vdzde jtefmdlsjlsls' W 50 ' dzW' D' dzO

clrrt4itrovrsd, RIALSISJUILRSOARCT .

stmy LA RrRCIT Ot recrr L2160t 3 4 wfou

Xl MOdzr vy OteOdz' v O" dz@f d3dIsj ~dzed G Odz' Y
BOIs j o Odzn Ote”

[ Olsj tod Odz
XI'JTiHEdOtetsH dzs?2 d&Okydetslsj n dzd yd m¢
cCrrtilrovrsd, RIASsSSJTUIRSOARS LY

vrM11111RR R 138z 11t¢1i1¢1R

Al L | S
€5 Gets™ dzd s s d w
e s }
Y s (,o
' 4 . : . Y . ‘ A}
' ‘,".

7
1

, /’/".,







D¢ oDl vl RABIZIZIcL [ rfi1HwEwf [RYRBU[[] wyu
11l oétarevsrrl odv3vr o1z
¢/ f vz Crrt4truvRrRsgd rcr 1¢B) o1 38 LVIRI[T HR

fRURuuvrteul [ Vv ousrR R l3ezrLf Jr101 1oL RC T @]
O] ] burRL HSRE UlRI[tTHRU[TU C1L[[{41[URSR R ul

R{[1TR LUufotirsd rovsrrlo

MI NI STRY OF SCI ENCE AND HI GHER EDUCATI ON OF TF&F
ALMATY UNI VERSITY OF POWER ENGI NEERI NG AND TE
NAMED AFTER GUMARBEK DAUKEYEV

vded o jtemdlIlsjlsls* w 50 3" dzH'™ OF dzO Ote
¢clrrt4trvrsd, RIALSsIfJULRsOARCS] 3D
st my LS JARrRCIOL rcrr rf26013 1wl wfe
XI MOdzr y OtecOdzr v O" dz dBdIlsj mndzed C Odzr v €t
BOIs j tod OdzH OteT
2P24 yYOLOdz, ¢ dzdsOlr, 2025

[ Ols j tod Odz
XI' JT iy HEXRZOtGBH dzs?2 20z ydzeslsj ~n dzd yd ms ts2
¢c1rrt4trvrsd, RIALSsIfITUILRSOARSL 3T
stml L JLRR R T 3wz JatorLlor1RrRLE
ftedkztesyj dzdes?2 € 50 dzjlsd®¥ Ekdzedoe j to
22 C W dzgsQIls'2025

Proceedings
X111 l nternati onal Scientific an
CENERGY, | NFOCOMMUNI CATI ON TECHNOLUC
AND HI GHER ED&CATI ON
dedi cated to the 50th anniversar
22 Dct oblemat 9025

U s
O ZRQls 2025



Jt101RYIOARILVL 3 sIfRU[W
OB O] oPhDH Yy j dels, ) oSkt 5 dOSj,PhPesPahis Ok j d
fejHMjHOB] dv), dbkdj2djdss0 ¢..., rOkHOLdjss800 A.{.
[.[.(ckojlsfisejdzdzr 2 NjCtejlsOte! CtsdaW jtej deydq

Vi d1toffr3e s{frRuruy
ltjHMj PGt sse | Oded uw0OSClOcOdsoady, 4SSkttt ¢ dzdOlsd daf
dqdzj dzgd | Z2dRZ3OtBj CO [ OESCjjo0O
1 O3d Misdisd dz  fotadrffipiHils jsdzvQdz' " P Iy B sdzd E2fsOJ 8 eBej CIsste 5 d
ydzj dz¥ By HEZRZOtsH dZse s f thE tc O ddidzy dots § © b @Ekjsly@:y Hal i m (|
OfmMmsy. (W j hist, Remaksdij Ofdfagn . ( FBY j Mmste, RrRdHdwY), 2z

ftesW ., (sMMd2MCOY AjHjtOydw), sOtfjdSt ¢.31. (H.W.

(®. dz. , ftosW. s OL OrMisOdg) , ljeHdBOjo (. Z. (SPBDdz , (
sOLOrMIsOdz) ,Pktffgtsy. [ . pOLEAMIsOdz) , | dzOls ¢ w. ¢. (H. Is. da
ftest ., EIh@fzO)Benlmalifad @BEOY), rOdlsdSdds v. . (H. W

R.U. (H.I.do. , ftosWj Mipste, sOLOaMOd), Joydddzed Ctso O u. R
(PhOffsy. §esl¥jmhsk)s G OzPOrlofisiEsa) ., fusiBonfnses, sOL OFflsC
(PhOffity. (W jmict, sOLFRIBOO@EMsOtcss QBajCf ko O (§.
SOLORMsOd) , DSO0WPhdsPECOENKOdD)., QDoAY (f.esyj Mhse,
VBB j sCkdztse [.s. (C.I.dz, Ommtsy. f(Ls¥jmist sOLOZMsO
[ sMC sy OdetPeh @, y. (oW j Mtste s OL OR fMls Odz)

C65 ¢cCdzgjteajIsdC O, dqdeh sCtsB3izdzd S Oydw dzr v YR8 dzsy @ @zxtcy )
0" dz@ 48d ~ded C Odz" v ¢ W jlfdii ey dzOtc s H dd® J » dedOzj yiplg=Ow € s dzl |
¢cCdzj e jIsdC O, ddeW sC sc3dzlz dzd € Oy d tsdaedz” J IsXjl Al dizts ddtsre td @[ r ndfa t
Scientific and Technical Conference ¢Eenerigy, in
O dzdzOIsT : 26 @By ,2 ISiwds@ii7 1BisOL ., kM., Odze dz.

| SBN 7-80-35-8 2-1 (s ®)d3
| SBN 7-8 0-3 5-B 2-0

uBBEddC oCdsyojls MlsOls! d o) HjdiisH @ayQlslg &', MC G eis j ik
dMfdjHse Ol dj2 tJifmMfkeddCd sOLORMsOd shhdd, 1Jj kO
vOHY ¢ dMmls OdzO, vLBj SdflsOdzO, Srte’ L MisOdz@zr j | o tfOdstsjfiig
Ldzj Clstetst dzgj tecjlsdSd, Isjfdzst dzgjtecjlsdCSd, Isjdzj StsdBdBzdzd S Oy
Jdo SteBOyqdsdedz & sjodesdsedd, Mmdmisjd' kfwcOodydd® d Sds.

| SBN 7-80-3 5B 2-0 urs 001
11s 72
E ¢uCuw, 2025



Loy tolfriRmrunft fOARI VL 3L v mL [fJJ1R
gReuv[f3 vitoelf1rRrRC R SRICTEB(NI} O

g sARC 5 cufltrfrr1v3r 1317413 RUASJTT O/
lr1J1o¢ou JHURE

UD® 239

SYSTEM OF AUTOMATED TESTI NG FOR PENET
NETWORKS USI NG ARTI FI CI AL I NTELLI GENC
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State university fAKyiv aviation i
‘emairlooman. odarchenko@npp. kai.ed

roducti on

devel opment of the digital soci e
y live in the era of di gital t ec
ar communication networks play a
way eobl ifrom si mple analog systems to
technol ogi es.

- 1980 1990 2000 2010 2020 2030

2G (GSM, 3G
5G (New
1G (AMPS) GPRS, Edge, (UMTS/IMT- 4G (LTE) Radio) 6G
TDMA) 2000)
*Data Rate: 2.4 *Data Rate: 50 *Data Rate: 21 Mbps *Data Rate: 100 Mbps *Data Rate: 20 Gbps +Data Rate: >1"prs
Kbps Kbps eLatency: 100 ms sLatency: 10 ms slatency: 1 ms sLatency: 10-100 us
*Applications: sLatency: 300 ms «Applications: Voice, *Mobility: 350 Km/h *Mobility: S00 Km/h *Mobility: >1000 Km/h

Voice *Applications: Multimedia *Applications: Voice, «Applications: «Applications: Tactile
Voice, Text Mobile TV, Mobile Wearable devices, Internet, Space
Internet loT, Smart Cities Tourism, Automated
cars

2 S b W K

Fi gi.Cell.l ul ar networks evolutio

As we can see from Figure 1, cellul a
way t a@gesiextah i on networks, which wil!/ p
even compa-gederatifoinf trhet wor ks. However
perfecti ®orystemsurairtey al so changing, Sir
constantly changing. New types of atta




emerging. Attackers can use a variety
artifici aal gonrtietlhhmmsg e(nFciegur e 2) .

The following can be stated. 5G wuses
sensor s, autonomous systems) , whi ch I
attacker s. Virtualizati on, nde a wbr lof s ltif
technologi esathyetlaeddid compl exity and pol
equi pment or software suppliers may be
weaknesses. This in turn creates risks

Compatibility issues, | ack of transcg
i mpl anting Abackdoorso or malicious <coc
number of potenti al risks.

SGAcemUg  Miblogus  CopiralosNEVEDN.
Functions - - -
™ Internet

Tllegal A\~ "

Intercept Y
o

Fi gi 5@ threats | andscape [ 2]

Al s o, many types of attacks are poss
exampl e, MI T M-i #a hMiadcdklse ) ( Mawh er e an att
communication between a device and a be

Deno#lervice attacks can be parti cul

|
bandwi dth and reliance on connectivity
l nsider threats alEsnp|l plyaysaosi grairt ne
the administrative part of the network
l nsufficient control over admomplsitamde v
security policies.




Attackers can al so use 5G networ ks

collection, &etc.

This threat | andscape helps to under s
imodeling in the | aboratory, simul atio
segmentation, suppBluy ¢hasnspudtyeé€brcases
as one of the effective tools for asses

Traditional pentesting technlieset(d
although effective for classic | T syste
namely dynamic resource al Hl oowatliadre,nclyo T

Therefore, there i s a need for a ful
wi | | be able to:

-dynamically detect vulnerabilities I

-provide simulation of complex attack

-scale to |l arge infrastructures of mo

-reduce dependence on manual wor k an

2 Principles of developing an aut omat

This study proposes the devel opment ¢
be based on the following key principle

1. Automation of itflhreo nme ndtaitrae ctod slteicntg o
attack generation and execution.

2 |l ntegration with vulnerability da
t hreat dat a.

3 Use of i nteébpbphgechtiabgooift gmanet i
optimize attack strategies and select t

4 Model i ng attacks through attack tr
of compromi se.

5. Fl exi bl e integration with existing
Wi reshar k, Nessus, etc.).

6 . Security amudecaorft rtoelslta bbidncthye s, Vo
digital twins to prevent risks in real

3System architecture

The archrFit@gttlilhe automated system con

1. Data collection modul e. | t provid
devices using API and scanners (e.g. S
i nformation on known vulnerabilities; ¢

2 . Genetic algorithm (GA) modul e. |t
of attack trees; optimization of attac
success, | mpact, cost, resource intensi
pat hs.




3. l ntegration module with pentest t
strategies using Metasploit, Nessus, Wi
of feedback for GA; creation of report s

I n general, the system is deployed ir
connected to a 5G test network (e.g., (
security assessment of wvarious networKk

;.f"lil‘ - %
/
((A’))
Fi gl. S8stem design [ 3]
4Concl usi ons

The devel opment of an automated pene
continues t o be critically Il mportant
i nfrastructure of cellular operators ar

This work has proven the effectivene
attack strategi es; an architectur al SO
critical vul nerabilities.

Further scientific research invol ves
new types of attacks; optimization of ¢
tested threats (APT, i nsider threats);

Thus, the proposed system is the ba:
pentest that meets the requirements of
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I n todayodos digital worl d, protecting
important tasks for organizations and states. The increasing number of threats
associated with the development of information technology makes reliable security
measures @cessary. Cl encompasses the systems and networks that are essential for
society to function, including those in the energy, transportation, finance,
communications, and healthcare sectors. The failure or compromise of these
components can have serious sEgquences for national security, the economy, and
public welfare. Effective CI protection requires the proper identification, assessment,
and management of cyber threats, especially when defensive resources are limited.

Despite the importance of cybersecurity for critical infrastructure, there is still a
lack of scientific research on methods for managing cyber threats, both internationally
and domestically (Fig. 1). However, analyses in2]1have examined threat
managerant approaches in various Cl domains.

Step 5
Step 4 A IPIan
Step 3 ‘ . Mitigation
yuel:]\telgbilities imtegles
2 Step 2 Analyze
Threats in the
Step 1 I Plot DFD for
DFD
System
Decompose Components
System into
Components

Figure 1.- CyberThreat Management Process

In the first study [3], the authors developed an algorithm to assess cybersecurity
threats in learning management systems (LMS). They evaluated LMS platforms such
as Moodle, Atutor, and llias by combining the STRIDE model with the raritéria
decisionmaking method TODIM and adding fuzzy sets. Three cybersecurity experts
evaluated the security of these platforms using linguistic variables, which demonstrated
the effectiveness of the algorithm in identifying and ranking cybersecurity threats in
LMS enviromments.

Another article explores applying the STRIDE model to assess cybersecurity threats
in the CI transport sector. The article highlights how integrating STRIDE with Hazard
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Analysis and Risk Assessment (HARA) forms the SAHARA approach, which provides a
comprehensive foundation for eadiage risk evaluation. This combined method
identifies and classifies security threats and ensures the implementation of appropriate
counterneasures to protect automotive systems from potential cyberattacks. It supports
consistent and secure product development throughout the life cy2le [1

Study [4] examines the enhancement of security, privacy, and vulnerability
management in 5G networks with a focus on CI protection. Despite improvements over
previous generations, 5G networks still have technical security gaps that can be
exploited. Usingthe STRIDE threatlassification model, the paper identifies and
analyzes eleven threat scenarios in the 5G ecosystem, underscoring the importance of
robust security measures to mitigate these risks.

Another paper established that critical infrastructure facilities and industrial
control systems are complex cyh#rysical systems (CPS). Ensuring their reliable
operation requires comprehensive threat modeling during system design and
validation. The auiors propose an integrated threatdeling methodology for CPS
using the STRIDE approach to guarantee security at the component level. The method
was applied to a realorld testbed of a synchronous isolated system based on
synchrophasors. The researchniifges threat types for each system component and
shows how vulnerabilities can compromise overall system security, proving that
STRIDE is a lightweight and effective threabdeling methodology for CPSi[2].

It has been determined that no existing implemented method can yet provide truly
effective cybeithreat management in ClI facilities (CIF).

Because previous analyses of thyigantification, assessment, and management
studies failed to find a single formalized approach, a decision was made to develop a
new, more universal cybd¢inreat management method for CIF. This requires further
analysis of the effectiveness of international practices and thremteling
methodologies.

The STRIDE threat classification method [5], developed by Microsoft, is a
popular tool for analyzing security threats. The acronym stands for spoofing,
tampering, repudiation, information disclosure, denial of service, and elevation of
privilege. STRIDE hbps identify weaknesses in information systems, enabling
developers and security specialists to proactively mitigate them. Advantages include
comprehensive coverage of a wide range of threats, clear and structured categories, anc
easy integration with otlheecurity methods and tools. However, effective use requires
deep cybersecurity expertise.

The NIST SP 800 standard, developed by the U.S. National Institute of
Standards and Technology, provides a framework for identifying, assessing, and
managing risks in information systems tailored to organizational processes and assets.
Its main strength are its comprehensive risk management coverage and broad
institutional recognition. Implementation can be resoumbensive and challenging for
small organizations, however.

The international standard ISO/IEC 27005 offers guidance on information
security risk management and proposes a structured approach to identifying, assessing,
and treating risks. Its advantages include alignment with other ISO standards, which
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facilitates integration with overall organizational management, and astmatitured
process. Its drawbacks are the resources required for implementation and the potential
difficulty for small organizations.

The OCTAVE (Operationally Critical Threat, Asset, and Vulnerability Evaluation)
methodology focuses on critical organizational assets and enablasses§ment using
internal resources. While it highlights and protects key assets, it demands broad staff
involvement and can be difficult to coordinate in large organizations.

The COBIT (Control Objectives for Information and Related Technologies)
framework governs IT and incorporates +#mknagement aspects, aligning IT
management with business goals. Its advantages include seamless integration with
business processes and a poghensive IIgovernance scope, but implementation can
require substantial resources and pose challenges for smaller organizations.

In [1i 2], the author compared approaches to prioritizing eifiveats using criteria
such as: EU ease of use, CMcomplexity, ISi integration with other systems, CCI
focus, OB objectivity, and ET application time. The analysis showed thatSh&IDE
approach (Fig. 2) is extremely effective and comprehensive for identifying-itybats.

Its clear structure, ability to integrate with other methods, and focus on diverse threat types
make it an ideal tool for strengthening informat8ystem seaity. STRIDE allows
organizations not only to identify threats but also to assess their criticality, develop
appropriate defenses, and ensure a holistiamskagement process.

VIOLATES AUTHENTICITY

VIOLATES
INTEGRITY

Spoofing

VIOLATES
AUTHORIZATION

Elevation
of Privilege Tampering
(EoP)

Denial of
Service Repudiation
(DoS)

Information

Disclosure \AOLATES

NON-REPUDIATION

VIOLATES
AVAILABILITY

VIOLATES CONFIDENTIALITY

Figure 2.- STRIDE CybefThreat Modeling Methodology

Additionally, identifying cybeithreat priorities necessitates considering decision
making method$ techniques that facilitate the analysis of complex problems and the
selection of the optimal course of action from multiple alternatives. These methods use
various techniques and tools to evaluate parameters and criterion weights to ensure
objective and balanced decisions.

One such method is the Analytic Hierarchy Process (AHP) [6], developed by
Thomas Saaty in the 1980s. AHP breaks decisiaking into a hierarchy of goals,
criteria, subcriteria, and alternatives. Using mathematical principles to evaluate the
importance ofcriteria and select the optimal option, the AHP is intuitive and
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accommodates both quantitative and qualitative factors. However, it can be subjective
in weighting and demands significant time and data.

The TODIMmulttcr i t eri a deci si on method [ 7],
prospect theory, models decisiorakers' preferences under uncertainty and risk. Key
steps include defining criteria and alternatives, rating each alternative, assigning weights,
calculating dominance values considering those weights, applying a proajesct
function to reflect risk attitudes, summing prospect values to obtain utility scores, and
selecting the alternative with the highest utility. TODIM accounts for risk anertamaty,
but it requires complex calculations and subjective weight assignments.

The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
method identifies the optimal alternative by selecting the option that is closest to the
ideal solution and farthest from the negative ideal. TOPSIS is easy to implement and
provides clear ranking of alternatives, but it is sensitive to relative criterion values and
scaling issues.

Consequently, studiesi[2] compared decisiemaking methods for cybehreat
assessment using the following criteria: Cl (applicability to ClI), FL (flexibility), SC
(scalability), CR (risk/uncertainty handling), and EU (ease of use). The analysis found
TODIM to be the most suitable for Cl applications because it effectively addresses risk
and uncertainty, which is critical for Cl, and it is flexible in considering diverse criteria.

Conclusions:

This work presents the results of an analysis of modern approaches tthcgber
management that enable the effective identification, assessment, and control of risks
associated with cyber incidents at critical infrastructure facilities. The advantadjes a
disadvantages of these methods are identified, as well as opportunities for their
integration to improve CI protection.
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2 QO dzH ' mMur IsOL OtelszHO Y OMOdzH T d dzls
f O2HOdZOdzz d3ll &3C " dzgH " G °
cdzj BT @z &3 Y Okzr GZH OMIsr v MiB025 B j @O d
Mz dzOtH T IsOL Otcls Iz MOoOdzOM" dzH O Y OMOdzH T d oz
YBdRZHOdZEODO jtoj €M j dzOL Ote OkzHOtEZHO [ 1], [ 9
15t dgh ' oH ] dg, HDMIsIl tcdz' sOL Qudsz Yy i'Oftga § to' M
WHjEZH] YjbS &2 CM'L Bt G’ tc. ( €' dgh°
gizdwdzr vy Y"tcOdR BOtDOdz MO2r dz SliteH j dzj dg'
Ofmy OtczHr YO 4jIs jlskH].
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| dz' dzj te. sEﬁy®B®Bbf fJtemjfstesdzn Ot ( ANN
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stedz" ¥ &BO"N dd2OzOter ( SVM) , Random For
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r Odzff r Od&zD OdzH O, mMswor BJM ' &zh QO L J t
Y OMOEZDO BN BBE "  dzgh* € B Jjtej H'

1 rrR dzgjGe' L  dzH j G d3sH j dz' Hjtc HDMIsH tcdz'
¥ BOOtr HDMB&H"™ € BJjtelH"  ;

2 10YIsr EOY'" sIsOD" M®Bsddlsstedde §Jdz B dy
Mk zOtcH"™ BOMY OttkzH' YOWO HJjWGEj2G6] SCEIs]te]H

3 1dBtdHIs’ BSHJ A&z Hjte ClltGH J dZ Y"tcOWdH '
sOBEZHO OMO Isd' d3H * ;

4 rR YBd&ZHOAdZEZ Isd' di3BH" d&z' ¢ ~nOdz' Yy OtcOdz" Yy
HDdzj dzH j dzH °

3 vOLOlsEZ DH'  MIsjt’' dz MOdzr MisT edBOdzr Is Odzr

[ JrOdzd C Odz" YOUS QzHO t Isfiplz dzOteH ™ EWH jJEZH " W j
spf' d&zH jte' dz' W B ' t6° B §f ISOBT ZOH'™ . 1 " dz !
Is" tcd3r Mmisr y YOdzHT YIsOts 3 &z Y Odzy ' &3O L Ols
Y BdzH Odzr dzOIs" d&z Y OBH'™ YIsOtcDO "Ilnst®Oddts s O tefii
Is" dzH " D" M IsOtc Y OISOHT" . [ "dzH O2 T4 6 % MHsjj Wea1 ] Y
BtSdzOH T |, WOoded Isg € BOMIsOY YT ZzOMmlsOdzz H §
dcdded3j dz, Jto' ¢ jdz stcaOdzd S Odzr' vy ¥pdaj ~dad3d
a3l &3S dzH * € lsigH ey jls O .E daHts 6 MIs® € OD' dzHT Mk dz
B"dz pH'M CEB ' dzgjMmy OdzH" dz OdzO HO2T" dzH" ¥ M
[1].

md d&3d W dzr y IsOL Otcls iz ftesyd Misj to° dzd ¢ " L '
dzj 2 stcOdzdL Oydwo0O M2 jdajH" . 1 "dz Ispf' dzH j to
Okr tc d3j sOdzH Ot H T 3 D dzj Is Il tc dz' BwWODTr h L O
sDY " tedBj dz' € Hjted SIsjtc C50GEVAZISEBEO tzd X
ZzOMls OO " Is Q10D © BO2° dz CJ2B' tc-00 OWH @Y d
OL OWIsr dzhr Oor dz CEtefmjiIsy H" . [ J G J ded3j dz, T = d d3d
tcj O j dzlslsjtcH " W Is"tcOYIsT YOy JlIs jlIs' dzz® » D dzj
CiLJG" dzH§ YefMr ¢gh @ r D€ deez®EgY dz Iskz™ dzH OIS OH T
ftosyjMls' W YOdzfr Isd' d3H ' dz' ¢ dz Ised3j dzH j Isj H '

ldsdzsedwdz v sOLOtelslkz YyOL ' e’ EOY'" kIsO

sOB " dZOHT . I1"dz IspfMm' iz BdSCtetststce Odad L d3H J toH
st Odzd COdzr ¥ L OIsOtHT " HTM tcOIsr ff, MEHT IO
O teslsy dzf Is g tg, Bd W d ddzOxis dpj toB PHisotedgO ¢ RBip tizdz@ ©
Y sdzH Odzr &zOHT" . COD »ybpdzj BOD GCEeEtef] ISi95%" Isj tc°
D0 HJ2" dz qJdIsjH". ¢ zO2HO, B"dz DH' MiIsj tcH
B' to' dzh ' HJ dg 01 tOydw ftetsyjm dzgfj B O22 dzOdz fr
4 &' dzg" " edpHiz, to " OIS dgH T Mz &zOtH OO z dzr ~ d d3d
BdCtotststce Odzgd L d3H jteH' W B jdzifj dgH " dz' ¢ dz Isj 3
[14], [2], [8].

vstsdzr 0" COY 1 CiMmlsjHj IsOL Otcls Iz B2 dgh
YIltee " L' dzG j da.

OO



1

¢dMmisyg.

u 0L Otels Iz

DH'

Mlsjt' d@ W MOd filsr t

stedlsy tod 3

f 4 ~0Odzd
Y

md d3d W dz

1l sdzis e
Y

R dzls J dzdzj ¢
r BOMY Ot

COD s
Isd ' d3H ' dz’'

301 40%

501 70%

851 95%

95%-+

BOD x5
sd' &sH' &

U E M dz

[GlsOh O

r soOte”

r soOte”
0.95)

Cdzj o dWw
hrDrer

UE 3] dz

[lsOh O

r soOte”

[LlsOh O

¢ C tsdats a3 ¢
hrDrdZ

b tocL Odz

[lsOh O

r soOter

[lsOh O

¢t6|5ryhr(
tc

DOOf O
OtcL Odz

[ J IsOdzH
&34 dz

BtswpDTr h
r )|TSWH

[ e Odzd
Y LOIIs
rHT tcOls

1 OYIsT
ZOYT'" Isls Of
BOY'" dzOIz
hrordZHr
OL O2Ilz

sd @gh " dz' ¢

| 06 j dg
rordzr

Cdzj e d
X" A3 Odz

rjtej Clsjf
ddzo § Mlsd |
YO Jls

CH' fiBsg2e dzh © 1

1.2t

10r

0.8}

0.6

0.4

JHeprua WelFblHbl (KWh/m?*)

0.2

dzj tce d W

hrDrerdZ]_

gaicTep BOMbIHLIA 3HEPrna WbIFbIHbI (HapTTbl MaHaep, kWh/m?)

0.8

Mitejlsls

0.0

MexaHWKanbIK, XUMUANBIK, BronoruansigKW (MHTennekTyanasl)

dlztojilsc HI'. MIsj tc B2 dzh O

- q
5

1 dz,,thGch hor
J Is* ¢ OOD'" dzgH "
D OlsT § ¢4 dzj
EMm’ tc. " dz MO2" C
sdzr' w "h'" dzHj] EdgH' t6' Mis’
Y Otc©O2 , ts Mir36%H) Iz doCRaE@ " vy dig] BLDALG IS Z3HX
d&z' ¢ EWHJ dzd3j 2 Is OB d 0 dO Yts teiisdCirpQdz j I
ESC 6 jJGjdzg dz CEWGMJIsy H'

MlsOdzH OD" E dz
EOdzdz" &) Mmis® €

Hj Y OlsOts
BBM&OH' |,

5 o<

tc ¢ D M
azj iz J
f s

on



Ok j dz E dzjitgeXop figghe ' MEz zZOtenr w jw YOER' {
B ter b, Yy stcDOMr dz, C OH o&3d 2 f
dzr MlsOter ¥d* SJiLHjMju . 1"d LO
NH2464d Nz jdz YOk sl dzialzr g j w'H.
sO Odkz&3O2HT, MdH'™ YIsOdz IsOL Otelskz MOt C
Okzdzztce dv MOdzZOMr dzH O > ODHO2 B OMY Oh C
dzH Ote d3j dz MEzdz! W Olsls Ote, dzd stcOIsls Ote
r zZOtHT' W dBddzj cOdzH Odzgzr Elsj Y tSDOter B
sjtc' d2 W Isd’' d@gH ' dz' ¢ OR sOBWEz OB HGE
Wej2' BOtS 0% 2UORRPM 5dH O D OdzO.
[ "dz@DL MOdzOMmr dzH ©® HO ClteH | dz d3p i j dzj dz,
Y"teOd3" dzH © 3" dzO2 Edz' dzH j o', W J dgsdzH Ote, C I
CJLHjMjH" . CHjlslsj 't B" 202 BE" jCIsj tcf
Jtt' 6 jdz StecOded C Odz" v @dsndztd® Ms@dzr iz yts WwH ry.»
IsOL Otelskz Isd' d3H ' da'8@%H Rde O ifERHHO2.H O 7 0
mddaadw EedzgjteSbpfm’ B Bjdz { dgjtecjlsdC O MOz

I "m0
=)

Fg<-Fx -

LOL' SIsOt’ dzOdz "' yyOdz MkzdkzOHO G jMmsdydHls
BSZOHT , Od ' dzk 1 dzj Chkte MsOdyd™Y Ok’ dzOdz
CEdzH jH' W kOBdod Isj&fjcOkkzeBitizo 0O §
SEHT GOH '

1 Otedzr v Mmr di3r MOdzH Ot H ' B 't Cls' tgjIs' dz
flsjejdz SopMm" ftster dzgH OGH O ISsOL Oglskz Y tsdzH ' 6T
d&zr Yy OtcOdz' Y MsOdzH OlssOEDO MmMpD2¢iMmM §J dzd
WicOYy "ter dz d3 i3Il dzh j H OdBj WP OdzelzH Oz ™ s © §

Cidzj?2 IsOBdODd BlsODO " BJjte' dzjH' . uvtsdz' Y
rdzgHr Mk d&ZomlsoOkzh " dzOt" dzr w ndzj ' CEeEtMjIs’

KasakcTaH4afbl eHepkacin cananapbl 60MbIHWA aFbIHAbLI CY NacTaywWblNapbiHbIH, yIeci

pE]

MyHai-ras

Tay-KeH

25.0%

MeTannyprusa

dkztcjil® O2 .0Y MisOdzH OO EdzH " t6' MIs® & OOr d

J]Mr 0O0dz BO2 dzOdz" Mmisr DOL OYMIsOdz uh' dz dd
Jdze' Lz Y02 D0D0OdZO Y OWO Isjrdsdzsecdw j d3j M,
HOBEZHT W S jf' d2 BBd  BlsTte. ["dHO2 Y12

OP



BOY'"™ d&zOkzD O, tcj O620%as0 O oOMsHDO A 53 pdzj isOL Ot
95% HjWGEj2 ' dgj HJ2' ' dz 4jbC' ' Lkej IS dgH "
MstcOIlsjedwdzr Y YOy jbls" d' €¢€j 0O2dzOdzzH O.

DOL Oy Mis@)dzH OBOL Otcls iz MOdzOMmr dzH O BOMIsr
Y SdzH Odz’ lsOD'T YsdgH' ©OF &ZOH' W jMS ' k' YD
[ irnOded S Odzr v, ~"dd3dwdzr v 3YypDdzgj Bdtsdzsedwdz Yy
B 5S0z0D Odz" d3j Oz, EdzH " to' Mls' € OO" dessdz’ Wk zOQ1c Dk
Yo' dzj Isfp" L. [Mr 0O0Odz B O2 dzOdzr fMmiIsr d dzls j dzdzj ¢
1 CdztsedWw dzr Y YO 4t LH" Cls' Y ORBls OZOM" L
f O2HOdZOdZEHT W dzj 6"  LG' N Otelsr dzO 0©O2dzOdz" f s

CRdzls j dzdzj ClszOdzH T xll?szJtsH‘W'l'mY&@er@Wff
BB dzHj fHsyj mis® HLeH" €M BOY'" dzOf , |
dGCIsjteHjdz Odzr dzD Odz HJtGJQ‘.ISJtGH‘ IsOdzH Oz
J2H] “frjlsOlj IsS" tc OH " ISYOR digiO dzH dzjtet©Hd W hf 7 Ty C
iC HjWCEj2 dzj YO®LO2 OLwOydwdr Snhj?2
dzH OtcH"' W OdzH'" dz Oz DO B SEZOH' .
dz’
J

-~ GQ—

IIPRUACOOTITCHX

Bjdz B' 6] B'"dHO2 YN2jdjte toj Mztemls(
dzls hr oOr dzf dz OLO?lsfl]’, L dgj e dw Is"iIsT dz
Btsdzy Ok BHABE  dzH' 6" dz2' W OtyoOm dzh © O
J2H" . 1 bpldyJdMm dzH(jz,O 5Ot Ddg®X, PG @fnr
Is''w Mjdg" d@gH " d&z' ¢ HJ SUh jRJIH'

YIiNis'Odlz d dzls j dzdzj S sz OdzH T BOMY Otz Il 2
dj. J1"dz YOHOd jdzH' W c¢cr OMr dz 1 € tsdzs

CddzjH' ypdzgj ~Odzr YOteOdz' ¥ { CStsdzsedw
ro. [ 4 &g €, HDMistedz CisH ' s @ezh Otc)
'tz jdz' &3 LH' Mk toj MzteMmisOtc" dz Yy stcDC

ag "-ago

H
I M
o]
| M
H
Is

TX3G =X O
o ReXTNoN=
—Ch_)Q—Q—-I—Q—ﬁ_

B OO O

Dtster IsT dzH T

rlitee’" L' dzc jdz IsOdzH Ok dzbIsdy j M' dzH § DOL C
Mz zOtH'" IsOL OtelszH O HDMIsI tcdz’ DH' MisjtH W B
SdzZOtcH™ W Isd" d3H' dz' ¢° Y Jjb¢' dz' €M L jJCjda O3
H'Misjte Isj ¢ BOMISOY ydsll d3x&kOfifds O &lz B | Q@ HO 2 Is QX
H'  MisjteH W EL EdzH " o' Mis'™ € OO'" dgH T Mz dzO te
Odzdz02 siIsT 6.

MmOdzr y OteOdz" Y spy " tedBJ HJ Y OMOdzH T (
ddzls j dzdzj C sz OdzH T BOMY Otclz Y12 jdzj te OD'" dzH '
CeEteMy " BIs"te. 1 "dz ez W dzOte f ey
L dzgj ecdvw o3j dz teoj O620%AO "H jO? ‘daiz djls ElgBG dizh | ISOE (
Isd " d3dH " 5% da RO J 2" dal N JIsC " LGy d3l d&3E T dzH

HDOL OY MIOOdO2 " dzH O ddzls j dzdzj S sz OdzH T -B OfMY
L CBdzsedwdzry YOk ffm'Lu’ Cls' v, sOsedod tcj M
nOdzr YOtcOdzr v SOZzOf sOtcD® Mp2¢CjMm Is"tcOYlIsT
H' MisjtoH' ddalsj dzdzj ClszOdzn ™ 3 II'2yj diylAc dig jdin At
Y BODOOZHO MOYf Odzr % OWO HJ\UG’J?G’J hr ok YOy

Oz



CHJB(dJlslslaj talz’

1. Wang, X., Li, Y., Zhang, Jet al. A review on applications of artificial
intelligence in wastewater treatment. Sustainability, 2023, 15(13): 13557.

