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ABSTRACT

Diabetes has been present throughout human history and is a chronic disease that cannot be cured completely.
Early detection and treatment can reduce the risk of complications. According to the International Diabetes
Federation, over 463 million people worldwide have diabetes, which varies by region. This paper proposes a novel
approach using Artificial Neural Networks (ANNSs) for early stage diabetes risk prediction, based on various risk
factors such as age, gender, polyuria, obesity and others. ANNs can provide more accurate predictions than
traditional risk assessment methods by learning complex patterns from data. The study involved collecting and
analyzing a large patient dataset to develop the predictive model using ANNSs, including non-modifiable risk
factors such as race and ethnicity, pregnancy. The proposed system achieved high accuracy in predicting early
stage diabetes risk, aiding in early diagnosis and prevention of complications. The research has the potential to
impact the healthcare industry and improve diabetes risk prediction systems. The classification system had an
overall correctness of 99.5% in determining the likelihood of diabetes.

INTRODUCTION

Diabetes is a metabolic disease that results in high
levels of glucose in the blood due to insufficient insulin
production or ineffective insulin response. With over 4
million annual deaths attributed to its complications,
diabetes is the third leading cause of mortality after
cardiovascular and oncological diseases. Early
detection of diabetes is crucial to prevent or delay its
complications, and accurate risk prediction plays a
significant role in this effort. Predicting the risk of
diabetes enables healthcare providers to implement
preventative measures such as lifestyle changes,
medication, and regular monitoring of blood sugar
levels. Accurately identifying high-risk individuals can
also help allocate resources and interventions more
efficiently. Thus, predicting the risk of diabetes is
essential to improve the quality of life of people with
diabetes and reduce the burden of the disease on
healthcare systems. Millions of people worldwide
suffer from diabetes, a chronic condition characterized
by high levels of blood sugar. Detecting and managing
diabetes early is essential for preventing complications
and enhancing patients’ quality of life. Consequently,
there is a growing interest in developing sophisticated
diabetes risk prediction systems that can precisely
identify those at high risk of developing the disease.
This research paper aims to explore the potential of
using ANNs in developing an advanced early stage
diabetes risk prediction system. We will review the
current neural network systems in diabetes risk
prediction and highlight the limitations of existing
approaches. We will then present the design and
implementation of our ANN-based diabetes risk
prediction system and evaluate its performance on a
large dataset of people. Finally, we will discuss the
implications of our findings and outline future research
directions in this field.

Machine learning techniques have been employed
in predicting diseases with high accuracy. Recent
research has shown a 99.2% correct classification of

disease using confusion matrices. To improve the
accuracy of the artificial neural network method, this
study proposes the addition of input parameters on
pregnancy by utilizing a dataset of over 100 records.
The study focuses on gestational diabetes, which
affects at least 5% of pregnancies and is more prevalent
in certain ethnic groups. Pregnant women with
gestational diabetes have a higher risk of developing
type 2 diabetes, making it essential to test for elevated
blood sugar levels during pregnancy. To achieve an
overall positive classification value of about 99.5%,
relevant parameters on gestational diabetes will be
included in the ANN system design. The study suggests
that accurately predicting gestational diabetes using
machine learning techniques could lead to early
diagnosis and treatment, improving intergenerational
health outcomes.

LITERATURE REVIEW

There have been several studies on the use of
machine learning approaches, including ANNs, for
diabetes risk prediction. Most of the article is devoted
to the prediction of diabetics and other management
systems for diabetics. With the purpose of predicting
diabetes risk, several machine learning-based
techniques have been created. One study used fuzzy
logic and sensors to track a person’s status and
determine their risk of having diabetes. Other studies
used different algorithms such as decision trees, SVM,
Naive Bayes, and ANN to predict diabetes risk. These
methods show a high level of accuracy in predicting
diabetes risk, and some also include monitoring blood
urea and glucose levels.

An ANN based diabetes risk classification in [1]
based on the symptom information of patients and
promote the Artificial Neural Network(ANN) that
design and simulate the neural network fitting tool. In
this work, Age, gender, and 14 different diabetes
symptoms are among the 16 input parameters taken into
account by the neural network algorithm, which then
determines whether the patient has a positive or
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negative risk of having diabetes. Paper [2] focus on
developing a diagnostic support system, at the level of
knowledge representation and inference procedures,
within a formal framework based on logic
programming, supplemented by further a computing
approach that focuses on artificial neural networks, to
assess the states and levels of confidence a person has
about such an event.

A wireless body area network (WBAN) that
employs a fuzzy inference system (FIS) and sensors to
track a person’s heart rate, respiration rate, blood
pressure, body temperature, and oxygen saturation of
hemoglobin in the blood to assess a person’s status is
purposed in [3]. The outcomes demonstrated that this
method can be used to determine body state, which can
range from critical to very good condition. The good
idea from this research that sensors can be integrated
into clothing, medical patches, wearables and implants
for better mobility and accessibility. Information
collected from WBAN can be analyzed for early
disease detection and diagnosis.

In papers [4] and [5], an automatic diagnosis
system is introduced and analyzed. The most
interesting that they took input parameters of system as
number of pregnancies for subject, glucose, blood
sugar level, body mass index also gave output as
positive or negative. The system demonstrates that a
simple cascaded neural network architecture with two
hidden layers can achieve a prediction accuracy higher
than 90%. In [5] accuracy of prediction model was
91.1%.

In [6] paper, a Three-Layered Artificial Neural
Network (ANN) and Pima Indian Diabetes dataset are
used. In this ANN based expectation demonstrate, a
logistic-activationfunction for actuation of neurons,
and the Semi Newton strategy is utilized as the
calculation for the preparing. As a result total pick up
plot and as a degree of the quality of this show the most
extreme pick up score is utilized. Paper [7] methods
emphatically based on the information mining
procedures can be successfully connected for tall blood
weight hazard forecast. The point of this investigation
[8] is to create a framework which might foresee the
diabetic chance level of a persistent with distant better
accuracy. Model development is based on
categorization methods as Decision Tree, ANN, Naive
Bayes and SVM algorithms. For Decision

Tree, the models give precisions of 85%, for Naive
Bayes 77% and 77.3% for Support Vector Machine.
Outcomes show a significant accuracy of the methods.

The article [9] presents a model using a fused
machine learning approach for diabetes prediction. The
conceptual framework consists of two types of models:
Support Vector Machine (SVM) and Artificial Neural
Network (ANN) models. The output of these models
becomes the input membership function for the fuzzy
model, whereas the fuzzy logic finally determines
whether a diabetes diagnosis is positive or negative. A
cloud storage system stores the fused models for future
use. Also paper [10] presents an in-house developed
system, which will be helpful for diabetes patients with
Chronic Kidney Disease (CKD) to monitor blood urea
and glucose. This manuscript discusses a comparative

study for the prediction of blood urea and glucose using
Backpropagation Artificial Neural Network (BP-
ANN) and Partial Least Square Regression (PLSR)
model.

Therefore, there is a need for more research in this
area to develop accurate and reliable diabetes risk
prediction systems that can be applied to diverse
populations.

METHODS AND METHODOLOGY

Traditional statistical methods, such as logistic
regression, are commonly used to predict diabetes risk.
These models rely on pre-specified risk factors and
assumptions about the functional form of the
relationship between risk factors and disease outcomes.
However, these models may not capture complex
nonlinear relationships between risk factors and disease
outcomes, leading to limited accuracy and predictive
power.

Artificial Neural Networks (ANNs) are powerful
machine learning models that have been shown to be
effective in predicting diabetes risk. ANNs can learn
complex nonlinear relationships between risk factors
and disease outcomes and are able to identify patterns
that traditional statistical methods may not detect.

The design of an ANN-based diabetes risk
prediction system involves several steps, including data
preprocessing, feature selection, model training, and
performance evaluation. The data preprocessing step
involves cleaning and normalizing the input data to
ensure consistency and accuracy. Feature selection
involves identifying the most important risk factors for
predicting diabetes risk, as including irrelevant or
redundant features may lead to overfitting and poor
performance. Model training involves optimizing the
parameters of the ANN to minimize the prediction error
on the training data. This is typically done using an
optimization algorithm such as gradient descent.
Finally, the performance of the ANN-based diabetes
risk prediction system is evaluated on a separate
validation dataset to assess its accuracy and
generalization ability.

There are research out that use machine learning
approaches to forecast the likelihood of diseases with a
high degree of accuracy. These studies have not yet
made use of artificial neural networks that are based on
all patient symptom data suspected of having diabetes.
Not all modifiable and nonmodifiable risk factors for
diabetes mellitus are used in the above studies. The
algorithm [1] uses input data such as age, gender,
polyuria, polydipsia, weakness, sudden weight loss,
polyphagia, genital trush, visual blurring, itching,
irritability, delayed healing, partial paresis, muscle
stiffness, alopecia and obesity (see Table I and II, but
other factors should be taken into account like
pregnancy, newborn baby weight, race, ethnic groups,
coronovirus tolerance and more.

A dataset consisting of 520 people records was
collected. The dataset includes various risk factors such
as age, gender, polyuria, polydipsia, and glucose levels,
as well as additional information on pregnancy for
female patients. The first question was on gender of
person. Type 1 diabetes is more commonly diagnosed
in children, adolescents, and young adults. Type 2
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diabetes can develop at any age, even in childhood, but
this form of diabetes is more common in older age.
Then,

Table |

Medical term Explanation

Polvuria a pathology characterized by a significant increase in the amount of urine excreted from the body. If

4 the rate of urination in a healthy person is 1.5 liters per day, in pathology this amount doubles.

Polydipsia thirst or excess drinking

Polyphagia an abnormally strong, incessant sensation of hunger or desire to eat often leading to overeating

Weakness the quality or state of being weak
Sudd(igs\;velght Unintentional weight loss is when you lose weight without changing your diet or exercise routine

Genital thrush

a common condition caused by a type of yeast called Candida

Visual blurring

difficulty focusing your eyesight, such as with near-sightedness or far-sightedness

Itching an irritating sensation that makes you want to scratch your skin

Irritability feeling of agitation

Delayed Wound healing can be delayed by systemic factors that bear little or no direct relation to the location
healing of the wound itself.

Partial paresis You can control some muscles, but not all

s';?fl;rsgses sensation of muscle tightness, which often causes pain and makes it challenging to move

Alopecia disease that happens when the immune system attacks hair follicles and causes hair loss
Obesity abnormal or excessive fat accumulation that presents a risk to health

Table Il
CURRENT NEURAL NETWORK METHOD INPUT PARAMETERS

Input Range Unit

Age 16-90 years
Gender 0-1 binary
Polyuria 0-1 binary
Polydipsia 0-1 binary
Sudden Weight Loss 0-1 binary
Weakness 0-1 binary
Polyphagia 0-1 binary
Genital Thrush 0-1 binary
Visual Blurring 0-1 binary
Itching 0-1 binary
Irritability 0-1 binary
Delayed healing 0-1 binary
Partial paresis 0-1 binary
Muscle stiffness 0-1 binary
Alopecia 0-1 binary
Obesity 0-1 binary

the next question was on gender of the person.
Statistics show that women are 2 times more likely to
have diabetes than men. A similar situation is
associated with the intense work of the female
hormonal system, complicated by the menstrual cycle,
preghancy, menopause [11]. The dataset was
preprocessed to remove any missing or invalid data as
shown in Figure Ill. Any outliers or extreme values
were also identified and removed. The dataset was then
normalized to ensure that all input variables were on the
same scale. The ANN model was developed using the

Keras framework in Python. The model consists of
three fully connected layers with 64, 32, and 16 neurons
respectively. The activation function used was the
Rectified Linear Unit (ReLU), and the output layer used
a sigmoid activation function to predict the probability
of developing diabetes. Analysing the correlation
between independent and dependent variables
considering independent variables that has high
correlation with the dependent variables and less
correlation with other variables as in Figure 111
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Palydipsia JRSCIEEY 0.6 1 0.41 3
sudden weight loss 045 041 1 0.28
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Alopecia
Obesity
Pregnancy

dass

Gender
Palyuria —|
Polydipsia —
weakness
Polyphagia
Genital thrush
wisual blurring

sudden weight loss

045 013

-10

-08

045

11 013
'

Itching
Irritability
delayed healing
partial paresis
muscle stiffness
Alopecia
Obesity
Pregnancy

Fig. 2. Analysing the correlation between independent and dependent variables

The dataset was randomly split into training and
testing sets, with a 70-30 split. The model was trained
on the training set using the Adam optimizer and binary
cross-entropy loss function. The model was trained for
100 epochs with a batch size of 32. These are the
variables  with  their  feature  scores ,their
importance/contribution towards class in Table Il1.

RESULTS

The results of our study show that our ANN-based
diabetes risk prediction system achieves an accuracy of
99.5%, which exceeds the performance of existing
models in the literature. We also find that the inclusion
of pregnancy as a predictive factor improves the overall
performance of the model, suggesting that this factor is
an important predictor of diabetes risk. Our results
demonstrate the potential of ANNSs in developing
accurate and reliable diabetes risk prediction systems.
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The performance of the ANN model was evaluated on
the testing set. The metrics used to evaluate the model’s
performance were accuracy, precision, recall, and F1-

score. The confusion matrix was also computed to
visualize the performance of the model. They are set
using the formulas shown below.

Table 11
FEATURE SCORES
column Scores
0Age 18.845767
1Gender 38.747637
2Polyuria 116.184593
3Polydipsia 120.785515
4sudden weight loss 57.749309
Sweakness 12.724262
6Polyphagia 33.198418
7Genital thrush 4.914009
8visual blurring 18.124571
Oltching 0.047826
10Irritability 35.334127
11delayed healing 0.620188
12partial paresis 55.314286
13muscle stiffness 4.875000
14Alopecia 24.402793
150besity 2.250284
16Pregnancy 7.962500
Table IV

CONFUSION MATRIX

True Positive (TP): 317

False Positive (FP): 3

False Negative (FN): 2

True Negative (TN): 201

TP

Precision = W(])

TP

ecall = ————
Reca TP+ TN (2)

2 % Precision * Recall B 2+«TP

= Precision + Recall ~— 2% TP+ FP +

Let’s make the following definitions:

.”Being at risk of diabetes” is a positive class.

-”Not being at risk of diabetes” is a negative class.

There are 520 answers, 319 of them at a risk of
diabetes, 201 are not. A machine learning model
predicts the occurrence of a risk of diabetes in 317 of
319 are in positive class.

Table IV illustrates the results of the experiment.
As a result, these values are calculated:

317

=0.991
317+ 3

*

Precision is the fraction of correctly predicted
positives out of all predicted positives.

Precision =

317

ccall =
Reca )

= 0.9937
&)
Recall is the fraction of correctly identified
positives out of all actual positives.

1o 2%0.991%0.9937  1.969
0991 +0.9937 198

= 0.9947
©)

Early detection (diagnosis) and treatment of
diabetes can reduce the risk of diabetes complications.
A machine learning evaluation metric called the F1
score assesses a model’s accuracy. It means that
accuracy of early stage diabetes risk prediction
algorithm is 0.9947.

The results of our experiments showed that the
proposed ANN-based diabetes risk prediction system
achieved high accuracy in predicting diabetes risk. The
overall  correct classification rate  reached
approximately 99.2%. By adding input parameters on
pregnancy, we were able to improve the accuracy of the
ANN-based method, achieving an overall positive
classification value of approximately 99.5%.
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CONCLUSION

The study demonstrates that Artificial Neural
Networks (ANNS) can be effective in developing early
stage diabetes risk prediction systems by including a
large dataset and relevant predictive factors. The
research has important implications for diabetes
prevention and management by enabling early
detection and intervention. The study suggests that
ANNSs have the potential to develop efficient diabetes
risk prediction systems. Further research could include
testing the model on diverse populations and
incorporating additional risk factors like lifestyle and
genetic data. The proposed approach using ANNs can
accurately predict the likelihood of developing diabetes
and has the potential to greatly improve early detection
and management of diabetes, leading to an improved
quality of life for millions of people worldwide.
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IMPROVING THE EFFICIENCY OF LOW-ELEVATION TARGET DOA ESTIMATION BASED ON
COHERENT ACCUMULATION OF SPECTRAL COMPONENTS OF SIGNALS
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ABSTRACT

In radar systems that use high frequencies to increase the accuracy of target positioning, when determining
the direction (elevation angle) of a low-flying target, it is greatly affected by the phenomenon of multi-path
propagation of electromagnetic waves, reflected and scattered by an uneven surface (ground or sea). If using
conventional direction of arrival (DOA) estimation methods, then it leads to large errors. In order to increase the
accuracy of direction determination, it is necessary to remove the multipath effect or eliminate the correlation of
the noise for the useful signal reflected and go directly to the radar receiver, then super resolution algorithms can
be applied for DOA estimation. This paper proposes a method of accumulating signal spectrum to distinguish and
separate useful signals reflected from a direct target to a radar receiver, and at the same time use a super-resolution
algorithm to DOA estimation. Simulation results and real data analysis show that the proposed model and
algorithm can effectively improve the DOA estimation accuracy of low-flying targets in complex terrain
conditions.

Keywords: DOA estimation; low-angle target; multipath propagation; coherent accumulation
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1. Introduction

In radar systems for observation and surveillance,
as detection and parametric measurement of low-flying
targets has to perform in conditions of multipath
propagation of signals due to the reflection of radio
waves from the ground or the sea surface. This
phenomenon reduces the range of target detection as
well as the accuracy of target parameter determination
due to the uneven sea surface and reflection of useful
signal on the surfaces. The signals reflected on the
surface are considered as passive interference affecting
the performance of radar systems. Along with useful
signals reflected directly from the target, multipath
signals also come to the input of the radar receiver,
leading to errors in determining the parameters of the
target, especially the elevation angle [1].

One of the methods to reduce the negative effects
of multipath propagation is to use high frequency
signals. First, it allows to reduce the direction diagram
width of antenna in accordance with suitable open face
of antenna. Second, it leads to a structural change of the
signal field reflected by the sea or land surface, i.e. the
roughness of the interface does not allow signal
reflections such as mirror reflections. As a results, the
signal is scattered in different directions in space and
will have less effect on the accuracy of targeting
towards the target.

Developments in radar signal processing theory and
in phased array antenna techniques have spurred the
development of new methods for distinguishing
(resolution) reflected signals from nearby targets and
signals are emitted simultaneously by several transmitted
sources (primary or secondary). As an important part of
array signal processing, directional of arrival (DOA)
estimation is a feature parameter commonly used in radar
detection and orientation problems. To date, a series of
related studies have been performed on DOA estimation.
The earliest, Schmidt [2] proposed a multiple signal
classifier (MUSIC) algorithm based on the feature
subspace.

Despite the average computational complexity,
the MUSIC algorithm improves the performance of the
DOA estimator and gives better results than
conventional DOA estimators. However, the MUSIC
algorithm works well with uncorrelated signal sources,
but for correlated signal sources, the MUSIC algorithm
is not effective [3]. Therefore, many improved MUSIC
algorithms have been focused on research and
development to estimate DOA for correlated signal
sources [4, 5, 6]. The improved algorithms focus on
signal preprocessing to remove or weaken correlations
between correlated signal sources. This paper proposes
a signal preprocessing method based on the correlation
accumulation of signal spectrum components to
remove the interference signals reflected from the land
or sea surface, which are strongly correlated with the
useful signal is reflected directly from the targets.

2. Signal multipath propagation and signal
modeling of reflections by sea surface

The widespread use of electronic equipment on
surface ships, including observational radar systems or
radar systems arranged for coastal monitoring, requires
trajectory propagation analysis and prediction of radio

waves over the sea. Influenced by environmental
conditions leading to complex wave propagation
trajectory leads to inaccurate determination of target
parameters and affects other post-detection missions.

The issue of detecting and locating low-flying
radar targets is very important. The nature of the
problem is to accurately determine the height (or
elevation angle) of the target to be observed in difficult
conditions of multipath propagation of the signal,
shown in Figure 1. The reflected signals can be seen
direct echo with unwanted reflected signals from the
sea surface to the receiver simultaneously. The
undesired signal that can be identified consists of two
main components: the signal reflected from the sea
surface according to the principle of mirror reflection
and the signal scattered from an angle determined by
the surface part due to the unevenness of the sea
surface. As arule, these two components do not exist at
the same time. When the sea is rough, the signal is
reflected back to the receiver because scattering is
dominant, and when the sea is calm, this component is
small. Signals reflected by the principle of mirror
reflection affect radar performance more often because
of their higher power and strong correlation with the
useful signal. In addition, the reflected signal is usually
mirrored to the main beam of the receiving antenna and
the useful signal is reflected directly, affecting the
accuracy of determining the target's elevation angle. In
order to study algorithms to increase the accuracy of
determining the target pitch angle, it is necessary to
build a model of signal reflected from the sea surface.

In order to build a model of signal reflected from
a flat surface, use the convention in figure 1. The
received signal at the receiving antenna is the sum of
the signal reflected directly from the target (following
the TA path) and the signals, reflected from the sea
surface. Assume that the radar uses a unified linear
array (ULA) antenna consisting of M isotropic
elements.

Consider a digital array radar system composed of

M isotropic sensors with uniform line array
configuration. The inter-element spacing isd , and the

wavelength is ALA sample illustration of the multipath
propagation geometry based on the reflecting center is
illustrated in Figure 1. The following assumptions are
applied to the multipath propagation model: for an
airborne target, it is located at such a distance from the
receiving array that the impinging wave can be
considered as far-field stationary narrowband plane
wave. In the classical multipath model, the direct wave
and the multipath wave are modeled as a pair of
airspace approximate symmetrical coherent signals.
However, in practice, especially when the terrain
environment around the radar erection location is
complex, the reflecting point is not in the center of
reflecting region, but is distributed in the Fresnel
region. In this case, the radar-received signal contains
multipath with different paths. In addition, due to
different reflection media, the reflecting surface has an
unknown moduation effect on the amplitude and phase
of the multipath signal.
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Figure 1. Multipath reflected signal model from low flying target

As shown in Figure 1, the multipath signal is
modeled by a set of coherent models with an unknown
number and reflection angle, and the dotted line
represents the horizontal plane. Assume that the angle
above the horizon is positive and the angle below the
horizon is negative. The array-received echo consists of

a direct signal and K multipath signals. There is a
direct path between the target T and the radar A with

elevation 0., and the K -th incident angle is 92,

t )
where K =1, K, R, and R:; donate the propagation

paths of the direct and the K -th multipath signal,
respectively. The path difference of the direct and the
multipath  signal can  be  calculated by

AR = R — Rg. h, and h, are the height of the

array antenna center and the target, respectively.

