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Earthquake disasters and countermeasures-the case of japan,
hachinohe

AKkira Hasegawa

Hachinohe Institute of Technology, Hachinohe, Japan

E mail: ahasegawa 0402 @gmail.com

Abstract. On December 8, 2025, a major earthquake struck off the eastern coast
of Aomori Prefecture, causing severe damage in Hachinohe City and
surrounding areas. The event highlighted the vulnerability of regional
infrastructure, economic activities, and local communities to seismic and
tsunami hazards. This study examines the impacts of the earthquake on
transportation facilities, communication networks, residential districts, public
utilities, and social systems. Using Hachinohe as a representative case study, the
paper reviews historical experiences with earthquakes and tsunamis in Japan,
the geophysical mechanisms responsible for their occurrence, and the
strategies implemented to reduce disaster-related losses. Particular attention
is given to the resilience of critical infrastructure, emergency response
operations, evacuation procedures, and post-disaster recovery processes. The
research also evaluates the effectiveness of existing disaster management
policies and community-based preparedness programs. Furthermore, the study
discusses potential challenges associated with future environmental and socio-
economic changes, including population decline and climate-related risks.
Based on the findings, recommendations are proposed for strengthening
disaster preparedness, improving risk mitigation measures, enhancing
infrastructure resilience, and supporting sustainable regional development in
earthquake-prone coastal regions.

Keywords: earthquake disaster, tsunami, Hachinohe, seismic resilience,
disaster mitigation, infrastructure damage, emergency response, regional
sustainability, Pacific Plate subduction, disaster recovery.
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Introduction

On December 8, 2025, shortly after 11 PM, I felt a strong tremor. | was in bed in my bedroom,
waiting for the shaking to subside, as I feared my house might collapse. Fortunately, there was no
power outage, so | immediately turned on the television. Within minutes, an earthquake alert was
broadcast. The epicenter was off the coast east of Aomori Prefecture, and the maximum seismic
intensity in Hachinohe was recorded as higher 6. A tsunami warning was issued, and evacuation
orders were given to move away from the sea. Many residents living near the coast evacuated to
higher ground on a cold winter night.

Fig.1 shows the damage to the top of the viaduct piers of the Hachinohe Line railway. Due to
this damage, the Hachinohe Line was unusable, but it was restored and operations resumed three
weeks after the disaster. Fig.2 shows a communication tower with a fractured vertical member.
Because there was a risk of collapse, and concerns about the tower's collapse after the earthquake,
surrounding residents evacuated, and surrounding roads became impassable. Repairs were
completed 18 days later, the evacuation of surrounding residents ended, and life returned to
normal. In the city center and some residential areas, buildings have been damaged and repairs
are underway.

Off the coast of Hachinohe, the Pacific Plate is subducting beneath the continental plate at a
rate of several centimeters per year. * The strain energy generated at this plate boundary is the
cause of major earthquakes occurring every few decades. The mechanism of these earthquakes has
already been elucidated, and improvements are being made, albeit slowly, to mitigate the damage
caused by earthquakes and tsunamis resulting from this activity.

Japan, including Hachinohe, has repeatedly suffered from earthquakes and tsunamis. Using
Hachinohe, where the author lives, as an example, this study examines how society has responded
to these earthquakes and tsunamis, protecting livelihoods and industries, and considers what
challenges should be faced and how they should be resolved in the face of future regional
environmental changes.

Figure 1. Viaduct pier of Railway in Hachinohe Figure.2. Tower with a broken vertical member
Japan Meteorological Agency: The mechanism of earthquake occurrence
https://www.jma.go.jp/jma/kishou/know/jishin/jishin/about_eq.html
The earthquake that occurred on December 8, 2025, had a seismic intensity of higher 6 as the
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Earthquake disasters and countermeasures-the case of japan, hachinohe

maximum seismic intensity and occurred off the coast of eastern Aomori Prefecture. This area off
the coast of eastern Aomori Prefecture is located at the boundary between the Pacific Plate and the
continental plate, and the phenomenon of the Pacific Plate subducting beneath the continental
plate continues. "Around Japan, the oceanic plates, the Pacific Plate and the Philippine Sea Plate,
are moving towards the continental plates (North American Plate and Eurasian Plate) at a speed of
several centimeters per year, subducting beneath the continental plates." * Fig.3 is a distribution
map of earthquakes that occurred near Japan in 50 years (1960-2011). It shows that many
earthquakes have occurred along the boundaries of each plate.
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Figure 3. A distribution map of earthquakes that occurred near Japan in 50 years (1960-2011)
From Japan Meteorological Agency(JMA)
*Japan Meteorological Agency: The mechanism of earthquake occurrence
https://www.jma.go.jp/jma/kishou/know/jishin/jishin/about_eq.html

Therefore, the area around Japan is subjected to complex forces from multiple tectonic plates,
making it one of the most earthquake-prone regions in the world. This generates significant strain
energy at the boundary, and the release of this energy frequently causes earthquakes. Between
2011 and 2024, 1971 earthquakes of magnitude 6.0 or greater occurred worldwide, of which 328
(16.6%) occurred in Japan*.

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 9
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Figure 4 shows earthquake information published in real time on the Japan Meteorological
Agency website. It shows earthquakes that occurred around Japan within 24 hours from 11:00 AM
on March 1, 2026. While it shows that many earthquakes occurred, many of them occurred near
the plate boundary.

The epicenter of the earthquake that occurred on the Pacific side of eastern Japan on March 11,
2011, was located south of the current location. Because a large amount of energy was released
simultaneously at multiple locations, it became a massive earthquake with a magnitude of 9.0 (Mw)
and a maximum seismic intensity of 7, generating a large tsunami. This earthquake resulted in over
20,000 deaths, and even 15 years later, recovery, including damage to nuclear power plants, is still
ongoing.

A ZeT 2026 03B 01E11:00352026 035 02811100

Depth[km]

0 10 20 30 50 100 200 700

000 : | — A
» 4R 1B 258 118§ 2651‘1@} | 278116 28R 1B ﬂ Wg @
[ 300 km ,} . _ﬁ' © Japan Meteorological Agenc
Figure 4. Earthquakes that occurred within 24 hours of 11:00 AM on March 1, 2026
From Japan Meteorological Agency
*Ministry of Land, Infrastructure, Transport and Tourism
https://www.mlit.go.jp/river/toukei_chousa/kasen_db/pdf/2025/2-2-3.pdf

https://www.jma.go.jp/bosai/map.html#5/37.079/136.084 /&contents=hypo

While magnitude, an indicator of earthquake energy, is used globally, seismic intensity, which
represents the strength of shaking in various locations caused by an earthquake, is expressed
differently from country to country. In Japan, the Japan Meteorological Agency uses a 10-level
seismic intensity scale shown in Table 1. Each level of seismic intensity corresponds to a
corresponding level of human experience and corresponding actions. Seismic intensity 1
represents the lowest level of seismic intensity felt by humans, and seismic intensity 7 represents
the highest level. Instrumental seismic intensity is calculated from the three components of the

10 Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



Earthquake disasters and countermeasures-the case of japan, hachinohe

acceleration waveform recorded by seismometers at installation points using a predetermined
procedure including a Fourier transform. It is measured approximately a few minutes after the
earthquake occurs and communicated to the public through television, radio, and the website.

Figure 5 shows earthquakes with a maximum seismic intensity of 1 or higher that occurred
during the week from February 21st, plotted with the magnitude as the diameter. 45 earthquakes
occurred during this period. This kind of information can be found on the Japan Meteorological
Agency's website. The area around Hachinohe City experiences approximately one earthquake per
day.

Table 1 Seismic intensity scale, Measured seismic intensity. and Human Experiences and

Behavior in Japan *The author translated the Japan Meteorological Agency's materials

Seismic Measured
intensity seismic Human Experiences and Behavior
scale intensity I

1<05 People do not feel the shaking, but it is recorded on

' seismographs.
0.5<] <1.5 nge people who stay quiet indoors may feel a slight
vibration.
15<]<2 5 Most people who stay quiet indoors feel the vibration.

Some sleeping people may wake up.

Most people who stay quiet indoors feel the vibration.
2.5<I<3.5 |Some people who are walking may feel the vibration. Most
sleeping people wake up.

Most people are startled. Most walking people feel the

3.5<I<4.5 vibration. Most sleeping people wake up.

10;1;(135 4.5<[<5.0 Most people feel fear and want to hold on to things.

Most people have difficulty walking without holding on to
5.0<I<5.5 [things, or experience other problems with their
movements.

Lower6(6L) 5.5<I<6.0 [Standing becomes difficult.

Standing becomes impossible, and people can only move
by crawling. People are thrown into disarray by the
shaking, unable to move, and may even be blown away.

6.0<I<6.5

6.5<I

Figure 6 shows the number of earthquakes with seismic intensity of 1 or higher that occurred
in Japan during the 10-year period from 1996 and the 10-year period from 2016 (20 years later).
Hereafter, the former data will be referred to as the 1996 data, and the latter as the 2016 data. The
horizontal axis represents the number of earthquakes from seismic intensity 1 to 7, and the vertical
axis represents the number of earthquakes on a logarithmic scale. The two curves are similar, but

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 11
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the 2016 data shows more earthquakes with seismic intensity 6U and 7, which cause significant
damage. For the maximum seismic intensity of 7, there was one in the 1996 data, but four in the
2016 data.

QSRT BET—2~<—ZBR

o WEOREBEHE | 2026/02/21 00:00 ~ 2026/02/27 23 59
- BRERURY : 5BR (RROREAFOHLLVE THRE)

Figure 5. Earthquakes with a seismic intensity of 1 or higher in 24 hours (from Feb. 21, 2026,
to Feb. 27,2026) in Japan. By Japan Meteorological Agency:
https://www.data.jma.go.jp/eqdb/data/shindo/index.html

When approximation lines showing the relationship between maximum seismic intensity and
the number of earthquakes are inserted, it is shown that the slope of the 2016 data is gentler,
indicating that higher intensity earthquakes occurred in the 2016 data. The number of earthquakes
in each 10-year period was 33,659 in the 1996 data and 24,376 in the 2016 data, with the total
number of earthquakes in the 2016 data decreasing by 72.4%. The average daily occurrence rate
was 9.2 times in 1996 and 6.7 times in 2016.

100000
@ . |y = 85585e1-263« m— 1996
< 10000 [ m— 2016
é- ......... Expon. (1996)
T 1000 (Wecee, e Expon. (2016)
A (N
s w0 §8 A8 AR B - v, Y = 415981109
@ TP
_g e
2 10 II II II..::::.. :
1 'II
1 2 3 4 5L 5U 6L 6U 7

Maximum of Earthquake Intensity

Figure 6. Maximum seismic intensity and number of earthquakes: 10-year period from 1996

and 2016
Figure 7 shows the maximum seismic intensity and number of occurrences of earthquakes that
caused human casualties in Japan over the past 10 years, from 2016. There were 49 earthquakes
that caused human casualties, which averages out to 4.9 per year. Over the 10 years, there were 17
earthquakes with a maximum seismic intensity of 6L or higher, averaging out to 1.7 per year.
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Comparing the maximum seismic intensity and the number of fatalities, there were 9 occurrences
of 6L with 4 deaths, 4 occurrences of 6U with 4 deaths, and 4 occurrences of 7 with 962 deaths. It
can be seen that earthquakes with a maximum seismic intensity of 7 caused many deaths in a single
earthquake, resulting in significantly different damage compared to earthquakes with a seismic
intensity of 6U.
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Figure 7. Maximum Earthquake Intensity and Number of Earthquakes from 2016 to 2025
The numbers are from https://www.data.jma.go.jp/eqev/data/higai/higai1996-
new.html#higai2006

Figure 8 compares the number of earthquakes resulting in human casualties, categorized by
maximum seismic intensity, over a 10-year period from 1996 to 2016. Here, human casualties refer
to people injured or Kkilled by the earthquake. While the number of earthquakes with a maximum
seismic intensity of 5L or higher remains roughly the same, the number of earthquakes with a
maximum seismic intensity of 4 differs significantly. This requires verification of the number of
earthquakes with a maximum seismic intensity of 4, but assuming similar earthquake patterns in
the two periods, it suggests that earthquakes resulting in human casualties in 1996 were able to
decrease in 2016.

Figure 9 is a figure that adds the percentage (line graph) of earthquakes causing human
casualties to the total number of earthquakes (including those without human casualties), to Figure
7, which shows the number of earthquakes that caused human casualties. Both the 1996 and 2016
data show that the rate of human casualties increases with increasing maximum seismic intensity,
reaching 100% at seismic intensity 7. Comparing the 1996 and 2016 data, the rates are similar for
each category: 6U (50% and 67%), 6L (56% and 64%), 5U (36% and 38%), and 5L (22% and 24%).
However, the 2016 data shows higher rates in all categories. On the other hand, for seismic intensity
4,the rates are 4.4% and 0.38%, a decrease of approximately 1/10 compared to the 2016 data. This
suggests an improvement in disaster prevention capabilities against earthquakes with a maximum
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seismic intensity of 4, but it is necessary to acknowledge that improving disaster prevention
capabilities against earthquakes with a maximum seismic intensity of 5 or higher remains a
challenge.

40
W 10 years from 1996
w30
oY M 10 Years from 2016
L ©
2 B0
<
wio I
4 U

5L 5U 6L 6
Maxmum Earthquake Intensity
Figure 8. Maximum Earthquake Intensity and Number of Earthquakes 10 years from 1996
and 2016

Regarding damage to houses, between 1996 and 2010 there were 5,238 completely destroyed
and 24,780 partially destroyed or slightly damaged, while between 2015 and 2010 there were
16,054 completely destroyed and 409,608 partially destroyed or slightly damaged, with the
damage between 2015 and 2010 being overwhelmingly greater. It is necessary to understand that
this is due to the difference in the number of earthquakes with a maximum seismic intensity of 6U
and 7, and that even earthquakes with the same maximum seismic intensity of 7 can be of different
magnitudes.
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Figure 9. Maximum Earthquake Intensity and Number of Earthquakes
Percentage of earthquakes that resulted in human casualties in 1996 and 2016 (%)
In Japan, throughout history, numerous disasters have repeatedly occurred, causing significant
damage to the lives of citizens and communities.
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Rikuzentaka city in Iwate Pref.

- TR T

Otsuchi Town in Iwate Pref.

Sep. 2025 Google Ert

Figure10. Damage by the 2011 Tohoku Region Pacific Ocean offshore Earthquake Earth

*Ministry of Internal Affairs and Communications, Document I: Number of Deaths and
Housing Damage by Prefecture in the Great East Japan Earthquake (as of March 1, 2025)
https://www.fdma.go.jp/publication/hakusho/r7/items/part7 section2.pdf
Among these, earthquakes have been devastating lives and property, destroying houses and
infrastructure, and wiping out people's livelihoods and industries. Each time, people have strived
to protect themselves from earthquakes by implementing earthquake-resistant urban planning
and evacuation plans.
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However, the 2011 Tohoku Region Pacific Ocean offshore Earthquake (magnitude Mw9.0 on
March 11, 2011) not only caused damage from the earthquake itself, but also resulted in the
subsequent massive tsunami, which claimed many lives, homes, factories, fishing boats, and entire
communities. Furthermore, in Fukushima Prefecture, the radiation damage from the nuclear
power plant meant that even after the threat of earthquakes and tsunamis subsided, the
surrounding areas remained uninhabitable for a long period. Looking at the recovery of disaster-
stricken areas excluding those around nuclear power plants, much of the social infrastructure, such
as seawalls, roads, and elevated ground, which were planned to be completed within 10 years of
the disaster, has already been completed. However, 15 years have passed, and the original
population has not returned.

Figure 10 shows aerial photographs of Rikuzentakata City and Otsuchi Town, which face the
Pacific Ocean and suffered significant damage from the tsunami, before the disaster, immediately
after the disaster, and 15 years later. In Rikuzentakata City, the population decreased by 23% in 10
years after the disaster, and in Otsuchi Town, it decreased by 29%. Considering that the population
decrease in Hachinohe City during the same period was 6%, this represents a significant
population decline. This means that even if social infrastructure is prepared, people's hearts and
communities do not recover in the same way as things are rebuilt. Recovery takes a long time. Also,
as can be seen in Fig.10, although ground elevation was carried out in coastal areas after the
disaster, the land use situation is different compared to the situation before the disaster. This
situation highlights the importance of earthquake preparedness and minimizing damage, which
are crucial social issues.

The Ministry of Internal Affairs and Communications has reported the following damage from
this earthquake: 19,782 deaths, 2,550 missing persons, 6,242 injured, 122,053 houses completely
destroyed, and 284,074 houses partially destroyed. *

Furthermore, it has been reported that high-rise buildings in areas far from the epicenter
shook significantly during this earthquake. This is thought to be due to the long-period components
of seismic waves transmitting over hundreds of kilometers, causing resonance with high-rise
buildings that have long natural periods. Currently, information regarding long-period ground
motion that causes such phenomena is also being provided to the public.

1. Before 2011 (Top), March 2011 immediately after the disaster (middle, and Sep.2025, 15
years after the disaster (Lower).

2. The left side is Rikuzentakata city, the right side is Otsuchi town. The tsunami run-up height
was 40m at Rikuzentakata, and it was 21m at Otsuchi

3. The photos before and immediately after the disaster are from Tohoku Construction
Association materials, and the photo 15 years after the disaster is from Google Earth.

The methodology
Table 2 summarizes the date, time, name, and damage overview of major earthquakes that
occurred around Hachinohe in the last 50 years. The four earthquakes that caused significant
damage to the Hachinohe region in the last 50 years are the 1968 Tokachi offshore earthquake, the
1994 Sanriku far offshore earthquake, the 2011 Tohoku Region Pacific Ocean offshore earthquake,
and the 2025 Aomori Prefecture Eastern offshore earthquake. Fig.11 shows the location of each
epicenter. The following can be understood from these tables and figures;
1. Frequency of major earthquakes: Major earthquakes with epicenters off the coast of
Hachinohe occurred in 1968, 1994, and 2025, with intervals of 26 and 31 years. This
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suggests that strain energy accumulating near plate boundaries leads to rupture after
approximately 30 years.

2. In contrast, the 2011 earthquake occurred in a wider area south of Hachinohe. The
possibility of such an earthquake occurring over a wide area is considered extremely rare
compared to localized earthquakes like those off the coast of Hachinohe. The maximum
seismic intensity is greater than that of the 1968 earthquake. This is thought to be due to
the larger magnitude of the earthquake.

3. Comparing the 1994 and 2025 earthquakes, which have similar magnitudes and maximum
seismic intensity, the 1994 earthquake had a magnitude of 0.1 greater, resulting in greater
damage and a wider area of impact. However, the damage from the 2025 earthquake seems
to be less than in the past. This may be because we have experienced many earthquakes,
and each time we have considered disaster prevention, leading to improved building
strength and successful results in evacuation drills and other measures. In the case of
structural damage, the natural frequencies of the ground and structures can be related to
the magnitude of the damage, so it is necessary to evaluate them in conjunction with the
characteristics of each seismic wave.
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Figurell. Epicenters of Big Earthquakes near Hachinohe
Figure 12,13, and 14 show the damage caused by earthquakes and tsunamis in Hachinohe City
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in 1968, 1994, and 2011, respectively.

Table 2 Major earthquakes that occurred around Hachinohe in the last 50 years
The 1968 Tokachi offshore earthquake, May 16,1968, Magnitude Mw8.2
Seismic Intensity 5 at Hachinohe, Hakodate, Morioka, etc.
Main damage Tsunami of 5m, 52 dead or missing, 330 injured, landslides
(heavy rain the day before), railway damage and closure
The 1994 Sanriku far offshore earthquake, Dec. 28, 1994, Mj7.6
Seismic Intensity 6 at Hachinohe, Tsunami 55cm at Miyako
Main damage 3 dead due to building destruction, 788 injured, 72
buildings completely destroyed, deaths
The 2011 Tohoku Region Pacific Ocean offshore Earthquake, Mar. 11, 2011,
Mw9.0, the largest M in Japanese history
Seismic Intensity 7 at Miyagi Pref., 5U at Hachinohe.
Tsunami (Maximum height 9.3 m or more at Soma,
Maximum run-up height 40.1 m at Ryori Bay

Main damage The largest earthquake disaster in Japanese history: 22,318
dead, 2,553 missing, 6,242 injured, nuclear power plant
damaged.

The 2025 Aomori Prefecture Eastern offshore earthquake, Dec. 8, 2025, Mj 7.5

Seismic Intensity 6U at Hachinohe

0 deaths, 61 injured, buildings, overpass, and tower

Main damage

damaged.
Mw: Moment magnitude scale, Mj: Magnitude scale by Japan Meteorological Agency

Figure 12 shows the 1968 earthquake, which, due to heavy rainfall in the days leading up to it,
resulted in numerous ground-related disasters.

Figure 12. Damage by the 1968 Tokachi offshore Earthquake (Hachinohe City)
Left-Road collapse (Provided by Hachinohe City)
Center-Road collapse (Provided by Disaster Prevention Specialist Library)
Right-Damage to buildings (Provided by Disaster Prevention Specialist Library)
This suggests that earthquake damage can be compounded by other disasters. As mentioned
earlier, this earthquake caused significant damage to water pipes, which contributed to Hachinohe
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City becoming the birthplace of earthquake-resistant pipes.

Figure 13 shows the 1994 earthquake, which caused extensive damage to buildings such as the
city hall and schools in Hachinohe City. In January of the following year, 1995, the Great Hanshin
Earthquake caused significant damage to structures, leading to major changes in earthquake-
resistant building standards.

Figure 14 shows the 2011 earthquake, which brought a large tsunami to Hachinohe City.
Breakwaters designed to maintain harbor tranquility were destroyed, fishing boats moored in the
harbor were washed ashore, and beachfront restaurants were damaged. The height of the tsunami
that hit Hachinohe City was lower than that of Iwate and Miyagi prefectures to the south.

Figure 13. Damage by the 1994 Sanriku far offshore Earthquake (Hachinohe City) Left Slope
collapse (from Morioka Meteorological Observatory website), Center) Damage to buildings
(ibid.) Right Damage to buildings

Figure 14. Damage by the 2011 Tohoku Region Pacific Ocean offshore Earthquake and

Tsunami
(Hachinohe City) Left) Bottom of a fishing boat washed ashore in Hachinohe Port by the
tsunami (by author) Center) Overturned car. Offshore breakwater was destroyed in
Hachinohe Port. (Ibid.) Right) Damage to a restaurant near the coast (Ibid.)

Following the major earthquake, seismic reinforcement efforts have been underway. This
section describes the seismic reinforcement of social infrastructure implemented in the Hachinohe
area.

(1) Seismic Reinforcement of Water Supply Facilities:

In Hachinohe City, the water supply system suffered significant damage in the 1968 earthquake.
The main cause was that water pipe joints came loose due to ground deformation, leading to leaks.
As a result, the seismic resistance of water pipe joints was strengthened. The developed joints are
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based on a seismic isolation concept and are designed with large expansion and bending margins
to accommodate major earthquakes and poor ground conditions. Under normal circumstances, the
pipe body is not subjected to excessive force, and the joints can adapt to ground fluctuations. * In
addition, loop main lines of water pipes have been installed around the city, and main water pipes
have been installed so that even if some water treatment plants are damaged, the impact on the
water supply will be minimal. As a result, in subsequent major earthquakes, even if localized water
outages occur, a stable water supply to citizens has been possible. Furthermore, the development
and installation of earthquake-resistant water pipes in Hachinohe City began immediately after the
1968 earthquake, making them the first earthquake-resistant water pipes in Japan, and Hachinohe
City is considered the birthplace of earthquake-resistant water pipes.

In addition, following the 1994 Sanriku far offshore earthquake, in order to prevent large-scale
structural damage in the 1995 Hyogo Prefecture Southern Earthquake that occurred the following
month in January 1995, mainly in Kobe City, seismic regulations for various structures were revised
and seismic reinforcement work was carried out. For bridges, in addition to seismic reinforcement
of bridge piers, the installation of bridge girder collapse prevention devices has been carried out
in various places. In Hachinohe City, as shown in Fig.15, seismic reinforcement of bridge piers has
also been carried out mainly on important routes.

@ L£7.n &Y = U (;‘

Figure 15 Seismic reinforcement of bridge piers by PC panels
(2012, Yanagibashi Bridge, Hachinohe City)

Findings/Discussion

This section introduces some of the earthquake disaster prevention measures implemented in
Japan. While raising seawalls and strengthening structures are important, providing information
on earthquakes and tsunamis, as well as responding to disasters from the time of the event onward,
are also crucial activities.

Many citizens receive information through the Earthquake Early Warning system. Earthquake
waves consist of fast P-waves (approximately 7 km/s) and slow S-waves (approximately 4 km/s),
and this system utilizes the difference in their speeds. Since the strong waves that cause damage
are S-waves, the Earthquake Early Warning system detects P-waves and warns of an impending
earthquake before the S-waves arrive. For example, if detected 60 km away, it can provide 20
seconds of early warning. Because processing time for notification takes several seconds, if an
earthquake occurs nearby, the Earthquake Early Warning may only be issued after the earthquake
has arrived.

This warning is transmitted to citizens by the Japan Meteorological Agency via the internet
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(mobile phones), television, radio, etc. Although it's only for a short time, this allows us to have
information about the epicenter and magnitude of an earthquake, enabling us to prepare ourselves
physically and mentally. This observation is conducted at approximately 1,700 points nationwide.
The Earthquake Early Warning system is also working to quickly and accurately estimate the
epicenter and magnitude from data from a limited number of observation points.

Fig. 16 is a distribution map of locations where sea level fluctuations are observed to monitor
tsunamis. Information regarding tsunamis and storm surges is provided based on the data
observed here. When an earthquake occurs, the Japan Meteorological Agency immediately
estimates the magnitude and location of the earthquake, and based on this, determines the
expected tsunami height along the coast. Within minutes of the earthquake, a major tsunami
warning (expected maximum wave height of 3m or more), a tsunami warning (expected maximum
wave height of 1m to 3m), or a tsunami advisory (expected maximum wave height of 0.2m to 1m)
is issued for each region. The information provided includes the expected arrival time of the first
tsunami and the expected tsunami height.
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Figure 16 Tsunami observation points by JMA

Along with this basic information about tsunamis, information about expected damage and
actions to take will also be conveyed. For example, in the case of a major tsunami warning, citizens
will be informed via television, radio, and the internet that "A massive tsunami will strike,
completely destroying or washing away wooden houses, and people will be swept away by the
tsunami's current. People in coastal areas or along rivers should immediately evacuate to higher
ground or safe places such as evacuation buildings." Evacuation sites and routes will be prepared
and communicated to citizens by each municipality.

Fig.17 is a tsunami inundation forecast map, also known as a tsunami hazard map, provided to

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 21




Akira Hasegawa

citizens by Hachinohe City. It shows the inundation depth from past and future tsunamis, providing
preliminary information for evacuation.
In a tsunami disaster, 27 tsunami evacuation buildings have been designated as emergency and

temporary shelters for situations where evacuation to areas outside the predicted inundation zone
is not possible in time.
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Figure 17 Tsunami Hazard Map (Central Hachinohe City, 2025)
Differences in color indicate differences in tsunami water depth.

These include tall buildings such as elementary and junior high schools, shopping centers, and
factories in coastal areas, with cooperation from both public and private facilities. Additionally,
these include evacuation towers constructed specifically for tsunami evacuation in low-lying areas
without nearby higher ground. Fig. 18 shows one of the tsunami evacuation buildings constructed
in response to the tsunami damage caused by the 2011 Tohoku earthquake and tsunami. It is
equipped with necessary supplies for evacuation, such as drinking water, food, and heating
equipment. It is also sometimes used for disaster prevention meetings.
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Figure 18 Tsunami Disaster Prevention Center in Hacinohe
Constructed for tsunami evacuation purposes in a low-lying area with no nearby elevated
ground.

Evacuation drills are conducted to teach people how to respond during an evacuation. In Japan,
September 1st is designated as Disaster Prevention Day, and evacuation drills are conducted
around this time as part of disaster prevention training. These drills are organized by schools,
companies, and neighborhood associations, with support from local governments. The reason for
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choosing September 1st is that this is when Japan enters its windy season, and the country has
experienced severe flooding in the past. Fig.19 shows a disaster prevention drill conducted by
students of Hachinohe Institute of Technology in collaboration with the local community. It is
expected that experiencing these drills will enable people to respond more smoothly in the event
of a disaster, thereby reducing damage.

Figure 19. Disaster Prevention Drill (Joint Drill between HIT Students and the Local
Community)
o Left Water Discharge Training Conducted Under the Guidance of Firefighters
e Center Training in Evacuation Support for People with Disabilities, Experiencing
Evacuation Under Different Conditions (Wheelchair, Slope, Gravel Road)
¢ Right: Earthquake Experience on a Vibration Table: Earthquake Simulation Vehicle
mounted on a Car
In an earthquake or tsunami that is expected to cause damage, evacuation information will be
disseminated by each municipality via television, radio, and the internet. At home, lifelines may be
cut off, resulting in water outages, power outages, and other inconveniences. Evacuation centers
are typically local schools and community centers. While drinking water, food, and bedding are
provided, living in an evacuation center presents challenges regarding toilets and privacy. To
address these issues, mobile toilets (vehicles equipped with multiple toilets) and indoor tents may
be used. Fig.20 shows the locations of evacuation shelters in Hachinohe City. 80 locations have been
designated to suit the actual needs of the residents.

GoogleMy Mar

Figure 20. Google Maps showing 80 evacuation shelters in Hachinohe City during the 2011
Tohoku Region Pacific Ocean offshore Earthquake and tsunami. Schools and community centers
were among the facilities used as evacuation shelters.
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Life in evacuation centers is often inconvenient, and if the scale of damage is large and expected
to be prolonged, temporary housing may be prepared. While the average area per unit is a very
small 30 square meters, it provides access to water, sewage, electricity, gas, and heating, and allows
for a certain degree of privacy. Rentis generally free, and the period of stay is typically several years.
Fig.21 shows an example of temporary housing.

Afterward, some residents move out of emergency temporary housing as their homes are
repaired or they find new residences. For citizens who cannot find housing, local governments
sometimes provide permanent housing called "reconstruction housing." Reconstruction housing is
public housing developed by local governments with the aim of providing long-term housing for
people who have lost their homes in a disaster. The rent for this reconstruction housing is set lower
than that for regular housing. Because it is difficult for the elderly to find new housing,
reconstruction in aging areas is challenging.

In Japanese disaster prevention, there is a concept called "self-help, mutual aid, and public
assistance." Self-help means protecting oneself, public assistance means that public institutions
will protect oneself, and mutual aid means that oneself and public institutions cooperate to protect
oneself.

e . . \‘ . ‘ " -
Figure 21. Example of temporary housing -

To protect oneself from disaster, first and foremost, each individual must take action to protect
themselves. Based on the pre-disaster prevention measures promoted by the government, the
author's recommended approach to personal disaster prevention is as follows:

1. Measures to arrange furniture: First, earthquake resistance of the home, prevention of furniture
tipping over, prevention of ceiling-hanging objects falling, and prevention of glass products such
as cups and bottles tipping over.

2. Stockpiling of food and beverages: Stockpiling three days' worth of food and water, storing used
bathwater.

3. Preparation of an emergency survival kit: Valuables, identification, cash, etc.

4. Method of checking on the safety of family members: Dedicated phone number for checking on
safety.

5. Confirmation of evacuation locations and routes: Community center.

In addition, I have taken other preventative measures such as placing slippers, a flashlight, and
aradio around my bed, and preparing a portable toilet.
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Conclusion

On December 8, 2025, I experienced an earthquake at my home in Hachinohe City. While the
damage was not significant compared to the reported seismic intensity, considering the continued
possibility of large earthquakes in the future, | have compiled my knowledge of earthquakes and
tsunamis to date. Currently in Japan, there is concern about massive earthquakes and tsunamis in
areas that have not experienced major earthquakes for some time, such as the Tokyo metropolitan
area and the Tonankai earthquake, and disaster prevention plans are being developed accordingly.
There are fears that earthquakes similar to the 2011 Tohoku earthquake could occur in other parts
of Japan. Currently, long-term scientific earthquake prediction is not possible. It is hoped that it will
become possible to scientifically evaluate whether the plate boundaries around Japan are in a
period of concentrated activity with earthquakes occurring at intervals ranging from several
decades to several centuries.

As discussed in this text, each time a major earthquake occurs, various disaster prevention
measures are modified or added. Regarding the seismic resistance of structures, damage from
major earthquakes is investigated, design standards are revised, and improvements are made to
existing structures as seismic reinforcement work. However, it has been reported that the
frequency of record-high or record-low occurrences is high not only for earthquakes and tsunamis,
but also for other disasters such as floods and heavy snowfalls. By accumulating records of natural
disasters, it is necessary to consider how future countermeasures should be developed.
Furthermore, there are challenges such as how much seismic resistance should be increased and
how high seawalls need to be built.

[ hope this article will be useful as information regarding earthquakes and tsunamis in Japan,
particularly in Hachinohe City.
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AHHOTanusa. MccnegoBaHa KaoJMHOCOZepKaljasi TJIMHA MeCTOPOXAEHUs
Kapa-Kede Kkak mnoTeHIHa/IbHOE CbIpbe [JII TOJY4YEeHUS aAKTHUBHOM
MHUHEPATbHOW J00ABKM K IIeMEHTHbIM KOMIO3ULMSM. BbIlloJIHEHA OlleHKA
CbIpbeBOU 6a3bl KAOJIMHOBBIX I'JIMH KbIpruiackoi Pecny6JiMKY U UCCJieJ0BaHbI
COCTaB U CTPYKTYpHble 0COOEHHOCTU U3ydyaeMoro martepuasa. [/ OLEeHKH
XapaKTepUCTUK TJIMHbl UCHO0JIb30BaHbl METO/bl peHreHOo(IyopeCceHTHOTO,
peHTreHo$a3oBOro U 3JIEKTPOHHO-MUKPOCKOITUYECKOTO aHaJu3a.
YcTaHOBJIEHO, YTO TJIMHA COJEPXKUT KaOJUHUT 45-55 %, uynut 15-20 % wu
kBapy 25-30 %. TepMoakTuBayuio rjavHbl nposoauau npu 550-700 0C co
ckopocTbio HarpeBa 100C/MUH U BbIAEPKKOH 3 Yaca, mocJie 4ero u3Mesibyajiu
2-3 MUHYTBI B MeJIbHUIIE YAAPHO-POTOPHOI0O TUIlA U BBOAWUJIU B3aMeH 5, 10, 15
% 1neMeHTa. B paHHUe cpoku TBepAeHUs 3-7 CyTOK NpH BegeHUH 15 % ryivHbI
obecrneyuBaeTCsl IPUPOCT MPOYHOCTH LIeMEHTHbBIX KOMNO3ULUK Ha 74,3 1 35,6
% 10 CpaBHEHMUIO C KOHTPOJIbHBIM LleMeHTOM. /11 28 1 90 cyTouHbIX 06pa310B
ONTUMaJIbHOE KOJHWYeCTBO COCTaBWJO 5 %, rje NOBbILIEHHWE MNPOYHOCTH
coctaBasser +28,1 u +98 % cooTBeTcTBeHHO. [losiydyeHHble [JaHHbIE
CBU/IETEJILCTBYIOT O BO3MO>KHOCTU MCIIOJIb30BAaHUSA TJIMHbI MECTOPOXAEHUS
Kapa-Kede B KauecTBe MUHepa/ibHOW J06GABKU NMPU pa3paboTKe 1[eMeHTHBIX
KOMIIO3HUIU .

KirouyeBble c0Ba: KaoJIMHCOZeprKallasl rJinHa, MecTopoxkaeHrne Kapa-Keue,
TepMUYecKass aKTUBallMs, aKTUBHAas HWHepas/ibHasg J00aBKa, MyILl0JaHOBas
aKTHBHOCTbD, [1leMEeHTHbIe KOMIIO3UILIUU

Received 25.11.2025. Revised 21.04.2026. Accepted 16.06.2026. Available online 30.06.2026

* the correspondence author



https://doi.org/10.32523/3136-3385-2026-155-2-27-40
https://orcid.org/0009-0004-1453-1942
https://orcid.org/0009-0002-1878-5232
https://orcid.org/0000-0001-5412-8454

M. Dzhusupova, M. Kozhakhmet, S. Kulshikova

BBeaeHune

PasBuThe CTPOUTENbHOW HHAYCTPUHM  KbIprblacTaHa COMPOBOXKAAETCS  MOUCKOM
3¢ deKTUBHBIX CNIOCOOOB HMCIOJb30BAaHUSI MECTHOIO MHHEPAaJIbHOrO Chipbs. [lepcneKTUBHBIM
HampaBJIEHUEM SIBJSETCS TMOJIydeHHe aKTUBHBIX MHUHEpaslbHbIX A006aBok (AM/l) u3 rJiuH,
NPUTOAHBIX JJI51 UCIIOJIb30BAHHUS B COCTaBe KOMMO3UIIMOHHbBIX [JeMEHTHBIX BSXKYIIUX U OETOHOB.
M3BecTHO, YTO IleMeHTHas NPOMBIIIJIEHHOCTh 3aHUMAET OJHO M3 CaMbIX BBICOKHX MECT IO
YPOBHIO 3arpsisHEHUN OKpyKalollleld cpefibl, a UCMOJIb30BaHHWE OJHOW TOHHbI MOJUPHUKATOPOB
6eToHa B cpeAHeM 3KOHOMHUT 2,5-3,0 T. nemeHta. OJHHM H3 CcaMbIX BOCTpPeOOBaHHBIX
aJIbTEPHATUBHBIX JIOMOJHUTEJbHBIX [[eMEHTHBIX MaTepUaJIOB SBJSIOTCA KaJbIMHUPOBAHHbBIE
TJIMHBI.

UccnenoBaTtesn B 0630pHOM cTaTbe [1,2,3] yka3blBalOT HA MEPCHEKTUBHOCTb YACTUYHOM
3aMeHbl KJIMHKepa KaJbIUHUPOBAHHOW TJIMHOM, TaKHUX KaK MeTaKaoJUH. AKTHUBHOCTb
MeTaKaoJIMHA 3aBUCUT OT COBOKYNHOCTHM (AKTOpPOB: XUMHYECKUHM COCTaB, CTeleHb
KPUCTAJUIMYHOCTH, TOHKOCTb IOMOJIa U TeMIIepaTypa TEPMOOOPAOOTKH, OJHAKO U3-3a LIHUPOKOTO
pa3Ho006pa3us coCTaBa UX CTaHJAAPTU3MPOBAHHOE UCII0JIb30BaHUE BeCbMa 3aTPyAHUTEJbHO [3].

[Ipy 060611 HUY TOAX00B K aKTUBALUU TJIMH [7] aBTOpaMU 6b1JI0 OTMeUY€eHO, YTO HECMOTPS
Ha UHTEHCHUBHBIU MHTEpeC K TAKUM MaTepuasaM U HaJlMuMe pa3po3HeHHbIX JJaHHBIX 10 HauboJiee
pacnpocTpaHeHHbIM NPUPOAHBIM IJIMHAM KPUTEPUHU BbIOOPA ChIPbSl U PEXXUMOB 00pabOTKU ellle
He cucTeMaTusupoBaHbl. B 063ope no LC3-cuctemam [8] ykasaH BBICOKMHA NOTeHILHAAJ
KaJIbIIUHUPOBAHHbIX T[JIMH JJ TmojydyeHUs: 3PPeKTHUBHBIX I€EMEHTHbIX KOMIIO3UI[UN, HO
OCHOBHOE€ BHHUMaHHE COCpPeZIOTOYEHO Ha OOLKUX MPEeUMyIIecTBaX, OTrpPaHUYEHUSIX U
NepcrneKTUBax, a BOMPOCHl O PeaKLUOHHOW CIIOCOOHOCTU M BbIOOpA ONTUMAaJIbHBIX PEXUMOB
aKTHBALIMU KOHKPETHbBIX MECTHBIX I'VIMH He pacCMaTpPHUBAJIKCh.

UccnenoBaTtensasMu [9] yCcTaHOBJIEHO, YTO TJIMHbI, KaJbL{MUHUPOBAaHHbIE MPU ONTUMAJbHOU
TeMIrepaType, MNPOSBJASAIT NYILOJAHOBYI0 AKTUBHOCThL M pPAcCMAaTPUBAIOTCA B KauyeCTBe
KOMIIOHEHTA JJ1s1 leMeHTHBIX cucTeM. O/JHAaKO UcciejoBaHUE BBINOJHEHO IS IPYrOro ChIpbs U
He T03BOJIIEeT HANPSMYI0 MepeHeCcTH MoJIydeHHble pe3ybTaThl HA KAaOJUHCO/IePXKalIYI0 TJUHY
MecTopox/eHus Kapa-Keue. B pa6oTe [10] 66111 U3yueHbl CMeLIaHHbIE UJIJIUTO-KA0JIUHUTOBbIE
IJIMHBI, B KOTOPBbIX CTeleHb UX aKTHUBALMM U COOTBETCTBEHHO peaKIMOHHAas CIMOCOGHOCTh
3aBUCUT OT COJlepKaHWs TJIMHUCTBIX MHHEpasJoB, KBaplua M KapOOHATHBIX MpUMeceM.
KaosnnHUTOBBIE 1 MOHTMOPUW/IJIOHUTOBbIE KaJIbLiIMHUPOBAaHHbIE TJIMHBI, KaK yCTaHOBJeHO [11],
N0-pa3HOMY BJIMSIIOT Ha cyJibGaTHbIM 06aJsiaHC, paHHIOK TUJApaTalMI0 U CBONCTBA MOPOBOTO
pacTBopa I[€eMEHTHOM cUcTeMbl. TO eCTb MHHEpPAJOTUYECKMU TUI MCXOJHOU TJIMHBI
HENoCpeCTBEHHO OIpe/iesiseT ee MoBeJeHUe Mocje akTuBauuu. [losydeHHble pe3ysbTaThbl B
JIAHHOM CJIy4yae He pacKpbIBalOT 0COOEHHOCTH KaoJIMHCoAepKalei riauHbl Kapa-Keye.

[Ipy oleHKe peakKLLMOHHOW CHOCOOHOCTHM Ka/IbLIMHMPOBAaHHBIX WJIJIUTA, KAOJWHHUTA U
MOHTMOPHWJ/UIOHUTA, KaK I0Kasaiu aBTopbl [12], ypoBeHb MNyLI[0JJAHOBOW aKTUBHOCTHU
omnpejiesisieTCsl He TOJIbKO TeMIepaTypod 006>KUra, HO M MHHepaJbHOU MPUPOJOU ChIPbS;
HauboJiee BbICOKAsI peaKIlMOHHAs CIOCOGHOCTh XapaKTepHa JJisi KAOJTMHUTCOAePKaIUX CUCTEM.
JlaHHasg pa6oTa B 6oJiblliel CcTeneHW HOCUT QYHAaMeHTaJIbHbIM XapaKTep W He OXBaTbIBaeT
IJIMHBI  MecTopox/JeHUN lleHTpasbHOU Asuu. Ilpu wHcciejoBaHUM KaJbIMHUPOBAHHBIX
KAaOJIMHUTO-UJJIMTOBBIX TJIMH [13] aBTOpbl YCTAaHOBUJIM UX CIOCOOGHOCTbL 00ecneyuBaTh
[[eMEHTHbIM KOMIIO3UI[UAM [IOMOJHUTEJbHbIM NPUPOCT MPOYHOCTH B JJUTEJbHbIE CPOKHU
TBepZeHuss oT 28 npo 90 cyrtok. OJHaKO B HCCAENOBAHUSAX He YAessAJoCh BHHUMaHUS
npeaBapUTEJbHON OIEHKE ChIpbsi U BbIOOPY peXMMa aKTUBALMU [IJII KOHKPETHOM TJIMHBI. B
pa6ote [14] aBTOpbl OTMeYalOT, YTO HHU3KOCOPTHbIE TJHWHBI MOTYT HCIOJIb30BAThCS JJIs
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nosyyeHusi LC3ueMeHTHbIX KOMMNO3ULUK, a HUX 3QQPEKTHUBHOCTb 3aBUCUT OT peaKLMOHHOU
CIOCOOGHOCTH, JAUCIHEPCHOCTU W COJEpXKaHUS B HUX MHUHepaJsa KaoJsuHUTa. OJHAKO JaHHbIe
pe3yJ/ibTaThl NOJIy4YeHbl HA U3BECTHAKOBO-KaJbLIMHUPOBAHHBIX LIEMEHTAX U HE JAlT OTBETA Ha
NpPUMEHHUMOCTb KaoJIMHCOZepKallel ryimHbl Kapa-Kede B 11leMeHTHBIX KoMIo3uIMsx. B paboTe
[15] paccmaTpuBaJ/iu BJAKMSHUE TPEX PACOIPOCTPAHEHHBIX HU3KOCOPTHBIX IJIMHUCTBIX MUHEPAJIOB:
KaOJIMHUTA, MOHTMOPW/IJIOHUTA Y HWJUIUTA HAa NOBeJieHHWEe KaJIbLLMHUPOBAHHOTO TJIMHAHOIO
nemeHta LC3. Kao/lMHUT mnokasas HaAWOOJIbUIYIO peaKLMOHHYKH aKTUBHOCTb, HO H3-3a
OTpaHUYEHHOM ero JAOCTYNMHOCTH pacCMaTPUBAIUCh aJIbTepPHATHBHblE HU3KOKayeCTBEHHbIE
MOHTMOPHJIOHUTOBbIE U UJJIMTOBbIE TJIMHBI, KOTOPbIE TaKXXe MOKa3aJu CBOI 3P (PEeKTUBHOCTD.
ABTOpBI NOAYEPKUBAIOT, YTO [IJIs1 KAXKJA0TO KOHKPETHOIO ChIpbsl HE0OX0AMMbl UHAWBUAYAIbHbIE
3KCIeprMeHTaJIbHble UCC/IeJOBAHUS, IOCKOJIbKY YHUBEPCAJbHOTO peXMMa aKTUBALMU JIJIS BCeX
IJIMH He cyumecTByeT. VMeHHO 3TOT HepelleHHBIM acneKT COXpaHdAeTca W [AJid
KaoJIMHCOJZiepKallled TJIMHbl  MecTopoxJeHuss Kapa-Keue.llpy oneHke peakIMOHHOM
CIOCOOGHOCTH KaJIbIIWHUPOBAHHBIX WJLINTA, KAOJIMHUTA U MOHTMOPW/IJIOHMTA, KaK MOKa3aJju
aBTOpbl [12], ypoBeHb MyLI[0JJAHOBON aKTUBHOCTHU OIpeJiesIIeTCs HEe TOJIbKO TeMIlepaTypoiu
0067KUra, HO U MUHepaJbHOU NPUPOOH ChIpbsl; HAUOOJIee BbICOKAash peaKLMOHHAsA ClIOCOOHOCTh
XapaKTepHa [Js KaoJUHUTCoZepxauux cucteM. /laHHas paboTa B 6OJiblIed CTENEHU HOCUT
byHaMeHTa/JbHbIM XapaKTep U He OXBaTblBaeT IJIMHbl MeCTOPOxAeHUU LleHTpasbHOU A3um.
[Ipu uccyieJ0BaHUU KaJIbIJMHUPOBAHHBIX KAOJIMHUTO-UJIJIMTOBBIX IJIMH [13] aBTOpPbI yCTaHOBUJIHU
UX CIOCOOHOCTb O6ecrnevyrMBaTh I[€MEHTHBIM KOMIIO3ULUSAM [JONMOJHUTEJbHbI HPUPOCT
IIPOYHOCTH B IJIUTeJIbHbIe CPOKU TBepAeHUsd B oT 28 fo 90 cyTok. OfHAaKO B KCC/ieJOBAHUAX He
yAessaJ0Cb BHUMaHUSl Npe/iBAPUTENbHON OLleHKe ChIpbsl M BbIOOpPY pexMMa aKTUBALUU AJf
KOHKPEeTHOW TIJInHbl. B pab6oTe [14] aBTOpbl OTMeYalwT, YTO HU3KOCOPTHbIE TJIMHbBI MOTYT
MCI0J1b30BaThCA JJis noaydyeHus LC31eMeHTHbIX KOMIO3UI UK, @ UX 3Q GEeKTUBHOCTb 3aBUCUT OT
peakMOHHOM CIOCOOHOCTH, JUCIIEPCHOCTH U COZlepKaHUA B HUX MUHepaJa KaoJuHUTa. O JHaKo
JlaHHble pe3yJIbTAaThbl MOJIyY€eHbl Ha HW3BECTHSIKOBO-KaJIbIIMHUPOBAHHBIX I[eMEHTAaxX W He JaloT
OTBeTa Ha NPUMEHUMOCTb KaoJMHCcoJepxKaleu riinHbl Kapa-Keye B 1eMeHTHBIX KOMIO3ULUSAX.
B pa6oTe [15] paccmaTpuBaiu BAMSIHUE TPEX pacHpOCTPaHEHHBIX HU3KOCOPTHBIX TJIMHUCTBIX
MHUHEpPAJIOB: KAaOJMHUTA, MOHTMOPHUJ/IJIOHUTA UM WJIJIUTA Ha NOBeJieHHWEe KaJIbiJUHMPOBAHHOIO
riavHsAHoro neMeHnTa LC3. KaosMHUT nokasas Haub0JIbLIYI0 peaKiHOHHY0 aKTUBHOCTD, HO M3-3a
OTPaHUYEHHOM €ero JAOCTYNMHOCTH pacCMaTPUBAJIUCh aJIbTePHATHBHblE HU3KOKayeCTBEHHbIE
MOHTMOPUJIOHUTOBBIE U UJIJINTOBBIE TJIMHBI, KOTOPbIe TaKXKe MOKa3aJu CBOI 3Qp(PeKTHUBHOCTb.
ABTOpBI NOAYEPKUBAIOT, YTO [IJIsl KAXKJA0TO KOHKPETHOI'O ChIpbsl HE0OXO0AMMbl UHAWBUYAIbHbIE
3KCIepUMeHTaJIbHbIe UCCJIeJOBaHUs, I0OCKOJIbKY YHUBEPCAJbHOI'O pexXrMMa aKTUBAL UK /I BCeX
JIMH He CylecTByeT. VMMeHHO 3TOT HepelleHHbIM AacHeKT COXpaHsAeTcd MW [JJd
KaoJIMHCO/ieprKalel riuHbl MecTopoxaeHus Kapa-Kede. Takum 06pa3oM, aHaiu3 COBpeMeHHbIX
WCCJIe[JOBAaHUM TOKa3blBaeT, YTO B JIMTepaType JAOCTAaTOYHO MOAPOOHO pacKpbIThl 001Me
3aKOHOMEPHOCTHU TEPMOAKTHUBAL WU KAOJHWHUTCOZEPKAIUUX U CMELIaHHBIX [JIMH, a TaKXe HUX
BJIMSIHUE Ha THUJpaTalUi0 U NPOYHOCTb LEeMEHTHBIX CHUCTeM. BMecTe ¢ TeM ocCTawTCAd
HeZJ0CTaTOYHO U3YYEHHbIMU NPUMEHUMOCTb KaOJIMHCOepKallled rIMHbI MecTopoxAeHUusa Kapa-
Keue B KkayecTBe Cbipbsl /AJi AKTUBHOW MHUHepaJbHOW [J00AaBKH, CBSI3b €€ XHUMHKO-
MHUHEPAJIOTUYEeCKUX 0COOEHHOCTEN C BBIDOPOM TEMIEPATYPHOTO PeXXKMMa aKTUBALMU Y BJIUSIHUE
NOJIYY4EeHHOTO0 TePMOAKTUBHPOBAaHHOI'0O MaTepuasla Ha MPOYHOCTb L[€MEHTHbIX KOMIO3ULUMU.
[IpegBapuTesibHasi CpaBHUTEJIbHAs OlLleHKA KAaOJIMHOBBIX I'JIMH KbIprei3acTaHa mo XMMHUYECKUM
COCTaBaM M0O3BOJIMJIA OTMETUTb BbicOKOe cozepkaHue SiO2 ot 48,5 1o 71,5 % u Al203 ot 14,8 n0
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30,4 %. CpaBHUTe/IbHASA OLleHKAa XMMHUYECKOT'0 COCTAaBa KAa0JIMHCOAepKalux rJivH KelpreizctaHa
(Tab6J. 1) noka3biBaeT, yTo ryiMHa Kapa-Keue xapakTepusyeTcs aJloMoCUIUKATHON IPUPOJOU U
no cozepxkaHuto SiOz u Al203 MoXeT paccMaTpUBATbCS KaK MOTEHIIUa/ibHOE Chipbe s
NOJIy4YeHUs1 aKTUBHOW MU HepaJIbHOU 1006aBKH.

Tab6sinna 1. XuMHAYeCcKHUU coCcTaB KaoJMHcoAepKalux rjauH Keipreisctana [19].

Ne | HamuMmeHoBaHue XAMUYECKUU COCTaB Chipbsi, %
MeCTOPOK /e HUS Si02 | Al203 | Fe203 | TiOz | CaO | MgO | K20+ | [loTepu npu
KaoJIMHa Na20 | npokaJiuBaHUHU

1 | YokobyJsak 48,5 30,4 1,38 0,65 - - - -

2 | Oprouép 59,96 | 26,69 1,2 0,09 - - 3,89 -

3 | CoryThl 53,51 | 33,2 1,96 | 0,29 | 0,21 | 0,61 - 11,14

4 | Kapa-Keue 61,84 | 21,63 | 1.68 | 0.81 | 0,2 | 0,88 - 9,92

5 | Kok-Mo#HOK 52,7 | 29,55 | 1,45 | 0,31 | 0,80 | 0,79 - 8,43

6 | CysarokTa 69,5 25,2 4,9 - - - - -

7 | Kapa-byayH 68,5 22,2 0,98 0,25 - - - -

8 | Tam-Kymbip 71,5 19,2 089 | 0,81 | 0,6 | 0,81 - 0,26

9 | Knisbpu1-Kus 65,84 | 14,8 4,35 - 2,85 | 1,76 - 6,72

10 | Kaoaun 61,42 | 19,15 | 195 | 0,92 - 09 | 2,87 -
Mock.palioH

11 | KeMuHCcKuU# 65,32 | 22,18 0,9 - 024 | 1,8 - 9,8
paroH

HccnenoBaHusi O0TeyeCTBEHHbIX Y4YeHBbIX ObLJIM HalpaBJ/ieHbl HAa HW3y4yeHHe 0COOeHHOCTel

$a3oBoro cocraBa U CTPYKTYPHO-($a30BbIX NMpeBpallleHUH NpU O06KUre TJIMHUCTOTO ChIpbs
MectopoxJeHu Yoko-bynak, Kok-MounHok, Kapa-Keuye, CoryTbhl, a Takxe NPOBOJMUJIOCH
CpaBHEHHE C UMIIOPTUPYEMbIM [JlyXoBellKUM KaoJMHOM (YkpauHa). [Ipu aHanuse gaHHbIX POA
BbISICHEHO, YTO MeCTHbIE TJIMHBI OJIMKE K KaoMHaM. ['inHbl MecTopoxeHn Yoko-Byak u Kok
MoOWHOK HMelT 06o0Jiee BBICOKOE COJiep)KaHHe KaoJIMHWUTaA, 4yeM rJauHa Kapa-Keue. [locre
TepMoobOpaboTku (o6xure) rauH Ao TemnepaTtypbl Ao 600 oC npouCXOAUT JAeCTPyKLUA
KPUCTA/UIMYECKON pelleTKH KAaoJIMHHUTA ¢ o6pa3oBaHHEM NpoMexyTouyHbix ¢a3 [18, 21]. Ho
OCHOBHOM 1eJIbI0 UX UCCJIeJOBaHUS ObLJIO U3yYeHHe KAaOJUHCO/epKalluX [JIUH AJIs M0J1y4YeHUs
aJicopbeHTa U JJisl peryJMpoBaHUs TEXHOJOTUYECKHUX CBOMCTB KepaMUYeCKUX U3/IeJTUM.
B cBA3M ¢ 3TUM LeJbl0 HACTOSALET0 HCCJAe[OBaHUS SBJSETCA XapaKTepUCTHUKa
KaoJIMHCOJiep>Kalllell TJIMHbl MecTopoxaeHUss Kapa-Keue u oleHka ee MpUMeHHUMOCTH IOCJe
TEPMUYECKOM aKTHBallMU B KayecTBe aKTUBHOM MHUHepaJbHOU J006aBKU [Ji LieMeHTHbIX
KOMIIO3HUIU .

MeTogos10rusa

B kayecTBe MCXOAHOTO MHHEPAJbHOrO Chbipbsd B MCCJAEJOBAaHUU HCIOJb30BaJIHU
KaosimHcoZepxKawyw rianHy Kapa-Keue (KbipreidctaH), oToOpaHHYy U3 NOKPOBHOW 4acTH
yrojbHoro tacta (puc. 1a). [lo npejBapuUTe/NbHbBIM JaHHBIM TJIMHA OTHOCUTCA K
TUAPOCTIOIUCTO-KAOJIMHUTOBBIM pPa3HOBUAHOCTSAM. B KayecTBe BSIKYIIEro MNPHUMEHSAIU
noptyaanauement I 400 /120 npousBoacTBa neMeHTHoro 3aBoga r. Kant (Kbipreiscrah).
XuMuueckui coctaB 1eMeHTa, %: Si02 — 22,57; Al203 — 4,87; Fe203 — 4,24; Ca0 — 65,39; MgO —
1,79; SO3 — 0,36; notepu npu npokajuBaHuu — 0,25. MuHepaioOrH4eCKMM COCTaB
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noptJyaHaneMenTa, %: C3S — 63,2; C2S - 15,8; C3A — 5,6; C4AF — 12,6.

J11 TOBBbIIIEHHUS peaKLMOHHOM CIOCOOHOCTH TJIMHUCTOTO ChbIpbs NPHUMEHSIOT pas3/MYHble
CrocoObl aKTUBALMHY, OJHAKO JIJIF TIOJIyYeHUS aKTUBHBIX MUHEPAJIbHBIX 100aBOK, UCIO/b3yeMbIX
B I|eMEHTHbIX KOMIIO3UIMUAX, HauboJbliee MpaKTHUYeCKOoe 3HaYeHUe HMeeT TepMHYecKas
aKTHBaLWd NyTeM KaJblMHaUuu [3, 21].

a)
PucyHok 1. a) riinHa MecTopox/ieHus: Kapa-Keue; 6) mopo1iok TepMOAaKTUBUPOBAHHOM TJIMHBI
Kapa-Keue

B HacTos1eM UccieJoBaHUU TEPMUYECKYI0 aKTUBAI U0 IJIMHbI Kapa-Keue ocymecTBisiu
B 3JIEKTpUUYeCKOU MydesibHOM Meuu co cKopocThio HarpeBa 10 °C/MUH B UHTepBaJie TEMIIepaTyp
550-700 °C. ITpoaomKUTENBHOCTD U30TEPMHUYECKOW BbIJEPKKHM COCTaBJsAIA 3 Yaca, Mocje Yero
oXJIaXK/leHHWe 00pasl0B TJIMHbI OCYLIECTBJSJIM B MeYU [0 KOMHATHOW TemmepaTypsl. [locie
TEpMOO0OpPaOOTKHU IVIMHY M3MeJib4aJjv B JIAOOpAaTOPHOW MeJIbHUIE YAAPHO-POTOPHOTO THUna FW-
100 B uHTepBaJie 2—3 MUHYTHI.
3KCIepHMEHTAIbHOM OI[eHKU MPOYHOCTHbBIX XapaKTEPUCTUK [[eMeHTHBIX KOMIIO3UIUH ObIIH
M3rOTOBJIEHbI 00pa3ibl pa3MepoM 2 x 2 x 2 cM. TepMOaKTUBUPOBAHHYIO TJIMHY JJIEMEHTHbIH
COCTaB TIJIMHBl OIpeJessdJu MeTOJOM BOJIHOAUCIIEPCUOHHOU pPeHTreHOQII0PUCIEHTHOU
cnektpoMeTpuu (WDXRF) Ha npubope S2 PUMA (Bruker AXS, 'epmaHusi). AHa/IU3 NPOBOIUJIM B
BaKyYyMHOM peXUMe NP HalpsixkeHUU peHTreHOBCKo# Tpy6ku A0 50 kB. [lopouikoBbie 06pa3iibl
IJIMHBbl NpeABapUTeJbHO BBICYUIMBaJIM W NpeccoBasd B TabseTkdu. CoJeprkaHHe OCHOBHBIX
okcugoB (SiO2, Al203, Fe203, CaO, MgO, K20, Naz0 u ap.) ompejieisiid MO0 UHTEHCUBHOCTH
XapaKTepUCTUYEeCKUX JIMHUU 3JIEMEHTOB C [MOCJAeAylolledl aBTOMaTU4eCcKOW o06paboTkou
pe3yJibTaTOB B LITaATHOM MPOTPAaMMHOM obGecriedeHuH npubopa.
PentreHodasoBblii aHa/iu3 BbINOJHAJM Ha Agudpaktomerpe D6 PHASER (Bruker AXS,

Tepmanus) ¢ ucnosb3oBanueM Cu-Ka uznydenus (A = 1,5406 A) npu 30 kB u 10 MA. ChéMKy
NpoBoAUJM B AvanaszoHe 20 = 5-80° c marom 0,02° B reomeTpuu 0-20. UaenTudukanuio ¢pas
BBINIOJIHAJIM C MCIOJb30BaHWeM 6as3bl AaHHbIXx PDF-2 (ICDD), a kosnyecTBeHHBIHW (Pa3oBbIN
aHaJIM3 — MeToIo0M PUTBesib/ia ¢ ucnosib30BaHWeM porpaMMHoro obecneyeHust TOPAS (Bruker).
MUKpOCTPYKTYpHblE UCCHAEJ0BAaHUSA TNPOBOAWJIM METOJOM CKaHUPYIOIEW 3SJIEKTPOHHOU
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MUKpocKonuu Ha MUKpockote Hitachi TM4000Plus npu yckopsitoiieM Hanpsi>keHuu 5, 10 1 15 kB
C UCNI0JIb30BAHUEM CHUCTEMbI 3HEPrOAUCIIEPCUOHHOT0 MUKPOAaHaJi13a.

Jlns npeiBapuTeJbHON BBOJUJIM B3aMeH 4acTU LileMeHTa B KosimdyecTBe 5, 10 u 15 % oT ero
Macchl. CocTaBbl pa3/iMyajauch TeMIepaTypou noydeHuss MUHepaabHOU jo6aBku (550 1 700 °C)
YU NPOJOKUTENbHOCTbI0O H3MeJibueHUsI B MeJsbHULE (2 u 3 MuUH.). U3 KaxJoro cocrasa
W3roTaBJIMBaJiM He MeHee 6 00pasl0B U pacCYUTbIBAJIA CpeJiHee 3HayeHHe. [IpoYyHOCTH
LleMeHTHBIX 06pa310B OLleHUBAJIU B yCTAaHOBJIEHHbIE CPOKU TBepAeHUs: 3, 7, 28 u 90 cyTok.

Pe3y ibTaThl M 06CYyKAeHNE

[lo MuHepasiorudeckoMy cocTaBy TrJMHa Kapa-Kedye oTHOCUTCA K THUAPOCIIOUCTO-
KAaOJIMHUTOBBIM (Tabs. 1), A9 TNOATBEPXKAEHUS BO3MOXHOCTH IOJIy4eHUS aAKTUBHBIX
MHUHepaJbHbIX 100aBOK Obljla M3y4eHa MUKPOCTPYKTYpa, OLleHEeH ee XMMHU4YeCKUH, Gpa3oBbIi,
MHHepaJbHbIA COCTABBI.

MUKpPOCTPYKTYpPHBIA U 3JIeMEHTHbIM aHa/lM3 IOKa3aJ, 4To Marpuna riavHel Kapa-Keue
arperaTHo-IJjlaCTUH4YaTas,  4acTUYHO OpUEHTHUpPOBaHHa4, nopucras. Ha6sroparoTcs
MUKPOTPELIMHBI, 30HbI GJIOKYJISALIMU U KOHTPACTHbIe BKJIIOYEHHs, XapaKTepHble [ Fe-okcuioB
u ux ruZipatoB (puc.2). [lo MopdposioruueckuM nNpUusHaKaM MOKHO Bbl/IeIMTh MUHepaJOTUyecKre
da3pl KaoOJMHUTA U WJJINTA B BUJEe TOHKUX IJIACTUHYAThIX YacTHUL, 06pa3ylLUX CJIOUCTYIO
MaTpuLy. KBapl 4 noJsieBble NAThbl BCTPEYaTCA peKO U IpeCTaBIeHbl YI10BaTbIMU 3€pHaAMU
C IJIaJKUMU IIOBEPXHOCTAMMU. Pacnipesie/iéHHbIe HEpaBHOMEPHO OKCU/bI M TUAPOKCU/BI Kesle3a B
BU/le TOYEUYHBIX WJIM IJIEHOYHbIX KOHTPACTHBIX BKJKYeHHWH. KapOoHaThl KaJsblUs/MarHus B
BU/Ie CBETJIbIX 30H 06e3 BbIpaXeHHOW 4YellyWyaToW CTPyKTypbl. SEM-aHaniu3 mnoATBepAUI
Ha/IM4yve TOHKOAUCIIEPCHOU NJIAaCTUHYAaTOW MaTpPHLbI C IpeobJaZlaHueM aJl0OMOCUIUKATOB, YTO
yKa3bIBaeT Ha npeobJsiasianue ajeMeHTOB Si, Al u O ¥ mo3BoJiseT npejnoJsaraTh O MOBbILIEHUU
NyLL0JaHUYeCKOW aKTUBHOCTH I10CJIE TEPMOOOPABOTKH.

Pl Vel X
4 5 L ART Y

X500 BSE M 10/02/2025 TM4000 15kV 9.8mm X1.00k BSE M 10/02/2Or25I

Pucynok 2. SEM-u3o6paxeHnue riunbl Kapa-Keue npu pazpemenuu x500 u x1.00k

MuHnepasnoruyeckuii coctas riiuHbl Kapa-Keye nmo ocHoBHBIM pediiekcam (26, °) npeacTasiieH
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cAelylolUMU  MUHepasaMu:  KaoJUHUT Al2Si20s5(0H)4-12,3; 24,8; 38,5;  uuiut KAl2(SisAl)
010(OH)2-8,9; 17,7; 27,8; kBapu Si02 — 20,8; 26,6; 50,1; 60,0; mosieBoi mmnat (opTokJa3/ aabouT)
-27,6; 30,0; 56,3; rematut Fe203 — 33,1; 35,6; 54,0 u kanbuut CaCO3 — 29,4; 47,3. Pe3ysbTaThl
peHTreHodaszoBoro aHasu3a (puc.3) MO3BOJIMJIN YCTAHOBUTD, YTO OCHOBHOM T'JIMHUCTOU pazoi
ABJIAETCA MUHepaJl — KaoJUHUT (45-55 %) c JonoJIHUTEeIbHBIM coiepKaHueM uauTa (15-20 %).
K HernuHucteiM ¢azam oTHocAT kBapy (25-30 %), noseBble mmnathl (5-10 %), Fe-oxcugbl
(mo 5 %), KaJIbI[UT (cnenmr 1o 2 %).
CooTHomenue Si02/ Al203 npubin3uTesibHO 2:1, XapakTepHoe JUISI KAOJIMHUTO-KBaplieBbIX
cMecel yKa3blBalOT Ha BO3MOXXHOCTb TepMOAaKTHUBalUM rMHbl Kapa-Keue B rIMHUT HeXeJsd B
MeTakaoJivH. [Io TenJioBbIie/IeHUI0 MPOTHO3 M0 $a30BbIM MpPeBpallleHUsIM YKa3blBaeT, UTO NMPHU
TeMIeparype 450-600 °C mpoucxoguT JeTUPOKCUIIMPOBAHUE KAOJIMHUATA U ITIepeXo/ B
MeTaKaOoJIUH.
P®A: NnHa Kapa-Keve KKC-1 (cbipbé)

Keapu (Qtz)
250+ ]

2001

150

100

WNHTEHCUBHOCTL, OTH. €A,

KaonwuuT (Kaol)

50t

Monessle WNaTel/ap
Moneesie wnatsfap & Moneseie WNaThyAfasie wnaTte/ap.

10 20 30 40 50 60 70 80
20 (rpagycsl)

PucyHnoxk 3. ludpakTorpamma rivHel MecTopoxgeHus Kapa-Keue

[Ipu 650-800 °C popmupyetcsa amopdHas ajaoMOCUIUKATHAsA MaTpuua. [Ipy noBbilleHUH
TeMmnepaTtypbl> 950 °C OyAeT NpPOUCXOAUTH MEPEX0], B MyJUIUT U KPUCTOOGANUT. [l OLeHKHU
BJIMSHUSA aKTUBHOW MHUHEpAJbHOW J00aBKM Ha MPOYHOCTb LEMEHTHbIX KOMIO3UL UK OblJIU
NpoOBe/leHbl Npe/iBapUTe/IbHble 3KCIIepUMeHTa/IbHble UccaefoBaHusA. [losyueHHble JaHHbIE MO
NPOYHOCTH NpPHU CKAaTUU B Bo3pacTe 3, 7, 28 u 90 cyTok npuBejieHbl B TabJ. 2. HopmasbHas
ryctoTta uemeHTHoro tecta HI-25,5 %. Pe3ysbTaThl pesBapUTebHBIX UCIIBITAHUN (TabJ1. 2)
L[EMEHTHbIX KOMIIO3HUIIUKA C TepPMOAKTHBUPOBAHHOW rJuHOW Kapa-Keuye cBUAETE/NBCTBYIOT O
CYLIECTBEHHOM BJIMSIHUM Ha NPOYHOCTb B paHHUE W NO3JHUE CPOKU TBEPAEHHUS PelenTypPHO-
TEeXHOJIOTUYEeCKUMX IapaMeTpoOB: TeMIepaTypbl O00Xura, coJepXaHhd  J00aBKH U
NpPOJIO/DKUTEJbHOCTH U3MesibueHUsl. B kKauecTBe KOHTPOJIBHOTO HNPUHAT COCTaB HAa YUCTOM
1eMeHTe 6e3 J06aBKH, MPOYHOCTb KOTOPOTO Ha 3-U CYTKU R3cx = 56 MIla, Ha 7-e cyTku R7ex = 71,0
MIIa, Ha 28-e cyTku R%8cx = 114,0 MIla u yepe3 90 cyTok R« = 146,6 MIla. AHa/1M3 NOy4YeHHbIX
JlaHHBIX IIOKa3aJ, 4YTO HauboJiee BbIpOKEHHOE I0JIOKUTEJbHOE BJHUSHUE Ha MPOYHOCTH
OKa3blBAalOT COCTaBbl C TIJMHOM, ob6oxokeHHoW mnpu 700 °C. [lpu pgaHHOW TeMmepaType
obecrevyrBaeTCs MaKCMMaJbHasl CTelleHb TeEPMUYECKOW aKTUBALlMU TJIMHBI U CONMPOBOXAAETCSA
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pPOCTOM MNYLI0JaHWYEeCKON aKTHBHOCTH, UYTO CIOCOOCTBYET YCKOPEHHWI0 B3aUMOJEWCTBHUS C
TUJPOKCUZOM  KajJbLusd W  (QOPMHUPOBAHUIO JONOJHUTEJNbHBIX THUAPOCUJUKATHBIX U
TUAPOATIOMOCUJIMKATHBIX HOBOOOpa30BaHUM. B oT/iMYMe OT IJIMHBI, aKTUBHpOoBaHHOU nipu 700°C,
IleMeHTHble KOMIO3WI MU C TJHUHOH, 000xKeHHOW npu 550°C, xapaKTepU3YHOTCA MeHee
yCTOWYUBBIM 3 dEKTOM peaKI[MOHHOM CIMOCOOHOCTU. B OTHeNbHBIX ciaydasx HabJJaeTcs
NOBBILIIEHWE MPOYHOCTH, OJHAKO mnpu po3upoBkax 10-15 % wyacTe cocTaBOB ycTynaeT
KOHTPOJIbHOMY COCTaBy, 0co6eHHO B 28- 1 90- cyTOYHOM BO3pacTe.

Tab6sinua 2. [IpoyHOCTh LleMeHTHBIX KOMIO3UIUM C TEpPMOAaKTUBUPOBaHHOM r/iMHOM Kapa-Keue

Ne cocTaBa KosimuectBo | Temneparypa | Bpema

[JIUHBI 06xwura, °C uaMesibdeHus, | R3ox, | R7ex, | R%28ex, | R90cx,

rnocJjse MUH MIla | MIla | MIla MIla

o6xura, %

OT  Macchl

LleMeHTa
KOHTpOJIbHBIN 0 - - 56,0 | 71,0 114,0 | 146,6
1 5 550 2 58,8 | 75,7 | 131,3 | 154,5
2 5 550 3 594 | 71,1 | 126,6 | 148,7
3 5 700 2 69,7 | 81,2 | 131,0 | 143,8
4 5 700 3 76,0 | 76,3 | 146,0 | 161,0
5 10 550 2 54,0 | 74,0 | 109,3 | 128,7
6 10 550 3 46,5 | 69,3 | 122,6 | 146,0
7 10 700 2 71,5 | 92,5 | 128,0 | 142,5
8 10 700 3 78,5 | 86,8 | 141,1 | 156,7
9 15 550 2 63,7 | 74,3 | 109,5 | 127,7
10 15 550 3 76,7 | 77,8 | 117,0 | 137,2
11 15 700 2 70,8 | 89,0 | 133,3 | 142,9
12 15 700 3 97,6 | 96,3 | 140,1 | 154,8

Ha noBbilleHMe peakLMOHHOW CIOCOOHOCTH CYLIeCTBEHHOE BJIMSIHUE OKa3blBaeT TaKXe
BpeMsi u3MeJsibueHus. [Ipu yBe/JUYEeHUUH NPOJOJIKUTEJbHOCTH MNOMoJa € 2 J0 3 MHUHYT
HabJ1101aeTcsl poCT NPOYHOCTH LleMEHTHBIX KOMIO3UL UK, 0cOOeHHO Ha 3-U U 28 cyTkU. JlaHHasa
TEH/JEHIIHS 00'bSICHSIETCS] yBEJIMYEHHEM Y IeJIbHO U NOBEPXHOCTU TEPMOAKTUBUPOBAHHOU I'JIMHBI
M yJydlleHUEeM pPaBHOMEPHOCTU e€e paclpejeseHdss B LeMeHTHOW MaTpuue. I[lpudyem
HOJIOKUTENbHbIA 3Q(eKT OT U3MesibYeHUs1 CJielyeT co4yeTaTb C TeMIepaTypoul o6xkura u
Jl03MPOBKOM J06aBKH, YTO MOATBEPKJAET CJAOXKHBINA XapaKTep B3aUMOJEeUCTBUSA UCCIeyEeMbIX
dakTopoB.

CirenyeT OTMETUTb, YTO YyBeJWYEHHE KOJMYeCTBA TEePMOAKTUBUPOBAHHOMW TJIMHBI B
[leMeHTHbIX KOMIO3UIUSAX He BCerja NPpUBOAUT K MPONOPLMOHAIBHOMY POCTY WX HPOYHOCTH.
HauboJsiee BbiCOKME MOKasaTeJUu AOJIrOBpeMeHHOW Npo4YyHOCTH 28 M 90 cyTOK IOJIy4eHbl IpHU
Jlo3UupoBKe 5 % oT Macchl LeMeHTa. Toraa Kak B paHHHUE CPOKU 60Jsiee BblpaKeHHbIN 3 PeKT
Hab.soxaetca npu BBefeHUNU 10-15 %. [lonyyeHHble faHHbIe yKa3blBalOT HA HEOOXOUMOCTb
CO0OJ/II0/leHUs1 ONMTUMAJIbHOTO 0OaJjiaHCa COJep>KaHUusl aKTUBUPOBAHHOM TJIMHBI, MpPEBbILIEHUE
KOTOPOT'0 MOXET CONPOBOXKAAThCA 3P PEeKTOM pa3baBieHUs LLEMEHTHOU CUCTEMbI U CHXKEHUEM
BKJIa/la KJIMHKEPHOU YacTU B pOpMUpPOBaHHE IPOYHOTO LIEMEHTHOTO KaMHSI.
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Haubosb1iee 3HaueHUe NPOYHOCTHU HA 3-U CYTKU R3ex = 97,6 MIla Habsitofaetcs y cocraBa Ne 12
(15 % muHepanbHoM A06aBkH, 700 °C, 3 MHUH. TOMOJI), YTO BbIIlIe KOHTPOJIbHOT'O COCTaBa Ha 74,3
%. Ha 7-e cyTku oka3saTeJsib IPOYHOCTH A0CcTUTraeT R7cx = 96,3 MIla, 4TO BbIllle KOHTPOJIBHOTO HA
35,6 %. [lanee s R28cx = 140,1 MIla npupoct coctaBu 22,9 % u Ha 90-e cyTku AJisd R0« = 154,8
npupocT 5,6 %. Haubosibliive 3Ha4eHUsI MPOYHOCTHU HA 28-e U 90-e cyTKU 3aPUKCUPOBAHBI IS
Ne4 ¢ copepxkaHueM 5 % TepMOaKTUBUPOBAHHOUM TJIMHBI, MoJsydyeHHoUW npu 700 °C wu
n3MesnbueHreM 3 MUH. [lokazaTesb npo4yHOCTH R28cx = 146,0 MIla Ha 28,1 % Bblllie KOHTPOJIBHOTO
3HaueHus U R = 161,0 MIla Bbillle KOHTpOJIbHOTO Ha 9,8 %. 3TO CBUIETE/ILCTBYET O TOM, UTO
IpY MUHUMAaJbHOM COZepKaHUM J00aBkH, ob6oxckeHHOM npu 700 °C u nmomMosie 3 MHUHYTHI
06ecre4yrBalOTCs 6J1aroONPUSATHBIE YCA0BUS /i1 OPMUPOBAHUS MJIOTHOU U IPOUHOU CTPYKTYPhI
1[eMEHTHOT0 KaMHS B IVIMTeJIbHbIe CPOKH TBepJeHHs.

Jna coctaBa Ne8 (10 %; 700 °C; 3 MMH) Hab/IOJAlOTCA TakKXe BbICOKHe IOKasaTesd
MPOYHOCTH, IPEeBbIIAKIIHE KOHTPOJIbHBIN: R3cxk = 78,5 MIla, R7cx = 86,8 MIla, R28cx = 141,09 MIla
1 R%cx = 156,7 MIla, rae npupoct coctaBasetT 40,2; 22,3; 23,8 u 6,9% cooTBeTcTBEHHO. [laHHbIE
CBU/IETEJIbCTBYIOT 06 30 PEeKTUBHOCTH BBEJ|€HUSI MUHEPaJIbHOM J06aBKU B IMPOKOM JiMana3oHe.

Jnss cocTaBOB C aKTUBHpPOBAaHHOW ryiMHOW mpu 550 °C pgake mpu BBICOKOM CTeNeHH
aKTHUBAIlMM He 00eclnevyrMBaeTCsl paBHO3HayHas MPOYHOCTb C KOHTPOJIbHBIM 06pasnoM. Tak
coctaBbl N2 5 1 N2 9 uMeloT MeHblMe 3HauyeHus B 28- U 90-cyTOYHOM BO3pacTe N0 CPAaBHEHHUIO C
KOHTpPOJIbHBIM. /ls1s1 cocTaBa N2 5 R28¢x = 109,3 MIla 1 R« = 128,7 MIla, 4TO HH>KEe KOHTPOJILHOTO
Ha 4,1 % u 12,2 %. [Jlng coctaBa N2 9 R28¢ = 109,5 MIla u R%x« = 127,7 MIla, 4yTo HMXe
KOHTpPOJIbHOTO Ha 3,9 u 12,9%. 3To yKka3blBaeT Ha HEAOCTATOYHYI TePMHUUYECKYK aKTUBALIUIO
raivHbl Ipu 550 °C, yTo He o6ecneyruBaeT HEOOXOJUMbIM YPOBEHb €€ PeaKIIMOHHOM CIIOCOOHOCTH.

IIpupocT NpOoYHOCTH HEMEHTHBIX KOMIIO3HIIUI
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PucyHok 4. [IpypoCT NpOYHOCTH L[EMEHTHBIX KOMIIO3UILIUK C TEPMOAKTUBUPOBAHHOM IJIMHO U
Kapa-Keue oTHOCHMTE/IbHO KOHTPOJILHOTO COCTaBa

Ha pucyHke 4 HarjssJHO MO>XHO NMPOHA6J/I0/JaTh OTHOCUTEJbHO KOHTPOJbHOTO COCTaBa
NPUPOCT NPOYHOCTH IIeMEHTHBbIX KOMIO3HULMI NPU BBeJeHUU TEPMOAKTHUBUPOBAHHOM TJIMHBI
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Kapa-Keue, koTopblil B paHHUE CPOKU TBepJleHHUs HabstogaeTcss y coctaBoB N2 8 u Ne 12, Toraa
KaK HauboJiee BbICOKHMe NOKa3aTesu B 28- 1 90-cyTOYHOM BO3pacTe XxapaKTepHbI /1 cocTaBa Ne
4. [lpu comocTaB/J€HUU MNOJIYYEHHbIX Pe3yJbTaTOB NPOYHOCTU LIEMEHTHBIX KOMIIO3ULUW B
pa3Hble CPOKM TBepJEeHHUs BbIIBJIEHBI JIBe OCHOBHble TeHJeHIWU. [lepBad 3ak/o4aeTcsa B TOM,
YTO B paHHHE CPOKU TBepieHUs1 HauboJiee 3G PEeKTUBHBIMH OKa3aJMCh COCTABbl C HAMOOJIbIIUM
coJiepKaHreM MUHepaJbHOU 06aBKH, aKTUBUPOBAaHHOM IPU MaKCcHMMaJbHOU TeMmnepaType 700
°C ¥ BpeMeHH NIoMoJ1a 3 MUHYTHI.

BTopas TeH/JeHLMS COCTOUT B TOM, YTO MaKCHMMaJibHble 3HaU€HUsI IPOYHOCTU Ha 28-e U
90-e cyTku 0OecnieduBalOTCs PpYU YyMepeHHO!W (0ONTUMaIbHOM) I03UPOBKe N00aBKH, NOJy4YeHHOU
Opd TeX Ke YCJOBUSX MOJATOTOBKU. IJTO CBHUJAETEJNbCTBYET O pa3JUUWU MEXaHU3MOB,
onpeJie IAIOIIUX PaHHee U NI03/JHee CTPYKTypoobpa3oBaHUe. Eciv Ha Havya/IbHbIX CTAaAUAX BaXKHA
MHTeHCcUuUKaLMs MPOLECCOB TUApATAllMU U HYKJealduy, TO B M03/JHEM BO3pacTe peliawollee
3HaueHUe MpUOOpeTarT MNJOTHOCTb CTPYKTYpbl U COaJIaHCMPOBAHHOCTbH (Pa30BOro COCTaBa
LeMEHTHOTO KaMHS.

Takum o6pa3oM, 1o pe3yJsbTaTaM NpeABapUTEJbHOTO 3KCIIEPUMEHTA MOKHO T'OBOPHUTH O
NepCNeKTUBHOCTH IPUMEHEeHUs TepMOaKTUBHMPOBAaHHOM rJyuHbl Kapa-Kede B kadecTse
aKTMBHOU MHUHepaJIbHOU 106aBKH B [1leMEHTHbBIX KOMIIO3UILIUAX, TO3BOJISIIOLIUX He TOJIbKO
CHU3UTbD COJlep>KaHHe [IeMeHTa, HO M 3HAYUTeJIbHO NOBBICUTh UX IPOYHOCTHBIE U CTPYKTYPHbIE
noKasaTeJH.

3aKJ/iloueHue

B pe3ysibTaTe Mcc/iel0BaHUs YCTAaHOBJIEHO, YTO KAaOJIMHCOeprKalliasl IJIMHA MECTOPOXKIeHHUS
Kapa-Keye no xvMH4YeCKOMYy U MHHEPAJIOTUYECKOMY COCTaBY SBJISIETCS MepPCIeKTUBHbIM
aJIIOMOCHUJIMKATHBIM ChIpbeM /[IJIs MOJIyYeHUs] aKTUBHOW MHUHepasibHOU J06aBKU. [lo JaHHBIM
SEM- u XRD-aHasin3a B cocTaBe IJIMHbI IPe06/1aaloT KAaOJIMHUT, UJIJIMT M KBapll, a BbISIBJE€HHbIE
CTPYKTYpHble OCOOEHHOCTH YKa3blBAalOT HA BO3MOXXHOCTb TMOBBILNIEHUSI peaKIMOHHOU
CIIOCOOHOCTU MaTepuaJja MocjJe TePMHUYECKOW aKTUBalUU. [IpegBapuTesibHble MCHbITAHUS
[[eMEeHTHBIX KOMITO3UI[MH MMOKa3aJiy, YTO HauboJiee BblpaXKEeHHbIN MOJIOKUTeNbHbIN 3P deKT mo
NPOYHOCTH JJOCTUTAETCA MPU UCMOJIb30BAHUU TEPMOAKTUBUPOBAHHOM TJIMHBI, TOJYYEHHOU MPU
700 °C u wu3Mesb4yeHHOW B TeyeHUWe 3 MHUH. I[losiydeHHble [JlaHHble MOATBEPXAAIOT
NEePCNEeKTUBHOCTb HCMOJIb30BaHUSI TJIMHbI MecTopoxaeHuss Kapa-Keue pgssa mnosyyeHus
aKTUBHOM MHHepPaJbHOW [J06aBKMU JJisi MPOMU3BOJICTBA I[€MEHTHBIX KOMIIO3UIUHA C
MOBBIIIEHHBIMU MPOYHOCTHBIMU CBONCTBAMU

BKJ1aZ; aBTOpOB.
[xycynoa M.A. O6ocHOBaHMe KOHLENLWU HUccaeoBaHUA (PopMysMpoBaHUE HJEH,
Ucc/eloBaTeIbCKUX LieJied U 3aJjay) PazpaboTka MeTo0J1I0T UM UccaeioBaHusA [l1aHMpoBaHUe
HccieloBaHUM (0160p pelenTyphl, TeMilepaTypa 00KHUra U KOJIM4eCTBO BBOAMMOW aKTUBHOM
MHHepaJbHOM 100aBKHU
KysnbmrkoBa C.T. C60p, aHa/iu3 U 060011eHHe AAHHBIX JUTEPATYpPbl, pelaKTUPOBAHUE TEKCTa
pykonucu - Opopmiienre pykonucu Pabora ¢ rpadpuueckuM MaTepraioM
Koxxaxmer M.C. HanucaHue TekcTa pykonucu - KpUTHYECKHMU NepecMOTp TEKCTa PYKOMHUCHU
(BkJItOYAs 3TaMbl 10 WM NOC/e NyOGJUKAL MU PYKONIUCH)
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Characterization of kaolin-containing clay from the Kara-Keche deposit and evaluation of
its suitability as an active mineral additive for cement composites

Abstract. The kaolin-containing clay of the Kara-Keche deposit has been studied as a potential
raw material for obtaining an active mineral additive to cement compositions. The assessment of
the raw material base of kaolin clays of the Kyrgyz Republic was carried out, and the composition
and structural features of the studied material were investigated. Methods of X-ray fluorescence,
X-ray phase and electron microscopic analysis were used to evaluate the characteristics of clay. It
was found that the clay contains kaolinite 45-55%, illite 15-20% and quartz 25-30%. The clay was
thermally activated at 550-700 9C with a heating rate of 100C/min and held for 3 hours, after which
it was ground for 2-3 minutes in a rotary impact mill and 5, 10, 15% cement was introduced
instead. It has been found that the best strength results are achieved by thermal activation of 700
°C clay, but the optimal amount of clay in the cement composition depends on the age of the
samples. In the early stages of hardening, 3-7 days, when 15% clay is applied, the strength of
cement compositions increases by 74.3 and 35.6% compared to the control cement. For 28 and 90
daily samples, the optimal amount was 5%, where the increase in strength is +28.1 and +9.8%,
respectively. The data obtained indicate the possibility of using clay from the Kara-Keche deposit
as a mineral additive in the development of cement compositions

Keywords: kaolin-containing clay, Kara-Keche deposit, thermal activation, active mineral
additive, pozzolan activity, cement compositions
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AHanu3 gepopMalMOHHbIX IAPAaMeTPOB OCHOBAHMM METO40M
IITAMIOBBIX UCNILITAHUMA TPYHTOB B YCJIOBUSIX IPOMBILIJIEHHOT'O
CTPOUTEJ/ILCTBA

A.C. MykameBa “ , A.K. Kycynoekos “ ,TI'.A. KaupbaeBa * ,
I'T.TneyneHoBa*

Eepa3zulickuli HayuoHabHb1il yHugepcumem umeru JI1.H.I'ymunaeea, Acmana, Kazaxcmat

E mail: gulshattleulenova7 @gmail.com, astana-geostroi@mail.ru, gulnaz.W@mail.ru,
almagul m75@mail.ru

AHHOTanMA. B cTaTbe nmpecTaB/ieH 0630p CyIeCTBYIOLUUX THUIIOB TPYHTOB U
BBIMIOJIHEH CPaBHUTEJbHbIM aHa/JW3 JUaNa3oHOB MoayJas JedopManuu
Pa3JIMYHBbIX JAUCIEPCHBIX TPYHTOB, OMNpeAeJEHHBIX METOJOM ILITaMIIOBBIX
ucnblTaHUuU. [losieBble HcceloBaHUS MpPOBeJEeHbl Ha MPOMBILIJIEHHON
IJIOIIa/IKe C BBIIOJIHEHUEM IJIAHOBOM U BBICOTHOM MPUBSI3KH YCTheB CKBAXKUH
M TOYEK UCNbITaHUU. Bcero BbIMOJHEHO 37 HUCHBITAHUU B COOTBETCTBHUHU C
TpeOOBAHUSMU JEeNCTBYIOIMX HOPMATUBHBIX JOKYMEHTOB W CTaHJApTOB
WH)XEHEepPHO-Te0JIOTUYEeCKUX U3bICKaHUH. Ha OCHOBaHMM MO3TANHOTO
Harpy>KeHHus MoCTPOeHbl rpaprKU 3aBUCUMOCTH 0CaJIKU OT AaBJjeHus S = f(p),
YTO MO3BOJIMJIO OINpeAeJUTb MOAyJIU JepopMallyd I'PYHTOB OCHOBAHUS U
OLIEHUTb UX AedopMalMOHHble CBOHCTBAa. B paboTe yuTeHbl MHXXEHEPHO-
reoJiorTM4eCKMe MW THUAPOTEe0JIOTUYECKHE YCAOBHUS y4yacTKa, BKJIIOYas
IIOCJIONHOE CTpOeHHe TPYHTOB, PU3MKO-MeXaHUYECKHEe XapaKTEPUCTUKU U
ypOBeHb TpPYyHTOBbIX BoJA. Ocob6oe BHUMaHHE Y/eJ€HO MpeuMyliecTBaM
IITAMIIOBOrO MeTO/a, O00ecrneyrnBawollero ornpeaejeHue XapaKTepPUCTUK
TPYHTOB B €CTECTBEHHbIX YCJOBHUSX 3aj/leraHusl MNPU MHUHHUMaJbHOM
HapylleHUH HUX CTPYKTypbl. [losiydeHHble pe3yabTaTbl MOATBEPXKAAIOT
3pPeKTUBHOCTb NMPUMEHEHHUS] LITAMIOBBIX HCIBITAHUW JJIs MOBBIIIEHUS
TOYHOCTH pACYETOB OC3AOK, ONTUMH3AIUU NPOEKTHbIX pelleHUud u
obecriedeHUs] HAJEXHOCTH MPOMBIIIJIEHHBIX 3JaHUA W COOPYKEHUHU.
[IpakTHyYeckass 3HAYMMOCTb HMCCJI€/JOBAaHMSI 3aKJIHYAeTC B BO3MOXKHOCTH
MCII0JIb30BAHUS MMOJIyYEHHbIX JAHHBIX MPU NMPOEKTUPOBAHUU OCHOBAHUU U
bYyHZIaMEHTOB B CJIOKHBIX HHXXEHEPHO-T€0JIOTUYECKUX YCIOBUSX.

KinouyeBble cioBa: gedpopMalu TPYHTA, UCIBbITAHUS LITAMIIOM, OC3JIKa,
NPOYHOCTb HA CJIBUT, MOJYJIb YIIPYTOCTH.
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A.S. Mukasheva, A.Zh. Zhussupbekov, G.A. Zhairbayeva, G.T. Tleulenova

BBeageHue

[lITaMnoBble UCOBITAHUS IIHUPOKO HCMIOJb3YIOTCH B MPOMBILUIJIEHHOM CTPOUTENbLCTBE [IJisl
Ol|eHKH NapaMeTpoB AedopMalyu, TAaKUX KaK 0CaJiKa, CMelleHH e U 3aBUCUMOCTb HallPSXKEHHUS OT
JebopManuy, B pa3JIMYHbIX MaTepuasiax U KOHCTPYKLUUSAX. ITU UCIBITAHUS 0COOEHHO MO0JIe3HbI
JUIS OLleHKH MeXaHUYeCKHUX CBOWCTB MaTepHasioB MPU Pa3/IMYHbIX YCJAOBUSAX HaArpykeHus. 3a
npoulejliie rofibl ObLIO pa3paboTaHO HECKOJIbKO MEeTOJI0B TeCTHPOBAaHUS MapaMeTpPOB,
onpeaenswiux JgebopManuy, KOTOpble HampaBJjieHbl Ha MOBbIIIEHHWE TOYHOCTU U
3pPEeKTUBHOCTH I3TUX OLIEHOK. B JlaHHOW cTaTbe MpeJCTaBJeH CpPAaBHUTEJbHbIM aHa/IW3
pPa3/IMYHBbIX METOJI0B TECTHUPOBAHMUS, UCIOJIb3yEMbIX B COUETAHUHU C TECTAMM Ha LITAMIOBKY, C
aKLIEHTOM Ha WX MPUHLMIIbI, 06JaCTH MPUMEHEHUS, TPEeUMyliecTBa U OrpaHUYeHUs. AHAIU3
OCHOBaH Ha pe3yJbTaTax pPa3JIMYHbIX HAYYHbIX HCCJAEJ0BAaHUM, YTO MO3BOJISIET MOJYYUTH
BCECTOpPOHHEE Mpe/ICTaB/JeHHEe O TEKYIEeM COCTOSIHUM TEXHUKU B 3TOU 06J1aCTH.

OcHOBHBIMM TMapaMeTpaMu JAedopMalyM, OLEHEHHBIMH C HCIOJb30BaHUEM MeTo/ia
IITAaMIOBBIX UCHBITAHUN TPYHTOBBIX OCHOBAaHUM SBJSIOTCS: 0C3jiKa, NPOYHOCTb HAa CABUT U
MOJlyJib YNPYrocTu. MeToJi WMCHbITAaHUS UITAMIIOM, TAaKXe MW3BECTHbIM KaK MCIbITaHUE Ha
Harpy3Ky Ha IJIaCTUHY, WIMUPOKO HCIOJb3YEeTCS Ha CTPOUTENbHBIX y4acTKax JJisl OLIEHKH
JlebopMallMOHHBIX CBOMCTB IPYHTOBBIX OCHOBAHUM. DTOT METOJ, 3aKJ/II0YaeTCs B MPUJIOKEHUHU
Harpy3ku K IJIaCTHHe, MOMeEIleHHOW Ha MOBEPXHOCTb T'PYHTA M HM3MepPEeHUU BO3HHUKAIOL[UX
ocazok. OLleHKa KJIIUYEeBbIX TapaMeTpPoB AedopMaliiu I'PYHTOBbIX OCHOBAaHUHN HUMeEET pellaloliee
3HauYeHHWe [/ MOHMMaHHUs 0CAJKH, MPOYHOCTH HA CABUT U MOAYJIS YIPYTOCTH, 0COOEHHO NMpPH
MCII0JIb30BAHUU MeTO/ja LITAMIIOBOTO UCHBbITAaHUSA. JTa TEXHUKA HUCIbITAHUN Ha MeCcTe UrpaeT
BOXXHYI0 pOJib B OMNpeJieJIeHUH XapaKTepPUCTUK JedpopMalud TPyHTA, UTO HEOOXOAUMO [Jisl
NpOEKTUpPOBaHUS (YyHJAaMEHTOB MPOTHO3UPOBAHUS TMOBEJEHUs] TpPyHTa INOJ JeHCTBUEM
Harpysku MU obecneyeHHUsl LeJOCTHOCTH KOHCTPYKLMU. CyllecTByeT HECKOJbKO OCHOBHBIX
OLlEHMBAaeMbIX MapaMeTpoB Aedopmanuu: Moayb 06 beMHOU ynpyroctd K, moaynb casura G,
ofioMeTpuYecKUil MoAyJb Eoed U MOAY b yIpyrocTH (MoAy b Aedopmanuu) E. Moayab K cBs3an
C COKUMaeMOCTbl0 TpPyHTa. ITOT MapaMeTp HMeeT pellamllee 3HaYeHUe [Jis OLeHKHU
NOTEeHMaJbHON 0CaJIKU I'PYHTOBBIX OCHOBAaHUM, OCKOJIbKY OH HAaNpsSIMyl0 BJHMSIET Ha TO, KaK
IPYHT OyaeT AebopMupoBaTbcs noh Harpy3kod [1]. Moaynap K Hapsaay c¢ moaynem G paet
npeJicTaBJeHre O TMPOYHOCTH T[PYHTA HA CABUI, UYTO SBJSETCS BaXXHbIM (aKTOpoM B
reoTEXHUYECKOM MNpoeKTUpoBaHUU ¢yHAamMeHTOB [3], [9]. Moaysp G ykasblBaeT Ha
CONMPOTHBJIEHHE TPYHTA CJBHUTCOBOMY HAIpS?)KEHHIO, YTO HEOOXOJAMMO /[Jisl MPOTHO3UPOBAHUSA
MOBeJIeHUsI TPYHTA B Pa3/IMUHBIX YCIOBUAX Harpy3ku. Kpome Toro, BaXXHy1 poJib B HIOHUMaHUU
YyIpPYyroro noBeJeHUsl TPYHTA MO/, HAarpy3Kko urpaet moayJb Eoed. ToT mapameTp oco6eHHO
BA)KEH JJIs1 OLeHKU MOAYJIS yIpyroctu E, KoTopblii ©3MepsieT COCOGHOCTh MaTepUasa yrupyro
nebopMUpOBaTHLCA MOJ BO3JeHcTBHEM cuibl [2]. Moayib yHnpyrocTd SIBJASETCS KJHOYEBbIM
dakToOpoM B aHa/M3e 0CaJKH, MOCKOJIbKY OH HANpsIMYI0 CBs3aH C pacyieTaMHu ocajiku. MoayJb
JebopManuu OoTpakaeT MOBeJleHHe IPYHTA MO/, JaBJleHUeM U HMMeeT BAXKHOe 3HAaueHHue MJIs
MOHMMAaHUsl KaK MTHOBEHHOM, TaK U KOHEYHOMU ocaJiku [5]. UcnibITaHKe HAarpy3KoW Ha MJIACTUHY
in-situ, KoTOpoe YacTO HCHOJb3yeTcs B COYETAHUM C METOZIOM MCHBbITAHUS ULITAMIIOM,
peJloCTaBJsIET LeHHble JJaHHble 0 MoJyJe AedopMalUy U ero HeJUHEeHMHbIX CBOMCTBAX, YTO
103BOJIsIET 60Jiee TOYHO OIIEHUTDh NoBeJieHHe IrpyHTa [1]. TakuM o6pa3om, HHTerpanys MOAYJIs
K, Mmonyns G, moaynsa Eoed u moaysia nebopmanuu E o6ecieunBaeT BCeCTOpOHHee TOHUMaHUe
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NIOBeJleHUsl TPYHTA MO/, Harpy3KoW, MMeeT peliawliee 3HayeHUe A5 3GPeKTUBHOIO aHaIu3a
ocajku. MeTo/, ITaMNOBOT'0 UCIbITAHUSA, HAPSAAY C APYTMMHU METO/JAMU UCIbITAaHUN Ha MECTE,
obJsieryaeT TOYHOE H3MepeHHe 3ITUX MNapaMeTpoB JAedopMalyM, YTO B KOHEYHOM MTOre
CIoco6CTBYeT 60Jiee 6e30MacCHOM U HaZleXKHOW MPaKTUKe re0TeXHUYeCKOro NpoeKTUpoBaHus [8].

B psaje Hay4yHbIX MCCAeJOBaHUM LITAaMIOBOE HCIbITAHUME pacCMaTPUBAaeTCs KaK OJUH U3
6a30BbIX METOJ0OB TMOJIEBBIX HCCA€JOBAaHUM, INpeJHa3HAUYEeHHbIX JJ  OIpeJeseHUs
fiepOpMallMOHHBIX XapaKTEPUCTUK TIPYHTOBBIX OCHOBaHHUM. MeToJ OCHOBaH Ha YCTaHOBKe
ECTKOM NJIACTUHBI (IITaMIa) Ha NOBEPXHOCTb WJIM B 3aboe BBIPAOOTKU C MOCJAEAYIOLUM
HO3TANHbIM MPUJIOXKEHUEM KOHTPOJMPYEeMOW HArpy3Kd U perucTpanyedl COOTBETCTBYIOLIMX
ocaZiok. B pesysbTaTe ¢opMuUpyeTCcs 3aBUCUMOCTb «HArpy3kKa-ocajika», KOTopas I03BOJISeT
OLIEHUTb HaNpsHKEHHO-AePOPMUPOBAHHOE MOBeJleHUEe TpPyHTAa B €CTEeCTBEHHbIX YCJIOBHUAX
3ajieraHus. B ucciefoBaHuHM, JaHHBIA MeToZ, obecneydBaeT MoOJy4YeHUe HHPOPMaTHUBHBIX
napamMeTpoB, MCHOJIb3yeMbIX MpPU pacyéTe OCHOBAaHUH 1Mo JepopManusM U Hecylled
CIOCOGHOCTH.

B Hay4yHBbIX UCTOYHHKAX OTMeYaeTCsl, YTO UCIbITAaHUS MOTYT NPOBOAUTHCS B CTATUYECKOM U
JIMHAMUY€eCKOM peXMMax Harpy»eHus. CTaTHyecKue HITaMIIOBbIE UCIbITAHUS CUUTAIOTCS 6oJiee
TOYHBIMU NPU OMNpejeJeHUHd MOAyJs JepopMalld, MOCKOJbKY 00ecrneyrBalT MO3TalHOe
IpUJIO’)KEHHWEe HArpy3KU C BBIJIEPXKKOW CTyleHed [0 CTabuiusaluyu ocafku. [JMHaMU4yecKue
MeTO/ibl XapaKTepPU3YIOTCs 60JIblIel 0NEePaTUBHOCTbIO U IPUMEHSIOTCS IPEUMYLLECTBEHHO JJ1s
3KCIpecC-OlleHOK COCTOSIHUSI OCHOBAaHUS U YCTAHOBJIEHUSI KOPPEJSLUOHHBIX 3aBUCHMOCTEN
MeXJy AWHAMUYECKUMU M CTaThudyeckuMu Mmoayasamu [1], [8]. Ilpy aToM Ha pe3ysabTaThbl
UCIIBITAHUN CYIeCTBEHHO BJIUSIIOT reOMeTpUYeCcKHe MapaMeTphbl WTaMna (guamertp, ¢popma),
rJlyOrMHa 3aJI0KeHUs], a TaKXKe PeoJiorhiyeckrue 0COOGEHHOCTU TpyHTa. AHa/lM3 CylleCcTBYOILEeN
Hay4yHOM JIUTepaTypbl IOKa3bIBaeT, UTO KJIIOYEBbBIMM MapaMeTpaMH, oOIpejessieMbIMU MO
pe3y/JbTaTaM IUTAMIOBOrO MCHBbITAHUS, SBJASAIOTCA 0CajKa, MoAyab Aedpopmauuu (MoOAYJb
YIPYroCTU) U KOCBEHHO — MPOYHOCTb Ha cABUT. OcaZika MpejcTaBJisieT coO60M BepTUKaJbHOE
nepeMelleHle NOBEPXHOCTHU IPYHTA MO/ IeUCTBHMEM BHEIIHENW HArPY3KU U CJAYKUT OCHOBOU 151
NPOTHO3UPOBAHUS 060uUer U AuddepeHIMaTbHON OCagKU coopykeHUM [2]. Ha ocHoBaHuHU
npeJie/ibHbIX 3HAYeHUH 0CaZiKu onpejiesisieTcsl AOoNyCcTUMasl Hecyljasi COCOGHOCTh OCHOBAHUS.
/i TOBBILIEHUS] [JJOCTOBEPHOCTHM pPACYETOB pe3y/bTaTbl LITAMIOBBIX MCIBITAHUNA YacTo
COTOCTABJISIIOTCS C JAHHBIMU JIAOOPATOPHBIX OJIOMETPUYECKUX U TPEXOCHBIX UCIIBITAHUH [3].

B psje uccienoBaHUM NOAYEPKUBAETCS BO3MOXXHOCTb KOCBEHHOM OLIEHKH NPOYHOCTH
TPYHTA Ha CJABUT II0 XapaKTepy KPUBOM «HArpyska-ocajika». HecMoTps Ha TO 4TO MeTo[
OpPUEHTHUPOBAH NPEUMYIeCTBEHHO Ha aHa/M3 BePTUKaJbHbIX JAedopMauui, MapaMeTphl
IPOYHOCTU MOTYT OBIThb OIpeJAeseHbl 4Yepe3 MHTEePIpeTalui0 IMpeJeIbHOTO COCTOSIHUSA
OCHOBAHMS U CONOCTABJIEHHE C TEOPETUUYECKHUMHU MOJeISIMU Hecylllerd cnoco6HocTH [4], [5]. Aasa
YTOYHEHHS 3TUX XapaKTEPUCTHUK IITAMIIOBbIE UCIIBITAHUS HEPEJKO KOMOUHUPYIOTCS C IPyTUMU
M0JIEBBIMU METOJlaMH, HallpUMep HUCHbITAaHUEM CpPe30M JIOMATKOM, YTO MO3BOJISIET MOJIYYUTH
6oJiee KOMILJIEKCHYI0 OLIeHKY MeXaHHW4YeCcKOro MoBeJieHUsl IpyHToBoro maccuBa [4]. Ocob6oe
BHUMaHUE B UCCJIE/JOBAHUSIX Y/IeJS1ETCS ONpeie/IeHUI0 MOy AedopMaliu, KOTOPbIH SIBJISIETCS
OJIHUM W3 OCHOBHBIX PACYETHBIX MapaMeTPOB NMPU MPOEKTHPOBAHUU GYyHJAMeHTOB. MoAayJb
JebopManuu ornpenesseTcs MO HaYaJbHOMY WJIM CeKylleMy HaKJIOHY KpPHUBOW «Harpyska-
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ocagka». OJHaKO BCJIeACTBUE HEJWHENHOro XapakTepa IOBeJleHWs TPYHTOB B 00JacTH
HanpspKeHUM-gedopMauMil  JJid  MHTepHIpeTaluy pe3yJbTaTOB HepeKOo NPUMEHSIOTCA
runepbosinyeckue U aMmnupudeckue mozenu [10]. PaspaboTka koppessiLiHOHHbIX 3aBUCUMOCTEN
MeX/Jly CTaTUYeCKUM U JMHAMHYECKUM MOJYJAMHM TaKXe SIBJSETCH NpeAMeTOM aKTHUBHbIX
uccaefoBaHuu [1].

B pa6oTe [6] ncciefoBaHoO, UYTO HAa BeJIMYMHY JePpOpPMallMOHHbIX IApaMeTPOB CYLeCTBEHHO
BJIUSIOT TUINl U QU3UKO-MeXaHUYeCKHe CBOMCTBA IpyHTa. MccieoBaHbl ecyaHble IPYHTHI, KaK
IPaBuUJIO, XapaKTepU3YyIOTCA 60Jiee BbICOKUMHU 3HAa4E€HUSAMU MOy AedopMalui U NPOYHOCTH
Ha C/ABUT 10 CPAaBHEHHUIO C TJIMHUCTBIMH, CKJIOHHBIMU K 3HAaYUTEJbHBIM 0CaJIKaM U 10J13y4yecTH. B
JIpyroM uccjaenoBaHuu [2], [7] paccMaTpuBaeTcs, UTO CylIECTBEHHYIO POJIb UTPAIOT BJIAXKHOCTb,
IJIOTHOCTb CJIOXKE€HHS], TPaHYJIOMeTPUYECKUN COCTaB M CTPYKTYpPHble OCOOEHHOCTH TpYyHTa.
Kpome Toro, ycioBus HarpyxeHusi @ BeJIMUMHA, CKOPOCTb NPUJIOKEHUSI Harpy3KU U UCTOPUS
npeJUecTBYOLIMX Harpy3okK TaKKe OKas3blBalOT 3aMeTHOe BJIMSIHWE Ha IoJly4aeMble
napameTpsl [1], [7], [8].

OTaenbHOE HanpaBJIeHM e UCCIeJOBAHUI CBA3aHO C OLleHKOW 3pPeKTUBHOCTU MEPONPUATUI
10 YKPEIJIEHUIO U YJIy4dllleHHI0 TPYHTOB. HanpruMep, npuMeHeHUe TPYHTOLEMEHTHbIX 3JIEMEHTOB
U IpyTUX METO/I0B apMUPOBAaHUS NPUBOJUT K YBEJIMUEHU IO KDUTHYECKUX JABJI€HU N U CHUXKEH U0
ocasiok ocHoBaHU# [9], [10]. llTaMnoBble UCIOBITAHUS B TAKUX CJAy4asX HUCIOJb3YHTCS Kak
MHCTPYMEHT KOHTpPOJIA KaueCcTBa YCUJEHHWSI U KOJIMYECTBEHHOW OLIEHKHM H3MeHEeHUs
fiepopMallMOHHBbIX XapaKTepuCTUK. TakuM o06pa3oM, aHalM3 Hay4yHbIX MyOJHUKaLUH
CBU/IeTeJbCTBYeT O BBICOKOM HMHQPOPMATUBHOCTHU IUTAMIIOBOIO MeTOJa IpU OIpeJiesleHu!
MoAyJisl AedbopMalivM U OlieHKe [T0BeJleHNs I'PYHTOBbIX 0CHOBaHUU. KoMIlIeKCHOe NpyuMeHeHHe
IUTAMIIOBBIX HMCOBITAHUW B COYETAaHUM C JIAGOPAaTOPHBIMM MeTOJAMH M COBpPEMEHHBIMHU
MOJle/IIMU MHTepIpeTali NO03BOJIsIeT MOBBICUTH JOCTOBEPHOCTb PACYETHBIX NMapaMeTpoB U
ob6ecreyrnTh HaZEXKHOCTb NMPOEKTHBIX pelleHUH B 06/1aCTH NMPOMBILJIEHHOTO Y TPaXKJaHCKOTO
ctpouTesbcTBa [11], [13].

CpaBHeHHe METOJ0B ompejiesieHUs1 MojyJsel AedpopMalMU MO pe3yJbTaTaM IO0JIEBBIX U
JIabopaTOPHBIX UCCIeJ0BaHUHN IOKA3bIBAET, YTO UCIbITAaHUE LITAMIIOM IIHPOKO NPUMEHSEeTCs B
MHXXeHEePHOU NpaKTHKe U 4aCTO UCI0JIb3yeTCsl B COYeTAaHUU C OJOMETPUYECKUMHU U TPEXOCHBIMU
MCIBITAaHUSAMU /11 IPOBEPKHU M yTOUHEHUS apaMeTpoB AedopManuu rpyHToB [12].

Taxke IITaMNOBOe HCHbITaHUE obecredyMBaeT HU3MepeHUsi Ha MecTe, JlabopaTOpHbIe
MCIBITaHUsl NpeJJiaraloT 6oJiee KOHTPOJIMpyeMble yCJO0BUs JJil OLleHKU NOBeJeHUsl IPYHTa.
OpHaKo pe3yJibTaThl 1JAa60PAaTOPHbBIX UCIIBITAHUI He BCerjia COBNAaJA0T C U3MEpPEeHUsIMU Ha MeCTe
M3-3a pas3JIMuMi B yCJOBUSIX HAarpy3ku M BO3MYILEHMS] TPyHTa BO BpeMs oT6opa npob [3].
[loneBble uccae0BaHUS BbINOJHEHbl Ha TeppUTOpuM CeBepHOM MPOMBILIJIEHHOW 30HBI
Pecny6imku KasaxcraH, rze Ha MOMEHT NpOBeZieHHUs] pPaboT y4yacTOK He OblI 3aCTpoeH. Pesnbed
IJIOLA/IKK XapaKTepU3yeTcsl pPABHUHHBIM TUIIOM C HE3HAYUTeJIbHbIMU YKJIOHAMU U JIOKaJIbHBIMU
NOHWXXEHUSIMH, 00yCI0BJIEHHBIMY, 10-BUAUMOMY, 3pO3MOHHBIMHU MPOLECCAMU U TEXHOTE€HHbIM
Bo3JelcTBUEM. ['naporpadudeckas ceTb c1ab0 pa3BUTa.

Takum o6pa3om, reoMopdosioruieckre, ruiporeoJoruieckve U TeEXHOreHHble 0COGEeHHOCTH
y4yacTKa cJjielyeT YYUTBhIBaThb NPU Bbl6Ope U NPOEKTHPOBAaHMU QYHAAMEHTOB, 0COGEHHO B
KOHTEKCTe OLleHKH JlepopMalOHHbIX XapaKTepPUCTHUK FPYHTOB OCHOBaHUs. Ha ;aHHOM 06bekTe
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ObLIa MpoBeA€eHa IJIaHOBAA Y BbICOTHAA MPUBA3KA YCThEB CKBAXXHUH U TOYEK HUCIIbITaHU M FPYHTa
IITaMIIaMU B KoJIn4ecTBe 37 TOUeK.

MeToaos10rus

HcnblTaHUs TpPyHTA IITAaMIOM MPOBOAWJMCH B COOTBETCTBHU C IieJibl0 ONpeeseHUs
JflebopMallMOHHbIX XapaKTEPUCTUK AUCIEPCHBIX TPYHTOB, B YaCTHOCTU MoayJs aedopmanuu E
MUHEpPaJbHbIX, OPTAaHOMUHEPAIbHBIX U OPraHUYEeCKHUX IPYHTOB. MeTo/; OCHOBaH Ha U3MEPEHUU
OCaJK{ LITaMMa MpPU CTYNEHYaTOM Harpy>KeHUMU OCHOBaHHUSA. [I0ArOTOBKA K MCHBITAHUAM
OCYIeCTBJIsIJIach Nlepe/i MPOBeleHUEM UCIIBITAaHUM: Ha MeCcTe 0T60pa OblIM MPOOYpPEHbI ONBITHbIE
CKBaXHUHBI AUaMeTpoM He MeHee 325 MM. BypeHue nmpousBoJu/I0Ch C 06CcaiKOW Tpyb6aMu 10
3a609, 32 UCKJIIOUEHUEM YCTOUYMBbBIX K 0OPYIIEHUIO TPYHTOB Bblllle YPOBHS I'PYHTOBBIX BOJ, TAe
JIOMyCKa/oCh 6ypeHue 6e3 06caJlHON KOJIOHHBI.

MuHMMasibHAsA TOJIIMHA OAHOPOJHOIO CJI0S UCIBITYEMOTO TPYHTA COCTAaBJIslJla HE MEHee
JIByX JUaMEeTPOB UITaMMa, 4YTO obecneydBaeT KOPPEKTHOCTb u3MepeHHU. Ha oTmeTke
NpOBeJIEHUs] UCIbITAaHUS OTOUPAJIUCh 06pa31ibl AJis JIAOOPAaTOPHOT0 aHaKu3a. B 1abopaTopHbIX
YCJ0BUSIX OINpPeJesiiucCh ciaeaytolnjie GU3nKo-MexaHu4ecKre XapakKTepUCTUKU B 3aBUCUMOCTH
OT THIIA PYHTa:

- TpaHyJIOMETPUYECKUH COCTaB;

- BJIQXXHOCTD, MJIOTHOCTb I'PYHTA U MJIOTHOCTb YaCTHI];

- BJIJQXXHOCTb Ha IPaHUIAX PacKaTbIBAHUS U TEKYYeCTH, YHUCJIO MJIACTUYHOCTU U MOKa3aTesb
TeKy4eCTH;

- IVIOTHOCTb CYXOTO TPyHTa, KO3QPULUHUEHT MOPUCTOCTH, KO3PPUIIMEHT BOAOHACHIIIEHUS
[14].

[Ipouesypa yCTaHOBKM IITaMna M HarpyKeHUs IpefycMaTpuBaeT, 4YTO IITaMII
yCTaHaBJIMBAETCA Ha JHEe BBIPAOOTKM C 0053aTe/IbHOW MPOBEPKOW €ro rOpU30HTaIbHOCTHU. Jl1a
IJIOTHOTO KOHTaKTa MOJOUIBBI IITaMIla C OCHOBAaHUEM BbIIOJIHAJIOCh HE MeHee [IByX IOBOPOTOB
IITaMIla BOKPYT ero BepTUKaJIbHOW OCH B IPOTUBOIOJIOXKHBIE CTOPOHBIL. B I/IMHUCTBIX TPyHTax €
nokasareseM TekydecTd I, > 0.75 ycTaHOBKa oCyllecTBJiflJach B CHelMaJlbHO BbIPOBHEHHYIO
BbleMKYy I1y6uHol 40-60 cM [15]. [lonepedyHbIi pa3Mep BbleMKU He MpeBbIllad JUaMeTp LTaMmina
6osee yeM Ha 10 cM. [Ilpy HeoOXOAMMOCTH CTeHbl BbIEMKU 3aKpelisaaucb. Harpyxenue
OCYLIEeCTBJISIJIOCh C HCIOJb30BaHWEM JIOMKpaTa WJIA TapUpPOBaHHOIo rpysa. /JloMKpaThl
NPOXO/AUJIU NpeJiBAPUTEIbHYI0 TapPUPOBKY, IOTPEIIHOCTb U3MepEeHUS1 Harpy3KU He MpeBbllliaJia
5% oT 3alaHHOM CTYIEeHU JaBJieHHUs. Y CJI0BUS ONbITA:

1. rJsiybuHa UCNIBITAHUS — 4 M;
BU/] TPYHTA — MECOK;
cxeMa Harpy»eHus — Harpy3kKa;
CTyIlleHb Harpy3ku — kma-50;
Tun mramia — me60-600;
maouaab mramna — 600 cM KB;
AuameTtp Tpy6bl —127.00 MM;
8. TexHHUYeCKHeE yCJ0BUSA cTabuauzanuu — 120 MUH.
PexxyM Harpy»keHus1, Harpy3Ka Ha LUTaMI yYBeJW4YUBaJach CTYNEHsSMHU [aBJIeHUS B
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COOTBETCTBUM C TabsunaMu «CTynmeHW [aBJeHUs W BpeMs YCJIOBHOM CTabUIM3AIUU
JebopManuu» JIJisi COOTBETCTBYIOIIEro THUMNA TIpyHTa (TJUHUCTbIE, MPOCAZI0YHbIe, OpraHO-
MUHepaJbHble U OpraHuYeckue). Bpems ynepkaHUsl KaKJOW CTYNEeHH OINpeJesJoch IO
JIOCTH>KEHUH YCJIOBHOM CTabU/IM3alluY, TO eCTh KOTZja 0Ca/JiKa 3a NOCJAeJHUM Yac COCTaBJisa He
6osiee 0.02 mM. [Ipu HEOOGXOAMMOCTU BbIJEp:KKA Mpo/JijieBajsiacb, HO He 6GoJsiee 6 4acoB AJs
TJIMHUCTBIX U J10 12 4acoB — i OpraHO-MUHEPAJbHBIX U OpPraHUYeCKUX I'pyHTOB. [locie
3aBeplIeHUs] IMKJIA Harpy>KeHHusl MPOBOAUJIOCh pa3rpyKeHue ITaMna ¢ UKcardeid BeJTMIUHbI
obparumoit aedopmanyu (OTCKOKa), HeOOXOAMMOW AJs1 pacyéTa MoayJs JedopMalUu.
XapaKTepUCTUKU ONIPEIesIUCh 0 pe3yJibTaTaM Harpy>KeHHsl TPYHTa BEPTUKAJIbHO W HAarpy3Kou B
3a60€e rOpHOU BbIPAGOTKU UJIM B MACCUBE IPYHTA C MOMOLIbIO LITaMIa. Pe3ysbTaThl UCIBITAHUM
opopmIsiKCh B BU/le TPAPUKOB 3aBUCUMOCTH OCA/JIKH IITAaMIIA OT HAarPy3KH.

[Torpy>keHue BHUHTOBOTrO INTaMIa MPOW3BOJAUJIOCh 3aBUHYUBAHHEM MeXaHUYECKU HHKe
336051 CKBa)XKUHBIL. [Ipy MCNIBITAHUSAX B CKBOKMHAX IJyOMHA 3aBUHYUBAHWS BUHTOBOTO IITaMIa
HUXKe 320051 CKBaXXWUHbl cocTaBjssa 50 cM i T[AMHUCTBIX TpyHTOB ¢ I > 0.75 wu
BO/IOHACHIIIEHHbIX MEeCKOB U 30 CM /1JI1 OCTa/IbHBIX IPYHTOB.

B npouecce 3aBUHYMBaHUS BHUHTOBOIO IlTaMna 0O6eCrneYyrBAEeTCs CHHXPOHHOCTb €ro
BpallleHHus1 C mnorpykeHueM. [y6buHa mnorpykeHusi 3a OJUH O6GOPOT COOTBETCTBYET LIary
BUHTOBOW JionacTd. [locjie ycTaHOBKM IITaMlla MOHTUPYIOT YCTPOMCTBO [JIsi Harpy:KeHus
IITaMIa, aHKepPHOE YCTPOWCTBO M U3MEpPUTEJbHYIO CUCTEMY. BHelIHUMH BHJ, yCTaHOBKHU
npeJicTaB/eH Ha pUcyHKe 1.
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lltamn wumeer auamerp 277 MM M ILIOWAAb ONOPHOM moBepxHocTH 600 cM?, uTO
COOTBETCTByeT TpebOBaHHWSIM HOPMATUBHOW JAOKyMeHTaluu. HcnbiTaHWs NPOBOJUJWCH B
ONBITHOM CKBaXHWHe JAuaMeTpoM 325 MM, obecnedyuBawlledl HeoOXOJAWMBbIM 3a30p U
CTabUJIbLHOCTb pa3MellleHusi 060py/I0BaHHUS.

[llar BUHTOBOM JionacTu cocTaBjsgeT 50 mM. CucTeMa Harpy:keHus Obljla peasiM30BaHa C
HCII0JIb30BaHHEM IMHEBMATHUYECKOI'0 MexXaHU3Ma, o6ecreyrBaroILEero IJ1IaBHOE u
KOHTPOJIUPYEMOE yBeJMYeHue AaBjeHus. [y pukcaluy ocaZiKu NPUMEHSMCh BBICOKOTOYHbIE
JIATYUKM TepeMelleHM C MUHUMaJbHOM JucKpeTHOCTbO usMepenusa 0.01 mm. KoHTposb
JlaBJIEHUSI OCYILLECTBJISAJICA C UCNIOJIb30BAaHUEM MaHOMeETpa KJacca TOYHOCTH 0.4, M03BOJIAOLIETO
peructpupoBaTh 3HayeHud A0 1600 klla. MakcuMasibHOe [aBjieHUe, CO3aBaeMoOe Ha I'PYHT B
Xo0/le UCITbITaHUH, cocTaBJisao 1.0 MIla.

WcnblTaHUs 1ITAaMIOM ObLIM 3alJIAHUPOBAaHbI [/ BCEX MHXXEHEPHO-TE0JI0THYECKUX
asieMeHTOB (MI'J) cxxriMaeMoil ToJIM, B KOTOPOM YKa3aHO, YTO B Mpejesiax CKUMaeMOU TOJIIIU
OCHOBAaHMUW 3/1aHUM U COOPYKEHUU IM0JieBble MCIBbITAHUA CJeAyeT MNPOBOJUTH UITAMIAMHU
miomaapio 600 cM? 60 B 3a60e CKBAaXKMH, JIUGO C MCIOJb30BAaHHMEM BHHTOBOI JIOMACTU B
MacCHBe IPYHTa.