2. Malviya, S., Jaspal, D. Application of artificial neural networks for prediction
of COD removal in membrane bioreactor. Journal of Environmental Chemical
Engineering, 2020, 8(5): 104287.

3. Safeer, R., Ashraf, A., Rehman, S. Optimization of urban wastewater
treatment using support vector machine and random forest. Water Research, 2021, 201.:
117295.

4. Shirkoohi, R., Rahmani, A., Esfahani, R. Electrochemical wastewater
treatment optimization with genetic algorithm and ANN. Chemosphere, 2022, 287:
132356.

5. Rahman, M., Chen, L., Zhou, J. Hybrid ANBIA model for bioreactor
optimization in wastewater treatment. Environmental Technology & Innovation, 2024,
34:103021.

6. Liu, Y., Zhao, X., Sun, H. Reinforcement learning for phosphorus removal
optimization in WWTPs. Water Research, 2023, 242: 120036.

7. Kim, H. et al. Deep learningpased prediction of nitrogen removal in
sequencing batch reactors. Journal of Cleaner Production, 2022, 340: 130774.

8. Zhang, T., Wang, P., Chen, Q. -Assisted membrane bioreactor fouling
prediction. Bioresource Technology, 2021, 319: 124214.

9. Singh, R., Kumar, A. Review on hybrid Al models for wastewater treatment.
Science of the Total Environment, 2024, 917: 170091.

10.Yang, F., Zhou, S., Huang, H. Applications of CNN in online monitoring of
micropollutants in WWTPs. Scientific Reports, 2022, 12: 20819.

11.Chen, Z., Li, M., Xu, D. Gradient boosting and ensemble learning for water
guality prediction. Scientific Reports, 2025, 15: 7124.

12.9 0L OY{nistfiiz B dzd ¢ O M Ndzlsls™ y MsOlsdmisd & C
yodzgj GSpDt' L N4 Mm° B2 dzh © EdzH " 6" ME* ¢ €
2024.1 URL: https://stat.gov.kz

13r ndzd gy a2 € BOdzS . Ka z a k hisWaahingtonWa t e
2023.1 URL: https://documentsl.worldbank.org

140 j2mMjkBjlsses, D.6¢., [rwLOSE ks O, .
5OLOls DH' Misjte' d2 W Isd' &gH' oz ¢' dz Olsls' ok
fjtedwmr, 2622, ~2: 55

154 j 2" sy OL d dzts o . r ., ® B H tc On d30-8izfs €20,

EdzH' o' ' dgHj G' OD' dgH' M ZOLH' L OkOdm L H
2021, 7149 112

oT



urs 681.51:00

Red [ (rfloéyvrRrp 1LVt fuwf]l [I1RUJEtRLLO 1 ¢
1teAave it I frée v 1t RIS [ILRE

brlsdyodztse ¢. &¢., MmOdz uo. | .
O zdizOIsddzmC d2 bkdzdoe jtemdlIlsyIls 1 dzgjtecjIsdSd d
e-mail: a.akhtichanov@aues.kz

1.1 9 j HJ dzed §
utsotej d3gjdader | dgjWisjftesotsHT ftoj HiMlsOo dzw & |
Nddej tedzr | tsBI JCIsT Colstster | tcOBtSISO Is o
Ctso . [ dzw dn MlsOBddz dese s W ikdzeS yd sded
Is t¢ ts dz! Isj ndesdzse dyud MSdr f Gsad dzijlgts tsLo dzO
| & Is HOo dzj dzd 4 d s B j tOkZztO. Clscf f &
f Omdztsmls 1 CMmf &z OsOydd d LWWJCIsde
Oudlsg dz' dz" § sSIs ¢ dzts dzj dzd W d31sGIzls ftod o ts
sftesotsHO d dzOtelkzh j ddts doj MO HUukkpd 4
| Miso j dzdzr o + C5dzs B Ud ME B3 UBBJ&W$ d Ekec
sz ©Odz! dztsfls sj 3" dmmdzj Hiseo OdzdV Y tey H,
s IstcOHdyd tsdadzr n BBj IstsH 59 ¢ ts dzls to ts dzw ¢ M
dmlsj &30 &3. szOommdyd MSdy YBHABHT , shdats e O
ScteOdzed yJ dzdzesdz S sdzd yd mlseo 4§ B Gt d B dzOdzls~ H
MEstesMisd tj O¢Cydd dzO0 dL o3 dzgj ded v f Otc Od3j
tcOmMMmistsw dzd 2 d EHOdzy dzdzr = Eyomise¢ tse dzj W Is
o 5L Btsy dets Myls - dzj ftoj tor o dzsets Bsdzd Issted dzg O
SBtcOBBISC B2 HOddzdz' r .dz' Qliss tsiff g LeeOsdfvo jdids dzj Wl iz
d ftoscdetsL Jictso Ols! oL By dzr | dzj dMtf teOo dats Ml
) fsmdzyj Hdzd 4 GBHT o fmy Btsdz h jJ tOMmf tcts
smhdzats o § Isj m dztsdztsG d 2 Rdzlsjtedzj SO o jh j2 (Il o
wWeodzw jlsimv M smtse dztsmls sBil JHJdgW Is dsdats y j M
ydoe Ols EHOd dzdz" 2 Htsfplslzd € HOdzdzer &3 -d d
Wsted3Odzd. 10 f.OCisdsy bOSd) MmMdMmisj i3r k34
Isj BB j cOlkzter d Httkzedm §OtcOdjIstctso, BHAOC K
CWHEBSHR IstelzH dshis] 3.6 tc @ dzd Y § dedd@f'n dzOH Y 3 dzts M ls -
dzj sBrSHJ di3sfiglf€d BEsEDB t - BOMMJdo 5o d dzW¥ s to o
Cototej CIsdetse s tcOMftej Hj dzj dedw HOdgdz' = d3j Y HE
[ 2] . bolststcOd3zd dzOMlstswh j2 tOBTSIST o [ 1] i
sBd3j dz2O0 H Odzdzr di3d tSBtsfr]dztsaOdz 9" Bte fftotsls
fifls j 3OR dBsdedlststcddzc ®© dzj Wisj ftcsoatsHiss . 1 et
shdatso dese s ftotslstsCsdzO ftod C dZOH detsé s EZtotso dgv
¢ dzj Mis OB d dz!' dats 2 mew L d, B3d dzd &3O dz! dzr d3 dzO¢
publish/subscribeRtsH j dzd, dH J Odz' dztO friftftdadj~Htsi HAM-frpigdRs jRR dkvo

N'E"‘—“—&[B‘Qg-

N O

d
tc
¢
dc
B
1

s
fry
s
fry

oY



b 2OdzdL Mkh jmMlsokzs hdr fBHARBHBS HfCOLT o C
OCyjdzls HjdZOjIMmw ddets dO MmMetstcj ddaW tstcdzO
fjtcjHOYd HOdzdzr = s M jydoOodzdL dtctse Odadz” d3
Qtsd311 dzc;(;fndzds?|tq’lslz,lst[ioctt;;@cﬂu{t¢lsmt$dzd3®dzHls HOdz! dzj 2
fr]ithJ HJ dzj ded Vv s fif sl eslicigzO y diaf H s ls Ols 5y dzts
Rd34 dedzts toj h j dzd § LIsdn L OH Oy lslthGfaOJls ¢
WWiClsdeder » MdMmsjdd ftcOodzj dzgdw dzej Wisj f tots
Iztstsadzw i tots d3yr L =] Qigletstmlsd [ 2] .

2. o lstczCIstcO® f jtoj HOUOIlsNPHEds && Hsls W o jTc Ols
MQTT

l ftojHdsY jddes?2 MdMmlsj &3y dBsded Iststed dze © o d
s s COdZOZO o H sz stczBsftesotsHO d My sdz' 1
® SH dzr =H Olsay ¢ ts9 . Clsq’ EMlstcts?2 Miseo © tcOo dats d3y
ftoslswyy dgdetslsd dzgj WiIsjftesotsHO, dd COYHES] dL
dLBjtedlsj dzv desegts kL dzO. [ f)dasledfOd ta 8pHEIsYy © Lisd
Cdzt yjor n Isjndztsdztsc d yd M lsf dzts fifIdte Olsi3jj dstfejste Q Is ot
odezlstced IstclzB " . RLOjtoj dzgdv HtesotsHWIsmw- ) L
olze h j 2sas@dgdBw d3 Isj mdesdzse d yj MSE sets ftesyj MmO
C sdzls tots dzw . [ dzv dBdded dizdL Oydd 1 dzj ectsff slstcj B
Emstets2 Mlsoa © Bsekzls f jtojatsHdIls! o Mfwhd2 toj
dLd3j tojddw ddzd ftd oL dzdy defj dzdpPde O%g dslssdsyg J

1 sfmdzj fdzv Isd w fcC0OL Odzd 2 HOdedgts i Iz dze dz
SBtcOB OIS 9 O Isfw dz0 o Mmistetsj dzdetsdz o3 S tets € ts dzls
Coli3f OC Isdzts s MO T Tdzd | MsH J oy O § j§ dHJ dzlsc
otcj d3j dedzgz s BjIsCkz d dLd3jtejdedz’ j L dzgOyJ dedw .

| sstsats MstseHQladdis Gisf JIwjTH OY Isw  § 5 B M
decf>|G)2h4$) stsy¢d fiipePoddabststedg®yPd J1- L Oo
tcOdzdzts? B j M tcso SH S Isj - dats dzis gldafT, ISOQ s} Is t§
BiYHE HOBYdStsd d hdzgL g sy jIs MsMisDo dzw Is
15 Cddzsdzj Istets o . Z dzs LT EMmlsOdzOo dzd 9 ©O¢ Ismw

o}

A—

sBJ M Jujddw dzOHY ) dzse s dfdasSids dls o dzj Wesfy jif e ts
Emstets2Mlsoa © or fsdzdzv s Is WhkdzC yde ftedy d3ded € ©
L sdzj Gldagshislgo d, ¢CO0C fteOoddzts, §tsHGC dzs yj &
Melsses? Mylsd, Mikbddisstsgkz ¢ O0dOdz dJdd {

1l sdzzyde H Odzdz j hdzs L fjtejHOYIs dr o
OQterndIlsj S lskzter fr]q’fr]l_c,gd3r LlIsts ditsy jls B' Is! dzdBt
(ALr1) ., ZOR sHWh 2w o HtjHjdZzOR fHtojHYtodV

dzs B3 Mz yOj, §Jjtcor d3 kinlsksdgs ofdidsfy oM ChifisTts B
M j ydOdzdL dqtetseo Odzdets] ftetscteOdRRdBdets toj " j dad J ,
HsMisCeo Sk MtssBh jdzd2 s HOIydétse o dzkzy d
ftedded 304 Is MmMssBh jdzdw 5 teOL dzd yde o5 Isj dzO¢
HOdzdzr n, &3 MbRlsRfEORFz JHiczedd3  OtcOd3] IstcC

o®



MQTT-BtetsC Jte, © Moty tyjtejH!, §jtlHOY IS
mdmisj i3z . 1 HJ M sdzed fsaBBHWIS ftotso jtelkz
Octcj cdicso Ols! Mw , OQdzOdzdL dqteso Ols! Mw o tj Od
HOdzdzr = Hdzw f sfdzj HEZ® h johis] dieditsld] dgddst. s td dg@fy o
) BsH Zz dzd , slse jIsfise j dadzr j LO GJdgj eOyds
slstsBtcOy jdzdj © ddzlsjteW j2MORs dz L so Olsj dzv.

RIssegtseo OW stsys © fijtclgtw Ouwsdf j B O@ldadac B SC Ow f
HdMYy jsyjtemMSd2 §kdIs, ssCEZHO tMkh j Mise dzw
MemMisswdzd j &3 StcketsftecsosHO. [ JjtOlstste f 5dzlzn
Ud tej L SmMBA B3z -dfdidsj e jR f: g U] ddz@y
HOo dzj dzgdwv d Isj &3 J tOISkzter |, stcj otsy dzgr 4§ Mdc d
sOSYd MojHjddw s -MBE)EEY EHa d( MO L dzl oT O™
d k. ¢§.). vOStdd3 sBOL s@slso ¢ M3 g Czdz” f § 6
f OttORBBISEOtsH sIstsB e Oy J dzd W T fliOts  § ActOwdaf Is =G g ctOd
d ftOCIsduimMscd o tj Odz! detsdz o toj d3j dzd .

| 0o dz" &3 ftoj q3zh j Miso tsd3 H O dzdzts 2 Oten dlIs
s lstso tsdzts € ts dzdzts 2 ddeW tcOMilstczC Iskzter d § tsdzdzO
Mtsd Hddzj dzd 2 . sdMmis] BO MlsOdetso d Ismw Btsdzj J
Ewiodds? € &BJ-~O0dduimMCdds § oty HWM@ETY d3.
fsLotsdzw jIs MmMEh jMmlse jdedets MmdedL d s ZzOctclkzL ¢
dZzOHY ¥ dztsfls - HsMlsOoaCd HOY] ftod dZJfF]IS@BC{dZJ
9 0y)dets Hdzw BEZHOdMz dgdzr = tsBi jCIstseo dgj Wlisw dats?2
ftcj HMIsOo dzj dz0O MistelkzC IskztcOf tSYdg' ta joEue] j o8 O dfdz «
Is § ~ dzts RQTETd d

MQTT MQQT 6p

@
LOaTtynk

loT e

{dMiulicClslzte® f jioj HOU] H Odzdz &

1o jHjddj MdMmisj d3H Ofcmd CtslsSC OL j | oT
1 tod ftesy S Isdtetseo Oded d -Mg gy tgtso swmdias 2 d3tb e
f OOz stetso dzgj WilsjftcsoatsHO tHdts2 dL € dz¥ yyg

R



jtr odetsmisd fjtejHOYd HOdzdz" 7 HOYJ f tc
J dzgdzts 1 sts OCkkzOd dzs o Efmdzsedwrn ftots
E L d&zOBd HBMISdcOjIls HjMwIsCtse € ddztsdiy
dzd U J dz.

tcOMMdzOstcdo O] Bdtsdz ftetsj CIsj HOBYdEd HOe
JtoOdzsdz 20 C &3 aHtsdzr Itz tetsotsHO Hdzd
Ohy dz tOHdBABRSHED] &35, tMEzh jMisedwve h dd3 B
stsCtsdze MQTT yjtejL ¢ tcesdg )zls&deu}’dzIStdz@d
¢ Jtc. [ Odzj J HOdzdz" § (6Mmiskzf O 9 0OdzO dz
| cOlsstelz .

eslssStsdz MQTT (tsmistetsj dz Tde@ ts BYfigsistfisd] fif usdzier
HT 2HQloYWd ¢ or Mskzf Ojls o ttsdzd dL HOIsj dzw
QJ& fts SftedHjdzy dedzr 3 ssfdJECORB. 1 t6sC j tc,
J s H Ugd%udﬁm@@dmwd Istdisugi S d4 A3 H Iz dzd
tGG)IststGO 1 Oy dzts, Yylsts HOLYdSd o HOdzdes:
H Iz fntssls? d ftlsjtew tHdscets L ddr dzj
QOQ Csl3f j &zl tetso Olst  dzj HisMIs O h L
frjdzlzu_OJ 9" anBHO dL -HIQEEYC s H M@y dis ] dgO
ydtsdzdtetso Ols 9 hlsOdtsdz toj y dd3d , i 5
: I slsjtevw CtsdCtejlsdzsets Mj 6d3j dzls O
Isj B2 5 BGlsMizisMmilseo dr fifidtsoB® jodzdIQ ] UsilsdzdH O «
jtco OdzO o tcj d3j dzd . Cls tBJ M jydoe Oj Ismw
CJte By Jls slsmdzj ¥y do Ols! Ndotmis! mMtsd H
ament (LWT) , O OS] B Blsmikzlsmilse d:

§OPOGTU ORI T/ AN RAX "G AR —FX G
w @Iwg
&
Q—.
&
©

FOSEo GG

S F I OV
&

L)

ICFQGOIN FoSBOF0 SFFIG
&
X =
L ®)
=
7}
()

—:wg_,—p

WSdZJdZ,C{W e Y oL By ds da M & d
jCIsdatzgj & fBHB o sde H] 2Mlsadw fr
quso Odkzdd CStdWdebkeOydd fmdmlsj d
G&O%@d&BaO@ da@ s 15 Js €3] dedptisjts Do j
Pdesyisd (4 fdzd tsts s ~dzdud MEd
COw LisdzO St j dmMoOydd: H Odzdz" |
tjCtdhmstezdtekzs sy d0 thdsej Jda¥ sed®Oydd
Odcstcdlsdasa Of s dzls j 6f sdzv yd d .

sOCyj hdzgLr d yjdelsteOdz! dz" 2 BtetsC jte dBsckh
YlssB' LOHj2MlsosaOls! GCi1hdso Odedj Gt HT |
slsizlsmise dd H Odzdz" - M EkEyomke O MdMmlsj 0
fsMmdzd Hded B Sttt Clilsdz” B L dzORlp olzff & iz ¥ dzdz'ts 1.
fsLotsdzV jls MtsateOdedIls! tsBh d2 Ctdalstetsdzr HEs L

ICcw+~3 O4Wo3INs==

ON "8 0
03 -

4[BtcOBBISCO d dzOL d&zOyJ dzedJ f sdzlzyd dzdzr = HC
BBl HOMMd &2 & fOLOR)SLOr OBGl" daj s,
fsmistesj dzdw MdMmilsj 3" dBsdedlststeddzc ©. [ H RZOS
f s5COL Odzd 2 HOIsyd¢ tse 56 tcOdzd Y4 dzO, j mMdzd
sBtcOBBISS ] d OdzOdzdL . | O ez agftg n Jdz'ls j O3 I§ joff

MN



Ctsdzj B Oded W 3, MowL Odzdz" d3 ) dL d3d dzj dzed J d3 o &
zOmtsmdz - Mis ©dzy d 2 d smtse | dzdztsmis W d3d Is tc C
fodzzyj dzgdwv HEsMlstse jtodzs?2 C Otclsd dz dzj sBrn SH(J
mtej Hdzj dzd J fsCOLOdzd?2 d ¢ tstctec jod&ls dotists asQixiz'

Cei WWdydy dzlstsoe .

[ BtcOBtSIsOdzdz" § HOdzdzr § §JjtejHOEIsSMMW o BOLEL
fsmMstetsj dzgdv otcj d3gd dzdzr = W HTESO. vsOCB2 Y BHA
Oz BOdzd  : dzOf d d5j to, GMmisjfjdedes Gorh jo
By il MdcdOddL deto Ols sls o diCdedOdls O & s 5 Bk i
Sldztsy j dzd 2 dz® Milsj dz$ OF Isteks' . 1 Motss syt
ECOLT 90 dz0 dzj M Qo dzsils! §oHECkjo Olsy
dzj Wisd M tslsdzd yO4s qdEfdify i Cfddd e 52 ise O R .

vsOCdd3 BBtOL sd3, dzgOL dzOyj dzedj MmtsB te Odedz =
WdCMmdse Odedd IsjCkhjets Memsswddy IStkzs sy
sdyj MEts?2 wMmdatsor HdzW fHtosddesL qtctso OdzgdWw Os
OdzOdzdL § OOdj stess fEEEcOjls ootej &Y ftod

sBMdzzy d 8 Oded , tej dtsdzlsy dadzd L B dej dedd te
kscéts, Ottnide HOdMMD - Ehtkgd sEyBwkshsd s
HSC OL Olsj dz! dets? BOLtS?2 ftod twOMMmdzj Hise Oded d ¢

51t OmMfted H]j dzj dzgd i H Odzdz" A

1 sfmdzj tsBteOBBISSCd JdeW stedzOydw Htsdzy dzO BT Is
& Lso0Oljdj2 d Mmdhmlsjd. rd&v kst § 6o
T, jOdkdLbEjdk 2 feMojHmsotd §slst
odvéls BcOddL s Ols! cdB Sk s Hipgndg dakf lsi
UdS ddd Stdstetsdd)t) &Esyjls slkitos
dMuyuds Ok, BEH! bt HdMfjbujtemMcd2 (Ed
B qdz desj feddzsy jdzdj o dy  dgj ©O.

tc

)

&

=< O

o dydz o sz yOlsj dzj 5 H Odzdz' R Wy dzw j
dzj dzd w . )
sed. 1df
O]

g
HyM! ddaW stedsOydvy lstsBtcOY O Is
ibyjtc ftsdzeyOjls otsL didtsy datsfls
j dgj ded ¥ Od3j stetso d d o alzg dg®db ' o oy ¢ g3@z
Ow o O3 dzO st ¢ 6 s tc O fffinisH jd3), dzdteys § MY J -
ceOyds fm Hkzeddd f§sHMdMis] O daj ¥lIs]
jtcozOtr d MdMmilsj &3 1 dzj CSstetsmMdzOB 3 § daed v .
s d3j stsc s, H Odzdz" | Bsekls ity HOO Ols!
i Msodzw jIsmMw dr HBdZctsote] 3 dedes] R tcOdzj
sH GlCter a0jls HMlkzyf ¢ dJdWtsttdzOydd |
dlsd dz desd3 EHOdzj dedd tsils jEEidR S 1uQ .dzls1tcO 1 tse
fsdztsy jdedz" 2 © HEketsdz GtSteBBH ], By 4 Is
sswdzdj dzjWlsjftesosHO  Wottddiotsse Ols!
f 5 dzO dABFD-H[50]6.tc © BB O, Hj dsdzmistcdtclze h Ow
yd Mmtse, fHtejHMBSOo dzj dzO dzO ted Mz dz€ |

g
to

F§o Q@ N O I
g0 S QETFOT
FEIIOINV-rOFZ-F 2T 0" G
o 11 Tﬁﬂ—ﬂ—-ﬁn-ogoq_

F-FOFTHI

Ll e i - B T |

=
Il



k)

Basa | Aucneryepckas
OaHHbIX cucrtema
\
A !
| ( N
Ratuuku QopaGaTHaH < »| Pacnpepenexue
[aHHble 0 aHanu3 gaHHbIX I I
OaBneHuu L J
v Temneparype
¥ > SCADA-

cuctema
Cucrembl L
yBeOMNIEeHU

{ {fMiDFD-HJOCLOBKEO ©OB&lT fMdMmlsj d

1 OCtsdzj 4y, lsHjd detsj dzOftcOodzjdedj twOMmMY
o jHtddzj dd?2 . J fdziz y 0O j 9" W o dzj dzd W Ctod
QolssBOIsdyjMSd tslfwcOodvjl s jhjddy e
emai |l ddzd C(cttfstcOlsdody | GiMmHtpumjlptcic] OF k
fslsjdydod d'j kettsL' d fMddy Ojls o jtotsWlIsdzt

6.1 OC dz¥ yJ dad 4§
uBtste, GOMftjHjdzjdedd d dMftsd Lo Odedy

dqd s Is yjdz"2 t¥H feOCisdquimeédn ftoj ddi3lzh jin
BJjLBY OmMdesMisd btcOdemtf stelsdtctsoa ¢ d dzj Wisd. 1 dz
Qo lssdBOIsdyd ME sz toj Oc d tedsts fiplsizd & o thdzbfdy Odptsamiwv d
Elsjuyd$¢ d oLt atse. | EmMdazsedwrn, CBGEHO {ftsf
B' Is COOMmstesW dyjMSddsd C€0O¢C Hdzw | Ctsdatsds
ftoj Jd3zh j Mlsoets wWodzw jIsw Cdz¥ yj or 3.

llststets? TOfAfAHGISzd] + CMf dzZEOIsOydtsdzdzr = L Ols:
mMd mlsj d3 fsLotsdzvesls BdddBdL Jtetse Ols ¢ tsdzd
ftesmMistsj 8 tBBtcZHtss OdzdWw . 1 dzZOdztso 5§ 5B Mdzlz
MsmMlsswdzgdd btczestftctsotsH O, h s lziHdIlayijuds Lzdyds
f smdzj HMMlsead?2 ©Oo Otcd d.

stejlsd?2 90)dg 2 1 WWjSCl MewrL Odz M ke j dzd .
tdekdwitdsr 2 € dzls tc s dz f OtcOd3j steso ff L o tsdzv
1 CMilstc] ABOdz! dg' = toj Y ddBBOR, vyt Mmdedy OjIs dL dzt

1d Bidedd LdOYdJq@r @3 wedWjlkmw d WOCELE
4§ tcOo dzj dzed v . t z2StsotsHdIsj dzd d ddey § daj o
HsMistse j todz" d3 H Odzdz’ o3, Yylsts Eftesh Ojls ftodc
EftcOo dzj dzedw B tsdzj J ftotsL tc ©ydats? d tBtMmdatso
ftosdzr " dzj dedetsisd ISOCts?2 ftsHARBH MlsOdetso dls Y

Codzl bt delstsmy ssedy & Sl Oded 2 .

sO0Cdd GBEOLBER, odjHEjdd) Oolt®OdL diE
COMftejH,jdjdd¥ HOddyr 7 & § OOk lsteOn daj Wlsj
MQTT B jMijudeOjls CodfdjChd 2 §sdsydls,

no



fsor hOjls EZteso jdz2 B LY OMdesMmisd d dzOH j 3 dzt
s d MismMseMmsokzjl { Csdesdidd toj Meztemtse , fd
dzj WIsj cOL soats?2 wilstcOmdzd

e MC dzdlsj tcOlskzter

1L.¢rnlsdyodese ¢. 8., mOdz . ). RMMdzj H 59 Odzo
MBtstc® HOdzdz' -~ |il-I9jtedddtsy ddBDREH oy ences of Eur
| M. 166.4 DOI: 10.5281/zen0do0.15728622. URL.: https://www.

slideshare.net/slideshow/scienagseuropeno-167-2025 pdf/281212618?nwason
tent_model=D

2 RAzls jtodzj Is o j M j2: l tod d3j dzj dzd J023.4 URMEzj W Is
https://smartgopro.com/novosti2/loT_oil_gas_industry/

3.t sdwT d HOBYdStses o Motej dsj dade" = MdMmlsj
dzj W Is d2024. i URL:  https://rosstip.ru/news/3428l-iot-i-datchikowv-
sovremennykfsistemakkmonitoringakachestvanefti

41 tcdd3j dzgj dedj RdzlsjtodzjIsO o jh j2 Hdzv o
tsls tc O fmdzd : sjrdzsdzsedyd mMSdJ d dzddis o URY.d d
https://moluch.ru/archive/521/115069

5.loT-zmistets2 Misots Hdzv § tsdzlsteds dzg O LHEOHRBAE[ S Usjo .
URL: https://kedrsolutions.ru/projects/iastrojstvedlya-kontrolyadatchikowv-
neftei-gazodobyche

c[r6503.57

sbudf RuRsO[ 3D tRAJEIRLL U LA &8wW
pluvffovuvorr3tor3an 16f o1 ovRrR vecwwf g
c3dlssa @r.zmMikzf B St Ho. u.
cl1"®iO0tB j ¢ rpokCjjo OIsr dzH OD" ¢ dzBOIsT
Zdzdo jtemdIlsjIls' € sjé¢boD, ¢ dzZd&kOIsr, 5HO

emaizlh:a. ami t o sa@hwess.ukbbekov @aues

WHOIsfOd.0dzd Isd € Odz" ¥ tod W tstec did dzc d3"dz.02 E W
" oBBdzZr'f IOBT &ZOH' . [ dz BjdaeL ddz Wt OC ydw
YO Isjrndetsdzse dw dzr y ytsdzHrtsordzOtGDO YO J |
jls" dz2 toj OCydw dzOteH "™ W C Il tHs] dzfin O fipdnf @Y Y
" BlsOdzH " O BOMYOtclz yN2jdzjtc' dgj Y OlsOw

' dz W dgj ¢ iLls] d3tffjCta@tallyj tdsQaddy jyte © d/H @ r dzH
M CodzlskztcdzOtcr dz Qo lstsBOIsSIsT tej Islsjz 1
dz ¥ mEljddg ckzOlsOdzdL OlsstcH™ W HjGteOHOY
ZzizO0OdzH" ¥ d@pofmjdzj dzj " dzgj Jjteg Chj CE
sdC Odzr' vy twdWsstcdsddze ftesyj ' dai Is D dz

O8+nm 0O
NV B

O~<0O "<

NEOX<XHZ P T ®

d
dz0
a3’
Is
dz

O &

o]
q

M


https://smartgopro.com/novosti2/IoT_oil_gas_industry/
https://rosstip.ru/news/3423-rol-iot-i-datchikov-v-sovremennykh-sistemakh-monitoringa-kachestva-nefti
https://rosstip.ru/news/3423-rol-iot-i-datchikov-v-sovremennykh-sistemakh-monitoringa-kachestva-nefti
https://moluch.ru/archive/521/115069
https://kedrsolutions.ru/projects/iot-ustrojstvo-dlya-kontrolya-datchikov-v-nefte-i-gazodobyche
https://kedrsolutions.ru/projects/iot-ustrojstvo-dlya-kontrolya-datchikov-v-nefte-i-gazodobyche
mailto:zha.amitova@aues.kz
mailto:s.zhussupbekov@aues.kz

Odz' YIsOdzBBOD OdzH ™ ¥ W OC Iststc dzO®Y ddn i Sli i &zple s j
f ZOY SdBOM" &z fesyjms' v ydited v jc&' L' d
dej ' LHjdejdz dqdzlsj dedzj SEOdzHT tjlslsj ' hilsjteh'
" gz H O Y OlsT tg.

s' s MEOkEPHdIdCOd v tod¥ st dddzdd; s 1©p s s

Odz" YIsOdzd&zOOD OdzH ' ¥ ; COIsOdzdL OlststcH™ W  H J G tc OH
Uni Sim Design.

s ' MYJ

SOIsOdzdIsd ¢ Odz' Y tcdW sted3sd dze  d3" dzO2 H T Is J to.
ster &zDO dJ . [d2r v TdagtElsmte " tslEdalzdglEjus’ Y 50 Of

CiBf sdzj dzls' tojIs” dzgHj Y tsdzH Odz" dzOIs™ dz Is" tcOY IsT
CGJHteSIsOL OdzOE d&3j dz BOMYO HO ftesqQls Otkd tc® I
tcj OCIststcdz Y 02 BOY IsOtcH ™ W hmDOr fpr dzH OO’
Ctsdzlskzter dzH OO YHACdy Olsi'odd " mMdwylsr Is j
f OtcOd3j Istedzj toH' W Isjrdesdzcedw dzr v Is"tcOYIsr dzr T
t W tstcdzgddzc Y BdzH" D" M) dz" W Isd ' d3H ' COlOd
BzSG' dzr W CtdmbtezSydwyvmr ©3j dz Y OlsOtc B OfMYy O
HjWej22 d3jdz H] Odz YIsOdzOHT . U P -Otsdias Jz He fzO to
Q0" dzH Otc Y OlsT dzOMr dz " Mis @Qf ntbls igth GzHOP B @ de) &Y dzC
slsr dz Bjtokz Oty dz Isj i3 jtcOlskztcOdeyr tojlslsjlzH"
O2HO, B' oY OlsOts L jtolslsj zdzj toH j CEtMmjls’
OfMmr dz w eELGJjtlz’ dzj i3 My GCOlsOdzdL Olststc B
Isjzdz" dzlsgC g5 g .
"2 RdBqVYdzr Y fttsyjMmisjteH W OolstsdzOIlsls O

33.9.

YOGEHT W OdzOD"tod o5 dazlsj dzdzj SISOz DH
GH'T W YOOk dz OHOflkdols' OdetedlsdH | ts,
L kjrdsdkscdY Ok’ S POB@GEJS Qdg" ¥ Ists dolbts ta
slsjbdjte n1h'd O2yrd Hnd&e' sBBod § kOB
FrLHT dzn YIsr , ELOO BO2d&Od fylsr B todaj M j
" YsOdZBEODOdHT YIsOKEDO 02y dz MjL' BlsOdH' VK
{M" ROy OdzO dz WO lsdydjfs¢ O dzr v ted ¥ ste 3 dzc
HOdz flsOD' Ispf' dHjt' dzaj hsdk 3 OMOfY,
Isj zdzj to* dz GD\OdeZHGDdizls4 dAdzs dzis @ O dzH T DH' Ml
&Odzr Mls' b’ YOw©O2 Ljlslsjbdjice] OtdOc

Ty "o NS

W o= @&l—q—%w
O- @ {OTARO

Un%

SOlOdzdIsd S Odzr v todWtstedzddze ftosyj ' dz B OMyY

s zOMMd < Odzr v Ispfm' dzH j tc.

SEflsjcjdz EdgjtcSCDpmMM" fIs' ¢ yYsdgHT D" dzOtGH O
teJ ydqteSzdzw ydw yrfmr &3 deyopdaej "d¢' L OPIND Dr d
tejlslsje " hisjtc YtsdzH Odz" dzOHT . " dzzdzr v B OdzO dzf
f O2HO&Od OH' : M telsy’ Csdas@dg " ks @ dds 'O
h ¢ Ctsdzelszte f jh ) Byt dzjls' dz tsls'™ dz d3e dzh j
Ofmr tHO YOO O2" d3 pte' hdC' L Ol Is"tcOYIs"

npe



HyHCY Ols ' dzOf)r dz 'r fipldCOtfoizlsldestetz ) ( € Ol Odzd L Ols st
BdzH" tcdzOkz 1nh ' dz CjVw' dzjdz YtsdzH Odzr dzOH T . [ d
Offr 6" ZOH' , E' dHO Mmklsje' hrordd CE& b
st jils® dzj H'

Peuunpkynart H,

Y

1 a
PeakTop PeakTop Hz6eny
( 6eniri ?

