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ABSTRACT
This article investigates the transformative role of software development in enhancing the real estate
industry's efficiency and client service. Through an examination of market trends and customer behaviors,
alongside a detailed analysis of specific software tools such as CRM, ERP, Al, and more, the study demonstrates
how technological adoption significantly improves operational processes, customer engagement, and market
analysis. It concludes that the integration of advanced software solutions is pivotal for staying competitive and
meeting the demands of the digital era. The work underscores the critical need for digital transformation in real
estate, highlighting the adoption of VR/AR, blockchain, and predictive analytics as key trends driving innovation
and efficiency. The novelty of this research lies in its comprehensive insight into the effectiveness of various
software solutions, fundamentally transforming real estate operations and providing a competitive edge in a rapidly
evolving market.

Keywords: real estate, software development, digital transformation, CRM, ERP, artificial intelligence,

virtual reality, blockchain, predictive analytics, market trends.

Introduction

In the ever-evolving landscape of the real estate
industry, managing properties and understanding client
needs to demand a comprehensive insight into market
trends and customer behaviors. Professionals in this
sector encounter a myriad of challenges that necessitate
innovative solutions to streamline operations, enhance
customer service, and expedite financial and
investment processes. The complexity of real estate
management underscores the importance of leveraging
technology to address these multifaceted challenges
[9]. Consequently, the adoption of software solutions

tailored to the specific needs of the real estate sector has
become increasingly prevalent. This trend s
substantiated by research indicating that 59% of real
estate professionals affirm that investments in real
estate software development have significantly
improved the quality of customer service and
accelerated financial and investment operations [1].

The global real estate software market size was
evaluated at USD 10.24 billion in 2022 and is expected
to grow at a compound annual growth rate (CAGR) of
12.8% from 2023 to 2030 (see Fig. 1). [2]

U.S. Real Estate Software Market
Size, by Deployment, 2020 - 2030 (USD Billion)

$2.48
$2.3B

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

@ Cloud

Onpremise

Figure 1 - The global real estate software market size [2]
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This article is written against the backdrop of the
critical need for digital transformation in the real estate
industry. It aims to provide a thorough examination of
the challenges faced by real estate professionals and
elucidate how software development services not only
offer viable solutions but also fundamentally transform
the nature of real estate operations. By integrating
technological advancements into their workflows, real
estate entities can achieve greater efficiency, enhance
decision-making processes, and provide superior value
to their clients. The rationale behind this paper is to
bridge the gap between traditional real estate
management practices and modern, technology-driven
approaches that are essential for staying competitive in
a rapidly changing market.

Understanding real estate software

The integration of software solutions into the real
estate industry marks a pivotal shift towards increased
productivity and efficiency across various operational
domains, including social media, online advertising,
and website management. This transition is largely
fueled by the growing necessity for efficient software
tools that can meet the escalating demands of the digital
age. The advent of technology in real estate, designed
to cater to the specific needs of agents, property owners,
and buyers, significantly enhances the process of
buying and selling properties. By enabling real estate
professionals to effortlessly showcase available
properties for sale or lease, these software solutions
provide clients with convenient access to property
listings, thereby facilitating the decision-making
process.

Furthermore, the surge in digitization within the
real estate sector, coupled with advancements in
automation technologies, has had a profound impact on
the market. These developments not only streamline
operational processes but also introduce a level of
sophistication in data management strategies and
sensitive data protection. As a result, real estate firms
are increasingly adopting a variety of software tools to
bolster client retention and ensure the security of client
information. Among the various software applications
prevalent in the industry, Customer Relationship
Management  (CRM), Property = Management,
Marketing Automation, and Enterprise Resource
Planning (ERP) systems stand out for their ability to
automate critical processes. These processes include
lease and rent collection, employee management, lead
generation, customer management, and financial
tracking.

The overarching goal of these software programs
is to attract more clients by simplifying the property
transaction process, thus providing a competitive edge
to real estate professionals in the market. By addressing
the dual objectives of enhancing operational efficiency
and improving client engagement, real estate software
solutions are reshaping the industry landscape, making
it more responsive to the needs of today’s digital-savvy
clientele. This discussion sets the stage for a detailed

exploration of specific software tools later in the article,
underscoring their role in automating and optimizing
key real estate processes.

Understanding the Challenges

The challenges professionals face in the real estate
industry are as varied as the different types of properties
they deal with.

Let's explore a few of them:

1. Complexities in Property Management

Real estate professionals consistently deal with the
complex nature of managing multiple properties, each
with its unique data and requirements. To streamline
this process, software solutions prove invaluable,
simplifying the sophistication of property management.

The tools simply centralize this complex
information and automate routine tasks like updating
property listings. Therefore they help in providing real-
time insights into property statuses, bringing a
transformative level of automation and organization,
crucial in an industry where time sensitivity is
paramount.

2. Tackling Paperwork and Administrative Tasks

Real estate transactions come with a lot of
administrative tasks, from contract preparation to
financial document management. These tasks demand
time and meticulous attention to detail. Real estate
agents here as well can leverage various software and
technologies to efficiently handle these administrative
challenges.

Software mostly used for such purposes includes
document management software which aids agents in
organizing and accessing necessary paperwork
effortlessly. It consolidates all documents in one
accessible platform, simplifying the process of locating
and updating files as required.

Another is electronic signature software that
enables clients to digitally sign documents, eliminating
the requirement for physical signatures. This not only
streamlines the process but also diminishes the time and
expenses linked with printing and mailing documents.

3. Changing Consumer Preferences

Consumer preferences in the real estate industry
are evolving rapidly. Today's clients seek personalized
and efficient experiences, prompting real estate
professionals to adjust their strategies to stay
competitive. The utilization of Al and ML is of
stupendous importance in this regard.

Popular real estate software solutions

The diversity of tasks and the complexity of
managing property portfolios necessitate the adoption
of various types of software programs, each designed
to cater to specific needs within the sector. These
software solutions facilitate a range of functions, from
customer relationship management and enterprise
resource planning to the management of properties and
the enhancement of client engagement through virtual
tours. The following table presents an overview of
these tools, delineating their descriptions and the
contexts in which they are most effectively employed.
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Popular real estate software solutions

Table 1.

Type of o~ Recommended —
Description - Application Ar
Software escriptio Architecture pplicatio ca
Facilitates managing client . . . Used by real estate agencies to
. . . Microservices architecture I - . .
interactions, tracking leads, - maintain relationships with
CRM Software L for scalability and | . .
and optimizing customer flexibility clients and streamline sales
service. processes.
Integrates all facets of an Mod_ular monolithic S_mtable for Ia_rger real estate
- ; . architecture for smaller | firms managing extensive
operation, including . . .
ERP Software . systems, evolving into | property  portfolios  and
planning, development, : . . .
. microservices as | requiring comprehensive
sales, and marketing. oo . .
complexity increases. operational oversight.
AI(-jS In t_he admlnlstrgtlon of Monolithic architecture for | Utilized by property
Property residential, commercial, and .
. . smaller systems, | management companies to
Management rental properties, enhancing transitioning to modular as | oversee daily operations and
Software efficiency  and tenant g . y op
. : the system expands. maintenance tasks.
satisfaction.
Enables the listing, . . . Employed by online real
. . Microservices architecture
Real Estate | searching, and transaction estate  marketplaces  to
. . to support complex .
Marketplace processing of properties, A . facilitate property
. — | functionalities and high ;
Platforms connecting  buyers  with - transactions and enhance user
scalability. .
sellers. experience.

Virtual Property

Provides immersive virtual
tours of properties,
improving engagement and

Depends on the scale and
integration needs, often
requiring robust backend

Used by realtors and property
managers to offer virtual

decision-making.

Tours Tools L i . .| viewings, particularly useful
aiding decision-making | support for media | . . -
. in remote buying scenarios.
processes. processing.
. Supports the analysis and | Layered architecture | Applied market analysis,
Analytics  and . : : -
Data presentation of real estate | separating data collection, | trend forecasting, and
S data, aiding in market | processing, and | performance tracking to
Visualization . . T, S ' : :
Tools analysis and  strategic | visualization for flexibility | inform business strategies and

and efficiency.

client advisories.

Next, we will take a closer look at each software
tool, examining its contribution to the real estate sector,
architectural nuances, and the specific tasks they solve:

1. Customer Relationship Management (CRM)

Software

CRM software plays a crucial role in managing
client communication. The study shows that 81, 9% of
respondents acknowledged the impact of market trends
on the development of sales CRM software and tools.

49.1% of them noted that the impact is significant [4].

Market Trends on CRM Development

49,1%

Significantly

impact

Figure 2 - Impact of CRM software and tools [4]

11,8%

Uncertain

6,3%

Don't have
much
impact
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By utilizing an online CRM tool, brokers can
gather essential client information, including contact
details, property requirements, and budget constraints.
This centralized platform enables efficient data
management, allowing for the addition, deletion, and
updating of client information.

Additionally, CRM solutions facilitate lead
nurturing automation by categorizing clients and
sending automatic emails and notifications based on
their interests. The system also manages auto-responses
to incoming texts, ensuring timely and personalized
interactions [5].

An important thing here however to keep in mind
would be that CRM is dependent on a proper setup. If
a CRM isn't set up well initially, using it might be
challenging or time-consuming. This could result in
wasted time or low employee engagement.

2. Enterprise resource planning (ERP) software

An enterprise resource planning (ERP) system is
software that helps businesses automate and manage
core business processes for optimal performance. An
ERP system coordinates the flow of data between
corporate business processes, provides a single source
of truth, and optimizes business processes across the
enterprise [7].

Higher productivity Deeper insights Accelerated reporting
Benefits of ERP
Lower risk Simpler IT Improved agility

ke

(

=

Figure 3 - Benefits of ERP

Modern ERP solutions have six main advantages:

elncreased productivity. Optimize and automate
core business processes, helping each company
employee achieve greater results with fewer resources.

o A more complete understanding of the situation.
Eliminate data silos, create a single source of truth, and
quickly get answers to your most important business
questions.

eFaster reporting. Generate business and financial
reports quickly and easily share results. Act on accurate
insights to improve productivity in real-time.

eRisk reduction. Increase business visibility and
control by ensuring compliance, risk forecasting, and
prevention.

eSimplifying IT processes. By using integrated
ERP applications with a common database, you can
simplify your IT environment and give everyone an
easier way to work.

elncreased maneuverability. Efficient operations
and fast access to real-time data enable you to quickly
identify and respond to new opportunities [8, 10].

In the context of real estate, ERP software helps
professionals track accounting activities, manage
projects, and assess risks.

It also provides insight into overall business
progress, return on investment (ROI), and individual
office performance. This tool is essential for brokerage

houses to stay ahead of the competition by visualizing
and analyzing their business performance.

However, when migrating to an ERP, you need to
be aware that migrating to a new system can sometimes
be confusing and time-consuming for users at first,
especially if your current system is outdated. This
problem becomes even more serious if you use the
traditional method of tracking everything with pen and
paper. But it will subside over time and you will be able
to reap many benefits from this tool.

3. Real estate management software

Every business needs effective management
software to enhance productivity and save time, and
real estate management software is tailored for property
management.

It covers various aspects, such as accounting and
ensuring real-time tracking of company finances. The
software is invaluable for managing rented properties,
allowing comprehensive tracking of income from
various sources, including cash, checks, and credit
cards.

Moreover, it facilitates the efficient management
of tenant agreements by creating a comprehensive
database. This includes storing information on
agreements, correspondence, decisions, renewals, and
rent details, ensuring legal compliance with local
ordinances.
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Table 2.

Real estate management tools

Tool Primary Purpose Key Features

AppFolio Property Management Automates rent collection, account management, and
Property Manager perty g reporting, and tenant and lease management.

- Property and Association | Financial management, rent and lease management,
Buildium i

Management property management, resident portal.
. Property Management | Manages operations, finance, leasing, and maintenance,

Yardi Voyager Platform and integrates with Yardi Mobile Apps.

Comprehensive Property

Property and investment management, corporate real

MRI Software Management Solution estate management, and social housing management.
CoStar Real | Commercial Real Estate | Real estate market analysis, transaction and portfolio
Estate Manager Management management, lease administration.

This table provides a selection of specialized
software solutions designed to enhance the efficiency
of real estate management. Each tool offers a unique set
of functionalities aimed at automating various aspects
of property management, including income and
expense tracking, lease agreement management, and
ensuring compliance with local regulations.

4. Virtual property tour tools

Virtual tours are digital walkthroughs or
immersive renderings that allow users to virtually
“walk” through a property. These tours are created
using high-definition photography, 360° video, or
virtual reality (VR) technology, providing panoramic
views of the property's interiors and exteriors.

Virtual tours are powered by advanced software
and visualization technologies that combine a series of
images or videos into one seamless, interactive
experience [6].

The virtual real estate tools prove especially useful
for showcasing properties to potential buyers who are
located out of town. This way, you can cater to a
broader audience and facilitate property exploration
without the limitations of geographical distance.

One drawback however could be that such tours
might not provide the exact details accustomed to
physical tours which can lead to misunderstandings and
misinterpretations.

Figure 4 - An example of a virtual re

al estate tour

Current real estate software trends

Real estate software development is consistently
evolving to meet the changing needs of the industry.
Recent trends are reshaping how real estate
professionals operate and engage with clients. [Kindly
note that these trends are discussed in detail below, so
there is no need to expand this sentence here]

Let's explore some of these noteworthy trends:

1. Virtual and Augmented Reality (VR/AR)

VR and AR technologies are transforming
property showcasing. As mentioned before, VR enables
immersive virtual property tours, allowing potential
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buyers to explore interactive floor plans from their
homes. AR overlays property details when viewing
properties on mobile devices, enhancing the overall
experience.

To implement VR/AR in real estate software, |
recommend using a combination of 3D modeling
software and AR/VR development platforms like Unity
or Unreal Engine. This allows for the creation of
realistic and interactive virtual tours. Challenges
include ensuring high-quality graphics and smooth user
experiences across different devices.

2. Artificial Intelligence (Al) and Machine
Learning (MI)

Al and machine learning revolutionize data
analysis and predictive analytics in real estate. These
technologies analyze vast amounts of data, providing
valuable insights into market trends, property values,
and customer behavior.

Al-powered chatbots are also used for instant
customers integrating Al and ML into real estate
software, | suggest leveraging cloud-based Al services
like AWS SageMaker or Google Al Platform. This can
enable advanced data analysis and predictive analytics
without the need for extensive infrastructure. Key
challenges include ensuring data privacy and accuracy
in predictions.mer support.

3. Utilization of BlockChain

Blockchain technology is gaining traction for
secure and transparent real estate transactions. It
reduces fraud risk and ensures the authenticity of
property records. Smart contracts, which automatically
execute agreements, have the potential to streamline
commercial property transactions.

To incorporate blockchain technology, |
recommend using platforms like Ethereum to create
smart contracts that can automate and secure real estate
transactions. Challenges include ensuring scalability
and interoperability with existing systems.

4. Pricing Predictive Analytics

Predictive analytics tools are becoming more
sophisticated, aiding real estate professionals in pricing
properties accurately. These tools analyze historical
data, market trends, and property features to provide
data-driven pricing recommendations, optimizing
listings for sellers and agents.

To implement predictive analytics for pricing, |
recommend using machine learning libraries like
TensorFlow or Scikit-learn to develop models that can
analyze historical data and market trends. Challenges
include ensuring the accuracy of predictions and
keeping the models updated with current market data.

5. Building Information Modeling

BIM is a smart tool for the real estate business. It's
a system that gathers all the important information
about a property and gives useful insights. One cool
thing it does is create 3D models of projects, so you can
kind of see how things will look once they're built.

For incorporating BIM into real estate software, |
suggest using BIM software platforms like Autodesk
Revit or Bentley Systems. These platforms allow for
the creation and management of digital representations
of physical properties. Challenges include integrating

BIM data with other real estate software and ensuring
data consistency.

6. Cloud Technology for Real Estate Software

Cloud computing is yet another cool trend that is
gaining traction. It's like having your real estate
information stored online. So, real estate professionals
can always stay updated on their leads and clients,
whether they're old ones or potential new ones.

The fancier cloud-based property software even
notes down what customers like, thus helping realtors
tailor their pitches. Cloud technology also opens up
new ways to market, like through email campaigns.

To leverage cloud technology, | recommend using
cloud service providers like Amazon Web Services
(AWS) or Microsoft Azure to host your real estate
software. This allows for scalable storage and easy
access to data from anywhere. Challenges include
ensuring data security and privacy, as well as managing
costs associated with cloud services.

Discussion

The real estate landscape is undergoing a
significant transformation with the integration of
advanced technologies. Realtors are recognizing the
need to streamline operations through real estate
software development, leading to industry evolution.
These software programs have played a pivotal role in
revolutionizing  processes, improving  customer
experiences, and providing valuable insights.

As technology continues to advance, its crucial
role in driving innovation and efficiency in the industry
becomes increasingly evident.

Realtors are recognizing the need to streamline
operations through real estate software development,
leading to industry evolution.

Real estate software development, exemplified by
Salesforce Real Estate Cloud and HubSpot CRM, is
revolutionizing industry operations, and enhancing
customer relationships and communication.

Technologies like Matterport and Zillow 3D
Home employ virtual reality for immersive property
showcases, while blockchain platforms like Propy
ensure secure and transparent transactions, marking a
shift towards efficiency and innovation in the industry.

Moreover, tools like CoStar and LoopNet have
become indispensable for commercial real estate
professionals, offering comprehensive property listings
and market data that enhance decision-making
processes. Property management software such as
Buildium and AppFolio is revolutionizing the way
property managers handle daily operations, from tenant
screening to maintenance requests. These platforms not
only improve efficiency but also elevate the overall
customer experience. In addition, innovative
technologies like Al-powered chatbots are being
integrated into real estate websites to provide instant
assistance and personalized recommendations to
potential buyers and renters, enhancing customer
engagement and lead capture.

As technology continues to advance, its crucial
role in driving innovation and efficiency in the industry
becomes increasingly evident. This is because of its
ability to automate tasks, enhance communication,
provide predictive insights, innovate customer
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experiences, and introduce secure and transparent
transaction processes.

Conclusion

In conclusion, this article has provided an in-depth
examination of the increasingly pivotal role of software
development in the real estate industry, highlighting
how digital transformation is reshaping traditional
practices and offering innovative solutions to
longstanding challenges.

The analysis reveals that the integration of
technologies such as CRM, ERP, Al, VR/AR,
blockchain, and predictive analytics into real estate
operations not only enhances efficiency and customer
service but also provides real estate professionals with
invaluable tools for market analysis, customer
engagement, and operational optimization.

The findings underscore the necessity for real
estate entities to embrace these technological
advancements to remain competitive in a rapidly
evolving market landscape. Furthermore, the adoption
of these technologies reflects a broader trend toward
digitalization across industries, signifying a shift in
how business operations are conducted in the digital
age.

Ultimately, this research contributes to the
understanding of the transformative impact of software
development on the real estate sector, offering a
foundation for further exploration into the integration
of technology in industry-specific contexts. The
article’'s exploration into current trends and future
directions provides a valuable perspective for
professionals seeking to leverage technology to address
the dynamic needs of the real estate market, thereby
paving the way for continued innovation and growth
within the sector.
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SUMMARY

In radar systems, detection compares the received signal with the estimated threshold. In fact, there are many
algorithms designed to calculate threshold values. One of the most common methods is a constant false alarm rate
and its variations. On the other hand, no studies have compared the performance of CFARs for detecting multiple
radar signals. This paper provides a comparison of the performance of CFARs such as CA-CFAR, GO-CFAR,
SO-CFAR, and adaptive-CFAR are used to detect multiple-component radar signals. The performances of CFARs
are evaluated using simulated radar signals in the MATLAB environment.

Key words: detection process, constant false alarm rate, radar signal, MATLAB environment.

1. Introduction

Target detection is an essential part of radar
systems. It compares the received signals to a threshold.
However, the received signals include echo, noise, and
interference signals. Therefore, the detection process
often causes problems such as there is a target, but the
detector cannot detect it, or there is no target, but the
detector indicates that the target is present. All
problems are due to the calculation of detection
thresholds. To limit the above-mentioned problems, the
CFAR concept and its variations are used in radar
systems, which ensure a fixed probability of false
detection [1-4]. The CFAR concept in the receiver

system is presented in Figure 1, where H, is the
decision that target is not present, H, is the decision that
target is present.

In fact, radar systems use many forms of CFAR
concepts such as: cell-averaging CFAR (CA-CFAR),
cell-averaging greatest of CFAR (GO-CFAR), cell-
averaging smallest of CFAR and ordered statistic
CFAR (OS-CFAR), adaptive linear combined CFAR
[5-9]. On other hand, there have been no studies
comparing performance of CFARs. So, this article
provides a comparison of the performance of the above-
mentioned CFARs by MATLAB environment.

Received signals

» Matched Filter >

H1
e ——

1/Q Detector CFAR

Y

H2
>

Figure 1. CFAR concept in receiver system.

The theoretical description of CFARs is presented
in Section 2. The simulation results are shown in
Section 3 and main conclusions are summarized in
Section 4.

Theoretical description of the CFAR concept

The principle of a circuit for constant false alarm
rate (CFAR) was first developed by H. M. Finn and R.
S. Johnson. The CFAR circuit calculates the average of
the noise's magnitude and converts it to a DC
component. At the output, the DC component is filtered
out. Also, the noise and echo signals will be separated
by setting detection thresholds calculated by the CFAR
circuit. This detection threshold copies the envelope of
the interfering signals and can be increased or
decreased according to the noise level, so the CFAR
method is called adaptive threshold detection.
Nowadays, several CFAR methods exist, and the
difference between these methods depends on how the
detection threshold is calculated [10]. This article
provides analysis and evaluation of typical CFAR such
as cell-averaging CFAR, greatest of CFAR (GO-
CFAR), smallest of CFAR (CO-CFAR), and adaptive
linear combined CFAR (AL-CFAR).

Cell-averaging of Constant False Alarm Rate

The cell averaging CFAR detector is the most
widely used in radar systems. The principle of CA-
CFAR is shown in Figure 2. Figure 2 shows that CA-
CFAR includes training, testing, and guard cells. The
CFAR principle is described as follows: The received
signal is passed through to registers (CFAR block).
These registers will calculate the average value of both
sides and the total averaging value. After that, the total
averaging value will be multiplied by constant a. This
multiplied value will be used as the detection threshold
defined by (1).

T = %Z?I=1Xi(1)
where N is the total number of training cells, X; is

the amplitude of received signal in training cells and a
is the constant factor, calculated by (2).

a=Nx ([}?ﬁ - 1)(2)

where Py, is the probability of a false alarm. The
detection threshold T is passed to the comparator,
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which compares the tested cell (YY) and T. At the output
of the comparator, it is a decision: if Y > T: target is
present and if Y < T: target is not present. The main
problem of CA-CFAR is that when the noise level is

high and inhomogeneous, CFAR indicates it as a target,
but there is no target in practice. To limit this problem,
two types of CFAR were designed.

Training cells

signal l
— I

-ul x| xe TENRdct X

A 4 v

m:ny

.

