬɚ ɢ ɨɛɟɤɬɚ ɧɚ ɢɧɫɩɟɤɰɢɹ ? 

 Ʉɚɤɜɨ ɳɟ ɫɟ ɢɧɫɩɟɤɬɢɪɚ ? 

 Ʉɨɣ ɳɟ ɢɡɜɴɪɲɜɚ ɢɧɫɩɟɤɰɢɹɬɚ ? 

 Ʉɨɣ ɬɪɹɛɜɚ ɞɨɩɴɥɧɢɬɟɥɧɨ ɞɚ ɫɟ ɩɪɢɜɥɟɱɟ, ɜ ɤɚɤɜɚ ɪɨɥɹ 
ɢ ɫ ɤɚɤɜɢ ɨɬɝɨɜɨɪɧɨɫɬɢ ? 

 Ʉɚɤɴɜ ɳɟ ɟ ɩɪɨɰɟɫɴɬ, ɤɚɤɜɢ ɬɟɯɧɢɤɢ ɳɟ ɫɟ ɢɡɩɨɥɡɜɚɬ ɢ 
ɤɚɤɴɜ ɳɟ ɟ ɤɨɧɬɪɨɥɴɬ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ? 

 ɂɧɫɩɟɤɰɢɹ ɢ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɞɟɮɟɤɬɢɬɟ 

 Ʉɨɪɟɤɰɢɹ ɢ ɤɨɧɬɪɨɥ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ. 
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ИǺǾǼǲǷȃǵǵ:цǾъǾǿǭǯ  

 Ɇɨɞɟɪɚɬɨɪ  
 ȼɢɫɨɤɨɤɜɚɥɢɮɢɰɢɪɚɧ ɩɪɨɝɪɚɦɢɫɬ, ɧɨ ɧɟ ɪɚɡɪɚɛɨɬɱɢɤɚ 

ɧɚ ɩɪɨɝɪɚɦɚɬɚ. 
 ɉɪɨɝɪɚɦɢɫɬ 

 Ɋɚɡɪɚɛɨɬɱɢɤɴɬ ɧɚ ɢɧɫɩɟɤɬɢɪɚɧɨɬɨ ɉɈ 

 ɋɢɫɬɟɦɟɧ ɞɢɡɚɣɧɟɪ  
 ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɬɟɫɬɜɚɧɟɬɨ 
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ǜǽǲǰǸǲǱǵцǺǭцǜǛц 
(walkthroughs) 

 ɉɨɞɨɛɧɨ ɟ ɧɚ ɢɧɫɩɟɤɰɢɢɬɟ, ɧɨ ɩɪɨɰɟɞɭɪɢɬɟ ɢ 
ɬɟɯɧɢɤɢɬɟ ɡɚ ɨɬɤɪɢɜɚɧɟ ɧɚ ɞɟɮɟɤɬɢ ɫɚ ɪɚɡɥɢɱɧɢ.  

 Ɉɛɳɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɉɪɨɜɟɠɞɚ ɫɟ ɨɬ ɝɪɭɩɚ ɨɬ 3-5 ɪɚɡɪɚɛɨɬɱɢɤɚ, ɤɚɬɨ ɫɚɦɨ 
ɟɞɢɧ ɟ ɚɜɬɨɪ ɧɚ ɩɪɨɜɟɪɹɜɚɧɨɬɨ ɉɈ. 

Ɂɚɞɴɥɠɢɬɟɥɧɢɬɟ ɪɨɥɢ ɫɚ ɦɨɞɟɪɚɬɨɪ, ɬɟɫɬɟɪ, ɩɪɨɝɪɚɦɢɫɬ 
ɢ ɫɟɤɪɟɬɚɪ. 

Ⱦɨɩɴɥɧɢɬɟɥɧɨ ɭɱɚɫɬɜɚɬ: ɦɧɨɝɨ ɜɢɫɨɤɨɤɜɚɥɢɮɢɰɢɪɚɧ 
ɩɪɨɝɪɚɦɢɫɬ; ɫɩɟɰɢɚɥɢɫɬ ɩɨ ɩɪɨɝɪɚɦɧɢ ɟɡɢɰɢ; ɩɪɨɝɪɚɦɢɫɬ 
ɢɡɜɴɧ ɩɪɨɟɤɬɚ; ɬɨɡɢ, ɤɨɣɬɨ ɳɟ ɩɨɞɞɴɪɠɚ ɩɪɨɝɪɚɦɚɬɚ; 
ɦɨɠɟ ɢ ɞɪɭɝɢ ɩɪɨɝɪɚɦɢɫɬɢ ɨɬ ɩɪɨɟɤɬɚ. 

ɋɟɫɢɢɬɟ ɫɚ ɩɨ 2-3 ɱɚɫɚ ɛɟɡ ɩɪɟɤɴɫɜɚɧɟ. 
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ǜǽǲǰǸǲǱǵцǺǭцǜǛц 
(walkthroughs) 

 Ɋɟɚɥɢɡɚɰɢɹ 

ȼɫɟɤɢ ɨɬ ɭɱɚɫɬɧɢɰɢɬɟ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɟ ɩɨɥɭɱɢɥ ɢ 
ɩɪɨɭɱɢɥ ɫɴɨɬɜɟɬɧɢɹ ɦɚɬɟɪɢɚɥ 

ɉɨ ɜɪɟɦɟ ɧɚ ɫɪɟɳɚɬɚ ɫɟ ɫɢɦɭɥɢɪɚ ɪɚɛɨɬɚɬɚ ɧɚ 
ɤɨɦɩɸɬɴɪɚ. 

Ɍɟɫɬɟɪɴɬ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɟ ɩɪɢɝɨɬɜɢɥ ɝɪɭɩɚ ɬɟɫɬɨɜɟ, 
ɤɨɢɬɨ ɫɟ ɩɪɨɢɝɪɚɜɚɬ ɭɦɫɬɜɟɧɨ. Ɍɚɤɚ ɬɟɫɬɨɜɢɬɟ ɞɚɧɧɢ 
ɩɪɟɦɢɧɚɜɚɬ (walk through) ɩɪɟɡ ɥɨɝɢɤɚɬɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ. 

ɋɴɫɬɨɹɧɢɟɬɨ ɧɚ ɞɚɧɧɢɬɟ ɢ ɫɢɫɬɟɦɧɢɬɟ ɪɟɫɭɪɫɢ ɫɟ ɫɥɟɞɢ 
ɧɟɩɪɟɤɴɫɧɚɬɨ ɧɚ ɞɴɫɤɚ. 
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ǜǽǲǰǸǲǱǵцǺǭцǜǛц 
(walkthroughs) 

 ɐɟɥ: 
ɉɨɞɝɨɬɜɟɧɢɬɟ ɬɟɫɬɨɜɟ ɧɟ ɬɪɹɛɜɚ ɞɚ ɨɛɯɜɚɳɚɬ 

ɞɟɮɟɤɬɢɬɟ, ɚ ɫɚɦɨ ɞɚ ɞɚɞɚɬ ɨɫɧɨɜɚ ɡɚ ɜɢɪɬɭɚɥɧɢ 
ɟɤɫɩɟɪɢɦɟɧɬɢ ɫ ɩɪɨɝɪɚɦɚɬɚ. 

ɇɚɦɟɪɟɧɢɬɟ ɞɟɮɟɤɬɢ ɧɟ ɫɟ ɚɞɪɟɫɢɪɚɬ ɤɴɦ ɩɪɨɝɪɚɦɢɫɬɚ, 
ɚ ɫɟ ɡɚɩɢɫɜɚɬ ɡɚ ɩɨ-ɧɚɬɚɬɴɲɟɧ ɚɧɚɥɢɡ. 

 Ɉɬɫɬɪɚɧɹɜɚɧɟ ɢ ɤɨɧɬɪɨɥ ɧɚ ɞɟɮɟɤɬɢɬɟ 

ɉɨ ɩɨɞɨɛɢɟ ɧɚ ɢɧɫɩɟɤɰɢɢɬɟ ɢ ɬɨɡɢ ɩɪɨɰɟɫ ɨɩɪɟɞɟɥɹ ɫ 
ɝɨɥɹɦɚ ɬɨɱɧɨɫɬ ɦɹɫɬɨɬɨ, ɬɢɩɚ ɢ ɩɪɢɱɢɧɚɬɚ ɧɚ ɝɪɟɲɤɚɬɚ. 

ɉɪɨɜɟɪɤɚɬɚ ɫɥɟɞ ɩɨɩɪɚɜɤɚɬɚ ɟ ɚɧɚɥɨɝɢɱɧɚ ɫ 
ɢɧɫɩɟɤɰɢɢɬɟ. 
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Сɚɦɨɤɨɧɬɪɨɥ ɱɪɟɡ ɱɟɬɟɧɟ 

(desk-checking) 

 ɋɴɳɧɨɫɬ: 
Ⱥɜɬɨɪɴɬ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɩɪɢɥɚɝɚ ɬɟɯɧɢɤɚ ɨɬ ɢɧɫɩɟɤɰɢɹɬɚ 

ɢɥɢ ɩɪɟɝɥɟɞɚ ɜɴɪɯɭ ɫɨɛɫɬɜɟɧɢɹ ɫɢ ɤɨɞ. 
 ɇɟɞɨɫɬɚɬɴɰɢ 

Ɇɧɨɝɨ ɩɨ-ɧɟɟɮɟɤɬɢɜɟɧ 

 ɑɨɜɟɤ ɬɪɭɞɧɨ ɨɬɤɪɢɜɚ ɫɨɛɫɬɜɟɧɢɬɟ ɫɢ ɝɪɟɲɤɢ – ɫɬɢɥɴɬ ɧɚ 
ɦɢɫɥɟɧɟ ɟ ɟɞɢɧ ɢ ɫɴɳ. 

 ɇɹɦɚ ɝɪɭɩɨɜɢɹ ɩɨɝɥɟɞ, ɩɨɡɜɨɥɹɜɚɳ ɟɞɧɨɜɪɟɦɟɧɧɨ ɞɚ ɫɟ ɨɝɥɟɞɚ 
ɨɬ ɜɫɢɱɤɢ ɫɬɪɚɧɢ ɟɞɢɧ ɩɪɨɛɥɟɦ. 

 ɉɫɢɯɨɥɨɝɢɱɟɫɤɢ – ɧɢɤɨɣ ɧɟ ɢɫɤɚ ɞɚ ɫɢ ɢɡɬɴɤɜɚ ɫɨɛɫɬɜɟɧɢɬɟ 
ɝɪɟɲɤɢ. 

ɇɹɦɚ ɞɢɫɰɢɩɥɢɧɢɪɚɳ ɟɮɟɤɬ ɜɴɪɯɭ ɪɚɡɪɚɛɨɬɱɢɰɢɬɟ. 
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ǝǭǴǰǸǲǳǱǭǺǲцǹǲǳǱȀцǽǭǯǺǵц 
(peer reviews) 

 ɋɴɳɧɨɫɬ: 
 Ɍɟɯɧɢɤɚ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɤɪɢɬɟɪɢɢ ɡɚ ɨɰɟɧɤɚ ɧɚ ɤɚɱɟɫɬɜɨɬɨ, 

ɩɨɥɟɡɧɨɫɬɬɚ, ɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ ɪɚɡɪɚɫɬɜɚɧɟ ɢ  ɫɴɩɪɨɜɨɠɞɚɧɟ, 
ɹɫɧɨɬɚɬɚ 

 Ɋɟɚɥɢɡɚɰɢɹ 

 Ⱥɞɦɢɧɢɫɬɪɚɬɨɪɴɬ ɧɚ ɩɪɨɰɟɫɚ ɩɨɞɛɢɪɚ ɝɪɭɩɚ ɩɪɨɝɪɚɦɢɫɬɢ, 
ɤɚɬɨ ɜɫɟɤɢ ɩɪɟɞɫɬɚɜɹ ɩɨ ɧɹɤɨɥɤɨ ɫɨɛɫɬɜɟɧɢ ɪɚɛɨɬɢ. 

 Ɋɚɛɨɬɢɬɟ ɫɟ ɪɚɡɝɥɟɠɞɚɬ ɚɧɨɧɢɦɧɨ ɢ ɫɥɭɱɚɣɧɨ ɪɚɡɩɪɟɞɟɥɟɧɢ, 
ɤɚɬɨ ɜɫɟɤɢ ɞɚɜɚ ɨɰɟɧɤɢ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɞɟɮɢɧɢɪɚɧɚ 
ɬɚɛɥɢɰɚ. 

 ɉɪɢ ɫɴɛɢɪɚɧɟɬɨ ɜɫɟɤɢ ɡɚɳɢɬɚɜɚ ɢ ɨɛɹɫɧɹɜɚ ɨɰɟɧɤɢɬɟ ɫɢ ɢ 
ɬɚɤɚ ɫɟ ɫɴɡɞɚɜɚ ɨɛɳɚ ɫɢɫɬɟɦɚ ɡɚ ɨɰɟɧɹɜɚɧɟ ɢ ɤɪɢɬɟɪɢɢ ɡɚ 
ɩɪɢɥɚɝɚɧɟɬɨ ɢ. 

36 



МǻǺǵǿǻǽǵǺǰ 

 Ɇɨɧɢɬɨɪɢɧɝɴɬ ɟ ɩɨɞɯɨɞ ɨɬ ɝɪɭɩɚɬɚ ɧɚ ɞɢɧɚɦɢɱɧɢɬɟ 
ɬɟɯɧɢɤɢ. 
 monitoring, runtime verification, online verification, 

passive testing 

 Ʉɨɝɚɬɨ ɫɟ ɫɥɟɞɢ ɫɚɦɨ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɧɨɫɬɬɚ ɫɟ 
ɧɚɪɢɱɚ ‘ɩɪɨфɢɥɢɪаɧе’ (profiling). 

 ɂɡɩɨɥɡɜɚɧɢɬɟ ɬɟɯɧɢɤɢ ɡɚɜɢɫɹ ɨɬ: 
 Ɉɬ ɬɢɩɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɬɨ ɧɚ ɡɚɩɢɫɚɧɚɬɚ ɢɧɮɨɪɦɚɰɢɹ. 
 Ɉɬ ɬɢɩɚ ɧɚ ɩɨɥɭɱɚɜɚɧɟ ɧɚ ɢɧɮɨɪɦɚɰɢɹɬɚ ɡɚ ɫɥɟɞɟɧɢɬɟ 

ɞɚɧɧɢ. 
 Ɉɬ ɬɢɩɚ ɧɚ ɩɨɥɭɱɚɜɚɧɟ ɧɚ ɨɰɟɧɴɱɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
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МǻǺǵǿǻǽǵǺǰ 

 ȼɥɢɹɧɢɟ ɧɚ ɬɢɩɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɬɨ ɧɚ 
ɡɚɩɢɫɚɧɚɬɚ ɢɧɮɨɪɦɚɰɢɹ  
 Ɉɛɳɢ ɞɚɧɧɢ ɢ ɦɟɬɪɢɤɢ, ɫɜɴɪɡɚɧɢ ɫ ɩɪɨɜɟɪɹɜɚɧɢɬɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 ɩɚɪɚɦɟɬɪɢ ɧɚ ɢɡɜɢɤɜɚɧɟ ɢ ɪɟɡɭɥɬɚɬɢ, ɨɛɟɦ ɢ ɤɨɥɢɱɟɫɬɜɨ ɧɚ 
ɞɢɧɚɦɢɱɧɨɬɨ ɡɚɞɟɥɹɧɟ ɧɚ ɩɚɦɟɬ, ɤɨɥɢɱɟɫɬɜɨ ɧɚ 
ɫɴɨɛɳɟɧɢɹɬɚ ɢ ɞɪ. 

 Ⱦɚɧɧɢ, ɤɨɢɬɨ ɦɨɝɚɬ ɞɚ ɫɥɭɠɚɬ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ 
ɝɪɟɲɤɢ ɢ ɩɪɨɛɥɟɦɧɢ ɫɢɬɭɚɰɢɢ 

 ɞɢɧɚɦɢɱɧɚ ɩɚɦɟɬ ɢ ɭɤɚɡɚɬɟɥɢ, ɫɢɧɯɪɨɧɢɡɚɰɢɨɧɧɢ 
ɦɟɯɚɧɢɡɦɢ, ɫɬɚɬɢɫɬɢɤɚ ɧɚ ɦɪɟɠɨɜɢɬɟ ɤɨɦɭɧɢɤɚɰɢɢ/ɫɟɫɢɢ  
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МǻǺǵǿǻǽǵǺǰ 

 ȼɥɢɹɧɢɟ ɨɬɬ ɬɢɩɚ ɧɚ ɩɨɥɭɱɚɜɚɧɟ ɧɚ ɢɧɮɨɪɦɚɰɢɹ 
ɡɚ ɫɥɟɞɟɧɢɬɟ ɞɚɧɧɢ. 
 ɉɨɥɭɱɚɜɚɧɟ ɨɬ ɢɡɯɨɞɧɢɹ ɤɨɞ ɢɥɢ ɩɨɥɭɱɚɜɚɧɟ ɨɬ 

ɞɜɨɢɱɧɢɹ ɤɨɞ 

 ɂɡɩɨɥɡɜɚɧɢɬɟ ɬɟɯɧɢɤɢ ɛɢɜɚɬ: 
 Ɋɴɱɧɢ 

 Ʉɨɦɩɢɥɚɬɨɪɧɨ-ɚɫɢɫɬɢɪɚɧɢ 

 ɋ ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɛɢɧɚɪɧɢ ɬɪɚɧɫɥɚɰɢɢ 

 ɂɧɠɟɤɰɢɹ ɧɚ ɜɪɟɦɟɜɨ ɢɡɩɴɥɧɟɧɢɟ 

 ɋɢɦɭɥɚɬɨɪɟɧ ɦɨɧɢɬɨɪɢɧɝ 
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МǻǺǵǿǻǽǵǺǰ 

 ȼɥɢɹɧɢɟ ɨɬ ɬɢɩɚ ɧɚ ɩɨɥɭɱɚɜɚɧɟ ɧɚ ɨɰɟɧɴɱɧɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 Ȼɚɡɢɪɚɧɢ ɧɚ ɫɴɛɢɬɢɹ 

 Ȼɚɡɢɪɚɧɢ ɧɚ ɫɬɚɬɢɫɬɢɤɢ 
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ȼɴɩɪɨɫɢ ? 



1 

 

Тɟɫɬɜɚɧɟ ɧɚ ɉɈ 



Тɟɫɬɜɚɧɟɬɨ ɤɚɬɨ ɡɚɞɚɱɚ 

 ɇɭɠɞɚɬɚ ɨɬ ɬɟɫɬɜɚɧɟ ɫɟ ɨɩɪɟɞɟɥɹ ɨɬ ɠɟɥɚɧɢɟɬɨ ɡɚ 
ɩɨɜɢɲɚɜɚɧɟ ɧɚ ɫɬɨɣɧɨɫɬɬɚ ɧɚ ɩɪɨɞɭɤɬɚ, ɤɨɣɬɨ ɫɟ 
ɩɪɨɞɚɜɚ. 
ɉɨɜɢɲɚɜɚɧɟɬɨ ɧɚ ɫɬɨɣɧɨɫɬɬɚ ɟ ɡɚ ɫɦɟɬɤɚ ɧɚ ɩɨɞɨɛɪɹɜɚɧɟ 

ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɢ ɧɚɞɟɠɞɧɨɫɬɬɚ. 
Ɍɟɫɬɜɚɧɟɬɨ ɫɟ ɢɡɩɨɥɡɜɚ ɡɚ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɢ 

ɧɚɞɟɠɞɧɨɫɬɬɚ ɤɚɬɨ ɩɪɨɰɟɞɭɪɚ ɡɚ ɨɬɤɪɢɜɚɧɟ ɧɚ ɧɚɥɢɱɧɢ 
ɝɪɟɲɤɢ ɜ ɫɴɡɞɚɜɚɧɨɬɨ ɉɈ. 

 Ɍɟɫɬɜɚɧɟɬɨ ɟ ɬɟɯɧɢɱɟɫɤɚ ɡɚɞɚɱɚ, ɧɨ ɬɹ ɜɤɥɸɱɜɚ 
ɜɚɠɧɢ ɚɫɩɟɤɬɢ, ɫɜɴɪɡɚɧɢ ɫ ɢɤɨɧɨɦɢɤɚ ɢ ɱɨɜɟɲɤɚ 
ɩɫɢɯɨɥɨɝɢɹ. 
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ɉɫɢɯɨɥɨɝɢя ɢ Тɟɫɬɜɚɧɟɬɨ 

 ɇɟɩɪɚɜɢɥɧɨ ɪɚɡɛɢɪɚɧɟ ɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɬɨ ɧɚ 
ɩɪɨɰɟɫɚ ɧɚ ɬɟɫɬɜɚɧɟ ɧɚ ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ. 
 “Ɍɟɫɬɜɚɧɟɬɨ ɟ ɩɪɨɰɟɫ ɧɚ ɩɨɤɚɡɜɚɧɟ ɨɬɫɴɫɬɜɢɟɬɨ ɧɚ 

ɝɪɟɲɤɢ.” 
 “Цɟɥɬɚ ɧɚ ɬɟɫɬɜɚɧɟɬɨ ɟ ɞɚ ɩɨɤɚɠɟ, ɱɟ ɩɪɨɝɪɚɦɚɬɚ 

ɢɡɩɴɥɧɹɜɚ ɧɟɨɛɯɨɞɢɦɢɬɟ ɫɢ ɮɭɧɤɰɢɢ ɤɨɪɟɤɬɧɨ.” 
 “Ɍɟɫɬɜɚɧɟɬɨ ɟ ɩɪɨɰɟɫ ɧɚ ɫɴɡɞɚɜɚɧɟɬɨ ɧɚ ɭɛɟɞɟɧɨɫɬ, 

ɱɟ ɩɪɨɝɪɚɦɚɬɚ ɩɪɚɜɢ ɬɨɜɚ, ɡɚ ɤɨɟɬɨ ɟ ɩɪɟɞɧɚɡɧɚɱɟɧɚ.” 
 

   Теɫɬɜаɧеɬɨ е ɩɪɨцеɫ ɧа ɢɡɩъɥɧяɜаɧе ɧа 
ɩɪɨɝɪаɦа ɫ цеɥ ɧаɦɢɪаɧе ɧа ɝɪешɤɢ ɜ ɧея. 
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ɉɫɢɯɨɥɨɝɢя ɢ Тɟɫɬɜɚɧɟɬɨ 

 “Ɍɟɫɬɜɚɧɟɬɨ ɟ ɩɪɨɰɟɫ ɧɚ ɩɨɤɚɡɜɚɧɟ ɨɬɫɴɫɬɜɢɟɬɨ ɧɚ 
ɝɪɟɲɤɢ.” 
 ɉɨɧɹɬɢɹɬɚ ‘ɍɫɩɟɲɟɧ ɬɟɫɬ’ ɢɥɢ ‘ɇɟɭɫɩɟɲɟɧ ɬɟɫɬ’ 

 “Цɟɥɬɚ ɧɚ ɬɟɫɬɜɚɧɟɬɨ ɟ ɞɚ ɩɨɤɚɠɟ, ɱɟ ɩɪɨɝɪɚɦɚɬɚ 
ɢɡɩɴɥɧɹɜɚ ɧɟɨɛɯɨɞɢɦɢɬɟ ɫɢ ɮɭɧɤɰɢɢ ɤɨɪɟɤɬɧɨ.” 
 ɇɟɜɴɡɦɨɠɧɨɫɬɬɚ ɡɚ ɪɟɚɥɢɡɢɪɚɧɟ ɧɚ ɡɚɞɚɱɚɬɚ 

ɨɩɪɟɞɟɥɹ ɡɚɞɴɥɛɨɱɟɧɨɫɬɬɚ ɧɚ ɪɟɚɥɢɡɢɪɚɧɢɹ ɩɪɨɰɟɫ. 
 “Ɍɟɫɬɜɚɧɟɬɨ ɟ ɩɪɨɰɟɫ ɧɚ ɫɴɡɞɚɜɚɧɟɬɨ ɧɚ 

ɭɛɟɞɟɧɨɫɬ, ɱɟ ɩɪɨɝɪɚɦɚɬɚ ɩɪɚɜɢ ɬɨɜɚ, ɡɚ ɤɨɟɬɨ ɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ.” 
 ɉɨɧɹɬɢɟɬɨ ‘ɧɟ ɪɚɛɨɬɢ ɩɪɚɜɢɥɧɨ’ 

 ɇɟ ɫɚɦɨ ɬɨɜɚ, ɤɨɟɬɨ ɧɟ ɩɪɚɜɢ ɩɨ ɡɚɞɚɧɢɟ, ɚ ɢ ɬɨɜɚ, ɤɨɟɬɨ 
ɩɪɚɜɢ ɩɨɜɟɱɟ ɨɬɤɨɥɤɨɬɨ ɬɪɹɛɜɚ. 
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ɉɫɢɯɨɥɨɝɢя ɢ Тɟɫɬɜɚɧɟɬɨ 

 ɉɨɡɧɚɜɚɧɟɬɨ ɧɚ ɢɞɟɨɥɨɝɢɹɬɚ ɧɚ ɫɴɡɞɚɜɚɧɟ ɧɚ 
ɬɟɫɬɜɚɧɚɬɚ ɩɪɨɝɪɚɦɚ 

 Ɍɟɫɬɜɚɧɟɬɨ ɬɪɹɛɜɚ ɞɚ ɫɟ ɢɡɜɴɪɲɜɚ ɨɬ ɱɨɜɟɤ, ɤɨɣɬɨ ɧɟ 
ɟ ɩɢɫɚɥ ɩɪɨɝɪɚɦɚɬɚ, ɧɟ ɟ ɡɚɩɨɡɧɚɬ ɞɟɬɚɣɥɧɨ ɫ 
ɩɪɨɝɪɚɦɚɬɚ ɢ ɧɟ ɟ ɱɚɫɬ ɨɬ ɝɪɭɩɚɬɚ, ɤɨɹɬɨ ɟ ɫɴɡɞɚɜɚɥɚ 
ɩɪɨɝɪɚɦɚɬɚ. 

 Ⱦɢɫɰɢɩɥɢɧɢɪɚɳɨ ɞɟɣɫɬɜɢɟ 

 ɇɢɤɨɣ ɧɟ ɢɫɤɚ ɞɚ ɫɴɳɟɫɬɜɭɜɚ ɞɨɤɭɦɟɧɬ, ɜ ɤɨɣɬɨ ɫɚ 
ɨɩɢɫɚɧɢ ɧɟɝɨɜɢɬɟ ɝɪɟɲɤɢ. 
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Иɤɨɧɨɦɢɤɚ ɢ Тɟɫɬɜɚɧɟɬɨ 

 ɇɟ ɦɨɠɟ ɞɚ ɫɟ ɨɩɪɟɞɟɥɹɬ ɜɫɢɱɤɢ ɝɪɟɲɤɢ. 
 

 Ɍɟɫɬɜɚɧɟɬɨ ɟ ɜɪɟɦɟɟɦɴɤ ɢ ɫɤɴɩ ɩɪɨɰɟɫ. 
 

 ɇɹɤɨɢ ɝɪɟɲɤɢ ɫɚ ɩɨ-ɜɚɠɧɢ, ɞɪɭɝɢ ɫɚ ɩɨ-ɦɚɥɨɜɚɠɧɢ. 
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10-ɬɟ ɩɪɢɧɰɢɩɚ ɧɚ ɬɟɫɬɜɚɧɟɬɨ 

 #1: Ⱦɟɮɢɧɢɪɚɧɟɬɨ ɧɚ ɨɱɚɤɜɚɧɢɹ ɪɟɡɭɥɬɚɬ/ɢɡɯɨɞɧɢ ɞɚɧɧɢ ɫɚ 
ɡɚɞɴɥɠɢɬɟɥɧɚ ɱɚɫɬ ɨɬ ɬɟɫɬɨɜɚ ɩɪɨɰɟɞɭɪɚ. 

 #2: ɉɪɨɝɪɚɦɢɫɬɢɬɟ ɬɪɹɛɜɚ ɞɚ ɢɡɛɹɝɜɚɬ ɠɟɥɚɧɢɟɬɨ ɞɚ 
ɬɟɫɬɜɚɬ ɫɨɛɫɬɜɟɧɢɬɟ ɫɢ ɩɪɨɝɪɚɦɢ.  

 #3: Ƚɪɭɩɚɬɚ, ɫɴɡɞɚɥɚ ɉɈ ɧɟ ɬɪɹɛɜɚ ɧɢɤɨɝɚ ɞɚ ɨɬɝɨɜɚɪɹ ɡɚ 
ɬɟɫɬɜɚɧɟɬɨ ɚɧ ɫɨɛɫɬɜɟɧɢɬɟ ɫɢ ɩɪɨɝɪɚɦɢ. 

 #4: Ɋɟɡɭɥɬɚɬɢɬɟ ɨɬ ɜɫɟɤɢ ɬɟɫɬ ɬɪɹɛɜɚ ɞɚ ɫɟ ɢɡɫɥɟɞɜɚɬ 
ɜɧɢɦɚɬɟɥɧɨ ɢ ɡɚɞɴɥɛɨɱɟɧɨ. 

 #5: Ƚɟɧɟɪɢɪɚɧɢɬɟ ɬɟɫɬɨɜɟ ɬɪɹɛɜɚ ɞɚ ɨɛɯɜɚɳɚɬ ɤɚɤɬɨ 
ɫɥɭɱɚɢɬɟ ɫ ɧɟɜɚɥɢɞɟɧ ɢɥɢ ɧɟɨɱɚɤɜɚɧ ɜɯɨɞɟɧ ɧɚɛɨɪ ɨɬ 
ɞɚɧɧɢ, ɬɚɤɚ ɢ ɫ ɜɚɥɢɞɟɧ ɢ ɨɱɚɤɜɚɧ ɜɯɨɞɟɧ ɧɚɛɨɪ. 
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10-ɬɟ ɩɪɢɧɰɢɩɚ ɧɚ ɬɟɫɬɜɚɧɟɬɨ 

 #6: ɉɪɨɜɟɪɤɚɬɚ ɞɚɥɢ ɩɪɨɝɪɚɦɚɬɚ ɩɪɚɜɢ ɬɨɜɚ, ɡɚ ɤɨɟɬɨ ɟ 
ɫɴɡɞɚɞɟɧɚ ɟ ɩɨɥɨɜɢɧɚɬɚ ɨɬ ɪɚɛɨɬɚɬɚ. Ⱦɪɭɝɚɬɚ ɩɨɥɨɜɢɧɚ ɟ ɡɚ 
ɩɪɨɜɟɪɤɚ ɞɚɥɢ ɩɪɨɝɪɚɦɚɬɚ ɩɪɚɜɢ ɧɟɳɚ, ɡɚ ɤɨɢɬɨ ɧɟ ɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ. 

 #7: ɂɡɛɹɝɜɚɣɬɟ ɛɟɡɫɦɢɫɥɟɧɢɬɟ ɬɟɫɬɨɜɟ ɨɫɜɟɧ ɚɤɨ ɩɪɨɝɪɚɦɚɬɚ 
ɧɟ ɟ ɛɟɡɫɦɢɫɥɟɧɚ. 

 #8: ɇɟ ɩɥɚɧɢɪɚɣɬɟ ɬɟɫɬɨɜɟ ɫ ɩɪɟɡɭɦɩɰɢɹɬɚ, ɱɟ ɧɹɦɚ ɝɪɟɲɤɢ. 
 #9: ȼɟɪɨɹɬɧɨɫɬɬɚ ɡɚ ɧɚɥɢɱɢɟ ɧɚ ɨɳɟ ɝɪɟɲɤɢ ɜ ɞɚɞɟɧɚ ɱɚɫɬ ɨɬ 

ɩɪɨɝɪɚɦɚɬɚ ɟ ɩɪɨɩɨɪɰɢɨɧɚɥɧɚ ɧɚ ɛɪɨɹ ɧɚ ɧɚɦɟɪɟɧɢɬɟ ɜɟɱɟ 
ɝɪɟɲɤɢ. 

 #10: Ɍɟɫɬɜɚɧɟɬɨ ɟ ɢɡɤɥɸɱɢɬɟɥɧɨ ɢɧɬɟɥɟɤɬɭɚɥɟɧ ɢ ɬɜɨɪɱɟɫɤɢ 
ɩɪɨɰɟɫ. 
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Ƚɟɧɟɪɚɰɢя ɧɚ ɬɟɫɬɨɜɢя ɧɚɛɨɪ 

 ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɝɨɥɟɦɢɧɚɬɚ ɢ ɫɩɟɰɢɮɢɤɚɬɚ ɧɚ ɝɟɧɟɪɢɪɚɧɢɹ 
ɬɟɫɬɨɜ ɧɚɛɨɪ ɧɟ ɦɨɠɟ ɞɚ ɫɟ ɝɚɪɚɧɬɢɪɚ, ɱɟ ɫ ɧɟɝɨ ɳɟ ɫɟ 
ɨɬɤɪɢɹɬ ɜɫɢɱɤɢ ɝɪɟɲɤɢ. 

 Ɉɝɪɚɧɢɱɟɧɢɟɬɨ ɩɨ ɜɪɟɦɟ ɢ ɫɬɨɣɧɨɫɬ ɧɚ ɩɪɨɰɟɫɚ ɟ 
ɧɚɥɨɠɢɥɨ ɩɪɚɜɢɥɨɬɨ: 
 Ɉɬ ɜɫɢɱɤɢ ɜɴɡɦɨɠɧɢ ɜɯɨɞɧɢ ɧɚɛɨɪɢ ɬɪɹɛɜɚ ɞɚ ɫɟ ɨɩɪɟɞɟɥɢ ɬɚɤɨɜɚ 

ɩɨɞɦɧɨɠɟɫɬɜɨ, ɤɨɟɬɨ ɞɚ ɩɨɡɜɨɥɢ ɭɫɬɚɧɨɜɹɜɚɧɟɬɨ ɧɚ ɧɚɣ-ɦɧɨɝɨ 
ɝɪɟɲɤɢ. 

