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The article discusses the issues of modeling the speech synthesis
system in the Kazakh language based on orthoepic norms. As a result of
the rapid development of digital technologies, the importance of speech
synthesis systems aimed at the natural-sounding of text in linguistics is
increasing. In this context, the article analyzes the scientific foundations
of the use of phonetic, orthographic, and prosodic regularities of
the Kazakh language in the speech synthesis system. In particular,
the importance of maintaining orthographic norms when converting
written text into spoken speech is highlighted. The quality of a speech
synthesis system is determined not only by the grammatically correct
processing of the text, but also by its natural and literary sounding.
Accordingly, sound interaction and the accurate representation
of intonational characteristics are essential for producing natural-
sounding synthesized speech. Ignoring orthoepic norms can reduce
the naturalness of speech and negatively affect listeners’ perception
and comprehension. In this regard, the introduction of the sound
patterns of the Kazakh language into the speech synthesis system is
one of the current scientific issues. The paper highlights the history of
studying orthoepy in Kazakh linguistics and current research trends,
as well as reviews both domestic and international studies. Based on
the analysis, the necessity of systematically modeling the phonetic-
phonological and prosodic features of text to improve the quality of
synthesized speech is emphasized. The research draws upon the works

1 This article is implemented within the framework of the targeted funded project BR24993111 “Development
of a speech synthesis system based on the orthoepic norms of the Kazakh language”
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of scholars such as I. Kenesbayev, M. Balakayev, S. Myrzabekov, R. Syzdyk, A. Zhunisbek,
and Z. Bazarbayeva, while theoretical issues of speech synthesis are considered in comparison
with international studies. In addition, the characteristics of modern Kazakh speech synthesis
systems (Kazakh TTS2, Kazakh ASR, and other projects) are analyzed, and the level of orthoepic
norm implementation in these systems is described. The study considers major speech synthesis
approaches, including compiler-based, parametric, formant-based, and neural network methods,
and examines their applicability to the modeling of linguistic material. The necessity of considering
phonemic changes, positional and combinatorial features of sounds, intonational structure, and
rhythmic groups in speech synthesis systems is emphasized. Based on the conducted research,
the systematic use of an orthoepic algorithm and prosodic annotation is proposed for improving
the Kazakh speech synthesis system. The article also analyzes the adaptation of loanwords from
an orthoepic perspective and outlines ways of their phonetic integration in accordance with the
phonological laws of the Kazakh language. The results of the study demonstrate that systematic
modeling of orthoepic norms and prosodic features enhances the naturalness of synthesized speech
and facilitates listener comprehension. Furthermore, the development of the Kazakh speech
synthesis system contributes to the broader use of the national language in the digital environment.
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Ka3sak ce3 cuHTe3i Xxyiecinae opposanuaabIK HOpMaHbIH 6epityi

AHHOTamusa. Ataamblll MakKajgaaa KasakK TiIiHAeri ce3 cUHTe3i xXylieciH op(O3MUsIIbIK
HOpMa Heri3iHfe MofeJsbAey Mocesesiepi KapacTelpsuiaAnl. [{rdpJiblK TeXHOJIOTUAIAPAbIH
KapKbIHABI JaMybl HOTHXeciHAe Tijl OijliMiHAe MATiHAI Taburu ApIObIcTayFa OarbITTaJIFaH
Ce3 CUHTEe3i XyHeciHiH MaHbI3bl apThill OTHIP. OchbiFaH 6aMIaHBICTH MaKajlafa Kal3ak TiJTiHiH
(poHeTHKaIBIK, OPPOINUAIIBIK XKOHE MPOCOAUKAIIBIK 3aHABLIBIKTAapAbl CO3 CUHTE31 XylieciHae
KOJIAaHyAblH FBLIBIMU HeTi3/1epi TajifjaHaibl. dcipece xka30a MaTiHAI aybI31iia co3re aliHaJIABIPY
OapbicbiHAa Op(O3MUAIIBIK HOPMAaHbBIH CaKTaJIybIHbIH MaHbBI3Bl alKpiHAasanbl. Ce3 cuHTesi
KXYHeCiHiH camachl MOTiHHIH TPaMMATHKAJIBIK TYPFBIJIAaH JYPHIC OHIeTyiMeH FaHa eMecC, OHBIH
Tabufu api 9f1ebu HopMara cail AbIObICTaIybIMEH Jle aHbIKTas1afgbl. COHABIKTaH CUHTe3/e/IreH
ce3/ie AbIObICTap/ABIH 63apa bIKIAaJIbl, UHTOHALMAJIBIK €PEKIIeIiKTiH AYPhIC Oepistyi MaHbBI3bI.
OpdosnuAnbIK HopMasapAbl ecKepMey coeiiieyIiH TaOUFUJIbIFBIH TOMeHAEeTiN, ThIHAAYLIbIHBIH
MOTiHAI KaObuifayblHa Kepi acep eTyi MyMKiH. Ocbl TypFblJaH ajfaHfa Kas3ak TiJIiHIH
OBIOBICTHIK, 3aHIBUIBIKTApPBIH CO3 CHHTE3i XylieciHe eHri3y ©3eKTi FhUIBIMU MaceJieJiepAiH
Oipi OoJsieinl TabpLIaABL. Makanaga Kasak Tia OuriMiHzeri opdosnusa MacesecCiHiH 3epTTery
Tapuxbl MeH Ka3ipri FeUIBIMU OaFbITTaphl capajiaHbll, OTaHABIK XKaHe IIeTesIJiK 3epTTeyjepre
moJTy »xacasiazsl. JKyprisiireH seprreysiepAiH HerisiHAe co3 CMHTE3iHiH canachiH apTThIpyAa
MOTiHHIH (oHeTuKa-QOHOJIOTUAIBIK XoHe MPOCOAMKAJIBIK epeKIlesiKTepiH Xyhesi Typae
MoAesbAey KaKeTTiJIiri TyxXbpeIMAasanbl. 3epTTey OapbiCHIHAA Kasayk, opdosnusacbHa
KartbicThl I. KeHecOaeB, M. banakaes, C. Mbip3abekos, P. Cei3abIK, O. J)KyHicOek, 3. BazapbaeBa
CUAKTHI FaJIBIMIOAPAbIH eHOeKTepi Heri3re ajblHBIN, CO3 CMHTE3iHiH TeOPUAJIBIK Macesesaepi
meTeJsIJiK 3epTTeyJjiepMeH cabakKTacThipa TajigaHabl. COHbIMEH KaTap Ka3ipri Kazak TijJliHaeri
ce3 cuHTe3i xylienepiniy (Kazakh TTS2, Kazakh ASR oHe 6acka ma *obayiap) epeKIeJtiri
KapacThIPBLIBII, OJ1apAblH 0pdOosNusAIbIK HOpMaHbI KOJIAaHy JeHreli cunarTtaiaasl. Makanaaa
CO3 CHHTE3iH Xy3ere acblpyAa KOJJaHbUIATBIH KOMIMWJIATUBTIK, TapaMeTpJliK, POPMAaHTTHIK
’)koHe HeHpOHJBIK >KeJlijlepre Heri3fesireH 9JicTepJiH epeKIlesliKTepi TaJaHbIN, OJapAblH
TinAik MaTepuaJgbl MoJesbAeyaeri Kbi3MeTi kepcerineni. JKyprizijreH 3epTreysepAiH
HeriziHAe KaszakK TijliHAeri ce3 cHHTe3i XXyleciH XeTiygipyae op(osnusasblK ajJropuTMm
MeH TPOCOAWKAJHK OenrijieHiMAepai Xyhesai TypAe KojjaaHy ychiHbUIaAbpl. CoHmaii-ak
KipMe ce3nepAiH OpdOSNUAIBIK TYPFBIJAH UTepiJly epeKIleslikKTepi TaJiAaHbIN, OJiapAblH
OBIOBICTAJIYBIHBIH, Ka3aK TUTiHIH (POHETHKAIBIK 3aHABUIBIKTAphIHA OeliM/Iesy >XOJIIaphl
KepceTijsiei. 3epTTey HaTWXeciHAe oppOINUAJIBIK HOpMa MeH MNPOCOAMKAJIBIK epeKIIeTiKTi
XyUesli TypAe MOJeJibey CHUHTe3JeJIreH CO3[AiH TaOWFUJIBIFBIH apTTHIPHIN, THIHAAYIITBIHBIH
MOTiH/I KaObUIAybIH XXeHiJAeTeTiHi AasiesfeHe ii. 3epTTey KOPHIThIHABLIAPH Ka3akK TiTiHiH
OBIOBICTHIK KOHE IIPOCOAUMKAJIBIK epeKIIeJiKTepiH HU@PJBIK opTaja M2 MOAesbAeyre
MYMKIiHJIK Oepefli XoHe €63 CHHTe3i TeXHOJIOTHUAJIApPhIH XEeTUIAIpYAiH TeOopHUsIbK 9pi
KoJijaHOas bl Heri3ZlepiH TOJIBIKTBIpA Tycefdi. AJIBIHFAH HOTHXKesep OoJialllaK FhLIBIMU
3epTTeyJjiep/ie KoHe NMPaKTUKAJBIK d3ipjeMesiepAe naigajiaHyra OarbiTTasiFadH. CoHpan-ak
YCHIHBUIFAH TYXXBIPBIMJAP Kas3ak TiJliHiH 0pdOosNUAIbIK KOPEIH HUPJIaHABIPY XKoHE coiiiey
TEXHOJIOTUsIAPBIHBIH CallacbhlH apTThIPYy MiHAETTEPiH LIellyre bIKNasl eTei.

