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AKTYaJIbHICTh TEMH.

Y cydacHOMy CBITI 1H(QOpMAIiifHI TEXHOJOTii CTPIMKO PpPO3BHUBAIOTHCA, 1
3pOCTaro4Yuil 00CIT MaHUX BUMAarae e€()eKTUBHUX METOJIB iX OOpOOKH Ta aHai3y.
OpHniero 3 HAMOUTBII TUHAMIYHUX oOsiacTel € 00poOka aymioiHopmariii, 30Kkpema,
pO3Mi3HaBaHHS KJIIOYOBUX CIIB Yy ayaionoroll. Llg TexHOoJOris 3HaXOIUTh
3aCTOCYBaHHS B PI3HOMAaHITHUX cpepax, B/l IHTEIEKTYaJIbHUX CUCTEM JIOTIOMOTH JI0
aBToMaru3allii O13HeC-TpoIeCiB 1 po3Bar. 3 PO3BUTKOM MIHOOKOTO HABYAHHS Ta
HEeWpoMEpPEX, PO3MI3HABAHHS KIIOYOBUX CJIIB CTAJIO OLIBII TOYHUM 1 €(PEKTUBHUM.
HetipomeperxeBi mojeni, ocoOnMBo pekypeHTH1 HeiiponHi mepexi (RNN) Ta ix
BIIOCKOHAJIEHI BEpCli, Taki sIK JOBrorpuBaii koporkouacHi mam'sti (LSTM) Ta
reiiroBani pexypentHi onuuuill (GRU), n103BONSIIOTH aHami3yBaTu MOCIHIIOBHOCTI
JTAaHUX Ta PO3II3HABATH CKJIA/IHI MATEPHU Y ay{10NOTOLI].

OCHOBHOIO TIEpeBarord HEHUPOMEPEKEBUX TMIAXOMIB € 1X 3[aTHICTh
aJanTyBaTHCS JI0 PI3HOMaHITHUX YMOB 1 Bapialliii y MOBI, aKI[eHTax, IHTOHAIIsIX Ta
rymMi QoHy.

Ile pobuth iX HaAA3BHUYAWHO KOPUCHUMH JJISI 3aCTOCYBaHHS y pealbHUX
YMOBaX, JI€ ay/llOCUTHAIN YacTO CYNPOBOKYIOTHCS PI3HUMHU TiepemkonamMu. Kpim
TOT0, Cy4acHI METOAM TIMOOKOTO HABYAHHS JI03BOJSIOTH 3MEHIIUTH TOTPEdy y
BEIIUKUX O0CsATax BPYUYHY IMO3HAYCHHUX JAaHHX, 3aBIASKA BUKOPUCTAHHIO METOJIB
HaBYAHHS 3 IMJKPITUICHHSIM Ta TEpPEIHABYaHHS Ha BEJIMKUX MOBHUX KOPITyCax.
Po3mi3HaBaHHSI KIIOYOBUX CJIIB y ayJdlONOTOI[l Ma€ LIMPOKE KOJIO 3aCTOCYBaHb.
Hampuknan, y chepi posymMHuX moMigHUKIB (Taki sk Siri, Google Assistant, Alexa),

J€ KOpI/ICTYBa‘Ii B38.€MO)IiIOTB 3 CHCTEMOIO 3a AOIIOMOI'OIO TI'OJJOCOBUX KOMAH/.



YMiHHS IIBHJIKO 1 TOYHO PO3MI3HABATH KJIIOUOBI CJIOBAa JO3BOJSE IIMM CHUCTEMAaM
HaJlaBaTy OLIBII ITepCOHATI30BaH1 Ta €(DEKTUBHI OCITYTH.

VY cdepi 6e31exn Ta MOHITOPUHTY HEHPOMEPEKEBE PO3ITI3HABAHHS KITFOUOBUX
CJIIB MOXE BHKOPUCTOBYBATHCSl Il BUSIBJICHHS TMOTEHLIMHHMX 3arpo3 abo Juis
ABTOMaTUYHOTO TPAHCKPHUOYBAaHHS PO3MOB y PEXHMI peanapHOro dacy. lle moxke
OyTH KOPUCHHUM y KOHTEKCTI 3a0e3MedeHHs] TPOMAJChKOi O€3MeKH, MOHITOPUHTY
J3BIHKIB y CIy0aX MIATPUMKH KIIEHTIB abo i 300py pO3BiTyBalbHOI
iHbopmarii. He MeHIT BaXIMBUM € 3aCTOCYBaHHS IIi€l TEXHOJIOTI] y MEIHIIHHI,
30KpeMa, JIJIsi CTBOPEHHS CUCTEM JIONIOMOTH JIFO/ISIM 3 00OMEKEHUMH MOKITUBOCTSIMU.
Hanpuknan, cucremMu pos3mi3HABaHHS MOBH MOXYTh JIONIOMAaraTtd JIOASIM 3
NOPYILICHHSIMU 30py YH CIyXy OTPUMYBATH 1H(YOPMAIIIFO Ta B3AEMOISATHU 31 CBITOM.

