6D071900 — «PagnorexnuKa, 3IeKTPOHHKA HIHE TEACKOMMYHMKANHIIAD» MAMaNAbIFLI Golibinma duiocodus JOKTOPHI

(PhD)

Aspexecin anyra yebiabliFan Yrebaesa Jana XKonnpioalikbi3piubig «AKYCTHKANBIK JepeKTenti TAHY/bI KOJIIaHy
APKBLIBI YIIKBIIICHI3 dye KOJIKTepin THIMAI aHBIKTAY/AbI 3ePTTEY» TAKBIPLIOLIHAFHI HCCEPTAHAIBIK

KYMbICHIHA
PECMMU PENEH3EHTTIH *KA3BALIA ITIKIPI

szl_Tepm‘fmep

Kpurepuiisep coiikectiri

Pecvmu peneH3eHTTIH yCTAHBLIMBI

Juccepranus
TaKbIPhIObIHBIH

MEMNEKETTIK
OarmapnaManapra
Oonysl

KYHIHC) FHITBIMHBIH Aamy
OarpITTapbIHA XKOHE/HEMECE

KOHE/HeEMece MEMJIEKETTIK
Oarmapinamanapra CoMKecTiri:

T'BIIBIMHBIH ~ gaMy — OarbITTaphIHA

1) Jlneccepranua MeMieKeT 010/ DKeTIHeH

KAPKbLIAHABIPLLIATHIH JKO0AHBIH

HeMece HbICAHAJIbI Gamapﬂamaﬂbm

(GekiTy

colikec

AAChIN/A Opbikiajran (KobaubIH HeMece VINY  annapaTTapkiH
GarIapJaMaHbIH ATAVBI MeH HOMIpI): Heri3ejfreH  CeHiMai

2) Jlucceprarus 6acka MeMIIEKeTTIK
OarJapnama asicblH1a OpbIHAAIFaH
(barnapnamaHbIH aTayhi)

3) Huccepranus Kaszakcran OPBIHAAJIBI.
PecniyOnmukachIHBIH Y KiMeTi KaHBIHIaFb]
Xorapsl FEUTBIMA-TEXHUKABIK KOMHCCHSI
OeKITKEeH FHUIBIM JaMYBIHBEIH DachiM
OarbIThiHA Colikec (OarbIThIH KepceTy)

PecnyOnukaceinsiH =~ bFM
FAIBIM»  KOOachl

Kymbic  Kaszaxcran
KapKbUIaHABIPATHIH
asichinia «¥nTreiK Kayincizmik xone KopraHBIC»

OaceiMABIK OarbiThi Ooibiniia "KyaikTi yiliKbilichl3
AHRIKTAYIIRIH  KHITIKKe

AaKyCTHKANbIK Oenrinepnl mnaiifanany KeMeriMeH
azipiiey" TakbipbiObl OoiibiHma AP14971907 KTH
FRUIBIMH-3€PTTEY KYMBICBIHBIH OeJliri peTiHze
XKobanbiy
ymitkepain o3i [ K. Yrebaena.

SDR  xoHe

WETEKIIICl




Foimeimra MAaHbI3ABIIBIFbI

JKyMbiC FRIIBIMFA enleyni yiecin
KOC2IbI/KOCIIal/1bl, aJl OHBIH
MaHBI3/ABUIbIFb] AMILLIFAH/AIIBIIMAaFaH.

O3i xa3y npUHIUII

JlHCcepTatmsITbIK KYMBIC 8KYCTHKANBIK JAepeKTep/i
TaHy KOMeriMeH VIIKBIIICHI3 dye KOJIKTepiH
AHBIKTAyZ(Bl HAKThI YaKbITTa JKy3ere achpaTblH
KyleHi o3ipneyAi YChIHABL.  YIUKBIICHI3 oye
KOJIKTEePiHiH aKyCTHKAJIBIK NEPEKTEPiH
MencnexktporpaMma Kkulnik Kabarbl KeMeriMmeH
TaHylbl JKy3ere aceipran xoHe «Gated Recurrent
Neural  Network»  HerisiHgeri  HeHPOHIBIK|
APXMTEKTYPaHbl KOIAaHY apKBUIBI 3€PTTEI.

