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Abstract. This study explores extractive question answering for the low-
resource Kazakh language by combining ontology-based semantic enrichment with
retrieval-augmentation. We design a complete data preparation pipeline, including PDF
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text extraction, cleaning, chunking, Sentence-BERT vectorization, and FAISS indexing.
Using GPT-4, we generate and manually validate a final dataset of 350 QA pairs. Four
models are evaluated: mBERT-QA, XLM-RoBERTa-QA, XLM-RoBERTa-QA with
ontology injection, and a hybrid Retrieval + XLM-RoBERTa-QA + Ontology system.
Evaluation across EM, F1, BERTScore-F1, ROUGE-L, and SemSim metrics shows that
hybrid models substantially outperform baselines. The best configuration achieves an F1
score of 52.6%, surpassing mBERT-QA by 21 percentage points. Results demonstrate
that ontology-infused context and dense retrieval significantly improve answer span
extraction, reducing noise and enhancing semantic alignment. The proposed approach
provides an effective foundation for developing high-accuracy educational QA systems
in the Kazakh language.

Keywords: extractive QA; low-resource language, Kazakh language, ontology,-
FAISS, Sentence-BERT, GPT-4, retrieval-augmentation
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Annoranusi. by makanama kazak TutiHzeri extractive QA MiHIETIH jKakcapTy
YIIIH OHTOJIOTHSIJIBIK OaibITy jkoHE retrieval-augmentation Tocinmepin OipiKTIpeTiH
rubpunari moxenpaep 3eprrenemi. XKymbicta PDF oKynbIFbIHaH MOTIHII aBTOMATTHI
aiy, Ta3apry, KabarracaTtelH ¢pparmMenTTepre 6einy, Sentence-BERT apkpuibl BekTopiay
koHe FAISS nHaekciH Kypy/ibl KAMTHTBIH TOJIBIK JIEPEK TabIHIay KOHBEHEP1 JKacabl.
GPT-4 xemerimen 350 cypak—kayan >xyObl 0ap GHUHAIABIK 1aTaceT KAIBITITACTHIPBLIIHI.
Tepr wmoaens ceiHaAbl: MBERT-QA, XLM-RoBERTa-QA, oHTOnOrUsIMEH
OaiteiTeFan XLM-RoBERTa xone Retrieval + XLM-RoBERTa + Ontology rubpui.
EM, F1, BERTScore-F1, ROUGE-L >xone SemSim MeTpukaiapsl O0HbIHIIIA THOPUATI
TOCUIIep alTapibIKTal apThIK HOTHXE KopceTTi. EH xorapsl F1 = 52,6 % kepcertkinri
retrieval-augmentation >koHE OHTOJIOTHUSUIBIK MPEPUKCTIH YHJIeCIMI apKbUTBl aJIbIH/IBI.
3eprTey Kasak TumiHzeri extractive QA camachklH apTTBIpy/Jla CEMaHTHUKAIBIK OalbITy
MEH peJICBaHTThI (PparMeHTTEP Il 197 TaHAAYIbIH THIMI1 €KEeHIH OIS I,

Tyiiin ce3xep: SKCTpakUUSJIBIK CalaHbl KaMTaMachl3 €Ty, a3 pecypcTap/sl
Ka)KeT eTETIH Tin, Kaszak Tial; onrosiorus, FAISS, Sentence-BERT, GPT-4, xanmneina
KENTIPY-TOJBIKTBIPY

Hoiiexco3znep ymin: M.JOK. Anitumon, I'K. Myparosa, JK.K. bucenbaera,
N.M. bammeB, M. Kaccum (2026). OHTONOTHS KOHE 137A€yMEXaHU3MICP] apKbLIbI
Ka3aK TUTIHJAET1 SKCTPAKIMUIBIK a-IaFbl CEMAaHTHKAIBIK TOJNBIKTHIK // XaablKapaiblK
aKMapaTThIK )KOHE KOMMYHUKAJBIK TeXHOIorusuiap kypHaisl. T. 6. No. 21. b. 96—108.
(Ka3. tin.). https://doi.org/10.54309/ijict.2026.25.1.006.
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AHHoOTanusi. B craThe mpencTaBieHO HCCIEIOBAaHUE METOJIOB H3BIICUEHUS
OTBETOB Ha BOMpOCHl (extractive QA) nmis Malo-pecypCHOr0 Ka3axCKOro s3bIKa C
MIPUMEHEHUEM OHTOJIOTMYECKOTo oforaimieHus u retrieval-augmentation. Paspabortan
MOJIHBIN KOHBEHEP MOATOTOBKM JAHHBIX: aBTOMAaTHYECKOE U3BJIeueHue TekcTa u3 PDF-
y4eOHMKA, OYMCTKA, pa3OMEeHHE Ha TEPEeKPHIBAIONINECS (pParMEHThI, BEKTOpPU3AIUS
Sentence-BERT u unnexcupoanue B FAISS. C wucnonbzoBanuem GPT-4 coszman
Habop u3 350 ¢puHanpHbIX QA-map. B skcniepumMeHTe CpaBHUBAIUCH YE€THIPE MOIEIH:
mBERT-QA, XLM-RoBERTa-QA, XLM-RoBERTa-QA ¢ onrtonorueid u rudpuaHas
koHpurypamus Retrieval + XLM-RoBERTa-QA + Ontology. Onenka 1mo merpukam
EM, F1, BERTScore-F1, ROUGE-L u SemSim mnoxka3ayia, 4T0 THOpUIHBIE MOJIEIH
00ecCIeunBarOT 3HAYMTENbHBIA MPUpOCT KadecTBa. Hawmywmmii pesynerar — F1 =
52,6 % — NOCTUTHYT NpPU UCIOJIB30BaHUU retrieval-augmentation U OHTOJIOTHYECKOTO
oboramennsi, uro Ha 21 m.m. mpesbimmaer baseline mBERT-QA. Ilomydyennsie
pe3yIbTaThI IEMOHCTPUPYIOT 3(PPEKTUBHOCTh CEMAaHTHYECKOTO 000TAIICHHS M TIOUCKA
peleBaHTHBIX ()parMeHTOB JUISl MOBBIIIEHUS TOYHOCTU extractive QA Ha Ka3axCKoOM
A3BIKE.

