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WRITTEN REVIEW OF THE OFFICIAL REVIEWER
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"

M;tching criteria

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

Official reviewer's opinion

1) The dissertation was completed within

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

the framework of a project or target
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 herself D.Zh.
Utebayeva.

Significance for science

The work makes/does not makea
significant contribution to science, and its

The dissertation proposed the development of a real-
time detection system for unmanned aerial vehicles

significance is/is not revealed. -

using acoustic data recognition. The acoustic data of]




The principle of self-
writing

Self-writing level:
1) high;

2) average;

3) down;

'4) she did not write

UAVs was studied using the Melspectrogram
frequency layer using a neural architecture based on
the "Gated Recurrent Neural Network".

Dissertation work of Utebayeva D.Zh. represents a
research work with an innovative solution. When
writing a literary review and the theoretical base of]
the dissertation, it can be noted that the author was
highly systematic, a high level of professionalism in
the analysis of the practical part, she has a sufficient
degree of independence. D.Zh. Utebayeva analyzed
peer-reviewed, regulatory and other sources in a
literature review and determined the relevance of]
UAYV recognition based on their acoustic data, fully
comparing them with other conventional recognition
methods such as radar, RF sensor and Computer
vision. In addition, she adapted the processing of
acoustic signais {rom unmanned aerial vehicles inio
the architecture of a neural network.

The principle of internal
unity

4.1 Reasons for relevance of the
dissertation:

1) justified;

2) partially justified;

3) not justified.

Recently, due to the rapid development of]
technology, a large number of unmanned aerial
vehicles have been released, which can fly for a
long time, can take photos and videos from different
angles flexibly, have the ability to freely enter
various areas, which in turn has led to a large
number of incidents with participation of unmanned
aerial vehicles. As a result, a system for recognizing

unmanned aerial vehicles that can enter without




4.2 The content of the dissertation
determines the topic of the dissertation
1) defines;

2) partially defines;

3) does not define

permission is a very relevant scientific issue for
protected areas. And the work proposes an acoustic
sensor for recognition of unmanned aerial vehicles
and their loaded states, which are relevant for real-
time recognition in cases of such unauthorized
access, and the study of the work is based on the
results of practical tests.

The composition of the dissertation work consists of]
its content, normative definitions, symbols and
abbreviations, introduction, five parts containing the
main study and conclusion.

In the introduction of the dissertation, the goal,
objectives, relevance and scope of the study were
given systematically. In addition, the conclusion of]
the dissertation work was formulated consistently
with the test results.

In the course of the dissertation work, the content
and structure of the research stages are arranged in a
logical order and determine the topic of the
dissertation.

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

1) matches;

2) partially matches;

3) does not match

The purpose of the dissertation fully
corresponds to its topic. And the objectives
of the work are clearly defined according to
the fulfillment of the set goal.

4.4. All sections and structure of the

The dissertation work consists of an introduction,




\dissertation are ld'gically connected:

1) fully connected;
2) partially connected;
3) no connection

_[problems under study.

[ive parts, a conclusion, a list of references and
applications. In the introductory part, the researcher
described the relevance of the study, the purpose,
objectives and novelty of the study. In the research
sections, the researcher described the theoretical
basis for drone recognition using acoustic data and
the research process with practical results.

As a side note, a broader description of section 1.4.2
of the introductory section is needed.

However, it can be concluded that the results
obtained in the general work are associated with a
high recognition accuracy and the tasks of the

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

1) there is a critical analysis:

2) the analysis is partially conducted;

3) the analysis is based on the references of
other authors, not their own opinion

In the dissertation, the sound database in the
recognition of unmanned aerial vehicles by an
acoustic sensor is compared with the composition of]
the sound base of previously studied works, the
results with the recognition accuracy obtained by
the models of unmanned aerial vehicles used in
previous studies, the depths of the intellectual
processing methods of previous works studied with
an acoustic sensor, and the results of previous
studies in this direction and the accuracy of]
recognition in this study was a critical analysis.

The principle of scientific
novelty

5.1 Are scientific results and principleé

new?

& - ~ - . . = -I
In this work, for the first time, the integration of the

stage of intelligent processing of audio signals from




!l) completely new:
12) semi-new (25-75% are new);
3) not new (less than 25% is new)

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

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

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

unmanned aerial vehicles into the architecture of a\!
neural network is experimentally implemented,)
based on a completely new method for performing
loading of unmanned aerial vehicles in real time
from an extended database.

Results and conclusions are based on many
theoretical and practical materials. The results
obtained during the research and the conclusions
made are a completely new method for the field of
telecommunications, i.e. a new sensor.

5.3 Are the technical, technological,
economic or management decisions new
\and reasonable?

1) completely new;

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

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

intelligent acoustic sensor is economically efficient

As a result of the study of the thesis, the proposed

due to its simple construction in terms of technical
structure, its control solutions are completely new,
and its functions and methods are completely new.

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)

In the course of determining the relevance of the
thesis, the introduction and first parts have
discussed the problem of recognition of unmanned
aerial vehicles with the help of research works
published in peer-reviewed open and closed
databases. Also, the findings, theoretical studies,
software architecture blocks, and experimental test
results in the course of solving this recognition
problem are combined with systematic logic. They

fully confirmed the principles of the thesis.