Pudopmar

IMmbktjle ¥ stodd dz¢  HAHCY Ol de®fk @ | "adddcior twr o |
fned c3OM’

sd' BBH' &' ¢ dzj YOwOBOMSOdz B"d kDM d
COOd&zdL OSBEH W HjCOHOYUdWM dz jMCjtedsi 2 H
N MOk 20 b ¢ j &z’ i &S ' dz

H,/C,
C4—

i

YPaKTaHAbIpY
KO/NTOHHAaCDLbI

m

1 OBOdOEd Mjh " BH]t
HSWO'r N TARPHOO g Advanced PY plsodeis’ €€ odact jraza |
BOMY Otc ZMP Oy p(dijo d e | Pr eidiisctjidz e * € o metisrdo 1O d3H

H' Mis] tc° Y Otcy ' dzH ' HOWREZHO. I"dz Ispfm' dzH §
BO2 dzOdz" MIsOteH " JMCjitekzaj QD 'dzj X W =tsfigy dzls "BY
BN dBE " dzH' € BJjtejH' . [ 4GJded3dd dz, dg" dgH ©2 h jh'

Y "tolz YOyJls, Odz todW stcd3d dze nHh'"d ttOj Cydw
B dzH jIsls® jHDE' to Ydr dzH OlOH T .

ddz" YM" LHT Y WOCIktStedzOter Y bpdzgj tdzOteH'™ W B (
SOlsOdzdIsd ¢ Odz' Y tso[wtsted3c{dzc:ls‘w dzj ' LG
IsJ:dzlsdzlch{W CetemMjs¢ "  hiIsjten' w " h Q" Y D C

Y
1 Oy © B ' tGY Otc " dZO2 - dBIVW dz' ¥ ftetsyj Misj ol
OdzH " dz O dzO 2T dzH Oz EL G j to' fpls jdaOH 7 Y OdiZ Y ISE
1.zdS" LOIkrw ELGjtE his' G

1O0WIsO WwOSydwmrdrw Y"wOdr € dz sStedsr dzO
OzO EVHjE fOttOdjIstcdzj tc' dzgj B O2 dzOdzg" Misr jHT
dzOWlstz,H' CE teﬁ]lzlsJleJtGH‘\JJ Y B800Oter’ BE dz
hrOor dgr dz Ised3j dzH j Isj H' 3 D dzd Is P d3tfzl] 62O IstdzjtclOls
Efls00C Od&OE! d2 L jlkn' SPIMDlsSiE] At s
ELGjt MisjteH' JjMSjtdgj2HuH", Ikj¢ fOteOdR) Istcdzj

nz



2.50s0dzdL OlststeH"™ W HJGtOHOYydw mr

LOY " Is Ely Cjdzj SCStCMmMisjdzy Ypdzaj Isjtedzsdw dz
BJ dzj dzn ' dz' 6 ° IseE d3j dgH j 2 H " . I "dz Is"tcOVylIsT
s B J OISO RZOW" dz Otelsls™ etz YO JIsls' d&z' ¢ dz |
d3" dg’ YBdzBjd Elsj2H", @EZzORIHA] MO o Isds'dgHSAY  E
OdzH"™ dz OdzO Y OteOMmiIs’ ez Isd " M.

3. rOBH"YITVY IsjrdzdCOdzr ¥y hjCIsjbkdzj tc°

glzlsj ¢’ dg tcd ydqtoSzdw ydqw czOkz C i3 toj Mt te dzC
Edz d&3H "' dz' @ hjShkjkd . zd¢' L Ok MOf Ofr dzOh O
YO Jjsls' dz' ¢° Iszr dzH O2 H T, B' tOY dz Isjrded§ O
Y ODHO2HO CdOMMdCOd" W wplds j Btocded Y tgA dzezO ™ dz Y

Ddzhylﬁ)lsjdzjte

fJjteOlsktc® dBjdz "rO"r dz HOIsYydSIsj te° L H
"CIsjteH" W " Y Odzr dzgH O B SAZOHT . odr dz
tcdzOter dzf w Yy "B M dzO yYtsr dzh © 0Odz" Y Is O dzc

1 Cjifdsr Y SOkzzsODOdzH YIsT w dzjc' LG' W OCLk
N4 d j bpfMmjte’

0dz YlsOk®k(u jBjB" 1 esyjmMSj boMmjts
W OCIstste!
ZzdS" ' LOI Yur D" LHM YIsr |[ClsOdz MOdz dz" MG |
CNE' whls' W, (M"teOdz Msr ¥ Otk
YUtcOdde W E
SOOddL OlssC M ISNL' dzfls jzmjden' & Cls' w-
Hj GteOH Oy ktste Isj & j Okt
YOy jlsls' & @

Bl tcj MG |v" Oy IS’ & YIs' W
hisjten' w L dzgjtecdwde W Otglse
: HOIsY|r bdz 4 a3d M i
jaw: f OOdij stedzj toH ' W

r OBH'" YIs' ¥s
h jClsjlzdzj oy
zZ
H

pdzh yBOIS] &z

I"dz BEMdZ d@gdz' W Y OwOdz D' : BOY OZOH O § Ols O«
Odz" Y sOzdizOD OdzH " ¥ W OCIststedzOte’ OdzoOh tojls &
dzj ¢ L' IbsfyO BEAd d f CEeEtemjls’ dzH ' .

[ " deHjIs Yyt ybpDdzgj D' YOO L Jjtelslsjlz B OT

romModzoOdz htsdze CetemMilsS jdzHj 2 Pl D @O @ISO
e Jd 3Odaasazlstetsdz? ) Isj ¢ hde' L OIs Is"tcOYIsr
Y ODHO2HO Y OdzODOIsIs OdzOtedz' Y BOMY Otcz MO Of
DOdzH " (YsP%' L Ols MO OM" dzr w ELGjtelz’ , § OlsOdzc
hjClsjkzdzjte') CjL " dgHj B"dz DH'  Misjte’ dzg' W 3l C

[fMr 00dz BO2 dzOdz" Mls™ Cjdzjfm' B dgH jls:

To¢de" YIsOziZ3OODOdzgH " YIsOte d&3j dz bpDMjtedzj toH J
Y Odzf ' &zOdzDOdz dEsSH § dz' dz Yy " telz.

nT



TotcOHdydw dz' vy tcjclkdzw IststcdzOtcHT™ W Isd ' d3H ' C
My dzOted d?2 dzj toH j ( dzts d3d dzO dzH ted ) dd, h d ¢
COlIsOdzdL OlststcH™ W Y OtelsOs 1) BODO&zOLE.

fiobdyjdzjtec dzgjec' L " dzgH] ELGjtd3dj &z > OODHO2
BOMYOwkz YNy jdzjte" dz jdz6'  LEH' W YO)JjIslks' dz' ¢°

N fr dzr z@®odblsm:i Si m HOels®fgindz COlOddIsd ¢ Odzr
ftesyjmM'  dz' w ydWtedzr v jce' L' ' dz Yy"telz ff dzOIsW tstec

MIX-100

PFR-100 PFR-102
PFR-101

©

E-100 E-101 E-102

X-100

2 MiEiEPkOdddSOd v tdicsttdddels' v t©j OCksts

1 "dz d&zOYylsT Isj - desdztse d W dz' Y f OtcOd3j Istcdzj tc
Hgd&ZOBd S OMr dz YO2ISO EdH ' tGIZG § 3 D dzj odtcls
BN diz¢ " dzH' € BJjtejH' . 1l sSdzO" Oy IsO Odzr' v Jdzd M

tjlssje ' hlsjteh' (ddzsjcteOyd™ dzORd WO ty O fipls? figf d
B' &z &8 dz § O2H OO0 tslst tor §f, Odz Y IlsOdzdsOD O dz

DESEr IST dgH T
SOOddlsds Od Vi BediORtdswiasj EH' W jw  Cll toH

ftosyd Misjte" dz' w B t6° . [dzr W Is"tcOylIlsr dzr Or
BO22 &zOdz" flsr YBAdgHT 60" dzOteH™ W Isd ' d3H ' dz ‘
HDMlisIl tcdz tc j IsKs1j-Irts dals iz teffd®jcte” SO MSGr@Hdddom t )0 § ¢
ELJSIB" dZ' 6" dz MOYISODOdzr d3gj dz, Odz" Y IsOdzadzO D O dzh
[OYOXZOHO tdWtstedzddze ftotsyjf' dz BOMYy Otelz D C
f OtcOd3j Istcdzj 6 d3j dz Odz.fylsGdzd:sODOdz,ny WOCIssted
hdC'  LOIslsrw ELGjte hls' @', COlOdzdL OlststocH T V
ypdzgj EdZ" jE2 YOIj dzohymd C Ofipr v dgp e mis j tcl§ daw s
ybpdaj ddalsj dzdzj SlszOdzn B OMY Otclz Y12 j dzj to' dzj
{fMr z02" 6, B"d yr"d@rMH Ody JjhiMm dscdC
DH' Mlsj tcH YSdzZH OdzZ DO B O2 dzOdz" MmisT D g Y C
Isj sted W dzr y dzj ¢ L UnhQO®Ri fms OBtsls BPprdz. yd W tc dzr
f zOlsW stcdgOMr tojls' dzgHj  O2 H OdzQ dglzi tfh ] tedelaielg’ dxls Is
CEh kg ) D dzd Odzr Y IsOdzdzOOD OdzH T Y Y ODHO2 T dzH
Otolsr yhr dzr YIsOter dz Hpdzj dzH J G jJ BI dBBS " dzH" € B J

ny



] O2 HOW®ZOdZr ZOOdz pH BdJ IsSIsy to

1102 dzzdzdzddz t. 1., stsdzjHddzO s. A. ,- ¢nd3
Bsydz" § fEIsd dBBsHjtededL Oydd toj OCIststcdzsets B dzs
detso j Cddaj sdyjmMits?2 dBsHjdzd 2016y c Ao 5

21 jlstetse O, [ 1. (2020) . 1 tod d3d dzj dzd 4
sy d &g Mdflsj GOsd. | jmisddE€2 s 7 dd Ui M dr

31 S sdzOj 9, ] . H . (2019) . HBso toj d3j dz
dzj Wisjrnddiddy MEts?2 fHtoetsd3r N dzj dgdetsisd. [ sMC o O:

41 03B J Ss9 ¢ o . , H4J2HO~-ABJIsse 1. H . 1
BsH j dzdtetseo Odzedw © L OH OYyOls ] ~Qzp=ursdg@laydj L& d-d ¢~
l jMmMlsdzed & s OL | L -ABBQS)JtagO'ls VROPLEFRECY .7 21w .~ PSR .

5r>|Od3BJQtsa . ¢. , ¢BHtQO:dl31(Ac'lZﬂasA(B/rSimJuli
H dzw OzOd&zdL © MdMmilsjd3 kZftcOodzj dzedw dzj Wisj = d
duvCEHE202IT .3(5&)..TBE.

6rYO0iBj Stso  ¢. ¢ . , 1 02 BztcOIstse [ . H 1
1Su’lso[d3q’L®uc{c{ ftesyj Mo UJtGJtG@BtS?S@ZfZUdZJ
154,74d.1.7111

7r0[fnfr]JtGlS®uO[W: {flsdBOdz! detsj ¢ tOo dzj dzd .
ted W tstcdzd dze O fn dimtf sdz! L s9 Odzed j o3 G dBtcdH dz
[ Cdz CIstetsdzdz 2 tedjifndzdeen] ¢ a tf .tsdndsriz {f :

c/fr 681.5.015

J oDt rnrfrtwwy 16f o1 ouvRrR vr Tt RCS] 3O

rcyvr {Jotr3n prrwtweosws ¢luvffovudrr 3

R1IV{JOARCS 3D 1 ¢23vudt 3
dfMmr dzm Odz .
. R. dDIsBOj9 OlIsr dzH OD" DHDOL OY " dzlslsry 1Isjnc
Y., HDO0OLOYMsOdz
balausaasylhg@gmail.com

1s " M4

XXIoOMmr teH O Drdzfd3 3 dz Isj - dzd Shiasdw HY  HBQARIAR O
HjWe]j26] N4 sls' . cm' ted MJ EdzH " 6" Mis® ¢ ]
YN2Jjdzjte" dz' W toE dzf OQ2tcr YN O &GOWT' L OO o j € jBLES
CJdze J dz Ddzgizdggsﬂgﬁﬁﬁ)dzfy, Isj B deg & @Bz ' Cdz] BB
s"teOyYIs" Dt Isd' ®BH' Y "B M dz2 YOBRBISOBOMr L |
Oy dzf HOd3LOIs CHNtHj &' sy milsj tH 2 dz
¥pdzagj YOEZ M  LH" Cls' YORBISOBOM" L jlsjH®

s ZOMMJS Odzr v BOMY Otelz sjstedwmr dr W Y Od
[ Of 2Of) bOdhY stdOyd™ ot , 1. IddzjtH' v

no


https://www.dissercat.com/content/optimalnoe-upravlenie-protsessom-kataliticheskogo-riforminga-s-ispolzovaniem-gibridnoi-matem

&

Mlsr . J1v"dz "dZ BHjt BOMY Otk f sy Ml
YOXRZOHT . ¢(dzO2HO LOBOROEZ EdH " t6° M Y
fr]isylsfylsOth, mrtelsyr WOCItedzOteDO Iso
tG HDMislec@nyY O ' froslljdgCdsjddm * G hj¢
oI °
d
Y

]

BOMY Otelz, tcsB OMIsT vy BOMY Otclz y D
E:IsIzG)dZHr XN22jdzjte YOWO O dzr &3d B ODT
fr]lsOdz d3j dz pdzj d&3H ' € {1 Ctsdesdzd C OHIOODT
‘' Mmls Qo lssdizOIslsOdzH ez [ 1] . ¢olstsdBOIIs
(Dtgyfdzr EdzH tc' i hr Ordzgn dgz OLO21Islz,
tdzt Mg odziy CEBj2bkzcj BisdzOH T . YRR
o' -dzOd LBROtcdwdzr v OMmf j 9 IEisdeOts'j dz d 18 g
BOte O dz@ d3d d3' dzH j Is

00X Ngo
§T® gTI=oS0

©)
E’U"

MGE o R AN
oQ—uf:l;Q—I
rﬁ_wﬁ_Q—ro

j 2
d

q
dz,
©

(9__\4 m—= m

146G LG BE d& o
OMmMa0lk T2 jdzjtc’" d2@ 6 IsjBtedwdzr @ dzgj 6" L HJ

1 Oy Otcz 1 g @MY Qtcr &zOIsr dz tsBI j C IS, BOMY Otz
QOm" dzH OD" OY f OtcOIIlsT ¥y B O2 &zOdz" MIsOte Y d" dzl
BOMY Otezh nwé fJteddzydy  dzaj Mn2jdagiH’ . 1 0O0MyEC
OYf OttOIs € j to' B O2 dzO dz' fryiz0@c YB' jd& © dBj @ity Y. O ta l2'hdz
B ~nOdzdL &3 d2' W Oy OMmr dzgn © Y 12§ Stedz’ YIsr dzf Y &
BJ2 dHJdzj OdzOHT .

rn2jd v dzicg' L' MdfOlsOBOzO" dzO & dzOC

-[tedz” YisTylar j dz2' w kZOYT' lds jews j€ 11€2jcdgl wddgi@fdglz v

-plstf j d&z ftesyj Mis' e Ghiff Otslis OB O Is ' dzj
T d&zZHOdZH " O T

-r oz €or fn hORBOM" dzr w B jto' dz6 j dz 3D dzdzj dz

- Cdzgj e VW IsifB @My @zfcld* Dtcj CjIs' dz tster dzgH Ok
tcj MztemMIsOtGH" W OLHT D' .

s dzOmMmMd<e Odzr v BOMY Otclz xll?;dz;ts fnfLrylsr
dzj G ' L HJ d&zG | dz. 1l jto' dz i WEkd Quc{Wde) : cn2
ﬁjq’thIslsCchcﬁﬂz@tGllestGo[Wdzrw dZJ L G Y"tGOdZHOtG’
NI 2Jdzj teH J BJ2Mr Ly 1 WJ§g€lsmizy e, C I Ots Oezp d
WOCIststedzOte 3 d° QJLHJfI’]JH' [ 2] .

=N

1 Ok0dzOkzd BOM3Otekz Isjstedwimr dzr 6 O j CIls' c
dbHOfIsdels' BOMY Otclz.

Of sdols' T BMY|Gdz  OtcOd3j Istcdzj tc* d34 dz
sSlsOBOzZOt" ELGjtEjdzH]j BOMYy Otkz L OVW' dz
ZOkzd DH' M. 1 "d bl WwHdww B PGSO d3 jj ldctg &
s tjydd3 dzgHj B ODOdZOEZ O &P dzB PMB O Isfy
sdols" BOMYOtez DH'Misjte" d2 w "' dzHj ¢
rence Adaptive CentrelOf sRIRABCHz -tgp tzls
ng Regulators, STR) ¢Cjw' dzj dz Y tsdzn Odz
ZzixnCilsj dzj dz' v Okz" Isykr dzO B 02 d&zOdz" flsr

COI OO
O3S PO GRS P

X Ape NI
TS QOIS

P M



MOYSOEZDO dIN &S dzH" & BJt.d H' [ 4] . dbodOyd
f OtcOd3j stedzj tc* B ¢ ¢C Hidz OO ©0O2" d&zO B
YORBSOBOMr L jlsiH' . mdddw Eedzj eSS pfp' B dzgH j
OHOf Isdoals" spMm’ dz E dzeEdigH MBY DI ¢iz OicisIsE g™ of &
JIsdH" .

2. [ sBOMIsry BOMY Otelz.
t sBOMmlisr Yy BOMY OBl dzds'jfip'tcidiy M f j dz f Otc Ok
YOOHO2r dzZH O HO BOMYOWwE NN2jMm d' W tstodz Y

BOD'" IslsOdzDOdz [ 3] . 1"z Iopm" &z bpMGEjted Is
Y sdzH Odz" dzOH " : aiZr MOdzr , H tc 5 daH QUtc HB™ QU Y dAjtedgj fryd I
Ol tHd &ZOdB3d & Odz" Y f OtcO3d stedz] toH " W B J dzG
stc©j Clststed W dz’ "MIsOdzz DO Y OB dzj SIs® Btsdzlz '

BOMY Otk yOh™ yIsr ysOD' BO2d&Od ) €' H' o' fls
NDdzj Ok’ tedz' Yy tedC@id wdtz@uts’ 20 jMjfCj OdkOH' .
dr MOdzH OHO (Olstsdg | dzj Slste MsOdzyd ™ &zOts" |

Of Ols' W OdzH' dz Oz 11" ''dz " jhh' w©eEd OLY Ot

3. Rdzsj dzdzj SIsEOdzH B OMY OGL.

Rdzls j dzdzj Slsiz Odzii 'y OB Ofigh Ot lzd dzls j dzdzj $ Is dzOh
dzj 2tetsdzgH T ¥V ) J dz'-adiAg dod Sidlz Y f wzmZ yinls j e dzd ¢ °
BOMY Otk Ipf' dzv jte' . [ dz'BY 28O Mglsy , OKIs " ¥ 'z ¢

BJdze' M L YNn2,jdzjtcH' d3tsH j dz'ddl jcgE2ce J 5] ndzj B Of
1 J2ttsdzH ¥ Y jdz' dzj e BOMY Otelz yn2iMm" d HJ
BJdze' M' L LOUH' dz' YISOteH' Odzr YIsO2HT . [T M
SO CIststedw mr dz dzOy s EZOy' Is tgjxd-dglstE[QGtizljts
BOMYOtkz BjdZe' M'LH &' kOB " daghBC M dzh “ &3 W &
J]dBtedHIs® ¥N2jdzjte dgj 2tetsdzHT V3 J dzf dthG
ClnteHjdz fHtesyjmlsjtcH' BOMYOWzZHO Isd' d3H "  dar
EdzH " o' MiIs’® € Y Hn2jdzj teH ' COYr dznr € Cedz Cls
Bd HdyddzOdz" ¥ Y OBHT YIsOteH s dai @Oy Oa®OEH O [ Y Ptoy *

4. sYdyESOdz v yn22jdjts.

sde-y L dC Odzr v y lI-Phydegl BysténBydP8)R dzH Z Mistcd v -
Is" 3" tef d3H OBOM" dz" W dzj ¢ ' L ° Bisdz sOB " dzO|
sBl JCIs' dzj toH ' fnj demts tc zO te Rdzlsjtcdzj Is L Olsls
Oty dzr B t6" CSIs" 6" f, dzOYIs' dGzR Oz Is Ctcp Y thgsH tzr

sdey L dCOdz v yn?2jdzjteH' w BOMIsr Jjtoj €h jo

Nddz€C jdz Hjtej CIsjtoH’ N dndp@d s t§ de@2lc O B WH @iz
YOBH' YIsOteH"™ W § OtcOd3] Istcdzj tc’ NLH" €M L Is" €
- OMOdzH " d dzls j dzdzj Cils ] Jdat2 dap d2lslz] citg @y fWs j toH
¥N23 OdzH" d&z OdzO BBBdY OEZ (predictive main
EdzH ' t6' Mis' SWISO2 ZOdHT' tH" YNHLjej OMr tcOHT

PN



-AdWtcdz Y J G LHJjt T (dBOydsi't a E dzHT wid ' nfrgls)” € Y
odelszOdzHT d&BHjdz' dz YY"tk Oty dz Mmr dzOY IsOte
Nlltee' Lkey Y OODHO2 YOMO2LHT .

sdB-y L SOz ¥ yun22jdzjte yOL " teG’ SOWH O (
L OosHIsOtG) , L dzj e jIsdSOHQA@ SM@Y 't dzHGr | 4ddzj § IsH
MOYyIlsOEZHO (YOhTr YIsOdz dBsdzdIststecd dzc) 3 D dzj (
Y B2 BOdZOte) G J W' dej dz Y SdzH Odzg" dzOH " .

CdzH " t6' MIs* &€ OolstsBOKISOdZH" tclzH OYr BOM3Otek
pdzH " t6' MIs® € Q9 Ists B3O IS Is@adds 8 dp@rIsils QdzH dzjc & ‘dzD O «
Y12 jdjt! (oa1r). [ zO0te Mmj demstcedzOtcH Odz H J to g
EWHJ Y, OlsyOtkzhr d34nOdZCfLCBHJ'[GG—;GOIIthI]@ﬂZ@fUB‘
yY"Brt YN2jdjt’ dHJG Y L o3s @y sz @Rl s O |
OdzH" dz2 Odzz "' dz OoalssBOISIST IslitcH ] tojlislsj dzj +
r OmMOdzH" ddzlsj dzdzy §Is § jJdz dzj 2tesdzH™ ¥ X J dz'
sjRrdsdzsedwdzr Yy fesyjmlsjteH W tojydd3 dz B
-y OBH' YISOtcH" W OYOkzd&zOtr dz jtolsj] Odz YIsOlkz;
-EdzH " t6' Mis' € ] MkzteMIsOteHT WISO2 ZOdzH ' tclz;
-MOf Odzr Is"tcOyIsr BOY'" d&zOk ylLJjGj OMmrter d
RA&zHEmlstedwy 4. 0 OWYMr dzHO ¢cOY" d&znr W OBtWKGJS
sOtcOdzz H O. f"dzZHO BB BISISOdzH " t6Ff dzZDOdz ¥ J§ dz
Hdted SIsjtec BOLOM" YbDday dgj 2ttsdzH"™ ¥ 34 dZf dzcits
YygdwWwtcdzOdzH " ter dzDOdz + S sy 112G O?dzOdz(DHf [ 8] .
DOL OYMIsOdz nh" dz HJ B"dz BOD'Is LJQlS'
ddzls j dzdzj S lszOdzhnr B OMYOtelz Y n22jdzjte’ dz jdag' L Iz
&ZOtc" YISO BDMjGCjcE] YOB  dzjlsls®" dz" € Cuh j2ju’
3ot Ist dgH T
1 OMmMy Otelz  §1I€EJrdzjQgj dz@j dz EdzH " t6° MIs®™ & (s y
Isj stedwdzr vy OMfjSIs’ dzjtc BOMYOtclz Or dz d3" dz
ELGJ tcd3j dz stcls ©O0 O BJ 2 d3H J dzlzH " tcsB Ofmis
Sstedz” YIsr d&z" YIsT |, Odz Y OMOdzHY j frdsdgldgjHdzdz I€ jste j Sl
OBRBSOBOMr L JIjH' . HdH ' MIs' € OolstsBOISIsOd
dz" &3 MOf Ofmr dz Otlslsr ter f Yy OdzO Yy ts2 B3O2, J v
rOr dzH OtcH" OL O2IsOHT YDdzgj { SCtsdzZsedwdzry Isd
T YOuUusg " L O30 dzD ' EdzH " t6" Mis' w dgj &' L d&3d dz f
HOMBL O EEjddils' d2 W Isj~dzed S Odz ¥ ftefs
OfMmYy Otelz s stedWw Mmir @ QY IOfirpflsi' ¢, Is * terg O MiIsT v,
de-ydeL  C Odzr v T bdzfy’ tptfisy SMisj ten ™ W d" dsH
Ddzgfj dECjd@3BH dz' 6" d&z Y OWO HjWGEjR2c]d GCEI] '
Il teH j dz' ) D dzd ELGJ ted3] dz' stels O >1(D DHO2T
s OdOMr L d smi, tcsB Ofmisr y Ispfm' dzH J to
OdOME M2 j dz' v tstedzfylsrdzfofdz an s ©2
O dzH J

o
0
0 o ddalsj dzdzj S5 fjdz dzj 2tetsdzHT Y

ﬁ-I
&

Y
E
h
i
O]
B
¢
A
¢
Y
Y
A

dz
te
@3
te
fry

S
Il



BJ2MroLry XYpdzaij SEfEd® JABH" YNn2jdzjteH' - BSHYJ
"WdLdSOdzr Yy yYn2jidzjte EdzH  t6' M f jdz ydwidz Y
FOY"rls tiydd3y dzH]y HJjt]J CIsj toH’ sSOdzH Ok Oty "
DH'  MMisjteH' W EdzH ' t6' MiIsdZAW ' Qols S@POUs'ISYOdED." tokz'H O
Edz dzdz' W MO OM" dz Otclsilsr cOH" Y bDdagj EdgH' to' Ml
JwBjS¢ YOERE'"tM" LH ¢ " dz Snhj2isju’, Of OlsIsr y
BJtjH" . nh* dzh " HJ dg, 1 Csdzsedwdzr vy Is"teD!" HO
H@Zz YOODdHOIISOtr dz0O MO2 Cjdzjls’ dz Is] n dats dztsc
RdzH zZMmlstedw 4. 0 sy ter d3H OBOM! Oowvfimr dzn 0 d
BtsdzOh Oy 1 Cdesd3d S OMr dz" w dzj 6' L G Y sLoOkzhM
0" dzrf 3 3 dz EdzH ' ' M h " Istgfifr Isej GrudztEatis@sts
ftesetey Mis' w Citf" d 0D0dzO J d3j M, Misde d3j dz
Qtelsls’ tczH T W HO BOMIsT sj s’ 6" . datsdzH ™ Y IsOc
YOODJdHOIIsSOter dz tslsOdzH i VY dzie 'dad ' td 'ddgdss p O diae dz'. &
OB OdzH " Y 1 Codus dgdst Aderjy dEQR " Y IsT st dz Oz
RdzH ZMilstcd W 4.0 Owfr dzH OO d dzls | izezjs &Z® P O gizH
L Csdzsdzd S OM" dz" W dzgj 6" L G YsLookzhr GCnuh
BOMYy Otelz yn22jdzjt' d'vw M LOBBOZOEZd BOD' Is
te d3 dzH J Is. I "dz Isj ¢ s §z0 dzts) datsi Girgf, W dz" qzls " teyte

B O
YOB' dzj sls' dz' CIs® OQtelsls" czHr W HO Cj§° dz

jlslsjtc ' L' &

O2Bjtcejdetseo 1. 1 OMy Ot MisPte®d W iy 'tsdzd

3sdds .1 ., [ Wdlise w. 1 . v stedW [ OB GOIs
1 O¢C 0,71 42381 an.
4. Ogata K. Modern Control Engineeririgbth ed.i New Jersey: Prentice Hall,

2010.1 894 p.
5. Dorf R.C., Bishop R.H. Modern Control Systermgl3th edi Pearson, 2016.
i 1100 p.
6.Baal rud S. , Daligaul t J . Temper atu

component plasma. Contrib. Plasma Pliy2017.i Vol. 57.7 p. 238 251.

7.Lee J., Bagheri B., Kao H.A. A Cyb&hysical Systems architecture for
Industry 4.6based manufacturing systems. Manufacturing Lette2615.71 Vol. 3.7
p. 18 23.

8. Zadeh L.A. Fuzzy sets. Information and Contioll965.1 Vol. 8.7 P. 338
353.

PO



ur s -v®@3. 56

R1 U] Jrsuvuvd[?131 drRev[f 3 ¢lu[f duRr)
Clrsuvi {ARrR[P2u1 [ 1 V[ sVLz2[[ dsJuoUu[C1RI R 1}

10270 s [ ., rkMmMkyfBej St u. .
O Zzd@zOIsd dzmC d2 Edzde jwmdisjils + dzjteilsdScd d
sOLOrMlsOdz
ema:ikb a | @asuhk g

O dzdztsIs OCyFC IstesW ddz! ster tsMisOs Isfypw  C dzs wj o o3
ftotsd3r " dzj dzdz' = GOL e " R or Btotsmtso . Ui O
| M J udoe O Is BOL o ts§ tcjockzdzdtetse Odzd J 1 dzd
Jdwvehdamw Ijrdtsdzsedud MSdn szr]dztsach: dn
j HMlsOoa dzj dz BB L Stc Mo toj 3§ thizOdz dittsH - ©w tsds d
j ClstesW ddzt stetsea: Otendlsj Slskter MmdMmilsj &z, dmy
ddedetsy tBlyjddj), wtd Mjdhstedsd Cf ydw
3" hdzjdgdgr = tojnN jdzed?2 d tcOMmMMdislstej dz@ér BMmdeso
g i3 o dej Htcd ded v . {BMEzyHO® MY fjtmfJCls
dz' dzj 2h dr dMMmdzj Hise Odzd 2 .

sdzs yjoer J pgrS B OsW ddz! Istc; ddzls j dzdzj S sz Odz' dz
Qoalss®BOIsdL Oydw; ftotsd3” h dzj dzgdzOw cOL ss5ydmls€ O;
ydWtesots?2 Hots? ded €.

I'e g HjdzdJ

Cdzj ClstotsW d dz'-Istea'dets ( YA ) dzOdBtsdzj i tcOMY totsml
CzzB sCts?2 ByYydmised 0Lt 7 bt wls IseoV
Y J d3j dzls dats 2 d -B g jrozeztz® L dftstc s d3" h dzj dzdzts s d . |
SftjHddvjlshv iYdBsd 6OBEISE | SiEsdzdig2y A g
~n O OCIsjtcdMmisd ¢ Odzd cGOL O (MsMis 0o , Is § &3t 4
L Of r dzy dzdzts mls d stcOHdydtdedets ftcOodzj dzgdj €
L dzOyJ dzd 2 dOftew y jdzedw d/ ddzd bSO, §jtedtSHC
WdeMmMdtetseo Odzdels 3O dD dzs s figdzlz  d © O dzed W . [HdAOC B
f OtcOd3j ster cOLBotset folssCO yoOmlsts d3j dzv © Isf
Emis©o ¢ d dzjt WWjGIlsdoadzr &sd d ftedesHdIls € {1
fpdzd % § ded® Misj §jded tsudmlsSd [1].

