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Abstract

In the modern world, saturated with different technologies, where a vast amount of information and news is
disseminated through the internet, television, and social media, there arises a need for translating content into
various languages. This is essential to overcome the language barrier, expand the audience reach, and facilitate
communication among people. Addressing this challenge is possible with the use of contemporary IT
technologies, such as artificial intelligence. This research covers deep learning methods and the application of
Al for translating voice audio recordings from one language to another while preserving the voice parameters
of the original speaker. The study covers technical aspects, program development processes, challenges, and
opportunities of this technology. Additionally, it explores the potential applications across various domains
and presents a comparative analysis of results with other translation and voice cloning research efforts.
Keywords: machine translation, artificial intelligence, deep learning, voice cloning, multilingual
communication, audio translation, technology applications.

Introduction

In the era of globalization, accompanied by interactions among various cultures and linguistic groups,
there exists a pertinent issue of the language barrier that hinders effective communication. With the
advent of artificial intelligence (Al) technologies, new perspectives arise for overcoming this barrier.
In this context, the development of technologies capable of providing more efficient translation while
preserving the uniqueness of the original speech becomes highly relevant. Artificial intelligence
offers the opportunity to translate audio recordings and reproduce them, taking into account
intonation, speech mannerisms, and the speaker's voice characteristics. Al-based machine translation
coupled with speech synthesis can ensure convenient and personalized translation.

Human communication comes most naturally to us through speech [Quartier T., 2002]. Therefore,
the main objective of this research is to develop and test an artificial intelligence (Al) program that
combines sophisticated speech recognition, machine translation, and voice synthesis techniques to
construct an efficient speech-to-speech translation (S2ST) system. The resulting system vocalizes the
translated text while attempting to overcome the language barrier and maintain the distinctive
qualities of the speaker's voice.

Main body

Speech-to-Speech Translation (S2ST) is an Al technology with the aim of converting speech from
one language to another. S2ST systems leverages a combination of artificial neural networks (ANN5s)
to convert speech from one language to another. The essence of S2ST lies in its ability to comprehend
and process linguistic nuances, intonations, and contextual intricacies inherent in spoken language.
By harnessing the power of ANNs, S2ST systems analyze and understand the unique features of the
input speech, enabling them to generate accurate and contextually appropriate translations in the
desired target language. The significance of S2ST extends beyond mere language conversion,
encompassing its potential in multimodal communication. This involves the integration of visual and
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gestural information along with speech, creating a comprehensive system that addresses diverse
aspects of human interaction.

The system consists of three essential components. Firstly, the initial Artificial Neural Network
(ANN) engages in Speech Recognition by analyzing the audio in the source language and transcribing
it into text. Secondly, another neural network ensures precise and contextually relevant translation
into the target language. Finally, the last ANN employs Voice Synthesis, utilizing the translated text
and the speaker's voice characteristics from the original recording to generate a natural-sounding,
personalized vocalized translation. This approach adds a vital layer of human connection and
emotional nuance, addressing the limitations often found in conventional machine-generated speech.

Without a doubt, machine translation is the foundation of this system. It is a crucial technology that
has improved remarkably due to advances in machine learning and natural language processing.
Thanks to these developments, machine translation systems can now translate text or speech between
languages seamlessly and fluently. This technological ability offers a workable way to break down
linguistic barriers in a variety of contexts. Machine translation is widely used in a variety of contexts,
from online language learning environments and translation services to real-time communication
technologies.

Existing applications utilises S2ST systems, such as Google Translate and Yandex Translator, rely
on sophisticated ANN models like Google’s Translatotron for machine translation [Jia Y., 2019].
While these programs offer convenient translation capabilities, they often fall short in replicating the
original speaker's voice. The synthesized voice often sounds robotic and lacks the natural intonation.

