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Abstract. The development and implementation of a nanoantenna array for terahertz detection hold immense potential
in advancing scientific research and innovation, proven by its ability to enhance terahertz signal reception, overcome limita-
tions of conventional detection methods, and unlock new possibilities for numerous industries. However, concerns related
to scalability, cost-effectiveness, and potential health hazards highlight the need for extensive research and regulation to en-
sure the safe and responsible deployment of this technology. In view of its remarkable highlights, the terahertz (THz) space
of the electromagnetic range is wealthy in developing prospects in various applications, for example, remote correspondences,
imaging, non-disastrous testing, security filtering, and process control. Terahertz waves are unmistakable for their non-
ionizing radiation, further developed objective than microwaves, unprecedented reach ingestion, and ability to go through
dielectric materials. This paper gives a brief overview of recent advances in THz antenna design for various applications and
investigated possible challenges of these THz systems. We have also focus on terahertz sources and detectors as well as their
applications and scope in different fields, different terahertz detection techniques, limitations of conventional terahertz detec-
tors, design consideration parameters in the designing of nanoantenna, materials used for nanoantenna array designing,
different fabrication techniques, parameters for evaluating performance and potential characteristics for nanoantenna array
in tetrahertz detection.
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Hugpopmamuxa

CHTHaJIa, TIPEOJI0JIEBaTh OTPAHNYUCHNMS TPAJUIIMOHHBIX METOJIOB OOHAPY>KEHUSI U OTKPHIBATh HOBBIE BO3MOKHOCTH JUISI MHOTHX OT-
pacieit. OnHako mpoOJIeMbl, CBSI3aHHBIE ¢ MACIITAOMPYEMOCTBIO, SKOHOMIYECKOH 3()(EKTUBHOCTHIO W IOTEHIMAIBHBIMH OIIac-
HOCTSIMH ISl 3710POBBsI, OAYEPKUBAIOT HEOOXOIMMOCTh OOIIMPHBIX MCCIICNOBAHUI U PEryIMpOBaHus Ul obecriedeHus 0e3-
OIIACHOTO M aJeKBaTHOTO BHEIPEHHs 3TOH TEeXHOJIOrMH. biaronaps cBOMM HpEKpacHBIM XapaKTEpPUCTHKAM Teparepro-
Boe (TT'm) mpocTpaHCTBO 3IEKTPOMArHUTHOTO JHUANa30Ha UMEET OJaroNpHATHBIC MEPCIEKTHBBI IS Pa3sBUTHUS Pa3IM4HbBIX
NPUIOKECHHUH, HampUMep YIAJICHHOW MNEpenuCKu, BHU3YaM3allMH, HEpa3pyIUaloIiero KOHTPOJIS, 3alMTHOH QuibTpanun
U ynpasieHus nporeccamMu. TepareprioBble BOJIHBI 0€30IIHO0YHO y3HAaBaeMbl 0J1aroaapsi CBOeMy HEHOHH3HPYIOLIEMY H3ITy-
YeHHIo, OoJiee Pa3BUTOH LENH, YeM Y MUKPOBOJIH, OeCIpeneIeHTHOM JaJIbHOCTH MPOHUKHOBEHHS ¥ CIIOCOOHOCTH IPOXOIUTH
yepes IUIIEKTpUYecKHe MaTepHasibsl. B naHHOI cTaThe maeTcst KpaTkuit 0030p MOCIEAHHX JOCTWXKEHMH B pa3paboTtke TI'n
AQHTEHH ISl Pa3JIMYHBIX TIPWIOKEHUH W NCCIEIYIOTCSl BO3MOXKHBIE IPo0IeMbl, cBsi3anHble ¢ 3TuMH TI'1| cuctemamu. Ocoboe
BHHMAaHHUE yJIEJICHO TeparepLoBbIM HCTOUYHHKAM U JETEKTOpaM, a TaKKe UX IMPUMEHEHHIO B Pa3IMYHBIX OOJIACTSX, pa3ind-
HBIM METOZIaM TepareploBOro 0OHapyKEHUs, OrPAHUYCHUSM OOBIYHBIX TEPArepLOBBIX IETEKTOPOB, apaMeTpaM IIpU MPOeK-
THPOBAaHWH HAHOAHTEHHbI, MAaTEPHAJIaM, HCHIOJIb3YEMbIM JUIS IPOCKTHPOBAHUS HAHOAHTEHHO PELIeTKH, Pa3IMYHBIM METOaM
H3TOTOBIICHUS, TTapaMeTpaM, MMO3BOJISIONINM OLEHUTh PabOTOCIIOCOOHOCTh M MOTEHIHAIBHBIC XapAKTEPUCTHKH HAHOAHTCH-
HO¥1 peleTKH pu 0OHAPY)KEHHHU B TETPArepIiOBOM JHaNa3oHe.

KiroueBble ci10Ba: 00bIYHBIC METO/BI OOHAPYIKEHHS, AIEKTPOMArHUTHBIN JHANa30H, HCHOHU3UPYIOLIEe H3JTyYeHHE, TIPUeM
TEepareproBoro CUrHaia

Jost nuruposanust: [lanne, C. B. Hanoanrennas pemerka uist oOHapy»XeHHs TepareploBoro Juana3oHa: IpuMEeHeHne, KOH-
cTpykimst u obnacts npumenenus / C. B. ITanne, /. I1. Ilatuns, C. Tane / Hayka u mexuuxa. 2024. T. 23, Ne 2. C. 91-104.
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Introduction

The topic of terahertz technology has emerged
as a potential frontier with a wide variety of ap-
plications in today's fast evolving technolo-
gical world. Between microwave and infrared
wavelengths, terahertz waves, often called T-rays,
generally have frequencies between 0.1 to 10 te-
rahertz (THz) [1, 2]. This frequency range is ideal
for many applications because to its special bene-
fits, which include non-ionizing radiation, excel-
lent spatial resolution, and material penetration.

Due to its capacity to improve terahertz system
performance, Nanoantenna arrays have attracted
a lot of interest in the field of terahertz detection.
The exact control of electromagnetic waves at te-
rahertz frequencies is made possible by these ar-
rays [3], which are made up of subwavelength-
sized antennas grouped in a regular manner. Nano-
antenna arrays provide better sensitivity, selecti-
vity, and spatial resolution by taking advantage of
the collective behavior of nanoscale antennas, ena-
bling groundbreaking developments in several
fields.

Basics of Terahertz Technology

The term “terahertz technology” refers to
the study and use of electromagnetic waves in
the 0.1-10 THz (1 THz = 10" Hz) frequency ran-
ge [3]. This frequency band is in the middle of the
microwave and infrared spectrum. Terahertz waves
have special characteristics that make them suited for
a variety of uses in several industries. Terahertz
waves stand apart from other parts of the electromag-
netic spectrum thanks to a number of features. First
off, terahertz vibrations are non-ionizing [4], which
means they lack the energy to ionize atoms or mole-
cules. They are safe for a variety of uses, such as se-
curity screening and medical imaging, thanks to this
quality.

Terahertz waves may also penetrate a wide
range of materials, including biological tissues as
well as fabrics, plastics, paper, and ceramics [5].
This characteristic makes it possible to image
structures that are not easily accessible using other
types of radiation and to analyze items without
causing any damage to them. Below Fig. 1 shows
the placement of the THz wave in the spectrum.
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Fig. 1. Electromagnetic spectrum (correspond to frequency and wavelength)
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Fig. 2 illustrates the terahertz region within the
electromagnetic spectrum. THz radiation is classi-
fied into two types: broadband THz radiation and
continuous wave THz radiation [7]. THz sources
and detectors are listed below [8].

1) Terahertz Sources
A. Broadband sources:
¢ Quantum cascade lasers,
e Surface Surge currents,
« Plasmon, phonon and coupled mode oscil-
lation,

1. Ranges from 0.1 to 10 THz
2. Wavelength: 3 to 0.3 mm

Seg FagnCe b

microwave mm-wave terahertz

« Schottky diode,
 Photoconductive Switching;
B. Continuous wave (CW) sources:
« Backward wave oscillator,
¢ Quantum cascade lasers,
o Schottky multiplier chains.
Photoconductive switching. The generation of
THz radiation using a femtosecond laser pulse is
shown in Fig. 3.

3. Wavenumber: 3.3 cm™ to 333.6 cm™
4. Energy: 0.41 to 41 meV
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Fig. 2. Terahertz Radiation [6]
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Fig. 3. Generation of THz radiation [5]
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2) Terahertz detectors —

Coherent Semiconductor Thermal
++» Homojunction devices, ¢ Photoconductive switch, +¢ Pyroelectric,
¢ Quanum well infrared detectors; <+ Electro-optic detector; +¢ Hot electron bolometer,
++ Photo-acoustic detector.
Terahertz technology has a wide range of uses teristics of material. Security and surveillance,
and is constantly developing new ones. Several spectroscopy and Communication field are dis-
applications such as imaging and sensing, charac- played in Fig. 4 and 5.
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Fig. 4. Applications of THz waves in different fields

!

Material
Characterization

!

Communication

!
[ et |

Paper & N
Polymer — SEE0ET
T Application
Food
= ||

Defect

—™ Detection
Fig. 5. THz Application Fields [6]

1. Imaging and Sensing. Terahertz waves have including composition, thickness, and density.
applications in imaging and sensing that provide Terahertz images are also useful in biology. In the
important details about material characteristics frequency, range of 1-3 THz Water is good obser-
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ver of THz radiations. In the THz radiation is
therefore capable of detecting differences in tissue
water content and density [9]. Terahertz imaging,
for instance, can also be used in the pharmaceutical
sector to characterize tablet material or in the resto-
ration of fine art to analyze hidden layers in pain-
tings [10].

2. Communication. Because of its enormous
bandwidth, terahertz waves have the potential
to enable high-speed wireless communication sys-
tems [11]. The data rate of existing wireless sys-
tem typically of 100 Mbps, is limited by the use
of carrier wave below 5 GHz. High data rates are
made possible by higher frequency carriers,
and terahertz carrier waves enable data speeds
of up to 1000 Gbps [12]. The benefit of terahertz
communication is that it is immune to interference
from other wireless technologies that use lower
frequencies.

3. Spectroscopy. Terahertz spectroscopy ena-
bles the examination of atomic and molecular
vibrations, revealing details about the structure and
chemical make-up of materials. Environmental
monitoring, security [13], and pharmaceutical
research all benefit greatly from this.

4. Characterization of Materials. Semicon-
ductors, superconductors, and other sophisticated
materials may be characterized by using terahertz
radiation to examine the electronic, vibrational,
and magnetic characteristics of the materials [14].

5. Security and Surveillance. Terahertz waves
may be applied to security screening tasks includ-
ing finding narcotics, explosives, or concealed
weapons. By detecting variations in terahertz wave
transmission and reflection via various materials,
terahertz imaging devices may locate items that are
concealed [14]. Using terahertz systems, one can
simultaneously perform imaging & spectroscopy.
It has been shown that terahertz waves can pene-
trate materials such as paper, wood, plastic, cera-
mic etc. This allows them to reveal the presence
of objects. There are several potential applications
for this technology including identification of
liquids in suspicious bottles, explosives in a mail
envelope, detection of drugs.

6. Dental Cleanliness. Dental carries frequent-
ly knows as tooth rot is perhaps of the most widely
recognized human problem. Carry on by delivering
a subsurface sore in the veneer. If there is no mac-
roscopically visible disintegration or even the for-
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mation of micro cavities at the toothe surface, the
disease may spread to the dentine, the next tissue
in the tooth layer. It is difficult to catch dental
decay early because there are no obvious signs on
the both surface. X ray one of the well-known
methods for detecting decay, only reveal the issue
when drilling and filling are the only options for
preventing degradation.

Below Fig. 5 shows the applications of THz
application fields.

Designing effective and dependable systems
requires a thorough understanding of the principles
of terahertz technology. We shall examine the na-
noantenna arrays especially suited for terahertz
detection in the further section of this paper. We
are able to find answers to a variety of problems
in industries ranging from telecommunications to
healthcare by utilizing the special characteristics
of terahertz waves.

Introduction to Nanoantennas

In the realm of terahertz technology, nanoan-
tennas are crucial, especially for the detection and
control of terahertz waves. The diameters of these
nanoscale-engineered antennas are often smaller
than the wavelengths of the electromagnetic waves
with which they interact. A wide range of applica-
tions in terahertz devices and systems are made
possible by nanoantennas' efficient ability to link,
emit, and modify terahertz radiation [15]. Enhan-
cing the interaction between electromagnetic
waves and materials at terahertz frequencies is the
main goal of nanoantennas. The optical and elec-
trical characteristics of the Nano antennas may be
precisely adjusted to accomplish desired functio-
nality by modifying their size, shape, and material
composition. Nanoantennas allow for the targeted
sensing and manipulation of terahertz waves by
concentrating them into subwavelength zones,
increasing the field intensity [16]. Several types
of nanoantennas are commonly used in terahertz
applications:

1. Dipole Antennas. Dipole antennas are made
up of two conducting components, which are often
shaped like straight rods or arms [17, 18] shown in
Fig. 6. They are frequently used in terahertz tech-
nology because of how easy they are to make.
Depending on the intended use, dipole antennas
can be built as resonant or non-resonant structures.
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2. Loop Antennas. A conductive loop or coil,
which may have a circular, rectangular, or other
shape, makes up a loop antenna [19] in Fig. 7.
In terahertz systems that need a reduced footprint,

loop antennas are frequently employed because of

their tiny size. They have a high radiation efficien-
cy and are capable of resonant behavior.

Square loop antenna ‘ ‘

Triangular loop antenna

Circular loop antenna

T —

Fig. 6. Dipole antenna

Rectangular loop antenna

<>

Square loop antenna

Fig. 7. Types of loop antenna

3. Patch Antennas. These planar devices,
which are generally made of a metallic patch and
a dielectric substrate, operate as antennas [20, 21]
shown in Fig. 8. Due to their simplicity of integra-
tion, compatibility with microfabrication methods,
and customizable resonant qualities, they are
commonly utilized in terahertz systems. Patch an-
tennas are capable of achieving great radiation ef-
ficiency and directivity.

r Y

Lf

Fig. 8. Patch antenna

4. Spiral Antennas. Spiral antennas have con-
ductive traces that are frequently etched or printed
in the shape of spirals on a substrate [22] illustra-
ted in Fig. 9. Spiral antennas are suited for te-
rahertz applications that need broad frequency
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coverage and constrained physical area because of
their broadband performance and small size.

FEED
AT CENTER TERMINATION

©

Fig. 9. Spiral antenna

Nanoimprinting, self-assembly processes, elec-
tron beam lithography, and other methods can all
be used to create nanoantennas. Usually, they are
constructed of metals like gold, silver, or copper,
which have outstanding optical and conductivity
qualities at terahertz frequencies. Nanoantennas
can also benefit from the use of dielectric and se-
miconductor materials to improve performance or
accomplish certain functionality [23].

In order to achieve the necessary electromagnetic
response, size, shape, material qualities, and nano-
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antenna design must be carefully balanced [24].
To optimize the design parameters and forecast
the behavior of nanoantennas, a variety of simula-
tion tools are used, such as the finite element
method (FEM) or finite-difference time-domain
(FDTD) approaches.

The design considerations, manufacturing pro-
cesses, and performance assessment of nanoantenna
arrays especially suited for terahertz detection will
be covered in the following chapters. We can im-
prove the sensitivity, resolution [24], and selectivity
of terahertz systems by utilizing the special qualities
of nanoantennas, opening the door to groundbreaking
applications in fields including security, medical
imaging, and non-destructive testing.

Terahertz Detection Techniques

For recording and analyzing terahertz waves in
a variety of applications, terahertz detection me-
thods are crucial. These methods make it possible
to measure, image, and characterize terahertz
radiation, giving vital information about the cha-
racteristics of materials and paving the way for
the creation of terahertz-based gadgets and sys-
tems. There are several detecting methods used,
and each has a special benefit and application.

Short terahertz wave pulses are sent and re-
ceived via time-domain methods. These pulses in-
teract with the target substance or item, which re-
veals details about its qualities. There are two po-
pular time-domain methods:

In THz-TDS, a brief terahertz pulse is genera-
ted, and when it interacts with the sample, its time-
domain waveform is measured. The terahertz ab-
sorption, refractive index, and other physical cha-
racteristics of the material may be ascertained by
examining the amplitude and phase of the reflected
or transmitted waveform. THz-TDS is frequently

Terahertz

Gate

\
4

- EO Crystal

==

used in material characterization, pharmaceutical
analysis, and quality control since it enables
broadband measurements [25].

Electronic excitations in semiconductors have
previously tracked application in lasers, electronics
parts and PCs. At the same time, they comprise an
astonishing body framework whose quantum proper-
ties might be changed for instance by nanostructure
plan. Thus, THz spectroscopy on semiconductors is
not only use for uncovering new mechanical possibi-
lities of nanostructures but also use as key properties
to control framework. Many peculiarities have pre-
viously been inspected utilizing brief THz beats.
The complicated permittivity or THz-retention coef-
ficient and refractive list of unexcited, inborn semi-
conductors might be determined. Thz photons are
consumed fundamentally by free transporters in
doped or optically animated semiconductors.

TPI scans an object or sample using a terahertz
pulse. A two-dimensional or three-dimensional
picture of the target is produced using the mea-
sured reflected or transmitted pulses at various lo-
cations. TPI is used in applications for medical
imaging [26], non-destructive testing, and security
screening. The system is comprised of a laser-
driven emitter, a beam-forming optics consisting
of focused optics and mirrors, a sample holder, and
an optical delay line, together with a laser-driven
detector [27]. Terahertz pulse (THz) is measured
with and without the sample using the difference
absorption spectra approach. The sample's disper-
sion and absorption, as determined by the Fourier
transformation. The phase and amplitude are both
determined by Terahertz — Time domain spectra
(THz-TDS). Fig. 10 depicts schematics diagram of
Terahertz time domain Spectroscopy. Fig. 11 de-
picts schematic representation of terahertz time
domain scanning and spectroscopic.

Polarizer

T M4 plate

Balanced
Detector

Fig. 10. Terahertz Time-Domain Spectroscopy (THz-TDS) [28]
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Fig. 11. Terahertz time domain scanning and spectroscopic [28]

Terahertz Pulsed Imaging is a pharmacological
assessment device that uses very low power, ex-
tremely brief pulses of electrical energy at fre-
quencies lower than ultraviolet (1 THz = 1012 Hz).
It is completely risk free and harmless. It has al-
ready been demonstrated that terahertz spectrosco-
py is useful for distinguishing among the medica-
tions various polymorph structures. TIP is the sub-
sequent stage in this cycle, where THz beats are
utilized to picture an objective.

Lighting photoconductive semiconductors with
beat close infrared laser energy creates and distin-
guishes THz beats in a cognizant way. Tablet coa-
tings are cloudy to THz frequencies and do not
disperse them altogether.

The behavior of materials or objects to te-
rahertz radiation at certain frequencies is examined
using frequency-domain methods. These methods
frequently use continuous wave terahertz sources
to determine the amplitude and phase of the te-
rahertz signal. The two primary frequency-domain
approaches are as follows:

1. Continuous Wave Terahertz Spectroscopy
(CW-TDS);

2. Fourier Transform Infrared Spectroscopy
(FTIR).

The limitations of conventional terahertz detec-
tors and the particular benefits offered by nanoan-
tenna-based systems led to the usage of nanoan-
tenna arrays for terahertz detection. Nanoantenna
arrays are perfect for terahertz applications because
they provide high sensitivity, selectivity, and spa-
tial resolution. The purpose of employing nanoan-
tenna arrays in terahertz technology is examined in
this paper. Conventional terahertz detectors inclu-
ding bolometers, photoconductive devices, and
Schottky diodes have been extensively used for
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terahertz sensing and imaging [29]. The sensitivity,
bandwidth, and integration capabilities of these
detectors, however, are typically constrained. Here
are a few important limitations:

1. Low Sensitivity. Conventional terahertz de-
tectors frequently have low sensitivity, requiring
the utilization of high-power terahertz sources or
sophisticated amplification systems to generate
adequate signal levels. This reduces the entire sys-
tem's detecting range and sensitivity.

2. Narrow Bandwidth. Because many tradi-
tional detectors have restricted bandwidth, it is dif-
ficult to catch a wide variety of terahertz frequen-
cies at the same time [30]. This can stymie applica-
tions requiring broad frequency coverage or
spectroscopic research.

3. Big and Elaborate Designs. Because certain
traditional detectors require elaborate cooling
systems or external optics, they are big, costly, and
difficult to integrate into small devices. This re-
stricts their use in portable or tiny terahertz devi-
ces. Nanoantenna arrays outperform traditional
terahertz detectors in various ways, solving the
constraints outlined above and enabling substantial
advances in terahertz technology:

1. Increased Sensitivity. Nanoantenna arrays
may focus terahertz waves into subwavelength are-
as, significantly increasing local field strength.
This higher field strength enhances terahertz detec-
tion sensitivity, allowing for the identification of
weak signals and increasing the signal-to-noise
ratio [31].

2. Wideband Operation. Nanoantenna arrays
may span a wide frequency range by creating
nanoantennas with specific resonant qualities. This
enables the detection and manipulation of nume-
rous terahertz frequencies at the same time, ena-
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bling broadband terahertz systems and spectro-
scopic investigation [32].

3. Improved Spatial Resolution. Nanoantenna
arrays increase spatial resolution by confining te-
rahertz waves into subwavelength areas [32]. This
allows for high-resolution imaging and sensing,
as well as the identification of small-scale features
and the exact localization of terahertz sources.

4. Compact and Integrable Designs. Nanoan-
tennas are small and easy to integrate with other
components like microelectronic circuits or ima-
ging systems. Because of their small size, nanoan-
tennas may be easily integrated into portable or
miniature terahertz devices, broadening the variety
of conceivable applications [32].

Increased

e O Sensitivity

Wideband
Operation

Improved
Spatial
\\,‘ Resolution
|
Compact &
\ Integrable
) Designs

The use of nanoantenna arrays in terahertz de-
tection systems is a possible option for overcoming
the limits of traditional detectors and unleashing
new terahertz technological possibilities.

Advantages
of Nano
Antenna

Array

Design Considerations
for Nanoantenna Arrays

Nanoantenna arrays for terahertz detection
need careful consideration of numerous characte-
ristics, materials, and production procedures. These
design factors are critical in influencing the per-
formance and usefulness of nanoantenna arrays.
This section brings into light crucial elements to
consider throughout the design process.

When building nanoantenna arrays for terahertz
detection, several aspects must be considered:

1. Resonant Frequency. The nanoantennas
resonant frequency should match the intended te-
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wTexHuKa. T. 23, Ne 2 (2024)

rahertz frequency range of operation. The reso-
nance frequency of nanoantennas may be con-
trolled by adjusting their size, shape, and material
qualities. By matching the resonance frequency,
the incident terahertz waves may be efficiently
coupled to the nanoantennas.

2. Polarization. Nanoantennas with specified
polarization properties, such as linear, circular,
or elliptical polarization, can be created. The pola-
rization to be used is determined by the application
requirements and the polarization state of the
terahertz waves to be detected.

3. Radiation Pattern. The directionality and
efficiency of the produced or received terahertz
waves are determined by the radiation pattern
of the nanoantenna arrays. Optimizing the radia-
tion pattern ensures that terahertz signals are sent
or received in the desired direction.

4. Bandwidth. The frequency range across
which the nanoantenna arrays can efficiently cou-
ple with terahertz waves is defined by their band-
width. Broadband nanoantenna designs are critical
for applications requiring broad frequency cove-
rage or spectroscopic analysis.

The materials used in nanoantennas are critical
for obtaining high-performance terahertz detection:

1. Metals. Because of their outstanding con-
ductivity and plasmonic features at terahertz fre-
quencies, metals such as gold, silver, or copper are
widely employed for nanoantennas. Plasmonic
effects in metals can facilitate the interaction of
terahertz waves with nanoantennas, resulting in
higher sensitivity and field confinement [33].

2. Semiconductors. Certain semiconductor
materials, such as gallium arsenide (GaAs) or indi-
um phosphide (InP) [34], have advantageous te-
rahertz detection capabilities. Semiconductors have
the capacity to give tunability and integration,
allowing for active control or modulation of te-
rahertz signals.

3. Dielectrics. Dielectric materials, such as si-
licon dioxide (SiO2) or polymers, are used as sub-
strates for nanoantenna manufacturing because
of their low-loss qualities. Dielectrics can help
nanoantenna arrays with structural support, insula-
tion, and thermal stability.

The materials used are determined by the re-
quired qualities, production procedures, and com-
patibility with other terahertz system components.

Fabrication processes are critical in achieving
nanoantenna arrays with exact dimensions and
high-quality structures:
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1. Electron Beam Lithography (EBL). EBL
is a high-resolution process that employs a concen-
trated electron beam to selectively expose a resist
material, enabling accurate patterning of nano-
antennas. EBL is suited for fabricating nanoanten-
na arrays with subwavelength characteristics [35].

2. Nanoimprint Lithography (NIL). NIL in-
cludes mechanically pressing and heating a pattern
from a mold onto a substrate. NIL provides a low-
cost, high-throughput method for producing nano-
antenna arrays [36].

3. Self-Assembly Techniques. Self-assembly
methods use the intrinsic ~ characteristics of mate-
rials to produce ordered nanostructures sponta-
neously. Depending on the individual requirements
and available resources, other manufacturing pro-
cesses such as focused ion beam (FIB) milling,
photolithography, or nano-scale 3D printing may
be employed.

Nanoantenna array design for terahertz detec-
tion necessitates a thorough grasp of the necessary
parameters, material qualities, and manufacturing
procedures. Engineers and researchers may im-
prove the performance and usefulness of nano-
antenna arrays in terahertz applications by careful-
ly examining these design elements.

Performance Metrics and Evaluation

Evaluating the performance of nanoantenna ar-
rays for terahertz detection is crucial to ensure their
effectiveness and reliability. Several performance
metrics and evaluation techniques are utilized
to assess the functionality and efficiency of these
arrays. This section discusses key performance
metrics and evaluation methods commonly em-
ployed in the field. Key Performance Metrics for
Nanoantenna Arrays:

1. Radiation Efficiency. The capacity of nano-
antenna arrays to convert incident terahertz wa-
ves into radiated power is measured by radiation
efficiency. It measures how well the arrays work
at sending or receiving terahertz radiation. Better
performance is indicated by a higher radiation ef-
ficiency. It can be expressed as:

n=~Pr/Pi,

where 1 — is radiation efficiency; Pr is the radiated
power by the antenna; Pi is the input power to the
antenna.
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2. Gain. Compared to an isotropic radiator,
gain is the amplification that the nanoantenna ar-
rays produce when transmitting or receiving te-
rahertz signals. It is computed as the difference
between the power emitted equally in all directions
and the power radiated in the intended direction.
Signal strength improves with higher gain. It can
be calculated using the equation:

G=(M4mmA)/\"2,

where G is the antenna gain; 1 is the radiation effi-
ciency of the antenna; A4 is the effective aperture
area of the antenna; A is the wavelength of the te-
rahertz wave.

3. Bandwidth. The range of terahertz frequen-
cies across which nanoantenna arrays demonstrate
effective coupling or radiation is referred to as
their bandwidth. Applications that need spectro-
scopic analysis or extensive frequency coverage
can be made possible by a greater bandwidth,
which makes it possible to capture a wider variety
of terahertz frequencies. The fractional bandwidth
(FBW) can be calculated using the equation:

FBW = (foax = frin) ! Jo>

where FBW is the fractional bandwidth; f,..x is the
maximum frequency of operation; fu, is the mini-
mum frequency of operation; f; is the resonant fre-
quency of the nanoantenna array.

4. Directivity. The capacity of nanoantenna
arrays to direct terahertz radiation in a particular
direction is measured by directivity. The ratio be-
tween the highest radiation intensity in the chosen
direction and the average radiation intensity in all
directions is used to calculate it. Better concent-
ration ability is indicated by higher directivity.
The directivity (D) can be expressed as:

D =4n(Prad — Ptotal),

where D is the directivity; Prad is the power ra-
diated in the desired direction; Ptotal is the total
radiated power.

5. Polarization Features. Nanoantenna arrays
may display certain polarization features, such as
linear, circular, or elliptical polarization. The ar-
rays polarization properties need to coincide with
the polarization state of the terahertz waves. Essen-
tial variables to take into account are the level of
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polarization and the capacity to control polariza-
tion states.

Performance Evaluation through Simulation
and Measurement Methods. Using simulation
approaches, it is common practice to evaluate and
enhance the performance of nanoantenna arrays.

Finite Element Method (FEM) is a numerical
method for solving the partial differential equa-
tions governing the propagation of electromagnetic
waves. It allows for the modeling and simulation
of nanoantenna arrays, allowing for the examina-
tion of their electromagnetic characteristics and the
optimization of design parameters.

Finite-Difference Time-Domain (FDTD) me-
thod is a computer technique for solving Max-
well's equations that discretizes both space and
time. It is often used to investigate and simulate the
interactions between terahertz radiation and nano-
antenna arrays. FDTD contributes to the usability
of nanoantenna arrays by showing how they be-
have in diverse settings. Measurement techniques
are essential for proving the viability of nanoan-
tenna arrays.

Finite Element Method (FEM) is for figuring
out the amplitude and phase of terahertz waves that
interact with nanoantenna arrays is called terahertz
time-domain spectroscopy (THz-TDS) [37]. Inves-

tigations may evaluate the radiation efficacy, gain,
and frequency responsiveness of the arrays using
this technique.

Terahertz fields near nanoantenna arrays may be
observed and mapped with high resolution using
Near-Field Scanning Terahertz Microscopy (NSOM)
techniques. This enables the observation and charac-
terization of the field distribution, directivity,
and polarization properties of the arrays. Engineers
and scientists may thoroughly assess the perfor-
mance of nanoantenna arrays and improve their
designs to get the best functionality and efficiency
by combining modeling and measurement me-
thodologies. These assessment techniques aid
in the verification of the theoretical models, direct
the process of design optimization, and speed up
the creation of high-performance terahertz detec-
tion systems.

Applications of Nanoantenna Arrays
in Terahertz Technology

Terahertz technology has found a wide range of
uses for nanoantenna arrays, transforming multiple
sectors and allowing breakthroughs in fields in-
cluding security, medical imaging, and non-
destructive testing shown in Fig. 12.

Applications of
Nano antenna
Arraysin THz

Fig. 12. Applications of Nanoantenna Arrays in THz
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The primary application areas where nanoan-
tenna arrays have had a substantial influence are
explored in this section.

1. Security and Monitoring. Because they im-
prove the capabilities for threat detection and iden-
tification, nanoantenna arrays have proven to be
beneficial in security and surveillance applications.
A few noteworthy uses are:

Terahertz radiation has the potential to pene-
trate clothing and other materials, making it feasi-
ble to discover unlawful or concealed goods.
Nanoantenna arrays make it simpler to find and
recognize hidden things because to their high sen-
sitivity and spatial resolution.

Nanoantenna arrays may be used by terahertz
imaging systems to detect illegal substances that
are hidden in shipments or luggage. The enhanced
sensitivity and imaging capabilities of nanoantenna
arrays allow for more accurate detection and labe-
ling of illicit products.

2. Diagnostic and Medical Imaging. The po-
tential for medical imaging and diagnostics have
been broadened by non-invasive, high-resolution
nanoantenna arrays. Such uses in the healthcare
industry include:

Because malignant tissues absorb terahertz
energy differently than healthy cells, terahertz
waves may be able to distinguish between the two.
Nanoantenna arrays provide accurate imaging and
spectroscopic analysis, which help with the early
identification and characterization of malignancies.

Nanoantenna arrays in terahertz imaging devi-
ces can deliver accurate information on skin issues
including melanoma, burns, or infections. High-
resolution imaging capabilities of nanoantenna ar-
rays enable accurate skin disease diagnosis and
monitoring.

3. Nondestructive Testing and Quality Con-
trol. Nanoantenna arrays are crucial for non-
destructive testing and quality control of materials
because they may reveal details about a material's
composition, structural integrity, and defects. Here
are a few examples:

e Material Characterization. Terahertz spec-
troscopy and nanoantenna arrays make it possible
to investigate the chemical, molecular, and bon-
ding states of materials. This aids in the material's
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characterization, quality assurance, and impurity or
pollutant identification.

e Defect Detection. Nanoantenna arrays used
in terahertz imaging systems may find flaws or
concealed damage in a variety of materials, such as
composites, ceramics, or electronic parts. They
enable the detection and visualization of structural
faults, such as fractures or delaminations, because
to their improved sensitivity and spatial resolu-
tion.

These application fields just scratch the sur-
face of the numerous opportunities that nano-
antenna arrays in terahertz technology afford.
Nanoantenna arrays are anticipated to find in-
creasingly more varied uses as this field of study
and development advances, fostering develop-
ments in industries including telecommunica-
tions, environmental monitoring, and semicon-
ductor characterization.

We shall dig more into the design concepts,
manufacturing methods, and particular application
concerns for nanoantenna arrays in terahertz detec-
tion in the subsequent sections of this paper.

CONCLUSION

This paper presents design concepts, manufac-
turing methods, performance evaluation , particular
application concerns for nanoantenna arrays in te-
rahertz detection.

1. Terahertz Technology:

 Terahertz waves occupy the frequency range
between microwaves and infrared radiation.

e Terahertz waves possess unique properties,
such as non-ionizing nature and ability to penetrate
various materials.

e Terahertz technology finds applications in
imaging, communication, spectroscopy, material
characterization, and security.

2. Nanoantennas:

« Nanoantennas are engineered at the nanoscale
to efficiently couple, radiate, and manipulate te-
rahertz waves.

« Different types of nanoantennas, such as di-
pole antennas, loop antennas, patch antennas, and
spiral antennas, are commonly used in terahertz
applications.
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e Nanoantennas can be fabricated using tech-
niques like electron beam lithography, nanoimprint
lithography, or self-assembly processes.

» Materials like metals (gold, silver, copper),
semiconductors (GaAs, InP), and dielectrics are
used for nanoantenna fabrication.

3. Design Considerations:

e Design parameters, such as resonant frequen-
cy, polarization, radiation pattern, and bandwidth,
need to be considered for efficient nanoantenna
array design.

e Materials selection plays a crucial role in
achieving desired performance characteristics.

e Fabrication techniques, including electron
beam lithography, nanoimprint lithography, and
self-assembly, are employed for nanoantenna array
fabrication.

4. Performance Evaluation:

e Performance metrics like radiation efficiency,
gain, bandwidth, directivity, and polarization cha-
racteristics are used to assess nanoantenna array
performance.

e Simulation techniques, such as finite element
method (FEM) and finite-difference time-domain
(FDTD), aid in performance evaluation.

e Experimental techniques like terahertz time-
domain spectroscopy (THz-TDS) and near-field
scanning terahertz microscopy (NSOM) are em-
ployed for measurement and validation.

5. Applications:

e Nanoantenna arrays find applications in se-
curity and surveillance, medical imaging and
diagnostics, non-destructive testing, and quality
control.

e They enable concealed weapons detection,
contraband identification, cancer detection, skin
disease diagnosis, material characterization, and
defect detection, among others.
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Pedepar. CymecTByromue METOANKH pacyeTa TEMIIEPAaTypHbBIX HAMPSHKEHUI B COCTABHBIX CTEPXKHIX UMEIOT ONpeeIcHHbIC
HEJIOCTAaTKH. BaXKHOCTB 3THX pacyeToB CBsi3aHa ¢ 6€30IaCHOCTHIO U (P PEKTUBHOCTHIO TOJAOOHBIX HHXKEHEPHBIX KOHCTPYKIHH
B TaKUX OTpaciiX, KaK CTPOMTENIbCTBO, MAIIMHOCTPOEHUE, aBUalMd. B craThe mpeacTaBiieHO MCCIEAOBaHUE MOBEICHUS CO-
CTaBHBIX CTEPXHEH NpU TEMIEPaTypHOM BO3JEHCTBUH C yueToM AedopMaluu U3ruba U yCIOBHH BO3HMKHOBEHHUS] MaKCH-
MaJIBHBIX HOPMaJIbHBIX HanpspkeHui. [IpoaHann3upoBaHEl COCTABHBIE CTEP)KHH, COCTOSIINE U3 JBYX Pa3IMYHBIX METAIIOB,
CBapeHHBIX Mexay coboil. Pa3paboraHa meTomuka pacdera HOPMAaJbHBIX HANpPSDKCHUWH, y4YHThIBaromas (DU3MKO-MEXaHH-
YEeCKHE XapaKTEPHCTHKHU MAaTEpHANOB COCTaBHBIX YaCTel, TaKHe KaK MOJYJb YINPYroCTH M KO3()(HULUEHT TeMmepaTypHOro
JMHEWHOTO PaCIIMpeHUs. BBIIBICHBI COOCTBEHHBIE HEHTPANBHBIE CIOM KayKAOTO METAUIMIECKOTO CTEPIKHS, YTO ITO3BOJISET
0oJiee TOYHO ONPENIENUTE pacIipe/ieNICHue HaNPSHKEHUH B COCTABHBIX CTEPXKHSX. [IpUBe/IeH NpHMep aHAIUTHYECKOTO pacuera
HOPMaJIbHBIX HAINPsHKEHHH, BOSHUKAIOLIMX B CTEPIKHE, COCTOSIIEM M3 CTAIBHOM U aFOMUHKEBOH yacTei. [locTpoeHs! ammops
HOPMAJIbHBIX HANpsDKEHUH 10 BBICOTE COCTaBHBIX cTepxHed. JlomomuurensHo Obu1 mpoBeneH MKD-anamu3 cocTaBHOTO
CTEpIKHS NIPU TEMIIEPATYPHOM BO3ICHCTBUH, peaan3oBaHHbIA ¢ momoibio [IK Ansys 2023 R2. Pe3ynsTaThl YMCICHHOTO HC-
CJICIOBAHMS C BBICOKOH TOYHOCTBIO MOATBEPIMIH JAHHBIE, IIOJyYeHHbIE TECOPETHIECKUM ITyTeM. Pe3ynbTaTsl MpoBeaeHHOTO
UCCIIeIOBaHNsl UMEIOT Ba)KHOE 3HAUCHHE ISl NMPAaKTHYECKOTO MCIOJb30BAHUS MPU MPOEKTUPOBAHUU U KOHCTPYHPOBAHHU
MoJO00HBIX COCTAaBHBIX KOHCTPYKIMH, oOecrieunBasi HIbKEHepaM OoJiee TOUYHBIC JAHHBIC IS aHAIHM3a BIVSIHUS TEeMIICpaTyp-
HBIX HAaNPSDKEHUI.

KroueBble ciI0Ba: COCTaBHOM CTEpXKEHb, TEMIIEPATYPHBII N3rn0, HOPMaJIbHOE HANPsDKEHUE, U3rH0aroNInii MOMEHT, MOIYJIb
YIPYTOCTH, HEUTPAJIBHBIHA CIIOMH, 3II0pa HAIPSKEHUH, METO KOHEUHBIX dneMeHToB (MKD)
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Normal Stresses with Temperature Bending of Composite Rod
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Abstract. Existing methods for calculating temperature stresses in composite rods have certain disadvantages. The importance
of such calculations is related to the safety and efficiency of similar engineering structures in various industries such as
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construction, mechanical engineering and aviation. The paper presents a study of the behavior of composite rods under ther-
mal loading, taking into account bending deformation and the conditions leading to maximum normal stresses. Composite
rods consisting of two different metals welded together have been analyzed. A methodology for calculating normal stresses
has been developed that takes into account the physical and mechanical characteristics of the materials of the component
parts, such as the modulus of elasticity and coefficient of linear thermal expansion. The intrinsic neutral layers of each metal
rod have been identified, which makes it possible to more accurately determine the stress distribution in the composite rods.
An example of the analytical calculation of normal stresses occurring in a rod composed of steel and aluminum parts is pro-
vided. Diagrams of normal stresses along the height of the composite rods were constructed. Additionally, a FEM analysis
of the composite rod under temperature influence was carried out while using Ansys 2023 R2 software. The results of
the nume-rical study confirmed with high accuracy the data obtained theoretically. The outcomes of this study are crucial
for practical applications in the design and construction of such composite structures, providing engineers with more accurate
data for analyzing the influence of thermal stresses.

Keywords: composite rod, temperature bending, normal stress, bending moment, modulus of elasticity, neutral layer, stress
diagram, finite element method (FEM)

For citation: Dudjak A. I., Khvasko V. M. (2024) Normal Stresses with Temperature Bending of Composite Rod. Science

and Technique. 23 (2), 105-113. https://doi.org/10.21122/2227-1031-2024-23-2-105-113 (in Russian)

BBenenue

N3yueHue noOBEACHMS COCTABHBIX CTEpIKHEH
IpU HarpeBe NpECTaBisieT co00il BaxHyIO 3ala-
4y, UMEIOIYI0 IPUMEHEHUE B UHXKEHEPHOU IIpaK-
Tuke. OJHUM M3 KIIOYEBBIX ACHEKTOB SBIAETCS
aHaJIN3 MAaKCHUMAaJbHBIX HOPMAJIBHBIX HaIpsiKe-
HUU, BO3HUKAIOUIUX B COCTAaBHOM CTEpXKHE B pe-
3yJbTaTe BO3JEHCTBHS TEMIIEPATYPHOTO HAarpeBa
¥ OJHOBPEMEHHOIO BO3HHUKHOBEHHS IehOopMaLuu
u3ruoa.

B pabotax [1, 2] mpencraBneHbsl 0a30BbIe CBe-
JEHUsI O TPOYHOCTH M YCTOMYMBOCTU COCTaB-
HBbIX KOHCTPYKLUMH, OJHAKO 3TH METOAUKU UMEIOT
OIpEeIeTICHHbIE OTrpaHUYeHUs. PaccMOTpeHa y3Kas
1oJIoca MpU paBHOMEPHOM HarpeBe OT TeMIepa-
TYpBL #) JO ¢, COCTAaBICHHAs U3 ABYX Pa3IU4HBIX
METaJUIOB (MOIYJH TPOJOJIBHON ympyroctu £,
U E, COOTBETCTBEHHO), CBapEHHBIX MEXAY COOOi
(puc. 1). Ecnu k03 hunuenTs! TMHEHHOTO pacilu-
peHMsS 3THUX METAIOB Pa3lIM4YHBL (o, >a,), TO

Harpes 6y,Z[GT COIMPOBOXAATHCA M3THOOM TTOJIOCHL.

a

Ey, o

B pacuerax mpuHHMManach IIMPHHA IOJIOCHI, PaB-
Has eJUHHUIIE.
Jns mpocreiimero ciaydas, korga E =E, =E

h
uh=h =~ » PEACTABIICHa CIleAYIomas popmyna

JUTSL OTIpeNieTICHUs] HOPMAaIbHBIX HANPsKEHUH, BO3-
HUKAIOIINX B OMMETAIUTNYECKON IIOJIOCE:

o )(t=1y). (1)

Pacnpenenenne HOpMabHBIX HANpPSDKEHUN 10
MIOTIEPEYHOMY CEUEHHI0 OMMETAJUTMYECKOW MOJIO-
CBI JIJIsl TAKOTO CITy4asi MOKa3aHo Ha puc. 2.

Kak BumgHO W3 puc. 2, pacmpeneneHnue Hamps-
JKEHUH MO BBICOTE CEYCHMSI HOCUT JIMHEHHBIM Xa-
pakTep, ¥ OHH JOCTHTAIOT MaKCHMaJbHBIX 3Hade-
HUU B 30HE KOHTaKTa MOBepXHOCTeil moioc. [Ipu
TaKOM CIoco0e COSAMHECHUS METAJUIOB HE YUTEHBI
YCIIOBUSI BO3HHKHOBEHUS KacaTeJIbHBIX HarpsKe-
HHH BOJIM3HM 30HBI KOHTAKTa METAJLIOB [3], 4TO sIB-
JISIETCSl CYIIECTBEHHBIM HEJIOCTAaTKOM H3JI0KEHHOM
METOIMKH.

1
(¢} ZEE((XZ_

max

| =~

E>, 0

N =

///

b=1

Puc. 1. bumertannuyeckas mojoca:
a— cXeMa IMOJIOCHI U3 JIBYX Pa3InUuHbIM METAIUIOB; b — MOMEPEYHOE CCUCHUE TOJIOCHI

Fig. 1. Bimetal strip: a — diagram of strip of two different metals; b — cross section of strip
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o | =

N | =

Puc. 2. PacnipenienieHre HOPMAIBHBIX HAPSDKCHUIN 110 CEUCHUIO OMMETAIUTMICCKON TTOJIOCHT

Fig. 2. Distribution of normal stresses over cross section of bimetal strip

Kpome Ttoro, B pacuerax mojocy U3 IByX Me-
TaJUIOB PAacCMAaTPHUBAIOT KaK €IWHOE IIeNioe, MMe-
IOLIYI0 pauyc KPUBU3HBI p, TO €CTh CBapKa Co-
CTaBHBIX YaCTEH JOJKHA MPOU3BOJUTHLCS MO BCEU
JuinHe OOKOBBIX TOBepXxHOCTel. OmHaKko pac-
MpeesicHue HOPMANBHBIX HaNpshKeHUH (puc. 2)
MMOKAa3bIBACT, YTO KaXKIbIM METaJIMYCCKUM CJI0H
MOJIOCKI ~MMEET COOCTBCHHBIM  HEUTpaTbHBINA
croit [4].

Taxkum 006pazoM, HECMOTPS Ha CYIIECTBYIOIINE
HCCJICIOBAaHUs, OCTaeTCsI HEOOXOAMMOCTh B Jallb-
HelIeM aHanmu3e ¥ yTOYHeHUH GopMyl 1uist Oolee
TOYHOTO OIMCAHUS PACTIPEICICHUS HAIPSKCHUI
B COCTaBHBIX CTepXKHSIX. B maHHOW paboTe MBI
npemioxkuM Oojiee TOYHYI0 METOIUKY pacdeTa
HOPMAJIbHBIX HANPS>KEHUN B COCTaBHBIX CTEPIKHIX
MpH UX TEMIIEpaTypHOM HarpeBe. Y IeTuM 0coboe
BHUMAHHE BOIPOCY 3aKPEIUICHHs] COCTAaBHBIX 4Ya-
CTeH CTepKHEH MEXITy COO0W M WX COOTBETCTBHUIO
TeopeTuyeckuM mojensiM. Kpome Toro, nmposegem
MKD3-ananu3 sl TOATBEPXKACHUS IOJYICHHBIX

TeopeTuyeckue uccaer0BaHUA
HOPMAJIbHBIX HANIPSIZKEHU

PaccmoTpuM cocTaBHOM CTEp)KEHb, JIEKaIIUA
CBOOOZHO Ha JBYX IIApHUPHBIX omopax (puc. 3).
O603HaYM MOAYJIHM MPOAOIBHON  YIPYTOCTH
BEpXHEH U HIKHEW YacTel cTepxkHs £ u E, cooT-
BETCTBEHHO, UIMPUHY CEUEHHS CTEPKHS b, BBICOTY
BEpXHEH 1 HIDKHEH yacTel CTep)kKHS ¢, d COOTBET-
ctBeHHO. [Ipu TemmeparypHOU AedopManiy AaH-
HOTO CTEPXHsI BOCIIOJIb3YEMCs THIIOTE30M, coriac-
HO KOTOpPOW IUIOCKHE CeYeHHs A0 AedopMariu
OCTAIOTCS TUIOCKUMH H TTociie Hee [5].

