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KA3AK-OPBIC-AFBUILIBIH TLIIEPIHIETT COMIEYII XATTAMA ®OPMATBIHA
BEMIMJAENTIH KONTLIAI HEMPOH/IbIK MAILMHAJBIK AYIAPMA (NMT)
MOJIEJII

Tyiiin

Byn 3epTTey Ka3ak—OphIC—aFbUIIIBIH TULIIK KEHICTITIHIE COWJICYIl aBTOMATTHI TYpJe aylaapy >KoHE
pecMu xartama QopMaTbhiHa Oedimuey MoaceleNnepiH >KaH-KakThl KapacTelpanbl. JKymbicTa Tpanchopmep
aApXUTEKTYpachlHa HETi3/IeNTreH KONTUII HeHPOHABIK MaHaNbIK ayaapma (NMT) monensaepiHiH FRUTBIMA
HEri37epi TepeH TaJiaHalbl, COHBIMEH KaTap OJiapJbl aBTOMATThl ceineyai Tany (ASR) xyiienepiMeH
OipikTipy oaicTepi KepceTiyei. ¥ ChIHBUIFaH TICLI ay IO CUTHAIaH O0acTar KYpbUIBIMIAFaH PECMH Ky>KaTKa
NEIHT1 TONBIK OHeY Ti30€TiH KaMTH/IbI, OHBIH iIIiHJEe TPAHCKPHUIIIH, ayIapMa, IIOCT-0HICY KoHEe MOTIHI
pECMU CTWIIBre CoWKeCTeHAIpy Ke3eHepi Oap. 3epTTey HOTIKeNepi KenTiiai TpaHchopMep MOIENbIEPiHiH
Ka3aK, OpbIC )KOHE aFbUIIIBIH TIJIEPi apacklHAa KOFaphl canallbl ayJapMa skacayra KaOiJIeTTiUIiriH KepceTei.
ConbIMeH KaTap AUCHIIOSHIMSIAPABI JKOK0, MYyHKTYalMSIHBI KAIIbIHA KEJITipy, TEPMHHOJIOTHSIIBIK
OIpI3OLTIKTI caKTay JKOHE MAOTIHJI PECMH CTHIIbI'e HOpMaTH3alMsiIay apKbUIbl MOTIHII XaTTama ¢opMaThiHA
ABTOMATTBI COMKECTCHIIPY MYMKIHIITT JoNeniaeHai. ¥CBIHBUIFAH OJIC KONTUIMI KUHAIBICTAPIbI
KYKaTTaHIBIPY YACPICIH alTapJIbIKTal KeACIACTel, aKImapaTThl XKyHeleyre )oHe Ka3aK TUTIHIH [UGPIIBIK
pecypcTapbiH JaMBITyFa OH BIKIAJ eTe/i.

Kinrrik ce3mep: HEHWpOHABIK MAaIIWHAJBIK ayjapMa, KeNTUIII MOJeb, COWlIeyJl TaHy, Xarrama
(dopmartsl, TpaHcHopMep apXUTEKTYPACHl, ABTOMATTAHABIPY, MAIIUHAJIBIK ayapMa.

Kipicne

XKahangany >xkoHe 1UPIBIK TpaHchopMmamus >KaFdalblHAa KONTUIAI KOMMYHHKAIIUS
MEMIIEKETTIK 0acKapy, XaJbIKapaliblK BIHTBIMAKTACTHIK YKOHE aKaJIeMIUIBIK OpTala CTPaTEeTHSIIBIK
MaHpbI3Fa ue. Kazakcranma pecMu Kykar aifHaJlbIMbl Ka3ak JKQHE OpbIC TUIAEpiHAE Kyprisiice,
XaJIbIKapaJIblK ©3apa 1c-KUMbLIJa aFbUILIBIH TUTl KeHIHEH KosnaHbuiaasl. KenTinal kezaecynep MeH
OTBIpBICTap OapbIChIH/IA aWTBUIFaH aKMaparThl JKeled ayldapy FaHa €MecC, OHbl HOPMAaTHUBTIK
TajanTapra colikec pecMu Xarrama (popMaTbiHa KeNTIpy KaKEeTTUIIr TybIHIANHIbI.

CoHFbl OHXBUIBIKTa HEHPOHABIK MamuHaibIK aynapma (Neural Machine Translation, NMT)
TeXHOJIOTrusapbl, acipece Transformer apXuTekTypachlHa HETri3I€ATeH MOJENbJEp, ayrapMma
carachlH aifTapibikTail apTTeipbl. COHBIMEH KaTap aBTOMAaTThI ceiieyni TaHy (Automatic Speech
Recognition, ASR) xyiienepi ceiiiey/ii MOTIHT€ KOFapbl IJAIKIEH TYpJIeHAIpyre MyMKIHAIK Oepi.
Ocbl €Ki TeXHONOTHSHBI OIPIKTIpY Coiyiey/li KONTilli OpTajga aBTOMATThI TYpJe OHJIEYTe 5KOJ allla Ibl.

MarepuaJsgap MeH dicrep

Ochl 3epTTeyaiH Makcarhl - Ka3ak, OpbIC JKOHE aFbUIIIBIH TUIAEPIHACT] COMICyI aBTOMATThI
TYpZ€ ayJapblll, OHbl CTaHAAPTTAJFaH xarTama QopmarbiHa Oedimzael anmarbiH NMT MoneniHiH
FBUIBIMU HET13/I€PIH CUIIATTAY ’KOHE OHBIH KOJAaHOa bl MaHbI3bIH TaJ 1ay.

3epTTeyiH HbICAHBI - KONTLUIII COilsiey epeKTepiH aBTOMATThl OHJIeY JKyiHeci. 3epTTey MoHi -
celsiey/ll TaHy, MalIMHAJIBIK ayAapMa *KoHEe MITIHAL KYPhUIbIMIAY aJrOpUTMAEPIHIH UHTETPALUSICHI
Heri3iHJe pecMU XaTTama Kypy yaepici.