Kint ce3mep: ce3 cuHTe3i, opdosmus, MPOCOANKA, MOAEJb, OpP(POIMUAIBIK HOPMA,
(poHeTHKaIBIK 3aHABUIBIKTAP, KipMe €63, BIpFaKThl TOM, YHAECIM 3aHbl, peayKuus, GoHema.
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Ilepenaya opdosmuyecKoit HOPMbI B CHCTEME CHHTE3a PeYr Ka3aXCKOro s3bIKa

AHHOTanuA. B gaHHOI cTaTbe paccMaTpuUBAIOTCA BOMIPOCH MOJAEIMPOBAHUS CUCTEMBI
CHHTe3a peuyd Ka3axXxCKoro sA3blka Ha OCHOBe OpGO3NNUYECKOr HOPMBEL. B  ycioBusax
CTPEMUTEJIbHOTO pa3BUTHA LUUGPOBBIX TEXHOJOTUIM BO3pacTaeT 3HAuyeHHe CUCTEM
CHHTe3a peyM, HallpaBJICHHBIX Ha e€CTeCTBEHHOE O3ByYMBaHNE TEKCTOB. B CBA3M C 5TUM B
CcTaTbe aHAJIM3UPYIOTCA HAayuyHBIE OCHOBBI NPUMEHEHUsA (POHEeTHUYeCKUX, Op(Oo3nmyecKrux
1 IIPOCOANYECKUX 3aKOHOMEPHOCTEeH Ka3axCKOro fA3blKa B cucTeMe cuHTe3a peun. Ocoboe
BHHMaHUe yeJIAeTCs 3HAUNMOCTH cO0JII0ieHNs 0pdOo3IuecKoil HOpMBI IPU Ipeo0pa3oBaHuU
IIMCbMEHHOI0 TeKCTa B YCTHYI0 peub. KayecTBO cuCTEeMBl CHHTe3a peuyd ONpeAessaeTcs
He TOJIPKO KOPPEKTHOW rpaMMaTHyYecKoii oO6paboTKOM TeKCTa, HO U ero ecTeCTBEHHBIM
IIPOM3HOIIIEHNEM B COOTBETCTBUU C JIUTepaTypPHOI HOpMOU. [T0o3TOMyY BaXkHOe 3HaUYeHNe NMeeT
IIpaBUJIbHAaA Nepejadya B CUHTE3MPOBAHHON peyl B3aMOBJIMAHMA 3ByKOB 1 MHTOHAI[MIOHHBIX
ocobeHHocTel. UrHopupoBaHue Op¢O3NNUYECKUX HOPM MOXKET CHU3UTh €CTeCTBEHHOCTh
3By4YaHUs peuy U 3aTPyAHUTD BOCIPUATHE TEKCTA ciIymareseM. B 3ToM KOHTeKCTe BHeJIpeHNe
3BYKOBBIX 3aKOHOMEPHOCTEH Ka3aXxCKOI'o A3bIKA B CUCTEMY CHMHTE3a pe4u ABJIAETCA OJHOU U3
aKTyaJIbHBIX Hay4HBIX 3a7ja4. B cTraTbe paccMaTpuBalTCA HMCTOpUA HM3ydeHus opdosnuu B
Ka3axCKOM A3BIKO3HAHWM U COBpEeMEHHbIe Hay4Hble HallpaBJIeHUA B JaHHOU 00J1aCTH, a TaKkxe
IpeJicTaBJieH 0630p 0TeueCTBEHHBIX U 3apyOeXHbIX 1cciiefoBaHui. Ha ocHOBe poBeAEHHOTO
a"Haim3a OOOCHOBBIBAeTCA HEOOXOAWMOCTb CHCTEMHOIO MOJeJUPOBaHUuA (OHETUKO-
(oHOIOrNYECKUX 1 IPOCOANYECKUX OCOOEHHOCTEH TeKCTa [J1A NOBBIIIeHNA KayecTBa CUHTe3a
peun. B xone ucciieioBaHKA MCHOJIb30BaHbI TPyAbl Ka3axckux yu4éHeix WU. KenecGaeBa, M.
bamakaeBa, C. Mnip3abekoBa, P. Ce3apik, A. XynwmcOeka, 3. bazapbaeBoli, MOCBAINEHHbBIE
BOIlpocaM opdo3InHy, a TeOpeTUYeCKHe aClIeKThl CUHTe3a peur paCCMOTPEHBI B CONTOCTAaBJIEHUN
¢ 3apy0eXxXHBIMU HccyiefoBaHuAMU. KpoMe Toro, aHaamusnpyoTcsa 0COOEHHOCTH COBPEMEHHBIX
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CHUCTeM CHHTe3a peun Kazaxckoro ssbika (Kazakh TTS2, Kazakh ASR u fgpyrue npoekTsi),
a TaKXe XapaKTepu3yeTcsA CTeleHb MCIIOJIb30BaHWsA B HUX Op(osnnuecknx HOpM. B craTbe
paccMaTpuBalTCA 0COOEHHOCTH KOMIWJIATUBHBIX, TapaMeTpruYecKrx, GOpMaHTHBIX METOI0B
1 MeTOJOB, OCHOBAaHHBIX Ha HEHPOHHBIX CeTAX, NPUMEHAEMBbIX NPU pealn3aluu CUHTe3a
peuy, a Takxe UX poJib B MOEJIMPOBAaHUN A3BIKOBOIo MaTepuasia. Ha ocHOBe NpoBeEHHBIX
rccJIe[JOBaHUN IpejJjlaraeTcs CUCTEMHOE HCMOJIb30BaHHe Op(dOdNMUuecKrx aJropuTMOB U
IIPOCOANYECKOM pa3MeTKH AJIA COBEPIIeHCTBOBAHNA CUCTEM CUHTE3a peur Ka3aXCKoro A3bIKa.
Takxe aHAIU3UPYIOTCA OCOOEHHOCTH OP(HO3NMUYECKOr0 OCBOEHMs 3aMCTBOBAHHBIX CJIOB U
IIyTH aflanTalyy X NPOU3HOIIEHNA K (POHETUUECKNM 3aKOHOMEPHOCTAM Ka3aXxCKOr'o A3bIKA.
B pesynbpTaTe mcciefoBaHUsA AOKA3aHO, YTO CHCTEMHOE MOJesINpoBaHue OpdosnruecKrx
HOPM U IIPOCOJINYECKUX OCOOEHHOCTEH IMOBHIIIAeT eCTeCTBEHHOCTh CUHTEe3MPOBAHHON peuu
n obsierdaer BOCHpUATHE TEKCTa cjylaTresjaeM. Pe3ysbTaTel HCCJIEOOBAHUA IO3BOJIAIOT
0oJiee TOUHO MOJEJIMPOBaTh 3ByKOBBIE M IIPOCOANYECKHE OCOOEHHOCTH Ka3axCKOIo sA3bIKa B
111G poBOI cpejie U pacHMpAIT TeopeTUYecKre U NMpUKJIaJHble OCHOBBI COBEPIIEHCTBOBAHUA
TEXHOJIOTUI CUHTEe3a peydu.