Ecmu mpunATh, uTO0 KO3(h(GUIHEHT TeMmIepa-
TYPHOTO JJMHEHHOIO PAaCIIUPEHUs o, > o, TO IPH

HarpeBe TaKOro COCTABHOI'O CTEP)KHS OT Hadallb-
HOM TeMIieparypsl #, 10 KOHEYHOH ¢ U3rH0 BepxHe-
T0 W HIDKHETO CTepXKHEH OyIeT IMPOUCXOIUThH BHI-
MYKJIOCThIO BHU3, a HA UX TOPIaX BO3HUKHYT OJU-
HAKOBBIE wu3rubaromye MoMeHTHl AM,. IloaHbli
MU3rU0a0MUH MOMEHT M, MOXHO MPEICTaBUTh KaK
CyMMY H3THOQIONTNX MOMEHTOB, JCHCTBYIOIIHNX HA
BepxHU#t (M) u HWKHUHN (M,) CTepKHU:

Ppe3yJIbTaTOB U OLIEHKH UX TOYHOCTH. M, =M, +M,. 2)
a b
y y
. \\\\\\\x\ 4
wy P v D)«
4 B D //////
t%&\ !
Puc. 3. CocTaBHOM CTEpKEHb Ha ABYX OLOpAX:
a— cXeMa COeJMHEHMS COCTaBHBIX YAaCTEH CTEPXKH:; b — [ONepeyHOe CeUCHHE CTEPIKHS
Fig. 3. Composite rod on two supports: a — connection diagram of rod parts; b — cross section of rod
H
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B cBs13u ¢ TeM, 4TO YTIJIbI HOBOPOTA OTAEIBHBIX
yactel OyIyT paBHBI MEXIy co00MH, popMynbl s
OIIPE/IENIEHNs] COCTABIISIONIMX H3rHOAOIUX MO-
MEHTOB MO’KHO IPEJICTABUTH B BUIE:

El E, I
M =M Txl . M.=M 27 x2 3
1 u (EIX)C s 2 u (EIX)C s ( )

rne I, 1., — MOMEHTBI HHEPLIUU COCTABHBIX Ya-

CTEN CTepKHS; (EIX) — CyMMapHas XeCTKOCTh

c
CEYECHUs COCTABHOI'O CTEPKHA [6].

[lpy HarpeBe OWMETAIIIMYECKOTO CTEPIKHS
BEPXHAS €ro 4acTh Oy/eT YIJIMHATHCA 33 CHET BO3-
JIVCTBHS HA Hee HIKHEH ero YacTH ¢ OOJBIINM KO-
3pdurreHToM TeMIepaTypHOTO PACIIUPEHUS O,

a HWKHAS YacTh OyIeT ykopauuBarbes. Bemen-
CTBHE TOTO YTO K CTEP)KHIO HE MPUIIOKEHBI BHEII-
HUE CWJIbl, BO3HUKAIOUIME BHYTPEHHHE CHIBI N,
U N, JOIKHBI YpaBHOBELIMBATH APYT OpYyTa, TO
ectb N,=N,=N.

Panee B pabote [7] moxy4eHO COOTHOUICHHE,
CBSI3BIBAIOLICE MOJHBIM H3rMOAIOIUIl MOMEHT C
MPOJIOJIBHON CUIIOH:

M, = ! N d 4
T (c+d). 4

C ydyeroM coBMecTHOCTH AehopManuii OT TeM-
MepaTypHOro Harpesa, M3ruba M OCeBOro BO3JEH-
CTBHUSI Ha BEPXHIOIO M HIDKHIOIO YacTH CTEP)KHA B

30HE KOHTaKTa METaJUIOB 3HaueHue cuibl N Oynaer
paBHo [7]

o, —oy )(E—1¢
N = ( 2 1)( 0) - (5)
1 1 (c+d)
+ +
E4  E4, 4(E1x )c

HopMmanpHble HampspkeHHS B COCTAaBHBIX 4Ya-
CTSIX CTEPXKHS OMPEeIIIoT U3 GOopMyII:

N M
G, =—x—Ly; 6
1 41, i (6)
N M
c,=——+*—2y,, 7
2 41, %) (7N

Tac yi, Y» — OpAUHATBI TOYCK, B KOTOPBIX OIpEaAc-
JIAKOTCA HOPpMAJIbHBIC HAIPSAXKCHUS.
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Ipumep aHaIMTHYECKOTO pacyeTa

TpeOyercst uccnenoBarh pacrpenesieHue HOp-
MaJIBHBIX HaHpH)KeHI/Iﬁ 10 BBICOTE CCUCHUA
CTEePKHsI, COCTABJICHHOTO M3 CTAJbHOW W aJIlOMU-
HHEBOH gacTei, moka3aHHoTo Ha puc. 3. CTepkeHb
HArpeBaeTcsi OT HAYalbHON TeMIeparypsl f, =
=20°C g0 xoneunoit t=70°C. IIpurumaem

KO3(1)(1)I/ILII/ICHTLI JIMHEHHOTO pacmiupCHud: OJjis CTa-

s 1
m oo, =1,2-10 3 , a I aiOMUHHUS O, =

rpan

1
rpan

=2,3-10" Moxyan TponoNBHON ympyro-

CTH: I cramu k| =2-10° Mlla, mog amroMu-

wus E,=0,71-10° MIla. Ilupuna cransHoi u
aJIOMHUHHEBOH yacteil b = 50 MM, BBICOTHI 00€HX
yactel paBHBI ¢ =d = h = 30 mm.

OmnpenenvM BHYTPEHHHE CHJIBI OT Harpesa
B CTaJbHOM M AIIOMHUHHEBOH YacTsX B COOTBET-
ctBuU ¢ hopmyoi (5)

N = (o — o )(t=1y)
1 1 h?
+ +
E 4, E,A, (EI, )c

B namewm cnyuae:

4 = 4, =bh=50-30=1,5-10° (mm’);

h3 . 3
=1, =2 50305500 (mn*).
’ 12 12
IToxcraBuB BenuuuHbl Ay, A>, I, U 15, BEIUHC-
JIUM BHYTPEHHUE CUJIBL:

(2,3-10° -1,2:10°)(70-20)
N = I I -

+ +
2:10°-1,5-10° 0,71-10°-1,5-10°

(2,3:10° -1,2:107)(70-20)
- 302 B

(2-105 +0,71-105)-112500

+

= 13019,82 (H).

Hayka
wrexHuka. T. 23, Ne 2 (2024)



Deformation in Solid Mechanics

[TonHpIM M3ruOarOUMi MOMEHT, COIJIACHO BbI-
paxenuto (4), Oyaer paBeH

M, =Nh=13019,82-30=390594,6 (H - mm).

B coorBerctBuu ¢ popmynamu (3) BBIYUCIAM
BEJIMYMHBl H3rMOAIOIMX MOMEHTOB, HEHCTBYIO-
KX Ha cTajbHylo (M)) n amromuHueByto (M,) ya-
CTH CTEPKHSI:

El

1% x1
= =

u (E[x )c

2-10° -112500 _
(2:10°+0,71-10°) 112500

=390594,6-

=288261,7 (H-mm);

E21x2
2 = —_—

“(EL),

0,71-10° -112500 ~
(2:10°+0,71-10°) 112500

=390594,6-

=102332,9 (H - mm).

Ha pI/IC. 4 HpI/IBe,I[eHO HonepeIIHoe CCUCHHUEC CO-
CTaBHOT'O CTCp)KHH U TOYKH, B KOTOpLIX 6y):[yT
or[pez[eneHLI BCIINYUHBI HOpMaJ'II)HBIX Hanpsmce-
HUH.

a b
Y 29,76

El, (0%

V/// //A §4,96

b o, Mlla

Puc. 4. Pacnipenenenue HOpMalbHbIX HAaIPSHKEHUH
IO BBICOTE COCTABHOI'O CEUCHHS:
a — cXeMa [OIePEeYHOro CeUCHHMS;
b — sIropa HOpMaJIBHBIX HAIPSHKCHUH

Fig. 4. Distribution of normal stresses along height
of composite section:
a — cross section scheme;
b — normal stresses diagram

HopmanbHble HampsbkeHHs, coryiacHO (opmy-
nam (6), B Toukax A u B OyayT paBHBI:

Hayka
wrexHuka. T. 23, Ne 2 (2024)

" 7
W //A 22,32 47,11

N M, h_13019,82 288261,7 152
A

. I, 2 1500 112500
=-29,76 (Mlla);
N M, h 13019,82 288261,7
Op=—"+t—"—= + 15=
A I, 2 1500 112500

=47,11 (MITa).

BrruuciuMm HOpMaslbHBIE HANPSDKEHUS B TOY-
kax C u D, coriacHO BeIpaKkeHUIM (7):

Cc = =

__13019,82  102332,9 15=-22,32 (MIla);
1500 112500

N M, h
GD = 4= .=
A2 Ix2 2
:_13019:82+102332’9.15:4,96 (MITa).

1500 112500

Ilo mosyyeHHBIM AaHHBIM TMOCTPOEHA 3MIOpa
pacipeneneHuss HOpMaJbHbIX HANPSDKEHUH 0 BbI-
COTE CEUEHUS COCTABHOTO CTepkHsI (puc. 4b).

MK?DJ-anajau3 HOpMAJIbHBIX HANIPSIAKEHUI

st moATBEpkKACHHUSI TEOPETUIECKUX UCCIIE0-
BaHWI TPOBENICH pacyeT HOPMAJbHBIX HaIlpsbKe-
HAW TIpH HAarpeBe COCTABHOTO CTEpKHS (pHcC. 3)
METOJ0M KOHEUHBIX dneMeHToB (MKD), peamuso-
BaHHOTO ¢ Tomotsio [IK Ansys 2023 R2 [8-10].

CwmonennpoBan crepxkeHb anuHor 1000 MM,
COCTOSIIMA M3 OAMHAKOBBIX CTaibHOM (Structu-
ral Steel) n amomunuesor (Aluminum Alloy) ua-
CTell TPSMOYTOJILHOTO IOMEPEYHOr0 CEYeHHs ¢
3aJaHHBIMU pazmepamu: b = 50 mm, £ = 30 MM
(puc. 5) U HEOOXOAMMBIMH MEXaHUYECKUMH Xa-
pakTepuctukamu (puc. 6). 3aTeM 3aJaHbl yCIOBUS
3akperiennst crepxkHs (4 — Fixed Support, B —
Displacement) (puc. 7) u ycnoBus TeMmIeparyp-
Horo HarpeBa oT 20 mo 70 °C (Thermal Condi-
tion) (puc. 8).

JIns omacHOro CedYeHus, INPOXOJSIIEro dYe-
pe3 IEeHTP Macc COCTABHOTO CTEPI)KHS, OBLIH OI-
peneseHbl BEIMYMHBI HOPMAJIBHBIX HANpsKe-
HuUl (puc. 9).
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000 200 40000 ()
1

10000 30000

A

A

000 20000 400,00 ()
- 1

10000 30000

Puc. 5. MonenupoBaHue 4acTe COCTABHOTO CTEPIKHS

Fig. 5. Modeling parts of composite rod

@) Structural Steel &

Fatigue Data at zero mean stress comes from 1998 ASME BPV Code, Section 8, Div 2, Table 5-110.1

Density 7.85e-09 tonne/mm®

Structural v

¥ Isotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus

Isotropic Secant Coefficient of Thermal Expansion

Compressive Ultimate Strength
Compressive Yield Strength

@ Aluminum Alloy

Young's Modulus and Poisson's Ratio
2e+05 MPa
03
1.6667e+05 MPa
76923 MPa
1.2e-05 1/°C
0 MPa
250 MPa

General aluminum alloy. Fatigue properties come from MIL-HDBK-5H, page 3-277.

Density

2.77e-09 tonne/mm’

Structural v

W Isotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus

Isotropic Secant Coefficient of Thermal Expansion

Compressive Ultimate Strength
Compressive Yield Strength

Young's Modulus and Poisson's Ratio
71000 MPa
0.33
69608 MPa
26692 MPa
23e-05 1/°C
0 MPa
280 MPa

Puc. 6. Mexanndeckre XapaKTepHCTHKN MaT€PUalOB COCTABHBIX YacTel CTEPIKHS

Fig. 6. Mechanical material characteristics of rod parts
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0.00 200.00 400.00 (rrirn) ZA X
L E—— ESS—

100.00 300,00

Puc. 7. Ycnosus 3aKpeIieHUs. COCTaBHOTO CTEPIKHS

Fig. 7. Conditions for fastening a composite rod

0.00 200.00 400.00 {rony ZA X
B e

100.00 300.00

Puc. 8. VcnoBus TeMIepaTypHOro HarpeBa COCTABHOIO CTEPIKHS
Fig. 8. Temperature heating conditions for a composite rod
CpaBHUTENBHBII aHATU3 Pe3yJIbTATOB

ComocTaBiuM pe3ysibTaThl TEOPETHUYECKOTO pacdeTa C MAaHHBIMU, MOJYYCHHBIMH B pe3yjbTare
MKD-ananu3a (tadm. 1).

Tabauya 1
Table 1
HopmanbHble HanpsHKEHHS
CoCTaBHOM CTEPIKEHD CeueHue ITorpeurnoctsb, %
P Teoperuyeckoe MKD-pacuer, MiTa rp o
3HaueHue, Mlla
A -29,76 -30,177 1,40
Cranb (Structural Steel)
B 47,11 47,532 0,90
C -22,32 -22.461 0,63
Amomunnii (Aluminum Alloy)
D 4,96 5,114 3,11
[ Hayka 111
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100,00

-30.177 Min

0.00

200.00

50.00

400,00 (rarn) z x

300.00

100,00 {rrrn
1

25.00

75.00

Puc. 9. Pacnipe/iesieHrie HOPMAIbHBIX HAIPSDKEHHH B OMTACHOM CEYCHHUH COCTABHOTO CTEPIKHSI

Fig. 9. Distribution of normal stresses in a dangerous section of a composite rod
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1. IlpennoskeHbl COOTHOIIECHUS sl OMpe/ee-
HUS BEJIMYMHBI U3THOAIOIIETO MOMEHTA, JCUCTBY-
FOIIETO HA COCTABHOU CTEP)KEHb, U (HOPMYIBI IS
OTIpEIETICHUS] COCTABISIONINX HM3THOAIONINX MO-
MEHTOB, JIEHCTBYIOIINX Ha OTHAEIBbHBIE YacTH CO-
CTaBHOTO CTEPIKHS.

2. IlomyuyeHbl BBIpRXEHUS IJSI OMpEIeNeHUs
HOPMaJIbHBIX HANpsSHKEHUH B OTIENBHBIX YacTIX
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CTaBHOM CTep)KHE HOpPMallbHbIC HAINpPSHKEHUS W3-
MEHSIOTCSA TIO0 JIMHEWHOMY 3aKOHY, NpHU 3TOM
CTepXKHH UMEIOT HEUTpabHBIE CIIOH.

3. IIpoBeger MKD-aHann3 cOCTaBHOTO CTEPK-
Ha ¢ ucnonp3oBanueM 11K Ansys 2023 R2. [Tomy-
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YEHHBIE pPEe3yJIbTaThl C BBICOKOM TOYHOCTBIO IMOJ-
TBEP>KJAIOT JOCTOBEPHOCTh TEOPETHYECKHUX UC-
CJIEJOBAHNN TEMIEPATYpHBIX HANps KEHHUH, BO3-
HUKAIOIIUX IPU M3THOE CTEPKHS, COCTaBJICHHOTO
13 CTAJILHOM U aJllOMUHHUEBOM YacTEH.
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Pedepat. [IpemnoskeHa TEXHOIOTUS TPEXOMOPHOI aOpa3uBHOM 0OpPaOOTKH IIIOCKO-BBIMTYKIIBIX KOHMYECKUX JIMH3 HHCTPYMEH-
TOM CO CTaOMJIM3MPOBAHHOH ITOCKOCTHOCTBIO pabodeil MOBEPXHOCTH, U PACCMOTPEHA CXeMa YCTPOMCTBA VIS peaH3aliiy
STOH TEXHOJIOTHHU. Y CTPOHCTBO COAECPXKUT MHCTPYMEHT-IHUCK C IJIOCKON paboueil MOBEPXHOCTHIO, IIPABWIBHUK B BUJIE CTEK-
JISTHHOH TTACTHHBI C OTBEPCTHAMH AT A€TajieH, IPHUBOJ] BPAIATEIbHOTO ABMKEHHMS MOCIEAHUX U Ball IPHBOJA BO3BPATHO-
BpALIATEJILHOTO UX IepeMellieHus. I1py ucronb30BaHUN YCTPONUCTBA KPEIICHUE II0CKO-BBITYKIIbIX KOHUYECKUX JIMH3 AJIS UX
MOCIEIYIOIEH IPYNIoBOi 00pabOTKM MPOMCXOMUT MOCPEACTBOM ONTHYECKOTO KOHTAKTa, OCHOBAHHOTO HA CHJIAaX MOJEKY-
JSIPHOTO cLeIUIeHHsl. Takoi MeTox ONOKMPOBKH IIOBBINIAET TOYHOCTH 0OpabOTaHHBIX JeTaneil M HCKIIoYaeT HMpUMEHEHHe
HaKJICCUHOU CMOJIBI, NIPY HarpeBe KOTOPOH IPOUCXOIUT 3arpsa3HEHHE OKpY’Karollel cpesbl KaHLEPOTreHHbIMU BEllleCTBaMU
(enonbHOM rpynmel. Kpome TOro, B KOHCTPYKIHIO YCTPOICTBA BBEACHBI CIICNNAIBHBIE KOMIICHCATOPHI, TIO3BOJISIOIINE CBECTH
K MUHAMYMY BIIHSHIE BUOpAIUii B CHCTEME «CTaHOK — IIPUCIIOCOOICHNE — HHCTPYMEHT — JIeTallb», YTO CIIOCOOCTBYET ITOBBI-
MIEHHIO TTAPaMETPOB TOYHOCTHU TJIOCKO-BBITYKJIBIX KOHUYECKHUX JIMH3. M37105KeHbI pe3yIbTaThl UCCIEA0BAHHS BIUSHUS XapaK-
Tepa 00paboTky OOKOBOI MOBEPXHOCTHU IIOCKO-BBIITYKIIBIX KOHMIECKHUX JIMH3 HA TOYHOCTH U MPOU3BOANUTENHEHOCTH IIPOIIecca
(dopmooOpazoBanus. PaccMOTpPEHBI CllefyIOIHUe Cilydan: ¢ pa3IMYHOW OpHeHTalel BEepIIMHBI IUIOCKO-BBITYKIIBIX KOHUYE-
CKHX JIHH3 OTHOCUTEIBHO OCU CUMMETPHU HHCTPYMEHTa, 0€3 NMPUHYAUTENBHOTO U C IPUHYAUTENbHBIM UX BPAIlEHUEM, C BbI-
X0/IoM U 0e3 BBIXO/ia 3a Kpalf HHCTpyMEHTa IIPH BO3BPATHO-BPAIATEIEHOM IIEPEeMEICHUH 3ar0TOBOK 110 pabodeii IToBepXHO-
CTH IIOCJIEJIHET0. Y CTAaHOBJICHO, YTO TOYHOCTh ()OPMOOOPA30BaHUS U €r0 HPOM3BOJUTEIBHOCTD B Cllydae 00paboTKu 6e3 Bbl-
Xoja eTaneif 3a kpait ”HCTpyMeHTa B cpexHeM Ha 30 % BBIIIE 10 CPaBHEHHMIO C IPOTHBOIIOIOXKHOHN CUTyaluel, a 00paboTka
C IPUHYIUTEIBHEIM OTHOCHTEIBHBIM BpallleHHeM OJIOKa JeTayiell IOBBIMIaeT UX TOYHOCTH B CPEIHEM B IIOITOpa pasa Mo
CPaBHEHMIO C OTCYTCTBUEM TAKOBOTO, IIPH 3TOM BHYTPEHHSS OPUEHTALUs MIOCKO-BBIMYKIbIX KOHMYECKHX JIMH3 (BEpIIHHA
KOHyCa HalpaBJeHa B CTOPOHY OCH BpAIIEHHs HMHCTPYMEHTA) CIIOCOOCTBYET MOBBIMICHUIO HHTEHCHBHOCTH ChEMa MPUITyCKa
GoJiee 4eM B J1Ba pa3a MO CPABHEHHIO C HAPY)KHOU UX OpHEHTALUEH.

KiioueBble c/10Ba: KOHMYECKAs JIMH3A, IVIOCKUI HHCTPYMEHT, IIPABUJIBHUK, TPEXONOpHas 00paboTKa, HaJlad0YHbIe apaMeT-
PBI, peKUMBI 00paOOTKH, CBOOOAHOE IPUTHPAHUE
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Kinematic Features of Abrasive Processing of Lateral Surface
of Flat-Convex Conical Lenses Using Free Rubbing Method

A. S. Kozeruk”, R. O. Diaz Gonzales"?, M. I. Filonova", V. O. Kuznechik”, V. I. Yurinok”

Belarusian National Technical University (Minsk, Republic of Belarus),
DPolytechnic University Institute of Santiago Marifio (Merida, Venezuela)

Abstract. A technology for three-support abrasive processing of flat-convex conical lenses using a tool with a stabilized flat-
ness of the working surface is proposed, and a device diagram for implementing this technology is considered. The device
contains a disk tool with a flat working surface, a straightener in the form of a glass plate with holes for parts, a drive for
the rotational movement of the latter and a drive shaft for their reciprocating rotational movement. When using the device,
the attachment of flat-convex conical lenses for their subsequent group processing occurs through optical contact based on
mo-lecular adhesion forces. This blocking method increases the accuracy of processed parts and eliminates the use of adhesive
resin, which, when heated, pollutes the environment with carcinogenic substances of the phenolic group. In addition, special
compensators have been introduced into the design of the device to minimize the influence of vibrations in the “machine —
fixture — tool — part” system, which helps to improve the accuracy parameters of plano-convex conical lenses. The paper
presents results of a study of the influence of the nature of processing of the lateral surface of flat-convex conical lenses on
the accuracy and productivity of the shaping process. The following cases are considered: with different orientations of the
top of flat-convex conical lenses relative to the axis of symmetry of the tool, without forced and with forced rotation, with and
without going beyond the edge of the tool during reciprocating rotational movement of workpieces along the working surface
of the latter. It has been established that the accuracy of shaping and its productivity in the case of processing without parts
lea-ving the edge of the tool are on average 30 % higher compared to the opposite situation, and processing with forced rela-
tive rotation of a block of parts increases their accuracy on average by one and a half times compared with absence of such,
while the internal orientation of flat-convex conical lenses (the top of the cone is directed towards the axis of rotation
of the tool) helps to increase the intensity of stock removal by more than two times compared to their external orientation.

Keywords: conical lens, flat tool, straightener, three-support processing, adjustment parameters, processing modes, free
grinding

For citation: Kozeruk A. S., Diaz Gonzales R. O., Filonova M. 1., Kuznechik V. O., Yurinok V. I. (2024) Kinematic Features
of Abrasive Processing of Lateral Surface of Flat-Convex Conical Lenses Using Free Rubbing Method. Science and Tech-
nique. 23 (2), 114-120. https://doi.org/10.21122/2227-1031-2024-23-2-114-120 (in Russian)

BBenenue

JIOCTOMHCTBOM  TUIOCKO-BBIMYKJIIBIX ~ KOHHYE-
CKUX JIMH3 SIBJISIETCSl TO, YTO OHU B OTJIMYHE OT
cepuuecKuX JIMH3, KOTOPbIE CO3JAl0T IIUPOKHUI
ny4ok ['aycca, hopmupyroT y3kuii my4ok beccens
C TNOJYIHUPUHOW HECKOIbKO MHKPOMETpoOB [1, 2].
OTO CBOMCTBO IIOCKO-BBIMYKJIBIX KOHHUYECKHX
JIMH3 TI03BOJISIET 3(QQEKTUBHO PUMEHSATH UX B OII-
THYECKOW CHCTEME Pa3IUYHBIX YCTPOHCTB, paboTa
KOTOPBIX OCHOBaHa Ha MCIIOJB30BAaHUHM BBICOKO-
9HEPTEeTHUECKOIO CBETOBOTO ITy4yka (MHCTPYMEH-
TBl UIA MEXaHHYECKOH 0OpabOTKH pa3IUYHBIX
MaTepUalIOB, JIa3epHbIE CKaJbIENd B MEAMLIUHE
u 1p.) [3-6].

IIpyn M3TrOTOBJICHUH IUIOCKO-BBIMYKJIBIX KOHH-
YEeCKUX JIMH3 IO CYIIECTBYIOIIEH TEXHOJIOTHH Ha
OTEYECTBEHHBIX MPEANPHUATUSIX ONTHYECKOH Mpo-
MBIIIJICHHOCTH 3arOTOBKY 3aKpEIUIIOT Ha LIMUH-
JeNb PBIYa)KHOTO NUTH(OBATIHHO-TIOTUPOBATILHOTO
CTaHKa, & NHCTPYMEHTY B BHUJE ANUCKA COOOLIAIOT
BO3BPATHO-TIOCTYNATENIFHOE MEPEMEICHHE 10 00-
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pasytomeld konyca. llpu 3TOM TPOUCXOAUT Kak
ChEM MPUMYCKA C TIOBEPXHOCTHU 3arOTOBKHU JIETAIIH,
TaKk ¥ HEpaBHOMEPHBIH HM3HOC WHCTPYMEHTA, YTO
HapylIaeT ero INepBOHAYAIBHYIO IUIOCKOCTHOCTB.
CrnenoBaTenbHO, 3TO TIONITYYHAs HU3KOIPOU3-
BOIUTENIbHAsT 00paboTKa, B KOTOPOH CKOpPOCTHh
BpallleH!s] UHCTPYMEHTa (OHa 3aBUCHUT OT JITUHBI
JUHUA KOHTaKTa WHCTPYMEHTa C 0Opa3yroliei
KOHyCa) W IIOCKOCTHOCTH €ro pabodeil moBepx-
HOCTH HETIOCTOSTHHBI, YTO BBI3bIBAET OOINEe W JIO-
KaJIbHOE OTKJIOHCHHE 00pa3yroleli KOHyca OT Ips-
MoJuHelHocTu B npenenax 0,25 u 0,025 MM
COOTBETCTBEHHO. JTH TOTPEIIHOCTH IPEBBIIIAIOT
AHAJIOTUYHBIC XApPaKTCPUCTUKH 1A IIJIOCKO-BbI-
Ty KJIBIX KOHUYECKHUX JTMH3 MUPOBOTO YPOBHSI.

CyIHOCTb TEXHOJOTHH

TexHomoruss 00pabOTKM  MIOCKO-BBIMYKJIBIX
KOHUYECKHX JIMH3, KOTOpas B HACTOSIIEE BpEMs
HCTIONB3YeTCsl HHOCTPAHHBIMU (prpMaMu, BKITIOYa-
€T cIeAyomue 3Tanbl: 1) noudoBaHUE METaJUIH-
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YeCKHM W Ipy00e MOJMPOBaHHUE IOJNYPETaHOBBIM
WHCTPYMEHTAaMH B BHJIE AWCKa 0e3 mepemere-
HUS JIeTalld 10 pa0odeil MOBEPXHOCTH MOCIeIHe-
ro; 2) TOHKOE IUTa3MEHHOE TOoNupoBaHue; 3) Ho-
BOJIKY ()OPMBI M YHCTOTHI KOHHYECKOH TTOBEPXHO-
CTH THOKMM 30HAJIBHBIM HHCTpyMeHTOM [7]. Tex-
HOJIOTHUS TIOIITYYHAs W HEMPOU3BOIUTENbHAS, IPU
€€ HCIOJIb30BaHUU TIONydaeTcs o0Iee W JIOKalb-
HOE OTKJIOHEHHE 00pa3yrolleil KOHyca OT IMpsIMO-
nuHeHocTH Ha ypoBHe 0,18 u +0,018 Mkm cooT-
BETCTBEHHO, YTO HE BCEr/la YIOBIETBOPSET COBpE-
MEHHBIM TPEOOBaHUSM.

IMIpu 00paboTKe TIIOCKO-BBITYKJIBIX KOHHYE-
CKHUX JINH3 pa3MepoM 4 MM 1 OoJiee TIo mpeasarae-
MOH TEXHOJOTMU HCIOJNB3YIOTCS OJHOBPEMEHHO
TPU 3arOTOBKH, KOTOPBIE BpALIAlOTCs NPHHYAU-
TETBHO C TIOCTOSHHOM CKOPOCTBIO W COBEPIIAIOT
KoJiebaTenpHOe NepeMelIeHUe 10 IUIOCKOH pabo-
Yeil MOBEPXHOCTH HHCTPYMEHTa 0e3 BBIXO/Ia 3a €T
kpaii (puc. 1) [8]. DTO TeXHOJNOTHS TPYITOBOM
TPEeXONOpHO# abpa3uBHOW 00pPabOTKU MIIOCKO-
BBITyKJIBIX KOHWYecKWx JuH3. OHa MO3BOJSET
MOJIICP)KUBATh HEOOXOIUMYIO TIOCKOCTHOCTD pa-
Oouell MOBEepXHOCTH MHCTPYMEHTA B BUJE JTUCKa 2
C TOMOIIBI0 CHENUAILHOTO TpaBHIBHHUKA 3, KO-
TOPBIA TPENICTABIAET COOOW CTEKISHHBIA JHCK
C poBHOI paboueil MOBEPXHOCTHIO U TPEMS OTBEp-
CTHSIMM JUIsl 00pabaThIBaeMbIX JeTaneil (cymmap-
Hasl IUIOMIAb OTBEPCTUH B cemapaTope He AOJDKHA
npesbimath 30 % oT oliel mIomaan caMmoro ce-
maparopa, ¥ OHHM (OTBEpPCTHS) PACHOJOXKEHBI Ha
pa3sHBIX YIJIOBBIX PACCTOSHUAX IPYT OT JApyra U
Pa3IMUYHBIX pacCTOSHUAX OT ueHTpa [9]). U mo-
CKOJIbKY BeC NpaBWJIbHHKA 3HAYUTEIBHO IPEBHI-
maer Bec 00pabaThIBAEMBIX ILUIOCKO-BBIMYKITBIX
KOHMYECKHX JIMH3, TO OH HENPEepPBHIBHO HUBENUPY-
€T HEpaBHOMEpHOE cpadaThlBaHUE HHCTPYMEHTA
JIETAJIIMU W TIPH OTIPENIeIICHHBIX peXUMax oOpa-
OOTKM TOCTOSIHHO MOJAEPKUBAET HEOOXOANMYIO
IJIOCKOCTHOCTE ero pabodei moBepxHocTH. Kpome
TOTO, TP WCHOJH30BAHUN JAHHOW TEXHOJIOTHUU
NpPEACTaBISETCS BO3MOXKHOCTD YIPaBIsATh HPOLIEC-
coM (opMooOpazoBaHMsS HUCHOJHUTENBHBIX IIO0-
BEPXHOCTEH IUIOCKO-BBITYKJIBIX KOHHYECKUX JIHH3
NOCPEJCTBOM HM3MEHEHHS IMapaMeTpOB PEXHMOB
o0paboTkn. Bmecte ¢ TeM B JaHHOM CITydae
HAKJIOHAMH 3aroTOBKH 1O JTUMOY MpesiaraeMoro
YCTPOMCTBa MOXKHO OOECIIEUHUTh TOYHOE 3HAUYCHUE
yIraa TpH BepIIMHE KOHyca. DTH BO3MOXKHOCTHU
OTCYTCTBYIOT B CYIIECTBYIOIICH TEXHOJIOTHH.
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Puc. 1. Cxema ycrpolicTBa: 1 — mmuHAeNs 6a30BOT0 CTAaHKA,
2 — MHCTPYMEHT-ILIaHIIali0a, 3 — NpaBUIEHKK B BUE
CTEKJIIHHOM IUIACTHHBI C OTBEPCTUAMU UL ACTalleid,

4 — neranb (IUIOCKO-BBIMYKIIAsi KOHUYECKast JIMH3A),
5 — mpuBOJ BpalllaTeIbHOrO ABWKEHUS JeTanei, 6 — Ban
MIPUBO/Ia BO3BPATHO-BPAIIATEIBHOTO JBHKEHUS JeTaNeH

Fig. 1. Device diagram: 1 — spindle of the base machine,
2 — faceplate tool, 3 — straightener in the form of a glass plate
with holes for parts, 4 — part (plano-convex conical lens),
5 — drive for rotational movement of parts,
6 — drive shaft for reciprocating rotation of parts

Hcnons3oBaHue mnpeanaraéMoro ycTpoucTBa
MO3BOJIIET TOBBICUTH MPOU3BOIUTEILHOCTh 00pa-
OOTKHM IITIOCKO-BBIMTYKJIBIX KOHWYECKHX JIMH3 H
YMEHBIIUTH OTKJIOHEHHE MX 00pa3yroIeil oT mps-
MOJIMHEWHOCTH U JIOKaJbHOM MOTPEUIHOCTH Ha HC-
MOJHUTEIBHBIX MMOBEPXHOCTAX /10 YPOBHEW COOT-
BercTBeHHO £0,12 11 £0,012 MxMm.

Pe3y.ﬂbTaTbl HCCJIeAOBAHMA U HX aHAJIN3

HpOBeIIeHI)I HCCJICAOBAaHUA BJIMAHUA XapaKTepa
00paboTKH OOKOBOW MOBEPXHOCTH TUIOCKO-BBITYK-
JIBIX KOHUYECKUX JIMH3 Ha TOYHOCTh U TPOM3BO-
TUTENBHOCTH Tporiecca GhopmoobpazoBanms. Pac-
CMaTPHUBAIKChH CIEAYIOIINE CIyYau: C Pa3InIHON
OpHUCHTANMEH BEPIIMHEI JTUH3BI OTHOCUTEIBHO OCU
CUMMETPUH HHCTPYMEHTa, 06e3 MpHUHYIUTEIHEHOTO
U C TPUHYAUTENHHBIM HX BPAlICHUEM, C BBIXO-
JIOM 1 0€3 BBIXOJ/ia 3a Kpall MHCTPYMEHTA MPHU BO3-
BPaTHO-BpAIIATEIIbHOM MEPEMEIICHUH 3ar0TOBOK
o pabovell TOBEPXHOCTH TTOCIIETHETO.

AHaJH3 MOJIyYEHHBIX 3KCIIEPUMEHTAIBHBIX Pe-
3yJIbTAaTOB, NPUBCACHHBIX Ha PUC. 2, ITOKa3bIBAcCT,
YTO B ClIy4ae BHYTPEHHEH OpHUEHTAI[UM TUIOCKO-
BBINYKJIOW KOHUYECKOW JTHH3BI (BEpIIMHA KOHYycCa
HampaBjicHa B CTOPOHY OCH BpAICHHUS HHCTPY-
MEHTa) BEIMYMHA OTKIOHCHHUS e¢ OOKOBOW IIO-
BEPXHOCTH OT TPSMOJIMHEHHOCTH /i (CTPEIKH TMPO-
ruba) ¢ MCXOMHOTO 3HAUYCHUA 15 MKM YMEHBIIH-
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mach 10 5 MkM 3a 14 muH 00pabGoTku (kpuBas 1),
a TIpW Hapy>KHOW OpHEeHTaIuu — 3a 36 MHH (KpH-
Basg 2). CnenoBaTenbHO, MHTEHCHUBHOCTH CheMa
MIPUITYCKa B MIEPBOM cllydae OoJiee 4yeM B JBa pas3a
BBILIE [10 CPABHEHUIO CO BTOPBIM.

15}
h, Mkm |

0 5 10 15 20 25  fmuH 35

Puc. 2. 3akOHOMEPHOCTh H3MEHEHUS CTPENKH nporuda /
oOpazyrolieii KoHyca OT BpeMeHH 00paboTKH ¢
npu ee BHyTpeHHel (1) u HapyxHOM (2) OpHUEeHTAHIX

Fig. 2. Pattern of changes in the deflection arrow &
of the cone generatrix depending on the processing time ¢
for its internal (1) and external (2) orientations

Pe3ynpTaThl 3KCIIEpUMEHTAIBHBIX HCCIEI0Ba-
HUM TEOMETPUUECKON TOYHOCTH U CKOPOCTH CheMa
MpUITycKa TIpu 00paboTKe OOKOBOW MOBEPXHOCTH
TUTOCKO-BBIMYKJIBIX KOHUYECKUX JTUH3 0e3 BBIXOAa
¥ C BBIXOJIOM HX 3a Kpail HHCTpYMEHTa IIPUBEICHbI
Ha puc. 3. OHU CBUAETEIBCTBYIOT O TOM, YTO IPHU
00paboTke 0e3 BBIXOZa 3a Kpail MHCTpyMEHTa 3a-
BHCHUMOCTEH /(f), YMEHBINASCh, ACUMITOTHYECKH
npuOMIKaeTcss K TOPU3OHTAJIbHON MpsAMO Ha
ypoBHE /2 = 2 MKM mocie 25 MUH 00paboTKH, B TO
BpeMs Kak TpHu 00paboTKe ¢ BHIXOJAOM 3a Kpal WH-
CTpyMeHTa /(f) aCHMIITOTUYECKH MPHUOIIKASTC K
TOPU30HTAJIBHON MPSIMOW Ha YpPOBHE /1 = 3 MKM
nocite 35 MuH 00paboTku. Y MOCKOIBKY 3HAUCHHE
cTpenku mporuda A (2 u 3 MKM) TOCIIe OTMEYeH-
HBIX CXEM 00pa0OTKH OTOOpakaeT €€ TOYHOCTb,
a BpeMs oOpabotku (25 u 35 MHH) — IPOU3BOAM-
TENBHOCTH TPOIIECCa, TO ATO 3HAYUT, YTO TOYHOCTh
(hopMooOpazoBaHus W €ro MPOU3BOAUTEIHLHOCTD
B TepBoM cirydae (0e3 BBIXOZa 3a Kpal HHCTPY-
MeHTa) B cpenHeM Ha 30 % BblIe IO CPaBHEHHIO
CO BTOPBIM CITy4aeM.

BrimmontHeHa Takke 00paboTka OOKOBOM TIO-
BEPXHOCTH IUIOCKO-BBIMYKIIOW KOHHYECKOW JIMH3BI
0e3 MPUHYIUTEIBHOTO W C TPUHYJUTEIBHBIM €
BpameHueM. llomydeHsl crlenmyiomme pe3ynibTa-
ThL: TIpH 00pabOTKe O€3 MPUHYAUTEIBHOTO Bpallie-
Hust h = (0,05-0,06) MKM, a ¢ IPUHYAUTEITHHBIM
BpammenneMm /i = (0,03-0,04) MM, T. €. B cpeIHEM
B TIOJITOpa pa3a TOYHee.
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Puc. 3. 3aBHCUMOCTB CTpENIKU MPOTruda /2 0T BpeMeH!
00paboTku ¢ 0Opasyromeii koHyca 6e3 Berxona (1)
U € BBIXOJIOM (2) ieTaiu 3a Kpaii 06pabaThIBaroIeii MOBEpXHOCTH

Fig. 3. Dependence of the deflection arrow / on the processing
time ¢ of the cone generatrix without exit (1) and with exit (2)
of the part beyond the edge of the processing surface

Ecnu B niporiecce 00pabOTKH UCIIOTHUTEIBHBIX
MTOBEPXHOCTEH  IJIOCKO-BBITTYKJIBIX ~ KOHHYIECKUX
JIUH3 TOYHOCTh WX TEOMETPHUYECKUX MapaMeTpoB
(OTKJIOHEHUE OCHOBAaHMS KOHyCa OT IJIOCKOCTHO-
CTH M ero o0pa3ylomieil OT MPSIMOJUHEHHOCTH)
BBIXO/IMJIA 34 TIPENeNbl JOITyCKa, KOPPEKTHPOBAIN
rmapameTpel peKuMoB (HopMoobpazoBanus (BeH-
YUHY YacTOTHI BPAIICHUS HWHCTPYMEHTA V,, 3aro-
TOBOK TIUIOCKO-BBITYKJIBIX KOHUYECKHX JIHH3 Vj
M KPUBOLIWIA IIAPHUPHOTO YETHIPEX3BEHHHUKA
CTaHKa V,, OTHOILIEHUE Vg/V,, THE Vg — 4YacToTa
BpalieHusi 0JOKa 3aroTOBOK PacCMaTPUBAEMbIX
JeTaJiell, a TakKe JUIMHY ITpuxa L KonedaTeabHo-
r0 ABMKCHHS BBIXOTHOTO 3BEHA 0a30BOTO CTAHKA).
BenmuunHy KOPPEKTUPOBKM STHUX MapaMETpOB
Onpeesuid 1o pa3pabOTaHHOW METOJUKE, a UX
HMCXOMIHBIC 3HAYCHUS YCTaHABIMBAIH C YUICTOM pe-
KOMEH/IYEMBIX TEXHOJIOTHMYECKUX PEKUMOB, TMPH-
BEJCHHBIX B TaOJ. 1 i cily4aeB paBHOMEPHO-
ro cheMa IMPHUITyCKa ¢ pabodeil OBepXHOCTH TIpa-
BUJIbHUKA W WCIOJHUTENBHBIX TOBEPXHOCTEH
IJTIOCKO-BBIMTYKJIOW KOHMYECKOW JIMH3bI, M KOIAa
HeoOXoauMo obecreunTh Oojiee WHTEHCHBHYIO
00pabOTKy Kak B KpaeBOH, Tak M B IECHTPAIBbHOMN
30HaX MPaBHJILHUKA U OCHOBAaHHUS KOHYyCa.

B uacTHOCTH, ONTHMaJbHBIE PEXKHMBI 00pa-
OOTKM B 3aBUCUMOCTH OT MAaKpOMOTPEUTHOCTH
(xapakTepa pacnpeiesicHUs TPHUIyCKa) Ha WC-
XOJHOW TIOBEPXHOCTH TMPAaBWJIBHUKA JHAMET-
pom dy = 0,9d, (d, — mnameTp MHCTpyMEHTa) U Ha
OCHOBaHHMHM 3arOTOBKH KOHMYECKOH JIMH3EI B OJIOKE
nuameTpoM ds = 0,8d, cnenyromme: -

e 00IIas «sIMa» Ha MPAaBWIFHUKE — YacTOTa Bpa-
IIeHUsT MHCTpyMeHTa vy, = ddy(o; = 0,074 c’l-M’l),
4acTOTa BpallleHUs] BXOJHOTO 3BEHA MCIIOJIHUTEIb-
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HOTO MEXaHHW3Ma TEXHOJOTHYECKOro 000pyI0-
BaHUA V, = Odu(o, = 0,004 c’l-M’l), aAMITTUTY-
Ja KoyebaTeabHOro IBH)KCHUH BBIXOIHOTO 3BEHA
HCITOJIHUTEILHOT0 MEXaHH3Ma TEXHOJOIHUYECKOrO
obopymoBanus L = 0,88d,;

e 0O0mMIA «Oyrop» Ha MPABUIBHUKE: Vi
= ozd, (03 = 0,012 C_I-M_l), Vo = oydy (o4
=0,027 ¢ ™), L =0,64d,;

e 00Ias «siMa» Ha OCHOBAaHWU KOHyCa: V, =
= asdy(as= 0,03 C_I-M_l), Vo = ozdy, L =0,67 dy;

e OOMIMIT «OyTOp» Ha OCHOBAaHUHM KOHYyCA: V, =
= ody (ag = 0,025 clm! . Vo = aydy (07
=0,021 ¢ "“m"), L=0,595d,.

Jns paBHOMEpHOTO cpabaThiBaHHus pabovei
MOBEPXHOCTH TPABWIBHUKA W PaBHOMEPHOTO
CheMa MpPHITYyCKAa C OCHOBAaHUS KOHyCa CIIEAyeT
HazHayaTh: v, = oigd, (ag = 0,023 cfl-Mfl), vy, =
= Oty (09 = 0,013 ¢ "M ™", L = 0,79d, 1 vy = Oludly,
Vo = dyody, (0o = 0,017 c’1~M’1), L=0,64 d, coor-

BETCTBEHHO, a JJIi PaBHOMEPHOTO CheMa IMpHITycC-
Ka C KOHMYECKOH MOBEPXHOCTH JIUH3BL Vg/V, =
= ands (o1 = 0,003 ¢'M); vy = auads (o2 =
=0,399 ¢ 'M ") v, = apds (a3 = 0,022 ¢ M),
Vo = oads (04 = 0,32 ¢ M ); L = 0,205 ds.

UucneHHble 3HAYCHUS KOA((UIUSHTOB OL1—Clig
MOJTyYCHBI JICTICHUEM PACUCTHBIX OTHOCHUTEINb-
HBIX TyTeH TpeHHUs B KpaeBOH 30HE oOpabaThiBae-
MBIX TMOBEPXHOCTCH TPaBUIBHUKA W OCHOBaHUS
IJIOCKO-BBIMTYKJIONH KOHUYECKOHN JTMH3BI, IIPUBEACH-
HBIX cOOTBETCTBEHHO B [10] 1 [11] ans paznuunbIx
ImapaMeTpoB PEKHMOB OOpaOOTKH, HA JTUAMETP
WHCTPYMEHTa, KOTOPHI MCTIOIB30BAJICS TPH IIPO-
BEICHUH pacueToB (B HameM ciydae 250 mMm),
a BeIMYMHA KOA(PQPUIMEHTOB OLj1—0lj4 — JEICHUEM
COOTBETCTBYIOIINX PACUETHBIX OTHOCHUTEIHHBIX
myTell TpeHusl, M3JIOKEHHbIX B [8], HAa Ouamerp
0JI0OKa 3arOTOBOK IUTOCKO-BBIMYKIIBIX KOHHYECKHUX
a3 (B HameM cirydae 200 mm).

Tabruya 1

PexomMeHyemMble TEXHOJIOTHYECKHUE PesKUMBI 00padOTKH padoyeii MOBEepPXHOCTH MPABUJILHUKA
H HCIIOJTHATEJIbHBIX MOBEPXHOCTEH MI0CKO-BBIMYKJIOH KOHHYECKOi JTHH3BI

Recommended technological modes for processing the working surface of the straightener

and the working surfaces of a flat-convex conical lens

Mapaverp YcuneHHslil cheM IpUILyCcKa
pexuma B KpaeBOM 30He B LIEHTPAJIbHOH 30HE paBHOMEpHBII CbeM MaTepHuala
obpadoTkt [IpaBusbHUK
v, ad, (a,=0,074 ¢ -u) ayd, (o =0,012 ¢ M) agd, (0 =0,023 ¢ m')
v a,d, (0, =0,04 ¢ M) ad, (o, =0,027 ¢ -m) ayd, (0 =0,013 ¢ -m)
L 0,884, 0,64d, 0,79d,
OcHOBaHHE KOHMYECKOMN JIMH3bI
Va ad, (a;=0,03 ¢ M) a.d, (0, =0,025 ¢ ™' o,d,
vy 036y o.d, (o, =0,021 ¢ -m™) ad, (04, =0,017 ¢ -m™')
L 0,67d, 0,595d, 0,64d,
BokoBas noBepXHOCTH KOHUYECKOH JIMH3bL
Vo/ Vi aydy (o, =0,003 ¢ m')
Vy o, (0(12 =0,039 ¢ ~M’l)
vy oL, (ot13 =0,022 ¢ -M")
v, a,,d, (OL14 =0,32 ¢ 'M_l)
L 0,205d,
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3HaYeHHUs] TEXHOJOTHYECKHUX DPEXUMOB, H3JI0-
JKEHHBIX B TaOn. 1, 3aBHCAT OT AMaMeTpa HHCT-
pyMeHTa B BuAe Aucka (depe3 KodPduImueH-
TBI Ol1—0l14), BEIMUMHA KOTOPOTO, B CBOIO OYepelb,
ompenenseTca C y4yeToM TeOMETpUYEeCKHUX mapa-
METpOB 00pabaThIBaEMOM IUIOCKO-BBIMYKIIOH KO-
HUYECKOH JINH3BI.

