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on the dissertation work of Utebaeva Dana Zholdybaykyzy
who is an applicant for the degree of Doctor of Philosophy (PhD) in the specialty 6D071900 — ""Radio Engineering,
Electronics and Telecommunications" on the topic ""Research of effective UAV detection using acoustic data recognition"
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Criteria

Matching criteria

Official reviewer's opinion

1.1 Correspondence to the directions of
development of science and/or state
programs:

1) The dissertation was completed within
the framework of a project or target

Dissertation topic (at the
date of approval) should be
consistent with directions of]
development of science
and/or state programs

program financed from the state budget
(name and number of the project or
program);

2) Dissertation completed within the
framework of another state program (name
of the program)

3) Dissertation in accordance with the
priority direction of science development
approved by the Higher Scientific and
Technical Commission under the
Government of the Republic of Kazakhstan
(indicate the direction)

The work was carried out within the framework of
the research project AP14971907 within the
program of the “Zhas Galym” project funded by the
ME&S of the Republic of Kazakhstan in the priority
area “National Security and Defense” on the topic
“Development of a robust frequency-based detection
system for suspicious UAVs using SDR and acoustic
signatures”. The scientific supervisor of the project is
the applicant D.Zh. Utebayeva.

Significance for science

The work makes/does not make a
significant contribution to science, and its
significance is/is not revealed.

In the dissertation work, a system is proposed that
can recognize unmanned aerial vehicles in real-time
using acoustic signals. In the proposed system, the
acoustic signals of unmanned aerial vehicles were
studied in a new method based on the combination of]
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Learning architecture created using the Gated
Recurrent Neural Network, shortly GRU.

The principle of self-writing

Self-writing level:
1) high;

2) average;

3) down;

4) she did not write

The researcher wrote her dissertation in a clear and
precise research style. The literature review of the
work 1s widely discussed, the theoretical basis
presented in a sequential order, the experimental part
is proved by a high percentage of accuracy in the
recognition of unmanned aerial vehicles, and the
results obtained are deeply analyzed, comparing
them with other research works in this direction.
When analyzing the results of the work, one can
observe the researcher's ability to analyze from a high
critical point of view, sufficient independence in
performing research tasks. D.Zh. Utebayeva
managed to prove the relevance of her proposed
research method for the problem of recognizing
unmanned aerial vehicles. Also, she studied effective
hyperparameters for the problem of processing
acoustic signals of unmanned aerial vehicles in a
short time and proposed an optimal solution for real-
time execution. I consider that the dissertation work
is written in a systematic manner and at a high level.

4.1 Reasons for relevance of the

.. . dissertation:
Tl
unli(i principle of 1ntemall iustified;
. 2) partially justified;

The development of modern technology has
led to the mass production of unmanned aerial
vehicles with various functions. Accordingly,
multifunctional unmanned aerial vehicles have

become widely used by the population for

3) not justified.




: =
recreational purposes, agronomy, transportation,

intelligence, and even as a political purposes at the
international level. As a result, accidents with
unmanned aerial vehicles began to occur widely.
That is why the recognition system for unmanned
aerial vehicles that can be illegally penetrated is a
very relevant issue. And the proposed work solves
the problem of recognizing suspicious unmanned
aerial vehicles that can arbitrarily enter specially
protected areas in real-time in different positions.
This, in turn, substantiates the relevance of the
dissertation work.

4.2 The content Off]q
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¢ dissertation
determines the topic of the dissertation
1) defines;
2) partially defines;
3) does not define

The content of the dissertation work is determined in
accordance with the topic of the work. That is, the
work consists of an introductory part that determines
the relevance of the recognition of unmanned aerial
vehicles, five parts that are constructed for systematic
conclusions showing the novelty of the obtained
results.

In the introductory part of the dissertation, the main
goal of the study, its objectives, relevance and
practical significance were systematically discussed.
As well as, the conclusion of the dissertation work is
formulated according to the results of practical tests.
In a dissertation work, its content and stages of

research are created with a proper sequence, and
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dissertation.

4.3. The goals and objectives correspond to
the topic of the dissertation:

1) matches;

2) partially matches;

3) does not match

The purpose and objectives of the dissertation
are fully consistent with the topic of the work.
And work objectives matches with the given
the goal.

4.4. All sections and structure of the
dissertation are logically connected:
1) fully connected;

2) partially connected,;

3) no connection

The dissertation consists of the following sections:
introduction, five sections, conclusion, bibliography
and appendices. In the initial introductory part of the
work, she described the relevance, purpose,
objectives and novelty of the dissertation work. The
main part described the theoretical basis, i.e.
mathematical model, and the steps required to
perform the recognition of unmanned aerial vehicles
by their acoustic signals.

As a side note, it can be shown that the dissertation
provides more detailed information about the steps
involved in preparaing a database of unmanned aerial
vehicles.

And it can be emphasized that there is a connection
between the method implemented in the general
work, the positive results obtained with its
application, and the objectives of the study.

4.5 New solutions (principles, methods)
proposed by the author are proven and
compared with already known solutions:

It is quite obvious that the composition of the
database used in the dissertation work was
completely created by the author, and during its

1) there is a critical analysis;
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3) the analysis is based on the references of
other authors, not their own opinion
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research works.