KiroueBbie ciioBa: extractive QA, Malio-peCypCHBIN S3BIK, Ka3aXCKUW SI3BIK,
onronorusi, FAISS, Sentence-BERT, GPT-4, retrieval-augmentation

Jasi mutupoBanusi: MK, Anitumon, ['K. Myparosa, JK.K. bucenbaena,
N.M. Bbanues, M. Kaccum (2026). CemaHTHYEeCKasl TOJIHOTA B Ka3aXCKOS3BIYHOM
extractive qa 4epe3 OHTOJIOTHIO U retrieval-mexaHu3mbl // MexayHapOaHBINA JKypHAT
MH(pOPMAIIMOHHBIX 1 KOMMYHUKAITMOHHBIX TexHoyorui. T. 6. No. 21. Ctp. 96-108. (Ha
Ka3.). https://doi.org/10.54309/1JICT.2025.25.1.006.
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KoH(puKT HHTEpecoB: aBTOPHI 3asIBIIAIOT 00 OTCYTCTBUU KOH(MIIMKTAa HHTEPECOB.

Kipicme.

Kazipri 3amaHfbpl HHTEIICKTYaNI6l OmiM Oepy Kykenepi TaOUFU TUIII OHICY
(NLP) omicrepine OesiceHIl Typae CyHEHE I, ocipece MOTIHTE HETi3/IeTITeH aBTOMATTHI
cypak-xkayan (Question Answering, QA) xyiienepi oKy MpOIECiH KEKEICHIPY MEH
U PIIBIK Koiayaa MaHbeI3as! per atkapansl (VanLehn, 2011; Chen xone 1.0., 2019).
DKCTPaKIMSJIBIK Cypak-kKayan jKyihenepi MOTIH INIIHEH HaKThI jkayarn (parMeHTiH
aHbIKTayFa OarbITTanra xoHe SQuAD Topi3zi gaTaceTTepiH naiiga 60IysIMeH KeH Ta-
pangs (Rajpurkar sxxone 1.6., 2016). TpancpopMaTopIIbIK apXUTEKTypaIapIbIH €HI131Tyi
NLP canacwiaga TyOereiini e3repic xkacaasl. BERT Momem KOHTEKCTTI €Ki OaFbITTa KOJI-
Tay apKbUIbl QA canacelH atapisikrail aprTeipasl (Devlin sxone T.6., 2019). Keftinipek
XLM-RoBERTa kenrinai Tpanchopmarop peTiHae opTypiii TUIAEpAe TYPAKThl HOTHKE
kepcerti (Conneau et al., 2020). Multilingual transfer kaGinerrepi e 3epTremnin, TOMEH
pPEeCYpCThI TUIACP YIIIH KPOCC-THHTBUCTUKAIBIK OUIIM TachIMAJIBIHBIH MYMKIHJIIKTEP1
kepcerinai (Pires xxone 1.6., 2019). Anaiina, KenTuIai MOAETbACP PECypCTaphl a3 Tijl-
nepne Oipaedt sxorapel cama kepcete oepmeiimi (Hu et al., 2020). Kazak tinmi armiro-
TUHATUBTI MOP(OIIOTHACH KYpJeli ®oHe HUPIBIK KOPIYCTaphl MEKTey TUIIepAiH
6ipi. Low-resource Tingepre apranran QA sxyienepinae F1 kepcerkimrepi xui aii-
TapibIKTail TomeH Oonateiael Oenrim (Clark xone 1.6., 2020; Hu xone T1.6., 2020). By
QJJIBIH aJla OKBITBUTFAH MOJCIBICP/IIH AepeKTepre ToyenaiIiria kepcereni (Joshi sxone
T.0., 2020).

QA xylienepiHiH camacklH apTTHIPYIBIH MEPCIIEKTUBAIBI OaFBITTAPbIHBIH Oipi
OiyiMre Heri3JeNnreH ceMaHTHKanbIK OalbiTy. Knowledge graph nHemece onrtomorus-
Jappl MHTETpaIysIay MOJENbB/IIH CYpaK MOHIH TYCiIHYIH kakcapTaap! (Yasunaga xoHe
1.0., 2021). ConsiMen Karap, Retrieval-Augmented Generation (RAG) apxutexrypa-
Japbl MOTIH/IIK 0a3a/IaH PEJIeBAaHTTHI (PparMEeHTTEP I 13/1eT, KeHiH oJlapIbl TeHePATHBTI
HEMece KCTPAKIMAIBIK MOJEIbMEH OipiKTIpy apKbUIbI JKOFaphl OHIMAUIIK KepceTei
(Lewis xone T.0., 2020; Karpukhin >xone 1.6., 2020). Dense retrieval omictepi, ocipe-
ce DPR (Dense Passage Retrieval), ceMaHTHKaJBIK YKCACTBIK HETi31HIE KY>KaTTap.Ibl
Tagaayaa TuiMal ekeni nanenaenred (Karpukhin et al., 2020). Mynpgaii Tocinaep yiakeH
OKY MaTepHaIaphl )KarIalbIH/a aKTapaTThIK Iyas! a3aiitanbl. A FAISS kitanxaHnacer
YJIKEH KeJIeMETi SMOeIIMHI TEPMEH JKYMBIC ICTEeYl )KEACNACTETIH BEKTOPIIBIK HHCK-
CTey MEXaHM3Mi peTiHJe KeHiHeH KoiaaHbuiansl (Johnson xone T1.6., 2019). Ceman-
THUKAJIBIK YKCACTBHIKTHI Oaranay ymriH poctypii Exact Match sxone F1 kepcerkimrepi-
HeH Oenek, BERTScore KOHTEKCTTIK YKCACTBIKTBI IQJTIPEK OJIIIeyre MYMKIHIIK Oepeni
(Zhang xomne T.0., 2020). Consimen karap, ROUGE-L matinzaix kabarracyasl Oaramnay-
na keHiHeH Konnanbeuiaas! (Lin, 2004).