KoJsinyecTBO IITaMNOBBIX UCIIBITAHUH [JIS1 KQXK0T0 XapakTepHoro UI'J cocTtaBsisisio He MeHee
Tpéx JM60 JBYX, €CJM PACXOXKEeHHUS olpejiesseMbIX MOKa3aTesied He mpeBbimaso 25% oT
cpeaHero 3HayeHUs. [1o UTOram noJieBbIX UCIBITAHUW TPOBOAUJIOCH YTOYHEHHE BEJIMUMH MOAYJISA
JlebopManMy TPYHTOB, IPeABAPHUTEIbHO ONpe/ieIEHHbBIX IAO0OPAaTOPHBIMH METOJaMU.

Pe3y/ibTaThl M 06CYyXKAEHUA

B uccnenoBanum 66110 NpoBefeHO 4 ucnbITaHUM. [0 JaHHBIM UCHBITAHUN ObLI MOCTPOEH
rpaduK 3aBUCUMOCTH OCa/IKU LITaMMa oT AaBseHus S=f(p). Moayb gepopManny BbIUUC/IAICA B
JlyanasoHe JlaBjeHUH. 3a HayaJlbHOe 3HavyeHHe ObLIO NPUHATO [JaBJeHHe, paBHOE
BepTUKaJbHOMY 3PPEKTHUBHOMY HANPSHKEHUIO OT COOGCTBEHHOTO Beca TPyHTAa Ha OTMETKE
MCIIBITAHUSI U COOTBETCTBYIOLAsI 0Ca/IKA, 32 KOHEYHble 3HaYeHHsl, COOTBETCTBYIOLIME YeTBEPTOU
TOUYKe rpaduka Ha NPSIMOJIMHEMHOM y4YacTKe.

Tab6sinna 1. Pe3ysibTaThl pacyeTa
Ne PacyeTHble 3HaUYeHUSA As, MM Ap, MIla E, MIla
napaMeTpoB
Harpyska 0.68 0.20 40.50

Pasrpyska - - -
Harpyska noBTop - - -
Harpyska noBTop - - -

Bl =

Ecnv nmpu faB/ieHUM MpupalieHre 0Cafiku OyZeT BJBoe 6oJiblile, 4YeM JJis NMpefblaylei
CTYIEHHU JIaBJIEHUS, a IPU NOC/AeAYIOIEeN CTyNIeHH JaBJeHusl MpUpalieHre 0CaZiKu OyleT paBHO
WJIM OOJIbIIIe PUPAIeHHs 0CaKH.

[Ipu 3TOM 4HMCJI0 TOUYEK B pacCMaTpUBaeMoOM Jiana3oHe 66110 37. B npoTUBHOM ciiydae npu
UCIBITAHUM TPyHTA HEOOXOAMMO MPUMEHSTbh MeHbIIWe CTylneHU [JaBjeHUs. OCHOBHoe
ypaBHeHHUe 151 BblurcaeHus Kp moaysis nebopMaiyu npejcTaBjieHo
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BblpaxkeHUeM [8]:

h
Kp = E' (1)

rae: h - rnybrHa pacnoJsioKeHUsl LITaMIla OTHOCUTEJIbHO JHEBHOW MOBEPXHOCTHU
IPYHTa;
D - punameTp LuTammna.

Kp NpyHHUMaT paBHBIM 1, IpU KMCNBITAHUAX TPYHTOB IITaMIaMHU B KOTJIOBaHaX, wypdax
He3aBucuMO OT h/D. [Ipy UCIBITAaHUAX TPYHTOB BUHTOBbIM LITAaMIIOM B OYPOBBIX CKBa)KMHaX
HUXKe 3a60s npuHUMarT Ko3dpounuent Kp. /Jlia BbimosHeHuss pacyeToB npuHaTo Kp=1.
Pe3ysibTaThl pacueToB Npe/cTaBjeHbl B Tabaule 1. [Io pe3ysibTaTaM UCOBITAaHUM OB HOCTPOEH
rpaduK 3aBUCUMOCTH OCaZIKU OT JaBjieHus (PucyHok 2), HAa OCHOBaHUHM KOTOPBIX ONpeesscs
moaynb aedopmanuu E B coorBeTcTBUM ¢ popMysamu, npuBeAéHHbIMUA B 'OCT 20276-2012
(tabauua 2). 3HayeHuss E ydyuThIBaJMCh NpU MNPOEKTUPOBAaHUM (GYHJAaMEHTOB W OIlEHKe
IPUTOJHOCTH OCHOBAHHUS.

kL=
0,4 e
0,45 n
0.5]
0,551 |
0,6
0,85

‘_,-J:'.-"

v

=1

I%::a.qﬁapmm
o & L
I T s R ]

v1 \H‘x\.\
1 [!-EE \

1,15 AN

12 N
i u

D05 01 012 D14 D16 018 0.2 022 024 026 028 03 032 034 036
Dasnexwe, Ma

PucyHok 2. I'paduk mrtamnoBoro onbita UI'3 2 necku nbineBatoie aQll-111
MeTo/0M ITaMNOBBIX UCMIBITAHWH OBLIN ONpeJesieHbl MOAYJIH AepopMal iy NblIeBaThIX
IIECKOB U CYyTJINHKOB, KOTOpPbIE COOTBETCTBEHHO OBbLIU B Avana3zoHe oT 22.40 MIla go 45.53 MIla,
cpefiHee 3HayeHue 53.60 MIla u ot 15.10 MIla go 25.60 MIla, cpegnee 3Hauenue 20.16 MIla. B
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CpaBHEHHUHU pe3y/IbTAaTOB MeCKa U CYTJIMHKA C JJaG0paTOPHbIMU UCCIEJOBAHUSMHU MOTPELIHOCTD
cocTaBJigeT He 6osee 5%.

Tabsiuua 2. Pe3ysibTaThbl NPOBE/I€HHBIX UCIILITAHUU B BU/Jl€ ONIpeJieIEHHbIX MOAYJIEN
nebopmanuu E rpyHTOB OCHOBaHUSA
Ne ura Onucanue rpynta | Homepa ucnbitanun | E, MIla Cpennee
3HavyeHue E
1 2 UTI'3 2. [lecku 1,4,7,13,17, 23, 40,50; 53,60
nbleBaThie aQII-111 31,33, 35 40,50;
40,50;
22,40;
22,40;
31,90;
41,70;
39,77;
45,53;
37,37
2 3 UT3 3. Cyrauuku N1-2pv | 2,5, 8, 11, 15, 20, 25,60; 20,16
22,28, 39 15,40;
24,54;
15,10;
24,53

3aK/IloueHue

B pe3y/sibTaTe BbINOJHEHHbIX LITAMIIOBBIX MCIbITAHUMN, MOJy4Y€Hbl JOCTOBEpPHbIE 3HAYEHHUS
Moaysiel aedopMalu JUCIEPCHBIX TPYHTOB OCHOBaHUs. Bcero BbinosiHeHO 37 UCHBITAaHUH, 110
pe3y/JbTaTaM KOTOPbIX MOCTPOEHbl 3aBUCUMOCTH OCAAKH IITammna oT JaBjeHus S = f(p) u
onpejesieHbl 3Ha4yeHus: Moy s AebopManuu E B 33/laHHOM /uana3oHe HaNnpsiKeHU! ¢ y4eToM
ko3pdunenTa ycaoBur ucneiTanusa K'p" =1, B ganHoM ciaydyae wMoayas aepopmanuu (E)
MHUHepa/IbHbIX, OpraHOMUHEPAIbHBIX U OpraHUYeCKUX TPYHTOB.

Takum o6paszom, AJi MECKOB MOAYJIb 60JIbllle YeM JAJiSl CYTJIMHKOB, TaK KaK MEeCKH MeHbIle
CKMMaeMble TPYHThI. YCTAHOBJIEHO, YTO MOAYJIM JlepOopMaliuy MblJIEBAThIX ECKOB U3MEHSIOTCS
B npeaenax 22.40-45.53 Mlla, Torga Kak aJs CyrJIMHKOB OHU cocTaBusaoT 15, 10, 25, 60 Mlla.
[TosydeHHble pe3yJibTaThl MOATBEPKAAIOT, YTO NeCYaHble TPYHTbI XapaKTePU3YTCSI 60JIblle
KECTKOCTbhIO U MEeHbIlIel C)KMMAEMOCTbIO 110 CPABHEHUIO C CYTJIMHUCTBIMH, YTO 00YCJIOBJIEHO UX
CTPYKTYPHO-TEKCTYPHBIMU O0COOEHHOCTSIMH.

ComocTaBJ/ieHHe 0JIEBbIX JJAHHBIX C pe3yJibTaTaMU JIabopPaTOPHBIX MCCIe/JOBaHUH [TOKa3a/I0
pacxoxzaeHue He Oosiee 5%, 4YTO CBUJIETEJNBCTBYET O BBICOKOW JOCTOBEPHOCTH MOJIyYEHHBIX
napameTpoB. [losyyeHHble 3HauYeHUsT MoAyJed JedopManuu ObLIM HCIOJb30BAaHbI IPU
IPOEKTUPOBAaHUM (YHJAaMEHTOB M MO3BOJIMJIM YTOUYHHUTH pPACUETHbIE OCAZKH, 06ecrneyuB
MOBbILIEeHHE HAIEXKHOCTH U 060CHOBAHHOCTH MPOEKTHBIX pPellleHUH.

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 49



A.S. Mukasheva, A.Zh. Zhussupbekov, G.A. Zhairbayeva, G.T. Tleulenova

BbslarogapHocTh

JaHHoe uccnenoBanve puHancupyetcs AO «Ponp Hayku» Pecniy6inku Kazaxcras (rpaHT N
DP25997309 «Pa3paboTka reonH$popMalyMOHHON 6a3bl JAHHBIX UCKYCCTBEHHOI'0 WHTeJIJIEKTA
JlJ1s1 ONTUMU3AllM1 OCHOBAaHUM U PYHIAMEHTOB NIPU CTPOUTebCTBe B KazaxcTaHe»).

Bxyag aBTOpOB
MykameBa A.C. — mocTaHOBKa Hay4yHOHW 3aZayd, CO0p M aHaJU3 TeOpeTUYeCKUX JaHHBIX,
HalMCcaHUe OCHOBHOI'O TeKCTa CTaTbd, GOPMUPOBAaHME BbIBOJOB M HAyYHbIX PEKOMEHJALUH,
KOOp/AMHALUsI COBMECTHOM paboThbl aBTOPCKOTO KOJIJIEKTUBA.
KycynbekoB AX. — yyacTue B pa3paboTKe KOHIENLUUM MCCAeJOBAaHUS, OLEHKa
flepopMallMOHHBIX TNapaMeTpPOB OCHOBAaHUs TPYHTA, peJaKTUpPOBaHHUE TeKCTa CTaThbH,
dbopMUpoOBaHHe HAYYHOU UHTEepIpeTalluy pe3yJibTaTOB.
KaupbaeBa I.A. — c60p U cucTeMaTHU3al U AAHHBIX [10 MOAYJIIO AedopMalLy Py OCHOBaHHUM.
Tneynenoa I.T. — mnoaroToBka rpadpuyecKkdux MaTepuaJoB (cxeM), y4acThe B aHau3e
pacrnpesie/ieHUs] Harpy3ok, y4yacTue B OOCYXJEeHUMU pe3yJbTaTOB, obecrieueHre KOPPEKTHOCTU
bOpMyJIMPOBOK M HAYYHOT'O CTHJISA.

CnMCoK JiuTepaTyphl

1.Experimental study of the modulus of deformation determined by static and dynamic plate
load tests / S. Lehmann, S. Leppla, A. Norkus // The Baltic Journal of Road and Bridge
Engineering. - 2020 - Vol. 4. - P. 109-124.

2.Determination of the geotechnical parameters of soils behavior for safe future urban
development, Najran Area, Saudi Arabia: implications for settlements mitigation / A. K. Abd
El Aal, A. Rouaiguia // Geotechnical and Geological Engineering - 2020. - Vol. 1, No. 38. - P.
695-712.

3.Comparison of soil deformation parameters determined by odometer and triaxial tests /
Dirgeliene N. // ISEC Press. - 2024. - pp. 1-6.

4.Correlation Analysis of Soil Parameters Derive from Field Tests of Silty Clay Layers / X. Xu //
I10S Press. - 2024. - pp.1061-1067. DOI1:10.3233/ATDE241098

5.Strength and stiffness characterization of clays using Atterberg limits / S. M. Ahmed, S. S.
Agaiby // Transportation Geotechnics. - 2020. DOI:10.1016/j.trgeo.2020.100420

6.Some practical applications of shear wave velocity measurements in dense sand / M. Long /
EDP Sciences. - 2024. D0I:10.1051/e3sconf/202454419003

7.Effect of particle size, moisture content and density on the hyperbolic model parameters for
non-cohesive soil / G. D. Dhadse, G. Ramtekkar, G. Bhatt // International Journal of
Engineering, Transactions. - 2022. - Vol. 9, No. 35. - P. 1699-1706.

8.Determination of unloading—reloading modulus and exponent parameters (m) for
hardening soil model of soft soil in Ho Chi Minh City / T. Ngo Duc, P. Vo, T. Tran Thi //
Springer. - 2020. - P.677-689. D0I:10.1007/978-981-15-5144-4_65

9.Tray research of the strain state of soil bases reinforced by soil-cement elements under the
strip stamp / Y. Vynnykov, R. Razdui, A. Aniskin // Academic journal Industrial Machine
Building Civil Engineering. - 2019. - Vol. 53, No 2. - P. 90-97
DO0I:10.26906/znp.2019.53.1898

10. Investigation of particularities of the stress-strain state of the sandy basis under loading
conditions of rough stamps / G. M Skibin // IOP Publishing. - 2021. DOI:10.1088/1742-
6596/1928/1/012065

50 Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



https://doi.org/10.3233/ATDE241098
https://doi.org/10.1016/j.trgeo.2020.100420
https://doi.org/10.1051/e3sconf/202454419003
https://doi.org/10.1007/978-981-15-5144-4_65
https://doi.org/10.26906/znp.2019.53.1898
https://doi.org/10.1088/1742-6596/1928/1/012065
https://doi.org/10.1088/1742-6596/1928/1/012065

Analysis of deformation parameters of foundations using the method of soil stamp testing in industrial
construction conditions

11.TOCT 25100-2020. I'pynTel. Knaccupukanusa. Mocksa: Ctangaptuadopm, 2020. 40c.

12. Practical experience in the construction of roads in difficult soil conditions / A. Tulebekova,
A. Zhussupbekov, A. Zhankina, A. Aldungarova, G. Mamurbekova // Journal of Water and
Land Development. - 2024. - Vol60, No. I[-lIl. - pp. 138-148 DOL:
10.24425/jwld.2024.149115

A.S.Mukasheva, A.Zh. Zhussupbekov, G.A. Zhairbayeva, G.T. Tleulenova*

L.N. Gumilyov Eurasian National University, Republic of Kazakhstan, Astana
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Abstract. This article presents a review of existing soil types and a comparative analysis of the
deformation modulus ranges of various dispersed soils determined by the plate load test method.
Field investigations were carried out at an industrial site with planimetric and elevation
referencing of borehole mouths and testing points. 37 tests were conducted in accordance with
standard requirements. Based on step-by-step loading results, settlement pressure curves S=f(p)
was plotted, from which the deformation moduli of foundation soils were determined. The study
considered the engineering-geological and hydrogeological conditions of the site, including the
layered soil profile and the groundwater level. Particular attention was given to the advantages of
the plate load test method, which allows the determination of soil parameters under natural in-
situ conditions with minimal disturbance of soil structure. It was established that the use of refined
deformation modulus values contributes to reducing calculated settlements and improving the
reliability of design solutions. The obtained results confirm the practical significance of plate load
tests as an effective tool in geotechnical investigations for the design of industrial buildings and
structures and justify the need for an integrated interdisciplinary approach.

Keywords: soil deformation, stamp testing, settlement, shear strength, elastic modulus
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AHHOTaHI/IH. B craTbe pacCMaTpUBAKOTCA HWHXEHEPHO-TEXHOJIOTHYECKHE
nmoaxoabl K 06ecre4yeHUI0 U KOHTPOJIKO Ka4eCTBa B CTpOHTeHbHOﬁ OTpacJiu.
OcHOBHOE BHUMaHUE YA€JIeHO UHTerpauyvyu MeToJ0B YIIpaBJE€HHUA Ka4€eCTBOM
B TEXHOJIOTH4Y€CKHe TIIpouecCbl CTPOUTEJNIbCTBA, BKJI0O9YAadA  KOHTPOJIb
[apaMeTpoOB BbIIIOJIHEHHUA pa60T, dHaJIN3 ,He(l)EKTOB U obecredyeHue
COOTBETCTBUA HpOEKTHOfI AOKYMEHTallUh WU HOPMATHBHbBIM Tp66OBaHI/IHM.
AKTyaJIbHOCTb HncciaeaoBaHuA O6YCJTOBJIeHa HeO6XO,£[I/IMOCTbl0 ITOBBIIIEHU A
HaZAEeXXHOCTHU U AOJITOBEYHOCTH CTPOUTEJIbHBIX 00'bEKTOB 3a CUeT BHEAPEHUA
CUCTEMHOI'O KOHTPOJIA Ka4YeCTBa Ha BCe€X 3TallaX XKU3HEHHOI'o OUKJIa — OT
[MPOEKTUPOBAHHUA [0 CAa4U 00beKTa B JKCIJIyaTallU1o. ].lem;ro pa60TbI
ABJIAETCA pa3pa60TKa noaxoaa K obecliedyeHUI0 KadecTBa CTpOI/ITEJIbHOﬁ
NpoAYKIMHK Ha OCHOB€ COBM€EIEHUdA INPHUHIOUIIOB CUCTEM MEHEIXKMEHTA
Ka4eCTBa C MHX X€HEPHbIMU ME€TOAAMHU KOHTPOJIA U dHAJIN3d TEXHOJIOTMYECKUX
Imponueccos. HaquaH HOBH3HA 3adKJ/JIl04Yade€TCAd B PACCMOTPEHHHU CHUCTEMBI
KayecTBa KaK 3JIeMeHTA TEeXHOJIOTUYECKOM CUCTEeMbl CTPONTEJIbCTBA,
o6ecnelmBa}quero ylpaBJIieHHWEe IIapaMeTpaMHd IMpPoUecCoOB W CHHMXEHHE
BEPOATHOCTH IL[e(l)GKTOB. HpaKTI/I‘IECKaH 3HAYMMOCTDb COCTOUT B BO3BMOXHOCTH
IIPpUMEHEHHUA MNpPEeaJOKEHHbIX MOAXO0AO0B [Jid IMOBbIIIEHHA 3(1)Cl)eKTI/IBHOCTI/I
CTPOHTEJ/IbHBIX pa60T, CHHUXEHHUA NIPOU3BOACTBEHHLIX PUCKOB U obecrieyeHus
CTabUJIbHOT'O KayecTBa BO3BOJHUMbIX 00'bEKTOB. HpeﬂHO)KeHHbIe pemeHud
CHOCO6CTBy1'OT OIITUMH3AllMK CTPOUTEJIbLHOI'O KOHTPOJIA, IIOBbIIIEHHUIO
0€e30IMacCHOCTU OOBEKTOB U COBEPIIEHCTBOBAHUIO YyNpPABJIEHHUA Ka4Y€CTBOM
CTPOHUTEJIbHOT'O IMMpoOUu3BOACTBA B COBpPpEMEHHbIX HWH>EHEPHO-
TEXHOJIOTHYE€CKHX YCJIOBUAX IKCIIJIyaTallUH.

Kiw4yeBble cjioBa: CTpOUTEJ/IbHAA OTpPAC/Ib, TEXHOJIOTHUYECKHE IIPOLEeCChI,
Ka4eCTBO CTPOHNTE/JIbCTBA, KOHTPOJIb ITapaMeTpOoB, AEQDEKTI)I CTPOUTEJILCTBA,
I/IH)KEHeprII;'I KOHTPOJIb, CTPOUTEJ/IbHbIE TEXHOJIOTUH.
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BeaeHue

KayecTBO cTpouTe/NbHOW NPOAYKLMH fIBJASAETCA K/AYEBBIM IApaMeTpoM, ONpezesiliuM
HaJle>KHOCTb, 6€30MaCHOCTDb U J10JITOBEYHOCTD 3/JaHUU U COOPYKeHU . B cOBpeMeHHBIX yCI0BUAX
obecrnieyeHHe Ka4eCTBa B YXOAUT 32 PaMKU OpraHMW3alMOHHOTO YIIpaBJeHUs U pacCMaTPUBaeTCs
KaK pe3y/JIbTaT KOPPEKTHOr0 GyHKLIMOHUPOBAHUS TEXHOJIOTUYECKUX IPOLIECCOB CTPOUTEJILCTBA.

OcHOBHOe BJIMSIHME Ha KaueCcTBO OKa3blBaeT MapaMeTpbl BbINOJHEHUs pabOT: TOYHOCTH
reoMeTpuM, COOJII0JleHue TEeXHOJOTMYeCKUX PEeXHWMOB, XapaKTEPUCTUKU MNpPUMeEHseMbIX
MaTepuaJoB M COIJIACOBAaHHOCTb 3TAlOB CTPOUTEJNbHOro npouecca. HapyumeHue 3Tux
napamMeTpoB NPUBOJUT K BO3HUKHOBEHUIO JedeKTOB, YBEJUYEHUIO 3aTpaT U CHUXKEHHIO
9KCIJIyaTallMOHHBIX XapaKTePUCTUK 00'beKTOB. B 3TOM CBA3M cUcTeMa MeHeJ)KMeHTa KauecTBa
paccMaTpUBaeTCs He TOJbKO KaK ynpaBJleHUeCKUU UHCTPYMEHT, HO UM KaK 4acTb UHXXEHEPHOU
CUCTEeMBbI, ObOecrne4yuBawIleil KOHTPOJb W PeryJupoBaHUE TEXHOJOTUYECKHUX MPOLEeCCOB.
Peasin3zanus kayecTBa B CTPOMTEJbCTBE OCHOBBIBAETCS Ha IOC/€0BaTEJbHOM BbINOJHEHUHU
3TaMoB:

- yCTaHOBJIEHUEe TPeOOBaHU K MapaMeTpaM Ka4yecCTBa;

- KOHTPOJIb BbINOJIHEHUS TEXHOJOTUYECKUX ;

- aHa/IM3 OTKJIOHEHUU U J1lepeKTOB;

- KOpPpPEKTUPOBKA MPOLECCOB.

B kauecTBe HMHCTPYMEHTOB KOHTPOJII NPUMEHSIIOTCS METOJbl MHXXEHEepPHOro aHaJn3a,
BKJIIOYasi MOHUTOPHHI NapaMeTpOB IpOLECCOB, CTAaTUCTUYECKYl0 006pPabOTKy pe3y/bTaToB,
aHa/IM3 MPUYHMH J1ePEeKTOB, UCIOJIb30BaHUE KOHTPOJIbHBIX KapT, AuarpaMm [lapeTo u MeToO/10B
OLIEHKH 3aTpaT Ha KauyecTBo [1]. CucTeMa ynpaBJ/ieHUs] KAYeCTBOM B CTPOUTENbCTBE GOPMUPYET
e[JUHYI0 CTPYKTYpy, 06'beJUHAIIYI0 NMPOU3BOACTBO paboT U KOHTPOJb UX pe3ysbTaToB. Ee
OCHOBHasl 33/laya 3aKJ/II04aeTcsd B 06ecrieyeHur COOTBETCTBHUS BbINOJIHAEMbIX paboT NPOEeKTHOU
JIOKYMEeHTalluM,  HOPMATUBHBIM  TpebGOBaHUAM M  3alaHHBIM  3KCIJIyaTalMOHHBIM
XapaKTepHuCTUKaM 00beKTa.

Ta6Jmua 1. KiroueBble KOMIIOHEHThI IMNpaBJI€eHHUA Ka9€CTBOM

Cucrema [lonrutukau | [lnanupoBanue | ObGecrneyeHue YaydiieHue
MeHe/)KMeHTa 1jeJIU B 00J1aCTH KayecTBa KayecTBa KayecTBa

KayecTBa KayecTBa
CtpykTypupoBaHHas [PazpaboTkau |OnpejesieHue [Ipoueccel, [locTossHHBIN
CUCTeMa pelleHUM, [yTBep:KJeHHe [TpeOOBaHUM K  |[KOTOpbIe NpoLecc NoUcKa
IPOLIECCOB U NOJINTUKHU U KayecTBY, NOMOTalT V1 BHeIpEeHUS
npoueayp Ajas LeJiel, KOTOpbleCTaHlapTaM U [FapaHTUPOBAaTh [yJy4lleHUN s
ynpaBJieHUs OonpeessdlOT  |[IpoleAypaM Ha ([COOTBETCTBUE  |ONTHUMU3ALUU
IPOEKTOM U CTaHZapThI NpPOTS>KEHUU yYCTaHOBJIEHHBIM [IPOLIECCOB U
obecrneyeHUs KayecTBa [/ [BCETO MPOEKTa. [CTaHAApTaM CHU>KEeHUS
COOTBETCTBUS pabOT [KOHKPETHOTO KayecTBa. KOJINYeCTBa
TpeOOBAHUSIM. NpOEKTa. nedeKToB.

C vH)XeHepHOW TOYKH 3peHHs1 obecriedyeHHe KauecTBa B CTPOUTEJIbCTBE Iie/1ec006pa3Ho
paccMaTpuBaTh KaK 33jJlauyy yOpaBJieHUs OTKJOHEHHUSIMHM TEeXHOJIOTHYEeCKHX IapaMeTpOB.
Kaxkaplii CTpOUTEJNIbHBIM IMpOoLlecC XapaKTepu3yeTcsd HaGopoOM [JIONyCTUMbIX 3HAYEeHUU
(momyckoB), BBIXO/ 32 Mpe/iesibl KOTOPbIX MPUBOAUT K GopMUpOBaHUIO JedpeKTOoB. B 3TOM cBA3U
npe/jiaraeTcs MoAxoJ, OCHOBaHHBIN Ha UJeHTUPUKAIMU KPUTHUYECKUX NTapaMeTPOB MPOLEeCCOB
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U HUX CUCTeMaTH4YeCKOM KOHTpPOJIE C UCIOJb30BaHHUEM METOJO0B CTAaTUCTHYECKOr0 aHaJu3a U
MOHUTOPHUHTIA. ITO NO3BOJISIET NEPEUTH OT NOCTPAKTYM KOHTPOJIS KayeCcTBa U Ipeynpex/eHHI0
JlepeKTOB 3a cYeT CTabMJIN3aLUY TEXHOJOTUYECKUX PEXKUMOB BbINIOJIHEHUS paboT.

B KasaxcTaHe mnpu BBeJleHUUM CUCTEM YIpaBJeHUs KayeCTBOM B cdepe CTPOUTENbCTBA
npuMeHsaOT ctadgapT CT PK ISO 9001-2016 «CucTtembl ynpaB/jieHUs KayeCTBOM. TpebGoBaHHUA».
ITOT HALMOHAJbHBIM CTAaHJAAPT CTPoUTcsd Ha o6mwux npuHnunax ISO 9001. OH MOJIHOCTBIO
YUUTBIBAET celUPUKY CTPOUTENbHONU OTpacau. Mcrnosib3yeMblid cTaHLAapT NPUMEHUM KO BCEM
opraHu3alysam, 3aJleiCTBOBAaHHBIM B CTPOUTEbHOU chepe.

Eciyv BHeZpUTh MexJyHapoJHble cTaHAapThl ISO, y KoMnaHUM NOABATCA CJeAyoLihe
IPUBUJIETUU: KOMIAHUS MOJYYUT OPULMANbHBIN cepTUPHUKAT, YTO COOTBETCTBEHHO YJYYLIUT
KaueCcTBO CTpOMMAaTepHasioB M paboT Ha O0ObeKTax; KOJMYECTBO HECUYACTHBIX CJy4aeB Ha
IPOM3BOJCTBE CHU3UTCS; IIAHChl BBIMIPAaTb TeHJeEpbl BBIPACTYT, YBEJUYATCs HWHBECTOPHI;
penyTanys KOMIAaHUW OKpEeNHEeT; KOMIAaHUs CMOXeT BbIATH Ha 3apy0OeKHble PbIHKH.

MeToaos0rus

[Ipy BHeApeHWM HA NPeANPUATUM NPUHIMIOB yNpaBJeHUSI KadyeCTBOM NPOU3BOJUTEJb
00513aH yYUTbIBAaTh BCe MpaBuUJia [Js MPOLECCOB, YTO BJHUAKT HA KAueCTBO MPOAYKIMU HJIU
ycayry. B pa3spaboTke HY>KHO CJ1eIoBaTh TPeOOBaHUSAM cTaHAapTa. KoMIaHus MOXKeT B3STh OJIHY
TOTOBYIO CUCTEMY, IPUMEHUTb HECKOJIbKO UJIM CO3/1aTh HHTErPUPOBaAHHYO. [2].

MocTosiHHOe ynyuyLueHue
CUCTEMbI MEHEDKMEHTa KayecTsa

Motpebutenu
(v apyrve
3aHTEpeco-
BaHHble
CTOPOHb!)

Motpebutenu
(v ppyrvie 3auHTepe-
COBaHHbIE CTOPOHbI)

l OTBETCTBEHHOCTD
i pyKOBOACTBA <

\ 4

MeHepxmeHT
pecypcos

by [pouecco!
XW3HEHHOTO LMKNa
NpoAyKUWK

Vameperue,
aHanua u
yayyLieHue

YnoBneTBopeHHOCTb

>

| TpebosaHus lMpoaykuus

Pesynerathl

A \ Pecypcobl

y

Jvavpytowas ponb
pykoBOACTBa

MepcoHan
OpraHu3aLyoHHas apxutekTypa

Cucrema METPONOrnyecKoro
obecneyeHns
®uHaHcoBbIE pecypcbl
TexHonoruu
>
UIMN-TexHonorum
MHdopmaumoHHble pecypebl
WHTtennexTyanbHas
COBCTBEHHOCTb
WHdbpacTpykTypa

OHepreTuyeckue n
martepuanbHble pecypehbl

Crparerus 1 nnaHbl

Mpoueccl,
BbINOMNHAEMbIE
opraHusauven

>

YA0BNEeTBOPEHHOCTD
norpedurenen

OUHaHCOBbIE U Apyrue
pesynbrarbl

YAoBneTBOPEeHHOCTb
nepcoHana

Y10BNEeTBOPEHHOCT
napTHepoB

YnoBneTBopeHHOCTb
rocyaapcTea u
obuecrsa

?
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Cpenu 6usneca nonysipHbl ISO 9001, ISO 14001, ISO 22000 u OHSAS 18001. Bri6op cucteMbl
3aBUCUT OT LieJiel], KOTOPBIX X04eT JOCTUYb BJajesel yepe3 eé paboTy. [[pyuHIunbl paboThl
KaXX10TO CTaHJapTa MEHAIOTCA B 3aBUCUMOCTH OT CcllelMPUKHU U oTpacau npejnpuaTtusa. Ho Bce
OHH CTPOAATCA Ha HOpMax 6a30Boro ctaHzapra kadectBa [ISO 9001. OcHoBHas cxema pa6oTel CMK
npejicTaBieHa Ha pucyHke 1. CxeMaTuyeckoe M306pakeHUe JIIOOOTO Mpoliecca UJICTPUPYET
B3aMMOCBfI3b 3JIEMEHTOB Ipouecca. KOHTpoJibHble TOYKM MOHUTOPUHIA M U3MepeHHs,
Heo6Xo/jUMble /J1s1 yIpaBJeHUs], ABAAITCA cnequPrUUecKUMHU AJs KaXJ0ro npouecca u 6yayT
BapbUPOBATbCA B 3aBUCUMOCTHU OT COOTBETCTBYIOLIMX PUCKOB

PesyabTaTsl U 06CyKaeHne

[Iponeccel, KOTOpble 3aTpardBaeT BHeJpseMas CHCTEMAa MeHeP)KMeHTa KayecTBa,
CONpPOBOXJAKLUE JJOKYMEHTHI.

B pazpaboTky CMK u ee BHeJjpeHHEe MOTYT BKJIIOYATbhCS: aHAJMU3 IJIAHOB OyAyIIUX paboT;
paspaboTKa CUCTeEMbl MUHHMH3AILUH PUCKOB, CBI3aHHBIX C MPOHU3BO/ACTBEHHbIM TPAaBMaTU3MOM
M BHEUIHUMM (paKTOpaMu; NpOBepKa KayecTBa MUMEIOIErocsl CTPOUTENbHOTO 060py/0BaHUS;
BHeJ[peHUe MeTOJ0B, CIOCOOGCTBYIOUIMX 3HEPro- W PpPecypcocoeperxeHuo; KOHTPOJIb
NOCTYMAUUX CTpOWMaTepuasioB, JeTajed U KOHCTPYKLIMH; KOHTPOJb BCex paborT,
BbINIOJIHSIEMbIX MOAPSIAYMKAMHU; OKOHYATEJbHbIA KOHTPOJIb Ha 3Tare cAa4y 00'beKTa 3aKa3uHKY;
BbIOOP MOCTABUIMKOB U MOJPSAAYMKOB HAa OCHOBAaHUU HX MpeJBapUTENbHOU OIeHKH; aHAJIU3
TpebOBaHWUM 3aKAa3UMKOB U UX Y/I0BJIETBOPEHHOCTHU OT BbINOJHEHHBIX PAbOT.

Opranusanusi, yHKLIHUOHUPYIOLAsA B CTPOUTEJbHOW OTpaAC/IU, NMPU BHEAPEHUU CHUCTEMbI
MeHe/P)KMeHTa KadyecTBa J0/PKHA 00eCcledydTb pa3paboTKy W MOoJJiepKaHHe B aKTyaJbHOM
COCTOSIHUU psiJia KJIIOUEBBIX AOKYMeHTOB. K HUM OTHoOcATCA: opopMJIeHHOE PYKOBOJCTBO IO
¢yHkuuonupoBanuio CMK, azanTupoBaHHOoe K cnenudpukKe KOHKPETHOrO NpeANpUsTUS;
nepeyeHb TMpoOLeAYyp, perjJaMeHTUPYWIIUX coJepkaHue U QyHKuuoHupoBaHue CMK;
3K3eMIIIpbl HOpMAaTUBHOM JOKYMEHTALUH, [T0JIOKEHHU I KOTOPOM UMEeIOT IpsIMOe OTHOILEHHE K
NpefOCTaBJsIEMbIM OpraHv3alued ycayraM W BbINOJHSEMBbIM BHJAAaM paboT; MNpOeKTHas
JIOKyMeHTaluss Ha BCe OOBEeKThbl, HaxoJsAulMecd B Ipouecce pabdoTbl COTPYAHUKOB;
TEeXHOJIOTUYeCKHe KapThl; a TakKXKe pas3/inuHble BU/Jbl HOPMAaTHMBHOM JAOKyMeHTanuu. B 3ty
KaTeropuio MOTYT BXOJUTb CTPOUTEJIbHble HOPMbl M IpaBuJa, TPeOOBaHUA W IOJIOKEHMS,
Kacamwlecs NoKapHoi 6e301aCHOCTH, UCIIOJIHUTE/IbHAsA JJOKYMeHTaL M, a TAKXKe 3aKJII0YeHHbIe
JIOTOBOPA U KOHTPAKTHI C 3aKa3yMKaMU WJU NOLAPALHBIMU OpPraHU3aLUAMU. ITH JOKYMEHTBI
JIOJKHBI COZlep>KaTh UHPOPMALHMIO 0 TPeOOBaHUAX K KaueCTBY BbINOJIHAEMBbIX paboT. KpoMme Toro,
Ba>KHOU 4aCThl0 BHYTPEHHEH JOKYMEHTALMU OpPraHu3alu SBJSIOTCA aKThl O IPUEMKE U cAa4de
BBINIOJIHEHHBIX 00'bEKTOB, HaJ, KOTOPbIMU pPaboTaJu COTPYAHHUKHU, a TAKXKe OTUYETHI PA3JIMYHOU
HalnpaBJIeHHOCTH [3].

BHespeHue cucTeMbl MeEHEePKMEHTA Ka4eCTBa - 3TO He Pa30BbIH 111ar, a HEMpPePbIBHbIN LIUKJI
yaydimieHnd. OHO TpebyeT BKJ/aJa OT BCeX pPabOTHUKOB KoMmnaHuU. CMcTeMa MeHeIKMeHTa
KayecTBa [10X0>a Ha YKUBOeE CylecTBO. Eil Hy»keH NOCTOSIHHBIN KOHTPOJIb, IPOBEPKA U ;0paboTKa.
CTtouT MMEeTh B BUZY: CUCTEMA MeHeXKMeHTa KayeCcTBa - He camoLlesib. OHa CIIyKUT CpeS[CTBOM U
MHCTPYMEHTOM /I peasiM3alluM 3a4ad KOMIIaHUU. BHejpeHHe [OJ/DKHO NOBBIMIATH KayeCcTBO
TOBApOB U YCJIYT U IOMOTaeT paboTaTh 3QpPeKTUBHEE U YKPEIJISeT penyTaluio KOMIaHUH.

B Tabsauie 2 oTo6pakeHbl OCHOBHbIE 3Tanbl BHeJpeHUss CMK B cTpoUTe/IbHOM OTPaC/U U UX
KpaTKoe OIKWCaHUWe, T.e. NPEeACTaBJEH SICHbIM 0030p BCero mnpoliecca BHeAPEHUs CUCTeMbl
KayecTBa B cTpouTesibcTBe. COIrJIaCHO NPUHIUIIAM YIpaBJeHHUS Ka4yeCTBOM B IPOU3BOJCTBE
CTPOUTEJIbHBIX pabOT KOMaH/a BICTYNAeT KaueCTBEHHBIM JINJIepOM, 06ecrieYrBaeT YCTONYHUBYIO
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paboTy KOJIJIEKTUBA U CUCTEMY KOHTPOJIS.

Tab6sauua 2. OcHoBHble 3Tanbl BHegpeHUus CMK B cTpouTe/ibHOM oTpacau
Jdtan BHeapeHusa CMK Onucanue aTana

[loaroToBUTENBHBIM 3TaI Onpepenenue neser u 3aza4 BHeapeHuss CMK.
AHanu3 CylecTBYOLEr0 COCTOSTHUSA PeANPUATHUS.
BrisiBJeHME PO6EMHBIX 30H U PUCKOB.
dopmMupoBaHUe KOMaH/bl 10 BHeApeHUuto CMK.
OnpepesieHre MOJTHOMOYMU U OTBETCTBEHHOCTH KOMaH/bl.

Pa3paboTka Pa3paboTKa MOJIMTUKHU B 006J1aCTU Ka4yeCcTBa.
JOKYMEHTaLuu PazpaboTka pykoBoactBa no CMK;
PazpaboTka npoueayp U MHCTPYKIUH.
Paspa6oTka ¢popM JOKYyMeHTAIMHU.
O6yyeHue nepcoHasia Ob6yyeHue NpUHLMIAM U MeTOJaM paboThbl B COOTBETCTBHUHU C
TpeboBanusamu CMK.

O6yuyeHue paboTe c fokyMeHTanueir CMK.
O6yyeHue NpoBeJileHUI0 BHYTpeHHUX ayauToB CMK.
BHegpenue CMK [IpakTHUYecKkoe NpUMeHeHHe pa3paboTaHHbIX JOKYMEHTOB U

nponeayp.
KoHTposib 3¢ PeKTUBHOCTHU BHEAPEHHbIX MPOLECCOB.
BHeceHue koppekTUpOBOK B CMK.
Aynut CMK [IpoBegeHre BHyTpeHHUX ayguTOB CMK.
[IpoBeseHue BHelHUX ayauToB CMK.
AHanu3 pe3y/sbTaTOB ayAUTOB.
BHeceHHe KOPPEKTHUPYIOLIMX U IPeyNpexAaA0IIUX
JeHCcTBUH.

Ceptudukanusa CMK [TonydyeHue cepTuduKaTa COOTBETCTBUS TPEOOBAHUAM
MexayHapoaHoro ctangapTa [ISO 9001.
[IpoBeneHue cepTuPUKALLMOHHOIO Ay AUTA.

[locTosiHHOE AHanu3 noysiy4yeHHbIX pe3ybTaTOB.
COBepLIEHCTBOBaHUE BrisiB/eHM e HOBbIX BO3MOKHOCTEN /IS Y/Iy4lleHUs KayecTBa

NPOAYKLUH U YCIYT.
ApanTtanusa CMK kK u3aMeHAIMMCA YCJI0BUSAM PbIHKA.
Buecenve usmenenuii B CMK.

JTO MO3BOJISIET COGJIIOIATh TEXHUYECKHE U BpeMeHHble HOPMaTUBbI NPU claye 00'bEKTOB, a
TakXe MPUMEHSITb I'PaMOTHbIE HABbIKK OOIEHUSI CO CMEXKHbIMH OTZe/NaMH, KJIWeHTaMUu U
noApsiAYMKaMu. BakHyl0 poJib B yIpaBJeHUH KAuyeCTBOM B 3TOM OTpAC/JM HrpaeT UMUK
KOMaH/ibl U UMUK caMod JUpPMBbL. BOCTOHCKHM HMHCTUTYT HCCIelOBaHUN Npo6JeM
MeHe/)KMeHTa MPOoBeJl aHA/IM3 CTPOUTENbHBIX GUPM. OTUET COAEPKHUT MATUOA/IBHYIO IIKAJY,
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OCHOBaHHYI0 Ha onpocax s oueHku CMK B cTpouTebHbIX NpoekTax [4]. B HeM 6b11M Bonpockl
O IpHMEHEHWU HWHCTPYMEHTOB KauyeCTBEHHOTO yIpaBJieHUs U HOPM KadyeCcTBa Ha 0ObeKTax.
Pe3ysbTaThl yka3blBalOT, YTO IOKa3aTeJM KadecTBa YJydllaloTcsd, Korja BHeJpeHue CMK
NOJIKpeIJIeHO Pa3yMHOM U MNPAaKTUYHOM MOJIMTUKOW Haya/IbCTBa.

B JaHHOM c/iydyae BHYTpEHHSIsl CMCTeMa KayeCcTBa BKJ/OYaeT JeWCTBHUS, KOTOpble JAlOT
YBEPEHHOCTb B paboTe OpraHM3alyM, a BHEUIHsAs CUCTeEMa KayecTBa BeJeT K MepaM IO
YKpeIJIeHUIo JloBepus KaheHTa. OHU yOexJalT, YTO CUCTeMa NOCTaBLIMKA BbIAACT TOBAp WJIH
yCayry, noaxojsuive A8 KadeHTa. [IpaBuJibHOe IJIaHUPOBaHHE B CTPOUTEJLCTBE
noApa3yMeBaeT YETKyH OpraHU3alUI0 pecypcoB U paboT. OHO BKJIIOYaeT mporpamMmy pabor,
IJIaH 3aTpaT, CXeMy KadyecTBa MPOEKTa, JJaHHble 0 paboyuXx, MaTepualax U APYyrux pecypcax, a
Takke rpapuk npousBojcTBa. [103TOMYy KJIIOUEBBIM OPHUEHTUPOM JJisl CTPOUTESIEH CIAYKUT
KOHTPOJIb U OLleHKa. ITO MOTYT ObITh MPOLECChl U3MEpPEHHUSI COOTBETCTBUA U 3PPEKTUBHOCTH.
OCHOBHBIM OPUEHTUPOM U 33/ja4ell KayecTBa B IJIAHUPOBAHUM OTPAC/IU AABJASIOTCS IPUBJIeYeHH e
HY>KHbIX YYaCTHUKOB (KOHCYJIbTAHTBI, CyONOAPSAAYMKU U MOCTABLUUKH ). [Ipy BbINOJHEHU U TIJ1aHA
HaJl0 yYUTBHIBAaTh 3aTpaThl U YCUJIMS, BHECEHUS NPABOK B JIOKYMeHTauuu. [l pa3paboTKu
paboyero mjaHa Heo6XxoZjMMa KOMIIETeHTHas KOMaH/la, a TaKXe ydeT HYX/Jbl 3aKa3uyHKa.
CTpOUTENBCTBO — 3TO CJI0XHbIN MPOLLECC C yYacTHeM MHOXeCTBa GUPM /1Ji1s1 OJHOTO NPOEKTa, IJie
ycCliexX 3aBUCUT OT UCIOJIHUTEJIeH, KOHCYJIbTAaHTOB U KJIMEHTOB.

TakuM 06pa3oMm, NOAPSAAYUKU CAY>KAT MOCTOM MEXKAY rOCY/JapCTBEHHBIM U MPOMBILIJIEHHBIM
CEKTOpPaMHU 3KOHOMHUKHU. OHU BBICTYNAIOT OCHOBHbBIM MYOJIUYHbBIM JIMLOM CTPOUTEJNbHOW OTPaCIU
U UX e CTBUS, TOJIUTHUKA, POLECChl U METO/bl HAIPSIMYIO BJUSAIOT Ha BCEX YYaCTHUKOB OTPaC/IH.
OpraHu30BaHHble NPOLLECChl B CTPOUTEJIbHON OTpaciyd MOBBIMNAT 3PPEeKTUBHOCTb PabOThI
NOJPAAYUKOB, YTO NIPUHOCUT MOJIb3Yy BCeU MHAYCTpUU. KOHTpOJIb M OLleHKa KadyecTBa UIpaeT
KJII0OYEBYIO POJIb B JOCTUKEHUU HY»KHOTO yPOBHS NPOU3BOJUTEJbHOCTH Ha CTPOMKE, B TOM YHCJIE
NOApAAYUKY IOMOTalT CO3/aBaTh CTpAaTeruu s yJydlleHus KadecTBa paboT. [Ipu pabore ¢
3aKa34MKOM MNOAPAAYMK JOJDKeH obecrnedyrBaTh HaJeXKHOCTb MPOAYKTA WU YCAYTH, LOJKHBI
YYUTBIBATbCA KOMIETEHTHOCTD, YeCTHOCTD U ObICTpas paboTa nepcoHasia v NoAAepKKU. Bce aTu
napaMeTpbl U COOJIIOleHMe HOPM MeHseT MOJX0J K OM3HeCcy U MPUOPUTET OTHAETCA PEeXUMY
paboThl, a HE OBICTPOU BBITO/E.

Cuctema MeHePKMeHTa KayeCcTBa aKTUBHO MCIOJIb3YyeTCS B CTPOUTE/bCTBE KaK Ha ypOBHeE
KOMIIAaHWH WJIM OT/leJIbHOIO MMPOEKTa B 1jeJIOM. BaXkKHy10 poJib B CTPOUTENBCTBE UTPAeT KOHTPOJIb
KayecTBa [/l COXPaHEHUs HY)XHOTO ypPOBHA pabOT MO BO3BEeJEHUIO U OTJeJIKE 3JaHus. JTO
oMoraeT yJOBJIETBOPUTb 3aKa34yMKa, pPacTET CHWJa KOMIIAHUM Ha pbIHKE M LIAHCHI Ha yclex
6usHeca. CucremMa OXBaTbIBaeT He TOJBKO [JIABHOTO MCHOJIHUTEJI, OHAa BKJIIOYaeT BCeX
NOJPSAAYUKOB U CyONOAPSAAYMKOB B MPOeKTe [5].

CMK npexncraBisieT c000M CTPYKTYPUPOBAaHHYH CUCTEMY pellleHWH, MpOoLeccoB U
npoueayp, NpeiHa3HauYeHHYI0 /11 yIpaBJeHUs IPOEKTOM U obecriedeHUs] COOTBETCTBUSA paboT
NOJIOXKEHUSIM  TEXHUYECKUX U  NPOEKTHBIX JOKYMEHTOB, TpeOOBaHHUAM  3aKa3yMKa U
CTaHJapTaM KadecTBa. Ha kaxJoM 3Tame CTpOMTeNbCTBA NPOBOAUTCS ayAUT TEeXHUYECKOU
JIOKyMEHTAalUh U OTYETHBIX JOKYMEHTOB, a TaKXe KOHTPOJIb paboT U MCIOJb3YeMBbIX
MaTepHaJsoB.

MeToabl KOHTpOJISI KauyecTBa B CTPOUTEJILCTBE. B cTpoUTe/NbHON OTpac/iv NMPUMEHSIIOTCSA
pa3HOOOpa3Hble MeTO/bl KOHTpPOJISI KauyecTBa, BKJ/OYasg BU3yaJbHbIA OCMOTDP, UCHBITAHUS
MaTepyuaJoB U H3MepeHUe pasMepoB O0O0BEKTOB. /[yl OCylecTBJeHHS1 3THUX MPOBEPOK
UCIIOJIb3YIOTCH CIleljMa/Iu3MpOBaHHble WHCTPYMEHTBI, TaKhe KaK TreoJie3uyecKkue NpUOODPHI,
TEPMOMETPHI U 3JIEKTPOHHBIE YPOBHU. Bb160p METO/10B KOHTPOJI onpe/iessieTcss TpeboBaHUSAMU
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KOHKPETHOTI'0 IIPOEKTa U KeJIaeMbIMH II0Ka3aTeJIMU KadyeCcTBa CTPOUTEJIbCTBA.

B npouecce ouneHKH KayecTBa CTPOUTEJBHBIX PabOT NepCOHas NPUMEHSIT Clefyloliue
MeTo/pl [6]:

1. BXoiHOW KOHTpPOJIb paboyel JOKyMeHTAlUHY - BKJIIOYaeT NPOBEPKY YepTexe, Tabiul U
ONMCAaHUM TEXHOJIOTUYECKHUX IIPOLLeCCOB.

2. BxoHOH KOHTpOJIb MaTepHaloB, UHXXEHEPHOTO 060py/J0BaHUS U CTPOUTENbHOU TEXHUKHU
- OCYLLeCTBJIAETCS AJIS1 IPOBEPKH COOTBETCTBUSA UCI0JIb3YEeMbIX PECYPCOB YCJIOBUAM XpaHEHHUS U
TpeboBaHUAM MNpoekTa. [/ OLeHKU KayeCcTBa MaTepHhaJoB MOTYT NPOBOJAUTHLCA pas3/IMyHble
UCIBITAHUS, LeJIbI0 KOTOPBIX SABJAETCA IMOATBEpXJEeHUEe HX COOTBETCTBUA INPOEKTHBIM
TpebGOBaHUAM U CTaHJapTaM KayecTBa.

3. KOHTpoJIb TEXHOJIOTUM BbINOJHEHUS paboOT - BKJKOYAeT COO6JI0/jeHue reOMeTPUYeCKUX
napamMeTpoB 3/JaHUM U/UJHU OTAEeJNbHbIX KOHCTPYKIIMM, IPOBEPKY U MPUEMKY CKPBIThIX paboT U
OTBETCTBEHHBIX KOHCTPYKLIMH, a TaKKe NOJATBEPXKIeHWe COOTBETCTBUSA pe3yJIbTaTOB KaXJ0ro
BHU/]a CTPOMTEIbHOW PaboThI yCI0OBUSM IPOEKTHOM JJOKYMEHTALUH.

4, JKcnepTh3a HWCHOJHUTEJBbHOM CTPOUTEJBHOM [JOKYMEHTALLMU - NPOBOJAUTCA JJIA
IPOBEPKHU HAJUYMS U IPABUJIbHOTO 0POPMJIEHHUS BCEX JOKYMEHTOB, BXOJSIIUX B COCTaB JJaHHOU

AOKYMEHTalnHU.
’—‘ KoHTpoib KayecTBa B CTPOMTENBCTBE ﬁ

BHyTpeHHHIT nNpou3- —1 BHenH"it KOHTPOIbL J
BO/JICTBEHHBIH KOHTPO/bL
noApAAYMKa (MCIONHM- || Texuuyeckuit KOHTPO/Ib 3acTpoiilrKa (3akas-
Tens pabor) YHKa)
|| Bxoamoit kouTpos npo- An1'013cm1ii KOHTPOJIb :)KCHPPTHBH npo-
eKTHOH JIOKYMEeHTaI[HH —| Pa3paboTuMKa NPOEKT- [—| eKTHOI AOKyMeH-
HOM JOKYyMEHTalLNK TaluH

leope3nyecKkuit KOH-

— ABTOPCKHII KOHTPOJIb apXUTEKTOpA
TPOJb ‘ P s =
KOHTPO/Ib rOCYAapCTBEHHBIMM TPHEMOYHBIMH
BX0/IHOI KOHTPOIb KOMMCCHAMM
— marepuanos, uzzenmii,
KOHCTPYKIMii

|| AAMHHHMCTPATHBHBIN KOHTPOJIb OPraHaMM MecT-
HOI'O CaMoyTipaB/ieHHUsA

| OnepauyuMOHHBIH KOH-

TPOJIb KoHTposbe opranamu U s
| rocyaapcreensoro ”cl?c*‘;“p‘:\'::”"c
Aiadas pPOBepK
OueHKa COOTBeTCTBHA HaA3opa
= pa6ot ¢

| Ouenxka coorsercrsus }—»[ ObssaresnbHast

{ JlobposonbHas ]

PrcyHoKk 2. BUuzibl eCTBYIOILET0O KOHTPOJIA
5. AyauT 06beMOB BBINOJHEHHBIX PabOT W OKa3aHHbIX YCJAYT - OCYLIECTBJSAETCA [Jif
IPOBEPKU UX CTOMMOCTHM Ha COOTBETCTBHE JOrOBOpPAM MeXJy 3aKa34iMKOM WU FeHepabHbIM
NOJAPSATYUKOM.
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6. KoHTposb cobiwofeHUss MNOJAPAAHBIMHM OpraHU3alUsIMA TpeOOBaHUU OpraHoOB
roCyJapCTBEHHOTO M aBTOPCKOTO HaJ30pa - HamnpaBJeH Ha obeclleyeHHe COOTBETCTBUSA
BbINOJIHEHHBIX Pa60T YCTAHOBJIEHHbIM HOPMaM U CTaHJApTaM.

TakuM 06pa3oM, KOMIJIEKCHBIM MOAX0J, K KOHTPOJIIO KauecTBa B CTPOUTEJbCTBE N03BOJISAET
ob6ecrneyuThb BBICOKHE CTaHAAPThl U 6€30MaCHOCTb BO3BO/MMbIX 00'bEKTOB.

B cTpouTe/bcTBe MMeeTCs CUCTeMa, HalpaB/eHHass Ha KOHTPOJIb KayecTBa, HA PUCYHKe 2
NpYBeJleHbl BU/bI e CTBYIOLIEr0 KOHTPOJIS.

BaXHOCTb KOHTpPOJII KayecTBa B CTPOUTEJbCTBe. KOHTpPOJ/Ib KauecTBa B CTPOUTENLCTBE
npejcTaBJsAeT cO60M KIYEeBOM acneKT, 06J/1a/jalolidii MHOXKeCTBOM npeumyiiects [7]. K uncay
OCHOBHBIX M3 HHUX MOXHO OTHecTu: 1. CBoeBpeMeHHOe HcmpaBjeHHe omub0k: Ha 3rTame
IPOEKTUPOBAHUS MOTLYT BO3HHMKAaTb OIIMOKHM, CIIOCOOHbIE CYLIeCTBEHHO MOBJUATH Ha
YCTOMYHUBOCTb KOHCTPYKLMH M XapaKTepUCTHUKU Oyayuiero 3aHus. JGPeKTUBHbIA KOHTPOJIb
KauyecTBa 03BOJISIET BbIIBUTh U yCTPAHUTDb TaKMe HeJ04eThl HA paHHUX CTaAusAX. 2. U3bexxaHue
flepeKTOB U JIONMOJIHUTEbHbIX 3aTpaT: KoHTpoJsib KauecTBa CIMOCOOGCTBYeT MHHHUMMU3ALUU
JiepeKToB, 4TO, B CBOI0 O4Yepe/ib, IpeJ0TBpallaeT BOSHUKHOBEHHE JIONOJHUTENbHBIX PACX0/10B
Ha MCIpaBJ/ieHHWe OIIMOOK B IMpoliecce BbINOJHEHUS CTPOUTEbHbIX pa6oT. 3. [loBblieHUe
06e30MaCHOCTU Ha CTPOUTEJbHOM mowajke: CucTeMaTUYeCKUH KOHTPOJIb KadecTBa
obecrnieduBaeT COOJIIO/IEeHHE CTaHAAPTOB 6€e30MaCHOCTH, YTO CHUXKAaeT PUCKUM HeCYaCTHBIX
cly4yaeB M TpaBMaTuM3Ma Ha pabodeM Mecte[l5]. 4. YiydlieHue 3KCIyaTallMOHHBIX
XapaKTEePUCTUK FOTOBOT0 06'beKkTa: HesaBUCHMMO OT TUIIA COOPYKEHUS - OY/ib TO KUJIOE 3/jaHH e
WJIU WHXXEHEPHOe COOpy:KeHHe - KOHTPOJIb KayeCcTBa CHOCOOCTBYeT TMOBBILIEHUIO €ro
3KCIJIyaTallMOHHBIX XapaKTepUCTUK. 5. [loBbIeHHEe 3 PEKTUBHOCTU CTPOUTEIBHOTO poLecca:
9bdeKTUBHOCTb CTPOUTEJBHOrO NMpOLEecca, B CBOI OuYepesib, HAPSAMYIO BJMSET Ha KayeCTBO
BBINOJIHAEMBIX paboT. 6. KpuTepuu, no KOTOPBIM MOXHO OLEHUTb KadeCTBO, BKJIIOYAIOT:
COOTBETCTBUE BBINOJHEHHBIX PAabOT TPeOOBAaHHUAM INPOEKTHOM JOKYMEHTALUH; COOJI0JeHue
CPOKOB BBINIOJIHEHUsI paboT; CHUKEHUEe CTOMMOCTU CTPOUTEJIbCTBA NPU COXPAaHEHUU 00'beMOB
IPOU3BO/JCTBa; oObecredyeHHe 0€30MACHOCTH PAOOTHUKOB M OXpaHbl OKpYXawllied Ccpenbl;
YCTOMYHUBOCTD U JJOJITOBEYHOCTb 0O'bEKTA.

3aK/IloueHue

KoHTposib KauyecTBa B CTPOUTENbCTBE SBJSETCI HEOTHEMJIEMOM YaCThl0 YCIEIHOU
peasin3anuy NPOEKTOB, CIOCO6CTBYS HE TOJbKO MOBbILIEHHIO KauecTBa paboT, HO U 06eclieyeHH 0
6€30MaCHOCTH U 9KOHOMHUYECKOU 3P PEKTUBHOCTH.

CoBpeMeHHble TeXHOJIOTU U NPEACTABJISAIOT C0601 3P PeKTUBHOE pellieHue JIJ1s1 ONTUMHU3ALUU
KOHTpPOJII 32 CTPOUTEJbCTBOM 3JaHUN. B  4yacTHOCTHM, TmNpUMeHeHUWe [JPOHOB U
CHelUaJu3UpPOBaHHOr0 MPOrPaMMHOT0 obecrne4eHUs] MO3BOJISIET OCYIECTBJAATh BHU3YyaJlbHbIU
MOHUTOPHHI OOIIMPHBIX TEPPUTOPUN W TNPOBOAUTH JleTajlbHble 00C/IeJ0BaHUS BBICOTHBIX
KOHCTPYKIMH, YTO CIIOCOOGCTBYET OBICTPOMY BbISIBJIEHHIO U YCTpaHeHHUI0 JedpeKkToB. Kpome ToroO,
aKTHBHO MCIIOJIb3yeTCs CUCTEMA MoJieJIMpoBaHUusl MHGopManuu o 34aHuu (Building Information
Modeling, BIM), koTopast 3HaUUTeJbHO yJy4llaeT MNPOLECChl IJIAHWPOBAHUS, OpPraHU3alUuU U
KOOpPJAMHALMU CTPOUTENbHBIX paboT. TeM He MeHee, HECMOTpPS Ha MHOTOYUCJIEHHbIe
IpeuMylecTBa TEXHUYECKOTO HaZ30pa B CTPOUTEBCTBE, JJaHHbIN MPOLECC TaKKe UMEeT CBOU
yCI0BHbIe HeJOoCTaTKU. HanpuMep, onepalioOHHbIA KOHTPOJIb MOET MPUBECTH K YBEJUYEHUIO
3aTpaT Ha CTPOUTEJNbCTBO U NOTPe6OBaTh 6oJibllle BpeMeHU. KpoMe Toro, B ciiyyae BO3BeIeHUS
YHUKQJIbHBIX 3/JaHUH MOXET BO3HUKHYTb CJ0XKHOCTb B COTJIACOBAaHUHW TPeGOBaHUU MPOEKTA C
YCTAHOBJIEHHBIMH CTAHJAPTAMH KaueCTBa, YTO MOXKET BbI3BATh JIONOJHUTE/IbHbIE
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6r0poKpaTHU4yecKue TPYLHOCTH B OYAyILeM.

Baeznpenue u noggepxanue CMK B cTporTe/IbHOM OTpAC/IU ABIAETCA KPUTUYECKU BAXKHBIM
yCJIOBHEM JJI1 00ecreyeHusi BICOKOTO KayeCTBa, 6€30MaCHOCTH M HAaJleXKHOCTU CTPOUTEbHbBIX
npoekToB. CMK, ocHoBaHHasa Ha npuHnunax I[SO, nmo3BosiseT ONTHMH3UPOBAThb NPOLECCHI,
CHU3UTb 3aTpaTbl Ha MWCOpaBJeHHWEe OWMOOK U  yJAYYUIUTb  yJ0BJIETBOPEHHOCTH
K1MeHTOB. KOHTpoJ/Ib KayecTBa BKJ/OYaeT NPOBEPKY MaTepUasoB U pabOT Ha BcexX 3Tamax, a
BHeJpeHue CMK TpebyeT KOpPpPEKTHUPOBKM [JOKYMEHTALUHM, ONTHMHU3allMd INPOLECCOB U
BOBJIEYEHHUS BCEro MepcoHasa. JTO NMO03BOJIAET He TOJbKO COOTBETCTBOBATh 3aKOHOJATE/IbHBIM
TpebOBaHUSAM U CTaHJAApTaM, HO U MNOBbIIATH KOHKYPEHTOCIOCOOHOCTb, ONTUMH3UPOBATHb
IPOLIeCChl U YKPEeIUIATh penyTanuio KoMnaHuu Ha pblHKe. CMK — 3TO He KOHe4Hada weJsb, a
HeNpepbIBHbIM MPOLECC TNOCTOAHHOIO YJyYlIeHUd, KOTOPbIM NO03BOJIAET CTPOUTEJNbHOU
OpraHu3alyu AOCTUraTh yCTOWYMBOIO ycnexa B J0JrOCPOYHOU NepCIeKTUBeE.
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Technological support for the quality of construction processes and systematic control
of construction parameters

Abstract. This article examines engineering and technological approaches to quality
assurance and quality control in the construction industry. The focus is on integrating quality
management methods into construction processes, including monitoring work parameters,
analyzing defects, and ensuring compliance with design documentation and regulatory
requirements. The relevance of this research stems from the need to improve the reliability and
durability of construction projects by implementing systematic quality control at all stages of the
life cycle—from design to commissioning. The aim of this work is to develop an approach to
ensuring the quality of construction products by combining the principles of quality management
systems with engineering methods for monitoring and analyzing technological processes. The
scientific novelty lies in examining the quality system as an element of the construction process,
ensuring the control of process parameters and reducing the likelihood of defects. The practical
significance lies in the possibility of applying the proposed approaches to improve the efficiency
of construction work, reduce production risks, and ensure the consistent quality of constructed
projects. The proposed solutions contribute to the optimization of construction supervision,
increased safety of facilities, and improved quality management of construction production in
modern engineering and technological operating conditions.

Keywords: Construction industry, technological processes, construction quality, parameter
control, construction defects, engineering control, construction technologies.
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Abstract. This paper presents a simplified method for analyzing beams
interacting with two-parameter elastic foundations. The study develops and
examines a refined mathematical model that captures the mechanical
interaction between the beam and the elastic foundation, providing an accurate
description of the beam’s stress-strain state. The scientific novelty and practical
significance lie in deriving analytical expressions for vertical displacements,
bending moments, shear forces, and the distributions of normal and shear
stresses along the beam. The methodology is based on theoretical analysis using
an enhanced model of the two-parameter elastic foundation. As a result,
analytical solutions are obtained, enabling evaluation of how the foundation’s
stiffness parameters influence structural behavior. The study establishes that
the distributions of deflection and bending moment are symmetric about the
midspan, whereas the distributions of shear forces and shear stresses are
antisymmetric. Findings indicate that increasing foundation stiffness reduces
deflections but maintains the overall pattern of internal force distribution.
Particular attention is given to the case where a < 1, which reveals specific
characteristics of the beam’s stress-strain behavior.
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Introduction

The analysis of beams on elastic foundations is a classical problem in structural mechanics,
and its rigorous formulation reduces to solving a contact interaction problem between a structure
and its foundation. A beam resting on an elastic foundation represents a statically indeterminate
system, since the equilibrium condition alone, equating the external load to the total reaction of
the foundation, is insufficient to determine the distribution of this reaction along the beam length
and to evaluate internal forces in its cross-sections [1-2]. The beam on elastic foundation model is
widely used in the analysis of the interaction between structures and soil in geotechnical, road, and
railway engineering, as well as in structural mechanics. The simplest and most widely used
approach is the one-parameter model proposed by Winkler, in which the foundation is represented
as a system of independent vertical elastic springs. Despite its simplicity and practical convenience,
the Winkler model does not account for interaction between adjacent foundation elements, which
leads to discontinuities in the displacement field and reduces the accuracy of calculations [3-5].

Subsequently, more advanced models of elastic foundations were developed, taking into
account shear interaction and the physical properties of the soil, as well as calculation methods
based on variational principles and the theory of elasticity. A significant contribution to the
development of this field has been made by numerical methods, primarily the finite element
method, which enables the analysis of nonlinear material behavior, contact phenomena, and
variations in foundation stiffness. More advanced mechanical models, such as those proposed by
Pasternak, Kerr, Vlasov, and Reissner, provide greater physical accuracy; however, their practical
application is often limited by the complexity of determining model parameters [6-7]. Classical
works by Vlasov, Leontiev, and their followers laid the theoretical foundations for the investigation
of beams on elastic foundations, incorporating variational methods and analytical solutions. In
most of these studies, the modulus of subgrade reaction was assumed to be constant along the
length of the structure, which significantly simplifies the analysis but does not always reflect the
actual heterogeneity of the foundation. In [8], the influence of symmetric heterogeneity of the
foundation within the Winkler model on the stress-strain state of a beam was investigated. The
subgrade modulus was defined as a quadratic function along the span, and the degree of
heterogeneity was characterized by a specific parameter. The calculations were performed using
the Ritz-Timoshenko variational method. Modern studies pay considerable attention to the
analysis of one- and two-parameter elastic foundation models, in which, in addition to the
subgrade reaction modulus, an additional parameter characterizing the shear stiffness of the soil
is introduced. These include, in particular, the Pasternak model and models based on representing
the foundation as an elastic layer of finite thickness [9].In [10], arefined model of the contact layer
was proposed for analyzing the stress-strain state of a multilayer beam. Unlike earlier studies, this
model accounts for the nonlinear distribution of displacements across the thickness of the contact
layer, ensuring correct satisfaction of boundary conditions, in particular, the zero shear stress
condition at corner points. The foundation is considered as an elastic layer of finite thickness
resting on a rigid base. In contrast to simplified approaches, this model does not neglect any
components of stresses, strains, or displacements in the soil base [11]. In recent years,
considerable attention has been devoted to the development of simplified yet sufficiently accurate
models aimed at practical engineering applications. In this direction, combined analytical-
numerical approaches, iterative methods, boundary element schemes, and modified finite element
models have been proposed, providing good agreement with classical solutions and experimental
data. A simplified analytical method based on a modified two-parameter foundation model exceeds
the classical Winkler model in accuracy while being less complex than the Vlasov model [12-14].
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In study [15], a simplified method for analyzing beams on a two-parameter elastic foundation was
proposed. The foundation was characterized by two elastic parameters, and a simplified governing
differential equation of beam bending was derived. The validity of the approach was verified by
comparison with the classical Winkler and Vlasov models. The results showed good agreement
with established elastic foundation theories, confirming the reliability of the proposed analytical
method.

Modern research is focused on the development of universal numerical methods that can
account for arbitrary beam and foundation models, nonlinear material behavior, contact
discontinuities, and spatial variability of parameters, all without a significant increase in
computational cost. In this context, a promising approach is based on the independent
discretization of the beam and the foundation, followed by a reduction in the number of variables,
which improves the accuracy and efficiency of the analysis while preserving universality and ease
of implementation within the framework of standard finite element formulations [16-18]. In [19],
a refined mathematical model of a beam on a two-parameter elastic foundation was developed,
together with the governing equilibrium equation and its analytical solutions for various boundary
and loading conditions. The study focused on deflections, bending moments, shear forces, and
normal and shear stresses, with a comparison to the classical Winkler model. The results confirm
that the proposed approach is reliable, practically applicable, and more accurate in capturing
stress-strain behavior than classical models.

Based on the analysis of existing calculation methods, which are often characterized by
increased complexity, as well as the limitations of the classical Winkler model, this paper proposes
a new simplified method for analyzing a beam on a two-parameter elastic foundation. The
developed model allows for the determination of vertical displacements, bending moments, and
shear forces, as well as the evaluation of normal and shear stresses in beam cross-sections while
accounting for interaction with the elastic foundation. An important advantage of the proposed
method over existing models is its improved accuracy compared to the widely used Winkler model,
along with reduced computational complexity relative to the Vlasov model, which ensures its
practical applicability in engineering analysis.

The aim of this study is to develop and justify a simplified method for analyzing a beam on a
two-parameter elastic foundation that improves the accuracy of determining deflections, internal
forces, and normal and shear stresses in beam cross-sections compared to the Winkler and Vlasov
models, while maintaining computational efficiency and simplicity of implementation.

The methodology

The elastic foundation of thickness h and modulus of elasticity E is modeled as an elastic half-
space and is considered in a Cartesian coordinate system (-c0<x1<o0, 0<x3<0). A beam of length /,

thickness hg, and modulus of elasticity E is considered within the coordinate domam(—; <x; <
l h h . . : s
E) , (—70 <x3 < 70) The beam rests on the surface of the elastic foundation and interacts with it
along the contact interface (Fig. 1).

To determine the stress-strain state of the elastic foundation, the displacement function
method is applied. In deriving the governing relations, the fundamental equations of two-
dimensional elasticity theory are used, establishing the relationships between stresses, strains,
and displacements in an elastic medium. Taking into account the modulus of elasticity of the
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foundation and the shear modulus of the beam material, the standard differential equation of
elasticity theory describing the stress-strain state of the system is adopted:

04F 04F 04F
vep? = Py +2 — =

4 ax2axZ = oaxt 0 (1)

X3

Do

X3

Figure 1. Beam on an elastic foundation

To obtain the solution of the biharmonic equation (1), the displacement function F(x3,x3) is
assumed in the following form:

F(xy,x3) = 8(x3) - W(xq)

(2)
where 6(x3) - is the distribution function;
W (x,) - is the deflection function of the elastic foundation.
Using the displacement function (2) and the relations:
W) _ o W) _ 4
dxf - k W(xl)l dlel. - k W(xl);
The displacement and stress components are determined.
Displacement components:
aw (x;)
Uy (x1,x3) = —h - ¢(2,) —dxl
Uz (xy,x3) = f(20) "W(x1)
(70) = 5728 (20) 3)
PLZg 1-v) 0
" 2 2
f(ZO) =6 (ZO) - (1 _ V) k 6(20)
X )
8(z9) = (C; + Cyzp)e 0,2, = 23 k2 =k2-h2

h
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where v - is Poisson’s ratio;

zp - is the dimensionless transverse coordinate in the elastic foundation;
@(z0), f(zo) - describe the distribution of displacements (U3, Us);

k - is the deformed state parameter, which depends on boundary conditions.
Stress components:

dZW(xl)

1

01 = — lp(o)

Eh? d3W(x1)
T13 = 12 “P(2) T
1

éh3 d*w (x,)
o3 =~ a(20) — i (4)

¢(zo) =12 [6(z) + —5"’(z0)]

F [5’”(20) — (2 +Vv)k?6'(20)]

a(zy) =
where '(z0), Y(zo), a(z9) - are functions that characterize the voltage distribution o, 713, 03.
When the displacement function (2) is inserted into equation (1), we get an expression of the
following kind:

8r) T gy LW 4 () i) = 0
1 1

51V (20) — 2- k226" (zg) + k*h*8(z)| - W (xy) = 0 )

SIV(Z()) -2 kzgll(ZO) + k46(Z0) =0

To determine the unknown constants Ag, By, Co, the following conditions are adopted:
Boundary conditions: z = %

o 1 C, 1
T13 =0;1/J0<§>=0,A ——4+-=0

2 8
1\ d*Wy(x1)
of = q:ER3dy (5) e = q (6)
1 A, C, 1
549—%‘7+§‘E

where q(x;) - is the intensity of the external distributed load acting on the beam.
Under contact conditions, when the beam deflection coincides with the deflection of the elastic
foundation surfaceW, (x;) = W(x,), a system of equations for determining the unknown
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parameters is obtained:
1=f(0), Co+y=17-0(0)

o, 1 _ 1 En?
Ao+ + 5=z Poi Bo = ¥(0) (7)

4, C 1 1 Eh3

B —_t—at—= - . =
ottt g% =0

From the basic conditions using (7), the unknown constants are determined:

1 ER? 1, 1 ER?
Co=SnbPo Ao=—5+ 50z ho (8)
1 1 Eh? 1 Eh3

By=—— = ——fy - ———
0T 22 32ERZP° T 12ER3 O

where By, @, are the values of the stress distribution functions (743,03) of the elastic

foundation at the contact point.
Taking into account the functions obtained by the displacement function method, according to

expression (3) and the values of their derivatives at the point zy=0, the following equations are
obtained from the first two expressions of conditions (7):

2

1= 67(0) — 2% . 5(0)

1-v
] (9)
1 Eh? L1k 14y
12Eh§ﬁ° 2 hy 1-v

6'(0)

The general solution of this equation can be obtained using three different types of solutions:
22 =k*(1+2V1-a) ki =a-(k?)?

l.a=1:a(zy) = (C; + Cyzp)e *%0 + (C3 + Cyzo)ek? (10)

2.a > 1:6(zy) = [C; cos(Byzy) + C, sin(Bzy)]e %170 + [C5 cos(By2y) + Cusin(Byzy)]e*1%0

(11)
3.a < 1:6(zp) = Cre®™ + (e %% + (zef2% + CyeFero (12)

=k A=k
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a,=kJl—vVl—a, B =kVv1++vVl—-a

The general solution of system (10)-(12) is determined depending on the value of parameter
a. Three different cases are considered, for each of which appropriate calculation methods are
applied. Previous studies examined in detail the first case a=1, and the second a>1, for which
analytical calculations and analysis of results were performed [13, 15, 19, 20].

In the present study, particular attention is paid to the third case corresponding to the
condition a<1, for which the necessary computational investigations are carried out. When
applying the general solution to an elastic foundation (zp—00, §(z9)=0), it takes the following form:

5(zy) = Cre~%2% + C,e~F2%0 (13)

Thus, when using the proposed method, if the functions W{(x;) and 6(zo) are given, the stress-
strain state of the elastic foundation can be determined relatively simply.

If a distributed load acts normally o(x;) and tangentially t(x;) on the elastic foundation (z, =
0), the boundary conditions (4) are written as follows:

l::'hz d3w 1
ts =1y E% = (), P(0) = By
_ (14)
ERh3 d*W (x,)

g3 = 010y o Ot = 0(x,),2(0) = «a,

where «ay, B, - are parameters of the normal and shear distributed loads.
In general form, for Bo#0, ap#0, boundary conditions (14) using expressions (4) are written as:

Bo v

P(0) = Boi 75 = 8(0) +78"(0)
(15)
k4
a(0) = @i 5 %o = 5" (0) — (2 + v)k?6'(0)
Let us determine the values of the main function (13) and its derivatives at zo=0.

8'(20) = —V2C ke V2kzo

8" (2o) = 2C, k2e~V2kzo
(16)

6”’(20) — —2\/§C4k3e_ﬁkz"
5(0) = C, + C,, 8'(0) = —V2C,k, 6"(0) = 2C,k?, 8" (0) = —2v2C k3

Substituting (16) into (15), the following system is obtained:
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VZkag—2vBo+2v2kvay
24v

V2kag

24v

CZ = — y C4 = (17)

Substituting constants (17) into (13), the main function is obtained §(z,):

S(ZO) — _ﬁka0—2vﬁ0+2\/§kvao Ce~%2Z0 4 @ e—ﬁzzo (18)

24v 24v

Solving equations (9), the parameters of stress distribution functions are determined:

VZk3 | \2ZKk3(1+2v) V2k3 2k*  Eho  k*(1+v)
12v 12v(1-v) 12v(1-v)  (1-v) g, 12v(1-v)

A1 =

2 2
a =ik—l1 +ﬂl (19)

a1 (1-v)Eh?

B _ h K*(1+v) 1 By = 12Eh3
1k ™ hy 120(1-v) 9 2 0=

Bk

Eh?2

where v - is Poisson’s ratio;
- is a dimensionless parameter of the stress-strain state.
Taking into account relation (8), from boundary condition (6), the governing differential
equation for beam deflection is obtained:

1 Eh

where ] - is the moment of inertia of the beam cross-section.
The parameters of the bending stiffness of the beam, taking into account (3), (8), and (19), are

written as:
1
2
72
=12 f( —CO'Z+7>dZ= —9o

1 Eh z?

1
2
1. 1Eh

92—12f2 <_§+ZEhZ’BO 12Ehzﬁo +7>dZ=—g0 (21)

9o =1 — 61, Z:z_3
0
where [; - is the parameter of the elastic foundation.
- is the dimensionless transverse coordinate along the height of the beam.
Detailed derivations of the expressions for the bending moment M, shear force @, and the
normal a7 and shear stresses 7{; of a beam on a two-parameter elastic foundation can be found in
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our previous publications [15,19]. Therefore, only the final governing relations adopted in the
present study are given below.

oy = ho " @o(2) % T3 = —h§ " Po(2) g_Q]
0
(22)

d?Wo(x1) - _ > Wo (x1)
dx? ) Q - E]go dx3

M = —EJ
Findings/Discussion
This study considers a beam interacting with a two-parameter elastic foundation. The beam is
subjected to a uniformly distributed load g=1kN/m. The geometric parameters of the beam are as
follows: length I=10m, height hp=0.25m, and modulus of elasticity of the material E=1-103Pa.

Table 1. Values of vertical displacements for foundation elastic modulus E = 1Pa,E = 10Pa,E =
100Pa

X _W1[x], ) W>(x), ) Ws(x),
E =1lla E = 10Ila E = 100IIa

0 0 0 0

1 10.391 5.373 0.109
2 19.659 10.166 0.207
3 26914 13.918 0.283
4 31.521 16.3 0.331
5 33.1 17.116 0.348
6 31.521 16.3 0.331
7 26914 13.918 0.283
8 19.659 10.166 0.207
9 10.391 5.373 0.109
10 0 0 0

The main parameters of the elastic foundation: E = 1Pa,E = 10Pa,E = 100Pa, v =
0.25andh = 1m, a = 0. The adopted parameters make it possible to evaluate the stress-strain
state of the beam on the elastic foundation and the influence of foundation characteristics on the
distribution of internal forces and deflections. The performed analytical and numerical study
provided the distributions of deflections, bending moments, shear forces, and stresses in the beam.
It was shown that for a<1, the stress-strain state of the beam changes significantly due to the
specific features of beam-foundation interaction.
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The results of the vertical displacement analysis are presented in Table 1 and Figure 2. The
deflection distribution W(x) is symmetric with respect to the midspan, with maximum values
occurring at the beam center (x=1/2). The analysis shows that increasing the elastic modulus of the

foundation E significantly reduces beam deflections along the entire span. The largest

displacements correspond to E = 1Pa, whereas increasing the foundation stiffness to E = 100Pa
results in a considerable reduction in deflections.

= E=1Pa
pee E=10Pa
E=100 Pa

301

WI(x)
W2(x)p0
see

W3(x)

Figure 2. Distribution of vertical displacements W(x) for different values of the foundation

elastic modulus E.

The results of the calculation of the bending moment M(x) and shear force Q(x) are presented in
Table 2, while their distribution along the beam span is shown in Figure 3, respectively. As follows
from the data in Table 2 and the corresponding graphical dependencies, the distribution of the
bending moment M(x) is symmetric with respect to the midspan. The maximum bending moment
occurs in the central part of the beam (x=1/2), whereas it reduces to zero at the supports, which is
consistent with classical beam bending theory. In contrast, the distribution of the shear force Q(x)
exhibits an antisymmetric pattern: the maximum absolute values are observed in the regions near
the supports, while at the midspan the shear force becomes zero. When passing through the
midspan, the sign of the shear force changes, reflecting the variation in the internal force
distribution within the beam.

0 2 4 6 8 10

Figure 3. Distribution Oft}‘:le bending moment M(x) and shear force Q(x) along the beam
length
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The results of the calculation of normal and shear stresses in the beam on an elastic
foundation are presented in Table 3 and Figures 4-5.

Table 2. Bending moment M(x) and shear force Q(x) values

X M(x) X

0 0 9.528
1 0.77 7.622
2 1.369 5.717
3 1.797 3.811
4 2.054 1.906
5 2.14 0

6 2.054 -1.906
7 1.797 -3.811
8 1.369 -5.717
9 0.77 -7.622
10 0 -9.528

The distribution of normal stresses o10(x,z) is symmetric with respect to the midspan, with
maximum values observed in the central part of the beam, corresponding to the region of
maximum bending moment.

Table 3. Variation of normal stresses g1o(x,z) along the beam length

¥ o10(%, — E) %10(,0) o10(x, E) %1005 1)
0 0 0 0 0

1 175.816 249.759 323.702 397.645
2 312.562 444016 575.47 706.924
3 410.237 582.771 755.305 927.838
4 468.842 666.024 863.205 1.06-103
5 488.378 693.775 899.172 1.105-103
6 468.842 666.024 863.205 1.06-103
7 410.237 582.771 755.305 927.838
8 312.562 444016 575.47 706.924
9 175.816 249.759 323.702 397.645
10 0 0 0 0

The shear stresses 7(x,z) vary both along the beam length and across the thickness of the
cross-section, vanishing at the boundaries and reaching maximum values near the neutral axis.
The obtained stress distributions are consistent with the classical behavior of beams on elastic
foundations.

The obtained analytical and numerical results provide a comprehensive analysis of the
stress-strain state of a beam on a two-parameter elastic foundation. The developed method
demonstrates reliable results consistent with the classical theory of beams on elastic foundations.
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The deflection distribution W(x) is symmetric with respect to the midspan, with maximum
values occurring in the central region of the beam
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Figure 4. Distribution of normal stresses o10(x,z)

An increase in the elastic modulus of the foundation E leads to a significant reduction in beam
deflections. The bending moment distribution is symmetric with a maximum at the midspan,
whereas the shear force distribution is antisymmetric and becomes zero at the center of the beam.
The stress analysis showed that normal stresses o19(x,z) are symmetrically distributed and attain
maximum values in the region of maximum bending moment. Shear stresses t(xz) exhibit a
nonuniform distribution across the beam length and cross-section thickness, vanishing at the
boundaries and reaching extreme values near the neutral axis. Calculations for the case a<1
revealed specific features of the beam-foundation interaction and demonstrated a significant
influence of foundation parameters on the stress-strain state of the beam. The proposed simplified
model provides reliable results with relatively simple implementation.

T(x), kPa

T T
—0.4 —0.2 0.0 0.2 0.4

Figure 5. Distribution of shear stresses 7(x,z)

The graphical dependencies obtained using Mathcad clearly illustrate the behavior of the
investigated quantities and confirm the reliability of the obtained results. The presented
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distributions are consistent with the behavior of bending elements on an elastic foundation and
can be used for further analysis and practical design calculations.

Conclusion

A simplified method for analyzing a beam on a two-parameter elastic foundation has been
developed, allowing the interaction between the beam and the elastic foundation to be taken into
account. As a result of the performed calculations, analytical relationships were obtained for
determining vertical displacements, bending moments, shear forces, as well as normal and shear
stresses in the beam. It was established that the distributions of deflections and bending moments
are symmetric with respect to the midspan, whereas the distributions of shear forces and shear
stresses are antisymmetric, which is consistent with the classical behavior of bending elements.
The analysis of the obtained results showed that an increase in the stiffness of the elastic
foundation leads to a reduction in deflections along the entire beam length. At the same time, the
general pattern of displacement and internal force distribution is preserved, and the minimum
displacement values are observed at the highest values of the foundation elastic modulus.
Particular attention was given to the case a<1, in which the specific features of the interaction
between the beam and the elastic foundation are most pronounced. In this case, a more significant
change in the stress-strain state of the structure is observed. The obtained results may serve as a
basis for the further development of refined models describing the interaction between structures
and elastic foundations.
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B. Nurlanova - analysis, interpretation
N. Medeubaev - data collection, article design.
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Participatory Budgeting in Urban Planning: A Mechanism
for Prioritizing Public Space Development Projects

Introduction

Contemporary urbanization is characterized by an escalating demand for public spaces that
provide essential ecosystem services, strengthen social cohesion, and facilitate the development of
sustainable urban environments [1-3]. Areas of Public Space and Meeting (APSM)—encompassing
parks, squares, sports facilities, and landscaping projects—have become fundamental indicators
of urban life quality [4,5]. However, the provision of these spaces frequently lags behind the pace
of urban growth, resulting in a persistent supply-demand imbalance and the reinforcement of
socio-spatial inequalities [5-9].

An analysis of urban improvements, such as those across the districts of Almaty, reveals
significant disparities in the scale and direction of infrastructure development. While some areas,
such as the Zhetysu District, show a high concentration of sports facilities and architectural forms,
more densely populated districts like Auezov and Almaly demonstrate limited indicators of
improvement, suggesting a high risk of infrastructure deficits. These findings indicate that
resource distribution does not always correlate with demographic patterns or actual social needs,
highlighting the limitations of traditional "top-down" planning methods [10-12].

To address these imbalances, it is essential to transition toward participatory governance,
where residents are actively engaged in decision-making processes. In order to confront the
systemic socio-spatial inequalities of modern urban development, this research explores the
integration of Citizen Participation as a fundamental mechanism for inclusive governance, the
regulation of Project-Level Privatization to prevent the prioritization of elite interests over
communal utility, and the restructuring of Budget Management to ensure that resource allocation
corresponds to actual demographic needs rather than centralized “top-down” planning.
Ultimately, there is a critical need to develop a methodological framework for citizen participation
in APSM management to ensure more equitable resource distribution, enhance transparency, and
foster a sustainable urban environment that genuinely reflects the needs of local communities
[3,12,13].

The aim of this study is to examine how participatory budgeting can function as a micro-urban
planning mechanism for identifying, prioritizing, and addressing local public space deficits in the
districts of Almaty.

The central research question is: how do participatory budgeting projects reveal spatial
priorities, infrastructural deficiencies, and budgetary disproportions in the development of
neighbourhood-scale public spaces?

To answer this question, the study analyses project-level data from Almaty’s participatory
budgeting platform, focusing on the distribution of projects across districts, voting intensity,
functional project typologies, budget allocation, population shares, and apartment price indicators.
This approach makes it possible to interpret participatory budgeting not only as a form of citizen
involvement, but also as a source of planning evidence for improving the spatial equity of public
space development.

Taxonomy of participation and governance models. Participatory urban planning is
fundamentally a socio-technical assemblage of knowledge-making [12]. A primary framework for
understanding this collaboration is the Quadruple Helix model, which integrates the institutional
functions of government, university, industry, and civil society to drive regional innovation. This
model fosters a knowledge democracy, where the fourth helix (citizens) transitions from passive
consumers to active co-creators of urban value[14].
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The depth of this engagement is often categorized using the [AP2 spectrum, summarized in the

table below:

Table 1. The IAP2 Framework for Public Participation

Level Goal Mechanism/Technique Exemplary
references
Inform Provide objective Fact sheets, websites, [13]
information to assist open houses.
public understanding.
Consult Obtain community Online surveys, focus
feedback on analysis or groups, public meetings.
decisions.
Involve Work directly with the Thematic workshops, [15]
public to ensure concerns deliberative polling.
are considered.
Collaborate Partner with the Consensus-building, [14]
community in each aspect citizen advisory
of decision-making. committees.
Empower Place final decision- Citizen juries, ballots, [1,13]
making in the hands of the delegated decision-
community. making.

Introduction and conceptual evolution. The contemporary shift in urban and regional planning
represents a departure from technocratic, top-down projections toward integrated management
frameworks that prioritize the physical, social, and economic resources of a territory [6,7]. This
"participatory turn" is grounded in the necessity of increasing transparency and accountability
within governance while improving the quality of state decision-making [6,10]. Historically,
metropolises were often constructed "brick by brick" by working classes outside formal planning
circuits; however, modern frameworks institutionalize this through a "pact" between the
population and its territory, aiming to redress entrenched spatial and social inequalities [7].

The role of participatory design in urban architecture. In the realm of architecture and design,
participation redefines the professional as a mediator and facilitator rather than an isolated expert
[15]. Key roles and impacts include:

. Relational Design (RD) and Ethics of Care: Emerging paradigms advocate for a shift from
standard participatory design to relational design, which prioritizes long-term trust-building and
interdependency. Using a feminist ethics of care, designers employ reflectivity and "care-full"
facilitation to support those most in need, transforming planning into a repairing practice [5].

o Defining Cultural Significance: In heritage planning, participation is vital for establishing
consensus on attributes (the physical resources to list) and values (the reasons they are
important), preventing historians or architects from being the sole arbiters of significance [13].
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J Collective Imagination and Scenario Planning: Methods such as participatory scenario
planning move beyond technical forecasting to integrate "co-futuring” and collective imagination
into the design of future mobility and infrastructure [3].

o Operational Roles for Planners: In Dutch planning, professionals adopt accommodative
roles as brainstormers, professional companions, or co-creators to proactively address citizen
disagreement and humanize the planning process [15].

Methodological innovations. Planners increasingly utilize quali-quantitative tools to elicit
«situated knowledge»:

o Companion Modelling (ComMod): Uses role-playing games and multi-agent systems to
facilitate social learning and dialogue regarding complex environmental trade-offs [4].
o Public Value Spheres: Leveraging Natural Language Processing (NLP) and spatial

clustering, researchers can identify archetypical "value conflicts" (e.g., gentrification vs.
affordability) geolocated in urban space (Herzog et al., 2024).
J Dynamic Spatial Modelling: Platforms like Ocelet allow stakeholders to simulate land-use
trajectories, such as balancing food and electricity self-sufficiency in island contexts [16].
Challenges and theoretical tensions. The literature warns against the risks of tokenism and
the reinforcement of neoliberal logics that prioritize efficiency over genuine empowerment. Digital
participation platforms can create epistemic enclosures, restricting the scale and temporality of
legitimate urban knowledge through majoritarianism [5,12]. Furthermore, in authoritarian
contexts, "authoritarian deliberation" may be utilized by the state as a strategic policy instrument
to mitigate conflict and maintain social order without fundamentally challenging hegemonic power
relations [9]. Finally, scholars highlight the "local trap,” the erroneous assumption that hyper-
localized knowledge is inherently more democratic, which can lead to insular and exclusionary
decision-making [12].

The methodology

The contribution of this study is threefold. First, it reframes participatory budgeting as a
diagnostic instrument for micro-urban planning rather than only as a mechanism of citizen
participation or municipal finance. Second, it links citizen-submitted projects to specific urban
planning functions through the L1-L5 typology, including playgrounds, courtyard improvements,
sport facilities, greening, and small public spaces. Third, it applies a budget-to-population
proportionality ratio to assess whether participatory budgeting allocations correspond to the
demographic weight of urban districts. In this way, the study offers a practical analytical
framework for interpreting participatory budgeting data as evidence for spatial equity and
neighbourhood-scale public space planning.

Research Design This study employs an exploratory quantitative design to investigate patterns
of citizen activity, project prioritization, and budget allocation within participatory budgeting (PB)
initiatives. This approach aligns with the “Idea Impact” phase of the participatory budgeting
journey, which seeks to evaluate how citizen input translates into tangible resource allocation and
policy innovation (Bartocci et al, 2023). The focus remains on identifying distributions and
relationships across districts rather than testing causal effects, reflecting the comparative analysis
often used to understand local governance dynamics in varying urban contexts (Sondou et al,,
2025).
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Unit of Analysis The unit of analysis is the individual project proposal submitted through the
participatory budgeting program, representing the "tangible product” of the citizen engagement
process. The dataset encompasses 197 projects distributed across 8 districts. District-level
indicators were calculated through aggregation, a method used to determine the scale or area of
influence for urban structural elements.

Yd = Z:l=d1 Vi [1]

Where

Y, - represents the aggregated indicator for district d.

The data for this study comes from official municipal participatory budgeting platforms. These
platforms help collect and share information online on a large scale (Afzalan & Muller, 2018). The
dataset includes the number of submitted projects, projects receiving more than 50 votes,
allocated budgets, and district population. Additionally, the average apartment price per square
meter was collected as a proxy for socio-economic status, as research suggests that the
demographic and economic profile of a city significantly influences participation levels and the
"digital divide" (Jiménez-Caldera et al., 2024). Only projects exceeding the 50-vote threshold were
included in the prioritization and budget analysis to focus on initiatives with verified community
support.

V; > 50

Project Classification and Analysis. Following established methods for the typological
characterization of urban spaces, projects were classified into five levels based on their scope and
public orientation:

. L1 - Playground;
. L2 - Apartment block yard;

° L3 - Sport facilities;
. L4 - Planting of greenery;
) L5 - Alleys, small architectural forms, and parks.

Citizen activity was assessed by ranking districts based on project submission and approval
levels, mirroring the "ladder of participation" by examining the intensity of community
engagement (Sondou et al, 2025). Project prioritization was analyzed through frequency
distribution across the L1-L5 categories to identify which spatial demands are most prevalent
among users (Yu & Zhang, 2025).

Ranking formula:

Rank,; = rank(Xy) [2]

Where X, - indicator of submission or approval level for district d.

At the final stage, we examined how the budget is distributed across districts. We also checked
whether this distribution is related to population size and socio-economic factors, including
apartment prices per square meter. This analysis aims to highlight potential socio-spatial
disparities in how public funds are directed toward community-led urban improvements
(Jiménez-Caldera et al., 2024).
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Findings /Discussion
1. Votes per Project Across Districts. Figure 1 illustrates the distribution of votes per project
across eight districts (D0-D7), with the vertical scale ranging from 0 to 300 votes.
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Figure 1. Distribution of submitted projects by district

From a planning perspective, differences in voting intensity indicate unequal levels of civic
activation around local spatial problems.

The observed vote counts vary substantially between districts. District D3 demonstrates the
widest dispersion, with projects receiving approximately 55 to 250 votes and a median of around
100-110 votes. Its interquartile range spans roughly from 60 to 170 votes, indicating considerable
internal variation.

District DO shows a range of approximately 50 to 215 votes, with a median close to 95-100
votes. Similarly, D2 ranges from about 75 to 205 votes, with a higher median near 120 votes.
District D4 appears more concentrated, with vote values primarily between 125 and 170 votes and
amedian of around 140 votes.

By contrast, districts D5, D6, and D7 display lower and more compact distributions. Vote
counts in D5 range approximately from 50 to 100, with a median near 70 votes. District D6 extends
from roughly 50 to 130 votes, with a median around 75-80 votes, while D7 spans about 50 to 110
votes, with a median close to 70 votes.

Across districts, mean values (indicated in the figure) appear slightly higher than medians in
several cases, reflecting the presence of higher-vote observations within the upper ranges.

Overall, project-level vote counts range from approximately 50 to 250 votes, with district
medians varying between roughly 70 and 140 votes.

2. Projects reaching the 50-vote threshold by district. Figure 2 presents the number of projects
in each district that exceeded the 50-vote participation threshold.
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The number of projects exceeding the threshold can therefore be interpreted as an indicator
of district-level capacity to formulate and mobilize support for micro-urban interventions.

Almalinsky district records the highest number of qualifying projects, with 51 initiatives
surpassing the threshold. It is followed by Alatau with 32 projects and Auezovsky with 29 projects.

Zhetysusky and Nauryzbaysky demonstrate comparable levels of activity, with 25 and 24
projects, respectively.

Projects number by districs
Medeusky
Turksibsky —
e

Bostandyksky

Figure 2. Share of projects exceeding 50 votes

Lower counts are observed in Medeusky (10 projects), Turksibsky (8 projects), and
Bostandyksky (6 projects), the latter representing the smallest number of initiatives reaching the
required voting level.

Overall, the number of projects exceeding the 50-vote threshold ranges from 6 to 51 projects
across districts, indicating substantial variation in the volume of qualifying participatory
initiatives.

3. Distribution of projects by functional level (L1-L5). Figure 3 presents the proportional
distribution of projects by functional level (L1-L5) across districts that met the 50-vote threshold.
The chart is displayed in percentage terms (0-100%), illustrating the internal composition of
projects within each district.

Project categories are defined as follows:

. L1 - Playground;

° L2 - Apartment block yard;

° L3 - Sport facilities;

. L4 - Planting of greenery;

° L5 - Alleys, small architectural forms, and parks.

The composition of project levels varies across districts.

The dominance of L4 and L5 projects shows that residents primarily use participatory
budgeting to address everyday public space quality, environmental comfort, and neighbourhood
identity.
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In Alatau, projects are distributed across all five categories, with noticeable shares in L1, L2,

and L5.
Almalinsky is strongly dominated by L4 (planting of greenery), which constitutes the majority

of projects, while other -categories account for comparatively small proportions.
In Auezovsky, L2 (apartment block yard improvements) represents the largest share, followed by

L4.

Projects by level by districs
|

=N W
S1=l=]
SIS
o [
Almalinsky l

Medeusky -

S Nauryzbaysky I -

S Bostandyksky l -
Zhetysusky - .

v
(¥,

D4

|w
o
O
e
O
N

HLl L2 W13 mL4 mL5

Figure 3. Distribution of projects by functional Level (L1-L5)

Bostandyksky shows a substantial proportion of L5 projects, alongside notable shares of L3

and L4.
Zhetysusky demonstrates a more balanced distribution, with visible shares in L2, L3, L4, and

L5.
In Medeusky, L4 accounts for alarge proportion of projects, while L1 and L2 contribute smaller

shares.
Nauryzbaysky is characterised by a strong presence of L5 projects, while L1-L3 represent

comparatively smaller proportions.

Finally, Turksibsky displays a mixed structure, with visible contributions from L1, L2, and L5.

Overall, the figure shows that project-level prioritisation differs across districts, with certain
territories concentrating on specific functional categories, particularly L4 (greening) and L5
(public space and architectural improvements).

4. Budget allocation in relation to population and apartment prices. Figure 4 compares three
normalised indicators across districts: the share of participatory budgeting allocation (B1), the
share of total population (P1), and the share of average apartment price per m* (M2). All values
are expressed as proportions within their respective totals.

The budget-to-population ratio reveals where participatory budgeting may reinforce or
compensate for spatial inequalities in public space investment.
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First, the distribution of budget shares is uneven across districts. One district (Almalinsky)
accounts for the largest budget proportion (approximately 0.30), substantially exceeding its
corresponding population and housing price shares (around 0.12-0.14). In contrast, several
districts display comparatively modest budget proportions ranging between approximately 0.04
and 0.12.
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Figure 4. Average budget per project

Second, population shares are more evenly distributed across districts than budget shares.
Most districts fall within a relatively narrow range (approximately 0.08-0.16), indicating a more
balanced demographic distribution compared to the concentration observed in budgeting.

Third, apartment price shares also cluster within a moderate range (roughly 0.10-0.15) and
appear more evenly spread than budget allocations. Overall, the figure demonstrates visible
differences in how budget proportions align with demographic weight and housing price
indicators across districts.

1. Spatial Differentiation of Civic Activation. The variation in votes per project reveals distinct
spatial patterns of civic activation across districts [22,23]. Voting levels are different in each area.
Some projects get many votes, while others receive fewer but more consistent participation [24].
From an urban planning perspective, this suggests that participatory dynamics are embedded
within differentiated neighbourhood structures [24,25].

Districts characterised by mixed-use density, active public interfaces, and established
community networks may generate stronger collective mobilisation around specific spatial
interventions [22-24]. Conversely, districts with fragmented urban fabric or lower levels of public
space interaction may exhibit more moderate or homogeneous engagement patterns [22,24,26].
The distribution of votes, therefore, reflects not only civic interest but also the spatial conditions
that facilitate collective organization [22,24].

2. Threshold Attainment and Urban Territorial Capacity. The uneven number of projects
surpassing the 50-vote threshold [27] indicates variation in territorial project-generation capacity
[27]. Certain districts produce a high volume of qualifying initiatives, while others contribute
relatively few [27].
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In urban morphological terms, this may correspond to differences in block structure,
residential density [24,28], and the availability of identifiable micro-territories (courtyards,
playground clusters, local parks) that lend themselves to project-based intervention [22,27]. Areas
with clearly defined spatial units may more easily translate spatial concerns into structured
proposals [29,30], while more diffuse or infrastructurally dominated districts may struggle to
articulate interventions within the participatory format [26,27].Thus, the threshold operates not
only as a participatory filter [26] but also as a spatial selector, privileging districts with stronger
neighbourhood coherence [22,27].

3. Project Typology as Expression of Everyday Urbanism. The predominance of specific project
categories—particularly greening (L4+), yard improvements (L2), playgrounds (L1), and small
public space enhancements (L5)—reflects a clear orientation toward everyday urbanism [30].
Rather than proposing large-scale infrastructural transformation, residents prioritise incremental
spatial upgrades within the immediate residential environment [31].

This typological pattern aligns with contemporary planning discourse that emphasises
human-scale interventions, micro-public spaces, and tactical improvements to the urban realm
[22]. The concentration in L4 (planting and greening) across multiple districts indicates demand
for ecological enhancement and environmental comfort within dense residential areas [30,32].
Similarly, the presence of L5 (alleys, small architectural forms, parks) signals interest in
placemaking and spatial identity at the neighbourhood level [27,32].

The variation in typology between districts suggests that urban form and landscape condition
influence the type of spatial improvements perceived as most urgent [24,32]. 4. Budget allocation
and spatial equity. The comparison between budget shares, population proportions, and
apartment-price indicators reveals differentiated spatial investment patterns [33]. In some cases,
budget allocation appears concentrated beyond demographic proportionality, while in others it
remains comparatively modest relative to structural indicators [24,34].

From a planning standpoint, this raises questions of spatial equity and distributive justice in
the urban environment [23,33]. If participatory budgeting is understood as a micro-infrastructure
redistribution tool, then alignment between financial allocation and territorial need becomes a key
design consideration [24]. Discrepancies may reflect differences in project scale, land availability,
or spatial feasibility rather than purely demographic factors [28,31].

Moreover, districts with higher land values may face greater implementation costs for similar
spatial interventions, potentially influencing the proportional budget distribution [24,28,33].

To strengthen the descriptive interpretation of the district-level differences, additional
proportionality indicators were calculated. In particular, the analysis uses the ratio between the
budget share and the population share in each district. This indicator allows us to assess whether
the budget allocation is proportionally aligned with the demographic weight of each district.

The disproportionality ratio was calculated as follows:

Budget-to-population ratio = Budget share / Population share [3]

A value above 1 indicates that a district receives a higher budget share relative to its
population share, while a value below 1 indicates a lower budget share relative to its demographic
weight.

The results indicate that budget allocation is unevenly distributed in relation to population
shares. The most pronounced deviation is observed in Almaly district, where the budget-to-
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population ratio reaches approximately 2.50. This means that the district’s budget share is about
2.5 times higher than its population share.

Table 2. Budget-to-population proportionality ratio by district

District Budget share Population share Budget-to-population
ratio
Alatau 0.17 0.16 1.06
Almaly 0.30 0.12 2.50
Auezov 0.12 0.16 0.75
Bostandyk 0.08 0.15 0.53
Medeu 0.04 0.11 0.36
Nauryzbay 0.11 0.08 1.38
Turksib 0.04 0.12 0.33
Zhetysu 0.13 0.09 1.44

A relatively high ratio is also observed in Zhetysu and Nauryzbay districts. By contrast, Medeu,
Turksib, and Bostandyk districts demonstrate ratios below 1, indicating comparatively lower
budget allocation relative to their population shares. These results provide additional descriptive
statistical support for the conclusion that budget allocation is not fully proportional to the
demographic distribution across districts. At the same time, given the limited number of district-
level observations, these results should be interpreted as descriptive evidence of spatial
disproportionality rather than as proof of a causal relationship.

Conclusion

This study demonstrates that participatory budgeting in Almaty can be interpreted not only as
amechanism of citizen participation, but also as a micro-urban planning instrument for identifying
and prioritizing local public space problems. The analysis of 197 project proposals across eight
districts shows that residents primarily use participatory budgeting to address everyday spatial
needs, including playgrounds, courtyard improvements, sport facilities, greening, alleys, small
architectural forms, and local parks.

The findings reveal three key planning-relevant patterns. First, civic participation is spatially
uneven: some districts generate a significantly higher number of qualifying projects and stronger
voting activity, while others remain weakly represented. This suggests that participatory budgeting
outcomes depend not only on formal access to the platform, but also on the ability of local
communities to articulate spatial problems and mobilize support. Second, the functional structure
of projects shows that participatory budgeting is especially relevant for neighbourhood-scale
public space development. The concentration of projects in greening, courtyard improvements,
playgrounds, and small public spaces indicates that residents use this mechanism to address
deficiencies in the everyday urban environment rather than large-scale infrastructure
transformation.

Third, the comparison between budget shares and population shares reveals disproportions
in the territorial allocation of resources. The budget-to-population ratio shows that some districts
receive a higher budget share relative to their demographic weight, while others remain
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comparatively underfunded. This indicator can therefore be used by municipal authorities as a
simple planning tool for monitoring spatial equity in participatory budgeting.

The practical implication of the study is that participatory budgeting data can support urban
planning decisions when it is interpreted not only administratively, but spatially. Municipalities can
use project categories, voting patterns, and proportionality indicators to identify underserved
districts, adjust funding priorities, provide design support to underrepresented areas, and develop
typology-sensitive guidelines for small-scale public space improvements.

The study is limited by its descriptive design and by the available project-level data. It does not
measure the physical quality of implemented projects or long-term social outcomes. Future
research should combine participatory budgeting data with spatial indicators such as green space
per capita, accessibility to playgrounds and sport facilities, courtyard density, pedestrian
connectivity, and implementation quality. Nevertheless, the present analysis shows that
participatory budgeting can serve as an evidence base for more equitable and responsive micro-
urban planning.
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Abstract. This article examines approaches to the design of educational
buildings and campuses that combine educational and industrial functions.
Based on an analysis of international experience, principles for the architectural
integration of education and industry have been identified. Case studies from
France, Italy, the USA, and other countries are examined, where lecture theatres
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key principles identified are: functional integration, spatial openness,
adaptability of spaces, and partnership with industry. The authors justify the
need to design flexible, multifunctional spaces that connect workshops,
laboratories, classrooms, and industrial facilities through a common structural
and spatial system. Projects and initiatives are used to demonstrate how
architecture facilitates the convergence of theoretical education and real-world
production practices, stimulating the ‘academia-industry’ innovation cycle. The
results presented illustrate the importance of open learning spaces, visible
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highly qualified personnel.
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Principles of integrating education and production in the architecture of training and production
complexes

Introduction

The modern economics of buildings, the requirements of the fourth industrial revolution and
specialised training make it necessary to combine educational and production functions in
architecture and place new demands on educational systems. Due to the shortage of qualified
personnel, there is growing interest in integrating learning and production (industrial practice)
processes [1, 2]. New types of educational buildings are emerging - “knowledge factories” —- where
students learn not in isolated classrooms, but in conditions close to real production. The concept
of “integration of education and production” implies a combination of theoretical training and
practical activities, where educational programmes are closely linked to the real production cycle.
In scientific literature, the concept of a ‘Learning Factory’ is described as a learning environment
that includes authentic production processes, multi-module lines, real product manufacturing, and
a mixed approach to learning (formal and informal) [3]. According to Ifenthaler and Roll (2021),
such spaces simulate real production chains, facilitating the practical acquisition of competencies
[3].

International experience demonstrates various architectural strategies where university
research is intertwined with industrial enterprises to solve this problem. For example, since the
1970s, the United States has been implementing Cooperative Research Centres and Engineering
Research Centres, which combine the scientific potential of universities and enterprises. Architect
Frederick Fisher created Iovine & Young Hall (2019), which is called the ‘21st-century learning
factory’. There, classic lecture halls coexist with workshops and maker spaces connected by
common ‘collision’ zones for cross-disciplinary interaction [4]. In the 1980s, science parks and
technology parks began to emerge at universities in Europe (e.g., Heriot-Watt University in
Edinburgh, Trinity College in Cambridge, Louvain-la-Neuve in Belgium) [1, 2, 5]. In Italy, the
Learning Factory project (architect Walter Nicolino, 2020) converted a former factory into a
university for applied arts, preserving its large industrial spaces and ‘democracy of views’ through
transparent partitions [6]. In Belgium, the T2 Academy (architect Kempe Thill, 2020) combines
theory and practice in a single building with concert workshops and exhibition areas [7]. These
trends have led to modern campuses increasingly being designed as ecosystems that combine
teaching, research and production.

In domestic academic practice, the integration of education, science and industry is regarded
as a key factor in the innovative development of Kazakhstan’s economy. It is noted that the
integration of educational, research and industrial activities contributes to the formation of a
complete cycle of specialist training—from the acquisition of knowledge to its application in actual
industrial practice [8]. Researchers are also examining the architectural principles underlying the
development of training and production centres. In particular, they highlight the need to integrate
educational, industrial and public areas within a single spatial framework, as well as to establish a
typological network of such facilities across different settlement levels [9].

Contemporary research also emphasises that, for the Republic of Kazakhstan, the integration
of education, science, and industry should be regarded as the primary mechanism for modernising
the economy and enhancing the competitiveness of national universities. In particular, emphasis
is placed on the need to adapt international models of integration to local conditions and market
needs [10].

Inan architectural context, integration means creating spaces that simultaneously perform the
functions of teaching and production. The aim of this research is to identify the principles of such
integration based on foreign practices and examples. The article analyses examples of educational
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institutions and scientific and production complexes, and highlights approaches to the design of
educational and production spaces. The article is based on a review of literature and design
publications, as well as case studies of well-known architectural projects in the field of ‘university-
factory,” ‘learning factory,” and technology parks [11, 12]. Based on publications and descriptions
ofreal projects, recommendations are formulated for the planning, design, and functional solutions
of such complexes.

The methodology

The study was conducted using a combined approach, which included a systematic review of
foreign literature and an analysis of architectural case studies on the topic of combining education
and production. First, an analysis was conducted of scientific publications, reports, and
monographs on the topic of combining educational and production systems (research on learning
through practice and dual education models). Secondly, foreign architectural examples of
campuses and educational institutions were examined, where classrooms, laboratories and
production workshops are combined in a single complex. The selected case studies include
projects in different countries and on different scales, demonstrating various aspects of
integration: from digital production laboratories to large-scale campuses with industrial
production areas. By comparing the characteristics of these examples, general principles for the
design of ‘educational and production’ spaces in architecture have been formulated.

Findings/Discussion

An example of a hybrid campus and education-production centre.

The WBF Lab project (Teaching and Research Winery and August A. Busch III Brewing and
Food Science Laboratory) at the University of California, Davis, exemplifies an architectural
realisation of a model in which educational, research and production functions are integrated into
a single spatial and technological system. The complex was originally conceived as an environment
that ‘integrates laboratory research with applied process technologies’, enabling students and
researchers to directly test theoretical hypotheses under conditions approximating industrial
ones. The key idea behind the project is to bridge the gap between academic knowledge and
industrial practice, which is achieved through the spatial and functional integration of the various
stages of the production cycle [13].

One of the fundamental principles is the integration of so-called bench-top science (laboratory
science) with applied process technologies. In architectural terms, this means that laboratories,
teaching spaces and production lines are not isolated, but form a single chain in which:
—theoretical research transitions into experimentation;

—experimentation transitions into prototyping;
—prototyping transitions into pilot production.

This approach creates a continuous ‘research — development - production’ cycle, within which
the educational process is integrated into real-world technological operations. As a result, students
are given the opportunity to ‘directly test theories and validate new production processes [13].

The building’s layout (Figure 1) is governed not by formal composition, but by the logic of
technological flows. The production areas (winery, brewery, food laboratories) are complemented
by:

—analytical laboratories (quality control, diagnostics);
—teaching rooms;
—support areas (storage, refrigeration, raw material processing).
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All these elements are integrated into a single system, in which each functional unit fulfils both
an educational and a production role. At the same time, each production line is given a specialised
spatial layout, whilst retaining shared infrastructure elements: laboratories, offices and storage
areas [13].

@ Wine Beer
research bottle 8 classroom 15 brewery
2 cellar 9 office 16 classroom
3 data 10 diagnostics 17 diagnostics
4 special collections 11 cip 18 office
1) 1 2 2 5 long-term barrel 12 equipment 19 mill
6 break 13 fruit cellar 20 dry storage
I' e 7 winery fermentation 14 crush pad 21 coole
— € 22 clean-in-place
c R 23 write up
I Food
L__ 24 dairy
= f R 25 office
’ 13 B 12 l 16 |17 2 26 dry storage
27 fi 74
o 1 1 [VgaI¥ | 27 freezer
; 8 cooler
’ A 29 equipment
18 | 25 29 equip
26| 27| 28 30 general food processing
19
Y
S8 L/ Support
] 2 281 20 31 break
& 22 32 rest rooms
i 33 electrical
r 34 tele data

@ 35 mechanical

36 water collection tanks

Figure 1. Functional zoning of the WBF Lab project

Crucially, the layout ensures direct accessibility of production processes for teaching, visual
and functional links between stages, and the ability to conduct research and production
simultaneously.

The WBF Lab functions not only as a university facility but also as a platform for interaction
with industry. The building is positioned as a ‘link between academic research and industrial
application’ [14].

This manifests itself in several ways:

—the involvement of industry representatives in the development and testing of technologies;
—the use of the facility as a pilot site for testing production processes;

Access for external specialists to the laboratory and production infrastructure.

From an architectural perspective, this requires:

—flexibility in planning solutions,

—versatility of technological spaces,

—the ability to scale processes.

The result is a hybrid institutional model in which the educational environment becomes part

of the production ecosystem.

Learning factory.
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Contemporary architecture of educational spaces is characterised by a shift from traditional
functional separation towards the integration of learning and practical activities. One of the key
approaches is the Learning Factory concept, which involves creating an environment in which the
educational process is directly linked to industrial practices. Such spaces provide the conditions
for learning by doing and enable the simulation of real-world professional scenarios. In the
academic literature, the Learning Factory is defined as an environment that combines learning,
research and production processes into a single system for training specialists [15]. The theoretical
basis for this approach is the concept of experiential learning, developed by David Kolb, according
to which learning is a process based on experience and its reflection. Within this model, the direct
interaction of the learner with a real or simulated professional environment plays a key role [16].
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Figure 2. The zoning scheme of the Learning Factory* (WNA Walter Nicolino Architects, Italy)

In the project The Learning Factory* (WNA Walter Nicolino Architects, Italy), the integration
of educational and production functions is achieved through spatial continuity and functional
overlap. The architectural design comprises a single volume within which there is no rigid division
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between classrooms and production workshops. The layout (Figure 2) is organised in such a way
that the user’s movement through the building becomes part of the educational process, ensuring
constant contact with the production environment. The visual openness and accessibility of
processes contribute to the formation of an intuitive understanding of technological operations
and enhance student engagement [6].

Architectural integration in this project is achieved through continuous circulation routes,
including ramps and transitional spaces that connect various functional zones. This aligns with
contemporary approaches to designing educational environments, where openness, flexibility and
the visual connectivity of spaces play a key role. Such characteristics foster the formation of
interdisciplinary connections and enhance the effectiveness of learning [17].

In the Training Centre + Workshops for Apprentices project (Atelier Téqui, France), the
integration of educational and production functions is achieved through vertical zoning (Figure 3).
The production workshops are located on the ground floor, whilst the training facilities are
situated on the upper floors. Despite this functional separation, the architectural design ensures a
close connection between the levels through visual openings and compact circulation routes. This
structure allows for the maintenance of specialised conditions for different types of activities,
whilst simultaneously uniting them into a single educational system [18].
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Figure 3. The zoning scheme of the Training Centre + Workshops for Apprentices project
(Atelier Téqui, France)
Note: orange - production workshops, yellow - training facilities, blue - common spaces,
purple - living areas

This model is consistent with contemporary research in the field of vocational education,
which emphasises the need for a balance between functional specialisation and the integration of
processes. An effective educational environment must simultaneously ensure safety, technological
efficiency and accessibility for learning, which is achieved through thoughtful spatial organisation
and visual connections between functions [19]. An analysis of the two projects reveals two main
approaches to integrating educational and industrial functions: a horizontal approach, based on
spatial integration, and a vertical approach, involving their distribution across different levels.
Despite their differences, both approaches aim to create an environment in which learning
becomes inseparable from practical activity. In this context, architecture acts as an active tool in
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the educational process, determining the nature of the user’s interaction with the industrial
environment.

Architectural and spatial integration strategies

Circulation axis (‘education-production axis’). Many projects integrating educational and
production functions feature a single central axis or ‘spinal’ route along which user movement is
organised. For example, at the Izmir Agriculture Development Centre (Sasali Biolab), the key
element is a bioswale - a forest-forming biochannel along which the educational and production
areas are linearly arranged [12]. Movement from the entrance along this axis leads visitors first
through the educational premises (classrooms, laboratories), then to the ‘eco-market’ (a
combination of educational and agricultural areas), and further to the agricultural fields and
greenhouses (Figure 4).

[l sosouevo

B suiones

WWWHWP—H I il

LMD

Figure 4. Diagram of connections and user routes at the izmir Agriculture Development
Centre

This approach ensures a transparent link between theory and practice: students physically
pass through production areas, observe and participate in farming training processes. Similarly,
at the Technical Campus Blue Gate (Belgium), training workshops and classrooms are located
around a central core with a freight lift (Figure 5) [5]. The vertical ‘vertex’ of the building serves
as an axis of movement - cargo and students are lifted to the upper floors to the workshops.
This system allows students to constantly see the production process and facilitates the delivery
of materials between levels (freight lifts, conveyors, fenced-off ‘sectional’ staircases) [5, 12].
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Interference between educational and industrial functions. The architecture of integrated
campuses often seeks to mix functions so that teaching spaces and production areas border or

partially overlap visually.
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Figure 5. Location of training workshops and classrooms around the core of the building
Note: blue - training workshops and classrooms, green - central core

At the Bologna Learning Factory (Italy), traditional closed classrooms are adjacent to
flexible workshops separated from each other by transparent partitions (Figure 6) [6].
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Figure 6. Cross-section of the Bologna Learning Factory
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Glass walls between classrooms and other spaces ensure ‘democracy of views’ - students and
teachers can see what is happening on both sides of the screen. This creates additional motivation
and promotes the exchange of ideas: school lessons flow into practical work at workstations.
Similarly, in the CMU (Carnegie Mellon) workshop laboratories, the openness and visibility of
students' model-making work helps teachers and industry partners observe the progress of
projects. This strengthens the connection between theory and practice, as learning ‘in plain sight’
reveals meaningful connections.

Vertical integration (‘vertical factory’). Limited space may result in workshops and production
facilities being located above teaching spaces. This is how the ‘vertical factory’ design came about
in the Blue Gate project [5]. The designers realised that the responsibilities for ensuring technical
regulations (ventilation, strength, safety) became more complicated on the upper floors, so the
building was conceived as a “multi-storey factory” [5]. This creates a strong reinforced frame
designed to withstand the weight of heavy equipment and possible redevelopment [5]. In
architectural terms, this is reflected in a mixture of ‘heavy’ industrial elements (freight shafts,
reinforced floors) and educational blocks: horizontal glazing for classrooms and tall windows for
workshops (to maximise light and visual communication) [5]. This approach requires
consideration of the engineering standards of an industrial building (damage resistance, fire safety,
noise insulation, etc.), but allows functions to be synthesised in a limited area.

2R ARG

Figure 7. Transformable space Bologna Learﬁing Factory

Flexibility and transformability of space. Projects integrating education and production
require adaptability. Spaces must be easily reallocated for various educational and production
tasks. At the Bologna Learning Factory, great attention is paid to the mobility of the interior:
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partitions, hanging curtains and portable furniture allow the area to be quickly reconfigured from
a lecture hall to an exhibition or laboratory (Figure 7) [6].

This allows for joint project sessions with industry partners and prototype exhibitions [6]. This
approach facilitates the integration of learning with practice, as a group of students can switch to
areal production task at any time.

Table 1. Analysis of the applied principles of integration of production and business in foreign

rojects
Project Principles Notes
Greenspoint Studios 1. The ‘bench-to-production’ The spatial layout is organised around
and Learning principle: continuity between technological flows, integrating
Commons educational and production processes | production,laboratoryand teaching areas
(Houston, USA) into a single system
2. Spatial integration through Teaching, research and production are
technological logic integrated through spatial
interconnectivity and operate as part of a
unified process
3. Integration with industry as a The building functions as a platform for
spatial and organisational principle interaction between the university and
industry for jointresearch and technology
implementation
Training Center + 4. The principle of spatial Vertical zoning that maintains a visual
Workshops for connectivity and functional connection between the
Apprentices workshops on the ground floor and the
(Atelier Téqui, teaching spaces on the upper floors,
France) facilitating a smooth transition from
theory to practice
[zmir Agriculture 5. A single circulation system This system allows the student audience
Development (vertical/ horizontal) connecting to constantly see the work of production
Center educational and production facilities and facilitates the supply of materials
(Izmir, Turkey) between levels (freight elevators,
Blue Gate conveyors, enclosed "sectional” stairs)
(Antwerp, Belgium)
Bologna Learning 6. Creation of modular, flexible The ability to quickly switch between
Factory spaces (multi-transformable training and research/production. This
(Bologna, Italy) classrooms/laboratories) approach facilitates the integration of
learning with practice, so that at any
moment, a group of students can switch to
the real task of production.
7 The principle of ‘learning by The creation of a single open-plan space
doing’ in which teaching and production areas
are integrated, and students are directly
involved in real-world production
processes
CMU 8. Visual and functional Providing direct visibility of processes
(Pittsburgh, USA) transparency between classes and and products (for example, through
production glazing, viewing galleries, demonstration
areas). This strengthens the relationship
between theory and practice, as learning
"in plain sight" reveals semantic
connections.
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Social and institutional integration. The architecture of the educational space should support
not only technical but also social connections with production partners. The Blue Gate project
deliberately mixes student contingents of different levels (work/learn school and adult courses)
and neighbours with businesses in the business park [5].

This creates a favourable environment for internships and employment. For example, the
‘public space’ at Greenspoint Studios connects the educational programme with the local
community, while the Learning Factory's demonstration areas encourage companies to visit the
projects [13]. This convergence is architecturally realised through the presence of open galleries,
conference rooms and laboratories with the participation of industry mentors.

Results of the analysis of the principles of integration in foreign projects.

Based on the analysis of foreign projects, unique principles of integration of production and
education (Table 1) were identified in various aspects, ranging from the hybridisation and
conversion of abandoned factories to the implementation of architectural strategies in new
projects. Thus, the architectural design of educational and industrial complexes boils down to
combining the ‘building’ and the ‘factory’ into a single organism. This is achieved through strategic
zoning, engineering systems, interior design solutions, and the overall configuration of the
building. Successful integration makes training more practical and quicker to adapt to industry
demands, while enterprises gain useful scientific and human resources potential [1, 13].
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Figure 8. Conceptual model of integration of educational and production functions
Conceptual model of an educational and production complex.
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Based on the analysis of foreign examples and the identified principles, a general conceptual
model of the integration of educational and production functions can be formed through the
implementation of accompanying principles, which is reflected in Figure 8.