Basic principles proposed
for defense

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

7.3 New?

1) ves;

2) no

7.4 Level of use:
1) narrow;

2) average;

3) wide

7.5 Is the article proven?
1) yes;

2) no

The main results presented to the defense have been|
proved by practical tests. Theoretical foundations
are confirmed by experimental results.

There are no elements of triviality in the
dissertation.

The discovered principlies and features of all the
researched processes were considered not in a
simplified way, but with innovative new methods.
Submitted to the defense of Utebayeva D.Zh. the
results and solutions are new, as the results of the
research on the topic of the dissertation have not
been previously described in other peer-reviewed
scientific papers and other literature.

The proposed intelligent acoustic sensor for
protection can be used as a component of bimodal
recognition methods for areas where unmanned
aerial vehicles may enter without authorization and
for small areas of coverage. In addition, the research
results are an innovative and optimal technological
product, which is in demand in the field of defense
at the world level. From the point of view of its
development, the Republic of Kazakhstan has been
of interest for "National Security and Defense".

5 scientific articles on the topic of the dissertation,
including 1 article with a non-zero impact factor, 2
articles in scientific publications recommended by




The principle
consistency
Consistency of sources and
presented information

0]

8.1 Choice of Methodology - Reasonable or
clearly written methodology

1) ves;

2) no

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) ves;

2) no

the Education and Science Control Committee of

to implement the research goals and objectives of]

the Ministry of Education and Science of the
Republic of Kazakhstan, and 2 articles in
conferences included in the Scopus database were
published. _
The author chose the methodology while conducting,
in-depth literature reviews of the research direction
and determining the need to conduct experimental
objectives. To solve the tasks, the dissertation
student was able to correctly use the methods of
examination, conducting empirical tests,
mathematical modeling and software.

Python programming environment, KAPRE
libraries for intelligent sound processing were used

the dissertation. Keras libraries and layers, which
are necessary for processing with neural networks,
are also used in software.

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):

i) ves;

Mathematical models and software algorithms of]
the methods proposed by the researcher were
created in the dissertation work, and the results were
verified in practice with practical experiments. The
software of the experiments is shown in the photos.

Research results are being assigned as part of the

project for "National Security and Defense" of the




2) no

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

Important statements are supported by references to

Republic of Kazakhstan.

clear and reliable peer-reviewed scientific literature.

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

The bibliography consists of 92 sources (scientific
literature,  standards, results of  practical
experiments, etc.) on the topic of dissertation. This
is sufficient for the author to comprehensively
consider the topic and conduct a complete literary
review.

Practical value principle

9.1 The thesis has theoretical significance:
1) ves;
2) no

9.2 The dissertation has practical
significance and the possibility of applying
the obtained results in practice is high:

1) yes;
2) no

populated areas, airports, government institutions,

_ |state borders, customs and strategic places.

In the dissertation, the types of recurrent neural
networks for recognition of acoustic data of]
unmanned aerial vehicles are presented in a
theoretical and systematic way.

The system proposed by the applicant is
recommended for national security systems, in
particular for ensuring the security of densely

kindergartens, schools, higher education institutions,

9.3 Are the practical recommendations
new?

1) completely new;

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

The method of intelligent processing of acoustic
data of unmanned aerial vehicles proposed by the
researcher 1S new.

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

_




The dissertation is written in a scientific and

Quality of academic writing: technical language understandable to the reader. The
Yeralifx : I 1) high; narrative style is clear and consistent with
10. é):fl lr[]y of  writing ard 2) average; references to peer-reviewed research. The main
e 3) below average; rules and conclusions are presented in a logical
4) down. connection. There are some minor stylistic errors in
the work.

Dissertation notes and recommendations:

1. Insignificant errors can be observed in some visual details presented in the dissertation work.
2. In the dissertation work, it is possible to show the need to open the interpretation of the problem of determining the loaded

state of unmanned aerial vehicles.
The mentioned remarks are suggestive in nature and do not reduce the importance of the proposed research.

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".
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6D071900 — «PagmoTexHuKa, »/1eKTPOHNKS KIHE TeleKom MY HHKAIBEIA [ MaMaBAbiFbl 0olibinmia GuiaocoPust HOKTOPbI

(PhD)

J3pexecin anyra yebinblIran Yrebaena Jana HKonnmi6aikbeinianin «AKYCTHKANBIK epeKrep/1i TAaHy/Abl KOJIaHy
APKBLIbE YIIKBIMICHI3 3ye KOJXIKTePiH THIMAI aHBIKTAYAbI 3¢PTTEY» TAKBIPHIOLIHAAFbI JHCCEPTAUHAIBIK

KYMBICBIHA

PECMMUM PELNEH3EHTTIH XA3BAIA ITIKIPI

IMEMIIEKETTIK

KYHiHE) FBUIBIMHBIH HaMy
OarbpITTapbIHA JXKOHE/HEMECE
OGarmapnamanapra  colikec
Goimysl