HayxkoBi nmocmikeHHs y 1l 00J1acTi TakoXX CIPSMOBaHI Ha ITABUIICHHS
€()EKTUBHOCTI aJIrOPUTMIB, 3MEHIIEHHS 3aTPUMOK Yy OOpOOIll ayJlOCUTHAIIB Ta
MOKPAIIEHHS] TOYHOCTI po3mi3HaBaHHs. lle BkiIlOYa€ BUKOPUCTAHHS METOMIB
TpaHC(EepHOTO HABYaHHS, YIOCKOHAJIEHHS apXITEKTyp HEUPOMEPEK Ta IHTETpaIliio
PI3HOMaHITHUX JIKEPEIT JaHUX JUJIS TIABUIIEHHS HAAIHHOCTI CUCTEMH.

3 omsay Ha BCl HaBENEHI apryMEHTH, MOXKHa 3pPOOUTH BHUCHOBOK, IIIO
HelpoMepexeBe PO3MI3HABAaHHS KIIIOYOBHUX CIIIB y ayIIONOTOLI € aKTyaJbHOIO 1
MEPCIICKTUBHOIO TEMOI0, SKa Ma€ BEIMYE3HUH TMOTCHINAN IJI PO3BUTKY Ta
BIIPOBA/KCHHS y PI3HUX Taly3ax. PO3BUTOK 111€1 TEXHOMIOT1T CIPUATUME CTBOPEHHIO
OUTBII 1HTECKTYyIbHUX, aIaITUBHUX Ta KOPUCHHUX CUCTEM, SIKI MOXYTh 3HAYHO
MOKPAIIUTH SKICTh XKHUTTS Ta €EeKTUBHICTh pOOOTH y pI3HUX cPepax AiSTBHOCTI.

Metoro pociaigxeHHss € 3a0esneyeHHs €(QEKTUBHOTO pPO3Mi3HABaAHHS
KJIFOUOBHX CJIIB B ay/10MOTOIIl 3a JOTIOMOTOK KOMOIHOBAaHOTO MiJXOAy 3 THYYKOIO
HEUPOMEPEKEBOKO MOJICILIIO.

O0’ekTOM JOCJIIZKEHHSI € TIPOoIleC pO3Mi3HaBaHHS KIIIOYOBHX CJIB B
ayJ110TIOTOII1.

IIpeameToM dOCTiZKEHHAA € CIOCi0O BHSIBICHHS KIIOYOBHUX CIIIB B
ayJ110T1OTOII1.

HaykoBa HOBU3HA MOJISTa€ B HACTYITHOMY:



1) YnockonaneHo crociO po3mi3HaBaHHS KJIHOYOBUX CJIIB B ayAi0MOTOLI 1110 3a
PaxyHOK BHKOPHCTAHHS METOJ OOpOOKHM BXIIHMX JaHUX JJI HEHpoMepeKeBoi
MOJIeTIl aHai3y TOJOCOBOTO CHTHAy Ta 3a PaxXyHOK BHUKOPHCTAHHS 3TOPTKOBO1
HEWPOHHOT MEpeXKl aaanToOBaHOI JO YMOB 3ajadl pO3Mi3HaBaHHS KJIOYOBHUX CIIIB
3a0e3neuye MABUINCHHS €(QEKTUBHOCTI PO3Mi3HABAaHHS TOJOCOBUX CHUTHAIIB B
KOMIT FOTEPHUX CHUCTEMaX 3arajlbHOTO MPU3HAYCHHS.

2) YnockoHajieHO MeTo1 0OpOOKHU BX1THUX JaHUX JIJIsI HEHpoMepeKeBoi Mojiel
aHai3y TOJOCOBOTO CUTHAIY, IO 3€0e3Medy€e MiABUIIECHHS IIBUIKOCTI HaBYAHHS
HeHpoMepeKEeBOI MOJIETI.