In recent advancements, there has been a growing emphasis on addressing the limitations of current
translation applications. The primary focus has shifted towards not only achieving the most accurate
translation of text but also vocalizing it with a realistic and unique speaker’s voice from the original
audio recording. This shift is driven by the recognition that a more authentic voice enhances the
overall user experience. Numerous methods, both software and hardware-oriented, have been
proposed in previous instances to optimize waveforms in the context of speech synthesis [Pravin
M.G., 2017]. Nevertheless, with the evolution of Text-to-Speech (TTS) that gives an opportunity to
integrate more natural and individual voice sounds by cloning the reference voice.

The progress and evolution of Al technologies allow overcoming technical limitations such as using
non-realistic, generated voices for text vocalization. Thus, there is an opportunity to explore new
methods to achieve a match between the voiced translation and the original. Thus, well trained voice
cloning models such as Open-Source XTTS [Golge E., 2023] or Google’s Tacotron [Wang Y.,
2017], offer a promising solution.

Voice cloning involves the creation of synthetic speech that mimics the unique vocal characteristics
of an individual. This is achieved through advanced machine learning algorithms that analyze and
replicate the nuances of pitch, tone, and cadence present in a person's voice. Recent advancements in
deep learning, particularly with neural network architectures, have significantly enhanced the fidelity
and naturalness of cloned voices. Voice cloning translation potential lies in its ability to reproduce
speech in multiple languages, thereby facilitating cross-cultural communication. By combining voice
cloning with translation algorithms, it becomes possible to not only convert written text but also
spoken words from one language to another while preserving the speaker's unique vocal qualities.
This holds immense promise for breaking down language barriers and fostering greater understanding
among diverse linguistic communities. By integrating voice cloning with S2ST systems, we can
achieve a more natural and personalized translation experience. This is particularly relevant in
contexts where conveying emotions and speaker identity is crucial, such as business meetings,
educational settings, or even personal conversations.

Methods

To translate spoken language while preserving the speaker's unique voice characteristics, we have
implemented a multi-stage approach leveraging the power of artificial neural networks (ANNs)
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(Figure 1). This extended section provides an in-depth exploration of the technical aspects associated
with each stage, offering comprehensive insights into the selected models, the intricacies of training
processes, and the integration strategies employed in this initiative.

Voice Speech Machine Textto Voice
source  Voice recognition»translationm speech @ target
language (ASR) (MT) (TTS) language

Source Source Target Target
language language language language

Figure 1. Block Diagram of the S2ST system [Ali K., 2023]

1. Speech Recognition: We opted for Whisper Cog model by OpenAl [Radford A., 2022] known for
its high accuracy and robust performance in handling diverse acoustic environments. This model was
trained on a large corpus of labeled speech data comprising various languages and accents.

2. Machine Translation: With the source language text in hand, the next stage involves accurately and
contextually translating it into the target language. We opted for the state-of-the-art Transformer-
based neural machine translation (NMT) model, Seamless Communication [Barrault L., 2023]. This
model excels in capturing long-range dependencies and context within sentences, leading to more
natural and accurate translations. Additionally, Seamless Communication incorporates a
"contextualization" module that utilizes external knowledge sources like Wikipedia to enhance the
translation's semantic coherence and relevance. The experiments reveal that the contextualization
improves the translation quality by 2 BLEU scores [Choi H., 2017].

To further optimize translation quality, we employed a technique called back-translation [Rico S.,
2016]. In this approach, the translated text is back-translated into the source language and compared
to the original text. Any discrepancies identified during back-translation serve as training signals for
the NMT model, allowing it to refine its translation strategies and improve accuracy. Thus,
implementing attention mechanisms to this AI model [Nikolas A., 2021].

3. Voice Synthesis: To achieve personalized voice cloning, we integrated the Open-Source XTTS
model [Golge E., 2023] into the app. XTTS utilizes a deep convolutional autoencoder architecture to
learn speaker-specific vocal characteristics from short audio recordings. This allows the model to
generate high-fidelity synthetic speech that closely resembles the original speaker's voice, including
pitch, intonation, and vocal timbre [Ruggiero G., 2021]. XTTS was trained on a dataset of diverse
speaker voices and linguistic backgrounds, ensuring generalizability across different speakers and
languages.