Ocpl 3eprreyne 0i3 OHTOJOTHSAIBIK OaifblTy MeH retrieval-augmentation
MeXaHM3MJIepiH OipikTipeTiH ruOpuari extractive QA TocimiH yceiHambi3. PDF
OKYJIBIKTApbIHAH MOTIHAI aBTOMATThl Typae any, Sentence-BERT Herizinzge
ambenauarTep Kypy (Reimers & Gurevych, 2019), FAISS wHIEKCiH KaabIITaCTBIPY
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xoHe GPT-4 apkputel cuHTETHKANBIK QA KYNTapelH TeHepanusiay Ke3eHAepiH
KaMTHUTBIH TOJIBIK IEPEKTEp OHIeY KOHBeWepi a3ipienai. baranay 6appicbiHga THOpUTI
Mozens 52,6 % F1 xepcerkimrine xetin, 6a3ansik mBERT xone XLM-R monensaepi-
HEH CTAaTHUCTUKAJIBIK TYPFbI/Ia )KOFaphl HOTHXKE KopceTTi. bys HoTmwkenep low-resource
TiAep YmiH retrieval XKOHE OHTOJNIOTHSUIBIK CEMAHTHKAIBIK OailbITy ToCLIIepiHiH
TUIMAUTITIH pacTaiibl.

9jicTep MeH MaTepHuaJaap.

Kunanran naraceTtin punangsik kenaemi 350 cypak—xayarn KyObIHaH TYpasbl,
Oys NLP canacwinza, acipece Tpanc(popMaTopIibIK apXUTEKTypanaps fine-tuning yurin
CaJIBICTBIPMAIIbl TYp/E MIaFbIH Ooubin caHanaasl. COHOBIKTaH OYJI KeJeM KYMBICTBIH
omicTeMeNiK MIeKTeyNIepiHiH Oipi peTiHae MoubIHAanansl. JlaraceTTiH KypbUIBIMBIH
CUNATTay YIIiH KeJIeCi CTaTUCTUKAIBIK KOPCETKIITEp €CeNnTeNIi: CypaKTapablH opTa-
ma y3eIHABIFB — 11.4 ce3, xayanTapAblH opTalia Y3bIHIBIFE — 9.2 ce3, ¢pparMeHT-
TEp/iH opTamia Y3bIHIBIFEl — 87 €63; TaKBIPBINTHIK YIECTIPIM «aHBIKTaMay, «IIpoLec-
CTEp», KTEPMHUHJEP», «EPEKeENIeP» CUAKTHI TOPT HETI3r1 KaTeropusra 6emineni. laracer
70/15/15 mponopuusichiHAa OOTIHIEHIMEH, TECT YKUBIHBIHBIH (=50 YJIT1) MIAFbIHIBIFBI
HOTHKEJIEP/IIH CTAaTUCTUKAIBIK BapUAIMSICHIHA dCEP €Tyl MyMKIiH.

OHTONOTUSIIBIK KapTa TOJNBIKTal KOJIMEH KYPaCTBIPBUIIBI XKOHE MOH/IK OKY Ma-
Tepuabl HeTi31H e anblHFaH 2 14 TepMUH MEH OJIap/IbIH KbICKA aHBIKTaMallapblHaH Typa-
abl. OHTOJIOTUST «TEPMHUH —> aHBIKTamMa» (OPMAThIHIAFHI KYNTAp/IaH FaHA TYPMAauIbI;
COHBIMEH KaTap «KOFapFBI-TOMEHT1 Kiaccy (is-a), «Oemiri» (part-of) xone «pyHKIH-
OHAJIIBIK OailJIaHBIC» CHSIKTHI TAKCOHOMUSUTBIK KAaThIHACTAP CHTi31al. OHTOJIOTHUSHBIH
KYpPBUIBIMBIH KeHeHTy QA KyleciHne HaKThl TEPMUHIEP apachbIHIAFbl CEMaHTUKAJIBIK
TOYCNAUTIKTep/l aHBIKTayFa MYMKIHIIK Oepeli. DKCIepUMEHTTEPAEC OHTOJIOTHUSIIBIK
npeduKc cypakTarsl TEPMUHIEPMEH COMKECTEHIIPUITeH KaFaaiaa FaHa KOChUIIbI, Oy
MOJIeNTbI'e KOHTEKCTTI IJIipeK HHTEpIpeTanusayFa MyMKIHAIK Oepi.

