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JIMHrBO-CEMAHTMYECKOE MOAENUPOBAHME NepeBOAYECKMX TpaHChOpMaLMiA
B YCNI0BMSIX MaKpOTUMOJSIONMYECKON aCMMMETPUM
PYyCCKOro 1 apabCcKoro s3bIKOB

Anb [layn, Oxaadap, KosepeHko E. b.

AHHOmayusa. B maHHOI cTaThbe paccMaTpuBaeTcs Mpo6iemMa MpeofoeHnss MaKPOTUIIONOTMUECKOM acuM-
MeTpUM TIpU TIepeBojie TEeKCTOB C PYCCKOTO sI3bIKa Ha apabCckuit 1 ¢ apabckoro Ha pycckuit. CTaThs TTOCBSI-
1ieHa KOMIIJIEKCHOMY MCC/IeJOBAaHUIO MEXaHM3MOB MeKbsI3bIKOBOJ Ilepefjaul CMbICJIOB, TIPU KOTOPOIL Mpsi-
MOJi TepeHOC (TPaHCKOAMPOBAHME) OKA3bIBAETCSI HEBO3MOXHBIM M3-3a CTPYKTYPHOI WMHTepdepeHIMN.
Oco60e BHUMMAaHMe yIeIeHO JeKOHCTPYKLIMY CIOXKHBIX IJIAaTOTbHBIX KOMILIEKCOB, MeTahOpUIECKUX BbIpa-
SKeHUI U KyJIbTYPHO-MapKUPOBAHHOM JIEKCUKU B YCIOBUSIX OTCYTCTBUSI MPSIMbBIX CJIOBAPHBIX 9KBUBAJIEHTOB.
Llenp uccaeqoBaHMUS 3aKIOYAETCSI B pa3paboTKe KOMIUIEKCHOM (OpMajbHO MOIEeIM JMHIBO-CEMaHTM-
YeCKMX Y CMHTAKCUUYECKUX TpaHChOpMaluii st pycCKO-apabCKoii sI3bIKOBO# Mapbl Ha OCHOBE rPaMMAaTUK
3aBUCUMOCTE C OMOPOl Ha SMIMPUUECKYIO 6a3y MapaylIeNIbHbIX TEKCTOBbIX KOPITyCcOB. HayuHass HOBU3HA
paboThI OMpeneseTcss TeM, UTO BIIePBble MEXaHM3MbI IIPEOHOIEHNUST JTIEKCUKO-CUHTAKCUIECKOI JTaKyHap-
HOCTM MEXKIY TUIIOJOTMYECKM OMUCTAHTHBIMM SI3bIKAMU (TaKue Kak memeradopusanysi, MexxyacTepeyHas
TPaAHCIIO3ULIMS (TIepeKaTeropusaiys) M CMHTAKCUuUeckass peKOH(GUTypaiys) mpeCcTaBAeHbl B BUAE VICUNC-
JITEMBIX CMHTAKCUMYECKNX JepeBbeB Ha 6a3e Mapajsie/IbHOTO MaKpOTeKCTa. BriepBbie 060CHOBAH MPUKIIAL-
HOJ1 MOTeHIIMa PYCCKO-apabCcKMX Mapaie/ibHbIX MACCUBOB C TPMMeHeHeM TPUHIIUIIA KOPITYCHO TpUaH-
TYJSIUMY 7151 BBISIBJIEHUS TIePEeBOAYECKIX 3aKOHOMEPHOCTE. B pe3ysnbrare ObIIVM BISIBJIEHBI U CUCTEMATH -
3MPOBaHbI KJIIOUeBble CTpaTerMu afanTtaliuy Tekcta (HOMUHA/IbHbIe, CEMaHTUUYeCKNe U SKCIUVIMKATUBHLIE).
[TomyvyeHHble pe3y/nbTaThl OKA3alay, UTO AOCTUKEHME IIPArMaTUUYECKOl 3KBMBAJIEHTHOCTY aJITOPUTMUYE-
CKM HEBO3MOXHO 6€3 CTPYKTYPHOTO paclIpeHus MY peoyKIuu UCXOgHOoTro rpada, a MCIoab30BaHe Kop-
ITyCOB CTPaxyeT MepeBoAUMKa OT CYObeKTUBHBIX AeBUALINI M (eHOMEHA «ITePEBOAU3MAx.

