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,{raccepranr Yre6aesa [ana XonAudafiKbl3brMeH <cArycrrr aJlbl5

Aeperffepgi rany4u KoJrAarry apr(bIJIbI lrrrI(EIIIrcbIs eye renilrrepiu ruiuai
agbrKray4br seprrey) rar$rpbr6usa xa3bIJIraH PhD rulcceprallntcuna 6epimen

CbIII.MKIP

Ocrr Ar,rcceprarlr.rJrbr( 3eprrey xqMhlcbl IrrrI(bIIucbI3 Sry
renircepiniq Au6ucrapbru aHbrKray xyfienepill HaKrbI yaKblr Yulitt x(Y3ere

acbrpgbr eeprre4i. ,{uccepmqr{rJrbrK xqMbrc Ma3I\qrIbI nerigri 5 6enirra.qppAeH

TYpaAbI.

Arnau(pl rapay4a )KaJrnbr l.nrr(Erruc6l3 eye KeJITKTepH aKy0rI4K€IJILIK

currraJr,qapMeH TaHyAbrII MaqbrsAbrllbrrbr, eserriniri x(oue aKycrI'IKarrbIK

cmHalrapAbr orrrelaiq uecenenepi Kapacrbrpbrrlblrl caparrraJlran. Eyl rapay4a

Herisri seprreyaiu rbrJrbrMu cypaKrapbl aJlra raprblJlrau. ConAafi-aK, eAe6n

ruoJrfrap HerisiHAe ynr(brrrrcbr3 1rry rconilcrepiniq 4rt6rrcraprru aHbrKray

xyftenepine Kofirrman MeceJreJrep 6ofirrnula 3eprrey xlMblcrapbl
TAJIKbUIAIIfAH.

Ercinmi rapayla lnrrKr,rrucEn eye redmepiniq rur6ucrblK leperctepinilt
AepeKKopH KlpbrJrraH. Onapfrru rypni rro3utlllitsJrapMeH, xylcreMe rI'IeJIreH

lcyftnepirnreH xsHe l.nrrFrrucbr3 eye xenixtepiniq rypni rvro4elrgepin Slrbrpy
neriginAe Arr6ucrrrK xas6a KopbIH xrypraH.

., AJr, yuinrui Tapayga xfl{HaKTaJrraH lrrrl(brlucbl3 aye KeJIlICTepmu{

4u6rrcrapbrH eqAey aaiqepi caparlrtulbrHblrl nerisAerreu.
Teprinuri rapay1aynrKhrrrrcbr3 eye renirctepilriq Au6ncruK 4eperrepin

raHy apxlrreKTypacbrH KypyAbr RNN peKxypeHrri nefipoHAblK xeninepi

retrerilre" septte4i. Ocu peKypeHrri nefipon4m4 xednepgi reopuxnrrK nerisAe

reqinen caparrarr auhr(raraH. ,{u6ucrblK .qepeKrepai RNN xenilepirr'reH ralryAbl

3eprrey 6arrrrunqarbr rbrrrbrMr{ rylblcrapra sAe6n uIoJryJIap )KacaraH.- 
iecinrui rapay lrrr4Frrucbr3 eye redrtepiHirl An6nrcruK AepeKrepill rany

xyfieciniq up*ri.KTn)acbrHRNN pexxypeurri nefiponAslK xeninepiHerisiHAe

eqey.qi 3eprrereH. Eacraurqrr KaAaMbIHAa reqefitimen 6acrru uryilbl

HbrcaHAaplrrq Au6brcrapbrH ibonluX rrybulAaH yaKDrrlua KJracc rlphlrbrcblHaH

reueftrin, yatrplr aygarrbrHAa anbrKraf,arr. Opi 4apafi ocbl KJlaccrap nerisiH,qe