AHanmuTHYecKas CBS3b AUAMETpa WHCTPYMEHTA
d, C TEOMETpHYECKMMHU TIapamMeTpamH IUIOCKO-
BBITTYKJIOW KOHWYECKOH JWUH3BI (C THAMETPOM OC-
HOBaHHA KOHYycCa dy, €ro BBICOTOW /1 W YIJIOM IIpU
BEpLIMHE KOHyca Ol) MOJIyueHa U3 aHalu3a puc. 4,
rie KOHMYecKas JHH3a | pacrmoioxkeHa B OTBEp-
CTUU 2 NpaBUJIbHUKA 3.

B
]
3 a l.-‘- -."l- r
1 Y 0 \
\ ROTB
Al ! D
d

Puc. 4. Cxema pacrionoxeHHs IIIO0CKO-BEITyKJIOH KOHUIECKOU
JIMH3BI B OTBEPCTUH IUIABUIbHHUKA

Fig. 4. Layout of a flat-convex conical lens
in the hole of the melter

W3 puc. 4 cnenyer, 4To paanyc r OKpY>KHOCTH,
OMMCAaHHOW OKOJIO TpeyrojbHuka ABD, oTtoOpa-
JKAIOILEr0 T€OMETPUYECKUE IapaMeTpbl KOHHYE-
CKOI JIMH3BI, BEIPAYKAETCS COOTHOIICHUEM

a

rE=— (1

- >
cos0,5a

¢ d?

rme a=—, c=|——+h’ - gmHa o6pasymoueii

2 4

KOHYCa TUIOCKO-BBITYKIIOW KOHUYECKOH JTHH3BI.

s cBOOOMHOTO pPACIONIOKEHUS TUIOCKO-BBI-
MyKJIOW KOHWYECKOM JMH3bI B OTBEPCTHH 2 TIpa-
BIUTPHUKAa 3 pagdyc 3TOTO OTBEPCTUA JOJI-
JKeH OBITH OOJbINE paguyca r MO MEHBIICH Mepe
Ha 3 MM, T. €. Ry = 7 + 3. CnenoBaresibHO, cymmap-
Hasl IJIOIIAAb TPEX OTBEPCTHI MpaBUIbHUKA (001Ie-
MIPUHATAsT KOHCTPYKIIMS MPABUIBLHUKA) Oy IEeT:

Hayka
wTexHuKa. T. 23, Ne 2 (2024)

Ssom =38, =31(r +3), 2)

OTB

TIe

Sy =TRZ, =m(r+3)"

W mockonpKy 3Ta IUIOIAAb HE HOJDKHA IIpe-
Boimath 30 % ot obmeil pabouell MOBEPXHOCTH
MIpaBWJIBHUKA, T. €

SZ
=03 = R, 3)

paanyc mpaBUIIbHUKA PaBeH

/S 2
R, = 0’27;[:«/10(“3) , &)

a ero 1naMeTp

d,, =2,10(r+3)". (5)

OnHolt U3 0coGeHHOCTeH 00pabOTKH B yCIOBH-
AX CB06OIIHOI‘O IIpUTUPAHUA SABIACTCA TO, UYTO
HIDKHEE 3BeHO (B HalleM clydyae HHCTPYMEHT)
JIOJDKHO OBITH OOJIBIIE BEPXHETO (B HAIIEM CiTydac
npaBuiIbHUKA) B e = 1,1-1,2 paza, T. €.

d,=ed, :2ewllO(r+3)2. (6)

CrnemoBaTenbHO, OKOHYATENBHOE BBIPAKEHHUE
IUTA OTIpeAeTIeHHs] TuaMeTpa HMHCTPYMEHTa 3alv-
meTcs B BUJE:

2
Jd: +4n’
d, =2e |10l ~——+3 | .

! 4¢c0s0,50

(7

BbBIBO/IbI

1. Hcnonp3oBaHue pa3pabOTaHHOTO YCTPOWi-
CTBa U1 OOpabOTKH TUIOCKO-BBIMYKJIBIX KOHHYE-
CKHX JIMH3 TI03BOJSIET CTa0WIM3UPOBATh ILIOC-
KOCTHOCTh pabouell MOBEPXHOCTH HHCTPYMEHTA,
qTO0 CHOCO6CTByeT MOBBIICHUIO TTPOMU3BOAUTECIIb-
HOCTH Tporiecca ¢GopMooOpa3oBaHUI W yMEHbB-
MIEHUIO OTKJIOHEHUS 00pasyromeld KOHHIECKOMH
MOBEPXHOCTH JIeTajell OT MPAMOJUHEUHOCTH,
a TaKkKe JIOKAJIBHBIX TOTPEIIHOCTeH HA WX HCIOI-
HUTENBHBIX TIOBEPXHOCTAX JIO YPOBHEH COOTBET-
ctBeHHO 0,12 1 £0,012 MKM.

2. TlpemyoxeHHas METOJIMKA OMpeAeNeHUs] pas-
MEpOB HMHCTPYMEHTa [UIi O00paOOTKH  ILIOCKO-
BBIMYKJIBIX KOHUUECKUX JIMH3 MO3BOJISIET YCTAaHOBUTH
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CBSI3b TEXHOJIOTMYECKUX PEXUMOB (HopMOoOpa3oBa-
HUSI pacCMaTpHBaeMBbIX JeTalell ¢ MX reoMeTpHde-
CKMMH IapaMeTpamu (BbICOTOH KOHyca, AUaMeTPOM
€ro OCHOBAHUS U YIJIOM IIPH BEPILHHE).

3. BrhINOTHEHHBIE MCCIEOOBAaHUS BIUSHUS Xa-
pakTepa 00pabOTKM OOKOBOW MOBEPXHOCTH ILIOC-
KO-BBIMYKJIBIX KOHWYECKUX JIMH3 Ha TOYHOCTb
U TPOU3BOJUTENBHOCT IpoIecca MOKa3al, YTo
TOYHOCTH (hOpMOOOpa30BaHUS U €0 TPOU3BOIU-
TEeTHHOCTh B ClTydae 00paboTKu 0e3 BhIXOda NeTa-
neil 3a kpail mHCTpyMmMeHTa B cpeaHeM Ha 30 %
BBILIIEC IO CPAaBHEHHUIO C MPOTHUBOIOJIOKHON CHUTYa-
e, a o0paboTka ¢ MPUHYAUTEIBHBIM OTHOCH-
TEJNILHBIM BpalleHHeM OJIOKa aeTayieil MOBBIIIAET
UX TOYHOCTb B CPEIHEM B IIOJITOpa pas3a 10 CpaB-
HEHHIO C OTCYTCTBHEM TaKOBOTO, IIPU ITOM BHYT-
PEHHSSL OpUEHTAlMs JIMH3 (BepLIMHA KOHyca
HampaBlieHa B CTOPOHY OCH BpalleHUS HHCTpPY-
MEHTa) CHOCOOCTBYET MOBBIILICHUIO WHTEHCHBHO-
CTH CheMa IpHITycKa Oojiee yeM B JBa pasza Io
CPaBHEHUIO C HAPYKHOUN UX OpUEHTAIIUEH.
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Pedepat. Bricokas TpyJoeMKOCTh BO3BEICHHS YTEIUIEHHBIX KHPIUYHBIX CTEH IPHBENA K CYIIECTBEHHOMY COKPAIIEHHIO
norpebenus kupnuda B Pecrry6iike benapycs. YuutsiBas, 9To B Kax/0ii 00macTi paboTaeT Kak MUHIMYM II0 OJHOMY KHp-
MUYHOMY 3aBOJY, OCHAIIICHHOMY COBPEMEHHBIM TEXHOJIOTMYECKHM 000pYIOBAaHUEM, a 3aIlachl MHHEPAJIBHOTO CHIPbs (IIECOK,
TJIMHA) A W3TOTOBJIEHMS KHUPIUYA MPAKTUYECKW HEHCUEepraeMbl, pa3paboTka 3((EeKTUBHOTO KOHCTPYKTHBHO-TEXHOJO-
THYECKOrO PELICHHs YTEIJICHHOM KHUPIUYHOU KIIAJKU SIBJSETCS aKTyalbHOH 3amadeil. Kak mokasblBaeT IpakTHKaA, CETOIHS
B OCHOBHOM BO3BOJMMBIE KUPIHMYHBIC 34aHHs MajlodTaxHble (3—5 aTaxeil) — 9T0 obuieoOpa3oBaTeNbHbIC LIKOJBI, TETCKHUE
CaJVKH, TTOJUKIMHUKHY, 34aHHs OBITOBOTO Ha3HAUCHUS (IpadeyHble, XUMUHUCTKH U JIp.), @ TAKXKE aAMIHUCTPATUBHBIC 3aHHS.
TosTakHast ITaHUPOBKA MOMEIIEHHI ITHX 3[[aHNH, KaK MPaBUiIo, KaOMHETHas (KOJMYECTBO OKOHHBIX POEMOB — CYIIECTBEHHOE).
B cBs3u ¢ 9TUM mpeuiaraeTcst Ui CHIDKEHHS TPYJIOEMKOCTH BO3BeASHUs (acaioB TAKMX 3/1aHUH NMPUMEHSTh YTEIUICHHbIE KUp-
TIIYHBIE TTAHEN! (IPOCTEHKH) 3aBOJICKOrO M3roTOBICHHS. OTINUHTENBHONH 0COOEHHOCTHIO MPEIaraéMoro PeleHns YTeIIeHHOH
KHPNUYHON KJIAJKH OT MacCOBO NPUMEHSIEMBIX SIBISICTCS TO, YTO JUISl HOBBIIICHUS SKCIUTYaTallMOHHOH 3()()EeKTUBHOCTH OHA BBI-
HOJIHSIETCS U3 ABYX OTZAEINIBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB: HECYILETO U TEIUIOM30JIILIMOHHO-IEKOpaTUBHOr0. B cTaThe noapob-
HO M3JI0KEHBI OPTraHU3aLis 1 TEXHOJIOTHS MIPOU3BOJCTBA PAOOT MO M3rOTOBIECHNUIO OCHOBHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB KHP-
MMUYHBIX YTEIUICHHBIX (hacaJHBIX IMaHelel (IIPOCTEHKOB) B 3aBOJCKHX yCIOBHsX. IIpemaraeMoe KOHCTPYKTHBHOE pelIeHHe
(acasa KUPIUYHBIX 3JaHUH ¢ KAOMHETHOH IUIAHUPOBKOW IO3BOJISIET PYYHOHW TEXHOJIOTHYECKHUH IPOIECC BO3BEICHHS TaKUX
3[JaHUI TIEPEeBECTH B MEXaHM3MPOBAHHBIH — MOHTAaX KMPITUYHBIX yTEIUIEHHBIX MaHenel (IPOCTEHKOB) 3aBOACKOTO M3rOTOB-
JICHUS, 9YTO 00ECHEUYNT CYIIECTBEHHOE CHIDKEHHE TPYMIOEMKOCTH BO3BEIEHHS YTCIUICHHBIX KHPIUYHBIX cTeH. Pa3OuBKa BO3-
BOJUMBIX 3/1aHUH Ha SPYChl, BBICOTAa KOTOPBHIX yBsI3aHAa C HOMEHKJIATYpPOH TEXHOJIOTMYECKUX OIepaluii U MpUMEHIEMBIMHU
CTPOUTENBHBIMU MaTepuallaMH, MO3BOJSIET HCKIIOYHTh M3 NPOHM3BOJACTBA PAabOT HCIIONB30BAHHE CPEJACTB IMOJAMAIHMBAHMS
(moamocTH), a TaKke JOCTaBKY Ha pabouee MECTO KaMEHIIMKA IOTOHOB C KUPIHMYOM U PACTBOPHBIX SIIUKOB.

Knarwuessbie ciioBa: YTCIJICHHBIC KUPIIUYHBIC MMaHCJIU 3aBOJICKOI0 U3rOTOBJICHUS, JICTKAA IITYyKaTypHas CUCTEMA, HITI/I(i)TOBOG
COCIUHCHUC

Jns untupoBanmsi: YepHouBan, H. B. Bozsenenue QacagoB KUPHUYHBIX 37aHUA U3 YTCIUICHHBIX KHPIUYHBIX IaHe-
neil (mpocTeHKoB) 3aBoackoro usrotomneHus / H. B. Uepnomusan // Hayka u mexuuxa. 2024. T. 23, Ne 2. C. 121-127.
https://doi.org/10.21122/2227-1031-2024-23-2-121-127

Construction of Facades of Brick Buildings from Prefabricated Insulated
Brick Panels (Piers) of Factory Manufacture

N. V. Chernoivan?

YBrest State Technical University (Brest, Republic of Belarus)

Abstract. The high labor intensity of constructing insulated brick walls has led to a significant reduction in brick consump-
tion in the Republic of Belarus. Considering that in each region there is at least one brick factory equipped with modern
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Cmpoumenbcmeo

technological equipment, and the reserves of mineral raw materials (sand, clay) for making bricks are practically inexhausti-
ble, the development of an effective structural and technological solution for insulated brickwork is an urgent task. As practice
shows, today the majority of brick buildings being erected are low-rise (3-5 floors) — these are secondary schools, kindergar-
tens, clinics, buildings for household purposes (laundries, dry cleaners, etc.), as well as administrative buildings. The floor
layout of the premises of these buildings is, as a rule, cabinet (the number of window openings is significant). In this regard,
it is proposed to use factory-made insulated brick panels (piers) to reduce the labor intensity of constructing the facades
of such buildings. A distinctive feature of the proposed solution for insulated brickwork from those commonly used is that,
to increase operational efficiency, it is made of two separate structural elements: load-bearing and heat-insulating and decora-
tive. The paper describes in detail the organization and technology of work on the production of the main structural elements
of brick insulated facade panels (piers) in factory conditions. The proposed design solution for the facade of brick buildings
with a cabinet layout allows the manual technological process of constructing such buildings to be converted into a mecha-
nized one — installation of factory-made insulated brick panels (piers), which will significantly reduce the labor intensity
of constructing insulated brick walls. The division of buildings under construction into tiers, the height of which is linked
to the range of technological operations and the building materials used, makes it possible to exclude from the work the use of
lifting equipment (scaffolding), as well as the delivery of pallets with bricks and mortar boxes to the bricklayer's workplace.

Keywords: factory-made insulated brick panels, light plaster system, pin connection

For citation: Chernoivan N. V. (2024) Construction of Facades of Brick Buildings from Prefabricated Insulated Brick Panels
(Piers) of Factory Manufacture. Science and Technique. 23 (2), 121-127. https://doi.org/10.21122/2227-1031-2024-23-2-
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BBenenue

[Mpumensemasi cerofHS TEXHOJOTHS BO3BeJe-
HUS KAPIHUYHBIX 3JaHUH SIBIIIETCS TPYAOEMKHM,
NPaKTUYECKH TOJTHOCTHIO HEMEXaHW3UPOBAHHBIM
TCXHOJOTUYECKUM IIPOILECCOM. Brimonnenue BHYT-
PEHHUX OTHEIOYHBIX padoT (OMTYyKaTypHBaHUE
KUPIUYHBIX CTEH) TaKKe JOCTATOYHO TPYIOEMKHI
TEXHOJOTMYECKUMN ImpouecC, Ka4CCTBEHHOC BBIIOJI-
HEHHE KOTOPOTO BO3MOXHO TOJBKO TpHU TMOIIEp-
JKaHWU TIOJIOKUTENBHBIX TEMIIepaTyp B IMOMeLe-
HUSX (B 3UMHUH NEpHOA HEOOXOAMMO OTOIUIEHHE
MMOMEIICHHH), 9TO TpeOyeT MOTOTHUTEIBHBIX (Pu-
HAHCOBBIX PAacXoAOB Ha oToruieHne. Hecmotps Ha
NPaKTHYECKU HEUCUEPIIAeMYIO CHIPhEBYIO 0a3y s
BBITyCKa KHpIHUYa, HAIMYHE B Kaxmoil oOmactu
PecnyOnuku  benapych  KHUpIUYHBIX — 3aBOOB,
OCHAIICHHBIX COBPEMCHHBIM TCXHOJOTHMYCCKUM
000pyIOBaHNEM, BCE BBIIICH3IIOKEHHBIC TIPUIHHBI
NpPUBEJN K CYIIECTBEHHOMY CHW)KCHUIO 00BEMOB
CTPOUTECIILCTBA KUPITUYHBIX KUJIBIX SHBHHﬁ.

AHanu3 THUMOBBIX MPOEKTOB, MO KOTOPHIM B
PecnyOnuke bemapych mpomoimkaercss MaccoBOe
CTPOUTECILCTBO KHUPIIMYHBIX 3):[aHI/II‘/‘I, IIOKasall, 4To
3TO 00ImIe00pa3oBaTeNbHbIE KON, TETCKHE ca-
VKM, MOJMUKINHUKY, 3aHUA OBITOBOTO Ha3Haue-
HUs (padeyHble, XUMYUCTKH U Jp.), a TaKkKe aj-
MUHHUCTPATHBHBIE 3[aHUSA. YUUTHIBas, YTO OTH
3IaHus MaJodTaxHble (3—5 aTaxkeill) U, KaK MpaBU-
JI0, CTPOSITCSI B CTECHEHHBIX YCIOBUAX (KMIJIas 3a-
CTpOiiKa MHKpOpaiiOHa MPAaKTUYECKH 3aBEpIICHA)
BO3BEJICHHE MX W3 MOHOJIMTHBIX MM COOPHBIX Ke-
71e300€TOHHBIX KOHCTPYKIUHA TpeOyeT ITOTOJHU-
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TENIBHBIX (PMHAHCOBBIX 3aTpaT Ha OPraHU3ALMIO
noJ/ep>KaHus KOM(POPTHBIX YCIOBHHA MPOKUBAHUS
JKHUTEJEH JIOMOB, PAaCIOJIOKEHHBIX B 30HE CTPOU-
TEJILCTBA OOBEKTA.

[losTakHasi TMIaHUPOBKA MOMEIICHUH KO,
JNETCKUX CAJMKOB, MOJIUKIMHUK, KaK MPaBHIIO, Ka-
OuHeTHas (KOJMYECTBO OKOHHBIX IPOEMOB — CY-
LIECTBEHHOE), B CBA3HM C 3TUM Ipeljaraercs Ui
CHIDKCHHUSI TPYJOEMKOCTH BO3BeACHUS (acaaoB
TaKUX KUPIUYHBIX 30aHUN TEpeHTH K HpUMEHe-
HUIO YTEIJICHHBIX KHUPIHUYHBIX NaHenel (MpocTeH-
KOB) 3aBOZICKOI'O M3TOTOBJICHUs. Takoe KOHCTPYK-
TUBHOEC pEIIECHHE MO3BOJIAET TEXHOJIOTHYECKUH
mpolecc Bo3BeAeH!s dacagoB KUPIUYHBIX 31aHUH
[IEPEeBECTH B MEXAaHU3MPOBAHHBIA — MOHT@X KHUP-
MUYHBIX YTEIUICHHBIX NaHenel (IIPOCTEHKOB) 3a-
BOJICKOT'O U3TOTOBJICHUSI.

[Ipumenenue npemaraeMoro KOHCTPYKTHBHO-
TEXHOJOTMYECKOTO PELICHUS] MO3BOJMUT 3a CYET
OpTaHU3alyy Ha TEPPUTOPHH KUPIUYHBIX 3aBOJOB
LIEXOB 10 NMPOU3BOJCTBY YTEIUICHHBIX KHPIHYHBIX
naHenel (MMPOCTEHKOB) CO3/1aTh HOBEIE paboune
MecTa (B TOM YMCIIE U JJIs XKESHIIHH).

Pa3zpadoTka
KOHCTPYKTHBHO-TEXHOJOIM4€eCKOIo
peLieHus! yTelleHHbIX (acaaHbIX
KHPIHUYHBIX NMaHes el (TPOCTEeHKOB)

OCHOBHBIM HEJOCTAaTKOM MAacCOBO TPHUMECHSE-
MO# TEXHOIIOTUU BO3BEIEHHS YTEIJICHHBIX KHUP-
MUYHBIX CTEH SIBISIETCS BBICOKAS TPYIOEMKOCTb
MIPOM3BOACTBAa paboOT. AHATN3 CTPYKTYpPhl TEXHO-
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JIOTUYECKOTO MPoIiecca KUPIUIHON KITaIKH MO3BO-
JISIET CAEaTh CIEIyOUINe BRIBOABI [1].

Bonbmias HOMEHKIIaTypa W O00bEM MOIyMeXa-
HU3UPOBAaHHBIX TOATOTOBUTENHHBIX IIPOIIECCOB
(ycraHOBKa W TlepecTaHOBKa IMOAMOCTEH; momada
U CKJIQJUPOBaHHE KUpIHYa HAa paboueM MecTe,
MOJITOTOBKA KJIaJOYHOTO PacTBOpa U Tp.) OKa3bl-
BalOT CYIECTBEHHOE BIHUSHHE HA YBEIHMYECHUE
TPYIOEMKOCTH BBIMOTHEHUS Kiaaku. Ha mpousso-
JUTEILHOCTh TPyJa KaMEHIIUKOB M Ka4eCTBO BBI-
MONTHEHHsT paboT TpH BO3BEICHUH YTEIJICHHON
KUPIAYHON KJIAJIKH TAKKe CYIIECTBEHHOE BIIUSHHE
OKa3bIBAIOT KIMMATHUYECKUE YCJIOBUS M KBaTU(U-
Kalus KaMEHIIUKOB.

Jng MUHEIMH3anIMA BCeX BBIMIETPHUBEICHHBIX
OCHOBHBIX HEJIOCTATKOB CYIIECTBYIOIICH TEXHOJIO-
TUM BO3BEJICHHUS YTEIUICHHBIX KUPIAYHBIX CTEH
npeanaraeTcs dacaapl 3MaHANA ¢ KaOWHETHOW ITo-
STaXXHOH TUIAHUPOBKOH (00OmieoOpa3oBaTebHEBIE
IIKOJIBI, JETCKHE CAJWKH, IMOJUKIMHUKH W JIp.)
BO3BOJINTH M3 YTEIUIEHHBIX (pacagHbIX KHPIHUIHBIX
0JI0KOB (TTPOCTEHKOB) 3aBOJICKOT'O N3TOTOBIICHUS.

Crnenyer OTMETHTD, YTO B KOHIE 80-X IT. Mpo-
nutoro Beka 1o pazpaborkam I[HUMCK wnme-
HU B. A. Kyuepenko B 1. MockBe ObLITO ITOCTPOCHO
00JBIIOE KONMMYECTBO TMATUAITAKHBIX OOIIEKHTHI
W3 HEYTEIUICHHBIX KUPIHYHBIX OJIOKOB 3aBOJICKO-
r0 W3TOTOBJICHHS, KOTOPBIE O3KCILTyaTUPYIOTCS
U B HACTOSIIIIEE BPEMSL.

YuuteiBas, uTo ceroans B PecrnyOnuke bena-
pych ymemnsercss OonbIIoe BHUMAaHHUE DSHEPTo-
cOEpeKEHUI0 TIPU JKCIUTyaTalluu 37aHui, mpei-
JaraeTcsl cleaylonasi KOHCTPYKIUS YTEeTUIEHHOU
(acamHOW KHPIUYHOW TMaHENIN 3aBOJICKOTO H3TO-
TOBJIeHUs. JIJIs TIOBBIIIEHUS SKCILTyaTal[HOHHON
3¢ PEeKTUBHOCTH yTemyIeHHas (acagHas KApIUIHas
naHejab (MIPOCTEHOK) BBIMONHSIETCS W3 JABYX KOH-
CTPYKTHBHBIX JJIEMEHTOB: HECYIIETO U TEIUION30-
JSIUOHHO-IEKOpaTHBHOTO (puc. 1).

Hecymmii aeMeHT 3TO — KUpITUYHAS KIIaJKa U3
MOJTHOTEJIOTO KEePaMUYECKOTO KHpIHYa Ha Iie-
MEHTHOM pacTBope. Ero tepmuueckoe CONpPOTHUB-
JICHWEe TeIIonepesaye B TEIUIOTEXHHUYECKUX pac-
yeTax HE yUWUTHIBACTCS. PacdeThl, BHITOJIHEHHEIE C
ydyeToM [2], mokaszaid, 4TO ISl KUPIUYHBIX 37a-
HUM BBICOTOM MATH dTaKEH M MEHee TOJIIMHA He-
cymux cteH 250 MM SIBIS€TCS JOCTaTOYHOW INpHU
YCJIOBHH, YTO KJIAJKa BBIMIOJHEHA M3 MOTHOTEIOTO
KepaMHUYEeCKOro Kupmnuya Mapkd He menee M100
Ha IIEMEHTHOM pacTBOpe Mapku He Hike MS50.
[Ipennmaraemasi KOHCTPYKIIHS HECYIErO dJIEMEHTA
MO3BOJISIET 332 CYCT YMEHBIIICHUS TOJNIIUHBI KIAJIKU
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HECYLIMX CTEH 3/IaHU BBICOTOM MATh ATaxed u
MEeHee, IMPHUHITON B THUIIOBBIX INPOEKTAX, MOYTU
B JIBa pa3a YMEHBIIUTH PAacXo]l MaTepHAIIOB (KUP-
1M, KIam04HEIA pacTBop) Ha | M° Kiamku, a Tak-
K€ CYIIECTBCHHO CHHU3WTh Harpy3ky Ha QyHza-
MeHTHI. JJ1g 3aKkperuieHus (HaBeCKH) Ha HeCYIUi
3IEMEHT TEMJIOU30JIALIUMOHHO-JEKOPATUBHOIO  CJIOSI
(0OIMIIOBOYHOM CTEHOBOM MMaHENIN) OJHOBPEMEH-
HO C BBINIOJIHEHUEM KIAJKH B TOPHU30HTAJIBHBIC
IIBbl YCTaHABJIMBAIOTCA CTEKJIOIUIACTUKOBBIE aHKE-
PpBI-KpoHIITEHHBI tuamMeTpoM 8 MM (puc. 1). Komu-
4ecTBO (IIar pPacCTaHOBKH) CTEKJIOIUIACTUKOBBIX
AHKEPOB-KPOHILTEHHOB OIMPEEIIIETCS PAC-YETOM.

8§ 10 5 9
6 \ |
2
7
3
4

250 (380) 140
10

Puc. 1. KOHCTpYKTHBHOE peLICHUE yTEIICHHOM
KUPIUYHON NaHenn: | — JeKOpaTHBHO-3AIMUTHBINA CIIOM;
2 — apmupytomuii cioit (CCLI-160);

3 — IKUTHBIA yTEIIUTENb; 4 — CTEKIOILIACTUKOBBII
aHKep-KPOHIITEHH; 5 — BO3AyIlIHAs IPOCIOHKa;

6 — KupnuyYHas KiajaKa (Hecylas KOHCTpyKLus); 7 — OB
KJIaJKkH (LleMEHTHO-TIeCYaHblil pacTBop); 8 — dhukcaTop;
9 — coenuuuTenbHbIE ITHPTHL; 10 — BTynKa

Fig. 1. Constructive solution for insulated brick panel:

1 — decorative and protective layer; 2 — reinforcing layer
(SSSh-160); 3 — plate insulation; 4 — fiberglass anchor bracket;
5 — air layer; 6 — brickwork (load-bearing structure);

7 — masonry seam (cement-sand mortar); 8 — fixator;

9 — connecting pins; 10 — bushing

Temmon3osAIFOHHAas OONIHUIIOBOYHAST CTEHOBAs
MaHeNb MpelHa3HavYeHa Juiss obecrieueHus Tpedye-
MOTO CONPOTHBIICHHUS TeIUIONepeaye KIaIKH,
a TaKKe 3aIUTHl KUPIMUYHON KIagKd HECYIIETo
3JIeMeHTa OT aTMOCc(epHbIX Bo3zeicTBul [3]. Ten-
JIOU3OJISIIIMOHHAsT  OOJIMIIOBOYHAS T[MaHENb MPEJ-
CTaBII€T COOON KOHCTPYKTHUBHBIA AJIEMEHT 3aBO/I-
CKOTO HM3TOTOBJIEHUS. B KkauecTBe YTCIUIUTEIIA B
HEl PEeKOMEH]IyeTCsl MPUMEHATH TEIUIOU30JISIIUOH-
HBIE MaTePHAaIIbl 3aBOJICKOTO M3TOTOBJICHHUS — TUIU-
THI TIEHOTIOJINCTUPOIIbHBIE WIM MUHEPAJIOBaTHEBIE.

123



Cmpoumenbcmeo

Jns cHW)KeHUsT TPaHCHOPTHBIX PacxolloB pe-
KOMCHAYETCA YTCIUJICHHBIC KHUPIHUYHBIC ITaHCIN
W3rOTaBIUBaTh B CHEIUAIM3UPOBAHHBIX II€XaX,
PACHOJIOKEHHBIX HAa TEPPUTOPUU JEHCTBYIOIIMX
KUPIUYHBIX 3aBOJIOB.

I'eomeTpuyeckne pa3Mepsl ([UIMHA U IIAPHHA)
YTEIUIEHHBIX  (pacafHBIX KHPIUYHBIX IaHeNel
(TIpOCTEHKOB) PEKOMEHAYETCS TMPHHUMATh, PYKO-
BOJICTBYSICh CIIEIYIOLINM:

— apXUTEKTYpPHBIM peleHueM ¢GacaioB U I0-
STaXKHOW TUIAHUPOBKOW 31aHMs (TEOMETPUYCCKUC
pasMepbl W pa3MeEIleHUEe OKOHHBIX M JIBEPHBIX
MIPOEMOB, BBICOTA DTaXa);

— TEXHHYECKHMH XapaKTePUCTUKAMHU TPy30-
3aXBaTHBIX TPUCIOCOONECHUH (3aXBaTOB, CTPOII
U T.I.), AMEIONIUMICS B CTPOHWTEIHHONH OpTaHh-
3aIUH.

Z[HSI CHMIKCHUA TPYAOEMKOCTU BO3BCICHUA
KUPIUYHBIX 3JaHUN C HCIIOJNB30BAHUEM YTEIUICH-
HBIX KHPIHUYHBIX IPOCTEHKOB OIITYKATypUBaHUE
BHYTPEHHHUX TIOBEPXHOCTEW HECYIIETO 3JEMEHTa
BEITIOJTHSIETCS B IIEXY.

OTmenkoil HapyKHOW TOBEPXHOCTH KHPIIHY-
HOHM KJIamK¥W OJOKOB CIYKUT TETUIOM3OJIIITHOHHAS
00JMIIOBOYHAs CTE€HOBasA IuuTa (puc. 2), KoTopas
H3roTaBJIMBACTCA B CICHUAIM3UPOBAHHOM LICXY.

1/2 3., 172 8y

Syr. e
Puc. 2. Tennon3oysuroHHas 00INIIOBOYHAS
CTEHOBas MaHeNb: | — AeKOPaTUBHO-3AIIUTHBINA CIION
(BKJIIOYAET IUTYKATYPKY M OKPACKY); 2 — apMUPYIOIIUHA
cnoit (CCII-160); 3 — Temmon30sIKs U3 IIMTHOTO
YTEIUTHTENs; 4 — a3kl ATl yCTAHOBKH CTEKIOMIACTHKOBBIX
AQHKEPOB-KPOHIITCHHOB

Fig. 2. Thermal insulation facing wall panel: 1 — decorative
and protective layer (includes plaster and paint); 2 — reinforcing
layer (SSSh-160); 3 — thermal insulation from plate insulation;
4 — grooves for installing fiberglass anchors-brackets
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Kpenienue ee k KUpPNUYHOM KIIAJKE OCYy-
MICCTBIISICTCSI TMPUKICHBAHUEM KIIECBBIMU  IIO-
JUMEPHBIMH cocTaBaMH ilmax thermofix, ilmax
KC-13uma [4].

s obecrieueHnsT HAIEKHOTO KPETUIEHUS TeTl-
JIOU3OJISAIIMOHHON OOJUIIOBOYHONU CTEHOBOI IaHE-
JU ¢ KUPNUYHOM KJIaJKON MPOCTEHKa MPEeyCcMOT-
PEHBI CTEKJIOIJIACTUKOBbIE aHKEPHI-KPOHIITEHHBI
(mo3. 4, puc. 1), KOTOpBIE YCTaHABIMBAIOTCS B
KHPIUYHOU KIJIAJKE B MIPOIIECCE €€ BO3BEICHUS.

TexHo10rus1 MPOM3BOACTBA PadoT
10 U3rOTOBJIEHNUI0 KUPMUYHBIX YTeNJeHHbIX
(acaaubix naHesei (MPOCTEHKOB)

Hcxonss w3 KOHCTPYKTHBHOTO DEIISHHS KHP-
MMAYHBIX YTEINICHHBIX (acagHblx maHened (mpo-
CTEHKOB) 3aBOJICKOTO U3TOTOBJICHUS, TIPEIJIaraeTcs
CleqyIomas IOCIeA0BaTEIbHOCTh TPOU3BOJICTBA
pabor.

VYuurteiBas, uyto (hacajHas MaHelb COCTOHUT U3
JIBYX PAa3JIMYHBIX KOHCTPYKTHBHBIX SJIEMEHTOB —
HECyIero (KUpMUYHAs KIaJKa) U TETJIOU30JISIIH-
OHHO-JIEKOPAaTUBHOTO (TETUTOM3OJISAIMOHHAs O0IH-
[IOBOYHAsI CTCHOBAS TAHEIb), — PEKOMEHTyeTCsl JUIst
obecrieueHusT TPeOyEeMOT0O KadecTBa BBIITYCKAaEeMOM
MPOAYKIIMK OPraHU3allMOHHO MPOU3BOJICTBO padboOT
pa3eNiuTh Ha TPU OTHACIBHBIX TEXHOJOTHYECKUX
MOTOKAa. AHajIW3 KOMIUIEKCA TEXHOJIOTHYECKUX
oreparuii, KOTOpbIe HEOOXOUMO BBITIONHUTD IS
W3TOTOBJICHUS KUPIUYHBIX YTEIUICHHBIX (hacaJHbIX
naHeleld ¥ KOHCTPYKTHUBHBIX JJIEMEHTOB, U3 KOTO-
PBIX OHH COCTOSIT, TIO3BOJISIET PEKOMEHI0BATH Cie-
IYIOIIYIO CTPYKTYpPY OpPTaHM3alWH CIIEIHAIN3HPO-
BaHHBIX TEXHOJIOTUYECKHUX MOTOKOB. HeobOxoaumo
OTMETUTh, YTO CTPOUTENIbHBIE pPa0OTBI BO BCEX
CHEIMATU3UPOBAHHBIX TEXHOJIOTHUECKUX MOTOKAX
BBITOJHSIOTCS MTAPAJUIETbHO (HE3aBUCHMO JIPYT OT
JIpyra) KaXIbli B CBOEM I1eXy (y4acTke).

IlepBbIil TEXHOMOTMYECKHA MOTOK BKJIIOYAET:
W3TOTOBJICHWE HECYIIET0 KOHCTPYKTUBHOTO 3IIe-
MEHTa (KUpIHYHAs KJIaJKa) W OIITyKaTypHBAaHHE
BHYTPEHHHMX ITOBEPXHOCTEH KHPIUYHOW KIIAJKH.
PaboThl 10 H3rOTOBJICHUIO HECYILEro 3JCMEH-
Ta BBHIMOJHSIOTCS B CHCIHMATU3UPOBAHHOM IIEXY,
KOTOPBI COCTOMT M3 JIBYX TEXHOJIOTUYECKHUX
Y4aCTKOB.

Ha mepBoM yuacTke BBITIONHSETCS KAPIHYHASL
KJIaJKa TPOCTCHKOB C OJHOBPEMEHHOW YCTaHOB-
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KOM B TOPHU3OHTAJIbHBIE IIBBI KJIAIKH CTEKJIOILUIA-
CTUKOBBIX aHKEPOB-KPOHIITEHHOB THAMETPOM 8 MM.
KonuyecTBO 1 miar paccTaHOBKH aHKEPOB IO Bep-
TUKAIM ¥ TOPU3OHTAIM AN Kaxaoro Tuma (Teo-
METPUYECKHX pa3MepoB) OJOKOB IPHHUMAETCS
0 IpoeKTy. i CHIKEHUS TPYAOEMKOCTH MOAr0-
TOBUTENBHBIX OIlepaliiii Kaxkaoe pabdouee MeECTo
KaMEeHIIHKa O0OpYIOBaHO CTAIIMOHAPHBIMH CpeI-
CTBaMH TMOAMAIIUBaHUs (TIOAMOCTSIMH), KOTOpBIE
MO3BOJISIIOT PETYIUPOBATh BEICOTY sSpyca.

[To 3aBepmieHNy pabOT MO KUPIMUYHOW KIIAJKE
TOTOBBIN HECYIUH 3JIEMEHT C MIOMOIIBIO TPABEPCHI
U FPY30BOM TalM NEPEMEIIAI0T Ha YYacCTOK B LIEXY,
T€ BBIMOJIHAETCS OIITYKATYPUBAHUE BHYTPEHHUX
MTOBEPXHOCTEN KUPIUYHOIO IPOCTEHKA.

BTopoli TexHOJOrMYecKUid MOTOK BKIIIOYAET
W3TOTOBJICHUE TEIJIOU3OJSIIMOHHON OOIUIIOBOY-
HOHI CTCHOBOM IAHENW U YCTPOMCTBO JEKOPATHUB-
HO-3aIMTHOTO M OKPAaCOYHOT'O CJIOEB HAa HAPYXKHON
MOBEPXHOCTH MaHENN. DTH TEXHOJOTUYECKHE Olle-
paluy BBIOJIHAIOTCS B CIELMATU3UPOBAHHOM Iie-
Xy, KOTOPBIA COCTOUT W3 ABYX TEXHOJOTUYECKUX
YYacTKOB.

Ha nepBoM ydacTke HENOCPENCTBEHHO H3IO-
TaBJIMBAIOT TEIUIOM30JIALIMOHHYI0 OOJIHIIOBOYHYIO
CTEHOBYIO TTaHETIb.

Ceroanst AJig TEIJIOBOM H3OJSIUU HAPY>KHBIX
CTEH MAacCOBO BBIIIYCKAIOTCS IUIUTHI pa3MepaMu
500x1000 wumu 600x1200 mMm. B cBs3u ¢ >TiM U1A
MPOU3BOJCTBA TEIUIOU3OJSIIIMOHHBIX OOIHIIOBOY-
HBIX TIaHeNel TpedyeMoll HOMEHKIIAaTyphl (TeoMeT-
PUYECKHX pa3MepoB) HEOOXOIHWMO OCYIIECTBUTH
coequHeHHe (CTHIK) 3arOTOBOK M3 IUTUT 3aBOJICKO-
ro W3rOTOBJICHUS. BBINOIHEHHBIE HCCIEAOBAHUS
u nabopaToOpHBIC HCIIBITAHUS TO3BOJISIOT PEKO-
MEHJOBaTh ISl COCIMHEHUS IUIUTHBIX TEIUIOU30-
JSIUMOHHBIX MAaTEpUaJioB CTBIK Ha JEPEBSIHHBIX
mTudTax muamerpoM 10 MM, pEKOMEHIYEMBIi
mar yCTaHoBKH mMTH(TOB — 75 MM [5-7].

PekomennyeTcs cneayrolas TEXHOJIOTHYECKas
MOCJIEOBATEIBHOCTh M3TOTOBJICHUS! TEIIOU30JIsI-
ITUOHHBIX OOJIMIIOBOYHBIX MTAHEIEH.

Ha nepBoM sTare coriiacHo MpPOEKTHOU JOKY-
MEHTAllUd W3 TEIUIOM3OJAUOHHBIX IIIUT 3a-
BOJICKOTO H3TOTOBJIGHUS HApe3aloTcs 3aroToB-
KH. 3aTeM Ha TOPLEBBIX MOBEPXHOCTIX 3arOTOBOK
C MIOMOIIBIO PYYHOM BJIEKTPOAPENN CBEPJIOM AHa-
METpPOM 6 MM TMPOCBEPJIMBAIOT OTBEPCTHS TIIyOU-
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Hol 20 + 5 MM. YcTaHOBKa IITUPTOB B OTBEPCTHS
BBIMOJTHSIETCSL C TIOMOIIBIO KUSTHKA 0€3 HCIIONB30-
BaHusa kies. I[locne ycraHoBku mTH(TOB B MpO-
€KTHOE IIOJIO)KEHUE TPOU3BOJUTCS TepMeTH3a-
Ul CThIKA C MCIIOAb30BAHUEM HEUTPAIbHOTO
cwmkoHoBoro repmeruka SOUDAL. XXectkocTh
(B TUIOCKOCTH W W3 IUIOCKOCTH) H3TOTOBJICHHOM
TEIUION30JIIMOHHON IUTUTH oOeclieunBaeTcsa 3a
CUeT HAKJIEWBAaHMUS Ha CTHIKHU C TOMOIIBIO KJIEEBOTO
nosmmmMepHoro cocrtaBa KC-1 n1BycTOpOHHHUX TOJIO-
COK M3 apMHUpYIOUIETO MaTrepuana (CTEKIOCEeTKa
mapku CCII-160) mmpunoit 200 mm.

[locne 3aBepuieHns paboT MO H3TOTOBJICHUIO
TEIUIOM3OJISIIHOHHON OOJIMIIOBOYHOI CTEHOBOM I1a-
HEJIM €€ IEpPEeMEINaloT Ha CHelHMaTU3UPOBAaHHbIN
YYacTOK, TA€ BBIIOJHAIOT AEKOPAaTHBHO-3aIINT-
HO€ TOKPHITHE W HAHOCAT OKpPAacOYHBIE CIIOM Ha
Hapy)XKHYI0 TOBEPXHOCTh. TeXHOJIOTHYecKasl Io-
CIIEI0BATE€IbHOCTh JTOW OINEpaluy aHaJOrM4YHa
YCTPOMCTBY JIETKOH IITyKaTypHOH cucTeMsl [4].

Tperuil TEXHONOTMYECKHM MOTOK 3aKIHOYM-
TEJIbHBIA, OH BKJIIOYACT 3aKPEIUIEHHE TEIUIOU30-
JAIMAOHHOW OONHMIIOBOYHOW TAHENW K KHPIIHY-
HOM KJIaJK€ HECYIIEro JIEMEHTa U IOATOTOBKY
TOTOBOW KOHCTPYKIIMM K TPaHCHOPTHPOBAHUIO Ha
OOBEKT.

g TOBBIIEHUS anre3udl MEXIy IMOBEPXHO-
CTbIO OCHOBaHMs (KMpIUYHAs KJIaJKa) U TeIUlo-
M30JSIIMOHHON OOJIMIIOBOYHOM MaHENbl0, CHUXKE-
HUS BOJIOIIOTJIONIEHHA MaTepuaja OCHOBaHUSA
(kuprn4a) HapyXHYIO HOBEPXHOCTb KHPIHUYHOTO
MPOCTEHKA Tepes MPUKIeHBaHuEM 00padaThIBAIOT
TPYHTOBKOM. [[71s1 rpyHTOBaHUS IIOBEPXHOCTH KHP-
MUYHOM KJIaJAKH PEKOMEHIYETCsl IPUMEHATh TPYHT
ykperupttonmid ilmax 4120. I'pyHTOBKY HaHOCST
BaJMKOM WJIM KHUCTBIO CIIJIOLIHBIM CJIOEM IO Bcel
MIOBEPXHOCTH 0e€3 MPOIYyCKOB M Pa3phIBOB. I'pyH-
TOBaHHE HEOOXOIMMO TPOU3BOAWUTH B JBa CJOS.
Bpewms Boickixanus rpyHToBKH 100-120 MuH B 3a-
BHCHUMOCTH OT MHKPOKJIUMATA B LIEXY H CTPYKTYPBI
OCHOBaHHUS.

3amnblIeHUE U 3arpsi3HEHUE OrPYHTOBAaHHOM HO-
BEPXHOCTH HE JJOIYCKAEeTCA.

Kpennenne Temnon30IsLUOHHBIX OOJIMIIOBOY-
HBIX CTEHOBBIX MAHEJIEH K KHUPIUYHOM KIIamKe
OCYyILIECTBIISIETCSl Ha Kiet. Jig npuknenBaHus
TETUION30JIIIUOHHON OOJIMIIOBOYHON MaHEIH IMPH
TeMIlepaType Bo3ayxa B Lexy oT —5 mo +15 °C
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MPUMEHSIOTCS COCTaBBI  KJIGEBHIE IOJIMMEPHBIC
ilmax thermofix, ilmax KC-13uma.

[IpuroroBnenue KJIESAMIMX COCTABOB CIEAYET
HAYMHATH NMpUOIM3UTENsHO 32 30 MUH 10 Havana
BBITIOJTHEHUS PadoT.

Y4uuThIBas, YTO KUPIUYHBIEC MTaHeNn (TIPOCTEH-
KH) HW3TOTOBIIIOTCS B IIEXy, IOBEPXHOCTH KHP-
MAYHOW KJIaAKH He OYAYT MMETh CYIIEeCTBEHHBIX
HEpOBHOCTEW. B CBA3M C 3TUM pEKOMEHJyeTcA
HaKJICHKY TEIIOM3OSALUOHHBIX OOJIUIIOBOYHBIX
CTCHOBBIX IaHEJIed BBINIOIHATh METOAOM 3yOua-
TOTO OCHOBaHHSA (CIUIOIIHOTO TMPUKICHUBAHHUS).
B sTOM cirydae kiesniuii coctaB HAaHOCHUTCS TIOJIO-
camH TI0 Bcell BHYTpPEHHEH MOBEPXHOCTH OOIHIIO-
BOYHOHW TIAHEH CIIOEM TOJIIWHON 3 MM W pa3pas-
HUBAETCS MIPHU TIOMOIIH 3y0YaTOro MITaTENs.

[Ipu npuKIeHBaHUU TEIUIOM3OJAIUOHHBIX 00-
JUIOBOYHBIX CTEHOBBIX MAHEIEH PEKOMEHIyeTCs
MPUACPKUBATHCS TAKON MOCIEA0BATEIBHOCTH.

[ToAroToBNEHHYI0 K MPUKICUBAHUIO IaHEIb
(HaHECeH KIeSIIMK COCTaB, MPOCBEPJICHBI OTBEp-
CTHSI TIOJT CTEKJIOTIACTHKOBEIE aHKEPHI-KPOHIITEH-
HBI) PAcIojaraloT B HECKOJIBKAX CAaHTHMETpax OT
MOBEPXHOCTH KHUPIAYHOW KIAAKH TPOCTEHKA,
COBMEIMIAIOT OTBEPCTHS B MAHEIH C BBITYCKAMH
CTEKJIOTNIACTUKOBBIX aHKEPOB-KPOHIITEHHOB KIIa-
KH. 3aTeM, HCIIONIb3Ysl MOIYTepoK (NpaBuiio), Ia-
HEJIb TUIOTHO PYKUMAIOT K KIIaJIKe.

Ecnmm xmesmuiit cocTaB BBIIABHIICS M3-TIOJ Ta-
HEeJIM W TIOTaJl Ha TOPIEBYIO TpaHb KUPIMUYHOTO
MPOCTEHKa, €ro cieayeT yaamuth. [lnomans kie-
€BOTO COCITWHEHUS JOJDKHA OBITh He MeHee 40 %
OT IUTOIIATH TIPUKJICHBACMON TTaHEIH.

Bce pabGoTel BEIONHSIOTCS B CIEIHAIBHO
000pyI0BAaHHOM TTOMEIICHUH (IIEXY).

