ey . v - g 5 . %
‘Similar Audience” in Targeted Advertising» («Mozaenu u MeTo/ b1 r1y6oKOro 00y4eH s JUIst TIOMCKA “[IOX0XKEH ayIMTOPUH™ [IpH TapreTUPOBAHHOM

PENEH3MS OOUIMAJIBHOI'O PEIIEH3EHTA

Ha JicceprauronHyio padory Toxraxynosa Mabmypara Typasimaramerosnua na temy «Deep Learning Models and Methods for Finding

peKJiamey),
NPCICTABJICHHYIO HA COMCKAHUE CTeNeHH JIokTopa dunocoduu (PhD) no obpazosareisuoit nporpamme: 8D06105 — «Hayka o laHHbIX»
Ne Kpurepun Cootserernue (BhiGepute oaun Bapuant O6ocHOBaHHE MO3UIMH 0PHUIIHAJIBLHOIO PeLIEH3eHTa
0TBETA)
1) Jluccepranust BbmoNHeHa B pamkax | Tema aucceprauuy COOTBETCTBYET NPUOPUTETHOMY HAlPABICHUIO
IPOCKTa MM  LIEJEBOH  Iporpammsbl, | Hay4Horo pas3Butus «VHpOpManHOHHBIE ¥ KOMMYHHKallMOHHbBIE
GUHaHCHpYeMOH M3  TOCYJapCTBEHHOTO | TEXHOJOTHMHY», YTBEPXKAEHHOMY BbiCIIel Hay4HO-TEXHHYECKOH
Olomxera (ykasaTp Ha3BaHMe M HoMep | komuccued npu IlpaButensctBe PecnyOnmku Kasaxcrad, a Takxe
IIPOEKTa WJIK IPOrPaMMBbI) 1EIAM CIIEYIOUIMX FOCYAapCTBEHHBIX [IPOrPaMM:
Tema auccepranuu (Ha 2) [luccepraius BhIIONHEHA B paMKax apyroit | 1. Haimonansusiit npoekt «L{udposoit Kazaxcran», yTBepKAEHHBIN
JaTy e€ yTBEepXKIEHHUS) roCyJIapcTBEHHOM  mporpaMmbl  (yka3arh | mocraHomiieHueM IIpaButensctBa Pecny6nuku Kasaxcran ot 12
COOTBETCTBYET Ha3BaHHE MIPOrPAMMBI) nexabpst 2017 roga Ne 827.
| | HAupaBleHUsM 3) Juccepranus cootBeTcTBYeT | 2. CTparernyeckuii 1wian pazsutus Pecry6mmku Kasaxcran mo 2025
" | Hay4HOr0 pa3BUTHS IIDHOPHUTETHOMY  HANpaBJIEHWIO Pa3BUTHUA | roja, yTBepKAE¢HHbIH Yka3zoM llpesunenta Pecnybmuku Kazaxcran
W/ HavK. yTBepxJeHHoMy Bpicmeit HaydHo- | oT 15 deBpans 2018 roga Ne 636.
rocy/1JapcTBEHHBIM TeXHHYecKo# komuccueit npu IpaBuTensecBe | 3. Konnenuus pa3sBuTHs Hayku B PecryGnuke Kasaxcran Ha 2022
IporpamMmam Pecny6nuku Ka3zaxcran (yKkasath | 2026 rompl, YTBEpXKIEHHAA MOCTAHOBIEHHEM IIpaBHTEILCTBA
HanpasJIeHHE) Pecniy6nuku Kazaxcran ot 19 oxtsi6pst 2021 roma Ne 736.
Pa3zguTHe TEXHONOTHM MCKYCCTBEHHOTO HMHTEJUIEKTA W NPHHATHS
peleHUH Ha OCHOBE JIaHHBIX JUISl TEJICKOMMYHHKALIHOHHOTO CEKTOpa
npsMO 0003HAYEHO KaK TPHOPUTET B paMKaX HAIMOHAIBLHON
nporpammsl «[{udposoit Kazaxcrany.
PaGota BHOCHT / HE BHOCHMT CYLICCTBEHHBIH | Biuiaj naHHON paboThl B HAyKy 3HAUMTEIIEH, a €€ BAXXHOCTH XOPOLIO
2. | BaxsocTh /I HayKd | BKJIaJl B HayKy, M €€ BaXHOCTb XOPOWIO | PacKpBITa.
packpbiTa / He pacKphITa




Jluccepraiust BHOCHT 3HAYUTENBHBIA BKJI/l B Pa3BUTHE MAIIMHHOTO
0GyuCHUS M IPUKIAHON HAyKH O JAHHBIX, B YACTHOCTH B 00JIACTH
HEJTMHEHHOr0 CHMIXKCHMS Pa3MEPHOCTH JUIS  BBICOKOPA3MEPHBIX
reTeporeHHbIX TabJIM4HbIX JaHHBIX. Bricpsbie B HAYYHOH TUTEPATYpe
NpoBe/IeHa cHcTeMaTHyeckas cpashuTesbhas onenka PCA, t-SNE u
oOyueHHs  NpEJCTaBJICHUH HA  OCHOBE  aBTOKOAMPOBIIHKOB
IPUMEHHUTEILHO K KpYINHOMAcIITaOHBIM JIaHHBIM O [OBE/ICHUH
10JIb30BaTeNei TeJIeKOMMYHHKAIMiA, oxBaTbiBaroLuM okosio 900 000
aGonenToB W 948 npusmHakoB. IIpe/UtokeHHBIH  (PpeHMBOPK
MHOTr006BEKTHBIX IMOEUIMHIOB U a/laliTHBHAs (QyHKIMs CXO/ACTBA HA
OCHOBE CHaMCKHX CeTeil yCTPaHSIOT IIPAKTUYECKH 3HAYMMBIH pa3phiB
MEX1y aKaJIeMUYECKUMHU UcCIIeI0BaHUSMHU o0y4JeHus
IpEJICTABICHHUA B ONEPallMOHHBIMU TPEOOBaHHAMH ITPOMBIIILICHHBIX
PEKJIaMHBIX CUCTEM.