O3i a3y neHreii:
1) orapbi;

2) opraina;

3) TemeH;

4) e3i )a30araH

JIK. VYrebaeBaHbiH JUCCEPTAUMANBIK IKYMBICHI
WHHOBALMSUIBIK  IIemiMi  6ap  FhIIBIMU-3EpPTTEY
DKYMBICBI  OONbIm  TaObuiamsl.  JMccepTaIUsIbIK
YKYMBICTBIH 91e0¥ IMONyhl MeH TeOPHSIBIK HETi3iH
kaszy/a  aBTOpABIH  JKOFapbl  OKyiHem  kaszy
CTHJIMCTHKAChIH, ToKipuOuenik Oeirid Ttamaay
OapbichIH/ia >Korapel capanrtay KaOlierTiH, >XoHe
OKCTKULIKTI  Jepexenert  Toyencisnirid  Oalikayra
oonagel. J.JK. VYrTebaeBa omebu momy xkacay
OapbIChIHIA peleH3UATIAHATHH, HOPMATHUBTIK JKOHE
MAaTEeHTTIK JepeKKe3aepre MIONy jKacar, YIIKBIIICHI3
oye KOJIIKTepiH aKyCTHKAJIBbIK JepeKTepi apKbLIbl
TaHyIbl ©3re JIe JOCTYpJl OHiCTepMEeH TaHYIbIH
Herizri  Pamap, Paauokuisiik CEHCOpbl JKOHE
KOMITBIOTEPJIIK KOpy CeKiJiAi VIl JJicTepiMeH
TONBIKTAll  CanbICThipa  OTHIPHIN,  ©3CKTLIriH
alfixeragansl. CoHBIMEH Karap, YIOKBIICEZ 2ye
KOJIIKTePiHIH aKyCTHKaIbIK CUTHAJIJAPBIH ©OHJEY




ki G6ipiik mpHHIAT

4.1 Jluccepraiis €3eKTiTirHIg
Heri3aeMeci:

1) Herizge/irex;

2) apThUTai HeTi3eNreH;

'3) Heri3meaMereH.

YpAICi HCHPOHABIK Hen APXUTCKTYPRChLIHG

GipikTipyzi OeliMaei.

Conrbl kesjiepl TEXHOJOTUSHBIH KapKbIH (bl
JlaMybl ocepiHeH y3aK yakhIT yIiia alaThlH, KenTerex
Oypeimrapaan uxkemai ¢orto xoHe OeitHe Tycipipe
allaTBIH JXOHE JpTypAi afiMakTapra Kelepriciz Kipy
MYMKIHZAITT ©ap YIOKbICHI3 dye KeNiKTepiHid
Kenren Iubirapbuia Oacranbl, Oy €3 Keserimie
'VINKBITICHI3 aye KOJIIKTepiMeH 00JIaThIH
WHIUACHTTEPIIH KONTEN OpPBIH alyblHA OKEIi.
Hormkecinne Kopraynsl aiiMakrTap YIIiH PYKCATChI3
eHyl MYMKiH OOJaTBIH YINKBIIICEI3 dye KONIKTEepiH
TaHy JKyleci eTe e3eKTi FhUIBIMH Cypak 0okl
OThIP. AJl JKYMBIC OCBIH/Iall PYKCATChI3 €Hyl MYMKIH
OonatelH  JKargalimap YIOIiH HAKThl  yakKbITTa
TaHBLTYbl ©3eKTi OOJBIN OTHIPFAH YIIKBIHICBIZ dye
KeJIKTepid jKoHe oNap/IbiH KyKTeMeci Gap Kyiinepin
Koca TaHyZabl JKy3ere achIpaThiH aKyCTHKAJIbIK,
CEHCOp OHICIH YCBHIHABI JKOHE JKYMBIC 3epTTeyi

4.2 Jluccepranus Ma3MYHbI TUCCEPTaLH
TaKbIPHIOBIH AHKBIHIAM b
1) alikpIHIAHIBI;

2) xapTbuiai alKbiH /A kI,
3) alikpIHIaMai bl

TOKIPHOMEITIK CHIHAKTAP HOTHXKECIMEeH Heri3eNTeH.
rHH(:cepTam«ismmh: JKYMBICTBIH ~ KYpaMbl  OHBIH
MasMyHBIHAH, HOPMAaTHBTIK  aHbIKTaMaliapjaH,
CHMBOJIIAp MEH KBICKApTyJapAaH, KipicIlelieH,
HETi3r1 3epTTeydi KAMTHTHIH Oec OGoelMiMHEH >XoHe
KOPBITBIHABIAAH TYPaIbl.

