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AHOTAIIA

Csimnoscoxuti €.B. O0poOneHHs, 3anuc Ta nepeaaBanas 3acobamu loT moBHOTO
ayaiocursany 3 aepexramu. — Kpamigikariitna podoTa Ha paBax pyKOMHCY.

Juceprartis Ha 3700y TTsI HAYKOBOTO CTyIeHs JOoKTopa dimocodii 3a crerianbHICTIO
171 «Enekrponika». — HamioHanbHUil TeXHIYHUN yHIBepcUTeT YkpaiHu «KuiBchbkuid
MOJIITEXHIYHUHM 1HCTUTYT iMeHi Iropst Cikopceskoro», MOH VYkpainu, Kuis, 2025.

Hucepraiiitna podoTa NpUCBAYEHA JOCTIKEHHIO MIAXOIB OOpOOKM Ta mepeaadi
3aco0amu 10T mMoBHOrO cur"any 3 AedekTaMu 3 MOMJIMBICTIO J0OJIaBaHHS JOAATKOBOI
1H(popMaIlii Ha OCHOBI METOy HaAlMEHIIOro OiTa.

3MICT JuCepTalifHOTO JOCHIDKCHHS BHKJIQJACHO B IHICTBOX pO3JIiiIax, e
MPeICTaBICHO Ta OOIPYHTOBAHO OCHOBHI pe3yJIbTaTH POOOTH.

AKTyalbpHICTh JUCEPTAIIfHOT poOOTH OOTPYHTOBAHO Y BCTYIII, /e ChOPMYTLOBAHO
METY Ta 3aja4l JOCIIIKEHHS, OIMMMCAHO METOIM JOCIIDKCHHS, HaJlaHO 1H(OpMAIIliIo TTPO
HAyKOBY HOBU3HY Ta MPAKTUYHE 3HAUYCHHS OJICP>KaHUX PE3yJIbTaTIB.

Cucremu |0T, 110 npairor0Th 3 MOBHUMHU CUTHAJaMH, Tak a00 1HAKIIIE CTUKAIOTHCS
3 mpobJieMaMu 3HIKEHHS IITyMOBOTO 3a0pyIHEHHSI, KOMIIeHcallii 1e(eKTiB MOBJICHHS Ta
HEOOX1THOCTI aganTHUBHOI OOPOOKM CaMHUX CHTHAIIB 3 MOXIIHMBICTIO 3a IIOTpeOH
no/1aTkoBoi nepenadi iHGopmarii. [lix yac mporeciB 0OpoOIeHHsT HEOOX1THO 30eperTH
AKICTh 3BYKy 0€3 Jo/laBaHHS HOBHMX IIyMiB Ta aptedakrtiB. JlomatkoBo, mae OyTu
MO>KJIMBICT 1 €(PEKTUBHO 3HMKYBATH BXXE€ MPUCYTHIN PiBEHb IIyMYy B OPUTIHAIBHOMY
CUTHAJIl, BpaxoBYIOUM 30€pexeHHsS po30ipIUBOCTI MOBJIEHHS 3alHCaHOTO B
ayniocurHam. CydacHi MeTOIu 0OpOOKH OPiEHTOBaHI MEPEBAKHO HA 1HO3EMHI MOBH 1 HE
MaloTh Ha JXKajlb SKICHUX aJanTalidi JJs yKpPaiHCbKOI MOBH, IO Y MiJICYMKY IpH
po3pobnenHi mnpuctpoiB 10T Moxe OyTH NPHUUMHOIO HEKOPEKTHOI 0OpoOKH,
HEIpaBUJIbHOI 1HTEpIpeTaLlli KOMaH]1 2800 KOHTEKCTY MOBIJIOMJICHHS.

JIist BUpileHHs IUX 3aBAaHb HEOOX1JHO pO3pOOUTH HOBI aNrOPUTMHU, SIK1 HE JIUIIIE
MOKpPAIIyIOTh CIIBBIAHOIIEHHS CUTHAJ/IIYM, & i MiABUILYIOTh PO30IpIMBICTh MOBJICHHS

Ta MIHIMI3YIOTh BTpaTH iHQopMallii mijJ yac oOpoOKH 4YM mepefadi, BpaxOBYIOUH MpU



3
oMy crieniudiky ykpaincbkoi MoBU. Kpim Toro, oOMexxeH1 009MCIIOBAIbHI PeCypCH Ta
MPOIYCKHA 3/IaTHICTh MPUCTPOIB BUMArarTh CTBOPEHHS PIIIeHb, 3aTHUX €(PEKTUBHO
MPAIlOBaTH B YMOBAX HU3bKOI SIKOCT1 00JIaIHAHHS Ta HEIOCTATHHOI IITyMO130JISIIIi1.

AKTYalbHICTh JaHOTO JOCHIDKEHHS TOJSITae y HEOOXIMHOCTI PO3pOOKH HOBHUX
piteHs st 00poOIeHHS Ta mepeaayi AeQeKTHUX ayaio pparMeHTiB YKPaiHCHKOIO MOBOO
3 MOKJIMBICTIO TyOJIFOBaHHS Ta MEepPeaaydi MOBHOTO CUTHAITY CTeraHOTpadiuHUM METOA0M
0e3 BTpaTH AKOCTI JIsl MOAANIBIIOTO IEKOIyBaHHA Ta 3UUTYBaHHs iH(popmaii. OTpumani
pe3ynbTaTd MOXXYTh 3HAWTH NpPaKTHYHE 3aCTOCYBaHHS B Pi3HUX cdepax, 30KpemMa B
cucrtemax "po3ymMHOro OyIMHKY', NMPU aBTOMAaTH30BAaHOMY 3alKCi Ta aHai31 OHJANH-
JIeK11H, 3a0e3Meuyrour Npy [bOMY HOBUI PIBEHb €()EKTUBHOCTI Ta IHTEPAKTUBHOCTI.

VY nepuomMy po3iiii BU3HAYEHO OCHOBHI HEJOJIKH ICHYIOUMX PilIeHb 0 00poOI
MOBHHX ayJli0 CUTHAJIIB B YMOBax 3ailymiieHHs 3acobamu 10T, mociigkeHo OCHOBHI
YUHHUKY, SIKI CJI1JI BpaXOBYBAaTH IIPHU MPOBEACHHI AKICHOTO 3aMMCy MOBHOI 1H(pOpMaIiii.
HaBeneno BuMoru a0 BHOOPY TMpUMINIEHb IIOAO MPOBEACHHS 3alHUCy MOBHHUX
ayJlOCUTHAMIB. 3a3HA4€HO KIIOYOBI MOMEHTH, SKI CIPUAIOTh MOKPAIIEHHIO
PO30IpIAUBOCTI MOBJICHHS Ta 3HM)KEHHIO BIUTMBY (DI3WYHUX 1 €JICKTPOHHUX IITyMiB.

Y napyroMmy po3aiial HaBeA€HI JaHl MIOAO IMATOTOBYMX KPOKIB JO IMPOBEICHHS
YaCTOTHOT'O aHaJI13y MOBHOTO CUTHAITy. 30KpeMa, 3a3HaueHo Mpo Taki 0a30Bi MPOIEaypHU
MiJTOTOBKH: PO30OUTTS CUTHAJTY HA CETMEHTH, 1AeHTHdIKAIlis MaKCUMyMiB Ta aHali3
dbopmanT, aHami3 PyHIaMEHTAIBLHOT YaCTOTH.

B TperboMy po3minai JOCHITKEHHS HAaBEJACHO OCHOBHI NPHUHIIAIM KOJTYBaHHS
TekcToBoi 1H(opMarii 3a ¢popmaramu UTF-8 ta ASCIl Ta BU3Ha4YeHI OCHOBHI €Tamu
pO3ITi3HaBaHHS MOBHUX CHTHAJIIB.

Y deTBepTOMY PO3iJi IPOBEJACHO TMOPIBHSIHHS XapaKTEPUCTHK MIKpOQOHIB Ta
MO>KJIMBUX YMOB X 3aCTOCyBaHHS. BU3HaueHO oNTHManbHy HampaBlIeHICTh MIKpOGOHY
IUTSL AOCIIJDKEHHS Ta pO3pO0KH alropuTMy 0OpOOKH 3BYKOBOTO (hparMeHTy 3 AeeKTamH.
PosrnsiHyTOo mpucTpoi Ta MeToaM mepenadl iHopmarlii Juis peanizailii po3po0seHOro
aNropuTMy B cepeaoBuIlll [HTepHeTy pedyedl B yMOBaX OOMEXKEHMX OOUYHCIIOBAIBLHUX

pecypciB.



4

VY m’aroMmy po3aini poOOTH MPOBENCHO MPAKTUYHUN €KCIEPUMEHT 3 MiABUIICHHS
SAKOCT1 Ta 3HIKEHHS PIBHS IIYMOBOTO 3a0pyJHEHHS 3alMCAaHOTO MOBHOTO CHUTHAITY
YKpaiHCHKOIO MOBOIO 3 HasABHMMM TEXHIYHMMHU JedekTaMu. 30KpeMa, CTBOPEHO Ha
OCHOBI MOBH TTporpaMyBaHHs Python mporpamMHuii alropuT™ 3 eJleMEeHTaMHF [IUKTIYHOCT1,
7€ BHU3HAUEHO OKpeMi IMOCIIJOBHI eTamu OOpOoOKM CHUTHAy 3 YypaxyBaHHAM
dbyHIaMeHTaNbHOI YaCTOTH, AMHAMIYHUX Ta YACTOTHUX XapaKTEPUCTHUK, PIBHS IIIyMOBOTO
3a0pyneHHs. J{ociikeHo OCHOBHI MIAXOAM 0 3HM)KEHHS PIBHS IIyMy B CHUTHaNIl, Ta
KOHTPOJIO JMHAMIYHOT 1 YacTOTHOI CKJIaJ0BOi CHUrHainy. Bu3HaueHO MiKHapOJHI
CTaHAApTU HOpMaJIi3allii JJis1 MPUBEAEHHS 3BYKOBOI'O CHUTHATY JO HEOOXIHOTO PiBHS
ryyHocTi. Ha OCHOBI OTpMMaHUX €KCIEPUMEHTAIBHUX PE3yJbTaTiB BU3HAYEHO MIAXOAU
00poOJIeHHsI ay10CUTHATIB, SIKI aIallTOBAHO JJii POOOTH 3 YKPAiHCHKOIO (POHETHUYHOIO
TpyTOI0.

VY mocToMy po3iJii HaBEACHO aJrOPUTM BU3HAYCHHS Ta KOJYBaHHS TEKCTY 3 METOIO
JI0JIaBaHHsI CYIYTHBOI MpUXoBaHOoi iHpopMmarii B aymiodaiin. Tak, HA OCHOBI BIAKPUTOI
010,TI0TeKH PO3ITi3HABAHHS, BIJIYYEHO 3 3allMCAHOT0 CUTHAIY TEKCTOBI1 JIaHI, 1 MICHs iX
KOpEryBaHHs Ta TIPEJCTaBJICHHS Yy HEOOXiAHIA ¢opmi, A0JaHO 3a JOMOMOTOIO
creranorpadgiusoro meronxy LSB mo Bmicty aymiocurHanmy. IlokazaHo, 110
MO (IKOBAHUM ay[10CUTHAT IPAKTUYHO HE 3MIHUB CBOI XapaKTEPUCTUKU Y TIOPIBHIHHI
3 MOYaTKOBHUM CUTHAJIOM.

[IpencraBneni B aucepraiii HOBI MPAKTUYHI PE3yIbTaTH MOXYTh OyTH
PEKOMEHJIOBaH1 [0 3aCTOCYBaHHS B yMOBaX JMCTAHIIIHOIO HaBYaHHSA MJis 3aluCy
iH(dopmarlii, ananTuBHOI 0OPOOKHU Ta Tepenayl CUTHANIB METOJaMu [HTepHeTy pedeit i3
J0/TaBaHHAM CYITyTHROI iH(opmartii. HaBeaeni po3poOku MOKyTh OyTH BUKOPUCTaHI TIPH
PO3pOOJIEHH] CKIIAIOBUX B CUCTEMAaX “pO3yMHOr0 OYAMHKY” 3 MIATPUMKOIO YKPaiHCHKOI
nokanizauii. TexHosorii 00poOKu ayi0 MOXKYTh OyTH aJanTOBaH1 JIJIsl TOMOMOTH JIFO/ISIM
3 MOPYIICHHSIM CIIyXY METOJIOM JIEKOAYBaHHS TEKCTY B 3py4YHHIA (hopmar.