Linguistic-semantic modeling of translation transformations
in the context of macro-typological asymmetry
of the Russian and Arabic languages

Al Dawood Jaafar, E. B. Kozerenko

Abstract. This paper is focused on the problem of overcoming macro-typological asymmetry in translating
texts from Russian into Arabic and from Arabic into Russian. The paper is dedicated to a comprehensive
study of the mechanisms of cross-linguistic meaning transfer in cases where direct transfer (transcoding)
proves impossible due to structural interference. Particular attention is paid to the deconstruction of com-
plex verbal phrases, metaphorical expressions, and culture-specific vocabulary in the absence of direct dic-
tionary equivalents. The aim of the research is to develop a comprehensive formal model of linguistic-
semantic and syntactic transformations for the Russian-Arabic language pair based on dependency gram-
mars, utilizing the empirical data of parallel text corpora. The scientific novelty of the study lies in the fact
that, for the first time, the mechanisms for overcoming lexical-syntactic lacunarity between typologically
distant languages (such as demetaphorisation, cross-part-of-speech transposition (recategorization),
and syntactic reconfiguration) are presented in the form of computable syntactic dependency trees based
on a parallel macrotext. Furthermore, the applied potential of Russian-Arabic parallel arrays is substantiat-
ed for the first time by applying the principle of corpus triangulation to identify translation patterns.
As a result, the key text adaptation strategies (nominal, semantic, and explicative) were identified and sys-
tematized. The results obtained showed that achieving pragmatic equivalence is algorithmically impossible
without the structural expansion or reduction of the source graph, and that the use of corpora safeguards
the translator from subjective deviations and the phenomenon of "translationese".
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Introduction

The linguistic phenomenon of translation and the automatic processing of typologically distant languages neces-
sitate the search for qualitatively new formal grammatical and corpus-based solutions. At the current stage of com-
putational linguistics development, traditional methods of direct transcoding prove insufficient for the adequate
transmission of semantics when comparing languages of the inflective type characterized by different mechanisms
of inflection realization (the predominance of extroflexion in Russian and introflexion in Arabic).

The relevance of this research is driven by the acute need to develop transductive translation models capable
of overcoming deep structural interference between the Russian and Arabic languages through the mathematical
parameterization of syntactic shifts. The relevance of the study is further determined by the demand within modern
translation studies to transition from conjectural classifications of transformations to a rigorous descriptive statisti-
cal analysis based on objective data from parallel corpora. The identification of latent patterns in cross-linguistic
transfer meets the needs of computational linguists and developers of machine learning systems.

To achieve this goal, the following objectives were set:

1. to analyze the methodology of working with parallel corpora and text alignment algorithms under conditions
of macro-typological asymmetry;

2. to identify and describe the mechanisms for overcoming lexical-syntactic lacunarity in translation from Rus-
sian into Arabic and vice versa;

3. to verify the identified transformations using extracted corpus concordances;

4. to perform graph-based modeling of syntactic shifts using formal dependency grammar.

To accomplish the objectives defined in this work, the following research methods were employed: comprehen-
sive and purposive sampling was applied for the extraction of empirical material from multilingual databases;
the comparative-contrastive (typological) method was used for the explication of macro-typological asymmetries
in Russian and Arabic syntax; the corpus-based method, in synergy with the concept of data triangulation, served
as the primary tool for verifying contextual equivalents; the method of formal (graph) modeling was utilized to con-
struct computable dependency trees.

The research materials comprise reference books, dictionaries, and parallel text arrays extracted from the multi-
lingual open-source database Tatoeba, which ensures a high degree of pragmatic naturalness in translations.