3epTTey MIHAETTEpl TOMEHAETIAeH:

- Kazak—opblc—aFbUIIBIH  TiAEpl apacklHAa KONTNAlI ayjapMara apHajlfaH HEHPOHIBIK
MOJICTIBICP/IiH Ka3ipri KYWiH Tanjay;
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- ASR xoHe NMT sxyitenepin OipiKTipyAiH apXUTEKTYPajbIK TOCUIIEPiH CaTIBICTHIPY;

- Celiney MOTiHIH peCMHU-ICKEpH CTHIIbIe OeiiMIeyNiH TMHTBUCTHKAIIBIK ePEKIIeNIKTepiH aHbIKTaY;

- XarTama KYpbUIBIMBIH aBTOMATThI TYP/E KaJIbINTACTBIPATHIH MOJCIBIIK TICUIII YChIHY;

- YceiHBUFaH MOJIENBIIH canackiH aBToMatThl Merpukanap (BLEU, ROUGE xone T1.0.) koHe
capanTamalslK Oaranay apKbUIbI TEKCEpYy.

3epTTeyiH FhUIBIMU jKaHAJIBIFBI - KOMTUII aylapMa MEH peCMHU KY>KaT FreHepalusiChIH O1pTyTac
aApXUTEKTypa/ia KapacTBIPBIN, COWIICYICH XaTTaMara JEHIHT1 TOJIBIK aBTOMATTaHABIPBUIFAH OHJICY
Ti30€TiH YCHIHYBIHJA. by Tocim mocTypii aygapMa MOACNBICPIHEH albIpMAIlbUIBIFBI, TEK
CEMaHTHKAIBIK OalaManbUIBIKTBl €MEC, COHBIMEH Karap KYXKaTThIH HOPMATHBTIK KYPBUIBIMBIH
CakKTay/bl MaKcar eTei.

3epTTeyaiH TEOPHUSUIBIK MaHBI3BI - KONTUIAI HEHPOHABIK MOJIEIBACP MEH PEeCMHU IUCKYPC
JUHTBUCTUKACHIHBIH TOFBICHIHA KaHA MHTETPALMSUIBIK 9IICTEMEITIK Heri3 KaJlbIITacThIpybIHaa. Al
MPAKTUKAIBIK MaHBI3bI MEMIICKETTIK OpraHiapia, XajdblKapalblK VHABIMIAPIA, KOFAphl OKY
OpPBIHJIAPBIHAA JKOHE KOPIOPATUBTIK CEKTOpAa KONTUIAlI >KWHAJBICTApIblH XaTTaMalapbliH
aBTOMATTAHBIPBUIFAH TYP/E 931piiey MYMKIHIITIMEH aHBIKTAJIa/IbI.

KenTinai HelipoHABIK MAIIMHAJIBIK aylapMa TeXHOJIOTUSICHIHBIH FHIJIBIMH HeTiznepi

Heiiponapik mamumnansik aynapma (Neural Machine Translation, NMT) - tepeH HelpoHABIK
JKEJIIepre HETi3[eNITeH MOTIHAI aBTOMATTHI aygapy oaici. 2014 >xeuman Oacran encoder—decoder
apXHUTEKTypachblHa HETI3JEITeH Mojebaep KeH Tapana Oactamsl. 2017 KbUIBI YCBHIHBUIFAH
Transformer apXuTekTypackl peTTi HOepeKTepii OHJIEeyle PEKYPPEHTTI KeIiIepai aaMacTBIPHIIM,
ayJapMa camnacblH autapibikTaii aprreipabl [1]. Transformer momeni TonbikTaii self-attention
MEXaHM3MIHE HETI3/ICNITCH JKOHE Mapajulelb €CenTeymi THIMII XKy3ere achipanbl. HeWpoHIbIK kel
KYPBUIBIMBI | — CypeTTe KOpCEeTiIreH.
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Cyper 1 — Encoder—Decoder Herizinneri HelpoHIbIK kel apxuTekTypacsl (ResNet KonganybIMeH)

Knaccukansik encoder—decoder monenine koaraysl (encoder) 6acTankbl MOTIHI1 BEKTOPIIBIK
KEHICTIKKe TypaeHzaipce, aexoaep (decoder) ockl penpeseHTarys HEeTi3iHae MaKcaT TUIIErT MOTIH/II
reHepanusuiaisl. Attention MexaHu3Mi 6acTanksl ceiyieMHiH apOip OesniriHe canmak 6epy apKbLIbl
KOHTEKCTTI J9JipeK Mojenbaeyre MyMkiHaik Oepeni. An  Transformer apxurtekrypachiHzia
kemOacakTel (multi-head) self-attention MexaHW3Mi KOHTEKCTIK TOYENIUTIKTEPl Y3aK KaIIbIKTHIKTA
THIMJI1 YCTayFa KaFai xKacanIbl.

Kentinai NMT (Multilingual NMT) 6ip monens men6epinae OipHere Tis1 )KyObIH Oip yaKbITTa
OKBITYyFa MYMKIH/JIIK Oepei. ByJ1 Tociin opTak ceMaHTHKaIbIK KEHICTIK KYPY apKbUIbl TOMEH PECYPCThI
TUIJEP YIIIH ayapMa canachlH xkakcapTaabl. Kazak Tisii MOp(GOIOTHsUIBIK TYPFbIIAH arTIIOTHHATHBTI
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TiJ OONFaHIBIKTAH, KOMTUIII OpTaK AMOSIIMHT KeHICTIr cupek (hopMaiap/blH KaIbUIaHYbIHA OH
ocep ereni. ConsiMen Karap subword cermentanus (BPE, SentencePiece) omictepi mopdemanbik
BapHATUBTUTIKTI a3alThIM, CO3IK KOJIEMIH OHTAIaHBIpyFa MYMKIHIK Oepeni [2].