B nuceprauiiiniii poOOTI OTpUMaHO HACTYIIHI HAYKOBI pe3yJIbTaTH:

1. Brnepiie mocnigkeHo Ta 3alpONOHOBAHO aIrOpUTM 0O0poOKH ayniodaitry
YKpaiHChKOI0 MOBOIO B YMOBAaX 3alllyMJICHHS, alaliTOBaHMi 10 BUMOT cepeaosuiia 0T,

KU CKIIAJAEThCS 3 OKPEMUX €TalliB Ta Ma€ PUCH IIUKIIYHOCTI.
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2. YTO4YHEHO anropuTM OOpOOKM MOBHOTO CHUTHaNy, SKHH 3alyCcaHo
YKpaiHChKOIO MOBOIO, HA OCHOBI aHaJli3y YacCTOTHOI XapaKTEPUCTHUKU 3 ypaxyBaHHSIM
0co0MMBOCTEH BU3HAUEHHS (DyHIaMEHTAIBHOI YACTOTH Ta aJaliTUBHUX 00POOOK.

3. Bnepiie po3po6ieHo anroputM MOJBIMHOI 0OpoOKM aymio CUTHAITY 3
BMICTOM BHMOBJICHHX CJIiB YKpPAiHCHKOIO MOBOIO, SIKHH JTO3BOJILE€ peani3yBaTH OJMH 3
coco0iB  TpUXOBYBaHHA MOTPiOHOI iH(popMamii B CTpyKkTypi aymiodaiiny 3i
30epexKEeHHSIM SIKOCTI Ta 0€3 3HAaYHOI 3MIHM €HEPreTUYHOr0 BMICTY OCTaHHBOTO.

IIpakTU4He 3HAYEHHSI OTPUMAHUX PE3YJIbTATIB MOJIATAE Y HACTYITHOMY.

1. Buznaueni miaxoau a0 BUOOPY MIKpO(OHHOTO OOJIAHAHHS JIs 3alUCy
ayJ1I0CUTHAIIB, 10 MOKYTh OyTH BUKOPUCTaHI1 IPU CTBOPEHHI 3ByKOBUX 10T-cucrem aiis
3a0e3MeyeHHs BUCOKOI SKOCTI 3alMCaHOTO MOBHOTO KOHTEHTY.

2. 3anpornoHoBaHi ePEeKTUBHIIII PIMICHHS OO0 CTBOPEHHS MPOrpam oOpoOKu
ayJlIOCUTHAIIB, SIKI JI03BOJISIIOTh €(EKTHUBHO OYHMIIYBATH ayJIOCUTHAIM BiJ UIYMIB Ta
M1IBUIIYBaTH PO30IpIMBICTh MOBJICHHS, BpaxoByroUH cremidiky cepeaoBuiia tTa AUX
CIiKepa, 1[0 CIpUs€ MIJBUIIEHHIO SIKOCT1 BIJITBOPEHHS 3amucaHoro KoHTeHty B loT-
CUCTEMaX.

3. Buxopucranns merony LSB nisi mpuxoByBaHHS Ta mepenadi CymyTHbOI
TEKCTOBOI 1HGopMallii B ayaiocurHaii 3abe3reuye MOXKIHMBICTh Iepeaadi JT0JaTKOBOL
iH(dopmartii 6e3 30UTbIIIEHHST 00CATY TaHUX Ta MOMITHOTO BIUIMBY Ha SIKICTh 3BYKY.

Knouoei cnosa: akycmuune none, epaghiku cnpamosanocmi aKycmudyHo2o NOJA,
38VK, MOOeb, KOHMeHm, MoOent08ants, npoyec, Inmepnem peuetl, 10T, cmecanozpagis,
KOMN 1omepHa cucmema, pieeHb CUSHATY, KOHMEHM,CNeKmp MOGU, AKICMb MOGIeHH s,

MecmosUll CUSHA, PO30IPAUBICING MOBIIEHHSL.



ANNOTATION

Svitlovskyi Y.V. Assessment of the Processing, Recording, and Transmitting
Defective Speech Audio Signals Using IoT Technologies. — Qualifying thesis as a
manuscript.

Dissertation for the Doctor of Philosophy degree in Electronics. —National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ministry of Education
and Science of Ukraine, Kyiv, 2025.

The dissertation is devoted to the study of approaches to processing and transmitting
a speech signal with defects by loT means with the possibility of adding additional
information based on the least bit method.

The content of the dissertation research is presented in six chapters, where the main
results of the work are presented and substantiated.

The relevance of the thesis is substantiated in the introduction, which formulates the
purpose and objectives of the study, describes the research methods, and provides
information on the scientific novelty and practical significance of the results.

loT systems that work with speech signals face the challenges of reducing noise
pollution, compensating for speech defects, and the need for adaptive processing of the
signals themselves with the ability to transmit additional information if necessary. During
processing, it is necessary to preserve the sound quality without adding new noise and
artifacts. Additionally, it should be possible and effective to reduce the noise level already
present in the original signal, taking into account the preservation of speech intelligibility
recorded in the audio signal. Modern processing methods are focused mainly on foreign
languages and, unfortunately, do not have high-quality adaptations for the Ukrainian
language, which, as a result, when developing loT devices, can cause incorrect
processing, misinterpretation of commands or message context.

To solve these problems, it is necessary to develop new algorithms that not only
improve the signal-to-noise ratio, but also increase speech intelligibility and minimize
information loss during processing or transmission, while taking into account the specifics

of the Ukrainian language. In addition, limited computing resources and bandwidth of
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devices require the creation of solutions that can work effectively in conditions of low
quality equipment and insufficient noise insulation.

The relevance of this study lies in the need to develop new solutions for processing
and transmitting defective audio fragments in Ukrainian with the ability to duplicate and
transmit the speech signal using the steganographic method without loss of quality for
further decoding and reading information. The results obtained can find practical
application in various fields, including smart home systems, automated recording and
analysis of online lectures, while providing a new level of efficiency and interactivity.

The first section identifies the main disadvantages of existing solutions for
processing speech audio signals in conditions of noise by 0T, and investigates the main
factors that should be taken into account when conducting high-quality recording of
speech information. The requirements for the selection of premises for recording speech
audio signals are presented. The key points that contribute to improving speech
intelligibility and reducing the impact of physical and electronic noise are noted.

The second section presents data on the preparatory steps for conducting frequency
analysis of a speech signal. In particular, the following basic preparation procedures are
described: splitting the signal into segments, identifying maxima and analyzing formants,
and analyzing the fundamental frequency.

The third section of the study presents the basic principles of encoding text
information in UTF-8 and ASCII formats and identifies the main stages of speech signal
recognition.

Section 4 compares the characteristics of microphones and possible conditions of
their use. The optimal microphone directionality for researching and developing an
algorithm for processing a sound fragment with defects is determined. The devices and
methods of information transmission for the implementation of the developed algorithm
in the Internet of Things environment under conditions of limited computing resources
are considered.

In the fifth section of the work, a practical experiment was conducted to improve the
quality and reduce the level of noise pollution of the recorded speech signal in Ukrainian

with existing technical defects. In particular, a software algorithm with elements of
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cyclicity was created on the basis of the Python programming language, which defines
separate sequential stages of signal processing, taking into account the fundamental
frequency, dynamic and frequency characteristics, and the level of noise pollution. The
main approaches to reducing the noise level in the signal and controlling the dynamic and
frequency components of the signal are investigated. International normalization
standards for bringing the sound signal to the required volume level are determined. Based
on the experimental results obtained, the approaches to audio signal processing are
determined, which are adapted to work with the Ukrainian phonetic group.

Section 6 presents an algorithm for detecting and encoding text in order to add
related hidden information to an audio file. Thus, based on an open recognition library,
text data is extracted from the recorded signal, and after its correction and presentation in
the required form, it is added to the audio signal content using the LSB steganographic
method. It is shown that the modified audio signal has practically not changed its
characteristics compared to the original signal.

The new practical results presented in this dissertation can be recommended for use
in distance learning for recording information, adaptive processing and transmission of
signals using the Internet of Things methods with the addition of related information.
These developments can be used in the design of components in smart home systems with
support for Ukrainian localization. Audio processing technologies can be adapted to help
people with hearing impairments by decoding text into a convenient format.

In the dissertation research, the following scientific results have been obtained:

1. For the first time, an algorithm for processing an audio file in Ukrainian
under noise conditions, adapted to the requirements of the IoT environment, which
consists of separate stages and has the features of cyclicity, is investigated and proposed.

2. The algorithm for processing a speech signal recorded in Ukrainian is refined
based on the analysis of the frequency response, taking into account the peculiarities of
determining the fundamental frequency and adaptive processing.

3. For the first time, an algorithm for double processing of an audio signal

containing spoken words in Ukrainian was developed, which allows to implement one of
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the ways to hide the necessary information in the structure of an audio file while
maintaining quality and without significantly changing the energy content of the latter.

The practical significance of the obtained results lies in the following:

1. The approaches to the selection of microphone equipment for recording
audio signals that can be used in the creation of audio 10T systems to ensure high quality
of recorded speech content are determined.

2. More effective solutions for creating audio signal processing programs are
proposed that allow to effectively clean audio signals from noise and increase speech
intelligibility, taking into account the specifics of the environment and the speaker's
frequency response, which contributes to the quality of playback of recorded content in
0T systems.

3. Using the LSB method to hide and transmit accompanying textual
information in the audio signal allows the transmission of additional information without
increasing the amount of data and significantly affecting the sound quality.

Keywords: acoustic field, acoustic field directivity graphs, sound, model, content,
modeling, process, Internet of Things, 10T, steganography, computer system, signal

strength, content, speech spectrum, speech quality, test signal, speech intelligibility.
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IEPEJIK YMOBHUX ITIO3HAYEHD, TEPMIHIB TA CKOPOYEHb

AL
AUX
JId
MII
MK
CKB
LIATT
ASCII

ASR
DCT

DSP

DWT

EQ

FFT

loT

LF
LoRaWAN
LSB
MFCC
RMS

SBC

SNR
UTF-8
VAD

Ananoro-nu(poBuii MepeTBOPIOBaY,
AMITTITY THO-9aCTOTHA XapaKTEPUCTHKA,;
HuckpetHe nepetBopeHHs Dyp'e
MiK1iepHuii MyJbT;

IlepcoHanbHMI KOMIT IOTED;
CepenHbO-KBaJIpaTUYHE BIAXUIICHHS;
Hudpo-ananorosuii nepeTBOproBay;
American  Standard Code for Information
Interchange;

Automatic Speech Recognition;
Discrete Cosine Transform;

Digital Signal Processor;

Discrete Wavelet Transform;

Equalizer;

Fast Fourier Transform;

Internet of Things;

Line Feed:;

Long Range Wide Area Network;

Least Significant Bit;

Mel-frequency cepstral coefficients;
Root Mean Square;

Subband Coding;

Signal-to-Noise Ratio;

Unicode Transformation Format — 8-bit;

Voice Activity Detection.



16
BCTYII

AKTyaJIbHiCTH po00oTH. Y cydacHOMY cBiTi TexHousoriid Iareprery peueit (IoT)
HAsSIBHUM CTPIMKHUI PO3BHTOK E€IEKTPOHHUX 3ac00iB 300py, 0OpoOKH Ta mepenadi aymiio
iHpopMarllii, sIKi BUKOPUCTOBYIOTHCSI [JIsI CTBOPEHHS PI3SHOMAHITHUX NpPUIAdiB, SKi,
HANPUKIIAJ, TiABUILYIOTh KOMGOPTHICT KHUTTA JHOJei. 3pocTae moTpeda B cHUCTEMaAX,
3M1aTHUX €(EKTUBHO OIpaloBaTH 1 BWIy4yaTH i1H(OpMAIil0 3 MOBHOIO CHTHaly 3
nedeKTamMu Ta IIIyMOBUM 3a0pyTHEHHSIM, BPaXOBYIOUH MOKJIUBICTb MIEpeAayil Mpu LIbOMY
10/1aTKoBOI 1H(popmartii. JlocmiakeHHa y 1id ragy3i 3HAYHOIO MIPOIO 30CEPEIKEHI Ha
o0poOI1l Ta mepenadl CUTHAIIB AHIJIIMCHKOIO Ta I1HIIMX MOIIUPEHUX MOB, TOJM1 SK
yKpaiHChKa MOBa 3aJMINAE€ThCA HEAOCTaTHRO BUBYEHOIO. lle o00yMoBieHO, SK
BIJICYTHICTIO HAJIEKHOI 0a3u JTOCTIIKEHb, TaK 1 MOBHUMHU OCOOJIMBOCTSIMH, TAKUMH SIK
ckiagHa (oHeTHKa, 1HTOHAIIHA CTPYKTypa Ta CHOUISHTH, SIKI MOXYTh CTBOPIOBATU
J0IATKOBI TPYAHOIII /11 0OpOOIEHHS Ta repeayl.