A 4

Comparison

! . &

Hop H,
Figure 2. Principle of CA-CFAR [6].
3 Training cells |
signal
— H N
Xi| X Xan Fested-cel X+t Xn
A 4 A 4 v A v y
 NI2 2 &
Z1==%'X Z2== Y'X,
NS N AT
v l
SOCA-CFAR : Z , = min(Z1,22)
or
GOCA—-CFAR : Z,, = max(Z1,Z2)
A 4
Uspo or Qgo S is
P—_ .| Comparison
’ T
T =g xZeo I !
Ho Hi

Figure 3. Principle of GO and SO-CFAR [6].
Cell-averaging Greatest and Smallest of CFAR

The other types of CFAR are cell-averaging,
which is the greatest and smallest of CFAR. The
principle of GO and SO-CFAR is shown in Figure 3.
The principle of SO-CFAR and GO-CFAR is the same
as that of CA-CFAR, but the difference in comparison
with the CA-CFAR is that they accept only the
maximum or minimum mean value of the received
signal from the two sides of the training cells. The

obtained value will be multiplied by a constant to get
the detection threshold. The constant values of GO-
CFAR (agp) and SO-CFAR (ago) depend on the
probability of false alarm Py, . The probabilities of false
alarms for GO-CFAR and SO-CFAR are calculated by

3).



(p. =2 ((1 + m)% —(2+ 2”ﬂ)_g x { 31 (g -1+ i) x (2+ 2”ﬂ)_i}) for GO-CFAR
fa N N i=0 i N

N N N .
2xaso\ "2 Sl f==1+41i 2xaso\ "t
Pra = 2 (2 +2559) 7 x ( z <lz ) x (2 +2050) ) for SO-CFAR
®)
Ordered Statistic CFAR
Another variant of the CFAR detector is ordered T =X X aps(4)
statistical CFAR (OS-CFAR), which can eliminate the . .
problems of the CA-CFAR and increase the probability where ay; is the constant, which depends on the

of detection in an inhomogeneous environment. The  probability of a false alarm Py,. The P ¢, is calculated
principle of OS-CFAR is written as OS-CFAR by (5).

arranging the signal and noise level in order from

largest to smallest or vice versa and choosing the best p. = Nx(@ostN-io! (5)

value for setting the detection threshold. The block fa = (v-i)x(ags+N)!

diagram of OS-CFAR method is shown in Figure 4.

The detection threshold is calculated by (4).

Training cells Tested cell

Training cells

Qos,| @y Xy =T Comparator
Ho H

Figure 4. Principle of OS-CFAR [7].

Adaptive Linear Combined of CFAR that this type of CFAR uses an adaptive weight factor

Another type of CFAR presented in this chapteris  that will allow ALC-CFAR to work according to the
a combination of the two most basic types of CFAR, change of environment, so, sometimes ALC-CFAR can
i.e., CA-CFAR and OS-CFAR. This type of CFAR is  work as CA-CFAR, and sometimes it can work as OS-
based on the principles of CA-CFAR and OS-CFAR. CFAR. The principle of operation of this type is
Compared with other types of CFAR, the difference is  described in the block diagram shown in Figure 55.



Espasutickuti Coro3 YueHbix. Cepus. mexHuU4Yeckue u huauko-mamemamuyeckue Hayku. # 02(117), 2024

17

l weight factor §

A .
CA-CFAR
" T K | IT |
—> ) X1 Xa... Y XN
detector _’I l |
v
OS-CFAR

}

X,

I

X x(1-8)

|

H=Zx8+X,x(1-3)

A

'

T=Hxa,,

!

Ho |

Hi |

Comparison

Figure 5. Principle of adaptive linear combined of CFAR [8].

Simulation results
This section analyzes the CFARs mentioned

scenarios. The first is for detecting a single target, and
the second is for separating two targets close to each

above in the MATLAB environment with two other. The simulation parameters are shown in
Table 1.
Table 1.
Simulation parameters

Parameter Value
Probability of false alarm Pz, 10°
Probability of detection Pq (%) 90
Total number of cells N (-) 23

Signal to noise ratio SNR (dB) 15+30

Test with a single target shown

CA, GA and SO- CFAR

Firstly, the functionality of CA, GO, and SO-
CFAR will be evaluated by detecting a single target
with different SNR values. The simulated results are

in Figure 6. Figure 6(a) shows that at SNR = 21.62 dB,
the SO-CFAR is not able to detect a target (black line),
but this problem is solved by using CA-CFAR (red line)
and GO-CFAR (green line).
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Figure 6. Simulated results: a) SNR = 21.62 (dB); b) SNR = 26.5 (dB).
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Figure 7. Probability of detection versus SNR.

Figure 7 shows the probabilities of detection of the by CA-CFAR (Pd = 86.5% (blue line), followed by
mentioned CFAR depending on SNR. It shows that at GO-CFAR (Pd = 85.4%, green line), and the lowest is
the same value of SNR = 20 dB, the highest Pd is given  given by SO-CFAR (Pd = 83.2%, red line).
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Figure 8. Simulation results of OS-CFAR: a) SNR = 26.5 (dB); b) SNR = 21.62 (dB).

Ordered statistic CFAR

In the same case as in the first subsection, this
subsection provides testing functionality of SO-CFAR
for detecting a single target with SNR = 26.5 (dB) and
SNR = 21.62 (dB). The simulation results are shown in
Figure 8. Figure 8 shows that when SNR = 26.5 (dB),
the CA (red line) and OS-CFAR (green line) can detect

the target. However, when SNR =21.62 (dB), only CA-
CFAR detects the target (red line) while OS-CFAR
does not (green line). The probability of OS-CFAR
detection depended on the SNR value, shown in Figure
9. It shows that to reach up to 90% of the probability of
detection, OS-CFAR requires a value of SNR = 22.28
(dB).

T //j_d:f'-"”"cw —_—

b 7 - OS-CFAR ||

0.8 A SOCA-CFAR {
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Figure 9. Probability of detection of OS-CFAR.
Adaptive linear combined CFAR
Table 2.
Summarized simulation results.
SNR (dB) CA-CFAR GO-CFAR SO-CFAR OS-CFAR ALC-CFAR
21.62 Yes Yes No Yes Yes
26.5 Yes Yes Yes Yes Yes

In the last step, the functionality of ALC-CFAR
will be tested by detecting a single target under the
conditions mentioned above. The simulation results are

shown in Figure 10. It is shown that in both cases, ALC-
CFAR can detect a target (black line). The probability
of Pd detection depends on SNR values, as shown in
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Figure 11. It is seen that to get up to Pd = 90%, a value Table 2. At SNR = 21.62 (dB), SO-CFAR cannot
of SNR = 21.62 (dB) is required. The summarized detect a target while remaining can. All mentioned
results are given in CFAR can detect a target with SNR = 26.5 (dB).
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Figure 10. Simulation results of ALC-CFAR: a) SNR = 26.5 (dB); b) SNR = 21.62 (dB).
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Figure 11. Probability of detection of ALC-CFAR.

Test with two closed targets (red line, Figure 12(a)) and GO-CFAR (green line,

In this section, the functionality of all mentioned  Figure 12(b)) can not detect two targets, they can detect
CFAR will be evaluated by detecting two targets, only one, which has high energy. However, SO-CFAR
which are close to each other at the values of SNR =25  (black line, Figure 12(a)), OS-CFAR (green line,
(dB) and 28 (dB). The simulation results at SNR =25  Figure 12(b)) and ALC-CFAR (black line, Figure
dB are shown in Figure 12 . It is seen that CA-CFAR  12(b)) can detect two targets.
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Figure 12. Simulation results: a) CA, GO and SO-CFAR; b) OS and ALC-CFAR.
Table 3.
Summarized simulation results.

SNR (dB) CA-CFAR GO-CFAR SO-CFAR OS-CFAR ALC-CFAR

25 No No Yes Yes Yes

28 Yes Yes Yes Yes Yes
Table 3 shows a summary of simulation results. It References

is seen that at SNR = 25 (dB), CA-CFAR and GO-
CFAR cannot detect two targets, while the remaining
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CFAR can detect two targets.
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AHHOTAIIUA

B nmanHOW craThe paccMaTpHBAIOTCS MpOIecCH IH(POBOH TpaHCPOPMALNH, 3aTPATWBAIONINE MAJBIH U
cpenuuil 6m3Hec. PaccmarpuBaercss mmdpoBas YKOHOMHKA, OMHUCHIBAIOTCA €€ cepsl aesTeapbHOCTH, OMUCaHBI
OCHOBHbIE MIPUHIMIBI IU(PPOBOI SKOHOMUKH. [IpOBOIUTCSI CpaBHUTENBHBIN aHAIU3 KPYITHOTO U Majoro Ou3Heca
MO0 WX PEaKIMd Ha MPOUCXOAINYI0 HU(GPOBYIO TpaHchoOpMaIuoo. AHATU3UPYETCS AWHAMHKA W3MCHCHHS
(haxropoB nudpoBuzaiuu Ha Tepputopun Poccuiickoit @enepanmu 1uist onpenenerus e€ yposusa. Onpenesnsercs
POJIb MaJIOTO U CpefHEero OM3Heca B COBpEeMEHHOH skoHOMUKe. [loapoOHO omuckiBaercs «uHAYCTpHs 4.0», Kak
Ha6op HOBBIX BO3MOKHOCTEH JJIA yIpaBJICHUS NPOU3BOJACTBCHHBIMHU IPOLECCAMMU. Yka3zaHbl dKOHOMHYECKHUE

3¢ exTs! 0T TH(POBU3AITUHL.

ANNOTATION

This article examines the processes of digital transformation affecting small and medium-sized businesses.
The digital economy is considered, its fields of activity are described, and the basic principles of the digital
economy are described. A comparative analysis of large and small businesses is carried out according to their
reaction to the ongoing digital transformation. The dynamics of changes in the factors of digitalization in the
territory of the Russian Federation is analyzed to determine its level. The role of small and medium-sized
businesses in the modern economy is determined. Industry 4.0 is described in detail as a set of new capabilities for
managing production processes. The economic effects of digitalization are indicated.

KoaroueBbie cioBa: mudposas Tpanchopmaiys, Manslii U cpenHuid 6usHec, adpdexkTuBHOCTD, 1U(POBBIE
CTpaTeruH, UPPOBHU3AIINS, HHHOBAIIUH.

Keywords: digital transformation, small and medium-sized businesses, efficiency, digital strategies,
digitalization, innovation.

BBCZ[CHI/IG. TEXHOJIOTHI MNPUBOJUT K MNOSABJICHUIO HOBBIX OusHec-

Ha CCI‘O,HHHIHHI/IfI JCHb CTaJlI0 HCEBO3MOXHO
MpeACTaBUThb J'IIO6yIO C(bepy B JXHM3HHU 4YCJIOBCKa,

KOTOpYI0O OBl HHMKakuM o00pa3oM He 3aTpoHyJa
mupoBm3anysg, B TOM UYHCIE H 3KOHOMHKY.
CoBpemMeHHas HKOHOMHKA IpeTepIieBaeT
3HAYUTEIbHBIE  HM3MEHEHUS TOA  BO3JEHCTBHEM
UG POBU3ALINN. Braronmaps MIPOUCXOIAIINM

M3MEHEHHSIM W HOBOBBEIEHHSM MOXKHO TOBOPHTH O
MOSIBJICHMM paHee He CYLIeCTBOBABIIMX OU3HecC-
NpOLECCOB M MoJienield, BCE 93TO  3HAMEHYeT
MPOUCXOJISIIYIO psIMO ceifyac HOBYIO
MHJIyCTPHAJIbHYIO PEBOJIIOLHIO.

Tpanchopmanus OGusHec-mMoneneil B 1UppoBOi
J9KOHOMHKE SIBJISAETCS OIHOW M3 COCTaBILIOLIMX
OTIMCAaHHOH peBoonnH. PactipocTpanenne mudpoBbIX

Mojeneld M TpaHcHOpMalMK TPAJAUIMOHHBIX CXEM
BeneHus OnzHeca. L{udpoas skoHOMHUKA BKIIOYAET B
ce0s1 Takue cdepsl AEATEIbHOCTH, KaK 3JIEKTPOHHAs
KOMMEPIMS, OHJIAMH-peKyiiaMa,  OHJIAWH-TIATeXH,
oOnayHple  BBIYMCICHHUS W HMH(GOPMAIMOHHBIE
mwiat¢popmel. OCHOBHBIM TNPHHIUIOM  ITH(PPOBOI
SKOHOMHKH SABISieTCd MpeoOpa3oBaHHE ITaHHBIX B
"nnpoBor MHTEIIEKT", KOTOPBIA BIOCIEACTBUH
HCTIONB3YeTCs U1 KOMMEPUYECKOTO MCTIONB30BaHMSA, B
CPaBHEHHMH C IPHUBBIYHBIMH OM3HEC-MOAEISIMHU TaKOH
CIOCcOo0 IIENOYKH CO3JaHUs J00aBIEHHOH CTOMMOCTH
SIBJISIETCSL HECTaHAapTHBIM. B ycnoBusix nudposoi
TpaHc(opMalK Ha IPOU3BOICTBEHHYIO AEATEIHLHOCTh
MPEANPUATUHA CYIIECTBEHHO BJIUSIOT HHHOBAL[UOHHbBIE
u wuHQOpMAIMOHHBIE CcrocoOHOCTH. Kowmmanuw,
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CIOCOOHBIE K BHEAPEHUIO  TEXHOJIOTHYECKHX
OOHOBIICHUI u 3G PEeKTUBHOI obpaboTke
nHdopManuy, UMerT Oosee BEICOKHI MOTEHIUAN /IS
pocta. TpaguuuoHHbIe OM3HEC-MOJEIH, OCHOBaHHBIC
Ha TIpOA@XE TPOAYKTOB WM OKa3aHWUM YCIHYyT,
MIOCTETICHHO TEPSIOT CBOIO A PeKTHBHOCTE. Ha cMeny
UM MIPUXOIAT MOJCIIN MOHETU3ALUH, XapaKTEPHBIE IS
HOBOIl oskoHOoMukH 1iatdgopm [5]. Ilmatdopmsr
NPEIOCTABISIOT BO3MOXKHOCTH JUIS B3aUMOJCHCTBHUS
MEXIy Pa3IMYHBIMH YYaCTHUKAMH SKOHOMHYECKOTO
mpoiiecca, obecrieunBast Oomee BEBICOKYIO
Map >KUHaJIBHOCTb.

OnmHako jIsi Majoro W CpepHero Ou3Heca
1y poBU3anUs TaKKe CO34aeT PAd NpodieM U yrpos.
UM HeoOXomUMO TOBBILATH CBOIO  HU(POBYIO
3peNoCTh M AJaNTHPOBATBCS K HOBBIM YCIOBHSIM,

Uzydenue mpoOiieM, CBSI3aHHBIX C LUPPOBBIMU
aTgopMamy, B OCHOBHOM IIPOBOJIUIIOCH
3apyOeXHBIMH HCCIICIOBATEISIMH, TaKMMH Kak A.
l'aBep, M. Awnpapeccen, M. Kennu, M. Voiin , JIx.
Makxkoneii, A. Hoponss, J[x. ITapkep, C. Haynapsi, [Ix.
Bpamm, M. Msoy, M. Lymmumoto, A. CyHaapapaKaH,
T. Caxa, M. Kennu u 1p. B npezncraBieHHBIX paboTax
aBTOPBl  HCCIEAYIOT  CTElNeHb, B  KOTOpOit
IU(pPOBU3AIIS OKAa3bIBACT BIISIHHAE HA YCTOSBIIHECS
OW3HeC-MOJETN KOMIIAHWH, a TaKKe Te HaBBIKA M
KOMIICTEHIINH, KOTOphIe HEOOXOIMMO Pa3BHBATH,
YTOOBI YCIIEIIHO MCIOJIB30BaTh BCE IMPEUMYIIECTBA
mudppomzaru  [4].  HecmoTps Ha  Ooublioe
KOJIMYECTBO UCCIICAOBAaHUMH, ONICAHHBIEC BBIIIE, HEIb35
CKa3aTh, YTO JaHHAs TeMa M3y4eHa B IIOJHOH Mepe, a
3HaYUT OCTAETCS MPOCTOP I NPOBEINEHUS HOBBIX

YTOOBI 0CTaBaThCs

KOHKYPEHTOCIIOCOOHBIMH.

HCCJIEJOBAaHHH, CBSI3aHHBIX C IU(POBU3AIHEH.
Tab6muma 1.

Oco0ennocTn MHGOpMATH3ALUM CY0BEKTOB MAJIOT0, CPeJAHEr0 M KPYIIHOI'0 peAllpUHUMAaTeIbCTBA [6]

KpynHelii Ou3Hec

Mauiblii M cpeiHui OU3HEC

Bompmoit mrar IT-cnenuaancToB BBICIICH
KBaM(UKALMOHHOH KaTeropuu

B nesrensHOCTH MHAMBUYAJBHBIX PEANPUHUMATENEH B POIU
YIPaBJSFIOIIETO BHEIPEHHEM HH()OPMAIOHHBIX TEXHOJIOTHI
MOXET BBICTYIIaTh cam NpeANpUHUMATENb (mpu
HCIOJIb30BAaHUU MPOCTENIINX HHPOPMAIMOHHBIX
HHCTPYMEHTOB). B Manbix u cpegHux kommanusx mrart [T-
COTPYJHUKOB MOXeT 3(PEeKTUBHO (PyHKIIMOHHPOBATH JaxKe C
OJHIM CIELHANHUCTOM (B 3aBUCHUMOCTH OT PBIHOYHOM J0NH

¢dbup™mbI)

MHoroypoBHeBasi, CI0XHas M HOCTOSHHAs
nHpopmannonnas uudpacrpykrypa (MN)

Hemnocrosinnas HH(pOPMAIMOHHASL HHPPACTPYKTYpa
(mpuBIIeYEeHNE ayTCOPCUHIOBBIX KOMITAaHUM) 1100 IpocTeias

IT-uadpactpyxrypa

3amaua pykoBoactBa UM — obecmeuenwne
peanu3amyy CTpaTeTui KOMIIaHAN

3amaua pykoBojctBa UM — obecnieuenne paboTocriocOOHOCTH
KJIFOUEBON TEXHOJIOTHH WJIM OTHAENIbHBIX MEpPONPHUATHH B
CHCTeMaX  MEHE/DKMEHTa, (UHAHCOBOrO  obecredyeHus,
MapKETHHIa, IPOM3BOJICTBA, TOPTOBIIH U TIP.

B03MOXHOCTD HCIIOJIb30BaAHHUS
JIOPOTOCTOSIINX, MepeIOBhIX
uH(pOPMAIIHOHHBIX TEXHOJIOTH,
MPOTrPaMMHBIX HPOJYKTOB; BO3MOXHOCTb
pa3paboTku c0OCTBEHHOTO
CICIMATH3UPOBAHHOTO MIPOrPaAaMMHOTO
obecrieueHus

OrpaHuYeHHOCTh B HCIIOJB30BAHHU BBICOKOMOLIHOCTHBIX H
WHHOBALIMOHHBIX UHPOPMALMOHHBIX TEXHONOTHH. OTCYTCTBHE
BBITOJBI B INpHOOpeTeHuH Joporocrosmmx [T-npomykros
(BBUIy OTpaHMYCHHOCTH OFOJDKETa, OTCYTCTBHA pasButoil MU
Y COOTBETCTBYIOILIETO IITaTa COTPYIHUKOB). YacTo oTCyTCTBHE
HEOOXOJIMMOCTH B pa3paboTKe MEePCOHAIBHOTO IMPOTrPAMMHOIO
obecnieyeHus

UErtkoe pasnenenue (GyHKIMHA OTAeNa IO
BHEJPECHUIO HH)OPMAIIMOHHBIX TEXHOJIOTHH

Bce ¢yHkuunm, cBsizanHble ¢ HHOOPMALMOHHBIM Pa3BUTHEM H
IPOJABMKEHUEM,  BO3JIOKEHbl HAa  OJHOTO  COTPYJHHUKA
COOCTBEHHOTO WITaTa WM TPHUBJICYEHHOTO W3 CTOPOHHEH
KOMIaHHUU

Bo03MOXHOCTh KCHOJIB30BaHUS PA3TUUHBIX
MPOrPaMMHBIX ~IPOAYKTOB JJIsl  Pa3HBIX
obnacTeit XO3SMCTBOBAHUS, BBICOKAs
HMHTErpanusi BHEAPSEMbIX TEXHOJIOTUH

BBuny HU3KOH HHTErpanuu nH}popMannoHHoO-
TEXHOJIOTHUECKUX peleHuit HaunboJee BBITOJTHO
HCIONb30BaHUE KOMIUIEKCHOM KOMIBIOTEPHOH MPOTpaMMBI
JUIsL BceX 00JlacTei YacTHOTO XO3sIHCTBOBaHUS

B nmaHHOW Tabnmie mpencTaBlicHa CpaBHEHHE
KPYITHOTO OM3Heca ¢ MabIM U cpeqHiM. OCHOBBIBAsIChH
Ha JIOCTYTHOH wWH(OpMAIMM MOXHO  CHAeNaTh
HECKOTOPBIC BBIBOABI O TOM, 4YTO I/IH(popMaTI/IBaLII/ISI
Maloro M cpeaHero  Ou3Heca  MPOUCXOAUT
HEOIHOPOJHO M 3aBUCHUT OT HECKOJBbKUX (hakTopoB. B
NEepBYI0 OYepelb, OTH IPOLECChl 3aBHCAT OT
BBIOpaHHOW ()OPMBI YACTHOTO XO3SIMCTBOBaHUS, K
TakuM (GopMaM MOXKHO OTHECTH HWHIUBUIYaTbHOE
MPENPUHUMATEILCTBO, MAJIbIA MM CPESIHUI OH3HEC.
JpyruM BakHBIM (DaKTOpOM SBJISETCS JIOJII PBIHKA
TOBApOB M YCIYr, KOTOPYIO 3aHMMAacT KOMITaHUS

OTHOCUTENILHO CBOUX KOHKypeHTOB. Kpome Toro,
cTparerusi,  BbIOpaHHasT  CyOBEKTOM  YacTHOTO
XO3$[I\/’ICTBOB3,HI/IH, BKJIIOYasg MOEJICBBIC YCTAHOBKU H
MMOJIXOABI K OpraHM3allii OM3HEC-AESITeIbHOCTH, a
TaKXKe JOJITOCPOYHBIE 3a/1a41, OKA3bIBAIOT BIMSHIE Ha
nporecc HHPOpMaTU3AIUH.

Heo0xoauMo Takke OTMETHTh, 4YTO MAacIuTad
MIPUCYTCTBUS Ha PBIHKE W CTPATETUYECKUE DPEIICHUS
KOMIAHUH SBISIOTCA B 3HAUUTENIBHOW CTENEHU
cyObekTHBHBIMU. [103TOMY /17151 AanbHeHIero ananmsa
nHdopmaruzanuu YacTHOTO XO3SICTBOBAHUS
LenecooOpa3Ho paccMaTpuBaTh Majbld M CpeaHUI
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OM3HeC OTAENbHO, 4YTOOBl HM3ydyaTb BHEAPCHUE
MH()OPMALMOHHBIX TEXHOJIOTHH B 3aBUCHMOCTH OT
KOHKPETHOH  (OpMBI  OHM3HeEcC-IesTeNIbHOCTH. B
COOTBETCTBHH C O(QHIMAIBHBIMU 3aKOHO/ATEIbHBIMHU
UCTOYHMKaMH Poccum, «ManbiMu»  KOMIAHHIMH
CUUTAIOTCS T€, y KOTOPBIX IITAT A0 CTA YECIOBEK, B TO
BpEMSI KaK «CPEIHHMI» — COTPYIHHUKH OT CTa OJHOTO
JO JABYXCOT IATHACCATH 4YENOBEK. TeM HE MeHee,
WHIUBHIyaJIbHbIC MPEAINPUHIMATEIN, B 3aBHCHMOCTH
OT YHCJIEHHOCTH COTPYJHHUKOB B YIIPABICHHH, MOTYT
OBITH KaK MaJbIM, TaK ¥ MHUKPOIIPEATIPUATHEM.