Kaszipri Tanaa ipi Kentuigi Moaenbaepre:

e Meta Al yceiaran NLLB (No Language Left Behind) - 200-nen actam Tinai KaMTHTBIH
ayKbIM/IbI KOTITLIII MOJICIIb;

e Google Research a3ipaerer mT5 (2021) - morinHeH MoTiHre (text-to-text) Tpanchopmep
aApXUTEKTypachlHA HET13/ICITCH KONTUIII MOJIEIb;

e Facebook AI Research yceiaran mBART (2020) - neHOW3MHT aBTOSHKOACD KaFWIaThiHA
HETI3/IEJITCH aJIJIbIH aJIa OKBITHUIFAH KONTLUIII MOJIEIb.

HoTu:kesiep koHe TAIKbLIAY

Coiliieyai Tany (ASR) :xone NMT uHTerpaumsicol

Ceiineyni aBromartel TaHy (Automatic Speech Recognition, ASR) xyiienepi COHFBI
OHXKBUIJBIKTA TEPEH HEHPOHIBIK KENIIEP/IiH A1aMybIHbIH apKaChIHIa alTapibIKTal skeTinaipiiai [3].
Kazipri ASR xyiienepi, HerizineH, eki Heri3ri tocinre cyieneni: CTC (Connectionist Temporal
Classification) anroputMi xoHe attention-based encoder—decoder apxutexrypacs [4].

CTC Tacini Kipic ayquo CHTHAJI MEH IIBIFBIC MOTIH apachIHIAFbl YaKbITTHIK COMKECTIKTI Typa
Oenrinemeii-ak MoJieNbIeyre MyMKIHIIK Oepeni. by oic akyCcTHKaNbIK MOJIENTb MEH TUIIIK MOJEIbI1
Oesiek OKbITyFa Koyaimel. Aun attention-based encoder—decoder Tociminze aymmo Ti30€K TOJBIK
KOHTEKCTIICH OHJCNIN, MOTiH OipriHaen reHepanusiaHansl. COHFBI KbUIIAPHl THOPHATI
CTC/attention monenpaepi sxoHe Transformer memece Conformer apXuTeKTypachlHa HETi3[ENTECH
HISHIMACP XKOFaphl JAIJIIK KOPCETIM OTHIP.

Ceiineyni aynapy (Speech Translation) eki HEeri3ri ToCIJIMEH Ky3ere acabl:

1. Kackaarst monens: ASR — MotiH — NMT

2. End-to-end speech translation: aynuo — aynapbuiraH MOTiH

Kackanrel Mmopenbae annbpiver ASR sxyiiect ceinieyal 6acTanksl TUIET1 MOTIHIE TYpJeHAIpel,
cofaH KediH Oy MOTiH HeMpOHIBIK MamuHaibIK aygapma (NMT) momynine Oepineni. byn Tocin
MOJYJIb/AIK apXUTEKTypaFra HEeT13/1€reH KOHE 9p KOMIIOHEHTTI (aKyCTHKAJIBIK MOAEIb, TIAIK MOJIENb,
ayZapMa MoJIelll) JKeKe-KeKe KeTuaipyre MyMKiHaik o6epeni. Ceineyni aynapy (Speech Translation)
2 — cypeTTe KOpCeTUIreH.

SRC SRC TRG
Tingeri Tingeri Tingeri
ayaWo TPEHCKpUNT aynapma

OUH HUO@[ }@D

SRC TRG
Tingeri Tingeri
ayavo aynapma

Cyper 2 — Celineyai aynapy *KYHECiHIH apXUTEKTypaiapbl

End-to-end Tocininae ayauo curxan OipJieH Makcar TIJ/Ieri MOTIHTe TypieHIipinaeni. MyHaai
Mozenpepae OipTyTac HEHPOHABIK AapXHTEKTypa KOJJAHBUIAABl JKOHE OJap KaTeJepiH
KUHAKTaJIybIH (error propagation) a3alTybl MYMKiH. AJjaija KeNTIII KOHE cajlayIblK opTana
JEPEKTEP/IIH KETKUTIKCI3AITT MEH OKBITY KYPACTUTIrT OYJI TOCUII MPAKTUKAIBIK ACHICH e TIEKTeY1
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MYMKiH.

[IpakTukayibIk KoJgaHOaIapaa KacKaaThl MOJICNIb KeH TapajFaH, ce0eoi:

e MOAYJBAEP/I OOJIEK OKBITY KOHE )KaHAPTY MYMKIHIIT1 Oap;

e TEPMHHOJIOTHSUTBIK OaKbUIAY JKEHLUT )KY3ere acabl,

e MOTIH/IIK apajiblK HOTHXKE KCHIHT1 KYPBUTBIMIBIK KOHE CTUIIMCTHKAIIBIK OHJIEYTe KOJIAIIbI,

e pecMHu xarTama GopMmaThiHa OeHiMIey YIIIH JIMHTBUCTHKAJBIK MOCTOHJIEY KE3CHIH €HI13yre
MYMKIHJIIK Oeperti.

Ka3ak, opblic ’9He arblJIIIBIH TIIAEPiHiH KYPbUIBIMABIK epeKieJiKTepi

Kazak T - armioTHHATUBTI Ti, ce3 (opmaiapsl kaiarayjaap apKbUIbl Kypanaabl. by Oip
TYOipaeH kenrtereH Mop(hoJorusuiblK (hopMmanapslH naiina OomybiHa okeneni. Meicaibl, Oip FaHa
eTicTik TyOipi mmak, pai, aK, OOJBIMABUIBIK >KOHE CEeNTIK JKajFaylapbl apKbUIbl OHAAFaH
rpaMMaTHKaJIBIK HYCKa1a KepiHyl MyMKiH. MyH1aii MOp(OIOTHSUTBIK OaMIIBIK CO3/IIK KOJIEMIHIH KYPT
VIFalOBbIHA JKoHE cupek (hopmastapabiH (rare tokens) keOeroine ceden 60mambl.