(98]

[Tpusnun
CaMOCTOSITENILHOCTH

YPOBCHL CaMOCTOATECIBHOCTH:

1) BBICOKHH;

2) cpenHuii;

3) HU3KHH;

4) caMOCTOSITEJIBHOCTH HET

VpoBeHb CaMOCTOSTENTBHOCTH — BBICOKHH.

JluccepranoHHas paboTa BBIIOJIHEHA aBTOPOM CAMOCTOSTEIBHO Ha
BCEX 3Tanax Hay4yHoro uccienoBanus. CoUcKareb caMOCTOSTEIHHO
OCYIIIECTBHJI BCE aCIEKTHI: IOCTAHOBKY 3aJaud, apXHTEKTypHOE
IIPOEKTUPOBAHHUE, pEeATH3aLHUI0 NPOrPaMMHOr0 KOHBeiepa, cOop u
npenobpadboTky JTAaHHBIX, 3KCIIEPHMEHTAILHY O OLIEHKY,
CTaTUCTHYECKMH aAHaJIM3 M IOATOTOBKY YETHIPEX PELEH3UPYEMBIX
PYKOIHUCEH.

ITpuniun
BHYTPEHHET0
€/IMHCTBA

4.1 O6ocHoBaHHe
JIACCepTalMH:

1) obocHOBaHa;

2) 4acTHYHO 00OCHOBAHA;
3) He obocHOBaHa

AKTYyaJIbHOCTH

O6ocHoBaHa.

AKTyallbHOCTh ~ JIACCEPTAllAM  YOEJMTENbHO apryMEHTHPOBAHA.
OKCIIOHEHUMABHBIA  POCT NMQPOBBIX pEKIaMHBIX IIATGHOpM,
OrpaHHYeHUs OMHapHEIX KJIACCHOHUKATOPOB IS  OTHAEIBHBIX
KaMIIaHUH TNPH  MaclITabHOM TAPreTUPOBAHMH Ay MTOPHH H
3a/JOKyMCHTUPOBAHHAs  HEJOCTATOYHOCTh JIMHEHHBIX METO/OB
CHMXKEHHS pa3MEPHOCTH JUIS F€TEPOreHHBIX MOBEJICHYECKHX JIaHHBIX
B COBOKYITHOCTH 0OOCHOBBIBAIOT IIPEIJIaraeMoe UCCIIe0BAHUE.




4.2 ConepxaHue auCCCpTalMM  OTpaXkaeT
TEMY JUCCEPTALIUK:

1) oTpaxaert;

2) YaCTHYHO OTPAXKaeT;

3) He oTpaxaer

Orpaxaer.
Cojiep)anue BCeX MIECTH IJIaB TOYHO COOTBETCTBYCT 3asABJICHHON

teme. ITocenoBaTebHOCTE OT 0030pa JIMTEPATYPhl Y€PE3 ONUCAHUC
nabopa JauHbIX, GOPMYITHPOBKY METO/I0B CHHXKCHHS PA3MCPHOCTH,
IIPOEKTHPOBAHHME CHAMCKOH CETH, IPOM3BOJCTBEHHYIO apXHTCKTYPY
JI0 KCIIEPMMEHTAIBHOM OLEHKH COXpaHseT IOJIHYI0 BHYTPCHHIOKO

COI'JIaCOBAHHOCTD.

43 llenp ¥ 3ama4d COOTBETCTBYIOT TEME
JIACCEPTallUH:

1) COOTBETCTBYIOT;

2) 9aCTUYHO COOTBETCTBYIOT;

3) He COOTBETCTBYIOT

COOTBETCTBYIOT.

[lenp mccienoBaHus — paspaboTka (pediMBOpKa HEIHHEHHOTO
CHIXEHHS Pa3MEpPHOCTH, O0OECIEeYHBaOIIEro MacTadbupyemMoe
obHapyXeHHe MOXOXei  ayJMTOpuH, —  HEINOCPEACTBCHHO

peaiM30BaHa BCEMU IIATHIO 3aJa49aMH HCCJIegOBaHUusA, KOTOPBIC
JIOTHYHO JACKOMITIO3HUPYIOT OGIII}’!O EJIb Ha peuiaeMbIC
COCTABJIAIOLIHE.

4.4 Bce pa3zaensl B NIOJO0XKEHUS JUCCEPTAIIUH
JIOTUYECKH B3aUMOCBS3aHbI:

1) mOJHOCTHIO B3aUMOCBSI3AHBI;
2) CBsI3b YaCTUYHAs;
3) cBS3b OTCYTCTBYET

IMonHOCTHIO B3aHMOCBS3AHBI.

Jluccepranus ClieayeT CTPOroi CTPYKTYpe «OT IpoOJIeMBl K PEIIEHHIO
u ero nposepke». Kaxaas riaBa onupaercs Ha NpeablIyIyIo, a BCE
YHCJIOBbIE pe3yJIbTaThl B IJIaBe O IPOCIEXKHBAIOTCS 10 METOOB,
OIMMCAHHEIX B IVIaBax 3-5.

4.5 IlpennoxeHHble aBTOPOM HOBBIE PEIIEHHS
(IpMHLMIIBI, METO[bI) APryMEHTHPOBAHBI M
OlIEHEHbl II0 CpPaBHEHMIO C H3BECTHBIMH
peLICHUAMH:

1) KpUTHYECKUI aHAIU3 €CTh;

2) aHaIu3 YaCTUYHBIH;

3) aHanu3 npejcTaBiIseT coboi He
cOOCTBEHHbIE MHEHMS, 4 IUTAThl APYTIHX
aBTOPOB;

KpuTHudeckuii aHaIu3 eCTh.

IlpennoxeHHple 3MOEVIMHTM Ha OCHOBE  ABTOKOIHPOBIIHKA
cucremaruyecku cpasHuBaloTcs ¢ PCA, t-SNE, SVM, cnyuaiinemv
necoM, LightGBM, KOCHHYCHBIM CXOACTBOM ISl OJIHOIO OOBEKTa U
KOCHUHYCHBIM CXOJICTBOM [UIS HECKOJBKHX OOBEKTOB II0 IISTH
HE3aBHUCHUMBIM METPUKAM OIICHKH, a CTATUCTHYECKAs 3HAYUMOCTH
MOATBEPXK/IEHA € TOMOLILIO  KPUTEpHsl 3HAKOBBIX  PAHIOB
Bunkokcona.




