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1. Introduction

Today, adapting technology to human needs — specif-
ically, enabling computers to speak written text — has be-
come a rapidly developing trend — in line with contemporary
demands. In this context, the need to synthesize speech
from Kazakh-language texts has emerged as a pressing re-
quirement. Speech synthesis, after all, refers to the correct
articulation of written text in terms of both orthoepy and
prosody — that is, its transformation into spoken language.

The history of speech synthesis dates back to the 10th
century. In the mid-13th century, the first known example
was created by the monk Albertus Magnus (Albert von Boll-
stiddt) and the English philosopher Roger Bacon, who con-
structed a prototype known as the “talking head.” By the end
of the 18th century, the German scholar Christian Kratzen-
stein developed a model for five sustained vowel sounds (a,
e, 1, 0, u) based on real human speech. In 1788, building
upon his research, a mechanical-acoustic speaking machine
was created using models of the lips and tongue, capable of
producing specific sounds. Remarkably, this machine could
mimic the voice of a child aged three or four.

Introduction to the Problem of the Study

Subsequently, in 1837, a more advanced version was
developed by Charles Wheatstone, capable of producing both
vowel and consonant sounds. In 1846, Joseph Faber further
extended the possibilities of speech synthesis by demonstrat-
ing that machines could be designed not only to produce
speech but also to sing. As research expanded, by the end
of the 19th century, Alexander Graham Bell and Wheatstone
develop a mechanical speaking machine model. The 20th
century marked the beginning of the electronic era, in which
scientists began using sound wave generators and working
toward creating algorithmic models of speech.

In 1920, Homer Dudley, an engineer at a major Ameri-
can company, invented a device called the VOCODER (from
voice and coder), which could be operated using a keyboard.
Originally designed for broadcasting purposes at radio sta-
tions, the VOCODER was later adapted for use in various
musical genres. The earliest phrase-based speech synthesiz-
ers produced highly artificial output. However, over time
and through ongoing experimentation, these synthesizers
were gradually refined to approximate natural speech more

closely. Eventually, an optimized version of Dudley's in-

vention, known as the VODER, was presented at the 1939
World’s Fair in New York.

By the late 1950s, the first speech synthesis system
was developed using computational technology, and in 1968,
a “text-to-speech” synthesizer was constructed. At the be-
ginning of the 1960s, speech synthesis began to be stud-
ied from an acoustic perspective. In the 1970s, in an ef-
fort to improve speech synthesis, scientists from Moscow,
Leningrad, Minsk, and Tallinn collaborated to develop a
phoneme-formant synthesizer based on the principles of for-
mant synthesis. This resulted in the creation of the first
device called Phonemophone-1, and later its improved ver-
sion, Phonemophone-3, which eventually entered industrial
use.

Researchers examined automated speech synthesis
from articulatory and acoustic perspectives. Articulatory syn-
thesis was implemented using mechanical synthesizers that
mimicked the way sounds are physically formed in the vocal
tract, whereas acoustic synthesis employed various types
of electronic synthesizers to generate speech signals. Re-
search in speech synthesis continued to progress and deepen.
For instance, from the 1980s onward, advances in modern
technology enabled a wide range of experimental investiga-
tions !,

Speech synthesis is the outcome of technological and
linguistic research aimed at modeling the natural human
voice. Through the artificial construction of speech signals,
written texts are transformed into spoken language. To en-
sure that speech synthesis is both high-quality and realistic,
several factors must be taken into account: the texts should
represent diverse subject areas, they must be normalized,
and the audio recordings of a speaker must be aligned with
the corresponding texts and uploaded into the software sys-
tem. Speech synthesis generally aims to achieve two key
objectives: clarity and naturalness.

To achieve this goal, it is essential to consider the fol-
lowing linguistic aspects: the positional patterns of the small-
est segments in Kazakh texts, the articulatory, acoustic, and
perceptual characteristics of individual sounds; the phonetic
changes that occur within words and at word boundaries;
the manifestation of intonemes in spontaneous speech; and
the prosodic features of continuous speech flow. This is be-
cause speech synthesis is based on phonetic laws and aims
to imitate human speech patterns with the highest degree of
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naturalness and precision. Phonetic laws regulate the func-
tioning and evolution of a language’s sound system, ensuring
the stability of phonological units while also governing their
continuous variation, mutual alternation, and combinatory
potential 1.

At present, there are several efficient speech synthe-
sis systems in operation. One notable example is the demo
program titled Kazakh Text-to-Speech 2 (Kazakh TTS2) de-
veloped by the Institute of Smart Systems and Artificial In-
telligence (ISSAI) at Nazarbayev University. This program
features three female and two male voices, with each speaker
contributing over 25 hours of recorded speech data. The
demo version is available on the Institute’s official website.
However, it currently lacks the capability to process numbers
and abbreviations.

In parallel, the Institute of Informatics and Mathemat-
ics has developed Kazakh ASR, a speech recognition program
functioning within a Telegram bot, which performs the oppo-
site task by converting spoken language into written text. An-
other speech synthesis system developed by the Til-Qazyna
National Scientific and Practical Center also operates within
a Telegram bot and is characterized by its reliance on ortho-
graphic pronunciation, meaning it vocalizes words exactly
as they are written.

Considering these available systems, the issue of en-
suring phonetic accuracy — especially in accordance with
normative Kazakh orthoepy — remains a pressing priority in
the development of Kazakh-language speech synthesis. To
this end, the phonetic and prosodic properties of the Kazakh
language play a vital role.

The function of speech synthesis extends to a variety of
fields, including audio advertising and marketing (where TTS
can generate voice messages tailored for media channels);
education and learning (TTS assists in the creation of audio
materials and educational resources to facilitate effective
learning and information acquisition); interactive voice sys-
tems (TTS simplifies client interaction through voice menus
and automated voice responses); and multimedia platforms
(TTS enhances user engagement by creating realistic voice
characters for video games, animations, and audio tours)[3!.