The theoretical framework of the study is grounded in foundational works in the fields of translation theory,
functional linguistics, and computational linguistics. The research relies on the postulates of the transductive
"Meaning « Text" paradigm by I. A. Mel’Cuk (2012, 2021) and Yu. D. Apresyan (1995), the concept of formal syntax
modeling by V. S. Khrakovsky (2024), as well as the theories of equivalence and translation transformations
by M. Baker (2018) and E. Alymova (2022). The study of the mechanisms of semantic shifts is based on the research
of A. M. Mutlaq (2024) in the field of pragmatics and metonymy. The evolution of natural language processing
algorithms and network technologies is comprehended through the prism of works by M. B. Rarenko (2021)
and L. N. Beliaeva, et al. (2019). Finally, an important aspect was the determination of principles for working with
parallel corpora and text alignment, which became possible thanks to the contributions of S. Sharoff, et al. (2023),
H. Kemppanen (2025), and M. Saad, et al. (2025).

The practical significance of this study lies in the fact that the proposed methodology for corpus analysis and the graph
models of syntactic shifts can be utilized by computational linguists to optimize Machine Translation (MT) systems
and algorithms for automatic Arabic text processing. The obtained data can be applied in higher education institutions
specializing in the humanities, specifically in specialized courses on translation studies and contrastive syntax, as well
as in the educational and methodological training of Arabic translators based on the concept of Data-Driven Learning.

Discussion and results
Macro-typological asymmetry as a factor of structural interference

The analysis of the architectural vectors of bilingual databases reveals that, under conditions of Russian-Arabic
macro-typological asymmetry, the algorithm of cross-linguistic transfer lacks the property of reversibility. Moreover,
when working with corpus data, a researcher inevitably encounters the phenomenon of "translationese" — a statisti-
cally significant structural divergence between a translated text and a text originally produced by a native speaker.
As S. Sharoff notes, the emergence of such a deviation is determined by the very nature of cross-linguistic transfer,
in particular by the tendency towards explicitation, which constitutes "the need to provide more information
in the translated text for what remains implicit in the source text" (Sharoff et al., 2023, p. 130).

Substantiating the morphological causes of this asymmetry, M. Saad and co-authors emphasize that Arabic
is a "highly inflected language" in which "certain Arabic terms can be agglutinated" (Saad et al., 2025, p. 7). Due to such
syncretism, a single Arabic word form can act as the functional-semantic equivalent of a multi-component Russian
phrase. Obviously, the processing of such complex morphosyntactic complexes requires abstracting from surface syntax
and establishing correspondences at the level of deep semantic roles using formal dependency grammars.

In justifying the mathematical apparatus of our research, we rely on the concept of I. A. Mel’¢uk (2021, p. 17),
who categorically states that "there is no other, non-dependency, syntax. The syntactic structure of a sentence cannot
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be described in any other way - for instance, in terms of constituents, or phrases". Thus, the use of constituency
grammars (which fragment text into linear blocks) obscures the true hierarchy of the language, whereas dependency
grammar allows the translation system to construct a universal semantic-syntactic graph, free from the nation-
specific topolinear envelope. Consequently, "the internal semantic status of a sentence is formed by elementary
meanings" (agent, patient), acting as an invariant during translation, which determines the application of formal
dependency grammars (Khrakovsky, 2024, p. 17).

During the corpus-driven modeling, it was established by us that the architectonics of translation strategies
in the Russian-Arabic pair is objectively classified into the macro-categories of nominal, semantic, and explicative
transformations.

Nominal transformations: pragmato-deictic transformation and preservation of the original

Taking into account the pragmatic nature of deixis, it should be stated that the introduction of deictic elements
in the Arabic-Russian language pair frequently acts as an instrument of syntactic compression. Within the termino-
logical apparatus of modern translation studies, this mechanism, realized within the nominal macro-category,
is most reasonably qualified as a pragmato-deictic transformation. The strategy involves the replacement of a fully
meaningful lexeme of the source text with a deictic pointer. Verification of this strategy on the material of the Ta-
toeba corpus reveals that such an approach allows avoiding structural overloading. For example, the Arabic utter-
ance «4b &1 3 8 Gl 5 1%, (Lit.: this is the reason why I hate him) is translated into Russian as «<BoT 3a 4To 5 €ro
neHaBmKky» (That's what I hate him for). In this case, the fully meaningful Arabic noun «&&dl» (reason) is replaced
by the Russian deictic particle «Botr». Graph modeling shows that in the Russian language, this particle occupies the
position of a specifier, determining the referential link with the entire subsequent proposition, which allows model-
ing a concise construction while preserving the pragmatic invariant.