4) aHa M3 OTCYTCTBYET

5.1 SIBnsOTCS JIM HAyuHbIC pe3yJbTaThl M
MOJIOXXEHUS HOBBIMH?

1) IOJTHOCTBIO HOBBIC;

2) 94aCTHYHO HOBBIC (HOBBIMH SBJISIIOTCS 25—
75%);

3) He HOBBIC (HOBBIMH SABIISIOTCA MeHee 25%)

IIppHUMD Hay9HOH
HOBH3HBI

Bce ocHOBHbIE 10JI0KEHHMS M HAy4dHBIE pE3yJIbTaThl [MCCEPTALUAH
SIBJISIIOTCS TIOJIHOCTRIO HOBBIMHU M OpUrdHaibHeMU. HoBBIC HaydHBIE
pe3yJIbTaThl BKIIOYAIOT:

ApPXUTEKTYpY CTEKOBOTO ABTOKOMPOBIIHKA
(948—1000—1000—288—1000—1000—948) ¢ dopmMaTbHBIM
MaTeMaTHYeCKHM OIIMCAHHEM B paMKax 1ojxoja Xaiema u Xaiiema
(2018), Bxmoyas seMmMy 06 06paTHOM paclpoCcTpaHEHWH OITHOKH C
TIOJIHBIM JI0Ka3aTeJIbCTBOM, obecreyrBaroLIy O cTporoe
TEOPETHYECKOE 000CHOBAHUE APXUTEKTYPHBIX PEIICHUH;

— Crpareruio MHOrooOBEKTHBIX IMOCUIMHIOB, 00YHaIOIIYIO MECTh
IPEIMETHO-OPHEHTUPOBAHHBIX ABTOKOMPOBIIHKOB "
KOHKaTEHUPYIOIIYIO UX JIATEHTHbIE IIPE/ICTABICHHS, C JJOCTHXEHHEM
Lift Top 1 = 11,7 nporus 6,6 y Hawiydmero ©6a30BOro
knaccudukaropa (+77,3%);

— Ilpumenenne cumamckux ceredl K TabJIMYHBIM TOBEICHYECKHM
3MOeuIMHraM ¢ 00y YeHHeM Ha KOHTPACTHBHBIX ITOTEPAX Ha peaIbHBIX
JIaHHBIX PEKJIAMHBIX Kamnanui, ¢ goctmwkenuem Lift Top 1 =129, F1
=0,75, ROC AUC =0,79, CR = 0,36;

Monynsayio  apxuTekTypy IpPOM3BOJACTBEHHOW  CHCTEMEI,
BaJIMAMpoBanHyIo Ha 900 000 aboneHTax ¢ ucnonb3oBanueM HDFS,
DVC, MLflow u nByms pexumamu nHbepeHca.

5.2 SBasioTcs JH  BBIBOJBI
HOBBIMH?

1) MOTHOCTBLIO HOBBIE;

2) 4acTMYHO HOBbIC (HOBBIMH ABJISIOTCS 25—
75%);

3) He HoBbIE (HOBBIMH SBJIAIOTCA MeHee 25%)

AUCCEpTallUH

BI:IBOIIBI AUCCEPTALMH SBJIAIOTCS IOJIHOCTHIO HOBBIMH H JIOTHYECKH
000CHOBaHHBIMU 3KCIIEPUMEHTAJIbBHBIMH pE3YyJIbTaTaAMH.




5.3 Texuuueckue, TEXHOJIOTUYECKHE,

3KOHOMHUCCKHE HIIH yIpaBJIeHYCCKHE
pelIeHus SBJISIIOTCS HOBBIMH "
000CHOBaHHBIMU:

1) DOJNIHOCTEIO HOBBIE;

2) 4aCTHYHO HOBBIE (HOBBIMH SIBIISIIOTCS 25—
75%);

3) He HOBBIE (HOBBIMH ABJIAIOTCS MeHee 25%)

Texuuueckue  pelICHHs  SABJIAIOTCS  [OJHOCTBIO  HOBBIMH,
MOATBEPKAEHHBIMU YETHIPEMS [TyOIMKAIMAMH B MEK/IyHAPOIAHBIX
)KypHaIax, MHIEKCHPYEMbIX Scopus, W BalMIalMCH Ha pealTbHBIX
IPOMBIIIIJICHHBIX JAaHHbIX.

ObO0CHOBaHHOCTEH
OCHOBHBIX BBIBOJIOB

Bce oOCHOBHbIE BBIBOZBI OCHOBaHbI / HE
OCHOBaHBl Ha BECOMBIX C HAYYHON TOYKH
3peHHs JI0Ka3aTelbCcTBaxX JIMOO JOCTaTOYHO
xopomo ofocHOBaHbl (ans  qualitative
research W HampaBlIeHHMH NOATOTOBKU II0
HCKYCCTBY U TyMaHUTapHBIM HayKaM).

BbiBoIb], CHOPMYTUPOBAHHBIE B AUCCEPTAIlMH, HAYYHO OGOCHOBAHBI,
II0CKOJBGKY TIOJIyYeHbl Ha OCHOBE aBTOPCKHX HCCIICIOBaHHUM,
pa3paboTaHHBIX MOJE/EH, AITOPUTMOB H OMIIMPHYECKHX [IaHHBIX,
CoOpaHHBIX U 00pabOTaHHBIX B paMKaxX JaHHOH paboThI.

Kmouessle nokaszarenu 3¢dexruBHoctu — Silhouette Score 0,48,
kNN F1 = 0,71, Lift Top 1 = 12,9, Conversion Rate = 0,36 —
NOJy4YeHbl B pe3yjbTaTe OLEHKM Ha 17 He3aBHCHUMBIX 3ajadax
BATUAAUH KaMIIaHHH C BHEIIHHUMM I[CJIEBEIMH [EPEMECHHBIMH.
CratucTuyeckass 3HAYMMOCTh  BCEX  3a4BICHHBIX  Da3IM4YHH
NOATBEPXKAEHA C TOMOIIbIO KPUTEPHS 3HAKOBBIX paHIoB BuikokcoHa
(p < 0,01 1 OCHOBHBIX CpaBHEHHH). BBIBOJBI HE BOCIIPOU3BOISAT
U3BECTHBIE pPE3yJIbTaThl M MPEACTABISIOT COOOH OpUIHHATHHBIN
Hay4HBIN BKJIAJ.