PexoMenayemasi TeXHOJIOTUsI BO3BEAEeHUS
3JaHUH U3 KHPTUYHBIX YTeNJIeHHBIX
(acanHbIx nanenei (MPoCTEHKOB)

N3roroBieHHbIC B 1IeXy HAa TEPPUTOPHH KUP-
MUYHOTO 3aBOJIa KUPIUYHBIC YTEIUICHHBIC (haca-
Hble TaHenu (TPOCTEHKH) aBTOTPAHCIOPTOM JO-
CTaBISIOTCS HA CTPOUTENbHYIO MUiomanky. Ileme-
c000pa3Ho, YTOOBI HMCKIIOYHTH JIOMOJHATEIHHBIC
MOTPY304HO-Pa3rpy304YHbIe ONMEPAldd M CKJaau-
pOBaHKE MTPOCTECHKOB HAa OTKPHITOM HMPUOOBEKTHOM
CKJIaJie, MOHTaX IPOCTCHKOB BECTH «C KOJIEC»
CJIEYFOIIUM 00pa3oM.
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Ha mepBom »srame Opuraga KaMEHIIMKOB OT-
JIETHHBIM TEXHOJOTUYECKUM IMOTOKOM BBIMIOHSIET
KUPIUYHYIO KIAJKy CTEH IMEpPBOro 3Ta)a CTPOs-
merocst 3nanus. Knanka Beaercs ot oOpesa ¢yH-
JaMEHTa 1O OTMETKH HH3a OKOHHBIX MPOEMOB.
[lo 3aBepmieHnu pabOT TO KUPIMHYHON KIIaIKe
C TIOMOUIBI0 T€OJE3UYECKHX HHCTPYMEHTOB BBI-
MIOJTHAIOT BBIHOCKY IPOEMOB Ha (pacajie M 3aKper-
JIIOT UX MECTOMOJIOKEHNE KPACKOH.

3areM C TMOMOIIbI ABTOMOOWJIBHOTO CTPOH-
TENIBHOTO KpaHa, HCIOJIb3Yysl BaKyyMHBIH 3axBaT
tuna ARLIFTER-F/R-1500, mpou3BoasT MOHTax
KUPIMUYHBIX YTEIUICHHBIX (acalHbIX IaHenen
(mpocteHkoB). YuuThBasg HeOOJbIIHE OOBEMBI
paboT, TOPU3OHTANBHBIE BBl MEXKIY MOHTHpYE-
MBIMU TIPOCTEHKAMHM U PAHEE BO3BEACHHOW KHp-
MUYHOM KJIAJKOW, a TaKKe IO BBICOTE (pacagHbIX
MaHesIe peKOMEHIyeTCs BHITIONHATh Ha MOJHYype-
TaHOBOW KJIEEBOM KOMIIO3ULIUH.

BbIBO/Ibl

1. 1o pe3ynbTaTtam BBIMOJIHEHHBIX HCCIEI0BA-
HUH TIpeaniokeHo 3(P(EKTUBHOE KOHCTPYKTHUBHO-
TEXHOJOTHYECKOEe pElICHHuEe BO3BeAeHUs (acaloB
KUPIUYHBIX 37aHUNA M3 YTCIUICHHBIX KHPIUYHBIX
rmaHesei (MPOCTEHKORB) 3aBOJICKOTO H3TOTOBJICHHS.

2. Buenpenue mupeiaraeMoii pa3pabOTKu B
MPAKTUKY CTPOHUTEIHLCTBA MO3BOJIUT:

— CYIIECTBEHHO CHHM3HUTHh TPYAOEMKOCTb U IIO-
BBICUTh Ka4eCTBO PabOT MpH BO3BEICHHU 3IaHHIA
IIIKOJI, JOIIKOJIbHBIX y‘-Ipe)KI[eHI/II‘/'I, IIOJIUKIIMHUK U
JIPYTrUX 00ObEKTOB, BO3BOAMMBIX U3 KUPINYA;

— MEPEeBECTH TEXHOJIOTHYECKUH TPOLIECC BO3-
BEJICHUS YTCIUICHHOW KUPIUYHON KIAIKH U3 pyd-
HOI'oO B HOHYMexaHHSHpOBaHHBIﬁ.

JINTEPATYPA

1. K omeHke sKCIIyaTaIHOHHOH 3((EKTHBHOCTH MHOTO-
CJIONHOHW KHPINYHOM KIIaJKH HECYIIUX CTE€H C IUIUTHBIM
yrerumatenem / B. H. Uepnousan [u ap.] / CtpoutenbHas
Hayka ¥ TexHuka. 2013. Ne 2. C. 27-31.

2. Kamennsre u apMOKaMEHHBIE KOHCTPYKIIHH:
CII 5.02.01-2021. Bgea. 10.06.21. Munck: Muncrpoitap-
XUTEKTYpHI, 2021. 123 c.

3. Tennon3onsiuuoHHass OONMIIOBOYHAs CTEHOBAs MaHEIb:
mat. Ne 8892 Pecn. Bemapycs, MIIK (2012) E 04B 1/76 /
B. H. Yepnousan, B.I'. HoBocensues, H. B. UepHousan.
Omy61. 30.12.2012.

Hayka
urexHuka. T. 23, Ne 2 (2024)



Civil and Industrial Engineering

4. TexHonoruueckas Kapra Ha YCTPOMCTBO JIEIKOM IITyKa-
TypHOH cuctembl «Minmakce»: TK 100289293.1211-2020.
Been. 03.08.2020. Munck: OAO «CTpOHKOMILIEKC).
2020. 174 c.

5. UepHouBan, B. H. TemmoBas peaGunuranus —¢acamoB
IKCIUTyaTHPYEeMbIX MaHebHbIX 37anuii / B. H. UepHouBaH,
H. B. Yepnousan // Hayka u texnuka. 2022. T. 21, No 6.
C. 511-516. https://doi.org/10.21122/2227-1031-2022-
21-6-511-516.

6. lepessirun, B. C. Be3ameranbHple cocTaBHbIC OAJIKU U Me-
tano-aepeBsHubie coopusie (epmbr / B. C. JlepeBsirun.
M.: Crpoitmznar, 1947. 80 c.

7. PazpaboTka Hay4HO OOOCHOBAaHHBIX HPHHIMIIOB OCY-
MIECTBICHHUS TEIUIOBOH peadMIMTAINH  OTPaXKHAIOIINX
KOHCTPYKIMH 3KCIUTyaTHPYyEeMBbIX 3JaHHUH Ha OCHOBE Tep-
MHuYeckoro skpana: otdyer o HUP, Ne I'P 20063374
(mpom.) / BpI'TY; pyk. B. H. Uepronsan. Bpect, 2007. 32 c.

8. Kommnosunmonusie Matepuanst: B 8 T. / penkoi.: JI. Bpayrt-
MaH [u ap.]. M.: MamuHnoctpoenue, 1978. T. 8: Anamus
U npoekTupoBanue KoHctpykuuii / JI. bpayrman, P. Kpok,
K. Hamnuc. 1978. 264 c.

9. baprenes, I'. M. [IpouHOCTh U MEXaHU3M pa3pyLICHUS MO-
aumepoB / I'. M. baptenes. M.: Hayka, 1984. 279 c.

10. JleonoBuy, C. H. TexHonoruss peKOHCTPYKLUUHU 3AaHUH
u coopyxennit / C.H.Jleonosnu, B. H.Yepnousas,
H. B. Uepnousan. M.: Uudpa-M, 2023. 521 c.

11. OueHka BIMSHUS MaTepuaia TEIUIOM3OJALMOHHOTO CJI0S Ha
9KCIUTyaTalIOHHBIE XapaKTEPHCTHKU YTCINICHHOH KHUPIIHI-
Hoi kianku / B. H. Yepnousan [u ap.] // Bectuuk Ilo-
JIOIIKOTO TocyaapcTBeHHoro yHusepcurera. Cep. F. Crpon-
tenbeTBO. [Ipuknanusie Hayku. 2021. Ne 16. C. 112-116.

ITocrynuia 06.10.2023
Tonnucana k nevaru 14.12.2023
Ony6nukoBaHa onyaiiy 29.03.2024

REFERENCES

1. Chernoivan V. N., Novoseltsev V. G., Chernoivan N. V.,
Kovenko Yu. G., Matvienko E. V. (2013) To Assessment
of Operational Efficiency of Multilayer Brick Masonry
of Bearing Walls with Slab Insulation. Stroitelnaya Nauka
i Tekhnika [Construction Science and Technology], (2),
27-31 (in Russian).

Hayka
uTexHuka. T. 23, Ne 2 (2024)

10.

11.

.SP [Building Regulations] 5.02.01-2021. Stone and

Reinforced Stone Structures. Minsk, Publishing House
of Ministry of Architecture and Construction, 2021. 123
(in Russian).

. Chernoivan V. N., Novoseltsev V. G., Chernoivan N. V.

(2012) Thermal Insulation Cladding Wall Panel: Patent
No 8892 Republic of Belarus (in Russian).

. TK [Flowchart] 100289293.1211-2020. Technological

Map for the Installation of the Light Plaster System
“Ilmax”. Minsk, Stroikompleks, 2020. 174 (in Russian).

. Chernoivan V.N., Chernoivan N. V. (2022) Thermal

Rehabilitation of Facades of Operated Panel Buildings.
Nauka i Tekhnika = Science & Technique, 21 (6),
511-516. https://doi.org/10.21122/2227-1031-2022-21-6-
511-516 (in Russian).

. Derevyagin V. S. (1947) Metal-Free Composite Beams

and Metal-Wood Prefabricated Trusses. Moscow, Stroi-
izdat Publ. 80 (in Russian).

. Chernoivan V. N. (Supervisor) (2007) Development

of Scientifically-Based Principles for the Implementation
of Thermal Rehabilitation of Enclosing Structures of
Buildings in Use Based on Thermal Screen. Research Re-
port, No. State Registration 20063374 (Industry). Brest,
Brest State Technical University. 32 (in Russian).

. Brautman L., Krok R., Chamis K. (1978) Composite Ma-

terials. Vol. 8: Analysis and Structural Design. Moscow,
Mashinostroenie Publ. 264 (in Russian).

. Bartenev G. M. (1984) Strength and Mechanism of Poly-

mer Destruction. Moscow, Nauka Publ. 279 (in Russian).
Leonovich S. N., Chernoivan V. N., Chernoivan N. V.
(2023) Building Reconstruction Technology and Struc-
tures. Moscow, Infra-M Publ. 521 (in Russian).
Chernoivan V. N., Novoseltsev V. G., Chernoivan N. V.,
Torkhova A. V. (2021) Assessment of the Influence of the
Heat- Insulating Layer Material on the Performance Cha-
racteristics of Insulated Brickwork. Vestnik Polotskogo
Gosudarstvennogo Universiteta. Seriya F. Stroitel'stvo.
Prikladnye Nauki = Vestnik of Polotsk State University.
Part F. Constructions. Applied Sciences, 16, 112-116 (in
Russian).

Received: 06.10.2023
Accepted: 14.12.2023
Published online: 29.03.2024

127



Cmpoumenbcmeo

https://doi.org/10.21122/2227-1031-2024-23-2-128-139
YK 69.057

HUccaenoBanue BJANSAHUSA HOMECHKJIATYPBI H31eni
Ha nmoxKasarTtejim HpOI/I3BOHCTBeHHOﬁ MOIIIHOCTHU
IIpeI[leI/IHTI/Iﬁ HHAYCTPUAJBHOIO TOMOCTPOCHHUS

Maructp TexH. Hayk B. FO. I'ypunouu"

')Beﬂopyccm/lﬁ HAIIMOHAJIBHBIN TeXHUYEeCKHA yHUBepcuTeT (MuHCK, Pecrrybnnka benapycs)
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Pedepart. B crarse mpepcTaBieHs! pe3yIbTaThl HCCIEAOBAHUN BIMSHUS TapaMETPOB HOMEHKJIATYPBI U3/ICJIUH Ha MTOKa3aTeNn
OCBOEHHSI IPOSKTHBIX MOLIHOCTEH NMPEINPUSITHI HHIYCTPHAIEHOTO JOMOCTPOSHHUS. B KauecTBe aHAIN3UPYEMBIX TapaMeTPOB
HOMCHKJIATYPBI H3/CTHH MPHHATE HX KOTMYECTBO M OETOHOGMKOCTh B Iepecuere Ha | M* obell Mmioma, a TakKe TH-
paxHocTh m3menuid. OTMedaeTcs, YTO PacdeThl IPOU3BOACTBEHHOW MOIIHOCTH ¥ OCHOBHBIX TEXHHKO-3KOHOMHUYECKUX
HOKa3areliel MPOM3BOICTBA HA CTaJUU TEXHOJIOTMYECKOT0 IPOSKTUPOBAHKS 0A3UPYIOTCsl HA HOMEHKIIATYpe U3ENNil THIIOBOH
6110K-ceKMu cepun Joma. IIpu 3ToM apXuTeKTypHas MHIMBHIYalbHOCTb, THOKOCTh IIAHUPOBOYHBIX M KOHCTPYKTHBHBIX
pelIeHni KUIIBIX 3JaHAH B MHIYCTPHAILHOM HCIIONHEHUHU TPEOYIOT pa3HooOpa3us MoaupuKamii OIOK-CEeKIUiA, 9TO Hepas-
PBIBHO CBSI3aHO C POCTOM HOMEHKJIATYpPHI BBIITYCKAaeMbIX U3JeNHH. Pacmmpenne HOMEHKIATY Pl H3EIHi I MOJH(UKAUiA
OJIOK-CeKIMi B MIPOM3BOJICTBEHHON MPOrpaMMe HPEINPHATHI SBIseTCs 00BEKTHBHON 3aKOHOMEPHOCTBIO, KOTOPYIO HE00X0-
JMMO yYHUTBIBATh MPH TEXHONOTMYECKOM NPOEKTUPOBAHUH HOBBIX MJIM PEKOHCTPYKIMH JEHCTBYIOLMIMX MPEANPHUITHH, TIIaHHU-
POBaHMY TPOU3BOACTBEHHBIX HPOTPAMM CTPOHTENBCTBA JKUIbsS. 3a()MKCHPOBAHBI 3HAYUTENBHBIE KOJIEOAHUS IapaMeTpoB
HOMEHKJIATYpBl M3AENUi B IMPOM3BOACTBEHHBEIX IIPOTpaMMax MPEANpUSTHH HWHIYCTPHAIFHOTO JOMOCTpOEHHs. BrimonHeHn
PErpECCHOHHBII aHAIN3 MapaMeTPOB HOMEHKJIATYPhI W3AENUH MPOM3BOACTBEHHBIX MPOTPaMM MPEANpPUATHH HHIYCTpUAIb-
HOTO TOMOCTPOEHHMS. YCTaHOBJIEHA 3aBHCHMOCTh HOMEHKIIATYPHI M3ACIUH OT JONU TOYEYHBIX JOMOB B IMPOrpaMMax CTPOH-
TEJILCTBA JKHJIbS. BBINeIeHbI OCHOBHBIE ITapaMeTPHI JOMOB, ONpPEeIIIONINe KoIeOaHusT HOMEHKJIATypBl U3/ISNIH, K KOTOPBIM
OTHOCST 3Ta)KHOCTh M KOJMYECTBO CEKLMH B KOMIUIEKTAIMU 1oMa. [[piHUMas BO BHUMaHUe (aKT CyIIECTBEHHOTO BIMSHHUS
HOMEHKJIATypBl M3/IeTHil Ha IPOU3BOJACTBEHHYIO MOILIHOCTh MPEANPHATHH, yCTAHOBIEHA 3aBUCUMOCTh MOKA3aTeNlsi COOTBET-
CTBHS GETOHOEMKOCTH M3enmit 1 M> o6Iei mIomaam Ha MoKa3aTen MIPOM3BOACTBEHHOW MOIIHOCTH. JJ0CTOBEpHOCTH MOITY-
YEHHBIX MAaTEeMaTHYECKHX MOJENIel MOATBEp)KIAEHa pe3ysIbTaTaMU CTaTUCTHUECKOW 0OpabOTKH pe3ysbTaToB HCCIEIOBaHUH
U BepuduUKaIel Mojienell B pacyerax JACHCTBYIONICH MPOU3BOACTBCHHOW MOIIIHOCTH MPEATNPHSTHIA.

KnioueBble c/10Ba: WHIYCTPHAIBLHOE CTPOUTENHCTBO, IPOM3BOACTBO COOPHBIX KEIE300€TOHHBIX KOHCTPYKIHH, IPOM3-
BOJICTBEHHAsI MOLIHOCTb, IIPEANPHUATHUS UHIYCTPUAIBHOIO JIOMOCTPOCHUS, HOMEHKIIATypa U31eJIuil
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Study of Influence of Product Range on Production Capacity Indicators
of Precast Construction Plants

V. Yu. Gurinovich?

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper presents the results of research of the influence of product range parameters on the indicators of deve-
lopment of the design capacities of precast construction plants. The quantity and concrete consumption of products in terms
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of 1 m? of total area, as well as the circulation of products, have been taken as the analyzed parameters of product range.
It is noted that calculations of production capacity and basic technical and economic indicators of production at the stage
of technological design are based on the product range of a typical block section of a house series. At the same time, architec-
tural individuality, flexibility of planning and design solutions of prefabricated houses buildings in industrial design require
a variety of modifications of block sections, which is inextricably linked with the growth of the range of manufactured products.
Expansion of the range of products for modifications of block sections in the production program of plants is an objective regularity
that should be taken into account in the technological design of new or reconstruction of existing precast constructions plants
and planning production programs for housing construction. Significant fluctuations in the parameters of the product range in the
production programs of plants have been recorded. A regression analysis of the parameters of the range products of production
programs of precast construction plants has been carried out. The dependence of product range on the share of dotted houses
in housing construction programs has been established. The main parameters of houses determining fluctuations in the range
of products have been identified, which include the number of storeys and the number of sections in the house configuration.
Taking into account the fact of the significant influence of the product range on the production capacity of plants, the dependence
of the indicator of compliance of the concrete capacity of products with 1 m® of total area on the production capacity indicators has
been established. The reliability of the obtained mathematical models is confirmed by the results of statistical processing of research
results and verification of models in calculations of the current production capacity of plants.

Keywords: prefabricated construction, precast reinforced concrete structures, production capacity, precast construction plants,
product range

For citation: Gurinovich V. Yu. (2024) Study of Influence of Product Range on Production Capacity Indicators of Pre-
cast Construction Plants. Science and Technique. 23 (2), 128-139. https://doi.org/10.21122/2227-1031-2024-23-2-128-139

(in Russian)
Brenenmne

NHpaycTpuanbHOE JOMOCTPOEHUE — OIHO U3
HanboJice MHTEHCHMBHO Pa3BUBAIOIIUXCS HalpaB-
JICHWI HWCCIeIOBaHWiA B 00JacTH CTPOUTENHCTBA
W CTPOUTENBHBIX TEXHOJOTHH. DTO yTBEpXKIECHUE
B IIOJIHOM Mepe MOATBEPIKIaeTCsl pOCTOM ITyOnu-
KallMOHHOHN aKTUBHOCTH M OCHOBHBIX ITOKa3aTeleH,
XapaKTepU3yIOIUX HAay4YHbId YpPOBEHb, aKTyalb-
HOCTb, aBTOPUTETHOCTh W BOBJIEYEHHOCTH B HCCIIE-
JIOBaHMS B TAHHOW MpeaMeTHo odmactu [1]. B [2, 3]
YCTaHOBJICHO, YTO OCHOBHBIM HAINpaBJICHUEM IO-
BEITIICHUST  3PGEKTUBHOCTH  WHIYCTPHATHHOTO
JOMOCTPOCHHUSI SIBISICTCST pa3padoTKa OpraHuza-
LHUOHHO-TEXHOJOTUYECKUX PEIICHUH yIpaBIICHUA
MIPOU3BOJICTBOM C YYETOM HMHJWBHIYaIbHBIX OCO-
OeHHOCTEH NpeANnpHUsITHA, a OJHUM U3 CIEPKH-
BalOIIMX (PAKTOPOB HMHTEHCHUBHOTO PAa3BUTUS —
MOJIHAs 3aBUCUMOCTb TEMIIOB CTPOMUTENBCTBA OT
MPOU3BOJUTENEHOCTH U (PPEKTUBHOCTH OpTraHH-
3anMu npousBoacTBa. Ha ocHoBaHMM aHanu3a pa-
00T [4-7] MOXHO YTBEp)KOAaTb, YTO HEIOCTATOY-
HBIIl ypOBEHb OpPraHMU3alMy MPOU3BOACTBA U YYET
(hakTOpOB, OKa3bIBAIONINX BIMSHUEC HA TEXHHUKO-
SKOHOMHYECKHE MMOKa3aTeNlu MPOU3BOJCTBA, SIBIISI-
FOTCS. OCHOBHBIMH y3KMMH MECTaMH HMHIYCTpHANb-
HOTO JIOMOCTPOEHHS, PUCKOM CpBIBa TpauKoB
NPOM3BOJCTBA CTPOUTENBHO-MOHTAXHBIX PadoT,
YBEJIMUCHHUSI HOPMATUBHBIX CPOKOB U CTOUMOCTH
CTPOMUTENLCTBA M0 IPUYMHE HAPYIICHUS OCTABOK
cOOpHBIX KeJe300eTOHHBIX u3fenuid. [IpakTuka
MOKa3bIBAET, YTO BCE CKAa3aHHOE HE CIIOCOOCTBYET
peanu3aluy OCHOBHBIX IPEUMYIIECTB HHIYCTpPU-

Hayka
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aNBbHOTO JOMOCTPOEHUS Nepes IPYTMMH METOIaMHU
CTPOUTEIBCTBA B YaCTH COKPAIIEHHS CTOMMOCTH
1 CPOKOB CTPOUTENHCTBA.

C y4eToM aKTyaJIbHOCTH IIPUBEICHHBIX (aKTOB
IUIl OTEYECTBEHHON NPAKTHKH HHAYCTPHUAIBHOTO
JIOMOCTpPOEHHUSI TpeOyeTcs aKTHUBU3AILUS HCCIEN0-
BaHUM B JAHHBIX HaIlpaBJICHUSX. TeopeTudeckui
aHaIIN3 JINTEPATypbl MO3BOJIMI BBIACIUTH OCHOB-
Hble (akTophl, BiHAONIME Ha 3()(HEKTHBHOCTDH
npousBojcTBa. Tak, B [8—11] onpeneneno BiusHue
Ha MPOU3BOJUTENBHOCTh TEXHOJIOTHYECKUX JTMHUAN
pacKIagKu U3IeNui 1 3arpy3ku ¢opMm. B [4] ycra-
HOBJICHA 3aBUCHMOCTh 3()EKTUBHOCTH MPOU3BOJI-
CTBa OT cmoco0a ympaBleHHS MPOU3BOIACTBOM.
Bimsaue CcmoXXHOCTH W3IeNuid Ha OOy TIpo-
JIOJDKUTEIIBHOCTH pabOT YCTaHOBJICHO B padoTte [5].
B [12] mpuBeneHs! uccaenqoBaHus BIUSHUSA Ha d(¢-
(DEeKTHUBHOCTH IPOM3BOJCTBA BBITYCKa Pa3HOTHUII-
HOM TPOAYKIMM HA TEXHOJOTMYECKOW JMHUU U
MIPUBEIEHBl PEKOMEHAANN OPHEHTAIMH IPOu3-
BOJCTBEHHBIX JIMHHAN Ha BBITYCK OJHOTHIIHBIX W3-
nemuii. OIHaKO HCCIENOBaHU B aHAIM3HPYEMBIX
nyOJIMKAIMAX HAIpaBJICHBI, MIPEXIE BCETo, Ha pe-
[IEHHE MOCIEACTBHN, a HE HAa YCTAaHOBJIEHHE IPH-
YUH HEJOOCBOCHHUS IPONU3BOACTBEHHBIX MOIIHO-
CTEH NPeaIPUITHUIA.

B [13] ycranoBneHbl (akTbl CHIKEHHS MPO-
€KTHBIX TPOM3BOJCTBEHHBIX MOIIHOCTEH Mpen-
npuaTuil. B xauecTBe 01HOM U3 OCHOBHBIX MPUYKH
OIIpE/IETIEHO pacliupeHne HOMEHKIATYPhl U3AeIuil
B 00bEME KOMIUIEKTALIMHM JIOMOB THIIOBBIX CEpHil.
M3BecTHO, YTO HOMEHKJIATypa U3JEINi HaXOJUTCA
B NPSIMOM 3aBUCUMOCTH OT ApXUTEKTYPHOH MHAU-
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BHUTyJIbHOCTH ¥ TUOKOCTU KOHCTPYKTHBHO-TUTAHH-
POBOYHBIX pEIICHUN 3MaHUN, B TOM YHUCIE AOIH
UHIUBUYAIBHBIX SKWIBIX JOMOB KOTTEIKHOIO
THIA B IPOU3BOJICTBEHHON MPOrpaMMe CTPOUTETb-
CTBa XWJIbS, U KaK Ba)KHbI 3KOHOMUYECKHUM MOKa-
3areib OKa3bIBAET CYLIECTBEHHOE BIUSHHUE Ha MPO-
M3BOCTBEHHYIO MOIITHOCTE MpeanpusTuii [ 14—18].

ITo mansbvM [18—19], mpu conmepkaHUM WHAM-
BHUJIyQJIbHBIX JKWIBIX TOMOB KOTTEIXKHOTO THUIIA B
MPOU3BOACTBEHHONW TporpaMMe Mpeanpuarus 0o-
nee 15 % 3aduKcHpOBaHO CHMKEHHUE MOIIHOCTH
10 MAHENsIM Hapy>KHBIX CTeH Ha ypoBHe 15-17 %,
1o naHensM nepexpeitusg — 18-27 %. B [17] npu-
BOJIATCS JJAHHBIE CHMKEHMST MOIIHOCTH Ha 15—-18 %
MpH COJCP’KaHWN B MPOU3BOJCTBEHHON IMPOTpaM-
Me npennpusatus Oomee 30 % TOYEUHBIX TOMOB.
[IpuBeneHHbIe (HaKTHI CBUIETENBCTBYIOT O 3aBH-
CUMOCTH TOKa3aTeled MPOU3BOACTBEHHOM MOII-
HOCTH OT MOAHM(HKAIMN THIIOB IOMOB B IPOHU3-
BOJICTBEHHOM NIPOrpaMME€ CTPOHUTENIbCTBA JKHIIbA.
OpHako mpuBeaeHHBIE (HaKThl TPEOYIOT YCTaHOB-
JICHUS TPUYMH W 3aKOHOMEPHOCTEH HW3MCHECHWS
[apaMeTpoOB HOMEHKJIATYPhl W3JEIUN U BIUSHUA
3TUX NapaMeTPOB Ha MOKA3aTeIu OCBOCHUS IIPOU3-
BOJCTBEHHBIX MOILHOCTEH MpeaIpUITUI.

PacueTsl npoekTHOI MPOU3BOJICTBEHHON MOIII-
HOCTH M OCHOBHBIX TEXHUKO-DKOHOMHYECKHX IIO-
Kaszaresel Mpou3BOJICTBA HA CTAANM TEXHOJIOTHYe-
CKOTO TIPOEKTHPOBAaHHA Oa3UpPyIOTCS HA HOMEH-
KIIaType W3AeTHi THUIIOBOW OJIOK-CEKIUH CEepUHU
JloMa, 4To, 10 JMaHHBIM [14], HEe ABIIETCS TOCTO-
BepHOH mH(pOpManuei.

Kax nonreepxnaer mpakTUka UHIYCTPUATBHO-
r0 JIOMOCTPOCHHS, PACHIUPEHHE HOMEHKIATYPHI
U3JeNUN 11T MOJU(UKAIMA OJIOK-CEKIMi B MPO-
W3BOJICTBEHHON IIPOrpaMMe NPEAIpUITHI SBISET-
csi OOBEKTUBHOW 3aKOHOMEPHOCTBIO, KOTOPYIO
HEOOXOAMMO YYHTHIBATh TPU TEXHOJOTHIECKOM
MPOEKTUPOBAHNUU HOBBIX WM PEKOHCTPYKIUU JCii-
CTBYIOLIUX TMPEANPUATUN, TIAaHUPOBAHUU MPOU3-
BOJICTBEHHBIX TPOTPAMM CTPOUTEIHCTBA JKUIIbA.
OTO BaXHBIM W MNPUHIUINHAATGHO HOBBIA MOAXOJ
K TUTAHUPOBAHUIO M OPTaHM3AIIMH IPOU3BOJCTBA
C YYE€TOM HHU3KOW THUPaXXHOCTH U BBICOKOM J0JIU
TOYEUYHBIX JOMOB B MPOU3BOACTBEHHOU Mporpam-
M€ MPEANPUATUNA Ha COBPEMEHHOM 3TaIle Pa3BUTHUS
UHIYCTPUATBHOIO JOMOCTPOCHHUSI.

B kauectBe aHanmM3MpyeMbIX HapaMeTpPOB HO-
MEHKJIATypbl H3JENUN B HCCICAOBAHMSIX MPUHS-
THI WX KOJMYECTBO W OETOHOEMKOCTh B Tlepecuere
pa 1 M’ ofmieil MIOUIaH, a TaKkKe THPAKHOCTH
U3ENUit.
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YcraHOBICHHBIE OTKJIOHEHHUS MapamMeTpoB HO-
MEHKJIATYPbl M3JICIUA B TPOU3BOJICTBEHHBIX IPO-
rpaMMax TpEeANnpUSTHN MO3BOJAT OMPENeNaTh (ak-
THUYECKHE TTOKa3aTeJI OCBOSHHS IIPON3BOJICTBEHHBIX
MOIIHOCTEH, Ha3HAYaTh HEOOXOIMMbIC PE3CPBHI IIPH
pacdere TPOEKTHBIX TPOW3BOJCTBEHHBIX MOIII-
HOCTEM HOBBIX WM JACUCTBYIOLIMX MPEANPUATHH.
Brrsgsiennbie 3aKOHOMCPHOCTH BJIMSAHUA HOMCHKIIA-
TYpbl HM3JIENIMi Ha MPOU3BOJCTBEHHYIO MOIIHOCTH
MOTYT CIYXXUTh 0a30il IJisi pa3paboTKH perieHnui
CHIDKEHHUSI JTOU 3aBUCUMOCTH, IIPOCKTHUPOBAHUA
OPraHU3aIMOHHO-TEXHOJIOTUYCCKUX PEIICHHH TPO-
M3BOJICTBA IIMPOKOW M U3MEHSIOIIEHCS HOMEHKIIA-
TypBl HW3menuii, BeIOOpa 3(dexkTuBHOrO crocobda
MIPOU3BOICTBA.

AHaJIN3 HOMEHKJIATYPbI U3/1eJuil
NMPOU3BOACTBEHHON MPOrpaMMBbl
NnpeanpuATHii

IIpu  QopmupoBaHUM HOMEHKJIATYphl U37e-
M Pa3deNAoT Ha THIIOPAa3MEpbl, MapKu M TH-
mel [15, 18]. Tunopasmepsl onpeneisioT ATUHY,
MIUPUHY WU TOJNMIMHY. Mapku O3Ha4ar0T HHJWBHU-
IyalbHble HOMEpa B3aMMO3aMEHSIEMBIX H3/EIHH,
a THUIBl XapaKTepU3yIOT (QYHKIMOHAJIBHOE 3Hade-
HUE W3JeNnus B cuUcTeMe 3JaHus (TaHenu Ha-
PYXHBIX WM BHYTPEHHHUX CTEH, IEPEKPBITHH U T. 11.).

COOTHOIIEHUE THUIOB H3IEINA B HOMEHKIIATY-
pe TPOM3BOACTBEHHON HpPOrpaMMbl MPEANPHUITUI
MMeeT Ba)XKHOE 3HAa4YeHHE IIPH OIpeJIeleHnH Mapa-
METPOB TEXHOJOTHYECKUX JTUHUH I CHHXPOHHO-
IO BBIIYCKa W3JENUi U 00eCcleYeHUs] TeM CaMbIM
MOJTHOM KOMIUIEKTAlUHU IOMOB.

YCTaHOBJIEHO, YTO JUIs MPOEKTHPOBAHUS Opra-
HU3AIMOHHO-TEXHOJIOTHYECKUX PELICHUH BBIITyCKa
W3JEeIUi BaKHBl [Ba IlapaMmerpa: KOJIWYECTBO H
00beM M3ACIMH KaXIOro THUIMAa B HOMEHKIAType
cepuii. [lepBelii mapameTp — 0O0IIee KOIUYECTBO
U3JEeIUH — HCIHONb3yeTcsd B KauyeCTBE HCXOIHBIX
JMaHHBIX TpPU packKiajKe W3JAeNUd M pacyere Io-
TpeOHOCcTH B (popmax u OoprocHacTke. Bropoi
napameTp SIBJISICTCA HCXOJHBIM IIOKa3aTeleM IpH
pacuere IpOM3BOAUTENBHOCTH U MTOAOOpE BeayIIe-
r0 TEXHOJOTHYECKOro 00OpyIOBaHUS, OIpeesie-
HUH [IaPAMETPOB CKIAJCKOT0 X035 CTBA CHIPHEBBIX
MaTepHajoB M KoMmIUlekryromux. Ho cnemyer or-
METHTb, YTO B KAa4eCTBE PAaCUETHOW €IWHHUIIBI H3-
MEpEeHHsl MoKa3aTeNs MPOU3BOACTBEHHON MOIIHO-
CTH IPUHHUMAIOTCS 00a mapaMerpa.

Takum o6pazom, g XapaKTEPUCTUKU pacipe-
JIEJIEHUs] TUIIOB M3/ETNI B HOMEHKIIAType COBpe-
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MEHHBIX CEpHil TOMOB MPOBEICH aHAIN3 KOJUYe-
CTBa U OCTOHOCMKOCTH M3JIC/IHI B HOMEHKIIATYpe
JIEBSATH TUIIOBBIX OJIOK-ceKIwid. JlaHHBIe pacmpe-
JIeTICHUs TUTIOB U3JEJINil B HOMEHKJIAType U3AeInid
THTIOBBIX OJIOK-CEKIIHI MpEeCTaBICHBI Ha puc. 1.

JlanHple aHanmM3a HOMEHKIATYPHl THIIOBBIX
OJIOK-CEKIIHI MpeCTaBICHBI B Ta0I. 1.

W3BecTHO, YTO W3MEHEHHE MapamMeTpoOB HO-
MEHKJIATYPbl W3JCIHA BIUSCT HA TPYI03aTPaThl
MIPOM3BOJICTBA W TIOKA3aTeNH MPOU3BOJICTBEHHON
MotHocTH [14, 17, 18]. CoBpeMeHHBIE TCHACHIINH
K WHJIUBUAYAIBHOCTH W apXUTEKTYPHOH BhIpa3u-
TENPHOCTH, THOKOCTH KOHCTPYKTHBHO-IJIAHHPO-
BOYHBIX pENIEHWH JOMOB B HHAYCTPHAIBHOM
HUCIIOJIHEHUH, CTPOUTCILCTBO HHAWBUAYAJIBbHBIX
JIOMOB KOTTE/DKHOTO THIIa U3 COOPHBIX XkKelie300e-
TOHHBIX W3JENUN SBISIIOTCS CJEICTBHEM pOCTa
001ero Koau4decTBa M3MEINA M MapoK B HOMEH-
KJIAType MPOU3BOJACTBEHHOW NPOTPaMMBI IPeJI-
npUATAN. DTO, TMPEKAE BCETO, MPUBOIUT K POCTY

a

nepeHanagok (GopM U OCHOBHOIO TEXHOJOTHYE-
ckoro obopynoBanus. B cBoro ouepens, CHIDKEHUE
TUPAKHOCTU W3AETUN BBI3BIBAET YBEIMYEHUE HO-
MEHKJIATYpbl OOPTOCHACTKH TP CHIDKEHHUH €€ 3a-
TPY3KH, YTO MPHUBOAUT K POCTY OIEPATHBHOTO
ckiana OOPTOCHACTKA M MaTEepPHaJIOEMKOCTH IIPO-
m3BoncTBa [18].

Ju1st ananu3a W3MEeHEeHHs] HOMEHKIIATypPhI H31e-
Ui MOTUGUKAIUN OIOK-CEKIMI MPOBEIIEHBI HC-
CIEI0BaHUsI TOJIOBOM MPOU3BOACTBEHHOM MHporpam-
MBI TpeX NPEANPUSITHA WHIYCTPUATHLHOTO IOMO-
ctpoenus: I'TI «Bureockuii JICK» (cepus 11-108),
OAO «l'omenbckuii ICK» (cepus 152M), OAO
«bobpyiickuit 3aBox KII[I» (cepmst BO 24.10).
B Tabn. 2 mpencTaBiieHbl CpeIHUE MTOKA3aTeNIU Ma-
paMeTpoB HOMEHKJIATYphl U3JEAUN B IPOU3BOI-
CTBEHHOH Tporpamme npeanpustuid. OTKIOHESHUS
YCPEIHECHHBIX MapaMeTPOB HOMEHKJIATYpHI H3[e-
it MoaudUKaIMii  OJOK-CEKIUH OT THUITOBBIX
MPEACTABICHBI Ha puUC. 2.

6

Hapy’kHble CTEHOBBIE ITAHEIH

11 %
28 %

BHyTpeHHNE CTEHOBBIE [TAHEIN
[uThl nepeKpbITUs

Uznenus nobopa

2%

29 %

34 %

19 % 15%

32 %

Puc. 1. 1onst u3genuii B HOMEHKJIATYpe THIIOBBIX CEPHIA: a — M0 OETOHOEMKOCTH U3CIIHHA, M b—T10 KOJIMYECTBY M3JEJINH, IIT.

Fig. 1. Portion of products in the range of typical block sections:
a — by concrete capacity of products, m*; b — by number of products, pcs.

Tabnuya 1

AHaIMTHYECKHE JAHHBIE IAPAMETPOB HOMEHKJIATYPbI H3/1e/1Hi THIIOBBIX 0JI0K-CEKIMIi

Analytical data of parameters product range of typical block sections

= Ny HapyxHble BayTtpennue ToTer Wsnemus
% 8 CTEHOBBIE CTEHOBBIE Bcero no cepun
s =4 HEePEKPBITUS nobopa
-~ % IIaHCIIN ITIaHCJIN
e 8 4 a 8 a
Cepust § % § § § § é §
: o™ o™ o™ o o™
AR I I A T R
| 9 8= Ee|lEB|s|El8|slEl8|=E]lB]| = 515 |28 E
152 M 10 | 2860 [0,08{0,20| 4,0 | 0,2 0,21510,6(0,11] 0,2 | 5,3 [0,21[0,07] 9,6 [1702| 1691,7 | 0,60 0,68| 231 | 7,4
11-108 10 |2568.8 [0,06(0,24| 3,4 (0,14[0,15| 8,3 0,08/0,18] 5,0 [0,18[0,12] 6,2 [1191{ 1503,8 | 0,46 0,69| 206 | 5,8
5O 24.10 9 [3706,10,06/0,21{ 6,4 {0,10[0,17] 5,1 [0,08]0,17 3,4 |0,13]0,07|11,7[1376| 1978,1 | 0,37[0,62| 239 | 5,8
Cpenneapupmernicckuii 0,070,21] 4,6 {0,15]0,18| 8,0 [0,10[0,18| 4,5 [0,17(0,09] 9,2 0,48 (0,66 6,3
IIOKa3aTeJib
Cpeanexsazpatiieckoe 0,01/0,02| 1,6 {0,05]0,03 | 2,7 [0,01/0,02|1,00/0,04(0,03| 2,8 0,11{0,04 0,92
OTKJIOHCHHC:
Koo¢duuuent apuarn, % | 17 | 10 | 34 [ 34 | 19 [ 34 [16| 8 | 22 | 23 |36 | 30 24 | 6 15
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Tabnuya 2

YcpeanenHnble noka3aTeju NapaMeTPOB HOMEHKIATYPBI U3/eJuil MoaupuKanuii 6J10K-ceKnuii

Average indicators for product range parameters of block section modifications

Hapy>xHbie BuyTtpennue . Wsnems
CTEHOBBIC CTEHOBBIC Bcero 1o cepun
MepeKpuITHs | 100opa
TIaHeJn naHesn
c 2 2 2 2 |z
epus E 5 s 5 5 5 ;:; 5
= 2| 5| K £ [ Z |~ . 2yl E
O |BE| 88|58 |%|le|8|%|ela|%|l 8% 8]|% |25 F
152M 10,0 (5767,1| 2,1 |0,10]0,25| 3,4 {0,20|0,25| 6,3 |0,12|0,22| 4,4 | 0,24 |0,08 | 3714 [4433,0 0,67 | 0,80 | 455 | 4,7
11-108 10,2 |6568,3| 2,8 | 0,09 |0,28]| 2,7 |0,17|0,16| 5,9 {0,08(0,18| 3,9 [ 0,07 |0,18|2537 |4949,1| 0,41 | 0,80 | 515 | 4,6
5O 24.10| 8.4 [5698,8| 2,3 [0,09 (0,21 5,4 [0,13]0,21| 4,8 {0,09/0,20 3,1 [ 0,18 |0,09|2752 (3881,5| 0,49 | 0,70 | 398 | 4.2
CpenneapupMeTHICCKHUi
HOKa3aTellb 0,090,251 3,810,2|0257(0,1|02[3,8]02]0,1 0,5 | 0,8 4,5
CpenHeKBapaTHIecKoe
OTKJIOHEHHUE 0,00{0,04| 1,4 10,04|{0,04| 0,8 {0,02/0,02| 0,6 | 0,09 |0,05 0,13 0,06 0,2
Koodguument Bapnaunu, % | 4 | 15 | 36 | 21 | 22 | 13 |21 | 8 |17 | 54 | 47 25 8 5
a b

Hapy)l(HBIe CTCHOBBIC ITAaHCIIN
0,25

0,20

TTuTH IePEKPITUSL

0,20
BuyTtpenHnue creHOBbIE
HaHenn

——TwurmnoBas 6JIOK-CEKIUs ~——Moxaundukannu 610K-CeKIuit

C

Hapy)KHLIC CTEHOBBIC MAaHEIN

4,62
3.8

3,8 5,7
4,53
BuyTtpennue cteHOBBIE

8,00
MaHeIn

ITnuTe! nepexkpeITHs

——TunoBast OJIOK-CeKIUs ——Moaudukanun 67I0K-CeKIni

Kak BugHO U3 rpadukoB, MpencTaBICHHBIX Ha
puc. 2, 6€TOHOEMKOCTh U 00Ilee KOJTMIECTBO H3-
nenuit B mepecdere Ha 1 M° OOLIEH MUIOMANH I
Moau(UKaUi OJIOK-CEKITUH B MPOW3BOACTBEHHOM
porpaMMe TPEANpUATHI YBETHUWINCh, a THPAXK-
HOCTb M3JIENUH CHU3WIACH B CPAaBHEHHH C HOMEH-
KIIATypOH THITOBBIX OJIOK-CEKIIMHM COOTBETCTBYIO-
IUX CEpPUH.

132

ITuThI HEpeKphITUS

HapyxHble cTEHOBBIE TAHENN

0,09

0,10
BHyTpeHHNE cTeHOBEIE

0,17 naHeau

——TumnoBas GIOK-CeKIHs ——Mozaubukarmu 6JI0K-CeKIHI
Puc. 2. OTKIOHEHUS yCPEIHEHHBIX TAPaMETPOB
HOMCHKJIATYPbI U3eTHid MOAUMUKAIMN OJOK-CeKIUi
OT TUTIOBBIX OJIOK-CEKIHI: a — 6ETOHOEMKOCTh U3/ENUi
B mepecdere Ha 1 M 061meit miomann; b — KoTHIecTBO
u3/enuii B nepecuere Ha 1 M 0011IEeH IIOMIAIH;

C — THPaXXHOCTH M3JIeIHI
Fig. 2. Deviations of average parameters
in product range of block section modifications
from standard block sections:

a — concrete intensity of products per 1m? of total area;
b — number of products per 1 m* of total area;
¢ — circulation of products

BaxxubiM sIBNISIETCSI WMCCIEOBaHUE KOJIeOaHHUN
IapaMeTpoB HOMEHKJIATYPBl HW3IENHUN, KOTOPHIE,
B TIEPBYIO O4Yepellb, XapaKTepU3yIT O0O0BEMHOCTh
HOMEHKJIATYphl IPOU3BOACTBEHHOW IPOrpamMMBbl
MIpeaAInpuATUs. Taxxe cJIeayerT OTMCTUTh, UTO,
mo maHHeIM [14], konebanus mapaMeTpoB HOMEH-
KJIATYphl U3JIENIUNA SIBIISFOTCS OCHOBHOW MPUYUHOU
KOJICOaHWH TIPOU3BOJCTBEHHON MOIIHOCTH TIPE/I-
MPUSTUH.
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Ha puc. 3 npuBenens! rpaduku KoebaHus Mo-
KazaTesnell OETOHOEMKOCTH M KOJIWYeCTBa M3JCIHI
2 .

B mepecuere Ha 1 M~ oOmied Iuomamm, a Takke

a
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TUPAKHOCTU M3ACIUA I MoIuUKAIUil OIoK-
CEeKLIMH B MPOU3BOJACTBEHHBIX IMporpamMmax Ipei-
NIPUSATUH.

AHanM3 NaHHBIX, MPEICTABICHHBIX Ha
pI/IC. 3, CBI/IIICTCJ'IBCTByeT O 3HAYUTCIBbHBIX
KOJICOAHMSIX TIapaMEeTPOB HOMEHKJIATYPBI
u3nienuii  MoaupUKanuid OJIOK-CEKIMiA B
HPOU3BOACTBEHHONW NPOrpaMMe MpeIpu-
atuil. B COOTBETCTBUMU C TPUBEIECHHBIMU
(hakTaMu ClIeyeT YCTAaHOBHTH BIIHSHHE
KoJe0aHW mapaMeTpoB HOMEHKIATYPHI
M3ICTUH  Ha TPOM3BOJCTBCHHYIO MOIII-
HOCTh TNPEANPUSITHA U ONPEACITUTh 3aBU-
CHMOCTB dTHX KOJIEOaHHUI OT JOJH TOYEU-
HBIX JIOMOB B TIPOM3BOICTBEHHOU IIpO-
rpaMMe NPEANPUATHH, O3TaXHOCTH H
Habopa CEeKIUHA B KOMIIEKTAIIUA JJOMOB.

HccnenoBanue BausHUs
J10/11 TOYEYHBIX IOMOB

B NIPOM3BO/ICTBEHHOI
nporpamMme npeAnpUsaTHA
Ha HOMEHKJIATYPY M3/eJIuil

Jlns yCcTAaHOBJIEGHUS 3aBUCHMOCTH PO-
CTa HOMCHKJIATYPbl M3JCIHIA OT WHIMBH-
IyaabHOCTH apXUTEKTYPHBIX U KOHCTPYK-
TUBHO-TUTAHUPOBOYHBIX PEHICHUH MOJIH-
(ukanuii OJIOK-CEKIUi JIOMOB BBITIOJHCH

aHaJIu3 [POM3BOJACTBEHHBIX IIPOrpaMM
LIECTH MPEONpHUITUH HMHIYCTPHAIBLHOTO
JIOMOCTpOEHHUs. Pe3ynbpTarthl mpencTas-

JIeHsI B Ta0. 3.

Kak moka3pIBaloT aHaTUTHYECKUE JTaH-
HbIe B Ta0J. 3, HOMEHKJIATypa TOJIbKO OC-
HOBHBIX THITOB COOPHBIX JKEJI€300€TOHHBIX
n3Jlenuil (HapyKHBIX CTEHOBBIX IaHENEH,
BHYTPEHHUX CTCHOBBIX MaHEJEH W IUTUT
MIEPEeKPHITHSA) HA COBPEMEHHOM JTare pas-
BHTHUSI WHIYCTPHUAIEHOTO IOMOCTPOCHHS B
TOZIOBOM TpOTpaMMe CTPOHTENbCTBA J0-
cturaet 6000 Mmapok u Goree.