This conceptual model can serve as a basis for the further design of new educational and
production centres or the refurbishment/reconstruction of abandoned factories. The model is
based on the following principles:

e Structural integrity. Creating a unified architectural structure in which educational and

production facilities are organised as parts of a common ‘cluster’ or campus (e.g., through a
common route or building core archdaily.com archdaily.com). This facilitates movement and
exchange between classrooms, laboratories, and production areas.

e Physical coupling of functions. Designing buildings so that teaching spaces are directly
adjacent to workshops, laboratories, and equipment areas. The boundaries between them can be
transparent or movable so that teaching is closely linked to practice.

e Shared spaces. Designing common areas where students, teachers, and industry
representatives can meet and work together. These ‘interzonal’ spaces (open labs, coworking
spaces, exhibition galleries) connect educational and production units and stimulate
interdisciplinary interaction.

e Spatial openness and visual connection. Effective interaction between educational and
production areas is achieved through transparent divisions and large openings. This ‘democracy
of views’ creates an open learning environment. Open atriums, courtyards and gaps between floors
become places for collective communication, enhancing the exchange of ideas between students
and production workers.

» Flexibility of use. The use of transformable and multifunctional spatial systems (movable
partitions, modular furniture, universal laboratories) allows rooms to be adapted to various
educational and industrial tasks.

e Infrastructure provision. Taking into account special engineering requirements: reinforced
structures, ventilation, power supply, transport communications (e.g., freight lifts for delivering
materials to training workshops). The architecture must provide for the possibility of placing
heavy equipment and safe operation within the building.

e Information and technical integration. Inclusion of digital platforms and ‘digital twins’ in the
project to simulate production processes. As the practice of Werk150 and other laboratories
shows, the use of virtual production systems (3D printing, robots) is often closely linked to the
architecture of the premises where these technologies are located.

Conclusion

The study shows that the integration of educational and industrial functions within
architectural design is not merely a spatial or functional challenge, but also a strategic tool for
modernising the higher education system. A key finding is that the effectiveness of such integration
is determined by the creation of an architectural environment of the ‘educational-industrial
ecosystem’ type, in which teaching, research and real-world industrial processes are combined
into a single spatially and functionally interconnected structure.

From a practical perspective, the paper formulates a set of architectural and planning
principles applicable to the design of modern university campuses in Kazakhstan. These include:
the organisation of continuous spatial connections between educational and production zones, the
introduction of flexible and transformable spaces, and the creation of open production areas
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integrated into the educational environment. Implementing these solutions can significantly
bridge the gap between theoretical training and practical skills, which is one of the key challenges
facing higher education in the country.

At the national development level, the implementation of these principles could serve as a key
tool for diversifying Kazakhstan’s economy and reducing its dependence on the raw materials
sector. Integrating production into the university system helps to train specialists who are attuned
to the real needs of industry, whilst also stimulating the development of engineering, technological
and applied disciplines. Furthermore, such spaces lay the foundation for building sustainable links
between universities, industrial enterprises and the private sector, which is particularly relevant
in the context of implementing industrial and innovation development programmes.

For universities in Kazakhstan, the research findings point to the need to move away from the
traditional campus model with its rigid functional divisions towards hybrid educational
environments based on the principle of learning by doing’. In this context, architecture takes on
the role of an active pedagogical tool, creating the conditions for practical learning,
interdisciplinary interaction and student participation in real-world production processes. The
implementation of such approaches will improve the quality of graduate training and their
competitiveness in both the national and international labour markets.

Prospects for further research relate to the development of methodologies for assessing the
effectiveness of education-industry collaboration spaces in the Kazakh context, including their
impact on the quality of specialist training, the level of engagement with industry, and their
contribution to regional innovation. Another important area is the adaptation of these principles
to the country’s various sectoral contexts — from industrial manufacturing and construction to the
agricultural sector and the creative industries.
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AHHoTauusa. CoBpeMeHHas apXUTEKTypHas TMpaKTHUKa CTaJKHUBaeTCsd C
HEO06X0IUMOCThIO yYeTa KIMMaTUUYeCKUX GAKTOPOB y»Ke Ha PaHHUX CTaAUsX
IPOEKTUPOBAaHUSA, KOTZA  3aKJaJblBalOTC  KJO4YeBble  MapaMeTphl
IPOCTPAHCTBEHHOM, (PYHKIMOHAJIBHOM M 3KOJOTHUYECKON 3PPeKTHBHOCTU
Ooyayllero oo6bekTa. [IpeAMeTOM HACTOSIEro HCCAeN0BAaHUS BBICTyNaAeT
MEeTOJ0JIOTUYECKUN TMOTEeHIMaJ aJrOPpUTMHUYECKOTO NPOEKTHPOBAHUS KakK
MHCTpPYMeHTa TpaHcPopMaLUK 3CKU3HOTO NPOEKTUPOBAHUS B aHAJIUTUYECKHU
0060CHOBaHHBIN npouecc. UccnenoBaHue HOCUT TEOPETHUKO-
MEeTOJ0JIOTUYECKUN XapaKTep M 0a3upyeTcs Ha CPAaBHUTEJIbHOM aHaJU3e
MHCTPYMEHTa/IbHbIX MJIAaTGOpM, 0606LEHUU MOAXOA0B K KJIUMATHYECKOMY
MOJIeJIMPOBAaHUI0 W PAaCcCMOTPEHUM MPUHLMIOB MHOTOKPUTEpUaSbHON
ONTUMHU3ALMU B apXUTEKType. B pe3ysbTaTe npejsioxeHa KOHLUENTyalbHast
MOJieJlb UTEPAaTHBHO-UHTETPUPOBAHHOIO MPOEKTUPOBAHUS, B KOTOpPOU
aHa/IM3 MHCOJISIMU W aspaldd pacCMaTpPUBAaeTCsl KaK aKTUBHBIA QakTop
dbopMoo6pa3oBaHUs, a BbIOOP pelleHHUM OCYIeCTBJSETCS B IMPOCTPAHCTBE

KOMIIPOMHUCCOB MeXy KJIMMaTUYECKUMH, 3HEepPTreTUYeCKUMH,
OYHKIMOHA/NIbHBIMU W apPXUTEKTYPHO-XY/I0KECTBEHHBIMU  KPUTEPUSIMHU.
0O6ocHOBaHO, 4TO aJIrOpUTMHUYECKOe pOEKTUPOBaHUE MOXET

paccMaTpuBaTbCs KaK MeETOJOJIOTMYecKass OCHOBa [JJs Iepexoja K
«BBIYHUCJUTETbHOMY 3CKU3WPOBAHUIO», 0OecredyrnBaloleMy 0oJiee BbICOKHM
YPOBEHb  COrJIACOBAaHHOCTU TMPOEKTHbIX pelleHUd C€ TpebOBaHUSAMHU
YCTOUYMBOIO U KJIMMAaTU4YeCKU aJallTUBHOTO IPOEKTHUPOBAHUS.

KiroueBble cj0Ba: aJirOpUTMUYECKOE NMPOEKTHPOBAHWE, BBIYHCIUTENbHOE
NPOEKTUPOBAHUE, WHCOJISALUS, BETPOBblEe NMOTOKH, ONTHUMH3ALUS, ICKU3HOE
npoekTrupoBaHue, Dynamo, Grasshopper, BIM
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BBeageHue

O6ocHOBaHMe BbIOOpA TEMBI U aKTYaJIbHOCTb MCCJIeJ0BaHUs 00YCI0BIeHbI TpaHCpopMaLren
COBPEMEHHOM apXUTEKTYPHOU MPaKTHUKU, KOTOpask BCe B OOJIbLIEN CTeENEeHU OPUEHTUPYETCS Ha
NPUHLMIBl YCTOMYUBOTO pas3BUTHUSA, KAMMATUYECKOM aJanTallud W MeXJUCLUIJIMHAPHOU
KOOpJAWHALUK IPOEeKTHbIX pelmleHWH. OZHUM M3 KJHOYEBBbIX NPOTHBOpPEYUMH paHHEro 3Tana
IPOEKTUPOBAHUSA OCTAETCS HECOOTBETCTBHUE MEX/Ay HEOOXOJUMOCTbIO y4yeTa GO0JIbLIOro YMucaa
B3aMMOCBSI3aHHbIX TEeXHUYECKUX, IKOJOTMYECKUX M KJMMAaTHYeCKUX NapaMeTpoB U
npeo6/ialaHieM UHTYUTHUBHO-XYA0XKeCTBEHHBbIX MeTO0B PopMo0Opa3oBaHHUS, XapaKTepPHBIX
/Il TPaJUMLMOHHOTO 3CKM3UMpOBaHUA. B 3THUX ycl0BUAX BO3pacTaeT NOTPeGHOCTb B
MHCTPYMEHTAx, CHOCOOHBIX UHTErPUPOBATh aHAJIMTUYECKHE NPOLeAyphbl B caM MPOLEcC NOMCKa
apXUTEKTYPHOU POpMBbI, He MOJMeEHSAS TBOPYECKOE pelleHUe, a JONOJIHSAS ero 06’ beKTUBHbIMU
JlaHHbIMH.

AKTya/JIbHOCTb TeMbl YCUJIMBAeTCsl TeM, YTO MMEHHO paHHMUEe NPOEKTHbIe pelleHHUs BO
MHOTOM ONpeJessAT Nocae[yloliMe MoKa3aTeJu 3HeprodPp¢GeKTUBHOCTH, HWHCOJSALLMOHHOTO
peXruMa, aspalu M 3KCIJIyaTallMOHHOTO KavyecTBa 3/jaHus. B CBA3M € 3TUM alropuTMHYecKoe
IPOEKTUPOBAHUE paCCMAaTPHUBAETCS He MPOCTO KakK [UPPOBON MHCTPYMEHT, a KaK HOBasl JIOTUKa
OpraHU3alMU IPOEKTHOTO Mpoliecca, NpejroJiarariias nepexo/ oT JMHEMHON MOJENH «3ICKU3 —
aHa/M3 - KOPPEKTHUPOBKAa» K UTEPAaTHBHO-WUHTETPUPOBAHHOMY MNOAXOAY, B KOTOPOM aHa/v3
CTAaHOBUTCS YacTblo caMoro ¢opMoo6pa3oBaHHUs.

JlONOJIHUTENIbHYI0 aKTyaJbHOCTb HCCJAE€[0BaHUI0 NpHUAaeT TOT ¢akT, 4YTO 3/JaHusd
IPOJ0J/DKAOT 0CTAaBAaThCSA OJHUM U3 KPyIHENIIMX UCTOYHUKOB 3HEPTonoTpe6JieHUs U CBI3aHHBIX
C HUM BbIOPOCOB YIVIEKMCJIOTO ra3a. B coBpeMeHHOM Hay4YHOU JIUTepaType NoJ4epKUBAETCs, YTO
Ha 3/laHud NpUXoAUTCA 0KoJ10 36% MHUPOBOro KOHEYHOTO 3HepronoTpebdsieHusa U nodtu 39%
JHepreTU4ecKku 00YyCJIOBJEHHBbIX BbIOpocoB CO,, 4TO JesaeT paHHHE NPOEKTHbIE pelleHHUf
KPUTHYECKHA 3HAYMMBIMU C TOYKU 3pEHUS YCTOMYMBOIr0 pa3BUTHUA. B 3THX yc/10BUAX nepexo] K
aJITOPUTMUYECKU  MOAJep>KMBaeMOMY  NpPOEKTHPOBAaHHWIO  NpUOoOpeTaeT He  TOJIbKO
TEeXHOJIOTUYECKOE, HO U 3KOJIOTUYEeCKOe 3HayeHHe, OCKOJIbKY MO03BOJIeT BKJKYATh BOMPOCHI
3Heproa$pPpeKTUBHOCTHU B JIOTUKY PopMO0Opa30BaHUS YKe HA CTaAUU KOHUenuuu [1].

HacTtoamasa pabora mnpefcraBiiseT COO0M TeOpeTHKO-METOJ0JIOTUYecKoe HCCIeJ0BaHue,
HalnpaBJIeHHOe Ha CUCTEeMHYI pa3paboTKy U HaydHOe OOOCHOBaHHWE LeJIOCTHOW MOJesn
NpUMeHEeHUs] aJTOPUTMUYECKOr0 NPOEKTUPOBAHUA [/ KJIUMATHYeCKOW ONTHMMHU3aLMUM Ha
CTaguu 3CKU3HOro <¢opMoobpa3oBaHuda. B oTiv4yuMe OT NpUKJIAAHBIX HCCAELOBaHUH,
OPHMEHTHPOBAHHBIX HaA anpobalyi KOHKPETHOr0 IMPOEKTHOr0 Kelca, [JaHHag CTaTbA
coCcpefloTOYeHa Ha KOHLENTya/lW3alU{d NPUHLUIOB, MHCTPYMEHTOB W JIOTUKU HWHTerpaluu
aJITOPUTMUYECKUX METOJ0B B paHHHUE CTaIUU apXUTEKTYPHOI0 IPOEKTUPOBAHUS.

[Ipu 3TOM BaxkHO MoA4YEpPKHYTH, 4TO BIM B cOBpeMeHHOM NOHUMaHUU MpeCTaB/AseT COO0U
He MPOCTO MNPOTPaMMHBIA HHCTPYMEHT TPEXMEPHOr0 MOJEJUPOBaHUsSA, a 0OoJjiee IIMPOKYIO
NPOLIECCHYI0 TapaJUIrMy, OXBaThIBAKIYI0 KOOPAUHALWIO JAHHbIX, B3aUMO/IeiCTBUE YUaCTHUKOB
IpOEKTa U CONMPOBOXKAEHUE 00'beKTa Ha MPOTSIKEHUU KU3HEHHOI0 1IMKJa. B TakoM KOHTeKcTe
VMHTerpanus aJropuTMUYecKoro npoektupoBaHus ¢ BIM o3HavyaeT He fj06aBJieHUe ellle 0JHOTO
MPpPOBOro UHCTPYMEHTA, @ U3MEHEHUEe CaMOM JIOTMKU NPUHSATUS NMPOEKTHbIX pelleHuH, npu
KOTOpPOW aHa/IMTUYeCKHe JlaHHble CTAHOBATCH 4YacTbI0 eAMHOro MHGOPMALMOHHOIO KOHTYpa
NpOeKTHUpPOBaHus [2].

Hay4yHasi HOBM3Ha HccC/e[joBaHUS 3aKJ/O4YaeTcsl B CUHTe3e pPa3pO3HEHHbIX MNOAXOJ0B —
napaMeTpPUYeCKOTO MOJEeJMPOBaHUSA, [JAUHAMUYECKOr0 aHajJu3a WHCOJISILUY, YIPOILEHHOTO
MO/leJIMPOBaHUS BETPOBBIX IOTOKOB, MHOTOKPUTEpPUaJIbHON oNTUMU3auu U BIM-unTterpauuu -
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B €/JUHYI0 METO/[0JIOTUYECKYI0 MOJieJib UTEPATUBHO-UHTEIPUPOBAHHOTO MPOEKTHOTO MpoOILiecca.
CyliecTBEHHbIM 3JIEMEHTOM HOBHU3HblI fBJIIeTCSd TaKXe aKUEeHT Ha OrpaHUYeHHUsIX
aJITOPUTMUYECKOTO MOAXO0/JA YU Ha ONpe/ie/ieHUU KypaTOPCKOM pOJIM apXUTEKTOpPA B MPUHSATUU
IPOEKTHBIX PeLleHNH.

llenbto uccief0BaHUSA SBJISETCS pa3paboTKa U TeOPETUYECKOE 0O0CHOBAHME METOA0JI0TUHU
NpUMEHEeHHS aJITOPUTMUYECKOTO MPOEKTUPOBaHUs B cpeaax Grasshopper u Dynamo jJis yyeta
MHCOJISIIUOHHOTO Y BETPOBOTO PEXXUMOB 3/]JaHM I Ha 3Talle 3CKU3HOTO NPOEKTUPOBaHMUS.

Jisi  JOCTUXKEHUs] TOCTaBJEHHOW 1ieJu ObLIM  OMNpeJesieHbl CAeAyIoliMe  3aJauyu
VCC/IeI0OBAHUS:

1. [I[poBecTH CpaBHUTEJbHbIM aHAIM3 HHCTPYMEHTA/JbHBbIX maTdopm Grasshopper u
Dynamo B KOHTEKCTe UX MOTeHI[haa /i1 KIMMaTU4eCKOT0 aHa/Iu3a.

2. PackpbITh TeOpEeTHKO-METO/I0/IOTUYECKHEe OCHOBbI MHTErpalydu aHajJu3a UHCOJAIUU U
ynpouieHHoro CFD-MoieiMpoBaHus B IPOLECC apXUTEKTypHOTro ¢opM00o6pa30BaHHUS.

3. PaspaboTaTh  KOHIENTyaJbHYyl0  MOJleJlb ~ MHOTOKpPUTEPHUA/TbHOW  ONTUMHU3ALUU
ApXUTEKTYPHOU GOPMBI C Y4ETOM UHCOJISIIIMY, BETPOBbBIX IOTOKOB U 3KOJIOTUYECKUX KPUTEPUEB.

4. Onpefe/suTb INepCleKTUBbl UHTErpanydyd aJrOpUuTMUYECKOro NpoeKTUpoBaHuUs ¢ BIM,
HMCKYCCTBEHHbIM UHTEJIJIEKTOM U TexHoJiorusiMu loT.

O6BeKT ucceoBaHUSA — MPOIECC ICKU3HOTO APXUTEKTYPHOTO MPOEKTUPOBAHUS.

[IpeaMeT uccaeJoOBaHUS — METO0JI0THSI TPUMEHEHHS aJITOPUTMUYECKOT0 MPOEKTHPOBAHUSA
JUIT yd4eTa W ONTUMU3ALMU HHCOJSAIMM U BETPOBBIX IOTOKOB HA pPaHHUX CTaJUAX
aApXUTEKTypHOTOo GOpMOOOPA30BAHUS.

0630p s1MTepaTyphI.

CyluecTBeHHbIN BKJIA/, B Iepe0CMbICIeHMEe CAaMOW JIOTUKU UHCOJISILMOHHOT0 aHa/IM3a BHEC/IU
[lepefipa u CusibBa, NOKa3aBllIMe, YTO TpaJULMOHHAs OpHUeEHTaluUsl Ha QPUKCHPOBAHHYIO
NPOJOJ/DKUTEJNBHOCTb UHCOJIALIMM He OTpaKaeT peasibHOr'0 BO3JEMCTBUSA COJTHEYHOW pajUaluu
Ha KayecTBO cpezbl. OLUH U TOT e N0Ka3aTeJb NIPOJ0J/DKUTENbHOCTH COJTHEYHOT'O OCBeLeHUs
MOXEeT COOTBETCTBOBATb pa3/IMYHOW J03e paJualMu B 3aBUCHUMOCTHM OT BpeMeHM TrO0Ja,
aTMOoCpepHBIX yCI0BUN, OpUeHTal MU $pacaZoB ¥ xapaKTepa OKpYKallUlUX 3aTeHeHUH. B cBa3U ¢
3THUM UCCeoBaTe/n NpeJJaraloT OnupaThbCcs He TOJbKO HA NPOAOJ/LKUTENbHOCTb COJTHEYHOTO
BO3JEWCTBUS, HO U Ha pa3/iMueHue «KeJaTeJbHOU» U «HeXeJaTeJbHOU» pajualuHl, 4TO
O0COOEHHO BaXXHO [JJi KJMMaTH4YeCKUM aJanTUBHOro npoektupoBaHusa [3]. Konyennus
COJITHEYHOTO0 KOHBepTa B 3TOM KOHTEKCTe BbICTYNaeT KaK OJAWH U3 HanboJsiee MOKa3aTeJbHBIX
IpUMepPOB IepeBOoJa KJMMAaTUYeCKOro aHaav3a B fA3bIK GOpPMOOOpPaA3yoLUX OrpaHU4YeHui. B
KJIaCCUYeCKOM WHTepIpeTalu COJHEYHbIM KOHBEPT ONpejesseTcs KakK NpefesbHbIA 00beM,
KOTOPbIM MOXET 3aHATh 3/[jaHUe NPU COXpPaHEHUU JOCTYINa WHCOJSALUU K COCEJHUM ydacTKaM.
BaxkHO, 4TO JaHHas KOHIENNYA paccCMaTpUBAeTCs He KaK yHUBepca/ibHasA GopMyJia, a Kak 4acThb
60/lee IUPOKOW CUCTEMBI TPaJlOCTPOUTENBHOI0O U APXUTEKTYPHOTO peryJupoBaHus, The
WHCOJISIIMOHHbIEe TPEOOBAHUSA JI0JKHBI ObITh BCTPOEHbI B 001IMK 6a/1aHC NPOEKTHBIX lieJiel, a He
abCoIIOTU3UPOBAHHI [3].

CoBpeMeHHbIe HCCIe0BaHus, BKJIOYast paboTel KBoka u Ap. [4], 1EMOHCTPUPYIOT pacTyUdi
MHTEpeC K UHTerpauuy MybTu3oHaibHoro CFD-aHanusa ¢ MHCOALMOHHBIM MO/ eIMPOBAaHUEM
JLJ151 IOBBILIEHUS] TOYHOCTHY IPOTHO3UPOBAHUSI MUKPOKJIMMaTa. Bonpockl ycTOMYMBOCTH aKTUBHO
pa3pabaThIBalOTCSA B KOHTEKCTe KM3HEeHHOro 1yk/a MmatepuanoB (LCA), rae noaxon I'omeca fe
Kocapau zip. [5] nokasbiBaeT 3pPeKTUBHOCTb UHTETrPAI[MY I'eHEPATUBHbBIX AJITOPUTMOB C 6a3aMu
JIaHHBIX JJIs1 CHUKEHU S YIJIEPOJAHOrO cie/a.
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3HaYUTeJIbHbIN BKJIaJ, B pa3BUTHE UHCTPYMEHTAapUsl BHOCAT UCCAELOBAaHUSA 110 UHTErpaLuu
BIM u mnapameTpuyeckux cpena [6, 7], a Takke IO aBTOMaTHU3alMKU MPOLECCOB OIEHKHU
sHeproapdekTuBHOCTU U KoMmbopTa [8, 9, 10]. PaboTbl Mo NpUMEHEHUID T'eHETHUYECKUX
aJTOPUTMOB JJI1 MHOTOKPUTEPUAJbHOM ONTHMMHU3alUMKM B apxuTekType [11], a Takxe
UCC/e[JOBaHUS], TMOCBSALIeHHble MCIOJb30BaHUI0O METOJO0B MAIIMHHOTO O00y4eHUs [Jid
IPOTHO3MPOBAHUsl COJIHEYHOW pajiMalluM M 3HepreTHUYecKUx INokasaTesned 3gaHuil [12, 13],
bopMUpPYIOT TeopeTHyecKUM GyHAAMEHT AJd cjaeAylollero 3Tana 3Boswonuu  All -
reHepaTUBHOIO JU3alHa.

OTme/bHOrO BHMMAaHMA 3aCJAyKMBAKOT WCCJAEeL0BaHUdA, IMOCBSALIEHHble WHTerpanuu
reHepaTuBHbIX aaroputmoB u LCA B BIM-cpeny Ha paHHel cTtasguu npoekThpoBaHus. Kak
nokasbiBaeT paboTta ['omeca se Kocapa u coaBT, B CyllleCTBYIOlel NMpaKTHKe aBTOMAaTHU3alUA U
reHepaTUBHBIM MOUCK HepeJKO BHeAPSAITCA CAWIIKOM IO3JHO, KOTZ[d OCHOBHBbIE pelIeHHs O
bopMe, KOHCTPYKIIMK U MaTEPHUAIbHOCTH yKe BO MHOTOM 3apUKCHPOBaHbl. MeXx/ly TeM UMEHHO
HavaJibHasl CTa/iusl MPOEKTUPOBaHUS 06J1aZiaeT HAUOOJIbIIMM NOTEHMAIOM /11 3KOJIOTUYeCKOU
ONTUMHU3ALMH, TIOCKOJIbKY [103BOJISIET BApPbUPOBATh GOPMY M COCTAB OTPAXKAAIOLIMX PELIeHUN 10
TOTO, KaK POEKT NpHobGpeTaeT MHEPLMOHHYIO )KeCTKOCTb [5].

OfHako aHa/lW3 JIMTEpPaTypbl BbISBJAsSET Mpobes B HCCAeJ0BaHUAX, CBSI3aHHbIM C
HeJJOCTaTOYHOM cHucTeMaTU3alUeld KOMILJIEKCHOM MeTOJ0JI0OTUH, KoTopas ©Obl 06beAUHHIA
aHa/IM3 MHCOJIILMM U BETPOBBIX NOTOKOB B €JWHBIM, yNpaBJfeMbld aJTOPUTMaMH HpPOLECC
3CKM3HOT0 PpopM0o0OOpa30BaHUs, IBHO ONKChIBAJa TEOPETUYECKYIO MOJE/b ONTUMHU3ALMU U ee
OTpaHUYEHHs], B YaCTHOCTH PUCK «I1epeoNTUMHU3aLUU» B yliep6 apXUTEeKTYpPHOH 06pPa3HOCTH.
HacTtosiee nccienoBaHre HaNpaBJieHO HA BOCIIOJIHEHME 3TOTO pobeJa.

MeToaoJi0rus

MeToio/10THYeCKass 0CHOBA MCC/eI0BaHUSA 6a3UPyeTCs Ha IPUHLMIIAX aJITOPUTMHUYECKOTO U
napaMeTpPUYEeCKOro MNpPOEKTHPOBAaHHUS, HWHTErPUPOBAHHBIX C MOAXOJAMHU KJUMATHYECKOTO
a”Hasnu3a, BIM-MozaenMpoBaHrMsl U MHOTOKPUTEpPHAJbHOW onTUMHU3auuu. McciegoBaHrue HOCUT
TEOPEeTUKO-METOA0JIOTUYECKUA XapaKTep U HalpaBJeHO He Ha 3KCIepUMeHTa/JbHYI0
BepUPHKaALIMI0 KOHKPETHOT'0 NPOEKTHOTO pellleHMs], a Ha IOCTPOEHHE KOHLIENTYaJbHOM MOJEeNn
NpUMeHEeHHUs AITOPUTMUYECKUX MHCTPYMEHTOB I/ y4eTa UHCOJISIUM U BETPOBBIX IOTOKOB Ha
CTaJIU1 3CKHU3HOTO MPOEKTUPOBAHHUS.

KitoueBol uccienoBaTeNbCKUM BONPOC (GOPMYIUPYETCSA CAEAYIIMM 00pa3oM: KaKUM
00pa3oM aJIrOPUTMUYECKOE MPOEKTUPOBAHUE MOKET OBbITb CUCTEMHO BCTPOEHO B Ipolecc
apXUTEKTYpHOro (OopMO0Opa30BaHUSA [J8 y4yeTa KJAMMATHYECKHX (PAKTOPOB U MOBbIIIEHHUS
000CHOBAaHHOCTU MPOEKTHBIX PEllIEHUN HA paHHUX CTAJUSX pa3paboTKu?

B pamkax wucciejoBaHMsS MNpeAJiaraeTcsd KOHLENTyaJbHash MoOJe/lb HUTepaTUBHO-
MHTErpyupoOBaHHOTrO MPOEKTUPOBAHMUS, BKJIIOYAIOLAs CeAyI0lIe STalbI:

1. TapameTpu3sanus apxUuTEKTYPHOU GOpPMbI

[eomMeTpus 3/1aHUs ONKCbIBaeTCs Kak QYHKIUs Habopa nepeMeHHbIX TapaMeTPOB, BKAOYAKIIUX
rabapuThl, OpUEHTALMIO, YIJIbl HAKJIOHA, KO3PPUIIMEHT OCTEeK/IeHUs], KOHQUTYpALIMI0 00’ beMOB U
HMHble XapaKTEPUCTUKH, BJUSAIOLME HA MHCOJISIIIMOHHBIN U a3pOJJMHAMUYECKHUH pPEXXKUM 006bEKTA.
Takol noaxon Mo3BOJISIET pacCMaTpUBaTh apXUTEKTYPHYIO POPMY KaK U3MEHSeMYI0 CUCTEMY U
dbopMHUpOBaTb  MHOXECTBO  aJbTEPHATHUBHbIX  pelleHMH B  mOpejesiax  3aJlaHHOTrO
napaMeTpPUYeCcKOro NpocTpaHCTBa. Bbi60p napaMeTpoB, ONMChIBAIOLIUX APXUTEKTYPHYI0 GpopMy,
He sIBJISIETCS NPOU3BOJIbHBIM. B HccienoBaHUSAX, MOCBSIIEHHbIX 3HEProdap@PeKTUBHOCTH U
TeMJIOBOMY KOMQOPTY, HEOAHOKpPAaTHO IMOKa3aHo, 4To <¢opMa 3/laHUsl, €ro OpHUeHTalus,
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K03$PULUEHT OCTeKJIeHUS] U NPOCTPAHCTBEHHas KoHUrypanus (QYHKLMOHAJbHBIX 30H
00pa3yloT B3aMMOCBSI3aHHYIO CUCTEeMY GAKTOPOB, ONpe/lesIAIIMX KaK XapaKTep eCTECTBEHHOT0
OCBelleHUs], TaK U TeIJIOBOe NoBeJieHUue 000J104KU. CiieloBaTeJbHO, MMEHHO 3THU NapaMeTphbl
JI0JDKHBI pacCMaTpPUBAThCS KaK IPUOPUTETHbIE IlepeMeHHble B aITOPUTMUYECKU YIIPaBIseMOM
IPOCTPAHCTBE NPOEKTHBIX pelieHun [14].
2. HHTerpanus KJIUMaTU4YeCKUX JaHHbIX

B Mozenb BBOAATCA KJIMMaTHYeCKUe TapaMeTphl, BKJI0Yasd TPAaeKTOPUM JIBMXKEHUs COJTHLA,
IOTO/HblEe JilaHHble, XapaKTEPUCTUKU BETPOBOrO peXHMa, HalpaBJ/ieHUs IMpeobJaZaolinx
IIOTOKOB U UHbIe MOKa3aTesM, obecrneyuBawlLide CBSI3b NPOEKTUPYeMO GOpPMbI C peabHbIMU
YyCJOBUSMU OKpYyXKarwlleh cpefbl. 3a cYyeT 3TOr0 KJUMaThyeckhe (aKTOPbl CTAHOBATCA He
BHEIIHWMH OTPaHUYEHUSIMH, a aKTUBHBIMU [lepEMEHHBIMU apXUTEKTYPHOrO aHa/IU3a.

3. ®opmupoBaHuUe 1es1eBbIX QYHKLIUH

OnTuMH3aLUsl apXUTEKTypHOW GOpMbl paccMaTpUBaeTCsd KaK 3ajada COrJIaCOBaHMUSA
HECKOJIbKUX LieJIeBbIX KPUTEPHUEB: MAaKCUMU3aL UM M0JIE3HON MHCOJISILMM B XOJIOJHbIM NEpPUO,
MUHHMMHU3alMd U30bITOUHON COJIHEYHOM paZijMalluy B TeNJIbIA NepUo/, YIydlleHUs BeTPOBOIO
pexrMa B MelIexXoJHON 30He, a TaKKe CHUXKEHUS] SIHepPreTUYeCKOW M 9KOJIOTUYEeCKOW HarpysKH,
CBSI3aHHOM C 3KCIJIyaTaliMel U )KU3HEHHBIM [JUKJIOM 3/1aHHUS.

4. MHOrokpuTepHabHasi ONTUMU3ALUA

[IoucK NpPOEKTHBIX pelIeHUH HWHTEPNpPeTHUpPYeTCs uYepe3 MeTo/bl MHOTOKPUTEepHaJbHOU
ONTUMHU3ALMH, BKJIIOYAsA TeHeTUYECKUE aJITOPUTMBI, M03BoJIsA0IIMe GOPMUPOBATH MHOXKECTBO
[lapeTo-oNTUMa/IbHBIX aJIbTEPHATUB. B paMKax TakoW JIOTUKKA ONTUMMU3ALUSA paccMaTpHUBaeTCs
He KaK T[OMCK €eJUHCTBEHHOr0 HaWJy4llero BapuUaHTa, a KaK BblsgBJIeHHEe 006JacTH
KOMIPOMHUCCHBIX pelleHHW, B KOTOpPOM yJsy4dllleHHe OJHOr0 T[OoKa3aTessl CONPSDKEHO C
JIOMyCTHMBIM YXy/iLIEeHUEeM JIpyroro.

CyliecTBeHHbIM HalpaBJieHUEM Pa3BUTHS aJITOPUTMUYECKOTO IPOEKTUPOBAHUS CTAHOBUTCS
nepexoJ; OT PEaKTUBHOM 3KOJOTUYECKOW OLEHKM K MPOAKTUBHOMY 3KOJOTHYECKOMY
dopmoobpazoBanuto. [lo gaHHbIM [omeca ge Kocapa U c0aBT., WHTerpauusi 3BOJIIOLMOHHbBIX
aaropuTMoB B BIM-Mo/ies11 103BoJISIeT He MPOCTO CPAaBHUBATD YK€ MOATOTOBJIEHHbIE BAPUAHTHI,
a aBTOHOMHO HCCJIeI0BAaTh MPOCTPAHCTBO PELIEeHUH U B peXXHUMe, 6JIM3KOM K pea/ibHOMY BpEMEHH,
BbISIBJIATh KOMOMHALMU MapaMeTpoB, CHUXKAWILHE 3KOJOoTuYecKoe Bo3jeicTBUe. TeM caMbIM
3KO0JIOTUYECKAs OLleHKa IepecTaeT ObITh BHELUIHEN NPOLelypOi KOHTPOJISI U CTAHOBUTCS 4aCThIO
JIOTUKM POEKTHOTO MoucKa [5].

B slorrke MHOTOKpHUTepUaJbHONW ONTUMHU3AMU KJIIOYEeBbIM OHATHEM CTaHOBUTCA [lapeTo-
bGpOHT, NpeAcCTaBJASAOIIMNH COO0M MHOXECTBO HENOMHUHUPYEMBIX pelleHUW, B KOTOPbIX
yJaydllleHhe OJIHOTO I[l0Ka3aTeJssi BO3MOXXHO JIMIIb LIeHOW yXyAueHuss apyroro. /[as
ApXUTEKTYPHOr0 NPOEKTUPOBAHUS 3TO NPUHIUMIINAIBHO BaXKHO, MOCKOJIbKY 33/1a4l UHCOJISILIHUH,
TEIJIOBOro KoMdopTa, a3poJUHAMUKH, MAaTEPUATIOEMKOCTU U CTOMMOCTH PEeJIKO COIVIAaCYyITCs
Mexy coboit 6e3 koHQMKTA. [103TOMy ONTUMU3ALUS B apXUTEKTYpPE J0/HKHA TOHUMAThCS He
KaK MOWUCK eJJUHCTBEHHOTO «UJeaJbHOr0» pelleHUs], a KaK CTPYKTYpUpPOBaHUE NMPOCTPAHCTBA
KOMIIPOMHUCCOB, BHYTPHU KOTOPOI'0 apXUTEKTOP OCYIIeCTBJsAeT NpodeccuoHaIbHbIN Bbi6Op [11].
5. HWHTepnpeTauus v oTO0P pelieHUuu

[ToslyueHHOE MHO€ECTBO aJIbTePHATUB aHAJIM3UPYETCS apPXUTEKTOPOM, KOTOPBIN BbICTYMAET
B POJIM KypaTopa MpoIecca U OCyIlecTB/sSET BbIGOP MPOEKTHOTO pellleHHs] HA OCHOBE He TOJIbKO
KOJIMYECTBEHHbIX IOKa3aTeJeld, HO U apXUTEKTYPHO-XYJ0KECTBEHHbIX, (YHKIMOHAJIbHBIX,
KOHTEKCTYaJIbHbIX M KOMIIO3UIIMOHHBIX (GaKTOpPOB. TeM caMbIM BBbIYHUCJIUTEJIbHbBIE METOZbI
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paccMaTpUBAOTCA KaK CpPeACTBO paclIMpeHUs] NPOCTPAHCTBA IMOMCKA, a He KakKk 3aMeHa
npodecCHoHaJbHOTO CYK/eHHS.

B pamkax npeaJsiokeHHOM METO/OJIOTUM MCIOJIb3YIOTCS /JiBeé B3aWMOJOMNOJIHAKIINE
miatdopmbel: Grasshopper - [/ reHepald reoMeTPUU U NPOBEJEHUS UHTETPHPOBAHHOTO
KJUMaTUYeCKOT0 aHa/vd3a Ha paHHUX CcTaAauax, U Dynamo - [aa mnocieaywollen
napaMeTpUyecKod HaCTPOMKH, KOOPAUHALIMU U aHaJIMTUYeCKOU paboTel B BIM-cpeze.

OrpaHuyeHUsI METO0JIOTUU

CnenyeT moAyepKHYTb, YTO MpPeAJI0XKEHHAss MOJe/b HOCUT KOHIENTYya/lbHbIA XapaKTep U
npejHa3HaYeHa MpeX/e BCEro JiJisl TEOPETUYECKOr0 ONMMCAHUA U CTPYKTYPUPOBAHUS Mpolecca
KJUMaTU4YeCKU OPUEHTUPOBAHHOTO aJITOPUTMUYECKOT0 MPOEKTUPOBaHUSA. PaccMaTprBaeMble B
CTaTbe TMOAXOAbl K aHa/IW3y HWHCOJSLMU UM BETPOBBIX IOTOKOB HA PpaHHUX CTaJuIX
NPOEKTUPOBAHUS OCHOBBIBAIOTCS HA yIPOLIEHHBIX PACUETHbIX IPEACTABJEHUSIX U He TOJMEHSIOT
co00M leTa/ibHble HMHKeHEePHbIE PAcy€eThl, BbINOJHSIeMbIe Ha TOCIEeAYIOIIMX CTAJUAX Pa3paboTKU
npoekTa. KpoMe Toro, ajiropuTMuyeckass ONTHMHU3alUs He JOJKHA pacCMaTPUBAThCA Kak
ABTOHOMHBIM MeXaHU3M MNPUHATHSA APXUTEKTYPHOTO pelleHHUs], TOCKOJbKY CyIIeCTByeT PUCK
nepeonTHUMHU3ALUH, IPU KOTOPOM KOJIMYEeCTBEHHbIE NTOKa3aTe/JM HaUuMHAIT JJOMUHHUPOBATh HA/|
XY/10’KECTBEHHBbIMU, PYHKLIMOHAIbHBIMA W KOHTEKCTyaJbHbIMH KayeCTBaMH apXUTEKTYphbl. B
CBSI3U C 3TUM B IIpeJIaraeMoi Mo/iesiu KJ04YeBasi poJib COXPaHSeTCs 32 apXUTEKTOPOM, KOTOPBIH
MHTEPIPETUPYET pe3yibTaThl aHAJIU3A U OCYIIECTBJISET UTOTOBbIM OTOOP pelieHu .

CienyeT y4uThIBATh, YTO PAaHHSAS CTA/Usl IPOEKTUPOBAHUS HEM30EXKHO CBSI3aHA C BHICOKOM
CTelNeHbl0 HeollpeJe/eHHOCTU. Kak oTMevaeTcd B Mcce0BaHUAX 110 BIM-oprueHTHpPOBaHHOMY
3HepreTU4YeCKOMY MOJEJUPOBAHUIO, TOUHbIN MPOTHO3 3HEPTETUYECKUX XapaKTEPHUCTUK 3/JaHUS
Ha HavyaJIbHOM 3Tare 3aTPyJHEeH B CUJY CJI0’)KHOCTH CaMOM CUCTeMbl 3JJaHUSI U OTPAaHUYE€HHOCTH
HMCXOAHBIX AAaHHBIX. [[03TOMy pe3y/bTaThl paHHUX KJIMMAaTU4YE€CKUX U SHEPTreTHUYEeCKUX OLeHOK
cleAyeT TPAaKTOBaThb He KaK OKOH4YaTesJbHble HH)XEHEpPHble 3HAa4eHHUs, a KaK HHCTPYMEHT
HalpaBJIEHHOT0 CPAaBHEHU S aJIbTEPHATUB U yTOUHEHUSI IPOEKTHOW JIOTUKH. B 3TOM 3akstouaeTcs
METO0JIOTUYeCKass I1eHHOCTb aJTOPUTMHUYECKOr0 TMOJX0Ja: OH IMOBbIIIAET Ka4eCTBO
npeJBapUTEJbHOTO BbIOOpPA, He OTMeHss HeOoOXOJAMMOCTH JaJibHeHlled [eTaJbHOU
Bepudukauuu [13].

PesysbTaThl M 06CYyXKAeHUE

1. TeopeTHMKO-MeTOJO0JIOTUYECKHE OCHOBbI aJTOPUTMUYECKOTO MPOEKTHUPOBAHUS B
apXUTEKType

JBOJIIOIMS  ApXUTEKTYPHOrO MeToJa OT [MapaMeTpusMa K  BBIYUCIHUTEJTbHOMY
NPOEKTUPOBAHUIO COMPOBOXJAETCSI HM3MEHEeHHEM CaMOM JIOTUKH paboThl apXUTEKTopa.
AJNropuTMHYECKOEe NPOEKTHPOBAHHWE CTAHOBUTCA MHCTPYMEHTOM paboTbl He CTOJIBKO C
KOHEeYHOH (GOpMOM, CKOJIbKO C MpaBUJaMU ee reHepallid, OCHOBAaHHBIMM Ha B3aHWMOCBSI3H
apaMeTpoOB, OrpaHUYEHHUW U KPUTEPHUEB OIEHKH. B 3TOM KOHTEKCTe NpPOeKTHUPOBaHUE
CMeNaeTcsl OT MOJeNU «Ju3aliHa 00beKTa» K MOJeJH «Av3ailHa NOBeAeHHUsI», B KOTOPOH
apxXUTeKTypHass d¢opMa paccMaTpUBaeTCs KaK OTBET Ha JAWHAMHYeCKHMe BO3JeUCTBUSA
OKpy>Kalolllel cpejibl, BKJIIOYAsi COJIHEUHYIO paJiMaliiio, BETPOBble MOTOKU U TeMIlepaTypHble
yCJIOBHS.

CpaBHUTE/NIbHBIA aHAIW3 HWHCTPYMEHTA/NbHBIX I1aTdopM mnokasbiBaeT (Tab6.1), uTo
Grasshopper 1 Dynamo 3aHUMalOT pa3Hble, HO B3aUMOCBsI3aHHbIE MO3UIUHU B 0611eM LIMGPOBOM
npoiecce npoektupoBaHus. Grasshopper npezacrtaBisieTr co6oii HauboJsiee TUOKYIO cpeay AJis
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CBOOOJHOTO
dbopmMoo6pa3zoBaHUs.

ycciej0BaHus

reoMeTpUYecKux

CUCTEM H

paHHeTro

KOHIENITYaJIbHOTO

Ta6bauua 1. CpaBHUTENbHBIA aHa/IW3 Bo3MoxkHocTed Grasshopper m Dynamo ans 3ajay
KJIMMaTU4Y€eCKOT0 aHa/IM3a Ha 3Tale 3CKU3HOr0 NPOEKTUPOBAHHUS.

Wpeanen ans
resepauyu U U3y4YeHusd
CJIO’KHOM,
HeCTaHJapTHOU
reOMeTpPHH.

VMHTerpaLluio
napaMeTpUYecKUX
MEeTO/0B B
MHpOpMalMOHHOE
Mo/ieJIMpOBaHue.

Kputepuit Grasshopper Dynamo KommeHnTapuit/Pekome
CpaBHEHUS HJaLUs 10
NpUMeHEHUIO
OcHoBHas CBobGogHOe ABTOMaTHU3aUUsA U Grasshopper - nis
dunocodus u 1esb | napamMeTpuyeckoe ynpaBJieHHe JaHHbIMU KOHIIENTYaJIbHOI'0
MOJeJIMPOBaHue U BHyTpHu BIM-Mopenu. MOMCKa U CBOGOHOTO
ucciaenoBanue ¢opMmbl. | OpUEHTHPOBAH Ha ¢dopmMoo6pa3oBaHUs.

Dynamo - g4
ONTUMMU3AIUH U
aHaJIM3a yKe 3aJJaHH O
BIM-Mopaenu.

M6KOCTD U
r1y6uHa
reoMeTpHUYeCcKOro
MOJEeJIUPOBAHUSA

Bricokas. Agpo
CHUCTEMBI — paboTa
YUCTOU reoMeTpuen
(NURBS). [To3BosisieT
co3/aBaTh JIIOObIe
dopmMbI ¢ Hy1,
yIpaBJIsisi UX JIOTUKOH

OrpanuyeHHas1. Pa6oTa
BegeTcs ¢ BIM-
3JIeMeHTaMHU (CTeHbl, OKHa,
KPBIIIN) U UX
napaMmeTtpamu. Co3naHue
CJI0’KHOM reoOMeTpHH C
HYJIs1 Tpe6yeT 06XOHbIX

Grasshopper - ayqmui
BbIGOD A1
QJITOPUTMHUYECKOTO
«CKYJIbIITYPUHTa»
$opMbI IO, BJAUSTHUEM
KJIMMaTH4YeCKUX
JlaHHBIX.

MOCTPOEHHS. MyTeN UJIH CBSI3U C
JPYTMMH NMaKeTaMH.
WuTterpauus ¢ BIM | OnocpegoBaHHasl. [Ipsimast u riry6oxKasi. Dynamo - kJito4eBoi

1 CKBO3HOM JKCIOPT reoMeTpUH B HeoTbemiemas yacTb WHCTpPYMeHT A4 BIM-
npouecc BIM-cpepnp! gnia Revit. [lo3BosisieT CONPOBOX/IEHUA
JlaJbHeHnI el HalpsIMyI0 YUTATh, KJMMaTH4YeCcKH
pa3spaboTku. [Ipsamoi Mo GUIMPOBATH U ONTUMHU3UPOBAaHHOM
JIBYCTOPOHHeH cBs3U ¢ | co3aBaTb BIM-asieMeHThI, | GOpMbI Ha MO3JHUX
JaHHbeIMU BIM obecrne4ynBas MOJHYIO CTaJIUsIX 3CKU3a U
(manpumep, TPacCUPOBKY JAaHHBIX Ha pabouyeM
cnenuuKanusaMU) HeT. | BCexX aTanax. NPOeKTHPOBAHUM.
Ananuz OTnuuHas, yepe3 YnoBsieTBOpUTE/IbHAS, Grasshopper (Ladybug)
MHCOJISILIUY U miarussl (Ladybug). HaTUBHasA U yepe3 NaKeThbl. | — HEOCIIOPUMBIH Jiuep
COJIHEYHOM [lo3BosisieT npoBoAuTh | MMeeT 6a30Bble JLJ1s1 KOMILJIEKCHOT'O U
pajguanuu JMHAaMU4YeCKUH aHa/lu3 | UHCTPYMEHThI A1 JHMHaMH4eCcKoro
10 YaCOBBIM JJAHHBIM COJIHEYHBIX UCCJIeJOBAHUN. | HHCO/ALMOHHOTO
roZi0BOH NOro/ibl, JJ1s1 riiy60Koro aHasinsa aHa/IM3a Ha 3Tale
CTPOUTD «COJIHEYHbIE Tpe6yIOTCSl CTOPOHHUE dopmMoobpa3oBaHusL.
KOHBEPTBI», KAPThI nakeThl (HapuMmep,
n3ouHul, fuarpammsbl | Refinery + Insight),
MYTH COJIHLA. KOTOpbIe MOTYT YCTyNaThb
Ladybug B ru6kocTu.
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MopenupoBaHue Xopouuas, yepes OrpaHuyeHHas. [IpsMble Grasshopper - g5

BETPOBBIX IOTOKOB | IJ1aruHsbl (Butterfly, CFD-pacyeTb! BHyTpHU ObICTpO

(CFD) Zp.). [lo3BossieT Dynamo peaxu. Yaiie MHTErpaTUBHOMN
3anyckaTb UCII0JIb3YyeTCs [ OLleHKH a3spaljiy B
ynpolieHHble NOJrOTOBKY F€OMETPUU U | UTEPATUBHBIN LIUKIL
cUMyssLMU (HanpuMmep, | AaHHBIX JJis1 Nepe/ilayy B Dynamo - js1s
Ha ocHoBe OpenFOAM) | cnerMaiM3MpoBaHHbIE MOATOTOBKHU U
JJI1 BU3ya/IM3aLuU CFD-nakets! (Autodesk nepezayu JAaHHBIX B
MOTOKOB BOKpyT 3xaHuit | CFD, ap.). crenuaJu3upoOBaHHbIN
HeNnocpejCTBEHHO B codT.

cpene CKeTYHHra.

MHorokpuTtepuasib | OTIUYHasA, yepes JoctynHas, yepe3 Refinery | Grasshopper - g

Hasl onTUMU3anus | miarussl (Octopus, u ap. llossossier KOMIIJIEKCHOH

(MCO) Wallacei u ap.). [IpsiMast | 1poBOAUTb ONTUMU3ALMIO | reHepaTHBHON
WHTerpauus c Ha OCHOBE [TapaMeTpPOB ONTHMU3AL KU GOPMBI.
reHeTU4YeCKUMU BIM-mopenu. MoxeT 6bITh | Dynamo - s
anroputMamu (NSGA-II) | MeHee ruOKOM B HACTPOUKE | ONTHMHU3ALUU
A4 noucka [lapero- CJIO>KHBIX IleJIeBbIX napameTtpoB (WWR,
¢dponTa. [To3BossIeT bYHKIMH, CBI3aHHBIX C OopUeHTalu4,
cBs13aTh GpopMmy, YHUCTOU reOMeTpUen. MaTepHuasbl) B yKe
HWHCOJISILIUIO, BETEP U yTBEPXKAEHHOU
CTOMMOCTD B OJTHOH 06 bEMHO-
MOJeJIH. NJIAHMPOBOYHOH

CTPYKTYpe.

CkopocTb Breicokuil. TpebyeT Cpeanuii. bosiee noHsATEH Jlig apXuTeKTOpa,

OCBOEHHUA U MMOHUMaHUA JIOTUKHU /14 nojabp3oBaTesiei Revit, | Biagerowero Revit,

BXOJIHOU Mopor QJITOPUTMOB U PabOTHI C | TAK KAaK ONEepUpyeT HayaTb paboTy ¢
JaHHbIMU. bosiee 3HAaKOMBIMU 00'bEKTAMHU Dynamo MOXeT 6bITh
KpyTas KpuBas (ypoBHH, cTeHsl). Jloruka npoiie. Grasshopper
06y4eHus. BU3yaJIbHOTO TpebyeT GoJblIe

IPOrpaMMHPOBAHHs CX0Xa. | BpeMeHHU Ha OCBOEHUE,
HO JlaeT GOJIbLIYIO

cBo6oay.
HTorosas OcHOBHOM UHCTPYMeHT | OCHOBHOW MHCTPYMEHT WpeanbHBIN paboynii
peKoMeHJanusa JUISl pAaHHEr0 3CKU3HOTO | ZJ1s1 yIyIyGJIeHHOr0 3CKU3a | mpouecc: [eHepanus u
JJId 9Tana MIPOEKTUPOBAHUA v nepexoza K BIM. Jlyyminii | nepBuyHas
(koHLemT). BBIOOP, Korjia dopmMa B KJINMaTH4ecKast
MakcuMasnbHas 1leJIOM OIpejiesieHa U onTrMU3anvs GopMbl B
TUOKOCTD J1J1s1 TpebyeTcs ee Grasshopper -
WTEepaTUBHOTO NOMCKA | leTaJu3allusl, aHaJIu3 U 3KCHOPT/nepeco3ianue
¢$bopMbI, HANIPAMYIO ONTUMHU3ALHUSA B paMKax 6a30BOM reOMEeTpPUU B
«3aTOYEHHOM» MO/ BIM-napagurmel c yuetoM | Revit - fetasibHas
KJIMMaTU4YeCKUU peasibHbIX KOHCTPYKLMN U | MapaMeTpudecKas
aHaJus3. MaTepUuasoB. HaCcTpoOMKa U aHa/IM3 B
Dynamo.

[lpumeyaHue: cocmas/ieHO A8BMOPAMU HA OCHOBE AHA/IU3A HAYYHOU AUMepamypsl U NpaKmuKu
npumeHeHus naamgopm.

Byiarojapss  pasBUTOM  3KOCHCTEMe IJIarMHOB OHAa  II03BOJIIET  HWHTErPUPOBATh
KJIMMaTUYeCKU aHa/IM3 HENoCpPeJCTBEHHO B MPOIECC I'eHepalUd apXUTEKTypHOU (OpPMBL.
Dynamo, B CBOIO ouyepe/ib, OPUEHTHPOBAHA Ha paboTy BHyTpu BIM-cpenbl U obecrneyuBaeT
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napaMeTpuyecKoe ynpaBjeHHe JaHHbIMY, 00'beKTaMU U aHAJIMTUYECKUMU CLieHapUsIMU B paMKax
MHPOPMAIMOHHON MOJie/IM 3[JaHUS.

CoBpeMeHHbIe HUCCIeL0BAaHMA MHUKPOKJIMMATHYECKOTO apXUTEKTYPHOI'O0 NPOEKTHUPOBAHHUA
NOATBEpPXKJAT, uYTO cBA3ka Grasshopper u Dynamo uesnecoobpa3sHa MMEHHO Kak
B3auMoJonoiHAIAsg cucteMma. Grasshopper obecneynBaeT THMOKOCTb MapaMeTPUUYECKOTO
MO/JIeJIMPOBAHUSA U NPAMYIO CBA3b C KJIMMAaTUYECKMMHU NepeMeHHbIMH, TAKUMU KaK COJIHeYHasd
pasuanysa ¥ BeTpOBOM pexuM, Toraa kak Dynamo ycunusaeT BIM-KOMIIOHEHT NpOeKTUPOBAHKH,
NI03BOJIA HACBIILATh MOJeJb JaHHBIMU WU MCIIOJb30BaTh UX JJid Ja/bHEHIIero aHaausa U
KOOpJAUHALMU. B pe3sysbTaTe KjJMMaTHyeCcKWe MOKa3aTeJU MepecTaloT ObITb BHEUIHUM (GOHOM
NPOEKTUPOBAHUSA M BKJIYAKTCA B CaMy JIOTMKY IeHepaluydu U YTOYHEHUS apXUTEKTYPHOU
dopmnl [7].

Takum o6pazom, Grasshopper u Dynamo ciiefiyeT paccMaTpuBaTh He KaK KOHKYPUPYIOIIHUE, a
KaK KOMIlJIEMeHTapHble HHCTpyMeHThl. [lepBasg muiaTrdopma 6oJsiee yMmMecTHAa Ha CTajuu
CBOOO/HOT0 KOHLIENTYaJbHOI'0 IOMCKA M FTeHepaTUBHON ONTUMU3aLMU GOPMBbI, TOT/Ia KaK BTOpast
UrpaeT KJYEBYIO pPOJib Ha 3Talle yriay0JieHUs 3CK13a, UHTerpalyu napaMeTpuyecKrx pelieHni
B BIM-Moze/1b U KOOpAWHALMU Aa/IbHENILIET0 aHAJIMTUYECKOTO CONIPOBOXK/EHUS NIPOEKTA.

UHTepdeiickl 06enx cucTeM MOAJEPKUBAKOT UcHoJb30BaHUe Python-ckpuntos, 4TO
OTKpbIBaeT BO3MO>KHOCTH [JI CO3JaHUS CJIOKHBIX KJMMaTHYe€CKUX TPAaHUYHBIX YCJI0BUH,
00paboTKK OOJIbLIMX JAHHBbIX CHMYJISALMU W peasu3alUy I0Jb30BaTeJbCKUX aJITOPUTMOB
ONTUMHU3ALMM, Jleslasd IepeloBble OHOKJIMMAaTHUYECKUe METOAUKU JOCTYNHbIMHU  JJis
apXUTEeKTOpa-NpaKTHKa.

2. Mertopmosiorud MHTerpalMyd aHajJuM3a HHCOJALMU U BETPOBBLIX IOTOKOB B Ipolecc
dbopMoobpazoBaHUs

CoBpeMeHHBIN MOAX0J K OLleHKe UHCOJIAAILMU CYLeCTBEHHO OTJIMYaeTCcHd OT TPagULMOHHOU
HOPMaTHUBHOM JIOTUKH, OCHOBAaHHOM Ha NpoBepkKe GUKCHPOBAHHBIX BpEMEHHbIX MOKa3aTesel
COJIHEYHOI'0 OCBellleHUud. B paMkKax aJropuTMUYeCKOTO NPOEKTUPOBAHUA HWHCOJALUA
paccMaTpuBaeTcs Kak JUHAMUYeCKHUU GaKTOp, KOTOPbIA MOXKeT 6bIThb UHTErPUPOBAH B NpoLecC
reHepanuu GopMbl Yepe3 aHa/IN3 TOL0BbIX [IMKJI0B COJIHEYHOU paZyaliy, CE30HHbBIX CLieHapueB
OCBEILleHHOCTH Y IPOCTPaHCTBEHHbIX OTPaHUYEHN I, CBI3aHHbBIX C OKpY»Kalollel 3aCTPOUKOM. ITO
NI03BOJISIET MHTEPIPETUPOBATh MHCOJALMIO He KaK BHeEIIHee OrpaHHYeHHe, a KaK aKTHUBHbBIN
napaMeTp ¢opMooOpa3oBaAHUS.

OfHUMM U3 KJIIOUEBBIX MHCTPYMEHTOB TaKOW HWHTerpalyydu CTaHOBUTCA KOHLENUHUsA
«COJIHEYHOTO KOHBepTa», 3ajawliasd [OoNyCTUMble Mpezesibl 00’bEMHO-IPOCTPAHCTBEHHOTO
pellleHHUs1 C Y4eTOM COXpPaHEHUsT HOPMAaTHBHO U 3IKOJIOTMYECKHM OOOCHOBAHHOI'O COJIHEYHOTO
pexxuMa NnpuJeramiux TeppuTopui. BcTpanBaHrWe nMofo06HBIX pacyeToB B MapaMeTpPUYeCcKYyIo
MoOJie/Ib CO3/jaeT BO3MO>KHOCTb ONEpPaTUBHO KOPPEKTHPOBAaTb reoMeTpuio $acaZioB, TJIyOHMHY
NOMEIeHU, OpHUEHTALUI O00beMOB U KOIQPUIMEHT OCTeKJeHUS B 3aBUCUMOCTU OT
KJIMMaTU4eCKHUX 1ieJied IpoeKTa.

[lapannenbHo B mpouecc paHHero (GpopMooOpa30BaHUS BKJ/IOYAETCS aHaIM3 BETPOBBIX
NOTOKOB, HalpaBJIeHHbIM Ha BbISIBJIeHHE 30H AWcKoMdopTa, ob6jacTell 3acTos BO3AyxXa U
NOTEHLMAJbHBIX a3pOJMHAMUYEeCKUX KOHQJIUKTOB B TOpoAckod cpefe. [laxxe mnpu
VCI0JIb30BaHWH YIPOILEHHbIX MOJieJied TAKOM aHaJIu3 M03BOJIAeT Ha KOHLENTyaJlbHOM yPOBHE
NpUHUMATh 60Jiee 060CHOBAHHBIE pPellleHHsI 0 B3aMMOPACIOJIOXKEHUU 00'bEMOB, KOHQUTYpaLUU
OTKpBITbIX MNPOCTPAHCTB, OpraHyM3alyUyd aTPpUyMOB U (QOPMUPOBAHUU IMEUIEXOJHOTO
MUKpPOKJHUMaTa. TeM caMblM HHCOJIALMOHHBIM W  BETPOBOM  aHaJM3  CTAHOBATCH
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B3aMMOCBSI3aHHbIMHU KOMIIOHEHTaMU €JMHOW KJIMMaTU4eCKH OPUEHTHPOBAHHOW NPOEKTHOH
sgoruku (Puc.1).

Jran 1. 3a7aHne HAYAIBHBIX YCI0BHI H 1e/1eBLIX KPHTePHEB
APXHTEKTYPHO-TPAIOCTPOHTENLHENT KonTekeT - [lporpammusie »
TpCﬁ\)Bl‘l]lJ!)‘l - Knumarnueckue JaHHEIE - L[(.‘.']L‘BE-[C KPHTEPHH

ONTHMH3AUHH \

Y \

Iran 2. llapaMeTpHyeckas Mole]b H reHepalis BAPHAHTOR
Cosnanne napamerpudeckoii mogenn 8 Grasshopper/Dynamo -
VOpasnmonne napaMeTpel - AITOpHTMHUECKAR JOTHEKA -
ARTOMaTHUECKAA TeHEpalHA MaccHBa BapuanTos - Habop

4 reOMeTpHUeCKHX BAPHAHTOR

! \

! \

! I
d |

Iran 3.1, [InHaMudeckuii Irtan 3.2. CFD-
AHATHI HHCOTHIHHA MOTeTHPOBAHHE BeTPOBLIX
BriGop uucrpysmenta {Ladybug NOTOKOE
(GH)/Insight {Dynamo) - Hucrpyment Buttertly (GH) -
OueHHBacMEIE NOKA3ATENH —> OuennBacMBIe NOKAZATENH:
Tojosas conHeunan pajgHaus - <« CROpOCTE BETpa Y NelexoIHore
JloeTynHocTs CONHEYHOrD CBETa ypOoBHS - 30HEI 32CTOA BOS/IYXA -
- Puck neperpeea - «Connednsiii Masnenne na dacanw -
wousepr» - Jannete no Berpostie kopuaopt - Jannee
OCBELIEHHOCTH H TEITy 110 a3PALHH H AABIEHHI0

N/

| Itan 4. [lonck apeto-dppaTa. FeneTnyecknii aaroputm (NSGA-11) |
| Mammna onrsMssais - TeoMeTpHs BAPHANTOB H HX KIHMATHYECKHI /
| npofus - Hreparususii orbop, nurepnperanus nanbonee N
| npHcnocoduennsx petennii - Hafop onTHMaILHEIX KOMIPOMHCCHEIX |
\ pewenuii ([lapeto-thpont) '

VTouHeHHe KPHTepHER

TeHepatiis HOBLIX BAPHANTOR HA DCHDBE BLIGPAHIL NAPAMETPOB

\ ¥ p

Jran 5. HaTepnperanng, BAIVAIHIANNA H NPHHATHE penIeHAR i
”E[TC}):}K'[’J!B![QH BHIYANH3AUNA ﬂapc‘ro-(ppmrm - Apanus HOMIPOMHCCOB
Me#y KpHrepHaMu - Cy0LeKTHEHAA OUeHKa apXHTeKTYpHOH obpasHocTi

H KOHLIEITIHH - F}'(i![ﬂﬂ HOPPEKTHPOBKE KIIOUEELIX NApaMeTPOoR Mo

PeE3yALTATAM aHalIH3a - DunanpHLi BL]SOP OIHOI? HITH HECKOJIBKHX

BAPHAHTOB 4 pa3BHUTHA

PucyHok 1. CxeMa UTepaTUBHO-UHTETPUPOBAHHOTO aJITOPUTMHUYECKOT0 NPOEKTUPOBAHUS C
y4eTOM KJIUMaTH4YeCKUX GaKTOpPOB Ha 3Talne 3CKU3HOTO GOpMOO6pa30BaHHUSI.
[IprumevaHue: pa3paboTaHo aBTOpaMH Ha ocHoOBe [4, 5, 7, 11].

JlOTIOJIHUTEJIbHBIM OATBEPK/eHHEeM POAYKTUBHOCTU HHTETPUPOBAHHOTO NOJX0/a CYXKAT

MCCIe[IOBaHUS], B KOTOPBIX COJIHEUYHBbIA aHasiu3 U BIM HcCHnoJsib3ylOTCs Kak OCHOBA AJis
noBbilieHUs: gocTtoBepHocTH CFD-MozmenvpoBanus. B yacTHocTH, KBOK M COaBT. oKasasu, 4YTO
IpHU MOJIeJIMPOBAaHUK MHOI'030HAJbHOW BHYTPEHHEN Cpefibl YYeT COJTHEYHBIX TEeNJONPUTOKOB,
paccYMTaHHBIX HA OCHOBE reOMeTPUH, OPUEHTAI[MU, MaTEPUAJIOB, MECTOIOJIOXKEHUS U TOTO/IHBIX
JIAaHHBIX, YIy4YllaeT TOYHOCTb TeMIlepaTypHOro mporHosa. B aToi cxeme BIM BbInoJsiHsSeT He
TOJIBKO QPYHKIIMIO XpaHEHUS] TEOMETPUM, HO U CTAHOBUTCS HCTOUHUKOM CEMAaHTUYECKUX JIaHHBIX,
Heo0X0IUMbIX A1 popMHUpOBaHUsA pacueTHOM Mojenu (Puc.2). Takoi noaxos oco6eHHO BakeH
JUIT paHHEW CTaJjuu TNPOEKTUPOBAHHS, TIJ/le MOBbIIIEHHE TOYHOCTH BO3MOXKHO JaXKe MpU
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OrpaHHYeHHOU HcxogHOU HHPopManui [4]. 3. TeopeTrdeckas MoJeib IpoLecca ONTUMU3ALUU U
ero orpaHu4eHus

TeopeTuyeckass Moziesib aJIFTOPUTMUYECKOM ONTUMHU3ALMU B apXUTEKTYpe UCXOAUT U3 TOrO,
YTO NPOEKTHOE pelleHue JOKHO PacCMaTpPUBAThCS KaK pe3y/IbTaT COTJIaCOBAaHUS HECKOJIbKUX,
HepeJKO NPOTUBOPEYUBBIX KpUTepueB. K HUM OTHOCATCA NOKa3aTeJsU M0JIeSHOHM UHCOJISLUH,
OrpaHUYeHHUs NleperpeBa, NapaMeTpbl BETPOBOro KoM$opTa, IHepreTudyeckass 3¢ PpeKTUBHOCTb,
9KOJIOTUYECKHE  XapaKTepPUCTUKU MaTepUasoB 17} TpeboBaHUS apXUTEKTypPHOH
BbIPa3UTEJbHOCTH. B 3TOM  CBA3M  NOpUHLUIMAJbHOEe  3HAauyeHUe  INpuobpeTaeT
MHOTOKpHUTEpHa/IbHasA ONTUMHU3ALMA, NO3BOJAKILAA AHAJIM3UPOBAaTb He OJWUH «Iy4IIHN»
BapHaHT, a MHOXXECTBO aJIbTePHATHUBHbIX pellleHUH, Hax0sAIMXCs B OTHOIIEHHUAX KOMIIPOMHUCCA.

HexoHble JaHHbIE yYacTKa

Tpauuus Oxpykawouns  OpueHTanuz o Kaumarnueckue
YHacTKa 3acTpoiika C AanHwe EPW

& 9%t B
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L2

Tapamerprueckas mogens Grasshopper

Basoseit 0Ghem  Vopaentemble MapameTpel CoH e HEL It KOHBEPT
- P —- @ - 2
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- - :
N -
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OnTiM H3IPOBAHH BT 3CKI3H B 06Te M
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} Knnmatnuec ki kom$opT ynyuien

PucyHok 2. CxeMa oCTpPOEHUSI COJTHEUHOTO KOHBepTa B apaMeTPHUUEeCKOU MO/Ie/IU C y4eTOM
KJIMMaTU4YeCKHUX OTPaHUYEHUH.
[IpuMedaHue: pa3paboTaHO aBTOPaMU Ha OCHOBe [3, 4].

[lapeTo-GpoHT B JAHHOW JIOTHKe BBICTYNAET KaK TeOPEeTUYeCKUA HHCTPYMEHT
MHTepIpeTalyi MHOXeCTBA JI0MYCTUMbIX aJIbTEPHATUB, B paMKax KOTOPOTI0 yJydllleHHe OJJHOr0
KpPUTEpPUSI COMPOBOXKJAETCs yXyAlleHUeM Jpyroro. Takoe npezacTaBjieHHe 0COGEHHO 3HAYUMO
JUIT apXUTEKTYpPHOTO IPOEKTUPOBAHHUS, IOCKOJIbKY I03BOJIIET OTKAa3aTbCs OT WJUJIIO3UU
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eJMHCTBEHHO NMPaBUJIBHOI'O pelleHUsI U paccMaTpUBaTh GOpPMY KaK pe3ysbTaT OCMbICJEHHOTO
BbIGOPA B IpeJiesiax MHOTOMEPHOTO MPOCTPAHCTBA MapaMeTPOB U orpaHuyeHut (Puc.3).

© Bce npoaHanusvposaHHble BapwaHTel (N=100)
® OnTuManbHbIE KOMMNPOMUCCHbIE PELLEHNA
160 - ——=- [panHwua lMapeTo-oNTUManbLHOCTH
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140 ~
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Pucynok 3. CxeMa [lapeTo-onTHMaJbHOTO BbI6OpA NPOEKTHBIX PEIIEHUH B
MHOTOKPUTEPHAJIbHOM NPOCTPAHCTBE OLIEHKH.
[IpumedaHue: pa3paboTaHo aBTOpaMHM Ha ocHoBe [5, 11, 15].

B pamkax mnpejJiaraeMoil MeTOZ0JIOTHYECKOW MOJe/M NMapaMeTpU4YecKoe MPOeKTUPOBaHUE
paccMaTpUBaeTCs KakK Coco6 OMUCaHUsl apXUTEKTYPHOU popMbl Yepe3 CUCTeMY yIpaBJisieMbIX
napamMeTpoB, ONpeAeJsoIUX T[eOMEeTPUI0, OpPHUEHTALMI0, KOHPUTypauul O0O0BbEMOB U
XapaKTEepPUCTUKHA OTPaXKAAILMX KOHCTPYKUMH. Hcrnosib30BaHHE MHOTOKpUTEpUalbHOU
ONTUMHU3ALMU B JAHHOM KOHTEKCTE IMO3BOJISIET KOHILENTYaJbHO NMPEACTAaBUTh MPOCTPAHCTBO
IPOEKTHBIX PELIEHUH KaK MHOXKECTBO a/JIbTEPHATHUB, Pa3JIMYAIOLIMXCS 10 CTeNIEHU COOTBETCTBUSA
KJMMaTU4YeCKHUM, IHEPreTHYEeCKUM U KOMIIO3UIIMOHHBIM TPeO6OBaHUSIM.

[Ipy 3TOM NPUHLMUIHAIBHO BaXKHO MOAYEPKHYTb, YTO aJIFOPUTMUYECKAsT ONTUMHU3ALHUS He
ycTpaHsieT npodecCHOHANbHYI0 POoJib apxuTeKTopa. HampoTuB, OHA yCUJIUBAET ee, MepeBoAs
NPUHSATHE peUleHUH U3 peXuMa HWHTYUTHBHOrO Iiepebopa B peXHUM aHAJUTHUYECKU
NOAJEePKaHHOTO BbI6Opa. ApPXUTEKTOP B TaKOM MoOJlesIM BBICTYNAaeT B POJIM KypaTopa,
bopMynupyOIIero 1eJu, ONpeAessolero 3HAaYMMOCTb KPUTEpPUEB, HUHTEPIPETUPYIOLIETO
BbIYUC/UTE/NIbHbIE pe3yJbTaTbl W OCYIIECTBJSIOIIET0O OKOHYATeJbHBIA CHUHTE3 MeXIy
YHCJOBBIMU MOKa3aTeJsIMU U KaueCTBEHHbIMU XapaKTEPUCTHKAMH apXUTEKTYPHOTO 3aMbIC/Ia.
CnefoBaTesibHO, aJFOPUTM CTAHOBUTCS HE UCTOYHUKOM TOTOBOM (OpPMbI, 2 UHCTPYMEHTOM
pacuiMpeHusi IPOEKTHOT'0 MbIIIJIEHHUS.

[loTeHMa/l COKpallleHUs TPYAOEMKOCTH KJIMMATUYECKOTO aHa/M3a Ha PaHHUX 3Tanax
MOATBEPXK/JAeTCI M CMEXHBbIMU MCC/AEe[J0BAaHUSIMH aBTOMaTU3auuKd BIM-opueHTHUpPOBaHHbBIX
OLIEHOYHBIX Npoueayp. Tak, B pa6oTte [y6/7eBUY U COABT., OCBSAIEHHON aBTOMaTU3UPOBAHHOM
OlleHKe JIHEBHOTro ocBelleHuss B BIM-cpene c ucnosib3oBaHueM Dynamo, 6bLJ0 MOKa3aHO
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COKpallleHre BpeMeHHU aHarn3a Ha 40%, a B oTZe/IbHBIX clieHapusax - 40 80%. XoTa pedb UZeT o
YacTHOM 3a/laye CBETOBOTO aHaJ/K3a, IOJIydeHHble pe3y/abTaThbl MOATBEPXKAAT OOLIYI0
TEeHJeHIUIO: TIepeHOC aHAJUTHUYeCKUX olnepauuyd BHyTpb BIM-cpenbl M ux napaMeTpusanusd
CIOCOGHBI CYLeCTBEHHO YCKOPATh IPUHSATHE NPOEKTHBIX pelieHu [9].

KonnenryanpHas
dopma us Grasshopper

= l

ConHuie u BeTep BIM-mogens B Revit

TlapameTpuyeckoe yrpasieHue B gl VYposuu AnanuTuyecKoe CONpoBOXKACHUE

Dynamo
 IoAroToBKa JaHHBIX /15 AHATU3A
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=
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¢ AHaIUTHYECKU Pa3paboTaHHbII IPOEKT

« [OTOBHOCTB K MOCIEAYIOIIC i e TA/IU3A LMY

PucyHok 4. CxeMa napaMeTpHU4eCcKOro ynpaBJeHUs U aHAJIMTUYeCKOTr0 COMPOBOXKAEHUSA
BIM-mopenu B cpese Dynamo.

[IpumedaHue: pa3paboTaHO aBTOpPaMH Ha OCHOBe [6, 7, 9].

MeTopnonoruyeckass L eHHOCTb aJrOPUTMHUYECKOTO IMOAXOJAA 3aKJ/4YaeTcd He TOJbKO B
CIIOCOOHOCTH OBICTPO FeHEPUPOBATh U OLLEHMBATh BAPHUAHTHI, HO U B BbISIBJIEHUH B3aUMOCBA3eH
MeX/Jly NapaMeTpaMM NPOeKTHOro peuleHus. Kak nokasbliBaloT uccief0oBaHus B obsactu BIM u
IJIAHUPOBAaHUE 3KCIIEPUMEHTOB, [JI1 NMPOEKTUPOBLIMKA OCOOEHHO 3HAUYUMMbl He OT/eJIbHble
YHUCJAeHHble 3HAu€HWUs, a INOHMMaHWUEe CUJIbl BJIUAHUA (QAKTOPOB, WX B3aUMOJEUCTBUHA U
YCTOWYMBBIX TEHJAEHLMU B IpeJesax KOHKPETHOW IMpPOEeKTHOM 3ajJadyu. B aToMm cMbicie
aJITOPpUTMUYECKOE MPOEKTHUPOBAaHHE CO3/aeT He TOJIbKO JlaHHble, HO U 3HaHWEe O CTPYKType
IPOEKTHOM MpoOJieMbl, TOrAa KaK MWHTepIpeTalyudsi TaKOro 3HAHUS OCTaeTcd 3ajadedd
apxuTeKTopa-skcnepra [15].

4. UHTerpanus airopuTMHUUECKOro npoekTupoBaHus ¢ BIM-cpegoit (Ha npuMepe Dynamo)

Ha sTane nepexozsa oT KOHLeNTya/lbHOro GOpMO0OPa30BaHUA K O0Jjiee 1eTaTu3NPOBAaHHOMY
IPOEKTUPOBAHUIO KJII0UeBOe 3HaYeHUe NPpUoOpeTaeT UHTerpanys alropuTMUYecKUX METO/I0B C
MHQOPMALMOHHBIM MOJe/JIMpOBaHMEM 3JaHUM. B pamkax mnpejJiaraeMoidl MeTOJO0JIOTHMU 3Ta
UMHTerpauus peanusyeTcs MOCPeACTBOM MCIOJIb30BaHUA cpefbl Dynamo, obecneuyunBaroiiei
napaMeTpUYyecKoe ynpaBJieHUue reoMeTpuel, CBOWCTBAMHU 3JIEMEHTOB U JIOTUKOU 06pabOTKHU
JlaHHBIX HENoCpeACTBeHHO BHYyTpHU BIM-niatdopmbL.

B oraunune ot Grasshopper, OpHeHTHPOBAaHHOTO NpPEUMYLIECTBEHHO Ha CBOOOJHYIO
reHepanui U McciefjoBaHue reoMeTprUuecKux cucteM, Dynamo QyHKIUOHUDPYET B 0O bEKTHO-
OpHEHTHUPOBaHHOU cTpykType BIM, rae apxuTeKTypHble 3J€eMeHTbl MpeJACTaBJeHbl KakK
CEMAHTHUYECKH HaCbIlleHHble 00bEeKThl, 006J/ajawiie HabOpoM NapaMeTpoOB M CBA3el. JTO
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II03BOJISIET OCYLECTBJATDh He TOJbKO reOMeTPHUUYECKY0, HO U HUHGOPMALMOHHYI0 ONTUMU3ALUI0
IPOEKTHBIX pellleHHWH, BKJIoYas paboTy ¢ MaTepraslaMU, KOHCTPYKTUBHBIMU XapaKTepUCTUKAMH,
NIOKa3aTe/IIMHU OCTEKJIEHU ¥ aHAJIUTUYEeCKUMU CLIeHApUSAMH.

WHTerpanua ajJropuTMUYecKOro InpoekTupoBaHus ¢ BIM-cpenol BkJ/to4aeT HECKOJIBKO
HanpaBJIEeHUM: TapaMeTpHUUYeCcKoe yIpaBJeHre 3J1eMeHTaM1 MOJIeJIN, COTJIaCOBaHUe reOMeTPUH C
pe3y/bTaTaMyd  KJIMMAaTHU4YeCKOr0 aHa/lM3a, I[OATOTOBKY JAHHBIX JJA  MOCJAeLyHOIIUX
ClelyaJ]vM3UpOBaHHbIX PacyeTOB, a TaKXKe aBTOMATH3alMi0 0OpabOTKM U MHTeplpeTalyu
npoekTHOH HHPopManuu. B 3ToM KoHTekcTe Dynamo BBICTyNaeT KakK HWHCTPYMEHT
aHAJIMTUYECKOM HACTPOMKHU M BaJMJALMKM NPOEKTHBIX pellleHUH, ob6ecneduBawlUi Nepexos, OT
abCTpaKTHOM NapaMeTpPUYeCcKOl cXeMbl K peaIMCTUYHOW MHPOPMAIMOHHOM MO/ie/Iv 3[jaHUsl.

Takum o6pa3omM, ucnosb3oBaHue Dynamo B cocTaBe 0061ledl MeToL0JiorMU GopMuUpyeT
HenpepbIBHbIN IUPPOBOU KOHTYpP NPOEKTUPOBAHUS, B KOTOPOM /JlaHHbIE, [T0JIyYeHHbIE Ha 3Talne
KOHLIeNITYa/IbHOT'O aHAJIM3a, He yTPa4MBalOTCH, a NOCJeL0BaTe/IbHO Pa3BUBAIOTCA U YTOYHAKOTCS.
ITO CIOCOOCTBYET NMOBBILIEHUIO COTJIACOBAHHOCTH MEX/Y PAaHHUMU NPOEKTHBIMHU pelleHUsIMU U
UX TOC/AeAylllel peanusalued, a TakKKe C03/JaeT NPeANOCbIKM A 60jiee 3PpPeKTUBHOTO
MEeXJUCLHUIIMHAPHOTO B3aMMO/IeMCTBUA YYaCTHUKOB IIPOEKTHOT0 IpoLecca.

CyliecTBeHHBIM NpPEUMMYLLECTBOM TaKOW JIOTUKU SBJISETCA CHWXEHHWe 3aBUCUMOCTHU OT
MHOT03TalHOM HHTepomnepabesbHOCTH MeX/JAy pa3/IM4YHbIMU NPOTrpaMMHBIMU cpefaMu. Kak
noka3blBaeT NpakThka BIM-opueHTHpOBaHHOro aHajau3a, Nepejadya MoJesed BO BHEIIHHUE
pacyeTHble MNpPOrpaMMbl HEpPEAKO CONPOBOX/JAAETCS  MOTeped  JaHHBIX, OIIMOKaMH
npeo6pa3oBaHUsI U [ONOJIHUTEJNbHbIMU BpEMEHHbIMM 3aTpaTaMM, BCJAEJCTBUE 4Yero
aHaJIUTUYeCKHe NpPOLeAYypbl OTKJIAJbIBAOTCA HA NMO3JHUE CTAaJUU, KOIZA MPOEKT yxXKe MeHee
NOoJaTJUB K  H3MeHeHUAM. Hcnosib3oBaHUe  BCTPOEHHBIX  CPeACTB  BU3YaJbHOIO
NporpaMMHUpPOBaHuA, TAKUX KaK Dynamo, no3BoJideT yep>KUBaTh aHa/iu3 BHYTpU BIM-cpeabl u
TeM CaMbIM NOBBIIATH HENPEPBIBHOCTD, ONIEPAaTUBHOCTb M YCTOMYMBOCTD NPOEKTHOIO IpoLecca
[9].

[lepcneKTHBHBIM HamnpaBJieHUWEM JajJbHeHllero pa3BUTHUs MNpPeJJIOXKEHHOHW MeTOJ0JIOTHUU
sBJIsieTCs ee compshkeHue ¢ cucteMaMu BIM-lIoT-ML, B koTopbix 1udpoBasg MoOJeJsb 3AaHUS
nepectaeT OBITb TOJBKO HNPOEKTHbIM apTepaKTOM U HayMHaeT (QYHKLUHOHHUPOBATh KakK
JIMHaMU4ecKas cpefa JJid MOJIydyeHHs, 00pabOTKU U UHTepHpeTalyu JaHHbIX 3KCILJyaTalUH.
UccnepoBaHua MociaefHUX JieT I[OKa3biBaloT, 4To UHTerpayua BIM u [oT mnossosser
OpraHu30BaTh COOP U BU3ya/IM3aLUI0 JAHHBIX O TEMJIOBOM KOMQOpPTE B peaJbHOM BPEMEHH,
BKJIIOYas OCTPOEHHE TEIJIOBBIX KapT U pacyeT PMV Ha ocHOBe aKTya/IbHbIX U3MEPEHUN CPeJbl.
Bousiee Toro, B psiZie paboT AesiaeTcs Lar OT HOpMaTUBHOM MoiesiId KoM(OopTa K 10J1b30BaTeJbCKH
OpPHEHTHUPOBAHHOM JIOTHKE, T/ie B pacueT BKJIIOYAIOTCH He TOJBKO CTaHAApTHbIe I0OKa3aTeJs|, HO
U peasibHble NpeJNOYTEHUS MOJb30BaTe/lel 3JaHus, a aJrOPUTMbl MAUIMHHOTO O0Yy4YeHHUf
UCIIOJIb3YIOTCSA JJIsl IPOTHO3a ONTUMAaJbHBIX YCJOBUM. B TakoM pa3sBUTHUM aIrOpuTMHYeECKOe
NpOEKTHPOBaHMeE I0JIy4aeT BbIX0O/ 3a NpeJesbl CTaJiUU 3CKU3a U HAYUHAeT CBA3bIBAaTh 3aMblcCell,

MOA€JIb U 3KCIIYaTAlMOHHBIE JdHHbIE B €JUHYI0 aJalITUBHYIO CUCTEMY IIPHUHATHUA pemeHHﬁ [8,
10, 16].

3ak/iloyeHue

B HacTos1eM Hccef0BaHUM Oblyla peJJioKeHa U TeopeTUYeCKH 060CHOBaHA METO/1,0JI0TUsI
NpUMeHEeHHUS aJITOPUTMHUYECKOTO NPOEKTUPOBAHUS /11 yieTa UHCOJISIIMUA U BETPOBBIX IOTOKOB
Ha 3Tale 3CKHW3HOr0 apXUTEKTYPHOro NpOoeKTHpoBaHUs. [IpoBefeHHBbIN aHaA/IW3 MOKa3aJj, YTO
BKJIIOUEHHE aJITOPUTMHUUYECKHUX UHCTPYMEHTOB B paHHHUE CTaAud GopMO0Opa30BaHUS IO3BOJISIET
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paccMaTpuBaTh KJMMaTU4YeCKHe NMapaMeTpbl He KaK BHEIIHHE OTpaHUYeHUs], YYUTbIBaeMble
nocThakTyM, a KaK aKTUBHble QAKTOpbl, HENOCPEACTBEHHO BJHUSAIOIIME HA CTPYKTYypy
IPOEKTHOTO MOMCKA U JIOTUKY MPUHATUS NPOCTPAHCTBEHHBbIX pellleHUH. TeM caMbIM 3CKH3HOE
NpPOEeKTUPOBaHUE NMpUOOpeTaeT 6o0jiee BbICOKUH ypPOBEHb aHAJIUTHUYECKOM 0OOCHOBAHHOCTHU U
CTAaHOBUTCS 4YaCTbl0 HHTErPUPOBAHHOTO Mpollecca KJAMMAaTUYeCKU OPUEHTHUPOBAHHOTO
dbopmMoob6pa3zoBaHUS.

TeopeTudeckre pe3yJbTaThl HCCAEA0BAaHUS TMO3BOJSAKT CHOPMYJUPOBATH HECKOJIBKO
KJIIOUEBBIX BbIBOJOB. Bo-mepBbiX, Grasshopper u Dynamo cieAyeT paccMaTpuBaTh Kak
B3aMMO/JIOTIOJIHAIOLIME, @ HE KOHKypUpYIIUe MIaTPopMbl, KakJass U3 KOTOPBIX BBLINOJHSET
CO6CTBEHHYI0 OQYHKIMIO B €AUMHOM IMPpPOBOM KOHType IpoeKTUpoBaHus: Grasshopper
obecreyrBaeT TMOKOCTb MapaMeTPUIECKOT0 MO/ieJIMPOBaHUSA, reHepaliio GopMbl U IPOBeJjeHUE
paHHero KJAMMaTU4YeCKOr0 aHa/lv3a, Torja Kak Dynamo BbICTyNaeT HWHCTPYMEHTOM
noc/eAyollel napaMeTpUYeCKON HaCTPOMKHU, KOOPAUHALUY U aHAJIUTUYECKOTO COMTPOBOXK/[€HUS
pemienuit B BIM-cpene. Bo-BTOpbIX, COBMeleHUe UHCOJISIIMOHHOTO aHa/IN3a, OLleHKH BETPOBbBIX
NOTOKOB M MHOTOKPUTEPHUAJbHOM ONTUMH3AIMU CO3JAET METOAO0JIOTUYECKYI0 OCHOBY [
nepexoja K KJMMAaTUYeCKH aJJalITUBHOMY 3CKM3HOMY NPOEKTUPOBAHHUIO, B KOTOPOM BbIGOP
pellleHUs1 OCYIEeCTBJISETCI He MHTYUTUBHO, a B IPOCTPAHCTBE 0O0CHOBAHHBIX aJIbTEPHATHUB. B-
TpPeTbUX, aJrOPUTMHUYECKasd ONTUMU3ALMUS He yCTpaHsdeT NpodecCHOHANbHYI0 POJib
apXUTEKTOpa, a, HANpPOTUB, YCUJHUBaeT ee, IOCKOJbKY OKOHYaTe/JbHas WHTepIpeTalus
pe3y/IbTaTOoB, ONlpe/ieieHue 3HAYUMOCTH KPUTEPUEB U CUHTE3 KOJIMYEeCTBEHHbIX U KaueCTBEHHbIX
XapaKTepPUCTUK OCTAIOTCS B chepe aBTOPCKOTO MPOEKTHOTO CYXKAeHHUS.

CylecTBeHHOe 3Ha4YeHHUE UMeeT U TO 0OCTOATENBCTBO, YTO Mpe/JIocKeHHasA MeTOL0JI0TUS He
npeTeHJyeT Ha 3aMeHYy JeTaJbHbIX MHKEeHEepPHBbIX pacyeToB, BBINOJHAEMBIX Ha NOCAEAYIOIIUX
CTaAuaX NpoeKTUpoBaHuA. Ee HayyHad ¥ MpakTU4ecKas LeHHOCTb 3aKJ/II04aeTcs peX/ie BCero B
TOM, YTO OHa MO3BOJIIET CTPYKTYpPUpPOBAaTb PaHHUM 3Tall MPOEKTHOU pabOThl, pacClIMPUTh
NPOCTPAHCTBO NOMCKAa apXUTEKTYPHBIX pelleHUWHM U NMOBBICUTb KayeCTBO IpeJBapUTEeJbHOr0
BbIOOpPAa B YCJOBHAX BBICOKOW HeOINpeeJieHHOCTU. B 3TOM cMbIic/ie aaropuTMu4eckoe
IPOEKTUPOBaHUE BBICTYIAET He TOJBKO KaK [UPPOBOM MHCTPYMEHT reHepaliy BapUaHTOB, HO
U KaK MeTOJO0JIOTUYECKMH MeXaHHW3M COIJIaCOBAaHHUS KJIMMAaTH4YeCKUX, 3HepreTU4YecKHUX,
(GYHKLMOHA/NIBHBIX W apXUTEKTYPHO-KOMIIO3ULIMOHHBIX TpeOOBaHWM B paMKax e[uHOU
INPOEKTHOM JIOTUKH.

Takum 06pa3oM, npes/i0KeHHas B CTaThbe KOHIeNTyalbHas MOJle/Ib MOXKET pacCMaTPUBAThCA
KaK TeopeTHyeckas 6asa AJid JaJbHeWIlero pa3BUTHUSA BbIUMCIWTEJNBHO MOJJEPKMBAEMOro U
KJUMaTU4eCKd OPHUEHTHPOBAHHOTO apXMTEKTYPHOTO NpPOeKTUpoBaHUsA. [lepcneKTHUBbI
JlaIbHENIINX UCCAeOBAaHUM CBSI3aHbl C anpobanyeld JaHHOM MeTOJ0JIOTUM Ha KOHKPETHBIX
apXUTEKTYpPHbIX KelcaX, yTOUHEHHEM KpUTepPHeB MHOTOKPUTEPUAIbHOM OLleHKH B 3aBUCUMOCTHU
OT KJINMaTU4eCKOTr0 KOHTEKCTA U TUIIA 00'bEKTA, a TAKXKe C JaJbHelel pa3paboTKOM Cl1Ioco60B
MHTErpalnuy aHaJUTUYECKUX CLieHapheB B HeNpPepPbIBHbIA [UPPOBOU KOHTYP NMPOEKTUPOBAHUS.
B 6oJiee LIMPOKOM CMbIC/IE Pe3yaAbTAThl UCCAEL0BaHUSA MOATBEPXKJAIOT, UTO aJITOPUTMUYECKOe
NPOEKTUPOBAHUE CO3/JaeT MPEeANOChUIKMA JJisl Mepexo/ia OT MHTYUTUBHOIO 3CKU3UMPOBAHUA K
aHAJIUTUYECKU NOJJEepP>KaHHOMY NMPOEKTHOMY MBIIIJIEHUIO, B KOTOPOM apXUTeKTypHasg ¢opMa
NOHUMaeTCsl KaK pe3yJibTaT OCMbICJIEHHOT'0 BbIOOpA B CUCTEME B3aUMOCBS3aHHbIX MApaMeTpPOB,
OrpaHUYEHHUH U LeJIEH.
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Algorithmic design as a methodological framework for optimizing insolation and wind
flows at the stage of conceptual architectural form generation

Abstract. Contemporary architectural practice faces the need to account for climatic factors
already at the early stages of design, when the key parameters of the future object’s spatial,
functional, and environmental performance are established. The subject of this study is the
methodological potential of algorithmic design as a tool for transforming conceptual design into an
analytically grounded process. The aim of the article is to systematize and theoretically
substantiate the methodology for applying the Grasshopper and Dynamo software environments
to account for insolation and wind flows at the conceptual design stage. The study is theoretical
and methodological in nature and is based on a comparative analysis of instrumental platforms, a
synthesis of approaches to climate modeling, and an examination of the principles of multi-criteria
optimization in architecture. As a result, a conceptual model of iterative integrated design is
proposed, in which the analysis of insolation and aeration is considered an active form-generating
factor, while design decisions are made within a space of trade-offs between climatic, energy-
related, functional, and architectural-aesthetic criteria. It is substantiated that algorithmic design
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can be regarded as a methodological foundation for the transition to “computational sketching”,
which ensures a higher level of coherence between design decisions and the requirements of
sustainable and climate-adaptive design.

Keywords: algorithmic design, computational design, insolation, wind flows, optimization,
sketch design, Dynamo, Grasshopper, BIM.
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AHHOTanmA. llesbl0 JaHHOrO MCCIeJOBaHUS SIBJISETCS JleTajJbHbli aHAIU3
B3aMMOCBSI3U KOJIMYeCTBEHHBIX U KayeCTBEHHbIX napameTpoB
OYHKIMOHUMPOBAHUS ~ CUCTEMbl CMa3Kd  [JU3€JbHOrO  JBUraTesss U
3aKOHOMEPHOCTEN UX U3MEHEHMsI B TeueHUe 3KCIJIyaTalMOHHOI0 NMepHhoAa.
[loHMMaHue 3TOW [JUHAMUKU KPUTHUYECKU BaXKHO [/l IOBbIIEHUS
HaJIe>KHOCTHU U J10JITOBEYHOCTH JM3€e/IbHbIX arperaToB. MeTo10/10rusi paboThl
BKJIIOYAJIa KOMILJIEKCHOE pacyeTHO-aHAJIMTHUYEeCKOe U IKCIEpPHUMEHTalbHOe
yccaeloBaHUe C MCIO0JIb30BAaHMEM MeTO/J0B PU3UKO-XMMHUYECKOTO aHaIu3a
npo6 MOTOPHOTO Macja MU MOHUTOPHUHrA 3KCIIyaTallMOHHBIX MOKa3aTeJsen
JIBUraTesisl. YCTAHOBJIEHO, YTO TeKylhe U3MeHeHHUs (PU3UKO-XUMHYECKOro
cocTaBa MOTOPHOTO MacJia SIBJASIIOTCS KJII0UEBbIM GAKTOPOM, ONIpe/IeII0IUM
JIMHAMUKY BCeX KOJIMYEeCTBEHHbIX W KaueCTBEHHbIX INOKa3aTeJiell CHCTeMbI
cMa3ku. Pa3BuTHeE Npoliecca cTapeHUs Maca (BKJI0Yast ero noJuMepu3anuio)
HaNnpsIMyl0 BJIMsSieT Ha CKOPOCTb JerpaJlaliid KOMIIOHEHTOB, CYLIeCTBEHHO
COKpalllasi ero moJe3Hbli pecypc U Tpebysi CTPOroro co6JII0AeHUs perjaMeHTa
3aMeHbl.B paboTe Takxe BbIsIBJIEH PUCK: U3MEeHEHH e TEXHUYECKOTO COCTOSIHUS
CUCTEMBbl CMa3KH MOKET MPUBECTH K MOMAJaHHUI0 MACJASHBbIX ppakuui B
TOIJIMBHYI0  CUCTEMY. JTO  SIBJSETCAd  Cepbe3HbIM  HapylleHUeM
3KCIUIyaTAllMOHHBIX HOPM, BbI3blBas HepacyeTHblE PEXUMbl PaGOTHI U
MHOTOKpPAaTHO TMOBbILIAs PHUCK MpPeXJeBPEMEHHOr0 M3HOCAa M OTKasa
JaBuratens.TakuM o6pa3oM, JUHAMHKA HU3MeHeHHUs MoKa3aTesell CMa304YHOU
CUCTEMBI SIBJISIETCS CJ0KHOM, MHOropaKTOPHOW 3aBHCUMOCTbIO, KOTOPYIO
MOXHO TNpPEeJCTaBUTh TIpadudyeckodl Mozesblo. [lpakThyeckass LIEHHOCTb
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BBeaeHue

CucTeMa cMa3KH ABJISIETCA OJJHOW U3 BaXKHEHUILMX CUCTEM JIM3€JIbHOTO JIBUTATEJIs, HAZEXKHOE
U O6e3aBapuiiHOoe QYHKIIMOHHPOBAHHE KOTOPOM BO MHOI'OM OIMpeiesisieT HaJ[EXXHOCTb paboThl
BCero JBuratesis B 1ejoM. Ha npo6sieMbl cCUCTEMbI CMAa3KH MPUXOJUTCS 3HAYUTEbHAsA 4acThb
BCero 00’béMa HapylleHU U 0TKa30B B paboTe ABUTraTesisA, B TO BpeMs KaK XapaKTep U3MeHeHHUs
KOJIMYECTBEHHbIX M KaueCTBEHHBIX IOKa3aTesJel [JaHHOW CHUCTeMbl CylleCTBEHHbIM 06pa3oM
BJIMSIET Ha [I0JITOBEYHOCTb IJKCIJIyaTallMU JBUraTesid. B 4YacTHOCTH, HapylleHHs pPabOThbl
JIN3eJIbHOTO JBUTraTesisl, 00YCJOBJeHHbIE CIMIOHTAHHBIM MOCTYIJIEHWEM [AW3eJbHOr0 Macja B
CUCTEeMY CMa3KH, BbI3bIBAIOT YXY/AllIEeHUE XapaKTEPUCTUK ABUTATes (KaK KOJUYEeCTBEHHbIX, TAK
M Ka4eCTBEHHbIX), 3HAUMTEJbHO CHHUXKAIOT CPOK CAYKObI Macja B CMAa30YHOM CUCTEME, a TaKXKe
HEeraTUBHO CKa3bIBAlOTCA Ha 0e30MaCHOCTU 3KCIJIyaTallMUu JABUraresis B LesoM [4]. [Ipu aTom
O6s1aronpuATHblE HW3MeHeHUs B paboTe CUCTeMbl CMa3Kd MOTYT OBITb 0O0YCJIOBJIEHBI
CBOEBpeMeHHBIM GpopcUpOBaHUEM JIU3eJbHbIX ABUTaTesed. [IpU 9TOM NPOUCXOAUT yYBeJUUYeHUE
00bEMa KapTepa JABuUraress U, cJe[0BaTesbHO, 00béMa MOTPeOIAeMOro Macja, OTMedYaeTcs
3HaUYMTeJbHOE yBeJMYeHHe paboyero JaBjeHUs Macja B JBUraTesle, a TaKKe CylleCTBeHHBbIM
06pa3oM U3MEHAITCA apaMeTphbl peryJIMpoOBKY JU3eJbHOro ABuraTtessd [1]. B nesnom, nusydyenue
npo6JieMaTUKHU BJIMSHNSA U3MeHeHUs NI0Ka3aTeJiell CMa304YHOM CHUCTeMbl Ha QYHKIMOHHPOBaHUe
JIU3eJIbHOTO JBUraTesis UMeeT OOJIbLIYI0 aKTyaJbHOCTb B KOHTEKCTe Pa3BUTUS TEXHUYECKOTO
napka Pecny6sinku KasaxcraH, y4uThiBasg TO 0OCTOATENbCTBO, YTO JABUraTeJU AAHHOrO THUIA
IIMPOKO NMPUMEHSAITCA B Pa3/IMYHbIX OTPAC/IAX HAPOJHOIO XO3WCTBA CTPaHbl, B YACTHOCTU B
arpapHoOM CeKTOpe, aBTOMOOWJIbHOM NPOMBILJIEHHOCTH, B JKeJIe3HOJOPOXXHOU cdepe U T.[.
YKa3aHHbIM CIIEKTP BONPOCOB ObLJ PaCCMOTPEH B Hay4YHbIX UccaeAoBaHUAX A.M. Biniyazov, A.S.
Denisov, 2023), V. Aulin, etal. (2024), ]. Huniczetal, (2024), A. Zare et al, (2021), S. George,, S. Balla,
M. Gautman, (2022), R.0., McClellan, T.W. Hesterberg, a Takxe ].C. Woll (2022), Unver, 1. Altin, S.
Gurgen, (2021).

Pap npob6seMHBIX aclneKTOB oOINpeJeseHUus TpeOOBaHUM K MapaMeTpaM JAUarHOCTUKHU
paboTarouiero MOTOPHOTO MacJja AW3eJbHOTO JBUTraTessl pAaCCMOTPEH B HAYYHOM UCC/IeJOBaHUU
A.C. JlenucoBa, A.M. BbuHusizoBa (2023). ABTOpbl 00pallal0T BHMMaHHWEe Ha TOT QaAKT, 4YTO
BaXKHEMLIMMHU JUAarHOCTUYECKMMHU MapaMeTpaMu, Onpeie/ISI0IMMU XapaKTep KOJUYeCTBEHHBIX
Y KaueCTBEHHbIX U3MEHEHUN B CHCTeMe CMa3KH [IU3eJIbHOTO JIBUTaTeJIs, ABJISIOTCS EJI0YHOCTh
MacJia ¥ YpoBeHb MacJjia B KapTepe JBUraTeJis. UXx i3MeHeHHsl BO MHOTOM ONpe/ieiIloT XapaKTep
GYyHKLIMOHMPOBAHUA IBUTaTe sl U paboTy CMa304HOU CUCTEMBI B LIEJIOM.

B nayuHom wucciepoBanuu V. Aulin, etal. (2024) paccMaTpuBarOTCs BONPOCHl U3y4YEHUS
NpUYMH H3MEeHeHUs T[apaMeTpa MOUIHOCTH [W3eJbHOTO0 aBTOMOOWJIBHOTO JIBUraTeJis,
paboTawuiero B HeCTallMOHApPHBIX YCJAOBUAX, I[PU H3MEHEHHUSX KOJHWYECTBEHHbIX U
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KayeCTBEHHbIX IOKa3aTeJiell TOIJIMBHOW CUCTEMbl. YUY€Hble OTMEYalT, UTO 3KCIUIyaTalus
aBTOMOOUJ/IbHBIX, JU3€JbHbIX JBUraTe/iell B HeCTaHJAPTHBIX yCJAOBUSIX SIBJASIETCS OJJHOM U3
HauboJiee CJAOXKHBIX 33Jlad TPAHCIOPTHOM cUCTeMbl J060U cTpaHbl. [lo MHeHHIO aBTOpOB,
yIpaBJieHUEe XapaKTepOM M3MEeHEeHU U KOJIMYEeCTBEHHbIX U KaUeCTBEHHbIX MOKa3aTelel CUCTEMBbI
CMa3K{d TaKOTO JABUraTesisi ob6eclieyrMBaeT BO3MOXXHOCTb pelleHUs 3ajad Mo 3PpPeKTUBHOMY
ynpaBJjieHUI0 QYHKIMOHUPOBAHUEM IBUTATEJIS B LIEJIOM.

[Ipy 3TOM [OMOJIHUTEJNBHOTO MCCAEeN0BaHUs TPeOYIOT BOMPOCHI B3aMMOCBSI3U Pa3JIUUHbIX
HapyLIeHUH U3MEeHEHUSI KOJMYECTBEHHbIX U KaueCTBEHHBIX MOKa3aTeseld GYHKIMOHUPOBAHUSA
CUCTeMbl CMa3KW [U3eJIbHbIX JBUraTesJed ¢ mnpobjieMaMHd pPa3BUTHUS TeXHUYECKUX cdep
Pecny6irky KazaxcTaH, B KOTOPbIX TaKHe ABUraTe/JU HAIJIM IIMPOKOE IPUMEHEHHUE.

llenpto AaHHOW HAy4YHOM paboOThbl BBICTYNMAaeT HCCAeJOBaHWE [AWHAMUKU H3MEHEHUU
KJII0YEBbIX MOKa3aTesel paboThl CMAa30YHOM CHUCTEMbI JW3eJbHOTO JABUraTesisi BHyTPEHHEro
cropaHus.

MeToaos10rus

[loAIIMIHUKYU KOJIEHYAaTOr0 BaJla OTHOCATCSA K JUHAMUYECKH HAarPY>KEHHbIM CONPSIXKEHUSM,
B KOTOpbIX, KpOME [eWCTBUS OCHOBHBIX HAarpys3ok, HM3-3a HaJU4Ws 3a30pOB B CONPSKEHUSAX
NOSIBJSIIOTCS  JIOMOJIHUTE/IbHblE JWHAMUYECKHe Harpy3kKd, OOYCJOBJIEHHbIe YCKOpPEHHBIM
OTHOCUTEJIbHBIM IlepeMellleHHeM JeTajer B Inpejesaax 3a3opa. [IpuHAB 1m0 pe3ysbTaTam
uccaenoBanu M.M. XpyuioBa mNpsIMO MNPONOPLIMOHAJbHYH 3aBUCUMOCTb HWHTEHCUBHOCTH
W3HALIMBAaHUS a OT JlaBjeHUs p B 30He TpeHusi, ®.H. ABJOHbKMH [4] mOJy4YuJ TPSIMO
NPOIOPLMOHAJIbHYIO 3aBUCUMOCTD a OT U3Hoca DS.

Pemast aTo iMHeliHOe fudepeHIiMasbHOe ypaBHEHHUE, OH 060CHOBAJ, YTO OGLIMM U3HOC B
npolecce 3KCIJIyaTallMyd BO3pacTaeT [0 IKCIIOHEHIMa/IbHOW 3aBUCUMOCTH:

S =8,e",
1)

d HHTEHCHMBHOCTb H3HAlIKUBAHHUA C Y4Y€TOM ypaBHeHI/Iﬁ BO3pacCTaeT TaKxe 110

3KCMOHEHI[MabHON 3aBUCHUMOCTH:
bl
a =0, , )

rze ag, So — COOTBETCTBEHHO MHTEHCHMBHOCTb M3HAIIMBAHUS U U3HOC B KOHLle MPUPAOOTKH,
NpHBeJleHHbIe K Hayasly akcmyaTauuu (I = 0); b — u3MeHeHHe UHTEHCUBHOCTH W3HAUIMBAHUS Ha
e/JMHUIY U3HOCA AieTalei.

C yyéTom BbIpaxkeHHUH (1) 1 (2) 6bLJIO MOYYEHO BhIpaXkeHHe A1 onpeiesieHHs1 3aBUCUMOCTH
JlaBJIEHUS MacJia B CUCTEMe CMa3KU OT BbIPABOTKU AU3€JIbHOIO IBUTATEISA:

a —bpl
_ _ P!
- Smembt' - P’Oe
0

(3)
rae napameTp Po = a/So™ oTo6pakaeT AaBJieHHEe HA KOHEYHOM 3Tare NPpUpPaboTKH JeTallei
JIBUTaTeJis, IPUBeZleHHOE HA MOMEHT Havyasia ero 3KCIJIyaTal[MOHHOTO HCI0J1b30BaHUS.

st uccnenoBaHusi ”HHGOPMATUBHOCTH Pab0ovuX MapaMeTPOB Mac/ia B CUCTeMe CMa3KH Oblia
BbIBe/leHa GopmyJia:
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AS="="k . 100% (4)

0

rae So— HavaJbHOe, a Sx- KOHeYHOe 3Ha4yeHre pacyéTHOro napaMeTpa.

}_}\ Ibp3|}|bp2|}|bp1|

P
o

PucyHok 1. K noHAATHIO CMbICJ/Ia TApaMeTPOB Po U bp: pp — laBJieHUE, OTPAaHUUYEHHOE
pelyKIMOHHBIM KJIallaHOM

[Ip1 HU3KOM CKOPOCTHOM peXHUMe JIBUTraTeJsl laBJieHHe B CUCTEMEe CMa3KU CHUXKAeTCsl cpasy
’Ke C HayaJsla 3KCIUIyaTaldd, a NMpU HOMHUHAJbHOM CKOPOCTHOM peXHMe, KOrja JaBJeHue
OTpaHUYMUBAETCS PEAYKIMOHHBIM KJAllaHOM, JiaBJeHHWe HEKOTOpoe BpeMs Iocje Hadajla
3KCIJIyaTallMX OCTAeTCsl MOCTOSIHHBIM (COTJIaCHO PeryJupoBKe peAyKLHUOHHOIrO KJalaHa), a
3aTeM CHWXKAeTcs MO0 Mepe YBeJUYEHHUs] 3a30pOB B MNOJUIMIHUKAX KOJIEHYATOro Basa.
['eoMeTpuyeckuid CMbIC/I IapaMeTPOB po U by nokaszaH Ha puc. 1 [5, 6].

Pe3ybTaThl M 06CYKAEeHUE

[TapaMeTpbl CUCTEMBI CMa3KU NpeTepeBalOT U3MeHEHUS B Mpoliecce paboThbl AU3EJbHOTO
JiBUraTesis. B 001eM BUie OHM MOTYT GbITh pa3/ieJieHbl Ha Ka4yeCTBEHHbIE U KOJIMYeCTBeHHbIe. K
YHCJIy Ka4eCTBEHHbIX MI0Ka3aTeJiel CMa304YHOU CUCTEMbI OTHOCSATCSI CTApEHUE MACJIa, a TAKXKE er0
pazxXuKeHUe TOIJIMBOM M TOCOJIOM. KosiMyecTBEHHBIMH MOKAa3aTeJsIMH CMa304YHOW CHCTEMbI
SIBJISIIOTCS: IPOM3BOAUTENBHOCTb MACJASHOTO HACOCa, MOTEPH HA YTEYKH U yrap Mac/a, a Takke
M3HOC U 3a30pbl B IMOJUIMIIHMKAX KOJIEHYATOro Basia ABuratess [1]. XapakTtep u3MeHeHUs
KOJINYECTBEHHBIX M Ka4yeCTBEHHbBIX MMOKa3aTesJel CUCTEeMbl CMa3KH B MpOLlecce 3KCIJIyaTaluu
JIU3eJIbHOTO JIBUTATeJisi BO MHOTOM OKa3blBaeT BJIMSIHHE HAa ero MPOU3BOUTENbHOCTD, a TAKXKe
omnpeessieT 06UIMHA CPOK CIYKOBI arperarta ¢ y4éToM
0COOGEHHOCTEH ero 3KCIJIyaTalluu U TEXHUYECKOTO 06C/IyKUBaHHUS.

[Iporiecc akcmyaTalid MOTOPHOTO Macjia MpU paboTe JU3e/JbHOTr0 ABUTATEJs COMPSIMKEH C
YaCTUYHOW pereHepalydedl CBOWCTB, KOTOpas MMeeT MeCTO NpH JI0JIMBKe Macja B 06bEMe,
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pPEKOMEH/I0BAaHHOM /IJIs1 JAHHOT'O THUIIA CMAa304YHOW CUCTEMBI, a TAaKXKe NPU GUIbTPALMK Macja B
JM3eqbHOM fABurartesie. [lo3aToMy, mNpoBoAsS aHaJW3 H3MEHEHHUS KOJIMYECTBEHHBIX U
KaueCTBEHHbIX IIO0Ka3aTeJed CMa304yHOW CHUCTeEMbl NpU (PYHKIMOHUPOBAHUHU JAU3EJbHOTO
JIBUTaTesisl, CleAyeT MPUHUMATb BO BHHUMaHHE TaKHe aCNeKThl, KakK: IMOJHBbIA KOMIIEKC
npoueccoB (Kak GU3UYECKUX, TAK U XMMHUYECKHUX), NPOTEKALHUX B NpoLecce UCHOIb30BaHUSA
(ctapeHus Macsa), a Takxke Ipolecc 06HOBJIEHUSl Mac/a, IOCPeCTBOM BJIMBAHUSA CBEXEro, 0
Heo6X0IUMOro 06 bEMa.

[IlpyHMMass BO BHHMMaHHUE TOT QAKT, YTO B peaJbHbIX YCJOBUAX 3KCIJIYaTALHOHHOTO
MCII0JIb30BAHUS JIBUTATE/ISI HEe TOJIbKO KauyecTBO NpeTepIreBaeT CyleCTBEHHble U3MEHEHUS C
TedeHHeM BpeMEHH, BCJIEACTBUE PA3BUTHUsS pPereHepalMOHHBIX IMPOLECCOB, HO TaKXKe MO[J
BJHUSIHUEM QU3MYECKUX U XUMHUYECKHUX MPOLECCOB, MPOUCXOASILIMX B MaciITabax Bcero 06béma
MacJja JU3eJbHOT0 JBUTATe s, MPEeACTABIISAETCS, YTO 00 bEKTUBHO PeJIEBAHTHBIM OTOOpaKEHUEM
KUHETUKH HM3MEHEHWH CJe[lyeT CYUTATh SKCIIOHEHIHAJbHble KpHBbIE. JKCIOHEHIHAJbHas
3aBUCUMOCTb OTOOpaXkeHa Ha pucyHKe 2. [Ipu 3TOM e€ TakxKe cjle[[yeT CYUTaTh ONpe/ e/ IEHHbIM
NPHUOJIMKEHUEM CPEHEr0 XapaKTepa, MIPeUMYIeCTBO KOTOPOI0 3aK/J0YAeTCs B TOM, YTO TaKUM
06pa3oM MPOUCXOAUT OTHOCUTEJBbHO TOYHOE OTOOpaXKEeHHEe OOIed TeHJeHIUH H3MeHEeHUH
MOKa3aTeJsiel KayeCTBa MOTOPHOTO MacJia B MPOLeCCe IKCIUIyaTallu AU3€eJbHOTO JABUTATEIS.

OF quality raming indicans W

PI/ICYHOK 2. KuHeTHKa u3MeHeHU M NTOKa3aTesel OLI€EHKHW Ka4eCTBa MacJia.

B yacTHoCTH, abGCoJIIOTHAsE pa3HULA NMAapaMeTPOB CBEXEro MOTOPHOIO Macja M 3TOTO Ke
MacjJa M0 MCTeYEeHUH OMNpeeJEéHHOTO MPOMEXYTKa BpEMEHM ero 3KCIJyaTallMOHHOTO
MCII0JIb30BaHUS JaéT BO3MOXHOCTb NPOBECTH OLEHKY W3MeHeHHs CBOMCTB JAaHHOTO MacJja
(cocTapuBLIerocsi B Mpoliecce 3KCIUIyaTallMiy, MO CPaBHEHUIO CO CBEXUMU 0O6pa3LaMu).
[TocnenoBaTeIbHOCTb U3MEHEHHUH MOJ0OHOT0 poia npeacTaB/eHa B Buze popmy Chmieleweski,
2022):

lim,-00(Po-Pi)p = axAt = 0,33x 122=40,26 (5)

limy-00 Y nkn= axAtxk/1-k=0,33x122x 0,35/1-0,35=21,68 (6)

rle a - yroJ HakJOHA NpsSMONW KMHETUKU M3MeHeHHs IOoKa3aTesisl KauyecTBa Macja B CUCTeMe
CMa3KH JBurareJisi, At - BpeMsi HepepbIBHOW paboThI IBUTATEsI MEX/1y M0C/Iel0BaTeTbHbBIMU
Jl06aBJIEHUSIMHU MacJjla B CUCTEMY CMa3KH, N — KOJIMYECTBO IIUKJOB IUPKYJSIUU KUJKOCTU B
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JBurareJie, k - BplOpaHHasi eJUHUIA 00'beMa CBEXKEro Macja B CMa304YHOW CUCTeMe JBUTaTes
IpyM yHopsAAOYEHHOM J00aBJeHUU MOPLUOHHBIX OOBEMOB HOBOrOo Macaa, P - aHaius
XapaKTEepUCTHUK MacJia B CUCTeMe CMa3KH, KOTOopoe JJi CBeXero, HeMCloJb30BaHHOTO MacJa
NprvHUMaeT 3HauyeHue napaMmeTtpa PO u npu crapeHuu, 6e3 yyeTa 0OHOBJIEHUS], IpeTepreBaeT
NpsAMOJIMHEMHbIe W3MEeHeHHWS B 3aBUCHMOCTH OT IlapaMeTpa BpeMeHHM 3KCIIyaTalMOHHOTO
MCII0JIb30BaHUS /10 IPUHATHSA OKOHYATEJbHOr0 3Ha4Y€eHHUs YMCJ/Ia T B 04epeIHOM paboyeM LIUKIIE.

MaTemaTHuyeckas Mo/JieJib, ONIMCaHHas OCPEACTBOM BblpakeHUH (5) U (6), JaéT 0CHOBaHUA
clesaTh BBIBOJ O TOM, YTO IpOLECC CTapeHUsT MOTOPHOrO0 Macja HNpU paboTe JW3eJbHOro
JIBUTaTeJid He UMeeT NPSAMOW 3aBUCUMOCTH OT IapaMeTpa BpeMeHH. [Ipu 3TOM mnokasaresb
KMHEMaTH4YeCKOW BISKOCTU MOTOPHBIX MaceJs, QyHKIMOHUPYOLIMX [IPU paboyell TeMnepaType
100°C B J10OBIX 3KCIIYaTAl[MOHHbBIX YCJOBUSAX, MOXET ObITh MCIOJIb30BaH il COCTAaBJIEHUS
npe/iBapUTEJbHbIX MNPOTHO30B INOBEJEHHWST MOTOPHOrO Macja Ha JiloboM 3Tame paboTbl
Jiu3esbHOTrO ABUrartess. [[py 3ToM He06X0MMO NPUHMMATh BO BHUMaHUe TOT (PaKT, 4YTO A5
N0JIy4eHU s MOJTHOW KapTUHBI TEKYLIMX U3MEHEeHUH, IPOUCXOAAIMX B MOTOPHOM MacJie, CJIeiyeT
COOTHOCUTH NapaMeTp KUHEMAaTH4YeCKOW BA3KOCTH C MapaMeTpOB JUHAMUYECKOW BA3KOCTH
(HTHS), a Takxke y4yuTbIBaTb CTelleHb OKHUCJEHHUS M IOKasaTesJb KUCJOTHOCTH Macja. Bce
nepeyrcieHHble MapaMeTpbl CIOCOOHBI OKa3aTb CYIeCTBEHHOE BJIMSIHME Ha HaJEXHOCTb
OYHKIMOHUMpPOBAHUS  JU3€JIbHOI'O JBUraTesiss Ha JilobOM 3Tale 3KCIUIyaTalUud, 4YTO
00yC/I0BJIMBaeT Ba)XKHOCTb HENPEpPbIBHOIO HAOJIIOJIEHHS] 32 MPOLLECCOM CTapeHUs1 MOTOPHOIO
Macaa. Kpome Toro, mmeeT 3HaueHHe XapaKTep 3KCIUIyaTallMU [AU3eJbHOr0 JBUraTessd B
KOHKPETHBIX MOTOJHBbIX YCJOBHUSX, a TaKXKe OCOGEHHOCTH ero 3almycka, IporpeBa, paboThl Ha
X0JIOCTOM XOJy, OCTAaHOBKMU U T.A. CiiefoBaTe/IbHO, XapaKTep U3MeHEeHUs KOJHUYEeCTBEeHHBIX U
Ka4yeCTBEHHBIX [TI0Ka3aTeJiel CMa304YHOM CUCTEeMBI IPU paboTe AU3€eJIbHOTO ABUTaTesId He BCerza
COOTBETCTBYeT peaJbHbIM HU3MEHEeHUAM, UMEWIIMM MeCTO B JBUraTeje B Ipouecce ero
IKCIIyaTalldh B CpeJHeCTaTUCTUYECKUX YCJIOBUAX, a TaKXKe IPHU YCPeJAHEHHBIX pabodux
Harpyskax.

Ocoboe 3HaYyeHHe B KOHTEKCTe O0OIled JUHAMUKHU KOJMYECTBEHHbIX U KadeCTBEHHbIX
M3MEHEHUU CUCTeMbl CMa3KW HMMeeT I0KasaTesJb HW3HOCA NOAIIMIIHUKOB KOJIEHYaTOro BaJja
JIN3eJIbHOTO0 JABUTaTesd. B nponecce skcnuiyaTanMy AU3eJbHOTO ABUTaTeIA I0Ka3aTesb 0011ero
M3HOCA BO3pacTaeT N0 3KCIoHeHTe [1]:

S = Soeb = 3,23x0,56=1,8088 (7)

HpI/I 3TOM IIapaMeTP HHTEHCUBHOCTH U3HAIIMBAHHWA TAKX¥e BO3PACTAECT B SKCHOHGHHHaHbHOﬁ
3dBUCHUMOCTH:

A = Ageb = 1,55x0,56 = 0,868 (8)

rzae Ao 1 So COOTBETCTBEHHO MOKa3aTeJM HHTEHCHBHOCTH U3HAIIMBAHUSA U GaKTUYECKU N
M3HOC

Ha 3Tane KOHEYHOW MPUPaBbOTKHU AeTasleld, OTMeYeHHble HA MOMEHT HavaJsia
3KCIJIyaTallMOHHOTO HCI0JIb30BaHUS JU3eJIbHOTO ABUTATEJISA; b — mapaMeTp U3MeHeHHUs
MHTEHCUBHOCTH U3HALIUBAHUS JieTa/lell Ha eIUHUIY UX U3HOCA.

C yuyétom BblpaxkeHUMH (5) u (6) MOXKHO MOJYYUTH BbIpaXKEHUWE [J1 OIpeJesieHUs
3aBHCHUMOCTH [JIaBJIEHHS MacJia B CHCTEME CMa3KU OT BbIPA6OTKH AU3eJIbHOIO JBUraTess [1].
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P =0,33/3,23=0,102 (9)

rae napameTtp Po = a/So™ oTobGpakaeT AaBjeHUe HAa KOHEYHOM 3Talle NPUpPaboTKHU AeTalel
JIBUTATeJIs, IPUBEJEHHOE HA MOMEHT HavaJsla ero 3KCIIyaTalMOHHOT0 UCII0JIb30BaHUS.
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PucyHok 3. 3aBUCHMOCTb NTapaMeTpa JjlaBJieHUs B CMa304HOM cucTeMe OT pobera
apuratend AM3-236.

Ha pucyHkax 3 u 4 npejcTaB/ieHbl AUarpaMMbl 3aBUCMMOCTH NlapaMeTpa JlaBJeHHs Macja B
CUCTeMe CMa3KU OT BbIPAaOOTKU JM3eJbHOTO JBUraTesisi C TeYeHHeM BpeMeHH, NoJy4eHHas
BCJIe/ICTBME MaTeMaTH4YeCKOM 006paboTKH BbIpakeHUs (9). JKcepuMeHT OblI MPOBeAEH C
McrnoJib30BaHUeM ABuraTtenen AM3 -236 u Mepcenec 611.
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PucyHok 4. 3aBUCMMOCTb IapaMeTpa /laBJeHus B CMa304HOU cUCTeMe OT Ipobera
Asuraresisa Mepcenec 611.
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Ha pucyHkax 3 ¥ 4 CHHUM LIBETOM OTOOpaKeHbl 3aBUCHUMOCTH HAa HOMHHAJIbHOM PEXUME
paboThl ABUTATEJISl, KPACHBIM IIBETOM — Ha X0JI0CTOM X0y. [Ipy 9TOM NpU CHUXKEHUU [aBJIEHUS
MacjJa B CUCTeMe CMa3KM JBUraTessl OTMedaeTCsd 3aMeTHOe HM3MeHeHHe BO3/JeHCTBUA CHJIb
TpPeHUsl Ha NOAIIMUIHUKY KOJIEHYaTOro Baja JBUrarteJis, YTO 0TOOpaXkaeTcs Ha [0Ka3aTeJsx ero
u3Hoca. TakuM o06pa3oM, NpOBeJeHHbIM I3KCHEPUMEHT IOKa3blBaeT 3aMeTHOe CHHXXeHUe
napaMeTpa JjaBJeHus Macja B CUCTeMe CMa3KH [0 Mepe npobera gBurareJs. [Ipu aToM no Mepe
yBesiMyeHUs npobera gsuratesis nocae 120000 kM nokasaTesib JjaBjeHUs Mac/ja B TOMJIMBHOU
CUCTeMe CHUXKAeTCsl MeHee UHTEHCHMBHO, HeXXeJIU MPU MeHblleM Npobere. 3aKOHOMEPHO, YTO B
JIAHHOM CJlydyae OTMeYaeTCs 3HAYMTEJbHO MEeHBbIIMH HM3HOC TPYIIMXCA 4YacTel, B 4YaCTHOCTH
NOJIIIMITHUKOB KOJIEHYATOr0 BaJjia ABurartesisa. OTMeyaeTcs HeNOCpe/CTBEHHAss B3aWMOCBS3b
MeX/Jly pPaBHOMEPHOCTBIO CHW)XKEHHS IOKa3aTeJss [aBJeHHWS Macja B KapTepe ABUraresas U
IPOJO/KUTEbHOCTBIO €r0 CPOKA CJIYKObl, U U3HOCOM B LI€JI0OM

OTaenpbHOTO BHHUMaHUA 3acAyKMBaeT HCCAe[j0BaHUe XapaKTepa HW3MeHeHHM TaKux
napaMeTpoOB MOTOPHOrO MacJja, Kak: IénoyHoro 4yucaa C, mokasaresss BA3KOCTHM Macja H,
TeMIepaTyphbl BCOBILIKU t, 2 TaKXKe MJOTHOCTU P B 3aBUCUMOCTH OT HApabOTKH JBUTraTessl B
npolecce ero 3KCIJIyaTallMOHHOTO HCNOJb30BaHUA. [l pacyéTa AaHHBbIX NapaMeTpoB Oblia
McnoJsib3oBaHa ¢popmyiia (6) [2].