5.1 Are scientific results and principles
new?

1) completely new;

2) semi-new (25-75% are new);

3) not new (less than 25% is new)

In the dissertation, the hyperparameters of the
modified Melspectrogram layer for processing audio
signals of unmanned aerial vehicles are effectively
studied and this layer is integrated into the deep
learning architecture as an input layer. The proposed
method is completely new.

The principle of scientific

5.2 Are the conclusions of the thesis new?
1) completely new:

novelty

2) semi-new (25-75% are new);

The results obtained by the proposed method are
completely new. The conclusions made during the
study represent a completely new method of
foundation the direction of the intellectual field for

3) not new (less than 25% is new) the "Radio Engineering, Electronics and
Telecommunications".
5.3 Are the technical, technological ) i
. ’ sledl, The hearing-managed smart acoustic sensor
economic or management decisions new . : i . ..
proposed in the dissertation is cost-effective in

and reasonable?

1) completely new;

2) semi-new (25-75% are new);
3) not new (less than 25% is new)

design and its control solutions are completely new.
The created system is completely based on high
recognition accuracy.

Validity  of
conclusions

the main

All conclusions are/are not based on
extensive evidence from a scientific point
of view (in the areas of qualitative research
and arts and humanities)

The dissertation work is fully and widely discussed
on the basis of peer-reviewed publications.
Theoretical foundations, software and results of]
experimental tests created during the development of
the research method were created systematically.
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Basic principles proposed

for defense 7.3 New? .
1) ves: defense industry.
5 scientific articles on the topic of the dissertation,
2)no 3 : .
namely 1 article in the journal of the first quartile
7.4 Level of use: . . o 4
with a non-zero impact factor and peer-reviewed, 2
1) narrow . ; " T
2) average articles in scientific publications recommended by
3 wi deg the Control Committee in the field of education and
= science of the Mmlstry of Education and Science of
7.5 Is the article proven?
1) ve v the Repubhc f Kazakhstan and 2 ar rticles in
2) nos conferences 1ncluded in the Scopus database.

The following questions should be
answered for each principle:

7.1 Has the principle been proven?
1) proved;

2) approximately proven;

3) approximately not proven;

4) not proved

7.2 Trivial?

1) yes;

2) no

The presented results are confirmed by the results of
a number of practical tests.

There are no elements of triviality in the dissertation.
The composition and results of the proposed method
are new.

The proposed intellectual acoustic sensor can be used
as a component verification sensor for protected
areas where unmanned aerial vehicles can enter
without permission. The result of the study is a new
intelligent listening sensor that is in demand in the

The principle of consistency
Consistency of sources and
presented information

8.1 Choice of Methodology - Reasonable or

clearly written methodology

1) ves;
2) no

The researcher chose the research methodology by
conducting an in-depth review of the literature and
conducting experimental tests. To solve the problems
necessary to fulfill the purpose of the study, the
researcher had the opportunity to use the methods of
analysis, experimental verification, methods of]

mathematical and software modeling.




8.2 The results of the dissertation work
were obtained using modern methods of
scientific research and data processing and
interpretation methods using computer
technologies:

1) yes;

2) no

'D
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processor at 1 60 GHz laptop, Python (Spyder)
program, neural layers from the Keras library, new
keras layers from KAPRE were used to perform fast
calculations of the Deep Learning architecture in the
experimental part of the research.

As a small note, it can be said that in the
practical part of the work, the exact list of Keras
libraries used to create a recurrent neural network
should be mentioned.

8.2 Theoretical conclusions, models,
identified interrelationships and laws are
proven and confirmed by experimental
research (for training areas in pedagogical
sciences, the results are proven on the basis
of pedagogical experiments):

es;
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In the dissertation work, mathematical and software
models of the methods proposed by the researcher
were created, and the results were verified by
practical tests. The results of the experiments are
shown in photographs.

The results of research and promising developments
are fixed within the framework of the project
"National Security and Defense" of the Republic of]

Kazakhstan.

8.4 Important statements are confirmed /
partially confirmed / not confirmed by
references to accurate and reliable scientific
literature

Important concepts and statements are supported by
references to specific and peer-reviewed scientific
literature.

8.5 The list of references is
sufficient/insufficient for the literature
review

92 lists of used literature used on the topic of the
dissertation work, in particular, scientific literature,
standards, results of practical experiments, etc. The

work carried out an extensive review of the 1iteratureJ




9.1 The thesis has theoretical significance:

1) ves;
2) no

In the dissertation wor
recurrent neural networks are systematically
explained from a theoretical point of view, and this|
theoretical basis is important for the problems of]
recognizing sound signals using Deep Learning

methods.

9.2 The dissertation has practical
significance and the possibility of applying

The system developed by the researcher is

9 |Practical value principle : . SN recommended as a system of practical importance for|
the obtained results in practice is high: .
1) ves: customs and small protected areas where the national
2) no security system of the country is important.
Igleivl‘?re tae prastical iesommendations The intelligent listening sensor proposed by the
) researcher is new in the problem of recognizing
1) completely new: ) ) )
» = ' unmanned aerial vehicles and other motorized
2) semi-new (25-75% are new); bbiects
3) not new (less than 25% is new) JECES-
Q\u‘a!lt_y of academic writing: The work of the researcher is written in an
o~ e ~ .y 1) high; . . :
Quaiity of writing and 1) ugh; . understandable scientific and technical language.
10. desi 2) average; Th . < ol d 4. Th .
gn e writing style is clear and good. The main rules
3) below average; . .
and conclusions are formulated with proofs.
4) down. B}

Dissertation notes and recommendations:
1. In the dissertation, I recommend showing detailed information about the stages of collecting a database of unmanned aerial

vehicles.