Jlnccepranusnei KYMBICTBIH Kipicriecine
3epTeyiiH MaKcaThi, TANChIPMAchl, O3eKTiliri, XKoHe




4.3. MakcaTsl MeH MiHJIeTTepi JHccepTamus
TaKbIPBIObIHA COMKeC KeleIi:

1) coiikec kemeni;

2) xapThIaii coifkec Keneni;

3) coiikec kenMei i

4.4. JlnccepTauusiHbiH 6apibiK OeniMaepi
MEH KYPBLIBICHI JIOTHKAJIBIK OaliiaHbICKaH:
1) TOABIK 0AHJIAHBICKAH;

2) )xapThinail OalinaHbICKaH;

3) GaifJIaHBIC KOK

Jluccepraiimanelk ~ KyMbic  KipicnenmeH, — Oec

Ké)lz{aﬁ_y asent é(‘lfﬁeni Oepinai. CoHBIMEH KaTap
[UCCEPTALMSUIBIK ~ JKYMBICTBIH ~ KOPBITHIHIBICH
CBIHAKTAP HOTHXKECIMEH SHeKTi TYKbIPbIMAAJIFaH.
JlucceprauuanbiK KYMBICTH OpbIHAAY OapbiChiH/A
MasMYHBI MEH 3epTTey KaZaMAapbIHbIH KYPbLILIMBI
JTOTHKAJIBIK JYPBIC PETTUNIKNEH KOHBUIFAH JKOHE
ccepTaums TaKbIpbIObIH alKbIH AN IbI.

JlnccepTanuanslk  JKYMBICTBIH — MAaKCaThl
TaKbIpBINIKa TOJIBIKTAH Colikec Kenemi. AU
DKYMBICTBIH, MiHAETTEPl KOMBUIFAaH MaKCaTTh
OpbIHJAyFa COUWKEC HaKThl alKbIHAAIBIN
KOMBIIFaH.

GoniMHEH,  KOPBITHIHABIAQH,  MaiiganaHbLIFan
oneOuerTep TI3iMIHEH OKOHE KOCHIMHIANApJiaH
Typanel. Kipicnie GenmiMinze i3geHymi 3epTTeyiH
©3CKTIJIIrH, ajFfa KOWFaH MaKcaThlH, MiHIETTEpiH
KOHE YKAHAJIBIFBIH CHITATTa/IbI. 3eprrey
OeniMaepiHAe 13[eHyI] YIIKBIIICH3 dye KOIIKTepiH
AKyCTUKANBIK  JEepeKTepiMeH TaHyAbl  JKY3ere
ACBIPYABIH TEOPMSUIBIK Heri3leMeciH JKoHe 3epTTey
OapbICBIH TOXIPUOHENIK TYPFBIIa HITHXEJEPMeEH
CHIIATTAIbI.

Eckeptie petianme kipicme Oemimimiy 1.4.2
OeniMIeCiH KeHipeK cHunarray KaKeTTUIirin
KepceTyre 0onajsl.




Frueima
TIPUHIIUITI

YKaHAMIBIIIBIK

4.5 ABTOp YChIHFaH )KaHa MICHiMAED
(karuparTap, amicTep) HoJenaeHin,
OyphiHHAH 6enriii menriMaepMen
CAJIBICTHIPBLIBIN OarayaHFaH:

1) coinm TAIAY 6ap;

2) Tanjay xapTrhUlaid Kyprisijireu;

3) Tanuay o3 mikipiH emec, 6acka
aBTOPJIAPABIH ClUITeMeNepiHe Heri3aenrex

5.1 FeutbiMu HOTIDKEIEP MEH Karujarrap
KaHa 6oJbIn Tabblma Ma?

1) TONILIFbIMEH KAHA;

2) xapTeiaii xxana (25-75% >xana 6oubin
TabbIaie );

3) xana emec (25% xem xkaHa 6ombIn
TabbLIAbI )

Jlerenmen,

bKacayra 00aibl.

KATTB HYMBICTa

HOTHOKENSPIiH TaHy AJAITiHIH JKOFapbUILIFEI MEH
3epTTENIeTIH  MocenenepliH  MiHAeTTepi  e3apa
Oaiinanbicel 0ap eKkeHAiri Typanbl KOPBITHIH]IbI

AllbIHTaH

JluccepranuanbiK  KYMBICTa
KOJIKTEpIH AaKyCTHKAJbIK CEHCOPMEH  TaHy/al
VIBIOBICTBIK ~ JEPEKKOPABI  OYPBIHFBI  3epTTENreH
KYMBICTAP/TBIH JBIOBICTHIK JIePEeKKOPBIHBIH
KYpaMbIMEH,  VIIKBIIICKHI3 KOJIKTePiHiH
QJIBTHFBI 3epTIeyiiepae KOJLJIaHBLIFaH
MOJENIBACPIMEH QJIbIHFAH TaHy JAJAIKTEPiMeEH,
AKYCTHKAJIBIK CEHCOPMEH 3epTTeireH OYPBIHFb
KYMBICTapIbIH UHTEJUIEKTY Al IbIK eHJey
oNiCTEpiHiH  TepeHJIKTepiMeH  CaJbICTHIPBLLIFAH,
KOHE  OCBbl  OarbITTaFbl  AJJIBIHFBI  3epTTeyJiep
HOTHXKEIIEPl MEH OCHI 3€PTTEYIET] TaHy AAAIKTEPIH
KaTap KOHBII CHIHH TAJNay JKacalFaH.