 ɋɴɳɟɫɬɜɭɜɚɬ ɧɹɤɨɥɤɨ ɪɚɡɥɢɱɧɢ ɫɬɪɚɬɟɝɢɢ: 
 ɋɥɭɱɚɟɧ ɩɨɞɛɨɪ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɨɬɨ ɨɬ ɬɟɫɬɨɜɢ ɞɚɧɧɢ. 
 Ɇɟɬɨɞ ɧɚ ɱɟɪɧɚɬɚ ɤɭɬɢɹ 

 Ɇɟɬɨɞ ɧɚ ɛɹɥɚɬɚ ɤɭɬɢɹ 

 Ʉɨɦɛɢɧɢɪɚɧ ɦɟɬɨɞ 
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ȼɢɞɨɜɟ 

 Ɇɟɬɨɞ ɧɚ ɛɹɥɚɬɚ ɤɭɬɢɹ 
 Ɉɫɧɨɜɚɧ ɧɚ ɩɨɤɪɢɬɢɟ ɧɚ ɥɨɝɢɤɚɬɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ 

 ɉɨɤɪɢɜɚɧɟ ɧɚ ɨɩɟɪɚɬɨɪ (statement coverage) 

 ɉɨɤɪɢɜɚɧɟ ɧɚ ɪɟɲɟɧɢɟ (decision coverage) 

 ɉɨɤɪɢɜɚɧɟ ɧɚ ɪɟɲɟɧɢɟ ɭɫɥɨɜɢɟ (condition coverage) 

 ɉɨɤɪɢɜɚɧɟ ‘ɪɟɲɟɧɢɟ -ɭɫɥɨɜɢɟ’ (decision-condition coverage) 

 ɉɨɤɪɢɜɚɧɟ ‘ɦɧɨɠɟɫɬɜɟɧɨ ɭɫɥɨɜɢɟ’ (multiple-condition coverage) 

 Ɇɟɬɨɞ ɧɚ ɱɟɪɧɚɬɚ ɤɭɬɢɹ 
 ȿɤɜɢɜɚɥɟɧɬɧɨ (ɪɚɜɧɨɡɧɚɱɧɨɬɨ) ɪɚɡɞɟɥɹɧɟ 

 Аɧɚɥɢɡ ɧɚ ɝɪɚɧɢɱɧɢ ɫɬɨɣɧɨɫɬɢ 

 Ƚɪɚɮɢ ‘ɉɪɢɱɢɧɚ-ȿɮɟɤɬ’ 
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ǘǻǰǵȄǲǾǷǻцǼǻǷǽǵǯǭǺǲ 

 void foo (int a, int b, int x) { 

      if (a>1 && b==0) { 

           x=x/a; 

      } 

      if (a==2 || x>1) { 

           x=x+1; 

      } 

} 

a=2, b=0, x=2 



ǞǿǽǭǿǲǰǵǵцǼǽǵцǵǴǮǻǽǭц 
ǺǭцǿǲǾǿǻǯцǺǭǮǻǽ 

1. Аɤɨ ɫɩɟɰɢɮɢɤɚɰɢɹɬɚ ɫɴɞɴɪɠɚ ɤɨɦɛɢɧɚɰɢɹ ɨɬ 
ɜɯɨɞɧɢ ɭɫɥɨɜɢɹ ɧɚɣ-ɞɨɛɪɟ ɟ ɢɡɩɨɥɡɜɚɧɟɬɨ ɧɚ 
ɝɪɚɮɢ ‘ɉɪɢɱɢɧɚ-ȿɮɟɤɬ’ 

2. ȼɢɧɚɝɢ ɞɚ ɫɟ ɢɡɩɨɥɡɜɚ ɚɧɚɥɢɡɚ ɧɚ ɝɪɚɧɢɱɧɢɬɟ 
ɫɬɨɣɧɨɫɬɢ – ɧɟɡɚɜɢɫɢɦɨ ɱɟ ɬɟɡɢ ɫɬɨɣɧɨɫɬɢ ɦɨɝɚɬ 
ɞɚ ɫɟ ɩɨɥɭɱɚɬ ɢ ɨɬ ɝɪɚɮɢɬɟ ‘ɉɪɢɱɢɧɚ-ȿɮɟɤɬ’. 

3. ɂɞɟɧɬɢɮɢɰɢɪɚɣɬɟ ɜɚɥɢɞɧɢɬɟ ɢ ɧɟɜɚɥɢɞɧɢɬɟ 
ɪɚɜɧɨɡɧɚɱɧɢ ɤɥɚɫɨɜɟ ɡɚ ɜɯɨɞɧɢɬɟ ɢ ɢɡɯɨɞɧɢɬɟ 
ɞɚɧɧɢ, ɢ ɚɤɨ ɟ ɧɟɨɛɯɨɞɢɦɨ ɞɚ ɫɟ ɞɨɩɴɥɧɢ 
ɬɟɫɬɨɜɢɹ ɧɚɛɨɪ, ɫɴɡɞɚɞɟɧ ɨɬ ɩɪɟɞɯɨɞɧɢɬɟ ɫɬɴɩɢ. 
 



ǞǿǽǭǿǲǰǵǵцǼǽǵцǵǴǮǻǽǭц 
ǺǭцǿǲǾǿǻǯцǺǭǮǻǽ 

4. ɇɚ ɨɫɧɨɜɚɬɚ ɧɚ ‘ɨɬɝɚɬɜɚɧɟ’ ɞɚ ɫɟ ɩɨɩɴɥɧɢ 
ɬɟɫɬɨɜɢɹ ɧɚɛɨɪ ɫ ɨɳɟ ɬɟɫɬɨɜɟ. 

5. Аɧɚɥɢɡɢɪɚɣɤɢ ɥɨɝɢɤɚɬɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɫɟ 
ɝɟɧɟɪɢɪɚɬ ɞɨɩɴɥɧɢɬɟɥɧɢ ɬɟɫɬɨɜɟ ɡɚ ɫɥɭɱɚɢɬɟ ɧɚ 
ɤɨɦɛɢɧɚɰɢɹ ɨɬ ɭɫɥɨɜɢɹ, ɤɨɢɬɨ ɧɟ ɢɡɝɥɟɠɞɚɬ 
ɧɟɜɴɡɦɨɠɧɢ ɢ ɤɨɢɬɨ ɧɟ ɫɚ ɛɢɥɢ ɫɴɡɞɚɞɟɧɢ ɧɚ 
ɩɪɟɞɧɢɬɟ ɟɬɚɩɢ (ɢɡɩɨɥɡɜɚɬ ɫɟ ɜɫɢɱɤɢ ɨɛɯɜɚɬ).  



ǚǵǯǭцǺǭцǿǲǾǿǯǭǺǲцǺǭцǜǛ 
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ǟǲǾǿǯǭǺǲцǺǭцǹǻǱуǸǵ 

 Ɍɟɫɬɜɚɧɟɬɨ ɧɚ ɦɨɞɭɥɢ (unit testing) ɟ ɧɚɫɨɱɟɧɨ 
ɤɴɦ ɩɪɨɜɟɪɤɚ ɧɚ ɨɬɞɟɥɧɢɬɟ ɛɥɨɤɨɜɟ 
(ɩɨɞɫɢɫɬɟɦɢ, ɮɭɧɤɰɢɢ ɢ ɞɪ.) ɫɚɦɨɫɬɨɹɬɟɥɧɨ. 

 Ɉɫɧɨɜɧɨ ɟ ɨɪɢɟɧɬɢɪɚɧɨ ɤɴɦ ɩɪɨɜɟɪɤɚ ɩɨ ɦɟɬɨɞɚ 
ɧɚ ɛɹɥɚɬɚ ɤɭɬɢɹ. 

 ɉɪɟɞɢɦɫɬɜɚ: 
 Ʌɟɫɧɚ ɤɨɦɛɢɧɚɰɢɹ ɧɚ ɦɟɬɨɞɢɬɟ – ɟɥɟɦɟɧɬɢɬɟ ɫɚ 

ɦɚɥɤɢ ɩɨ ɪɚɡɦɟɪ ɢ ɫɥɨɠɧɨɫɬ. 
 ɉɚɪɚɥɟɥɧɨɫɬ ɧɚ ɨɛɪɚɛɨɬɤɚɬɚ ɧɚ ɨɬɞɟɥɧɢɬɟ ɟɥɟɦɟɧɬɢ. 
 Ʌɟɫɧɚ ɥɨɤɚɥɢɡɚɰɢɹ ɧɚ ɝɪɟɲɤɚɬɚ ɩɪɢ ɢɡɩɨɥɡɜɚɧɟ ɧɚ 

ɪɟɡɭɥɬɚɬɢɬɟ ɨɬ ɬɟɫɬɜɚɧɟɬɨ. 



ИǺǷǽǲǹǲǺǿǭǸǺǻцǿǲǾǿǯǭǺǲ 

 Ɍɨɜɚ ɟ ɬɟɯɧɢɤɚ ɡɚ ɬɟɫɬɜɚɧɟ ɧɚ ɦɨɞɭɥɢ, ɩɪɢ ɤɨɹɬɨ 
ɞɚɞɟɧɢɹ ɦɨɞɭɥ ɫɟ ɨɛɜɴɪɡɜɚ ɫɴɫ ɫɴɫɟɞɟɧ/-ɢ 
ɦɨɞɭɥ/-ɢ (ɜɟɱɟ ɬɟɫɬɜɚɧ/-ɢ) ɢ ɫɟ ɬɟɫɬɜɚɬ ɡɚɟɞɧɨ. 

 Ⱦɜɚ ɩɨɞɯɨɞɚ 

 Ɉɬɞɨɥɭ-ɧɚɝɨɪɟ 

 Ɉɬɝɨɪɟ-ɧɚɞɨɥɭ 



ИǺǷǽǲǹǲǺǿǭǸǺǻцǿǲǾǿǯǭǺǲ 
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T1 
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T2 
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ИǺǷǽǲǹǲǺǿǭǸǺǻцǿǲǾǿǯǭǺǲ 



Ǜǿǰǻǽǲ-ǺǭǱǻǸу 



ǛǿǱǻǸу-Ǻǭǰǻǽǲ 

 



ǟǲǾǿǯǭǺǲцǺǭцǜǛцǺǭцǼǻ-ǯǵǾǻǷǻц
ǭǮǾǿǽǭǷǿǺǻцǺǵǯǻ 

 Ɇɨɞɭɥɧɨɬɨ ɬɟɫɬɜɚɧɟ ɟ ɩɴɪɜɢɹ ɟɬɚɩ ɨɬ ɩɪɨɰɟɫɚ. 
 Ɍɨɜɚ ɟ ɨɫɨɛɟɧɨ ɜɹɪɧɨ ɩɪɢ ɝɨɥɟɦɢ ɢ/ɢɥɢ ɫɥɨɰɧɢ 

ɫɢɫɬɟɦɢ. 
 Ɍɟɫɬɜɚɧɨɬɨ ɧɚ ɩɨ-ɜɢɫɨɤɨ ɚɛɫɬɪɚɤɬɧɨ ɧɢɜɨ ɫɟ 

ɞɴɥɠɢ ɧɚ ɮɚɤɬɚ, ɱɟ ɡɚɞɚɱɚɬɚ ɧɚ ɉɈ ɟ ɞɚ 
ɬɪɚɧɫɮɟɪɢɪɚ ɢɧɮɨɪɦɚɰɢɹ ɦɟɠɞɭ ɟɥɟɦɟɧɬɢɬɟ 
ɢ/ɢɥɢ ɞɚ ɩɪɟɨɛɪɚɡɭɜɚ ɬɚɡɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬ ɟɞɢɧ 
ɜɢɞ ɜ ɞɪɭɝ. 
 Ƚɪɟɲɤɢɬɟ ɧɚɣ-ɱɟɫɬɨ ɫɚ ɪɟɡɭɥɬɚɬ ɨɬ ɩɪɟɤɴɫɜɚɧɟ ɧɚ 

ɩɪɟɞɚɜɚɧɟɬɨ ɧɚ ɢɧɮɨɪɦɚɰɢɹɬɚ, ɧɟɩɪɚɜɢɥɧɨ 
ɩɪɟɨɛɪɚɡɭɜɚɧɟ ɢɥɢ ɩɨɹɜɚɬɚ ɧɚ ɲɭɦ. 
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ФуǺǷȃǵǻǺǭǸǲǺцǿǲǾǿ 

 ɉɪɟɞɧɚɡɧɚɱɟɧɢɟ: 
 Ɉɬɤɪɢɜɚɧɟ ɧɚ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɩɪɨɝɪɚɦɚɬɚ ɢ ɜɴɧɲɧɢɬɟ 

ɫɩɟɰɢɮɢɤɚɰɢɢ, ɡɚɞɚɜɚɳɢ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɨɬ ɝɥɟɞɧɚ 
ɬɨɱɤɚ ɧɚ ɩɨɬɪɟɛɢɬɟɥɹ. 

 Ɋɟɚɥɢɡɚɰɢɹ 

 ɉɪɢ ɦɚɥɤɢ ɩɪɨɝɪɚɦɢ ɫɟ ɢɡɩɨɥɡɜɚ ɦɟɬɨɞɚ ɧɚ ɱɟɪɧɚɬɚ ɤɭɬɢɹ. 
 ɉɪɢ ɩɨ-ɝɨɥɟɦɢ ɩɪɨɝɪɚɦɢ ɫɟ ɢɡɩɨɥɡɜɚɬ ɦɟɬɨɞɢ ɨɬ ɝɪɭɩɚɬɚ ɧɚ 

ɛɹɥɚɬɚ ɤɭɬɢɹ (ɩɨ ɫɴɳɟɫɬɜɨ ɜɫɢɱɤɢ ɛɟɡ ɥɨɝɢɱɟɫɤɨ ɩɨɤɪɢɬɢɟ). 

 ɉɪɟɩɨɪɴɤɢ 

 Ⱦɚ ɫɟ ɞɨɪɚɡɜɢɜɚ ɬɟɫɬɜɚɧɟɬɨ ɩɨ ɩɨɫɨɤɚ ɧɚ ɫɥɭɱɟɢɬɟ ɫ ɧɚɣ-ɦɧɨɝɨ 
ɨɬɤɪɢɬɢ ɝɪɟɲɤɢ. 

 ɋɩɟɰɢɚɥɧɨ ɜɧɢɦɚɧɢɟ ɞɚ ɫɟ ɨɛɴɪɧɟ ɧɚ ɧɟɜɚɥɢɞɧɢ ɢ/ɢɥɢ 
ɧɟɨɱɚɤɜɚɧɢ ɜɯɨɞɧɢ ɞɚɧɧɢ. 
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ǞǵǾǿǲǹǲǺцǿǲǾǿ 

 ɉɪɟɞɧɚɡɧɚɱɟɧɢɟ 

 Ɂɚɞɚɱɚɬɚ ɦɭ ɧɟ ɟ ɞɚ ɩɪɨɜɟɪɹɜɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɧɚ 
ɫɢɫɬɟɦɚɬɚ ɤɚɬɨ ɰɹɥɨ – ɬɨɜɚ ɟ ɡɚɞɚɱɚ ɧɚ 
ɮɭɧɤɰɢɨɧɚɥɧɢɹ ɬɟɫɬ. 

 ɋɢɫɬɟɦɧɢɹɬ ɬɟɫɬ ɟ ɧɚɫɨɱɟɧ ɞɚ ɩɪɨɜɟɪɢ ɤɚɤ ɫɢɫɬɟɦɚɬɚ 
(ɤɚɬɨ ɰɹɥɨ) ɪɟɚɥɢɡɢɪɚ ɨɩɪɟɞɟɥɟɧɢɬɟ ɢ ɰɟɥɢ. 
 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɬɪɹɛɜɚɬ ɦɟɬɪɢɤɢ ɡɚ ɢɡɦɟɪɜɚɧɟ ɧɚ ɫɬɟɩɟɧɬɚ 

ɧɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɰɟɥɢɬɟ. 
 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɫɟ ɢɡɜɴɪɲɜɚ ɤɚɬɨ ɱɚɫɬ ɨɬ ɞɟɮɢɧɪɚɧɚɬɚ 

ɪɚɛɨɬɧɚ ɫɪɟɞɚ. 

 ɂɡɜɴɪɲɜɚ ɫɟ ɨɬ ɜɴɧɲɧɚ  ɝɪɭɩɚ ɫ ɨɩɢɬ ɤɚɤɬɨ ɤɚɬɨ 
ɪɚɡɪɚɛɨɬɱɢɰɢ, ɬɚɤɚ ɢ ɤɚɬɨ ɩɨɬɪɟɛɢɬɟɥɢ. 
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ǞǵǾǿǲǹǲǺцǿǲǾǿ 

24 

 Ƚɟɧɟɪɚɰɢɹ ɧɚ ɬɟɫɬɨɜɢɬɟ ɧɚɛɨɪɢ 



ǞǵǾǿǲǹǲǺцǿǲǾǿ 

 ȼɢɞɨɜɟ: 
 Ɋɟɚɥɢɡɢɪɚɧɢ ɨɛɪɚɛɨɬɤɢ (facility testing) 

 Ɍɟɫɬɜɚɧɟ ɩɨ ɪɚɡɦɟɪ (volume testing) 

 Ɍɟɫɬɜɚɧɟ ɫ ɟɤɫɬɪɟɦɧɨ ɧɚɬɨɜɚɪɜɚɧɟ (stress testing) 

 Ɍɟɫɬ ɡɚ ɢɡɩɨɥɡɜɚɟɦɨɫɬ (usability testing) 

 Ɍɟɫɬ ɡɚ ɫɢɝɭɪɧɨɫɬ (security testing) 

 Ɍɟɫɬ ɡɚ ɩɪɨɢɡɜɨɞɢɬɟɥɧɨɫɬ (performance testing) 

 Ɍɟɫɬ ɡɚ ɫɴɯɪɚɧɹɟɦɨɫɬ ɧɚ ɢɧɮɨɪɦɚɰɢɹɬɚ (storage 

testing) 

 Ʉɨɧɮɢɝɭɪɚɰɢɨɧɟɧ ɬɟɫɬ (configuration testing) 
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ǞǵǾǿǲǹǲǺцǿǲǾǿ 

 ȼɢɞɨɜɟ: 
 Ɍɟɫɬ ɡɚ ɫɴɜɦɟɫɬɢɦɨɫɬ 

(compatibility/configuration/conversion testing) 

 Ɍɟɫɬɜɚɧɟ ɧɚ ɜɴɡɦɨɠɧɨɫɬ ɡɚ ɢɧɫɬɚɥɢɪɚɧɟ (installability 

testing) 

 Test ɡɚ ɢɡɞɪɴɠɥɢɜɨɫɬ (reliability testing) 

 Ɍɟɫɬ ɡɚ ɜɴɡɫɬɚɧɨɜɹɟɦɨɫɬ (recovery testing) 

 Ɍɟɫɬ ɡɚ ɫɢɫɬɟɦɧɚ ɩɨɞɞɪɴɠɤɚ (serviceability testing) 

 Ɍɟɫɬ ɧɚ ɞɨɤɭɦɟɧɬɚɰɢɹɬɚ (documentation testing) 

 Ɍɟɫɬ ɡɚ ɱɚɫɬ ɨɬ ɩɪɨɰɟɞɭɪɢ (procedural testing) 

 Ʉɨɧɮɢɝɭɪɚɰɢɨɧɟɧ ɬɟɫɬ (configuration testing) 
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ǟǲǾǿцǴǭцǼǽǵǲǹǸǵǯǻǾǿ 

 Ɍɟɫɬɴɬ ɡɚ ɩɪɢɟɦɥɢɜɨɫɬ (acceptance testing) ɟ 
ɩɪɨɜɟɪɤɚ ɤɚɤ ɩɪɨɝɪɚɦɚɬɚ ɪɟɚɥɢɡɢɪɚ ɧɚɪɚɡɥɢɬɟ 
ɫɢ ɢɡɢɫɤɜɚɧɢɹ. 

 ɇɚɣ-ɱɟɫɬɨ ɫɟ ɢɡɜɴɪɲɜɚ  ɨɬ ɤɪɚɣɧɢɹ ɩɨɬɪɟɛɢɬɟɥ, 
ɬ.ɟ. ɪɚɡɪɚɛɨɬɱɢɰɢɬɟ ɧɚɣ-ɱɟɫɬɨ ɧɟ ɨɬɝɨɜɚɪɹɬ ɡɚ 
ɨɪɝɚɧɢɡɚɰɢɹɬɚ ɧɚ ɬɨɡɢ ɩɪɨɰɟɫ. 

 ɋɬɪɚɬɟɝɢɹ ɡɚ ɪɟɚɥɢɡɚɰɢɹ: 
 Ɉɬ ɞɨɤɭɦɟɧɬɚ ɫ ɢɡɢɫɤɜɚɧɢɹɬɚ ɫɟ ɩɪɨɜɟɪɹɜɚɬ ɟɞɧɨ ɩɨ 

ɟɞɧɨ ɤɨɟ ɧɟ ɟ ɪɟɚɥɢɡɢɪɚɧɨ. 
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ИǺǾǿǭǸǭȃǵǻǺǲǺцǿǲǾǿ 

 ɂɧɫɬɚɥɚɰɢɨɧɧɢɹɬ ɬɟɫɬ (installation testing) ɟ ɫɩɟɰɢɚɥɟɧ 
ɬɢɩ ɬɟɫɬɜɚɧɟ, ɡɚɳɨɬɨ ɩɪɢ ɧɟɝɨ ɧɟ ɫɟ ɬɴɪɫɹɬ ɩɪɨɝɪɚɦɧɢ 
ɝɪɟɲɤɢ, ɚ ɫɟ ɩɪɨɜɟɪɹɜɚ ɡɚ ɝɪɟɲɤɢ, ɪɟɡɭɥɬɚɬ ɨɬ ɩɪɨɰɟɫɚ 
ɧɚ ɢɧɫɬɚɥɢɪɚɧɟ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɧɚ ɤɨɧɤɪɟɬɧɚ ɫɢɫɬɟɦɚ. 

 Ɉɫɧɨɜɧɢ ɝɪɟɲɤɢ: 
 ȼɚɥɢɞɧɢ ɨɩɰɢɢ ɩɪɢ ɤɨɧɮɢɝɭɪɢɪɚɧɟ ɧɚ ɫɢɫɬɟɦɚɬɚ ɡɚ ɢɧɫɬɚɥɚɰɢɹ. 
 Ɂɚɞɚɜɚɧɟ ɧɚ ɜɚɥɢɞɧɚ ɚɩɚɪɚɬɧɚ ɫɪɟɞɚ. 
 ɇɭɠɞɚ ɨɬ ɤɨɦɭɧɢɤɚɰɢɹ ɫ ɞɪɭɝɢ ɩɪɨɝɪɚɦɢ ɜ ɩɪɨɰɟɫɚ ɧɚ 

ɢɧɫɬɚɥɚɰɢɹ. 
 Ⱦɚɥɢ ɫɟ ɩɪɟɯɜɴɪɥɹɬ ɢ/ɢɥɢ ɢɡɩɨɥɡɜɚɬ ɧɟɨɛɯɨɞɢɦɢɬɟ ɮɚɣɥɨɜɟ ɢ 

ɛɢɛɥɢɨɬɟɤɢ. 

 ɋɴɡɞɚɜɚ ɫɟ ɢ ɫɟ ɢɡɩɴɥɧɹɜɚ ɨɬ ɪɚɡɪɚɛɨɬɱɢɰɢɬɟ. 
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ǗǻǰǭцǾǯъǽȅǯǭцǿǲǾǿǯǭǺǲǿǻ 

 Ɍɨɜɚ ɟ ɟɞɢɧ ɨɬ ɧɚɣ-ɜɚɠɧɢɬɟ ɜɴɩɪɨɫɢ 

 Ɂɧɚɟ ɫɟ, ɱɟ ɧɟ ɦɨɠɟ ɞɚ ɫɟ ɧɚɦɟɪɹɬ ɜɫɢɱɤɢ 
ɝɪɟɲɤɢ. 

 ɇɟ ɫɟ ɡɧɚɟ ɤɚɤɴɜ ɩɪɨɰɟɧɬ ɨɬ ɝɪɟɲɤɢɬɟ ɟ 
ɧɚɦɟɪɟɧ. 

 ɂɦɚ ɫɟɪɢɨɡɧɚ ɫɬɨɣɧɨɫɬ, ɬ.ɟ. ɫɬɪɭɜɚ ɩɚɪɢ. 
 ɋɟɪɢɨɡɧɢ ɩɪɨɛɥɟɦɢ ɫ ɝɪɚɮɢɰɢɬɟ, ɤɚɬɨ ɧɚɣ-

ɱɟɫɬɨ ɫɟɪɢɨɡɧɨ ɡɚɛɚɜɹ ɟɬɚɩɢɬɟ. 
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ǗǻǰǭцǾǯъǽȅǯǭцǿǲǾǿǯǭǺǲǿǻ 
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ǗǻǰǭцǾǯъǽȅǯǭцǿǲǾǿǯǭǺǲǿǻ 
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 Ɇɧɨɝɨ ɱɟɫɬɚ ɩɪɚɤɬɢɤɚ, ɡɚɳɨɬɨ ɧɹɤɨɢ ɜɢɞɨɜɟ 
ɬɟɫɬɜɚɧɟ ɟ ɧɟ ɬɪɹɛɜɚ ɞɚ ɫɟ ɨɪɝɚɧɢɡɢɪɚɬ ɢ 
ɢɡɜɴɪɲɜɚɬ ɨɬ ɪɚɡɪɚɛɨɬɱɢɰɢɬɟ. 

 ɂɡɢɫɤɜɚ ɫɟ ɝɪɭɩɚɬɚ ɞɚ ɟ ɫɩɟɰɢɚɥɢɡɢɪɚɧɚ ɡɚ 
ɧɚɲɢɹ ɤɥɚɫ ɉɈ, ɢɧɚɱɟ ɪɟɡɭɥɬɚɬɢɬɟ ɨɬ ɬɟɫɬɜɚɧɟɬɨ 
ɳɟ ɫɚ ɩɪɢɟɦɥɢɜɢ ɫɚɦɨ ɡɚ ɨɩɪɟɞɟɥɟɧɢ ɬɟɫɬɨɜɟ. 

 ɇɟɨɛɯɨɞɢɦɨ ɟ ɩɨɞɝɨɬɨɜɤɚ ɧɚ ɢɡɱɟɪɩɚɬɟɥɧɚ 
ɞɨɤɭɦɟɧɬɚɰɢɹ ɩɪɟɞɢ ɞɚ ɫɟ ɡɚɩɨɱɧɟ ɩɪɨɰɟɫɚ. 

 ɂɡɩɨɥɜɚ ɫɟ ɡɚ ɞɨɤɚɡɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨ ɧɚ 
ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ. 

ИǴǼǻǸǴǯǭǺǲцǺǭцǯъǺȅǺǭцǰǽуǼǭ 
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ȼɴɩɪɨɫɢ ? 



1 

Ваɥиɞация ɧа ɉɪɨɝɪаɦɧɨ 
Ɉɫиɝуɪяɜаɧɟ 

 
 



ДǲȁǵǺǵȃǵя 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪɹɜɚɧɟ ɟ 
ɡɚɞɴɥɠɢɬɟɥɟɧ ɟɥɟɦɟɧɬ ɨɬ ɞɟɣɧɨɫɬɢɬɟ ɢ ɩɪɨɰɟɞɭɪɢɬɟ 
ɩɨ ɩɨɞɨɛɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɫɴɡɞɚɜɚɧɨɬɨ 
ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪɹɜɚɧɟ. 

 “ɉɪɨɰɟɫ ɧɚ ɨɰɟɧɹɜɚɧɟ ɧɚ ɫɢɫɬɟɦɚ ɢɥɢ ɧɟɣɧɢ ɤɨɦɩɨɧɟɧɬɢ ɜ 
ɩɪɨɰɟɫɚ ɧɚ ɪɚɡɪɚɛɨɬɤɚ ɢɥɢ ɜ ɧɟɣɧɢɹ ɤɪɚɣ ɡɚ ɨɩɪɟɞɟɥɹɧɟ 
ɞɚɥɢ ɡɚɞɨɜɨɥɹɜɚɬ ɫɩɟɰɢɮɢɰɢɪɚɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ”  

 “ɉɪɨɰɟɫ ɧɚ ɫɴɛɢɪɚɧɟ ɧɚ ɢɧɮɨɪɦɚɰɢɹ, ɩɨɤɚɡɜɚɳɚ ɱɟ ɉɈ ɢ 
ɚɫɨɰɢɢɪɚɧɢɬɟ ɩɪɨɞɭɤɬɢ ɡɚɞɨɜɨɥɹɜɚɬ ɫɢɫɬɟɦɧɢɬɟ 
ɢɡɢɫɤɜɚɧɢɹ, ɡɚɞɚɞɟɧɢ ɡɚ ɉɈ ɜ ɤɪɚɹ ɧɚ ɜɫɟɤɢ ɰɢɤɴɥ ɨɬ 
ɠɢɜɨɬɚ ɧɚ ɉɈ ɡɚ ɪɟɲɚɜɚɧɟ ɧɚ ɧɹɤɨɣ ɫɟɪɢɨɡɟɧ ɩɪɨɛɥɟɦ, 
ɤɚɤɬɨ ɢ ɞɚ ɡɚɞɨɜɨɥɹɜɚɬ ɩɨɬɪɟɛɢɬɟɥɫɤɢ ɧɭɠɞɢ ɢ ɡɚɞɚɞɟɧɨ 
ɢɡɩɨɥɡɜɚɧɟ.”  



ǜǽǲǱǵǹǾǿǯацǻǿцǵǴǼǻǸǴǯаǺǲǿǻцǹȀ 

 ɉɨɞɨɛɪɹɜɚ ɢɡɩɨɥɡɜɚɧɟɬɨ ɧɚ ɨɬɞɟɥɧɢɬɟ 
ɬɟɯɧɨɥɨɝɢɢ. 

 ɉɨɞɨɛɪɹɜɚ ɛɢɡɧɟɫ-ɪɟɡɭɥɬɚɬɢɬɟ. 
 ɉɨɞɨɛɪɹɜɚ ɜɪɴɡɤɢɬɟ ɦɟɠɞɭ ‘ȼɴɡɥɨɠɢɬɟɥ-

ɉɪɨɢɡɜɨɞɢɬɟɥ-ɉɨɬɪɟɛɢɬɟɥ-Ɂɚɫɟɝɧɚɬɢ’. 
 ɉɨɞɨɛɪɹɜɚ ɟɮɟɤɬɢɜɧɨɫɬɬɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟɬɨ. 
 ɇɚɦɚɥɹɜɚ ɪɢɫɤɚ ɡɚ ɨɬɤɚɡɢ ɢ ɝɪɟɲɤɢ. 
 ɂɡɢɫɤɜɚ ɫɬɪɭɤɬɭɪɟɧ ɩɨɞɯɨɞ ɤɴɦ ɪɚɡɪɚɛɨɬɤɚɬɚ. 
 ɉɨɞɨɛɪɹɜɚ ɨɛɜɴɪɡɚɧɨɫɬɬɚ ɫ ɪɟɝɭɥɚɰɢɢɬɟ ɜ 

ɨɛɥɚɫɬɬɚ. 



ǞȇȆǺǻǾǿ 

 ȼɚɥɢɞɚɰɢɹɬɚ ɟ ɛɚɡɢɪɚɧɚ ɧɚ ɦɟɬɨɞɨɥɨɝɢɢɬɟ ɡɚ 
ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɩɪɨɰɟɫɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

 ɋɜɴɪɡɚɧɚ ɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɧɢɬɟ ɞɟɣɧɨɫɬɢ ɩɨ 
ɩɴɬɹ ɧɚ ɪɚɡɪɚɛɨɬɤɚɬɚ. 

 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɨɬɱɢɬɚ ɫɪɟɞɚɬɚ, ɜ ɤɨɹɬɨ ɳɟ 
ɮɭɧɤɰɢɨɧɢɪɚ ɩɪɨɝɪɚɦɧɢɹ ɩɪɨɞɭɤɬ. 



ǞȇȆǺǻǾǿ 



ХаǽаǷǿǲǽǵǾǿǵǷǵ 

 Ɇɧɨɝɨ ɩɨɜɟɱɟ ɨɬ ɬɟɫɬɜɚɧɟ ɡɚ ɩɪɢɟɦɥɢɜɨɫɬ. 
 ɉɨɤɚɡɜɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨɬɨ ɢ 

ɪɚɛɨɬɚɬɚ ɧɚ ɉɈ. 
 Ɉɫɢɝɭɪɹɜɚ ɫɴɝɥɚɫɭɜɚɧɨɫɬ. 
 Ƚɟɧɟɪɢɪɚ ɡɧɚɧɢɹ ɢ ɭɦɟɧɢɹ. 
 ɉɨɤɚɡɜɚ ɩɨɬɟɧɰɢɚɥɧɢ ɛɴɞɟɳɢ ɢɡɢɫɤɜɚɧɢɹ. 
 ɂɡɢɫɤɜɚ ɫɬɪɭɤɬɭɪɟɧ ɩɨɞɯɨɞ ɤɴɦ ɪɚɡɪɚɛɨɬɤɚɬɚ. 