2. As a small note to the dissertation, in the

recurrent neural network should be highlighted.

experimental part of the work, the exact list of Keras libraries used to create a



These recommendations do not adversely affect the defense of the work and do not reduce the relevance of this scientific
study.

Conclusion

These notes do not reduce the overall positive assessment of the dissertation work. The dissertation of Utebayeva Dana
Zholdybaykyzy on the topic “Research of effective UAV detection using acoustic data recognition” is fully completed, the work is
new and relevant, and meets all the requirements for Ph.D. worthy of receiving the degree of Doctor of Philosophy (PhD) in the
specialty 6D071900 - "Radio Engineering, Electronics and Telecommunications”.

Reviewer, PhD in "Information and Communication Technologies',
associate professor of KazZNU named after Al-Farabi

Associate Professor of the Department of '"'Information Systems" B.S. Omarov

2023, «/4 » May



6D071900 — «Paguorexnuka, 3JICKTPOHMKA K9He TeJIeKOMMYHUKANUAIAD) MAMAHALIFL! Oolibinma ¢gmiocodus
Japeskecin ajdyra YCbIHbLIFaH YTe6aeBa Jana AKonnbi6aiikbi3bIHBIH «AKYCTHKAIBIK AepeKTep/i TAHYAbI KOJIIaHy
APKBUIBl YHIKBILICHI3 dye KOMIKTEPiH THIMAI aHBIKTAYAbI 36PTTey» TAKbIPHIObIHAFbI AUCCePTANHSIBIK
KYMBICBIHA
PECMMU PELHEH3EHTTIH ) KA3BAIIIA ITIKIPI

Ne |[Kpurepuiisep Kpurepuiijep coiikecriri PecMu peneH3eHTTIiH YCTAHBIMbI

1.1 PeuieIMHBIH ~ gaMy — GarsITTaphina
JKoHe/HeMece MEMIJIEKETTIK
OargapiaManapra COWKeCTIri:

1) Jluccepranus MmemiiekeT 610/ DKeTiHEH

TaKBIPHIOBIHBIH (6exiTy HbICaHaNbl Oar/lap/iamMaHbly asChlHa Kap KbUIaHABIPATHIH «2Kac ranmeiMy x00ackl aschIH/ia
KyHiHe) FEUTBIMHBIH tamy|/ORPHaIFaH (2KOOaHBIH HeMece «¥nrreIK Kayincizzik sxone Kopranbic» 6achIMIbIK
AN TTOTIARA S TIT T TT AT AT T RACTT TTah foims - [~ -4 [ 'y S S e
' NYAIKTI YHIKBIWCbI3 YUY
1. |6ars b / UarfapiiaMaiibii aTaybl MEH HOMIDI ), VarbiThbli OOUBIHIIIA )
S 2 6 i anmapaTTapbId AHLIKTAY/AbI JKHLTIKKe
R ) Huccepranms 6acka MEMIIEKETTIK P P KTayAbIH

.. |6armapmamMa asiCbIHIA OPBIHIAIFaH Herizgearen ceHimai kyiiecii  SDR  xome

OaFrnapiamanapra  coiikec . . .
5 (6armapnaMaHBIH aTaysl) aKyCTHKAJBIK Oearinepai maiimajany koMeriMen

OJIYBI

asipsey" TakbIpbIObl OoiibiHIa AP14971907 JKTH
FEUIBIMU-3€PTTEY  JKYMBICBIHBIH 0ol  peTiHge
opeiHAaNAbl.  JKOOaHBIH  FBUIBIMH  JKE€TEKIIici
13penyiii J.0K. YTebaena.

3) Juccepranus Kasakcran
PecnybnukachiHbIH Y KIMETI JKaHBIHIAFbI
ZKoFraphbl FRITBIMU-TEXHUKATIBIK KOMUCCHS
OEKITKeH FhUIBIM JIaMYbIHBIH 0achiM
OarpITbIHA ColiKec (OaFBITHIH KOpCeTy)




Frouteivra MAaHBbI3IbLIBITBI

JKyMEIc FRITBIMFA eneydTi yiiecin
KOCAJIBI/KOCTIali B, ajl OHBIH MaHbI3AbLIBIFE]
alllbLIFaH/alliblIMaraH.

JAuccepTalMsanblK, ~ KYMBIC ~ HaKTHl  yaKBITTa
VIIKBIIICBI3 9dye KOJIKTepiH TaHy MaceleciH
ONAP/IbIH, aKYCTUKATBIK, CUTHANINAPE! APKBLIE TAHH
aJiaThIH XKYHeH1 YChIHIBI. Y CBIHBII OTHIPFaH XKylene
VIIKBIIICEI3 ~ dye  KOJIKTePiHiH  aKyCTHUKAaJIbIK
CUTHANJAphIH  KHLIIK aynaHbIHaH OH eI
aNbIHATBIH MejicrieKkTporpaMMa KabaTeiIMeH TaHyIbl
TagaaraH jkoHe «Gated Recurrent Neural Network,
aran GRU»  HeHWpoHIBIK Jkelici  KeMeriMeH
kypburrad  Deep  Learning  apxurexTypachiHa
aBTOpPMEH Mo bUKaIAsIIaHFaH
MeincnekrporpaMma KaGaThiH OipikTply Herisinpe
XKaHa 9/ICTICH 3epTTe/i.