Assume the transmitted signal takes the form of a
finite sequence of interrelated radio pulses, expressed
as follows:

s(t) =u(t)exp| j(2nft+o)] .

where: U(t) - signal envelop; fC - carrier
frequency; (P - ordinary phase of visual pulse.

Then the reflected signal received from the target
(taking into account multipath propagation) at the m-th
element of the antenna is determined by:

Sy (0) = 5(t 1) + Y ps(t-t5, )+, (0

k=1

@

s

where P, is the multipath reflection coefficient;

N, (t) is the additive Gaussian white noise; t, . and

t:;m are the time delays of the direct path and the k-th

multipath for the m-th sensor, respectively.
The signal envelope can be represented by the
following formula:

u(t) = E, i Up[t—(k-1)T, |

7

where: Eo' is the visual frequency pulse

amplitude; T - pulse repetition period; U, (t) -

visual frequency signal envelope.
Analyze the received signal into components with
different frequencies (Furier series representation):

u(t) — Z Xkeikﬂ)rt
k=—c0

s

where: @, =27f, with f, =Tr_1- pulse

repetition frequency, Hz;)(k — k-th harmonic

amplitude of Fourier series.
The coefficients of the Furier
determined by the following expression:

series are

ug (t)e ™ 'dt

— o ‘*—i

1
X, =—
k Tr

—

r

™ ‘

(3)
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In all cases, the coefficients Xkof the Furier
series are complex numbers, expressed as
X, =|X,|exp(ig, ). For visual frequency signals

with characteristic: |X, |=|X_| and W, =—y_,.
Amplitude values |Xk | is the amplitude characteristic

and \, is the frequency phase characteristic of a series

of period signals.
Consider a typical case where the useful reflected
signal is a rectangular sequence of pulses, as shown in

Figure 2. The time tz corresponds to the delay time of

Au(t)

the signal, which characterizes the propagation time of
the transmitted signal and reflected from the target back
to the radar receiver. The signal delay time satisfies the
condition ¢, <.

This signal spectrum in the main beam contains
discrete spectral components Xk (see on figure 3)
ﬁ.sin k(,OrT—o
ko T 2

rr

with amplitude IX,|= and the
=

corresponding phase (@, = —kcortz . The phase of

the line spectral components of a signal is determined
by its frequency and delay time.

A

Eof-——— ]

»1

Figure 2. Rectangular pulse signal sequence

The method of signal spectrum correlation
accumulation is considered in the literature [7]. The
basic principle of the spectral correlation accumulation
method is applied in the problems of detecting periodic

received signals with repeated frequency 1:r and slow

delayed time tz in the interference condition.

For signal source directional problems in
multipath propagation conditions, filtering the signal
reflected directly from the target is very important. The
signal spectrum correlation accumulation allows us to

determine the corresponding delay time tz for the

signal reflected directly from the target to ensure the
maximum value of spectrum accumulation.
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Figure 3. Amplitude spectrum a) and phase spectrum b) of rectangular radio pulse train
3. Coherent accumulation of spectral ofthe reflected signal from the target, goes directly to the

components and MUSIC DOA estimation algorithm

Figure 5 shows the structure diagram of the signal
receiving and processing channel to DOA estimate
(elevation angle) of the reflected signal from a low flying
target.

The operation of the diagram is as follows: the
mixture of reflected signals from the target and
interference at the antenna elements is sent to the blocks
that mix, amplify and split the wave into a visual
frequency signal. The Fast Furrier Transform (FFT)
block and the signal spectrum correlation accumulator
implement the algorithm shown in the document [7] to

determine the time corresponding to the delay time tz

antenna element. The delayed time parameters th

(taking into account the additional delay time due to the
distance between the receiving antenna elements)
correspond to the m-th receive channels to filter the
useful signal according to the pulse width of the signal,
eliminating multipath signals. The signals from the
channels are then sent to the block that implements the
MUSIC algorithm to determine the direction (elevation
angle) of the target. The MUSIC algorithm works
properly because multipath propagation signals are
removed (which is correlated with the signal reflected
directly from the target to the receiving antenna
elements).
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Figure 5. Structure diagram of the receiver route and DOA estimation of the reflected signal from a maritime
low-flying target

4. Simulation results and analysis . . _ o
Perform simulations under the following the direct angle is (pt—1,891, numbers - of

conditions: a phased array antenna consisting of  Multipath is 3 and multipath angle is random.

M = 35elements, omnidirectional elements; Flgure 6 shows the results of signal spectrl_Jm
lementsd = A / 2 correlation accumulation
e = ,

distance between antenna L 2 ith
multipath reflection coefficient p, =0,9. The other ~ &:(t;) = D G (f)exp(=j-2r-1-f -t,)| * wit
parameters are set as follows: radar height is e

h, =10 m; the target is located at R, =30 km
(t, =0,2 ms) with attitude of h, =1000 m;

G, (f,)- signal spectrum components with frequency

If,, L- number of correlated cumulative spectral
components (in the case of simulation, then L =8).

2107

L lag!

0 0.1 0.2 0.3
Figure 6. The result of signal spectrum correlation accumulation determining
the delay time of the received signal

=

=

The results show that in Figure 6, when Figure 7 shows the results of determining the low-

=0.2 mS. the functi t hes th flying target direction in the cases without and with
tz ] 0, S, ) ¢ function &z( Z) reac es- ¢ multipath signal filtering.
maximum value, it corresponds to the slow holding

time of the signal reflected directly from the target.
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0 DOA estimation based on MUSIC algorithm
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Figure 7. DOA estimation results of signal reflected from low-flying sea target
a) Without multipath filtering and b) With multipath filtering

The simulation results show that by eliminating
the multipath propagation signal reflected from the sea
surface, the MUSIC algorithm can accurately
determine the direction angle of the low-flying target at
sea.

5. Conclusion

In this paper, in order to solve the problem of
estimating the direction of the signal reflected from
low-flying targets in the condition of multipath
propagation of the signal due to the influence of the sea
surface, an algorithm combining the correlated
accumulation signal spectrum combined with DOA
MUSIC orientation method has been proposed. The
main goal of signal spectrum correlation accumulation
is to determine the preliminary delay time of the useful
signal to eliminate multipath propagation signals, then
apply the MUSIC algorithm to estimate the elevation
angle of the target.

The simulation results show that the preliminary
estimation of the delay time of the signal is useful to
filter out the reflected signals from the sea surface to
help the MUSIC algorithm work effectively and
accurately estimate the target's elevation angle low-
flying target in conditions strongly influenced by
reflections from the sea surface.
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ANNOTATION
The article deals with topical issues related to the inventory procedure of real estate objects. The main stages
of the technical inventory process are investigated; the problems arising during its implementation are considered.
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Oyukuuu ['BY MocropbTU B Hactosiiee Bpemst
MHOTOTpaHHbI. A HMEHHO B KPYT 3a/1a4 CIEIHAJIHCTOB
BXOJIAT:

— NPOEKTUPOBAHME U MEPEIUIAHUPOBKA 0OBEKTOB
HEJIBUKHMOCTH;

— KaJjacTpoBbIe PabOTHI;

— reojie3ndeckue paboTsl;

— COTIPOBOX/ICHNE PEMOHTHBIX padoT;

— OIIEHKA HEJABMKUMOCTH;

— 30HHUPOBaHNE TEPPUTOPHH;

— pa3paboTKa MPOEKTOB MEXEBAHUS TEPPUTOPHH;

— nazepHoe 3D ckaHupoBaHUE;

— 3KCIIEPTHBIE 3aKIIOUCHHS,;

— TIepPEeBO/ CaJ0BOTO JOMa B KWIIOH;

— PUDJITOPCKHE YCITYTH;

— IOKYIKa HEABIKUMOCTH C TOPTOB.

Ho  mnepBocreneHHoil  3anadeii
TEeXHUYECKasi HHBEHTapU3aIlusl.

Ecmu paccmaTtpuBath MOPAJOK OCYIIECTBICHHUS
MHBEHTapHU3aLl1H, KOTOPBIi periIaMeHTHPOBaH
PexoMeHanmsimMu 110 TEXHUIECKOH MHBEHTapU3aluy 1
perucTpanuy 3JaHUH  TPaXKJAHCKOTO HA3HAYCHUS
(mpunsiter PocxkmmkommyHncorozom 01.01.1991r.), To
€ MOXHO pasfelnuTh Ha CIEIYIOIMUe 3Tallbl,
MIPEACTaBICHHBIC HATIISITHO HA PUCYHKeE 1.

OCTaCTCA
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3Tanbl TEXHUYECKOW MHBEHTapU3aUuK

1 3TAN — M3yYeHre UMELLERCA AOKYMEHTALMH

2 3TAN —« Onpenenexne ofbema padoT

3 3TAN —| MpOBENEHKE NONEBLIX patoT

4 3TAIN — MNpoBegsHKE KaMmepanbHeIX padoT

5 3TAM —«| COCTaBNEHUE TEXHUYECKONH JOKYMERTALMN

& 3TAMN —«| MPOBEPKA BRINONHEHHEIX pA0OT

7 3TAMN —« ©OPMUPOEAHWE APXWBHOTO AENa

8 3TAIN — Bulgaya roTOB0W SOKYMEHTALMM 3aKaIHMKY

Puc. 1 Dmanvt mexnuuuecxoti ungenmapusayuu

PaccMoTpuM aHHBIE 3Talbl MOApoOHEe.

1-i osran. Tak Kak WHBEHTapu3alUs HOCHUT
3asBUTENBHBIA XapakTep, TO HH(popMaimiow 00
00BeKTe HEIBIKMMOCTH creruanuct MocropbTU

MoJyyaer u3 3asBJICHHUS, K KOTOPOMY
HETIOCPEACTBEHHO MIPHJIATAIOTCS
MPaBOYCTaHABIMBAIOIIUC JOKYMEHTHI, TJIC COACPIKATCS
HEOOXOMUMBIC JaHHBbIE (HAaUMCHOBaHHME OOBCKTA,
aJIpec/MeCTOIOIOKCHHE; Leib oOpamieHus;
KOHTAKTHBIE JIaHHBIE 3aKa34MKa 581071 €ero
MIPEICTaBUTENS).

2-ii oran. Ha pmadgHOM 3Tame  COCTABISETCS

CMETHO-()MHAHCOBBIH pacyeT, KOTOPHIH 3aBHUCHT OT
CIEIYIONIMX  IOKas3aTelei:  Iuom@ans  oObeKTa
HEIBIKAUMOCTH; THII OOBEKTa HEABMKUMOCTH; BHJ
MOJIy4aeMO# JOKYMEHTAI1H.

C 3aKa34MKOM ONPEAENIAIOTCSA CPOKH BHIITIOTHEHUS
paboT, M 3aKIIOYyaeTcs JIOTOBOp TMOApsga Ha
NpOBEZICHNE TEXHUYECKON MHBEHTapu3aluu OO0beKTa
HEJIBUKUMOCTH.

Korma namHOoe  3asgBlIeHHME  JOXOTUT 10
cnennanucta MocropbTU  (umxeHepa), TaHHBIHI
CHELHAINCT CO3BAaHMBACTCA C 3aKAa3YHMKOM MJIHM €ro
3aKOHHBIM IIPE/ICTABUTENIEM M OOroBapHBAaeT C HUM
JaTy BBIXOJa HAa HWHBEHTAPM3UPYEMBIH OOBEKT
HEIBYKUMOCTH.

3-it sran. B xone mpoBeneHHs IOJEBBIX PadOT
cocTaBiseTcs aOpuc WHBEHTapU3MpyeMoro oObeKTa
HenBWXUMOCTH.  Takxke Tpu  HE0OXOIMMOCTH
(mepBHUYHas MHBEHTapU3alWs 37aHUH, COOPYKECHHH)
BBITIOJTHACTCSI CHhEMKa JJIEKTPOHHBIM TaXeOMETPOM
SOCIA u GPS-pueMHHKOM 3eMENBHOTO Y4YacTKa,
OTHOCSIIIETOCS B JaHHON HeaBMKMMOCTH. Ha manHom
JTane OCYMISCTBIICTCS OMHMCAaHHE KOHCTPYKTHBHBIX
3JIEMEHTOB 00BEKTa M X TEXHUUECKOTO COCTOSHUSI.

IIpoBenenne o6MepoB (Kak BHYTPEHHUX, TaK U
Hapy>XHBIX) 0OBEKTAa TEXHWYECKOW WHBEHTApH3aIHH,
Ipu  HEOOXOAMMOCTH,  BBIIOJHSIOTCS  JIA3E€PHBIM
nansHoMepoM LEICA.

AbpHc — cXeMaTHUeCKHH YepTex, CAETaHHbIH OT
pykn Ha oObekre uHBeHTapuzauumu. OH sBisieTcs
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OCHOBHBIM JOKYMEHTOM TS aIbHENIIIErO
BBIUEPUMBAHUS TJ1aHA. [ TaBHOMW 3a7aueil crieruaincTa
TIPH €T0 COCTABJICHUH SIBIISICTCS OTPHUCOBKA adprca Tak,
49TOOBI OH OBUT MMOHATEH APYTUM CHenuanucTaM. Bens
B JaybHEHIeM aOpuc OyIeT BIOKEH B apXUBHOE JIENI0
JTAHHOTO 00BEKTa TEXHNIECKOH WHBECHTAPH3AIINH.

4-i1 oran. Ha [aHHOM DJrTame  BBIIOJIHSAETCS
OCHOBHAsT YacTh HWHBCHTAPU3AI[UHM: BBIYCPUMBAHUC

= i EMOCroPETH
AMOCroPETU s

TEXHUYECKWMA NMACMOPT KBAPTUPbI
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Mocknk:
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MO3TAXKHOTO IJIaHa 00BEKTa HEIBHKUMOCTH; HOACUET
WIomaae B >XKypHaJle 0OMepoB; pacueT 00BEMOB
3[IAHUS/COOPYKEHHS; COCTABJICHUE HKCIUTHMKALUK K
wiaHaM; (OPMHUPOBAHHE TEXHMYECKOrO Iacmopra

(puc.  2)  3OaHUA/COOPYKEHHS;,  OIpEICIICHHE
¢usmdeckoro m3HOca OOBeKTa/gacTelt  OOBEKTa;
ONlpeieJIeHNe  WHBEHTAPU3ALHMOHHOM  CTOMMOCTH

o0bekTa HCABUXKUMOCTH.
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Puc. 2 Texnuyeckuil nacnopm xeapmupbl

)IJ'IH BBITIOJTHEHUA BCEX BBIMICTICPECYNCIICHHBIX
pabot HCTIONIB3YIOTCS npodeccroHanbHbIe
CHEUAIN3UPOBaHHBIE TPOTPAMMBI.

BbluepunBaHne MO3TaXXHOTO IUIaHa OOBEKTa
OCYILIECTBIIIETCS B NMPOodeccHoHabHON rpaduyeckoit

mporpamme PlanTrecer Texmman Pro, xortopas
coBmectrMa ¢ AutoCAD. Ha pucynke 3 mpenctaBieH
MOCTPOEHHBIM MO3TaKHBIM IIAaH THUIIOBOTO JTaxka
MHOTOKBAPTUPHOT'O JKUJIOTO IOMA.
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Puc. 3 Hosmasxcnwuil nian 6 npoepamme PlanTrecer Texnaan Pro

IMoacuer muromaned BBIMOTHACTCS B IKypHale
obOMepa Ha OCHOBE (PaKTHIECKUX IapaMeTPOB 00BEKTa
HEJBIDKUMOCTH, KOTOpbIe (pUKCHpyIOTCS mpu oOmepe
Ha abpuce. Cam xypHanm obOMmepa ¢dopMmupyeTcs B
nporpamme Microsoft Excel, Tak kak B aaHHOH
nporpaMMme  ymnoOHO IpONUCHIBATHE  (OPMYNBI |
QITOPUTMBI.

Pacuer o00beMOB 31aHHS TNPOM3BOAMUTCS 110
(dakTHIeCKUM Hapy»KHbIM pa3mepam
30aHUS/COOpYKeHNST W (OPMHUpPYeTCS  OIEHOYHas
cxema.

Hannple xypHama oOMmepa, 00be€M W IIPOLEHT
M3HOCA 3aHHSI/COOPYKECHHUS, HWHBEHTAPU3AIlMOHHAS
CTOMMOCTh OOBEKTa HEJBI)KUMOCTH BHOCSTCS B
CIEHUAIM3UPOBAHHYI0 HH()OPMALMOHHYIO CHCTEMY
ANC MocropbTH, xoTopas cTana HCIOIB30BATHCA C
Havyama 2022 roma BO BCEX CTPYKTYpPHBIX
noxpaszaenenusix 'bY MocropbTH.

WNudopmannonnas cucrema AMC MocropbTU
SIBJISIETCS. OCHOBOM, KOTOpas oOecrieunBaeT BelleHHUE!
a/IpecHOTO peecTpa OOBEKTOB HENIBM)KMMOCTH; YUeT
pe3yJIbTaToB TEXHUYECKOM MHBEHTAPHU3ALIH;
(hopMupoBaHUE PA3TUIHON JOKYMEHTALINH.

5-i1_oran. [locie BBIMOIHEHUS CHEIMAINCTOM
(uHXXeHepoM) KaMepalbHBIX pabor ¢dopmupyercs

MaKkeT JIOKYMEHTOB (TeXHUYIECKHUI
MacHOPT/MOATAXHBIA IJIaH C  OKCIUTMKAIUEH) st
MIPOBEPKHU.

6-it aTan. ChopMUpPOBaHHBIN MAKET JOKYMEHTOB
mepeAaeTcss Ha NPOBEpKy Opuraaupy Tpymmsl, B
KOTOPOH HaxOoIWTCsA cHenuaiucT (wHxeHep). Um
BHOCSITCSl KOMMEHTapuH C TONpaBKaMu K pabore, B

101021 (S9197430) 11 (17§ JAOKYMCHTAaIUA BO3BpaIlacTCA
HUCIIOJTHUTCIIIO JaHHOI'O 3aKa3a Ha }Jopa60T1<y. Ilocie
HCIPpaBJICHUA BCEX HEIO04YECTOB, JAOKYMCHTBI
nepeaaroTcs HavaJIbHUKY TEPPUTOPUATIBHOT'O
YIiipaBJICeHUA nim 3aMCCTUTECIIIO HavdaJIbHUKa

TEPPUTOPUATBEHOTO YIIPABICHUS TS MOJIHCAHUS.
7-# otan. B xoxe ¢popMupoBaHUS apXUBHOTO Jlena
COCTaBIIICTCS AKT.

B maker AOKyMEHTOB MEPBUYHOM TEXHUUYECKOH
WHBEHTapHU3allMl BXOIAT: TEXHUYECKUI MacmopT;
SKCIUTMKAIUA;, TOATAXKHBIN TuaH; alpuc; >KypHaml
oOMepa; OMUCaHHWE KOHCTPYKTHBHBIX 3JICMCHTOB;
OIICHOYHAs cxema; MIpaBOBbBIE JIOKYMEHTBI
(pa3pereHne Ha CTPOUTENBCTBO, Pa3pelICHUE Ha BBOT
B 9KCIUTyaTaIlnIo0, KBapTHPOrpadus, J10roBOp J0IEBOTO
yuacTus, Beinucka u3 EI'PH); mpoexr.

8-ii myHkT. BbImaua roTOBO¥M JIOKYMEHTAIMU
3aKa34dKy OCYIIECTBIICTCS KaK Ha OyMaXHOM
HOCHUTEJIE, TaK U B BHJE DJIEKTPOHHOTO JTOKYMEHTa,
MTOJIMICAHHOTO JJICKTPOHHOW IU(PPOBOH IMOAMUCHIO
HayaJIbHUKa TEPPUTOPHAIILHOIO YIpPaBJICHUS WIH
3aMECTHUTEIIS HayaJabHUKA TEPPUTOPUATBHOTO
ynpanenusi. [loanrcanHble dJeKTPOHHBIE JOKYMEHTHI
BBICBUIAIOTCS 3aKa3YUKY Ha 3JIEKTPOHHYIO MOYTY WU B
TU4YHbIA kabuneT Ha caiite 'BY MocropbTU.

BriBob! o pe3ynbTaraMm OIICHKH
OCYIIECTBIICHUS TPOIETYPHI TEXHUYECKOH
WHBEHTapU3AIINH.

Ecnu CpaBHUBAaTh TEXHUYECKYIO

nHBeHTapuzanuio 2000-X rogoB M HMHBEHTAPHU3ALUIO
HAIIIETO BPEMEHH, JTAIBl €€ TPOBEICHIS COBEPIICHHO
He M3MEHWINCh. CTay COBEPIICHCTBOBATHCS METOIBI
OCYUIECTBJIEHUS] TEXHUYECKOW HWHBeHTapuzanuu. OT
PYYHOTO TpyJa K NU(POBU3AIUH.

Tak B 2000-x TOmax oOMepbl OOBEKTOB
HEJIBUKIMOCTH BBITIOJHSIIUCH PyJIETKaMU JIUHHOM 10
n 30 MeTpoB, a MPH OTPHCOBKE MOITAKHBIX IIIIAHOB
HCIIOJIb30BAIIUCh BATMaHbI, HA KOTOPBIX C MOMOIIBIO
panmunorpadoB u perichenepoB OHU U BEIYEPINBAIHCE.
A npu IOJITOTOBKE JIOKyMEHTOB JIaHHBIE
MEPEHOCWIIMCh HA CICIHAIbHBIC OJAHKH C TOMOIIBIO
CBETOKOMHUPOBAIILHOTO CTOJA.

Haumnas ¢ 2006 roma, B OHOpO TEXHHYECKOU
WHBEHTAPH3AIUN HAYAIH TOSBISATHCS MEPCOHAIBHBIC
KOMIBIOTEPHI, KOTOpPHIE CTad HEMHOTO o0Jerdarh
BEIMIOJTHEHWEe paboT. Jlamee cramm  MOSIBISATHCS
Ja3epHbIe TaTbHOMEPHI.
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B Hacrosmiee Bpemst 11 0OMEPOB HCIIONIB3YIOTCS
Ja3epHbIe JATEHOMEPHI Openna Leica,
npodeccroHanpHas MporpamMMa A BEIYEPUUBAHUS
nmodTtakHeIX 1uiaHoB PlanTrecer Texmman Pro, a ¢
Haugana 2022 rona Obl1a BBEICHA CIICIIHAIH3HPOBAHHAS
nHpopmanmonnas cucrema AWC MocropbTH, B
KOTOpOH BHAHA Bcs wHHpopMamms o0 oOBeKTax
HEJIBIDKUMOCTH (TEXHUYECKHI NMACTIOPT, SKCIUTUKAIINS,

MO3TaXHbIE IUIaHbI). [IpuMepsl MHpeACTaBICHBI Ha
pucynkax 4 6. Tawke Bcs 3ampamuBaeMas
3aKa34MKOM JJOKYMEHTAIUsI BEIBOJUTCS Y€pe3 NaHHYIO
nHpopMannoHHyI0 cucteMy. st KaXKJoro JOKyMeHTa
OHa TEHEpPHPYEeT (r-KoJ, OTCKAaHHPOBaB KOTOPBI
MOJKHO TIOJTyIWTh JAQHHBIH JOKYMEHT B 3JIEKTPOHHOM
BUJIE.