KiiroueBble cjioBa: CHTE3 peun, 0pdoamus, IPoCOANKa, MOJesib, OpposnndecKas HopMa,
(poHeTHUECKME 3aKOHOMEPHOCTH, 3aMMCTBOBAaHHOE CJIOBO, pUTMHYECKasd IpyIlna, 3aKOH
CHHrapMOHU3Ma, peaykuusa, ¢poHema.

Introduction

In recent years, digital technologies have increasingly permeated the field of linguistics,
providing a foundation for the development of new language technologies and digital platforms.
One important area in this regard is speech synthesis. The development of a Kazakh speech
synthesis system requires consideration of the orthoepic, prosodic, and phonetic characteristics
of the Kazakh language. Particular attention should also be paid to the natural pronunciation
of loanwords within speech synthesis systems. This is important because the pronunciation
of loanwords incorporated into a speech synthesis system should, as far as possible, conform
to the orthoepic norms of the Kazakh language and thereby contribute to the naturalness
and intelligibility of synthesized speech. To achieve this objective, loanwords need to be
systematically analyzed and modeled according to the phonetic and orthoepic patterns of
Kazakh. In this context, the present study examines and models the pronunciation of words in
accordance with established orthoepic norms, with particular emphasis on the pronunciation
and phonetic adaptation of loanwords. Such modeling contributes to the naturalness of
synthesized speech and can serve as a computational model for reproducing features of
natural spoken language. Modern speech synthesis systems provide a range of functionalities,
including text-to-speech (TTS) conversion, playback of generated audio, and the generation
or downloading of audio files in formats such as MP3. The development of such technologies
is particularly relevant for languages with rapidly expanding digital resources and speech
technology infrastructure. For comparison, speech synthesis technologies developed for the
Uzbek language demonstrate the potential for incorporating language-specific phonetic and
articulatory characteristics into synthesized speech. Some Uzbek speech synthesis systems
reproduce the articulatory properties of consonants and the duration of vowels, thereby
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contributing to more natural-sounding speech. Uzbek speech synthesis technologies are also
being applied in various domains, including the development of tourist audio guides, the
production of educational and language-learning materials, public-address announcements,
multimedia presentations, and advertising content. These applications demonstrate the
practical potential of speech synthesis technologies and provide a useful comparative basis
for the further development of Kazakh speech synthesis systems.

When analyzing domestic and foreign research, it can be seen that speech synthesis systems
are considered in two directions. One is an engineering approach based on technical modeling
and relying on phonemic transcription and acoustic parameters (Taylor, 2009); the other is
a linguistic approach based on the the internal structural patterns of a language, orthoepic
norms, positional, and combinatorial changes. In the modern speech synthesis system, these
two directions are used in a complex way, combining (Bazarbayeva et al., 2025). In the
practice of foreign speech synthesis, the modeling and reproduction of vocabulary stock is
mainly carried out using data-driven neural approaches. This approach enables learning of
speech units from large amounts of text data. In Kazakh linguistics, speech synthesis systems
are also often developed based on neural models. Orthoepy refers to the correct pronunciation
of words and phrases. In general, the orthoepy system of each language is based on its
internal laws. The basic pillar of phonology in the Kazakh language is the law of harmony. It
is known that the law of harmony is divided into two: palatal (tongue) harmony and labial
(lip) harmony. In this regard, in the speech synthesis system, the orthoepic norm is taken as
a basis, and the law of harmony of sounds is observed. This is because non-compliance with
the orthoepic norm and prosodic specifics in the speech synthesis system violates the word's
natural sound, making it difficult to perceive. In this regard, transferring the orthoepic norm
to the model is an important step toward improving the Kazakh speech synthesis system.
Although loanwords used in various fields are written according to the orthographic norm, in
spoken language, some are pronounced in their adopted form, while others are pronounced in
their original form. In this way, it is noticeable that the pronunciation of loanwords in spoken
language is not consistent. If they are used in different versions that are not regulated in the
speech synthesis system, their pronunciation will also be unclear. Therefore, modeling of
borrowings in a single system is important both theoretically and practically. Consequently,
maintaining orthoepic norms and regulating the ways of modeling loanwords for the Kazakh
speech synthesis system are scientifically relevant. So, the article considers the modeling of
Kazakh and loanwords according to orthoepic standards. This increases the naturalness of the
Kazakh speech synthesis system.

Materials and research methods

The research material is based on scientific studies that address theoretical problems in
Kazakh orthoepy and speech synthesis. In particular, the studies of I. Kenesbayev’s “Qazaq
til biliminin maseleleri” (Kenesbayev, 2014), M. Balaqayev’s “Qazaq adebi tili zhane onyn
normalary” (Balaqayev , 1984), S. Myrzabekov’s “Qazaq tilinin fonetikasy” (Myrzabekov,
2004), R. Syzdyq’s “Qazaq tilinin anyqtagyshy (emle, tynys belgileri, soz sazy)” (Syzdyq,
2000), A. Zhunisbek’s “Qazaq til biliminin maseleleri” (Zhunisbek, 2009), Z.M. Bazarbayeva’s
“Intonologia” (Bazarbayeva, 2022) served as the basis for writing the issue of orthoepy.
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Furthermore, to substantiate the scientific findings on speech synthesis, the following
foundational studies were utilized: T. Dutoit’s “An Introduction to Text-to-Speech Synthesis”
(Dutoit, 1997), P. Taylor’s “Text-to-Speech Synthesis” (Taylor, 2009), J.C. Wells’ “English
Intonation: An Introduction Text” (Wells, 2007), D.V. Pantyukhin’s “Neironnye seti sinteza rechi
golosovyh pomoshnikov i poiushih avtomatov” (Pantyukhin, 2021), L.N. Yasnitsky’s “Vvedenie
v iskustvenny intellekt” (Yasnitsky, 2010), A.V. Frolov and G.V. Frolov’s “Sintez i raspoznavanie
rechi. Sovremennye resheniya” (A.V. Frolov and G.V. Frolov, 2003), as well as B.M. Lobanov and
L.I. Tsirulnik’s works called “Kompjuterny sintez I klonirovanie rechi” (Lobanov and Tsirulnik,
2008). Currently, several speech synthesis systems have been developed to sound out text in
the Kazakh language. One of them is the demo program “Kazakh Text-to-Speech Conversion -
2 (Kazakh TTS2)” developed by the Institute of Intelligent Systems and Artificial Intelligence
(ISSAI) of Nazarbayev University. This program reads Kazakh text using 3 female and 2 male
voices. A demo version is available on the institute's website. Additionally, the Kazakh ASR
system developed by specialists at the Institute of Informatics and Mathematics focuses on
speech recognition. This program converts spoken words into text and instantly creates a ready-
made text. These issues can be seen in the speech synthesis system developed by the Til-Qazyna
Scientific and Practical Center. As shown in the text, words are read immediately according to
their orthography. Therefore, it is very important to synthesize Kazakh words in accordance
with orthoepic norms. To develop such a speech synthesis system, all the laws of the Kazakh
language, phonetics, and prosodic features must be taken into account.

The history of speech synthesis dates back to the 10th century, when Gerbert de Aurillac
created a bronze human head and developed it so that it could say “yes” or “no” to a
questioner. And in the mid-13th century, monk Albert von Bellstedt (Albertus Magnus) and
English philosopher Roger Bacon created a model of a “talking head.” This was the first step
towards speech synthesis at a time when technology was still in its infancy. At the end of the
18th century, the German scientist G. Kratzenstein was the first to create a model of five long
vowel sounds (a, 3, 4, 0, y) produced during human speech. Through this model, different
shapes of acoustic resonators are created depending on the vibrations of vowels. In 1788, the
Austrian scientist Wolfgang von Kempelen continued the work of G. Kratzenstein, creating
a model of the lips and tongue and inventing an acoustic-mechanical speaking machine that
could pronounce certain sounds, speaking in the voice of a 3-to 4-year-old child.

