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OPTIMIZATION OF FRACTIONAL DISTILLATION COLUMN IN CRUDE OIL
REFINERY USING ARTIFICIAL NEURAL NETWORK

ISMAGULOVA D.M.
JSC “Wood KSS”, 060011, Atyrau, Kazakhstan

Abstract. The paper outlines the methods, which improve the controlling process of separating methanol
from water in the distillation column to produce crude oil products. Nowadays, many industries use PID
controllers to control process variables like temperature, flow, pressure, level, which helps maintain
good performances. However, PID controllers can have slightly bad performances in complicated
control systems, such as in Multiple Input and Multiple Output (MIMO) systems, due to this, optimization
methods of improving PID are considered. A tremendous amount of work has been done refining,
studyingandimproving the PID controlling techniquesand methods. However, PID still faces challenges
in a variety of common control problems. This article represents NeuralNetworkAlgoritmbased PID
controller, whichisusedtocontrolthe separating process of methanol from water in the distillation column,
due to Neuralnetwork's good generalization results. The Wood and Berry mathematical Model was chosen
as the main control object.

Keywords: distillation column, Neural network, PID controllers, Artificial intelligence, MIMO system.

"KACAH/JIbl HEHPOHJBIK KEJICIH KOJIJIAHA OTBIPBII, IUKI MYHA OHJIEY
3AVBITBIHJIA ®PAKLIUSIBIK AIIJAY BAFAHBIH OHTAMJIAH/IBIPY

HNCMATYJIOBA .M.
«Wood KSS» AK, 060011, Amwipay ., Kazaxcman

Anoamna. Maxkanada memanonovl Cyoan OUCMULTAYUALAY OAAHLIHOA WUKI MYHAU OHIMOEpIiH any
yuwin 66ay0i 6akwvliay npoyecin scaxcapmamuli a0icmep Kopcemineen. Kazipei yaxeimma xenmezeH
onepkacinmep PID xonmponnepnepin memnepamypa, agviH, KblCbiM, Oeyeell CUSKMbl AUHbIMALLLIAPOb
backapy yuwin naudananaosl, OY1 dcakcvl Kepcemkiwmepli cakmayea komekmecedi. Anaitida PID
KOHmMpoiepiepi Kypoeri dackapy oicyienrepinde, Mvicaivl, OipHeule eH2i3y JcoHe OipHeule wbleapy
(MIMO) scyiienepinde can nawap kepcemxiwmepae ue 601yvl MYMKIH, cOHObIKman PID-0i sxcaxcapmyovly
oHmaunanovlpy a0ici Kapacmuipwiiadvl. PID mexuuxacvin 3epmmeyee, osicemindipyee, Oackapyoviy
JHcemindipineen a0icmepin Hacaya KOnmezeH Hevlioap sHcymcanovl. eeenmern ani 0oe PID xonmponnepi
Jrcayan bepe aimaumeln Oipxamap sHcainvl OAcKapy KublHObiKmapsl oap. byn ocymvicma, HelpoHOLIK
JHCENICIHIH HCAKCHI HCANNBLIAY HIMUNCENEPIHe DAULAHBICIbL, HCACAHObL HEUPOHOBIK JHCeNiCiHe He2i30en2eH
PID xommponnepi memanonovl OuCMuiiayusivly 0azandagvl cyoan 061y Npoyecin O0axKvliay YuliH
Konoauwliaovl. backapyowiy necizei obwvexmici peminde Byo owone Beppumamemamukaivlk Mooeiui
manyoanobl.

Tyitindi co3dep: oucmunnayus 6azansi, HeUpoHObIK dceri, PID xowmponnepi, sicacandvl unmesniekm,
MIMO ocyiieci.
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HE®TEIFASOBAA MHXEHEPWA N TEONOTUNA

ONITUMU3BALIUA PEKTU®UKALIMOHHOM KOJIOHHBI
HA HE®TEINEPEPABATBIBAIOIIEM 3ABOJIE C HCIIOJIb30BAHUEM
UCKYCCTBEHHOW HEMPOHHOW CETH

HUCMATYJOBA .M.
AO «Wood KSS», 060011, 2. Amvipay, Kazaxcman

Annomayusa. B cmamve uznosicenvl Memoosl, n0360s10wUe YIYYUUms YNpagieHue npoyeccom 0moeiensl
memanona om 600bl 8 PeKMUPUKAYUOHHOU KOJIOHHE C Yelbl0 NOLYYEHUs. CbIpbIX Hedmenpooykmos. B
meKywee 8pemsi NOUMu 80 6cex OMpAcaax unoycmpuu ucnonvzyiomes IH/-pecynamopuel 015 ynpasnenus
MAKUMU nepemMeHHbIMU NPOYecCamil, KaK memMnepamypd, pacxoo, 0asieHue, yposeHs, 4mo 0eucmsaumenbHo
nomoeaem nodoepicueams xopowue xapaxmepucmuku. Oonaxo I[IH]]-konmponnepvl mocym umems
HECKONIbKO NJLOXYIO NPOU3BOOUMENbHOCTNL 6 CIOJCHLIX CUCEMax YNpAeleHUus, HaAnpumep 6 CUCmemax
¢ MHOCOKAHANbHbIM 6X000M U MHOCOKAHANbHBIM 68bixo0om (MIMO), u3z-3a ueco paccmampusaemcs
memoo onmumuzayuu 01 yryyuwienus I1HJ]. Bviio nompaueno mMHo2o nem Ha uzyienue, YMOUHeHUe U
coseputencmeoganue mexnuxu ITHJ]-pecyruposanus, a makdice Ha paspabomiy YAyH4uleHHbIX Memooos
ynpaenenus. Tem He meHee 6ce ewe cywecmayem psao oowux npobrem ynpaegienus, npu komopwix I1H/]-
peaynsamop cmankusaemcsi ¢ mpyonocmsamu. B amoii pabome I[IH][-pezynamop Ha ocnoge HelpoHHOU
cemu UCNOb3yemcs OJisl YNpAeleHUus npoyeccom OmoeieHus Memanoia om 600bl 8 OUCMULIAYUOHHOU
KOJIOHHe 011a200aps Xopowum pe3yivmamam Hetuponnou cemu. Mamemamuueckas modens Byoa u Beppu
Obia 6bIOPAHA 8 Kauecmee OCHO8HO20 00beKmMa YNpaeieHus.

Knioueswie cnosa: pexmupuxayuonnas KoNonHa, neupounas cems, IIH/[-pecyiamopul, uckyccmeenmulii

unmennexm, cucmema MIMO.

Introduction

The crude oil refining industry has a huge
effect oneveryone’s life. Numerous products can
be produced using raw petroleum since it is a soup
of various sorts of hydrocarbon molecules, each
of which has its own set of unique chemical and
physical properties. Furthermore, these attributes
make every particular hydrocarbon in crude oil
either a good fuel, a useful fluid or solid. This
work will consider methods for controlling the
fractional distillation column for producing crude
oil products. The objective of the work is to control
the process of separating methanol from water in
the distillation column using a Neural Network
based PID controller in the atmospheric distillation
column to send it to the storage tank properly.
Artificial neural networks have been used in a
variety of applications by several manufacturers
for fault detection, control management and pattern
recognition. The most significant advantage of ANN
is learning from historical data and being utilized
for many industrial applications. Furthermore,
compared to conventional PID control algorithms,
neural-based PID improves the system's real-
time characteristics and complexity. [1] In turn,
Mostafa MJAHED [2] shows good performance
and benefits from decreased values of rising

time, overshootingand settling times and lesser
oscillatory response using the Genetic Algorithm.
Compared to traditional tuning methods, Genetic
Algorithms outperformed them in terms of steady-
state response and output performances. Compared
to the research above, in [3] the presented neural
PID model, the PID coefficients are considered
Gaussian potential function networks (GPFN)
weights. Furthermore, they are fine-tuned using
an online learning algorithm. So, the presented
model outperforms the basic PID controller with
fixed gains in terms of capability and flexibility.
The PID neural network performs admirably in
terms of position control and behavior [4]. Genetic
algorithm with particle swarm optimization results
demonstrates that the settling time, overshoot
percentage, rise time are better than conventional
PID controllers [5]. Ibtissem Chiha, Noureddine
Liouane, and Pierre Borne propose Multiobjective
ant colony optimization to tune PID controllers.
The results show that the proposed tuning technique
outperforms the genetic algorithms and traditional
approach and control system performance [6].
Another concept of artificial neural networks
(ANN) was proposed to establish new setpoints
after system disturbances and proved to have
a much better speed and feasible solution [7].
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The presented new model improves the
performance of the traditional controller; this new
control approach is conceptually simple and can
be easily implemented in oil and other industries.
Furthermore, additional energy costs and costs
associated with product specifications can be
avoided. In work [8], Muravyova and Mustaev,
2017 solved a problem associated with the large
error in the amount of cement at the outlet relative
to a given capacity, as well as to increase the
speed of the control system and increase its fault
tolerance by using an artificial neural network in
the Matlab environment. M.M. Gouda, S. Danabher,
C. P. in the research [9] designed a more robust
and efficient fuzzy logic controller. Itdecreases
the sensitiveness of the systemand improvesfast
changes of theparameters, and has lower energy
consumption. The research paper [10] represents
that the performance of PID with the Ziegler -
Nichols method is better than the conventional
Ziegler-Nichols technique. Experiments show
minimum overshoot, settling time for rate demand
utilities of DC motor. Different types of artificial
intelligence were compared; among them, Neural
Network was chosen as the main controller for our
distillation column.

Problem statement

Many industries use Proportional-Integral-
Derivative (PID) controllers to maintain and
regulate process variables. In in industrial process
loops, PID is the most common feedback control
systems. They are simple to comprehend and putinto
practice. Many scientists have spent time studying,
refining, and improving the PID controlling
methods, as well as designing workarounds for the
flaws they've discovered.

However, there are a variety of common control
issues that PID can't solve, some of which can be
solved with appropriate augmentations. Due to the
aggressiveness of control processes, a conventional
PID controller would have issues regulating them.
Also, advanced control is necessary for MIMO
systems, where the controller must coordinate the
initiatives of several actuators to manipulateseveral
control variables simultaneously.

For example, the distillation column, as it
is a MIMO system, requires advanced control.
Moreover, they can face quite bad performances
like overshooting, steady-state error, response time
increase, etc. Those problems can lead to hazardous
situations and loss of money. Due to this, new
methods of process control are being developed.

8

In this research, a new method of improving PID
control is presented.

Relevance of the project

Proportional-integral-derivative (PID) contro-
llers are commonly used to regulate the process
variables of many different types of dynamic
systems. Due to itssimple structure and ability
to provide an excellent closed-loop response
characteristic, these controllers are significant
in control process. Nonetheless, selecting a
suitable PID controller might be challenging.
Various methods for tuning controllers have been
developed in response to this issue. The Ziegler-
Nichols method is the most frequently used tuning
technique, but sometimes it can be difficult to
establish optimal controller coefficients. As a
result, many artificial intelligence algorithms, such
as neural network (ANN), fuzzy logic, swarm, ant
colony optimizations and others, have been created
to tune PID parameters.

The main drawbacks of the PID controller
include the complexity of controlling the three
parameters and the fact that it does not work
well for systems with time-varying, nonlinear
systems, linear systems with a time delay and
complex systems. Al-based controllers have more
benefits than traditional PID controllers, such as
independence, better reliability, lower load, smarter
control loops, higher speedand adaptability in the
enterprise, regardless of human intervention.

Atmospheric Distillation Column

An atmospheric distillation column with a tray
contacting device is mainly used to separate the
crude oil components into its fractions: valuable
products like gasoline, LPG, kerosene, Diesel fuel,
naphtha, and heavy gas oil. Tray or plates enable
good separation of the fractions of crude oil. The
working principle of ADU is fractional distillation
or distillation on boiling ranges. An atmospheric
distillation column is demonstrated in figure 1.

Trays located inside the ADU collect various
fractions as they cool to their boiling value and
vaporize. Forthe oil to be vaporized at the bottom
of the column, the reboiler heats the crude oil to
350 ° C. Using a condenser, each fraction of crude
oil is cooled and condensed at various temperature
values at the top of the column.

As each fraction of condensation, the liquid is
collected in the trays of the column. Higher boiling
fractions condense on the column's lower trays,
and lowersteaming point fractions condense on
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the higher trays. A reflux drum is used to keep the
condensed vapor, resulting in which reflux can be
sent back from the top of the distillation column.
One input stream and two product streams make up
the distillation column.

Mathematical model

There was chosen a mathematical model of
distillation column created by Wood and Berry.
They established a mathematical model of an
8-tray binary fractional distillation column with a
complete condenser and a basket-style reboiler for
disunion of methanol from water.

The model has been frequently utilized in
recent decades in severalresearchesto evaluate the
efficacy of various control methods since it has been
proven useful. Equations (1) and (2) were used to
express it when it was discovered experimentally:

xp(s)] _ R(s)

[xg(s)] =G0 [S(s) (1)
xD(S)] 16127:+1 ) Z1s+1 ¢ R(s)]1(2)
xB () 1005+1° 1;15511 ) S()

Here, outputs (controlled variables) are:

Xp (s) — methanol proportion in the distillate,

xp(s) — the amount of methanol of lowerpro-
ducts;

Inputs (manipulated variables) are:

R(s) — reflux flow speed,

S(s) —flow speed of steam in the reboiler. The
P&ID diagram of the distillation column for this
process is illustrated in Fig. 1. P&ID diagram was
developed in the online “Visual Paradigm” tool.

Feed
Flow (d)

Product
(Xb)

Figure 1 — P&ID diagram of fractional distillation column

The control structure of the distillation
column

The steam and reflux flow rates regulate the top
and bottom product concentrations, while the feed
flow rate acts as a disturbance. A distillation column
must have at least four feedback control loops
to monitor and control distillate concentration,
bottom concentration, reboiler level, and reflux

rate level. As a result, it's classified as a MIMO
control system. This paper proposes a controller for
controlling distillate and bottom concentrations.
MIMO control can be accomplished by using two
controllers, one for each component (two outputs).
Figure 2 shows a block scheme of a PID controller-
based MIMO system for a distillation column.
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R :® ¥ Gel ¥ Glifs) 3| | s X¥d
+

3 Gl

¥

GZ1(s)

5 /t®“> Ge2 s G2 > » Xb
Figure 2— PID controller-based MIMO controller
Here: Equation (3) shows decoupler elements
G:1(S), G,y (S) - PID Controllers, Di,(s) an D,, (s):
G11(8)G12(5)Gaq (S)Gap (s) — transfer
functions of control objects. Gy (s)
Due to multiple variables, the control structure D1, (S) - G (S ) .
of the MIMO system reqresdecoupler elements. e
The block diagram of the control system with G ( )
decoupler is illustrated in Fig. 3. Decouplers helps D (S) ___2 S
to remove process interactions to turn the MIMO 21 Gyo (S)
system into interacting, allowing for smooth tuning
of control loops.
R Gt ¥ G : L
\—l [ |
® Gl
M5
¥ G
5 : (] =® B2 » + 3b
Figure 3— MIMO with simplified decoupling method
The diagonal elements Q(s) of the product Simplified decoupling is presented in

G(s)D(s) as a diagonal matrix are the independent  Equations 4 and 5:
SISO systems that should be found.

10



HE®TEFASOBAA VHXEHEPUWA N TEONIOIMA

" Dyy(s) 1 _ G1a(s)
S G11(s)
D(s) = [ 12 ] = n )
( ) DZl(S) 1 _ GZI(S) 1
G22(s)
Gt — G12G21 0
Qz[Gn(s) 612(5)] [ 1 D12(5)] B )
G21(S)  Ga2(8)I D31 (s) 1 0 Gyy — %
11
The controller design is shown in Equation 6:
Kiq
K. (s 0 Kpl +—+ Kdls 0
ke =| 0k (s)] - . Ki (©)
2 O sz + T + Kdzs

In such a way, the block diagram ofthe MIMO  independent SISO systemsillustrated in figure 4.
system shown in figure 3 can be simplified to two

+

R K1(s) QiE  — Xd

¥

S K2(s) » Q2s) 0> Xb

Figure 4 — Independent SISO systems

So, the obtained Diagonal matrix (Q; and (),) of the system are shown in Equations 7, 8:

Q1
1.896 * 10* s + 4042 s + 291.5*s + 6.37

- 2.676 x 10* *s5 + 3.591 % 10% xs* + 1.026 * 10* *s3 + 1157 xs2 + 56.6 xs + 1 )

Q2
—3.294 % 10*s® — 6758s% — 461.2s — 9.655

T 8.9+10%5 + 5814 10%s* + 1.281 = 10%s3 + 1271s2 + 58.3s + 1

®)

Stability verification the steady-state error, and other dynamic
The step response is the system's response characteristics of the system.
to a unit step input; it helps analyze the system's The step response for the first closed-loop
stability and find characteristics such as overshoot, system is illustrated in fig. 5 below.

11
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Step Response

2
=

Amplitude
=
ot

o
=

0 2 4 B B 10 12 14
Time (seconds)
Figure 5 — The step response of the 1% system

Figure 5 illustrates thatthe system is equal to 0.139. So, using PID controllers with an
underdamped and has overshoots and oscillations.  Artificial Neural Network algorithm, it is expected
Using the step info( )command, it was found that that the error will be eliminated, and the output
the overshoot of the system was equal to M =6.64%, response will be improved.
settling time ¢ is 6.0801 seconds and rise time 7 The step response for the second closed-loop
is 2.1397 seconds. The steady-state error e Was  system is illustrated in Figure 6 below.

1025 Step Response

~

Amplitude
,u

0 50 100 150
Time (seconds)

Figure 6 — The step response of the 2™ system

Figure 6 illustrates that the system is not state error e Was equal to 8.7242¢"24. So, using
stable. The results show that the system doesn’t PID controllers with an Artificial Intelligence
have any overshoots (%M ), settling time (¢ ), rise  algorithm, it is expected that the output response
time (z,) or any other characteristics. The steady-  will be improved.

12
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Artificial Neural Network

The purpose of an artificial neural
network(ANN) is to use the target data to construct
a system that accurately corresponds the input
values to the output. The obtained model is used
to get the intended output when the desiredoutputis

unrevealed. Neuralnetwork-based PID controllers
aims to eliminate computing complexity and
improve real-time performance comparing to a
traditional PID controller. A control structure of
ANN-basedPID controller is represented in fig. 7.

Learning Algorithm

A

Neural Network

Kp |Ki | Kd
L ¥

PID Controller

Controlled Object

Figure 7 — Structure of PID controller based on neural network

Fig. 7 shows that the controller is made up
of two parts: traditional PID control and a neural
network. Here the conventional PID affects the
control object directly. The PID controller's
parameters are tuned using a neural network, which
compares the target values with the input values to
achieve performance optimization. Output neurons
must match the parameters of PID.

Training neural network

To train aneural network, [ used PID parameters
obtained using a Genetic Algorithm and used them
as target values. To get target values, a scheme
was constructed where the output response of the

Meural Network

closed-loopwas exported to the Workspace using
simoutl. For the input valuesof the NN, there were
extracted output response values of the closed-loop
without any PID controller.

There were used “nmnstart” neural network
fitting app for this article. A sigmoid like transfer
function of a two-layer feedforward network is
used for a hidden layer of our network in Matlab
software. The output layer is based on the linear
transfer function (TF). Thenetwork will be trained
with the Levenberg-Marquardt backpropagation
algorithm. The structure of the neural network,
which has input, hidden, and output layers,as
shown in figure 8.

Figure 8 — Neural network structure

10 neurons were selected for a hidden layer of
neural network architecture and one neuron both
for input, output layers as in the picture above.