OHexckasn yn., aom 31, kopnye 1 = @
5128625 TETH IGY MocropETH T 3anne AxTyaRusan, OcHoBawwe PACOT: 3a1a3 N 26 7 Degoposa N B. 1 Epuoea k. K
Texnacnopr AnpECHsIR peecTp MO3TaKHsIE NNakE KapTa O6beKTs NPasa PEECTD OTHETOR Bepcui
O wcesum  5rax Ton noweuesaen Howep  Apec Wuroxow  Kowatecero  Mnchem.  Nnofwan  fnoopewn)  Masawrorow  Becors w6 Gatanocnwwe  Mpwsr ]
[ 1 Mpoe & ° 1 n2 n2 12 208 -
O» 1 Npoue 104 0 1 68 68 68 208 -
O- 2 Kaapnpa 1 xBapTvpa 1 1 7 397 387 201 7 a 16.11.2022 -]
KomHaThi Tex.yueta
KoMHaTbi Tex.yueta =
y L JC) &
O amax N2 KoMHaTE Agpec Hasnauenne Mnouwsage OchoBKaR BCnomor. Nogwui BanKoHoE Mpousn 3 HTorom Bricota Moen. oben Mpstaarn TH ACUAA
o 2 1 KNSR HaOHDORaHHER 1 201 270 16 = e i
o 2 2 ey 3, 3 270 161 Ko oy
(] 2 e a 1 e
mE yoopuan 1 ] 270 1 Honme pasgen
(] 4 Bannan 2 270 1 Hunese Bavnan
(] ropuaop 270 1 Houne
[} 6 rapaepotHaR 4 14 270 16 e
wroro: 201 185 w0
€ nemsin
KoMHaTL 2apecHoro peectpa (6es Tex yuera)
O» 2 Keagmpa 2 xaapTupa 2 0, s, a6 270 n
(m ) Kasnmuna wasnTHnA 3 aQ 943 1 3 n

Puc. 4 Dxcnnuxayua 6 cucmeme AUC MoczopbTH

OHexckan yn., aom 31, kopnyc 1

TV TBY MocropsTH kT3 AnaHHE

KCNAHKELMR Afpecksiit peecTp
Turyn

1. O6uie CRENEHUR

WA AKTYENEHER, DCHOBAHIME PACOT

33Ka3 N2 26,63 3

MosTammsie NNaHs!

Kapra

141 DeA0POES 11 B. EpUIOES E. .

Ofekrs npasa Peectp arveros Bepcun

L. McuMEneH#e NOLIAAERA W OGBEMOB DCHOBHOR W OTAENBHBIX YACTER CTPOEHHRA M NPHCTPOSK

N wiat A Top Hamadewopanie SramwocTs Mowags 3acTp. BuicoTa OGwew Momsent. TOPMYNa NGACHETa NMOUIAGR N0 HAPYRHOMY DOMEPY
A Pacap sonnouags
A MHoroKaapTADHLIA A0 (nogsan) 1 5186 38 20 ¥ 703342/37 B0 142F2IE VAT
E. Hewwnan nnowags
A sHoroxaapTwpsi gom (1 aram) 1 132 v 33 20240
Il BNBrOYCTPORC
A MHOrcxBapTApRSIA foM (224) 23 5962 6 411380
A sworexaapTapisiA fow (xposns) 1 9 21 s0p
W, ca apans |
g 1 2 v
V-1, % Hanoca npHCTROSK
nomwim (2:24 3rax) 23 3 69 26500 1041 6143,50",02+6,03¢1,02+0,5°3,90°(1,12+2,21147.80°1 46+2.57°0,97+2,52°0.9

Dynr, HaIHEIEHHE

CramcTwka

[LONONHMTENLHLIE COEALHMA

CocToRsMe CTROEHKA

Puc. 5 Pacuem obvema 6 cucmeme AUC MoczopbTH
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Onexckas yn., aom 31, kopnyc 1 = @ |

TEBY MocropsTH ska3 e 26 63 352976 o7 26.10.2022 degoposa . & Epuioea

Turyn

SKCNAUKELMA AflpECHsIit peecTp MoaTasssie ANEHE! Kapra O6wexTsi npasa

IV. O TOYKTMBHBIX "
1. O6ume coeneHHR

A PRCNpMN.NNOWEAAK
B. Hewmnas nnowags
Il BnaroycTpoRcrBo : ‘ 022 |
1. OBvem 24m
[p—p— [ro—

V-VIL % W3HOCE NPHCTPOEK

VI CrommocTs

DyveLL, HaSHaEHHE

CTaTHCTHKE

NonomnTeNsHbie ChEneHMA

COCTORNME CTPOEHMA

Boero: 100.00 98.50 000

% wawoca, npwaeaBHeiA x 100 o popheyne 0,00

Puc. 6 Pacuem npoyenma usnoca 6 cucmeme AUC MoceopbTH

CoO:roieHre TeXHOJIOTHUH U CPOKOB BBIIOJTHEHUS — TPaKAAHCKOTO Ha3HAYCHUsI (IpUHSATBI
pabot MIO3BOJIUT 005eryuTh nojiyueHne  POCKHIKOMMYHCOI030M 01.01.1991r.) /
aKTyaJIM3UPOBAHHBIX JJOKYMEHTOB, HEOOXOMUMBIX AT [DIEKTPOHHBIN JTIOKYMEHT| /
OCYILECTBIICHHS CaMbIX Pa3HOOOPA3HBIX (PYHKIIHI. https://bazanpa.ru/roszhilkommunsoiuz-

rekomendatsii-0t01011991-h1331344/
Cnmcox ucnosb3yeMoil JIMTepaTypbl 2. Caiir I'BY MocropbTH / [DnexTpoHHBIH

1. PexoMmennanmn 1o TEXHUYECKOH  JokyMmMeHT] /  https://www.mosgorbti.ru/scope-of-
MHBEHTAPH3AIUH " perucrparuu s3manuit - activity.aspx?id=1

YIK 1418

OTEYECTBEHHBIN U 3APYBEKHBIN OIBIT KOHTPOJIS ITIPOU3BOJICTBA
W3JIEJINIA U3 )KEJE30BETOHA

Kaxuwes /1. K.

Maeucmpanm HAO Topaiicvipos ynueepcumem
Kaszaxcman, 2. I[lagrooap

Temepoaeea K. A.

K.n.n, npogpeccop HAO Topaiiebipog ynusepcumem
Kasaxcman, 2. I[lagrooap

DOMESTIC AND FOREIGN EXPERIENCE IN CONTROL OF THE PRODUCTION OF
REINFORCED CONCRETE PRODUCTS

Zhakishev D.K.

Master student NAO Toraighyrov University
Kazakhstan, Pavlodar

Temerbaeva Z.A.

PhD, Professor NAO Toraighyrov University
Kazakhstan, Pavlodar

AHHOTAIUA

JlaHHas cTaThd pacCMaTPHUBAET OTEYECTBEHHBIN M 3apyOEKHBII OMBIT KOHTPOJIS MPOMN3BOICTBA M3IEIUI U3
xkerne300eToHa. OHa NMOAYEPKUBAET BAXKHOCTH POJIM I'OCYAAPCTBEHHBIX OPTaHOB B OpraHW3allMd M MPOBEICHUH
cepTH(UKannH, pa3padOTKe CTaHAAPTOB U HOPMATHBOB, YTO CIIOCOOCTBYET 00ECIEUECHUIO EANHBIX TPEOOBAHUN U
METOJI0B KOHTPOJISI KAUeCTBA YKeJIe300€ TOHHBIX KOHCTPYKIHMH. B cTatbe 00cysxaatoTcs 1abopaTopHble HCTIBITAHUS
Ha NPOYHOCTb, TIOTHOCTh, AAT€3UI0 M APYTrue MapaMeTpbl, KOTOPbIE SBISIOTCA BaXKHBIM HHCTPYMEHTOM JUIf
OLICHKH KauecTBa xese3o00eToHa. [IpuBosTCcst mpuMepsl epeloBhIX CTpaH, Takux Kak ['epmanus, CILA, SInoxus
U Jpyrue, KOTopble JEMOHCTPUPYIOT MIPUMEHEHHE COBPEMEHHBIX TEXHOJIOTUI, BKIIIOYasl aBTOMATU3UPOBaHHEIE
CHCTEMBI U Hepa3pyIIaloUIii KOHTPOJIb, [T obecrieueHns 6ojee TOYHOTO U 3G (GEKTHBHOTO KOHTPOJISI IpoIiecca
MPOU3BOJICTBA M KAa4eCTBa ’KEIE€300€TOHHBIX M3AEIMN. B cTaThe Takke MOAUEPKUBAETCS 3HAUEHHE 00pa3loB U
WCTIBITAHNH, KOTOpBIE SBIAIOTCS HEOTHEMJIEMOM YacThIO KOHTPOJS KadecTBa, a Takke KOHTPOJA
MPOU3BOJCTBEHHOTO MpOLECCa M TOTOBBIX M3Aenuid. IIpomeccsl KOHTpOJIsi KadecTBa [JOJDKHBI OBITH
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CUCTEMATHYCCKUMU W PETYIAPHBIMUA JJIA obecreueHus cTaOMIIBHOTO KadecTBa JKEJIE€300€TOHHBIX HS,ZIGJII/Iﬁ u
MTOBBIIIICHUS YPOBHS 0€30TIACHOCTH M HAJIC)KHOCTH KOHCTPYKITHIA.
ABSTRACT

This article considers domestic and foreign experience in controlling the production of reinforced concrete
products. It emphasizes the importance of the role of state bodies in organizing and conducting certification,
developing standards and regulations, which contributes to ensuring uniform requirements and methods for
monitoring the quality of reinforced concrete structures. The article discusses laboratory tests for strength, density,
adhesion and other parameters, which are an important tool for assessing the quality of reinforced concrete.
Examples of advanced countries such as Germany, the USA, Japan and others are given, which demonstrate the
use of modern technologies, including automated systems and non-destructive testing, to ensure more accurate and
efficient control of the production process and the quality of reinforced concrete products. The article also
highlights the importance of samples and testing, which are an integral part of quality control, as well as control
of the production process and finished products. Quality control processes should be systematic and regular to
ensure the consistent quality of concrete products and improve the safety and reliability of structures.

KiroueBble cJjioBa: KOHTpPOJIb TIPOU3BOACTBA, WU3ACINUA W3 )I(GH63066TOH3, Ka4eCTBO, CTaHIAPTHI,
nabopaTOpHBIE HCITBITAHIS, HePa3pyIIAIOIIHA KOHTPOIb, TOCYAapCTBEHHBIC OpTaHbl, 0€30IaCHOCTh, HA/IeKHOCTB,

MIPOYHOCTS, IDIOTHOCTb, aATe3Ms, 00pa3mbl, HCIBITAHNUS, IPOIECC MIPOM3BOACTBA, CTAOMIFHOCTh Ka4eCTBa.
Keywords: production control, reinforced concrete products, quality, standards, laboratory tests, non-
destructive testing, government agencies, safety, reliability, strength, density, adhesion, samples, tests, production

process, quality stability.

B KazaxcraHe rocynapcTBeHHbIE OPTraHbl UTPAIOT
BOXHYIO POJIb B KOHTpOJIE KayecTBa KeJie300eTOHa.
OmHAM U3 OCHOBHBIX OPTaHOB, OTBETCTBEHHBIX 32 3TO,
saBIsieTcss KOMHTET 10 TEXHUIECKOMY PeryIIHPOBaHUIO
U METPOJIOTHH IPU MUHHCTEPCTBE MPOMBIIUICHHOCTH
U HHPPACTPYKTYpHOTO  pa3BuUTHsI  PecmyOnmku
Kazaxctan. Komuter paspadaTriBacT U yCTaHABIHBACT
CTaHIApTHl W HOPMATHBBI, KOTOPHIE PETYIUPYIOT
MIPOM3BOJICTBO M KOHTPOJIb Ka4eCTBa JKeJIe300€ TOHHBIX
u3zenuil B ctpaHe. ['ocynapcTBEHHbIE OpPTaHbl TakxkKe
OCYILECTBIISIOT OPTaHU3AIMIO U IPOBEACHUE IPOLIETYD
ceprudukanmy, 4ToOBl TMOATBEPAUTH COOTBETCTBHE
HKEJIe300€ TOHHBIX u3aenuit YCTaHOBJICHHBIM
CTaHJapTaM U TpeboBaHUAM. B pamkax cepTuduxanuu
MPOM3BOJIUTCS TIPOBEpPKa KadecTBa MaTEpHAIIOB,
MPOBEICHUE HCIBITAHUHA HA TMPOYHOCTH, IIOTHOCTH H
JPYTHE XapaKTePHCTUKH, a TaKKe ayIuT IPOLECCOB
TIPOM3BOJICTBA U KOHTPOJIS.

B KaszaxcTtaHe CyIIECTBYIOT aKKpEIHTOBAHHBIC

nmabopaTopun, KOTOpPBIE  TPOBOAAT  pPa3iIMYHBIC
HCHBITaHUA IJId KOHTPOJIA KadeCTBa )KeJIe300eToHa.
JlabopaTopHBIii  KOHTPOJb  BKJIOYaeT B  cebs

pa3HOO6p33HBIe METOABI U UCIIBITAHWS, HAITPABJICHHBLIC
Ha OLIEHKY CBOMCTB elle300€TOHa, TAKUE KaK:

- UCIIbITAHUA Ha MPOYHOCTD: IIPOBEACHUEC
KOMITPECCHOHHBIX M PACTSDKUTEIBHBIX UCIIBITAHUH 1151
oIpezieIeHus TIPOYHOCTHBIX XapaKTepUCTHK
KeJe300eToHa.

-  WCOBITAaHUS HAa IUIOTHOCTh:  HM3MEpEHHe
IUIOTHOCTH ~ JKeJe300eTOHa C  HCIIOJIb30BAaHHEM
CIEUAIN3UPOBAaHHBIX TMPUOOPOB W METOAMK JUIs
obecrieueHns1 TpeOyeMbIX TapaMeTPOB.

- WCHBITAaHMS Ha QJre3vi0: OLEHKAa CHIIBI
CIEIUICHHsST MEXAy OETOHOM U apMaTypou st
obecrieueHns  3()(HEKTUBHOCTH  apMUPOBAaHHUA |
IIPOYHOCTU KOHCTPYKLIHH.

B nabGoparopusx TpOBOMSATCS WCIBITAHUS Ha
CoJIep’KaHNe XMMHYECKHX BEIIECTB B JKeJIe300€TOHE,
YTOOBI YOEUTHCS B X COOTBETCTBUH yCTAHOBICHHBIM
HOpMaM | TpeOOBaHUSAM. DTO BKIIOYAET ONpe/esieHne
COJICp)KaHUSI TaKUX BEIIECTB, KaK XJIOPHIBI, CEpBHI,
(TOp, IETOUHOCTH, OPraHUUECKHE BEIIECTBA U IpyTUe

XMMHUUYECKHE KOMIIOHEHTBI, KOTOPBIE MOTYT BIIHSATH Ha
CBOWCTBA JKeJle300eTOHa U €ro JOJITrOBEYHOCTb.
UcnplTanus  TPOBONATCS €  HCIIOIB30BAaHHUEM
CICIHANBEHBIX METOIWK W O00OpyIOBaHUS, YTOOBI
00ecTeYnTh TOYHOCTh B JOCTOBEPHOCTH PE3yIbTATOB.
Lenp Takux WCHBITAHUH COCTOUT B TOM, UYTOOBI
KOHTPOJIMPOBATH Ka4ecTBO MaTepHaloB,
HCTIONB3YEMBIX TIPH MPOU3BOJICTBE JKEIE300€TOHHBIX
u3fenui, ¥ yOeouThCs B HX  COOTBETCTBUU
YCTAaHOBJICHHBIM  CTaHIapTaM W  TPeOOBaHUAM
Oe3omacHocTu. Hanmuuue onpeneneHHbIX XUMHYECKUX
BEIIECTB B JKEJIE300€TOHE MOXET IPUBECTH K
KOPpO3MM apMaTypbl WM JPYTMM HEraTHBHBIM
HOCJIE/ICTBHSIM, TOITOMY KOHTPOJb HMX COJIEpKaHUs
SIBIIICTCS Ba)KHOW YACTBIO TPOIIECCa MPOHM3BOICTBA H
KOHTpOJIS KadecTBa. B pesynbraTe HCIBITAaHWA Ha
CONICpKAaHUE XUMHUYCCKUX BEIIECTB IIOyYarOTCS
JAHHBIE, KOTOPHIC MO3BOJISIOT OLICHUTH COOTBETCTBUE
Kene300eTOHHBIX ~ W3JeNuil  TpeOOBaHUSAM  TIO
0e30MacHOCTH,  HKOJNIOTHYECKUM  CTaHAapTaMm |
TpeOOBaHUSIM  JIOJITOBEUHOCTH KOHCTPYKUUH. DITO
NO3BOJISIET O0ECHEeYMTh KAuecTBO W  HaJIEKHOCTh
KEJIe300€TOHHBIX  W3/CNHH,  HCHOJNB3YEMBIX B
CTPOUTENBCTBE  PA3IMYHBIX  OO0BEKTOB. MHorue
pasBuThle cTpaHbl, Takue Kak [epmanus, CIIA,
AnoHUs W Apyrue, WUMEIOT 3HAYUTEIBHBIA OIBIT B
obJlacTh KOHTpOJISI KadecTBa keje3o0etoHa. OHH
pa3paboTany ¥ NPUMEHSIOT 3QPEKTUBHBIE METO/IBI U
CTaH/IapThl, 4YTOOBl TapaHTUPOBATH COOTBETCTBHUE
KEIe300€TOHHBIX  W3/Aenui  TpeOOBaHMAM U
obecreunTh UX JOJITOBEYHOCTH M Oe30macHoCTh. BoT
HEKOTOPbIE KIIIOYEBbIE aCleKThI 3apY0eKHOI0 ONbITA:

- NpUMEHEHHE aBTOMATH3UPOBAHHBIX CHCTEM:
HCIIOJIb30BaHHE COBPEMEHHBIX TEXHOJIOTHH, BKIIIOYAs
POOOTH3MPOBAHHBIE CHCTEMBI, JAJIs1 KOHTPOJIS IIpoIiecca
MIPOM3BO/ICTBA U Ka4ECTBA U3/CIHM.

B pa3BUTHIX CTpaHax IIUPOKO HCIIOJIB3YHOTCS
ABTOMATH3MPOBAaHHbIE  CHUCTEMBI  JUISI  KOHTPOJIS
TIporecca IPON3BOJICTBA M KAYECTBA KeIe300€TOHHBIX
n3genuid.  PoOOTH3MpOBaHHBIE  CHUCTEMBI  MOTYT
BBINOJIHATE pa3JIMuHbIE 337a4M, BKIIOYAs W3MEpPEHHE
pa3sMepoB U I'e€OMETPUYECKHX NapaMeTpoB, MPOBEPKY
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IUIOTHOCTH ¥ TPOYHOCTH, a TaKkKe OOHAapyKEeHHE
ne(eKTOB W HEPOBHOCTEH. DTO TO3BOJISET MOBBICHTH
TOYHOCTh W 3(PPEKTUBHOCTH KOHTPOIS KauecTBa M
CHH3UTP YEJIOBEUECKHH (pakTop.

- BHEAPEHHE HEPa3pyLIAOUIEro  KOHTPOJI:
NPUMEHEHNE yIbTPA3BYKOBBIX, PEHITCHOBCKHX U
JPYTUX METOJOB HEpa3pyLIaroUIero KOHTPOJS I
oOHapy)keHHsI BHYTPEHHUX JIe()eKTOB XKeJIe300eToHa.

Hepaspymatommii  xontpons (HK) sBustiercs
BRXHOH 4YacThl0O IIpoliecca KOHTPOJIST —KayecTBa
JKeJIe300€TOHa B Pa3BUTHIX CTpaHaxX. YJIbTPa3BYKOBOM,
peHTreHoBckuid u apyrue Metoasl HK mo3Bossitor
OOHApYXUTh BHYTPEHHHE JNe(PEeKTH, TaKue Kak
TPEIIMHBI, BKIIOYCHMS, ITyCTOTBI M apMaTypHBIC
nedexTsl, 6e3 pa3pymIeHHs caMoro Marepuaia. JTo
MO3BOJISIET BBIIBUTH IOTCHIUAIBHBIE NPOOIEMBI H
NPUHATH  COOTBETCTBYIOIIME  MEphl  JUIA WX
WCIIPABJICHUs, a TaK)Ke MOBBIIIAET OE30MacHOCTh
HaJIeKHOCTh KOHCTPYKIUH.

- CHCTCMBbI CepTI/Iq)I/IKaLlI/II/I n CTaHJapTU3allu:
Pa3Buthble cTpaHbl aKTUBHO pa3padaThIBAIOT CUCTEMBI
CepTI/I(bI/IKaHI/II/I U CTaHAapTU3aluu IJI1 KOHTPOJIA
KadyecTBa JKeJIe300€TOHHBIX I/I3}1€J’IHI>1. OTU CHUCTEMBI
UTPAIOT KITIOYEBYIO POJIb B 00ECTICYEHIN COOTBETCTBUS
NPONYKIMH  yCTAaHOBICHHBIM  CTaHIapTaM |
TpeboBaHMSAM. BOT HEKOTOpBIE acTIeKTHI 3apyOeKHOTO
OTIBITa B 3TOH 00JIACTH:

- B DPAa3BHUTHIX CTPaHaX CYIIECTBYIOT CTpPOTHE

HallMOHAJIbHbIE CTaHAAPTEHI " HOPMAaTHBEI,
yCTaHaBjiMBaloIMe  TpeOOBaHMA K  KauyecTBY
JKEJIe300€TOHHBIX  W3/enuil.  OTH  CTaHIapTh

ONPEZICIAIOT TapaMeTpbl, TaKue KaK MpPOYHOCTH,
INIOTHOCTb, aJre3us, pasMmepsl U ¢dopMma u3aenuii, a
TaKke TPEOOBAaHMS K COJACPIKAHUIO XHUMHUUECKHX
BemecTB. OHM 00eCHeynBaIOT €IMHBIE CTAaHIAPTHl U
HOPMBI JJIs IPOU3BOAUTENEH 1 MOTpeOUTeNeH, a Takxke
CIIy)KaT OCHOBOM JUIA TPOBEICHWsS HCIBITAHUA U

CePTUPHUKAIHH.

