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Abstract
This article addresses a range of interrelated issues, including contemporary language (speech)
models and the linguistic evaluation of natural language processing (NLP) mechanisms
underlying their data analysis. Particular attention is devoted to identifying theoretical and
practical limitations within these systems and examining how linguistic structures are
represented, processed, and generated in computational environments. Furthermore, the study
explores the principles of language processing in both humans and artificial intelligence from
the perspective of psycholinguistics—one of the central branches of linguistics concerned with
the relationship between language, cognition, and consciousness. Within this framework,
language acquisition, speech production, and comprehension are viewed as cognitively
grounded processes shaped by internalized grammatical competence and mental representations.
Special emphasis is placed on the formation of the speech production process in human
language compared to artificial intelligence systems. The article analyzes the functional
properties of mental grammar in communicative contexts, highlighting its role in structuring
phonological, morphological, syntactic, and semantic information during real-time speech
generation. By contrasting biologically grounded linguistic competence with algorithmic and
probabilistic language modeling, the study aims to clarify both convergences and fundamental
distinctions between human cognitive language mechanisms and contemporary Al-driven
speech systems.
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Introduction

The progressive development of contemporary society across various sectors is particularly
evident in the rapid advancement of digital technologies and information systems, which provide
individuals worldwide with unprecedented opportunities and convenience. A notable example of
such technological innovation is artificial intelligence (AI). Artificial intelligence refers to
computational systems designed to operate on the basis of structured frameworks, large-scale
datasets, and extensive textual corpora. These systems employ advanced algorithms to analyze,
process, and generate information. At present, Al technologies exist in diverse forms and are
developed for a wide range of applications tailored to specific objectives. Artificial intelligence is
now extensively utilized across nearly all domains, including education, healthcare, business,
finance, and many other sectors. Among the most widely recognized Al-based platforms are
ChatGPT, Gemini, and DeepSeek, among others. Through these systems, users are able to receive
and process information in textual, audio, image, and video formats. This naturally raises an
important question: how are large-scale data repositories utilized within such systems, and do these
technologies possess linguistic competencies that enable meaningful interaction? In any artificial
intelligence system, users may submit queries in their native language or in foreign languages to
retrieve the required information in a desired format. However, a critical issue concerns the
mechanisms by which these systems interpret, analyze, and generate responses. This process is
primarily carried out through the stage known as Natural Language Processing (NLP), which
constitutes a fundamental component of modern Al systems.

Materials and Research Methods

Within the NLP framework, contemporary language models are predominantly based on
artificial neural networks, particularly the transformer architecture. These models segment text into
smaller units (tokens) and model contextual relationships, as well as the grammatical and semantic
structures of sentences. By capturing long-range dependencies and contextual coherence,
transformer-based models achieve high levels of linguistic performance in both comprehension and
generation tasks.For this reason, language models are increasingly regarded as representing a new
stage in the development of modern linguistics. They demonstrate both theoretical and practical
significance across various subfields, including corpus linguistics, psycholinguistics, linguistic
typology, and applied linguistics. Through NLP methodologies, it becomes possible to identify and
analyze psycholinguistic and applied linguistic issues that may arise in language production and
comprehension within Al systems. The primary objective of Natural Language Processing (NLP) is
to enable computers to comprehend structured textual data and to interpret it in a semantically
accurate manner.[Joan. B and Ronald M.K,2017]. NLP encompasses several major subfields,
including machine translation, speech recognition, sentiment (emotion) analysis, question
answering, text summarization, chatbot systems, text classification, and named entity recognition,
among others. Through NLP technologies, digital systems are capable of processing, identifying,
and interpreting both written and spoken language in electronic environments. From a linguistic
perspective, the analysis of language models involves examining how these systems operate with
linguistic units and the extent to which they conform to established linguistic principles.