Opbic Tidmi ¢UeKTHBTI TiAAEp KaTrapblHa JKaTajbl, OHJA CEMTIK, JXBIHBIC JOHE CaH
Kareropusiiapbl KeH nambirad. CesJiH TpaMMaTHUKAIbIK MaFbIHACKI KOOiHe TYOIpaiH ImKi e3repici
HeMmece duiekcus apKbuTbl Oepieni. COHBIMEH Katap €e3 TOPTiOi CalbICTBIPMAIIBI TYPAC EPKiH, Oy
CHUHTAKCHUCTIK TOYEJNIUTIKTEP/i MOAENbCY/IE KOChIMIIIA KYPACTTIK TyIbIPabl.

AFBUIIIBIH TUTI aHATTUTHKAIBIK KYPBUIBIMFA M€, TPAMMATHKAJIBIK KaThIHACTAp KOOIHE KOMEKIIT
cOe3/Iep MEH KaTaH ce3 TOpTi01 apKbLIbl Oepineni. COHIBIKTaH aF bUIIIBIH T1TIHAC TO3UIHUSIIBIK aKIapar
MaHBI3/IbI POJT aTKapaIbl.

Kentinai NMT monenin a3ipiey 6apbIChIHAA TOMEHIET1 pakTopiap ecKepiiei:

e Mopdonorusibik 6aitblk (Ka3ak Tii) - ce3 ¢popMaaapblHbIH BapHATHBTLIII;

e Epkin ce3 TopTili (OpbIC TLI1) - CHHTAKCUCTIK TOYEAUTIKTEPI1H HKEMIUIITT;

e KaraH CHHTakCHUCTIK KYpBUIBIM (aFBUIIIBIH  TiJli) - TO3ULHUSJIBIK IIEKTEyIepIiH
MaHBI3IbUTBIFBI.

MopdonorusnplK KYpIeTUTIKTI a3aiTy ymiiH subword-TokeHu3anus oicTepl KeHiHEH
konpansiagel. Byte Pair Encoding (BPE) omici xone SentencePiece anroputmi cesmepii xkui
ke3neceTiH Oenikrepre (subword units) Oesemi. TUIIIK eHAEYAIH HMEpapXUSUIBIK JeHrewnepi 3 —
cyperTe KepceTuireH [5].
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CeMaHTHEa
[MaFeiHa]

CuHTakKCHMC
[Cernem-Kypbinbim]

Mopdonorna
[Cas KypbinbimMb]

POHONOMMA
[Ayano AOLIc]

DoHeTHEa
[Wekapy, TpaHcMucoHa, JayslcTel TaHy]

Cyper 3 — Tinaix eHaeyIIH UepapXUSIIBIK IeHIenepi

Xarrama (popMaTBIH AaBTOMATTBI KYPbLIBIMAAY

PecMu xarrama - KypbUIBIMIQJIFaH KY)KaT Typl. OJETTe OJI KejleCcl HETI3r1 3JIEMEHTTepIeH
TYpajbl:

 Karpicymibuiap Tizimi

o KyH TopTibi

o basunamanap

o Tankpinay Gapbichl

o KabObumanran menrimaep

1. Ceiiney Tisii MEH pecMu >ka30a TUTiHIH allbIpMaIIbUIBIFbI

Ceiiney TuII MeH pecMu >kaz0a TiUIl KYpPBUIBIMIBIK JKOHE CTHJIMCTUKAJBIK TYpPFbIIAH
aifrapneikraii epexmeneneni. Ceineyne:

e DIUTUIICHC (COWUIIEM MYLIENIEPIHIH TYCII Kalybl);

e CHHTAKCHUCTIK asgKTaJIMaraH KYpbUIbIM/IAD;

e KalTayaymnap;

e TOJITBIPFBILI CO3MEP (WIFHUY, «3HAUUTY, «well» xone T.0.);

o OMOIUSITBIK-DKCIIPECCUBTIK JIEMEHTTED KU1 Ke3Aecesi.

A pecMu XaTTaMa MoTIHI:

e JIOTUKAJIBIK )KaFbIHAH KYWEICHTeH;

o OeliTapan CTUIIb/IE Ka3blIFaH;

e HAaKThl KYPBUIBIMJIBIK OeiMiepre OeiHreH;

e HOPMATHBTIK KY)KaT TUJIiHE COllKeC paciMIeNreH OOoIybl THIC.

Conabikran ASR sxoHe NMT ke3eHzaepiHeH KeHiH MIHIETTI TypAe HocT-eHaey (post-
processing) Moyini eHriziieai. TaOuru Tl eHIey alropuTMi 4-CypeTTe KOpCeTiIreH.

2. IlocT-eHpey ke3eHiHIH MiHIETTEP1

Pecmu xarramara Oeitimzey 6apbIchIHAA Keneci TpanchopManusiiap )Ky3ere acbpbliaibl:

85



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Nel (33) 2026

o JluchmrosHIMsIIapApl KOO - KaiTajay, TOJNTBIPFBIII CO3Jep, ©3/IrHEH TY3eTyJIep/i alblil
Tacray;

o [IyHKTYyaIMsiHBI KaimbIHa KenTipy - ASR HOTHXKeCiHJIe KMi KOFaJaThbIH THIHBIC OENTiiepiH
aBTOMATThI TYPJE EHI13Y;

o AG3arTapra 6eiry - TaKbIPBINTHIK CErMEHTANMS HEeTi31H/e MOTIH/I KYpbUIBIMIAY;

o Pecmu cTuibre HopManu3sanusiiay - 0elipecMu Tipkectepi pecMu OanaMantapMeH ajaMacThIpy
(MbIcabl, «013 KapacThIPHII SKaTBIPMBI3» — «KAPACTBIPBUIIBD»).