KpnuTtepuiinep Kpurepuiinep caiixecriri Pecmu peneH3eHTTIH YCTAHBIMBI

1.1 FeeIMHBIH ~ maMy — OaFbITTaphIHA

KoHe/HeMece MEeMJIEKETTiK

Oarmapnamanapra colikecTiri:

O 6 . Kymeic  Kazakcran  PecnybOnukaceinsin ~ BFM

HCCepPTANA MeMJIeKeT JKeTiHeH
i — KapKbUIaHABIpaThlH  «XKac  FameiM»  5K0OACH

Juccepranus KAPABINA HABIPLUTATHIH X003 HbIH asceiHa «¥arreik Kayineisaix xone Koprasbic»
TAKBIPHIGHIHBIN (Gexiry HeMece HbICAHAJbI 0aFIapiaMaHbIl OacbIMABIK OarbIThl OoiibiHINa "Ky/iiKTi YIIKBIIICH3

ANCHIHAA OPbIHAAAFraH (Kobanbin HeMeCe
DaFiapaaManbiH ATAYbI MEH HOMIDI);

2) luccepranus 6acka MeMIEKETTIK
Oarjiapiama asichiH/1a OpPBIHJIAJIFaH
(barnapnamaHbIH ataybi)

3) duccepraums Kasakcran
PecnybmikachIHBIH YKIMET] KaHBIHAAFBI
JKoFaps! FEITBIMU-TEXHUKAIIBIK KOMHCCHS
OeKiTKeH FBUIBIM JaMybIHBIH DackiM
OarpIThIHA ColiKec (OaFEITEHIH KopeeTy )

VITY  annaparrapkid AHBIKTAYIEIE  OKHITKKe
Heri3enreH  ceHiMui  xyllecim  SDR  xome
aKyCTUKanblK Oenrinepai maiijanany KeMerimes
a3ipsiey" TakbipbiObl OoiibiHina AP14971907 KTH
FBUIBIMHM-3€PTTeY JKYMBICBIHBIH OeJri peTiHzae
opsiHAanAbl.  JKoOaHbIlH  FBUIBIMH  JKETEKILiCi
ymitkepain o3i J.0K. Yrebaesa.




Forisivra MAaHBI3AbIIIBITBI

JKYMBIC FBITBIMFA eJIeyT YiIeCiH

KOCZABI/KOCTIAMIBI, aJT OHBIH
MaHBLI3ABLILIFE] ALIJIFAH/aAlHbLIMAarall.

JTMccepTALMSUIBIK JKYMBIC aKyCTHKAIBIK JepeKTep/il
TaHy KOMEriMeH VHIKBIIICBI3 dye KOJIKTepiH
aHBIKTAYIlbl HAKTbl YaKBITT& OJKy3ere achlpaTbiH
KYHeH1 o3ipieyAl YChIHABL. YIIKBIICHI3 —oye
KONIKTEpiHiH aKyCTUKAJBIK JAepeKTepin
Mencnektporpamma kuijiiK Kabarbl KeMeriMen
TaHyIbl Ky3ere acbipran xone «Gated Recurrent
Neural Network» Herizigzaeri HEWPOHIBIK
APXUTEKTYpaHbl KOJNAAHY apKbLIbl 3€PTTEI. B

O3i xa3y npuHnumi

O3i xa3y neHreiti:
1) sxoFapbl;

2) opTama;

3) TemeH;

4) 31 xxa3baran

JIOK.  VrebGaeBanbid AMCCEPTALMSIBIK JKYMbICHI
UHHOBALMAIBIK IHemiMi  0ap  FBUIBIMH-3€PTTEY
KYMBICHI  Oonbin  TaObwiampl.  JAMccepTammsiibIK
YKYMBICTBIH o/1€0H IIIONYbl MEH TEOPHUSJIBIK HEri3iH
Kasy/lla  aBTOpIBbIH  JKOFapbl  OKylieni — kasy
CTHIMCTHKACBIH, TXKipubuenik Oemirid rtamamay
OaphiCIH/Ia JKOFapel capantay KaOlieTin, XoHe
KETKINMIKTI  JIopexeneri Tayelci3nirin  Gaiikayral
oonamel. JIOK. VYrTebaeBa omebu miomy kacay
OaphIChIHNIAa pelleH3UsTaHaTEIH, HOPMATHBTIK KoHE
MaTEHTTIK JEPEeKKo3/epre IOy JKACall, VIIKBIIICHI3
Oye KeNIKTepiH aKyCTHKAJbIK JIEPeKTepi apKbliibi
TaHy/bl ©3re Jie JOCTYPJi ONICTePMEH TaHyIbIH
"Herisri  Pamap, Paguoxwuimik ceHCOpbl KoHe
KOMIIBIOTEpPIIK KOpy CeKijmi YI omicTepiMeH
TONBIKTal  CaNBICTBIP&  OTBIPBIN,  ©3EKTiITiH
aiikpiHganel. CoHbIMEH Karap, YIOKBIOICHI3 aye

KOJNIKTEPiHiH aKyCTHKAIbIK CHIHAJJIApbiH OHJEY




Iniki 6ipmix npuHuIT

YPAICIH  HEHPOHIBIK IKeJMi  apXHTEKTYPAchbiHa)
OipikTipyai Oeitimaeni.