xuinix crreKrpJrepi AnanasoHAapbrrr aHbrKTaraH. Xuinir afiuarrr aHbIKT€lrrbI[,



6ap:rua 4u6ucrap nerigri yru rcracd4a Kafira 6ipircripinreu. Onapra ruirrad
nileprapaMerpJrepi anrrKranbrHbrrr, rra"Krbl yal$Irra )IqlIbIc icreirrin Men-
crercrarpaMMa ripic Ka6aru 6efiinrledn uefipouAuK apxnreKTypara
rrHrelparryrrnaHAbr. Ocu ycr,rHblrrarbrH xyfie neriginAe 4 perypeHr:ri HefipoHAbIK

xeni rvroAeni xeHe I CNN uoAeni (XpbrmaH. I{ypuman 5 MoAeJIb nerisiHAe

Vnpery xoprisimen. HefipouAbrK Nenirepuen yftpery 6apucnnga AepeK(opAbIII
70 Yo-st repeq or(blTyfa 3lo/o-st cbrHaK xolprisyre 6eniHiu rexipuollenep
xacaJrraH. AnrrrrraH HerriDiKeJrepre capalraMa xacaJlblrl, oJIapAbIH iluineu 64
yffiil$Er GRU peKKypeHrri uefi'porurrK xenici tnilr.qi eriu ycrnrbrrlraH.

Auccepralu,rrrrrrx ryvlblcrbll{ TanAayEapbl neriginAe lrrrl(brlucbl3 eye

xenimepiniu axycrrKaJrbrK clrruaJrAapnH GRU peKyppeHrri uefi'poHAbr4 xenici
ssrbin e rany xorapbr repcernirrrrreH aHbrKTaJIAbr. HerraxeciHAe IrrrKbrlucbl3
eye renirrepi mrcanqapbrHbrr{ Arr6rrcrrr4 cl[rraJlAapbrH TaIry ,qenliri ]Korapbl

Ka6inerri TaEy rryl,rcinairine ne erenAiri rTzGIpbIMAarrraH.

,{rccepranrneH ycbrHbrnran xyfieni eniuis4iq yrrrur rayincisairi yruin
(oJrAaubrrrarErn 6ruuoAanrAbr rarry >ryfterepine enrisyre ruiuai xyfie peringe
ycEuyfa 6onaAnr.

XQpmcm 6apnrr6 KofiumaH rarrcrrpMaJrap opbIHIaJIraIr, 3eprrey

ryrrhrcr-rgr,rq eseKTiniri, rb[rrbrMr,r )r@Harr6lrbr xeHe rexipu6uenir uaHrrcABIJrbIFbI

mJrrtrbrMen arrrbrJrraH xene rexipu6rle HoTllDKerepiuen AeJIeJIAeHreu. 3epmeygir{
6onaurarqraru xaJrracbr Software Defined Radio eAicirrlen Aalvryra 6arrrr auIaAbI.

,{omoparr A}rcceprarlr{f,JrbrK sepmey.ui opbrHAay 6apucrrn4a esiH 6inirri
MaMaE peringe, es 6sriHue rbrJrbrMrr cpa(rapAn Iueuyre xa6ineminiriu xene

Kofirrmarr riurarrraplpr x€yanrbrJrbr4[eH HaKTbI HerruineJlepre lefiiH melue

arrarhruAb,Irblrr ropcerri.
Xorapr-rra afirumaHAapAbrl{ nerisiHAe Yre6aesa [aua

Xonpr6afiXFr3blHblrl QunocoQux AoKropbl (PhD) 4epexecin aJry YruiH

ItcbrDrJrFaH TaKblpbrrrrarbr ArrcceprarlnrluK )Iq\,Ibrcbl I(asa4crau Pecrry6luKacbl

Fngn,url )KeHe Xorapu 6iliu unnncrpiririHirl <<Frurrruu AepexeJlep 6epy

epexecil> rarralrapbrHa cafi opbrHAtrrrraH )KeHe Allcceprallu.flnblr( )IqMblcrbr

Koprayra xi6epyli ycbIHaMbIH.
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Applicant Utebayeva Dana Zholdybaykyzy submitted
iissertation u'ork on the topic of "Research of effective UAV
a"- oustic data rec osnition".
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This dissertation work study investigated the real-time Unmanned Aerial
'.-::-;^e sound detection system realization The content of the dissertation consists
:: -< -. ': lans.