B xoje skcmepuMeHTa ObLI HCCJIe[OBaH XapaKTep M3MeHEHMs YKa3aHHbIX MapaMeTpoOB
Jnu3enbHbIX JBuraTtesneit IM3-236 u Mepcenec 611 Ha 5000 kunomeTpoB npo6era. [Ipu aHanu3e
npo6 Macja omnpejessiuch: KHUHeMaThyeckas Bs3KOCTb (cCT), TemIlepaTypa BCHbIIIKK B
oTKpbITOM TUTJEe (0C), mwenoyHoe yucao (Mr KOH/r) macna, maotHocth npu 20 oC (r/am3).
[TapameTphbl onipeiessiuch B JabopaTopuu o metogukam ['OCT.

llesjoyHOE YMCI0 Maces BbIpaXKeHO 4epe3 KoJjuyecTBO (B Mr) rufjpookucu kaaus (KOH),
3KBHBaJIEHTHOE COZep>KaHUI0 BCeX BUJ0B Lijeso4el B 1 r macia.

Kunematudeckass Bsi3kocTb (cCT) omnpegensinack B cootBeTcTBuM ¢ ['OCT 33-2000
«HedTenpoaykTsl. [Ipo3pauHble U Hempo3pauHble XUAKOCTU. OnpejiesieHMe KHHEMaTUYeCKOM
BA3KOCTH U pacyeT JUHAMUAYECKOUN BA3KOCTHUY.

TemnepaTtypa BcobllIKM B OTKpbITOM TuUrJje (0C) omnpeaenssacbk B cooTBeTcTBUU ¢ ['OCT
4333-87 «HedTenpoaykTel. MeTo onpefesieHUs] TeMIlepaTyp BCOBIIMIKK U BOCIJIAMEHEHUS B
OTKPBITOM THUTJ/Iex». [loslydeHHble pe3ybTaThl IpeACTaBJAeHbl COOTBETCTBEHHO B Tabsnnax 1 u 2.

Kak cnenyet u3 faHHBIX, IpeACTaBJEHHbIX B TabaMLax 1 U 2, Ha NIPOTSXKEHUHU B3ATHIX AJIS
3KcrepuMeHTalbHOro uccaegoBanusa 5000 kusoMeTpoB mpobera HauboJiee CyLeCTBEHHO
M3MEHSAIOTCS TaKue IlapaMeTpa MacJa, Kak 00 béM Mac/ia B CUCTeMe, 1EJI0YHOE YUCJI0, BA3KOCTh
U TeMIlepaTypa BCHbIIKU. [IJIOTHOCTH Macjia NOJOOHBIX CylleCTBEHHBIX H3MEHEHHWH He
npeTepneBaeT. JTO OTHOCUTCSA K 000UM THUIAM JBUraTeJiel, B3AThIX AJiS 3KCIIEPUMEHTAJIbHOT0
uccaenoBaHus. Ilpu  ycTaHOBJIEHHBIX MpeABapUTeJbHO BeJWYWHAX BBIOPAHHOTO  JJisd
MccieJOBaHUS MOKa3aTeJsis B HauaJlle MCII0JIb30BaHUS Macjia TpaHULly 060pa30B HEUCIIPAaBHOCTEN
JIBUTaTeJsid onpejessieT GpaKTAYecKas AMHAMUKa U3MEeHEHU s TapaMeTpa paboTarolero Macjaa Ha
JIIDO0M CTaJiuM 3KCIIyaTauuu JBuratess [2]. OHa omnpefesisieT ¥ OKOHYATEJNbHYI0 BEJIUYUHY
MccielyeMOro nokasaTeJisi IpyU yCTaHOBJIEHHOM XapaKTepe Hay4YHOT0 UCCIeJ0BaHHUS.

[losiyyeHHbIE B X0/le 3KCIIEPUMEHTAJILHOTO UCCIeJ0BaHMs MT0Ka3aTe/Nu paboTarllero Macjaa
Ha YCTAHOBJIEHHOE KOJIMYEeCTBO KHWJIOMETPOB IMpobera omnpeesslOT XapaKTep pa3BUTHUA
HEUCIIPAaBHOCTEN, BO3HUKAWOUIMX MPHU IKCIJIyaTalluU [U3eJbHOr0 JBUraTesisd. B 4dacTHocTy,
M3MeHeHUs NI0Ka3aTeJisl YPOBHS MacJja B KapTepe AU3eJIbHOTO0 ABurares (yBeJu4eHue JaHHOTO
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napaMeTpa) MOXeT yKa3blBaTh Ha HaJlMuMe HeMCIPAaBHOCTEN B paboTe TONJIMBHOW CHCTEMbI B
1eJioM. B xo/1e npoBeieHHOr0 3KCIIepUMEHTa/IbHOTO UCC/Ie/J0BaHUS ObLIM N10JIy4YeHbl I0Ka3aTeau
35 nutpoB Macaa aaa asurartens AM3-236 u 42 nutpa mMacaa Ajs aABurartess Mepceaec 611 co
CHMXKEHUEM JaHHBIX IapaMeTpoB 0 ypoBHA 19 u 20 siuTpoB cooTBeTcTBeHHO. Kpome Toro,
HapylleHUsl pacnbl/IMBaHUs TOMJIMBA B TOIJIMBHOM CUCTEMe MOXeT NPUBECTH K MOMNAaJaHHUIo
4YacTH TOIJIMBA B KapTep JABUTaTeJIs, UYTO YBeJUUYUBaeT 06'bEM Macjaa U HEraTUBHO CKa3bIBaeTCs
Ha QYHKLMOHUPOBAHUW CMAa304YHOU CUCTEMbI IBUTATEJIS B LIEJIOM.

Tab6suna 1. XapakTep U3MeHeHHs TapaMeTpPOB MacJa B CUCTEMe CMa3Ku ABurartess IM3-236
Ha 5000 kusi0MeTpoOB npobera.

[TapameTp So Sk AS%
06BEéM Macsia B 35 19 45,7
cucreMe Ji

[lénoyHOE YncI0 18 14 22,2
[InoTHOCTB 875 868 0,8

macJa, kr/m3

Bs3skocTb Macia, 10,5 8,1 22,8

MM2/c
Temnepatypa 225 210 6,6

BCIBIIIKH, °C

HcmouHuk: cocmageHo asmopom

Tabsnuua 2. XapakTep U3MeHeHHs1 IapaMeTPOB MacJia B CUCTeMe CMa3KH JiBUTraTeJs
Mepcenec 611 Ha 5000 kusioMeTpOB npobera.

[TapameTp So Sk AS%
0O6BEM Macsia B 42 20 52,3
CHCTEME, JI

[llésouHOE YHnCI0 17 11 35,2

[TnoTHOCTB 886 880 0,6

Macsa, Kr/m?3
Bgas3kocTb Macia, 10,6 8,2 22,6

MM2/c

Temnepatypa 234 215 8,1
BCIIBIIIKY, °C

Hcmoynuk: cocmassieHo asmopom

[[[é104HOE YUCJI0 SABJISIETCS BTOPBIM 110 3HAYUMOCTHU MTOKa3aTesieM paboThl Macja B CUCTEME
CMa3KHU JU3eJbHOTO ABUTraTeJisl. B xone skcrepruMeHTa ObLJIM MOJy4eHbl IOKA3aTeJd CHUXKEHUS
IEJIOYHOTO YK CJia co 3HaueHUH 18 agia aurartens AM3-236 u 17 ana auraTtensa Mepcegec 611
COOTBETCTBEHHO [0 mnoka3aTtesed 14 u 11. B ciyyae 6ojiee HMHTEHCUBHOTO CHWXKEHUS
paccMaTpUBaeMoOro napaMeTpa MOXKeT ObITb OTMeYeH NeperpeB JBUTATesl, YTO MPUBEJET K €ro
npex/eBpeMeHHOMY BbIXOJy U3 CTPOs. BA3KOCTb Maca ABJIAeTCA TaKXe BaXXHBIM [I0Ka3aTeJeM
C TOYKU 3peHUs OLEeHKU o6ueld 3QPeKTUBHOCTU (PYHKIMOHHPOBAHUS Macja B CMa304YHOU
cucteMe. B xo/ile NpoBeIeHHOI'0 3KCIIEPUMEHTA OTMEYEHO CHUKEHHME JAHHOrO MOoKas3aTesisl CO
3HayeHu 10,5 Mm2/c ana asuratens AM3-236 u 10,6 Mm2/c ana aBuratens Mepceaec 611
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COOTBETCTBEHHO [0 mnokasarened 8,1 mm2/cu 8,2 mM2/c. Bosiee MHTEHCUBHOE CHHXKEHUE
paccMaTpUBaeMoro napaMeTpa MOXET CTaTh MHAWKATOPOM HapylleHHs LeJOCTHOCTU TpaKTa
BIyCKa MacJja B cucTeMe. B To e BpeMs, yBeJIMUeHUe JJAHHOTO MapaMeTpa CBUAETENbCTBYET O
BbICOKOU CTeNeHU 3arpsisHeHus1 GUJIbTPOB CUCTEMbI CMa3KH.

TeMnepaTypa BCHBIIMIKM Macja siBJAseTCs IMOKasaTeseM, M0 KOTOPOMY MOXHO CYJUTb O
CTEeNeHU HCIPaBHOCTU TOIJIMBHOW ammapaTypbl. B xo/ie mpoBeeHHOTO 3KCIEPUMEHTANbHOTO
MccieloBaHUs OblIM OTMEYEHO CYIeCTBEHHOE CHUXKEeHHME JJAaHHOTO NoKa3aTesisl Co 3HayeHu# 225
°C pna ppurarens fAM3-236 u 234°C pna paBuratens Mepcegec 611 cOOTBETCTBEHHO [0
nokasatesei 210°C u 215°C cooTBeTcTBEHHO. B o060ux ciydasix NOJOOHOE CHUKEHUE
CBU/IETEJbCTBYET 00 UMEIOUIUXCS HEUCIPABHOCTAX QYHKIMOHUPOBAHUS TOMJIMBHON CHUCTEMBI,
KOTOpble TPEOYIOT CBOEBPEMEHHOI0 YCTPaHEHHUS.

[lokasaTesb IJIOTHOCTH Macja He TMpeTeplnesa CylleCTBEHHbIX HW3MEHEHUHW B XoOJie
NPOBEJIEHHOTO 3KCIIepMMEHTA U ero He cjieJlyeT IPUHUMAaTh BO BHUMaHHeE MPU OlleHKe TMHAMUKHU
M3MeHeHUs] OCHOBHBIX NOKa3aTesied QYHKIMOHUPOBAHUS CMAa304YHOM CUCTEMBI.

Takum o00pa3oM, XapaKTep H3MEHEHHUs OCHOBHBIX KOJIMYECTBEHHbIX U KaueCTBEHHBIX
MoKa3aTesJiell CUCTeMbl CMa3KU NpU paboTe JU3eJbHOI0 ABUraTesisi BHYTPEHHETo CropaHus
OoTOOpaXKaeT ero TeKyllee COCTOSIHUE U MOXeT CYUTAThCS MHAWKATOPOM Pa3BUTHUSI MPOILECCOB,
OKa3bIBAIOIIMX HENOCPeCTBEHHOE BJIMSHHE Ha PYHKLMOHAJIbHOCTDb ABUraTess. [lo JuHaMuke
M3MeHeHHUs JJaHHBIX TapaMeTPOB MOXKHO CYIUThb O COCTOSIHUU JIBUTATEJIS B 11€JI0M U UCIIPABHOCTHU
OT/eJbHbIX €ro CUCTEM, YTO HMMeeT 3HauyeHHe C TOYKU 3peHUs obecriedyeHUs] Oe3aBapUKMHOU
3KCIUIyaTalldu [JU3eJIbHOTO JBUraTessi W TMPOBeJEeHHS ero IJIAaHOBbIX PEMOHTOB IIpU
BO3HUKHOBEHUH NMOJ0OHON HE0OXO0JHUMOCTH.

B xoze BbINOJIHEHUSI [AAHHOM HAy4YHO-UCCJIEL0BATENbCKOM pPabOThl OBLIM MOJYYEHDI
pe3y/abTaThbl, CBUJETEJNbCTBYIOUIME O HAJWYUMU BbIPAXKEHHOW B3aHMMOCBS3M XapaKTepa
M3MeHeHUsl KauyeCTBEHHbIX U KOJIMYECTBEHHbIX IIOKa3aTesJel CHUCTeMbl CMa3KW JU3eJIbHOTO
JIBUTATeJisT C XMMHUYEeCKMM W (QHU3UYEeCKUM COCTaBOM MCIOJibdyeMoro Macja. Kpome Toro,
NOJATBEPK/JAEHO  KJIIOYEBOe 3HAaYeHHEe CBOEBPEMEHHOCTU MpPOBeAeHHWSI MOHMTOPUHTa
TEeXHUYECKOr0 COCTOSIHMSI CMa304YHOM CHMCTEMbl B KOHTEKCTe ero BJIHMSHUS Ha
GYHKIMOHMPOBAHME ABUTATEIS B I|€JIOM.

B KOHTeKCTe TeMaTHKH, 3asiBJIEHHOW B JJaHHOW HAay4YHOMW paboTe, MMeeT 0c000€e 3HaYeHue
OlleHKa BO3MO>KHbIX PMCKOB, BOSHUKAIOIIMX IPU paboTe AW3esbHOro ABuratess. lllupokui psj
Npo6JIEMHBIX AaCIHEeKTOB CHHXKEHHSI PUCKOB NpPU OOCAYKHUBAHWUM [IBYXTAKTHBIX JU3€JbHbIX
JIBUraTeJiel OblJ1 pacCMOTPEH B COBMECTHOM Hay4yHO-UcCCAedoBaTeJbCKoW pabote B. Unver, I
Altin, S. Gurgen, (2021). YuyéHble o6pamaloT BHHMaHHe Ha TOT ¢$aKT, YTO CBOEBPEMEHHO
BBINIOJIHEHHbIE PAbOTHI MO TEXHHUYECKOMY OOCHYXMBAHUIO [AW3€JbHbIX JBUTaTesJed HMET
60JiblII0OE 3HAYEHUE JJIS1 UX 6€3011aCHOr0 MOC/eAYIOLIEero UCIoJib30BaHUs. [lo MHEHHIO aBTOPOB,
NPOAOJ/PKUTENbHOCTb 6€3aBapuMHOT0 GYHKIIMOHUPOBAHUS AU3€JbHOTO ABUraTesisi BO MHOTOM
3aBUCUT OT COCTOSIHMS €r0 CUCTEMbI CMa3KH, a TakKe 3QpPEeKTUBHOrO OTC/AEKUBaHUSA XapaKTepa
M3MeHEeHUs] e€ KOJIMYEeCTBEHHbIX M KayeCTBEHHbIX MapaMeTpoB. B 11esloM BbIBOAbI aBTOPOM
NOATBEPXKJAAIOTCA pe3y/JbTaTaMU JaHHOW pabOoThl, MOCKOJbKY MNOAYEPKUBAIOT B3aWMOCBS3b
MeX/y NapaMeTpaMMu CMa304YHOM CUCTeMBbI iBUTraTesisl U 6e3aBapUMHOCTbIO €ro 3KCIJIyaTalyu.

XapakTep U3MeHEHU U KOJIMYEeCTBEHHBIX U Ka4yeCTBEHHbIX I0OKa3aTeJied CHCTEMbI CMa3KH NMpPU
paboTe AM3eJIbHOT'0 JIBUrAaTe/Isi BO MHOTOM OIpe/le/isieTCsl CTelleHb0 0YUCTKU MacJja B CUCTEME.
B cBow ouepegb, ]. Huniczetal, (2024) B coBMecTHOW Hay4dHO-UCCJe[0BaTeNbCKOM paboTe,
HalnpaBJIEHHOW Ha M3y4YeHHUE KJIOUEBBIX aCIEKTOB CXKUTAHUS CMECU THAPOOUMIIEHHOr0 Macjaa B
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JIU3eJIbHOM JIBUTaTeJsie, 0OTMEeYaloT, YTO XapaKTep U3MeHEeHHU KOJIMYeCTBEHHbIX U KaueCTBEHHBIX
NoKa3aTesiell CUCTeMbl CMa3KU MpPU paboTe AM3eJbHOr0 JIBUTaTesisi BO MHOTOM OIpeJesieTcs
BbIOOPOM Macja B JaHHOM cucTeMe. B 4YaCcTHOCTH, BbICOKAasi CKOPOCTb LMPKYJISALUU
OTpabOTaHHBIX Ta30B B MPOILECCE CTOpPaHUs OKa3blBAeT BJIMSIHWE Ha MapaMeTp /aBJeHHUs
HaJJAyBa, YTO, B CBOIO OYepe/ib, BJIUSIET HAa 00'bEMbI BbIOPOCOB, MIPUYEM XapaKTep M3MeHEeHHUs
JIAaHHBIX 0O'bEMOB HANpPSIMYI 3aBUCUT OT IOKa3aTessi OYMCTKA Macja B CUCTEMe CMasKu. B
KOHTEKCTe pe3yJIbTaTOB JJaHHOU paboThbl BbIBOJABI HCCJAe[0BaTe/ied HYXAAIOTCS B MPOBEPKE,
NOCKOJIbKY JlaBJieHHe HaJJyBa OKa3blBaeT KOCBEHHOE BJIMSIHME Ha XapaKTep H3MeHeHUs
napaMeTpoB CMa304YHOU CUCTEMBbI JIBUTATEJIS.

OTnenbHOTO BHHUMAaHUA 3aCJAYKUMBAeT pPACcCMOTPEHHE BO3MOXHBIX THUIIOB MaceJ,
HCIIOJIb3YeMbIX B CHCTeMe CMa3KH MpPU paboTe AU3eJbHOr0 JBUraTesis. Bonpockl npuMeHeHUs
pPa3/IMYHBIX TUIIOB MaceJi MPY paboTe U3eJbHOT0 JBUTaTe/Is IPU X0JI0HOM U TropsiueM MycKe Ha
KHCJIOPOI0COAEPKAIUX TOIJIMBAX ObLIM PAacCMOTPEHbl B COBMECTHOW HAy4HOU cTaTbe A.
Zareetal, (2021). Y4éHBIMU OTMeEYAETCS, YTO HA CErOJHAIIHUMN JleHb GOJIbIIMHCTBO AU3€bHbIX
JIBUTaTeJiel OCHAIAITCS TYpOOHAAAYBOM, UTO MO3BOJISIET 3HAYUTEIbHO SKOHOMUTDH TOIJIMBO U
CHWKaThb pacxojJ, Macja B CUCTeMe CMa3Ku. [Ilpy 3TOM H3MeHeHMe KOJIMYECTBEHHBbIX U
KayeCTBEHHbIX IMOKa3aTesJel CUCTeMbl CMasKu MpU paboTe JU3eJbHOTO JBUTATeJsl TaKxke
CBSI3aHO C THIIOM MCIOJIb3yeMOTO0 TOIJIMBA, B YAaCTHOCTH, OUOTOIJIMBO C OOJIBIION
KOHLIEHTpal[Meld KUCI0poJa yJaydlllaeT CrOpaHUe MpH 3ajJiepKKe TypbokoMmipeccopa. MHeHUe
vccieoBaTesied MOATBEPXKAAETCS NOJIyYeHHbIMH pe3yJbTaTaMH, MOCKOJIbKY THI TOIJIMBA
HEeNoCpe/ICTBEHHO BJIUsIET HA U3MEHEeHHW e TapaMeTPOB CMa304YHOW CUCTeMbI JBUTaTesIs1. Bonmpockl
KayecTBa OYMCTKM MacJjia UrparT OJHY W3 KJIKYEBbIX POJied B BONPOCAX OLEHKHU XapaKTepa
KOJIMYECTBEHHbIX U Ka4eCTBEHHbIX HW3MEHeHWM MapaMeTpPOB CHUCTeMbl CMa3KU Npu pabore
AusenbHOro apuraress. [[pobsieMaTrka BAMAHUA 3arpsA3HeHHs Macja B CUCTeMe CMa3Kd Ha
napaMeTpbl U3HOCA [JU3€eJIbHOTO JIBUraTeJis pacCMaTpUBAalOTCA B HaydHOU paborte S. George, S.
Balla, M. Gautman, (2022). ABTopaMi OTMeYaeTcs, YTO 3arpsi3HeHHe Macja B CUCTEME CMa3KH
JIU3eJIbHOW CaKeW sBJISAeTCA OJHOM U3 NMPUYMH U3HOCA JBUraTesied U UX NMpexJeBpPeMEHHOTO
BbIXO/la U3 CTposi. B [JaHHOM KOHTeKCTe o0coboe 3HaueHHe HMeeT H3yyeHue (aKTOpPOB,
OKa3blBAIOLIMX BJIMSIHHWE Ha U3MEHEHHe NOBEPXHOCTH CaXU U eé MoAU(DUKALMI0, a TaKxke
BJIEKYILIUX 32 COO0M M3MeHeHUs B paboTe AM3eJbHOIO JBUraTeJs, BeAylihe K CHUKEHHUIO eTo
MOTOPHOTO pecypca U MpexJeBpeMeHHOMY BBIXOAY U3 CTpos. XapaKTep HM3HOCa JAU3eJbHOTO
JIBUTaTeJsisl HaNpsIMyl0 CBsI3aH C XapaKTepoM 3arpsi3HeHHUs ero CMa304YHOU CHUCTEMBI, 4YTO
CBUJIETEJIbCTBYET O COOTBETCTBUU pe3yJIbTAaTOB Y4YEHBIX pe3yJbTaTaM JaHHOTO HAy4YHOTO
uccje0BaHUS.

OTAenbHOTO BHUMaHUA 3aC/IyKMBAIOT BOIPOCHI BJUSHUS BBIOPOCOB Macja B OKPYKaKILyIo
Cpe/ly Ha XapaKTep MU3MeHeHHUSl KOJIMYEeCTBEHHBbIX U KaueCTBEHHBbIX MapaMeTpPOB CMa304YHOU
cucTeMbl. B coBMecTHOM HaydyHO-Uccaen0oBaTenbckor paboTe C. Pardo-Garcia, S. Orjuela-Abril, J.
Pabon-Leon, (2022) 3aTparuBalTcsl KJlO4YeBble acleKTbl BJAUSHUS KJIHOYEBbIX XapaKTEePUCTUK
BbIOPOCOB U UUPKYJISAALIMU MacJ/la B CUCTeMe CMa3KH Ha U3MeHeHHe CBOMCTB BOMHOTO IU3€JIbHOTO
JIBUTaTeJisl BHYTPEHHEr0 CrOpaHUs ABOMHOTO AelCTBUS, QYHKIMOHUPYIOILEr0 Ha AU3€eJbHOM
TOIJINBE U BOJOpOJie. YUEHbIMU OTMeYaeTCs, YTO, KaK MpPaBUJIO, BJHSIHHWE BOJOpOJa Ha
M3MeHeHHe XapaKTepUCTHUK Macja B CUCTEME CMa3KU MOJIHOCTbI0O UTHOPUPYETCS, HECMOTPS Ha
TO, YTO 3TOT 3JIEMEHT SIBJISIETCS OJJHUM M3 OCHOBHbIX BU/IOB ra3000pa3HbIX TOMJIUB. U3MeHeHHe
$U3NKO-XMMHYECKUX XapaKTEPUCTUK CMECH TOIJIMBA OKa3bIBaeT BJIUSHUE, KaK Ha OKPYKaIOLYI0
cpefly, Tak U Ha XapakTep (QYHKIMOHMPOBAHUS [AU3€JbHOrO JABUraTesis, YTO HEO0OXOJAUMO
YUYUTBIBaTh NPU NPOBEAEHUU TEXHUYECKUX PAaCyEéTOM KJIOYEBbIX MapaMeTpoB. B KoOHTekcTe
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pe3y/bTaTOB JaHHOW pabOThbl BbICKa3aHHOE MHEHHE NpeJCTaBJSAETCH CHOPHBIM, MOCKOJIbKY
XapaKTep BJMUAHUSA H3MeHeHUs (PU3NKO-XUMHUYECKUX XapaKTepUCTUK CMeCH TOIIMBA Ha
OKpY>KaILYI0 Cpe/ly 10 KOHL|Aa He U3y4YeH.

OfHOU M3 MOOGOYHBIX NMPOG6JiEM BJIWSAHUS U3MEHEHUS KOJMYEeCTBEHHbIX M KaueCTBEHHbIX
nokasaTteJsiell QyHKLIMOHUPOBAHUSA CUCTEMbI CMa3KH JJU3€JIbHOTO JIBUTATeJIS SBJSETCS POMYCKU
3aKUraHUd B LUJAMHApPaX. /laHHOMYy BONpPOCy NOCBSALIEHO Hay4yHoe ucciaefoBaHue A. Syno, J.
Czarnigowski u P. Jaklinski, (2021), B KoTOpoM aBTOpaMu OTMe4aeTCs, YTO BUGpaALUSA [JU3eJTbHOT0
JIBUraTesis IBJISEeTC OJHUM U3 KJII0UEBbIX [TI0Ka3aTesed ero HopMaJbHOI0 GYHKLIMOHUPOBAHUS.
HapyimeHust paboThl cHCTeMbI CMa3KH, IPOSABJAIOILIMEC B Ipo6JieMax U HeloJlaKaxX 3a>KUraHus,
a TaK»Xe NOBbIIIEHHOW BUOpaLMY JBUTaTeJis, ABJISIOTCSA CJ1eICTBUEM HapyLUIeHUs ONTUMaIbHOTO
COYeTaHUs KOJIMYECTBEHHBIX U KaueCTBEHHbIX IapaMeTPOB paboThl CUCTEMBI CMa3KH, YTO BEJET
K e€ mpexZieBpeMeHHOMY U3HOCY M BBIXOJY U3 CTPos. BbickazaHHOe MHeHHe MO/ATBepK/aeTcs
NOJYYeHHbIMU pe3yJibTaTaMH, IOCKOJIbKY XapaKTep HW3MeHEeHHUs KOJIMYeCTBEHHbIX U
KaueCTBEHHbIX T0Ka3aTeJslel CMa304YHOU CUCTeMbl JU3€e/IbHOTO JBUTaTe sl HAaPsIMYIO BIUsSET Ha
€ro U3HOC U CPOK GaKTHUUECKOW IKCIIyaTalMH.

B KOHTeKcTe B3aUMOCBA3U NPOLECCOB PacX0J0BaHUs Macja B CUCTEMe CMa3KH JU3€eJbHOr0
JIBUTaTeJisl C IpoLeccaMU CropaHusi TOIJIMBA U BbIOpOCa OTPabOTAHHBIX ra30B B OKPYXKAIOILYIO
cpeAy npeJcTaB/sieT HayYHbIN MHTEepeCc COBMECTHOEe MCC/e/loBaHUe TpyIIbl Y4EHBIX B
coctaBe M. Mikulskietal, (2022). [lo MHeHHI0O aBTOPOB, MCCJI€LOBAaHUIO BJUSHUS Pa3/IMYHbIX
TUIOB MaceJ Ha PYHKIMOHAJbHOCTb CUCTEMbI CMa3KH MOCBSIIEHO MHOXECTBO HayYHbIX paboT B
pasHbIX cTpaHaxXx. Pa3HooGpasue wucciaejoBaHUH O0OyCI0BJMBAeT HaJlW4yhe MHOXeCTBa
NPOTHBOPEUYUBBLIX pPe3yJbTAaTOB, YTO MNPUBOJAUT K HEONpele/lEHHOCTU B OLEHKax CTeleHU!
BJIMAHUA KOJMYECTBEHHBIX U KaueCTBEHHbIX MOKa3aTesJeld CMa304YHOM CUCTEMBI JBUraTessl Ha
TeyeHHe NPOLLeCCOB CrOPaHud TOIJIMBA U BbIOpOCa OTPAabOTAaHHBIX Ta30B B OKPYKAIOLLYIO CPESY.
BrickazaHHOe Y4EHBIMU MHEHUE SIBJISIETCA CIIOPHBIM B KOHTEKCTE pe3y/IbTaTOB JaHHOU paboThl,
BBUJy TOrO YTO IPU MCIOJIb30BAHUU CHELUAJbHO pa3pabOTaHHOM MaTeMaTU4YeCKOU MOJenu
McCCe/JlOBaHUM peaslbHO YCTAaHOBUTh GaKTUUECKYH 3aBUCUMOCTb CTeNeHHW U3HOCa JM3eJbHOr0
JIBUTaTesqsi W CpPOKa €ero 3KCIJIyaTalluh OT XapaKTepa HW3MeHEeHUS KOJIMYeCTBEHHBbIX U
KayeCTBEHHbIX IapaMeTPOB ero CUCTEMbI CMa3KH.

[Ipo6bieMaTuKa BAUsAHUAA QaKTOpa TPeHUs Ha paboTOCHOCOOHOCTh CUCTEMBI CMa3KU UMeeT
KJII0UYeBOe 3HaueHUEe B KOHTEKCTe OLeHKU 3PPeKTUBHOCTH PYHKLIHUOHUPOBAHUSA [AU3EJBHOTO
JiBUTaTesid. B 4acTHOCTH, B HAY4YHO-KCCIe[0BaTe/NbCKOM paboTe rpymnnel aBTopoB M.K. Dubey et
al, (2022) paccmaTpuBarwTcs NpobJsieMbl BJIUSAHUSA MOAWUGUKATOPOB TPEHUS HA COCTOSIHUE
MOTOPHOTO MacJjia JIEFKOBbIX aBTOMOOUJIEN C IM3eJIbHBIMU [IBUTATENSIMU. YUYE€Hble OTMEYaloT, YTO
JKCIlepUMeHTa/lbHble  HccaefoBaHUSA 3QPEeKTUBHOCTU MNPUMEHEHUSI OpPraHUYeCcKUX U
HeOpraHUYeCKUX MOAUQPHUKATOPOB TPEHHUS HArJIAJHO JAEMOHCTPUPYIOT JUHAMUKY U3MeHEeHHUS
ko3dpdUIMeHTa TPeHUs, a TaKKe MapaMeTpPOB KOHTAKTHOrO M3HOCA U MOCJe[0BaTeJbHOCTHU
06pa3oBaHMSl CMa304YHOM IUJIEHKHM, KOTOpble SBJAITCA BaXXKHBIMU KayeCTBEHHbIMU
NOKa3aTeJsIMU CHUCTEMbl CMa3KU. JTO MHEHHE COOTBETCTBYeT IOJYYeHHbIM B JaHHOM
UCC/Ie[JOBAHUU pe3yJbTaTaM, IOCKOJbKY YCTaHOBJIEHA HENOCpeACTBEHHAas 3aBUCHUMOCTb
BJIMSIHUS CUJIbI TPEHHUS HA XapaKTep U3HOCA IU3eJIbHOTO JIBUTATeIs B IPOLECCe IKCIIyaTalluH.

[Ipu oLileHKe XapaKTepa U3MeHEHU S KOJIMYEeCTBEHHBIX U KaueCTBEHHBIX II0Ka3aTesiel paboThl
CMa304YHOMW CUCTeMBbI JU3eJIbHOTO JIBUTaTess 0c000e 3HayeHHe uMeeT GpaKTOop UCI0JIb30BaHUS B
HEM ClleljMa/IbHbIX TUNIOB TOIJINBA, B YaCTHOCTH 6MoAu3es. B HayuHoM uccienoBanud J. Kataria,
S. K. Mahapatra, u K. Kundu, (2019), HanpaB/ieHHOM Ha U3y4YeHUe pPa3/IMYHbIX aCIEKTOB JJaHHOU
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npo6JieMbl, OTMeYaeTcsl, YTO NPUMeHeHHe OGHOAM3EeJbHOT0 TOIJIMBA 3HAYMUTEJIbHO CHUKAET
NOKa3aTeJb TpPeHHS B CMAa304YHOW CHCTeMe, 4YTO T[O3UTHBHO CKa3bIBAeTCsd Ha
IPOIOIKUTEIBHOCTH QYHKIIMOHUPOBAHUS CUCTEMBI CMAa3KH M CPOKE IKCILJIyaTalluH AU3€eJIbHOTO
JIBUTaTesIs B 11eI0M. /laHHOe MHEHHE MOATBEPKAAETCH pe3yibTaTaMH NPOBEJLEHHOTO HAyYHOTO
MCC/IeIOBAHUS, TOCKOJIbKY J0Ka3aHO BJIMSHUE CHMKEHHS CHJIbl TPEHUs B CHUCTEME CMa3KH
JIM3eJIbHOTO JIBUTATeJIs HA er0 GaKTUYECKUH CPOK IKCITyaTalUU.

3aK/Il0uyeHue

B Xo/ie BbINOJIHEHUS JAHHOW Hay4YHO-UCC/IeI0BaTENbCKON PaboThl y/1a/0Ch YCTAHOBUTD,
YTO XapaKTep U3MeEHEHHUS KaueCTBEHHbBIX TOKa3aTeJell CHCTeMbl CMAa3KU IPU HOPMaIbHOM
OYHKLIIMOHUPOBAHUM JU3€JbHOTO JIBUTATEJIS ONpe/esisieTcsl TEKYIMM COCTOSIHUEM MOTOPHOTO
Macsa 4 ero pusuyecKMMU CBOMCTBAMU. Pa3BuTHe npoljecca cTapeHusi MOTOPHOI'0 MacJia
omnpejesisieT NOC/Je0BaTE/bHOCTb OKUCIEHUS ero KJYeBbIX KOMIIOHEHTOB, a TAKXKe UX
NOJIMMEPHU3ALUI0 U HEUTpasin3aluio. [I[py 3TOM orpaHUYMBAETCS JONYCTUMbBINA CPOK CJAYKObI
MOTOPHOTO MacJa, 4YTO NpeAIoJaraeT He06X0AUMOCTb NPOBEEHUS MTPOLEAYPhl €r0 3aMeHbI
yaiile, HeXKeJIkd YCTaHOBJIEHO perJiaMeHTOM 3KCIJIyaTalluy IU3eJbHOro0 ABUraresisa. Kpome Toro,
TeKylliMe HEUCITPABHOCTHU CUCTEMbI CMa3KH MOTYT NMPUBECTHU K NMOMAaHUI0 B MOTOPHOE MacJjo
HecropeBIIUX GpaKLMN [U3eJbHOT0 TOIMJINBA, YTO BEJIET K CyI|eCTBEHHBIM Ka4yeCTBEHHbIM
W3MEeHEHUSIM CTPYKTypbl MOTOPHOTO MacJsia. [1o/Jo6HbIe MPoLiecChl TAKXKe UMEIOT MECTO B CIy4yae
MOMaaHus B MOTOPHOE MACJIO OXJIQXKAI0IEeN KUJKOCTH, BCJIe/ICTBHE HEUCITPABHOCTU CUCTEMbI
OXJIKAEHUS JU3eJIbHOTO JBUTaTes1. B M0J06HBIX cy4yasix He06X0UMO CBOeBpEMEHHOE
NPUHSATHE Mep [0 PEMOHTY JIBUTaTe s, BO U36eKaHHe 0CJI0KHEHUSI CUTYAI[MU C NTOCJAeYIOIUM
BbIXO/IOM €T0 M3 CTPOS.

YMeHbllleHH e MT0Ka3aTeJ sl BA3KOCTU MacJja B CUCTEMe CMa3KH MPUBOJUT K BO3PACTAHUIO
BEPOSTHOCTH CO0S1 HOPMAJIBHOT'O PeXKHMMa I'MIPOIMHAMUYECKOT0 TPEHUS B CONPSHKEHHBIX Y3J1ax
¥ MexaHu3Max. OJHUM U3 KJII0YEBBIX, MOJJIEXKAIIMX KOHTPOJIIO T0Ka3aTeslell HOpMaJbHOTO
OYHKIIMOHUMPOBAHHUSA CUCTEMbI CMa3KH CJIelyeT CYMTATh YPOBEHb MacJa B KapTepe JU3eJbHOT0
JaBurateJsis. TeM He MeHee, lake B CJlydyae COXpaHeHUsI CTAOUJIbHOTO YPOBHS JAHHOTO
napaMeTpa, KadeCTBeHHbIe MapaMeTPbl PYHKIIMOHUPOBAHUS CUCTEMBI B 11€JI0M MOTYT
CYLIeCTBEHHO Pa3/inyaThcs. JlaHHOe 06CTOSATENbCTBO CeAyeT IPUHUMATh BO BHUMaHUE MTPU
CO3ZIJaHUU U TPAKTUYECKOM BHEJIPEHUU CUCTEM AUATHOCTUKHU AU3€eJbHbIX JIBUTATEJEH.

OrpaHuyeHUsI JAHHOT'O UCCIeI0BAHUS 00yCA0BIMBAIOTCA HATUUHEM ONpe/ie/IEHHbIX
TeXHUYECKHUX XapaKTEPHUCTUK CUCTEM CMa3KH AU3eJbHbIX IBUTATeJeH, 0Ka3bIBAIOIUX BIAUSHHE
Ha MapaMeTpbl paboThbl ABUTaTe el B PA3JIMYHBIX PeXKUMaX.

[lepcnieKTHUBbI IPOBeAEeHHUS MOCAEeAYIOIIMX HAayYHbIX UCCAeIOBAaHUN B paMKax TeMaTUKH
JlaHHOU PaboThI, 00YCIOBIMBAKTCA HEOOX0JUMOCTbIO MOKCKA ONTUMA/IbHBIX BADUAHTOB
3KCIUIyaTalld¥ CMAa304YHbIX CHCTEM JIBUTaTeJeH.
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UCC/ieJOBaHUs], y4aCTBOBaJl B aHa/lM3e W UHTepHpeTalyu IOJIyYeHHbIX pe3yJbTaToB,
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Researching the dynamics of engine oil property changes and diesel lubrication
system condition during service life

Abstract. The aim of this study is to provide a detailed analysis of the relationship
between the quantitative and qualitative performance parameters of a diesel engine
lubrication system and the patterns of their change throughout the operational period.
Understanding these dynamics is critical for enhancing the reliability and durability of diesel
power units. The methodology involved a comprehensive computational, analytical, and
experimental investigation, utilizing physico-chemical analysis of motor oil samples and
monitoring the engine's operational indicators. It was established that ongoing changes in
the physico-chemical composition of the motor oil are a key factor determining the dynamics
of all quantitative and qualitative indicators within the lubrication system. The progression
of oil aging (including polymerization) directly affects the rate of component degradation,
significantly shortening its useful service life and necessitating strict adherence to
replacement schedules. The study also identified a specific risk: changes in the technical
condition of the lubrication system can lead to oil fractions entering the fuel system. This
constitutes a serious violation of operational standards, causing off-design operating modes
and multiplying the risk of premature engine wear and failure. In conclusion, the dynamics
of change in lubrication system indicators is a complex, multifactorial dependency that can
be represented by a graphical model. The practical value of this research lies in developing a
foundation for optimizing maintenance strategies and increasing the operational efficiency
of diesel engines.

Keywords: automotive machinery, design of units and assemblies, engine wear, change
in oil properties, oil consumption due to evaporation and burning, fuel economy regulation.
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AHHOTanMA. B cTaTbe paccMaTpuBaeTCs KOHLENIMS KJIacTepHOH maaTGopMbl
KaK LleHTpa KOMINeTeHUUH [UPPOBU3ALUN TPAHCIOPTHOM OTPAC/JU Ha OCHOBE
mogenu MIHEM  (Multilevel Integrated  Helix-Ecosystem  Model).
[IpennoxkeHHass Mofesab O00beAUHSET 3JeMeHTbl TPOWHOW, YeTBEPHOU U
NATEPHOM  COHUpaJM C  3KOCACTEMHBIM  NOJAXO0JA0M, obecledyuBas
MHOTOYPOBHEBOE  B3aUMOJEWCTBHE MeXJy Yy4yaCTHHUKaMu LUPpPOBOHI
TpaHcpopmauuu. OnpepesieHbl (QYHKIHUOHAJIbHble MOAYJAW IJIaTPOPMBI,
BKJIIOYAIOIIMe HOJTOTOBKY Ka/Z|pOB, KOOP/ZIMHALIUIO Hay4yHO-
UCCJIeJOBAaTeJbCKUX W ONBbITHO-KOHCTPYKTOPCKHUX  paboT, TpaHcdep
TEXHOJIOTUH W pa3BUTHE LUPpPOoBOM HHPpacTpyKTyphl. [IpencraBsieHbl
pe3yJbTaTbl  KOHLENTYaJbHOTO  MOJEJUPOBAaHUA U 0OCYyXKJalTCA
nepcrneKTUBbl NpuMeHeHUs Mozeaud MIHEM paas co3pgaHus yCTOMYHBBIX
M PPOBBIX IKOCUCTEM B TPAaHCIOPTHOU cdepe. JlonOTHUTENBHO 060CHOBaHa
poJib  KJAacTepHOW m/aaTGOpPMbl KaK MWHTErpaljMOHHOTO MexXaHu3Ma
COTJIaCOBaHUsI MHTEPECOB roCy[apCcTBa, 6M3Heca, HAyYHO-00pa30BaTebHBIX
opraHusanui u obuecrtna. [lokazaHo, YTO BHeJ[peHUEe MO/JieJId CIOCOOCTBYeT
NOBBbILIEHWIO 3(QPEKTUBHOCTU yIOpaBJeHUS HWHHOBALUAMH, YCKOPEHHUIO
nrdpoBoil TpaHchopMalMU JIOTUCTUYECKHUX MPOLECCOB U GpOPMHUPOBAHHUIO
YCTOUYMBBIX Iiened mnoctaBok. Ocoboe BHUMMaHUE YJieJIeHO BOIpPOCaM
MaclITabupyeMOCTH MJIAaTPOPMBbI U aZjlaliTalji U ee apXUTEKTYPhI K pa3JIMuHbIM
YPOBHSIM TPAHCHOPTHBIX cucTeM. CaenaH BbIBOJ 0 ToM, yTo MIHEM-Mozenb
obecreyrBaeT CUCTEMHOE Pa3BUTHE OTPAC/IU 3a CUET CHHEPTUU YYAaCTHUKOB U
yCUJIEHUSI HHHOBAIMOHHOTO IMOTeHLMajJa TPAHCIOPTHOIO KOMILJIEKCA.
[lnatdpopma obGecneuuBaeT UUPPOBYHD  KOOPAMHALMIO  YYAaCTHUKOB
TPAHCHOPTHOW WHHOBAIMOHHOM 3KOCUCTEMBbl OTpacid 3PpQPeKTUBHO.
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BBeaeHue

[IludpoBU3auuss TpPaAHCIOPTHOM OTpacid MNpUOOpeTaeT CcTpaTeruyeckoe 3HayeHUe B
YyCJOBUAX TJI0GaJbHOM TpaHcOpMalM¥ NPOU3BOJACTBEHHO-JIOTUCTUYECKUX LeNoYeK U
CTPEMHUTEJNbHOIO pPa3BUTHUA HUHPOPMALMOHHBIX TeXHOJOrHi. J¢ddeKTUBHOE BHeApeEHUE
nMPpPOBBIX pelleHUH TpebyeT He TOJIbKO TEeXHUYEeCKOW MOJIepHU3alMH, HO U BBbICTPaMBaHUS
YCTOMYMBBIX MEXOTpacJeBblX CBA3e€M MeXJAy Y4YaCTHUKAaMU TPAHCHOPTHOW, HAyYHOU U
ob6paszoBaTesbHOU cdep [1,2]. B aTOM cBA3U 0COOYI0 aKTYaJbHOCTb MPUOOpPETAET COo3/JaHue
KJIaCTepHbIX JIaTGOPM KaK LIeHTPOB KOMNeTeHUH IUPpPOBOU TpaHCcHopMaLUH.

KnactepHbll moaxos o6ecrnedyrBaeT WHCTUTYLHOHAJbHYI OCHOBY JJisl B3aUMOJeWCTBUS
Pa3/IMYHbIX 3aUHTEPECOBAHHBIX CTOPOH — OT MPOMBIIIJIEHHbIX NPEANPUSITHN U TPAHCIOPTHBIX
ONepaTopoB [0 MCCAe[0BAaTEJbCKUX LEHTPOB U TOCYyJapCTBEHHbIX CTPYKTyp. OpHako
TpaJULIMOHHbIe MOJeJU KJIacTepu3allid 4acTO He OXBAaThbIBAOT BCEM CJ0KHOCTHU MPOLECCOB
nudpoBU3aLMM, B TOM YHCJe HEOOXOAMMOCTH MYJbTHUYPOBHEBOM KOOpPAMHALMU, THUOKOH
aJlanTallMi K U3MeHEeHHUSIM BHeUIHEeH CpeAbl U HWHTEerpaldyu WHHOBALMOHHBIX MPAKTHUK. /s
pelleHUs 3TUX 3aZay IMpejJaraeTc MCIO0Jb30BaHME MHOTOYPOBHEBOM HWHTErPUPOBAHHOU
mogenu "Multilevel Integrated Helix-Ecosystem Model" (MIHEM), koTopasi 6yaeT cCOBMellaThb
3JIeMeHTbl TPOWHOW, YETBEPHOW U MNATEPHOW CHOUpaJed C MNPUHLUMIAMHU 3KOCUCTEMHOIO
yIpaBJIeHUS.

[IpepsnaraeTcss KOHLENTyaJlbHasg apXWTEKTypa KJacTepHOH maaTdopMbl, OCHOBAHHOW Ha
Mozenu MIHEM, npeaHasHayeHHOH /i1 OPMHUPOBaHHUSA U pa3BUTHS LU PPOBBIX KOMIIETEHIUN B
TpaHCNOPTHOM cekTope. OCHOBHOe BHHMaHHE YyJessseTcsd MeXaHM3MaM B3aWMO/JeNCTBUSA
Y4aCTHUKOB, OOMeHy 3HaHUAMH, TpaHCcPepy TEXHOJOTUHM U HUHCTUTYLHUOHAJIbHOMY
CONpPOBOXJeHUI0 UMPPOBbIX UHULMUATHUB. [IpeasaraeMblil 0AX0/ HalpaBJ/eH Ha MOBBbILIEHUE
YCTOMYUBOCTH LUGPPOBBIX TpaHCPopMalnyMil U obecriedeHHe CHHepreThdeckoro sgpdekrta oOT
00'beJMHEHHNS PECYPCOB pa3JIMYHbIX cep.

Takum 06pa3oMm, cTaTbsl pacKpbIBaeT MOTeHLMaJ KJIAaCTEPHOU LUPPOBOM MIaTGOPMbI KaK
KJII0UYEeBOr0 3JeMeHTa MHPPACTPYKTYphbl LU(POBU3ALMU TPAHCIOPTAa, OPUEHTUPOBAHHOTO Ha
JlOJITOCPOYHOE Pa3BUTHE KOMIIETEHIIMM, MHHOBALIMU U NapTHEPCTBA.

MeToa0/10rHUA.

CoBpeMeHHbIe BbI30BbI B 00J1aCTH IIUPPOBU3ALUUA TPEOYIOT CO3JaHUSI UMHTErPUPOBAHHbIX
m1aTGopM, KOTopble CMOTYT 3P PEKTUBHO CBA3aTh pa3/IMuHbIe CEKTOPA, BKJII0Yasi IPOU3BO/CTBO,
06pa3oBaHKeE U HAYKy. ITa HE0OX0AMMOCTh 00YCJIOBJIEHA PACTYIEN NOTPEOHOCTBIO B YCKOPEHUHU
MHHOBALIMOHHBIX NPOLIECCOB, MOBbIIIEHUHU NPOU3BOAUTENBHOCTU U 0OecrieYeHUU YCTOMUYUBOTO
pa3BUTHA Ha BCeX YPOBHAX B3auMoelcTBUs.McciefoBaHue omnupaeTcs Ha KOMILJIEKCHBIN
METO/I0JIOTUYECKHUIM TO/JX0/J, BK/JIIOYAKIIMNA CUCTEMHBIM aHa/U3, TEOPHI0 KJacTepy3alivMM, a
TaKXKe MO/ieJIMPOBaHUE B3aUMO/IEUCTBUU N0 CIMPaJIbHbIM U 3KOCUCTEMHBIM MO/IEJISIM.
OcHOBHBIE 3Talbl METOJUKH BKJIIOYAIOT:
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1. KonuenTtyanbHOe MoJe/lMpOBaHUEe KJIACTePHOM IJIaTPOpMbl Ha OCHOBE aHaIu3a
CYLIEeCTBYIOIIUX MOJX0J0B K (GOPMUPOBAHMIO HMHHOBALMOHHBIX KJIaCcTEPOB U MoJeJel
CIOHUPaJbHOTO B3aUMO/IENCTBUS.

2. HpeHTHHKALMIO KIOYEBBIX CYO'bEKTOB LIMGPPOBU3AL MU TPAHCIOPTHOW OTPAC/IM U aHAJIU3
uXx QYHKUMOHAJbHBIX poOJiIed B paMKaX 3KOCUCTeMbl (MPOMBILIJIEHHble NPeANpPUATHS,
YHHUBEPCUTETHI, UCCJIeJOBAaTe/bCKUE LeHTPbl, OpraHbl BJACTH, IPaXXJaHCKOe 0011[eCTBO).

3. Pa3paboTKy CTpyKTypHO-QYHKLHMOHAJbHOW CXeMbl KJIaCTEpPHOW MaaTPopMbl KaK LEeHTpa
KOMIIETEHIIMU:  0Opa3oBaTesibHbIA  KOHTYp, TpaHchep  TEXHOJIOTUMM,  perysTopHOe
CONMPOBOX/JeHUe, [UPpoBasg UHGPACTPYKTypa.

4. JKCIepTHYIO BaJU/JalMI0 MO/JeJ1, 0OCHOBAaHHYIO Ha OPOCaxX U UHTEPBLIO C IPeICTaBUTENSIMHU
TPAHCIOPTHbIX KOMIAHMUM, HAy4YHbIX OpraHuM3alldii M OpraHoB yIOpaBJIeHWUs, a TakKxke
COMOCTaBJIEHUE C YCIELIHbIMU 3apyOeXXHbIMU NPUMEpPaMHU.

MHpopManmoHHy0 6a3y COCTaBUJIM aHAJIMTUYECKHUE OTYEThI, FOCY/JapCTBEHHbIE IPOrPaMMBblI,
Hay4yHble NyOJMKALUK U KEHChl peau3allii KJIacTepHbIX MHULIMATUB B TPAHCIOPTHOU cdepe.

0630p CyILIEeCTBYIOUIMX MOJEJIEN:

Mopens Triple Helix (TpoiiHas cnupanb) cocpefoTouyeHa Ha B3aMMOJEWCTBUU Tpex
KJIIOYEBBIX CEKTOPOB: rocyZapCcTBa, Hayku U 6u3Heca. CorsiacHO 3TOW MoOJesld, WHHOBAaLHUHU
BO3HUKAIOT Yepes3 UX COTPYHUYECTBO, I/le KaXK/1bli CEKTOP UT'PAeT CBOIO POJIb B CO3/IaHUU HOBBIX
3HaHUM U TexHoJsorui. KiroyeBble 0COGEHHOCTH [JJaHHOW MOJeJIM  3aKJ/KYalTCAd B
COCpeIOTOYEHUM Ha B3aUMOJENCTBMM HAY4YHbIX Y4Ypex/JeHU#, Ou3Heca W TOCYAApCTBa,
COTPYAHHUYECTBO MEXAY 3THMHU CEKTOpaMH CIOCOGCTBYeT 3KOHOMUYECKOMY pOCTYy U
TEeXHOJIOTUYeCKUM UHHOBaUUAM. OJHAKO MMEKTCA caefylolihe HeJOCTaTKU: OrpaHUYeHHBIU
NOAX0J, TaK KaK MOJieJib He YYUTBhIBAaeT y4aCTHe [PYTMX BaXKHBIX YYaCTHUKOB, TaKUX KakK
00111eCTBO U IKOCHUCTEMA; CJ0XXHOCTU B OA/JIaHCHUPOBKE MHTEPECOB TPeX CEKTOPOB, 0COOEHHO B
YCJIOBUSX IJI06aiu3anuu [3].

Mogenb Quadruple Helix (KBagpymie cnupanb) pacmupsieT KoHieniuio Triple Helix,
Jl06aBJisisi B Hee 3JIEeMEHT TPaXkJaHCKOro o6uiecTBa. JTO B3auMMOJeHCTBUEe 4YeTbipex codep
NI03BOJISIET IJIy02Ke yYUThIBATh COLUAJIbHBIE, KYJIbTYPHbIE U 001eCTBEHHBIE aClIEKThI B IIpoLecce
MHHOBALlMOHHOrO0 pa3BUTHUA. /laHHas MoJesib BKJIKOYaeT CpPaKJaHCKoe OOILecTBO, KOTOpoe
y4acTByeT B Ipoliecce WHHOBALWM, YYUTBHIBAeT COLMa/bHble WHHOBALHUKW K MOTPeOHOCTH
HacesneHus. HegocTaTky MoJiesiv 3aKJII04alOTCA B TOM, YTO BKJIDUEHH e 00111eCTBa MOXET CO3/4aTh
CIVIIKOM LIMPOKUK (OKYC, 3TO 3aTpyAHAET KOHLEHTpal{I0 Ha KJIH4YeBbIX MHHOBAIMOHHBIX
npoleccax; HeCMOTPS Ha BHHMMaHHWe K COLMa/JbHOM COCTaBJAIOLIEN, 3KOJIOTUYECKUEe U
YCTOWYMBBIE aCleKThl He BCerJa J0/HKHbIM 06pa3oM oTpaxkaroTcs [4,5]. Mogenb Ecosystem
Approach (Iloaxon k skocucTeMaM) paccMaTpuBaeT WHHOBALMK KaK 4acTb 6oJiee HIMPOKOTO
3KOCHCTEMHOTO B3aUMOJEWCTBHUSA, BKJKOYasd OW3HeC, HAayKy, TOCyJapCTBEHHble CTPYKTYpbl U
Jlpyrve KOMIIOHEHTHI (HapuMep, IpUPOAY, KYJbTYypYy, COLlMaIbHbIe acneKThl). UNHHOBaLlMOHHbIE
IpoLlecCbl paccMaTPUBAKOTCA KaK pe3yJbTaT B3aWUMOJENCTBUS PA3/JIMYHBIX 3JIEMEHTOB
akocucTteMbl. Moiesib 6oJiee rubKas U LenocTHas, yeM Triple Helix, nockoabky Bk/toyaeT
pasHoo6pasue ¢akTopoB. K HemocraTkaM JaHHOU MOJEeJU MOXXHO OTHECTHU: CJIOXKHOCTb
yIpaBJieHUs] U KOOPJWHALMX MHOTOYHUC/JIEHHbIX KOMIIOHEHTOB 3KOCHUCTEMBI; BbICOKYIO CTeleHb
Heonpe/leJIEeHHOCTU M HeCTabMJIbHOCTH, 4YTO JleJlaeT MOJesb CJA0KHOU [/ NpaKTU4ecKou
peanuszauuu [6,7]. Moagenb Network Models (CeTeBble Moziesii) OpUEHTHPOBAHbl HA CO3JlaHUE
ceTeld B3aUMO/JIENCTBUS MeX/ly Pa3JIMYHbIMU OPraHU3alUsIMU U YYPEXKJEHUSIMHY, T/ie yCIellHoe
MHHOBALlMOHHOE pa3BUTHE 3aBUCUT OT KadyeCcTBa ITUX CeTeBbIX CBA3el. CeTeBble MOJend
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NOJYEPKMBAIOT BaXXHOCTb OOMeHa 3HAaHUSMMU M pecypcaMH, OPUEeHTUPOBAaHbl Ha CO3/aHUe
B3aMMOCBSI3aHHbIX CeTel, 4TO No03BoJiseT 3Q(PEeKTUBHO HCMNOJIb30BaTh 3HAHWUSA WU PeCypChl.
Mopenb rubkasg, Jierko afanTupyemas K pa3JIMuiHbIM yCa0BUAM. B To ke BpeMs 3G PeKTUBHOCTD
MO/JIeJIU CUJIbHO 3aBUCUT OT KaueCcTBa B3aUMOJeMCTBUM BHYTPHU CETH: BO3MOXHbI CJI0’)KHOCTH B
KOOp/AWHALIMY YYaCTHUKOB CETU B yIIpaBJeHUU GOJIbIIMMU 060'beMaMy HUHPopManuu [8].

Kaxgasa M3 paccMOTpeHHBIX MoOJieJied HMMeeT CBOW CHJIbHble CTOPOHBI, HO TaKXe WU
HeJl0CTAaTKU, KOTOpble MOTYT NpensTCTBOBaTb 3QpPeKTUBHOMY B3aHMO/JEUCTBUI0 U UPPOBOM
TpaHcpopmauuu. CHHTE3 0JX0/J0B Ipe/iCTaB/AsIeT COO0M JIOTUUHBIM 1Iar /15 IPeo10JIeHUs 3TUX
OTpaHHUYEHHUH U Cco34aHUsA 60Jiee KOMIJIEKCHOM MOJiesI, KOTOpas OXBaThIBaeT IUIUPOKUN CIIEKTP
baxkTOpOB.

Mopens MIHEM (MHoroypoBHeBasi MHTerpUpOBaHHasi MoOJieJlb CIHPaJU-IKOCUCTEMBI)
npejijlaraeT KOMILJIIEKCHBIM MOJX0J K B3aUMOJEHCTBUI0 MeXJY Pa3/MYHbIMU CEKTOPaMHU U
YPOBHSIMHU 3KOCHCTEeMbl MHHOBALM. OCHOBHBIM IPUHLIMIIOM MO/IEJIU SIBJISIETCS MHOTOYPOBHEBast
MHTerparus, KoTopast 0OXBaTbIBaeT HECKOJIbKO B3aMMOCBSI3aHHBIX yPOBHEH, KX/ bl U3 KOTOPBIX
BHOCUT CBOM BKJIa/l B 001U npo1ecc iudppoBoi TpaHchOopMaL Ui U MHHOBALMOHHOTO Pa3BUTHSI.
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Pucynok 1. Mogens Multilevel Integrated Helix-Ecosystem Model (MIHEM)

Mogenb MIHEM cTpouTcst Ha npyuHIUIIE UHTErpaldy pa3IMYHbIX YPOBHEN B3aUMO/I€HCTBUS
MeX/y KJII4YeBbIMU yYaCTHHKaMM WHHOBALMOHHOTO Ipolecca. B oTin4yue oT TpaJULMOHHBIX
Mogesnield, MIHEM akuieHTUpyeT BHUMaHMe Ha TOM, KaK 3TH YPOBHHU B3aUMO/IEUCTBYIOT HE TOJIbKO
BHYTPU KaXKJ,0T'O YPOBHS, HO U MexX/Jy C000M, obecrneunBast 3QpPeKTUBHbIM 0OMEH 3HAaHUSIMH,
TEeXHOJIOTUSIMU U pecypcaMu. JTO MO3BOJISIET CO3/1aBaTh 060Jiee TUOKHWE U YCTOWYUBBIE CUCTEMBI,
CHIOCOOHBIE ObICTPO aJalTUPOBATHLCSA K U3BMEHEHUSM BHEIIHEHN Cpe/ibl.

Ha pucynke 1 npusesenHa mogenb MIHEM, koTopas uIOCTpUpPyeT MHOTOYPOBHEBYIO
CTPYKTYpy KJacTepHoW maaTdopMmbl UUpPOBU3ALMU: B LeHTpe pacnoJsoxeH LleHTp
KOMIIETEHLIMK U OOMeHa OMbITOM, BOKPYI KOTOPOTO OPraHU30BaHO B3aMMOJEWCTBHE MNATHU
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KJII04YeBbIX y4aCTHUKOB (Hayka, o6pa3oBaHMe, OW3HeC, roCyJapcTBO U 001ecTBO). Mogenb
UHTErpupyeT 3KOCUCTEMHbIE 3JIEMEHTbl U MeTOJ0JIOTUYECKYI HaJCTPOMKYy, obecrnedyuBas
TMOKOCTb U YCTOMYMBOCTD NPOLLECCOB IUPPOBOM TpaHCHOpMaLUH.

Mogenb CTpyKTypHpOBaHa B TPYU B3aMMOCBSI3aHHBIX YPOBHS:

1. leHTpasbHbIH YpOBEHb — IEHTP KOMIETEHIMH U OOMeHa OMbITOM, BbICTyMAOUAN
AJpOM U1 arperupoBaHMs 3HAHWUH, TEXHOJOTUH U MeTOAOJIoTUH LUdpOBOU
TpaHchopMal M. ITOT yPpOBEHb BKJIKOYAET Hay4YHble U HCCJe0BaTeJbCKUe HHCTUTYTHI,
KOTOpble NPOBOJAAT PyHAAMeHTa/IbHble U NPUKJIaJHble UCCIe[J0BaHNU, a TAKXKe CO3Jal0T
HOBble TEXHOJIOTUM M HJEeH, KOTOpble 3aTe€M MOTYT ObITh MCIOJb30BaHbl Ha JpPYTrUx
YPOBHSIX.

OcHOBHbIE QYHKIMU:

[IpoBeneHue pyHAaMeHTATbHbBIX UCCAEIOBAHUN U pa3paboOTOK.

Ob6yyeHue ¥ NOArOTOBKA Ka/IpOB, CO3/laHUE 06pa3oBaTe/IbHbIX IPOrPaMM.

Co3zaHue ¥ pacnpoCTpaHEHHE HOBBIX 3HAHUW U TEXHOJIOTUH.

CopeiicTBue TpaHchepy TEXHOJIOTHM U MHHOBALMMU B IpyTrUe CEKTOPa.

2. CpeaHuil ypoBeHb BKJ/OYaeT HWHCTUTYIMOHAJbHBIX ydyacTHUKOB Helix, Takux kak
YHUBEPCUTEThI, MCCAE[0BATEeJIbCKUE OpraHU3alWM, TMpeANpUSITHS W TOCyJapCTBEHHbIE
yUpeXJeHUs], KOTOpble B3aUMOJEUCTBYIOT APYTr C APYroM JiJisl peajqv3alldd MHHOBAIMOHHBIX
pelieHUH. ITU UHCTUTYThl BBINOJHAKT KJIHOYEBYI0 pOJib B CBSI3bIBAHWM HAyKU U OU3HeEC],
TpaHcPopMHUPYs Hay4yHble HCCJAEeLOBAaHHUS B KOMMEpPUYECKH >KM3HECHOCOOHble MPOAYKTBHI U
pelieHusl.

OcHoBHbIE QYHKIMU:

[I[pyuMeHeHHe pe3yJbTaTOB HWCCAEL0BAaHUU [Jid CO3JaHWS WHHOBaUUKW B OH3Hece U
IPOMBILIJIEHHOCTH.

dopMypoBaHUE COBMECTHBIX MPOEKTOB MeXJy HayyHbIMU  yYpEXJAEHUSMH U
IPOMBILIJIEHHBIMHU NPeANPUATHAMH.

Ob6ecnevyeHue rocyapCTBEHHOW MOJWUTHUKHU U CTPAaTErMyecKoro HalpaBjeHUs B 00J1acTH
WHHOBaUMUM ¥ [UPPOBOH TpaHCHOpPMALUH.

3. BHellHMN ypOBeHb BKJIOYAaeT 3KOCHCTEMHbIE 3JIeMeHThl (MHHOBALMOHHbIE XaObl,
nrdpoBble GpabPUKH, MIOIMIALKA MUJIOTHBIX NPOEKTOB, MHQPACTPYKTYPhl OTKPBITHIX JAHHBIX),
obecrneyuBawplle JUHAMUYECKYI0 MNOJJEPKKY U MacliTabupoBaHUe LUQPPOBBIX peLIeHUH.
Jlono/IHUTENIbBHO MOJie/ib BKJIIOUYaeT MeTOJ0JIOTUYEeCKYl HaJCTPOMKY, OpPUEHTUPOBAHHYI Ha
CTaHJapTU3al{I0 MPOLECCOB B3aMMOJENCTBUS, UCNOJb30BaHUEe TMOKHUX MPOEKTHBIX METOJUK
(Agile, Design Thinking) 1 nprHATHe pelieHU HAa OCHOBE JJaHHBIX.

OcHOBHbIE QYHKIIUU:

BnusHue Ha pa3paboTKy NPOAYKTOB U YCJAYT C y4eTOM OTPeObHOCTEN 001 eCcTBa.

Y4acTue B peasm3aliu MHHOBALMOHHBIX PEIIEHUHN U 9KOCUCTEMHBIX MUHUI|UATUB.

Y4éT 3K0/10TMYeCKUX, COLHAbHBIX U KYJbTYPHbIX GAaKTOPOB NPU pa3pab0OTKe HOBBIX PELIeHUH.
['Mbkoe pearnpoBaHUe Ha U3MEHEHHUS BHEIIHEN Cpe/ibl, BKJIIOYas 3aKOHOAATeJIbHbIE U
3KOoJIoTUYecKHe PaKTOPBl.

1.MaTemaTurueckass MoJiesib 00pabOTKHU JaHHBIX U B3aUMO/IeM CTBUS M0J1b30BaTesIeN

[l mocTpoeHUs1 MaTeMaTUYeCKON MOJie/Id B3aMMOJEeNCTBUSL Pa3/IMuHbIX KOMIIOHEHTOB
miatdopmbl MIHEM (HanpuMmep, yCTpONCTB, N0JIb30BaTeJied U CEPBUCOB) MOXKHO UCI0JIb30BaTh
cucteMmy guddepeHlIMaTbHBIX YpPaBHEHU N, ONMChIBAIOUIMX IOTOK JAHHBIX UEpPe3 CUCTEMY U
B3aMMO/IeliCTBUE KOMIIOHEHTOB MJIaTOPMBI.
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Mogenb N0TOKA JJaHHBIX:

[Iyctb D(t) — aTO PyHKLMSA, onKChIBaKOILasA 06'beM JaHHbIX, KOTOPbIM 06pabaThiBaeTCs Ha
niatdopMe B MOMeHT BpeMeHH t. [IOTOK JaHHBIX MOXET 3aBUCETb OT BXOJHBIX U BBIXOJHBIX
JIaHHBIX, a TAKXKe OT BpeMeHU 06paboTKH.

MaTeMaTH4YeCKHU NOTOK JJaHHbIX MOXKHO 3allUCaTh KaK:

dz—it) = (PO, U®), T®) —g(D®)), )

rae P(t) — KoJiMmyecTBO NPOMU3BOJACTBEHHBIX MPOILECCOB HA MmaaTdopMe, 3aBUCAIIUX OT
BpEMEHH,

U(t) — Ko/JIM4ecTBO MoJIb30BaTe/Iel, MOAKIYEHHbIX K IJIaTGOpPMe B MOMEHT BPEMEHHU t,

T(t) — TexHOI0THS UM YPOBEeHb LIMGPOBU3AIMH, UCIIOJIb3YIOIUNICH B JTAHHBIA MOMEHT,

g(D(t)) — dyHkuus, onuchIBaOIasl YMeHblIeHUEe 06'beMa JJaHHBIX (HampuMmep, 3a CYeT UX
XpaHeHUs UJIM apXUBaLUH).

[Ipumep peanuzauuu ¢yukuuu f(P(t), U(t), T(t)):

f(P(t), U(t), T(t)) MOKET yYUThIBATh KOJIUYECTBO MPOLIECCOB, TPEOYIOIIMX 00Pa6OTKH JAHHBIX,
YHCJO0 [0JIb30BaTeJiel, KOTOpble TeHepUPYIT 3ampockl Ha MmaaTdpopMe, W MOLIHOCTb
HCIIOJIb3yeMbIX TexHoJIorui. Toraa:

(P, UW®,T®)=a-PE)+-U)-T(t), (2)

rae a v 3 — k03dPULHUEHTHI, KOTOPbIE MOTYT ObITh OINpe/ie/IeHbl HA OCHOBE aHa/IN3a JJaHHbIX
Y OLIEHOK pecypcoB m1aTdOpMBbI.

2. MaTeMaTuyeckass MOJeJib ONTUMHU3AL U NPOU3BOACTBEHHbBIX IPOLECCOB

[lnatdopma MIHEM wMoxeT uCNONBb30BaTh METOAbI ONTHUMM3AIMU [Jis  yIpaBJEHUS
NPOU3BOJCTBEHHbBIMU NpOLleCCaMU Ha npeAnpuUATUAX. OAWH U3 BO3MOXHBIX METOJ0B — 3TO
ONTUMHU3ALHS C yYeTOM OTPaHUYEHHUH, Tie Lesd I1aTGOPMbl BKIOYAIOT MaKCUMHU3ALU IO
NpUOBLIY, MUHUMU3ALMIO 3aTPaT UM MaKCMMU3al1io 3G PeKTUBHOCTH.

Mopenb 19 onTUMU3ALMU IPOLECCOB:

Maximize

Z=cl-x1+c2-x2+--+cn-xn, (3)

TZI€ X1, X2,...,Xn — KOJIMUYECTBO POHU3BOICTBEHHBIX €JUHUI] UJIK PECYPCOB, HEOOXOIUMBIX AJIsI
Pa3/IMYHBIX TPOLIECCOB,
C1, €2,..,Cn — KO03)OUIMEHTH], OTPAXKAIOI[HUE CTOUMOCTb, NPHUObLIbL WJIU Jpyryue
apaMeTphl, CBsI3aHHbBIE C MMPOIeCCaMH.
[Ipu 3TOM CyIIeCTBYIOT OTpaHUY€EHH S, TAKHE KaK:
Yi=1lnaij-xj < bignai=1.2,..,m (4)
rze aj — K03pPUIMeHThl, OTPaKaIOL[He, KaK KOK/IbIM MPOIECC BIAUSIET Ha KOK/AbIH pecypc,
bi — AocTynHOe Ko/in4ecTBO pecypca i.
Takke Moryt ObIThb J00aBJeHbl HeJUHEWHble OTpaHUYEHUSs], HANPUMEDP, CBSI3aHHbIE C
MPOU3BOJICTBEHHOW MOIIHOCTbIO UJIK 3aTPaTaMH Ha MaTepHUaJbl.
3. MaTemaTH4ecKas Mo/JieJib 6€30MaCHOCTH JJaHHbIX
Jlist o6ecriedeHUs1 6€30MaCHOCTH MJIAaTGOPMbI MOKHO HCIIOJIb30BAaTh MOJEJIH 3al[UThI
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JlaHHbIX, OCHOBaHHbIe Ha TEOPHUU BEPOATHOCTEN U CTaTUCTUKE.

Mogesb pUcKa yTe4KH JaHHBIX:

[Iyctb R(t) — 3TO BEpOATHOCTb YTEYKH JaHHBbIX HA MOMEHT BpeMeHHU t, a S(t) — 3To cTeneHb
3aUMThl. Mozies1b BEpOATHOCTH YTEYKH MOXKET ObITh BbIpaXKeHa KakK:

R(t)=1-S(t) (5)

rje S(t) — BepoATHOCTb TOTO, YTO CUCTEMA 3alUThl OyZeT 3G PeKTUBHONW B MOMEHT BpEMEHU
t. 3Ta BeJIMYMHA MOXKET 3aBUCETh OT YPOBHA LUPPOBOM 3aLUThI, BKIKYaKOLed LKppOBaHUE,
MOHUTOPHUHT U J]pyrMe MexaHU3Mbl 6€301aCHOCTH.

B pamkax wHccief0BaHHS ONTHMHU3anus LUPpoBU3aLUK GOPMYJUpYyeTCcsS Kak 3ajada
MaTeMaTU4eCKOro IMpOorpaMMHUpPOBAaHUA C HeolpeJeJéHHbIMU IapaMeTpaMu. [IpuBenem
KJII0YeBble YPaBHEHUS U JJONYIeHHUS.

lleneBass ¢yHKLMSA ONTMMMU3alLMKM HamlpaB/JeHa Ha MaKCHMHU3alMI0 WHTErpajbHOI0
nokasaTeJist 3¢ PeKTUBHOCTHU:

maxZ = aD{final} - ﬁR{final}:\tag (6)

raeDfinq;; — 06bEM IMOPOBLIX JAHHBIX B KOHIIE IEPHO/a,
R{fina1} — YPOBEHb DUCKOB,
a, B> 0 — ko3 duIEeHTHI BECOB.

OrpaHuyeHus Mo pecypcam
X, +x,+x3 <B, (7)

Xy < S, (8)

rae B — 6ropkeT (caydyaiiHas BeJIMYKHA),
S — kazapoBbIk noTeHMa (Yrciao IT-cnenyanuctos).
PocT 06'b€Ma JaHHBIX OMUCHIBAETCS BbIpAXKEHUEM:

D1y =Dy - (1 + g) +vxy, 9)

rje g — TeMII pocTa CIpoca,
Y — K03pULIMEHT BKJIa[a MHBECTULIMU B UHPPACTPYKTYPY.

CHUXXeHHe PUCKOB:
Rity1y = Ry - (1-6)— 0xs, (10)

rae 6 — K03pOUIIMEHT CHUXKEHUS PHUCKOB,
6 — 3ddeKTUBHOCTb MHHOBAIMOHHBIX POEKTOB.
PacnpesiesieHusi mapaMeTpoB
OIOJIDKET:
BTriangular (80,100,120), (11)
KaJIpOBbIN NOTEHI[AAJ:
SUniform (20,50), (12)
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TeMIl1 MUHHOBaLUH:

rN (0.05,0.012), (13)
K03)PUIMEHT CHUXKEHUS PUCKOB:
6Uniform (0.7,0.9), (14)
pocT crpoca:
gN(1.03,0.022) (15)

Latin Hypercube Sampling (LHS). Pa36buenue puanasoHa kaxjgoro napaMetrpa Ha NN
PaBHOBEPOSTHBIX UHTEPBAJIOB U BbIGOP TOYEK:

{X{il}JX{iZ}J ...,X{l’k}}, l = 1, ...,N, (16)

rae k — 4ucio napamMeTpoB,
N=10000 — xonu4ecTBO CUMYJIALUH.

YacTHble paHroBble k0addpuipeHTsl Koppesasuu (PRCC)

Pxi 5y = Cov(Ry ,Ry) / (0rx * Ory) (17)

rae Rx; — ocTaTku perpeccuu napameTpa Xj Ha OCTa/IbHbIE TapaMeTphl,
Ry — ocTaTku perpeccuy oTKJIHUKa Yy Ha OCTaJ/IbHble TapaMeTphl.

PerpeccHMoHHbBIN aHa/IN3
Y =B+ B X1+ B2 Xy + -+ B Xy + &, (18)

rae YB{Dfina,Rfina,Z}, Xj— BXOJHble IapaMeTphl,
f; — cTaHAapTHU3UpPOBaHHbIE KO3IPDUILUEHTHI pErPECCUH.
YyBCTBUTENbHOCTD pelieHUH. ONTUMaJIbHbIe pellleHHs 3aBUCAT OT OTPaHUYeHUH:

x]f" = f(B,S),j =123, (19)
a YyBCTBUTEJbHOCTb BbIpaXKaeTCs Yepes:
Ax}k = x;(B+AB,s+As) - x}k(B,s) (20)

1. MogenbHble ponyueHus. [IpeanaraeMblii aHa/M3 OCHOBAaH Ha JUHAaMU4eCKOW MoOJesd
ONTUMM3alLMU pacnpejesieHUus1 pecypcoB B pamkax Multilevel Integrated Helix-Ecosystem Model
(MIHEM). Bblyin npUHATHI caeyolie JONyIleHUS:

. CUCTEMA pacCcMaTPUBAeTCs Ha TOPU30HTE B OJAUH TOJ C JUCKPETHBIMU
BpeMeHHbIMH L1aramMmu (Mecsjamu).
. ONTUMHU3UPYIOTCS TPU KJIIOUEBBIX pecypca:

X1 — WHBECTUIMU B IUPPOBYIO UHPPACTPYKTYPY,
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X2 — KaJipoBble pecypchl (IT-cnenuanuctsl),
X3— TEXHOJIOTMYeCKHe NHHOBALlMOHHbIE NPOEKTHL.

OrpaHW4YeHUs BK/IOYAIOT JUMUT OI0/>)KeTa M YHNCIEHHOCTH CIeLUaluCTOB.

OcHoBHble nIoKa3aTeau 3pPeKTUBHOCTHU:

- COBOKYIIHbIA 00'bEM JAaHHBIX HA KOHeI epruoAaa Dfinal,

- MaKCUMaJIbHbIN ypOBeHb pUCKa Rfinal,

- nesieBast QyHKIMA Z, oTpaxkaroias 3pPeKTUBHOCTb CUCTEMBL.

2. Pacnpepenenusa napamerpoB. HeomnpenenéHHOCTb MapaMeTpoB MOJeJM NpeACTaBJeHa
BEPOSITHOCTHBIMU paclpe/ie/IeHUSIMHU, OCHOBAaHHbIMM Ha 3SMIMUPUYECKUX U CCAe[J0BAHUSAX,
9KCNEepPTHBIX OL|eHKAaX U HallMOHaJIbHOM cTaTUcTUKe Ka3axcTaHa:

BrogkeT — TpeyroJibHOe pacnpegeserue (min = 80, mean = 100, max = 120).

Kaaposeiit noteniyan (IT staff) — paBHoMepHoe pacnipesesnienue (20-50 crenuaavcToB).

Temn BHeZipeHUsI UHHOBALUK — HOpMaJibHOe pacnpeaenenue (cp. = 0,05, 0 =0,01).

KoadoduuueHT cHUKEHUS] PUCKOB — paBHOMepHoOe pacnpeaenenue (0,7-0,9).

PocT BHelllHero cnpoca — HopMaJibHOe pacnpegenenue (cp.= 1,03, 0 = 0,02).

Bce cayyaiiHble BXOJHblE JaHHbIe ObLJIM HOPMHUPOBAHbI [JIJIs1 BO3MOXXHOCTH COTNIOCTaBJIEHUS
UX BJIMSIHUSL.

3. MeTtop Latin Hypercube Sampling (LHS). lsis addekTHUBHOrO HMccefo0BaHUs IPOCTPAHCTBA
Heollpe/ieJIEHHOCTU NpuMeHsiicsa MeTo/, Latin Hypercube Sampling (LHS) c yncsiioM utepanuii 10
000. LHS o6ecneyrBaeT paBHOMepHOe MOKPbITHE AMaNa30HOB paclpeje/ieHUN napaMeTpoB U
6oJiee BBICOKYI0 3QPEKTUBHOCTb MO CPaBHEHHUIO C MNPOCTbIM CAy4yalHbIM BbIOOpoM. Kaxzas
BbIOOPKA MapaMeTpOB MCHOJIb30BajJach KaK BXOJ JJIf 33a/ayMd ONTUMH3ALMH, YTO MO3BOJIAIO
MOJIYYUTh HAOOP BbIXOAHBIX TOKa3aTesel (Dfinal,Rfinal,Z).

Pacnpepenenue obbema OKOHYaTeNbHO OﬁpaﬁOTaHHbM AaHHbIX

500F L

400} E

YacToTa
w
[=
=
T
T

200+ M R

100 1

R e

3 4 5 6 7 8 9
Djngy (FB) 1e6

[=

PucyHok 2. PacnipesiesieHue 06’beMa KOHEYHbIX 06pab0TaHHBIX JAHHBIX.

4. Ananu3s yyBctBUTebHOCTH (PRCC). [l/1s1 OLleHKH BJIUSHUSA Heolnpeae/IEHHbIX TapaMeTpPOB
Ha pe3yJibTaTbl MOJleJId ObLIM PacCYUTaHbl YaCTHbIE PAHTOBble KO3(QPUIUEHTHI KOpPpeaAUU
(PRCC):
e BxojHble mepeMeHHble ObLIM MPeo6pa30BaHbl B PAaHTU /Il CHUXKEHUS BJIUSHUA
HEeJINHEWHOCTH.
o PRCC paccurTbIBasiMCh MEX/Y KaX/AbIM IapaMeTPOM Y BbIXOJHbIMU [1I0Ka3aTeNsIMU
C KOHTPOJIEM OCTaJIbHbIX IAPaMeTPOB.
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o [lonoxwurtenpHoe 3HadeHue PRCC ykasbiBaeT, 4TO pPOCT mapaMeTpa NPUBOAUT K
yBeJIMYEHUIO BBIXOHOW [IepeMeHHOU, OTPULIaTe/IbHOe — K CHUKEHUIO.

MeTtop PRCC muypoko nprvMeHsieTC B CUCTEMHOM MO/€JIMPOBAHUM, TaK KaK yYWUTHIBAET
MOHOTOHHbIEe, HO HeJIMHeMHble 3aBUCUMOCTU. CTaTUCTUYeCKasd 3HAYUMMOCTb OLleHHWBaJach Ha
ypoBHe goBepus 95%.

['uctorpamMmma U3 BbI6OpoK no Metofy MoHTe-Kapsio (10 Teic. LHS). UcTouHUK: pacyeTsl

dBTOPOB, OCHOBAHHbI€ Ha CTaTUCTHKE KazaxcTaHa.

PacnpeneneHne nToroBoro pyucka yTe4yku gaHHbIX

1000
800

600

YacToTa

400

200

0.000 0.002 0.004 0.006 0.008
Rfinal

PucyHok 3. PacnipesiesieHue prcKa YyTeYKH KOHEYHbIX JaHHbIX R (12).
['uctorpamma no Mmetoay MounTte-Kapso (10 Teic. LHS). UcToYHHK: pacyeThl aBTOPOB.

5. PerpeccuoHHbI aHa/iu3. B kauyecTBe [ONOJIHUTE/JbHOM MPOBEPKU ObLI NPOBEAEH
CTaH/IaPTU3UPOBAHHBIM MHOXXECTBEHHBIA perpecCUOHHbINA aHaiu3. KoadduuueHTsl perpeccuu
M03BOJIUJIM NOATBEPAUTH pe3yibTaTbl PRCC U BbIIBUThH BO3MOXKHbIE 3P deKThl B3aUMOAeUCTBUSA
napaMeTpOB.

6. UyBCTBUTEJNBHOCTb ONTUMU3ALMHU. TakKe OblJla MPpOAaHAJU3UPOBAaHA YYBCTBUTEJNbHOCTD
ONTHUMAJIbHBIX pemeHud (x_17*;x_2"*,;x_3"* ) K M~3MeHEeHU 0 O0/KeTa U KaIpoBOro MOTeHIMaIa.

PRCC ans DokoH4aTENbHbIN
1.00}
0.75}
050}
025}

0.00f

PRCC

-0.25f
-0.501
-0.75}
-1.00}

1 1 | I ! 1 L

a B K A PO uo DO BropxeTlepcoHan
MapameTp

PucyHok 4. Koadpduuuentsl yactuuHor panropol koppensiuuu (PRCC) ans Dfinal.

[losi0kUTE/IbHBIE 3HAYEHUS YKa3bIBAKOT HA NPAMYIO CBA3b MIOCJIE y4eTa APYTUX [IapaMeTpPOB.
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Pe3ysbTaThl npe/icTaB/ieHbl B TA0JIMYHON GopMe (3HaYeHHUS pellleHU ! 1151 pa3HbIX 3Ha4YeHU U
610/pKeTa U KaipoB) U rpadudecKu (TenoBble KapThl pelieHu ).

PRCCs ana Repunan
0.0
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&
Ry
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Pucynok 5. PRCC g5 Rfinal.

BoJsiee Bbicokui abcostoTHbIM PRCC yka3biBaeT Ha 60J1ee CUJIbHOE BIUMSHUE HA PUCK.

PRCCs pna Zop: (ONTUMM3aLMOHHAA Lefb) OnTuMM3auuoHHasa uenb Z B 3aBUCUMOCTMN OT
0.8} 6roppKkeTa
11000
0:6F 10000
1 0.4} _ 9000
' N 8000
0.2
7000
0.0} g + ; ; : ’ 6000
o R + S Sy FORPS 400 500 550 600 650 700
s >
° BrogxeT (MaH KZT)
MapameTp
Pucynok 6. PRCC g5 3agauu PucyHok 7. ToyeyHasa guarpaMmma
ONTHUMU3ALUU Z 3aBHCUMOCTH Z OT 010/>KeTa C TUHEHHOH

JIMHUEHN TpeH/la IeMOHCTPUPYeET
3aBHCHUMOCTbD LieJIM OT AOCTYNHOTO 610/KeTa.
Ta6sauna 1. KoapduumnenTsl 4yacTHOM paHroBoi koppessanuu (PRCC).

[TapameTp PRCC (D_final) PRCC (R_final) PRCC (Z_opt)
a 0.9765 0.0001 -0.0121
0.0080 -0.0022 -0.0085
k -0.9753 0.0002 0.0048
A( 0.0103 -1.0000 0.0027
Po 0.5275 0.0004 0.0048
Uo -0.0055 0.0013 0.0045
Do -0.0063 -0.0021 0.0051
BromxeT 0.0028 -0.0031 0.7441
[lepconan -0.0130 -0.0002 0.8024

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 155



M. Idrissov, S. Bekzhanova, D. Bekzhanov, A. Mukhametzhanova

BoJiee cBeTJibIe 06J1aCTH YKA3bIBAIOT HA 60JIbIllee KOJIMYECTBO BblJIeJIEHHBIX €JUHUII.

(>kes1e3HOIOPOXKHBIX €IMHUL) B 3aBUCHUMOCTH OT 610/pKeTa U Hannuus IT-nepcoHana.

YyBCTBUTENBHOCTb X1_opt K BloAXeTy v nepcoHany
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PucyHok 8. TerioBas KapTa ONITHUMaJIbHOTO pacnpejeseHus X

Tab6suna 2. KoadpoduuneHTsl perpeccuu (cCTaHAApTU3WPOBAHHbBIE TPEAUKTOPHI).

[TapameTp coef (D_final) coef (R_final) coef (Z_opt)

a 1020252.1109 0.0000 -5.9928

B 842.1122 0.0000 -8.3481

k -1021131.5520 0.0000 2.5331

A -1795.4710 -0.0036 0.3112

Po 150225.3692 -0.0000 4.3058

Uo 2902.1728 0.0000 3.5037

Do -2216.4758 -0.0001 7.3986
Bromxer -479.3874 0.0000 747.0550
[TepcoHan -4951.6528 0.0000 865.4619

Uctounuku: Komurer mo cratucruke Pecny6suku KasaxcraH, HalnMoHaJbHbIE

TPaAHCIOPTHbIE OTUYETHI U UHTEPHET PeCypChl.

Pe3yibTaThl U 06CYyXK/IeHHE

[IpensioxkeHHass MoJiesib KaacTepHoW miaTdopmbl Ha ocHoBe MIHEM gemoHcTpupyet

cileayrmue Kjirnn4deBbie 0COOEHHOCTH:

MHoroypoBHeBasi MHTerpalys y4aCTHUKOB (TocyZ,apcTBo, 6M3HeC, HayKa, 0011ecTBo,
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OKpy»Karolas cpejia), 06ecrneyrBarollas CorJaCoBaHHOCTb CTPaTern4ecKrx U oneparnuoHHbIX
pewenuid; CnupanbHas Jiordka B3aumogedcTBus (Triple, Quadruple, Quintuple Helix),
CNOCOOCTBYIOIASA PAa3BUTHIO MHHOBALlMOHHOW aKTUBHOCTU U 0OMeHY 3HAaHUSAMHU; JKOCUCTEMHas
CTPYKTypa, obecleyMuBawmolias aJanTallMi0 K M3MEHEeHUsM BHEIIHEeW cpefbl, YCTOWYHUBOCTb
npoueccoB HMPPOBU3ALUHU U YCTOMUMBOE pa3BUTHE.

dyHKIMOHa/NbHbIE MOAYJIM JIATGOPMBI:

ApxuTekTypa maaTdopMbl obecnedyrMBaeT KaK BePTUKaJbHYH KOOpAWHaLWI (OT
roCyJapCTBEHHbIX CTpaTerud [0 ypPOBHA NpeANpUATHUs), TaK W TOPU3OHTaAJIbHOE
B3auMojielicTBUe (MexAy CyO'beKTaMH OJJHOTO YPOBHS), CO3/aBasd YCJAOBUS JJisd CUHEPTUU U
MacuiTabupyeMmoctu. Mosens MIHEM onuvpaeTcsi Ha HECKOJIBKO METO/10/I0T MY eCKHUX TPUHLIUIIOB,
KOTOpble 06eCleuuBaloT ee ycnelHoe QyHKIMOHUpoBaHUue: MHTerpanys 3HaHWM U TEXHOJIOTHUH:
3TO0 6a30BbIM MPUHLUI MOJZEJN, KOTOPbIMA rapaHTUPYET, YTO B3aUMO/IeHCTBUE MeX/ly YPOBHAMU
OyZeT JMHAaMUYHbIM U 3pdeKTHBHBIM. MHTerpauus ocyuiecTBseTcs yepes co3iaHue naathopm
M MHCTPYMEHTOB /11 0OMeHa 3HaHUsIMH, a TaK)Ke yepe3 BHeJipeHHe HOBBIX 0/IX0/0B U METO/I0B
B UdpoBo TpaHchopManuu. ['MbkocTh U aganTuBHOCTb: MIHEM mno3BosisieT KakJoMy U3
YpPOBHEN aJjlaiTUPOBATbCsl K U3MEHEHUsIM BHeEIIHeW cpejibl, obecneyrBasi COOTBETCTBYIOLIME
MexXaHU3MBbI JJ11 THOKOU mepepacipesie/ieHUusl pecypcoB, lepecMoTpa CTpaTerui U MoJxo/i0B B
3aBUCUMOCTH OT U3MEHEHUU B 9KOCHUCTEME.

CucteMHbIi noaxo/: MoJesb npe/oJiaraeT paboTy Bcex ypoOBHEH KaK 4YacTH eJUHOMN
3KOCUCTEMBI, I'/le KK/1bli 3/1eMEeHT B3aUM03aBUCHUM OT JIPYyTUX, YTO CIOCOOCTBYET GoJiee
3pPeKTUBHOMY pellleHUI0 33434 U J0CTUKEHUIO Pe3yJIbTaTOB.

Kostabopauusa u napTHepcTBo: MoJZiesib nouepKMUBaeT BaXKHOCTb B3aUMOJIEMCTBUA MEXAY
BCEMU YPOBHSIMH, BKJIIOYAs CO3JaHHe NapTHEPCKUX OTHOLIEHWH M yCTAaHOBJIEHHE YCTOWYMBBIX
CeTeBbIX CBA3EH JJI1 ONTHMHU3aLUY PeCypCOB U YCUJIEHUS UHHOBALMOHHOTO MOTeHAaIa.

Pe3ysibTaThl UCCIe0BaHUSA OATBEPKAAIOT, YTO KJIacTepHas maaTdopMa Ha OCHOBE MO/Ie/U
MIHEM cnoco6Ha BbINOJHATh GYHKIIMU 3G PEKTUBHOTO IIEHTPA KOMITeTeHUUH M PppOBU3AIHMH B
TpPaAHCNOPTHOM cdepe. B oT/iMuMe OT TpaAULIMOHHBIX MoJiesiel kaacTepoB, MIHEM npeasiaraet
MHTErpanui0 UHCTUTYLHUOHAJIbHBIX, 00pa30BaTesJbHbIX, TEXHOJOTMUYECKHUX U 3IKOJIOTUYECKUX
KOMIIOHEHTOB, YTO 0COOEHHO aKTYya/JIbHO B YCJIOBHUAX HECTAOUJIbHOU TEXHOJIOTUYECKON Cpesibl.

Mogenb cnoco6CcTByeT He TOJIbKO aKKyMYJIMPOBAaHUIO 3HAHUU U LIUPPOBBIX PECypPCOB, HO U
$GOpMHUPOBAHUIO KYJbTYPbl COBMECTHOTO Pa3BUTHUSA, I'Zle YYAaCTHUKU IJIAaTPOPMBbI CTAHOBATCA
aKTUBHBIMHM COaBTOpPaMM LUQPpPOBBbIX pelmieHUHA. Ocoboe 3HaYeHHEe MMeeT CBA3b MJIATGOPMBI C
06pa3oBaTeJIbHOW CHUCTEMOM, TMO3BOJIAKLASA T[OTOBUTh KaJpbl HOBOTO TIOKOJIEHUS C
aKTyaJIbHbIMU LIUPPOBBIMU KOMIIETEHLIUSIMH.

CrenyeT OTMeTHUTb, UYTO YyCIellHas peasy3alUs MoOJeJu TpedyeT HMHCTUTYLUOHAJIbHOU
NoAJlep>KKH, HaJU4vMsl HOPMAaTHBHOW 0a3bl, a TakKke 3aUHTEpPEeCOBAaHHOCTH Y4YaCTHHKOB B
coBMecTHOM pab6oTe [10,11]. Kpome Toro, BaxkHO o06ecnedyuTb OLIEHKY 3(PEeKTUBHOCTH
GYHKLIIMOHMPOBAHUSA MJIaTPOPMBI, ee MaclITabupyeMOCTb Ha JApyrue peruoHbl U MOJCEKTOpPbI
TpaHcnopTa (?KeJIe3HOA0POXKHbIM, aBTOMOOUJIbHbIN, MYJIbTUMO/JA/]bHbBIN U T.1.).

3ak4YeHue

[IpensiokeHHass B CTaTbe KOHIENIMSA KJAACTepHOW IMiaTdopMbl, OCHOBAHHAs Ha MO/JieJU
MIHEM, npeacraBsisieT co60M MHHOBAIMOHHBIM MOJX0J, K OpraHvdsanuu 1udpoBoM
TpaHchOpMaLMU TPAHCIOPTHOM oOTpacau. MHOroypoBHeBasi MWHTerpaunus y4aCTHHUKOB,
Ccnvpa/ibHasl JIOTUKA B3aWUMOJIEMCTBUS M IKOCUCTEMHas CTPYKTypa NO3BOJSAIT IJaTdopme
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3pPeKTUBHO BBINOJHATL QYHKLMU LiEeHTpa KOMIETEeHLUH, 00'befjuHsAs 0Opa3oBaHUe, HAYKY,
O6u3HeC ¥ rocyZlapCTBEHHOE yIIpaBJeHUe.

Mopenb MIHEM JAEeMOHCTpUPYET NoTEeHLMal A CO3JlaHUA YCTOMYUBOU
MHCTUTYLIMOHAJIBHOM CpeJbl, CHOCOOHOM He TOJIbKO aKKyMyJUMpOBaTb M PacHpOCTPaHATb
nudpoBble 3HAHUS, HO W CTHUMYJMPOBAaTb HWHHOBALMOHHYI aKTUBHOCTb, MNOJJEP>XUBATh
pa3BUTHE YeJIOBEYECKOr0 KamuTajla M obecreyvMBaTh aJalTUBHOE yIpaBJjeHUEe IUPPOBbBIMHU
IpoLeCCaMH.

B fnanbHeilieM peKoMeHAyeTcs NPOBeieHHUE MUIOTHBIX IPOEKTOB M0 peasiM3alui Mo/JieJlu B
KOHKpPEeTHBIX TPAaHCIOPTHBIX KJIacTepax, a TaKKe pa3paboTKa METOAUK KOJTUYeCTBEHHOW OL|eHKU
3pPekTUBHOCTH (PYHKUMOHUPOBAaHUA MuaTdopMbl. [losyyeHHble pe3ysabTaTbl MOTYT OBIThb
MCII0JIb30BaHbl B OPMUPOBAHUM IOCyZAapCTBEHHOM MOJUTUKU B 06/1aCTU LMPOBU3ALMU U IPU
IPOEKTUPOBAHUM PErMOHaIbHBIX IPOrPaMM Pa3BUTUS TPAHCIIOPTHOW HHPPACTPYKTYPHI.

biarogapHocTh

PaboTa BbIOJIHEHAa B paMKax NporpaMMHoO-LieseBoro ¢uHaHcMpoBaHuss BR27198643
«PazBuTHe UUQPPOBBIX KOMIETEHLHUH YeJ0BEYECKOr0 KamnuTajla B MPOMBIIIJIEHHOCTH U
JIOTUCTHKe Yepe3 KJacTepHOe B3auMMOJeMCTBHE HAyKH, 00pa3oBaHUSA U HHAYCTPUMU» TpHU
noagepkke Komurtera Hayku MUHHCTepCTBAa HAayKU M BbIClIero obpasoBaHus Pecny6inku
KasaxcraH.

BkJyiag aBTOpOB
M.M. UapucoB — C60p MaTepuasioB, aHAJIU3 MOJYYEHHbIX JAHHBIX
C.E. Bex:xaHoBa - PazpaboTka KOHLENLIUU
J.3. bexkaHoB — CO60p AaHHBIX U pa3pabOTKa KOHLENLIUU
A.B. MyxameT:xaHoBa — AHaJIu3 pe3yJIbTaTOB UCCJIe[J0BaHMs, YTBEPKAEHHEe OKOHYATEe/bHOU
BEPCHM CTaTbH, IPeJCTaBJIeHHOMN K NyOJIMKaLUU

CIMCOK JIUTEepaTypsbl

1. TlpaBuTenbctBO Pecnybsivku KazaxcraH. (2023). KoHuenuus unppoBoi TpaHcPopMalyy,

pa3BUTHUSA oTpacu MHG(OPMaLlMOHHO-KOMMYHHUKAIMOHHbIX TeXHOJIOTUH v
knbepbe3onacHocTy Ha 2023-2029 roapl, [loctaHoBsieHue [IpaBuTenbcTBa Pecny6inku
Kaszaxcrtan N2 269.

2. llpaButenbcTtBo Pecny6suku KasaxcraH. (2023). KoHuenuusi pasBUTHUS BbICIIETO
o6pa3oBaHusA U Hayku B Pecny6sinke Kazaxcran Ha 2023-2029 roapbl, [locTaHOB/IEHUE
[IpaBuTenbcTBa Pecnyosinku Kazaxcran Ne 248.

3. Etzkowitz, H. and Leydesdorff, L. (2000). The Triple Helix: University-Industry-
Government Relations, Routledge, London.

4. Carayannis, E. G. and Campbell, D. F.]. (2012). Mode 3 Knowledge Production in Quadruple
Helix Innovation Systems: 21st-Century Democracy, Innovation, and Entrepreneurship for
Development, Springer.

5. Kulikauskiené, K. (2021). “The Theoretical Quadruple Helix Model for Digital Inclusion
Increase”, Management of Organizations: Systematic Research, 85(1), pp. 13-32.

6. Carayannis, E. G. and Campbell, D. F.]. (2019). Smart Quintuple Helix Innovation Systems:
How Social Ecology and Environmental Protection are Driving Innovation, Sustainable
Development and Economic Growth, Springer.

158  Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



Cluster platform as a center of digitalization competencies based on the «multilevel integrated helix-
ecosystem model»

7. Kunwar, R. R. and Ulak, N. (2024). “Extension of the Triple Helix to Quadruple to Quintuple
Helix Model”, Journal of APF Command and Staff College, 7(1), pp. 241-280.

8. Zarei, F., Ryckebusch, |, Schoors, K. et al. (2023). “Social network heterogeneity benefits
individuals at the expense of groups in the creation of innovation”, Journal of Physics:
Complexity, 3(4), 045002.

9. Yawson, R. M. (2021). “The Ecological System of Innovation: A New Architectural
Framework for a Functional Evidence-Based Platform for Science and Innovation Policy”.

10. Meip3axmert, M. K., Berum6aii, K. M., Uapucosa, A. P. u ap. (2018). B3aumoelicTBue HayKH,
NpPOM3BO/JCTBA U 06pa30BaHUs B rOCylapCTBEHHbIX YHUBepcUuTeTax Kasaxcrana, EHY um.
JI. H. 'ymuneBa, ActaHa.

11. AnubekoBa, I'. XK, MosgabekoBa, A. T. u ap. (2024). “lIpobseMbl U cTpaTeruyeckue
HanpaBJieHUs1 Pa3BUTHUS HayKu B KasaxcTaHe: 3KCIepTHOe MHTEPBbIO CTEHUKXOJIIEPOB
Hay4HbIX NpoeKToB”, CTaTUCTHUKA, YYeT U Ay UT.

12.Mpuxoapko, U. U., BantomkuH, A. C. u Bapcersin, A. . (2021). “OnbIT peanusanuu MoJieu
TPOMHOW cnupaiu B cTpaHax CeBepHod EBpomnbl”, YueHble 3anucku K®Y um. B. .
BepHajckoro. JkoHOMHUKA U yripaBJsenue, 7(73), ctp. 93-99.

13. AranoBa, U. U. (2020). NHHOBaLMOHHbIE MpoOLiecCbl B 06pa30BaHUU U MPOU3BOACTBE:
npo6sieMbl B3auMoziecTBus, Hayka, MockBa.

14. Bensies, A. B. u Mumienko, A. I'. (2021). “UHTerpayoHHble MPOLECCh] B CUCTEME
«0bpa3oBaHUe — HayKa — MPOU3BO/ICTBO»”, BecTHUK 06pa3oBaHus, N2 3, cTp. 42-47.
15.Kapmosa, I'. T'. (2022). “UHCTUTYLIMOHA/IbHbIE MEeXaHU3Mbl PAa3BUTHUs B3aUMO/IENCTBUS

BY30B U MpeAnpUsaATUN”, IKOHOMUKA U ynpaBJieHue, 6(158), ctp. 35-39.

16./lomakuH, B. K. (2020). “CTpaTeruyeckoe MNapTHEPCTBO HAyKH, 0Opa3oBaHUA U
NPOU3BOACTBA: TEOPETUKO-METO/0JI0oTHYecKr M acnekT”, UHHOBanuu, Ne 9, ctp. 19-24.

17.bongaps, B.T. (pea.) (2022). udpoBas TpaHchopMalysi B 00pa30BaHUM U HAYKe: TPEH/ bl
Y BbI3OBbI, IAUTYC, MOCKBa.

18. llanoBasios, C. C. (2021). YnpaBjieHHe WHHOBAI[MOHHBIM Pa3BUTHEM: B3aUMO/JEHCTBUE
HayKH, 06pa3oBaHUs U 6u3sHeca, YpdPY, EkaTepunoypr.

19.Bekzhanova, S. E. and Yusupova, K. (2024). “Review of the Study on the Cognitive
Technologies of Transporting Waste from Mining Industry”, Proceedings of the 3rd
Cognitive Mobility Conference. COGMOB 2024 Lecture Notes in Networks and Systems
(LNNS), vol. 1258, pp. 314-319, available at: https://doi.org/10.1007/978-3-031-81799-
1_28.

20.Bekzhanova, S. E., Imasheva, G. M,, Issina, B. M. et al. (2026). “Impact of digital integration
of logistics cluster participants on supply chain resilience”, Naukovyi visnyk Natsionalnoho
hirnychoho universytetu, Ne 2(212), pp. 131-141, available at:
https://doi.org/10.33271/nvngu/2026-2/131.

M. Idrissov}, S. Bekzhanova?l®, D. Bekzhanov?, A. Mukhametzhanova3

1Satbayev University, Almaty, Kazakhstan
2 M. Dulatov Kostanay Engineering and Economics University, Kostanay, Kazakhstan
3 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Cluster platform as a center of digitalization competencies based on the «multilevel
integrated helix-ecosystem model»

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 159



M. Idrissov, S. Bekzhanova, D. Bekzhanov, A. Mukhametzhanova

Abstract. The article presents a concept of a cluster-based platform as a competence center
for digitalization in the transport sector, using the Multilevel Integrated Helix-Ecosystem Model
(MIHEM). The proposed model combines elements of the Triple, Quadruple, and Quintuple Helix
with an ecosystem-based approach to enable multilevel stakeholder interaction during digital
transformation. The study defines the platform’s core functions, including digital skills
development, R&D coordination, technology transfer, and digital infrastructure integration. The
paper presents the results of conceptual modeling and discusses the application potential of
MIHEM in building sustainable digital ecosystems for the transport industry. In addition, the role
of the cluster platform as an integrative mechanism for aligning the interests of government,
business, scientific and educational institutions, and society is further substantiated. The study
demonstrates that the implementation of the model contributes to more efficient innovation
management, accelerates the digital transformation of logistics processes, and supports the
development of resilient supply chains. Particular attention is paid to the scalability of the platform
and the adaptability of its architecture to different levels of transport systems. The findings
indicate that the MIHEM model promotes the systemic development of the industry through
stakeholder synergy and the strengthening of the innovative capacity of the transport sector.
Furthermore, the platform enables effective digital coordination among participants within the
transport innovation ecosystem. The implementation of the model ultimately enhances the
resilience and overall competitiveness of the transport system.

Keywords: transport digitalization, cluster platform, MIHEM model, competence center,
digital ecosystem, helix interaction.
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AngaTna. Kasipri ke3zie KOKbIC MacesieCi ©3eKTi MacesesiepAiH 6ipi 60/bIn
TabbliaAbl. OHbl KallTa eHJey MaKCcaTblHAA >KbUIJAH KbLJIFa KaHa dicTep
YCBIHBLIBIN OTBIP, COHAAMN dJicTepAiH 6ipi KOKbICTbI CypbINTam caay, cebebi
MbICaJibl KaFa3 OeJilIeKTepAi HeMece IIbIHbI OeJIlIeKTepAi eHJeyre
MYMKiHZiKTep Kem. CoFaH 6aiJIaHbICTbl KOKbIC TACUTBIH KOJIIKTep/le apHanbl
1aHafbl Yl O6JIIMHEH KypaJiblll, KOKbICTApAbl apHaWbl CeKlusapFa caay
apKbLJIbl TacbIMalal/bl, OipaKTa KebiHe OalKall OTbIPFaHbIMbI3Jal, KOKbIC
CaHbl 9p TypJi 60Jsiybl MyMKiH. Keibip »kargalga 6ip KOKbIC TYypi, eKiHlIi
TUNiHE KapaFaHJa Kebipek 6ousiagbl. CoFaH O6aMlJIaHBICTBI OYJ Makajaja
TYPMBICTBIK, KaTThl KaJAbIKTap/bl TypJepi 60WbIHIIA KUHAY Ke3iHJe KOKbIC
TAaCUTBIH KOJIKTepAiH, KYpbUIBIMBIH J>XEeTUIAIpY MaKcaTbIHAA OHbIH IIKi
CEKILMSChIH Y OeJlikke 66J1y KapacTbIpblIFaH. KOKbIC TaCUTBIH KOJIIKTEP/iH
HIaHaFbIH YII AJANTUBTIK Typre axblpaTa OTBIPHIN, TacbiMaJi[ay CaHbIH
a3alTy >KoHe KYpPbLIbIMJAbl OHTaWJbl MalAajaHy YCbIHbLIAAbL fAFHU 6ip
CeKLMsAa KOKbIC a3 TOJITBIPbLIFAH *KaFJal/a, eKiHlli CeKLus TUJpaBJrKa
apKblJbl YJFalbII, 60C KeHICTIKTI »kabaabl. bepijireH MakcaTKa »KeTy YIIiH
MaKaJsiaJia TOJNThIPY Ko3pduiMeHTTepi aHbIKTalFaH. COHbIMEH KaTap, Ansys
b6affilapjlaMacblH/la KYpbUIBIMZbI OepiKTiKKe, OpPHBIKTBIIBIKKA 3epTTey
)KYMBICTAapbl  KapacTblpbuiFaH. EcenrTey HaTWXeciHZe  KYpbUJIBIMHBIH,
OepikKTiriHe Ke3 »eTKi3i/reH.

Tyuin ce3aep: Kokpic TacuTbIH KeJiK, KOKbICTBI 06Jly, TOJTBIpY
K03 PUIMEHTI, OHTalJIaHbIPY, TaCbIMaJ/iay TEXHOJOTUSICHI.
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Kipicne

Kasipri TaH/a kenTereH MeMJieKeTTep KOKbICTbl TUITepiHe GailJlaHbICThI O6JIeK — GeJieK
»KMHAKTay/Abl JaMbIThIN KaTbIp. Cebebi, Kasipri ke3se KOKbICThI KaillTa 6HJley 63€KTi MaceseHi
wewezi. KaTTbl TYpMBICTBIK KaJIABIKTAapAbl KAWTa 6HJEY/1iH 3aMaHayy XKyHeJiepi KaJlAbIKTap/blH,
KypaMbl MeH KYpbLIbIMbIHbIH ©3repyiHe 6alJ/IaHbICTbl KONTEreH Macesesepre Tam 60Jajbl.
KebiHece opayblll MaTepra//iblK TayapJaapAblH YJeci apThIll, oap/ibl 66JeK XKUHAY KaXKeTTiJiri
aptThl. Kasanapaa opTypJsi KajaJblK TypJiepi Oipkesiki >KHMHa/JMai/ibl, COHbIH caJiJlapblHaH
TacbIMaJl1ay XKYWeCiHiH THIM/IIIr TOMeHaAeni.

3epTTeysepre Kapacak, Ka3ipri TaHJa YIl CeKIMsJbl lIaHAaKTapJa KoJIAaHbICKa He, 6ipakTa
lIaHaKTa 6eJiek 6ejiiMAep 60JIFaHbIMEH, K bIKTAp KeilJle ap TYpJi Aspexese TOJIbIN Kalaabl.
MpbIcasibl KeHlbip xKaFaania Kara3 KOKbIC, IJIaCTUKKe KapaFaH/a Ker 60JIFaH »kafianaa 6ip cekius
JlypbIC TOJIMaM, coJi cebemnTi 60c )ypicTep caHbl kebeileai. COHbIH, cajiapblHAaH KOKbIC TACUTbIH
KOJIIKTIH, TeXHUKaJbIK KbI3MET KepCeTyiHe, aBTOKOJIIK >XaHapMahblHA KOCBIMILIA IIBbIFBIHAAP
KeTeJi.

CoraH 6alJIaHBICThI IIAHAKTBIH Oip CEKIUACHl KYKTeJAreH jKafFAaWaa, aa ekiHmici as
YKYKTeJlyiHe 6al/IaHbICThl OpTa/JapblH/Aa OpHaJacKaH CeKLUsJapAblH UKeM/i e3repTe ajaTblH,
SFHU aIalTUBTI LIaHaK, >KyHheciH ycbiHaMbI3 (cypeT 1) [1].
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Cypet 1.AfanTHBTI IAHAKTBIH, c¥n6aébl

JdJicHamMa

KypblibIM/ibl 3epTTey OapbICblHJA OHbIH, THIMJINIriH 3epTTey yLIiH TeOpUSJIBIK >K9HE
aHAJIMTUKAJIBIK d/iCcTep KOJJaHbLI/bI.

KypbI/IbIMHBIH, )KaJIMbl YJTICI, ITAaHAKTBIH, TOJIBIK Ke3iHeri keseMi [2]:

3
V=2 (1)
i-1
KanablKTapAblH HAKThI KOJIEMI:
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Q=iQi; (2)

Q; <V, mapThl OpLIHAANY KaXKeT.
Kenemzi naitanany koadpduuueHTi:

XY
7

U]

BekiTi/ireH ceknus Ke3iHge:
L Imin(Q, V)
77flx %
ApnanTuBTi XKyiege:

_ Zmin(Q, V)

agan — v

MaTeMaTHKaJIbIK MO/JeJib/iey apKblIbl KYPbIJIBIMHbBIH, KOJIEMiHIH AYPbIC 63repyi, CeKiusaap
apacblH/IaFbl )KYKTEMEHIH 63repyi, COHbIMEH KaTap KeJieM/li AypbIC Naija/laHy YIIiH ThIFbI3/bIK,
KepceTKimTepi ecentesieTiH 60saabl. lllaHaKkTap opTachlHAaFbl 3KBUBAJIEHTTI XYKTeMe Mu3sec
60ibIHIIA aHbIKTaNAbI [3-5]:

0oq = [51(01~ 002 + (03~ )% + (63 — 01 ©

3epTTey HOTHXKeci KecTe 1 KepceTiJireH.

3epTTey HOTHXKECIHEH KOpill OTbIpFaHbIMbI3Iall MaKCUMaJZbl )KYKTEeME TUAPOLUINH/PIIED
OeKiTiireH OpbIHJAAp/a, TeJEeCKONUSJBbIK TaKTalap/blH OYpbILITAPbIHAQ, OPTaJblK TaKTaHbIH
GaFbITTAybILITAPbIH/A XKOHE OPTaJIbIK IPECC TAKTAChIH/1A KOPCETI/IreH.

Kecre 1. 3epTTey HaTHXKeepi

JJIeMeHTTep Makcumasngpl KepHey, Makcumasngsl fedpopMarus, MM
MIla
[Ipecc TakTaHbIH OPTAChI 118-132 2.1-2.8
TeseckonUANBIK Ipecc-TaKTa 145-162 3.4-4.2
BaFpITTaybIll 3/1eMEHTTED 96-110 1.5-2.0
'uapaBanKaabIK LUJIUHAPJEPA] 168-182 2.7-3.3
OpHaJIaCThIPy aiMaFbl

Kesneci 6epikTik Kopbl TOMeH/ieri popMyiaMeH aHbIKTaAbI [5]:

Oy

n=
O-max
MakcuMasn bl )XYKTeMe Ke3iHe Tpq, = 182Mlla:
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250

2@2 1,37

n

BepiireH MoHHeH Kepin OTbIPFaHbIMbI3/JAW, YCBIHBLIBI OTbIPFaH KypbLIbIN OepiareH
YKYKTeMeJiep Ke3iHJe >KYMbICKa KabineTTisiriH cakraizpl. BepikTiKTi apTThlpy MakcaTblHAA
TUJIPOLUIMHAP/IH 6EKITY OpbIHAAPBIH XKaKCaAPTy KaXKeT.

MakcuMasnibl OpbIH aybICTHIPY TeJECKONMUSJbIK TaKTaJap/iblH, OPTaHFbl OeJiiriHge GiaiHAi,
6ipak gepopmanus Mesuiepi u_max=4,2MM acnajbl.

AFHM MyHJall MOH TaKTaHbIH OPHBIKTBLIbIFbIHA dCep eTNeMN/i >XKoHe OHBbIH OaFbITTaybIll
OPBIH aybICTBIPYbIHA 9Cep eTNeN I,

CaHablK MoJesib/ley HOTHIKECiHJe YCbIHBLIFAH KYpbUIBIMHBIH, MauJajaHy >XYKTeMecCiH
KaObl1Jjail aJlaTbIHbIHA KO3 XKeTKi3yre 60/1a/bl [6-7].

KypblIbIMHBIH, 6epiKTiriH aHblKTay YIIiH Ansys O6afjap/jaMacblHja KOKbIC TaCHUTbIH
aBTOKOJIIKTIH waHarbIHbIH, 3D Mogesi »acajbll, 6aFfapsiaMajia IlIaHAKKa KYKTeMeJsep MeH
IIEeKTIK IWapTTap 6episil, COHbIH HOTUXKECIiH/e KepHey MeH ZiepopMaLus HITHXKeJlepi ecenTeni.
HoaTuxecinze laHaKKa TYCETiH KYLUTEep MeH TMAPOLMIMH/pJepre TYCEeTiH XKYKTeMe aHbIKTaJl bl
(cyper 2).

Ansys 6arpap/jiamMachliH/la ecenTesireH HOTHXKeJiep K00aJlaHFaH MOJieJlb TYpaKThl >KoHe
KalTa/laHFaH LIelliM peTiHJe »Ky3ere acblpaTbIHbIH KepceTTi. ['maponunuuapsiepli ecenrtey
6apbIChIH/la dcipece MaTepUaJl H6eJilIeKTePiH ecenTey 6apbICbIH/AA TUAPOLMIANH/PAIH )KYKTeJIreH
OYypbILITHI Mily OeJiri peTiHge kepceTTi. BipakTa, )kykTeMe 6epiKTiK LIeriHeH MbIKIaWAbI XKoHE
nai/JjaJlaHblIFaH MaTepyasl KYpblLJIbIMbIHBIH aHbIKTa/IFaH QYHKIUSCHI peTiH/e }KYMbIC KaJIbIIThI
TYP/Ae *acaJaTbIHbIH K6pCeTTi.

A: Static Structural

Geometry
12052024 1409

Tme:1s

Tabular Data
T I T Dl T )
Time [s] Minimum [MPa] Maxmum (MPa] Average [MPa]

1 0028 18235 38768

(men]

Cypert 2. Ansys 6araapJiaMacbiH/ia 3epTTey HOTHXKeJepi
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HaTmxesep xKoHe Ta/JIKbl1ay

KbICbIM TaKTaCbIHbIH, OPTaJbIK OeJirinjeri aedopMalMsHbl 3epTTeY Ke3iH/e alTap/blKTan
nebopmanusiap 6aiiKaaajpbl, 6ipaK oJlap/blH HOTHXKeJepi pyKcaT eTiJiTeH UIeKTepAeH acnai /bl
>)KOHE MeXaHM3MHiH »KYMbICbIHA Kezepri KearipmeWzi. bysn »karjaijia 1aHaKTbIH, OepiKTiK
KOPBbIHBbIH KO3)OUIMEHTI KaKEeTTi KepcCeTKIlITeH acajbl, OYy/J pecypCThblH KYpPbLIbIMbl MEH
OepikTiri ywiH xeTkinikTi. Bysn kyleHiH y3aK »oHe LUKJJAIK XXYKTeMesepre TeTen Gepe
aJIaTBIH/BIFbIH KepceTe/l.

Tyractait anranaa, ANSYS 6afgap/iaMacbiHbIH, €H TUiMAici »KyleHi »keHJeyaiH yuI
KOMIIOHEHTTI »Kocmapbl eKeHiH pAaJnenjeiai. Exi caTbLibl icke KOCy »KYKTeMeHiH 6ipkeJiki
Tapa/iyblH KaMTaMachI3 eTe/li »KoHe T'M/IpaBJIUKaJbIK KyHere )KYKTeMeHi a3alTa/ibl, »KabAbIKTbIH,
YKYMbIC KabisieTiH apTTbIpaJbl KoHe iCTeH HIbIFYy KaymiH azaiTazabl. 2KabAbIKTbIH YChIHbLIATbIH
KeJieMi 2-KecTeJie KeaTipisreH [8].

Kecte 2. KoHTelHep/liH Heri3ri eJiieMaepi

KepceTkimTep MaHi
[ITaHAKTBIH Y3bIH/ bIFbI 1800 MM
[IlaHaKThBIH €eHi 1200 MM
IllaHaKTBIH, OMIKTIri 1400 mMm
[llTaHaKTbIH, KAaOBbIPFACBHIHbIH, 4 MM
KaJIbIH /I bIF bl
BesiiMHIH, KaJIbIHbIFbI 3 MM

CblHAK HOTHKeJiepi MaKCHMaJJibl »KYKTeMe CeKLUsJap aWMaFblHJA >KoHe IIaHAKThI
naiiajlaHy OpbIH/APbIHbIH KaHbIH/AA MalAa 60J1aTbIHbIH KOPCETTi.

Anaiijia, KepHey JieHTeli KypblIbIM/IbIK 00JIaTThIH O€piKTiriHEH TeMeH 6OJIbIN Kasiabl, 6y
KYPbIIBIMHBIH, KYPbIIBIMABIK Kayimnci3irin kepceteni (cypet 3) [9].

L2
J

il
AIF‘

lastic

Cypert 3.1llaHaKTBbIH KYKTeJTeH KYH

Bys1 xylieMeH KOKBICTbI Ta3ajafbllll KaJAblK JeHe KeJIeMiH TUIMJipeK mnaijasaHy ylIiH
KYPBLJIBbIMbI KaKCcapTyFa eJiKTey HOTHKeJiepiMeH »KyMbIc icTeiai [10].

BeJsrizieHreH »xafjaliapZia IaHAKThbl NalJalaHy KbUIJAAM/BIFbl OCbIHJAM >XoHe opTalla
60J1a/Ibl:

0,60 -0,70.
[lKi cTuAbEepiH asiFa ylaeciMAiairi yutid o xkeTingipiired koadppunuent: [11].
0,85-0,90

KOKpbIC TazasaFbllll KeJliK [IaHaFbIH )KaKCcapTy, KaJbIKTap/ bl >)KUHAYFa KAXKETTi e19yip
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IIaHaK, MeJIIIepAi a3alTy KoHe KalJbIKTapAbl TUIM/IpPEK KHWHaAy YIIiH TacbIMa/ay TUIMZAIIITiH

apTTbIpYy MYMKIHZIT KapacTbeIpajbl.
CoHbIMEH KaTap, TacbIMaJllay/blH, 6HIM/ALIIr, KOKbICTbI CYpBINTAY/Abl XKaKcapa/bl, 6UTKEHI

TacbIMasiay Ke3iH/e laHaKTaFbl 6eJliMep )KyKTesayiHe 6ailJIaHbICThl 63repil OThIpa/bl.
Bys1 3epTTey kaHa KOHLEeNMAFA 10y GOJIbIN Tabbl1abl, KOKbIC TACUTBIH KOJIIK, aKbLI/bI,

KOKbIC KOHTelHepiMeH *abblKTanFaH, TeMeHe 3D rpadukachl kepceTijireH (4-cyper).

KankanapApblH OpHbIHA 6aliNaHbICTbl KOHTEHEp ThiMainiriHiK 3D 6eri

-
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&meMAi na

Cypet 4. Kokpbic TazasarbI KeJikTiH 3D rpadukacsl

KoOpBITBIHABI
Aynaja KOKpIC »K91IiKTepi KOKbICKA TOJIbl €KeHiH eCKepcekK, oJlapbl KahTa eHJAey 63€eKTi

MaceJsieHI 1IelleTiHiH aHFapaMbl3. CofaH 06aMJIaHBICTBI LIAHAFbl 9P TYPJi KOKBIC TYpJiepiH
YKMHACTBIPpYFa apHaJIFaH KOKbIC KeJIiKTepl Ka3ip KapKbIHAbI AaMy YCTiHJe. MaKaJiaZia YChIHbLIbIII
OTBIPFaH 6JILIeMi 63repTiJIill OThIPATHIH KOKbBIC Ta3aJIaFbIll KOJIIKTiH, laHaFbl 63€KTi MaceJieHi
memeni. CoradH 6aiiaHbicTbl MakKasaga ANSYS yum esmeMzi Mogenberi 6eJ11eKTiH, aHaFbl
0epiKTiK MeH OPHBIKTBIIbIKKA eCeNTes/ii }KoHe aKbIpJibl 3JIEMEHTTEP/I TalZaybl KYPbLJIbIMHBIH,

6epiKTiriH KepceTTi.
XKyiieni peTTey, ic »Ky3iH/Jle KOKbIC Ta3asaFbIll KeJIKTiH IaHaFbIHbIH 63TeprillTiri KesiHzae

KOKBIC *XMHaYAbIH TUIMJIJIITIH apTThIpa aJlaTbIHJABIFBIH KOpceTe/|.
BosaiakTa )XyMbIC KaJIbIKTapAbl TaCbIMasJay >KyYHeCiHiH NPOTOTHUIIH K9HE KOHbIPFbIHBIH,

KO3FfaJIbICbIH aBTOMATThbI 6aquapy/:(bn-x dKblJ1J1bI aJII‘OpI/ITM,Z[epiH Kacayra 6a~FbITTaJIaAbI.

ABTOpJIapABbIH, KOCKAH YJieci
M.XK. Ku3zgap6ekoBa — 3epTTey TY>KbIpbIM/JjaMachIH 93ipJiey, FbIIBIMU KeTeKUIiJiK, MaKaJlaHbl

pelaKuusiay.
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K.I'. BasiabekoBa - 3epTTey Kypri3y, JlepeKTepAi )KUHay *oHe TaJl/iay, MaKaJlaHbIH Heri3ri
MOTIHIH JalbIHAAY.

A.A. 3abueB - 9/1icTeMeHi 93ipJiey, HOTHXKeJIep/li OH/ ey )KoHe UHTepIpeTalusay.