YIIKBIIICHI3

aye

aye

by JKyYMBICTa YINKBIIICHI3 dye KOJIKTEPiHIH
NIbIOBICTBIK CHIHAJIIAPBIH HHTEIUIEKTYIBIK OHIeY
KaZaMblH HEHPOHIBIK JKeJll apXUTEeKTypachiHa
KOCYbl aJIFalll peT TIXKIpUOUeNiK TypFbIIa XKy3ere
AChIPbINl, HAKThl yaKbIT VINIH JKykTemeci Oap
VIIKBIIICHI3 aye KOJIKTepiH KEeHEHUTUIreH
JIEPEKKOPMEH OpbIHAAY TOJNBIFBIMEH JKaHa oic
HETI31H/Ie OPhIH/IAJIIbI.




5.2 JluccepralMsiHbie, KOPbIThIHIBLIADI

JKaHa OoJIpIl TaOkIIa Ma?
1) TONBLIFHLIMEH JKARA:

2) xapTeuiaii xana (25-75% xana 6onbin
TaObIIagBRI );

3) xxaHa emec (25% xeM kaHa GoJBII
TaOBIIabI )

-
Hortvxenep  MeH  KOPBITBIHABUIAD  KOIITEreH

TEOPHUSANIBIK JXOHE TXKIPHOHENIK MaTepuaiIapra
Herisgenred.  3eprrey  OapbiChiHAa  AlbIHFAH
HOTHKENep MeH Kacanras TY>KBIPBIM/Iap
TeJICKOMMYHMKALUS canackl YIIiH TOJBIKTaH XaHa
oMiC, SFHN JKaHA CeHCOop OOJIBIN TaObLIA b

5.3 TexXHUKAJBIK, TEXHOIOTHUSIIBIK,
3KOHOMMKAIEIK HeMece OacKapy
[eniMaepi Xana )KoHe Herisaenren 6e?
1) ToaBIFBIMEH KAHA;

2) xxapreinait xana (25-75% xana 6o
TaOBLIAMBI);

3) xxaHa eMec (25% keM xaHa 60JIbII

TaObLIaab])

Herisri
KOPBITBIHIBLIAPIBIH,
HEr13IUTIr1

Jluccepranmsisik YKYMBICTBIH 3eprreyi
HOTHXECIH e YCHIHBLIBIT OTBIpFaH
VM HTEJUIEKTY aJIbIK aKyCTHKAJIBIK CEHCOop)

TEXHHKAJIBIK KYPBUIBIM OOWBIHIIA KapamaibiM
KYPacTHIPBUIATHIH ABIFEIMEH KOHOMHUKAEIK
TYPFBIIAH THIMAI opi OHBI Oackapy wemimziepi
TOJIBIFBIMEH KaHA YKHEe OJ1 aTKAPaThIH KbI3METi MeH
KOJAAHATHIH OficTepi OOMBIHINA TOBIFEIMEH XaHA
obin TabBLIA/BL.

bapslK KOPBITHIHABLIAP FhUILIME
TYPFbIZIaH KaparaHaa ayKbIMJIbI
AonenaeMenepe
Heri3ae/ren/nerisenMereH (qualitative
research xoHe eHepTaHy KoHe
I'YMaHUTAPIILIK OaFbITTapbl OOBIHILA)

JlEccepTalusIIBIK JXYMBICTBIH ©3€KTLIITIH aHBIKTAy
OapeicelHNa Kipicme GenmiMinze oHe Oipinmi
OemiMiepie YINKBIIICH3 dye KONIKTEpiH TaHy
MOCEJIECIH pelleH3UsUTaHFal AambIK >KOHE JKAOBIK
Gasanappa nmyOnuKanUsIaHFaH 3epTTey KYMBICTAPbI
KOMETIMEH KeHIHEeH TOJIBIKTAl TaJKBUIAIl —aia
tyckeH. CoHaaii-ak, OChl TaHy MOceNeciH ulemy
OapbIChIHIA KeNTIPUIreH TYXKBIPBIMIAP, TEOPHUSIIBIK
3epTTeyep, OarnapaamMaibik apXUTEKTYypal