- B Da3BUTBIX CTpaHaX (YHKIHMOHHPYIOT
He3aBHCUMBIC CepTU(HKALIMOHHBIC OpraHsl,
OTBETCTBEHHbIC 3a OLEHKY M IOJTBEpPXKACHHE
COOTBETCTBHSA KeJIe300€TOHHBIX U3JeINi

YCTAaHOBJICHHBIM CTaHAAapTaM M TpeOOoBaHUSIM. OTH
OpraHbl MPOBOJAAT ayIUTHI MPOIECCOB MPOU3BO/ICTBA,
KOHTPOJIMPYIOT MCIOJIb30BaHUE CEPTHHUIMPOBAHHBIX
MaTepHajioB, a TaKKe IPOBOAIT HCIBITAaHUSI Ha
MPOYHOCTh, IUIOTHOCTh M JAPYTHE XapaKTePUCTHUKH
n3znenni. [lomyuenne ceptudukaTa OT TaKOro opraHa
SIBIISICTCSA MOATBEPXKJICHUEM KauecTBa U COOTBETCTBUS
MPOJIYKIUH YCTAHOBJICHHBIM CTaHAAPTaM.

- B paMKax MeXIyHapOJHOT'O COTPYJHHYECTBA
pa3pabaThIBalOTCS M MPUMEHSIOTCS MEXIYHapOIHbIE
cTaHOapTel B oOmactu >kenezoberona. Ilpumepom
TaKHX CTaHIapTOB SIBIISTFOTCSI CTaHIAPTHI,
paspaboTtaHHble MeXIyHapOJAHON OpraHu3aiuei 1o
cragapti3ammu (ISO) u EBporneiickum KOMHTETOM 110

CTaHAapTU3aLUU (CEN). Ot CTaHAAPTHI
00eCTeYnBar0T rapMOHN3ALNIO TPEOOBAaHUH M METOJIOB
UCNBITAHUN ~ MEXJYy  pa3iM4YHBIMH  CTpaHaMy,
CIOCOOCTBYIOT OOMEHY ONBITOM W  HOBBIMIAIOT
KaueCTBO M  COBMECTUMOCTH  )KEJIe€300€TOHHBIX
H3ICIINH.

IIpuMepbl  MEXITyHAPOIHBIX
00J1aCTH KeJIe300eTOHA BKIIOYAIOT:
-ISO 9001: CucreMbl MEHEIXMEHTA KadecTBa -
TpeOoBaHUSA. DTOT CTaHAAPT YCTAHABJIHMBAET OOIIHE
TpeOOBaHUSI K CHUCTEMaM MEHEIKMEHTa KadecTBa,

CTaHOApTOB B

KOTOpPBIE MOTYT OBITh TPUMEHEHB B OO0
OpraHM3alINy, BKJIIOYast TIPOHU3BOJICTBO
xKene300eToHHbIX  m3nenuit.  OH  crnocoOcTByeT

00ECIIEUeHNIO  yNpaBJICHUsI KauyecTBOM BO  BCEX
aCIMeKTax JesTeNbHOCTH, BKJIIOYas IPOEKTHPOBAHMUE,
MIPOMU3BO/ICTBO, KOHTPOJIb KAYECTBA U ITIOCTABKY.

-EN  206: Kenesoberon. Creruduxanus,
MPOU3BOACTBO, CBOICTBa ¥ COOTBETCTBUE. OTOT
eBPONCHCKHN CTaHAapT yCTaHABIMBACT TPEOOBAHUS K
CBOMCTBaM M HPOU3BOACTBY JKeJe300€TOHa, BKIIOYAs
€ro cOCTaB, IPOYHOCTH, INIOTHOCTE U JJOJITOBEYHOCTE.
OH ompenenser METOABl UCIBITAHMH M KOHTPOJA, a
TaKxKe TpeOOBaHHS K MapKHUPOBKE M CepTHHHKALMH
XKeNne300€TOHHBIX U3/IeNHil.

- ASTM C94: Cneundukanus Ha TOTOBYIO CMECh
JUIsL OKese300eToHa. DJTOT aMEpHUKaHCKHH CTaHIapT
ompeneNseT TpeOOBaHHS K TOTOBBIM CMECSM JUIS
Kejae300eToHa, BKIIIOYash COCTaB, IPOYHOCTH U
WIoTHOCTh. OH 00eCIeunBaeT ¢AMHbBIC CTAHAAPTHI U1
NPOU3BOAUTENCH TOTOBBIX OCTOHHBIX CcMeced W
obJerqaeT KOHTPOJIb Ka4eCTBA TaKHX CMeCeil.

MexayHapoIHble  CTaHAAPTBI B O0JAacTH
Kene300eToHa CIIOCOOCTBYIOT YITy4IICHHIO Ka4eCTBa U
COBMECTUMOCTH H3JCJIHUil, a Takke O00JerdanT
TOPTOBJIIO U COTPYAHUYECTBO MCEKAY pas3IUdIHbIMU
crpanamu. OHHM 00€CIe4YMBAIOT OOILIYI0 OCHOBY MJIs
KOHTPOJIA KadeCTBa W YCTaHABJIMBAIOT CTaHOApPTHI,
COTJIACOBAHHBIC MEXAY Pa3UYHBIMU CTPaHAMHU. DTO
UMEeT psiji MPEeUMYIIECTB U MOJb3y ISl OTpaciu
xKene300eToHa:

- MEXIyHapoOHBIC CTaHAapThl B  00JacTh
Kenme300eToHa  00ecreyrBalOT BBHICOKHH  YPOBEHb
KadecTBa Npoaykuuu. OHU ONpeNersIIoT napaMeTpsl,
METO/Ibl UCIBITAaHUH U TPeOOBaHUs, KOTOPBIC JOJKHBI

ObITh  BBIMOJHEHbI  TPOU3BOJUTENISAMH,  YTOOBI
yOemUTBhCS B COOTBETCTBHM WX  MPOAYKIIUHU
YCTaHOBIEHHBIM CTaHAapTaM. OTO CIOCOOCTBYET
IIOBBIIIICHUIO KadyecTBa )44 HaAC)KHOCTHU

JKEeJIe300€ TOHHBIX KOHCTPYKIIHMA, a TaKKe€ YMEHBIIAeT
PUCKH CBSI3aHHBIE C HEKAYECTBEHHBIMHU HW3JICIHSIMH.
MexnyHapoaHbIe CTaHAapTHI 00ecIeunBaT
COBMECTHIMOCTh ¥  B3aNMONOHUMAaHHE  MEXIY
Pa3IMYHBIME CTpaHAMH B OOJIACTH jKeJe300eTOHa.
OOuienpuHsTEIE TPEOOBAaHUS W METOIBl UCIBITAHUI
CHOCOOCTBYIOT YCTPaHEHUIO nperpan st
MEXIYHAapOIHOW TOPrOBIM W  COTPYIHUYECTBA.
IIpousBoauTENM U 3aKa3YMKU U3 PA3HBIX CTPAH MOTYT
OTIepUpPOBaTh Ha OCHOBE OOIIMX CTAHAAPTOB, UYTO
oOsieryaer B3aMMOJEHCTBHE ¥ OOMEH  OIBITOM.
MexayHapoaHble  CTaHIAPTBl  TaKXKe  YACHSIOT
BHUMaHUE acrekTaM O€30IMaCHOCTH M DKOJIOTHYECKOU
ycroiunBoctd. OHM yCTaHAaBIWBAIOT TPeOOBaHUSA K
HCIOJIb30BAHUIO 0€30TIACHBIX MaTEepPHAIOB, KOHTPOJIIO
COJIEp)KaHUsI BPEIHBIX BEIIECTB U  PEryJIUpPYIOT
3G PEKTUBHOCTh JKEJIE300€TOHHBIX KOHCTPYKLMH B
YCIIOBUSIX ~ DKOJIOTMYECKOM  YCTOMYMBOCTH.  ITO
CIOCOOCTBYET 3aIllUTe OKpPYXKAIOMIEH cpensl |
obOecrieyeHr0  0E30MAacCHOCTH Kak B IIPOIECCE
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MPOM3BOJICTBA, TAK M B JKCIUIyaTal[MM KOHCTPYKIIHH.
KoHTponr kadecTBa  IKeNe300€TOHHBIX  W3JEITHHA
ABJISIETCS HEOTHEMIIEMOH 9acThIO MPOU3BOACTBEHHOTO
mpouecca ¥ BBINMONHIETCS C LENbI0 O0OECIEYHTh
COOTBETCTBHE CTaHAAPTAM M TPEOOBAaHMSAM, a TaKKe
TapaHTHpPOBaTh  JOJITOBEYHOCTh M HAIEKHOCTh
KOHCTpYKuMil. OH BKIJIIOYaeT B ce0s Psf PasIMYHBIX
npoueayp M METOJOB, KOTOpbIC HAIpaBieHbl Ha
obecrieueHre COOTBETCTBUS M3JENUi TPeOOBaHUAM U
CTaHjapTaM KayecTBa. BOT OCHOBHbBIE ITPOIECCHI
KOHTPOJISI Ka4eCTBa KeIe300€TOHHBIX N3/ICITHHI!

- 00pa3upl M HCHBITaHUA: OTOOp 00pas3loB s
m1a00paTOPHBIX HCTHITAHWH, MPOBEICHUE WCIBITAHUN
Ha MEXaHUYECKHE N (PU3UIECKUE CBOHCTBA MaTepHaa.

B mporecce KOHTpOsI KadecTBa >Kene300eTOoHa
oTOMparoTcst 00pasIsl MaTephana IS MPOBEICHUS
71a00PaTOPHBIX HCIBITAHMHA. DTO BKITIOYAET HCIIBITAHUS
Ha MEXaHWYECKHE CBOICTBAa, TaKWe KaK MPOYHOCTH,
YIPYroCTh, PaCTsKEHHE, COKATHE U IPYTHE TApAMETPHI,
a TaKkKe WCHbITaHU Ha (HU3UUECKHEe CBOMCTBA,

BKJIIOYas IUIOTHOCTh, BOJAOIOIJIONICHME H© Jp.
JlaGopaTopHble HCHBITAaHHS II03BOJAIOT  OLICHHUTH
KayecTBO  MaTepuaja M €ro  COOTBETCTBHUE
TpeOOBaHUSIM CTaHAAPTOB.

- KOHTPONb TPOMU3BOACTBEHHOrO Ipolecca:
IpoBEpKa COOTBETCTBHS TEXHOJIOTHYECKUM
opolenypaM, — HM3MEpPEHHE — [apaMeTpoB  CMECH,

KOHTPOJIb COOIOICHHUS PEXKUMOB TEIUIOBOI 00pabOTKH
u T1.1. KOHTposs mNpPOM3BOACTBEHHOTO IIpolecca
BKIIIOYaeT B  ce0d  TIPOBEPKYy  COOTBETCTBUS
TEXHOJIOTHUECKUM TpoleaypaM H  IapaMmeTpam,
YCTaHOBIICHHBIM ISl TPOW3BOJICTBA KeJ1e300eTOoHa.
OTO MOXET BKIIOYAaTh H3MEPEHHE U KOHTPOJIb
MapaMeTpoB CMeCH, TaKMX KaK COOTHOIICHHE
KOMIIOHEHTOB, COAEP)KaHHE BOJBI, IpPHUMEHIEMbIC
no6aBkn M T.A. KOHTpONMpyIOTCS Takke PpeXHUMBI
TEIIOBOH 00paboTKH, BpeMsl OTBEPKACHHUS U APYTHe
MPOLIECCHI, BIMSIOINE Ha CBOHCTBA TOTOBOT'O U3/EIHSI.

D10 mno3BoJIeT o0ecmedyuTh  CTaOMIIBHOCTE U
HaJIeKHOCTH TIPOM3BOJICTBA JKeJIe300€ TOHHBIX
W3JIEIINN.

- KOHTPOJb TOTOBBIX W3ACIUA: TpPOBEpKa

FEOMETPUUECKUX pa3MEPOB, HAJACKHOCTU apMUPOBKH,
KauecTBa MOBEPXHOCTH U APYTHX XapPAKTEPUCTHUK.

OkoHYaTeNbHBIA dTall  KOHTPOJS  KayecTBa
JKEJIe300€TOHHBIX ~ U3AENMI  BKIIOYAET IPOBEPKY
TOTOBBIX M3/EJIMH Ha COOTBETCTBHUE pPa3IMYHBIM
XapaKTepUCTHKAM U TpeOoBaHUAM. BOT HEKOTOpHIE U3
OCHOBHBIX aCIIEKTOB 3TOI0O dTarla:

- TOTOBBIC JKEIEe300CTOHHBIC W3HCIHS IOJDKHEI
COOTBETCTBOBAaTh  YCTAaHOBJEHHBIM  pa3Mepam U
reoMeTpuYecKUM MapameTpaM. Ha »ToM dTame
OCYIIECTBIIIETCS  TIPOBEpPKa  pa3MepoB,  (QOPMBI,
NPSMOJMHENHOCTH U IJIOCKOCTH — M3JENUi ¢
HCIIOJIb30BAaHUEM CIELUAIN3UPOBAHHOIO
obopymoBaHus ¥ WHCTpyMeHTOB. llempto 3TOM
MPOBEPKU  SIBJISIETCST  00ECIIeYeHne  COOTBETCTBUS
15631 (S11707%1 MPOEKTHBIM TpeboBaHUSM u
MpeloTBpalleHUe  OTKJIOHEHUH, KOTOpblE MOTYT
MOBIUATh HAa Ka4ecTBO H  (PYHKIHOHAIBLHOCTH
KOHCTPYKIIHH.

- JKeJe300€TOHHBIC W3JCITUS YacTO COJCpXKAT
apMHUPOBKY U3 CTalbHBIX CTEpPXKHEH WU CETOK,

KOTOpBIE MPUAAIOT UM ITPOYHOCTh U YCTOMYMBOCTh. Ha
9TOM 3Talleé  KOHTPOJSA  IPOBOAWTCA  IPOBEPKA
HaJe)KHOCTH apMHPOBKH, BKJIIOYas IPABMIBHOE
pacmoNoXKeHHE W COCIUHEHWE  apMaTypHBIX
JJIEMEHTOB, OTCYTCTBHE Je(EeKTOB, TaKMX Kak
KOppO3Wsl WM pa3pylIeHHe apMaTypbl, a TarkKe
KOHTPOJIb COOJNIOZICHUSI TPeOyeMBIX HWHTEPBAIOB M
TIOKPBITHSL apMaTypHBIX JJIEMEHTOB OETOHOM. OTO
Ba)KHO JIJIs1 00€CTIEYeHHUS] JOITOBEYHOCTH ¥ IPOYHOCTH
KeJIe300€TOHHBIX KOHCTPYKIIHH.

- TIOBEPXHOCTb  JKEJIe300CTOHHBIX  M3JENHH
JOIDKHA OBITH TIJIQJKOHM, 0e3 TpeuuH, BBHIOOMH,
HEPOBHOCTEH M APYrWX NAe(EKTOB, KOTOPHIE MOTYT
HETaTHBHO BIMATh HAa HX OJCTETHUECKUH BHUA U
¢yHKMOHANBHOCTh. Ha 3TOM 3Tame mpoBoaMTCS
BU3YaJbHBIH OCMOTP IOBEPXHOCTH U3IEIUA ¢
HCTIONIb30BAaHMEM OCBETHUTEIBHBIX U YBEINYNUTECIBHBIX
YCTPOHCTB ansi OOHapyXeHUs JIOOBIX Je]eKToB.
[IpoBepsieTcst Tak)Ke KaueCTBO OTAEIKH IIOBEPXHOCTH,
BKJIIOYas HaJINM4YUC€ PaBHOMEPHOT'O LBETA, OTCYTCTBHUC
BBICTYIIAOMIUX YaCTHUIl U MPOUUX HECOOTBETCTBUI.
3aBHCHUMOCTH OT KOHKPETHOTO THIIA
KeJIe300€TOHHOTO W3/EJHs, MOTYT OBITh IPOBEACHBI
JOTIOJTHUTENNBHBIE KOHTPOJIBHBIE MEPONPHATHI. ITO
MOJKET BKJIIOYaTh NPOBEPKY BOIOHEHNPOHUIIAEMOCTH,
3BYKOM3OJISIIINY, OTHECTOHKOCTH, XHUMUYECKON
CTOMKOCTH M APYTHX XapaKTEePUCTUK. [IpuMeps! Takux
TIPOBEPOK BKJIFOYAIOT:

- I8 HEKOTOPBIX JKEINe300€TOHHBIX H3/ENnH,
TaKUX KaK IOA3E€MHBIC KOHCTPYKIHWH, IJIOTHUHBI WU
OacceliHbl, Ba)XHO OOECIEUUTh BBICOKYIO CTEleHb
BOJIOHENpoHHIaeMocTH. Ha 3ToM 3Tame mpoBonsTcs
UCTIBITAHUS Ha BOJONPOHUIIAEMOCTb, BKIIOYAIOIIHE
NPOBEPKY BOJOHEIIPOHUIIAEMOCTH IOBEPXHOCTH U
COGHHHCHHﬁ, N3MEPECHUE TMPOHUIIACMOCTHU 6CTOHa u
KOHTPOJIb COOTBETCTBHUS TPeOYeMbIM HOPMaM.

- JUTSI KOHCTPYKIMH, T/1€ 3BYKOU3OJISALHUS SBISETCS

- B

Ba>XHBIM ACIICKTOM, IPOBOAUTCH IIPOBEpPKa
3BYKOU3OJIAIMOHHBIX CBOMCTB :Keje300eToHa. OTO
MOXET BKJIIOYAaTh HCIIOJIb30BAHUEC

CICIMANM3APOBAHHBIX  METOJOB HCHBITAHUH  JIJISA
WU3MEpPEHMs] ypPOBHS 3BYKOM3OJSIIUM W KOHTPOJIS
COOTBETCTBHS TpeOoBaHUAM B obnactu
3BYKOM3OJISIIH.

- 7S )KeNe300€TOHHBIX KOHCTPYKIMH, KOTOpPHIE
TIOJIBEPTAIOTCS BO3JIEHCTBUIO BBICOKHX TeMIIepaTyp,
MPOBOMIATCS HCHBITAHUA HA OTHECTOHKOCTh. JTO
BKJIIOYAET OIpeJeJIeHHE YCTONUYUBOCTH KOHCTPYKLHU
K BBICOKMM TemIepaTypaM U IpPOBEpKY ee
CIOCOOHOCTH COXPaHATh CTaOWIEHOCTh U HE TEPSATh
MIPOYHOCTD B YCIOBUSX MOXKapa.

- B CJIy4ae, eCIU xKelle300eTOHHBIE U3/IeNus OYIyT
TIO/IBEPKEHBI BO3ICHCTBUIO arPECCUBHBIX XUMUIECKIX
BEIECTB, MPOBOJUTCA KOHTPOJIb WX XUMHUYECKOU
CTOMKOCTH. DTO MOKET BKJIIOYATH HCIBITAHUS Ha

KOPPO3NOHHYIO CTOMKOCTb, YCTOMUYHUBOCTD K
BO3/ICHCTBUIO KUCIIOT WJIH LIEJIOYEH, a TAKKE TPOBEPKY
COBMECTHUMOCTH MaT€puaioB C XUMHUYCCKUMU
BEILIECTBAMU, c KOTOPBIMHU OHU MOTYT
B3aUMO/JIEHCTBOBATD.

BriBoabl

FOCY,Z[apCTBGHHI)IC OpraHbl UTpar0T BA’KHYIO POJIb
B oOpraHusaimuvu U IMPOBEACHUU CepTI/I(i)I/IKaIII/II/I,
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pa3paboTke CTaHIApTOB W  HOPMATHBOB, 4YTO
obecrieunBaeT eAWHBIE TPEOOBAaHWSA W  METOMBI
KOHTPOJISI KadecTBa JKEIEe300€TOHHBIX KOHCTPYKIIHH.
JlabopaTopHBIE UCTIBITAHUS HA TIPOYHOCTH, IUIOTHOCTB,
aATe3ui0 W JAPYTHe IapaMeTphl SIBISIOTCS Ba)KHBIM
WHCTPYMEHTOM JJIsl OLIEHKH KadecTBa jelie300eToHa.
IIpuMeHeHHEe TEPEAOBBIX TEXHOJOTHMU, BKJIOYAs
ABTOMATH3HPOBAHHBIC CHUCTEMBI U HEPa3pyLIAFOIIUI
KOHTPOJb, CIOCOOCTByeT  Oojiee  TOYHOMY U
3(h(heKTHBHOMY KOHTPOJIIO MpoIecca MPOU3BOICTBA U
KadyecTBa m3neianid. OOpasibl U UCTIHITAHUS SIBIISIOTCS
HEOTHEMJIEMO YaCThIO KOHTPOJIS KaueCcTBa, MO3BOISSL
MOJYYHUTh OOBEKTUBHBIC NAaHHBIE O XapaKTEPUCTHKAX
JKeIe300eToHa. KonTtpons TIPOM3BOJICTBEHHOTO
mpormecca W KOHTPOJNb  TOTOBBIX  H3JENHH
OCYILECTBIIIIOTCS Il Oo0ecreyeHns CTaOMIHHOTO
KauecTBa u COOTBETCTBHS TpeOOBaHUIM.
CucTeMaTH4eCKUil U pPEryjaspHbld MOHHUTOPUHI Ha
KaXXJI0M DJOTarlie HpOI/ISBO)lCTBa IIOMOTAacCT BBIABIIATH
IIOTCHIIUAJIbHBIC HpO6HeMLI nu HpI/IHI/IMaTL MepI)I 10 ux
YCTpaHEHHWIO,  TPEAOTBpallas  OTKIOHEHUS  OT
TpeboBaHuil KauecTBna.
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WHXeHepHO-CTPOUTENbHEIN KypHAIL- 2012.- Nel(27).
-C. 4-13

«OB30P HATIPABJIEHU IEPEPABOTKH HEKOH/IUIIMOHHBIX YT OJIbHbIX COPBEHTOB,
OBPA3YIOIIUXCHA B ITPOIECCE PABOTHBI 30JI0TOU3BJIEKATEJIBHBIX ®ABPUK»

OnHnMm u3 Hanboee TIePCIIEKTUBHBIX
HalpaBJIeHUH IOBBIMIECHUS M3BICUCHHS 30JI0Ta W3
30JI0TOCOJIEPIKAIIUX PYI U KOHIEHTPATOB SIBIISIETCS
nepepadoTka HEKOHAWIMOHHOTO YroJIbHOTO COpOeHTa
(manee — HYC), oOpasymomerocs B pe3yibTare
MEXaHHYECKOr0 HMCTHpaHUsl B Ipoliecce copOuuu u
Jecopouun 30JI0TOCOIEPKAIIETO CBIPBSI.
[enecoobpa3HocTh nepepaboTKu JTAHHOT'O
MPOMIIPOJIyKTa OOYCIIOBJIE€HA JOCTATOYHO BBICOKMMH
COJICP)KaHMSIMH LIEJIEBOI0 KOMIIOHEHTa — 30J0Ta (0T
0,1 10 5 kr/T).