K.b. KoHbIpTaeBa - aiebueTTepre 1o0J1y xacay, MaKajaHbl paciM/iey KoHe TeKCePY
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Improvement of the body structure for efficient collection of municipal waste

Abstract. Nowadays, the problem of garbage is one of the most pressing. For the purpose of
its processing, new methods are proposed from year to year, one of which is sorting garbage,
because there are many opportunities for processing paper parts or glass parts, for example. In
this regard, garbage trucks have a special body consisting of three sections, which transport
garbage by placing itin special sections, but as we often see, the number of garbage can be different.
In some cases, one type of garbage will be more than the other. In this regard, this article provides
for the division of its internal section into three parts in order to improve the structure of garbage
trucks when collecting solid household waste by type. Distinguishing the bodies of garbage trucks
into three adaptive types, it is recommended to reduce the number of transports and optimally use
the structure. That is, if one section is filled with less garbage, the second section is increased by
hydraulics and closes the free space. To achieve this goal, the article defines filling coefficients. In
addition, the Ansys program provides for the study of structural strength, stability. As a result of
the calculation, the strength of the structure was ensured.

Key words: garbage truck, garbage separation, filling factor, optimization, transportation
technology.
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Abstract. Modern requirements for internal combustion engines (ICEs) imply
not only high power and efficiency indicators but also compliance with
environmental standards for the levels of emissions of harmful substances. One
promising approach to improving the performance characteristics of ICEs is the
use of fuel additives that enhance fuel combustion quality, reduce deposit
formation, and reduce engine component wear. This paper examines the effects
of various types of fuel additives on the operation of a direct-injection gasoline
engine. The study used both laboratory and numerical modelling methods. The
engine operating parameters were analysed using fuel with and without
additives at various concentrations. The following parameters were evaluated:
specific fuel consumption, temperature, dynamic operating modes, combustion
stability, and the contents of NOx, CH, and CO in the exhaust gases. The results
showed that certain additive formulations help increase the completeness of
fuel combustion, reduce exhaust toxicity, and extend engine life by improving
the fuel's lubricating and cleaning properties.
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Introduction

Modern car engines, such as the 1.4 TSI (EA211), combine high power with economy, but their
direct-injection design has a significant drawback: rapid carbon deposit formation. This problem
affects millions of owners of VW Group cars (Skoda, Audi, Volkswagen), where such engines have
become standard. Fuel additives designed to clean the fuel system have become a necessity, not
just an add-on [1-5]. Euro 6 and upcoming Euro 7 emissions standards tighten CO2 and NOx
requirements. Direct injection engines, while efficient, are prone to increased soot formation.
Polyetheramine Additives (PEA), such as Chevron Techron, reduce emissions by 6-15%, helping to
meet standards without engine modifications. This reduces the risk of fines for manufacturers and
the environmental footprint for owners [6-8]. The popularity of the 1.4 TSI is explained by its
compactness and power, but the lack of fuel flushing during valve operation leads to valve cooking.
Without preventive maintenance, the engine's service life is reduced by a third. Additives remove
deposits, restore compression, and prevent costly repairs [9-12].

Economic factors increase the topic's relevance. Rising fuel prices make even 5% savings
significant. Reducing consumption saves thousands of tenge annually. In addition, the cost of
cleaning injectors at a service station (200-250 thousand tenge) is several times higher than the
price of an additive course [13]. Technological features of modern ICEs also play a role. Turbines
and particulate filters are sensitive to incomplete fuel combustion. Additives optimise the process,
protecting components from wear [11]. The used-car market in Kazakhstan, where 80% of the fleet
is over 10 years old, is driving increased demand for additives. For many owners, replacing a car
is unaffordable, and keeping the engine running is a priority. Regular use of additives becomes
“insurance” against sudden breakdowns [13]. In the context of a slow transition to electric vehicles,
preserving ICEs is relevant. Additives not only extend engine life but also reduce environmental
impact. Their role is especially important for countries with a developed used car market, such as
Kazakhstan [13].

Thus, engine fuel additives are a response to the challenges of ecology, economics, and
technology. They preserve the engine resource, reduce costs, and help to comply with
environmental standards, remaining an indispensable tool for modern car owners [14-17]. Fuel
additives for gasoline play a key role in the modern automotive industry, improving fuel
characteristics and increasing the efficiency of ICEs. These chemical additives are developed to
solve various problems associated with the operation of vehicles, and their importance is difficult
to overestimate in the context of rapid technological progress and tightening environmental
standards [18,19]. Modern fuel additives are also developed with environmental requirements in
mind. They help reduce emissions of harmful substances such as nitrogen and carbon oxides,
which is especially important in the context of global climate change and stricter emission
standards. The use of such additives allows car manufacturers to meet modern environmental
standards and reduce the negative impact of vehicles on the environment [11].

The methodology

Research object. Engine: 1.4 TSI (EA211) - petrol turbocharged engine with direct injection,
installed on Volkswagen Golf VII, Skoda Octavia, Audi A3, etc.[10].

Key features: direct fuel injection (TSI); tendency to form carbon deposits on valves and
injectors—high sensitivity to fuel mixture quality and injection system cleanliness. Additives
under study: the analysis included 3 popular fuel additives recommended for gasoline engines:
Chevron Techron Concentrate Plus, Bardahl Full System Injector Cleaner, and Mannol Injection
Reiniger, all of which are widely used in Kazakhstan.
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Selection criteria: Contains polyetheramines (PEA) or analogues to combat carbon deposits.
Compatibility with turbocharged engines and direct injection systems. Popularity in the market
and availability in Kazakhstan and the CIS [7].

Evaluation methods: 1. Cleaning efficiency. Data sources: Manufacturers' laboratory tests (e.g.,
Chevron reports on deposit dissolution). Composition analysis: presence of PEA
(polyetheramines), detergent components, and solvents. Criteria: Removal of carbon deposits on
valves and injectors (visual assessment through an endoscope in reviews) - restoration of power
and idle stability.

2. Effect on fuel consumption. Methodology: Comparison of on-board computer data before
and after using the additive (average consumption per 100 km). Analysis of manufacturers' claims
about reduced consumption. Conditions: Tests were conducted after 5-7 thousand km of use with
the additive. Errors related to driving style and fuel quality were taken into account [1].

3. Environmental friendliness: Evaluation parameters: Compliance with the EURO6 standard
(certificates from the manufacturer). The presence of aggressive components (kerosene, heavy
metals) in the composition. Impact on the catalyst and oxygen sensors (data from long-term use
reviews).

Limitations of the study 1. Subjectivity of the data: effectiveness may vary depending on the
degree of engine wear and the fuel system's initial condition. 2. Operating conditions: urban
driving (frequent short trips) increases the formation of carbon deposits, which affects the
perceived effectiveness of the additives. 3. Dosage and frequency of use: Some users did not follow
the instructions, which distorted the results. Additional materials [20-22].

Composition Analysis Tools: Studying product Safety Data Sheets (SDS) to identify active
components (e.g., PEA in Chevron Jectron). Comparison with Alternative Cleaning Methods:
Ultrasonic injector cleaning - used as a benchmark to assess additive performance limits.

Chevron Techron - a cleaning fuel additive based on polyetheramines, designed to clean
injectors and improve combustion. The full dosage was used in the experiment: 355 ml of additive
per 40-501 of fuel [17,22-26].

Equipment: engine stand of the internal combustion engine laboratory, allowing to control the
load, speed, and fuel supply parameters; Bosch BEA 850 gas analyser - for measuring CO and NOx
concentrations; Thermocouples and pressure sensors - for recording the temperature at the inlet
and assessing peak values in the combustion chamber.

The ANSYS Fluent software package is used. The work in the three-dimensional environment
is based on a geometric model of the cylinder and combustion chamber of the 1.4 TSI (EA211)
engine. The computational domain includes the combustion chamber volume, the intake port area,
and the injector area [4]. The local compression zone, where the fuel spray plume and maximum
temperature gradients are expected to occur, is shown in a 30x30x30-mesh structure that
highlights the discretisation of the computational domain. The calculation uses a numerical
method in computational fluid dynamics known as the ‘pressure-based solver’, which accounts for
the conservation of mass, momentum, and energy. Turbulent flow within the cylinders of the
internal combustion engine was modelled using the standard, widely accepted k-€ model. The
working medium during the experiment was assumed to be a mixture of air and combustion
products. The thermophysical properties were taken as average values. The temperature of the
working mixture at the inlet boundary (intake valve) is set to 313 K. The flow rate is also taken
into account, which is equivalent to 50% of the engine’s operating load and corresponds to
approximately 3000 revolutions per minute. At the outlet boundary, a free-outlet condition was
assumed, with an atmospheric pressure of 101,325 Pa. The wall temperature Tw is defined as the

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 175



R.M. Bolat, T.K. Balgabekov, A.B. Rustembayev, Sh.Zh. Zharassov

difference between 420 K and 450 K, a constant value corresponding to the engine’s operating
thermal state, whilst the combustion chamber walls were modelled under ‘no-slip’ conditions. The
maximum combustion front temperature in the central zone of the combustion chamber within
the modelled region ranged from 2050 K to 2150 K, depending on the operating mode. To ensure
convergence of the solution, calculations were performed until discrepancies were fully resolved
atall levels, i.e., to atleast 10-5. Concurrently, the stabilisation of the integral temperature and mass
flow rate was monitored. During model verification, the discrepancy between calculated and
experimental values was examined and found to be 7-10%. The simulation result is confirmed by
comparing the calculated temperatures and concentrations of combustion products with
experimental data from bench tests.

Study of the efficiency of fuel additives for the 1.4 TSI engine (EA211)

1. Engine preparation: before testing, a full diagnostic was performed: compression
measurement, injector check, and exhaust analysis. The fuel system was cleaned of prior additives
by performing two refuelling cycles with additive-free fuel. Standardisation of conditions: AI95
gasoline from a single manufacturer (Lukoil) was used. Ambient temperature: +15 - +20°C. Tire
pressure: 2.2 atm (manufacturer's recommendation).

2. Testing procedure. The following sequence of actions was performed for each additive: 1.
Base measurements (without additive): Fill the tank with 50 litres of gasoline. Drive 500 km in a
mixed cycle (50% city, 50% highway). Record the parameters for the last 100 km of the run; 2.
Using the additive: add the product to the tank according to the instructions (for example, 300 ml
of Chevron Jectron per 60 litres of fuel). Repeat the 500 km run in similar conditions; 3. Control
measurements: record the parameters for the last 100 km of the cycle.

3. Measurement equipment: fuel consumption: vehicle on-board computer (average value per
100 km). Additional check: manual calculation based on the volume of fuel filled. Engine power:
OBDII diagnostic scanner with connection to the ECU. Additionally, measurement on a
dynamometer stand ("Dyno Test" mode, 3 attempts, averaging).

CO emissions;and NOx: Bosch Motorscan EU5 portable gas analyser with infrared sensor.
Conditions: engine warm-up to 90°C, measurements at idle and 2500 rpm. Vibration at idle:
VibroMet 100 accelerometer mounted on the cylinder block. Measurement in three planes (X, Y,
Z), averaging of values.

4. Data processing. Elimination of anomalies: exclusion of data in emergency modes
(detonation, overheating). Averaging the results over three measurement cycles. Calculation of
percentage changes relative to baseline values.

5. Modelling method. The temperature field in the combustion chamber (Figure 1-4) was
modelled using an average exponential dependence (Formula 1):

x24+y24z72

T(x, Y z) = Tintake + (Tpeak - Tintake) - exp (_T)(l)

where: Tjpqke - fuel temperature at the inlet (313 K), T~ maximum combustion temperature
(K), r - effective radius of the combustion zone (m), (x,y, z) - coordinates inside the volumetric
model of the combustion chamber (m).

All calculations were performed using the NumPy library for the mathematical model and
Ansys Fluence for constructing volumetric temperature fields. Temperature values are visualised
as point clouds with colour gradation (colour mapping) on a scale from 313 Kto 2150 K.
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The experiment was conducted in two modes: the basic mode - the engine operated on pure
AI-95; the additive test - a full dose of Chevron Techron was added to the fuel.

Experimental stages: flushing the fuel supply system; diagnostics of the injector condition
using an endoscope; bench testing at 3000 rpm and 50% load; recording data on fuel consumption,
CO, and NOx concentrations; recording thermodynamic parameters (intake/exhaust, peak
temperature); mathematical modelling of temperature distribution in the combustion chamber
based on the data obtained.

Table 1. Simulation conditions

Parameter, unit | Without additives | ' o Chevron With With Mannol
Techron Bardahl
Maximum
0, 0, 0,
temperature, K 2050 2150 (+5%) 2100 (+2.5%) | 2075 (+1.2%)
Radius of active
: 0.05 0.06 (+20%) 0.055 (+10%) | 0.052 (+4%)
combustion zone r, m
: . 3D lattice 3D lattice
Calculation grid, m 30x30x30 30x30x30 30x30%30 30x30x30
3D chart 3D chart 3D chart
. o 3D chart (scatter, (scatter, (scatter, (scatter,
Visualization , . . :
volumetric map) volumetric volumetric volumetric
map) map) map)
- 2000
LZOOO
= - 1800
(1800 &
11600 5 | | 1600
< &
71400 £ =
= o
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Figure 1. Temperature field without an additive
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Without additive (control mode): peak temperature: 2050 K, temperature in the centre of the
chamber (x=0.01, y=0.02, z=0.01): = 1679.37 K, radius of the combustion zone: 0.05 m, CO
concentration: 1.28%, NOx concentration: 540 ppm

| 2000
T 1750 2500
[ 1500 2000
1250 - 5
1000 § 1500 &
1 750 & g
E 1000 5
500 & 2
500
550
400
350 500
0.10 75300

2000 i
X (m) 22050 2%

Figure 2. Temperature field with Chevron Techron additive

With Chevron Techron additive: peak temperature: 2150 K (+5%), combustion zone radius:
0.06 m (+20%), temperature at the center of the chamber: * 1867.99 K, CO concentration: 0.92%
(reduction by ~28%), NOx concentration: 490 ppm (reduction by ~9.2%), combustion
stabilization, increased temperature uniformity and reduced toxic emissions are observed.

1750
1500
1250
1000
750
500
250

1750

1500

K)

1250

1000

Temperature (

750

Temperature (K)

500

0.100 250
0.075
0.050
0.025
-0.100 ) 0.000
©20.050 R -0.025
0050 Y (m)
-0.075

L0705
0.100

Figure 3. Temperature field with Bardahl Full System Cleaner additive
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With Bardahl additive: peak temperature: 2100 K (+2.5%), combustion zone radius: 0.055 m
(+10%), chamber centre temperature: * 1778.49 K, CO: 1.01% (~21% decrease), NOx: 510 ppm
(~5.6% decrease), moderate improvement, increased combustion efficiency is observed.
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Figure 4. Temperature field with Mennol Injection Reiniger additive

With Mannol additive: peak temperature: 2075 K (+1.2%), combustion zone radius: 0.052 m
(+4%), temperature in the centre of the chamber: = 1724.36 K, CO: 1.10% (reduction by ~14%),
NOx: 530 ppm (reduction by ~1.8%), the effect is less pronounced, the improvement is minimal.

Calculated data after experiments:

1. Without additives:

Tintake = 313K, Tpeqr = 2050K,7 = 0.05m
0.0006
90025 — 0.24,exp(—0.24) =~ 0.7866

T =313+ (2050 — 313) - 0.7866 = 313+ 1737 - 0.7866 =~ 1679.37K

2. Chevron Techron:
Tintake = 313K, Tpeaqr = 2150K,r = 0.06m

0.0006
r? = 0.0036,m = 0.1667,exp(—0.1667) ~ 0.8465
T =313+ (2150 — 313) - 0.8465 = 313 + 1837 - 0.8465 =~ 1867.99K

3. Bardahl:
Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 179




R.M. Bolat, T.K. Balgabekov, A.B. Rustembayev, Sh.Zh. Zharassov

Tintake = 313K, Tyoqe = 2100K,7 = 0.055m

2 — 0,003025,—20%0_ _ 1983, exp(~0.1983) ~ 0.8203
e '0.003025 o EPATE: =

T =313+ (2100 —313)-0.8203 =313+ 1787 -0.8203 ~ 1778.49K
4. Mannol:
Tintake = 313K, Tpeak = 2075K,7‘ = 0.052m

2 = 0.002704 —20%€_ _ (2218, exp(~0.2218) ~ 0.8010
e '0.002704 4TS EPATE: =

T =313+ (2075 —313)-0.8010 = 313+ 1762 - 0.8010 = 1724.36K

Findings/Discussion

The results of the study showed that polyetheramine-based additives (PEA) - Chevron
Techron - demonstrate the highest efficiency (Figure 9): a 5.3% reduction in fuel consumption, a
7.5% increase in power, a 7.3% reduction in CO2 emissions, a 15.6% reduction in NOx, and a 39%
reduction in vibration

Table 2. Changes in the operation of the internal combustion engine with the Chevron Techron
additive

Parameter, Without 25% of the 50% of the 100% of
unit additives bottle bottle the bottle
Deposits on Significant Minor Average Good
injectors improvement cleaning cleaning (85-
(60%) 90%)
Fuel 7.4 7.2 7.0 6.8
consumption,
L/100 km
CO, g/km 1.6 1.5 1.3 1.1
NOx, g/km 0.32 0.30 0.29 0.25
Engine 1-2 points 2-3 points 3-4 points 5 points
behaviour,
score (1-5)

Chevron Techron, for example, is recommended by manufacturers such as Volkswagen and
General Motors, confirming its compatibility with modern engines [4].

Middle segment: combination formulations: Bardahl Full System Injector Cleaner (Figure 10)
showed good results, but required repeated applications to achieve the effect. Their formula
includes mild solvents and surfactants that address light deposits but cannot penetrate deep layers
of carbon deposits. Impact on fuel consumption (Figure 5): high-quality additives optimise
combustion, directly driving savings.

Mannol Reiniger did not affect the consumption. Moreover, fuel consumption increased by 1-

2% due to incomplete combustion of the mixture.
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Table 3. Changes in engine performance with Bardahl Full System Cleaner additive
Parameter Wit.h.out 25% of the 50% of the 100% of the
additives bottle bottle bottle
Deposits on injectors Significant Minor Minor Moderate
P J & influence cleaning cleaning (*50%)
Fuel consumption,
L./100 km 7.4 7.3 7.1 7.0
CO, g/km 1.6 1.55 1.4 1.3
NOx, g/km 0.32 0.31 0.30 0.29
Engine behaviour, . . . :
score (1-5) 1-2 points 1-2 points 2-3 points 3 points

Maximum savings: Chevron Techron reduced fuel consumption by 4-6% in most tests. This is

due to the restoration of the injector spray geometry: the more uniform the mixture, the more
completely it burns.

Table 4. Changes in the operation of the internal combustion engine with the additive Mannol

Injection Reiniger

Parameter Without 25% of the 50% of the 100% of the
additives bottle bottle bottle
Deposits on Significant No changes | Minor influence Weak
injectors cleaning
(220%)
Fuel 7.4 7.4 7.3 7.2
consumption,
1/100 km
CO, g/km 1.6 1.6 1.55 1.5
NOx, g/km 0.32 0.32 0.31 0.30
Engine 1 point 1 point 2 points 2 points
behaviour,
score (1-5)

For example, the owner of a Volkswagen Golf VII with 90,000 km reported that after treatment,
city consumption fell from 8.5 to 8.0 1/100 km. Moderate results: Bardahl provided a 4% reduction
in consumption. However, their effectiveness depends on the degree of contamination. For

example, on engines with less than 60 thousand km, savings reached 4%, and on worn engines, did
not exceed 2%.
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Figure 5. Comparison of fuel consumption when using different additives

Environmental friendliness and safety (Figure 6-7): modern EURO6 standards require that
additives not only clean the engine but also minimise emissions.
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Figure 6. Comparison of CO emissions using different additives

Safe Solutions: Chevron Techron meets strict environmental standards. Their PEA formulas
decompose without forming toxic compounds and without damaging oxygen sensors. For example,
Chevron tests have confirmed that their additive reduces CO emissions by 12%.
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Mannol Reiniger proved the most dangerous: its aromatic solvents increased benzene levels
in the exhaust, which can cause the catalytic converter to fail.
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E: e
2 0.29 s
2
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Additive concentration (% of bottle)
Figure 7. Comparison of NOx emissions using different additives
Cleaning efficiency results: Chevron Techron Concentrate Plus additives (Figure 9)

demonstrated the highest efficiency. Their active component, polyetheramines (PEA), can dissolve
even old deposits. In reviews, users noted that after using these products, Acceleration dips
disappeared. Idle vibration decreased. Visual inspection through an endoscope showed 90% valve

cleaning [3].

Cleaning efliciency (score)

Chevron Techron
| —#— Bardahl Full System
—4— Mannol Injection Reiniger
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20 40 60 80 100
Additive concentration (% of bottle)
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Figure 8. Comparison of fuel system cleaning efficiency

The data obtained during the research for this article suggest that additives demonstrate their
effectiveness not only through their chemical composition but also through the very mechanism
by which they act on fuel system deposits [17,14,20]. Chevron Techron, containing
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polyetheramines (PEA), exhibits high thermal stability. This characteristic effectively helps combat
dense carbon deposits that form not only on the injectors but also on the exhaust valve surfaces
[9,20]. A cleaning efficiency of 85-90% confirms the engine’s performance characteristics [27].
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g
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(-
Fuel consumption Power CO, emissions NOx emissions Vibration
(L/100 km) (hp) (g/km) (mg/km) (arb. units)

Figure 9. Chevron Techron Additive Results

After the first treatment, the response to the gas pedal improved, but 2-3 cycles were required
for complete cleaning.
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Figure 10. Results of Bardahl Full System additive
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Mannol Injection Reiniger (Figure 11) was in the lower-performing category. Its cheap
aromatic hydrocarbon solvents provided a temporary effect, but clogged fuel filters and increased
injector wear.
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Figure 11. Mannol Reiniger shrinkage results

Fuel consumption has been reduced to 6.8 litres per 100 km. The measures taken have
restored the fuel spray pattern, which in turn has improved the combustion efficiency of the air-
fuel mixture [7,6,20]. The stability and uniformity of the spray positively affect the local
enrichment of the working mixture, thereby reducing CO and NOx emissions into the atmosphere
[4,7,14]. Given the 15.6% reduction in NOx emissions, the combustion temperature regime has
stabilised, thereby reducing local overheating in the combustion chamber [4,7].

Cleaning the fuel injectors has reduced engine vibration. Vibration was reduced by 39%,
resulting in smoother cylinder operation. The cause of idling issues and additional vibration is
contamination of the fuel supply to the cylinders, demonstrating the significant impact of the
aforementioned measures [7,19].

When switching from the aggressive Chevron Techron treatment to the preventive Bardahl
Full System Injector Cleaner, we can identify milder components and surfactants that are effective
primarily in the early stages of contamination [14,20]. Fuel consumption decreased to 7 litres per
100 km with Bardahl Full System Injector Cleaner, and CO emissions decreased to 1.3 g/km.
Despite this, using Bardahl Full System Injector Cleaner is not cost-effective, as it requires more
than two application cycles. Its slow, cumulative effect is a weak point compared to PEA-based
formulations [14].

Mannol Injection Reiniger showed the least positive effect. Its limited ability to remove
stubborn deposits - due to its composition and cleaning limitations - results in fuel consumption
of up to 7.2 litres per 100 km. The reason for this poor performance is that it merely temporarily
dissolves the carbon deposits rather than removing them. Dissolving carbon deposits rather than
completely removing them can lead to negative consequences and the risk of secondary
contamination of the filter elements [9,20]. As a result, prolonged use of Mannol Injection Reiniger
can adversely affect fuel injector performance [7,14].

Based on the study’s findings, a directly proportional relationship can be established between
the degree of fuel system cleanliness and the engine’s technical and environmental performance
[7,14,20]. Low fuel consumption, reduced harmful emissions, and lower vibration loads depend on
the level of contamination during engine operation [4,7,19]. It is worth noting that vehicles with
an average mileage of over 60,000 km are most susceptible to this phenomenon, as the
accumulation of lacquer and carbon deposits becomes more pronounced with increasing mileage
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[9,20].

Based on the above, the following conclusion can be drawn: Chevron Techron is the most
environmentally friendly, economical, and effective fuel additive. Bardahl has proven itself
effective for moderate levels of contamination and for preventive maintenance. Mannol can only
be used in the early stages as a temporary, budget-friendly solution when there is no serious
contamination of the engine’s fuel system.

Conclusion

The study of fuel additive efficiency in the 1.4 TSI (EA211) engine identified significant
differences in their effects on operational and environmental parameters. Based on the analysis of
empirical data obtained under combined cycle conditions (city/highway) with a mileage of 80,000
km, the following conclusions were formulated:

1. Optimisation of performance characteristics.

Polyetheramine (PEA) based additives have demonstrated maximum efficiency:

- reduction in fuel consumption by 5.3% (from 8.5 to 8.0-8.11/100 km).

- increase in power by 7.2% due to the removal of carbon deposits from the valves and
restoration of the injector spray geometry.

- reduction of vibration amplitude at idle speed by 39%, which indicates stabilisation of engine
operation.

2. Ecological effect.

The use of PEA-containing compounds (Liqui Moly Jectron, Chevron Techron) ensured:

- reduction of CO2 emissions by 7.3% (from 145 to 133-136 g/km).

- reduction of NOx concentration by 15.6% (from 45 to 38-40 mg/km).

These results comply with the requirements of the Euro 6 standard and confirm the possibility
of using additives to adapt engines to increasingly stringent environmental standards.

3. Critical limitations of budget analogues.

Mineral solvent-based products (Mannol Reiniger, STP Jet Tech):

- increased fuel consumption by 1.2% due to incomplete combustion of the mixture.

- increased emissions of toxic substances (benzene, soot) by 1.1%.

- demonstrated low cleaning capacity (<30% efficiency).

4. Economic feasibility.

A comparative analysis showed that the regular use of PEA additives (every 5-7 thousand km)
reduces operating costs:

- fuel economy: 250,000-300,000 tenge/year (for 250 tenge/l and a mileage of 15,000
km /year).

- reduced repair costs: preventing coking of valves and injectors reduces the likelihood of
expensive mechanical cleaning.

Recommendations for practical application:

For engines with direct injection and a mileage of up to 150,000 km, PEA-containing additives
are preferable.

Compositions with kerosene components are not recommended due to the risk of damage to
the catalytic converter.

Before use, it is necessary to diagnose the condition of the fuel system: in case of severe
contamination, a combined approach is required (chemical + ultrasonic cleaning).

This study confirms that rational selection of fuel additives is an effective tool for extending
the service life of TSI engines, in line with the automotive market's continued dominance of ICEs.
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Further research should focus on the long-term effects of combining additives with biofuel
mixtures.
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CucreMa AMAarHOCTUKM HEMCIIPABHOCTEM /1 BCIIOMOraTe/IbHbIX
npeoo6pa3oBaTesied B 3JIeKTpoBo3ax Ha cepum “hxd3c”
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TawkeHmcKuil 2ocydapcmeeHHblli mpaHcnopmHbulii yHUgepcumem
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AHHOTauMA.B JaHHOM cTaTbe mpexAJiaraeTcsi CUCTEMA JAUArHOCTUKU
HEUCIIPAaBHOCTEW MpPU BCIOMoOTraTeJbHOM mpeobpa3oBatesne (ACU) B
ajiekTpoBo3ax Ha 6asze HXD3C, pa6oTawiiux B >KeJie3HbIX Joporax
Y36ekucTtaHa. BcmoMmoraTesibHbIe lepeKThI peobpa3oBaTesisi BAXKHbI, TIOTOMY
YTO OHM BJIMSIIOT Ha [BUTATEJH TATH, CUCTEMbI OXJIXKEHUS], KOMIIPECCOPHI U
Jlpyrve BCIIOMOTraTeJibHble MallWHbl, HeoOXoAuMMble JJid 0e30MacHOU
3KCIIyaTalMu JIOKOMOTUBOB. B HacTodllee BpeMs B JIOKOMOTHMBHBIX JEIO
Y36ekucTaHa pacciefj0BaHHE HEeUCIIPaBHOCTEM B OCHOBHOM 3aBUCHUT OT
BU3yaJIbHOTO KOHTpPOJIA U py4YHOro o0630pa KpYyHMHOTO 3KCIOpTA
HEUCIIPABHOCTEN CUCTEMbI yIpaBJeHUs U MOHUTOpUHra mnoe3noB (TCMS).
JTOT npouecc 3aHMMaeT MHOI'O BpEMEHH, B 3aBUCHMOCTHU OT OIbITA IEpCOHAA,
KOTOpPbIA MOET NPHUBECTU K OTCYTCTBHUIO BaXKHbIX MoOJeJied OUMOOK B
VICTOPUYECKHUX 3anUcAX, 3arpykeHHbIX U3 TCMS. Bca npepsiaraemas cucreMma
COCTOUT K3 TpexX OCHOBHBIX 4YacTed: MHUHUKOMIbIOTEp Ha 06asze ARM,
JIMarHOCTUYECKOe MporpaMMHOe obecrnedyeHWe C MOJesJbl0 MallWHHOTO
00y4yeHH1 MHTErPUPOBAHO /I OyAylL1iero NporHo3upyrouiero oo6cayKUBaHus,
Y 3KpaH /iJI BbIBOJIAa U OTNPaBKU pe3y/IbTaTOB B nepcoHas. [Ipesyaraembiit
METOJ, HCIOJIb3yeT 3arpy:keHHble 3anucu omubok TCMS wu 3anucu
BCIIOMOraTeJIbHBIX eJWHUI], NpeobOpa3oBaTesisi B KayecTBe BXoJa. 3aTeM
creLiaJbHOE IpOrpaMMHOe obecriedeHre aHaJIU3UpyeT OTYEeThl O JaHHbIX U
BbIBOJIAX, BU3yaJibHble CTAaTUCTUKU M peKOMeHJalMu 10 BO3MOXKHOMY
PYKOBO/JICTBY 10 06¢cay>kuBaHuto c6os ACU.

KmouyeBble cioBa: HXD3C; asektpoBo3 0'Z-EL; BcnmoMoraTesibHbIN
npeobpasoBaresb; TCMS; guarHocThka HeUCHPaBHOCTEHN; 0O6CIy:KHMBaHHE
»KeJIe3HOL0POKHOTO0 MOABUKHOT0 cocTaBa; LSTM; noiroToBka K ipOrHO3HOMY
06CTY>KUBAHUIO
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Fault Diagnosis System for Auxiliary Converters in HXD3C Series Electric Locomotives

BBeageHue

dsekTpoBOo3bl cepum 0'Z-EL ABAAOTCA BaXKHOW 4aCTbIO COBPEMEHHOTI0 NapKa 3J1eKTPOBO30B
C IepeMeHHbIM TOKOM Y36eKckoi xesie3Hoit soporu. Tunel O'Z-EL u O'Z-ELR cBsi3aHBbI ¢ cepueit

HXD3C, npousBogumort CRRC Dalian gsis pa6oTbl ¢ mMaructpaibHou jauHueint 25 kB, 50 I'y
(Pucynok 1).

Pucynok 1. 3nekTpoBo3 cepuu 0'Z-EL

BcrnoMoraTesibHble Tpeo6pa3oBaTesd SABJASIOTCA BaXKHBIMU KOMIIOHEHTaMU 3JIEKTPOBO30B,
OTBeYaWIUMU 3a npeobpa3oBaHue mnocTtosiHHOro Toka (DC) B mepemeHHbld TOok (AC) uiu
Hao060poT. OCHOBHBIMU QYHKIMUSAMU MOYTHU BCEX THUIOB JIOKOMOTHBOB SIBJSIOTCS OXJAXK/JEeHHUE
OCHOBHbIX KOMIIOHEHTOB, TaKUX KaK TATrOBble JBUraTeNd, 3apsijika aKKyMyJsSTOpPOB

TPAHCIOPTHOIO CPEJICTBA U M0/]a4ya 3JIEKTPO3IHEPTUH B KOHTYP yIpaBJeHUs IOKOMOTHBaMu [1]
(PucyHoxk 2).
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PI/ICYHOK 2. OcHOBHbI€e BCIIOMOTraTeJ/JbHble MalllMHbI 3JIEKTPOBO30B, IMTAaOMKecd OT
BCIIOMOTI'aTeJIbHOTO npeo6pa3OBaTeJm
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JIOKOMOTUB MOKET UMETh 3/J0POBYI0 TATOBYI0 CXEMY, HO BCE ellle TepseT JOCTYIHOCTb, KOrjaa
BCIIOMOTaTeJIbHbIA BBIXOJ, Mpeobpa3oBaTesisi, HANps»KeHWE yNpaBJeHUs BOPOTAMH, KayecTBO
BXOJIHOTO MUTAHUs, OXJaXK/eHWe UM MPOBOJKA CTAaHOBUTCS HECTAaOWUJ/IbHbIM. TakuM 06pasomM,
auarHoctuka ACU HanpsaMYyIo CBI3aHa C HaZleXKHOCThIO, HATPY3KOU Ha CKJIaZbl U IJITAaHUPOBAaHHUEM
06Cy>KUBaHUS.

Pe3ysibTaThl NepBOHAYA/JIbHOW IMAarHOCTUKHA HEUCIIPABHOCTEMN MOKAa3bIBAIOT, YTO C MOMOILBIO
NPOCThIX BU3YyaJbHbIX I'padoB BbIBOJA, TAaKUX KaK JIMHEHHble W 6GapHble rpadbl MepcoHasl
TEXHUYECKOTO0  OOCAy)KMBAaHHWSI  MOXET NPUMEPHO  aHAJMU3HUPOBAThb  BO3HHWKHOBEHME
HEUCNPAaBHOCTEN U BO3MOXKHble NMPUYMHBI HEHWCNPABHOCTEH. ITU rpaduKud 5KOHOMAT MHOIO
BpEMEHH /[1Jisl IEPCOHAJIa BO BpeMsl aHa/IM3a OIIMO60K B TEXHUYECKOM 00CTy>KMBaHUU. U 3TO oueHb
BaXKHO JIJIs1 OBICTPOTO U KAaUeCTBEHHOTO 0OC/IY>KMBAHHUS 3JIEKTPOBO30B. DTOT MepBOHAYaIbHBIN
pe3y/JbTaT CcaM SIBJSETCA Ba)XXHOM YaCTbI JAHHOTO MCCJIEeJOBaHUS, MOCKOJBbKY 4YaCTUYHO
aBTOMATU3UPYET MPOILECC AUATHOCTUKA HEUCIPABHOCTENH B JIOKOMOTHBHBIX N0 Y30EKCKHUX
»KeJIe3HbIX JOPOT.

Pe3sysibTaThl MOKa3blBAaKT, 4YTO IMpejJaraemMas JUarHOCTUYeCKas CUCTeMa MOXKeT
o/ JIePKMBATh U YCKOPUTh MPOILECChl TEXHUYECKOTO 006CAyKMBAHHUS [0 TOr0, KaK B »eJIe3HbIX
Jloporax Y36ekucTaHa Oy/JeT JOCTYNeH MOJIHbIM AWCTAaHIMOHHbIA MOHHUTOPUHT B peajbHOM
BpeMeHU. MHccienoBaHue CHOCOOCTBYeT MPAKTUYECKOMY TOAXOAY K  MCIOJIb30BAHUIO
CYLIEeCTBYIOIIUX UCTOPUYECKUX JaHHbIX TCMS s yiy4ilieHHUs UAarHOCTUKU OLIMOOK, CHUXKEHU ST
pPY4YHOTO aHaJ/iu3a U MOJArOTOBKH 3JIeKTPOB030B Ha 6a3e O'Z-EL /11 noTeHIIMa/IbHON UHTErpayuu
IPOTrHO3UPYIOIET0 00CY>KMBAHHUS B OyAYILEM.

B JIOKOMOTHBHBIX Jlell0 Y36EeKCKOH »KesJe3HOW J0pOTH NMpaKTHUYecKoe 00CayKHMBaHHE TO-
IpeXXHeMY 3aBUCUT OT BHU3yaJbHOTO OCMOTpa U PYy4YHOro 00630pa 3arpyKeHHOro 3KCHopTa
omn60k TCMS. ITOT NOAXOJ HCHOJIb3yeT OMNBIT PaboOThbl C MEPCOHAJOM, HO CTAaHOBUTCS
MeAJIeHHbIM, Korja ¢aua coJepXUT ThICAYM TMOBTOPSAIOUIUXCA COOOILeHUH, COOGIIeHHH
BOCCTAHOBJIEHUSI M Hecneluduueckux TpeBor. BakHbie Mogenn ACU MOTyT ObITb CKPBIThI
00IIMMM JIOKOMOTUBaMU. PaHHHe MOBTOpAWILMECS COOBITUSA TaKXXe MOTYT ObIThb MPOMYILEHBI,
npex/e YeM OHU NPUBOJAT K 060JIbllIeMy IPOBAJLY.

HenaBHue wuccienoBaHUs 1O  TeXHUYECKOMY  OOCHY:KMBAaHUIO KeJIE3HbIX  JOPOT
NOAYEPKUBAKOT IJIaTQOpPMbl JaHHBbIX, MNojAkawdyeHHble TCMS, 6e3onacHyr CBA3b W
npejckKasaTesbHoe ob6caykuBaHue [2], [3]. I3TW HampaB/ieHHSI BaKHbl, HO TOJIHbIX
JUCTAaHLIMOHHBI MOHUTOPUHT TpebyeT MHQPACTPYKTYpPhI CBAA3U, KOHTPOJISA KUOep06e30MacHOCTH,
6e30MacHOCTHU JaHHbIX U OPraHU3alMOHHON MHTerpauuu. Jlig TeKylUux CKIaJoB Y306eKrucTaHa
XpaHeHWe MeCTHbIX Tabuiul, AaHHbix TCMS BMecTe ¢ odJialH-AHArHOCTUYECKOW CHUCTEMOU
ABJISeTCS NpPaKTUYEeCKMM I[epBbIM 3TamnoM. JTO MOXeT CO3J4aThb IMOJIE3HbIM Nporpecc B
006CTy>MBaHUU [0 BHeApeHUS O00JAaYHOTO MOHUTOPUHIAa B peaJjbHOM BpeMeHU B
MHQPPACTPYKTYPY KeJie3HbIX J0POT Y36eKHUCTaHa.

OCHOBHBIM BKJI3JIOM B 3Ty CTaTbl0 fIBJSETCA JeNOo-ypOBHEBBIM pabouuil mpouecc AJs
JuarHocTuku omr60ok ACU c ucnosib30BaHUEM CyllecTBYyroLUX 3anucel TCMS oT JIOKOMOTHBOB
Ha 6asze HXD3C O'Z-EL (PucyHok 3). CucTteMa aBTOMaTH4YeCKHM OYUIIAET ChIpble >XYpHaJbl,
uzonupyet cobbiThss ACU, oToO6pakaeT M3MeHeHUs] MapaMeTPOB BOKPYI MOMEHTOB OIIUOOK,
copTUpyeT noBTopstolyecs rpynnbl omn60k ACU U cpaBHHMBaeT CTaTUCTUYECKUEe, MAIIMHHO-
ydyebHble W TJyOOKHe MOJeNd [AJs KpPaTKOCPOYHOM [JWarHoCTUYeCKOW TMoAJepXKU. B
MCC/IeJOBAHUU paccMaTpUBAIOTCA TPU BOIpoca: COAep:KaT JIM ucTopuyeckue gaHHble TCMS
noJie3Hble mabJ10HbI pazioMoB ACU; kakue rpynmnbl pa3ioMmoB ACU 4yale Bcero BCTpe4yarTcs; U
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ec/ii BblOpaHHasi MO/ieJib [aeT IO0JIE3HYI MOAAEPXKKY JJis O0OCAYy>KMBaHUs CKJI3J0B B
Y3b6ekucrane.

CBsizaHHbIE Npe/bIAYIHe PabOThI U pa3pbiB B UCCAEI0BAHUMN
CyiwecTByrouje JUarHoCTU4eCKUe UccieJ0BaHUA AJid 3J1eKTpoB030B cepun HXD3C

CymectByromue ucciaefnoBaHusi, cBa3daHHble ¢ HXD3C, cocpegoToyeHbl B OCHOBHOM Ha
O0pPTOBOM /JAMArHOCTUYECKOM IMPOTrpaMMHOM ob6ecrnedeHUH, (PYHKIUAX HUTAHUSA U JIOTUKe
yOpaBJieHUs BBICOKMM HamnpsbkeHWeM. Zhang omnucas mnporpaMMHoe ob6ecrnieyeHue [Jist
JuarHoctuku omnbok nutaHuss HXD3C, Bkioyasd QyHKUMM Mepeflauu, XpaHEHUs], AUCIJIes U
JuarHoctuku [4]. Gao u Ap. usydyaid 6e30macHy0 paboTy BbICOKOBOJILTHOIO 000pPY/0BaHUs
HXD3C nocpeAcTBOM ONTHMU3ALUKY NOCTAE40BAaTEABHOTO YIIpaBaeHUs [5]. OTU paboThl M0JI€3HbI
JUIT TIOHUMaHUsl JIUarHOCTUYECKOW cpeJibl JJOKOMOTHBOB, HO OHU He 006ecneyrdBalOT Jlelo-
YPOBHEBYI0 CUCTEMY, TMOAXOASAILIYI [IJI1 MCTOPUYECKUX BCIIOMOraTe/JbHbIX pPa3/ioOMOB
npeobpa3oBaresiel 3/1eKTPoB030B Ha 6a3e HXD3C B »keJie3HbIX Joporax Y36eKruCcTaHa.

O6uias CTpyKTypa npejJiaraemMoil CMCTeMbl ANS ANArHOCTUKU HEUCNPaBHOCTEN

AaHHble M P Avarsocruueckoe 3KpaH Mepconan

TCMS ARM I;%oelcﬁ:’e‘::: BbIBOAA no obcnyXuBaHuIo

PucyHok 3. 06111as1 CTpyKTypa npejjiaraeMou CUCTeMbl JIJisl AUAaTHOCTUKU HEUCIIPaBHOCTEN

KoHBepTep TATU U AUAarHOCTUKA HEMCIIPABHOCTEW UHBEpPTOpa

JJIeKTPOHHAsA [AWarHoCTHKa HEUCIPaBHOCTeW Oblia U3ydeHa MHOTHUMH UCCAe0BaTeNlsIMU
MeTO/laMU Ha OCHOBe MO/ieJiel, CHTHAJIOB U JJaHHbIX. GOu ¥ Ap. IPeIJIOKUJIU METOJ, IUAarHOCTUKHU
pa3/ioOMOB C OTKPBITbIM Iepek/uaTeseM [asd ofHodasHoro pektudukaropa PWM B
BbICOKOCKOPOCTHOM CHCTeMe TAT0BOTO IPUBO/iA XKeJle3HOU joporu [6]. Yu u Ap. u3y4daiu JUarHos
pPa3/I0MOB HaNpsKeHUS Y TOKAa JAaTUYMKa B TATOBBIX BbINIPSAMUTEIAX, @ 3aTe€M paclIMPUIA paboTy
Jlo MecTa pa3jioMa U uaeHTudukauuu tuna [7], [8]. Dong u Ap. npeyoXuad aJanTHUBHbBIN
MyJIbTUCEHCOPHBIA METOJ, [Ji1 BbICOKOCKOPOCTHBIX IpeoOpa3oBaTesiell TArM MOe3J0B C
UCII0JIb30BaHMEM BpeMeHHOTro 06y4yeHus [9], B To BpeMs kak Deng u Ap. mpeAcTaBUIU JIETKUU
MeTo MU puis HapylieHUH OTKPbITOTO Liexa B oJHOda3Hbix PWM BeinpsiMmuTensx [10].

HenaBHue wuccienoBaHusi TakKe IIOKa3bIBAlOT pacTyllee MCIOJb30BaHHUE TIJIyOOKOTO
00yyeHHs1 U TUOPUJHBIX METOLOB [JAJs1 AUAarHOCTUKU HWHBEPTOPOB U IpeoOpa3oBaTesiel.
[IpuMephl BK/IIOYAIOT yJydllleHHble OCTAaTOYHbIE CETH /Il JUAarHOCTUKU JepeKTOB HHBEPTOPa,
ob6HapyeHHe JlePeKTOB OTKPBITBIX BOPOT, OTKPBIThIX NepeKJlovaTesJeld U KOPOTKUX NyTeH,
TMOPUJIHBIA  3JIEKTPOPENbCOBbIM JUArHo3, JAeTeKTHpOBaHUe [ePeKTOB 3JIEKTPUYECKUX
COeIMHEHWH B MHJYKLUOHHBIX MalllMHAX, OHJIAaWH JUArHOCTUKY KOpOTKoro 3aMbikaHus IGBT, u
IPOrHO3UpPOBAaHKE HAJIEXKHOCTU UCKYCCTBEHHO-HENPO-CceTU AJis Tpexda3HbIX UHBepTOpOB [11]-
[16]. [lpyrue paboTbl ObLIM COCPEOTOYEHBI HAa TepMO3JieKTpudeckoM caussHuu s [GBT
MOJlyJiell, MOHUTOPUHIEe KOHJEHCAaTOPOB MOCTOSIHHOTO TOKa B JIBUTaTeJIbHbIX UHBEPTOpaxX U
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OOHapy>XeHHWU aHOMaJIUM [Jisl »KeJIe3HOLOPOXKHOI'0 0060pyZJ0BaHUSA C UCII0JIb30BaHUEM JAaHHBIX
MOHUTOpPHUHTra cocTossHuA [17]-[19].

[InaTdopMbl )Ke1e3HOA0POXKHBIX JaHHBIX U IPOTHO3UPYIOLee TEXHUYECKOe 006CIy>KUBaHUe

UccnenoBaHusl 1O TeXHUYECKOMY OOC/IYKMBAHUIO >KeJIe3HbIX JOPOr TaKKe Iepelliu K
niaTdopMaM JaHHbIX M MOJKJHOYEHHOMY MOHUTOPUHTY. XU M [Jip. NpeACTaBUIM MIaTPopMy
60JIbLIKX JJAHHBIX /1S IMAarHOCTMKU BBICOKOCKOPOCTHBIX c60€eB noesaa [2]. Gozali u fp. onucanu
yMHy10 kKoHUenuuio TCMS c¢ npeackasyolUMUA QYHKIUMAMH TEXHUYECKOTO OOCIY>KUBaHUA U
6e30MacHOM KOMMYHHUKAIMHU [3]. 3THU cuCcTeMbI MOKA3bIBAIOT A0JTOCPOYHOE HAlPaBJIEHUE, HO OHU
TaKxe TpebyT UHGPACTPYKTYpPbl U MHTETPALMU, KOTOpPblE MOTYT ObITh HEJOCTYIIHbI HA IEPBOM
JTalle B KeJIe3HbIX Jloporax Y3b6ekucraHa. [IpesiaraeMas JiokaJbHasi CUCTeMa, OCHOBaHHAas Ha
CKauyaHHbIX AaHHbIX TCMS, MoxeT, TakuM 06pa3oM, CTaTb MOCTOM C MEHbLIMM PUCKOM MEXAY
PY4YHOU MHCHEKLHEN U OYIyIIUM NPOTHO3UPYOLIMM 00Cay>KMBaHUEM.

HUccienoBaTeibCKUi npobes

YuuThiBasg TeKyllMe 3alJlaHUpPOBaHHble PEMOHTHblE PabOThl B JIOKOMOTHUBHBIX /[l€NO
Y36ekucTaHa, Hay4YHO-UCCIe0BaTeNbCKUI pa3pbiB MpPaKTUYeH U crneyupuyeH AJs JaHHbIX.
JluTepaTypa COAepPKUT CUJIbHbIE METO/Ibl /151 Ipeobpa3oBaTesied TArM, UHBEPTOPOB, JaTYNKOB
M MOHUTOpPHUHIA KeJIe3HbIX J0pPOr, HO eCTb OrpaHHWYeHHble OMyOJMKOBAaHHbIE PabGOThI MO
opdaliHOBON AuarHocTuke pasyioMoB ACU ¢ McnoJsib30BaHHEM HU3KOYACTOTHBIX KYPHAJIOB
passioMoB TCMS ot siokomoTuBOB Ha 6a3e HXD3C B Y36ekucrtaHe. JloCcTynHble JJaHHbIE €TI0
IIyMHbl U TNpeo6JsaZlal0T MNOBTOPSIOLUMHUCS YUCJAEHHBIMU >KypHajaM{, a He NOAPOOHBIMU
OMUCAaHUSAMU. ITO UCCIe[J0BAaHUE YCTPAHSET 3TOT pa3pblB, CO3/jaBasi CUCTEMY, KOTOpasi paboTaeT
c cymectByomwuMu TCMS 3anucsMu M IPOU3BOAUT YAOOHBIN IUarHOCTUYECKUU UHCTPYMEHT /151
NepcoHasa TEXHUYECKOIro 00CyKUBAHUA.

MeToaoJ10rus
00beM Hcc/Ie[OBaHUA U UCTOYHUKH JaHHbBIX

[eTtanbHas CTPyKTypa npeasaraeMoi cucTeMbl
ANS AUArHOCTUKN HEMCNIPABHOCTEH

) o

¥

E]E Munn-NK
‘v

[AuarHocTuyeckoe
no

'

@ BbiBoa
{
v ' v
i B| c
Npockorp i) NporHosuposanme

HeWCnpasHoCTel 6GyAyuwx HewenpasHocTed

PrcyHok 4. [leTasibHad CTPYKTYypa npezJiaraeMot CUCTEMBI
Ouncrka v nsBaedeHue coobiTuii ACU
Hctopuueckue faHHble o6pasia TCMS coneprkanu 16 733 cblpbIX 3anucen nepej 04UCTKON
JlaHHBIX. [[epBbIF AT 0YUCTKU yAaJUJ 3allMCH, KOTOPbIe He ObLJIM N0JIe3HbI JJI1S1 JUATHOCTHUKH, B

194  Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



Fault Diagnosis System for Auxiliary Converters in HXD3C Series Electric Locomotives

» o«

ToM yucse “NODISP (No display - HeT oTobpaxkeHnus)”, “Recovered (BoccTaHOBJIEHO)”, U ApyTrHe
COODILEHUSI COCTOSIHUSI 00CTY>KMUBAHU S UJIU HECTIeliuPHUUECKHX COOOIeHU M. ITO ocTaBusio 13 233
JIMarHOCTUYECKH ToJIe3HbIX 3anvced. Ha BTOpoM miare 6blIM BbIGPAHBI 3aIMCH, COJEprKalUe
kiao4deBoe c10Bo ACU, koTopoe mpousBeso 281 BcrmoMoraTe/bHbIM KOHBepTep 3aluced [Jid
$OKyCUpPOBaHHOTO aHaAJIU3a.

CpaBHeHWe U3MeHeHW 3HauyeHui (oo 1 nocne)

s e
B ocne

[
o
I

CpepHee 3Ha4yeHWe (norapuMuyeckan WKana)
=
[=]
=
I

PucyHok 5. CpefiHee cpaBHeHUe TapaMeTpPoB 10 ¥ nocsie ¢usbTpauuu ACU no omubkam

CnegyeT OTMETUTb, 4YTO NOJHBIK 3kcnopT JAgaHHbix TCMS HXD3C 3a juiuTesbHBIN
3KCIJIyaTallMOHHBIN Mepruo MOXeT cofepkaTh A0 27 000 cTpoK ChIpbIX AAHHBIX. ITH GaMJIbI
BKJIIOUAJ/IM MHXXEeHEepHble 3Ha4eHUs B POLeHTaX, 060p0oTax B MUHYTY, KM/4ac, aMIepax, BOJbTax,
a TakXXe YMCJIOBbIE MOJis 6e3 eAUHUL u3MepeHus. [/ coxpaHeHUs YeTKUX NapaMeTpoB AJis
BU3ya/M3alMy GblJI IPUMEHEH abCOMIOTHBINA MOPOT A0 U nocjie u3MeHeHust Ha 10% . 3ToT nopor
SIBJISIETCSI 3MIUPUYECKUM OGUJIbTPOM MEePBOM CTaJiMM, a2 He YHUBEPCAJIbHBbIM (PU3UYECKUM
npeseoM.

Cnenyrouie pucyHKH 5-7 MOKa3bIBAlOT pe3y/bTaTbl NpuMeHeHUs nopora 10% B pasHbIX
TUNAax BHU3yaJu3alUU. ['OpU30HTa/bHbIE CTOJIOYAThle JUarpaMMbl Jydlle HWJJICTPUPYIOT
3Ha4YeHUs C HauOOJIBIIMMU U3MEHEHUSIMU C MOMOLIbI0 aOCOIOTHOTO NPOLEHTHOTO U3MEHEHUS
noJiei nocae GUAbTPALUU NTOpPOra JJisl OAHOTO U TOTO e coobITHs ommnboku ACU.

U3 pucynka 7 BupHo, 4yto mnapamerp AC_DCLI (Tok 3BeHa NOCTOSTHHOTO TOKa
BCIIOMOTaTeJbHOTO Ipeo6pa3oBaTeisi) MoKasaJ HauboJibliiee abCco0THOe u3MeHeHue (66,67 %),
YTO MOXET YKa3blBaTbh HA HEUCIIPABHOCTb B COOTBETCTBYIOLIEN LIEMHU.

UccnepnoBaTesbCKUi aHA/U3 JAHHBIX U TOJITOTOBKA XapaKTEPUCTUK

UccnenoBaTenbCKUM aHaIW3 JaHHbBIX OblJI MCHOJIb30BaH IepeJ; TECTUPOBAHUEM MO/JEJH,
YTOOBI NOHSATH, KaK C TeUeHHUEeM BpeMeHU U3MEeHSJIUCh YK c/a ouMb6oK. ExxeJHEBHOe KOJINYECTBO
OIIMOO0K ObLJIO COCTABJIEHO JJISl IOUCKA IEPUOJ0B C BLICOKUM J1epEKTOM U BO3MOKHBIX KJI1aCTEPOB
(PucyHnoxk 8).
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o v nocne (NMHeNHLIA rpatuk, norapupmMnyeckas Wkana)
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PucyHok 6. /lo ¥ nocJsie cpaBHEHUS CTPOK /1/1s1 BbIOPAHHBIX T0JIeH BOKPYT COOLITHS OIIUOKU
BCIIOMOTaTe/JbHOTO KOHBepTepa

AbconoTHoe NpouUueHTHOE N3MeHeHMWe Mo NapaMeTpam

LC4_IpPeak

LC2_IsPeak

LC1_ Is_Rms_With_Ripple

66.67%

AC2_DCLI

Aux_CurrentLC3 28.05%

TM5_I_Peak

TM4_|_Peak

TM3_I_Peak 16.00%

TM1_|_Peak

0 10 20 30 40 50 60 70
ABCoONOTHOE W3MeHeHNe, %

PucyHok 7. AGCOJIIOTHOE MPOLIEHTHOE U3MeHEeHHe MoJiel nocjie GUAbTPALMK TOPOTOB AJIs
OJIHOTO U TOTO >Ke COObITHUS oMok ACU
Jlns  paszgeneHds HaA6JOJaeMOM I0OC/AeN0BAaTEJbHOCTU Ha TpeHJHble, Ce30HHble U
OCTaTOYHbIe KOMIIOHEHTHI UCI0JIb30BAJICS YYaCTOK passoxxeHUs (PucyHok 9). ITOT miar BaxkeH,
OTOMY UTO HepuIbTPOBAHHBIN 3KcopT TCMS BKJIIOUAET MOBTOPSIOINECS TPEBOTH CO MHOTHUX
CHUCTEM, U caMble YacThle COOOIIEHUST He BCer/ia CBsi3aHkbl ¢ noBegenueM ACU.
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Hanbonee yacTas HencnpaBHOCTL BO BpeMeHM (Mo aHaM)

HewcripasHocTs
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PucyHok 8. ExxefiHeBHOe 0011iee YKo OIIMO60K B HcTOpudeckoM skcrnopte TCMS o ACU-
cneqPprUyecKOro Mo/ieJIMpoOBaHUSA

VcxoAHbIl BpeMeHHON paa

500 4

400

300

200 4

100

TpeHa

300 4

250 4

150 4

100

50 4

Ce30HHOCTb

754

5.0 4

254

—254

5,04

~754

OcTaTku

200

100 4

04

—100 1

2024-08 2024-09 2024-10 2024-11 2024-12 2025-01 2025-02 2025-03 2025-04
Devb

PucyHok 9. PazsioxxeHue exxeJHEBHBIX CO0€B B Ha0J/Il0/laeMble CEPUU, TPEH/IbI, CE30HHBIE
KOMIIOHEHTBI U OCTAaTKHU
Ha pucynke 10 nokasaHbl JecATb HauboJiee YacThIX ONKMCaHUM cb6oeB A0 dunbTpauun ACU-
cnelMPUYHBIX 3anuced. ITOT rpaduK NOMOraeT MNOHATH, KaKue COOOIEeHUs 4allle BCEro
BCTpeYalnCch B MCXOAHBIX JaHHbIX TCMS. OH TakKe MOKa3bIBaeT, oYeMy Oblila HEOOXOAMMa
JIOTIOJTHUTE/IbHAsA QUJIbTpaLus, TaK KaK caMble 4acTble COOOLIeHHUS He BCerja OTHOCATCA K
pa6oTe ACU.
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[locne OYUCTKM HUCTOpPUYECKHE 3alNMCA ObLIM Npeobpa3oBaHbl B  BpeMeHHbIe
WHJEKCUPOBaHHble KoJinyecTBa OWMNOOK. [lepeKThl ObLIM CrpynmUpOBaHbI MO JaTe, HeJelle,
onucaHuio ouM60k U 610Ky ACU. [IoBTOpHBIE ONIMCaHU S OIIMOO0K ObIIM IPUOPUTETHBIMU, IOTOMY
YTO OHU NIPEOCTABJISAIOT 60Jiee CUIbHbBIE JOKa3aTeJlbCTBa 00C/AY>KMUBaHUs, YeM N30JIMPOBaHHbIe
OJHOpa30Bble TPEBOTU. JTOT BbIOOp TakXkKe COBMNAZAeT C MPAKTUKOMU Jeno: MOBTOPSILHEC
npeobpa3oBaTesid TpPeBOrM OoJiee TMOJIE3Hbl JJis IJIAHUPOBAHUS NPOBEPKH, 4YEM peJKUe
CO06LIeHUS C HEOO/IBILOK UCTOPUEH.

10 caMmblX YaCTbIX HEUCNPABHOCTE BO BpeMeHu (no aHAM)

OnucaHne HencnpasHoCTH
—8— [F1002P2] MCC :Alarm Chain Pulling
[FL002P2] MCC :Alarm Chain Pulling Recovered
—8— [NODISP] MCC : Energy saving mode is started
—e— [NODISP] MCC : Energy saving mode is started Recovered
—8— [NODISP] DMC : LRMS Health Fail Recovered
—&— [NODISP] DMC : LRMS Health Fail |
[F1501P2] MCC :Fire Detection Equip failed
—a— [F1501P2] MCC :Fire Detection Equip failed Recovered
[NODISP] MCC : All Wheel Slip
—&— [NODISP] MCC : All Wheel Slip Recovered

200 +
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PucyHok 10. [leciTb Hanbo0Jiee YacThIX ONMMUCAHUU c60€eB 3a BpeMs /10 duabTpanuu ACU-
cneuuPpUYHBIX

JluarsHoctuka pabouero npotecca ¥ npopuaakKTUIeCKoe 00CayKUBaHU e

[IpocToii paboyuid Tmpolecc HAYMHAETCd C 3IKCIopTa KypHasa omubok TCMS.
Hecnenuduunble 3anucu ypansoTcsa, coobiTuss ACU u3BJiedyeHbl, NOBTOPSIOLIMECS TPYIIbI
omn60k ACU paHXUPYIOTCs, 2 BbIOpaHHblE TAOJHIbl COOBITHH NMPOBEPSAOTCI HAa U3MEHEHHUs
napaMeTpoB 0 ¥ nocJe. [IporHo3upoBaHue NoMeniaeTcs Nocjae JUarHoCTUKU B CUCTeME, IOTOMY
YTO [0JIE3HOE Npe/iCKa3aHre 3aBUCUT OT NIepPBOTrO ONpe/ie/IeHHUs CTaOUIbHBIX U TOBTOPAOLIAXCA
Mozesied OWMOOK. BbIBOA TmpefcTaBiseT CcOO0W MNPOCTOM JUATHOCTUYECKUH OTYeT C
NpeAsoKEeHUSIMM KOpPHEBBIX INPUYMUH, a He aBTOMAaTH4YeCKoe pelleHHe M0 TeXHUYEeCKOMY
006CJIy>KWUBaHUIO.

Pa3paboTka u olieHKa MozeJien

Bl npoTecTupoBaHbl YyeThipe ceMeicTBa Mozesner. ARIMA ucnosib3oBasics B KayecTBe
CTAaTUCTUYECKOM 6a3bl AAaHHBIX AJsd MoJcYyeTa OWMOOK ¢ HUHAekcaMu jaTbl [20]. Prophet
MCIIOJIb30BaJICI B KaueCTBe BTOPOM CTAaTHUCTHUYECKOW 6a3bl JaHHbBIX, IOTOMY YTO OH MOXET
MO/JIeJINPOBAaTh TPEH/, U Ce30JIbHOCTDb C JUala30oHaMU HeomnpezeneHHOCTHU [21]. Random Forest
WCIOJIb30BaJICSI B KayeCTBe TPAJAMIMOHHOMW 6a30BOM 6a3bl MaUIMHHOTO OOy4YeHUs1 [Jis
HeJIMHEWHbIX CTPYKTYPHUPOBAHHBIX LIAOJOHOB [22], ¢ mOAAepKKOW BHEJPEHUs CTaHAAPTHBIX
MHCTPYMEHTOB MalIMHHOTO 06y4yeHus Python [23].
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XKypHans: TCMS OuMCTKA AaHHBIX Heuncnpasnoctn ACU
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Pucynok 11. [IpeyiocxkeHHbIN pabovrii MpoIecc Ha YPOBHE JAeMNo AJisl JUArHOCTUKHU
HEMCIPABHOCTEN BCIOMOTaTeJbHOTO KOHBEpTepa

B kauecTBe OKHa OLIeHKH UCN0Jb30Basics nocaeqHuM 30-1HeBHbIN cerMeHT. Ha pucyHkax 12-
17 npeacTaBJ/ieHbl pe3yJibTaTbl NPOTECTUPOBAHHBIX MO eJeMN.

0bLiee KoNM4eCTBO HeWcnpaBHOCTEN N0 BPEMEHU (ex<eHeBHO)
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PucyHok 12. O611ee KOJIMYeCTBO HEMCIIPABHOCTEM 110 BpeMeHHU (exxeJJHEBHO)
JTHW pe3ysbTaTbl MOKa3bIBAalOT, HACKOJIbKO XOpOIIO MOJEJU BOCIPOU3BOAAT GOpMY
IpPOrHO3a, pearupyrwT Ha pe3Kue H3MeHeHHS OIIMO0K U MOTYyT MCINOJIb30BaThCa [JIs
omnpejesieHNUs1 IPUOPUTETOB 0OCIY>KUBAHUS..
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MporHos ARIMA (Ha3ap)

OnUcaHWe HeMCNpaBHOCTH
—— ®aKTW4ECKWE HENCMPEBHOCTK
»  Nporxos ARIMA
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PucyHnok 13. [Iporuo3 ARIMA (Ha3aj, efjiHast TO4Ka)

MporHo3 ARIMA 3a 30-AHeBHbI nepuoa

OnKcaHWe HencnpaBHOCTM
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PucyHnok 14. [IporHo3 ARIMA no cpaBHeHUIO ¢ GAaKTUYE€CKUM YUCJIOM OIIUOOK
BCIIOMOraTeJIbHOTO peobpa3oBaTesisi B TeueHue 30-AHEBHOTO Nepuo/ia

Jlia Moziesn Takke 6blau paccuutanbl MAE, MAPE u R% O6paTHas pekoHcTpykuusa ARIMA
MCIIOJIb30BaJIaCh TOJIbKO KaK JUarHOCTUYecKas MpOBepKa, a He KaK OCHOBHOM IOKasaTesb
3¢ PeKTUBHOCTHU
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MporHos Prophet 3a 30-gHeBHbLIN Nepuog

On1caHne HeMCNPaBHOCTU
—— ®aKTWYEeCKWe HEMCPaBHOCTIA
——- MporyHos Prophet
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PucyHnok 15. [IporHo3 Prophet c uHTepBa/ioM 10BepHs N0 CpaBHEHHUIO C GAaKTUIECKUM
YUCJIOM OIMUOO0K B TeueHUe 30-HEBHOTO Nepro/a

MNporxo3 Random Forest 3a 30-gHeBHbIA Nepvog

OnucaHue HeWCNpaBHOCTH
—— ®akTW4YeCKne HeNCnpaBHoCTH
=== Mpornxos Random Forest
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PucyHnok 16. [Iporio3 Random Forest no cpaBHeHHU10 ¢ paKTUYECKUM YU CIOM OLIUOOK
BCIIOMOraTeJIbHOTO peobpa3oBaTesisi B TeueHue 30-AHEBHOTO epuo/ia
LSTM 6b11 UcnoJsib30BaH B KauyecTBe MOJEJNU MOC/AeJ0BaTeJbHOCTU TJ1y60KOro obydyeHus,
NOTOMY 4YTO MOBTOPSAWIIMEcsS BOpPOTa MNaMATU MOTYT M3y4yaTb BpeMeHHble 3aBUCHMOCTU B
HeperyJsipHbIX 0CAeJ0BaTeIbHOCTAX [24].

Eurasian Journal of Applied Engineering and Technology (EJAET) N92(155)/ 2026 201



Davran Radjibayev, Jasur Anarkulov

MporHos LSTM 3a 30-aHeBHbIA Nnepron

OMUCaHWe HEeUCMPaBHOCTU
—— DaKTWYECKME HEWMCNPABHOCTH
=== MporHos LSTM
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PucyHnok 17. [Iporuo3 LSTM no cpaBHeHHIO ¢ paKTUYECKUM YHUCIOM OILIUOOK
BCIIOMOTaTeJbHOI0 KOHBepTepa B TedeHUe 30-4HEBHOI0 lepuo/ia OLeHKHU

Ta6auna 1. Mogenu HiOI‘HOBI/IEOBaHI/IH, OlleHeHHbIe B UCCJIeJOBAHHH.

[IpocToil opueHTUp [/ MOJCYETA

ARIMA CraTtuctuueckas 6a3a JaHHbIX o o

OUIMOO0K C MHJEKCUPOBAHHOM JAaTOM
CraTucTHYecKoe

TpeHa, C€e30JIbHOCTb U BbIXOJ, B

Prophet NpPOTHO3UPOBAaHUE 0A30BOTO ;

JiMana3oHe HeonpeJeJéHHOCTH
YPOBHS

HennHelHoe pacno3HaBaHUe
TpaguuuyoHHas 6a3a

Random Forest abJ0HOB B  CTPYKTYPUPOBAHHBIX
JIAaHHBIX [0 MOJCYETY OMIHUOOK

BpemenHoe oby4yeHue J1st
HeJIMHENHbIX U HeperyJsipHbIX

1ocJIef0BaTeJIbHOCTEHN OIINO0K

MalllKHHOTO 06y‘{6HI/IH

MO,Z[e.Hb rnocjegoBaTeJIbHOCTH

LSTM
rJIyb0KOT0 00y4YeHUs

Pe3yibTaThl U 00CYKAEHUE

Pacnpenenenve HercnpaBHocTel ACU

Ha6op pannbix ¢ duabTpom ACU nokasas NOBTOpPHBIE BCIOMOraTe/bHble FPYIIbl 0TKAa30B
npeobpa3oBaresis. Hanbosiee yacTbiMU peKopJaMU OblLIM HWHBEPTOPHbIE BOPOTa HU3KOTO
HanpsbkeHusi B ACU1 u ACU2, KaxJblii M3 KOTOpbIX NMpoucxoaus 6OoJiee yeM B 20 pa3 B
3aperucTpUpOBaHHOM Iepuoze. Jlpyrve noBTOPAOLKAECS TPYIIbl BKJAKOYAIA B ceb651 BXOJHOE
Hanpsi>keHue MepeMeHHOTO TOKa, UHBEPTOpPHbIe COOBITHS KOPOTKOTO 3aMbIKaHUS U COOBITUSA
neperpysku ¢asbl BbIBOJA. DTOT pe3yJibTaT MoJIe3€eH AJs JUAarHOCTUKH, IOTOMY YTO NOBTOPHbIE
coobiTuss ACU OoJsiee [eWCTBYIOT, YeM H30JMPOBaHHble TpeBOTU. [loBTOpHBIE COOOIEHUS
HU3KOT'0 Halpsi>KeHUs] BOPOT MOTYT HANPaBJIATh IEPCOHAJ 110 00CAYKHUBAHUIO K MMTAaHUIO BOPOT-
JlpariBepa, yCJI0BUIO Mpeobpa3oBaTesisi-MOAYJs, CTAOUJIBbHOCTH MOCTOSTHHOTO TOKA, KayecTBY
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BCIIOMOI'aTe€JIbHOIO BXOJHOI'O IIHTAHHA, OXJAXIE€HHUWIO KW KOHHEKTOpa. PelTUHT JO0JI2KEH
paCcCMaTpHUBATbCA KAK JUATHOCTHUYECKAA OTIIPABHAA TOYK4d, a HE KaK aBTOMAaTHUYEeCKHUM BEPAUKT
MNPHUYHUHBIL

Ton-10 Hanbonee YacTbix HEMCNPaBHOCTEN NO BpeMeHW (exeHenenbHo)

> OnucaHne HencnpasHOCTKM
—8— [F0602P1] ASCU1: INVERTER GATE LOW VOLTAGE FAULT
—e— [F0702P1] ASCU2: INVERTER GATE LOW VOLTAGE FAULT
[FO702P1] ASCUZ2: AC INPUT OVER VOLTAGE
—8— [F0602P1] ASCU1: INVERTER SHORT CKT
[FO802P1] ASCU3: AC INPUT OVER VOLTAGE
—8— [F0602P1] ASCU1: AC INPUT OVER VOLTAGE
[FO702P1] ASCU2: INVERTER SHORT CKT
151 [FO802P1] ASCU1: AC OUTPUT B - Phase OVERLOAD
—8— [F0602P1] ASCU1: AC OUTPUT Y - Phase OVERLOAD
—&— [F0602P1] ASCUL: AC OUTPUT R - Phase OVERLOAD

204

10 4

KonnyecTso cayyaes

1,01"“\‘
UCyHOK 18. ExxeHeZles1IbHOe MTOABJIeHHE BEPXHUX BCIIOMOTaTeJIbHbIX TPYII OTKa30B
P 18.E
npeo6paszoBaresiss ACU nocsie uabTpanuu

Mopenb cpaBHeHUA

Jlna cpaBHeHUs MoJesied OOBIYHO PACCYUTBIBAIOTCA MO pe3yJbTaTaM MPOTHO3WPOBAHMUA
OTKA30B M NMOKa3bIBAIOT TOYHOCTh KaXKA0U Moaesu. MAE (cpeaHss abcostoTHas omrMboka) u MAPE
(cpenHsist abcoil0OTHAsA NMPOLEHTHAasA OUIMOKAa) MOMOTalT MOHATh, HACKOJbKO CUJIBHO NMPOTHO3
OTJIMYAETCS OT peasibHbIX 3HAaYE€HUN B aOCOJIIOTHBIX M IPOLEHTHBIX OlIMOKax. R? (koadpdunueHt
JleTepMUHAlMM) MOKa3blBaeT, HACKOJbKO XOPOLIO MOJesib 06bsCHAET U3MEHEHUSI B JAHHBIX,
no3ToMy mMoziesb ¢ MeHbIIUMU MAE u MAPE u 601b11MM R2 cunTaeTcs 6osee TouHOH [25], [26].

CraTtuctryeckue 6a30Bble JIMHUU ObLIM NOJIE3HBI [AJi CpPaBHEHHUS, HO ObLIM C/aabbIMU
KaHAUJaTaMM B JUAarHOCTUKY 3Toro Habopa faHHbIX. ARIMA 6b1L1 4yBCTBUTEJIEH K BHE3AMHbIM
M3MEeHEeHUAM U He XOPOUIO CJIejvJI 3a KJlacTepaMu No/icyeTa OIUO0K.

Prophet co3pan 6osiee rnagkre NporHo3bl U MoJie3Hble JUana3oHbl HEONpeeJIeHHOCTH, HO
3TO TakKXKe He O4YeHb TOYHO Ha OCTPBbIX NHKaxX. JTH pe3yJbTaThbl MOKAa3bIBAOT, YTO YUCTO
CTaTUCTUYECKOe CrJaKMBaHHE MOXeT [pPONYyCTUTb BHe3alHble KJacTepbl OTKa30B
npeobpa3oBareJis B JIoTaX HU3KOYACTOTHBIX JETIO.

Random Forest ciefgoBan o61eit cxeme jydlile, 4eM CTaTUCTAYECKHE 6a30Bble IMHUU, HO €TO
NPOTrHO3bl ObLIM MeHee CTabUJIbHbIMY, 4eM LSTM B TeueHure BbiOpaHHOTO 30-AHEBHOTO MEPUOAA.

Mogenb LSTM mnocnenoBasia 3a GakKTUYeCKOW TeHAeHILMel O6oJiee MOC/AeA0BaTeJbHO U
3axBaTuJia TJIaBHbIM IEepPUOJ C BBICOKOM OUIMOKOM Jydylle, 4yeM Jipyrde NpOTeCTUpPOBaHHbIE
MoJZle/d. JTO He O3HayaeT, 4YTO MoOJieJlb TOTOBa K aBTOHOMHOMY [POTHO3WPYIOLIEMY
TEeXHUYECKOMY O0OCIYKMBaHUI0. JTO 03HauyaeT, 4TO LSTM O6bLI1 caMbIM CHUJIBHBIM KaHJAW/JATOM
Cpelu NpPOTeCTHPOBAHHBIX MoJesiel [Jisl JajbHellled NpPOBEpPKUM B KayeCTBE WHCTPYMEHTa
ypoBH4 Aeno. Kak Mozenb rinybokoro ooydenus LSTM MoxeT cTaTh Jiydllle U TOYHee 10 Mepe
yBeJInueHus Habopa AaHHbIX (Tabsuua 2, 3).
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Ta6auna 2. CpaBHEeHHE TOYHOCTH YeThIpex Moesien 3a 30-1HeBHBIN IepHUOo/J; OLIEHKH.

LSTM 20.54 30.15% 0.71 Bricokas
Random
Forest 27.80 38.60% 0.58 CpepHsasa
Huskas-
Prophet 34.70 47.10% 0.45 cpefHsasa
Huxe
ARIMA 39.25 52.40% 0.34 cpenHen

Ta6usuna 3. CiaBHeHI/Ie Mo/eJier AJig IUarHOCTUKH OoTKa3oB ACU

[lepcniekTHBHAsA MOJe/Nb AJiS JaJlbHENIIEN
LSTM Bricokas BaJIMaLlu U

[Tosie3Ha Kak 6a30Basi Mo/jieJib; TpebyeTcs
Random JIONIOJIHATEJ/IbHAsi HACTPOMKA M MPOBEPKaA MO

Forest CpenHsas JIOKOMOTHBaM

Ciabo crpaBJisieTcsl ¢ pe3KUMU U3MEHEHUSIMU

ARIMA Huxe cpeiHen KOJIMYEeCTBA OTKA30B B IAHHOM Habope JaHHbIX
Huskas- [TogxoauT f/1d BU3ya/IM3aliMM TPEHA0B, HO He

Prophet | cpegHss pEKOMEHYeTCs KaK OCHOBHAs MOJieslb

PesysibTaThl OKa3bIBalOT, YTO UcTopuyeckue 3anucu TCMS u ACU MoryT noazepKrBaThb
JIMarHOCTUKY HEHCIIPAaBHOCTEMN BCIIOMOTraTe/IbHOr0 Npeobpa3oBareid B JokoMoTHuBax 0'Z-EL Ha
6a3e HXD3C. OcHOBHOe 3HayeHMe 3aK/I4aeTcs B Ipeobpa3zoBaHUU IyMHOro akcnopta TCMS B
MeHbIIMU MW OoJiee YeTKUW Habop mnoBTopAwLuxcA rpynn passiomoB ACU, koTopble
00CTY>XUBAKILUKA [epCcoOHaJ MOXeT CHadajJla OCMOTpeTbh. IJTOT JUAarHOCTUYeCKUW Iar
HeoOXoJWM, MpexJe 4YeM IpeJAcKa3aTeJbHOe O0O0C/Ay:KMBaHHE MOXET ObITb NPUMEHEHO C
YBEPEHHOCThIO.

Pesysnprar LSTM TexHu4yeckM 000OCHOBaH, TaK KaK BCIOMOTaTeJbHble OLINOKHU
npeobpa3oBaresisi HeJWHEUHbl W HeperyJsapHbl. OHM MOrYT OBITb 3aTPOHYTHI NpodUIEM
MaplIpyTa, Harpy3Kod JIOKOMOTHBOB, TeMIepaTypol OKpy»Kalwlled cpefbl, YCJI0BUEM
OXJIQXK/eHHsl, CTApeHUEeM KOMIIOHEHTOB, Ka4eCTBOM BCIOMOTraTeJbHOr'0 CHAaOXKeHUs], HeJJaBHeH
UCTOpHEN pPEeMOHTA U ynpaBjieHHeM. CTaTUCTUYeCKHe 6a30Bble JIMHUHW MOJIE3HBI A IJ1aJKON
TEeHJEeHIUM U CE30HHOTO Pa3BUTUSI, HO OHU MeHee MOAXOAAT, KOrja MocCJe[0BaTeJbHOCTh
COEP>XUT CKOIJIEHUMS BHe3amHbiXx ouinb6ok. Random Forest moxeT wW3y4yaTb HeJIMHeNHble
11a6JIOHBI, HO OH, eCTECTBEHHO, HE MO/JIeJIUPYET NMOPAL0K BpeMeHH, ec/1d QYHKLUHU 3a/|eP>KKU He
paspaboTtanbl TuateabHo. LSTM siydiie BbIpaBHUBAETCS C CTPYKTYPOM MOCJe[0BaTENbHOCTH
INOBTOPHBIX YHCEJ OIIUOOK.

MogenbHble U CEHCOpHble MCCIeNOBaHUS 00eCrneuyuBalOT CUJIbHblE CUTHATYpPhl OLIMOOK,
Korja TpebyeMble M3MepeHUsl UM COCTOSAHUSA paboThl goctynHbl [6]-[10]. HempaBHue HUU u
rubpu/iHble MeTO/bl IOKa3bIBAalOT, YTO OIIMOKM mnpeobGpas3oBaTess, HMHBepTopa, IGBT wu
KOHJleHCaTopa MOTYT OBbITb OOHApYXXeHbl C MOMOLIbI M3y4YeHHBbIX IabsoHoB [11]-[19].
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HUccnenoBaHus Kele3HOL0POKHOM NIaTOPMBI JAaHHBIX NIOKA3bIBAIOT, KaK Takas JAUarHOCTHKaA
MO>KeT ObITh MaclITabMpoBaHa B 60Jiee KpyIHble CUCTEMbI TEXHUYECKOT0 00CayKMBaHu4 [2], [3].
HblHelHee ucciefoBaHUe OT/AMYAETCA TeM, YTO QOKycupyeTcs Ha NpobseMe MeHbLIero, HO
IPaKTUYEeCKOrO JleNlo: UCIO0Ib30BaHNe yKe JOCTYNHbIX JaHHbIX TCMS /14 aHanu3a olnb60K A0
BHeJIpeHUs MOJHOU n1aTGopMbl MOHUTOPUHTA B peaibHOM BpEMEHU.

/11 IpaKkTUKU Jleno IpejJiaraeMasl CUCTeMa MOXXeT COKpPaTUTb BpeMs py4HOro o630pa,
aBTOMaTUYeCKU Bbljessil NOBTopsuMecs rpynnbl omnbok ACU, nokasbiBasi MNOCJIeJHUE
TeH/IeHLIMM OLIMO0K C BM3yaJlbHbIMHU rpadaMu, YTOObI Ce/laTh ero Jerko aHaJM3upoBaTh Ha
nepBblil B3rJA. Hanpumep, NOBTOpHbIE HHBEPTOPHbIE CUTHAIM3ALUM HU3KOT0 HANPSXKEHUS B
ACU1 nsin ACU2 MoryT HanpasJIATh LieJleHallpaBJeHHble IPOBEPKH MUTAHUA BOPOT-ApauBepa,
coctossuus IGBT/Moayns, mnoBeJieHUSI TOCTOSHHOTO TOKAa, BCIOMOTaTeJbHOr0 BXOJHOIO
HanpsKeHUs, OXJIaXK/JeHUs U MPOBOJKH /0 CJeJyIOlero cepbe3Horo c6os. UHkeHepobl Bce elle
NPUHUMAIOT OKOHYATeJIbHOE pellleHue; MO/JieJib OpraHU3yeT TOJIbKO JJ0Ka3aTebCTBa.

UccnenoBaHue Takke NOJJep>XKUBaeT NOCTAaHOBKY LudpoBusanuu. [losHas mniatdopma
JIUCTAaHIIJMOHHOTO MOHUTOPHHIA OCTaeTCs JO0JIOCPOYHBIM HalpaBJeHUEM /JJis 3JIeKTPOBO30B
HXD3C B Y306ekucTaHe, HO OHa TpeOyeT HaAEKHOM KOMMYHMKAIMM, 6e30MacHOro obMeHa
JIAHHBIMU, TPUOOPHBIX MaHeJ el U UHTEerpanyuy TEXHUYEeCKOro 06CayKUBaHUS.

[IpeasioxkeHHbIN 37ech odpdialiH paboyuil mporecc MpeAcTaB/seT cOO60M NMepBbIM 3Tam C
MEeHBIIIMM PHUCKOM, IOCKOJIBKY OH UCNOJIb3yeT cyuecTByowmui akcnopt TCMS. [locne npoBepku
Ha OOJIbIIMX W MOATBEPKJEHHbIX PEMOHTOM HabOpax JAaHHbIX TaKas ke JIOTUKA MOXET ObITh
nepeMelleHa B peajibHO€e BpeMsl UJIK B 00JIaYHYI0 Cpeay.

OrpanvyeHud

OcHOBHBIE OTpaHUYEHUS UCCIeJOBAaHUSA CBAA3aHbI C JaHHBIMU. Habop JaHHBIX He COLEpPKUT
HeNpepbIBHBIX BbICOKOYACTOTHBIX CUTHaAJOB mpeobpa3oBaTresied. [logMHOXKeCTBO [JaHHBIX,
cea3aHHoe ¢ ACU, Bkuro4yaer TOJIbKO 281 3amuch, 4TO HELOCTAaTOYHO [JIA HAJEXHOTO
npuMeHeHHs1 MeTO/I0B IIy6okoro ooy4yeHus. [lopor uamenenusi napametpoB B 10% 6bl1 BbIOpaH
3MIHUPHUYECKH, IOITOMY ero Heo6X0AMMO MPOBEPUTH Ha 0OJIbIIEM KOJIMYECTBE JIOKOMOTHBOB,
CEe30HOB, MapLIPyTOB U JAHHBIX TEXHUYECKOTO OOCAy:KMBaHUA. B OyAymiux HccaeLoBaHUAX
cieflyeT HUCHOJIb30BaTh 0oJiee KPyNHble HAaOOpPbI JaHHBIX, YYUTBHIBATb Ce30HHbIe 3QPEKTHI U
CpPaBHUBATh pe3yJIbTAaThl MOJEJIU C Pea/IbHbIMU pe3yJibTaTaMH TEXHUYECKOT0 00CTYyKUBaHUS.

3aK/IloueHue

B [faHHOM cTaTbe npeAcTaBjeHa JIOKaJbHasd CHCTEMa JAUAarHOCTUKHA HeHWCHpaBHOCTeH
BCIIOMOTaTeJIbHbIX Ipeobpa3zoBaTesiel B asiekTpoBo3ax 0'Z-EL Ha 6a3e HXD3C. MeTo ouuniaeT
ceipble 3anucu TCMS, ynanseT HecienudUuiyeckre cO00LeHNs, U3BJIEKAET COObITUS, CBSI3aHHbIE C
ACU, 3kpaHBbl [j0 U4 [10CJie U3BMEHEeHU U TapaMeTpOoB, paHXUPYeT MOBTOPSAIOLIMECS IPYNIbI OLIMO0K
ACU u cpaBHuBaet mojzenu ARIMA, Prophet, Random Forest u LSTM pgna KpaTkocpoyHOH
JMarHocTuyeckor mnoaaepxku. Cpeaud ucnbiTaHHbIX MoJened LSTM  pgan  Haubosiee
nocaenoBaTebHbIN 30-aHeBHBIN pe3yabTaT, ¢ MAE = 20,54, MAPE = 30,15%, u R2=0,71. ARIMA
u Prophet 6b11M noJsie3HbIMU 6a30BBIMM JIMHUSIMHU, HO He CJIe[J0BaJIU KJacTepaM XOpOIlo, B TO
BpeMs kak Random Forest npefiocTaBu/1 nosie3HbIA NIPOMEXYTOYHbINA OPUEHTHP.

Pabounii mpouecc noAXoAUT KaK NPOMEXKYTOYHbI WHCTPYMEHT J[Jisl >KeJe3HbIX J0pOor
Y36ekucTaHa, Tak Kak OH paboTaeT C CylleCTBYWOIIMMHU 3arpy>KeHHbIMU JaHHbIMU TCMS u He
TpebyeT HOBBIX JAaTYMKOB Ha IepBOM 3Tame. BaXHOW 1 eHHOCTbIO fIBJASIETCA 4YaCTUYHO
aBTOMaTU3WPOBaHHAsl JAMArHOCTUKa owK60K. Ero Oyayias 1eHHOCTb - NpeJcKasaTesJbHOe
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o6Cy>KMBaHUe, HO 3Ta CTaAUsl JIODKHA OBbITh peasiM30BaHa TOJIbKO IMOCJe 60JIbLIUX HabOpoB
JIaHHBIX U IPOBEPKHU JIOKOMOTHUBOB.

JloCTYyIIHOCTb JJaHHBIX

HabGopbl faHHBIX 1O TexHHYeCKOMY o6cayxuBaHuio TCMS, ucnosnb3yeMble B JAHHOM
UCC/Ie[JOBAaHUM, SIBJSIOTCA BHYTPEHHHMH OINEpPalMOHHBIMU 3alUCMU O JeATeJbHOCTH IO
TEXHUYECKOMY OOCJIYKMBAHUIO KeJie3HbIX Jopor. OHM He JOCTYyNHblI NMyO6JUYHO, TOTOMY 4YTO
coZiep>KaT ONepaTUBHYIO U ciequPprUiecKyo HUHPOopMaLHUIo.
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Fault Diagnosis System for Auxiliary Converters in HXD3C Series Electric Locomotives

Abstract. This paper proposes a fault diagnosis system for auxiliary converters (ACUs) in
HXD3C-based electric locomotives operating on the railways of Uzbekistan. Auxiliary converter
faults are critical because they affect traction motors, cooling systems, compressors, and other
auxiliary equipment required for the safe operation of locomotives. Currently, fault investigation
in locomotive depots of Uzbekistan mainly relies on visual inspection and manual analysis of large
fault logs exported from the Train Control and Monitoring System (TCMS). This process is time-
consuming and highly dependent on personnel experience, which may result in important fault
patterns being overlooked in historical records downloaded from the TCMS. The proposed system
consists of three main components: an ARM-based mini-computer, diagnostic software integrated
with a machine learning model for future predictive maintenance applications, and a display unit
for presenting and transmitting diagnostic results to maintenance personnel. The proposed
approach uses TCMS fault logs and auxiliary converter records as input data. Dedicated software
then analyzes the collected data and generates conclusions, visual statistics, and recommendations
for possible maintenance actions related to ACU failures.

Keywords: HXD3C; O'Z-EL electric locomotive; auxiliary converter; TCMS; fault diagnosis; railway
rolling stock maintenance; LSTM; predictive maintenance readiness.
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MeTouKa M 060pyA0BaHUE AJIs NPOBeJeHMs UCNIBITAHUM 00pa3L0B
CTajied B AUCTU/JIMPOBAHHOM BOJ€e BbICOKOU TeMIlepaTypbl U
/laBJIEeHUA

X.A. AomienoB “ , B.P. ApanoB *“ *, K.K. CeliTKazeHoBa " ,
B.H. [leyepckui “ , b.b. Kanib16ek

I0stcHo-KazaxcmaHckuii yHueepcumem um. M.Ay3azoea lllvimkenm, KazaxcmaH

E mail:hasen8585@mail.ru, b.arapov@rambler.ru, kseitkazi@mail.ru, vn-
pecherskiy@mail.ru, . bakdaulet.zhailybek@mail.ru

AHHOTanMa. B craTbe omnuceiBaeTCs KOHCTPYKLHUS pa3pabOTaHHOTO U
M3TrOTOBJIEHHOTO  WCHBITATEJBHOIO  CTEeHJQ, KOTOPbIM COCTOUT M3
HENOCPeACTBEHHO  UCHBITATEJbHOM  KaMepbl W BCIIOMOTaTeJbHOrO
000pyl0BaHUS, BKJIKOYAIOLIEr0 HACOC BBICOKOTO JaBJIeHUs, peCUBep, Oala0H
CO CKAaTbIM HWHEPTHBIM ra3oM U COeJUHUTesIbHble TpybonpoBoAbl. CTeH]
obecrieumuBaeT npoBeJieHue WCIBITAaHUU 06pasiuoB crajied B
JAUCTUJUIMPOBAHHOW BOJle BBICOKOW TeMIlepaTypbl M [JlaBJeHUS Ha
cTaThyeckoe JepopMHUpOBaHUE C PA3JIMYHbBIMU CKOPOCTSIMMU pPACTSKEHMUS, a
TaKKe Ha UUKJIUYeCKOe MaJIOLUKJIOBOE CUMMETPUYHOEe HarpyXeHue.
OT/IM4YUTENBHON 0COOEHHOCTBIO CTEH/1A SIBJISIETCS BO3MOXKHOCTb NPOBE/IEHUSA
UCNBITAaHUWA 00pasloB CTajJell C BBICOKOW TOYHOCTBIO ONpeJesieHUs UX
CTaTUYECKUX MEXaHUYECKUX XapaKTEePUCTHUK U LIUKJIUYECKOW NMPOYHOCTHU. B
UCIIBITaTeJIbHOU KaMmepe peas30BaHO TOYHOE onpejeJsieHue
NPUKJ/IAAbIBAEMOr0 YCUJIUS K UCIIBITYeMOMY 00pa3lly, HaXoAsLeMycsl B BOJie
BbICOKOM TeMIepaTypbl, M H3MepeHUe ero gAedpopMaluil KOCBEHHBbIMU
MeTO/laMH C UCII0JIb30BAaHMEM NIpeIBAPUTENBbHO IOCTPOEHHBIX TAPUPOBOYHBIX
rpadukoB.. C IOMOLIbIO JAHHOTO CTeH/Ja MpPOBeJEeHbl UCIBITAHHUS 00pa3L0B
crany 10'HZM®A Ha craTuyecKoe pacTsKeHMe B BO3JyXe U B
JAUCTUJIMPOBaHHOU BoZie mpu TeMnepaType 280 2C. [losrydeHHbIe pe3yJibTaThbl
NI0Ka3aJiy, YTO MPOYHOCTb CTAJIU IPAKTUYECKU He U3MEHSEeTCH, TOTZA KakK ee
IJIaCTUYECKHe CBOMCTBA CHUXKAKOTCS, UYTO HEOOXOAWMO YYMUTBIBAaTh NpHU
OlleHKe Ha/Ie)XHOCTU 3JIEMEHTOB 3HEPTEeTUYECKOT0 060PY/I0BaHUS.
Knw4yeBble cjioBa: pa3paboTKa, MCObITATEJNbHbIM CTEH/J, HCIbITAHUE,
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BBegeHue

CBoyicTBa MarTepuasa, XapaKTepu3ylOllhe ero CONpPOTHBJIEHHWE KOPPO3UOHHOMY
pa3pylIeHUI0, TPELUHOCTOMKOCTD U JIJINTEbHYI0 NPOYHOCTD, B TAKOM KOPPO3WOHHOM Cpejie, KaK
peakTopHas BOJa, AOCTOBEPHO MOTYT OBITh ONpeJeseHbl TOJbKO 3KCIIePUMeHTa/JbHbIM MyTEM.
[Ipu 3TOM HcnbITaHMA 00pa3LOB CTaJled JOJKHBI ObITh NPOBEAEHBI B YCJOBUAX, UJEHTUYHBIX
COOTBETCTBYIOUIMM YCJOBUSAM 3KCIJIyaTalluM 3J1eMEHTOB KOHCTPYKLUKA. OCOOEHHO 3TO BaXKHO B
cy4dae, KOrja NpUHATBINA pacieTHbIM 3KCIJIYaTallMOHHBIN CPOK CY>KObl HENMPEPBIBHOU pabOThI
obopyoBaHUA cocTaBisdgeT nopsaaka 50 jieT u Bblille. Takue sKCHJyaTaljMOHHbIE YCI0BUS, KaK
HaJIM4ue BO3JEeWCTBUS BBICOKOM TeMIepaTypbl M JaBJjieHHWS paboded cpeJibl, XapaKTepHBI
HeCyLIUM 3J1eMeHTaM 000py0BaHUS dIHEPTeTUYEeCKUX YCTaHOBOK.

OcHOBHBbIE 3/1eMEHTHI KOPIYCOB aTOMHBIX PEaKTOPOB, TPyOONPOBO/OB, TapOTeHepaTOPOB,
apoINpOBO/OB, HECYIIHE 3JIEMEHTHI TEIJIOBBIX KOTJIOB UCNIBITHIBAIOT BO3/J€ICTBHE OKpY KaloL el
cpeZibl, CTaTHYeCKUX, LUK/JIAYECKUX, TepMOMeXaHWYeCKUX Harpys3oK, BCJeACTBHE 4Yero
NO/BEPralTCcs KOPPO3MOHHO-MeXaHU4YeCKOMy paspyulenuto [1, 2, 3].

OfHMM U3 HauboJlee BaXKHbIX GAaKTOPOB, YTPOXKAKOLUX 6€30MaCHON 3KCIIyaTalluh aTOMHBIX
3JIEKTPOCTAHL UM SBJIAETCS KOPPO3UOHHOE pacTpecKkMBaHue moJ, HampsbkeHueM (SCC) B
JIETKOBO/ISIHBIX PEaKTOpax.

Koppo3noHHoOe pacTpeckuMBaHHe MOJ HaNpsKeHUWEM SBJISIETCS NMPUYUHOW 3HAYMTEJTbHBIX
c60eB B 0OCHYKMBAaHWHM, OHO MOXET BO3HUKATh B 00J1aCTH KOHIEBbIX AeTased TB3Jlos, B
cucTeMax TpPyOONpPOBOJOB C TENJIOHOCHUTENSIMU, B MeECTaxX CONPSHKEHUsS TPyOONpPOBOAOB C
KOPIIyCOM peaKTOpa, B CBApPHbIX COEJJUHEHUSX, 3TO OYEHb CJOXXHBbIA MEXaHU3M pa3pylLleHud,
N03TOMY €ro NPOrHO3MPOBAHUE AABJISIETCS HENIPOCTOU 3a/ia4en.

Jlnsl BO3HUKHOBEHUSI KOPPO3WM II0J, HaNpsPKeHWEM [IO/DKHbI IPUCYTCTBOBATb TPH
06513aTe/IbHBIX PAaKTOpa: pacTArMBawllee HalpsKeHre, OKpy:Kalolias cpe/ia U BOCHPUMMYUBbIN
MaTepuas. Eciiu BHECTH M3MeHeHHUs B JI0OOH M3 3TUX PaKTOPOB, TO BOCIPUUMYUBOCTb K SCC
4acTO MOXeT ObITb yCTpaHeHa WJMU CHWXeHa. PacTsAruBarwoliee HanpsiKeHUE MOMXKET ObIThb
BbI3BAHO OCTATOYHBIMU HANPSKEHUSMH, 3KCIJIyaTallMOHHBIMU Harpy3kaMH, CTPYKTYPHBIMU U
MeTa/l/IlypriieckuMu ¢akTopaMM, TaKMMH KaK pa3Mep 3epHa, TepMHuecKas o00paboTKa,
X0JIofiHasA 00paboTKa W, HakoHel, QaKTOpaMH OKpYXKalollleld cpefibl, KOTOpble 3aBUCAT OT
XMMHUYECKOI'0 COCTaBa BO/bI U paboyeil TeMnepartypsl [4].

OfHaKo 3TOT TUN pa3pylleHus SABJSETCS BHe3alHbIM, U €ero TPYAHO Npe/cKa3aThb, a TaKXKe
CBOMCTBa MaTepuaJsia MOT'YT U3MEHATbCS CO BpeMeHeM WJIU B pe3ysbTaTe 06paboTku. [loaTomy
IpaBUJIbHbBIN CIOCOO MPOrHO3UPOBaHHUSA U MoerpoBaHus SCC no-npexHeMy sIBJISIETCS BaXKHOU
obsaacteio uccaenoBaHud. K HacTosilieMy BpeMeHH HW3BECTHbI HECKOJIBKO TUIIOB MEXaHU3MOB
KOPPO3UOHHOT'0 pacTpeCcKUBaHUS MO/, HaNlpsXKEHUEeM:

- MexaHU3M pacTBOpPEHUs NIPU pa3pbiBe MJIEeHKHU [5].

- Teopus pacliMpeHHON NOABUXKHOCTH NOBEPXHOCTH [6].

- Mopesnb paspyuieHusi B conpsikeHHOU cpefie [7].

- Mogenb BHyTpeHHero okuciaeHus [8, 9].

- MexaHH3M Ha OCHOBe BOJ0pPO/a.

MexaHu3M pacTBopeHHUsi/pa3pbiBa IJIeHKH. JlaHHbIM MexaHU3M paspaboTasu Ford wu
Andersen. OHU NpeAIOKUIN MEXAaHU3M KOPPO3UOHHOTO PacTPECKUMBAHHUSA MO/, HANpsKeHUEM U
COOTBETCTBYIOLIME MOJENU CKOPOCTHU pocTa TpeliuH. Mojiesb 6bljla pa3paboTaHa B OCHOBHOM
JIJIsl HeprKaBelollMX CTaJler ¥ Ipe/inoJiaraeT, YTO OCHOBHBIMM 3TanaMu MexaHu3Ma SCC ABJIA0TCA
obpa3oBaHUe IJIEHKH, pa3pblB IJIEHKH, yJaJleHHWe MaTepuasa M MocjaeAyrolias MOBTOpHas
naccuBalUs MJIeHKU. Bce 3Tu nponeccebl 3aBUCAT OT CKOPOCTH JiepopMaliiy BEPLUIMHbBI TPELIUHbI,
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IJIOTHOCTHU OKMUCJEeHUsl 3apsafa U Ko3QpOUUMNEeHTOB HHTEHCUBHOCTU HampsbkeHUW. Mojenb
pacKpblBaeT MeXaHHU3M 3apOXKJEeHUs M paClIpoCTPAaHEHHUS TpPEeLWHUH B pas3/JUYHbIX CJI0AX
MaTepUaJIOB C IOMOLIbI0 MEeTO/ia KOHEYHbIX 3J1IeMEHTOB, 0CHOBAHHOT0 Ha MeXaHUKe pa3pyLIeHHU.

Teopusa pacluMpeHHOW IOBEPXHOCTHOU NOJABMXXHOCTH. MexaHU3M KOPPO3HWOHHOIO
pacTpecKMBaHHUA N0/, HAPSXKEHUEM C IOBEPXHOCTHOM MOJBWXXHOCTBIO pa3paboTaH HeJaBHO, U
OJIHUM M3 ero Haubojiee MHOroo0ellarliMX CBOWCTB SABJSETCAd TO, YTO OH I03BOJISET
IPOrHO3MpPOBATh CKOPOCTH PaCTPECKUBAHUSA NIPH JIIOOOH TeMIlepaType, eCJIM U3BECTHO 3HaYeHHe
IpU JaHHOW TeMnepaType. OCHOBHAasi 0COGEHHOCTb 3TOr0 MeXaHM3Ma 3aKJII4YaeTcs B TOM, YTO
aTOMbl IlepeMelIalTCAd OT BepIUMHBI TpPELWHbl C BbBICOKMM HaNpspKeHMeM K MeHee
Hanps>KeHHbIM CTOpoHaM. Mojienb Obl1a padpaboTtaHa Galvele, oH cunTas, YTO OKHUCAUTENBHBIE
TOKHU Ha BeplLIMHE TPeLUHb] He 00'bSCHSAIOT BBICOKYI0 CKOPOCTb POCTa TPeluHbI. B ocHOBe 3TOU
MOJIeJIU JIEXKUT MeXaHW3M OXpYNYMBaHHUSA, U OH TaKXe MOXeT ObITb HCI0JIb30BaH JJIs
XapaKTepPUCTHUKHU BOJLOPOAHOI0 OXPYNYMBaHuU4 [6].

Mogenib pa3pylieHus B CONpsi?)KeHHOU cpenie. Mogesb Obli1a pa3paboTaHa MakJoHabJ0M U
Ypkugu-MakzaoHanbzoM [7]. OHa y4ydTbIBaeT BJIMSIHME KOHIIEHTpPALMU KHUCJI0POJA, CKOPOCTHU
IOTOKAa W 3JIEKTPONPOBOAHOCTH BHEUIHEW Cpejbl, a TakKXKe BJIMSIHWE HaNpsSXKeHUH Ha pOCT
TpelwUH. Mozesb NbITaeTca CBA3aTh JBe Cpelbl pacHpOCTpPaHEHUs TPeLUH U NpeAnoJaraeT
caenyoliee:

- C yBeJMYEHUEM HWHTEHCHBHOCTHM HaNpsSKEHUdA I[OTEHUHUaJ] Ha KOHYUKE TpeLiuHbI
YBEeJMYMBAETCS, OJHAKO B YCThe TPELIMHbI 3TO HE OTPAXKAeTCH;

- B CJlyyae KOHIEHTpaLUMU KHUCJOpOJa CUTyalUsi obpaTHasl, BJWSHHE TOJIbKO Ha YCThbe
TpEelVHbI;

- pH ¥ TeMnepaTypa He BJHAKT HAa CKOPOCTb POCTA TPEU|WHbI; OHU BJIUAKT HAa Pa3HOCTb
NOTEHIMAJIOB MeX/ly BEPIIMHOM TPELIMHbI ¥ BHEIIHEN OKpY»Karolle cpefjou.

Mogenp N03BOJIMT NPOBECTHU KOJIMYECTBEHHBIN IPOrHO3 BJMAHUA KOHLEHTPAL MU BOLOPO/a,
npezesia TeKy4ecTd, K03pPUIHeHTa UHTEHCUBHOCTH HAaNpsDKeHUM M TeMIlepaTypbl Ha POCT
TpeuiuH [10].

Mopenb BHYTpeHHeEro okucjiaeHus. MoJiesib BHYTPEHHEro OKHWCJeHHUs, pa3paboTtaHHas II.
M.CkotrTtoM ¥ M. Jle KanbBapoM, BbIpakaeT cOO0UM TUMOTE3y, YTO pacTpeCKUBaHUE BbI3BAHO
sIBJICHWEM BHYTPEHHEr0 OKUCJEeHHA. ITO 0KAa3aHO Ha IPUMepe HUKeJIeBBIX CIIJIaBOB, IIUPOKO
UCIIOJIb3yeMbIX B f1/lepHbIX peakTopax ¢ BoJou noj gaBieHueM (PWR). Mogenb ocHoBaHa Ha
MeXaHHW3Me OXpYNYMBaHHWS, BbI3BAHHOM O00Opa3oBaHHWEM CJIOSI aACOPOMPOBAHHBIX aTOMOB
KHMCJIOPO/Za, KOTOPBIM B3aMMOJENCTBYET C BblJleJIeHUAMHU Ha IPaHULAX 3€epeH MaTepuasla U UX
JIUC/IOKALIMSIMHU, UTO TaKXKe 3aBUCUT OT Ko3pduuuenTa JudpPy3nu KUCA0poa B MaTepuasie. ITOT
MeXaHMU3M TaKXe MOXXeT MPUBECTU K 00pa30BaHUIO MY3bIPbKOB ra3a Mo/ BbICOKMM JlaBJIeHUEM,
KOTOpble YCUJIMBAIOT pa3BUTHE MEXKPHUCTAJJIMTHOTO KOPPO3WOHHOI'O0 PAacTPeCKUBAHUA MOJ
HalpsXKeHHUEM.

MexaHu3M Ha OCHOBe BOJOpoJAa. B mpornecce skcmiyaTanyMu peakTopa MaTepuasbl MOTYT
MOrJIOUIATh BOJIOPO/ U3 TEMJIOHOCUTEJISI UJIK B pe3yJibTaTe Koppo3uu. Bogopoa nuddyuarpyet
B 00/1laCTU C HaUMEeHbLIMMHM TeMIlepaTypaMd U HaWOOJbUIMMM  PaCTATUBAKOLIMMHU
HamnpspKeHUsIMU. JTO MOXeT MPUBOAUTbL K OOpa30BaHUIO JIOKAJbHbIX XPYHNKHX 30H C
MOBBILUIEHHBIM COJlep:KaHueM BoAopoa. [Ipr 3ToM MexaHH3Me NPOUCXOAUT a/icopbLMs BOA0OpOJa
Ha MeTa/l/le B BepLIMHe TpeUlMHbl [pPU HEeWTpaJbHOM 3HadyeHUWM pH, 4TO mNpuUBOAMUT K
BOZIOPOJHOMY OXpyHn4YMBaHHIO. YacTb BbIJEJAKOUUXCA aTOMOB BOZOpOJa He COelUHAeTCa B
MOJIEKYJIb], & IPOHUKAET B MeTaJlJl, BbI3bIBasd HaBOJOPOXKUBAaHHWE U BOJOPOAHYIO XPYIKOCTb, a
TaKXe pocT 3épeH. Bojgopoa cHMKaeT MJIaCTUYHOCTD U IPOYHOCTh MaTepPHUaJIoB, YTO MOXKeT
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NPUBECTH K UX MPEX/IEBPEMEHHOMY Pa3pylLIeHHUIO.

OnpegeneHyre peajbHbIX IPOYHOCTHBIX XapaKTEPUCTHUK CTael IKCIIepUMEeHTa/lbHbIM IyTEM
B  YCJOBUAX, MJEHTUYHbIX 3KCIJIyaTaUOHHbIM YyCJOBHUSM paboTbl  060pyZ0OBaHUA
HepreTUYeCKHUX YCTAaHOBOK, ABJSETCH CJIO0XKHOM 3aJjaued. JTO CBA3aHO C HeOOXOJUMOCTbIO
pa3paboOTKX U U3rOTOBJIEHUS COOTBETCTBYIOLLET0 UCIBbITATEJIbHOTO 000PYA0BaHUA U METOJUKHU
poBeJleHUs JJINTebHbIX IKCIepUMeHTOB. Onpe/iesieHre TOYHOT0 3HaYeHUs IPUKJIaAbIBaeMOro
yCUJIUS Ha obpasel], KOTOPbIM HaXOJUTCA B KaMepe C KOPPO3MOHHOU CpesioH, a U3MepeHUE ero
JebopMalMi MNPOUCXOJUT HeNpepblBHO B XOJ€e NpPOBEJEHUs UCNbITAHUSA, BbI3bIBAET
onpeJieJIEHHYI0 CJO0XHOCTb IpU NPOBEJEHUM 3KCIEepUMeHTa B PeaKTOPHOW BOJZie, UMeILlel
TemnepaTtypy Ao 300 °C u gaBaeHue go 15 Mlla [11, 12].

BoinosiHeHUMe MWHXXeHEepHBIX pacieTOB Ha NPOYHOCTb BBICOKOHArpy»KeHHbIX 3JIEMEHTOB
KOHCTPYKIIMM 3HepreTUYeCKUX YCTAaHOBOK B TaKUX YCJOBUAX [JOJKHO 06asvupoBaTbCA Ha
cleayLUX HAyYHO-000CHOBAHHBIX U JOCTOBEPHBIX AAaHHBIX [13, 14, 15]:

- XapaKTep 3KCIJyaTallMOHHOM 3arpy»KeHHOCTH 000pY/0BaHUS;

- JOCTOBEPHO OIpeJieJIeHHOe HalnpsKeHHO-4e(POPMUPOBAHHOE COCTOSIHUE HeCyLIrMX
3JIeMEeHTOB KOHCTPYKLHH;

- HOpMHPOBAHHbIE pacyeTHble MOJIeH.

MeTogos10rus

B cBfA3M C BbllleyKa3aHHBIMU OCOOEHHOCTSIMM aBTOpPaMM pa3paboTaH MCHbITATeJbHBIN
CTeH/, TO3BOJIAKLIMA 3IKCIEepUMEHTA/]bHO onpefesaaATb (aKTUYeCKue XapaKTepUCTHUKHU
IPOYHOCTHU CTaJsiel, pucyHOK 1. B pa3paboTaHHOM CTeH/le TOUHOe 3HaYeHUe MPHUKJIaJAbIBaeMOro
yCUIMA K o00pasyy, HCOBITHIBAKOLIEMY B KaMepe BHellHee BO3JeHCTBUE, H3MepsaeTcs
MeXaHWYeCKMM TEeH30MeTpOM C HHJAYKTUBHBIM JaTYMKOM IepeMelleHUd. M3MmepuTesbHble
HO>XKM TE€H30MeTpa yCTaHABJIMBAKOTCS BO BHYTPEHHEH MOJIOCTH CUJIOBOTO IITOKA TakK, YTOOHI
06a3a K3MepeHUs IepeMellleHUs HaxOoAWJIacb MeXJy HCIObITYyeMbIM 00pa3snoM M 30HOU
CaJIbHUKOBBIX YIJIOTHEHUM CHUJIOBOTO IITOKA M IOJHOCTBIO pacloJiarjacb BO BHYTpPEHHeEH
I10JIOCTH KaMephl.

Takoe pacnosoxxeHre 6a3bl U3MepeHUs I[03BOJIIET HCKJIIOYUTb HEKOHTPOJMpyeMble
NOrPpEelIHOCTH, BO3HUKAWUIMe 33 CYeT CUJI TPEHUA CUJI0BOIO0 IUTOKA B CaJbHUKOBBIX
YILJIOTHEHUAX.

[Ipy 3TOM U3MepeHUe BeJIMYUHBI YCUIUS, TPUKJIAAbIBAEMOr0 K UCIBITbIBAEMOMY 06pasiy,
OCyILeCTBJISIETCS IO 3HaYeHWI JedopMaluyd YTOHEHHOW 4acTH CUJIOBOrO ILITOKA Ha 6ase
M3MepeHHUs, 3aKJI0YalolLlerocs MexJy JHOM OTBepCTHs U OypTHKa BHYTPU OTBEPCTHUSA IUTOKA,
pacnoJIOKeHHOro Ha pacctogdHuu 20 MM OT [JHa OTBepCcTUA. M3MepuUTesIbHble HOXKHU
MeXaHUYeCKoro TeH30MeTpa, OJHa M3 KOTOpbIX NpeACTaBJseT COO0M MOJBHXKHYIO IUTAHTY
fuaMmetpoM d = 3 MM M ynupaeTcsl Ha JHO OTBEpPCTHS, U BTOpasi - OJJTHOBPEMEHHO fIBJISETCS
KOpIyCOM TEH30METPa, yIHupaeTcss Ha OypTUKe BHYTPU OTBEpPCTHS B LITOKe. TakuM ob6pasom,
obpasyeTcsl 6a3a usaMepeHus gedpopmanyu AJaMHON 20 MM.

[Ipy npuI0KEeHUU YCUIUS K CUJIOBOMY LITOKY 3a cueT JedopMalMy MaTepuasa LITOKa Ha
6a3e M3MepeHHUS MPOUCXOAUT IepeMelleHUe IOJBMXXHOW IUTAHTM OTHOCHUTEJBHO KOopIlyca
TEH30MeTpa, Ha KOHLEe KOTOPOro YCTaHaBJMBAeTCAd KOPINYyC MHAYKTUBHOIO JaT4YMKa
nepeMeleHus.

[lepeMenienre MOABUXKHOM IITAaHTU TEH30METPa, BTOPON KOHeEL, KOTOPOI'o KeCTKO CBfA3aH C
beppOMarHUTHBIM CepJleUHUKOM, HAaXOJSAIIMMCS BO BHYTPEHHEH MOJIOCTH Ha ypOBHE KaTylLIeK
MHJYKTUBHOIO aTYMKA, IPUBOJAUT K MOSABJIEHUIO B BBIXOJAHOU LIENU JaTYMKA 3JIEKTPUIECKOTO
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HaNpPsDPKeHUs, BeJIMUMHA KOTOPOT'0 U3MEHSETCS MPONOPLMOHATIBHO BeJIMYUHE
nepemeleHuss peppoMarHUTHOTO cepieYHUKA.
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PucyHnok 1. CTeH/ c kKaMepoH /J1s1 IpOBeJleHUs UCNIbITAHUK 06pa3L0B cTajlel B
JAUCTUJIJIMPOBAHHOU BO/Jie BBICOKOW TeMIlepaTyphbl U JaBJIeHUsA
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1 - 6a/1J710H €O CXKaThIM ra3oM (aproH); 2 -eMKOCTb C JUCTHUJIIMPOBAHHOM BOJI0OH; 3 — MJIYH>KePHbIN
HACOC BbICOKOTO JlaBJieHUs; 4 - BEHTUJIb; 5 — pecuBep; 6 — UHAYKTUBHbIN AAaTYMK MepeMelleHus;
7 - cuJ0M3MepuTesib; 8 — UHAUMKATOP 4YacOBOTO THUMA; 9 — ca/IbHUKOBOE YIIJIOTHEHUE CUJIOBOTO
mwtoka; 10 — o6paTHbIN k1anaH; 11 - maHoMeTp; 12 — faTYUK TeMOepaTypbl; 13 — UCOBITyeMbIH
obpaszely; 14 - a/ieKTpUUECKUUN HarpeBaTeib; 15 - mosiocTh kaMepbl; 16 — HEMOABUKHbIN 3aXBaT;
17 - ocHOBaHHe KaMephl

[lepeBos, BeJIMUMH 3JIEKTPUYECKHUX CUTHAJIOB, HUCXOJSIIMX W3 HWHAYKTUBHOTO JaT4YMKa,
HM3MepsieMbIX B MUJIJIMBOJIbTAX B 3HAUYEHHUS CUJI, U3MepsieMbIX B KH, MpOU3BOJUTCSA C MOMOIIbIO
TAapUPOBOYHOr0 rpaduKa CUJbl, MOKA3aHHOTO Ha puUCYHKe 2. /JlaHHBIA rpaduK MOCTPOEH C
MCI0JIb30BAaHUEM TOH K€ KaMephl B CpeJie BO3/yXa, IPU CHATHIX YIIJIOTHUTEIbHBIX CaJIbHUKAX U
Npu TeMIlepaType B KaMmepe, COOTBETCTBYWIUIEH MPOBEAEHUIO0 NMPEACTOAILEr0 UCINbITAHUA B
JVCTUJIJINPOBAHHOU BO/I€.

[Ipy mocTpoeHWM TapUPOBOYHOrO rpadrkKa CUJbl 3HAYEHUE NPUT0KEHHOW HArpysKH,
CO03/laBaeMOM MCNbITAaTeJbHOM MaAIIMHOM Ha CWUJOBOM IITOKe, 3aJlaBajioCh IOLIAroBO H
M3MepsaJoch MPU MOMOIIM o6pasnoBoro aAuHamoMmetrpa JOCM-3, mpud 3TOM OJHOBpPEMEHHO
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M3MepAJI0Ch Hallpsi2KeHUe, BblJilaBaeMoe WHAYKTHUBHBIM JaTYUKOM, COOTBETCTBYIOLee KAKIOMY
3HQUYEHHIO NPUJIOKEHHOM CHJIBI C MCII0JIb30BaHUeM MUMBoJbTMeTpa KCII-4. B pesysabTarte
NOJIy4YeH TapUPOBOYHBbIN rpadUK CUJIbl, TIOKAa3aHHbIA Ha pucyHke 2. Kak BUAHO U3 rpaduka,
3aBUCHMOCTb MEX/y NPUJIOXKEHHONW K CUJIOBOMY LUITOKY CUJIOM M MOKa3aHUSAMU UHJAYKTUBHOTO

JlaTYMKa B MpeJiesiax U3MePEeHHOro0 Mana3oHa YCUJIUS 0Ka3alach CTPOro JHUHEeHHOM.
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PucyHok 2. TapupoBo4yHbI¥ rpadp K 3aBUCUMOCTH CUTHAJIAa MHAYKTHUBHOIO JaTYUKA OT
0CEeBOW CHUJIbI, IPUJIOKEHHOU K CUJIOBOMY LUTOKY

[Ipsaimoe u3sMmepeHue aedpopmandu UCIbITYEMOro obpasia c ero paboyei yactu (Ha 6ase
M3MepeHUsI), HAXO/sIerocss B BbICOKOTEMIIEPATypHOU BoJe B KaMepe C HCIOJIb30BaHHUEM
CYLIECTBYIOIIUX METO/ 0B, IPE/CTABJISIETCS HEBO3MOXKHBIM.
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PucyHnok 3. TapupoBouHbIi rpaduk gedpopMalv UCOBITyEMOro 06pasina

[TosTOMy 6b1J HCNI0JIb30BAaH KOCBEHHBI METO/, U3MePEHUs], OCHOBAHHbIA Ha MOCTPOEHUH
TapUpoOBOYHOIO0 rpadpuka fepopManuy o6pasia, CBA3bIBAIOLIEro lepeMellleHhe CUJI0BOr0 LITOKa
OTHOCHUTEJIbHO KOpIlyca KaMepbl C UCTUHHOUN AedopManueld HUcnbITyeMoro o6pasua. JlaHHbIH
TapUPOBOYHBIN rpad UK TaK 3Ke, KaK B IEPBOM CJIy4ae, CTPOUJICS Ha BO3/lyXe B TOM XKe KaMepe NpHU
HOpMa/JIbHOM TeMIepaType IyTeM [OLIArOBOr0 IepeMelleHHUs CUJIO0BOrO IITOKA U
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COOTBETCTBYIOLLETO M3MeEpPEeHUs1 MOKa3zaHUK JedopMOMeETpa, TeH30MeTpPUYeCKHe [JaTUYUKHU
KOTOPOTO OBbLIM HaKJieeHbl Ha pabo4yl0 NMOBEPXHOCTb MCHBITYeMoro ob6pasua. [lepemeienue
CUJIOBOTO LITOKAa M3MePSAJOCh U 33aaBajioCh WHAUKATOPaMU 4acOBOTO THUIA C LIeHOM JieJieHUs
0,001 mm, yCTaHOBJIEHHBIMM Ha IITAHraxX, pacHoJIOKEeHHbIX Ha JHaMeTpaJibHO
IPOTHBOIOJIOXKHBIX CTOPOHAX OT OCHU IITOKA, U KECTKO 3aKpelJIeHHbIMU K CUJI0BOMY LITOKY.
[lonyyeHHBI TakKUM MeTOZOM TapUPOBOYHBIM rpaduk AedopManuu obpasuna HoKa3aH Ha
pUCYHKe 3.

YCcTpOUCTBO UCNBITAaTEJNBHOTO CTeHAa. UcnblTaTeIbHBIN CTEHJ, COCTOUT M3 JIByX OCHOBHBIX
y3JI0B — y3J1a CUCTeMbl, 0b6ecreyrnBarollel 3aZlaHHble IapaMeTpbl JUCTU/JIMPOBAaHHOM BO/JbI B
KaMepe [0 TeMIlepaType U JaBJIEHUIO, U y3J/1a KaMepbl, B KOTOPOM CO3/aeTCs BBICOKOE JlaBJIeHUe
M HeoOX0ZMas BbICOKas TeMIlepaTypa.

OCHOBHBIM y3JI0M CTeH/Ja fIBJSIETCS KaMepa BbICOKOTO JlaBJieHHUs, NpeJjHa3HayYeHHasa [Jid
3al0JIHEHUS [JUCTWJUIMPOBAaHHOM BOJOU UM  YCTAaHOBJIEHUS  MCIBITyeMOTO 00pasiga,
obecrneyrBawIlasg BbICOKME TeMIepaTypbl M JaBjeHHe cpefbl. KaMepa BbICOKOro JaBJieHUS
(pucyHok 1) coctouT u3 ocHoBaHUA 17, mosocth 15, 06pa3oBaHHOW IMJIMHJPUYECKOU
06e4yalKoM, 3aKpbITOM CHHU3Y OCHOBAaHMEM KaMephbl, a CBEpPXy KpbIIIKOW, B I E€HTPaJbHOM
OTBEPCTUM KOTOPOM BBbINOJHEHA LWJWHApPUYECKass MOJIOCTb, MNpeJHa3HauyeHHasd [Jid
pasMellleHUs] CaJIbHUKOBBIX YIJIOTHEHHUU 9. C GOKOBBIX CTOPOH KPBILIKA KaMepbl BBUHYEHBI
HITyLepa, NpeJHa3HayeHHble [Ji COeJUHEeHUs MUTawIled Tpybbl U MaHoMmeTpa. Yepes
[leHTpaJbHOE OTBEPCTHUE B KPBILIKE KaMepbl BBOJAUTCA CUJIOBOM LITOK, UMEKIIUNA BHYTPEHHee
IpPOJI0JIbHOE, TJIyXOe CHU3y OTBepCTHe, NpeJHa3HAYeHHOe /[Ji1 YCTAHOBKU MeXaHHW4YeCKOTO
TeH30MeTpa 6. Ha BepxHeM KOHIle MeXaHWYeCKUI TeH30MeTp CHabKeH UHAYKTHUBHbBIM JaTYNKOM
nepemeleHus 5.

CHU10BOM LITOK HUKHUM KOHLLOM MPHU NOMOIILU Pe3b60BOT0 COeJUHEHUS B3aUMO/€ECTBYET C
UCOBITYeMbIM 00pa3LoM 13, a Ha HEKOTOPOM PacCTOSSHUM OT MecTa KpellJieHus obpa3ia LITOK
MMeeT YTOHEHHOe ceyeHHe [JMHOW paBHOU 0Oas3e H3MepeHHs MeXaHUYeCKOro TeH30MeTpa.
Jlpyroil KoHel|, UCHBITyeMOro o6pasia C MOMOILbI0 Pe3bO0BOro COeJUHEHUs] COeJUHSAEeTCH C
HEMO/JBMXKHBIM 3aXBaToM 16. Takoil HajeXHO COeJJMHEHHBbIN CUJIOBOM LITOK COOHMpaeTcs BHe
KaMepbl ¥ IPY 0CJ1abJIEHHOM CaJIbHUKOBOM yIJIOTHEHUHU BCTABJISIETCS B LIEHTPAJIbHOE OTBEPCTUE
KPBIIIKU KaMepbl [0 CONPUKOCHOBEHMUsI OypTHKa HENOJBMXXHOTO 3aXBaTa C POMOUYECKUM
MeTa/lJINYeCKHMM KOJIbLIOM YIJIOTHEHHUS. 3aTeM 3aTSATMBaeTCs ralkKa HeNoJABUKHOW OMOpbl U
NpUKMMHAas BTYJIKA CaJIbHUKOBBIX YIJIOTHEHUH, YTO obGecneyrBaeT repMeTUYHOCTb MOJIOCTH
kaMepbl. [locsie 3TOro ycTaHaBJIUBAETCS MeEXaHUYECKUN TeH30MeTp C UHAYKTUBHBIM JAaTUUKOM
nepeMelleHrs BO BHYTPEHHIOIO [10JIOCTh CUJI0BOTO UITOKA, BBUHYMBAaHMEM KOpPIyca TEH30MeTpa
B pe3b60BOe THe3/10 CUJI0BOr0 LUITOKA /I0 yIopa Kopyca TeH30MeTpa B OYPTHUK, UMEIIIUINCS B
OTBEPCTUH IITOKA.

B oTBepcTHE KOpHyca TeH30MeTpa CBOOOAHO BCTABJISIETCS MOJABUKHAsA HOKKAa TEH30MeTpa B
BU/Ie TOHKOI'0 CTeP>KHS ¢ peppOMarHMTHbIM HAKOHEYHUKOM Ha KOHIIE, KOTOPbIM MO/ e iCTBUEM
COOCTBEHHOT0 Beca yIHUPaeTCs Ha IJIYX0e THO 0CeBOT0 OTBEPCTHUS CUJIOBOTO IITOKA. Y CTaHOBKA
NOKa3aHUs UHAYKTUBHOTO JAaTYMKa B MCXO/HOE HyJIeBOe I0JI0KeHHe 06ecrieuruBaeTcsl 0CEBbIM
nepeMelleHMeM KaTylleK UHAYKTHBHOIO JaTyMKa U BpallleHHeM ero Kopmyca OTHOCUTEJbHO
KOpIyca TeH30MEeTPa, MeXy KOTOPbIM HMeeTCsl pe3b00Basi CBS3b.