ǝаǴǸǵǷацǼǽǵцǯаǸǵǱаȃǵяǿацǺацǾǻȁǿȀǲǽц
ǵцȂаǽǱȀǲǽц 

 ɉɪɢ ɩɪɨɝɪɚɦɧɢɬɟ ɩɪɨɞɭɤɬɢ ɦɨɠɟ ɞɚ ɫɟ ɬɪɚɫɢɪɚ 
ɩɪɢɱɢɧɚɬɚ ɡɚ ɩɨɹɜɚɬɚ ɧɚ ɝɪɟɲɤɚɬɚ ɧɚɡɚɞ ɞɨ 
ɫɩɟɰɢɮɢɤɚɰɢɹɬɚ. 

 Кɚɱɟɫɬɜɨɬɨ ɧɚ ɩɪɨɝɪɚɦɧɢɬɟ ɩɪɨɞɭɤɬɢ ɦɧɨɝɨ-ɦɧɨɝɨ ɩɨ-

ɦɚɥɤɨ ɫɟ ɜɥɢɹɟ ɨɬ ɫɪɟɞɚɬɚ ɡɚ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
 Ƚɨɥɟɦɢɧɚɬɚ ɧɚ ɫɨɮɬɭɟɪɧɢɹ ɩɪɨɞɭɤɬ ɧɟ ɟ ɫɜɴɪɡɚɧɚ ɫɴɫ 

ɫɥɨɠɧɨɫɬɬɚ ɦɭ. 
 Ɍɟɫɬɜɚɧɟɬɨ ɧɟ ɩɨɡɜɨɥɹɜɚ ɝɚɪɚɧɬɢɪɚɧɟɬɨ ɧɚ ɩɪɚɜɢɥɧɨɬɨ 

ɮɭɧɤɰɢɨɧɢɪɚɧɟ. 
 ɉɪɨɝɪɚɦɧɢɹɬ ɩɪɨɞɭɤɬ ɧɟ ɟ ɮɢɡɢɱɟɫɤɢ ɨɛɟɤɬ, ɬ.ɟ. ɬɨɣ ɧɟ ɫɟ 

ɢɡɧɨɫɜɚ ɢ ɧɟ ɨɫɬɚɪɹɜɚ ɮɢɡɢɱɟɫɤɢ. 



ǝаǴǸǵǷацǼǽǵцǯаǸǵǱаȃǵяǿацǺацǾǻȁǿȀǲǽц
ǵцȂаǽǱȀǲǽц 

 Ⱦɟɮɟɤɬɢɬɟ ɜ ɩɪɨɝɪɚɦɧɢɬɟ ɩɪɨɞɭɤɬɢ ɫɚ ɪɟɡɭɥɬɚɬ 
ɨɬ ɫɩɟɰɢɮɢɱɧɢ ɜɯɨɞɧɢ ɧɚɛɨɪɢ (ɦɨɝɚɬ ɞɚ ɫɚ 
ɫɜɴɪɡɚɧɢ ɢ ɫ ɨɩɪɟɞɟɥɟɧɢ ɦɨɦɟɧɬɢ ɜɴɜ ɜɪɟɦɟɬɨ), 
ɬ.ɟ. ɩɨɹɜɹɜɚɬ ɢɦ ɟ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɧɨ 
ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ. 

 ɋɤɨɪɨɫɬɬɚ ɟ ɥɟɫɧɨɬɚɬɚ ɧɚ ɉɈ ɦɧɨɝɨ ɱɟɫɬɨ ɟ 
ɩɪɢɱɢɧɚ ɡɚ ɜɴɡɧɢɤɜɚɧɟ ɧɚ ɩɨɜɟɱɟ ɞɟɮɟɤɬɢ, 
ɨɬɤɨɥɤɨɬɨ ɞɢɡɚɣɧɚ ɢ  ɭɫɥɨɜɢɹɬɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
 Ɇɚɥɤɢ ɩɪɨɦɟɧɢ ɦɨɝɚɬ ɞɚ ɞɨɜɟɞɚɬ ɞɨ ɫɟɪɢɨɡɧɢ 

ɩɪɨɛɥɟɦɢ ɧɚ ɪɚɡɥɢɱɧɢ ɦɟɫɬɚ ɜ ɩɪɨɝɪɚɦɧɢɹ ɩɪɨɞɭɤɬ. 



ǝаǴǸǵǷацǼǽǵцǯаǸǵǱаȃǵяǿацǺацǾǻȁǿȀǲǽц
ǵцȂаǽǱȀǲǽц 

 ɇɚɣ-ɱɟɫɬɨ ɩɪɨɦɟɧɢɬɟ ɜ ɩɪɨɝɪɚɦɧɢɬɟ ɩɪɨɞɭɤɬɢ ɫɟ 
ɩɪɚɜɹɬ ɨɬ ɯɨɪɚ, ɤɨɢɬɨ ɧɟ ɫɚ ɭɱɚɫɬɜɚɥɢ ɜ 
ɨɪɢɝɢɧɚɥɧɢɹ ɩɪɨɟɤɬ. 

 ɋɨɮɬɭɟɪɧɢɬɟ ɤɨɦɩɨɧɟɧɬɢ ɧɟ ɫɚ ɬɚɤɚ ɞɨɛɪɟ 
ɫɬɚɧɞɚɪɬɢɡɢɪɚɧɢ ɢ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɢ, ɤɚɤɬɨ ɟ 
ɩɪɢ ɯɚɪɞɭɟɪɧɢɬɟ ɤɨɦɩɨɧɟɧɬɢ. 



ǜǽǵǺȃǵǼǵцǺацǼǽǻǰǽаǹǺаǿацǯаǸǵǱаȃǵя 

 Ɂɚɜɢɫɢɦɨɫɬ ɨɬ ɫɩɟɰɢɮɢɤɚɰɢɹɬɚ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ 

 ɉɪɟɜɟɧɰɢɹ ɧɚ ɞɟɮɟɤɬɢɬɟ 

 Ɉɰɟɧɤɚ ɧɚ ɜɪɟɦɟɬɨ ɢ ɭɫɢɥɢɹɬɚ 

 ȼɪɴɡɤɚ ɫ ɠɢɡɧɟɧɢɹ ɰɢɤɴɥ ɧɚ ɉɈ 

 ɉɥɚɧɢɪɚɧɟ 

 ɂɡɛɨɪ ɧɚ ɩɪɨɰɟɞɭɪɢɬɟ ɡɚ ɪɟɚɥɢɡɚɰɢɹ. 
 Ⱦɴɥɛɨɱɢɧɚ ɫɥɟɞ ɩɪɨɦɹɧɚ ɧɚ ɉɈ. 
 ɇɟɡɚɜɢɫɢɦɨɫɬ ɧɚ ɨɰɟɧɤɚɬɚ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 
 Ƚɴɜɤɚɜɨɫɬ ɢ ɨɬɝɨɜɨɪɧɨɫɬ ɧɚ ɩɪɨɰɟɞɭɪɚɬɚ. 



ǛǾǺǻǯǺǵцǱǲǶǺǻǾǿǵцǯцǽаǴǸǵȄǺǵǿǲц
ǲǿаǼǵцǻǿцǳǵǴǺǲǺǵяцȃǵǷȇǸ 

 ɉɥɚɧɢɪɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ 



ǜǸаǺǵǽаǺǲцǺацǷаȄǲǾǿǯǻǿǻ 

 Ɉɫɧɨɜɧɢ ɞɟɣɧɨɫɬɢ 
 ɋɩɟɰɢɮɢɰɢɪɚɧɟ ɧɚ ɡɚɞɚɱɢɬɟ ɡɚ ɜɫɹɤɚ ɨɬ ɞɟɣɧɨɫɬɢɬɟ ɜ ɠɡɧɟɧɢɹ 

ɰɢɤɴɥ. 
 Ɉɩɪɟɞɟɥɹɧɟ ɢ ɢɡɛɪɨɹɜɚɧɟ ɧɚ ɜɚɠɧɢɬɟ ɮɚɤɬɨɪɢ ɡɚ ɤɚɱɟɫɬɜɨɬɨ. 
 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɦɟɬɨɞɢɬɟ ɢ ɩɪɨɰɟɞɭɪɢɬɟ ɡɚ ɜɫɹɤɚ ɡɚɞɚɱɚ. 
 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɤɪɢɬɟɪɢɢɬɟ ɡɚ ɩɪɢɟɦɚɧɟ ɧɚ ɜɫɹɤɚ ɨɬ ɡɚɞɚɱɢɬɟ. 
 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɤɪɢɬɟɪɢɢɬɟ ɡɚ ɞɟɮɢɧɢɪɚɧɟ ɢ ɞɨɤɭɦɟɧɬɢɪɚɧɟ ɧɚ 

ɪɟɡɭɥɬɚɬɢɬɟ, ɩɨɡɜɨɥɹɜɚɳɨ ɨɰɟɧɤɚ ɧɚ ɫɴɨɬɜɟɬɫɬɜɢɟɬɨ ɢɦ ɫ 
ɢɡɢɫɤɜɚɧɢɹɬɚ.  

 ȼɯɨɞ ɢ ɢɡɯɨɞ ɡɚ ɜɫɟɤɹ ɡɚɞɚɱɚ. 
 Ɋɨɥɢ, ɪɟɫɭɪɫɢ ɢ ɨɬɝɨɜɨɪɧɨɫɬɢ ɡɚ ɜɫɹɤɚ ɡɚɞɚɱɚ. 
 Ɉɰɟɧɤɚ ɧɚ ɪɢɫɤɨɜɟɬɟ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɡɚ ɩɨɹɜɚɬɚ. 
 Ⱦɨɤɭɦɟɧɬɢɪɚɧɟ ɧɚ ɩɨɬɪɟɛɢɬɟɥɫɤɢɬɟ ɢɡɢɫɤɜɚɧɢɹ. 



ǜǸаǺǵǽаǺǲцǺацǷаȄǲǾǿǯǻǿǻ 

 Ɍɢɩɢɱɧɢɹɬ ɩɥɚɧ ɫɴɞɴɪɠɚ: 
 ɉɥɚɧ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɪɢɫɤɚ. 
 ɉɥɚɧ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɢɬɟ. 
 ɉɥɚɧ ɡɚ ɨɫɢɝɭɪɹɜɚɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ 

 ɉɥɚɧ ɡɚ ɜɚɥɢɞɚɰɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ 

 Ⱦɟɣɧɨɫɬɢ ɢ ɤɪɢɬɟɪɢɢ ɡɚ ɩɪɢɟɦɚɧɟ ɧɚ ɞɟɣɧɨɫɬɢɬɟ 

 Ƚɪɚɮɢɤ ɢ ɩɥɚɧɢɪɚɧɟ ɧɚ ɪɟɫɭɪɫɢɬɟ 

 Ɉɩɢɫɚɧɢɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɡɚ ɩɪɨɜɟɠɞɚɧɟ 

 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɮɨɪɦɚɥɧɢɹ ɚɧɚɥɢɡ ɧɚ ɞɢɡɚɣɧɚ 

 Ɉɩɢɫɚɧɢɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹ ɡɚ ɞɪɭɝɢ ɬɟɯɧɢɱɟɫɤɢ ɫɩɟɰɢɮɢɤɚɰɢɢ. 
 ɇɚɱɢɧ ɡɚ ɨɩɢɫɚɧɢɟ ɧɚ ɩɪɨɛɥɟɦɢɬɟ ɢ ɦɟɬɨɞɢɬɟ ɢɦ ɡɚ 

ɪɟɲɚɜɚɧɟ. 
 Ⱦɪɭɝɢ ɫɴɩɴɬɫɬɜɚɳɢ ɞɟɣɧɨɫɬɢ. 



ǞǼǲȃǵȁǵǷаȃǵяцǺацǵǴǵǾǷǯаǺǵяǿа 

 ɋɩɟɰɢɮɢɤɚɰɢɢɬɟ ɧɚ ɫɨɮɬɭɟɪɧɢ ɩɪɨɞɭɤɬɢ 
ɜɤɥɸɱɜɚɬ: 
 ȼɫɢɱɤɢ ɜɯɨɞɧɢ ɞɚɧɧɢ ɢ ɫɢɝɧɚɥɢ. 
 ȼɫɢɱɤɢ ɪɟɡɭɥɬɚɬɢ ɨɬ ɪɚɛɨɬɚɬɚ ɧɚ ɉɈ. 
 ȼɫɢɱɤɢ ɮɭɧɤɰɢɢ, ɤɨɢɬɨ ɉɈ ɬɪɹɛɜɚ ɞɚ ɪɟɚɥɢɡɢɪɚ.  
 ȼɫɢɱɤɢ ɢɡɢɫɤɜɚɧɢɹ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɮɭɧɤɰɢɢɬɟ, 

ɤɨɢɬɨ ɬɪɹɛɜɚ ɞɚ ɫɟ ɫɩɚɡɜɚɬ (ɜɢɞ, ɯɚɪɚɤɬɟɪ ɢ ɤɚɱɟɫɬɜɨ 
ɧɚ ɞɚɧɧɢɬɟ, ɧɚɞɟɠɞɧɨɫɬ, ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ ɢ 
ɞɪɭɝɢ). 

 Ⱦɟɮɢɧɢɪɚɧɟ ɧɚ ɜɫɢɱɤɢ ɜɴɬɪɟɲɧɢ, ɜɴɧɲɧɢ ɢ 
ɩɨɬɪɟɛɢɬɟɥɫɤɢ ɢɧɬɟɪɮɟɣɫɢ ɡɚ ɉɈ 

 Ɉɩɢɫɚɧɢɟ ɤɚɤ ɩɨɬɪɟɛɢɬɟɥɹ ɳɟ ɜɡɚɢɦɨɞɟɣɫɬɜɚ ɫ ɉɈ 



ǞǼǲȃǵȁǵǷаȃǵяцǺацǵǴǵǾǷǯаǺǵяǿа 

 ɋɩɟɰɢɮɢɤɚɰɢɢɬɟ ɧɚ ɫɨɮɬɭɟɪɧɢ ɩɪɨɞɭɤɬɢ 
ɜɤɥɸɱɜɚɬ: 
 Кɚɤ ɳɟ ɫɟ ɭɫɬɚɧɨɜɹɜɚɬ ɝɪɟɲɤɢɬɟ ɢ ɤɚɤ ɳɟ ɫɟ 

ɭɩɪɚɜɥɹɜɚɬ. 
 Ɇɚɤɫɢɦɚɥɧɨɬɨ ɜɪɟɦɟ ɡɚ ɨɬɝɨɜɨɪ. 
 Ɉɩɢɫɚɧɢɟ ɧɚ ɫɪɟɞɚɬɚ ɡɚ ɮɭɧɤɰɢɨɧɢɪɚɧɟ ɧɚ ɉɈ, ɚɤɨ ɨɬ 

ɬɨɜɚ ɡɚɜɢɞɢ ɞɢɡɚɣɧɚ ɦɭ (ɩɥɚɬɮɨɪɦɢ, Ɉɋ, ȻȾ ɢ ɞɪ.) 
 ȼɫɢɱɤɢ ɞɢɚɩɚɡɨɧɢ, ɝɪɚɧɢɱɧɢ ɫɬɨɣɧɨɫɬɢ, ɫɬɨɣɧɨɫɬɢ ɩɨ 

ɩɨɞɪɚɡɛɢɪɚɧɟ, ɫɩɟɰɢɮɢɱɧɢ ɫɬɨɣɧɨɫɬɢ, ɤɨɢɬɨ ɉɈ ɳɟ 
ɩɨɥɭɱɚɜɚ. 

 Ɉɩɢɫɚɧɢɟ ɧɚ ɜɫɢɱɤɢ ɢɡɢɫɤɜɚɧɢɹ, ɫɩɟɰɢɮɢɤɚɰɢɢ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɮɭɧɤɰɢɨɧɢɪɚɧɟ ɧɚ ɫɢɫɬɟɦɚɬɚ ɡɚ 
ɫɢɝɭɪɧɨɫɬ, ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬ ɢ ɫɚɦɨɜɴɡɫɬɚɧɨɜɹɟɦɨɫɬ. 



ǞǼǲȃǵȁǵǷаȃǵяцǺацǵǴǵǾǷǯаǺǵяǿа 

 Ɉɫɧɨɜɧɢ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ ɜɚɥɢɞɚɰɢɹɬɚ: 
 ɉɪɟɞɜɚɪɢɬɟɥɟɧ ɚɧɚɥɢɡ ɧɚ ɪɢɫɤɚ. 
 Ⱥɧɚɥɢɡ ɧɚ ɜɴɡɦɨɠɧɨɫɬɢɬɟ ɡɚ ɬɪɚɫɢɪɚɧɟ 

 ɉɪɨɝɪɚɦɧɢ ɢɡɢɫɤɜɚɧɢɹ – ɋɢɫɬɟɦɧɢ ɢɡɢɫɤɜɚɧɢɹ 

 ɉɪɨɝɪɚɦɧɢ ɢɡɢɫɤɜɚɧɢɹ – Ⱥɧɚɥɢɡ ɧɚ ɪɢɫɤɚ 

 Ɉɩɢɫɚɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɚ ɩɨɬɪɟɛɢɬɟɥɹ 

 Ɉɰɟɧɹɜɚɧɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ 

 Ⱥɧɚɥɢɡ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɡɚ ɩɨɬɪɟɛɢɬɟɥɫɤɢ ɢɧɬɟɪɮɟɣɫ 

 ɋɴɡɞɚɜɚɧɟ ɧɚ ɩɥɚɧ ɡɚ ɫɢɫɬɟɦɧɨ ɬɟɫɬɜɚɧɟ 

 ɋɴɡɞɚɜɚɧɟ ɧɚ ɩɥɚɧ ɡɚ ɜɚɥɢɞɚɰɢɨɧɧɨ ɬɟɫɬɜɚɧɟ 

 Ɉɩɢɫɚɧɢɟ ɧɚ ɞɜɭɫɦɢɫɥɢɰɢɬɟ ɜ ɞɨɤɭɦɟɧɬɢɬɟ ɡɚ ɚɧɚɥɢɡ 
ɢ ɨɩɢɫɚɧɢɟ. 



ǞǼǲȃǵȁǵǷаȃǵяцǺацǵǴǵǾǷǯаǺǵяǿа 

 Ɇɢɧɢɦɚɥɧɚ ɮɨɪɦɚ ɧɚ ɜɚɥɢɞɚɰɢɹ: 
 ɇɹɦɚ ɜɴɬɪɟɲɧɚ ɧɟɤɨɧɫɢɫɬɟɧɬɧɨɫɬ. 
 ȼɫɢɱɤɢ ɢɡɢɫɤɜɚɧɢɹ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɮɭɧɤɰɢɢɬɟ ɫɚ 

ɨɩɢɫɚɧɢ ɹɫɧɨ, ɩɴɥɧɨ ɢ ɩɨɞɪɨɛɧɨ 

 ɂɡɢɫɤɜɚɧɢɹɬɚ ɡɚ ɧɚɞɟɠɞɧɨɫɬ, ɫɢɝɭɪɧɨɫɬ ɢ 
ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬ ɫɚ ɤɨɪɟɤɬɧɢ ɢ ɩɴɥɧɢ. 

 Ɋɚɡɩɪɟɞɟɥɟɧɢɟɬɨ ɧɚ ɮɭɧɤɰɢɢɬɟ ɟ ɩɴɥɧɨ ɢ ɤɨɪɟɤɬɧɨ.   
 ɂɡɢɫɤɜɚɧɢɹɬɚ ɫɚ ɩɨɞɯɨɞɹɳɢ ɡɚ ɢɡɛɪɚɧɨɬɨ ɧɢɜɨ ɧɚ 

ɪɢɫɤ. 
 ɂɡɢɫɤɜɚɧɢɹɬɚ ɫɚ ɨɩɢɫɚɧɢ ɩɨ ɧɚɱɢɧ, ɩɨɡɜɨɥɹɜɚɳ 

ɢɡɦɟɪɜɚɧɟ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ɢ ɜɟɪɢɮɢɰɢɪɚɧɟ ɧɚ 
ɰɟɥɢɬɟ. 



ДǵǴаǶǺ 

 Ɉɫɧɨɜɧɢ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ ɜɚɥɢɞɚɰɢɹɬɚ: 
 Ⱦɟɮɢɧɢɪɚɧɟ ɧɚ ɤɪɢɬɟɪɢɢ ɡɚ ɩɪɢɟɦɥɢɜɨɫɬ ɩɪɢ 

ɫɩɟɰɢɮɢɰɢɪɚɧɟ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ 

 Ⱥɧɚɥɢɡ ɧɚ ɪɢɫɤɚ 

 ɋɩɟɰɢɮɢɰɢɪɚɧɟ ɧɚ ɫɬɚɧɞɚɪɬɢ ɢ ɞɨɛɪɢ ɩɪɚɤɬɢɤɢ ɡɚ 
ɪɚɡɪɚɛɨɬɤɚ ɧɚ ɤɨɞɢɪɚɧɟ. 

 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɫɢɫɬɟɦɧɚ ɞɨɤɭɦɟɧɬɚɰɢɹ ɢ 
ɞɨɤɭɦɟɧɬɚɰɢɹɬɚ ɡɚ ɪɚɡɪɚɛɨɬɤɚ 

 ɂɡɢɫɤɜɚɧɢɹ ɤɴɦ ɚɩɚɪɚɬɧɚɬɚ ɱɚɫɬ, ɤɨɹɬɨ ɳɟ ɫɟ 
ɢɡɩɨɥɡɜɚ. 

 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɩɚɪɚɦɟɬɪɢɬɟ, ɤɨɢɬɨ ɳɟ ɫɟ ɢɡɦɟɪɜɚɬ. 
 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɦɨɞɟɥɚ ɢ ɬɢɩɚ ɧɚ ɞɚɧɧɢ. 



ДǵǴаǶǺ 

 Ɉɫɧɨɜɧɢ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ ɜɚɥɢɞɚɰɢɹɬɚ: 
 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɥɨɝɢɱɟɫɤɚɬɚ ɫɬɪɭɤɬɭɪɚ ɢ ɢɡɩɨɥɡɜɚɧɢɬɟ 

ɚɥɝɨɪɢɬɦɢ.  
 Ⱦɟɮɢɧɢɪɚɧɟ ɧɚ ɤɥɚɫɨɜɟɬɟ ɝɪɟɲɤɢ, ɚɥɚɪɦɢɬɟ ɢ 

ɩɪɟɞɭɩɪɟɞɢɬɟɥɧɢɬɟ ɫɴɨɛɳɟɧɢɹ. 
 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɫɴɩɴɬɫɬɜɚɳɨɬɨ ɩɪɨɝɪɚɦɧɨ 

ɨɫɢɝɭɪɹɜɚɧɟ.  
 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɦɨɞɟɥɚ ɢ ɬɟɯɧɨɥɨɝɢɢɬɟ ɡɚ ɪɟɚɥɢɡɚɰɢɹ 

ɧɚ ɪɚɡɥɢɱɧɢɬɟ ɜɢɞɨɜɟ ɢɧɬɟɪɮɟɣɫɢ (ɜɴɬɪɟɲɧɢ, ɜɴɧɲɧɢ, 
ɫ ɩɨɬɪɟɛɢɬɟɥɹ) 

 Ɇɟɬɪɢɤɢ, ɦɟɬɨɞɢ ɢ ɦɟɬɨɞɨɥɨɝɢɢ ɡɚ ɢɡɦɟɪɜɚɧɟ ɧɚ 
ɫɢɝɭɪɧɨɫɬɬɚ 

 Ⱦɪɭɝɢ ɢɡɢɫɤɜɚɧɢɹ, ɦɟɬɪɢɤɢ ɢ ɨɝɪɚɧɢɱɟɧɢɹ. 



ДǵǴаǶǺ 

 Ɇɢɧɢɦɚɥɧɚ ɤɨɥɢɱɟɫɬɜɨ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ 
ɜɚɥɢɞɚɰɢɹ ɧɚ ɉɈ: 
 ɉɪɨɦɟɧɢ ɜ ɚɧɚɥɢɡɚ ɧɚ ɪɢɫɤɚ 

 Ⱥɧɚɥɢɡɚ ɧɚ ɬɪɚɫɢɪɨɜɤɚɬɚ: 
 Ⱦɜɭɩɨɫɨɱɧɚ ɜɪɴɡɤɚ ‘ɋɩɟɰɢɮɢɤɚɰɢɹ ɧɚ ɞɢɡɚɣɧ – ɂɡɢɫɤɜɚɧɢɹ’ 

 Ɉɰɟɧɹɜɚɧɟ ɧɚ ɫɨɮɬɭɟɪɧɢɹ ɞɢɡɚɣɧ 

 Ⱥɧɚɥɢɡ ɧɚ ɞɢɡɚɣɧɚ ɧɚ ɢɧɬɟɪɮɟɣɫɢɬɟ 

 Ƚɟɧɟɪɚɰɢɹ ɧɚ ɞɢɡɚɣɧɚ ɧɚ ɬɟɫɬɜɚɧɟɬɨ (ɨɬ ɧɢɜɨ ɦɨɞɭɥ 
ɧɚɝɨɪɟ). 
 



ǝǲаǸǵǴаȃǵяцǵцКǻǱǵǽаǺǲ 

 Ɇɢɧɢɦɚɥɧɚ ɤɨɥɢɱɟɫɬɜɨ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ 
ɜɚɥɢɞɚɰɢɹ ɧɚ ɉɈ: 
 Ⱥɧɚɥɢɡɚ ɧɚ ɬɪɚɫɢɪɨɜɤɚɬɚ: 

 ‘Кɨɞ – ɋɩɟɰɢɮɢɤɚɰɢɹ ɧɚ ɞɢɡɚɣɧ’ 
 ‘Ɍɟɫɬ – Кɨɞ’ 
 ‘Ɍɟɫɬ – ɋɩɟɰɢɮɢɤɚɰɢɹ ɧɚ ɞɢɡɚɣɧ’  

 Ⱥɧɚɥɢɡ ɧɚ ɞɢɡɚɣɧɚ ɧɚ ɢɧɬɟɪɮɟɣɫɢɬɟ ɜ ɩɪɨɝɪɚɦɧɢɹ 
ɤɨɞ. 

 Ƚɟɧɟɪɚɰɢɹ ɧɚ ɬɟɫɬɨɜɨɬɨ ɦɧɨɠɟɫɬɜɨ (ɨɬ ɧɢɜɨ ɦɨɞɭɥ 
ɧɚɝɨɪɟ). 
 



ǟǲǾǿǯаǺǲ 

 Ɇɟɬɪɢɤɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɫɬɪɭɤɬɭɪɧɨ ɩɨɤɪɢɬɢɟ: 
 ɇɢɜɨ ɨɩɟɪɚɬɨɪ 

 ɇɢɜɨ ɪɚɡɤɥɨɧɟɧɢɟ 

 ɇɢɜɨ ɭɫɥɨɜɢɟ 

 ɇɢɜɨ ɦɧɨɝɨɭɫɥɨɜɧɢ ɪɚɡɤɥɨɧɟɧɢɹ 

 Цɢɤɥɢ 

 ɉɴɬɢɳɚ 

 ɉɨɬɨɤ ɧɚ ɞɚɧɧɢɬɟ 



ǟǲǾǿǯаǺǲ 

 Ɇɟɬɪɢɤɢ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨ 
ɩɨɤɪɢɬɢɟ: 
 ɇɨɪɦɚɥɧɨ ɢɡɩɨɥɡɜɚɧɟ 

 ɇɚɫɨɱɟɧɨ ɤɴɦ ɪɟɡɭɥɬɚɬɢɬɟ 

 Ɉɛɯɜɚɳɚɧɟ ɧɚ ɜɫɢɱɤɢ ɜɴɡɦɨɠɧɢ ɪɟɡɭɥɬɚɬɢ 

 ɍɫɬɨɣɱɢɜɨɫɬ ɧɚ ɧɟɨɱɚɤɜɚɧɢ ɜɯɨɞɧɢ ɜɴɡɞɟɣɫɬɜɢɹ 

 ɇɚɫɨɱɟɧɨ ɤɴɦ ɜɯɨɞɧɢɬɟ ɞɚɧɧɢ ɢ ɫɢɝɧɚɥɢ 

 Ɉɛɯɜɚɳɚ ɪɚɡɥɢɱɧɢ ɤɨɦɛɢɧɚɰɢɢ ɧɚ ɜɯɨɞɧɢ ɞɚɧɧɢ ɢ ɫɢɝɧɚɥɢ. 



ǟǲǾǿǯаǺǲ 

 Ɇɢɧɢɦɚɥɧɚ ɤɨɥɢɱɟɫɬɜɨ ɞɟɣɧɨɫɬɢ, ɫɜɴɪɡɚɧɢ ɫ ɜɚɥɢɞɚɰɢɹ 
ɧɚ ɉɈ: 
 ɉɥɚɧɢɪɚɧɟ ɧɚ ɬɟɫɬɨɜɟɬɟ. 
 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɬɟɫɬɨɜɢ ɧɚɛɨɪɢ ɡɚ ɫɬɪɭɤɬɭɪɧɨɬɨ ɩɨɤɪɢɬɢɟ 

 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɬɟɫɬɨɜɢ ɧɚɛɨɪɢ ɡɚ ɮɭɧɤɰɢɨɧɚɥɧɨ ɩɨɤɪɢɬɢɟ 

 Ⱥɧɚɥɢɡɚ ɧɚ ɬɪɚɫɢɪɨɜɤɚɬɚ: 
 ‘Ɇɨɞɭɥɟɧ ɬɟɫɬ – Ⱦɢɡɚɣɧ ɨɬ ɧɢɫɤɨ ɧɢɜɨ’ 
 “Ɍɟɫɬ ɡɚ ɢɧɬɟɝɪɚɰɢɹ – Ⱦɢɡɚɣɧ ɨɬ ɜɢɫɨɤɨ ɧɢɜɨ’ 
 ‘ɋɢɫɬɟɦɟɧ ɬɟɫɬ – ɂɡɢɫɤɜɚɧɢɹ’ 

 ɂɡɩɴɥɧɟɧɢɟ ɧɚ ɬɟɫɬɨɜɟɬɟ 

 Ɉɰɟɧɤɚ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ ɢ ɩɪɨɜɟɠɞɚɧɟɬɨ ɧɚ ɬɟɫɬɨɜɟɬɟ.  
 Ɉɩɪɟɞɟɥɹɧɟ ɧɚ ɝɪɟɲɤɢɬɟ 

 ɋɴɡɞɚɜɚɧɟ ɧɚ ɨɬɱɟɬ ɡɚ ɬɟɫɬɜɚɧɟɬɨ. 



ǞȇǼǽǻǯǻǳǱаǺǲцǵцǜǽǻǹяǺацǺацǜǛ 

 Ⱦɨɩɴɥɧɢɬɟɥɧɢ ɞɟɣɧɨɫɬɢ, ɨɤɚɡɜɚɳɢ ɜɥɢɹɧɢɟ 
ɜɴɪɯɭ ɜɚɥɢɞɚɰɢɹɬɚ ɧɚ ɉɈ: 
 ɉɪɟɪɚɡɝɥɟɠɞɚɧɟ ɧɚ ɜɚɥɢɞɚɰɢɨɧɧɢɬɟ ɩɥɚɧɨɜɟ. 
 Ɉɰɟɧɤɚ ɧɚ ɚɧɨɦɚɥɢɢɬɟ. 
 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɧɚ ɩɪɨɛɥɟɦɢɬɟ ɢ ɬɪɚɫɢɪɨɜɤɚ ɧɚ 

ɞɟɣɧɨɫɬɢɬɟ ɩɨ ɨɬɫɬɪɚɧɹɜɚɧɟɬɨ ɢɦ. 
 Ɉɰɟɧɤɚ ɧɚ ɨɱɚɤɜɚɧɢɬɟ/ɧɚɩɪɚɜɟɧɢɬɟ ɩɪɨɦɟɧɢ. 
 ɉɨɜɬɨɪɟɧɢɟ ɧɚ ɞɟɣɧɨɫɬɢ ɨɬ ɩɪɟɞɯɨɞɧɢ ɟɬɚɩɢ ɧɚ 

ɪɚɡɪɚɛɨɬɤɚ. 
 Ɉɛɧɨɜɹɜɚɧɟ ɧɚ ɞɨɤɭɦɟɧɬɚɰɢɹɬɚ. 