The trained models were then integrated into a single software program. "Seamless Communication"
handled text translation, while XTTS performed voice synthesis using the speaker's voice extracted
from the original audio recording. This approach ensured that the translated text was vocalized with
the speaker's unique vocal characteristics, maintaining a sense of naturalness and personal connection.

We performed an in-depth review of the S2ST system's performance by combining qualitative
evaluations with quantitative indicators like BLEU score [Roukos S., 2002]. Human reviewers were
asked to score the overall quality, fluency, and naturalness of the synthetic speech generated by the
system through subjective hearing tests. This qualitative method revealed nuances that quantitative
measures can miss and offered valuable insights about the features of the speech generated by our
system.

To understand more about the synthetic speech's acoustic properties, we also used spectrographic
analysis. This required looking at spectrograms to find patterns in pronunciation, intonation, and pitch
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in order to make sure that the S2ST system translated the information effectively while retaining the
expressive and emotional characteristics of the original speaker. Through the integration of
spectrographic analysis, subjective evaluations, and quantitative measurements, our review aimed to
provide a thorough grasp of the capabilities and constraints of the system. The program's effectiveness
and reliability were highlighted by the thorough testing and evaluation processes, which also
demonstrated the system's potential for real-world use in a variety of language and communication
contexts.

Results

A total of three sets of tests were done in order to fully evaluate the performance of our S2ST system
under various conditions and scenarios. The purpose of these tests was to offer detailed
understandings of the system's strengths and weaknesses so that decisions about its use and potential
improvements could be made with knowledge:

1. Machine Translation Accuracy:

We used the BLEU score as a standard metric for translation quality, comparing the system's
generated translations against multiple human reference translations and popular translation services
results for the same source text.

Source language text: Heiiponnvie cemu npedcmasnsaiom codOou mMooenb MAuluHHO20 00yYeHus,
B00XHOBNEHHYIO pabOmMOll 4en08e4ecKo20 Mo32d.

Human (Reference) translation: Neural networks represent a machine learning model inspired by the
functioning of the human brain.

Google translate: Neural networks are a machine learning model inspired by the workings of the
human brain.

Our program result: Neural networks are a machine learning model inspired by the functioning of the
human brain.

After calculating the BLEU score, Google Translate obtained a score of 0.875 (out of maximum 1),
while our system achieved a higher score of 0.9375 (out of maximum 1). This indicates that our
system outperforms Google Translate in terms of translation accuracy.

We tested the system with various language pairs and text styles/genres, such as news articles,
conversations, technical documents and then compared it to human translation and Google Translate
results (Table 1).

Table 1
Translation quality test among different text styles

Text Styles Human translation Google Translate Our system translation
Scientific 9 7 8
Journalistic 9 8 9
Conversational 10 9 9.5
Literary 8 8 8
OVERALL 8 8.625

Each translation - whether produced by an Al system or a human - was given a score on a 10-point
scale to indicate its quality. Based on our analysis, Al ranks highest in conversational and journalistic
genres, demonstrating remarkable performance. On the other hand, Al performs worse in scientific
and literary genres, which is expected given these more sophisticated linguistic fields.

2. Voice Cloning Fidelity: We assessed the fidelity of the cloned voice by the correspondence between
the spectrograms (Figure 2-4) of the original voice and the cloned one.
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Figure 2. Original human voice

Figure 4. Our program Al cloned voice

The spectrogram analysis reveals helpful details about the final result. After analyzing all of the
spectrograms, it is clear that the ones shown on Figure 2 and Figure 4 are more similar to each other
than the one in Figure 3, which is the basic synthesized voice from Google. Notably, similar
background noise and pauses at the same times are visible in both the original and cloned speech
spectrograms, which is well in context of voice naturalness. However, spectrograms also show that
the cloned voice has a slight robotic undertone in addition to seeming louder than the original. Despite
these small differences, the overall sound of the cloned voice quite closely represents that of the
original.

