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The development of compact machine translation models for resource
constrained environments is a pressing challenge in modern computational
linguistics. This study focuses on creating an efficient translation system
between English and Ukrainian, optimized for real-time performance on low-
power devices. The proposed model, based on a transformer architecture with up
to 100 million parameters. Utilizing PyTorch, quantization, and pruning
techniques, the system is designed for autonomous applications, such as mobile
apps and voice assistants. Comparative analysis with models like OPUS-MT
highlights its competitive edge in compactness and adaptability.

CyyacHi cucTeMu MalliMHHOTO TMepeKiiany, moOyaoBaHl Ha 6a31 apXiTEKTyp
TpaHchopmepiB [1], JEMOHCTPYIOTh BHCOKY SIKICTh MEpPEKIaxy, OJHAK iXHE
BUKOPHUCTAHHSA B YMOBaX OOMEKEHUX OOUYMCIIOBAJIBHUX PECYPCIB 3aJUIIAETHCS
npoOJIeMaTUYHUM Yepe3 BEIUKY KUIbKICTh MMapaMeTpiB 1 BHUCOKI BUMOTH [0
anapaTHOro 3a0esneueHHs. Po3poOka KOMMOAKTHUX MOJIENel, 3IaTHUX
MPAIlOBATH B pEAIbHOMY 4aci Ha MPUCTPOSX 13 HU3BKOIO MOTY>KHICTIO, TAKUX K
cMapTdoHN uu BOYJOBaHI CUCTEMH, € aKTyallbHUM 3aBIaHHSIM. MeToro poOoTH
€ CTBOpPEHHS €()EKTHBHOI CUCTEMHU MAIIMHHOTO MEPEKIIaay MK aHIJIIHCHKOIO Ta
YKpPaiHCbKOIO MOBaMH, sika 3a0e3nedye BHUCOKY SKICTh TEpeKiIaay IpH
MIHIMQJIBHHUX 3aTPUMKaX, HU3bKOMY CIIOKHBaHHI orepaTuBHOI nam’ati (RAM)
Ta EHEPrOBUTPAT.

3ajaya MaIMHHOTO TEPEKIaay B YMOBaX OOMEXEHUX PECypCiB BUMAarae
OajlaHCy MK SIKICTIO MEpeKJiaay Ta MPOAYKTHBHICTIO CUCTEMHU. Y poOoOTi
PO3TJISIHYTO IBOCTOPOHHIN TEepeKIIaa 13 aKIEHTOM Ha aJalTailiio 10 crerudiku
yKpaiHcbkoi MoBH [2]. CucTema Mae BIANOBIAaTH TaKUM BHMOTaM: iH(epeHc y
peanpbHOMy daci (3arpumka 10 1 c), cnoxkwmBanHt RAM mo 1-2 I'b. [lns
JIOCATHEHHS WX IJIed BUKOPUCTAHO METOAM OINTHMI3allii, Taki SK KBaHTOBA
ampoKCcHMMaIlisl Ta MPYHHUHT, fKI 3MEHIIYIOTh po3mip mozeni no 100 miH
napaMmeTpiB, 30epirarouu SKiCTh MepeKIamy.