ǞǼǲȃǵȁǵǷацǵцǾȇǴǱаǯаǺǲцǺацǜǛ 

 ȼɚɥɢɞɚɰɢɨɧɧɚɬɚ ɩɪɨɰɟɞɭɪɚ ɡɚɜɢɫɢ ɨɬ ɞɜɚɬɚ 
ɨɫɧɨɜɧɢ ɚɫɩɟɤɬɚ ɜ ɩɪɨɰɟɫɚ ɧɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɧɨɜɨ 
ɩɪɨɝɪɚɦɧɨ ɨɫɢɝɭɪɹɜɚɧɟ: 
 ȼɪɴɡɤɚɬɚ ‘ɩɪɨɝɪɚɦɚ-ɩɚɡɚɪɟɧ ɩɪɨɞɭɤɬ’ 
 ɋɬɪɚɬɟɝɢɹ ɡɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɧɨɜ ɩɪɨɝɪɚɦɟɧ ɩɪɨɞɭɤɬ 

 Ɍɪɢ ɜɢɞɚ ɧɚ ɩɪɨɝɪɚɦɢɬɟ ɤɚɬɨ ɩɚɡɚɪɟɧ ɩɪɨɞɭɤɬ:  
 ɤɨɝɚɬɨ ɉɈ ɟ ɱɚɫɬ ɨɬ ɫɢɫɬɟɦɚ ɢ ɧɟ ɦɨɠɟ ɞɚ 

ɮɭɧɤɰɢɨɧɢɪɚ ɫɚɦɨɫɬɨɹɬɟɥɧɨ 

 ɤɨɝɚɬɨ ɫɚɦɢ ɩɨ ɫɟɛɟ ɫɢ ɫɚ ɩɪɨɞɭɤɬ 

 ɤɨɝɚɬɨ ɫɟ ɢɡɩɨɥɡɜɚɬ ɡɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɞɪɭɝɢ ɩɪɨɞɭɤɬɢ 



ǞǼǲȃǵȁǵǷацǵцǾȇǴǱаǯаǺǲцǺацǜǛ 

 ɋɴɳɟɫɬɜɭɜɚɬ 4 ɨɫɧɨɜɧɢ ɧɚɱɢɧɚ ɡɚ ɫɴɡɞɚɜɚɧɟ ɧɚ ɧɨɜ 
ɩɪɨɝɪɚɦɟɧ ɩɪɨɞɭɤɬ:  
 ɇɨɜ ɩɪɨɞɭɤɬ - ɢɡɰɹɥɨ ɧɨɜɨɪɚɡɪɚɛɨɬɟɧɨ ɩɪɨɝɪɚɦɧɨ 

ɨɫɢɝɭɪɹɜɚɧɟ 

 Кɨɧɮɢɝɭɪɢɪаɧɟ/ɉɪɟɤɨɧɮɢɝɭɪɢɪаɧɟ - ɉɈ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ 
ɤɨɧɮɢɝɭɪɚɰɢɹ ɢ/ɢɥɢ ɝɟɧɟɪɚɰɢɹ ɩɨ ɤɨɧɮɢɝɭɪɚɰɢɹ ɨɬ 
ɫɴɳɟɫɬɜɭɜɚɳɢ ɦɨɞɭɥɢ 

 Ɇɨɞɢɮɢцɢɪаɧɟ ɧа ɉɈ - ɤɨɝɚɬɨ ɫɟ ɢɡɩɨɥɡɜɚ ɩɨɞɨɛɧɨ ɢ 
ɫɴɳɟɫɬɜɭɜɚɳɨ ɉɈ, ɤɨɟɬɨ ɫɟ ɩɪɨɦɟɧɹ ɡɚ ɩɨɫɬɢɝɚɧɟ ɧɚ 
ɧɨɜɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɢ ɡɚ ɤɨɟɬɨ ɰɹɥɚɬɚ ɞɨɤɭɦɟɧɬɚɰɢɹ ɟ 
ɧɚɥɢɱɧɚ 

 Иɡɩɨɥɡɜаɧɟ ɧа ɝɨɬɨɜɨ ɉɈ - ɤɨɝɚɬɨ ɫɟ ɢɡɩɨɥɡɜɚ 
ɫɴɳɟɫɬɜɭɜɚɳɨ ɉɈ, ɨɬɝɨɜɚɪɹɳɨ ɧɚ ɫɩɟɰɢɮɢɤɚɰɢɢɬɟ ɧɚ 
ɡɚɞɚɧɢɟɬɨ (ɢɥɢ ɧɚ ɱɚɫɬɢ ɨɬ ɧɟɝɨ), ɧɨ ɞɨɤɭɦɟɧɬɚɰɢɹɬɚ ɟ 
ɧɹɦɚ ɢɥɢ ɟ ɦɧɨɝɨ ɦɚɥɤɨ 



ДǲǶǺǻǾǿǵ 

 Ɋɟɚɥɢɡɢɪɚɧɢ ɱɪɟɡ ɪɟɜɸɬɚ, ɢɧɫɩɟɤɰɢɢ ɢ ɩɪɟɝɥɟɞɢ 
ɧɚ ɪɚɡɥɢɱɧɢ ɞɨɤɭɦɟɧɬɢ, ɱɚɫɬ ɨɬ ɩɪɨɰɟɫɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ ɉɈ: 
 ɨɛɯɜɚɬ ɧɚ ɩɪɨɰɟɞɭɪɚɬɚ ɩɨ ɬɟɫɬɜɚɧɟ ɧɚ ɩɪɨɞɭɤɬɚ 

 ɪɟɡɭɥɬɚɬɢ ɨɬ ɜɚɥɢɞɚɰɢɨɧɧɨɬɨ ɬɟɫɬɜɚɧɟ 

 ɞɨɤɭɦɟɧɬɚ ɫɴɫ ɡɚɩɢɫɢ ɧɚ ɚɧɨɦɚɥɢɢɬɟ, ɨɬɤɪɢɬɢ ɜ ɉɈ 

 ɜɟɪɢɮɢɤɚɰɢɨɧɧɚɬɚ ɞɨɤɭɦɟɧɬɚɰɢɹ 

 ɞɨɤɭɦɟɧɬɚ ɫɴɫ ɡɚɩɢɫɢɬɟ, ɨɩɢɫɜɚɳɢ ɩɪɨɛɥɟɦɢɬɟ ɩɪɢ 
ɪɚɛɨɬɚ ɢ ɫɴɩɪɨɜɨɠɞɚɧɟ ɧɚ ɉɈ 

 ɡɚɩɢɫɢɬɟ ɡɚ ɬɪɚɫɢɪɭɟɦɨɫɬ ɧɚ ɩɪɨɦɟɧɢɬɟ 



ǚǻǯцǼǽǻǱȀǷǿ 
 ȼɚɥɢɞɚɰɢɨɧɟɧ ɩɪɨɰɟɫ 

 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɩɴɥɧɚɬɚ ɞɨɤɭɦɟɧɬɚɰɢɹ ɡɚ 
ɪɚɡɪɚɛɨɬɜɚɧɨɬɨ ɉɈ. 

 ɇɟ ɡɚɜɢɫɢ ɨɬ ɜɚɥɢɞɚɰɢɹɬɚ ɧɚ ɫɢɫɬɟɦɢɬɟ, ɤɨɢɬɨ 
ɫɴɞɴɪɠɚɬ/ɢɡɩɨɥɡɜɚɬ ɧɨɜɨɬɨ ɉɈ. 

 Ɂɚɩɨɱɜɚ ɫɟ ɧɚɣ-ɱɟɫɬɨ ɨɬ ɫɩɟɰɢɮɢɤɚɰɢɢɬɟ ɧɚ ɫɢɫɬɟɦɧɢɬɟ 
ɢɡɢɫɤɜɚɧɢɹ 

 Ɉɫɨɛɟɧɨ ɜɚɠɧɨ ɟ ɩɪɢ ‘ɤɪɢɬɢɱɧɢ’ ɫɢɫɬɟɦɢ (socio-critical, safety-

critical). 

 Ⱦɨɤɭɦɟɧɬɚ ɡɚ ɧɚɱɚɥɨɬɨ ɧɚ ɩɪɨɰɟɫɚ ɡɚ ɜɚɥɢɞɚɰɢɹ ɬɪɹɛɜɚ ɞɚ 
ɫɴɞɴɪɠɚ ɦɢɧɢɦɭɦ ɫɥɟɞɧɢɬɟ ɟɥɟɦɟɧɬɢ: ɫɢɫɬɟɦɧɢɬɟ 
ɫɩɟɰɢɮɢɤɚɰɢɨɧɧɢ ɢɡɢɫɤɜɚɧɢɹ; ɜɚɥɢɞɚɰɢɨɧɟɧ ɬɟɫɬɨɜ ɩɥɚɧ, 
ɬɟɫɬɨɜɢ ɩɪɨɰɟɞɭɪɢ, ɬɟɫɬɨɜ ɞɢɡɚɣɧ ɢ ɬɟɫɬɨɜɨ ɦɧɨɠɟɫɬɜɨ, 
ɫɩɟɰɢɮɢɤɚɰɢɹ ɧɚ ɤɨɦɩɸɬɴɪɧɚɬɚ ɫɢɫɬɟɦɚ. 



ǚǻǯцǼǽǻǱȀǷǿ 
 ȼɚɥɢɞɚɰɢɨɧɟɧ ɩɪɨɰɟɫ 

 ɋɬɚɬɢɱɧɚɬɚ ɢ ɞɢɧɚɦɢɱɧɚ ɫɢɦɭɥɚɰɢɹ ɧɚ ɜɯɨɞɧɢɬɟ ɫɢɝɧɚɥɢ ɬɪɹɛɜɚ 
ɞɚ ɫɟ ɪɟɚɥɢɡɢɪɚ ɬɚɤɚ, ɱɟ ɞɚ ɫɟ ɜɴɡɩɪɨɢɡɜɟɞɟ ɧɨɪɦɚɥɧɚɬɚ ɫɪɟɞɚ ɧɚ 
ɪɚɛɨɬɚ ɧɚ ɉɈ. 
 ɧɨɪɦɚɥɧɢ ɨɩɟɪɚɰɢɢ, ɩɪɨɹɜɥɟɧɢɹ, ɨɝɪɚɧɢɱɟɧɢɹ 

 ɉɪɢ ‘ɤɪɢɬɢɱɧɢ’ ɫɢɫɬɟɦɢ ɟ ɧɟɨɛɯɨɞɢɦɨ ɞɚ ɫɟ ɫɴɡɞɚɞɟ 
ɩɪɟɞɫɬɚɜɢɬɟɥɟɧ ɬɟɫɬ, ɤɨɣɬɨ ɞɚ ɞɟɦɨɧɫɬɪɢɪɚ ɪɟɚɤɰɢɢɬɟ ɧɚ ɜɫɟɤɢ 
ɜɯɨɞɟɧ ɩɚɪɚɦɟɬɴɪ ɩɨɨɬɞɟɥɧɨ, ɤɚɤɬɨ ɢ ɧɚ ɤɨɦɛɢɧɚɰɢɢɬɟ ɨɬ ɬɟɡɢ 
ɩɚɪɚɦɟɬɪɢ. 

 ɋɩɟɰɢɚɥɧɨ ɫɟ ɢɡɫɥɟɞɜɚ ɜɟɪɢɮɢɤɚɰɢɨɧɧɚɬɚ ɩɪɨɰɟɞɭɪɚ(-ɢ) ɞɚɥɢ ɟ 
ɨɛɯɜɚɧɚɥɨ ɜɫɢɱɤɢ ɮɭɧɤɰɢɢ ɧɚ ɉɈ. 

 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɬɪɹɛɜɚ ɞɚ ɫɟ ɫɴɡɞɚɞɚɬ ɭɫɥɨɜɢɹ ɡɚ ɩɪɨɜɟɪɤɚ ɧɚ 
ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ, ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɟɫɭɪɫɢ ɢ ɞɪɭɝɢ. 



ǚǻǯцǼǽǻǱȀǷǿ 
 Ɋɟɡɭɥɬɚɬɢ ɨɬ ɜɚɥɢɞɚɰɢɨɧɧɢɹ ɩɪɨɰɟɫ 

 ȼɚɥɢɞɚɬɢɰɢɨɧɟɧ ɨɬɱɟɬ 
 Ɉɩɢɫɜɚ ɫɴɫɬɨɹɧɢɟɬɨ (ɭɫɩɟɲɧɨ/ɧɟɭɫɩɟɲɧɨ), ɤɚɬɨ ɩɪɢ 

ɧɟɭɫɩɟɲɧɨ ɞɚɜɚ ɨɛɹɫɧɟɧɢɟ ɧɚ ɨɬɞɟɥɧɢɬɟ ɩɪɢɱɢɧɢ ɡɚ ɞɟɮɟɤɬɢ. 
 ɇɟ ɞɚɜɚ ɩɪɟɩɨɪɴɤɢ ɤɚɤ ɞɚ ɫɟ ɤɨɪɢɝɢɪɚɬ ɨɬɤɪɢɬɢɬɟ ɞɟɮɟɤɬɢ. 

 Ɉɬɱɟɬ ɡɚ ɨɬɤɪɢɬɢɬɟ ɚɧɨɦɚɥɢɢ  
 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɨɩɢɫɜɚ ɜɫɢɱɤɢ ɚɧɨɦɚɥɢɢ, ɜɴɡɧɢɤɧɚɥɢ ɜ 

ɩɪɨɰɟɫɚ ɧɚ ɜɚɥɢɞɚɰɢɹ ɧɚ ɉɈ. 
 Ɂɚ ɜɫɹɤɚ ɚɧɨɦɚɥɢɹ ɫɟ ɨɩɢɫɜɚɬ ɫɥɟɞɧɢɬɟ ɞɚɧɧɢ: ɨɩɢɫɚɧɢɟ ɢ 

ɦɹɫɬɨ ɧɚ ɩɪɨɹɜɥɟɧɢɟ; ɨɰɟɧɤɚ ɧɚ ɜɥɢɹɧɢɟɬɨ; ɩɪɢɱɢɧɚ ɡɚ 
ɩɨɹɜɚɬɚ ɢ ɫɴɳɧɨɫɬ ɧɚ ɝɪɟɲɤɚɬɚ; ɤɨɥɤɨ ɟ ɤɪɢɬɢɱɟɧ ɞɟɮɟɤɬɚ ɡɚ 
ɉɈ; ɩɪɟɩɨɪɴɤɢ ɡɚ ɞɟɣɫɬɜɢɟ. 

 ɉɪɢ ɧɚɥɢɱɢɟ ɧɚ ɨɬɤɪɢɬɢ ɚɧɨɦɚɥɢɢ ɧɟ ɦɨɠɟ ɞɚ ɡɚɜɴɪɲɢ 
ɩɪɨɰɟɞɭɪɚɬɚ ɩɨ ɜɚɥɢɞɚɰɢɹ. 



ǙǻǱǵȁǵȃǵǽаǺǲ 

 Ɂɚ ɧɨɜɢɬɟ ɱɚɫɬɢ ɜɚɠɚɬ ɩɪɚɜɢɥɚɬɚ ɤɚɬɨ ɡɚ ɧɨɜɨ ɉɈ. 
 ȼ ɫɥɭɱɚɢɬɟ, ɩɪɢ ɤɨɢɬɨ ɫɟ ɩɪɨɦɟɧɹ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɧɚ 

ɫɴɳɟɫɬɜɭɜɚɳɨɬɨ ɉɈ ɫɟ ɢɡɜɴɪɲɜɚɬ ɜɫɢɱɤɢ ɜɚɥɢɞɚɰɢɨɧɧɢ 
ɞɟɣɫɬɜɢɹ ɡɚ ɞɚɞɟɧɚɬɚ ɩɨɞɫɢɫɬɟɦɚ/ɦɨɞɭɥ, ɩɪɨɜɟɞɟɧɢ ɢ 
ɨɩɢɫɚɧɢ ɜ ɞɨɤɭɦɟɧɬɚɰɢɹɬɚ. 

 ȼ ɫɥɭɱɚɢɬɟ ɧɚ ɩɪɨɦɹɧɚ ɧɚ ɛɚɡɨɜɢɬɟ ɫɩɟɰɢɮɢɤɚɰɢɢ ɧɚ 
ɫɴɳɟɫɬɜɭɜɚɳɨɬɨ ɉɈ ɫɟ ɩɪɢɥɚɝɚ ɩɴɥɧɚ ɫɯɟɦɚ ɧɚ 
ɜɚɥɢɞɚɰɢɹ (ɤɚɬɨ ɡɚ ɢɡɰɹɥɨ ɧɨɜ ɩɪɨɞɭɤɬ). 

 ɉɪɨɦɟɧɢɬɟ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨ ɧɢɜɨ ɧɚ ɩɪɨɞɭɤɬɚ ɧɚɣ-

ɱɟɫɬɨ ɫɟ ɩɪɨɜɟɪɹɜɚɬ ɫ ɜɟɪɢɮɢɤɚɰɢɹ ɧɚ ɢɧɬɟɝɪɚɰɢɹɬɚ. 



ǙǻǱǵȁǵȃǵǽаǺǲ 

 Ɂɚ ɞɚ ɦɨɠɟ ɞɚ ɫɟ ɢɡɩɨɥɡɜɚ ɡɚ ɧɭɠɞɢɬɟ ɧɚ 
ɪɚɡɪɚɛɨɬɤɚɬɚ ɫɴɳɟɫɬɜɭɜɚɳɨɬɨ ɉɈ ɬɪɹɛɜɚ ɞɚ 
ɨɬɝɨɜɚɪɹ ɧɟ ɫɥɟɞɧɢɬɟ ɢɡɢɫɤɜɚɧɢɹ: 
 Ɋɚɡɪɚɛɨɬɤɚɬɚ ɬɪɹɛɜɚ ɞɚ ɟ ɛɢɥɚ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɞɨɛɪɢ 

ɩɪɚɤɬɢɤɢ ɢ ɡɚɥɨɠɟɧɢɬɟ ɦɟɬɪɢɤɢ ɜ ɩɥɚɧɚ ɡɚ ɤɚɱɟɫɬɜɨ 
ɬɪɹɛɜɚ ɞɚ ɫɚ ɫɴɢɡɦɟɪɢɦɢ ɫ ɧɟɨɛɯɨɞɢɦɢɬɟ ɡɚ ɧɨɜɨɬɨ ɉɈ. 

 ɋɴɳɟɫɬɜɭɜɚ ɞɨɤɭɦɟɧɬɚɰɢɹ ɡɚ ɢɫɬɨɪɢɹɬɚ ɧɚ ɪɚɛɨɬɚ ɢ 
ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɉɈ, ɤɨɹɬɨ ɞɚ ɩɨɤɚɡɜɚ ɧɚɞɟɠɞɧɨɫɬ ɧɚ ɉɈ. 

 ɋɴɳɟɫɬɜɭɜɚ ɩɴɥɧɚ ɢ ɩɪɟɰɢɡɧɚ ɞɨɤɭɦɟɧɬɚɰɢɹ ɡɚ 
ɩɨɬɪɟɛɢɬɟɥɹ. 



ǙǻǱǵȁǵȃǵǽаǺǲ 

 ɉɪɢ ɨɬɫɴɫɬɜɢɟ ɧɚ ɩɪɨɝɪɚɦɧɢɬɟ ɤɨɞɨɜɟ: 
 Ɍɪɹɛɜɚ ɞɚ ɫɟ ɢɡɜɴɪɲɢ ɚɧɚɥɢɡ ɧɚ: 

 Ɏɭɧɤɰɢɨɧɚɥɧɢ ɢ ɢɧɬɟɪɮɟɣɫɧɢ ɫɩɟɰɢɮɢɤɚɰɢɢ 

 Ⱦɨɤɭɦɟɧɬɚɰɢɹ ɡɚ ɞɢɡɚɣɧɚ ɧɚ ɫɢɫɬɟɦɚɬɚ 

 Ɍɟɫɬɨɜɢɬɟ ɞɚɧɧɢ 

 Ⱥɧɚɥɢɡɴɬ ɬɪɹɛɜɚ ɞɚ ɫɟ ɫɴɫɪɟɞɨɬɨɱɢ ɫɩɟɰɢɚɥɧɨ ɜɴɪɯɭ 
ɢɡɩɨɥɡɜɚɧɢɹɬɚ ɧɚ ɩɪɟɤɴɫɜɚɧɢɹ, ɪɟɤɭɪɫɢɢ ɢ ɡɚɞɟɥɹɧɟɬɨ ɧɚ ɩɚɦɟɬ 
ɢ ɞɪɭɝɢ ɫɢɫɬɟɦɧɢ ɪɟɫɭɪɫɢ. 
 Ɍɪɹɛɜɚ ɝɟɧɟɪɢɪɚɧɟɬɨ ɧɚ ɧɨɜɢ ɬɟɫɬɨɜɟ, ɩɪɨɜɟɪɹɜɚɳɢ ɤɨɪɟɤɬɧɨɬɨ 

ɮɭɧɤɰɢɨɧɢɪɚɧɟ ɜ ɬɟɡɢ ɫɥɭɱɚɢ. 
 ɇɟɨɛɯɨɞɢɦɢ ɫɚ ɬɟɫɬɨɜɟ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ 

ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɪɟɫɭɪɫɢɬɟ ɢ ɡɚ ɫɚɦɨɩɪɨɜɟɪɤɚ (ɧɚɩɪ. ɭɩɪɚɜɥɟɧɢɟɬɨ 
ɧɚ ɫɬɟɤɚ). 

 Ɍɨɜɚ ɟ ɨɫɨɛɟɧɨ ɫɴɳɟɫɬɜɟɧɨ ɡɚ ɤɪɢɬɢɱɧɢ ɫɢɫɬɟɦɢ ɢ ɜ ɬɨɡɢ ɫɥɭɱɚɣ ɟ 
ɩɪɟɩɨɪɴɱɢɬɟɥɧɨ ɩɪɨɜɟɠɞɚɧɟ ɧɚ ɜɚɥɢɞɚɰɢɨɧɧɚ ɩɪɨɰɟɞɭɪɚ ɤɚɬɨ ɡɚ 
ɧɨɜɨ ɉɈ. 



ИǴǼǻǸǴǯаǺǲцǺацȄаǾǿǵцǻǿцǜǛ 

 ȼ ɬɨɡɢ ɫɥɭɱɚɣ ɧɟ ɦɨɠɟ ɞɚ ɫɟ ɪɚɡɱɢɬɚ ɧɚ ɞɨɤɭɦɟɧɬɢɬɟ ɡɚ 
ɪɚɡɪɚɛɨɬɤɚɬɚ ɧɚ ɫɬɚɪɨɬɨ ɉɈ 

 ɜɟɪɢɮɢɤɚɰɢɨɧɧɢɬɟ ɞɨɤɭɦɟɧɬɢ ɨɬ ɟɬɚɩɢɬɟ ɧɚ ɪɚɡɪɚɛɨɬɤɚ 

 ɞɨɤɭɦɟɧɬɚɰɢɹ ɡɚ ɩɪɨɝɪɚɦɧɢɹ ɤɨɞ 

 ɢɡɢɫɤɜɚɧɢɹɬɚ ɡɚ ɩɪɨɝɪɚɦɧɢɹ ɩɪɨɞɭɤɬ 

 Ⱥɧɚɥɢɡɢɪɚ ɫɟ ɢɧɮɨɪɦɚɰɢɹɬɚ ɡɚ ɢɫɬɨɪɢɹɬɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟ 
ɧɚ ɉɈ 

 Ɉɰɟɧɹɜɚ ɫɟ ɩɪɢɥɨɠɢɦɨɫɬɬɚ ɦɭ ɡɚ ɧɨɜɨɬɨ ɉɈ 

 ɋɩɟɰɢɚɥɧɨ ɜɧɢɦɚɧɢɟ ɫɟ ɨɛɪɴɳɚ ɧɚ: 
 ɜɟɪɫɢɢɬɟ ɧɚ ɉɈ, ɬɹɯɧɚɬɚ ɩɨɹɜɚ ɢ ɫɴɳɧɨɫɬ ɧɚ ɩɪɨɦɟɧɢɬɟ 

 ɞɨɤɭɦɟɧɬɢɬɟ ɡɚ ɨɩɢɫɚɧɢɟ ɧɚ ɝɪɟɲɤɢɬɟ ɩɪɢ ɢɡɩɨɥɡɜɚɧɟ ɢ  ɤɚɤ ɫɚ 
ɛɢɥɢ ɨɬɫɬɪɚɧɟɧɢ 



ИǴǼǻǸǴǯаǺǲцǺацȄаǾǿǵцǻǿцǜǛ 

 ɉɪɨɜɟɠɞɚɬ ɫɟ ɧɨɜɢ ɜɟɪɢɮɢɤɚɰɢɨɧɧɢ ɢ ɧɨɜɢ 
ɬɟɫɬɨɜɢ ɩɪɨɜɟɪɤɢ ɜ ɫɥɭɱɚɢɬɟ ɧɚ ɫɴɦɧɟɧɢɟ ɜ 
ɞɨɫɬɨɜɟɪɧɨɫɬɬɚ ɢɥɢ ɧɚ ɨɬɫɴɫɬɜɢɟ ɧɚ ɪɟɡɭɥɬɚɬɢ 
ɡɚ ɩɪɟɞɧɢ ɩɪɨɜɟɪɤɢ. 

 Цɹɥɨɫɬɧɚɬɚ ɩɪɨɜɟɪɤɚ (ɫɬɚɪɨ + ɧɨɜɨ ɉɈ) ɫɥɟɞ 
ɬɨɜɚ ɟ ɤɚɬɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɚɬɚ ɧɚ ɧɨɜɨ ɉɈ. 



КǻǺȁǵǰȀǽǵǽаǺǲ/ǜǽǲǷǻǺȁǵǰȀǽǵǽаǺǲ 

 ɂɡɜɴɪɲɜɚ ɫɟ ɜ ɞɜɟ ɨɫɧɨɜɧɢ ɧɚɩɪɚɜɥɟɧɢɹ: 
 ȼɚɥɢɞɚɰɢɹ ɧɚ ɛɚɡɨɜɨɬɨ ɉɈ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɢɬɟ ɞɚɧɧɢ. 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɛɚɡɨɜɨɬɨ ɉɈ ɫɟ ɢɡɜɴɪɲɜɚ ɩɨ ɦɟɬɨɞɢɬɟ ɡɚ 
ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɫɴɳɟɫɬɜɭɜɚɳɨ ɉɈ (ɩɨ ɟɞɢɧ ɨɬ ɞɜɚɬɚ 
ɜɚɪɢɚɧɬɚ). 
 Ɂɚ ɜɫɹɤɚ ɩɨɞɫɢɫɬɟɦɚ ɢ ɡɚ ɜɫɟɤɢ ɦɨɞɭɥ, ɤɨɢɬɨ ɨɬɝɨɜɚɪɹɬ ɡɚ ɧɹɤɨɹ 

ɨɬ ɮɭɧɤɰɢɢɬɟ ɧɚ ɧɨɜɨɬɨ ɉɈ. 
 Ɂɚ ɜɫɹɤɚ ɨɬɞɟɥɧɚ ɨɩɟɪɚɰɢɹ ɧɚ ɛɚɡɨɜɨɬɨ ɉɈ, ɤɨɢɬɨ ɜɨɞɹɬ ɞɨ 

ɩɪɨɦɹɧɚ ɧɚ ɞɚɧɧɢɬɟ ɡɚ ɤɨɧɮɢɝɭɪɢɪɚɧɟ/ɩɪɟɤɨɧɮɢɝɭɪɢɪɚɧɟ ɧɚ ɉɈ. 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɢɬɟ ɞɚɧɧɢ ɟ ɤɚɬɨ ɡɚ ɧɨɜ 
ɩɪɨɝɪɚɦɟɧ ɩɪɨɞɭɤɬ. 



ВаǸǵǱаȃǵяцǺацǱаǺǺǵǿǲ 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɞɚɧɧɢɬɟ ɫɟ ɪɚɡɞɟɥɹ ɧɚ ɞɜɟ 
ɞɟɣɧɨɫɬɢ: 
 ȼɚɥɢɞɚɰɢɹ ɧɚ ɫɬɨɣɧɨɫɬɢɬɟ ɧɚ ɞɚɧɧɢɬɟ 

 ȼɚɥɢɞɚɰɢɹɬɚ ɧɚ ɬɟɯɧɢɤɢɬɟ ɢ ɦɟɬɨɞɢɬɟ ɡɚ 
ɫɴɯɪɚɧɟɧɢɟɬɨ, ɦɨɞɢɮɢɤɚɰɢɹɬɚ ɢ ɢɡɩɨɥɡɜɚɧɟɬɨ ɢɦ. 

 ɂ ɜ ɞɜɚɬɚ ɫɥɭɱɚɹ ɧɚɫɨɤɚɬɚ ɧɚ ɜɚɥɢɞɚɰɢɹɬɚ ɟ ɞɚ 
ɫɟ ɭɫɬɚɧɨɜɢ ɞɚɥɢ ɞɚɧɧɢɬɟ ɫɟ ɢɡɩɨɥɡɜɚɬ ɤɨɪɟɤɬɧɨ 
ɢ ɞɚɥɢ ɬɟ ɩɨɡɜɨɥɹɜɚɬ ɞɚ ɫɟ ɜɴɡɞɚɞɟ ɉɈ, ɤɨɟɬɨ ɞɚ 
ɮɭɧɤɰɢɨɧɢɪɚ ɤɨɪɟɤɬɧɨ. 



ВаǸǵǱаȃǵяцǺацǾǿǻǶǺǻǾǿǵǿǲцǺацǱаǺǺǵǿǲ 

 ɇɚɫɨɤɚɬɚ ɟ ɞɚ ɫɟ ɨɩɪɟɞɟɥɢ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɜɫɹɤɚ ɞɚɧɧɚ 
ɜɴɜ ɜɫɟɤɢ ɦɨɦɟɧɬ ɧɚ ɪɚɛɨɬɚ ɧɚ ɉɈ. 

 ɋɴɳɟɫɬɜɭɜɚɬ ɪɚɡɥɢɱɧɢ ɮɨɪɦɢ, ɤɚɬɨ ɧɹɤɨɢ ɫɚ ɢɡɰɹɥɨ 
ɪɴɱɧɢ, ɚ ɞɪɭɝɢ ɢɡɰɹɥɨ ɚɜɬɨɦɚɬɢɡɢɪɚɧɢ. 
 ɉɪɨɜɟɪɤɚ ɞɚɥɢ ɜɯɨɞɧɢɬɟ ɫɢɝɧɚɥɢ ɫɟ ɩɨɞɚɜɚɬ ɜ ɩɪɚɜɢɥɧɢɬɟ 

ɦɟɫɬɚ. 
 ɉɪɨɜɟɪɤɚ ɞɚɥɢ ɜɯɨɞɧɢɬɟ ɫɢɝɧɚɥɢ ɨɬɝɨɜɚɪɹɬ ɧɚ ɤɪɢɬɟɪɢɢɬɟ ɡɚ 

ɤɚɱɟɫɬɜɨ ɢ ɤɨɪɟɤɬɧɨɫɬ. 
 ɉɪɨɜɟɪɤɚ ɡɚ ɤɨɪɟɤɬɧɨɫɬ ɧɚ ɪɟɚɤɰɢɢɬɟ, ɩɨɪɨɞɟɧɢ ɨɬ ɜɯɨɞɧɢɬɟ 

ɫɢɝɧɚɥɢ. 
 ɉɪɟɩɨɪɴɱɢɬɟɥɧɨ ɟ ɩɴɪɜɨ ɞɚ ɫɟ ɢɡɜɴɪɲɢ ɜɚɥɢɞɚɰɢɹ ɜ 

ɫɩɟɰɢɚɥɧɨ ɪɚɡɪɚɛɨɬɟɧɚ ɬɟɫɬɨɜɚ ɫɪɟɞɚ, ɚ ɫɥɟɞ ɬɨɜɚ ɜ 
ɪɟɚɥɧɚɬɚ ɫɪɟɞɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟ. 



ВаǸǵǱаȃǵяцǺацǾǵǾǿǲǹаǿацǴац
ȀǼǽаǯǸǲǺǵǲцǺацǱаǺǺǵǿǲ 

 Ɍɨɜɚ ɟ ɜɚɥɢɞɚɰɢɹɬɚ ɧɚ ɬɟɯɧɢɤɢɬɟ ɢ ɦɟɬɨɞɢɬɟ ɡɚ 
ɫɴɯɪɚɧɟɧɢɟɬɨ, ɦɨɞɢɮɢɤɚɰɢɹɬɚ ɢ ɢɡɩɨɥɡɜɚɧɟɬɨ ɢɦ. 

 Ɍɨɜɚ ɫɟ ɩɪɢɥɚɝɚ ɜɴɜ ɜɫɢɱɤɢ ɜ ɫɥɭɱɚɢ, ɧɟɡɚɜɢɫɢɦɨ ɞɚɥɢ 
ɢɦɚ ɚɜɬɨɦɚɬɢɡɢɪɚɧɢ ɫɪɟɞɫɬɜɚ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ȻȾ ɢɥɢ 
ɧɹɦɚ. 

 ɉɨɞɛɨɪɴɬ ɧɚ ɬɟɯɧɢɤɢɬɟ ɡɚ ɜɚɥɢɞɚɰɢɹ ɡɚɞɴɥɠɢɬɟɥɧɨ 
ɡɚɜɢɫɢ ɨɬ ɬɢɩɚ ɧɚ ɫɴɯɪɚɧɹɜɚɧɚɬɚ ɢɧɮɨɪɦɚɰɢɹ ɢ ɧɟɣɧɨɬɨ 
ɢɡɩɨɥɡɜɚɧɟ. 
 ɉɪɨɜɟɪɹɜɚɬ ɫɟ ɫɚɦɨ ɬɟɡɢ ɟɥɟɦɟɧɬɢ, ɤɨɢɬɨ ɨɤɚɡɜɚɬ ɜɥɢɹɧɢɟ 

ɜɴɪɯɭ ɮɭɧɤɰɢɨɧɢɪɚɧɟɬɨ ɧɚ ɤɨɧɤɪɟɬɧɨɬɨ ɉɈ. 
 Ɂɚ ɚɜɬɨɦɚɬɢɡɢɪɚɧɢ ɫɢɫɬɟɦɢ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ȻȾ ɧɚɣ-ɱɟɫɬɨ ɫɟ 

ɢɡɩɨɥɡɜɚɬ ɢɡɢɫɤɜɚɧɢɹɬɚ ɧɚ ɫɬɚɧɞɚɪɬɚ IEC 880. 