Bacranks! gepexrepai JaibiHiay kKoHEe KYPhUIBIMAAY — CaraHbl OaKblIay JKYH-
€CiHIH HOTWXEJepiHiH CeHIMALTIT MEeH KalTaJaHyblH KaMTaMachl3 €Ty/Ier] HeTi3ri Ka-
nam. by makanana 6i3 6acranksl PDF oKysbIFbIHAH MOTIH/II aBTOMATTHI TYPJE aTyabl,
aJIJIBIH ajia OHACY/l )KoHe apTedaKTiHi (opMaTTayIbl )KOOIbI KAMTUTBIH KEIIeH 1 KyObI-
pabl a3ipnenik. MyHaai nepekrepi KypbulbIMaay Taciiaepi oimimre OarpiTranran NLP
KYHeNepiHiH THIMIUTIr yiniH memrynr (akrop OOJbII caHamazbl ajna dalbIHIAIFaH
Sentence-BERT mozenin nmaiiananbin BEeKTOpIaHabl, all OYJ1 9Aic Ma3MyH/IbI CEMaH-
TUKAJIBIK TYPFbIJIA J97 KoxTayFa MyMKiHIiK Oepeni. @parmentrep FAISS xyiiecinae
WHJCKCTEIIII, PEJICBAHTTHI KOHTCHTTI XKBUIAAM YXKOHE THIMJII alTy KaMTaMachl3 €TilIe/l,
OYJ1 KOFaphl OHIM/II BEKTOPIBIK 13/I€Y/IiIH KCHIHCH KOJIAHBUIATHIH CTAHAAPTHI OOJIBII
tabbutabl. Conrbl ke3eH GPT-4 kemerimen cananbpl OakblUIay Cypak—Kayar KYITapblH
aBTOMATTHI TYPJI€ TeHEepaIMsAIay/Ibl ’KOHE OJNIap/Ibl CapanTaMaibIK TEKCEePydl KaMTH/IbI.
I'enepatuBTi MOAETBACP/II OKY MaTepHalAapbiH OalibITy/a MaiiAaaHy COHFbI KbUIIAphI
alTapipIKTail KeHeW i skoHe OLTiM Oepy canachlHIa THIM/L HOTIKENIEp KOpCeTye.

PDF ¢opmarsiaarsr okynbIK angsiMeH PdfReader Moy apKpLibl eHaemin, ap
Oet exi (haiin TypiHIe — «IITUKI» MOTIH KOHE CHMBOJIIAPIBIH 0aCTaNKbI MO3UIIHSIIAPhI
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I-cyperTe nepekrepni MalbIHIAY MPOIECIHIH TONBIK OJIOK-CXeMachl KOPCETil-

I'CH.
. MaTiHgj weirapy
) MarTiHai
wblFapy = Takbipbin
PDF
CypakTap MeH xayanTap BeT MaTiHiH anabiH
TYAbIRY ana eHgey

Ysingine (i (]
@ s P — T TR
y [[apab! anbin Tacray

B BekTopnap weiFapy

FAISS kemeriven
nHAEKCTEY

B rag_chunks.pkl
@ Ysinainepai engipy

AKNapaTTbik,
AknaparTeik AepeKKopasl [epekkoppa eHrisy
TeKkcepy

ThenuposKanbik, 7o%| [ Texcepy
70% 15% ’—!5%

Cyp. 1. PDF oxy kypanbiHaH 0i71iM 0a3achlH KaJIbIITACTHIPYFa apHaJFaH IepEKTEePi OHIEY JKOHE HHICKCTEY KOH-

Beitepi

kepcetiiren JSON ¢opmatsl peTiHze cakTainaabl. AJJIBIH ana eHIeYy Ke3eHIH/e
OCBhl «IIUKD» MOTIHHEH OapiblK OeT HeMipiepi, TaKbIpBIITAp MEH KOJOHTUTYJIAp,
TEXHUKAJIBIK OeNrijiep, KaKeTci3 apHaiibl TaHOanap xoHe apThIK 00C OPBIHIAP AJIBIHBII
TacTaja/bl, HOTHXKECIHIE op OeT YIIIH «Ta3apThbUIFaH MATiH» albIHabl. TazapTbuiran
Oertep OipikTipinim, 512 TOKeHre AeHiHT1 Y3bIHIBIKTAFbI )kKoHE 128 TOKeHTIK )KBUDKYMEH
KabaTTacateiH ¢pparmentTepre (chunk) 6eminesni. by Tocin MoaebaiH KipicC Y3bIHIBIFBI
mIeKkTeyJsli OONIFaH jKarjaia TOJNBIK KOHTEKCTI caKTayFa MYMKIHAIK Oepexdi. OpOip
chunk Sentence-BERT (all-MiniLM-L6-v2) Mopeni apKpUIbl BEKTOP-DMOEIIMHTKE
typaeraipirin, NumPy gopmareiaaa cakranaasl. IMOSAIUHTTEp KATBINKA KEATIpiim,
FAISS kitanxanaceiaeiy IndexFlatL2 Tuminmeri MHAEKCIHE €HTI3IEAl; HOTIIKECIHIE
rag_index.faiss, rag_embeddings.npy >xone rag_chunks.pkl ¢aiinnaps! Ty3ineni. bynan
keiiin GPT-4 mozeniHiH Ka3ak TijgiHe OeiiMaenTeH prompt-HyCKachl apKbLIbI IIaMaMeH
500 cypak—xayan »xyObl aBTOMAaTThl TYpPAE KYpbUIaAbl, ajl capamiubuiap OJapAblH
iIriHeH Ma3MyHbI HaKThI, Oipkenki 350 Mbicanabl Tanman ananel. [aiteia gatacer 70
% oxy, 15 % Bamunarus xoHe 15 % Tect xublHbI peTinae Oenineni. COHbIMEH Kartap
OHTOJIOTHSUIBIK KapTa jKacalajbl: OJ1 OKYJBIK HETri3iHJIe KYpPacTBIPbUIFaH «T€PMUH —
aHBIKTaMay» TYPIiHZEri ce3/iK 00bIn TabbuIa bl OpOip QA YITiciH naiibiHaay Ke3iHae
CYpaKTaFrbl HET13T1 TEPMHUHJIEP aBTOMATTHI TYPJIE aHBIKTAJIBII, OJapAbIH Oip HeMece eKi
KBICKa aHBIKTAMAChl KOHTEKCTiH 0achIHA KOCBLIAIbI, OYJI MOJIEIBIIH IMOH/IK MaFbIHAHBI
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IYPBIC TYCIHYiHE KOHE KayanThl TAIipeK Ta0ybIHA BIKITAT €TEe/i.