B mHacrosmed pabore mpencraBieH 0030p
HanboJee pPacipoCTPaHEHHBIX METO/OB IepepadOTKH
JIAHHOTO ITPOMITPO/IYKTA.

B paborax [1,2] aBrOpamm mpejacTaBieHa
BO3MOYKHOCTH JIeCOPOLMHU OIaropoIHBIX METAIOB C
YTOJIbHBIX cOpOeHTOB nyTeM peanuzanuu
MUPOMETAILITYPIHUECCKUX IIPOLIECCOB. Tak
nepepabdoTKy YrobHBIX 0TX010B 3D «Akbakait» [2]
NpPEe/IOKEHO  PeallM30BaTh  IyTE€M  BBITOJHEHUS
CJIE/IYIOLIHMX MOCIIEA0BATENbHBIX ONEpPaIIHii:

1. TlogroroBka HYC x mepepaboTke myTeMm
CMEUINBAHMS C PeareHTaMH.

2. CxuraHue MOATOTOBJIEHHOTO IPOAYKTa IPH
temmnepatype 400-500 °C B 00xUTOBO#T TIEUH.

3. Jousmenbuenue 80 % MOIYYEHHOTO CHIPbS Ha
HIapOBOl MeNbHUIIE 0 KpyNHOCTH Kiacca -0,074 mm.

4. IlnannpoBaHue TPOMIPOIYKTa (KOHIIEHTPALHUS
NaCN 15-20 r/x.).

Heanoe Anmon Bumanvesuu
DOI: 10.31618/ESU.2413-9335.2023.1.107.1795

H3BrieueHne 30510Ta B pacTBOP MPHU TeMIeparype
30 °C 3a 24 gaca nmaHmpoBaHUs cocTtaBmwio 82,2 %.
Janee mOJIydEHHBIM 30JI0TOCOAEPKAILIUI pacTBOP
HampaBjsics Ha (QUIbTPALMIO M MOCIEIYIOIINI
ANEKTPOIIH3.

biau3kuM 1O HAaIpaBleHHIO SBJSIETCS CIIOCOO
U3BJICUEHHS 30JI0TA U cepedpa M3 OTXOOB 30JI0TO- U
cepebpocoiepKalluX aKTHBHPOBAHHBIX YIJIeHd MyTeM
CIIEKaHWs C TOJyYCHHUEM ariioMepaToB, KOTOPHIC B
JanbHEHIIeM  MOJBEPraroTCs  W3MEIbUCHUIO U
HANpPaBISIFOTCS HA [UAHUPOBAHHE JUIS TIOJyYCHUS
HachleHHoro pacteopa [3]. Jlamee mnpoBoauTcs
COpOIMsl HACBIIIEHHOrO pacTBOpa Ha HOBOM WITH
pereHepupOBaHHOM AKTHBUPOBAHHOM yrie.
HacpIteHHBIH Yyroib HapaBsieTcs Ha IepepadoTKy.

HGHOCTaTKaMI/I PacCMOTPEHHBIX BBINIC METOJ0B
nepepabotkn HYC siBisieTcss TOCTaTOYHO Cephe3Has
MHOTOCTaIMIIHOCTh Mpoliecca, OOJIBIIOE KOJIUYECTBO
HCIOJIB3YyEMBIX arrmaparoB H O60pyHOBaHI/IH,
HEOOX0AMMOCTh OpraHu3aliu CHCTEMBI
NbUICYJIABIINBAHUSA, BBICOKUE KaIllUTAJIbHBIC 3aTPAThl U
ap.

W3Becten croco0 U3BICUYEHUS]  30JI0Ta,
npeaaoxennsiii Zadra J.B. [4] (nanee - metona Zadra),
KOTOpBIi OCHOBaH Ha 0OpabOTKE AaKTUBHOTO YIS
ropsYuM BBIIEJIAYHBAIOIIIM pacTBOpoM
(remmeparypa 80-97 °C, conepkanne NaOH n NaCN
B pactBope 10 r/m m 1 r/m, COOTBETCTBEHHO) B
3aMKHYTOM IIMKJIE TIpH aTMOC(EpPHOM MAaBICHHUU C
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MOCJIEAYIOUIUM  AJIEKTPOJIUTHYECKUM  BBIJICIICHUEM
3omota.  [IperMyiiecTBOM  mpolecca  SIBISIETCS
BO3MOXXHOCTh ~ pealiu3allid  [PU  OTHOCUTEIHHO

YMEpEHHBIX TEMIIEpaTypax B YCIOBHIX aTMOC(epHOTo
JTaBIICHUSI.
B pabGote [5] aBTOpamu mpemiaraeTcs METO

HaTpwsi, QWIBTPAIMM  HACBHIMIEHHOTO  PacTBOpA,
copOIM  pacTBOpa Ha AaKTUBUPOBAHHOM  YTIIE,
HaIpaBJICHNE HACHIIIEHHOTO KOHIWUIIMOHHOTO YIS Ha
mepepaboTky. PexxumMHBIE mapaMeTpel  mporiecca
MpeacTaBieHbl B Tabmume 1. Beicokoro m3BiedeHUs
30J10Ta B KOHIUIIMOHHEII COPOCHT yAaeTcs JOCTHYb 3a

u3Biedenust 3oi0ta M3 HYC myrem peanmsaiuu — CUET  OCYIIECTBICHHS —MPOLECCOB  aecopOoumu U
IOCNIENOBATENBHBIX ONEPaluii JecopOIMK 300Ta ¢ IOCHEAyIOmEH COpOIMHM  KaK — CaMOCTOATENbHBIX
HACBIICHHOM YroNbHOW MENOYM pacTBOPOM IMAHWAA  OMEPaIHi.
Tabnuna 1.
Pe:xMMHBIE TapaMeTpPhl mpoLecca gecopounu — copouun [5]
ITapametp En. u3m Benuuuna
Temneparypa necopOumn °C 85-95
Temneparypa copOrmu °C 15-30
OTHOIIEHHE CKOPOCTH MPOTOKA PACTBOpa K | MS/dac : )
3 1:1
oovemy HYC M
Konuentpanus NaOH /1 20
Konnentparus NaCN /1 15
Conepxanue AU Ha HY C koHeyHOE /T <50
Cpennee conepskanne AU B pacTBoOpe Tocie M/ <010
OKOHYaHUs JIecopOIn
Cpennee conepskanne AU B pacTBoOpe Tocie /i <010
copOImu
VsBreuerme somota i3 HYC % B 3aBUCHMOCTH OT UCXO/IHOTO coziep kaHust >95% npu
ucxoHoM copeprkanuu 1000 /T
INonHOE Bpems mporecca aecopOImm CYTOK 1-4 B 3aBHCHMOCTH OT MICXOJTHOTO COZIEPIKAHHS
[MpennoxeHHBIN croco6 nepepaboTkn B Tabmume 2 mpeAcTaBIEHBI  Pe3yIbTAThHI
HEKOH/IMIIMOHHOTO YTOJBHOTO COpOEHTa WCMBITAaH B CPaBHEHHA KOJIMYECTBECHHBIX XapaKTEePUCTUK
7a00PATOPHBIX U YKPYITHECHHBIX YCIOBHSX. paccMOTpeHHBIX MeTo10B niepepabotku HY C.
Tabmuma 2.
CpaBHHUTe/JIbHbIE XaPAKTEPUCTHKH CI0CO00B U3BJedYeHusn 30i01a us HYC
W3zBneuenne
30710Ta U3 Bpemsa
Haumenosanue JTOJBHOTO Konnentpanmsa | Konuentparms T — Temnepatypa
METo1a NaOH, r/n NaCN, r/n > | mecop6iuu, °C
copOeHTa B q
pactBop, %o
ITupomeraryprus ¢
TIOCIIETYOIIUM 82,2 - 15-20 24 -
I[MaHUPOBAHHEM
Merox Zadra >90 10 1 48-70 80-97
Merton «aecopOmust
HYC — copGims AV >90 20 15 24-96 85-95
Henocrarkom Meroga  Zadra  sBisercss  He mnpuBOAMT K BhikumaHuio HYC W BBICOKHX

«IIOJTyYeHUE HEJOCTATOYHO OOTaThIX JIIF0ATOB IS
SNEKTPOIN3a, TaK KakK MPH MPOBEAECHUH 3JIEKTPOIU3a
ero 3(pQeKTHBHOCTh 3aBUCHT OT OJHEprosarpar, a
MIPOM3BOIUTEIHHOCTD OorpaHHYeHa pasmepom
AIIEKTPOJIM3HBIX BaHH B CJIEICTBHH YET0 IPH HU3KOH
KOHIIEHTpAIlMK 30JI0Ta TMPUXOAUTCS 00padaThiBaTh
0OJBIIIOE KOJIMYECTBO pacTBOpa 3a OoJbliee BpeMsi»
[5].

BriBoas!

Ha ocHOBaHMHM pacCMOTPEHHBIX MaTepHAJIOB,
MOXXHO TIIOJIaraTh, YTO HaubOoylee MepCHeKTUBHBIM
HarpaBjeHueM rnepepadbotkn umeHHo HYC sBiusiercs
peanmzams npouecca «aecopouust HYC — copOrms
AY)» (mocnemHWil W3 MPENCTaBICHHBIX B 0030pe),
BBHJY MPOCTOTHl peEANHU3alud TEXHOJIOTUYECKOH
CXEMBI, IPUEMJIEMOH TeMIIepaTyphl poliecca, KoTopast

MOKa3aTejiel 10 N3BICUCHUIO OEJICBOro KOMIIOHCHTA.

CHHCOK HCTOYHHKOB:

[Matent EA039147B1 ot 10.12.2021 «IIpomecc,
YCTaHOBKAa W YCTaHOBKA JAJS JOOBIYM JParoIieHHBIX
METAJUIOB IS TIOBBIIICHUS M3BJICYEHHUS JPAroleHHBIX
METaJIOB B mporiecce COpOLMOHHOTO
BEIIeNaunBaHus» (aBTopel AnsbuH [JoGepcek, Onpra
Mumuna, Yesap Hopbepr Botmka, Kysanguk
CAHAKYVJIOB, KyBanmuk CanakynoB, Yiayroek
Eprames, Makcum TpuHKkep)

Maructepckast auccepranus «JlousBiaeueHue
30JI0Ta M3 OTPaOOTaHHBIX  TOHKOW3MEIbUCHHBIX
aKTMBUPOBAHHBIX  yIJIEH  30JI0TOM3BIIEKATEIHLHOMN
(dabpukn», 2019, aBrop Albycunosa XK.C., 76 .

ITarerr CN104357664 «Method for recovering
gold and silver from waste gold/silver-containing
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WEILONG; MIAO XIANGLONG; XU WUPENG; 1950, April. — P. 4672-4677.
XU CHUNJING). IMaterr RU2789 630 «Cmnocob6 mepepaboTku
ZadraJ. B. A process for the recovery of gold from  HeKOHIMITHOHHOTO 30JI0TOCOMEPIKANIETO  YTOJBHOTO
activated carbon byleaching and electrolysis//U. S.  copb6enra» (Acramumk C.B., Kimumanmes B.C.,
Kammpun [1.M., Koanes C.B., Uekymma M.B.)
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Kaxapoe 3animocan Bacuoosuu

ooyenm Kageopol « Unoicenepus sicenesnvix 0opoey

Tawkenmcxuti 20cy0apcmeeHHblll MpaHCROPMHbLIL YHUBEPCUmMem

Vzbexucman e. Tawrkenm

Awumos Pycmam Kopawiosuu

K.Qb.H., Ooyenm «/Jupexmop yenmpa no no02omoske

MEPMUHOIO2UHECKUX CLO8APeEll U Nepedoi08y

Mesicoynapoonblii kazaxcko-mypeykuil yHugepcumem um. Xoocu Axmeoa HAcasu
Kaszaxcman 2. Typkecman
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AHHOTALUA

HeJ’lB: HaCTOSIH_IaSI pa60Ta TMOCBAIICHA MOJCIIUPOBAHUIO TOBCACHUA KCIJIC3HOAOPOKHOTO IMYTH TI0[]
JIMHAMHUYECKON Harpy3Koi KOJIECHOM Maphl C Y4ETOM YNPYTUX, BI3KOYIPYTUX U YIPYro- INIACTUYECKUX CBOWCTB
0011aCcTH B3aUMO/IEHICTBHS IBYX TBEPABIX TEJT NYIPYro-aHH30TPOIHBIX CBONCTB IPYHTOBOTO OCHOBAHHMS, KOTOPBIE
pa3nUyaroTCs B TPEX OCHOBHBIX 00JIACTSIX: BJOJb PETLCOB BJIOJb IITAT U BEPTHKATbHO BHU3. MeToabl: B MeTonax
pElICHUs] HCMOJb30BAIUCH METOAbl ACHUMITOTUYECKUX PAa3JIOKEHUM BO BPEMEHHON U INPOCTPAHCTBEHHOMU
KOOpAUHATE, METO/] COTJiIaCOBaHUA pa3no>1<eHHﬁ, MOJYYCHHBIX JJId MaJIbIX BPEMCH B 30HC KOHTAKTa U BHE €€.
Pe3yabTaThl: BomHOBOE ypaBHEHHE KeNE3HOJOPOKHBIX ITyTeH MpeAronaraeT, 4ro AedopMaryst MyTH U caMoi
HacCBbIIIH, HBHﬂmmeﬁCH 001aCcTBIO BSaHMOHCﬁCTBHﬂ TCJI, OPOUCXOAUT C YYUYETOM pPACHPOCTPAHCHUA KOHEYHOH
CKOPOCTH BOJIHOBBIX HOBerHOCTefI. HpaKanecxaﬂ 3HAYUMOCTh: Onepnpy;{ KUHEMATUYCCKUM ITapaMETpOM U
CHUJIOBBIM ITIAPaMETPOM, MOIKHO HalTH TaKyI CKOPOCTb U pr30BOﬁ PEXKUM NPOXOKACHUA BaroHa, Ipu KOTOPbIX
JKEIIE3HOTOPOKHBIH ITyTh OYIeT MEHBIIIE pa3pyIIaThCs.

ANNOTATION

Purpose: This work is devoted to modeling the behavior of a railway track under the dynamic load of a
wheelset, taking into account the elastic, viscoelastic and elastic-plastic properties of the interaction region of two
solid bodies and the elastic-anisotropic properties of the soil base, which differ in three main areas: along the rails
along the sleepers and vertically down. Methods: In the solution methods, the methods of asymptotic expansions
in the time and space coordinates, the method of matching the expansions obtained for small times in the contact
zone and outside it were used. Results: The wave equation of railway tracks assumes that the deformation of the
track and the embankment itself, which is the area of interaction of bodies, takes into account the propagation of
the finite velocity of wave surfaces. Practical significance: Using the kinematic parameter and the power
parameter, it is possible to find such a speed and cargo mode of passing the car, at which the railway track will be
less destroyed.

KiroueBble cioBa: BEPXHEC CTPOCHHUA IMYTHU, KOJICCHAsA Iiapa, AAaBJICHUSA Ha OCb, IPOXOKIACHHA BaroHa,
JUHAMHUYECKast Harpys3Ka.

Keywords: track superstructure, wheelset, axle pressure, car passages, dynamic load.

Bgenenwne. s netaqpbHOTO M3Yy4YSHHS MPOILECCa  MOCIEAYIOUINM YCTAHOBICHHUEM 3aBUCUMOCTEH CMATHUS
TUHAMUYECKOTO HArpy>KeHHsS ITyTeBOW CTPYKTYpbl ¢ M  HampsHDKEHHH ~ HEOOXOAWMO  MOJIEIHpPOBATh
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3aBHCHMOCTH CHJIBI B3aMMOJICHCTBHUS OT Pa3IMYHBIX
BUIOB Jjaedopmamum (B TOM uYucie nedopMaiiu
TTOIIITUITHAKOB ) [1-8]. OCHOBHBIE TTO/TXOTBI,
MO3BOJIIIOIIME  NIETAIbHO MOICIHPOBATH  IIPOIIECC
B3aWMOJICHCTBHS IBYX JKECTKHUX TEJI, OTIMYAIOTCS APYT
OT JIpyTa CHJIOH, IeicTByromIeH B 30He KOHTaKTa [1-5]
U XapaKTepoOM JBWKEHHs TOUYEK IyTH (penbca) BHE
obnactu B3aumoseiicTus [6-8].

ITocne Hauana B3aUMOAEHCTBUS KOJIECHOW Maphl,
KOTOpas ~ NpeJCTaBiI€Ha  TBEPAbBIM  TEJIOM U
KOHCTpyKuued Bepxuux muyteit [13-16], B oaroi

KBazunonepeynsie BOJHBI [14-16], GpoHTBI KOTOPHIX
MIPEACTABIIIOT COOOH MOBEPXHOCTH CHIBHOTO Pa3phiBa
[20-22].

VYpasnstoniee ypaBHEHUE AJi1 BOJIHOBOM 3a1ayu.
Hachinp xene3Hoil 1oporu MOIENUpYyeTcs YHpPYyruM
OPTOTPOIHBIM JIBYMEPHBIM 3J€MEHTOM Y (isHza-
MunvHa, o0anarommm LHIIMHAPUYECKOH
aHu3oTponued. B DomsApHOH cucTEME KOOpPAMHAT
JUHAMUYECKOe MOBEJICHHE 3TOro JJIeMeHTa
OTHCBIBACTCS C MIOMOIIBIO YPAaBHEHUH, YUUTHIBAIOIINX
BpalllaTeIbHYI0 HHEPLUI0 IONEPEYHbIX CEUeHHH,

KOHCTPYKIMK (OPMHUPYETCS KOHTAKTHas 00JacTh ¢ Ae(GOPMAIMIO MOMEPEYHOr0 CHBUTA M OCEBYIO
pagMycoM fp W OT ee MOBCPXHOCTH HAYMHAIOT  CHMMETDHIO 3a1aun [4]:
pacnpocTpaHiATbCa KaK KBasHIPOIOJBHBIC, Tak H
%¢p 1 0¢ N 1 0% 1 ¢ 0, + c3 0% ¢y + 309 O N 12¢, (aw ) 0%
ar? r dr r?2 00?2 r?c cr 0rde cr? 08 ¢, \or o or?’
6_452_W_6_<ﬂ) 6_4(6_W_£) &(azw_f’_w)_f’z_w
c1 (0r2 or + c1 \rdor r + c1 \r2002  rae) ~ ar? + a4, @D
82u+ 1 0u L5 0’u c; u o+ c3 0*v ¢y tcg v 0%u
or:2  r or) c¢r? a0 ¢ r? or  9rdf cr?2 00 oar?’
(0% 1oy c; 0% optcy 029 309 ez dv 12¢ (1 ow 1/))
c,\or?2 r or r? c,r? 002 c,r 0rdf cr? 00 cr? 00 ¢, \r 06
%Y
- 0%
A PP A - _Fe —Gro o _KGrz . _
DAET =SS, WS U= VS TS0 = e 6 = P, G =, 6 = G =
Koy o _an p _ 1
o 'ql_pcl' r_lzBr'
n3 n3 Er
Dy =B, ,Dy =ShB,,C, = hB,,Cy = hBy,Cy = hBy ,Dyg = Dy0g + 2Dy , B, = —2— By =
12 12 1-0,0¢

- ;Bk = Gr@ yEro. = EBUB K= 5/6;

1-0y09
D,.,Dg u C,,Cy, wmsrubHas pPErHIHOCTH U
JKECTKOCTh Ha  pacTsDKeHUe-cxathe it I |

HaIpaBJIeHUsT COOTBETCTBEHHO; D) - JKECTKOCTh Ha
KpyueHue; C, - )KecTKocTb HacaBur; E,., Eg u a,, gg -
ko3¢ durmentsl ynpyroctu u Ilyaccona' mis r u 6
HaTpaBJeHUil, COOTBETCTBEHHO; Gy, , Gy, - MOTYJIH C/IBUTA
JUIAIIIocKocTel 7Z W 0z, coorBerctBeHHo; W(r, 0) -
HOpMaJlbHOE CMEILEHIEe CPeIUHHON miockocTH, U(r, 6) u
v(r,0) - TaHTreHIHWAJbHBIC CMELICHUS CPEIHMHHOM

MMOBEPXHOCTH OTHOCHUTENBHO I' 1 6 koopaunat; @(r, 6)
u Y(r,0) - yrmel moBopota Hopmaiei B I U 6
HanpasieHusX I, 6 (puc.1).), p - IWOTHOCTS, ( - HATPy3Ka,
Ri - pammyc cdepuueckoro ymaapHoro simemenra, h -
TOJIIIIUHA IIJIACTUHBI.

Jlist omipe/ienieHusi HeU3BECTHBIX TIEPEMEIICHHUI B
ypaBHeHnd (1) MOXHO WCIONB30BATh CIEAYIOIIEe
pasnoxenue B psa[5,6]:

265, = T [0 | o (-2 1 (1-2). @

rae: Z - wuckomas Qynkums, Z,gy=*Z/tk,
,BepxHHe WHAEKchl "+"' um "-" mnpom3BogHON Z,()
YKa3bIBalOT, YTO 3HAUCHHWE HAXOJUTCS Iepea H 3a
MOBEPXHOCTBIO ~ BOJIHBI ~ COOTBETCTBEHHO, G -
HOpMaJibHasi CKOpOocTh BOJHBI, H(t-S/G) - cTenenHas
¢ynkus XeBucaiina, S - JUIMHa KPUBOW, M3MEpEHHAsS

BJOJIb JIy4a, t - Bpems1.