In order for synthesized speech to sound natural —
with coherent prosody and authentic sound combinations
and modifications — it is essential to first account for the

phonetic characteristics of the language, the positional be-

havior of phonemes, and the orthoepic norms of words. This
approach improves the overall quality of speech synthesis,
ensures efficient performance, preserves the phonological
harmony and melodic flow of spoken language, and results
in a more authentic sound that reflects the unique features of
the Kazakh language.

In the current era of rapid advancement in informa-
tion technologies and artificial intelligence, the development
and enhancement of speech technologies across various lan-
guages have become one of the key priorities. Among them,
the development of Kazakh speech synthesis plays a crucial
role in promoting and expanding the use of the state language
in the digital space.

However, the creation of natural, authentic, and or-
thoepically accurate Kazakh speech synthesis still requires
comprehensive research. Although existing synthesizers are
capable of producing basic vocal output, they often fail to
fully reflect prosodic features such as rhythm and intonation,
as well as phonetic-phonological phenomena like vowel and
consonant harmony, assimilation, and reduction ).

In this regard, the issue addressed in this article is highly
relevant to the current technological demands. High-quality
speech synthesis is not merely the conversion of text into
voice, but a complex linguistic-acoustic process aimed at
generating speech that is both intelligible and natural for
listeners. Furthermore, the development of accurate Kazakh
speech synthesizers opens up broad opportunities for appli-
cation in fields such as education, assistive technologies,
mobile applications, and voice-based user interfaces.

The goal is to develop high-quality and efficient syn-
thesis technologies for Kazakh speech synthesis that produce
natural, authentic, and orthoepically accurate speech by tak-
ing into account phonetic and phonological rules. This aim
is to expand the use of the state language in the digital space
and enhance the capabilities of Kazakh speech synthesis
in fields such as education, assistive technologies, mobile
applications, and voice-based interfaces[>!.

The theoretical significance of this article lies in its
phonetic investigation of modern Kazakh speech, both at
the segmental and suprasegmental levels, as well as in its
comprehensive study of Kazakh word orthoepy and into-
nation. The harmony of vowels and the compatibility of
consonants in Kazakh, along with phonetic phenomena such

as reduction, assimilation, and dissimilation, contribute to
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systematizing the orthoepic norms of Kazakh speech. In or-
der for Kazakh speech synthesis to preserve its natural form
and produce authentic vocalizations — i.e., to maintain its
orthoepic norms — it is necessary to formulate clear rules.
The practical significance of the article lies in its po-
tential to support the work of researchers and software de-
velopers engaged in speech synthesis. Studies in this field,
aligned with current advances in technology, contribute to

the enhancement of artificial intelligence performance.

2. Materials and Methods

Materials. The demo program “Kazakh Text-to-Speech
Conversion — 2 (Kazakh TTS2),” developed by Nazarbayev
University’s Institute of Smart Systems and Artificial Intel-
ligence (ISSAI), and the Kazakh ASR program created by
specialists from the Institute of Informatics and Mathematics
in the field of speech recognition, were utilized alongside
theoretical studies and textbook materials to substantiate the
phonetic characteristics of speech synthesis. The research
material involved the creation of an algorithm for modeling
the changes occurring within words, at word boundaries,
and between rhythmic groups, as well as the annotation of
prosodic features, to ensure authentic synthesis of speech in
accordance with orthoepic and prosodic norms. Specifically,
the text of the 10th-grade Kazakh Literature textbook was
analyzed from the perspectives of orthoepy and prosody to
provide a reliable phonetic foundation for speech synthesis.
The aim was to address the prosodic labeling of the text and
capture the nuanced sound variations that emerge naturally
in spoken language. In constructing speech synthesis, two
different approaches are employed.

Linguistic sources — such as textbooks, language pro-
grams, and linguistic studies in Kazakh, Russian, and other
languages — serve as essential foundations for understand-
ing key linguistic concepts like sound, phoneme, variant,
variation, assimilation rules, and orthoepy. These materials
contribute to the linguistic substantiation of speech synthesis
and provide the necessary data for modeling and implement-
ing it accurately in the Kazakh language.

The concatenative synthesis method is based on record-
ing and storing individual sound samples, voiced and read by
a speaker (a voice talent or announcer). These samples are

adapted according to the variants and variations of sounds

and their phonetic changes in actual speech. This method
pays particular attention to the dynamic behavior of vow-
els and consonants, making it suitable for modeling natural
speech variability.

The formant-based synthesis method operates primar-
ily through an intonational model. In this approach, speech
synthesis emphasizes the prosodic annotation of the text,
which includes melody (pitch contour), tempo (speech rate),
and pause marking. It also involves segmenting the text into
meaningful prosodic units, or syntagmas, based on semantic
and syntactic structure.

Parametric synthesis is another method characterized
by high-quality speech output in contexts with limited and
repetitive message sets. However, its applicability is re-
stricted to predefined messages and cannot be flexibly
adapted to novel or spontaneous text inputs.

Rule-based full speech synthesis allows the generation
of speech from previously unknown texts by controlling all
parameters of the speech signal. This method includes two
distinct subtypes:

— Articulatory synthesis, which models the physical
movements of human speech organs (tongue, lips, glottis),
simulating how speech is produced anatomically.

— Formant synthesis, which is based on computing
speech formants — acoustic resonances of the vocal tract —
modeling sounds using acoustic parameters such as formant
frequencies, taking into account the phonetic specifics of the
language.