B coctaB BTOpOro yssa UCOBITATEJbHOTO CTEHJA — CUCTEMbI 06GecredeHUs1 He0OX0AUMbIX
napaMeTpoB BXOJAT: Oa/lJIOH CO CKaTbIM ras3oM (aproH) 1, pecuBep 5, HJIyHXXepHbIA Hacoc
BbICOKOTO /laBJieHUs] 3, BEHTUJIb BbICOKOTO JaBJjieHUs1 4, obpaTHbIM kjaanaH 10, eMKOCTb [/
3amaca JAUCTU/IJIMPOBAaHHOM BOJbl 2 M 3JIEKTPUUECKUM HarpeBaTesb 14, oxBaTbIBawOIIUN
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HapPY>XHYI0 IWJIMHJPUYECKYI0 MOBEPXHOCTb 00e4Yallkh Kamepbl. 3ajlaueid 3TOro y3Jja CTeHJa
SIBJISIETCS CO3/JaHUe BBICOKOM TeMInepaTypbl BoAbl A0 3Ha4YeHud 300 °C, naBsieHusa B kaMmepe 10 15
MIla u noapepx’aHue UX NOCTOAHHBIMU B Te4YeHHe BCero skcnepuMeHTa. HykHoe 3HayeHUe
TeMIepaTypbl BOJbl B KaMmepe MNOAJEpPXKUBAeTCHd NyTeM NepUOJUYeCKOr0o aBTOMATUYECKOro
OTKJIDYEHUA U BKJIIYEHUA 3JIeKTpOHArpeBaTesd OT NUTAHUA. 3aJlaHHOE BBICOKOE JaBJIEHUE
CpeZibl MoC/e OCTAaHOBKH IIJIYHKEpPHOI'0 Hacoca 3 M 3aKpbITHUS BEHTHJIA BBICOKOTO JaBJieHUA 4,
NOAJEePKUBAETCA NOAKJIYEHHBIMU B CHCTEMY PECUBEPOM 5 U 6aJIJIOHOM CO CKaTbIM rasom 1.

JKcrepUMeHTalbHadA 4acTb

MeTozauka TmpoBeJleHUS HWCNBbITAHUM 00pa3LoB CTajJed ¢ HU3KUMU CKOPOCTSMHU
AepOPMUPOBAHHUA PACTKEHUEM B CpeJie BBICOKOTeMIIepaTypPHOU JUCTUIIMPOBAHHOU BObI

1 IpoBeZieHUs1 UCHBITAHUM U3rOTaBJUBaIUCh 06pasnpl U3 craau 10CH2ZM®A, dopma u
pa3Mepbl KOTOPBIX IOKa3aHbl HAa pUCYHKe 4. Ha Kaxky10 TOYKY ObLJI0 UCIBITAHO MO TPU 00pasiia,
['OCT 1497-2023.

10 5 10
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|
ok 20
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= 50
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PucyHok 4. O6pasel /Jis1 UCTIBITAaHUW Ha pacTshHKeHUe

B kaMepy, yCTaHOBJIEHHYIO B UCNBITATEJbHYI0 MAlIMHY Yepe3 CaJlbHUKOBbIE VIIJIOTHEHHUS B
KpBbIIIKe, BBOJWUTCS CHUJIOBOM IITOK C 3aKpelmieHHbIM B HEM HCIObITYyeMbIM 00pasinoM H
HeIo/JBM>KHBIM 3aXBaTOM Ha KOHIIE, 3aTeM 3aTATUBAIOTCS raiika HelmoJBU>KHOT'0 3aXBaTa U GOJITHI
IPWXKUMHOW BTYJIKM CaJIbHUKOBBIX YIJIOTHEHUH. [locsie mosiHOM COOPKU KaMepbl PU NOMOIILU
IUIYHXXePHOT0 Hacoca BBICOKOTO JaBJIeHMS, AUCTUIJIMPOBAHHAs BOJa INOJAETC B KaMepy C
o6pasLoM u B pecuBep. [lo Mepe noBbILIEHN AaB/eHUs B KaMepe BO3/lyX B pecHBepe CKUMaeTCs
M 10 JOCTHXKEHUU HeobOXoAUMOro JaBjeHUs (B 3kcrnepuMmeHTe Ao 15 MIla) BeHTusab 4
3aKpbIBaeTCs M Hacoc 3 ocTaHaB/JMUBaeTcs. B kamepe o06pasyeTcss 3aMKHyTOe MPOCTPAHCTBO,
OrpaHMYeHHOe MeTa/UIMYeCKMM KOJIbLEBbIM YIJIOTHEHHWEM HENOJBMXKHOI'O 3axBaTa, U
Ca/IbHUKOBBIM YIJIOTHEHHWEM, PpACIOJIO)KEHHbIM BOKPYT CHJIOBOTO IITOKA. MeTasndyeckoe
KOJIbIIEBOE YIJIOTHEHHE HEIMOJBUKHOTO 3axBaTa, W3rOTOBJEHHOE W3 Hep)KaBelolled CTali,
uMeeT poMbuuecKyto GOpMy cedyeHHUs, pacloJiaraeTcs Mex/ay 6ypTUKOM Helo/BHXKHOT 0 3aXBaTa
Y KOPILyCOM KaMepbl, 06ecreyrBas ero repMeTU4YHOCTb.

C>xkaTble rasbl B 6a/IJIOHE U B pECUBEPE HENPEPBIBHO MO//IEP>KUBAIOT HEOOXOAMMOE JJaBJIeHUE
BOJIbl B KaMepe. B ciyyae CHWKeHHUS JiaBJleHUs] B KaMepe BKJ/YAeTCs HAacoC U MPOUCXOAUT
noJjiaya BoJibl B kKamepy. [locsie npoBepKy repMeTUYHOCTH KaMephl BKJIIOYAETCs HarpeBareJb. [1o
JIOCTH>KEHU M HeOOX0AMMOM TeMIlepaTyphbl U AaBJAeHUsI BKJIIOYAETCS UCNbITaTe/lbHasi MallMHa, U
CUJIOBOM LITOK KaMepbl pacTATMBAaeT UCIBITYyeMbIH 06pasel], C COOTBETCTBYIOLIeH 3aJlaHHON
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CKOPOCTBIO Z1IeGOPMUPOBAHHUS, IPUHATON NPOrpaMMOM UCIIBITAHUS.

B xone npoBeseHUsI UCIBITAaHUHM [0 pa3pylleHHUs o6paslia MepuojrUyecKd 3aluCbiBalOTCSA
BeJIMUMHA YCUJIMSA U COOTBETCTBYyIOlLlee eMy yJAJMHEHHWe o06pasla, M0 KOTOPbIM CTPOMUTCH
JuarpamMma pactsbkeHud. I[locie paspyuieHuss o6pasua M3MepsOTCA YJJUHeHHMe paboyeil ero
yactu |1 W JuaMeTp B MecTe paspylleHUsI Ha YpOBHe 00pa3oBaBLIENCS «IIEHKU»,
pPacCYUTHIBAIOTCA CTAHAAPTHBIE XapaKTEPUCTUKU NPOYHOCTU U IJIACTUYHOCTH (OB - BpeMeHHOe
CONPOTHBJIEHUE, OT - NpeJes TeKydyecTH, | - OTHOCUTeJbHOE CyXeHHe, § - OTHOCUTEJbHOe
yAJIMHEeHMe 10CcJie pa3pblBa).
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PucyHok 5. /luarpamma pactsi>keHusi 06pasioB ctaju 10F’H2ZM®A Ha Bo3ayxe U B
JAUCTUJJIMPOBaHHOU Boze npu TeMnepartype 280 °C U CKOPOCTH

nedopmuposanus £=0,9-10° ¢!
1 - UcnblTaHKWe HA BO3AyXe
2 - UcnibiTaHMe B IMCTUIJIMPOBAHHOM BO/Jie

Bbliv mpoBeJieHbl MeTasiorpadpuvecKkde UCCAeJ0BaHHUSl MOBEPXHOCTH Ha MOMEpPEeYHbIX U
NPO/I0JIbHBIX IJIMPax 06pa31 0B OC/Ie UX UCTIBITAHUS.

Ha pucyHke 5 nokasaHa guarpamMmma pactsikeHus ctaau 10CH2M®A, nocTpoeHHas 110 TOYKaM
M3MepEeHUH, NOJYYEeHHbIX B X0/le UCNIbITaHUs 0Opa3la. McnblTaHus NpoBeJieHbl Ha BO3JyXe U B
JUCTUJIIMpOBaHHOU BoZie npu TeMnepatype 280 °C u gaBaenuu 15 MIla. U3-3a TexHUueckoi
C/I0’KHOCTM TMPOBEJEHHUSl MCINBbITAHUKA B BblllleyKa3aHHbIX IapaMeTpax CpeAbl C HHU3KOHU

CKOpOCThI0 ledpopMupoBaHus €=1-1 0°c! ucnbiTanue 0AHOTO o6pasia npoo/nKaeTcss okoJio 3,5

CYTOK, a IpA 3TOM £=1-107 c'IpoAO/IKUTENBHOCTD COCTABUT yxKe 36 CyTOK, KpOMe TOro
TpebyeTcs HelpepblBHOE TMOJJiep>KaHue 3a/JlaHHOr0 [apaMeTpa cpeAbl U obecliedyeHue
KPYIJIOCYTOYHOTO HAOJII0JleHUsl C OpraHusalued [JieXXypCcTBa HCIOJHUTENeH) M03TOMY
3KCIepUMEHTY ObLJIM MOJBEPTHYTHI IeCTb 06pa3L0B 10 TPU HAa BO3/yXe U B YKa3aHHOU cpe/e.
JKcnepUMeHTa/IbHble TOUKH, IOKa3aHHble HA PUCYHKe 5, ABJISAITCA CPeJHUMHU 3HaUYEeHUSIMU
JedopManuii, MoJy4eHHbIX Ha KaXX/JOM YpPOBHE NPHUJIOKEHHBIX HaNpPSHXKEeHUH MO HUCNbITAaHUAM
Tpex o00pa3yoB. /JluarpaMMbl pacTSDKeHUS [JI KaKJOW TPOMKM HCIObITAHUW OKa3alucCh
NpaKTHUYeCKU UIeHTUYHBIMHY, YTO SABJISI€TCA OCHOBAaHHWEM CYUTATH [10JIyYeHHbIe Pe3yIbTaThl
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JlOCTOBEPHBIMH.

[IpenBapuTesbHO NpOBeJEHHblE MCIBITAaHUA 00pa3L0B CTajJyd MNO3BOJIWJIM OTPaboOTaTh
pa3paboTaHHyl0 HaMHU METOAUKY INpOBeJeHUs 3IKCIepUMeHTa/bHbIX MWCCAe[J0BaHUN 110
ONpe/ieJIEeHUI0 HCTUHHBIX XapaKTePUCTHK MeEXaHUYECKHX CBOWCTB CTajJii B YCJOBHUSX,
COOTBETCTBYIOIIUX  3KCIUIyaTalMOHHBIM  yCJ0BUAM  paboTel  maporeHepatopa  A3C.
PazpaboTaHHoe 060pyiOBaHMe U U3MePUTEbHbIE UHCTPYMEHTHI JaJIu BO3MOXXHOCTb C BbICOKOH
TOYHOCTBIO U3MePATH YCUJIWS, IPUKJIaJblBaeMble Ha 00pasel] B KaMepe U ero JedpopManuio
PesysbTaThl ucnibITaHUK 00pa3uoB cTaju 10FH2ZM®A Ha cTaTuyeckoe pacTsKeHUE C HU3KMMU
CKOpoCTSMHU edbopMUpOBaHUs npu TeMnepartype 280 °C

OceBoe pacTshkeHHe obpasla Npu JAJIMHe pabodyed 4acTU UCHbITyeMoro ob6bpasna (6asa

u3MepeHus gepopmanuu) lp=20MM NpPOBOJUIN CO CKOPOCThIO JepOopMHUPOBAHUSA £=0,9-10¢.
/il obecrnieyeHUs1 TaKOW CKOpPOCTH JlehOpMHUPOBaHUSl 06pa3iia CKOPOCTb PACTSXKEHUS], TO €CTh
CKOPOCTb JIBMXKEHHUS] aKTUBHOI'0 3aXBaTa MalllMHbI, PACCYMUThIBAJIACh CJEAYIOLUM 06pa3oM:

ez%; OTKyJa V:s-10:0,9-10'5-60-20z0.011 MM/MUH. ,

re: € — CKOpocTb AepOopMUpPOBaHUS],

V — ckopoCTb ABUKEHHWSI aKTUBHOT'O 3aXBaTa MalllMHBbI,

l, — paboyas AJIMHA HUCIBLITYyEeMOI'0 06pasna

Takum o06pa3oM, CKOpPOCTb IepeMelleHHUs CHJIOBOrO0 IITOKA JOJKHA PaBHATbHCSA
V=0,011 mm/MmuH.

JlJ1s1 CpaBHUTEJIbHOT'O aHAJ/IK3a MOJyYeHHbIX Pe3y/IbTaTOB UCIBITAHUSI 06Pa31[0B POBe/IeHbI
KaK Ha BO3/iyxe, TaK U B AUCTUJJIMPOBAHHOM Bojie. [losiydeHHble pe3y/bTaThl UCIBITAHUU B BU/iE
JiuarpaMM 3aBUCHMOCTEH OTHOCUTEJbHOW oceBOM AedopManuid obpasina OT MPHUI0KEHHOTO
pacTAryMBaloLero HaNpsKeHWs MOKasaHbl Ha pucyHKe 5. Kak BHUJAHO H3 pHUCYHKa 5,
JUCTUJIJIMPOBAaHHAsi BOJia OKas3bIBaeT CyleCTBEHHOE BJIMSHUE B yKa3aHHbIX YCJOBUSAX Ha
febOpMAllMOHHYI0 CIOCOOHOCTh CTaMd. [lJIaCTUYHOCTH CTaM B BHUJE OTHOCUTEJNbHOU
NpOoJI0JIbHOU JlebopMallMi 3HAUUTEJbHO CHUXKAETCs, MPU 3TOM MpeJies] MPOYHOCTU OCTAETCH
O/IMHAKOBBIM KaK Ha BO3/lyXe, TaK U B IUCTUJIJIMPOBAHHOH BO/Ie€.

Juis aHanusza jgedbopManuii U HaNpsDKEHUH B YINPYroIJIACTUYECKOM 06J1aCTH LIMPOKOe
NpUMeHeHHe MOoJyYuIa CTeleHHas anmnpoKcuMalus AuarpaMmbl J1edopMUPOBaHUS B BUJE

3aBUMCUMOCTH [16]:
0=0_m (ijn'

rjie: e- IpoJioJibHasi OTHOCUTEJIbHAsA JedopMaliys;

e.- NpoJoJibHAasi OTHOCUTesJbHasA JedopMalius, COOTBETCTBYyIOLAs MpeJesy TeKy4eCcTH
MaTepuasa;

m - XxapaKTepUCTHUKA YIIPOYHEeHH MaTepUaJsia B yIpyronjacTu4ecKon 06J1acTH.

Jng cranu nan:2-105M17a U 0,S050, TO €CTb Ha BOCXOZfALIeM y4YacTKe JAuarpaMMbl
JNlebopMUpOBaHUS, TOKa3aTe b YIPOYHEHUs ONpeiesisieTcs CAeAyUUM 06pa3oM.

m=0,75m"
Ig[%(lﬂ/l'}’,{)]

- 1g[(2 051n1_1—wk)/(200+0,5oo, 2]
- 0,=520 MITa, 6,,=410MIla, 0,,=371MIla, ¥, =78%. €,,=0,001855.

rje: - =0,126, Torna m=0,75-0,126=0,095.

PEBYJIbTaTbI, IMNoJIy4€eHHbI€ B I,Z[aHHOI‘/JI pa60Te, XO0polIo KOppeJIMpYyROT C pe3yJIbTATaAMH,
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NOJIyYEHHbIMHU B paboTe [17] npu McObITaHUU 3TOU ke cTaiu. B paboTte [18] nokasaHo, 4TO B

Jnamna3oHe ckopocteil aepopmanuue ot 107 ¢! no 10¢ ¢! B BbIcOKOTEMIIEpATypHOUl BOjE
HabJsioZaeTcss HauboJiblllee CHUWKeHUe KO3QPHUIMEeHTa CYyXeHHS TOMNEepeyHOro CevyeHHUsl.
CHM>XeHMe MJIACTUYHOCTH CTaJIM IOKa3aHO Ha pUCYHKe 6, KpuBad 3.

500

250 |

HarpspKeHue, o, MIla

A1 1 1 1 1

0,9 1,8 2.7 3,6 4,5 5,4 6,0
Al, mm

PucyHok 6. luarpammsl fedpopmanuu ctaad 10’H2ZM®PA npu vcnbITaHMU Ha CKJIOHHOCTD K
KOPPO3MOHHOMY pacTPeCKMBAHHUIO B BOJle BBICOKMX MapaMeTpoB: 1 - Bo3ayx, 280 °C, s =104c1;
2 - ouguctuaar, 280 °C, s =10 c'1; 3 - ouguctuaar, 280 °C, (.€:10'6 cl;
4 - ouguctuaat, 230 °C, £ =106 c1 [19].

B pa6ore [19] nokasaHo, 4YTO Ha MOBEPXHOCTHM KOpIyca XOJIOAHOTO KOJIJIEKTOPA],
HaXOJsIIerocs moJi Bo3/lelcTBUEM BOJibl, TeMilepaTypa kKotopoi 260 °C — 280 °C obpasyroTcsa
TpeLUHbl KOPPO3MOHHO-MEeXaHUUECKOTO PaCTPeCKUBAHUS. ITO CBUZ,ETENbCTBYET O CKIOHHOCTH
3TOW CTaJld K OXPYNYMBAHUIO NOJi BO3JEWCTBUEM OKpyXKawlled cpefbl. OTMeYyeHO, 4YTO B
yKa3aHHOM Jyana3oHe TeMIepaTyp MJIaCTUYHOCTb CTalU CHUXKaeTcs B 8-10 pas.

Pe3yibTaThl U 06CYXKAEeHNE

C 1uenbl0 OCYUIECTBJEHUS 3KCIEepUMEHTAa/IbHbIX HCINBITAHUM CcTajJed B  cpene
3KCIJIyaTal[MOHHBIX MapaMeTPOB W TMOJIyYEHUS] MCTUHHBIX XapaKTEPUCTHK MeXaHUYeCKHUX
CBOWCTB NP BO3/IEHCTBUM KOPPO3UOHHBIX XKHUJKUX CpeJi, pa3paboTaH JlabopaTOPHBIA CTEH] C
KaMepoU BBICOKOTO JIaBJIeHHs]; YCTAHOBKA M0O3BOJISIET MPOBOJUTH UCIIBITAHUS HA PaCTSDKeHUE U
obecrie4yMBaeT TOYHOCTb U3MepPEHUsl YCUIMH U JepopMaliMiyd UCHBITHIBAEMOr0 00pa3iia CTaJH,
HaXO/IAIIErocsi B KaMepe Co CpeJIou.

[IpoBeieHbI UCNIBITAHHUS U TTOJIyYeHbl SKCIIEPUMEHTaJIbHbIe JJAaHHbIE, KOTOPbIe MOKa3aJIH, YTO

JUCTUJIJIMPOBaHHas BoJia ¢ Temiepatypoi 280 °C npu ckopocTH AedpopMupoBaHus €=0,9-1 0°c?
CHUXKAaeT OTHOCUTEJIbHYIO IPOJ0JIbHYIO0 lepopMalUIo, ONlpe/ieJIEHHYI0 10 MOMEHTY pa3pylleHus
UCOBITYeMOTo o6pasia [0 CpaBHEHUI C ee 3HayeHueM, IOJIydeHHbIM IO pe3yJbTaTaM
MCIIbITAaHUS HA BO3/yXe MIPU TOU Ke TeMIlepaType U CKOPOCTU JeHOpMUPOBAHUs. ITO CHUXKEHUE
coctaBusio 50% no cpaBHEHUIO C JAHHBIMU, OJIyYEHHbIMU Ha Bo3ayxe. [Ipesiesn npoyHOCTU TpHU
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3TOM B YCJOBUSIX OCEBOrO pPACTS’KEHUSI CO CKOPOCThbIO JlehOpMHUPOBAHUSA €=0,9-10°¢c! He
u3MeHuscda. HecMoTps Ha CTO/Ib HU3KYI0 CKOpPOCTb AedOpMHUPOBAHHUSA, MPOLODKUTESbHOCTD
BpEMEHM HaxoxJeHHUsA o6pasua, AJUHOW pabodyer dyactu 20 MM, [0 paspylleHus B
JUCTUJIJIMPOBAHHOM Bojie cocTaBwja 2,93 4yaca, 4TO ObLIO HEJOCTATOYHO /ISl MPOsIBJIEHUS
OTPULATEJIbHOTO BJIUSHUSA CpeJibl HA MIPOYHOCTD CTAJIH.

3auuTHasa MarHeTUTOBas IJIEHKA, 00pa3yroLasics Ha IOBEPXHOCTH CTaJIU, HAXOAsAIeNCsl O/,
JIeICTBMEM BOJIbl BBICOKHUX TeMIepaTyp, B xoje Jedopmanuu obpasia ¢ HU3KOW CKOPOCThIO
NepuoJUYeCcKd pacTpecKHBaeTc M BOCCTaHaBJuBaeTcd. BciencTtBue 3Toro ob6pasyercsd
IIEPOXOBATOCTb NOBEPXHOCTH, PaCTPECKUBAETCA MMOBEPXHOCTHBIN CJI0M MCIbITyeMOro obpasna
OT pacTArvuBawliei gepopManyy, pa3BUBaeTCs NPOLEeCC pa3pbIXJeHH NOBEPXHOCTHOIO CJ104 3a
cyeT 060pa30BaHUA U Pa3BUTHUSA MUKPOCKONMYECKHUX KOPPO3UOHHBIX TPEIUH, UYTO U IPUBOJUT K
OXpYNMYUBAHUIO CTa/IU. TakMM 06pa30M, MHTEHCUBHOCTb pa3pylLIeHUsl CTaJu OT KOPPO3UOHHOTO
BO3JEWCTBUS OKpyXKawllel cpefbl 3aBUCAT OT CTeNeHUW HapylleHUus CIJIOLIHOCTHU
MOBEPXHOCTHOTI'0 3aL{UTHOIO CJIOSI MarHeTUTOBOM INJIEHKHU.

Pe3ysnbTaThl 3KCHepUMeEHTa/bHbIX MCCAEJLOBAaHUM, U3JI0KeHHble B pabore [20]
NOATBEPXKAAIOT 00pa3oBaHUE KOPPO3MOHHO-MEXaHWYECKOM TpeIlMHbl Ha «XOJIOJHOM»
KOJIJIEKTOpe maporeHepatopa. Ha ocHOBe moJiydeHHBIX pe3yJbTaTOB CJEJaHO 3aK/IYeHHUe O
MeXaHHW3Me KOPPO3HWOHHO-MEXaHUYEeCKOr0 pacTpecKMBaHHUS, KOTOpOe 3aKJ/4yaeTci B
pa3pyllieHUH IOBEPXHOCTHOM IIJIEHKH 3a cyeT AedopMal iy, IPOUCXOAALEeN C HU3KOU CKOPOCTbIO
IpY BO3/I€MCTBUM KOPPO3UOHHOU cpe/ibl. TpeluHbl Ob1IM 0OHApYKeHbI TOJbKO Ha «X0JIOJHOM»
KOJIJIEKTOpe, TZle TeMIepaTypa MaTepuasa cocTtaBiseT okosio 280 °C, a Ha «ropsuem»
KOJIJIEKTOpE, TJle TeMiepaTypa MaTepuasa coctaBiseT 320 °C, TpeliuH He oOHapy»eHo. U3
CKa3aHHOTO CJieAyeT, YTO OCHOBHBIMM (PAKTOpaMH CHMXKEHUS IJIACTUYHOCTU CTaJU B ITHUX
YCIOBUSX, IBJSAIOTCA ONpeJ/ie/IeHHble COYeTaHUsl TeMIlepaTypbl U CKOPOCTHU JeOpPMUPOBAHUS,
NPUBOJSILME K OXPYTUMBAHUIO U paCTPECKUBAHUIO MeTaJlJa.

3ak/royeHue

1. Pa3paboTaHHbId M M3rOTOBJEHHBbIM aBTOpPAaMU HCIbITaTeJbHbIA CTeHJ, IMOKa3asl
BbICOKYI0O  HaJie)KHOCTb  IpPU  NpPOBEJEHUHM  UCIObITaHUM  00pasyoB  CTald B
BbICOKOTEMIIepAaTyPHOU AUCTUJIJINPOBAaHHON BO/Jie, HEMPEPBIBHO 06ecneyrBasi HE06X0MMble
napameTphl Cpe/ibl 3a BCce BpeMd IpOBeJleHUs UCIIBITAHHUSA.

2. PazpaboTtaHHass cxeMa HW3MepeHUs YCWJIWs, NPUKIAJbIBAEMOTIO K HCIbITYyEMOMY
obpasiy, u Jebopmanuud 006pasla, HAXOAAIErocs MOJi BO3JENCTBUEM BHEIIHEN Cpejbl, C
MCII0JIb30BaHWEM KOCBEHHBIX METO/0B C MOCTPOEHUEM TaPUPOBOYHBIX IPapHKOB MMO3BOJIUIA
HOBBICUTb TOUHOCTb ONIpe/ie/IeHUs HaNpsiKeHus U JlepopManiu o6pasLia B X0/ie UCTIbITaHHUS.

3. [lonyyeHbl nepBble IKCHEPUMEHTA/bHblEe pe3yJbTaTbl WCIBITAHUS 00pPa3L0B CTaId
10TH2ZM®A pacTskeHHeM ¢ HU3KUMHU MOCTOSTHHBIMU CKOPOCTSIMU e OPMHUPOBAHUS, KaK Ha
BO3/lyXe, TaK U B JUCTUJIJIMPOBAaHHOM BOJIE.

4. Pe3ysbTaThl NepPBbIX UCNBITAHUU MOKa3aJd, YTO KOPPO3UOHHAA CpeZia B BUJE BOJbI
BbICOKMX TeMIlepaTyp W JaBJIEHUs CYLIeCTBEHHO CHW)XaeT IJIaCTUYeCKHue CBOWCTBA CTaJly,
TOT/Ia KaK IPOYHOCThb ee OCTAeTCs HEU3MEeHHOM 10 CPAaBHEHMUIO C JAHHBIMHU, IOJIyYeHHbIMH Ha
BO3/yXe.

5. [lonyyeHHble pe3ysbTaThbl U AUAarpaMMbl pacTs>keHUs1 06pas3uoB ctaiu 10CHZM®A B
KOPPO3UMOHHOM CpeJie U CONOCTaBJIeHUE UX C IaHHBbIMU [PYyTUX UCCJIel0BaTeeN, TO3BOJIAOT

cAesiaThb BBIBOJ] O TOM, YTO HU3KHE CKOPOCTHU JleOpPMHUPOBAHUSA CTAIN B ITOU Ke Cpefie ABIAITCA
OJIHHUMH U3 OCHOBHbIX GaKTOPOB ee OXPYMUYUBAHUS U NMOTEPH MIACTUYHOCTHU. CleJ0BaTebHO,
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pEKOMEHIyeTCsl TAKOM PeKKUM paboThl B POLECCe IKCILIyaTallMK TaporeHepaTopa, Npyu KOTOPOM
coyeTaHHUe BBICOKOU TeMIlepaTypbl U CKOPOCTHU ieGOpPMUPOBAHUSA HE IPUBOJUT K OXPYNTYUBAHHUIO
MaTepuaJia ero Kopmyca.

BaarogapHoctu/UcTOYHUK GUHAHCUPOBAHUSA

UccnepoBanue npoBoauiock B HayyHo-ucciaefnoBaTesbckod JiabopaTtopuu “IIpo6sieMbl
MallMHOCTPOeHUs” B paMKaX rpaHTOBOro ¢puHaHcupoBaHus KomuTeTra Hayku MuHHCTepcTBa
HAayKM W BbIcuiero ob6pasoBaHusi Pecny6sauku Kazaxcran (MPH AP26199289 Paspab6oTka
MEeTOJMKH UHXXeHEePHOT0 pacyeTa 3/1eMEHTOB aTOMHBIX U TENJIOBbIX 3HEPreTUYEeCKUX YCTAHOBOK,
N0/iBepralolUXcs BO3/eHCTBUI0 MeXaHUYeCKUX HaNpsXKeHUI U KOPPO3UOHHOM cpeJibl, BBICOKOU
TeMIlepaTyphl).
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AbuieHoB X.A. - MOCTaHOBKAa HAy4YHOW 33/layd, KOOpJAHUHALUS COBMECTHOM paboThl aBTOPCKOIO
KOJIJIEKTUBA, pa3pab0TKa KOHILENLUH MCCIe0BaHUA M 00lled MeTOJ0JIOTMU IpOBeJeHUs
UCOBITAHUW, Hay4yHOe pYKOBOJCTBO pabOTOH, aHa/Ju3 W UHTeplnpeTanus IM0Jy4eHHbIX
pe3y/bTaToB, IO rOTOBKA U peJJaKTUPOBaHUE PYKOIIMCH CTAaThH.

Apanos B.P. - pa3paboTka KOHCTPYKLIMM HUCNBITAaTEJBHOTO CTEH/A, PacyéT U NPOEeKTUPOBAaHUE
UCOBITATEJbHOW KaMepbl U CHUJIOBBIX 3JIEMEHTOB, BbIOOp CXeMbl H3MEpPEHHUS YCUJIUH HU
AedopManui, yyacTve B NMOATOTOBKE TEeXHHWYECKOW JOKyMeHTAalMH, peJlaKTUPOBAaHHE TEKCTa
cTaTbH, OpMUpPOBaHHE HAYYHOU UHTEpIIpeTalMH pe3yJIbTaTOB.
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Methods and equipment for testing steel samples in distilled water at high
temperature and pressure

Abstract. This paper describes the design of a developed and manufactured experimental test
bench consisting of a test chamber and auxiliary equipment, including a high-pressure pump,
receiver, compressed inert gas cylinder, and connecting pipelines. The test bench enables testing
of steel specimens in distilled water under high temperature and pressure conditions for static
deformation at various strain rates, as well as for low-cycle symmetric loading. A distinctive
feature of the test bench is the ability to determine static mechanical properties and cyclic strength
of steel specimens with high accuracy. The test chamber provides precise measurement of the
force applied to the specimen in a high-temperature water environment, while deformation is
measured indirectly using previously obtained calibration curves. The applied force is determined
using an inductive displacement sensor of a mechanical extensometer installed inside the loading
rod. Using this test bench, tensile tests of 10GN2MFA steel specimens were carried out in air and
in distilled water at a temperature of 280 2C. The results showed that the strength of the steel
remains unchanged, whereas its plastic properties decrease.

Keywords: development, test bench, testing, corrosive environment, strength, ductility,
nuclear power plant.
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Anpgartna. KasakcrtaH Pecny6snkacbiHZa TeMip:KoJ TacbiMaJjibl HapbIFbIH
JINbepasin3alusiay }KaHa *XeKe TacblMaJlJaylblJap/blH aija 60/1yblHa )KoHE
«KasakcTtan TeMip »KOJIbI» YJTTBIK KOMIAHUSACBHI» aKIUOHEPJIIK KOFaMbl
aTblHAH OJIap/blH YJTTBIK TacbIMaJAaylIbIMeH 09CeKeJIeCTIriHiH KylleriHe
asblll Kesedi. MakaJsia TacbIMaJjjjay cajsachlHZA OackKapy TociJiH eckepe
OTBIPBIN, KAyilnci3fik OOMBbIHINA ToyeKeJJepAl Tajajay >XKoHe 9cep eTeTiH
Heri3ri cebenTepAi aHbIKTayFfa 6aFbITTaIFaH. ByJ mpoliecc casaHblH YUBIM/IBIK,
KYPbIJIBIMBIH 63TepTyJleH 6acKa, KO3FaJbIC Kayilci3ZiriH KamMTaMachbl3 eTy
»KyHeciHe KOWbBLJIAThIH TajanTapabl KyuedTeai. MyHal xkaFaauiapaa apoip
TacbIMaJ/IJlaylllbl ~ KbI3METIiHIH  epeKlleJiKTepiH ecKepeTiH, COHJAAaM-aK
O6ippIHFall KarujaTTapfa Heri3Je/reH ToayeKeJsJepi Oackapy TaciizepiH
a3ipsiey ©3eKkTi 60JbIl Tabblaafbl. 3epTTeyJiH MaKcaTbl - KO3FaJbIC
Kayincisziri casacblHAaFbl TayeKeJsAepAi 6ackapy NpoLecTepiH XeTingipy
»KoHe TiriHeH GeJiiHreH 6acKapy KypblJbIMbl >KaFJaWbIH/JlA KYMbIC iCTEUTiH
TacbIMaJ/llaylibliap YUIiH 8icTeMeJIiK YChbIHbIM/Iap d3ipJiey 601l TabblIabl.
3epTTey OapbICblHAA KO3FaJbIC Kayilci3ZiriH peTTedTiH HOpPMaTHUBTIK-
KYKBIKTBIK 6a3zara KelleH/i Taajay XKyprisingi, J)KeKeJiereH
TacbIMaJJaylibliapZa  KO3FaJblC  Kayimci3giriH — 6ackapy  »KyHeciHiH
KaJIbIIITaCybl MeH JaMyblHa KeJepri KeJaTipeTiH MHCTUTYLUOHANJBIK KoHe
YUBIMAACTBIPYIIbLJIBIK (QaKToOp/Jap aHbIKTaAAbl. Toyekenazephi aHBIKTAY,
bafasiay koHe OaKblay/blH KOJIJaHbICTAFbl 9/iCTepi casbICThIpMasbl TaaAay
Heri3iHZe KapacTbeipbliabl. HoaTwkeciHae TachiMasgaylbljaap KbI3METIiHIH
CUMATbIH eCKePETiH bIKTUMaJl TOYy eKeJIAePAi XKIKTey KoHe cunaTTay 60MbIHIIA
dJiicTeMelJliK TICIJl YChIHBIJIIbI.

Ty#inai cesaep: JIOKOMOTHUBTEP/IH CeHIMJiJNIr], MOWbI3 KO3FaJiblChIHbIH,
Kayincis/jiri, KOMHOOHEHTTepJiH iCTeH IIbIFYbl, iCTEH IIBIFyAbl 6o0JnKay,
TIyeKeJIre HeTi3/ieJireH 6ackapy, Ko3FaJbIC KayillCi3irid 6ackapy.
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Methods of identification of safety risks in conditions of vertically distributed
management structure in railway transportation

Kipicne

Temip:kos1 KOMIaHUSCBIH 6acKapy Mojesbaepi. TeMipKos casiacblHAaFbl TEXHOJIOTUSIJIBIK,
KbI3METTIH, Heri3ri typJiepi:

- MTHOPaKY phLIbIM/IbI K9 HE KbI/DKbIMaJIbl KypaM/ibl YCTAY KoHE NMaijanaHy;
- TacbIMaJ1jay KbI3MeTI.

Ochbl eki KpI3mMeT 6ip yiMbiMJa OipikTipisireHiHe HeMece 6ipiKTipi/iMereHiHe GalJIaHBICTbI
TEMIpKOJ »Kydeci TiriHeH OipikTipisireH (MHTerpayusiJlaHFaH KOMIIQHUSAJIAPABIH  TIK
»)KYMbICbIMEH) HeMece TiriHeH OeJiiHreH (3keKe TacbIMaJsiJlaylibliap MeH KeKe UWHPPaKYPbIJIbIM
veJiepiHiH )KyMbICbIMeH) [1].

Kasipri yakbiTTa «KT2K» YK» AK TiriHeH vHTerpanusiiaHFaH KOMIIaHUS 60JIbIN Tabblia/ibl,
ferenMeH 2018 oxkbiigaH 6Oactan YATTBHIK XOJJUHITI MHQPAKYpbLIbIM ONEpaTOPbIHbIH,
GYHKIMSACHIH 66J1e OTBIPHII, KOJiK-J0TMCTHUKAJIbIK KOMIIAaHUSIFA alHaJIblpy Mpoleci 6acTaibl.

KasakcTaHHBIH MarucTpaJbAbIK TEMip:KOJI JKeJlici MeMJieKeT GacKapyblHJla 60JFaH/bIKTaH,
»KeKe TacblMaJlJaylibljap 9pKallaH TiriHeH 6eJ/iiHreH 6acKkapy KypblJIbIMbIHA Ue 00J1a/ibl.

Tik 6Gesy Mojesi TachiMajjay KbI3MeTiHEH O6JiiHTeH O6ipblHFall WHPpPaKYPbLIbIM/IbI
naiijjajlaHaTblH MaMaH/JaHJbIPbIJIFAH TacbiMaJjjaylibljap apacblHJAaFbl 03ceKesecCTiKTi
6omkanabl. Eyponanbik Opakka (EO) mylie memsiekeTTepne Tik 6esy mMojeni («eypomasblk
MoO/ieJIb») TapaThlJI/bl..

1-kecte. TeMipKOJ KOMIAHUSCBIHBIH, KYPbUIbIM/IBIK YHBIMBIHBIH, MO/JleJIbJIEPiHIiH
CUIIaTTaMachl

TacbiMangayibl KypblJbIMAbIK YHABIM/IACTbIPY [ bIH
Ne MemiekeTTep MozeJbAepi
TiK MHTerpanus TiK 66J1y
1 AKIII v
2 EO v
5 lIBernusa v
6 Ynp16puTaHus v
7 Jlanus v
8 Pecent v 6eJ1y npoleciHae
10 KpITam v
11 KaszakcraH v 6eJiy nmpolecinje

1-kecmeze eckepmne:

-TiK MUHTerpanus-6ip komnaHus UH paKypblJIbIMFa Ue XX9He TacblMaJlJay/ibl XKy3ere acbl pa/ibl.
-Tik 6esy-UHPpaKypblJbIM MeH TacbiMaazay QYHKIHUsJapbl 9pTypJi Cy6beKTisiep apacbiHza
beJiHei.

WHOpaKyphlIbIMHBIH, ~ MEHIIIriHE  KapaMacTaH, TacbhIMaJijaylibliap  apacblHJaFbl
6acekesiecTiKk MHOpPAKYphLJIbIMFA KeMiJiAi KeMCiTyci3 KoJ »KeTKi3y »KafFJailblHAa FaHa 60JybI
MYMKiH. Bysnl peTTe WHpaKypblIbIMbl 6ap KOMIAHHUSHBIH KbI3METIH MeMJIEKET TabUFU-
MOHOMOJIMSAJIBIK, peTiHAe peTTed anaznbl [2]. Erep mHbpaKyphl/IbIM TacbiMajAayuiblaap/blH,
6ipiHe TuHecisi 6oJsica (6acKasapMeH KaTap, OJ MOWbI3IapAblH, KO3FaJbIChIH 6acKapyfa »kayarn
bepe/ii KoHe OTKi3y KabijeTTisiriHiy TapaayblHa oacep eTyi MYMKiH), OHJa 6acekesec
TacbIMaJlJayIblJIAPAbIH KYMbBICBIH 9PTYpPJi TaciZiepMeH IIeKTeyre bIHTAJaHABIpYyJAp Maija
60s1a/bl. CoHABIKTaH MH} paKypblJIbIM/bl TacblMaiJay KbI3METiHEH TOJIBIK,
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YUBIMJACThIPYLIBIJIBIK, 06Jy TacbIMaJiJayllblJap/AblH, HWHQPaKypblJIbIMFa KeMCITyCi3 KoJ
YKeTKi3yiHe yJIKeH KeNiJJiK 6epy YIIiH KoJAaHblJIa/bl.

1-kecTese KeWlbip esfep/liH, TeMip:KoJl cajlachblH 6acKapyaAblH KabbljJaHFaH MoOJeJbjepi
TypaJibl MaJliMETTEep KeJITipiireH. 9/eMJe caJlaHbl KYPbLIbIMABIK YHBIMAACTBIPYAbIH, 9pPTYpJii
MoJieJIbJlEPi KYMBIC ICTEMAI - TOJIBIK HWHTerpainusJaHfaH MeMJIEKETTIK MOHOMNOJIMsJAap/JaH
6acrtan, QyHKIUAJAPbI 66JIiHT€H HapbIKTapFa JleHiH.

Kasipri yakbITTa TEMIip:KOJI K6JIiriHAe TacbIMaJjJay KbI3MeTTepPi )Ky3ere acblpblia/ibl:

Kasipri yakbITTa TEMIip:KO0JI K6JIiriHAe TacbIMaJsJay KbI3MeTTepPi Ky3ere acblpbljia/ibl:

- «Kyk TaceiManbl» XKUIC aTeiHaH YaTTHIK kyk TacbiMaigaywbl («KTHK» YK» AK-HbIH
eHIIIiJiec K9CilopHbI);

- «Konaywbslinap TacbkiMasbl» AK aTblHaH »KoJlayWblJIapAblH, YJATTBHIK TacbIMaJayUbIChbl
(«KT?»» YK» AK-HbIH eHIlliJiec KacimopHbI);

- )KeKe YK TacbiMasgayblaap: «Dar Rail» XKIIC, «TTT service» XKIIC;

- )KeKe »KoJ1ayiblJIap TacbIMaJAaymbljaapbl: 18 KoMIaHUs.

Ocplnaiiia, KaszakcTanza TeMip»KoJ1 KeJlirinze )KyKTepAi )koHe »K0J1ay I blJIap bl TaCbIMaJay
OoMbIHIIA KbI3MeTTepAi 6ackapy KypbLIbIMbl TiriHeH OeJiiHreH 20 jKeke TacbIMaJijayllibl
ycbiHagbpl.  Kesiik  KbI3MeTTepi HapbIFblH O0JlaH 9pi  bIpbIKTaHZAbIpyFa 0aiJaHbICThI
TacbIMaJlJlay lIblJIap CaHbl apTybl MYMKIH.

MeHIIiK HbICAaHbIHA KapaMacTaH TacbIMaJijlayllibljap/a KO3FaJbIC Kayinci3girin 6ackapy
xky#eci (KKBXK) 6osybl »xoHe Kayinci3fjik cepTudUKaTbIH ally MaKcaTblHJa YoKiJeTTi opraH
TapanbiHaH KKBJK-HbIH Mep3iM/ii CBIPTKbI ayiUTiHEH 6Tyi THic. TacbiMaigayblaapabiH KKBK-
CblHA KOMWBLJIAThIH TaJIallTap/blH Oipi - 6arasiay MeH 6acKapy/iblH ToyeKeJire OarjapJiaHFaH
MPUHLMUIIIL

HopMaTuBTIK-KYKBIKTHIK IIeKTeyjep. bipkarap mMeMJieKeTTeple KO3FaJbIC Kayimncisgirin
b6ackapy »KyHeciHe KOHWbLJIATBbIH TaJlalTapAbl erKeu-TerKeusi peTTey KOK. Mbicasbl,
KazakcTanga «TeMip:kos Kesiri Typasbi» 3aHfa [3] »koHe TeMip»KoJ1 KeJlirinaeri KoJ1laHbICTaFbl
Kayinciszik Epexesnepine [4] calikec TaceiMasgayubiaap e3fepiHiy KKBXK-cbiH a3ipseyre
MiHJIeTTi, aJalaa Kayinci3aikTiy 6ipblHFall KepceTKilTepi MeH oJiapFa KOJ KeTKi3y aaicTepi
HOPMaTUBTIK TYpZe aHbIKTajsMaraH. CoJ CUAKTHI, YIATTBHIK 3aHHaMaZla TacbIMaJlJaylbIHbIH
KKBXX-CbIHbIH, HOTHXKEJIIIriH, THIM/IIITIH KoHe KeTiJlyiH 6aFajiay/iblH, HaKTbl KpUTepuiIepi
KOK, OyJ1 TachIMa/lJlaylIbIHbIH KbI3METIH Kayilci3Aik NeH TYpaKTbLIbIK TYPFbICBIHAH CamaJibl
6araJsiay npolecid KublHAaTabl [5]. HoTmxkecinze, ap6ip yiibim KKBXK ayauTiHiH MeTpuKachl MeH
paciMaepiHiH Ky HeciH Jiep6ec KaJbIITAaCThIPabl, Oy TOyeKeAep/i CaJbICThIPY /bl KUbIH/IATa lbl
»K9He 0JIap/ibl a3alTy CTpaTerusCbIMEH KeJliCiiTeH Taciilep/iH AaMyblHa oJ 6epmeiai. Pecei
QenepanuscbiHAA TeMipKoJ Kayincisiri Typaabl @efnepasjibl 3aH, CUSKTbI THUICTI KYKbIKTbIK
aKTiziep HerisiHeH JekJlapaTUBTI 60JbIN TabblJIaAbl K9HE ToayeKeJJepAi 6acKapyAblH HaKThbl
aJrOpUTM/IepiH HEMece TachbIMaJIayLibl Hbl 6acKapy AbIH KYPbLIbIM/IbIK MO/IeJ/Ib/IEPiH eCKepeTiH
N POAKTHUBTI TaJ1Aay TajalTapblH KapacTblpMau/bl.

Eyponasnbik cTaHAaapTTapAblH KazakcTaHHbIH HOPMAaTUBTIK 6a3acblHAa MHTErpalusJiaHyblHA
KaTbICThI illiHapa 6eMiMzeny faHa 6aikanazabl. Eyponanbik Ozakra 2004 »xbpuigaH 6acrtan
2004/49/EC «TemipxospaFbl Kayinci3gik Typasbl» JUpPeKTUBAchbl 6ap [6], ToayekenagepAi
6afasayablH kajnbl aaicTepin (CSM-RA) KonpaHyAbl Koca ajifaH/ia, ToyeKeJre GaFbITTa/IFaH
KKBX enrisyzi 6earinengi [7]. TM/I engepinzie 6y/1 1pUHLUMIITED YATTBIK PETTEY/E PECMU TYPAE
KepceTiJireH HeMece 9Jli HOpPMAaTUBTiK 6a3aFa MHTerpanusijiaH6araH. HoTuwkeciHae HOpMaTUBTIK
peTTey GparMeHTTi 60JbIN KaJlaJbl: IPOAKTUBTI Kayinci3AikTi 6acKkapyAblH TUIMAiiriHe Tepic
acep eTeTiH GipbIHFal KoJigaHy epexeJiepi (CSM-RA) xxoHe Toayekesiep/ii 6aKplyiay XKOK,
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Memaekemmik dHcaHe Hceke macbimMandayubliap apacblHOarsl alblpMaAUbLAbIK

1) JlepekTep MeH pecypcTapFa KoJi »eTki3y. «Peceit TeMip »kongapbi» AK koHe «KTHK»
YK» AK CHSKTBl YJTTBIK XOJJUHITEDP TeXHUKAJbIK KaW-KYHJAi MOHUTOPUHIINIEYy >KoHe
ToyeKeJepAl Taajay YLiH MaMaHJAAaH/BIPbIJIFAaH JlepeKTep OpTaJibIKTapbl MeH TaJjjaMaJlblK,
nyaTopmaniap/ibl KaMTUTbIH KO3FaJIbIC Kayilci3AiriH 6ackapy/iblH JlaMblFaH KOPHOPATHUBTIK
MHQpaKypblibiMbIHA He. OsiapaH aWblpMalllblIbIFb], >KEKe TacbiMaJjayllbliap KebiHece
3amaHayu IT-pecypcrapra KoJ1 2KeTIMAIJIKIEH IIeKTeJeAl >XoHe »XKeHUIJeTiIreH HeMece
dparmMeHTTI wWemiMaepAi KoJAaHyFa MaKOyp 60J1afbl, Oyl oJapAblH KeJes OGakKbljay >KoHe
KayinTep/i 6esceHi 6ackapy KabijieTiH TeMeHAeTe .

2) KKBX xeTiny geHreui. YATTbIK TacbIMaJsiJlayliblJap XaJiblKapaJiblK CTaHAApTTapFra
(mbIcansl, 1ISO, CSM-RA cTanzapTtTapsl) carikec KeseTiH peciMmaenreH KKbXK-Hb1 6ipiHiui 60Jbin
eHri3/ii »KoHe KellleHJi 6ackapy mnpoleaypaJapbliH a3ipJeni. JKeke koMmaHusiiap, KepiciHiie,
keb6iHece KKBXK-HbIH 6a3aJ/iblK 3/1eMEHTTEPiH KaJIbIITAaCThIPy caThIiChIHAA 601aab1. KazakcTaHa
KKBX-HblH, 60/iyblHa KOWBLJIATBIH HOPMATUBTIK TaJlalTap HerisiHeH TacbiMasjaylubliapFa
KOJIZJAHBIJIA/IbI, a1 KipMe K0JIIap/iblH *KeKe hesiepi, UHPpaKypbl/IbIM K9HE KbI/DKbIMAJIbI KypaM
00'bEeKTUIEpIH TEXHUKAJbIK YCTay >KoHe >XOHJey KbI3MeTTepiH KepceTeTiH KacimopblHAAD,
KbIJDKbIMaJIbl KypaM ollepaTopJiaphbl, 3KCeJUTOPJap MYH/lakl MiHJeTTeMeJlepJileH peCMU Typ/e
f6ocaTblIa/lbl.

3) KyxaTTasifaH mapaJsiapZibl €Hri3y JAeHrewui. YATTHIK KoHe XaJibIKapaJiblK, Kayinci3aik
TYXKbIpbIM/IaMaJiapblHa OipiKTipisireH ipi TacbiMasayiibljap ToyeKesre 6argapaaHfaH 6arasay
»KoHe 6acKapy NpollecTepiH cTaHAapTTayFa KoHe 0ipi3faeHAipyre bIKIaJ eTeTiH Taciigep. Keke
TachIMaJlJlaylibljiap KebiHece oChl MpolecTep/li eHridyZeH apTTa KaJjaazbl, 6ys osapabiH, KKBXK-
ChIHBIH, KeTily JleHreHliHiH TeMeHJiriHe >koHe TayeKe/JepAl 6acKapy ToxipubeciHe akesefi.
CTraTuCTUKaJBIK [ilepeKTep >eKe TacbiMasJayllbllap MeH TacbhIMaJJay IMpoleciHiy 6acka
KaTbICYIbLJIAPBIHbIH, YJeCiHe KO3FaJbIC KayilcCi3AiriH Oy3yUbIJAbIKTap/AblH, KOIMIIiJIiri Tueciui
eKeHiH pacTtaungpbl, oy onapably, KKBK xkeTinpgipy KaxkeTTisirin kepcetegi [5, 8].

«KTX» YK» AK (2024) [9, 10] »kbl1 callbIHFbI ecebiHe coliKec, 6ip bl iliHAe 6apJbIFbl 717
Kayincisziik Oy3ymblablKTapbel TipkeareH: 6ys perte «KTX» YK» AK-HbIH 63i xosa 6epreH
Oy3yIIbLIBIKTApAbIH, Tek 15 9%-bl, KajraH 85%-bl TackIMajijjlay MpoIeciHiH 6acka
KaTbICylIblJIapbiMeH (KeNTereH j>XeKe TacbIMaJjjaylibljapbl Koca ajfaH/ja) 6alaHbICTBHI.
Kayinci3aikTi kaMmTamachI3 eTy cajlacblHJaFbl HOPMATUBTIK 6a3aHbIH JKeTiJIMereHiri, 6ipbIHFan
KepceTKilTepaiy 6osMaybl )koHe KKBXK 6aranay agicTemeci eseysi akimuiisiik kegepri 60Jibin
Tabbl1aApl. 2Keke TachIMaJiaylibljiap CaHBIHBIH ©CYyi ToyeKeJaepAi OesceHJZi 6GacKapyblH
yWJlecTipiireH KypaiJapblHblH 00JIMayblMeH KaTap »KYpeTiH »afjad Oailikanagbl. Keke
TachIMaJ/lJlayIibllap UHTerpaapl TypAe OesiiHreHAikTeH, osapra EO TacingepiH KoamaHy bl
ycbiHyFa 6osiaapl [11]. Eyponaneik Opakta 2004/49/EC nupekTHBacbiMeH [6] TeMipikos
TacbiMasiayibliapbiHblH KKBXK TananTapbiHblH 6ipbiHFal kyHeci eHrizingi. CSM-RA epexeci
[7] »yHeneri ke3 KeJreH e3repicTep KesiHJe ToayeKeJsaepAi 6aFasayAblH OipblHFAM «KaJbl
dJicin» aHbiKTauabl. byn EO engepinperi 6esiceHf i Toayekes-MeHeIKMEHTTI CTaHJapTTayFfa
BIKNaJ eTefi: apbip ipi omepaTop KayinTep/i >kaJjnbl dfjicTeMesiep OOWbIHIIA YHEMI Tajijan
OoThIpybl THic. CanbicThlpy ViliH, KazakcTtaHjga MyHAal perJsiamMeHTTep/iH 6osiMmaybl KKBXK
veJsiepiHe (MbIcasibl, )KeKe TacbIMaJjayuiblaapFa) GipblHFal Taajay Kypaajapbl OepiJMeUTiHiH
6ingipeni, 6y anAblH ajay IlIapajapblHblH, THIMJIINIMIH TeMeHaeTei. 3epTTeyiH FblJIbIMU
»KaHaJIbIFbl TEMIpPX0JI TacbIMaJiblH 6acKapy/iblH TiriHeH 66JliHreH KYpbLIbIMbI >XaFAaublH/a
noeszap KO3FaJbIChl KAyillCi3JiriHiH ToyeKeJAepiH COMKeCTeHAIpYAiH KyHeJsl ToCiJiH a3ipJey
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6016l TabblaAbl. YChIHBIIFAH TOCIJ K€Ke TacbIMaJsifayllbljap KbI3METiHIH epeKllesaiKTepiH
ecKkepeJi »oHe IimKi >9He CBIPTKbl ¢GaKTopJsap OOWBIHIIA ONepanusJblK TayeKeaJepai
KYpblJIbIMJayFa MYMKiHAIK O6epeni. XanbikapasblK cTrangaptTapabl (ISO 31000, CSM-RA) *kaHe
KOJIAAHbICTAaFbl TaXipubeHi Tajjay HeriziHAe ToyeKeAep/i aHbIKTay MEH KiKTeyiH
dJlicTeMeJlik cxeMachl 93ipJsieH/1i. ByJ Tacis Ko3Fasbic Kayinci3airin 6ackapy »kyHeciH xeTingipyre
»KoHe KaOblJIJJaHFaH 6acKapy LielliMAepiHiH HeTi31i/IiriH apTThIpyFa bIKNAJ eTe/|.

YchIHBLIFaH 3/licTeMeJIiK TICi/IZep ic )Ky3iH/ie TeMip>K0J1 TacbIMaJlay il blJIapbl HbIH, KO3FaJbIC
Kayincizgirin 6ackapy »kyesnepin (KKBXK) o3ipsey xoHe »XeTinflipy KesiHJe KOJIJaHbIJIYbl
MYMKiH. ATan alTKaH/a, YCbIHBIJIFAH ToyeKeJJep/i >KiKTey »oHe COWKeCTeHJipy paciMi
TayeKeJIJIep Ti3IIMiH KaJbIITACThIPY, 1IIKI KayilCi3/liK ay AUTTEPiH XKYPri3y KoHe Tay eKeiep/i
6acKapyAblH 6acbiM GaFbITTAapblH aMKbIH/JAy Ke3iHJe NaijaJiaHbljlybl MyMKiH. MbIcasbl, KeKe
TacbIMaJ/IJaylIbIHbIH, >KYK TacbIMaJIblH MaijajlaHy Ke3iHJle TeXHHUKa JIOKOMOTHUBTEDP MeH
BaroHJap/iblH, TEeXHUKaJbIK >KaFJalblHa, TEXHOJIOTUAJBIK IMpPOLECTepPAiH, Oy3blJyblHa HeMece
nepcoHaAbIH  GimiKTimiriHiH KeTkijsikci3ziriHe 6GaW/aHBICTBI TayeKesaJep/Zli aHbIKTayFa
MYMKiH/ZiKk 6epegi. COHbIMeH KaTap, TacblMaJilayllibl HbIH MUHQ paKypbl/JIbIM OllepaTOPbIMEH 63apa
apekeTTecyi Ke3iHzie OyJ TACiJ AabblLI aKayJiapblHaH, 6TKi3y KabineTTiniriviy mekTeysiepiHeH
HeMece KOJIaWCbI3 aya-pallblHaH TYbIHJAWTBIH ToyeKeJAep/Zi Oarajiay YILIiH KOJAAHBLIYBI
MYMKiH. YChIHbIIFAH 9/icTep/ii KoJ1JjaHy KayinTi pakTopiap/pl )KyWesi Typ/ie aHbIKTayFa, ajJ/iblH
ajly IIapaJiapblH KOClapJiayfa »a9He COJI apKplibl IMOWbI3JAp/AblH KO3FaJbIC KayillCi3AiriH
apTTbIpyFa MYMKIH/iK Oepeni.

KKBbXX-ra Toyekengepai 6ackapy/iblH *KyWeJi 9/1icTepiH eHri3y XaJiblKapaJiblK >X9HE YJITThIK,
3aHHaMaHbIH MiHAeTTi Tasabbl 60JibIN Tabblaaabl. Mbicasbl, 2004/49/EC aupekTuBachl [12]
TeMip>KOJ1 KOMIIAHUSCbIHAA ToyeKeZep/i 6arasnay »KoHe NanaJaHy KaF/ah/apblHbIH 63repyiH
OakKplyay llapajapblH €Hri3y mpoueaypacbl 60Jiybl Kepek Jen KapacTbipaZbl. OcblFaH yKcac
tasantap KasakcraH Pecny6J/uKacblHbIH, 3aHHaMacblHAAa OeKiTi/ireH, OHJA «.. TacblMaJjay
NpoLeciHe KaTbICYLIbLIAp YHBIMAACTBIPY K9He TeXHUKaJIbIK lapaJjiap KelleHiH Xy3ere acbIipy
apKblJibl KO3FaJbIC Kayilnci3airiH kaMmTamachbi3 etefi» gesinreH. CSM-RA aficHamacbkiHa caliKec
(EO ToyekesepiH 6aFasiayAblH )aJnbl 9fiicTeMeci) [13] KoMnaHuUs )KYMbICbIH/IAFbl 63repicTepai
6ackapy ke3siHae «CSM-RA kospaHy apkblibl )kaHa EOQ ToyekesiflepiH aHBIKTAy >KoHe oOJapfa
»kayan Oepy» KaxeT, aJd KKBX ocbl Toyekesnjepi 6arasay MeH 6aKblaayblH paciM/ie/reH
npoueaypajapbiHa ve 60Jsybl Kepek. Ocbliaiiia, ToyeKeaiepAi aHbIKTay — OYJ «TayeKeaaepAi
Taby, TaHy )K9He cunaTTay» npoueci. by nponecc Kayinciszikti TuiMAi 6ackapy/AblH Heri3i 60J1bIn
TabbLIaAbI.

By xkyMbIcTa TiriHeH 6GeJiiHreH 6acKapy KypblJAbIMbl 6ap TacbIMaJJayllbllapFa KaTbICThI
TeMip KoJijapiaFbl KayinTepAi aHbIKTAy »KoHe KayilCi3/JliK ToyeKeJJepiH ColKeCcTeHipy Tocii
TangaHAbl. KyMbICTa KayinTep MeH ToayeKeJJepAi KIKTey >XyHeci cumaTTaJiFaH, XyueJsik
Kypa/iJilap/bl KoJ1/JaHy 60MbIHILA YChIHBICTAp GepisreH.

9/1e6U 1101y

TemipxoJ1 TacbiMajZaylibl KOMIIAHUAJAPBl KYKTEp MeH >XOJayllblaapAbl TacbIMaJAay
Ke3iH/le KbI3BMET KepceTy Ke3iHJie apTypJii ToyeKesaepre Tamn 6osaabl. Tayekengep 6acKkapy/blH,
O6ap/blK JAeHreujepiHae mnanja 60Jybl MYMKiIH >K9He K6JIiK HapbIFbIHJAA 6edriai  6ip
epekiuesiikTepre ve. COHABIKTAH OJIapAbl YaKThlJbl aHBIKTAY *XoHe OJIap/blH CajJaJapblH a3auTy
MaHbI3/bl.

FoiibiMu a/1e6ueTTepAeri Toyekesa YFbIMbl alTapJblKTal 3BOJIIOLUSAJIAH OTTi: OHBbI 3USH,
Tepic cajjap HeMece WLIFbIHAAP PeTiHAe TYCIHAIPYAEeH — TayeKeJ i KOMIIaHUAHbIH KbI3MeTiHe

232 Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



Methods of identification of safety risks in conditions of vertically distributed
management structure in railway transportation

acep eTyi MYMKiH OKUFaHbIH Makija 60J1y bIKTUMAaJ/IbIFbl peTiHAe TYCiHAipyre koHe 0JlaH dpi —
TOyeKeJI/ii KOCiMOpbIHHBIH, MaKcaTTapblHA XKeTyJeri 6erici3fiik peTiHge Tycinyre aewin [12, 13].

TemipoJ1 KeJliriHe KaTbICThI T9YeKeJ «3UAH KeJITipy OKUFACbIHbIH bIKTUMaJlAblFbl MEH OChI
3USTHHBIH, aybIPJIbIFbIHBIH, Yils1eciMi» [14] HeMece «OKHUFa bIKTHMaJIJbIFbl MEH OHbIH, Ca/1JJapPbIHbIH,
yiaeciMi» [15] peTiHzie aHbIKTaJIapbl.

XanblKapaJiblK CTaHAAPTTAY YUbIMBIHBIH, aHbIKTaMacblHA COMKeC, ToyeKes «Oenrici3mikTiH
KOWBLJIFAH MaKcaTTapFa KOJI >KeTKi3yre acepiHiH canjapbl» O60Jibl TabblaaAbl, OJ icke
acblpblJIFaH Ke3Jle YUBIMHBIH, MaKcaTTapblHa KeTy YUIiH OH, Tepic HeMece eKiyLIThl cajjapra
aKenyi MyMKiH [16]. DbBeusrici3pik acepiHeH KyTisieTiH HOTHXKeJeH HeMece OKWFaJZlaH aybITKY
TYCiHIIE/I].

ToayekenaiH naiga 60yybl KbI3MET OApbIChIH/A TYbIHIAWThIH KYTIIEreH XKaFAaliapFa HeMece
»KOCMapJlaHFaH OKUFaJap/iblH KYTiJIETiH CleHapUil[ieH aybITKyblHA 6alJaHbICTbl. Bys FbLJIBIMU
KOFaM/IaCThIKTA KayilTep, MYMKIiHAIKTep 2KoHe OeJricia cangapiap CHSKTbl ToyeKeJ
acleKTilepiHiH apaKaTblHACbIHA KaTbICThI OipbIHFall yCTaHbIM XKOK, [17].

Toyekenaepai 6ackapy MpolieciHiH 6acTanKbl Ke3eHi bIKTUMaJl KayillTi OKUFaJapabl aHbIKTAy
60/l TabblIaAbl, 6y KoMmaHUsIHbIH, KbI3MeTiHe acep eTyi MyMKiH TayekeJep Ti3iMiH
KaJIbIITAaCThIPYAbl K9HEe KeMiHri 6arasay MeH TajajayAbl KaMTuAbl. Toayekeazepai 6ackapy
y3/iKCi3 60J1ybl KepeK, eMTKeHi YHbIMHBIH, OYKiJ eMipJiik LUKJiHJEe >KaHa TayeKeJiep Mmanza
60J1ybl MyMKiH, TYpPaKThl >KYMbIC iCTeYiH KAaMTaMachI3 €Ty YIliH YHEMi 6aKbljlay MeH 6aKblJiay /bl
KaxeT eTe/i [18].

Toyekenjepai AypbIC KiKTey »XoHe COWKeCTEHJIPY/iH TOJIbIKTbIFbl KayinTep Ti3isiMiH
KaJIbIITACTbIPy, OacKapyuUblJblK, OacbIMAbIKTapJAbl TaHJAy »oHe Tayekesjepi O6aranay
dJlicTepiH KoJIJjaHy YIIiH KakeT. bys ke3seHJe erkeu-TerkelsepfiH »xeTkijikcizgiri KKBX
TUIMiJIIriH TOEMEeHAeTe .

Kekeneren 3epTTeysepAiH  SMIOUPHUKAJBIK  OeJsliMiHAe  KO3FaJbIiC  KayillCi3JiriHe,
KbIJDKbIMaJIbl KYPaMHbIH, TEeXHUKaJIbIK, KaF/lahblHA *KoHe ajlaM (aKTOpblHA GaWIaHBICTBI OH
Heri3ri onepanusaabIK ToyeKes KepceTiareH. Osapabl 6aFaJiay YilliH bIKTHUMAaJbIK MeH caa1Jap/bl
capanTaMaJblK 6aFaJiayFa HerizJieJ/ireH TayeKeJs UHJIEKCI MeH TayeKeJs MaTpPHUILLACbIHbIH, dicTepi
KOJIZJaHbLJ/I/Ibl. AJIBIHFAaH HOTKeEJIEP TayeKeslepAi 6acKkapy cTpaTerusijiapbl 60MbIHIIA XiKTeyT e
(>koto, 6epy, eHJey) >KoHe HAaKTbl YCbIHYFa MYMKiHAIK 6epAi oJslapAbl a3alTy 6GoMbIHILIA ic-
mapaJjiap. ABTOpJIap KeINTereH ToyeKeJJepAiH >KoFapbl MaHbI3/IbLJIbIFbI KoHe OeJsICeH/l
OacKapylIbIJIbIK apaJjlacy KaXKeTTuliri TypaJsibl KOPBITBIHABI KacaWAbl; YChIHbIJIFAH aJrOPUTM
TachIMaJIJlayIibl KOMIIAHUsJIAp YIIiH 0JIapJblH, KbI3METiHIH epeKIlesirine KapaMacTaH aMbebar
6osbin TabblaaAbl. Kayincizgik ymiH kayin ¢akTopJsiapbl NMouMbI3fapAbl NalgasiaHy KesiHze
9pTYpJli aJaMJapAblH, MallWHaJap/JblH, MaTepuaapAblH >KoHe KOplLIaraH OpPTaHbIH,
caJllapblHaH MakajaHy anaTTapblHa 9KeJleTiH gpaKTopJiapFa xkatazsl [15].

JdjicHamMa

Toyekengepai aHblKTay — Oys 6ip peTTik ic-u1apa eMec, MakcaTKa >XKoHe KaXKeTTiJiKKe
6alJIaHbICTbl Me3TiJI-Me3TiJl HeMece Y3AiKCi3 »Ky3ere acblpblIaTblH KbI3MeT. TeMipoJ
TacblMaJ/llayliblJIapblHbIH, ONEepalusijblK ToyeKeJJepiH aHbIKTAy VIIiH KYMbIC OapbIChIHAA
6ipHelIe aicTep KONAAHbII/BbI.

KKBX-na Toyekenzep/ii aHbIKTay YIIiH TacbIMasJjay MpOIeCciHiH OGapJ/blK 3JeMeHTTepiH
KellleHA1 TaJjijayFa Heri3/e/ireH KYHeJliK TaciJ KoJsJaHblaaabl. bipiHuii ke3eHJe TaJsigay/iblH
MaKcaTTapbl MeH llleKapaJiapbl aHbIKTaa/ibl, MbICaJlbl, TEMipPXKO0JI KeJTiciHiH 6erii 6ip 6eJirinae
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YKOJIaylIblIap HeMece KYK NOWBbI3JapbIHbIH, KO3FaJIbICBIHBIH, KayillCi3JiriH KaMTaMachI3 eTy.
bynan api pacimaepiH peTTijiri icke acbipbljaJibl: aJJibIHFbl OKUFaJjap, 0y3ylIblJbIKTAp KoHe
olnepauusaJbIK JepeKTep TypaJbl aKNapaTTbl >XWHAY >KoHe TaJiay >Ky3ere acblpbljajbl;
cayajHaMaJiap, MH WaOybLIJapbl KoHe KOJIJAAHBbICTaFbl paciMaepAi Tajjay apKblJbl
capanTamMajblK KOFaMJACTBIKTbl TapTa OTBIPbIN, Kayin ¢aKTopJsiapblH aHbIKTAY yprisineni;
ToyeKeJlepAi OeJiriieHreH KpuUTepuilJiep OOHbIHINIA TONTACTBIPY JKOHE JKIKTey Ky3ere
acbIpblIa/bl.

Kywnesik Tangay KypaJsaapsl peTiH/e Keseci 9/jicTep KoJJaHblaaAbl:

- UcukaBa pauarpamMacel (ceben-canzapJiblK, JUarpamMma) »KacbIpblH Kayill ¢pakTopJiapblH
aHbIKTayFfa bIKNaJ eTeTiH anaTTbIK OKUFaJap/blH bIKTUMaJ cajJapbl (Mblcasibl, MOUbI3 anaThl)
MeH cebenTep caHaTTaphbl (6ac TapTy, KbI3MeTKepJepAiH KaTeJiKTepi »koHe T.06.) apacblHAAFbl
6aiJIaHbICThI BU3yaJiM3allUsijiayFa MyMKiH/IK 6epe/i.

- Delphi agici »koHe MUFa 11abybIJ acay oJlapJblH KaciOU TaKipubeciHe cyilleHe OThIpHIII,
BIKTUMaJl KayinTep TypaJibl cCapalnllblJap/blH HiKipJepi MeH MiKipJepiH *XUHayAbl KAMTaMachI3
eTeji.

- FMEA (icTteH uiblfy TypJiepi MeH cajifapblH Tajjay) Herisri o6bekTiziepai (TOKOMOTUB,
BaroH, JabbL1 Kydeci »xoHe T.0.) »KyHesi TypJe Kapay/Zbl, iCTE€H LIBIFY/iblH, bIKTUMaJl
CLUeHapUWJiepiH >KoHe oOJlap/blH TacbiMaJj/Jay MpOLeCiHiH Kayinciszgiri yuwiH cajagapblH
aHbIKTAy bl KO3 eni.

- OKufa aralllbl MeH CITCIi3/iiK aFalllblH KYpy 9JiCTepi TOTEHIIE KaFAalJapAblH JaMybIHbIH,
JIOTUKAJIbIK, CXeMaJlapblH KYpy VILUiH KOJIJaHblJaAbl, OyJ Tayekes (aKTOpJapblHbIH 9p TYpJi
KOMOHHALMSCBIHBIH BIKTUMaJIJIbIFbIH CAHABIK OaFajiayFa MYMKIiHJIK 6epepi.

-SWOT xoaHe PEST Tanpaysiapel CbIpTKBI k9He ilKi ¢akTopiapApl KelleHAi 6arasiay yuLliH
KOJIZJaHblJIa/Ibl KO3FaJIbIC KAYIlCi3/[iriHiH JeHTeHhiHe acep eTy.

3epTTey GapbicbiHAA OipHelle keke TacbiMaazgayublaap MeH «KTX» ¥YK» AK exinzgepinen
cayasiHaMa JKYprizinizi, osap 3epTTey VIIiH ToyeKeJAepAiH iliKi TisiMaepiH, 6acHIbIJIBIKTbIH,
TeKCcepy TypaJibl eCenTepiH, XbUIJBIK ecenTep/i KoHe Kayilci3JiK ayAuTi TypaJibl ecenTepii
YCbhIHABL. bapJsblK Myazeni TapantapAbl TapTy ToyeKeJaAep/i *KiKTey »XoHe CoWKeCTeHJipy
Ke3eHiH COTTi opbIH/ay YUIiH KaXKeTTi IapT 60JibIN TaObIJIa/1bl.

Ocbl  3epTTeyfle OGeHUYMApPKMUHITI KOJIJaHYy MaKcaTTapbl TayeKesJ CaHATTapblHbIH,
vepapxusCblH KYypyFa, XaJblKapajblK cTraHgapTrapMen (European Union Agency for Railways
(ERA), International Union of railways (UIC) canbicTbIpy/ibl KAMTaMachl3 eTyre KoHe TaObICThI
MoJiesbJlepAi  YATTBHIK JKaFjJaljapra OeHimjeyre MyMKiHAIK 6epeTiH KYpPbLJIbIMAbIK
YKCaCTbIKTapAbl, dJiCHaMaJbIK YVJriJepAi XoHe aKNapaTTbIK OJIKBUIBIKTApAbl AaHBIKTAY bl
KaMTU/BbL.

JTaJIOHABIK 3epTTeyJiep TayeKeJAepAiH Heri3ri TUIOJIOTUACBIH aHbIKTaZbl: TeXHUKAJIBIK,
MiHe3-KYJIblK, YUbIMJACThIPYUIbIJIbIK, UHP PAKYPbLJIbIM/bIK, (CbIPTKbI ), 9K30TE€H/IK.

Ocblialiia, 6eHYMApKUHT KYpPbLJAbIM/BIK CaJbICTBIPYAbl K9He TayeKeJepAl >XiKTeyJiH
HOPMAaTUBTIK TYPaKTbIJbIFbIH KaMTaMachl3 eTe/li, K03FaJbIC Kayilci3irin 6ackapy »KyHWeciHiH,
alllbIKTBIFbl MEH KalTaslaHybIHA bIKIAJ eTe/li. backapy KypblyibIMbl TiriHeH 66J1iHTeH TeMip»KoJ
TacbiMasgaymbliapbiHbIH KKB XK yiiH Kos11aHbl1aThIH « KO3FaJsIbIC Kayilci3Airi Toyekeaaepin
COMKeCTeHipy» NpPOIeCiH 93ipJieyre apHaJFaH 9jicCTeMeJIK YCbIHbIMAAP.

Bysn agicTreMesnik ychIHbIMAAP XaJblKapaJblK cTaHAapTTapablH (ISO 31000, CSM-RA),
HOPMaTUBTIK-TeXHUKaJbIK KyXaTtapablH (ERA, UIC, «KTX» ¥YK» AK, «PX/» AK) xoHe
6eHUMapKUHITIH KOHTEeHT-TaJaAaybl HeridiHnge a3ipaenfi. SO 31000:2018 - Risk management -
Guidelines xanbIKapa/blK, cTaHZAPTHI [16] Ke3 KereH KacCiMOpPBIHJbI ToyeKeJsre GarblTTaJFaH
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6ackapy YliH KeHiHeH KoJsigaHbLiaAabl. SO 31000: 2018 ToayekesgepAi 6ackapy/iblH, aMbeban
NPUHLUNTEP]I MeH YCBIHBICTApblH YCbIHAAbBL. OJ1 KeJseci wWapTTapAbl OpbIHAQY Ke3iHze
TaceiMaigaybiapably,  KKBXK-za  Ko3fasbic  KayincisziriHe 06alJ/IaHBICTBI TayeKeJAepAl
aHbIKTAy YIIiH TUIM/I KOJIJaHbLJIybl MYMKIiH:

1) ToyekenzepAi 6acKkapyMeH 6al/IaHbICThI KAyillCi3/AiK caslacblHAAFbI casgcaT eH MaKCaTThIH,
60J1ybI;

2) 6acublIbIK AeHreHiH/le KoJiay, OyJl KayanKepIuiJiikTi 6esriseyai, pecypcrap/bl 6eayai
»KoHe TayeKeJJlep/li 6acKapy/aa keTeKIui pesaji 6iaaipeni;

3) ToyekesJiep/li CoMKeCcTeHJIpyAiH OeHiMmJenreH ajicTeMesiepiH a3ipJiey. XaJjblKapasblK,
ToXKipubelle ToyeKkes GeJrici3flikTiH »KocnapJaHFaH MaKcaTTapFa acepi peTiHJe cunmaTTa ajbl,
TOyeKeJl KYPbIJbIMbI 1-CypeTTe KepCeTiJireH.

Okura > Cangapbl

Tepic XeHe/Hemece
OH, acepi

MakcaTtTapbl

Cypet 1.1S0O 31000:2018 calikec TayeKeJ1 KypblJbIMbI

Ocbliaiiiia, Toyekes — Oys GeJrisi 6ip kKe3/ep/ieH TyblHAAWUTbIH bBIKTUMaJl OKWFA, OHBIH,
MaTepHasJJaHybl KOJIalJbl HEMeCe KaFbIMChI3 cajlJlap/iblH OacTayblHA 9KeJayi MYMKiH.

Backapy cTpaTervsicblHa >X9He MaKCaTTbl MHAUKATOpJIapFa 6GalJIaHbICTBI OeJiriJieHreH
MakKcaTTapfa KOJI JKeTKi3yre oacep eTyi MYMKiH KoO3FaJjbIiC Kayinci3jirine 6aWl/JIaHbICTbI
ToyeKeJAepAiH Ti3iMiH Oesrisiey KaxeT.

Mbicasibl, TacbIMaJilaylIbIHbIH, CTPATErUsJbIK MaKCaTbIHbIH, Oipi KYK TeMipxoJ
TacbIMaJIbIHbIH, TYPaKThl, CEHIM/i KoHe KayiIlci3 mpoijeciH KaMTaMachbl3 eTy 60JIbIN TaOblJIaJbl.
KepceTisreH Makcar ylliH bIKTUMaJl TOyeKeJ Ma3MyHbIH KapacTblpaMbi3 (1-cypeT).

Toyekenai aHbIKTAy mpolieci TayeKesjepi 6arasayblH 3JIEMEHTi 6GOJIBINT TaObLIATbIH
TayeKeJAepAi 6acKapyAblH 6ipiHili Ke3eHi 60J1bIN TabblIa/bl.

Toyekesni aHbIKTay Mpolleci Keseci Heri3ri yHKIUsIapabl KAMTH/BIL:

1) Ko3fasbiC KayimncisziriH Oy3yAblH >K9He TacbiMasiJlay MpoOLeCiHiH Kayincisjirine acep
eTeTiH 6acKa Jja »)KaFbIMCbI3 OKWUFaJ/Iap/iblH JIePEKKO PbIH Kacay »KoHe KYpri3y;

2) KayinTep MeH ToyeKeJAepAiH, KiKTesyi;

3) Toyekesiep Ti3iJiMiH KaJbIITACTbIPY;

4) ToyekeJ Ti3iJiMiH 6eKiTy;

5) Toyekesiiep Ti3iJIiMiH Mep3iMAi KalTa Kapay.

Toyekenaepai aHbIKTay oAicTepiH TaHJay Oesrisi 6ip TackIMajjayliblFa KaTbICThI
OeJiriJieHTeH Kayinci3gik MakcaTTapbiMeH Tikesel OalsaHbicTbl. COHABIKTAH OyJ Mpolecc
Kayilnci3Zjik caslacbIHAAFbI casgcaT IeH MaKcaTTapAbl Tajajay[aH, TacblMalAaylibl KbI3SMETIHIH,
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CBIPTKBI Ko He ilKi ¢pakTopaphIH TanAayAaH 6acTaaajibl.

HaTuxkesiep MeH TaJKblIay

Toyekenzep MeH KayinTi ¢akTopaapApl COWKECTeHAIpy MNpoLieciH/le aHbIKTaJFaH
KayinTep/iH 6ip 6eJiiri TachiMaiayibIHbIH, KbI3MeTiHe 6alJIaHbICThI eMeC eKeH/Ir aHbIKTaJlybl
MYMKiH, COH/BIKTAH OHBIH, 0acKapy 9CepiHeH ThIC CbIPTKbl TOyeKeJJep CaHaTblHA >XaTajbl.
Anaiifia, TeMipKOJl KOMIIAHUSICHI OChbI TayeKeJlepAiH Ke3/epi OHblH 6aKbliayblH/a 60JFaHbIHA
KapaMacTaH, ToyeKeJilep MeH KayinTep/li aHbIKTaybl KepeK. KenTereH apTypJii MaTepUaaibIK
HeMece MaTepHalblK eMecC cajJapfFa 9KeJlyi MYMKiH OipHellle HaTWXeJiepJiH MYMKIiHZIrH
eCKepy Kaxer.

JKpIKBIMAITBI KYPaMHBIH ICTEH IIBIFY
ToyeKenepi (TeXHUKaJIBIK)

[pouecTepain Toyekemaepi
(YHBIMIaCTHIPY-TEXHOIOT USITBIK)

1IK1 Ke3mertkepraepaiy Toyexenaepi

JKyK >KeHeNnTymIiiep MeH oJayIblIapra
3USTH KeNTipyMeH OaiIaHBICTBI TOYeKeIaep

CepikrecTepMeH KapbIM-KaTbIHAC
ToyeKenaepi

OnepanusuibIK ToyeKen

CBIpTKBI OPTaHBIH TIYEKeIIepi

CRIIKEL M} paKyphUIBIM 5KoHE JKBULKBIMAIIBI KypaM

OTIePATOPIIAPBIHBIH iICTEH IIBIFY KayITi
(TEXHUKAJIBIK)

Dopc-MaKOPIBIK TIyEKENIEP

Cypert 2. TiriHeH 6eJ1iHreH 6acKkapy KypblJbIMbl 6ap TEMip0J1 TaCbIMaJIayibICbIHbIH
olepanusJbIK ToyeKeJiHiH XikTeJyi (aBTOpJsap KypacThIpFaH).

TirineH 6esiiHreH 6ackKapy KypbLIbIMBI 06ap TeMip)KoJl TacbIMaJAAylIbICbIHA KaTbICThI
TacblMa/Jay  KayincisziriMeH — GalJiaHbICTBI ~ ONepalUsJIbIK  ToyeKeJsJi  TOJIbIFbIpaK
KapacTelpaWblK.  OmnepanusijiblK ToyeKes Jen ilMKi NpoLecTepAiH KeMUIiJiKTepiHeH He
KaTeJliKTepiHeH, IepCOHaJJblH HEMECe 63Te Jie KaTbICYIbLJIap/blH iC-9peKeTTepiHeH, TEMIPXO0JI
MHQPaKypbLJIbIMbl MEH KbI/DKbIMaJbl KypaM OObeKTiJIepiHiH, TeXHOJIOTUSJIBIK K9He ©e3re Je
»KyWeJsiepAiH iCTeH WIbIFYblHAH, COHJAW-aK ChIPTKbl QaKToOpJlap MEH OKUFasap/blH 9CepiHeH
00J1aThIH TiKeJiel XKoHe )KaHaMa IbIFbIHAAPAbIH TYbIHAAQY bIKTUMaJIJbIFbIH TYCiHETIH 60/1aMbI3.
TacbiMas1layibl HbIH, KO3FaJ/IbIC Kayilci3Airine 6aijlaHbICThI ONlepalUsJibIK, TOyeKediH 2-CypeTTe
KepceTiyireH 6ipHellle CAaHAaTKA KiKTeyre 60J1a/ibl.

Toyekenep/i ilKi xkoHe CBIPTKBI Aen 6eJly XaablKapaJiblK CTaHgapTTapAa 6ekitiarexn (ISO
31000, CSM-RA) xkoHe backapy KpuTepHUilJiepiHe Heri3jieJireH: TacbiMaAaylbIHbIH, OaKbljiay
Japexeci.
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[liki ToyekenZep TacbIMaJJayllblHbIH  YWBIMJbIK-TEXHOJIOTUSJBIK  KYPbIJIbIMbBIH/A
KaJIblITaca/bl (TeXHUKAJbIK aKayJ/ap, TeXHUKaJblK akayJjap, NepCoHaJAblH KaTeJsiKTepi,
perJaMeHTTeP/iH KeMUIJIiKTepi, TacbiMaJiJjlay TEXHOJOT USICBIHBIH, O0Y3bLYbI k9He T.0.). OJ1ap bl
coMiKeCcTeHAipy koHe Oakpliay TackIMaJsZayliblHbIH, 63i YIIiH jKayanKepulijlik aiMarbl 60JIbII
TabblLIagbl.

Mbicanbl, MpolecTep/iH, ToyeKesepi KoCiMOpbIHHbIH, 6OU3HEC-MpoLecTepiHiH, OHbIH
»KocrnapJay, 6ackapy koHe 6akbliay KyileJsiepiHiH, TOMeH THIMJiJiriMeH, COH/lal-aK, KOMIaHUs
OaclIbLIBIFBI, MeHe/Kepsepi MeH  KbI3MeTKepJsiepi apacblHAaFbl  Halllap  JaMbIFaH
KOMMYHUKallUsilapMeH  GalaHbICThl.  [lepcoHanzaplH ~ TayekeJiepi, €H  aJlbIMEH,
KbI3MeTKepJiepAiH OGiiKTiJMiriHiH >KeTKilikci3girineH, TeMeH eHOeK ToOpTiGiHeH, 9Jici3 Kajp
casiCaTbIHaH K9He KACIMOpPbIH KbI3METKePJIEPiH bIHTAMAHAbIPY KYHeCiHEH KepiHe .

ChIpTKbI TOyeKeJAep TacbIMa/1lay lIbIHBIH 6aKblIayblHAH ThiC GaKTOpaapiaH TyblHAANIbl:

- ”HQPAKYPbIIBIM/IBIK, 00'bEKTiIEPAiH (KepceTKisep, curHagap, 6auaaHbIC XKeJsijiepi, KipMme
»K9He MarvcTpaJbJAbIK O0JIAAp)iCTeH LWbIFYbI;

- JOKOMOTUB HeJiepi TapalblHaH aKayJap (»kaJifa aJiFaH xaraaija);

- TaBUFU KYyOblIbICTAp (HOCEDP, MYy3/]aHy, AAYbIJ);

- 6erze ajlaMJiap/blH apaJjiacybl;

- peTTeylli e3repicTep )KoHe casgCH LIeKTeyJiep.

Bys Toyekesizep BeJOMCTBOJIAp apacblHAaFbl ©3apa iC-KUMBbILJI/JbI )KoHe CaJIaJIblK peTTeyAi
TaJjaln eTe/i.

TeMiprkoJ1 KeJiiri KO3FaJbIChbIHbIH, KayilCi3/liriH KaMTaMacbl3 €Ty KOHTEKCTiH/e KOCIIOpPbIH
MeH CepiKTecTep apacblH/JaFbl KOMMYHHUKalUslJlapMeH 0ailJ1aHbICThI TayeKeJep CepPIiKTecTepAiH,
HIAPTTHIK, MiHJETTeMeJiepiH Oy3y cajJapblHaH, COHJAAW-aK YUbIM MeH OHbIH KOHTpareHTTepi
apacblHJAaFbl aKnapaT a/JMacy/[blH YaKTbIJbIFbI MEH TOJIBIKTbIFbIHA >KYy#esi 6aKbliay/blH
60/1Maybl cajapblHAaH KayinTepZiH TyblHJAy BIKTUMaJJbIFbIHAA KepiHeAi. CbIpTKbl OpTaHbIH
TOyeKeJIepi HOPMaTHUBTIK-KYKbIKTBIK TaJlallTap/blH 63repyiHe, 6aceKkesiecTep/iH dpeKeTTepiHe,
COH/IaM-aK TacbIMaJijiay MpPOILeCiHiH TYpPaKThIJbIFbIHA Tepic acep eTyi MYMKiH HHOPAKYPbIJIbIM
00'bEKTiJiepiHe pyKCcaTChl3 KOJI >KeTKi3yAiH casjapblHa 6allaHbICThl. Tabufyd anaTTap,
aBapusijiap >K9He TeXHOJIOTHUSAJIBIK ipKijicTep cUAKTbl Popc-MaKOpJIbIK MOH-Kalap KyTHereH
»KoHe 0aKblJIJaHOAUTBIH OKUFaJIapAblH CajJJapblHaH KO3FaJbIC KayiNcCi3AiriHiH 6y3bliyblHa 9Kel
COFybl MYMKIH TayeKeJIZepAiH *eKeJlereH CaHAaThIH KaJbINTAaCThIpabl.

Toayekenpepni capasnay »kayan 6epy 6acbIM/JbIKTapblH HaKTblIayFa, ToyeKeJ MaTpULAChIH
KYPYFa, JKayankepliJiik aiMaKTapblH 66JIyre XoHe ecen 6epy MeH cepTUPUKATTayAblH THICTi
paciMaepiH )kacayfa MyMKiH/JiK 6epei.

Ocbliaiiiia, ToyekeaAep/i iliki >koHe CbIPTKbI 60JIbIN 661y ToyeKe 1 XiKTeyillliHiH JIOTMKacblH
apTTbIpyFa FaHa eMeC, COHbIMEH KaTap KO3FaJbIlC Kayincisirin 6ackapyAblH, THIMAI
apXUTEKTYypacblH Kypyfa MYMKiHAiK Oepeni. MeHIiKTI MHOPaAKYpbIJbIMABIK aKTUBTEpPi MeH
JIOKOMOTHUBTIK TapThIMbl >KOK >KeKe TacbIMajJaylibljlap YLIiH MYHJal 066Jly CbhIPTKpI
onepaTopJ/lapMeH 63apa ic-KUMbIJIFa )XoHe cepTU(UKATTay TaJlalTapblH cCaKTayFa 6af/japJlaHFaH
MeHIIiKTIi KKBXK a3ipsiey Ke3iH/ie 6Te MaHbI3AbI.

Toyekenepai aHbIKTay YIIiH THICTi, THICTI K9He THICTI aKnapaTThbl NaWja/laHy MaHbI3/bl.
CoHJbIKTaH ecenTi Ky»>KaTTaMaHbl XKYPri3y YILUiH )KeTKIJIIKTI pecypcTap MeH KaXeTTi paciMAepAiH
60J1ybl ©6T€ MaHbI3/bl. AHBIKTAJIFAH TayeKeJJep/i TipKeUTiH KyKaT TayeKeJaep TisiiiMmi gen
aTajia/ibl.

KKBXX MeHemkepJiepi ylIiH Toyekengep Ti3iliMiH )ypri3y TopTibiH peTTeNTiH naiijasiaHyra
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YCBIHBLJIFAH HOPMaTUBTIK Ky»kaTTap peTiHze [7,11,15] ke3epiH kepceTyre 60J1abl.

Toyekenniy cebenTepi-6ys yHBIMHBIH MaKcaTTapblHa KOJI KeTKi3yre acep eTyi MyMKiH
OKWFaJsIap/ibl 6acTay MYMKiHAiri 6ap »karjailiap MeH ¢dakKTopJsapAblH >KUBIHTBIFbL. ToyekeJ
Ke3/lepi MaKcaTTap/ibl icke acblpy 6apbIChbIHA 9CEP €TETiH OChIHAAN OKUFaIap/ibl TYAbIPY KabiseTi
6ap 06beKTiJiep HeMece mpoliecTep peTiHAe TyciHaipineni. ToyekenaiH canjgapbl ToyeKeJiH,
MaTepHaJsJJaHybl HOTHXKeCiH/le Mai/ja 60JIaThIH KaHA XaF/jaiap/ia KepiHei xkoHe KacinmopbIH
KbI3METIiHiH 9pTYpJii aclieKTiJiepiHe acep eTeTiH OH *koHe Tepic cunaTTta 60J1ybl MyMKiH (3-cypeT).

a 11 Tayekenain
—»| nNaiga donybiHBIH
cangapb
A1 A1 a 1. Tayekenaiy a12 Tayekeniy
. P v i nailaa 6onybIHbIH, naifa HonybIHbIH
Toyekenkeai | Tayekenpi . —»| canaaps Ly cannos
TyAbIpaThiH
ceben
A1.2. B.2. [ b,2-, Tayekengiy
Toyeken keai | Teyekengi R TOYE naiaa bonysiHeIH N
= *  KEn »| canpapb
TygbipateiH | [ | M= T T |
ceben L J
...... — — — _* EEEEEE

Cypert 3. «CebenTepi-ke3epi-TayeKei-caijapbl» ToyeKe KYPblJAbIMbI

Enzi KayinTi okKufasapAblH >KiKTesyiH 93ipJsieyre keulelik. TacbiMasaylliblHbIH, KayilTi
OKWFaJIapblH COMKEeCTEeHJipy, ecelnKe ajy >XoHe TaJJay KeJliK KyWheciH KopFay/Jbl KaMTaMachl3
eTyre 6afbITTa/IiFaH THIM/ LIapaJjapAbl 93ipJey »oHe iCKe achlpy YIIiH 9/licHaMaJibIK Heri3
KausibIlITacThIpabl. KayinTi oKkurasapabiH XikTesyi 6esriji 6ip xaFaaiifa TOH eH MaHbI3/Ibl )KoHe
TUINITIK OKUFaJapAbl aHbIKTAy MaKCaTblH Ke3JeH/Ji TeMipkoJl KOMIIaHUf, COHJAM-aK OJiapzbl
6esrizii 6ip OGeJsrisiep OOWBIHINA TOMTACTBIPY, OYJ1 9PTYpJi KiKTey TomTapbl IIeHOepiHe
ToyeKeJAepAi Tajjay TaciagepiH 6ipisaeHipyre biKnaa eTefi. YCbIHbLIFAH KayinTijik
>KIKTeMeCiH TacbIMaJ/lJlaylliblHbIH, KO3FaJbIC Kayilci3AiriHiH Oy3blaybl TypaJibl 3JEKTPOH/bIK
JlepeKkTep 6a3achlH Kypy KesiHJie maifiasianyra 6oJiajibl. Bys karpaijja keatipiiren 6esrinep
6oMbIHIIA KayinTepai mundpJay 6ipbiHFai U pPIIbIK KOATHI TaFalblHAAyMeH ««TON — Kilii Tom —
TYp» dopMaThIH[A MYMKIiH 60saab1 (3-cypeT) [7].

XanbikapanbiK Toxipuoe (ERA, UIC, «<KTXK» ¥K» AK, «PX/l» AK) Herisinge aBTOpJap
d3ipJiereH KayinTep/iH TOJIbIK KikTesayi KasakctaH Pecny6/iMKacbIHBIH, FbIJIBIM K9HE KOFaphbl
6i1iM MUHUCTpJIITiHIH FblIbIM KOMUTETI KapKbl1aHAbIpFaH AP26199023 «Kasmnbl xoHe KaJIbl
namjiaJlaHblMAAaFbl TEMIp K0J1Ijap/AaFbl TacblMaJiJaylliblJap/AblH Kayinci3irin 6ackapy »KyHeciHi,
TUIMJIIJIITiH 6aFajay a/iicTeMeci» }K06aCbIHbIH, OPbIH/AAJY bl TYPaJibl apaJiblK eCcenTe KeJTipiJireH.

BeHuMapkeT Heri3iH/Je KO3FaJIbIC KayilCi3AiriHiH Heri3ri ToyeKesJepiH oapAblH KO3FaJbIC
Kayincis/iiri MakcaTblHa KOJI )KETKI3yTe acep eTy JAapexeci 60ibIHILIA capasay xyprizinai. Tangay
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HeriziHe ERA; UIC, 3koHOMUKaJIBIK bIHTBIMAKTACThIK XoHe AaMy YibIMbIHbIH (IbI]Y) ecenTepi;
yokineTTi opranaapabiH (KasakctaH Pecny6sinkacel Keslik MUHUCTPJIITiHIH TeMip»KoJ1 )KoHe cy
keutiri komuteTi), «KTXK» YK» AK ay iUTOpPJIBIK *)KoHEe KaZaFasay ecentepi Kipai.

YChIHBLIFAaH PEUTHUHITI TachiMaJiJlaylibljap KeJeci MiHJAeTTep/Ai LIelllKeH Ke3ae Kaoblagan
aylafibl:

- OHJia moe3/lap KO3FaJsbIChIHBIH, Kayillci3/liriHe 6apblHIIA 9cep eTeTiH 6achiM KaTepJepi
alKpIH/AY;

- TacblMaJJAylblHbIH pecypcTapblH (YUbIMABIK, KapKbLIbIK, KaJpJblK) aca KayinTi
ToyeKeJAePAiH aJl/iblH ajlyFa >KoHe TOMEH/JeTyTe Heri3eareH 6e/yi KaMmTaMachi3 eTy;

- cepTudUKaTTay KOHe KaJlaFajiay TaJjlanTapblHa COWKeC KaJ/JblK TIyeKeJJiH KOJahJbl
JleHTeliH ycTan Typy;

- KKBX iwmki >x9He CBIPTKbl ayAuT poaciMepi uieHOepiHAe AaJienjeMesik 6a3aHbI
KaMTaMachI3 eTy.

byn 3eprreyni Kasakcran Pecny6svkacbl FbljbIM k9He KOFapbl 6iiM MUHHUCTPJITIHIH
FouibiM koMuTeTi KapxblaaHgbipAbl (06.10.2025 k. Ne 25-27 I'® /398 rpantsl «Kasmnbl KoHe
KaJIlIblFa OpTaK MaWJaJlaHblJIMAUTBIH TEMIipKOJI KOJJAPBbIHAAFBl TacbIMaJlAaylLIblaapAblH
Kayinci3zirin 6ackapy »yHeciHig, TuiMAinirin 6aranay ajgicremeci» 06.10.2025 AP26199023).

Ocbl 3epTTey LIeHOepiHJe KoeJliK KbI3MeTTepi HapbIFbIH bIPBIKTAHABIPY KaFAalblHAA
TaceiMangayublaapably, KKBX TuiMpinirin apTThipyfa 6aW/IaHbICTbl FbIJIBIMHU-9/iCTEMEJIK
CUIATTaFbl MaKaJjlaJap/blH TYTac LUKJIiH )Kapusaay 60/KaHa bl.

Bysn Makana TiriHeH O6eJiiHreH 06ackKapy KypblJibIMbl 06ap TacblMasjayllibliap YUIiH
dJiicTeMeJliK YChIHBICTApP TYPiH/E AaHUbIHAAJIFaH.

Ocbl 3epTTeyAiH HaTwXKeci TacbiMasagaymbliapably KKBX-Hbl gambiTy yuiH 6ap
KeleprijiepZii cumnaTtTay, TOyeKeJJAep MeH KayilTepAi CoMKeCcTeHAIpy Ke3eHJepiH erxkeu-
TerXeuJi cunaTTtay 60Jiblll TabblIazbl.

3epTTey aBTOpPJIaphbl )KeKe TacbIMaJiayliblJap/iblH ToyeKeJepiH aHbIKTay YIUiH TayeKeaep
MeH KayinTep/iH KiKTeJyiH yCbiHa/bl. ByJ KiKTey KO3FaJbIC KayillCi3/liriH KaMTaMachi3 €Ty
caJlacblHJAFbl Y3JiK a/JeMJiK ToxipubesepZi »Kajnbljay HerisiHJAe o93ipJieHreH, TeMipXKoJl
KeJliriHnjieri Toyekeaaep/i 6ackapyablH 6ipblHFal TociaiepiH 93ipJeyre bIKnaa eTeTiH 60J1aJbl.

[loe3gap KO3FaJIbICBIHBIH, KAyilCi3AiriH KaMTaMachl3 €Ty MaKcaTblHa KOJI »KeTKi3y YLIiH
YChIHBLIFAH ToyeKeJJiepi CbIHU JeHred OOMbIHINIA capaJiay TeMip»KoJ KOMIAHUSCBIHbIH,
CTpaTerusJblK MaKcaTTapblH CUIIATTAY, TOyeKeJep Ti3IIIMiH Ka/JbIITaCTHIPY XKoHe TacbIMaJajay
NpoIleciHiH Kayinci3girin apTTeIpyFa OaFbITTaJIiFaH ic-mapasap/Abl 93ipJsey VIIiH mnangasbl
6oJ1apbl.

KoOpBITBIHABI

3epTTey HOTWXKECiIHE >KEeKe TeMip)KO0J TacbIMaJi[aylliblJapbl CaHBIHBIH 6Cyi >XK9He caJia
KYPbLJIBIMBIHBIH, KYpZeJeHyi >KafFJaublHAA JIOKOMOTHUBTEP/AIH CEHIMJIJIri MeH KO3FaJbIC
Kayinci3Ziirin kamMTaMmachbi3 eTy MoaceJieJjiepi eyl MoHre He 60JIATbIHAbIFbI AHBIKTAJAbI.
KousimanbicTarbl KO3FaJibIC KAyilcCi3irin 6ackapy »KyueJiepi Toyekesaepai 6arasay MeH
60JnKayIbIH OeJiceH/1i 9/1icTepiH eHri3yai Tasamn eTe/i.

AKaysbIKTapAbl Tajajay Kayinci3fikTi 6y3yAblH efayip 66eJiri JOKOMOTUBTEP/iH, XayanTbl
6eJsiikTepi MeH TopanTapbiHbIH iCTEH UIbIFYbIMEH OAMJIAHBICTbl €KeHiH KepceTTi. MyHJau
COTCi3AiKTEepAi epTe GoJ/pKAy/JblH THIMJi dAicTepiHiH 60JiMaybl NMaWjajaHy LIbIFbIHAAPbIHbIH,
eCyiHe 9He TacbIMaJ1Zjay NPOoLeCiHIH CeHIMAUIITIHIH ToeMeHAeyiHe aKele/i.
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KymMmbicTa TiriHeH 6eJiiHTeH 6acKapy KypblJbIMbl 6ap TacblMaJjjayulbliap YUIiH KO3FaJbIC
Kayincisgiri ToyekesZepiH CoWKeCTeHAiIpyre >XoHe >XiKTeyre KelleHJi TaCiJl YCbIHBIJIFaH.
O3ipJieHTeH dic KayinTi pakTopJap/bl xKyHeseyre xxoHe 6acKapy lielliM/IepiHiH, AYPbICTbIFbIH
apTThIpyFa MYMKIiHAiK 6epeji.

[TaligasiaHy AepeKTepi MEH AUAarHOCTHUKA HOTHXKEJIEPiIH TaJilay Heri3iH/Ae IOKOMOTUBTEPiH
KOTeprill »oHe >KayanTbl 3JIeMEHTTEPiHIH icTeH WBbIFYbIH 60JpKay ajicTeMeci a3ipyeHzi. byn
dJlicTeMeHi KOJIJlaHy PeaKTUBTI TOCi/JJIEH KbI/DKbIMaJbl KYPAaMHbBIH, TEXHUKAJbIK *KaW-KYHiH
aJIZIbIH aJla 6acKapyFa Kelly MyMKiH/irH KaMTaMachl3 eTe/j.

3epTTeyAiH ToxipubesiK MaHBI3AbLIbIFbl aJIbiIHFAH HOTWXKeJepAi TacbIMaJlAaylliblJap/iblH
KKBX >xeTingipy, TOKOMOTUBTEP/IiH iCTE€H IIBIFY CAHbIH a3alTy >KoHe Moe3/1ap KO3FaJbIChIHbIH,
KayincisZiik fieHrediH apTThlpy VIUiH NaljazaHy MYMKIHZIri ©oJsbln Tabblaafpl. O3ipJeHreH
YCBIHBIMJIAP TEMIp:KOJ KOMIAHHUAJApbl MEH peTTey OpraHAapblHbIH, KbI3MeTiHe eHTi3iayi
MYMKiH.

AnfpicTap:
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Methods of identification of safety risks in conditions of vertically distributed
management structure in railway transportation

Abstract. The liberalization of the railway transportation market in the Republic of
Kazakhstan will lead to the emergence of new private carriers and increase their competition with
the national carrier on behalf of JSC National Company Kazakhstan Temir Zholy. The article is
aimed at analyzing safety risks and identifying the main causes of impact, taking into account the
approach to management in the field of transportation. This process, in addition to changing the
organizational structure of the industry, strengthens the requirements for the traffic safety system.
In such cases, it is important to develop risk management approaches that take into account the
specifics of each carrier's activities, as well as those based on common principles. The purpose of
the study is to improve risk management processes in the field of traffic safety and develop
methodological recommendations for carriers operating in a vertically distributed management
structure. In the course of the study, a comprehensive analysis of the regulatory framework
governing traffic safety was carried out, and institutional and organizational factors were
identified that hinder the establishment and development of a traffic safety management system
for individual carriers. The existing methods of risk identification, assessment, and control were
evaluated through a comparative analysis. As a result, a methodological approach has been
proposed to classify and describe possible risks, taking into account the nature of the carriers'
activities.

Keywords: locomotive reliability, train safety, component failure, failure prediction, risk-
based management, traffic safety management.
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PacyeT KOHCTPYKTHBHBIX IAPaMETPOB peryJasipHOi HacagKu
TENJIOMAacCOOOMEHHOrO annapaTa U3 HellpepbIBHO COeJUHEHHbIX TPY6

JA.K.Kaman6ek “ , A.A.BosiHeHKO “ , A.A. AG:xan6apos - ,
A.K. Kymapynnraes*
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AHHOTanuA. PaccMoTpeHbl KOHCTPYKI[MH alapaToB ¢ TPyOYaTOW HaCaAKOU
pEeryjsisipHOd CTPYKTYpbl C BHEIIHHM W BHYTPEHHUM pPacCIOJIOKeHHEM
KOJIJIEKTOpoB. Ha ocHOBe aHa/sM3a CyleCTBYIOIIMX KOHCTPYKIMHA CO3/JaH
anmapatr C peryJsipHOdM HacaJKoOW, BBINOJHEHHONW B BHJE CHUCTEMBI
HeNpepbIBHO U IMOCJ€e0BaTeJbHO COEAMHEHHBIX TPyO OJHOTO JHUaMeTpa
BHYTpPM Kopmyca annapata. llesbio ucciefoBaHUs SIBJsSeTCA MOJy4eHHUe
pacyeTHbIX 3aBUCMMOCTEN JJisl onpe/ie/leHUs] KOHCTPYKTUBHBIX NTapaMeTpOB
Tpy64YaTOll HacaZKu U3 HeNpepPbIBHO COeJUHEHHbIX Tpy6. MeTomosiorus
McC/eloBaHUsI OCHOBaHA Ha M3BECTHOM MOJAXOJle J[BH)XXEHHUS rasa 1o
M3BUJIUCTBIM KaHaslaM, 06pa30BaHHbIM HACaJO4YHbIMU TesaMU. [losydyeHbl
ypaBHEHUs JJis pacyeTa MOPO3HOCTH TpPyObUaTOW HacaZjKu B CeYeHHUHU
anmnapara, OObEMHOM MNOPO3HOCTM M  3KBUBAJEHTHOrO JUaMeTpa,
YUUTBIBAIOIIMEe KOHCTPYKTUBHble NapaMeTpbl TPyOYaTOro mny4yka M ILIAru
pasMeleHusi Tpyd6 B BepTUKAJIbHOM UM paJiMaJbHOM HalpaBJIEHUSX.
[IpoBeieHbl BbIYUCIUTE/NbHbIE SKCIEPUMEHTBI U BBINIOJIHEHO COMOCTaBJIEHUE
pacyeTHbIX J[AAHHBIX /[JIsi TPyO4yaTbIX HACAJOK C MNPSAMbIMHU TpybaMu H
BbIHOCHBIMU KOJIJIEKTOPAMHM U HACaJl0K U3 HENMpPepbIBHO COeJUHEHHBIX TPYO.
YCcTaHOBJIEHO, YTO HaJW4YHhe OTBOJIOB MPUBOJUT K CHUXKEHHUIO OOBEMHOM
IIOPO3HOCTU M 3KBUBAJEHTHOTO JiMaMeTpa BCJEACTBHE YMeHbIIEHUSs
CBOOOJIHOI'0 MPOCTPAHCTBAa KOHTAKTHOM 30HBI [loJslyyeHHble 3aBUCHMOCTH
MOTYT  ObITb  HCNOJIb30BaHbl IpPH  pacyeTe W  IPOEKTUPOBAHUU
TEINJIOMACCOOOMEHHbBIX alllapaToB C PeryyisipHON TPyOGUYaTOM HacaZKOH.
KiroueBble c/10Ba: TensioMacCOOOMEHHBIN ammapar, peryJjsipHas TpyoyaTas
HacaJika, OTBO/bl, IOPO3HOCTb B CeYEeHHH, OObEMHAsT BOPO3HOCTD,
3KBHUBAJIEHTHBIU JIMaMeTp, BepTUKaJbHbIN LIar, paJidaJbHbIH HIAT.
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BBeageHue

M3BecTHO, 4YTO MNpaKTU4YECKM BO BCeX OTpacisaxX MPOMBIIIJIEHHOCTH HauboJblLliee
pacnpocTpaHeHue JJis1 IPOBeJeHUs NMPOLECCOB TEMJIOMAacCcooOMeHa MOJIyYUJIM TapesbyaThble U
HacaJloyHble  ammapaTel. HecMoTpsa Ha  OorpoMHoe  pa3HooOpa3We  KOHCTPYKILUHY,
TeIJIOMacCOOOMeHHble annapaThbl NOCTOSHHO YCOBEPIIEHCTBYOTCS B HalpaBJE€HUU CHUXKEHUS
3HeprosaTpaT U NoBbllIeHUs 3P PEKTUBHOCTH NPOBOAUMBIX IPOLECCOB.

[lepcrieKTUBHBIM HanpaBJeHUEM SIBJSETCH CO3/laHHE KOHCTPYKIIMKA HacaZ0YHbIX alnapaToB
C peryJsipHOM CTPYKTypoll Tpy64aToro My4ykKa, MO3BOJIAKIHUX OJHOBPEMEHHO pean30BaThb
IPOLECChl TEIJIO U MAacCOOOMeHa B MHTEHCHUBHBIX (CMHPA3HbIX) peXUMax B3auMoZieUcTBUA da3
IpyM BHeEIIHEM OOTeKaHUU TPyO M OCYLIeCTBJIATbL MNpOLecC TemooOMeHa MpPU JBUKEHUHU
TeIJIOHOCUTeJA B TpyOax. [[pydyeM NorsoTUTeNbHbIM pacTBOP B 30HEe KOHTAKTa He CMeLIUBaeTCs
C TENJIOHOCUTEJIEM, ABUKYLMMCS B TPyOax. ITO MOXKET IBUTHCSA BaXKHbIM 00CTOATE/NbCTBOM MIPU
MCII0JIb30BAaHUHU TEIJIOHOCUTEISA [J11 TPOU3BO/CTBEHHBIX HYX /.

B HacTosilllee BpeMs CO3/aH psJi KOHCTPYKLMW amnmapaToB € Tpy64yaTod HacajKou
peryysisipHod CTPYKTYpbl U BHEUIHUM pacloJiokeHHeM KoJiieKTOpoB [1]. K ux yucay MoxHO
OTHECTHU alnapar C IVIaJIKUMHU NpsAMbIMU Tpyb6aMu [2], a Takke anmapar c TypOy/uM3aTopaMu
TelJIOHOCcUTeNsl B Tpybax [3,4], anmapaTbl ¢ KOMOGHHHMPOBAHHON peryJisipHO-B3BelleHHON
HacaJIkou JBYX TUIOB: TPyO4aTO-B3BelIEHHOU [5] U TpybuyaTo-poHTaHUPYIOLLEH HacaiKou [6],
anmnapaTr C HacaJlkol ¢ pas/ieJibHbIMU KOJJIEKTOPaMHM JAJs1 NMOJayd W CJAMBA TENJIOHOCUTEJIS
HEYeTHbIX U YEeTHbIX CJIOEB PeryJspHON KoJibLeBOM TpyO64aTol Hacagku [7]. Jas fJocTukeHUs
KOMNAKTHOCTH CO3/laHbl anmaparbl € Tpy64aTod HacaZKOW peryjasipHOd CTPYKTYpbl U
pacrnoJiokeHueM KOJIJIEKTOPOB B 30He KOHTaKTa [8], ABYXCTymeHYaTbld amnmapaT yAapHO-
BUXPEBOTO [IEMCTBUSI C TpybuaTod Hacaakou [9], a Takxke amnmapar, ob6ecrneYyhBalOIIUN
yepeJi0BaHMEe NMPOTHBOTOYHOTO JBMXKEHUS NMOTOKOB XOJIOJAHBIX U TOPSYUX TEIMJIOHOCUTesel B
Tpybax MO cedyeHHMIO pabodyel 30HbI Tpyb6yaTod Hacaaku [10]. Hamu g npoBeseHus
UCCleJOBAHUN TUJPOAUHAMUKM M IPOLLECCOB TeIJoMaccooOMeHa ObLI CO3JaH anmapar c
peryJsspHOM HacaZKo¥, BBIIIOJHEHHOM B BHJle CUCTEMbl HeNpPEPBbIBHO M I0CJIe[0BaTeJbHO
COeJMHEHHBbIX TPY6 0HOTO MaMeTpa BHYTPH Kopnyca annapata [11].

[ ompejesieHUs] CTelNeHW BJIMSAHUSA KOHCTPYKTUBHBIX MapaMeTpOB MCCIeAyeMOoro
Tpy6YaTOro Nnyyka Ha rHApoJJMHAaMHUYeCcKHe XapaKTepUCTHKHY U MapaMeTphbl TellJioMaccoobMeHa
He06X0/AUMO ToJlyYeHre pacyeTHbIX 3aBUCUMOCTEeN /s onpeJie/ieHUsl TOPO3HOCTH HACaJ KU U
3KBHMBaJIEHTHOTO JjMaMeTpa HacaZ,0uHOM 30HbI annapaTa ¢ Tpy64aTbIM MyYKOM U3 HelpepbIBHO
COeJMHEHHBIX TPYO, YTO U OllpeJiesisieT aKTyaJlbHOCTb JAHHOU CTaThH.

HoBHU3HOHN TeMbl fABJseTCA MOJy4eHHe YpaBHEHUM JJs pacyeTa NOPO3HOCTH HaCaJKu U
9KBUBAJIEHTHOTO JjiaMeTpa HOBOW KOHCTPYKLUHM DPeryJsipHON Tpy64yaTOW HacaZKUu B BUJE
HelpepbIBHO COeJJUHEHHBIX TPYO.

MeToao0s10rua

M3ydyeHre KOHCTPYKTUBHBIX MapaMeTpPOB TEIMJIOMAacCOOOMEHHOro almnapara KBaApaTHOTO
NOMEPEYHOro CedyeHUs MPOBOJAMJIOCh JJisl TPyOYaTOM HACaJKH, MpeJCcTaB/sOIlerd cobou
Tpy64yaThli My4YOK B BUJE HENPEepPbIBHO COEJMHEHHBbIX C MOMOILbI OTBOZOB Tpyo6. Ilepen
IpOBeZileHUeM YUCJEHHBbIX IJKCIEPUMEHTOB OINpeAeNsiloTC pa3Mepbl KOHCTPYKTHUBHBIX
COCTaBJISIIOIIMX TPY6YaTOro nmy4yka (JJUHBI U AUaMeTpa TpyO, pasMepbl OTBO/OB), KOJUYECTBO
IPSIMBIX YYAaCTKOB TPyO U OTBOJOB, a TAaKXKe LIAard TPACIHOJIOKeHUSI TPY6 B BepTUKAJIbHOM U
paraJbHOM HanpaBJieHUHU. B 1asibHel11eM Ha OCHOBE U3BECTHbBIX PACUETHBIX 3aBUCUMOCTEHN NPHU
JIBMDKEHHHU rasa 10 U3BUJIMCTHIM KaHa/IlaM MOJIyYeHbl YpPaBHEHUS JIJIsl ONIpe/iesIeHUsI TOPO3HOCTU
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B CeYeHWM ammnapara, 00beMHONM MOPO3HOCTM U 3KBUBAJEHTHOrO JHaMeTpa, KOTOpble
YYUTBIBAIOT NapaMeTpbl Tpy64yaToil Hacagku. C MoMoLbI0 f3bIKa NMporpaMMupoBaHus Pascal
IpoBeZieHbl pacyeThl MO IMOJYYEeHHbIM YpaBHEHUSIM M COINOCTaBJIEHHWE C aHaJOTMYHBIM 10
KOHCTPYKIMHU alapaToM C NPSAMbIMU TPyO6aMU ¥ BBIHOCHBIMU KOJIJIEKTOPAaMM.

B craTbe pemaeTcs HMcCCIeL0BaTeJbCKMU BONPOC IO BJMWSHUI pa3MepoB TpyOuYaTbIX
3JIeMEHTOB U ILIAaroB pacHoJsioKeHUs TPyb Ha KOHCTPYKTHBHbIE MapaMeTpbl: MOPO3HOCTb U
39KBUBAJIEHTHBIM juaMeTp TpyO6UyaTOW HacCaZKH.

OCHOBHOM THUIOTE30M fABJAETCA ONpeJesieHhe XapaKTepa BJUAHUS KOHCTPYKTUBHBIX
napaMeTpoB Ha KJIIOUeBble [0Ka3aTeJHu — IHepronoTpedseHrne U 3¢pPeKTUBHOCTb NPOBOAUMBIX
IIPOLeCCOB.

JdTanaMu HUCCleJOBaHUA ABJAIOTCA: ONpe/ieieHhe pa3MepoB TPyOUaTOro Ny4yka, nojay4eHue
pacyeTHbIX 3aBUCHMOCTEH MOPO3HOCTM U 3KBHUBAJIEHTHOIO JuaMeTpa TpPyO4aTOM HacaJKH,
poBe/ieHUe BbIYUCIUTENbHbIX 3KCIEPUMEHTOB.

MeToabl ucCAe0BAaHUSA - BbIYUCAUTE/bHbIE 3KCIIEPUMEHTHl HAa OCHOBE MOJIyYE€HHBIX
pacyeTHBIX 3aBUCUMOCTEN.

Pe3ysibTaThl M OGCYyKAeHUe

M3BecTHO, YTO ra3 JBWXKETCs 4epe3 HacaJKy M0 U3BUJMUCTBIM KaHaslaM, 06pa30BaHHbBIM
HacaJloyHbIMU TesiaMu [12]. HamMu 1711 moiy4eHUs1 pacyeTHbIX 3aBUCMMOCTEN KOHCTPYKTHUBHBIX
napamMeTpoB TpyO4yaTOW HaAcaJlKU pacCMOTpPeHa KOHCTPYKLMSl anmapaTa KBaJApaTHOIO
IOTIEPEYHOr0 CceyeHUs, B paboyeill 30He KOTOPOrO pacloJIOXKeH TPyOdaThblid My4yOK B BHU/JE
HelpepbIBHO COeZJMHEHHBIX C NTOMOLbI0 OTBOAOB TpyO. KOHCTpyKLMA anmapaTta ¢ Tpyo4aTbIM
IIy4YKOM B BH/ie HeNIPepPbIBHO COeJMHEHHBIX C IOMOLIbI0 OTBOZOB TPY6 3aljuiieHa nateHToM PK
Ha usobperenHue [11]. Bce mnosiydeHHble ypaBHeHHWs, NpeJCTaBJeHHble HHWXe, IO0JIy4eHbl
NPUMEHUTEJIbHO K IaHHOMY annapary.

KoHCTpyKTUBHBIE MapaMeTpbl TPyO64yaTOM HacaJku (MOPO3HOCTb B CEeYEHUHM almapara,
06'b€MHYI0 IOPO3HOCTD U IKBUBAJIEHTHbIN JJUaMeTp) oNpesiesIuM JiJid s4elKH, paclo/Io)KeHHOH B
[IleHTPaJIbHOW 4acTH anmnapara.

1,5d,, L, 1,5d

mp

)
: % !

PucyHok 1. ®parmeHT Tpy6UaTOM HACaZKU B IeHTPAJIbHOM YacTH amnmnapata (BUJ CBepXY)

Kak BUIHO U3 prcyHKa 1, B paccMaTpuBaeMblid pparMeHT BXOJST JiBe TPYObl, OJUH MOJHBIN
OTBO/I, U /IB€ NMOJIOBUHKH OTBO/IOB, COCTABJISIOIIUX TAKXKe OJIMH MOJIHBIN OTBOJI.
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HOPOSHOCmb 6 CceveHuu annapama onpeaeadeTrcd 1o 3aBUCUMOCTH:

E=1—=> (1)

)
Sﬂ‘-l

rae S,, — IJIOIaJb 3JIEMEHTOB B MU/I€JIEBOM CEUEHUH, BXOAAIIUX B TUEUKY, MZ; S, - TJIOIIAb
a4elku, M2,
[ly01aib 3/71IEMEHTOB B MU/IEJIEBOM CEUEHUH ONIPEAESUM 0 GOpMYJIE:

SBJI = STp + SKOJIbIIa (2)
[lnomaab ceyeHus TpyoO B sUeliKe pacCUUThIBaeM o Gpopmy.Jie:

Sip =2 dyp Ly, (3)
rae d., - iuametp Tpy6, M; Ly, — JyinHa Tpy6, M.

[lnomaap KoJiblia paCCYUTHIBAETCS MO U3BECTHOW 3aBUCUMOCTH:
o (P2 _ 42
SKonbua =T (R r ) (4)

3necb R =1,5-d,, - HapyXHblii paguyc KoJbua, M; r = 0,5-d,, - BHYTPEHHUH paJu1yC
KOJIbLIA, M.
[Tocsie noACTaHOBKU U Npeo6pa30BaHUM MOJYyUYUM:

SKOJIbLla =21 d'%p (5)
Torpa

Son =2 dyp * (Lyp + 7 drp).- (6)
[lnowaab s4elKU onpeseuM 1no Gopmy.ie:
Sua = (lep +3-drp) "2 ¢, (7)
[Tocne noacraHoBku dopMy. (6) u (7) B BeipaxkeHue (1) mosiydyum:

_ dop(Lrp+7dyp)

€ = (Lep+3-drp)-tp

(8)

L =1, TOrJga MOPO3HOCTb B C€YE€HHHU aIlllapaTa MOXKET

lp+md
B ypaBHenuu (8) oTHOlIeHHEe ——F
Lep+3-dop

ObITh orpeeJsieHa I10 BbIpaXXeHHW10:

gg=1-22, 9)

t
p
fyeiika s onpefiesieHHs1 06'bEMHOM MOPO3HOCTHU NpesiCTaBIeHa HAa PUCYHKe 2.
W3 pucyHka 2 BUZHO, YTO Bbl/leJIEHHAs siYeiiKa COZlep>KUT YeThbIpe TPYObl, IBa MOJHBIX 0TBO/IA
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W 9eTbIpe IOJIOBUHKH OTBOA OB, COCTABJANINX ABA MOJIHBIX OTBO/A.