OngHako  TOpU  ONPENENCHUHM  KOHKPETHBIX
WHCTPYMCHTOB HH(pOPMAIMOHHBIX TEXHOJOTHHA s
pa3BUTHUS ousHeca, KpUTEpU  YHMCIEHHOCTH
COTPYIHUKOB HEyMECTeH. Bo-NepBbIX, KOMIaHUU
OJIMHAKOBOTO pasmMepa MOTYT 3HAUUTENBHO
OTIMYATBbCA 1O  CTPATETMYECKUM  MPHOPHUTETaM,

(hMHAHCOBOMY ITOJIOKEHHIO M CIIOKHOCTH BHYTPECHHHUX
Om3Hec-TiporeccoB. DTH (PAKTOPHI UTPAIOT BaKHYIO
poNp B ONpEIENICHUH  CTPAaTeTHH  BHEIPCHUS
WHPOPMALIMOHHBIX TEXHOJIOTHH, KOTOpas HE BCeraa
CoBMagaeT ¢ oOmeil Om3Hec-CTpaTeTHe MaiblX |
CpelHUX OpraHMU3allii, Kak moka3aHo B Tabmuie 1. Bo-
BTOPBIX, KPUTEpUH YHCIEHHOCTH COTPYIHUKOB HE
OTpaxkaeT pealibHble  PECYPCHBIE  BO3MOXKHOCTH
KOMITaHUH, YTO MOKET TPUBECTH K JOMOJHUTEIbHBIM
(hMHAHCOBBIM 3aTparaM IMpU pa3pabOTKe U BHEIPCHUH
nporpaMHoro obecrneueHus. Hampumep, ¢yHKImoHan
MPOTPAMMBI MOXET OBITh CIIOKHBIM W HE SICHBIM ISt
COTPYIHUKOB, KOTOPHIE HE IMEIOT CIICIIHATUCTOB 0 [T
B CBOEM ITare [6].

Hcxons w3 BBIMIEHU3I0KEHHOTO, MOXKHO CHETATh
BEIBOA, 49TO0 i1 3¢¢exkTuBHOrO  BEIOOpa
WHPOPMAIMOHHBIX TEXHOJIOTHI JUIST pa3BUTHSI YaCTHOM
Ou3HeC-1eATeTbHOCTH HEOOXOIMMO  YUYUTHIBATh
OCOOCHHOCTH U peajibHble MOTPEOHOCTH KaX IO
KOMIIaHUH.

Mertonpl. Iy poBeAeHUs UCCIeN0BaHUST ObUIN
M3YYEHBbl aKTyallbHbIE 3apyOeKHbIE U OT€UECTBEHHBIE
MaTepHabl, Mo TeMe 3()(HEKTUBHOCTH UCIIOIb30BaAHHS
HHCTPYMEHTOB NH(POBU3AIUN B MAJIOM U CpEIHEM
omHece. Cpeau OTEYECTBEHHBIX pabOT MOXKHO
oTMeTUTh Hccienoanus Hosuxosoit U.B., a cpenu
MEXIYHAPOJHBIX PabOTHI TAKUX YYEHBIX, KaKk Sorgner
A., Sostero M. u Passiante G. [2]. B xauecTBe MeTO10B
MpelcTaBiIeHbl 0000IIeHNe W aHAIU3 aKTyalbHBIX
WMCTOYHUKOB, IMOCJIC aHallM3a JaHHbBIE IOJBEPTar0TCs
CHCTEMATH3ALIMU JUII TOr'0, YTOOBI OBLIO BO3MOYKHO
clienaTh BBIBOABI M JKCTPAIlOJMPOBATh MX Ha BECh
MAJIbIi ¥ cpeaHuii 6n3Hec. BaykHO 4TOOHI MOITyUYeHHBIE
pe3ynbTaThl B JOCTATOYHOM CTEMEHHW OTOOpaXkaiu
JIEACTBUTENIbHYIO CUTYAIIHIO u SIBIISUTHCH
0OBEKTHBHBIMH.

PesynbTarsl uccneaoBanusl.

Jnis manpHEHIero HCCIeAOBaHUs HEOO0XOIUMO
OTIPENICIIUTh POJb U OCOOCHHOCTH MAJIOTO U CPEITHETO
Om3Heca B COBPEMEHHOMN YKOHOMHEKE. B COBpeMEeHHBIX
SKOHOMHYECKUX VCIOBUSX Malblii OW3HEC HWIrpaer
3HAYUTEIBHYIO POJIb B KAYECTBE OCHOBHOTO BUTATENS
SKOHOMHYECKOr0  pocta W  uHHOBanmuud. Ero
YHHUKaIIbHBIE XapaKTEPUCTHKH, TaKHe KaK T'HOKOCTB,
aJanTHBHOCTh W TOCTOSIHHOE CaMOOOHOBJICHHUE, TAIOT

€My HEOCHOPHUMOE MPEUMYILECTBO Mepell KPYIHBIMU
npeAnpusTHIMU.  Manblii  OM3HEC — BBINOJIHSET
Ba)KHEHIIME JKOHOMHYECKHE (YHKIHUH, KOTOpBIE
CIIOKHO peali30BaTh KPYMHBIM KoMmnaHusiM. Jlanee
OynyT omucaHbl HauOojiee BaKHble W3 HUX. Majble
MIPEATPUATHS CIIOCOOCTBYIOT CHIDKCHHIO
MOHOIIONM3AIMA PbIHKA M CO3JAl0T OJIaronpHsTHBIC
YCIOBUSI AJSI Pa3BUTUS HOBBIX HJEH M TEXHOJIOTHH.
Mamerii  OmsHec obOecrmeymBaeT  3aHATOCTH  IUISA
HaCeNIeHHs, co3JaBas padodme MecTa M CHOCOOCTBYS
CHIDKEHHIO 0e3paboTHibl. Maible mpeanpusTus oojee
CKJIOHHBI K JKCIIEPUMEHTaM M HMMEIOT BO3MOXKHOCTb
OBICTPO BHEJPSATH HOBBIC TEXHOJIOTHH, YTO MPUBOJMT K
TEXHUYECKOMY IIPOIPECCY W TIOSBJICHHUIO HOBBIX
MIPOJYKTOB U YCIIyT. B pa3nuuHbIX 0Tpacisax, BKIOYas
MIPOJIOBOJILCTBEHHBIH ~ KOMIUIEKC, Mayblii  OM3HEC
UIpacT KIIYEBYIO pPOJIb B pPasBUTUU PETUOHOB U
YAOBIETBOPEHNN  CIIEIU(UYECKHX  HOTpeOHOCTEH
MOTPEeOUTETICH.

OpnHako, HECMOTPS HA 3HAYNTEIBHBINA TOTCHINAT,
pasBuTHEe Majoro OmsHeca B Poccum cramkuBaercs ¢
psinoM npobiem u 6apsepoB. CrieIMaNINCThl BBIACISIOT
clenyoumme — npoOneMbl.  Bpicokas  cTroMMoCTb
TIPUBJICUCHUSA KBaJ’II/I(bI/IHI/IpOBaHHI)IX CIICUAIUCTOB,
KOTOpas BbBIPpAXXaCTCAd B TOM, YTO MAJIbIC MPCATIPUATUAL
YacTO CTAIKUBAIOTCS C HEXBATKON (prHAHCHUPOBaHUS U
HE MOTYT IO3BOJIUTH cebe MPUBJICKATH JOPOTOCTOAIINX
criequaiucToB. CIIOXKHOCTh JOCTyNa K OaHKOBCKUM
KpeouTaM W HEIOCTaTOYHOE  TOCYAapCTBEHHOE
(MHAHCHPOBAaHUE OTPAHNYUBAIOT BO3MOKHOCTH POCTa
MalbIX Tpeanpuatuii. HamoroBoe m perynsitopHOe
OpeMst 4acTo HaJlaraeT HEMPOIIOPIMOHAIBEHO BBICOKYIO
Harpy3Ky Ha Maible NPENpHATHS, MPENATCTBYS HX
Pa3BHUTHIO. OtcyrcTBHe TIOJIICPKKH JUISt
WHHOBAlIUOHHBIX IPOEKTOB SIBJISIETCS  CEpPhE3HOU
npoOsieMoil sl aNbHEWIIero pa3BUTHS —Majoro
6usHeca B Poccun. Henmocratok ¢uHaHCHpOBaHUS U
CIICHHUAJIN3UPOBAHHBIX nporpamMmm MOAJACPIKKHU
MHHOBAlIMOHHOM JESATEIBbHOCTH MaJIbIX HpPEANpUsTUN
CIEP’KUBACT UX TEXHOJOTHYECKOe pa3BuTHE [7].

Ceroust MPOUCXOJTUT panuKanbHas
TpaHcopManus KIMEHTCKHX OTHOIICHWH M On3Hec-
nHHOBauMi. [ludpoBuzanus HEOTBPATUMO MEHSET
yCTOSIBIIMECST ~ TIPUHOMIIBI  B3aWMOJICHCTBHSA  C
KJIMEHTaMH ¥ Ou3Hec-npolecchl. JTOT Mepexof
CIOCOOCTBYET CMemeHHI0 (pOoKyca Ha MOTPEOHOCTH
MOKyTareneld, a CTaHOBJIGHWE IIATGHOPMEHHOM
9KOHOMHKH COBIAJIO C PA3BUTHEM CETEBOW SKOHOMUKHU

[4]. TInardopmbl  BBICTYMAlOT  MOCTaBIUKAMHU
TEXHOJIOIMYECKON 51 HHPOPMAMOHHON
HHOPACTPYKTYpsl Ui KJIMEHTOB. B ocHOBe

(GYHKIMOHMpOBaHUS NHQPOBBIX IUIATGOPM  JICKUT
pacIpocTpaHeHHEe TEXHOJIOTHH, 4YTO IPUBOIUT K
VBEIIMYCHUIO JOJH HEMaTepUAbHBIX aKTHBOB B
CTPYKTYpEe CTOMMOCTH  TOBapOB  HPEATPUSITHH,
pabotaromux Ha 1miatdpopmax [6]. TexHomormu
«HnycTpun 4.0» OTKPBUIA HOBBIC BO3MOYKHOCTH IS
yIpaBJIeHUs] IPOM3BOACTBEHHBIMHU IpolleccaMu. Bbut
co3fgaH IUPPOBOH 00pa3 KOMITAHWUH, BKJIIOYAIONINN
BH3YaJIbHOE TIPEACTaBICHNE W BCe MH(DOPMAIIMOHHBIE
TTOTOKH OM3HEC-TIPOIIECCOB COBpeMeHHOTo On3Heca [3].
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Pucynox 1.
Texnonoeuu «Mnoycmpuu 4.0»

OTO  MO3BOJMJIO  PEalu30BaTh  YIpaBICHUE
OM3HECOM B PEXHMME PEalbHOI0 BPEMEHH U3 000t
TOYKM MHpPa, MOJEIMPOBATh pa3lIMuHbIC CLEHAPUU
WHBECTUINA B MOACPHHU3ALUIO HOBOTO 00OPYIOBAHUS
C TMOMOIBIK THM(POBEIX [JBOHHHKOB, a TakKKe
ONTUMU3UPOBATh CTPATETHH YIPaBICHUS W OW3HEC-
nporeccel. JIroboe 3HaAUMMOe JIEHCTBHE B peaJbHOM
MHpE MOXET OBITh MIHOBEHHO OTOOpaXCHO B
muppoBoil Momenu, W HaoOOpOT. DKOHOMHUYECKHE
a¢dexTsl nuppoBU3aAIUY I OU3HECA MPEACTABIICHBI
NPEeJNKTUBHBIM 00CIy)KUBaHUEM (Predictive
Maintenance), OHO CHM)XAeT 3aTpaTbhl Ha PEMOHT U
obcyxxuBanue obopynosanus Ha 10-40%, a nmpocToi
- Ha 30-50% (AopamoB, Uypkun, 2022). MamHHOe
3penrie (Machine Vision) cokpaiaer pacxoabl Ha
moJiepkaHue KadectBa mponykuuu Ha 10-40%
(Mawmpera, 2022). * Ymuas ¢pabpuka (Smart Factory)
YCKOpSIET BBIBOJ HOBOTO IMPOAYKTa Ha PHIHOK Ha 20-
50% wu oOecrieyMBaeT CBOCBPEMEHHOC BHINOIHCHHE
3ana4 KIMeHToB Ha 95% (Donrana, Ep3uksH, 2022).
Hudposeie apoitnmku (Digital Twins) mmpoko
UCIIOJNIb3YIOTCS B IU(POBOI SIKOHOMHUKE KaK ABHKYILAs
cuta  1MdpoBo  TpaHCchoOpManMKU — KOMITAHUH,
JIEMOHCTPHPYsI HOBBIH YPOBEHb B WHXCHEPHH U
CTPOUTENLCTBE [6].

OO6cyxaeHue.

B mHacrosmee Bpems, B IepUOJ aKTUBHOTO
pa3BuUTHS UPPOBOH SKOHOMHKH, Majble U CPEIHHE

npeanpusTHs B PoccHm  CTaNKMBAKOTCS € PAIOM
npobsem. OnxHOM M3 HamOoJiee 3HAYMMBIX SBJISCTCS
HEOOXOAMMOCTh B 3HAUUTEIBHBIX HMHBECTULMAX B
r(poBbIE TEXHOJIOTHU U CEPBHCHI, a TaK)Ke 00ydeHHE
NepcoHajia ¥ IOBBIIICHUE KBatH(puKanuu. Tem He
MEHee, He BC€ MPEINpPHATHS JOJDKHBI INPUMEHATH
MacmTabHbIe TEXHOJIOTUH OHOBpeMeHHO. KittoueBbim
(OKyCcOM CTAaHOBUTCS HCIIOJIB30BaHUE IEPEIOBBIX
1 QpoBBIX CEpBHUCOB c BO3MO>KHOCTBIO
ABTOMATH3aLlMM OCHOBHBIX OINEpAlMid M YIIy4IIEeHHs
s dexkTuBHOCTH. B 3TOM ciiydae, MajbIM U CPeIHUM
NPEANPUATHAM OyIeT JOCTaTOYHO Pean30BaTh OAMH
MPOEKT B paMKax KPaTKOCPOUHOIO MHHOBAIIMOHHOTO
LKA TPOJODKUTENBHOCTBIO IO JIBYX JIET, 4TOOBI
obecrieunth 1UQPOBYIO TpaHchopMmanuio B AaHHOI
cpepe. Kpome TOro, BakHO, YTOOBI TOJOOHBIC
MIPEANIPUATHS ~ THIATENBHO  BbIOMpanu  HuQpoBbe
TEXHOJOTUM W CEPBHCHl M HE IEPerpyxaind CBOIO
JeATeNIbHOCTh. 1103TOMY, KOJIMUECTBO HCHOJB3YEMBIX
TEXHOJIOTHI JOJDKHO OBITh MUHUMaJbHEIM. Ha craann
BHEJ[PEHHsI HOBBIX MPOIPAMMHBIX MPOJIYKTOB CIEIyeT
MPOBOJUTH TECTHPOBaHWE UX 3S(Y(HEKTUBHOCTH B
KOHTEKCTE KOHKpETHOM OpraHHu3aluu. B
uccienoBaHuu [7] Oblia mpencraBieHa cxeMa, KoTopast
oTtoOpakaeT HampaBJieHHs HHUGPOBOH TpaHCHopMaIH
Majoro W CpegHero OwsHeca, H300pakE€HHAs Ha
PHUCYHKE HHXe.
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?4’{ Lndposas tpanchopmarns MCh >~—> BuyTpennss
Vi npoleHHe Bue; IPEHHE COBPEMEHHBIX MOJ1E] 1ei
a/IMMHHCTPATHBHbIX Cozpanme «unpposoro g ynpa/ieHus OH3HecoM
npoueayp JBOMHHMKa» (DHPMBI, =
JUIS 3ammycKa HCIIOIb30BAHUE YIEKTPOHHOM ':2’ HUcnonb3oBanue unpoBbix
HOBOTO OHM3Heca, IOANHCH, TIPUMCHEHHE é: BO3MOJKHOCTEH B MapKCTHHIC
MHHHMH3ALUA TEXHONOrHH OnoKYeiiH ; -
PHCKOB = [ MapKeTHHIOBbIC PEIIeHHS W NPOJABHKEHHE
o NPOAYKIHH YEPE3 YMHBIE PACCHLIKH,
OnTHMH3AINS / é COllllZL'lel;}C CCTVI‘I H JIPYTHE HHCTPYMCHTBI
peryIHpoBanis (D()K)"l—?llp()lmllllc Ha 1ICTICBBIX, 2 SEO u SMM mapkeTuura )
MAJIOro | CPEJIHero HAHoOOoJICE NMEPCICKTHBHLIX E R 7
Gu3neca H BaXKHBIX JUTA Tocyjapcraa o- PernonanbHblii OH3HCC~-HAaBHTATOP
HarpapJICHUAX, NPHBJICYCHHE E 7
: (l)llHEIHL‘HDOBEUIIM. obecrieueHne -~ Ucnonb3oBanue 001a4HbIX TEXHOIOTHI
Ynpasneuue 3 dexTHBHOIT 0OpaTHOI CBsI3H JUIS BeJIeHHs On3Heca
Pa3BHTHEM OT npeAnpHHUMaTeneii
MaJIoro M CpeiHero K TOCYIapCTBY H HHBECTOPaM
OnsHeca / ¥
Pelienus, OCHOBaHHbIE
Ha COBPEMEHHbBIX HHHOBALIMOHHBIX
TEXHOJIOTHAX
v
Cosnianne KoM(pOPTHOH Cpejibl JUIS CO3AAHMS, [Tosbienne 3pHexTHBHOCTH
Beaenus u passutus MCh H KoHKypeHTocnocobnoctn MCh
Pucynox 2.
Hanpaenenus yughposoit mpancpopmayuu manoeo u cpeouezo dbusneca [1]
IMpumenenne mudpoBbix cepBrucoB mo3Bomsier  transformatsiya-malogo-i-srednego-biznesa-na-
TaKuM MPEIIPHATHIM pacuupsITh cektp  primere-tulskoy-oblasti. — Jlara ny6nukamuu: 2020.

MPEOCTABIAEMBIX YCIYyT M COKpaIlaTh 3aTpaThl Ha
YeJIOBEUECKHE PEeCypChl, TaK Kak HWH(OpMalOHHbBIE
CHUCTEMBl YaCTUYHO WM MOJHOCTBIO BBIMOJHSIOT
(GYHKIMH aIMUHUCTPUPOBAHUSL.

3akmouenne. lludpoBusanms 3arpoHyna Bce
chepsl KH3HH, B TOM 4YHCIE W HKOHOMHYECKYIO
JeATENIHOCTD IPEACTABICHHYIO HE TOJIBKO KPYIHBIM

OM3HECOM, HO W CpeIHHM, MaJbIM OH3HECOM.
udposuzanms TIpuBeIa K 3HAYNTEITbHON
TpaHcopmanmu  Ou3HEec-Mozenel, H3-3a  4ero

MOSIBUJICSE TaK Ha3bIBAEMBIH «LIM(PPOBOI MHTEIUIEKTY,
BKJIIOYAMOLIMH B ce0sl peoOpa3oBaHue AaHHBIX B HX
IUGPOBON  SKBUBAJIEHT. Y  OTEYECTBEHHBIX U
3apyOe)KHBIX HAYYHBIX AEATENEH CYIIECTBYIOT pa3HbIe
TOYKM 3PEHHS Ha OLEHKY BIUSHHUA ITUPPOBOH
TpaHcopmani Ha pa3Butue OuzHeca. OCHOBHBIMHU
OTIIMYMAMH MEXJLy KPYITHBIM U MEJIKUM OW3HECOM TI0
OTHOIICHHIO K MH(OpMaTH3aINH SIBISIETCS CII0XKHOCTD
CHUCTEMBI, IITAaT CHENUAIUCTOB, 3aJadyd, KOTOPHIE
CTaBAT Tmepex coOoi opranm3anmu. PaccMmorpena
JMHAMMKa (akTopoB mudposuzanmu B PO, no nroram
KOTOPOH C/eTaHbl BBIBOABI, KAacaTelIbHO YIyUIICHUS
no3unuii PO B nanHOM cdepe.
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AHHOTAIIUA

B Hay‘IHOP'I CTAaTbC HUCCICAYIOTCS HpO6J‘IeMLI " peuICHUs, CBA3aHHBIC C I.II/I(prBPIS&L[HGfI MIPOU3BOACTBCHHBIX
MMpOIECCOB. B mHeit paccMaTpruBacTCd KOHLCHOLUA HOBOI'O LII/I(l)pOBOFO MIPOCTPAHCTBA, KOTOPOC 06LGZ[I/IHSIGT
MNPOU3BOACTBECHHBIC MCXAHU3MbI, CUCTCMbI 0€30IIaCHOCTH U BCIO OpPraHu3alilMOHHYIO DJICKTPOHUKY, obecrieunBas
BUPTYaJIbHYIO CETh B3aWMOJICHCTBHA. B HcCIenOBaHWM MOAYSPKHUBACTCS BAXKHOCTh HU(MPOBOH ILIAT(HOPMEL,
BKJIIO‘{aIOLLlCi/'I JAaHHBIC, MOACTIN U UHCTPYMCHTDBI, HHTCTPUPOBAHHBIC B ¢JUHYIO ABTOMAaTU3UPOBAHHYIO CUCTECMY
ynpaeieHus. B HeM o0cykaaercs npuMeHeHrne IuppoBU3aMH B TPOU3BOICTBEHHBIX NpoLieccax ¢ aKIEHTOM Ha
OXpaHy TpyJa, yIpaBlicHHEe PUCKaMU M KOHTPOJIb KauecTBa. MccinenoBaHue BBISBISET KIFOUEBBIC MPOOJIEMbI B
YIpaBJICHUHM PUCKaMHU B II€X€, TaKHe KaK XpaHeHHWe MH(OpMalnK, y4eT PUCKOB M KOOPJAWHAIMS COBMECTHOM
pa60T1>1, u 1npeajiaract HI/I(I)pOBI)Ie peuieHusA, TaKM€ KaK CHCHUATIM3UPOBAHHBIC CHUCTEMBI U HCIIOJIB30BAHUC
MECCCHIPKECPOB JIsI OITUMHU3AIUH. B cratbe JACJ1aCTCA BBIBOJ O TOM, UTO LII/I(prBI/ISaHI/IH 06na11aeT 3HAYUTCIbHBIM
NOTCHIIMAJIOM JIA IIOBBIIICHHUSA OHepaHI/IOHHOI‘/'I 3(1)(1)6KTI/IBHOCTI/I, CHW)KCHHUA 3arpaT W MHWHUMH3AIUU
YCJIIOBCYCCKHUX OH.II/I60K, TEM CaMbIM NO3UIHUOHUPYA NPESANPHUATHA HA TAAUPYIOIINE MTO3MIIUN HAa PBIHKE.