Our research focused on the subtle nuances of the synthetic speech and examined how listeners
perceived the speaker's resemblance, intonation, and emotional engagement. Through a thorough
investigation, we aimed to clarify the minute details that add up to a more genuine and emotionally
impactful listening experience. Listeners' assessments involved a careful comparison between the
speech synthesized by our Al-driven S2ST technology and the original speaker. Speaker likeness was
one of the parameters used to measure how well the system could replicate the unique characteristics
of the original speaker's voice, resulting in an accurate portrayal.

Discussion

The system has the potential to revolutionize communication across languages. However, like any
new technology, it has its limitations and challenges.

Limitations and main problems

One of the primary challenges facing this technology is the translation accuracy. Even the most
advanced machine translation systems are prone to errors, including style mismatches and
hallucinations, particularly when dealing with intricate or technical language [Jianhui P., 2024].
Accurate machine translation has a wide range of applications, including in business, healthcare, and
education. Furthermore, real-time translation's computing demands present major challenges,
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especially when working with complicated linguistic structures or in situations with limited resources.
It is essential to address these problems in order to avoid miscommunication and misconceptions
when communicating between languages.

Another challenges are Linguistic and Cultural. Language is not merely a system of words but a
reflection of cultural nuances, social norms, and historical contexts. Machine translation (MT)
systems encounter difficulties in capturing the rich tapestry of human communication, including
intonation, emotion, and non-verbal cues. Errors and misinterpretations result from current systems'
frequent struggles with idiomatic terms, cultural references, and linguistic nuances. Cultural
sensitivities and linguistic conventions vary widely across communities, presenting formidable
barriers to accurate translation and intercultural understanding.

Third limitation is system’s reliance on vast datasets of both speech and text poses another significant
challenge. The collection and curation of these datasets can be resource-intensive and time-
consuming. This challenge often results in limitations, as S2ST systems are commonly restricted to a
select number of languages due to the constraints associated with assembling comprehensive datasets.

Ethical and Privacy Concerns. S2ST systems can be susceptible to security vulnerabilities. The
deployment of S2ST technology raises profound ethical questions regarding privacy, data security,
and consent. Voice data collected for translation purposes may be susceptible to misuse, surveillance,
or unauthorized access, posing risks to individual autonomy and confidentiality. Furthermore, the
potential for bias and discrimination in automated translation algorithms underscores the need for
robust ethical frameworks and accountability mechanisms. For example, S2ST models could be used
to create deepfakes, which are videos or audio recordings in which a person's face or voice has been
replaced with that of another person. Deepfakes could be used to spread misinformation or to damage
someone's reputation. Just a few seconds of audio is all it takes to bypass voice security measures and
steal your identity [Slivova M., 2021]. Although all categories of fake multimedia (i.e. fake news,
fake images, and fake audio) could be sources of disinformation and misinformation,
audiovisualbased deepfakes are expected to be much more devastating [Masood M., 2021: P.3].

Addressing the limitations and challenges of S2ST technology requires a multi-faceted approach
encompassing technological innovation, linguistic research, and ethical deliberation. To improve
current systems, create new techniques, and advance inclusive design principles, cooperation between
researchers, developers, linguists, and end users is crucial. Authorities also need to pass laws that
protect user rights, encourage openness, and reduce possible negative effects of S2ST usage.

S2ST with voice cloning, however, has the power to completely alter cross-linguistic communication.
It may have the following advantages:

Breaking language barriers. This system can help to break down language barriers and promote
understanding between people from different cultures.

Language Learning and Pronunciation. Voice cloning can be employed to generate native-like
pronunciation guides for language learners. Learners can benefit from exposure to authentic accents
and intonations, improving their ability to comprehend and reproduce sounds accurately.

Multilingual Virtual Assistants. Integrating voice cloning with translation capabilities can enhance
the functionality of virtual assistants. Users can interact with these assistants in their preferred
language, and the responses can be translated and delivered in the user's chosen language with a
cloned voice.

Entertainment Industry. Voice cloning has the potential to revolutionize the entertainment industry
by enabling seamless dubbing and localization of content. Actors' voices can be cloned and translated
into various languages, expanding the global reach of films, TV shows, and other media. S2ST with
voice clonning can be used to create new forms of entertainment and art.