Literature Review

In this context, it is essential to address the concept of mental grammar. Mental grammar
refers to the internalized system of linguistic rules formed within the human mind, which enables
individuals to comprehend words, combine them grammatically to construct sentences, and apply
them appropriately according to context during communication.This concept is closely related to
the theory of Universal Grammar proposed by Noam Chomsky, who argued that humans possess an
innate grammatical capacity that allows them to acquire and use language based on internalized
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structural principles. Accordingly, the natural formation of mental grammar during communication
can be identified through several linguistic features. From a phonological perspective, correct
pronunciation, stress placement, intonation patterns, and phonetic alternations are automatically
governed by an individual’s internal linguistic system. These processes are particularly evident in
native language communication, where phonological rules are applied unconsciously and
fluently,[Lukasz.B,2025]. From a morphological perspective, mental grammar enables the correct
formation of words, the appropriate use of derivational and inflectional affixes, and their accurate
grammatical interpretation within context. For example, in Uzbek, derivational and inflectional
processes such as o‘qimoq — o‘qidi (read — read [past tense]) and kitob — kitobxon (book — reader)
demonstrate how multiple lexical forms can be generated from a single root and correctly applied
across tense or semantic categories. These processes occur automatically within human cognition.
From a syntactic perspective, mental grammar governs sentence structure, including the formation
of simple and complex sentences, the identification of actions and their agents, and the capacity to
construct novel grammatical utterances.[.Derek.C and Keith J,2025] For instance, Uzbek sentence
structure typically follows a Subject + Object + Predicate (SOV) order, whereas in some other
languages the structure may follow a Subject + Predicate + Object (SVO) pattern. From a semantic
perspective, mental grammar facilitates the interpretation and production of meaning in context,
including polysemy, metaphor, irony, humor, and other figurative or context-dependent
expressions.

Discussion and Results

In contemporary language models — such as ChatGPT, Gemini, Suno Al, ZeroGPT Detector,
Gamma, and Alice, among others — the process of natural language processing involves multiple
interconnected stages designed to simulate aspects of linguistic comprehension and production. The
first stage of this systematization process is tokenization, in which a text is segmented into smaller
units known as tokens (i.e., words, phrases, or symbols). Each token is subsequently converted into
a numerical identifier that can be processed computationally. The next stage is embedding
(vectorization), whereby each token is transformed into a high-dimensional vector representation.
These vectors encode semantic meaning, syntactic function, and contextual relationships. Through
deep learning mechanisms, the model captures complex linguistic patterns by mapping tokens into a
multidimensional semantic space, where relational similarities and contextual dependencies can be
quantitatively modeled. Modern language models are primarily based on the transformer
architecture. They are trained on extremely large textual corpora, where the principal learning
objective is next-token prediction. During the training phase, the model learns to estimate the
probability distribution of a subsequent token given the preceding sequence. In the generation
phase, tokens are produced sequentially. At each step, the model calculates a probability
distribution over possible candidate tokens based on the previously generated tokens and selects the
most probable (or contextually appropriate) one. This process is repeated iteratively, resulting in
coherent text generation.From this explanation, it becomes evident that human language processing
and computational language modeling operate on fundamentally different principles. In humans,
language processing is conscious (to varying degrees), biologically grounded, and governed by
internalized grammatical structures. In contrast, artificial models function through algorithmic
computation, mathematical optimization, and probabilistic inference.

This distinction can be summarized as follows:

Human Language Processing

* Biologically and cognitively grounded

* Based on internalized (mental) grammar

* Influenced by consciousness, intention, and experience

* Context interpreted through real-world knowledge and perception

Al Language Model Processing

* Algorithmically and mathematically driven
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* Based on statistical learning from large datasets

* Operates through probability distributions and optimization functions

* Context modeled through vector representations and learned patterns

Modern Large Language Models (LLMs) are based on the transformer architecture proposed
by Ashish Vaswani and his colleagues[Daniel.J, 2025]. This architecture does not explicitly
construct syntactic trees (i.e., it does not generate formal parse trees); rather, it encodes syntactic
and structural relationships implicitly within a high-dimensional hidden space. In other words,
hierarchical linguistic structures are represented in latent vector form instead of being symbolically
constructed.

Conclusion

In artificial intelligence (Al) systems, the relationship between language and logic constitutes
a fundamental research problem. The integration of these two components is essential for the
development of genuinely intelligent systems. The issue of language—logic integration implies that
natural language understanding—comprehending what is conveyed in a text — is closely
interconnected with logical reasoning. Human beings express judgments, inferences, and cause—
effect relationships through language; thus, linguistic expression inherently reflects logical
structure. Artificial intelligence is often contrasted with natural intelligence possessed by humans
and other living organisms. However, not all robotic systems possess artificial intelligence, since
intelligence implies the capacity for reasoning, learning, and autonomous decision-making.
Therefore, for an Al system to fully comprehend textual meaning and derive accurate conclusions,
coherence must be established between language modeling mechanisms and logical inference
processes.