OJIOKTApBI KoHE TOKIPUOHeNiK ChIHAK HITHXKenepi




Koprayra IIBIFAPBLIFaH
HETI3T1 KaFuaarTap

Op Karu/aT OOMbBIHINA Kelleci CypakTapra

Kayan Oepy Kaxer:
7.1 Karupnar nanennenai me?
1) moaenmesii;

PR ELE AR A1 JRTIR

2) maMaMeH JIaJel

3) mamMameH mastenneHoeni;
4) nonmennenbeni

7.2 TpuBnanast ma?
1) us;

2) oK

7.3 JKana ma?

1) ua:

2) XOK

7.4 Konpany meHreiii:
1) Tap;

2) opraiia;

3) xeH

7.5 Makanana panennenres oe?

1) ms;
2) %OK

JoTuKamen  yinecimzaenred.  Omnap

Kyent

UCCEPTALTUSAHBIH KaruJaiapbiH TOJIBIFbIMEH
pacTa/ibi.

Koprayra  YCBIHBIIFAH  HETi3Ti  HOTIDKenep

TOKIpUOENiK CHIHAKTAp IKY3iHAE JoJesICHTEH.
TeopusnbIK Heriznep ToXIpUOETiK HOTHXETEpMEH

pacTaFaH.
JluccepTamusanbIKk  KYMBICT2  TPHUBHANBIBIIBIK
BIIEMEHTTEP] KOK.

3eprreneTiH  GapnBIK  YpHOICTEpAiH  TaOBLIFaH

3aHIBUIBIKTAapbl MEH epeKIIeNiKTepi KeHUIeTiIren
TYpAe €MeC, HMHHOBAIlMAIBIK JKaHA OIiCTEpMEH
KapacTBIPBUIIBI.
JIOK.  VreGaeBanslH  KoprayFa  YCHIHBLUIFaH
HOTHDKEJIEpl MeH  Imemimaepi JKaHa  GoJsIm
Tabpinazbl, OHTKeHI auccepramus  TaKbIPHIOHI
OolibIHIIA 3epTTey HoTHXeTepl backa
pelECH3UsIaHFaH 3epTTey JKYMBICTAPHIHAA JKOoHE
e3re Jie d/ebueTrepae OyprIH CANATTAIIMAFAH.
Koprayra  yCBhIHBUIFAaH  HHTEJUIEKTYaIbIK
AKyCTHKAJIBIK CEHCOP YIIKBIIICHI3 dye KOMIKTEPiHiK|
PYKCaTChI3 €Hyl MYMKIiH OonraH aiiMakrap yiuin
OuMoan/ipl TaHy aJicTepiHiy 6ip Kypambl peTiHje
DKOHE KamTy aiMmarbl IHaFblH  ayMakTap YIIiH
KOJIIaHbLTYsl MYMKiH. COHBIMEH KaTap, 3eprrey

HOTIDKENEPI  QNeMIiK  JeHreiile  KOpFaHBIC




8.1 OxicTeMeHiH TaAHIAYHI - HET13eNreH
Hemece dllicCHaMa HaKThl a3bUiFan

Macerecine #paﬁﬂcxa e HHHOBALHATBIK JKOHE
OHTaIbl TEXHOJIOTHSUILIK ©HIM OO0JIbI TabbLIAIEL.
Onbi azipiey TYPFhICHIHAH Kasaxcran
PecnyOmmukacer  «¥ntreik  Kayincismik — xoHe
KOpraubicy YIIiH KbI3BIFYUILUIBIK TYAbIP/IBL.

Jluccepramusa TakpIpelObl OOWBIHINA 5 FHUIBIMH
MaKaJia, OHBIH (HIHJE HONIK eMeC MMIIaKT-
tdaxropbl Gap | maxana, KP BFM bBiniM skone
0ax
FRUIBIMA  OachlIBIMIApAa 2 Maxalia >KOHE CKOIIyC
OasacblHa €HETiH KoH(QepeHIHUsIapna 2 Makaia
IKAPHSIIAH JIBL.

FBUIBIM CallachIHIArEl

vaideiva ava APA K 3X a

KEITTAY KO\ MHT

D’T‘1
NOL/ACR Y INUUVE wii

ABTOp axicTemeni Taunayﬂm 3epTTey OarbIThIHA
TepeH one0H IMonynap xacay OaphICHIHAA >KOHE
TOKIPHOCIIK CBHIHAKTAPABI KYPrizy KaKeTTiriH

AHBIKTANH OTRIPLINT Tan )i, Kolisinran minaerrepai

1) usi; IHEIly YIOiH JUCCepTaHT capamnTay oicTepiH,

2) XOK SMIIEPUKAJBIK CBIHAK JKYPri3yldi, MaTeMaTHKAaJIbIK
MOJIeNbIey XKoHe OariapnamanblK KaMchi3MaHabIpy
oIicTepiH AYPBIC KoJxaHa Oismi.