Mannnaind NLP

AKnapar KuHay —N MaTiHgi Tasanay —N ANfibH-ana sHoey — VAHKMHWPUHT
V| V| V|

MOHWTOPMHN #aHe / /! /!
MOAenbA| KaHapTy \J_ ICKe Kocy \J_ Baranay \J_ Monensaey

p .y e y e oy e y

Cypert 4 — Taburu Tini ©HIeyAIH aIrOpUMTI

3. Kyxar KypbUIBIMBIH aBTOMATTHI aHBIKTAY diCTepi

MoTiHAl KYphUIBIMJIAY YILIIH €Ki HEeT13T1 TOCUT KOJIaHbLIadbl:

1) Rule-based Tacin

ANBIH alla aHBIKTAJIFAH JICKCHUKAJBIK J>KOHE CHUHTAKCUCTIK epexeyepre Heri3aene/l.
MpIcanbl:

o (TBIHJAJIIBDY, «CO3 ATIBDY, KKAYJIbI €TUII» CUSIKTHI MapKepJIep apKbUTbl O0TIMACP/Il AaHBIKTAY;

e aTaylibl CoMIeMep apKbUIbl KYH TOPTIOiH 06 MIbIFapy.

APTBIKITBUTBIFBI - WHTEPIPETAIUSICHIHBIH KapanaibIMIbIIBIFBL.
Kemrriniri - UKeMIUTITIHIH MIEKTEYALTIT dKoHEe KaHa KOHTEKCTTepre OeiimMieny KUbIHABIFbI.

2) Sequence labeling monensaepi

MortinHiH op0ip ceilieMiH HeMece CEerMEHTIH Oenrimi Oip KYPBUIBIMIBIK CaHaTKa >KIKTEeUIl
(mbicansl: AGENDA, DISCUSSION, DECISION).

Kasipri 3eprreynepae KyKar KYpbUIBIMBIH aHBIKTAY YIIIIH KEeHIHEH KOJIJaHbUIATHIH MOJIEIIbACD:

e Google yceiaran BERT;

 Facebook Al Research azipieren RoBERTa;

 Facebook Al Research yceinran XLM-R (XLM-RoBERTa).

XLM-R mopeni kenTiiai opraga epekiine ThiMIi, cedbedi o Ky3[eH acTaM TUIAE allblH ana
OKBITBIIFaH KOHE Ka3aK, OPBIC, aF bUTIITBIH MOTIHJEPIH OPTaK CEMaHTUKAJIBIK KEHICTIKTE OHJICH allajIbl.
byn kacwer kemnTinai xarTama TeHepalusuiay XKyWeciHIe KYPbUIBIMABIK OIpi3UTKTI cakTayFa
MYMKIHAIK Oeperi [6].

4. NHTerpanusiblK MOIETh

Pecmu xaTrTama reHepanusChIHBIH TOJBIK T130€r1 KeJlecl Ke3eHAepAeH TYPaIbl:

Aymno — Tpauckpunuus (ASR) — Hopmanuzamus — Aynapma (NMT) — KypbutbIMIbIK
oenriney — Kykar reneparuscel.

baranay MeTpuKkaJiapbl K9He cana KepceTKimrepi
MammHanelK —aygapMa OKYHeNepiHiH THIMAUITIH Oaranay  XallbIKapalblK — FBUIBIMU
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KaybIMJACTBIKTa CTaHAAPTTAJFaH aBTOMATThl METPUKANap apKbUIBl JKY3€re achlpbuiagbl. byn
MeTpHUKaJiap MOJIEbAIH TeHepalysiaral MOTIHIH dTaJTOHIBIK (reference) aymapmameH caabICThHIpyFa
HET13/IeTTeH.

Herisri 6araiay kepcerkimrepi

BLEU - n-rpamMM coiiKecTiriHe Heri3/ielreH MeTpuKa.

BLEU (Bilingual Evaluation Understudy) Monens aymapmachlHIaFbl N-rpaMMIapabIH 3TaJIOH
MOTIHJIETI N-TpaMMJapMEH CoiKec Kely >kuiimirin emmeiai. CoHbIMeH Karap brevity penalty
k03 UIMEHT] KbICKa aymaapMaiapbl mekrey yiriH enriziieni. BLEU moni 0 men 1 (Hemece 0—
100%) apanbirbiaga Oonaabl.

METEOR - ceMaHTHKaNBIK COMKECTIKTI €CKEPETIH METPHKA.

METEOR ce3nmepiiH TeK o1 COWKECTITiH FaHa €Mec, OJIApAbIH TYOipiik QopmackiH
(stemming), CHHOHUMJEPIH *oHE co3 TopTIOiH ae eckepeni. byn kepceTkimn agam OaranayblHa
BLEU-ra kaparaH/a kdi )KaKbIHBIPAK HOTHKE Oepe]t.

TER - penakuusiiay KaTelepid eIenTiH MeTpUKa.

TER (Translation Edit Rate) mamHanbIK ayjapMaHbl TAIOH MOTIHIe allHAIIBIPY YIIIH KaXeT
€H a3 pelakIMsUIBIK onepanusiap (KOocy, K010, aybICThIPY, OPBIH aIMacThIpy) canbiH ecenteiai. TER
KOPCETKIII HeFYpJIbIM TOMEH 00JIca, ayapMa carachl COFYPIIBIM JKOFaphI JIET €CETTEeNe/I].

Transformer apXuTeKTypachbIHbIH Oaraay HOTHXKeNepi

Workshop on Machine Translation (WMT) xanbIkapasiblK *KapbICTapbl MAIIMHAJIBIK ayJapMa
camachblH CaJIBICTBIPYIBIH HETi3T1 anaHbl Oombin TaObutafbl. 2017 Uikl YebiHBUTFaH Transformer
apxuTeKkTypachl o0 ockl WMT Oalikaymapsiaia sxorapel BLEU kepceTkimTepiHe KO KeTKi3ill,
CTaTUCTUKAJBIK MalIUHAIBIK aynapma (SMT) sxyiienepineH aiitapnbikrail 6acbIM TYCTI.