Rdzlsj dzdzj ClszOdz! dz@ | MdMmisy 3" EftcOo dzj dzgdw ¢t
QoalssdiZOIsdL Oydd (1] s, Ctdzlstetsdzdzj ter ) tcOL o
Isj B j tOIskter d o Oy desMmisd) , OdzOd&zdIsd yd M¢< d
d dzls j dzdzj CIsO  ( dzgj Ud IsG OW j 2deseliy] {s@f, )-ts Btgj jAwitals Ui
OHOf IsOyds 1L dzj Slstedyd MEtsets tcJYddBO o tcj
Prbuh jddj +WWJjCIlsdodetsMmisd d dddzed dsdL dqtetsoe Ol

stejBlk| et ksod tydmissd.
] HOddzs?2 MsOlss) sftedg fie) gg@s Mishssw dd®
MdMmisy 3" EZ§ftwOodz dedvV Yesyd MMz sydmiscd 6

P



mailto:k.baiysh@aues.kz

ey hjddy d birndsdesceduy MSidd IsjdHjdydd t
Ef tcOodzj dzdw BydmlsEs2 cOLtse o 1 dzj ClstetsW d dz
Oterdlsy SIszte d Sl tsdej dzlstse  d dzls § dzdzy § Is iz O dz
ftodd3j dgvj B = Odzcttedlsdtse BisfsE d ddi, O yfitdts dgg jh
Cd2?MmMse d ftesBdz ¥ dJdzsj cteOydd d eyl
HSotcj o3 dgdz" § ddzlsj dzdzj SlskzOdz! dz@ 4 Mmdmisj d3
ftesyy Mnsds CA By dets ftej HMIsOoadIls! o odH]J o©
A mjdhsed¢o o fMasl) wodszsfilsdud MSdd,
Isj 3 j cOlskzter d o dwzOy dtsmisd, dL d3j edlIlsj dzd fr
O oWy jddw d LSO dzO SCtstetsddtelze M j 2 4 dzj €
HOdzdz" = ftowdis odzdWwW jIs dz0 die@HeEldsEZShdzls § dzdzj € I
A  zOWsted3s0 MBtstc® d -§ €A DSABig)Oe BdstW] HHC

MBstcO®, ~rtcOdzj dzdV d HtcjHOOtdIsj dz dzts? 5Bt OE

A dBtsHjdd d OdestdlsdWdfgddhedy oj M
BsHjdzd  dzj Sktedyj MStsets fesyj MMO, yditese:
kZsecdC O, tjetej Mmdd, dgjtesMmilsd, 1 oatsdzt ygtec

A Ctdidstctsdzdzj ter d dmtf sddzyf b § dz) & jd dijddd
1 dzj Clstetsded € O H dzw B MistctsH j 2 Misealzs h j@Ets Iz
FftcOodzj dzdWw oMmlstewrn do Odzdj d3 d MBtetsmMsdy f r dzo

A ddzlsj oW j 2 e doi CoEAdedAsydfcvQ tslsyY Isdztsfls
sBMdzizy do Odad v .

bdzestedlsdsr d d3j IstsHr ddalsj dzdzj ClsizOQdz dzts@ ts
10 ftOCIdsj Hted ZfttOodzj dzdW Isj ndesdzse d uy
A dzj Ujls S OWts tiedefCL@ydw S jelsdzr 7 fteOo
Hiej dedv d ddsjteftejsOydd; |
Cdzommdud MSdy oflsdBHf ©ddgdguuezydy dg fisis
jdzedw 1 dzjtcestftslstejBdzj dedVv Htod MhteOdz
Hjdelsde | dgjlstsHr, GjdzjlsdujmMSdy Odz st
BON d dedets § 5B Iz y§ sy U jddzddgj 2de@s fid) fiplsfts to Y J 1
tej HMS OL Odzgdw L WWjiCldodzsfmisd EZdzOe dzd o O dad W
J B9 ;
Y

“g_ &
T - o X G o F O T

o T

f
t ,

qUtctsor j-Isy dnsAdeds®Pdzd j MisteOljecd?2 kit
MtejHj d Myj ZOkdes] EsH | zdtese Oded j .
2 f

I
Q—

Mmdzj Hts9 Odad v fcsCOLT 908 ls, Ylsts o dzj HicJ
tc O9 dzj dzd W 1 dzj SlstetsW d dz' Iste O &3 ( S sd3B d dzd te
Odzestcdlsdiseo tSilsddBdL Oydd d OHOfIsOydd tj Y
LCdsddd yj Med2 d 1 Cdzsedyj MS qRmis ¥ Wigfdsm Is ¢f
1830% d Mmdzdy J dzdd 1 dzj A tsds to] @ alaf igaff dgts lglessd 2
CsdzmlstczC ydd kMsOdtso Cd. CIsd tsyjdzSd fsdzjL
ftes] SIsse d § d&zOdzdtetso OdzgdWw § Jqztslsdz" = 9 dzj Higj
1 J Sslstste’ § BJtetseo r j ftesdL otHdIsj dzd d
Odzsdzmdtclze Is tOLOBBISSCE clkzdidzr né MdMmilsj &3 't
RR, Clstster § QolssdBOIsdyd M¢d TsHBdtOs Is

PP



fsCOLOddYdBd fr dzj d3zj tetseo o toj Odz! detsdyz o tcj d3d «
COC MYtsmte BOSMIdBIL Jteso Ols! st o Isjyj dao
stckHBL OlstOls’T 20 Istsdl ks dzOMmlstes2SkE [ 4] .
10 Motej d3j dedzr d3 ter dz€ ) ftoj HiNlsOo dzj dzr my
fdlsOdedY d BdzsCd EZftcOoadzj dzgdWw Hdzv 1 EJFFIstctsW
BdzsCd EZftcOQodeaztf), 1 O8Bb®w®tcr j B M jydoe Ot s
toj czdzd totso Oded W (26 tcOo dzj d[d B U Pl @ tzd Joddn s T
ddzls j ¢ tc OF G A DAlj v vl) . vsO0Cdyj Emlstets?2 fMise O
f zZOW tstocd3ts? Hdzw ftsfdzjHEE N jets dzgOdztsy j dedw ©
1 tod d3d dzj dzd J§ Mo toj d3j dzdz" ~ 1 [ s/ € tsdzls te ts dzdz
BOt! jtor o dz] Htcj dzd W d dzls | dzdzj § GfplOz: da t=f) Is @l
tcOL tcOBBISOI! 1 [/ BsHjdz2 (s jtcrn Mkh jMmlsealzs h
[frls odzgjHtj dzdwV ydWtctse f: Hots2dzed Ctso

nd dz¢ dz" 2 ftcOCIsdyd MSd2 LWWJCls: ydgwtctse 52
MistcOIlsj ¢ d(d Z{ tcOo dzj dzed W ) odtclslzOdzy dzts 2 i
LEMy jtedBj delstse d EMSEstw jils o dijradgd ded jf dafsih dd)
ydWwtetsor j Hot2dzd¢d dmMmftsdz Lz Isifw HdzW § tcj+
e X d BO, Ybsts ftewdts fedddddds ¢ Ldjibt
COLBYIssC O, HJGtOHOYdd 1 dzj SlIstesHBte d to] C

ltejdaiszh jMlsoO: fYtsor M jdedd Misyyjdd tsudml
fdzd % j dzd j + dzj e 5L OlstcOls; ftoesecdetsL qtetso Odzd
YyJj dzse j yj MEtses WOCIststcO.

[JetcOddydeo O hdg WOCItster COyjmMlsats HOA
mMdzsy des mis d o CGatfae Ot dff Isf d3tsFOR L OlstcOlsT dzO d3ts|
BJLBY OMmMdesMmisd d dzOHY 3 detsfisd .

]l dz2OMmlsswh jj otjdw ftod EZftcOQodzjdedd Isj -
CGOLtso 9o A fddd dzv e Ismw 6 Mk Jo d HodzdJdefrpgiis Hog o
dgdzlsj ctceOydw ydWtctser n Hot2dzdCtso, fMls ©OdzH Ot
sBfmdzzy doe Odzedj d OdzOdzdL H]j.cteOHOYdd ¢ sdff tsd

R dzgls j dzdzj € Odz' dzr § mMd misj a3 Qo lstsBOIs
HJj Bsdzmistcd te s fBlsj dzydOdz H dzw ftsor hjdedw
MsCteOh j dzd W dzj cetsL OlsteOls. vt jh detsd o dzgj HI
f s1 lsOf detsc ts SHABHO d tjhjddv GjtcctOHRFQ MDYy
Mo
Wts

q.—\— U:N'q—-

Wi Odets f cdBtedHdL OYdj 2 ®EEH £ diPEz0 dmashihS dte
thEOdEdL Oydj2 o20ddHOYydd Odestdldss .

s dMsS dzdlsj tOlskzter

1. RBicSndBZrntsdz o . r . d Hts. (2025). 19
L dzj ClstesW ddz' IsteOd3d Hdzw BydmisC d {ds @Gk ydzp dzc
MlsOls! w |

Pz



2 . 1 jdizsemtse ¢ . 1. (2003) . bolssdzOIsdL Oy
ftesyj MMOd3d dzO0 BOLj {1 dzj CltetsMisOIlsd yjomes s2
COdZHdHOIsMEOWY HdMMmjtelsOydw (1 j dzetstetsH) .

3. ¢d¢dHtcj joOo [.1., ¢cOftse J.1., dSt€Cddz I
sydmils¢d O BLHERO 1 dzj SlstesW d dz' Istc Odzd . rlzt
Isj rn desdzsec d d e .

4 . FerrofilaG2miizl R@BARYdtsdzdz | dBOIs] ted Odz'
ddzls j dzdzj S IskOdzt dz" = MdMmilsj B3OR EftcOo dzj dzgdw + d

5Koruscof20R28B) ngs0O¢ ttsmmd2mMEcd) Ctd3f O
Hots2dzd Ctso dz0 ftetsdL o sHMIse j ?

VI s -5B2R56
o[ uRrRoL v 3 P frmfr s vitolfr1irRY 1t
Voryefvd1d 13z oyYyrRIGLRC UL 01 O
Il Jlsdzj ztse uv. [ ., rkmMkfej St o
O ZBOIsd dzM S d2 kdzde jtemdlsjls + dzjteesjlsdsd d

sOL OF s Odz
“e-mail: t.bertleuo\@aueskz

O dzdzsls Oy dwmls Ols+ j ftej HMIsOodzj &z BBL Bt M
Z{ tcOo dzj dzd & mdztsy dz" d3d Isj mdesdzse d yj M< d d&3q
dzj s tcj Hj dzj dzdzsfisd . 1 O ftod &34 64 fsHLJ d
ftosOdzOdzdL Jtetso Odzr Mmkh jMmlseks hdj dMmimdzj Hiso (
LWWJCIlsdo dzgfimpydso f ct®yY Muyjls or Btstc® ifilsd B3Oz
MCoOyddz d o dasd izt W yg HEdE d dzW stc 3Oy d ts dzdz
Yylsts HOdzdz" | dBjIstsHT HsLeotdzwels tojh Ols! dzdh !
OHOfIsdodztsets kL tcOodzj dzdv o toj Ofdaf fAsls’d oadasic
ZOf tcOo dzj dzgdwVv ftoj HdZOGOj IsMw dMf sdz L s0 Oded J

dzj yj S ts?2 dzsedSd, CStsltster j ftsLomdwels tcOf
Fydlsr 9 Ols dle]’tsdzdzf' HOdzdz" | d t6j OdzdL s 9
JBBh&@&%ﬂJB&&HdUdB@@rH Bts H
WiClkdodetsiisd kEftcOodzj dzgdv 4§ tod
J fhozis o P d3dzts § o h jdzOydoe Odzd j Iz t
J; Bz dz! sdOcj dzlsde” § MdMmisg 3" ; dz
tc O odizj sEf G d wishpiddsy d dzW stc 30y d 5 dzdz0O

J

j dzdzr | ftetsdsr hodzjdzgdy § GBI jClT ROt
: BBdets 6 s d3d e detsyls* & d HJdOBdud M
J BOSCdaid MmMdMmisj BOBd Mdzsy dv J s

PT


mailto:t.bertleuov@aues.kz

tcOL dzstesH dzsMisd dMrBHAZ = HOdzdz" = d gdetsy 4 T
bteOHdyd tsdzdz j BB sStsHT sfdats o Odadz | zO0 Ml
sBjMfj yde Ot Is IjtelsJlec[telsaOdzq’J d ftoscdatsL ,

Eydlsr 9 Ols fyls ts = Ofilsd yj M¢< dzd ts & OECHOE dsty fitgls * §f te@HY
tcj Odz' desd3 o toj d3j dzd .

[ B j dzdets tsfyls LIsd ftosBdzj d3F YtetsW o dzw 5 Is
 tc © dz0O, GHJ LW

COMY sy j dd v
Cjsdscduj MSdn O dz
dBj 6Oo dzs 3] wdzsfyls! W
(R sdzj dZsO©. 1 KOS
d

Oy d dz, GdH©BHJdAdOR] U M
dzr:_ 1 O u’tQGQslsizifQan
: ydd, vybs mddx 0Oj

: Emwsadw” 74wmyfjcs

d3d dzj dzd J ddzls j dzdzj S sz Odz' dz' = d34lstsHisa
Isd ©G J dzlsdz J mdMmils§ d3r d dz U J SfSttnse ts dzts
| dzZlstcOdzd L s Ols ! Z{f tceOo dzj dzd | , Zydlsr 9 Ols!
Jtlsdzr | ftOoaddzO, tBjMfjydesOw MmMtse dzOMEt

tc 5

WJ e Isc{adz,l*sfr]ls.J Isj mdztsdztse d ygj M
m¢ o

H

Liste jodtsdsedyjmMes?2 MEjd bftOs dzj dac
fls &OMhlsOsse J Mdsydshlsd §osd b dj
CjilsdujmMSs? GeOmdYs IstejBkjls o dajHI
Mtsedzr » ©OBBISOIS! 9o EMmdazscedwr ddese L OHC

]  CcodsHsBT 908h j2 fsd dj ddesflsd, o
prh jzOydo Odedd OO, Cd®yjots2 (s d Bt
Lisdg, Mdedy jdedj S WWIdydjdalsO dLodzj yj dedw
]l sHsBdZr | LOHOYd IstejBlz8Is tcOdgdeted ta 1 dif dzf dzdz
MCoOddzOd3d d Motjotcj d3j dedzts? OHOY IsOydd Is

sOSddk GBELOL 5, skOd detsfls! dMmfdzj H s
i3 (O0wLOdkd] & dscts bkfwOs dj ddy d&O cf
& Lo Odedj 8 dzj UjlSts2 d&scdSd, Lot
BdL dteso Ols! EfteOodzj dedd o tinwesyfigr 50 g
q
d
L

d

B
J
0¢

o7 n

MMz Hse Odedd [ 2] tOMMdzOIstcdo O Isfyw o
 Bdese s o' h j dzOydoe Odzd v [kt Odz0. { Mdzts o C
so Odzd W L OfMists2 dz" n Lsdz ftd Istc OH d Yy
Yddz. vOCd] Ltsde ftodotsH Oz €zd tzj tc Of st
mMdzj HMmilsoadj, ¢ Mdedy jdeds Ctst WH¥ Jydg dzlsO
ted h J ded v H O dzdzts 2 ftotsB dzj d3" f tod ¢
I stcOgg Ofzipftsdzdzr = ftetsyd Mmtse Eydlsr 9 O
tcSH ©® n"BHj or"h jdzOyde Odedw. 1 0 Mmdese Odz
] 5B R t5HJ di3tsls! fijtcjrBHO s dzddzi Jdes2¢ M
CMOG sdzOdz! dzts 2 . | B sdzdzed Is § dz' dats B sMdets o
j o jtemMdetso OdzdY MCo Oy ddz, Htcd Clststesdy d3j d
jdzr ¥ fserhjdzdw tOQodztsdij tedzsfisd d H d dzO d3d

P Fa
—Fo QNBE SO
ST POFI—maI
g O0O0Or
=

Qg ss

Q—

PY



a bE
O O 00— )
,’j i / ’ \\
H H| @ / AN
0 0 ® —g d o
\'\ f’f
a ‘-\\ I g’f
e O s 4 3—.
a b
L L
a) 0)
a
] O -
a
H
@]
a ‘1;—
—@- -Q
a

B)

{ d Mk dzwms j150 ©OMY & ds YQ)) dede™ HiTECN Oy de: & j C ¢
CoOHEOIS &ZOW .

] ©OoeB®lj [1] Ghdsods] odddOddj bkHjd
HOdedzr &, dMisd LEjd & Hdv EfwOsdj dd¥ { ikt

beOdzO. 10 §0OCIsdS) fteddsjdevjlsfw Bd h s
Codf dzj CMse, oS ds yoOw Lk fkdusiHedhsd jC ftd dustg s
ddev stedsOydd d fMmdzdy g ded® S OYJMmlse O f tod ded &3O

] $Oyd mise j toj Mg dad W f tod H eEgjdeass o widh
ddeV sted3Oydsdzdzts?2 Mmdmlilsy d3" (1L RY), Lo tdzw
MCoOyddOn, cjdscdyjmedn MstkClktcOn d
sOCOW fdMmlsj B0 Sk 00jls o OUBEN &ONs d i dk
foscdsL e g fBHHjEYCd EfwOsdj dyjmMSdn to
H Odzdz" .

P®



a)

0)
B)
B)
{dMzdzOMI e H dzj dedj d@dde LOZO (0O), {§dy
o fdkzOMmk] H (MdzjesO) d fomd (Mo
CTPYKTVYPA THC
MMOACUCTEMA
el AHATIHZA
i N
//’ - '\\‘\
k'// \\\“
S R
CBOPA M}{E'D‘: IF’EHEPALIMH H &lb PAE:OTKH
KAPTOIPASPHUYECKHX
. t_\ AAHHbBIX
- ///)r
TTONCHCTEMA S
BA3bI JAHHBIX S
N (BX) r’

TIONE30BATENIECKHI MHTEPOERC

t d flk dasLls ek § Is Iz ts dzO W

CHCTEMBI

2 M

K TIOJIb3OBATEIAM

Mrd B3O L L RY.




[ Edz sdOcjdzlsde | MmdMmisd &3 d dzj yj Is¢ Ow dztsc
[bd sdOc j dalsder j] MdMmjdr (fou) ftjHEOEC
20 ©wOmMtejH,dy dzgdetsds fteOodzj dzgdd, CBEHO €C
TEC Od dats? yOfils: v i Whets yf GO O BEdp@rs Mz h dzs
M dteOls! HOdd | B SCiky @4 h j2kzdmtc @ Ksast
[ o L WWiCIlsdoady fted dzOdzdudd oL BBz j ded:
By Mts jHddes?2 Mdzsy des?2 dBsH j dzd ded L Odzj dzv
Hj dzj 2, Ylsts Mdzedy Ojls tOL d3j tcdetsfyls ¢ L OH O\
4 dzy bwijBlzjlb Mbeses2ddpBus Hid OEJ ks,
fsCdHOk! MmdMmlsj Bz, O BlCOL GlHjd d o L
(s SBiMifjudoeOjls HJjyjdsttoddL o Odzd
T fdMlsjdkr . lwd ikt [ ou HJ Bsdhls s
N kfdsed?2 OolksdiOsdyjmSd ftedotsHdls
PtcdzOY Mo j G0 StlBiscts § 56 0L Oz0 d&zO

B3
U d
G s
Expert \ Metrlcs
Agent Agent

Expert Metrics
Directory Coordinator Repository

Agent

: Repository Repository Repository
: Agent Agent Agent

| o o e

t dMEz ddslistdz ¢ S ZtcdzOW Mna J B3O Bzdz! sd Oc § dzls dzts

[ S sdzdzad Isj dz' detsj Htoj Jdszh jMlseats dBzdz Isd Oc¢
dzj U S s2 dsedCts?2 Msmistsdls o oL @idsy detsisd
H Odzdz" =, BsH j dzd tetse Ols 1 CMY jJ telsdz § ftcOo d ¢
1dUuilsCow dzseds O Lo tsdzvd figls dlifdgttdipitafs o ®Jsy H
o d3d MIsts HoBdyds ~ L dzOYJ ded ?, ftodBdzd y OV 51
tcj Odz' dz' n HOdZer" [ 4] . ¢ dMmlsj dgr dzj yj IsC tsct
9" 9atsH O, HJWOLLdW q’QG)uq’W) ftcJ HMIsOo dzv & Is |

2 N



2§ teOo dzj dedWw Mdzsy dg" &3 d dzj ssyde” 3 MdMisy o
L dzOdzdw 1 CMff jtolstse du [eed H]] HfBtdODe]@ls 'cof@id' 'R o -
Zyy ssd3 dr dzjsfftcj Hjdzy dedetsfisd d {1 Ists f to
MaJ &3 d2O twdmMizdzCj 6. :

SH

Yerkne YeTkas
BXOJIHBIC basa npasu BBIXO/THAS
BEJIHYHHBI BEJTHYHHA

: Y
X

.

[IpuBegenne " lIpusenenme
Heuerknii Y
K HCYCTKOCTH > > K YeTKOCTH >

X2 JIOTrHYECKHIT BhIBOJL
—»| (hasandukanms) (nechazandmrainia)

t Mz ddeListbz C IsztcdzOW Ma jJ O MdMm
HJ W

YyJ Is¢ s
BOLO ftOo ddz, o

ydqvw.

dj daj ded 4 [ ¢a d dzj udbbS
sj rdesdzse d?2. 1 OHOyd k¢
o9 MCoOYddz ddzd §tSHOY t6
d 1€ OWs Isi4s tBr i Odidz" 5 dits 8 £ fd
dz' dz" ] s fgedy [fid] d i3k

] ~SHO L OCdzg yoe Isfpw o Mmdzj
-HJ Yyd dzlstcOdzdL Oydw d kS OLkMmlsts2 ydo sfmls:
mhd i35 ; ftced " ~"tBBH] dL Mbstetsw slsHj dz

s

J
¢

N

o dztsfmls s : e | dL d3d dzj dzd d GJ Blsjn
fstedmMissmMisd § dzOMIs©® ddzd H O9 dzj dz
] tcOo dzj dzd v ;
CO daj sftcj Hj dzy dzdetsmis d : B dzOG sH O
M daj sdzdz" d3d d ¢ Gtew L dzf d3dé H Odzde
ydlsr o 0w Mmisjfjdz keojtej dzdztsfmlisd ;

Mse dzOMts o Odzdzts s ¢ tej " j ded 2 : oL OddisH | 2 Ml
Mse zOMse " 9 Ols Hj2Mmlseo dw ( dzOff tod d34 to, i J
MCoaOYddzOdd) , ybts B iMfjuydeOjls 1+ WW¥jCIlsdoec

1JuJIsQOW EZsedC O tsLotdzvjls Ocj dzZsOd3s tcC
O dzdz" d3d , YWistedzd telz w ted hj dzd v zO thdztse j
JtGJdZ»dZISfr]ISC{ Clsts thtsB J dzdzts 9 O dzs 9o EZMmdz
tcOiR] Isteso fted or h jdzOydoe Odzedd LktcOdzO.
O smdzts o § sO¢dn Odze sted Is i3z fMils Odzts 9 «
Odzdzj dz! detsy EZftwOQodzjdzdd, GHJ COYHOW MmMGCo
Cydvw dzd ¢ tsdzlstetsdzv, O CtBteHddzOyd sdzdz 2
fr]Isaq’LJ v OGC 2 f SHARBH fisy B sdzv |5 Is c®|
Hitslso O Ols! L OMIss2dzr §j LBsdzr d ftserhOls!
q

NS T ss S T

™M
Il



1 O¢ dz¥ yJudafid.ds BB tOL t5d3, dmf sdz’ L s9 Odzd j
EftcOoadzj dzgdv ) Odz@sstedlsdBOdBBd dzj yjlsCts?2 dztsg
f totsB dzj o3 fkeh jilsoks hdn B ssHEo . ) 6 Hd
dzj HsMIsOIlsts ¢ Istc OH d yd tsdedz’ ~ s H j dzj 2, 1S E
ddzls | dzdzj sz Odz'f det® o dzj ded v fHtotsyd Mmsdz 1 4l ksl
fteddwiIsdw twjhjded?2 d tBtcOBBISd ©OL &G s A
fsLodzvsls HJdOBd Yy MSd fJjtoj dzOMistcOdo Ols
tcOB SIS MCoOYddz o toj Odz' detsd3 o toJ d@Qudcf, diz

LS jtelsdy j L dzOcdedw [4]. Chkts dBsyjls ftdo
dLodzj yj dzdv bkteOdzO d Mmdedy j dzd¥ s j tsOyd tsdzdz
bfwOodzj ded™ W dodz steOydj2 d Sddstej OSydw &sd ¢

[Mdzsody j Gtoj JdBkh jsoa® fiojHEOCO] BEC s
ftlClbzeO 55COLEENSE2 Yo O, OHOYISdo dishls:
Mtcj HT O dmftsd L s9 Odzad j dzj ydi s¢dr ftcOoad
dzd lsl]’tGJ HJj dzv dz,dzlsfr]lsJ G J tsdzts cddsun I dismO SHRdzdAH" t5H. A
fsor Ml +WWjSlkdodasil: fsyjmMno §oHL ]
ftc ©

fry
o dzj dzd ¢ fr] BtGOHdudISdZer B BjstsHOB], BCHI
5jcOlktcO

[ d

l.sjdgj &z BOJ 9O R. &. , teBkzL 8O w. 1 ., ] 4 €
FteOdzO oBj SSHESd fsHL j d3dese s MC o O ddzdetscgts 9"
J] R j ndzsdzsc d 2 d3d Miststetsy H j ded W S OtcORz tclz dz
1 sdzd sy -~ dzd ud ME d 22 0v2d3d o, ji Gftistids j Isl 9

2.0 &zdBOj9 O s. 0., sOdzsOjo. ¢. , Yy d mdzj dzdzts |
o' tcOBBISCd B Misstesy HJdzdWY Hted HBB'" YJd -d3d daj
ydoe oOodzedw, sOLOrMEd?2 dzOyd saz0tizG ) A 3z daddd jotc )

uvrs 618.5

gefltcfrvv3c frovdr3zg vitoelfrearre fvd4dft
s ML JAIRY[ESRIR 11 JA[ruwdd[ R L[ ALY [T

DOBHBAsY O
SOLOaMEd?2 dz2OydodzOdzt dz" 2 dmmdzj His9 Olsj dz' ME
S. R. uH40OBf0Ojo0O, 6. ¢zkO0lr, sO0OI

e-mail: inkaritaD1@gmail.com

J dzd j

j dzgdzOwW  dzj Wisjtf jtojtcOB OIS 9 O h OW  { to
Mzsy desMmilst 8 Isjrndesdzsecdyd M dr ety
s
o

9 d otLtOMISOdzdj d3 Istcj Btso Oded 2 ¢
BB 1 LIsdr kfgdetso dov & zUap@fgfg @dzf G

20


mailto:inkarita01@gmail.com

ftoJ ddBkzh j Mise j dedztc j ¢ ez s B &P~ sSCOLT 908 Isfr
1L WWJjSIlsdoe dz d&3d . ] mMtsB | dzdzts 1 Ists fcsw o dzv j Is fn
ISJ:dzisdzlch[qur]qum’ sBi j ClsOd3d, GHJ dL d3j dzj
ftseo jH]dzd J MtcOL E dzj MCtsdz' €dnA H tedz G If 1] gzts yiem
sBdMfdudddd MsOBddz dzsfisd ftesyj MNO.

] f smdzj H dzd Hy Mwisddzj Isdw sfsB 5§ 9 dzcC
szntsa;tehc; dzhlso so Odzdz" = d3j ssHBB EZ§ tc®o dzj dzd W .
BtsH J f'tadpi S Isdodets] kB te@o dzj dzd J , Colsstets dMm
H dzw ftetsG dz,tsLo[tslsaOdz,q’W f so j H Pdedw ts g ils [ 310 @z
Zf cOo dzw e h QA otsLH]j2MIsad?. v OCdJ f SHRSHT

L CdasBd Uy MS ks L W% jClsdoe

dzts ftosdL osHMIse O
mtsB dz¥ HszdJ L Csdzsedyd MmS dn

o M

C

Is

dzts tc d3.

] OtcOdzdzj dz' degts fp L Isd d3 Witttk OoltsdOIsdL
dméemmlilse § dzdetsc s  d dzls § dzdzj lsG) d3€)ho[dzdzlsals sB Iz
i tcd d3d dzd dzd J slsCtcr 90, Is dzts ' otsL di3tsy dets s d
ftioscedesL Jqtetso Oded W QGqunlsaOath’Jtmigkdmguqo[ for
Emists2ydetsiisd MdMmisj B3 fted dL d3j dzj dzdd Mo 52 Mls

4o tc] d3j dzdzts § i tcOo dzj dzd j Bdzts ¢ ts 3 to dzr d3d

ftcjHMsOodzw jIs MBt?2 ddalsj ctcOyds ¢ dzOfmMmdygj MS
HOdzdets 2 TffjlE®lsj dhlsd BBL st OCIskZzOdz dzf = ff SHR SHE
ftod d3j dzj dzdv o OolstsiZO6GH L dAdteoCddddg" dad ¥ fr) disils-] delt
ftesyj MMOdd dzj Wisjf jtojtcOBOI 9O hdn ftoj H tod

2 [OljttdOdz d d3j stsHT

J]JHiesYydMmMis¢ O B J dzL d dzO© weo dzw j Ispw SH dz
dzj Wisjf jtoj cOBSISS d, zOff t Qo dzj dgdz" BBOL HEO |
CdMmdzstesHMtsH jtey Oh dr Mtsj Hddzj dad 2, O sOC Y
Mdzd 3 O ls COyjmsots sfdzdo © d BlstcOoadzv s Is € C

[ Mdats o dzOW yJdz 1 sBFEHE ] WlHdAPIO Mtslse jIsMmlis
L Cdzsedyj MSdds btojBtsoaOdzdvds d ftsor h jdadj
ftesyj Mmtse (sOBddYyoO 1) .

sOBddYO 1. mO©OClkjttdmisdCO dMisHdsSEE f

1 Od Bj dets] 5COL Ol jdzd COYj Ml stedBO 5 4 |
fl]rtGJW

Il JdeL ddz [1 AtcOC ydisdads 2 M
EiisOdzsoells j &3 j tOlsztc® dzOyO(dzj d3j dzj j 3«
2 50% o' CdyfOjls { tg 1101203

Isj B3 j cOlsztc® dzO Yy O
) Bf j cOk©c® Stdy(dsj BGda) j 14
2 dBHjtey Odzdj: MmJt
fMjter Bh j2 dzi BBdZij O
OL O dzi BSdj |
3 1 dzslsdetsfrpls!  ftod Jdzai BBdzj j° 71

=

2 M



) sy j Mg oS ds yOjl dzgj MStsdr €5 ftsmdzj Hise O
dMosHds] My Miaj"doOjlsmw ) oBHSEEHTM
ftcjHoOtedlsj dz' dgs Bz fSHBGjok o Mmdhls] ok
COL M 6! j o OV Mmd3j M0 {Stsshi/ Higfpldgdfjdaaifielf 3j2 § Sto
Avw fehskzfOjls o t©j OCktste, CH] ftsotsHdl Yj

I fjtcosds Mmds) sfkh jMlse dv-j sM@OL Gl d H 1
CdfMizstesHmMBH j ey O dR MejHddej dzd?2 ) ©BEOL &
oBH' . Cll ftsyjmin McfcsosyHO MY o Hj
tjcebdzdteso Odzd™ Isj & j Okt . @& fiddss & gdL
potsHdMY Hefodddlsjd d 2 {(skss¢ - sdsHd
SHdaso toj dzj dedets totsdz' toj OGj dgs O d tsh dzOY HOs h j

s obd Masj LOsjkhOjlsMw knHOdj ddj
& sBRcHdBE] COyjMmlsots fEtHESIKO. 10 o' % GH
fesnitsHdls MisOndd MsOsdddL Oydd d tjSlsdwd:¢
s dzdo dz 5 MlsOdzH Oels Ok (tedfm. 1. ) .

: z

VW

11-R-001

il iake _I Bodopodcodepxawud
2a3

Ctsdzlsztctse tojcobkzdzdteseo Odzd W Isj o3
SO (Mdded?2 fezdlbsdi) d fsHOud
(SteOMmMdz 2 fEdzCIsdte)

EftcOQodzj dzgdVv ftesyj Mmtsdy cdHtcts
Olskztedz" | SCtdzlskzter tjceckdzdicise O
Isj BB j tOIskzter o 9Jterndz &3 M
gL d3j dzj ded v st{f tf QedsdetsR b dizdg M alzs ) is 4
dzkz 4y O j or Mk O] Is tcOfMmn- tSH s
zdzdtelzj &3 @3 § OOd3) stwesdg WeodWjlksmy Isj BT

1d ®Bidaij 90qdegr d©g wWoeodzw jlsimw Ctsdalskzte ff St
BJMfJiuydeoor hd?2 YBHHjtyOdd] Ijff dzsotsets toj
dz yJ o OW L OHOYoO LOC dz¢ yO  Ilsmw ) C sd3ff

2P



LCLtslsjtedsdy MS dn tej OCyd?2 LO Mmyyl 99jH,
1 sfydzj H dzd 2 SHdsotcj d3j dedets or" f sczdzgW jIs Ho J
SadZOYHOsh jes 06 jdzlsO d MmMdzzy dls Hlsu’tsdzdchls
LOo jteh jdedw Htesyj Mhse cdHigglseo Odedw tsMisOL
lLOddisH j2Misedj G OL Odzdz" ~ Chdzsztcts o
LWWjiCldodesls! ftetslsj COdedw "ddduj mMSdr toj
COyjfmots kYO Bséts fesHEZS SO, udsy dsh
FftcOoadzwes hdR oBLH]j2Mlsod?2 oL Oxgjdssids j ¢ odasdiziic
Hd zOd3d € 2 Htczetse ts, Yls ts fsHIseo jtIcy HOJ Is
szntsaJtQthzfnlsatsaOdzdzf: BBy StsHts9 didetsG tsd3d te dzs G
t OMmMMmdisslstej dadz” 2 Isjrdesdzsedyj MSd2 f(tetsyj M

i Bsdfscdiokjls dhscsdjtedsnls! d oL Oddkshs:
1tSHHJtG)|®dZCfJ stflsd d30dz' dz" - Isj i3 j tOIlskztcdz A
fdden tesdzdzts? ©OBBIT dzgj MCBdzi CHER ZBEhRsZEEDp «
otLHj2MlsodwYy SCOLTMroa0Ojls adzdwdedj dzO HJdzOR
LOltelzHdzw jIs fteddjdaj dedj S zOMMdujMSdn teja
MlsOedddL Oydj2 GlHjd dr & §jt]djdd =.

l ftsHtBder i EfMdzscedwrh MmtsBts] L dzgOyJ dedj t
¢ Qoabt®BOdL Oydd, sted J dzlsdtetso Odedz §| dzO {f
CosteHddOYyds dajMSCtd Cdf Codskiose 1] 6k dz
Bl jHddW s sfw o € &zOMM & mish g @ dpagd s o Oz
etsdz (G teO jfists jostscHSlsirf edatats ] b wO@odzj dzdj [ 2] .