Puc. 3. Konebanus mapaMeTpoB HOMEHKIIATYPBI
u3Jenuii MoauduKaImi OJ0K-CeKInit
B IIPOM3BOJICTBEHHBIX IPOrpaMMax MpeaIpUsIThIL:
a — 0ETOHOEMKOCTh U3JICTIHNH B TIepecyeTe Ha 1 M
001el mIom@aau; b — KOIMYECTBO U3AEIINA
B niepecyere Ha | Mm% 06wl IUTOIIAIH;
C — THPAXKHOCTh M3JICIUI

Fig. 3. Fluctuations in parameters of product range of block section modifications in construction program of plants:
a — concrete intensity of products per 1 m” of total area; b — number of products per 1 m? of the total area; ¢ — repeatability of products
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Tabnuya 3
KoJsmmyecTBO Mapok B HOMEHKJIATYPe U3/ieJIMii T0J0BOii IPOrpaMMbl CTPOUTEILCTBA
Number of brands in the product range of annual construction program
KonmaecTBo Mapok OCHOBHBIX KommuectBo
N . OO1ee KOTHIECTBO
[Mpennpusrue Cepust  |u3zenuii B rofoBoi nporpamMmme OMOB. 11T TOYEUHBIX
CTPOUTEINBCTBA V;, IIT. A o JIOMOB X;, IIT.
I'TI «Bureockuit ICK» 11-108 639 19 3
OAO «I'omensckuii JICK» 152M 6497 27 23
M464-yY 2231 25 17
OAO «<MATIU[»
M464-M 1270 9 8
OAO «bopucoBxuicTpoi» MC-50 1106 28 5
OAO «CtpoutenbHO-MOHTaKHBIH
tpect Ne 16, r. HoBomomonk» 90H 158 6 2
OAO «bobpyiickuii 3aBog KITI» 5024.10 1308 14 11

3adukcrupoBana (yHKIIMOHAIGHAS 3aBUCHMOCTD
WU3MCHEHUS HOMCHKIATYPhl M3IEIUN OT KOJHYe-
CTBa TOYCYHBIX KHJIbIX AOMOB THIIOBBIX CepI/Iﬁ
B TOJIOBOW MPOrpaMMe CTPOUTEIbCTBA KHIIbS, KO-
Topast mpejicTaBieHa Ha puc. 4.

HccnenoBanne 3aBHCHMOCTH KOJIe0aHUH
HOMEHKJIATYPBI U31eJHil 0T ITAKHOCTHU
U HA0opa ceKuMil B KOMILUIEKTALIMUA JOMOB

Jli1s yCTaHOBJIEHHUS 3aBUCUMOCTH COOTBETCTBUS
KOJIMYECTBA M3IEIUi U OETOHOEMKOCTH H3IEINi
2 o
1 M~ o01mmedi mIomaa OT 3TAKHOCTA U KOJIMYECT-

6000

KomngecTBo MapoK
(9%
[
(=
(=]

Y

L]

=

0 1

|

Ba CEKUUMH B KOMIUIEKTAllMd JOMOB MPOBEICH
PETrPECCUOHHBIM aHalu3 JAaHHBIX MPOU3BOJCT-
BEHHOH IMPOTpaMMBbl 4YETBIpEX MNPEANPUATUH
HHAyCTpuambHoro naomMoctpoernus: [l «Bureob-
ckuii JICK» (cepus 11-108), OAO «I omenbckuit
HCK» (cepus 152M), OAO «bobpyiickmii 3a-
Boa KII/I» (cepms BO 24.10), OAO «MAIIU»
(cepus M464-Y1). Ilocne mnpoBeneHus craru-
CTHYECKOl 00pabOTKH NaHHBIX PETPECCHOHHOTO
aHanM3a IMOJYYEHbl MOJENHM 3aBUCUMOCTH COOT-
BeTCTBUS KondecTBa (K) 1 OETOHOEMKOCTH HU3J1e-
i (Kg) 1 M’ 00mmel IUIOm@ma OT 3TaXKHOCTH
1 9Hclia ceKnmid (Tab. 4).

y =110,15x"1%6¢

-
-

23 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24

KomivectBo MonmuduKanuii 1ToMoB

AHanuTHYeCKHE JaHHKIC

B PacueTHbIE 3HAYCHUS

Puc. 4. 3aBUCHUMOCTb YncCIIa MapoK PI3Z[CJ'IPIfI OT KOJIMYECTBA TOUYCYHBIX JOMOB B IIPOrpaMME CTPOUTEIILCTBA

Fig. 4. Dependence of the number of product brands on the number of single-family houses in the construction program
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Tabruya 4
3aBHCHMMOCTL COOTBETCTBHS KOJIHYECTBA
1 GeToHoeMKocTH m3neanii 1 M? o6eii mromaan
OT 3TAKHOCTH M KOJIMYECTBA CEKIHU

Dependencies of correspondence of the number
of products and concrete capacity of products per 1 m*
of total area depending on the number
of floors and number of sections

MmuoxectBeH-| Koaddu-
Cepus 3aBUCUMOCTD bt kO>Qu-|  uent
IMUCHT KOp- }leTepMI/I-
pemsiuuu R | Haluu R’
K, =0,636X; %126, 0:203 0,87 0,75
11-108 _ ~0,014 - —0,210
Ks=0,961x, %%, 0,87 0,76
K, = 0,833, 008,001 0,85 0,72
152 M _ -0,127 v~ —0,085
Ks=1,129x,%"x, 0,87 0,76
K, =0,831x; %4, 000 0,90 0,82
5O 24.10 _ —0,311y- -0,089
Ks= 1,476, 0,89 0,79
K, =0,626X, %067y, 0041 0,86 0,74
M464-Y1 — 20,0221, 0,083
K =0,744X, %2, 0,84 0,71

Ha ocHOBaHMM NOJNYyYEHHBIX MOAEIEH paccdu-
TaHO M3MEHEHHE COOTBETCTBHSI OETOHOEMKOCTH
wsgenuit 1 M° o6Well MIOMAAH OT STAKHOCTH
U KOJINYECTBA CEKUMH B KOMIUIEKTAIIUM JOMOB.
IlonyuyeHHble 3Ha4Y€HHS IS YETHIPEX AHAIU3UPY-
E€MBIX CEepHil TOMOB PUBEICHEI B Ta0. 5.

AHanmu3 NPOU3BOACTBEHHBIX MPOrpaMM Mpen-
MPUATUH NI0KA3aJI, YTO KOJIUYECTBO CEKLIUNA B KOM-
TUIEKTAllid OCHOBHOW MAaccChl JIOMOB HE IPEBbIIIa-

eT 4, MpU ATOM STAaXHOCTh MMEET 3HAUYUTEIHHBIC
kosiebanust ot 3 mo 18 sraxei. 3adukcupoBaHbI
TUIIb CAWHUYHBIE TOYEYHBIC JI0OMa B MPOU3BOI-
CTBEHHBIX IporpaMMax ¢ Habopom cekiuii 5 u 60-
nee. Takum oOpa3oM, IJIs aHAIM3a MPUHSATHI OTpa-
HUYCHUsS B HAOOpe CeKIuit oT 1 10 4 ¥ 3TAKHOCTH
momos ot 3 g0 18. Ha puc. 5-8 mpezacrasiens! oT-
KJIOHEHUS TIOKa3aTenel OCBOEHUs MPOU3BOACTBEH-
HBIX MOUIIHOCTEH OT MPOEKTHBIX 3HAYEHWUH, yCTa-
HOBJICHHBIX TI0 TapamMeTpaM COOTBETCTBHS OeTo-
HOEMKOCTH wu3aeiui 1 M oOLIed IUIOLIAIH.
Juana3on KojeOaHMHM IOKa3aTeaeiH OCBOCHMS
MIPOW3BOACTBEHHBIX MOITHOCTEH Ha rpadukax Ie-
MOHCTPUPYET BIMSIHUE KOJWYECTBA CEKLUUH I
COOTBETCTBYIOIIEH ATAXKHOCTHU JIOMOB.

AHanmu3upys naHHbIe, PUBEICHHBIC Ha Tpadu-
Kax, MO>KHO YTBEPKIATh O BIMSHUM HOMEHKJIATY-
pbl M3ENUi Ha TOKa3aTelIu IPOU3BOJCTBEHHOMN
MOIIHOCTHU npeanpustuid. [Ipu 3ToM ycTaHOBIIEHO,
YTO JTAXKHOCTh M KOJMYECTBO CEKIUH B KOM-
IJIEKTAllMd JIOMOB SIBJISIFOTCSL OCHOBHBIMU Mapa-
METpaMH, KOTOPBIE OIMpPEENIAI0T KojdeOaHus napa-
METPOB HOMCEHKJIATyphl m3nenuid. Clieyer Takxke
OTMETHUTh, YTO KOJICOAHWUS HOMEHKIATYPBI H3JIe-
JIUA B 3aBUCHMOCTH OT AT)XHOCTH W Habopa Cek-
UMW IS pa3iIMyHbIX CEpUl UMEIOT MHAUBUAYAJb-
HbIe (QYHKITMOHATLHBIC 3aBUCUMOCTH.

Tabauya 5
PacueTHbIe 3HAYEHHS COOTBETCTBHSI GETOHOEMKOCTH M3xemii 1 M> 06meil momagm
Calculated values for compliance with the concrete capacity of products per 1 m’ of total area
OTKIIOHEHHS
DTaxu, UIT.
Ce Cexkun, Konebanus OT MOKa3aTes
pud IIT. 12 | | 3HAYCHHI THIIOBOM
3 6 9 5 8 OJIOK-CEKIHH

1 0,95 0,94 0,93 0,93 0,93 0,92

2 0,82 0,81 | 081 | 080 | 080 | 080 0,0
11-108 0,69-0,95

3 0,75 0,74 0,74 0,74 0,74 0,73 +0.26

4 0,71 0,70 0,70 0,69 0,69 0,69 '

1 0,98 0,90 0,85 0,82 0,80 0,78

2 0,93 0,85 | 080 | 0,78 | 075 | 074 0,01
152M 0,69-0,98

3 0,89 0,82 0,78 0,75 0,73 0,71 403

4 0,87 0,80 0,76 0,73 0,71 0,69 ’

1 1,05 0,84 0,74 0,68 0,64 0,60

2 0,99 0,79 | 0,70 | 0,64 | 0,60 | 0,56 0,09
BO 24.10 0,53-1,05

3 0,95 0,77 0,68 0,62 0,58 0,54 1043

4 0,93 0,75 0,66 0,60 0,56 0,53 ’

1 0,73 0,72 0,71 0,71 0,70 0,70

2 0,71 0,69 | 0,69 | 0,68 | 068 | 068 +0,03
M464-Y1 0,66-0,73

3 0,69 0,68 0,68 0,67 0,67 0,67 40.10

4 0,68 0,67 0,67 0,66 0,66 0,66 ’
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Puc. 5. OcBOCHHE MPOSKTHBIX MOIIHOCTEH B 3aBUCUMOCTH OT 3Ta)KHOCTH M KOJIMYECTBA CEKIHI
st Moaubukaruii 6nok-cexkuuii cepuu 11-108 I'TI «Burebekuii JJCK»

Fig. 5. Development of design capacity depending on the number of storeys and number of sections
for modifications of block-sections of the 11-108 series I'TI [GP] of State Enterprise “Vitebsk House-Building Plant”
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Puc. 6. OcBoeHUe MPOESKTHBIX MOILITHOCTEH B 3aBUCMOCTH OT 3TaXKHOCTH U KOJIMYECTBA CEKLIUI
Jutst Mo ukanuii 6mok-cexuuit cepuu 152M OAO «I"omenscknit JJCK»

Fig. 6. Development of design capacity depending on the number of storeys and number of sections
for modifications of block-sections of the 152M series of JSC “Gomel House-Building Planr”
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Puc. 7. OcBoeHUE MPOCKTHBIX MOLTHOCTEH B 3aBUCHMOCTH OT 3Ta)KHOCTH U KOJIMYECTBA CEKLIUI
it Mopuukanmii 6ok-ceknuii cepun O 24.10 OAO «bobpyiickuit 3aBox KIT/»

Fig. 7. Development of design capacity depending on the number of storeys and number of sections
for modifications of block-sections of BO [BO] 24.10 series of JSC “Bobruisk Plant of Large-Panel Housing Construction”
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Puc. 8. OcBOCHHE MPOSKTHBIX MOILHOCTEH B 3aBUCUMOCTH OT 3Ta)KHOCTH M KOJIMYECTBA CEKIMi
Jutst MoaubuKaiuii 6nok-cexuuii cepun M464-Y1 OAO «MAITUI»

Fig. 8. Development of design capacity depending on the number of storeys and number of sections
for modifications of block-sections of M464-V¥1 series of OJSC “MAPID”

BbIBO/IbI

1. BoisiBneHHBIE OTKJIOHEHUS  yCpPEAHEHHBIX
IapaMeTpoB HOMEHKIATYpPbI M3Jenuii Moanduka-
Uil OJOK-CeKUUi OT mapaMeTpoOB THIIOBBIX OJIOK-
CEeKIINI CBUIETENhCTBYIOT O IWHAMHUYHOCTH U PO-
CTE MapaMeTPOB HOMEHKJIATYPhI 31N B IPOU3-
BOJCTBEHHOU mporpamMme npeanpudtui. [Ipu stom
POCT KONMYECTBA M3Jeiuii B mepecuyere Ha 1 M
oOrmiei momaay sl Hapy>KHbIX CTEHOBBIX IaHe-
neit cocraBuin 28 %, BHYyTPEHHUX CTCHOBBIX IaHEe-
et — 13 %, nout nepexpeitust — 11 %. berono-
eMKOCTh B mepecdere Ha 1 M ofuiell ruomaam
JUIs Hapy>KHBIX CTEHOBBIX IaHENeH yBEIMYMIACh
Ha 19 %, 1M1 BHYTpEHHHX CTEHOBBIX MaHenei
U muuT nepekpeitus — Ha 11 %. TupaxHOCTH
Hapy)KHBIX CTEHOBBIX IaHEJeW, BHYTPEHHUX CTe-
HOBBIX IMaHEJeH W TUIHT NEPEeKPBITHUS CHU3WIACH
Ha 18,29 1 16 % COOTBETCTBEHHO.

2. OCHOBBIBasICh Ha TOJYYEHHBIX JAHHBIX KO-
neGaHU TapaMeTpoB HOMEHKJIATYPHl H3IEIHIA,
MOKHO YTBEPXKAAaTh O PacIIMPEHUH HOMEHKIATy-
pPBI M3JENUH COBPEMEHHBIX THIIOB JOMOB, YTO
HEOOXOJMMO yUHUTHIBATh NMPH (GOPMUPOBAHUU IIPO-
W3BOJICTBEHHON IPOrpaMMBbl IPEIIPUITHI U pac-
YyeTre MPOU3BOJCTBEHHOM MOIIHOCTH. Y CTaHOB-
JIeHBl KONeOaHusl TOKazaTelnell OeTOHOEMKOCTH
B mepecuere Ha 1 M” 06mieil mIomaaM B Ipeenax
38—67 % B 3aBHUCHMOCTH OT CEpHH, KOJMYECTBA
u3genuit B mepecuere Ha 1 M° OOl mioma-
mu B mpenemnax 33-61 %. Ilpu stom koneba-
HUsl [OKa3aTesied TUPaKHOCTU W3JEIUM JocTura-

I Hayka
uTexHuka. T. 23, Ne 2 (2024)

0T 100-374 %, 9TO MOXET MOATBEPKAaTh MHOTO-
KpaTHBIH POCT KOJIMYECTBA MapOK U3JENUi B MPO-
W3BOJICTBEHHON ITPOrpaMMe NMPEANPUITHN.

3. YcTaHOBIEeHa CBSA3b M3MEHEHHUS HOMEHKJIa-
Typbl U3JENUIl OT JONK TOYCUHBIX IOMOB B IIPOU3-
BOJCTBEHHOM Iporpamme MOpeanpUsITHii, KOTopas
BBIpaKaeTcss (PYyHKIMOHAIBHOW 3aBHCUMOCTBIO.
BblsiBIeHa 3aBUCHUMOCTB KOJNIHMYECTBA U OETOHO-
eMKOCTH H3fenmii B mepecuere Ha 1 M’ o6mIeit
IUIOMIAM OT 3TAKHOCTU M KOJIMYECTBAa CEKLUH B
KOMIUTeKTanuu AoMoB. Ilocine mposenenus crartu-
CTHYECKON 00pabOTKM NaHHBIX PErPECCHOHHOTO
aHaJIn3a MOJIY4YeHBl MOJEIN 3aBUCUMOCTH M3MEHe-
HUS KOJIWYEeCTBA U OETOHOEMKOCTH WM3JEJHH B Iie-
pecuete Ha 1 M’ 0OIIeH MIOMANH OT ITAKHOCTH
1 4HCa CeKUUH B KOMITJIEKTAI[MH JOMOB.

4. 3adukcupoBaHa 3aBUCHMOCTh IIPOH3BOJI-
CTBEHHOH MOIIHOCTH MPEeIUpUSTHH OT OeTOHOEeM-
KOCTH M3/IeNuii B mepecdere Ha 1 M o6Iweil mIo-
manu. Ha ocHOBaHUM ATO# 3aBHCHUMOCTH YCTaHOB-
JICHO BIHUSIHHE 3TAaXHOCTH M Habopa cekuuil B
KOMIUIEKTAallMM JIOMOB Ha IIOKa3aTeld OCBOEHUS
MIPOU3BOACTBEHHBIX MOUIHOCTEH MPEIIPUSITHI.
Tak, mHoka3aTenm OCBOEHHS IPOM3BOJACTBEHHBIX
MOILHOCTEH MJIS aHAJU3UPYEMBIX CEpPUH HMEIOT
3HaunTeNbHble KonmeOamms. Jlms cepum  11-108
I'TI «Burebckuit JACK» pacdeTHble MOKa3aTeIu
OCBOEHHS ITPOM3BOJICTBEHHBIX MOIIHOCTEH B 3aBU-
CHUMOCTH OT 3TaXXHOCTH U Habopa CEeKLUU B KOM-
IUIEKTAllMd JIOMOB YCTAQHOBJICHBI B JIHAla3oHE OT
72,9 ngo 100 %, mas cepum 152M OAO «Io-
menbekuit JICK» — ot 69,3 mo 97,9 %, nns cepun
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BO 24.10 OAO «bobpyiickuii 3aBog KI1/I» — ot 59,1
1o 116,8 %, mis cepun M464-Y1 OAO «MAITU» —
ot 86,7 1o 95,7 %.

5. YcTaHoBjIeHa 11€7ec000pa3HOCTh (HOPMHUPO-
BaHUS MTPOU3BOACTBEHHOW MPOTPaMMBI TIPEIIpPHUsi-
TUW C YYETOM MOCTOSHHO U3MEHSIIOIIETOCs CIpoca
Ha JOMOCTPOUTENBHYIO MPOAYKINIO, 00YCIIOBIEH-
HOW pa3HOOOpa3ueM apXUTEKTYPHBIX M KOHCTPYK-
TUBHO-IUIAHUPOBOYHBIX PELICHUN JOMOB pa3JIdy-
HOHM sTaxHOCTH W Habopa cekmuii. [lomydeHHBIC
pe3yNbTaThl UCCIICOBAHUHN BIMSIHUS HOMEHKIIATY-
pbl U3AETUNl Ha IPOU3BOJCTBEHHYIO MOIIHOCTH
MPEeINPUATHN ABISAIOTCA HAYYHBIM 0a3ucoM st
(hopMupoBaHUsT MX IMPOWU3BOACTBEHHOW IMPOTpaM-
Mbl KU YUCTa YCTAaHOBJICHHBIX 3aKOHOMepHOCTCI>'I
MIPU OpraHU3alliu BBIMYCKa MUPOKOW U3MEHSIEMON
HOMEHKJIIATYPBI U3JCITUH.

JIUTEPATYPA

1. l'ypunosuy, B. 0. KommnnekcHoe nccnenoBanue pa3BuTHs
uHAycTpHanbHoro aomoctpoernus / B. FO. I'ypunosuu //
Hayka u texmmka. 2022. T. 21, Ne 5. C. 397-409.
https://doi.org/10.21122/2227-1031-2022-21-5-397-409.

2. I'ypunoBuy, B. 0. TenneHuuu u HampaBiieHUsS Pa3BUTHUS
HHIYCTPHAIBHOTO JIOMOCTPOCHHMS B MHPOBOl U OTe-
YECTBCHHOW MPAKTHKE IKWIHIIHOTO CTPOUTENbCTBA /
B. 10. T'ypunosuu, C. H. JleonoBuy, [. A. ITo3ausikos //
Becthuk Ilosonxoro rocynapcTBEHHOTO YHUBEPCUTETA.
Cep. F. CrpourenscrBo. Ilpuknanssie Hayku. 2023.
Ne 1. C. 10-18. https://doi.org/10.52928/2070-1683-2023-
33-1-10-18.

3. I'ypunosuy, B. 10. HaykoMeTpudeckuii aHaN3 HAPaBICHHN
HCCIIeIOBaHN# B 00ACTH HH/YCTPHAIBHOTO JOMOCTPOCHHS /
B. 10. I'ypunoBny, C. H. Jleonouy, /1. A. Ilo3aHskoB //
Bectank MI'CY. 2022. T. 17, Bem. 12. C. 1716-1731.
https://doi.org/10.22227/1997-0935.2022.12.1716-1731.

4.Li, X., Lean Precast Production System Based on the
CONWIP Method / X. Li, Z. Li, G. Wu // KSCE Journal
of Civil Engineering. 2017. Vol. 22. P. 2167-2177.
https://doi.org/10.1007/s12205-017-2009-4.

5. Research on Lean Planning and Optimization for Precast
Component Production Based on Discrete Event Simula-
tion / Z. Yuan [et al.] / Advances in Civil Engineering.
2020. Vol. 2020. Article ID 8814914. https://doi.org/10.
1155/2020/8814914.

6. Algorithms for In-Situ Production Layout of Composite
Precast Concrete Members / W. Hong [et al.] / Automa-
tion in Construction. 2014. Vol. 41. P. 50-59. https://doi.
org/10.1016/j.autcon.2014.02.005.

7. Optimization of Flow Shop Scheduling in Precast Con-
crete Component Production via Mixed-Integer Linear
Programming / Z. Liu [et al.] // Advances in Civil Engi-
neering. 2021. Vol. 2021. Article ID 6637248. https://doi.
org/10.1155/2021/6637248.

8. Hu, H. A Study of Resource Planning in Precast Pro-
duction / H. Hu // Architectural Science Review. 2007.

138

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vol. 50, No 2. P. 106-114. https://doi.org/10.3763/asre.
2007.5016.

. Khalili, A. Integrated Prefabrication Configuration and

Component Grouping for Resource Optimization of Pre-
cast Production / A. Khalili, D. K. Chua // Journal of Con-
struction Engineering and Management. 2013. Vol. 140,
No 2. P. 04013052. https://doi.org/10.1061/(ASCE)CO.
1943-7862.0000798.

. Layout Optimization Model for the Production Planning

of Precast Concrete Building Components / D. Wang [et
al.] // Sustainability. 2018. Vol. 10, No 6. P. 1807.
https://doi.org/10.3390/su10061807.
Prata, B. D. A. An Integer Linear Programming Model for
the Multi-Period Production Planning of Precast Concrete
Beams / B. D. A. Prata, A. R. Pitombeira-Neto, C. J. M. Sa-
les // Journal of Construction Engineering and Manage-
ment. 2015. Vol. 141, No 10. P. 04015029. https://doi.org/
10.1061/(ASCE)CO. 1943-7862.0000991.
Yang, Z. Optimized Flowshop Scheduling of Multiple
Production Lines for Precast Production / Z. Yang, Z. Ma,
S. Wu // Automation in Construction. 2016. No 72.
P. 321-329. https://doi.org/10.1016/j.autcon.2016.08.021.
I'ypunosuy, B. 0. IIpon3BoACTBEHHBIN MOTEHIMAN 0a3bl
HHIYCTPHAIBHOTO AoMocTpoeHus Pecybonuku benapycs /
B. 0. I'ypunosuy, C. H. Jleonosuy, JI. A. Iloznasakos //
Bectauk BpI'TVY. 2023. Ne 1 (130). C. 3—6. https://doi.org/
10.36773/1818-1112-2023-130-1-3-6.
Huxonaes, C. B. OnTuMu3zanus OpoeKTHBIX U MPOU3BOJ-
CTBCHHBIX PCLICHHUI TEXHOJOTHH MPOU3BOJCTBA M3ICIHIA
KPYITHOIIAHEIBHOTO JIOMOCTPOCHUS: IHC. ... J-pa TEXH.
nayk: 05.23.08 / C. B. Hukonaes. M., 1981. 399 c.
AnemmHa, JI. C. YHuHKanus cOOpHBIX KeIe300eTOHHBIX
H3Aenuii MONHOCOOPHOTO JTOMOCTPOEHWS Ha OCHOBE 3a-
BOJICKOTO TPOW3BOJICTBA: JHC. KaHJ. TEeXH. HaykK:
08.00.05 / JI. C. Anemmna. M., 1984. 166 c.
Jxammno, @. ®. PazpaboTka MeTOmOB (HOpMHPOBAHHS
OpPTaHM3aIMOHHO-TEXHOJIOTUIECKUX PEIIeHUH 10 PEeKOH-
CTPYKIMH ACHCTBYIOIMX MPEIIPHUATHH: AWC. ... KaHI.
TexH. Hayk: 05.23.08 / @. ®. [Ixammnos. M., 1996. 356 c.
Kmumkun, K. A. Metoaudeckue OCHOBBI OLIGHKU HCIOJb-
30BaHus IMPOU3BOACTBCHHBIX MOLL[HOCTeﬁ JAOMOCTpPOH-
TEIbHbIX HPEINPUATHH B YCIOBUSIX HHBECTHLHOHHO-
ro cmaga: AMC. ... KaHA. SKoHOoM. Hayk: 08.00.05 /
K. A. Kimumkuna. Xabaposck, 1998. 143 c.
I'panuk, FO. I'. PexkoHCTpykIMs U TEXHHYECKOE INEPEBO-
OpYy’KEeHHE TPEANPHUATHI OITHOCOOPHOTO TOMOCTPOCHHS /
10. T'. I'pannk, C. U. IonraBues. M.: Crpoitnsaat, 1989.
271 c.
Jlanmuayc, A. A. VaeHtudukanus 1 aHaIn3 TEXHUYECKHX
PHCKOB HPH CTPOUTENBCTBE MAJOITAXKHBIX JKHIBIX 371a-
Huit / A. A. Jlanunyc, A. C. BopobseB // CtpoutenbHoe
npousBoacTBo. 2021. Ne 2. C. 2-7. https://doi.org/10.549
50/26585340-2021-2-2.
Mocrymuna 06.10.2023
IToxammcana x neuatu 14.12.2023
Ony06nukoBaHa onnaiin 29.03.2024

REFERENCES

. Gurinovich V. Yu. (2022) The Comparative Study of

the Development on Prefabricated Construction. Nauka

Hayka
urexHuka. T. 23, Ne 2 (2024)



Civil and Industrial Engineering

10.

i Tekhnika = Science and Technique, 21 (5), 397-409.
https://doi.org/10.21122/2227-1031-2022-21-5-397-409 (in
Russian).

. Gurinovich V. Yu., Leonovich S. N., Pozdnyakov D. A.

(2023) Trends and Directions of Development of Prefabri-
cated Construction in the World and Domestic Practice
of Civil Construction. Vestnik of Polotsk State University.
Part F. Constructions. Applied Sciences, (1), 10-18.
https://doi.org/10.52928/2070-1683-2023-33-1-10-18  (in
Russian).

. Gurinovich V. Yu., Leonovich S. N., Pozdnyakov D. A.

(2022) Scientometric Analysis of Research in the Field
Prefabricated construction. Vestnik MGSU, 17 (12),
1716-1731. https://doi.org/10.22227/1997-0935.2022.12.
1716-1731 (in Russian).

. Li, X., Li Z., Wu G. (2017) Lean Precast Production Sys-
tem Based on the CONWIP Method. KSCE Journal of

Civil Engineering, 22, 2167-2177. https://doi.org/10.1007/
$12205-017-2009-4.

. Yuan Z., Qiao Y., Guo Y., Wang Y., Chen C., Wang W.

(2020) Research on Lean Planning and Optimization
for Precast Component Production Based on Discrete
Event Simulation. Advances in Civil Engineering, 2020,
8814914. https://doi.org/10.1155/2020/8814914.

. Hong W., Lee G., Lee S., Kim S. (2014) Algorithms

for In-Situ Production Layout of Composite Precast Con-
crete Members. Automation in Construction, 41, 50-59.
https://doi.org/10.1016/j.autcon.2014.02.005.

. Liu Z,, Liu Z, Liu M, Wang J. (2021) Optimization of

Flow Shop Scheduling in Precast Concrete Component
Production via Mixed-Integer Linear Programming.
Advances in Civil Engineering, 2021, 6637248. https://doi.
org/10.1155/2021/6637248.

. Hu H. (2007) A study of Resource Planning in Pre-

cast Production. Architectural Science Review, 50 (2),
106—114. https://doi.org/10.3763/asre.2007.5016.

. Khalili A., Chua D.K. (2013) Integrated Prefabrication

Configuration and Component Grouping for Resource
Optimization of Precast Production. Journal of Construc-
tion Engineering and Management, 140 (2), 04013052.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000798.
Wang D., Liu G., Li K., Wang T., Shrestha A., Martek I.,
Tao X. (2018) Layout Optimization Model for the Produc-
tion Planning of Precast Concrete Building Components.
Sustainability, 10 (6), 1807. https://doi.org/10.3390/sul00
61807.

Hayka
uTexHuka. T. 23, Ne 2 (2024)

11.

12.

13.

14.

16.

17.

18.

19.

Prata B. D. A., Pitombeira-Neto A. R., Sales C. J. M.
(2015) An Integer Linear Programming Model for the
Multi-Period Production Planning of Precast Concrete
Beams. Journal of Construction Engineering and Mana-
gement, 141 (10), 04015029. https://doi.org/10.1061/
(ASCE)C0.1943-7862.0000991.

Yang Z., Ma Z., Wu S. (2016) Optimized Flowshop
Scheduling of Multiple Production Lines for Precast
Production. Automation in Construction, (72), 321-329.
https://doi.org/10.1016/j.autcon.2016.08.021.

Gurinovich V. Yu., Leonovich S. N., Pozdnyakov D. A.
(2023) Production Potential of the Prefabricated Construc-
tion Base in the Republic of Belarus. Vestnik of Brest State
Technical University, (1), 3—6. https://doi.org/10.36773/
1818-1112-2023-130-1-3-6 (in Russian).

Nikolaev S. V. (1981) Optimization of Design and Pro-
duction Solutions for the Production Technology of Large-
Panel Housing Construction Products: Dissertation of
Doctor of Technical Sciences. Moscow. 399 (in Russian).

. Alyoshina L. S. (1984) Unification of Prefabricated Rein-

forced Concrete Products for Prefabricated Housing Con-
struction Based on Factory Production: Dissertation of
Candidate of Technical Sciences. Moscow. 166 (in Rus-
sian).
Dzhalilov F. F. (1996) Development of Methods for For-
ming Organizational and Technological Solutions for
the Reconstruction of Existing Enterprises: Dissertation
of Candidate of Technical Sciences. Moscow. 356 (in
Russian).
Klimkin K. A. (1998) Methodological Basis for Assessing
the use of Production Capacity of House-Building Enter-
prise in Conditions of Investment Recession: Dissertation
of Candidate of Economic Sciences. Khabarovsk. 143 (in
Russian).
Granik Yu. G., Poltavtsev S. 1. (1989) Reconstruction and
Technical Re-Equipment of Prefabricated Housing Con-
struction Enterprises. Moscow, Stroiizdat Publ. 271 (in
Russian).
Lapidus A. A., Vorobyov A. S. (2021) Identification and
Analysis of Technical Risks in the Construction of Low-
Rise Residential Buildings. Stroitelnoe Proizvodstvo =
Construction Production, (2), 2-7. https://doi.org/10.
54950/26585340-2021-2-2 (in Russian).
Received: 06.10.2023
Accepted: 14.12.2023
Published online: 29.03.2024

139



Cmpoumenbcmeo

https://doi.org/10.21122/2227-1031-2024-23-2-140-150
VK 625.85.06

CpaBHHTeJbHBIN AHAJIU3 U3MEHEHHUs CBOMCTB
MOAM(PUUUPOBAHHBIX A¢PAJILTOOCTOHOB B 3aBUCUMOCTH
OT c1oco0a MoAu(PUKAIUN U KOHIEHTPALMHU MOJIHUMePAa B BSKYLIEM

Marucrp II. I1. SIueBuu”
1)]Senopyccmm HAIMOHAJIBHBIN TeXHUYeCKHi yHuBepcuTeT (MuHCK, Pecrrybnnka benapycs)
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Pedepat. lllupokoe npuMeHEHHE MOTUMEPOB PA3THMIHON MPUPOABI I MOAU(PHUKAINH acPaTbTOOCTOHHBIX CMECEH CTaBUT
3a7ady IO OIpe/eNICHUI0 Haubojee ONTHMAIbHOTO METO/Ia UX BBEICHUS B cOCTaB acanbTobeToHHOH cMecn. B pabore pac-
CMaTpPHBAIOTCSl BAPUAHTBHI CyXOTo BBEICHHUS M 4epe3 NpelBapuUTelbHYI0 Moaudukanuio outyma. [Ipu 5ToM OleHUBAIOTCS
U3MEHEHHs CBOWCTB ac(aabTOOETOHOB, OTPAXAIOIIUX YCIOBHS pabOThl MaTepuala B IIMPOKOM JHAaNa30HE TEMIIEpaTyp,
1 YUIHUTHIBAIOTCS TEXHOJIOTHUECKNE OCOOCHHOCTH MPH yCTPOHCTBE MOKPHITUS B 3aBUCHMOCTH OT KOJIMYECTBEHHOH KOHI[CHTpa-
UM TOJIUMEPHOT0 MOAN(HKaTOpa B BsDKyIIeM. McciietoBaHus HAaryIsIHO TTOKa3aIH, 9TO ONTUMAIBHOH JUIS JOCTYDKEHUS BBI-
COKOTEMIIEpPATyPHBIX IOKa3arenell acdalbToOeTOHOB, ¢ TOYKH 3pEHMS PAcXoza MONUMEpa, SBIACTCS NpelBapuTeIbHas MO-
nudukaiys OUTyMa, KOTopast ITO3BOJISIET ONTHMHU3UPOBAThH PACcIpocTpaHeHne MoauduKaTopa Mo 00beMy achaabToOeTOHHON
cmecH. Taroke MoKa3aHo, YTO MPEATNOYTUTENFHBIMH JUTS MOAU(DUKALINH SBIISIOTCS ac(hanbTOOETOHEI C BEICOKAM COAEPKAHUEM
BSDKYIIET0, TaK KaK OUTYM SIBJISIETCS OCHOBHBIM KOMIIOHEHTOM B3aMMOJAEHCTBHS C MOJIMMEPAMH M, YeM TOJIIIE IJIeHKa OUTy-
Ma, TeM 0Oosee ONTHMAlbHO MPOTEKAaeT ITOT mporecc. Kpome Toro, nccienoBanus MoKa3aad HETaTHBHOE BIMSHHE OTHOCH-
TENPHO BBICOKOTO COJEPKaHUs TEPMOILIACTAa Ha HU3KOTEMIIEpaTypHBIE M TEXHOJIOTHYECKHE CBOHCTBA ac(ambToOCTOHHBIX
cMecel, KOTOpBIe MOTYT NIPUBOANTD K CHIDKEHUIO YCTOMIMBOCTH ac(haabTo0eTOHa K KOPPO3HOHHBIM Pa3pyIICHHSIM.

KiroueBble cioBa: acdanbTobeToHHas cMech, achanbToOCTOH, MaKCUMalbHas CTPYKTYpHAasl IPOYHOCTb, BOJOHACHIIICHHUE,
TEXHOJIOTMYECKHE CBOWCTBA, XPYIKOCTh, KOHIIEHTPALMS IOJIMMEpPa, TEPMOIUIACTbI, 3JIACTOILIACTBI, MOIU(pHUKanus Outyma,
MoauduKaruys achaabTooeToHa

Jas murupoBanmsi: Suesuy, 1. I1. CpaBHUTENBHBIN aHAIN3 M3MECHEHUSI CBOWCTB MOAM(MHUIIMPOBAHHBIX ac(aabToOCTOHOB
B 3aBHCHUMOCTH OT crocoba MoauduKanuu U KoHUeHTpauuu noaumepa B BsokyuieM / I1. T1. Sueswy // Hayka u mexuuka.
2024. T. 23, Ne 2. C. 140-150. https://doi.org/10.21122/2227-1031-2024-23-2-140-150

Comparative Analysis of Property Changes
in Modified Asphalt Concretes Depending on the Modification Method
and Polymer Concentration in the Binder

P. P. Yatsevich"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The widespread use of polymers of various types for modifying asphalt concrete mixtures poses the task of deter-
mining the most optimal method for their introduction into the composition of asphalt concrete mixtures. The study considers
options for dry introduction and pre-modification of bitumen. In this context, changes in the properties of asphalt concrete
that reflect the material performance in a wide range of temperature are assessed. Technological aspects during construction
of the pavement are also taken into account, depending on the quantitative concentration of the polymer modifier in the bin-
der. The research has clearly demonstrated that the optimal way to achieve high-temperature properties of asphalt concrete,
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in terms of polymer consumption, is pre-modification of bitumen, which allows optimizing the distribution of the modifier
throughout the volume of the asphalt concrete mixture. Additionally, the research has shown that asphalt concretes with a high
binder content are preferable for modification because bitumen is the primary component in interaction with polymers, and the
thicker the bitumen film, the more optimally this process occurs. In addition, the studies have revealed the negative influence
of relatively high thermoplastic content on the low-temperature and technological properties of asphalt concrete mixtures,
which can lead to a decrease in the resistance of asphalt concrete to corrosion damage.

Keywords: asphalt concrete mixture, asphalt concrete, maximum structural strength, water saturation, technological proper-
ties, brittleness, polymer concentration, thermoplastics, elastoplasts, bitumen modification, asphalt concrete modification

For citation: Yatsevich P. P. (2024) Comparative Analysis of Property Changes in Modified Asphalt Concretes Depending
on the Modification Method and Polymer Concentration in the Binder. Science and Technique. 23 (2), 140-150.
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BBenenue

H3meHeHue TPaHCHOPTHOTO IIOTOKa (Koynde-
CTBEHHOE M Ka4eCTBEHHOE B YaCTH OCEBBIX Harpy-
30K) HEMHHYEMO NPUBOIUT K BO3HUKHOBEHHIO
Ie(eKTOB yXe B IMEpBBIM ToJ AKCIUTyaTaluu MOo-
KPBITHS YJIUI © JOPOT U3 acalbTOOETOHOB, MPO-
M3BOAMMBIX Ha CTaHIAPTHBIX OHTyMax, ¢ Tocie-
OYIOUIMM HX JIABUHOOOPA3HBIM PacIpOCTPaHEHHU-
em [1]. Ilpu BEIOOpEe MaTepuanoB W pacuere JAo-
POXKHBIX KOHCTPYKLUHMII B HAceNEHHBIX ITyHKTax
IpejularaeTcs y4YuThIBaTh CBOWCTBA, HE PETJIaMeEH-
TUPOBaHHBIE HOPMATUBHBIMU JAOKyMeHTaMmu [2, 3].
[IpakTHka MOKa3bIBAaET, YTO IOCTHXEHHE Tpelye-
MBIX IIPU NPOEKTUPOBAHUM IIOKa3aTeNeld HEBO3-
MO>XHO C TOYKHU 3PEHHsI YPOBHEH HAIEKHOCTHU [4]
IpU HMCIIOJB30BaHUM HE MOAU(HUIMPOBAHHBIX IIO-
nuMepaMu ac(hanbTOOETOHHBIX CMECEH.

Moaudukaius achaibTOOCTOHHBIX CMECE B
3aBHCHMOCTH OT BO3MOKHOCTEH MPOU3BOJIUTENS U
pEeruoHa CTPOUTENBCTBA MOXKET OCYIECTBIIATh-
Cs IO IByM HampaBJICHUSIM: IIpeJBapUTEIbHAS MO-
mudukanus OUTyMa; CyXoe CMEIICHHE IMoIuMepa
C KaMEHHBIM MaTepHaJOM HEMOCPEACTBEHHO B
CMECHUTEIFHON YCTaHOBKE IO MPUTOTOBJIEHHUIO ac-
(anprobeToHHON cMmecu [5]. O0a Meroma MMEIOT
CBOM JOCTOMHCTBA M HEIOCTaTKU C 3KOHOMHU-
YECKOM M TEXHOJIOTMYECKOW TOYeK 3peHus [6].
[Ipu «Mokpom» MeToAe HEOOXOAMMO NPHUMEHSTH
MOJIUMEPBI, KOTOpPBIE HMEIT TOYKY IIIaBJIECHUS
HIDKE TEXHOJIOTUYECKUX TEeMIIEpaTyp Moau(uKa-
1y outyma. U eciu sxenaemMbiM 3QQHEKTOM SIBIIS-
€Tcs HE TOJIbKO 'OMOT€HHM3aLus, HO U XMMUYECKOe
B3aUMOJICHCTBHE MEXAY MOJIMMEPOM U (PyHKIHO-
HAJNBHBIMH TpynmamMu Outyma [7], TO ciemyer yau-
THIBaTh «CpoACTBO», No ['mmpaebpanty [8]. Ilo-
CIETHUI acleKT TakKe KPUTHUYECKH BaXKeH INPHU
«CyXOM» METOZie BBEICHHs MOJUMepa, BEOb OH
HOJpa3yMeBaeT 3HAUUTEIbHO MEHBIIEE BPEMs
BO3/ICHCTBUS KaTalU3aToOpa XUMHUYECKOI'O B3aUMO-
JIEeUCTBUS, KOTOPBIM BBICTYNAET TEIUIOBAst SHEPTUSI.
BaxxupiM sBIsIeTCS  OIpeleNeHHe  KOJIMYecTBa
MoJIUMEpa Pa3IUYHON MPHUPOIBI, JOCTATOYHOTO

Hayka
uTexHuka. T. 23, Ne 2 (2024)

JUIS yCIeIHOW Moaudukaiyu achaabTo0eTOHHON
CMeCH JI0 TpeOyeMBIX 3HAYe€HWH CBOWCTB, YUUTHI-
Basg WX PaBHOBECHOCTHh IPH IOJOXHUTEIbHBIX W
OTPHUIIATETFHBIX TEMIepaTypax, W COOJIO/IeHUE
TEXHOJIOTUYECKUX YCIOBUH YCTPOUCTBA MOKPBITHS.

MeTomma NMpoOBE€ACHUSA HCCJIe)IOBaHI/Iﬁ

1 BBRIIOTTHEHHS SKCIIEPHIMEHTANBHBIX HCCIe-
JOBaHHH C LENBI0 ONTHMU3AINHA PECYpPCHOM 0a3bl,
CPaBHHUMOCTH W BOCIIPOM3BOJUMOCTH B TIOCIENY-
IOIIEM HWCIOJB30BAIN CTaHAAPTHU3NPOBAHHBIE Me-
Tonbl. Bee ucnbITaHuMs MPOBOJMIN Ha JBYX THIAX
acharbTOOCTOHHBIX CMECEH, KOTOPhIE MOTYT IpH-
MEHATBCS B BEPXHHUX CJOSAX JIOPOXKHOTO TOKPHI-
Ths [2], kKak HanboJiee YA3BUMEIE K BO3IECHCTBUIO
TPaHCIIOPTHOW Harpy3ku [9] u morogHo-KIUMaTH-
yeckuX (hakTopoB. DTO mieOeHOYHAs MEIKO3ePHH-
cras cmech tuna C (IIIMC,) u mebeHouHass Me-
ko3zepHucTas cmech tuna b (ILIMB,), nmpurotos-
nennsie B cootBerctBuu ¢ CTh 1033 [3]. Ilpu
3TOM 00€ cMecH ObUIM MOAU(DUIIMPOBAHBI KaK OT-
JeITbHO TEPMOIUIACTOM M JaCTOILUIACTOM, TaK M UX
cMechio B nporopuuu 33/66 u 66/33 Ains MOITHOTHI
KapTHUHBI BO3ICWCTBUS IOJIMMEPOB Pa3IMYHON
MIPUPOJIBI Ha CBOWCTBA BSXKYIIETO.

BricokoTemneparypHbie cBoiicTBa acanbro-
0ETOHOB ONpeneNsIINCh Ha COPMOBAHHBIX 00pa3-
max acdambrobeToHa IO TIOKA3aTeIio Ipesena
npouHoctd npu cxkatuu npu 50 °C B cooTBeT-
cteun ¢ CTh 1115 [10]. Be16op 3T0T0 MCHBITAHUS
00YCJIOBJIEH TEM, YTO B OTJIIMYHE OT MPUIIOKEHUS
Harpy3ky 1o cxeme Mapiaiia MUHAMHA3HPOBAHO
BITUSTHUE CTPOCHHUS IEOCHOYHOTO KapKaca W yria
CIBUTA, II0 KOTOPOMY TIPOHMCXOJAUT paszpylie-
HUE, Ha Pe3yJIbTaThl, a MPOYHOCTh BCEro oOpasia
¢ OoJjplel noJei BEpOSTHOCTH KOPPECIIOHINPY-
€TCs C MIPOYHOCTBIO BSKYIIEr0, KOTOPOE U SIBIISCT-
Csl HEMOCPEACTBEHHO MOIU(PHUIIMPOBAHHBEIM KOM-
MMOHEHTOM ac(aibTOOETOHA.

HuszkoremnepaTypHble CBOWCTBa  Ompeess-
ek Ha c(hopMOBaHHBIX oOpasiax acdanbprodeTo-
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Ha II0 IOKAa3aTelIl MAaKCUMAaJIBHONH CTPYKTYpPHOU
npouHoctu B cooTBerctBuu ¢ CTh 1115 [10].
MaxkcuManbHasi CTPYKTYpHasi NPOYHOCTH — 3TO
MaKCHMaJbHasl MIPOYHOCTh MaTepHaja, peaausye-
Masl B IIMPOKOM JAMAaria3oHe TeMIepaTyp U BpeMe-
HU HarpykeHus [11]. [{ns GeroHOB Ha opraHude-
CKUX BSDKYILIMX OHA HAXOOUTCS B Uana3oHe OTpH-
[ATENBHBIX TEMIIepaTyp BBHUAY KPHCTALTU3ALUU
CTPYKTYpHl OHTyMa. JTOT mapameTp Haubolee
HaIIHO JEMOHCTPUPYET IMOBENCHHE acdaibTo-
OeToHa IpH OTPUIIATEIBHBIX TEMIIEPATypax.

IMpu moaudukanun achanbTOOETOHHBIX CMe-
ceil cienyeT ydyuThIBaTh Takxke (akrop ynobo-
yKIaasiBaeMocTd [12], Tak kKak MomudHUIMpOBaH-
HBIE CMECH 00JIaal0T MOBBIIIEHHON >KECTKOCTHIO
OTHOCHUTEIBHO HEMOIU(PUIMPOBaHHBIX cMeceid [13].
Jl1s1 OIEHKM TEXHOJIOTHYECKHX CBOHCTB achaib-
TOOETOHHBIX CMeceill CpaBHHBAJIM 3HAUEHUS Mapa-
MeTpa BOAOHACKHIIEHNsT CHOPMOBAHHBIX MPU OJHU-
HAKOBOM JIaBJICHUU M BPEMEHH 00pa31oB.