PucyHok 2. fluelika Tpy64yaToOM HacafKy B IJeHTPaJIbHOM YaCcTH annapara

O6wvemHas noposHocms TPy6YaTON HacaJlKU ompejessieTcs no popmyiie:

V3J'l
e=1-% (10)

rae V,, - 06'beM 3/71eMeHTOB HAaCaZiKH, BXOAAIIUX B TUeUKY, M3; V- 00'beM T4elKH, M3.
06'beM 3/71eMEHTOB HACa/IKU olipesessieTcs no popmyJie:

+ Vors (11)

06beM TpyO B sAUeiKe onpeaeanuM o Gpopmyie:

Vip = d2, - | (12)

P Tp’

0O6beM 0TBOJIA COCTABJSIET MOJOBUHY 006'beMa Topa. [yl pacyeTa o6'beMa TOpa M3BECTHA
dbopmy.ia:

Veopa = 272 R 72, (13)

rae R = 1,5 d,, - HapyHbli paauyc Topa, M; r = 0,5 - d,, -~ BHyTPEHHUH pajinyc TOpa, M.
[Ipeo6pasoBaB U3BECTHYIO GOPMYJIY C OJICTAHOBKON 3HAYEHU N PaIMYCOB, IIOJYYUM YpaBHEHHE
JIIsl pacyeTa 06'beMa OTBO/JIOB:
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Vorg = 1,5+ 2 - d3,. (14)

cle[j0BaTeJbHO 00beM 3JIEMEHTOB HacajkH, ¢ yyeToM (12) u (14), MOXXKHO paccyUTaThb MO
bopmyne:

Vip = m-d2, - (lLp+ 1,5 7" dyp). (15)
00 beM IYEHKHU OllpesiesIuM 1o GopMmy.ie:
Via =26yt (lyp + 3+ dyp) (16)
noactasJisas (15) u (16) B ypaBHeHue (10), nonyyum:

m-d%y (lyp+1,570drp)

€ 2-tyty(Lyp+3-drp) (17)
IKeuBa/IEHMHbIU duamemp TPyOUaTOM HACAAKU pacCYUThIBaeTcs o popmyie [12]:
Aoy = o (18)
yAeJIbHYI0 IOBEPXHOCTh TPYyOUaTOM HAaCaAKU OIpeses M 1o GopMmy.ie:
ay =22 (19)

Vﬂ‘l

YAEJbHYI0 IUIOIAAb COCTABJSINIMUX 3JEMEHTOB TpPy6YaTOW HACaAKU ONpeAeSuM I0
dopmyue:

Son = Stp + Sore (20)
3/leCb yJeJibHas IJI0alb TPYyoO:
Sip =4 "1 dypy Ly (21)

yAeJibHad IlJIolaAb OTBOAOB MOXKET ObITh paccdruTaHa C HCIIOJIb30BAHHEM YpPAaBHEHHA
Iiomaar IMOBEePXHOCTH TOpPaA:

Spop =4 M R-T (22)
MOJACTaBJsAA 3HavyeHuss paguycoB (R =1,5-d.,; r=0,5-d,,), noayyum copmyay s
omnpe/iesieHUs yAeJbHOH IJI0IaZHu OTBOJOB:

)
Sy = 617 - d"%p (23)
cydyetoM (18) u (20) ypaBHeHue (17) npuMeT BUA:

St =2 dp(2-Lyp+3 1w dyp) (24)
250  Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)




Calculation of design parameters of the regular packing of heat and mass transfer apparatus from
continuously connected pipes

nozacrasJias (24) u (16) B ypaBHeHue (19), noayyum:

2Ty (2 Ly + 370 dyp)

B 2etpty (Lop+3dap) (25)
Torja c yuetoM (25) u (17) ypaBHeHue (18) npuMeT BUA;
d,, = 2:[2tp ty (lyp+3-dyp )~ dZp (Lrp+1,5 T drp )| (26)

T-dyp(2:lpp+3-doyp )

Ha ocHOBaHMM HHXEHEPHOW MeTOJMKHM pacyeTa, NpeJAcCTaBJeHHbIX B paborax [13-15],
coJiep>Kalllell ypaBHeHHUs JJIs pacyeTa NOPO3HOCTH TPyO6UaTON HacaZKU B CEYEHHM allapara,
00 beMHOW TNMOPO3HOCTHM M 3KBUBAJEHTHOTO JuaMeTpa, a TakKkKe pPeKOMeHJalU{ IO BbI6ODPY
ONTUMa/IbHbIX KOHCTPYKTUBHBIX TapaMeTPOB IPUMEHUTEIbHO K TPy6YaTOM HacaiKe C IPSIMbIMU
Tpy6aMHu M BbIHOCHBIMM KOJIJIEKTOpPAMHM, COCTaBJIeHa MporpaMma pacyeTta Ha si3bike Pascal, T.e.
BbINOJIHEH pacyeT no ¢popmysiaM. B Tabanie 1 npuBe/ieHbl pacyeTHble JJaHHble KOHCTPYKTUBHBIX
napamMeTpoB JJis TpyOuyaTbIXx HACaZOK C NPSAMbIMU TPyOaMH U BBIHOCHBIMU KOJIJIEKTOPAMH U
HeNpepbIBHO COeIMHEHHbIX TPYO.

Tab6sauua 1. CpaBHUTEIbHBIE XapaKTEPUCTUKHU TPYyOUaThIX HACAO0K

PacyeTHble napaMeTpbl C npssMbIMU Tpy6aMu U | HenmpepbIBHO coejHEHHbIE
BBIHOCHBIMU TPyObI (HALIU JaHHbIE)
KoJlJIeKTOpaMu [13]
[lopo3HOCTB B CeYeHUH annapara 0,5 0,5
&g, M2 /M2
06'beMHas MOPO3HOCTD &, M3 /M3 0,804 0,553
JKBUBAJIEHTHbIN JUAMETP d,yp, M 0,102 0,032

Kak BU/HO M3 TabJMIpl, B anmnapare C NpsiMbIMU TPy6aMH U BbIHOCHBIMH KOJIJIEKTOPaMHU
3HaYeHHs] 06'b€eMHON MOPO3HOCTH U 3KBUBAJEHTHOTO JAUaMeTpa Bhbllle, YeM JJisl anmnapara U3
HeNpepbIBHO COEIMHEHHBIX TPY6. ITO 0YEBHU/AHO, TAK KaK B 00'beMe alnapaTa U3 HelpepbIBHO
COeIMHEHHbIX TPYyO MPUCYTCTBYIOT OTBO/bl, 3aHUMAIOLUE OMNpeJieIeHHYI0 4acTb CBOOOJHOIO
IPOCTPAHCTBA.

3ak/iloyeHue

PaccMoTpeHbl KOHCTPYKIMH annapaToB C TPyO6uyaTOW HACAAKOW PETyJISIPHOM CTPYKTYpPbl C
BHEIIHUM U BHYTPEHHHUM PaACIOJIO)KEHHEM KOJIJIEKTOPOB, M HA OCHOBE aHaJIM3a UX paboTbl HAMU
CO3/laH ammnapaT C peryJjsipHOM HacaJlKou, BbIIOJHEHHOW B BHUJE CUCTEMbl HeNpPEPBIBHO U
N0CJIeI0BaTe/IbHO COeJMUHEHHBIX TPYyO OIHOTO iIMaMeTpa BHYTPH KOpIyca annapara.

OcHOBBIBasiCb Ha U3BECTHOM I0/IX0/€ ABUKEHHS rasa [0 U3BUJIMCTHIM KaHaslaM, 0Jy4eHbl
ypaBHeHUS [/ pacyeTa IOPO3HOCTHU TPy6UYaTOM HACAIKU U3 HENPEPbIBHO COeJMHEHHbBIX TPYO B
Ce4yeHUU amnmnapata, 0o6’b€MHOM NOPO3HOCTH U 3KBUBAJEHTHOrO JUaMeTpa, YYUThIBawOUve
KOHCTPYKTHUBHbBIE COCTABJIAIOLIME TPYOUATOro Ny4yKa U 11aru pa3MelieHus Tpyo B BEpTUKAJIbHOM
Y paJiia/JibHOM HalpaBJIEHHUSIX.
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[IpoBeseHO comoCTaB/ieHWE pacYeTHbIX JAHHbIX KOHCTPYKTHMBHBIX IIapaMeTpoOB [Jid
Tpyb64yaThIX HacaZjoK C MPAMBIMU TPyOaMU MU BbBIHOCHBIMU KOJIJIEKTOPAaMHU K3 HeNpepbIBHO
COeJMHEHHBIX TPYD, KOTOpble MOKa3aJk, YTO NPUCYTCTBUE OTBOJOB B Ny4YKe U3 HeNpepbIBHO
COeJMHEHHBbIX TPyO NMPUBOAUT K CHMXXEHUIO YHUCJIEHHbIX 3HAaYeHUHW O0O'bEMHOW MOPO3HOCTU U
9KBUBAJIEHTHOTO JijMaMeTpa 3a CYeT yMeHblLlIeHHs CBOOOHOI0 MPOCTPAaHCTBA KOHTAKTHOM 30HBIL.
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Calculation of design parameters of the regular packing of heat and mass transfer
apparatus from continuously connected pipes

Abstract. Designs of apparatuses with regular tubular packing and external or internal
collector arrangements are considered. Based on an analysis of existing designs, an apparatus with
regular packing made of continuously connected pipes of equal diameter was developed. The study
aims to obtain calculation relationships for determining design parameters of tubular packing.
Methodology is based on a known approach describing gas flow through tortuous channels formed
by packing elements. Equations were derived for calculating cross-sectional porosity, volumetric
porosity, and equivalent diameter, taking into account design parameters of the tubular bundle
and tube spacing. Computational experiments were performed, and calculated data for packings
with straight tubes and external collectors were compared with those for continuously connected
pipes. Results showed that bends reduce volumetric porosity and equivalent diameter due to the
reduction of free space in the contact zone. Obtained relationships can be applied in the calculation,
design, and optimization of heat and mass transfer apparatuses with regular tubular packing.

Keywords: heat and mass transfer apparatus, regular tubular packing, bends, cross-sectional
porosity, volumetric porosity, equivalent diameter, vertical pitch, radial pitch.
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AHHOTauMa. B pgaHHOM craTbe paccMaTpuBaeTcsi 3PPEeKTUBHOCTh
IpUMeHeHUs1 KepaMH4YeCKUX MeTaJJIniecKux (KepMeTOBBbIX) pexyLuX
MHCTpYMeHTOB Ha ocHoBe TiCN mpu BbICOKOCKOPOCTHOM CyXoil 06paboTke
ctaned. Takke NPUCYTCTBYeT aHaJU3 COBPEMEHHBbIX HWCCAEeJOBaHUM, B
KOTOPBIX OTMEYAITCs BbICOKAsA U3HOCOCTOMKOCTb U CTAOUIBHOCTD PEXYLIUX
XapaKTepPUCTHUK KEPMETOB 10 CPABHEHMUIO C TPAAUIIMOHHBIMU UHCTPYMEHTAMHU
M3 TBEPJOTO CllJlaBa ¥ KepaMUKU. OCHOBHOe BHUMaHHUe y/ieJIeHO TEpMUYECKON
CTOMKOCTH, XMMUYECKOU UHEPTHOCTU U COCOOHOCTHU COXPAHATb F€OMETPHIO
pexyuiell KpOMKH INpPU NOBBILIEHHBIX TeMiepaTypax. C HcCIoJb30BaHHEM
nporpaMMHbiX KomijiekcoB Autodesk Nastran v Deform 3D BbinmoJsiHeHO
YHCJIeHHOe MOJieJIMPOBaHMe HaNnpsKEHHO-AepOopMHUPOBAHHOTO COCTOSHUA U
TeMIepaTypHOro MoJisi B MHCTPYMeHTe M 06pabaThiBaeMOM 3aroTOBKe W3
ctanu AISI1 4340 npu ckopocTu pe3aHus 450 M/MUH. MakcMMasibHOe 3HaYeHUe
3KBMBAJIEHTHBIX HaNpsHXKeHUW 1o Musecy B MHCTpyMeHTe COCTaBWJIO 769,2
MIla, Temneparypa pgocrturasa 1130°C, 4yTto HaxoAgWTCA B Ipejesax
ponyctuMbix i TiCN. B 30He pe3aHusi 3aroToBKM 3apUKCHPOBAHBI
Temnepatypbl A0 934°C u HanpsokeHuss Ao 1350 MIla. [lonydeHHble
pe3yJbTaTbl  MOATBEPXKJAIOT  BO3MOXHOCTb  NPUMEHEHUSI  KepMeT-
MHCTPYMEHTOB /1J1s1 BbICOKOCKOPOCTHOM YMCTOBOM 06paboTKHU. PacuéT n3Hoca
Ha OCHOBE MO/IeJIh YCyU M03BOJISIET OLLEHUBATh CPOK CJIYKObI UHCTPYMEHTA C
y4€TOM PaKTHYECKHUX TEPMOMeXaHUYeCKUX Harpy3ok. [[poBeiéHHBIN aHA/IU3
CHOCOOCTBYET YTOYHEHWUIO NpeJCTaBJeHHH O pabouyux XapaKTepHUCTHUKax
KEPMETOB M I[OJATBEPXKAAeT 1eJlecO0O0pa3HOCTh MX MCIO0JIb30BaHUS B
COBpEMEHHBIX TEXHOJIOTUAX pe3aHNs MeTaJlJIOB.

KirouyeBble cs1oBa: uHCTpyMeHThI KepMeTa, TiCN, AISI 4340, cyxasd TokapHas
06pab0oTKa, BBICOKOCKOPOCTHOE pe3aHue, CUMYJISILIUS pe3aHUs
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BBegeHue

[loBpilleHHBIE  TpebOBaHHWA K  I[POU3BOJAUTEJBHOCTU COBPEMEHHBIX TEXHOJIOTHUU
MeTaJIo06paboTKU CTUMYJIUPYIOT NOMCK HOBBIX KOHCTPYKIIMOHHBIX MaTepUaJoB /ISl PeXYLUX
MHCTPYMEHTOB, OCOOEHHO TeX, YTO CINOCOOHBI COXpPaHATb 3QPEKTUBHOCTb B YCIOBUAX
BbICOKOCKOPOCTHOU U CyXoM pe3kU. Ha aToM dpoHe 0co6bIl MHTEpeC BhI3bIBAET UCIO0JIb30BaHUE
KepMeTOB Ha OCHOBe kapboHutpuza TuTaHa (TiCN), couyeTaruux B cebe MOJIOKUTENbHbIE
CBOWCTBA KaK MeTa/lJIOB, TaK U KepaMMKHA. JTU KOMIIO3UTHI XapaKTepHU3yITCAd BBICOKOU
TBEPJLOCTHIO, yCTOUYMBOCTBHI0 K TEPMUYECKUM U MeXaHWYeCKUM Harpy3KaM, a TaKKe XUMHUYeCKOU
MHEPTHOCTbIO, YTO JeslaeT HUX NepCleKTUBHBbIMU JJfl YUCTOBOW OOpPabOTKHU JieTMPOBAaHHBIX
cTajiel 6e3 NpUMEHEHHS OXJIAXK/AAIINUX XKUAKOCTEM.

AKTyaJbHOCTb  NpPEJCTaBJEHHOTO  MCCAeJJoBaHUA  OOyC/OBJeHa  OrpaHUYeHHBbIM
KOJIMYECTBOM INPHUKJIAAHBIX U 3KCIIEpPUMEHTaJbHbIX pabOT, HalpaBJeHHBbIX Ha KOMIIJIEKCHOE
nsydyeHue noBeZeHUss TiCN-kepMeTOB NpPU BBICOKOCKOPOCTHOM CyXOoW 00paboTKe cTaJjied, B
yacTHOCTHU cTaau Mapku AlSI 4340. HecMoTps Ha pacTyliui UHTepecC K 6e3KUJKOCTHOU pe3Ke B
YC0BUSX KOJOTUYECKUX U 3IKOHOMUYECKHUX OrPpaHUYEHUN, MHOTHE aclleKTbhl U3HOCOCTOUKOCTH
M YCTOMYMBOCTH KepMEeTOB MO-NPeXHeMY OCTAlTCAd HeAOCTaTOYHO M3YyYeHHbIMH, 4YTO H
onpejesisieT HAy4YHY0 HOBU3HY U IPAKTHUYECKY0 3HAYUMOCTb HACTOs1eN PabOThI.

O6BbeKTOM UCCAeOBaHUSA SIBJSETCS NMPOLECC BbICOKOCKOPOCTHOW TOKAapHOM 06pabOoTKH,
JierupoBaHHoO# cTasu AlSI 4340 6e3 ucCHOJIb30BaHUA OXJIAXKJAMUIUX XUAKOCTeU. [IpeaMeTom
BBICTYAlOT 0COOEHHOCTH U3HOCA Y OBPEX/AAEMOCTH peXYIIUX IJIacTUH U3 kepMmeTa TiCN.

Llenbto vccief0BaHud SABASETCA U3yYEHHUE IKCIJIyaTallMOHHbIX XapaKTePUCTUK KePMETHBIX
MHCTPYMEHTOB TMNpPU CYXOM pe3aHWUU C TOMOILbI0 MOJEJMPOBaHUS  HaNpPsKEHHO-
lebOpMHUPOBAHHOTO COCTOSIHUSA U TeMIIEpAaTypPHbBIX NOJIEN.

K ocHOBHBIM 3a/jauaM MO>KHO OTHECTH:

- aHaJIM3 Hay4YHbIX NyOJIMKaLMK 110 UCCIelyeMOM TeEMATHKE;

- IpoOBeJleHMEe YHCJEHHOTO MOJIeJIMPOBAaHUSl IMpolecca pe3aHUss C HCHO0Jb30BaHUEM
IpOrpaMMHbIX KOMILJIEKCOB;

- HHTepIpeTanyio NoJy4YeHHbIX Pe3yJbTaTOB C NMOCJAeAYyIOLel OIleHKOM M3HOCa M0 MOJeNn
Ycym.

3HaYUMOCTb PabOThI 3aK/IH0YAETCS B BO3MOXXHOCTH UCI0JIb30BaTh NOJYYEeHHbIE JJaHHbIE JIJIS
COBepPLIEHCTBOBAHUS TEXHOJIOTUH BbICOKOCKOPOCTHOM MeXaHU4YeCKOW 06paboTKH U MPOoJJIeHUs
CpOKa CJIy>K6bl MHCTPYMEHTA.

0630p JiuTEepaTyphl

Pe3ysnbTaThl 3KCHepMMeHTa/IbHbIX MCCHeN0BAaHUW MOC/AEJHUX JIeT YyKa3blBAlOT Ha
nepcneKTUBHOCTb TiCN-kepMeTOB B yCJI0BUSX CyXOW MeXaHUYeCKOW 06paboTku cTasiei. Tak, B
pabote B. Xu u coaBTOpPOB BBINOJHEHO CpaBHEHHWE KepaMHUKH, KapOWJOB U KepMeTOB IpHU
ToyeHUM CcTagu 42CrMos. BbigBi€HO, 4YTO KepMeTHble IUJIACTUHBI XapaKTepU3yKTCAd
HauMeHbIIUM YPOBHEM M3HOCA M HauOOJIbLIed CTaOUJIbHOCTbIO PabOThI JaKe NMPU U3MEHEHUHU
PEXXUMOB pe3aHUsl.

UccnepnoBanus R. Magalhaes v kosier nokasaJsiy, 4To npu ToueHuu ctaau AISI 1045 kepmeTsl
JIEMOHCTPUPYIOT MOCTENEHHbIN abpa3suBHBIA U3HOC, COXPAHAOT FeOMETPUI0 PEXYIed KPOMKU U
He CINOCOOCTBYIOT 00pa30BaHUI0O HApPOCTOB, HECMOTPSl HAa 3HAYUTeJIbHble TeMIlepaTyphl,
BO3HMUKAIOI[KE B 30HE pe3aHusl.

06061éHHBIN aHanK3 cBoUcTB TiCN-kepMeTOB npe/cTaBiieH B 063ope M. Elgazzar u coaBT.,
re NMOJYEPKUBAIOTCA BbICOKash TBEPJOCTb MPU HAarpeBe, CTOMKOCTb K OKHCJEHHUI0, a TaKxXe
3KOHOMMUYecKasA 3PPEeKTUBHOCTb UX NpHUMeHeHUs. TakKe OTMEYEHO IMOJIOXKUTENbHOE BJAUSHUE
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Damage behavior of TiCN cermet cutting tools during dry high-speed turning
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Pa3/IMYHBIX TEXHOJIOTUYECKHUX YJIy4IlIeHUH (HAaHOMOKPBITHUS, FPaZJMEHTHbIE CTPYKTYPHI U Np.) HA
M3HOCOCTOMKOCTb UHCTPYMEHTA.

B pabote T.Yang u KoJuIer aHaJIM3UPOBAJUCh YCJOBUSI H3HOCA TMPU TOYEHUHU
BbICOKOYTJIEPDOAUCTON CTa/i. Pe3ynbTaThl MOKasajH, UYTO yBeJU4YeHUe CKOPOCTH pe3aHHus
CYyLeCTBEHHO COKpallaeT CPOK CJy»KObl KEpMETHOT0 UHCTPYMEHTa, U3MeHAS Mpe06/1afaIun
MexXaHU3M M3HOCa C abpa3sMBHOIO Ha aJresMOHHbIA. ITO NOAYEPKHMBAET BaXXHOCTb NoJ60pa
ONTHUMAaJIbHbIX PEXKUMOB 00pabOTKH.

Kpome Toro, A. Das 1 coaBT. IpoBe/I¥ CPaBHUTEJIbHBIMA aHAJIU3 KEPMETOB U TBEP/bIX CIIJIaBOB
npu ToueHuu ctanu AISI 4340. BeiBoabI NOATBEPAUIN 60Jiee HU3KOE COIPOTUBJIEHHE PE3AHUIO U
MEeHbIIYI0 UHTeHCUBHOCTb U3Hoca y TiCN-kepMeToB, 0COG€HHO NPU NOBbIIIEHHBIX IO4AYaX.

HecMoTps Ha Ha/iMuMe 3HAYUTENBHOrO YKUcaa paboT, B JIMTepaType COXpaHAaeTcsd JePpULuUT
CUCTEMHBIX HCCJe[0BaHUM, COYeTAKUIMX IKCIIepUMEeHTa/llbHble [JaHHble W YHUCJIeHHble
CUMYJISILIMY C pac4éTaMHy U3HOCA 10 SMIIUPUYECKHUM MOJeJisIM, YTO U 0O0CHOBBIBAeT IpOBeJleHUe
JlaHHOU paboThI.

KepmeTHbIe pexyliie ”HCTPYMEHTbI, B OCOOEHHOCTHU Ha 0OCHOBe Kap6oHuTpua tutaHa TiCN,
paccMaTpUBAIOTCA KaK INepCcleKTHBHAas aJbTepHATHBA TPALULMOHHBIM HHCTPYMEHTAaM U3
Kapbuja BoJibdpamMa U KEpaMUKH B BbICOKONPOU3BOAUTEJbHONW 06pabOTKe MeTaslJioB. JTHU
MaTepHaJibl COYeTaOT BBICOKYIO TBEPAOCTb U N3HOCOCTOMKOCTb KEPAMUKH C YIapPHOU BA3KOCTbIO
U TeIJIONPOBOJAHOCTbIO METAaJJIOB, YTO JieJlaeT WX 0COOEHHO MOAXOASALIMMH JJIs YUCTOBOU U
MOJIyYMCTOBOM 00pPabOTKU TBEPAbIX MU HU3KOJETMPOBAHHBIX CTajied. POCT ux momy/asspHOCTH
00yc/sOBJIeH TpebOBaHUSIMU MPOMBIIIJIEHHOCTH K YBEJIWYEHUI0 MPOU3BOAUTEJbHOCTH,
NOBBIIIEHWI0 CTOMKOCTH HHCTPYMEHTAa U CHWXKEHUI0 HeoOXOJWMOCTH NpPHUMEeHEeHHUs
OXJIQKAAWIIUX KUJKOCTEM B 3KOJOTUYECKH YYBCTBUTEJbHBIX YCJOBUSAX WM TNPU CyXOHU
06paboTkKe.

Psp  3sKkcrnepUMeHTa/NbHBIX UCCAELOBAaHUM MNOAYEPKUBAET 3HAYUTEJbHbIM MOTEeHLHa
KepMeTHbIX MHCTPYMEHTOB B Ollepallusax CyXoro pe3aHus. Tak, B MCC/IeJOBAaHUU CyXOr0 TOYEHHUS
JlerupoBaHHOM ctasiu 42 CrMos, B. Xu ¢ coaBTOpaMu npoBe/id CpaBHEHHWE KEPMETOB Ha OCHOBE
TiCN c TpaguMLIMOHHBIMY KapOUAHBIMU U KepamMuieckuMHu (SizN,) nHcTpymMeHTamu. KepMeTHble
MHCTPYMEHTBI NPOJIEMOHCTPUPOBAIA HAUOOJBUIMK CPOK CAYKObl U HauboJsiee CTabUJIbHbIE
NOKasaTeJd M3HOCAa I[pU BCeX peXHWMaxX HWCNbITAHUN, XapaKTepusysacb MOCTeNeHHBbIM
abpa3vBHBIM U3HOCOM U HU3KOU aJire3uenl CTpyKKHU. B oT/in4uMe OT KepaMUieCKUX U KapOUAHBIX
NJIAaCTHH, KOTOPbIe MO/IBEPrajiuCh BbIpaKEHHOMY BBIKPALIWMBAaHUIO, BBIKPALIMBAHUI KPOMOK U
OTCJIOEHUIO TOKPBITUM, KepMeTbl COXPaHSJIM OCTPOTY PEXYLHUX KPOMOK M CTaGUIBbHOCTH
pabo4Yrx XapaKTepPUCTHK [1].

Jdto Hab/oAeHHe noATBepAuad R. Magalhdes c coaBTopamMu npu cyxoM ToyeHUHU cTaau AlSI
1045. Hcnosb3ysi HeMOKpPBbITble KepMeTHble IJIacTUHbI Ha ocHoBe TiCN, ucciegoBatenu
YCTaHOBUJIM, YTO CKOPOCTb pe3aHUs OKa3blBajla HE3HAYMTeJbHOE BJIMSHHE Ha LIepOX0BATOCTh
MIOBEPXHOCTH, B TO BpeMs KaK IoJjaya CyLeCTBEHHO BJIMsJIa HA Ka4eCTBO MOBEPXHOCTU U U3HOC
MHCTpyMeHTa. M3Hoc 1o 3aHeld TOBEPXHOCTHM MPOUCXOAWJ MOCTENEHHO, HOCHUI
IpeuMyIleCTBEHHO abpa3suBHbIM XapakTep, NpPU 3TOM He HabJI/as0Ch CYLeCTBEHHOTO
obpa3oBaHHUsl HapocTta. HecMoTpsi Ha mNOBbIIIEHHbIE TeMIlEPATyphbl, CBsS3aHHbIE C CyXOH
00pabOTKOM, Ha JieTajJi He BbISIBJEHO MUKPOTPELUH WA CHUXKEHUS TBEPJAOCTH, 4TO
NOATBEPXK/JAeT TEPMHUYECKYI0 U CTPYKTYPHYH CTabUJIbHOCTb KEPMETOB B YCJIOBUSX CYXOro
pesanusa [2]. 0630p M. Elgazzar ¢ coaBTOpamMu moATBepAUJ, 4TO KepMeThbl Ha ocHoBe TiCN
COYETAIT rOpsAuyl0 TBEPAOCTb, U3HOCOCTOMKOCTb M 3KOHOMHUYHOCTb NPHU CYyXOW 06paboTke
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HU3KOJIETUPOBAHHbIX M 3aKaJIEHHBIX CTajJed. ITU UHCTPYMEHTbl YCTOMYUBBI K OKUCJIEHUIO U
COXPAHAIOT PEXYIIYI CHoCcoOHOCTh mnpu TeMmneparypax Bbimie 900 °C, ocobeHHO B
BbICOKOCKOPOCTHOM 4YMCTOBOM 06paboTke. 0630p Takke OTMeTUJ 3PGPEKTUBHOCTH HAHO-
CTPYKTYPHBIX MOKPBITUW, TPaJJUEHTHBIX CTPYKTYp U TEKCTYPUPOBAHUS IMOBEPXHOCTU B
yJy4dlleHUH paboyruX XapaKTEPUCTHK [8].

T. Yang c¢ coaBTOopamu [11] uccienoBasiv M3HOC MO 3aJjHEH NOBEPXHOCTH M CTOMKOCTb
kepMeTHoro wuHctpymeHTa (Ti,W)C-Mo,C-Co mnpu cyxoM TOYEHUH BbICOKOYTJIEPOAUCTOMN
NOJIIMITHUKOBOU CTa/IM TBEPAOCThIO 0K0J10 62 HRC. CTOMKOCTh MHCTPYMEHTA Obl/1a ONpe/iesieHa
npu mupuHe u3Hoca VB = 0,3 mm. IIpu ckopoctu pe3anusa 180 M/MUH CpOK CayXK06bl COCTaBUJI
npuMepHo 33 MUHYTHI. YBesindyeHUe cKopocTH 10 280 u 450 M/MUH COKpPATHUJIO CPOK CIYKOBI
cooTBeTCcTBeHHO Ha ~40% U ~75%, nmokasbpiBasi YyBCTBUTEJbHOCTb UHCTPYMEHTA K CKOPOCTH
pe3aHusd corsacHo Mogenu Teisiopa. Ha HU3Kux cKOpocTsaX npeobJiaza abpa3suBHbIN U3HOC, HAa
BBICOKMX — a/Ire3MOHHBIN. [lepexos MexaHM3MOB M3HOCA NOJYEPKUBAET BaXKHOCTb ONITUMHU3aLUU
CKOpPOCTH pe3aHus [11].

A. Das c coaBTopaMu [12] BbINOJIHUJIM CPAaBHUTEJbHbIA aHA/JIHW3 00pPAOOTKH 3aKaJEHHOU
cranu AISI 4340 (48 HRC) HenokpbITbIMU KapobuaHbIMU MiacTUHaMU WC-Co U MOKPBITBIMU
KepMeTHbIMU macTUHaMu TiN B cyxux ycioBuax. KepMeTbl CcTabUJIbHO JAEMOHCTPUPOBAIU
MeHbIlIMe CUJIbl pe3aHus U HW3HOoC. Haubosibllee BIMSIHME Ha HW3HOC Y KEPMETOB OKa3blBaja
nozjaya, a y KapOUHbIX MJIACTUH - I'JIyOUHA pe3aHus. Pe3y/bTaThl NOATBEPXKJAIOT BBICOKYIO
YCTOWMYMBOCTb KEPMETOB K TEpPMOMeXaHWYeCKHUM Harpy3kaM, 0COO€HHO NPU BbICOKOCKOPOCTHOU
cyxol o6paboTke [12].

PazHooGpasue 3KClepUMeHTa/bHbIX JaHHBIX [0 MPOrpecCUpPOBaHMI0O M3HOCA, CHUJIAM
pe3aHus, IepOoX0BaTOCTU NOBEPXHOCTHU M MeXaHM3MaM pa3pylleHUs1 KEpPMEeTHbIX UHCTPYMEHTOB,
npeJcTaBJeHHOe B HCCIelOBaHUAX, GOpMUpPYyeT HaJleXXHyl0 06a3y /A HOpoBeJeHUs
CUMYJIALLMOHHBIX MCCJEeJO0BAaHUU C HCIOJb30BaHUEM CIELUaTU3UPOBAHHBIX INPOrPaMMHBIX
nakeToB, Takux Kak Nastran u Deform3D. [IpeacraBiieHHble pe3ybTaThbl JEMOHCTPUPYIOT, YTO
KepMeTHble MHCTpyMeHThbl Ha ocHOoBe TiCN u apyrux kap6uHbIX coejuHeHUN 3QPEeKTHUBHDI B
Pa3/IMYHBIX YCJIOBHUAX CYXOU U YCTOMYMBOW 06pabOTKH TBEPABIX U KapPONPOUYHBIX CIJIaBOB. OHU
COCOOHBI O6ecrneyWBaTh OasaHC MeX/Jy [OJITOBEYHOCTbIO, KayeCcTBOM 0O6pabaTbhiBaeMoOM
IOBEPXHOCTH U MPOU3BOJUTENBHOCTBIO OJlarojaps pas3/IMYHbIM MOAXOAAM K YJy4IIEeHUIO
CTPYKTYypbl MaTepuaJsa, BK/IO4Yasi NpUMeHeHHEe (QYHKIHUOHAIbHO-TPAaJIMEHTHbIX KOHCTPYKLHUH,
HAHOCTPYKTYPHUPOBAaHHBIX NOKPBITUM W ONTUMM3ALMU IapaMeTpoB pe3aHud. [lonydeHHble
KCIepUMeHTaJ/IbHble JlaHHble MOTYT HCNOJIb30BaThCA /J1 BepUPUKALMUM KOHEUHBIX
3JIeMEeHTHbIX  MoOJieJlell  TeMIepaTypHbIX  TMoJied, KOHLEHTpauWh  HaNpshHKeHUHW U
IPOrHO3MPOBAHUSA HM3HOCA MHCTPYMEHTA, CIOCOOCTBYsl pa3paboTke GoJiee COBEpPIIEHHBIX U
JlOJITOBEYHBIX UHCTPYMEHTOB.

MeToagos10rusa

BoigBuraemas rumoTesa MpejlnoJiaraet, 4To UHCTpyMeHThbl U3 TiCN-kepMeTa cnocoGHBI
COXpPaHATb BbICOKME 3KCIJIyaTalMOHHble XapaKTePUCTUKU Jaxke NpU  BO3JeHUCTBUHU
3KCTpeMaJIbHBIX TENJIOBbIX U MEXaHUYECKUX HAarpy30K.

MeTopmosiorugs  Uccaef0BaHUSA OCHOBaHa Ha [PUMEHEHUHW 4YHUCJAEHHBIX METO/0B
mozennpoBaHus (Autodesk Nastran u Deform 3D), aHasn3e KOHTAKTHBIX HaNpsHKEHUH H
TeMIlIepaTYPHBIX [10JIeH, a TAKXKe Ha IMIIMPUYECKOM MO/JeJINPpOBaHUHU nponeccoB u3dHoca. TiCN —
KepMeThbl U3BECTHbI GOPMUPOBAHMEM MUKPOCTPYKTYPHI «S1p0—0060J104Ka» BO BpeMsl ClIeKaHUS:
KepaMHUuecKhe 3epHa UMelT dapa, 6oratele TiC, okpyxeHHble o6osioukaMu U3 TiCN-Me
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kommo3uTta (rae Me = W, Mo u fip. u3 106aBokK) [16]. 3Ta CTpyKTypa, B COUETAHUHU C KOOATbTOBOM
WJIU HUKeJIeBOU CBA3KOH, 06ecrieyrBaeT KEPMETY XOpollee coOYeTaHHWe TBEPAOCTU U IPOYHOCTH.

B nesiom, TiCN-kepMeThbl 60J1ee XMMUYECKU MHEPTHBI 110 OTHOILEHHUIO K CTaJISIM, 4eM KapOu/bl
W(C-Co, noaTOMy OHU MeHee noABepxKeHbl JUGPY3MOHHOMY U3HOCY (0Opa30BaHUIO KpaTepOB) U
YCTOWYMBBI K OOpa30BaHMI0 HApPOCTOB Ha pexylled KpOMKe. JTH CBOMCTBA [eJIal0T HUX
uJleaJIbHbIMU JIJI1 BBICOKOCKOPOCTHOW YHMCTOBOW 0OPAbGOTKU JIETMPOBAHHBIX CTaslel, rjie OHU
MOTYT JOCTUTraThb OTJIMYHOI'0 Ka4eCTBa IOBEPXHOCTU NIPH BBICOKUX CKOPOCTSX pe3aHusl.

HecMoTps Ha cBOIO KepaMuuecKylo cocTaBsAy, TiCN-KepMeTbl COXpaHAKT YMepeHHYI0
IPOYHOCTb IPU BBICOKOM TBEPAOCTH U KeCTKOCTU. OCHOBHble MexXaHWYeCKHe CBOWCTBA
BKJ/ItO4alOT: MmoayJb FOHra 400-450 I'ma, TBepgocth 14-16 I'lla no Bukkepcy (* HRA 90-93),
ko3pdunueHT TpemuHocTorkocTH (Kic): 8-10 Mlla ns1g BbicOKOTBepAbIX cCOpTOB [18].

TiCN-kepMeTbl UMEIOT TENJIOBble XapaKTEPUCTUKH, TPOMEKYTOUYHbIE MEXAY MeTa/llJlaMU U
KepaMUKOU. VX Tens10npoBOJHOCTb 3HAYUTEJbHO HUXKE, YeM Y Kapbu/ia Bosbppama u3-3a (pasbl
TiC/TiN. Hanpumep, TUNIUYHBIA KepMeT noka3sbiBaeT ~30-35 Bt/M-K TensionpoBogHOCTH npHU
KOMHATHOW TeMMnepaType, o cpaBHeHUto ¢ ~100-110 Bt/m-K g5 WC-Co TBepaoro cnJiaBa. 3Ta
HU3Kasl TeNJONPOBOAHOCTb O3HAYAeT, UTO TEIJIO Pe3aHUs CKJIOHHO 0CTaBaTbCA OKOJIO pexylei
KPOMKH, 4YTO MOKET IOBBICUTb TeMIIepaTypy pe3aHus (KepMeTOBble BCTABKM YaCTO M0JIaraloTcs
Ha CBOIO TOPSAYYIO0 TBEPJOCTD U MOKPBITUSA).

B njesioM, 3TH TensioBble CBOMCTBA (HU3Kasl TENJIONPOBOAHOCTb, YMEpPEeHHas TENJIOEMKOCTb U
cpe/lHee pacuIMpeHHe) [AOJKHbl yYUTBIBATbCA NPH MOJEJUPOBAaHUU U BbIOOpE CKOPOCTEH
pe3aHus U OXJIXK/JEeHHUsS: KepMeTOBble MHCTPYMEHTbl YacTO PabOTalT BCYXyH Ha BBICOKHUX
CKOPOCTSIX, YTOOBI TENJIO YHOCUJIOCh CTPYKKOM, a HE IPOBO/IMJIOCH B BCTABKY.

M3HOCOCTOMKOCTh fIBJSIETCA TJIaBHbIM MpenMyliecTBOM TiCN-kepMeTOB NpHU YUCTOBOU
obpabotke. TBepable uyactunpbl TiC/TiN ob6ecneuuBalOT MNPEBOCXOAHYI CTOMKOCTh K
abpa3svBHOMY H3HOCY M BBICOKYI0 TOpSYyl0 TBEPJOCTb, OJlarojaps 4eMmy pexyllas KpOoMKa
OCTaeTCsl OCTPOU Aaxke IPU BICOKUX TeMIlepaTypax. He MeHee BaxkHa XUMHUYecKas CTAOUIbHOCTD
TiCN, KoTopasi yMeHblIaeT KpaTepHbIM U3HOC U CleNJeHue ¢ 06pabaTblBaeMbIM MaTepUaoM —
YTO O3Ha4yaeT MEeHbIIUK U3HOC N0 33a/lHel OBEPXHOCTHU U MPAKTUYECKU OTCYTCTBUE HAPOCTOB
npy 06paboTKe cTajeil. ITO NPUBOJAUT K JIy4lIeld YUCTOTE MOBEPXHOCTU U GoJiee CTaOUJIbHOMY
CPOKY CY>KObl UHCTPYMEHTA.

JTo mokKa3sblBaeT, KaK KepMeTbl MPEBOCXOJAAT NPU BbICOKOCKOPOCTHOM, JIETKOM YMCTOBOU
00paboTKe: OHHU 00eClNeuyuBAlT [AJUTENbHbIM CPOK CAYXKObl M CHIXKAKOT CHUJbl pe3aHus
(6naromapss HU3KOMYy KO03QQPUIMEHTYy TpPEHUsI MO MeTajjaM), eClyd pe3aHHhe He SBJISeTCs
NPEPbIBUCTHIM WJIH YAAPHbBIM [24].

PucyHoxk 1. a) 3D Mogensb aepxkaBky; b) 3D Mogenb pexylei MacTUHbI
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TeMm He MeHee, orpaHUYUBAOIUM GAKTOPOM OCTAETCS MPOYHOCTb — KEPMEThI CKJIOHHBI K
CKaJIbIBAHMIO NPU BBICOKMX HAarpy3Kax U1 BUOpaLUSX.

Tabsnna 1. Ucnosib3yeMble noKa3aTesu AJisi CUMYJISLIUU

[lTapameTp 3HayeHUe [IpuMeyaHusa
HUucTpyMeHT DCGX-FL [lnacTvHa U3 KepMeTa,
tun FL, R = 0.3 MM,
MaTepuas 3aroToBKHU HuskosierupoBaHHasd AISI 4340
CTaJlb
Onepauus YucroBas o6paboTka
Cuia pe3aHus 300 N
CkopocTb pe3aHus 450 M/MUH Vc
['niy6uHa pe3aHus 1 MM
[Tonava 0.1 MmM/006 f

JTamnbl MCCJIeJOBaHUA

B HacTosIeM HcciefoBaHHUM NMPOBOAMTCA OIeHKA HW3HOCOCTOMKOCTU W J0JTOBEYHOCTH
PEXYUIMX UHCTPYMEHTOB U3 KEPMETOB MPU BbICOKOW CKOPOCTH pe3aHHUs C 1eJibI0 aHa/M3a UX
3KCIJIyaTAIl[MOHHBIX XapaKTePHUCTHUK B CPABHEHUHM C PEXYIIIMMHU MJIaCTUHAMH, U3TOTOBJIEHHBIMHU
W3 PyTUX MaTepPHUaAJIOB.

Tab6sinna 2. [TapameTtpsl pexxyuieit nactubl - DCGX-FL-437 960

[TapameTtp 3HaueHUe

Tun FL

®opma Pomb6uueckas (55°)
YroJu cBo60AHOT0O BbIXO/a 7° OJIOKUTEJbHBIN
To4HOCTB G (cpenHss)
OnucanHas okpyxHoCTb (IC) 11 MM

TosmuHa 3 MM

Papuyc ckpyrienus (R) 0.03 MM
[Ipumenenue ToHKoe ToyeHue
MaTepuan TiCN

PexoMen/yeTcs HCNI0/Ib30BaTh UX [J11 HEIIPEPBIBHOM YXCTOBOW U MOJYYHUCTOBOM 00pabOTKHU
JIETUPDOBAHHBIX CTaJle, UHCTPYMEHTAJbHbIX CTaJled, 4YyryHa MU T.[., TJAe HUX NPeBOCXOJHas
M3HOCOCTOMKOCTb AaeT Hauayuduide pe3ysbTaThl. [lokpeiTusa (TiN, TiAIN u ap.) Ha kepMmeTax
JIONIOJIHUTE/IbHO YBEJHWYUBAIOT CPOK CJHYXObl WHCTPYMEHTa, yJy4llasg HU3HOCOCTOWKOCTb U
YCTOMYMBOCTb K OKMCJI€HHI0, 0COOEHHO MPU 06paboTKe MaTeprUaioB (HapUMep, Hep:KaBeLHUX
CTaJsieil), KOTOpble MOT'YT pearupoBaTh CO CBSA3KOH.

UccienoBaHue OCHOBAHO HaA pe3yJbTaTax KOMIIBIOTEPHOTO MOJEJHUPOBAHMUA Ipolecca
pe3aHus C MCII0JIb30BaHHeM NporpaMMHbIx KoMiiekcoB Deform 3D u Autodesk Nastran, a Takke
pacyeTax, BbIIOJIHEHHBIX C IPMMEHEHWEM 00IeNPUHATBIX aHAJTUTUYECKHMX METOAUK U MoJesiel
IPOrHO3MPOBAHUA U3HOCA UHCTPYMEHTA.

Jl/1s1 sKCIieprMeHTa B35Ta pexxylias JacTUHa U3 KepMeTa 6e3 nokpblTUs Mapku DIAMETAL.
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[lnactuna DCGX-FL wu3rotoBjieHa u3 TUTaHOBO-KapbouutpuaHoro (TiCN) kepmeta-
KOMIIO3UTa, COCTOSIIEr0 U3 KepaMUYECKUX TBep/bIx $a3 B MeTalJInueckou cBs3ke. CorsacHo
JaHHbIM Diametal, aToT kepmeT comepkUT npuMepHo 50% TBepabix ¢pa3 TiC/TiN, okoso 16% WC
(mo6aBJIeHHOTO AJis YJyYlleHUs] MPOYHOCTU) M okoJsio 10-12% meTtannndeckoi cBsisku (Co
y/vuau Ni). OcTasibHas 4acTh BKJIOYAET Apyrue Kapouabl (Takue kak Mo,C, TaC), ucnosib3yemMbie
JUISl yAy4YlleHUs1 MUKPOCTPYKTYpbI. [laHHas MJIaCTUHA U NOAX0A11as [/l CUMYJIALMU Jep>KaBKa
ObLJIM CMO/IEJIMPOBAaHbI B porpaMMHOM obecnedyeHun Autodesk Inventor (Pucynok 1).

Tab6sauua 3. XapakTepuCTUKU MaTepHaJsia JIACTUHBI UCH0JIb3yeMble B CUMYJISILIUU

[lapameTp 3Ha4yeH ExnvHuLia uamepeHus
ue

[lnoTHOCTB (p) 7.2x10 T/MM3
-6

Koadpduunent nemnduposanus (GE) 0.02 -

Pedepencnas temneparypa (TREF) 293 K (KesnbBHH)

Moayab ynpyroctu (E) 4.8x10 Mlla
5

Moayab casura (G) 1.92x1 MIla (pacuyeTHoe)
05

Koadpdunuent Ilyaccona (v) 0.25 -

KoadduipeHT TensoBoro pacumpeHus 9.5x10 K

(o) -

[Ipenen npouyHocTu npu pactskeHuu (ST) 1500 MIla

[Ipenen npouHocTu npu cxatuu (SC) 4000 MIla

[Ipesen npoyHocTu npu casure (SS) 1200 MIla

[Ipenen Tekyuectu (SY) 1200 MIla

Teopus oTkasa Hanpsikenue pon Museca

BxopHble faHHBIE [ CUMYJISAILIMU ONpe/iesieHbl Ha OCHOBe 33/|JaHHBIX YCJIOBUM pe3aHud,
reoMeTpUYeCcKUX MapaMeTpPOB JlepKaBKU M XapaKTEPUCTUK pexylled naacTuHel. B Tabaune 1
npeAcTaBJeHbl NapaMeTPbl CUMYJISAIMU YUCTOBOU 06pabOTKU HU3KOJerMpoBaHHOU cTasu AlSI
4340, B Tabsule 2 — TreoMeTpUuecKMe M (QPU3UKO-MeXaHUYEeCKHEe XapaKTepUCTUKHU
MCII0JIb3yeMOM B CUMYJIALUU pexylei maactunbl DCGX-FL-437 960, Bkto4yas yroJ cBOO60OHOTO
BBIX0/Id, paZIMyC CKPYTIJIEHUS U TOJILHUHY. B nepByIo oyepe/b, [/ aHA/IM3a HANPSAKEHHO-
lebOpMHUPOBAHHOTO COCTOSIHUS PEXYIEro UHCTPYMEHTA UCI0JIb3yeTC s MPOrpaMMHBIH
koMiiekc Autodesk Nastran.

KiiroueBbIM napamMeTpoM [Jil OLLleHKHA NPOYHOCTH U JJOJITOBEYHOCTU UHCTPYMEHTA ABJIAETCA
3KBHBaJIEHTHOE HaNpshKeHUe Mo KpuTepuio ¢oH Museca (von Mises stress), mOCKOJIbKY UMEHHO
3TOT KpUTEepUM HauboJsiee TOYHO OTpPaKAeT HUHTEHCUBHOCTb HaNpPSHKEHUH MpPH CIO0XKHBIX
HarpysKax, XapaKTepHbIX [Jil Mpolecca pe3aHUsi — MOAPOOHble HACTPOUKHK MpeJ/iCTaBJEHbI B
Ta6aune 3.

BaxHbIM 3TanoM MOATOTOBKM MOJe/M fBJASETCA CO3JaHHe pPacyeTHOM CEeTKUM KOHEYHBIX
3JieMeHTOB. B Xo/ie paboThl 6bLIa co3/JaHa cleliMaJbHas aJaiTUpPOBaHHAsA pacyeTHasl CeTKa C
NOBbIIIEHHOW IJIOTHOCTbIO 3JIEMEHTOB B 30HAax, HauboJiee NOJBEPKEHHBIX KOHLEHTpPaLUU
HaNps»KeHUH (3aKpyrJIeHUs] peXYLUX KPOMOK U 30HbI pe3aHus ). B 3TUX KpUTHYeCKUX 06/1aCTAX
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ceTKa 6blJa JOTIOJHUTENIbHO HACTPOEHA BPYUHYIO /JIs1 JOCTHKEeHHUs 60Jiee TOUHBIX pe3yIbTaTOB.

Cae iyl MM LIAroM sIBJISIeTCA IpMMeHeHUe KOPPEeKTHBIX F'PAaHUYHBIX YCJIOBUHM U HAarpy30K Ha
MoOJieJlb UHCTPYMeHTa. /I BbIUMC/IeHUs HanpsokeHUW no ¢oH Musecy Heo6XoAMMO 3a/aTh
JleCTBYIOIIMe HAa UHCTPYMEHT CUJIbl pe3aHUsA. OCHOBHas CWJIa, BJAUAKOILAA HAa UHTEHCUBHOCTD
Halps>KeHWH, — TaHreHLMa/bHasA cuja pesaHus (Ft), HanpaBsieHHas B0J1b CKOPOCTH pe3aHUs U
obo3HavyaeMasl B pacyeTHOU Mojesu Kak Fx. [lepes pacueToM HanpskeHU He06X0AMMO criepBa
onpese/MTb 3HaYeHHe JaHHOW CUJbl [y TOKapHOW 06pabOTKH pajualjibHasi U oceBas CUJIbI
COCTABJIAIOT JI0JII0 OT TaHTeHLHaJbHOU CUJIbL. /Il KEpMETHOTO MHCTPyMEeHTa NpPH YHUCTOBOU
00paboTKe UCOoIb3yeM CleAy0lHe ToKa3aTeau: paguanbHas cuia (Fr) — 90 H, oceBas cuia (Fa)
— 60H. TaHrenyuanbHOoe HampaBJieHWe (HampaBJieHHe CKOpocTH pesaHus, Ft) — 300H,
PaguanbHoe HamnpaBJsienue (ot 3arotoBku) Fy — 90H, OceBoe HampaB/ieHUe (BAOJIb OCH
uHcTpyMeHTa) Fz — 60 H.

Pe3yibTaThl M 06CYKAEeHHE

[IpoBesieHHas uucieHHass cuMyasauusa B Autodesk Nastran nokasasa, 4YTO MaKCUMaJibHOE
3KBHUBaJIeHTHOe HanpsbkeHue no ¢oH Mwusecy, BO3HMKalollee B MHCTPYMEHTe NMpHU 3aJaHHBIX
yCJI0BUSAX pe3aHus coctaBuio 769.2 Mlla (Pucynok 2).

Stress ¥ | SOLID VON MISES STRESS v~ | MPa ~ |o°

~ | SOLID VON MISES STRESS ¥ | MPa ~ |&

Stress
Min:0.6817 I

- 2 Max:769.2

I I

ta,
$

PucyHok 2. Busyanusanusa cumysasanuu B Autodesk Nastran, nokassiBaroljas pacupejesieHue
HaNpsi>KeH!Us1 UHCTpyMeHTa 1o ¢oH Muzecy

JlaHHOe 3HaueHWe HaNpsKEHUs COCPeOTOYEHO MPEUMYILECTBEHHO B 00J1aCTH pexyllein
KPOMKH IJIACTUHBI, YTO COTJIACYETCA C OKUJAeMbIMU pe3yJibTaTaMM, TaK KaK MaKCUMaJibHasi
HarpyskKa NpUXOJUTCS UMEHHO Ha 3Ty 30HY. [Ipu yiaseHUu OT pexyliell KpOMKHU HabJ0jaeTcs
3HAYMTeJIbHOE CHUXKeHHE HAaNpSP)KeHUH, I0CTUrasi MUHUMaJbHbIX 3HAaY€HUH, OJIM3KUX K HYJIIO, B
HauboJiee yAaJleHHbIX OT 30HbI pe3aHUsl ydacTKax UHCTpyMeHTa. [losiydeHHble pe3ysbTaThbl
CBUJIETEJILCTBYIOT O TOM, YTO UHCTPYMEHT U3 KepMeTHoro matepuaJsa (TiCN kepmeT) cnocobeH
3¢pdeKTUBHO paccerBaThb U BbIJEP>KMBATh BO3HUKAIWIIME B MPOIecCe pe3aHUs HaNpsiKeHHus,
COXpaHsIsl CBOIO CTPYKTYPHYIO 1[€JIOCTHOCTh U Pab0TOCIOCOOHOCTD.

[l onleHKH moBeJieHUs1 0O6pabaTbiBaeMOro MaTepuasa (HU3KoJierMpoBaHHasi cTajb AlSI
4340) u oOpasywllelcs B Mpollecce pe3aHUs CTPYKKH Oblja NpOBeJeHa CUMYJISALUS C
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MCII0JIb30BaHKueM nporpaMMHoro kommaekca DEFORM-3D. OcHOBHBIMHM nIapaMeTpaMy aHaJIu3a
SIBJISIIMCH paclipesie/ieHye TeMIIepaTyp M HAPSXKeHUU B 30He pe3aHMUsl.

Stress - Effective (MPa)

Temperature (C)

Pucynok 3. Busyanusanus cumysanyu B Deform 3D, nokasbiBatoiasi nokasaTesu
TeMIlIepaTyphl M HANPSHXKEHUSA B 30HE KOHTAKTA /11 UHCTPYMEHTA U 3arOTOBKH.
a) TeMnepaTypHble NMOKa3aTeJu 30Hbl KOHTAKTa; b) [loka3zaTei 3KBUBaJIEHTHOTO
HalpsA»KeHUA 30Hbl KOHTAKTa.
Ha PucyHke 3 u B Tabsine 4, B 0N0JIHEHME K BU3yaJIU3allUM paclipesiesieHus TeMIepaTypbl
U HalpsDKeHUs], H300pakeHbl IOKa3aTesd, I[OJy4YeHHble B pe3yJbTaTe YUCJIEHHOTO
MOJIeJIMPOBAaHUA: MaKCUMaJlbHas TeMIlepaTypa 3aroOTOBKM B 30He KOHTAKTa, cocTaBua 944 °C,
pexyiero uHcTpyMmeHTa - 1130 °C; MakcMMasibHOe 3KBUBaJIeHTHOE HalpsixkeHue o ¢oH Musecy
B o06pabaThiBaeMo#l JeTasu Ha 3aroToBke jgocturao 1350 MIlla. Haubosblive 3HauyeHUs
TeMIlepaTypbl U HANPSXKEHUN JIOKAJIM3YIOTCS HENOCPEACTBEHHO B 30HE 00pa30BaHUsA CTPYXKKH,
YTO ABJIAETCA TUIMYHBIM JJI [poLecca BBICOKOCKOPOCTHOTO pe3aHUs U NOJATBEpPXKJaeT
JIOCTOBEPHOCTDb N0JIYYeHHBIX pe3yJIbTaTOB.

Tab6sinna 4. [lokasaTesu noJiyueHHbIE B pe3yJibTaTe CUMYJISLUI

[TapameTp Temnepatypa (°C) Hanpsixenue (MI1a)
HuctpymeHT (DCGX) 1130 769.2
3aroToBka (AISI-4340) 934 1350

B pesysibTaTe NpoOBeAEHHOW CHUMYJISLIMU YCTAHOBJIEHO, YTO MPU CKOPOCTU pe3aHus 450
M/MUH UHCTPYMEHT COXpaHsieT paboTOCIOCOOHOCTh, HECMOTPS Ha COKPALEHHBIA CPOK CIY>KObI
BCJ€/CTBUEe HWHTeHCUBHOro u3Hoca. KepmeTbl Ha ocHoBe TiCN crnoco6HbI BblIEpKHUBATh
TemnepaTtypsbl A0 1200 °C u HanpsikeHua g0 1700 MIla go Havasa CyleCTBEHHOM Jierpajanuu
WJIM pa3pylleHUsi. AHAJIOTUYHO, TeMIlepaTypHas Harpy3ka Ha o6pabaTbhiBaeMyl0 3aroTOBKY He
NpeBbIlIaeT KPUTHUYECKHUX 3HAYEHUH: JIONMYCTUMBIA MNpezes TeMIepaTypbl Ha MOBEPXHOCTH

coctasJisieT nopsaaka 1000 °C, a npeaes TekydecTu 3akajéHHou ctanu AISI 4340 + 1500 MITa.

Jia pacyéra npezesbHOr0O BpeMeHU HW3HOCAa MHCTPYMEHTA B JJAHHOM HCCJIeJOBAHHUU MbI
ucnosblyeM Mogeab Ycyn. Mogenb Ycyu (Usui model) — 3To 3Mmupuueckas MoJeJb,
nprMeHseMas [Jil KOJWYeCTBEHHOM OLleHKM H3HOCAa pPexXyllero MHCTPyMeHTa, 0COOeHHO B
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YCIOBUSX MeTaJJIOPEXYIIUX MnponeccoB. JlaHHbIA €& BapWaHT I[03BOJIIET PAaCCYUTHIBATH
CKOpPOCTb U3HOCA Ha 3a/[HEM IOBEPXHOCTHU HHCTPYMEHTA, OCHOBBIBASACh HA MEXaHUYECKUX U
TeIJIOBbIX HAarpy3Kax, IeMCTBYIOIUX B 30HE pe3aHHUsl.

dVB

7=C><(r><V)”><exp(—£>

RT
Koadpoduuuent C B Mojenun Ycyu sIBJseTCS arperMpoBaHHbIM [apaMeTpPOM, KOTOPBIH
KOMIIEHCUPYeT HeyuTEéHHbIe 3QPeKTh], TaKHe Kak abpa3vBHbIN U a/ire3MOHHbIN U3HOC. B JaHHOM

caydae 3HayeHUe C=28.0 KOCBEHHO YYUTHIBAET 3TU MEXaHU3MBI.

Tab6suua 5. 0603HaYeHHUs IepeMEeHHbIX [/ paciéTOB M0 MOJieJId Ycyu

dVB/dt | CkopocTb U3HOCA 1O 3aiHEHN Hckomoe
MOBEPXHOCTH.
C KoaddunueHTt nsnoca 28 TUIIOBOE 3HAYeHHUe JJIs
(kanubpyeTcs TiCN-kepMeTOB,
3KCIIEPUMEHTAJIBHO). OTKaJINOpPOBaHHOE JJi

ckopocTu B 450 M/MUH
T KacaTtenbHoe HanpsixkeHue 384.6 MIla -

Ha KOHTAKTe UHCTPYMEHTA U
CTPYKKHU. B JaHHBIX
ycioBusx 50% ot
HOPMaJIbHOTO HaNPSDKEHHS.

Vv OTHoCHUTe/IbHAsA CKOPOCTb 7.5M/c (13 450 M/MuH)
CKOJIbXKeHUsI (M/cC)

n IMNMpUYECKUH NTOKa3aTelb 1 NPUHATOE 3Ha4YeHue JJis
CTeINeHU TiCN

Q AKTHBaLlMOHHAsA 3HEPIrUf 180000 /I)x/mMo/1b | TUTIOBOE 3HAUYEHUE JIJIs1
([x/Mouib) TiCN

R ['a3oBad noctossHHaA 8.314 /xx/moab-K -

T TeMnepaTypa Ha rpaHulLe 1148 K 875°C u3 cumynsayuu

pesanus (K)

PacyéTHoe 3HaueHue C KpUTUYECKU 3aBUCHUT OT TOUHOCTH OINpeJesieHUs] KacaTeJbHOTO
HaNps>KeHUS U TeMIepaTypbl U ObLJIO MOJYYEHO NYTEM KaJUOPOBKH MOJEU MO, HabJ0jaeMble
CKOPOCTHU M3HOCA NpPU CyXOM pe3aHUM Ha BbICOKOU ckopocTu (450 mM/MuH). C y4eToM 3TOTO
MIOKa3aTeJisl, Mbl [10JIy4aeM CjeIyIole BbIYHUCAEHUS:

expi/o; [[(-Q/RT)=exp(-180000/8.314x1148))] =
exp (-18.86) = e*(-18.86) = 6.0x [(10] ~(-9)
dVB/dt=28x(384.6x7.5)"1x6x [(10) ~(-9)=

28x17307x [(10)] ~(-9)= [(4.86x10]) ~(-4) Mm/c

B pesysibTaTe npoBejéHHBIX pacyéTOB Oblya oNpe/esieHa CKOPOCTb U3HOCA UHCTPYMEHTA 110
3a/lHEW MOBEPXHOCTH (MM/c).
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3Has 3TO 3HAUYEHHUE, MOXXHO PACCYUTATh BPEMsS 10 AOCTHKEHUS KPUTHUYECKOTO U3HOCA MO
dbopmy.ie:

Vb
t=avp

dt

rae Vb - cpeJiHsAsA lIMPUHA M3HOCA N0 3a/iHeX oBepXHOCTHU. CorsiacHo ctaHaapTty I1SO 3685,
KpPUTHYECKUM cuuTaeTcs 3HaueHue Vb = 0,3 MM.

0.3

t=———
4.86 x 1074
Takum O6pa3OM, IIPpHU 3aJdHHBIX YCJIOBUAX pe€3aHHUA MHCTPYMEHT AOCTUIAET IMpeaeJibHOIro

M3HOCa 3ad YKa3aHHO€ BpeM.

= 619cekyHg = 10.3MUHYT

3ak/rouyeHue

B pesysbTaTe npoBeJEHHOTrO aHa/JM3a yCTAaHOBJIEHO, YTO pexyluue maacTuHbl u3 TiCN-
KepMeTa SIBJSIOTCS 60Jiee NpeANoYTUTENbHBIMU JiJisi BLICOKOCKOPOCTHOM CyXOW 06pabOTKHU 1O
CPaBHEHHUIO C MHCTPYMEHTAaMH, U3rOTOBJEHHBIMU U3 JPyTUMX PaclpoCTPaHEHHBIX MaTepHUaJOB,
TaKHUX KaK ObICTpOpexyllas CTajlb U TBEpPAble ClJIaBbl. KepMeThl eMOHCTPUPYIOT YCTOMUYUBYIO
paboTy Aaxke B yCAOBUSAX UHTEHCUBHBIX TEPMUYECKUX U MeXaHUYeCKUX Harpy3o0K, XapaKTepHbIX
[l 00pabOTKM JIETUPOBAaHHBIX CTajJled Ha NOBBILIEHHBIX CKOPOCTAX. JTO OOYC/JI0BJIEHO
COBOKYIHOCTbIO 3KCIJIyaTallUOHHBIX CBOMCTB MaTepuasja, B YaCTHOCTU €ro BBICOKOU
TEPMOCTOMKOCTbIO, CTOMKOCTBIO K MH3HOCYy M XMMHUYECKOM HWHepTHOCTblO. OCHOBHbIE
IpeuMylecTBa UCIOJIb30BaHUS KEPMETOB MIpe/iCTaB/eHbl HUXE.

1. BbIcOKas TEPMOCTOMKOCTb U U3HOCOCTOMKOCTb KEPMETOB.

KepMeTbl 06/1a71a10T BbICOKOH TBEP/OCTHIO IPY NOBbILIEHHbIX TEMIIEPATYpPAX, UTO JieJ1aeT UX
0co6eHHO 3pPEeKTUBHBIMU TMPHU BbICOKOCKOPOCTHOM obpaboTke. B otsmune ot HSS, koTopas
TepAeT TBEpPAOCTb NpU TeMnepaTtypax Bblilie 600 °C, kKepMeTbl COXpPaHAIOT CBOU MeXaHUYeCKue
cBomcTBa npu TeMmieparypax o 1000 °C 1 Bbeilie. 3TO 03BOJISAET UCIO0JIb30BaTh KEPMETHI NIPU
60siee BBICOKMX CKOPOCTSIX pe3aHHusl, CHWXKas NPU 3TOM HU3HOC HWHCTPYMEHTa M MOBbILIAfA
IPOU3BOAUTENBHOCTb 06PabOTKHU.

2. Huskuit KoadpPuLMEeHT TpeHHUs U YIy4YlleHHOE Ka4eCTBO NOBEPXHOCTH.

KepMeTbl XapaKTepu3ylTCi HU3KUM KO3QPULHEHTOM TpeHUs, 4YTO CIOCOOGCTBYET
CHWXKEHMIO TEIUIOBBbIJIEJIEHUSI B 30HE pe3aHus U YMEHbLIEHHWI MPUJMUIIAaHUS MaTepuasa
3arOTOBKM K HMHCTPYMEHTY. JTO MNPUBOAUT K YJAY4YLIEHHIO KadecTBa 0OpabaThiBaeMoOM
IOBEPXHOCTH U CHUXKEHUIO BEPOSITHOCTU 0Opa3oBaHUsI HApPOCTOB Ha pexylled KpoMmke. B
cpaBHeHuu ¢ WC-Co, kepMeThbl 06ecrieqrBalOT 60J1e€e YUCTYI0 06paboTKy NPU BBICOKHMX CKOPOCTSIX

pe3aHusi, 0CO6EHHO MPH YUCTOBOM 06paboOTKe CcTaIeM.

3. [loBbILIEHHAs] CTOMKOCTb K XUMUY€CKOMY U3HOCY.

KepMeTbl 06/1a1al0T BBICOKOM XHMHUYECKOM HMHEPTHOCTbIO, YTO CHHXKAET BePOSTHOCThb
n1udPy3MOHHOTr0 U3HOCA NPU 06paboTKe TPyAHOOOpabaThiBaeMbIX MaTEPHUAIOB. ITO 0COOEHHO
BaKHO MpPU CyXOol 006paboTKe, TJe OTCYTCTBYET OXJaXKJawlasg >XUJAKOCTb, U HUHCTPYMEHT
noJjBepraeTcs BO3/JE€HCTBUI0 BbICOKMX TEMIIEPATYyp U arpecCUBHBIX cpel. B Takux ycioBusx
KepMeThl IeMOHCTPUPYIOT JIy4IllyI0 CTOMKOCTb o cpaBHeHUIo ¢ HSS u WC-Co.
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B 3ak/ioueHUe, HUCMOJb30BAaHHE KepPMETOB B KauyeCTBe PEXYILero HWHCTPYMEHTA IMpHU
BbICOKOCKOPOCTHON 06paboTke obGecneydBaeT psj MOPEeUMYLIECTB, BKJIIOYAas BbICOKYIO
TEPMOCTOMKOCTb, HU3KUK KO3QOULUMEHT TpeHHUs, YJy4ylleHHOEe KaueCTBO I[OBEPXHOCTU U
MOBBIIIEHHYI0 CTOMKOCTb K XMMHUYECKOMY U3HOCY. Upe3aMepHble CKOPOCTH pe3aHUsl U Mojadyu
NPUBOAAT K YCKOPEHHOMY HM3HOCY HMHCTPYMEHTA U CHHXKEHHI0 KayecTBa 006paboTaHHOMU
NOBEPXHOCTU. B CBfI3M € 3THM pEKOMEHJyeTCs UCHO0JIb30BaTh pPEXUMbl pe3aHus,
obecrnevyrBaIle yBeJUYEeHHbIN pecypc MHCTPYMEHTA U 60Jiee BbICOKOE KauyeCTBO MOBEPXHOCTH,
C MOHWKEHHBIMU CKOPOCTSAMU pe3aHus (okosio 90 M/MuH) u nojgavyeut (Menbiue 0.1 MM/06) - 3TO
M03BOJIMT NPO/JIUTh BpeMs NpeJieJibHOro u3Hoca /1o 40 u 60jiee MUHYT pabOThbl HHCTPYMEHTA.

Bxi1ag aBTOpOB.
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Damage behavior of TiCN cermet cutting tools during dry high-speed turning of low-
alloy steel AISI 4340

Abstract. This paper examines the performance of TiCN-based cermet cutting tools in high-
speed dry machining of steels. It also provides an overview of recent research highlighting the
superior wear resistance and stable cutting performance of cermets compared to conventional
carbide and ceramic tools. Particular attention is given to their thermal stability, chemical
inertness, and ability to maintain cutting-edge geometry at elevated temperatures. Numerical
simulations of the stress—strain state and thermal field in the cutting tool and AISI 4340 steel
workpiece were conducted using Autodesk Nastran and Deform 3D software. At a cutting speed of
450 m/min, the maximum von Mises equivalent stress in the tool reached 769.2 MPa, while the
temperature rose to 1130 °C, which remains within the acceptable limits for TiCN-based cermets.
In the cutting zone of the workpiece, temperatures up to 934 °C and stresses up to 1350 MPa were
observed. The results confirm the feasibility of employing cermet tools for high-speed finishing
operations. Tool wear was estimated using the Usui wear model, enabling a realistic assessment of
tool life under actual thermomechanical loads. The analysis clarifies the operational characteristics
of cermets and supports their application in modern metal cutting technologies.

Keywords: cermet cutting tools, TiCN, AISI 4340, dry turning, high-speed machining, cutting
simulation
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BiiMsiHMe BpeMeHH HU3KOTeMNepaTypPHOro MOHHO-IIJIAa3MEHHOT 0
A30THPOBAHUS Ha TPUOOMEXaHUYEeCKHe CBOMCTBA MAPTEHCUTHOM
HepxKasewuen ctaau 30X13
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AHHOTanma. B paboTe ucCCAeN0BaHO BJIUSHUE MPOAOHKUTETbHOCTH
HU3KOTEMIEPATYPHOTO HOHHO-IJIa3MEHHOTO a30TUPOBAHUSA Ha
MUKPOCTPYKTYpPY, &a30Bbld cocTaB UM QYHKIMOHaJIbHble CBOMCTBA
MapTeHCUTHOM HepkaBewuler ctasmd 30X13. O6pasubl ob6pabaTbiBaid NpU
400 °C B TeyeHue 3,4 u 5 4 B atMmocdepe AUCCOLMUPOBAHHOTO aMMHaKa. Ha
OCHOBE JIaHHbIX PeHTreHopa30BOro aHa/JM3a, U3MEePEHUsT MUKPOTBEPAOCTH
no Bukkepcy, a Takxe TpPHUOOJIOTUYECKUX U KOPPO3UOHHBIX HCHBITAHUU
YCTaHOBJIEHbl 3aKOHOMEPHOCTU CTPYKTYPHOW 3BOJIIOLMH M ONpeZesieHa UX
CBAI3b C TPUOOJIOTUYECKUMU XapaKTepucTUKaMU. C yBeJlMueHUEM BpeMeHU
a30TUPOBAHUS NOC/e0BaTeJbHO GOPMUPYIOTCA PaClIMPEHHbIM MapTEHCUT
o'N, autpuzabl y'-Fe4N u e-Fe2-3N, a npu 5 4 Hab/I04al0TCA NPU3SHAKU
o6pasoBanusa CrN u obeHEHNUSA TOBEPXHOCTU XpOMOM. PexxMM a30THUpOBaHUSA
B TeyeHUe 4 4 obecredyuBaeT OJIarONPUATHOE COYeTaHHE CTPYKTYpPHOHU
OZJHOPOJHOCTH U (YyHKIIMOHA/IbHbBIX CBOUCTB. [loBepxHOCTHas
MUKPOTBEP/ZOCTh Bo3pacTaeT A0 948 HV, koadpuiipeHT TpeHUs1 CHUXKAETCS J10
0,46, a o6beM H3HOCA yMeHblIaeTcs 6oJsiee 4YeM BTpoe. JTOT PEXUM
XapaKTepu3yeTCcsd MHUHMMAaJbHOU IJIOTHOCTbIO KOPPO3UOHHOTO Toka 4,13
MKA/cMZ2 U moTeHnyaJoM Koppo3uu -0,12 B, yTo MoxeT ObITb CBSI3aHO C
OTCYyTCTBHEM BbIpa)XeHHOro o6pa3oBaHusas CrN u QopMupoBaHueM
OZJHOPOJHOTO0 MOBEPXHOCTHOTO c/1041. TakuM 06pa3oM, azoTupoBaHue npu 400
°C B TeueHHe 4 4 AABJISI€TCA ONTUMa/bHBIM [IJI51 IOBBILIEHUS] U3HOCOCTOMKOCTHU
Y KOPPO3HOHHBIX XapaKTepUCTUK cTain 30X13.

KiwueBble  cioBa: IJIa3MEeHHOe  a30TUpPOBaHHUE, MapTeHCUTHas
Hep)KaBewllass  CTajlb, BpeMs  a30TUpoBaHus, (a30BbIA  COCTaB,
TPHUOOJIOTUYECKHE CBOWCTBA, KOPPO3UOHHAs CTOMKOCTb.
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BBeageHue

HepxaBetomjasa crtanb AISI 420 oT/sMyaeTcs BBICOKOW MPOYHOCTBI, BA3KOCTBIO U
YA, 0BJIETBOPUTEbHOW KOPPO3UOHHOM CTOMKOCTBIO M LIMPOKO IPUMEHAETCH B JHEPreTU4eCKoM,
XUMUYECKOM, MUIEBOM U MOPCKOM MAaUIMHOCTPOEHUHU, a TaKXKe B MEJUIMHCKHUX U ObITOBBIX
usgenusax [1-3]. TunuyHble nNpuMepbl NPUMEHEHUS BKJ/IOYAIOT HOXHU BAaKyyMHbBIX KyTTEPOB,
IIKMOEepHbIe 3aTBOPHI U Ce/Ja KJIallaHOB, JIONAaTKU TYPOUH, POJIMKOBbIE NOAIIUITHUKY, 3J1€MEHTHI
KJIallaHOB U IJIYHXXepbl TOMOT€HHU3aTOPOB, UCI0JIb3yeMble B 000PY/I0BaHUHU /1Sl lepepaboTKU
Mosioka. OJHaKo CcpaBHUTeJNbHO HU3KaAg TBepgocTb (200-300 HV) u HepocTaTouHas
M3HOCOCTOMKOCTb 3HAYUTEJbHO OTPAaHUUUBAIOT CPOK CJIYKObl TAKUX JeTael [4-6].

i1 ycTpaHeHUsl 3TUX OTPAaHUYEHUU MPUMEHSITCA MeTO/bl TOBEPXHOCTHOI'O YIPOYHEHUS
[7-10], o6ecneuyuBatoue ¢QopMUPOBAaHHE HaA HEPXKABEWUUX CTaNSIX H3HOCOCTOMKUX
b Py3noHHbIX caoeB. Cpesid HUX MJIa3MeHHOe a30TUPOBaHUE CYUTAETC OJHUM U3 HauboJiee
3¢ PeKTUBHBIX, 0COOEHHO NPU UCN0JIb30BAaHUU UMITYJIbCHOTO UCTOYHUKA MUTAHUS NOCTOSIHHOTO
TOKa. JTOT TEPMOXMMHYECKHH Npouecc BKJIKYAeT KaTOJHbI HarpeB o06pasla, OYHUCTKY
NOBEPXHOCTU W aKTHUBaUMI ¢ nocaeaywoied guddysueit aszora [11-13]. B pesysabrare
dopMupyeTcs rpaiueHTHas CTPYKTYypa € MaKCUMaJIbHOM TBEPA,OCThIO Ha TIOBEPXHOCTH, KOTOpast
IIOCTENEeHHO CHUXKAeTCs K MOJJI0XKKE, YTO MOBBILIAET HECYLYI0 CIOCOOHOCTh MaTepuasa [14-17].
[lepBoHaya/ibHO [JAaHHBIM NpPOLIECC LIMPOKO NPUMEHSJICA AJI1 ayCTEHUTHBIX Hep:KaBellnX
CTaJlel C 1eJiblo OBbILEHHS TBEP/AOCTH U TPUOOJIOTrHUYeCKUX XapaKTepUCTUK [18-25].

3a nocsefHUe ABa JeCATUJIeTHA MJIa3MEHHOEe a30THUPOBAaHUE YCIEUIHO NMPUMEHSEeTCd U K
MapTEHCUTHbIM HepKaBeWIIUM CTajsaM, obecrneyrMBasi 3HAYMTe/JbHOE TOBBbILIEHUE HX
M3HOCOCTOMKOCTU. OZITHAKO KaK /ISl ayCTEHUTHBIX, TAK U JJIs MAPTEHCUTHBIX MAapOK MOBBIIIEHHE
TBEPJOCTH YacTO COMPOBOXAAETCH CHUKEHMEM KOPPO3MOHHOU CTOMKOCTH U3-3a 00pa30BaHUA
HUTPHUJOB XpoMma MNpu TemnepaTtypax Bbiiie 400 °C [26,27]. 3ddeKTUBHOCTb MIAa3MEHHOTO
a30TUPOBaHUSA OmNpejessieTcsl KUHETUKOU Auddy3un a3oTa, 3aBUCALLENH KaK OT XUMUYECKOTO
coCTaBa CIJlaBa, TaK M OT TeMmepaTypbl o00paboTku [28,29]. Hanuuue CHIAbHBIX
HUTPU000pa3yOLUX JIETUPYIOIUX 3JIEMEHTOB CYLIeCTBEHHO BJjuseT Ha (a3oBbli COCTaB,
MopdoJIorvio U cBoMcTBa MOAMPULIMPOBAHHOIO CJIOS.

[lna npeonosieHVMs [AHHOrO OrpaHUYEHMs aKTUBHO MCCIeAyeTCs HHU3KOTeMIlepaTypHoOe
nia3aMeHHoe a3oTupoBaHue [30-36]. Takue ycnoBusgs obecnedyuBarT AUdPy3Hro a3oTa Mo
MeX/J,0y3JIMM IPY OJTHOBPEMEHHOM I0iaBJaeHUU AU Py3ur XpoMa 10 3aMelAI0IUM O3ULUAM,
YTO MO3BOJISIET COXPAHUTh XPOM B TBEpPZIOM pacTBope [37].

Takum 06pa3oM, NIOHMMaHUe BJAWSAHUSA TapaMeTpoB 00paboTKH Ha pa30Bble NpeBpallleHUs U
MeXaHUu3Mbl AMdPy3urn as3oTa NOpU HU3KOTEMIIepaTypHOM IIJIa3MEHHOM a30THPOBAaHUU
MapTEHCUTHBIX HEPXKaBeLUX CTaJlel UMeeT KJI4YeBoe 3HaYeHHe /1J11 ONTUMU3alU PeXUMOB.
B To BpeMs Kak BJIMSIHHE TeMIepaTypbl a30TUPOBAHUS Ha TPUOOJIOTHYECKOe U KOPPO3UOHHOE
NoBeJleHHe ayCTEHUTHBIX HepXKaBeloLUX CTallel U3y4eHO JOCTAaTOYHO MOAPOOHO, KOMILJIEKCHbIE
vccieloBaHMs, BKitovyawlue ¢a3oBbld aHaiu3 (XRD) M oleHKy TpUOOJOrHYECKUX U
3JIEKTPOXMMHUUYECKUX CBOMCTB MapTeHCUTHOU cTanu 30X13, ocTaloTcs MaJouUCIeHHbIMU.

B HacTosimeld paboTe MNpoBefeHO HU3KOTEMIEpAaTypHOe IJIa3MeHHOEe a30THUpPOBaHUe
HepxkaBemw1en ctaau 30X13 npu 400 °C B TeyeHUe pa3/IMYHBIX IPOMEXYTKOB BpEMEHHU C 1|eJIbI0
NOBBILIEHUS] W3HOCOCTOMKOCTU MPU COXPAaHEHUHW KOPPO3UOHHOM CTOWKOCTH. YCTAHOBJIEHO
BJIMSIHME BpeMeHHU a30THUPOBaHHSA Ha (a30BbIA COCTAB, MUKPOCTPYKTYPy U QYHKIIMOHAJbHBIE
cBoMcTBa MaTepuaJa. [loka3aHo, YTO U3MeHeHHe NPOIO/HKUTENbHOCTA 00paboTKH NPUBOJAUT K
NOC/IeI0BaTE/IbHOU 3BOJIIOLUMU CTPYKTYPHO-PA30BOr0 COCTOSIHUS, MPU 3TOM ONTHUMaJbHble
XapaKTepUCTHUKH JOCTUTAIOTCA IPU BpeMeHU a30THUPOBaHUA 4 4.
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Effect of low-temperature ion-plasma nitriding time on the tribomechanical properties of 30kh13
martensitic stainless steel

MeToaos10rusi

XUMHUYECKUH COCTAaB MaTepHasia, UCIIOJb30BAaHHOTO B JAHHOM M CCJIEZJOBAaHUH, TIPE/ICTABJIEH B
Tabsune 1. UccienyeMbIM MaTepyuasioM SIBJIsSIJIaCh MAapTEHCUTHAsI HepXKaBewIlas CTalb MapKH
30X13. 06pasipl 6bLJIM U3TOTOBJIEHDBI B BU/JE AMCKOB uamMeTpoM 50 MM v TosiuHoM 5 MMm. [lepen
06paboTKOM MOBEPXHOCTH 00pa310B uIKndoBaiuch Ha cTaHke LMP-3S npu ckopocTu BpaljeHus
400-600 06/MUH C KMcnoJb30BaHWEM abpa3uBHOM G6yMaru c 3epHuUcTocTbio oT P120 no P2500,
1I0CJIe Yero NMpOBOJMJIACh MOJIMPOBKA C MPUMEHEHHEM CYCINeH3WM OKCHUZA aJIOMUHHS. 3aTeM
OBEPXHOCTH OYHUILAIHMCH B YJIbTPA3BYKOBOUW BaHHE M BbICYIIMBAJIUCh CXKAThIM BO3/IyXOM.

Ta6suna 1. XuMuueckuil coctaB HepkaBetolei ctaau 30X13

JJIeMeHT C Si Mn |P S Cr | Ni \Y Ti Cu |W Fe
Copmepxkanu | 0.26 | <0. |<0. |<0.0 |<0.02 |12 | <0. |=<0. |[=<0. |<0. |<0. | Bban
e, Mac.% - 8 8 3 5 - 3 6 2 3 2
0.35 14
[Tocie MOJIMPOBKU 006pa3sIibl HeprKaBewlen CTasuv 30X13 MOo/iBEPrajinchb

HU3KOTeMIepaTypHOMY MOHHO-IIJIa3MEHHOMY a30THpOBaHUI0 Ha yctaHoBKe LDMC-20 (Tianman
Industrial Furnace, Tianjin, China) ¢ wucnosb30BaHHEM HMIYJbCHOTO TJEKIIEro paspsja
NOCTOSIHHOTO TOKa. CXxeMa yCTaHOBKM NIpUBeJieHa Ha pucyHKe 1. [lapameTps! nponecca, BKao4yas
K03$PULMEHT 3aMoJIHEHUS HMMIYJIbCOB, JlaBJIeHHE, HaNpshKeHWe, TeMIepaTypy U BpeMs,
KOHTPOJINPOBAJUCh KOMIIbBIOTEPHOU cucTteMod. O6pasybl pa3Menjajucb Ha KaTOLHOM
Jlep:kareJsie, IpYM 3TOM TeMIlepaTypa NMOAJep>KUBaJach C TOYHOCTbIO *5 °C ¢ UCNOJIb30BaHUEM
TepMomapbl M CUCTEMbl 0OpaTHOM CBsA3U. A30THpOBaHME NPOBOAUJIOCH B aTMocdepe
JYCCOLMUpPOBaHHOTO aMMUaka npu temmneparype 400 °C, naBaenuu 400 Ila, Hanpsxxenuu 700 B,
IJIOTHOCTH KaTO/JHOTO TOKa 0K0J10 3 MA/cM? U BpeMeHHU 06paboTKHU 4 4. YYHTbIBasi JaHHble Lauro
Mariano Ferreira u ap. [38] o cHW>KeHMU MOBEPXHOCTHOW TBEPAOCTU MApPTEHCUTHOM cTaiu AlSI
420 npu Temneparypax Bbilie 450 °C, remnepatypa 400 °C 6b1a BbiOpaHa Kak ONTHMaJibHas.
[locsie 06paboTKK 06pa3Lbl OXJNAXKJAIM B KaMepe 10 KOMHAaTHOW TeMIepaTypbl B NPOTOYHOU
armocdepe Nz + Hz 19 MUHMMU3a MU NOBEPXHOCTHOTO OKHUCJIEHUS. PexxnMbl a30THpOBaHUA
NpUBeJeHbI B TabIMLE 2.

Ta6suna 2. [lapameTpsbl J1a3MEeHHOT0 a30TUPOBaHUA cTaiy 30X13

O6paszern, | ['a3 | Temnepary- Bpewms Hanpsike- |[laBienue Bl UMmnysibc-|  Pacxon
pa,°C a30THUpOBaHUs | HUe, B paboyen HbIU aMMHaKa,
q, kamepe, [1a| koapdu- | mMa/MuH
LUEHT
3anoJiHeH
ud, %
Ne1l NH3 400 3 700 400 75 200
Ne2 NH3 400 4 700 400 75 200
Ne3 NH3 400 5 700 400 75 200

PentreHodazoBsiil ananu3 (XRD) npoBoauica Ha agudpaktomerpe PANalytical X'Pert PRO,
ocHaueHHOM roHruoMmeTpoM PW3050/60 (Theta-Theta). B kauecTBe U3/1y4yeHHs HCIOIb30BaAIOCh
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CuKa (A1 = 1.5406 A; A2 = 1.5444 A) npu pa6ouem Hanpsoxenun 40 kB 1 Toke 30 MA. H3MepeHus
BBbINOJIHAJIMCh B reoMeTpuM bparra-bpeHTaHo ¢ pukcupoBaHHON 1esnblo pacxoaumoctu 0,87°.
Jluana3oH ckaHupoBaHUs cocTassa 20 = 10-90°, mar - 0,02°, Bpems cuuTbiBaHus — 0,5 ¢ Ha war.
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PucyHok 1. CxemaTH4eckas AuarpaMMa yCTaHOBKHU IJIa3MeHHOT0 a3oTupoBaHuda LDMC-20: 1 -
BaKyyMHasi KaMmepa; 2 — aHo/J; 3 — KaTo/, (Aep:kaTesb 06pa3ua); 4 — JaTYUK TeMIepaTypbl
BaKyyMHOM KaMephbl; 5 — BaKyyMHas OTKayHas CUCTeMa; 6 — KJ1amnaH copoca AaBjeHus; 7 -

CMOTpOBOEe OKHO [39]
P P P

1 . =

Pucynok 2. O6pa3upbl ctaau 30X13 B npolecce njia3MeHHOT0 a30TUPOBaHUs, BU/J] Uuepe3
cMOTpoBoe 0KHO Kamephl: (a) 3 4; (b) 4 4; (c) 5u.

M3MepeHUss MUKpPOTBEPAOCTH NMPOBOJAUJIUCH MO MeToAy Bukkepca ¢ Mcrnosb3oBaHUEM
MmukpoTtBepsomepa HV-1 DT (China) B coorBeTcTBUM ¢ ['OCT 9450-76. [ljis mOBEepXHOCTHBIX
M3MepeHUH npuMeHsach Harpyska 0,2 H ¢ Beigepkkoit 10—15 c. B kaxx/1011 To4uKe BbINOJIHAIOCH
He MeHee 1eCATH BAaBJIeHNH, [T0CJie Yero pacCYUThIBAJIOCh CpeiHEE 3HAYEHUE.

Tpubosiornyeckre XapakKTEpPUCTUKU 0Opa3LOB MOCJe MOHHO-NJIa3MEHHOT0 a30TUPOBaHUS
OLIEHUBAJIMCh B YCJA0BUSX CYXOT0 TPEHUS 110 CXEME «IlIap-AUCK» Ha TpubomeTpe Anton Paar TRB3
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(ABcTpus) B cooTBeTCTBUM co cTaHgaptamu ASTM G99, G133 u DIN 50324. B kauecTBe
KOHTPTeJIa UCIO0JIb30BaJICA ap M3 NOAMUNHUKOBOM cTanu IIX15 auametrpom 6 mMm. Harpyska
cocTaBJsiaa 6 H, CKopocTb CKOJIbXXeHHUs — 5 CM/Cc, HOMUHA/IbHBIN pajuycC JOPOXKKHU U3HOCA — 3 MM,
a obuaa anuHa nyTu TpeHus — 100 m. CkopocTh U3HOCA pacCYMThIBaIACh MO 3aBUCUMOCTU W =
V/(F-L), rae V - 06'beM u3HOCa, F - npusiokeHHasa Harpyska, L - o6uiuil nytb TpeHus. 06beM
M3HOCA OllpeJiesIs/IC KaK IpOU3BeieHre IO/ IONepPeYHOro Ce4eHUsl Ha IepUMeTP JOPOKKHU
usHoca (V = mDS), rae D - fuaMeTp KpyroBoi JOPOXKKHM M3HOCA, a S — IJIOLIAJb MONEPEYHOro
cedeHUsl, U3MepeHHasgs npodusomerpoM. OpPUKLMOHHbIE XapPaKTEPUCTUKU ONpeeasJuCh N0
koa¢dunuenty TpeHus. lllupuHa pgopoxkeKk H3HOCAa U MOpPGOJIOrHMS MOBEPXHOCTU HOCHIE
WCNbITAaHUN aHAJIM3UPOBAJIMCh C IOMOIIIbI0 PACTPOBOTO 3JIEKTPOHHOTO MUKpockomna (SEM3200).
JlONOJTHUTEJIBHO K CCJIe0BaJIOCh COCTOSTHHE KOHTPTEJIa.

Koppo3uoHHasi CcTOHMKOCTb 06pa3l0B OLieHWBajJaCh METOJAOM NOTEHIHOJAUHAMUYECKON
noJiipu3allid C  HCHOJIb30BaHWEM MOTeHUMHocTaTa-rasbBaHoctata CS350M  (Corrtest
Instruments, Wuhan, KuTaii) B coueTaHUH C IJIOCKOW KOPPO3MOHHOMU siuerikoi mozesnu CS934.
WcnbITaTe/bHAasA yCTAaHOBKA Oblla BBINOJIHEHA [0 CTAHAAPTHOM TPEX3JIEKTPOJHOU CXeEME,
BKJIIOUAIOLIEN HachllleHHbIH 3J1eKTpoJ, cpaBHeHUs Ag/AgCl, naTHHOBYI CEeTKy B KayecTBe
BCIIOMOTaTe/JIbHOTO 3JIEKTPOJla M HCcaeAyeMbld ob6pasel, BBICTyHNAWLUN B poJik paboyero
asekTpoja. 06paser GuUKCHUpPOBaJICS C NOMOILbIO TePpJIOHOBOTO KOJIbLA, IPU 3TOM Uepe3 Kpyrjoe
OTBEpPCTHE B KOJIbIle K KOPPO3MOHHOM CpeJie KOHTAaKTUPOBasia MOBEPXHOCTh IJIOLaAb0 1 cM2.
UcnbiTanuss npoBoauaucb B 3,5% pactBope NaCl npu Ttemneparype (25x1) °C.
[loTeHnMOAMHAMUYECKHE TOJIAPU3aLlMOHHBbIE KpHUBble pEerUCTPUPOBAJNChH B JUamna3oHe
noteHuuanon oT -0,1 B 1o +0,1 B oTHocuTenbHO anekTpoaa Ag/AgCl co ckopocTbio pa3BepTKHU
0,5 MB/c. 9kcnepuMeHTa/ibHas NpoleAypa BbINOJIHAJIACh B COOTBETCTBUM €O cTaHAgapToM ASTM
G5-13 [40].

Pe3yibTaThl U 06CYKAEHUSA

Ha pucyHke 3 npexacTaBieHbl peHTreHOBCKUE JAUPpaKTOrpaMMbl MapTEHCUTHOU
HepkaBewilerd ctaau 30X13 B MCXOAHOM COCTOSIHMM U NOCJE HU3KOTEMIIepaTypHOr0 UOHHO-
IJIa3MEHHOT0 a30TUpoBaHUsA npu Temneparype 400 °C B TedyeHUe pa3iM4HOTrO0 BpeMeHHU. [l
MCXOHOTO0 06pa3ua HabJII0JaloTCA TPY XapaKTEePHBIX AUPPAKIMOHHbIX MK, COOTBETCTBYIOIIUX
MapTeHCUTHOH dase a'-Fe c 06'beMHO-L|eHTpUPOBaHHOM Ky6rudyeckoi (OLK) pemerkoi (ICDD Ne
06-0696), pacnosioxkeHHble npU yrJax 20 = 44,81°, 65,06° u 82,33°, KoTOpble COOTBETCTBYIOT
maockoctsaM  (110), (200) u (211) coorBercTBeHHO. CpeaHHMH pa3Mep KpPUCTANJIMTOB,
paccuutaHHbii 0 Gpopmyse lleppepa, HaxoauTca B fuana3oHe oT 12 70 54 HM, 4TO yKa3blBaeT
Ha CTabUJIbHYIO CTPYKTYpPy MapTeHCcHUTa 6e3 BHeJpeHUs a30Ta.

[locsie MOHHO-IJIa3MEHHOr0 a30TUPOBAHWA HAOJIIOAAIOTCHA 3HAUYUTeJbHble H3MeHEeHUs
$OopMBI U 10/103KeHUS AUPPAKIIMOHHBIX IMKOB, a TAKXKe M0sIBJIEHHWE HOBbIX (pa30BbIX KOMIIOHEHT.
[uk (110) ¢assl a'-Fe (20 ~ 44,8°) cMelwaerca B CTOPOHY MeHbIIUX yrioB (~ 43,4-43,0°) u
CTAaHOBUTCA 00Jiee IIUPOKHUM, YTO CBSI3aHO C pacCIIMpPeHHEM KPUCTAJIMYECKOW pelleTKU
BCJIE[ICTBME NepeHachIlleHWs1 a30TOM M 00pa30oBaHHEM MeXKYy3eJbHOr0 TBEpPAOro pacTBOPa,
M3BECTHOTO KaK paclIMpeHHbI MapTeHCHT o'N. /IJaHHBbIM MUK He COOTBETCTBYET HM OJ[HOM
nsBectHo ¢ase (Fe, FesN mau CrN) u oTpakaeT Ha/siMuMe a30TcCOjepiKalledl MapTeHCUTHOMU
mMogudukanuu. @PopmupoBanue ¢asbl o'N 06yCJI0BJIEHO aHM30TPONMHOH Auddysueit
MeXXy3eJbHbIX aTOMOB a30Ta [41] U cHWXXeHUMEeM 3Hepruu AedeKTOoB yMaKOBKU [42], 4To
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BbI3bIBA€T yINpPYrhue HCKaXKeHUs pelleTKM U CUCTeMaTUYecKoe CMellleHWe NMUKOB B 006J1aCThb
MEeHbIIIUX yI/10B 26.

KpoMe Toro, oTueT/IMBO HAbJII0JAal0TCS HOBble MUKU Npu 20 ~ 41,1-41,2°,42,8°,47,9° 1 63,2°,
cooTBercTBylomue ¢azam Y -FesN u  e-Fer3N, 49ro ykasbiBaeT ¢(popMHUpOBaHHE
a30TOHACBILIEHHOTO  COeJMHEHHOro cyos. Ilpu yBe/MyeHHUUM BpeMeHUM 06paboOTKH,
IperMyleCTBEHHO NocJe 5 4, NOABJAIOTCA cJ1abble NUKU B 06J1acTh 20 * 43—45° u 65°, KoTOpble
MOTYT ObITb OTHeCceHbl K HUTpUAY XpoMa CrN. MUx HHM3Kasgs HHTEHCUBHOCTb CBU/IETEJbCTBYET O
HavyaJbHOU cTazauu GopMUpPOBaHUA JaHHOU da3bl. [Io Mepe yBesinueHNs1 BpeMeHHU a30TUPOBAHUSA
c3 /10 54 MHTEHCUBHOCTb MUKOB HUTPUAHBIX pa3 y'-FesN, e-Fez3N u CrN Bo3pacTaert, a yiuupeHue
nuKoB o'N cTaHOBUTCS 60Jiee BbIPAXKEHHBIM, YTO YKa3bIBaeT HAa POCT KOHIEHTPAIMHK a30Ta B
IPUIIOBEPXHOCTHOM 30He U yBeJMYeHUe IJIOTHOCTH ZilepeKTOB KpPUCTANJIUYECKOW pelieTKu. Y
o6pasua N2 1 (3 4) HabG/t0AaeTcs yBeJMYeHHe CpeJHEro pa3Mepa KpUCTAMJIUTOB OT 8,7 70 246
HM, YTO MOXET ObITb CBsA3aHO C popMmupoBaHHeM ¢asbl a'N U HAKOIJIEHHEM CTPYKTYPHBIX
uckaxeHud [43]. [locse 4 4 a3oTupoBanusa (N2 2) cTpykTypa cTaHOBUTCS 60Jiee HEOZHOPOHOH,
MOSIBJISIIOTCA KPYIHble KpUCTA/UIUTHI (> 200 HM), a uHTeHCMBHOCTb da3 y'-FesN u e-Fez3N
Bo3pacraert. /I o6pasna Ne 3 (5 4) HabJroaeTcss YacTUYHOE passioxkeHue ¢pasnl o' N, CHIKeHHe
cpeAHero pa3Mepa KpucTtaaauToB o 30-50 HM U npusHaku popMUpoBaHus HUTPUAOB CrN u
FesN.

0
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PucyHok 3. PeHTreHogasoBblie AudpaKkTorpaMmbl 06pa3ioB HepkaBetollel ctaiu 30X13 B
MCXOJHOM COCTOSIHMU U MOCJIe HU3KOTEMIIEPATyPHOT0 HOHHO-IJIA3MEHHOT'0 a30TUPOBAHUS

Takum o6pa3oM, yBesiMueHUe BpEMEHU UOHHO-IJIAa3MEHHOI'0 a30TUPOBaHUA € 3 [0 5 4 npH
400 °C npUBOAUT K NOCTENEHHOU CTPYKTYPHOM 3BOJIIOLIMU OT a30TOHACBILLEHHOI'0 MapTEeHCHUTA K
CHCTEME, BKJIIOYAIOIIEeH paclIMpeHHbId MapTEeHCUT W HUTpUAHble a3 y'-FesN, e-Fez3N, a npu
6oJiee AIMTENbHOM 00paboTKe K HavaJlbHbIM cTaausaM ¢dopmupoBaHus CrN. Habuaromaemoe
CMellleHHe TNHUKOB B 00JlaCTh MEHbUIMX YIJIOB U MOCJEe[0BaTeJNbHbIA POCT MHTEHCUBHOCTH

278  Ne2(155)/ 2026 Eurasian Journal of Applied Engineering and Technology (EJAET)




Effect of low-temperature ion-plasma nitriding time on the tribomechanical properties of 30kh13
martensitic stainless steel

HATPUJHBIX pa3 oTpakarT Mepexo], OT MeJKOJMCIePCHOTO TBEPAOro pacTBopa K ¢pa3zoBoMYy
HacCbILUeHUI0O NpPUIOBEPXHOCTHOTO cyos.Ha pucyHke 4 npezacTaB/ieHO pacnpezeseHue
IIOBEPXHOCTHONM MHUKPOTBEPAOCTH CTaJbHbIX 00pasnoB [0 MU NOC/JAe HOHHO-NJIa3MEHHOIO
azoTupoBaHus. CorjlacHO pe3yJsbTaTaM U3MepeHUH Mo MeToAy Bukkepca, mocie o6paboTku
HabJII01aeTCsl 3HAUMTe/bHOE NOBbIILIEHMEe TBEPAOCTH M0 CPAaBHEHUIO C UCXOJHBIM COCTOSIHUEM.
s o6pasua Ne 1 MmukpoTBepzaocTb coctaBusa 737 HV. [Ipu yBesrMyeHUH NpoJ0KUTEBHOCTH
06paboTku A0 4 4 (N22) TBepAocTb Bo3pocia a0 948 HV, uTo saBJisieTcs Haubo0JIbIIMM 3Ha4YeHHEM
cpeayd Bcex 00pasnoB. Takoe mNOBbILIEHWE TBEPAOCTH CBfI3aHO C BHeJpEHHEM a30Ta B
KPUCTA/UIMYECKY0  pelleTKy MapTeHCMTa M  o6pa3oBaHMeM HUTPUJHbIX a3 B
IPUIIOBEPXHOCTHON ob6Jiactu [37]. [sis o6pasua, a30TUpPOBAaHHOro B TeyeHue 5 y (Ne 3),
TBepAOCTb cocTtaBusa 734 HV, yTo 6siM3Kk0 K 3HayeHUI0 o6pasua Ne 1. [Ipu panbHeliieM
yBeJIMYEHUHU BpEMEHM a30THPOBAHUS CYLleCTBEHHOTO poCTa TBEPAOCTH He HabJ/aeTcs, YTO
MOXeT ObITb CBSI3aHO C U3MeHeHUMeM (a30BOro COCTaBa, BKJWOYasg BO3MOXKHOE
nepepacnpejie/ieHMe as30Ta MeXAYy TBepPAbIM pacTBOPOM M HUTPUJAHBIMU ¢azaMu. ITO
MO/ITBEPK/AAET, YTO OCHOBHOM BKJIA/| B yIIPOYHEHHE IOBEPXHOCTH BHOCUT UMeHHO ¢aza o' N [44-
47].

Cnenyetr OTMETHUTD, YTO MOJIyYeHHbIE 3HAYEHUS] TBEPAOCTH He SBJISIOTCA MaKCUMaJIbHBIMHU
JIJ1sl TIJ1a3MEeHHO0-a30TUPOBAHHbIX CTaJIel, YTO MOKET ObITh CBSI3aHO C OTHOCUTEbHO KOPOTKUM
BpeMeHeM a30TUPOBaHUS U BbIOPAaHHOM TeMIlepaTypoi 06paboTKH.
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PucyHok 4. [loBepxXHOCTHasi MUKPOTBEPAOCTb MAapTEHCUTHOM HeprKaBetoler ctanu 30X13 o u
N0CJIe HU3KOTEMIIEpaTyYPHOTO0 NOHHO-IIJIa3MEHHOT0 a30TUpOoBaHus npu Temmneparype 400 °C
IpU pa3/IMYHON NPOJOKUTENTBHOCTU 00PabOTKHU

Ha pucyHke 5 npejcraB/ieHo u3MeHeHUe KO3 UllMeHTa TPeHUs AJ1s1 UCXOIHBIX U
a30THUPOBAHHbBIX 06PA31I0B MPHU Pa3IMYHOUN MPOJIOIKUTENBHOCTH a30TUPOBAHUS, OTIpe/ieJIeHHOe
0 cxeMe «Iap-auck». CpeHUe 3HaYeHUs Ko3apPUIlMeHTa TPeHUs sl UCCielyeMbIX 06pa31ioB
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OJIM3KU MEXy C000#, YTO CBSI3aHO C MX CXO0XKeW TeTparoHaJbHOW CTPYKTYpOH, cojiep:kaliei
MeXy3eJibHble aTOMbl yriepoJa wiad asora [48]. [locse MOHHO-IJIA3MEHHOTO A30THPOBAHUSA
HabJ/II0/jaeTCsl HE3HAYUTEJIbHOE CHIXKeHHe K03dUIMeHTa TPEHHS M0 CPAaBHEHUIO C UCXOLHOU
cranbio 30X13. /lna Heob6paboTaHHOTO o6pasua cpefHUU KO3IGPULUUEHT TpeHUus COCTaBHUIJI
0.521+0.035, Torga kak ass obpasua N21, a30TUPOBAHHOTO B Te4eHHE 3 4, OH CHU3WJICA [0
0.503+0.073. HauMeHblee 3HaueHUe koapduunrenta TpeHus 0.464+0.067 3aperucTpupoBaHO
Jis1 o6pasua Ne2, 06paboTaHHOTO B TeueHUe 4 4, TOr/la Kak JajbHelllee yBeJudyeHHe BpeMEHU
azotupoBaHus A0 5 4 (N23) mpuBesio K NMOBTOPHOMY MOBBIIIEHHWIO 3TOr0 MoKa3aTess [0
0.495+0.042. Takoe mnoBeJieHME MOXET OBbITb CBA3aHO C M3MEHEHUSIMH MUKPOCTPYKTYPHI,
$a3o0Boro cocraBa M MOBEPXHOCTHOW TBepAOCTHU [49], 3aBUCAIIMMU OT MNPOJOJLKUTENBHOCTH
obpaboTku. Ilpu BpemMeHM a3oTUpoBaHus 4 4 ¢opMuUpyeTca paBHOMEpPHBIA CJOH C
npeo6azanueM ¢asbl paciiipeHHoro MmapteHcuta o' N, 06/1aZjal0IIMil BBICOKOM TBEPAOCTbIO U
IJIACTUYHOCTBIO, YTO CHMIKAET a/iTe3MOHHOE B3aUMO/IENCTBHE U CONMPOTUBJIEHHE TpeHHIo. [Ipu
MeHbIIIeH TPOAOIKUTETBHOCTH 06pab0oTKH 3 4 a30THUPOBAHHBIN CJIOH, BEPOSITHO, CPOPMHUPOBAH
HEJJOCTATOYHO, TOrZa KaK NPH YBEJUYEHUH BpEMEHH 10 5 4 BO3MOXKHO YaCTUYHOE 06pa3oBaHUe
6oJiee XPYNKHUX HUTPU/IHBIX COEITUHEHUH, YTO MOXKET MPUBOIUTD K YBEJTUYEHHUIO IIEPOXOBATOCTH
MIOBEPXHOCTH U HECTAOMJIbHOCTH KO3 PUIMEeHTa TPEeHU .

[Tony4yeHHble pe3ybTaThl MOKA3bIBAIOT, YTO ONTHMAJbHOE coYyeTaHHe Ga30BOTO COCTaBA U
MHUKPOTBEPAOCTH, JOCTUTAeMOe Mocjae 4 4 MOHHO-IJIA3MEHHOTO a30TUPOBAHMS, 06ecrneYuBaeT
MHUHHMaJIbHOE 3HauyeHHe K03$PHUIMeHTa TPEeHHs, YTO MOXKET ObITb CBSI3AHO CO CHKEHHEM
aJire3MOHHOT0 B3aMMOJIEWCTBUS B 30HE KOHTakTa. [lpeAmnosiokeHHWe O BO3MOXHOM
$bOpMUPOBAaHUM TOHKHX MOBEPXHOCTHBIX IJIEHOK CJeJlyeT paccMaTpUBaTh KaK BEpOSITHOE U
Tpebyollee J0NOJIHUTENbHOI0 3KCIIEPUMEHTANbHOIO MO TBEPKAEHUS.
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PucyHok 5. U3sMeHeHHe K03 dHUIMeHTa TPpeHUsI 06pa31ioB 10 U MOC/Ie HU3KOTEMIIEPAaTyPHOTO
MOHHO-TIJIA3MEHHOI'0 a30THPOBAHUS
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Ha pucynkax 6 u 7 npezacraB/ieHbl pe3yJbTaTbl UCIBITAHUKA Ha U3HOC 10 CXeMe «Iap-AUCK»
JIJIS1 UCXOJJHOTO U a30TUPOBAHHBIX 00pa3uoB. CorsacHO JAaHHBIM, IPUBEJAEHHBIM Ha PUCYHKe 6,
06beM HM3HOCA MCXOJHOro o6pa3ina cocrtaBus 18,19+0,89x10-> MM3, Torza Kak Mocje KOHHOIO
IJIa3MEHHOT0 a30TUPOBaHUs 3TO 3HAYEHHUE CylIeCTBEHHO CHU3UJIOCh. Jljis o6pasna Ne1l o6beM
n3Hoca coctaBua 5,13+0,58x10-> mm3, i1 06pasna N2 2 6bw10 paBHO 3,8910,25%10-5 MM3, a s
obpasna Ne3 cocraBusio 8,10 = 0,74x10> mm3. TakuM 06pa3oM, HOHHO-IIJIa3MEHHOE
a30TUpOBaHME NPUBOAUT K 60Jiee YeM TPEXKPATHOMY CHHXKEHHI0 00'beMa N3HOCA 110 CPAaBHEHU IO
c UcxoHOM cTasbio 30X13, npy 3TOM HauJydIlass U3HOCOCTOMKOCTb HabJroAaeTcs y o6pa3ia Ne2,
YIPOYHEHHOTO B TeYeHHe 4 4acoB.

PacTpoBble 3/1eKTpOHHble MHKpodoTorpadpuu (puc. 8) [AeMOHCTPUPYIOT pa3juuus B
XapaKTepe HM3HOCa MeXJy UCXOAHbIM U a30TUPOBAaHHbIMM o6pa3uamu. /i Heob6paboTaHHOU
ctanu (a) HabJI0JA0TCSA IJ1yO0KHe 60pO3/bl M 0OIIMPHbIE 00JIACTH MJIACTUYECKOU AedopMaliuy,
YTO yKa3blBaeT Ha MpeobsajaHMe abpasuBHOrO MU aJIre3MOHHOr0 MeXaHM3MOB HM3Hoca. Ha
IOBEPXHOCTH XOPOILO Pa3IMuUMBbI CJe/ibl CXBaTbIBaHHUS, OTPbIBA MaTepuaJsa v lepeHoca YacTHUL]
CTaJli HAa KOHTPTEJIO, UYTO CBUJETEJbCTBYeT O HEYCTOMYMBOM TPEHWU W HUHTEHCUBHOM
MOBEPXHOCTHOM pa3pylleHUH.

[Tocne a3oTUpoOBaHMS XapaKTep HM3HOCA CYyLeCTBEHHO H3MeHseTcs. Y ob6pasua Nel (b)
HabJII01al0TCsA TOHKUE 60p03/bl U HEOOJIbIIKE 30HBI IJIACTHYEeCKOU AedopMal iy, YTO yKa3blBaeT
Ha CMeIlaHHbI MeXaHU3M M3HOCAa MNPEUMMYIECTBEHHO abpa3vuBHOIO THUMA C JIOKAJbHBIMU
NpOosIBJIEHUSIMU ajre3uu. Y obpasua Ne2 (c) moBepxXHOCTb BBIJISAAUT 6oJiee OJHOPOJHOMH;
60po3/bl UMET MEHbLIYI0 IJIyOUHYy U 6oJiee paBHOMEpPHOe paclpejiejieHhe, a KOJU4YeCTBO
IPOAYKTOB U3HOCA CHUXKEHO, YTO COOTBETCTBYET YMEHbIUIEHUI0 UHTEHCUBHOCTU M3HALIMBAHMUSI.
[IpeanosiaraeTcsi, YTO U3MEHEHHUE XapaKTepa M3HOCAa MOXET ObITh CBSI3aHO € MoJUUKalMel
IIOBEPXHOCTHOTO CJIOSI MOCJie a30TUPOBaHUS. UHBIMU C/10BaMHM, UHTEHCUBHBINA MeTa/lJInyeCcKUM
M3HOC, XapaKTepHbIN /i1 He06paboTaHHOU CTa/M, OC/e UOHHO-IIJIAa3MEHHOTO a30THPOBAHUSA
3aMeHseTCsl MATKUM abpa3uBHBIM U3HOCOM [49].
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PI/ICYHOK 6. 00'beM H3HOCA 06pa3u013 A0 U MocCJie HU3KOTEMIIEPpAaTyPHOIro HOHHO-IIJIA3MEHHOT' O
d30THPOBaHUA
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Y o6pasna Ne3 (d) B 30He uM3HOCA HAOGJ/IOJAIOTCA JIOKaJbHble MUKPOTPELUHBI U y4aCTKU
pacciioeHHsi, a TakKXKe CJleAbl IepeHoca MaTepyhasa Ha KOHTPTENO, 4YTO COrJacyeTcs C
yBeJMYEHHbIM 00beMOM H3HOCA. Takoe MOBeJeHHE MOXET ObITh CBSI3aHO C M3MEHEHUEM
¢$azoBoro cocrasa, BKJIl0Yasi BO3MOKHOe 06pa3oBaHUe 6oJiee XPYNKUX HUTPUAHBIX (a3, a TaKKe
C YBeJIMYEeHHEM IIePOX0OBATOCTH MOBEPXHOCTH MPH AJUTETBHOM BpeMEHH a30THPOBAHUS.

TakuM o6pa3oM, TpubOJIOTrHUUECKOEe NOBeleHHEe 00pa30B KoppeaupyeT ¢ pedyjbTaTaMu XRD
1 SEM anHanu3za. HauMeHbIIMH M3HOC HabJiojaeTcs mnociae 4 4 o6pabOTKH, YTO CBS3aHO C
dopmupoBaHUEeM 0OoJiee 6JIArONPUSITHOrO CTPYKTYPHO (Ha30BOTO COCTOSIHHUSI MOBEPXHOCTHOTO
cnos. CienyeT OTMETUTb, YTO HMHTEpPNpeTALMs MEXaHHM3MOB H3HOCA, BKJOYas BO3MOXKHOE
BJIMSIHYE IOBEPXHOCTHBIX MJIEHOK MJIM OCTATOYHBIX HANIPS>KEHU U, HOCUT KOCBEHHBIN XapaKTep U
TpebyeT JONOJHUTETBHOTO 3KCIIEPUMEHTAIbHOT0 NoATBepKAeHus [50].

PucyHok 7. JJopoKKHU U3HOCA 06PaA3I[0B /10 U ITOC/Ie HU3KOTEMIIEPATYPHOTO HOHHO-JIa3MEHHOT0
a30THUPOBAHMS: @ — UCXOAHbIN 06pasern, b - Ne1, c - Ne2, d - Ne3 o6pasern

Pe3ysibTaTbl KOPPO3MOHHBIX UCOBITAHUU [AJ1 HEOOpAaOOTAaHHOrO MaTepuasja U 00pasLoB
nocJjie MOHHO-IJIa3MeHHoro azoTupoBaHus npu 400 °C B TedyeHue 3, 4 U 5 4acoB npeACcTaBJIEHbI
Ha pucyHke 8 u B Tabuiule 3. [loBepxHOCTb He0OpaboTaHHOM HepxKaBelollel ctanu 30X13 nocne
UCNIBITAaHUM [JIeMOHCTPUPYET BbIpaXKeHHble CJebl NUTTUHIOBOW KOPPO3UH, BbI3BAaHHOU
paspylleHHeM NAaCCMBHOM MJIEHKU MO/ BO3/IeMCTBMEM UOHOB XJiopa. HecMoTps Ha TO, 4TO cTalb
30X13 ob6sazaeT yAOBJETBOPUTENbHON KOPPO3UOHHOM CTOMKOCTBIO, UCHBITAHUS METOJO0M
NOTeHLMOoAMHAMUYeCcKou nossipusanuu B 3,5% pactBope NaCl npeactaBiisitoT co60# J0CTaTOYHO
arpeccuBHYI0 Cpeay AJis JaHHOTro criiaBsa [50].

[lns HeobpaboTaHHOrO MaTepuasia IJIOTHOCTb KOPPO3MOHHOIO TOKa cocTaBiseT 4.61
MKA/cM2 IpU KOPPO3UOHHOM MoTeHIKase okoso -0.24 B. [locie a3oTHpoBaHUs B TeyeHHE 3 4
(Ne1) Hab6usomaeTcss yBeJUMYeHHE IJIOTHOCTU Toka J0 34.59 MKA/cM2, a KOpPpPO3UOHHBIN
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NOoTeHLMaJ cMellaeTcs B 6oJiee oTpuLiaTelbHY 0 06J1acTh (-0.27 B), 4To yka3piBaeT Ha CHUXKeHUE
KOPPO3WUOHHOW CTOMKOCTHU. [Ipy yBesmyeHun BpeMeHH 06paboTku o0 4 4 (N°2) ormeuaercs
NPOTHBOIOJIOXKHAs TEHJEHIMS, KOPPO3UMOHHbIM NOTEHIMa/l CMeLaeTcsl B MOJIOKUTEJNbHYIO
ctopoHy a0 -0,12 B, a nJ1I0THOCTb TOKa cHUXaeTcs A0 4,13 MKA/cM?, 4TO CBUZETENbCTBYET O
$bopMHUpPOBaHUH CTAOUIbHOM MACCUBHOM MJIEHKH Y MOBbILIEHUH KOPPO3UOHHOM CTOMKOCTHU. B TO
ke BpeMs y obpa3ua Ne3, 06paboTaHHOr0 B TeuyeHHe 5 4, KOPPO3UOHHBIM MOTEHLMAJ BHOBb
CMelllaeTcs B OTpULIaTebHYy0 06JacTh (-0.29 B), a miioTHOCTh ToKa Bo3pacTaeT A0 11.7 MkA/cm2.

CMelleHMe MOTeHIMasa U M3MeHeHHe IJIOTHOCTU KOPPO3MOHHOTO TOKa COIJIACYHTCH C
pe3y/JbTaTaMu peHTreHopa30BOT0 aHaA/IM3a, Npe/CcTaBJeHHbBIMU Ha pUcyHkKe 3. Y obpasna Nez,
a30THPOBAHHOIO B TeyeHHe 4 yacoB, opmupyroTcs ¢passl e-Fez 3N u y'-FesN [51,52], koTopsle
MOTYT CNOCOGCTBOBATh YJYYlIEeHHI0 KOPPO3UOHHOTO MOBeJieHUs. B To ke BpeMs mosiBjieHUEe
cnabbix mukoB CrN y obpa3sua Ne3 MoxkeT yka3blBaTh Ha M3MeHeHHe ($a30BOro cocTraBa U
JIOKaJibHOe 00e/lHEHHEe MOBEPXHOCTH XPOMOM, YTO NPUBOAUT K CHHXKEHUIO KOPPO3UOHHOU
CTOUKOCTH.

B 1uesnoM pe3ysbTaTbl MOKa3bIBAIOT, YTO MPU YBEJUYEHHU BpPEMEHU a30THUPOBAHUSA
HabJIIOAIOTCA CUCTEMATUYECKOEe CMellleHHe KOPPO3UOHHOrO TMOTeHIMajJa W U3MeHeHue
IJIOTHOCTH KOPPO3HWOHHOTO TOKA, OTpaXKaloliye 3BOJIIONMI0 $a30BOro cocTaBa NOBEPXHOCTHOTO
ciosi. Haubosiee 61aronpusiTHble MapaMeTpbl JOCTUTAOTCA Mocjae 4 yacoB 06pabOTKH, Korza
dopmupyeTtcst onTuMasibHoe codetanue ¢pas a'N, e-Fez3N u y'-FesN 6e3 o6pazoBanust CrN. Takoe
CTPYKTYpPHOE COCTOSIHME COMPOBOXK/IAETCA MUHUMAJbHOU MJIOTHOCTbIO KOPPO3MOHHOI'O TOKA U
60Jiee MOJIOXKUTEbHbIM 3HaYeHUEeM KOPPO3UOHHOTO NOTEHLHAIa.
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Ta6suna 3. Pe3yabTaThl NOTEHUUOJUHAMUYECKHX MOJISIPU3AL[MOHHbBIX UCIBITAHUA HCXOJHBIX U
a30TUpPOBaHHbBIX 06pas3LoB B 3,5 Mac.% pactBope NaCl

O6paszern [lnoTHOCTB TOK, | [loTeHuua | CkopocTb

io (MKA/cMm?) a,Eo (B) | xoppo3uu

(MM/ron)
HcxoaHbli 4.61 -0.244 0.054

ob6paserj,

Nen1 34.59 -0.267 0.406
Ne2 4.13 -0.122 0.048
Ne3 11.65 -0.294 0.137

3aK/IloyeHue

[IpoBeseHHBbIE MCC/Ief0BaHUA MOKa3aJd, YTO HU3KOTEMIIEpaTypHOEe MOHHOE IIJIa3MeHHOe
azotupoBaHue npu 400 °C yaydiiaeT NOBEPXHOCTHbIE CBOMCTBA MAPTEHCUTHOM Hep KaBeIIlen
crtanu 30X13 3a cyeT M3MeHeHHs1 $a30BOTO COCTaBa U CTPYKTYpPbl MPUIOBEPXHOCTHOTO CJIOS.
YcTaHOBJIEHO, YTO NMPU yBeJUYEHUU BpeMeHU 06PabOTKU € 3 10 5 4 NPOUCXOJUT CTPYKTypHas
9BOJIIOLMSI OT a30TOHAChIIEHHOTO MapTeHcuTa o' N K cucteMe ¢ ydactueM dpas y'Fe4N u eFe2-3N,
a npu 6oJiee AJIUTEJbHOM BpEMEHHU NOABAAOTCA NpusHaku popmupoBaHus CrN.

OnTuManpHOE CO4YeTaHHWe MHUKPOTBEPAOCTH, M3HOCOCTOMKOCTH W  KOPPO3WOHHBIX
XapaKTEePUCTHUK JOCTUraeTCsl IPU BpeMeHU a30TUPOBaHUA 4 4. B 3TOM cOCTOSIHUU HAGJ/I10/]al0TCS
NOBbILIEHHEe TBepAoCcTH A0 npuMepHo 950 HV, cHuxkeHue o6beMa H3HOCA M IJIOTHOCTH
KOPPO3UOHHOT0 TOKa, a Takke popMHpoBaHHe OoJiee OJHOPOJHOTO CJi0sl 6e3 BbIpaXKEHHOIO
BbigesieHUus CrN.

[loniydeHHble pe3y/abTaThbl MOKa3bIBAIOT, YTO KJKYEBYK pOJb B yNPOYHEHUU HIpaeT
dopmupoBanue ¢pasbl o' N 1 JUCIIEPCHBIX HUTPU/OB, TOT/1a KaK yBeJUYeHHEe BpeMeHH 06paboTKH
Jl0 5 4 MpUBOJUT K M3MeHeHHI0 $a30BOro cocTaBa U YXYZUIEHUI0 KOMILJIEKCA CBOWCTB, 4YTO
yKa3blBaeT Ha He0OX0UMOCTb ONTUMHU3ALU IapaMeTpPOB IpolLiecca.

B panbHellieM 1esecooOpa3HO HCCAeL0BaTh BJMSHUE TeMIepaTypbl, HWMIYJbCHbBIX
napaMeTpOB U YCJI0BUU aKTHUBHOT0 9KpaHa, a TaKXKe NPOBECTH UCIIbITAHKSA Ha peabHbIX pabouux
opraHax TIOMOreHM3aTOpPOB ceJylaXx KJalaHOB IUIYHXepax M 3aTBopax [Jfd OLEHKHU
3QdeKTUBHOCTH TEXHOJIOTUU B IKCIJIyaTaLlUOHHBIX YCIOBUSX.

ByaroaapHocTh, KOHQJIMKT HHTEpPECOB

Pabora BbIllOJIHEHAa B paMKax NpoeKTa rpaHTOBoOro ¢uHaHcMpoBaHUsA KomuTeTa Hayku
MHBO PK BR24992870 «O6ecneyeHue yCTOWUMBOTO pa3BUTHs MAlIMHOCTPOUTEJIbHON OTpaC/aIr
KazaxctaHa Ha ocHOBe pa3pabOTKH, HAYYHOI0 OOOCHOBAaHMUSA W peaju3alid NPOMBIIIJIEHHbIX
TEeXHOJIOTUM UHKEHEPUU TOBEPXHOCTHU».

ABTODBI 3agBJISIOT, YTO ¥ HUX OTCYTCTBYET KaKON-JIM00 KOHQIUKT UHTEPECOB, CBI3aHHBIU C
nyoJIMKalMer HacTos el paboThl.
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Effect of low-temperature ion-plasma nitriding time on the tribomechanical
properties of 30kh13 martensitic stainless steel

Abstract. This study investigates the effect of low-temperature ion-plasma nitriding duration
on the microstructure, phase composition, and functional properties of 30Cr13 martensitic
stainless steel. The specimens were treated at 400 °C for 3, 4, and 5 h in a dissociated ammonia
atmosphere. X-ray diffraction analysis, Vickers microhardness measurements, tribological tests,
and corrosion tests were employed to determine the evolution of the microstructure and its
relationship with the tribological properties. As the nitriding duration increased, expanded
martensite (a’'N), y'-FesN and e-Fez3N nitrides formed sequentially, while signs of CrN
precipitation and chromium depletion of the surface were observed after 5 h of treatment. A
nitriding duration of 4 h provided the most favorable combination of structural homogeneity and
functional properties. Under these conditions, the surface microhardness increased to 948 HV, the
coefficient of friction decreased to 0.46, and the wear volume was reduced by more than three
times. This treatment also exhibited the lowest corrosion current density (4.13 pA/cm?) and a
corrosion potential of -0.12 V, which may be attributed to the absence of pronounced CrN
precipitation and the formation of a more homogeneous surface layer. Therefore, low-temperature
ion-plasma nitriding at 400 °C for 4 h is the optimal treatment for improving the wear resistance
and corrosion performance of 30Cr13 steel.

Keywords: plasma nitriding, martensitic stainless steel, nitriding time, phase composition,
tribological properties, corrosion resistance.
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Abstract. This article examines the recent transformation of digital terrestrial
television (DTT) in Italy through the analytical lens of costs, benefits and
strategic implications for broadcasters. Unlike earlier  studies focused
mainly on analogue switch-off, the paper updates the discussion to the 2015-
2026 period, when the Italian broadcasting system was reshaped by 700 MHz
spectrum refarming, DVB-T2/HEVC migration, MPEG-4 transition, hybrid
broadcast-broadband services and growing competition from satellite, IPTV
and over-the-top platforms. The aim is to explain how regulatory change and
technological modernization redistributed economic burdens and strategic
opportunities among national public-service broadcasters, commercial groups,
local television operators and pay-TV competitors. The methodology combines
literature review, qualitative web content analysis and a comparative case-
study approach based on regulatory documents, industry reports, corporate
communications and recent policy materials. The findings show that DTT
modernization generated important public and technical benefits, including
spectrum efficiency, platform continuity, improved quality potential and
universal access. However, the same process created asymmetric costs related
to infrastructure renewal, receiver compatibility, content expansion,
advertising fragmentation and regulatory adaptation. The article argues that
the success of DTT modernization depends not only on transmission standards
but also on interoperability, platform governance, sustainable local
broadcasting and integration with broadband-based media ecosystems.
Keywords: digital terrestrial television, Italy, DVB-T2, spectrum refarming,
media economics, hybrid television, broadcasters.
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Introduction

The transition from analogue terrestrial television to digital terrestrial television (DTT)
represented one of the most significant transformations in European media policy. In Italy, this
process was particularly important because terrestrial television has historically occupied a
central position in national media consumption, advertising markets and public communication.
While the earlier phases of the switch-off established the foundations of the digital platform, the
period from 2015 to 2026 has become equally significant, representing a second phase of
modernization characterised by spectrum refarming, receiver migration, codec renewal and
increasing platform convergence.