Kpim toro, nepenosi cuctemu 10T, 110 npairoroTh 3 MOBHUMHU CUTHAIaMH, TaK abo
1HAKIlIe CTUKAIOTHCS 3 MpoOeMaMu 3HUKEHHS IIyMOBOTO 3a0pyJHEHHsS, KOMIIEHCcaIlli
nedeKTiB MOBJIGHHS Ta HEOOXIJHOCTI aJanTHBHOI OOpOOKM CcaMHUX CHTHAIIB 3
MO>KJIMBICTIO 3a MOTPEOU J0/1aTKOBOI niepenayi iHdopmaiii. BaxnuBo, mob npu mpbomy
BPaxOBYBaJIOCh 30€PEKEHHs SKOCTI 3BYKY, HE CTBOPIOBAJIOCH JOIATKOBUX IIyMIB Ta
BOJHOYAc, Oysa MOXIJIMBICTh TEpeaaBaTh JIOAATKOBY TEKCTOBY iHdopmariito. [ls
npoOsiema HalOyna PO3MOBCIOKEHHS B TakuX cdepax SK: YIOPaBIiHHSI PO3YMHUMHU
OyIMHKaMU, 3aIiC OHJIANH-JICKI[iH, BiIeOKOH(GEPEHITT Ta 1HIII IHTEPaKTUBHI 3aCTOCYHKH.

Jis 1poro HEOOXIAHO PO3POOUTH aNrOPUTMHU, SKI JO3BOJSIOTH HE JIMILE
MOKPAIIlyBaTH BIJHOIICHHS KOPHCHOTO CHUTHAIYy JO PIBHS IIyMy, a i MiJBHILYBaTH
pO301pJIMBICTH MOBJIEHHS Ta MIHIMI3yBaTh BTpaTu iH(popmamii npu o0podui ado
nepeaadl, BpaxoBYHOUH 0COOJIMBOCTI YKpaiHChKOi MOBU. He MeHII BaxXJIMBUM (aKTOPOM
BUCTYIAIOTh OOMEKEH1 00K CIIIOBAIbHI PECYPCH Ta MPOIYCKHA CITPOMOXHICTh IPUIA/IIB,
10 BIUIMBA€E HA €(PEKTUBHICTh PO3POOJIEHUX pIILIEHb, iX 3/1aTHICTh MPALIOBaTH B YMOBax

HU3BKOI SIKOCTI 00J1aIHAHHS, T4 HEJIOCTATHLOI IITYMO130JIS1111 CITiKepa.
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AKTyanpHICTh JAHOTO JOCHIDKCHHS IOJISATae y HEOOX1THOCTI PO3POOKH HOBHX
piteHs st 00poOJIeHHS Ta mepeaayi JeeKTHUX ayaio PparMeHTiB YKPaiHCHKOIO MOBOIO
3 MOXKJIUBICTIO AyOIFOBaHHS Ta TIEpeiadi MOBHOTO CUTHAITY CTeTaHOTpahiyHUM METOA0M
0e3 BTpaTH AKOCTI JIsl MOJANIBIIIOTO IEKOIyBaHHS Ta 34MTyBaHHs iHpopMmaiii. OTpumMani
pe3ynbTaTH MOXKYTh 3HAWTH TMpaKTUYHE 3aCTOCYBaHHS B PI3HHX cdepax, 30KpemMa B
cucremax "po3ymMHOro OyJMHKY' ', NMPU aBTOMAaTH30BAaHOMY 3allKCi Ta aHali31 OHJIANH-
JEK11H, 3a0e31euyour Npy [bOMY HOBUI PIBEHb €()EKTUBHOCTI Ta IHTEPAKTUBHOCTI.

[TuTaHHAMH 3aCTOCYBaHHS PI3HUX AITOPUTMIB OOPOOJIEHHS aKyCTHYHOI 1H(OopMaIlii
3aiiMalOThCA Takl BITYM3HSHI Ta 1HO3eMHI BueHi sik, [Ipomeyc A.M., Moxae O.O.,
Pozopinos I'.M., Hikonos M., benincekuit B., Onbcon I'., I'apcia JI., Ta 1xmii.

Merta Ta 3aga4i gocaigxenHs. Memoro danoi pooomu € po3poOJICHHS AITOPUTMY
3MEHIIICHHS IITYMOBOTO 3a0pYyJIHECHHS MOBHOTO CHUTHaNy 3 JaedeKTaMu, KWW 3alucaHo
YKpaiHCHKOI0 MOBOIO Ta CTBOPEHHS 00’ €JHAHOTO MPAKTHYHOTO MiAXOAY 3 MPOIEAypHU
pO3Mi3HaBaHHS MOBJIEHHA 3 ayJi0 CUTHalIy 1 JOJaBaHHS JI0 HbOTO JOAATKOBOT
IpUXOBaHO1 1H(pOpMaIIii METOAOM MEHII 3HAUyIIOro OiTa.

06 ’exkmom 0ocioxcenHs € MOBHI ay1I0CUTHAJIH, SIK1 3alTMCAaHO YKPAaiHChKO MOBOIO
3 nedexramu B loT-cepenouii.

IIpeomemom Oocnioxcennss € METOIU Ta 3acCO0M MIIBUINEHHS SKOCTI 0OpPOOKH
YKPaiHCbKOMOBHHMX MOBHUX CHTHAJIIB 3 JIe(eKTaMHu.

JIns qOoCSATHEHHS IMOCTABJICHOI METH HEOOX1THO BUPIIIUTH HACTYITHI 3aBIaHHS:

1. Bu3HaunTh OCHOBHI HEJOMIKH ICHYIOUHX 3aC001B 0OPOOKH MOBHOTO ayio
daiiny 3 nedexramu. Po3rnsHyTH 0COOTMBOCTI, 100 3a0€3MEUEHHS SKICHOTO 3aIUCy
ayJlio CUTHAJIIB Ha OCHOBI BUOOPY MPHUCTPOIB.

2. Po3pobutwn, 3a11s 3MEHIIICHHS TITYMOBOTO 3a0pyIHEHHS MOBHOTO CHUTHAITY
YKpPaiHCHKOI0 MOBOIO 3 HAsSBHUMH Je(eKTaMu, MPOTPaMHHIA aJTOPUTM B CEPEIOBHIII
MOBH 00’€KTHO-OpPIEHTOBAaHOTO TporpamyBaHHs Python, skuii mae BH3HAYaTHChH
OKPEMHUMH MOCII1JIOBHUMU €TaramMu 3 O3HaKaMH ITUKJITYHOCTI.

3. Bu3HauuTH OCHOBHI MNPUHUMIIM KOJYBaHHS TEKCTOBOI 1H(popmarlii 3a
¢opmaramu UTF-8 ta ASCII Ta nepcnekTuBM BUKOpUCTaHHs Merony LSB mus

J0/laBaHHs  JIOJAaTKOBOI TMpuxoBaHoi 1H(opmanii B ayaiocurHan. IlepeBiputu
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3alMpONOHOHOBAHUN AJITOPUTM JOJIaBaHHs MPUXOBaHOI iH(GOpMAIlii B ayaio CUTHAJ Ha
MpeaAMET MOro MPAaKTUYHOI JOLIITEHOCTI.

Metoau pochimkennsi. s BUKOHAHHS TIOCTABJICHOI METH 1 BUPIIICHHS
MOCTABJICHUX 3aBJIaHh BUKOPUCTAHO MeTomauky komyBanHs UTF-8 mmst GinapHOTO
MEPETBOPEHHSI MOBH, BUKOPUCTAHO CTETaHOTpa(iuHnUi METOM AJis repenadl J0JaTKOBOT
iHpopMmariii B 00pobaeHuit ayaio ¢ain. [y mokpameHHs sIKOCT1 Ta OUUIICHHS (ailmy
BIJl IIYMIB 3aCTOCOBAHO Psii MPOTPaMHUX IHCTPYMEHTIB OOpOOKH CHUTHANIB, HPHUHLIMI
(yHKLIOHYBaHHSA KOTPUX BHM3HAYalOThbCS B JIITEpaTypl HAa OCHOBI MaTEeMaTHYHHMX
CITIBBITHOIIICHb.

HaykoBa HOBU3HA OTPMMAHMX Pe3yJIbLTATIB.

1. Brnepiie mocnimkeHo Ta 3apoONOHOBAHO aJIrOpUTM 00poOKM ayiodaitry
YKpaiHChKOI0 MOBOIO B YMOBAax 3alllyMJICHHS, KM CKJIaa€ThCsl 3 OKPEMHUX €TalliB Ta
aJlanToBaHuil 10 poboTu B cepenouii l10T.

2. YTOouHEHO anroputM OOpOOKM MOBHOIO CHUTHaly, SKHM 3amucaHo
YKpaiHCbKOI0 MOBOIO, Ha OCHOBI aHaji3y YacCTOTHOI XapaKTEPUCTHKU 3 ypaxXyBaHHAM
0CcOo0IMBOCTEN BU3HAUEHHS (DyHaMEHTaIbHOI YACTOTH.

3. Brnepiie po3poOieHo anroputm IMOABIHHOI OOpPOOKH ayaio CHTHAIY 3
BMICTOM BHUMOBJICHUX CJIB YKpaiHCHKOIO MOBOIO, SIKUW JIO3BOJISI€ peaji3yBaTH OJHH 3
Ccroco0iB TNPHUXOBYBaHHSA MOTPiIOHOI 1H(OpMaIi B CTPYKTypi ayaiodaimy 3i
30epeKEHHSM SIKOCT1 Ta 6€3 MPaKTUYHO HE3MIHHOCT1 €eHEPTEeTHYHOTO BMICTY OCTAaHHBOTO.

Oco0ucTuii BHECOK 3100yBaya. Y ci pe3yiabTaTH, HaBEJEH1 y JUCePTaIliitHiii poOoTi
1 BUHECEHI Ha 3aXHUCT, OTPMMAHO 3a aKTHUBHOI ydacTi 37100yBada Ta OIyOJIKOBaHO Y
crieriaaizoBanux (PaxoBUX BUIAHHSIX.

Y pob60oTi «AHali3 MOBHUX aKyCTMYHUX CUTHAIIB B CHCTEMaX 3B 3Ky 3 YaCTKOBUM
3amrymiieHHsiM». CeitioBebkuil €.B., Tpane3on K.O. «Bueni 3anucku TaBpiiicbkoro
HalllOHAJIBHOTO YyHiBepcuTeTy iMmeHi B.[.Bepuancbkoro.», 2022, omyOiikoBaHiil B
CHIBaBTOPCTBI, 3100yBa4 0COOMCTO AOCIIAUB BIUIUB /11 IIyMy HAa MOBHHI CUTHAJL.

Y poboti «CreranorpadgiyHi MiAX0AHM 10 OOpOOJIEHHS ayJi0 CHUTHaJTIBY.

CeiTnoBcekuit  €.B., Tpanezon K.O. «Bicauk KpeMeHUylBKOro HalliOHAJIBHOTO
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yHiBepcuTeTy imeHi Muxaitma Octporpaacekoro.», 2023, omyOnikoBaHiii B
CIIIBaBTOPCTBI, 3100yBa4 0COOMCTO TOCTiAUB BILIMB MeTo 1y LSB Ha sKicTh aymiodaiiny.

VY poboti «Mogeni 1 anroOpuTMHU CTBOPEHHS ITUGPOBUX 3HAKIB ISl ayio (ailiBy.
CeiTinoBcbkuii €.B. « [lepcnextuBHI TexHOmOTIi Ta npwianu. Jlynpkuii HarlloHATLHAN
TeXHIYHUN yHiBepcuTeT», 2024, 3m00yBad 0OCOOWCTO JOCHIIWB  MOMJIHBICTH
NPUXOBYBAaHHS BEJTMKUX 00CSTIB iHPOpMAIIii.

Y poboTi «ANTOPUTMIYHUN MIAX1J peali3alli MpOrpaMHOr0 CKpPEMOJIHTY
ayniocurHamiby. CiTnoBebkuid €.B., Tpaneszon K.O. « Bichuk Kpemenuyipkoro
HaIllIOHAJIBHOTO YHIBepcHuTeTy iMeH1 Muxaiina Octporpaacbkoro», 2024, ony01ikoBaHii
B CIIIBaBTOPCTBi, 3700yBau OCOOMCTO JOCIIAMB MiAXiA 1 peajizaiiio MporpamMHOro
QNITOPUTMY JUIsl KOAYBAHHS TEKCTOBUX JAHMX B ayJdiOCHUTHAJl Ha 4YacToTax, SKi €
HEYYTHHUMH JIJIS JTFOAMHH.