Real-time translation and vocalization perspectives. The combined technologies provide numerous
advantages in the field of advertising. Real-time dynamic translation and voiceover of advertisements
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is possible to adapt them to the language and cultural background of the audience. By using a specific
approach, advertising efforts are more effective and have a greater influence on a wider range of
audiences. Additionally, the technology makes it possible for dynamic content, such streaming
services and live broadcasts, to be translated and be well-voiced in real time. This flexibility makes
sure that content is always relevant and easily accessible, meeting the changing needs of a wide range
of international viewers.

Assistive Technologies. Individuals with speech disorders or language disabilities could benefit from
voice cloning technology. Cloning a user's voice and translating their speech into different languages
can empower them to communicate more effectively in a variety of settings.

Improved access to information. S2ST can make it easier for people to access information in other
languages. This could benefit students, businesses, and travelers. A vast array of educational
programs, videos, and online lessons can be made more accessible to global audiences through
seamless voice translation [Perez A., 2021].

Conclusion

In conclusion, our study emphasizes how important innovation is in the field of communication. The
S2ST technology, which accurately imitates a speaker's speech, seems as an essential tool for breaking
down language barriers and promoting a new era of global understanding and cooperation. Although
our research highlights the issues this technology has, its promising potential inspires further study
and development. Future research and development efforts in voice cloning and translation should
concentrate on improving naturalness, strengthening security, and improving accuracy in order to
move us closer to a more cohesive and integrated world of global communication.
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JlaybIcThbl KJIOHAAY TEXHOJIOTUSIAPBIH NAJAIAHATHIH ayaIuo xa30ajapabl MALIMHAJBIK aylapyFa
apHaJFaH MHHOBALMSUIBIK LIeLiM

I,ZZ.A}OI’IO& 'TH. Dapxadurnosa
308 Kocmooemvsanckas amoimoazel Ne 23 mexmen-muaneiti (ILvivkenm, Kazaxcman)

Anoamna

Typni TexHONOTUANIApFa KAHBIKKAH, aKMapaT MEH JKaHAJIBIKTAPbIH YJIKEH KeJeMi HHTEPHET, TeleAnaap skoHe
QJIEYMETTIK JKellijiep apKbUIbl TapajaThlH 3aMaHayd dJIeMIe Ma3MYH/Ibl 9pTYPIIl TiAepre ayaapy KaXeTTiTir
TYBIHAAWABL. Byl Tinmik KeAepriHi KeHy, ayJUTOPUSHBI KEHEHTYy >XOHE aJamzap apachbIHIarbl KapbIM-
KaTBbIHACTBl JKCHUIIETY YLIIH KakeT. bynm MocesieHi Imemry jkacaHIbl MHTEJUIEKT CHAKTHI 3amanayn IT-
TEXHOJIOTHUSIIapbl KOJIaHy apKbUIbl MYMKiH Oonazpl. Byt 3epTTey TepeH OKBITY SJiCTEpiH jkoHe OacTarKbl
JUHAMUKTIH JIaybIC MTApaMeTpIiepiH caKTail OTBIPHIT, NAyBICTHIK ayHo xKa30amapasl Oip TUIACH eKiHII Tijire
aynapy yurH Al KONJZaHYBIH KaMTHIBL. 3epTTey TEXHHKAIBIK AacleKTiIepli, OarmapiiamaHbl o3ipiey
NPOLIECTEPiH, OCHl TEXHOJIOTUSHBIH KUBIHABIKTAPEl MEH MYMKIHAIKTEpiH KaMTHIbl. OFaH Koca, 07 9pTYpdi
JIOMEHJICpAETi QJieyeTTi KojjaHOanapasl 3epTTelai jkoHe Oacka aymapMa >KOHE JaybICThl KJIOHZAY
3epTTeyNIepiMEH HOTHKEIIEP/IiH CaNTBICTHIPMAIIBI TAJIAYbIH YCHIHAIBI.

Tyuin cosoep: nerponaplk xeninep, Al, IT, uadopmaruka, naybic cuHTE3i, ayano aygapma, aylaapMalllbl,
skacauabl uHTEIEKT, S2ST, TeXHOMOTUSHBI KONAaHy, KONTUIII KaphIM-KaTbIHaC.