OcHOBHEIE
T10JIOXKEHHUS,
BBIHOCHMBIE Ha
3aLUTY

Heobx01¥M0 OTBETHTh Ha CIICAYIOLINE
BOIIPOCHI 110 KaXIOMY IIOJIOKECHHUIO B
OT/ICIbHOCTH:

7.1 JIokazaHo JIM MOJIOXKEHHe?

1) goka3zaHo:

2) ckopee J10Ka3aHo;

3) ckopee He JI0Ka3aHo,

4) He JI0Ka3aHo;

7.1 Bce yeThlpe OCHOBHBIX IOJIOXEHHS, BBIHOCHMBIX Ha 3alIUTY,

JOKa3aHBbL.

CornacHo  mepBOMY  TOJIOXKEHHIO, aApXUTEKTypa CTEKOBOTO
ABTOKOJMPOBIIMKA CTPOro CHelHHUIMPOBAHA MOCPEICTBOM IOIHON
IIOCJIOBHOH HOTalMU O0TOOpaXkeHus, a e€ npeBocxoncTso Hax PCA u
t-SNE nposeMOHCTPHPOBAHO IO MSATH HE3aBHCHMBIM METPHKaM
KJIaCTEpH3allMi Ha BaJMJAIMOHHOM Habope nanubeiX u3 900 000
abOHEHTOB.




5) B Texymieit hopmynHpoBKe MPOBCPHTH
JI0Ka3aHHOCTD ITOJIOXKEHHUS HEBO3MOXHO
7.2 SIBnsiercst M TPMBHATBHBIM?

1) na;

2) er;

3) B Tekymei GopMyITMPOBKE IPOBEPHUTE
TPUBHAIBHOCTH MOJIOXEHUSI HEBO3MOXKHO
7.3 SIBnsiercst 11 HOBBIM?

1) na;

2) HeT;

3) B Tekye# GpopMynHpoBKe IIPOBEPUTH
HOBH3HY II0JIOXKEHHS HEBO3MOXHO

7.4 YpoBeHb Uil IPUMEHCHHUS

1) y3kuii;

2) cpenHui;

3) IUpPOKHUH;

4) B Texyuie GopMyIHPOBKE IPOBEPHUTH
YpPOBEHb IPUMEHEHHUS NTOJI0XKEHHS
HEBO3MOXHO

7.5 Jloka3aHo 11 B cTaThe?

1) za;

2) HeT;

3) B Texyei GopMyIHpPOBKE IPOBEPUTH
JIOKa3aHHOCTb IIOJIOXKEHHS B CTaThe
HEBO3MOXKHO

CorylacHo BTOPOMY  MOJIOKEHHIO, [OKa3aHO, 9YTO CTpaTerus
MHOTOOOBEKTHBIX IMOEUIMHIOB IPEBOCXOIUT OJHOOOOBEKTHBIE
npescrasiaenus na 60% no Lift Top 1 (11,7 npotus 7,3) na 17
HE3aBUCHUMBIX OIICHKAX KaMIIaHHUM.

CorJTacHO TPETHEMY [OJIOKEHHIO, CHaMCKas CeTh C KOHTPAaCTHBHBIMH
TOTEPSAMHU JIEMOHCTPUPYET CTAOMIIBHBIC YTy YLICHHUS 10 CPABHEHHIO C
KOCHHYCHBIM cxojicTBoM (+10,3% 1o Lift Top 1) co crarucTryeckoi
3HAYUMOCTBIO, [IOATBEPXK/IEHHOM 10 BceM 17 KaMmaHusM.

CoryiacHO 4eTBEPTOMY IOJIOKEHHUIO, MOy IbHAs [POU3BOICTBEHHAA
apXMTEKTypa BaTMAMPOBAHA depe3 ycmemHyo obpaborky 900 000
aGOHCHTOB B paMKaXx ONEPAIIHOHHBIX BDEMEHHBIX OTPaHAYCHHH.

7.2 TlonoxkeHuss He _ SBIAIOTCS  TpuBHadbHbMH. CTparterus
MHOT00OBEKTHOM KOHKATEHAI[UH M IIPUMEHEHHE CHAMCKHX CETed K
TabJIMYHBIM [10BEICHUYECKUM 3MOEITUHTaM SBIIAIOTCS OPUTHHAIBHBIM
BKJIAJIOM, paHee He OMUCAHHBIM B JIMTEPATYE.

7.3 TlonoxeHus SBJIAIOTCS HOBBIMH, IOATBEPKIEHHBIMH YETHIPEMS
nyOIHKAUSIME, HHIEKCHPYEMBIMH Scopus.

7.4 YpoBeHb IPUMEHEHUS — MUAPOKUii. MeTonomorus npuMeHHMa K
moboMy KpynmHOMacmrTaOHOMYy HaOoOpy [JaHHBIX O IIOBEICHHH
H0JIb30BaTeNel, BKO4Yas chepbl 3ApaBOOXPAHEHHs, (PHHAHCOB H
9JIEKTPOHHOM KOMMEPIIHH.

7.5 [oka3zaHO B CTaThiX: YETHIPE pELEH3HpyeMble MyOIMKalWH B
Procedia Computer Science, Engineering Technology & Applied
Science Research, Engineered Science u monannas B 2026 roxy
PYKOIIUCH.