Having evolved from these early fundamental acoustic-mechanical experiments to the
digital era, global speech synthesis research laid the foundation for modern algorithms, the
adaptation of which in Kazakhstan required a deep consideration of the unique phonetic and
prosodic characteristics of the Kazakh language.

Speech synthesis in Kazakh linguistics originates from the research of A. Zhunisbek, Z. M.
Bazarbayeva, and A. Fazylzhan. The results of the scientists' research are the basis for improving
modern speech synthesis. In this regard, the article is guided by the works of A. Zhunisbek
“Qazaq til biliminin maseleleri”, Z.M. Bazarbayeva “Qazaq fonologiasynyn negizderi”, and
the research of A. Fazylzhan. The study was guided by the research of Professor A. Zhunisbek
in describing the acoustic and articulatory characteristics of sounds. When considering the
prosody of speech synthesis, we rely on the conclusions of Academician Z.M. Bazarbayeva.
At the same time, we all know that discreteness is important in the synthesis of words, and in
this regard, we can rely on the research of A. Fazylzhan.
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In considering speech synthesis from a phonetic-phonological perspective, the work of N.
Uali “Orfografia, Orfoepia, Grafica” (Uali, 2018), the study of A. Zhunisbek “Qazaq fonetikasy”
(Zhunisbek, 2009), as well as the studies of Z. M. Bazarbayeva entitled “Intonologia”
(Bazarbayeva, 2025), “Qazaq fonologiasynyn negizderi” (Qazaq fonologiasynyn..., 2022),
the K. Kuderinova's monograph “Qazaq zhazuynyn tarihy men teoriasy” (Kuderinova, 2013),
and the A. Fazylzhan's work “Soz sazy zhane Intonatcia” (Fazylzhan, 2022) were used as a
basis for the theoretical substantiation of the article.

Every year, thanks to advances in computer technology, the quality of speech synthesis
improves, and its realistic sound becomes increasingly noticeable. As mentioned earlier, its
application in various fields has also been expanding.

When speech synthesis is used to transcribe any text, the phonetic features, phoneme
position, and word orthoepy must first be considered for its prosody, as well as the combination
and transformation of sounds, to come out naturally. Thanks to this, the quality of speech
synthesis increases; it works faster, the harmony of sounds and melody in the oral text is
preserved, and it sounds realistic in accordance with the peculiarities of the Kazakh language.

For the implementation of speech synthesis, compilative, articulatory formant, and corpus
methods are used.

In parametric synthesis, the set of messages is small and is used in cases where they do
not change frequently. The quality of parametric synthesis is very high. However, parametric
synthesis cannot be used for messages that are not predefined. While the formant sound
modeling method uses a model that models the acoustic characteristics of speech sounds
(especially vowels) based on the pitch and timbre of the voice, the parametric synthesis
method represents the speech signal as a set of a small number of continuously varying
parameters.

Parametric synthesis is used where the set of messages is limited and does not change
frequently. Using the method of synchronous analysis of suprasegmental units, it is possible
to identify true prosodic features and adapt the model to speech synthesis by analyzing
intonation units in modern Kazakh linguistics.

Compilative synthesis is based on constructing a message from a dictionary of pre-written
synthesis elements. The size of the synthesis elements is at least one word. Therefore, the
content of synthesized messages is limited by the vocabulary. As a rule, the number of
vocabulary units does not exceed several hundred words. Compilative synthesis is widely
used in various fields. For example, it is used in mobile operators' reference services to obtain
information about the subscriber's account status.

Full speech synthesis according to rules.

Full rule-based speech synthesis allows for the generation of speech from previously
unknown texts, controlling all parameters of the speech signal. The method is distinguished
by two main features:

- Articulatory synthesis - creates speech by modeling the movements of human speech
organs (tongue, lips, larynx), i.e., modeling the movements of human speech organs (tongue,
lips, vocal cords);

- Formant synthesis is the computational implementation of speech formats. It models
sounds based on acoustics, such as formant frequencies. It takes into account the phonetic
characteristics of the language. It is a phoneme-based synthesis; that is, a word is divided into
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phonemes, and its transformation is determined. For example, texts that are included in speech
synthesis are divided into several parts, such as syntagma, rhythmic group, prosody, and
intonation modeling. The intonation characteristics of the text are important for increasing
the naturalness of speech. In this regard, the text that is included in the speech synthesis is
divided into rhythmic groups and syntagmas. A rhythmic group is the smallest meaningful
group of words united by a rhythmic stress on the last syllable. The smallest fragment in
spoken language that demonstrates the close connection between syntactic structure and
intonation is a syntagma (Bazarbayeva et all, 2025: 50).

When using the formant synthesis method, the resonators quickly arrange each sound in
the correct order. This method differs from the compilation method in that it places a greater
load on the processor, increases the memory volume, and stores special algorithms in the
synthesis program. In both cases, after production, it is necessary to smooth out the traces of
connection between the sounds of the same word. The Kazakh language's articulation, that is,
the organ of speech, is not accustomed to immediately forming other vowels or consonants
when pronouncing sounds. To achieve this, after generating sounds in both directions, it's
necessary to combine and correct the sounds within a word. To do this, the synthesis program
must be provided with an algorithm for the sounds and systematized.

Research background

Kazakh orthography is a field that studies the sound system of the language and the
pronunciation patterns of words. Although orthoepy was not specifically considered at the
beginning of the 20th century, examples and some information show that it is a separate
issue. This issue originates from the works of scientists such as Akhmet Baitursynuly,
Telzhan Shonanuly, Eldes Omarov, Khalel Dosmukhameduly, and Kudaibergen Zhubanov.
For example, in Akhmet Baitursynuly’s studies, it is shown that the consonant sounds K,
k are pronounced as r, r (Baitursynuly, 2013: 87). T. Shonanuly also paid attention to the
peculiarities of pronunciation of sounds and regularities in spoken speech. M. Balaqayev
divided language culture into two areas, considering the first as the language of the press and
the second as the language of speech. Orthoepy was described as the main component of the
culture of correct speech (Balaqaev, 1984: 101). During that period, the problems of vowel
pronunciation, consonants, intonation, influence, and stress were systematically presented
in the textbooks by M. Balaqayev, G. Begaliev, N. Sauranbayev, I. Kenesbayev, and other
scholars. In the 1970s-90s, Kazakh orthoepy began to take shape as a science. The works of
M. Duisebayeva, “Qazaq adebi tili orfoepiasynyn negizgi maseleleri” (Duisebayeva, 1966),
“Qazaq tilinin qysqasha orfoepikalyq sozdigi” (Duisebayeva, 1981); K. Netalieva “Orfoepia
normalary turaly’ (Netalieva, 1972), “Qazaq tilinin orfoepikalyq sozdigi” (Netalieva, 1977);
R. Syzdyk “Soz sazy” (Syzdyk, 1983) made a great contribution to the systematization of
orthoepy norms. These studies examined phonemic changes in words, the influence of syllable
and stress, and suprasegmental phenomena. Similarly, among those who contributed to the
study and implementation of Kazakh orthoepy, one can mention the research of A. Zhunisbek,
S. Myrzabekov, N. Uali, Z. Bazarbayeva, K. Kuderinova, A. Fazylzhan. In the works of these
researchers, the problem of orthoepy was considered from segmental and suprasegmental, as
well as phonological perspectives.
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The problem of speech synthesis has been comprehensively examined, and its practical
aspects have been implemented in practice throughout the world, particularly in Russia,
the USA, Japan, France, and other countries. For example, in Russian linguistics, research
related to speech synthesis was first widely discussed in 1971 in the works of M.F. Derkaya,
N.G. Zagoruyko, G. Fant, and I. Lizhenkrantz. Similarly, the works of scientists such as
L.V. Bondarko, S.V. Golubtsova, L.V. Zlatoustov, and V.N. Sorokina served as the basis for
considering various aspects of speech synthesis.