Source text (Arabic):

b &1 T A ) A 15

Transcription: (hadha huwa al-sabab fi annani akrahuhu) (Tatoeba: ID 1924054).

Target text (Russian):

Bor 3a uTo g ero HeHaBWKy (Tatoeba: ID 1924044).

To visualize the syntactic shift caused by the introduction of the deictic marker, let us turn to graph modeling
(Figure 1 — Arabic original, Figure 2 — Russian translation).
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Figure 1. Arabic original
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Figure 2. Russian translation

In turn, the strategy of preserving the source text element (untranslated transfer or transliteration) is conceptu-
alized as the direct transfer of a lexeme, ensuring the preservation of ethnocultural or terminological identity.
As the analysis demonstrates, this technique dominates in the transfer of highly specialized, culturally marked vo-
cabulary and religious-historical terminology. Thus, in the example <Y o3h 35 &l be» (From which surah is this
ayah?), the Arabic lexemes «)sw» (chapter of the Quran) and «&» (verse of the Quran) are transferred into the target
text in the form of transliteration, without descriptive expansions and semantic adaptation. Such a decision elimi-
nates the risk of losing culturally significant information, avoiding semantic divergence.

Source text (Arabic):

SV 038 B9 (sl Gpe

Transcription: (min 'ayyi siratin hadhihi 1-’ayatu?) (Tatoeba: ID 4284119).

Target text (Russian):

W3 kakoii cypsl aToT asit? (Tatoeba: ID 4284120).

Semantic transformations: demetaphorisation and synonymic shift

The achievement of pragmatic adequacy logically requires deviation from the literal meaning. Determined
by profound divergences in the ways of conceptualizing reality, semantic transformations algorithmically compen-
sate for macro-typological distance. Operating in opposition to the strategy of metaphorisation is the mechanism
of demetaphorisation, in which a figurative unit of the source text is substituted by a purely descriptive equivalent.

As the analysis of corpus data proves, vivid Arabic images are frequently reduced to usual statements in the Rus-
sian language. For instance, the spatial-game metaphor in the Arabic sentence «&als 3 (81 358015 (Lit.: The ball
is now in your stadium/field!) undergoes partial demetaphorisation in the Russian translation: «Mstu ceifuyac Ha TBOei
cropone!» (The ball is now on your side!). The volumetric image of a physical structure (stadium) is eliminated, giv-
ing way to the abstract geometric noun "side". The removal or reduction of the trope decreases the aesthetic multi-
dimensionality of the text; however, in strictly informative texts, the transmission of pure denotative information
prevails over the preservation of stylistic form.

Source text (Arabic):

18ala & (Y15 KD

Transcription: (al-kuratu I-’ana fi mal ‘abika!).

Literal translation: The ball is now in your stadium / playing field! (Tatoeba: ID 1602999).

Target text (Russian):

Msu ceityac Ha TBoei1 cropoHe! (Tatoeba: ID 4615038).

Of particular research interest is synonymic translation. As noted by I. B. Rubert and co-authors, when searching
for an adequate equivalent, "it is not always sufficient to transform the surface structures of the source language into
the structures of the target language, but it is necessary to conduct a deep analysis of the linguistic corresponden-
ces <...>, that is, to determine the content core" (Rubert et al., 2021, p. 172). The analysis of the translation of verbs
of verbalization reveals the replacement of the Arabic verb «3l» (to announce, to declare) in the syntagma «4i4 iy
(He announced his love) with the Russian quasi-synonym «mpusHaTtbcsi» (to confess) («OH mpusHaics B J06BM» —
He confessed his love). The use of a direct equivalent in the Russian language would be characterized by excessive
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pathos and would violate natural lexical collocability, whereas synonymic substitution based on a common content
core demonstrates the filigree use of the resources of the recipient language.