At present, researchers propose combining neural and symbolic approaches in order to
achieve effective integration between language and logic. As emphasized by researchers at SRI
International, practical Al systems require the coordinated application of knowledge-based
(symbolic) and data-driven (statistical) methods. Systems relying exclusively on formal logical
rules tend to solve only narrowly defined problems, whereas systems trained solely on data lack the
capacity for deep logical inference. Consequently, enriching language-understanding models with
enhanced logical reasoning capabilities — or conversely, equipping logical systems with natural
language processing capacities — is expected to elevate artificial intelligence to a qualitatively new
stage of development.
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TABUFU TUIJI OHAEY KOHE 3AMAHAYHU COWIEY YJITLIEPIHJETT
MEHTAJIBJAbI TPAMMATHUKA MOCEJIEJIEPI

AngaTna. Makanaga Ka3ipri Tin (ceisey) yiriiepi >koHe OJapIblH ACPEKTep TajJaybIHbIH
HeTi3iHme kaTtkaH Taburu Tinai enaey (NLP) TeTikTepiHiH JIMHTBHCTHUKAIBIK OarachlH Koca
alFaHja, e3apa OallylaHBICTBI Macelielep ayKbIMbl KapacThIpbliaabl. by skylenepaeri TeopusuibIK
KOHE TPAKTHKAIBIK MIEKTEYJep/i aHBIKTAayFa >KOHE JHHTBUCTHKAJIBIK KYPBUIBIMAAPIBIH €CENTey
opTajapblHJa Kalail YCHIHBUIATBIHBIH, OHJIEIETIHIH KOHE KacalaThIHbIH 3€pTTEyre epeKiie Ha3ap
aynapsiiansl. COHBIMEH Karap, 3epTTey TUI, TaHBIM JKOHE CaHa apachlHAAFbl KapbIM-KaThIHACKA
KATBICTBI TUT OUTIMIHIH OpTabIK calladapbIHBIH Oipi — MCUXOJMHTBUCTHUKA TYPFBICHIHAH agam/a Ja,
JKacaH]Ibl MHTEJUIEKT KYHelepiHae 1€ TULIl eHAey NPUHUMITEPIH 3epTTeral. Ockl meHoepae Tl
MEHTrepy, ceillieyll MIbIFapy KOHE TYCIHY ILIKI I'PaMMAaTHUKAaJBIK KY3BIPETTUIIK MEH NCHUXUKAIBIK
KOPIHICTEpP apKblLIbl KAJIBINITACAThIH KOTHUTHUBTI HETI3/IEINe€H MPOLECTep PETIHAE KapacThIPbLIabL.
XKacanapl MHTEIIEKT >KyienepiMeH calbICThIpFaHAa ajlaM TUIIHJE Ceieyal eHAIpYy MpoleciH
KaJBINTACTRIPYFa €peKIle Hazap aynapbuiaapl. Maxkamaga MeHTaldbIbl T'paMMaTHKaHBIH
KOMMYHHUKATHBTI KOHTEKCTTETl (YHKIMOHAJIBIK KacHeTTepl TajJlaHa/bl, OHBIH HAaKThl YyaKbITTa
coiyieyZll KaJbIITACTHIPY Ke3iHAEe (HOHOJOTHSIIBIK, MOP(OJIOTUIIBIK, CHHTAKCUCTIK JKOHE
CEeMaHTHKAJIBIK aKoapaTTbl KYpbUIBIMJAYJAFbl pejii KepceTiyieni. BHOJIOrHsIBIK Heri3aenreH
JIUHTBUCTUKAJIBIK KY3BIPETTI aNTOPUTMIIK KOHE BIKTUMAJIBIK TUIMIK MOJENBICYAl CabICThIpa
OTBIPBII, 3€PTTEY aJaMHBIH KOTHUTHBTIK TUT MEXaHU3MAEpl MEH Ka3ipri 3amanfbl Al GackapaTbiH
ceiiey Kyienepl apachlHIarbl KOHBEPreHUUsIapApl J1a, 1preii  alblpMallbUIBIKTapasl  J1a
HaKThIJIayFa OaFbITTaNIFaH.