Neural network-based synthesis, exemplified by
Tacotron and VITS, incorporates stress patterns, intonation,
and grammatical features of the language. These approaches
are also used by developers to encode linguistic material
into algorithms and computational models for text-to-speech
(TTS) applications.

The article mainly draws upon articulatory and
formant-based approaches for adapting linguistic material
into speech synthesis. In addition, a phoneme-based syn-
thesis method is employed, in which words are segmented
into phonemes, and their possible transformations in speech
are identified. The input text for speech synthesis is divided
into multiple hierarchical units, such as syntagmas, rhythmic
groups, prosodic patterns, and intonational contours.

The intonational structure of the text is particularly

important in enhancing speech naturalness. In this regard,
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the input text is segmented into rhythmic groups and syntag-
mas. A rhythmic group refers to the smallest semantic unit
of speech, unified by a primary stress falling on its final syl-
lable. A syntagma is the smallest spoken unit of speech that
demonstrates the interrelation between syntactic structure
and intonation.

Previous research on speech synthesis has primarily
focused on technical and algorithmic aspects. Specifically,
these studies emphasize engineering solutions such as speech
signal processing, voice data collection, and model train-
ing. In contrast, the present study approaches the issue
from a linguistic perspective, aiming to lay the theoretical
foundation for speech synthesis based on the phonetic and
phonological features of the Kazakh language as well as its
orthoepic norms. In this regard, the study highlights the
interconnection between earlier technical research and lin-
guistic approaches, paving the way for the development of a
high-quality and natural-sounding Kazakh-language speech
synthesizer.

Considering all the above methodologies, the article
examines the material used in speech synthesis through the
lenses of prosody, orthoepic norms, and phonetic character-
istics, with the aim of developing a linguistically grounded

and acoustically natural Kazakh TTS system.

3. Results and Discussion

Research on speech synthesis has been widely explored
across the globe, particularly in Western countries such as
the United States, Japan, and France. In Russian linguistics,
investigations into speech synthesis began as early as 1971,
with foundational works by M.F. Derkach[®], V.N. Sorokin!"],
and G. Fant[®l. Subsequent studies conducted in laborato-
ries at the Royal Institute of Technology in Stockholm fur-
ther advanced the field through the contributions of L.V.
Bondarko®!, S.V. Golubtsoval'l, L.V. Zlataustov!'!], J.L.
Flanagan!'?], and S. Rybin!3], laying the groundwork for
resolving various aspects of speech synthesis. Research in
experimental phonetics related to speech synthesis has also
utilized the work of scholars such as B.M. Lobanov!!4], L.I.
Tsirulnik, and E.Yu. Kyunnap(!31.

In Kazakh linguistics, research on speech synthesis
originates from the works of A. Jiinisbek, Z.M. Bazarbayeva,
and A. Fazylzhan. The results of these scholars' studies

form the theoretical basis for the advancement of contem-
porary speech synthesis in the Kazakh language. Accord-
ingly, the current article relies on several key works, includ-
ing A. Zhunisbek’s!'®! Issues in Kazakh Linguistics, Z.M.
Bazarbayeva’s Foundations of Kazakh Phonology'""), and
the research of A. Fazylzhan. In particular, A. Jiinisbek’s
research was used to describe the acoustic and articulatory
properties of sounds, while Bazarbayeva’s conceptualiza-
tions were instrumental in outlining the prosodic features
of speech synthesis. Discreteness also plays a vital role in
the development of Kazakh speech synthesis, and in this
respect, A. Fazylzhan’s research on the discrete nature of
speech synthesis provided a crucial foundation.

When considering speech synthesis from a phonetic-
phonological perspective, several theoretical sources
were consulted, including N. Wali’s Orthography, Or-
thoepy, and Script, A. Jinisbek’s Kazakh Phonetics, Z.M.
Bazarbayeva’s!'®, Intonology and Kazakh Phonology, Q.
Kuderinova’s('*) monograph History of Kazakh Script; and
A. Fazylzhan’s'?% Melody of Speech and Intonation. These
works collectively informed the theoretical grounding of the
article.

For the implementation of speech synthesis, the arti-
cle also draws upon material from the educational platform
designed for public schools, specifically the 11th-grade text-
book Kazakh Literature for the socio-humanitarian track [>!1,

The study of speech synthesis at the orthoepic and
phonetic-phonological levels is closely tied to the oral speech
culture of the Kazakh language and to its authentic sound
patterns. The preservation of orthoepic norms provides an
opportunity to understand national identity, cognition, and
uniqueness. Therefore, in Kazakh speech synthesis, it is
essential to maintain the principle of sound harmony, which
serves as the core of oral speech. The implementation of
speech synthesis is based on both the orthoepic norm and
speech prosody. In preserving the orthoepic standard, the
method of concatenative synthesis is employed.

To achieve a natural-sounding and high-quality speech
synthesis, authentic spoken samples from a human speaker
are required as foundational data. Naturally, it is impossi-
ble to synthesize speech by modeling and inputting each
phoneme individually into the synthesizer. This is because
when isolated sounds are combined, the resulting synthesized

output lacks naturalness and sounds robotic and unintelli-
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gible. This occurs due to the dynamic changes that sounds
undergo in natural speech. For this reason, it is crucial to
first identify and analyze the phonetic changes that occur
at the boundaries between syllables and between roots and
affixes. Recognizing these contextual variations is essential
to developing a synthesis model that accurately reflects the
natural flow and prosodic structure of spoken Kazakh.