[IpuHuMD
JIOCTOBEPHOCTH.
JlocToBepHOCTh

8.1 BriGop MeTOIONIOTHH - OOOCHOBAH MM
METO/10JIOT U JIOCTaTOYHO 0IpoOHO
oIycaHa:

Merogonorust HccnenoBaHus OOOCHOBaHA M ONMCAHA JIETAIBHO.
ApXHTEKTypa aBTOKOMPOBILHKA CHELH(PHIMPOBAHA C IOJHBIM
MaTeMaTH4YeCKuM (hopMAIU3MOM, BKIIOYas pa3MEPHOCTH CIIOEB,




HMCTOYHUKOB U
MIPE/IOCTaBIISICMOIM
uHpOpManuH

1) za;
2) HeT

(yHkuMM akTHBAaUMHK, ypaBHEHHA OaTY-HOpPMAIM3AIMH, (YHKIMIO
croumocti MSE, neMMy 06 06paTHOM pacripoCTpaHEHUH OLIMOKH €
JI0Ka3aTebCTBOM M ypaBHEHHs OOHOBJIEHHsA onTuMH3aTopa Adam B
paMkax rojixo/a Xaitema u Xaitema (2018).

8.2 Pesynbrarhl aMccepTallMOHHON paboTHI
IIOJIYYCHBI C MCIIOJIb30BAaHUEM COBPEMEHHBIX
METOJIOB HayyYHBIX HCCIIEJOBAHUH U METOIMK
00paboTKH ¥ HMHTEpIpeTalMd JAHHBIX C
NPUMEHEHHEM KOMIIBIOTEPHBIX TEXHOJIOTHHA:
1) na;

2) Her

Pe3yabTaThl MOJyYEHBI C HCITOIb30BAHUEM COBDEMEHHBIX METO/IOB
HayuHpIx uccienosanuit: PyTorch 1.12 s riyGokoro 00y4eHus,
PySpark 3.3 mna pacnpenenénnoit mpenobpabotku, MLflow it
OTCJIC)KUBAHUS OKCIIEPUMEHTOB M KDUTEPHH 3HAKOBBIX pAHIOB
BuIKOKCOHA JUISl OLEHKH CTaTHCTUYECKON 3HAYHMOCTH.

8.3 Teoperuyeckue BBIBOJABL,  MOJENHU

BBISIBJICHHBIE ~ B3aUMOCBS3H %4
3aKOHOMEPHOCTH JIOKa3aHbI 154
HOATBEPKAEHBI 9KCIIEPUMEHTAIbHBIM
UCCIIeJOBaHHEM (st HarnpaBJIeHH

IIOArOTOBKH II0 II€AArorH4€CKUM HayKaM

PE3YIbTAThI JOKa3aHbl Ha OCHOBE
IeJaroru4ecKoro 3KCHCpPIMeHTa)I

1) na;

2) HeT

Teopernueckue BBIBOJIBI OKa3aHBbI 74 3 00) €HBI
9KCIIEPUMEHTAILHBIMH pe3yJIbTaTaMH Ha peaIbHBIX TPOMBIILIEHHBIX
maHHbiXx. JleMmMa 00 0OpaTHOM  pacHpOCTpaHEHHH OIIHOKH
dopmanbHO JoKazaHa. Bce pe3ynbTaThl  KIacTEpH3AlHH M
OOHapy>XEHHs IOXOXEH ayJUTOPUM IMOJYy4YeHBI Ha BATHIAIMOHHOM
Habope aHHBIX 6€3 yTeuku nHbopMalu U3 00ydaroniei BEIOOPKH.

8.4 BaxxHple yTBEepX/IE€HHUS IOATBEPXICHBI /
YaCTHYHO IIOJTBEPXICHBI / HE
IIOJTBEPXKACHBI CChUIKAMU Ha aKTYaIbHYIO U
JIOCTOBEPHYIO Hay4yHYIO JIUTEpaTypy.

JlutepaTypa aKTyanbHa U JOCTOBEpPHA.

8.5 Ucnons3oBaHHBIE HCTOYHHKH
JIMTEPATyphl JIOCTAaTOYHBI / HE JOCTATOYHBI
JUIs JIATEpaTypHoro o63opa

JluTeparypHble MCTOUHHKH JOCTATOYHBI /Ul 0030pa JMTEPATYpEI,
OXBaTHIBAIOLIETO CHIDKEHHE Pa3MEpHOCTH, o0yueHHe




HpejicTaBIeHUi, MOJICJTMPOBAHUE TIOXOKEH Ay MTOPUH, CHAMCKHE
CETH M TIPOM3BOJICTBEHHBIC CHCTEMBI MAIIMHHOTO 00y YeHHUS.

9.1 Juccepranus
3HAYCHUE:

1) za;

2) HeT

HMCCT TCOPCTHUCCKOC

Jluccepranusi  MMeeT _ TCOPETHYECKOC  3HAYCHUE,  TMOCKOJIBKY
obecrieynBaeT CTPOroe MareMaTHYecKoe PacCMOTPEHHE CTEKOBBIX
aBTOKOJIMPOBIIMKOB JUTA TAaOJMYHBIX JaHHBIX, BKIIOYaA jieMMy 00
06paTHOM PpacnpoCTpaHeHHH OIIMOKH, (OPMATBHO —pacIIHPAET
noaxon Xaitema u Xailema 0 7-CIOWHOW  apXUTEKTYpBI
PEKOHCTPYKIHMH M YCTAaHaBJIMBAET IMIIMPUYCCKH BATHIMPOBAHHYIO
METO/I0JIOTHIO MHOTOOOBEKTHOTO 00y YEHHUSI TIPE/ICTABIICHHH.