And now there are several studies related to speech synthesis systems. These studies look
at speech synthesis systems from a new perspective. For example, in the work of A.V. Frolov
and G.V. Frolov, “Synthesis and speech recognition. Modern solutions” (A.V. Frolov & G.V.
Frolov, 2003), linguistic units and phonetic changes, as well as the correct pronunciation of
words and the function of the auditory organs, are considered. In addition, the study includes
speech synthesis, text recognition, and information representation through neural systems, as
well as a comprehensive analysis of punctuation marks related to speech synthesis systems
in the work of I.S. Chardin and O.F. Krivnova, “Pausing in Natural and Synthesized Speech”
(Krivnova & Chardin, 2014).

The work also defines the function of pauses considered at the suprasegmental level. It
describes various variants of pauses during unprepared speech and reading text recorded
in a computer program. The next work is called “Computer synthesis and speech cloning”
(2008), written by B.M. Lobanov and L.I. Tsirulnik. This work considers the phonetic-acoustic
foundations and phonetic-acoustic methods of speech synthesis through text, articulatory
methods, and formant and compilation methods.

Analysis

The main goal of a speech synthesis system is to make written text sound natural and
understandable. To achieve this goal, large volumes of written texts were pronounced
according to orthoepic norms. For synthesized speech to be of high quality, its database
must be very rich, extensive, and comprehensive (representative). This database must be
analyzed based on phonetic-phonological and prosodic foundations. Synthesized speech
based on a system of phonetic-phonological and prosodic knowledge becomes natural and
understandable to the listener.

The practical significance of speech synthesis. Speech synthesis is of great practical importance,
as it is currently widely used in many areas with the rapid development of information and
communication technologies. In education, text-to-speech tools are widely used by students
and in educational resources. This tool is becoming an effective learning resource, especially
for visually impaired students. On mobile devices and with virtual assistants, platforms
like Siri, Google Assistant, and Yandex Alice can interact with the user in natural language,
converting text to speech. In transportation systems, GPS navigators provide voice-activated
directions, helping drivers quickly navigate their surroundings. In government agencies and
the banking sector, automated voice systems (for example, in call centers) provide customer
service without a human operator. Furthermore, the development of the Kazakh language
speech synthesis system is an important step in strengthening the position of the state language
in the digital space. Currently, the number of systems implementing speech synthesis in the
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Kazakh language is limited, and most are still under development. This increases the need
for high-quality speech synthesis that takes into account the orthoepic features of the Kazakh
language. When creating a speech synthesis system, its quality should be based on certain
requirements. These requirements should take into account the naturalness, intelligibility,
and phonetic accuracy of speech. Accordingly, the main requirements for synthesized speech
are systematized below.

Naturalness. Synthesized speech should not be too far removed from the natural human
voice. Voice intonation, speech rate, melody, and pauses should correspond to the context of
the speech.

Intelligibility. Words and sentences should be heard clearly and distinctly. To do this,
it is necessary to exclude violations of the articulation of announcers in the sounding of
texts obtained for speech synthesis, that is, deviations in the pronunciation of sounds and
incompatible movement of the organs of speech (tongue, lips, palate), as well as distortion or
merging of words. Synthesized speech should be equally understandable to users of different
age groups and social groups.

Phonetic accuracy. Speech synthesis should be developed in accordance with the phonetic
laws of the language. It is especially important to maintain harmony, assimilation of vowels
and consonants in the Kazakh language, as well as the orthoepic norm, because demand
directly affects the natural transmission of the language.

Intonation structure. Intonation must be correctly constructed to match the meaning of
the sentence. For example, a question should have a rising intonation, and an exclamatory
sentence should have an emotional accent. A variety of intonation patterns helps prevent
monotony and enhances the naturalness and expressiveness of synthesized speech.

To improve the quality of Kazakh speech synthesis, it is important to develop both an
algorithm for modeling phonetic changes within words and phrases and a system of prosodic
annotation. The interaction of these two mechanisms can contribute to the naturalness of
synthesized speech, its conformity with the pronunciation norms of the literary language,
and its intelligibility to listeners. First, the orthoepic algorithm aims to accurately pronounce
words in written text in accordance with the Kazakh language sound regularities.

In the Kazakh language, there are frequent differences in spelling and pronunciation,
such as sound interaction, the softening of hard consonants, and the front-back distinction
of vowels, which directly affect the actual pronunciation of a word. If these changes are
not taken into account in the synthesis algorithm, the sound will be artificial and will not
correspond to the literary norm. Secondly, prosodic notation takes into account such prosodic
components as melody, stress, pauses, and tempo. Without this notation, synthesized speech
will not sound monotone, smooth, or natural. Intonation in the Kazakh language is essential
not only for conveying meaning but also for facilitating the listener's comprehension. For
example, a declarative sentence and an interrogative sentence have different intonations.
Prosodic notation allows us to divide sentences into phrases, syntagmas, and rhythmic groups,
so that the syntagmas of the texts included in the synthesis system are correctly placed, and
the intonation is formed naturally (Bazarbayeva, 2022).

While the orthographic algorithm ensures accuracy at the sound level, prosodic notation
increases the expressiveness and naturalness of speech. In this regard, in accordance with
the above task, the orthographic algorithm within words and within word groups was based
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on the model presented in the work “Orthographic identifier of the Kazakh language (an
auxiliary tool for radio and television journalists)” (Qazaq tilinin orfoepiyalyq anyqtagyshy
(radio, telezhurnalisterge arnalgan komekshi qural, 2004). An example of this can be seen in
the tables below (Tables 1, 2, 3).

Table 1. Reduction of the vowel sounds /s1/i/ within or between words
1-kecme. Ce3 imiHjeri Hemece o3 apaJIbIFbIHAAFH JAYbICTH /bl/i/ ABIOBICTAPBIHBIH, PeAYKIUAIaHY bl
Tabnuya 1. PenyKijys rJIacHBIX 3BYKOB /bl/i/ BHYTPU WUJIA MEXAY CJIOBAMU

The omission of the vowels /s1/i/
Written form Spoken form
aprhl ata (ancestor) apr'aTta
eki ynait (ambiguous) fex'ymart
xeTi ara (ancestry up to the seventh generation) xKeT'aTa
eki apa (the space between the two) fiex'apa
epreri-agni3 (folktale and legend) tepTer'aHpi3
canteiask (handled wooden bowl/cup (traditional Kazakh vessel) canT'aniak
capeiMaii (butter) cap'mait
Capsriaram (Saryagash - proper noun/place name) Cap'aram
6epi okes (bring it here) Oep'oket
emkiemep (lizard, whippoorwill) fermk'emep

Table 2. Reduction of the vowel sound /a/ within or between words
2-kecme. Ce3 illliHeri HeMece Ce3 apaJIbIFBIHAAFB JAyBICTH /a/ OBIOBICBIHBIH, peayKIUAIaHybl
Tabnuya 2. Peqykuus rjacHOTO 3ByKa /a/ BHYTPHU WX MeXAy CJI0BaMu

The omission of the vowel /a/ (a+a, a+e,a+e,a+0)
Written form Spoken form
asmMa aram (apple tree) ajM'arar
ara-aHa (parents) aT'aHa
ayaeTkes (air passage, etc.) ay'eTKeJ
*kana aii (new month) XaH'an
nasa anta6s! (the heat of the steppe) nasrantadbl
Kapa eJieH (traditional Kazakh folk verse, Kazakh folk song-poetry ) Kap'eJieH
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kapa et (lean, clean meat or meat pulp)

Kap'et

kapa opmaH (black forest, dark forest)

Kap'opMaH

Table 3. Reduction of the vowel sound /e/ within or between words

3-kecme. Ce3 imiHAeri HeMece co3 apaJIBIFBIHAFHI JAYBICTH /€/ ABIOBICBIHBIH PeAYKIUAIAHYbI

Tabuya 3. PeyKiys rjiacHoOro 3ByKa /e/ BHyTPU WA MeXy CJI0BaMU

The omission of the vowel /e/
Written form Spoken form
xeoke arami (linden tree, lime tree, Tilia) JKeK'aralll
ekne aram (planted forest, forest plantation) ek aramm
icke acy (to be implemented) ick'acyy
testeeHiM (TV product) TeJIOHYM
TeHre any (taking money (literal; context may be needed) TeHT' aJIYy
tesieapHa (TV channel) Te'apHa
Geiine eHiM (video product) OeliH' oHYM
keste anMansl (could not come) KeJTasiMabl

The tables above clearly demonstrate the patterns of sound changes within and between
words. Only by systematically transforming these patterns into an algorithmic basis will
synthesized speech become natural and easily understandable, in accordance with the
norms of literary language.