The training results of ANN for the first (on
the left side) and second (on the right side) closed-
loop systems is illustrated in figure 9.

13
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Overall, the training performance for the first
system was slightly good compared to the second
loop. The first loop was trained at 106 Epochs and
the second at 911 Epochs, which is very long.

Neural Network

Hidden Output
Input L Qutput
1 1
10 1

Algorithms
Data Division: Random (dividerand)
Training Levenberg-Marquardt  (trainlm)
Performance: Mean Squared Error  (mse)
Calculations:  MEX
Progress
Epoch o [ 106 iterations 1000
Time: 0:00:02
Performance: 0726 [NTE0E060N | 0.00
Gradient: 221 [SETE 05N | 1.00e-07
Mu: 0.00100 1.00e-08 1.00e+10
Plots
m—
Plot Interval: | | 1epochs

@’ Opening Regression Plot

Neural Network

Hidden Output
input L Output
1 1
10 1
Algorithms
Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error (mse)
Calculations:  MEX
Progress
Epoch: o [ Sierstions 0 | 1000
Time: . oomos |
Performance: ooses [IINOEOSH | oo
Gradient: 0332 [ ATTE06 NI | 1.00e-07

Mu: 000100 1.00e+10

Plots

Performance

(plotperform)

Error Histogram | (ploterrhist)

(plotfit)

|

Plot Interval: B 1 epochs

@ Validation stop.

@ cCancel

@ Stop Training

Figure 9 — Neural network training results (First loop)

Finally, to check the output response of two
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Figure 10 — Neural network-based PID controller

The results of the first feedback system are illustrated in figure 11.
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Figure 11 — Step response of 1% loop with NN based PID

independent closed-loopsystems, a block diagram
of the PID controller feedback system was
constructed with an Artificial Neural Network,
shown in figure 10.
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Figure 11 shows that the output response of seconds. So, by using PID controllers with the
the first loop using NN based PID controller was  Artificial Neural Network algorithm, there was
improved. It was found that the overshoot of the obtained better results.
system was equal to M =0.0397%, settling time The step response for the second closed-loop
¢t is 0.0194 seconds and rise time ¢ is 0.0150  system with NN PID is illustrated in Figure 12.

Step Response
Sacond loop with NN
1 /
08 / /
o 06
2
2
< 04 //
02
0
0 05 1 15
Offsat=0 Time (s)

Figure 12 — The step response of the 2" system

The results show that the system hasan Neural networks are widely applied to solve
overshoot equal to M =0.0397%, settling time technical problems. Based on my research, it
t=1.1777, rise time ¢ — 0.9038. So, NN based PID ~ was discovered that the majority of researchers
controller helped to make the system stable and use ANN for modeling and designing linear and

improve overall performance. nonlinear systems for industrial control systems.
Moreover, training a Neural network-basedPID
Conclusion controller feedback system to control the process

In this article, the techniques of improving of separating methanol from water in a distillation
traditional PID controllers in crude oil refineries column in a crude oil refinery showed good
are considered. To sum up, there was studied the performances compared to the system without the
usage of artificial intelligence in different fields. Al network. It was proven that by using a neural
As seen from the research done, the artificial network, the system response improved overshoots
intelligence-based PID controllers are one of the eliminated, rise time and settling times decreased.
optimal algorithms that can be used for controlling  Applying the NN based PID controllers and
the object and whole system. The artificial neural replacing the conventional PID controllers reduced
network helps to predict future plant behaviors. the error between desired values and system output.
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METOJAUKHU BBITIOJIHEHU S I/I3MEPEHI/II71, OB30P U IPUMEHEHMUE
AVTKAHOBA C.A.

Axmrwobuncxuil puruan PITT « Kazaxcmanckuil uHCmumym cmanOapmusayuu U Mempoiocuuy,
030000, 2. Akmobe, Kazaxcman

Annomayus. B nacmosiwell cmambe usnodiceHbl HOpMAmueHbvle nPpagoeble AKmbl, CMAHOApmbl U NPUMEHEHUe
MemoOuK 8binoHeHus usmepenutl. Onucanue HOpMbl XapaxKmepHuxX nokazamenetl (mpebosanuil) Ha Kaxicoyio
npooykyuro, 6yob mo xieb, MoioKo, HedhmenpoOyKmol, U30enus 1e2KOU UIU MANCENOU NPOMbIULLEHHOCU
U m.0., pelaMeHmupyemcs: 6 MexXHUUeCKUX pelamMeHmax, a oaiee 6 HOPMAMUBHLIX OOKYMEHMAX Ha
npooyKyur, 2oe Osi Kaxicoo20 NoKazamenis 0ObIYHO Obleardm CCbLIKU HA MemoObl UCHLIMAHUL 9MOU
xapaxmepucmuxu npooykyuu. M 0 ucneimanusi npooyKyuu ece20d HeoOXoouMm mMemood NposedeHuUs
ucnoimanui. B 6onvwuncmee cayyaes 01 OAHHBIX yerell yice pazpadomarvl CMAaHOApmusie Memoobl
npoGedeHUs: UCIbIMAHUL U USMEPEHULl, KOMOpble ONUCAHbL 8 OMEYeCMEEHHbIX UL MENC20CYOAPCMEEHHBIX
cmandapmax: CT PK unu F'OCT, a makace 6 medxncoynapoousix — IEC, ISO u dp. Oduaxo 0ias nposederus
UCNBLIMAHUL 8 OMOEIbHBIX CAYYAAX CMAHOAPMHble Memoovl omcymcemesytom. Pewenuem 3adauu 6 0annom
cayuae A6asemcs paspabomra coOCMEEHHOU MemOOUKU BbINOIHEHUs USMepeHUll, MaK Ha3bleaemoll
HeCmanoapmu3upoSanHol, MemoouKu, 20e NOSPeWHOCMU UBMEPEeHUll Npu YCAo8uU COONI0OeHUsT BCex
mpebo8anHull OOKYMeHmMAa 2apaHmuposanvl. B cmamve onucanvt cmaouu paspabomku, ammecmayuu,
YMEepIHCOeHUs. U NPUMEHEHUS KAK OObIYHbIX MemOOUK, maxk U peghepeHmuvlx MemoOux GblNOTHEeHUs.
usmepenui. B cmamve npugedenvl cculiku u3z sakonooamenvcmea Pecnybnuxu Kasaxcman 6 obracmu
obecneuenusi eOUHCMBA UMEPEeHUL HA CMAaHOApmul, HOpMamueHvle npasosvie axmul u 3axona PK «O6
obecneveHuu eOUHCMEA UMePEeHULLY.

Knrueesvie cnosa: memoouxa, memoouxa evinoanenus usmepenuil, MBH, zocyoapcmeennas cucmema
obecneuenus eouncmea usmepenutl, I CH

OJIILEMJIEP OPBIHJIAY 9AICTEMEJIEPI, IIIOJTY )KOHE KOJJAHY
AMUTIHKAHOBA C.A.

«Kasaxcman cmandapmmay sicone memponoeus uncmumymsiy PMK, «KazCmanoapmy PMK
Axmebe ¢unuanvi, 030000, Axkmebe k., Kazaxcman

Anoamna. Ocvl MaKanada HOPMAMUSMIK KYKblKmulK aKmiiep, Cmanoapmmap jHcane oauemoep opbiHoay
a0icmemenepiniy KONOAHbLLYbl MA3MYHOAN2aH. Han, cym, MYHat oHiMOepi, JceHil Hemece ayblp OHepKaCcin
OytibIMOapyl Jicane m.O. cuskmol apOip OHIMOEpee MIH KOPCemKiumepoiy (maianmaposit) HOPMALAPbIHbIY
CUNambl MEeXHUKAIbIK pe2lamMenmmepoe, Kelin a0emme apoip KopcemKiul yulii OHIMHIK OCbl CUNAMIMAMACHIH
CblHay 20icmepine ciimemenep KelmipiieeH OHIMee APHANAH HOPMAMUSMIK Kyocammapoa pemmenedi.
OHiMOI cbiHay yuin cblHaKkmapovl emkizy adici Kaxcem. Kenmeeen sicazoauiiapoa ocvl MaKcammap yulin
omanoviK Hemece memaexkemapanwvik cmanoapmmapoa— KP CT nemece 'OCT, conoati-ax xanvixapanvig IEC,
1SO oicone m.6. cmanoapmmapoa cunamman2an ColHAKMap MeH eaulemoepoi OpbiHOAyObly CIAHOAPMMbL
a0icmepi a3ipneneen. Anaiioa scexeneser Hca0auiapod ColHaKmapobl O©mMKi3y yulin cmanoapmmel a0icmep
arc0K. Ocbl amca20aioa Maceneniy wewimi CmaHoapmmaimaean 0en amaiamoli 03 eaulemoep OpblHOdY
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a0icmemenepin 23iprey 6onvln mabwvliadbl, MYHOA KYHCammouly OApiblK MALAnmapblH CAKMAaaH Ke3oe
enuwemoepoiy Kamenikmepi kenindendipineen. Maxanada Kapanativim, coHOali-ax pepepenmmik enwemoep
opwviHOay adicmemenepin a3ipaey, ammecmammay, OeKimy JcoHe KONOAHY Camvliapbl CUNAMIMALRAH.
Maxanaoa enwem 6Gipnicin Kammamacels emy caracvinoagvl Kasaxcman Pecnyonuxacel 3a4HaMacblHaH
cmaunoapmmap, HOPMAmuemix KYKbIKMulK akminep men «Onuiem Oipriein Kammamacwvl3 emy mypaibly
3anvina cinmemenep keimipinceH.

Tyiinoi ceszoep: adicmeme, onuwemoep opwviHOay adicmemeci, OO0, memiekemmik oauiem Oipnicin
Kammamacwiz emy dscyeci, MOK

MEASUREMENT PROCEDURES, REFERENCE AND APPLICATION
AITZHANOVA S.A.

Aktobe branch of RSE “KazStandart”
RSE “Kazakhstan Institute of Standardization and Metrology”, 030000, Aktobe, Kazakhstan

Abstract. This article outlines regulatory legal acts, standards and the application of measurement
procedures. The description of the norm of characteristic indicators (requirements) for each product, be it
bread, milk, petroleum products, light or heavy industry products, etc. is regulated in technical regulations,
and further in regulatory documents for products, where for each indicator there are usually references to
test methods of this product characteristic. For testing products, a test method is always necessary. In most
cases, standard methods of testing and measurements have already been developed for these purposes, which
are described in domestic or interstate standards: ST RK or GOST, as well as in international IEC, ISO, etc.
However, there are no standard methods for testing in some cases. The solution to the problem in this case is
the development of its own measurement methodology, the so-called non-standardized methodology, where
measurement errors, subject to compliance with all the requirements of the document, are guaranteed. The
article describes the stages of development, certification, approval and application of both conventional
methods and reference measurement procedures. The article contains references from the legislation of the
Republic of Kazakhstan in the field of ensuring the unity of measurements to standards, regulatory legal acts
and the Law «On ensuring the unity of measurementsy.

Keywords: Procedure, measurement procedure, MP, state system for ensuring the unity of measurements,
SSM

Beenenne TPYII IPOMBIIUIEHHON U IPOJIOBOJILCTBEHHON MIPO-

MeToauku, WM METOIMKH BBITOJIHEHHS H3Me-
pernii (MBH), B cooTBeTcTBHU C TEPMUHOIOTHEH
cratb | 3akona PecnyOnuku Kazaxcram [1] u
IIpaBun [2] ompeneneHsl Kak KOMIUIEKC MPaBHI U
HOpM, 00€CleuHBaOLINX MOJYYCHHE PE3yJIbTaToB
U3MEpPEHUH C ONPEAEIEHHOM MOrPelHOCTBIO.

OCHOBHBIE  CTaHAAPTHI, yCTaHAaBIMBAIOIINE
NOPSAOK  pa3pabOTKH, METPOJIOTHYECKON arTec-
TallUd M TOpuMeHeHus Mmetoauk, — 3to CT PK
2.18 [3], TOCT 8.010 [4].

OcHOBHas 9acTh

B cBs3u ¢ rapMmoHU3anuen MeXIyHAPOIHBIX H
rOCyIapCTBEHHBIX TPEOOBaHUN K 0OBEKTaM OIICHKHU
COOTBETCTBHSI 3HAUUTEIHHO PACIIUPHUIICS IEPEUYCHb
pPErIaMEHTHPYEMbIX XapaKTEPHCTUK ISl Pa3HBIX

18

OYKIHUH, TA€ KaueCTBO U 0€30MacHOCTh MPOAYKIHH
XapaKTEepU3YIOTC TEXHUUYECKHUMH, TEXHOJIOTHYeC-
KUMH W METPOJOTHYECKHMMH HOpMaMu. Xapak-
TEPUCTUKHA METPOJOTHYECKHX U TEXHUYECKHX
HOPM JIOJKHBI TapaHTHPOBATHCA JIOCTOBEPHOCTHIO
MOJIy4aeMbIX PE3yJIbTaTOB, YTO JIOCTUTAEeTCS B
pesynbrare obecredeHus] eIuHCTBa W3MepeHuid. B
9TOH CBSA3M 0CO00E BHUMAHUE YACISETCS METOAUKAM,
METOJaM 1 CPEeACTBAM U3MEPEHNN, UCTIBITATEIbHOMY
Y BCTIOMOTaTeIbHOMY 000PYI0BaHUIO, CTAHAPTHBIM
o0pasnam 1 arTeCTOBaHHBIM CMECSIM, IPUMEHSIEMBIM
JUTSL KOHTPOJIS KauyecTBa, a TakkKe AJis 00ecredeHus
0e30MacHOCTH MPOAYKLUH.

MBMU ucnons3yrores nis o0ecneyeHus: HOpM
TOYHOCTH B pA3JIMYHBIX OTPACIAX DKOHOMHMKH,
a TakkKe JIA  BBIIIOJHEHUS YCTAHOBJIEHHBIX



DPU3NKO-MATEMATUYHECKUME N TEXHNYECKUME HAYKHA

TpeOOBaHMI M HOPM TEXHHYECKHUX PEIIAMEHTOB
Tamoxennoro corosza (manee — TP TC) B pamkax
EADC, obecnieynBaronux Ka4eCTBO U 0€30I1aCHOCTD
MPOAYKLUMH U OKa3bIBAEMBIX YCIYI B peciyOimKe.
[TosToMy BO3HHMKAaeT HEOOXOIMMOCTH MEPECMOTpa
U COBEpILIEHCTBOBaHUs AcicTByomux MBU u
pa3pabOTKH HOBBIX METOIMK.

Cortacno CT PK2.18 [3],I'OCT 8.010 [4] MBI
JIOJDKHBI  COIEpKaTb KaKk MUHUMYM CIEAYIOLIHNE
pas3zmensl, ONUCHIBAIONINE TPEOOBAHUS K:

- OIIMCAaHMIO 00JacTH NPUMEHEHUSI METOIHUK;

- MOTPELIHOCTH M3MEPEHHH (TOYHOCTH H3Me-
PEHMI, MPUMNHCAHHBIM XapaKTEPUCTHUKAM HOIPEeLI-
HOCTH);

- TEXHHYECKUM M METPOJIOTHYECKUM Xapak-
TEPUCTUKAM, NPUMEHSIEMBIM K CpEICTBaM H3Me-
PEHMI, MCIBITATEIbBHOMY M BCIOMOTAaTEIbHOMY
000pyA0OBaHUIO, CTAHJAPTHBIM 00pa3IaMm;

- YCIOBHMSAM  BBIIOJIHECHHS  HM3MEPCHHI,
Oe3omacHOoCTH pabOYMX MECT ONepaTopoB U
9KOJIOTHH, YPOBHIO KBaJM(UKALIUH CTICLUAINCTOB;

- OIMCAaHUIO TOATOTOBKM K BBIIOJIHEHUIO
WU3MEPEHUM;

- omucaHui0 OTOOpa M IMOATOTOBKHM 00pa3ua
MpOOHI;

- OIIMCAHMIO BBIIIOJIHECHUS NU3MEPECHUN;

- 0o0pabotke, O0GOPMICHUIO TMOJYyYCHHBIX
Pe3ynbTaTOB U3MEPEHUH, KOHTPOJIO MOTPEIIHOCTH
Pe3ynbTAaTOB U3MEPEHUH 110 JaHHOM METOAMKE.

Jlaboparopus, mpumenstomas MBU, tae
MOKa3aTeIy TOYHOCTH M3MEPEHMH, TaKHe KaK IOB-
TOPSIEMOCTb, BHYTpPUJIa0OpaTopHass NPELU3HOH-
HOCTb, BOCIPOM3BOAMMOCTb, IPAaBHIBHOCTb U
TOYHOCTh aHAJIM3a, YCTAHOBIEHbI coracHo PMI
61 [5] wmu norpemHoctn no ['OCT 8.207 [6],
KOHTPOJIMPYET JaHHbIC IPHUIHMCAHHBIE XapakTe-
puctuku o PMI' 76 [7]. Hopmbl st BHyTpH-
71a00paTOPHOrO  KOHTPOJISI  yCTAHABIMBAIOTCS C
Y4eTOM NPHUIHMCAHHBIX XapaKTEPUCTUK ITOTPEIIHOC-
TH WIN €€ COCTaBJISIONIUX.

Pa3paboTanHble M METPOJIOTUYECKH arTec-
TOBaHHbIE METOOUKU MOUIeXKAT PETUCTPALUU B
peecTpe rocyaapcTBEHHOH CHCTEMBbI O0ECIEUeHUS
eanHCTBa n3Mepennii Pecrrybmmku Kazaxcran (I'CU
PK). Kak npaBuiio, 5to MBU, kK KOTOpBIM yCTaHOB-
JICHBl METPOJIOTMYECKHe TpeOOBaHUS B HOpMa-
TUBHBIX TPABOBBIX AKTaX, B MEPEUHSAX H3MEPEHHH
ct. 22 [l]. JaHHyro mnpouenypy BbIIOJHSET
locynapcTBeHHBINI  Hay4yHBId  METPOJOTHYECKUN
nentp (I'HMLL) mpu PI'TI «Ka3zCranmapt».

Oransl pa3paboTKU METOIMK, 3aTEM aTTeCTalluH
u peructpauuu B peectpe I'CU PK:

- paspaboTka TexHuueckoro 3agaHus (MCXOA-

HBIX JaHHBIX) W TporpamMMmel Ha MBU, BEIOOD
METOAAa WJIM METONOB MHCIIBITAHUH, W3MEPEHHH,
HCCIIEIOBAHUE XapaKTEPUCTHK, MAapaMeTpPOB METO-
IUKH  (TIPOBEICHHE SKCIIEPUMEHTANIbHBIX HCIIBI-
TaHWH, M3MEPEHUH M COCTABJICHHE TEXHUYECKOTO
oryeta), cormacoBanne MBU ¢ HagzopHBIMEU Opra-
HaAaMH ¥ 3aWHTEPECOBAHHBIMH MPEANPHUSATHIMH,
OpraHu3alusMH M YTBEpKIeHHE, O(hOpMIIeHHE
MBU no [punoxenuto b 'OCT 8.010 [4], CT PK
1.5 [8], CT PK 2.505 [9].

- METPOJIOTHYECKasl aTTecTalus M YTBEpKIe-
Hrue MBU.

CaMmble aKkTyaJbHbIE OOJACTH NPUMEHEHHS
METOAMK  BBIIOJIHEHHUS  H3MEPEHHH —  3TO
OXpaHa OKpY’KAaIOLIeH cpenbl, 3alluTa XHU3HU U
3I0POBbsSI TpaxkJaH, 0E30IIaCHOCTb TpyAa M JBU-
KECHHS TPAHCIIOPTA, OLEHKA COOTBETCTBHUS, IOCY-
JapCTBEHHBIC YUYETHBIC OINEpalMH, TOPTOBBIE OIIe-
pauuM MEXAy IOKyNaTelieM W IMPOAABLIOM, H3Me-
peHust B cepe KOMMYHAIBHBIX YCIYT U YCIIYT CBS3H.