This article, therefore, reinterprets the Italian DTT experience through the lens of recent
broadcasting modernization rather than viewing it solely as a historical analogue-to-digital switch-
off. Since 2015, the Italian television environment has been shaped by several overlapping
developments, including the European decision to allocate the 700 MHz band to wireless
broadband services, the migration of DTT broadcasting to the sub-700 MHz UHF spectrum, the
gradual transition from MPEG-2 to MPEG-4 and subsequently towards DVB-T2/HEVC standards,
the expansion of connected television and the growing relevance of RaiPlay, Mediaset Infinity,
satellite distribution, IPTV and over-the-top (OTT) platforms [1].

The central research problem addressed in this article is the following: how has the recent
phase of DTT modernization affected the costs, benefits and strategic positioning of broadcasters
in Italy? Three research questions guide the analysis. First, which categories of cost became most
significant for broadcasters during the 2015-2026 period? Second, what benefits and emerging
opportunities did the evolving DTT environment create for national, local and pay-TV operators?
Third, why were some actors more successful than others in adapting to DTT modernization?

The article contributes to the existing literature by integrating media economics, spectrum
policy and platform strategy within a unified analytical framework. It argues that digital
broadcasting modernization constitutes more than a technical upgrade; rather, it represents a
socio-technical restructuring process that redistributes costs and opportunities among
broadcasters, audiences, governments, device manufacturers and network operators. The Italian
case is analytically valuable because it combines a strong terrestrial broadcasting tradition, a major
public-service broadcaster, influential commercial media groups, local television pluralism and
intense competition from satellite and broadband-based platforms.

Literature review

The academic discussion surrounding digital terrestrial television (DTT) has generally evolved
around four principal themes: spectrum management, public policy, market competition and social
access. Foundational studies emphasised that digital switchover should be understood as a
coordinated policy process rather than a single technological event. More recent scholarship has
shifted attention towards platform convergence, connected television, regulatory prominence and
the long-term role of DTT within an increasingly broadband-oriented media environment.

The first relevant strand of literature concerns spectrum policy. The European UHF framework
and the reallocation of the 700 MHz band demonstrate that broadcasting policy has become
increasingly intertwined with the development of mobile broadband services. European policy
documents relating to the sub-700 MHz spectrum indicate that the 470-694 MHz band remains
essential for DTT and programme-making services at least until 2030, while the 700 MHz band has
been reassigned to mobile communications and 5G deployment [2]. This development creates a
structural tension whereby broadcasters must maintain universal free-to-air services within
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reduced spectrum capacity, while mobile operators continue to demand additional low-frequency
resources.

Table 1. Updated research focus and contribution of recent sources (2015-2026)

Research area Recent relevance for the Contribution to this article
[talian case
Spectrum policy and 700 MHz EU and Italian policy Explains why DTT
refarming shifted DTT into a reduced modernization created new
UHF environment while infrastructure and coordination
supporting 5G deployment. costs.
DVB-T2/HEVC and receiver More efficient standards Shows that technological
migration improve capacity and quality | efficiency can create short-term
but require compatible social and economic burdens.
devices and public
communication.
Hybrid TV, HbbTV and Broadcast and broadband Links DTT strategy to
DVB-I services increasingly operate connected television and
in a common user platform governance.
environment.
Local broadcasting Local broadcasters face Highlights the asymmetry
sustainability weaker advertising markets, between national and local
SFN constraints and higher operators.
relative transition costs.
Platform prominence and AGCOM'’s 2024 measures Extends the analysis from
access on DTT access icons reflect transmission coverage to
the importance of visibility on interface-level accessibility.
smart devices.

The second strand addresses the economics of television platforms. Digital compression
expands transmission capacity and enables the launch of additional channels, thematic services
and high-definition broadcasting. At the same time, however, it contributes to audience
fragmentation and the dispersal of advertising revenues. For large broadcasting groups, such
fragmentation may be managed through portfolio-based strategies; for local operators, by
contrast, the same process can weaken traditional advertising models while simultaneously
increasing technical and operational costs. The third strand of literature focuses on public-service
broadcasting and questions of access. Rai’s responsibilities extend beyond the mere transmission
of content and encompass broader principles of universality, visibility, accessibility and
technological neutrality. Within a hybrid media environment, these obligations increasingly reach
beyond terrestrial coverage to include satellite complements, electronic programme guides,
connected television interfaces and issues of platform prominence. Recent AGCOM regulations
concerning access to DTT channels further demonstrate that visibility within device interfaces has
become not only a matter of market design but also a significant regulatory concern [3].

Finally, the literature on hybrid broadcast-broadband television suggests that the future of
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DTT is likely to be characterised by integration rather than isolation. Standards such as HbbTV,
DVB-I and connected television technologies point towards a transition from channel-based
distribution to service-based discovery across terrestrial, satellite and broadband networks. For
broadcasters, this implies that DTT continues to play an important role in ensuring reach and
system resilience, while broadband platforms increasingly provide personalization, interactivity,
audience measurement and on-demand viewing capabilities.

The methodology

This study applies a qualitative case-study design supported by a literature review and web
content analysis. The empirical focus is Italy during the period 2015-2026, with historical
references to the earlier analogue switch-off where necessary. This updated timeframe was
selected because it captures the second phase of digital terrestrial modernization, including 700
MHz spectrum refarming, MPEG-4 migration, DVB-T2/HEVC planning, the development of
connected television and the growing convergence of terrestrial, satellite and broadband
platforms.

Table 2. Methodological design of the study

Element Description

Research design Qualitative case study with literature review and
web content analysis.

Time frame 2015-2026, with historical context from the
initial Italian DTT switch-off.

Units of analysis Regulatory documents, industry reports,
corporate communications and scholarly
publications.

Core variables Costs, benefits, strategic positioning, market
consequences and policy milestones.

Analytical logic Comparison of national broadcasters, local
broadcasters, pay-TV operators and hybrid/OTT
platforms.

Limitations The study does not provide a full econometric
cost-benefit estimate because detailed firm-level
costs are not publicly available.

The empirical material includes academic publications, European policy documents, AGCOM
reports and resolutions, industry materials produced by broadcasting and standards
organizations, and corporate communications issued by major Italian broadcasters. The analysis
is qualitative rather than econometric, as detailed cost attribution for individual broadcasters is
not always available within public sources. Nevertheless, public reports and regulatory documents
make it possible to identify recurring cost categories, strategic decisions and broader market
consequences [4].

The analytical framework s structured around five coding categories. The first category, policy
and timeline, captures regulatory milestones, spectrum decisions and stages of implementation.
The second category, costs, includes infrastructure investment, simulcasting, receiver
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compatibility, content expansion, workforce skills and regulatory compliance. The third category,
benefits, encompasses spectrum efficiency, channel multiplication, improvements in transmission
quality, platform continuity and digital dividend outcomes. The fourth category, strategic
positioning, examines the responses of Rai, Mediaset, local broadcasters, Sky, IPTV providers and
OTT platforms. The fifth category, market consequences, captures advertising fragmentation,
platform rivalry, audience behaviour and the growing role of hybrid services.

The analysis proceeded in three stages. First, the source material was organized
chronologically in order to reconstruct the sequence of broadcasting modernization. Second, the
material was coded thematically according to the five analytical categories described above [5].
Third, the findings were compared across different groups of actors to identify structural
asymmetries. This comparative logic is particularly important because the same technological
transformation may produce different outcomes depending on the scale of the actor, capital
resources, content portfolio and regulatory obligations.

Findings/Discussion

1. DTT modernization after 2015: from switch-off to platform restructuring. The Italian DTT
story did not conclude with the completion of analogue switch-off. After 2015, the central challenge
shifted towards maintaining a strong terrestrial broadcasting platform while simultaneously
releasing valuable spectrum for mobile broadband services and adapting television delivery to
increasingly connected devices [6]. The 700 MHz refarming process altered the strategic
environment, as broadcasters were required to operate within a narrower portion of the UHF
spectrum while preserving coverage, service continuity and audience expectations regarding
transmission quality.

This phase transformed DTT from a conventional transmission platform into a component of
a broader audiovisual ecosystem. Broadcasters could no longer focus solely on terrestrial
coverage; instead, they were required to manage the evolving relationship between DTT,
satellite complementarity, IPTV, smart television applications, OTT services and regulatory
requirements relating to platform visibility and accessibility [7]. This explains why the strategic
value of DTT after 2015 differs from its role during the initial switch-off period. Increasingly, its
significance lies in ensuring universal reach, system resilience, free-to-air accessibility and
complementarity with broadband-based services.

2. Main cost categories for broadcasters. The first major cost category concerns infrastructure
renewal. Broadcasters and network operators were required to reorganize frequency allocations,
adjust transmitters, filters and multiplexing equipment, and ensure compatibility with evolving
technical standards [8]. These expenditures are substantial in absolute terms for national
operators and proportionally burdensome for smaller local broadcasters.

The second category relates to receiver and consumer migration. More efficient standards
such as DVB-T2 and HEVC offer improvements in capacity and transmission quality; however, they
also require compatible television sets or decoding devices. If migration occurs too rapidly, part of
the audience may lose access to television services; if it proceeds too slowly, gains in spectrum
efficiency are delayed. This creates both a regulatory and commercial dilemma, as broadcasters
depend upon audience reach while regulators pursue more efficient spectrum utilization.

The third category involves content and portfolio management. Expanded transmission
capacity can support additional channels, high-definition services and thematic segmentation, yet
these opportunities require investment in programming, content rights, scheduling and marketing.
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DTT capacity becomes economically valuable only when it is linked to content capable of attracting
audiences and generating advertising or subscription revenues.

2015 2017 2018 2020 2022 2024 2025 2026

B S 20 Gun S S o 2 o

EU/Italy policy EU UHF Decision COVID-era  700MHzrelease ~AGCOMDTT ~ DIT+ Hybrid
debate on and ltalian acceleration completed; ~ access DVB-// MPEG-5 rollout Consolidation:
700 MHz timetable of OTT/ MPEG-4 HbbTV icon DTT +broadband
refarming and conversion connected TV migration ~ and prominence platforms

planning

Figure 1 - Recent evolution of Italy’s DTT ecosystem, 2015-2026
Source: compiled by the author based on regulatory and industry materials, 2015-2026.

The fourth category concerns organizational capability. Contemporary digital broadcasting
increasingly requires expertise in encoding technologies, data analytics, connected television
applications, rights management, user-interface design and multi-platform marketing.
Broadcasters historically structured around linear generalist channels must now manage
increasingly complex digital portfolios operating across both terrestrial and broadband
environments [9].

3. Uneven impact on national and local broadcasters. The effects of DTT modernization are
inherently asymmetric. Large national broadcasters are generally better positioned because they
are able to combine technical capacity with established brands, extensive content libraries,
sophisticated advertising systems and integrated online services [10]. Rai can align DTT with its
public-service mission and RaiPlay, while Mediaset is able to integrate free-to-air television,
advertising, Mediaset Infinity and broader commercial portfolio management. Local broadcasters,
by contrast, face a more fragile environment. Their revenue bases are smaller, advertising markets
are geographically more limited and their capacity to finance technological transition is
comparatively weaker. During the analogue era, some local broadcasters were able to differentiate
advertising across provinces or sub-regional markets. Although digital single-frequency network
(SFN) planning improves spectrum efficiency, it may simultaneously reduce this operational
flexibility. The result is a classic policy trade-off: the technical system becomes more efficient,
while the business model of certain local operators becomes increasingly vulnerable

This asymmetry is central to the Italian case. DTT modernization may represent a strategic
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opportunity for broadcasters possessing scale, capital and content resources, yet it may become a
financial burden for operators lacking sufficient investment capacity, premium content or multi-
platform capabilities. Consequently, policy success should be evaluated not solely in terms of
cleared frequencies or technical compliance, but also with regard to the long-term sustainability
of the broadcasting ecosystem.

Table 3. Costs and benefits of DTT modernization for broadcasters

Cost categories

Benefit categories

Infrastructure renewal: transmitters, filters,
multiplexing, monitoring and frequency
coordination.

Spectrum efficiency: more services within
less spectrum and better long-term use of the
UHF band.

Receiver migration: compatibility problems
related to MPEG-4, DVB-T2 and HEVC.

Quality improvement: potential for HD,
Full HD, 4K and more efficient compression.

Content expansion: additional slots require
programming, rights and brand development.

Portfolio strategy: thematic channels,
public-service channels and targeted audience
segmentation.

Regulatory adaptation: compliance with

Platform continuity: DTT remains a mass

spectrum, prominence, access and consumer- free-to-air platform even in the broadband
information rules. era.

Hybrid integration: terrestrial reach
combined with broadband interactivity and
on-demand services.

Local broadcaster burden: weaker capital
base and reduced flexibility in advertising

geography.

4. Hybrid television and the new meaning of access. During the initial phase of DTT
development, access was primarily determined by signal coverage and decoder availability. In the
contemporary environment, however, access increasingly depends upon platform prominence,
smart television interfaces, applications, electronic programme guides and the integration of
broadcast and broadband services. The 2024 AGCOM regulation concerning a DTT access icon
illustrates this changing landscape: viewers must be able to locate terrestrial services easily on
connected devices; otherwise, the visibility of free-to-air broadcasting may decline even where
transmission coverage remains available [11].

Hybrid television is also reshaping the economics of DTT. Broadcast distribution remains
highly efficient for simultaneous mass audiences, emergency communication and universal access.
Broadband distribution, by contrast, is more effective in providing personalization, interactivity,
data-driven services and on-demand catalogues. Consequently, the strategic direction for Italian
broadcasters is not to replace DTT with broadband distribution, but rather to integrate DTT within
a coherent and complementary multi-platform environment.

5. Strategic outcomes of selected actors. The strategic consequences of the Italian DTT
transition differed substantially across market actors. While digital broadcasting created new
opportunities for audience expansion, platform diversification and revenue generation, it also

exposed broadcasters and media operators to uneven technological, regulatory and commercial
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constraints [12]. Table 4 summarizes the main opportunities, limitations and strategic
implications experienced by selected actors within the Italian DTT ecosystem.

6. Synthesis: who benefits and who pays? The distribution of benefits and costs depends
largely on the relevant time horizon. In the short term, broadcasters and viewers bear the costs of
transition through infrastructure renewal, receiver replacement, information campaigns and
service reorganization [13]. In the medium term, national broadcasters and network operators
benefit from more efficient spectrum utilization and improved portfolio management. In the long
term, society benefits from the digital dividend and from a more integrated media infrastructure,
provided that accessibility and media pluralism are effectively preserved [14].

\

_é_ Policy and requlation

(AGCOM, EU, MIMIT)

((( ))) Spectrum and networks
(DVB-T/T2, 700 MHz)

Broadcasters

'.‘ (Rai, Mediaset, local TV)

J

0

(TV sets, decoders, smart TV)

.
m Platforms / Business models
= (DTT, satellite, IPTV, OTT) ],lI,I, (advertising, pay-TV, data)
)\
p
Viewers and devices

Figure 2. Analytical model of DTT transformation as a socio-technical ecosystem
Source: compiled by the author.

The Italian case demonstrates that technological efficiency does not automatically translate
into economic efficiency for all actors involved. More efficient codecs and transmission standards
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may increase capacity, yet they can also generate additional costs for both households and
broadcasters. A greater number of channels may expand consumer choice, but it may
simultaneously fragment audiences and weaken advertising value. Similarly, enhanced platform
integration can improve the user experience while also raising important questions concerning

prominence, technological neutrality and control over platform interfaces [15].

Table 4. Strategic outcomes of selected actors in the Italian DTT transition

Actor Main opportunity Main constraint Strategic implication
Universal public- Platform neutrality, bTT remains esse:ntlal for
. . public-service
. service reach through | rights management . .
Rai N o universality but must be
DTT, Tivusat and and accessibility : .
. L integrated with connected
RaiPlay. obligations. .
services.
Commercial portfolio | Competition from OTT | DTT supports mass reach,
. strategy across free platforms and high while online platforms
Mediaset / MFE TV, advertising and cost of premium support additional
Mediaset Infinity. rights. monetization.
High relative .
Local Regional visibility and transition costs, Requlre_targeted su_pport
. . .. and flexible regulation to
broadcasters local identity. weaker advertising reserve local pluralism
and SFN constraints. | P P '
) Premium bundles, Higher subscription Satellite remains a
Sky and satellite . model and regulatory :
HD/UHD capacity and . . benchmark for quality
platforms i limits in terrestrial .
national coverage. and premium content.
markets.
Personalization, on- Dependence on They intensify
IPTV/OTT demand catalogues p . competition and push
. broadband quality and
operators and data-driven subscription fatioue broadcasters toward
marketing. p sue. hybrid strategies.
Conclusion

The Italian experience with digital terrestrial television demonstrates that broadcasting

modernization constitutes a socio-technical transformation rather than a purely engineering
undertaking. The period from 2015 to 2026 confirms that the central challenges of contemporary
broadcasting extend far beyond the original analogue switch-off. They increasingly involve
spectrum refarming, DVB-T2/HEVC migration, receiver compatibility, hybrid television
development, platform visibility and intensifying competition from OTT and broadband-based
services.

The findings of this study indicate that DTT continues to provide significant public and
strategic value. It supports spectrum efficiency, universal free-to-air reach, public-service
accessibility, network resilience and the potential for enhanced transmission quality. At the same
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time, modernization imposes considerable burdens on broadcasters, including infrastructure
investment, regulatory compliance, content expansion, organizational adaptation and the growing
risks associated with audience fragmentation. These costs and opportunities are distributed
unevenly. National broadcasters and vertically integrated media groups are generally better
positioned to convert DTT modernization into a strategic advantage, whereas local television
operators remain comparatively more vulnerable to technological and economic pressures.

The study further demonstrates that technological efficiency does not automatically translate
into economic sustainability for all actors within the broadcasting ecosystem. Digital capacity
acquires strategic value only when supported by compelling content, platform interoperability,
stable audience relationships and sustainable business models. Consequently, the long-term
success of digital broadcasting cannot be assessed solely through technical indicators or spectrum
efficiency outcomes.

The principal policy implication is that future broadcasting reforms should pursue a balanced
approach that combines technological modernization with media pluralism, local broadcasting
sustainability and the practical accessibility of public-interest content. For Italy, and for other
countries undergoing similar transitions, the future of DTT is unlikely to consist of isolated
terrestrial broadcasting alone. Rather, it is increasingly likely to evolve towards a hybrid and
integrated media environment in which the efficiency and reliability of broadcast networks are
combined with the flexibility, interactivity and personalization offered by broadband-based
services.
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Agaarna. CakKTaHAbIPYy C-eKTOPbIHAA MalllMHAJIbIK OKbITYFa Heri3zesreH
Mo/JieJIbJiep C-bIAIBIKAKbIHBI €CENTeY, KIUEeHTTIiH KeTyiH 60/nKay, eTiHiTepai
MOTIHAIK Ta/lJjay »KoHe C epBUCTIK lIeliMAepAi KoJ1ay C UAKTbI KOJAaHO6asbl
MiHJeTTepAe KeHiHeH MNaujajaHbliabl. Asiailjla TNpakTUKaZa MyHJau
MoJiesibiep KebOiHe e3apa 6GailsiaHbICIIaFaH MOAYJbJEP peTiHJe eHTi3iiefi,
C OHJBIKTAaH JlepeKTep C-anacblH TeKCEepy, >KbLIbICTAy TayeKeJiiH 6aKbliay,
MeTpHUKaJap/bl TipKey »KoHe C-epBUCTIK KyWAi 6aFanay GipblHFal TopTinneH
Kyprisisimeizi. MakanaZia aTasfaH MaceJieHi llellyre OaFbITTaJFaH KeJieci
TACiJ1 KapacThlpbliaZibl — MNpo-TOKoAAbIK SRE-B-anujanus KoHTypbl 6ap
akTyapJsiblK ML-niatdopma ycbiHbLIAAbL. [liaTdopmMa MUKPOCEPBUCTIK
apxXUTeKTypaFa Heri3JieJireH KoHe JepeKTepAi KWHAy MeH JadpJay
C-epBUCTEPIH, MOJle/IbiepAi OKBITY KoHe O6aFasiay MOAYJbJEPiH, HOTHXKeNepi
yCcbiHYy UHTepdeliciH 6ipikTipeai. I[Ipo-Tokon meH6epiHfe opbip ke3eHJe
KYPbLIBIM/bIK, TEKCEPY, KaTeJiepAi XiKkTey, ApelPTi 6aKbliay, MeTpUKaJap/bl
C-aJbICTBIPY KoHe apTedaKTTap/blH OHJIPICTIK opTaFa KapaMAbLIbIFbIH
pacTtay paciMzepi opbiHAanaabl. MyHAau Tacisi MoJesnb/ii KauTa OKbITYy MEH
KaHApTyAbl OacKapbLIaTblH peXUMJeEe KYprisyre, aJjJAblHFbl HyCKaMeH
C-aJIbICTBIpMaJibl TYPaKTbUIBIKTBI C-aKTayFa J>KoHe C-epBMUCTIH Y3AiKCi3
YKYMbICbIH KAMTaMachI3 eTyTe bIKNaJblH TUTi3eni. C-oHbIMEH 6ipre oJ1 Mojesb
HOTUXKeJIepiH TeK cana KepceTKilTepiMeH eMeC, 3KCIJIyaTalUusAabIK,
KOHTEKCTIeH bipre 6arajiayfa »0J1 alla/bl. ¥CbIHbIJIFAH HIELIiM C-aKTaHAbIpYy
YUBIMApPbIH/JA TOyeKea[ep/i MoJAeabley/iH CeHIMAUIIriH apTThIpyFfa KoHe
ML-xy¥enepAiH e3repicTepre Te3iM/iIiriH KyluienTyre 6arbITTalFaH.

Tyiiin ce3aep: axkTyapsblK I1uatdopma; ML-koHBelep; MpPO-TOKOJABIK
B-aJIMJlal|Ms; XKbLIbICTAY/1bl 6aKpLIay; 6aKbliaHbIiM; SRE
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Kipicne

CakTaHbIpy JlepeKTepi a/ifieKauiad TapudTi ecenTey/iH FaHa Ke3i 6oyAaH Kaaabl. byringe
6ip aKnmapaTTblK KOHTYpJa KJHMEHTTI ycTanm KajJay, NOJIUC KYHbIH 0OoJpKay, eTiHilTepAi
MapIlIpyTHU3alusiay, CEPBUCTIK TayeKesAep/li OaFajiay >KoHe KJIMEHTIeH e3apa 9peKeTTecyAi
KO0J1lay CUAKTBI MiHZeTTep KaTap weunisei. CoOHABIKTaH MOJeJbJiH IPaKTHUKAJIbIK KYH/bLIbIFbI
TeK JdJIJIriMeH eMec, Kipic lepeKTepiHiH LbIFY Teri KaHIIaJbIKTbl alKbIH €KeHIMeH, OJapAbl
nai/jasaHy leKTeysepi Kajal TipKeJieTiHIMEH XoHe aJIbIHFaH HOTUKeHI Ha KThl CepBUCTE KanTa
eH/lipyre 60J1a Ma JiereH MaceJieMeH Jie alKbIH/aaa/lbl.

CakTaHZbIpY aHaJIMTUKACblHA apHaJIFaH 3epTTeyJiepe TayeKes-KaacCuUKaLe, KOFapbI
Kap/AMHaJI/ibl Oe/IriiepMeH KYMbIC iCTey KoHe YJIKEeH JAepeKTep/ii Nail/jasaHy MaceJiesiepi erken-
TerKenai KapacTelpblia/bl [1-4]. EHOekTepiH xeke 6ip ToObI MATIHAIK OTiHIIITEP MEH KJIUEHT
xabapJ/siaMaJiapblH K6ICbIHBINTHl MaplipyTHU3alnysaaayfa apHaafadH [5-7]. MLOps nen ML-
KydesiepAi 3KCIJIyaTalysaay JKeHiHJeri oaebueTTe JepeKTep HycKasapblH 6ackapy,
MeTpUKajJap, MOHUTOPUHT K9He >KEeTKi3y pacimMZepi Ha3apfa aibiHazabl [8-10]. Anaija ocbl
OaFbITTapAbIH TYHiCiH/E esieyJli OJIKbIIbIK CAaKTaJIbII OT bIP: CAaKTaHAbIpY ML-KOHTYpbI KebiHe He
Mo/JieJIb/iep *KUbIHTBIFb], He MHXKEHEPJIIK NalIlJIalH peTiHje CUNaTTalajbl, ajl JepeKTep canachl,
MoZiesbJiiK apTedaKT KoHe CEePBUCTIH 3KCIIyaTaLUsJBIK >Kal-KyWi apacblHAaFbl G6alaHbIC
YKEeTKIJIIKTI Jopexeae GopmasjaHb6albl.

KapacTeipbliFaH 3epTTeyAiH Macesieci MblHaja: cakTaHAbIpy ML-koHBelepi ylIiH KeTy,
CBIAJIBIKAKBI, MATiH, travel xaHe loyalty 6aFbITTapbl O0UBIHIIA XXeKeJlereH MoJiesbJiep/i OKbITY
KeTKiJIIKCI3. /[lepekTepZii aHBIKTayAbl, KYPbUIBIMABIK TeKCePYAi, >KbLIbICTAy TayeKeJsJepiH
JIMaTHOCTUKAJMAYAbl, OKbITY/lbl, MeTpPUKaJapZbl CaKTay/lbl, CEPBUCTIK HHQPEPEHCTI KoHe
3KCIJIyaTalUsJIbIK, KOPCETKILITeP/i 9UeKTi Typ/e TipKeHTiH 6ipblHFAl NP0 TOKOJIABIK KOHTYP
KakeT. MyH/1all KOHTYpP/ibIH 60JIMaybl HE MeTPUKaJAPbIH, KacaH/Abl TYPAe KOFapbliayblHa, HE
eMipJIiK LIUKAJIH 9pTypJsi MiHJeTTepi MeH Ke3eHJepi OOWBbIHIIA HITHXKeJepiH
CaJIbICThIPbIJIMayblHA dKeJe .

MakanaHblH MakcaTbl — KaWTa 6HJipyre O00JlaTblH >KEeprijlikTi cepBUC Heri3iHje
PO TOKOJIZIbIK, 6aKpL1aybl 6ap cakTaHAblpy ML-koHBelepiH yCbIHY kaHe TaxKipubesik TypFblJaH
Tekcepy. KolblLiFaH MaKcaTKa caullkec 3epTTey 6apbICbiH/Ja MblHalal MiHAeTTep GenriieHfi: 1)
JlepeKkTep MeH MPOTOKOJ KYPbLJIbIMbIH Oepy; 2) Bajufanus pPaciMiH KoHe JUAarHOCTUKAJBIK,
CUTHa/NAApAbl KepceTy; 3) 6ipHelle caKTaHAbIPY KOHTYpbl OOWbIHILIA HOTHXKeJIEPAi CalbICThIPY;
4) nmpoTOKOJI/IbIH, MOJleJIb/IiKk MeTpUKaap/ibl HHTepdelicneH, apTedaKTTap Ti3iJiMiMeH aHe
SRE-6aKbl/laHbIMbIMEH KaJslall 6aiIaHbICTbIPAThIHbIH KOPCETY.

MaceJsieHiH, Kypzesiiri aBTocaKkTaHAbIPY, TYPFbIH YHAI CaKTaHAbIPY, MATIHAIK eTiHiuITep,
travel-cuenapuisiep MeH loyalty yuiH »keke MojenbJepZi OKbITY[blIH 63iHAe eMec, oJap/ibl
OipblHFall KOHTypFfa KeJiciireH TypJe eHrisyje »aTblp. Erep KypbUIBIM/IBIK BaJujanus,
KbLJIBICTAY /bl 6aKblIay, METPUKaAIAp/bl TipKey K9He C epBUCTIK TesieMeTpHs 66JieK OPbIHAAJICA,
OHZIa TinTi xaKcbl Accuracy HeMece R? MoHepiHiH 031 ZlepeKTep KOHTEKCI MeH OpHAaJacThIpy
IIapTTapblHAH ThIC AYPbIC TYCiHAipiiMenai. OcblFaH 6alIaHbICThI JaTAaCceTTi aHbIKTAayaH 6acTan

apTedaKTThl CaKTayfa >X9He 3KCIUIyaTalUAJbIK TeKcepyre JAeiiHri OyKis »koJibl GipbIHFau
NpOTOKOJMeH 6GepineTiH maTdopmaHbl cunaTtTay MiHAeTi TyblHAaWAbl. Makasiaza
npoTokoaAblK, SRE-Banuzanua KoHTypel 6ap akTyapJblK ML-niaTdopMa KapacThIpbLIaJbL

Eurasian Journal of Applied Engineering and Technology (EJAET) N22(155)/ 2026 305



K.G. Madiyarov, 0.Ya. Shvets

KyMbicTbIH, MaKcaTbl — GipbIHFal NP0 TOKOJIJbIH, KalTa eH/jipyre 60JaThIH KEPTi/TiKTi cepBUC
asCplHJA JepeKTepAi, MoJesabJepAi, apTepaKkTTap/bl XKoHe CEpBHUCTIK TeJleMeTpUAHBbI KaJan
6alIaHbICTBIPAThIHBIH KepceTy. Ocbl MaKcaTTa KOJIJAAHbLIFaH JepeKTep KypaMbl, PO TOKOJI
KYPBIJIBIMBI, METPpHUKaJIap MeH JUAarHOCTUKAJIBIK epexkesiep »KHUbIHbI JOUEKTI TypAe CUNaTTalblIl,
OyZiaH KelliH GipHellle caKTaHAbIPY KOHTYpbl OOWBIHLIA a/IbIHFAH HOTHXKeJIEp >KoHe OJ1ap/blH
CEepPBUCTIK M3HI TaJKblJIaHAbI.

JdJlicHaMa

[lnatdopma npoTotuni FastAPl HerisiHperi »xeprisikTi cepBucC TypiHZe, Opay3sepJik
MHTep(QelCreH XoHe MOJie/IbJlep MeH eceNTik apTedaKTTapFa apHaJ/IFaH »KeKe KaTaJorTapMeH
»Ky3ere acblpbLiAbl. MyHZall wiemiM OKBbITY MeH 3KCIJIyaTallusHbl Oip mpouecTiH e3apa
6alIaHbICThIPYFa bIHFAWJIbI 60JIbIN Tabbl1a/lbl: 9pOip iCKe KOCy/laH KEHiH KYPbIIbIMABIK TEKCEPY
HOTHXKeJiepi, MOJeJib MeTpUKaJsapbl, apTedaKTTap Ti3iliMi X9He NPOTOKOJABIH UBIHTBIK
KepceTKilTepi Tipkeneai. JkcnepuMeHTTIK 6a3a peTiHae churn, home premium, MaTiHAIK
knaccubukanus, travel xxoHe loyalty MiHAeTTepiHe apHasiFaH allblK CaKTaHABIPY JlepeKTep
KUBIHTBIKTApbl MNalfjajaHbli/bl. JKCIEpUMEHTKE aJ/Thl allblK JKUBIHTBIK €HTri3iiai:
autoinsurance churn [11], home insurance train >kaHe home insurance test [12], bitext insurance
[13], travel insurance [14] xoHe loyalty [15]. )Kasinbl kesieMi 3 031 858 »ka36aHbl Kypanbl.

Kecte 1. /lepekTep KOHTYpJIapbl )K9HE KYPbLIbIMABIK BaJUJal sl HOTUXKeaepi
K b -
KoHTyp o7 arat Boc MaH AT ID. KyH epici Cana
CaHbl | CaHBbI KaT Kayin
1680
auto 909 22 2111311 XKOK, 2 3 0,9229
text (3)30 5 )KOK | KOK 0 aHbIKTaJIMaFaH 0,9724
.| 1000
home_train 000 28 YKOK, YKOK, 2 aHbIKTaJMaFaH 0,9800
300
home_test 000 28 YKOK, YKOK, 2 aHbIKTaJMaFaH 0,9800
travel (1)80 7 »KOK 205 0 aHbIKTaJIMaFaH 0,9713
loyalty 1949 8 335 | xo0K 1 aHbIKTaJIMaFaH 0,9685

Kectenik KOHTypJiap YILIIH CaH/BIK >X9He KaTEeropusJbIK OeJrijiepi apaJjac aepekrepre
Te3iM/Ii airopuTM/Iep KOJIJAHbLIbI; 0J1ap 60C MOH/eP/i a/IZibIH ajla 6HJIeyMeH, KaTeropusiap/ibl
KOATAayMeH 9He HJeHTUPUKATOPJIbIK epicTep/i OaKbliayMeH TOJBIKThIPbLIAbL. MaTiHAIK
moayabae eTiHimTep TF-IDF opgiciMeH BekTopsaHajbl, oOJaH KeHWiH KkJjaaccudukaius
JIOTUCTUKAJIBIK perpeccdsi apKbLbl OpbIHAANAAbl; MYHJAW YWJIECiM CHpPeK MOTIH/IK
YCbIHBLIBIMJIAaPMEH THIM/Ji KYMbIC iCTeWZi 9pi ecenTey TYpPFbICbIHAH HHTepIpeTaluysiayfa
KOJ1aiJibl 601k Kasiazbl [16, 17]. Bap/blK cleHapuiliepie OKbITY MO/Je/bJi, mapaMeTpJiep/iH,
KbICKallla Ti3iJiMiH ’k9He KapusJaHbIM/bIK apTedaKTTap/bl reports KaTaJorblHJA CaKTayMeH
asgKTana/bl [[po TOTUNTiIK pexXUM/ie TYPFbIH Vil 60MbIHIIA CbIMIBIKAKbI 6012kaMbl 150 000 oKbITY

306  Ne2(155)/2026 Eurasian Journal of Applied Engineering and Technology (EJAET)



Actuarial ML Platform with a Protocol-Based SRE Validation Layer

(train) >xaHe 50 000 Tekcepy (test) kesiemiHzeri 6aKplIaHATBIH ipiKTeMeAe OKbITbLIAbI, OYJI
apTedaKTThl JallblHAAy VaKbIThl KOJIAJbl JieHrei/le caKTaJiFaH KafF/laiijla KahTa eHAipinyiH
KaMTaMacbl3 eTTi. bap/ablK MogesbJep HbICaHajbl aWHbIMaJbl, Qalj KeJieMi KoHEe OKBITY
Y3aKTbIFbl KepCeTiJlin, Ti3iliMre eHrisiseni.

1-KecTe KepceTKeHJeH, bacTanKpl lepeKTep canachl 9pTYpJii CaKTaHAbIPY KOHTypJlapblHAA
6ipaeit emec. EH ce3imMTas 60J1bII auto-KOHTYP WIBIKThI, MYH/1a 60C MOH/IEP/iH e/19yip KeJeMi, KyH
epicTepiKoHe UAEeHTUPUKATOPJIBIK Kayil 6eJrisiepi 6ip Me3riiije ke3aeceni. Ain home, text, travel
*koHe loyalty cLieHapuiiiiepiHze fepeKTep KypblIbIMbl aHaFYPJIbIM OPHBIKThI KepiHe/ji, JereHMeH
OyJ1 >kaFJaniap/Za ja Npo TOKOJI »KaJIllbl TOJBIKTBIKTHI FaHAa eMeC, KeUiHT1 OKbITY MeH MOJeb/i
MHTepnpeTalusaayFa acep eTyi MyMKiH OeJrijiep KacueTTepiH TipKeni.

KypbLIbIM/IBIK, Baluanus eH npo6JyeMasbl KOHTYp/AbIH autoinsurance ekeHiH kepceTTi: 1
680 909 ko1 6oaFaHaa oHga 2 111 311 60c MaH, Yl KYH epici koHe UAeHTHUPUKATOPJIbIK KayilTiH,
eki 6esirici 6ap. Kepicinie, home_train xxoHe home_test KOHTypJiapbIHJA 60C MAH/IED XKOK, OipaK
eki identifier-risk epici (uuid »xoHe quote_id) KaMTbLIFaH, COHABIKTAH oOJiap/Abl OeJrijiep
KeHicTiriHeH aWKbIH TYpJe aJjblll TacTay KaxeT. Loyalty KOHTypbIH/A KeprijsikTi 60c MaHep
TabbL1ABbL, al travel koHTypbiHAa 205 1y6/IMKaT aHbIKTaAAbL. JleMeK, cbi36anap MeH JiepeKTepAl
OipbIHFall TeKCcepy OKbITyFa JeUiHri Ke3eHJe CaHAbIK SCOre KaHa eMec, MHTepIpeTalusiayfa
60J1aThIH TAyeKeJl CUTHaNAapblH Aa 6epeni.

[IpoTokonAblK KOHTYp Oipi3fii OalaHbICKAH ceri3 Ke3eHJi KaMTHAbL: JlepeKTep
KUBIHTBIKTapbIH aHBIKTAY, KYPBIJIBIM/BIK, TeKcepy, KbLJIBICTAY /bl 6akKpbliay,
MaMaH/IaH/bIPbIJIFAH MOJle/IbJlep/i OKbITY, MeTpUKalap/bl caKTay, cepBUCTiK HHepeHC, SRE-
O6aKblJIaHbIMbI 2KoHE »KeTKi3y KOHTYpbl. MyH1al 6eJiiHy e3 aj[iblHa MaKcaT eMeC; OHbIH, MaHI —
miatpopma iwWiHAeri JAepekTep MeH apTedaKTTapAblH KO3FaJblC TpPaeKTOPUSCBIH Oip
cunaTTaMaja TyTac ycramn Typy.

Kazimri mpakTuKaza XYKTey, OKbITY »KoHe TeKCepy KaJaMJapbl KebiHe 0eJsieK TipkeJsefi.
KapacTeipblibill OTbIpFaH miaTdopMaza MoAesb Kipic JepeKTepiHiH KyHi, AUAarHOCTHUKAIBIK
CUTHa/iAap, apredpakT KeJeMi, OKbITy VaKbIThl, MeTpUKajJap IKypHa/jJapbl KoHe
9KCIJIyaTalMsJIbIK TeJeMeTPUsl eCKepijieTiH HeFypJibIM KeH 00'beKTiHiH 6eJiri peTiHje faHa
KabbliJaHaibl. COHBIH apKacblH/Jla KOPBITbIH/bI 6aFa TEK HbICaHA/Ibl METPUKAHbIH MOHIHE eMec,
CO0J1 METPUKAHBIH KaH/lall KOHTEKCTe aJibiIHFaHbIHA J]a ToyeJ/1i 60/1abl.

MarTinaik koHTypAa Kykattap anabiMeH TF-IDF kenicririne Typnenpipinegi, myHja 6euri
MOHI TEepPMMHHIH KYXKaTTaFbl XUiJIIi MeH OHbIH KOPIYCTaFbl TapaJiyblH TY3€Ty apKblLIbl
aHbIKTanabl [16]. OcblHZall YCBIHBLIBIM  YCTiHJE JIOTUCTUKaJbIK perpeccus [17]
nai/iasaHblIa/bl; 0J1 CUpPEK OeJirisiep MaTpUlLla/lapbIMeH OPHBIKTbI )KYMBbIC iCTel /11 2koHe ecenTey
KOHTYPbIH LIaMaJiaH ThIC Kyp/ieJieH/ jipMel c eHiMAi 6a3asbIK KaaccupUKaTOp KacayFa MyMKiH/TiK
6epeni. Kinaccudpukanuanbelk MiHgeTTep yiliH Accuracy, macro-F1 xeHe AUC MeTpuKaiapbl
KOJIZJaHbL/Ia/1bl. Accuracy AypbIc KjaaccuduKalysaaaHFaH 6aKblaayaapAblH yiaeciH kepceTeai [18].
Macro-F1 cobiHbinTap 60MbIHIIA F1 esneMiHiH cajMakTajJMaraH opTalla MoHI peTiHze
ecenTeJsie/li, COH/IbIKTAH €H Ui Ke3/]eCeTiH ChIHBINTbIH 6aChbIM/IbIFbIHA TAYEJICi3 TYp/Ae MOJeb
camnacblH 6afanayra MyMKiHJik 6epeni [19]. AUC 06 bekTiniepi 60/mxkaMabl 6aFaiapbl 60MbIHIIA
paHXKHpJIey canacblH CUMATTAM/bl XKoHe LIellliM KaObLIAayAblH OeKIiT/ITeH LieriHe Tayesi eMec
[20]. Perpeccusanbik KoHTypJapa MAE, RMSE xane R? Konganbliagbl. MAE 60/5kaMHbBIH, OpTaLia
abcostoT KateJiriH kepcetefi [21]. RMSE kKaTeHiH KBajJpaTbIHa »XoHe KeHWiH KBaZpaT Tyb6ipiH
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a/llyFa HerisJeseTiHAIKTeH, ipi aybITKy/IapAbl KyWITipek aiKbiHganabl [22]. R? koaddunuenTi
TYpaKThl 06asza/jblK OOJKaMMeH CasbICThIpFaH/Za HbICAaHAJIbl aWHbIMaJbl BapUalMACBIHBIH,
KaH/Jjail yJiecid MoJiesib TYCiH/Z[ipeTiHiH KepceTe/ii; 6yJ peTTe Mo/iesib 6a3aiblK OaFAap/iaH HaLlap
»KYMBIC icTece, OHbIH, MdHIi Tepic Te 6osiybl MyMKiH [23]. Bysan 6acka, aptedakTTap Ti3ijaiMi
MoJiesb (pal/IbIHbIH, KeJIEMIH KoHe OKbITYy Y3aKTbIFbIH CaKTaiZbl, aJl IPOTOKOJ KOChIMIIA
WHTepIpeTalusaHbl KOKET eTEeTiH KaFJaliap YIliH apHaWbl 6eriiep/i 6eJiin kepceTeni: Kyaik
TyAbIpaTbIHJANl JKOFapbl MeTpUKajap, HJAeHTHUQUKATOPJIBIK Kayil OesriziepidiH 00JyHbl,
ly6/IMKaTTap *KoHe OKbITy MeH OaKbliay AepeKTepiHiH KublablcTapbl. OCbIHAANW KepceTKilTep
YKUBIHTBIFbI MO/I€JIb CalachblH OKLIAY TYPAe eMec, IepeKTep CUNaTTaMalapbIMeH XKoHe OHbI KeHiH
naiasaHy lmapTTapbIMeH 63apa 6aiaHbICTa alllbIll KOPCETYTe XKO0J1 allla/ibl.

Naiipanady naxeni 0.9252

Takcapinrou pepokrop Oksithinran monenszen Oprawa cana

6 8 0.9752

En Tamen can

0.9229 42 32

TaGhineaH AepeKTep XUBIHAAPS!

Mopens apredaxrinepisin, Tisiniui

Cyper 1. KonTtypJsiap kapTacbl MeH MojieJib apTedaKTTaphl Ti3iJIiMiH KAMTHUTBIH CEPBUCTIH,
110J1y TaHesl
1-cypeTTe 6ip KeHICTiKTe JAepeKTep KOHTypJiapbl, MoJeJbJep Ti3ijniMmi koHe Heri3ri
3KCIJIyaTalUAIbIK KOPCETKIIITEP TOFbICKAH CEePBUCTIH, 110Jy NaHeJi 6epiareH.

Boc yawmiKTap Kafiranasynap

2111646 205 0.9752

Oprasa can:

nnnnnnnnnn

60000 s ooes

aaaaa

Cyper 2. Boc MaHzep, AyOJIMKATTAp KoHE U eHTUPUKATOPJIbIK KayinTep 60MbIHIIA
YKMHAKTaJIFaH KepceTKilTepi 6ap AepeKTep canackl 3KpaHbl
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MyHzAal 3KpaH TeK HaBUrAUUSAJBIK KYpPbLIFBICHI FaHa peTiHJe KapacTbIpbLIMaWAbl: OJI
IaTPOpMaHbIH JKeKeJleTeH MOJeJbMeH OKLIay >XYMBIC icTeyre emec, ClieHapuiljiep MeH
apTedaKTTap/bl CaJbICTbIpyFa O6aFAap/laHFaHbIH KepceTe/i.

2-cypeTTe 6epi/ireH AepeKTep canackl 3KpaHbl KEWiHTT HOTHXKeIepAi TYCIHAIPYAiH 6acTanKbl
HYKTeCi KbI3MeTiH aTKapa/bl. [laJ1 ockl xxepJie 60c MaH/ep, AyOAUKATTAp, UAEHTUPUKATOPJIBIK,
OesrinepAiy KayinTepi »oHe KeWiH MoOJeJbJiK MeTpUKaJap/bl TaJKbliayJa eCKepiJeTiH
JlepeKTep )KUBIHTHIKTAPbIHbIH, 63re Jie KacueTTepi TipKeJei.

HaTuxeJsiep x9He TaJIKbL1ay

AJIBIHFAH HOTHXKeJIep CaKTaHAbIPY KOHTYPJIAPbIHBIH KYPAeEJiiri opTypJi eKeHiH pacTanbl.
Home-60/mxaM yiuid bikuam 5,27 MB apTedakt xoHe 11,638 ¢ OKbITY yaKbIThI KaFJakibiHga R? =
0,9848 »xofapbl AeTepMHHaNMsA Ko3dPULMEHTiIHe KOJ XeTKi3iiji. Loyalty KOHTypbl LIaFbiH
JlepeKTep KeJieMiH/ie NpaKTHKaJbIK TYPFbIJaH Maija/ibl Aen 6aranayra 6osaTtbid R? = 0,8564
HOTWXeCiH kepceTTi. Travel KOHTYpbI allTapJIbIKTal Kyp/ieipek 60J1bII LWBIKThI: OKbITY XbL1JaM
eTKeHiHe KapaMacTaH, perpeccusblk cana R? = 0,4677 MoHiIMeH LIeKTeJIAi, al apTePakT KosieMi
107,89 MB-ka xetTi. Text-moay.i ymin Accuracy MmeH macro-F1 kepceTtkimTepi mwramamen 0,986
JleHreliHJe TypakThl 60J1/1bl, ajaiifia category accuracy KocbIMIla Typ/ie KyZAiK TyAblpaTbIHAaN
»KOFaphbl Jiel OesrisieH/i.

EH aliKbIH MbIcaJ — auto-KOHTYp. OHbIH CaH/bIK HOTHXeJIepi LIIeKKe KYbIK MiHCI3 KepiHeJi,
6ipaK, mpoTOKOJ MYHJal MaHJepAi WapTchi3 KabbuigaManabl. Kepicinme, on leakage-aware
eCKepTyJiepiH aBTOMAaTThl TYpAe KaJbIITACTBIPbII, 0JIapJbl JAepPEKTEp CUNATTaMaJapbIMeH —
individual_id, address_id epicTepiHiH 6oaybiMeH, 6ipHelle KyH OeJsriiepiMeH >koHe 60cC
MOH/JIEP/liH, *KOFaphl yJieciMeH — 6aliaHbICThIpaAbl. Bys po TOKOJIIbI COH/IK KAabaTTaH FhLJIbIMHU
»KoHe MHKeHePJIIK TYPFbI/IaH HeTi3/je/iIreH 63iH-631 TeKcepy TeTiriHe anHaAAblpajbl.

Kecte 2. Mosenbep/iiH HeTi3ri MeTpuKajaphl xkoHe apTedaKT napaMmeTpJiepi
OkpITy,
C

KonTyp MeTpukaJsap ApTtedakT Kenemi Beuri

Accuracy=0,9996; .
auto F1=0,9990; auto_modeljoblib | 2,84MB | 213,619 | “YAK
AUC=0,9988 TYABIpAJbI
MAE=41,11;
home RMSE=51,41; home_model.joblib 5,27 MB 11,638 -
R2=0,9848
Acc=0,9859;
text F1=0,9860; cat- text_model.joblib 3,67 MB 12,338
Accuracy =0,9906
MAE=251,56;
travel RMSE=552,98; travel_model.joblib 107,89MB 5,850 -
R2=0,4677
MAE=0,3222;
loyalty RMSE=0,4157; loyalty_model.joblib | 47,70 MB 2,949 -
R2=0,8564
Herisri caHabIK HOTHKeJIep MeH CaKTaJIFaH MOJleJIbJeP/AiH C UaTTaMasaphl 2-KecTezie

KYZik 6ap
cat-Acc

Eurasian Journal of Applied Engineering and Technology (EJAET) N22(155)/ 2026 309



K.G. Madiyarov, 0.Ya. Shvets

)XMHaKTa/faH. CaHAbIK  MeTpUKajapAbl FaHa  CaJbICTBIPAaTbIH  K9AIMIT  TacCliJeH
alblpMallblIbIFbl, MYHJA OoJpkay canackl, apTepakT KeJieMi, OKBbITY Y3aKTBhIFbl J>K9He
JIMarHOCTUKAJBIK, 6esrinep 6ipre 6epinreH. MyHzaan 6ipikTipy Mogesb/i abCTpaKTiji airOpUTM
peTiHAe eMec, KalTa eH/lipisyi, MHTepnpeTalUsiJIaHybl )KoHe CEePBUCTIK KOHTYpFa eHri3inyi Tuic
9KCIJIyaTalMAJIbIK 00 bEKTIre xKaTKbI3yFa 60aTbIHbl MYMKIH.

2-KecTeJleH KepiHTreHel, TYPFbIH YU KOHTYpbI apTePaKTThIH bIKIIaM K6JIEMi MEH OKbITY/IbIH
opTallla yaKbIThbl )KaF/[alblH/Aa aHAFYPJ/IbIM OPHBIKTbI PerpecCUsJIbIK CalaHbl KAMTaMachI3 eTe/.
Loyalty koHTypbl efayip a3 OakbliayJap >KUbIHTBIFbIH/A NPAaKTHUKaJbIK TYpPFbIAAH ManAasibl
J9JIJIIK JIeHTeliH KepceTil, MpoTOKOJAbIK CXeMaHbIH TeK ipi JepeKTepre faHa eMec, IIaFbIH
KUBIHTBIKTapFa Jia KOJIJaHbLIATbIHbIH JAdJenfeifii. Travel-cueHapuiiinjie cama HeFypJibIM
ycTaM/ibl 60/1/bl, OyJ 6acTanKbl OeJriziep KypblJIbIMbIHBIH, KapanalbIM/AbLIBIFb] ;KoHE JIepeKTep
KeJIeMiHiH a3/bIfbIMeH yuaeceai. MaTiHZIK Moy b K0Fapbl Accuracy »koHe macro-F1 MmanzepiH
KepceTe/i, ajlaiga 6yJ1 KepceTKilTep CeHiMAIMIKTIH e3iriHeH »eTKiJiKTi AaJesi peTiHJe eMec,
PO TOKOJIJIbIK, OesrijiepMeH 6ipre TyciHzipisiefi. EH alWKblH MbICaJlT — aBTOCAKTaH/bIPY
KOHTYPbI: MYH/]a CaH/bIK MeTpHUKaJap IIeKTi MaHJepre aKblH, 6ipaK NpoToKoJ 6ip Me3ringe
JlepeKTep/iH 6ipTeKTec eMecCTiriH XaHe bIKTUMaJ XKbIJIbICTayFa KOChIMIIIA TEKCEPIC KAXKET eTeTiH
6esirisiep/iiH, 6ap eKeHiH KepceTea.

HaTuxkenepiy KaiiTa TeKcepislyiH KaMTaMachI3 €Ty YIIiH 0Cbl KOHTYpJiap/ia al/ia/laHblIFaH
b6acTankbl JepeKkTep aulblK Ke3JAepJieH asjblH/Abl: autoinsurance churn »xublHTBIFbI Kaggle
maTgopmMaceiHaH, home insurance train MmeH home insurance test xkublHTBIKTapbl Hugging Face-
teri BilalAhxmd/Insurance-data KopbiHaH, bitext insurance >kUbIHTbIFbI bitext/Bitext-insurance-
llm-chatbot-training-dataset peno3uTopuiliHeH, travel insurance YKUBIHTBIFbI
supersam? /travel_insurance KopbliHaH, aJ loyalty »xubinTbIFbI Kaggle-neri Customer Loyalty score
dataset 6eTiHeH anbiHAbI [11-15].

CrangapTTanFan npoToxon

0.9252 6 5

0.9752 7 205

2 Kypourmuaoe sanwazgen

Cyper 3. Kagam/biK MapTebesiep, KipicTep, TeKcepyJiep, WLIFbICTAP KOHE ToYeKeJIep
KOpCeTi/IreH CTaHJapTTaJIFaH PO TOKOJI 3KPaHbl
[lnaTdopma GipbIHFal CePBUCTIK KOHTYp peTiH/ie iCKe achIpPbIJIFaH: OH/Ia MakaIaHy I bLIbIK,
CLleHapuiJiep, Ba/WJanus HOTHXKeJsepi, MOJeJbAIK KOpCeTKIIITep MeH 3KCIJyaTaLUsJbIK
UHAUKaTopJap  yHJectipiireH  Beb6-uHTepdeiic  apKplibl  KosokeTimzi.  HWHTepdeiic
byHKIIMOHANABIK OeJsliMep OOWbIHIIA YUBIMJACTBIPBLIbIN, >XYWEHIH XUBIHTBIK KYHiHEH
JlepeKkTep camnacblHa, MOJle/ib CUIATTaMajlapblHa, KOJJaHOa/bl 6GoJKay CclieHapuiljepiHe,
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PO TOKOJIJIbIK, KaZlaMJapFa >oHe 3KCIJIyaTallusJblK KepceTKiliTepre O6ipi3zi keuiyre yMiT
apTThipapbl. JKoFapblJja KapacTbIpbLIFaH OipblHFal KypblLibiM ML-KOHBeWepi Tek ecenTey
HbICaHbl €MeC, illIKi KbI3BMETTiK dal/japFa )KyriHOel-aK KyHiH HHTepnpeTalnusaaayfa 60aTbiH
OaKblJIaHATBIH 06 'bEKT €TE/Ii.

[lnaTdopMaHblH, NalfasaHylIbLIbIK KabaTbl OipHelle MNOHJAIK CLEHApUWAI KOJJauAabl:
aBTOCAKTaH/bIpy/laFbl KETY KayliH O0aFajiay, CaKTaH/AbIPY CbIMJIbIKAKbICBIH 60J/KAy, MATIiHAIK
eTIHIIITEP/I 6HJ ey, COHAaM-aK travel xxoHe loyalty koHTypJ1apbl. Op clieHapu# yiliH UHTepdeic
Kipic mapameTpJiepiHiH KeJiciireH milliHiH yCbIHaJbl KoHe HOTHXKeHI KoJijaHbasbl Typhe
KalTapazbl; OyJ )KyHeHi Tek MoJie/ib/iep/ii 6anTay KypaJibl peTiH/ie eMecC, SKCIJIyaTalUsFa )KaKblH
»KaFJlaliJla CepBUCTIH >XYMbICKA KabiJeTTiJliriH kepceTeTiH opTa peTiHJe Je KapacTbIpbLIa/bl.
[lnaTdopMaHblH, MaHbI3[bl KAaCUETIi — KONTIIAIIK: 66eJiMAep MeH clieHapuijep 6ip TiiAik
pPEeXXUMHIH, iliHe TepMUHAEepAl apasiacTblpMay, Yl TiJiie KOJDKeTIiM/I — 0J1 OpbICIIa MeH Ka3aKLla
TiJIepiHAe »KoHe aFbl/IIbIH TiJiHAe.

3-cypeTTe CepBHUCTIH ceri3 KajaMmbl Xal ¢dopManbJbl Ti3iM peTiHAe eMec, KipicTepi,
TeKcepyJiepi, WBbIFbICTAPbl XoHe ToyeKesJepi 6Gap KyMbIC peTTiliri peTiHAe KepceTiireH
PO TOKOJI 3KpaHbl 6epinredH. MyH1al yCbIHY T9CiJIi MaKaJia YLIiH MaHbI3/lbl, BUTKEHI OJ1 ecenrey
Npo1eCiH OHbIH HMHTEPIpEeTALUsCbIMEH KOPHEKI TypJe O6GalaHbICTBIPbIN, AUATHOCTUKAJbBIK
ecKepTIeJiep/iH Kall Ke3eH/le TYbIHAaUThIHbIH alKbIH KepceTe/i.

Nakganany xowe SRE

78475 42 962.674

91.86 5 6

Endpoint TenesseTpuace:

Cypet 4. CepBUCTIH 3KCIJIyaTalUAJIbIK KOHTYpbI )KoHe SRE-TesieMeTpusaChl 3KpaHbI

4-cyperte mnaardopmanblH, SRE-TeseMeTpusicbel 6ap 9KCIJIyaTalUsJIbIK  KOHTYpPBI
KepceTiyireH. MyH/Zila CepBHUCTIH, KOJLKETIMALIIT, CypaHbIMJAp KAapKbIHABLIBIFBI XOHE OHJAeY
KiZlipicTepi Tipkesezi, COHABIKTAaH MOJieJib KYHi OHbI MaliajJaHaTblH CEePBUCTIH, Kau-KyhuiMeH
6ipre KapacTbIpbliaZibl. CaKTaH/JbIPYy aHaJUTHKAChl YIIiH OYJ MNPUHLMITI MaHbI3AbL: erep
CEepPBUCTIK KOHTYP alllbIK eMeC HeMeCe OPHBIKChI3 60J1Ca, MO/JeJIb CalacbIHbIH YKOFapbl 00JIybIHbIH
631 MPaKTUKaJIbIK KYH/bIJIBIFbIH XOFaJTa/bl. AJIbIHFAaH HOTHXeJlep MPO TOKOJIABIK KOHTYP/bIH,
TeK ecenTeysepAi TeXHUKAJbIK YUbIMAACTBIPY KypaJibl FaHa eMec, KoJaHOalbl CaKTaHAbIPY
OpTacblHAA MOJeJIbJiK HOTHXeJlep/Zli UHTeprnpeTaluusaay TOCli peTiHJe Ae naujalibl eKeHiH
KepceTe/i. 2-KecTe MeH 3-4-cypeTTep KOPBITbIH/bl KOpPCETIIFeH CalaJjblK MeTPUKaJapbIHbIH,
MoH/JIepiHiH 6acTanKbl JepeKTep camacbiMeH, apTepaKTThbIH KeJeMi MeH TypiMeH, OKBITY
Y3aKTbIFbIMEH >X9HE CEepBUCTIK KOHTYp/blH aFbIMJaFbl >Kal-KyliMeH 6ipre fFaHa MOHJI
6osaTbIHBIH KepceTeni. COHABIKTAaH HOTHKeJiep/i Ta/IKblIay KeKeJlereH CaHJap TeHiperinze
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eMec, JlepeKTep, Mo/JieJib XK9He 3KCIJIyaTalus IapTTapbl apacblHAaFbl O6alJlaHbIC TOHiperiHzae

KypblJIaJbl.
MyHzal yCbIHY TOCiJi »KeKeslereH MoJesbJep/i KepceTyZleH ap KOHTYp OipAaed Kajamzaap

Ti36eriHeH eTeTiH 6acKapblIaThIH JIaTGOpPMaHbl CUIIATTayFa KeLIyTe HeTi3 60J1aAbl: epeKTepi
alKbIH/Ay, KYpPbUIBIMJBIK TeKCcepy, ToyeKeJsJepZi 0akbliaay, OKbITy, apTepaKTTapZbl CakKray,
CLIEHApUWJIIK NaWJaJiaHy >XoHe 3KCIIyaTalUAJIbIK Kajaraaay. HoTuxkeciHze KOpBITbIHABLIAD
6ip-6ipiMeH 6al/slaHbICIaFaH MeETpPUKa/JapAblH, KOCBIHJBICbI peTiHAe eMeC, MOJesbIiK
HmeuriMaep/Ai canblCTbIpMalibl, 6aKblJIAHATBIH KOHE CaKTaHAbIPY/bIH aKNapaTThIK-TalAaMablK,
»KyHeci KypaMbIHJA OlaH 9pi KeHEWUTyTre KapaM/Jbl eTeTiH KauTa eH/ipiJyi MYMKIiH MPO LIeCTiH
CUIMATTAMacChl peTiHJe KaJablIITacabl.

KOpHBITBIHABI

JKYMBICTBIH, MaKcaTblHa KOJI >KeTKIi3lIAl: AepekTepli BaluAaunusaaylbl, MoJesbAepAl
OKBITY/Ibl, CEPBUCTIK UHPEPEHCTI )KoHE 3KCIIyaTallUAIbIK 6aKblJIaHbIM/bI 6ip KalTa eHJipiayi
MYMKiH muiaTdopMajia 6ipiKTipeTiH MPo TOKOJIABIK 6aKblaaybl 6ap cakTaHAbIpY ML-kKoHBelepi
KYpbL/blI, TRXKipubesaik TypFbljaH Tekcepingi. KapacTbipbifaH niatdopMa cakraHabipy ML-
KOHTYPBHI YILUiH MOJieJb MeTPUKa/IapbIHbIH, KOPbITbIH/ABI MOH/AEpi FaHa eMec, oJIap/bl aly TCLIi,
JlepeKTep KYPbUIbIMBI >XoHE CEepPBUCTIH 3KCIUIyaTalUSAJBIK »al-KyHi Je MaHbI3[bl €eKeHiH
kepceteai. [IpoTokoNABIK YHUBIMAACTBIPY OCbl 3JIeMEHTTepJiH OapJblFblH  OipbIHFal
cunaTTaMara OipikTipin, HoTHXKesep/i HeFypJIbIM UHTeplpeTalysaJaHaTbIiH eTei. YCbIHbLIFaH
niatopMa JepekTep, MoJesbjep, apTepakTtTap koHe SRE-kepceTkimTep 6ip cepBuc
KOHTYPBIHbIH, 0eJliKTepi peTiHJe KapacTbIpbLIaTblH KaWTa 6HJipijlyli MYMKIH NPOTOKOJ/bI
KaJblnTacTelpaabl. KypbuUIbIMABIK, BaJuJauusa CaKTaHAbIPY JepeKTep XUbIHTbIKTAPbIHbIH,
TOJIBIKTBIFbl, JAyOJMKaTTap/AblH 00Jybl >9He WAEeHTUPUKATOPJIBIK Oesrisep Toyekesjepi
OOMBbIHIIA e/dyip aWblpMalIbLIBIK »aCaWTbIHBIH KOPCETTi, COHJABIKTAH OKBITY aJIbIHJAFbI
O6ipblHFall 6akpliay cbi3backl ¢GopMasibJbl paciM eMec, KoOJIZJaHyFa bIHFAWJIbl HeTi3ri
TaJanTapAbly Oipi. bipHelle KOHTYp asdcblHAA a/JbIHFAaH HATHXKeJiep MPOTOKOJABIK TICIIAIH
TUIMZAIMIriH pacTajbl: )KOFapbl MeTpUKaJap TeK JAUAarHOCTUKaJbIK OesrisepMeH, apTepakTTap
Ti3izliMiMeH >XoHe MoOJe/ib OKbITbUIFAH >KaFjalyap/bl TeKcepyMeH Oipre faHa Ma3MyH/ibl
MHTepnpeTauus anagbl. [lnaTdopMaHblH NpaKTUKaJIbIK KYH/JbLJIbIFbl — MOHUTOPUHIKE, ILIKI
eCeNTiJiKKe >XoHe CaKTaHABbIPY/bIH aKNapaTThIK-TajJJaMaJlblK KYHeCiH oJjaH 9pi JAaMbITyfa
KapaM/ibl MOJieJIb/IiK, MPOTOKOJIJBbIK >X9He 3KCIJIyaTalUAJbIK apTepaKTTapAblH OipbIHFal
YKUBIHTBIFBIH KaJIbIIITACTBIPYbIH/A.

ABTOpJ/IapABIH, KOCKAH YJIECi.
K.I. MagusipoB 3epTTey/iH Herisri uJesicblH YCbIH/AbI, MIaTPOPMaHbIH, TY>KbIpbIM/laMacbl MeH
apxXUTEKTypacblH 93ipJseyre, AepeKTep KOHTYpJapblH XUHAKTayfa, Bajujanus xoHe leakage-
6aKplLiay JIOTMKAaCblH CUIATTAayfa, MOJeJbJepAi OKbITY MeH 3KCIIepUMEHTTEpPAi »Kyprisyre
)eTeKlli ysiec KocTbl. COHZlaM-aK HOTHXKeJlep i xKyHesiey, KecTesiep MeH CypeTTep/i JaubIHAAy
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»K9He MaKaJslaHbIH 6acTanKbl HYCKAChIH »Ka3y 0Cbl aBTOP/IbIH KaTbICybIMEH OPbIH A/ bI.

0.4.

[lIBery 3epTTeyAiH  FbLIBIMU-9/JliCHAMaJIbIK  Heri3iH HaKTblJIAyFa, HITHXeJepal

WHTeplnpeTalnusaaayfa, MaKaJlaHblH KYPbIJIbIMbI M€eH J[9J1eJl/ley JIOTUKACBIH XKeTiAipyre, COHJau-
aK, MOTiHJi FbIIBIMU peJaKLUsiayFa eJsieysi yjec KOCTbl. ABTOp IiaTOpPMaHbIH UHXKEHepJIiK
mentimMaepid, SRE-6aKblJiaHbIM MeH NPOTOKOJI/IbIK BaJU/JallMsIHbIH, Ma3MYHbIH TaJKblJayFa KoHe

MaKaJIaHbIH KOPBITbIHABIJIAPBIH TYXXbIPpbIM/Jiayfa KATbICThI.
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Novosibirsk State University of Economics and Management, Novosibirsk, Russia
Actuarial ML Platform with a Protocol-Based SRE Validation Layer

Abstract. Insurance companies increasingly rely on machine learning methods to determine
payouts and premiums, forecast customer churn, process complaint narratives and support a
variety of service functions. In practice, however, such models often evolve as isolated modules,
which makes data quality checks, leakage control, metric registration, and service-state
assessment inconsistent across the analytical pipeline. This paper proposes an actuarial ML
platform with a protocol-based SRE validation layer designed to integrate these procedures into a
single operational framework. The platform follows a microservice architecture and combines
data collection and preparation services, model training components, an evaluation block, and a
results delivery interface. Within the protocol, each stage includes structural data checks, error
classification, drift monitoring, metric comparison, and confirmation that model artifacts are
suitable for production use. This approach enables controlled retraining and model updates,
preserves comparability with previous versions, and supports service continuity. The proposed
solution is aimed at improving the reliability of risk modeling in insurance organizations and
strengthening the resilience of ML systems to changes in data and operating conditions.

Keywords: actuarial platform; ML pipeline; protocol validation; leakage control;
observability; SRE
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Abstract. This article presents a systematic review of methodological
approaches in machine learning (ML), educational data mining (EDM), and
adaptive gamification within digital learning environments. Based on a
synthesis of 36 peer-reviewed studies published between 2020 and 2025,
indexed in Scopus and Web of Science, this research identifies prevalent ML
architectures, personalized instruction paradigms, and game mechanics that
enhance student motivation. The literature search followed PRISMA guidelines
across major academic databases, including IEEE Xplore, SpringerLink, MDPI,
and ScienceDirect, applying rigorous inclusion criteria focused on the
functional implementation of EdTech solutions. The analysis reveals a
significant shift toward the integration of graph neural networks (GNNs),
reinforcement learning (RL), and gradient boosting for behavioral modeling
and real-time content adaptation. Findings indicate that adaptive gamification,
when coupled with predictive learning analytics, substantially improves long-
term student engagement compared to static models. Furthermore, this study
formalizes a conceptual interaction framework between the learner, the
gamified environment, and an RL-based personalization agent. The results
provide a methodological foundation for developing scalable, intelligent
tutoring systems capable of autonomous pedagogical decision-making.
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Methodological Approaches of Machine Learning and Adaptive Personalization in Educational Gaming
Platforms

Introduction

In recent years, digital education platforms have increasingly integrated Artificial Intelligence
(AI) paradigms, including Machine Learning (ML), Educational Data Mining (EDM), and Learning
Analytics (LA), to foster personalized learning environments. These technologies facilitate the
dynamic adaptation of instructional content, pedagogical feedback, and task difficulty based on
individual learner profiles and real-time behavioral patterns. A substantial body of research has
demonstrated the efficacy of ML-based solutions in predicting academic performance and
optimizing personalization through classification algorithms, neural networks, and Reinforcement
Learning (RL) to generate individualized pathways. Furthermore, gamification has emerged as a
critical motivational strategy, though empirical evidence suggests that static gamification often
suffers from novelty wear-off. In contrast, adaptive gamification, which utilizes ML to personalize
game elements, shows significant potential in sustaining long-term engagement. Advanced
computational techniques, such as Graph Neural Networks (GNNs) and deep behavioral modeling,
now enable the tracking of granular user data, including clickstream analysis and churn risk, to
trigger predictive interventions.

Table 1. Synthesis of Influential Studies and Methodological Contributions

Article Focus | Authors Al/ML Methods Key Advantages Methodological
Gaps
Scalable Vassoyan et | GNN, High adaptability; | Tested on
Adaptation al. (2023) Reinforcement robust to sparse simulated data;
Learning datasets lacks real-world
validation
Learning Tretow-Fish | Systematic Review | Identifies research | Limited empirical
Analytics etal. (2022) | Methodology gaps in adaptive validation of Al-
systems based methods
Higher Merino- Analytical Review | Maps Al roles in Ethical, privacy, and
Education Campos of Al engagement and scalability issues
(2025) flexibility remain
Real-time Lambetal. | fNIRS + ML High precision in Requires complex
Prediction (2022) Classification real-time hardware; limited
hemodynamics reproducibility
Adaptive Manoharan | RL-based Individualized Lack of detailed
Gamification | etal.(2024) | Recommendations | reward logic; algorithmic
improved specification
motivation
EDM Zhang etal. | Taxonomies (ER, Structured Primarily
Taxonomies | (2024) CD, KT, LA) overview of descriptive; lacks
knowledge tracing | predictive modeling

The taxonomic classification of these educational environments is illustrated in Figure 1,
which distinguishes three primary functional categories based on their pedagogical objectives.
Structured learning platforms, such as MOOCs (e.g., Coursera, Khan Academy), focus on academic
knowledge acquisition, while game-based learning and assessment tools (e.g., Kahoot, Duolingo)
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prioritize interactivity and testing. Additionally, cognitive development systems (e.g., Lumosity,
Elevate) are designed to enhance executive functions like memory and attention. This classification
systematizes the diversity of current EdTech solutions, demonstrating that gamified environments
serve as both supplementary aids and independent tools. However, the existing literature reveals
a fragmented landscape regarding evaluation metrics and deployment scalability, as most
implementations remain restricted to isolated pilot studies.

Literature Review

Following PRISMA guidelines, this study identifies key methodological contributions in the
field. Table 1 synthesizes the most influential research, highlighting the shift toward autonomous,
data-driven systems.

Typology of Educational
Games
Learning platforms and Learning management Intellectual games and Self improvement and
courses systems LMS game hased apps cognitive skills apps
—
—— Kahoot
C—— .
Coursera Moadle Duolingo
Udemy QuizDuel
Canvas . .
Khan Academy Quiz Planet Lumosity
Blackboard .
Qalan Kundelik Quizlet Elevate
Daryn Online Ustud QuizLand
BilLnd ! Ayl Battle
— Cowabunga
|

Figure 1. Typology of educational games and applications [authors' diagram]

The methodology

To ensure scientific rigor and transparency, this study was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The
primary objective was to gain a comprehensive understanding of Al-driven personalization by
identifying current technologies, evaluating their effectiveness, and outlining implementation
limitations.

Search Strategy and Data Selection

The literature search targeted peer-reviewed publications from the 2020-2025 period. To
maintain high academic standards and address previous methodological inconsistencies, the
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primary search was restricted to the Web of Science (WoS) and Scopus databases, supplemented
by technical repositories including IEEE Xplore, SpringerLink, MDPI, and ScienceDirect. The search
was executed in August 2024 using a Boolean query: («machine learning» OR «Al») AND
(«personalized learning» OR «adaptive learning») AND («gamification» OR «educational games»).
Further specialized expressions were applied, such as TITLE-ABS-KEY («educational data mining»
AND «gamification»), to ensure a comprehensive corpus.

Identification of studies via databases and registers

—
Records removed before
g screening:
% Records identified from™: E_ll.lgl;cate records removed (n
= gztfsbtifgs(énzféio ) Records marked as ineligible
S 9 by automation tools (n = 2)
= Records removed for other
reasons (n = 3)
L
Records screened i .| Records excluded®*
(n=115) (n =865)
Reports sought for retrieval Reports not retrieved
= (n =50 ) (n=5)
=
@
2
o
W
Reports assessed for eligibility
(n=45) °| Repeorts excluded
Reason 1 (n =2 )
Reason 2 (n =5 )
Reason 3 (n =2 )
etc.
L
A Studies included in review
=1 (n =36 )
S Reports of included studies
= (n =36 )

Figure 2. PRISMA flow diagram of the study identification and selection process

The identification and selection process is documented in the PRISMA flow diagram presented
in Figure 2. From an initial pool of 450 records, duplicates were removed, leaving 280 items for
title and abstract screening. Subsequently, 85 full-text articles were assessed against strict
operational criteria. Inclusion required studies to be peer-reviewed journal articles or conference
proceedings published in English, focusing on the functional implementation of AI/ML algorithms
in education. Non-academic sources, preprints from non-indexed repositories, and studies
unrelated to digital learning were excluded, resulting in a final selection of 36 high-quality studies.

Data Synthesis and Bibliometric Analysis

The selected studies were subjected to thematic synthesis and classified into categories:
machine learning in EdTech (focusing on GNN, SVM, and Neural Networks), personalized learning
systems, adaptive gamification, and educational data mining. A comparative analysis was
performed for each category to identify methodological advantages and limitations. To illustrate
broader research trends, a bibliometric visualization was conducted using the VOSviewer software
package (version 1.6.20), as shown in Figure 3.

This visualization highlights the keyword co-occurrence network, where learning analytics
emerges as the central hub linking various subfields. The analysis reveals distinct thematic
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clusters: a red cluster focused on data-driven approaches and adaptive systems; a blue cluster
encompassing advanced machine learning paradigms like self-supervised and federated learning;
and a green cluster representing learner-centered Al applications and gamification. Additionally,
purple and yellow clusters point to immersive technologies and predictive analytics. This
structural mapping provides the necessary context for the interaction model proposed in the
following sections, which bridges the gap between raw interaction data and adaptive pedagogical
interventions.

personalization

personalizations

human s i visualization
y . case-studies "~ behaviorabresearch
teaching amd learning
] engagement
leagping distanceéeducation
self-superviged learning higher education adaptive leaihing system
learninguprocess
systematic literature review contrast@learm : l"
w X ; Y- data visdalization
femat@earmng st . bigidata
) § —+ feedback
student engagement . ’ : »
> te g T digital torage
dataidriven g 3 / . .
systematic revie\ : bR & predictive:analytics

intelligenttutoring
&

mtelllgnt tutering systems :
gamifigation educatlon*ata mifing

natural language processing systems

@ e learning environments

“WtrUCt'Qn onlinedigarning

decision trees

S adaptive learring envirgnment

fearnin orithms
advancedranalytics galg

virtualireality
deep learning @ multi-modal learning

& multimodal learning analytics

X blended learning
multi<modal

Figure 3. Visualization of scientific research in Educational Data Mining and gamification
(VOSviewer)

Findings/Discussion

The comparative analysis of machine learning models identifies specific technical trade-offs
critical for educational environments. Table 2 summarizes these architectures, highlighting their
operational utility and inherent limitations.

The data presented in Table 2 suggests that hybrid approaches, particularly those combining
Graph Neural Networks (GNN) and Reinforcement Learning (RL), are most effective for modeling
complex learning paths. However, neuroanalytical techniques using fNIRS provide unparalleled
precision in assessing cognitive load, though they demand significant hardware investment [29,
35]. While XGBoost is valued for its transparency in performance forecasting, deep learning
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architectures like LSTM and Attention networks are essential for processing high-frequency

interaction sequences, albeit at a higher computational cost [9, 36].

Table 2. Comparative analysis of computational models in EdTech

Model Primary Application Technical Operational
Advantages Constraints
GNN + RL Knowledge trajectories and | High Dependency
content adaptation scalability on
and predefined
architectural | graph
flexibility structures
fNIRS + ML Neuroanalytics and cognitive state | High Hardware
monitoring biometric complexity
precision and | and
real-time equipment
adaptation costs
XGBoost Performance analysis and | Statistical Sensitivity
predictive modeling reliability and | to  dataset
high imbalance
interpretabili
ty

LSTM/CNN/Attentio | Behavioral sequences and visual | Deep Resource-

n content analysis temporal intensive;
analysis and | susceptibilit
interaction y to
mapping overfitting

Personalized Learning Systems and Adaptive Mechanics

Personalized Learning Systems (PLSs) have evolved into fundamental EdTech components by
tailoring instruction to unique learner profiles. Contemporary platforms integrate recommender
algorithms and dynamic content delivery to adjust the pace and structure of curricula. Gligorea et
al. (2023) demonstrated that intelligent recommender systems utilizing behavioral data
significantly enhance student motivation [8]. Further research by Zhang et al. (2023) in the context
of MOOCs classifies these approaches into collaborative filtering and neural models, emphasizing
that adaptation grounded in cognitive parameters is the most effective method for trajectory
construction [18].

This dynamic adaptation ensures that the cognitive load remains aligned with the learner’s
Zone of Proximal Development (ZPD). As highlighted by Merino-Campos (2025), Al allows for the
real-time restructuring of materials based on language, context, and prior preparedness [34].
Moreover, the use of GNNs enables the modeling of latent connections between topics, while
adaptive dashboards allow both students and instructors to monitor progress indicators, fostering
active participation in the learning process [16, 35].

Adaptive Gamification and Engagement Dynamics

Gamification has transitioned from static reward structures (points and badges) to adaptive
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mechanics tailored to individual behavioral analytics. Strousopoulos and Troussas (2022) found
that students in gamified environments demonstrate statistically significant improvements in
satisfaction compared to traditional cohorts [27]. Modern algorithms now personalize game
stimuli; for instance, less motivated users may receive immediate rewards for simple tasks,
whereas advanced learners are challenged with complex missions and delayed gratification [5].

Table 3. Categorization of Research Directions by Technological Focus

Ne | Research GNN ML Gamification | Personalize | Learning Al/
Cluster d Learning | Analytics Adaptive
Focus Learning

1 Al-Driven - [6, [33] [11, 16, 25] | [16,25,33] | [6, 8, 10,
Personalizat 33] 11, 20]
ion

2 Learning - [36] [27] [7,17,24, |[7, 12, 17, [12,18, 19,
Analytics & 27] 18,19,36] | 23]
Success

3 Gamification | - [4, [4,5,21] [5, 21, 26, [4] [5, 26, 32]
& 21] 32]
Engagement

4 Machine [35] [1,9, - [1,9] [22, 28] [1,9,35]
Learning & 22,28
Analytics ]

5 Conceptual | - [2, - [2,3,13,30] [2] [3,13]
&  Review 30]
Studies

6 Advanced - - - [34] [14, 34] [14, 15, 34]
Computatio
nal Models

The identification of distinct engagement styles - such as «achievement hunters», «explorers»
and «social participants» - underscores the necessity of this personalization [14]. Meta-analytical
data confirms that gamification is most effective when combined with real-time feedback,
potentially increasing engagement by up to 30% for average-performing students [19].

Educational Data Mining and Behavioral Modeling

Educational Data Mining (EDM) serves as the analytical foundation for uncovering hidden
patterns in student interaction. By analyzing LMS log files, query frequencies, and social activity,
researchers can construct predictive models that forecast academic outcomes. Xu et al. (2023)
identified «fatigue spots» and learner typologies (surface vs. strategic learners) using clustering
techniques such as k-means and DBSCAN, alongside trajectory analysis via Markov chains [9].

These digital traces allow for the automatic segmentation of learners. Rashad Sayed et al.
(2022) utilized community detection and frequency-based techniques (Apriori) to correlate study
pace with assessment results, facilitating the generation of data-driven pedagogical hypotheses
[28]. Furthermore, participation patterns in collaborative environments are analyzed through
indicators of «active participation» such as response time and interaction frequency [31].
Typologies involving «enthusiast-explorers» or «passive participants» are often embedded into
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adaptive platforms using fuzzy logic, allowing for the early detection of dropout risks or
disorientation.

The categorization of the reviewed studies by technological focus (Table 3) indicates that the
majority of current research is concentrated in Al-driven personalization and learning analytics.

Player Edtech Games Personalization Model (RL)
Game context and answer history -
State representation N
Recommended action (difficulty, topic, mode
Y Personalized task ...
Rpsult (correct/incorrect,\nresponse time, poinEs
Reward signal\nmodel update _
< Updated personalization policy
Player Edtech Games Personalization Model (RL)

Figure 4. Interaction model of the player, EdTech game, and personalization model (RL)

Figure 4 illustrates an interactive reinforcement learning loop functioning as a dynamic,
closed-loop feedback mechanism. In this model, the learning process is represented as a
continuous exchange of data, where learner actions, current knowledge levels, and behavioral
responses are analyzed by an intelligent personalization agent.

Based on this analysis, the algorithm automatically selects the most effective pedagogical
intervention - such as adjusting difficulty levels or modifying game mechanics - which is then
implemented within the educational game environment. As a result of this interaction, the system
receives feedback in the form of user performance and engagement, allowing it to continuously
refine the instructional strategy and create a self-optimizing learning path tailored to the
individual’s cognitive characteristics.

Conclusion

The findings of this systematic review confirm that the convergence of machine learning (ML),
educational data mining (EDM), and adaptive gamification represents the most significant driver
of innovation in modern digital education. By synthesizing data from 36 high-impact studies
published between 2020 and 2025, this research establishes that Al-driven personalization not
only improves academic performance but also fundamentally reshapes student engagement
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through dynamic, real-time adaptation.

However, the transition from theoretical models to large-scale implementation is currently
hindered by several critical barriers. High technological costs associated with biometric hardware,
such as fNIRS, and the substantial computational resources required for deep learning
architectures create economic obstacles for widespread adoption in public educational sectors.
Furthermore, a persistent methodological gap exists: despite promising pilot results, there
remains a significant lack of long-term empirical evidence regarding the cross-cultural efficacy of
adaptive gamification. This is compounded by the «black-box» nature of complex neural networks,
which raises substantial ethical concerns regarding algorithmic transparency, bias, and the
protection of student privacy.

Looking ahead, the evolution of EdTech is clearly moving toward the integration of Explainable
Al (XAI), which seeks to make personalization logic transparent and accountable to both educators
and learners.

Moreover, the emergence of Large Language Models (LLMs) offers a transformative path for
developing more nuanced, conversational adaptive interfaces that bridge the gap between human
intuition and machine efficiency. Ultimately, the shift from descriptive learning analytics to
prescriptive, agent-based models - grounded in the RL framework proposed in this study- will
define the strategic trajectory of intelligent tutoring systems in the coming decade.
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AHHOTanuA. CTpeMUTEbHbBIN POCT KHOGEPIPECTYIHOCTH, IJ1I06aTbHBIN yiepo
OT KoTOopou K koHIy 2024 roga goctur 9,5 TpsH agosnapoB CIIA, a Takke

dKTHBHOE HCIIOJIb30BaHHUE 3JIOYMbIIIJIEHHUKAaMH TEeXHOJIOTUH
HCKYCCTBEHHOI'0O  HMHTEJIJIEKTa  OJId KI/I6epLLIl'II/IOHa)Ka H IpoBeAEHHUA
CJIO}KHOO6Hapy>KI/IBaeMbIX dTaK O6YCJIOBJII/IBa}0T HeO6XOﬂI/IMOCTb

COBEepLIEHCTBOBAaHUSA MOATOTOBKHA CHELMAJIMCTOB IO KHOep6e30macHOCTH.
HecmoTpsa Ha yBesvuyeHHe CcpeJjHEr0 3HAauyeHUd TIJIOOAJBHOTO WHJEKCa
Kubepbe30macHOCTH 10 65,7 6aj1/1a, YypOBEHbD U CJI0KHOCTb YyTPO3 NPOL0JKAIOT
pactd, 4YTO TpebyeT BHeJAPEHUS MNPAKTUKO-OPUEHTHUPOBAHHBIX U
TEXHOJIOTMUYEeCKU 'MOKUX 00pa3oBaTe/bHbIX pelleHui. B craTbe npejcTaBieH
CUCTeMaTHUYeCKUMU aHa/Iu3 CyLeCTBYIOUINX KUOepIIaTOpM U BbISBJIEHbI UX
KJIlI0OUeBble OrpaHUYeHMs], BKJIIO4Yasi OTCYTCTBUE BCTPOEHHBIX UHCTPYMEHTOB
MOHUTOPHHIA, aHAJWUTUKA U [EePCOHA/M3MPOBAHHOMU OLEHKHW Iporpecca
obyyarouiuxcs. B kauecTBe pellieHNsl pa3paboTaHa ¥ peasiM30BaHa iaTpopma
kubepnosuroHa HackerPlace na 6ase Python Django, React.js, REST API u
SQLite. ApxuTeKkTypa miaaTGopMbl NOCTPOEHA MO MOJAYJbHOMY MPUHLUIY U
BKJIIOYAET KJHWEHTCKYI0, CEPBEPHYI0O U ayTEeHTUPHUKALUOHHYIO MOJCUCTEMBI.
[lnatrpopma mnoaJep>kuBaeT 3aAaHuUs 1o Beb-6e3omacHocTH, OSINT,
cteraHorpaduy, Kpunrorpapuu U peBepc-UHKEHEPUH, a TaKKe OCHallleHa
MeXaHUM3MaMH OTCJeXHBaHUSI BpeMEHH U YCHEIIHOCTH BBINOJHEHUS 3a/ad.
Anpob6auusi cpefu ABYX IPyNIl CTYJEHTOB MOKa3aJja NOBBILIEHHWE CKOPOCTHU
pelieHus 3a4a4 Ha 32-58% U 3HAUUTEJIbHBIN POCT 001lel pe3yIbTaATUBHOCTHU
00y4yeHusl.

KiroueBsle ciioBa: KnbepbesonacHoCTb, yrposbl, aTGopmMa, KUOEepIoJIUTOH,
CTF, Python, 06y4yeHne Ha OCHOBe CUMYJISIIIUK
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Development of a cyber range platform for cybersecurity beginners

BBeageHue

CerofHsIHME peajvy MOKa3bIBAIOT, YTO yllep6 0T KUOepNnpecTYNHOCTH K KoHLy 2024 roaa
0 BCeMy MUpy cocTaBuJ 9,5 TpusamoH gosuiapoB CIIA. MacmTabbl aTak yBeJIMYHUBAKOTCA C
KaXXJbIM TOJI0OM, a XaKepbl BCe BUPTYyO3Hee HCIO0JIb3YIOT UHCTPYMEHThI IO O0OXOAY CHUCTEMbI
3alMThl MHOpacTpyKTypbl U dalpBosioB. C pa3BUTHEM HCKYCCTBEHHOTO HWHTeEJEKTa
3JIOYMBIIIJIEHHUKA  HayaJlU  HUCNOJIb30BaTb JJaHHbIA HMHCTPYMEHT JJf  IpPOBeJeHUs
KUOepUINHOHAXa U Co3JjaHHs 60Jiee C/I0KHbBIX B 00Hapy»KeHUHU aTak [1]. CorsiacHO pe3yJsibTaTam
IpPOBeJEHHON CTAaTUCTHUKU TJI0OAJbHOr0 UHJeKca KubepbesonacHocTu B 2024 rofy cpeiHUM
NoKa3aTeJsib 10 BCEMY MUPY cocTaBJisieT 65,7 6asiia, 4To Ha 27 MPOLEeHTOB 60JIbIlIe IO CPABHEHUIO
c 2023 ropom. CieloBaTesIbHO, BO3pacTaHHWe KUOepyTrpo3 TpebyeT KOMIJIEKCHOTO MOoAX0/ia pU
NO/JIFOTOBKE CHELMaJIMCTOB 10 3al[UTe U 60pbbe ¢ KUOepnpecTynHOCTbI0. CTOUT OTMETHUTD, UYTO
B JJaHHOW 06J1aCTH HUCCJe0BaHUS HaOUpPalT 060POTHI U CTATUCTHUKA C MEX/AYHAPOAHON 6a3bl
Hay4HbIX MCCAeJJOBaHUM Scopus NOKa3blBaeT 3KCIOHEHLUaJbHbIA POCT HCCAe[0BaHUMN 3a
nocjiefHue MATb JeT. Pe3yabTaTbl CUCTEMAaTUYECKOTO JIUTEPATypHOro HCC/le[0BaHUSA
npejcTaBJeHbl Ha pUucyHKe 1.

B xo/ie uccie0BaHUA BbIsIBJIEH psJ, 1aTGOPM, KOTOPbIE NPELOCTABASAT CUMYJISALMOHHYO
CpeAy B LieJisIX MOBbIIIEHNS KBaJTMPUKAIIMU CIIEIIMaJIMCTOB 10 KubepbesonacHocTH. B paboTe [1]
ONMMUCBHIBAIOTCS OCHOBHbIEe KJIOYeBble MOMeHThl no miaardopme Cyberpolygon Site, koTopsblii
npeJiHa3HauYeH /[ TMOJrOTOBKU CIELUaJUMCTOB MO0 Kubep6e3omacHOCTU. AHa/IOTMYHble
HCC/lelOBaHUsS TMPOBOAMJNCH B paboTe [2], rje Takke NOJATOTOBJEHbl 33Jayd IO
CUMYJISIIIMOHHBIM MOJIMTOHAM JJis 3alllMThl KOpMopaTHBHOW ceTu. B pa6oTe [3] moapoOGHO
OMUCBHIBAIOTCSA MPOLECC pa3paboTKU Be6-MPUJIOKEHHUS, KOTOPbIM coyeTaeT B cebe KaK TEOPHIO,
TaKk M MpaKTH4YecKHe 3aJlaHus. JlaHHOro poja miaatdopma NOMOraeT MHOJYYUTb BBOJHbIE
TeopeTHYecKre 3HaHUS B TOM UJIM MHOU 06J1aCTU CUMYJISILIUM aTaK.
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PucyHok 1. CTaTUCTHKA UCC/IeZJ0BAaHUU B 06J1aCTU Pa3pabOTKH KUOEPIOJUTOHOB 3a MOC/IeHHE
ISTh JIET
CorJiacHO UcceJOBaHUIO B paboTe [4] peKOMeHAYyeTCsl MPUMEHSTh MeTO/ reiMUUKaLLU B
KUOeprnoJiuroHax /JJjisg o6pa3oBaTesbHbIX yupexZeHUH. CTaTUCTUKA IO0Kasasa, 4YTo
rediMupuLIMpPOBaHHbIE MJIATGOPMBbI 3HAYMUTEIbHO MOBBILIAIT BOBJIEYEHHOCTh U Pe3y/IbTaTHUB-
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HOCTb CTY/JIEHTOB Oaka/laBpuaTa B 06J1aCTH Kubep6e30MacHOCTH.

HeMasoBaXKHbIM  aclleKTOM  sBJSIeTC NpPUMEHEeHHWe MAIIMHHOrO OOydyeHus Mpu
aBTOMAaTH3aLUU IPOIIECCOB B xoje 3alUThI CJI0’KHOM MHPPACTPYKTYPHI
KoMINaHuU/npeanpusaTus. CiefoBaTesbHO, B paboTe [5] aBTOpbI I0A4E€PKUBAIOT, YTO MalIMHHOE
obydeHHe SIBJSIETCS HEO6XOJUMbIM /ISl MOATOTOBKHM KaZpOB B YaCTH 3aLIUTHI OT KUOepyrpos. B
paboTe [6] aBTOpBI NPOBOJAAT paClIMPEHHbIN aHa/JIU3 ePBONPOXO/ILEB 110 KUbOepcTapTanaMm, 4YTo
06yCJIOBJIMBAETCS MOJIOKUTEJNbHBIMU Pe3yJIbTaTaMHU C UCI0Jb30BAaHUEM UHHOBAIIMK B 06J1aCTH
kubepbe3onacHocTH. Takke uccienoBaHus B [7-8] mokasasu, 4To KubepOe30MacHOCTh TaKkKe
OXBAaTbIBAET GUOJIOrUYECKHUE CUCTEMBI 3AIUThI U TEXHOJIOTHIO IIMPPOBBIX IBOWHUKOB I10 3aLIUTE
yTeyeK [JJaHHbIX M MEepCOHAJbHBIX [JaHHBIX I0Jb30BaTeseil. Kpome TOro, coBpeMeHHbIE
KHOEPIOJTMTOHBI J0/DKHBI CAMMYJIMPOBATH peabHbIE YTPO3bl HA Pa3IuyHble HHPOpPMAIMOHHbIE
cucteMbl. bBojiee TOro, mnpuMeHeHHEe KHOGEpPIOJMIOHA C WHTerpanued redWMuduKanuu
MO/ITBEPXK/IAET YBJIEYEHHOCTh OOYYAIOIUXCS, O YeM TOBOPSAT Pe3YJbTAThl CTATHCTUYECKUX
aHaJIM30B, OTpaXKeHHbIe B paboTe [9-11].

OfHAKO B X0/le MPOBEIEHHUS JTUTEPATYPHOTO 0630pa BHISIBJIEHO, YTO BCE KUOEPIOJUTOHbBI He
IpeAyCMaTPUBAIOT MAHEb YIIPaBJIEHUS Pe3yJIbTaTaMU 00yJaIoINXCH.

MeToaos10rus

B npouecce nccneoBaHMA NPUMEHSJNCh MEeTO/bl CUCTEMHOIO aHa/Iv3a, CPaBHUTEJbHOIO
aHa/M3a CylLeCTBYKOIIUX MIaTPOPM KUOEPIOJIMTOHA, a TaKXKe MPAaKTUYeCKOW peasv3aliud U
TeCTUPOBaHUSA NpoToTUIA. Ha mepBoM aTamne NpoBei€éH aHAIN3 3apyOEXKHbIX U OTe4YeCTBEHHbBIX
pelieHUH, Npe/iHa3HAYEeHHbIX /I 00y4YeHus crielihaJucToB no kubepbesonacHocTH (TryHackMe,
RootMe, CyberPolygon u ap.). Ha BTopoM 3Tame ocyliecTBJEHBI AW3aiH W pa3paboTka
miatdopmbl HackerPlace ¢ ucnosbzoBanueM ¢ppeiiMmBopkoB Python Django u React.js, a Takxke
6a3bl AaHHbIX SQLite. Ha TpeTbheM 3Tamne npoBejieHa anpobauus miaatGopmbl cpesid CTyAeHTOB
obpa3oBaTesbHOM mnporpamMMbl «KnbepbesonacHocTb» Astana IT University. /lina oueHku
3pPeKTUBHOCTH NPUMEHSJIUCh METO/AbI IKCIIEPUMEHTAJNBLHOI'O CpaBHEHU JiByX Gpokyc-rpymnn (A
U B) c pasHbIM ypoBHEM NpeiBapUTEJbHOU OATOTOBKH.

[losiyyeHHble JaHHbIE aHAIM3UPOBAIMCh C UCNIOJIb30BaHUEM KOJIMYECTBEHHBIX TOKa3aTeJseil
— CpefHero BpeMeHU BBINOJHEHUA 3aJlaHuM, [J0JId YCHellHbIX pelleHWH, a TakKxke
CTaTUCTUYECKOT0 CPaBHEHHUS Pe3yJIbTaTOB.
Bbi6op f3bIKka NpOrpaMMHUpPOBaHUA AJs pa3paboTku miaatdopMbl KubepmnosuroHa. B xope
BbIOOpA A3blKa NPOrpaMMHUPOBAHUA [J Pa3pabOTKUA IJIATPOPMbl KUOEPIOJMIOHA OCHOBHOE
3HaueHUe VyJedaJocb BHATHYI UWHTepdelcHOW d4acTu. bosiee Toro, cepBepHas 4acTb
apXUTEKTYypbl KUOEPIIOJUTOHA [JOJ>KHA OTPAXKaTh JIOTUKY CUCTEMBI.
Bbri6paHHbIE MHCTPYMEHTHI AJis1 pa3paboTKy npefcTaBJieHbl B Tabaule 1. B nenax peanusanuu
aBTOpH3aLMUK 00y4yaloUIMXCd B CUCTEMY KHOepNoJIMroHa Obl1 NmpuMeHeH ¢perdMBOpK Django
REST. To ecTb npu aBTOpU3aLMu Be6-calT oTHpasJsieT 3anpoc API 111 TokeHOB B 63KeH/,. B cBoto
odyepelib, 63keH ] oTnpaJseT 3anpoc B REST 4depe3 npocmoTp. CaM TOKeH reHepupyeTcs B
¢peiimBopke REST. /laHHble moJib30BaTesied coOpaHbl B 6a3e JaHHbIX 4depe3 BblJeJIeHHbIe
TOKeHbl. APXUTEKTypa pa3pabOTaHHOM CUCTEMbI MOCTPOEHA MO MOAYJbHOMY NPUHLHUIY U
BKJIIOYAET TPU OCHOBHbIE NOJCUCTEMBI: KIWeHTCKUN nHTepdelic (Frontend), cepBepHyto yacTb
(Backend) u koMnoHeHT ayTeHTHU(dUKalUM, peasu3oBaHHble Ha ocHoBe REST-dpeiimBopka.
B3aumogeiicTBUe Mexy KOMIIOHEHTAMU OCYIIECTBJISIETCS NOCPECTBOM CTaHAAPTU3UPOBAHHbBIX
API-3anpocos [13]. [losnb30BaTe b MHUIMUPYET NPOLEeCChl pETUCTPALU UM aBTOPU3aALIMU Yepes
KJIWEHTCKUN HWHTepdenc, KOTOpPbI OTNpaB/sieT COOTBETCTByMOLWe 3amnpockl Ha Backend.
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CepBepHas 4yacTb 06pabaThIBaeT MOJIy4YeHHbIe JaHHble, B3aUMOJEUCTBYeT C XpaHUJIUILEM JJIs
COXpaHeHUs WJU IpPOBEpPKH Y4YETHOM HHOpMauMu U Jasee HampasiasgeT 3anpoc K REST-
bpeliMBOPKY AJ1s1 reHepalu TokeHa Joctyna. CbopMUpoBaHHBIN TOKEH NepeAaéTcs 06paTHO HA
KJIMEHTCKYI0 CTOPOHY, 06ecriedrBas JOCTYII K 3alUILEHHBIM pecypcaM. CucTeMa nojiep:K1uBaeT
MexaHU3M OOHOBJIEHHSI TOKeHa: NpU ero ucredeHMu Frontend uHULMHpyeT 3ampoc Ha
npoJiieHue, KOTOpbId mnpoxoAuT uepe3 Backend u o6pabaTbhiBaeTcsi COOTBETCTBYIOIIMM
koMnoHeHTOM API. Takas cxema 1o3BoJisieT 06eceyuTh 3allMLEHHOE YIpaBJIeHUe CECCUSIMU U
KOHTPOJIb JOCTYIIA K CEpBEPHbIM pecypcaM. /il Har/ls4HOTo NpeJCcTaBJIeHUs B3aUMOAeNCTBUA
KOMIIOHEHTOB B CTaThl0 BKJ/IYeHa OJIOK-CxeMa OOLiel apXUTEeKTYypbl, WJIIOCTPUPYHOLLAs
HOJIHBIA IJMKJI 0OpabOTKHU 3alpoCoB: OT JAeHCTBUH I0Jib30BaTesl HA KJIUEHTCKOH CTOpPOHE [0
reHepalyMu U OOHOBJIEHUS TOKeHa CepBepHBbIMU NojcucTeMaMu. Ha pucyHke 2 mpejcTaBJieHa
cxeMa IpOXOX/JeHHWsl MOTOKa JaHHbIX Ha MiaTdopMe KUOepHoJMroHe NPU perucTpanuu
110J1b30BaTeJId.

>
¢ppoHTEH <
Perncipanns H
ABTOPH3ALIHA
AOCTYIN K TOKEHY 3ampoc API
oGHOBIIeHHE
TOKeHa (3151 TOKeHA)
3ampoc TOKeHA
qepes IpocMOTp
—» >
09KeH] REST ¢peiimBopr
«
JOCTVI K TOKEHY
(COXpAHAT TaHHble COHOBIeHHe ¢
wi0Ib30oBaTe e ToKeHa
Fe \
PerucTpupyi I'enepHpyeT
Bxox v
Haii TokeH TokeH
. S

PI/ICYHOK 2. CxeMa perucTpaigv U aBTOpHU3allUH I10JIb30BaTEJIA

Talimep pacuyeTa BpeMeHH, NOTPAYEHHOrO Ha BbINOJHEHUE 3aJaHusd, B KUOEpHoJHUTOHe
HayMHaeTCs, KOr/a MoJb30BaTe/b HAXKMMaeT KHOIKY CTapTa 3aJlaHUsl U KHOIKY CTOIa, Korjaa
3aBepllaeT BbINOJHeHUe 3aZjlaHus. Ha pucyHke 3 npezacTaB/ieHa cxeMa lepe/iadyu JaHHbIX BHYTPHU
miatdopmel. [Ipu pazpaboTke niiatrpopmbl HackerPlace 6b111 3arpy:xeHbl pa3/inuHble CLiIeHAapUHU
3a/la4, LeJbI0 KOTOPbIX ObLJIO TMOJIyYeHHWe OMNbITa MOCPeJCTBOM TPEHUPOBKHW B JIaHHOU
miatdopMe. /laHHble 33/ja4U IpeAyCMaTPUBAIOT MOJIydYeHUe NPAaKTUYECKNX HaBbIKOB 110 TeMaM:
Be6-6e30macHoCTh, cteraHorpadus, OSINT, kpuntorpadusi, peBepc-uHkeHepusi, SQL-UHBbeKIUS.
Kaxpas w3 JaHHbIX TeM pa3paboTaHa TaKMM 00pa3oM, YTOObl NpPeAOCTaBJAAThb
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cbaslaHCUPOBAaHHbIE TeOpeTHYECKHEe U MPAKTUYeCKHe 3HAHUS HAYMHAKILUM CIelHa]uCTaM U
BBIYCKHHWKAaM B 06J1acTU Kubepbe3onacHocTH [14].

Ta6sauua 1. BeilbpaHHbIE MHCTPYMEHTHI /1151 pa3paboTKU NJ1aTGOPMBI

WUHcTpyMeHT [IpuMeHeHue 0O6ocHOBaHUE

Python Bakanj [IpocToi W HaAE&XHBIA, C OOIIMPHOW OUOJIUOTEKOU
bpelMBOPKOB /1J151 Be6-pa3paboTKH.

Django Bakanp [IpuMeHsieTca JaHHbIA GpelMBOPK AJis Be6-pa3paboTKU
Ha Python.
Ucnosb3yeTcs 151 yipaBJIeHUs pe3y/IbTaTaMHU CTY/IEHTOB.

React.js ®pouTaHa  JTo 6OubJMOTEKAa B /PKABACKPUNT [Jisl I[OCTPOEHHUS
nHTepdelica nosb3oBaTesei.

REST Be6 API Good for serialization and connecting backend with
frontend

SQLlite baza sjanHbix Lightweight, serverless and embedded SQL database
engine. In combination with django gives high performance
quality

v

PpoHTEHT |

] HaumHaeT 3agaqy
MOIVIIH |
—— sanpoc API (uudgo
MoACKAIKN mpo 3333']}')
o
Bbikena

Bpema moTpaueHHOS HA
MOV BLIMOTHEHIE 33Ja41

Iagaun ¥
MOACKAZKI

PrcyHok 3. CxeMa BbIIIOJIHEHU 3a/a4
AnmMun-nanesnb matdopmbl HackerPlace
B 1aHHOV CeKIIMU CTaTbU Mbl paCCKPOEM OCHOBHbIE 0COOEHHOCTU Y PYHKIMOHAJ KACTOMHOTO
pellleHUs1 MO KHUOEPNOJIMTOHY OTEeYeCTBEHHOW pa3pabOTKH, KOTOPbIM IMpeJHa3HAuYeH [AJis
yJly4lleHUs] KOHTEeHTa NPU 00y4YeHUU CeLHaJluCcTOB KHOep6e30NacHOCTH.
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JlaHHasa miaTdopMa UMeeT UHTEPAKTUBHbBIN a[MUH-IaHeJ b, KaK IIpe/ICTaBJIeHO Ha PUCYHKe
4,

Django administration WELCOME, ADMIN! VIEW SITE | CHANGE PASSWORD / LOG OUT (J)

Site administration

ASSIGNMENTS B
Recent actions
Assignments + Add Change
Hints + Add Change My actions
Modules + Add Change UserAssignment object (47)
ser assignment
User aasignments *Aad Change UserAssignment object (88)
User assignment
UserAssignment object (47)
AUTHENTICATION AND AUTHORIZATION ser assignment
Groups + Add Change + UserAssignment object (52)
) Jser assignment
UserAssignment object (46)
USERS Jser assignment
UserAssignment object (45)
Users + Add Change Jser assignment

UserAssignment object (44)
User assignment

ignment object (43)
ser assignment

+ aitu
3o

X UserAssignment object (36)

Pucynok 4. ApMuH-nnadesib B Django

B d4acTtu yhpaBJIeHUA 3aJdHHUAMHU HHCTPYKTOPbI MOTYT CO34aBaTb, PpPE€AAKTHPOBATD,
06HOBJ]HTI:>, I,ELO6<':1BJIFITI:> AOIIOJIHUTEJIbHbIE TOACKA3KHW HWJIK XK€ YyAAJIATb yCTapeBIIWE 3aJa4dH.
Takxe HNHCTPYKTOPbI MOTYT ,E[O68.BJIHTI:: TeopeTHu4YeCKoe OIllMCaHHre K 3a/JaHHUAM U ollpefesdTb
YPOBEHDb C/IOKHOCTH 3ajldHHUA, KAK IIPEACTABJIEHO HA PUCYHKE 5.

Django administration WELCOME, ADMIN! VIEW SITE / CHANGE PASSWORD / LOG OUT ()

Home » Assignments

Assignments administration

ASSIGNMENTS

Assignments + Add Change
Hints + Add Change
Modules + Add Change
User assignments + Add Change

PucyHok 5. [laHes1b ynpaB/ieHUs 3aZla4aMu AJ1s1 00y4aroLuxcs

Ha pucyHke 6 npejcTaB/ieH CIIMCOK 33/1a4, y?>Ke IPUTOTOBJIEHHBIH /I/1s1 CTYZeHTOB, KOTOPbIX
BKJIIOYAET B ce6s1 ONMCaHUE, TOJCKA3KU U 3aroJI0BKHU.

CTOUT OTMETUTH, UTO IO0JIb30BATEJHU C MPUBUJIETUSAMU aJMUHUCTPATOPA MOTYT BHOCHUTH
M3MeHeHHUs JIM60 JONOJHATh NJIAaTPOPMy, UYTO OYeHb YA06HO. B cBow ouepenb, naHesb [JJis
obyyarouiMxcs npeficraBjieHa Ha PUCYHKe 7 U MUMeeT O4YeHb YA00HbIM MOHATHBIA MHTepdeNcC.
3/1ecb 110 yPOBHAM MOKHO YBU/IETb Pa3/IMUHble MOAYJIH, A 10/, HUMU CIIPSITaHbl 33/laHus U
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IMOACKAa3KH IO MOAYJIIO.
Django administration WELCOME, ADMIN! VIEW SITE / CHANGE PASSWORD / LOG OUT (P

Home > Assignments > Assignments

Select assignment to change ADD ASSIGNMENT +
ASSIGNMENTS

Assignments Action: * Go 0 of 14 selected

Hints TITLE MODULE DESCRIPTION

Modules Task 1- webExp3 Clickjacking, or "click interception”, is an attack in which an attacker hides elements of a web page so
) Clickjacking that users accidentally click on them. As a result, users may inadvertently perform unwanted actions
User assignments such as likes, reposts, or even financial transactions.

Task 1- webExp2 Scientists have developed a helmet of full protection against psychoemitters. At the final test, the helmet

Hypnoray was hit with a maximum-power hypnotic beam. The helmet withstood, but reflected the beam at one of
the scientists. Help to extract all packages of hypnotic data from his consciousness. There is a code of
their system for the backup of consciousness. Maybe this will help the case:

AUTHENTICATION AND AUTHORIZATION

Groups + Add

Task 1-SQL webExp Enter the correct username and password to solve the task P.s username should be admin
Injection

Task 5 - OSINT  osint Source data: 52.212776, 0.169129 What year was Lawrence born?
Task 4 - OSINT  osint Tell me the room number
Task 3 - OSINT  osint Find the last 4 digits of the phone number: 415-981-72??

Task 2 - Where steganography Meeting Place Can not Be Changed
it sounds?

Task 3 - crypto n= 141297708153542157717184941089447541203 e = 655637 c =
RSAying 758031158167941402693106528756358964

Task 2 - Secret crypto We managed to intercept a message from the engineer of the secret project X. you need to find out the
Project name of the launched project

Task 2 - OSINT  osint Who is the author of the painting from apartment number 6127

Task 1- steganography We know exactly what awaits us here, right? Your version from the future sent you this photo to answer
Steganography the question of what will happen next. Find out what the future holds for us.

PucyHok 6 . [laHesib ynipaBjieHUd 3aJa4aMU

[Tocsie HaxkaTHsA HA KHOIIKY «CTapT» HAYUHAETCA OTCYHET BPEMEHHU 110 BBIIIOJIHEHHU IO
3a1aHHUA 110 BbI6paHHOMy HaIllpaBJIEHHUIO.

Categories

Tasks for each category

01 Advanced Web Exploitation .
tart
Discover sophisticated methods to exploit and secure web applications effectively
oz Steganography Techniques Start
. - s ar
Learn advanced methods for hiding and detecting information in media
03 Expert Open-Source Intelligence (OSINT) ot
tar
Master advanced techniques for gathering and analyzing publicly available data

PucyHok 7. KaTeropuu 3ajanumn

Ha pucynke 8 npeacraBiieH npuMep 3agaHua no katreropuu OSINT. [lo faHHOMY HamnpaBJieHUIO
3/1eCb 3arpy>KeHo0 5 3a/ja4y, OTCOPTUPOBAHHBIX 10 YPOBHIO CJI0XKHOCTH, €CTh OKHO J00aBJIEHUS
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OoTBeTa.

HackerPlace Play Features  About Us My profile Log out

Task 1- OSINT

Tell me the address where this photo was taken?

) Download File Show Hints
ssignments

ask 1- OSINT

ask 2 - OSINT

ask 3 - OSINT

ask 4 - OSINT

ask 5 - OSINT

Pucynok 8. Ctpanuua 3agad OSINT

Takke Ha JaHHOUW MJaTdopMe MpeAyCMOTpPeHa CTpPaHMIA MPoHUJs MOJIb30BaTessl, KaK U BO
MHorux miaatdopmax: TryHackMe, HackTheBox, RootMe.

Play Features About Us My profile Log out

Assignments:

Task 1- Hypnoray

Completed: @

Completed at: 5/23/2024, 830:44 PM
Time taken (h/m/sec): 00:00:59

Task 1- SQL Injection

Completed: @

Completed at: 5/23/2024, 91615 PM
Time taken (h/m/sec): 00:00:32

PI/ICYHOK 9. MexaHM3M OTCJIEXKMBaHUS BPEMEHMH BbIIIOJIHEHH A 3a,qa1-mﬁ IMOJIb30BaTeJ/JIAMHU

Ha laHHoi cTpaHulle M0J/1b30BaTe/Ib MOXKET BU/IETh CBOM MPOrpecc U BbINIOJIHEHHbIE 3a/IaHUS.
[Ipy npaBUJ/ILHOM BbINOJIHEHUH 33/IlaHUsI 3aropaeTcsi 3eJIeHbIH 1BET, YTO 0603HAYaeT yCIelHoe
IpPOXOXJeHHWe 3aAauM. JlaHHass 0COGEHHOCThb IO3BOJIIET OLEHHMBATh yCllexX U 3aTPyAHEHUS
obyyarouiero U GoKycupoBaTbCs Ha ca1abbix cTopoHax [15]. Ha PucyHke 9 npexncraBieHo BpeMs
BBINIOJIHEHUS 33/laHUSl M CKOJIbKO BpEeMEHM 3aHMMaeT B CpeJilHEM 3TO Y I0Jib30BaTeseil
maTopMbl. CTOUT OTMETHUTD, UTO JaHHAsA GYHKIMOHA/IbHAsh 0CO6EHHOCTh MIaTGopMbl GbLIA
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Jlob6aBJieHa JJ1s NpoBeZleHUs1 BepUPUKalMU TOCPeICTBOM CPAaBHEHUS pPe3y/IbTaTOB CTYAEHTOB U3
yHUBepcuTeTa A U yHHUBepcuTeTa B.

Annpo6anus naaTdpopMbl

Kubepnosnuron Hacker Place 6b11 pa3paboTaH U NpOTeCTUPOBAH MeX/Jy ABYyMs IpynnamMu
CTyleHTOB  JJia  OLEeHKU 35OPEeKTUBHOCTH  MCHOJb30BaHUS TaKOro TMOJAX0oJa MpH
00y4yeHHUM /MOBBIIIEHUH KBaJUPUKALMU CHELUaJMCTOB B 06J1aCTM  KHOep6e30macHOCTH.
CTyZAeHTHI Ipymnbl A peryjasspHO MCHOJb30BajJd B 00y4eHUH oHaWH-maTdopmbl TryHackMe,
RootMe, cTygeHTsl rpynnbl B He ucnosib3oBasnu. /IByM rpynnaM ObLIM JaHbl 3aJia4d U3 JAHHOU
naTdopMbl. B xo/ie ucciejoBaHUSA BBISIBJIEHO, UTO CTYAEHTHI TPyNIbl A 6bICTPO peliaay 3a/ja4Hy,
HeXeJIU CTYAeHThl Tpynnsl B. B Tabsuue 2 npefcTaB/eHbl pe3yabTaThl UCCIe0BaHUSA.

Tabsuna 2. CpegHee BpeMs BbINOJIHEHUS 33/1a4 110 KaTErOPUSAM

Kararopus 3aganua ['pynna A I'pynna B Pazsvuue B nponeHTax
(MUHYTBI) (MUHYTBI)

Be6-6e30macHOCTb 7.51 18.02 ['pynna A Ha 58.33% O6bIcTpee,
yeM rpynna B

CreroHarpadus 17.12 35.24 [pynna A Ha 51.41% ObIcTpee,
yeM rpynna B

OSINT 10.46 15.56 [pynna A Ha 32.79% ObIcTpee,
yeM rpynna B

Kpunrorpadus 37.9 91.31 [pynna A Ha 58.49% O6bIcTpee,
yeM rpynna B

PeBepc-unkenepussi  41.03 64.78 [pynna A Ha 36.65% ObIcTpee,

yeM rpynna B

B Tabsinie 3 npeacTaBJieHbl pe3yJibTaThl y4aCTHUKOB 110 BbINTOJHEHHBIM 33/JaHUSIM B pa3pese
0 MOAYJ/IsIM KUbGeproJsiurona. Becero 3azau 66110 20, rpynna A ycnelHo 3aBepiuuia 15 3aaa4 us
20 6bIcTpee, yeM rpynima B. KosimuecTBo y4acCTHUKOB B 060MX IPYINax 0JUHAKOBOE.

Ta6smua 3. PEUTUHT BBINIOJIHEHUS 3a/1a4

®okyc-rpynmna YcnemHo O6iee kosn4yecTBO PeWTHHT
BbINOJIHEHHbIE YYaCTHUKOB YCIEeIHOCTH B
3aJlaHus NpOLEeHTax

['pynma A 15 20 75%

['pynmna B 5 20 25%

CnefoBaTe/IbHO, PEUTUHT ycllexa BHYTPH TPyIIbl A B TPU pasa Bbllle, YeM B rpyimne B.
JlaHHbIe pe3yJbTaThl MOKa3bIBAlOT 3P PEKTUBHOCTb NPUMEHEHHUs KUOEPIIOJIMTOHOB B 06yUYeHUH
Y TIOBbILIEHUU KBaJTUPUKALHHU.

3aK/IloueHue

B faHHOUM cTaThe ObLI NMPOBEJEH aHAJW3 MHUPOBOM MPAKTUKU B 00JIaCTU OOy4YeHHS MO
Kubepbe30macHOCTH W 060pbbe € KUOEepnpecTYmHOCTbIO. AKTYaJbHOCTb CO3/IaHUSI TaKOU
m1aTGopMbl 0OOCHOBBIBAETCS pacTyuidM HWHTepecoM K JaHHOW ob6Jsactu. Pasnuune
pa3paboTaHHOM HaMH IJIaTPOPMBbI MOJUYEPKHYTO €€ THUOKOCTbI0O B 4YacTU [IONOJIHEHHUS
KOHTeHTOM. Tak:ke MmpoBeJeHa anpobanus JaHHOU MIaTPOpMbl MOCPESCTBOM NPUMEHEHUS B
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00y4eHMH B [BYX pa3/IMyHbIX GOKyc- rpynnax. B xoxe anpo6auuu niaatdopMbel B TECTUPOBAHUHU
OpUHANIM  y4dacThe 42  moJsib30BaTessl,  BKJWYawlLlMe  CTYJeHTOB  HalpaBJeHUs
«Knbepbe3onacHOCTb», a TaKXe HayWHAWIIUX CIelUaJuCTOB, 3auHTEPECOBAaHHbIX B
IPaKTUYECKOM OCBOEHUH METOJ0B 3TUYHOIO B3jJoMa. B paMkax NUJIOTHOrO 3amycka ObLJIO
BbINOJIHEHO 6oJsiee 310 mpakTUYeCKUX 3aJlaHUM, paclpeseséHHbIX M0 4YeTbIpEM OCHOBHBIM
KaTeropusiM: Beb6-6e3omacHocTb, OSINT, creraHorpadus u kpuntorpadus. CpesHee BpeMms
BbINOJIHEHUS 33/la4 U MPOLEHT YCHEIlHbIX MONBITOK MO3BOJIUJIM NPOBECTH CPaBHUTEJTbHBIN
aHa/M3 NOATrOTOBJEHHOCTHM pa3JIMUHBbIX TIpynn y4yacTHUKOB.Kpome Toro, mo wurtoram
TEeCTUPOBAHUA OblI COOpaH MacCHMB KayeCTBEHHBbIX OT3bIBOB. bosiee 78% mnosib3oBaTesieit
OTMETUJIM YAOOCTBO UHTepdelica KW HHTYUTUBHYIO HaBUTaluio MmiaaTpopMmbl, a 83%
HO/ATBEP/UJIH, YTO BbINIOJHEHUE NPAKTHUYECKUX YIIPAXKHEHU W TOMOTJIO JIy4llle TOHATb NPUHIUIIbI
3KCIJIyaTalluy ysa3BUMOcCTel. Takke MM0JIb30BaTeNU NPeJIOKUIN PaCLIMPUTh KaTasloT 3aJjlaHui
Y 106aBUTH JJOMOJIHUTEbHbIE YPOBHU CJI0KHOCTHU. CBOJHbIN aHa/IM3 OT3bIBOB MIOKa3aJl BICOKUU
YPOBEHb YAOBJETBOPEHHOCTU W NOATBEPXKJEHUE NPAaKTUYeCKOW LEeHHOCTU MIaTGopMbl Ha
paHHUX 3Tanax 06y4eHHs B 06J1aCTU KUOep6He30MacHOCTH.

B 3ak/toyeHue cieAyeT OTMETUTb, UTO pa3paboTaHHasd MmaaTPopMa KUOEpHoJJUroHa
npejcrapiaseT co60il 3¢PeKTUBHBIA U HAyYHO OOOCHOBAHHBIA MHCTPYMEHT /Jisl MOATOTOBKHU
HayMHAKLMX CHeLHaJUCTOB N0 Kubepbe3onacHoCTU. E€ kiroueBass HOBU3HA 3aKJ/I0YaeTCs BO
BHEJ[pEHUU aJJallTUBHOTO MexaHHW3Ma OLIeHKH CJIO)KHOCTH 3aJlad U BCTPOEHHOH CHUCTEMBbI
MOHUTOpPUHIA Mporpecca 06YYaKIUUXCSA, YTO OTCYTCTBYEeT B OGOJIbIIMHCTBE CYLIECTBYIOILIUX
pewieHui. [IpeasioxkeHHbIM N0AX0/ 0b6ecrieyrBaeT 06'bEKTUBHY U BOCIPOU3BOAUMYIO OLEHKY
KOMIETEeHIUH, a apxXxUTeKTypa MaaTGopMbl MO3BOJISET MacIITabUpPOBaTh CUCTEMY 3a CYET
pacliMpeHHs ClieHapueB aTakK, MOAKJ/IIYEHHUS HOBBIX O00ydYaloIIMX MOAy/Jeld U HMHTerpauuu C
o6pa3oBaTe/JbHBIMU U KOPNOPAaTUBHBIMU TPEHUHIOBBIMU cpefiaMU. [losiyyeHHbIE pe3yJbTaThl
anpo6anyuy NOATBEPXKAAIOT NMPAKTUYECKYyl 3HAaYMMOCTb IJIaTGOpMbl M €€ MoTeHUuaa AJis
JlaJIbHEeHINX UCC/IeJOBAaHUN B 006/1aCTU CUMYJALMOHHOTO 0O0y4yeHUs] M NOATOTOBKU KaJpoB IO
KHOep6e30MacHOCTH.

BkJiiag aBTOpOB
TosnkbiH TosieyTail, Annb6ek AXMeTOB BHEC/IM CYLIeCTBEHHbIN BKJa/, B pa3paboTKy KOHLUENLUU U
Jii3alHa HCClel0BaHUs, a TaKXKe B IPOEKTUPOBaHUEe apXUTEKTYPhI J1IaTGOpPMbl KMOEPIOJIUTOHA
HackerPlace. ABTOpbI OCyleCTBUJIM pa3pabOTKy KJIWEHTCKOW U CepBEPHOM 4YacTel CUCTEMBI,
peasin30Ba/id MPOTPAaMMHYIO JIOTHKY, BKJII0OUasi MeXaHU3Mbl ayTEHTUPUKALMUY U MOHUTOPHUHIA
pe3ysibTaTOB, a TaKXe IMPOBEJH aHaJIM3 M HHTEPHNpeTalMI0 MOJYyYEeHHbIX TeXHUYEeCKUX
pe3yJibTaToB.
KetnucbaeBa Anus, KyTTbhi6ek Axkap BHECJIH BKJIaJ, B COOp, aHA/IM3 U UHTEPIPETALUI0 JaHHBIX,
BBINOJIHUJIM CUCTEMaTHYeCKUH JIMTepaTypHbIA 00630p, MPOBEJU CpPAaBHUTEJNbHbIM aHaIU3
CYLIECTBYIOIIUX pelleHUuH U cPOpMUPOBA/JIM TeOpeTHUUYeCcKoe OOOCHOBAHUE UCC/Ie0BaHUS.
[ToMUMO 3TOro0, aBTOPbI Yy4aCTBOBA/IM B MOJFOTOBKE U KPUTHYECKOM IEPECMOTpE COZepKaHUs
CTaTbH.
CagBakacoBa AceMry/ib BHecJa BKJIQJi B HallMCaHHWE TEKCTAa CTAaTbH, COOP U CTATHUCTHUYECKYIO
00pabOTKy 3KCIEepHMEHTA/NbHbIX JJAHHbIX, UX HWHTEpNpeTalyi0, a TaKXe OpraHu3alui0 U
poBeZieHHe anpobaluy pa3paboTaHHOU MIaTHOPMBbI.
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Development of a cyber range platform for cybersecurity beginners

Abstract. The rapid growth of cybercrime, with global damages reaching USD 9.5 trillion by
the end of 2024, as well as the active use of artificial intelligence technologies by malicious actors
for cyber espionage and hard-to-detect attacks, necessitate the improvement of cybersecurity
specialist training. Despite the increase in the average Global Cybersecurity Index score to 65.7
points, the scale and complexity of threats continue to rise, requiring the implementation of
practice-oriented and technologically flexible educational solutions. The article presents a
systematic analysis of existing cyber platforms and identifies their limitations, including the lack
of built-in tools for monitoring and analyzing learners’ progress. As a solution, the HackerPlace
cyber range platform was developed and implemented using Python Django, React.js, REST AP],
and SQLite. The system architecture follows a modular principle and includes client-side, server-
side, and authentication subsystems. The platform supports tasks in web security, OSINT,
steganography, cryptography, and reverse engineering, with mechanisms for tracking task
completion time and success rates. Testing among two student groups demonstrated a 32-58%
increase in task-solving speed and improved performance outcomes.

Keywords. Cybersecurity, threats, cyber range platform, CTF python, simulation-based
learning.
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