Sound changes within a word are determined by the interaction of neighboring sounds
in spoken speech. For example, the omission of the intervening vowel in the words argy
ata — [arg'ata], dala aptaby — [dal'aptaBy] allows for easy and rapid pronunciation of
the word rhythm. Maintaining orthoepic and prosodic norms is a basic requirement for
restoring the natural sound of speech in the Kazakh language. Only when these norms
are implemented algorithmically will the synthesized word meet the requirements of the
literary language, be natural, and easy to understand. As an example of these laws, the
changes in sounds within words and in word groups are shown in our study. Similarly, the
phenomenon of reduction is also of particular importance in the speech synthesis system.
Reduction (from Latin reductio - return, moving back, retraction) is a phenomenon related
to vowels, that is, the obscuring of a vowel within a word. Reduction is mainly experienced
by stressed vowels (Qazirgi qazagq tili stilistikasy men orfoepiiasy, 2025). In the Kazakh
language, reduction should be understood as the weakening and being pronounced with a
reduced (obscured) quality of vowels in a certain sound environment. From an orthoepic
point of view, ignoring such phenomena increases the artificiality of the synthesized word,
since the natural harmony of sounds is disturbed. Therefore, the synthesis system should

224



Zh.T. Zhumabayeva, N. Ospangazieva, A.M. Zhalalova Turkic Studies Journal (2026) 212-235

automatically recognize sound phenomena at the algorithm level and select the correct
pronunciation option based on them. Such an automated orthographic algorithm not only
ensures phonetic accuracy but also, in conjunction with prosodic features, increases the
naturalness of speech. The intonation and rhythmic structures of speech also depend on
these sound compactifications. That is, the interrelation between orthographic and prosodic
norms is the main indicator of the quality of speech synthesis in Kazakh. Accordingly, in
our article, we provide the following rules for the speech synthesis system to sound in
accordance with orthoepic norms:

- when the voiceless consonants k, k¥ are placed among words, between two vowels, and
after a vowel, they are pronounced as ¢, 2, for example, koeeacitiex (kekdxucuek), keeatma (KoK
ama), keemy3 (kek my3), Kasaedcepi (kazak sicepi), kynaz acyy (Ky/iax acy), scapuiedyHytie
(Jcapvix dyHue), 6ytwyzem (Oystwiblk em), KoHa2xcall (KoOHakdxcatl), KoHypey3 (KOHbIp Ky3),
Kopa-zoricy (kopa-Koncel);

- if the first syllable of two words forming a rhythmic group ends in the consonants 3,
D, J, M, H, H, 1, ¥, the sounds ¥, k at the beginning of the next syllable are pronounced as
2, e, for example, kaz-eamap (¥a3-kamap), eHepeacin (eHepkacin), barzatimak (6at Kaiimak,),
a3aH-2a3aH (a3av-Kasza), xcvliaHee3 (dcbUTtaH ke3), kotiee3 (Kol Ke3), kaiizatidazvl (xatl
Katidaewl) yyeekipe (ykekipe), mycayeecep (mycaykecep);

- if the first syllable of the words forming a rhythmic group ends in one of the vowels
a e Yy, i, u, i, the sounds k, k in the second pair will be pronounced as voiced sounds:
amaeonyc (ama KoHwvlc), bomace3 (boma ke3), yiieecenyy (yiice Keyry), kbickbleillim (KblCKbl
Kuim), KbLTbllice3 (KbLtu K63), eckieiliim (ecki Kuim), eryyeapasst (ety Kapassl), ylieacbiHoa
(vt xacvinoa);

- if the first part of a compound word or phrase ends in a vowel, sonorant, or voiced
consonant sound, the sounds ¥, k in the second part will be pronounced as voiced sounds e,
e: anaeest (ana keut), kapazol (kapa xoil), xotizopa (xoii kopa), Tatdvteopzan (TatdviKopea),
kapacek (kapa Kex), kapacesieHke (kapa KeJieHke), Ke3zapac (ke3kapac), caHaaama
(ocankanma), He evutaceiy? (He Kultaceiy?) (Qazagq tilinin orfoepiyalyq anyqtagyshy (radio,
telezhurnalisterge arnalgan komekshi qural, 2004).

According to these rules, if the announcer reads the text while strictly adhering to
orthographic rules, the quality of speech synthesis will improve, the naturalness of the
pronunciation will increase, and the listener will be able to perceive the text more easily.
Similarly, when the H sound is adjacent to the sounds k, ¥ within a word or between words,
the 1 sound becomes #, and the k, k sounds become ¢, &: Jcanebitiap (AHcaHKuAp), JFcaHaarTma
(oicax katma), Kazanean (Kazaukan), kaHevld (kaHkul3), maHeary (maH Katy), myuﬁeamyy
(myH xamy), sxcaneytiep (dHcaHkytiep), dywnayeo3 (dywnaxkes) (Qazagq tilinin orfoepiyalyq
anyqtagyshy (radio, telezhurnalisterge arnalgan komekshi qural, 2004).

To ensure accurate and natural pronunciation, speech synthesis should be based on the
established orthoepic norms of the Kazakh language. This is because the synthesized sound
must be pleasant to the ear and pronounced in accordance with orthoepic norms, keeping
the phonetic laws of the Kazakh language. It is the main indicator of language culture.
The fact that some vowels and consonants change during speech is not only a phonetic
norm but also demonstrates the natural form, intonation, and tone of the Kazakh language,
which distinguishes it from other languages. If the synthesized word preserves all of this,
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we believe we can reveal the nature of the Kazakh language and create a lexical synthesis
based on orthoepy. Furthermore, the selection of speakers reading the audio recording is
crucial in this study. After all, it is the speaker who brings the prepared text to life. The
main task of the speaker reading the text is to read according to the rules of orthoepy.
This allows the speaker to develop a consistent speech style and adhere to orthoepical
norms throughout their presentation. Thus, each text entered into the synthesis system
is first created in accordance with orthoepic standards. Thus, a verbal synthesis created
in accordance with the natural pronunciation of the Kazakh language preserves the sonic
richness of the national language and paves the way for its development in a digital society
(Qazaq soz sintezin qurastyrushylarga arnalgan nusqaulyq, 2025). Here is a sample of a text
created according to the orthoepic norm:

“endi Gyst 2yHOe // COJ WIbH2A WHIKKAH // HCaTebiut WelHap // Gatesin mapmein_// Jcac
Kyyamka moJtynmy /// I§931p ) Yoearn // Kbic new atias da // minmi / may bayyﬂy oa //
Komep 60J1¥yba1-; eanean “edi /// man andviHoa / 6lpeaHa cazam Mbl3ebleaHbl “bomaca //
abati 6yt mym)y // yukycy3 Yemky3dy /// 6ipak / asi masean xcox /// ami de / kiman
nemin'yHystyyode /// YJIKeH ycmest ycmyHOoe // WaTKAC"HaH aUbLTbLN Jcamxay ziman // 5ip’\
demec ast0eHeule /// _dpanyyau mindepoe myyeaH / 6¥J‘[ eimanmop // 6yeyHYocy dcepee yoxyc
Kestin // Kbi3blk nac Kockaw /// abail rcakc'yeynamvln wazamati / mypKy Kimanmapsimer
aamap mutin // abaii evliiHaTHIN mycyHemiH // apab / napcel KHcoHe yOJlapOaH. eepy 7 0e //
st / @ypypax mitiemin // yopycminiubeei’}imanmap /// abatidviy JACIUUILLTIKMAE 0Ky YHAH
// byeyHe' OKYYYHYH ) MaKCClmbl ()a backa /// kimanmaw anamsim 6UILM HYCKaHbIH //
OyeyH mipwinikmiy — eonma 20JT 2epe2'yuyn // acwlevic Kadcem noseam Oipwaz'edi ///
abati coyay eyHbepOe // acipec'ocy coHey myHde // Y63YHO " 6ypyH / anbbmm " Gonmazam
6ipxande /// Yot 6ip  “ecki eaﬂbuvzc)ap ma // “payawzap ma // comapdaii  Gipeyiid'omyp
/// Yocy ocatlina / ye3y mar—;blpxau mycyn // Kbl3blabln ‘ma eapauabl /// napcel / mypKy

Kimonmapet  // 5¥H¥ “Bipece Lulupa30bu-; eyJi3apuii'akemedi /// camMapKaHHwH Masap
avlilMapammapslHa “eadanmadwl /// Mapyy mewxemmin Miliyastsl // OYI6yI0y 6a1§mapblHa
// CanKbiH / camant xayy3dapuiH'yHyimedi /// yor'akbiHdap MekeH ‘emkeH evipam / 2a3*Ha
// 6azoammuiH capawmpblHa // medpecesiepine // KimanxchmapblHaAmapmabbl /// HeJiep
bIKbLTLLM 3aMAHOAP “Botly // acakambili KatiKbl KbUTbIUMAPLL // MbIHLLMCHL3 maiimasacnex
// Kapui ypycyn " YemkeH apab / napcel / mypyk / MYH2YJT mapitixsiHa 1da // ken ken KOHYJ‘[
mapmaost /// (The Path of Abai).