B cootBercTBHM ¢ MeTOaUKOH [14] MUHIMATH-
HOE KOJIMYECTBO HCHBITAHUA C JIOBEPUTEIBHOMN
BeposiTHOCTEIO 0,95 mpu rapanTuitHoM K03 dumn-
eHTe, ImpuHuMaeMoM no QyHKuum Jlammaca, mis
oTpesieNIeHHs Mpejiesia MPOYHOCTH Ha C)KaTHe MpHU
temriepatype 50 °C m MaKCHMaJIbHOH CTPYKTYp-
HOW TPOYHOCTH COCTAaBIJISET MO JABa oOpasua, IUIs
OIIpeIeNICHHs 1T0Ka3aTelsl BOAOHACHILICHUS C TOMH
e JOBEPUTEIHFHOW BEPOATHOCTHIO JIOCTATOYHO

¢t 2;4; 6 u 8 % monammepa, MpU «CyXOM» METOJe
Moaudukarop nobasinsuics B cmech Tuna C B Ko-
mmuectse 0,11; 0,22; 0,34 u 0,45 % cBepx 100 %
MUHEpaJIbHOW YacTH, a s cmecu tuna b — 0,10;
0,21; 0,31 u 0,42 % Ttaxxe cBepx 100 % mwmHe-
panpHON wactH. [lpu Takux copepKaHMSAX ITOJIU-
Mepa IIPH «CyXOM» MeTOoJe BBeneHHs Moaudu-
Karopa TMPOHCXOIUT KOPPETALHS TPOLEHTHBIX
cooTHoWeHnH. BBuay OonbIIOro KolmMvecTBa Mc-
MBITAHUN HCCIEIOBAaHUs MPOBOIWINCH B TEUECHHE
MIPOAOJDKUTENFHOTO Tepuojia BPEMEHH, UTO TpH-
BEJIO K HEOOXOIMMOCTH AJISl KaKaoi cepuu dop-
MOBaTh CTaHAAPTHBIE 00paslbl 0e3 Ccomep KaHHs
HOJIMMEPA.

Cwmech mebeHouHas MenkoszepHucTas Tuma C
Obl1a mooOpana Ha uiebHe ¢pakuu ot 5 10 10 MM,
mmeckax u3 orceBoB npooOnerus PYIIIT «I'panuty,
MuHepaigbHOM mopomke OAO «/lomomut» u Ou-
tyme Mapku 70/100. ['panynomerpudeckuii coctas
MUHEpaJbHOM 4YacTH NpEeACTaBIeH Ha puc. 1 U B
Tabm. 1.
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Puc. 1. KpuBas rpaHyJIOMETPHUIECKOTO COCTaBa

Fig. 1. Particle size distribution curve

Tabruya 1
I'panyjoMeTpHYeCcKHii COCTAB MHHEPATLHBIX MATEPHAJIOB
Granulometric composition of mineral materials
I'panynomerpuueckuii cocta
Pazmep o ITonHbrii ITonHbrii
3epeH, My MaTepHajIoB MaTEpHaoB B CMECH Cymma, % octatox, % | mpoxom, %
1 2 3 1 2 3
10 5,87 1,35 0 4,23 0,20 0 4,43 4,43 95,57
5 80,44 9,44 0 57,92 1,42 0 59,33 63,76 36,24
2,5 8,49 24,57 0 6,11 3,69 0 9,80 73,56 26,44
1,25 1,20 14,11 0 0,86 2,12 0 2,98 76,54 23,46
0,63 0,93 17,32 2,50 0,67 2,60 0,33 3,59 80,13 19,87
0,315 0,71 20,84 4,17 0,51 3,13 0,54 4,18 84,31 15,69
0,14 0,80 7,87 5,00 0,58 1,18 0,65 2,41 86,72 13,28
0,071 1,09 3,12 10,83 0,78 0,47 1,41 2,66 89,38 10,62
<0,071 0,47 1,38 77,50 0,34 0,21 10,07 10,62 100 -
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Cwmechr mieOeHOYHAs METKO3epHHUCTas Tuna b
nooOpana Ha medHe (pakuuit ot 5 1o 20 MM U OT
5 mo 10 MM, neckoB u3 oTceBoB apodneHust PYIIII
«['paHuT», NECKOB NPUPOAHBIX, MHUHEPAIBHOIO
nopomka OAO «Jomomur» u OUTyMa MapKH
70/100. I'paHyIOMETpHUYECKHI COCTaB MHHEPaJb-
HOW 9acTH TpeCTaBIIeH Ha puC. 2 U B Ta0uI. 2.
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= HkHun npegen ™ BepxHuii npegen = MNMogobpaHHbin cocTas

Puc. 2. KpuBas rpaHyJIOMETPUIECKOTO COCTaBa

Fig. 2. Particle size distribution curve

Pe3yabTaThl HCIBITAHUM

UccnenoBanusi BHICOKOTEMIIEPATYPHBIX CBOWMCTB
achanbToOETOHOB MOKa3alM UX YIyYIIeHHE C Po-
CTOM KOHIIEHTpAIIMH MOJIMMEpPA B COCTaBe achaib-
ToOeToHHOM cmech. Ilpu 3TOM y mIeOEHOUHOTO
MeJIKO3epHUCTOro acganproderona tuna C 3TH
CBOMCTBA MIMENH 3HAYUTEIHHO OOJbIee mpuparie-
HUE, YeM y Ie0CHOYHOTO MEIKO3EpPHHCTOrO ac-

(ampToOeToHa THMa b. OTO MOXHO OOBSCHUTH
TEM, 4TO y TIEpBOTO COJepKaHue OUTyMa OOJbIlIe
U, CIIEIOBATENbHO, MOJMMEP MOXET 3(QeKTuBHEEe
B3aUMOJICHICTBOBATh C BSDKYIIMM, YTO MOJTBEp-
xmaercst paboroit M. A. Jlanxara [15]. Takxe u3
pe3yabTaTOB BHIHO, 4TO 3(PEeKTUBHOCTH MpenaBa-
pUTEIBHOW MOIU(UKAIMKA OWTYyMa 3HAYUTEIHHO
BBHIIIIE, Y€M TIPU «CYXOM» METOle. DJTO MOXET
OBITh 00BSCHEHO O0Jiee pallOHANBHBIM pacIpee-
JICHWEM MoJIMMepa Mo 00bEeMy CMECH M BBICOKOU
3¢ (EeKTUBHOCTHIO, KOTOPYIO MPOSBISLET NpeaBapu-
TenbHasg ToMoreHu3anus Bskymiero [16]. Pesyns-
TaTHl UCIIBITAHUH TIpezieNia MPOYHOCTH MPHU CKATHN
pu temmeparype 50 °C mpezacTaBieHsl Ha puc. 3
u B Tabx. 3.

Kpome ToTr0, N3 pe3ynbTaToB UCIBITAHHN BU-
HO, 9TO TEPMOIUIACT MPH «CYXOM» METOJIE IIOJIHU-
MepHU3alid CMECH aKTUBHEE TPOSBISICTCS M U3Me-
HSIET CBOMCTBA ac(hanbTOOETOHA, YeM DJIacTOIIACT.
[Ipn mpumeHEeHNW A TMPUTOTOBIICHUS IEOCHOY-
HOW MesKko3epHUCTOH cMecu Tuna C mpenBapu-
TETPHO MOIU(DUIIMPOBAHHOTO OHTYyMa KapTHHA
MEHsIETCSl M 3JacTOIIacT AaeT Ooibliee Hpupa-
meHue cBocTB. Ho B MEIKO3EpHUCTON CMECH TH-
na b wu3-3a 3HauuTEeNnbHO OOJIeE TOHKOHM IUICHKU
OuTyMa TepMOIUIacT WMEET JOMHHHPYIOIIYIO TO-
3UIUI0 B IUTaHE YJYYIIEHUS BBICOKOTEMIIEPATyp-
HBIX CBOWCTB (puc. 4, Tabn. 4). Takum o0Opazom,
WCCIIEIOBAHUS TTOKA3bIBAIOT, YTO TPU MOAU(UKA-
UM CMecell ¢ MaibIM cofep)kaHueM Outyma 3¢-
(bexTHBHEE MPUMEHEHHNE TEPMOILIIACTOB.

Tabnuya 2

I'panynomerpuyeckuii cocTaB MHHEPAJIbHBIX MATEPHAJIOB

Granulometric composition of mineral materials

Hayka
uTexHuka. T. 23, Ne 2 (2024)

I'panynomerpuueckuii cocTas
Pasmep o, | Tommbri INonnsrit
sepeH, M MaTepHaIoB MaTEepHaloB B CMECH Cymma, % ocratok, % | mpoxon, %
1 2 3 4 5 1 2 3 4 5
20 11,42 0 0 0 0 3,54 0 0 0 0 3,54 3,54 96,46
15 29,94 | 3,18 0 0 0 9,28 | 0,25 0 0 0 9,54 13,08 86,92
10 26,59 | 6,80 3,17 4,45 0 824 10,54 | 0,89 | 1,2 0 10,88 23,95 76,05
5 24,63 | 85,17 | 15,59 | 8,33 0 7,64 | 6,81 | 437 | 2,25 0 21,06 45,02 54,98
2,5 1,89 1,62 | 23,21 6,01 0 0,59 |1 0,13 | 6,5 | 1,62 0 8,84 53,85 46,15
1,25 1,14 0,14 15,20 | 10,27 0 0,35 | 0,01 | 4,26 | 2,77 0 7,39 61,25 38,75
0,63 0,85 1,14 14,25 | 17,45 | 2,50 | 0,26 | 0,09 | 3,99 | 4,71 | 0,15 9,21 70,45 29,55
0,315 0,64 0,28 11,37 | 27,46 | 4,17 0,2 | 0,02 | 3,18 | 7,41 | 0,25 11,07 81,52 18,48
0,14 0,73 0,36 7,56 16,13 | 5,00 | 0,23 | 0,03 | 2,12 | 4,36 | 0,30 7,03 88,55 11,45
0,071 0,05 0,34 6,35 3,18 10,83 | 0,02 | 0,03 | 1,78 | 0,86 | 0,65 3,33 91,88 8,12
<0,071 2,12 0,97 3,30 6,72 77,5 10,66 | 0,08 | 0,92 | 1,81 | 4,65 8,12 100 -
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Puc. 3. I3meHeHue npenena MpouyHOCTH pu cxatuu npu remneparype 50 °C cmecu tuma C

Fig. 3. Change in compressive strength at a temperature of 50 °C of type C mixture

Tabruya 3
Pe3yabTaThl HCNBITAHUI Npeiesia MPOYHOCTH NPH CKATHM NPH Temnepatype S50 °C
1edeHoYHOIi MesKko3epHUCTOH cMecn THa C

Results of tests of compressive strength of crushed stone fine-grained mixture of type C
at a temperature of 50 °C

3HaueHus [MOKA3aTels IpeeNa MPOYHOCTH
MeToz 10CTAaBKH MOIMMEpa [IPY CKATHUH B 3aBUCHMOCTH OT HPOLICHTHOT'O COACPIKAHUsI HOIMMEpa
Tun nonumepa MIT
B ac(asbTOOCTOHHYIO CMECh B KOMIIO3ULIMH BSXKYIIETO, a
0 2% 4% 6 % 8 %
Tepmorutact 1,11 1,08 1,15 1,33 1,67
Onacrormact 1,07 1,18 1,16 1,29 1,41
«Cyxoit» meTox
33/66 (T/2) 1,14 1,13 1,19 1,35 1,47
66/33 (T/3) 1,05 1,09 1,08 1,45 1,54
Tepmoruiact 1,09 1,17 1,42 1,97 2,38
Diacromiact 1,13 1,26 1,85 2,09 2,67
IMpensapurenbHas MoAupHUKaLMs OUTyMa
33/66 (T/3) 1,08 1,22 1,73 2,05 2,54
66/33 (T/9) 1,15 1,19 1,58 2,01 2,43
E .
3 i — TepMomiact — 37IacTOITIACT Sl — 33/66 (1/3) — 66/33 (1/3)
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«Cyxoit» MeTox TpenBapurenbuas MoaubuUKays OUTyMa
TIpoLeHTHOE ColepIKAHME MTOTIUMEPA B BOKYIIEM, Yo
Puc. 4. I3meHenue npeaena mpoYHOCTH NpH cxatun pu temneparype 50°C cmecu tuna b
Fig. 4. Change in compressive strength at a temperature of 50 °C of type B mixture
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Pe3yabTaThl HCNIBITAHUI NIpeiesia MPOYHOCTH NMPHU CKATHM NpH TeMmnepaTtype 50 °C
me0eHOYHOI MeTIK0o3epHHUCTOol cmecu Tuna b

Results of tests of compressive strength of crushed stone fine-grained mixture of type B
at a temperature of 50 °C

Tabruya 4

MeTOZ[ JAOCTaBKH I10JIMMEpa

Tun nonumepa
B ac(aabTOOCTOHHYIO CMECh

3HayeHus NoKas3ares Ipesena IPOYHOCTH MIPU CoKATHU
B 3aBUCHMOCTH OT IIPOLIEHTHOT'O COAEPKaHUs TIoJIuMepa
B KOMIO3ULIMHU Bskyuiero, Mlla

0 2% 4% 6 % 8%
Tepmoruiact 1,22 1,19 1,21 1,45 1,76
Dnacroruiact 1,15 1,18 1,24 1,27 1,33
«Cyxoit» meton
33/66 (T/2) 1,19 1,23 1,20 1,18 1,38
66/33 (T/9) 1,23 1,15 1,18 1,29 1,52
Tepmorutact 1,14 1,28 1,57 2,03 2,21
Dnacromnact 1,16 1,25 1,49 1,62 1,73
[MpenBapurenbHas MoaubHUKanys OUTyMa
33/66 (T/9) 1,21 1,29 1,52 1,77 1,89
66/33 (T/9) 1,13 1,24 1,55 1,86 2,02

IIpu comocraBieHUH pe3yJIbTaTOB HCCIEIOBA-
HUM TIpejiesia TPOYHOCTH MPU CKATUU CMEcEed TH-
noB C u b, MoguduuupoBaHHBIX TepMOILUIACTAMU
W 3JacToIuiacTaMu npu o0oMx Meromax Moaudu-

2.6
24
z
2,0
1.8
1.6
1.4

1.2

3Ha4deHH IIpe/ie’a IPOYHOCTH NpH cKaTHH, MIIa

1.0

[lebeHouHas MENIKO3EPHUCTAS

cmech trma C

Kalli¥, yCTAHOBJIGHO, YTO IPH «CyXOM» METOJIC
TpeOyeTcss 3HAYUTEIBHO OOJBINE TMOIUMEpa IS
JIOCTHKEHUsT TOro ke d¢¢dekra oT NpuUMeHe-
Hus (puc. 5).

TEPMOILIACTBI <(CyX017[)> MCTOL

2JIaCTOINIACThI <(CyX0ﬁ)) MCTO

MOTH(QHKAITHA GHTyMa

TepMOILTACTaMH

MOTH(HKAITHA GHTyMa
371aCTOILTACTAMH

[IleOeHouHas MENKO3EpHUCTAS

cMech Tama b

[IponieHTHOE conep kaHMs NOJIUMEpa B BAXKYIIEM, Yo

Puc. 5. CooTHOLIEHNE cOAEep KaHHS MOTUMEPA TIPH PA3IHYHBIX CIIOCO0aX MOAU(UKAIIIH CMECH

Fig. 5. Ratio of polymer content for various methods of mixture modifying
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PesynbpTaThl  ompenereHus — MaKCHUMabHOM
CTPYKTYpHOH NMPOYHOCTH LICOCHOYHOW MEJKO3ep-
HucToi cMecu tumna C (Tabn. 5) AEMOHCTPUPYIOT
aHaJIOTHYHBIE TPUPAIICHHS CBOICTB, a WMEHHO
00JpIIyI0 3 (HEKTUBHOCTh BBEICHUS MOJIUMEPOB
Yyepe3 MpeIBapUTEIbHYI0 MOJTUPHUKAINIO OUTyMa,
4eM TpH «cyxom» Metoxae (puc. 6). IIpum stom
HaONro/laeTCsl CHWYKGHUE 3HA4YCHUI IoKazarels
HpH JII000M MeTo/Ie MOAM(DUKALUK TIPH yBEIHYe-
HUM KOHIEHTPAIlMM TEPMOILIACTOB, YTO CBHJE-
TEJILCTBYET O TOM, YTO HPOHUCXOAUT HETATHBHOE
M3MEHEHNE BSDKYIIETO ¢ MPHIAHNEM €My XPYNKHX
cBoiicTB [17].

HccnenoBanre MakCHMAIBHON CTPYKTYpPHOU
MPOYHOCTH IIeOEHOYHOTO MENKO3EpHUCTOro ac-
(hanproberona Tuna b mokazano, 4TO TpU «Cy-
XOM» METOJIE BBEJICHHS MOJIUMEPA B COCTAB CMECH
MIPAKTUYECKH HE MPOUCXOANUT N3MEHEHuH (Tadum. 6,
puc. 7). Takum 00pa3oM, MOXHO CIIENaTh BBIBOJ,
qTO I MoauduKanuu achaabToOeTOHa KpUTHYE-
CKO€ 3HAUCHHE MMEET AOCTATOYHOCTh OUTYMa, KO-
TOPBIN B3aMMOJEHCTBYET C OJIMMEPOM U PacKphl-
BaeT €ro MOTEHIMAll BIWSHUS HAa CBOWCTBa Mare-
puana. Kpome Toro, nmpu mMerojie epBOHAYAIBHOM
MOIU(HUKAIUK OUTyMa TEPMOIUIACTAMHU TaKXKe
MIPOUCXOANT CHW)KCHHE 3HAYCHHWH MaKCHMalTbHOU
CTPYKTYPHOU MPOYHOCTH.

Tabruya 5

MakcuMalIbHasi CTPYKTYPHAsi NPOYHOCTH 1Ie0eHOYHOIi MeJIko3epHucTOl cMecn THna C

Maximum structural strength of crushed stone fine-grained mixture of type C

3Ha4eHus NoKa3aTeNsi MAKCUMAJIbHOW CTPYKTYPHOI IPOUHOCTH
MeTo/1 0CTABKH MOIUMEpa B 3aBHCHMOCTH OT IPOIEHTHOTO COJACPKaHUs MOIUMepa
B ac(haIbTOOCTOHHYIO CMECh Tum nomvepa B KOMIIO3uIuH BsKymero, MIla
0 2% 4% 6 % 8 %
Tepmorutact 6,53 6,54 6,49 6,42 6,35
DacToriact 6,48 6,45 6,51 6,62 6,79
«Cyxoit» meTox
33/66 (T/9) 6,51 6,53 6,48 6,65 6,72
66/33 (T/9) 6,47 6,51 6,50 6,49 6,38
Tepmormtact 6,50 6,57 6,45 6,34 6,11
DnacTomnacT 6,55 6,50 6,61 6,78 6,92
[IpensapurensHas MoauQUKAILII OUTyMa
33/66 (T/9) 6,46 6,53 6,59 6,61 6,69
66/33 (T/9) 6,61 6,57 6,46 6,40 6,34
= ] — TepmormTacT — 37acTOITAcT — 33/66 (1/3) — 66/33 (1/3)
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[IponienTHOE ConeprkaHue TOTUMEPA B BSDKYIIEM, %o

Puc. 6. I3meHeHnEe MaKCUMAaJIBHOW CTPYKTYPHO MpodHOCTH cMecH Tuma C

Fig. 6. Change in maximum structural strength of type C mixture

Hayka
urexHuka. T. 23, Ne 2 (2024)



Civil and Industrial Engineering

MakcuMalbHAs CTPYKTYPHAS IIPOYHOCTD 1Ie0eHOYHON MeIKo3epHHuCTOM cMecH Tuna b

Maximum structural strength of crushed stone fine-grained mixture of type B

Tabauya 6

MeTto 10CTaBKM NOJIMMEpPA
B ac(aIbTOOCTOHHYIO CMECh.

Tun nonumepa

oJIMMEpa B KOMITO3UIIUH BSIKYIIECTO, MIla

3HavyeHus [T0Ka3aTelsl MAKCUMAJIbHOM CTPYKTYpHOI
MIPOYHOCTH B 3aBUCHMOCTH OT IPOIIEHTHOTO COACPKAHUS

3HaueHHs mpezesna NPOYHOCTH
npu cxatuu, Mlla

F

«Cyxoi» MeTox

,‘-.Jml N | ;ﬂ_"'ﬁ.. ¢ Z,
: Wz =
0 2 4 6

IIporieHTHOE Conep kaHue oMMepa B BsDKy1eM, %

Puc. 7. I3MeHeHne MakCUMaJIbHON CTPYKTYPHOM MPOYHOCTH cMecu Tumna b

Fig. 7. Change in maximum structural strength of type B mixture

3HaveHHs1 BOAOHACHILIEHHS CTAHIAPTHBIX 00pa3LoB achaabTo0eTOHA

Water saturation values of standard concrete samples

0 2% 4% 6% 8%
Tepmomtact 5,63 5,60 5,62 5,57 5,52
Dnacroriact 5,55 5,56 5,58 5,54 5,59
«Cyxoit» meTox
33/66 (T/D) 5,58 5,61 5,57 5,64 5,66
66/33 (T/9) 5,65 5,63 5,64 5,67 5,65
TepmorutacT 5,49 5,52 5,44 5,31 5,09
DIacToract 5,60 5,57 5,62 5,75 5,89
IMpensapurenbaas MoaupHUKays OUTyMa
33/66 (T/9) 5,48 5,50 5,55 5,61 5,58
66/33 (T/D) 5,56 5,53 5,59 5,51 5,48
6.5
] — TepMoILTacT — 37acTOILTacT — 33/66 (1/3) — 66/33 (1/3)
6.0

8
[IpenBapurenbHas MoanHUKanus OUTyMa

Tabnuya 7

MeTto/ 10CTaBKH MoJiuMepa
B ac(aabTOOETOHHYIO CMECh

Tun nonumepa

B KOMITO3UIINH BSKYUIETO, %

3HadYeHUs TIOKA3aTessl BOJAOHACKIIICHHE CTaHAapTHOI'O 06pa3ua
B 3aBUCUMOCTH OT IPOLICHTHOT'O COACPIKAHUA TTOJTUMEPaA

0 2% 4% 6 % 8%
1 2 3 4 5 6 7
s mebeHouHOoM MeTIKo3epHUCTO cMecu Tuma C
Tepmoruiact 2,55 2,49 2,67 2,76 2,81
«Cyxoii» MeTox Dnacroruiact 2,38 2,44 2,41 2,58 2,63
33/66 (T/9) 2,46 2,51 2,48 2,57 2,69
66/33 (T/9) 2,61 2,60 2,64 2,69 2,74
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Oxonuanue maon. 7

1 2 3 4 5 6 7
Tepmorutact 2,69 2,73 2,89 3,34 4,53
TlpeaBapHTesHas MouuKaIIS GuTyMa Dnacroruiact 2,54 2,52 2,66 2,83 3,19
33/66 (T/2) 2,55 2,59 2,71 2,89 3,34
66/33 (T/9) 2,39 2,42 2,76 3,04 4,25
J1ist me6eHouHOIT MeNIKo3epHHCTOH cMecH Tuna b
Tepmorutact 1,87 1,76 1,81 2,08 2,37
«Cyxoit» MeTo Dnacroruiact 1,73 1,77 1,70 1,74 1,92
33/66 (T/9) 1,76 1,83 1,74 1,86 2,03
66/33 (T/9) 1,79 1,85 1,93 2,15 2,24
Tepmormuiact 1,75 1,92 2,28 2,77 4,16
TIpesBapuTenbHas MobUKALIS GHTYMA DnacToracTt 1,84 1,83 1,96 2,09 2,29
33/66 (T/9) 1,88 1,85 2,04 2,17 3,05
66/33 (T/9) 1,81 1,86 2,11 2,54 3,72

[Toka3aTenb BOJOHACHIIICHUS CTAaHIAPTHBIX
00pa3noB meOCHOYHBIX MEIKO3EPHUCTHIX achaib-
tobetoHOB Tuna C u b 3HaYMTENBHO BBIPOC MpH
YBEJIMYCHHH KOHIICHTPALMH IIOJUMEPa METOIO0M
NpeNBapUTEIbHON MoIudUKalMU OUTyma, IpH
9TOM BIIMSHHE DJIACTOIUIACTA Ha JTOT IOKa3aTeib
OBLIIO MMPAKTUYCCKHU MUHUMAJIbHBIM, YTO OTPAX€HO

i — TepMOILTIACT

B — smacTommact

Ha puc. 8 1 9. D10 00BsICHACTCA TEM, YTO OTHOCH-
TEJIbHO BBICOKHE KOHLIEHTPALMK TEPMOIUIACTOB BIIH-
SIOT Ha yJno0OyKIajapiBaeMocTh cMecu [18], nenas
BSDKYILIEE 3HAUUTENBHO KECTUe, YTO TaKKE BIIHSET
Ha XpYNKOCTh acanbTo0eTOHa, KOTopasi ObuIa Mmpo-
JIEMOHCTPHPOBAHA TPH HCHBITAHUAX IO OMpesesie-
HUIO MAKCUMAJIBHOW CTPYKTYpPHOM IPOYHOCTH.
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IIpouenTtHoe comepkaHue MOJIUMeEpa B BOKyLIeM, Yo
Puc. 8. I3menenune BogoHACHIIIEHHS acanbTobeToHa THa b
Fig. 8. Change in water saturation of type B asphalt concrete
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Puc. 9. I3menenne BofoHackmeHns acanproderona tuna C
Fig. 9. Change in water saturation of type C asphalt concrete
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IIpu 3TOM B OTIIMYME OT MPOILLIBIX UCIBITAHUN
TONIMHA TUIEHKH OWTyMa HE HWMEEeT BEeCOMOTO
BIMSHMS Ha JKECTKOCTh MaTepualia, TaK KakK YIO-
00yKJIaIbIBAEMOCTh ac(albTOOCTOHHOW CMeCH H
KOppENMPYEMBIii ¢ HUM TIOKa3aTelb BOJIOHACKIIIE-
HUsI CTaHJapTHOro o0Opa3na OTHOCATCS, CKopee,
K TEXHOJIOTHYECKHM CBOWCTBaM ac¢aibTOOETOHA,
yeM K (U3NYecKO-MeXaHW4YeckuM. Takum oOpa-
30M, MOJKHO yTBEP)KAATh, YTO MPUCYTCTBHE OOJIb-
IIOTO KOJIMYEeCTBAa TEPMOIUIACTa B COCTAaBE BSIKY-
IIEeTOo, IPUBOMS K POCTY MOKA3aTeNs BOJIOHACKHIIIE-
HUs, OKa3blBA€T HETAaTHUBHOC BO3Z[CI>'ICTBPIC Ha
dhopmupoBaHre B achanrbTOOCTOHE KaK MATPHUIIBI
BSDKYIIETO, TaK M KapKaca KaMeHHOTO MaTepuaia.
9t0 HCIMOCPEACTBCHHO BJIMACT U HAa BCC OCTAJILHBIC
cBolicTBa acdanpToOeTOHa, yXyamas ux. I[loatomy
Mpu pUMEHeHHH MoauduuupoBaHHON achanbTo-
OeTOHHOI cMmecH 0co00€ BHHMAaHHE CIEAyeT yIe-
JATH €e TeMIleparype IMpH YKIAAKe M TEeXHOJO-
THYECKOMY periiaMeHTy VIUIOTHEHHS Marepua-
ma [19].

BbBIBO/IbI

1. TlpenBaputenbHas MomudUKaIUsI OWUTyMa
SBIISIETCSl HaWOoJiee BBITOJHOW C TOYKH 3PEHUS
pacxoma TOJIMMEPHOIO MaTepHualia, 4YTO CBSI3aHO
C ONTUMAJBHBIM €r0 PaCIpPeNCICHUEM IO BCEMY
00BeMy CMeCH W, Kak CIIeACTBHUE, PaBHOMEPHO-
CThIO M3MCHEHUSI CBOWCTB IMOKPBITHUS, UCKITFOYCHHU-
€M BEpPOSTHOCTH KOHTJIOMEpaly MoAu(uIn-
POBAaHHOTO BSIKYIIETO B IPOIECCE MPOU3BOJCTBA
ac(hampTOOCTOHHOW CMecH, ee YKJIaIKhd U YIUIOT-
HEHUs, UCKITToueHneM 3¢ deKTa cerperaium.

2. BrpigBieHBI H3MEHEHHS TEXHOJOTHYECKUX
CBOMCTB ac(aJbTOOETOHHOW CMeCH Ha MpHUMEpe
W3MEHEHHS TI0Ka3aTeisl BOJIOHACHIINICHUS CTaH-
JAPTHBIX O0OpPAa3IOB MPH OTHOCUTEIHLHO BBICOKHX
KOHIICHTPAIUSX TEePMOIUIACTUYHBIX ITOJIMMEPOB B
achanbTOOETOHHBIX CMECSX, KOTOPhIE MOTYT IpH-
BOJUTH K CHIKCHHIO BCEX CBOMCTB achambToOeTo-
HOB. Tarke BBeICHHE TEPMOILIACTa B COCTAB CMe-
CH B KOJIMYECTBE, OTHOCUTEIBLHO «MOKPOT0» CIO-
coba momudukanuu, ceeimie 4 % TPUBOJAUT K
YBEJIMYCHHUIO XPYNKOCTU acanbToOeTOHA W, Kak
CJIEJICTBUE, CHUKCHUIO €r0 MAaKCHMAalbHOU CTPYK-
TypHOW TPOYHOCTH, YTO MOXET OTPa3UThCA Ha
YCTOWYHMBOCTH MaTepuaia MOKPHITHI K KOPPO3H-
OHHBIM pa3pyIICHUSIM.
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Abstract. Currently, in economically developed countries, electric vehicles are considered as a solution to the problematic
issue of reducing greenhouse gas emissions from road vehicles. The level of energy consumption is a critical factor in deter-
mining the overall performance of an electric vehicle. The article analyzes the influence of tire adhesion coefficient on
the energy consumption of a battery electric vehicle when operating in typical standard driving cycles. In order to estimate
the energy consumption during driving with different tire adhesion coefficients an electric vehicle longitudinal dynamic model
is used, which allows taking into account various driving modes (Eco, Comfort, Sport) and sliding of the drive wheels in con-
tact with the road surface. The proposed model, based on submodels of such main components of an electric vehicle as an
electric motor and a traction battery, includes tire and vehicle body dynamics submodels, as well as a human-driver submodel
with PID controller in the control circuit to track given trajectories. A series of experiments with the VinFast Vfe34 passen-
ger electric vehicle on a dynamometer test bench were carried out to determine the electric motor’s performance characteri-
stics at various operating modes and identify many other input parameters for simulation and verifying the mathematical
model accuracy. The simulation results of the distance traveled by an electric vehicle on a single charge are compared with
the manufacturer's experimental data during operating the test vehicle in the standard European driving cycle. Simulation
scenarios with different accelerating modes are proposed to analyze the influence of the adhesion coefficient on the EV’s
dynamic characteristics and the level of energy consumption. The simulation results on the determination of the energy
consumed by an electric vehicle when moving in various driving cycles with road adhesion coefficients are presented in
the activity. The given results show the significant impact of the adhesion coefficient on electric vehicle energy consumption
in various standard driving cycles, especially on low-grip roads.
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Tpancnopm

Bausinue ko3¢ puumeHTa cuenieHusi MUH C J0POrom
Ha NMOTPel/IsieMyI0 SJHEPIHI0 U JUHAMHMKY AKKYMYJISTOPHBIX JIEKTPOMOO W1

Acn. Jle Txans Haunp", kaun. Texn. nayk, nou. Jam Xoanr Ixyk", acn. Jle Xy> Taii Munn"?,

JIOKT. TeXH. HayK, npo¢. C. B. Xapl/ITOH‘ll/IKS),
KAHJAUJAThI TEXH. HAYK, J0LeHThI B. A. Kycmc”, Hryen Txanb Konr®

VX anoiicknii yHHBEpCHTET HayKHi 1 TexHomoruit (Xanoit, Conpamucrnyeckas Pecny6nnka BeerHam),
2)YHHBepCI/ITeT HayKu u TexHoorui Xanos (Xanoit, Connanuctiueckas Pecryonnka BeetHam),
3')Benopyccm/nﬁ HalMOHAIIBHBIA TeXHUYecKuit yHuBepcureT (MuHck, PeciyOinka benapycs),

YV HUBEpCHTET TPaHCIIOPTA kommyHuKami (Xanoi, Conuanuctiuaeckas Pecrrybnmnka BeetHam)

Pedepar. B HacTosiiee BpeMs B OKOHOMHYECKHM DasBHUTHIX CTpaHaX AJIEKTPOMOOWIM PAacCMAaTPHBAIOTCA KaK pELICHHE
Npo6JIEMHOT0 BOIPOCA MO COKPALICHUIO BBIOPOCOB MAPHUKOBBIX I'a30B OT MOOHJIBHBIX TPAHCIIOPTHBIX CPEICTB. YPOBEHb
MOTPEOIIEMOM SHEPTUU HICKTPOMOOHIIEM SIBIISICTCSA PELIAONIMM (PAKTOPOM, ONPENEIISIONNM OOIIYI0 MPOU3BOIUTEIBHOCTh
TPAHCIIOPTHOTO CPEICTBA Ha JJEKTPUUYECKOil Tsre. B crarhe aHanmu3upyercst BIUsHUE KOdYQOUIMEHTA CLEIUICHHS MHH C J0-
poroii Ha MOTPeOIIEMYIO PHEPTUIO aKKYMYJIITOPHBIM 3JICKTPOMOOHIIEM HPH 3KCIUTyaTal[iy B THIIMYHBIX CTAaHJAPTHBIX €3710-
BBIX [IUKJIaX. J[JIs olleHKH HOTpeOIsieMoit SHEPruH MPHU IBYKEHUH C PA3IMYHBIMH KO QUIIMEHTaMU CHETUICHHUS IIMH UCTIONb-
3yeTcsi NMpOAOJbHAS JUHAMMYECKas MOJENb 3JIEKTPOMOOWIIS, IMO3BOJSIONIAs YYUTBHIBATH PA3NMUYHBIE PEKHMbBI BOXKICHHS
(«3K0», «KOM(DOPT», «CIOPT») U CKOJBKEHUE BEAYIMX KOJIEC B KOHTAKTE C IOPOXKHBIM ITOKphITHEM. Pa3paboTaHHas MOJEIb,
MOCTPOCHHAsI HA OCHOBE CyOMoJeneil TAKNX OCHOBHBIX KOMITOHEHTOB JJIEKTPOMOOWIIS, KaK MICKTPUICCKHH J[BUTaTeNb U Ts-
roBasi aKKyMyJISITOpHast GaTapesi, BKIIOYaeT cyOMOJIeNH JUHAMUKY IIIMH ¥ Ky30Ba, a TaKke CyOMO/IeIb JIOTHKH IeHCTBUH BO-
qutens ¢ [TAJ[-peryastopoM B LENM YIPaBICHUS IS OTCICKUBAHMS 3aIaHHBIX TPACKTOPUH ABMKEHHS TPAHCIOPTHOIO
cpencrsa. Jyis onpexeneHns BHEMIHUX Pab0dMX XapaKTEPUCTHUK TSATOBOTO AJIEKTPOJBHIATEIS HAa PA3IMUIHBIX PeKUMax pado-
TBl CWJIOBOTO arperata ¥ HACHTU(QHKALMU psina OPYTHX BXOIHBIX MApaMeTpPOB JUIS MaTeMaTH4YECKOrO MOJEIHpPOBaHHMS
U OLICHKH aJeKBATHOCTH HMMMTALIMOHHON MoJenu ObUla NpPOBEIEHA Cepust KCIEPUMEHTOB C JIETKOBBIM 3JIEKTPOMOOH-
nem VinFast Vfe34 nHa nmuHaMOMETPHYECKOM HCIBITATEIBHOM CTCHIC. Pe3ynpTaThl MOAENHPOBAaHUS MO MaKCHMAaTbHOMY
HPOHICHHOMY PAaCCTOSHUIO 3JIEKTPOMOOMIEM Ha OJHOM 3apsijie OaTapeil COMOCTaBIIOTCS C SKCIIEPUMEHTAIbHBIMH JaHHBIMU
3aBOJA-TIPOM3BOAUTEIIS TIPU SKCILTyaTal[My MCIBITYEMOTr0 aBTOMOOWIIS B CTAaHAAPTHOM €BPOIEHCKOM e3/10BoM nukie. [Ipen-
JaraloTcs CLCHApHU MOJIETTMPOBAHMS IIPOLIECCOB Pa3rOHA C PA3IMYHBIMU PEKUMAMU YCKOPEHHS JUIsl aHAJIM3a BIMSHUS KOd]-
(UnMeHTa CueIuIeHus IHH ¢ JOPOrod Ha AMHAMIYECKUE XapaKTEPUCTUKH DIEKTPOMOOWIS M YPOBEHb NOTPeOIIsieMOl SHEep-
run. [IpuBoasATCS pe3ybTaThl KOMITBIOTEPHBIX SKCIIEPUMEHTOB 110 ONPEIEICHHIO ITOTPeOIsieMOil AIIeKTpOMOOHIIEM SHEPTiH
HPH ABWKCHUH B Pa3iIMYHBIX €370BBIX LUKJIAX C Pa3IM4HbIMU KO3(G(UINEHTAMHU CLEIUICHHS IIUH C OIIOPHOIT OBEPXHOCTHIO
JIOPOKHOTO TMOKPBITUS. IloNydeHHbIe pe3ybTaThl MOKA3bIBAIOT 3HAUUTENBHOE BIHMSHHE KOd(DOHIMEHTa CLEIUICHHS IIHH
Ha pacxof MoTpeOIIIeMOi 3IeKTPOMOOUIIEM SHEPTHH B Pa3lIMYHbBIX €3/10BBIX LIUKIAX, OCOOEHHO Ha J0POre ¢ HU3KUM KO3(]-
(ULMCHTOM CLEIUICHUS.

KnrodeBble cj10Ba: aKKyMyISITOPHBIN 3JIEKTPOMOOHIIb, TATOBBIH I€KTPOABUTATENb, TOTpedIsieMas SHeprus, KoddduuneHt
CIIEIUICHUS [IIMH C JJOPOTOif, AMHAMIKA aBTOMOOMJIS, CTAaHJapTHBIE €BPOIICHCKUE €30BbIE IIUKIIBI, KOMITBIOTEPHOE MOJIEIHPO-
BaHUeE

Jist uurupoBanus: BinsHue koohduuueHTa CLEIUICHHs IHH ¢ IO0POroi Ha MOTPeOIsIeMyr0 SHEPTHI0 U ANHAMUKY aKKY-
MYJISITOPHBIX d1ekTpomobwieii / Jle Txans Hanb [u np.] // Hayxa u mexuuxa. 2024. T. 23, Ne 2. C. 151-162. https://doi.org/
10.21122/2227-1031-2024-23-2-151-162

Introduction

Given the current air pollution, electric vehicles

ti t EC[8, 10-12].
(EVs) are currently considered as one of the solu- operaling parafeters of [ ]

energy management, vehicle’s available energy
usage [3—6], regenerative braking [7-9], and other

tions to reduce greenhouse gas emissions. Recent-
ly, many large companies have focused on deve-
loping environmentally friendly cars and have also
achieved many successes with a large number EVs
sold [1, 2]. However, the major problem with elec-
tric cars is that the distance traveled on a single
charge does not meet consumers' needs. Many
studies have been conducted on the EV's energy
consumption (EC), such as the optimization of
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Research [3] shows that the combined use of
two energy sources, namely supercapacitors and
batteries, can extend battery life. The LQG control
algorithm makes it possible to reduce the average
current during vehicle operation by 18,9 % (from
34,3 A to 27,8 A), thus reducing energy consump-
tion. However, this study did not consider the ex-
ternal condition's that influence on the Ev's energy
consumption.
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In research [7], strategies for controlling the re-
generative braking system during vehicle mo-
vement are proposed with different objectives.
The research results show that the vehicle braking
process from a velocity of 100 km/h to a complete
stop with an optimal regenerative energy control
strategy can increase the amount of regenerative
energy by 84,4 % compared to the standard control
strategy. In addition, the braking distance was 13,2 %
shorter. This study also did not investigate the ef-
fectiveness of regenerative braking control strate-
gies under low adhesion coefficient conditions.

The research [10] shows the influence of the
driver on the energy consumption of the vehicle
through real-time data collection and analysis.
The article provides parameters to be evaluated
by driving, which evaluates and analyzes the im-
pact of these parameters on energy consumption.
Nevertheless, the research was conducted only on
roads with good adhesion coefficients. The re-
search [11] also shows the significant dependence
of the electric motor (EM) power demand and EC on
the driving styles. However, these studies have only
focused on energy issues in EVs themselves without
considering the influence of external parameters on
EC, especially the tire adhesion coefficient.

In terms of internal combustion engine (ICE)
vehicles, studies on the adhesion coefficient main-
ly focus on its influence on dynamics control
to enhance vehicle safety and efficiency [13-15],
not on the vehicle’s fuel or energy consumption in
certain driving cycles.

Therefore, this article analyzes the influence of
the tire adhesion coefficient on EV’s energy con-
sumption and dynamic characteristics when opera-
ting in different driving cycles. The research me-
thodology consists of vehicle simulation in combi-
nation with real experiments to determine the input
information and verify the accuracy of the model,
thereby enabling surveys and analysis of the EV
performance in various operating conditions.
An EV longitudinal dynamic model with all of
the EV powertrain components is built to study the
vehicle dynamics performance and energy con-
sumption in different road adhesion conditions.
Real experiments on the dynamometer are performed
to collect the input parameters for the simulation and
verify the mathematical model's accuracy. Finally,
the results of the vehicle dynamic characteristics and
energy consumption after simulating by the proposed
model on various roads with different tire adhesion
coefficients are analyzed.

Research method

Vehicle simulation model. To achieve the pur-
pose of the research the electric vehicle simulation
model (Fig. 1) was developed, which includes the
submodels of driving cycle, electric motor, traction
battery, braking system, active/passive tires dy-
namics, and vehicle body dynamics [16]. The sim-
ulation of the EV operating process by given dri-
ving cycles can be done on the proposed model.

Drivin Vehicle bod
Pedal [« & Velocity v ¥
model model
- - Sub-models
Desired velocity (calculation models)
Mot Regenerative
otor braking Parameters
model
torque
Require Battery
power Voltac?e
an i
¥ 2 Braking Braking torque
current; model
Battery State
model of
charge v
(SoC) G Slip
Motor J | Motor Active tire Of‘pacrflv“; Passive ratio of
power 7| torque model e tire model passive
tire
Traction force 4J Traction force Lopgidinal
force
| ] $

Fig. 1. Electric vehicle models
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The above EV submodels were based on [7, 17],
including the tire models to calculate the tire slip
ratio, the battery model based on SOC percentage,
the load-efficiency curve, and the relationship be-
tween the pedal signal and driving mode. Each
submodel is described as follows.

The vehicle body dynamic submodel, based on
the classic equations of ground vehicles theory,
is shown in Fig. 2. The longitudinal forces of the
vehicle (Fig. 3) include traction force F,s; F,, and
rolling resistance F,, F,. at the front/rear wheels
respectively, aerodynamic resistance F ., slope
resistance F,. with slope angle o, EV’s inertia and
are described in detail in the literature [18].

According to Fig. 3, the longitudinal dynamic
of the vehicle is expressed:

(m+m,)V =(F,+F,)—(F,+F,+F,

r_air

+F,), (1

where m and m, are respectively the EV’s mass
and the equivalent mass of the electric drive rotat-

ing parts, kg; ¥ is the vehicle acceleration, m/s’.

—

— 72 2 52
m, _E{JM +J 4 +ng1/d +J Uit b 2)

where Js, Jus Jap, Jw are the inertia moment re-
spectively of the front wheel assembly, final drive,

Rear tire traction —" Vehicle velocity |

Front tire traction

Vehicl body 1+ vl eclorain]
Rear vertical load dynamlc model
Front vertical load »| Other vehicle
dynamics
parameters

Others

Fig. 2. Body vehicle dynamic model

transmission system, and electric motor, kg-mz;
iry 1s the final drive’s transmission ratio, ug, is the
gearbox ratio.

Front and rear wheel dynamic submodels
as well as the forces acting on them are shown
in Fig. 4-7. The dynamic model of the active front
wheel can be calculated by the following equa-
tion [18]:

o

Zj

0 =Ty = F i = €7 — Ty )

where g, is the front wheel's angular velocity,
rad/s; T, T are respectively the wheel active
torque and the front wheel brake torque, N-m;
es = fiyrwn 1s the eccentricity of normal for-
ce F.r (Fig. 2) at the vehicle front wheels, m; f;
is rolling coefficient of front wheel, r,,, is dynamic
wheel radius, m.

The formula for calculating the torque from
the electric motor to the active wheel is built
as follows:

dein = ]:nalorugbngblfdnfd ’ (4)

where T, 1s the motor torque, N-m; mg, is the
gearbox efficiency; my is the final drive’s trans-
mission efficiency.

Fig. 3. The forces acting on the vehicle

Pedal — o

Slip ratio |

Active tire Motor speed |

Vehicle acceleration

model

(Front wheel) | Front tire velocity

| Vehicle velocity }—D _’|

Motor Torque }—P

> Front traction load

e | Fyp Front Brake Torque [~

Fig. 4. The forces acting on the front wheel
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v Vehicle velocity

Vehicle acceleration

Rear Brake Torque

Fig. 6. The forces acting on the rear wheel

The total moment of inertia relative to the front
wheel is calculated as follows:

= tJ

PR

gb

fivh whf P+ Jmifdzughz' (5)

The rear wheel is the driven wheel, hence the
forces acting on it are shown in Fig. 6.
The dynamic model of the passive rear wheel can
be illustrated by the following equation [18]:

=F r

rwh xr’ wh

J wh Y

”

~T, +F,e (6)

zZr=r?

where J,,,;, 1s the total moment of inertia relative to
the rear wheel, kg'mz, O, 18 the rear wheel's an-
gular velocity, rad/s; e, = f,,,; is the eccentricity
of normal force F, (Fig. 2) at the vehicle rear
wheels, m; f,, is rolling coefficient of the rear
wheel.

Tire submodel. According to the automotive
theory [18], the maximum traction at the wheel is
equal to the tire adhesive force. When the traction
force provided by the electric motor acting on the
wheel is higher than the adhesive force, a part of
the traction force which is equal to the tire
adhesive force propels the vehicle forward, while
the rest is lost due to the tire slipping.

The equations for the calculation of the wheel
slip ratio during the acceleration or braking process
as well as the equations for determination of the
corresponding traction forces Fyr and F), are well-
known from the literary resource [18] and fully
described in [7].

The reference slip ratio varies for the different
tire characteristics and road adhesion conditions;
therefore, to enhance the simulation accuracy a
real-time reference slip ratio curve must be pro-
posed. The relationship between the traction coef-
ficient and tire slip ratio (Fig. 8) is determined em-
pirically [7].
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Fig. 7. Rear wheel model
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Fig. 8. The relationship between traction coefficient
and tire slip ratio

Electric motor submodel based on the rotating
permanent magnet electric motor (PMSM) with
code number VFAAGB. The main PMSM’s pa-
rameters and technical characteristics [19] and also
the coefficients of piecewise function [17] for de-
termining the efficiency in motor/generator mode
are shown in Tab. 1 and 2.

Most electric motors are designed to run at 50
to 100 % of the rated load. Maximum efficiency is
usually near 75 % of the rated load [20]. The effi-
ciency of an electrical motor varies between 88
to 92 % for induction machines and from 93
to 95 % for synchronous motors [21].