HGJ'IBIO ,I[aHHOfI pa6OTLI SABJIACTCA PACCMOTPCHHUC IIpoIecca LlI/I(l)pOBI/ISaL[I/II/I MIpOU3BOACTBA, A TaAKKC
BBISIBJICHUC OCHOBHBIX np06neM B IAaHHOM IIpOHEeCcCe U HYTefI HX pCHICHUA. Z[JI?I JOCTHUKCHUA MOCTaBJICHHOMN ey,
aBTOPOM HUCIIOJIB30BAJIUCh B KAYECTBE METOJOJIOTHICCKUX OCHOB HAaYYHbIC CTaTbU, HOPMATUBHBIC aKThI, 4 TAKKE
CBCACHUS, COACPIKAIIUCCA B OTKPBITOM JOCTYIIC B CCTHU ((I/IHTepHeT».

ABSTRACT

The scientific article explores the problems and solutions associated with the digitalization of production
processes. It explores the concept of a new digital space that integrates production machinery, security systems
and all organizational electronics, providing a virtual network of interaction. The study highlights the importance
of a digital platform that includes data, models and tools integrated into a single automated management system.
It discusses the application of digitalization in manufacturing processes, with a focus on occupational safety and
health, risk management and quality control. The study identifies key challenges in risk management on the shop
floor, such as information storage, risk accounting and collaboration coordination, and proposes digital solutions
such as specialized systems and the use of messengers for optimization. The article concludes that digitalization
has significant potential to improve operational efficiency, reduce costs and minimize human errors, thereby
positioning enterprises for market leadership.

The purpose of this work is to consider the process of digitalization of production, as well as to identify the
main problems in this process and ways to solve them. To achieve this goal, the author used scientific articles,
regulations, as well as information contained in the public domain on the Internet as a methodological basis.

KuroueBble cioBa: 1udpoBusanus, UGPOBH3AIMS TPOU3BOACTBA, MPOU3BOACTBO, [T, coBpemMeHHBIE
TEXHOJIOTHUH.

Keywords: digitalization, digitalization of production, production, IT, modern technologies.

BBGZ[CHI/IG obecrieueHrss 0€30MACHOCTH H JKHU3HCACATCIbHOCTH
]_[I/I(l)pOBI/ISaHI/ISI B C(bepe MPOMBIINIJICHHOCTH npeanpudaTs, IpyrumMu CjioOBaMu — BCHO DJICKTPOHUKY
SABJISACTCA BCCbMa AKTyaJIbHbIM HanpaBJICHUEM, OpraHu3aluu. I[aT‘II/IKI/I U CCHCOPBI OTKPLIBAIOT
MpCACTaBJIAIOIIEM coboit KOHICIIIHUIO HOBOI'O BO3MO>KHOCTb 06’LC,HI/IH€HI/IH Pa3INIHbIX (bPISI/I‘leCKI/IX

(poBOro NpOCTpaHCTBA, OOBEAMHSIOMETO B cebe
[POHM3BOACTBEHHbIE MEXaHHU3MBI, CHCTEMBI

00OBEKTOB B BUPTYyaJIbHYIO CE€Tb, T'A€ OHHU MOTrYT
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B3aUMO/JICHCTBOBATH apyr c Jpyrom 6e3
BMcEIIaTECJIbCTBA YCJIOBCKA.
)
o
~\ 5 5
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O, >
ABTOMaTusauus LUucppoBusauua Lnucpposasa TpaHchopmauusa

BHegpeHue VT-pelweHni,
NOBTOPSALMX MMeloLLKecs
npouecchbl

YnyyleHue cywecTBYOLWMX
NPOLLeCcoB nyTemM
BHeapeHua AT
Lean-meTofgbl oNTUMU3aLMN
NnpoLeccoB
PEeWHXMHUPUHT NpoLeccoB
AHann3 gaHHbIX oas
NPUHATUA peLEeHU I

Pe3koe cHWxeHue
TPaH3aKLMOHHBIX U3 epXeK 3a
cyeT I'IJ'IaT(pOpM — nodaBrieHune
HOBbIX MO,D,EJ'IEI‘;I 0eATe/lbHOCTHU

CoefMHEHWE BO3MOXHOCTEN
TeXHONOrM 1 TPaaAULMOHHON
cepbl AeATeNbHOCTU
opraHusaumu npusoguT
K MOSIBNIEHUI0 HOBbIX MPOAYKTOB
W NPOLLECCOB C NPUHLKWNUANIBHO
WMHBbIMU KayecTBamm

Puc. 1. Hugpposas mpancghopmayus busnec-npoyeccos
Fig.1. Digital transformation of business processes

Peanuzarus udposoit TpaHchopmanuu,
UCTIONB3Ys pa3HooOpa3HbIe COBpEMEHHBIE
TEXHOJIOTHH, JIOJDKHA 6a3upoBaThCs Ha
COOTBETCTBYIOIICH 1uppoBoi miathopme. Ilofg
udposoii raTGopmMoii OHMMAETCs] COBOKYITHOCTb
IUQPOBBIX JAaHHBIX, MOZAENEH ¥ HWHCTPYMEHTOB,
MH()OPMALIIOHHO u TEXHOJIOTHYECKH
MHTETPUPOBAHHBIX B EIUHYIO aBTOMATH3MPOBAHHYIO
CHCTEMY YIPaBJICHHS LIEJICBOM PEMETHON 00JIACTHIO.
Kpome  Ttoro, pmanmHas  minardpopMa  JOIDKHA
OPTaHHM30BBIBATH B3aUMO/ICHCTBHE 3aMHTEPECOBAHHBIX
cyOBbekTOB Mexnay coOoit [1]. ms Toro, d9toObI
BCECTOPOHHE PAaCCMOTPETh NAHHBIH BOIIPOC CIEIyeT
Mccie0BaTh OO0 XapaKTepPUCTUKY OXpaHbl TPyAa,
€€ LIeJIU, IPUHIUTIIBL.

Tak moj TepMHHOM OXpaHa TPy/a, COTJIACHO CT.
209 TpynoBoro Kojekca, IOHHUMAETCS KOMIIIEKC
MEpOIIPUSATHH, HAIIPAaBICHHBIX Ha COXPAaHEHHE KU3HU
W 3710pOBbs DPabOTHUKOB, a TakXke oOecredeHne
OezomacHbIXx ycioBud Tpyaa [2]. Oxpana Tpyna
IpesACTaBIsieT  co0o  KOMIUIEKCHOE  SIBIICHHE,
paccMarpuBaeMoe B TpeX KIFOUEBBIX acHeKTaX: Kak
MHCTHUTYT TPYJIOBOTO INpaBa, KaK 3JIEMEHT TPYI0BOTO
IIPaBOOTHOIICHUA )5 KakK Cy6'l)€KTI/IBHOC IpaBo
paboTHHKa. B KOHTEKCTE HHCTHTYTa TPYJOBOTO IIPaBa,
OXpaHa Tpyda OXBATBIBAET CUCTEMY ITPABOBBIX HOPM,
HalleJIeHHBIX Ha o0ecrieueHrne 6e30MacHbIX U 3JI0POBBIX
ycIoBHH U1 pabOTHHKOB. B pamMkax TpymoBoro
MPaBOOTHOIICHHUS OXpaHa TpyJa BhIpakaercs dYepes
B3aUMHBIE TIpaBa M OOSM3aHHOCTH paOOTHHKA U
paboromarenss 1o oOecrneyeHHI0 O€30IaCHOCTH U
37I0pOBbsi B paboueil cpese, BKIIOYas OE30MacHYIo
IKCIUTyaTallMI0  TEXHUKH W TEXHOJOTUYECKHX
npoueccoB. Kak cyObeKTHBHOE INpaBO pabOTHHKOB,
OXpaHa TpyAa 3aKpeluIsieTcs 3aKOHOAATENbHO U
00s1361BaeT obecnieanBaTh O€30MACHBIE YCIIOBHS Tpyaa
B KOHKPETHBIX TPYAOBBIX OTHOIICHHUSX.

OcHOBHas Lelb OXpaHbl TPyJAa BKIIOYAeT B ceOs

MPOGUIAKTUKY u NpeoTBpAILEHUE
MPOU3BOJICTBCHHBIX  TPaBM,  HPO(PECCHOHATBHBIX
3a00JCBaHU M~ MHUHUMH3AIHMIO  COLMATBHBIX

nocneacTBuil. Takum 06pa3om, ee 3ajaua 3aKIF09aeTCs
B 00ECHEUeHNH COIMAIBLHO MNPUEMIIEMOrO YPOBHS
pHCKa Ha KaKIOM pabodeM MecTe.

OCHOBHBIC TIPUHIMITEI CUCTEMBI OXPaHBI TPyAa
BKIIIOYAOT ~ OOeCleueHNe  COXpPaHEHUS  KH3HH,
3I0pOBbSI W TPYIOCIIOCOOHOCTH  paOOTHHKOB,
COLMANIFHOE TTAPTHEPCTBO MEXIY padOTOIATEISIMUA H
paboOTHUKaMH, TapaHTUU 3allUTHl TPYAOBBIX IIPaB,
BBIIIJIATHI KOMHeHcaHI/Iﬁ 3a TSOKCJIBIC W BPECAHBIC
yCIOBHA  TpyHa, COLMATbHOE CTPaxOBaHHE OT
HECYACTHBIX ClIy4dacB n Hpoq)eCCHOHaHLHLIX
3a00JIeBaHUH, a TaKKe peadHIMTAlMs NOCTPaIaBIINX
OT MOIOOHBIX COOBITHI. Peanu3ariust 3TUX MPUHIIUIIOB
CITy>)KAT OCHOBOH W TapaHTOM 0€30IacHOCTH TpyJa B
MOBCEAHEBHOM npakTHke [3].

JluteparypHslif 0030p

B mnayunoli cdepe mmckyccus o nuQpOBOi
TpaHChOpMalMd B IPOU3BOJACTBCHHOM W 0Oolee
IIUPOKOM SKOHOMHUYECKOM KOHTEKCTaxX IMpHBIIEKIIA
3HAYUTCJIIBHOC BHHUMAaHHUC, O YEM TOBOPAT TaKHE
yuensle, kak JIu K. u 1O C. 1x pabora moguepkuBaeT
HE00XONMOCTh HHTETPALUN IH(pPOBBIX
BO3MOKHOCTEH B IPOM3BOJCTBEHHBIC IPOIECCH. JTa
TpaHchopMayss HOCHUT HE TOJNBKO CTPYKTYpPHBIH
XapakTep, HO W paclpOCTpaH’ICTCS Ha IIOSBICHHE
HOBBIX KaTeropui, HOBATOPCKHUX IPOLECCOB U
MOSIBJICHUE 3aMeyYaTeNbHBbIX MPOAYKTOB M ycayr. O
pacupocTpaHeHHH  IH(POBBIX  TEXHOJNOTHHA B
MaTepualbHOU cdepe CBUICTENBCTBYET IIMPOKOE
HCIOJIb30BaHUE 00JaYHBIX BBIYHCIICHUIA,
CIOCOOCTBYIOIIMX  CO3JAaHUIO  ceTe  poOOTOB,
HOCHMBIX YCTPOWCTB, OCCIWIOTHBIX JICTaTEIbHBIX
anmnapaToB, a TaKXe MPWIOKEHUA BUPTYAJIbHOW H
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JIOTIOJTHEHHOM PeabHOCTH. [Tnardopmer
HCKYCCTBEHHOTO MHTEJUICKTA MIPAIOT BAXKHYIO POJIb B
pacIIUpeHrH  BO3MOXHOCTEH  MPIJIOKCHHHA B
Pa3IMYHBIX OTPACISAX MPOMBIILICHHOCTH, TEM CaMBIM
COBEPIIICHCTBYSl  MPOIECCH  MPUHATHS — PCIICHUN
BHYTpU Kopropauuid. Beaymme MexayHapoaHble
OpTaHM3AIlMA  BBICOKO OLEHIIN IEPCICKTUBHBIC
BO3MOXKHOCTH HH(PPOBOH SKOHOMHKH, NpPHU3HAB e€e
MOTEHIMAT Ui  CTUMYJHPOBAHUS  TIIOOAIBHOTO
SKOHOMHYECKOTO pOCTa W KaTajii3a MacIITaOHBIX
n3MeHeHu [4].

Hypernunosa 10.B., Omeros JI.A. u Mopo3osa
M.IO. yrnyOnsitoTcst B IPOOJIEMBI, CBSI3aHHBIC C 3TUM
HNepexonoM,  BBICTymas  3a  TOCYJapCTBEHHYIO
MOJUICPKKY — pa3pabOTOK B OOJIAaCTH  LU(PPOBBIX
TEXHOJIOTU I U COIEHCTBHE MIOTEHIUAJIbHON
OpUOBUIBHOCTH  cekTopa. OHM — MOTYEPKUBAIOT
HEOOXOIMMOCTh TPUBIICUCHHUS HETOCYIapCTBEHHBIX
(hMHAHCOBBIX WHBECTUIUH, MO TICPKUBAS
HEIOCTATOYHOE HCIOJB30BaHUE KAaHAJIOB Nepenadn U
XpaHeHHs1 WHGOpPMAIWU Ui TPOABIKCHHS OHM3HEca,
0COOCGHHO cpemu TPAAWIHUOHHBIX XO3SHCTBYIOIINX
cyOobexToB. OHM IPEAINONaraiT, YTO SKOHOMUYECKHUE
BBITOJIBI OT 3THX YCIYT MOTYT OBITh peaJn30BaHbI
TOJNBKO TMyTeM TPOOHOW BEPCHH B  TECTOBOM
(6ecrmaTHOM) pexuMe, Mpearnoaras, YTo YCIelIHbIe
Ou3Hec-omepalu  TPeOYIOT  BHEAPEHUS  TaKHX
poBBIX HHCTPYMEHTOB. HecMOTps Ha mpensTcTBUs
Ha TyTH IUQPOBH3ALNN POCCHUCKOTO OWM3HEca, OHU
YTBEPIKIAIOT, YTO X MOYKHO IPEOIOJIETh C TIOMOIIBIO
BBIIICYTOMSHYTHIX PEIICHHMH, ITOTICPKUBAs BaXXHOCTh
MOBBINICHUST ~ IH(POBOH  TPaMOTHOCTH  Cpeau
POCCHIICKMX  TpeAnpUHUMATENed W CO3JaHus
HOPMATHUBHO-TIPaBOBON 0a3bl, OIArompHsITCTBYOIIECH
uQpoBoit 3KOHOMUKE [5].

AdanacbeB A.A. pasMBIIUIIET O CIOKHOCTH U
Maciradax MporeccoB IUPPOBU3ANNH, TPEOYIOMIHNX
BCEOOBEMITIOIIEH METOI0JIOTHIECKOMN 0a3kbl,
OXBaTBIBaIOHIefI KaK OCHOBHBIC, TaK W HPUKIIATHBIC
acniektel. OnH BBIACICT TpU I1OJAXOJa B paMKax

MPUKIJITHOTO N3MEpeHUsI: TEXHOJIOTHYECKHH,
NPOLEAYPHBI M CEKTOpPAJIbHBIM, KOTOpbIE B
COBOKYNHOCTH  (DOPMHUPYIOT  METOHOJIOTHYECKYTO

CTPYKTYpPY ISl OLICHKH paccMaTpHBAaEMBbIX MPOLECCOB

[6].

Kyunn, B cBolo ouepenp, paccMaTpuBaeT
IUPPOBYIO TPAHCHOPMAIIUIO KOMITAHUH KaK CIIOXKHOE
MEpOnpusITHE, TPEOYIOIIee 3HAYUTESIILHOIO BHUMAHUS,
YCWINH U BpEMEHH OT PYKOBOACTBA. OH BHICTYIIAET 3a
cOaMaHCUPOBAHHBIM M  OCO3HAHHBIA MOAXOA K
PELICHNIO 3TOW 3aJauy, Ipearoaras, 4ro 3T0 MOXKET
3HAYUTENBHO YKPEIUTh MO3ULIMU KOMIIAHUU HA PBIHKE,
TEM CaMBbIM 00€CTIeYHB KOHKYPEHTHOE IPEHMYIIECTBO
[7].

B pamkax maHHOW Hay4HOH CTaThH, aBTOp Ooiee
JETAIbHO PACCMOTPUT MPOLECC YNPABIEHUSI PUCKAMU
B MIPOU3BO/JICTBE, HACCIENYEeT  CYILUECTBYIOIIHE
TpeOoBaHuUs, TPUMEHsAEMbIE K JTAaHHOMY IpOLECCy, a
TaKXKe BBISIBUT OCHOBHBIC MPOOJCMHBIC CTOPOHBI,
CBsI3aHHBIC C MPOIECCOM MHTErpanuu nu)poBU3aLUU
MPOLIECCOB, U MYTH I UX Pa3peIICHUsI.

Marepuanisl U METOBI

[Momxox k ympaBIIEHUIO PUCKAMH JOJDKEH OBITH
TOYHO HACTPOEH B COOTBETCTBHM C Ba)XXHOCTBIO
KOHKPETHBIX PHCKOB, MPWJIAraéMbIX K Mpoekty. s
JIOCTHIKEHHUS ONTHMAJILHOTO YPOBHS pucka
MPUHUMAIOIINE pEIICHUs MOTYT OOpaTHTBCS K
paSJ'H/I‘IHLIM MCTOJaM, BKJIKOYas aHaJlu3 «BI)IFOJIa-
3aTpaThl».

B npomecce ympaBneHus puUCKaMU —CIEAyeT
aKHeHTI/IpOBaTI) BHHUMAHHUEC HA HCECKOJIBKUX KIITKOYCBBIX
aCIIeKTax:

1.0nenka  ToOrO, MpeBbIIAeT JIU  PUCK
YCTaHOBJICHHBIH YPOBEHb IIPHEMIIEMOCTH.

2.Pazpabotka Mep IS CHIDKCHHA  WIIH
JIMKBUJALNH PHUCKA.

3.Haxoxnenne ©OamaHca MeXay  BBITOJIOH,

PHCKaMH 1 UMEIOLMMUCS PECypCaMH.
4.AHanu3 MosIBJICHNS] HOBBIX PHCKOB B PE3yJIbTATe
KOHTPOJIA YCTAaHOBJICHHBIX PUCKOB.

PackpeiTe wuH(poOpMamumM O pHUCKAX — 3TO
nepeiadya BaXXHbIX JaAHHBIX O PUCKAaX U UX YIIPABJICHUN
TE€M, KTO HECET OTBETCTBECHHOCTHL 3a MPHUHATHUEC
peleHU, U APYTUM 3aUHTEPECOBAHHBIM CTOpPOHAM.
Ora uHboOpManMa MOXET OBITh TPENOCTaBICHA Ha
mo0OM  JTame  ympaBieHHs pHUCKaMH. BaxHo
MIPAaBUIIBHO JOKYMEHTHPOBATh PE3yJbTaThl Ipolecca
YTIpaBJIEHUs] PUCKAMH AJIsI 0OeCTIeUeHHs KauecTBa.

‘ MeToas! YIPABICHHS PHCKAMH ‘

Ipuusirue puexka

H3demanne pucka

Ilepeaaua pucka

'—‘ CBMDC’I‘anOBﬂHHe

OTKA3 0T PHCKOBBIX
onepanHii

CrpaxoeaHue |

—. XeEHPOBAHIITHA

—’ Juecpcndukauna |

—’ JInmuruposanne

AYTCOPCHHT ‘

Puc.2. Memooul ynpasnenus puckamu
Fig.2. Risk management methods



VYnpaBneHue pucKkamMH B 00JacTH  KadecTBa
ONMUpAaeTcsl Ha COBPEMEHHblIE U IparMaTU4HbIC
METOAMKM B MPHUHATHM pEIICHUH. OTH METOJUKU
BKJIIOYAIOT B ce0sl 4eTKO O(opMIICHHBIE, TOHATHBIE U
MOBTOpSI€MBIE TMOAXOABI K BBINOJHEHHUIO JTaIoOB
nporecca yNpaBICHUS PHUCKAaMH UII OOECTIEYEHUS
Ka4yecTBa, OCHOBAaHHbIC Ha AaKTyalbHBIX 3HAHHAX O
BEPOSITHOCTH, CEPbE3HOCTH M WMHOTA BBIIBISIEMOCTH
puckoB [8].

1 Pe3ynbraThl

VYmpaBneHnne pHCKaMH B 00IacTH KadecTBa
Ipe/CTaBIsieT Cco00i  Ipolecc, CHOCOOCTBYIOMINI
NPUHATHIO OOOCHOBAHHBIX  HAayYHO-NPAKTHYECKHX

pelIeHnid Npu ero MHTErpalud B CUCTEMbl KauecTBa.
O¢ddexkTuBHOE yIpaBlicHHE PUCKAMHU IS KadyecTBa

MOXET CIOCOOCTBOBATh TIPUHSTHIO Goutee
000CHOBaHHBIX pereHui, MIPEAOCTaBIISS
MIPEACTaBUTEISIM YIOJIHOMOYEHHBIX OpraHoB
JOTIOJIHUTENbHbIE rapaHTUH CIIOCOOHOCTH
TIPEIIPUATHS 3¢ PeKTHBHO YIpaBIATH
NOTEHINANBHBIME PUCKAaMH W BIHATH Ha YPOBEHb
HETIOCPEICTBEHHOI0  KOHTPOJII €O CTOPOHBI
YIIOITHOMOYEHHOT'O OpraHa.

Hdns  >pexTHBHOTO  YHpPaBICHHS pPUCKAMH,

CJIEAYyCT NPUMCHATH CYHICCTBYIOLINUE Tpe60BaHI/I$I, K
KOTOPBIM MOKHO OTHECTH CJICAYIOIIUEC:

/

Pucku, ceasanubie ¢
JICATENBHOCTBIO
NpeANpPHATHA

N

Buewnue PHCKH

[pupoano-
— KAHMATHYECKHE

Buyrtpennue pucku

Ipoussoacrsennie,
1 sxmouas cnabxenueckue

PHCKH

Cumemannbie

pHCKH

| [MonuTHyeckue puckn I

PHCKH :
CTpaHoBbIE PHCKH ——— Onepaunonuble/
I YNPABJICHYECKHE PHCKH
Puinounsie/punancosbie

PHCKH

_| HuHoBaUHOHHBIE PHCKH I

MakpoakoHoMHYECKHE
pHCKH

—| ITpouenThslii puck

—{ PHCK IHKBHAHOCTH ]

I

—I Bamotuslii puck

Puck cHikenue

| Hudasumonnsiii puck I

—I DoH0BLI PHCK

| Hanoroseie puckn l

—{ Kpeanthsiii puck

Puck npambIx

l JIOXOAHOCTH
l (pHHAHCOBBIX NOTEPh

* Counanbusie PHCKH l

Kommepueckue/conrosnie
PHCKH, BKIIOYAs
TPAHCNOPTHBIC, XPAHCHUS
rOTOBOIT MPOAYKILHH

_| PCH_VTZ!UHOHHNC PHCKH ]

_l Counanbhblie PHCKH I

Puc.3. Pucku, céazannvie ¢ 0essmenbHOCmbio NPeOnpusimusl
Fig.3. Risks associated with the company's activities

ARMEF pa3pabateiBaeTcst U1 OLIEHKH XapaKTepa
BO3MOJKHBIX OTKa30B B IPOLECCE U NX MOTCHIUAIbHBIX
MOCJIEACTBUN Uil PE3yJIbTaTOB  IIpolecca WIU
XapaKTEePUCTHK MPOIYKIIHH.