4.1 Jluccepranus 63eKTUITHIK
Her13aeMeci:

1) Heriznenren;

2) KapThlail Heri3ereH;

3) Heri3meaMereH.

Conrpl kes3gepl TeXHONOTHSHBIH KAPKBIHIE]
JIaMybl 9CepiHEeH Y3aK yaKbIT YIila ajlaThlH, KON Terex
Oypeirrapnan ukemzi Goro xone Oeitne Tycipipe
allaThlH JKOHE SPTYpPIi aliMaKTapra Kenepricis kipy
MYMKIHJIri 6ap yYIOKBHICHI3 aye KeNiKTepiHiH
KONTeNn IbiFapeula Oactanbl, Oyl €3 Keseringe
VIIKBIIICHI3 aye KeJliKTepiMeH OonaTein
UHIHACHTTEPIIH KONTell OpBIH adyblHa OKEeJIIi.
Hotmxkecinne xopraynsl aifMakrap yIoiH pyKcaTchls
eHyl MYMKiH OOJIATBIH YIIKBIIICHI3 dye KOJiKTepiH
TaHy >XyHeci eTe ©3eKTi FBUIBIMH CYPaK OOJIBIm
OTBIP. AJI )KYMbIC OCBIH/IAH PYKCATCBI3 €Hyi MyMKIiH
OoyaTeln  JKarjalimap YIIIH HAKThl  YakKbITTA
TaHbUTYbl ©3eKTi OONBIN OTHIPFaH YIIKBHICHI3 dye
KOJIKTePiH KoHe 0lap/IbiH KykreMeci 6ap Kyiinepin
KOCa TaHynbl JKy3ere achIpaThlH aKyCTHKAJIBIK|
CEHCOp OICiH YCHIHABI JKOHE JKYMBIC 3epTTeyi
TOKIPHOMENTIK CRIBAKTAp HOTHXKECIMEH HeTi3IeNreH.

4.2 Jluccepranius MasMyHBI JIHCCEPTALHS
TaKbIPBIOBIH AMKbIH AN b

1) aliKbIHaAiAbL;

2) wapThulait alKbIHAAHIbL;

3) aifKpIH1amMaii Ibl

JluccepTalMsIbK — JKYMBICTBIH ~ KYPaMbl  OHBIH
MasMyHBIHAH,  HOPMATHBTIK  aHBIKTAMAnapiasd,
CMMBOJIIap MeH KbICKapTylap/aH, Kipicrees,
Heri3ri 3eprreyli KaMTHTHIH Gec OeniMHEH jXoHe
KOPBITHIH/IBIIAH TYPAIbI.

JluccepTanusisik KYMBICTBIH KIpicIecinze

3epTey/liH MaKcaThl, TAICBIPMACHI, ©3€KTIIr1, XKoHe



KOIIAHY AsChI Kydieni Oepinui. CoHbiMen karap
AUCCEPTALMSUIBIK  JKYMBICTBIH ~—~ KOPBITBIHbICHI
ChIHAKTAD HOTHIKECIMEH AIMEeKTI TYKbIpbIMAaliraH.

JluccepTaluaneIK JKYMBICTBI OpBIHJIAY OaphichIHa
Ma3MYHBI MEH 3epTTey KaZaMIapbIHbIH KYPbLILIMEI
JIOTHKAJILIK JIYPBIC PETTUTIKIIEH KOWBUIFAH JK3He
JCCepTalis TAKbIPBIObIH aHKbIH 1AM 1B

4.3. Makcatsl MeH MiHIeTTepi quccepTatus |JIuccepTausTbIK KYMBICTBIH ~ MaKCaThl

TaKbIPBIOBIHA COlKeC KeNemi: TAKBIPBIIIKA TOJIBIKTAll colikec Kenemi. Amn
1) coaiikec Keaeni: DKYMBICTBIH MIHJIETTEpi KOMBLIFAH MAaKCATTHI
2) KapThLIail colfkec KeTei; OpBIHJAyFa COHKEeC HaKThl AaWKBIHIAJIBII

3) catikec kenmeiii [KOMBLITFaH.

Jluccepranmanslk  JKYMBIC — KipicmemeH, — Oec
GonimMHeH, KOPBITBIHBIAH, naiijananpuIran
olleOHETTEp  Ti3IMIHEH JKOHE KOCBHIMOIAJAPIAH
rypanel. Kipicne GeniMinne izmenymii 3epTreyniy
O3€KTUIIH, ajiFa KOHFaH MakcaThiH, MiHAETTepiH
KOHE YKaHAJIBIFbIH CUITATTA/IBI. 3epTTey
OenimMaepiH/e i3MeHyIi YINKBIIICHI3 9ye KOIIKTepiH
aKyCTHKAJBIK  JEpPEKTEpIMEH TaHyIbl  JKYy3ere
achIpyZIbIH TEOPUSIBIK HETi3eMeCiH XKoHe 3epTTey
OapbICBIH TKIPHOHMEINK TYpFbIIa HOTIKEIEpMEH
CHUTIATTAIEI.

Eckeptnie  periHzme kipicme 6emiminig  1.4.2
OoyiMIIECIH  KEHipeK CHOATTay  KaKeTTiiriH
Kepceryre 00Jajibl.