Hotu:kesep :koHe 0J1apAbl TAJIKbLIAY.

Mopaenbaep apacblHAAFbl aWBIPMAIIBUIBIKTBIH — KE3/ICMCOK €MeC eKEeHIHE
CEHIMILTIKT1 apTTHIPY YIIiH bootstrap-resampling oxici (1000 kaitTanay) KoJIT1aHbUIIBL.
Hotmwxkecinne rubpunri moaensain F1 = 52.6 % notmxkeci baseline mBERT-QA mo-
nenineH (31.5 %) craTucTUKaNIBIK TYpFbIA KoFapbl ekeHl anbikTamasl (p < 0.01). Co-
HbIMEeH Katap 95 % ceHiMaunik uHTepBaimaapsl ecenrtenai: mBERT-QA ymin [29.1;
33.0], XLM-RoBERTa-QA ymin [45.8; 49.5], ruopunri Retrieval + Onrtonorus mozaeni
yuria [50.1; 54.2]. Oceunaiinia, KepCceTKIMTEepIiH KaKCapybl CTATUCTUKAIBIK MaHbI3-
IBUIBIKKA W€ €KEHI JQIEIIEHI].

Toxipubene TopT KOHPUTYpaIUs KOITAHBLIIBL:

A 6azanbik geHreiti (mMBERT-QA): kockimia GaibITynapcei3 O6epT-06a3aibik-
KONTUIAI KOPHyCTHIK Mojaenb. 2-cypertre mMBERT-QA MopemiHiH OpHATBHUTYbI
KepceTireH: MoTiH anasiMeH WordPiece TokeHM3aTopblHAH ©Te/l, 0J1 COMIeM Il 1Kl
ceszepre Oesel )KOHE OJIap bl aJJIbIH ajla JadbIHIAIFaH CO3MIIKIIEH COMKECTEeHIIpE].
OpOIp aJbIHFaH TOKEHTE MO3UIUSIIBIK SHJIpMEIep KOChIIAIAbl, COAaH KEeHiH aJbIHFaH
BEKTOPJIBIK KopiHicTep OH eki TpaHchopmep HSHKonEp OJIOKTaphIHBIH KacKaJbIHa
Oepieni. OpOip OOk Kem OacThl ©31HE Hazap ayaapy GYHKIMSICHIH, KIpIiCIICH
KOCBIH/IBIHBI JKOHE KaJIBITIKa KENTIpy KaOaThIH, COJAaH KEeHiH ekl KabaTThl ajFa Kapai
Oepy pyHKUMSCHIH jK9HE KaJbIIKa KeJITIPYMEH KalTalaHaThIH KOCBIH/IBIHBI KAMTHU/IBI.

Tokenusatop

WordPiece TokeHnsatopbi

!

3mbeppuHrTep

= TokeH amBeaanHTEp]

* Mozuunank, smGeaanHrTep

!

Tpanchopmep ankogepi x 1

« KenBacTel e3iHgik Hazap
MeXaH13Mi

= Kacy eHe kabatTeik
Kanbinrangeipy { LayerNorm)

= ANra TapanatbiH HEMPOHABIK, 3Keni
(Feed-Forward)

'

Tpancgopmep sukopepi x 1

« KenbacTsl 83iHaik Hazap
MeXaHU3MI

= Kocy xeHe kabaTTbik
KanbinTaHapipy (LayerNorm)

v

CypaK->ayan WhIFbIC KabaTs

Chi3bIKThIK KabaT — 2 noruT

Cyp. 2. mBERT-QA apxurexrypacsl
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* B 6azanbik cb3pirbl (XLM-RoBERTa-QA): koceiMimna GaifbITynapcesi3 xlm-
roberta-base mopemi. 3-cyperre XLM-RoBERTa-QA mopeninzaeri Kipic MOTIHIH ©H-
NEeyaiH OJIOK-cXxemMachl KepceTutreH. AJasiMeH, Oactamkel Ti30ek SentencePiece To-
KEHHM3aTOPBIH TMaliaNaHbIl IMIKi ce3aepre OejiHemi, Oy opTypii JKUUTIKTErl *KoHe
MOPQOTOTHSIIBIK, KYPICIUTIKTET1 Co31epai TYPaKThl CETMEHTTEYTe MYMKIH/IK Oeperi.
OpOip abIHFaH TOKEHTE MO3UIUSIIBIK CHIIpYIIep KOChIIaIbl, COIaH KeHiH KaJbINTacKaH
BeKkTOpiap oH eki Oipaeit Transformer Encoder 6nokrapbiabIH KipiciHe 6epineni. Op0ip
OJI0K TOKEH/Iep apachIHIaFbl ’kahaH IBIK KaThIHACTAP/IbI €CKEPY YILIH KOIOacThl ©31HIIK
Ha3apJbl, CBI3BIKTHIK eMmec TypieHaipy yurH Feed-Forward kaGaTeiH skoHE OKBITYIBI
TYPaKTaHIBIPY YIIIH €Ki «KOCy-KaJbIKa KenTipy» ke3exaepin (Add & LayerNorm)
KaMTubl. Komep/iH MIBIFBICKIH/IA KayalThIH 0achkl MEH COHBI YIIiH €Ki JIOTUTTI 00J-
KAUTBIH CBI3BIKTHIK QA 0achl KOJIJaHBLIA/IbI.