AHanii3 ICHyIOYMX pillleHb MMOKa3aB, 10 MOJENl Ha 0a3i TpaHcpopMepis,
taki sk OPUS-MT (BLEU 32.20) ta Dragoman PT (BLEU 32.34), e
KOHKYPEHTOCTIPOMOXKHUMH, ajieé MalTh OOMEXeHHs: mepimia 3acrapinga (2020
pIK), a Jpyra He MIATPUMYE 3BOPOTHHUM mepekian. Po3poOitoBaHa MoJeib
mepeBepirye iX 3a KOMIIAKTHICTIO Ta  aJanTUBHICTIO, IO JIO3BOJISE
3aCTOCOBYBATH il B aBTOHOMHHUX J0JaTKaX (MOOUIbHI 3aCTOCYHKH, TOJIOCOBI
ACUCTEHTH) Ta CIIELIaI30BaHUX JOMEHaX (FOPUIUYHI, MEIUYHI TEKCTH).
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Cucrema pospoOnena Ha 0asi ¢perimBopky PyTorch, sikuii 3a0e3meuye
THYYKICTh y CTBOPEHHI HEWpPOHHUX Mepex Ta ontumizamito mia GPU-
obuncnens. CepenoBuieM po3poOku ob6pano Cursor 3aBASKH TATPUMIIL
aBTOJIOTMIOBHEHHS Ta iHTerpauii 3 Git. ObuucmoBanbHa miatdpopma — NVIDIA
RTX 4070 Ti Super 13 16 I'b Bigeonam’siTi — 103BoJisi€ €EKTUBHO TPEHYBAaTH Ta
TECTyBaTH MOJIEJb. Jlost onTumisai BUKOPHUCTAHO 010m10TEKH
torch.quantization Ta TensorRT, sKki 3MeHHIYIOTH pO3MIp MOJENl Ta
PUCKOPIOIOTh 1H(epeHc. SIKicTh mepekiany oIiHeTbes MeTpukoo BLEU,
HITbOBUM MOKa3HUK — Bume 32. Mogens 0a3yeTbcs Ha apXIiTEKTypi
TpaHc(popMepiB 13 MOJTYIBHOIO CTPYKTYpOto [3]:

— moniepeAHsl 00poOKa (TOKeHi3allisl, HopMati3ailis);

— sigpo nepexiany (iHbepeHc);

— ocTOOpOoOKa (KOPEKIIisi TpaMaTHKH);

— iHTepdeiic KopucTyBaya.

Po3pobrnena Mozenb JEMOHCTPYE MOKIIMBICTh NEPEKIaTy B pealbHOMY
yaci 3 3aTpuMkoro 10 1 ¢ ta crnoxuBaHHIM RAM no 1-2 I'b, mo poburs ii
MPUAATHOO JIJISl IPUCTPOIB 13 HU3bKOIO MOTYKHICTIO. AJJanTalis 10 YKpaiHChbKO1
MOBH IIJIBUIIYE TOYHICTh MEPEKJIATy CKIQJAHUX KOHCTPYKIIIA, a MOJYJIbHICTh
J03BOJISIE HANAIITYBaHHS MiA pi3Hi JomeHU. [IOpiBHAHO 3 yHIBEpCalbHUMHU
mozaensasmu (Hanpukian, GPT-4), cuctema mae nepeBary B €()EKTUBHOCTI Ta
crieniamizaiii.

Po3pobnena koMmakTHa MOJAETh MAIIMHHOTO TMEPEKIaay MOETHYE BUCOKY
AKICTh MEpPEeKay 3 ONTHMI30BAaHUM BUKOPHCTaHHSIM PECYPCIB, IO POOUTH il
NEPCIIEKTUBHOIO IS BIPOBAKEHHS B aBTOHOMHHX CHCTEMax peajbHOro Jacy.
[Topanein AOCHIKEHHS MOXYTh OyTH CIPSMOBaHI Ha TIJIBMIINCHHS SKOCTI
nepexsamy s creliaii3oBaHuX TIOMEHIB Ta iHTerpaiito 3 loT-npuctposamu.

Cnucok BHKOPHUCTAHUX JKCPECII.

1. Vaswani A., Shazeer N., Parmar N., Uszkoreit J., Jones L., Gomez A.
N., Kaiser L., Polosukhin I. Attention Is All You Need // Advances in Neural
Information Processing Systems. 2017. Vol. 30. P. 5998-6008.

2. Kumar S., Anastasopoulos A., Wintner S., Tsvetkov Y. Machine
Translation into Low-resource Language Varieties // Proceedings of the 59th
Annual Meeting of the Association for Computational Linguistics and the 11th
International Joint Conference on Natural Language Processing (Volume 2:
Short Papers). 2021. P. 110-121.

3. Devlin J., Chang M.-W., Lee K., Toutanova K. BERT: Pre-training of
Deep Bidirectional Transformers for Language Understanding // Proceedings of
the 2019 Conference of the North American Chapter of the Association for
Computational Linguistics: Human Language Technologies. 2019. Vol. 1. P.
4171-4186.

449