КаǿǻцȄаǾǿцǻǿцǾǵǾǿǲǹа 

 Ɉɫɨɛɟɧɨɫɬɢ 

 ȼ ɬɨɡɢ ɫɥɭɱɚɣ ɱɚɫɬ ɨɫɜɟɧ ɞɟɣɧɨɫɬɢɬɟ ɩɨ ɜɚɥɢɞɚɰɢɹ 
ɧɚ ɩɪɨɝɪɚɦɧɨɬɨ ɨɫɢɝɭɪɹɜɚɧɟ ɫɚɦɨɫɬɨɹɬɟɥɧɨ ɫɟ 
ɩɪɨɜɟɠɞɚɬ ɞɟɣɧɨɫɬɢ ɩɨ ɜɚɥɢɞɚɰɢɹ ɧɚ ɫɢɫɬɟɦɚɬɚ ɤɚɬɨ 
ɰɹɥɨ. 

 Ɂɚɞɴɥɠɢɬɟɥɧɨ ɫɟ ɨɰɟɧɹɜɚ ɜɪɴɡɤɚɬɚ ‘ɂɡɢɫɤɜɚɧɢɹ ɤɴɦ 
ɢɡɢɫɤɜɚɧɢɹɬɚ – ɂɡɢɫɤɜɚɧɢɹ ɤɴɦ ɉɈ’ 

 ɉɪɢ ɧɹɤɨɢ ɫɥɭɱɚɢ ɧɚ ɪɚɡɪɚɛɨɬɤɚ (ɢɡɩɨɥɡɜɚɧɟ ɧɚ 
ɱɚɫɬɢ ɨɬ ɉɈ, ɤɨɧɮɢɝɭɪɚɰɢɹ/ɪɟɤɨɧɮɢɝɭɪɚɰɢɹ) ɦɨɠɟ 
ɞɢɪɟɤɬɧɨ ɞɚ ɫɟ ɢɡɜɴɪɲɢ ɜɚɥɢɞɚɰɢɹ ɧɚ ɧɢɜɨ ɫɢɫɬɟɦɚ. 



КаǿǻцǾǵǾǿǲǹацǴацǼǽǻǵǴǯǻǱǾǿǯǻцǺац
ǼǽǻǱȀǷǿǵ 

 ȼɚɥɢɞɚɰɢɹɬɚ ɟ ɪɟɡɭɥɬɚɬ ɨɬ ɭɫɩɟɲɧɚɬɚ 
ɜɚɥɢɞɚɰɢɹ ɧɚ ɫɥɟɞɧɢɬɟ ɟɥɟɦɟɧɬɢ: 
 Ɉɰɟɧɹɜɚ ɫɟ ɤɚɤɬɨ ɤɚɬɨ ɱɚɫɬ ɨɬ ɫɢɫɬɟɦɚ. 
 ȼɚɥɢɞɚɰɢɹ ɤɚɬɨ ɱɚɫɬ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɧ ɩɪɨɰɟɫ. 
 ȼɚɥɢɞɚɰɢɹ ɧɚ ɩɪɨɢɡɜɟɞɟɧɢɹ ɩɪɨɞɭɤɬ. 
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ȼɴɩɪɨɫɢ ? 



1 

ВǭǸǵǱǭȃǵяцǵцǯǲǽǵȁǵǷǭȃǵя 

  

ǺǭцǯǰǽǭǱǲǺǵцǾǵǾǿǲǹǵ 

 
 



ВǰǽǭǱǲǺǭцǾǵǾǿǲǹǭ 

 Ⱦɟɮɢɧɢɰɢɹ 

 “Ɍɨɜɚ ɟ ɤɨɦɩɸɬɴɪɧɚ ɫɢɫɬɟɦɚ, ɤɨɹɬɨ ɟ ɫɴɡɞɚɞɟɧɚ ɤɚɬɨ 

ɤɨɦɩɨɧɟɧɬ ɧɚ ɩɨ-ɝɨɥɹɦɚ ɫɢɫɬɟɦɚ ɢ ɟ ɨɪɢɟɧɬɢɪɚɧ ɤɴɦ 

ɪɚɛɨɬɚ ɜɴɪɯɭ ɟɞɢɧ ɩɪɨɰɟɫɨɪ. Ɂɚɞɚɱɢɬɟ ɧɚ ɬɚɡɢ 

ɫɢɫɬɟɦɚ ɫɚ ɦɧɨɝɨ ɩɨ-ɪɚɡɥɢɱɧɢ ɨɬ ɫɢɫɬɟɦɢɬɟ ɫ ɨɛɳɨ 

ɩɪɟɞɧɚɡɧɚɱɟɧɢɟ.” 

 “… ɭɫɬɪɨɣɫɬɜɨ, ɤɨɟɬɨ ɢɦɚ ɤɨɦɩɸɬɴɪɧɚ ɥɨɝɢɤɚ ɜ ɂɋ ɢ 

ɧɟ ɦɨɠɟ ɞɚ ɛɴɞɟ ɞɢɪɟɤɬɧɨ ɩɪɨɝɪɚɦɢɪɚɧɨ ɨɬ 

ɩɨɬɪɟɛɢɬɟɥɹ. Ɂɚɯɪɚɧɜɚ ɫɟ ɨɬ ɛɚɬɟɪɢɹ ɢɥɢ ɞɢɪɟɤɬɧɨ 

ɨɬ ɦɪɟɠɚɬɚ. ɂɋ ɭɩɪɚɜɥɹɜɚ ɟɞɧɚ ɢɥɢ ɩɨɜɟɱɟ ɮɭɧɤɰɢɢ 

ɧɚ ɭɫɬɪɨɣɫɬɜɨɬɨ.” 



ВǰǽǭǱǲǺǭцǾǵǾǿǲǹǭ 

 Ⱦɟɮɢɧɢɰɢɹ 

 “Ʉɨɦɛɢɧɚɰɢɹ ɨɬ ɚɩɚɪɚɬɧɚ ɱɚɫɬ ɢ ɩɪɨɝɪɚɦɚ, ɡɚɟɞɧɨ ɫ 

ɞɨɩɴɥɧɢɬɟɥɧɢ ɦɟɯɚɧɢɱɧɚ ɢ/ɢɥɢ ɞɪɭɝɢ ɱɚɫɬɢ (ɚɤɨ ɟ 

ɧɟɨɛɯɨɞɢɦɨ), ɢɡɩɨɥɡɜɚɧɢ ɡɚ ɩɨɫɬɢɝɚɧɟ ɧɚ 

ɨɩɪɟɞɟɥɟɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ.”  

 “ȼɝɪɚɞɟɧɢɬɟ ɫɢɫɬɟɦɢ ɫɚ ɤɨɦɩɨɧɟɧɬɢ, ɢɧɬɟɝɪɢɪɚɳɢ 

ɚɩɚɪɚɬɧɚ ɢ ɩɪɨɝɪɚɦɧɚ ɱɚɫɬ, ɫɩɟɰɢɚɥɧɨ ɪɚɡɪɚɛɨɬɜɚɧɟ 

ɡɚ ɫɜɴɪɡɜɚɧɟ ɢ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɫɩɟɰɢɮɢɱɧɚ ɡɚɞɚɱɚ.” 



ВǰǽǭǱǲǺǭцǾǵǾǿǲǹǭ 

 Ɉɫɨɛɟɧɨɫɬɢ 

 ȼɫɹɤɚ ɨɬ ɨɬɞɟɥɧɢɬɟ ɱɚɫɬɢ (ɚɩɚɪɚɬɧɚ ɢ ɩɪɨɝɪɚɦɧɚ) ɧɟ 

ɦɨɠɟ ɫɚɦɨɫɬɨɹɬɟɥɧɨ ɞɚ ɨɫɢɝɭɪɢ ɧɭɠɧɚɬɚ 

ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ. 

 Ɉɫɧɨɜɧɢ ɨɝɪɚɧɢɱɟɧɢɹ 

 Ɋɟɚɤɬɢɜɧɢ ɫɢɫɬɟɦɢ 

 ɇɚɣ-ɱɟɫɬɨ ‘ɤɪɢɬɢɱɧɢ’ ɫɢɫɬɟɦɢ 

 Ⱥɜɬɨɧɨɦɧɢ ɫɢɫɬɟɦɢ 

 ɋ ɜɢɫɨɤɨ ɧɢɜɨ ɧɚ ɫɢɝɭɪɧɨɫɬ ɢ ɧɚɞɟɠɞɧɨɫɬ 

 Ɇɧɨɝɨ ɱɟɫɬɨ ɢɦɚɬ ɹɫɧɨ ɞɟɮɢɧɢɪɚɧɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɜɪɟɦɟ. 



ВǰǽǭǱǲǺǭцǾǵǾǿǲǹǭ 

 Ɉɫɨɛɟɧɨɫɬɢ 
 əɫɧɨ ɞɟɮɢɧɢɪɚɧɢ ɩɪɨɦɟɧɢ ɜ ɪɚɡɛɢɪɚɧɢɹɬɚ ɡɚ 

‘ɨɝɪɚɧɢɱɟɧɢɹ’ ɦɟɠɞɭ ɪɚɡɥɢɱɧɢɬɟ ɩɪɢɥɨɠɟɧɢɹ ɢ 

ɮɚɦɢɥɢɢ. 
 ɋɢɥɢɤɨɧɨɜɢ ɫɢɫɬɟɦɢ (system-on-chip) 

 Ʉɥɚɫɢɱɟɫɤɢ ɫɢɫɬɟɦɢ 

 Ⱦɪɭɝɢ  

 ȼɚɥɢɞɚɰɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ 
 ȼɟɪɢɮɢɤɚɰɢɹ ɧɚ ɪɚɡɥɢɱɧɢɬɟ ɟɬɚɩɢ ɧɚ ɪɚɡɪɚɛɨɬɤɚ 

 ȼɚɥɢɞɚɰɢɹ  
 ɧɚ ɦɨɞɟɥɚ, ɧɚ ɤɨɦɭɧɢɤɚɰɢɢɬɟ, ɧɚ ɪɚɛɨɬɚɬɚ ɢ ɮɭɧɤɰɢɨɧɚɥɧɚ 

ɜɚɥɢɞɚɰɢɹ 



ВǲǽǵȁǵǷǭȃǵяцǺǭцǹǻǱǲǸǭцǺǭц
ǵǴǰǽǭǳǱǭǺǲ 

 Ɇɨɞɟɥ ɧɚ ɢɡɝɪɚɠɞɚɧɟ 
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ВǲǽǵȁǵǷǭȃǵяцǺǭцǹǻǱǲǸǭцǺǭц
ǵǴǰǽǭǳǱǭǺǲ 

 ɇɢɜɚ ɜ ɞɢɡɚɣɧɚ ɧɚ ɜɝɪɚɞɟɧɚɬɚ ɫɢɫɬɟɦɚ  
 ‘ɋɢɫɬɟɦɚ’ 
 ‘Ⱥɪɯɢɬɟɤɬɭɪɚ’ 
 ‘ɉɪɨɝɪɚɦɟɧ ɤɨɞ’ 
 ‘ɂɡɩɴɥɧɢɦ ɤɨɞ’ 
 ‘Ⱦɟɮɢɧɢɰɢɹ ɧɚ ɢɧɬɟɪɮɟɣɫɢ’ 
 ‘ɋɢɧɬɟɡ ɧɚ ɩɨɜɟɞɟɧɢɟ’ 
 ‘Ʌɨɝɢɱɟɫɤɢ ɫɢɧɬɟɡ’ 



ДǵǴǭǶǺцǺǭцǾǵǾǿǲǹǭǿǭ:ц‘ǞǵǾǿǲǹǭ’ 

 ɇɹɦɚ ɪɚɡɥɢɤɚ ɦɟɠɞɭ ɚɩɚɪɚɬɧɚ ɢ ɩɪɨɝɪɚɦɧɚ ɱɚɫɬ, 
ɬ.ɟ. ɦɟɬɨɞɢɬɟ ɡɚ ɜɚɥɢɞɚɰɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ 
ɨɰɟɧɹɜɚɬ ɫɢɫɬɟɦɚɬɚ ɤɚɬɨ ɰɹɥɨ. 

 ɇɟ ɫɟ ɪɚɡɝɥɟɠɞɚɬ ɤɨɦɭɧɢɤɚɰɢɨɧɧɢ ɩɪɨɬɨɤɨɥɢ 
ɦɟɠɞɭ ɛɥɨɤɨɜɟɬɟ, ɚɧɚɥɢɡ ɧɚ ɡɚɤɴɫɧɟɧɢɟɬɨ ɧɚ 
ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɫɢɝɧɚɥɢɬɟ, ɢɡɱɢɫɥɢɬɟɥɧɢ 
ɚɥɝɨɪɢɬɦɢ. 

 Ɉɰɟɧɹɜɚɬ ɫɟ ɝɴɜɤɚɜɨɫɬɬɚ ɧɚ ɞɢɡɚɣɧɚ, 
ɟɮɟɤɬɢɜɧɨɫɬɬɚ ɢ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɦɭ. 



ДǵǴǭǶǺцǺǭцǾǵǾǿǲǹǭǿǭ:ц‘АǽȂǵǿǲǷǿȀǽǭ’ 

 Ɉɰɟɧɹɜɚ ɫɟ ɨɛɜɴɪɡɜɚɧɟɬɨ ɧɚ ɩɪɨɝɪɚɦɧɚ ɢ ɚɩɚɪɚɬɧɚ 
ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ (ɧɚ ɧɢɜɨ ɛɥɨɤɨɜɟ). 
 Ɇɨɞɟɥ ɧɚ ɩɚɦɟɬɬɚ 

 Ʉɨɦɭɧɢɤɚɰɢɨɧɧɚɬɚ ɚɪɯɢɬɟɤɬɭɪɚ ɦɟɠɞɭ ɩɪɨɝɪɚɦɧɚ ɢ ɚɩɚɪɚɬɧɚ 
ɱɚɫɬ ɢ ɬɨɩɨɥɨɝɢɹ ɧɚ ɲɢɧɚɬɚ 

 ɉɪɨɝɪɚɦɢɪɭɟɦɢɬɟ ɭɫɬɪɨɣɫɬɜɚ, ɜɴɪɯɭ ɤɨɢɬɨ ɳɟ ɫɟ ɢɡɩɴɥɧɹɜɚ 
ɩɪɨɝɪɚɦɧɚɬɚ ɱɚɫɬ 

 Ⱥɩɚɪɚɬɧɚɬɚ ɬɟɯɧɨɥɨɝɢɹ, ɤɨɹɬɨ ɫɟ ɢɡɩɨɥɡɜɚ ɡɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ 
ɚɩɚɪɚɬɧɢɬɟ ɡɚɞɚɱɢ. 

 Ɉɰɟɧɤɚ ɧɚ ɬɪɚɧɡɚɤɰɢɨɧɧɨɫɬɬɚ - ɩɨɪɚɞɢ ɨɬɞɟɥɟɧɨɫɬɬɚ ɧɚ 
ɤɨɦɭɧɢɤɚɰɢɹ ɨɬ ɢɡɱɢɫɥɟɧɢɟ ɫɟ ɢɡɩɨɥɡɜɚɬ ɦɟɬɨɞɢ ɡɚ 
ɫɢɦɭɥɚɰɢɹ. 



ДǵǴǭǶǺцǺǭцǾǵǾǿǲǹǭǿǭ:ц‘ǜǽǻǰǽǭǹǲǺцǷǻǱ’ 

 Ɉɰɟɧɹɜɚ ɫɟ ɩɪɨɛɥɟɦɢɬɟ ɨɬ ɢɡɛɨɪɚ ɧɚ ɟɡɢɤ ɡɚ 
ɩɪɨɝɪɚɦɢɪɚɧɟ. 

 Ɉɫɧɨɜɧɨ ɫɟ ɨɰɟɧɹɜɚɬ ɩɪɨɛɥɟɦɢɬɟ, ɫɜɴɪɡɚɧɢ ɫ 
ɨɝɪɚɧɢɱɟɧɢɹɬɚ ɧɚ ɭɫɬɪɨɣɫɬɜɚɬɚ, ɜɴɪɯɭ ɤɨɢɬɨ ɳɟ 
ɫɟ ɢɡɩɴɥɧɹɜɚɬ ɩɪɨɝɪɚɦɧɢɹ ɤɨɞ ɢ ɨɝɪɚɧɢɱɟɧɢɹɬɚ, 
ɪɟɡɭɥɬɚɬ ɨɬ ɤɨɦɭɧɢɤɚɰɢɨɧɧɢɹ ɢɧɬɟɪɮɟɣɫ. 
 Ⱥɩɚɪɚɬɧɚɬɚ ɱɚɫɬ ɭɱɚɫɬɜɚ ɜ ɩɪɨɰɟɫɚ ɤɚɬɨ ‘ɱɟɪɧɚ 

ɤɭɬɢɹ’. 
 Ʉɨɦɭɧɢɤɚɰɢɹɬɚ ɦɟɠɞɭ ɚɩɚɪɚɬɧɚ ɢ ɩɪɨɝɪɚɦɧɚ ɱɚɫɬ ɟ 

ɧɟ ɨɫɧɨɜɚɬɚ ɧɚ ɞɪɚɣɜɟɪɢ. 



ДǵǴǭǶǺцǺǭцǾǵǾǿǲǹǭǿǭ:ц‘ИǴǼъǸǺǵǹцǷǻǱ’ 

 Ɉɰɟɧɹɜɚ ɫɟ ɢɡɛɨɪɴɬ ɧɚ ɪɟɲɟɧɢɟ ɡɚ ɢɡɩɴɥɧɟɧɢɟ 
ɧɚ ɩɪɨɝɪɚɦɧɢɹ ɤɨɞ: 
 ɋ ɢɡɩɨɥɡɜɚɧɟɬɨ ɧɚ ɈɋɊȼ (ɨɩɟɪɚɰɢɨɧɧɚ ɫɢɫɬɟɦɢ ɡɚ 

ɪɟɚɥɧɨ ɜɪɟɦɟ) ɢɥɢ ɞɢɪɟɤɬɧɨ ɭɩɪɚɜɥɟɧɢɟ ɧɚ 
ɚɩɚɪɚɬɧɚɬɚ ɱɚɫɬ 

 Ʉɨɦɩɢɥɚɬɢɜɟɧ ɢɥɢ ɢɧɬɟɪɩɪɟɬɚɬɢɜɟɧ ɜɚɪɢɚɧɬ.  



ДǵǴǭǶǺцǺǭцǾǵǾǿǲǹǭǿǭ:ц’ИǺǿǲǽȁǲǶǾǵǿǲ’ 

 Ɋɚɡɞɟɥɹɧɟɬɨ ɧɚ ɮɭɧɤɰɢɢɬɟ ɧɚ ɫɢɫɬɟɦɚɬɚ, ɪɟɲɚɜɚɧɢ ɫ 
ɚɩɚɪɚɬɧɢ ɫɪɟɞɫɬɜɚ ɦɟɠɞɭ ɨɬɞɟɥɧɢ ɦɨɞɭɥɢ ɧɚɥɚɝɚ 
ɪɟɚɥɢɡɚɰɢɹ ɢ ɨɰɟɧɤɚ ɧɚ ɢɧɬɟɪɮɟɣɫɢɬɟ ɦɟɠɞɭ ɬɟɡɢ 
ɦɨɞɭɥɢ. 
 ȼɪɟɦɟɜɢɹɬ ɦɨɞɟɥ ɡɚ ɚɩɚɪɚɬɧɚɬɚ ɢ ɡɚ ɩɪɨɝɪɚɦɧɚɬɚ ɱɚɫɬ ɟ 

ɪɚɡɥɢɱɟɧ (ɨɛɢɤɧɨɜɟɧɨ ɫɴɛɢɬɢɣɧɨ ɛɚɡɢɪɚɧ – ɰɢɤɥɢɱɧɨ 
ɢɡɩɴɥɧɹɜɚɧ) , ɬ.ɟ. ɬɪɹɛɜɚ ɩɪɟɨɛɪɚɡɭɜɚɧɟ ɜ ɞɜɟɬɟ ɩɨɫɨɤɢ. 

 Ɉɰɟɧɤɚ ɧɚ ɞɪɚɣɜɟɪɢɬɟ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɭɫɬɪɨɣɫɬɜɚɬɚ ɢ 
ɧɚ ɩɪɨɬɨɤɨɥɚ ɧɚ ɲɢɧɚɬɚ 

 ɮɭɧɤɰɢɨɧɚɥɧɚ ɩɪɨɡɪɚɱɧɨɫɬ ɧɚ ɚɩɚɪɚɬɧɚɬɚ ɱɚɫɬ ɫɩɪɹɦɨ 
ɩɪɨɝɪɚɦɧɚɬɚ 

 ɧɚɞɟɠɞɧɨɫɬ, ɭɫɬɨɣɱɢɜɨɫɬ, ɩɪɨɩɭɫɤɚɬɟɥɧɚ ɫɩɨɫɨɛɧɨɫɬ 



ДǵǺǭǹǵȄǺǭцǯǲǽǵȁǵǷǭȃǵя 

 Ɉɰɟɧɹɜɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɞɢɡɚɣɧɚ ɧɚ ɨɫɧɨɜɚɬɚ 
ɧɚ ɫɢɦɭɥɚɬɢɜɧɢ ɬɟɯɧɢɤɢ 

 Ɉɰɟɧɹɜɚ ɫɟ ɪɟɚɤɰɢɹɬɚ ɧɚ ɫɢɫɬɟɦɚɬɚ ɧɚ ɦɧɨɠɟɫɬɜɨ 
ɜɯɨɞɧɢ ɫɬɢɦɭɥɢ, ɝɟɧɟɪɢɪɚɧɢ ɨɬ ɫɢɦɭɥɚɬɨɪɧɚɬɚ ɫɪɟɞɚ. 

 Ɍɟɫɬɨɜɢɬɟ ɧɚɛɨɪɢ, ɫɴɡɞɚɞɟɧɢ ɡɚ ɩɨ-ɜɢɫɨɤɨ 
ɚɛɫɬɪɚɤɬɧɨ ɧɢɜɨ ɫɟ ɢɡɩɨɥɡɜɚɬ ɢ ɡɚ ɩɨ-ɧɢɫɤɢɬɟ ɧɢɜɚ, 
ɤɚɬɨ ɧɟɩɪɟɤɴɫɧɚɬɚ ɫɟ ɞɨɛɚɜɹɬ ɢ ɧɨɜɢ. 

 ɂɡɩɨɥɡɜɚ ɫɟ ɡɚ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɧɚɥɢɱɢɟɬɨ ɧɚ 
ɝɪɟɲɤɢ, ɧɨ ɧɟ ɦɨɠɟ ɞɚ ɝɚɪɚɧɬɢɪɚ ɨɬɫɴɫɬɜɢɟɬɨ 
ɢɦ. 



ДǵǺǭǹǵȄǺǭцǯǲǽǵȁǵǷǭȃǵя 

 Ɇɨɠɟ ɞɚ ɫɟ ɢɡɩɨɥɡɜɚ ɤɚɤɬɨ ɡɚ ɫɢɫɬɟɦɚɬɚ ɤɚɬɨ 
ɰɹɥɨ, ɬɚɤɚ ɢ ɡɚ ɚɩɚɪɚɬɧɚɬɚ ɢ ɩɪɨɝɪɚɦɧɚɬɚ ɱɚɫɬ 
ɩɨɨɬɞɟɥɧɨ. 

 ɇɟɨɛɯɨɞɢɦɢ ɟɥɟɦɟɧɬɢ ɡɚ ɨɰɟɧɤɚɬɚ ɧɚ ɫɢɫɬɟɦɚɬɚ 

 ɋɢɦɭɥɚɰɢɨɧɟɧ ɦɨɞɟɥ ɧɚ ɞɢɡɚɣɧɚ ɧɚ ɫɢɫɬɟɦɚɬɚ 

 ɋɢɦɭɥɚɬɨɪ 

 Ɍɟɫɬɨɜɚ ɫɪɟɞɚ 

 Ɇɟɬɨɞ ɡɚ ɨɰɟɧɤɚ ɧɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ. 
 Ɍɨɜɚ ɟ ɨɫɧɨɜɧɢɹɬ ɩɪɨɛɥɟɦ ɩɨɪɚɞɢ ɧɟɜɴɡɦɨɠɧɨɫɬ ɡɚ 

ɪɟɚɥɢɡɢɪɚɧɟ ɧɚ ɢɡɱɟɪɩɚɬɟɥɟɧ ɬɟɫɬ ɩɪɢ ɫɢɦɭɥɚɰɢɹ. 



ДǵǺǭǹǵȄǺǭцǯǲǽǵȁǵǷǭȃǵя 

 ɋɩɨɪɟɞ ɦɟɬɨɞɚ ɡɚ ɨɰɟɧɤɚ ɧɚ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ 
ɪɟɡɭɥɬɚɬɢɬɟ ɫɴɳɟɫɬɜɭɜɚɬ ɞɜɚ ɜɢɞɚ ɞɢɧɚɦɢɱɧɚ 
ɜɟɪɢɮɢɤɚɰɢɹ. 
 ɋɢɦɭɥɚɰɢɹ ɧɚ ɥɨɝɢɤɚɬɚ ɧɚ ɫɢɫɬɟɦɚɬɚ 

 Ʉɚɱɟɫɬɜɨɬɨ ɫɟ ɨɩɪɟɞɟɥɹ ɜɴɡɨɫɧɨɜɚ ɧɚ ɩɨɤɪɢɬɢɟ ɧɚ ɤɨɞɚ 
(ɨɩɟɪɚɬɨɪ, ɪɚɡɤɥɨɧɟɧɢɟ, ɩɴɬ, ɰɢɤɴɥ, ɭɫɥɨɜɢɟ ɢ ɬ.ɧ.) 

 ɋɢɦɭɥɚɰɢɹ ɧɚ ɞɟɮɟɤɬɢɬɟ 
 Ʉɚɱɟɫɬɜɨɬɨ ɫɟ ɨɰɟɧɹɜɚ ɱɪɟɡ ɚɧɚɥɢɡ ɧɚ ɨɬɧɨɲɟɧɢɟɬɨ ɦɟɠɞɭ 

ɨɬɤɪɢɬɢ ɞɟɮɟɤɬɢ ɢ ɪɟɚɥɧɨ ɞɟɮɟɤɬɢ – ɞɟɮɟɤɬɢɬɟ ɫɟ 
ɫɢɦɭɥɢɪɚɬ (ɪɚɡɥɢɱɧɢ ɜɢɞɨɜɟ ɢ ɦɨɞɟɥɢ) ɢ ɫɟ ɨɰɟɧɹɜɚɬ 
ɪɟɡɭɥɬɚɬɢɬɟ ɜ ɫ/ɛɟɡɞɟɮɟɤɬɧɚ ɫɢɫɬɟɦɚ. 

 100 % ɧɟ ɝɚɪɚɧɬɢɪɚɬ ɩɴɥɧɨ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɟɮɟɤɬɢɬɟ, ɚ 
ɫɚɦɨ 100 % ɨɬɤɪɢɜɚɟɦɨɫɬ ɡɚ ɫɢɦɭɥɢɪɚɧɢɬɟ ɭɫɥɨɜɢɹ. 



Кǻ-ǾǵǹȀǸǭǿǵǯǺǵцǼǻǱȂǻǱǵ 

 Ʉɨ-ɫɢɦɭɥɚɬɢɜɧɢɹ ɩɨɞɯɨɞ ɫɟ ɢɡɩɨɥɡɜɚ ɡɚ 
ɨɰɟɧɹɜɚɧɟ ɧɚ ɫɢɫɬɟɦɚɬɚ ɫɥɟɞ ɪɚɡɞɟɥɹɧɟɬɨ ɧɚ 
ɮɭɧɤɰɢɨɧɚɥɧɨɫɬɬɚ ɦɟɠɞɭ ɩɪɨɝɪɚɦɧɚɬɚ ɢ 
ɚɩɚɪɚɬɧɚɬɚ ɱɚɫɬ. 

 ɂɡɩɨɥɡɜɚɬ ɫɟ ɫɩɟɰɢɚɥɧɨ ɪɚɡɪɚɛɨɬɟɧɢ 
ɩɥɚɬɮɨɪɦɢ, ɪɚɡɥɢɱɚɜɚɳɢ ɫɟ ɩɨ ɚɪɯɢɬɟɤɬɭɪɧɚ 
ɧɚɫɨɱɟɧɨɫɬ, ɟɮɟɤɬɢɜɧɨɫɬ ɧɚ ɢɡɩɴɥɧɟɧɢɟɬɨ, 
ɟɡɢɰɢ ɡɚ ɨɩɢɫɚɧɢɟ ɧɚ ɫɢɫɬɟɦɚɬɚ 
 ɏɨɦɨɝɟɧɧɢ ɫɪɟɞɢ 

 ɏɟɬɟɪɨɝɟɧɧɢ ɫɪɟɞɢ 

 ɉɨɥɭ-ɯɨɦɨɝɟɧɧɢ ɫɪɟɞɢ 



ǢǻǹǻǰǲǺǺǵцǾǽǲǱǵ 

 Ɂɚ ɫɢɦɭɥɚɰɢɹɬɚ ɧɚ ɚɩɚɪɚɬɧɚ ɢ ɩɪɨɝɪɚɦɧɚ ɱɚɫɬ ɫɟ 
ɢɡɩɨɥɡɜɚ ɟɞɧɨ ɨɛɳɨ ɹɞɪɨ. 

 ɂɡɩɨɥɡɜɚ ɫɟ ɚɛɫɬɪɚɤɰɢɹ ɨɬ ɜɢɫɨɤ ɪɟɞ ɡɚ ɩɪɟɞɫɬɚɜɹɧɟ ɧɚ 
ɪɚɡɥɢɤɚɬɚ ɦɟɠɞɭ ɚɩɚɪɚɬɧɢ ɢ ɩɪɨɝɪɚɦɧɢ ɛɥɨɤɨɜɟ 

 ɂɡɩɨɥɡɜɚ ɫɟ ɡɚ  
 ɨɰɟɧɤɚ ɧɚ ɞɢɡɚɣɧɚ 

 ɨɰɟɧɤɚ ɧɚ ɢɡɩɨɥɡɜɚɧɟ 

 ɇɟɞɨɫɬɚɬɴɤ 

 Ɋɟɚɥɢɡɚɰɢɹ ɧɚ ɦɧɨɝɨ  
ɪɚɡɥɢɱɧɢ ɫɪɟɞɫɬɜɚ ɡɚ ɚɩɚɪɚɬɧɚ  
ɢ ɩɪɨɝɪɚɦɧɚ ɪɟɚɥɢɡɚɰɢɹ 



ǢǲǿǲǽǻǰǲǺǺǵцǾǽǲǱǵ 

 Ɇɧɨɝɨ ɩɨ-ɬɨɱɧɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɩɨɜɟɞɟɧɢɟɬɨ ɧɚ ɚɩɚɪɚɬɧɚɬɚ ɢ 
ɩɪɨɝɪɚɦɧɚɬɚ ɱɚɫɬ. 
 ɂɡɩɨɥɡɜɚ ɫɟ ɩɨ-ɧɢɫɤɨ ɧɢɜɨ  

ɧɚ ɚɛɫɬɪɚɤɰɢɹ ɡɚ ɚɩɚɪɚɬɧɚɬɚ  
ɱɚɫɬ. 

 ɉɪɨɝɪɚɦɚɬɚ ɱɚɫɬ ɫɟ ɨɰɟɧɹɜɚ  
ɜ ɢɡɩɴɥɧɢɦ ɜɢɞ. 

 ɋɴɳɧɨɫɬ 

 ɂɡɩɴɥɧɹɜɚɬ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 
ɦɟɠɞɭ ɞɜɚ ɢ ɩɨɜɟɱɟ  
ɫɢɦɭɥɚɬɨɪɚ. 

 



ǢǲǿǲǽǻǰǲǺǺǵцǾǽǲǱǵ 

 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ:  
 ȿɮɟɤɬɢɜɧɨɫɬɬɚ ɧɚ ɫɢɦɭɥɚɰɢɹɬɚ ɧɚ ɜɪɴɡɤɚɬɚ ɦɟɠɞɭ 

ɫɴɛɢɬɢɣɧɨ-ɨɪɢɟɧɬɢɪɚɧɚɬɚ ɚɩɚɪɚɬɧɚ ɱɚɫɬ ɢ ɫɢɦɭɥɚɬɨɪɚ 
ɧɚ ɢɧɫɬɪɭɤɰɢɢ, ɧɟɨɛɯɨɞɢɦ ɡɚ ɩɪɨɝɪɚɦɧɚɬɚ ɱɚɫɬ 

 ɇɟɨɛɯɨɞɢɦ ɟ ɫɢɦɭɥɚɬɨɪ ɧɚ ɤɨɦɭɧɢɤɚɰɢɨɧɧɢɹ ɤɚɧɚɥ (ɲɢɧɚɬɚ) ɡɚ 
ɜɪɴɡɤɚ ‘ɚɩɚɪɚɬɧɢ ɟɥɟɦɟɧɬɢ-ɦɨɞɭɥɢ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ 
ɩɪɨɝɪɚɦɚɬɚ’ – ɦɨɞɟɥɢɪɚɧɟ ɧɚ ɫɢɝɧɚɥɢɬɟ. 

 Ɇɧɨɝɨ ɛɚɜɧɚ ɫɢɦɭɥɚɰɢɹ. 
 ɋɢɦɭɥɚɰɢɹɬɚ ɧɚ ɜɫɢɱɤɢ ɫɢɝɧɚɥɢ ɩɨ ɲɢɧɚɬɚ ɫɴɳɟɫɬɜɟɧɨ 

ɧɚɦɚɥɹɜɚ ɫɤɨɪɨɫɬɬɚ. 