IIpakTyHe 3HAYeHHS OTPUMaHUX pe3yabTaTiB. IlpakTHyHe 3HAYCHHS
OTPUMAHUX pe3yJbTATIB TOJISITAE Yy PO3POOI aNrOpUTMy OOPOOKM Ta OYHUIICHHS
ayJIOCUTHAIIB BiJ IIyMiB, KOJIyBaHHS TEKCTy Ta Iepefadi CynmyTHbO1 1H(opmarlii
METOJIOM MEHII 3Hayymoro Oita. Po3poOieHi MeTonu Ta ajiroputMu J03BOJSIOTH
e(eKTUBHO BUAAISTH IIIyMH 3 MOBHHMX ayJ[10 CUTHAJIIB 3alIMCAHUX YKPATHCHKOIO MOBOIO,
I IBUIYIOYH iX SKICTh Ta PO30IpJIHMBICTD, IO € KPUTHYHUM JIJIs1 HAJIIHHOTO CITIJIKYBaHHS
ta nepenaBanHa iHpopMmanii B loT-cucremax. OpgHOYacHO, BUKOPHUCTaHHS
cTera”HorpagigyHoro mMeroay Haiimenmn 3Hauymoro Oita (LSB) nmns mpuxoByBaHHsS Ta
nepeaadi J1I0AaTKOBOI TEKCTOBO1 1H(oOpMaIllli B ayJioCUTHANI 3a0e3Meuye MOXKIUBICTh
nepeaadi CynyTHhOi iH(popmarrii 6e3 301IbIIeHHS] 00CATY TepeIaBalbHIX JaHUX Ta 0e3
MOMITHOTO BIUTUBY Ha SIKICTh 3BYKY. Llelf KOMIUIEKCHHMI MiAXiJ AO3BOJISIE CTBOPIOBATH
6araToyHkuioHanbHi [oT-pimeHHs, K1 MOEIHYIOTh BUCOKOSIKICHY 00pOOKY MOBIIEHHS
3 O€3MEYHOI0 Tepeaayeto 0AaTkoBo1 iHpopmarlii. Po3pobieHi maxoau 10 OYUIICHHS
ayJl10 BiJ] IIyMIB Ta Mepeayl CyImyTHHO1 1HpOpMalli IHTErpyIOThCS B €IMHE PIILICHHS, 10
BIJINOBIJ]a€ Cy4YaCHUM BUMOTaM J10 SIKOCT1 Ta Oe3nexku nepeaayi ganux B loT-cepenonuiiii.

AnpoOauisi pe3yabtaTiB aucepramii. OCHOBHI MOJOXEHHS Ta pe3yJbTaTu
JUCEPTALIHOTO TOCTIKEHHS JOTOBIJATUCh HA 2 MDKHAPOAHUX HAYKOBO-TIPAKTUUHHUX

KOH(epeHLisx:
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1. Anami3 MOBHHX aKyCTUYHMX CHUTHAQJIIB B CHCTEMaxX 3B’SI3Ky 3 YaCTKOBHUM
samrymiieHHsIM. CiTinoBcbkuii €.B., Tpanezon K.O. «PamgioTexHiuHI MOJIs, CHTHAIH,
anapatu Ta cucreMn» XI MixkHapoaHa HayKoBO-TexHIYHa KoHpepeHilis M. Kuis, 2022

2. Creranorpadis B indopmamiitaux cucremax. CpitioBchkuid €.B. «Science and
technology: challenges, prospects and innovations» MixnapoHa HayKOBO-ITPaKTUYHA
koHbepenuis Anonis, Ocaka, 2024

Iy6aikamii. 3a pe3ynbTaTaMu JOCIIKEHb OMYOJ1KOBAaHO 4 HayKOBUX MyOJIiKaIlii
(3 Hux 3 cTarTi y HaykoBUX (DaxOBHX BHJAHHAX YKpaiHU 3a chnemianpHicTiO 171
EnexTpoHika), 2 10M0BI1 y 301pHUKax MaTepiajiB KOH(epeHIii.

CTpykTypa Ta o0csar aucepramiiiHoi po6oru. Pobora ckiiamaeTbest 31 BCTYITY,
HIECTH PO3JLIIB, CIIMCKY BUKOpPUCTaHUX Jkepen 13 117 naiimenyBanb Ta 1 momatky.
PoGoTa micTtuth 28 pucyHkiB Ta 2 TaOnuli. 3araibHUM oOCsT aucepTaliitHoi podoTu

cksanae 145 cTOpiHOK.
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1  OIJSIJI OCOBJIUBOCTEM 3ATIUCY TA MEPEJAUI
AYTIOTH®OPMAIIII

1.1 IIpo6semu Ta BUKJIANKHU B cepenoBumi 10T

Cyuacni Texnonorii [ntepHetry peueit (I0T) akTHBHO BUKOPHUCTOBYIOTH OOPOOKY
MOBJICHHSI JJIsl TOJIOCOBOTO YIPABIIHHS, MOHITOPUHTY Ta OE€3MEYHOro IMepeaBaHHS
iHdopwmarii. OxHak, po6oTa 3 MOBHUMHU CUTHaJlaMU B yMOBax |0T cTukaeTbcs 3 psgoMm
npo0JeM, siKi 0OMEXYIOTh €(PEKTUBHICTh PO3POOJICHUX ICHYIOUMX PIllleHb. BIabIIiCcTh
Cy4YaCHHUX aJITOPUTMIB 0OPOOKH MOBJICHHS OPIEHTOBAaHI IEPEBAKHO HA aHTIIIHCHKY MOBY.
Bonu He BpaxoBYIOTh OCOOJIMBOCTI YKPaiHChKOI (POHETUKH, 110 MPU3BOAUTH A0 BTPATU
pO301pJIMBOCTI, 1 SIK HACIIJOK, CUCTEMA MOKE HENPABUIILHO 1HTEPHPETYBATH KOMaH/IH,
a00 3By4aTu cnotBopeHo. [Ipobiiema yCKIagHIOETbCS 1€ TUM, IO CTaHAApPTHI MOBHI
MOJIEJTi JUTsl aBTOMAaTHYHOTO po3mi3HaBaHHs MoBH (ASR) 3HauHO MeHI e(heKTUBHI JIs
po0OTH 3 YKpaTHCHKOIO, TaK SIK aJIalToBaHi mij iHmi ¢ponemu [1, 2].

3a3Buuail, B cepenouill 10T nms 0OpoOJIeHHS 3BYKY 3aCTOCOBYIOTHCS CTaTUYHI
napameTpH, SIKi HE 3MIHIOIOThCA 3aJIe)KHO BIJ PIBHS LIyMy, aKyCTUYHHX YMOB YU
0COOJIMBOCTEM ToJIOCYy. SIK HACIIJIOK, BOHU a00 HEIOCTaTHbO €(EeKTUBHO BUIAISIIOTH
ryM, abo 3aHaATO arpecHBHO (QIIBTPYIOTh CUTHAJ, IO MPU3BOJUTH 10 BTPATH MOBHOT
iHpopmMmaliii. YV pealbHHX yMOBax, /i€ pIBEHb IIyMy MOKE€ 3MIHIOBATHCS JUHAMIYHO
(HampuKIIaa, y MICBKOMY CEpeIOBHII, BJAOMa YM Ha BUPOOHMIITBI), Taki METOJU HE
3a0e3MeuyroTh SKICHOro pe3ynbtaty [3].

[[Iupoxoro po3noBCIOIKEHHS OCTAHHIM 4YacOM Ha0yBalOTh HEUPOMEPEKEBI METOIH,
taki sk RNNoise, DeepFilterNet. Ilpore, Bucoke crmokuBaHHs €Heprii, HEOOXITHICTh
3HAYHUX OOUYHMCITIOBAILHUX PECYPCIB Ta MaM’sTi, MOKe OyTH IPUYMHOIO TX OOMEKEHOTO
BUKOPUCTAHHA Il BOY/IOBAaHUX CHUCTEM y TPUCTPOSIX 3 HU3BKOIO MPOTYKTHUBHICTIO, /1€
KPUTUYHUM € OajmaHc MK €(EeKTHUBHICTIO Ta BUTPATOIO €IEKTPpUYHOI eHeprii. Tak, s
3MIHHM TTapaMeTpiB HEHPOHHI Mepexi MOTPEeOyIOTh JOBrOTPUBAIOTO HABYAHHS, & HATIPSIM

00poOKM MOKe OyTH 30CEpeKCHUN JUIE Ha aBTOMATUYHE BUIAJICHHS IIIyMiB, HE
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BPaxOBYIOUM TMPU [bOMY pPO30IpJIWBICTH MOBJICHHS, CHEKTpPaibHI, JUHAMIYHI
XapaKTepUCTHKHU curHany [4, 5].

[Ile oqauM HanpsiMKOM 3 aaanTarlii cucteMu 10T 10 3anmymiieHHs € MyJTbTUKaHATbH1
CHCTEMH. IX TNpHHIMI TONAra€ y BHUKOPUCTAHHI KiNbKOX MIKpOQOHIB 3 Ppi3HOIO
CHPAMOBAHICTIO (MOXe OyTH SK aAaNTUBHA, TaK 1 CTATUYHA peaji3allis) s MOAAIbIIOro
NOPIBHAHHA Ta aHAJII3Y 3alMCAHOTO0 3BYKY 3 PI3HUX HAMpsMKiB. OCHOBHUMH IIpoOieMaMu
TAKOTO MIJIXOAY € OOMEXEHHS B KUIBKOCTI MIJKIIOYEHUX MIKpO(DOHIB, MiABUIICHHS
BapTOCTI TakOi CHUCTEMH, OOUMCIIOBAIbHA CKJIAJAHICTh, YyTJIMBICTH 10 PO3TAIlyBaHHS
MUKPO(OHIB, 1 K HACTIJOK, MOraHa ajanTallisl 0 MOXJUBOI 3MIHU YMOB CE€pEeI0BHUILA
[6].

OOMmiH gaHuMu B cepefoBulll [HTepHeTy peuell mnepefdadyae BHUKOPUCTAHHS
OOMEXEHUX PEeCcypciB, M0 3YMOBJIEHO TMONIMPEHICTIO MPUCTPOIB 3 aBTOHOMHUM
KUBJICHHSAM, MIKPOKOHTPOJIEPIB 13 HHU3BKMMH OOYHCIIOBAIBHHUMH MOJXKIIMBOCTSIMH,
HEBEJIMKUM 00CsSTOoM BOYJIOBaHOI TMaMm’sTi Ta CHeHupIYHUMH KOHCTPYKTHBHUMHU
oOMekeHHSIMH. B Takux ymMoBax MplOpUTETHUM 3aBJAHHIM € 3a0€3MeUEeHHs HAIIIHOTro
3B’SI3Ky Ha 3HAYHIM BIJCTaHI 3a MIHIMAIBHUX C€HEProBUTPAT 1 3 ONTUMAIbHUM
BUKOPUCTAHHSAM TMPOMYCKHOi  3JaTHOCTI Mepexi. PosrinsHemo Ha mpukiami
mikpokonTposiepa Heltec WiFi LoRa 32 V, skuii noeanye B cobi moayas LORaWAN
(Long Range Wide Area Network) ta ESP32 [7], mikpodon SPHO645LM4H [8] mma
3aMucy ayaioCHTHaly, SKUH MOKe 3a0e3MeduTH peajizallilo MepBUHHOI 00pOoOKU
3BYKOBHX JaHUX Oe3mocepeHh0 Ha MPHUCTPOi 3 MOMIIMBICTIO MIIKIIOUECHHS Yepe3
LoRaWAN [9]. Bigomo, 1o Texrosoriss LORAWAN 3naTHa 3a0e3meuyBaru riepeaaBaHHs
JaHUX Ha BENWKI BIJCTaHI 3a HHU3bKOI IMIBUIAKOCTI, HIO0 Ja€ 3MOTY 3MEHIIUTU
€HEepProCIOKUBAHHS MEPEaBaIbHOTO MPUCTPOIO Ta OJHOYACHO MiJTPUMYBATH BEIUKY
KUIBKICTh KIHIIEBUX MNPUCTPOIB. Takui miaxiJ BIJAKPUBAE MOXKJIUBICTH CTBOPECHHS
EHEpProom@aauux, npore ¢yHKIioHaANbHUX |OT-cuctem, 10 3AaTHI TpaloBaTU
aBTOHOMHO 1 BUKOHYBATH 3aBJaHHs 300py Ta OOpOOKH TaHUX.

Yepes oOMexeH1 pecypcu MikpokoHTposiepa Ta cnenudiky LORaWAN-38’s13ky, 1o
00poOKH MOBHOT'O CUTHAILY IOCTA€ HEOOXI1IHICTh PO3POOKH ONTUMI30BAHHUX AJITOPUTMIB,

0 3/JaTHI 3a0€3MeYUTH BUCOKY SKICTb 1 TOYHICTH B OOpOOIl MOBHOIO CHUTHAIY,
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BUJIIJIEHH] KJTFOYOBUX XapAaKTEPUCTHUK B yMOBaX OOMEXEHUX 00UNCIIOBAILHUX PECYPCIB,

00’eMy Ta mMBHIKOCTI nepenadi gaaux [10].

1.2 Oco0smmBOCTI 3aMUCy ayIiOCUTHAJTIB

3anuc ayaiOCUTHANIIB € BAaXKIUBUM KpPOKOM y 0araThOX 3aCTOCYBaHHSX, BIJ
nmpodecifHOro 3BYKO3allMCy JO0 CHCTEM pO3Mi3HaBaHHA MOBH. JSIKICTh 3aIucy
BU3HAYA€ThCS OarathmMa (pakTOpamu, BKIOYAIOYM BHOIp MIKPOPOHY, aKyCTHYHI
BJIACTUBOCTI MPUMIIIIEHHS, HAJIAIITYBAHHS 3aMHCY, & TAKOXK €NIEKTPOHHI Ta (Pi3UyHI ITyMH
[11].