The load and motor/generator efficiency rela-
tionship [17] are approximated by the piecewise
function:

_qx+o (

efficiency (x) 0<x<0.25);

X+c
efficiency (x) =d,.x+d,(0.25<x<7.25); (7)
efficiency (x) =¢,.x + e, (x > 0.75),

motor

where x = denotes the ratio of the motor’s

rated

mechanical power (P,,01,) to the rated power (P,4eq)-

155



Tpancnopm

Table 1 Table 2
Electric motor’s parameters Piecewise function coefficient
Parameters, dimensionality Value Coefficient Motor mode Generator mode

Mass, kg 90,6 c 0,942269 0,942545
Rated torque, N-m 160 1) 0,000061 0,000067
Time to reach the peak motor power, s 3 c3 0,006118 0,006732
Rated efficiency, % 97 d; 0,060000 0,057945
Rated power, kW 75 d, 0,905000 0,904254

e 0,076000 0,066751

e 1,007000 1,002698

Obtained by equation (7) the load-efficiency
curves in motor and generator modes are shown
in Fig. 9.

The electric motor’s maximum torque (7inax)
is presented as a function of the angular velocity.
In most cases, when the motor’s angular velocity
is small, the torque is at the maximum and constant
value. When the electric motor reaches the angular
velocity limit (w.), the torque starts decreasing.
In a PMSM, the torque decreases linearly with the
increase of the angular velocity. The motor’s
torque is reduced while the motor’s power remains
unchanged [22, 23].

reaches the maximum value 7, = Tp.. When
the electric motor’s angular velocity is higher than
the limit (o > ®.), the motor torque is inversely

. T o
proportional to the motor speed 7, = <.

®

The electric motor drive characteristics and
also its angular speed determination diagram
are shown in the Fig. 10, 11.

The motor torque varies non-linearly according
to each driving mode (Eco, Comfort, Sport) and
depends on the accelerator pedal position (P;,).
Assuming the relationship between P;, and Tp.x
is a quadratic function:

. .. 2
When the electric motor’s angular velocity is T oior = (aEn +bP, +C)Tmax‘ (8)
lower than the limit (o <w®.), the motor torque
_ 100 & 100
\\O\ S
< 90 g 90
g 3
2 80 S 80
= ks
g 70 5 70
= <]
£ 80 g 60
S =1
= O
50 O 50
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Load ratio Load ratio
Fig. 9. The electric motor load-efficiency curve
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Fig. 10. The PMSM drive characteristics & L e p
determination diagram
156 [ Hayka

urexHuka. T. 23, Ne 2 (2024)
[

Science and Technique. V. 23, 2 (2024



Transport

T
Assuming: —2°"=%T

max *
max

Therefore: %I, =a(P, )2 +bP,+c. (9

In order to obtain the coefficients a, b, and ¢ in
different power unit driving modes, the real experi-
ments on the dynamometer were conducted, the
results of which are shown in this paper below.

Regenerative braking and battery submodels.
During regenerative braking, the electric motor
performs as a generator, converting the vehicle's
kinetic energy into electrical energy, which is re-
charged in the EV battery. The regenerative brake
model (Fig. 12) is built based on [7].

The traction accumulator battery model is built
based on the documents [7, 17]. The battery equi-
valent circuit (Fig. 13) does not directly model the
chemical characteristics inside the battery system,
but it simulates the overall battery operation to cal-
culate approximately the battery output parameters.

The driving cycle submodel provides the pedal
signal by PID controller (Fig. 14). The driving cycle

data are the standard driving cycles according
to European standards with the following infor-
mation: speed versus time, acceleration, and distance.
These driving cycles are used to evaluate the EV’s
operating efficiency through energy consumption.

The input signal of this submodel (the variation
between the desired and actual vehicle’s speed)
is processed in PID regulator to produce an output
signal for simulating the driver’s accelerator posi-
tion with a value ranging from —1 to 1 correspon-
ding to the combination of the actual acceleration
signal (from 0 to 1) and the actual braking signal
(from —1 to 0).

Dynamometer test results and mathematical
model verification. Real experiments with Vin-
Fast Vfe34 passenger electric vehicle on a dyna-
mometer test bench were carried out to determine
the EV model input parameters and verify the math-
ematical model accuracy. Main vehicle technical
specifications [19] are presented in Tab. 3, where
the EV’s mass center position was determined in the
Automotive Dynamics Laboratory of the Hanoi
University of Science and Technology (Vietnam).

‘ Pedal }_. ™| Front Brake Torque R 2
‘ Vehicle velocity }—b Braking model = Rear Brake Torque ‘ ‘w ) bc
Em
‘ Motor Torque }—p L, Regenerative Braking
Torque

Fig. 12. Braking model

P Kye(t) |

Desired speed Z e(t) u(t)

I K J:e(r)dr -

de(t)
Actal speed b K dt

Fig. 14. Driving cycle submodel
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Fig. 13. Battery equivalent circuit:
R, — internal resistance; E,, — open circuit voltage,
DC — battery direct current

Pedal signal

Table 3
Technical specifications of VFe34-2020
Parameters Value
Curb weight, kg 1490
Wheelbase, mm 2610.8
Overall dimension (LxWxH), mm 4300x1768x1613
Tire code 215/45R18
Gearbox transmission ratio 10.42
Motor rated power, kW 75
Motor rated torque, N-m 160
Battery type Li-on
Battery capacity, kW-h 41.58
Battery nominal voltage, V 400
Battery amperage, A-h 103.38
Gravity center/front axle distance, m 1.118
Gravity center/rear axle distance, m 1.493
Height of gravity center, m 0.649
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The EV motor characteristics in different ope-
rating modes (Eco, Comfort, Sport) are determined
on the AHS MULTIFLEX EASY dynamome-
ter [24]. This stand allows the operator to adjust
the wheel’s drag power and to measure the drive
wheel’s velocity and tractive force (F) according
to different accelerator pedal positions:

T _ E‘c wh (10)

motor ~ . H

m

where F, is the traction force at the wheel, N;
i, n are the gear ratio and the efficiency of the
transmission system; r,,, is the wheel radius, m.
Such experiments were conducted in different
operating modes (Eco, Comfort, Sport) with two
pedal positions of 50 and 100 %. The results of
experiments (Tab. 4) were used for determination
with the help of equations (8)—(9) of the relation-
ship between the accelerator pedal position and
motor torque in different driving modes (Fig. 15).

Table 4
Torque parameters of the electric motor

Eco Comfort Sport

T, Tonotor Tootor
Pin ]’G(_);::’ %Tmax Pin ],C]?:,;’ %Tmax Pin ],\n;.);:’ %Tmax

05| 34 0.213 0.5 52 0.325 10.5| 139 | 0.869
1| 160 1 1| 160 1 1| 160 1

In order to verify the above-mentioned model’s
accuracy, some experiments were carried out
to measure the power and longitudinal force on
the wvehicle's drive wheels at different driving
speeds [24]. Then, these measurement results are
compared with the simulation results to evaluate
the model’s accuracy.

Since the experimental devices cannot simulate
the inertial force acting on the vehicle, the experi-

ments are performed in the zero inertial resistance
condition or, in other words, at the constant velo-
city. The air and rolling resistance are constant and
the slope resistance varies, but the total drag force
at the constant speed in both simulation and expe-
riment must be equal.

90 %Tinw =—1.475(Pin)’ +
80 +2.475(Pin)

60 Vo Tmax = 0.7(Pin)’ 4
0.3(Pin)

% T pax = 1.15(Pin)’
30 —0.15(Pin)

Traction coefficient
W
S

0 1.0 02 03 04 05 06 07 08 09 1.0
Pin

Eco Comfort Sport

Fig. 15. The electric motor characteristics
in several driving modes

During the different operating modes (Eco,
Comfort, Sport) the accelerator pedal is held
at 50 %, according to the data obtained from
the OBD-II communication port, and the wheel
load varies to achieve the desired speed. The simu-
lation and experimental results are shown in Tab. 5.

The experimental and simulated results show a
large deviation (letter than 10 %) when the vehicle
is running in the SPORT mode, and this deviation
increases as the vehicle velocity gets higher. This
is due to the slip on the dynamometer’s rollers
when the motor generates high torque and power.
In the other driving modes, the deviation between
the simulation and the experiment’s results is low
and does not exceed 4 % thus ensuring the accu-
racy of the EV model and its reliability for future
research.

Table 5
Simulation and experimental results
Operating V, km/h F, N P, kW
modes Simulation [Experiment| Error (%) | Simulation | Experiment | Error (%) | Simulation | Experiment | Error (%)

75.94 76 0.08 640.2 640 0.03 13.50 14 3.54

Eco 62.20 62 0.32 779.1 800 2.61 13.46 13.8 2.46
53.80 54 0.37 897.9 900 0.23 13.42 13.8 2.76
77.90 78 0.12 1023 1000 2.30 22.14 22 0.64

Comfort 60.80 60 0.45 1302 1300 0.15 21.99 22 0.05
51.24 51 0.47 1448 1400 3.43 20.60 20 3.05
81.66 82 0.41 2254 2460 8.37 51.10 56.0 8.75

Sport 66.80 67 0.30 2760 2950 6.44 51.20 54.9 6.72
46.70 47 0.64 3780 4050 6.67 49.00 52.9 7.26
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Besides, the EV model’s accuracy was eva-
luated by comparison in terms of the NEDC vehi-
cle driving distance at a full battery charge in
simulation mode and real experiments. According
to VinFast technical information [25] passenger
electric vehicle VF e34 can travel in the NEDC
a distance of 285 km on a full battery state of char-
ge (100 % SOC). In order to measure the maxi-
mum VF e34 driving NEDC distance the simula-
tion was repeated many times until the battery’s
SOC dropped up to 0 %. The results of such an
experiment show a small deviation of less than 5 %
between the NEDC driving distance of 272,14 km
in simulation mode and VinFast manufacturer’s
claim of 285 km, which confirms the high accura-
cy of the EV model. Hence, this model is reliable
for performing further vehicle evaluation.

Simulation results

The proposed EV model is used to analyze
the influence of the adhesion coefficient on the EV’s
energy consumption and driving dynamics in the
following cases: acceleration based on RAMP-pat-
tern [26] or operation in standard driving cycles.

Acceleration based on RAMP-pattern. The
EV’s acceleration from 0 to 100 km/h with dif-

ferent RAMP levels () in Comfort driving
mode with different road adhesion coefficients
of 0.3, 0.5, and 0.8 were investigated. In this case,
the time 7., required to increase the accelerator
level from 0 to 1 was varied in the range from 2
to 16 seconds with 2-second intervals. The adhe-
sion coefficient’s influence on vehicle dynamics is
analyzed based on 2 criteria: acceleration time and
energy consumption. The simulation results of the
acceleration tests with different adhesion coeffi-
cients are shown in Fig. 16, 17.

As can be seen from the research results the ac-
celeration time required for the vehicle to reach
100 km/h increases with the rise of the RAMP
step (tyamp). However, the vehicle consumes less
energy as the RAMP step increases. On the roads
with a high adhesion coefficient of 0.8 the acce-
leration time difference between extreme RAMP
values is approximately 10 s, which is 56.4 % (the
acceleration time is 16.2s with 2 s-RAMP step
and 25.34 s with 16 s-RAMP step). In this case,
from the point of energy consumption view,
there is no significant difference in terms, on-
ly 0.07 km/(kW-h), which is 8.0 %. This shows
that under conditions with a high adhesion
coefficient, the RAMP step shows less impact on
the EV’s energy consumption.

Q Comfort driving mode _ T3 & m2s
= 10 S oooo@gaoe“o B4s
g O X o 0 o K =
22 % S SSS< 65
*%: 0.9 2 S .
S > S
2 g 0SS 105e
< 08 o= ; =) =) m10s
5 = o
s 2 g2s° " 12s
- 07 S°<
5 I m 14s
=
<3) 0.6 . 03 = 16s
Adhesion coefﬁcient
Fig. 16. Energy consumption comparison chart at RAMP-pattern EV acceleration
N Comfort driving mode m2s
n o
40 o 8w
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Fig. 17. Acceleration time comparison chart at RAMP-pattern EV acceleration
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On roads with a low adhesion coefficient
of 0.3, in which the wheels are prone to slipping,
the wvariation of acceleration times between the
lowest and highest RAMP steps are almost halved
of those in a high adhesion coefficient condi-
tion (acceleration time in 2 s-RAMP step is only
about 5.3 s longer than 16 s-RAMP step, correspon-
ding to 18.1 %), but the energy consumption is twice
as high as that in the high adhesion coefficient condi-
tion, at 0.14 km/(kW-h) (corresponding to 21,5 %).
This shows that under the low adhesion coefficient
condition, the accele-ration method does not have
much influence on the acceleration time.

The above test results are fully compatible with
the laws of physics when vehicles run on roads
with different adhesion coefficients.

Road adhesion coefficient impact on EV’s en-
ergy consumption in different driving cycles. The
time-speed graph of the standard driving cycles
[27, 28], such as HWFET, ArtURBAN, NEDC and
NYCC, are presented in Fig. 18. The characteristic
parameters [29] of the above driving cycles are
shown in Tab. 6.

Based on the above presented information the
EV’s energy consumption in different standard
driving cycles was investigated in order to evaluate
the EV’s energy saving capability in Comfort
driving mode with different adhesion coefficients.
The simulation results of the energy consumption
rate are shown in Fig. 19.

The research results shows that on the road
with a high adhesion coefficient of 0.8 the low tire
slipping ratio occurs. Hence, the energy consump-
tion slightly changed under different driving cy-
cles, ranging from 6.06 to 6.53 km/(kW-h). Thus,
the EV’s energy economy is stable under different
operating conditions.

On roads with low adhesion coefficients of 0.5
and 0.3, the energy consumption rate dropped sig-
nificantly in the inner-city driving cycles (NYCC
and ArtUrban). On the road with an adhesion
coefficient of 0.5 the energy consumption is half of
that in the high adhesion coefficient. On the road
with an adhesion coefficient of 0.3 the energy
consumption is even lower, about one-fifth of that
in the high adhesion coefficient. In contrast, in the
high-speed driving cycles (HWFET and NEDC),
the energy consumption is similar to those in the
high adhesion coefficient condition.

The variation in the energy consumption in the
NYCC and ArtUrban when varying the adhesion
coefficient can be explained as follows: Those
urban driving cycles have low average speed,
velocity ratio and high acceleration characteristics
(Tab. 6), so the RAMP steps are small at each
acceleration and braking, which means that the
vehicle operates under continuous acceleration
and braking conditions. At this time energy is
consumed due to the tire slipping when the road’s
adhesion coefficient is low.

100 HWFET 150 NEDC
< 80 <
g o £ 1000
z 2z
R £ 500
2 20/ — 2
0 100 200 300 400 500 600 700 0 200 400 600 800 1000
Time, s Time, s
50 HYCC 60 ArtURBAN
= 40- < i1 I| il l\ f
g g 40l ! ‘ ol
< 30 —%4Ov»fu| ‘ VA A '
s £ o UL AR W UL
10} VA ‘ |
g ' ‘ g Lﬁ’ L ML ‘Al‘ \“ il I I “
0 100 200 300 400 500 600 200 400 600 800 1000 1200 1400 1600 1800 2000
Time, s Time, s
Fig. 18. Survey driving cycles
Table 6
Characteristic parameters of the standard driving cycles
Drivine Cvele Average velocity Root-mean-cube Velocity Characteristic acceleration
gLy Vive M/ velocity V..., m/s ratio A 4, m/s>
NYCC 3.16 5.73 1.81 0.293
HWFET 21.45 2222 1.04 0.069
NEDC 9.18 14.89 1.62 0.112
ArtURBAN 4.90 7.93 1.62 0.313
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Fig. 19. Energy consumption rate at different driving cycles

In the high-speed driving cycle (HWFET) the
first acceleration phase is a small RAMP step,
while the rest of the driving cycle shows stable
acceleration and speed, hence the energy consump-
tion is independent of the road adhesion coeffi-
cient. In the NEDC cycle, although acceleration
and braking are frequent, the tire slipping occurs
less frequently, even in the low adhesion coeffi-
cient due to high RAMP steps. Therefore, high
energy consumption is achieved even in low adhe-
sion coefficient roads.

CONCLUSIONS

1. The EV model with different driving modes
was built and its results were compared with the
empirical data for the model’s verification. The
error between the simulation and experiment in
terms of the driving distance in NEDC is less than
10 %, and those errors in terms of tire dynamics
are less than 4% with ECO driving mode and less
than 9 % with SPORT driving mode. These afore-
mentioned number ensures the model’s accuracy
and its possibility for further research about the
vehicle dynamics and energy efficiency compari-
son with different tire adhesion coefficients with-
out conducting complex experiments.

2. Simulation results show that on a road with a
high adhesion coefficient of 0.8 the acceleration
time from 0 to 100 km/h depends heavily on the
driver’s depression intensity on the accelerator pe-
dal, with a maximum variation of up to 56.4 %;
however, the energy consumption is less dependent
on the acceleration time, with the maximum varia-
tion of 8.0 %. In contrast, on a road with a low ad-
hesion coefficient, the acceleration time is less de-
pendent on the driver’s depression intensity on the
accelerator pedal, with a maximum variation of up
to 18.1 %; however, the energy consumption
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is more dependent on the acceleration time,
with the maximum variation of 21.5%, which
is twice more than that on high adhesion coef-
ficient road.

3. On standard driving cycles with high traction
coefficients, there is not much difference in energy
consumption, which shows the stable operation of
EVs in different traffic conditions. On driving cy-
cles with high braking frequency and acceleration,
such as NYCC and ArtURBAN, the energy con-
sumption fluctuates considerably to the decrease
of the adhesion coefficient, with a maximum varia-
tion of five times; however, on the driving cycles
with low braking frequency and acceleration, such
as HWFET and NEDC, there are no significant
changes in the energy consumption.

Funding: This research was funded by the Ha-
noi University of Science and Technology, grant
number T2023-PC-023.
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Abstract. The general trend of accident rate reduction, which has been observed in the Republic of Belarus since 2010,
reversed in 2017-2018. Remaining within the framework of the country’s traditional engineering activities related to road
maintenance is unlikely to significantly improve road safety. A transition to qualitatively new practices and mechanisms for
ensuring road safety is required. In order to implement this transition, a second Road Safety Concept has been
developed. The Concept is based on the Safe System approach, which offers the implementation of measures in four areas:
improving road infrastructure safety, increasing vehicle safety, ensuring safe speeds, and training safe road users. The main
threat to the implementation of the Safe System approach in the Republic of Belarus is the fixation of stakeholders on their
narrow corporate interests and the unwillingness to take into account nation-wide road safety. The Concept mainly focuses on
the “Safe Road Infrastructure” component. A transition to sustainable road safety and the introduction of a Forgiving Road
approach are included in the Concept. The introduction of assessment of infrastructure projects impact on traffic safety, traffic
safety audit and inspections, road traffic risk assessment, and elimination of accident hotspots are also specified.
The introduction of road safety audit is considered an important milestone in the transition to the Forgiving Road approach.
The development of Intelligent Transportation Systems is included for the same purpose. Despite the fact that the Concept sets
reasonably realistic goals, there are certain concerns about the feasibility of their achievement. This is due to significant insti-
tutional problems, such as the lack of a single coordinating body and the complexity of interdepartmental interaction.
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BHMMaHue B Konnenuuu ynensercs koMrnoHeHTy «be3omacHas noposknast nadpactpykrypa». B Konmenmuio BKiIrodeHs! Ie-
peXo K yCTONUMBOM 0€30MacHOCTH JOPOXHOTO ABIKEHUS M BHEJIPEHHE TOJXO0Ja «JI0pora, KoTopas mporaeTy. Takxe
HPeyCMOTPEHO BHEAPEHHE OLIEHKH BINSHUS HHPPACTPYKTYPHBIX IPOSKTOB Ha 0€30I1aCHOCTH JIBMKECHHS, ayIUTa U IIPOBEPOK
0€30MaCHOCTH ABW)KEHHMS, OLEHKH PUCKOB IOPO’KHO-TPAHCHOPTHBIX IMPOMCIIECTBHHM, JWKBUAAIWK OYaroB aBAPHHHOCTH.
BHenpenue aynura 6e30IaCHOCTH JOPOXKHOTO JIBIDKSHUSI CUUTACTCS] BAXKHON BEXOH B IIEpeXoJie K MOJX0/Y «10pora, KoTopas
npommaety». C Toii ke menbio BKIIIOUeHA pa3pabdoTKa HHTEIUICKTyalbHBIX TPAHCTIOPTHBIX cucTeM. Hecmotps Ha To 4ro B Kon-
LETIHUY OCTaBJICHbI JOCTATOYHO PEaJIMCTUYHBIE IIEJIH, CYIIECTBYIOT OIPE/ICIICHHBIE ONACceHHUs MO IMOBOJIY BO3MOXKHOCTH HX
JOCTIDKEHHUS. DTO CBSI3aHO CO 3HAYUTENIFHBIMH HHCTUTYIMOHATBHBIMA MPOOIeMaMHy, TAKUMHU KaK OTCYTCTBHE €JHHOTO KOOp-
JUHUPYIOIIETO OpraHa ¥ CIIOKHOCTh MEXBEIOMCTBEHHOTO B3aUMOICHCTBHSI.

KiroueBble cioBa: 6e30macHOCTb JOPOXXHOro IBWkeHHs B PecnyOnuke Benmapyck, Oe3omacHas cucrema, GesomacHas 10-
poxkHas HHPPACTPYKTypa, MPOIIAIOIIAst JOPOra, 6e30MacHbIe CKOPOCTH

Jas untupoBanus: Konnenuus 0e30macHOCTH JTOPOKHOTO JBIKeHHs B PecnyOmuke benapycs / 1. B. Kanckwuit [u ap.] //

Hayxa u mexnuxa. 2024. T. 23, Ne 2. C. 163—171. https://doi.org/10.21122/2227-1031-2024-23-2-163-171

Introduction

The improvement of road safety, which is
aimed at preserving the life, health, and property
of the public, is one of the national policy priorities
of the Republic of Belarus and an important factor
in ensuring the country’s sustainable development.

Road traffic is marked by increased hazards
and includes the following main threats:

— physical and property threats, which include
traffic accidents leading to the death and injury of
people, damage to vehicles, cargo, road structures,
and other property;

—environmental threats, which include envi-
ronmental pollution by motor vehicles, increased
noise levels, and other factors that are harmful to
human health, to the state and society;

— social threats, which include deliberate viola-
tion of the legislation by road users, their aggres-
sive and inadequate behavior on the roads, public
dissatisfaction with the state of the roads and traf-
fic management;

— economic threats, which include unjustified
stops and excess mileage of vehicles, excessive
fuel consumption of vehicles, and delays of road
users on the road.

A fairly large number of traffic accident deaths
as well as the lack of positive downward trends of
this number, set against an increase in the number
of vehicles in the early 2000s, contributed to the
adoption by the government of the first Road Safe-
ty Concept in the Republic of Belarus in 2006 [1].

The implementation of measures from the first
Concept led to positive results: thus a constant de-
crease in the number of traffic accidents, traf-
fic deaths and injuries was noted in the country.
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The situation with traffic accidents has been im-
proving in the Republic of Belarus since 2010.
The total number of traffic accidents has decreased
by a factor of 1.8, the number of deaths has de-
creased by a factor of 2, the number of injuries has
decreased by a factor of 1.8. The number of child
deaths has decreased by a factor of 2.8, and the
number of injured children has decreased by a fac-
tor of 1.8. A downward trend has been noted in
almost all types of traffic accidents. The most
steadily decreasing types of accidents were colli-
sions with animal-drawn transport, accidents in-
volving a vehicle and a pedestrian, head-on colli-
sions, and rollover accidents. At the same time,
an insignificant overall growth has been noted
starting from 2010 for such type of traffic acci-
dents as “Other Accidents”.

The three most common types of traffic acci-
dents in 2020 were accidents involving a vehicle
and a pedestrian, collisions at road intersections or
at road turns, and rollover accidents.

Meanwhile, the trend changed in 2017-2018,
and the indicators show deterioration. An increase
in the total number of traffic accidents, deaths, and
injuries has been registered, as well as an increase
in certain types of traffic accidents and their pre-
vailing causes.

Since 2017, there has been a constant increase
in such traffic accidents as rollover accidents and
collisions with cyclists. The most significant in-
crease has been noted for such traffic accidents
as animal collisions: from 3 to 41 cases since 2017.
An increase in other 4 types of traffic accidents has
been noted since 2018.

The main types of traffic accidents in the Re-
public of Belarus are collisions with pedestrians,
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rollover accidents, vehicle collisions, including
collisions at road intersections and road turns, and
collisions with cyclists. In total, they account for
more than 70 percent of all accidents and injuries.

More than 80 percent of traffic accidents in the
Republic of Belarus occur through the fault of ve-
hicle drivers, and the number of such accidents
is increasing. The prevalent reasons for these acci-
dents are violating the rules for driving through
pedestrian crossings, driving while intoxicated,
non-observance of priority, and speeding. Such
accidents account for almost 50 % of all cases.

About 56 % of traffic accidents in the Republic
of Belarus are registered within cities and towns.
For 10 years, 55 % of all injuries were sustained
during these accidents. The number of fatalities
is significantly higher on highways, accounting
for 72 % of all deaths between 2010 and 2020.
At the same time, accident rates have been deterio-
rating both on highways and within towns starting
from 2017-2018.

The number of vehicles has increased by a fac-
tor of 1.1 since 2010, amounting to 3.72 million
vehicles. Thus, the transport risk indicator in the
Republic of Belarus is 154.4 deaths per million
vehicles. According to this indicator, the situation
in the Republic of Belarus is better than in Russia,
but worse than in Western Europe. Compared to
countries such as the United Kingdom, Sweden, or
Norway, the situation is 3.2—5.6 times worse.

Traffic injuries remain one of the most pres-
sing concerns for the Republic of Belarus, which
require intensified efforts of the state and the pub-
lic in influencing the key accident factors that af-
fect the number of fatalities in traffic accidents.
The lack of attention to this problem can lead to
a more noticeable increase in the main accident
rates in the coming years.

The analysis of the experience of economically
developed countries shows that traffic accidents
can and should be prevented, and if an accident
nevertheless does occur, then its negative impact
on the life and health of the public must be reduced
as much as possible [2].

Thus, it is required to reinforce the systemic
work on the implementation of relevant measu-
res, to develop and implement new approaches in
priority activities, taking into account the current
situation in the considered area and the existing
resource constraints.
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As of January 1, 2021, there are 86 technical
standards in place in the Republic of Belarus that are
directly related to road safety. However, these stan-
dards barely contain any requirements for the road
infrastructure safety management processes. For this
reason, no effective action is being taken in this area.

Due to the lack of real road infrastructure safe-
ty management in the Republic of Belarus, the ac-
cident rates, which had tended to decline, began to
grow in 2017-2018 (Fig. 1). In general, this fact
corresponds to the global experience of countries’
adaptation to the conditions of growing motoriza-
tion of the population, and at the same time con-
firms that after reaching a certain level of motori-
zation, traditional road safety practices become
ineffective and the introduction of fundamentally
different approaches is required [3].
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Fig. 1. Change in accident rates in the Republic of Belarus

This situation led the transport industry execu-
tives of the Republic of Belarus to initiate the de-
velopment of the second Road Safety Concept.

Concept Development Methodology

After analyzing the experience of other coun-
tries, the Concept developers made a decision to
use the Safe System approach. Safe System nota-
bly includes the coordinated implementation of
measures in four areas: improving road infrastruc-
ture safety, increasing vehicle safety, ensuring
safe speeds, and training safe road users [4].
The Safe System principles are widely known and
have been described many times in different pub-
lications [5, 6]. The Safe System approach was
also promoted in Belarus by the World Bank.
However, the problem in the Republic of Belarus
is that the principles of this system do not find
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the necessary response among the public, either
at the level of ethics or at the level of practical
actions.

The work of the transportation sector, law en-
forcement and health authorities directly affects the
risks and consequences of traffic accidents.

The activities of the parties interested in ar-
ranging and improving road safety in the Republic
of Belarus are currently not coordinated properly.
No single national operator of the road safety sys-
tem exists, which results in no single systemic po-
licy being developed in this area. Traffic manage-
ment has no control structure either. Its functions
are dispersed among many departments and orga-
nizations that are not responsible for the quality
of road traffic. At the same time, international
experience shows that without solving these issues,
the country has little chance of implementing suc-
cessful measures to achieve road safety and the
desired results [3].

The most significant problem is the fixation
of the parties concerned on their narrow corporate
interests and the unwillingness to consider nation-
wide road safety. When it comes to road sa-
fety issues, the reasoning of a considerable part of
decision-makers has halted at the level of the first
half of the 20™ century [7].

Effective management of the results of road
safety requires systematic and planned response
measures, as well as improvement of the overall
road safety management system. Based on interna-
tional experience, road safety should be considered
as a production process where the primary role is
assigned to institutional management functions that
ensure the implementation of effective system-
wide measures for achieving results designated as
long-term goals and short-term quantitative indi-
cators [8].

The primary long-term goal of the Concept is
to create prerequisites for achieving such a state of
road traffic in the future in which no people are
killed or injured as a result of traffic accidents in
the Republic of Belarus.

The short-term goals of the Concept are:

— reducing the number of traffic accidents
with injuries, not exceeding 3050 cases per year by
2025, and 2850 cases by 2030;

— restoration of the downward trend of acci-
dent rate statistical indicators that took place
in 2010-2017.
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The concept is designed for the period till
2030. This does not mean that all problems will be
solved and the Safe System approach will be fully
implemented by 2030. It is expected that the basic
prerequisites will be created and the active imple-
mentation of the Safe System approach will begin
during this period. The achievement of targets will
be assessed every 5 years and corrective actions
will be taken, if necessary. If the Concept goals
for each component are successfully achieved,
the Concept can be extended with the establish-
ment of new targets.

Safe Road Infrastructure. The second Concept
mainly focuses on improving road infrastructure
safety. A safe road infrastructure minimizes traffic
accident potential through road design and road
usage [9].

The Concept makes provisions for a range of
works on determining the key performance indica-
tor called “percentage of length of roads with a
safety rating above the established limit”. This in-
dicator can be based on the determination of the
rating according to the IRAP methodology and has
more of a probable value, since such research
is not done in Belarus.

The Concept includes the following areas of
improving road infrastructure safety for high-
ways (Fig. 2).

During investment feasibility studies, the im-
pact of infrastructure projects on road safety is as-
sessed. Any changes within a new infrastructure
project or changes to the existing infrastructure
that significantly affect traffic on the road network
are subject to assessment.

The goal of transitioning towards sustainable
road network safety is to prevent traffic accidents
and minimize their consequences. Infrastructure
designed and built on sustainable safety principles
maximizes the separation of vehicles with large
differences in direction, speed, and mass on
the roads and contributes to the safe behavior of
road users.

Sustainable road network safety assumes that
prevention is better than mitigation of consequenc-
es, and is based on the following principles [10]:

—road functionality;

—uniformity of mass and/or speed and direc-
tion;

—recognition and predictability of roads and
user behavior;

— physical and social forgiveness;

— awareness of the condition.
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Measures on improving road infrastructure safety

Investment feasi- Transitioning towards ; Road
Road design .
bility studies sustainable safety € construction Road usage
RSIA Revision of functional Work area safety RSI
classification
Forgiving Roads |« Risk assessment
ITS Elimination
of accident clusters

Fig. 2. Areas of improving road infrastructure safety included in the Concept

Roads should be mono-functional. This means
that each road must perform only its own function.
In accordance with the road mono-functionality
approach, roads are classified as local, distribution,
and through roads. However, the road network in
the Republic of Belarus has been formed a long
time ago, and the mono-functionality principle is
not observed in almost all cases. Moreover, road
owners and road authorities show no interest in
eliminating multi-functionality. For this reason, the
implementation of the principle is one of the most
difficult tasks.

The Concept includes the following main
measures at the road design stage:

— introduction of the Forgiving Road approach

into the design [11];

— introduction of road safety audit.

The Concept includes implementation of the
following measures within the Forgiving Road ap-
proach:

— introduction of road design in the Republic of
Belarus with the number of lanes “2+1”*;

— multi-stage pedestrian crossings. On high-
ways with two carriageways, only multi-stage pe-
destrian crossings are used;

—road interchanges. On highways with two
carriageways which perform through road func-
tions, a gradual reconstruction of all one-level in-
tersections to multi-level intersections is included;

— expanding the use of traffic barriers, includ-
ing front barriers, revision of the usage rules for
traffic barriers;

—using horizontal road marking with noise
bands;

— pedestrian refuge islands are used at pedestri-
an crossings both on highways with one carriage-
way and within towns;
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— reconstruction of intersections (roundabouts,
channeling, arrangement of acceleration and dece-
leration lanes). On highways with one carriageway,
a gradual reconstruction of all one-level intersec-
tions is included using technical solutions that im-
prove road safety, primarily the arrangement of
roundabouts;

—artificial lighting. The use of artificial lig-
hting is expanded on sections of highways outside
of towns, and the standards for carriageway illumi-
nation are revised, primarily in hazardous areas;

—improving traffic management at the loca-
tions of roadside service facilities;

—the length of pedestrian footpaths is in-
creased, primarily in areas with heavy pedestrian
traffic outside of towns; designing structurally design-
nated bikeways, primarily within towns;

—development of technical standards which
take into account the needs of unprotected road
users.

The purpose of road safety audit is to identify
potential road safety problems that may affect any
road user, and to propose measures for eliminating
or mitigating these problems. An additional chal-
lenge for road safety audit in the Republic of Bela-
rus is identifying the main road safety problems
associated with road design in order to facilitate
the transition to the Forgiving Road approach. Cur-
rently, road safety audit is recognized as an effec-
tive procedure in all developed countries. Howe-
ver, the implementation of this audit in the Repub-
lic of Belarus faces severe financial constraints.
Moreover, the term “audit” is not allowed to be
used in relation to road safety, instead experts have
to use the euphemism “inspection of the road safe-
ty system”.
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An additional line of action included in the
second Concept, but not related to the Safe System
approach, is expanding the use of Intelligent
Transport Systems. ITS solutions allow meeting
the requirements of the Forgiving Road concept

in a more cost-effective way. This is especially
true for roads designed and constructed using old
USSR standards. Reconstructing these roads in
accordance with the requirements of the Forgiving
Road concept is an expensive endeavor. ITS solu-
tions can diminish and in some cases even elimi-
nate the existing shortcomings of the old design
and construction. The best results are achieved by
combining ITS and the Forgiving Road concept.

At the stage of road construction, reconstruc-
tion, and repair, the main focus is given to the safe
performance of road works in order to improve
road safety. The Concept includes the revision
of existing approaches to the fencing of road
works, taking into account the best international
practices and the introduction of risk management
and planning in order to ensure safety.

At the stage of road usage, the following
measures are implemented:

— inspection of road safety;

—road traffic risk assessment;

— identification and elimination of traffic acci-
dent clusters.

The inspection of road safety is an independent
and formal assessment of the road in use in order
to identify potential road safety problems that may
affect any road user, and to propose measures for
eliminating or mitigating these problems. As with
road safety audit, the term “inspection” is also not
allowed to be used in Belarus in relation to road
safety. This term has to be replaced with “sur-
vey of the road safety system at the stage of road
usage.”

The Concept includes the revision of existing
approaches to identifying traffic accident clusters,
taking into account the best international prac-
tices [11, 12].

Safe Speeds. The effect of high speeds on road
safety has been well studied [13, 14]. Some studies
show that the risk of an accident when speeding
is 12.8 times higher than in case of complying with
the established speed [15]. Speeding remains one
of the most common causes of traffic accidents in
the Republic of Belarus. The percentage of acci-
dents caused by speeding has been 10-12 % annu-
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ally since 2014. The downward trend in the num-
ber of accidents caused by speeding, which started
in 2010, has slowed down after 2018 (Fig. 3).

The long-term goal of the Concept in terms of
traffic speeds is to create prerequisites for achiev-
ing such a state of road traffic in the future in
which no people are killed or injured as a result
of traffic accidents caused by speeding in the Re-
public of Belarus.

The short-term goal of the Concept is to reduce
the percentage of traffic accidents caused by
speeding with injuries, not exceeding 7.5 % per
year by 2025, and not exceeding 4.5 % per year
by 2030. In 2020, this indicator was 10.5 %.
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Fig. 3. Change in the number of accidents caused
by speeding with fatalities and injuries

In order to introduce measures for optimizing
and controlling speed limits, the following is in-
cluded:

— continuous analysis of speed limits on repub-
lican highways according to the data of automatic
Sensors;

— installation of traffic speed sensors on local
roads with a large number of traffic accidents;

— implementation of the traffic speed measure-
ment system and the installation of traffic speed
sensors within towns;

— development of a technical standard regula-
ting speed limit control.

The efficiency of speed limit control is defined
by the percentage of vehicles not exceeding speed
limits in the total traffic flow that is determined by
the measurements results of speed sensors.

In order to reduce the number of conflict situa-
tions in road traffic, prevent traffic accidents, and
reduce the severity of their consequences, the new
Concept introduces traffic calming methods aimed
at changing speed limits.

Hayka
urexHuka. T. 23, Ne 2 (2024)



Transport

For effective control over the observance of
speed limits, the following is included:

— implementation of the average traffic speed
measuring method on road sections. this method is
planned to be introduced on at least 5 % of the
length of national roads by 2030;

— expanding the practice of applying the aver-
age traffic speed measuring method on sections
of city streets, primarily in Minsk and regional
centers.

Currently, public awareness does not include
the necessity to comply with speed limits. A long-
term public awareness campaign on safe speeds is
envisioned, promoting at least the following views:

—actual and potential risks on the road are not
always obvious or identifiable;

— the driver’s decisions about the chosen driv-
ing speed are usually made without considering the
impact on the safety of other drivers;

—the driver is not always able to correctly
judge the capabilities of the vehicle at high speeds
(for example, the braking distance) and thus cannot
choose the correct speed depending on the geomet-
ric features of the road and roadside conditions;

—the driver often lacks understanding of the
impact of speed on the probability of an accident
and the severity of its consequences;

—more uniform traffic speed has major ad-
vantages.

The effectiveness of the campaign is assessed
annually by conducting an opinion poll of users on
their attitude to speed limits.

Safe Vehicles. The technical level and technical
condition of vehicles is one of the main factors
determining road safety. Sudden breakdowns of
vehicles involved in road traffic are usually ac-
companied by the most severe consequences.

The Concept includes the development of
measures related to vehicle safety aimed at im-
proving the safety and quality of transport in ge-
neral. The aim of the Concept is to use safe ve-
hicles in road traffic, and to monitor the technical
condition of wvehicles and the compliance with
safety requirements.

The safety of commercial vehicles requires
special attention.

Along with the implementation of various well-
known legislative initiatives on the introduction of
safety features into vehicles, the Concept includes
the introduction of innovative technical devices for
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improving the active and passive safety of vehi-
cles, including driver assistance systems, such as
forward collision warning systems, and the intro-
duction of other smart technologies in order to en-
sure the free exchange of data and information
between vehicles, as well as between vehicles and
the road infrastructure, and the deployment of an
automatic accident notification system.

The concept stipulates that the Safe Car ideolo-
gy is implemented in the Republic of Belarus,
which is based on the need to compensate for
human imperfections by means of modern tools for
active and passive vehicle safety, using multipur-
pose information and communication systems and
mobile devices. These include systems and tools
that are capable of the following:

— providing automatic braking and forced speed
limitation in case of danger, preventing collisions
with obstacles;

— monitoring compliance with road marking
requirements, tracking blind spots;

— self-parking in confined spaces;

— warning the driver about fatigue and loss of
concentration, responding to voice commands, etc.

The following is included:

— development of mechanisms to facilitate the
purchase of safe vehicles by legal entities and indi-
viduals, refusal to use old, less safe vehicles that
are not equipped with modern active and passive
safety systems

— incentives for the purchase of safer vehicles,
including electric vehicles, can be achieved by
reducing the tax burden (subsidies, lower tolls for
road use and parking, reduced rates for electricity
when charging vehicles with an electric drive, and
other incentives).

In order to increase the efficiency of control
over the technical condition and design of vehicles,
the following is included:

— analysis of current vehicle safety standards in
the Republic of Belarus.

—revision of technical standards that stipulate
the requirements for the technical condition of ve-
hicles and its compliance with the specified safety
requirements.

— strengthening control over the technical con-
dition of vehicles during the entire period of their
operation.

—development of measures aimed at ensuring
that vehicles which have received mechanical
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damage in accidents are subject to repair in the
amount necessary in order to return them to road
traffic in a fully operational condition;

— creation of mobile stations for checking the
technical condition of vehicles by 2025.

Safe Users. The training of road users is critical
for ensuring road safety. This training is aimed
at road users acquiring the skills of driving safely
on the streets and roads and consciously avoiding
actions that pose a danger to other road users and
that disrupt road traffic.

During their training, safe users acquire the
knowledge and skills that ensure the proper beha-
vior and safety of themselves and other road users
in various traffic situations. Appropriate training
programs are developed and systematic awareness
building is carried out for this purpose, including
in the media, on the Internet, social networks, etc.

The general areas of action for the training
of safe road users are the following:

—development and revision of methods and
programs for teaching the behavior culture on the
roads and for ensuring road safety, at all education
levels;

—holding information campaigns to form
a negative attitude towards violations of traffic
rules, and campaigns to form positive stereotypes
of safe behavior on the streets and roads;

— introduction of speed limits for cyclists when
using sidewalks and footpaths;

— setting a ban and responsibility for the use of
personal mobility means by pedestrians in a state
of intoxication;

—enhancing the liability of road users and re-
sponsible individuals for violation of the road
traffic rules.

The Concept includes psychological training
of traffic police officers in order to improve the
quality of interaction with road users, as well as the
need to equip traffic police patrol cars with first aid
equipment and CPR devices (defibrillators), and to
teach the rules for their usage.

Analysis and Results

Currently, the Concept has been fully devel-
oped, and after finalizing the approval processes
with the interested parties, the Concept will be ap-
proved at the government level. An important
achievement of the development is the fact that
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it was possible to persuade the decision-makers
in the Republic of Belarus that a qualitative change
in approaches to road safety is necessary. As a re-
sult of this, the Concept encompasses modern
international experience, such as Safe System,
Forgiving Road, the transition to sustainable safety
of the road network. Measures for road infrastruc-
ture safety management are included, such as
assessment of impact on road safety, road safety
audit, road safety inspection, and risk assessment.
Judging by the experience of other countries [16],
it can be argued that these measures alone are ca-
pable of having a significant effect. In addition,
numerous measures are planned for improving the
safety of vehicles and training safe users of the
road network.

The Concept includes rather flexible primary
goals. However, a regular analysis of the achieve-
ment of goals and their adjustment, if necessary,
is stipulated. It is assumed that the Concept, which
is initially designed for the period till 2030, will
later be extended taking into account the achieved
results.

Discussion

The Republic of Belarus has already developed
a second Road Safety Concept. The measures of
the first Concept were generally completed and
produced good results. Will the goals of the second
Concept be achieved? It is reasonable to assume
that it will be much more difficult. The measures
of the first Concept were aimed primarily at the
implementation of infrastructure solutions and
were carried out mainly by organizations that are
subordinate to one ministry. Right now the ques-
tion is about management decisions. These deci-
sions require a change in the existing approaches
and are related to the formation of interdepart-
mental communications. The procedure for finan-
cing various types of work also requires a change.

CONCLUSIONS

The Republic of Belarus has developed a
second Road Safety Concept. The main difference
of the second Concept is that it is based on the Safe
System approach, which is currently the most
effective concept adopted in many countries
worldwide. Safe System includes the coordinated
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implementation of measures in four areas: impro-
ving road infrastructure safety, increasing vehicle
safety, ensuring safe speeds, and training safe road
users.

The main differences of the new version of the
Concept relate to the improvement of road infra-
structure safety. In this regard, the transition to
sustainable safety of the road network is stipulated,
in accordance with which the main focus will be
on the implementation of preventive measures
in terms of road safety, which will reduce the cost
of eliminating the consequences of traffic acci-
dents. Practical application of road design accor-
ding to the Forgiving Road approach is included.
It is planned to develop Intelligent Transport Sys-
tems as an additional tool for ensuring road safety.

The implementation of measures for road
infrastructure safety management is also included,
such as assessment of the impact of projects on
road safety, road safety audit and inspection, and
road traffic risk assessment.
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Pedepar. B coBpeMEHHBIX YCIOBUSAX HE3aBUCHMO OT TOTO, KAKMM BHJOM SKOHOMHUYECKOH NEATENbHOCTU 3aHUMAETCsl Opra-
HM3aLUs, OHA CTAJIKHUBACTCS C Pa3iIMYHBIMU pHcKaMu. 1 MPOU3BOJICTBEHHBIX NMPEINPUATHH chepa PUCKOB OHA U3 CAMbBIX
OOIIMPHBIX, TAaK KaK HEOOXOIMMO YUHTHIBATH HEONPENEICHHOCTH U B (DMHAHCOBOM, U B NMPOHM3BOJCTBEHHOM NESITEIHLHOCTH.
Co3nanne >(pQeKTHBHON CHUCTEMBI YNpPABIECHHUS PUCKAMH ONPEAENSeT IIyTH U BO3MOXKHOCTH OOECIICUEHHMsS! YCTOHYHMBOCTH
OpraHu3ani, HX CIIOCOOHOCTH MPOTUBOCTOATH HEOIATONPHATHEIM cUTyarusM. CHIDKEHHE PUCKA BO3MOXKHO 3a CUET YIpaB-
JICHUsS. PUCKAaMH, KOTOPOE IIPEAINOIaraeT MX BEHISBICHHE M OIEHKY, a TaKXKe HCIOJIB30BAaHHE TaKWX MHPOLEIyp U METOJOB
YTIpaBJIEHHsI, KOTOPbIE CHIDKAIHM ObI BO3MOXKHBIE pUCKH. [t Hanbonee 3((EeKTUBHOTO OCYIIECTBIECHUS PUCK-MEHEKMEHTA
HEOOXOJMM CHCTEMHBIN MOJIXOJ K OpraHu3anuy 3toro mnpouecca. Ocoboe 3HaUeHUE yNpaBieHUE PUCKaMU OyIeT UMETh AT
SHEPreTUUECKUX NMPENPUATHH B CBSA3M C TEMH W3MEHEHHSIMH, KOTOpble HAaOIIOJAIOTCS B JAHHOH cdepe B MOCIEAHHE HE-
CKOJIBKO JIeT. B cTaTbe npejyioxeHa MOJeNb yIIPaBJICHNs] pPUCKAaMU SHEPreTHYECKHUX MPEANIPUSTHI, KOTOpas BKIIIOYaeT B ceds
1eJb, 00BEKT, npeaAMeT, QYHKIMH, IPUHIMIBL U IIPOLECCHl YIIPABICHUS] PUCKAMH C YUYETOM OCOOEHHOCTEH YHEepreTHYECKUX
npeanpusTHid. [IpencraBieH anropuT™ pean3aliy JaHHOW MOJENH, COCTOSIINI M3 ISITH OCHOBHBIX dTamnoB. [IpumeHenue
JTAHHOTO aJITOPUTMA ITO3BOJIUT IOJIy4aTh IPOMEKYTOUHBIEC Pe3yIbTaThl BHEAPEHHS CUCTEMbI YIIPABICHUS PUCKaMH U B CITydae
HEOOXOIMMOCTH KOPPEKTHPOBATh JAHHBIN Mporecc. B cTaThe mpeacTaBiIeH aHAIN3 CYIIECTBYIOIUX KOHIENIUN MO HCIIOIb-
30BaHUIO TOUCK PHUCKA. BHMMaHMe yneneHo u BOMPOCY HCIIOIb30BAHUS AAHHOTO METOJa Ha SHEPIreTUUCCKUX MPEATPUITUIX
apyrux cTpad. IlogpoOHO paccMOTpeHa METOAMKA OINpPEAENeHUS] KPUTUUECKHX KOHTPONBHBIX TOUYEK, KOTOpas JEKHT
B ocHoBe cucteMbl XACCII, npuMeHnsieMoii B MUIIEBOH NPOMBIIITIEHHOCTH. OO0CHOBaHA BO3MOYKHOCTD MPUMEHEHHS TOYEK
pHCKa C LEIbIO ONPEAEICHHs] OTBETCTBEHHBIX 338 PUCKH Ha SHEPreTHYECKUX NpeqnpuaTHsX. [IpoBelieH aHanu3 aeiicTByIomen
TEIIIOAIEKTPOLEHTPAIIH C LENbI0 OIPE/ICNICHNS] TOYEK IIPOM3BOACTBEHHO-TEXHUUECKOTO pHcKa. Pe3ynbTaToM aHaiamM3a CTajo
BEISIBJICHHE OTBETCTBEHHBIX 32 JAHHBII BUJI PHCKA.