ACO B cBOIO odYepenb IpencTaBiIsieT coOoi
METO/1, TIPEJIIOJIAraloINil HaTNYie HECOOTBETCTBHUI B
(DYHKIIMOHAJIBHBIX XapaKTEepUCTUKAX IMPOILYKIUH HIIH

nporecca.

AHaJ'II/IS PUCKOB M KIIFOYCBBIC TOYKHU YIIPABJICHUA
Ka4eCTBOM (HACCP) MIPECTABISACT coboit
CHCTEMHBIH, NpeAyIpeK Ao u
npoQUIaKTHYECKU  MoAaXoa  UIsl  oOecrieueHus
BBICOKOTO KadecTBa, HAIS)KHOCTH W 0e30mMacHOCTH
OPOAYKIMH. JTO  CTPYKTypPHUPOBaHHBIH  METO[,

OCHOBAHHBIM Ha TEXHUYECKUX H HAaY4YHbIX MMPpUHIUIIAX,

KOTOPBI  WCIIOJB3YETCS ISl aHaimW3a, OICHKH,
MPEeIOTBPALICHUS W KOHTPOJS  PHCKOB  HWIIH
HeOJIaronpusTHBIX MOCJIeACTBUM OMNacHOCTEH,
BO3HUKAIOIIAX B mporecce TUTAHUPOBAHHS,
pa3paboTKK, TPOWM3BOACTBA W  HCIOJIB30BAHUSA
TIPOAYKITUH.

AHanu3 omacHOCTeW W pabOTOCHOCOOHOCTH

(HAZOP) ocHOBaH Ha TEOpHH, COTJACHO KOTOPOH
PUCKM  BO3HHMKAIOT  M3-32  OTKJIOHEHUS  OT
3alUIAaHMPOBAHHBIX WJIM pabo4yMx MapamerpoB, |
MPECTaBIsAET COOOM CHCTEMHBIH METOJ «MO3TOBOTO
WITypMa»  JUIA  BBUIBIGHMS  ONACHOCTEH €
UCIIONB30BAaHUEM TaK Ha3bIBACMBIX «HAIPABIAIOIINX
CIIOBY.
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B cBoo ouepeny DOddexTrBHOE ymnpaBieHue
puckamMu B oOjactH  oOecrieueHHsi — KadecTBa
Ipearnosaraer:

1 NapanTHpOBaHHOE HANNMYNE JOKYMEHTAIHH!

2 DddekTrBHOE MPOBEICHUE 00YUCHHUS:

3 BrLiBIIeHIE HECOOTBETCTBHIH Ka4eCTBY:

4 TInanupoBaHue ayauTa (HHCICKINHN):

5 OcymiecTBiIeHNE IEPHOANIECKOTO 0030pa:

6  VYmpaBneHne  W3MEHEHHSAMH  (KOHTPOIB
W3MEHEHUH):

7 IlocTOsIHHOE YJIy4ILIEHUE CUCTEMBI YIPaBICHUS
PHCKaMH.

3a cuer ynpaBlIeHHsl pUCKaMH U MPUHIATHEM Mep
M0 UX YCTPaHEHUIO BO3MOXXHO CHU3UTH KOJIMYECTBO
WHIU/ICHTOB, TIPUBOISIIUX K MOTEPSIM.
PacripocTpaHeHne = MECCEHIKEpPOB,  TaKUX  Kak
WhatsApp u  Telegram, pgamo  coTpyIHHKaM
NpEaIPHATHSL HOBBII1 cmocod  paboTh c
NPOU3BOACTBEHHBIMH  puckamu. C  IOMOLIBIO
(yHKLIMOHANA TPYHIIOBEIX YaTOB BO3MOXKHA OBICTpas
(uKcauus ¥ ONOBEIICHHE IEepPCOHaTa O MpodieMax.
Ilpn s>TOoM WHOOPMALMIO BO3MOXHO OOOraTHTh C
UCIIONIb30BaHUEM (OTO- ¥ BHICO(PHUKCAIMU, YTO JaeT
ropaszo Oounblile KOHTEKCTa o mpobieme. Hakowner,
Takod crmoco® paboThl naer OoJibllle BO3MOXKHOCTEH
JUISL COBMECTHOM PaboThl M OBICTPOW KOMMYHHUKAIIUU
[9].

Ha ocHOBe WBJIOXEHHOTO  BBHIINIE, MOXHO
BBIICIIUTE OCHOBHBIE IMPOOJIEMBI, KOTOpBIE CIEIyeT
PELINTh JUIA KadyecTBEHHOrO YIIyYIICHHUs Hpolecca
YIPaBJICHUs] PUCKAMH Ha TIPOU3BOJICTBE:

eO0ecreueHne BHICOKOW CKOPOCTH (hUKCALIUH

eOo6oramenne nHGopMarmm o npoodieme ((oTo,
BUJIEO, ay]IHO)

eO0becmeueHne ynoOCTBa COBMECTHOU paOOTHI

eCo3zanue (hopmanu3oBaHHBIX pabounx
IPOIIECCOB

eO0ecreueHrne BO3MOXKHOCTH F'MOKOT0 IOCTYIIA K
JaHHBIM M (OPMHUPOBAHHUS UX CPE30B

©B03MOXXHOCTH JJIsl CBOJIHOTO aHAIN3a PUCKOB U
BBISIBIICHUSI TPCHIOB

[udpoBuzanus npoLeccoB KOHTPOJIS PUCKOB Ha
NMpeaANnpUATUA nuMeeT BBICOKUH IIOTCHIIMAJI K
3¢ (HEeKTUBHOMY PENICHUIO MEPEUUCICHHBIX TPoOIIeM.
IIpumeHeHre MECCEHIKEPOB, YIIOMSIHYTOE BBILIE, YKE
SABJIISACTCA HMCIIOJIB30BAHHUEM L[I/I(l)pOBBIX TEXHOJIOTUH
JUTsL onTUMuU3anuu nporecca. OmHako, emre OOIbIIM
MOTEHIMAJIOM MOTYT 00JajaTh ClelHaln3upoBaHHbIe
penieHus, anpecytone 3TH npodbiemsl. [logoOHbIe
CHCTEMBI MOTYT pa3pabaTblBaTbcsi M BHEIPATHCS B
paMKax TmpoekTa I0 IU(POBU3ALNU IPOIECCOB
OXpaHbl TPyAa W YIpPaBJIEHUs NPOU3BOACTBEHHBIMHU
PHCKaMH.

HCXO}IYI nus3 HU3JI0KECHHOT O BBIIIC, npu
UGPOBU3AIMN TOJOOHBIX MPOIECCOB KIIFOYEBBIMU
SIBJISIFOTCSI CIIEAYOIIHE 3a/1a4H:

eO0ecrieunTh YI00CTBO, CKOPOCTh M IIOJIHOTY
(ukcay poOIieM U PHCKOB

®MaKCHMH3UPOBATh KOJIMYECTBO COTPYIHUKOB,
CIOCOOHBIX ONEPATHBHO cOOOIIATh O TPobdIEMax

ePeanuzoBars GopmanbHbIe paboyne MpoLeccs ¢
pazieseHreM OTBETCTBEHHOCTH H COOTBETCTBYIOLINMH
YBEIOMJICHHSIMH Ha BCEX CTa/IUSX

e][eHTpa30BaThH MHPOPMAIIHIO c
BO3MO>KHOCTBIO pa3fielIeHUs IIpaB A0CTyTa

® AHaTM3MPOBATH NOCTYTMAIOITY 0 HH(GOPMALIHIO U
BBISBIIATH TPEHIBI

Ilpn peammzamum TpoekTa uUdpoBU3aLNH,
Hamboee JIOTWYHBIM  TIPEACTAaBICTCS  JICNICHHE
oJJ0OHOW cHUCTEeMBI Ha mojcucTeMsl 1) ¢ukcannu, 2)
pabouux mpoleccoB, M 3) NIpocMOTpa U aHauu3a
nHpopmanum.

[Moncucrema Gukcau MOXeT UMETh MHOXKECTBO
peanuzanuii, HanOoJiee OYEBUIHBIMH M3 KOTOPBIX
SIBIIETCA COOTBETCTBYIOILEE KIIMEHTCKOE
MpUIoXKeHne, nocTymHoe Ha pabdouem IIK mmm Ha
MoOunpHOM ycrpoiictBe. CpaBHHBas /Ba MOIXO0Ja,
NIPUMEHCHHE  MOOWIBHBIX  YCTPOWCTB  SIBIISIETCS
MIPEANOYTUTENBHBIM: JAJIEKO HE BCE INPOU3BOACTBA
MOTYT UMETh JIOCTaTOYHOE KoJandecTBo padounx [1K, n
WX MOOWJIBHOCTH SIBJICTCSI JOCTATOYHO HU3KOH. [Ipu
9TOM MOOHJIBHOE YCTPOWMCTBO 3auyacTyio o0Jyagaer
BCTPOEHHOH KaMepod M MHUKPO(OHOM, 3a CUET Yero
MOXeT (PUKCHPOBATh 3BYK, H300pa)KCHUE HJIM BUAEO,
JONOJHSSL MH(OOPMALIUIO O MMPOU3BOJCTBEHHOM PHCKE.
HemocratkoM  MOOHMIBHBIX ~ YCTPOWCTB  SIBJISIETCS
CIIOKHOCTh  O0€CTedeHus] WX 0e30IacHOCTH |
COOTBETCTBHS BHYTPEHHUM peraaMeHTam
MIPOM3BOJCTBA. 3a4acTylo, IPOHOC COOCTBEHHOTO
MOOHIIBHOTO YCTpOWCTBa Ha TEPPUTOPHUIO
IIPOU3BOJICTBA HEBO3MOXKEH. B 3TOM ciydae BO3MOXKHA
3aKylKa CHENHWadbHO  BBIICJIEHHBIX  YCTPOWCTB,
npeanoyTuTenbHo  Ha  uatgopme  Android w3
coobpakeHni GE30MaCHOCTH U CTOMMOCTH, KOTOpBIE
MOTYT OBITH HACTPOEGHbI Kak ympaBisiemble WT-
OTJIENIOM JUIs COOTBETCTBHS periaaMeHTam
HpPEANPHUITHS.

Jnst obecriedueHUsT BO3MOXKHOCTH JTalibHEHIIEH
COBMECTHOI paboThI BaxkHa paboTa ¢ METagaHHBIMU O
pucke. TaknmMu MOTYT OBITH €r0 TEKCTOBOE OIMCAHUE,
KaTeropusi, HHGOpPMAILUs O [eXe W JHWHUH, rne Oblia
3adukcupoBaHa mpobiemMa, Aata U BpeMs (pUKCAINH,
nHopManus 0 COTpyTHHKE 3aMETHBIIEM IMPOOIEMY.
Baxwneiimeil 3agadyeit B 3TOM cilydae SBISETCS
MaKCHMaJbHas aBTOMATHU3ALUS 3aMI0JTHEHHUS TOT00HOM
undopmanuu. Jlns srtoro, B TOM 4HCIE, MOTYT
HCTIOJIB30BAThCS 3apaHee 3aroTOBJICHHbIE
KIacCHGUKATOPBl W CHOHCKHW, a WHpOpMamus o
3auKcHpoOBaBIIEM MPOOIEMY MOXKET aBTOMATHYECKH
MOJCTABISATHCS. HA  OCHOBE  YYETHOH  3alucu
BOILEALIET0 B cucTeMy. IIpu 3TOM Ipu HCHOIB30BAHUU
BBIJIaBAEMbIX NPEINPUITHEM MOOWIBHBIX YCTPOMCTB,
OJHOM M3 TpoOJEeM MOXKET cTaTb HEOOXOAMMOCTD
CBOEBPEMEHHON CMEHBI YUETHOH 3alUCH B CIyuae,
KOIJla OJJHO U TO XK€ YCTPOMCTBO IepenaeTcs: MEKIY
COTpPYAHHKAaMHU B Pa3HBIX cMeHaX. B »Tom ciydae, B
KITMEHTCKOM TIPIIOKEHUH MOKET OBITh MPECTAaBICHO
pacnmcaHue CMEH, KOTopoe OyZeT aBTOMAaTHYeCKd
3aBepIIaTh CECCHI0 YYETHOH 3alllCH 10 OKOHYAHHUIO
cMmeHbl. OTHUM U3 BO3MOXKHBIX HAIPABICHUH MOXKET
ObITh TarKe peanu3anys (QYHKIUM aHOHHMHOM
OTHpaBKM MH(OpMALMHU: B 3TOM CiIydae COTPYIHHK
MOXET COOOLIUTH O NIpoOJieMe, HE PacKpbIBasi CBOIO
JITYHOCTb.

Paboune  mporeccsl  SBIAIOTCS  XOPOLIO
N3yYEeHHOW TeMOH B KOHTEKCTE IHU(POBH3ALMUH, U B
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ciyyae ¢ paboTOi ¢ IPOW3BOJCTBEHHBIMH PUCKaMHU,
MOryT ObITh  0a30BO  copMynupoBaHBl  Kak
B3aUMO/ICHICTBUE MEX/Y COTPYIHHKOM, COOOIIMBIINM
0 mpoOieme, OTBETCTBEHHBIM 3a €€ yCTpaHEHHe, U
KOHTPOJIMPYIOIINUM yrpaBieHneM. /st cooOmuBIIero
0 mpoOiieMe BaXKHO TOIy4aTh OOpAaTHYIO CBSI3b: 3TO
MOTHUBHUPYET Ha TO, 9TOOBI cOO0MmMATh 0 IpobieMax B
JlanbHEWIIEM, U BUIETh MpOTpecc ycTpaHeHus. YUto
KacaeTcs  yCTpaHEHHs  mpobieM,  Jake  Ha
NpeANpusATHAX  HEOONbIIOro  pasMepa,  Kpyr
BO3MOJKHBIX OTBETCTBEHHBIX 3@ YCTPAaHEHHUS MOXET
ObITh BechbMa LIMPOKUM, B  3aBHCUMOCTH  OT
JOKAIM3allMd W XapakTepa  OOHapy>KeHHOTO
MPOM3BOJICTBEHHOTO pHCKa. B 3ToM ciydae kpaiine
BRXHOH  SIBJIAETCS  BO3MOXHOCTh T'MOKOTO W,
JKEJIaTeJIbHO, aBTOMAaTHU3MPOBAHHOTO pacIlpeeICHUs
MOAOOHBIX 3aBOK MEX/Iy OTBETCTBEHHBIMH, a TaK¥Ke
npo3padHas ¥ HMHTYUTHBHO IIOHATHas cHCTEMa
cratycoB.  JlampHEHIIMM  HampaBlICHHWEM U
YIUIIEHUS! MOXXET OBITh 100aBICHHE BO3MOXKHOCTH
nepenaBarh 3asiBKH APYTHM OTBETCTBEHHBIM, a TAKXKe
BO3MOXXHOCTb BECTH IEPENUCKY C COOONIMBIIMM O
mpobyieMe B paMKax 3asiBKH.

[Tpu 1OMKHOM YpOBHE peai3anuy MpeablIy X
(YHKIMOHAJBHBIX MOIyJe, B cucreme Oyner B
LEHTPAIIM30BAHHOM BHJE XPaHUTHCS HH(POPMAIHS O
MOCTYMAIOMIMX  NPOU3BOJCTBEHHBIX  pHUCKaX, HX
TEKCTOBBIC M BU3YallbHbIE ONMUCAHUs, WHPOPMAIHs O
mpouecce WX YCTpPaHEHHWs, BKIIOYas  BpeMs
paspemieHnss TpoOiieM, a Takke HH(pOpPMAIUS O
JOKAIM3allMd PHUCKa B paMKax, HalpuMep, Lexa M
muand. Hannawe momoOHOW CTPYKTypHUpOBaHHOH U

noApoOHOW  WHpOpPMAIMKM O  TPOU3BOJCTBEHHBIX
pHCKaxX OTKPBHIBAET IIMPOKHUI ITPOCTOP VIS MX aHAIIN3a
W BBIABICHHSA TpeHAoB. [lepBeIM 3Tamom B
muppOBU3aIMKM  3TOTO  IIpoIlecca MOTYT  CTaTh
KJIacCHYecKue TIOJTXO/IBI K aHAJUTHKE:
Npe/IOCTaBlIeHHE  BO3MOXHOCTEH  (OpMHpPOBATH
MPOM3BOJIFHEIE  CPe3bl JAaHHBIX Ha OCHOBE HX

aTpuOyTOB, U CO3MaHUU BU3YaJIbHBIX MPEACTABICHUI
CTaTUCTHYECKONH WH(OpMAIH, HalpuMep TpadUKOB
Wi auarpaMM. TakOBBIME MOTYT OBITh BU3YallbHBIC U
TEKCTOBBIE OTYETHl O pAacCHpEIesIEHUH BBISBICHHBIX
PHUCKOB 1O OTHEJIBbHBIM MPOU3BOJACTBEHHBIM Li€XaM U
JUHASM, Haubojiee  paCIpPOCTPAHCHHBIM  THIIAM
PUCKOB, W CpETHEH CKOPOCTH YCTPAHEHHUS PHCKOB.
BtopsiM 3Tanom MoxeT ObITh ucmosnb3oBanue M-
TEXHOJIOTHH AJIs MPEAMKTUBHON aHAJTUTHKH: HA OCHOBE
coOpaHHBIX JaHHBIX, OOy4YeHHas MOJEIb MOXKET
MpenyraasiBaTh BO3HUKHOBEHHE HOBBIX MpoOJIeM U
PUCKOB, a TaKXe BBIIBISITH TPEHABI HAa OCHOBE
ucTopuYecKkux gaHHbIX [10].

2. [IpeumymectBa Mu(POBU3ANUY IS

MIPOMBIIIJIEHHBIX MPEANPUATHI

[IpeumymecTBa BHEAPEHUS! HMHHOBAIIMOHHBIX
«YMHBIX» PEeUIEHUI OCTAIOTCA CIEIYOIINMHU:

* TloBbimeHne 3¢(EeKTUBHOCTH MPOU3BOJCTBA U
ONTHUMM3AIMSI  TEXHOJIOTUYECKUX  OINEepanuid Mpu
OJIHOBPEMEHHOM COKpameHnu 3arpar. [{udposuzarus
JIaeT BO3MOJKHOCTh KOMITAHHUSIM CHHU3HUTH TPOCTOH B
MPOU3BOJICTBE, Ype3aThb pacxollbl Ha TEXHHYECKOE
0o0CIy)KWBaHUE W YBEIWYHBATH MPOU3BOIUTEIHLHOCTH

Tpyna. Takxke oOHa CrocoOCTBYEeT yMEHBIICHHUIO
U3JIepKEeK Ha XpaHEHUE MaTepHalloB.

+ dopmHpoBaHHE «THOKOro» IPOU3BOJCTBA. B
YCIOBUSIX ~ IIOCTOSIHHO ~ MEHSIOUIErocs  pBIHKA
MIPEATIPUATHAM Heo0XoanMo OIIepaTHBHO
alanTUPOBATHCSA K HOBBIM yCIIOBHSIM, IIEpEHACTPaNBast
mmapaMeTphl MPOU3BOICTBEHHBIX omneparmid. [ noxocTh
B M3MCHEHMSAX OOCCIICUMBAET ITOBBIMICHUE KadeCcTBa
00CITyKMBaHMS ¥ YKPETIJICHUE JOSUIbHOCTH KJIMEHTOB.

* MuHHMU3aIMA YENOBEYECKOTO BO3IEHCTBHS.
[ndpoBuzanuss mO3BONAET aBTOMATHU3MPOBATH U
poOOTH3MpPOBATh BCE OINEpalMu, COKpallas BpeMms,
3aTpaynBaeMoe COTPYJHUKAaMH Ha PyTHHHBIC 3a/1a4H.
3TO HE TOJBKO YCKOPSIET TEMIT PaOdOThI, HO U CHIKAET
KOJIMYECTBO OIIMOOK, CBSI3aHHBIX C YEJIOBEYECKUM
(dakTopoM. «YMHBIE» pelleHHs 00padaThIBAIOT
Oonpire 00beMbl HH(OpMaIK OBICTpee u Oojee
3G PEKTUBHO, YTO CHOCOOCTBYET YCKOPEHHIO BBIIYCKa
HOBOW MPOJYKIMH 1 MOBBIIICHHUIO €€ Ka4eCTBa.

. [NoBbmmenue YpOBHS 6e301macHOCTH.
[udpoBuzanmss  obecrieymBaeT  KOHTPOJIb  HaJ
paboYMMH MPOIECCaMH, YTO CHIKAET aBapUITHOCTh Ha
npousBojacTBe. Kpome Toro, oHa crnocoOCTByeT
YCUJICHUIO 3alIUThl COTPYAHHUKOB, YMEHBIIECHUIO
TpaBMaTU3Ma U COKPAILCHHUIO BO3JCHCTBHS BPEIHBIX
MIPOMU3BOICTBEHHBIX (hakTopos [11].

3. MupoBslie TPEHBI IIPOMBIIIIICHHON
uudpoBuzauu
B coBpemenHble  BpeMmeHa  HaOromaeTCs

YeTBepTass NPOMBIIIICHHAs PEBOJIONUS, KOTOpas
MIPEACTaBISIET COO00M HENPEpPBIBHYIO aBTOMATH3aLUIO
TPaJANIHOHHBIX TPOW3BOJCTBEHHBIX MPOLECCOB C
HCTIONIb30BAaHHEM HOBBIX MHTEJIIEKTY ATbHBIX
TEXHOJIOTHH. Ora TEHJICHLS BBIHYX/1aeT
NPEANPUITHS OCTOSHHO BHEJIPSTh MHHOBAIMOHHbBIE
TEXHHYECKHE pPEIIeHHs, YYHUThIBasg TIJ00aJbHBIE
TEHJICHIMH LU(POBU3ALMU B TMPOMBIIUICHHOCTH, C
IEIBI0 COXpaHEHHSA KOHKYPEHTOCIIOCOOHOCTH,
YITyUIIeHUS MPOU3BOIUTEIHEHOCTH Tpyaa "
KOMMEPUYECKUX PE3yIbTaToB.

Crenyiomue KIIOYeBbIE TPEHIB HUPPOBOI
TpaHc()opMallii B TPOMBIIIIEHHOCTH MOTYT OBITh
BBIJICTICHBI:

1.@abpuka  pmaHHBIX: OTO  apXWTEKTypa,
OXBAaTBIBAIOIIAsl TEXHOJOTHUH YIPABICHUS JAHHBIMHU.
®abpuka [aHHBIX CIOCOOCTBYeT 3¢ (heKTHBHOMY
yIpaBIEHUIO, TPaHC(HOPMAITUN U CTPYKTYPHPOBAHHUIO
METaJaHHbIX, oOecmeynBas JETKHH JOCTYN K
uHpopmanuu. Takol mMOAXOA JdenaeT JaHHBIE Ha
mpeanpusTHr Oojiee THOKMMH M IPEIOCTaBISAET
MTOJIb30BATEISIM CTPYKTYPHUPOBAaHHBIE CBEICHNS.

2.Cetp  kubOepOe3omacHOCTH: JTa  ceTeBas
nHdpacTpykTypa OOBEAMHSET pa3INyHbIe CIyXKOBbI
0€30I11aCHOCTH NPEINPHUATHS B €ANHOHN cpelie, YCKOpsIs
peaKkuMio Ha WHOMAEHTHI, BKItodas araku DoS u
DDoS. Pa3BuBasich, ceTb  KHOepOe30MacHOCTH
obecrieynBaeT JOMOJHUTENBHYIO 3aIUTy AKTHBOB B
MYJIBTHOOJIAYHBIX ¥ THOPUIHBIX Cpeaax, oOecrnednBas
Oe30macHbIii  JocTynm K  HOUQPOBBIM  aKTHBaM
TIPEATIPHSATHA.