4.4. JTuccepranusHblH 6apibK Genimaepi
ME€H KYPbLIBIChI JIOTHKAJIBIK OailJIaHbICKAH
1) ToJBIK 0AHJIaAHBICKAH;

2) xkapTeLiait 6ap”1J1aHr,IcKéH;

3) GaifmaHbIC XKOK |

\




Jlerenmen, MK AT AYMBICTA ANBIHFAaH
HOTHIKENePIiH TaHy IOJJITIHIH JKOFApBUIBIFE MeH
3ePTTENETIH  MoceNelepdiH  MiHaeTTepi e3apa
Gaiinanpicel  Gap eKeHAIri Typanbl KOPHITHIHIIEI
Kacayra 0osazbl.

4.5 ABTOp YCHIHFaH jKaHa MIelriMaep
(karmnarrap, smicrep) moseneHin,
OypeIHHAH Genrini weniMaepMen
CaJIBICTBIPBUIBIN OarajlaHraH:

1) cuinm T2y 6ap:

2) Tanpay »apThUlai Kypri3iires;

3) Tanpay e3 mikipin emec, 6acka
aBTOPJIAPIBIH CUITEMellepiHe Heri3Nerex

Jluccepranusnbik  KyMbiCTa  YIIKBIHICHI3  oye
KOJIKTEPIH  aKyCTHKAIBIK CEHCOPMEH TaHy.a
NBIOBICTBIK ~ NEPEKKOPABI  OYPBIHFEI  3€pPTTENTEeH

YKYMBICTAPIBIH JBIOBICTBIK JEPeKKOPBIHBIH
KYpaMbIMEH,  VIIKBIICEI3 dye  KOJNIKTepiHiH
QJITBTHFBI 3epTTeyiepae KOJIAHBIIFaH

MOJIeNbIEpIMEH allbIHFAaH TaHy OOJIIKTEPiMeH,
AKYCTUKAJIBLIK CCHCOPMEH 3€pTTEreH OypPBIHFbI
YKYMBICTApPIbIH HMHTEIICKTY aJIABIK, eHIeY
OMICTEPiHiH  TepeHTIKTepIMEH  CaNBICTBIPBLIFAH,
KQHE  OChl  OarbITTarbl  alJIbIHFLI  3epTTeyJiep
HOTHDKEIEPI MEH OCHI 3epTTEeYy/Ieri TaHy MoNIiKTepiH
KaTap KOHBIN ChIHU TaJiidy 'KacajiraH.

Feineimu
[IPUHITHITI

KAHAIIBIIOBIK

5.1 FeinbIMu HOTHKeTIep MeH KaruaaTTap
)KaHa OoJIBII Ta0bIa Ma?

1) TOIbIFbIMEH JKAHA;

2) xaprhLnait xxana (25-75% sxaHa GoIIbIT
TaOBLIa]Ib] );

3) xana emec (25% xem xana GoJIbIN
TaOBLIAMbI)

byjt JKyMbICTa YIUKBILICHI3 Sye KeJIKTEepiHiH
BIOBICTHIK CHTHAJLIAPBIH WHTEILUIEKTYIbIK SHIEY
KaJaMblH HEHPOHJBIK JKelli apXUTeKTypachiHa
KOCYZbl ajFalll peT TOKIPUOHETIK TYpFbIa JKy3ere
achIpbill, HAKTHl YaKpIT YIIiH JKyKTemeci 6ap
VIITKBITIICBI3 aye  KeJlKTepiH KeHeHTirexn
IEPEKKOPMEH  OpPbIHAAY TOJBIFBIMEH JKAHA QIIiC
HET131He OPBIHIAJIIbL.




‘5 2 JlucceprauusiHbiH KOPBITHIHIBIIADb]

’KaHa 0oJpln TabbL1a Ma?

1) TONBIFBIMEH KAHA;

2) wapTeinaif xkana (25-75% xaHa 60bI
TaObLIab );

3) :xana emec (25% xem >xaHa 60BN
TabbUIA/IB])

Hotwxenep  MeH  KOPBITHIH/BUIAP  KOIITEreH
TEOPUSUIBIK JKOHE TOXIpHOUENK MaTepHasigapra
Heri3fienren.  3epTrey  OaphichlHIa  aNbIHFaH
HOTHXENlep ~ MEeH  KacalFraH  TYKbIphIMIAp
TEJIEKOMMYHHMKALUS Cajackl YIIiH TOJNbIKTAd >XKaHa
QJlic, AFHM XKaHA CeHCOp OOIIBIN TabbLIAIbI.