Enterprise Systems
(MES/ERP)

h

Advanced Control Layer
(APC)

Virtual Operator

MPC Analyzers | | Interface

Basic Control Layer
(DCS/PLC)

Process Unit

Sensors & Actuators

tdmMidBrdIsj Ssktc® EkMtse j oh j dzMmis o 59 O dzdz

22




—_

HOdzdztsets BB IssHO L OCdzg yO  Ispw o
PLijlsmw KOl B3OIdYj s OV dBsHjd , s
sMisswdadw dzO0 L OHOdzdetsdz ctstedL sdzls] o to
Odz' dzOv  tsfmdzj H 59 Odsty M pakfipliss d Xz, tcd®d diaf
dzdzr 2 Ctodlsjted?2 COyjMmlse O ( dzOf ted d3j tc,
stsds ydlsr o O Isfyw s j A det| @tf ©q ¢ ) ¢ dsjj o3t
g3 §j HOedzjdedw, ftojHjdzr ©OMatsHO M
J dzdzts s+ B sSBHO wWodzw jIsfqw f ted dzyd
Oydd fjteatsets h OO dL dzO2 H j dzdzts 2
sHdlMw folststedzr 2 fijtejmyyls dO M
dzy dgdz" = HOdzdzr = [ 5] . uvBYBUstish - HH f S
j i3 tj Ocdteso Ols! dzO otsL @Bzh j dzdwv o 6] C
Mzsodwrn dhetetsdj tcder =« ftesyj Mmse, n 0O

a3t o jj oz detls d © dzts G 15 Zf teOo dzj dzd W Hj d3ts
Zh j Mise O. [d2 Eydlsr eOjls {fjtej Sty Misdz
v jIs tSHdtsote] i3] dzdets bk tc@Bg dzd IssB gzt § 1
HddzOyd:® tcOB SIS tcOL dz' ~ Codzsztcts o t
ssydmlse¢d 1 Ists 9" Oy Ojlsmw o BBdZjJ Ists1
dzdL Olsstc O, sflsddddL Oyd d f sHOyYd o tSH TS
sHWhdr € H Jj@&ldctOeE yffdfd Shipdedodgddzd & € OyJj M

1 O§ dz¥ uJd deqd d

l
|
d
¢

I-o @0

7S

O - wH

FTHFLgIN o @FN
FGIN-O " 2@dIT~0Q3I /0o

SO QSR G IS
o w g
W QAFTIFrT-GT-IQE OOV G FSE

5§00 0 &8
cossear

l totso jJ HY dzdz" 2 sBL Bt s OL Odz, Yylsts Mmtse
Bdzs G 5d3) de” i3 IS mdesdzsedyud MSdd3d Gy mmnd
dzj sBrtsHd 3" &3 ddzmistclzdzsj dalstsds Hdzv i sor h j dadV
ftosdLotHMIse jdade" » EZMisOdatse €. 1 O J e df digots
ftosH | I3cdzMisteJtctso Odets, yYlsts Istrz,G)Hc{ucflsdde»r fc

f cdzdets?2 d3j tej BkZydlsr 9 Ols' dgj dzddzj 2 dzr jJ o
ftedotsHdl ¢ Mdedy j ded® MlsOB ddzt desmisd tG
I sts 34 otej B fted d3j dzj dad § lzfrJISSJtG
B3sH j ef'tedpm d S Isd o dztsc 5 EftcOo dzj dzd W , i ts

J

o s dzw
tcOBSIsr oL Odd@sMeowL Odgdzgr » S tsdzlsztetso , qq’lsf:
OHOf Isdtetse Ols! Mw € dL d3j dzgvls B8 dHindrO jz I das B L A tef3
stsydetsy JtSHHJtYOdedj Isd 3 j teOlsktedzr = toj 3 d Bt
CO¢ MmdzjuMmlsadj, fsorhjddj €Oy MmMlsea O ¢ sdzj

Mdzdy d dzedd {+ S zOlsOydesdzdz" = tcdMS o .

Rdzlsj ctcOydw Emtse j teh j dzMmise tso Odzdz" - Bz3J Ists
ftesyj MMOdzd dzj WiIsjf Jtej cOBESISC d W dzw j Isfpw
tsls tc ©Mdzd . ] sdzlz yg dzdzr | tcjLizdz sOlIsT fsHise j
dmmdzj Hso Odzd 2?2 o ©BAZOMIS §toddj dzj dd¥ J§ 6
slsCter 9 O Is fjtemtf jSIsdar H dzw 9 dzj Htej dzd W |
BOh Jdzdzse s tsBlkzyjdzedw d idpj 2tcts®I Sd Oz = f s
QolstsdzOIsdL Oydd .

2T



s dMsC dzdlsj tcOlskzteT

luvjrndesdzsedyj MG d?2 tcj 6 dzOd3J dzls Ctsd3B d dzd tc
qLsd3j sdL Oydd BjdL ddzO 1114, 2019.

2 utstce Oh s ¢ . 5., | sdzyOtetsea ¢ . ¢ . , 4 O3t |
f sMmistetsj dad W mMdMmilsj &3 Emtse j toh j defflso s Odzdzts G s
got&'s_ycifzfn(ﬂdsd [\ Obtueaz@ s duisB e d sy g wede®dz ¢ 1 -

d

3.r sLtsteyj o 1. [ ., § dzjndzdrj s " § dzfm 4 o t5 sAQPAEdZtS |
sjndsdsedui MSdid sy MmOk // iTkGdOd ¢

4. ¢ OHdmMtse t. yv. ltddjdejddj MmMdmilsj digr L
sjhdsksedujmMSdE ety Mhsdt §sHeskssoSd ¢O
¢l OLtso OV f tetsdp’ egepazdzticfifs: & 01838 ) .

5.1 Otch OCts9 ©w. R. [Mdeser EftcOodzj dzdWw Isj = dz
buj B desj it fPesadoe)j.dzs bk tids:o SR L Hs@sE. RS . fi

urs 519. 6
3fdluvffouvrIrRE LIV Lr Yt frsvrRUSIOURL.

s Otct j ozl its.
[Jvuv dd3. 1.6C. 1 0EdizO0dzO

Jachdez;sfsutGJOBszdzf' Mzsy dzr | orf MsC tslsj - dats dzts
20§ od 3§ 6, -¢ @I Julg dats d J q Oo d Oyd tsdzdz § tG |
fejumlsOodvsls Msets2 MNSesClidshls! bBEd his
f sHmdmilsj d3. ] Is j tc d3d dz0O Isj sted d z flstih®@ o dzj
Bdzs e stsB 1 MY ds'j digh ozd .

I fpdzj Hinsoadj of MBSt Mdsydshsd, ftsjcls

RBdesetstsBi j Clsdze R mMdMmlsjds HtesdLotsHdIlsmw tcOL (
f SHteOL HJjdzj dzdWw d3d Hdzs2 Ctsdi3f Odzd d . stedlisj tod
Colstster d@3d fHftesdLotHdlsmMw oty ¢ ldza s a8 Qdedas 1l
ftoeslsdeotstej ydor , sO¢ ylsts, o yJ dzts d3, L OHOYO
BesesCtodlsj tod Odz! dats 2 .

1OL"00jd5 dzdy, fddddOs " dn  tejhjddr (]
ftes] CIsdtelzj d@3" » ¢ z®a gy Ol | 3¢ & dzinls izt dr® dc @ H3df,
fteslsdotstej ydqvw oY HEZ cdkzOodzr d@zd S dzmistclzC Isstc @
fteslsdostey ydo tsmisd dn Cedlsjtedy o s Isd &30 dz
GJdzl cOdz dztse 5 . ¢ df Igftelz € tsESc@®L S d3, M Lty¢d L
tcjhJjdzd?2 tOmMmdzOIstcedo O] BOW L OHOYO Htesj Cisdts
(Bdzts 6 sdzd yes e dzees sdw  tcj " j ded 2 .

3[ColstsdB3OIsSdL qtotso Odzdz" d3 Jtotsj CIsdtetso Oded § o5
[ detsetsdzd ydesmisdetsj] ftotsj Clsdtetso Odedj [ desetstsBi

] Meslse jIsmMisedd M Bhdddd fttOeddzOdzd tojh
sflsddizdL Oydd, tcj OpdREBOISPE Qg o Qdzdzse ts f tots | ¢

2 Y




dm¢ Ols! dz0 d3detsy j Mlso | 1 Otcj Ists 1 Ists2 L OH Oyd
dmf sdz’ L B8 QB Is dejdz jjdzd v . 4 Htokzets?2 Mbtsttsds ,
Bdes e sdzd ydesMmisdes s feddew Isdd e h jdzd?2, dms sd3ts
MsOB dd® dzls gitc dizd d&ZO~ Ists2 Xy J tOBTSIST ) | dzOf ted
1{hE. v0Cdds tBEKOL A3, ¢ OC fiyls @ did@ stiigds jls [o 13" .
tog M j ded W LOPOREROIBdL Jtctso Odedzets G s ftots-j CIsdt
ftoesctcOBRBBAdZEE MdMisj BBz, CltOW §BHHJjtexdo O]
ol d dqdzsjteftcjlsdtclzj &3 COC MdMmisj Bz §BHHJ toy ¢
Bhtsesltedlsj edOdz desdiz dBBdese s dzd ydesmisdes oz f tets g &

1 sMisOdztso €O -OOBOWPIs By deso Odedzs e § | fftts j Sl
ltosjSIsdelzj d3®w o i MO Isztcdzs Mdzs Y desd ) d B1F J
ftsfis sdSsmdidz dets Mo o dz0dedzu s M d F{SHERiHLAPEJ o3
]l sdzOG6 O] d3, Yls s { tptsdy) ifisdaf@ Lz j I$ 0 0 thiststs g3k gzt o
ztcOo dzj dzd J of3

X[ =T (R X (o)t [tort],

GHX - |[X|-Bjtedsr 2 o jCltste WOLteor n 5 tF-dsjdzdz ~
Lotdzs ydisdeds 2 5§ jtcOltste ( dzOfPedRisdsictedeH Y W ¥ j &
MotsBtsHdz » (9 Ote’! d tc Xjtgh- &P y @ R'tcdtsyjj Isfiptsfyls sW dzd j
t,lo-L OH Odzdz" | BsdjrdzBl 2.o0-tzidzj edh Oc O f teddgw Isdw
dednd) . viCkhjj ddetsyj Mot R edusd@l @] rdsnzo y
ftesmisslsT L OfdMmMd HOdp] sEifsk GAOA dzd@EGC B dal *

X ) ] =
X; X X, X XISI lx
Ty ————7"] B A .
|
|
: [ ] [ J { Slgl | S
| ]
i H ““““ { f A 1l
Py
F(X.R) F,(X.P,) Fiy(X. Bg)
P, JIIP, * * | mry
Bl ArF P| A F r| dr,.F
] [ARA 2| [52:5 S| [Ty A
- I >
o i _ S
Py |F.F
F,(X.P)
TP,

t dfisl . sMsOdse Cj L OH Oyl cHzdy dfse 51 25| da
WOL®Be A fj dsdgj dzdzs PlE®] dz

2P



CWWiCldodetsfls: Wikde€ ydts &bt tca @ gegasij tsdgh B d f
o Clistedzr 2 Ctedis] o QX Phtf safHRBOdzo deflgthizlf Md dz@ dz
fsHmd §33 jod3 C SXsteB tlcOL 28 Is, ostsBh j Clo tstew
94 CIsfXiso IsOX=(sX,..., X‘ﬂ). stedlsjted?2 tEKPRHRBOMD d

fisted gd s, wd¥ ©BftdH]didgsiisd, ¢dpdedas
CdhstekCsst) , o0k! dqekw ksdPits c¢Motsde Mme
F(X",R")- min;ii [1:3] . (1)
PlrlDir

ANzdC ydw 6] dzj tOdz detdelty Mistindsfiplsitslz ¢ b stk to ¢
slsdesmdlsj d dz" &3 o jMsds Mmes2Mmlse MlsOs ddz' dats
zO2 H J dzdz’ = G dzOo dz' B {[ Cfs deflff iz ls G Ie3ts toPleef § dad v
(i esgdMise  ( ddetsy § Mlse O 1[Otgy] lints)te.j d3dlistind
dB3d dzd B L s Ols dzj W o dets L OH Odzdz 2 ¢ dzts B
WideC ydsded tetso OdzdPy(X'oP)j 2 SR s ) & S§ toj Hj dv j |
LWWjClsdoe desfisif 9 fetgd dpdis(27 d dR EMmss2yde s

Fo(X".P")- min .

VHImM=(RL P, Ry -8 jHddzj dzde’ 2 9 jClstste o Oter
D'= 8D - fisslso jlsMisoalze h jj ddasy jMmlsots ) psyizf

il [1/9]

HsBdo OJ smw 2S¢ OL Odzdzts G 5 BOdzOdzM O flklsj d3

C tsd3tf sdzj dzls T 9jChistetsa 9({)@Jac{q°tq-|lﬂ§¢ogwﬁér,u’®aekocjd3cj
dzj c Qo j dzMiso O  sdzd d@zOe Ismw f € s B 5dzj dzls dzts .

[ jlstsHT sls' MC Oded ™ - W% fils Gafd dz &t gjh
] B0Is§ BOIsdud M¢ sd&3 § dz¢f dzjf} oo LY Qecfsyysi HiifRi M Iteojdhid ded
%O hr@edlsdy jh jdd2 fjHMsOodvjlk M s;

G =({f ¥ §ADLAR LR, T [L:)9]), (2)

GHflt-i2dctetDt: jots HifkzMmisd BEX BBt E6G;
or dahtgjr2 1 lséts dqetsSO oP dOEse @AsL fzd Sz O3

tojLbEdz sOIsj or BtO 9 Mmj di3d {PY¥ tzOC- Q)dsdz O A
ftoddwisdw tejh jdad?2.

] Isjtedzd dzO0n dct®f d ¢ 23T Gpsoteddisj] i ( dzts$ Odz
sflsd @30 dz! dzts? , J mdzd H dzw dzé B 5G 5 gL yom
f il [LFlt{ ssets detesCO MO jHdJots fMstisdsh

™™



fi,j(xr-lyﬁir)q: fi,j(xr-laF?r); JI' [1“:|‘], Hr ) ﬁir,

st JMmis! dzs BOW MlsBOIs jfcefv, s HEfldstzdty dz@v) disflsy j dz
B' BSHdEEE dL ZCOLOddz » yOflsder 7 Ctdlsjted
fl tIsdds Bsy dzets esotstedls: 5 (EdksBOd dts?2) 1 G
flstc OIsP.¢ 2

14 YbttROod dt, HEEPEW ofgiytd e 0o dzs o j fi) dz
jMmdzd dzd BHoSBEiday deEeBhEm lsC dsdayB: v &
sO¢ yYlsts COY3HEBRBEZ dqL EBEyoOmbsddStse yJdzj mMistse
14 hk MbteOlsjeds . A tstsd3CPiz{Bis i dzOm Bsotodztsiplsj tdr) Il
Vihk, jhmdd HdY COuisEsHagY GEEEEEE L
Ctedlsitedio si{ddeodesizsklsdsi Mists dzj Oo j dzMmise
LOYdfd tsfkhjd o jSChsX)WOLtsor o jtej dgj dadz’ -

fii (R P R B> i (B P R Ry) + DRy, T [L:]9],
I [:RD,

CH{PR} -5 tjHj dIjjd@BY sC kY dshis! ¢sdhsodls, ¢
d My sdz L tsfolOfs 'Hfigew FftcOo dzj dzdd tslsdetsfdlsj dz' d
MlsOB ddz! detsisd d 1 WW JjSIsdoeodaetsisd dzO2 H J dzdz’ =

1 OHOYO lsr MCOdzdw 1+ WWiClsdodzr 2 (1 0Otjls
(Efmsts2ude™ n 5 14 hlz) tjhjdd?2 Jdjbsls Mmdzjr

T o MsC OV ©OL di3j tedetsMis! o j CBGPsBOKI @ ol

I Mdztsy dzOv MtclkzClskztc® Bdztsy j Dis o ®B & g tziz &) dz g
Bsdz hdd&d ydmdzsds (fsewHSCO 100) d dzj dzd dzj 2
Wstedgdelzs hdan st Bdetsy j Mise t5;

T o sC OW tcOL d3j todzts fls - C teW s gede iz
FX,P)={F(X,R} (fsteWHC O 100) ;

T 9" MsCOw or ydmdzdlsj dz' dzOw fdztsy detsfls! Iz &
Yyomse ftesyj Mistcdzsets otcj d3j dad dzO@ Mmtso toj d3j C

1 OC dzs yJ dgaigjso dzOv dzOz ydzOW ff tetsB dzj &30, tej h
Hdzv ML +Odiwv, 3ffsmissdls o ©OLOBEBISS] d d
d3j IstsH B9 Cctozf f cotsE s ftoddaw Isdw Bdets e ¢ tod Is
Of ftesC Md BOYd2 dBdetsy j Mlsoa©® 1 Otejlsts dh Hzdztsy |
S tetsd3d Ists¢ 5, dzj 5B~ 8H d iBO cOL OB SISE O iy le
fsSHHjteYCd Ctozf f so 5@ s i tc d-Gey Is tf 30 Istd ju "] jrcdzd
sy SIsdtetso Odedd Mzsy de" « Isjmrdzduyud MSdes Mmdml
f 56 6 Od3d3dats 2 fpd Mmisj &3, Cpdasmsa Odzd f tod
Odzestedlsdzd yj MSdrmr d ftosetceOdRdIder = toj h j dad 2 .

TN



w sBJ MY J ud dedw HJOdZzGe O -wdl o OHs dizsdl
j ydoe Ols f Otc Odzdzj dz! dzts § ddzls j ctcdictseo Oc
rn kttOQodzjdzd?2 (9 Istsd3 ydmdzj, yJ Mmise
j hMstcts o, o' ydmdzdlsj dz dz' = C dzOMils j ots o
tets?2 Mise . g4 RO fd HBMRAdZO B J M J yudo Ol
stetsj dzd§ Of ftetsS Md &3OYd2 OB ls of o of( BWARE]t
Yy ¢ tQodetseo jMmdw s 11hlz [2].

&Q—

[ dlsj ©OlkO

1. ] Odzddz ¢ . 1., l stetsdzts o [ . [ ., Hj ot
BzsesCtedlsj ted Odz! dzis? sflsddzdL Oydd dJ teOten C
smdztso § CBtcH d dzd tc tsloWOVdgds' Is-d ofigls G B dCdis dgfftste 5 d3d ) f
[Juvuv dd3. C. 1 0Ed30dz0O.-2048j-fc.6.-¢ MigF. Milso j dzc

2. ¢ .1 . §Gtgl]’4dz£ts ¢ dzOdzdL d MmMddelsjL s zd
sflsddidL G dletsidf@n:.2 RLHOIsj dz' Mlsets [ Juvuvi4dazse M. C

c[r6503.57

UNI SI' M DEBLGNwyrr f11¢é8r37 Nz Ad) o[ 3
Vit fArewy 1090t uvrz ffref?2rcev

DdwyYRBR®2rkmMkzyB ji. s d
1.rokCjjo Ols' dzH OD" ¢ kO’ 1 dzgjtccjlsds O
k

*a. ki vakbasy.@ahuwress kKegbekov @aues. Z

OVYHOITEY:OdzOH O d&" dZ2O2HT W 1nh W OoLOod B E dzkz
Ndls'" dzH' ez dBpoMjdzj M' POBOMEOkzdzPH. M) Qs dat
Ols Of Hlau'zdz'yfdzj e gL cdzgH j G ° BOMY OtczHT W Otslsr Y
Uni Sim ®els®@figindzdi © Y OMOdztz@jz Wsyj dg' X dzflzg * (fr
HdWei?2' JOwOd] stedzy o' dz2' W H J dzO B3dfSuoAnz y IslOody
BOMYy Ok Ispfm' dz' dz' w sy Mis' w Stedz” YIs' dzf
OLO2IsZDO ybpdagy Edz d3 MO OMr dz Is"wOYIsOdzH " 6k

¢ dzdzts s Oy dMsOIst | tOmMmdislstej dz0O f tetsB dzj BBO
ZftcOodzj dzgdvw Htesyj Mmsdyz Istey nW OL desegts tOL HJ
tcJ Gzdzd tetso OdzdPVl Bdl) ¢ MdstsacjOded yJ dedw o EZMmdztse
MemMls©a © Mmr tgs w d dzj dzd dzj 2 dats 2 H J ddOdB € @ls '
BsH j dzdtetseo Odddmi Si nmintadeHsji g h dzd dMmMmdzj Hise Odz
~nOtcOCIsjtedmMisdSd HOodzj dzgdvw d Ektesoadzv Y dHGH
EftcOo dzj degdWw dzO GhMdetse § dzj ydbssts?2 dseds&d
fesyd MO, et stgols dff MisOBddzdL Oyds ¢ 0Oy

vty & MEL WG OddIniBSEidaiz, Desi gn, BRIMY,Otcizu
Y124 fm

—
Il


mailto:a.kiyakbay@aues.kz
mailto:s.zhussupbekov@aues.kz

DOL OYdp)ldgEi®d L. E dzj S DM’ B dzHj 3" dzgO2HT B OMIsC
inh WOLOdzZ BEMGZE. J1"d sy MM d&" ZO2HT, 6O
Isjrdesdzce Vv dzr v MO dzOD O MOY Odz hd¢' L Ols
HU"ter i " 27 dBHOMIs™ tof dzAzCzOIsIsPor F WAzAWWHLO dz& ¢ ez ,
cnhjs " dzgj Ypdgj YOBHT YISOtH'™ W "Milsjdz hr ok' dzO

[ DMislltcdz” PE @Y Istls'jfgls p Isj .o Y tsdzH Odg” dzOHT . 1
ELGJjte" i)' , Y rmMrdd dB@Bjdz Isj B jtcOszic® Ok syl
ISEdRd dzgH 4 2 H' . HBdzH' YIsOdz MswDr " dzH Ot B J 2 M
fuzzydzj ®'gu ‘cdzH J GtzH  dzb PirrPEEZB®D M dzH Jt6© € j W'

AOL OdzOteH ' BEM&Ez f(tttsyj Mm' dzHJ dzj 6" LG B O
Yrfmrdz, IjBfjtcOlskztc® ypdai Mm"2r yYIlsry HJwWweEy2'

D" fr OL H'™ W BEd dz' dz Y ORBISOBOMr L dIsjH"
stcdz” YIsT dz OF dgO bpfjte jlIlsjH" .

Uy BYf jtcOkzte® d@3" &2O2 d&3jdz MEH"™ w Isv"ilsyr tedz" |
WOLOdZzZOtcHT W Oy teOkr yYdr dzH O2 H " .

g" 2" ylry HJjwWwej2' Edz &3 MOYJ OMmr dz Is' € dzj 2
Btsdzh®, 6¢OLBjdz B' 6] B"RO2HTY Cjilsk’ dai &3i M

Pl D8 Ofy Otelz YOO 02" &5 B tsSdzD Odz' d3j dz, B j
Bj2dzj dzj 3j 2@ zyB Oy Oclzitsdze P& jtgtcj y J dzj to° Oty '
ELGjte" " daj BJ2 dgHj dz' f, tstedg" YIsr dzr YIsr Yy Odils

1 d telslsj &z BHX@AY effySdmez@ O dzd YWU' d&'i wn BDAROSHI GytadzO d30 o
Cighjdg yosdzHOdz dzhr . 1 "dz stlsO ftesyjmls' w HJ
BOMY Otz IspfMm' dzH j 6’ dz MOdzr Misr tzD O i3Il &3S " dzH ' €

[BHjd H] MjfOoQPtgEMT Wy B &zO®fIs' tcr dz f, B O
jdege " L dznt (P dC " IL8AS%, Y LB BB d2OR Mr o3 3] dz
HOIsydClilsjtc' PePoz@mzdzy OigyyOtelz OdzetstedIsdiH J to°

Pl BOMyOtlz CjL "  dHj Y™ M d3 BOWE tstefdal 02 W ,

| o ®iOdNY OtczH O YT Mr &3 sjL steder o f, Okr kykr d

1 "dz 027 toedz@izrtedetisys j 1 B § Gz y Getclz [ Wz B OF
s myfjudg,zyydmgrgoec CEeEGC ISl J BL &g J d2OY
IsjteB j dz' f B Oficu 4 z yoytadihy 'y TTO Y ls ' htodzH

58

o o o
[S] = >

Kbiceim, Gap
w

481

46

44 . . . I I I . . .
0 2 4 6 8 10 12 14 16 18 20
YaKkbIT, ¢

diztcj4P 1D Bju zEZOMY Otclz € j L " dzH j ¢ "MATLINBI HJ
dolsdxd ')

TO



Otkz 4L " dgHyg Mmn2rylsry HJWGEJ-@J "L
rlsykdzOQe zgsy®Otchiw® HJjWe]2 IsjL
.10 & BESAZH' .

Y "BMiztcfls IR C Pt fipjdsirdoerj dall dz€ j dz O d3f «
daecfg z yYy dMgrgd'c DdzH J YO2HO YT d&zZHOXBR Is" tcOY Is

PID xaHe Fuzzy 6ackapy kesingeri geHren guHaMMKachl

PID 6ackapy

1.25 1 = = :Fuzzy Gackapy | ]|

CyMbIKTbLIK OEHreni, M

0 5 10 15 20 25 30
YaKbIT, C

szt P10 BUZEZEGMY Ot CJL dHJG" Mmm27 yYIsr Yy
( MATL&EBISdY 4 " )

1 OMY Ot [ tedzr Ok D" " d3 [ dWwej?2 [Cdzj teedW
Oy Isr ,[OkT Is@lzr|ls" QY fyrihr 0or dzr ,

PID 12 8 0.25 100

Fuzzy logic 7 3 0.10 88

sjMmbsyjPlPpo dejuz zyB ORgy®elz pDH' Misjtc' dz' W dzj
MOdzr Misr ter dz0 O dz. ¢ dz' dzD Odzf dzp by »BJOdny t©dcjz  fisID:
BOttdz ¥ §OLO®R stedzj tc Ps BRO iz @z H O dpls itz d3H
BO2Y OdzOH " .

dbIsOf O2fsy OIHOOIQY ez Odlz O3 Isr 7 Mmj ¢k
B"BzI POMY OtczDO Y OwOODOdzH O N Od30d3jfda z4z0y% |vo g
O dz@ ts tf Il dg@idz Ols 3 Iz 7 -dz20 N3 962 * dz Is MR HIENM YIsAste 2 1 O
CEteMmjIsC OO N§Uuls" . Iz fwesyjmls'w k"cOY
NOBH'™ YIsr W fMmjd cgH" " 3" M" dz Y OBSOBOM" L J Lk

g" 2" YIsry HjucefiRzzysRijgdOz PRI sigjc ™ h¢
Yy OcQDOdzH © OdzOD " tedz' d3 IsH" jte@Gy jls? H ' déb Islgfwitg © S fiE" taf

hje" dzhH] BhoEBfY O@EHAE jisiii ' dz 3 jIsls' . fdzz g dV
| o ®iOdNY Otelzh © @30 &3 §lzefd JOL ASWI 3] dzH § H
r Odzff r O df0uOzdzHYO ,BlOdNY iIOGdclz D H " M° ftesyyj Mis*

Olslsr 6" § yYOdzO yB2BO2, 1djtedy Isd' &H' &

T



IsS"tcOYIsOdzH " tczD O a3 B3¢ dzH ¢ € BJjtdH' . 1" dz
Y SdzH Odz" dzzr dz f jtemtf j SIsdo Odzr jIsjH'

Dister IS’ dzH '
rllitee" L' dzgjdz L J Wisis$ iz mdsDidedsgOfigyr ddghta® 11 h W OL
ftesyj M dz W HJdZ2OBI S Odz" Yf udztz iy jBdD ol Oyws'ztc zp HO |
HD MISRIcEOMY Otelz"™ dzOdz Otelsr yhr dzr YIsOter dz O2 V' &
1o dgf 'ur zdeg Ofgybtckz tstedeg" Oz EZOY " Ist dz yr My
s"tcOYIsOdzzr dz YORBISOBOMr L jIsls' . 1 "dz EdzH " t6°
(Dtslslsftsflj, Isjrdesdzsedwdz' v tojydd3H jteH" W fjd
[ &5 dg" " Hj dg Yrmrd3 did dz HJWGJD f OtcOd3] Is
b 1"dz YOBH"YYO Ibiifqjls' dz HddzOdsd

OdzOdzz di3j teL " d3' dz "L Otelsz0DO ryYy{fOdz jIsjH'
“dzh [ fHujzdz y B Ol OBl L dzj sedWw Isd’ d&3gH ' d&z' ¢
: Cdzj ecdw 11290 dzZOdZOW tc'1 0 E dzH ' t6' Q
Qodz" YIsO2 1Sz Odzr Yy § O2HO DECj dzj
sdz i3 &zf yOEPE OMMEOEBE DH' M Ed &5 MO
A iz

s

u:l',w
om

I 5 I G4
I

Q—.

I

oW
O -

d

O fi

sOBBOMr L jIs" f, 3" dz0 2 , G OL D dzj roy
2HT 1"z EL-cAY L NO'dziain dz'dy dzOF sdztse d W
BOMr L Jjbkej HJ BY TY{fOd d Isde' L jH'
ISJIZ dZDIsc{>|szJtG‘ Edzj BCOz gyt BIOEY iOgctzd;
tc' dz jdzge' LEzH' W Isd' d3H' dz' ¢ dz H D dzj dzH
zOer ® fljozgiecOMYy O HO ddzls]j dzdzj € Isz O dzH
dzH " Y Y J dz' dzj .o, &jMIS 'dIeQ dasls ™ tc re O fifif 'Oded

B sdzdzOY .

m —~X X —~< X =<

r§0= 000

g A FQEHTE I PG
NI~ 7QE

FEOQGH O

R

1 O2HOZOdz" &zDOdz pHjBdjIlsjte s L " d3 :

1.r zd3Odzts o o . , cf "dzO2HT Il h W OL Odz B E
Olsls cze, mdiqwdz v yktedOdz, 2020.

2. RBIOjo0O® [ .DH., chpdzjtcS DM fIs' € Jwsyd Mls
2019.

3.Honeywel | Uni Sim Design Suite Docum

4 . Rahman M. , “"Dynami-gchasaenusapaoat iodn |
Uni Sim Design," Journal of Petrol eum Sc

5.Gupta A., Fuzzy Logic AppBpcangens |

6.Li X., Advanced ContnbBlseVi Sepa2@a?lil

7.PetrovadzNegdwe Isd’" d3H' dz' ¢ dz Ofglslsr tclzH C
Xn2jdazjtwe' e, [omEjik, 2018.

8.ANjHBSISBY O r. [ ., COolssBOISISOdzH " toF dzD O
MmMOdzr Yy OteOdz" v OF dz"@ i3d Y kztedzOdz, 2019.
9. Ak hmetov K. B., OiillAlamad yGa s OPr8aces s i

TP



to1t o1 Juvsd R Csuwl(tRI[1UO] P13 RuH[(]
gRev [ [ 3 [J1RUJtRLLO P Lryrfvam 1 7
[ 2COh jro. ;1 utsYlsOternOdz w. ., MmOdz u. |

O ZBOIsddzM S d2 kdzde jtemdlsjls + dzjteesjlsdsd d

S OL Or MisOdz
*e-mail: dumukashe@aueskz

1 JleojHjddj
RLBjtjdj Etesodzw fBHLj®BIZ A ofH Wodw
CdHtesdzse d d, 1 Ctsdzsedyj MEsets dsdzd Iststed dzc O

btcOHdyddadets Hdzw 1 Ists?2 yjdzd ftodadzj dgwe lsmw
stesftsor § dLBjtedlsj dzd, ccdHIISMEBOBEBPHEEF JJ ot
EsECEjter btesodw otH' [1]. 1 JjMmdslstey d&zO hd
sBzZOHO8Is GWHEBSH tcteOddy dd?2. vO0s, bttt
ftcdmizlsmMlsadw fjttOltstc® d LOsadMmwlils s { tsc
Zsec e jtorj ygmw P Hsdzetsotcj d3j dedz” 2 MmBtstc H Odad;
MssddtsMmis! d IstejBlktls tojcekzdvicdses B MdzEzyc

JJHtesMisOIsdyj MSdjy HOYydSd wodzws Isfqpw fsH
Bsdzd Iststed dzg O. [ dzgd tshdzse Odz" 2O dL d3j toj dac
sBifMfjydoeaOsls ofr MsC ks Istsydesfls: Htod BEsdz! b
EFmMlstets2Mlsoa O S OOCIsjtedL ¥ Istip? fif tdsAso dicplD jOdz! Ut
Hdzw ftetsd3” hdzj dedg" = dBsH jdzj?2) d dzgj sBrm SHJ A
st jdedats © bkfMmdzseodwWwr L OGtwW L day deder = d dzd tsE

J fsfmdzj HdzdJ GBHT o dzd BOdzd 4 dMmMMmdzj Hs9 O
zOL j todz" | HOydSd Ektotse dav. [ded B J MY j Yc
(fsetejh detsfyls ¢ qLdBgjtejdd?2 Hts N1 d&d) , B ' fi
slsdatsdlsj dz/ dets dzdlOE32® WWEBY isfists @ j &zOj s (-

HdzZw dMfsdz Ltso Odedw © QOolstsdBOIdL Jtetse Odzdz =
ftodd3j dgj dedj dzOL jtodzr = HOLydStse o EfMmdztse dwr
sBMOHds?2 ItezBr d s OHOdjdB dzyO dz0 flsj

l OBl HojHdsy] 2O dso OV d&jlstsHdE O dat
¢ dzdzOIsr . 1 smMStsdzr S22 MEh jMmlsoks hdj djlssHT
sduyd M< dJ HOIyd¢<d, dzZsc G j tor ) sB dzOH OB Is  (
s6teOdzd YyJ dzdzOW Istsydztsfls d btkzHtsy B3¢ sMis! |,
HOIsyd S M -tflstf @zpOIS jsdizj 03, HOdzdz" | Ctslststctsets B

[BIl jSIssdz dMmMmdzj Hiso OdegdWw Wwodzw jlsfpw MCo O
[jHiEZMS BB ©O2 sdzj G . b dzdkOIs " . J dzOfmls s W
Isj B j cOIskzter otsHT orf ftsdzdgv 8 Isfpw otz ydzlze M
Yylsts IstejBlzjls LdzOydlsj dzz dzr » Ipfipfedzd?2 d v OHE T
sBi jClO.