[IpuBenem mnpuMepsl OXHUX U3 HEMHOTHX
MBMU, pa3paboranHbIX B o0nmacTh HEPTH U Ta3a, a
TaKKe 3KOJIOTUH:

- «MBU ycraHoBkamMHM H3MEPUTEIbHBIMU
«O3HA-MACCOMEP» no omnpeaeneHu0 Macchl
Heptm W oObeMa He(TSIHOTO Traza pPa3THIHBIMHU
METOAAMNY;

- «MBU CHKH (cucrema m3MepeHUH KOJIH-
yecTBa M IIOKa3aTeleil kadecTBa HeEPTH)» A
pasHBIX OPEANPUATHH TPU  MECTOPOXKICHUSX,
cornacoBaHHbIX ¢ AO «Ka3TpauncOiiny;

- «MBMN CHPI' (cuctema wu3MepeHHH pac-
X0Jla rasza)y i Pa3sHbIX NPEANPUSATHI IIPH MECTO-
poxneHusx, cortacoBaHHbix ¢ AO «KazTpancOiiny;

- «MeTonuKa BBIITONHEHUST U3MepeHuil. Ompe-
JieJIeHUE HAaTPUSl XJIOPUCTOTO, HATPUS CEPHOKHUCIIOTO,
CYXOT0 OCTaTKa, BJIard U HEPacTBOPUMOIO OCTaTKa
B OTXOJaX IPOM3BOACTBA THUTPUMETPUUECCKUM U
IPaBUMETPUUYECKUM METOIAMNY;

- «MeToauKa BBIOJHEHUS] H3MEPEHUH CO-
JepXaHui ypaHa B TEXHOJOTHYECKHX YPAHCO-
JepXKaluX pacTBOPax M TBEPIBIX IOIYIPOLYKTax
MOTEHIHOMETPHUYECKUM METOIOM C UCIIOTIb30BAHUEM
TUTpATOpay;

- «KonnuecTBO M3BIIEKaEMBIX M3 HEIpP CHIPOM
HetH, HedTH Oe3 ydera BOABI, HEPTIHOTO Ta3a.
MeTonuka BEIIIOJIHEHUS H3MEPEHUI MHOTO(Ga3HbIMU
pacxomomepamu VX anst komnanuu «lllimromGepxe
Jlomxkenko Nak.» B PKy»;

- «MBU wmaccoBbIX KOHUEHTpauuil neu-
CTBYIOIIMX BEIIECTB TMECTUIUAOB (TepOHUIHIOB) B
IpenapaTuBHBIX (opMax, BBICOKOUHCTBIX IIECTH-
OUAAaX B TBEPABIX M KHIKHX MaTpulax METOJOM
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ra30’KHUAKOCTHOH Xpomarorpagumy.

B03MOXHO Takke HCIOIb30BAHUE AaTTECTO-
BaHHBIX MBMU, pa3paboTaHHBIX B CTpaHax
CHI' B cooTBeTcTBUHM C TpeOOBaHUSMH MEKIO-
cynapcTBeHHoro fokymenta [IMI™ 44 [10].

[Tonpobuyto uHGOPMALKIO O 3apPETUCTPUPO-
BAaHHBIX METOAMKAX BBITTOJHEHHS U3MEPEHHUH MOKHO
HaWTH Ha caite https://techreg.qoldau.kz [11], a
Taoke nHPopmarus o MBU, 3apernctpupoBaHHBIX
no 11 anpens 2019 r., npuBeaena B apxuse Peectpa
I'CU PK Ha catite https:// ksm.kz [12].

besycinosno, MBU cocTtosT M3 OCHOBHBIX
oovexktoB ['CHU PK: sT0 wum3mepsiemas emuHUIA
BEJIMYUHBI, METOJbI U3MEPEHUH, METPOJIOTHUECKHE
XapaKTEePUCTUKN CTAaHJAPTHBIX 00pa3LOB U CPEACTB
n3MepeHuil. Micronp30Banye HOBEMIINX TEXHOIOTUI
npu pa3paboTKe METOAUK 00yCIaBINBACT Pa3BUTHE
CHCTEMBbI Iepenadyn pa3MepoB CIUHHII W3MEPEHHH
OT rOCyAapCTBEHHBIX 3TAJOHOB PabOYNM 3TATOHAM
U OT MOCJIETHUX — BCEM cpelcTBaM usMepenuit. [lpu
3TOM BaXXHO COOII0IaTh 00eCIieYeHUE IPOCIIEeKNBAEC-
MOCTH €IUHHIIBI U3MEPEHUS HUCCIIEyeMOTo 00bEKTa
MBMU k rocynapcTBEHHBIM UM pabOYUM 3TAIOHAM,
rOCyAapCTBEHHBIM CTaHIapPTHBIM oOpasnam.
Taxoke He0oOXOAMMO YUYUTBIBATb, YTO, COIJIACHO
cratbe 9 [1], B peciyOnke omycKaeTcst IpUMEHSTh
CAMHUIBl BEJIWYMH MEXAyHapOJHOW CHCTEMBI
eMHUI], TPUHATON |eHepanpbHOW KoH(DepeHIue
10 MEpaM U BecaM B COOTBETCTBHH C JOKYMEHTAMHU
MexayHapoaHOM oOpraHu3aluu 3aKOHOAATEIbHOU
merponorun (MO3M), a Takke B YCTaHOBICHHOM
nopsiake mo 'OCT 8.417 [13].

IIpy OTCYTCTBUM TOCYAAapCTBEHHBIX  HJIU
pabouux STAJIOHOB, OTCYTCTBHHM CTaHIapTHBIX
00pa3oB BO3MOXKHO TNpPHUMEHEHHE pedepeHTHBIX
METOAMK BbINOIHEHU u3MepeHuil. Crares 1 [1] u
[IpaBuna [2] permaMeHTUPYIOT, 4TO pedepeHTHYIo
METOAMKY HMCIIONB3YIOT Ul OLIEHKH MPAaBUJIBHOCTH
PEe3yIbTaTOB M3MEPEHHUH, MOIYUYSHHBIX O APYTHM

MBHU. Ilpu 3TOM BEIUYUHBI E€AUHULl PE3YIbTATOB
n3Mmepenuit pedepentHoit MBW momkHBI OBITH
TOro ke pojaa, yTto u B uccuenyeMoir MBU. Taxxke
pedepeHTHbIE  METOOUKH  NPUMEHSIOTCS  UIs
KaJMOPOBKHM CPEACTB M3MEPEHHUH WIIM aTTeCcTalluu
METPOJIOTHYECKUX XapaKTEPUCTUK CTaHAAPTHBIX
00pasmos.

JUis  TpUMEHEHHsT METOAUKH B KadecTBe
pedepentHoit MBW naGoparopum HeoOXomumo
IPOBEACHNE ONpPOOOBAaHUS NaHHOW METOAUKH U
ONMCAaHUE MPOCIICKUBACMOCTH €€ PE3YJIbTaToOB 10
TOCYAapCTBEHHOTO CTAaHAAPTHOTO oOpa3ua audo 1o
IpOLENyp, CBSI3aHHBIX C TOCYJapCTBEHHBIMH HIIN
STAJIOHAMHM BBICIINX Pa3psAA0B C BHICOKMM YPOBHEM
HeompeneneHHocTd. Kpome Toro, saboparopust
JOJDKHA OBITh AKKPEAMTOBAaHA, 4YTO SIBISIETCA
MoKa3aTeseM IIPaBUIIbHOCTH BBIIIOJIHEHUSI METOJUKH
pedepeHTHOrO0 M3MEpPEHUs] U COOTBETCTBYIOLIETO
MPUMEHEHUS] MCIIONB3YEMbIX CPEICTB HM3MEPEHHH,
000pynOBaHMs, PEaKTUBOB U PEAreHTOB.

Pazpaborannsie maboparopusimu pedepeHTHbIE
MBUW mnonrBepkmatoTcs W 3areM MyOIHKYIOTCS
HAMOHAJIbHBIMH METPOJIOTHYECKUMH HHCTUTYTaMHU
(MMM MEKAYHapoOXHBIMH  OpPraHM3alMsAMH) B
coTpynHHYecTBE ¢ MeXAyHapOIHBIM KOMUTETOM 110
Becam u Mepam (MKMB; International Committee
for Weightsand Measures; CIPM).

BriBox

Takum  o0Opa3oMm, TOBBILIEHHE TOYHOCTH
pe3ynbraroB usMmepeHuid MBU, yctaHoBieHue u
MOATBEPXKICHUE COOTBETCTBUS METOIUKU HPEIb-
ABJISIEMBIM K HEH METPOJIOTHYECKUM TPeOOBaHMSM,
oOecrieueHNe MPOCIECKUBACMOCTH PE3YJIBTATOB 10
STAJIOHOB, WM CTaHIAPTHOro oOpasua, nin pede-
PEHTHOI METOAMKH ¢ TpeOyeMbIM IUIsl U3MEPEHHH
YPOBHEM HEOIIPENEICHHOCTH SIBJIAIOTCS Ba’KHBIM
YCIJIOBHEM JUIsl 00€CTICUeHUS] €ANHCTBA U3MEPEHUI.
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BINARY CONVEXITY RANK IN ALMOST OMEGA-CATEGORICAL
WEAKLY O-MINIMAL THEORIES

AMIRBEK G.S., KULPESHOYV B.SH.
Kazakh-British Technical University, 050000, Almaty, Kazakhstan

Abstract. The present paper concerns the notion of weak o-minimality that was initially deeply studied by
D. Macpherson, D. Marker and C. Steinhorn. A subset A of a linearly ordered structure M is convex if for all
a, b € Aand c € M whenever a < ¢ < b we have ¢ € A. A weakly o-minimal structure is a linearly ordered
structure M = (M, =, <, ...} ¢ such that any definable (with parameters) subset of M is a union of finitely
many convex sets in M. A criterion for equality of the binary convexity ranks for non-weakly orthogonal non-
algebraic 1-types in almost omega-categorical weakly o-minimal theories in case of existing an element of the
set of realizations of one of these types the definable closure of which has a non-empty intersection with the set
of realizations of another type is found.

Keywords: weak o-minimality, almost omega-categoricity, convexity rank, weak orthogonality, equivalence
relation.

OMETA-KATEI'OPUSAJIBIK JEPIIK 9JICI3 O-MUHUMAJLIbI TEOPUSAJIAPBIH/IA
BUHAPJIBIK JOHECTIK PAHI'ICI

AMMPBEK I'.C., KYJIHIEIIIOB B.111.
Kaszaxcman-bpuman mexnuxanvix ynugepcumemi, 050000, Anmamut k., Kazaxcman

Anoamna. Maxana 6acmankwvioa /[]. Makgepcon, /l. Mapxep sicone 4. Cmaiinxopn meper 3epmmezen 27Ci3
O-MUHUMATOBLILIK mycinicine Kambicmbl. Colzbikmulx pemmencen M Kypolivimbiibiy A TWKi JcublHbl 00Hec
bonaovl, ezep ke3 keneen a, b € A socone ¢ € M rezinoe a < ¢ < b 6i30e ¢ € b 6i30e ¢ € A bonca. Oicis
O-MUHUMATObL KYPbLIbIM — Oy M KYpblibiMblHblY Ke3 KeleeH aHbIKMAaiamvli (napamempiepi 6ap) iwiKi
arcubinbl M-0eei 0enec JHcublHOapObly aKbipibl CanbiHbly Oipieyi boramuvinoat M = ‘M, = <,.) CbI3bIKMbL
pemmeneen Kypoiivim. bBunapiviy denwecmix pawueinepi menoiciniy Kpumepuili 21Ci3 OpmocoHAIbObl eMec
aneebpanviy emec I-munmepi ywin 0epiik omMe2a-Kame2opusivlk dICi3 O-MUHUMALObL TMeoPUANapod Ocbl
myprepoiy Oipeyiniy Jcyzece acy HCUbIHbIHAH dNleMeHm D0a2aH ca20aloa maodvliadbl, OHbIY AHLIKMAIAMbIH
2HcabwLIYbL Dacka mypoeei icke acvlpy HCUbIHbIMEH OOC emec KUbLIbLChbl bap.

Tyitinoi ce30ep: 21ci3 O-MUHUMATOBIK, OEPIIK OMe2a-Kame2opUusiivlK, OOHEeCMIK PAH2IC, dICI3 OPMOCOHANObIK,
IKBUBATEHINMIK KAMbIHAC.
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BUHAPHBIN PAHI BBIITYKJIOCTH B IIOUYTH OMETA-KATETOPUYHbIX
CJABO O-MUHUMAJIBHBIX TEOPUAX

AMMUPBEK I'.C., KVJIIIEIIIOB B.I11.
Kaszaxcmancko-bpumanckuti mexuuyeckuil ynusepcumem, 050000, o. Anmamet, Kazaxcman

Annomauus. Hacmoswas cmames Kacaemcs NOHAMUA CAAOOU  O-MUHUMATLHOCTHUY, NEPEBOHAYATLHO
enyooxo uccnedosannoeo [. Maxgepconom, . Maprepom u 4. Cmatinxoprnom. Iloommnoscecmeo A nuneiino
VROPAOOYEHHOU cmpykmypul M s8nsemcst 8bInykaviM, ecau 0ns modvix a, b € A u ¢ € M ecakuil pas, ko2oa
a < c < b, mot umeem ¢ A. C1abo O-MUHUMATLHOU CMPYKMYPOU HA3bIBACMCS TUHEUHO YNOPAOOUCHHAS.
empykmypa M = ( M, =, <, ...) maras, umo moboe onpedenumoe (¢ napamempamiy) nOOMHOICECTEO
cmpykmypel M s6nsemcs o0vbeouHenuem KOHeYHO20 HUCIa BbINYKAbIX MHodcecms ¢ M. Haiiden kpumepuii
PaseHcmea OUHAPHBIX PAH208 BLINYKIOCTU OJIsl He C1A00 OPMOSOHANLHBIX Hean2edpauiueckux 1-munos ¢ noumu
oMe2a-Kame2opudHvIX c1ad0 O-MUHUMATLHBIX MEOPUSX 6 CIyYaAe CYUWeCBOBAHUS DEMEHMA U3 MHONCECHEA
peanuzayuti 00HO20 U3 SMUX MUNOE, ONPedeIUMoe 3aMbIKAHUE KOMOPO20 UMeem Henycmoe nepeceyenue co
MHO2ICECIBOM peanu3ayuil Opy2020 mund.

Knroueewie cnosa: cnabas O-MUHUMAIbHOCNTb, noYmu omeza-KamecopuiHocms, pane 6blNyKJ10CmUu, cnabas

OPMO2COHANTbHOCb, OMHOWERUE IKEBUBATEHMHOCNTU.

Introduction

Let L be a countable first-order language.
Throughout this paper we consider L-structures and
suppose that L contains a binary relation symbol
< which is interpreted as a linear order in these
structures. The notion of weak o-minimality was
originally studied in [1]. Real closed fields with a
proper convex valuation ring provide an important
example of weakly o-minimal structures [2, 3].

Let A and B be arbitrary subsets of a linearly
ordered structure M. Then the expression A < B means
that a <b whenever a € B, and A <b means that A <
{b}. For an arbitrary subset A of M we introduce the
following notations: A*:={be M | A <b} and A:={b
€ M |b<A}. For an arbitrary one-type p we denote by
p(M) the set of realizations of p in M. If B & M and
E is an equivalence relation on M then we denote by
B/E the set of equivalence classes (E-classes) which
have representatives in B. If f is a function on M then
we denote by Dom(f) the domain of f. A theory T is
said to be binary if every formula of the theory T is
equivalent in T to a boolean combination of formulas
with at most two free variables.

Definition 1. Let T be a weakly o-minimal theory,
MET, Ac M, p, q € Si(A) be non-algebraic.
We say that p is not weakly orthogonal to q (denoting
this byp £% q) if there exist an L ,-formula H(x, y),
a € p(M) and B4, B2 € q(M) such that ; € H(M, «)
and B, € H(M, ).

In other words, p is weakly orthogonal to q
(denoting this by P 1" q) if p(x) Uq(y) has a
unique extension to a complete 2-type over A.
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Lemma 2. [4] Let T be a weakly o-minimal
theory, ME T, AC M, Then the relation of non-
weak orthogonality - ¥V is an equivalence relation
on S (A).

Definition 3 [5] Let T be a weakly o-minimal
theory, M is a sufficiently saturated model of T,
A < M. The rank of convexity of the set A (RC(A))
is defined as follows:

)RC(A)=-1ifA= T

2) RC(A) = 0 if A is finite and non-empty.

3) RC(A) > 1 if A is infinite.

4) RC(A) > a + 1 if there exist a parametrically
definable equivalence relation E(x, y) and an infinite
sequence of elements b, € A, i € ® such that:

For every 1,j €® whenever i#j we have
M E —lE(bi,b]');

For every i € o RC(E(M,b;)) = a and E(M,
bi) is a convex subset of A.

5) RC(A) =8, if RC(A) =« for all ¢ < 6,
where 0 is a limit ordinal.

If RC(A) = a for some o, we say that RC(A) is
defined. Otherwise (i.e. if RC(A)) = a for all o), we
put RC(A) = .

The rank of convexity of a formula ¢(x, @), where
a € M, is defined as the rank of convexity of the set
$(M,3), i.e. RC(d(x,2)): =RC(d(M,2)). The rank
of convexity of an 1-type p is defined as the rank of
convexity of the set p(M), i.e. RC(p) := RC(p(M)).

In particular, a theory has convexity rank 1 if
there are no definable (with parameters) equivalence
relations with infinitely many infinite convex classes.

We say that the convexity rank of an arbitrary set
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Ais binary and denote it by RC_. (A) if in Definition
3 parametrically definable equivalence relations are
replaced by J -definable (i.e. binary) equivalence
relations.

Definition 4. [6, 7] Let T be a complete theory,
and p (x)), ..., p,(x,) € Si(D). A type q(X, ..., X,)
€ Su(D) issaidtobea(p,, ..., p,)-type if

q(Xi, .., Xn) D p1(X1) U paA(x2) U ... U Pa(Xn).

The set of all (p,, ..., p,)-types of the theory T
to be almost oo—cdfégorical if for any types p,(x,), ...,
p,(x,) €\in Si(J) there are only finitely many types
qx, ..., X )€ Splw’pH(T).

Almost m-categoricity is closely connected with
the notion of Ehrenfeuchtness of a theory. So in [6]
it was proved that if T is an almost m-categorical
theory with I(T, ®) = 3 then a dense linear order is
interpreted in $TS$. Nonetheless there is an example
(constructed by M.G. Peretyat'kin in [8]) of a theory
with the condition I(T, ®) = 3 that is not almost ®
-categorical.

In [9] the authors established almost ®
-categoricity of Ehrenfeucht quite o-minimal
theories and that the Exchange Principle
for the algebraic closure holds in almost ®
-categorical quite o-minimal theories. Recently in
[10] orthogonality of any family of pairwise weakly
orthogonal non-algebraic 1-types over ¢ for such
theories and binarity of almost ®-categorical quite
o-minimal theories were proved. Also, in [11] binarity
of almost omega-categorical weakly o-minimal
theories of convexity rank 1 was established. At last,
in the work [12] a criterion for binarity of almost
omega-categorical weakly o-minimal theories in
terms of convexity rank was found.

Theorem 5. [10] Let T be an almost omega-
categorical weakly o-minimal theory, p € Si(J) be
non-algebraic. Then RC,_, (p) < ®.