5.3 TexauKaibiK, TEXHOJOTHSIIbIK,
9KOHOMHKAJIBIK HEMece OacKapy
HmeIniMaepi JKaHa XoHe HeriseNres 6e?
1) TOJBIFBIMEH XKAHA;

2) xapTeutail xana (25-75% xaua 6oIsi
TaOBLIATBI);

3) xaHa emec (25% KeM xaHa GoJbIN
TabbLIa b))

Jlnccepranuanbik KYMBICTBIH 3epTreyi
HOTI)KeECiHJIe YCBIHBLIBIII OTBIpFaH
HHTEIIEKTY aJIbIK aKy CTHKAJIbIK CEeHCOop

TEXHUKAJIBIK KYPBUIBIM  OOWBIHINA — KapamaibiM
KYPacTBIPBUIATBIHIBIFEIMEH 9KOHOMHUKAJIBIK
TYpFBIIaH THIMAI opi OHBI Oackapy miemmimaepi
TOJIBIFBIMEH KaHa XKOHE OJI aTKAPAThIH KbI3METi MEH
KOJIJAHATBIH OicTepi OOHBIHINA TOBIFBIMEH KaHA
OOMBIN TaOBLIANEL.

Herisri
KOPBITBIHABLIAPABIH,
HEeTr13aUTIr

BapiblK KOpBITBIHABIIAP FHUIBIME
TYPFBIZIAH KaparaHjia ayKeIMIbl
IRIenaeMenepie
Heri3feJren/erisaenMeren (qualitative
research yoHe eHepTany xoHe
rYMaHUTAPILIK OarbITTaphl GobIHIIA)

JluccepTanusIbIK JKYMBICTBIH ©3€KTUITH aHBIKTAy
Gapbiceiaa  kipice GeniMinme koHe GipiHmmi
OesiMiepae YIUKBIICHI3 dye KOJNIKTepiH TaHy
MOCENIeCiH PpeleH3UsUIaHFAH alllBIK JKOHE KAOBIK
bazanapna nyOnuKanusiaHrad 3epTTey KyMbICTAPbI
KOMETIMEH KeHiHeH TOJBIKTal TalKeUIAll —ama
tycked. Conpaii-ak, ocbkl TaHy MaceleciH ey
OappIChIHAA KEeNTIPiNreH Ty)XbIphIMAAP, TEOPUSIIBIK
3epTTeyep, OarnmapiaMalibIK apXUTEKTYpal
GriokTapel KoHe TIKIpUOWenik ChHIHAK HoTHXKenepi
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Koprayra HIBIFApbUIFaH
HETI3T1 Karuaarrap

Kayar 0epy Kaxer:

7.1 Karunar nonennenni me?
1) pa3sresgeni;

2) maMaMeH JaJIeIAeHII;

3) mamameH mgosenaenteni;
4) nonennendemni

7.2 TpuBnangsl Ma?

1) us;

2) KOK

7.3 XKana ma?

1) ms;

2) OK

7.4 Konnmany meHreii:

1) Tap;

2) opraina;

3) keH

7.5 Makatana nonennenred oe?
1) us;

2) WOK

Op Karuzar GoiibIHINa Keneci cypakrapra

Kydeni  siormkamen  yinecimpenren.  Oumap
U CCePTALUSHBIH KaruJanapblH TOJILIFbIMEH
pacTa/ibl.

Koprayra  ycelHBLTFaH — Herisri  HoTmXenep

TOKIpUOETIK CBIHAKTAp IKY31HAE HOJeNIEHre .
TeopusubiK Herizaep TOHKIpHOETIK HOTHXeTepMeH

pacTajFaH.
JIACCepTalMSANBIK ~ JKYMBICTA  TPHBHATBIBITHIK
DIIEMEHTTEP] JKOK.

Beprrenerin  Gapnslk  ypuictepain  Tabbuiram

3aHBUIBIKTAPEl MEH epeKINeNiKTepi KeHulaeTiaren
TYpIe eMec, HHHOBAMSIBIK >aHAa oIiCTepMeH
KapacTbIPbLIEL.

JIOK.  VrebaepaHbiH  KoprayFa  YCBIHBLIFaH
HOTIDKEJIEpl MeH  Imemimaepi ada  Gosm
TadblIa/bl,  OHTKeHi  JAuccepranms  TaKbIPHIOHI
OoiibIHIITA 3epTTey HOTHXKenepi Oacka

PEUCH3USNIAHFaH 3€pTTEY JKYMBICTAPBIHAA JKOHE
e3re jie auebuerrepae OyphiH CUNATTAIMAFaH.
Koprayra  yChIHBUIFaH  MHTEIUIEKTYABIK
aKyCTHKAJIbIK CEHCOP YIUKBIIICHI3 dye KONIKTePiHiH
PYKCATCBI3 €Hyl MYMKiH GonraH aiiMakTap yurid
OuMonansl TaHy amicTepinin Gip Kypambl peTinze
KOHE KaMTy aiiMarbl IIaFrblH ayMaKTap YIIiH
Kojianbpuiysl MymkiH. CoHBIMEH Kartap, 3epTTey
HOTHXKeNepi  oleMmiK  jJeHrefile  KOPFaHBIC




JlotiexTimik
Hepekxesnep
YCBHIHBLUIFaH
A oHeKTiIir

MIPUHIIHIII
MeH
aKIapaTThiH

8.1 OxicremeHiH TaHgayHI - Heri3menren
HEMece 9JIiCHaMa HAKThi JKa3blIFan

MQCGHeCiHI[e CypadbICKa HMC¢ HHHOBALUSIILIK >XKoHE

YKAPHUSLITAHTBI.