O31 Ka3y npuHIUI]

Oz1 xazy geHreiii:
1) &oraphr;

2) opraina;

3) Temen;

4) e31 xxazbaran

[3nenymn quccepTalysIBIK XKYMBICTBI TYCIHIKTI opi
HAKTBl  FBUIBIMH-3€pTTEY  CTHIIHAE  YKa3FaH.
JKyMBICTBIH o/1€0M IONYBl KEHIiHEH TaJKBUIAHFAH,
TeOpUsANBIK Oepliayi Oipi3gi peTiMeH YCBIHBIIFAH,
TOKIpHOHMENIK OOMiri YMKBIICH?3 3ye KONiKTepiH
YKOTaphl nanei3oen TaHy JAQNAIKTepiMeH
JOJNIENIIEHTeH JKOHEe A€ alblHFaH HOTWKENepi OCHI
OarbITTarbl ~ ©3re  3epTTey  JKYMBICTapBIMEH
CallbICTBIPBIIA  OTBIPHIN  TEPeH  TajJaHFaH.
JKyMBICTBIH ~ HOTWKeNepiH  Tajnjay  KesiHze
13/IeHY I HIH JKOFapbl CHIHM KO3KapaclieH capanTaii
amy KaOlleTiH, J>KoHE 3epTTey TarchlpMallapbid
OpbIHJAyJa OKeTKINIKTI Toyelicizmirin Oaiikayra

Oonanel. Izgenymi JI.OK. VTebaeBa yImIKBIICH3 oye




3epTTEY OJICIHIH ©3€KTUIH JoNenmi Kepcere
Oinren. CoHpal-aK, YIIKBIIICHI3 oye KONIKTEPiHiH
aKyCTHUKAJIBIK CHTHAJIAAPbIH OHJEy TallChIPMachiy,
KbICKa YaKbITTa KBULIAM 6©HJAeYy VINiH THIMJI
runepnapaMeTpiepii 3epTTel, HaKThl YaKbITTa
OpBIHJIayFa OHTAMNEBI IIEeLITiM YCHIHJIBI.
JlMccepTauMsuIBIK  KYMBIC KYHEIl peTIEH KoHe
JKOFaphl JIeHTeiie Ja3blIrad aen OaraiaiiMbIH.

k1 Oipiik MPUHIIAII

4.1 quccepTarus ©3eKTiTTHIH
HeT131eMeci:

1) Heriznenren;

2) xKapThulail HeTi3eNreH;

3) Heri3eNMereH.

Kazipri TEeXHOJOTUSHBIH KETICTIKTepi
VIIKBIILICEI3 9y€ KOIIKTEPIHIH TYpii pyHKUHIIapMeH
KONTell eHIIpulylH okenmi. Kem ¢yHKumoHamsl
VIIKBIILICHI3 9ye KOJIKTepl CoMKECIHIE XablK
apacheiHIa PEeKpeausIIbIK MakcarTapja,
arpoHoMuANA, TachIMallfiayia, Oapnay
JKYMBICTAPhIHAA TINTI XaIBIKAPAIIBIK JEHIeH/IE CascH
MaKcaTTapia KeH KONJTAHRICKA ue 0ona 0acTaner
OCBIHBIH canapblHaH YIIKBIHICKI3 9y€e KOJIIKTEpIMeH
OonaTelH OKBIC OKWFalap Ja KEeHIHEH OpBIH aJia
6acranel. Con cebenTi 3aHCHI3 eHyi MyMKiH 00JIaTHIH
YIIKBIIICBI3 9ye KONIKTEPIH TaHy XKyieci aca e3eKTi
Mocesle OONBIN OTBHIP. AN YCHIHBUIBIN OTBIPFaH
JKYMBIC apHaibl KOPFaJIaThIH aliMaKTap/a
pPYKCaTcel3 €Hyl MYMKiH OomaTelH  KY.IIiKTi
YVINKBILICHI3 9y€ KOJIKTEPiH TaHy MOCeseCiH HAKThI
yakpITTa TypJli MO3ULUSIAPBIHIA TaHYABI KOJFa
anael. bym 3  keseringe  JAUcCCEpPTAlUSIIBIK

JKYMBICTBIH ©3€KTUIITH Heri3aei .




4.2 JTuccepranus Ma3MyHbI TUCCEPTALTUSI
TaKbIPHIOBIH aMKBIH 1AM IbI

1) aliKBIHgAN b,

2) )xapThUIail alKeIHIAH Ik,

3) aiKbpIHAAMAaM IbI

INATT
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TaKbIPBIObIHA calf afKBIHAANBIN >Ka3bUIFraH. SIFrHU,

YKYMBIC OHBIH, YIIKBILICHI3 9ye KOJIKTEepiH TaHyAbIH

©3eKTINrH  alKbIHAAWTBIH  Kipice GelliMHEH,
3epTTeyAl KYHeNml JKypri3yre >ocIlapianrad Oec
OenMHEH XKOHE aNbIHFaH HOTHKETIEPTiH

JKaHAJIBIFBIH KOPCETETIH AQJIENJ TYKBIPBIMIAAPIBI
KaMTUTBIH KOPBITBIHABIIAH TYPAIbI.
JIMCcepTalUsAIBIK JKYMBICTBIH Kipicle OeiMiHae
3epTeyid, 0acThl MakcaThl, OHBIH TaIChIPMACHI,
©3€KTUIIT, JKOHE TaXIPUOETK MaHBI3IbUILIFE]
KyHem TankeliaHael. CoHnal-aK, quccepTalusIbIK,
)KYMBICTBIH KOPBITBIHJIBICHI TOXKIPUOEINiK CHIHAKTap
HOTHXKeJIepIMEH JoJNeN/li TYKBIPhIMIAIFaH.
JluccepTanyusambIK KYMBICTEI 3€PTTEY Ke31HIe OHBIH

MasMyHbI ~ME€H 3epTTey KajaMAapbl JIyphIC
PETTUIIKIIEH KYpBUIFaH JoHe Oyl Kypampjac
OeniMaep JauccepTallds TAKBIPBIOBIH TONBIKTAN
AW KBIH 1A T5I.