The speaker reads the written text not according to
orthography, but in accordance with orthoepic norms. To
achieve this, the speaker must be instructed on the pho-
netic changes that occur during speech — namely, vowel
harmony and consonant assimilation, morphophonemic al-
ternations between root and suffix, assimilation, dissimila-
tion, reduction, variants and variations, elision, and other
relevant phenomena!?!1. For example, when the verb orcan
(“to burn’) is used in arcanowr (‘burned’), its original form
is preserved. However, in combinations such as ocanbaos
(‘did not burn’) and orcanzan scok (‘has not burned’), it un-
dergoes changes and becomes swcambdaowl, scanzan s#ok,
respectively. Similarly, the rules of variant and varia-
tion in Kazakh must be incorporated into the speech syn-
thesis program. For example: aumwwvi—atimwor (‘say!’),
aumca—aumca (‘if (someone) says’), emce—yomce (‘if
(someone) passes’), kemce—xemce (‘if (someone) leaves’),
bacubi—6aunust (‘leader’), Kobwizubi—KoobiULbL (‘(kObYZ
player’), xabax—xabax (‘eyebrow’), obar—yoban (‘sin’),
koinuwax—kuiniuax (‘Kipchak”) and others 221,

In addition, in Kazakh, sounds such as xk—e, n—6, 6—n
undergo changes at the junctions of words under the influ-
ence of neighboring sounds during actual pronunciation. For
instance, while in writing we have ax ewxi (‘white goat’),
ax ocyn (“white wool’), kapa xoii (‘black sheep’), orcac bana
(‘young child’), in speech they are pronounced as aeewxi,
agoicyn, Kapazoi, scacnana. Thus, when submitting written
text to a synthesis program, it is necessary to account for
these specific phonological patterns of Kazakh and incorpo-
rate orthoepic rules to ensure natural-sounding synthesized
speech.

In other words, in order for the synthesizer to distin-
guish between written text and the phonetic transforma-
tions occurring in actual speech, it is necessary to adapt
the orthoepic norms and morphophonemic changes (es-
pecially between root and suffix) into computer-readable

form. Furthermore, in Kazakh, close vowels are often

weakened and become obscure in pronunciation, undergo-
ing reduction. For example, the words adeipanoay (‘to fid-
get’), ayoizax (‘dry wind’), 6adwvipax (‘bulging’), oapicep
(“doctor’), edipenoey (‘to swagger’), ocaowvipan (‘cheer-
fully’), orcymoiny (‘to unite’), ocyowipwix (‘fist’), uipim
(‘eddy’), xebipex (‘more’), kebinece (‘mostly’), xoxipex
(‘chest’), kamwvinac (‘relation’), kacipem (‘griet”), kyoipem
(‘power’), moaocipude (‘experience’) are pronounced in
speech as ao'panoay, an'3ax, 6aod'pax, dap'zep, ed'pendey,
arcad’pan, ocym'ny, ocyo'pulk, u'pim, keb'pex, rkox'pex,
Keb 'nece, xam'nac, kac'pem, Kyo'pem, maoic'pube, etc.

Thus, in order to create effective speech synthesis, it
is necessary to systematically codify the rules governing re-
duction in Kazakh and integrate them into the synthesizer’s
programming.

In addition, when the final sound of a word ends in
a vowel and the initial sound of the following word also
begins with a vowel, the phenomenon of elision — where
one of the adjacent vowels is dropped — must also be ac-
counted for by the speech synthesizer as a regular phonetic
change in spoken language. For example: kapa ana (‘black
piebald’) becomes xapana; ana armadwvr (‘couldn’t take)
becomes ararmaovt; atima armaiios: (‘cannot say’) becomes
atimanmanowr; scozaput in (‘hang high’) becomes orcozapin;
arcaxcol onep (‘good art’) becomes orcaxconep; scakcol onen
(‘good poem’) becomes orcaxconey; scuvipma armer (‘twenty-
six”) becomes orcusipmanmot; mvina adam (‘this person’) be-
comes mbinaoam; ara ewxi (‘spotted goat’) becomes aneuxi,
and so forth. In other words, although these word pairs are
written separately in orthography, in actual pronunciation
they are articulated in a single breath, and one of the consec-
utive vowels is elided.

Moreover, in contrast to elision, there exists an oppo-
site phonological phenomenon known as apheresis, where
both adjacent vowels are preserved and pronounced together
in one breath to retain the integrity of the word stem. This
too holds a significant place in speech synthesis. In Kazakh
linguistics, such examples are rare and usually concern func-
tional words such as de, arce, Oy (n) (‘this’), o(n) (‘that’), ne
(‘what”), and the particles oa, oe, ma, me. For example, we
write and pronounce re azdwuiy? (‘what did you take?’), ne
icmentin? (‘what should I do?’) with both vowels intact.
However, in the case of particles, the pronunciation differs.

For instance, orcazein ma anowr (‘wrote and took’) is pro-
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nounced as orcazeinm'anovt, mypoin ma iwmi (‘stood and
drank’) becomes mypoinm iwumi, and mvic na exen (‘was it
copper?’) becomes moicn'exen. Thus, while the meaning
remains unchanged, one of the two consecutive vowels is
dropped in speech 23],

Furthermore, when the final sound of a word is ¢ or 3
and it is followed by a suffix beginning with c or w, the sound
3 changes into ¢, and ¢ changes into w in spoken Kazakh. For
example: ayvizwa (‘oral”) becomes ayviuua; scymuvicuivl
(“‘worker’) becomes orcymbruunt; 6acunt (‘leader’) becomes
bawwl; cosciz (‘undoubtedly’) becomes coccisz; orcascoin
(‘let him/her write”) becomes arcaccoin; ko3ciz (‘blind’) be-
comes xocciz, and so on. Similarly, when the final sound of a
word is # and it is followed by a suffix beginning with &, 2, or
0, the initial consonant of the suffix changes due to phonetic
assimilation. For example: xyree (‘to the sun’) becomes
KyHee, mynee (‘to the night”) becomes mynee; ocanbaiiost
(“doesn’t burn’) becomes arcambaiiovt; conbetioi (‘doesn’t ex-
tinguish”) becomes comberioi, srcanea (‘to the soul/person’)
becomes xcayea, and so forth 24,

Thus, in constructing a speech synthesis model, such
phonological transformations governed by Kazakh's or-
thoepic norms must be encoded and simulated accurately in
the system to produce natural-sounding synthesized speech.