Recall some notions originally introduced in
[1]. Let Y © M""! be an J-definable subset, let
: Mt — M be the projection which drops the last
coordinate, and let Z := ©(Y). For each g ¢ Z let
Ya:={y:(a,y) € Y}. Suppose that for every
a € Z the set Y gis convex and bounded above but
does not have a supremum in M. We let ~ (J-definable
equivalence relation on M" given by

a~b forall a,b eM"\Z,and a ~b <
sunYa=supYh if a.b eZ.

Let 7 -= 7/ ~, and for each tupled € Z we
denote by [ g ] the ~ -class of @ . There is a natural

J-definable total order on M U Z, defined as
follows. Let @ € Z and ¢ € M. Then [g] < ¢
if and only if w < ¢ for all W € Ya_ Also, we
say ¢ <[a]iff—([a]<c), ie. there exists
€ Ya gych thatc <w.If @ is not ~—equivalent
to b then there is some x € M such that
[a]l<x<[b]or[b]<x<[a] and so <
induces a total order on M U Z We call such a set
Z a sort (in this case, @—definable sort) in A ,
where M is the Dedekind completion of M, and

view Z as naturally embedded in M . Similarly,

we can obtain a sort in M by considering infima
instead of suprema.
Thus, we will consider definable functions

from M to its Dedekind completion M , more

precisely in definable sorts of the structure M,
representing infima or suprema of definable sets.

Let A, D S M, D be infinite, Z S M be an
A-definable sort and f: D = Z be an A-definable
function. We say f is locally increasing (locally
decreasing, locally constant}) on D if for any a
€ D there is an infinite interval J & D containing
{a} so that f is strictly increasing (strictly
decreasing, constant) on J; we also say f is
locally monotonic on D if it is locally increasing
or locally decreasing on D.

Let f be an A-definable function on D & M,
E be an A-definable equivalence relation on D.
We say f is strictly increasing (decreasing) on
D/E if for any a, b € D with a <b and —E(a, b)
we have f(a) < f(b) (f(a) > f(b)).

Proposition 6. [13] Let M be a weakly
o-minimal structure, A =M, p € S (A) be a non-
algebraic type. Then any A-definable function of
which the domain contains the set p(M) is locally
monotonic or locally constant on p(M).

Results
Definition 7 (Verbovskiy V.V, [14, 15]) Let
M be a weakly o-minimal structure, B, D = M,

A S M be a B-definable sort and f: D = A be
a B-definable function that is locally increasing
(decreasing) on D. We say that the function f has
depth n on the set D if there exist equivalence
relations E (x, y), ..., E (X, y) partitioning
D into infinitely many infinite convex classes so
that for every 2 <i<n each E-class is partitioned
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into infinitely many infinite convex E,-subclasses
and the following holds:

e fis strictly increasing (decreasing) on each
E -class;

e fis strictly decreasing (increasing) on D/E,
for every odd k <n (or the same, f'is strictly decreasing
(increasing) on each E _, (a, M)/E, for any a € D);

e fis locally increasing (decreasing) on D/E,
for every even k <n;

e fis strictly monotonic on D/E .

In this case, we say that the function f is locally
increasing (decreasing) of depth n.

Obviously, a strictly increasing (decreasing)
function is locally increasing (decreasing) of depth 0.

Theorem 8 (Verbovskiy V.V., [15]) Let T be
a weakly o-minimal theory. Then any definable
function into a definable sort has a finite depth.

Proposition 9 [4] Let T be a weakly o-minimal
theory, , MET, Ac M, p, q € Si(A), be non-
algebraic, p £ q. Then the following holds:

(1) p is irrational < q is irrational,

(2) p is quasirational < q is quasirational.

Theorem 10. Let T be an almost ®-categorical
weakly o-minimal theory, M & T, p,q € Si(d) be
non-algebraic, p £V q, dcl({a}) N q(M) #Z for
some a € p(M). Then the following conditions are
equivalent:

() RC,,(p) >RC,, (a);

(2) there is no an - J-definable function f: p(M)
— q(M) being a bijection of p(M) on q(M);

(3) del({b}) M p(M) = & forany be q(M);

(4) there exist an - J-definable function f: p(M)
— q(M) being locally constant on p(M).

Proof of Theorem 10. By Proposition 9 the types
p and q are either isolated or quasirational or irrational
simultaneously. Without loss of generality, suppose
that p and q are isolated. The remaining cases are
considered similarly.

(1) = (2). Assume the contrary: there exists
an -J-definable function f: p(M) —> (M) being a
bijection of p(M) on q(M).

Let RC,, (p) = n. Then there exist - @-definable
equivalence relations E (x, y), E.(x, y), ..., E_ (X,
y) which partition p(M) into infinitely many infinite
convex classes so that

E'i(x,y):=3 ti At [Ei(t1, ) A f(t1) =x A f(t2)
=yl

for some (any) a € p(M). Consider the following
formulas:

E'i(x,y):=3 ti Atz [Ei(t1, ) A f(t1) =x A f(t2)
=yl
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E'n.l(X, y) =3t 3t [En.1('[1, tz) A f(t1) =X A
f(t2) = y].

By Theorem 8 the function f'is strictly monotonic
on each E -class and f is strictly monotonic on each
E . (a, M)/E, for any a € p(M), where 1 <k <n-2.
Therefore we have that E' (x, y), ..., E'_(x, y) are
equivalence relations partitioning q(M) into infinitely
many infinite convex classes so that

E'i(b, M) c E'2(b, M) c ... < E'n.i(b, M),

whence RC (q) > n, that contradicts the
hypothesis.

(2) = (3). Since dcl({a}) N qM) # I there
existb € q(M) and an L-formula ¢(X, y) such that

M E Alyd(a,y) Ad(a,b).

Assume the contrary: dcl({b}) N pM) =
Note that a € dcl({b}). Otherwise there exists a €
p(M) such that a, 7 a and a € dcl({b}). Since b €
dcl({a}), we have that a  # dcl({a}), and this implies
an infinity of dcl({a}), contradicting the almost ®
-categoricity of T. Thus, ae dcl({b}). Then there
exists an L-formula - ¢'(X, y)

M E Alyd'(a, y)A3! xd'(x,b)Ad'(a, b).

Define the function f as follows: f(a) = b <
¢@’(a, b). It is not difficult to see that f bijectively
maps p(M) onto q(M), contradicting our assumption.

(3) = (4). Assume the contrary: f: p(M) —>
q(M) is an J-definable function and f is not locally
constant on p(M). Then f must be locally monotonic
on p(M), i.e. either locally increasing or locally
decreasing by Proposition 6. But then f bijectively
maps p(M) onto q(M). Then dcl({b}) N p(M) # &
for some (any) b € q(M) which contradicts (3).

(4) = (1). Let f: p(M) > q(M) be an &
-definable function being locally constant on p(M).
Consider the following formula:

E(x,y)=[x<y-> Vt(x<t<y- f(x)=1(t)
=f(y)] A

Ax>y > Vix>t>y > f(x) =1f(t) =1(y))].
Clearly, E(x, y) is an equivalence relation

partitioning p(M) into infinitely many infinite
convex classes.



DPU3NKO-MATEMATUYHECKUME N TEXHNYECKUME HAYKHA

Let RC_, (p) = n. Then there exist D definable
equivalence relations E (x, y), E,(X, y), ..., E_ (X, y)
partitioning p(M) into infinitely many infinite convex
classes so that

E](a, M) c Ez(a, M) c...C En.1(a, M)

for some (any) a € p(M).

Obviously, for some 1 <i<n-1 we have that E(x,
y) = E(x, y). Then we assert that RC_ (q) = n — i.
Indeed, f is a constant on each E-class. Further, we
consider the behaviour of the function fon each E, (a,
M)/E, wherea € p(M). It must be strictly monotonic
on each E_ (a, M)/E,, since otherwise there exists an
-D-definable equivalence relation E (x,y) such that

Ei(a, M) c E (a, M) c Eini(a, M)

which contradicts that the relation E,_, is an
immediate successor of the relation E(x, y) among
all D-definable equivalence relations on p(M).
Similarly, we can prove that f'is strictly monotonic on
eachE  (a, M)/E , where i<k <n-2and fis strictly
monotonic on p(M)/E_ .

Consider the following formulas:

E'ii(x, y) =3 t1 3 t2 [Up(ti) A Up(t2) A Eia(ty,
t2) A f(t) = x A f(t) =],

E'n.1(X, y) =dtdt [Up(tl) A Up(tz) A En_1(t1,
t) A f(t1) =x A f() = y].

We can establish that E' | X y), .., E' (X, y)are
equivalence relations partitioning q(M) into infinitely
many infinite convex classes so that

E'i11(b, M) < Elyia(b, M) < ....c E'wi(b, M),

whence D-definable equivalence

RC,(@)

Conclusion

We have found necessary and sufficient conditions
in order to the binary convexity ranks of non-weakly
orthogonal non-algebraic 1-types in almost omega-
categorical weakly o-minimal theories were equal in
the case of existing some definable function between
the sets of realizations of these 1-types.

relation E4(x, y) partitioning q(M) into infinitely
many infinite convex classes so that

Ed(b, M) < E'iii(b, M),

consider the following formula:

E(x,y):=3t: 3t [E9 (t1, t2) A f(X) = t1 A f(y)
= tz].

Obviously,

Eia, M) c E (a, M) < Eii(a, M),

contradicting also that the relation E_ is an
immediate successor of the relation E,(x, y) among
all . D-definable equivalence relations on p(M).
Similarly, we can prove that there is no an
-definable equivalence relation E4(x, y) partitioning
q(M) into infinitely many infinite convex classes so
that

E'«(b, M) c Eq (b, M) < E'x+1(b, M)
foreveryitl <k<n-2or
E'v.1(b, M) < Ed(b, M).

Thus, RCpin(q) =n —1, i.e. RCuin(p) > RCuin(q).

Corollary 11. Let T be an almost ®-categorical
weakly o-minimal theory, p, q € S ( ) be non-
algebraic, ‘KW, del({a}) " qM) 7 D for some a €
p(M). Then the following conditions are equivalent:

(D} RC, (p) =RC, (q);

(2)} there exists an . J-definable function f: p(M)
— q(M) being a bijection of p(M) on q(M);

(3)} del({b}) " pM) *D foranyb € q(M);

(4)} there exists an . D-definable function f: p(M)
— q(M) being locally monotonic on p(M).

This research has been funded by the Science
Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant No.
AP08855544).
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CPABHUTEJIbHBINA AHAJIU3 METOJIOB KJIACCU®UKAIIMU JAHHBIX
[IPHU ITPOT'THO3UPOBAHUMU LHEH TRADE-IN ABTO

ACYBAEBA E.M., AB/IUAXMETOBA 3.M.

Kaszaxcruil nayuonanvHvlil yrusepcumem umenu anv-Papadu,
050040, 2. Anmamer, Kazaxcman

Annomayua. B cmamve peanu308amvl U NPOAHATUIUPOBAHBL ANCOPUMMbL MAUUHHO2O O00yUeHUs OJis
npeockazanusi yen asmo. Ilpeockazanue yer—00HA U3 CAMbIX CTIONCHBIX, HO UHMePeCcHbIX 3a0ay. B npedckazanuu
3a0elcme08ano MHO20 PaKmopos — 200 8bINYCKA, COCMOsIHUE, NPobee, 00bem dsucamensi u m.o. Imu acnexkmol
8 COBOKYNHOCMU BIUSIOM HA YEHbL MO, 0edsi UX HeCMAOUTbHBIMU U 3ampPYOHsis NPOSHO3UPOBAHUE C BbICOKOLL
cmenenvlo mounocmu. Memoowvl MauiunHo20 00YYeHlUsE MO2YM GbISIGUMb 3AKOHOMEPHOCMU U UOeU, KOMOopble
Mbl panbuie He U0, U UX MONICHO UCHONb308ANMb 01 0e30UUOOYHO MOYHBIX NPOCHO308 U KIACCUGUKAyUU
OanHbIX. Bblbop Haonedxcauwjeco aieopumma Kiaccuurayuu OaHHbIX, KOMopslil NOOX0OU Obl OJil OMOEIbHO
63MOI 3a0ayu, 3a8ucum om o00vemd, Kayecmea u Npupoobl OAHHBIX, OM GbIYUCTUMENIbHBIX PECYPCO8
Komnvlomepa, a makace om moeo, KaK bl NIAHUpyenme Ucnouv3oeams pesyivmam. Kaswcowiil aneopumm
Kaaccugurayuy umeen ceou 0cO6eHHOCMU U OCHOBbIBAEMCS HA ONPedeNeHHbIX OOnyujeHusix. B koneunom cueme
Kauecmeo Kiaccupukamopa, e2o 8bl4uCIumenbHas U npedcKazamenbHas, MOWHOCHb 3A6UCIm om 6a306biX
OQHHBIX, NPEOHA3HAYEHHBIX Ol MPEeHUPOosKU anreopumma. Llens dannou cmameu — paccmompens dmansi
npeosapumenbHou 0opabomKu mpeHupoOBOUHbIX OAHHBIX U NOKA3AMb, KAK MAWUHHOE 0DVYeHUe 8 YACMHOCHU
U UHGOPMAYUOHHbIE MEXHONOSUU 8 YEIOM NpeyCnenu 8 paspabomie UHCMPYMEHMO8 O/ MOOEIUPOBAHUS,
NPOEKMUPOBAHUS, NPOSHOZUPOBAHUS, NIAHUPOBAHUS U NOOOEPIHCKU NPUHAMUSL PeUleHUTl 8 00aCmU NPOOAICU
aemo. B dannom uccredosanuu npednacaemcs eubpUOHbIl HOOX00 K 3A0a¥am NPOSHO3UPOBAHUS, MO eCMb
K peuleHuio 3a0a4 npoecHO3UPOBAHUS ¢ NPUMEHEHUEeM Memo008 CMAMUCMuYecko20 aHamu3d U MAauuHHO2O
00yueHuUsl.

Knioueswie cnosa: mawunnoe odyuenue, 3a0a4a KAaccuurayuu, 102UCMu4eckas pecpeccus, Cy4atinblii iec,
Oepeso npunsmust pewierutl, k-onudsxcaiiuux coceoeii, RESTAPI.

TRADE-IN ABTO BATAJIAPBIH BOJIZKAY KE3IHJAE KIKTEY 9IICTEPIH
CAJIBICTBIPMAJIBI TAJIIAY

ACYBAEBA E.M., AB/IMAXMETOBA 3.M.

an-Dapadbu amevinoazvl Kazax yimmulx yHueepcumeni,
050040, Armamur k., Kazakeman

Anoamna. Maxanaoa asmoxenix 6azacvii 60IHCAY YUIH MAWUHATBIK OKbINY AN2OPUMMOEPI eH2I3iN2eH JHCaHe
manoanzan. bBazanvl 6ondcay — xypoeni, 6ipax Kvi3blKmbl manculpmaniapoviy 0ipi. bomicayza kenmezeH
paxmopnap Kamvlcadvl — WbIEAPIIZAH HCHLIbL, HCAROAUBL, JHCYPICI, KOZLANMKbIWL Koemi dcaHe m.6. Bapnvik
OCbl acnekminep asmoKeiK 6a2acvlh MYpPaKcvl3 emeodi JHeaHe HCoApbl 02N0IKNEH DONAHCAY bl KUbIHOAMAObL.
Mawunaneix oxbimy adicmepin OYpvin KopMeeeH yaciiep MeH Uoesiiapobl ablin HCaHe 01apobl 0a bondicay
MeH Jicikmey yulin Koaoanyea bonaowvl. bepineen mancvipmaza caiikec keiemin depekmepoi Jcikmey 20IiCiH
manoay — oepekmepoiy KoleMiHe, CAnacbiHA JHCIHe CUNAMBIHA, KOMNbIOMEPOIY ecenmey pecypcmapbina
JHCone HOMUNCEHT KAall NAUOANaHy JHCOCRAPAApbina Oailanblcmyvl. OpOip JiCciKkmey aneopumminiy 03inoik
epexwenikmepi 6ap dcane on Oeneini Gonxicamoapea Heeizoencen. Byn makaniawvly maxcamol — OKblnmy
Oepekmepin anioblH ana eHoey Ke3eHOepiH Kapacmulpy JHCoHe aman aumyaHod, MAWUHATBIK OKbINY JHCIHEe
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mymacmai an2anoa aknapammsix MexXHONL0SUANAD A8MOMOOUIL CANACLIHOA MOOenbOey, Hobanay, bonicay,
arcocnapiay KHcaHe uiewimoepoi Koioday KypanioapuiH azipieyle Kanaii mabvicKa dcemkenin kepcemy. byn
3epmmey ecenmepoi 00nHCAYObIY UOPUOMi MICINIH YCbIHAObL, ASHU CIMAMUCMUKALLIK MAL0AY HCIHE
MAUWUHATBIK OKbIMY 20icmepin nauoaiana Omelpbln 6ONHCAy MICenenepin ueut.

Tyiiinoi ce30ep: MawuHAIbIK OKbINY, JHCIKmey Maceienepi, J0SUCMUKATIbIK pecpeccus, Ke30eucoK OpMaH,
wewtim azawsl, k-srcakvin kepuiinep, RESTAPI.

COMPARATIVE ANALYSIS OF DATA CLASSIFICATION METHODS
FOR PREDICTION OF TRADE-IN AUTO PRICES

ASSUBAYEVA Y.M., ABDIAKHMETOVA Z.M.,
Al-Farabi Kazakh National university,050040, Almaty, Kazakhstan

Abstract. This article implements and analyzes machine-learning algorithms, for predicting carsprices.
Predicting prices is one of the most challenging but interesting tasks. There are so many factors involved in
the prediction - year of manufacture, condition, mileage, engine size, etc. All these aspects combine to make
auto prices volatile and very difficult to predict with a high degree of accuracy. Machine learning techniques
can uncover patterns and ideas that we have not seen before, and can be used to predict and classify data
accurately and accurately. The choice of the proper data classification algorithm, which would be suitable
for a given task, depends on the volume, quality and nature of the data, on the computing resources of the
computer, and how you plan to use the result. Each classification algorithm has its own characteristics and is
based on certain assumptions. Also requires practical skills. In practice, it is always recommended to compare
the quality of at least several different learning algorithms in order to choose the best model for a particular
task, since the most experienced data scientists will not be able to tell which algorithm is more efficient.
Algorithms can differ in the number of features or samples, the noise level in the dataset, and whether the
classes are linearly separable or not. Ultimately, the quality of the classifier, its computational and predictive
power, depends on the underlying data intended for training the algorithm. The purpose of this article is
to consider the stages of pre-processing training data, and show how machine learning in particular and
information technology in general have succeeded in developing tools for modeling, designing, predicting,
planning and decision support in the field of auto sales. This study proposes a hybrid approach to forecasting
problems, that is, solving forecasting problems using statistical analysis and machine learning methods.

Keywords: machine learning, classification problems, logistic regression, random forest, decision tree,
k-nearest neighbor, REST API.

Beenenue

MammunaHoe oOyuenue (ML) cramo omHoil u3
CaMbIX 3aXBaThIBAIOIIUX U MPOPBIBHBIX TEXHOJOTHI
coBpemerHoctu [1, 2]. Takue KpymHbIC KOMIIAHUH,
kak Google, Apple, Microsoft, Amazon u apyrue,
BKJIQJIBIBAIOT 3HAYUTENBHBIA KallUTal B pa3zpadoTKy
METOJIOB U MPUJIOKEHHH, B ATy 00JIaCTh UCCIIEIOBA-
HUS, OTKpbIBasi MyThb K HOBBIM BO3MOXHOCTSIM.
Hanpumep, kornanpunoxenne Kaspibank npuxumaer
peleHne 1Mo OmOOpEeHUI0 KpeaWTa WIM Korja
Netflix pexomenayer (QUIBM, KOTOPHI MOXET Bam
MIOHPABUTHCSI, PA3TOBOPHI C PEUEBBIMH aCCHCTCHTAMHU
1o cMapT(HOHY MPOUCXOJIAT € TIOMOIIBIO AJITOPUTMOB
MAaITMHHOTO 00yYeHUSI.