4.3. Makcatbl MeH MIHAETTePI A1CcCepTaLysl
TaKbIPBIObIHA COHKEC Kele/i:

1) coiikec Kenei:

2) )KapThlIai colKec Kemei;

3) coiikec kenmeal

JluccepTanusnblK KYMBICTBIH MaKcaThl MeH
MiHJaeTTepi KYMBICTBIH TaKbIPbIObIHA
TOJIBIKTall ColiKec Kesedl. AJl IKYMBICTBIH
MiHJIeTTepl KOHBUIFAH MakcaTThl OpPLIHZAYyFa
COHKEC KYpbLIFaH.

4.4. luccepranusiibly, 0apibIK GemiMaepi
MEH KYPBUIbIChI IOTUKAIBIK OaliTaHbICKaH:

JliccepTalMsUIBIK JKYMBIC Kelecifaei OemnmimmepieH

TYpaJibl: KipicIie/ieH, oec OeniMaep/eH,




1) Tonbik GaltmaHBICKAH:

2) xapTbuiail 0aiTaHbICKAH;
3) GaliIaHbIC JOK

alaHBUIFaH  ofelueTTep
Ti3IMiHEH KoHEe KochMImaiapaaH. JKYMBICTHIH
OacTankpel Kipicrie OexiMiHZe IUCCEPTAIHSIIBIK
JKYMBICTBIH ©3€KTUIIrH, MaKCcaThlH, MiHJETTepiH
PKOHE JKaHAJIBIFBIH cHumarranbl. Herisri  Geimimi
VIIKBIIICHI3 ~ dye  KOJNIKTEPIH  aKyCTHKAaJBIK
CUTHAJAApbl apKbUIbl TaHYABI OpPBIHAAyFa KaKEeTTi
TEOPUSUTBIK HETi3/IeMeHi, SFHH MaTeMaTHUKAaJbIK|
MOZENJl JK9HE OHBl TOXIpUOMENK TYPFBIIA
OpPBIHIANTHIH KaJaMaapabl CAIIATTa bl

EckepTne peTiHAe IUCCEPTANUSANBIK >KYMBICTA
VIIKBIIICHI3 9ye KONIKTePiHIH AePEeKKOPBHIH >KHHAY
KaJamaapbl Typaslbl KeHEHTINreH akmapaT OepyiH
KepceTyre 0oaasl.

AN kanmbl KYMBICTAa OpPBIHJAIFaH OJIC, OHBI
KoJIIaHy OapbICHIHIA ANBIHFAH OH HOTIDKETIEp MeH
3epTTey TalChpMalapblHBIH apachkiHAa OalIaHbIC)
Oap eKeHIIriH epeKIie aTtam KepceTyre 6oaibl.

4.5 ABTOp YChIHFaH XaHa Mentmiep
(KarugarTap, 94iCTep) ASJENIEHIIL,
OypbIHHAH OeNrii memimMaepMeH
CaJIBICTBIPBUIBIN OaranaHFaH:

1) ceiau Tanmay oap:;

2) Tanpay KapThLiai KYpri3iireH;
3) Tanpay e3 MikipiH eMec, backa

aBTOPIIAPABIH CUITeMellepiHe HeTi3aereH

JuccepranusiibiK KYMBICTa KOJIJaHbUIFaH
NepPEeKKOPIBIH ~ KypaMbl ~ aBTOPMEH  TOJBIKTAi
KYPBUIFaHJBIFEl JKOHE OHBl OHJEY/Ae OYPHIHFHI
3epTTey KYMBICTAPLTHBIH HOTIDKeJIepiMeH
CAIBICTBIPA OTBIPHIN, CHIHU TaNJAy KaCAIFaHIbIFb]
TOJIBIKTaM KepiHeIl.




FruteiMu
NPUHIATI

ZKaHgallblIIABIK

5.1 P'BuTBIMU HOTIDKENIEp MEH KaruaaTTap
»KaHa OoJbIn TabkI1a Ma?

1) TONBIFEIMEH JKaHAa;

2) xaprbinait xaHa (25-75% xaHa GomIbIII
TaOBLIa bl );

3) xaHa emec (25% keM xaHa OOJIBII
TaObIJIa bl )

5.2 JluccepTalMsiHBIH KOPBITHIHABLIAPHI
*aHa 60JIbIN TabblIa Ma?

1) TOJBIFBIMEH JKaHa;

2) xapThLIai xaHa (25-75% sxaHa 60JbIn
TaObLIaAb!);

3) xana eMec (25% keMm xaHa GOk
TaObLIAIbI)