9.2 Jluccepraumsi uMeeT mpakTHyeckoe | JluccepTauusi HMMeeT IpakTHueckoe 3HadeHue. IIpeiokeHHbIH
3Ha4YeHHE " CYLIIECTBYET BBICOKas | (peiiMBOPK yCTpaHseT HeOOXOIMMOCTh OOydYeHHs MOCIeH JUId
IpunImn BEPOSTHOCTh ~ IIPUMECHEHHWsl  IMOJYYEHHBIX | OTACJNBHBIX KaMIIaHMH, CHHXAET Tpy/103aTpaThl AHATIUTHKOB H
9. | nmpaxTHyeckoii pe3y/IbTaTOB Ha MPAKTHKE: ynydmaet ko3¢ duiment kousepcuu ¢ 0,13 g0 0,36 — yrydmenne Ha
LIEHHOCTH 1) ga; 177% — 4TO MOATBEPXK/ICHO PEAIbHBIMH PEKJIAMHBIMU KaMIIaHASMH
2) Her Ha TEJICKOMMYHHKAIIMOHHOH wiardopme. MoayasHas
IPOM3BOJICTBEHHAs CHCTeMa ycremHo paseépHyTa s 900 000
abOHEHTOB.
9.3 IlpemnoxeHus U IPAKTHUKU sBISIOTCA | [IpakTHUeCKHe PpEKOMEHJALMH SBJISIOTCS IIOJHOCTBEO HOBBIMH.
HOBBIMH: CepBUC MHOIOOOBEKTHBIX JMOEUIMHTOB C  aBTOMATHYECKHM
1) IOJIHOCTEIO HOBBIE; 0OHapy>XEHHEM MOXO0XEH ay/IUTOPHH HE MMEET IMPSAMBIX aHATOTOB B
2) YaCTHYHO HOBBIC (HOBBIMH SIBIIIOTCS 25— onyOJIMKOBAHHOM  JIMTEpaType Ul  TEJIEKOMMYHHKAIIHOHHOH
75%); OTpacIH.
3) He HOBbIE (HOBBIMH SBJIAIOTCS MeHee 25%)
KauecTBO aKaieMH4€eCKOro UChMa: KadecTBO aKkaneMH4yecKoro mucbMa B JUCCEPTALUH  SBIISETCS
KauecTBo Hanucanus | 1) BBICOKOE; BBICOKUM M COOTBETCTBYET TPEOOBAHMSM K HAYUHBIM HCCIIEIOBAHUSIM
10. Ha ypoBHe PhD. U3noxenune Matepuaa J10rauHo, mocae10BaTeIbHO

U opopMIICHHS

2) cpenHee,
3) HUXKE CPEIHETO,

M TO4YHO B ¢GopMmynupoBkax. Maremaruyeckue 00O3HAYCHHS
HCIIONIB3YIOTCS KOPPEKTHO M €MHOOOpa3HO HA IPOTSDKEHHH BCEH




4) nu3koe

pabothl. Bee nomokenus 060CHOBaHbI, BBIBOIBI apryMeHTupOBaHle
PUCYHKH H TabMIbI YETKO TOANMMCAHBI M  HETOCPEICTBEHHO
NOAKPCIUIAIOT — H3/0KeHHe. DopMasibHBIi  CTHIB  JIEMMBI  H
/I0Ka3aTC/IbCTBA MAaTEMATHYCCKOTO COAEP/KAHUA CBHIETEIHCTBYET O
HAy4YHOMH 3PEIIOCTH.

11.

3amMeyaHus K
JUCCepTalMU

Hccenedosanue no abrayuu aamenmnoii pazmepnocmu (Tabruya A.1)
oxeamvieaem 3nayvenus {64, 96, 128, 160, 192, 256, 288, 320}, oonaxo
He eKao4aem ouenb manvix 3navenu (k < 64) wiu 3maveHuu,
npesviwarougux 320. Bralovenue kpatunux 3nauenui Ouanazona
yeununo bl notnomy ananusa.

Pesynomamor  no omoenvnoim kamnanusm 6 Ipuroxcenuu B
Oemoncmpupylom bonee nuzkuu Lift Ons kamnanuii mypucmuyecxoi
memamuku (6 cpeonem 12,1) no cpasnenuio ¢ unancogvimu
kamnanusimu (6 cpeonem 13,3). Kpamkuii anamuz 8 0OcHOBHOM
meKcme,  C6A3bl6AIOWUN  OAHHYIO 6APUAMUEHOCMb ¢ BKIAOOM
omoenbHblx 06eKkmos, cman bl YeHHbIM OONOIHEHUEM.

12.

HayuHnblit ypoBeHb
CTaTey JIOKTOpaHTa I10
TeMe UcclieIoBaHus (B
CIy4ae 3alluThI
quccepraumu B popme
CEpHMH CcTaTei
opuLMaILHbIE
PELIEH3EHTBI
KOMMEHTHUPYIOT
Hay4HbI# ypPOBEHb
KaXJI0¥ CTaThH
JIOKTOpaHTa 110 TeME
HCCIIe/I0BAHHUS)

Hayunbii  ypoBeHp  myOnukamuii — JOKTOPaHTa  [OJHOCTBIO
COOTBETCTBYET TPeGOBAHUSM K [AMcCCepTaloHHbM paboTtam PhD.




Pemenne
opHIHATEHOTO

13 PELECH3EeHTa (COIIacHo
ITyHKTY 28
HacTosimero Tunosoro
TI0JIOXKCHUS )

XojataiictBoBats nepej i KOMHTETOM [UTA ITPUCYKJIEHUA JIOKTOPAHTY
crenenu jjoktopa puocodun (PhD)

3akiao4YeHue
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“IIOXOXCH ayJAMTOPHHM™ INpH TapreTHPOBaHHOH pekiaMe») oTBedacT TpeOoBaHMsM «lIpaBHI IpPHCYXIEHHs CTENeHEH», a ee aBTOp 3aCTy/KHBaeT
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REVIEW OF THE OFFICIAL REVIEWER

on the dissertation work of Tokhtakhunov II'murat Turdymagametovich on the topic «Deep Learning Models and Methods for Finding “Similar
Audience” in Targeted Advertising»,

provided for the degree of Doctor of Philosophy (PhD) in the educational program: 8D06105 — «Data Science»

Ne Criteria Eligibility (please select one answer option) Justification of the official reviewer's position
Compliance with priority areas of scientific | The dissertation topic corresponds to the priority area of scientific
development or government programs: development «Information and Communication Technologies»

approved by the Higher Scientific and Technical Commission under
1) The dissertation was completed within the | the Government of the Republic of Kazakhstan, as well as to the
The topic of the project or target program financed from the | objectives of the following state programs:
thesis (as of the date | state budget (indicate the name and number of | 1. The National Project «Digital Kazakhstan», approved by the
of its approval) the project or program) Resolution of the Government of the Republic of Kazakhstan dated
corresponds to the 2) The dissertation was completed within the | December 12,2017, No. 827.