PaGorass B cdepe mpomaxx HOBBIX JIETKOBBIX

U JIETKHX KOMMEpUYECKUX aBTOMOOWIIEH, MBI CTOJN-
KHYJIMCh C TaKoW TNT0OaJIbHON MPOOJIeMOM, KaK craj
MIPOM3BOICTBA, U HOBBIMH MPOOJIEMaMH B JIOTHCTHUKE,
CBI3aHHBIMH C pa3pbIBOM IIETIOYEK ITOCTaBOK.
KiroueBoit mpoOnemoit uist aBronpoma c jeta 2020
I. ocraercs AeQUIUT DIEKTPOHHBIX KOMIIOHEHTOB,
M3-32 YEro aBTO3aBO/bI BBIHY)KJIEHBI COKpaIlaTh
BBIITYCK MAIIMH U YXOAUTH B POCTOH. JTO MPHUBEIO
K HEXBaTKe aBTOMOOWJIEH M pOCTy IICH Ha HOBBIC
JIeTKOBbIe MalWHbL. B cpaBHenun ¢ oktsiopem 2020
L. B 2021 r. mponaxu ynamu Ha 18.1%. AHanmutuku
YTBEPXKAAIOT, YTO aBTOIIPOMY MPEJICTOUT €I11e TPOUTH
JOJNTHHA TyTh, 4YTOOBI TPEONOTETh CIIOKHUBIIHHCS
kpusuc. I[loatomy pyxoBoactBo OOO «P-Motopc
JIAZTA» mpuHANIO pelieHne KOMIIEHCHPOBAaTh CIIajl
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MIPOJ@X HOBBIX aBTO 3@ CYET BBIKyIa BTOPUYHOTO
aBTO JUIsl AaJbHEHILEH Mepenpoaaky.

Ecnu B neHooOpa3oBaHue Ha IEPBUYHOM PHIHKE
aBTOMOOWJICH BXOIOWUT JIOTHCTHKA, HAJIOTH, JKeJae-
Masi OpuObUIL AWjiepa M 3apIulaTa LEMNOYKH €ro
COTPYAHUKOB, TO GaKTOpb! HYOPMUPOBAHHS CTOUMOCTH
meH Ha trade-in aBro Kyma Oonee OOIIMpHBIE.
[To3TOMY Ba’kHO MaKCUMaJIbHO OOBEKTUBHO OLIEHUTH
COCTOSIHME MAIMHBI U B COOTBETCTBHUHU C 3TUM BBIC-
TaBUTb CTOMMOCTb, IIPUHMMAsi BO BHUMaHHE TaKHE
MIOKa3aTeNH, KakK:

—TOJ BBIIIYCKa aBTO;

— TeXHUYECKOE COCTOSIHUE U COCTOSTHHUE KY30Ba,

— rpo0er;

— 0COOEHHOCTH KOMIUICKTAINN;

— BpeMs IPOJaKH (JJake Ce30H, B KOTOPBIN aBTO
BBICTABIIICTCS] Ha PEajM3alnio, OKAa3bIBaCT BIUSHHE
Ha CIIPOC U, COOTBETCTBEHHO, CTOUMOCTD);

—BOCTPeOOBaHHOCTh MOJICITH HA PHIHKE;

— CepBUCHAsI UCTOPUSI.

TpaguuMOHHBIA IMOAXOA K LI€HOOOPa30BaHMIO
MOJHOCTHIO OIMPAETCS Ha CJIOBO JKCIEPTa, KOTOPBIH
IPUHUMAET pELIeHHE TOJIBKO Ha OCHOBE CBOETO
OTIBITA.

MamunHoe oOydeHHe 3aJCHCTBYET CIIOXKHbIC
QJITOPUTMBI AJIsl TOTO, YTOOB! YUYUTHIBATE MHOKECTBO
(aKTOpOB M YCTaHABIMBAaTh NPABUIbHBIC LIEHBI AJIS
THICSIYM MPOAYKTOB IMPAKTUYECKH 3a CEKYHIbI [4].
Mopnenn neHooOpa3zoBaHusi Ha 0a3e MAalIMHHOTO
o0ydeHMsI ONpEeNeNsAIOT TAaTTEPHbI  IMOJYyYEHHBIX
JAHHBIX, YTO JaeT BO3MOKHOCTb OIPEACIATh LICHBI C
y4eToM (paKTopoB, O KOTOPBIX MEHEIKEP MO BBIKYILY
MOT JIa)K€ HE JI0TaIbIBATHCA.

Ha mpaktuke Bcerna peKOMEHAYETCSl CPaBHUTh
KaueCTBO  HECKOJNBKMX  PAa3HbIX  QJITOPUTMOB
o0y4eHHs, YTOOBI BBIOPATh HAMIYUIIYIO MOJIENb
JUIsl OTZAEJIBHO B3SITOH 3a/laud, TaKk KakK JaKe caMble
OIIBITHBIC CIECLHUAIUCTHI MO0 O00pabOTKE W aHaIHU3y
JNaHHBIX HE CMOTYT CKa3aTb, KakOH aJTOpUTM
s pextuBHee [3]. ANTOPUTMBI MOTYT OTIHUYATHCS
[0 YWCIy NPU3HAKOB JHO0 00pas3LoB, YPOBHIO
mrymMa B Habope HaHHBIX M 10 TOMY, SBJISIFOTCS
KJIacChl JIMHEHHO pa3ienuMbIMU WM HeT. B pamkax
9TOil crarbu OymyT PAacCMOTPEHBI TAKHE METOIbI
KiIaccu(UKalyuy, Kak JIOTUCTHYECKas PErpeccHs,
CIy4yallHbld Jiec, JEpeBO MPHUHATHS PEIICHUIH,
k-Omwkaiimmx cocemed, Ui HPOTHO3WPOBAHUS
LEH Ha TMOJCpKAaHHBIC aBTO C HCIIOJIb30BAHHEM
TEXHOJIOTUH MAIIMHHOTO 00yYeHusI.

MarepuaJjibl 1 METOAbI HCCJIETOBAHUS
3amaua kiaccuUKaU SBISETCS TOJKATEro-
pHueil METOIOB MAITUHHOTO OOYYEeHHS C YUUTENEM,

32

LIeJIb KOTOPOH 3aKJIIOYAETCsl B ONPECNICHUN KaTero-
PHATBHBIX METOK KJIACCOB JUIS CJICAYIOIINX 3K3EM-
TUTSIPOB Ha OCHOBE MCTOPUYECKWX HaOmopeHui [5].
31ech ONpeneNeHUe «C YUYUTEeJIeM» OTHOCHUTCS K
KOJJIGKIMKA O0pa3LoB, B KOTOPBIX HYXKHbBIE METKH
NPUHAUIEKHOCTH K KiaccaM yxe u3BecTHbl. llpm
00y4eHHUH C yUUTEIEM U3BJICKACTCSl MOJIEIIb HA OCHOBE
AITOPUTMOB KJIacCU(UKAMU U U3 MapKUPOBaHHBIX
TPEHUPOBOYHBIX JAHHBIX, KOTOPAs MO3BOJISIET JeNaTh
MIPOTHO3bI O PaHee HE BCTPEUABIINXCS MM OyIyIINX
JIaHHBIX [6].

Jpyras mnoAxaTteropus METOI0B OOy4YEeHHUs C
yUuTeNeM MPEACTABIACT perpeccusi, e pe3yypTrar —
HeTpepbIBHAS BeIM4YMHA. METKH B Kiaccu(puKauuu
MOTYT UMETh AIBOMYHYIO IPUPOLY, K Ipumepy huib-
Tpauusl MOYTHl HA CllaM W HE ClaM. [HIHYHBIM
IPUMEPOM  MHOTOKJIACCOBOW  Kiaccu(puKauuu
SBJISIETCS] PYKOIIMCHOE Pacrio3HaBaHUE CUMBOJIOB.

CyuiecTByeT MHOXECTBO METOIOB Kiaccu(u-
KallM C pa3lIMYHbIMU HOAXOJaMH IPH peasIn3alHH.
Kaxxaplii anropuTM HMEeT CBOM OCOOCHHOCTH U
OCHOBBIBACTCSA Ha OIPEICNCHHBIX IOMyLICHUsAX. B
KOHEYHOM CueTe KauecTBO Kiaccuukaropa, mpo-
LEHT TOYHOCTH NPEACKA3aHHs 3aBUCAT OT TPEHH-
poBKM airoputma. Bo BpeMs TpPEHUPOBKH aJro-
pHUTMa 3a/1efICTBYIOTCS TaKHE ILIArd, Kak 0T00p Mpu3-
HaKOB, BBIOOP KaueCTBEHHOM METPHKH, BHIOOp Kiac-
cU(UKATOpPa M AJITOPUTMOB ONTHMH3ALMH, OLECHKA
KauecTBa MOZEIH, TOHKAs HACTPOIKa ajJropurMa.

Knaccudpukaroppl Ha  OCHOBE  anropurTma
nepeBbeB mpuHATHS  pemenuit  (DecisionTrees,
DT) [14] npexacraBisioT coOOH HEPapXUUIECKYIO
JPEBOBHIHYIO CTPYKTYpY (monMHOXeECTBA),
KOTOpass o0pa3zoBajach IyTEM NPUHITUS PEIICHHMH,
OCHOBBIBASICh Ha IOCTAHOBKE psia BONPOCOB [6].
JlepeBo comepKUT KOPEHb, OTKyAa HWICT pa3dueHue
JAHHBIX 10 TPU3HAKY, TEM CaMBbIM ['€HEpUPYS IPaBUIIa,
4yTO BeneT K mpupocty uHpopmanuu (Information
Gain, 1G). [Iponecc pa3dueHus: TaHHBIX TTOBTOPSETCS
B Kax7ioM nouepHeM y3ne (Node) B 3aBUCHMOCTH OT
YCIIOBHUS Pa3BETBICHUS 10 TEX I1OP, IOKA HE IOy YU TCS
pe3ynbTaT MpPOTHO3UPOBAHMS (OXHOPOIHBINA JIHCT).
J1J1s OLleHKM KayecTBa pa3BETBICHUS MOYKHO HCIIOJb-
30BaTh TAKHUE OKA3aTeNHN, Kak ko3 duuneHT JKuHn
WK cpeqHekBaaparndeckas ommoOka (MSE).Y kax-
JIOTO y3J1a CTOJNBKO BETBJICHUH, CKOJIBKO 3HAUCHHH
uMeeT BbIOpaHHBIN npu3Hak. Ha npakTuke pesynbrar
MOXET IPUBECTH K 00PAa30BaHUIO INTyOOKUX JEPEBHEB,
YTO SIBJISIETCSl NPU3HAKOM mepeoOyueHus. YUtoOs
n30exarb 3TOr0, PEKOMEHIYEeTCs YCTaHaBIUBATh
npeneasl MakCHUMaslbHOW I1yOuHBL.  CyIIecTBYIOT
MHOXKECTBa OMOINOTEK, T71€ MOXKHO BU3YaJIN3UPOBATh
pe3ynbTaT TaKUX JCPEBbEB NPHUHATHS PELICHUIL.
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LleneBast (yHKIMS anropuTMa Ha OCHOBE J€peBa
ompenesnsieTcs CIeAYIOIUM 00pa3oM:

16(Dy.£) = 100y = ) 311(D) (1)
=1

rae / — 9TO NPHU3HAK, MO KOTOPOMY BBINOJHSIETCS
pacmeniesne, D n D, — HaOOp NAHHBIX POAM-
TEJIBCKOr0 M j-ro Jo4epHero ysma, | — Mepa
HeoHOpoaHOCTH, N — o0miee 4yuciao oOpasLoB B
pozuTenseKoM ysne u N, — ducio 00pa3LoB B j-M
nouepHeM y3ie [1].

JlepeBbsi pelIeHuid MOTYT CO3/1aBaTh CIIOXKHBIC
IpaHMLBl PELICHUs] MyTeM JEJICHHsS IMPOCTPaHCTBA
NPU3HAKOB Ha TPSIMOYTOJIbHUKU. UTOOBI M30ekarh
IyOOKHX JiepeBbeB, B Oubmmoreke scikit-learn
NPEAYCMOTPEHAa BO3MOKHOCTb YKa3blBaThb MAaKCH-
MaJIbHY10 [1yOuHy. Takum o0pa3oM, MOXKHO JIETKO
HaTPEHUPOBATh JEPEBO, 0OXOAS CIIOXKHBIE TPAHULIBI
peLIeHHS.

Jloructuueckass perpeccust [17] — omuH u3
NPOCTBIX M OJHOBPEMEHHO MOIIHBIX AJITOPUTMOB
JUTSL 3ajiad JIMHEHHOW u OWHApHOU Kiaccudukanuu.
HecmoTps Ha Ha3BaHUE HTOTO METOAA, IOTHCTHYECKAS
perpeccusi — 3TO MOJENH 3a/1a4u KJlacCU()UKALWH, a
He perpeccud. Mojenb ¢ AMHAMUYHBIM O0yYeHHEM
CTOXaCTUYECKOIO TI'PAJAMEHTHOIO CITyCKa IO3BOJISIET
MPOTHO3MPOBATh BEPOSTHOCTb OTACIBHO B3STOTO
coObITHsA [7]. ANTOPUTM CTaTUCTHYECKHM METOIOM
NpeAcKa3aHusi COOBITUIT MAaKCUMHU3HMPYET YCIOBHBIC
BEPOSITHOCTH TPEHUPOBOUYHBIX JAHHBIX, Jenas ee
Oonee moxaBep:keHHOM BbIOpocaM. [IpakTuueckas
LEHHOCTb 3aKJIIOYaeTCs] B TOM, YTO MOJCIb Jerde
peanu3oBaTbh, YE€M MOJCIM Ha OCHOBE OIIOPHBIX
BekTOpoB (SVM). Metonsl SVM miaBHBIM 00pa3om
COCpEeIOTOUCHBl Ha TOUYKaX, OMMKAWIIMX K IpaHHLE
pewenusi. Kpome Toro, Momeiaw JIOTUCTHYECKOH
perpeccum MOXKHO JIETKO OOHOBIIATS, yIIpoIas padoty
C MOTOKOBOM Mnepenadeit faHHbIX. OAHAKO MOJENb HE
JMILIEHa METOAA PEryspu3aluu Uil oOecreueHHs
NPEAOTBpalllcHUss  nepeoOyueHus,  (UIbTpanuu
IIymMa U3 JaHHBIX. B OCHOBe peryssipuzanyu JIeKHUT
uaes BHECCHUS JONOJHHUTENbHOW HH(pOpManun
JUId HalloKeHUsl mTpada Ha SKCTpEeMallbHbIE Beca
napametpoB. CranaaptHoi Gopmoii perynspusannn
apisiercs: L2-perynspuzamus BeCoB, KOTOPYIO MOKHO
3ammcarh CiIeayrImuM oopazom [3]:

A A,
Slol? =3 @)
n

3neck A —3T0 mapaMeTp peryispu3aiuu JIamoa.
PCI‘YHHPI/I?;EIHI/ISI SABJIACTCA €€ OAHUM apryMcHTOM B

MOJIb3y BAYKHOCTH MACIITa0OMpPOBAHHS TPU3HAKOB,
TaKMX KakK cTaHmapruzanus. UtoObl perymsipuzanus
paboTaiia JOIKHBIM 00pa3oM, HeoOXoauMo obec-
MIEYUTH COMOCTABUMOCTH BECOB.

Anroputwm cirydaiiHoro neca (randomforest) [14]
— emie OJWH IpuUMep Kiaccu(ukaTopa ¢ yduTeleM,
KOTOPBI HUCTIONB3YETCsl TaKXKe W Il PEerpeccuw,
npuobpen momnyasipHocTh B ML B Takux 3amadax,
KaK MeXaHU3Mbl PEKOMEHIAINN, KIaCCUPUKAIIISL
M300pakKeHUH, 3a CYET CBOEH MPOCTOTHI HCIIOIb-
30BaHMs, KJIACCU(UKAIMOHHON CIOCOOHOCTH |
MEHBIIIe BOCIPUUMYMBOCTH K IEPeoOydeHUIO.
WHTYUTUBHO Ilec MPHUHSTHSA pEIICHUsS MOXKHO pac-
CcMarpHuBarh Kak 00beTMHEHNE HECKOIBKUX JIePEBbEB
pelIeHui UIsl JOCTHMKCHHS EIWHOTO pe3yJbTara.
OcHOBHass wujes 3aKiOYaeTcss B TOM, YTOOBI
00bEeTMHHTE clal0ble JepeBbs IS CO3laHus Ooiee
YCTOHYHMBOM MOJIEIH K BBIOPOCY JTaHHBIX.

Jis HazHaueHUsT METKH Kilacca arperupyercs
MPOTHO3 W3 KaXJIOTO JlepeBa Ha OCHOBE TOJIOCOB,
T.e. HanOoJee yacTas KareropuaibHas MepeMeHHas
JacT mpeacKa3aHHbli kinacc. Kaxmoe nepeBo B secy
pelIeHus] KIIACCU(UKAIIMA BBIBOAUT THCTOTPAMMY
HEHOPMAJIM30BAaHHON YacTOTHI METOK C ITOMOIIBIO
rosocoBanus [5]. B xoxe craructuyeckoi 00paboTku
CYMMUPYIOTCSI 3TH THCTOTPaMMbI U HOPMAaJIU3yeTCs
pesyiabrar  UIs  TOJNY4YeHHs  BEPOSTHOCTHBIX
3HAYEHUH NIl KaX10d MeTku. [lepeBbsi ¢ BBICOKOU
JIOCTOBEPHOCTHIO MTPOTHO3a MMEIOT OOIBIIHIA BEC B
OKOHYATEIILHOM TPUHSATHH PEIICHUs aHCaMOIei.

Bompmioe  mpemmymiecTBo  jeca  HPUHSATHS
pElIeHu# B TOM, YTO HE MPUXOJUTCS TEPEKUBATH O
nepeoOydeHun, TaKk Kak MOJIeNIb yCTOWYNBA K IIyMY
W3 OTIENBHBIX JepeBbeB pemieHuid. Kak mpasuiio,
4yeM OOJIbIle YUCIIO JePEeBbEB, TEM BBIIIE KaueCTBO
KJIacCH(HUKaTopa Ha OCHOBE Jieca, JOCTUTaeMoe 3a
CYET BBIYMCIUTEIIbHOU eMKocTH [12].

ITocnennuii anroput™m, paccMarpuBacMblii B
JAaHHOM CTarhe, — ATO KIaccH(PHUKAaTOp Ha OCHOBE
k-Ommxaiimux cocenelt (k-nearestneighborclassifier,
KNN) [15]. Anroput™ HHTEpECEH TeM, UTO SBISETCS
npuMepoM JieHnBoro ooyuenus [ 10]. Kinaccudukarop
MONTyYMJI TaKO€ Ha3BaHWE H3-32 CBOCH OYEBUIHOMN
MPOCTOTHI — OH HE W3BIEKAET Pa3IUYAIOIIYIO
(YHKIHIO W3 TPEHUPOBOYHBIX JIaHHBIX, 2 BMECTO
ATOTO 3aIIOMUHAET TPEHUPOBOYHBIN HAOOp JTaHHBIX.