I:::e lirst part, the importance, relevance of recognition of unmanned aenal
-, ;::;-es u-.ing acoustic signals and the problems of acoustic signal processing were

=:*'.zed. In this part, the scientific questions of the main research are put forward.
-{>:. :esearch s-orks on the problems posed to the sound detection systems of
-:-::::ed aerial r-ehicles are discussed on the basis of literature reviews.

ln the second part, a database of UAV sound data was created. It was created
. -*.-;n.J recording dataset based on the launch of various models of unmanned aerial
-.::rcles u-ith different positions and loading conditions.

ln the third part, the methods of processing sound of unmanned aerial vehicles

-e anatr1-zed and based.
In the fourth part, the construction of the architecture of UAV audio data

::;laition \\'as studied using RNN recurrent neural networks. These recurrent
:e;.:ai nenr-orks have been extensively analyzed on a theoretical basis. It was made
. ^::eiature review of scientific works in the direction of studying the audio data
:e;rgnition u'ith RNN networks.

The fifth part studied the architecture of the UAV audio data recognition
s-. s:en processing based on RNN recurrent neural networks. In the initial step, the

=:';:lds of the hi,eh noisy objects were expanded from the background noise in terms
:: :enporal class and determined in the time domain. Further, on the basis of these
;,asses. it s-as determined the ranges of frequency spectra. The frequency domain
;:a:acteristics were determined, and all sounds are regrouped into three main
c.asses. Efrective hyperparameters were investigated for these sounds, and the real-
::rae \Iel-spectrogram input layer was adapted and integrated into the neural
rchitecrure. Based on this proposed system, 4 recurrent neural network models and

' C\\ model were created. Training was conducted on the basis of these 5 models.
[i the course of training with neural networks, 70Yo of the dataset was divided into
deep learning and 30Yo into testing. The obtained results were analyzed, andthe 64-
cell GRU recurrent neural network was presented as effective one.



Based on the analyzes of the dissertation work, the recognition of acoustic
s:i::ls of unmanned aerial vehicles based on the GRU recurrent neural network was
;e:;rnained u-ith a high rate. As a result, it was concluded that unmanned aerial
-.:r:cles har-e the ability to be recognized using sound signals with high accuracy.

The sr-stem proposed by the dissertation work can be recommended as an
:is;rlr e s\-stem to be integrated into the bimodal recognition systems and can be
;*; :br the national security of the country.

lh the dissertation work, all the assigned objectives were fuIfilled, the
::-3; =---. scientific novelty and practical importance of the research work were
:*--r ;:slo:ed and proved by the experimental results. The future works of the
:sa::;: '*-inl lbcus on using the Software Defined Radio method.

n:. lhe course of the dissertation research, the doctoral student proved herself
1- :E :. ;:-alified specialist, was able to independently solve scientific questions and
rc;r 3i r3::troDSibl1'to solve the assigned objectives till exact results.

3,-*-'c on the foregoing, the dissertation work on the topic proposed for the
.e== :: Doctor of Philosophy (PhD) Utebayeva Dana Zholdybaevkyzy was
l:er'l*c. '- accordance with the requirements of the Ministry of Science and

=I:tr 
:;.;aion of the Republic of Kazakhstan "Regulations on the award of

Tr:Ir.F-; ;il-s" and I recommend the dissertation work for the defense.

Scicuffic supervisor signature Ilipbayeva L.B.
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English was made by translation agency

by the Translator Getts Artur Vitalievich,

Address: Almaty, Abay street 115A, offrce 2I7
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