KoncTpykiis cydacHHUX MiKpO(OHIB € T0BOJI CKIAQAHOI Ta PI3HOMAaHITHOIO.
Buxonsum 3 3amayi Ta yMOB MOXXHA BHU3HAYUTH THUIl MIKpO(OHY, HAMpPUKIAT IS
3BYKO3aIUCy, HAaYacTilIe BUKOPUCTOBYIOTHCS KOHAEHCATOPHI MIKpO(OHHU, KOHCTPYKIIIS
SIKMX Ma€ BUCOKY YYTJIHMBICTh Ta IMUPOKUH YacTOTHHMIA aiana3zoH [12-14]. [ns myOmiuanx
BUCTYIIIB YaCTIIIE 3aCTOCOBYIOTh JHWHaMiuHI a00 JaBajbHIPHI MIKpPO(OHH, SKI MEHUI
YyTJIMBI 0 HABKOJMIIHIX ITYMIB Ta cepenoBuia 3amnucy [15].

[Mudposi MikpodoHH, HA BIIMIHY BijJ aHAJIOTOBUX, BUKOPUCTOBYIOTH aHAJIOrO-
nrdpoBuil neperBoproBay 1 MUGPOBUN TpoOIECOp IS MOMEPEIHbOI 0OpPOOKH 3BYKY,
3aMIHIOIOYM TpaJMIiiHuN nepeaniacumioBay [16]. Lls TexHosorisA A03BOJISE OTPUMATH
O1IBIII TOYHE BIATBOPEHHS 3BYKY Ta MOJICTIIYE MOAbIITY HOTO 00pOOKY.

st 3a0e3rneyeHHsl SIKICHOTO 3BYKO3allMCy BEJIMKE 3HAYEHHS Mae MpaBUJIbHE

po3TanryBaHHs MIKpO(OHIB, SIKE 3aJIEKUTh BiJ TUIY Ta PO3TAIIyBaHHS JKEpEa 3BYKY

[17].

1.3 AKyCTHKA IPUMIlLIEHHSA

AKYCTHUYHI BJIACTHBOCTI MPUMIIICHHS, ¢ 3I1MCHIOETHCS 3aIliC, MAalOTh CYyTTEBUUI
BIUTUB Ha SKICTh ayJiocurHaiy. BakinBo MiHIMI3yBaTH peBepOepalliro Ta 30BHIIIHI
IIyMH, M0 MOXE OYTH JOCATHYTO 3a JOMOMOTOI0 aKyCTHYHHX 00poOok. Po3mip

NPUMIIIEHHS BiIirpae BaXKJIUBY poJib. Benuke mpuMILIeHHS 3 BUCOKHUMHU CTEISIMU MOKE
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CTBOPIOBATH 3HAYHy peBepOepalliro, sika yckiuaaHioe 3anuc [18]. HatomicTh, MaaeHbKi
OPUMIIICHHS MOXXYTb CIPUATH HAKOMMYCHHIO CTOSIYUX XBWJIb, IO TaKOX HETaTUBHO
BIJTUBA€E HA SKICTh 3ByKYy. OnTUManbHUN BUOIp — cepeHi 32 pO3MIpOM MPUMIIIECHHS 3
HAJIO)KHOIO aKyCTHYHOIO 00poOkoro [19]. dopma mpuMilieHHS TaKOX Ma€e 3HAYCHHS.
[TpssMOKyTHI TPUMINIEHHS YacTO CTBOPIOIOTH MpobiieMu 3 peepOepariiero dgepes
napanenibHi CTIHH, 10 BiIOMBAIOTH 3BYKOBI XBWIi. [IpuMilieHHs] HeMpaBUiIbHOI (HopMu
MOXYTb CHpPHUSTH OUIBII PIBHOMIPHOMY pO3MOJUTY 3BYKY. Marepiaau MOBEPXOHb
NPUMILIEHHS! TEX BIUIMBAIOTh Ha aKyCTUKY. BinOuBanbHI MOBEpXHi, Takl K CKJIO Ta
0eTOH, MOXXYTh 301IbIITYBaTH peBepOepallito, TO/A1 K 3BYKOMOIIMHAIOY] MaTepiaiu, TakKi
SIK KWIMMH Ta TKAHUHH, MOXKYTh JIOMOMOI'TH 3MeHIUTH 11 [20].

O6poOka  mpumilieHHs  BKJIIOYAa€  KUIbKa  MiAxoaiB.  BukopucranHs
3BYKOMOTJIMHAKOYUX MMAHEJIeH Ha CTIHAX Ta CTeJIl JoTloMarae 3MEHIIUTH peBepoOepallito Ta
NOJIMIIATA 3arajbHy aKyCTHKy NpuMilleHHsa. [laHeni MOriaumHaioTh 3BYKOBI XBUII,
3MEHIIYIOUHW iX BiAOUTTS. bac-macTku mpu3HayeHi Jyisl MOTJIMHAHHS HU3bKOYAaCTOTHUX
3BYKIB, SIKI MOXKYTh BUKJIMKAaTH PE30HAHC Y MpuUMiIleHHI. BcTaHOBIEHHs 6ac-MacTokK y
KyTax NOPUMINICHHS JO0MOMara€ 3MEHIIUTH HHU3bKOYACTOTHI pe3oHaHcu. Judyszopu
PO3CIIOIOTh 3BYKOBI XBWJII, IO JOMOMAara€ YHUKHYTH (POKYCYBaHHSI 3BYKY B IEBHHUX
TOYKaxX MpuUMilieHHs. BoHu 3a0e3neuytoTs O1IbII piBHOMIPHE PO3IMOAUICHHS 3BYKY 10

npumMinieHHto [21].

1.4 Bumoru 10 npuMinieHb 3ByK03anuncy

AKYyCTHYHI BJIACTHBOCTI CTYy[Iii 3BYKO3aImUCy 3HAYyHO BIJAPI3HSAIOTHCA  BIJ
BiacTuBOCTeH ayautopil. CTymis MOBMHHA OyTH aKyCTHYHO «MEpPTBOIO» 3 JIyXKe
KOPOTKMM YacoM peBepOepaliii, [0 BUMarae BiJi MPUMIIICHHS BUCOKOrO pIBHS

MOTJIMHAHHS 3BYKY Ta JIOCTaTHBOI 3BYKO13011Ii1 [22].



25

1.5 Po30ipauBicTh MOBH

P030ipnuBiCTE MOBU € BaXKJIUBUM KPHUTEpIEM AKOCTI CTynii. BoHa Bu3HadaeThCs
BiJICOTKOM apTUKYJsIii (4%), OTpUMaHUM B PE3yibTaTi apTUKYISAIIHHAX BHPOOYBaHb
y TmnpuMinieHHi. [neanbHOI0 po30ipnuBICTIO BBaxkaeTrbes 96%  apTukymsmii, a
He3aqoBUIbHOI0O — 65%. OnrtumanbHMii yac pesepOepaiii s MOBHHMX MpOrpam

BU3HAYaEeThCs 3a hopmyiioro [23].

1.6 3ByKoi30511is1

[Ilo6 3amoOIrTM NPOHUKHEHHIO HU3bKOYACTOTHUX 3BYKIB (HANpUKIAL, IIyMy
TPaHCIOPTY Ta JIITaKIB), KIMHATA 3aMKCy 3a3BUYal 130JIF0€THCS Bl OCHOBHOT KOHCTPYKITIT
noABIMHUMU cTiHKaMu. Llg cTpareris, BijioMa K «KIMHAaTa y KIMHaTi», MIHIMI3ye
CTPYKTYpPHHUH 3B'SI30K MK CTyAi€l0 Ta (GyHIaMEHTOM OyAiBJi, 3MEHIIYIOYH Mepeaady
HU3bKOYACTOTHUX 3BYKIB Uepe3 TBEP/l KOHCTPYKIi. BaxkiinBo 3a0e3reuuTu peTeinbHy
repMeTH3aIil0 MNPUMIIIEHHS Ta TMpPaBWIbHE TMPOEKTYBAHHS CHCTEMH OIAJICHHS Ta
KOHJUIIOHYBaHHS. Jl0JJaTKOBO BUKOPHUCTOBYIOTHCS 0AacoBi MACTKU JIsl 3MEHIICHHS

HU3bKOYacTOTHOTO (hoHy [19].

1.7 3BYKONOTTHHAHHS

3BYKOTIOTJIMHAJIBHI MaTepiajid, Takl SK 130JAMisl 3 MIHOIJIACTy B CTIHAX,
J0TIOMAaraloTh TepMETU3yBaTH MPUMIIICHHS Ta MOTJIMHATU 3BYKU CEPEIHBOI Ta BUCOKOT
yacTOoTH. Hu3bKI 4acTOTH, SIK TMpaBWIO, €PEKTUBHIIIEC MEpeAaroThCsl 4Yepe3 TBEepIi
KOHCTPYKIIi, TOMY IJIsl 130JS1101i CTY/li BIJ HU3bKHX YaCTOT YaCTO BUKOPHCTOBYETHCS
KOHCTPYKIIA 3 MOJABIMHUMHM CTIHKaMHU. ['€pMETHYHICTh KOHCTPYKIl € BaXJIMBOIO,
OCKUTBKH HaBITh HEBEJIMKI OTBOPH MOXKYTh YCKJIAJTHUTH 3BYKOi30JIsIIi 0 [24].

Jnst  nOCSTHEHHS HEOOXI1IHOrO PIBHSA 3BYKOI30JIALII BAaXKIMBO BpPaxOBYBaTH
JorapuMIiuHy peaKlio JIF0ICHKOro Byxa Ha IHTEHCUBHICTb 3BYKY. 3MEHILIEHHS I'YYHOCTI

arpecHMBHMX 3BYKIB y JIECATh pa3iB 3HIKYE iX IHTEHCUBHICTD Juie BABIYl. Lle o3Hauae,
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[0 CHJIbHI 30BHIINIHI 3BYKH TOTPIOHO 3MEHIIMTH OUTBII HIXK Yy MUIBHOH pasiB, 100
3poOuTH iX HeuyTHUMHU. lle 3HaUYeHHS BHUpa)KaeTbCcs y HEOOXITHOCTI 3a0e3TnedeHHS
3HAYHOTO OCJIa0JIEHHS 3BYKY ISl TOCATHEHHS KOM(MOPTHUX YMOB Y CTYii.

OxpiM TOr0, HEOOXITHO BpPaxOBYBaTH aKyCTHYHI MaTepiayid, SKi 3a0€3MedyroTh
MOTJIMHAHHS 3BYKIB CEPEIHBOI Ta BUCOKOI YaCTOTH, a TAKOX KOHCTPYKIIIT 3 MOABIHHUMH
CTIHKaMH, siKi e()eKTUBHO 3MEHIYIOTh Iepeaady 6acis [25].

BuMoru 10 mpumitieHp 3ByKO3aMuCcy OXOIUTIOI0Th KOMITJIEKC 3aX0/liB 3 aKyCTHYHOI
0o0OpoOKM Ta 3BYKOI30JAIII JJIsi 3a0€3MEUYEeHHS BUCOKOSKICHOTO 3amucy 3BYyKy. Lle
BKJIIOYA€ MIHIMI3alilo peBepOeparllii, epeKTUBHY 130J11I0 BiJ 30BHIIIHIX HIYMIB Ta
3aCTOCYBaHHS 3BYKOIOTJIMHAJIBHUX MarepiaiiB. BUKOpUCTaHHS KOHIENUli «KIMHAaTa y
KIMHAT1» JI03BOJISIE JOCSTTH HEOOXIAHOTO PIiBHSA 3BYKOI3OJISIIi, M0 3abe3nedye

KOMQOPTHI YMOBH Il 3BYyKO3amnucy [25].

1.8 YacToTHuUii Aiana3oH Ta 4yTJMBICTH Mikpo(doHiB

Hominanpauii aianason yactoT (frequency range) — 1ie 4aCTOTHUMN Jiana3oH, KN
MIKpO)OH MO’KE 3amucaTd 1 I KOHACHCATOPHUX MIKpO(OHIB BiH BHU3HAYAETHCS B
mexax 20-20000 T, Tomi sIK AJis BUMIPIOBAIBHUX MIKPO(OHIB [1arma3oH MOXKe
cranoButu 20-50000 I'm [12]. 3 po3BuTkoM I1U(POBOI 3BYKOTEXHIKH 3’ SBUIUCA
MikpodoHu 3 aianazonom yactot 10 50 k[, mpu3HaUeHi AJis CTYAIHHOTO 3BYKO3AaIHNCY,
nanpukian, mogens MKH800 Bix Sennheiser [26].