JotiexTimik IPAHLHATTI
Hepexkesnep MEH
YCBIHBIIFAH  aKMapaTThiH
JOHeKTiIir

8.2 Jlnccepranys »KyMbIChIHBIH HOTHKENEpi
KOMIBIOTEPIIIK TEXHOJIOTHIIAPABI KOJIaHy
ApPKBUIBI FRUIBIMU 3€pTTEYJIepAIH Ka3ipri
3aMAaHFbl OMiCTEPi MEH ACPEKTePi OHIey
KOHE HHTEPIPEeTALHsIIAY dliiCTeMeNepin

nainanana OTBIPHIN albIHFaH!:

JlMccepTalsUIbIK  JKYMBICTBIH  3epTTeyiHiH
MakKCcaTbl MEH MIHIETTEpiH >Ky3ere achlpy YLIiH

Python  Oammapnamaneix  optacel, KAPRE
JBIOBICTAP IBI VHTEIIEKTY aJl [{BIK OHIIeY
KiTanxaHaaapsl KOITaHBIIIBL. Conpaii-ax;

HEMPOH/IBIK JKeNllIepMeH eHIeYyi Xy3ere achipyra




_1} M
2) XKOK

8.2 TeopuﬂnHK KOpBITBIH,I[BIJIElp,
MOJIeNIbJIEp, AHBIKTAJIFaH 63apa
OajinaHbicTap XKaHe 3aHIBUIBIKTAP
SKCHEPHMEHTTIK 3epTTeylepMeH
JIQJICJIICHT CH JKIHE pacTaliraH

(rIemarorukansIK FEUTEIMIAD OOMBIHIT

(s ]
VARG VL MRGQIBIN TollipiMaap U HEBIHITIG

naspiay OareITTaphl YIIiH HOTIKEIED
[I€arOTHKAJIBIK SKCIIEPUMEHT Heri3iHae
IonenaeHen):

1) ns;

2) KOK,

KITANXaHACKI HJIarbl

KakeTrri Keras nu»zpmmbn\
Kabarrap OarjapiaMalblk TYPFbIa KOJJIAHBIC
[Tankag.

JlncceprauManblK  JKYMBICTa  i34EHYIII  YChIHFaH
ONICTEpAIH MAaTeMaTHKANBIK MOAEIbIAEP] KOHE
OariapnaMabiK AIrOpUTMIEpI KacaubiTl,

HOTHXENIEpl TOXIpHOETIK 3KCIEepHMEHTTEPMEH ic
xysinge Ttexcepingi. Toxipubenepni ic xysinme
OarmapiaManbIK KaMCBI3aHIbIPY
(oTocypeTTepiH/ie KOPCETIIrEH.

3eprrey HoTIOKeNepi KP «¥ATTHIK Kayincismik sxxoHe
Kopranpic»  ymin  xoba  Oemiri  periHze
TarallbIHIANY YCTIHJE.

8.4 MaHpi3abl MOJTiMIEMelleEp HAKTBI )KoHEe

ComiMa} FRUTHIME omeBHeTHEpTe MaupI3nbl MamiMIeMenep HakThl K9 eﬂ CeHIM/Ii
. ' - pEICH3MATaHAThIH FBLIBIMHU oneduerrepre
cijaTeMe/lepMeH pacTajran / iuliHapa )
cUITEMeNIepMEH pacTajFaH.
pacran¥an / pactaiMaraH
[ laii nanmanbuFas anedbuerTep TI31M1

8.5 Iaiinanansinrad omedueTTep TiziMi
onebu nIoNyFa KeTKLIIKTI/ KeTKiNiKCi3

KYPri3y YIIiH KeTKLUTKTI 60mbin Tabbuiam!.

JIHCCEPTANMSIIBIK KYMBICTBIH TaKBIPBHIObI OOMBIHIIA
92 nepexkesneH (FBUIBIME oneOHeT, CTaHIAapTIap,
TOKIPHOCNIK SKCIEPUMEHTTEP HOTHIXKENEP] IKOHE
1.6.) Typampl. byn aBTOpABIH TakKbIPHIITE JKaH
KAKTHl  KapacThIpbill, oe0W  IONY[bl  TOJBIK




9.1 JHccepTalUsHbIH TEOPHSIIBIK MaHbi3kb]
Oap:
1) na;

2) XKOK

JluccepralisiibiK

TEOPUSIIBIK TYPFBIJIaH KeHIHEH Xyiieni OepinreH.