CraTucTUKANBIK MalIMHAIBIK ayaapMma mojenbiepi (phrase-based SMT) keOine ¢pazanbik
COMKECTIK MeH BIKTUMAJABIK MoJienbaepiHe cyiieHce, Transformer Tonblk KoHTEKCTTI self-attention
MeXaHHU3Mi apKblIbl MOETbACH 1. byt:

- y3aK KallIBIKTBIKTaFbl TOYCJAUIIKTEP/Il THIM/II OHJIEYTe;

- KOINTUIII OPTaK CeMaHTUKAIBIK KeHICTIK KYpyFa;

- TeMEH PecypCThI TiJIIep YIIiH TpaHC(EPIiK OKBITYIBI iCKe achIpyFa MYMKIHJIIK Oepeti.

Kenrinai xylenepai 6aranayablH epeKIemniri

Kaszak—opeic—arpuibiH OarpIThiHAaFel KenTuial NMT skylienepin Oaranay ke3iHae Kemecl
¢baxTopiap eckepineni:

- Mopdosorusibik BapuaTuBTiIiK (acipece kazak Tutinae) BLEU MoHiHe acep €Tyl MyMKiH;

- Epkin ce3 TopTiOi (OpbIC TiNI) N-TpaMM COMKECTITiH TOMEHAETY1 BIKTUMAIT;

- Pecmu cruibre GeitiMey Ke3iHjie MOTIHHIH KaiTa KypbUTYbl aBTOMATThl METPUKAIAP,IBIH HOTHKECIH
©3repTyi MYMKIiH.

Koanan6aabl acnekrijiep

Kenrinai ceitneyai pecMu xarrama ¢popmaTbiHa aBTOMATThI TypAe OeiiMey Keneci canaigapaa
epeKIIle MaHBI3/IbI:

e MeMIIeKeTTiK OpraHiapAarsl OTHIPBICTAP

o XaybIKapasblK Kemcco3nep

e AKaneMUSIIBIK KEHECTED

¢ KoprnopaTuBTik KUHAIBICTAp

1. MemuiekeTTik Oackapy >kyiecinae

MeMITeKkeTTiK OpraHJapAarkl OTHIPHICTAP KOI KaFjaiia Ka3ak J>KOHE OpBIC TUIICpiHIE
KYPri3iiei, ain XalbIKapalblK JeHIeUIer ic-mapanap/ia aFbUIIIBIH Tl /16 KeHIHEH KOJIaHbLIa b,
Kenrinai opTaga »xemen opi A1 XaTTaMa JalbIHaY - 0aCKapyIIBUIBIK ST MICPIH alllbIKTHIFBI MEH
KYKBIKTBIK JYPBICTBIFBIH KAMTAMAChI3 €TYI1H MaHbI3/bI IIApTHI [7].

- ABTOMATTaHIBIPBUIFaH XYHe:

- OTBIPBIC OAPBICHIH KeIel TIPKEYTe;
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- KaObUIJaHFaH IIemiMAepAl HAKThI KYPbUTBIMAAYFa;

- peCMH CTHJIb TaJlalTapbIH CaKTayFa MYMKIHJIIK Oepei.

2. XansIKapaiblK KeJicco3aepie

XanplKapaiblK YHBIMJAp MEH eKDKaKThl Kejicce3fep OapbIChIHAA TUIAIK Keaeprijiep
aKnaparThlH OypMarnanysiHa okenyl MyMkiH. Kenrinai ASR + NMT + kypsuibiMzay xyieci:

- alTBUTFaH MANIMETTi OipzeH OipHeme TiIAe paciMaeyre;

- TCPMHUHOJIOTUAIIBIK COUKCCTIKT1 CaKTayra,

- KeJTiciM MOTIHJIEPiH KeiciareH popMarTa YChIHyFa MYMKIHIIK Oepei.

3. AKaZeMHsUIBIK KOHE KOPIIOPATUBTIK OpTaia

YHUBEPCHUTETTEP/IET] aKaIEMUSIIBIK KEHECTEP, JUCCEPTANMSIIBIK KOPFayiap, FIIBIMA KOMHUTET
OTBIPBICTAphl KOII KaFjaiia XarTaMaiblK Kyxarrapabl Tanan erefi. Coil CHSIKThI KOPIOPAaTUBTIK
CEKTOp/a JUPEKTOpIap KeHecl MeH OacKkapMa KUHAIBICTAPhl PECMHU TIPKEY/i KaXeT eTe/Ii.

- KonmeH xaTTama xa3zy:

- YaKbITTHI KOII TaJlall €TC1;

- XaTIIBIHBIH K9Ci0U ToXKipuOeciHe Tayei;

- Ma3MyHJBI KBICKapTy HeMece CyOBeKTHUBTI HHTEPIIPETANNS KayIiH TybIHAATAIbI.

ATl aBTOMAaTTaHBIPBUIFaH XKYHe:

® yaKBITThI YHEMJICH I,

® TEPMHHOJIOTHUSJIBIK OIPi3AUTIKTI CaKTal IbI;

® KYXKaT alHAJIBIMBIH JKEICIICTE/Ii;

® apXUBTEY MEH i37eyl JKEeHUIIETE];

e anam (pakTOpbIHA TOYCIIUTIKTI a3alTaIbl.