YyTtnuBicTh  (sensitivity) BU3Hauae 34aTHICTH  MiKpodoHAa  TEPETBOPIOBATU
aKyCTUYHUN THUCK B €JEKTpUYHy Hampyry. lle BimHOIIEHHS CHUTHaIy Ha BUXOII
mikpodona (U) 10 3ByKOBOro THUCKY Ha Bxoal Mikpodona (P). UyTnuBicTh 3a3BUYAid
Bupaxkaetbcs B MB/I1a (S = U/ p). ¥ mibkHapogHux cranmapTax, Takux sk IEC 60268-4,
YYTJIUBICTh BU3HAYAETHCS SK CEPEAHHOKBAIPATHYHE 3HAUCHHS HAMPYTd HA BUXOII
Mikpo(oHa 3a onopy HaBaHTaxeHHs 1 kOM Ha yacToTi | kI mpu 3BykoBOMy THCKY | Ila

(94 nb) npu kyTi mpuitomy 0 rpamxycis [27].
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VY cyuyacHHMX Karajorax 4acTo BKa3y€ThCSl PIBE€Hb UYTJIUBOCTI, KM BU3HAYa€THCS

sk 20 jorapudmiB BiqHOCHOT 9yTMBOCTI MikpodoHa 1o 3Hadenns 1 B/Ila (L = 201g(S /
So), ne So = 1 B/Ila) [23]. 3HaueHHs piBHA YyTIUBOCTI YAaCTO OyBa€ BiJ’ EMHHM.

YyTauBicTh KOHACHCATOPHUX MIKPO(DOHIB 3a3BUYail 3HAXOAUTHCS B Mexkax 8§ MB/I1a

no 40 mB/ITa. Hanpuxman, mikpodpon DPA 3530 mae wytmusicts 10 mB/Ila, a piBenb

yyTiauBocTi -40 nbB [28], Toxi six mikpodon AKG C3000B mae uytnusicts 25 mB/I1a (-

32 nbB) [29]. BupoOHuky 4acTo BKa3ylOTh JAOMYCTHMI MEXi PO3KHY UyTIWBOCTI MPHU

BUpoOHULTBI (1-2 1b).

1.9 BnuimB esleKTPOHHMX TA (Pi3HYHMX IIYMiB Ha 3BYK

EnekTpoHHI I1IymMH BHHHMKAIOTh BHACHIJOK CIEKTPUYHHMX TEPEHIKOJ Ta
HEei/Iea bHOCTe KOMITOHEHTIB aypaiocuctemu [24]. OCHOBHI JipKepena eleKTPOHHUX
IIYMIB BKJIIOYAIOTh TEIUIOBUH IIyM, SIKHM BUHUKA€E 4Yepe3 TEIJIOBUM pyX €JIEKTPOHIB y
IPOBITHUKAX Ta KOMIIOHEHTaX. BiH € HE3MIHHUM 1 30UIbIIYETHCS 3 MiJABUIIEHHIM
temneparypu. lllym neperBopeHHs BHMHMKAa€ ImiJ 4yac OUU(PYBAHHA CHUTHAIYy B
aymioinTepdeiici. BaxkmuBo BuOupaTu aymaiointepdeiicu 3 BucokoskicHuMHU ALl
(ananoro-upoBUMHU  TIEPETBOPIOBAYAMH), SKI MAalOTh HHU3bKHI pIBEHb IIyMY.
[HTEpMOTYNISIIHUN [ITyM BUHHMKAE 4Yepe3 B3a€MOJII0 PI3HUX YACTOTHUX KOMITOHEHTIB
CHTHAJTy Ta MOYXE MPHU3BECTH 10 CIOTBOpeHHS 3ByKy [30].

®i3UyH1 ITyMU BUHUKAIOTH BiJl 30BHINTHIX JHPKEPEJI Ta HABKOJIUIITHBOTO CEPEIOBHUIIIA.
OcHoBHI mxepena (i3MUYHUX [IyMIB BKJIIOYAIOTH BIOpaIlifo, sika MOXeE IepeaBaTUCs
yepe3 KOHCTPYKTHBHI €JI€MEHTH MPHUMIIIEHHS Ta BIUIMBATH HA 3amuc. BukopucTaHHs
BIOpO3axucTy A MIKpO(OHIB Ta ayAioiHTEp(EiCciB TonoMarae 3MEHITUTH LEi BIUIUB.
@DOHOBI UIyMH, TakKi SK IIyM BiJ KOHJWIIOHEPIB, BEHTWIATOPIB Ta 1HIIUX MNOOYTOBHX
MPUIAJIIB, MOXKYTb MOTIPIIATHU SKICTh 3aMKCy. BaXIMBO MIHIMI3YBaTH Ll IIyMH HIJISTXOM
BUKOPUCTAaHHS 3BYKONOIJIMHAIOUMX MaTepialiB Ta 130JSILIAHUX METOMdIB. AKYCTHYHI
BIIOUTTS BIJl MOBEPXOHb MPUMIIIEHHS MOXYTh CIPUYMHUTH peBEepOEpallito Ta 1HIII
HeOaxaHl edektu. IlpaBuibHe po3TanryBaHHs MIKPOQOHIB Ta BHKOPUCTAHHS

aKyCTUYHHUX MMaHeJIel ToroMarae 3MEHITUTH 1iei BruiuB [31].
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1.10 SIkicTh 3BYKOBOI KapTH Ta 3aMUCYHOY0Ir0 00/1aJHAHHS

3BYKOBI KapTH 3a0€3Me4y0Th IEPEeTBOPEHHS aHAJIOTOBOI'O CUTHAITY B IU(PPOBUIl Ta
HaBmaku. Bubip 3ByKOBOi KapTH 3aJI€KUTh BiJl KUTBKOX mapaMeTpiB. Bucoka po3minpHa
3JIaTHICTH 3a0e3mneuye TouHe OUM(PYBaHHA CUTHATY 3 MiHIMaJIbHUMH BTpaTaMH SIKOCTI
[32]. Ynm BuIIa po3aisibHA 31aTHICTH, THM OUIBINE JeTalied MOXHA 30€perTH y 3ammci.
YuM HWKYUHP pIBEHb LIyMY, TUM YUCTIIIMNA OyJe 3amuc, 10 J03BOJIUTH 3a0€3MeUnTH
BHUCOKY pO30IpJMBICTh MOBJIEHHS Ta MOXIJIMBICTh KOPEKTHOI OOpOOKHM ayJ10CUTHAILY.
HaBiTh He3HauHI IIYMOBI apTe(akTh MOXYTh BIUIMHYTH Ha KIHLEBY SIKICTb IPOAYKTY
[33]. Bubip 3BykoBOi KapTH 3 JOCTaTHLOIO KUIBKICTIO KaHAJIB 3a0e3Meuye rHyUKiCTh Ta
MOXJIMBICTh 3aIMCy KIJIbKOX JKepen 3BYKYy ojHovacHo. CydacHi 3BYKOBI KapTu
BUKOPHUCTOBYIOTh Pi3HI TUIH MifKiItoueHb, Bioyatoun USB, Thunderbolt, FireWire Ta
i1, Bubip 3aJIeXuTh BiJ CYMICHOCTI 3 KOMIT' FOTEPOM Ta BHMOT IIOJIO IIBUIKOCTI
nepenadi ganux [34].

TakuM 4yMHOM, 3aIIUC AyAIOCUTHAIB € CKJIAJHUM IIPOLIECOM, SIKMI BKIIIOUa€e BUOIP
MikpodoHy, 00poOKy TPUMIILICHHS, BpaXyBaHHS CJICKTPOHHUX Ta (PI3MUHMX IIyMiB, a
TaK0 BUKOPUCTAHHS SKICHOI'O 3alIUCYI0UOro obsiagHaHHs. KoxeH 3 I[UX acnekTiB Mae
KPUTUYHE 3HAUYEHHS JIJIsl JOCATHEHHS BUCOKOSIKICHOTO 3aIUCY, SIKUH B1IMOBIJJa€ BUMOTaM

Cy4acHHUX TEXHOJIOT1H Ta CTaHIAapTIB.

BucHoBku 10 po3sainy 1.

Y mepriomy po3iii mpoaHaTi30BaHO HAYKOBI Mparli Ta JOCTIKSHHS, TPUCBSIYCH1
JAOCTDKEHHSIM 3amucy Ta oOpOku MOBHOI ayaioiHdopmarii. Busdeno icHyroui
TEXHOJIOT1i Ta 3ac00n 0OpOOKM MOBHOI'O CUTHAJTy B CEPEIOBHUILI IHTEPHETY peyel Ta ix
HEOJIIKU. BiaMmiueHo, 10 SKICTh 3alUCy 3aJIeKUTh Bl BHOOPY THUIYy MIKpOo(doHa HOro
pO3TallyBaHHs, AaKyCTUYHHMX BIIACTMBOCTEW NPUMILIEHHS Ta BIUIMBY (QI3UYHHUX 1
€JIEKTPOHHUX IIyMiB. Bu3HaueHo pexoMeHAalii no 3aCTOCYBaHHIO 3BYKOMOTJIMHAIBHUX
MaTepiaiiB, 0acOBMX MACTOK Ta KOHIENIIi "KIMHATA Y KIMHATI" 111 3SMEHIICHHS BIUTUBY

peBepOepaliii Ta nrymiB. 3a3Ha4€HO, IO AKICTh 3aMMCY 3HAYHO 3aJICKUTh BiJ] MapaMeTpiB
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3BYKOBHX KapT Ta ayJioiHTep¢eiciB, siKi MOBUHHI 3a0e3MeuyBaTH BHUCOKY PO3AUIBHY

3/IaTHICTb, HU3bKUI PIBEHD IITyMYy Ta CydacHi iHTepdecH maKIroYeHHs .
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2 OCOBJIMBOCTI OBPOBKH AYJIIO®AWJIIB 3 3AIIYMJIEHHSM

2.1 Po30MTTS CUrHAJIy HA CETMEHTH

P030uTTS cCUTHAITY Ha CETMEHTH € BOXKJIMBHM €TAIlOM Y MPOIIECi YaCTOTHOTO aHAJI3y
ay10CUTHAIIIB, IO JO3BOJISIE€ PO3TIISIHYTH JIOKAJIbHI BIACTUBOCTI CUTHAIY, 3a0€31eYyI0Un
CTalllOHAPHICTh B MeXax KoxkHoro ¢peiimy. Lle HeoOXimHO AJjig TOTO, 00 YaCTOTHUI
aHaJ1i3, 30kpeMa neperBopeHHs Pyp'e, OyB TouHuM 1 ehekTrBHUM [35].

AyJiocurHainy 3a3Bu4ail € HecTalllOHaPHUMU, TOOTO TXHI CTATUCTUYHI BIACTUBOCTI
3MIHIOIOTECS 3 9acoM. {7151 Toro mo6 3acToCyBaTH METOJIM YAaCTOTHOTO aHAalli3y, Taki sK
nuckpetHe neperBopeHHa Dyp'e (DFT) abo mBuake neperBopeHHss Pyp'e (FFT),
HEOOXITHO 3pOOUTH MPUIYIICHHS] PO CTalllOHAPHICTh curHainy. Po30utTsa Ha QpeiiMu
JI03BOJISIE JIOKAJI3yBaTH aHaJI3 y Yaci, 10 J03BOJIsI€ 00UNCITIOBATH YaCTOTHI KOMITOHEHTH
JUIsl KOPOTKUX 1HTEPBAJIB, /€ CUTHAJ MOXHa BBakaTu cramioHapHuM. Lle 3a0e3neuye
TOYHHUH 1 AeTaJbHHUI aHaJIi3 YaCTOTHUX KOMIIOHEHTIB curHany [36, 37].

Po3Mip cerMeHTy BU3HAYa€E TPUBAIICTD YaCY, IPOTITOM SKOTO 3/I1IHCHIOETHCS aHAJII3.
Bub6ip ontumMansHOro po3mipy hperiMmy € KpUTUYHUM, OCKIJIBKY BiH BIUIMBA€E HA YaCTOTHY
Ta 4YacOBY PO3AUIbHY 3/1aTHICTh aHAJI3Y.

Manuii posmip cermenry (10-20 mc) 3abe3meuye Kpaily 4YacoBY PpO3AUIBHY
3JIaTHICTB, 110 JIO3BOJISIE JICTAJILHO aHANI3yBaTH MBHJIKI 3MiHH curHaTy. OHAK 11e MOXKe
MPU3BECTH JI0 MOTIPIIECHHS YaCTOTHO1 PO3AUIbHOI 31aTHOCTI. Benmukuii po3mip cerMeHTy
(20-40 mc) 3abe3nedye Kpally 9acTOTHY PO3JAUIbHY 3[aTHICTB, IO JIO3BOJISIE JETAITLHO
aHaTI3yBaTH YaCTOTHI KOMIIOHEHTH cUTHaIY. OHAK 11€ MOXE MPU3BECTU 10 3HUKEHHS
4acoBO1 PO3JUTHHOI 3aTHOCTI Ta BTPATH JAETAlIbHHUX 3MiH y curHaii. Bubip po3mipy
(dpeliMy 3a3BUYAN € KOMIPOMICOM MiX YaCOBOIO Ta YaCTOTHOIO PO3A1TBHOIO 3/IaTHICTIO 1
3aJICKHMTD BiJl KOHKPETHOI 3a/1a4i aHami3y [38].