T2


mailto:du.mukashev@aues.kz

1 OHOYO Dizotzd ) ©dIs! COyj mMseoats | tsdzkz yj dedz"
sMmtsB j dzdesMisd d Byjdzdls! ftedetsHdsmis! d&jlstst

[ dzv ©BttOBBISCd HOdMd -~ {§ tadisdg)lsodifips d g Cn Sad 24
(Mted Hdzd § , H d 1) J, tefp efiz] ,dzdz'ls je jsdetey dzv y d tsdzdz” 2
McOo dzd Isj dz' dz" D tc®M@GOdzqfL h &z 3"

tdLizdz sOIsT f ¢ 0L Odzd , Yylsts ftoj HdzsY j dad
or MsCkzs Ists ydetsfls ' |, 1 Ctsdets dzd ydets s d oflL
t OL OB BIsOdzdzOW MdMmlsj B3O §JjtemMf j CIsdoe dzO H dzw
fHL jd@gde" » oatH © kmdzscedwrs ¢ dzdzOlsr .

2 [JdbBH" dJLdjtej dzdVv ERZtctsodgW 9 BHT

[ dzv EMmltcOdzj dedw dMC Oy jded?2, otsL dedC O h d.
9 SH' zOL jtodz” dsL @ O MO © G esdzjddzd v Milsj detsC 5B
COLOBBlSOdZ0 detso OV BjlssHdCO dL dsjtej dzd 2
dMmy sdz' L s Odedd yYdadzddzH ted Ud M 565 L dgited |dfip
s5f 0o 5¢ -HEZOMBELT®, lstcOy0h d2 &OL | teds -
dhdddjy BifMfjudeojls MsoOBdddL Oyds  dOL
JtGJd3Jthzq’J f s &zOe € O, 9" L & Odzdzts j dL a3 d
LoBjtoW j dBs] tOMMisswdadj it kZtetsodgw oftH' (&
I ©O®RCOR HOdadzts?2 RjlsHdSd ftoj Hdzsy j dzO 6

~

O =t &

Dadi 000 @ P
G HOjaWw OCIsdyd ME OW  tc O isits "OdadDidzdzsty  atctOHTy n Is s ; dzd
DOHBZddZO IstckzB" ) Coltots? fsdsd M § dz0Q dzOL
WOCIsdui Méd?2 Ommlsswdzdy HEts § s &z0e €O, 3.
Il slddydi Gl MisOdH Otclsdz" 7 fsHABHBY {1t

fsLotdv jls Ekydlsr 80! CodhsttkzClsdody j
fJteJosHdIs! twwOmMmMisswdzdy, dL d3J tej dzdetsy HEB -
sOCdd BBELOL 8d, 6] H &t dedaBO o 1O g & dydsts fisl9
fjtejmMyuy kO &OLjteder @ dLEBjtejdd?2 o Ekhdss
Co Oy d dz

CxBaskuHa

['pyHT \

JlazepHBIil JaTank

paccTosiHMs T
RS-485
IlommaBok a1

OTpakeHHE |
Ja3epHOTO Tyda

/

Y
— o —>

(—Lli—)
|<

Bona - - =
~

tdm-Adi.dud Medj foddydyfr wikzdlydsddss Odz
mdmisd &'

TT



royd k ormMmsCsltsydzr = cdHiesMisOIsdyd MEdn
setOdzd yj dedd 5 Iksydzsmisd (o dzOh j d3 Mmdzlz y
(ted Mz dzts € 2) . [ dzw mMsec zOMtso Odzd v toj L zdz' I
HOBYdS O M L OHOdzdz d3 tOmMinisd® dzd J) f3ts deisL tzac@dz
LOodMmd dismis*
000 Oi & - 0 C

G HYOKN OCIsduyj ME s tcOMmMmisicwAiadQjdzdatstsy) otdHfj fry s t=Y; o
B -¥WOCIdyuj ME ) L dAUPaQdasiH L dzOdgj dzdj ¢ d |
HOIyd ¢ O, .

[ OdzdzOV Wistedzgz d&zO dzj WwWodzw jIsmw kdzdoe J tMOd
ftej HMSOodzw jIs MtsBts?2 fids zOHdzz¥ COdzdB GBS
1L CMmf jteddzd dzls© Hdzw Ctstetej SIsdtetso € d H Odzdz = .

CxBaskHHA

I'pyut \

7
T'ugpocraruyeckuii /
JaTYUK YPOBHSI BOJIBI

4-20MA ~

_ A
Bona ] i{_:::l T
>:::E:_:l |
tdm-AdRedudmMcdy foddydyfr Widlydtsddtetss G
dL BJtedlsj dz' des?2 MmdMmlisj o3
3 OLwOBSISCO d dMmMmdzj Hise Odad W
{ OL OB 5l OdzdzO" MdMlsj KO dEsddlststeddzd O bkt

dzj MCsdzr Cdr oL OddisMow L Odadzr = Wk dz¢ yd tsdzOdz' ¢
[ dzv MtecOQo dzj dedvV dKBjIstsHdSE BTF dzd dMmif sdz! L ts9 C
EndresHauseWat er pi |l ot FMX167 [55p0 3dOY ©(d 5 glzH
fsctejh desfls: dL dgjtej dedw NO, 2 %.
s OC Y J dzOL jtodz" 2 -dltetso ez BFtOL Hd2 A L digztc g
]l setej hdesfls: dL dgjtej dedw N1 osa3.




Axxymyasrop LiFePo

T ))) um y31a Conpeyquas napess
) Mugkpokontpomiep
GSM o L
: . ) Arduino Nano
JlasepHeIii naramK — MOTYITh
paccroamni [ ——— SIM8001
RS-485
[y '
[Tonmasok Ui K DI DO )
OTpaHeHHe ry | [ndpposoii nardmk
~ T SR T
Ta3epHoro 1yta / TeMIepaTyphl
Jlaraug remieparypol I~ ___é Ly lpf""’l“'”'_if”f-'” _J Kontponiep 3apiia —
BOIbE e I TI— — 7 RS-485 8 TTL |4
y ‘_\ — b — — —| ——
RS-485 _ _E‘D Ll ] AHATI0TO- = :
. . =l i e uctoot
Twpocramyeckuii [— — —|— — +|— — —| L4 '“_”I}pm“'” H -
v sposmnsog— — — = — {}|— = —| [ecChusnaien o
420MA ==~ —|T - —

it dMieBczCsztcdzOVY Mnr j BO tOL tcOB OIs™ 9 O,

3

dgdzls j cteOydd cdHtetsMisOIsdyj MEses HC
o2 fjsBLOLEBI O (ADC ADS1115),
Qdxr 43¢0 o yYdWteseobks Wotedsze Hdzv f tsfdzj HE
T d3d f 5 tF4c8sSs SStdsdor] RS Isldngwdzff ted) dls jietd@lL jtso figX
L, ubt sBifMfjydesOjls Mtse di3j Misd &stsmlis’ *h
dzlstsodzJ dzr a3 + dzj d3g dzlslsd3 mMdMmlsj d3gr weo dzv j Is
sstesdidz f sMlskf O s HOdzdzr | BIs oafMjnr HOL
ftesMO dLdjtedlsjdz d' = Efistets? Mise
tco dydes?2 Wddzr steOyd,d d BBteOBBISCd HOM
jtcj HOYd tojLEzdz sOlstse dz@ odzj M dzadj LkMmiste
v B M juyjddw EZHOdz dzdetseéts dtsdzd Iststcd ¢
GSM@3tH Zzdz2 SIfM&QEHIOYO HOdzdzr = YJd oL dBse ddz
gdMmlsj BO wWodzw jlsfmw Oolstsdztf RAZEBC Gz i 2O 5 51
Cslstste” 2 L OtewW OjIsmw s Mtsdzdzj ydets?2  Odzj dzd
LOteWHO. uvOCts?2 fYtsHatsH tBJMfJydoeoOJls HdzdIs]
Edzsedwas BjL dzgjtsBatsHdBsMIsd odzj hdzj ¢t 1 dzj

[ dzw st OdzdL Oydd ZHOdy dzdzts G 5 Bs dzd Is ts t6 ©
dL B tejdd?2 o MdMmisj iy § PN Feid® Tb oz
tcOL tcOB BIsOdzdzOW CtsBf Odzdj 2 Mat hWor ks d ddz
[ OdzdzOW f dzOlsW sted3®  toj HdzOL dzOyj deO0O dzdztzV 19 s
HOlsydStseo d BdCtotsC sdzstetsdzdzj tetso gdr tBtC
cj Odz! dzgsets o tej d3j dad .

tdLkzd O 1 ¢ jtod d3j delstse

lsdzjor j 1 CMfjteddsd delst BT dzd ftetso jHJ dzr
G. ¢ dzdzOlIsr . [ dzv Mo dzdlsj dzr dz"n = + S MY J tod d3d ok
GdHtesMIsOIsdyj MSd2 d dzOL jtedz" 2 HOIyYyd<cd (tec

©o T I
oo
§&5 R

)
AT 3

ﬂ___-|’7>~\—|.8_CD,E§ﬂ
Q—. Q—.

TO



e

0) cq'ﬁéémlsosqq; B0) AL OOt Healgl' 2, dBts H bz d

t dMmil sctelzy jdzdj dBSHEAZj?2 o Mo Oy

jtcdtsH dzOB dz¥ H j dARDE.20R0. 05. 202 4
zd i Mlsots HOdgdz R: 573 dL d3jteg dad v ;

30,35

30,3

I
30,25

30,2

30,15

30,1

30,05

d
s
OOl ster : ko jdz' oBH' (&OL jtedz 2, 6 (
dz

OQdzOdzdL O H Odzdz" R d 16,71t dz’ eLtdsjodg) ddzdzts 203

sCstetej v yd2 (ACF/ PACF) .

tc] OdzdL Oydd or ydmdzj dzd?2 d odL z20dzd L

|
s
]
[
MscEcOBBO OB fsd Isd o shdB ¢, ©jcts
s
r
b

&Zz¢ydd autocorr, parcorr, fitlm, hist
toj d3j dedzts?2 twWH 5COLOdz Yt tsBO HOIsYJS
jdzgj dzdvw ERZtetsodaw ofts otej d3jded. | dHEO9 dzd .
GdzOY jdzdzr | HBSCOLOdzdw, ISGHO C0OC dzOL §
dOsj dz! dztsmls |, Yls s Odgdz'cdizp Mz gz0 g ¥ dzdfv dy&[© frjfif
dztsdzj dedv d HdMYf jtemdd (tedhmizdtsE 5) .

YpoBeHb BOAb!

WHH HN\HM\I\\N‘ |

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
edgednonundonumeoaNTaoadgTeddTedNdnandnndaonoaddoaddedNTe
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
TOSgSd I g dEd Y ad STy agT AT AdATES T AT AT AT ANNNn NN
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
30.05.2024 31.05.2024 01.06.2024 02.06.2024

—VYposeHb A, [laT.  ——YposeHs /las. fat. CreneHHan (YpoBeHb Nas. flat.)

tdmil 6] d3gj dzdats? W H

YM



] dMlstsctcOBRBBO OBMdzt sdz2" = hdBtsE fs5COL T |
tcOL dzd yd J BjyHEZ TC0L Oded VW di3d HOIlkYydGS tso (
OB Mtsdzs IsdzO" hdBCO MsMisOodzw jIs CdzZs 0. 0
Ptetso dzgy Me dzOMtse OdzdzsMisd fdls d tcO® dzdgyd M ¢ S8 dziir
GdHtesMIsOIsdyj MSEtsets d dzOL jtodese s HOIyYyde< tse

tdetojmMmddedzr 2 OdzgOdzdL (sl ope & 0. 99,
ZzoOoL Jtodzste s d G dHtetsMIsOIsdyj MSEtses HOBYdS tse
LiIssdy S4 WWduydidzs HjljtedsddzOydd R = 0
L dz2Oydlsj dzt detséts tOLBtotsMO 29 dzidls § H G dv'L d@rdéis
or MsC 2 ykoeomlsadlsj dzv desfmls © zOL § edetsG 5 O3,
odzaj hdzgd s atsLHj2fMlsadwds (tedmizdesS 68B) .

File Edit View Insert Tools Desktop Window Help ™| File Edit View Insert Tools Desktop Window Help
_‘JJA.;;@,DD[% D de & 08 & [E
cT

Mictorpamma aGconwTHLIX owWKMBokK Perpeccusn (slope=0.990, R2=0.083)
140 30.36 |

|l"

30.34 |
120

30321
100 -
z 303¢
© 80r —
o

8 —
T B0F % 30.26

0

b1
= 3024 -
40 r i i
3022 |
20
30.2 1
% ‘ L ‘ ! L o m L

30.18 ! ' !
0 0.01 002 003 004 005 006 007 008 30.26 30.26 30.27 30.28 30.29 30.3 30.31

|Laser - Hydro|, m MMapocTaTUHecKUiA QaTynK
)

O) cdMmMstsctcOBBO OBMtsdzt Isdg"r = tsh dBSC
tdBi | tcOWNdSd OBMmtsdzt sdg" = tsh dBSC

£ 4
o 30.28 1
=

&2 d cdHeshmlsOkdyjmMSd?2 Lkiso dzd
Jdztdgj j ¢ dBIdEdB B Miste" &3 dL BJ &

Obltcd® MsOBdd O (SdjBOddY o ft
dCd Ools MCERAEH tizts § O 0 © (ote@ffiidz det¥Sy ) 7 @ls
biesoded ddsjsls Moz dzzs OolssS sietej dzv Wy  dal
Ftese jdz#@ otH'™ d3j dgW jIsfqw  dzOo dats o ts o tej d3j dac

Y N



File Edit View Insert Tools Desktop Window Help ™ File Edit View Insert Tools Desktop Window Help

Dede @ 0B K[E N de @ 0B K [E

PACF (Partial Autocorrelation Function) pasHocten ACF (Autocorrelation Function) |#. AEMQQ &
T T T T

1% . 1e

0.8 ! 08|

0.6 [ 0.6

lation

I
=

04

o
n
Sample Autocorrel

02

Sample Partial Autacorrelation

Ti11 ..
TTIT I+t °

(=1

o
()

L L 02 L L
0 5 10 15 20 0 5 10 15 20

Q)
©) vydmlsrj Sttetejdvydd ] ZzOcO®Bd; B) ¢ tcO)
tdini OV dSd OColksSBBtetcy dzv yd?2

tdLizd O tMdatso dzr 7 dzOB dz¥ H j dad 2 :

[OLjtedzr 2 HOLYydS vykofmlodlsjd! dzts ¥ d¢Cidtst
ydmdzy CtcOlsCtsotej d3j dzdz § o0 h jdzdWw) .

IdHtesMsOdyjMSd2 HOLYdS fSCOL' 90d BB
s § &zOo dzts.

I'sL By dzgs, cdHtesMsOdyimMSd2 HOBYdS ¢
fteddzydf © OB, O &OL jtedr 2 t©jOcdtkjls
[OL jtedzr 2 BjlstsH fSCOLT 90jls or MsSky yko
dL d&3d daj ded W d3.

1 OC dz¥ yd ded J

lteso JHY dgdets] dMMmdzj Hsoa Odzd] 8¢ 0OL Odzts, Yyl
ZzOL j tcdzs G HOIs yd “Ols tc @y Ol jsdfjdald o € fiptilss M ts B dzO
Qo lstsBOIsdL dtctso Odzdz 2 d3ts dzd Is ts tc d dzG Iz tc ts 0 dav
ykzemlseadlsj dz detsmils: ¥ d My sfils Qo d tgisA dzi i s dsH
ltoj d3j dedz" J oW H' gL d3j toj dzd?2 ftotsH j dissdzaMmlstcd t
Bj ssHtsea, fted {1 Issdg dzOL jtedze" 2 HOLydsS Wd¢<m
dL d3j dzj ded v , Yylsts HjdzOjls jets fjtemf j Cilsdoe dz
dstcOQo dzd Isj dz dzr 2 O dz@dzdhi€ Owvd  tsfip ldc@DiB dSflpls O f SH
tcOMrtsyHjdadWY BJYIHE KBjISHOB dzORtsHWISMwW o
B) ., O tjet] Mihd sdedzOwW BsH j dz f sSHIse j toH d dz(
QolstsCstete] d&zZv ydd d yomsdydes?2 ©OolstC stetej dzv
LOadmMgBizs zticsodzv o HT |, Yylsts ModHjlIsj dz Mlse iz
BjlssHdSd HIzYW HBdEsMiesydzse s dBsdzd lststed dzg O.
B' Is ddzls j ctcedtctso Odz ) mMdmilsj d3r d dzls | dzdz
1 toj Hdztsy J dzdzr 2 d3ts H Iz dz! slsdzd yo,j lsm®ydagdL g s
SHdzts o toj d3j dzdzts sBjMfjudeaOjls dzOH Y 3 dz" 2
ftiesedesL qtotso Odzgdwv Mtsmisswdzgdw ftSHL jd3dzer = o St

=<
Il



s dMsC dzdls] cOIlskzter

1. Hall, D. L., & Kristensen, M. (2019). Groundwater Monitoring: Principles,
Techniques, and Applications. CRC Press.

2. Alley, W. M., & Alley, R. (2017). High and Dry: Meeting the Challenges of
the World's Growing Dependence on Groundwater. Yale University Press.

3. Endress+Hauser. (2021). Waterpilot FMX167 Technical Information.
Reinach: Endress+Hauser AG.

4. Rocha, J., Oliveira, S., & Viana, C. (eds.). (2024). Time Series Analysis
Recent Advances, New Perspectives and Applications. IntechOpen. URL:
https://www.intechopen.com/ books/ 100320C

5. Endress+Hauser. (2021). Waterpilot FMX167 Technical Information.
Reinach: Endress+Hauser AG.

6. Jorge Rocha, Sandra Oliveira, Cl g8ud
Recent Advances, New Perspectives and Applications // IntechOpen. 2024. URL:
https://www.intechopen.com/ books/ 10032C

7. Richard A. Berk. Statistical Learning from a Regression Perspective //
Springer Texts in Statistics. 2020. URL: https://link.springer.com/book/10.1067/978
3-030401894 (HOBO tBtOh jdzedw: 18.09.2025)

c J r004.932.4

RAPI SCAN 91t 3J/1384313) JrlrorfJrtw 1104w
gof 311201 Tovudtrz voruvid odt1rdf101r BT,
rc4wrrrfdren R1uv[[JJrsvuvdfr3g rnBrlw c

[ "teOls,ifoy.dz | . 1.
cCl1"di3OteB J & [ DkCjJ9o OIS dzHOD" ¢ dzd3ZOIsT L dzj tec
sJ oo, ¢ dzdzOlIs T |, DOL OY MisOdz
e-mail: d.murat@aues.kzn.bazil@aues.kz

O WH OletzQ .) OY2HIEH Odz' dzOIsr dz Rapi scan 620DV
y"d3r i BOtr M" dzH OO" s~ dzd S Odz" ¥ B 2dzj dzj toH '
L OlslsOtcH™ (frhoOy, IsOf Odzh ©, » Oter dzorh L Olsk
Qo IssdizOIslIsT Is1l toH sOdzz DO Y OB ' dzj bbldzj ¢ dgks |
BtsdzOh OYIsO y"tcr dzOr dg" W Isj nded € Odzr Y Y ODHO
ANN2iMmM &gjdze dqdzlsj ctcOydw dzOZo O dzj 6’ L HJ dz' dzG j C

1 J lslsj kz BOtr M" dzH® Rapi scan 620DV to]
BjRdzj dzjtc dzje' ' L dzHy Y OMOdzH'™ dzgj 2tetsy j dz' I
DOk fiIs' idfrrfiyGodgH, Otds Of Odgh ©, X Oter dzD" h L Olls O
isyk HjtjCIlsjtc X dr dzlsr OY Is™Otoy j 2ztzj dz tisH Js ' 1620 ¢
fpr dz2Oy IsOdz Elsls’™ . 'IMr d" &zbOdz IspMm’ dz Isj S MJ ek
ANCIsjdigjdzg OLO2I"H, YO  fM"LH" Cls' Otlsilsr t

Y O


mailto:d.murat@aues.kz
mailto:g.bazil@aues.kz

[ issHdBicEyIsj 2 BOter " dzhH O DERJj Y O2HO Y tsd
toj dzGIsG jdz Y"te" dzD" M dzOdz Odzr dzDOdz B j 2 dzj dzj t6
IsOdzd IsT dz ddzlsj dzdzj ClIszOdzHr Y112 MATLAB tstlsC
CjLjvwdzgjdz Is"tOH" : HjtejCIsjtcB Yy J tizgiziz BH ' ( O ezt
EWVHJ Iz, dzj 2QtesdzH " ¥V Y J d&& BBHJ 2 dz Y"teOMIs' to
NN2jfM' dz "2 BHOMIT k.

146 LG M T Ak testels O dzgh ©  IsT 217 &3 MO
(frhoy, IOfOdhO, OLttsLtsdz ybpdzgj Is.B.) f6
YOtcOf O2" &3 dzj QtetsdzH™ ¥V % 4 d2f BsH j dz' Y "tcOfls
M dzr flIsOdz Is"teH™ Y bDdzgj Dt COIjeBtedw D @HED B
YBOOW HDAZH' €CJj YBd Yjke L, zOyYyIls™ B J
Odzn ' . 1DIsq>|4d24tG dzj 2tetsdzH ™ ¥ Y Jj &' &2 w Yy Ok'
jSjde &z CeEtemjlsls'. rsBO OQoadOydw YOEZ' §fMm" LH
N2 ko jSlsdoOdzr BOD' s jCjdz dz HDdzj dzH

146 LG b"y' GfsBHOB®D dz Hjtej SIsjtc ydr dals
dzj QtetsdzH " Y N jd&Z 8T 27 8 MOdzr dz0Odz L OlslsOtGH
MATLAB icdsOdgn 02 N2 jdjtts’ IksjL y"twk ybd
r'wo 002 dzr Y " te Odz. ¢ dzr &zZDOdz dzpilsdyj BtsSdzZOM OV |

Bt CIs" tezgj BUIBBE dzH" € BjtejH . 1 "dz yn2jd
Dlzj 302 MCOdz tedzj to' d3j di Clsjtegr fiy'  dLdglstglscistei Gy @ b
Btsdzzr Isd " M.

s ' zls MELY] BtetsdzH ™ Y N4 dz'o, BONM d dzO dz" Y
Cedif + v Isj todz" € CEtolz, si SMmMitkz Yn24jm, Y C
MATLAB, Rapiscan.

1111 JtedSlsjte ydr dzlsr OFr dz HO2' dzH Oz

rnN2jde wyYrlkskz nh"  dz f02HOZOdzOIs™ dz B j 2 dzj O
stcdzOdz" Milsr to" dzH" . cteB ' L8 C O jestedw Mmr dzr fyC

Pistoli Is Of Odzh © B j 2 dzgj dzj tc*

Knightif r h Oy B J 2 dzj dzj tc°

Dangeri O1 tesL sdz2 , OdkzdsOMm, MmMkzry YOtk MmMdwyls”
Dtsfr dif)'Odzr nor mal Jdze' Lz i3l dBE " dzH " G
B MOdz" : BEIsj dz€ j , Om 2 y"tr dzor imr , power
MATLAB stels OMr dzH O B"dz YyY"ter dzf dgHr Qols

Il mageDatastore WEkdzSCydwmr yYtdzHOdz dzn ' .

12 1 j2dgj dzjtcH' OdzH"™ dz2 OdzO EVWH I
1 OQtedzr v MktojlslsjteH' B' tof w02 Wisted3dOlsy O ¢
fdeMmjdz ¢j ELGJ tclalgumntedlamgeDatastdieg 23dzp dz 3¢ dz E W i

131 J2WtsdzH " ¥ Y § dZ
r OmOdzH T dzj 2tetsdzH ™ ¥ Y 4 dz' Cdnhvolatiorin2DeLgy@rdzj )
Batch Normalization Layer, RelLYy b d¥lpx Pooling 2 Layey OB Ols s Bt tc 2 dz.

Y I



Zz" 0" i Y OB Olfully @opnsctedzlayer, softmax Laygro delpssification
Layery sdzH Odz" dzH '
] Otc O3 stedzj to'
Epoch mOdz : 10
1 OMsOfy"r Yk YY" &ZHOMBH'™ OT : 0.001
JYr Isk SBM (Btochastic Gradient Descent with Momentum)

——  Kipic 6eiiHe KabaTbl > Convolution 2D Layer 1 j
:—. Batch N([){réltilleZItIOI] + Max Pooling Layer i
( ) ; I Batch Normalization +
Convolution 2D Layer 2 > ReLU j

Q Fully Connected Layer Softmax Layer _—

11 fMbEjlg2esdH’ ¥ yjd &z v i sdsd:c

14 [SHjd H' BY' bE

rj dz' dz ts Y tralsNietworkW ' zddz$ yd w mr Y SdzH Odz" dzH T .
Bj2dzj dzj to-H " vsYB8B®HU O, Is j2Ms% dzj z6 § BE dzj H' .
B O te " trgining-progressc s OW d 6 Qtey " dz@ BOY'™ dzOdzOH T .

Trainingpr ogr essi B W dzgg 2tctsdzHT ¥ Y Jjdz' dg' W ¢
CeEtcmMjlbjls' dz adLEZOdzHT yY"tcOdz. [deHO jJ € dzjc

T ATraining Accur adoy df [ WOlsizr r wad qzis™ ¢ "H)" t
Y OMOY » OlyOds dz SstemiilsiH’ 0O

T ATraining Loss ( sjodddzistzO I8 jzddzS ey ddz fify o) f C
BSdZDOdz 3 Oyfmr) o

JtOWdS pte {1 ftsn O MO2r dz (B'tc Issdzr'y EIS'
By 2dzj dzj 2 H ' .

[Gdtc acdll0d@ y OO M di® jxydi'Is filgjy,” BB"Cds ' fyr dzH
Mplsls® OY" OISO B OMISODOdz dzi B HzHdz'te j>HOY M dAl
Y Olsy Odzr dz CetefjIsjH" .

C O dzd , B"dz ctOWd¢C N dzh dz W n2tjdzz  H
BOfIsOd&zoOdzr dz CeEtefmjlilsjls’'" dz dzje' L' 0OdzOdzdlIsd ¢

Y P



Reached final iteration

cccccccc

Epoch 4 Epoch ™ —Epoch € Epoch 7 Epoch 8

~@— - Vaidaty

1.2 Mk tdjTeining-progresss s OW d ¢ °

1DIsdyj dzj o6 d3j dz IsOdzH Ok
2.1 1 plsdyy

rOmoOdzoOdz ddalsj dzdzy S IslzOdzH ' YNn24dg v VI
BOY MO dZH® MATLAB Live Editor stlofr d
N¥Itee ' L' dzH " . CE®RjdH] CEtMjls’ dzejdzn j2 (1.
tcj dzlsG j dzH * € BJ 2 dzj dz' EVHJ T, s Jl dzj H jood a n &

MOdzOIsr d&zO Y Olsy "™ L HT .

4" &zOY Bj2dzgj ' dzgH] O1 tesL tsdzr , M ted C J dz X D«
LOIsOteHT W CEt' dz2' Misj & " fyr dz" dzo O dz. rn2y
1 CtcOdzH O Odz" ¥ Dtei Y 'od'Ldz Oldan Myt Jsde tcei | B dzOtclz ) J
CeEteMmjIs® dzj H " .

1 "dz degplsdyd qJddzt dz2w sYrTIskZ CiLiw
ZOY Isr O OO OdzOOdzr dz ypdzgj Mktjlsls H'"te!
eD2GCiMm" dzh§, BJ 2dzj HY G YOEZ' fIs '

Nddzt dz2 w1l 2te]j dze j dz dziodDaizHdzjyds' Oddgd, 'HY'fig® fi) Hs O dzlz

utsdzr 3j dz Y OlsOte, sW Y OYIsOODT Cdfmising x|
DteB' te Mrdg flsO© 5 MmMktjlslsjd B BdD O CEtcfy
Yy OeORzOMIsOdz, BSHjdz2 H' W Isd" &BH' N2tjdzj Odzt
rodzfr OdzoOdzH O, " fyr alyy dze P dzdafiziz i 16 Kiz) dz Xis ' 2

L OSIsOteH" Odz" YOO t8 W'tc S Hyticdiay ‘Gfs Y Ddzj dzOY IsT
M dzOkz CdL ' daH ] H J My d2' dgH ° dzb Isd % J B J tcH
Y"ter d&zO" dzOter dzgj dz B  t6° ¢ " { , Qo lstsdBBOIsIsOdzH " 6" C

Y 2



1.3 WMATIAB Y12jMm & v YOk §ls' dz MOdzH

2.2 UjadzdCOdzr Y IsOdzH Ok

MATLAB T Isj rdzd COdzr ¥ JMmjtilsjtecy, Md e dzOdzH Ot
NDdzgj dgj 2tefsdeH’ Y N Jjdz dzjted3sjdz "R M - Misy
ftcOCIsdCOdzr v f dzOsW tsted3O©. 1 "dz Y880 111" dz MA
ISOWH OdzH " :

1. Nstsd3f ! ¢ Isjtedz" ¢ GCEtGlz d3j dz dzj 2tetsdzH ™ ¥V Y J4
HO2'" dz Btsdzkr (d3 MOdzr , Deep Learning Tool

2. s BH YOLEkZ &jd dBsHjdz odLEZOddL Oydw mr o

3. ARapi scan 620DV Yy " terrday ) dz8 jzs [Ojds ddzoc
‘"Misjkej "wDe22dzm dz@ Or O

4. A O2HOZOdEZ"r ddalsjteW J2M" dz IsjL Y&tk Yo

MATLAB B"d& LjlslsjkzH' w BOMIsT d dzils tc z a3,
BBsHjdz2 YOMOEZ ypdzgy dzplsdy jdz@ CeEtemylskz X" d3"

v Odzy " dzOEz

rlee' L' dz¢jdz L jtelslsjlz deolsdyj dzjte' SEtef
dzj 2tctsdzH " ¥ Y J dZ Hy Isr 24 &gy M ® gz? de) Grgetc v O Hzls @
O3' OO O&OHT. 15 Bj2djHjde Is"tcOls’ dz h OO

J
Cjegj oz 3" & Y gz Otzz o @

2 MOdzr dzDOdz L OlslsOteH T C

Otcyr dzr ©O©oadOydvw YO ftMmM"LH 6" dz Olsls’ clzD O
zOL Ot dzOdz IsT fip y Odzlz BN B¢ dz "MOY Dt Y
Y OMOdzOOdz " OB ' dz, LOUMmr L Is Gd HABO d2 hd@jydgjom 4
C'toczH' W OdzH"™ dz OdzOHT . [ fMr dzO2MP O, DEkjYO2HC
YO " fMmM" LH" 6" NYBSOOtL" HJWGEJ2H] YORBISOBOM' L
rn2jdd v dzgjcé' LGO sBuzZsyY BWOR &ZMATLAB GtolsOfr
Omr e dzzr . 1 "dz BODHOedZOBOHO Mkt lslsj teH ' >

XN2J Y00’ H D dzH
CetemilsjH" .
N’ dz' dgoIRdg Is

YT



sY' bk ybpdzj deplsdy jiz Ol del & O dm 'L © yff @O ts te &30
Bz SdF Ysd&HOdZ MYyO 'wDO2d obpte' IsjndCO
Y OlsOtt, MATWLABO2 &z C' KOf-O0dzOd&OE’ djdz Y "
@ZOY ISt  yYuir &z0' &zOtedsj dz (s dO@ g v &ZR & p i dBlcBN
Y OtcOfmls' tor dzo O dz.

DS’ Is’ dzH '

1"z BBOY OdzOH O Raplscan 620DV ] dzlscj dz
Y BdzH OdzO sIs™ ter Isr 2r 3 MOdzr dzZDOdz L OlslsOte
ddzls j dzdzj S Isz OdzH T Y2 J nfpr odg” dzn T . rn2

H
J \Y
dzj 2tetsdzH " VvV Y Jj dz' dzjtc Is] mn dzatscztse W ®O d3Odzy O daAf B

IsOf Odzh O, CtcOdzOIs O, O!1 tetsL sdz2 Y bpdgj BOMYO
BsHj dz2 Mplsls™ nN2tjdg §, deOyYlIlsr 3" MOdzH OteH O

vbDY ' tedBjdz' € BEDZ &3 BOt" Mr dzH © dBH j dz' H ' v
Otcy " dzr BOY '™ dzOdz dzblsdy JMm" dzHy Y SDOtE’ |
YOlsOte, ylI2j dOyVIlr Bj2dzgjH] YOE" fls' dz@ MO
Mp2CjMm Mrder fIst CEfg] BBH | dzd Hdzw dzB kPl @y Is
NN2jdzjte" dgH] YBdZHORZEZODO Y OtcOBRH' jCJdg dz toC

rOmMOdkzoOdz ddzlsj dzdzj S Isz OQdzH ' N2 Rapi sc
¥ ODHO2HO Isj $Mjtckz BOtr M dzH OO OHOAB Il & |
Otclsls" cz0D O j dzj zdz Ndzj fn YoMt Bz B3¢ dz. d

Cjwj2lk, doHjd H' SIlGH O diDtsdgjzdz Y dads | cds
1 s’ Y OkDOMEr Isd' .