Ipemiaraemplii METOJI OCHOBAH Ha NPUMEHEHUH
FEOMETPUUECKAX M KMUHEMATHYECKHX  YCIOBHM
COBMECTUMOCTH, TPENIOKEHHBIX B ccblUike [1] wu
pa3paboTaHHBIX IS (DUIHYECKUX KOMIIOHEHTOB B
pabore [2] cneayromumm 06pazom:

0Z, Z,
o[58 = Lz |+ 52 @

rae: 6/6t - § npousBomHAS TO BpPEMEHH Ha
TIOBEPXHOCTH BOJIHOBOTO (hpOHTA.
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Puc.1 Mooenv konmaxma medxcoy Koiecom u peibCom.

Ilpobnema  koHTakta. [ns  ompeneneHus
ko3 dunmentor psima (2) mns uCKOMbIX (QyHKIHI
HeoOXomuMo  mpoaudQepeHIPOBaTh  BOJHOBBIC
ypaBaenuss (1) K pa3 OTHOCHTENBHO BpEMEHH,
BBIYMCIHTh HX Pa3HOCTh Ha PAa3HBIX CTOPOHAX
BOJIHOBOH IIOBEPXHOCTH W IPUMEHHTH YCIOBHE
coBmecTHOCTH (3). HaiieHHBIE pa3phIBBI MO3BOJISIOT
3anHcaTh BBIPAXKEHHUS UIIUCKOMBIX (YHKLIUHA B BHIC
UHTEpBala JY4eBOrO psAfa B Mpenenax TOYHOCTH
KOO (QUIIMEHTOB,  KOTOpbIE  ONpPENeNSIIOTCS U3
rpaHuyHbIX ycrmoBuit [2,4,]. Hdust  ompeneneHus

KOHCTaHT UHTETPUPOBAHUS HEOOXOIMMO PACCMOTPETh
po0IeMy JMHAMHYECKOT0 KOHTAKTa KOJIECHOH napsl ¢
myteBoit cTpykTypoit [9,10]. Hdnst momenupoBaHus
KOHTaKTa UCTIOJIb3yeTcsi Oydep, KOTOPBI MOXKET OBITh
TIPEACTaBICH KaK yNPYTHH, BA3KO-YIPYTHH HYHpPyro-
IUTACTUYECKUH dJeMEeHT. [ 3TUX Tpex 3JIEeMEHTOB
OTIPEAETSIOTCS 3aBUCHMOCTH BO3HUKAIOIIECH
KOHTaKTHOM CWJIBI B TOYKE B3aUMOJCHCTBUS OT
CMEIICHHU penbca M MEXaHWYECKHX XapaKTEPHCTHK
MPUMEHSIEMBIX MaTepuaos [2,3,4,5,6,18].

P(t) = E;(a(®) — (©), (4)

P(t) = Ey(a—w) = 2 [[(d —W)e”

bp?/3,
a =
beP? + ay(Pnax)

A+B)e + (A =p)pPd,

t—t’

Ldt', (5)

dpr/dt >0,
dpr/dt >0,
dpP/dt <0,

Pmax<P1r
Pmax>P1r(6)
Pmax>P1r

bp?/3,
bP?/3 + Pd,
bP?/3 + Ppo,d,

dP/dt > 0,
dpP/dt >0,
dpP/dt <0,

P< Py,
P>P,,
Pmax>Pb:

a =

)

rge:b = On(k, + k)?)/16R)">

=1 —-0?)/E, k=(1-0%)/E P =x*(3R(ky + k)/4)*

max

A=57,b =R 33 (ky + k) /93 Ry = R = R, Ry = (4/3 (kyi) ) e ™32,

-1
ap(Pmax) =(1- .B)Pmax(ZXRp) 6 = 3x1/2

kpl - MHUHUMAaJIbHaA INUIACTHYECKAasA ITOCTOsSIHHAs
B3aMMOJICHCTBYIOIIETO Tena &, E1 - koadduiment
IlyaccoHa m MOAymb J>KECTKOCTH KOJIECHOH Tapebl,
COOTBETCTBEHHO, T; =1/E;, T, - KO3 duiment
YKECTKOCTHU KOJIECHOU MHaphl.

Bpems pernakcamuu B ciiydae BS3KO - YHPYTOH
Monenu, t' - [epeMeHHas WHTEIPUPOBAHUS, 1);-
K03((OUINEHT BI3KOCTH, & , W -CMEILCHNSI BEPXHETO U
HIDKHETO KOHIIOB PeNibca, COOTBETCTBEHHO.

Pemenus mo cCpamMBaHUIO KOHTAKTHBIX H
BOJNHOBBIX 3amad. Jlisg  ompemeneHuss KOHCTaHT
HWHTETPUPOBAHUA HeO6XOJII/IMO Hammcatb CHUCTEMY
ypaBHEHHH, KOTOPasi OMHCHIBAET MOBEICHUE KOJIECHOM
napel, Oydepa n 30HBI KOHTAKTa PENBCOB IMOCIE Hayaia
B3aumojeiicteus [4,5,8,9].

(ky +k)/8,8=033,d=1/2xR,x = mkyA,

VYuuTteBas yCIOBHE TOPU30HTAIBHOTO IOJOKCHUS
KacaTeJIbHOW JIMHUU K CPEeTHEH MOBEPXHOCTH pelbca B
TPAaHAYHBIXTOYKAX 30HBI KOHTAKTa C KOJIECCHOM Mapoi,
MOJKHO MOJYYHUTh cucTeMy YpaBHCHHIA,
OIIPEAEIAIONIYI0 TIPOLECC B3aUMOAEHCTBUS KoJleca,
penbca u mmansl [9,10,18]. Dta cucrema pemaercst ¢
HCIIOJIb30BAHMEM CIICIYIOIIMX HAYaIbHBIXYCIIOBHIL:

Wlt=o = 0,d|e=0 = Vo -

Pemass cucremy ypaBHEHUH, ONpeIESIOIINX
MTOBEJICHNE B3aMMOJCHCTBYIOIUX TeJl IOCIe Havyaia
KOHTAaKTa, B paBHbIE MOMEHTBHI BPEMEHHU U UCXOMS U3
ypaBHEHUS (4), BRIpOKEHUE IS CHITHI B3aUMOICHCTBUS
MEXKAY KOJIECOM U PEJILCOM MOYKHO 3aIlUCaTh KaK
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P@) = EyVo |t — By [~ + —2 G G L E
S \m ' phm?) 6 phnrd 6 !
(G(1)+G(2))2 51(1 42 )2 t5 +E 4E1(G(1)+G(2))(1 42 )+4(G(1)+G(2)) 1(6M346(23)
phm’él' 6 \m phnr02 20 1 phm’g' m phm”o2 phm"o5 4 phrcro5
12 (¢W3-c@3)2)2 1 (59 1) cW36@ t6] 9
ph3mrg W22 phrrd \Ey ¢W-c? ]360 ®
Ha  pucynke moka3aHel 2  BpEeMEHHBIE  OKCIEPHUMEHTAIBHBIX WCIBITAHWHA, MPOBEICHHBIX C

3aBHCHMOCTH Oe3pa3MepHOW KOHTAKTHOM CHIIBI ISt
pa3IMYHBIX MOJEJEeH B3aUMOACWUCTBUA: KpuBas 1-
yOpyruii KoHTakT (ypaBHeHme (4)), kpuBas 2 -
BS3KOYNPYTHHA KOHTaKT (ypaBHeHHE (5)), KpmBasg 3 -

HCIIONB30BaHHEM T'EOMETPHYECKOro aBToMoOmis. 13
puc.2 BUIHO, YTO ympyras Momenb (ypaBHeHue (4))
JlaeT HauiIydllee NPHOIIDKEHHE K SKCICPHMEHTAIEHO
MOJTyYeHHBIM JTaHHBIM B OTHOIICHUH MaKCUMAJILHOTO

yIOPYromiacTuueckuii KoHTakT (ypaBHenue (6)). 3HaueHWs CWJIbl, BpPEMEHH KOHTaKTa ¥  BHJA
IlyHkTupHOW  JWHMEH  TOKa3aHbl  Pe3yJbTaThl  TpadUUYecKOil 3aBHCHMOCTH.
0.8 ' T T T T
L —
=
= 0.4 u
=
=
~ oz —
i A
O 15 20 45 &0 75 S
Time F
Puc.2. 3agucumocmo cunvt 83aumooeticmsust om epemeHu 05l pa3IUYHbIX Mooeell KOHmaxKma.
3akimroueHue.  [IpoBeneHHBbIE — HCCIIETOBAHUS D.G. Birukov, |.G. Kadomtsev, Dynamic

MOKAa3aJik, 4TO yNpyras MOJeNb HAWIYYIINM 00pa3om
OTIHCHIBAET MOBEJICHUE CHUIIBIB TOYKE B3aUMOJICHCTBUS
W TpH  TPAaBWIBHOM  BBIOOpE  KECTKOCTHBIX
XapaKTEepUCTUK HAJACTPOMKM M OCHOBHOIO Tena
HACBIMM MO3BOJSIET TOYHO OIPEAEHUTh IOBEACHUE
JKENIE3HOW JOpOrM TMpH JIUHAMHUYECKOH Harpyske.
Onepupyst KHHEMaTHYECKHM MapaMETPOM M CHUIIOBBIM
mapaMeTpoM, MOXXHO HAWTH TaKyl0 CKOPOCTb U
TPY30BOH PEXUM MPOX0XKIEHHUs BaroHa, MPU KOTOPBIX
JKEJIE3HOIOPOXKHBIH Iy Th OYAET MEHbBIIE Pa3pymIaThCs.
Hanpotus, 3Has mapaMeTpbl CKOPOCTH U JaBICHUS Ha
0Ch, MOXHO OTPEACTUTh MOIXOAAIINE MaTePHaIbI IS
HACBHITH ¥ TOACTHIIAIOIETO CIIOS, a TAKXKe ITapaMeTphl
apMHPOBaHMUS YPOBHSA 3E€MJITHOTO IIOJIOTHA, TIPH
KOTOPBIX BO3HHUKAIOIIUE IPOCAIKU U HANPKEHUS HE
NPEeBBIIAIN OBl IOMTYCTUMOTO 3HAYECHUSI.
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YEM CHATGPT OTJIMYAETCA OT TEKYIUX HEMPOCETEA
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AHHOTAIUSA
B cratee paccmorpena HoBas HeiiponHast ceth ChatGPT, ee mnpeamnecTBeHHHKH. M3710KEHBI MHEHUSI
Pa3IUYHBIX JKCIEPTOB Ha €€ TOSBIEHUE B JKU3HH JIOJIel. BBISBICHBI MpEeUMyIecTBa U HEAOCTAaTKU. Taxke

paccMOTpeHa Mo/IeJb JaHHOI HEMPOHHOM CceTH.

HeiiporHas ceTh - KOMITBIOTEpHAs IPOTrpaMMa, KOTopasi paboTaeT 1o MPHUHIUITY €CTECTBEHHON HEMpOHHON

CETH B MO3Ty. 3aJjada TaKUX UCKYCCTBEHHBIX HEHPOHHBIX CETEH - BBINOIHATh TAKHE KOTHUTHBHBIE (DYHKIINH, KaK
pernieHre npoodiieM U MalmruHHOe 00ydeHue. OTIHIUTENILHON YepTol HEHPOHHBIX CeTel SBISAETCS TO, YTO 3HAHUS
0 ee MPeIMETHOH 00IaCTH pacIpeaesTIoTCs IO CaMON CEeTH, a He 3aIICHIBAIOTCA SBHO B TIPOTPaMMy. DTH 3HAHUA
MOJICTIMPYIOTCS KaK CBSI3M MEXKIy 00padaThIBAlOIIMMM DJEMEHTaMHU (HMCKyCCTBEHHBIMH HEWpOHaMH) H
aJaNTUBHBIMY BECaMU KaXKJOW U3 ITHUX CBs3€il. 3aTeM CeThb yUUTCs Ha PAa3IMYHBIX cUTyanusx. HeilponHsle cetu
MOTYT JIOOMTBCSL 3TOrO, PETYIUpYs BEC COCOUHEHHH MEXIY B3aUMOJCHCTBYIOUIMMH HEHpOHaMH,
crpynnupoBaHHbIMHU B ciion. ChatGPT Obut co3nan Ha cynepkommbiotepe MW Ha ocHOBe si3bikoBO# Moaenn GPT-
3.5 ot OpenAl. bor 0b11 00y4eH ¢ UCIIOIB30BaHUEM MaccHuBa TEKCTOB M3 MHTepHETa W cucTeMbl 00ydeHUs ¢
MoJKperieHneM, ocHoBaHHOM Ha Reinforcement Learning from Human Feedback. botr moguepxxuBaer Geceny,
MOJKET OTBEYaTh Ha BOMPOCH M BBIIONHATH 33/JaHUS, YTO OTJIMYAET €ro OT BCEX HBIHE CYIIECTBYIOIINX
HelpoceTeil.
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ANNOTATION

The article deals with the new neural network ChatGPT, its predecessors. The opinions of various experts on
its appearance in people's lives are outlined. The advantages and disadvantages are revealed. The model of this
neural network is also considered.

A neural network is a computer program that operates on the principle of a natural neural network in the
brain. The task of such artificial neural networks is to perform cognitive functions such as problem solving and
machine learning. A distinctive feature of neural networks is that knowledge about its subject area is distributed
across the network itself, rather than being written explicitly into the program. This knowledge is modeled as
connections between processing elements (artificial neurons) and the adaptive weights of each of these
connections. The network then learns from different situations. Neural networks can achieve this by adjusting the
weight of connections between interacting neurons grouped into layers. ChatGPT was built on an Al
supercomputer based on OpenAl's GPT-3.5 language model. The bot was trained using an array of texts from the
Internet and a reinforcement learning system based on Reinforcement Learning from Human Feedback. The bot
maintains a conversation, can answer questions and perform tasks, which sets it apart from all current neural
networks.

Karouesnie ciioBa. ChatGpt, OpenAl, RLHF, GPT-3, HelipoHHast ceTh, HCKYCCTBEHHBIM HHTEIIIEKT.

Key words. ChatGpt, OpenAl, RLHF, GPT-3, neural network, artificial intelligence.

Beenenne. C  mosBIEHHEM  NPOIBHHYTHIX
BBIYUCIIUTENIBHBIX YCTPOWCTB U COOTBETCTBYIOIIMM
YBEJIIMYEHUEM  HUX  MOIIHOCTH, HCKYCCTBEHHbIE
HEWPOHHBIE CETH MOJYYWJIM BO3MOXHOCTb BBINTH 3a
paMKH ~ HAy4YHbIX  HCCJEJAOBAaHUM U  aKTUBHO
WCIOJIb30BaThCSl Ha npaktuke. HecmoTps Ha TO, 4TO
OCHOBBI HCKYCCTBEHHBIX HEHPOHHBIX ceTel ObLTH

3aJl0XeHbl eme B Hadaite 20 Beka, IIHMPOKOe
pacrnpocTpaHeHue U NPUMEHEHUE 3TOW TEXHOJOTUMHU
CTaJI0O BO3MOKHBIM TOJILKO B HEJABHEC BPEMHI. CeFO[[HSI
HNCKYCCTBCHHBIC HeﬁpOHHI)Ie CCTU HaAIllJIU TPUMECHCHUEC
BO MHOTHUX O6J'IaCTHX Hameu KHU3HH, YTO ITO3BOJIACT
YIPOLIaTh ¥ ONTUMH3UPOBATE MHOTHE POIIECCHL.

Puc. 1. Heiipon

HelipoHHBIE ceTH NPeCTaBISIOT COO0H CIIOXKHYIO
CTPYKTYPY B3aMMOCBSI3aHHBIX HEHPOHOB, I'/le KaXKAbII
HEWpOH paboTaeT IO OIpEAEICHHOMY aJITOPUTMY
BBIYUCIICHHS BBIXO/THOTO CHTHAJa HA OCHOBE BXOJIHBIX
curHayoB. Takas cucTeMa MOXKeT UMETh CaMbIe pa3HbIe
ApXUTEKTypl B  COOTBETCTBHHM C  3aJaHHBIMHU
ycinoBussMU. Hanpumep, Mexay HeHpoHamMH MOXKET
OBITH YCTAHOBJIEHO Pa3HOE YHUCIIO CBS3EH, U ITH CBSI3U
MOTYT UMETh pa3Nu4Hble THIBL. HecMoTps Ha HamIue
TaKUX PA3IMYMH, CyTH paOOTHl HEHPOHHOMU CETH 3TO HE
MeHseT. (DakTUUeCKH, HEHPOHHYI0 CEThb MOXKHO
MpPEeJCTaBUTh B BUJIE YEPHOT'O SAIIMKA, BXOJIbI U BBIXObI
KOTOPOrO  YyHpaBIsitOT — HeWpoHamu.  [lepeuncrss
6azoBble 3Tambl pabOTHl HEWPOHHOW CETH, MBI HE
MoxkeM He ynoMsHyTh 0 ChatGPT - yHuBepcampbHOM

4yar-00Te-HeHpoceTH, KOTOpBIH  OblT  pa3paboTaH
kommnanueit OpenAl B koHue 2022 roja npu akTUBHOM
yuactun HWnona Macka. ChatGPT cymen moctuub
BIEUATIIAIONMIEH TOYHOCTH paboOThl W ObLT OYEHBb
OKH/Ta€MBIM TPOAYKTOM B cdepe HCKYCCTBEHHOTO
HWHTEIUIEKTA.

D10 HeipoceTh, CO3/MaHHAs HAa TaK HA3bIBAEMOM
aApXHUTEKType «IEKOJep», OHA 3aTOYCHA Ha TeHEePaIuio
OCMBICTICHHBIX U CBA3HBIX TekcToB. ChatGPT — xkak
MHHAMYM 4eTBepTas pa3paboTKa Takoro poia OT
xomnanuu OpenAl. Panee ee koMaH/a BEITYCTUIA TPU
MIPUJIOKEHUS Ha TOi ke apxutekrype. Hanpumep, Ha
«aexoxaepe» 6azupyercst GPT-3 — TosbKO OHA He Kak
yar, a Kak OOT JuId [IONOJHEHWs JIOKyMEHTa.
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Ilonb3oBaTens BBOAMT HAyajo TEKCTa, a HEMpPOCETh
npenaIaraeT Hanbojee BEPOSTHOE €TO MPOJOIKEHHE.

ChatGPT OBLIT CO311aH C IIOMOILBIO
cymepkomnbioTepa Azure Al Ha ©0a3ze SA3BIKOBOI
monemu GPT-3.5 ot OpenAl. [ns oOyuenus gaT-6ota
ObLT MCIIONB30BaH MAacCHUB TEKCTOB W3 HMHTEPHETA, a
TaKOKe CUCTEMa 00y4eHHS C ITOKPEINICHHEM Ha OCHOBE
obpaTHO# cBsi3u ¢ yenoBekoM Reinforcement Learning
from Human Feedback. PaspaGoTumku mpoussenn
HECKOJILKO PayHIO0B Iepeo0ydeHHs MO Ha OCHOBE
ee COOCTBEHHBIX OTBETOB, 4TOOBI clenaTh UX Oosee
TOYHBIMHU ¥ KOPPEKTHBIMH. OCHOBHASI 11€JIb CO3/1aTenei
ChatGPT 3axmroganace B TOM, 4TOOBI caemats MU
IPOCTBIM B HCIIONIB30BAHUM, KOPPEKTHBIM U
"geIToBeyHBIM "

Ommmune ChatGPT ot npensiaymux pa3padoTok
B TOM, YTO OHa HE MPOCTO MPOAOIDKAET TEKCT, a
obmaercst ¢ mosp3oBateneM B ¢opme auanora. bot
MoJJIep)KUBaeT Oeceny, MOXKET OTBEYaTh Ha BOIPOCHI,
a TaKXKE BBINOJIHATL PA3JIMYHBIC 3a/laHUA — HAIIpUMEDP,
[ucaTh TEKCTbl WIM IpOrpaMMHBIA kox. IIpu sTtom ¢
MIEPBBIM OH, [0 MHEHHIO T10JIb30BATENCH, CIIPaBIISIETCS
ayuire Google. A BTopoe 00Ty ymaeTcs He XykKe YeM
MMM~ — 1O  OT3BIBAM  OKYPHAJIHCTOB U
npernofaBaTeneii, OH  MHIIET  «BICYATISAIONIE
MOAPOOHBIE ¥ IOXOKHE Ha YETIOBEUECKHE) TEKCTHI.

HyxHO mOHMMAaTh, 9YTO OSTH HaBBHIKA HE
3anporpammupoBanbl B ChatGPT cnemmanpHO —
CIIOCOOHOCTH proOpeTarTCs HEHPOCETHIO

CaMOCTOATENBHO, BO BpeMst 00yueHus Ha Tekcrax. OHO
JUINTCSL ~ MecAllaMH ¥ TPEANIecTBYeT  3alyCcKy
nporpamMmMsl. Hanpumep, Heiipocets GPT-3 «Bunena»
MIIJTHOHBI TEKCTOB CAMBIX PA3HBIX KaHPOB M yUMIIaCh
[0 Hayajly TEeKCcTa MpeJCcKa3bIBaTh, KaKHE CJIOBA U
(hpasbl JOMKHBI €T0 MPOIOIKUTh. Eciu HelipoceTh He
«yrazgplBana», oHa «mrpadoBanga» ceds M ydmiach
Janbllle, TII0Ka HE HayMHANA  IPEACKa3bIBaTh
MPOJIOJDKEHHUS yXKE TaK XOPOIIO, YTO MOIJIA YJIOBHUTh
CTWJIb, JXaHpP M TeMy TeKkcTa. B xome oOmeHus c
MOJTB30BaTeNIeM 00T TakkKe IPOJOIDKAET YUUTHCS.
Hanpumep, 94To0bI KauecTBO OOIIEHUSI C HEHPOCETHIO
ChatGPT ObL10 elie BhIIIE, OHA IOMHHUT OKOJIO 8 THICSY
CJIOB, CKa3aHHBIX B JIAJIOTe paHee.