Jlist 3a0e3nedeHHs] IUIABHOTO TIEPEXOAY MiK CETMEHTaMHM Ta 3MEHIICHHS BTpAT
iH(popmarllli BHUKOPUCTOBYEThCS mepekpuTTs (overlapping). TumoBe mnepekpuTTs
ctaHoBUTh BiJ 50% 1o 75%. Ilepekputrts 50% o3Havae, 1m0 KOXKEH HOBUU (perim

MOYMHAETHCS 3 CEPEeMHU MomNepenHboro (GpeimMy, mo 3adesneuye Oe3nepepBHICTH
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aHami3y 1 3MeHirye apTedakTu Ha Mexax ¢peiimiB. 301IbIIeHHST epeKpUtTa 10 75%
703BOJISIE TIe OlIbIle 3MIAJUTA Tepexil Mik QpelimMamu, ane mnoTpedye Oiniblie
O0YHUCITIOBAILHUX PECYPCIB.

J1Jis KOKHOTO CETMEHTY 3aCTOCOBY€ETHCS BIKOHHA (DYHKIIIS JIJIs1 3MEHIICHHS €(PEeKTY
BUTIKAHHS CIIEKTpa, 10 BUHUKAE yepe3 0OMekeHICTh ppeliMy B daci. Bikonni ¢yHKIii
3TIIAJKYIOTh Kpai ppeiimy, 1110 3MEHIIye CIIOTBOPEHHS YaCTOTHUX KOMIIOHEHT.

OpHi€ero 3 HaNOWIMPEHIUX BIKOHHUX (YHKIIN € BIKHO ['aHHa, sike Mae TapHI
BJIACTUBOCTI JJi1 3MEHIIEHHs BUTiKaHHA. Dopmyna anga oOuucineHHs BikHa XaHHa

Bursiaae tak [39]:

w(n) = 0.5 (1 — cos (%))

ne N — nosxuHa gpeiimy, N — 1HIEKC 3pa3Ka.
[HIIOI0 TOMYJSIPHOIO BIKOHHOIO (YHKIIEIO € BIKHO XEeMMiHra, Sike Mae MoJi0H1
BJIACTUBOCTI, aj€ TPOXH OUIBIIMN PIBEHb OCHOBHOI JIOOM B crnekTpi. Dopmyna s

o0uKclieHHs BikHa XeMMiHra BUTsAae Tak [39]:

w(n) = 0.54 — 0.46 cos (2“”).

N—1

AJTOPUTM PO30OUTTS CUTHATY Ha CETMEHTH BKJIIOYAE KUTbKa KIIOYOBUX KPOKIB.
Croyatky curHain po30uUBaeThCcsl Ha (peliMu 3aaHoro po3Mipy 3 BHU3HAYECHUM
MNEPEKPUTTSAM, 110 3a0e31eUye MO CUTHATY Ha KOPOTKI 1HTEpPBaJIH, KOXKEH 3 SIKUX MOXKE
OyTu okpemo mpoaHamizoBaHuid. [licig 1pOro A0 KOXKHOTO (peliMy 3aCTOCOBYETHCS
oOpaHa BIKOHHA (YHKIIS Ui 3TJIaJKyBaHHS KpaiB, IO 3MEHIIye €(PEeKT BHUTIKaAHHS
CHEKTpa 1 MOKpally€e TOYHICTh YACTOTHOrO aHamidy. Hapemrri, 1 KoxHOro ¢peimy
oOuncmoeTbess mBUAKEe mneperBopeHHs Dyp'e (FFT) s oTpuMaHHS 4YacTOTHOTO
CIEKTPA, 10 I03BOJISI€ BU3HAUUTH YaCTOTHI KOMIIOHEHTH KO>XKHOTO (hpeiimy 1 moOyayBaTH
3arajbHy KapTUHY YaCTOTHOI'O BMICTY CUTHAIY.

Po30uTTs curHaimy Ha cerMeHTH 3a0e3nevy€e TOUHUM 1 AeTaIbHUI aHasli3 YaCTOTHUX
KOMITOHEHTIB ayAlocurHainy. Bubip onTumanbHOro posmipy ¢peiiMy, NepeKpUTTs
(dbpeliMiB 1 3aCTOCYBaHHS BIKOHHUX (PYHKIIIHM € KJIIFOUOBUMH aclEKTaMHU, 1110 BIUIUBAIOTh

Ha SKICTh YaCTOTHOIO aHamizy. BuKopucTaHHS LHMX MIAXOJIB J03BOJIIE €()EKTHBHO
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00pOoOJIATH ayIOCUTHANN JUISl PI3HUX JTOAATKIB, BKIIFOYAIOYHM PO3Mi3HABAHHS MOBJICHHS,

MY3UYHE TTPOIOCYBaHHS Ta 3BYKOBHiA qu3aiiH [39].

2.2 InenTndikanis nikiB, aHajdi3 ¢(opMaHT Ta BHU3HAYEHHS WIYMIiB Yy

qaCTOTHOMyEUHUﬂ3iMOBHOFOCHFHaﬂy

YacToTHUI aHali3 MOBHOIO CHTHajly € Ba)KJIMBUM aCIEKTOM JOCIIKEHb
MOB’SI3aHUX 3 OOpOOKOIO ayJiocurHaliB. BiH 103BOJsIE PO3KIACTH CHUTHAjd Ha MHOro
YaCTOTHI KOMIIOHEHTH, BU3HAUYUTH OCHOBH1 XapaKTEPUCTHKH TOJIOCY, & TAKOXK BUSBHUTH 1
ycyHyTH HeOaxkaHi mymu [40]. YV 1iboMy KOHTEKCTI i1eHTrIKaIlis TiKiB, aHaJi3 pOopMaHT
1 BU3HAUCHHS IIyMIiB € KJIIOUOBMMH €Tamamu, MI0 J03BOJIIOTH JETalbHO BHUBYUTH i

00poOuTH MOBHUIT curHai [41].
2.2.1 InenTudikanisa MakcumMymiB

InenTudikairis mKiB y CHEKTPl CUTHATY JI03BOJISE BU3HAYUTH YaCTOTH, HA SIKMX
30CepeKeHI OCHOBHI €HEPTeTHYHI KOMIIOHEHTH CUTHAITY. [1iKH y CIIeKTpi BIJIIOBIIaIOTh
rapMOHIKaM Ta OCHOBHUM TOHaM, sIKi BU3HAYAIOTh aKyCTUYH1 BIACTUBOCTI TOJIOCY.

[Ipouec imeHTHdIKAIT MIKIB MOYUHAETHCA 3 OOUMCICHHS CIIEKTpa CUTHAIY 3a
nonomororo mBuakoro nepersopeHus ®dyp'e (FFT). duckperHe neperBopenns Dyp'e
(DFT) po3kianae curHaji Ha CyMy CUHYCOIAaIbHUX KOMIIOHEHT, KOYKHA 3 SIKUX MA€ MIEBHY

gyactory Ta ammutityny. ®opmyna nnst DFT Burnsgae tak [42]:

N-1

_.2Tkn
X, = Z xpe )N

n=0
JIe Xn — BX1JIHUH curHai, Xk — neperBopeHuii curaai, N — KUIbKICTb 3pa3KiB, | —
ySIBHA OJUHUIIS.
[Ticns 0OYMCIIEHHS CIIEKTPa HACTYITHUM KPOKOM € TONIYK JIOKAIBbHUX MaKCHUMYMIiB
y CHEKTpi, sIKi BiAMOBIAAIOTH MiKaM 4acTOTHUX KoMmoHeHT [43]. JIokambHUIT MaKCHUMyM
y Toulli K BU3HAYa€eThCSA AK TOYKA, JIe aMILTITyAa Xk Oijiblle, HK aMILIITyJa CYyCiIHIX

TOYOK Xi-1 1 Xk+1. [le MokHa popmanbHO 3anucatu Tak [42]:
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[Ticnss BU3HAUEHHS JOKAJbHUX MAaKCHMyMIB Ba)JIMBO TNpOaHaNi3yBaTH ix
ammutitTyny. Iliku 3 BUIOIO aMILTITYyJ0I0 3a3BUYail BiAMOBIJAIOTh OCHOBHUM TOHAaM 1
rapMOHiKaMm, TOJ1 K MKW 3 MEHIIIOK0 aMILIITY 100 MOXKYTh OyTH PE3yJIbTaTOM IIIyMiB a00

iHTepdepeniiii. YactoTa KOXKHOTO MKy 009UCITIOEThCs 3a (hopmyutoro [42]:
fi = kfs

ne fs — yacrora muckperusaritii, N — KiJbKiCTh 3pa3KiB.
2.2.2 Anani3 popmant

dopMaHTH € PEe30HAHCHUMHU YaCTOTAMH MOBHOTO TPAaKTY, SKi BU3HAYAIOTH TEMOP 1
aKyCTHYHI XapaKTePUCTUKU Tojocy. BOHM BiirparoTh KPUTUYHO BAXKIHUBY POJIb Y
po3mi3HaBaHHI MOBJICHHS, OCKIJIbKA BU3HAYAIOTh BOKAJIbHI IKOCTI MOBHOTO CHTHAIY.

AHami3z QopMaHT BKIIOYae Kinbka eramiB. CrodaTKy BH3HAYAalOTHCS YacTOTHI
Jiana3oHu, y SKAX 3a3Buuai 3Haxonsathes Gopmantu. [lepma popmanta (F1) 3a3Buuait
postamoByeTbes Mixk 200 1 800 ', apyra popmanTa (F2) — mix 800 1 2500 I'm1, a TpeTs
dopmanTa (F3) moxke gocsararu 3500 ['1x 1 Bumie. BusiBnenns GopmaHT y iux gianazoHax
3IIHCHIOETHCS 32 JIOTIOMOTOIO CIIEKTPaIbHOTO aHaii3y [44].

@dopMaHTH BU3HAYAIOTHCS SIK MKW y BIAMOBIIHUX YaCTOTHUX Alana3oHax. Yacrora
dbopMmanTH fr BH3HAYa€THCA K YacTOTA IMiKa Y CIEKTPi, a mupuHa Gopmantu Afr — sk
IIMpHUHA TTiKa Ha piBHI oyioBUHU oro amrutityau (Half-Power Bandwidth). ®opmanbno
mrprHa GOpMaHTH BU3HAYAETHCS 5K [44]:

AfF = fhigh - fiow

ne fhigh Ta flow — gacToTH, Ha IKUX AMILTITY/IA TTiKa 3MEHIITYETHCS 10 IIOJIOBUHU HOTO
MaKCHUMAaJIbHOI aMILUTITY/IH.

JlunamiuyHauii aHami3 (OPMAHT JO3BOJIAE BUSBUTH 3MiHM (OPMAHT y dHaci, IO
BiOOpaXaloTh TMEpexXifiHi MPOLEeCH Ta ApPTUKYJALiNHHI 0coOMMBOCTI MoBieHHsA. Lle
JOCSTAETHCA IIITXOM 00UHCIEHHS (POPMAHT ISl KOKHOTO (peiiMy cUrHaiy 1 moOyao0BH

rpadika ix 3MiH y 4aci [45].
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2.3 KnacuuHi migxoam 10 ouiHKH IIymMy

AHaJl3 IIyMiB MOKE€ BKJIIOYATH KUIbKa MiAXojiB. OIWH 13 MIIXOMIB TIOJATAE Y
BUSIBJIEHHI HM3bKOYACTOTHHX 1 BHCOKOYACTOTHHX KOMIIOHEHT Yy CHEKTpi, A€ YacTo
3HaxonAThCsA (hoHOBI mymu 1 iHTepdepenuii. HuzbkodacToTHMiI mym Moxke OyTu
pe3ynbTaToM (POHOBUX T'yJliB a00 CTPYKTYpPHHUX BiOpalliii, ToAi K BUCOKOYACTOTHI IITyMHU
MO>XKYTb BUHHKATH Yepe3 JIEKTPOHHI nepekoaun ado inrepdepeniii. OTHUM 3 MiJIX01B
1€ 3aCTOCYBAaHHS YaCTOTHUX (DITBTPIB, HAPUKIIAI AJISl IPUTIIYMIICHHS BUCOKOYaCTOTHUX
mrymiB [46-48].