Source text (Arabic):

Transcription: ("a‘lana hubbahu).

Literal translation: He announced/declared his love (Tatoeba: ID 371449).

Target text (Russian):

OH mpusHascs B mo68u (Tatoeba: ID 5491690).

Explicative transformations: cross-part-of-speech transposition (recategorization) and omission

The architectonics of translation strategies includes a category of complex explicative transformations that de-
termine the fundamental morphosyntactic restructuring of the source text. The theoretical rationale for the necessi-
ty of such shifts stems directly from macro-typological differences in the mechanisms of coining new vocabulary.
Investigating this phenomenon, F. B. Karim emphasizes that, in contrast to Russian suffixal word formation,
"in the Arabic model of word production, internal inflection operates” (Karim, 2024, p. 43-44). Due to such
an asymmetry between consonantal roots and affixal systems, the direct grammatical transfer of concepts often
proves impossible, which forces the translator to resort to cross-part-of-speech transposition (recategorization).

Empirical verification confirms the high frequency of cross-part-of-speech transposition. The most representa-
tive illustration is the transposition according to the "Noun — Adverb" model. In the Arabic sentence « 5 sl gl
e Yy, the adverbial modifier of manner is expressed by the prepositional-nominal group «&& xu» (with speed). In the
Russian target text («BsI 6bIcTpO 3a6paynch Ha AepeBo» — You climbed the tree quickly), this group is transformed
into the concise adverb «6bicTpo» (quickly). The construction of dependency trees captures the elimination
of the prepositional and nominal nodes in favor of a single adverbial node, which confirms the thesis regarding
the asymmetry of derivational models: Arabic syntax requires an analytical adverbial phrase, whereas the Russian
language realizes this semantics via suffixation.

Source text (Arabic):

A iy 5ok Al N

Transcription: (lagad tasallaqtumu $-Sagarata bi-sur‘atin).

Literal translation: You climbed the tree with speed / with swiftness (Tatoeba: ID 7353459).

Target text (Russian):

BbI 6bICTpO 3a6panych Ha gepeBo (Tatoeba: ID 4924346).

To formalize this syntactic shift, let us turn to graph modeling (Figure 3 — Arabic original, Figure 4 — Russian
translation).
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\% DP DP PP
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| |
2 ) N
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Figure 3. Syntactic model of the Arabic sentence
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Figure 4. Syntactic model of the Russian sentence

No less significant is the recategorization of substantivized forms. The Arabic construction «e i kil ga Jiladly,
structured around the active participle (Ism al-Fa'il) «Jill» (the understanding one), is translated into Russian using
a substantivized adjective: «YMHbIIT TOT, KTO yuuTcst y gpyrux» (The smart one is he who learns from others).
The formal model demonstrates that, to achieve pragmatic adequacy, the translator resorts to cross-part-of-speech
transposition (in this example, replacing the morphological category of the participle with the category of the adjec-
tive), which is dictated by the usual preferences of the recipient language.

Source text (Arabic):

iy B2l g Jhlad)

Transcription: (al-‘aqilu mani tta‘aza bi-gayrihi).

Literal translation: The understanding one / The comprehending one is he who learns from others (Tatoeba: ID 12157819).

Target text (Russian):

VYMHBIi TOT, KTO yunuTcs y apyrux (Tatoeba: ID 12157824).

The visualization of this categorical conversion is presented in Figures 5 and 6.
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Figure 5. Syntactic model of the Arabic sentence
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Figure 6. Syntactic model of the Russian sentence

Special attention should be paid to strategies of omission. As shown by the analysis of the ultra-compact Arabic
verbal form « s:& 3, (containing an interrogative particle, a subject prefix, a verbal stem, and a cascade of two pro-
nominal objects), when translated into Russian («Heyxkenu Ham ciegyeT 3acTaBuTh Bac?» — Should we really force
you?), the position of the second incorporated object is completely eliminated. On the dependency graph, this trans-
formation is marked by an empty category node (Gap @). Such a rupture in the chain of predicate-argument relations
leads to the emergence of a referential gap. It seems appropriate to note that the cited example from the Tatoeba
corpus raises legitimate questions regarding the completeness of the translation correspondence. Obviously,
the considered solution reflects the subjective specificity of a particular corpus example (an individual translation
deviation recorded on the Tatoeba platform) rather than a normative translation strategy. Nevertheless, the analysis
of such controversial variants clearly confirms the thesis that the strategy of omission requires utmost caution
and is permissible only provided there is full compensation of meaning by the macro-context.