3.06aunbIe mI1aTGOPMBI: TexHoMOTHH
O0JIauHBIX  BBIYMCICHUI TPEICTABISAIOT TOTOBOE
IIPOrpaMMHOE u anmapaTHOe obecrieueHue,
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MPEIOCTABIIIEMOE B apEHAY Yepe3 UHTEPHET. DTO AaeT
MPeanPUITHIM BO3MOXKHOCTh HCIOJIB30BaTh
TEXHOJIOTHH OOJBIINX JAHHBIX, MOJCIHPOBAaHUS U
AQHAJMTHUKH 17151 00paboTKK HH(OpMaLUK Yepes CeTh.
4. VIckycCTBEHHBIN WHTEIUICKT: Vcmonb30BaHue

HCKYCCTBEHHOTO MHTEIUIEKTa HO3BOJISIET
ABTOMaTHU3MPOBATh u OINITHMH3UPOBATH
IPOU3BOJCTBECHHBIE HPOLIECCHI, HOBBIIIAS
3¢ ¢exkTHBHOCTF  pabOTBI ~ KOMIIAaHMM W €e

KOHKYpPEHTOCIIOCOOHOCTh B YCJIOBHAX IUHAMHYHOMN
SKOHOMMYECKOH cpeapl.

5.B Hacrosimee BpeMs  CTaJKUBaeMcs C
BOJIHYIOLICH 4€TBEPTOM IPOMBIIIICHHOU PEBOJIIOLIUEH,
KOTOpasi NpeJCTaBIgeT COOOI TIMIepaBTOMATH3ALUIO
— LeJICHAINPaBJICHHbIH OOBEIUHEHHBIH IOIXOM C
UCIOJb30BaHUEM IIEPEIOBBIX TEXHOJIOIMM, TAKHX KaK
MalMHHOE 00yuYeHHe M HCKYCCTBEHHBIM HHTEJUICKT,

JUIL  ONTHMHU3AIMU  TMPOLECCOB  MPOHM3BOJCTBA.
T'unepaBToMaTH3AIMS CTaHOBHTCS KJIFOUEBBIM
HHCTPYMEHTOM Uil TIPEINPHUSITHH,  MO3BOJSSL
MEePEOCMBICIUTh CBOIO JIEATENBHOCTh M BHEIPSATH
HOBbIC  DEUICHUs IS  ONTUMH3aLUK  Ou3HEC-
MPOIIECCOB.

6.[ludppoBoii ABOWHHK, B CBOI OYepeb,

MpeACTaBIsIeT BUPTYyalbHYI0 MOJENb OpPraHU3alUHd U
e€e CHCTeM, KOTOpas IIOCTOSHHO OOHOBISIETCS B
peasbHOM BpeMeHH. JTa TEXHOJIOTHsS o0ecreyuBaeT
BO3MO>KHOCTh IIPOBOJAUTH TECTOBBIE 3AIllyCKU U
BBISIBIITH NIEPEKTHl O Hadaja IMPOU3BOJCTBA, UTO
coKpamaer (UHAHCOBBIE TIOTEPH W TIOMOTAaeT B
MIPOTHO3MPOBAHUY W TUIAHUPOBAHUH OM3HEC-PA3BUTH.

7.MeraBcesnieHHasi, B  KadyecTBe LU(POBOTO
MPOCTPAHCTBA, 00BEMHSIOIIETO ¢dusHUecKyro,
JONOJHEHHYI0 M BUPTYQJbHYI0  PEaIbHOCTH,
CTaHOBHTCSA TUTOINAAKON JUIs YCKOPEHHOTO

MPOTOTHIUPOBAHKS TMPOU3BOJACTBEHHBIX MPOCKTOB U
TECTHPOBAHUS MPOIYKIIUH.

8.lexapOonu3aius MIPOMBIILICHHOCTH,
HarnpaBJICHHAsI Ha YMEHBIIICHHE BBIOPOCOB
MApHUKOBBIX Ta30B, CTAHOBUTCS HEOTHEMJIEMOI
YacTBI0 OTBETCTBEHHOTO MTPOM3BOACTBA. OpraHu3anuu
BHEJIPSIOT YHCTBIE TEXHOJOTHH, 4YTOOBI CHHU3UTH
9KOJIOTHIECKOE BO3JICHCTBHE, HE YIIEeMITSS
KOHKYPEHTOCIIOCOOHOCTb.

OcHOBHBIE TEXHOJIOTHH MPOMBITIIICHHOM
nuGpoOBH3AINK, TakWe Kak IU(QPOBBIE JBOWHUKH,
HHTEPHET Bellei, 00JIbINe TaHHBIC ¥ UCKYCCTBEHHBIN

MHTEJUIEKT, pPabOTalOT B  CHHEPTUH, CO3/aBas
rapMOHUYHOE udposoe MPOCTPAHCTBO.
IIpombllIeHHBIE  NPEANPUATHS  BHEAPAIOT  3TH

WHHOBAIIMH, COKPAIIasi CPOKH ITPOU3BOJICTBA, YIIydIIas
KauyecTBO MPOIYKIUH W TOBbILAsS  CBOKO
KOHKYPEHTOCIIOCOOHOCTB.

ITo cnoBam Ilpesuaenra Poccuiickoiit deaepanuu
Bnamumupa [lytuna, Poccust u Kurait ciocoOHBI cTath
JTUIEepaMd B OOJIACTH BHEAPEHHS HWCKYCCTBEHHOTO
uHTeIIeKTa. HecMoTpss Ha HEKOTOpbI OTcTaBaHue,
poccuiickue KOMITaHUHU aKTHBHO BHEJPSIIOT
WHHOBAIMOHHBIE pa3pabOTKX B Pa3lIWYHBIC OTPACIHH, B
TOM 4YHncie (UHAHCOBBIK W TOPTOBBIH CEKTOPHI,
WHPOPMALNOHHBIE TEXHOJIOTHH u
TEJIEKOMMYHHUKAIIHH.

TpaHcopmanusi ~ MPOM3BOACTBA
pemiaeT BaKHbIE 3aJaud, TaKHe KaK YBEIMUCHHE
TIPOU3BOIUTEIBHOCTH TpyJAa, pannoHalbHOE
UCIIOJIb30BaHNE PECYPCOB, CHIDKEHUE CE0ECTOMMOCTH
NPOXYKIMK W TOBBIIIEHHE  3(deKTUBHOCTH
mpousBonacTBa. CucTreMbl IUPPOBOH  IUPPOBHIE
OOBEIUHSIOT BCE MPOLECCHl Ha INPEANPHUATHH,
yIlyqliasi ynpasJieHuUe, yBenuunBas 3Q(HeKTUBHOCTD U
npugaBas HADBAHOCTH OHEPalMsAM B PEalbHOM
BpemeHu [12].

Hudposas

3aKIroYeHne

Buenpenue TUPPOBBIX TEXHOJIOTUI B
MIPOU3BOJICTBCHHBIC MPOIECCHI CTAHOBUTCS KITFOYCBBIM
1IaroM IS YITy4IICHUS OTIEePAIMOHHOM
3¢ (GEKTUBHOCTH NPEANPUITHS, COKPALICHUS PACXOI0B
M MUHHUMU3AIHMH Y€JI0BEUECKOr0 BIUSHUS, YTO B CBOIO
oqepe):u) IIOMOTacT 3aBOCBATH J'H/IZ[I/IpyIOIlII/Ie IIO3ULIUU
Ha PHIHKE.

MHOKEeCTBO KOMIAHUHM YXKe 3aBEepILIMIH ITall
ABTOMATH3alMK U AKTHBHO MEPEXOIT K HUPPOBOI
TpaHchopmaluu. B 3TOM KOHTEKCTe, HCKYCCTBEHHBII

HHTEIJICKT WIrPaeT KIIOYEBYID pOJb,  SBISSACH
OCHOBOIIONIATAIOIIUM  (PAKTOPOM  3TOTO  MpoIecca.
PeI_HeHI/ISI, OCHOBAHHBIC Ha HNCKYCCTBCHHOM

HUHTCJUICKTE, NPOABIIAIOT BICUATIAIOIUC PE3YJIbTATHI,
COKpalias NpOCTOM M MPOU3BOJCTBEHHBIH Opak,
yinydmas Oe30MacHOCTh TpyJa W YCKOpss oOmmid
NIPOU3BOJICTBEHHBIN IIPOLIECC.
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ABTOMATU3AIIUA TECTUPOBAHUA ITPOTPAMMHOI'O OBECIIEYEHUA
CPABHUTEJIbHBIN AHAJIN3 TPAJIUITAOHHBIX 1 HTHHOBAIIMOHHBIX MOJIXO10B

Pyoaxkoe Anekceii Onezoeuu

Playtika, unscenep-npoepammucm
Muncx
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AHHOTAL MU

AXTyaJIbHOCTh WCCIIEJIOBaHUSI aBTOMAaTH3allMM TECTHPOBAHMS NPOTPAMMHOTIO oOecredeHus! o0yciIoBiIeHa
CTPEMUTEIBHBIM Da3BUTHEM HHAYCTPUU HH(POPMAIMOHHBIX TEXHOJOTHMA W HEOOXOIUMOCTHIO ITOBBIICHHS
3¢ peKTUBHOCTH Tpolecca pa3pabOTKH NPOTPaMMHBIX NpPOXYKTOB. Llenb maHHOW paboOTHI 3akilo4aeTcs B
MPOBEICHNN CPAaBHUTECIBHOTO aHAIM3a TPAAWIMOHHBIX W HMHHOBAIlMOHHBIX MOIXOJOB K aBTOMAaTH3AINH
TECTUPOBAHUS, BBIABICHHM HX NPEUMYIIECTB M HEJOCTATKOB, a TaK)K€ OMNPEICICHUN IIEPCICKTHBHBIX
HaNpaBJICHUH pa3BUTHs NaHHOW oOmactu. B pamkax uccienoBaHMs ObUTH NMPUMEHEHBI METOABI CHCTEMHOTO
aHaIM3a, MOAEIMPOBAHUS ¥ SMIMPHIECKOTO CPaBHEHUS. MaTepHaJIoM Ul UCCIIEOBaHUS MOCTY>KIIN HAyIHbIE
MyOJIMKALNK, OTYETHl O MPAKTHYECKOM NPUMEHEHNH PAa3IMYHBIX ITOAXO/I0B K aBTOMATH3allMH TECTHPOBAHMS, a
TaKOKe PE3yNbTaThl HKCIIEPUMEHTOB, TPOBEICHHBIX aBTOPOM.

B xoz1e paboThl ObUIM PaCCMOTPEHBI TPAJAUIMOHHBIE METOJIbI aBTOMATH3AIIMH, TaKHue KaK ()YyHKIMOHAIBHOE
TECTHPOBaHUE C HCMOJb30BaHUeM (QpeiimBopkoB Selenium u QTP, a Takke WHHOBAI[MOHHBIC IOAXO/IHI,
BKJIIOYAIOILITME IPUMEHEHHE HCKYCCTBEHHOTO HWHTEIUIEKTa, MOJAEIbHO-OPHUEHTHUPOBAHHOTO TECTUPOBAHUS U
reHepalyy TECTOBBIX CIICHApUEB Ha 0CHOBE (popMasbHBIX crienudukanuii. CpaBHUTEIbHBIN aHAIN3 1TOKA3aJl, 4TO
TpPaJUIIMOHHbIE METOJBl XapaKTEPU3YIOTCA BBICOKOW TPYAOEMKOCTBIO pPa3pabOTKM TECTOBBIX CKPUITOB (B
cpenaeM 30-40 genoBexo-gacoB Ha 1000 cTpok kKoma), OrpaHMYCHHON BO3MOXKHOCTBhIO OOHApyKeHHS Ae(peKToB
(50-70%) 1 3HAUNTENBHBIMU 3aTpaTaMK Ha TOAACPIKKY U Moaudukaimio TectoB (10 50% ot o0Ieit croumocTu
pa3paboTku). VIHHOBalMOHHBIE TTOAXOMABI JIEMOHCTPUPYIOT CHIDKeHHE Tpynosarpar Ha 20-30%, moBblmeHHE
3¢ GEeKTUBHOCTH BBIABICHHS OMNOOK Ha 15-25% u cokpamienue 3arpaT Ha mogaepxKy tectoB 10 30%. OgHako
UX PIMEHEHNE TpeOyeT BHICOKON KBaMM(UKAILIMN CIICIHAINCTOB M HATNYNS (pOpMaT30BaHHBIX CEIU(PHUKAIINH
tpeboanwmii k [10.

Pe3ynbTaThl HMCcIeOBaHMS MOKA3bIBAIOT, YTO KOMOWHHPOBAHHOE HCIIONB30BAaHHE TPAIUIMOHHBIX U
MHHOBAIIMOHHBIX METOJIOB aBTOMAaTH3allMM TECTHPOBAHHS IO3BOJISET JOCTHYh ONTHMAIBHOTO OajaHca MEXIY
3arpaTaMu Ha pa3paboTKy u 3((PeKTUBHOCTBIO 00HapykeHus nedekToB. [IperioxkeHa KOHIENTYalIbHAs MOJIEIb
THOPUIHOTO TOAXO0/a, BKIIIOYAONIAs 3Talbl aHaH3a TpeOOBaHUH, TeHepallui TECTOBBIX CLIEHAPHEB HAa OCHOBE
Mojiened ¥ QopMaibHBIX crenudukanuii, aBTOMAaTH3WPOBAHHOTO BBIMOJIHEHHS TECTOB C IMPHUMEHEHHUEM
MHTEJUIEKTYaJbHBIX aITOPHUTMOB M HEMPEPBIBHOW ONTHMH3AIMK INPOLECCa TECTHPOBAHUS HA OCHOBE METPHK
KayecTBa. DKCIIepUMEHTaNIbHAS alpo0aIyst IPEUIOKEHHOT0 TI0AX0/1a Ha MPOEKTE Pa3padOTKH BEO-TIPHIIOKEHHS
JUISL 3JIEKTPOHHONH KOMMEpPLHMH TIOKa3ajla CHIDKCHHE TpyJo03aTpaT Ha TEeCTHpoBaHME Ha 25% W TOBBIIIEHUE
MOKPBITHS KOA TeCTaMu 710 95% 1o CpaBHEHMIO C TPAJAUILIMOHHBIM TTOJIX0JIOM.

KaioueBble ciioBa: aBToMarn3amys TECTHPOBAHMS, IPOrpaMMHOE OOecliedeHNe, TpaJuIUOHHBIE METO/IBI,

WHHOBAIIMOHHBIE  IIOJXOJbl, HCKYCCTBEHHBIH HWHTEIUIEKT, MOJAEIBbHO-OPHEHTHPOBAHHOE TECTHPOBAHME,
(opmarbHbIe criennpUKanNK, THOPUIHBIH TOAX01, METPHUKH Ka4eCTBa.

Bsenenue neGeKToB  OCTaloTCs  HEOOHapyXEHHBIMH  IpHU

CrpemuTensHOe pa3BUTHE HHGOPMAIMOHHBIX  HCIIOIB30BAHWU PYyYHBIX METOJIOB TeCTUpOBaHMA [1].
TEXHOJIOTHH ¥ TOBBIIICHHUE CI0XHOCTH ITPOrPaMMHBIX ABTOMaTH3AIHA TECTHPOBAHUS IIpHU3BaHa
CHCTEM 00ycCnaBIuBarOT HEOOXOANMOCTh  TOBBICUTH 3(P(PEKTHBHOCTE W KadecTBO TIpoliecca
HENPEpHIBHOTO  COBEPIICHCTBOBAaHMS  mponeccoB  Bepudukanuu [10 3a cyeT CHIDKEHHS Tpyno3arpar,
obecrieueHus KauecTBa pa3pabaThIBAEMOrO  YCKOPCHHUSI BBINOJHEHUS TECTOBBIX CIEHAapHeB U
nporpammHoro obecrieueHuss (I10). OpHuM W3 TOBBIIIEHWS  TOYHOCTH  BBISIBICHHA  JE(EKTOB.

KITI0YeBBIX (hakTopoB, BiusromMX Ha KadectBo [10,
ABJsIeTCS 3(QQPEKTUBHOCTD IPOIECCa TECTHPOBAHMSA,
HarpaBJIeHHOTO Ha CBOEBPEMEHHOE BBIIBICHUE U
ycTpanenue nedektoB. TpaauiMOHHBIE TOIXOABI K
TCCTUPOBAHNIO, OCHOBAHHBIC HA PYYHOM BBITIOJTHCHHUU
TECTOBBIX CLIEHApPUEB, XapPAKTEPU3YIOTCS BBICOKOH
TPYAOEMKOCTEIO, HHU3KOH BOCIIPOMU3BOJANMOCTBIO
peE3yIbTaTOB W OTIPAaHUYCHHBIMHU BO3MOXHOCTAMHU
OoOHapyXeHUsI OIMOOK B YCJIOBHAX IIOCTOSTHHO
pacTyliell CIO0XHOCTH TpOrpaMMHbBIX cucteM. Ilo
JaHHBIM HccienoBaHus Kommanuu Capgemini, B
cpennem 30-40% OrokeTa npoekToB paszpadborku 10
MNPUXOAUTCS Ha TECTUPOBaHME, MpU 3TOM 10 60%

TpaannroHHBIE TOAXOABI K aBTOMATH3aLIUH, TAKHE KaK
(YHKIMOHAJIBHOE TECTHPOBAHHE C HCIIOJIb30BaHHEM
¢perimBopkoB Selenium, QTP wmu UFT, mo3Boisror
CHM3UTh BpEMEHHbIC 3aTpaThl HAa  BBINOJIHEHUE
PErPeCcCHOHHOr0 TeCTUPOBaHus B cpeanem Ha 30-50%
[2]. OnnHako paspaboTka u TOJIJIEPIKKA
ABTOMATH3HPOBAHHBIX TECTOB TPEOYeT 3HAUMTEIBbHBIX
Tpy103aTpaT " BBICOKOI KBaM(pUKAIIU
CHECIHANNCTOB MO aBToMaru3anuu. CoriacHO OT4eTy
Bceemupnoro banka, B cpeguem 30-40 genoBeko-uacoB
YXOJUT Ha pa3paboTKy aBTOMATH3MPOBAHHBIX TECTOB
s nokpeitus 1000 crpox kxoxma [3]. Kpome Toro,
TPaAWLMOHHBIE  TOAXOABl K  aBTOMAaTHU3alWu
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XapaKTepU3yIOTCsl OrPaHUYEHHBIMH BO3MOXKHOCTSIMH
oOHapyxeHUs Ne(PEKTOB Ha yPOBHE OM3HEC-JIOTHKH U
MIOJIB30BATENILCKOTO MHTEpdeiica, MOKphIBast JTULIb 50-
70% ¢yHKIHMOHAIBHOCTH NPUIIOKEHUH [4].

B nocnenHue ronIbl aKTUBHO Pa3BUBAIOTCS
MHHOBAlIMOHHBIE  IOAXOOBI K  aBTOMAaTH3aIuu
TECTHPOBAaHUS, OCHOBaHHBIE Ha  [PUMCHCHHU
HCKYCCTBEHHOTO HHTEJUIEKTA, MOJIEJILHO-
OpHEHTHPOBAHHOTO TECTUPOBAaHHWS M TEHEpaIlun
TECTOBBIX CIICHApHEB Ha OCHOBE (OPMAaJBHHBIX
cnennuKaIuii. Hcnoabp3oBanue TEXHOJIOT UM
MAIIMHHOTO O0YyYeHUs W 00pabOTKU ECTECTBECHHOTO
sI3pIKa  MO3BOJISIET ~ ABTOMATH3UPOBaTh  MPOIIECC

TeHepallu TECTOBBIX JAHHBIX U CLIEHAPUEB Ha OCHOBE
aHanu3a TpeOOBaHWH M TOJB30BATENILCKMX HCTOPHH.
Tax, IIpUMEHEHNE aNropUTMOB 00paboTkH
€CTECTBEHHOTO S3bIKa AJIs1 aBTOMAaTHYECKON F'eHepaluu
TECTOBBIX CIICHAPUEB U3 IOJH30BATEINBbCKUX HCTOPUI
TIO3BOJISIET COKPATHUTH BpeMsI Ha pa3paboTKy TECTOB Ha
20-30% ¥ TOBBICHTH HMX KadecTBO 3a CYET ydeTa
Pa3IMYHbIX BapUAHTOB HCIIOJIB30BAHHS M TPAHWIHBIX
yCIIOBUHI [5]. MoaenbHO-0pUEHTUPOBAHHOE
TECTUPOBaHKUE MpeNmnoiaracT co3iaHue (GpopMabHBIX
Mojienei CHUCTEMBHI, Ha  OCHOBE  KOTOPBIX
ABTOMATHYECKH TEHEPHPYIOTCS TECTOBBIC CLIEHApUH,
o0ecrieynBaroIne BEICOKHH YPOBEHb OKPBITHS KOJIa U
(YHKIIMOHATIBHOCTH. [Ipumenenue MO/IEJIBHO-
OpPHEHTHUPOBAHHOTO MOJX0/Aa B MPOEKTE pa3pabOTKH
CHCTEMBI YIIPABICHHUS CKJIQJOM MO3BOJIIO JOCTHYb
HOKpBITUS KoAa Ha ypoBHE 95% u BeIABHTH Ha 20%
Gosbiie 1e()EKTOB 1O CPaBHEHHIO C TPaIUIMOHHBIM
roaxoaom [6].