KYMBICTA YUIKBIIICHI3

ayel|
KOJIKTepIHiH aKyCTHKaJbIK JepeKTepiH TaHy YIIiH
PexkypeHTTi HeHpOHABIK JKeNilepAiH Typiiepi

[3meHymTiMeH YCBIHBUIBIN OTBIPFaH  JKyie
VITTBIK Kayinci3Mik Jky#enepide, aran alTKana

9.2 JlnccepranusHbIH IPAKTAKAIBIK XaiblK  TBIFBI3 OpHAJACKaH alMaKTap/bIH,
MaHbI3bl Oap JKoHE aJILIHFAH HATIKEICePAi oyexxaliapbIH, MEMJIEKETTIK MEKEMeENEp/IiH,
NpaKTHKa/2 KOJIaHy MYMKIH/IIri )KOFapsl: Ganabakmanapasie, MeKTeNnTep/iH, JKOFapbl OKy
IlpakTukanblK  KYHABLUIBIK| 1) mst; OPBIHJAPBIHBIH,  MEMJEKETTIK  IIeKapaiapisiy,
? MPUHIIKIT 2) KOK KeleH XKoHE CTPaTErusUIbIK, OpPBIHIAPIBIH
KayllCI3MIrid KaMTaMachl3 €Ty YINiH YCHIHBLIAIbI
o o _ PKOHE NMPaKTHKAIBIK MAHBI3E! 6ap. _
9.3 IIpaKkTHKATBIK YCHIHBICTAD JXKaHa GOoJIbI
TaOBLIabI?
1) TOJIBIFBIMEH JKAHA; [31eHymi yChIHFaH YINKBIIICHI3 oye KOIKTepiHiH
2) xapThinaii xana (25-75% xana 60NLII  aKyCTHKANLIK JepeKTepiH MHTeIIEKTY ALK OHIey
TaObLIAIb]); aici xaHa OO0JIBIN TaObLIAIEI.
3) xxana emec (25% xeM >xaHa OOJIBIT
TaObLIA/IbI )
AKaneMHusUIBIK XKa3y calachl: 2 % =
: 1) JKOFADLL: JluccepTaIusiibIk )K¥MI'>IC OKBIpMaHFa TYCIHIKTI
10. Kaszy  xoHe  pecimaey 2_)__[)_1) T FBIJIB'IMI/I-TeXHI/IKa.HBIK TIAAe >kasbulFaH. basHpay
Carachi ‘ CTHJIl HAKTBI JKOHE pELEH3MSUIAHFaH 3epTrey
3) opTainanan TeMeH; : T
4) ToMen. DKYMBICTApBIHA CLITEMeNep jKacay apKblibl JoHeKTi

DKA3bIIFAH. Heriari epexenep MEH




| KOPBITBIHABLIAPIBIH,  TYXKbIPLIMJIAPEI JlOFl'IKaJTbl'I(]
Oaiinanpicnen  Oepinren.  ymbicta  WarbmH
CTHJIMCTHKAJIBIK KaTenep Oap.

| - —
HMuccepranus GOHBIHIIA eCKePTYJiep MeH YChIHBICTAP:

1. JluccepratpmsiibIK )yYMBICTa YCBIHBITFAH KelfGip BU3yaiibsl ManiMeTTepe eneycis karenepai 6aiikayra 6onass.

2. JluccepTanMaNbIK KYMBICTA YIIKBIIICHI3 oye KONKTepiHiH XKykremeci Gap KyifiH aHBIKTAay MoceseciH TYCIBAIpY i
KEHipeK ally KaKeTTUIIriH KepceTyre 60mapbl.

AUTBUIFAH €CKEPTYJIeP YCHIHBIMIBIK CHIIATKA HEe JKSHE YCHIHBUIBIN OTBLIPFAH FHUIBIMH 3ePTTEYAIH MAHbI3ABUILIFEIH
TOMEH OETIIEH 1.