«Mopmenu npouutsix et (GPT, GPT-2, GPT-3)
XOTb M TIOCTETIEHHO CIBUTAJH I'PAaHHUIBI TOTO, YTO MBI
CYMTaeM BO3MOXXHBIM, HO HE JeJaJd 3TO CTOJb
OYEBHIHBIM 00pa30M, — CUHMTAET IVIaBHBIH SKCHEPT 110
texHonorusiM SberDevices Tarbsina [1laBpuna. — A B
2022 romy Mbl BUAUM HPOPBIB TEXHOJIOTHU. OIHUM U3
caMbIX ObICTpOpacTyIIMX NMPUMEHEHUH Heifpocereil B
5TOM  Trojfy  CTalW, HampuMmep, IOMOIIHUKU
nporpammucta — Github Copilot u npyrue — oHu
MO3BOJISTIOT JI0 ABYX pa3 ObIcTpee mucaTh KoA. Jpyrim
orkpeitieM ctan u  ChatGPT: oH moka3siBaeT
CyIIECTBEHHBII pPOCT KayecTBa B  HANHCAHUHU
OCMBICTICHHBIX ~ PEIJIMK, BBIIOJHEHWH  KOMaHJ,
TPeOYIONINX HHTEIIEKTYaIbHBIX HABBIKOB .

Heiipocetu CITIOCOOHBI TIOBBICUTH
OPOAYKTHUBHOCTh UEIOBEKAa BO MHOIMX BOIPOCAX.
Hanpumep, npu Hanucanuu craTeid. PaHbme HyxHO
Obut0 TpoAymarh OyIaymuii MaTepual, IMOCTPOMTH
IUIaH, HAWTH WMCTOYHHUKH HH(GOpPMALMH, NOA00paTh
CJIOBa, BBIYMTATh TEKCT. Temepp 3TOT MYTb MOXKET

CIJIBHO COKPATHUTBCS IO TPOCTEHINEero 3aJaHus ISt
6ora. B OymymeM He¥lpoceTb MPOCTO BO3BMET YacCTh
paboTel Ha cebs, a 3HAYMT, C €€ MOMOIIBI0 YCIIOBEK
Oyzmet ycneBatpb OoJbIIIe.

OTta HeEHpoceTh HaBepHAKAa B OJmKaimmeMm
OyayIieM ITOMEHSIET HAIlld MPUBBIYKH PaOOTHI B CETH.
OsxuzaTh, 4TO JKU3Hb CTAHET IPOIIIE MPSIMO ceifvyac, He
crout. Ho yxe ckopo texuosoruw ChatGPT cmoryt
pa3BHBaTh U JIpyrue pa3pabOTUNKH, U TOTJA TTOSBSITCS
HOBEIE ele Oosee 3hexTrBHBIE TpUIoXKeHus. 1 onn
CMOTYT IIMCAaTh YEPHOBHUK CTaThbd, OQHUIHMAIBLHOTO
JIOKyMeHTa, 00bsABJIeHHs, BeO-caiiTa ropasao OsicTpee.
C moMompI0 HHUX TakkKe MOXKHO OYyIeT MOJIyYUTh
B3TJISIZ] CO CTOPOHBI Ha CBOIO COOCTBEHHYIO padoTy,
HalTH OMmMOKHM, OBICTPO TEepenucaTh CoJAep KaHue,
MIPUMEPUTH HAa TEKCT Pa3JIMYHbIC CTIIIA W CHAOAWTH
HEIOCTAIOIIIMH ITUTHPOBAHISIMH.

Apxutekrypa GPT-3.5, Ha xoTOpOil 6azmpyeTcs
ChatGPT, umeer napametpsl B 175B. B cemeiicTse
GPT-3.5 ectb Tpu momenu: Code-davinci-002, Text-
davinci-002 u Text-davinci-003. TIlepsas Momenb
UCTIONIB3YeTCs JUISl 3aBEpLICHUS MIPOrpaMMHOTO KOJa,
BTOpasi 00y4eHa C MOMOIIBIO CHENHAIBHOTO CEeTa CO
MHOKECTBOM CJIOXKHBIX MHCTPYKLHUI W BaluIHpOBaHA
skcnepramu  mogenu  InstructGPT npu  momormum
Reinforcement Learning from Human Feedback, a
TPeThsl  SABIACTCA  YIYyYIICHHBIM  MPOJOIDKCHHUEM
BTOpPOM M sBIsieTcsl caMoil cunbHOM. MMenHo Text-
davinci-003 mocnyxuna ocHoBoit mms  OpenAl
ChatGPT.

JlaBaiiTe paccMOTpUM MMOIPOOHEE HU3BECTHBIH
noaxon RLHF, kortopelii npuMensercs B MoOZenH
ChatGPT AIl. 3Jtor moaxox OCHOBBIBAaeTCS Ha
npe1oOyIeHHO SI3BIKOBON MOJIEITH, KOTOpast SIBIISIETCS
KITFoueBbIM teMeHToM InstructGPT, ncnonssyemoii B
ChatGPT AI. Kpowme toro, nmpyrue MOAeH, Takue Kak
Gopher ot DeepMind, Tak:ke MOTYT HMCHOJIB30BaThHCS
JUTSL JaHHOTO TIOJXO/1A.

Onnoii u3 riaaBHbIX ocodenHHocreir ChatGPT
SIBIIICTCS ~ WMHTETPAIlMsl MOJENH  BO3HATPaXKICHHUS
Reward Model, xortopas oTkamuOpoBaHa B
COOTBETCTBUHM C DIKCHEPTHON OICHKOW. 3amada 3TOH
MOJIENIN 3aKIII0YAeTCs] B CO3JAHUU CHUCTEMBI, KOTOpas
NPUHUMAET TIOCNIEIOBAaTENIFHOCTH TPENTIOKEHUH |
BO3BpAIIAET CKAJISPHBIN MOKa3aTelb BO3HATPAXKACHUS,
OTPaKAIOIINI SKCTIEPTHYIO OIIEHKY.

CuctemMa MOXKET BBIIOTHITH (DYHKIIMH CKBO3HOU
SI3BIKOBOW MOJIENTH MJIM OTJIETBHOTO MOJTYJIsI, KOTOPBIH
BBIJIa€T 3HAaUE€HHE BO3HATPAXKICHUS B KAUYECTBE OTBETA.
[lonmyueHHoe 3HayeHWE BO3HAIPAKACHUS HUTpaeT
MIPUHIMIHAIBEHYIO POJb ISl YCHEUIHOTO BHEAPEHUS
RLHF B RL-anropurmst.

Ha nannbiii moment cuctema RLHF conepsxur
HCXOJHYIO S3BIKOBYIO MOJIeJb, CrocoOHyIO
TeHEepPHPOBAThH TEKCT, a Tarke Mozaeinb Reward Model,
KOTOpas MOXeT TpUHHMAaTh JI000H TEeKCT U
MIpHUCBanuBaTh eMy oIeHKy. C y4eToM Toro, 4to pabora
CO CHEeNHaINCTAaMH CTOWUT JIEHEeT, BO3MOXHO,
pa3paboruuku creHeprpoBasiv 100 THICSY CETMEHTOB U
o0y4miM Ha HMX OCHOBe Mopenb-oneHmuk (RM),
HCIIONB3YS KCIIEPTHBIE OLIEHKH.

N3HavyanbHO pa3pabOTYMKH XOTEIH UCTIONB30BATh
MOJIeNIb-OLEHIIMK ¢ 3M mapameTpaMmu, HO Pe3yJIbTaThl
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Opun Onm3km K ciydaiiHeIM. Ha ciemyromem starme Ecnu roBoputh o pabore OpenAl ChatGPT c
OHU HCIMONB30BAIM NOAXO0AbI RL AJisi ONTHMH3alUMK  HCHOJB30BAHUEM  BO3HATPXKACHHS, TO  MOXHO
HCXO/THOM S3BIKOBOM Moenu ¢ yaerom Reward Model.  mpencTaBuTh ee B Bue CXeMBI, TOKa3aHHOW Ha pHC 4.
Cxema RLHF mpencraBnena Ha puc. 2, a oOmmit
ANTOPHUTM 00yUEHHS MOJEIT MOKHO YBHICTh Ha pHC. 3

Real
Synthetic
Puc. 2. Cxema RLHF
Prompts Dataset
Reward (Preference)
Model
S 9
[
. 999
5 8ie0 /%0
Train on B -4
{sample, reward} pairs
. J
Sample many prompts
Outputs are ranked
(relative, ELO, etc.)
fa N\ {
Initial Language Model Lorem ipsum doloq /,
sit amet, consecte! ﬁ
adipiscing elit. Aen EE—— 74
0_ ’ Donec quam felis - @’ -
8 R : vulputate eget, arc " _/’
&) Nam quam nunc - — I |
eros faucibus cid  Human Scoring \
luctus pulvinar, her [ )
. J
Generated text [ )

Puc. 3. Aneopumm 0byuenus mooenu
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Prompts Dataset

x: Adogis...

Initial Language Model

POO® RLHF
Base Text _
DG

—

/" Tuned Language )
Model (RL Policy)

®O®®
Tuned Text ®®®®

y: man’s best friend

Reinforcement Learning
Update (e.g. PPO)

S0 0+ Ve J(6)

N

Reward (Preference)
Model

n \

>

KL prediction shift penalty

—AkL DKL (Tppo (¥|2) || Thase(¥lz))

Puc. 4. Cxema npumenenus osnazpasicoenus

B Hacrosiee BpeMsi OTCYTCTBYIOT HOJTHOIICHHBIC
HCCIIEIOBATEeNIbCKIE  MaTepHajbl,  IOCBSIICHHbIC
apxurekrype ChatGPT, 3a uckitoueHHEM CTaTbu Ha
ITTaBHOH CTpaHHWIEe OQHUIUANbHOrO caita. 2To
03Ha4aeT, YTO HEBO3MOKHO IIPOBECTH MOJIHYIO OLIEHKY
KagectBa Mojenu. OpHako, HECMOTpS Ha TO, YTO
ChatGPT 6bu1 3anyueH tosbko 30 HostOpst 2022 roga,
yxke K 5 mexabps 2022 roma WM BOCIOJB30BANUCH
Oonee | MIIUTHOHA YETIOBEK.

BaxxHo oTMeTHTh, 4TO cHcTeMa Oblia 3abaHeHa
KpymHeimed torathopMoit  mIs  pa3paboTIHKOB
StackOverflow [Meta, 2022]. Oto mpousonuio wu3-3a
Macchl OMMWOOK, JMJONYIICHHBIX TP OTBETaX Ha
BOIIPOCHI [10JIb30BATEIEH.

HecmoTps Ha BBIIIEyKa3aHHbIE HEIOCTATKH,
Takue KaK BO3MOXHOCTb TeHEePUPOBAHUS
6eCcCMBICITHIIBL, 3aBHCHMOCTh OTBETOB oT
(hOpMYIHPOBKH BOIIPOCOB, MCIIONB30BAaHHUE IHMHHBIX
(hopMyIHpPOBOK W OrpaHHWYeHHas 0a3za IaHHBIX,
npeumyniectBa ChatGPT necpaBHuUMO Gosblire.

OpHUM W3 TJABHBIX IPEUMYILECTB SIBISIETCS
MOCTOSHHOE  pa3BUTHE  CUCTEeMBL.  braromaps
NPUHIUIIAM OOY4YEeHHUS C IOJKPEIUICHHEM KadecTBO
MOJIETIM  NIOCTOSHHO  yJydlIaeTcs, a caM 0oT
CTaHOBHUTCA Oonee  coBepmIeHHBIM. HexoTopsie
HETaTHBHBIE CIy4ad, KOTOPbIE HMEIN MECTO IpH
3aIycKe IporpaMMEL, y)ke HeakTyasbHbel. Kpome Toro,
MIOCTOSTHHOE " perynspHoe obyueHme c
MOJKPEIJICHHEM Ha HEOOJBIINX BBIOOPKAaX IO3BOJIIET
YIY4IIUTh BBIYHCIIUTEIbHYIO 3¢ eKTUBHOCTH
mporiecca T000y4IeHUsS] CHCTEMEL.

B mepcnextuBe OpenAl ChatGPT moxer crath
HACTOSIIUM TIPOPBIBOM B 00JacTH BeO-TIOMCKA,
Omaromaps HWHTErpalid IOMCKOBOIO JBIKKA C
BEpU(PHUIMPOBAHHOI MOJENBIO CHHTE3a OTBETOB. JTO
MO3BOJIMT  3HAYUTEIBHO  MOBBICUTH  Ka4decTBO
MOMCKOBBIX 3aIIPOCOB H CIENATh UX 00jIee TOUHBIMH U
peleBaHTHBIMH.

Kpome toro, B Oymymem ChatGPT cmoxer
paboTath B pPAa3IMYHBIX MOJAIBHOCTSX, BKJIOYAs
TeHEePaIHIo n300pakeHNH, pacuppoBKy
ayAno3aIicel, pacro3HaBaHNe CKaHOB JJOKyMEHTOB U
JIpYruX W300pakeHWH. DTO 3HAYMTENHHO PACIIMPHT
BO3MOXKHOCTH 4aT-00Ta W C/eNaeTr ero eme Oosee
MOJIE3HBIM M YHUBEPCATbHBIM HHCTPYMEHTOM.

OpHako, HECMOTpPS Ha BCe IPEHMYIIECTBA,
ChatGPT BbI3bIBaeT CHOpBI M KPUTHKY CO CTOPOHBI
MpoTHBHUKOB. OHM yKa3BIBalOT Ha BO3MOXKHOCTH
HapyImIeHUs aBTOPCKUX TIpaB, ITOCKOJNBKY daT-00T
TEHEPUPYET KOHTEHT, KOTOPBIM HE SBIIAETCS CBOEH
MHTEIJIEKTyaJbHOW coOcTBeHHOCThI0. Kpome Toro,
CHCTEMa MOXET CO3/[aBaTh PEATUCTUUHBIE (heHKOBBIE
CTaTbU, KOTOPBIE MOIYT COJEpPXKAaTh CCBUIKM Ha
HECYIIECTBYIOIIUE J0KA3aTeIbCTBA M  JaXe Ha
peaNbHBIX JII0JEeH. DTO MOXKET MPUBECTH K CEPHE3HBIM
CyneOHBIM TIpElEefeHTaM W BBI3BAaTh HETATHBHYIO
peakmuio o01ecTna.

Cornacro nanubeiM n3ganust The New York Times
(2022), mogens ChatGPT u ee anHamorn MOTYT
MIPOSIBIISITH MPEAB3ATOCTh MO PA3NUYHBIM TeMaM. JTO
CBS3aHO C WCIIOJIB30BAaHHEM HEOT(HIIBTPOBAHHOTO
KOHTEHTA B IIpOIecCce 00YUEHHS, YTO MOXKET IPUBECTH
K TEHEepaluy pe3yJbTaToOB, COJACPMKALIUX 3IEMEHTHI
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JMUCKPUMHUHAIINH B OCKOpOIeHus Bepyronmx. OaHako,
CIELUATNCTB B 00JIacTH 00pa30BaHMs CUUTAIOT, YTO
ChatGPT moxxer oka3aTh KapIWHAJIHHOE BIMSIHHE Ha
MHOTHe Tporiecchl. Hampumep, B OyayimeM ydeOHBIM
3aBEACHMAM U IIelaroraM MPHUAETCS MEHATh HOAXOM K
0o0y4ueHnIo, Tak Kak HeoOX0AUMO OyIeT IPUITyMBIBATH
HOBBIE METOJbI OLEHKM 3HAHWH, 3aMEHSIOIINE
TpaauuuoHHble counHeHus. C momompro yar-6ota
M000H  YYEHHUK CMOKET MOJYyYUTh YHUKAJIBHOE
COYMHEHHE 3a HECKOJbKO MHHYT M 3apaboTaTh
BBICOKYIO OLIeHKY. O/IHaKo, 3TO BBI3BIBAET BOIPOCHI O
KauyecTBe IOJy4YaeMbIX 3HAHMH W OLEHKE Y4EOHBIX
JIOCTUKEHUH. B CBS3M ¢ 3TUM, 3KCIIEPTHI YXKE CErOAHSA
JIYMaroT O TOM, KaK PEIINTh Ha3peBaoLIyIo MpooiIemy.
OnmHO W3 HpenyoKeHHH - OTKa3aThCs OT JOMAIIHHUX
3amaHuid B OyIOymeM © BBIIONHATH pedeparsl,
COYMHEHHS M Jpyrue paboThl TOA HPUCTAIBHBIM
KOHTpOJIeM mpernojaBaTeneil. Hekoropele — maxke
npeaiaraloT  00s3aTh  CTYIEHTOB  NPOBOIMTH
MPE3CHTAIIMHA CBOMX PadOT, 4TOOBI OICHUTH YPOBCHb
HMX 3HAHWUH U TTOHUMAaHUS Mmarepualia.

Okcrneptel B 0o0nacTh  MH(GOPMAIMOHHBIX
TEXHOJIOTHH yTBepXkIawT, 4to Heipocets ChatGPT
MOXET CEpPbhE3HO H3MEHHTh CHTYallHI0 Ha pBIHKE
MIOMCKOBBIX CHCTEM, BBITECHHB YK€ IPUBBIUHBIC
Google u gpyrume anamorun. Bemymmuii paszpabordmk
Gmail, ITonm bakxeiim, yBepeH, dro yxe uepes
HECKOJIBKO ~ JIET  alropuTM d4ar-0ota H  €ro
MOJU(UKAIMN TOJHOCTHIO M3MEHST IPOIECC MOUCKa
undopmanun B HTEpHETE.

Bo3moxkHo, B OyayiieM mosib3oBarenu He OyayT
BBOAWTL 3alpoOCbl M HCKATb HYKHBIC JaHHLIC Ha
pa3HBIX caiiTax, Tak Kak cucrema OyJeTr JaBaTh OTBET
MOMEHTAJILHO, HE MEPEeXoJisi Ha CTOPOHHHE PECYpCHI.
KOHC‘IHO, IMOUCKOBBIC CHUCTEMbI HE€ MCUC3HYT, HO
HeWpoceTh CTaHeT TIaBHBIM HWHCTPYMEHTOM MOHWCKa
nHpopManmy, a caMu CaiTBl TEepecTaHyT OBITh
MHTEPECHBIMH ISl TT0JIb30BATEIEH.

Cneumanuctsl B 00macTd  MHGOPMAIMOHHBIX
TEXHOJIOTHH TPeIyNnpexIaloT O BO3MOXKHOM DPHCKE
WCIIONIb30BAaHMUSl HMCKYCCTBEHHOT'O HMHTEIUICKTA IS
CO3J]aHUsI TPABJOINOJOOHBIX (EHKOBBIX HOBOCTEH,
KOTOPbIC MOT'YT MOBJIUATH Ha O6H16CTB€HHO€ MHCHHUC.
K Ttomy e, MIpecTYymHHKH MOTYT HCIIOJIb30BaTh
Heiipoceth ChatGPT nuist cBoMx neneil.

3akioueHme.

OpnHako, HECMOTpPS Ha 3TO, co3nanue ChatGPT u
JOCTYN K HEMY JJISl IIUPOKOTO Kpyra I0JIb30BaTesIel
SBJSIETCS 3HAYMTEJIHHBIM TPOPHIBOM B Pa3BUTUH U

pacnpocTpaHEHNH HCKYCCTBEHHOTO MHTeIuIekTa. Cam
ChatGPT wmosxeT OBITH MOJIE3eH B 0OOpa3oBaHUU H
HCCIIEIOBAaHUAX B 3TOH 00IACTH.

MHorue 3KcrepTsl B 001acTu MHPOPMAIMOHHBIX
TEXHOJIOTHH TOBOPAT O MOTCHUHUAIBHBIX PHCKAX
UCTIONB30BAaHU  HMCKYCCTBEHHOTO  HMHTEIUIEKTa B
OpenAl ChatGPT s co3maHus KOHTEHTa U
TEeXHUYECKOH moanepxku. OnHaKo, HECMOTpPS Ha 3TO,
MHOTHE CYHMTAIOT, YTO CHUCTEMa MOXET 3HaYMTEIHLHO
WU3MEHUTH MPABUIIA UTPHI B 3TON 00JIACTH M yIYUIINTh
KJIMEHTCKUI ONBIT TPH WCIOJBb30BAaHUU YCIYI |
MIPOJTYKTOB.

Kpome toro, ChatGPT moxer oka3aTe BIUSHHE
Ha Te cepsl, IIe U3MEHEHHS IPOUCXO ST PEJKO, TAKHE
KaKk WHIYCTPHS TEPCOHANBHBIX YCIYT, IHU3aiH
HHTEPBEPOB, KOHCAITHHT W Tpa(udecKuid IHU3aifH.
OpHako, Bcerma OyayT cdepbl, Te TPHUCYTCTBHUE
KHMBOTO YeJIOBEKa HE3aMEHNMO, ¥ HUKaKHe pa3paboTKu
HE CMOT'YT 3aMEHUTh JItoJIel B 0003pUMOM OyAyIIeM.

IMostomy BaxkHo wucmoss3oBatk 00T ChatGPT,
HEHPOCETU U HMCKYCCTBEHHBIM HHTEJIEKT C YMOM U
TOJIBKO BO Onaro yenoBeyecTBa. HecMoTps Ha TO, 4TO
NPOTUBOCTOSIHUE J100pa U 3714 CONMPOBOXKAAET HAC BCIO
Hallly HCTOPHIO.
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®U3HKO-MATEMATHYECKHUE HAVKH

BJUSAHUE MMOJYITPOBOJHUKOBOI' O HATIOJTHUTEJISI COEJAUHEHUSA BiSB:TEs HA
SJEKTPETHBIE CBOMCTBA NOJIMA3TUJIEHA HU3KOM IIJIOTHOCTHU.

Tooscaee*d.M., Aneckeposa’Zl.M., Ocmanoea®C.C.
1,3 - Azepbaiioxcanckuii Texuuueckuii Yuusepcumem

2 - Cymeaumcxuu I'ocyoapcmeennviii Yuusepcumem
DOI: 10.31618/ESU.2413-9335.2023.1.107.1799

AHHOTAIUA
B nmpexnbsBieHHOW paboOTe€ W3IOXKEHBI pe3YNbTaThl HCCIENOBAaHHUA AJIEKTPETHBIX cBoWcTB [IOHII,
MOAN(DUIMPOBAHHOTO MOJTYIPOBOAHUKOBEIM coennHeHneM BiShaTes. KoMmo3uTsl mony4eHs METOIOM TOPSIEro
IPEeCCOBaHUS IpU TeMmIepaType IUIaBlIeHHs mnoaumepa U pAasneHuu 15MIla B Teuenuu 3MuH, a 3aTeM

OXJIAKAAIHCH JO KOMHATHOH TEMIIEpaTypHl.