It is known that today, many words in the Kazakh language are pronounced according
to the Russian pronunciation pattern. Such a trend is especially pronounced in everyday
language use. As a result, the pronunciation of loanwords has diverged somewhat from the
Kazakh language phonetic laws. During the development of the speech synthesis system,
the following model was created, designed to bring the pronunciation of loanwords as
close as possible to the orthoepic norms of the Kazakh language. This model was created
using the spelling rules for foreign words outlined in the document “Latyn alipbiinin zhobasy
negizdemesi”. This is because the naturalness and intelligibility of synthesized speech largely
depend on the accurate pronunciation of words. This allows the pronunciation of loanwords
to be brought closer to the phonetic patterns of the Kazakh language (Table 4).
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Table 4. Rules of pronunciation of loanwords in the speech synthesis system (model)
4-kecme. Co3 cuHTe3i XyleciHJe KipMe ce3aepiH AbObICTaTy epexeci (yJiri)
Ta6nuya 4. TpaBusa IPOM3HOLIEHN 3aUMCTBOBAaHHBIX CJIOB B CHCTEMeE CHHTe3a peul (Mojiesib)

Transmission of loanwords

Kazakh pronunciation

Additional note

The letter “€” is
pronounced as /e/

6pyyeste3, akmep, ameba, Oepiii-
Jicep, peaxciticep

The letter “11” is
pronounced as /11/

yitlpk, yemeHm

The letter “3” is
pronounced as /e/

tiestemeHm, liesiekmip

The letter “10” is
pronounced as /fiy/ at the
beginning of a word and
after a vowel

liyan, liyHesas1, Kallyma,

The letter “10” is
pronounced as /y/ after a
consonant.

Oypo, 6ypokpam, Jtycmpd, pyK-
3aK, cydcem, 6ysiemeH, 6yoicem,

npodycep

Suffixes are attached in harmony with the final syllable

The letter “a” is
pronounced as /fia/ at the
beginning of a word and
after a vowel

tiaxma, tiadpo

The letter “a” is
pronounced as /9/ after a
consonant

6ilLTap0, ilimastoH, pa3pao, K-
KyJ1omop

The letter “a” after the
letter “n” is pronounced
as /a/

xitimitia, 6uoJtociiia

The letter “u” is
pronounced as /4/

YeMnitioH, yam, cKo4, May

A syllable containing the
soft sign () is pronounced
with front vowels

as160M, 62713aM, AHCOMOUT,
¢eoski0p, 6amasieH, Kopest

But
If the syllable with the soft sign (»)
contains the letters “e”, “i” the front
vowels are not taken into account:
npemepa, amesie, aKeapesi, ApmuKi,
bapep, kezisn, stazep, pesied

If a syllable (or word)
contains the hard sign (b),
it is dropped in any case
while pronouncing

cybekT, o0eKT, desaerep,
abeKTiliB
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The letter “B” is
pronounced as /B/

asmo, espo, espa3us

The letter combination
“nr” at the end of a word
is pronounced as /HK/

60yJTiliHK, OpIliQiliHK, PIliHK,
DAaHK, CJTeHK

In words with the letter
combination “mx”, the
consonant “xa” is not
pronounced; only the /x/

sound is pronounced

MEHEeNCMEeHM, KAPMPILIC, dHCeH-
meJiMeH, Komedic

But
When the letter combination “mx”
affects its meaning, it is pronounced
as 0acas, ddcem, 6yddcem, JT00XCill

If the doubled letters “cc”,
“MM”’ “I[J-I”’ “TT”, “(p(b”,
“HH”’ “66’7’ “pp”’ “HH”’
“1_‘1_,”’ “I['E[”’ “KK”’ “yy”,
“00” appear in the middle
of a word, one of them

will drop

Komiticap, namiticoH, citltabyyec,
KoJtedc, KopecnoHOeHm, Kopoiti-
Ham

But
In cases where the doubled letters
affect the meaning of the word, they
are pronounced as macca, MoHHA,
Kacca, dosutap, 6pymmo, Hemmo,
Hoocgepa

The final letters of words
ending with the letter
combinations “ct”,
“BT”, “¢T’, “HKT”, “PKT
are dropped during
pronunciation

”

¢anmac, ¢oremitic,
¢yymyypiiic, myypitic

But
It is pronounced without dropping
at the end of monosyllabic words:
mecm, nocm, su¢gpm

The sound “a” at the end
of loanwords is dropped
if it does not affect the
meaning of the word.

Kapoitioepam, opgpepam,
KancyyJt, kopoditinam, ¢poHem,
Mmoppem

But
The sound “a” is retained in cases
where it affects the meaning of the
word and in two-syllable words:
mamemamuxa, nedacoeuxa, cmamu-
cmuka, HopMa, ¢asza

Some borrowings that
start with the letter “o”
are pronounced according
to their version in lingua
franca

6ankomam, modepamop, Oitipex-
mop, ¢orem, mopgem, ¢poremiti-
Ka, ¢porostozitia

The letter “u” represents
the sounds /w1ii/ and /
nii/; this system is also
preserved in loanwords

JiekciiikoJoriiia, TypKoJioriiia,
reHjep nariii, Mmefiiia

According to this given model, the following examples can be given. The example is
presented in a table (Table 5).
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Table 5. Pronunciation of loanwords in the speech synthesis system

5-kecme. Ce3 cuHTe3i XyleciHae KipMe co3/iepaiH JbIObICTATYbI
Tabsuya 5. [IponsHoIIeHNE 3aMCTBOBAHHBIX CJIOB B CICTEME CUHTE3a PEYN

Loanwords pronounced with the sound /o/

Loanwords

Pronunciation
of the loanwords

Examples

octeoH (osteon; Yocme'oH OcTelioH — OopTaJiblK ©3eKTi KopIllaii OpHaIackaH eTe
Haversian system) Maiia cyiiekTi TabakKiiagapbHBIH TYTIKTi Xylieci
(Osteon is a tubular system of very small bone plates
surrounding the central nucleus)
peHTreHorpamMma | peHeEHozpama Cyiiek keciHfijepinfie HeMece peHrEHorpamaza exi
(a radiograph or KYPBUIBIM/IBI abibipyFa 6os1agel (Two structures can be
X-ray image) distinguished in bone sections or X-rays)
The letter “3” is pronounced as the sound /e/
DHecMall- lendecmastobl O ergecMasnzpl cyiiek fen atananst (It is called desmal
el (desmal (intramembranous) bone
(intramembranous)
The letter “a” is pronounced as /3/ or /a/
[NeprieHaUKY AP nepneHotiKytap [MeprieHaifiKy IopJbl TabaKIa MYPEIH KaJIKAChIHBIH
(perpendicular) KypambiHa Kipeni (The perpendicular plate is included in
the nasal septum)
AHaToMus aHamomitia Tize OybIHBIHAA KONTereH KaMIIbIK ilIiHAEri )koHe
(anatomy) KAIIIBIKTAH THIC aHATOMiHaIBIK KypsUIsiMaap 6ap (The
knee joint contains many intracapsular and extracapsular
anatomical structures)
Words pronounced with the omitted soft sign (»)
@dpoHTaIAH / ¢pormasnov OH eKiHII Key/1e OMBIPTKACBIHAH 6acKaIapbIHbIH OybIH-
dpoHTaBB JbIK eciHAiepi GpoHTaIAbI XKa3bIKTHIKKA OaFbITTaIFaH
(frontal) (The articular processes of all vertebrae, except the twelfth
thoracic vertebra, are directed in the frontal plane)
Pronunciation of the soft sign () with front vowels
MoHacThIpb MOHICMbID MemiT xxaHBIHAH MeJpeceJsiep, MipKey >KaHbIHaH
(monastery) MPifIXOATHIK, COOOPJIBIK, MOHCTBIPJIBIK MEKTEeNTep
ambigel (Madrasahs were opened near mosque, and
parish, cathedral, and monastic schools were opened near
churches)
BaranpoH 6amastex OpaJt ka3ak-ophIC aTKpINITap GaTaJIeHBIHAA 9CKePH Jopi-
(battalion) repJiik Kei3amet aTkapansl (Oral serves as a military doctor

in the Kazakh-Russian Rifle Battalion)
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Pronunciation of the sound /1/