FHLADLLCD J
KOJIIKTEPIHIH ABIOBICTHIK CUTHANIAPEIH OHACY VIIiH
Mo UKaIUsIIaHFaH MencnexTporpamma
KaOaTbIHBIH TUIlepIapaMeTpiepi THIMIL 3epTTenni
xoHe Kabar Deep Learning apxwurekTypachHa
YTBIMIBL  Kipic KabaT periHze  OipikTipimmi.
YCHIHBIIFAH  9MiC  TOJBIFBIMEH KaHa  OOJIBII
TaOBLIA b

YCHIHBUIFAaH ~ OJICIEH  alblHFAaH  HOTIDKENep
TOJBIFBIMEH KaHa Oonell  TaObUIAJBL. 3eprTey
Ke3lHJe JXacaJifaH TYXKBIpeIMAap «PamuoTexHuka,
BIIEKTPOHUKA >XKoHe TeleKOMMYHHKALHWsD Callachl
YIIiH WHTEJJICKTYaJIIbIK caia OarbITHIH
KaJIBIITACTHIPATHIH TOJBIFBIMEH JXKaHa OIiC OOJIBIN
TaOBIIabI.

5.3 TexHUKaNBIK, TEXHOJOTASUILIK,
SKOHOMUKUIBIK HeMece Gackapy
HmenriMIepl xaHa JKkoHe HerizjenreHn 6e?
1) TOIBIFBEIMEH KaHA;

2) xapThiai xana (25-75% xaHa GoJIbIT
TaObLIa Bl );

3) xxaHa emec (25% KkeM xana 60mBII
TaObLIa b )

JMccepTanuanbIX SKyMBICHeH YCBIHBUIBI OThipran
THIHIAY apKBIJIBI GyHKITUSTIaHATHIH

MHTEJIEKTYalAbIK aKyCTUKAJIBIK CEHCOp JKacaly
JKOJIBI OOMBIHIIA SKOHOMHKAIBIK THIMAI OOJIBIN
TaObLIaNBl  JKOHe OHBI Oackapy  Iewrimjuepi
TOJIBIFBIMEH JkaHa. KypbUiFaH XKyie TOJBIKTal
YKOFaphl TaHY AAJIAIKTEpIMEH HETi3AeNIreH.

Heri3ri KOpBITBIHIBLIAPABIH
HeTr13/IUTIr

bapJIbIK KOPBITEIHABLIAP FEUIBIMU
TYPFBIIAH KaparaHaa ayKbIMIbl
TnengeMenepe

JluccepTaunsiIbIK peleH3usIaHaAThIH
Iy osuKanusiap TOJIBIKTall  KeHiHEH

KYMEIC
HeTi31H/1e

TaJIKbUIaHFaH. 3epTTey oJiciH eHuey OapbIChiHa




Heriz/ienren/ueriznenveres (qualitative
research >xoHe eHepTaHy JKoHe

KYpPBLIFaH
KaMCBI3MaHABIPYNIAp OHE TOXKIpHOMENIK ChIHAK|

TYMaHHUTApIIBIK GaFbITTaphl OOBIHIIA) HOTIDKeNepl JKyHeni >KonMeH KypbuUlrad. Ouap
FBUIBIMA ~ TYPFBUIAH  KApaFraHga  ayKBIMIBI
IoleNiepMeH HeTi3/leNre .
_ Koprayra  YCHIHBUIFAH  HOTHXKEIEp  OipKatap
Op Karuzat bokbiHIIa Keseci cypakTapra TOKIpHOETIK CBIHAKTAp HOTHIKeJIepiMeH
xKayar 0epy Kaxer: loNeTIIeHTeH.
7.1 Karunar sonennenni me? JliCCepTalisUIbIK  XKYMBICTA  TPUBHANBIBLIBIK

1) nonennenni;

2) MraMameH J2JIeNIeH I
3) mamamen gasenneHoeni;
4) nonennenteni

7.2 TpuBuanasl Ma?

3NIEMEHTTEP1 KOK.
¥CBIHBUIBIN OTHIPFAH 9JIC KYpaMbl MeH OepeTiH
HATHOKeNepi )KaHa OO0 TaObIIa bl

¥ CBIHBIT OTBIPFaH WHTEJJIEKTYaJIIbIK,
aKyCTHKAJBIK CEHCOP YUIKBIIICHI3 aye KONiKTepiHiH|

1) us; PYKCaTChI3 €Hyl MYMKIH OOJIFaH KOprayJibl aliMaKTap
Koprayra LIBIFAPBIFaH 2) 0K VUIH Kypamaac pacTayllbl CEHCOp  PpeTiHIe
HF‘.T‘iQT“I. Karumarran P }Kalja l\v{a‘? i R
T e Res Loorsap = * ‘ KOJJaHbL1a anaibl. 3epTTey HOTHXKeIepi KOPFraHBIC
1) s MoceleciH/le  CypaHBICKa W€  JKOHE  JKaHa
2) xoK UHTEIUIEKTYAJIABIK  THIHIAY  CEHCOPHl  OOJIBIIN
7.4 Kongany neHrei: TAGBITAbL.
1) Tap; _
2) oprama; Jluccepranys TakpIppiObl OOUBIHINA 5 FBUIBIMH
b
3) KeH MakKananap, aTal alTKaHAa HeJOIK eMeC HMIIaKT-
7.5 Makanazia noJesieHres 6e? (GakTopel Oap KkoHe peer-reviewing onicimen
1) us: pelieH3HsUIaHaThIH OipiHIN KBapTWIHi XypHanga 1
2) KOK makaia, KP BI'M bBiniMm xoHe FBUIBIM callaChIHAAFbI

OaxpLIay KOMHMTETI FBUIBIMH

YChIHTaH




eHETIH KOH(bepeHunﬂnap,ua 2 MaKaJia XapusIaHIbL.