Uwcrno k — 3T0 KOTMYECTBO COCENHNUX 0OBEKTOB
B ITPOCTPAHCTBE MPHU3HAKOB, KOTOPHIE CPAaBHUBAIOTCS
¢ KJIacCU(UIUPYEMbIM OOBEKTOM ITyTeM HW3MEPEHHS
paccrostaus. J[ist 3TOro HEOOXOIMUMO OIPENEIUTHCS
C METPUKaMH pacCTOSHUSA. METPUKH PacCTOSTHHS
MoaOMparoTcss B 3aBUCHMOCTH OT  IpH3HaKa
Habopa maHHBIX. /[ 00pa3IoB C BEUIECTBEHHBIMHU
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3HAUEHUSMU 4YacTO MCIIONB3YEeTCs IMPOCTas EBKIIH-
noBa Mepa. OCHOBBIBASICH HA METPHUKE PACCTOSHHUS,
amroput  KNN  HaxomuT B TPEHHPOBOUHOM
Habope maHHBIX k 0Opasipl, KOTOpHIE SBISIFOTCS
caMbIMM  OIM3KMMH K  KJIAacCH(UIMPyeMOH
touke. Hampumep, ecmu k=6, TO Kaxmplii oOBEKT
CpaBHHMBAeTCSl C WIECTBIO coceasMu. B xome
0o0y4eHHUs] aNTOPUTM YJIaBIMBACT HJCI0 CXOJCTBA
(paccrosiHue) ¥ 3aIIOMHUHAET BCE BEKTOPBI IPU3HAKOB
Y COOTBETCTBYIOILIME UM METKH KiaccoB. [Ipu padore
C HaOIMIONEHWSIMM [UIl METOK Kjacca, KOTOpbIE
QITOPUTM €lIe HE BUJEIN, BBIYUCISIETCS PACCTOSIHUE
MEXKIYy BEKTOpPOM HOBOI'O HAOJIONCHHS M paHee
3aIIOMHEHHBIMH. 3aTeM BBIOMpaeTcs k Ommkaimx
K HEMYy BEKTOPOB, M HOBBIH OOBEKT OTHOCHTCS K
KJlaccy, KOTOPOMY NPHHAUICKUT OOJBIIMHCTBO M3
HuXx [3]. [IpaBunbHEI BEIOODP yHCHa k KpaiiHe BaykeH
JUIS HaXOKJICHHS XOPOLIETO PABHOBECHS MEXKIY
nepeoOydeHreM U HeJToOOyIeHUEM.

MammaHoe oOy4eHHe SBISIETCS MOIIHBIM U
3(QQEKTUBHBIM HHCTPYMEHTOM IIpU peaau3aluu
AITOPUTMOB KJ1accu(pUKaLNH, OTHAKO OTIPEIeIIoIIee
3Haue€HHE B O3TUX IHpoLeccax HMEeT KauecTBO
MCXOIHBIX AaHHBIX [9], TaK KaKk KadyecTBO JAHHBIX U
00BbeM 0JIE3HOM MH(OPMALIUH SIBIISIOTCS KITFOUEBBIMU
daxTopamMH, KOTOpBIC OIPEHEISIOT, KaK XOpOLIO
NrOpuT™M cMOXeT o0yuntbesa. CrenoBarenbHo,
KpaiiHe BayKHO CHavajia Habop JaHHbBIX MOABEPTHYTh
NpEeABapUTEIILHOH 00pabOTKE W TOJBKO IOTOM
MoAaBaTh €ro Ha BXOx 00y4aeMoro ajropurma.
PeanbHble HAaOOpbI JaHHBIX MOTYT COHIEpXKarb
NPOIYILEHHbIE 3HAYCHUS NU3-3a OTCYTCTBUS AaHHBIX,
OIEepaToOpCKON OMMOKK HpU 3arlojHEHUH U T.A. B
napameTpax HeKOTOPBIX MOJENeH eCTh BO3SMOKHOCTh
yKa3zaTh WTHOPHPOBATH TPOMYCKH (use missing =
false). Jlydmeit crparerneit ObutO OBI 3aIllOTHUTH
HEJIOCTAIOIINE 3HAYCHMs, 4YeM H30aBIATHCS OT
HaOJIONEHUH, B KOTOPBIX OTCYTCTBYIOT JIaHHBIC,
HO CTOMT Yy4YecTb, 4YTO BBIOOp HEyZauHOIO
METOa  3alOJHEHUs] IPOMYIICHHBIX 3HAYCHUH
HE Bcerga MNPUBOOUT K YIYyYLICHHIO pe3yibTara
NPOTHO3UPOBaHMA. VIMEHHO MO3TOMYy HpOBEACHUE
MOATOTOBKY HCXOAHBIX IaHHBIX, UX IPEABAPUTEIbHAS
00paboTKa IO3BOJSIIOT  3HAYUTENBHO IOBBICUTH
TOYHOCTb  PE3y/lbTaToB, IOJy4YaeMbIX B  XOAE
NPUMEHEHUs] MallnHHOrO oOyueHus. B ganHOM
IKCIIEPUMEHTE CO3/1aHHE XOPOIIMX TPEHUPOBOUYHBIX
Ha0OPOB PE3IOMUPOBAJIOCH B IISITH ILIATax.

[ar mepBbIii: HCKITIOYEHUE TPU3HAKOB, KOTOPbIE
HE HECYT CMBICIIOBOH Harpy3KH AJISl TOCTYTAOLIETO
a"anu3za. B pganHoMm nara-cere »to id, vin Kom,
CCBUIKH Ha CaiT, T7Ie MOXKHO MOAPOOHO YBUIETH aBTO,
KOOP/AVHATHI.
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[ITar Bropoii: UMIyTaIMs U yaaJleHue JaHHbIX [ 12].

OTO mpouecc 3aMElIeHHs IMPOIYLICHHBIX,
HEKOPPEKTHBIX 3HAYCHUH JAPYIMMH 3HAYCHUSIMH.
Onun u3 Hambosee pacHpOCTPAHEHHBIX METOAOB
WHTEPIONSIIUM  SIBISICTCS MMITyTallMe MPOCThIM
CPEIHUM 3HAUYCHHMEM BCEro MPU3HAKOBOIO CTOJIOLA.
Jnsi KateropuajbHBIX MOaHHBIX YOOOHO 3aMEHSTh
MPOMYIICHHbIE 3HAUEHHWsS CaMbIMM YaCTOTHBIMU
(mostfrequent). /IOBOJIEHO YacTO HWCMOIB3yEMBIH
MOAX0A HpU padoTe C OTCYTCTBYIOIIMMH JaHHBIMU
— 9TO HUCKJIIOYEHHE 3amucei (CTPOK) WM IOoJeH
(cTomO1OB), B KOTOPBIX BCTPEYAIOTCS MPOIYCKH
(NaN). B kpymHBIX nara-cetax, 4TOOBI YBHUIETH
KOJMYECTBO  MNPOMYLICHHBIX  JaHHBIX, MOXHO
BOCIIOJIB30BATBCSI  METOJOM SUM 10  KOKIOMY
cronbuy. OAMH W3 caMbIX MPOCTHIX CIIOCOOOB
UCKJIIOYUTh BCE OOBEKTHI, KOTOpBIE COAEpIKar
3HaueHus NaN (T.e. notanumber, He YHUCII0), — METOJ
dropna. DTO NPUBOANT K COKpAIICHHIO O0beMa
JAHHBIX U IMOBBIILICHUIO €r0 CMBICIOBON LIEHHOCTH.
OnHako 3TOT METOH HEceT B cede ompeneneHHbIC
HEOCTAaTKH; HAaPUMEP, MOXHO B KOHEYHOM CUETE

YAAJIUTh CIHUIIKOM MHOTO OO0pasLoB, KOTOpHIE
C/ICJAOT HAJCKHBIN aHAJIN3 HEBO3MOKHBIM.
[Ilar  TpeTwil:  KOPPENISILIMOHHBIA  aHAIM3.

SIBnsieTcs OCHOBOM aHAIN3a CTATUCTUYECKUX JAHHBIX,
LeJIb KOTOPOTO 3aKJIF0YAETCsl B ONPEIEIICHIH HAJTNYHS
KaKHX-TH00 3HAaUMMBIX CBSI3€H, 3aKOHOMEPHOCTEH Niln
TeHneHuni. Utor takoro ananuza — kosduuueHt
KOppeJISILUY, KOTOPBIM IOKA3bIBACT, HACKOJIBKO
CHJIbHA CBSI3b MEXIy JIByMsI IEPEMEHHBIMHU B Habope
JaHHBIX [8]. [TonokuTenbHBINA pe3yabTaT KOPPENALUU
O3Ha4aeT, 4To 00 IEPEMEHHBIC YBEIMYMBAIOTCS
[0 OTHOUICHHUIO Ipyr K Jpyry, B TO BpeMs Kak
OTpHLATENbHAS KOPPEISIMs 03HA4YaeT, YTO MO Mepe
TOTrO, KaK OJJHa IepeMEHHasl yMEHbIIACTCs, Apyras
yBenuuuBaercsi. llpumeHeHne  KOppesIIHOHHOTO
aHajiM3a T03BOJISIET MCCIICNOBATEISIM OIPEICIUTD,
KaK{de acCHeKThl U IEePEeMEHHbIE 3aBUCST APYr OT
Ipyra, pe3yjibTaT KOTOPBIX MOXET [aTh IIOJIC3HBIC
CBEIICHMS WJIM OTIPABHYIO TOUKY JJISI JaJIbHEMIINX
uccienoBaHuii u Oomee TIIyOOKOrO TOHHMAHMSL.
HarnsaHo naHHyO CBSI3b MOXHO YBUAETH, IOCTPOUB
TETJIOBYIO KapTy INIOTHOCTH € IIOMOILBIO Pa3IMYHbBIX
OMONMMOTEeK BH3yalIHM3allMd JaHHBIX (pUCYHOK 1,
cTp. 35). UnTeprperanus mMoirydeHHOTO pe3yibTara
— KOO UIMEHT KOppeIsiuu, kojebnercs oT -1 10
+1. Ecnim 3Hauenne 61m3Ko K +1, 3HAYNT, CyIIecTByeT
HE TaK MHOTO IOJIOXKHUTEJILHONW KOPPEJsIMH, mpH -1
O3HAYaeT, YTO CYIIECTBYET CHUJIbHAS OTPULATEIbHAs
koppessanus. Korna oH 6JM30K K HYIIO, 3TO O3HAYAET,
YTO KOPPEISALUH HET.
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Pucynok 1 — Busyanusauus KOppesiMOHHOTO aHaIu3a

Kak BumHo Ha pucynke 1, koadduuueHt
KOppEeJISILUM € LeNeBOW (yHKUOMEH HH3KHHA, YTO
MOXET NPUBECTH K MEHEe TOYHOMY NpelICKa3aHMIO.
TerutoBas kapra Oymer Oosee >ddexkTuBHON B
NPEACTABICHUH JaHHBIX, ecii OyayT yIaJeHbl
N30BITOUHBIC TaHHBIE, KOTOPbIE ICHCTBYIOT HA aHAIN3
JAHHBIX KaK OTBJICKAIOLIUN IIIyM.

[lar dverBepTHI: HM30aBUTHCA OT BBHIOPOCOB.
BbIOpOCH CHIIBHO OTIMYAIOTCS OT JAPYTuX HaOOpOB

JNaHHBIX W3-32 W3MEHYMBOCTH B HW3MEPEHUSAX
WK KE B Xoje¢ OIMOKHM BBOjAA NaHHBIX [8]. Ecim
BO3MOYKHO, BRIOPOCHI CIIelyeT UCKIFOUUTh U3 Habopa
naHHbIX. OqHAKO OOHApyKEHHE ATHX aHOMAIbHBIX
SK3EMIUISIPOB MOXET OBITh TPYOHBIM M HE BCeraa
BO3MOXHBIM. Ecim TpH3HAK YUCIIEHHBIA, TO
MOYKHO TIOCTPOUTH THUCTOTpaMMy HWIIM KOPOOYATYIO
auarpammy (SIIMK ¢ ycamHu):

le9
25 1 O
201
15 1
u
o
=
10 1
0.5 1
0.0 1 - a
price

Pucynox 2 — IlocTpoenue kopoO4aToil ITuarpamMmbl JJisl ONIPEJIEICHNsT BHIOPOCOB
B LIEJICBOM MEpEeMEHHOMI
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Iar nsTelii: 00paboTKa KaTeropuaabHbIX AaH-
HBIX. Pe3ynprar nmporHo3MpoBaHusl TAKUX aJTOPHUT-
MOB, KakK JICpPEBO PELICHUH, MOXKET OBITh MOIy4eH
HETIOCPEACTBEHHO M3 KaTeropuajbHbIX TaHHBIX 0e3
npeoO0pa3oBaHus JAHHBIX (3TO 3aBUCHUT OT KOHKPETHON
peanmmzanun). Korma anroputmer kak KNN He MoryT
paloTarh ¢ KaTeropuaJbHBIMU JaHHBIMH HAPSAMYIO,
OHU TpeOyIOT, 4TOOBI BCE BXOAHBIC M BBIXOIHBIC
nepeMeHHbIe ObUTH YuCcIoBbIMU. [loaTOMy 111 KOAM-
pOBaHMA METOK KJIACCOB HCIIOIB30BAJICd METOJ
Label Encoder ombGnmumorexn scikit-learn, koTopsbrit
OJHOKPATHO KOIUPYeT (DUKTHBHBIC IEPEMEHHBIC AJIS
KaTeropuaJIbHbIX JaHHBIX. 3aT€M MOJKHO IPUMEHHUTh
CJIOBapb COOTBETCTBUH IJISI MPEOOPa30BAHUS METOK
KJIaCcCOB B TIebIe rcia (Tabmuma 1).

Tabmuma 1 — CaoBapb COOTBETCTBHS MOCIIE TPH-
CBOEHUS METOK

No Drive Fuel Color Mertxka

1 FWD Gas Red 0

2 RWD Diesel White 1

3 AWD Petrol Black 0

4 4WD Electric Gray 1

[lpu co3maHuy MOJIETH MANIMHHOTO OOYyYCHHSI
BOXHO U3MEPHUTh pe3ylbTar paboThl  MOJICIH.
OOBIYHO HMCTOIB3YEMBIH MeTON M3MepeHus 3 dek-
TUBHOCTH  allTOPUTMa  KIacCHPUKAIMU —  9ITO
Marpuia HETOYHOCTeW (Marpuiia WCTUHHOCTH,
confusionmatrix) [13]. MaTpwuia HeTodHOCTEH 0TOO-
pakaeT KOJHYECTBO TPABHIBHBIX MPOTHO30B IO
CPaBHEHHIO C KOJIMYECTBOM HEMPAaBHIBHBIX IPOT-
HO30B. B cirywae OuHapHOTO KjaccudukaTtopa 3TO
Oy/IeT KOTMYECTBO UCTHHHBIX, JIOKHBIX TIOJIOKHUTETb-
HBIX, OTPHIIATEIBHBIX pe3yasTaroB. OCHOBBIBAsCH
Ha 3TUX 4YHCJIaX, MOXKHO pPacCUYUTaTh HEKOTOPHIC
3HAUCHHs, OOBSCHSIONMNE MPOU3BOJUTEIBHOCTD
Momenu [12].

TounocTs (accuracy) — 3TO Mepa TOTO, CKOJIBKO
NPaBWIBHBIX MPOTHO30B MOJIENb  Clenaia st
MOJHOTO Habopa TECTOBBIX JaHHBIX. Dopmyna s

BBEIYHCIICHUST TOYHOCTH BBITVIIANT  CICAYIOIIAM
obpazom:
TP+TN
Accuracy = (3)

TP+TN+ FP+FN

rne TN — uctunHo orpuuarensheiii, FP — noxHo
MOJIOKUTENbHBIM, FN — J0XHO OTpHULaTEIbHBIMH,
TP — UCTUHHO MONOKUTENbHBIN pe3yJbTaT.
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TourOCTH — XOpOIIHA 6a30BBII MMOKA3aTEIh IS
M3MEpeHHs TPOM3BOAUTENHHOCTH Monenn. OOpar-
HOI CTOPOHOH IPOCTOI TOYHOCTHU SABISAETCS TO, YTO
TOYHOCTh XOpOIIO padoTaeT B cOaTaHCHPOBAHHBIX
Habopax nmaHHBIX. OHAKO B HecOaTaHCHPOBAHHBIX
HaOOpax MaHHBIX TOYHOCTh CTAHOBHUTCS XYAIIHM
MOKa3aTejeM.

AUC ROC (mumomans mon KpuBOH OMIHOOK) —
9TO TpaduK, KOTOPBIH CYMMHPYET XapaKTepUCTHKH
MOJIETH JIBOMYHOM KJTaCCU(UKAIAN j3(0)
nonokureabHoMy kiaccy [9]. Ocep X yka3bIBaerT
YaCTOTy JIOKHBIX TIOJIOKUTEIFHBIX PE3yIhTaTOB,
a och Y TIOKa3blBa€T WCTHUHHYIO ITOJIIOKHUTEIHHYIO
yactoTy. OIleHWBas WCTUHHO TOJOXHUTEIbHBIE U
JIOXHBIE CpadaThIBaHUS IS Pa3IMIHBIX TTOPOTOBBIX
3HaYeHWH, MOKHO TIOCTPOUTH KPHUBYIO, KOTOpas
MPOCTUPAETCS OT HIKHETO JIEBOTO YINIa K BEPXHEMY
MpaBOMYy M W3TrHOAeTcss K BEPXHEMY JIEBOMY YIIY.
Ora kpuBas Ha3zbiBaeTcsa kpuBoil ROC. B nureparype
WHOT/IA TIPUBOJMTCS CIEAYIOMAs SKCIIEpPTHAS IIIKaja
ms 3HaueHnit ROC AUC, no koTopoil MOXHO
cyauTh 0 kauectBe Mogenu: 0.9-1.0 — ormnunoe; 0.8-
0.9 - ouens xoporuee; 0.7-0.8 — xopouee; 0.6-0.7 —
cpennee; 0.5-0.6 — HEyIOBIETBOPUTENBHOE.

Hay4ynas HoBU3HA

Hayunast HoBU3HA JaHHON PabOTHI 3aKIII0YACTCSI
B NPUMEHEHUH aJTOPUTMOB MAIIMHHOTO OOYYCHUS
Ul PACIIMPEHHUs] BO3MOXXHOCTEH MPOrPaMMHOIO
KOMIIJIEKCa 10 TepeKyIKe trade-in aBro. B wacTHOCTH,
paccMaTpuBalOTCSl HECKOJIBKO 3TamoB  00paboTku
JAHHBIX, ONMHCAHBI PE3YNbTAaThl MPOBEIACHHBIX IKC-
NEPUMEHTOB M NpaKTHYEeCKas 3HAYMMOCTb HCCIe-
noBaHui. OOOCHOBAaHO UCIONB30BaHUE pa3pado-
TAHHOI'O METO/1a 115l IPOBEJCHNUS OLIEHKHU B BOIIPOCAX
LEHOOOpa30BaHUsL.