TokeHusaTop Tpancdopmep sHkogepi x 12
SentencePiece | 5 .
Kenb6acTbl ol3HfjiK
l Hazap mexaHusmi
SmbepavHrTep —+ Kocy xaHe kabatrbik,
1. TokeH amBengmHTepi | | KANEITIanasIpy
2. MoznuwmAnk, asmBenamHTepi — Feed-Forward
1

— Kocy kaHe KabaTTbik
KanoinraHbipy

— Kocy kaHe KabaTTbik,
KanbeinmraHab Py

|

¥

Cypak-Kayan wWbIFbIC KabaTbl

Chi3bIKThIK, Kabat — 2 normTt

- BacTan Kbl nor1rTrep

— COHFbLI NOr1TTep

T

Cypak-kayan WbIFbIC KabaTtbi

— ChI3bIKTbIK KabaT — 2 noriT

— COHFbI NnortTrep

Cyp. 3. XLM-RoBERTa-QA apxutekrypacsl

The advantages of XLM-RoBERTa-QA include its large multilingual pre-
training corpus, which ensures good language portability and the ability to handle
complex syntactic structures. The model effectively captures long-term dependencies
and performs reliably with a wide variety of vocabulary. The main limitations are the
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fixed input length of 512 tokens, the significant computational requirements for training
and inference, and the lack of built-in domain-specific adaptation without additional
context enrichment.

» T'ubpuari A (XLM-RoBERTa + Onromnorus): op6ip Oelikke OHTOIOTHIIaH
aHBIKTaMaslap KOChUIFaH xIm-roberta-Herisi. 4-cypeTTe OHTOJIIOTUSUIIBIK aKIapaTThl eH-
i3y apKbUIbI KipiC KOHTEKCTIH aJIbIH ajla OHJIeY IPOoIeci KOPCETiIreH.

bipinmigen, cypak MoriHiHeH «WHpopmaTuka» CcallaChIHBIH OHTOJOTHSIIBIK
KapTachIHJAFbI ka30anapra colikec KeJIeTiH Heri3ri TepMuHep aibiHaabl. ConaH KeiiH,
opOip aHBIKTAIFAH TEPMHUH YIIIH KOHTEKCT a03allbIHBIH OachiHa Oip HeMece €Ki KbICKa
aHbIKTamManap Tiz0ekrTeil eHrizizeni. by Kamam mozensre Herisri yrbiMaapra OipaeH
KOJI JKETKi3yre j>KOHE OHBIH OKBITY JEPEKTEpiHIH KeJeMiHe TOYeNIUIriH a3zalTyra
MYMKIiHiK 6epeti. OHTONOTHAIBIK OalbITy 1aH KeWiH MOTiH cTaHIapTTh SentencePiece
TOKCHHM3AaTOPbIHAH ©TeNi, Hazap ayJapaTblH MacKa jKacalaJbl JKOHE TOKEH MEH
MO3UIUSUTBIK  KIPICTIPYJIEp KOPBITHIHIBUIAHAABL. AJIBIHFAaH KOpPIHICTEp KOmOacThI
©31H/IIK Ha3ap ayJapy, ajaFra OarbITTalFfaH KabarTap »KOHE KaJlbIKa KeNTipyi Oap OH

OnTonormamMmeH ﬁaﬁ bITbINFaH
KOHTeKCTTI eHaey

= CypakTad oHTonorms
TEPMMHASPIH LWibIFapy

= KoHrekcTtke 1-2 aHbikTama
KipicTipy
TokeHusaTop
input_ids
attention_mask

(TOKEH + MoO3KUMANGLIK 3rMBenanHrrep)

Tpanchopmep aHKkogepi X 12
KenbacTe oisHajk,
Hazap MexaHK1smi
KANsINTaHasLIPY
— Feed-Forward
—» AnFa TapanaTtbiH
HeMpOoHObIK, 3#eni

CeizbiKkThIK KabaTt — 2 normT

— Kocy »xarHe kabartTbik, I

— BacTankb! NoruTrep

— COHFbI NorMTTep

Cyp. 4. Oumonoeuanvr o6ativimamein XLM-RoBERTa-QA apxumexmypacbei

exi Transformer Encoder Gmorsl apkpuibl eTki3ineni. COHFBI Ke3eHIe CBI3BIKTHIK QA
0achl apalblK KayanThlH 0ackl MEH COHBI YIIIH JIOTUTTEpl ecenteiai. by Tocinmin
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apTHIKIIBUIBIKTAPBIHA OKBITY aHBIKTAaMaJIAPbIH ATyAaFbl TOJIIKTIH JKOFapbUIAybl XKOHE
JIEKCHKAIIBIK TYCIHIKCI3JIIKKEe OEpiKTiK jkaTaabl. KemImijikTepiHe aiJIblH aja eHJIeY
KE3€HIHET1 KOChIMIIIA €CENTeY KYKTeMeC )KOHE aHbIKTaMaJap/Ibl eHTi3yre OaiIaHbICThI
JKayan [IeKapaIapbIHbIH BIKTUMAJ bIFBICYBI KaTa/Ibl.

* ['uOpunTi B (asry + XLM-RoBERTa + Onronorust): FAISS apkeutel OeTiKTIH aj-
JIBIH ajia THIFBI3IBIFBIH 13716y, OHTOJIOTHAIAaH aHbIKTaMasap TaObuiraH (parMeHTKe KO-
CBLIAJIBI, COMIaH KeiiH (parmeHT xIm-roberta-base mozgenine Oepinemi. S-cyperTe xayar
ATy aJZIbIH/A THIFBI3BIKTHI 13/1eY MEH OHTOJIOTHUS Tpe(UKCiH OIpiKTIpETIH KOIT CaThUIBI
137Iey-YJIFaAlTy MPOIeCci KOpPCEeTiITeH.