Tipexk ce3nep: ceiiney yiaruiepi, ICUXOJIUHIBUCTHKA, KacaH bl UHTEIEKT (Al), mecuxmkambik
rpammartuka TTS (mortinHeH ceiineyre), STT (ceiineyaen mortinre) xyienepi, ChatGPT, Gemini
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OBPABOTKA ECTECTBEHHOTI O SI3bIKA Y ITIPOBJIEMbI MEHTAJIBHOM
I'PAMMATHUKHA B COBPEMEHHbBIX MOJEJIAX PEYN

AHHOTanus. B naHHOM cTaThe paccMaTpuBacTCs Pl B3aUMOCBSI3aHHBIX BOIIPOCOB, BKIIIOYAs
COBPEMEHHBIE SI3BIKOBBIC (peueBbIe) MOAETH U JTUHTBUCTHYECKYIO OLIEHKY MEXaHU3MOB 00pabOTKH
ecrectBeHHOro s3pika (OBSI), nexamux B ocHOBe aHanM3a MX JaHHBIX. Ocoboe BHHMaHuUE
YAENSAETCS BBIABICHUIO TEOPETUYECKUX U MPAKTUYECKUX OIPAHUYEHUH B JTHX CHCTEMax H
U3YYEHUIO TOr0, KakK JIMHIBUCTHYECKHE CTPYKTYpbl IpEACTaBIAIOTCSA, 00padaThIBAlOTCS U
TEHEPUPYIOTCS B BBIUHUCIUTENBHBIX cpenax. Kpome Toro, B HCCIE€JOBaHUM pPacCMaTpHUBAOTCSA
IPUHIUIBI 00paOOTKY sI3bIKA KaK Yy JIO/IeH, TaK M Y UCKYCCTBEHHOI'O MHTEJUIEKTa C TOYKU 3PEHHUs
IICUXOJMHITBUCTUKM — OJHOW U3 LEHTPAJbHBIX OTpacieid JIMHIBUCTUKH, 3aHUMarollencs
B3aMMOCBSA3BI0 MEXIY S3BIKOM, IIO3HAHMEM M CO3HAaHUEM. B paMkax 3TOH KOHLENLHU YCBOEHUE
s3blKa, IPOM3BOJCTBO PE€YM W IOHMMAaHHE pPACCMATPUBAIOTCS KaK KOTHUTHUBHO OOOCHOBaHHBIE
nporeccbl, (opMuUpyemble  MHTEPHAIM3UPOBAHHOM  IpaMMaTHMYeCKOW  KOMIETEHLUeH u
MEHTaJbHBIMH TpencTaBieHusiMu. Ocoboe BHHMaHWe yaensiercs (OPMHPOBAHUIO Mpolecca
IIPOU3BOJICTBA pPEYM B YEIIOBEYECKOM S3bIKE B CPaBHEHMHM C CHCTEMaMU MCKYCCTBEHHOI'O
MHTEIUIeKTa. B cratbe aHaNM3upyroTcsl ()yHKIMOHAIBHBIE CBOMCTBA MEHTAJIHHONH I'paMMAaTHUKU B
KOMMYHUKAaTHUBHBIX KOHTEKCTaX, MOJUYEPKUBAETCS €€ POJib B CTPYKTYPUPOBAHUU (POHOIOTMUYECKOH,
MOp(}OIOruuecKoi, CHHTAaKCUYECKOW M CEMaHTHYECKON MH(OpPMAIMK B MPOLIEcCe T'eHEpalui peuu
B pealbHOM BpeMeHHU. [lyTem comocTaBieHus OMOIOTHYeCKM OOOCHOBAHHOM JMHIBUCTUYECKOH
KOMIIETEHIIUM C AJITOPUTMUYECKUM U BEPOSITHOCTHBIM MOJIEIMPOBAHHEM S3bIKAa MCCIIEI0BAaHUE
HamnpaBlICHO Ha TMPOSCHEHHE KaK CXOJACTB, TaKk M (yHAAMEHTAJIbHBIX PA3IUUUA  MEXKIY
KOTHUTUBHBIMU  I3BIKOBBIMM MEXAaHM3MaMH YeJIOBEKa U COBPEMEHHBIMH CHCTEMaMHU peuH,
ynpasisiemeivu M.

KutoueBble cjioBa: MoJenu peyu, MCUXOJMHTBUCTUKA, MUCKycCTBEHHbIM uHTemekt (MN),
MEHTajJbHas TpaMMaTHKa, CHCTeMbl MpeoOpazoBanus Tekcra B peub (TTS), cucremsl
npeoOpazoBanus peun B TekcT (STT), ChatGPT, Gemini.
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