KopbrThinabi

Kepcerinren eckepryiep NHCCEPTAUMSIBIK JKYMBICTBIH JKANIMBI OH Garacekld TeMmeHieTneiini. Yre6aesa Hana
KonabIOaHKbI3EIHBIE «AKYCTHKANBIK JEPEKTepi TaHyIbl KOJJAHY apKbUIbl YIIKBIIICH3 dye KeNikTepiH THiMmi AHBIKTAYIbI
3epTTey» TaKBIPLIOBIHAAFBI IHCCEPTALHANBIK JKYMBICHI TOJBIK KOIEMJE OPbIH/AIFaH, JKYMBICTBIH JKAHAIBIFEl MEH ©3eKTiir Gap
PhD nucceprauuansix xymbicTapbiHa KOMBUIATEIH GapiblK TananTapra colkec Kejelli, COHIBIKTAH i3penymri J1.K. Yrebaesauni
6D071900 — «Panuorexuuka, sMeKTPOHAKA HKOHE TeIEKOMMYHHKAIUAIIAD» MAaMaHIBIFE! GObIHINA (punocodus noxropst (PhD)
JAopeKecin anyra JaiblKIbl Aell ecenTelMiH.

Penensent, «Pagnorexunka, 31eKTPOHHKA KIHe S KomranBanbi pacTaivbiv
TeIeKOMMYHHKANHAJIAP» MAMaHABIFbI Goiibinma PhD noxsope1, 1o i
Fymapoex [loykeeB aTbIHAaFbI AJIMATBHI JHEPreTHKA
JKIHe OaflIaHbIC YHHBEPCHTETIHIN JOIEHTI, 4 I
«JIEKTPOHHKA KIHEe POOOTOTEXHHKA» ‘%  nepam (k) :
KadiepachbIHbIH MeRrepyinici ‘Q&Q@rm ﬂé ", C.K. OpasanneBa
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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"

Ne |Criteria = Matching criteria Official reviewer's opinimi

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

program financed from the state budget The work was carried out within the framework of]

Dissertation topic (al the/(name and number of the project or the research project AP14971907 within the
date of approval) should beprogram); program of the “Zhas Galym” project funded by the
1. |consistent with directions of|2) Dissertation completed within the MEA&S of the Republic of Kazakhstan in the priority
development of  sciencel/framework of another state program (name [area “National Security and Defense” on the topic
and/or state programs of the program) : “Development  of a robusi 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.

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

The work makes/does not make a The dissertation proposed the development of a real-
2. |Significance for science significant contribution to science, and its  |time detection system for unmanned aerial vehicles
[ significance is/is not revealed. using acoustic data recognition. The acoustic data of]




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

The principle of self-

writing

Self-writing level:
1) high;

2) average;

3) down;

4) she did not write

Dissertation work of Utebayeva D.Zh. represents a
rescarch 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]
UAY 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 from unmanned aerial vehicles into]
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."

junmanned aerial vehicles that can enter without

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




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.

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

2) partially defines;

3) does not define

The composition of the dissertation work consists of]
its content, normative definitions, symbols and
abbreviations, introduction, five parls 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.

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

4.3. Tﬁe goals and objectives correspond (o
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 logically connected:

1) fully connected:

2) partially connected;

3) no connection

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

five 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
problems under study.

|

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?

In this work, for the first time, the integration of the
stage of intelligent processing of audio signals from




1) comp.letei\.f. new;
2) 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)

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

1) completely new;

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

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

telecommunications, i.e. a new Sensor.

unmanned aerial vehicles into the architecture of al

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

As a result of the study of the thesis, the proposed
intelligent acoustic sensor is economically efficient
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

‘I'he 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




8.1 Choice of Methodology - Reasonable or
clearly written methodology

1) ves;

2) no

The principle of]
consistency
Consistency of sources and

presented information

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
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
to implement the rescarch goals and objectives of
ithe 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

projeci for "National Security and Defense" of the




12)no

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

iclear and reliable peer-reviewed scientific literature.

Republic of Kazakhstan.

Important statements are supported by references to

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
1s 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) ves;
2) no

9.3 Are the practical recommendations
new?

1) completely new;

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

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

theoretical and systematic way.

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

The system proposed by the applicant is
recommended for national security systems, in
particular for ensuring the security of densely
populated areas, airports, government institutions,
kindergartens, schools, higher education institutions,

The method of intelligent processing of acoustic
data of unmanned aerial vehicles proposed by the
researcher is new.
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Dissertation notes and recommendations:

& design

|
| N 1) high;
Quality of writing and 2) average;

3) below average;
4) down.

'Quality of academic writing;:

The dissertation is written in a scientific and
technical language understandable to the reader. The

marrative style is clear and consistent with

references to peer-reviewed research. The main
rules and conclusions are presented in a logical
connection. There are some minor stylistic errors in

_ the work.

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

specialty 6D071900 - "Radio Engineering, Electronics and Telecommunications".

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

Reviewer, PhD in ""Radio engineering, electronics
and telecommunications', associate professor of
Almaty University of Energy and Communications
named after Gumarbek Daukeev,

Head of the department "Electronics and robotics'.
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