1) na; eIy YIIiH JUCCEPTaHT capanTay oicTepiH,

2) oK DMIIEPUKANBIK CBIHAK JKYPri3y[i, MaTeMaTHKaJIbIK
MOZENbJCY JKoHe GarmapraMalblK KaMChI3OaHIbipy
oMiCTepiH AYphIC KojamaHa Gii.

OHTAMJILI TeXHOJIOTHSUIBIK ©HIM OONBIN TaGbLIAEL.
OHnbi azipney TYPFBICBIHAH Kazakcran
PecmyOmukacel  «¥urteik  Kayincisgik — xome
Kopransic» YIliH KbI3bIFYIIBUIBIK TYABIP/IbL.

Jluccepranua TaKpIppIObI OOWBIHIIA 5  FHIIBIMH
MaKana, OHbIH iOIiHJAe HeJJIK eMec UMIIaKT-
Gaxropel 6ap 1 wmaxana, KP BFM Biniv skone
FBUIBIM CaJlaChiH/laFbl Oakpiiay KOMHMTETI YCBIHFaH
FBUIBIMH  OachlibIMIapia 2 Makaia JXoHE CKOIMyC
OasaceiHa eHeTIH KOH¢epeHuHsTapAa 2 Makajia

ABTOp 9IicTeMeHI TaHAay[bl 3epTTey OarbIThIHA
TepeH oxebH IIOMyTap jkacay OapbICBIHAA JKOHE
TOKIpHOENIK  CBIHAKTAPABI JKYPrizy KaKeTTirin
AHBIKTAN OThIpKIT TaHiaib. Kolisinray MiHZeTTep Al

8.2 JluccepTaiius )KyMbICHIHBIH HOTHKEepi

KOMITBIOTEPITIK TEXHONOTHUSIAPIbI KOIIaHy
apKBLIbI FRUILIMY 3€pPTTEYACPLiH Ka3ipri
3aMaHFBl 9JIiCTEP] MEH JIePeKTepi oHJiey
KOHE MHTEPHpETalHsIay a/licTeMeNepin

maiaala OTBIPHII ANBIHFAH

JuccepTanysanblK  XKYMBICTBIH — 3€pTTEYiHiH
MaKCaThl M€H MIHIETTepiH Xy3ere acwipy YILiH
Python  6ammapnamaneik  opracel, KAPRE
NIIOBICTAP B UHTEILIEKTYaJIBIK OHJIeY
KiTanxXaHanapsl KOJIIaHBILI/IBL Conpaii-ag
HEHPOHJIBIK, XKeNiIepMeH OHJeY/i XKy3ere achipyra
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2) XKOK

kaxerti Keras KitanxaHaceiHAarsl HelpPOHIBIK|

Kabarrap OarjapiaMasiblk TYpPFBIIAa  KOJNZAHBIC
TarKaH.

8.2 TeopusbIK KOPBITBIHBLIAP,
MOJIENTb/IED, aHBIKTAJIFAH 63apa
OGaiinanbicTap jKeHe 3aHIbUIBIKTAP
OKCITEPHMEHTTIK 3epTTeyjiepMeH
LQJIeIICHI CH JKOHE pacTaliFan
(meaaroruKaibik FeUbIMaap GoiibHIna
Aaspiay OareITTaphl YIIIH HITHKEEp
NeIarorukaliblK SKCIIEpUMEHT Heri3iHe
TanenaeHeni):

1) us;

2_) KOK

JluccepranmsnblK  XKyMbICTa i37€HyIni YCHIHFaH
OMICTEPHiH MaTEMATHUKAIBIK MOMAENBIEP] IKOHE
OarnapramManbIk anropuTMepi XKACAIBITI,
HOTHXKENEpl TOXIpHOETK SKCIEepUMEHTTEPMEH ic
Kysinge Tekcepinai. Toxipubenepai ic xysinze
OargapraMaIbIK, KaMCBI3aHIbIPY
(doTocypeTTepiHe KOPCETINreH.

3eprrey HaTHKeNepi KP «¥ITTHIK Kayinci3aik xoHe
Kopranpicy  ymiiH  xoba  Gemiri  perinzge
TaFalbIHAANY YCTIHAE.

8.4 MaHbI3/1bl MaJliMIEMENIED HAKTHI KOHE
CeHiMJIi FBUIBIMH ofebueTTepre
ciiTemesiepMeH pacTaran / ilmigapa
pacranras / pactaiMaran

ManbI3ael  MoniMIeMeNnep HakThl KOHE CEeHiMI
peleH3UsIaHATHIH FBUTBIMHA onedbuerrepre
cilTeMeNepMeH pacTairaH.