1. | directions of other state program (indicate the name of the | 2. The Concept for the Development of Science in the Republic of
scientific program) Kazakhstan for 2022-2026, approved by the Resolution of the
development and/or 3) The thesis corresponds to the priority Government of the Republic of Kazakhstan dated October 19, 2021,
government direction of scientific development, approved | NO- 736.
programs by the Higher Scientific and Technical | The development of artificial intelligence and data-driven decision-

Commission under the Government of the | making technologies for the telecommunications sector is explicitly
Republic of Kazakhstan (indicate direction) identified as a priority within the «Digital Kazakhstan» national
program.
The work makes / does not make a significant | The contribution of this work to science is significant, and its
Importance for contril?ution to scienf:e and its importance is imporFance is. w_ . o
2. science well-disclosed / not disclosed The dissertation makes a significant contribution to the development
of machine learning and applied data science, particularly in the area
of nonlinear dimensionality reduction for high-dimensional




heterogeneous tabular data. For the first time in the scientific
literature, a systematic comparative evaluation of PCA, t-SNE, and
autoencoder-based representation learning is conducted specifically
for large-scale telecommunications user behavioral data, comprising
approximately 900,000 subscribers and 948 features. The proposed
multi-entity embedding framework and Siamese network—based
adaptive similarity function address a practically important gap
between academic representation learning research and the operational
requirements of industrial advertising systems.

Self-reliance level:

Level of independence — high.
The dissertation work was completed by the author independently at

1) high;
The princile of sclf: 2) average; all stages of scientific research. The ca‘ndidate car{ied out all aspects
reliance 3) low; independentl_y: problem  formulation, architectural . design,
4) no independence implementation of the software pipeline, data collection and
preprocessing, experimental evaluation, statistical analysis, and
preparation of four peer-reviewed manuscripts.
4.1 Justification of the relevance of the thesis: | Justified.
1) justified; The relevance of the dissertation is convincingly justified. The
2) partially justified; exponential growth of digital advertising platforms, the limitations of
3) not justified campaign-specific binary classifiers for large-scale audience
targeting, and the documented inadequacy of linear dimensionality
The srincile of redu_ction methods for heterogeneous behavioral data collectively
CRINCIPIC Q motivate the proposed research.

internal unity

4.2 The content of the thesis reflects its topic:

1) reflects;
2) partially reflects;

3) does not reflect

Reflects.

The content of all six chapters corresponds precisely to the stated
topic. The progression from literature review through dataset
description, dimensionality reduction method formulation, Siamese




network design, production architecture, and experimental evaluation
maintains full internal coherence.

4.3 The purpose and objectives correspond to
the topic of the thesis:

1) correspond;
2) partially correspond;
3) do not correspond

Correspond.
The research aim — to develop a nonlinear dimensionality reduction
framework enabling scalable look-alike audience detection — is

directly addressed by all five research objectives, which logically
decompose the overall goal into tractable components.

44 All sections and provisions of the
dissertation are logically interconnected:

1) completely interconnected;
2) the relationship is partial;
3) there is no relationship

Completely interconnected.

The dissertation follows a rigorous «from problem to solution to
validation» structure. Each chapter builds upon the preceding one, and
all numerical results in Chapter 6 can be traced to the methods

described in Chapters 3-5.

4.5 The new solutions (principles, methods)
proposed by the author are argued and
evaluated in comparison with known solutions:
1) there is a critical analysis;

2) partial analysis;

3) the analysis does not represent one's own
opinions, but quotes from other authors

4) no analysis

There is a critical analysis.

The proposed autoencoder-based embeddings are systematically
compared against PCA, t-SNE, SVM, Random Forest, LightGBM,
single-entity cosine similarity, and multi-entity cosine similarity
baselines across five independent evaluation metrics, with statistical
significance confirmed via Wilcoxon signed-rank tests.

The principle of
scientific novelty

5.1 Are the scientific results and provisions
new?
1) completely new;

All main provisions and scientific results presented in the dissertation
are completely new and original. The new scientific results include:

— A stacked autoencoder * architecture
(948—1000—1000—288—1000—1000—948) with formal




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

mathematical description following the Higham & Higham (2018)
framework, including a Backpropagation Lemma with complete
proof, providing a rigorous theoretical foundation for the architectural
choices;

— A multi-entity embedding strategy training six domain-specific
autoencoders and concatenating their latent representations, achieving
Lift Top 1 = 11.7 vs 6.6 for the best classifier baseline (+77.3%);

— The application of Siamese networks to tabular behavioral
embeddings with contrastive loss training on real advertising
campaign data, achieving Lift Top 1 = 12.9, F1 = 0.75, ROC AUC =
0.79, CR = 0.36;

— A modular production system architecture validated on 900,000
subscribers with HDFS, DVC, MLflow, and dual inference modes.

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

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

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

The conclusions of the dissertation are completely new and logically
substantiated by the experimental results.

5.3 Technical, technological, economic, or
managerial decisions are new and justified:

1) completely new:

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

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

The technical solutions are completely new, confirmed by four
publications in Scopus-indexed international journals and validation
on real industrial data.

Validity of the main
conclusions

All key findings are based / are not based on
scientifically sound evidence or are reasonably
well funded (for qualitative research and areas
of training in the arts and humanities)

The conclusions formulated in the dissertation are scientifically
substantiated, since they are obtained on the basis of the author's
research, developed models, algorithms and empirical data collected
and processed within the framework of this work.




The key performance results — Silhouette Score 0.48, kNN F1 =0.71,
Lift Top 1 = 12.9, Conversion Rate = 0.36 — are derived from
evaluation on 17 independent campaign validation tasks with external
target variables. Statistical significance of all reported differences is
confirmed via Wilcoxon signed-rank tests (p < 0.01 for primary
comparisons). The conclusions do not reproduce known results and
represent original scientific contributions.