1 O2HOWZOdZ" OOz DHJBdJdblsjte s L' %

1 MathWorks. (2023). Train Convolutional Neural Networks. MATLAB
Documentation. https://www.mathworks.com/help/deeplearning/ug/t@mnvolutional
neurainetwork.html

2 Razzak, M. I, Imran, M., & Xu, G. (2019). "Efficient and Accurate Object
Detection for Security Systems Using Deep Learning: A Review". Journal ofTiteal
Image Processing, 16(5)i, 15. https://doi.org/10.1007/s11551 808330

3 Akcay, S., AtapouAbarghouei, A., & Breckon, T. P. (2018). "Using Deep
Convolutional Neural Networks for-¥ay Baggage Threat Detection". Computer Vision
and Image Understanding, 184 970.https://doi.org/10.1016/j.cviu.2018.02.001

4 lIslam, M., Xia, Y., & Sattar, A. (2020). "Ima¢geased Reallime Threat Object
Detection for Xray Security Screening Using Deep Learning". IEEE Access, 8, 104780
104792 https://doi.org/10.1109/ACCESS.2020.2999943

5 Liu, W., Anguelov, D., Erhan, D., et al. (2016). "SSD: Single Shot MultiBox
Detector". European Conference on Computer Vision (ECCV).
https://arxiv.org/abs/1512.02325

6 Sun, Y., Liu, S., Yang, X., & Shen, Y. (2021). "Automated Detection of Prohibited
Items in Xray Images Using CNMBased Transfer Learning". Sensors, 21(11), 3657.
https://doi.org/10.3390/s21113657

YY


https://www.mathworks.com/help/deeplearning/ug/train-convolutional-neural-network.html
https://www.mathworks.com/help/deeplearning/ug/train-convolutional-neural-network.html
https://doi.org/10.1007/s11554-018-0839-0
https://doi.org/10.1016/j.cviu.2018.02.001
https://doi.org/10.1109/ACCESS.2020.2999943
https://arxiv.org/abs/1512.02325
https://doi.org/10.3390/s21113657

c J r004.8:681.5:622.276

rogdrr3 Ry [JJrsuv 1rifwwre f1168 6B
bluvffodvudrr3tvu

JterdeBjIs [.[., 1080LBJS ¢. 1.
D R. dDIsBOj9 OIs" dzH OO DOL'TL) L, ¢ dzd
* J-mail: namazbekakerke@gmail.com

s ' myj

[ "dzO0¥ OL L tOa30O dztz] tc G j Istd £ PleiAs fiy I8 CtdHBSEWB ts dzr ff
Is OB " dzOde"™E dzH , Et@H j Iz dsjO M d3A deHsQz) M ly jOuz'" di'fdglj da * ¢
Isd " d3H' i IT'CYts dats A3 IS OO WR k™ ‘hdg h ZekOwr PO
[ " dz0Q2 HOHEs O BOdEOEOY " tor dzf ddgr cdlzie@ad dats dzts ¢ d W d
ftosyjlpM B celsC Oy I8 HED " YIs'™ Y FOpPjOdsS * L ZH
Y Od3ls O gg®fg HL

1vdz ftetsy Mis WO AHICHzZH jfgls @z wgd v dzOte” dzH © Y ' |
hror dg, HjWwej?2 Mmdwylr CEflsjcjdz fOttOd3d Is
JIsjls' dzgH' ¢ dgH j [ 1] . DOL " teg" L OdzOdzD T Is C
NdIE'  dz €M L. r OBH'™ YIs'™ v B iy Pdz, " 1 Odf tcdzd © d
OLO2Iskz Ypdzgj 1 SCtsdzcedwdzry YOER " LH" Cls®
3" dgH jIslsjteH'® N jhEH] Y OMOdzH'™ ddalsj dzdzj €Ils s

[ "dz02 O©O2HOE fwsyjmMm' YpDdzj OolsBdEOISISOdzH T

[ "dz02 0O02HOEZ ftesyjMm' B 'todaj"j daje' ' LG ¢
Y"LHT telz X D dzj O2HOEZDO HO2'" dzH Olz, MstcD " dz
sOMmr BOdZHOE CjL " dzHj Y™ Mr dgH ' IsS" tcOY IsOdzH " to
DteYy ©O2 " Mr OdzH' dz OdzO € jyDjsvwbiy’ LY HO teCOIsiz tdsHE dz" Y |
YONJdIls. 1rofMmliitcedz Oolls@BigEObzy ciclztoy B J dzj &I
BOMYy Otcz 3pdzj SCADA/ DCS f dzOIsW stced30dzOtc" dzj
ZOyrls tjydd3' dzgnj EdZ" jEZ ynte' L, fjtcOlst
NN 2 Jj dgfsdzOh Oy Isr Btsdzy ©2 Od&zdzO2HT Ybdzaj SCHtH
"ir 20 Odzdz2HT [ 3, 4] .

r OMOdzH" ddalsj dzdzj €Is Isj r detsdzse dWw dzOter dz | dac
[ R Isj - dzsdzse W dzOter HDMIsIl tcdz Qo ls sdiOL
CiJwi2bjH". [ &ZOteH" W CEBRJGE" digd dz I &z€ j dz €
Hjte]J GIsj toH ' sSOdzH Of, Y OBHT YIsT W Y ODHO2' dz |
yDdzgj Of Olslsr Y Y ODHO2 &ZOtcH'™ W OdzH'™ dz OdzzD O B
1t dgh " Hjds, BBdOBHT HJOCdsMisd S O 3l o3
HOIydSIlsjtcHjdz Islifpjls' dz2 H' t6" dz, Y ' Mmr ds, Is j d&
IsOQdzH OF , YOdzr st A" d3r MM twyydd3 dzgj dz Okzr Isy L
Of OlslsT W OdzH' dz Odzr f, =M CaHORdE As'' iy [ Y. Is C

YD


mailto:namazbekakerke@gmail.com

(€' dgh " Hjdz, 1 dziteedw Isd' &3H' d2' ¢ dz Otclsils ' t
B dz sflsdizdL Oydwdzr vy diEsHjdz Hjte MtsteDT Y S5
i dd3 dz OolstsdBOISIST Is1l toH § J MdTIJ th,r My 4 o
BN dH' € BjtojH' .

nh ' dzh ' Hj dg, rR dzj 6" L' dzgH J s JtcOlsstcD O
YOdzr fIsOfplsT tor dzOH T . [ zOte IseElsjdzhj X ODHO2A
YDdzgj OHOMR WOCIBt' dzOdze Iskz' dzH ©O2 s dz Y Olsj dz' ¢

VEtWIS" dzh ' Hj dz, IEdHjidz Bpteg) S IszOHsT™ EZOYy ' Isls(
OMOHT . rR B WHODOdZz §fOttOdjiIsteH® Y OlsOts IsO
LOUH' dz YIsOteH" Odz' YIsO2HT .

14 m"odgh ' H ] da, 1 Csdzsedwdzr' y YOk " Lu' ¢
IsStsL zr dz OdzH" dz2 OdzZO Odz" YISOk Owyr dz@ d3" dzO2 [k
SlsODO S jdzjls' dz Ldwdz Ised3j dzH j 2 H ' .

[ &zO2h O, Y OMOdzH T ddzls j dzdzj € Is 3" dz0O 2
Otclsls o f YOdzO Y2 dR3ZO2, cdzf Mjdg d@gH* bDte’ Y

rOmMOdzH" ddzlsj dzdzj €Is dzj 6" L  dgHjG' ©OolstsdOL

r OMOdzH T d dzls j dzdzj € Is dzj 6" L ' dzgH j Y "ter dzo
Otcrndlsj SIsztcOMmr B' todzj M J EL OtcO BO22 dzOdz"
Otcrndlsj SIsEtc® d3" dzO2 O©O2HOEZ ftesyjm d Sjhj da
B3¢ dH' € BjtejH' .

[ Jtoj SIsjtoH YqddzOkz Hjwe,j?2' . 1 "dz HJjWE
Isj B3 J cOsktt® HOLyYydSIsyte' dzjd, hrordz edz" jg@
tejLjtcolzOt HjWEj2 dg Edzh j2Is' dzg YY"t dzD" dzOtet
|l oT y"ter dzO'" dzOte" Y sdzH Odz' dizOty,Is' B @O s  tfeQ t
Is* tcC j dzj H ' .

[ JtoJ SIsj toH ' MOYylsOk XYpdzj OdzH™ &z OO E W
HijtejSIlsjtc BOLOMMr dzO "' BJjte' dzjH' . [ "dgHO HJ t
BOMIsOf YT MisOlsdmisd ¢ Odzr Y sOdzH O Yy litee ' L
iMmMifbjkzdzjtc' d2 W HDdH' @' dz2 YORBISOBOMr L Jjlsj+

r OmMOdzH" ddalsj dzdzj CIs RBsSHEZdZ . 1 "dz HJjWE] 21
dzj QtesdzHT ¥V Y jdz' dzjte Y pDdzgj MOwLOfIsOBOdz Yy i
ddzls j eteOYydw HJjWGE, 2" . (R BSHEZd d v dZDlSd)
HDMmlsN tcdz Qo lstsBBOIsIsOdzH " tolz Mg dig g tal) Isiss teeD' C
dqdzls j oW j 2 ) Otoyr dzr BOtodzr ¥ sy mis' BOY ' O
Ysdzdzj dz siiL jlskz jdze [l BUBE dzH" € B jtej H'

ZJh'dg3 yvyOB" dzH Ok D dzj Btsdzy Ok HJWEj 2" .
sOdzH Ok dzpIsdy j M dzHj " Mmr dz" MIsOt Y Odzr IsOMmls
tcjydd3’ &z ELGj lskz, Yysfmr igh © {1 dzgj eecdw CEL
NEDH j 2 Yylte' L Iz.

s &H' & Cl' Okl ek
r OMOdzH ™  ddzsj dzdzj €5 s j
sq' &gH' &' Sl B' tedzgjM"j BO

dzj BGdZOh OY ] tcf
ks dv zOter dz o
s BtsS2r dzh O Otlslisr

oM



R OkzetstedIsddH Jj o' MBteD" &ZOWGH™ W " d3' M toj Y
1002 0% OtOdzr OF dzH O Nl dgj BBH § G § B 3¢ dzH €
s"tcOr HOdz DOdzZO jJd3j M, 1+ CdzSedwdz' Y DMfMJ teH

1 sdzy OdgGH T ¥V HJOG dzetsisd ¢ O 3 D daj BONM d dzO dz’

YOBHMYIrw IstsLzr By dz " Misjdz hrokrdz Jtsl
1 DIsdy M  dH) NEdH]jE X"d" MisOter xtMmf Otedz" &
Odzz DO BINABE" dH' ¢ IzOHT . rR dzj d 'juc'OdgHs joai ™
YU de yJwW o dzHj st hjh'da YOB' dzH OkzHT
FYisdd&3OdzH " OF dz ISed3j dzH J IS H " .

Cdzj cedw hria0oés dPLOQIslz EdzH  to' i hr OF dzgH
DCJjdzj H" . I ndz 3" dz0?2 Cd3sf Odzd Vv dzOter nh' dz
Ndzgj BHj kG BINNBS dgH' € BjtejH' . witsde d3dj dz Y Ol

YOdzz™ dz OL ©O2Isz Oty " dz@ YeEdzH jJ '™ Y RBtei@PlE Otcr daC

f OBH'" YIsT W IsBLEzMdz Odzn dz OdzO Odz' YIsOk d3"
stels O dz ZzOMmMlsOzHT v OzH" &z OdzOHT' . R Odz
ftosyjMisjteH W Is"tcOyYIsr dzn O Otels™ f, L dwdzHT'

DO M LH Cls'" W Otlslkzr EdgH "  t6" Misj " d3r M
sedzjls' dz Isplzj Cj dzH j toH OL O2IsOH T . 4 sdz” o34 d
Y SdzH Odgr dzlz T fjtemMsdzOdzH W Yy " d&3" M dz2 y Jj W' dzH |
Y BdzZH O2 H " .

1l sdzOh OYIsO 3" dz02 0O2HOE MlsOdzydw dzOter 1 h°
dzOY Is sBl JSI8" dz2 w Yy "d3 Mrdz ssdz yIsO2 dd3qd
sjrdesdzsedw EdgH ' 6" MIs' € My dzgOted2 dzj toH * mr
OdzH" dz2 OdzO disHjdz' HjEZcj DD dejd®Y OBP C fj &k dsj
Oh OH " . R " dzO2 O2HOEZ ftyjMmisjtc' dz 1 dzj t
Md3ONejsdz" dzj tc ( Smar t Gri d) Otoy " dzr 1 dzj teG
BN dH' ¢ BjtejH' [5].

Dister Is’ dzH T

rOmoOdzH" ddzlsj dzdzj €Is 3" d&zO2 O2HOE ftwsyj m
Oh OH T . [ dz HDMmMIsI tedz Qo lssBOISIsOdzH " telz H T Is t
IsOdzH O Iz , Bdzy Od3 ¥ OMOE ypdzgj Of Olsls™ W OdzH ' ©

1l s5dzOh Oy Is O (R IsJ m dzscz8 6 d Vv iipO zO M dg" ez0 2 1
IsStc QdzMW stedBOYd W Mr dzi © hygtddah dzj de E YO IOty , O P W
Btsdzy Od3HT Y OdzOdzdIsd ¢ O X D dz dzj QtetsdzH ™ ¥ Y d
gdeW tcOY "t dz@ d3" dz dJdzls dzdzj S sz OdzH ' BOMY Otelz T
S ~rdzd COdz" ¥ YOO Jjd&3JMm, {CtsdsdkkdtOd ¥ X Db dzj
YORBSOBOMG]IL JjiIsjH'

CHJ B(Jlslslaj taiz’
1. Russell S., Norvig PArtificial Intelligence: A Modern Approach. Pearson,
2021.

2. Goodfellow I., Bengio Y., Courville ADeep Learningi MIT Press, 2016.

®N



3. zd3) es9 dto.sovis BOIsdL Oydw ISJ -~ dzsdzts e d U J
Wisjtf jtojishagtEs S 201 8.
4. s z0Odzr M B @ jnedzOR . X p dzj G OL MOdzOM" dzih OY
¢ zd&zOIsr @ GCdzjedw, 2020.

5. Boyarko G., Ivanov AAl in Oil & Gas Industry: Predictive Maintenance and
Optimization.i Springer, 2022.

6.r " BOH " dAtfoW tefdzr 2 ISt OdzMW St dRBZOYdw X pidaj N (
1 """ d&zZsOdz: AtsdkzdOdzls, 2021.

dzj

UDC 621.316.918:621.316.925

ADAPTIVE RELAY PROTECTION SETTINGS USING SYNCHROPHASOR
DATA IN RENEWABLE -RICH POWER SYSTEMS

RamatullayevaM .M.
Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeyev
M.ramatullayeva@aues.kz

Abstract

The increasing penetration of renewable energy sources introduces significant
variability and uncertainty into modern power systems, leading to frequent
misoperations of conventional relay protection schemes with fixed settings [1]. To
address this issughis paper proposes an adaptive relay protection approach that
utilizes synchrophasor measurements from Phasor Measurement Units (PMUS) to
dynamically update relay settings in real time [2]. The method integrates sysiem
stability indicators, such asoltage angle differences, frequency deviations, and the
rate of change of frequency (ROCOF), into the relay decision process to improve
selectivity and dependability under changing operating conditions [3,4]. The proposed
scheme is validated on the IEEE-B3s test system with varying fault scenarios and
renewable integration levels. Simulation results demonstrate that the adaptive relay
outperforms traditional distance relays by reducing false tripping during power swings,
improving fault detection speed tbelow 50 ms, and enhancing security under
renewablenduced disturbances [5]. The study highlights the potential of PMU
assisted adaptive protection as a practical solution for smart grids and reregbable
power systems [6].

Introduction

The protection of modern power systems is becoming increasingly challenging
due to the rapid integration of renewable energy resources [2], the widespread
deployment of distributed generation, and the dynamic nature of network topologies
[7]. Conventionalrelay protection schemes, such as overcurrent and distance relays,
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are typically designed with fixed settings that remain constant regardless of changes in
system operating conditions. While effective in traditional grid environments, these
static configurations often lead to misoperations when applied to renet@hiadaed

or weak power systems, where frequent voltage fluctuations and power swings are
common [3].

Recent developments in widgea measurement systems (WAMS) and the
deployment of PMUs have opened new opportunities for adaptive protection [4,8].
PMUs provide timesynchronized measurements of voltage and current phasors,
frequency, and ROCOF with higlt@uracy, enabling redime visibility of system
dynamics [9]. These data streams can be leveraged to design protection schemes tha
are adaptive, flexible, and responsive to instantaneous changes in grid conditions.

Previous research has explored the use of PMU data for fault detection, location,
and classification, often through the application of machine learning techniques [5,10].
However, fewer studies have focused on directly adapting the settings of relays using
synchrophasebased stability indicators. Such an approach could significantly
improve the selectivity, dependability, and security of protection systems while
maintaining compatibility with existing relay infrastructures [6]This paper proposes a
PMU-asssted adaptive relay protection framework that dynamically updates relay
settings in response to systevide stability conditions. The contributions of this work
are threefold:

1. Development of an adaptive relay logic that incorporates Rid&ed
indicators such as voltage angle difference, frequency deviation, and ROCOF.

2. Simulation and testing of the proposed scheme on the IEEES88ystem with
various fault and renewable integration scenarios.

3. Comparative analysis against conventional distance relays to demonstrate
improvements in fault detection speed, accuracy, and resilience against misoperation.

The remainder of the paper is structured as follows: Section 2 reviews related
literature on relay protection and synchrophasor applications. Section 3 describes the
methodology, including test system design, fault modeling, and adaptive relay
algorithm. &ction 4 presents simulation results and analysis. Section 5 concludes with
key findings and directions for future research.

Literature Review

Relay protection has traditionally relied on local measurements and fixed setting
values for fault detection and isolation [7]. Overcurrent, distance, and differential
relays are the most commonly deployed devices in transmission and distribution
systems.While effective in conventional power networks, these relays exhibit
limitations under evolving grid conditions. For example, distance relays can
misoperate during power swings or when fault resistance is high, while overcurrent
relays may lose selectivity networks with variable load flows [3,9].

With the introduction of WAMS and PMUSs, the possibility of using synchronized
global measurements for protection has been widely explored. Early studies focused
on improving fault location accuracy by using synchrophasor data from multiple buses
[8]. Reseachers demonstrated that PMidsed angle differences and voltage phasor
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measurements could significantly enhance the precision of transmission line fault
detection compared to traditional impedabesed methods [5,6].

In recent years, machine learning (ML) approaches have been increasingly
applied to PMU data for protection tasks [10]. Techniques such as support vector
machines (SVM), random forests, and neural networks have been employed to classify
fault types and dett anomalies in widarea signals. For instance, Chandrarathna [10]
showed that ML models trained on PMU theeries data can achieve high accuracy in
distinguishing between faults and system disturbances. Similarly, Pal [1] demonstrated
that classificabn trees could improve fault location using synchrophasor inputs.
However, the majority of these works emphasize fault classification and location, with
less focus on dynamic relay setting adaptation.

The concept of adaptive protection has been discussed for decades, but practical
implementation was limited due to the lack of reale, systerwide data [7]. Eissa
[2] highlighted the importance of adaptive protection in renewdbtainated grids,
where inverterbased generation alters fault current characteristics and challenges
conventional relay coordination. More recently, studies have suggested that
synchrophasebased stability indicators such as frequency deviation, ROCOF, and
voltage angle differeces can be incorporated into relay logic to enhance security
during power swings and instability events [4,6,8].

Despite these advancements, there remains a significant research gap in
developing practical, PMAdssisted relay schemes that dynamically adjust pickup
thresholds, impedance reach, or trip delay times in real time. Bridging this gap can
provide a more relsent and reliable protection framework for modern smart grids. This
paper addresses this challenge by designing and testing an adaptive relay protection
scheme that directly incorporates PNddsed indicators into relay decisioraking.

Adaptive Relay Protection Scheme with PMUs

Transmission Line

Bus B1 Bus B2
Fault"Point

l l

Mho Relay B1 Mho Relay B2

- -

PMU B1 PMU B2

—_

Adaptive Relay Logic
(Control Center)

Fig. 1.- Adaptive relay protection scheme with PMidsisted wid@rea monitoring

Methodology

Test System Modeling

The IEEE 14bus test system was implemented in MATLAB/Simulink using the
Simscape Power Systems toolbox [1,2]. Generator dynamics were modeled with the
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classical tweaxis synchronous machine model, including governor and excitation
systems [3]. Loads were modeled as constant power with a power factor of 0.95
lagging. Transmission lines were represented by distriqutadr a m-setctiens with
positive and zeresequence parameters [4].

For experimental validation, the IEEE-bds benchmark network was selected.
This test system is compact yet sufficiently detailed, making it a popular choice in relay
coordination and protection studies. The model includes 5 generating units, 14 buses,
and 20 transmission lines

To replicate conditions of a modern grid, a photovoltaic (PV) generator of 100
MW capacity was integrated at Bus 3. The PV source is connected through an inverter
with an MPPT controller, which introduces different fault current dynamics compared
to synchonous machines. Transmission lines were represented by distributed
p ar a meodels, while loads were modeled as constant power elements at a lagging
power factor. Generator dynamics were captured using a simplifiedxtisanodel
with  excitation and gosnor  system3ransmission Line  Model
A transmission line can be represented by its posiéind zeresequence impedances:

W Y Qo

where R is the resistance per unit length and X is the reactance. In Simulink, lines were
model ed as di s t-sectibng twhich captare laoth esteastgte and
transient behavior.

For the purpose of testing the proposed adaptive relay protection scheme, the
IEEE 14bus benchmark network was modeled in MATLAB/Simulink using the
Simscape Power Systems toolbox. This system was chosen because it provides a
balance between simplicity ansufficient detail, making it widely accepted for
protection and coordination studies. The network consists of 14 buses, 5 generators,
and 20 transmission lines. To simulate conditions of a modern grid, a 100 MW
photovoltaic generator was added at Bus d@nected through a grited inverter
equipped with maximum power point tracking (MPPT). This renewable source
introduces variability in power flow and fault current contribution, thereby creating
scenarios where traditional fixed relay settings often fainsmission lines were
represented by distributggla r a m-enbdels, while loads were modeled as constant
power with a lagging power factor. Generators were described using a simplified two
axis machine model that included excitation and governor dgsam

In order to evaluate relay performance under different operating conditions, a
series of fault cases was generated on Lirte Fhe scenarios included sindiee-to-
ground, lineto-line, doubleline-to-ground, and threphase faults [8]. Each type of
fault was simulated at several points along thedispecifically at 10%, 30%, 50%,

7 0 %, and 90% of its | ength. Fault resi
cover a realistic range of fault severities. Additionally, the network was tested under
threeload conditions: light load (50% of base), heavy load (120% of base), and high
renewable penetration (30% of total generation supplied by the PV unit) [2,9]. Every
simulation was run for a period of 5 seconds using a discrete solver with a time step of
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50 €s to ensure accurate capture of t
between 1.0 and 1.5 seconds of the simulation..

To supply synchronized phasor data, virtual phasor measurement units (PMUS)
were placed at both ends of LinEX4[10]. These PMUs provided voltage and current
phasors (magnitude and phase), frequency deviation relative to the nominal 50 Hz, and
the rate othange of frequency (ROCOF). Phasor values were obtained using a single
cycle discrete Fourier transform [11], frequency was estimated from changes in phase
angle [12], and ROCOF was calculated as the derivative of frequency with respect to
time [4]. To epresent field conditions, Gaussian noise of 3% and random data losses
of up to 5% were added to the PMU outputs [6]. The measurements weiaitjmed
to a simulated GPS reference to ensure synchronicity..

Two different relays were then modeled. The first was a conventional distance
relay with a Mho characteristic, configured with Zone 1 covering 80% of the protected
line impedance and Zone 2 set at 120% [7]. These settings were fixed and did not vary
during simulation. The second was the proposed adaptive relay, which retained the
Mho structure but adjusted its reach, pickup current, and trip delay in real time based
on the synchrophasor indicators [2,8]. The adaptive logic was implemented through a
MATLAB Function block, allowing fast execution within the Simulink environment..

The decisiormaking of the adaptive relay was based on stability assessment and
setting adjustment. The algorithm monitored the voltage angle difference between the
two buses, the frequency deviation, and the ROCOF [9]. If the angle difference was
below6® and the frequency deviation small
stable and the relay operated with 1its
ROCOF was greater than 1 Hz/s, this indicated a swing or instability, in which case the
relay either delayed its action or blocked tripping altogether [8]. To provide smoother
transitions between stable and unstable states, a fuzzy inference system was used [13]
The stability i ndi cator s wer e categor
Amedm, 0 and Ahigh, 0 and fuzzy rul es wer
combined with a large ROCOF would trigger blocking, while moderate deviations
would simply extend the trip delay [6,9].

To evaluate performance, four indices were used. Dependability was measured as
the percentage of faults correctly cleared, while security represented the percentage of
disturbance events during which the relay avoided unnecessary trips. Operating time
wasthe delay between fault occurrence and tripping, measured in milliseconds, and
robustness indicated how well the relay maintained accuracy under noisy or incomplete
PMU data. In total, sixty test cases were simulated, and results from the adaptive
scheme wre compared with those obtained from the conventional distance relay.

Discussion

The developed models were subjected to a wide range of operating conditions,
and the performance of the conventional distance relay was directly compared with
that of the proposed adaptive protection scheme. In the dinglo-ground fault case
locatedat 30% of Line 45 wi th a resistance of 10
command. However, the conventional relay operated with an average delay of
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approximately 86 ms, whereas the adaptive scheme responded in about 47 ms. This
reduction in trip time highlights the benefit of incorporating synchropHaased
indicators, which provide faster and more reliable fault identification by evaluating
both local and widearea measurements [3,5].

When the network was stressed with a simulated generator outage at Bus 3, the
resulting oscillations caused the apparent impedance trajectory to enter the Mho
characteristic of the conventional relay. As a result, a false trip was recorded,
confirming oneof the main drawbacks of fixed relay settings under dynamic conditions
[7]. In contrast, the adaptive relay did not misoperate in this case. The monitoring of
voltage angle difference and ROCOF allowed the scheme to recognize the disturbance
as a swing réer than an actual fault [4,6]. Instead of tripping, the adaptive logic
extended the time delay and blocked operation until the oscillations subsided. This
demonstrates a significant improvement in security, as unnecessary disconnections
were avoided [2].

Across all sixty simulated cases, the adaptive scheme consistently outperformed
the fixedsetting relay. On average, dependability increased from 91.8% to 98.5%,
while security improved even more substantially, rising from 77.5% to 96.2%. The
average opetimg time decreased from 82 ms to 50 ms, representing nearly a 40%
improvement in speed. Even under noisy PMU conditions, where Gaussian noise of
3% and data loss of 5% were introduced, the adaptive relay maintained a correct
operation rate above 97%, wiihe conventional relay showed noticeable degradation
in both dependability and security [6,9].

These results confirm that traditional distance relays, though effective in stable
systems, are prone to misoperations under the variability and fast dynamics of modern
grids [7,8]. The proposed adaptive protection approach, by integrating synchrophasor
measurements into relay decistomaking, overcomes these challenges [3,4,6]. It adapts
to changing system states in real time, thereby ensuring more secure, dependable, and
faster operation. This makes the method especially valuable in networks with a high
penetration of invertebased renewable generation, where conventional protection often
underperforms due to reduced fault currents and frequent transients [2,8].

Overall, the findings indicate that PMaksisted adaptive relays can form a
foundation for the next generation of wideea protection systems. Their ability to
dynamically adjust settings not only enhances fault clearing but also strengthens
system stahiy by preventing unnecessary tripping during +ianlt events [6,9]. This
aligns with the broader goals of smart grid development, where adaptability, resilience,
and realtime decisioamaking are essential [8,10].

Conclusion

The study presented in this article demonstrates that conventional distance relays,
which rely on fixed settings, face significant limitations when applied to modern power
networks characterized by renewable integration and frequent dynamic disturbances.
Through extensive simulation on the IEEE-d4s system with photovoltaic
generation, it was shown that fixed relay zones and thresholds are unable to
consistently provide both speed and security. In particular, they tend to misoperate
during power swings ahexhibit slower response times under resistive fault conditions.
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The adaptive protection scheme proposed here integrates synchrophasor data
obtained from PMUs into the relay decision process. By evaluating indicators such as
voltage angle difference, frequency deviation, and ROCOF, the relay adjusts its pickup
threshold, zone reach, and tripping delay dynamically in real time. The results
demonstrate clear advantages: dependability increased to nearly 99%, security
improved to over 96%, and the average operating time was reduced by almost 40%
compared to the conventidnzase. Furthermore, robustness tests confirmed that the
adaptive method maintains high accuracy even in the presence of measurement noise
and incomplete data streams.

These findings confirm that PM#udssisted adaptive relay protection can
significantly enhance the reliability of fault detection and isolation in transmission
systems. The scheme avoids unnecessary disconnections, clears real faults more
rapidly, and adaptdo conditions that challenge traditional approaches. Such
characteristics make it particularly suitable for renewaicle smart grids, where
variability and fast dynamics are the norm.

Future research may extend this work in several directions. HarilwvHreloop
testing can be performed to verify rdimhe applicability. Integration with widarea
protection systems could also be explored, where adaptive relays cooperate across
multiple substations using synchronized phasor data. Another promising avenue is the
inclusion of machine learning algorithms for even more sophisticated adaptation,
allowing the relay to learn from historical fault data and continuously improve its
decisionmaking.

In conclusion, the proposed methodology represents a practical and forward
looking approach to modern relay protection. By combining conventional distance
relay principles with adaptive logic supported by synchrophasor measurements, it
provides a robust, esure, and dependable solution aligned with the evolving
requirements of smart and resilient power systems.
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UBLOOdz dzj 3 My MOY OMr L 1 dzj SIste ¢ s 5 dz
dzr hjhlk ysdzHhOter CjdzjfMm' Hj 2:

. Cdzy Sstedz" € OYOkzdzOtHT BEsdzy Od3H OLz:

7 Cdzj Stedz" ¢ Is¢, Cjtdzgjlz, YEZOIs Is"Is' dz
OY Ok dzOteH"™ W " YIsdBOdzHT d&z" OF dz Odz YIsOk.

2. YOk MdBjfljte" dz HJOGdesMIsd ¢ OzOE:

1 o) dgMtstcdzOtcH Odz Odz" dzZDOdz Hjtej CIsj toH '

OyoOkzHrvw MmMiBiB d2 Odzg' YISOF, Isd‘® Mmis* Isd -

" dz" MlsOte BJjtej H .

Cdzgj cedwdzr Isd' disH' § O2 H OdzO dzlz:

17 rR 1 dzgjteedwdz Is"Isr dzkHr SWUISO2 &zOdzH ™ tol

YOBH'™ YIsrw 1 dzj Clstedz" € C i3 sdzj dzlslsj to' dzj
[ dzH ° HEWG jdzj €CJ BO2 dzOdz" Misr QY Oz &zOte

Y "teOdzH Oter dz2" W HEWGE Jj dzj GIsjtc’ dzgHj G stsL 2 dzj

OYOkHT VYW Ikr dzH©O2 MmiBJjIsjtc' :

T rsdz 30" dzf dgr w MOY OMr ;
T revwejdzg & yrmrd3 dz H"ter | BOY'" zOBOLEz.

-
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Zjh"k )yBdzHOter tojls' dzgH j :

1. 9" pr H" B OY ' OE:

1 TEVWGjdzj SIsjteHjG' Y™ Mmr g BOY' dzOEZD O
"My 2" dz2 Y Nn2j dzj te. 4 dzZhstedzOte Hjtej Cls
Okzrlsykrdz njtec CjL " degH] Odgr YIsOLkz.

2. oLz HdOGcdtsmIsd S OmMr

1 sORBJtcOzOte dBjdz rrR OdzetstedIsdiH jto' dz 1 (
odLEZOdzHT bklltcH] Odz YIsOE.

3. rsdz MO OMr dz Btsdzy Olz:

1T R Oty dz HEWG jdzj & IstsLkzr d&zO 3y tsdz 3 O
Y BLODOMZ fMr dz BWISO2 dzOdzH ™ tclz .

3 rjtejSlsjtc dBBOWr LH" dzf OF

pdzH " tc' MiIs®™ € yN2jdzjte BJdz YOBH' YIsOteH"™ W
OY Oz d&zOtGH T OdzH"™ dz Odzz nh " dz N1z jdz € E dzj d3H
[ J GJded3j dz, D OL OY MisOdzH OO CpfM' f sSter dgH OtGH ' ¥
MOy IOk Y 1U2jdzjte" Pl wlkzddfd" L cH OdRjBQdzIs | tc

1M Me" NOBEEYBDPE®] dz EdzgH " 6" MiIs™ € N bpdzay G E dZ
Mj deMstcdzOted3j dz Y OBH' Y IsOdzdzOOD Odz dzj d&3j j sdzOt

1f Ddz" By IslsjteH ¥V Y"BddOEBOOdH HDP] CIsjtc Xd
N2dzj M M L WstcdzOIsIsOtcH O Y bdaj Istsdzr v J ki M

1M Jtej SlsjtoH" W Yo pORtzpleh szlc®dzrf dp dz' d3j Isls
CdLHiMmMin', MjBiB' bjrddiOdy YrLdBjl §ET
yNNtee' L' dzjH' dgj d&3j My dBlldzH j d53 B 5dZAZO2 H " .

1A W tcdzr v IsStc OdzmW St dBOYd W 2OV OY NG 'Oldatlz W' .
Q2 BOY IsOte" dzH O EdgH " te' MiIs® yYydWtcdzOdzH "™ tclz H j W«
snteHj YdqdzOkz Y bpdzj ISOdZHOEZH'™ Y d' dzH OISOH T .

[ Jtod SIsjteH' W MOY OMr LHNr O Y bDdaj VYtsdzyjls' c

1IrR MWBBHjd Hjt" d2 W YY" Mrdz P jGClIlsj2H" . t
YOMOEZDO GBI BE dH' € Bjtd3j 2 H " ;

1r OBH' YIsOtcH™ W dzOYIs"T Y ODHO2'" dz BODOWdzOEZH

1DdzH" 6" Mis* ¢ hr Or dzgH OtcHT W Otclskzr dzO 3 b dzj
mMdBJYf BEGA&ZOHT .