In formant-based — or acoustic model-based — speech
synthesis, neural networks are employed to model the signal.
Since this method is directly tied to voice quality, it relies
on a set of key prosodic parameters, such as pitch contour
(i.e. the fundamental frequency), the number of formants,
and the frequency of each formant. Due to the continuous
change of sounds in natural speech, these parameters also
change dynamically during articulation, with the exception
of the formant count, which remains stable. Consequently,
in constructing a high-quality synthesis, intoneme models
are also integrated, based on how a human speaker would
naturally read the text. For synthesized speech to achieve
prosodic (intonational) quality, it must account for typical
melodic contours (such as rising-falling, falling-rising, or
level pitch patterns) as well as tempo variation (fast or slow
pacing).

First, the text intended for the speaker is divided into
syntagmatic units according to meaning, and then its corre-
sponding intonational structures are identified and modeled.
These include final, non-final, general question, specific

question, exclamatory sentence, strict command, polite com-
mand, and parenthetical segment intonemes >4, In Kazakh,
intonemes indicate whether a sentence is complete or incom-
plete, what emotional stance it conveys, and whether the
utterance represents a general or specific question. There-
fore, the speech synthesizer must adapt to certain prosodic
norms — for instance, a sentence-final drop in pitch or a
mid-sentence rise in pitch to signal incomplete thought 2>,

The non-final intoneme, of course, also depends on
sentence type: in complex sentences, the first clause is usu-
ally pronounced with a non-final intonation, while the sec-
ond clause concludes with a final intoneme. When reading
compound sentences, the speaker starts with a non-final in-
toneme, transitions into a level intonation mid-sentence, and
ends with a final intoneme.

For example:

tanzawksl Oinimin / ayyn MonOAcbIHAH AleaH —/ CaKeH
cetyynnitinoi / axeci 1/ 6ip moiy moayacocys bec / 0ip moly
MOBYAHCHCYC Cei3iHUI dHCblI0apbl —// Hindi 3ayymyHoazel /
Yyopyc-Kazae mekme0dinde yoxymaowi |/

(“THe received his first education / from a village mul-
lah —/ Saken Seifullin / was sent by his father 1/ in 1905 /
and again in 1908 —// to study at the Russian-Kazakh school
/ in the town of Nildy|//”)

In complex sentences, the pitch rises and falls at the be-
ginning, moves through a non-final intonation in the middle,
and decreases toward the end. For example:

latiwa dacmanvinviy / Oac Keiinkepi —// damvip
2bI3bIMbL3 / MoHULy2 Mamemosa boncat// cyiman dacmamnsl 0a
/ Kazakmuly Oamulp mynzaivl —// Hamvicm'yay myypanot |//

(‘7If the main character of the Aysha epic is —// our
heroic daughter / Manshuk Mametova?// then the Sultan epic
is also —// about a brave Kazakh warrior|//*)

A general question intoneme is characterized by a rising
pitch at the end of the syntagm. For example:

THamovicka wabap anvicoimvlz / bonyn myp matl//
6i3 easzip / anan-anayea eenin —// molaviizanw / 6opy
mapizoimiz|//

(‘T Are we heading into a fight for our honour?// Now
we’re like / wolves hiding —// in our dens|//”)

A specific question intoneme also exhibits a rise in
pitch. For example:

tan eenepan-eyybopuamopnap / an2auikbl KOU2AH

minexmepin / Kaooln tiemnece 1// ne icmeiioil// yonoa /
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wewineen cyyoan mabimbaiiovl —// cogyc awaowt|//
(‘tAnd if the governors / do not accept / the initial de-
mands?// what will they do?1// then / they won’t hesitate to
get wet once undressed —// they will declare war|//*)
An exclamatory intoneme, reflecting heightened emo-

tion, is marked by a noticeably raised pitch. For example:

Tconcoy / xo3yne Kyuyneau / Kapa mepoi —// cyx’

caycaevin /lieki Dykmen // coinvipvin macmaosl oa'l// iwinen
maevt / axt// 0edil//

(‘“?Then / with his index finger / he wiped away the
dark sweat —// that had poured into his eyes / folded his
finger in two?// and again, from within / said 4h1//]”)

The strict command intoneme implies that the order
must be fulfilled and is pronounced with a low tone. For
example:

MeHi / xanwvimblz 0e0 ykcyn |/ Taumgansima 2oncynl//
auoayyma sxcypcym|//

(‘Let them / acknowledge me as their khan|/// TLet
them obey1// and go where I order|//”)

The polite command intoneme is not as obligatory in
tone and implies a request, wish, or suggestion, rather than a
strict demand. For example:

2aspuviliiosmyy ye3yHyy / bacein anyy eepex?// 0eoi
//| kenem xamyynauwin kemin'l// dcane yoszonepee cabax
noncyul// oyn yrymoy yocyrnoagol / KawKbiH COL0ammapobly
2o3ynute // yopynoazan oypycl//

(‘He said?// Gavrilyov must be beheaded|// then sud-
denly hardened?// Let it be a lesson to others?// it is better
to carry out this sentence / in front of the fugitive soldiers in
the camp//*)

Finally, the parenthetical segment intoneme adds ex-
planatory or supplementary information and is usually ut-
tered quickly with a raised pitch, conveying that the material
is secondary in importance. For example:

Twbineinoa oa'l// peceil namuwianviebina 6a2bIHObIM
den // b6imim icmeti mypyn / KeHecapvlHuly YO3yH / Xay
eomopmyyyl1// tien 2amuin tiemecl// Y03 2amvln YOunayy
uedil//

(‘TIndeed?// although he pretended to have submitted
to the Russian Empire // and made peace / Kenesary sought
to Tbe enthroned as khan?// not for the good of the peoplet//
but to secure his own power|//*)

Here is the full translation with all examples left in
Cyrillic and their translations provided in brackets nearby,

as requested:

Texts provided with such orthoepic norms and intona-
tion are read aloud by a narrator, and the audio recordings
are input into the speech synthesis program, upon which the
speech synthesis is performed.