Main provisions
submitted for defense

The following questions must be answered for
each provision separately:

7.1 Has the position been proven?

1) proven;
2) rather proven;

3) rather not proven;
4) not proven

7.2 Is it trivial?

1) yes;

2) no

7.3 Is it new?

1) yes;

2) no

7.4 Application level:

1) narrow;
2) medium;
3) wide

7.5 Is #t proven in the article?

1) yes;
2) no

7.1 All four main provisions submitted for defense are proven.
According to the first provision, the stacked autoencoder architecture
is rigorously specified through complete layer-by-layer mapping
notation, and its superiority over PCA and t-SNE is demonstrated
across five independent clustering metrics on a 900,000-subscriber
validation dataset.

According to the second provision, the multi-entity embedding
strategy is proven to outperform single-entity representations by 60%
in Lift Top 1 (11.7 vs 7.3) across 17 independent campaign
evaluations.

According to the third provision, the Siamese network with contrastive
loss demonstrates consistent improvements over cosine similarity
(+10.3% in Lift Top 1) with statistical significance confirmed across
all 17 campaigns.

According to the fourth provision, the modular production architecture
is validated through successful processing of 900,000 subscribers
within operational time constraints.

7.2 The provisions are not trivial. The multi-entity concatenation
strategy and Siamese network application to tabular behavioral
embeddings are original contributions not previously reported in the
literature.

7.3 The provisions are new, confirmed by four Scopus-indexed
publications.




7.4 Application level — wide. The methodology is applicable to any
large-scale user behavioral dataset, including healthcare, finance, and
e-commerce domains.

7.5 Proven in articles: four peer-reviewed publications in Procedia
Computer Science, Engineering Technology & Applied Science
Research, Engineered Science, and a submitted 2026 manuscript.

The principle of
reliability. Reliability
of sources and
information provided

8.1 The choice of methodology — is the
methodology justified or is it described in
sufficient detail?

1) ves;

2) no

The research methodology is justified and described in detail. The
autoencoder architecture is specified with complete mathematical
formalism including layer dimensions, activation functions, batch
normalization equations, MSE cost function, backpropagation lemma
with proof, and Adam optimizer update equations following the
Higham & Higham (2018) framework.

8.2 The results of the thesis were obtained using
modern methods of scientific research and
techniques for processing and interpreting data
using computer technologies:

1) yes;

2) no

The results are obtained using modern methods of scientific research:
PyTorch 1.12 for deep learning, PySpark 3.3 for distributed
preprocessing, MLflow for experiment tracking, and Wilcoxon
signed-rank tests for statistical significance assessment.

8.3 Theoretical conclusions, models, identified
relationships and patterns are proven and
confirmed by experimental research:

1) yes;

2) no

Theoretical conclusions are proven and confirmed by experimental
results on real industry data. The Backpropagation Lemma is formally
proved. All clustering and look-alike detection results are derived
from the validation dataset with no information leakage from training.

8.4 Important statements are supported /
partially supported / not supported by

The literature is relevant and reliable.




references to current and reliable scientific
literature

8.5 The literature sources used are sufficient /
are not sufficient for the literature review

The literature sources are sufficient for the literature review, covering
dimensionality ~reduction, representation learning, look-alike
modeling, Siamese networks, and production machine learning
systems.

Principle of practical

9.1 The
significance:

1) ves;
2) no

dissertation has  theoretical

The dissertation has theoretical significance, as it provides a rigorous
mathematical treatment of stacked autoencoders for tabular data
including a Backpropagation Lemma, formally extends the Higham &
Higham framework to a 7-layer reconstruction architecture, and
establishes an empirically validated methodology for multi-entity
representation learning.

9.2 The thesis has practical significance and
there is a high probability of applying the

The thesis has practical significance. The proposed framework
eliminates campaign-specific model training, reduces analyst labor
costs, and improves targeting Conversion Rate from 0.13 to 0.36 — a

9. obtained results in practice:
value 1) yes; 177% improvement — as validated through actual advertising
2) no campaigns on a telecommunications platform. The modular
production system has been successfully deployed for 900,000
subscribers.
9.3 Are the suggestions for practice new? The suggestions for practice are completely new. The multi-entity
1) completely new; embedding service with automated look-alike detection has no direct
2) partially new (25-75% are new); analogues in published literature for the telecommunications domain.
3) not new
10, Quality of writing Quality of academic writing: The quality of academic writing in the dissertation is high and meets
and design 1) high; the requirements for scientific research at the PhD level. The




2) average;
3) below average;
4) low

presentation of material is logical, consistent, and precise in its
formulations. Mathematical notation is used correctly and consistently
throughout. All provisions are substantiated, conclusions are justified,
and figures and tables are clearly labeled and directly support the
narrative. The formal Lemma-and-proof style of the mathematical

content demonstrates scientific maturity.

11,

Comments and
suggestions on the
dissertation

The ablation study for latent dimensionality (Table A.1) covers values
{64, 96, 128, 160, 192, 256, 288, 320} but does not include very small
values (k < 64) or values exceeding 320. Including the extreme ends
of the range would strengthen the completeness of the analysis.

The per-campaign results in Appendix B show lower Lift for travel-
type campaigns (avg 12.1) vs financial campaigns (avg 13.3). 4 brief
analysis in the main text connecting this variance to entily
contribution would be a valuable addition.

12.

The scientific level
of the doctoral
candidate's articles
on the research topic
(in the case of
defending the
dissertation in the
form of a series of
articles, the official
reviewers will
comment on the
scientific level of
each article by the
doctoral candidate on
the research topic).

The scientific level of the doctoral candidate's publications fully
complies with the requirements for PhD dissertation work.




The decision of the To petition the Committee for the award of the degree of Doctor of

official reviewer '
(according to Philosophy (PhD)

paragraph 28 of the
current Model
Regulation)

13:

Conclusion

The presented dissertation for the degree of Doctor of Philosophy (PhD) by Tokhtakhunov II'murat Turdymagametovich on the topic «Deep
Learning Models and Methods for Finding “Similar Audience” in Targeted Advertising» meets the requirements of the Rules, the author deserves
to petition the Committee for the award of the degree of Doctor of Philosophy (PhD).

Official reviewer:

Director of the Scientific Research Institute «Artificial Intelligence»

L.N. Gumilyov Eurasian National University, \9

PhD, Associate Professor : Alibek Barlybayev
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