JlotekTinik
Jepexkesnep
VCBHIHBIIFaH
IOHMEKTIIIITI

HPUHITATI
MEH
aKmapaTThIH

8.1 OpnicTeMeHiH TaHAaysl - Heri3Ienren
HeMece 9iCHaMa HaKTHI )Ka3bUIFaH

1) ps;

2) KOK

[3meHynn ojicreMeHi 3epTTeyie TepeH omxebu
HIOJIyJap JKacay >XoHe ToXIpHOeniK ChIHaKTapibl
KYPrizy apKbUIBl aHBIKTail OTBIPHIN  TaHAAMIEL.
3epTrey MakcaThblH OpPBIHAAyFa KAXKeTTI KOMbUIFaH
MIHAETTEpAi INenly YIIIH i3AeHyIl aHauusiey
OMICTEPIH,  TOXKIpUOETMK  CBIHAK  KYprisymi,
MaTeMaTHKaJIbIK XOHE OarmapiaMaliblk MOZENbIEY
oIicTepiH Heri3/i KojaHa Oiai.

8.2 JlnccepTanus >KYMBICHIHBIH HOTHKENEPi
KOMITBIOTEPIIIK TEXHOJIOTUSIIAP/IbI KOJIIaHy
ApKBLIELI FEUIBIMH 3€pTTeYNIepIiH Ka3ipri
3aMaHFBl 9/IICTEP] MEH IepeKTepi OHIey
KOHE MHTEpIIpeTalusiay diicTeMeNepin
najjairaHa OTBIPHII aIbIHFAH:

1) st

2) KOK

DKyMBIC 3epTTeyiHiH ToXipuOuenik GeiMiHaeri
Deep Learning apxXUTeKTypachIHBIH O KBIIAaM
ecenTeyyepin OpBIHJAY YLIH KapanaiisiM Intel(R)
Core(TM) 15-8265U processor at 1.60 GHz
HoyTOyrbl Python (Spyder) Garmapmamack, Keras
KiTallXaHachIHJaFsl HeWpoHIBIK Kabarrap, KAPRE

w‘nun T(‘Ppﬂr‘ I(QﬁQ’F'T‘QpLT KOHH&HBIHHBI

I1IarbIH ecKepTy peTiHJe XYMBICTBIH TOXKIPUOUETiK
OoniMiHZIE PEKKYPEHTTIK HeHPOHIBIK JKeTiHI KypyFa
KonnanraH Keras kiTamrxaHanapblH HAKTHl Ti3iMiH
aTall KepceTyiH aiiTyra 6Gomaisl.

8.2 TeopusinbIK KOPHITEIHALLIAD,
MOJIENBAEP, AHBIKTATFAH e3apa
OalinaHpIcTap XKOHE 3aHIBLIBIKTAP
OKCIIEPHMEHTTIK 3epTTeyJIepMeH
IJIeNIJIEHTeH JKoHe pacTajraH
(mlenarorukanpk FEUTBIMIAP GOMBIHIIA

JluccepralMsuIbIK  JKYMBICTa  i3[€HYIN  YCBIHFAH
OMICTEP/IH MaTeMaTHKANbIK JXKoHe OGarmapliaMaliblK
MOJIENBJEP] JKACANBIN, HOTIKEIEpl TIKIpUOeiK

CBIHAKTapMEH TEKCEePLNI. Toxipubenepain
HOTHXenepi XKYMBICTa doTocyperTepmMen
KOpCETiITeH.

-




1eIaTOTUKAJIBIK SKCIEPUMEHT HETI3iHIE
onenaeHe i ):

1) ust;

2) XKOK

II1aK JaMybl

«¥ATTHIK Kayincizmik skeHe KopraHbIcy YIIiH K00a
OelIiri peTiHe TaralbIHAATY 1A,
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8.4 MaHBI31B MaTiMIEMeNep HaKThI )KOHE
CEHIM/Il FRUTBIMH d/IeOneTTepre
CLITeMeNepMeH pacTajFaH / iliHapa
pacrainraH / pacTajiMaraH

MaHpbI3/1b] TYKBIpBIMIaMaNIap, MaJIIMIEMENEP HAKTHI
XKOHE PELICH3UsUIAaHAaThIH FBUIBIME  dneOuerTepre
clITeMeJIepMeH pacTalFaH.

8.5 INatinanansras onebueTTep Ti3iMi
one0u 1MoIyFa XEeTKIIKTI/ SKeTKITIKC13

92 naaanaHbUIFaH onebueTTep Ti3iMi
IVICCEPTAUAIBIK KYMBICTEIH TaKbIPHIObI OOMBIHIIA
KOJAAHBLIFaH, aTan ajfaHia FRUIBIMH onebuertep,
cTaHmapTTap, TOXiprbesik SKCIIEPUMEHTTED,
HOTWXenepl xoHe T.0. XKympicTa ome6u Moy TOJBIK
KeTKUTIKTI XXYPri3ijreH.