HNHHOBaNMOHHOE pelieHue 1JIs MAIIMHHOIO NepeBoa aynuo3anuceii, ¢ HCMOJIb30BaHHEM
MU TexHoJIOTHIT KIOHNPOBAHHUS I0JI0CA

’J].Aionoe, 'TH Dapxaounosa
Ikona-nuyeii Ne 23 umenu 3ou Kocmodemvanckoii (ILvimxenm, Kazaxcman)
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Annomayus

B coBpemenHOM MUpE, HACBIIIEHHOM Pa3JIMYHBIMU TEXHOJIOTHSIMH, TII€ OIPOMHOE KOJTUIESCTBO WH(MOPMAITHN
Y HOBOCTEH pacnpocTpaHseTcs yepe3 HTepHET, TeICBUICHUE U COLMAIBHBIC CETH, BO3HUKACT MOTPEOHOCTh
B ICPEBOJC KOHTCHTA HAa PAa3JIMYHBIC SA3bIKH. DTO HEOOXOIUMO IS TPEOJOJCHUs S3BIKOBOTO Oapbepa,
pacIMpeHdss OxXBara ayguTOpUXd U OONerdeHusl OOMIEeHUS MEXAy JIoApbMH. PemieHne 3Toil mpoOiemsr
BO3MOJKHO C HCIIOJIb30BaHMEM COBpPEeMEHHBIX IT-TexHOjormii, TaKWxX Kak MCKYCCTBEHHBIH WHTEIUIEKT. JTO
UCCJICZIOBAaHUE OXBAThIBACT METOBI [IYOOKOTO OOydYeHHUS W NMPUMEHEHUE UCKYCCTBEHHOTO MHTEIUICKTA IS
MEepPeBO/ia TOJOCOBBIX ayIuo3amuceld C OJHOTO fA3BIKA Ha JAPYTOM C COXpaHEHHWEM IapaMeTpOB Troyoca
HCXOIHOTO TOBOpsimero. McciaemoBaHWe OXBAaTHIBACT TEXHUYECKHE AaCIEKTBI, IPOIECCHI pa3pabOTKH
porpamMmm, IpoOIeMbl M BO3MOXKHOCTH 3TOHW TeXHOJIOTuU. KpoMe Toro, B HeM UCCIEAYIOTCS OTSHIIHABLHBIC
MPUMEHEHUST B Pa3MYHBIX OONACTAX M TPEACTABICH CPAaBHUTEIBHBIA aHAIW3 PE3YJbTaTOB C APYTUMHU
HCCIIENOBAaHNUSAMH B 00JIaCTH TIEPEBOIa U KIIOHUPOBAHUS TOJIOCA.

Knrouesvie cnosa: neliponnsie cetu, MW, nadopmarrka, CHHTE3 ronoca, HCKYCCTBEHHBINH MHTEIUICKT, ayJIuo
nepeBon, I'T, npuMeHeHe TeXHOIOTUi, MHOTOsI3bIYHOE 001eHue, S2ST, rmybokoe o0yueHHe.
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AJBTEPHATUBHBIE HCTOYHUKH DSHEPTUU U HOBBI CIIOCOB NOJIYYEHMS
SHEPTUU U3 JOKIS

* ) MYXAMET)KAH®, ' A.AJTIMAFEKOBA
'Hazapbaes HumennekmyanbHas wkona XumMuko-6Uon02Udecko20 HanpasieHus.
(Anmamol, Kazaxcman)
*amukhametzhan2007@gmail.com, almabekova0309@gmail.com