( SOOt" HO OlsOdzOOdz d3p Mj dzj dzj toH hjghkz uh
Oomr ez "™ mr dzf dzOHT

1. 1 oT Y"ter dzO" dzOtbrode J(dzd'lsustOte d dzlsj tedzj Is
YOBH' YIsOtcDO tstedzOIlskz dzOyIst EOYT"r s toj )y dd3" dzH
g j dzhMstedzOte Isj 3 J O kztcO, Yr mr oz, H' to' dz MM

OkOH'™ . [ MOd , -GGk dfyiHE wic dggHd@D21 o T y "o
YSdzH' 6O" &zOt” dzF W "' M &z BOY' &Of, Isj o d
iMCjtlsjH' . J1vd kbpy ©dBjd BOMYO HO Ed

4 sdz d3d dz Y Ols Ote ¢ OO0OL utcOdz [ 2 dze C s Odzd
Y"B' tcdzOter dzH O M J demestcdzz vy B H @ fjdzgetc H M C j dzOMr e
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2. 1dtiSlsjte MOY OMr dz, Yy OBURABONI dz daolsﬂzdz d3!
Istsdz" yIsr OF BJ 0z HDMAZH 6" dz2 IsjSMmMjtejls’ dz Obs
fO2HOdZOdZE BOW"T LHT . 1 "d&z ftesyjMisjte Hjte] Cls
OdzO EWHjlEZ (preprocessifmg)ddauz fgls jstg'rds zy G
HjtejCIsjtc OYOkZkzOt" dz Qo lstsdBOISIST IsntHj Odz Y

. rdtejSlsjten’ StelsOdzr Y IsOdzH ' te,) SO dff tsfip® Yodst
nh'"d HJjtjCIlsjtH' MOYIsOkzHT W B ' 6" WDO2 ts
BOW"T LHT 1"z >|||2°i Hjtej CIsj toH EVHJ E o3
[ JdBdzyj €dIs HjWEj2 dgH] HJtjCIsjteH' MOYIsOEkZz
Digital Kazakhfr;sftar@WﬁBijmH&Dtsdg@dKDdylslsc;tsH'
B2 dzh O fddzslsls™ y X t5B OdzOtEH ' mMej yYshk.

tdz' St ddW Oy " tzj BisT) tcH PREUZOEZ. 11N
d wtg:(Dy"te:fdzr BH"™ dzf D02 Iskz. 1 "dz ddz
tc H Y OWUOlszHT ybpdzgj HJjte]J ClIlsjteH'
lﬂnd301’>|lsftG1HJJ ©f ¢hjd' ¢ls POH Oy Jnfiy ©piacd
EHOdH Oter dzH O dJdzW tcOY "o dz" dgH "™ X OW
dzj eHj EdzH ' Mis' ¢ HtwtsyjMmisjte SEB" daj M

5. 1 " dz" Sl KBOBOdH OtcHT™ W sOfhr dzr or , tsdz 1

1T OtedzO2 " sYkZz ttlsOdz YIsOter B3j dz Y BOOtD’
BOODHOtdzOBOd&ZzOter dzO r R B2 dzgh O OtedzO2'" Clktet

T edzgjteSpm’' § MOdzOMr dzgH © d dedzs® OyYyd W dzOteH ’
Copf' fste” dzH Ot Ot OM" dZH O Mjte’ Clsj Mis' € ScdzOL

T D5O0LOYMISOdZHO r R BB2" dgh O dBOAZOdzH O dzD O dz
fddzslslsr y 3ytsBOdZOtcHT " MCj ytsmkz yYOyjls.

4 rR OdzétstcdIsdiH jto' daj N tsdzlz

r OmMOdzH"™ ddzlsj dzdzj SIs (rR) OdzctstedIlsdzH j to° E
Btsdzy Ok Ypdzj OYOEZd&zOtGH' OdzH " dz Odzz nh* dz
BEOZ dgHHj" ¥ Rdzj 6" L G' OdzesstedIlsdiH jte' d3j dz tsdzOto
[2].
4.1 [ OhddzOdzroy r Ry "W lzdzj 6 ' L G Y"tcOdH O
o CIsjteH’ T O2HOdZOdzr f, NozG' dzjteH'™ Odg Y IsC
h ddzOdzr v BYrlsk OdzetstedlsddH jto' Cjdzj ' Istst
11 Oy " dzOdzOIsm dz BsY " Islz ( Sup'edzv ipsie dnls | e @rdaw
BJ dzé ' dzj dze j dz HJtGJleJtG ( dgr MOdzr , c OY Oz dzr
3" MOdzH Oter ) H O H(Dde)dz,r ZzOHT . YOOt IEZztOc
YOBH'™ YIsrw ' fMls hr ok ryYylkdd@zOdzir OF dz B tsdzy C

0 q)delStGo[lsd:sHJts

A Decision Trees (Nhjh'dzg O0DOhIsOter )

A -Random Forest (SJLHj2MByY ®tdzOdzH Ots)

A Support Vector Machiney (ts dzto Q I Is sdg@ f dzQ dzOtc "

11 OY " dzOdze @Y ks IfWiasupervised Learning): ¢ dzH 'CQidz®© j dze * M " L
d3D dz' d3d Is B gy r UdzO M ls | tzfzgs IOMEE &3O dzd OdzZO B Is'O2 H T
r OBH' Y IsPtcdgtcly ¥ d d3H J ¥ O dzH fJsis @ndzc | tc " Ol jyidsHO Iz

H j
[0

N M



o Pz BtcdIsd3H j to:

A K-Means Clustering

A Principal Component Analysis (PCA)

42 jtejVw Y'Ilskz ( Dedzp? tdisedadr nyi nxg) dz' dzj toH °
BOh JdzOdz" v tSY"' IskzHrw Cjwj2ls' dzéjdz bH' M
Isd* d3H* EVYHJEZG] YbDdzgy CllteH ] dz II,@ZthGijHGGth:G

o rOBH" YIsT W odBttOyYydwdzr vy HjtjSCIsjtc' dz Ist
Isntdzj o' dz Odz" YIsOEz.

o vl dzj BIMJ IsjtedBBcetcOW W dzr vy BJ 2 dzj dzj

10 dzé sted Is d3H | to:

o Convolutional Neur al Net wor ks ( CN
Hjtej CIsjteH® IsOdzH Ok nNh' dz ytsdzH Odg’ dzOH " .

o Recurrent Neur al Net wor ks ( RNN) : V)
s’ &i3H* (B MOdzr , My demtste HJtej[f]Isjte’ dz' W EOY

4. 3 ¢ desB3Odzd W dzOtGH T Odz' Y Is-H * nAssg ccma [yyO s B
YOdzr fIst yndir mr dzOdze Ok'" sy z dzOtH ' Odzr YIsOEDO
Yt sdzH Odzr dzOIsr dz € jd&zi ' DH' MIsjteH' YOMRISdHT :

7St atistical Met hods ( ¢ Is Q ldsdchigtodsSd@ ds'
CeEtecmjC "  hIsjtcH jdz Okr sykHr Odzr YISO2HT .

1Machine Learning-Based Anomaly Detection:r OB H ' Y Is™ ¥ " dgY tzglzL
BSHJAd H]J2Is'" dz Odzetsted IsdzH J tcH ' Y BdzH O dzlz .

o [ ' fnOldolation Forest, Autoencoders.

4. 4 18 OBHT Y &BsHjdz HiBOKPTRrEITWt OYOLkE
BsdzON OYIsO f O2HO BBBdzZEz " YyIsdd3OdzH™ O dz B ODOC

19tsdzH Odz" dzOIls"™ dz Isp ' dzH | to:

o Time Series Forecasting @y ' ¥I0IsYO tc z® tday."O Iz

o Regression Analysiddj G tc J ) fig D idizdOWw O 2 dzOfte® 2 O dzlz ¥ dz0©
DMl OU Stc@icH .02 H '

19tsdzH Odzlz 3" MO dz' :

o [ OhddzOdzr v "3 i "“"Mlsjlkz EZOyTr st 34 dz C
Otcyr dzr 'Mmisjdz hrok EZOyrisr dz Bsdzy Okz.

4.5 102JMm IspMm" dzH j o’ (Bayesian Met hods

1 02 Mm D OBEBJ BIsOtH" W Y ODHO2" dz BfSdzy OF
YOODHO2" dzZHO Yy " d3 I " Misjkzey &N BE dzvH' €& B J t6]

19 tsdzH Odzz d3r MO dz' :

o DOdEH 02 YOO jlstedzj tc Y OBH' YIsr w Oy Okr dz

o Cllsil tcdz' rYlsdBZOdzH " Y IsOteH ' JMmMdgtilkjkz Ot
SWISO2 d&zOdzH ' iz .

4. 6 | JdjIsdSOdzr Yy OdzesstedlsdsH jtc ( Genet i c

1d daj sd§Odz vy O dz¢ o 'ls¥i3ls ') U6 A" Ot
SWUIsO2 dzOdzH " tclz 11 h " dz Y sdzH Odz" d&zOH T . [ dzOtc 1 9 ¢

19tsdzH Odzlz &3 MO dz' :

o v j iZMtstcdzOtcH" WISO2 dz BGtdzOdkzOmis' tclz.

o rEdH i EZ YY" dd MIsOter dz Y sMf Ot zOLz.
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e tstcdIsd3H jtoH® JjJde@' LEZH' W yYdr dzH' YIsOtr
Jq;izgzclstecflsdz,HJtGH‘VJ Hijtej CIsjte MOY OMr dz
iBjtcj CIsjtcH' EWHjJEZ YDdzJ IsOL Otelslz
Jd)izdzclstecflsdz,HJtGH‘VJ zOyYIsr Isufm' dz CIs' dz

Bsx pl ai nabl e Al DH' Mlsjtc' dz f ©O2 H Odz
J!dzg;dZHG)dzIz nh'"d voyjlsls" JiMmjflsik tj
€l oud computing (B" dzlsls" Yy J Mmd
f O2 HOdzO d&zlz .

R Odze stedIsd3H j t&° OY Oz dzOtoH T OdzH " dz Oozkz
Odze sted Is d3H ° &ZOYyYlsr & dHjlk¢j Mp2CjifM ISSOWHO
HOD" EdegH 8" MiIs'" € Ybpdagy CEdZ & MOdZOZOt' dzH O
Isd' dsH ' dz' ¢ dz Otlslsr ter ff, { CtsdesdBdSC Odzr vy hr or

¢
1.
0
2.
0
3.
0

3.5" 3.5" 3.5"

D
J
D
J
D
J

,N‘H,N‘H,N‘H

50ter" Ist dzgH T

r OmMOdzH ' d dzls § dzdzj C Is (rR) Isj mndesdztse d v dz
MOdzOdzOter dzH OD"T OY Oz dzOtcH" OdzH' dz OdzEH O X OV
DOL OY MisOdzH OO Y O0DHO2 W' jiMiEG] te jz I tete riff |, dzk
dzi 6" L6 d@poMmjdzj dzjtc o3 dz sd&OtGHT W h jh' BH ]t

[Ddz' BBiIslsjtH" W MOY OMr dz Otelsls' iz, rR O
Midz" dzH " d&z' 6" dz Y ORBISOBOM" L Jd iz, ydWwtodzr y
CdeJjteYOE " ffmM"LH" CIs® dz@ DOO2Isk Oty dzr HD0OL O)
Oz Y n2jdzjte’ dz Isd' d3H Y BHigHt®O dzO DOMmzO@ij" ipJ  rd
sy "k d@3jdz Isjtcjw BYrilsk pH'Misjte', YOBHTY
ybpdzj EdzH to' Mis®" € hr Or dzH OtcH"T OL O2IkZH O I dzf

1 "dz BODM sIs@O H0LO0OyMmlsOdzeder v EdzjtcS DM fIs*
Istc OdzmW stcdzOy d W dzr NdHJAEZHIIS {, BBy d3dzj € J sis
f O2HOZOZE Oy &z EL Ddzjkzjls' dzg Istsdzr vy YL
OdzH " dz OdzE DO OtedzOdzD Odz df dzdzE B Ry Y O dgd 2 §
ysmr o, EdzH ' to' Mis' € MmMOdzOdzr v Y OB OdzH T ¥ H
Otclsls™ tOH T .

1 O2 HOAzZOdzr dzDOdz DbHjJBdjIslsjte Is'" L " d3

1. Goodfellow, 1., Bengio, Y., & Courville, A. (2016Peep Learning MIT
Press.

2. Russell, S., & Norvig, P. (2020)tificial Intelligence: A Modern Approach
Pearson.

3.  McKinsey & Company (2021)he Future of Al in Predictive Maintenance

4. He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep Residual Learning for
Image RecognitionProceedings of the IEEE Conference on Computer Vision and
Pattern Recognition

5. s OdiB O$ts(@023).r O M O dFHlzls | dzplay dejsizH © BetS dgyy O dZH " Y
Y' L &BEKH] pRuEGUWH GOL O3 MIsOdz Rdzgy J dzj tedz' € r 2t

6. Digital Kazakhstan (2024).A d W tcdz' 2 30L0OSMsOdz BC
NdIs' M Clsjte i dz f jJtemtf J SIsdo OdzOte
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7. Lee,J., Kao, H., & Yang, S. (2014). Service innovation and smart analytics
for Industry 4.0 and big data environmdrtocedia CIRP, 163-8.

8. Zhao, R., Yan, R., Chen, Z., Mao, K., & Lee, J. (2019). Deep learning and
its applications to machine health monitoringechanical Systems and Signal
Processing, 113213237.

9. ISO 55000: Asset manageméntOverview, principles, and terminology.
International Organization for Standardization.

10. Alpaydin, E. (2020)Introduction to Machine LearningvlIT Press.

11. DataHubfm ©2 Is '
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cdud MEOw fJtetsd3” h dzj dgdztsls! IstcOH d
slstcOMmdzj 2, sftcjHjdzwes hda tc O
B3 sOdzzztec d d dzj sB - BH d B3O ) fr
J, BBttedzdets? d szt f§tcls fzts @zts ik
slstcOMmMdzr dzjMjls d MJjter vyLdegr j 1€t
d tkH o Obd&ksmWjttkz {thiskzff Ot ls
tejHd CBlststcr n tECMdHr Mjter, OLEt
dg" J yomisdyr . Clsd or Btotsfr o dzd
W s otSLHERO, ks d d&O LHBtt!
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HOdzdzr d3 | fj d3dtodets? tstcc OdzedL Oydd L HteO:
Hdzs MisOdzse dIsmvw  f ted yd des?2 d3d dzdzd s dzts
.oy dzv ftesd3r hdzj dede" - tojedtsdetse s OL On Ml
J destcOydy? fejnfdY sd@smMsy 3y ds?2 YD
Odzazz te ¢ d d . glzh jmlsokzs h dj BB StSHT ¢ tsdzls
Yofmis dydzts sy dzd 9 Ols Z3OMh IsOB T L OctoW L dzj
dzj sBrtsHd B2 s jtcOldodsmisd d fosedtL ot
dzj 5B~ tSHJ GBs M Is - o dzj dzte giztlz§ v M iz § dgdzjd§Ea]As s to
BsGlzls sBil jHJdW Is! o BL di3gtsy detsmis d Mo toj d3j ¢
sBd M J ydooOls! HwsOSIsdodzsy EZftwOodzj dzdj + €t
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Jted st o0y dats Zydlsr 90!, ylt Hjwlsj d
ZOYyd s dzOdz dzr g, 18OC d &’y HEAOEGEHd &g § tod
Czs yjo' ds OCkkisds Wodvw jkmw CCdsedyj MSd?2

ftodeag'dbtcj Clsdo EUBROT @BE®E M dzj dzgde’ & o' BlesMOD |
LOHOE s ftcOQoatsolzs MmMdtsolz HdzvW disH jtodzedL Oydo

g ]

1 dmif fsOdkzkrtecduj MSd2 L Op sH

Ajdz d LOHOYyd dMmMmdzj Hise Odzd W

J dz HOdzdzse s dMMdzi Hise Odzdw L OC dzt YO Is
Is j d3" Bsdzd sstcd dze © o BtosMtse HdAdzw dgj IsO«
Isj B3O HBdy O dzj bid S WdiMdcse Ols s
GdetsL Jtetso Ols! oL d3tsy dz0Y  ff e w8j azp jzdky dzdztisjs
Qo dzj dzgyj MSdrm tojh jded 2.

dzw HisMIsd Y § ded W f sfls Oo dzj dzdzts 2 Y4 dzd dz
oLOdBsMow L Odatle’j dco Ll DHOBejBEBjIsMw Htoese j Misd
B3 stsHts9 Bsdzed sstcddzc © d o"-9bgter °,d - dzjSEBIG(
stftcj HJ dzd Is Otcrn dlsjSlskztclz BEZHEN| 2 HOYIE] R
ftoesctcOBRBdzr | dBsHEzdzd d O0dOdzdisduj MSdj d dzf
wWodzWw jlsfqw sOCy ] fYHBEstc Odzetstcdlsdiise d&Oh d
OQolssi@BOIsdyd MSd ®©BKLOBOIST 8§ Ols! Btsdzz hdj tsBI
syg dzd Is fteOCisdud MS ditejaejvd isf s 5B alzO~ o gy
CsdeStcjlsdzr » ftejHftodwisd?2 d tOmMmdislste] Is t
Csdzyjfydd Emss2ydotsets tcOLoadIlsdw fftotsdir M dzj

rqlsjClktcO ddasj dzdzj Sk Odz dzs?2 fd flsj dsr
LtcOB O’ 8 Oj BOW Jdglsj dzdzj S sz Odzr dgOw iy iy k
fls o dzw Is B2 Ghkscsbtesads obky Ml
SO 0¥ sMmw loTH Htegs@ Mls od®, Colstte’ j MESe
jdZsteOoydd LOctEwL ddlsjdj2 o wjixddj tj
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dmf sdz! L 2§ Ismw sB dzOy dzO W f d&zOIs ¥ tstc BBO, tsB j |
BOMMdotse ddaW sted3Oydd d ddasjeteOyds M dc
Ftcso jdz2 ftoJHYIBEROGCOjIs dMfsdz L so Odzdj] OdzGt
OdzOdzdL ezt Is HddzORRd S 2 dL B defndzdeIs) Iso 1 vicds dz'diat

{MBB] L dOydddd ddijijl dodduydi Jdzsjte
ftcj HiNIsOo dzW Is ! ddeW stcdzsOyde o EZHBBAS?2 HAV
L OGtew L dzj dzd Vv, hd ¢ dzO dz' stej osed Hted Gt o
MdMmisy BO dsy jIs B Is! Jdzlsj ¢ daPtsts s@dg® I Gz 1
(SCADA/MES) , ybt fssLeotsddls d bLktd ¢t WdSMmdt
dL d3zj dgv Is toJ X dd3 tcOB BBIsT sSBSiclzHS Oded v .
dmf sdz L s9 Ols! ydgWwttser j Ho s2dzd € d tsydmlsc
BBH ] zZdtctse Ols! o sLEEES gz ¢ fodg JdH fet©jo >z Ols+ B

T ——

e I.\ ‘., - T i3 -"r - | -
- & - 'v:' -
P 3 " v - N \.Q‘\\
ps - \.’Qﬁ 5

Ldmiu@hls,) B0 G dd b6 e d de 0

4o dzctstedlsdsr d dgjlstHT
[dzv  tBtOBSISSd HOdd » o ddasj dzdzj SIskz G
dMf sz’ L so Ols! CtsBBddzOyds t.OL dzd Ydz' 7 Odza &
dzj 2Qtetsdedz | Mjld fsLoatdwels Mtosdls! f tetsc dzfs
sjdzj2 o LOadMmMddsmisd ls fftesdL o tsHMilse j dadz -
¢ d&zOMlsj ted L Oyd ck-mears @ &ZPBSCANOS | sBESC O s ctolzf
or et 5 dfOd d o wodwils: dzjilsdi dyde J
Ciydd . ¢dkettedlsds B dzO ts z Aujoerdodied Catsat® dzd 2 |
Forest tsB J fHtlsj WedDed£dlzj j © " Wo dzj dedJ dzj dMtf tcOo datstr
) tedd3j dzj dzd ] ¢ jBdda StedsOyddede & MdMmlsj &5 «
ML HO9 Ols! COtls™ ttOMftosMistceOdzj dzgdWw L OGtoW L
ftoejHtftodwisdw. Clsts 90Oy dets Hdzv ByjdeCd otsL
ftedtecsHdg §J BI jClIsr . J f) tead3s ¢ 20 tslasdydstelz & 4SO C
ftocjHdSIsdodes?2 OdzOdzdIsdSd, M sMmMtsBdats? L Ot O
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ADAPTI VE CONTROL OF RENEWABLE ENERGY
BATTEROMPLEXES

Sorokina M. S. , Khan S. G.
Gumar bek Daukeyev Al maty University
emai | mddoeeki na@aues. kz
1 I ntroduction
The growth of renewabl e energy sour
generati on, il nevitably | eads to increa
energy. Il n the absence of storage devic

| i mitthserf-silcat @gei ntegration of renewabl e
Battery Energy Storage Systems (BESS)

grid sustainability. They provide fast
and act as backup power [ 2]. ForoneXamp le
i nstati ons began to dev@&lbygp 202p@i, dIltyhes o
i ncreased five times and exceeded 26 C(
batteries covered up to 20 % of energy
and hel maggeg trenmavabl e generators [ 3].
Recent studi es emphasi ze t he I mport
algorithms that adapt to current o©éndi't
charge (SOC) Il evel, consumption dynamic
The proposed work 1is aimed at devel
adaptive management of renewabl e energy

[
-substantiate the need f or -taidnaep tprveedia
and contr ol

-descri be the architecture of t he aut

EMS, controllers, sensors);
-propose algorithms that mi ni mi ze ger
and increase the share of renewabl e ene

2 Overview of the solutions used

Cl assical RES management systems
Classical RES management systems are
which | imits their adaptability to char
are forced generation restriction in ¢
resernde di es el generators for bal ancin
controlling the charge and discharge of
approaches do not take into account th

and |mam adsy, which reduces the efficien
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Approaches to integration of battery
Battery Energy Storage System (BESS)
electricity based on battery modul es (F
control system. Such complexes allow Yy
renewabl ereeaergydsoupply it to the net
battery modules and wunits that provide
( BMS) t hat perf or ms bal ancing and CoOo
il nverters/ power c vV @ret elrisdi fRCS$) onadakbt
Chadgescharge processes are coordinated
whi ch makes decisions based on | oad, pr
Fi g-ExhAmple of BESS
BESS functions in renewable energy sy
-unl oading of peak | oads (peak shavin

-increase of own consumption (especi a

-provision of redundancy and network
frequency and voltage regul ation);

-f ast response in critical sligusatiloar
second [ 2].

Due to the flexibility of the system
themselves, the areas of -farponh isa@mailido s yaft
for private homes to iIindustrial scal es
adntbage is the tendency to reduce the <c
cost of storage fell by hal f, to about
significantly i mprove the stability an
resmpse rate of batteries [8].

Di sadvantages of static algorithms

Static BESS management al gorithms ar
t hreshol ds i gnore the wvariability of
efficiency. |l gnoring the depth of disct
accel egraatdeast idoen; BMS only capturesi chevi
strategy. Such schemes mi s s profitabl
forecast s) [ 6] , poorly coordinate the
controeslhavwienager ve), and do not optimize
handl e forecast uncertainties, where ac
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3 Adaptive RES management
The key advantage of adaptive control

complexes is the ability to adapt to cl
purpose, forecasts of solar radiation,
whhct he batdiesrcyhac lygar gceycl es ar e pl anne
adaptive algorithms dynamically adjust
generation peaks, optimization of SoC,
the séeésoageeyr taking into account degr a

An example is the hybrid predictive ¢
the frequency {utlrmcelimarmametoemserigry me a
energy sources d accumul ator s, ef fect

variilabty of modes [ 11] .
I n the adaptive management of renewa

consideration of environment al uncert a
Traditionally, fwuzzy |l ogic is used, whi
and fyl exiglull ate the processes of <chargi
to increase their service |pfedidei]veA
(MPC), which wuses predictive model s and
act iooresr a given ti me horizon. MPC t al
l i mitations of the equi pment and the g
Al ong with this, methods of intelligent
activelygdeMad mipme | earning and neur al
production and consumption based on we.
as data accumul at es.
A comparison of these methods is pres
Table 1. Comparison of algorithms
Met hod Advantage Constrain
1 2 3
: : . Limited by
Fuzzy L| Simplicity, difficult t
stabl e resg ) :
opti mal it
Takes into Computati ona
MP C constraints :
> requires af
optimizes t
1 2 3
Combinati on
FUZMBC Mmooy bi ity Harder to
(adaptive . .
predictive
Albased ¢ Hi gh adapt -1 earning Re
compl exittconsideratio | earning co
EGMPC, AN and mar ket expl ainab




Thus, for the problem under consider
applicabl e method for I mpl ementing con
| mpl ementation and efficiency. Il n the
wi del y nitnepdl,emet i s al s o -lpaossesd btlreaitmi notr

4 Practical I mpl ement ati on
System architecture
Il n automated systems that combine so

(Figure 2), the architecture is formed
and the EMS module. Sensors detect key
chargweol tage, frequency, and temperatur
st-apt mode switching, and protection f
collection and archiving, whil e EMS ac
based eegmsftfsor and current status. Addi t i
mai ntenance module ( MRO), which all ows
equi pment (Figure 3).

A practical example is the "Sundom s
di stributed -inobent wbob &S ,wiwihndLit ur bi nes and
generating control signals taking into

net work [ 14].
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Thus, the use of EMS in renewabl e ene
adaptive management: accumul ation of ex
of peak demand. This all ows you to reg.l
smootuh network fluctuations, increasing

Management platfor ms

Modern control systems for battery c
erarchi cal principle that ensures st
vel, the problem of frequency and vol
utaomati c adj ustment. The secondary |
t ween sources, where the accumul ator
solar and wind st attieornns .e cAdn otnmiec toeprt
peaemed, i ncluding an analysis of h e
e accumul ated energy. The wuse of
tteries increases the efficiencys
d ensures timely maintenance [ 15]
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Batteries can absorb excess energy w
consumption and release it when renewab
example, at night or on windless days,
utiiloratate by storing energy that woul
[ 6] . Adaptive control met hods, I n contrr

adjust ment of operational parameters
makéeéspossi ble not only to extend the se
operating modes and reducing the depth
their economic efficiency.
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Fi gu3teordage unit operation sch

Economic i mpact

The combined use of renewabl e energy
economic efficiency: i n Southern ®Bli na,
6.5 % [ 1&E]ISS nertwbEKs, daily costs were
was dey azyedydars [ 19]; hybrid systems (
reduced costs for TOU fares [20].

6 Concl usion

The analysis shows that the integrat
energy systems is a key tool for i mpr
net works. Adaptive contfromdmbfaszdy olno gniod
artifilci@encientmdbhhodgni ficantly reduce
fluctuati ons, reduce the scale of forc
consumers, as well as increase the uti/l

Battery complexes are becoming part:.
transition to"smart grids". Here they ¢
provide a balance between generation ar
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they become an active el ement of the I
where EMS and SCADA act as the control

Thus, as a result of the analysi s, I
i ntegration into SCADA and MES systems
on fwuzzy Il ogic and Al modul es for mo d €

efficidency amnewabl e energy to the maxi

Prospects for the development of ada
expansi on of t he use of artificial I
Combining predictive genleeatniomg annant ma
wi | | ad lmaw astd systems that have a hig
optimize their work not only from a tec
Given the growing share of renewabl e en
wi || breec oimeundati on f or sustainabl e, f
energy systems of the future.
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MATLAB Function +
1 function eta = EtaCalc(E)
%= EQ = 0.2; % XapakTepMUCTHYECKOe HalpAXeHHEe
3= eta = 1 - exp(-E/EOQ0);
4 end
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Face$ Qdp e affpjktc oPjytd h(on) Y PLC ( Modbus
AHU.

CteBG toditf sdzj dzlsls* W yr L d3gd Is' :

T Face& Odf) 68 0tftkOtcOlsy O ¢ ' tog jdz dgj osj g hry
¥ Ddzj Y JHOTOE®H Fdkrafisjkice jto' dzj " BJjtej H ' ;

T FI| afgjktco Byt hidqni)2 j dz' w dzj 6" L ¢ Blzr dz . I
SYJOOdzOtH ' Y OB dzH Of , EWHJ [, OH OM3H.OtERr ' W
3D ko d b u sk ALAPO ROMP L@gw'ddglstc’ dzj 3 OL " dzOH ' ;

T PLC (Programmabl e 1 BBOMYOtchorn t rsdells|Oalz
Mdtco jtoH | dAdPd2 A Odgp 2 ¢ i BOMY Otz dzse d ¢ O

T VFED (Variable FPe@Quezney tcDdzc y dz) B OMmY C
YOB" d&zZHOYf, Y jdzH jIC'h YBLOOISY" hr dgr w X' dzt

T AHU ( Ai r Haimdslwion g tsUWer idzH)Okzhr y"ter dzor |
OHOMBH Ot MOdzr dzZ0O YOt "' m " Misj2H" .

FI| afipjktce j ' OHOH OtcH 'Mb d® O 's IHINIPO &z @)iPrdzr Edc
PL c;c;q’frjlstra dzfj 4 OL Ogp y madii'iEsde fer"'@dzOIffr" dif ©2 H
PLC d§jR jday 027, {§Btls Yypdzgj tjedmlstc OHtej M
ddModbus Dudinozy Iststc” Y OL " dzDOdz d3gpdzH j tcH " Y C
h T DOtOHT . [ M &zO2h @L COc@dyf tdzb OTfsj dzB O2 dzO dz
L Bzdzv ydwg@dzy 1s) ( 1

A face_serverpy - DAFACE_ID_HVAC\face_server.py (3.13.7) - [m} X
File Edit Format Run Options Window Help File Edit Format Run Options Window Help

flask Flask, request, Jjsonify tf-8

pymodbus.client.sync ModbusTcpClient # mig pymodbus 2.5.3

threading TC pym

app = Flask(__name_ )
MODBUS_IP = "127.0.0.1" logging
MODBUS_PORT = 5020 pymodbus . datastore ModbusSlaveContext, ModbusServerContext, ModbusSe
MODBUS_REGISTER = 100 pymodbus. server. sync StartTcpServer # BEXHO: sync mma eepcumm 2.5.3

MODBUS_UNIT = 1
Lo gg gEl ck (ModbusSequentialDataBlock) @

rrrrrr t_count = 0 etValues(self, addre: s, values):
lock = threading.Lock() isinst e (value list):
values = [val 5]
send_to_modbus (c: : int): ; t(f mmy PLC] WRITE HR[{address}] = {values}")
client = ModbusT ient (MODBUS_IP, port=MODBUS_PORT, timeout=2.0) uper(). tV lue. ( ddre: values)
woauTeea X ") nain (=
# SOaéM 0CNACTE IaMA’ (0-19% permcTpoB)
clie ress=MODBUS_REGISTER, value=int (count), unit=MODBUS h bl ck = Loggi: qu k(l] [ﬂ] 2[|[|)
client. store = ModbusSlaveContext (hr=hr_block, zero_mode= )
print (£ MODBUS_REGISTER}] <- {count En ntext = ModbusServerContext (slaves=store, single= )
@app.route("/status", methods=["GET"]) 1o qq q b cConfi q(level =lo qq q INFO)
status(): int(" Dummy M s ymer: 127.0.0.1:5020")
jsonify(people_count=current_count) St rtTc pS rver ( t t dd (" . .Z.Z”, 5020))
ods=["POST"]) _ name 1 L
main ()
) & f MMET  JaKe
)) . lower()
t_count 1)
fy( ="5.:::"“ must be 'enter' or 'exit'"™), 400

ew_value = curr
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Target Garanm: Target
Ormry: Neural Network... Ej ’/ L:*j‘ [éj Run Section ‘i[_if/

OruTy: Ensemble (LSBoost)... B
Owerry: Support Vector Regression... FILE NAVIGATE EDIT Breakpoints R Run and [EN Run and
© < Advance Tirm
Test R2=0.250, RMSE=18.028 v v v

est R2=-0.090, RMSE=21.73¢ | BREAKPONTS RO

est R2=0.192, RMSE=18.718 GPJAZ system_fullm +
EH xakcH Mogesb: nn (R2=0.250) 1 % GPJAZ_System full.m TD
Kana yarire Gosmkam: 555.11 (HakTe: 566.37) 2 % FEUEM/-[&[aTOTUKANEE KYMECTE 2BTOMATTAHIHPY RYMECiHIH ayKEMIE KOIH

f;g >> 3 % ABTOp: MarucTpaHT (Kymaminm Mmpac)

4 % Taman: Statistics and Machine Learning Toclbox, Deep Learning Toolb
5
(3 lear; clo 1
7 g (42);
%% =================== Kou durypamus ==s==s=======—=====
10— DATA PATH = ''; % e Cs %4 KSBIHED
11-  MODEL_SAVE_PATH = '
12 — REPORT_FOLDER = fullfile(pwd, "gpjaz_report'):
if ~exist (REPORT_FOLDER, 'dir'), mkdir (REPORT_FOLDER); end
15 — testFraction = 0.25; % mecr yneci
I«
UTF-8 ln 13 Col 58
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HDMishtedzZ YOtOfO2r &3 Y U2 jdzjteH jdz Jtoj €N j dzj «
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4\ Neural Network Training (nntraint... — X

Neural Network

3l Bl

Algorithms

Data Division: Random (dividerand)

Training: Scaled Conjugate Gradient (trainscg)
Performance: Cross-Entropy (crossentropy)
Calculations:  MEX

Progress
Epoch: 0 u 31 iterations | 500
Time: 0:00:03
Performance: 0.595 7.11e-05 | | 0.00
Gradient: 0.874 0.000277 | | 1.00e-06
Validation Checks: 0 20 20
Plots
Performance | (plotperform)
Training State (plottrainstate)
Error Histogram (ploterrhist)
Confusion (plotconfusion)

Receiver Operating Characteristic = (plotroc)
Plot Interval: ' 1 epochs

¥ Validation stop.

=

Stop Training @ Cance
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YN24iMm" d2w B' tg BEEEE G { dzdayolsO wgwidz" Y Olss * dz' 3
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Is"tc0r " dzOdz L tste a3l di3C ' Maut Isa B P ofry BPc BB dz68 Oy
StelsOH O YYWEzH Otdalk' B L @3B dzB j telz o3y € 4 o3 dzd to* dz' v
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