IIpakTH4YHA HIHHICTD :

[IpakTr4Ha MIHHICTH TAHOTO JIOCIIXKEHHS MOJISTa€e y CTBOPEHH1 €()eKTUBHOTO
METOY PO3ITi3HABaHHS KJIFOUOBUX CJIiB B ay10MOTOILII, 1[0 MOXKE OyTH
BIIPOBAXKEHU Y P13HI Tairy31. 3aBASKA HOBOMY IIJIX0AY A0 0OpOOKH ay10/laHuX
Ta MOKPAIICHHIO HEHPOHHUX MEPEK, PE3yAbTATH JOCITIKEHHS MOXYTh
3aCTOCOBYBATHUCS Y PO3pOOII pO3YMHHX ITOMIYHHUKIB, CHCTEM O€3I1eKH,
MOHITOPUHTY Ta MEIUYHHUX MTPUCTPOIB JIJIS JIFONEH 3 00MEKCHUMH MOXKIIUBOCTSMH.
[TimBuIIeHA TOYHICTH 1 MBUAKICTH PO3II3HABAHHS MOBJICHHS CIIPUSIOTH
MOKPAIIEHHIO B3a€MO/I11 KOPHUCTYBaviB 3 TEXHOJIOT1IMH, 3a0€3MeUyr0ur O1TbIIT
e(eKxTUBHY Ta HalitHy poOoTy cucteM. Lle, B CBOIO uepry, Cripusi€ MmiIBUIICHHIO
SKOCTI KUTTS Ta MPOIYKTUBHOCTI y pi3HUX cdepax AisIbHOCTI.
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ABSTRACT

Relevance of the subject. In the modern world, information technology is
rapidly evolving, and the growing volume of data requires efficient methods for
processing and analysis. One of the most dynamic areas is the processing of audio
information, particularly the recognition of keywords in audio streams. This
technology finds applications in various fields, from intelligent assistance systems
to the automation of business processes and entertainment.

With the development of deep learning and neural networks, keyword
recognition has become more accurate and efficient. Neural network models,
especially recurrent neural networks (RNNs) and their advanced versions such as
long short-term memory (LSTM) and gated recurrent units (GRUs), enable the
analysis of data sequences and the recognition of complex patterns in audio streams.

The main advantage of neural network approaches is their ability to adapt to
various conditions and variations in language, accents, intonations, and background
noise.

This makes them extremely useful for real-world applications where audio
signals are often accompanied by different interferences. Moreover, modern deep
learning methods reduce the need for large amounts of manually labeled data by
utilizing reinforcement learning methods and pre-training on large language corpora.
Keyword recognition in audio streams has a wide range of applications. For instance,
in the field of smart assistants (such as Siri, Google Assistant, Alexa), where users
interact with the system via voice commands. The ability to quickly and accurately
recognize keywords allows these systems to provide more personalized and effective
services. In the field of security and monitoring, neural network-based keyword
recognition can be used to detect potential threats or for automatic transcription of
conversations in real-time. This can be useful in the context of ensuring public safety,
monitoring calls in customer support services, or for gathering intelligence
information. Equally important is the application of this technology in medicine,
particularly for creating assistance systems for people with disabilities. For example,

speech recognition systems can help people with visual or hearing impairments



receive information and interact with the world. Scientific research in this area is
also aimed at improving algorithm efficiency, reducing delays in audio signal
processing, and enhancing recognition accuracy. This includes using transfer
learning methods, improving neural network architectures, and integrating various
data sources to increase system reliability.

Considering all the aforementioned arguments, it can be concluded that neural
network-based keyword recognition in audio streams is a relevant and promising
topic that has enormous potential for development and implementation in various
fields. The development of this technology will contribute to the creation of more
intelligent, adaptive, and useful systems that can significantly improve the quality
of life and work efficiency in different areas of activity.

The aim of the research is to develop a method for recognizing keywords in
audio streams using a combined approach with a flexible neural network model.

The object of the research is the process of keyword recognition in audio
streams.

The subject of the research is the method of detecting keywords in audio
streams.

The scientific novelty lies in the following:

A new approach to audio data processing and enhancing the efficiency
of neural networks in speech recognition tasks has been implemented.

A new technique for converting audio signals into standard MFCC
spectrograms has been developed and implemented, improving the quality of input
data for further neural network processing. The use of a convolutional neural
network consisting of seven layers has halved the recognition error.

The proposed methodology improves the model training speed,

allowing for high speech recognition accuracy.