Source text (Arabic):

£l gaa 3L

Transcription: (‘a-nu-Ilzimu-kumu-ha?) (Tatoeba: ID 4087145).

Target text (Russian):

Heyskenu Ham ctenyeT 3actaBuTh Bac? (Tatoeba: ID 5212445).

For a visual explication of the structural gap, let us turn to graph modeling (Figure 7 - morphosyntactic decomposition
of the Arabic form, Figure 8 — model of the Russian analytical correspondence indicating the eliminated object).
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Figure 7. Arabic original
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Figure 8. Russian translation

Summarizing the results of the conducted analysis, it should be stated that overcoming macro-typological inter-
ference in the Russian-Arabic language pair is of a systemic nature. As graph models and corpus concordances
demonstrate, nominal, semantic, and explicative transformations rarely function in isolation. Most often, they act
as a complex compensatory mechanism that allows the translator to adapt the text to the grammatical and usual
norms of the recipient linguaculture. It is obvious that the rejection of linear transcoding in favor of deep syntactic
and semantic reconfiguration (up to the deliberate omission of incorporated elements) becomes a necessary condi-
tion for preserving the pragmatic invariant of the original. The use of formal dependency grammars in synergy with
corpus data provides objective verification of these processes, minimizing the influence of the subjective factor
when selecting translation solutions.

Conclusion

Summing up the linguistic-semantic analysis and the formal modeling of translation transformations, the fol-
lowing conclusions can be formulated:

Firstly, while analyzing the methodology of working with parallel corpora, it was established that algorithmic
text alignment in the Russian-Arabic language pair requires abstracting from surface linear syntax. The application
of hybrid approaches and corpus triangulation allows overcoming macro-typological asymmetry, ensuring the objec-
tive extraction of data regardless of the quantitative mismatch of sentence boundaries.

Secondly, the mechanisms for overcoming lexical-syntactic lacunarity were identified. It has been proven that
achieving pragmatic equivalence between the Arabic and Russian languages under conditions of macro-typological
asymmetry of their inflective mechanisms (introflexion and extroflexion) is commonly impossible without the sys-
temic application of compensatory mechanisms. The identified transformations are objectively stratified into three
macro-categories: nominal (calquing, transliteration, pragmato-deictic transformations), semantic (generalization,
specification, metaphorisation), and explicative (cross-part-of-speech transposition, descriptive translation).

Thirdly, the identified transformations were successfully verified using extracted corpus concordances. Corpus
statistics confirm that the choice of a specific strategy (for example, replacing a neutral lexeme with a figurative
metaphor or using converse antonymic translation) is not a random deviation, but typically acts as a normative
mechanism for adapting the text to the usual expectations of the target audience, safeguarding the translator from
the phenomenon of "translationese."

Fourthly, graph modeling of syntactic shifts based on formal dependency grammars was carried out. The con-
struction of dependency trees mathematically proved that the translation of Arabic masdars, participles, and ultra-
compact verbal forms requires cross-part-of-speech transposition (recategorization), the elimination of incorpo-
rated objects (omission), or syntactic expansion. The translator algorithmically dismantles the source actant struc-
ture and reconstructs it anew, submitting to the valency constraints of the recipient language.

Prospects for further research are seen in expanding the empirical base by involving specialized Learner Transla-
tor Corpora. A promising direction is the use of bilingual topic modeling methods and contextual vector representa-
tions for the algorithmic identification of semantic prosody, as well as the integration of the obtained graph models
into the architecture of modern neural machine translation systems to improve the quality of Arabic text processing.
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