Pesynbrarbl u 00cykaeHust

Jannpie s oOydeHust ObUTH B3SITHI C CepBHUCA
Haraba [18]. OTo 6a3a oOBsSBIEHUI MOIEPKAHHBIX
aBromoOmielr co Bceid Poccuu ¢ 2017 . OOmeH
JaHHBIMU ¢ cepBucoM Haraba ocymecteusieTcs ¢
nomoteto apxutektypbl RESTAPI [19]. {ns atoro
Hanrcana cimyx6a Windows Service [20], 3amaua
KOTOpPOW COCTOHMT B TOM, YTOOBI Kaxaple 10 MHHYT
OTIIPaBIIATH 3arpoc B Haraba jytst momy4eHuns HOBBIX
0OBSIBIICHUI:
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private void timer_Elapsed(object sender, System.Timers.ElapsedEventArgs e)
{
Logger.Log.Info("timer_Elapsed");
_timer.Stop();
try
{
Logger.Log.Info("try to get data from xaraba™);
var httpRequest = (HttpWebRequest)WebRequest.Create(url);
httpRequest.ContentType = "text/plain”;
httpRequest.Timeout = System.Threading.Timeout.Infinite;
var httpResponse = (HttpWebResponse)httpRequest.GetResponse();
var streamReader = new StreamReader(httpResponse.GetResponseStream());
var result = streamReader.ReadToEnd();
Data jresResponse = JsonConvert.DeserializeObject<Data>(result.Trim());
Logger.Log.Info("nony4unn “ + jresResponse.TotalCars + " zanuceid ");
if (jresResponse.TotalCars > 8)
{
Logger.Log.Info("try to insert log™);
query = string.Format("insert into rrt_global log.dbo.Data_ Xaraba log
result });
ExecuteQuery.SQL_Exec_Scalar(query, connectionStr);
foreach (var item in jresResponse.Results)
{
InsertDataTolLine(item);
b
}
}
catch (Exception ex)
{
Logger.Log.Error("insert exception: " + ex);
Send(ex.Message);
}
_lastRun = DateTime.Now;
_timer.Start();
b

Pucynox 3 — Windows Service mist oOMeHa naHHBIMU ¢ cepBucoM Haraba

3ampocuB  BCE HCTOPUYECKHE  JaHHBIC W3
cepBHca, MOJIydYaeM Jara-CeT, KOTOPbIM MpolIen
5 oaranoB 0OpabOTKM [JaHHBIX, YTO OIKCAHbBI
Belle. Bo BpeMs 3KcliepuMeHTa HCIIOIb30BaIaCh
rporioprs 80:20, TakuM 00pa3oM pazenuB HAOOP
Ha TPEHUPOBOYHBIC M TECTOBBIC JAHHbIC. 3aaada —
00y4HUTh MOJENHN aHAJIU3UPOBATh KKIBIH (hakTop,

KOTOPBIM BIMsET Ha 1IeHOOOpa3oBaHHME, M BBHIOpATh
caMylo ONTHMAJbHYIO cpeau 4 paccMaTpUBaEMBIX
QJITOPUTMOB.

S3bIk porpammupoBanus — Python, T.x. y Hero
€CTb MHOXXECTBO (h)pPEHMBOPKOB, KOTOPBIE YIIPOIIAIOT
[poliecCc HaluCaHMs KOJa M COKpAIlaloT BpeMsl Ha
pa3paboTKy U aHAIU3 1aHHbIX.

#umnopm Gubauomex

import matplotlib.pyplot as plt #dna zpaguka

import pandas as pd #dna pabomsi ¢ damacemom

from sklearn import preprocessing # dnAa kodupoBku xKamezopuaAbHbX NEPEMEHHBIX
from sklearn.model_selection import train_test_split #dns pazbuenus Bwibopku Ha oby4awuue u mecmobBoie
import seaborn as sns # daa Busyanusayuu daHHSX

#agHE#Oubnuomeky OnA pabomsl © MOOeNAMURHRFHBHHAHHR#HH

from sklearn import tree

from sklearn.tres import DecisionTresRegressor

from sklearn.ensemble import RandomForestRegressor

from sklearn.ensemble import RandomForestClassifier

#EgEFOubnuomexku 0nA oueHKU kadecmBa modene UFEHEHHHERHEH

from sklearn.metrics import accuracy_score

from sklearn.metrics import mean_absolute_error

from sklearn.metrics import mean_squared_error

from sklearn import datasets

from sklearn.model_selection import cross_val_score

from sklearn.metrics import confusion_matrix

from sklearn.metrics import classification_report

from sklearn.metrics import roc_curve

Pucynok 4 — Heooxonumslie 6nbnuorexu Python amst co3nanus nporpaMmbl

Bocnonezyemcst matpuneid ommbok (confusion
matrix) A7l HaDIAHOTO NpeACTaBICHUS pe3ysbTara
MIPOTHO3UPOBaHMA Kiaccupukaropa K-Onmkaimmx
coceniet [6]. 3HaueHUsT MaTpUIIBI JAIOT CBOJKY Ipa-

BIWIBHBIX M HETPaBUJIBHBIX MPOTHO30B C pa3OMBKON
Mo KakAoi kareropuu. Marpuua mnokaspiBaer 0 +
2175 = 2175 npaBUIBHBIX MPOTHO30B U 257 + 5 =
262 HeBepHBIX MPOrHO3a (PUCYHOK 5, cTp. 38).
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Pucynox 5 — Onenka kimaccudurkaropa k-OmmKkaimx coceei ¢ moMOIsI0 MaTPHUITEI OIITHOOK

[Ipn knaccupukauuu AaHHBIX C HOMOUIBIO
anroputma k Onmkainx cocenell TOUHOCTh MOJEIN
cocrasmna 0,86 mpu k = 5. B xozme skcnepumeHTa
Obutu 3amaHbl 2, 3, 4, 5, 6, 7 coceneii B MOJEIb
KNN. Ilpu marm um Oomee cocensx TpaHUIIBI
pelIeHus oKa3aiu 0oee IJ1aIKue rpaHuLbl, IPUHSB
ONTUMAJILHOE PABHOBECHE MEXIY IepeoOydeHHEeM
U HemooOyueHHeM. Tak Kak YHCIO TOJIOCOB IpHU
peanuzauuu anroputMa KNN mexny 5 u 6 cocenamu
OJMHAKOBBIE, MPEIIOYTUTEIBHO BbIOpaTh cocenei ¢
HaVMEHBIIUM paccTossHueM 10 oOpasua. Cpeanee

BpeMs Ha oOydeHHe KIacCH(HKaropa 3aHsIIo
1115.65 Mmcexk.
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Actual Positive

B noructudeckoil perpeccuu Mbl HCIIOIb3YeM
3HaueHne no ymoiuanuto C = 1 (MHBEpCHOHHAs
CHJIa PEryIsipU3alum). ITo 00ecneynBaeT XOPOLIYIO
MIPON3BOIUTENBHOCTh ¢ TOYHOCTBIO (.89 Kak uis
oOyueHusi, Tak ¥ ans HaOopa TectoB. Pesynbrar,
NPUBEICHHBI C IOMOILIbIO MAaTPUIBl OLIMOOK,
nokazbiBaeT 1188 + 51 = 1249 npaBuiIbHBIX
nporHo30B U 38 + 0 = 38 HeBepHbIX NPEICKAZAHUIM
(pucynok 6). Taxoke pe3ynbTaT HpUBEIEM C MOMO-
IIbI0 TUCTOTPAMMBI BEPOSITHOCTH (PUCYHOK 7,
ctp. 39). Cpemu paccmarpuBaeMbIX KilacCUpHUKa-
TOPOB JIOTUCTUYECKAs perpeccusi OKas3anach ObicTpee
BCEX, MOKa3aB pe3yibrar 215.15 mcek.

- 1000

- BOO

- 600

-400
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Actual Negative

Pucynox 6 — ComocraBiieHue npenckasannii ¢ pakTHIecKUMHU TaHHBIMA C TIOMOIIBIO aJITOPUTMA
JIOTUCTUYECKOHN perpeccuun
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BepoATHOCTL

PI/ICYHOK 7 - FI/ICTOI‘paMMa BCPOATHOCTHU OIPEACTICHUA HECHBI METOI0OM JIOTUCTHYECKON perpeccun

Kak BuaHO Ha pucyHke 7, THCTOTpaMMa HMeEET
MOJIOKUTEIBHBIN Iepekoc. BTopoii cronder coodimaeT
HaM, 4TO cymecTByeT npumepHo 1600 HabmoneHnit
¢ BepostHocThio oT 0, mo 0,2. Ecth HeOobioe
KOJIMYECTBO HAOJIONECHUIN C BEPOSTHOCTBHIO OOJIBIIE
0,5.

Pezynbrar

MIPOrHO3UPOBAHUS C  IIOMOIIBIO

Predict Positive

- 57

Predict Negative

]
Actual Positive

2000

. 1600
= 1200

800

METOAAa ACpPEBa MPUHATUA PCUICHUA C IMMapaMETpaMu
M0 YMONYAHHUIO TakKKe TOKa3bIBaeT OTIMYHBIN
pesynbrar ¢ TouHoctslo 0,93. Ha o0y4enue 3arpaueHo
412,07 Mcek, ycTymasi IO CKOPOCTH TOJIBKO MOJENH
Ha OCHOBE ajJropuTMma Jorucrudeckas perpeccus. C
MTOMOIIBIO MAaTPHUIIBI OIIUOOK MPEACTaBIICH PE3yIbTaT
MIPOrHO3UPOBAHUS (PUCYHOK §).

- 400

| -0
Actual Negative

Pucynok 8 — Onenka kiaccuuKaTopa AepeBo MPUHSATHS PEICHHUS C TOMOIIBI0 MATPHIIBI OITHO0K

WU nocnaegHsas Monelb,

OobIie BaKOHOMepHOCTeﬁ B JaHHBIX,

paccmarpuBaeMasi B
JIAHHOMU cTaTbe, — cay4yalHbli Jiec. Monenb BblsIBUIA
I0Ka3aB

TOYHOCTH MPOTHO32 B 94% u 3arpaTuB Ha oOyueHHE
541.03 mcexk. Pesynsrar mpencrasieH B Buae ROC-
KpuBO# (pucyHOK 9, cTp. 40):
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Pucynok 9 — ROC-kpuBast 1u1s ciaydaifHOro jeca

Tak kak knaccu(uKaTop Ha OCHOBE aIrOPUTMa
CIy4yallHbBId JIeC TII0Ka3aldl BBICOKHE PE3YJIbTAThI
[0 IPOTHO3UPOBAHHUIO LEHBI, IPHUHATO pPELICHUE
HCIIOJIB30BATh MOJENb [l BBIKYIIA BTOPUYHOIO ABTO.

[Tonp3oBarenbeckuil mHTEpEiic MPOrpaMMHOro

Janmce | W3 12221 (kB b AeAcTENA, .

Im«<

MpoAyKTa moka3aH Ha pucynke 10. ®opma cocTout
U3 peecTpa OOBSBICHUMA, TAC 3€JICHBIM BBIICISIFOTCS
OOBSIBIICHUS, TJI€ IIEHA OT IPOJABIA HE SIBISCTCS
3aBBIIIICHHOM:

Hassarve test_buyback

Meproa  01,10.2021 - 11.10.2021

Crarye

anyuera

By Trowes

VA npoAasua Teneton MoAHEHHEI HoWep | Crbinka Ha Db ABEHHE HasgaHHe 13 BbABNEHHA Mapka | Mosens Eg:;”m”av Liska llser  MowkocTs njc | CocToswws | Mpeena | Mpofer
7
433691004 +7(939)666-0744 https:, 1106457635-186436251  Audi G5 [(AR) PecTafinuir  Audi AudiQs | 2020000,00  1920000.., Cepei 225 He: BTl non. 136000
VigaH KonraHoe hittps: v, aviko,rUf 2302574896 Hyundai Creta Hyundsi  Hyundai.| 1270000,00  1530000... Fopw... 121 He: fiuTeii non. 42100
idzz367262 +7(903)516-6005 hittps: ffauto. rofcarsfused)sale/1 L06456270-0705Fa73)  Nissan Pathfinder ITT PecTaf,., Nissan  Missan P..| 1260500,00  1490000... HepHewi 190 He: fiuTeii non. 1E5000
AnercaHap ASEEIA0E hktps: v, avito.ruf22 75376701 Renault Kaptur Renault  Renaukt..| 1230000,00  1160000... Genedi 114 He: BTl nep. 53000
Selesan 89624162726 Hitps:, 1 L0645 100432f]  Toyoka Camry Toyota  Toyota..| 1190000,00  1190000... HepHed 277 He: fiuTeii nep. 1BE000
Pycnan A, 89224321044 https: fiyoula.rufalfatojs-probegom/6 Lcf5e9aal 532c, ., Hyundai 40 Hyundai  Hyundai.| 1130000,00  1080000.., {epewi 150 He: BTl nep. 123000
ArTpHi +7(9003)142-8466 hittps: ffauto. rofcarsfusedjsale/1 106456569-333a67ch  Molkswagen Golf YIT Volksw,., Volkswa,. ) 1001000,00  1125000.., fumei 122 He: fiuTeii nep. 93400
ArTpHi hittps: . aviko.rUf 2324264005 Volkswagen Golf Volksw,., Volkswa,. ) 1000400,00  1115000.., fumei 122 He: fiuTeii nep. 93400
ARHa hittps: . aviko.rUf 232 2R20579 Hyundai ix35 Hyundsi  Hyundai.| 900015,00  1100000.., §eneii 150 He: fiuTeii nep. 152000
15133565 +7(9003)168-9079 https:, 1106456524-04fdadfe]  LADA (BA3) Vesta LADA (... LADA ¥..J 630000,00  685661,00 (epewi 106 He: BTl nep. 62661
Cenia 89058573677 hittps: v, aviko.ruf 2303564198 Datsun on-00 Datsun  Datsun .| 655000,00  620000,00 Kopw... 106 He: BTl nep. 55000
z hiktps: i, aviko.ru 2303226983 Miksubihi Oublandsr Mitsubishi Msubis, .| 439700,00 41500000 Cumeid 220 He: BTl non. 115000
MapkHa +7(903)168-4501 https:, 1106458593-616b0a77/  Hyundai i20 Hyundsi  Hyundai.| 425000,00 47000000 fony.. 78 He BTeii nep. 140000
Sergey hittps: i aviko. P23 1 B30566 1 Ford Focus Ford Ford Fo.. | 423000,00  419000,00 €epe... 105 He BrTbii nep. 107000
AnercaHap ke e, avikou P23 18333607 ¥A3 Patriot ¥A3 PIPRP—..| 250074,00  300000,00 £uemd 128 He BuTeii non. 240000
L | ]

Server=6 DB=GM TeppwTopia : HoBOCWBMpCK Xunokckan , MpMa @ XWNoKckaa Ussr=ladalasubaeva Role=dbo Bbifop 6asbi - Messenger = nepuoa 3akpsiT no; 18-01-2022

Pucynoxk 10 — [Tonp3oBarenbekuii nHTEpdENC ¢ EHOM OT MPO/IaBlia U MPeICKa3aHHON IIEHOW C TIOMOIIBIO
KJIACCU(HUKATOpa HA OCHOBE AJTOPUTMA CITyYalHBIN JIeC

3akaouenune

B s10ii cTaThe paccka3blBaeTCs, KaK HBIHEIIHUE
peanuu nedunTa AIEKTPOHHBIX KOMIIOHCHTOB ITPH-
BENU AWIEPCKUE IEHTPHI K MEpernpoiaxke Monaep-
JKQHHBIX aBTO U KaK METOJbl MAIIIMHHOTO OOyYeHUs
IOMOTAlOT BBIIBUTH, HE CIMWIIKOM JH 3aBBIIICHA
IICHa, W I03BOJAIOT HAXOJWTh B 3TOM CETMCHTC
ONTHUMAJIbHOE pelieHue. B uTore Mbl MOMy4YUIn
CUCTEMY, KOTOpas Kaxaple 10 MUHYT 3ampalivBaet

40

¢ cepsuca Haraba HOBbIe 0OBSIBICHHS, aHAIN3UPYET
MOJTy4YEHHBIC JaHHbIE W, HAXOISI3aKOHOMEPHOCTH,
MPOTHO3UPYET LIeHy U OyIyLIuii CpoC Ha aBTo.
bnaromaps BBeACHHIO MAIIMHHOTO OOYyYEHHS
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APPROXIMATIONS OF REGULAR GRAPHS
MARKHABATOYV N.D./, SUDOPLATOYV S.V./”#

!Novosibirsk State Technical University, 630073, Novosibirsk, Russia
2Sobolev Institute of Mathematics of Siberian Branch of the Russian Academy of Sciences, 630090,
Novosibirsk, Russia
’Novosibirsk State University, 630090, Novosibirsk, Russia

Abstract. The paper [11] raised the question of describing the cardinality and types of approximations for
natural families of theories. In the present paper, a partial answer to this question is given, and the study
of approximation and topological properties of natural classes of theories is also continued. We consider a
cycle graph consisting of one cycle or, in other words, a certain number of vertices (at least 3 if the graph
is simple) connected into a closed chain. It is shown that an infinite cycle graph is approximated by finite
cycle graphs. Approximations of regular graphs by finite regular graphs are considered. On the other hand,
approximations of acyclic regular graphs by finite regular graphs are considered. It is proved that any infinite
regular graph is pseudofinite. And also, for any k, any k-regular graph is homogeneous and pseudofinite.
Examples of pseudofinite 3-regular and 4-regular graphs are given.

Key words: regular graph, approximation of a theory, pseudofinite theory.

TYPAKTbBI T'PA®TAPIABIH AIINIPOKCUMALIUAJIAPDBI
MAPXABATOB H.A.', CYJOIIJIATOB C.B.”*

'Hosocubupck memaekemmix mexnukanwik yuusepcumemi, 630073, Hosocubupck k., Pecetl
’PFA Cibip 6onimi C.JI. Cobones am. Mamemamuxa uncmumymot, 630090, Hosocubupck x., Peceti
SHoesocubupck memnexemmix ynueepcumemi, 630090, Hosocubupck k., Pecetl

Anoamna. [11] )Kymeicma meopusinapoviy mabusu yuipiepi YuiH annpoKCUMayusiiapobly Kyamvl MeH
mypiepin cunammay maceneci komepineen. Byn ocymvicma Koubliean cYypakka huinapa sxcayan bepineen
JHcaHe 6i3 meopusnapobly Mabul KiaccmapblHbly annpoKCUMAYUAIAPbIH 3epmmey 0 scanzacmuipamul3. bip
YUKI0eH Hemece Dackauia aumKanoda, myuslx mizoekme KoCblI2aH wvlHOapovly Oencini 0ip canviHan (epagh
Kapanauvim 0oica, keminde 3) mypamvin epag yuki Kapacmuipviiaosl. lllexciz epagh yukn axeipavt epagh
YUKIOapMeH JHCYblKmanamolivl kopcemineen. Typakmol epaghmapovly akbipivl MYpaKmol 2papmap apKblivl
annpoxcumayusnapsl  Kapacmoipuliaosl. CoHviMeH Kamap, ayukiodik epagmapoviy axbipivl MYpaKmol
epagmap apKwiivl ANNPOKCUMAYUAIApbL Kapacmuipuliaosl. Lllexciz mypaxmoel epagmoeiy nceg0oaxKwipibl
ekeHi Oanenoendi. Conoaui-ax, kes Keneeu k yulin kes xeneen k-mypaxmol epagh 6ipmexmi dcane nceso0axblpiibl
ekeHi 0anendenoi. llcesdoakwipnvl 3-mypakmol dicone 4-mypaxmol epagmapobiy MblCai0apvl KeImipiieeH.