Additionally, the text to be synthesized undergoes sev-
eral stages. First, the material to be included in the speech
synthesis is selected. The synthesizer cannot “read” every
word in the orthographic text in its initial form.

There are the following types of non-standard writing
commonly found in spoken language: numbers; special char-
acters that are neither letters nor numbers; abbreviations and
acronyms, etc. These symbols must be converted into “nor-
mal” standard words or similar forms (for example, translit-
eration from another alphabet) in order to be synthesized
— that is, the prepared text must be adapted for reading by
expanding abbreviated words and numbers. This process
occurs in the following order:

Expanding Abbreviations

Any abbreviated word in the texts for speech synthesis
must be fully expanded. For example: 6.3. VI 2zacvipvinan
Typxi xeseni bacmanadwt (‘from the 6th century AD the Tur-
kic period begins’). The abbreviated phrase here would be
expanded as: 6i30iy 3aMaHbLIMBI30bIH ATMBIHWLBL BACLIPLIHAH
Typxi kezeni bacmanaowt (‘from the sixth century of our era
the Turkic period begins’). To ensure that the synthesizer
works correctly — that is, to vocalize any text fully and
naturally — abbreviations must be converted into full words.

When expanding abbreviated words, the following
problems should also be considered. That is, abbreviated
words (acronyms) are used in various fields. In this regard,
abbreviations in texts from different fields appear in various
forms and meanings, so they must be correctly expanded in
accordance with their context.

For example, the following are abbreviations related to
education and science:

KP BFM — Kazaxcman Pecnyonukacvinwiy binim ocone
evLvim munucmpiiei (‘Ministry of Education and Science of
the Republic of Kazakhstan’);

JKOO — JKozapwt oy opuwi (‘institution of higher edu-
cation’);

¥FT — ¥nmmuix 6ipeiyeati mecminey (‘Unified National
Testing’);

31 — Fouvimu-3epmmey uncmumymsi (‘scientific re-
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search institute’);

MIKMBC — Memnexemmix scannviea Minoemmi Oinim
cmandapmei (‘State Compulsory Education Standard’).

Similarly, the following are abbreviations related to
medicine:

KP JICM — Kaszaxcman Pecnyonuxacvinwiy Jlencaynix
caxmay munucmpniei (‘Ministry of Health of the Republic
of Kazakhstan’);

JKPBH — JKeden pecnupamopil 8upycmuli ungexyus
(‘Acute Respiratory Viral Infection’);

KKC — Kan xvicoimsr (blood pressure);

KT — Komnvromepnix momoepagus (‘CT — computed
tomography’);

MPT — Maenummik-pesonancmoly momoepagus
(‘MRI — magnetic resonance imaging’).

The following are abbreviations related to economics
and finance:

KP ¥b — Kaszaxcman Pecnybonuxacvinoviy ¥ammolx
banxi (‘National Bank of the Republic of Kazakhstan’);

KKC — Kocvirzan kyu canvient (‘value-added tax’);

DKO — Luxi sicannot enim (‘gross domestic product’);

KTC — Kopnopamusmix mabwic canviewl (‘corporate
income tax’);

AK — Axyuonepnix kogam (‘joint-stock company’).

The following are abbreviations related to transporta-
tion and logistics:

KK — Kazakcman memip oiconwl (‘Kazakhstan Rail-
ways’);

JKOKE — XKon orcypy epexcenepi (‘traffic rules’);

AKII — Asmomobuns kenik wapyauliviest (‘automo-
bile transport enterprise’);

HOKM — XKanap-scazapmai mamepuanoapw (‘fuel and
lubricants’);

KJKO — Kypzak sicyx kemeci onepamoput (‘dry cargo
ship operator’).

When expanding abbreviations, it is necessary to con-
sider the suffixes attached to them and to write the correct
form. For example, the abbreviation xu. (‘km.”) can be
expanded differently depending on the number preceding it:
1 km = 1 kunomemp (‘1 kilometer’), 2 km = 2 kunomempoi
(‘2 kilometers’ [accusative case]), 5 xm = 5 KuromempOiy
(‘of 5 kilometers’ [genitive case]), 5 km-ce = 5 kuromempee
(‘to 5 kilometers’ [dative case]).

Spelling out Numbers

Not only must abbreviated words but also numbers
that appear in the text must be rendered in words for speech
synthesis. This is because speech synthesis must read numer-
ical data such as dates and years correctly. It is particularly
important to render numbers accurately in texts related to
mathematics. Additionally, some words in a text may be
written in Latin script. In such cases, they need to be cor-
rectly transliterated into Cyrillic. To do this, one uses either
a database of frequently encountered foreign words or sub-
stitution rules that match each Latin letter with its Cyrillic
equivalent.

To achieve high-quality speech synthesis, the most im-
portant requirement is real human speech. When a speaker
reads a written text strictly according to spelling, the re-
sult lacks naturalness and sounds artificial. Therefore, in
order for speech to sound pleasant and melodious to the ear,
Kazakh orthoepy — that is, the norms of spoken language —
must be followed. When the law of vowel harmony is vio-
lated in spoken language, it usually stems from an inability
to distinguish between spoken and written forms. This is
because writing cannot fully represent the way words are
pronounced. From this point of view, the spoken texts used
in synthesis must observe orthoepic norms. Therefore, texts
used for synthesis are edited according to orthoepic rules.