KuroueBble c10Ba: 3HEPreTHKA, crienuuKa IesSTeIbHOCTH, PUCKH, YIPABJICHHE, MOACTh YIPABICHHUS PUCKAMHU, allTOPUTM,
TOLI, ToukM puCKa, OTBETCTBECHHBIE 32 PUCK

Jnst untupoBanus: Toimyis, E. Y. cnosnb3oBanue ToYeK prcKa B CHCTEME YIIPABICHHS PHUCKAMU TEIUIOANIECKTPOCTAHLIUH /
E. . Temyns // Hayxka u mexnuxa. 2024. T. 23, Ne 2. C. 172-180. https://doi.org/10.21122/2227-1031-2024-23-2-172-180

Using Risk Points in Risk Management System of Thermal Power Plants
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Abstract. In modern conditions, regardless of what type of economic activity an organization faces various risks. For manu-
facturing enterprises, the area of risks is one of the most extensive, since it is necessary to take into account uncertainties in
both financial and production activities. Creation of an effective risk management system determines ways and opportunities
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to ensure sustainability of organizations and their ability to withstand adverse situations. Risk reduction is possible through
risk management, which involves their identification and assessment, as well as the use of procedures and management
me-thods that would reduce possible risks. For the most effective implementation of risk management, a systematic approach
to organizing this process is required. Risk management will be of particular importance for energy companies due to the
changes that have been observed in this area over the past few years. The paper proposes a risk management model for energy
enterprises, which includes the goal, object, subject, functions, principles and processes of risk management, taking into
account the characteristics of energy enterprises. An algorithm for implementing this model is presented, consisting of five
main stages. The use of this algorithm will allow us to obtain intermediate results from the implementation of the risk man-
agement system and, if necessary, adjust this process. The paper presents an analysis of existing concepts on the use of risk
points. Attention is also paid to the issue of using this method at energy enterprises in other countries. The methodology for
determining critical control points, which lies in at the heart of HACCP (Hazard Analysis Critical Control Point) system used
in the food industry, is discussed in detail. The possibility of using risk points to determine those responsible for risks at ener-
gy enterprises is substantiated. An analysis of the operating thermal power plant was carried out in order to identify points
of production and technical risk. The result of the analysis was the identification of those responsible for this type of risk.

Keywords: energy, specifics of activity, risks, management, risk management model, algorithm, thermal power plant, risk
points, responsible for the risk
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BBenenue

VYrpasneHue puckamu Ha JHOOOM COBPEMEHHOM
MPCaNpUATHA UMECT CTPATCTHUUCCKH BAXXHOC 3HAYC-
HHE, TaK KaK CHIDKCHHE CYNIECTBYIONIMX PHCKOB
U MOHUTOPUHI HOBBIX PHCKOB TMO3BOJIIOT CyIIe-
CTBEHHO TOBBICUTH Ka4eCTBO ero pabothl. [Iporecc
YIpaBJIeHHs] PUCKAMH UMEET JIOCTATOYHO CIIOKHYIO
ApXUTEKTYpy, TOCKOJBKY B HEM 3a7eHCTBOBAHO
00JIBIIIOE KOJMYECTBO OM3HEC-TIPOIIECCOB M TEPCO-
Hama. [loaToMy MOJXOA K YMPaBICHUIO PUCKAMH
JIOJDKEH UMETh CUCTEMHBIH TOJIXO]T.

OcHOBHAsl YaCTh

OnHMMH 13 MEPBBIX IIaroB, KOTOPHIE TOJKHBI
OBITH MPENNPUHSATH HA NPEANPUATHH B YCIOBHAX
OCYIIIECTBJIECHHS PUCK-MEHEKMEHTA, SBISETCA CO-
3/1aHle MOJIENH (MM CHUCTEMBbI) yIpaBJICHUS pHC-
KaMH, KOTOpas JI0JDKHA COJIep)kaTh B cele ciemy-
IOIIME BJIEMEHTHI: LIeNb, 00BEKT, CyOBEKT, MpPUH-
unbl, yHKImH, npouecchl. O0sA3aTeNBFHO JOIDKEH
OBITH ONpeneNieH KOHEUHBIH pe3ynbTaT, K KOTOpo-
My CTPEMUTCSI OpraHH3alKs OCPEACTBAM BHEApe-
HUSI pUcK-MeHemkMenTa [1, 2]. Cnenyer oOpaTtuTh
BHUMAaHHE Ha TO, YTO CIEUU(HKA AEATEIbHOCTH
NPEeINpUATUS OJDKHA HAWTH OTpakeHHE B Kax-
JIOM U3 TIEPEUNCICHHBIX 3JIEMEHTOB.

OHepreTudeckue NpeNupusiTHs Bcernaa sBils-
IOTCSI CTPATETHUECKH BayKHBIMHU JIJIsI JTF0OOTO TOCy-
napctBa. B Pecnybnmke bemapyck B mocnennue
rofipl BeleTcsl akTUBHas paboThl mo pedopMupo-
BAaHUIO DHEPreTHKH C LENBIO CO3AAHUSA E€IUHOTO

Hayka
wrexHuka. T. 23, Ne 2 (2024)

JHEpreTUYecKoro pelHKa co crpaHamu EADC.
OmHUM W3 3TANoB JTaHHOTO peOpMUPOBAHUS SIB-
JSieTCs Mepexo.l K PpIHOYHBIM B3aMMOOTHOIICHUSM
Ha CTaguM TEHepallud SHEPruu. IJTO O3HAdaeT
HEOOXOJJMIMOCTh CaMOCTOSATEILHOTO BeleHUs (Qu-
HAaHCOBOM, XO034MCTBEHHOW W MPOW3BOACTBEHHOU
NEeSATeNFHOCTH Ui dJeKTpoctaHiuii. [losTomy B
W3MEHMBIIMXCS YCJIOBHAX JJsl 3JEKTPOCTAHIUH
CTaHET aKTYaJbHBIM TPOLIECC YNPABICHUS PUCKa-
mu. [Ipomecc reHepanuy >HEPTUM WMEET 3HAYH-
TENBbHBIE OTIMYHUS OT JII0OOro JAPYroro Imporecca
MPOM3BOJCTBA, YTO HAKJIAAbIBAET CBOU OCOOEHHO-
CTH W Ha TpolecC ympaBleHus puckamu [3, 4].
Ha puc. 1 mnpexacraBieHa aBTOpCKas MOJIEIb
YIIpaBIeHHs] PUCKAMH, YYHUTHIBAIOIIAs OCOOEHHO-
CTH JIEATETLHOCTH TETIOAIEKTPOCTAHITHIHA.

Kak ormeuarnoch panee, mpouecc ymnpaBieHHUs
pUCKaMHU JIOCTaTOYHO CJIOXKEH BBUJY CBOCH MHO-
ro(akTOPHOCTH, TIO3TOMY JIJIS TTOBEIICHHS 2 hek-
TUBHOCTH YIIPaBJICHHS PUCKaMH JOJDKEH OBITH paz-
paboTaH anropuT™M €ro BHEIPEHHS, KOTOPBIA I0-
3BOJIMT ONPEJEIATH MPOMEKYTOUHBIE PE3yIbTaThl U
B ClTlydae HEOOXOIMMOCTH KOPPEKTUPOBATh IMPOIIECcC
BHEJIPEHUSI MOJIENN YTIpaBJIeHHUs puckaMu. B HanGo-
Jee oOWIEM BHAE AITOPHTM JOJDKEH COAEPKATh
TaKWe JTarbl, KaK: pa3paboTka OpraHU3al[HOHHOTO
o0ecriedeHrss MOAETH YIPABICHHUs PUCKaMH; CO3/1a-
HUEe WHGPOPMAIMOHHOTO OOECIEeYeHUsI MOJIeNn
YIpaBleHHUs PUCKAMH; CO3JaHHE METOAMYECKOTO
obecriedeHrss MOJICTH YIIPaBJICHHUsT PUCKaMH; Qop-
MHUpPOBAaHHE CHUCTEMBI KOMMYHHKAIIMA W HUH(DOPMU-
pOBaHMS O PUCKax; MpaKTHUECKas peau3amus Mo-
JIeNN yTIpaBJIeHus puckamu (puc. 2) [5, 6].
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Cucrema ynpaBJjieHUs] pUCKaMHi

CTpaTer“ﬂ pasBUTHs TEIVIO3JIEKTPOCTAHIUH

TEIJIOJIEKTPOCTAHIIMH

Cucrema ynpasJieHUs!
TEeII0JIeKTPOCTAHIH

\ 4

Llenv: mopnepikaHWe HAACKHOCTH M Oecrepe-

0oMHOCTH PHEprocHaOKeHUs moTpeduTeneil npu
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| \ KyJIbTYPBI yIIPABICHAS! PUCKaMU l I
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\ \ Obvexm ynpagneHus puckamu. PACKH TEIUIOIEKTPOCTAHIINN /

Pesyrbmam: cHrXEeHUE BIMSAHIS PUCKOB Ha JIEATEILHOCTh TEIUIOAJICKTPOCTAHIINHN 3a CUST MUHUMU3AIUH
yiepOOB ¥ YMEHBIIEHHS BEPOSTHOCTH HEBBITOIHEHNUS 00S13aTEILCTB 110 YHEPTOCHAOKEHUIO IOTPEOUTENIEH

Puc. 1. Monens ynpaBiieHHsS PUCKaMH TETIO3IEKTPOCTAHIMN

Fig. 1. Risk management model for thermal power plant

Kax1p1ii ©3 HepeuncieHHbIX 3TAllOB UMEET PAJ
ONpeAeNeHHbIX MaroB. Tak, B COCTaB IEPBOTO
JTamna BXOIAT CIEIYIOIIHE Iaru:

1.1. Co3pmanue pabodeld rpymmsl 1O peanusa-
LMK MoJenu ynpaieHus puckamu TOC: naHHas
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paboyasi Tpymma J0JDKHAa COCTOSITh U3 MPEICTaBH-
Telned pasauyHBIX CTPYKTYPHBIX IOJpa3Jelne-
HAW TerutodyiekTpocTanuu. s gopMupoBanms
HaubOonee 3 pekTHBHON MOIeNH yIIpaBIeHUS pPHC-
KaMH{ TeIJIOAJIEKTPOCTAaHIIMM B cOCTaB paboueit
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IPYIIIBL [1€1ec000pa3Ho BKIIOYUTH TJIIABHOTO WH-
KeHepa JH00 Ipyroro CHEHHANNCTa MPOU3BOI-
CTBEHHO-TEXHUYECKOI0 OT/eNa.

s obecriedeHHs] €AMHOTO MOAXOAA K JeATeNb-
HOCTHU paboueli rpymibl peKOMEHAyeTcs pa3paboTarh
IMonoxenue o paboueil rpymme no BHEAPEHUIO MO-
JIeNU YIPaBIICHHsl PUCKAaMH, B KOTOPOM OyIyT H3JI0-
JKEHBI COCTaB M MOPSAAOK 00pa3oBaHus U pedopMu-

poBaHUsT paboyel TPYMIbL, a TaKKe KOMITCTCHIIUH,
IpaBa 1 00S3aHHOCTH €€ YYaCTHHUKOB.

1.2. Pacnipenenenue u 3akpernjieHue 00s3aHHO-
cTeii o ynpasieruio puckamu TOC.

1.3. BHeceHue HU3MEHEHH BO BHYTPEHHIOIO
HOPMAaTUBHYIO JOKYMEHTAallHI0, B TOM 4YHCJC B
JOJDKHOCTHBIE MHCTPYKIHH, ¥ HH(OPMHUPOBaHUE
COTPYTHHUKOB 00 STHX U3MEHEHHSIX.

1-ii sman. PazpabomKa op2anuzauloHRoz0 oDechedeHiA Mode1l yupasienid puckawnu T30

1.1. Cospasme padoaedl TpyIIIED
TIo PEANFSAIEHE MO JETH
YIpaEIeHHEA pHcEaMHE 130

1.2. PacnpegencHne B
saEpelneHne cOAsaHHoCTeR

[0 YIPAEISHH PHCKAMH

1.3. BHeceHH: H3IMeHEHHHA
B0 BHYTPeHHIOK HOPMATHEHVED
AOEVMEHTAIHE, E TOM THCIE
E AOMEHOCTHEIS HHCTPVEIHHE

2-1i sman. Cozdanue uHMoOPMAUNOHHOZ0 obecheueHIA Modenn yrpasienua puckamu TIC

2.1. Co3ganne H yTEEpEIeHHE GOpMEL
PEECTPA PHCKOE

2.2. Cozganne H yTEEpKIeHHAE HOPMEL
IOJIYTOAOEOTO H TOJOBOTO OTIETOE

II0 VIPAETEHHK) PHCKAMH

3-ii aman. Cozdanuie Memoduueckozo obecneusHUA Modeil ynpasienun puckamu T3C

3.1. PazpaboTKa NpoOeccoE
VIpaEIeHHA pHCEaMH TIC

3.2. Metomuxa onpegeneHAT
MOpPOTOERD 3HATEHHA

3.3. Brbop E03IeHCTEHA
Ha pHCcEH T3C

KIHYEEEIX HHOHEATOPOE
pucEa T3C

41l 3marn. PopMuUPoSAHUE CUCHEMBL KOMMYHUKGUUE U uHpopmuposanus o puckax T3C

4.1. ObecnederHe
HHGOPMHPOEAHHA NEPCOHATA

T3C o pEckax H paboTe no Hx
VIIPARTIEHHEQ

4.2. MoHHETOPHHT 0DpaTHOHR
CEA3H 0T IepcoHanta T30
0 pHCKax H paboTe o HX

VIIPAEIEHHKD

4 3. TlepenoaroToEka
KTHHEEE COTPYVIHHEOE
E 00MACTH YIPARTEHHA
PHCKAMH, IOBBINEHAS

EEAMHDHEAHE COTPYIEHEOE

5-ii aman. Hpaxmuyeckan peainiauis Modeil yRpasi1enia puckamn T3C

5.1. OmeITHO® EHEJpEHHE

5.2, KoppekTHpOEKA

5.3. PedopmapoEaEne pabodei

MOJETH VIIPAEISHHEA MOJETH YOPAETIeHHA TDYOIE! 0 PeATHIANHE MOJETH
pHckanH T3C PHCEAMH HITH 0TJEMEHEDRL VIIPAEIEHHAA PHCKAMHE
e¢ 3TAT0E C TOCTEIVHOIMIHM CO3TAHHEM

OTOEIA YVIIDABJICHHA PHCRaMH

Puc. 2. AJIFOpI/ITM peaim3an MOJCIIN YIIPAaBJIICHUSA PUCKAMU TCIUIOJICKTPOCTAHIIUN

Fig. 2. Algorithm for implementing the thermal power plant risk management model

[ Hayka
wrexHuka. T. 23, Ne 2 (2024)

175

Science and Technique. V. 23, No 2 (2024



IKkonomuka RPOMDbBLULIEHHOCMU

Bropoit sTan anroputma peaauzaiuu MOJEIU
yOpaBICHHUS PUCKAMH 3aKJIIOYacTCsl B CO3JaHUU
WH(POPMAIIOHHOTO O0EeCTIeUeHUs] MOJETH yIpaB-
nenust puckamu TOC.

OCHOBHBIM JIOKyMEHTOM, B KOTOPOM COJIEp-
JKUTCSI MH(DOPMALIUS O PUCKAX TPEAIPUATHS, SIBIIS-
eTCsl peecTp pHUCKOB. PeecTp PHCKOB CONEPKHUT
OINMCAaHNE PHUCKA, BO3MOXHBIC MOCIEICTBUS pea-
TU3anuy  yuiepoa, OIEeHKY pHcKka (BEpOATHOCTB,
yiep0 ¥ ypOBEHb pHCKa B MaTPHUIE PUCKOB), KOP-
peKTUpYyIONIe IeHCTBUS (MEPONPUATUS TIO CHH-
JKEHHIO) M BIIaJIeTIbIla pUCKa. PeecTp prcka MOXeT
coJepkaTh B cebe pasnuuHbBli 00beM HHpOpMa-
IIH, TO €CTh OH MOXKET OBITh Kak Ooiiee Mmoapoo-
HbIM (HaMMEHOBAaHHE pHUCKA, ONKCAHUE PUCKA,
MIPUYUHBI BOZHUKHOBEHUS PHUCKA, TTOCIEACTBHSI OT
HACTYIJICHUS, BCECTOPOHHSS OLICGHKA PHUCKA, BUJ
paboTBl C PHUCKOM, MEPOTPHUATHS IO CHIDKEHUIO
pHUCKa, KOPPEKTHPYIOIIME JCHCTBUS, BIaeel]
pUCKa W T. ZI.), TAK U HMETh YIPOIICHHBIA BUI,
BKJIIOYAIOMIUKA B ceOsl TOJNBKO OIHMCAaHHWE PHUCKa,
BEJIMYMHBI BO3MOXKHOTO yIepOa, BepOSTHOCTH
BO3HHKHOBEHHsI, OOIIET0 YPOBHS pPUCKA, MEPOIPH-
STUH TI0 CHIDKEHUIO PUCKA U BIIAJIENbIA PUCKA.

HezaBucumo ot Toro, kakyrmo ¢Gopmy peecTpa
pHUcKa BEIOEpET MPEANpPHUITHE, OJHUM U3 TJIaBHBIX
BOTIPOCOB SIBJISIETCS OTIPENETICHHE OTBETCTBEHHBIX
3a PUCKH paObOTHHUKOB. [1Jis1 TOrO 4TOOBI rPaMOTHO
pacrpenenuTh 0053aHHOCTH M0 YIIPABIECHUIO PHC-
KaMu TpeOyeTcs MOHMMATh, TJi¢ UMEHHO U KaKue
PUCKH MOTYT BO3HUKHYTH. J[si pemieHust 3Toro
BOIPOCa HEOOXOIUMO OTPEACTTUTh TOUKH PHCKA.

Haubonpiee npuMeHeHHe TOYKHA PUCKA TOTY-
YUK B MHIICBOI MpoMBIIUIeHHOCTH. Tak, coriac-
HO TToNTokeHusIM TexHuueckoro pernamenrta Tamo-
xenHoro cotoza TP TC 021/2011 «O 6e3onacHo-
CTH TIMINEBON mponykiwm» ¢ 15 ¢espams 2015 .
OpU  OCYIIECTBICHHH TIPOLIECCOB IPOU3BOJICTBA
(M3roTOBNICHUS) MUIICBON MPOAYKIIUHU, CBI3aHHBIX
¢ TpeOoBaHWAMHU 0€30MAaCHOCTH TaKOW TIPOAYK-
I[UM, U3TOTOBUTEISMH JIOJDKHBI pa3padaThIBaThCS,
BHEAPATHCS U MOANEPKUBATHCS POIETYPhI, OCHO-
BanHble Ha npuHnunax XACCII (aurn. HACCP —
Hazard Analysis and Critical Control Points, ana-
JIU3 PUCKOB U KPUTUYECKHE KOHTPOJIHHBIC TOUKHU) —
CUCTEMBI yTpaBieHHUs O€30MacHOCTHIO IHIIEBBIX
NPOIYKTOB, KOTOpasi O3BOJISIET O0ECIIEYUTh KOH-
TPOJbh Ha BCEX ATamax IPOU3BOJCTBA IMHUIICBON
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NPOIYKILHH, a TAKXKE IPU €€ XpPaHEHUU U peanusa-
nuu. Cymuocts cucteMbl XACCII cocTout B TOM,
YTO MPOLIECC U3TOTOBICHUS NPOAYKIUHU OT 3aKyIl-
KU CHIPbSI IO TOTPEOJICHUSI TOTOBBIX M3IEIHH Je-
JUTCSl HA CTAaJUU C KOHTPOJIEM Ha MPOMEXKYTOY-
HbIX 3Tanax. [locie kaxaoii nocneayroumen craauu
PUCK TOJNIYyYUTh «HA BBIXOJE» HEKAYECTBEHHBIN
MPOIYKT «YMEHBIIAETCS.

Kputnueckue KOHTpPOJIBHBIE TOUYKH SIBISIOTCA
KIroueBbIMH dieMeHTamMu cucteMbl XACCII, tak
KaK MPaBWIBHOE OMpEIeICHHE yrpo3, pa3paboTka
CUCTEMbl MOHMTOPHHIA, @ TAKXXE CBOEBPEMEHHOE
pearupoBaHue B ciiy4yae 0OHAPYKCHHS HaApPYIICHUN
MO3BOJISIIOT KOHTPOJIMPOBATh MPOU3BOJCTBEHHBII
MIPOIIECC, CBECTH K MUHUMYMY BBIIYCK HeOe3omac-
HOH NPOAYKIIMH, & TAKKE CHU3UTh PUCK NpUUYUHE-
HUS BpeJa MOTPeOUTENIM.

Kputnueckue KOHTPOJIBHBIE TOYKH ONPEHEIs-
IOTCSI TI0 METOJAY JepeBa MPUHATHS PEIICHUN Ha
OCHOBE aHaJIM3a KKIOTO YYUTHIBAEMOI'O OMACHO-
ro (akropa MmpH IOCIEAOBATEIBHOM pPaccCMOTpe-
HUU BCEX OIepanuii, BKIIOYCHHBIX B OJOK-CXeMy
MIPOU3BOICTBEHHOTO Mpoliecca. OTBevas mocieao-
BaTEJIbHO Ha BOIMPOCHI AEPEBa NPUHATHS PELICHUM,
komanna XACCII mpuHUMaeT pemieHue o 1ejreco-
00pa3HOCTH YCTAaHOBICHUS KPUTUYECKHUX KOH-
TPOJIBHBIX TOYEK Ha AaHHOM »Tane. He cymecTBy-
€T OrpaHWYCHUH IS KOJMYECTBa KPUTHUECKHUX
KOHTPOJIBHBIX TOYEK, 3TO 3aBUCHUT OT CIOKHOCTH U
BHJIa MPOAYKIIMH, ITPOU3BOJICTBEHHOIO MpoIlecca,
nojBepraromuxcs aHanuszy. Ha puc. 3 npencras-
JICHBI TIPUHIMINGI U TIPEUMYIIECTBA HCIIOJIB30Ba-
HUS CUCTEMBbl MEHEI)KMEHTAa Ha OCHOBE MPUHIU-
noB XACCIL

IIpu ucnons3oBannu cucteMbl XACCII pa6o-
yas rpyImma Onpenesser Uil KaKI0H KpUTHIECKOM
KOHTPOJIBHON TOYKHU T'PaHULbI IPEAETbHbIX 3Haye-
HUW, KOTOPBIE IMO3BOJSIOT KOHTPOIHPOBATH KOH-
TPOJBHBIE TOYKH, pa3padaThlBacT NPOTpamMmy
MOHUTOPUHIA C aJrOPUTMOM KOHTPOJIS 3a KPUTH-
YeCKO KOHTPOJIBHOW TOYKOMH, a Takke BbIpabaThl-
BACT KOPPEKTUPYIOIIHE MEPOIPUATHUS, KOTOPbIE
JOJDKHBI CHU3UTh PUCKU WM YCTPAHUTH MOCIEN-
CTBUS IPEBBIIICHUS IPEIEIbHBIX 3HAYCHUN KpH-
TUYECKHX KOHTPOJBHBIX ToueK. Bcsi uHpOpma-
YA M0 KaXI0H KPUTHUYECKOW KOHTPOJIBHOU TOUKE
HaxOIUT OTPAKCHHE B HWTOTOBOM JIOKYMEHTE,
Ha3zbiBaeMoM Iiad XACCIL

Hayka
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[IperyniecTBa BHEOPEHHS CHCTEMEI
Ha ocHoBe npuHImnos XACCII:

MeHeDKMeHTa

* CHCTEMHEIH H YIPEXJalOM i TOIX0 K BEIEICHHE) PHCKOE B 00IacTH
IHINCECH De20IaCHOCTH, PazpadoTKH H EHEOPEHHT KOHTPOIBHEIX Mep;
IpeIyIpesEIcHEE PHCKOE, 4 He PearHpOBAHHS HA ViKe EOZHHKINHE
OIIACHOCTH;

EQ2MOXHOCTE EBIXOJA HA MEXTVHAPOTHEIA PEIHOK; IIPHZHAHHE BECEMH
OpraHHZALHAME, EXOIANIHME E MEPOEYIO LEIIOIKY [IOCTAEOK
IHINEEEIX IPOTYKTOE;

BOIMOEHOCTE CO3TAHIA 3:bc];uemm3}mﬁ CHCTEMEL MCHEILEMEHTA
H}I]ILEBDﬁ 0e30IACHOCTH Ha Dase VEE CYINECTEYIONTHE CAHHTAPHO-
THTHEHHYECKHX IMPOTPaMM H ILTAHOE MPOHIBOACTEEHHOID KOHT PO
CHEDEEHHE KOMHYECTEA OMHO0K B paﬁcme NeEpCoOHaIa 3d CIET
IIOBHIMIEHHA YVPOBHA €TI0 [IOATOTOBEH

COKpaIleHHE PACXONOE HA YIPABICHIECKYIO JeATETBHOCTE
OPTaHHZALHH 3a CIeT HX PeCTPYETYPHIAIHH E JaCTH 3aTpaT Ha
KOHTPOIIE H HCIEITAHHA IPOTVKIHE,

N0y HUeHHe TEHAEPHEX KOHKYPEHTHEIX IPEHMYIIECTE B TEHAEPAX | Ha
AVKIHOHAX;

[OBEIIEHHE JOBSPHA NOTPE0HTeNeH K BEITVCKAEMOH IPOTYKITHH,
CO3/jAHIHE PEMYTAIHH TIPOH3BOIHTENA KAYECTBEHHOTO H DE30MACHOTO
[IpPOTYETA MHTAHKA;

EEINIOTHEHHE 2aK0HOJATEIEHEX Tpeborarmnii Pecmyomusn benapyce,
ctpad EC m EASC

[Ipranumns: cuctemsr XACCIT:

* cOop HexomHoH HHOOPMAITHE H aHATHS ONACHOCTEH;

* OIIpefieneHHE KPHTHIeCKHXK KoHTpoieHErx Touek (KKT);

* YCTAHOBIEHHE KPHTHIECKHK TIPE/IEIOR;

* OPraHH3AIET CHCTEMEI MoHHTOpHHTA KoHTpoms KKT;

* YCTAHOBIEHHE KOPPEKTHPYIONTHX JeHCTEHH B CIydae VTEPH KOHTPOIA
Hag xonkperHoi KKT;

* pa3pabOTEA IPOLEAYP, TIO3BOIAIONIHY VCTAHOBHTE 3(hdekTHEHOCTE
pabotsl cucremer XACCTI;

* VIBCPAEICHHAE JOKYMEHTAEH L1 ECEX OPOLEIYP H JaHHELX,
oTHoCAmExRCA K npaHEnamM XACCII

Puc. 3. IlpuHUMIIBI M IPEUMYLIIECTBA UCTIONIB30BAHUS
CHCTEMBI MEHEKMEHTa Ha ocHOBe NpHHLUIIOB XACCII

Fig. 3. Principles and benefits of use management systems
based on HACCP principles

Hcnons3oBaHue TOYEK PUCKA B CU-
CTeMe YIIpaBJIEHUs pUCKaMM Ha Tpea-
NOPUATHM TOBBILAET 3(PPEKTUBHOCTh
JESITeNbHOCTH, MUHUMHU3UPYET YIIEp-
Obl, TO3BOJIAET CIPOTHO3UPOBATH U
NpeoyNpeauTs HETaTUBHBIC CUTYalUd
KaK B IIeJIOM B Ou3Hece, Tak U B €ro
OTJENIBHOM cerMeHTe. BriOop Bo3neii-
CTBHS OIpeneiseTcd Kak CTpaTeruye-
CKUMHM, TaK U TAKTHUYECKUMHM 3ajada-
MH, CTOSIIUMHU TIepe]l MPEeANpHUsITHEM
Ha TEKYLIUI MOMEHT.

Paccmotpum onbit crpan EADC B
UCTIOJIb30BaHUU TOUYEK PUCKa Ha Hpea-
HNPUATHSIX Pa3IMYHBIX BUIOB 3KOHO-
MHUYECKOH [JESTENbHOCTU AJSI IIOBBI-
meHns uX 3QQEKTHBHOCTH U MPOMBIII-
JeHHOW Oe3omacHocTH. Hanpumep, mis
NOBBILCHUA 3(PPEKTUBHOCTU YIIPaB-
JICHHUsl pUCKaMH MHHHUCTEPCTBO SHEP-
retukn Pecnybmukn Kazaxcran pasme-
o o0bekThl TeHeparuu (TIOL]) mo
3oHaM  pucka. [lpu  pazpeneHun
37 TOL o 30HaM pHCKa YYUTHIBAIHCH
creaytomue GpakTopsl:

—U3HOC oOopymoBaHus (CpeaHUit
n3HOC Mo aHamu3upyeMmbiM TOLL 66 %,
OJIHAKO IO IISITU CTaHLUSIM U3HOC Ipe-
BhimaeT 80 %);

— KOJIMYECTBO TEXHOJIOTMYECKUX Ha-
PpYIIEHHI (aBapHiHBIE OTKIIFOUSHN);

—CpPOK  3KcIUTyaTaluH 0ObeKTa
(cpemHuii CpoK PKCIUTyaTallUU IO aHa-
nuzupyembiM TOLl cocraBun 61 rog,
B TO e Bpems Oosiee 76 % skcrutya-
tupyembix TOLl UMer0T cpok FKCIuTya-
taruu 6omee 50 yer);

— HeXBaTKa TEXHWYECKUX CIelna-
JHWCTOB, 3aHATBHIX  OOCITY)KHBaHHEM
TOLl, B cBSI3M C HU3KAM YPOBHEM 3a-
paboOTHOM TIIATHL.

B pesynbrare mpoBeneHHOTO aHa-
JU3a IO BBIIIETIEPEYHCICHHBIM (ak-

I'maBHas 3amava pa3pabOTKU U BHEIPEHUS CH-
creMel XACCII — mnpoBecTH aHaiM3 pPHUCKOB
JUIST BCEX TPOM3BOJCTBEHHBIX IPOIECCOB M BBI-
SIBUTh KPUTHYECKHE KOHTPOJIbHBIE TOYKH IS
Kaxxoro stamna. Pazpabotka u BHenperne XACCII
Ha TIPEINPHUITHH HEOOXOMUMBI I OOCCIICUCHUS
KOHTPOJSI 3a OE€30MacHOCThIO TPH TMPOU3BOJICTBE
MUIIEBOM poxyKImu [7].

Hayka
wrexHuka. T. 23, Ne 2 (2024)

TOpaM OBIJIO YCTAaHOBJIEHO, YTO B KPHUTHYECKYIO
«kpacHyo» 30Hy Bomuu 19 TOLI. B 30ny «mpeny-
MPEXACHUS», TaK HA3bIBAEMYIO (OKEITYIO» 30HY,
o 11 TOL. U tomeko 7 TOLl paborator B
ONaromnpHuATHBIX YCIIOBUSX, B «3€JICHON 30HE.

[Tonmy4enHnast nHpopMaLus O3BOJIMIIA:

— OOBEKTUBHO OLEHHUTh TEXHHYECKOE COCTOS-
HUE 00BEKTOB reHepallny;
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— CKOHILIGHTPHUPOBATh BHUMaHHE Ha OOBEKTax,
KOTOpBIE BOLIIM B «KPacHYIO» 30HY, oOecreynBast
WX B IEPBOOYEPETHOM IOPSIKE HEOOXOIMMBIMU
pecypcaMu, W yCHIUTHh B AalbHEHIIEM KOHTPOIb
3a UX dKCIUTyaTalue;

— HCIIOJIB30BaTh IOJOXKHUTEIBHBIM OmbIT TOL]
«3EIIEHO» 30HBI H PACIIPOCTPAHUTH €T0 ISl PYKO-
BOJICTBA K JICHCTBHIO Ha JPyrux oOBbeKTax (OeHdY-
MapKuHr) [8].

TexHoreHHble (HaKTOPBI OKa3bIBAIOT CYIIIe-
CTBEHHOE BIHMSHHAE Ha 0€30MacHOCTh OOBEKTOB
sHepreTukH. Cucrema ympaBieHHs pUCKaMH I103-
BOJIIET KOMIIJIEKCHO BO3/AEWCTBOBATh Ha pa3iuy-
Hble 00sacTH puckoB. B wactHocTH, Ha bapaOun-
ckoit TOIl HoBocuOupckoit 001aCTH OCYIIECTBICH
MWIOTHBIN TIpoekT «OX0oTa Ha pPUCKH», HAlpas-
JICHHBIN Ha yIIpaBlieHHEe pUCKaMHU Ui obecriede-
HUS TIPOM3BOJACTBEHHOH Oe3omacHocTu. Temepn
pHUCK-MeHekep Kaxnoro mexa TOL[ mposoaut
PHUCK-cecCHM BBEPEHHOTO 00BEKTa C IIeIbI0 OOHa-
PYXXEHHUSI PUCKOBOHM cUTyalnd, ee (UKCUPOBAHUS
¥ pa3pabOTKH MEepONpHATHH, HampaBlIeHHBIX Ha
ycTpaHeHue pucka. [Ipu ombITHOM 3KCILTyaTaluu
MIPOEKTa PUCK-MEHEKepaMH TPOBEICHBI 22 PUCK-
ceccud W 3a()UKCHPOBaHHBI 89 PUCKOB. DTO MMO3BO-
JWIO OTIENY OXpaHbl TPyJa aKkTyalu3UpOBaTh UH-
¢dopManrio MO BO3MOXHBIM NPO(HECCHOHATIBHBIM
pUCKaM W TPHUHATH MEpHl MO0 HMX YCTPaHEHHIO.
JlaHHBIA TIPOEKT HalpaBlieH Ha CHIKEHHE U
MpeaoTBpamenne MpoecCHOHANBHBIX  PHUCKOB
nepconana TIL] [9].

VYder 3KOIIOTHYECKOr0 PHCKa 0COOCHHO Ba)KeH
MIPHU IKCIUTyaTalii OOBEKTOB JSHEPTreTHKH Ha Ty-
CTO3aCeJIeHHBIX TEPPUTOPHUAX, B KPYIHBIX IPO-
MBIIIJIEHHBIX LeHTpax. s 3Toro mpoBomsTcs pas-
JMYHBIE MOHHUTOPHHTH, obOcriemnoBanus. Hampumep,
B MocCkBe OBLT BBINOJHEH 3KOJIOTHYECKUI MPOEKT,
LIeJTb KOTOPOro 3aKirouanach B ONpPENETICHUM Ui
Ka)XJI0T0 aqMHUHUCTpaTUBHOTO OKpyra (AQO) u B 1e-
JIOM TIO TOpOMy HamOojee OMACHBIX ISl 3I0pPOBbBS
Hacenenust TOII, a mist Hambonee omacHeIx TOLl —
OPHEHTHPOBOYHON 30HBI MX BO3JCHUCTBUS C TOYHO-
CTBIO 70 paiioHa. OHA M3 KIIOYEBBIX 3afad, CTO-
AIUX Tepel pa3pabdoTUuKaMH, JaTh KOJHYe-
CTBEHHYIO XapaKTEePUCTHKY MaKCHUMAaJbHOM omac-
HOCTH, co3/1aBaeMoi kaxkaou TOLI.

Hcrounukamu WHPOPMALUK CTAld  MaKCHU-
MalbHbIE M CPEIHETOJIOBBIE (IUTAHOBBIE U peallb-
HBIE) BBIOPOCHI IO HECKOJIBKUM 3arps3HSIONIUM
BEIECTBaM, a TaKkKe mapaMeTpsl TpyO (BBICOTA,
IUaMeTp, TemrepaTypa U 00beM BBIOPAChIBAEMOTO
BO3IIyXa).
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B pesynbpTate 00pabOTKM WM aHanMmW3a NaHHBIX
MTOJTy4YeHBI: pamkupoBka TOL[ 1Mo CcOBOKyITHOM
OTIACHOCTH 10 Kaxkaomy AO # B CpeIHEM I10 TOPO-
Iy C TOYKU 3PEHUS MaKCUMAaJIbHON MOTCHIUANIb-
HOH OIMACHOCTH, KOTOPYIO co3daeT naHHas TOI]
JUTSI TAaHHOHM TeppuTOpuH; pamkupoBka AO 1o co-
BOKYITHOM OMNAacHOCTH, CO3/laBaéMOl pa3HbIMU
TOILI; Oonee aeranu3upoBaHHas HHPOpMALUS 00
OMaCHOCTH, H3MEpPAEMOM uepe3 KOHILEHTpALHIo,
VHAWBUIYAGHBIA PHCK WM  MOMYJISIIMOHHBINA
PHUCK, KOTOpasi JaHa B pa3OMBKE IO 3arps3HUTe-
nsM, Tepputopusm 1 TOII. Tlomydennas cBomgHas
nH(popMaIus dKoorndeckoro pucka TIOL[ moxer
OBITh MCIIOJIb30BaHA KAaK OpraHaMU T'OCYJIapCTBCH-
HOTO yTPaBJICHUS, TaK U HACEICHUEM JUISl UACHTH-
(uKanmM TMTOTEHIMATBHBIX JKOJOTWYECKUX YTPO3
Y TPUHATHS Mep, HAlPaBIIEHHBIX HAa WX CHIDKE-
uue [10].

Takum 00pa3zoM, ompejaeieHUue TOYEK pPHUCKa —
3TO JIOCTATOYHO PACIpPOCTPAHEHHBI WHCTPYMEHT
[0 YTPaBICHHUIO PHUCKAMH TPEINpPUATHH, B TOM
YUCTe W I MPENNpUATHA dHEpreTHKU. Tak Kak
st ctabmipHON  pabotrer  TOLl  Hambombinee
3HaYeHHE HUMEeT MPOU3BOJACTBEHHBIH Ipoliecc,
a cJemoBaTeNbHO, W Y4YeT MPOU3BOJCTBEHHO-TEX-
HUYECKOTO PHCKA, TO BBIABIEHHE TOYEK PHCKa Ha
TOIl npoBemeHo, B MEPBYIO OdYepenb, IS ITOTO
pucka. Jlis uccnenoBaHus BeIOpaHa ofHA U3 Jeil-
CTBYIOIUX TEIUIOAJIEKTpOLeHTpaie PecryOmmku
benapyce. [lpoBeneHHBI aHanM3 MOKa3aj, YTO
[JIaBHBIE TOYKH MPOU3BOACTBEHHO-TEXHUYIECKO-
0 pHCKa Ha TEIUIOIEKTPOCTAHIINK HaXOIATCS
B OCHOBHOM Ha KPYITHOM DJJIEKTPOTEXHUYECKOM
000pyIOBaHUM: KOTJE, TJIABHOM NapOIpPOBOJE M
TypOure. OO0O3HA4YNM 3JIEMEHTHl 000pYIOBa-
HUS U BO3MOXXHBIE BHJBI OTKAa30B WU TOJOMOK,
a TaKKe TOCIEICTBHS JTUX OTKa30B WM IIOJIO-
MOK (Tabu. 1).

OTMeTHM BBISBICHHBIC B XOJI¢ HCCICIOBAHUS
TOYKH TPOU3BOJCTBEHHO-TEXHHYECKOTO PUCKA Ha
CXeMe TeII03JIeKTpocTanuu (puc. 4).

Ha puc. 4 BUIHO, YTO TOYKHU MPOU3BOJCTBEH-
HO-TEXHUYECKOTO PHCKa PacIojaraioTcsi HE TOJNb-
KO Ha OCHOBHOM OOOpYIOBaHWH, HO TaKke U B
IMyHKTe MOATOTOBKM TorumBa. [loaToMy oTBeT-
CTBCHHBIMH 32 IPOU3BOJCTBCHHO-TCXHHUYCCKUI
PHUCK JOJDKHBI OBITh Ha3HAYEHbI HAYAJIBHUKH TOII-
JIUBHOTO, DJIIEKTPHYECKOTO M KOTJIOTYpPOMHHOTO
uexoB. [lomoOHbI aHaTN3 110 OTIPEIETICHHIO TOYEK
pucka OBbUT TPOBENCH W JUII OCTAIBHBIX BHUOB
PHCKa TETI03IEKTPOCTAHITIH.

Hayka
wrexHuka. T. 23, Ne 2 (2024)
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Tabnuya 1
Bo3Mo:KHBIE BUIbI 0TKA30B HJIH MOJIOMOK HA OCHOBHBIX THIAX 000PYI0BAHMSI TEILI0IIEKTPOCTAHIHUIT

Possible types of failures or btrakdowns on the main types of thermal power plant equipment

TlocnencTBue 0TKa30B
WJIU TI0JIOMOK

CHmxeHne ko3¢ punmenta nonesnoro aeiictaus (KI1)

Xumuueckuid 1 GU3NIECKUI HEOKOT TOIUIHBA,
YTO NPUBOAUT K cHIKeHuto KIT/{

INoBbIIeHHAS TEIUIOOTAAYA B OKPYIKAIOIIYIO CPERy
Bubparms 1 MEKpOyAaphl IPUBOJIT K HAPYIICHUIO
B I1aPOIPOBOJIC

IIpucocs! Bo3Iyxa B BaKyyMHYIO CHCTEMY Camxenne KITJ|

Opo3uitHbIi U3HOC MPOTOYHON YacTh Beico- |CHmxenune KITJ|

KOTO JaBJICHUS TypOHHBI
KagecTBo nuTaTenbHON BOABI M IEPErPETOTrO |3aHOCHI B YACTH BHICOKOTO JABIEHHS TAPOBOH TypOUHEI
mnapa (LIBJI) 1, xax cnencTaue, yBeIMYeHUE pacxoaa
LUPKYJIALMOHHOM BOJBI U 3IE€KTPO3HEPTUH

Ha COOCTBEHHBIE HY Kbl

Cumxenne KITJ1 TypOouHb

DneMeHT 000pyAOBaHUS
Y BO3MO)KHBIE BUJIbI OTKA30B HJIM MOJIOMOK

IIpucocs! Bo3nyxa
Topenku

Tun obopynoBanus

Koten

OOMypOBKa KOTJIa
Apmarypa B OIIOPHO-TIOABECHOM CHCTEME

I'maBHbIA naponpoBoy

[TapoBas TypOuna

IMonmorpesarenu BeICOKOTO  |Pa3pbIBEI TpyOHO CHCTEMBI
W HU3KOT'O JIaBJICHHUS
MacnoHanoJHEHHOE
00opy0BaHKe

OTKIIFOYeHUE IIpH MOBBIMICHHBIX WX [TOHU- Hepe60H B 3HepFOCHa6)I(eHI/II/I HOTpe6PITeJIeI71
JKCHHBIX TEMIIEpATYpax HAPYKHOT'O BO3QyXa

3

Puc. 4. Touku npon3BOJCTBEHHO-TEXHIYECKOIO PUCKA HA TEIUIONIEKTPOCTAHIMY: 1 — TOILIMBHOE XO35HCTBO; 2 — IOArOTOBKA TOILIUBA;
3 — xoren; 4 — IPOMEXYTOUHBIH IapoIeperpeBaTelb; 5 — 4acTh BEICOKOTO JIABJICHHS ITapOBOH TypOUHBI; 6 — 9aCTh HU3KOTO JABJICHUS
apoBOH TypOHMHBI; 7 — SIIEKTPUUECKHI TeHepaTop; 8 — TpaHc(opMaTop COOCTBEHHBIX HYX; 9 — TpaHC(HOPMATOp CBSI3H;
10 — rmaBHOE pacnpeleuTeabHOE YCTPOcTBO; 11 — KoHneHcaTop; 12 — KoHAeHcaTHbIH Hacoc; 13 — IUPKYIALUOHHBIN HAcoC;
14 — ncToyHMK BOOCHAOXKEHNS (HaIIpUMep, peKa); 15 — mojgorpeBaresis HU3KOTO IaBJIeHHs; 16 — BOJONOATOTOBHUTEIbHAS YCTAHOBKA,
17 — motpebuTens TeII0BoH sHeprum; 18 — Hacoc o6paTHOrO KOHAEHCaTa; 19 — neasparop; 20 — mUTATENBHEIH HACOC;
21 — momorpeBaTens BRICOKOTO AaBJIEHUS; 22 — IUTaK030JI0y JalieHne; 23 — 307100TBai; 24 — meiMococ; 25 — npIMoBasi Tpyoa;
26 — myTbEBOW BEHTWIIATOP; 27 — 3070yJIOBUTEIH

@ — TOHUEA PHCKA

Fig. 4. Points of production and technical risk at thermal power plants: 1 — fuel handling facilities; 2 — fuel preparation;
3 —boiler; 4 — intermediate superheater; 5 — steam turbine high pressure part; 6 — steam turbine low pressure part; 7 — electric generator;
8 — auxiliary transformer; 9 — communication transformer; 10 — main switchgear; 11 — capacitor; 12 — condensate pump;
13 — circulation pump; 14 — source of water supply (for example, river); 15 — low pressure heater; 16 — water treatment plant;
17 — thermal energy consumer; 18 — return condensate pump; 19 — deaerator; 20 — feed pump; 21 — high pressure heater;
22 —slag and ash removal; 23 — ash dump; 24 — smoke exhauster; 25 — chimney; 26 — blower fan; 27 — ash catcher

BbIBO/IbI

1. YmopaBieHue pUCKaMH Ha 3HEPreTHYECKHUX
OPEANPHUATUSIX AOIKHO OBITh HMOCTPOGHO Ha OC-
HOBE CHCTEMHOro mnoaxozaa. g sToro mpexnae
BCETO JIOJDKHBI OBITH TOCTPOEHBI MOJICNb YIpaB-
JICHUS] PUCKaMU U aJITCOPUTM €€ pealn3aluu.

2. OgHUM U3 UHCTPYMEHTOB AJS ONpeeNeHUs
OTBETCTBEHHBIX 32 PUCKH MOXKET CTaTh OMperelne-

Hayka
wrexHuka. T. 23, Ne 2 (2024)

HUE TOYEK pHUCKa Ha MPenNpHUsITHU. DTOT METOJ
IIOMOXET HAarJSIIHO OINpPEAETUTh «Yy3KHe» MecTa
B TPOU3BOACTBE U YIPABICHUH NPEANPUATHEM
U 3aKpENHTh PUCKU 3a TEMH CIIEIHAIUCTaMH, KO-
TOpele MOTYT 3(¢EKTHBHO NPOBOAUTH MOHU-
TOPUHI' U TIPUHHAMATH YIPABICHUYCCKHE PEIICHUS
B OTHOIIIEHUH aHATTU3UPYEMBIX PHUCKOB.
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