ǜǻǸȀ-ȂǻǹǻǰǲǺǺǵцǾǽǲǱǵ 

 ɋɴɳɧɨɫɬ 

 ɉɪɢ ɬɹɯ ɧɹɦɚ ɫɢɦɭɥɚɰɢɹ ɧɚ ɲɢɧɚɬɚ ɧɚ ɧɢɫɤɨ ɧɢɜɨ. 
 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɱɪɟɡ ɦɚɥɴɤ ɛɪɨɣ ɮɭɧɤɰɢɢ, ɩɪɟɞɚɜɚɳɢ 

ɢɧɮɨɪɦɚɰɢɹɬɚ ɡɚ ɧɭɠɧɨɬɨ ɜɪɟɦɟ ɛɟɡ ɞ ɫɢɦɭɥɢɪɚɬ ɜɫɢɱɤɢ 
ɫɢɝɧɚɥɢ. 

 ɏɨɦɨɝɟɧɧɢ ɨɬ ɝɥɟɞɧɚ ɬɨɱɤɚ ɧɚ ɢɡɩɨɥɡɜɚɧɢɹ 
ɩɪɨɝɪɚɦɧɢɹ ɟɡɢɤ ɢ ɯɟɬɟɪɨɝɟɧɧɢ ɨɬ ɝɥɟɞɧɚ ɬɨɱɤɚ ɧɚ 
ɫɢɦɭɥɚɰɢɹɬɚ. 

 ɉɨ-ɧɢɫɤɚ ɬɨɱɧɨɫɬ ɨɬ ɯɟɬɟɪɨɝɟɧɧɢɬɟ ɫɪɟɞɢ, ɧɨ 
ɫɤɨɪɨɫɬɬɚ ɧɚ ɫɢɦɭɥɚɰɢɹɬɚ ɟ ɩɨ-ɜɢɫɨɤɚ.  



ǜǻǸȀ-ȂǻǹǻǰǲǺǺǵцǾǽǲǱǵ 

 Ⱦɜɟ ɨɫɧɨɜɧɢ ɫɢɫɬɟɦɢ 

 Ɇɟɠɞɭɩɪɨɰɟɫɧɚ ɤɨɦɭɧɢɤɚɰɢɹ 

 Ɉɛɜɢɜɤɚ ɧɚ ɲɢɧɚɬɚ 

 ɉɪɨɝɪɚɦɧɨ ɚɛɫɬɪɚɤɬɧɨ ɧɢɜɨ 

 ɇɚɣ-ɱɟɫɬɨ ɢɧɬɟɪɮɟɣɫɴɬ 

ɦɟɠɞɭ ɨɛɜɢɜɤɚɬɚ ɧɚ  
ɲɢɧɚɬɚ ɢ ɫɢɦɭɥɚɬɨɪɚ ɧɚ  
ɢɧɫɬɪɭɤɰɢɢ ɟ ɩɪɨɦɟɧɹɟɦ 
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ВǭǸǵǱǭȃǵяцǺǭцǯǰǽǭǱǲǺǵцǾǵǾǿǲǹǵ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɦɨɞɟɥɚ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɪɟɚɥɢɡɚɰɢɹɬɚ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ȼɢɫɨɤɨ ɧɢɜɨ ɧɚ ɪɟɚɥɢɡɚɰɢɹ: ɤɨɦɭɧɢɤɚɰɢɹ ɦɟɠɞɭ 
ɛɥɨɤɨɜɟɬɟ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɧɢɫɤɨ ɧɢɜɨ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɢɡɩɴɥɧɟɧɢɟɬɨ 

 Ɏɭɧɤɰɢɨɧɚɥɧɚ ɜɚɥɢɞɚɰɢɹ 



ВǭǸǵǱǭȃǵяцǺǭцǯǰǽǭǱǲǺǵцǾǵǾǿǲǹǵ 

 ɉɪɨɛɥɟɦɢ: 
 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 Ɉɛɳɨ ɨɩɢɫɚɧɢɟ ɧɚ ɦɨɞɟɥɚ 
 Ʉɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (FТnТtО-State Machines - FSMs) 

 Ʉɨɦɭɧɢɤɢɪɚɳɢ ɫɢ ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (CoЦЦunТМКtТnР FSMs) 
 Ȼɚɡɢɪɚɧɢ ɧɚ ɝɪɚɮɢɰɢ ɨɬ ɫɴɨɛɳɟɧɢɹ (Message Sequence Chart–

Based Models ) 

 ɋɢɦɭɥɚɰɢɨɧɧɢ ɦɨɞɟɥɢ 
 ɋɢɦɭɥɚɰɢɹ ɧɚ ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ 

 ɋɢɦɭɥɚɰɢɹ ɧɚ ɦɨɞɟɥɢ, ɛɚɡɢɪɚɧɢ ɧɚ ɝɪɚɮɢɰɢ ɨɬ ɫɴɨɛɳɟɧɢɹ  
 Ɇɨɞɟɥɧɨ-ɛɚɡɢɪɚɧɨ ɬɟɫɬɜɚɧɟ 

 ɉɪɨɜɟɪɤɚ ɧɚ ɦɨɞɟɥɚ 
 ɉɪɨɜɟɪɤɚ ɧɚ ɫɩɟɰɢɮɢɤɚɰɢɹɬɚ 

 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɰɟɞɭɪɧɨ ɧɢɜɨ 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ 

 Ɋɚɡɥɢɤɚɬɚ ɦɟɠɞɭ ɪɚɡɪɚɛɨɬɜɚɧɚɬɚ ɫɢɫɬɟɦɚ ɢ 
ɩɥɚɬɮɨɪɦɚɬɚ, ɜɴɪɯɭ ɤɨɹɬɨ ɳɟ ɫɟ ɢɦɩɥɟɦɟɧɬɢɪɚ 

 “Ɇɨɞɟɥɴɬ ɧɚ ɩɨɜɟɞɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɜɚ ɨɩɢɫɚɧɢɟ ɧɚ 
ɦɟɯɚɧɢɡɴɦɚ ɧɚ ɩɪɨɦɹɧɚ ɧɚ ɫɴɫɬɨɹɧɢɹɬɚ ɩɪɢ ɤɨɦɭɧɢɤɚɰɢɹ 
ɦɟɠɞɭ ɨɛɟɤɬɢ.” 

 ɉɪɢ ɜɝɪɚɞɟɧɢɬɟ ɫɢɫɬɟɦɢ ɢɦɚ ɦɧɨɝɨ ɫɢɥɧɚ 
ɨɛɜɴɪɡɚɧɨɫɬ ɦɟɠɞɭ ɩɥɚɬɮɨɪɦɚ ɢ ɪɚɡɪɚɛɨɬɜɚɧɚ 
ɫɢɫɬɟɦɚ. 
 ȼɚɥɢɞɚɰɢɹ ɧɚ ɩɥɚɬɮɨɪɦɟɧɢɹ ɦɨɞɟɥ 

 ȼɚɥɢɞɚɰɢɹ ɧɚ ɫɢɫɬɟɦɧɢɹ ɦɨɞɟɥ ɧɚ ɨɫɧɨɜɚɬɚ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ 
ɡɚ ɩɥɚɬɮɨɪɦɟɧɢɹ ɦɨɞɟɥ 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ 

 Ɏɭɧɤɰɢɨɧɚɥɧɢ ɢɡɢɫɤɜɚɧɢɹ 

 ɂɡɢɫɤɜɚɧɢɹ ɡɚ ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 Ɉɛɳɨ ɨɩɢɫɚɧɢɟ ɧɚ ɦɨɞɟɥɚ 
 Ʉɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (FТnТtО-State Machines - FSMs) 

 Ʉɨɦɭɧɢɤɢɪɚɳɢ ɫɢ ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (CoЦЦunТМКtТnР FSMs) 
 Ȼɚɡɢɪɚɧɢ ɧɚ ɝɪɚɮɢɰɢ ɨɬ ɫɴɨɛɳɟɧɢɹ (Message Sequence Chart–

Based Models ) 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 Ɉɛɳɨ ɨɩɢɫɚɧɢɟ ɧɚ ɦɨɞɟɥɚ 
 Ʉɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (FТnТtО-State Machines - FSMs) 

 Ʉɨɦɭɧɢɤɢɪɚɳɢ ɫɢ ɤɪɚɣɧɢ ɚɜɬɨɦɚɬɢ (CoЦЦunТМКtТnР FSMs) 
 Ȼɚɡɢɪɚɧɢ ɧɚ ɝɪɚɮɢɰɢ ɨɬ ɫɴɨɛɳɟɧɢɹ (Message Sequence Chart–

Based Models ) 



ВǭǸǵǱǭȃǵяцǺǭцǹǻǱǲǸǭ 

 UML-ɛɚɡɢɪɚɧɨ ɦɨɞɟɥɢɪɚɧɟ 



ВǭǸǵǱǭȃǵяцǺǭцǷǻǹȀǺǵǷǭȃǵяǿǭ 



ВǭǸǵǱǭȃǵяцǺǭцǷǻǹȀǺǵǷǭȃǵяǿǭ 



ВǭǸǵǱǭȃǵяцǺǭцǷǻǹȀǺǵǷǭȃǵяǿǭ 

 Ɉɛɳɚ ɧɟɫɴɜɦɟɫɬɢɦɨɫɬ 
 ɉɪɢɟɦɚɧɟ/ɉɪɟɞɚɜɚɧɟ ɧɚ ɫɢɝɧɚɥɢɬɟ ɜ ɪɚɡɥɢɱɟɧ ɪɟɞ 

 ȿɞɧɚɤɜɢ ɫɢɝɧɚɥɢ, ɧɨ ɩɪɟɞɚɜɚɬɟɥɹ ɢɦɚ ɪɚɡɥɢɱɧɚ 
ɡɚɞɴɥɠɢɬɟɥɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɧɨɫɬ ɨɬ ɩɪɢɟɦɧɢɤɚ 

 ɂɡɩɨɥɡɜɚɧɟ ɧɚ ɪɚɡɥɢɱɧɨ ɦɧɨɠɟɫɬɜɨ ɨɬ ɫɢɝɧɚɥɢ 

 Ɋɚɡɥɢɤɚ ɜɴɜ ɮɨɪɦɚɬ ɧɚ ɞɚɧɧɢɬɟ 
 ɇɚɩɪɢɦɟɪ ɩɪɟɞɚɜɚɧɟ ɩɨ ɛɢɬɨɜɟ, ɚ ɩɪɢɟɦɚɧɟ ɧɚ ɛɹɣɬɨɜɟ 

 Ɉɛɴɪɤɜɚɧɟ ɧɚ ɞɚɧɧɢɬɟ  
 ɇɚɣ-ɱɟɫɬɨ ɞɚɧɧɢ ɫ ɚɞɪɟɫɢ  
 Ⱦɚɧɧɢ ɨɬ ɪɚɡɥɢɱɧɢ ɩɚɤɟɬɢ 



ǜǽǵǲǹǭǺǲ/ǜǽǲǱǭǯǭǺǲцǺǭц
ǾǵǰǺǭǸǵǿǲцǯцǽǭǴǸǵȄǲǺцǽǲǱ 

 



ǝǭǴǸǵȄǺǻцǹǺǻǳǲǾǿǯǻцǻǿцǾǵǰǺǭǸǵ 

 



ǝǭǴǸǵȄǺǻцǹǺǻǳǲǾǿǯǻцǻǿцǾǵǰǺǭǸǵ 

 ɐɟɧɬɪɚɥɢɡɢɪɚɧ ɤɨɧɜɟɪɬɨɪ ɧɚ ɫɢɝɧɚɥɢ 



ǝǭǴǸǵǷǭцǯъǯцȁǻǽǹǭǿцǺǭцǱǭǺǺǵǿǲ 

 



ǛǮъǽǷǯǭǺǲцǺǭцǱǭǺǺǵǿǲц 
 ɋɢɧɯɪɨɧɢɡɚɰɢɨɧɧɢ ɩɪɨɛɥɟɦɢ 



ВǭǸǵǱǭȃǵяцǺǭцǵǴǼъǸǺǲǺǵǲǿǻ 

 



ǡȀǺǷȃǵǻǺǭǸǺǭцǯǭǸǵǱǭȃǵя 

 



ǡȀǺǷȃǵǻǺǭǸǺǭцǯǭǸǵǱǭȃǵя 

 



42 

 

 

 

ȼɴɩɪɨɫɢ ? 



Вɚɥɢɞɚɰɢя ɢ Вɟɪɢɮɢɤɚɰɢя ɧɚ 
ɉɪɨɝɪɚɦɧɢ ɩɪɨɟɤɬɢ 

Ɉɫɨɛɟɧɨɫɬɢ ɩɪɢ ɫɫɧɨɜɧɢ ɚɪɯɢɬɟɤɬɭɪɧɢ 
ɫɬɢɥɨɜɟ 



Data Flow 

 ɋɴɳɧɨɫɬ: 

 Ⱦɚɧɧɢɬɟ ɤɨɧɬɪɨɥɢɪɚɬ ɢɡɱɢɫɥɟɧɢɹɬɚ 

 ɋɬɪɭɤɬɭɪɚɬɚ ɧɚ ɞɢɡɚɣɧɚ ɫɟ ɨɩɪɟɞɟɥɹ ɨɬ ɧɨɪɦɚɥɧɨɬɨ 
ɞɜɢɠɟɧɢɟ ɧɚ ɞɚɧɧɢ ɨɬ ɤɨɦɩɨɧɟɧɬ ɧɚ ɤɨɦɩɨɧɟɧɬ 

 Ɇɨɞɟɥɴɬ ɧɚ ɩɨɬɨɤɚ ɨɬ ɞɚɧɧɢ ɟ ɡɚɞɚɞɟɧ ɢɦɩɥɢɰɢɬɧɨ 

 Ɍɨɜɚ ɟ ɟɞɢɧɫɬɜɟɧɚɬɚ ɮɨɪɦɚ ɧɚ ɤɨɦɭɧɢɤɚɰɢɹ ɦɟɠɞɭ 
ɤɨɦɩɨɧɟɧɬɢɬɟ 

 ȼɴɡɦɨɠɧɢ ɜɚɪɢɚɧɬɢ: 
 Ʉɚɤ ɫɟ ɭɩɪɚɜɥɹɜɚ ɤɨɧɬɪɨɥɚ – ɡɚɪɟɠɞɚɧɟ ɢɥɢ ɢɡɜɥɢɱɚɧɟ 

(push versus pull) 

 ɋɬɟɩɟɧ ɧɚ ɩɚɪɚɥɟɥɧɚ ɨɛɪɚɛɨɬɤɚ (ɤɨɧɤɭɪɟɧɬɧɢ ɩɪɨɰɟɫɢ) 
 Ɍɨɩɨɥɨɝɢɹ 



Data Flow 

 Ɇɨɞɟɥɢ ɧɚ ɩɨɬɨɰɢ ɨɬ ɞɚɧɧɢ 
 

 

 

 

 

 

 ȼɢɞɨɜɟ ɚɪɯɢɬɟɤɬɭɪɢ 

 ɉɚɤɟɬɧɚ ɨɛɪɚɛɨɬɤɚ (Batch sequential) 

 ɉɨɬɨɤɨɜɢ ɦɪɟɠɢ (pipes&filters) 

 Ⱥɪɯɢɬɟɤɬɭɪɢ ɫɴɫ ɡɚɬɜɨɪɟɧ ɰɢɤɴɥ ɧɚ ɭɩɪɚɜɥɟɧɢɟ 

 



Data Flow 

 ȿɥɟɦɟɧɬɢ 

 Ʉɨɦɩɨɧɟɧɬɢ 

 ɂɧɬɟɪɮɟɣɫɴɬ ɢɦ ɟ ɜɯɨɞɧɢ ɢ ɢɡɯɨɞɧɢ ɩɨɪɬɨɜɟ 

 ɂɡɱɢɫɥɢɬɟɥɟɧ ɦɨɞɟɥ - Чɟɬɟɧɟ ɨɬ вɯɨɞɟɧ ɩɨɪɬ; 
ɂɡɱɢɫɥɟɧɢɟ; Ɂаɩɢɫ в ɢɡɯɨɞɟɧ ɩɨɪɬ 

 ɋɜɴɪɡɚɜɚɳɢ ɟɥɟɦɟɧɬɢ (ɤɨɧɟɤɬɨɪɢ) 
 ȿɞɧɨɩɨɫɨɱɧɢ, ɧɚɣ-ɱɟɫɬɨ ɚɫɢɧɯɪɨɧɧɢ ɢ ɛɭɮɟɪɢɪɚɧɢ 

 ɂɡɱɢɫɥɢɬɟɥɟɧ ɦɨɞɟɥ - Ɍɪаɧɫɩɨɪɬ ɨɬ ɢɡɯɨɞɟɧ ɩɨɪɬ ɞɨ 
вɯɨɞɟɧ ɩɨɪɬ 

 ɋɢɫɬɟɦɢ 

 ɉɪɨɢɡɜɨɥɧɢ ɝɪɚɮɢ 

 ɂɡɱɢɫɥɢɬɟɥɟɧ ɦɨɞɟɥ - Фɭɧɤɰɢɨɧаɥɧа ɤɨɦɩɨɡɢɰɢя 

 



Push-Based Style 

 ɋɴɳɧɨɫɬ:  
 Ʉɥɚɫɢɱɟɫɤɚ ɡɚɞɚɱɚ ‘ɉɪɨɢɡɜɨɞɢɬɟɥ-ɉɨɬɪɟɛɢɬɟɥ’ 

 



Push-Based Style 

 Ɋɚɡɥɢɱɚɜɚ ɫɟ ɫɴɳɟɫɬɜɟɧɨ ɨɬ ɛɚɡɢɪɚɧɢɬɟ ɧɚ ɢɡɜɥɢɱɚɧɟ 
(pull-based), ɧɚɩɪɢɦɟɪ Web-ɩɪɢɥɨɠɟɧɢɹɬɚ. 

 ȿɥɟɦɟɧɬɢ 
 Ʉɨɦɩɨɧɟɧɬɢ – ɩɪɨɢɡɜɨɞɢɬɟɥ/-ɢ ɢ ɩɨɬɪɟɛɢɬɟɥ/-ɢ 
 Ʉɨɧɟɤɬɨɪɢ – ɤɚɧɚɥɢ, ɪɚɡɩɪɨɫɬɪɚɧɢɬɟɥ (broadcaster), ɬɪɚɧɫɩɨɪɬɧɚ 

ɫɢɫɬɟɦɚ, ɩɨɜɬɨɪɢɬɟɥɢ, ɤɟɲ, ɩɪɨɤɫɢ 

 Ⱥɫɢɦɟɬɪɢɱɟɧ ɤɨɦɭɧɢɤɚɰɢɨɧɟɧ ɦɨɞɟɥ 
 ɉɪɨɢɡɜɨɞɢɬɟɥɢɬɟ ɧɟ ɫɚ ɩɪɢɟɦɧɢɰɢ. 
 Ɇɨɠɟ ɞɚ ɢɦɚ ɧɟɤɨɥɤɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢ ɜɫɟɤɢ ɞɚ ɢɦɚ ɧɹɤɨɥɤɨ 

ɩɨɬɪɟɛɢɬɟɥɹ (ɦɧɨɝɨ ɩɨɜɟɱɟ, ɫɩɪɹɦɨ ɚɪɯɢɬɟɤɬɭɪɢɬɟ ɨɬ ɜɢɞɚ 
‘Event-based’) 

 Ɉɫɧɨɜɟɧɢ ɩɪɨɛɥɟɦɢ 
 ɋɴɫɬɟɡɚɧɢɟ ɧɚ ɫɢɝɧɚɥɢ (race condition) 
 ȼɡɚɢɦɧɚ ɛɥɨɤɢɪɨɜɤɚ (deadlock) 



Push-Based Style 

 



ɉɚɤɟɬɧɚ ɨɛɪɚɛɨɬɤɚ  
(Batch Sequential) 

 Ʉɨɦɩɨɧɟɧɬɢɬɟ ɫɚ ɧɟɡɚɜɢɫɢɦɢ ɩɪɨɝɪɚɦɢ 

 Ʉɨɧɟɤɬɨɪɢɬɟ ɫɚ ɧɹɤɚɤɜɚ ɮɨɪɦɚ ɧɚ ɦɟɞɢɹ 

 ȼɫɹɤɚ ɩɪɨɝɪɚɦɚ ɡɚɜɴɪɲɜɚ ɧɚɩɴɥɧɨ ɪɚɛɨɬɚɬɚ ɫɢ ɩɪɟɞɢ ɞɚ 
ɡɚɩɨɱɧɟ ɫɥɟɞɜɚɳɚɬɚ 



ɉɚɤɟɬɧɚ ɨɛɪɚɛɨɬɤɚ 

 Ɉɫɨɛɟɧɨɫɬɢ 

 Ʌɢɦɢɬɢɪɚɧ ɨɛɟɦ ɧɚ ɩɪɟɧɨɫɧɚɬɚ ɦɟɞɢɹ, ɧɚɩɪ. ɞɢɫɤɨɜɨ 
ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 Ȼɥɨɤɨɜɚ ɫɢɫɬɟɦɚ ɧɚ ɞɢɫɩɟɱɢɪɚɧɟ ɧɚ ɩɪɨɰɟɫɨɪɧɨɬɨ 
ɜɪɟɦɟ 

 ɇɟ ɪɟɚɥɧɨ-ɜɪɟɦɟɜɢ ɩɪɢɥɨɠɟɧɢɹ, ɨɪɢɟɧɬɢɪɚɧɢ ɤɴɦ 
ɩɚɤɟɬɧɚ ɨɛɪɚɛɨɬɤɚ, ɬ.ɟ. ɢɡɩɨɥɡɜɚɧɟ ɡɚ ɛɢɡɧɟɫ 
ɩɪɢɥɨɠɟɧɢɹ: 
 Ⱦɢɫɤɪɟɬɧɢ ɬɪɚɧɡɚɤɰɢɢ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɨɩɪɟɞɟɥɟɧ ɬɢɩ 

ɞɚɧɧɢ ɧɚ ɩɟɪɢɨɞɢɱɧɢ ɢɧɬɟɪɜɚɥɢ 

 ɋɴɡɞɚɜɚɧɟ ɧɚ ɩɟɪɢɨɞɢɱɧɢ ɨɬɱɟɬɢ, ɜɴɡ ɨɫɧɨɜɚ ɧɚ 
ɩɟɪɢɨɞɢɱɧɨ ɚɤɬɭɚɥɢɡɢɪɚɧɟ ɧɚ ɞɚɧɧɢ ɞɚɧɧɢ 



Pipes and Filters 

 Ɍɨɜɚ ɫɚ ɫɢɫɬɟɦɢ ɡɚ ɩɨɬɨɤɨɜɚ ɨɛɪɚɛɨɬɤɚ ɧɚ 
ɢɧɮɨɪɦɚɰɢɹɬɚ.  
 Ⱦɚɧɧɢɬɟ ɫɟ ɨɛɪɚɛɨɬɜɚɬ ɢɧɤɪɟɦɟɧɬɚɥɧɨ. 
 ȼɫɹɤɚ ɫɬɴɩɤɚ ɧɚ ɨɛɪɚɛɨɬɤɚ ɟ ɪɟɚɥɢɡɢɪɚɧɚ ɫ ɨɬɞɟɥɟɧ 

ɤɨɦɩɨɧɟɧɬ (filter), ɤɚɬɨ ɬɹɯɧɚɬɚ ɪɟɤɨɦɛɢɧɚɰɢɹ ɩɨɡɜɨɥɹɜɚ 
ɢɡɝɪɚɠɞɚɧɟɬɨ ɧɚ ɮɚɦɢɥɢɹ ɨɬ ɫɢɫɬɟɦɢ. 

 ɂɡɢɫɤɜɚɬ ɟɡɢɤ ɡɚ ɩɪɨɝɪɚɦɢɪɚɧɟ ɢ Ɉɋ. 

 



Pipes and Filters 

 



Pipes and Filters 

 ȼɚɪɢɚɧɬɢ 

 Фɢɥɬɪɢɬɟ ɦɨɠɟ ɞɚ ɫɚ ɧɟɡɚɜɢɫɢɦɢ, ɛɟɡ ɨɛɳɨ ɫɴɫɬɨɹɧɢɟ ɢ ɩɚɦɟɬ. 
 Фɢɥɬɴɪɴɬ ɧɟ ɡɧɚɟ ɤɨɣ ɟ ɩɪɟɞɢ ɢ ɤɨɣ ɟ ɫɥɟɞ ɧɟɝɨ ɜ ɩɨɬɨɤɚ. 
 Ʉɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɪɟɡɭɥɬɚɬɚ ɦɨɠɟ ɞɚ ɧɟ ɡɚɜɢɫɢ ɨɬ ɪɟɞɚ, ɜ ɤɨɣɬɨ 

ɮɢɥɬɪɢɬɟ ɫɟ ɢɡɩɴɥɧɹɜɚɬ 

 Ʉɴɞɟ ? 

 Unix pipes  

 lex/yacc-based compiler 

 Scanning->parsing->semantic analysis->code generation 

 Ɉɛɪɚɛɨɬɤɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹ 

 ɋɢɝɧɚɥɧɢ ɨɛɪɚɛɨɬɤɢ 

 Ⱥɭɞɢɨ ɢ ɜɢɞɟɨ ɫɬɪɢɦɢɧɝ (audio and video streaming) 

 

 



Pipes and Filters 

 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ – ‘Ʉɚɤɜɨ ɤɚɪɚ ɞɚɧɧɢɬɟ ɞɚ ɫɟ 
ɞɜɢɠɚɬ’? 

 Ɂɚɪɟɠɞɚɧɟ (Push): ɢɡɬɨɱɧɢɤɴɬ ɝɢ ɡɚɪɟɠɞɚ ɜ ɫɥɟɞɜɚɳɢɹ ɜ 
ɩɨɬɨɤɚ 

 ɂɡɜɥɢɱɚɧɟ (Pull): ɩɪɢɟɦɧɢɤɴɬ (data sink) ɝɢ ɢɡɜɥɢɱɚ ɨɬ 
ɩɪɟɞɯɨɞɧɢɹ 

 Ʉɨɦɛɢɧɢɪɚɧɚ ɮɨɪɦɚ (Push/Pull): ɮɢɥɬɴɪɴɬ ɚɤɬɢɜɧɨ 
ɢɡɜɥɢɱɚ ɞɚɧɧɢɬɟ ɨɬ ɩɨɬɨɤɚ, ɢɡɜɴɪɲɜɚ ɢɡɱɢɫɥɟɧɢɹɬɚ ɢ ɝɢ 
ɡɚɪɟɠɞɚ ɜ ɩɨɬɨɤɚ ɧɚ ɫɥɟɞɜɚɳɢɹ. 
 Ⱥɤɨ ɢɦɚ ɩɨɜɟɱɟ ɨɬ ɟɞɢɧ ɬɚɤɴɜ ɮɢɥɬɴɪ ɟ ɧɟɨɛɯɨɞɢɦ 

ɦɟɯɚɧɢɡɴɦ ɡɚ ɫɢɧɯɪɨɧɢɡɚɰɢɹ. 
 ɉɚɫɢɜɧɨ ɮɨɪɦɚ: ɧɢɳɢ ɧɟ ɢɡɜɴɪɜɚ, ɚ ɟ ɫɚɦɨ ɝɟɧɟɪɚɬɨɪ ɧɚ 

ɞɚɧɧɢ ɢɥɢ ɩɪɢɟɤɧɢɤ (sink). 



Зɚɪɟɠɞɚɧɟ ɢ ɢɡɜɥɢɱɚɧɟ ɧɚ ɞɚɧɧɢ 

 Ɂɚɪɟɠɞɚɧɟ (Push) ɫ ɟɞɢɧ ɚɤɬɢɜɟɧ ɢɡɬɨɱɧɢɤ 



Зɚɪɟɠɞɚɧɟ ɢ ɢɡɜɥɢɱɚɧɟ ɧɚ ɞɚɧɧɢ 

 ɂɡɜɥɢɱɚɧɟ (Pull) ɫ ɟɞɢɧ ɚɤɬɢɜɟɧ ɩɪɢɟɦɧɢɤ 



Зɚɪɟɠɞɚɧɟ ɢ ɢɡɜɥɢɱɚɧɟ ɧɚ ɞɚɧɧɢ 

 Ʉɨɦɛɢɧɢɪɚɧɚ ɮɨɪɦɚ (Push-Pull) ɫ ɩɚɫɢɜɧɢ ɢɡɬɨɱɧɢɤ ɢ 
ɩɪɢɟɦɧɢɤ 



Зɚɪɟɠɞɚɧɟ ɢ ɢɡɜɥɢɱɚɧɟ ɧɚ ɞɚɧɧɢ 

 Ʉɨɦɛɢɧɢɪɚɧɚ ɮɨɪɦɚ (Push-Pull) ɫ ɚɤɬɢɜɧɢ ɮɢɥɬɪɢ ɢ 
ɫɢɧɯɪɨɧɢɡɚɰɢɨɧɟɧ ɛɭɮɟɪ 



Pipes and Filters 

 ɉɪɨɛɥɟɦɢ ɡɚ ɢɡɫɥɟɞɜɚɧɟ 
 ɉɪɟɡɢɩɨɥɡɜɚɟɦɨɫɬ – ɮɨɪɦɚɬɚ ɧɚ ɞɚɧɧɢɬɟ ɡɚ ɩɪɟɧɨɫ 

 Ɂɚɦɟɧɹɟɦɨɫɬ 

 Фɨɪɦɚɥɟɧ ɚɧɚɥɢɡ, ɜɤɥɸɱɢɬɟɥɧɨ ɨɩɪɟɞɟɥɹɧɟ ɧɚ 
ɜɡɚɢɦɧɚ ɛɥɨɤɢɪɨɜɤɚ (deadlock detection). 

 ɉɚɪɚɥɟɥɧɨɫɬ ɧɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɮɢɥɬɪɢɬɟ. 

 ɋɢɧɯɪɨɧɢɡɚɰɢɹɬɚ ɧɚ ɩɨɬɨɰɢɬɟ ɦɨɠɟ ɞɚ ɩɪɨɦɟɧɢ 
ɚɪɯɢɬɟɤɬɭɪɚɬɚ. 

 Error handling 

 ɂɡɛɨɪɴɬ ɧɚ ɬɢɩɚ ɧɚ ɞɚɧɧɢɬɟ ɡɚ ɩɨɬɨɤɚ. 
 



Аɪɯɢɬɟɤɬɭɪɚ ɫ ɰɟɧɬɪɚɥɢɡɢɪɚɧɨ 
ɭɩɪɚɜɥɟɧɢɟ 

 Ƚɥɚɜɧɚ ɩɪɨɝɪɚɦɚ + ɚɪɯɢɬɟɤɬɭɪɚ, ɛɚɡɢɪɚɧɚ ɧɚ 
ɩɨɞɩɪɨɝɪɚɦɢ 

 Ƀɟɪɚɪɯɢɱɧɚ ɞɟɤɨɦɩɨɡɢɰɢɹ 

 Ⱦɚɧɧɢɬɟ ɫɟ ɩɪɟɞɚɜɚɬ ɤɚɬɨ ɩɚɪɚɦɟɬɪɢ. 
 Ƚɥɚɜɧɚɬɚ ɩɪɨɝɪɚɦɚ ɭɩɪɚɜɥɹɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɧɨɫɬɬɚ 

ɨɬ ɨɛɪɚɛɨɬɤɢ ɩɪɟɡ ɩɨɞɩɪɨɝɪɚɦɢɬɟ 



Call-Return Model 

Main  

program 

Routine 1 Routine 2 Routine 3 

Routine 1.2 Routine 4 Routine 3.1 Routine 3.2 



Management Control 

Fault 

handler 

System 
controller 

Sensor 

processes 

User 

Interface 

Computation 

processes 

Actuator 

processes 



ɈɈ ɚɪɯɢɬɟɤɬɭɪɚ 

 Ȼɟɡ ɧɚɫɥɟɞɫɬɜɟɧɨɫɬ ɢɦɚ ɚɪɯɢɬɟɤɬɭɪɚɬɚ ɟ ɨɬ ɞɪɭɝ ɜɢɞ.  
 Ɉɫɧɨɜɧɢ ɩɪɨɛɥɟɦɢ ɡɚ ɩɪɨɜɟɪɤɚ: 

 ɉɪɚɜɢɥɧɨ ɪɚɡɞɟɥɹɧɟ ɧɚ ɩɪɨɛɥɟɦɢɬɟ ɦɟɠɞɭ ɫɜɴɪɡɚɧɢɬɟ ɚɝɟɧɬɢ. 
 ɉɪɨɦɹɧɚɬɚ ɧɚ ɢɦɩɥɟɦɟɧɬɚɰɢɹɬɚ ɨɬɪɚɡɹɜɚ ɥɢ ɫɟ ɧɚ ɤɥɢɟɧɬɢɬɟ ? 

 Ⱥɤɨ B ɫɟ ɩɪɨɦɟɧɢ ɬɨ ɬɨɜɚ ɳɟ ɞɨɜɟɞɟ ɥɢ ɞɨ ɩɪɨɦɹɧɚ ɧɚ 
ɢɡɩɨɡɥɜɚɳɢɬɟ ɝɨ ɨɛɟɤɬɢ.  