ITpakTUKaNbIK
IPUHITAIIL

KYHBLTBIK]

JlnccepTaliasIbIK XKYMBICTa PexkypeHTrTi
HEHPOHIBI Kenlnepal TOJILIKTaH epIIiK
9.1 JluccepTallistHBIH, TCOPUSIIBIK MAHBIZBI POHIIBIK pAIA K AP
54 KOJIJIAaHBICTAarbl ~ OapiblK  Typjepi  TEOPUSIIBIK|
I)I;H’ TYPFBIIAH JKYHeNl TYCIHIIpUIreH XoHe Oyn Oy
2) EK TEOPUSIIBIK HETri3 JBIOBICTBHIK cUTHanaapabl Deep
Learning omicTepiMeH TaHy Macelenepi VI
MaHbI3bI 0ap OONBIN TabBLIA bI.
9.2 lyiccepTallussHBIH TPaKTUKAIBIK I3JIeHy1..HlH.1H. eHL[erveH_ XyHecl  eniMI3IiH
VATTBIK  KAyINCI3AIK >KyHeci MaHbI3Abl OOk

MaHBI3bI 0ap JKoHE aJIbIHFaH HOTHXKeep i
MPAKTUKAA KOJIJIaHy MYMKIHJIITI )KOFaphbl:

CaHallbIK aﬁMaKTap,I[a, KE€H J)XoHC at'bIH KOPrayJibl

ayMakTap YUIH ToXipuOueniK MaHBI3bl 0ap xylie
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9.3 IlpakTUKaNbIK YCHIHBICTAP JKaHa OOIBII
TaObLIaabI?

1) TONBIFEIMEH JKaHA;

2) xapThLtait sxaHa (25-75% xaHa 6071611
TaOBLIa/Ib! );

3) xxaHa eMec (25% keM xaHa OOJIBII
TaOBLIAIbI )

I3meHyIli  YCHIHFAaH WHTEJUICKTYaNABIK THIHIAY
CEHCOPBI YILIKBIIICH3 9ye KONIKTEPIH XKoHE Je e3re
J7ie KO3FAJITKBINIBI Oap HbICaHAap bl TaHY MOCeJeCciHe
yKaHa OOJIBIIT TaObLIAEL.

AKaI[eMI/ISIJIBIK Kasy canachbl:

[3geHyIIHIE ~ KYMBICHI ~ VFBIHBIKTBl  FBIJIBIMH-

. 1) xoFapsl; TEXHUKANBIK TijAe skazpuiraH. JKasynarbsl OasHIa
Kazy  xoHe  pecimuey ) ; . 5 ey
10. amac 2) opraria; CTUJI TYCITIKTI XoHe camaibl jxa3purFaH. Herisri
bl
3) opramiazad TOMEH,; epexxenlep MeH KOPBITBIHABUIAPABIH ASJIEIISPMEH
4) TOMeH. TY>KbIpbIMAATIFaH.

KopbIThIHABI

1. JIuccepralisuibiK JKYMBICTa VIIIKBIIIICHI3 9ye KOIIKTEPiHiH IepeKKOPhIH KUHAY KaJaMAaphl Typajlbl KeHEHTLITeH aKapaT
OepyiH Kepceryre Oonaisl.
2. Jluccepranmsara MarblH €CKEPTY PETIHE XXYMBICTHIH TOHKIpUOUENiK OoTiMiH/Ie peKKYPEHTTIK HEHPOHIBIK XKeNiHl KypyFra
KosmanraH Keras KiTanmxaHamapbIHBIH HAKTHI Ti3iMiH aTall KepceTyiH aiTyra 6oaabl.

ANTBUTFaH eCKepTyJiep KOprayFa YChIHYFa KeJlepriciH OepMelili >koHe OCHl FRUIBIMU 3epTTEeYAlH ©3€KTIIIrH TOMEeHAeTHeH 1.

Bepinren eckepryiep AHMccepTalUsJIBIK KYMBICTBIH OH OarachlH TeMeHeTnelni. YTeOaeBa Jlana JKonnpliOalKbI3BIHBIH
«AKYCTHUKAJIBIK JePEKTepIi TaHyABl KONAAHY apKbUIBI YIIKBIIICH3 9ye KOJNIKTepiH TUIM/II aHBIKTAY bl 3€PTTEY» TaKbIPbIOBIHAAFbI



IMCCepPTALMSUIBIK JKYMBICHL TOJIBIK KOJICMAC OpBIHJAIFaH, JKYMbICTBIH JKaHAJIbIFhl MCH esextiniri 6ap PhD mmccepTanysiibIK
>KyMBICTapbIHA KOMBUIATHIH OapilblK Tajanrapra colikec Kenell, COHOBIKTaH izmemymni  JI.OK. VreGaesaupr 6D071900 —
«PaanoTexHIKa, JIEKTPOHNKA XSHE TeleKOMMYHHUKALIUAIAp» MaMaHABbIFbl GotipiHINa GUIOCOMHUS TOKTOPHI (PhD) nepexecin
ajyra JTabIKThI eIl ecenTerMiH. '

PelleH3€eHT, «KAKNAPaTTHIK-KOMMYHHKANHIBIK TEXHOJIOTHSLJIAP»
mMaMaBabiFbl 6olibiHma PhD gokTOpbI,
O-Papabu aTbIHAAFbI Ka3zYVy

«AKIAPATTHIK Kyiienep» KadeapacbIHbIH a.0. JOLEHTI B.C. Omapos
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