4. KazakcraH xarqaibIHAaFbl CTPATETHSUIBIK MAaHbI3bI

Ka3zakcranma MemiekeTTiK Tuiaeri muQPIBIK — pecypcTapibl  JAMBITY — CTPATETHSIIBIK
OaceiMabIKTapabIH Oipi Oonbin Talbuiagbl. Kazak TimiHIH MOPGOIOTUSAIBIK KYPAETUTIri MeH
JEPEKTEP/IIH CANBICTRIPMAJIBI TYpPJE MIEKTEYIUTr KONTLAI HEHPOHIBIK MOICNbACPAl apHailbl
OeliimMiey/i Tajam eTe/i.

1. Kazak timin kongaidteiH NMT >xoHe ceitieyl oHey KyHelepiH JaMbITy:

2. uupIBIK EreMEHIIKTI HIFalUTYyFa;

3. MeMJIeKeTTiK OacKapyabl nu(pIaHAbIpyFa;

4. Ka3ak TiTiHIH FRUIBIMH-TEXHOJOTUSUTBIK SKOXKYHECiH KeHENTyTe;

5. YATTBHIK TUIIH XaJIbIKapaJIbIK aKIMapaTThIK KEHICTIKTEr1 YJIECIH apTThIPyFa bIKIAJ €Te/l.

IlexTeysep #xaHe Ho1alIaAK 3epTTEY OAFBITTAPBI

Heri3ri mekreynep

1. Kazak TuniHaer! yJlKeH napajuieib KOpIycTapablH MEeKTeYIUTIr

Kazak Tini temen pecypctsl (low-resource) Tinjaep KaTapblHa >KaTajbl. ALIBIK KOJDKETIMII,
camajbl, cajlaJblK TYPFBIJAH TEHIEPUITCH IMapajuielib KOPIYCTApIbIH JKETKUTIKCI3ITT MOIENbIIH
Kanmblaay KabuieTiHe acep eTelli. Ocipece pecCMHU-1CKepH CTHIIBET] IePEKTep KoJIeMi MIEKTeYIIi.

2. Ceiiney TUTiHAET] aKIEHT KoHE (DOHETUKAIBIK BapHaIHsIIap

ASR xyiienepi opTyp:i allMaKThIK aKIIEHTTepre, Koa-aybicyFa (code-switching), hoHeTHKAIBIK
penykuusra ce3imMTas. byl TpaHCKpuUIILUs canacklHa 9cep €Till, KeHiHT1 ay/lapMa MEH KYpbUIbIMay
Ke3eHJIepiHe KaTelepIiH KUHAKTATybIHa (error propagation) okenyi MyMKiH.

3. Pecmu CTHITBII TOJBIK aBTOMATTAHIBIPY KYPACITLITIT

Pecmu xarrama Tek TUIAIK eMec, MHCTUTYLHOHAIJABIK HOpMajapra ga Toyennai. Kyxar
KYpBUIBIMBI YiibIMFa OaliJIaHBICTBI ©3repyl MYMKIH, al memiMIepaiH GOpMyIHpPOBKACHl KYKBIKTHIK
TonaikTi Tanan erefi. COHIBIKTaH TOJIBIK aBTOMATTAHbIPY OapbhIChIHIA CEMaHTUKAJIBIK JSJJIIK MeH
HOPMAaTHBTIK COUKECTIKTI caKTay KypAesi MIHIET OOJIbIN KaJlajbl.
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KopsIThIHABI

3epTTey HOTHKEIEPl KOPCETKeH/IeH, TpaHC(hOpMep apXHTEKTypachlHa HETI3/ICITeH KONTUIII
HEHPOHJBIK MAIIMHAJBIK ayJapMa MOJENbAepl Ka3aK—OpbIC—aFbUIIIBIH TUIMIK JKYITaphl apachIHaa
THIMJII JKOHE carajibl ayyapMa »xacaid amanbl. Self-attention MexaHW3MIHE HETI3[IEITeH MOJEIbACD
TUIIEp apachbIHIAFbl CEMAHTUKAIBIK TOYENIUTIKTepAi naom OeifHenen, MOpP(OJIOTHSIIBIK KOHE
CHUHTAKCHUCTIK albIPMaIIbUTLIKTAPABI THIMII €HCepyTe KaOlaeTTi €KeHI aHbIKTaJIIbI.

ASR sxone NMT TexHOJOTHsJIApbIH HHTETPAlMsIdy COWJICY[l MOTIHIe TYPJICHAIPY MEH
KOINTUIAI aymapMaHbl OIpTyTac aBTOMATTaHABIPBUIFAH Ti30€KKe OIpIKTIpyre MYMKIHIIK Oeperi.
MyHaif HHTETPALUSUIBIK TICLT ayIuo JepeKTepAeH OacTan KYpbUIbIMIAIFaH MATIHTe ACHIHT1 OHJIEY
KE3CHJIEPIH JKYilell TypAe Ky3ere acblpyFa arai skacaiIpl.

CoHbIMEH Karap, MOCT-OHJLY KOHE KYpPBUIBIMIAy MOIYJIbJIEPIH €HTi3y apKbUIbl aJbIHFaH
MOTIHAI pecMu XaTTama (hopMaTbhiHa COMKECTeHIpY MYMKIHAIT gonenaensi. JuchnrosHuusnapast
KOI0, MyHKTYalusHbI KaJIbIHA KeTipy, ad3anrapra 0eiy >KoHE pecMH CTUJIbIe HOpMalIM3alusiay
MEeXaHU3MJIepl Ccoiyiey TUTIHIH epeKIIeNiKTepiH OedTapanTaHAbIPbI, KYXATThIH HOPMAaTHUBTIK-
CTHJIB/IIK TalanTapra cail OONybIH KaMTaMmachl3 ereii. by Monenpai Tek aymapma Kypajbl eMec,
KYpBUIBIMIAIFAaH PECMH KY)XKaT TeHepalusIalThIH WHTEIIEKTYal bl Kylie peTiHAe KapacTbIpyra
Heri3 Oepeti.