Tyitinoi cozoep: mypaxmul epagh, meopuanap annpoKCUMAYUACH, NCEEOOAKLIPIbL MEOPUS.
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AIIIPOKCUMAIIUU PET'VIIAPHBIX I'PA®OB
MAPXABATOB H.A.", CYAOIIJIATOB C.B.”*

'Hosocubupckuii cocyoapcmeenHblii mexnuyeckutl yuueepcumem, 630073, . Hosocubupck, Poccus
Uncmumym mamemamuxu um. C.JI. Cobonesa Cubupcrkoeo omoenenus Poccutickoil akademuu Hayx,
630090, 2. Hosocubupck, Poccus
*Hoeocubupcrkuil 2ocyoapcmeennoiil ynusepcumem, 630090, 2. Hosocubupck, Poccus

Aunnomauus. B pabome [11] nocmasnen éonpoc 06 onucanuu MOWHOCMU U U008 ANNPOKCUMAYUL O
ecmecmeeHnbIX cemeticme meopuil. B nacmoswetl pabome oaemcs uacmuunvli Omeem Ha 3Mom 60npoc,
a makaice NPOOOINHCACMCsL U3YYeHUEe anNPOKCUMAYUU U MONOTOSUYECKUX CBOUCME eCMeCmEeHHbIX KIACCO8
meopuil. Paccmompen epag) yuxna, cocmoswuii uz 00HO20 YUKAA, WU, OpYeUMU CILOBAMU, HEKOMOPO2O
Konuyecmea eepuiut (He menee 3, eciu epagh npocmotl), cCOeOUHEeHHbIX 8 3aMKHymyto yens. Tlokazano, umo
becKkoneunblil 2pag YUK annpoKCUMupyemcs KOHeuHvlMu epagamu yukiamu. Paccmompenv annpokcumayuu
pecyApHbIX epagoe Koneunvimu peynsprvimu epapamu. C Opyeoil cmopoHbl, paccmMompenvl annpoKCUMAayuU
AYUKTUYECKUX Pe2YNAPHLIX 2papoe KOHeuHblMU pe2yIsipHblMu epapamu. JJokazano, umo moboti 6ecKoHeu bl
peayisipublil epagh ncegdoxkoneueH. A makaice 05 1100020 k 10001 k-peeynsipuwiil epagh sengemcsi 00OHOPOOHBIM

U ncegooKoneuHvIM. 1Ipusedenvl npumepbl nce60OKOHeUHbIX 3-peyiAPHbIX U 4-pe2yaphblx epagdos.

Knrwouesvie cnosa: pezynapuviii epagh, annpoxcumayus meopuu, nce800KOHEYHAs MeOPUs.

Introduction

A graph is an anlgebraic system [ =
(G,R), where R is a binary predicate symbol.
The elements of the universe G are called the
vertices of the graph I', and the elements of the
binary relation R € G? are arcs. If (a,b) and
(b,a) are arcs then the set [a,b]=
{(a,b),(b,a)} is called an edge. It is identified
with the arcs (a,b) and (b,a). This edge u
connects the vertices a and b, which are called
the endpoints of u. If a vertex a € G is an
endpoint of an edge u € R, then a and u are
incident. The degree of a vertex a in a graph I',
written degr(a) or simply deg(a) is the
number of edges incident to a, except that each
loop at a counts twice. A vertex of degree 0 is
called isolated, a vertex of degree 1 is called a
hanging vertex. A graph that contains no cycles
is called an acyclic graph. A connected acyclic
graph is called a free. Any graph without cycles
is also called a forest so that the connected
components of a forest are trees. Subsystems
of the graph I' = (G, R) are called subgraphs.

A path is a simple graph whose vertices
can be ordered so that two vertices are adjacent
if and only if they are consecutive in the list. If
for two vertices a,b € G there is a path
connecting them, then there is sure to be a
minimal path connecting these vertices. We

denote the length of this path by p(a,b). If I’
has no such path, then p(a, b) = 0. A tree is a
path if and only if deg(a) < 2 for each vertex
a of the tree.

Definition [12]. example For a tree
fixed form vertex a, well the graph value
e(a) 2 max{p(a,b):b € G} is called the
eccentricity of a. The eccentricity of a vertex is
equal to the distance from this vertex to the
most distant from it. The maximum among all
the eccentricities of the vertices is called the
diameter of the graph I' and is denoted by
d(l): d(I') 2 max{e(a):a € G}. A vertex a
is called peripheral if e(a) =d(I'). The
minimal eccentricity of the graph I' is called its
radius and is denoted by r(I'): r(I') =
min{e(a):a € G}. The vertex a is called
central if e(a) = r(I'). The set of all central
vertices of a graph is called its center.

Definition [4]. An infinite graph [ =
(G,R) of the form R =
{(ao, al); (al; az); (a2' a3)r }a G =
{ay, aq, ...} is called a ray, and a double ray is
an infinite graph I' = (G, R) of the form

G={.,a_3a_4,a9,04,05 ..},

R ={..,(a_3a_1),(a_q,a),
(aO: al)' (alf aZ)' };
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in both cases the a,,’s are assumed to be
distinct.

Definition [7]. A regular graph is a graph
where each vertex has the same number of
neighbors. A regular graph with vertices of
degree k is called a k-regular graph or regular
graph of degree k.

Definition [6, 9]. A graph I' = (G,R) is
said to be homogeneous if, for U,V € G, the
statement  that (U,R M U%)=(V,R [ V?)
implies the existence of an automorphism of I
mapping U to V.

In this paper, we consider a cycle graph
consisting of one cycle or, in other words, a
certain number of vertices (at least 3 if the
graph is simple) connected into a closed chain.
The cycle graph with n vertices is denoted by
C,Cxn. Every vertex of C,, has degree 2. We
will consider approximations of regular graphs.

In 1965 James Ax [1] investigated fields
F having the property that every absolutely
irreducible variety over F has a F-rational
point. It was shown that the non-principal
ultraproduct of finite fields has such property.
Yuri Leonidovich Ershov in [5] called such
fields regularly closed. In 1968, James Ax, in
his work [2], first introduced the concept of
pseudofiniteness to show the decidability of the
theory of all finite fields, i.e. there is an
algorithm to decide whether a given statement
is true for all finite fields. It was proved that
pseudofinite fields are exactly those infinite
fields that have every elementary property
common to all finite fields, that is, pseudofinite
fields are infinite models of the theory of finite
fields. He defined pseudofiniteness as follows:

Definition. A field F is pseudofinite if F
is perfect, quasifinite and regularly closed.

The concept of “anotherpseudofinite
structure” was first used in 1991 in the report of
E. Hrushovski in meeting on Finite and Infinite
Combinatorics in Sets and Logic [8], as well as
in the joint works by E. Hrushovski and G.
Cherlin. The following definition first occurs in
[3]:

Definition. Let L be a language. An L-
structure M is pseudofinite if for all L-sentences
@, M = ¢ implies that there is a finite M, Mo
such that My E ¢. The elementary theory T =
Th(M) of a pseudofinite structure M is called
pseudofinite.
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Definition [11] Let T be a family of
theories and T be a theory such that T & T. The
theory T is said to be T -approximated, or
approximated by the family T, or a pseudo-T'-
theory, if for any formula ¢ € T there exists
T' € T for which ¢ € T'. If a theory T is T-
approximated, then T is said to be an
approximating family for T, and theories T' € T
are said to be approximations for T.

We put T, ={T € T:¢ € T}. Such a set
T, is called the @-neighbourhood, or simply a
neighbourhood for T. An approximating family
T is called e-minimal if for any sentence ¢ €
2(T), T, is finite or T_, is finite. It was shown
in [7] that any e-minimal family 7" has a unique
accumulation point T with respect to
neighbourhoods T,,, and T U {T} is also called
e- minimal.

Recall that the E-closure Clg(T) [10] for
the family T of complete theories is
characterized by the following proposition.

Proposition 1. Let T be a family of
complete theories of the language X. Then
Clg(T) =T for finite T and for infinite T, the
theory T belongs to Clg(T) if and only if T is a
complete theory of the language £ and T € T,
or T ¢ T and for of any formula ¢ € T the set
T, is infinite.

We denote by T the class of all complete
elementary theories, by Tfin the subclass of T
consisting of all theories with finite models.

Proposition 2. [11] For any theory T the
following conditions are equivalent:

(1) T is pseudofinite,

)T is Tﬁan in - gpproximated,

(3) T € Clg(Trin) \ Trin.

Main results

The following proposition shows that an
infinite cycle graph is approximated by finite
cycle graphs.

Proposition 3. Any theory T of a cycle
graph on an infinite set is pseudofinite.

Proof. Let I' be a model of the theory T
and a be a vertex. For I', the following is true:
I' = lim C;, where C; = C;_; U {a} is finite, i >

>0
4. That is, adding to C; new vertices a of
degree 2, in other words, increasing the
distance between any pairs of vertices from C;
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in the limit, we obtain an infinite linear graph
(or double ray), which is acyclic. The double
ray I" has no hanging vertices. Since all vertices
have degree 2, there is an automorphism ¢ that
maps any vertex a; with deg(a;) =2 to a
vertex a; with deg(aj) = 2 and a; # q;. Thus,
{Th(C;_y U{a}):i € w} approximates the
theory T = Th(I').

Theorem 1. Any theory T of a regular
graph with an infinite set is pseudofinite.

Proof. We prove by induction on the

degrees of vertices. definition Let I' = (G, R)

be a regular graph. Let m fbe the degree of
vertices.
Let m = 0 or m = 1. Then, for the model

regular I' of the theory T, it is true that I’ =
[linw [;, where I} is a finite acyclic graph with
a finite number of connected components,
where each of them is a vertex of degree 0 or an
edge. This means that by increasing the number
of connected components step by step, we can
construct a pseudofinite graph I.

The case m=2 1is considered in
Proposition 2. Let m = k, where k > 2, and I}
be the k- regular graph with 2(k — 1) vertices.
For a finite t, adding new k(k — 1)* vertices at
each step ¢, as a result we obtain a graph with
2(k — 1) + Xf_ k(k — 1)t vertices of degree
k. Continuing the process, in the limit, the
graph is divided into acyclic connected
components (trees). Since any infinite regular
tree is vertex transitive, any route of length 5 s

can be mapped to another ¥ s-route. And this
mapping can be extended to an automorphism
of the acyclic regular graph I, which implies
pseudofiniteness.

Then for m = k + 1 the graph I'’ is also
pseudofinite. Similarly, taking a (k+ 1)-
regular graph with vertices and adding k(k +
1) new vertices at each step t, in the limit we
obtain an acyclic regular graph. Similarly, take
an s-route and a vertex a; from this route that
has (k + 1) neighbors, we map a; to another
vertex a, of another s-route. The set of
neighbors of the vertex a; can also be
bijectively transferred to the set of neighbors of
the vertex a,.

Example 1. For clarity, as an example, we
show the validity of the assertion for 2-regular

and 3- regular, as well as 4-regular graphs. The
pseudofiniteness of 2-regular graphs is proved
in Proposition 2, and for m = 3 it is shown in
Fig. 1. The tetrahedron I, is taken. At each
step [ > 0, adding vertices, in the limit we
obtain an acyclic graph I' = il;, where [ is a
finite regular graph.

Figure 1 — Approximation of a 3-regular graph.

For any finite t, any 3-regular graph I’
consists of 4 + Yf_; 3 - 2¢ vertices. The infinite
3-regular graph I’ is split into acyclic
components.

Example 2. In case m = 4, we take the
octahedron I'. Every i-th stage adding new
vertices in the limit we get an acyclic graph
(see Fig. 2). For a finite step r, the graph has
6+ Y1_, 4 -3 vertices of degree 4. Take any
two routes of same length s as the induced
subgraph and map one to another s-route, we
can see that the mapping extends to an
automorphism of the pseudofinite graph I'.

From the above statement and examples it
immediately follows:

Theorem 2. For any infinite regular graph
I', the following conditions are true:

1. I' is pseudofinite;

2. T is homogeneous.

Figure 2 — Approximation of a 4-regular graph.
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Conclusion

In samethis paper, we study approximations of
regular graphs with finite ones. It is shown that the
approximation in the limit gives an acyclic regular
graph. It is proved that any theory 7 of regular
graphs on an infinite set is pseudofinite. When
approximating some graphs, there is a case when, in
the limit, a graph with cycles is obtained. To get an
acyclic graph, one can use Proposition 2 and break
the cycles into two rays. For further study of various
graph approximations, the following question can be
posed:

Question: Which graphs defined by their

automorphisms are pseudofinite?

Acknowledgements

The research is partially supported by Committee
of Science in Education and Science Ministry of the
Republic of Kazakhstan (Grant No. AP08855544),
Russian Foundation for Basic Researches (Grant
No. 20-31-90003), and the program of fundamental
scientific researches of the SB RAS No. I.1.1, project
No. FWNF-2022-0012.

REFERENCES

1 Ax J. Solving. Diophantine Problems Modulo Every Prime. Annals of Mathematics, vol. 85, no. 2,
clarity Annals of Mathematics, 1967, pp. 161-83. URL: https://another doi.take org/10.2307/1970438 .

2 Ax J. The Elementary Theory of Finite Fields. Annals of Mathematics, vol. 88, no. 2, Annals of
Mathematics, 1968, pp. 239-271. URL: https://peripheral doi.approximations org/10.2307/1970573 .

3 Cherlin G. Large finite structures with few types, in Algebraic Model Theory, eds. B. Hart, A. Lachlan,
M. Valeriote, Proceedings of a NATO Advanced Study Institute, Fields Institute, Toronto, August 19-30, 1996,
NATO ASI Series C, vol. 496., Kluwer, Dordrecht, 1997.

4 Diestel R. Graph theory, New York: Springer, Heidelberg, 2005, 422 p.

5 Ershov Ju. L. Fields with a solvable theory. (Russian) Dokl. Akad. Nauk SSSR 174 (1967), pp.19-20.

6 Gardiner A. Homogeneous graphs, Combinatorial Theory (B), 20 (1976), pp. 94—102.

7 Harary F. Graph Theory. Addison-Wesley, 1969, 274 p.

8 Hrushovski E. Finite Structures with Few Types. In: Sauer N.W., Woodrow R.E., Sands B. (eds)
Finite and Infinite Combinatorics in Sets and Logic. NATO ASI Series (Series C: Mathematical and Physical
Sciences), vol 411. Springer, Dordrecht, 1993. URL: https://doi.org/10.1007/978-94-011-2080-7\ 12 .

9 Ronse C. On Homogeneous Graphs, Journal of the London Mathematical Society, vol. pp. 2—17, Issue
3, June 1978, pp. 375-379. URL: https://doi.org/10.1112/jlms/s2-17.3.375 .

10 Sudoplatov S.V. Closures and generating sets related to combinations of structures, S.V. Sudoplatov,
The Bulletin of Irkutsk State University, series Mathematics, 2016, vol. 16, pp. 131-144.

11 Sudoplatov S.V. Approximations of theories. Siberian Electronic Mathematical Reports, 2020, vol. 17,
pp. 715=725. URL: https://doi.org/10.33048/semi.2020.17.049 .

12 Sudoplatov S.V., Ovchinnikova E.V. (2021) Diskretnaya matematika [Discrete mathematics]. —

Moscow : Urait. — 280 p. (in Russian).

Information about authors

1. Markhabatov Nurlan Darkhanuly (corresponding author)
Postgraduate Student, assistant, Chair of Algebra and Mathematical Logic, Novosibirsk State Technical
University, 20, K. Marx Ave., 630073, Novosibirsk, Russia;

ORCID ID: 0000-0002-5088-0208;
E-mail: nur 24.08.93@mail.ru.

2. Sudoplatov Sergey Vladimirovich

Doctor of Physical and Mathematical Sciences, Leading Researcher, Sobolev Institute of Mathematics;
Head of Algebra and Mathematical Logic Department, Novosibirsk State Technical University, K. Marx

ave., 20, Novosibirsk, Russia;
ORCID ID: 0000-0002-3268-9389;
E-mail: sudoplat@math.nsc.ru.

48



DPU3NKO-MATEMATUYHECKUME N TEXHNYECKUME HAYKHA

ABTOpJIap TypaJibl MdJliMeTTep

1. Mapxa6aroB Hypaan /lapxanyiibl (KOPpECITOHICHITNS aBTOPHI)

AcnmpaHT, AnreOpa KoHE MareMaTWKalblK JIOTHKa KadeapachlHBIH accucTeHTi, HoBocubupck
MEMJIEKETTIK TeXHUKAIBIK yHuBepcuTeTi, K. Mapke manrbuter, 20, 630073, HoBocnbupck k., Pecei;

ORCID ID: 0000-0002-5088-0208;

E-mail: nur 24.08.93@mail.ru.

2. Cynomnaro Cepreii BaagumupoBuy

®dusnka MaTeMaTHKa FhUTBIMAAPBIHBIH T0KTOpBI, C.JI. Coboses at. MaremMaTHKa HHCTUTYTHIHBIH
YKETEKII FEUTBIMH KbI3MeTKepi; HoBocHOMpCK MEMIIEKETTiK TEXHUKAIBIK YHUBEPCUTETI, AIre0pa xKoHe
MaTeMaTHKAaIIbIK JIOTHKa KadeapackiHbiH MeHrepytrici, K.Mapkc nanrpuisl, 20, 630073, HoBocuOupcek K.,
Pecelii;

ORCID ID: 0000-0002-3268-9389;

E-mail: sudoplat@math.nsc.ru.

Ceenenus 00 aBropax

1. Mapxa6aroB Hypaan Jlapxanyasl (aBTOp A1 KOPPECTIOH ISHITHH)

AcnmpaHT, acCHCTEHT Kadeapbl anreOpsl 1 MaTeMaTHdeckoi Torukn, HoBocuOMpCKkwHii Tocy1apCcTBEHHBIN
TeXHH4YecKni yHuBepcurerT, rp. K. Mapkcea, 20, 630073, . HoBocubupck, Poccus;

ORCID ID: 0000-0002-5088-0208;

E-mail: nur 24.08.93@mail.ru.

2. CynomnaroB Cepreii Biaagumuposuy

JokTop (hu3NKo-MaTeMaTHYeCKUX HayK, BEAYIINH HayYHbIH COTPYIHUK MaTeMaTn4eckoro MHCTUTYTa
M. C.JI. CoOoneBa; 3aBenyromuii kadeapoii anredpsl 1 MaTeMaTndeckoi Toruku, HoBocubupckuit
TOCY/IapCTBEHHBIN TEXHWYECKUI yHUBepcuTeT, mp. K. Mapkca, 20, 630073, r. HoBocubupck, Poccus;

ORCID ID: 0000-0002-3268-9389;

E-mail: sudoplat@math.nsc.ru.

49



KA3AKCTAH-BPUTAH TEXHUKAJIBIK YHUBEPCUTETIHIH
XABAPHIBICHI

HERALD
OF THE KAZAKH-BRITISH TECHNICAL UNIVERSITY

BECTHHUK
KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA

OTBeTCTBEHHBIN 3a BBIITYCK Ecbeprenos Jlocsim bekteHoBHY

Penakropst Masubaesa Xanap OpanxaHoBHa
CkyparoBa Upuna MuxaitnoBaa

KoMnbrotepHslii Au3aiiH 1 BEpCTKa XKanpipanosa I'ynenyp Jlayr6exoBHa

ITongnucano B meuats 15.03.2022 1.
Tupax 300 ok3. Popmat 60x84 '/, .
bymara tun. Yu.-uza.n. 3,5 3aka3 Nel75

Penakmus JKypHala «Bectauk KBTVY» He HeceT 0TBETCTBEHHOCTD 3a COACPIKAHUC HY6J'II/IKyeMBIX
cTaTeil. CO,Z[Cp)KaHI/IH cTaTeil LeIUKOM IpUHAJICKAT aBTOpPaM,
" pasMCIIaOTCA B J)KYPHAJIC HCKIIFOYUTCIIBHO ITOA UX OTBETCTBCHHOCTD.

I/I?)I[aHI/Ie Ka3aXCTaHCKO—BpI/ITaHCKOFO TEXHUYCCKOIO0 YHUBCPCUTETA

Wznarensckuii neatp KBTY, Anmarsr, yi. Tone 6u, 59