 A ɢɡɩɨɥɡɜɚ B ɢ ɚɤɨ C ɢɡɩɨɥɡɜɚ B, ɬɨ ɚɤɨ ɩɪɨɦɹɧɚɬɚ ɧɚ C ɫɟ ɨɬɪɚɡɢ 
ɜɴɪɯɭ B ɬɨ ɞɚɥɢ ɢɦɚ ɧɟɨɱɚɤɜɚɧɚ ɩɪɨɦɹɧɚ ɧɚ A. 

 Ɋɚɡɩɪɟɞɟɥɟɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ ɤɚɬɨ ɪɟɡɭɥɬɚɬ ɨɬ ɫɥɨɠɧɢ 
ɞɢɧɚɦɢɱɧɢ ɜɪɴɡɤɢ. 



Event-Based 

 Ɍɚɡɢ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟ ɯɚɪɚɤɬɟɪɢɡɢɪɚ ɫɴɫ ɫɬɢɥɚ ɧɚ 
ɤɨɦɭɧɢɤɚɰɢɹ ɦɟɠɞɭ ɨɛɟɤɬɢɬɟ: 

 Ⱦɢɪɟɤɬɧɚ ɚɤɬɢɜɢɡɚɰɢɹ (procedure invocation), 

ɢɡɩɪɚɳɚɧɟ ɧɚ ɫɴɨɛɳɟɧɢɟ (message) ɞɨ broadcast ɢɥɢ 
multicast (ɞɨ ɪɟɝɢɫɬɪɢɪɚɧɢ ɤɨɦɩɨɧɟɧɬɢ), ɫɴɛɢɬɢɹ 
(events). 

 Ʉɨɦɩɨɧɟɧɬɢɬɟ ɧɟ ɫɚ ɡɚɞɴɥɠɢɬɟɥɧɨ ɨɛɟɤɬɢ. 

 ȼɢɞɨɜɟ 

 ɋ ɪɚɡɩɪɨɫɬɪɚɧɟɧɢɟ (broadcast) 

 ɋɢɫɬɟɦɢ ɫ ɩɪɟɤɴɫɜɚɧɟ (interrupt-driven) 



Broadcasting 

Sub-system 1 Sub-system 1 Sub-system 1 Sub-system 1 

Event & Message Handler 



Interrupt-Driven Control 

Handler 1 Handler 2 Handler 3 Handler 4 

Process 1 Process 1 Process 1 Process 1 

Interrupt vector 

Interrupts 



əɜɧɨ ɚɤɬɢɜɢɡɢɪɚɧɟ 

 Ɉɫɧɨɜɧɢ ɩɪɨɛɥɟɦɢ 
 Ɂɚɝɭɛɚ ɧɚ ɤɨɧɬɪɨɥ 

 ɉɪɢ ɝɟɧɟɪɢɪɚɧɨ ɫɴɛɢɬɢɟ ɤɨɦɩɨɧɟɧɬɴɬ ɧɟ ɡɧɚɟ ɞɚɥɢ ɧɹɤɨɣ ɝɨ 
ɜɴɡɩɪɢɟɦɚ. 

 ɇɟ ɡɧɚɟ ɞɚɥɢ ɧɹɤɨɣ ɳɟ ɛɴɞɟ ɚɤɬɢɜɢɡɢɪɚɧ. 
 ɇɟ ɡɧɚɟ ɤɨɝɚ ɫɜɴɪɲɜɚ ɪɚɛɨɬɚɬɚ ɧɚ ɚɤɬɢɜɢɡɢɪɚɧɢɹ. 

 Ʉɨɪɟɤɬɧɨɫɬɬɚ ɡɚɜɢɫɢ ɨɬ ɤɨɧɬɟɤɫɬɜɚ, ɩɪɢ ɤɨɣɬɨ ɟ 
ɜɴɡɧɢɤɧɚɥɚ ɚɤɬɢɜɢɡɚɰɢɹɬɚ, ɬ.ɟ. ɇɟɩɪɟɞɫɤɚɡɭɟɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

 Ɉɛɳɢ ɞɚɧɧɢ – ɢɦɩɥɢɰɢɬɧɨɬɨ ɢ ɟɤɫɩɥɢɰɢɬɧɚ 
ɚɤɬɢɜɢɡɚɰɢɹ ɫɟ ɢɡɩɨɥɡɜɚɬ ɩɚɪɚɥɟɥɧɨ. 



Model-View-Controller 

 Ⱦɟɤɨɦɩɨɡɢɰɢɹ ɧɚ ɢɧɬɟɪɚɤɬɢɜɧɚ ɫɢɫɬɟɦɚ ɧɚ ɬɪɢ 
ɤɨɦɩɨɧɟɧɬɚ: 
 Model – ɨɫɧɨɜɧɚɬɚ ɮɭɧɤɰɢɨɧɚɥɧɨɫɬ ɢ ɞɚɧɧɢ 
 ȿɞɧɨ ɢɥɢ ɩɨɜɟɱɟ ‘VТОаs’ – ɜɢɡɭɚɥɢɡɢɪɚɬ ɢɧɮɨɪɦɚɰɢɹɬɚ ɡɚ 

ɩɨɬɪɟɛɢɬɟɥɹ 
 ȿɞɢɧ ɢɥɢ ɩɨɜɟɱɟ ‘CoЧtrollОrs’ – ɭɩɪɚɜɥɹɜɚɬ ɜɯɨɞɚ ɨɬ 

ɩɨɬɪɟɛɢɬɟɥɹ. 
 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ 

 Ɇɟɯɚɧɢɡɴɦ ɡɚ ɡɚɳɢɬɟɧɚ ɩɪɨɦɹɧɚ (change-propagation 
mechanism) – ɞɚ ɫɟ ɨɫɢɝɭɪɹɜɚ ɤɨɧɫɢɫɬɟɧɬɧɨɫɬ ɦɟɠɞɭ 
ɩɨɬɪɟɛɢɬɟɥɫɤɢɹ ɢɧɬɟɪɮɟɣɫ ɢ ɦɨɞɟɥɚ 

 ɉɪɨɦɹɧɚɬɚ ɧɚ ɦɨɞɟɥɚ ɩɪɟɞ ɟɞɢɧ ɤɨɧɬɪɨɥɟɪ, ɫɜɴɪɡɚɧ ɫ ɞɚɞɟɧ 
ɢɡɝɥɟɞ (‘vТОа’) ɬɪɹɛɜɚ ɚɜɬɨɦɚɬɢɱɧɨ ɞɚ ɨɛɧɨɜɢ ɞɪɭɝɢɬɟ ɢɡɝɥɟɞɢ. 

 ɋɴɳɟɫɬɜɭɜɚ ɥɢ ɨɛɜɴɪɡɚɧɨɫɬ ɦɟɠɞɭ ɤɨɧɬɟɤɫɬɚ ɧɚ ɤɨɧɬɪɨɥɟɪɚ ɢ 
ɢɡɝɥɟɞɚ – ɦɨɠɟ ɞɚ ɞɨɜɟɞɟ ɞɨ ɪɟɚɥɢɡɢɪɚɧɟɬɨ ɢɦ ɤɚɬɨ ɟɞɢɧ 
ɤɨɦɩɨɧɟɧɬ. 



Model-View-Controller 

 



Цɟɧɬɚɥɢɡɢɪɚɧɨ ɫъɯɪɚɧɟɧɢɟ ɧɚ ɞɚɧɧɢɬɟ 
(Repositories / Data Centred) 

 ȿɞɢɧ ɰɟɧɬɪɚɥɟɧ ɤɨɦɩɨɧɟɧɬ, ɫɴɯɪɚɧɹɜɚɳ ɰɟɧɬɪɚɥɢɡɢɪɚɧɨ 
ɞɚɧɧɢɬɟ ɢ ɩɪɟɞɫɬɚɜɹɳ ɫɴɫɬɨɹɧɢɟɬɨ ɧɚ ɫɢɫɬɟɦɚɬɚ, ɢ 
ɦɧɨɠɟɫɬɜɨ ɧɟɡɚɜɢɫɢɦɢ ɤɨɦɩɨɧɟɧɬɢ, ɪɚɛɨɬɟɳɢ ɜɴɪɯɭ 
ɫɴɯɪɚɧɟɧɹɜɚɧɢɬɟ ɞɚɧɧɢ. 

 ɉɪɨɛɥɟɦ – ɜɪɴɡɤɚɬɚ ɦɟɠɞɭ ɜɴɧɲɧɢɬɟ ɤɨɦɩɨɧɟɧɬɢ ɢ 
ɯɪɚɧɢɥɢɳɟɬɨ: 

 Ɍɪаɧɡаɤɰɢɨɧɧɢ БД (Transactional databases):  

 ȼɯɨɞɧɢɹɬ ɩɨɬɨɤ ɨɬ ɬɪɚɧɡɚɤɰɢɢ ɭɩɪɚɜɥɹɜɚ ɩɪɨɰɟɫɢɬɟ ɡɚ ɭɩɪɚɜɥɹɧɢɟ ɧɚ 
ɞɚɧɧɢɬɟ ɜ ɯɪɚɧɢɥɢɳɟɬɨ.  

 ɉɚɫɢɜɧɚ ɢɞɟɨɥɨɝɢɹ. 

 ‘Чɟɪɧа ɞъɫɤа’ (Blackboard architecture):  

 Ɍɟɤɭɳɨɬɨ ɫɴɫɬɨɹɧɢɟ ɧɚ ɞɚɧɧɢɬɟ ɜ ɯɪɚɧɢɥɢɳɟɬɨ ɭɩɪɚɜɥɹɜɚ 
ɩɪɨɰɟɫɢɬɟ.  

 Ⱥɤɬɢɜɧɚ ɢɞɟɨɥɨɝɢɹ. 



Цɟɧɬɚɥɢɡɢɪɚɧɨ ɫъɯɪɚɧɟɧɢɟ ɧɚ 
ɞɚɧɧɢɬɟ 

 



Цɟɧɬɚɥɢɡɢɪɚɧɨ ɫъɯɪɚɧɟɧɢɟ ɧɚ ɞɚɧɧɢɬɟ 

 ɉɪɢɦɟɪɢ: 
 ɂɧɮɨɪɦɚɰɢɨɧɧɢɬɟ ɫɢɫɬɟɦɢ 

 ɂɧɬɟɝɪɢɪɚɧɢ ɫɪɟɞɢ ɡɚ ɪɚɡɪɚɛɨɬɤɚ 

 Ƚɪɚɮɢɱɧɢ ɪɟɞɚɤɬɨɪɢ 

 ɋɢɫɬɟɦɢ ɡɚ ɂɂ 

 Ⱦɪɭɝɢ. 

 ɉɪɨɛɥɟɦɢ: 
 Ƚɨɥɹɦɨ ɤɨɥɢɱɟɫɬɜɨ ɧɚ ɞɚɧɧɢɬɟ 

 ɐɟɧɬɪɚɥɢɡɢɪɚɧɨ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɚɧɧɢɬɟ. 
 Ɋɚɡɩɪɟɞɟɥɟɧɢ ɞɚɧɧɢ 

 ȿɜɨɥɸɰɢɹ 

 



Йɟɪɚɪɯɢɱɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 
 ɉɪɨɛɥɟɦɢ 

 ɋɴɫɬɟɦɧɚ ɨɪɝɚɧɢɡɚɰɢɹ 

 Ɇɧɨɝɨɧɢɜɨɜɚ ‘Ʉɥɢɟɧɬ-ɋɴɪɜɴɪ’ 
 ȼɫɹɤɨ ɧɢɜɨ ɟɤɫɩɨɪɬɢɪɚ “API” ɡɚ ɝɨɪɧɨɬɨ ɧɢɜɨ 

 ȼɫɹɤɨ ɧɢɜɨ ɫɟ ɹɜɹɜɚ ɟɞɧɨɜɪɟɦɟɧɧɨ 

 ɋъɪвъɪ – ɡɚ ɝɨɪɧɨɬɨ ɧɢɜɨ 

 Кɥɢɟɧɬ – ɡɚ ɞɨɥɧɨɬɨ ɧɢɜɨ 

 ‘ɑɢɫɬɨ’ ɣɟɪɚɪɯɢɱɧɚ ɫɢɫɬɟɦɚ ɥɢ ɟ ? 

 ȼɢɞ: 

 ɂɧɬɟɪɩɪɟɬɚɬɢɜɧɚ ɢɥɢ 

 Ɇɧɨɝɨɧɢɜɨɜɚ  



Йɟɪɚɪɯɢɱɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 

 



Йɟɪɚɪɯɢɱɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 

 



Йɟɪɚɪɯɢɱɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 

 ɋɬɪɚɬɟɝɢɢ ɡɚ ‘Оrror СКЧНlТЧР’ 
 ɂɦɚ ɢɥɢ ɧɹɦɚ ɩɪɨɩɚɝɚɰɢɹ ɧɚ ɝɪɟɲɤɚɬɚl 

 Ʉɨɥɢɱɟɫɬɜɨ ɧɚ ɝɪɟɲɤɢɬɟ ɤɚɬɨ ɬɢɩ ɢ ɛɪɨɣ ɩɪɢ 
ɩɪɨɩɚɝɚɰɢɹ ɩɪɟɡ ɧɢɜɚɬɚ 

 ɉɪɨɛɥɟɦ ɫ ɨɛɟɞɢɧɹɜɚɧɟɬɨ ɧɚ ɧɹɤɨɥɤɨ ɝɪɟɲɤɢ ɜ ɟɞɧɚ ɧɚ 
ɝɨɪɧɨɬɨ ɧɢɜɨ 

 ɉɪɨɛɥɟɦɢ ɫ ɤɨɧɬɟɤɫɬɚ ɧɚ ɝɪɟɲɤɢɬɟ ɩɪɢ ɩɪɨɩɚɝɚɰɢɹ 

 Ʉɚɤ ɩɪɨɦɹɧɚɬɚ ɧɚ ɪɟɚɥɢɡɚɰɢɹɬɚ ɧɚ ɞɚɞɟɧɨ ɧɢɜɨ ɫɟ 
ɨɬɪɚɡɹɜɚ ɧɚ ɫɜɴɪɡɚɧɢɬɟ ɫ ɧɟɝɨ ? 

 Ʉɚɤ ɫɟ ɭɩɪɚɜɥɹɜɚ ɚɛɫɬɪɚɤɰɢɹɬɚ ? 

 Ʉɚɤ ɫɟ ɭɩɪɚɜɥɹɜɚ ɛɴɪɡɨɞɟɣɫɬɜɢɟɬɨ ɢ ɫɢɝɭɪɧɨɫɬɬɚ ? 



Аɪɯɢɬɟɤɬɭɪɚ ‘Process-Control’ 

 ɉɨɞɯɨɞɹɳ ɡɚ ɩɪɢɥɨɠɟɧɢɹ, ɱɢɹɬɨ ɰɟɥ ɟ ɞɚ 
ɩɨɞɞɴɪɠɚ ɨɩɪɟɞɟɥɟɧɢ ɫɜɨɣɫɬɜɚ ɧɚ ɢɡɯɨɞɢɬɟ ɧɚ 
ɩɪɨɰɟɫɚ ɧɚ ɞɨɫɬɚɬɴɱɧɨ ɛɥɢɡɨ ɞɨ ɪɟɮɟɪɟɧɬɧɢ 
ɫɬɨɣɧɨɫɬɢ. 

 Ʉɨɦɩɨɧɟɧɬɢ  

 ɉɪɨɰɟɫɢ (‘Process’) – ɦɟɯɚɧɢɡɦɢ ɡɚ ɦɚɧɢɩɭɥɚɰɢɹ ɧɚ 
ɟɞɧɚ ɢɥɢ ɩɨɜɟɱɟ ɩɪɨɰɟɫɧɢ ɩɪɨɦɟɧɥɢɜɢ 

 Ⱥɥɝɨɪɢɬɴɦ ɡɚ ɭɩɪɚɜɥɟɧɢɟ – ɭɩɪɚɜɥɹɜɚ ɩɪɨɰɟɫɚ ɧɚ 
ɦɚɧɢɩɭɥɚɰɢɹ ɧɚ ɩɪɨɰɟɫɧɢɬɟ ɩɪɨɦɟɧɥɢɜɢ. 



Аɪɯɢɬɟɤɬɭɪɚ ‘Process-Control’ 

 Ʉɨɧɟɤɬɨɪɢ – ɬɨɜɚ ɫɚ ɜɡɚɢɦɨɜɪɴɡɤɢɬɟ ɜ ɩɨɬɨɤɚ ɧɚ 
ɞɚɧɧɢ 

 ɉɪɨɰɟɫɧɢ ɩɪɨɦɟɧɥɢɜɢ 

 Ʉɨɧɬɪɨɥɢɪɚɧ ɩɪɨɦɟɧɥɢɜɚ –ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɟ ɞɚ ɫɟ 
ɤɨɧɬɪɨɥɢɪɚ ɨɬ ɫɢɫɬɟɦɚɬɚ. 

 Ɇɚɧɢɩɭɥɢɪɚɧɢ ɩɪɨɦɟɧɥɢɜɚ - ɫɬɨɣɧɨɫɬɬɚ ɢɦ ɦɨɠɟ ɞɚ 
ɛɴɞɟ ɩɪɨɦɟɧɟɧɚ ɨɬ ɭɩɪɚɜɥɟɧɢɟɬɨ. ɨɬ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ. 

 ȼɯɨɞɧɚɬɚ ɩɪɨɦɟɧɥɢɜɚ (set point) – ɬɨɜɚ ɟ ɠɟɥɚɧɚɬɚ 
ɫɬɨɣɧɨɫɬ ɡɚ ɦɚɧɢɩɭɥɢɪɚɧɚ ɩɪɨɦɟɧɥɢɜɚ. 

 ɋɟɧɡɨɪɢ 



Аɪɯɢɬɟɤɬɭɪɚ ‘Process-Control’ 

 ɋɢɫɬɟɦɢ ɫ ɨɛɪɚɬɧɚ ɜɪɴɡɤɚ 



Аɪɯɢɬɟɤɬɭɪɚ ‘Process-Control’ 

 ɋɢɫɬɟɦɢ ɫ ɨɬɜɨɪɟɧ ɤɨɧɬɭɪ 

 



 

 

 

Questions ? 



ɋɢɫɬɟɦɢ ɡɚ ɪɟɚɥɧɨ ɜɪɟɦɟ 



ȼɢɞɨɜɟ ɩɪɨɝɪɚɦɧɢ ɦɨɞɭɥɢ 
(ɉɪɨɝɪɚɦɢɪɚɧɟ ɨɬ ɜɢɫɨɤɨ ɧɢɜɨ) 

 

 Ɉɩɟɪɚɰɢɨɧɧɚ ɫɪɟɞɚ 

 əɞɪɨ 

 Ɂɚɞɚɱɢ (tasks) 

 Ɂɚɞɚɱɢ ɡɚ ɨɛɫɥɭɠɜɚɧɟ ɧɚ ɩɪɟɤɴɫɜɚɧɢɹɬɚ (ISR-

tasks) 



 

ɍɩɪɚɜɥɹɜɚɳɚ ɱɚɫɬ 

 

ɍɩɪɚɜɥɹɜɚɧɚ ɱɚɫɬ 

 

Ɉɩɟɪɚɰɢɨɧɧɚ ɫɪɟɞɚ 
Controller ObjectΔt
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Ȼɚɡɨɜɚ ɫɬɪɭɤɬɭɪɚ ɧɚ ɋɊȼ 



Ɉɩɟɪɚɰɢɨɧɧɚ ɫɢɫɬɟɦɚ ɡɚ ɪɟɚɥɧɨ 
ɜɪɟɦɟ  (ɈɋɊȼ) 

 

 Ⱦɟɮɢɧɢɰɢɹ:        

 “Еɞɧɚ ɤɨɦɩɸɬɴɪɧɚ ɫɢɫɬɟɦɚ ɟ ɫɢɫɬɟɦɚ ɡɚ ɪɟɚɥɧɨ 
ɜɪɟɦɟ ɤɨɝɚɬɨ ɤɨɪɟɤɬɧɨɫɬɬɚ ɧɚ ɪɟɡɭɥɬɚɬɢɬɟ 
ɡɚɜɢɫɢ ɧɟ ɫɚɦɨ ɨɬ ɥɨɝɢɤɚɬɚ, ɩɨɪɚɞɢ ɤɨɹɬɨ ɫɚ 
ɩɨɥɭчɟɧɢ, ɧɨ ɢ ɨɬ ɦɨɦɟɧɬɚ ɧɚ ɬɹхɧɨɬɨ ɫɴɡɞɚɜɚɧɟ.” 

 Кɨɪɟɤɬɟɧ ɢɡхɨɞ = Кɨɪɟɤɬɟɧ ɪɟɡɭɥɬɚɬ + Кɨɪɟɤɬɧɨ 
ɜɪɟɦɟ 



Хɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɈɋɊȼ 

 Ƚɥɚɜɧɚ ɡɚɞɚɱɚ ɧɚ ɞɢɫɩɟɱɟɪɚ ɧɚ ɈɋɊȼ - ɞɚ ɫɥɟɞɢ ɡɚ 
ɤɪɚɣɧɢɹ ɫɪɨɤ (deadline). 

 ɋɢɫɬɟɦɚ ɬɪɹɛɜɚ ɞɚ ɪɟɚɝɢɪɚ ɫɜɨɟɜɪɟɦɟɧɧɨ ɢ ɩɨ 
ɩɪɟɞɫɤɚɡɭɟɦ ɧɚɱɢɧ ɧɚ ɜɴɧɲɧɢ ɫɬɢɦɭɥɢ, ɩɨɹɜɹɜɚɳɢ ɫɟ ɜ 
ɧɟɩɪɟɞɜɢɞɢɦ ɦɨɦɟɧɬ.  
 Ɍɹ ɬɪɹɛɜɚ ɞɚ ɢɦɚ ɩɪɟɞɫɤɚɡɭɟɦɨ ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɜɫɢɱɤɢ ɜɴɡɦɨɠɧɢ 

ɫɰɟɧɚɪɢɢ. 
 Ɍɹ ɟ ɫɚɦɨ ɟɞɢɧ ɦɨɞɭɥ ɢ ɫɚɦɚ ɧɟ ɦɨɠɟ ɞɚ ɝɚɪɚɧɬɢɪɚ ɤɨɪɟɤɬɧɨɫɬɬɚ 

ɧɚ ɰɹɥɚɬɚ ɫɢɫɬɟɦɚ. 

 ɈɋɊȼ ɧɟ ɟ ɬɪɚɧɡɚɤɰɢɨɧɧɚ ɫɢɫɬɟɦɚ. 

 Ƚɥɚɜɧɚ ɡɚɞɚɱɚ ɧɚ ɞɢɫɩɟɱɟɪɚ ɧɚ ɈɋɊȼ:  

 Ⱦɚ ɫɥɟɞɢ ɡɚ ɤɪɚɣɧɢɹ ɫɪɨɤ (deadline) 

 



ɋɬɪɭɤɬɭɪɚ ɧɚ ɈɋɊȼ 
 

  

 ISR1 ISR2 ISRn

Task scheduler

Task1 Task2 Taskk

Communication and 

synchronization subsystem

Time 

management 

subsystem

External events

Timer ticks



ȼɢɞɨɜɟ ɈɋɊȼ 

 ɋ ɬɜɴɪɞɢ ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ (Hard Real-Time) 

 ɇɟɫɩɚɡɜɚɧɟɬɨ ɧɚ ɤɪɚɣɧɢɬɟ ɢɧɬɟɪɜɚɥɢ ɢɦɚ 
ɤɚɬɚɫɬɪɨɮɚɥɟɧ ɪɟɡɭɥɬɚɬɚ ɡɚ ɫɢɫɬɟɦɚɬɚ. 

  Firm Real-Time 

 ɇɟɫɩɚɡɜɚɧɟɬɨ ɧɚ ɤɪɚɣɧɢɬɟ ɢɧɬɟɪɜɚɥɢ ɜɨɞɢ ɞɨ 
ɧɟɩɪɟɞɫɤɚɡɭɟɦɚ ɪɟɞɭɤɰɢɹ ɧɚ ɤɚɱɟɫɬɜɨɬɨ 

 ɋ ɦɟɤɢ ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ (Soft Real-Time) 

 Кɪɚɣɧɢɬɟ ɫɪɨɤɨɜɟ ɦɨɝɚɬ ɞɚ ɫɟ ɩɪɨɩɭɫɤɚɬ ɢɥɢ ɦɨɝɚɬ ɞɚ 
ɫɟ ɜɴɡɫɬɚɧɨɜɹɜɚɬ 

 Ɋɟɞɭɤɰɢɹɬɚ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɟ ɩɪɢɟɦɥɢɜɚ. 
  Ȼɟɡ ɜɪɟɦɟɜɢ ɨɝɪɚɧɢɱɟɧɢɹ (Non Real-Time) 

 ɇɹɦɚ ɤɪɚɣɧɢ ɫɪɨɤɨɜɟ. 



Ɉɝɪɚɧɢɱɟɧɢя, ɜɥɢяɟɳɢ ɜɴɪɯɭ 
ɡɚɞɚɱɢɬɟ ɜ ɟɞɧɚ ɈɋɊȼ 

 Ɉɝɪɚɧɢɱɟɧɢɹ ɨɬ ɤɪɚɣɧɢ ɫɪɨɤɨɜɟ (Deadlines) 
 Ɋɟɫɭɪɫɧɢ ɨɝɪɚɧɢɱɟɧɢɹ 

 Ɂɚ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɩɨ-ɜɢɫɨɤɚ ɧɚɞɟɠɞɧɨɫɬ 
ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɡɚɞɚɱɚɬɚ 

 ɇɟɨɛɯɨɞɢɦ ɟ ɢɡɥɢɲɴɤ ɡɚ ɩɪɚɜɢɥɧɨ ɮɭɧɤɰɢɨɧɢɪɚɧɟ. 
 ɉɪɢɨɪɢɬɟɬɧɢ ɨɝɪɚɧɢɱɟɧɢɹ 

 T1 -> T2:  Ɂɚɞɚɱɚɬɚ T2 ɫɚɦɨ ɫɥɟɞ ɤɚɬɨ T1 ɡɚɜɴɪɲɢɥɚ 
ɢɡɩɴɥɧɟɧɢɟɬɨ ɫɢ. 

 Ɉɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬ 
 Ɂɚ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɩɨ-ɜɢɫɨɤɚ ɧɚɞɟɠɞɧɨɫɬ ɡɚ 

ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɡɚɞɚɱɚɬɚ. 
 ɇɟɨɛɯɨɞɢɦ ɟ ɢɡɥɢɲɴɤ ɡɚ ɩɪɚɜɢɥɧɨ ɮɭɧɤɰɢɨɧɢɪɚɧɟ. 



ȼɢɞɨɜɟ ɪɟɚɥɧɨ-ɜɪɟɦɟɜɢ ɡɚɞɚɱɢ 

 ɋɩɨɪɟɞ ɨɝɪɚɧɢɱɟɧɢɟ 
ɩɨ ɜɪɟɦɟ: 
 Ɍɜɴɪɞɢ (Hard real-

time) ɡɚɞɚɱɢ  

 Ɇɟɤɢ (Soft real-time) 

ɡɚɞɚɱɢ 

 

 ɋɩɨɪɟɞ ɦɨɦɟɧɬ ɧɚ 
ɚɤɬɢɜɚɰɢɹ 

 ɉɟɪɢɨɞɢɱɧɢ 

 Ⱥɩɟɪɢɨɞɢɱɧɢ 

 ɋɩɨɪɚɞɢɱɧɢ 



Ɋɟɚɥɧɨ-ɜɪɟɦɟɜɢ ɡɚɞɚɱɢ 

 

 

Hard Real-Time Soft Real-Time 

Вɪɟɦɟ ɡа ɪɟаɤɰɢя ɬɜɴɪɞɢ ɝɪɚɧɢɰɢ ɦɟɤɢ ɝɪɚɧɢɰɢ 

ɉɪɢ ɜъɪɯɨɜɨ ɧаɬɨɜаɪɜаɧɟ ɩɪɟɞɫɤɚɡɭɟɦɨ ɞɟɝɪɚɞɢɪɚɧɟ 

Уɩɪаɜɥɟɧɢɟ ɧа 
ɩɪɨɫɬɪаɧɫɬɜɨɬɨ 

ɨɬ ɫɪɟɞɚɬɚ ɨɬ ɤɨɦɩɸɬɴɪɚ 

ɇаɞɟɠɞɧɨɫɬ ɤɪɢɬɢɱɧɚ ɧɟ-ɤɪɢɬɢɱɧɚ 

Иɡɥɢшъɤ  ɚɤɬɢɜɟɧ ɜɴɡɫɬɚɧɨɜɢɦ 

Иɧɬɟɝɪɢɬɟɬ ɧа ɞаɧɧɢɬɟ ɤɪɚɬɤɨɜɪɟɦɟɧɟɧ ɞɴɥɝɨɜɪɟɦɟɧɟɧ 

Ɉɬɤɪɢɜаɧɟ ɧа ɝɪɟшɤɢ ɚɜɬɨɦɚɬɢɱɟɧ ɜɴɧɲɧɨ 
ɭɩɪɚɜɥɹɟɦɨ 



Ɋɟɚɥɧɨ-ɜɪɟɦɟɜɢ ɡɚɞɚɱɢ 

 ɉɟɪɢɨɞɢɱɧɢ 

 ɍɩɪɚɜɥɹɜɚɧɢ ɨɬ ɜɪɟɦɟ (Time-driven).  

 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɫɚ ɚɩɪɢɨɪɧɨ ɡɚɞɚɞɟɧɢ 

 Ɂɚɞɚɱɚɬɚ Ti   ɫɟ ɯɚɪɚɤɬɟɪɢɡɢɪɚ ɱɪɟɡ ɩɟɪɢɨɞɚ ɫɢ, ɧɚɣ-ɥɨɲɨ ɜɪɟɦɟ 
ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɢ ɤɪɚɟɧ ɩɟɪɢɨɞ 

 Ⱥɩɟɪɢɨɞɢɱɧɢ 

 ɍɩɪɚɜɥɹɜɚɧɢ ɨɬ ɫɴɛɢɬɢɹ (Event-driven).  

 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɟ ɫɚ ɚɩɪɢɨɪɧɨ ɡɚɞɚɞɟɧɢ 

 Ɂɚɞɚɱɚɬɚ Ti   ɫɟ ɯɚɪɚɤɬɟɪɢɡɢɪɚ ɱɪɟɡ ɜɪɟɦɟ ɡɚ ɩɨɥɭɱɚɜɚɧɟ, ɜɪɟɦɟ 
ɡɚ ɢɡɩɴɥɧɟɧɢɟ, ɧɚɣ-ɥɨɲɨ ɜɪɟɦɟ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɢ ɤɪɚɟɧ ɩɟɪɢɨɞ.  

 ɋɩɨɪɚɞɢɱɧɢ – ɚɩɟɪɢɨɞɢɱɧɢ, ɡɚ ɤɨɢɬɨ ɫɟ ɡɧɚɟ 
ɦɢɧɢɦɚɥɧɨɬɨ ɜɪɟɦɟ ɡɚ ɩɨɹɜɹɜɚɧɟ 



əɞɪɚ ɡɚ ɈɋɊȼ 

 Ɇɨɧɨɥɢɬɧɢ 

 ȿɞɢɧ ɨɛɳ ɤɨɞɨɜ ɮɪɚɝɦɟɧɬ 

 Ɇɚɥɴɤ ɪɚɡɦɟɪ ɢ ɩɪɨɫɬɚ ɜɴɬɪɟɲɧɚ ɫɬɪɭɤɬɭɪɚ 

 Ɍɪɭɞɧɢ ɡɚ ɩɪɨɦɹɧɚ ɢ ɧɚɫɬɪɨɣɤɚ 

 Ɇɧɨɝɨɫɥɨɣɧɢ 

 Ɋɚɡɞɟɥɟɧɢ ɧɚ ɩɨɞɫɢɫɬɟɦɢ – ɧɚɣ-ɱɟɫɬɨ ɫɟ ɢɡɩɨɥɡɜɚ ɈɈ 
ɞɢɡɚɣɧ 

 ɉɨ-ɞɨɛɪɚ ɢɡɨɥɚɰɢɹ ɨɬ ɩɨɬɪɟɛɢɬɟɥɫɤɢɬɟ ɡɚɞɚɱɢ 

 ɉɨ ɫɥɨɠɧɢ, ɫ ɩɨ-ɝɨɥɹɦɨ ɜɪɟɦɟ ɧɚ ɪɟɚɤɰɢɹ, ɧɨ ɫɬɚɛɢɥɧɢ 

 Ɋɚɡɩɪɟɞɟɥɟɧɢ 

 Ɋɚɡɩɪɟɞɟɥɟɧɚɬɚ ɫɢɫɬɟɦɚ ɫɟ ɩɪɟɞɫɬɚɜɹ ɤɚɬɨ virtual 

unicomputer 



 Ɉɫɧɨɜɧɚ ɰɟɥ 

 ɍɩɪɚɜɥɟɧɢɟ ɧɚ ɜɪɟɦɟɬɨ ɧɚ ɩɪɨɰɟɫɨɪɚ 

 ȼɴɡɦɨɠɧɢ ɟɥɟɦɟɧɬɢ ɡɚ ɭɩɪɚɜɥɟɧɢɟ: 

 ɉɪɨɰɟɫɢ (Processes) 

 ɇɢɲɤɢ (Threads) 

 Ɏɢɛɪɢ( Fibers) 

 

Ⱦɢɫɩɟɱɢɪɚɧɟ ɧɚ ɡɚɞɚɱɢɬɟ 

Ⱦɜɟ ɜɚɪɢɚɧɬɚ: 
 Ɂɚɞɚɱɚ ≡ ɉɪɨɰɟɫ 
 Ɂɚɞɚɱɚ = Ɇɧɨɠɟɫɬɜɨ ɨɬ ɩɪɨɰɟɫɢ ɢ ɞɚɧɧɢ 

ɉɪɢɥɨɠɟɧɢɹɬɚ ɫɚ ɨɪɝɚɧɢɡɢɪɚɧɢ ɤɚɬɨ 
ɩɪɨɰɟɫɢ. 