For example: tiepmicmiy yaxon cyyyna 2apaii ynynean
tienic // Kynabepicme nap am WeKKeH JHCeHil mpauneyxe
3vipnanRenedi /// Y3aK KyHeY HCYPYCMOH maimaean ueKi
orcapay “bapan am WoKyma wabaovl /// O scypeyHuLyiep
yocy “Bemimen agviHoan napein // iepmic CYyyHa mycyn
KemepOel /// 0ipag H#omadan CoHOAll HCAKbIH 2OPYHEOH
tiepmic yoHwa makay vemec uexeH /// Hcanagvl 2e3eyHeH
coy~0a can xcauviiamein anay 6ap bon” uvikmol /// con
anayo'ammapoviy Jucenici bacvlavin, KHcall OYIKOKK ayycmy
V4

(‘Down the sloping descent leaning toward the great
waters of the Irtysh, a light carriage drawn by a pair of horses
is speeding along. After a long day’s travel, the two strong
bay horses keep up a steady trot. At that pace, the travelers
seem as though they might rush straight ahead and plunge
into the Irtysh itself. Yet the river, which appeared so close
from the ridge, was not actually that near. Beyond the rise
there turned out to be a small open plain. On that stretch, the
horses’ excitement subsided, and they shifted into an easy

canter.’)
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In order to maintain orthoepic norms, the synthesis pro-
cess is guided by established orthoepic rules. According to N.
Uali, the codification of orthoepic norms should rely not only
on practical experience but also on theoretical foundations.
The scholar emphasizes that as the social importance of oral
communication grows, it becomes even more essential to
define orthoepic norms theoretically. He notes that orthoepy
theories are closely connected with the theories of phoneme
and phonology?®l. In this context, texts used in synthesis
were analyzed from the perspective of phoneme theory.

Phoneme <a>

It occurs in all positions within a word and combines
with all consonants. When following [m1] and [#], [x] and
[i], or when placed after a palatalized syllable and before
another palatalized syllable that begins with [i1], the <a>
phoneme has the acoustic realization [9], that is, it becomes
palatalized. Below are examples of words in which the <a>
phoneme appears in its [9] variant:

K<a>u — acfa]u, w<a>u — wfa]ii, m<a>ticox —
mfafiicex, buo<a>u — 6udfali, ayac<a>iu — [a]yoxc[a]il,
o<a>ykec — OfaJykec, o<a>yrkecmix — O[a]yrecmix,
sic<a>ubapaxam — dncfajibapaxam, sc<a>unubapaxammany
— owc[aubapakammany, oc<a>ubacap — owc[a]nibacap,
oc<a>tizacmulpy — owc[afueacmuipyy, oc<a>ieacy -
arc[afuieacyy, oc<a>iieamy — uclafieamyy, sc<a>iievizy
— agic[a]uievizyy, oc<a>uodax — acfajiodax, sc<a>uodapivi
— orc[a]udapnvl,  oc<a>udapman — orc[afudapman,
arc<a>toapuvl — odicfaliioapel, sc<a>u-kyu — owcfafu-eyil,
ac<a>uxany — ouc[aliuxanyy, oc<a>invt — ouc[a]iinw,
ac<a>uma — ocfafima, oc<a>uma-wyax — dc[afima-
wyyak, sxc<a>icay — ducfaficay, sxc<a>uwa — dcfafiwa,
aHe<a>uwvivlK — oic[a]twblivlk, ac<a>ticvlz — ocfaliicols,
alc<a>unay — oaclafiinay, sc<a>im — oncfaJum.

(“XKaii — [jaj], maii — [[=]], maiicex — [majsek], Onnait
— [bideej], ayxait — [uzaej], naykec — [deukes], naykecTik —
[daeukestik], xkaitbapakar — [jejbaraqat], xxaiibapakarrany
— [jeejbaraqattanu], xaibacap — [jejbasar], >kaitracTeipy —
[jeejyastwru], xxafiracy — [jajyasuu], xxaiirary — [jeejyatu],
XKalrbIzy — [j&jywzuu], xxaiaak — [jejdaq], xainapisr —
[jeejdarly], xaiinapman — [jeejdarman], xaiinapsr — [jejdary],
xKan-KkyH — [jeej-glij], xaikamy — [jejqaluu], xaiinsr — [jejly],
*KaiiMa — [jejma], xkaiMa-myax — [jejma-[uuaq], xaiicay —
[jeejsan], sxaiima — [ja]fa], sxaimbuiblk — [je][ylyq], xaichi3
— [jejswiz], xaiinay — [jeejnau], sxait — [jeejt]’)

Additionally, after the consonant [k], the acoustic real-
ization of the <a> phoneme is [9], meaning it is also palatal-
ized:

K<a>oip — k[a]dip,
K<a>oipni — K[a]oipni, k<a>cmepney — xfaJcmepney,

K<a>oipnen — kfa]dipnen,
K<a>cmepni — x[aJcmepni, x<a>ocem — K[aJocem,
K<a>oicemciz — K[a]ocemcis.