Inpey (FAISS anyuibn)

1. Sentence Transformer smGennepi
= Kyrat smBeaamHTTERIH anabiH ana ecenTen cakray
= Kenin rycker cypakTel BEKTOPFa KoaTay

2. FAISS HHOCKCEI
» IndexFlatlP (Hemece TanpanFan mHaeKxc Typi)
= Bapneik, Ky>KaT BEKTOPNAPBIH MHOSKCKE KOCY
3. EH XaKpIH KepluliMeH izney

= Kecreni cypak, BekTopel GobbiHLLE i3aey
= En ykcac T-0, y30iK KOHTeKCTTeRAl KanTapy

= TucTi koHTekeT ab3auTapsiH KaiTapy

Il

XI.M-RoBERTa CH + Onaronormus

Cypak->kayan wbiFbic KabGaTel
CeizbligTeil Kabar — 2 norur
— Bacrankesl norvTrep

— COHFBI NOrMTTeR

Cyp. 5. OnronorusiHb! OalbITy apKbuUTH! anbiaFaH keHelTinreH XLM-RoBERTa-QA apxutektypacst

bipiaminen, Oapnbik Kykar Oemiktepi SentenceTransformer kemerimMen
KoaTananbl, an onapabiH eHrizinyi FAISS unaexcinne (IndexFlatIP) cakrananpr. Cypak
aJBIHFaH Ke3Jle, COJI KOATAYIIbl MHACKCTErl eH ykcac k KoHTekcTTepal i3ney YIIiH
naianaHblIaThIH CYPAHBIC BEKTOPBIH KYPAaCTHIPAJIbl: OChLIAKMIIA MOJEIh MBIHJAFaH
dbparMeHTTep/IeH TeK €H MaHbI3ABl (DparMeHTTEpal TaHIaWabl. AJBIHFaH ab3arrap
«adopmaTrka» MOHIHIH OHTOJOTHUACHIHAH HET13T1 TePMHUHICPIH aHbIKTaMaJlapbIMEH
onaH opi OaneITeUIbIT, XLM-ROBERTa-ra Gepineni, Oyt 0i1iM Oepy KaKEeTTUTIKTEpiHE
€H JKaKChl COWKEC KeJNeTIH KOHTEKCTTI KamTamachi3 eTeii. byn TocuimiH Herisri
APTHIKIIBIIBIKTAPhIHA «IIYJIBD) Ma3MYHHBIH aWTapibIKTai a3arobl, MaHBI3JIbI €Mec
apaJIBIKTapbIH CaHBIH a3alTy oHE MaMaHIaHJbIPbUIFaH aHbIKTaMaJapabl KaXeT
€TETIH CypaKTap YIIiH CEMaHTHKAJIBIK JOJIIKTIH apTyhl jkaTajibl. JlereHMeH, KochIMITa
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1371ey KajlaMbIHa OailyIaHBICTHI JKayar Kifipici apTaasl (ap cypansic yuiH ~0,24 c), an
512 TokeH mieri 6ap TOJNBIK KOHTEKCTTI KaMTy OacTankbl MOTIHHIH KeJIeMi MEH THICTi
(dbparMeHTTep/Ii TaHIay carackl apachkIHa dJ1i e bIMBbIpara KeJy/li Tajiarl eTe/Ii.

Hotmwxkenep OesiMiH KOPBITHIHABUIAN Kene, Oapiblk Mojenbaep Oipaeit
Karaaiaapaa OKBITBUIFAHBIH, OYJT ST CalbICTBIPYAbl KaMTaMachl3 €TETiHIH aTar
eremi3. OkpITy mporeci 1x107° oKy XKbUITaMABIFBIMEH 25 1oyipAi, MUHHU-TIAPTHS
emmeMi 4, canMakTbiH babIpaybl = 0,01 xoHE op AdyipAeH KeiliH MIHIETTI TypAae
METpUKAIBIK Oaranaynbl KamThinbl. Ecenrreynepi skeenaery Y apanac IJIiKTeri
FP16 naiinanaHpuiapl, )KOFaNTy (YHKUIUSCHI aBTOMATTHI TYPJAE TIPKEIAl JKOHE COHFBI
MOJIENIb apalIbIK OaKplIay HYKTENEPIHCI3 TONBIK HUKIIIH COHBIHAA CaKTaabl. bapisik
skcnepumentrep 16 I'b Oeitne xaner 6ap Oip rpadukansik npoueccopaa xane 32 I'b
JKeJleN KaJpl Oap ecenTey TYHiHIHIE KYpri3ini; opOip KOHpHUrypamus YIIiH opTaria
OKBITY yakbIThl 50-65 MHHYTTHI Kypanbsl. OKBITY >KOHE KOPBITBIHIBI Kacay Ke3iHje
OcifHe >KaJIbIHBIH TYTBHIHBUTYBI IIamMaMeH 16 I'b meHreiinme TypakThl OOJBINT KaJJIbI,
Oy GapibIK TOPT CHIHAIFAH MOJENH YIIH OipKeNKi KYKTeME MEH CaJlbICThIPMAaIbl
JKarIaiyiapasl pacTaibl.

KopbIThIHABI.