ɂɦɚɬ: 

 Кɨɞ 

 ɋɴɫɬɨɹɧɢɟ: 

    - ɫɬɨɣɧɨɫɬɢ ɜ ɩɚɦɟɬɬɚ ɧɚ ɤɨɦɩɸɬɴɪɚ 

    -  ɩɪɨɰɟɫɨɪɧɢ ɢ ɞɪɭɝɢ ɧɟɪɚɡɞɟɥɹɟɦɢ  
       ɪɟɝɢɫɬɪɨɜɢ ɞɚɧɧɢ 

Ɍɟ ɫɚ ɥɟɤɢ (lightweight) ɩɪɨɰɟɫɢ. 

ɂɦɚɬ: 
 Кɨɞ – ɱɚɫɬ ɨɬ ɤɨɞɚ ɧɚ ɭɩɪɚɜɥɹɜɚɳɢɹ ɝɢ ɩɪɨɰɟɫ 

 ɋɴɫɬɨɹɧɢɟ: 

    - ɫɬɨɣɧɨɫɬɢ ɜ ɩɚɦɟɬɬɚ ɧɚ ɤɨɦɩɸɬɴɪɚ 

    -  ɩɪɨɰɟɫɨɪɧɢ ɢ ɞɪɭɝɢ ɧɟɪɚɡɞɟɥɹɟɦɢ  
       ɪɟɝɢɫɬɪɨɜɢ ɞɚɧɧɢ 

Ɉɩɟɪɚɰɢɨɧɧɚ ɫɪɟɞɚ: ɞɟɥɢ ɟɞɧɚ ɢ ɫɴɳɚ 
ɫɪɟɞɚ ɫ ɞɪɭɝɢɬɟ ɧɢɲɤɢ ɜ ɩɪɨɰɟɫɚ. 

ɇɟ ɦɨɠɟ ɞɚ ɫɴɳɟɫɬɜɭɜɚ ɢɡɜɴɧ ɩɪɨɰɟɫ. 

Ɇɧɨɝɨ ɥɟɤɢ ɟɥɟɦɟɧɬ, ɭɩɪɚɜɥɹɜɚɧɢ ɨɬ 
ɩɪɢɥɨɠɟɧɢɟɬɨ. 

ɋɴɫɬɨɹɬ ɫɟ ɨɬ: 

  ɋɚɦɨ ɤɨɞ. 

ɇɟ ɫɟ ɢɡɩɨɥɡɜɚɬ ɜ ɩɨɜɟɱɟɬɨ ɈɋɊȼ. 

Ɂɚ ɤɚɤɜɨ: ɉɪɟɞɜɚɪɢɬɟɥɟɧ ɞɢɡɚɣɧ ɢ 
ɫɢɦɭɥɚɰɢɹ ɧɚ ɪɟɚɥɧɨ-ɜɪɟɦɟɜɢ ɧɢɲɤɢ. 



 Ⱥɤɬɢɜɧɚ ɡɚɞɚɱɚ (active) 
 Ɍɹ ɪɚɛɨɬɢ ɫ ɩɪɨɰɟɫɨɪɚ 

 ɉɚɫɢɜɧɚ ɡɚɞɚɱɚ (passive) 
 ɋɴɳɟɫɬɜɭɜɚ, ɧɨ ɧɟ ɟ ɢɡɛɪɚɧɚ 

ɡɚ ɢɡɩɴɥɧɟɧɢɟ 

 ɉɪɟɤɪɚɬɟɧɚ ɡɚɞɚɱɚ (suspended) 
 Ȼɢɥɚ ɟ ɫɬɚɪɬɢɪɚɧɚ, ɧɨ ɧɟ ɦɨɠɟ 

ɞɚ ɫɟ ɢɡɩɴɥɧɹɜɚ ɩɨ ɧɹɤɚɤɜɚ 
ɩɪɢɱɢɧɚ 

 ɂɡɦɟɫɬɟɧɚ ɡɚɞɚɱɚ (preempted) 
 Ȼɢɥɚ ɟ ɫɬɚɪɬɢɪɚɧɚ, ɟ 

ɢɡɦɟɫɬɟɧɚ  ɩɨ ɧɹɤɚɤɜɚ ɩɪɢɱɢɧɚ 

 Ƚɨɬɨɜɚ ɡɚɞɚɱɚ (ready) 
 ɂɡɱɚɤɜɚ ɞɚ ɛɴɞɟ ɚɤɬɢɜɢɡɢɪɚɧɚ. 

Ƚɪɚɮ ɧɚ ɫɴɫɬɨяɧɢɟɬɨ ɧɚ ɡɚɞɚɱɢɬɟ 

Active

Preempted

Ready

Passive

Suspended



 Active -> Passive 
 Ɂɚɞɚɱɚɬɚ ɡɚɜɴɪɲɜɚ (ɟɤɫɩɥɢɰɢɬɧɨ ɢɥɢ  

ɩɨɪɚɞɢ ɫɤɪɢɬɨ ɫɢɫɬɟɦɟɧ ɢɡɜɢɤɜɚɧɟ:  
‘sМСОНuХО’,  ‘quТt’, ɞɪ.) 

 Passive -> Ready 
 ɋɢɫɬɟɦɧɨ API-ɢɡɜɢɤɜɚɧɟ  

(‘ОбОМutО’,‘ТnЯoФО’, ɞɪ.) 
 Ready -> Active 

 ɩɨ ɞɢɫɩɟɱɟɪɧɨ ɪɟɲɟɧɢɟ 

 Active -> Preempted 
 ɩɨɹɜɚ ɧɚ ɞɢɫɩɟɱɢɪɭɟɦɨ ɫɴɛɢɬɢɟ  

ɩɪɟɞɢ ɤɪɚɹ ɧɚ ɡɚɞɚɱɚɬɚ 

 Preempted -> Active 
 ɩɨ ɞɢɫɩɟɱɟɪɧɨ ɪɟɲɟɧɢɟ 

 Active -> Suspended (via Preempted) 
 ɇɚɣ-ɱɟɫɬɨ ɧɟɳɨ ɧɟɨɛɯɨɞɢɦɨ ɟ ɡɚɟɬɨ. 

 Suspended -> Preempted  
 ɋɥɟɞ ɨɫɜɨɛɨɠɞɚɜɚɧɟ ɧɚ ɧɭɠɟɧ ɪɟɫɭɪɫ ɢɥɢ 

ɩɨɞɨɛɧɨ. 

ɉɪɨɦяɧɚ ɧɚ ɫɴɫɬɨяɧɢɟɬɨ ɧɚ ɡɚɞɚɱɢɬɟ 

Active

Preempted

Ready

Passive

Suspended



Уɩɪɚɜɥɟɧɢɟ ɧɚ ɡɚɞɚɱɢɬɟ 
 ǛǼǭȅǷǭц(FIFO) 

R

Resource

Requests
FIFO queue

Executed 

requests



 ЦǵǷǸǵȄǺǻцǴǭǲǹǭǺǲцǺǭцǼǽǻȃǲǾǻǽǭц(Round-robin – 

Simple) 

  

P1 P2 P3 P4 P5

Уɩɪɚɜɥɟɧɢɟ ɧɚ ɡɚɞɚɱɢɬɟ 



• ǟǲǰǸǻǯǺǻцǮǭǴǵǽǭǺǻцȃǵǷǸǵȄǺǻцǴǭǲǹǭǺǲцǺǭц
ǼǽǻȃǲǾǻǽǭц(Round-robin – Weighted) 

P1 P2 P3 P1 P4

P2 P3 P4P1

Уɩɪɚɜɥɟɧɢɟ ɧɚ ɡɚɞɚɱɢɬɟ 



Уɩɪɚɜɥɟɧɢɟ ɧɚ ɡɚɞɚɱɢɬɟ 
 ǜǽǵǻǽǵǿǲǿǺǭцǱǵǾǼǲȄǲǽǵǴǭȃǵя 

 ǜǽǵǻǽǵǿǲǿǺǵцǻǼǭȅǷǵцц(Priority queues) 

 ǜǽǵǻǽǵǿǵǴǵǽǭǺǵцǻǼǭȅǷǵцц(Prioritized queues) 

 ǞǹǲǾǲǺǭцǱǵǾȃǵǼǸǵǺǭцǺǭцǱǵǾǼǲȄǵǽǭǺǲц(cyclic priority 

scheme) 

 ДǵǺǭǹǵȄǺǭцǱǵǾȃǵǼǸǵǺǭцǺǭцǱǵǾǼǲȄǵǽǭǺǲ 
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Priority scheduling disciplines 

 Non-preemptive (relative) discipline 
 Advantages 

 No conflicts on resources 
 Simpler kernel structure 

 Disadvantages 
 Less reaction time. 

 Preemptive (relative) discipline  

 Advantages 
 Predictability 
 Simpler kernel structure 

 Disadvantages 
 More complicated kernel structure. 
 Possible conflicts on resources. 



Дɢɫɰɢɩɥɢɧɢ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɜɪɟɦɟɬɨ 



ɉɨɞɫɢɫɬɟɦɚ ɡɚ ɢɡɦɟɪɜɚɧɟ ɧɚ ɜɪɟɦɟɬɨ 
 Ɍɹ ɟ ɫɚɦɨɫɬɨɹɬɟɥɟɧ ɫɢɫɬɟɦɟɧ ɨɛɟɤɬ.  

 Ⱦɜɟ ɨɫɧɨɜɧɢ ɮɭɧɤɰɢɢ: 

 Чɚɫɨɜɧɢɤ ɡɚ ɪɟɚɥɧɨ ɜɪɟɦɟReal-time clock 

 ɉɟɪɢɨɞɢɱɧɚ ɚɤɬɢɜɚɰɢɹ ɨɬ ɢɦɩɭɥɫɟɧ ɝɟɧɟɪɚɬɨɪ. 
 Ɍɨɱɧɨɫɬ - Ɍɚɤɬɨɜ ɝɟɧɟɪɚɬɨɪ (ɦɟɠɞɭ 105 ɧɚɧɨɫɟɤɭɧɞɢ 

ɞɨ ɦɢɥɢɫɟɤɭɧɞɢ). 

 ɋɬɪɭɤɬɭɪɚ (ɫɢɫɬɟɦɟɧ ɱɚɫɨɜɧɢɦ, ɛɪɨɹɱɢɡɚ ɫɟɤ., ɦɢɧ., ɱ., 
ɞɧɢ, ɦɟɫɟɰɢ, ɝɨɞɢɧɢ) 

 Ȼɪɨɹɱ ɧɚ ɚɛɫɨɥɸɬɧɨɬɨ ɜɪɟɦɟ (48 ÷ 64 ɛɢɬɨɜ ɛɪɨɹɱ, 
ɭɩɪɚɜɥɹɜɚɧ ɨɬ ɫɢɫɬɟɦɧɢɹ ɬɚɤɬɨɜ ɝɟɧɟɪɚɬɨɪ) 

 ɂɡɦɟɪɜɚɧɟ ɧɚ ɢɧɬɟɪɜɚɥɢ – ɢɧɬɟɪɜɚɥɧɢ ɢ ɤɚɥɟɧɞɚɪɧɢ 
ɮɭɧɤɰɢɢ. 



 ɋɴɳɧɨɫɬ: 

 Ɋɟɚɥɢɡɢɪɚ ɫɟ ɩɪɢ ɚɩɚɪɚɬɧɨ ɩɪɟɤɴɫɜɚɧɟ. 
 ɍɩɪɚɜɥɹɜɚ ɫɟ Ⱦɢɫɩɟɱɟɪ ɧɚ ɫɴɛɢɬɢɹɬɚ (Event Manager) 

 Ⱦɢɫɩɟɱɟɪ ɧɚ ɫɴɛɢɬɢɹɬɚ ɫɟ ɫɴɫɬɨɢ ɨɬ ɮɭɧɤɰɢɢ ɡɚ ɭɩɪɚɜɥɟɧɢɟ 
ɧɚ ɫɴɛɢɬɢɹ (Event Handlers) 

 Ɏɭɧɤɰɢɢɬɟ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɫɴɛɢɬɢɹ ɫɟ ɚɤɬɢɜɢɡɢɪɚɬ ɨɬ 
ɮɭɧɤɰɢɢ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɩɪɟɤɴɫɜɚɧɢɹɬɚ(Interrupt Service 

Routines - ISR) 

 Ɋɟɚɥɢɡɚɰɢɹ: 

 ɋɢɝɧɚɥɢɡɢɪɚɬ ɫɟ ɟɞɧɚ ɢɥɢ ɩɨɜɟɱɟ ɡɚɞɚɱɢ ɡɚ ɫɥɭɱɢɥɨɬɨ ɫɟ 
ɢɥɢ 

 Ɋɚɡɩɪɨɫɬɪɚɧɟɧɢɟ (Broadcasting) ɧɚ ɫɴɨɛɳɟɧɢɟ ɟɞɧɚ ɢɥɢ 
ɩɨɜɟɱɟ ɡɚɞɚɱɢ 

Уɩɪɚɜɥɟɧɢɟ ɧɚ ɜъɧɲɧɢ ɫъɛɢɬɢɹ 



ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚ ɡɚɞɚɱɢɬɟ 
 Ɉɫɧɨɜɧɢ ɩɪɨɛɥɟɦɢ: 

 ɋɢɧɯɪɨɧɢɡɚɰɢɹ – ɢɡɢɫɤɜɚ ɡɚ ɡɚɞɚɱɢɬɟ ɢ ɧɢɲɤɢɬɟ ɞɚ 
ɫɟ ɝɚɪɚɧɬɢɪɚ: 

 ɤɨɪɟɤɬɧɨ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɤɪɢɬɢɱɟɧ ɤɨɞ 

 ɝɚɪɚɧɬɢɪɚɧɟ ɧɚ ɞɨɫɬɴɩ ɞɨ ɪɟɫɭɪɫ ɩɨ ɨɩɪɟɞɟɥɟɧ ɪɟɞ 

 ɫɢɝɧɚɥɢɡɚɰɢɹ ɩɪɢ ɧɚɫɬɴɩɢɥɨ ɫɴɛɢɬɢɟ 

 Кɨɦɭɧɢɤɚɰɢɹ – ɞɚ ɫɟ ɪɟɚɥɢɡɢɪɚ ɜɢɫɨɤɨ ɢ ɧɢɫɤɨ ɧɢɜɨ 
ɧɚ ɦɟɠɞɭɩɪɨɰɟɫɧɚ ɤɨɦɭɧɢɤɚɰɢɹ. 



 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ: ‘ɋɴɫɬɟɡɚɧɢɟ ɧɚ ɫɢɝɧɚɥɢ’. 

 Ɉɫɧɨɜɧɢ ɦɟɯɚɧɢɡɦɢ: 

 ɋɴɛɢɬɢɣɧɢ ɮɥɚɝɨɜɟ (Event flags) – ɪɚɡɩɪɨɫɬɪɚɧɹɜɚɬ 
ɫɴɛɢɬɢɹɬɚ 

 ɋɟɦɚɮɨɪɢ – ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɢ ɢɡɤɥɸɱɜɚɧɟ 

 Ɇɭɬɟɤɫɢ (Mutex) – ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɨɫɬɴɩɚ ɞɨ ɪɟɫɭɪɫ 

 Ɂɚɛɪɚɧɚ ɧɚ ɩɪɟɤɴɫɜɚɧɢɹɬɚ (Interrupt disabling) - 

ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɨɫɬɴɩɚ ɞɨ ɪɟɫɭɪɫ 

 ɉɪɨɦɟɧɥɢɜɢ ɧɚ ɫɴɫɬɨɹɧɢɟɬɨ (Conditional variables) - 

ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɞɨɫɬɴɩɚ ɞɨ ɪɟɫɭɪɫ 

Мɟɬɨɞɢ ɡɚ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 



 ɋɴɳɧɨɫɬ  
 Ȼɴɥɟɜɚ ɩɪɨɦɟɧɥɢɜɚ, ɞɨɫɬɴɩɧɚ ɨɬ ɜɫɢɱɤɢ ɩɪɨɰɟɫɢ 

/ɧɢɲɤɢ, ɤɨɢɬɨ ɬɪɹɛɜɚ ɞɚ ɫɟ 
ɫɢɝɧɚɥɢɡɢɪɚɬ/ɫɢɧɯɪɨɧɢɡɢɪɚɬ. 

 ɂɡɩɨɥɡɜɚɧɚ ɡɚ ɫɢɝɧɚɥɢɡɚɰɢɹ ‘ɟɞɢɧ-ɤɴɦ-ɦɧɨɝɨ’.  

 Ɉɩɟɪɚɰɢɢ: 
 set_flag , read_flag, reset_flag, read_and_reset_flag 

 ɉɪɨɛɥɟɦɢ: 
 Ɉɛɳɚ ɩɚɦɟɬ ɢɥɢ ɫɢɫɬɟɦɧɢ ɪɟɫɭɪɫɢ, ɞɨɫɬɴɩɧɢ ɨɬ 

ɜɫɢɱɤɢ.  
 Кɨɣ ɧɚɱɚɥɧɨ ɢɧɢɰɢɚɥɢɡɢɪɚ ɮɥɚɝɚ ɩɪɢ ‘ɟɞɢɧ-ɤɴɦ-

ɦɧɨɝɨ’ ?  

 ɋɴɫɬɟɡɚɧɢɟ ɧɚ ɫɢɝɧɚɥɢ 

ɋɴɛɢɬɢɣɧɢ ɮɥɚɝɨɜɟ 



ɋɟɦɚɮɨɪɢ 
int counter;  

ProcessIDqueue[ ]; 

 
up() 

{ 

    counter++; 

    if ( counter > 0 ) return; 

    get first processID  from ProcessIDqueue and wakeup the process. 

    return; 

}  

 

down() 

{ 

    counter--; 

    if ( counter >= 0 ) return; 

    put in ProcessIDqueue ID of calling process. 

    sleep_the_process(); 

} 



 Ȼɪɨɹɱ: -1, 0, 1. 

 ɇɚɱɚɥɧɨ ɫɴɫɬɨɹɧɢɟ:   

 counter = 0 

 ɋɢɝɧɚɥɢɡɢɪɧɨ ɫɴɫɬɨɹɧɢɟ: 

 If counter = 1 : ɜɤɥɸɱɟɧ 

 If counter = 0 : ɧɟ ɟ ɜɤɥɸɱɟɧ ɢ ɧɢɤɨɣ ɧɟ ɱɚɤɚ ɡɚ ɧɟɝɨ 

 If counter = -1 : ɧɟ ɟ ɜɤɥɸɱɟɧ ɢ ɧɹɤɨɣ ɱɚɤɚ ɡɚ ɧɟɝɨ 

 Ɉɩɟɪɚɰɢɢ: 

 Нoаn() → sТРnaХ() 
 up() → аaТt() 

Дɜɨɢɱɧɢ (ɫɢɝɧɚɥɧɢ) ɫɟɦɚɮɨɪɢ 



 ȿɞɧɨɫɥɨɬɧɢ:  
 counter = { 1, 0, -1, .., -n }, n -> ɦɚɤɫ. ɛɪɨɣ ɧɚ чɚɤɚɳɢɬɟ 

 ɇɚɱɚɥɧɚ ɫɬɨɣɧɨɫɬ: counter = 1 

 Ɇɧɨɝɨɫɥɨɬɧɢ 

 counter = { K, 0, -1, .., -n }, K -> ɛɪɨɣ ɧɚ ɫɥɨɬɨɜɟɬɟ, n -

> ɦɚɤɫ. ɛɪɨɣ ɧɚ чɚɤɚɳɢɬɟ 

 ɇɚɱɚɥɧɚ ɫɬɨɣɧɨɫɬ: counter = 1 

 Ɉɩɟɪɚɰɢɢ: 

 doаn() → lock()  
 up() → unlock() 

 

Ɋɟɫɭɪɫɧɢ ɫɟɦɚɮɨɪɢ 



 ɋɴɳɧɨɫɬ 

 ɇɟɤɨɧɤɭɪɟɧɬɟɧ ɞɨɫɬɴɩ ɞɨ ɪɟɫɭɪɫɢɬɟ.  

 Ɉɫɧɨɜɧɚɬɚ ɡɚɞɚɱɚ ɟ ɞɚ ɢɡɤɥɸɱɢ ɫɴɫɬɟɡɚɧɢɟɬɨ ɧɚ 
ɫɢɝɧɚɥɢɬɟ. 

 ȼɢɞɨɜɟ: 
 Ɂɚɛɪɚɧɚ ɧɚ ɩɪɟɤɴɫɜɚɧɢɹɬɚ (Interrupt disabling) 

 ɂɧɫɬɪɭɤɰɢɢ ɨɬ ɜɢɞɚ ‘RОaНИMoНТПвИАrТtО’ 
 Ɋɟɫɭɪɫɧɢ ɫɟɦɚɮɨɪɢ 

 Ɇɭɬɟɤɫɢ (Mutex) 

 Ɇɨɧɢɬɨɪɢ (Monitors) 

Вɡɚɢɦɧɢ ɢɡɤɥɸɱɜɚɧɢɹ  
(Mutual exclusions) 



 ȿɞɢɧ-ɤɴɦ-ɟɞɢɧ : ɢɡɩɨɥɡɜɚɬ ɫɟ ɞɜɨɢɱɧɢ ɫɟɦɚɮɨɪɢ 

ɋɢɝɧɚɥɢɡɚɰɢɨɧɧɢ ɫɯɟɦɢ 

signal (S) wait (S)

Point of synchronization

A B



 ȿɞɢɧ-ɤɴɦ-ɦɧɨɝɨ 

 ɂɡɱɚɤɜɚɳɢɬɟ ɩɪɨɰɟɫɢ ɧɟ ɫɟ ɫɢɝɧɚɥɢɡɢɪɚɬ ɟɞɧɨɜɪɟɦɟɧɧɨ, 
ɬ.ɟ. ɇɟ ɟ ɦɧɨɝɨ ɩɨɥɟɡɟɧ ɧɚɱɢɧ ɡɚ ɫɢɝɧɚɥɢɡɚɰɢɹ 

Signal( S1)

Signal( S2)

Signal( Sn)

Wait( S1 )

Wait( S2 )

Wait( Sn )

Process A

Process B1

Process B2

Process Bn

ɋɢɝɧɚɥɢɡɚɰɢɨɧɧɢ ɫɯɟɦɢ 



 Ɇɧɨɝɨ-ɤɴɦ-ɟɞɢɧ  

wait_any( S1, S2, .., Sn)

signal( S1 )

signal( S2 )

signal( Sn )

Process A1

Process BProcess An

ɋɢɝɧɚɥɢɡɚɰɢɨɧɧɢ ɫɯɟɦɢ 



 ɇɟɛɥɨɤɢɬɚɳɚ ɫɢɝɧɚɥɢɡɚɰɢɹ 

 ɇɨɜɚ ɫɟɦɚɮɨɪɧɚ ɨɩɟɪɚɰɢɹ:   

 int  test_and_reset() – ɜɪɴɳɚ ɬɟɤɭɳɚɬɚ ɫɬɨɨɣɧɨɫɬ ɢ ɝɨ 
ɢɧɢɰɢɚɥɢɡɢɪɚ ɫ 0.  

 ɂɡɩɴɥɟɧɢɟ ɧɚ ɫɢɧɯɪɨɧɢɡɚɰɢɨɧɧɢɬɟ ɫɯɟɦɢ 

 ɋɢɝɧɚɥɢɡɚɰɢɹ ɡɚ ɫɴɛɢɬɢɟ 

 Ⱦɜɭɩɨɫɨɱɧɚ ɫɢɧɯɪɨɧɢɚɚɰɢɹ 

 Ɋɟɫɭɪɫɧɚ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 

ɋɢɝɧɚɥɢɡɚɰɢɨɧɧɢ ɫɯɟɦɢ 



 Чɪɟɡ ɫɴɛɢɬɢɣɧɢ ɮɥɚɝɨɜɟ 

 

ɋɢɝɧɚɥɢɡɚɰɢɹ ɡɚ ɫъɛɢɬɢɟ 

A B

F = 1
N

Y

Busy wait 

F

Process B



 Чɪɟɡ ɫɢɝɧɚɥɧɢ ɫɟɦɚɮɨɪɢ 

ɋɢɝɧɚɥɢɡɚɰɢɹ ɡɚ ɫъɛɢɬɢɟ 

signal (S) wait (S)

Point of synchronization

A B



 

  Hand-shaking   Symmetrical Rendezvous 

signal (S1)

wait (S1)

Point of synchronization

A B

signal (S2)

wait (S2)

signal (S1) wait (S1)

Point of synchronization

A B

signal (S2)wait (S2)

Ⱦɜɭɩɨɫɨɱɧɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 



 

 

    

lock (res)

A B

unlock (res)

A Bres

lock (res)

unlock (res)

Critical region -

guarded access to 

resource

ɋɢɧɯɪɨɧɢɡɚɰɢя ɜ ɪɟɫɭɪɫɧɢ ɫɟɦɚɮɨɪɢ 



 Ⱥɫɢɧɯɪɨɧɧɚ ɤɨɦɭɧɢɤɚɰɢɹ: 

 Ɉɫɧɨɜɟɧ ɩɪɨɛɥɟɦ: ‘ɉɪɨɢɡɜɨɞɢɬɟɥ-ɩɨɬɪɟɛɢɬɟɥ’ 
(‘ProНuМОr-ConsumОr’).  

Мɟɠɞɭɡɚɞɚɱɧɚ ɤɨɦɭɧɢɤɚɰɢя 

lock (res)

A B

unlock (res)

A Bbuffer

lock (res)

unlock (res)

write 

buffer

read 

buffer



 ɋɢɧɯɪɨɧɧɚ ɤɨɦɭɧɢɤɚɰɢɹ: 

 ɉɨɞɨɛɪɟɧ ɜɚɪɢɚɧɬ ɧɚ ‘ɉɪɨɢɡɜɨɞɢɬɟɥ-ɩɨɬɪɟɛɢɬɟɥ’.  
 

Task Interaction:  Communications 

A B

A Bbuffer

write 

buffer

read 

buffer

Full

Empty

wait (empty) wait (full)

signal (full) signal (empty)



 Ⱥɫɢɧɯɪɨɧɧɚ ɤɨɦɭɧɢɤɚɰɢɹ ɫ ɦɧɨɝɨɩɨɡɢɰɢɨɧɟɧ 
(ɦɧɨɝɨɫɥɨɬɟɧ) ɛɭɮɟɪ 

 Ɋɚɛɨɬɚɬɚ ɫ ɛɭɮɟɪɚ ɫɟ ɭɩɪɚɜɥɹɜɚ ɫ ɪɟɫɭɪɫɟɧ 
ɫɟɦɚɮɨɪ. 

 ɋɴɫɬɨɹɧɢɟɬɨ ɫɟ ɫɢɝɧɚɥɢɡɢɪɚ ɫ ɞɜɚ ɞɜɨɢɱɧɢ 
ɫɟɦɚɮɨɪɚ:  

 ‘not-ПuХХ’  
 not-Оmptв’  

 
 

Мɟɠɞɭɡɚɞɚɱɧɚ ɤɨɦɭɧɢɤɚɰɢя 

A B

not-empty

not-full

buffer



 ɉɨɫɥɟɞɨɜɚɬɟɥɟɧ ɞɨɫɬɴɩ 

 

 

 

 

 ȼɥɨɠɟɧɢ ɤɪɢɬɢɱɧɢ ɫɟɤɰɢɢ 

 

  

Дɨɫɬъɩ ɞɨ ɪɟɫɭɪɫɢɬɟ 



 Ɍɢɩ ‘ȿɞɢɧ-ɤɴɦ-ɟɞɢɧ’ 
 

Ɂɚɞɚɱɢɬɟ A and B ɫɟ ɧɭɠɞɚɹɬ ɨɬ ɪɟɫɭɪɫɢɬɟ R1 ɢ R2. 

 

             A: … lock (R1) .*. lock (R2) .. unlock (R2) ..unlock (R1) 

             B: … lock (R2) … lock (R1) .. unlock (R1).. unlock (R2) 

 

 Ⱥɤɨ P(B) > P(A) ɢ B ɩɪɟɤɴɫɧɚ A ɜ ɦɚɪɤɢɪɚɧɢɹ ɫɴɫ ‘ * ’ ɦɨɦɟɧɬ,  
ɡɚɞɚɱɢɬɟ ɳɟ ɫɟ ɛɥɨɤɢɪɚɬ ɡɚɜɢɧɚɝɢ: A ɱɚɤɚ R2, B ɱɚɤɚ R1. 

ȼɡɚɢɦɧɚ ɛɥɨɤɢɜɨɪɤɚ (Deadlocks) 



 Ɍɪɚɧɫɢɬɢɜɧɚ ɛɥɨɤɢɪɨɜɤɚ 

ȼɡɚɢɦɧɚ ɛɥɨɤɢɜɨɪɤɚ (Deadlocks) 

Ɂɚɞɚɱɢɬɟ A, B, C ɢɡɩɨɥɡɜɚɬ ɪɟɫɭɪɫɢɬɟR1, R2, R3. 

             A: … lock (R1) .* . lock (R2) .. unlock (R2) .. unlock (R1) 

             B: … lock (R2) .* . lock (R3) .. unlock (R3) .. unlock (R2) 

             C: … lock (R3) .* . lock (R1) .. unlock (R1) .. unlock (R3) 

 

     P(C) >  P(B) > P(A), B ɩɪɟɤɴɫɜɚ A, C ɩɪɟɤɴɫɜɚ B. 

Ȼɥɨɤɢɪɨɜɤɚɬɚ ɟ ɩɨɫɬɨɹɧɧɚ, ɡɚɳɨɬɨ A ɱɚɤɚ R2, B ɱɚɤɚ R3, C 

ɱɚɤɚ R1. 



 Ɉɝɪɚɧɢɱɟɧɚ (Bounded) ɢɧɜɟɪɫɢɹ 

 P(A) <  P(C), ɪɟɫɭɪɫɴɬ ɟ R, C ɱɚɤɚ Ⱥ ɞɚ ɧɚɩɭɫɧɟ ɤɪɢɬɢɱɧɚɬɚ ɫɢ 
ɫɟɤɰɢɹ ɢ ɬɚɤɚ ɫɩɚɬɚ ɩɪɢɨɪɢɬɟɬɚ. 

ɉɪɢɨɪɢɬɟɬɧɚ ɢɧɜɟɪɫɢɹ 

A

B

C

normal 

execution

Attempt to lock R.

Job C is blocked

Job A 

locks R
Job A 

leaves R

Job C is resumed.

It locks R and starts 

to work

Job A 

is resumed

critical region

priority inversion



 ɇɟɨɝɪɚɧɢɱɟɧɚ ɢɧɜɟɪɫɢɹ 

 P(A) <  P(B) <  P, A ɢ C ɢɫɤɚɬ R, ɧɨ B ɩɪɟɤɴɫɜɚ A. 

ɉɪɢɨɪɢɬɟɬɧɚ ɢɧɜɟɪɫɢɹ 

A

B

C

normal 

execution

Attempt to lock R.

Job C is blocked

Job B 

interrupts A

Job A 

locks R
Job A 

leaves R

Job C is resumed.

It locks R and starts 

to work

Job A 

is resumed

critical region

priority inversion



Аɧɚɥɢɡ ɧɚ ɞɢɫɩɟɱɢɪɭɟɦɨɫɬɬɚ 
 Ɉɫɧɨɜɧɢ ɪɟɲɟɧɢɹ 

 ɉɟɪɢɨɞɢɱɧɢ ɡɚɞɚɱɢ 

 ɋɩɨɪɚɞɢɱɧɢ ɡɚɞɚɱɢ 

 Ɋɚɡɲɢɪɟɧ ɚɧɚɥɢɡ 

 Ⱦɢɫɩɟɱɢɪɚɧɟ ɧɚ ɩɟɪɢɨɞɢɱɧɢɡɚɞɚɱɢ 

  Rate-monotonic scheduling (RMS) 

  Earliest-deadline first (EDF) 

 Ⱦɢɫɩɟɱɢɪɚɧɟ ɧɚ ɫɩɨɪɚɞɢɱɧɢ ɡɚɞɚɱɢ 

 RMS (aperiodic-servers). 

 Dual-priority scheduling 

 



 ȼɤɥɸɱɜɚ: 
 ȼɥɢɹɧɢɟ ɨɬ Ɉɋ 

 ȼɥɢɹɧɢɟ ɨɬ ISR  

 ɉɪɨɰɟɞɭɪɢ ɡɚ ɫɬɚɪɬɢɪɚɧɟ ɧɚ ɡɚɞɚɱɢ 

 ɉɪɨɰɟɞɭɪɢ ɡɚ ɡɚɜɴɪɲɜɚɧɟ ɧɚ ɡɚɞɚɱɢ 

 ȼɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɡɚɞɚɱɢ (ɢɡɱɚɤɜɚɧɟ ɧɚ 
ɤɪɢɬɢɱɧɢ ɫɟɤɰɢɢ)  

 Ⱦɪɭɝɢ 

Ɋɚɡɲɢɪɟɧ ɚɧɚɥɢɡ 



 

 

 

ȼɴɩɪɨɫɢ ? 