¥YCBIHBUIFAH OJIC KOMNTULII JKUHAJBICTAPIbl KYKaTTaHABIPY YAEPICIH KeNenaeTim, aaam
(bakTOpbIHAH TYBIHIANTHIH KaTeJepAl a3alTaibl jKOHE TEPMHHOJIOTHSUIBIK Oipi3IUTIKTI caKTayra
BIKIAJT eTe/ll. Ocipece MeMIIEKETTIK OacKapy, XalbIKapallbIK Kelicco3ep KoHe aKaJeMUSIIbIK OpTa
KaFaalbIHIa MYHJIai aBTOMATTAH/BIPBUIFAH IIEIIiMep OacKapyIIbUIBIK THIMIUTIKTI apTTHIPYIbIH
MaHBI3/IbI KYpasbl 601a anabl.

Kazak TiniH nudpablk KEeHICTIKTE JaMbITy TYPFBICBIHAH TpaHChOopMepre HeTi31eNreH KOnTul
KYHeepl KeTIAIpy CTPaTerusuIbIK MOHTe ne. MyH/ail TeXHOIOorusu1ap YITTHIK TUIIH 3aMaHayu
»KacaH/Ibl HHTEJUIEKT SKOXKYHECIH I TONBIKKAH bl KOJIAHBUTYbIHA MYMKIHIK Oepei.
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MHOT OSI3BIYHASI MOJEJb HEHPOHHOI'O MAIIIMHHOT'O IHEPEBOJIA
(NMT) I AJAIITAIIMA PEUN HA KABAXCKOM, PYCCKOM U AHINIMUCKOM
A3BIKAX K ®OPMATY ITPOTOKOJIA

AHHOTALINA

JlaHHO€ HCcleoBaHHE BCECTOPOHHE pPAacCMaTpUBAaeT 3a7adyy aBTOMATHUECKOIO IEPEeBOAa Pedd Ha
Ka3aXCKUH, PYyCCKMA W aHIIMICKHUH S3BIKM C TOcHenyromel amanramueil k QopMary oQuImambsHOTO
nporokona. Pabora BkiIrO4aeT MIyOOKMH aHaIN3 HAayYHBIX OCHOB MHOTOSI3BIYHBIX MOJENEH HEHMpPOHHOTO
MamuHHOTO TepeBoga (NMT) Ha 0Oa3e apxXuTeKTyphl TpaHCHOPMEPOB M JEMOHCTPHUPYET METOABI X
WHTETpaIlil C CHCTEMaMH aBTOMarmdeckoro pacmnoszHaBaHusi peun (ASR). [lpemnokeHHBIH TOAXOX
OXBAaThIBACT TOJNHBIA IMKI 00pabOTKM — OT aylIWOCHUTHAja 10 CTPYKTYPUPOBAHHOTO O(QHUIIMAIBLHOTO
JOKyMEHTa, BKJIIOYas TPAHCKPUIIIHIO, MEPEBOJ], MOCT-00paboTKy M MPHUBEICHUE TEKCTa K OQUIMATBHOMY
CTWIIIO. Pe3ynbraThl MOKa3bIBAIOT, YTO MHOTOSI3BIYHBIE TpaHC(HOpPMEPHBIE MOJENN CIOCOOHBI 00ecneynBaTh
BBICOKOKa4EeCTBEHHBIN MEpeBOJ MEXAY Ka3aXCKUM, PyCCKHUM M aHDIMHCKUM s3blkamMu. Kpome Toro, meron
MO3BOJIIET aBTOMATHYECKH aJalTUPOBaTh TEKCT K (OpMaTy MPOTOKOJA 32 CHET yAalieHHs AUCEIIIOSHIIH,
BOCCTAHOBJICHUS TyHKTYallUH, OAAeP KaHUs TEPMUHOIOTUIECKOM COIIACOBAHHOCTH M HOPMAJIM3aLMHI TEKCTa
B ouumaneHelil ctiib. [lpeanoxeHHOe pelleHHe CYIIECTBEHHO YCKOPSIET NPOLECC TOKYMEHTHpPOBaHUS
MHOTOSI3BIYHBIX BCTpPEY, CIIOCOOCTBYET CHUCTEMarH3alMd WH()OPMAIMU W Pa3BUTHIO IHHU(POBBIX PECYpPCOB
Ka3aXCKOI'O sI3bIKa.

KiroueBblie cioBa: HEHPOHHBIM MAIIMHHBINA MTEPEBOJI, MHOTOSI3BIYHAS MOJIENb, PACIIO3HABAHUE PEUH,
MPOTOKOIIBHEIHN popMart, TpanchopMmep, aBTOMATH3AIINS, MAIIMHHOE O0Yy4eHHE.
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MULTILINGUAL NEURAL MACHINE TRANSLATION (NMT) MODEL FOR
ADAPTING KAZAKH, RUSSIAN, AND ENGLISH SPEECH TO PROTOCOL FORMAT

Abstract

This study comprehensively addresses the problem of automatically translating speech in Kazakh,
Russian, and English and adapting it to an official protocol format. The work provides an in-depth analysis of
the scientific foundations of multilingual neural machine translation (NMT) models based on the transformer
architecture and demonstrates methods for integrating them with automatic speech recognition (ASR) systems.
The proposed approach encompasses the full processing pipeline from audio signals to structured official
documents, including transcription, translation, post-processing, and formatting text into an official style. The
results show that multilingual transformer models are capable of producing high-quality translations among
Kazakh, Russian, and English. Additionally, the method enables automatic adaptation of text to a protocol
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format by removing disfluencies, restoring punctuation, maintaining terminological consistency, and
normalizing text to an official style. The proposed approach significantly accelerates the documentation of
multilingual meetings, facilitates information structuring, and contributes to the development of Kazakh digital

language resources.

Keywords: neural machine translation, multilingual model, speech recognition, protocol formatting,
Transformer architecture, automation, machine learning.
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