AnHomayus

B craThe paccMOTPEHbI BUJIbI HCTOUHUKOB aJIbTEPHATUBHON YHEPTHH, UX IIFOCHI U MUHYCBI U HOBBIH CIIOCO0
MIOJIYICHUS DHEPTUHU U3 JOXKJS C TIOMOIIBIO MbE303JIEMEHTOB. DKOJIOTHS 3€MJIU HAaXOIUTCS B KPUTUIECKOM
COCTOSTHUI M3-32 MHOTOBEKOBOT'O WCIIOJIb30BaHMS HEYHCTOH dHEpruu. TpaluilMOHHbIE HCTOYHUKH HEPTUH
KaK CXXWTAHHWE YISl WJIM WCIOIh30BAaHUE IMPUPOIHBIX Ta30B SIBISIOTCS HEYHCTON DHEPrueid W HAHOCST
OTPOMHBIA Bpea dKoioruu. [1obambHOE TMOTEIUICHHWE, 3arps3HEHHE BO3AyXa M JPYTHE SKOJIOTHYECKUE
MPOOJIEMBI TIOJIBUTIIO YEJIOBEYECTBO K CO3J]AHWIO HOBBIX M HOBBIX MCTOYHUKOB AIBTEPHATHBHON SHEPTHH.
OpHako MoKa aJbTepHATHBHAS YHEPIreTHKA HE CIIOCOOHA MOJTHOCTHIO 3aMEHUTH TPAAUIIMOHHYIO SHEPTETHKY,
JIONIA JTOJDKHBI Pa3BUBATH 3€JICHYIO SHEPTHIO U MPHUIYMBIBaTh WX HUCTOYHUKH. B 3TON craThe moapoOHO
OTIMCHIBAIOTCS 8 BHUJIOB AJIbTEPHATUBHBIX HCTOYHHKOB SHEPTHH, UX TUTFOCHI I MUHYCHI 1 YPOBEHb Pa3BUTHS B
mupe. Taxke Lem0 JaHHOW CTaThU SIBJSIETCS paccKa3aTh O HOBOM HMHAMBUAYaJIbHOM METOJAC MOIYYEHUU
9JICKTPUYECTBA OT KHHETHYECKOH SHEPruu NOKIsd W Oyayliee NpUMEHEHHE NaHHOW wujaed. B crarbe
OTNHMCBIBAIOTCS TIETTH, METOIOJIOTHH, PE3yJIBTAThI ¥ BHIBOJIBI JaHHOW paOoThl. HOBBINM METO MIPEACTABIIACT U3
ce0sl TUIEHKY, KOTOPbIH cocTouT u3 50 mbe3031eMeHTOoB. [1pe3031eMEeHThI COSIMHEHBI C APYT APYTOM YTOOBI
MOJIyYUTh OOJIBIIE HANPSHKSHHI I IPEBPAICHUS X B 3JCKTPUYECTBO. J0KIb — MEXaHUUYECKask SHEPIUs,
3aCTaBJIAIONIAs bE303JIeMeHTOB nedopmupoBathes. [Ipu aedopmalivm, Mbe303JIeMEHThI TEHEPUPYIOT TOK.
[IneHKy MOXKHO YCTaHOBUTH Ha KPBIIIX JOMOB KU 30HTOB, YTOOBI B JIOM/JTUBBIC JTHH SHEPTUIO0 MOXKHO OBLIO
UCIIOJIb30BaTh JUJISl OCBELIEHUsl. Takoi METOH MOMYyYEeHUS HYHEPTUU MOAXOJUT K JTOKIJTUBBIM MECTHOCTSIM.
Cratbs mpenocTaBiisieT HHGOPMAITHIO 0 Oy IyIIeM MPUMEHEHUH HOBOTO METO/A.

Kntouegvle cnosa: ampbTepHATUBHBIE UCTOYHUKH SHEPTHH, SKOJIOTHYECKUE MPOOJIEMBI, SHEPTUS U3 0K,
«yMHas» IJICHKA, TbE€303JIEMEHTHI.

BBenenue

Tema maHHOM CTaThH ABJSETCS aKTyaJIbHOM JIJIst BCero Mupa. [ 100aibHbIe 3KOJIOTHYECKHUE TTPOOTIEMBI
ABISIIOTCS 00MIel Oenoii. B 1emsix mpenoTBpaTuTh TI00anbHOE MOTEIJICHHE, BEIMHPAHUE BHUIOB,
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