By 3eprTeyie Ka3ak Tili YIiH 9KCTPAKIUSUTBIK cypak-xkayar (QA) xkyienepiaig
camachlH apTThIpyFa OaFbITTAIFaH KEIICHAl TOCUT YCBHIHBUIABI KOHE SMITUPUKAIIBIK
TYpJe TeKcepiai. JKYMBICTBIH HET13r1 )KaHAIBIFBl — JIEPEKTEP/Ii JAUBIHAAYIBIH TOJBIK
KYOBIPBIH 93IpJiey KOHE OHTOJOTHSUIBIK CEMAaHTHKAJBIK OailbITy MEH TBIFBI3IBIKTEI
i3neyni (retrieval-augmentation) GipiKTipeTiH THOPUATI ApXUTEKTYpajIapAbl KYpacThIpy
Oonbin TabbUTanel. Kazak Timi pecypcrapbl MIEKTEYIi, MOPQOIOTHIBIK KYPBLIIBIMBI
Kypaemni »xoHe IMUQPIBIK KOPIycTaphl a3 TULAEPAIH KaTapblHA KaTalbl, COHIBIKTaH
QJIJIBIH ajla OKBITBUIFAH KONTUIAI MOJAEIBACPIIH OHIMILIIT aTapiablKTail TOMEHILY1
MYMKiH. OcbIFaH OaiJIaHBICTHI 3€PTTEY TEK MOJEIBIIK apXUTEKTYPAaHbI )KETUIIIpyMEH
HIEKTEIIMEH, IepeKTep Il KYpy MEH OailbITy CTpaTerusjapblHa J1a €peKIe Ha3ap ayAap/bl.
Anneiven, PDF ¢opmaTeiHiarsl OKy MaTepuaiiapblHaH MOTIH/I1 aBTOMATTHI TYPJE ally,
KYpBUIBIMAY JKOHE Ta3ajlay Ke3eHIepiH KaMTHTHIH KalTalaHOAJbl IepEeKTepal OHJIeY
KYOBIpBI Kacayael. By KyObIp MOTIHIII CerMEHTANMSIIAY, ITYBUT JIEMEHTTEPIH KO0,
ab3anrap MEH TaKbIPHINTapIbl aXKBIPaTy, COHAANW-aK CEMAHTUKAJBIK TYPFBIAAH TYTac
KOHTEKCT OJIOKTapBhIH KAJIBIITACTHIPY CHSKTHI Ke3eHAepaeH Typansl. Keitin Sentence-
BERT Herizinge MoTiHAIK 3MOenmuHrTep Kypbuibill, FAISS BeKTOpIBIK HHAEKCI
apKBUIBI THIFBI3ABIKTHI 1376y MeXaHu3Mi yibiMaacTeipbulasl. ConsiMeH Katap GPT-4
MOJICNIIH KOJIAaHy apKbLIbl 0ACTaNKbl Cypak—Kayarl )KYNTapbl TeHepalUsUIaHbII, oJIap
COHFBI KE3€HJIe capamiubliap TapanblHaH KOJIMEH TeKcepiiai. bynm tacin nepexrep
carachlH apTTBIPYMEH KaTap, MPOIeCTiH MacITa0TaTyblH KAMTaMachl3 €Te/I.

DKCIIepUMEHTTIK OelliMAe TOPT apXUTEKTypa CaIBICTHIPBUIABI: €Ki 0a3ajbIK
mozenb (MBERT-QA sxone XLM-RoBERTa-QA) sxoHe OHTOJIOTHSIIBIK OalbITy MEH
retrieval KOMIIOHEHTTEpPI KOCBUIFaH €Ki THOpUATI MoJenb. HoTikenep ceMaHTHKAJIBIK
OalbITy MEH THIFBI3IBIKTHI 137€yAl OIpIKTIpyAiH alKbIH apTHIKIIBUIBIKTAPBIH KOPCETTI.
bazansik mBERT-QA mozeni 31,5 % F1 notmxkecin kepcerce, XLM-RoBERTa-QA

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @ @
International License .
107



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

47,7 % F1 nenreiiine >keTTi. AN YChIHBUIFAH THOpUATI Mozenb 52,6 % F1 kepcerkimine
KOJI JKETKI3iM, alTapibIKTall KaKcapTyIbl KaMTaMachl3 €TTi. byJl ociM TeK CTaTUCTH-
KaJIBIK TYPFbIIa FaHAa €MeC, MPAKTUKAJIBIK TYPFhIIaH J1a MaHbI3bI, ce0ebi TOMEH pe-
CYPCTHI TUIACP YIIiH OipHEIIe MalbI3IbIK OCIMHIH 631 ®KYHeHIH KOMTaHOaTbl THIMILTI-
TiH apTTBIPaJbl. 3epTTey HOTHXKENEpi KOPCETKEHCH, allZIbIH aja OKBIThUIFAH KONTUIAI
Tpanchopmaropiap Kazak Till yIIiH Oenrimi Oip JeHrei1e KYMbIC icTereHiMeH, oJap-
JIBIH OHIMJILTITT TUTTIH MOP(OJIOTHSIIBIK XKOHE CHHTAKCUCTIK epeKIIeTiKTepine Oaiina-
HBICTHI mIeKTeneai. OHTOIOTHSAIIBIK aKMapaTThl €HIi3y MOJENb/IH TEPMUHOIOTUSITBIK
COMKECTIKTI *aKChIpaK TYCiHylHE MYMKIHAIK Oepeni, an retrieval-augmentation mexa-
HU3MI PENIeBAaHTTHI MOTIH ()parMEHTTEPIH AJ TaHAayFa KaFaai kacaiiel. by exi kom-
MOHEHTTIH CHHEPTHACHI JKayanTap/ bl JoIipeK aHbIKTayFa bIKnas etesi. CoHbIMEH Karap,
3epTTey JepeKTep camachlHbIH QA KyHenepiHiH eHIMIUTIriHE TiKellel ocep eTeTiHIH
pactanasl. ABTOMATTaHIBIPBUIFAH TeHEPAus MEH KOJIMEH TeKCEPYIiH Yiiecimi aepex-
TEpJiH CEHIMIUITIH apTTHIPHIN, MOJACTBIIH JKaIblay KaOUIeTIH *KaKCcapTThl. Y ChHI-
HBUIFAH JIepeKTep KyObIphl OomamakTa 6acka moHaepre HeMece 6acka TOMEH PecypCThl
Tingepre 6eiiMaenyi MyMKiH, OyJ1 OHBIH OMOEOaNTHIFBIH KOPCETE.
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