(‘gqadir — [qeedir], qadirlep — [qaedirlep], qadirli —
[qaedirli], qasterleu — [qaesterleu], qasterli — [qaesterli], qazhet
— [qz3et], gazhetsiz — [qe3etsiz]’)

Besides the typical velar timbre of [k], a palatalized
variant with a soft timbre appears, which, at the level of vari-
ation, may be regarded as assimilation. In addition, in the
word xayecem, the [9] is pronounced with a palatalized color
under the influence of the final syllable [e]. However, the
acoustic impression of this vowel lies between a regular [a]
and a typical [2] 7],

Between the consonants [H] and [c], the acoustic re-
alization of the <a> phoneme is also [9]: w<a>cuxam
— Hfa]citixam, n<a>cuxamuwvl — H[d] cilixamuibl, H<a>
cuxammay — nfaJcitixammay. (‘voaocwmoart — [naesijxat],
vacmotony — [nasijxatfy], nasihattau — [nasijxattaw]’)

In borrowed words with a palatalized second syllable,
the <a> phoneme also appears as [9]: diro<a> — 0in0/2],
miam<a>w — miamfaJw, mizm<a>wmolx — minm[a]Jumolx,
oino<a>p — oindfaJp. (‘dilda — [dildee], tilmash — [tilmae(],
tilmashtyq — [tilmae[tyq], dindar — [dindaer]’)

In addition, in the Kazakh language, high vowels are
often weakened, pronounced indistinctly, and undergo re-
duction. For example, the words adsipanoay (‘to fidget, to
move restlessly’), aysizar (‘dry hot wind, scorching wind”),
6aovipar, (‘bulging, protruding’), dapicep (‘doctor, physi-
cian’), edipenoey (‘to swagger, to strut’), arcaowipan (‘cheerful,
radiant, delighted’), orcpmeirvinker (‘closed, shut’), srcyovipsix
(“fist”), xebipex (‘more, rather more’), xebinece (‘mostly,
mainly’), xexipex (‘chest, breast, also figurative: pride’),
xamuinac (‘relation, communication’), xacipem (‘grief, sor-
row’), kyoipem (‘might, divine power’), and maorcipube (‘ex-
perience, practice, experiment’) are realized in pronuncia-
tion as adwvipanoay, aywizak, b6advipax, oapicep, tiedipenoey,
2ACA0BIPAn, IHCYMYIYHKLL, IHCYOYPYK, KOOYPOK, KOKYPOK,
KebyHece, KambiHac, Kacipem, Kyoypem, and maoicipitide (re-
spectively  to behave arrogantly, dry hot wind, bulging, doctor,
to flounce, to smile with delight, slightly closed, fist, more,
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mostly, chest, communication, grief, divine power, and expe-
rience’). In order to generate accurate word synthesis, it is
necessary to systematize such words that undergo reduction
in Kazakh and to formulate specific rules to be integrated into
the speech synthesizer software %],

It is not feasible to model and input each individual
sound into the synthesizer separately when performing word
synthesis. This is because when isolated sounds are simply
combined, the output from the synthesizer does not sound
natural — it produces speech that is robotic and incompre-
hensible. This occurs because, during actual speech, sounds
continuously undergo various phonetic changes. Therefore,
it is imperative to first identify and distinguish the sound
changes that occur between syllables and at the juncture of
root and suffix. In other words, it becomes necessary to spec-
ify and distinguish those changes that arise during speech
production — namely, elisions %],

For instance, ana anmaner — an'anMans (‘could not
take”), ama emki — an'emki (‘spotted goat’), aiita amManIpI
— at'anmaiiiel (‘cannot say’), xorapsl i1 — xorap'in (‘lift
it up’), kakcel eHep — xakc'eHep (‘good art’). Words that
are written separately in orthography are often pronounced
in a single breath in spoken language, and when two vowel
sounds come into contact between words, one of them tends
to be elided.

4. Conclusions

Contemporary TTS (Text-to-Speech) technologies are
continuously evolving and improving, offering users new
possibilities for interaction with digital devices. This on-
going progress opens the way to developing increasingly
sophisticated and natural-sounding voice systems that can
be applied across various aspects of daily life. The imple-
mentation of speech synthesis in the Kazakh language is
not merely a technical process, but also a comprehensive
scientific inquiry grounded in the phonetic, phonological,
prosodic, and orthoepic principles of the language.

In speech synthesis, the orthoepic norms of the Kazakh
language play a decisive role, as the differences between
written text and spoken language directly influence the qual-
ity of synthesis. Only when changes in phonemes, vowel

reduction, elision, and assimilation rules are accounted for

does the synthesized speech sound natural. Therefore, the
models incorporated into the synthesizer must adhere to the
phonetic and phonological laws of the Kazakh language. The
outcomes of this research determine the scientific founda-
tions necessary for producing high-quality Kazakh speech
synthesis. The phonetic and phonological examination of
speech synthesis is crucial for the construction of effective
linguistic algorithms and models.

Given the importance of representing orthoepic norms
and prosodic features in the construction of Kazakh speech
synthesis, texts were segmented into syntagmas. In address-
ing the issue of orthoepic norms in Kazakh, attention was
given to vowel harmony and consonant compatibility, sound
changes between root and suffix, as well as within rhyth-
mic groups; processes such as assimilation, dissimilation,
reduction, variants and variations, elision, etc., were studied
in order to adapt them for speech synthesis and to develop
an appropriate model. For the speech synthesis component
within an educational platform, the textbook Kazakh Liter-
ature for the 11th grade was selected, and each sentence
was analyzed for its orthoepic characteristics and prosodic
patterns (based on eight intonemes). During the research
process, both the concatenative synthesis method and the
formant-acoustic method were employed, and corresponding
models were provided for dictor’s reading.

To ensure that the synthesizer produces speech that is
both natural and intelligible, all texts were pre-processed:
abbreviated words and numbers were expanded into their
full forms, special symbols were clarified, and words written
in Latin script were transliterated into Cyrillic. The synthe-
sis texts underwent these procedures and were subjected to
linguistic analysis.

In conclusion, the development of Kazakh speech syn-
thesis requires a careful distinction between orthographic
and orthoepic conventions, with all relevant phonological
and phonetic changes encoded as formal rules within the
memory of the computer program.
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