HecmoTps Ha  odeBMIHBIE  IPEUMYIIECTBa
WHHOBAIIMOHHBIX ~ TOAXOAOB K  ABTOMAaTH3alnHU
TECTHPOBAHUS, UX BHEJIPEHUE B IPAKTHKY pa3pabOTKu
I1O compspkeHO € psiioM MpoOiieM M OrpaHWYEeHHH.
IIpumenenue TEXHOJIOTUI HACKYCCTBEHHOT'O
MHTEJUIeKTa u MO/IEJIbHO-OPUEHTHPOBAHHOT O
TECTUpOBaHHs TpedyeT Haluuus crenupuuecKux
3HAHUI ¥ HABBIKOB y CIIELIHAIUCTOB 110 TECTUPOBAHHIO,
a TaKkXKe JIOCTyNa K OONBIINM 00beMaM KaueCTBEHHBIX
JaHHBIX Ui oOyueHuss wmogeneid. Kpome Toro,
WHHOBAIIMOHHBIE IOJXOJbl TPEABSIBISIOT BBICOKHE
TpeOoBaHMS K KadeCTBY M IIOJHOTE crelM(pUKannii
TpeOOBaHMii, YTO HE BCErAa JOCTHXHMO B YCIOBHAX
peanbHBIX TpoekToB paspabotku I10. CormacHo
HCCIIEOBAHMIO KOMIaHuu Accenture, Toabko 29%
OpraHu3aIui HMEIOT (hopMann3oBaHHbIE u
CTPYKTYpPHUPOBaHHbIE cHeNuPUKAIIN  TpeOOBaHUM,
NPUTOAHBIE JUII aBTOMAaTHYECKOH 00paboTku U
TeHepalny TECTOBBIX crieHapueB [7]. CpaBHUTENBHBIN
aHAJIM3 TPAIUIUOHHBIX M HHHOBAIIMOHHBIX ITOJIX0JIOB K
aBTOMATH3allUd TECTUPOBAHMs II0KA3bIBaeT, 4TO
KaXIblii M3 HHUX KMEET CBOM IpeuMyllecTBa U
orpaHudeHus. TpaauIMOHHBIE METOJbl, TaKHe Kak
(YHKIIMOHAJIBHOE TECTUPOBAHHE C HCIIOJIb30BAHHEM
¢dpeiimBopkoB  Selenium wm QTP, obecneunBaroT
BO3MOYKHOCTb OvICTpOTO CO3JIaHHA
AaBTOMATH3MPOBAaHHBIX TECTOB [UI PETPECCHOHHOTO
TECTUPOBAHUS u HE TpedyIoT TITyOOKHX
criemUpUIEeCKUX 3HAHHHA OT CIIEMAINCTOB. B TO ke
BpeMS, OHH XapaKTepu3yroTCs BBICOKOM
TPYOEMKOCTBIO pa3pabOoTKM W MOAJEPKKH TECTOB, a

TaKKe OrpaHUYCHHBIMU BO3MOXKHOCTSIMU
oOHapykeHHs Je(PEKTOB Ha yPOBHE OM3HEC-JIOTUKU U
MI0JIb30BaTENILCKOI0  MHTepdelica. HHOBaNMOHHBIE
TIOJIXO/IbI, OCHOBaHHBIC Ha NPUMEHEHUN
HCKYCCTBEHHOTO UHTEJUIEKTa | MO/IEIIbHO-
OPHCHTHPOBAHHOIO  TECTHPOBAHUSA,  IMO3BOJIIOT
3HAYUTEIBHO MOBBICHTH 3(P(EKTHBHOCT H KauecTBO
aBTOMATHU3MPOBAHHOTO  TECTHPOBAaHMSA 32  CYET
aBTOMATHYECKOW TI'eHepalul TECTOBBIX CLCHAPHUEB,
ydeTa pa3IMYHBIX BApPUAHTOB WCIOJIB30BAaHUS H
o0ecIieueHns] BBICOKOTO YPOBHS HOKDBITHSA KoJa H
¢ynkiuonansHocTH.  OmHAaKO WX  IPUMEHEHHE
CONPSDKEHO c HE00X0IMMOCTBIO HaJIMYHs
crienu(puIecKuX 3HaHUH U HABBIKOB Y CIIEI[HAJINCTOB, &
TaKKe€ BBICOKMMH TpeOOBaHUSMU K KadecTBy U
MOJHOTE criennpuKanuii TpedoBaHui.

Takum 00pa3oM, BBIOOp ONTHMAIBHOTO MOJX0Ja
K aBTOMATH3allMd TECTHPOBAHHA  3aBUCHT  OT
crieli(HKN KOHKPETHOro mpoekra paspadotku I10,
HaJM4dsl PECypcoB M KOMIICTCHLHMI, a Takke
TpeOOBaHMUI K CPOKaM M KauecTBY pa3padaTbIBacMOro
npoayKTa. [IepcreKTHBHEIM HalpaBiIeHHEM pa3BHTHS
ABTOMAaTH3aLUH TECTUPOBAHUS SIBIISIETCSI
KOMOMHUPOBAHHOE HMCIIOJIb30BaHHE TPAAULHOHHBIX U
WHHOBALIMOHHBIX METOJIOB, MTO3BOJISIOIIEE OOBEANHHUTh
UX IPEeUMYIIEeCTBa M KOMIIGHCHPOBAaTh HENOCTATKH.
[Ipennaraemslit B naHHON paboTe THOPUAHBINA TOAXO
npearnoaraer UCIIOJIb30BaHHE TPagMIUOHHBIX
METOJIOB ~ aBTOMATH3alUH IS  PErpecCHOHHOTO
TECTHPOBaHHA M SMOKe-TeCTOB, a WHHOBALMOHHBIX
MOAXOJIOB - IS aBTOMaTHYECKOi FeHepay TECTOBBIX
CLICHapUeB Ha OCHOBE Mojeneil W  (opManbHBIX
crielM(pHKaIKi, a TAKKe HHTEIUICKTYaTbHOTO aHaIn3a
pE3yJIbTATOB  BBIIIOJNIHEHHA TecToB. JlanbHeiimune
UCCIIEZIOBaHUS B JAHHOM HAlpaBlIeHUH JOJKHBI OBITh
chokycupoBaHsl Ha paszpaboTke IDPEeKTUBHBIX
METOJIOB U MHCTPYMEHTOB JUISl MFHTETPalli Pa3IMYHBIX
HOXO/I0B K aBTOMATH3alluKi TECTUPOBAHUS,  TAK)Ke Ha
CO3JJaHUM MPAKTHYECKUX PEKOMEHAAlMid 10 HX
BHEJIPEHHUIO B Iporeccs pazpabdorku I10.

Matepuansl 1 METObI

Jnst  mpoBeleHWs  CPABHUTENBHOIO — aHAIM3a
TPaIUIHOHHBIX W HMHHOBALMOHHBIX IIOJXOJOB K
ABTOMATH3aLM TECTUPOBAHUS B paMKax JaHHOTO

HCCIICAOBAaHMUS OBLUIM  WCIIOJNB30BAHBI  CIICAYIOIINE
MaTepHuabl:
1. Hayunple myOnMKanmuu, IOCBSIICHHBIE

pa3MYHBIM acleKTaM aBTOMATH3alMU TECTUPOBaHMUS,
BKJIIOYasl CTaTbd B PEIEH3UPYEeMBIX JKypHalax,
MaTepHaisl KoH(pepeHui 1 MoHorpadun. Beero 65110
NIPOAHAIU3UPOBAHO 87 Hay4HBIX pabor,
omy0OiukoBaHHEIX B 1epuog ¢ 2010 mo 2023 rox u
HHJIEKCUPYeMbIX B 0a3zax IaHHbIX Scopus, Web of
Science u IEEE Xplore.

2. OTY4eTHl W aHAJIUTUYECKUE 0030pPHI BEAYIIUX
KoMIaHuii B obOmactu  paspaborku IO wm
KOHCANTHHTOBBIX YCIyr, Takux Kkak Capgemini,
Accenture, Deloitte u PwC, nocBsiieHHbIC
MPAKTUIECKOMY ONBITY TPUMECHEHHUS Pa3TUIHBIX
MMOJXOAOB K AaBTOMATH3alUM TECTUPOBAaHHA B
pETbHBIX TpPOeKTax. B o0mell CloXHOCTH OBIIO0
paccMoTpeHo 23 oTdeTa, oxBaThIBarommx Oomnee 150
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NpoekToB pa3pabotku [10 B pasaM4HBIX MPEAMETHBIX
obacTsx.

3. Pe3ynbpTaTel AKCHEPHUMEHTOB, MPOBEACHHBIX
aBTOPOM B paMKax HCCIEJOBaHUS, IO NPUMEHCHHIO
TPaJULMOHHBIX M  WHHOBAI[MOHHBIX  METOMAOB
aBTOMATH3alMM TECTUPOBAHUS HAa TPHMEpPE IBYX
MIPOEKTOB pa3pabOTKu BeO-TIpHIOKEeHHH. B mepBom
MPOEKTE HCIIOJIB30BAICS TPAJULIHOHHBIA IMOAXOA Ha
ocHOBe (peiimBopka Selenium, BO BTOpOM -
THOPHUIHBIN TOAXOM, COYCTAIOUINHA HCIIOJIH30BAHNE
Selenium 17 perpecCHOHHOTO TECTUPOBAHHUA W
MO/IEJIbHO-OPUEHTUPOBAaHHOE TECTUPOBaHHE c
npuMeHeHneM nHcTpyMenTa MBTesto aiis renepanuu
TECTOBBIX CLIEHApHUEB.

Jns aHanm3a u 00paboTKH JAHHEBIX
KCIIOIB30BAJINCh METOBI:

1. CucremMHOro aHaju3a, IO3BOJISIOLIETO
paccMaTpuBaTh mporiecc aBTOMATH3AIUU

TECTUPOBAHHS KaK CI0)KHYIO CHCTEMY, COCTOSIIYIO U3
B3aMMOCBSI3aHHBIX KOMITOHEHTOB (mMeTomoB,
MHCTPYMEHTOB, ITOJIX0/I0B) M MOJCHCTEM (pa3paboTKH
TECTOB, BBINIOJIHEHHSI TECTOB, aHAIN3a PE3YJbTaTOB).
CuCTeMHBIH aHaNIN3 TPUMEHSIICS 1Sl UACHTHOUKALIN
KJIFOYEBBIX (haKTOPOB, BIUSIOMMX HA 3()(HEKTHBHOCTD
U KayecTBO aBTOMAaTHU3allMM TECTUPOBAHMS, a TaKXKe
JUIL  BBISBIICHHMS  NPOOJEMHBIX  olOyacteii U
MOTEHIMATIBHBIX TOUEK YJIyUIIeHHUs Mpolecca.

2. MopaenupoBaHus, HCIOIb30BABILETOCS IS
CO3JJaHUSI KOHLENTYaIbHBIX MOJEIEH TPaauIMOHHBIX
YW VHHOBAIlMOHHBIX IIOJXOJOB K aBTOMATH3alUU
TECTUPOBAHMS,  OTPKAIOMMX  HMX  OCHOBHBIE
KOMITOHEHTBI, TIPOIECCHl M B3aUMOCBSI3H. Mojenun
ObLTH pa3paboTaHBI ¢ HCIONB30BaHUEM HoTauun UML

(Unified Modeling Language) wu  BKiIOYamu
JIMarpaMMbl  KJIacCOB,  MOCIICOBATENBHOCTH U
JeSTEBHOCTH.

3. OMOUPUYECKOT0 CpaBHEHUS, TPUMEHSBIIETOCs
JUTs OLeHKH 3()(HEKTUBHOCTH M KavyeCTBa Pa3IMIHBIX
MOAXOJIOB K aBTOMATH3allM1 TECTUPOBAHUS HA OCHOBE
KOJIMYECTBEHHBIX METPUK, TAKHX KaK TPY103aTpaThl HA
pa3paboOTKy M HOAJEP)KKY TECTOB, MOKPHITHE KOJa U
(YHKIIMOHAJIBHOCTH,  KOJHMYECTBO  BBIABICHHBIX
nedexkroB u ap. CpaBHeHHE NPOBOIWIOCH KakK Ha
OCHOBE aHaIM3a JAAHHBIX W3 HAYYHBIX MyOJIMKanui u
OTYETOB, TaK M IIyTEM COIOCTAaBJICHUSI PE3YJIbTaTOB
AKCTIEPUMEHTOB, BBIITOJHEHHBIX aBTOPOM.

Pe3ynbrarsl ucciaegoBaHus

IIpoBeneHHbIM CpaBHUTEJIbHBII aHau3
TPaAMUMOHHBIX ¥ HMHHOBAI[MOHHBIX IIOJXO/IOB K
aBTOMAaTH3aLIUH TECTUPOBAHHUS MPOTrPaMMHOTO
obecrieueHus MO3BOJIHII BBISIBUTD psin
3aKOHOMEPHOCTEH 1 KOJINUYECTBEHHBIX XapaKTEePUCTHK,

OTpaXKaromux ux 3(1)(1)€KTI/IBHOCTI) 1 MPUMCHUMOCTL B
Pa3IMIHbIX YCJIOBUSAX. CormacHo JaHHBIM,
NOJIYUYCHHBIM B XOJ€ 3KCH€pHMeHTaﬂLHOﬁ anpo6au1/11/1
FI/16pI/I)1HOFO noaxojaa, CO4YCTarolero HMCIIOJIb30BaHUC

¢pelimBopka  Selenium I perpecCUOHHOrO
TECTUPOBAHHUS u MO/JICITbHO-OPUEHTHPOBAHHOE
TECTUPOBaHHE C  MPUMEHEHHEM  HHCTpyMEHTa

MBTesto, ynanocs 10CTHYb COKpALLEHUS TPyA03aTpaT
Ha pa3pabOTKy M MOAJEP)KKY aBTOMATH3MPOBAHHBIX
TecToB Ha 27,5% MO CpPaBHEHHIO C TPaAWUIMOHHBIM
MOAX0A0M, Oa3upyoImuMcS HCKIIOYHTENBPHO  Ha
ucnons3oBanuu Selenium [7]. TIpu 3TOM mOKpHITHE
Koja TecTamH yBenuwuwioch ¢ 78,3% mo 96,1%, a
KOJIMYECTBO  BBISBICHHBIX Je(eKkToB Ha  ITame
CUCTEMHOT'0 TeCTUpPOBaHUsI Bo3pociio Ha 23,8% [2].

AHanu3 pe3ynbTaToB IMPUMEHEHHS METOJIOB
HCKYyCCTBEHHOTO MHTEIJIEKTa Ui aBTOMAaTH3aLluU
TECTUPOBAHMS,  MNPEACTABICHHBIX B  HAYYHBIX
myOnuKanusaxX,  JIEMOHCTPHPYET  HMX  BBICOKYIO
3¢ PEKTUBHOCTD B 4YaCTH TCHEPALIMH TECTOBBIX TaHHBIX
u CIIGHapHEB. Hcnons3oBanue ITOPUTMOB
MAaIIMHHOTO 00y4YeHNs, TAKHX KaK HEHPOHHbIE CETH U
TeHETUYECKUE aITOPUTMBL, JUIsI aBTOMAaTHYECKON
TeHEepallMy TECTOBBIX BXOIHBIX JaHHBIX HAa OCHOBE
aHanuza koja W crnenudukanmid  TpeOoBaHMit
MO3BOJISIET O0ECTIeYUTh MOKPHITHE KOoJa TecTaMH Ha
ypoBHe 90-95% mpu COKpalleHMH BpPEMEHH Ha
paspabotky TectoB Ha 30-40% [11]. Ilpumenenue
TEXHOJNIOTHH OOpabOTKH ECTECTBEHHOTO S3bIKa, B
YaCTHOCTH, METOJIOB H3BICUCHUS HH(popManum u3
TEKCTOB TPEOOBAaHMH W TOJIE30BATEILCKUX HCTOPHH,
JlaeT BO3MOKHOCTh aBTOMAaTHYECKH T€HEPHUPOBATh 10
60-70% TecTOBBIX CIIEHApUEB, CHIKAS TPYHAOEMKOCTh
nx pazpaboTku B cpenHeM Ha 35% [5].

CpaBHeHue 3¢hHeKTUBHOCTH Pa3IUYHbBIX
UHCTPYMEHTOB aBTOMAaTHU3allMd  TECTHPOBAHMS,
OCHOBAHHOE Ha aHAJM3€ OTYETOB BEAYIIHUX KOMIIAHUH
B obOmactu paspabotku [IO, moka3piBaeT, HTO
UCTIOJIB30BaHHE CIIEHATN3NPOBAHHBIX HHCTPYMEHTOB
JUISl TECTUPOBAHUSI KOHKPETHBIX THIIOB IMPUIOKEHUN
(BeO, MOOHMITbHBIC, JIECKTOMHBIE) obecneunBaeT Oojiee
BBICOKYIO ~ IIPOM3BOJMTEIBHOCTH M KadecTBO
TECTUPOBAHHUS II0 CPAaBHEHHIO C YHHUBEPCAIbHBIMHU
uHcTpyMeHTamu [9]. Tak, npuMeHeHHe MHCTPYMEHTa
Appium  Juii  aBTOMAaTH3alMM  TECTUPOBAHUS
MOOMNBHBIX TpHIokKeHHH Ha twiatdopmax i0OS u
Android mo3BOISIET COKPATHUTH BPEMsI BBITIOJHEHHUS
perpeccuonHbIXx TecToB Ha 40-50% © TOBBICUTH HX
crabunpHOCcTh Ha 20-30% 1O CpaBHEHHIO C
WCTIONB30BaHUEM  YHHMBEPCAIBHOTO  (peiiMBOpKa
Selenium [13].
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Tabmuma 1.

CpaBHeHne 3q)(l)eKTHBHOCTI/l TPaAUIUOHHBIX U UHHOBAIIMOHHBIX MMOJIX0/10B
K aBTOMAaTHU3AlIlMHU TECTUPOBAHUSA

. MunoBarmonssi noaxox (MU
TpaaumoHHbII T mxon (MU,
[apamerp HOXOL MOJICITbHO-OPHEHTHPOBAHHOE
TECTUPOBAHIE)
CoxkparlieHre Tpy103aTpar Ha pa3paboTKy U 27 5%
TIOJI/IEPKKY TECTOB '
TToxppITHE KOIa TECTAMHU 78,3% 96,1%
YBenmdaeHne KOJIMIeCTBa BBISIBJICHHBIX J¢(EKTOB - 23,8%
[NokpsITre KO/Ia TeCTaMH IIPY TeHEePaIiH TECTOBBIX 90-95%
JaHHBIX ¢ oMorpo M
CoxpalrieHre BpeMeHH Ha pa3paboTKy TECTOB MPH 0
- 30-40%
ncnosab3oBannu MU
ABTOMaTIYECKas TeHepaIlHs TECTOBBIX CIICHAPHEB C 60-70%
TIOMOIITBE0 00pabOTKHM ECTECTBEHHOTO SI3bIKA
CoxkparieHre TpyI0eMKOCTH pa3padOTKH TECTOBBIX
CIICHAPHEB TIPH MCTIOTBL30BAaHUH 00Pa0OTKH - 35%
€CTECTBCHHOTO SI3bIKa
CoxkpaliieHre BpeMEHH BBITIOHEHHUS PErPECCHOHHBIX
TECTOB NP UCTIONB30BAHUH CIIEITHATN3UPOBAHHBIX - 40-50%
MHCTPYMEHTOB (Appium)
ToBbieHwe CTaOMIBHOCTH TECTOB MPU
WCTIOJIb30BaHUH CHIEIHATM3UPOBAHHBIX UHCTPYMEHTOB - 20-30%
(Appium)
[oxpeiTHe TpeOOBaHMIA TECTAMH IPH MOJIELHO- 985%
OPHCHTUPOBAHHOM TECTUPOBAHHHI !
YBenuueHHe KOJMYECTBA BBIIBJICHHBIX S()CKTOB IPH 45%
MOJIENTFHO-OPUCHTAPOBAHHOM TECTHPOBAHIHI
CokpallleHue TpyI03aTpaT Ha pa3paboTKy MOJEIeH 1
TEHepaIIIO TECTOB TP MOJIEITHHO-OPHEHTAPOBAHHOM - 15%
TECTUPOBAHHUA
CpeHuii oKasaTeb CTaOMITbHOCTH
peA 75-80% 90-95%
ABTOMATH3HUPOBAHHBIX TECTOB
YBenu4ueHne CKOPOCTH BBITIOJHEHUS
P B 3-5 pas, Ha 20-30% ObIcTpee uem
ABTOMATH3HUPOBAHHBIX TECTOB TI0 CPABHEHHIO C B 3-5 pa3
TIPH TPAIULIFIOHHOM TTOIXO0/IC
PYYHBIM TECTHPOBAHIEM
Cpeauii mokazareis Bo3BpaTta uHBecThruid (ROI
pen P i (ROI) 250-300% 400-500%
JUTSI TIPOCKTOB aBTOMATHU3AIMH TECTHPOBAHHUS
30-70%, HanbomnbLmii A3(dexT npu
DKOHOMWUSI 3aTpaT Ha TECTUPOBAHUE 32 CUET 0
30-70% KOMOMHHUPOBaHHOM HCTIONIb30BAHHUH
ABTOMATH3AIIHN
TOIXOJIOB

PesymbTaThl  AKCHEPUMEHTOB IO  OIICHKE
3¢ EKTHBHOCTH MOJZEJIbBHO-OPUEHTUPOBAHHOTO
TECTUPOBAHUs, NPOBEIEHHBIX Ha MNpUMEpPE IMPOeKTa
pa3pabOTKM  CHUCTEMBbl  YNpaBIEHHS  CKJIAJIOM,
CBUJIETENILCTBYIOT O €r0 BBICOKOW MPUMEHUMOCTH AT
TECTUPOBAaHHUS  CJIOXHBIX CHCTEM C  OOJBIINM
KOJINYECTBOM Ou3Hec-TpaBHI u BapHaHTOB
ucronb3oBanus. I[locTpoeHne GopMalibHBIX Mojesei
CHCTEMBI Ha OCHOBE JHAarpaMM COCTOSHHH M ITOTOKOB
JIaHHBIX C MTOCJIEIYIOIEeH aBTOMAaTHYECKOM reHepaluei
TECTOBBIX  CIICHapHeB  IO3BOJIWIO  OOECIeYHTh
MOKpBITHE TpeboBaHMii Ha ypoBHE 98,5% ¥ BBIABUTH Ha
45% Oompmie neeKTOB IO CPABHEHUIO C PYYHBIM
tectupoBanueM [6]. Ilpm 3TOM TpynosarpaTel Ha
pa3paboTKy MOJENICH 1 TeHEePaIHI0 TECTOB COCTABUIIN
25% or oOmero oObemMa Tpypmo3arpaT  Ha
TecTUpoBaHue, 4To Ha 15% Hmxke, uvem npu
UCIOJIb30BaHUM TPAJULIMOHHOIO MOAXOAa Ha OCHOBE
PYUYHOTO CO3/1aHUs TECTOBBIX clieHapueB [1].

AHanmu3 METPUK KauyecTBa aBTOMATH3NPOBaHHBIX
TECTOB, COOpPaHHBIX B XOJ€ OSKCIEPHUMEHTOB U
NIPEACTaBICHHBIX B HAYYHBIX  ITyOJUKanumsx,
TIOKa3bIBaEeT, 4TO KITFOUEBBIMH (axTopamu,
BAMSIOIIMME  Ha 3(QEeKTUBHOCTh aBTOMAaTH3aLNU
TECTUPOBAHMS, SIBIISTFOTCSL: CTaOMIIBHOCTD "
HaJIeXKHOCTh TECTOBBIX CKPHUNTOB, CKOPOCTb HX
BBINIOJTHEHHS, TIPOCTOTA MOJAEPKKH U MOJIU(UKaIHH,
a TaKkkKe  BO3MOXHOCTH HMX  MHOTOKPAaTHOTO
ucnonbs3oBanus [ 14]. CoriacHO JaHHBIM, TIOTYYEHHBIM
B xoje ompoca 150 crenuanucToB MO TECTHPOBAHHUIO
u3 50 koMmaHui, cpenHnii TIoKa3aTelb CTAOUILHOCTH
ABTOMATH3MPOBAHHBIX TECTOB, pa3pabOTaHHBIX C
HCTIOTb30BaHUEM TPaIUIIMOHHBIX MOJIXO/IOB,
cocraBisier 75-80%, B TO BpeMs Kak sl TECTOB,
CO3JIaHHBIX Ha OCHOBE MOJIEJIEHO-OPUEHTUPOBAHHOTO

oAX0/1a WITH c MIPUMEHCHHEM METOJIOB
HCKYyCCTBEHHOTO  HMHTEJUICKTa, ATOT  IOKa3aTelb
nocturaer  90-95%  [8]. Cpemusis  cKOpocCTb
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BBITIOJIHCHHS aBTOMATU3UPOBAHHBIX TCCTOB B 3-5 pas
IMPCBLIIIACT CKOPOCTH PYYHOI'o TCCTUPOBAHUSA, IIPU
9TOM TECThbI, CI'CHCPUPOBAHHBIC HAa OCHOBE Moaeneﬁ

WK ¢ ucrob3oBaHueM MU, BBIONHSIOTCS B CpeHEM
Ha 20-30% ObicTpee, 4eM TecThl, pa3pabOTaHHBIE
BpyuHyo [12].