8.5 INaiinanansniran aneduertep Tizimi
o/1ebu momyFa KeTKUIKTI KeTKiTikeis

I laiinananbiras onebuerrep Ti31Mi
JHUCCEPTANMSITBIK YKYMBICTBIH, TaKbIpbiObl O0MBIHINIA
92 nepekkesneH (FBUIBIMH oeOHeT, CTaHHApTTap,
TOKIPHOENK JKCIICPUMEHTTED HOTHIKENEPi MKOHe
1.0.) Typajbl. byn aBTOPABIH TAKBIPBIITH JKaH
DKaKThl  KapacTeIpbill, ofe0M ImOJyAsl  TOJBIK,

DKYPriszy YIIiH XeTKimiKTi OOJNBII TaObLIa b




9.1 Huccepranpsinbig TEOPHAIBIK MaHbI3bI
Oap:

1) ua;

2) XKOK

YHUKbBIIICHI3

Iﬂ,nccep'rauﬂmn,niq KYMbICTA aye
KOJIKTepiHiH aKyCTHKAIbIK ACPEKTEPiH TaHy YImiH
PeKKypeHTTi  HelpOHIBIK  IKeNiepiin  Typiepi
TECOPUSIIBIK TYPFBI/IaH KeHIHeH Xyiieni Oepinren.

[3meHyiiiMer  YCBIHBINBIL ~ OTBIPFAH  JKyiie
VIITTBIK KaYINCi3ik JKyHenepine, atan alTKasna

9.2 JluccepTanmsHbin NpaKTHKANBIK XalblK  THIFBI3  OpHAJACKaH  aliMaKTapJbIH,
MaHBI3bI Oap jKoHe aJibiHFaH HOTHKENep/Ii oyexailnapIpiH, MEMJIEKETTIK MeKeMeNep/IiH,
MPAKTHKA/A KOJIaHY MYMKIHJITi )KOFaphl: |GanabaKmanapibi, MeKTenTep/iH, JXOFapbl OKy
9 ITpakTHKanblK  KYHOBUIHIK| 1) usi; OPBLIHIAPBIHBIH,  MEMJIEKETTIK  LIeKapalap/bIH,
O PUHITATI 2) KOK KeIeH  JKoHe CTPATerusIblK  OPBIHAAP/IBIH
KayINCI3MITIH KAMTaMachl3 €Ty YIIH YCHIHBINAIbI
] _ DPKoHe HPaKTHKAILIK MaHbI3bl Hap. -
9.3 IpakTuKaJbIK YChIHBICTAP )KaHa OOJIBI
TabbL1a 617
1) To/IbIFbIMEH JKAHA; [3genyIi yChIHFaH YIOKBIICH3 dye KOMiKTepiHiH
2) xapTeLnai xana (25-75% xana 6oL laKycTHKANBIK AEPEKTEPiH HHTEUICKTYANIBIK OHACY
TaObLIa B ); SJici xaHa OOoJIbI TaObLIAIBI.
3) xxana emec (25% keMm xaHa 60IBIT
TaObLIA/IB)
AKaJleMUSUIBIK JKa3y canacsl: —
' 13 scoranie Jlucceprannsisix KYMBIC OKBIPMAHFa TYCIHiKT
10. Kazy  xome pecimuey o i A FHIIBIMU-TEXHUKAIBIK TiINE SKaspUrad. basumay
canacel CTHJII HAKTBI JKOHE pELEH3MsUIAHFaH 3eprrey
3) opramajan TeMeH; . e
Sy KYMBICTapbIHA CLITEMeIlep Xacay apKblIbl JaieKTi

DKA3BLIFAH. Herisri epexenep MeH
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| lmopu'rmn,um.l;apm,n{ TYKBIPBIMAAPE  JIOTHKAIBIK|
Gaiimanbicnen  Oepinren.  JKyMmbIcTa  1uarb
CTUNTUCTHKAIBIK KaTeep Oap.

Anceepranns 6oibIHIIA eCKePTYiep MeH YChIHBICTAP:

1. JlucceprauusiibiK )yYMBICTa YCHIHBUTFAH Kelip BH3yanibl MajliMeTTepie eneycis karenepai 6aitkayra Gonausl.

2. JluccepTanusibK KYMBICTa YHIKBIIICHI3 dye KOMiKTepiHiy xyxremeci Gap Kyilin aHbIKTay MoceeciH TYCIHAIpY i
KeHIPEK allly Ka)XeTTLIriH KepceTyre 6onasr.

ANTBUIFAaH €CKepTyJiep YCHIHBLIMIBIK CHOATKA HE JKOHE YCBIHBUIBITT OTHIPFAH FBUILIMH 3€PTTEYHIH MaHbI3ObUIBIFBIH
TOMEHIETIICH .

KopsIThIHAEI
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PhD nmuccepranusuibik xyMbicTapsia KOHBLIATHH OapabIk Tanantapra colikec Keleii, conipIKTan i3aenyu JILK. Yrebaepansi
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PenensenT, «Paauorexnuka, 3JIEKTPOHHKA XKIHE gl KonranGanil pacraimeiH
TEJIEKOMMYHHKANHAIAP» MAMAHABIFbI GolibiHma PhD noproppr, oy, [ )f71on sasepaio
Fymapoex [loyxeeB aTbingarsl AaMaTbi JHePreTHKa 158 iz | X80/ @%/ﬁaﬂ%@ﬁ@
2KHe OailIaHbIC yHHBEPCHTETIHIH JOUeHTi, e ~ Ki%b: Y aTeikeH

A\ za 20 3
«JJIEKTPOHHKA KoHe POOOTOTEXHHKA» AL 8 et =
KadeApachbIHbIH MeHrepyIici \ C.K. Opa3zanueBa

2023 KBLIFBI «__ »