Bucriepangsig giticyepayioviy ATranraH eki fora Bilicuepasiablk 0oJsica, 6ackaiapsl
(visceral) Kxesibe3ekTik fmen atanansl (These two arches are called
visceral, while the others are called gill arches)

The pronunciation of two adjacent consonants

IIpodeccop npogecop IIpodecop Xanen JocMyxaMeayIbIHBIH Tapux, dAe0uer,
(professor) Tij1 GistimMi FRUIBIMAAPEL cajlachiH/Ia fa OipHellle FhUTBIMU
eH6exTepi 6ap (Professor Khalel Dosmukhamedov had also
several scientific works in the fields of history, literature,
and linguistics)

Pronunciation of borrowed foreign words without changing the Russian or original version
leads to a violation of the phonetic and orthoepic laws of the Kazakh language. In particular,
the inconsistency of the pronunciation of loanwords with the phonetic features of the Kazakh
language affects the non-compliance with the law of consonance and violation of the natural
sound system of the language. Therefore, when developing the speech synthesis system, the
goal was to bring the pronunciation of borrowings as close as possible to the orthoepic norms
of the Kazakh language. This approach increases the naturalness of synthesized speech and
makes it easier for the listener to perceive and understand. In addition, the inclusion of
orthoepy for loanwords in the model and the given linguistic data provides support for the
results of this study.

Results

For a speech synthesis system to produce natural-sounding and intelligible speech,
established orthoepic norms must be taken into account. For this, the orthoepic norm was
determined from two perspectives. One is the orthoepic norm of Kazakh texts, and the other
is the orthoepic norm of loanwords. In this regard, all texts were based as much as possible on
the orthoepic norm in modeling. The incorporation of these norms enables a speech synthesis
system to reflect the language-specific phonetic and prosodic characteristics of Kazakh. Since
the speech synthesis system is the pronunciation of the written text, compliance with the
orthoepic norm enhances its functionality. Also, through the speech synthesis system, the
originality, national color, and sound changes of Kazakh orthoepy will be preserved in the
future. Through this, young people will be able to recognize the features, models, and rules
of correct Kazakh pronunciation. Therefore, the article presents rules for the pronunciation
of Kazakh words according to the orthoepic norm, based on linguistic data, and develops a
model for the pronunciation of loanwords. The loanwords were taken from texts included
in the speech synthesis system. These texts were taken from natural science textbooks. The
sound characteristics of the loanwords in the textbook texts were analyzed and adapted to
conform to the Kazakh language phonological rules. Their orthoepic model was proposed.
The use of these models increases the naturalness of the synthesized speech. This allows the
listener to easily perceive oral speech and correctly understand any information. The results
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of the study are of practical value in improving speech synthesis systems. The proposed rules
and models will also serve as a basis for future orthoepic pronunciation of various texts. They
are especially useful in the fields of education, mass media, and digital content. Therefore, it
is necessary to introduce loanwords into the speech synthesis system while maintaining the
model of oral speech, which is based on the natural and sound harmony rules of the Kazakh
language.

Conclusion

The article considers the issues of modeling the speech synthesis system in the Kazakh
language based on orthoepic norms and analyzes its theoretical and applied aspects. During
the study, it was found that the quality of speech synthesis depends primarily on the
correct transmission of orthoepic and prosodic patterns. In this regard, the importance of
systematically modeling the phonetic and phonological features of the Kazakh language,
positional and combinatorial changes of sounds, as well as suprasegmental phenomena such
as intonation, rhythm, and stress in the speech synthesis system was identified. The study
showed that the use of orthoepic and prosodic notation in interrelation is one of the main
conditions for ensuring the naturalness of speech synthesis. It has also been proven that a
systematic description of phonetic patterns, such as sound changes within words and word
groups, the phenomenon of reduction, and the interaction of sounds, allows for improving
the quality of the synthesis system. It has also been proven that a systematic description of
phonetic patterns, such as sound changes within words and word groups, the phenomenon
of reduction, and the interaction of sounds, allows for improving the quality of the synthesis
system. The article also examines the orthoepic features of loanwords in the modern Kazakh
language and adapts their pronunciation to the phonetic patterns of the Kazakh language. A
model was created to systematize the pronunciation of loanwords in spoken language. This is
especially important when text-to-speech applications, since the model systematizes a large
amount of material, which increases the quality of speech synthesis, and in the process of
mastering it, there is a lack of consistency.

In general, the conducted study results indicate the need to comprehensively take into
account orthoepic norms, phonetic-phonological patterns, and prosodic features in improving
the speech synthesis system in the Kazakh language. The proposed orthoepic models and
pronunciation rules can contribute to more natural pronunciation in Kazakh speech synthesis,
thereby improving the intelligibility and overall quality of synthesized speech.
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opekeTTecy KYOBUIBICHIH, COHJAM-aK MYHAl KYOBLIBICTBIH CHUHTE3 JXYUeCiHiH camachiH
J)aKcapTyFa MYMKiHJiK OepeTiHiH Tajgaabl.

XKananosa Axwaili MakcymosHa Kasak TijiHAeri KipMme ce3AepAiH Op¢O3NUAIBIK
epexlIeJiKTepiH Tajjamn, oOJlapAblH [AbIOBICTAJYBIH Ka3aK TiJiHIH  (OHEeTHUKaJIBIK
3aHABUIBIKTAapbIHA OeiliMey KoJiAapblH YCBIH/IbI, MaKaIaHbl peJaKyaIaabl.

Bxstad agmopoa:

XKymabaesa XKanap TosteHduesHa pa3paboTajia CTPYKTYpy CTaTbU, PacCMOTPeJia BOIIPOCHI
MO/JIeJIMPOBAaHNA CHUCTEMBI CHHTEe3a CJIOB B Ka3aXCKOM f3blKe Ha OCHOBe Op(hO3NNYECKUX
HOPM, [TIPOaHAJIN3UPOBaJIa ee TeOPeTUUeCcKylo U IPUKJIaAHYI0 IPUPOAY, a Takxe pazpaboTasa
KOHIIENIIMIO0 U MeTOI0JIOTHI0 NCC/IeJOBAaHMA.

Ocnaneasuesa Hazey e npoaHanusrpoBasia GeHoMeH 3ByKOBBIX M3MEHEHUI BHYTpPHU CJIOB
1 Ha CTBIKE CJIOB, peyKIIHMIO 3ByKa Ha OCHOBe (pOHEeTUYeCKNX 3aKOHOB U UX B3aUMOJeNCTBIE,
a Takxe TO, KaK TaKoe sIBJIeHHe MOXeT yJIy4IIUTh KauyecTBO CUCTEMbl CHTe3a.

XKananosa Axwaii MakcymogHa TpoaHanu3upoBaia opdosnuyeckrue OCOOeHHOCTU
3aMMCTBOBAHHBIX CJIOB B Ka3axCKOM s3blKe, MpeaJIoXuUIa CIocoObl ajanTanuy Hx
IIPOM3HOIIeHNs K GPOHEeTUYeCKUM 3aKOHAM Ka3axCKOro f3bIKa, OTPeJaKTUpOBasia CTaThio.
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