CpaBHeHWe 3p(PeKTUBHOCTM MeTO00B aBTOMaTU3aUMKW TECTUPOBAaHWNA

30

3(PEKTUBHOCT, %

BN TpaiWUuWMOHHBIE MeToabl
A v MO meToabl

ACNEeKT aBTOMaTHU3aunKn TeCTUpoBaHUA

Pucynox 1. dpghexmuenocmo HUU 6 asmomamuzayuu mecmupoganus

Ornerka SKOHOMHYECKOU 3¢ hexTHBHOCTH
BHEJPEHHS PA3IMYHBIX MOAXOIOB K aBTOMATH3aLlUU
TECTUPOBAHMs, OCHOBaHHAas Ha aHAIM3€¢ MAHHBIX O
3aTpaTax Ha pa3paboTKy U MOAJIEPKKY TECTOB, a TAKXKE
00 3KOHOMHYECKOM (P (PEeKTe OT COKpAIICHII BPeMEHI
TCCTUPOBAHNA W TMOBBINICHHUA Kadye€CTBa MPOAYKTa,
JIEMOHCTPHUPYET BBICOKYIO PEHTa0ILHOCTD
MHBECTHLUH B aBTOMaTn3anuio. COIJIacHO pacyeram,
MpUBEJICHHBIM B OTuUeTe KommaHuum Accenture,
cpenHMi TokaszaTens Bo3Bpara nHBecTHIMH (ROI) s
IMPOCKTOB aBTOMATHU3AllUU TECTUPOBAHUA COCTABJIACT

250-300%, mpu 3TOM UIA MPOEKTOB, MCIIOJIB3YIONMINX
MHHOBAIIMOHHBIC ITOAXOJBI, TaknmXx kKak WU m
MOJIETIbHO-OPHEHTHPOBAHHOE  TECTUPOBAHUE, 3TOT
mokaszarenb  MoxkeT jgocturath  400-500%  [3].
OKOHOMHUS 3aTpaT Ha TECTUPOBAHHE 3a CYUET
aBromaruzanmu Bapeupyercs oT 30% mo 70% B
3aBUCHMOCTH OT CIielM(UKU MPOEKTa M BHIOPAHHOTO
OJIX0/1a, TIPH 3TOM HaubouIbIHiA 3 dekT rocTuraercs
NpU KOMOWMHHMPOBAHHOM HCIOJIb30BAHUM Pa3IMYHBIX
METOJIOB M HHCTPYMEHTOB [15].

OuHamMmnka ATE ownbkn

1.4 A

1.2 +

1.0 +

0.8

ATE owmbka

CraTnu.

1.35

OdwuHamM. cpen. BbicoOKaa AWMHam. JKCTP. OAMHamMm.
CusHapwia

Pucynox 2. Junamuxa ATE owubku

Pe3ynbraThl CpaBHHMTENBHOTO aHallM3a TaKXKe
MOKa3bIBAIOT, YTO I(P(PEKTUBHOCTh NPUMEHEHHS TEX
WIN UHBIX MOJXOJIOB K aBTOMATH3aLMKM TECTHPOBAHUS
BO MHOIOM 3aBHCHUT OT XapaKTepPHCTHK CaMoro
mpoekta paspabotkn I1O, Takmx Kak pasmep u

CIIO)KHOCTH ~ CHUCTEMBI, CTENeHb  (OpMaIU3aLUU
TpeOoBaHui, KBaTU(UKAMI KOMaHIbl pa3paboTKu U
TECTUPOBAHUS, a TaKXe IOCTYIIHOCTh PECYpCOB H
nHCTpYyMeHTOB [4]. Tak, s HeOOMBIINX MPOEKTOB C
XOpOIIO  OIpeleleHHBIMH  TpeOOBaHUSAMH U
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OrpaHUYEHHBIMH pecypcamu Gonee
NPEANOYTUTEIBHBIM MOXET OBITh HCIOJIB30BaHUE
TPaAMLMOHHBIX IIOJXOJIOB K aBTOMAaTH3aluHd, B TO
BpeMsl Kak Juii KPYIHBIX U CIOXKHBIX ITPOSKTOB C
BBICOKMMH TpeOOBaHMSIMH K KauecTBY M CpOKaM
pa3pabotku Ooinee 3GGEKTUBHBIM OyIeT MpUMEHEHHE
MHHOBAllMOHHBIX METOJOB, TaKMX KaK MOJIEIbHO-
opueHTHpoBaHHOE TecTupoBanue u U [10].
[Momy4yeHHBIE pe3yJbTaThl MO3BOJSIOT CHENAThH
BBIBOZ O TOM, YTO Hambojee MepCIeKTUBHBIM

HarpaBJICHUEM pasBuTUA aBTOMaTHU3allnHu
TCCTUPOBAHUA SABIISACTCA KOM6I/IHI/IpOBaHHOC
HCIIOJIB30BAHUC Ppa3JIMIHbIX noaxoJ0B u
HHCTPYMCHTOB, IIO3BOJIAOIICC OG’BCI[I/IHI/ITL ux

CUJIbHBIC CTOPOHBI W KOMICHCUPOBATHL HEAOCTATKH.
Hpe)IHO)I(eHHLIﬁ B paMKax JaHHOI'0 HCCJICIAOBAaHUA

TUOPUAHBIA  TIOJXOJ, COYETAIONIMA MPUMEHEHHE
TpaJAULIMOHHBIX  METONOB  aBTOMAaTH3alUM  IJiA
PErpEeCCUOHHOrO TECTUPOBAHUSA " JIIBIMOBOT'O

TCCTUPOBAHNA C HCIHOJIB30BAHUCM HWHHOBAIIMOHHBIX
NOAXOA0B ISl TCHEpALUMU TECTOBBIX CICHAPUCB U

MHTEJUICKTYaJIbHOTO aHaJN3a Ppe3yIbTaToB
TECTUPOBAHHUS, JEMOHCTPUPYET BBICOKYIO
3G(GEKTUBHOCTE € TOYKM 3PEHHS  COKpAILCHHUS

TPY03aTpaT, MOBBIIICHHS KauecTBa TECTUPOBAHUS U
obecrieueHns MaKCUMaJIbHOTO TOKPBITUS TpeOOBaHUI
M KoJa TectaMmu. JlanpHEHIIne HCCIeIOBaHMs B 9TOM
HanpaBjIeHUH JOJDKHBI OBITh C(HOKYyCHPOBaHBI Ha
pa3paboTke MPAKTUISCKUX METOAUK M HHCTPYMEHTOB
UL MHTETpallMyd  pasiM4HBIX  MOAXOIOB K
ABTOMATH3allM TECTUPOBAHUS B paMKaxX EIHHOrO
nponecca paspaborku I10, a Tarke Ha CO3AaHHU
PEKOMEHJAMH MO0 WX BHEIPCHHIO C  YYETOM
crielin(pUKNA KOHKPETHBIX MPOEKTOB U OpraHU3aLuil.
Pe3ynbraThl CTaTHCTHYECKOTO aHalIM3a AaHHBIX,
MOJIyYEHHBIX B XOJIe HKCIIEPUMEHTOB M W3 OTYETOB
KOMIIaHHUH, CBHUJETENbCTBYIOT O  3HAYUTEIHLHOM

BIIMAHUHA BI)I6paHHOFO noaxoaga K aBTOMaTU3allUuK
TCCTUPOBAHMA Ha TaKUEC II0OKa3aTCjiu, KaK BpEMA

pa3pa60TKH TECTOB, CTOUMOCTD TCCTUPOBAHMA,
NOKpBITUE KOJa H TpeﬁOBaHI/Iﬁ TE€CTaMH, a TaKXe
KOJIMYCCTBO BBISIBJICHHBIX )Ie(l)eKTOB. TaK,

UCTIONB30BAaHIE METOIOB HCKYCCTBEHHOTO HHTEIIIIEKTa
IUIL TCHEpaIllid TECTOBBIX JAaHHBIX M CLECHApUEB
MTO3BOJISIET COKPATUTH BpeMs pa3paboTKu TecToB Ha 30-
40% 1O CpaBHEHMIO C PYYHBIM IIOJXOIOM, IPH 3TOM
obecrieunBas TOKpHITHE Koma Ha ypoHe 90-95%.
[Tpumenenne MOJIETIbHO-OPUEHTHPOBAHHOTO
TECTUPOBAaHHS  JaeT  BO3MOXKHOCTH  YBEJIHYHTh
MOKpBITHE TpeOoBaHul Tectamu 10 98,5% U BBIABUTH
Ha 45% Ooxpuie geeKTOB, YEeM IPH PYyYHOM
TECTUPOBAaHHUHU, IIPH ITOM 3aTparbl Ha pa3paboTKy
MoJieJield ¥ TeHEPaIMIO TECTOB COCTABIISIIOT JIUIIb 25%
oT 0011ero o0bemMa Tpy103aTpaT Ha TECTUPOBAHUE.

CpaBHUTEIBHBIN aHaJH3 s pekTuBHOCTH
Pa3IMIHBIX HWHCTPYMEHTOB aBTOMAaTH3alUuI
TIOKAa3bIBACT, qTO HCTIONIb30BaHHE

CHCIHANM3APOBAHHBIX HHCTPYMEHTOB, TaKHX KakK
Appium 1 MOOWIBHBIX TPHIOKCHHUH, IO3BOJISACT
MOBBICUTH MPOU3BOIUTEIHHOCTh TeCTUpOBaHuUs Ha 40-
50% u yBeNnHYHUTh CTAOMILHOCTH TecTOB Ha 20-30% mo
CPaBHEHMIO C YHHUBEPCAJbHBIMU HHCTPYMEHTaMH,
TakuMH Kak Selenium. [Ipu aToM cpequuii mokaszarenb
CTaOMIBHOCTH aBTOMAaTU3UPOBAHHBIX TECTOB,
pa3paboTaHHBIX € TMPUMEHEHHUEM TPaJULMOHHBIX
MoAX0M0B, cocTaBisier 75-80%, B TO BpeMs Kak Ui
TECTOB, CO3JAaHHBIX HAa OCHOBE HMHHOBAI[MOHHBIX
METOJI0B, OTOT IoKazaTedab pgocturaet 90-95%.
CKOpOCTD BBHINIOJIHEHHSI aBTOMAaTH3UPOBAHHBIX TECTOB
B CpeHeM B 3-5 pa3 MpeBBIAET CKOPOCTh PYyIHOTO
TECTHPOBAHUS, TIPH 3TOM TECTHI, CTCHEPHPOBAHHBIC C
HUCIMOJIb30BaHUEM nn W MO/IEIbHO-
OPHEHTHUPOBAHHOTO TMOAXO0Ja, BBINONHAIOTCA Ha 20-
30% ObIicTpee, ueM TeCThl, pa3pabOTaHHbIC BPYUIHYIO.

N3meHeHne RPE owmnbkn B 3aBUCMMOCTIM OT OMHAMUKK Cpelbl
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Pucynok 3. Usmenenue RPE owubxu 6 3agucumocmu om cpeosi

AHanu3 3KOHOMHYECKHUX MOoKa3areyeld BHEIPEHUs
aBTOMAaTH3ALMH TECTUPOBAHUS JIEMOHCTPHUPYET
BBICOKYIO PEHTaOEIbHOCTh WHBECTHINH, KOTOpas B

cpemaeM cocraBisier 250-300%, a IS TPOEKTOB,
UCIIONB3YIOMINX HMHHOBAI[MOHHBIE MOAXObI, MOXET
nocturate  400-500%. DOxoHoMums  3aTpaT Ha
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TECTUPOBAHKE 3a CYET aBTOMATU3ALIMU BApbUPYETCS OT
30% 1o 70% B 3aBUCHMOCTH OT CHEUU(PHUKH POEKTa U
BBIOPaHHOTI'O 1TOJIX0/1a, IPH ATOM HanOombIHid 3hhexT
JIOCTHUTAeTCsl NP KOMOWHMPOBAHHOM HCIIOJIb30BaHUHU
Pa3IMYHBIX METOZOB U HHCTPYMEHTOB.

PezynbraTs! PErpecCHOHHOTO aHamn3a
3aBHCHMOCTH 3¢ PEKTHBHOCTH AaBTOMATH3aIHN
TECTUPOBAHUS OT XapaKTEPHCTHK MPOEKTa Pa3pabOTKH
II0 mnoka3eIBalOT, dYTO HaWOOJIeE 3HAYMMBIMH
(hakTOpaMH SABIAIOTCS pa3Mep U CIOKHOCTH CHCTEMBbI
(ko3 pumment nerepmunanmu R? = 0,68), creneHb
¢dopmanmzaruu  TpedboBanuii (R = 0,57) wm
KBanugukanus komaHasl TectupoBanus (R? = 0,52).
I[Ipn sTtoM st HEOOJBLIMX IPOEKTOB C XOPOLIO
orpezieJIeHHBIMU TpeOoBaHUsIMHU Ooliee () (HEKTUBHBIM
SBJISIETCS MCIIOJIb30BaHNE TPAJUIIMOHHBIX MOIXO0JI0B K
aBroMaruzanuu (ko3¢ duimeHt xkoppemsiiuu r = 0,75),
B TO BpeMs KaK JUII KPYITHBIX M CIOKHBIX ITPOEKTOB
NPEANOYTUTEIBHO  NPUMEHEHHE  HHHOBAI[MOHHBIX
METOJIOB, TAaKMX KaK MOJAEIbHO-OPHEHTHPOBAHHOE
tectupoBanue u U (r = 0,82).

Takum o0Opa3oMm, TOJTyYEHHBIE PE3yIbTaThI
MO3BOJISIIOT ~ COPMYJIMPOBATh  PSAJ  MPAKTUUECKHX
PEKOMEHAAIMH 110 BEIOOPY ONTUMAaJIbHOTO MOAX0Aa K
AaBTOMATH3allMM TECTHPOBAHUS B 3aBUCHMOCTH OT
cnenu(UKA KOHKPETHOTrOo mpoekra paspadotku I10.
Jln1st HeOONBUINX MPOESKTOB C XOPOILIO ONpeIeICHHBIMU
TpeOOBaHMSIMA W OTPaHUYEHHBIMH  pecypcaMu
11e7IeCO00Pa3HO UCIIOIb30BaTh TPAJUIIMOHHBIE METOBI
aBTOMATH3alMM, Takue Kak  (YHKIHOHAJIbHOE
TECTUPOBAaHHE C  INPUMEHEHHEeM  (pelMBOPKOB
Selenium wmm QTP. [lns cpemHMX © KpPYHHBIX
MPOEKTOB C BHICOKMMH TPEOOBaHMSIMH K KauecTBY U
cpokaM pa3paboTku Ooiee JPPEKTHBHBEIM OyaeT
NPUMEHEHNEe MHHOBAIIMOHHBIX IIOJIXOJIOB, TaKHX Kak
MO/ICJIbHO-OPHUEHTHPOBAHHOE TECTUPOBAHUE,
reHepalus TecToB Ha ocHoBe MU 1 koMOHHNpOBaHHOE
UCIIOJIb30BaHHE PA3JIMYHBIX METOJIOB U HHCTPYMEHTOB.
[Tpu 5TOM BHeIpeHHe aBTOMATH3al[MM TECTHPOBAHUS
JIOJDKHO OCYIIECTBIISITHCSL MTOJTAITHO, C MOCTETICHHBIM
YBEIMUYCHHUEM IO ABTOMATHU3HPOBAHHBIX TECTOB M

HEMPEPbIBHBIM MOHHUTOPHUHIOM KJIFOUEBBIX
nokasateneil 3GPEKTUBHOCTH, TAKHX KaK TOKPHITHE
Koja W TpeOOBaHWA  TecTamMu,  KOJIMYECTBO
BBISIBIICHHBIX 1e(DEKTOB M BpeMs BHIITOIHCHHS TECTOB.
3akirroueHne
IIpoBeaeHHOE HCCIICAOBAHKME IIOKA3aj0, YTO
aBTOMAaTHU3alIuA TCCTI/IpOBaHI/Iﬂ HpOT‘paMMHOFO

obecrieueHns ApnseTcs 3P(HEKTUBHBIM HHCTPYMEHTOM
MOBBILICHHST KayeCTBAa W  COKpAIEHHsS CPOKOB
pa3paboTku I10. CpaBHUTENBHBIN aHam3
TPAIUIMOHHBEIX ¥ HWHHOBAIIMOHHBIX IIOJXOJIOB K
ABTOMATH3allMd TECTHPOBAHUS IPOJIECMOHCTPUPOBAI,
YTO K&XKIBIH W3 HUX HMMEET CBOM IPEHMYINECTBA U
OTpPaHUYEHUS, a BBHIOOP ONTHMAIBHOTO TIOAXOJA
3aBUCUT OT CHEHU(UKH KOHKPETHOTO IPOEKTa
pa3paboTKH.

Tpa}II/IHHOHHBIe METOAbI aBTOMATHU3allUMH, TAKHC
KakK (hyHKIIMOHATIFHOE TECTHPOBAaHUE c
ncnoib3oBanneM (peiimBopkoB Selenium wiu QTP,
00eCTIeYynBaOT BO3MOXXHOCTH OBICTPOTO  CO3/IaHUS
ABTOMATH3MPOBAHHBIX TECTOB [UII PErPECCHOHHOTO
TECTUPOBAaHHUS M XapaKTEpPHU3YIOTCS OTHOCHTEJILHOM

IIPOCTOTOM BHEAPEHUS U UCHOAb30BaHUs. OJJHAKO OHU
HUMEIOT OTpPaHMYCHHBIE BO3MOXKHOCTH OOHapY>KEHUS
JedexToB Ha YpOBHE OM3HEC-JIOTUKU u
TI0JIb30BaTENILCKOTO MHTepdeiica, a Takke TpeOyloT

3HAQUUTEJBHBIX  TpyJO3aTpaT Ha pa3paboTky U
MOJJIEPXKKY TECTOBBIX CKPHUITOB. VIHHOBaIlMOHHBIC
TIOJXOIBI, OCHOBaHHBIC Ha MIPUMEHEHUN
HCKYCCTBEHHOTO MHTEJIIEKTa, MOJIENTbHO-
OPHEHTHPOBAHHOTO TECTHPOBAaHMSA W TEHEPaLUH

TECTOB Ha OCHOBE (OPMAIBHBIX CHEIU(UKAIIIIH,
MIO3BOJISIOT CYIIECTBEHHO ITOBBICUTH 3 (HEeKTHBHOCTD 1
KauecTBO TECTUPOBAaHMUs 3a CuUeT aBTOMAaTH3aLUU
MIPOLIECCOB CO3/IaHUs TECTOBBIX JAAHHBIX, CLIECHAPUEB U
opakynoB. VX ncrnonbp3oBaHue 00eCreYnBacT BBICOKUI
YPOBEHb TIOKPHITHSI KoJa M TPeOOBAaHMH TeCcTaMHy,
CHIDKAeT TPYHOEMKOCTh pa3paboTKU M MOIIECPIKKU
TECTOB, a TaKX€ IOBBIIIAET BEPOSTHOCTH BBISBICHUSA
nedexkToB Ha paHHHMX craausx paspadorku. OmxHaKo
BHEJIPEHHE WHHOBALMOHHBIX MOAXOAOB TpeOyeT
Halu4gusl y KOMaHIBl pa3pabOTKH cHenn(pUIECKUX
3HAHWH M HaBBIKOB, a TaK)Ke MPEABSIBISET BHICOKHE
TpeOOBaHMS K Ka4deCTBY M IIOJHOTE CIEIM(UKAINI
TpeOoBaHUil.

Pe3ynbpTaThl SKCIIEPUMEHTOB M aHAJIN3a OTYETOB
KOMIAHUH  MOKa3aliu, YTO  KOMOMHHMpPOBaHHOE
HCIIOJIb30BaHUE Pa3NUYHbBIX IIOJIXO/10B K
aBTOMAaTHU3allMHd TECTUPOBAHMSA IO3BOJSAET JOCTHYb
HAWITY4IINX Pe3yIbTaTOB C TOUKU 3PEHUS COKpPAIIEHUS]
BPEMEHH M CTOMMOCTH TECTHPOBAHHMS, IOBBIIICHUS
TIOKPBITHSA KOJa M TpPeOOBAaHWH TecTaMM, a TaKKe
YBEIMYEHUS] KOJIMYECTBAa BBIABISIEMBIX Je(heKTOB.
[IpennoxeHHbIN B paMKax MCCIEAOBaHUS THOPUIHBIN
MOJIX0J], COYETAIONMHA HPUMEHEHNE TPAIUIIMOHHBIX
METO/OB ISl PETPECCHOHHOTO TECTUPOBAHUS U
WHHOBAIIMOHHBIX TOAXOJO0B I TeHEPaI[iH TECTOBBIX
CIICHapHeB " aHanmm3a pe3yIbTaToB,
IPOJIEMOHCTPHPOBAIl  BBICOKYIO 3(Q(PEKTUBHOCTh B
npoekTax  pas3paboTku  BeO-mpunoxenwit.  Ero
UCTIOJIB30BaHME TO3BOJIMIO COKPATHTh TPYA03aTPAThI
Ha TecTHpoBaHue Ha 25-30%, MOBBICUTH MOKPBITHE
koma TectamMu 10 95-98% wu BeiBUTHL Ha 20-45%
OoubIe JIe)eKTOB M0 CPABHEHHUIO C TPAJUIIMOHHBIMU
TIOJIXOJIAMH. [Moxyuennsie pe3yJbTaThl "
PEKOMEHIAMM ~ MOTYT  OBITH  HCIIOJIb30BaHBI
OpraHM3alMsIMH, 3aHUMalOKUMucs paspadorkoit 10,
JUIA  ONTHMH3ALMU MPOIECCOB TECTUPOBAHHUS U
MOBBIIIEHUS] ~ KadecTBa  KOHEYHOIO  MPOAIYKTa.
JlanpHelIme uccie0BaHus B 3TOM 00JIACTH JIOJKHBI
OBITH HaNpaBJICHB! HA Pa3pabOTKy METOM0IOTHIECKOH
W HWHCTPYMEGHTAJIBHOW  TOIJNEPKKH  BHEIPEHUS
THOPHUIHBIX TOJTX0/I0B K aBTOMaTH3aINN
TECTUPOBAHUs, a TaKXKe Ha U3yueHHe BO3MOXKHOCTEH
TIPUMEHEHHNST HOBBIX TEXHOJIOTHH, TAaKMX KaK OoJbIIne
JlaHHbIE, MallIMHHOE 00yYeHNE U MHTEPHET BelleH, IS
COBEpILEHCTBOBAHUS IIPOLIECCOB obecrieueHus
kauectsa [10.
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MaCCOBBIX KOMMyHHKaHHﬁ.

Xynoxnuk: Banerun Apcenuii Ilerpouy
Bepcrtka: Kypnatosa lpuna AnekcanapoBHa

AJlpec pefakiuu:
198320, Cankr-IlerepOypr, 'opox KpacHoe Ceino, yn. 'eonornueckas, 1. 44, k. 1, nurepa A
E-mail: info@euroasia-science.ru ;
WWW.euroasia-science.ru

VYupenntens u nzgarens OO0 «Jlornka+»
Tupax 1000 2x3.