BBI}IBJ'IEHO, 9TO B HCCJICHOBAHHBIX KOMIIO3WTaX IMOBEPXHOCTHASA IUIOTHOCTH 3apsa0B W BPEMSA XPAaHCHUS
3aBHUCAT OT yCIOBUs nonspusanuu 10 7- 108 B/, a npu sHauenunsx Gonee 8- 108 B/M yBenuuuBaeTcs KOHLIEHTPALUS
00BEMHBIX 3apAaa0B, KOTOpas NPUBOAUT K YXYAIICHUIO DJICKTPECTHBIX CBOMCTB.

ANNOTATION

The presented work sets out the results of the study of the electret properties of PENP, modified by the
semiconductor compound BiShsTes. The composites were obtained by hot pressing at the melting temperature of
the polymer and a pressure of 15MPa for 3min, and then cooled to room temperature.

It was revealed that in the composites studied the surface density of charges and storage time depends on the
polarization condition to 7-10® V/m, and at values of more than 8- 108 \//m, the concentration of volumetric charges
increases, which leads to a deterioration in electrode properties.

KaioueBble cj10Ba: 3JEKTPETHbIC CBOWCTBA, IOJYIPOBOAHUKOBBIA HamonHuted b BiSbsTes, Bpems

XpaHCHHUA, TOBCPXHOCTHAA MJIIOTHOCTD.

Keywords: Electret properties, semiconductor filler BiShsTes, storage time, surface density.

BBeaenue

W3BecTHO, YTO OJHUM W3 TJIABHBIX HAIPaBICHUH
B pa3paboTKe HOBBIX OJJIEKTPETHBIX MaTEepHaIOB
SIBJISIETCS CO3J]aHUE HA UX OCHOBE KOMITO3HMI[HOHHBIX
marepuanoB. [lpuaaHue TONMATUIIEHY  BBICOKHX
DNIEKTPETHBIX ~ XapaKTEPUCTUK  MOXXHO  JIOCTHYb
HAaroJHEHHEM ero BBICOKOKQu€CTBEHHBIMHU
HAlOJIHUTENSIMM, TOpPU  KOTOPOM, €ro  HOBBIE
CTPYKTYpPHBIE  3JIEMEHTHI  CIIOCOOHBI  CIYXHTh
JIOBYIIKAMH HOCHTEJEH 3apsjoB: IpaHWIA paszena
(a3, pa3pbIXiIeHHBIH a0COPOIIMOHHBINA CIION MTOTUMepa
BONM3M TOBEPXHOCTH HamoiHuTens. HamomHurenn
MOKA3bIBAIOT 3HAYNTEIHHOE BIMSHHUE HA TIOABMKHOCTD
pa3MYHbIX MaTeMaTHYECKUX €IMHHMI[ TI0JIMMepa U Ha
CIEKTp BpEeMeHH ero penakcaiyd [1]. B mpucyrcTeun
HAIlOJIHUTENEH B MoJIMepe 00pazyroTcs
KapOOHHJIbHBIC, TIEPOKCHHBIC W THUAPONEPOKCHIHBIC
IPYNIIbI, BO3HUKAIOLINE B IEPBYIO OYEPEIb Ha IPAHHILIE
pasfena mojuMepa ¢ MOBEPXHOCTHIO HAIIOJHHUTEINS.
VYCTaHOBIICHO, YTO DJIEKTPONOJISIPU3ALMS  MEHSET
3apsJJ0BOE COCTOSTHHE MOJIMMEPOB M KOMITO3UTOB, 8 3TO
NPUBOAMT K MX IPOYHOCTHBIM CBOHCTBaM. Tak ke

YCTaHOBJICHO, 4qTo MOJIMMEPHBIC KOMIIO3UIINH
06na[1a10T SJICKTPETHBIMU CBOIiCTBaMU IocCJIC
QJICKTPOTECPMOACTIOIAPU3ALIHH. B mponecce

AJIEKTPOMOJISIPU3AIMHA HAKAIIMBAKOTCS JJICKTPETHBIC
3apsanel  Ha  rpaHdne pasmena Gas W Ha

HEOHOpOAHOCTSX. HakomeHne 3apsjga Ha TpaHHIE
paszmena ¢a3 MeHseT MeX(a3Hble B3aUMOACHCTBUS, a
5TO MOXET IPUBECTHM K H3MEHEHHIO CBOWCTB
KOMITO3UIHH 2, 3].

B nanHOW paboTe wW3MAralTCs pe3yabTaThl
HCCIIEIOBaHUS BIUSHUS 2JICKTPOTEPMOACTIONAPU3AIIIH
Ha CTPYKTYpPY M 3JIEKTPETHbIE CBOWCTBA KOMITO3MUILIMI
Ha OCHOBE MOJIMATHIICHA U HamoaHuTest BiShsTes.

Meroauka 3KcnepuMeHTa

[Monumepu3anusi KOMIIO3UTOB TMPOBOJMIACEH IO
METOJMKe, omucaHHOi B pabore [4]. [Hux
uccienoBanuss TCJl kOMIO3UTOB B TeMIlepaTypHOM
uaTepBaie  293-520K  paspaboraHa  ycTaHOBKa,
MOKa3aHHas Ha puc.l. YcTaHOBKA COCTOUT M3 KaMephl
(1), xoTopas pacmosioxeHa B TEIUIOBOM U30JsiTope (2),
371eKTpoasI (3),

MEXTy KOTOPBIMHU pacmoniaraetcs oopaser (4). Ha
HIDKHEM  DJIEKTPOJE€  pacloilio)keHa  Iedb ¢
compoTtuBiieHHEeM (5), B 3TOM JK€ 3JEKTPOJe
pacnonoxkeHa Tepmonapa [5, 6, 7, 8]. Dnekrpoasl ¢
MOMOIIBIO CTIEUANIBHOTO 31EKTPOJIa IPUCOETHHAIOTCS
k oanekrpomerpy B7-30. Curman c¢ BbIXoza
JJIEKTpOMETpa MOJAETCA Ha BXOJ JBYX KOOpIMHAT
caMomycla, K BBIXOAY KOTOPOro, IPUCOEAMHEHA
TepMonapa. ONEKTpeT MOMEINAIOT MeXIy ABYMs
3JIEKTPOAAMHU TEPMOKaMep, UMEIOIIIMHA 000TPeB.


https://www.doi.org/10.31618/ESU.2413-9335.2023.1.107.1799
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Puc. 1. Dnexmpoonoe ycmpoiicmgo 01 cusamust kpusvix TC/ nonumepuvix nienox: I-memaniuyeckuii kopnyc,
2-meghnonosvie emynku,; 3-anekmpoovl; 4-obpazey; S-neuv nAEHOK: ULOPOPNPAPPN NAEHOK: :NJIEHOK

DIEKTPOBl COCAUHSAIOT JIEMEHTOM, HWMEIOIIHM
BhIXOAHOE  compotuBienue  105+102 Om u
4yBCTBUTENBLHOCTh 1O TOKY B Ipenenax 1073+107A.
Konnenrpamust BapeupoBanach or 0 mo 3 00%
BiShsTes comepxanusx. Kommosuter I[19+x00%
BiShsTes momydenst u3 pactBopa IID myrém
cMeliBanus [1D ¥ HamoOJHUTENS C HOCICAYOLIMM
yoajleHHeM pacTBoputens. I[lolydeHue KOMIIO3UTa
OCYIIIECTBIISICTCS. METO/IOM TOPSUETO TIPECCOBAHMS MTPU

G-107 Ki/m?

T

L

Temrneparype noiauMmepa u aaiaeHuu 15SMIla B Teuenue
3 MHHYT, C TOCIEAYIOUMM OXJAXJICHHEM [0
KOMHATHOW TeMIIepaTypbl moj AasieHueM. OOpasibl
OBUTH TOIAPU30BaHBl METOJOM 3JIEKTPONOJISIPU3AINT
npu Ttemneparype T=353+373K U HMHTEHCUBHOCTH
snekTpuyeckoro nois E=(3+10)-108 B/m B Teuenue 1
Yaca C MOCIEAYIOIIM OXJIAXKICHHUEM MO IeHCTBHEM
JIEKTPUUECKOTO OIS 10 KOMHATHOM TEMIEPaTyphl.

L
[ o

30 35 40 45

Puc. 2. 3asucumocms no6epxHoCmHOl NAOMHOCIMU NeKMPEMHbIX 3aPAO08 0N 6PeMEeHU XPAHEHUSL KOMNOZULUU
TIDHIT+x06% BiSb3Te6, coe I -x=0; 2 -x=1; 3-x=1,5;4-x=2,5; 5 -x=3

Pe3yabTaThl U X 00Cy:KIeHHE
[ToBepxHoCTHas IJIOTHOCTh 3JIEKTPETHBIX
3apsaioB (G) B 3aBHCHUMOCTH OT BPEMEHH XPaHCHUS
W3ydeHa MO METOJWKE, OMHCaHHOH B padore [9]. Ha
pucC. 2 TpUBEACHBI Pe3yNbTaThl HCCIEAOBAHUS
MOBEPXHOCTHOH IUIOTHOCTH OT BPEMEHH XpaHEHUS

KOMIO3UTHBIX MatepuaioB I[IOHII+x00% BiShsTes
NP pa3IMYHBIX COAEPKaHMAX HamonHuTest BiShsTes
u IT2HII. U3 puc. 2 Takke BUIHO, UTO C YBEIUYECHUEM
00BEMHOTO cofepianus HamoHuTens 306%BiSbhaTes
MOBEPXHOCTHAS TUIOTHOCTh 3JIEKTPETHBIX 3apsiioB U
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BpEMsA XpaHCHUA JOCTUTacT MaKCHMaJIbHOT'O
3HA4YCHU.
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Puc. 3. 3asucumocms ousnekmpuueckol npoHUYaeMoCmu &, MaH2eHe yeia oudiekmpuyeckol nomepu 9o u
yoenvbrHo2o 0b6vemnozo conpomusnerus 1gpy komnosuyuu IIDHIT+ 306% BiSbsTes, noaspuzosannoii npu
memnepamype 550K om nanpsiicennocmu nosi noasipu3ayuu.

3aBUCUMOCTb
NIEKTPETHBIX  3apAI0B  OT
pasmuunbix  kommosunuit  [IDHIT+x06%BiShsTes,
MOABEPTHYTHIX  BJEKTpoTepMom3oisinun  E, mpm
T=353K npusenens! Ha puc. 3 [IpucyrcTBue 100aBKH,
CYIIECTBEHHBIM 00pa3oM, BIIMSIET Ha IIOSBICHHE B
nonmdTUIIEHe teKTpeTHoro 3¢ dekra. ITokazano, 4ro
MOBEPXHOCTHAS IIOTHOCTh JJIEKTPETHBIX 3apsAloB OT
BPEMEHH XpaHEHHUS 3aBUCUT OT YCIOBHH MOJIIPU3ALINH,
T.€. G OT lxp ¥ MOJIy4aeT CBO€ MaKCHUMaIbHOE 3HAUCHUE
mpu E,=7-10° B/M. W3 puc. 3 BuaHo, 41O C
yBEJIMYEHUEM HANPsKEHHOCTH Tons jo 7-108 B/m
yIy4dIIaloTCs  MOJSPU3ALMOHHBIE  TPOIECCH B
KOMIIO3UIIMK, & NpH 3HadeHusax E,>8-10° B/m, no
BU/INMOMY, YBEINYHMBACTCSI KOHIEHTPALUST 00BEMHBIX

MMOBEPXHOCTHOM ILUIOTHOCTH
BPEMEHH  XpaHEHUs

3apsiioB,  KOTOpblE  MPHUBOAAT K  YXYALICHHIO
SIEKTPETHBIX CBOICTB.
Ha puc. 3  mnpuBeneHsl  3aBHCUMOCTH

HI/I3J’I€KTPI/ILICCKOI7[ NPOHHMIAEMOCTH €, TaHI'CHCA YIJia

nuasiekTpudeckod  motepu  (1g8) w morapudwm
YAETLHOTO  OOBEMHOTO  COIPOTHUBIICHHUS lgpy
kommosummu  IIDHIT+  300% BiSbhsTes ot
HanpsOKEHHOCTH — DJIEKTPUYECKOTO  TOJsI,  TOJ

JEWCTBHEM KOTOPOTO OCYIIECTBISUIACH HOMAPU3AIIHSL.

Ot PE3YIbTAThI IMOKA3bIBAKOT, YTO KOPpPECIAIUA
HaOoaeTcss MEXAy IPOYHOCTHBIMH CBOWCTBaMH
3akoHOMepHocTel €, t90 wm py. Takoit xapakrep

3aBUCHUMOCTH oT HaIpsHKEeHHOCTH
3NEeKTPOTEPMOMNOIIPU3ALHU 00BsICHSIETCS
U3MEHEHUEM Ha/IMOJIEKYJIIPHON CTPYKTYPBI

HOJIMMEPHOI MaTPHILIbI U TONIIMHBI MEXK(PA3HOTO CII05
KOMIIOHEHTOB KOMIIO3UIIMH.

Jlureparypa

1. PoruxoB J.A., Ky3ueuoB A.E., PrrukoB A.A.
CTa6I/IJ'II/ISaLlI/I$I 3apdgaa TIMOJHUMCPHBIX  3JICKTPETOB;
Mownorpadus; CI16. U3a-Bo PTTIY um. A.U. ['eprieHa.
2013, 159 c.

2. Godzhaev E.M., Mirzoeva A.N., Zeinalov
Sh.A., Osmanova S.S.. Effect of a semiconductor filler
and aluminum nanoparticles on the surface structures
and dielectric properties of PVDF + TIInS; Al)
composite materials Surface Engineering and Applied
Electrochemistry, March 2016, Volume
52, Issue 2, pp. 127-133.

3. Gojayev E.M., Aliyeva Sh.V., Khalilova X.S.,
Jafarova G.S. and Jabarov S.H.. The dielectric
properties and electrical conductivity of LDPE
modified by fillers of biological origin // International
Journal of Modern Physics B, Vol. 33 (2019) 1950309
(10 pages) ¢ World Scientific Publishing Company
DOI: 10.1142/S0217979219503090, 1950309-1.

4. T'omxaes D3.M., Mupsoea A.H., A6aypaxumMoB
A.A., TamzaeBa A.FO. DnexTpeTHble CBOWCTBa
KOMITO3UIHOHHBIX MaTepuanoB [IBJID+x06.% TIInS,
N TIDHII+x06.%Bi,Tes / Exaunblii Bcepoccuiickuid
Hay4uHbld BecTHUK Ne II, 2016 c. 217-221.

5. T'omkaes D.M., MupzoeBa A.H., Ucmannosa
AlO.. HccnenoBanus CIIEKTPOB TOKOB
TepMOCTHM}U’IHpOBaHHOﬁ ACHOoJIdpru3aliun B
komMno3utax mnoiuBuHU-TuAeHGTOpHn + TlnS; wu


http://link.springer.com/journal/11987
http://link.springer.com/journal/11987
http://link.springer.com/journal/11987/52/2/page/1

Espasutickuti Coro3 YueHbix. Cepusi: mexHu4deckue u ¢husuko-mamemamuydeckue Hayku. # 4(107), 2023 39

MOJUATHIIEH HM3KOH MuIoTHOCTH + BixTes / Mocksa,
IlepcrextuBHBIC MaTepuansl, 2017, Ne 1, ¢.13-18.

6. Gojayev E.M., Osmanova S.S., Ahmadova
Kh.R., Zeynalov Sh.A. Investigation of Surface
Structure and Thermostimulated Depolarization Effect
of Composite Materials with Aluminum Nano-
particles. American Journal of Nano Research and
Applications  2015; vol.3, Ne5, p. 89-93.
http//article.sciencepublishinggroup.com/htm1/10.
11648.j.nan0.20150305.12.html

7. l'omxae 3.M., Baiipamos P.A., AGGacos P.A.
CHCKTpLI TepMOCTP[MyjII/IpOBaHHOfI AcnoJisIpru3alun
komriosutoB [IDHIT/CAS /In;Ses // IV mexmyHapoaHo

—  TpakTH4yecKkas  KOH(epeHIHs -  HayJHbIE
nepcnekTuBbl XXI Beka. JIOCTH)KEHNS U NEPCIIEKTUBBI
HOBOTO  cTOJIeTUs.  MEXIyHapOIHbIM  Hay4HBIH

uHCTUTYT, HOoBOCHOUpck, 2014, Ned, wacts 2, c.137-
141.

8. Tomxaes DO.M., Ammea II.B. Crexrps
TEPMOCTUMYJIIMPOBAHHOMN JEenoNApU3anuu
OMOKOMITO3UTOB C HAIOJHUTEISIMH OHOJIOTHYECKOTO
mpoucxoxaeHus. // EBpasmiickuii COI03 y4eHBIX
(ECY), Exemecsunprii Hay4HbIA KypHaT, 2021, Nel
(82), 5 gacts c. 45-49. PUHI]

https://cyberleninka.ru/article/n/spektry-
termostimulirovannoy-depolyarizatsii-biokompozitov-
s-napolnitelyami-biologicheskogo-proishozhdeniya

9. Gojayev E.M., Osmanova S.S., Zeynalov Sh.A.,
Karimov F.Sh. Influence of organic additives on
electret state of high pressure polyethylene, Global
Journal of Engineering and Technology Advances,
2020, 05(02), 001-004. Cross Ref DOI: 10.30574/gjeta:
2582-5003 Impact factor: 5.78 IC Value: 92.54, IF:
6.46, IC Value: 92.54

http://gjeta.com/content/influence-organic-
additives-electret-state-high-pressure-polyethylene



https://cyberleninka.ru/article/n/spektry-termostimulirovannoy-depolyarizatsii-biokompozitov-s-napolnitelyami-biologicheskogo-proishozhdeniya
https://cyberleninka.ru/article/n/spektry-termostimulirovannoy-depolyarizatsii-biokompozitov-s-napolnitelyami-biologicheskogo-proishozhdeniya
https://cyberleninka.ru/article/n/spektry-termostimulirovannoy-depolyarizatsii-biokompozitov-s-napolnitelyami-biologicheskogo-proishozhdeniya
http://gjeta.com/content/influence-organic-additives-electret-state-high-pressure-polyethylene
http://gjeta.com/content/influence-organic-additives-electret-state-high-pressure-polyethylene

EBpa3sunckmnin Coto3 YUeHblX.
Cepus: TexHn4eckme n GusnkKko-mMmatemMaTmyeckme Hayku

ExxeMeCsa4YHbI Hay4YHbIN XYypHan

N° 4 (107)/2023 Tom 1

TJIABHBII PEJJAKTOP

MaxapoBckuii JleHnc AHATOIbeBHY

AuthorID: 559173

3aBenyrommii kadeapoil OpraHU3aLMOHHOTO yHpaBieHWs MHCTHTYTa NPHUKIAJHOTO aHajiu3a IOBEICHHS WU
MICHXOJIOTO-COIIMAIBHBIX ~ TEXHOJIOTWH, NPAKTHKYIOUIMHA IICHXOJOT, CHENHAINCT B cdepe yIpaBIeHHUS
o0pa3oBaHHEM.

PEJAKIIMOHHAS KOJIVIET' U

IlITepen3on Bepa AHaTo/IbeBHA

AuthorID: 660374

VYpaneckuii penepanpHeiii yHEBepcUTeT uM. nepBoro [Ipesumenta Poccum B.H. Emprmaa, MHCTUTYT HOBBIX
MarepuanoB 1 TexHosnorui (ExatepunOypr), kKaHIuAAT TEXHUYECKUX HAYK

CuHbKOBCKUII AHTOH Biiagumuposuy

AuthorlID: 806157

MocKOBCKHIT TOCYHApCTBEHHBIH TexHOJOormueckmii yHuBepcuteT "CraHkuH', Kadeapa HHYOpMAIOHHON
6e3omacHocTn (MOCKBa), KaHANAAT TEXHMYECKUX HAYK

IITepen3zon Baagumup AnekcaHaApoBHY

AuthorID: 762704

VYpansckuit denepanpHblii  yHUBepcuTeT uM. mnepBoro Ilpesuaenta Poccum B.H. Enpumna, WuCTHTYT
¢dynnamentanbHoro obpaszosanus, Kadenpa teopernueckoii mexanuku (ExarepunOypr), KaHIuIaT TEXHUYECKUX
HayK

3bikoB Cepreii Ap;jieHOBUY

AuthorlID: 9574

WuctutyT dusukn meramioB uM. M.H. MuxeeBa YpO PAH, Otnen TeopeTndeckoil 1 MaTeMaTHIeCKOH (PH3HUKH,
JlabopaTopust Teopun HenMHEHHBIX siBneHni (ExaTepuHOypr), kKaHIuaat Gpu3-mMar. HayK

JAponceiiko Buraauii BuranbeBunu

AuthorID: 1051220

MOCKOBCKHI aBTOMOOMJIbHO-OPOXHBIH TOCYJIapCTBeHHBIN TexHuuyeckuit yuusepcuter (MAJIN), Kadempa
"Opranusanys 1 6e30macHOCTh IBIKeHUI" (MOoCKBa), KaHAWAAT TEXHHUECKUX HAYK

CraTpy, MOCTYMHAIONIHE B PEAAKINIO, PEIEH3UPYIOTCS. 3a TOCTOBEPHOCTh CBEACHUH, M3I0KEHHBIX B CTaThIX,
OTBETCTBEHHOCTh HECYT aBTOPHI. MHEHHE peAaKIMi MOXKET He COBMAAaTh C MHEHHEM aBTOPOB MaTepHaioB. [Ipu
neperneyaTKe CChIIKa Ha )KypHal o0s3aTesbHa. MaTepHaisl MyOIUKyIOTCS B aBTOPCKOI pelakIiii.

Kypnain 3aperucrpupoBan PenepanbHoii ciryk00ii 10 HaB3OPy B cdepe CBsI3U, MHYOPMAITMOHHBIX TEXHOJIOTHH 1
MacCOBBIX KOMMYHUKALHH.

Xynoxnuk: Banerun Apcenuii Ilerpouy
Bepcrtka: KypnatoBa Mpuna AnekcanapoBHa

Anpec penakiuu:
198320, Cankr-IletepOypr, ['opon KpacHoe Ceno, yn. ['eonorudeckas, 1. 44, k. 1, murepa A
E-mail: info@euroasia-science.ru ;
WWW.euroasia-science.ru

Yupenurens u uzgarensr OO0 «Jloruka+»
Tupax 1000 3k3.