CTaTUCTHUHUHN aHaNI3 MIyMYy € 1HIIUM BaKJIMBHUM METOJIOM, IO JO3BOJISE OIIHUTH
piBeHb IyMy y criekTpi. OJuH 3 METOA1B BKIIIOYAE OOUMCIIEHHS CEPEIHbOKBAAPATUYHOTO

BigxwienHs (CKB) ammiiTyy criekTpanbHIX KOMIIOHEHT [49]:

N-1

o= [y O 2

k=0

7€ [t — CepeIHE 3HAYEHHS aMIUTITY]l CIIEKTPaTbHUX KOMIOHEHT, Xk — aMILTITy/1a
CIEKTPAJIHLHOTO KOMIIOHEHTA.
CriekTpanbHa EHTPOMIST € MIPOI HEPETYJSIPHOCTI a00 BHUIAIKOBOCTI CIIEKTPa

CUTHAJY 1 JO3BOJISIE OLIHUTH piBeHb yMy. BoHa o0uucitoeTses 3a hpopmyioro [50]:

N
o= _z P(f) log, P (f))
i=1

ne P(f) — HopmamizoBaHa MOTYXHICTh CIEKTpaIbHOTO KoMmOHeHTY fi. Bucoki
3HAYEHHS CIIEKTPAJIbHOI EHTPOIIIi CB1AYaTh PO HASABHICTh IIYMIB Y CUTHAII.

[nentudikariis mikis, aHasni3 (GOPMAHT Ta BU3HAUYEHHS IIIyMIB € KJIFOUOBUMH €TallaMU
y 4YacTOTHOMY aHajli3l MOBHOTO CHUTHaTYy. BHUKOpHUCTaHHS METONIB IIBHJKOIO
neperBopeHHss Pyp'e, CTATUCTUYHOTO aHai3y Ta CHEKTPAJIbHOI EHTPOMii 103BOJIE
JAETAJIbHO  aHaJII3yBaTH YacTOTHI KOMIIOHEHTH CHUTHAly, BHSBISITH OCHOBHI
XapaKTEPUCTUKHU TOJIOCY Ta ycyBaTH HeOaxkaHl mymu. Lle 3abe3nedye BHCOKY SIKICTb
00poOKHM aymlOCUTHAIIB IJIsi PI3HUX JOJATKIB, BKIIIOYAIOUYHM PO3Mi3HABAHHS MOBJICHHS,

MY3HYHE MPOIIOCYBaHHs Ta 3ByKOBUi nu3aiin [50].
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2.4 AHani3 pyHAaMEHTAIbHOI YaCTOTH

dyHaamMeHTanbHAa YacTOTa BH3HAYa€ OCHOBHHM TOH CHUTHANy 1 € BaKJIUBUM
napamMeTpoM I PO3Mi3HaBaHHS MOBU, My3WYHOTO aHaJi3y Ta imeHTudikaiii MoBI. Y
KOHTEKCTI BU3HAYCHHsI TEHAEPY MOBI aHali3 (pyHAaMEHTaIbHOI YacTOTH JI03BOJIE
KiIacu(ikyBaTH TOJOC SIK YOJOBIUMM a00 IKIHOYMH Ha OCHOBI (Pi31070TIYHUX
0COOJIMBOCTEH rOJIOCOBHX 3B’SI30K, SIKi BIULTMBAIOTH HA BUCOTY TOHY [51].

Jns  Bu3HaueHHS  (PyHIAMEHTAIBHOI YaCTOTH BUKOPHUCTOBYETHCS  METOJ
CIEKTPAIbHOTO aHaJIi3y 3 MIKOBUM TPEKIHTOM, SIKUH JO3BOJISIE€ JOCIIKYBaTH JUHAMIYHI
3MIHM YaCTOTHOT'O BMICTY CUTHajy B yaci. Llei miaxig ocoOIuBO KOPUCHUM AJIs aHATI3y
ayJ10CUTHAJIIB, MY3WYHHMX TBOpPIB, MOBJICHHS Ta IHIIMX CHUTHAIIB, J€ 4YacTOTHI
KOMITOHEHTH 3MIHIOIOTBCS 3 4acoM. MeToj MOo€Hy€e BUKOPUCTAHHS KOPOTKOYACHOTO
neperBopeHHst Dyp'e (Short-Time Fourier Transform, STFT) Ta BusiBIeHHS TIKIB y
CHEKTPI1 JIJIs1 KOKHOTO YaCOBOMY BiKHI, 1110 JO3BOJISIE BIACTEXKYBATH €BOJIIOI[110 YACTOTHUX
KOMIIOHEHTIB curHainy. [51].

Jlns aHami3zy HecTalioHapHUX curHajiB BukopuctoByerbes STFT, skuit po3douBae
CUTHAJI HAa KOPOTKI YacoBI BiKHA 1 BUKOHY€E niepeTBOpeHHst Dyp'e st KOKHOTO 3 HuX. Le
J03BOJISIE OTPUMATH YaCOBO-UYACTOTHE MPECTABICHHS CUTHAIY, JIe MOKHA CIIOCTEepIraTH,
K WOTr0 YacCTOTHUN BMICT 3MIHIOETHCS 3 4acoM. BuOip MOBKMHM BiKHA Ta CTYTMCHS
MEPEKPUTTSI MK BIKHAMU BH3HAYAETHCS KOMIIPOMICOM MiX YacCOBOIO Ta YAaCTOTHOIO
PO3AUTHHOIO 3/IaTHICTIO: KOPOTKI BIKHA 3a0e3MeduyioTh Kpally 4YacoBY pPO3AUIbHY
3JIaTHICTb, aJi¢ TipIIy YacTOTHY, i HaBMmaku [52].

[Ticnst oTpuMaHHS CHIEKTPY U KOKHOTO BIKHA BHKOHYETHCSI BHSIBICHHS MIKIB y
aMIUTiTyAHOMY criekTpi. [likoBHii TpEKiHT oJIsTae y BU3HAUCHH1 IOKAIbHUX MAaKCUMYyMIiB
y CHEKTpl, fKI BIJNOBIJAIOTh HAMOLIBII E€HEPrOEMHUM YACTOTHUM KOMIIOHEHTaM
curHaity. LI miku MOXyTh BIANOBIAATH (pyHAAMEHTANbHINA 4YacTOTi, TapMOHIKaM abo
PE30HAHCHUM YacToTaM. BUSBIEH! MIKM € OCHOBOIO MJis MOAAJIBLIOTO aHamizy Ta
BIJICTE)KEHHS.

BincrexxeHHs MiKIB y Yaci 311MCHIOETHCS LUISIXOM iX 31CTABJICHHSI Ta MOPIBHSAHHSA Y

MOCJIIIOBHUX YacoBUX BikHax. lle 1o3Boisie moOyayBaTH TPAaeKTOPli YaCTOTHUX
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KOMITOHEHTIB 1 CIIOCTEPIraTH, SK X YaCTOTH Ta aMILTITYIU 3MIHIOIOThCS 3 4acoM. Takuii
IIJIX17] 3aCTOCOBYETHCS JJISl aHAJI3y JUHAMIYHUX IIPOIECIB Y CUTHAJI, HAPUKIAI, JJIs
BIJICT@XKEHHS MEJIOIHHOI JIIHIT B My3UYHOMY TBOP1 200 3MiHH (yHTAMEHTAILHOT YaCTOTH
B MOBJIeHHI [53].

[Ticns oTpuMaHHS YaCOBO-YaCTOTHOTO MPEICTABICHHS CHUTHANY 3a JIOMOMOTOIO
KopotkouacHoro neperBopeHHs @Dyp'e (STFT), cnexkrp curHaily MICTUTH BEJIUKY
KUIBKICTh YaCTOTHUX KOMIIOHEHTIB 3 PI3HMMHM amIunTygaMu. He Bci 3 HUX € KOpUCHUMU
JUTsl aHAMI3y; 6arato 3 HMX KOMIIOHEHTIB MOXXYTb OyTH pe3yibTaToOM LIyMy, apTe(akTiB
a6o rapmoHik. Tomy HEOOXiTHO BHUIIJIUTH TI YACTOTHI KOMIIOHEHTH, SIKI MarOTh
HaNOIbIIY 3HAYYILICTh 3 TOYKU 30pY €HEPreTUYHOI0 BMICTY Ta 1HPOPMALIIHOI I[IHHOCTI
[53].

OmguuM 13 TWIAXOAIB 10 BHOOpPY 3HAYYIMIMX YaCTOTHUX KOMIIOHEHTIB € aHai3
aMILTITYJTHAX CIICKTPIB JUISI KOXXHOTO YacOBOTO BiKHA. Y IIbOMY KOHTEKCTI Ba)KJIMBO
11eHTU(iKyBaTH JOKaJIbHI MAKCUMyMH a00 MKW B CHEKTP1, K1 BIAMOBIIAIOTH YaCTOTaM
3 HaWOUIBIIOW eHeprieto. Li MKKu MOXYTh MOTEHIIHHO BiANOBIAATH HyHIAMEHTAIbHIN
4acTOTI curHairy abo ii rapmonikaM. OCKUIbKH (yHIaMEHTalIbHA 4YacTOTa YacTO HE Mae
HaWOUIBIIOT aMIUIITYIM 4Yepe3 MPUCYTHICTh OLIbII TMOTY)KHUX TapMOHIK, HEOOX1THO
3aCTOCOBYBATH JIOJATKOBI KpUTEPii /yis 11 imenTudikarii [54].

digpTpallis 3a aMIUTITYJI0K0 € OJJHUM 13 METOIB B11I0OPY 3HAYYIIUX KOMITOHEHTIB.
BcraHoBmOEThCSI TEBHUM MOPIT  aMIUTITYyIM, BHUIIE SIKOTO YaCTOTHI KOMIIOHEHTH
BBAXKAIOTHCA 3HauymuMmu. Lleit mopir moxke OyTH BU3HAYEHUN HA OCHOBI CTaTUCTUYHUX
XapaKTEPUCTHUK CUTHATY 200 SIK BIZICOTOK BiJl MAKCUMAIBHOT aMIUTITY/IA B CLIEKTPi. Takwmii
MiIX1A  JTO3BOJISAE BIACIATH HU3BKOAMIUIITY/IHI KOMIIOHEHTH, SKi MOXYTh OyTH
pe3yJIbTaToOM IIyMy abo HEICTOTHUX rapMOHiK [54].

OOMeXeHHsI YacTOTHOIO [iala3oHy JO03BOJIE€ 3BY3UTH aHall3 JO IE€BHOIO
Jiama3oHy 4YacToT, SIKi € pelleBaHTHUMH. Hampukiaa, mpu aHami3i JIOJICEKOTO TOJIOCY
(dyHIaMeHTalbHa YacTOTa 3a3BUYall 3HaxoauThes B AlanaszoHi Big 50 mo 500 I'u. Tomy
YacTOTH I03a LIUM [1alla30HOM MOXXYTh OyTH ITHOpOBaHi, 110 3MEHIIYE WMOBIPHICTb

MOMMJIKOBOT 11eHTH (iK1 [55].
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Takox  HEOOXiZHO  BpaxyBaTH TapMOHIMHY  CTPYKTypy CHUTHAIy,  aJiKe
byHIaMEeHTaIbHA YaCTOTa € HAWHMUKYOK0 YaCTOTOIO B TAPMOHIYHOMY PSiIi, 1 11 TapMOHIKH
PO3TAIIOBYIOTHCS Ha 4aCTOTaX, KpaTHUX TH. AHaJI3 CIIBBITHOIIIEHb MiJK YaCTOTaMHU ITiKiB
MOJK€ JIOTIOMOTTH BU3HAUYWTH, 5Kl 3 HUX BIMOBIAAIOTh (PYHIAMEHTAIbHINA YaCTOTI, a SKi
€ 11 rapmonikamu. Hanpukian, Ko B CeKTpi mpucyTHi miku Ha yactorax 100 I'm, 200
I'm 1300 ', MmoXxHA pUITyCTUTH, 0 PyHIaMeHTalbHa YacToTa cTaHoBUTH 100 ['m. [pu
poOOTI 3 CUTHAJIaMH 3 CHJIBHAM 3alllyMJICHHSM 3aCTOCYBaHHS CTaTUCTHYHHX
METO/IB MOKE€ TMOKpPAIIUTH BHUOIp 3HAYYIIMX KOMIIOHEHTIB. METOau KIJIacTepHOro
aHani3y a00 roJOBHMX KOMIOHEHT MOXYTb JOMOMOITH 1I€HTHU(IKyBaTH YacTOTH, SIKI
HalOlIbIlle BIUIMBAIOTH Ha Bapiaiito curHainy. dyHaamMeHTallbHa YacToTa 3a3BUYai
3MIHIOETBCS ITIJIAaBHO 3 YacoM, TOJi SK IIyMOBI KOMIIOHGHTH MOXYTh 3'SBIISTHCS
BUIAJKOBO. AHAII3yI0UU, HACKUIBKA CTAaOIILHUMU € YaCTOTHI KOMIIOHEHTH BITPOJIOBXK
Yacy, MOYKHA BIJICIATH HecTaOUIhHI miku [56].

[Ticnss oOuucieHHs cepenHboi (QyHIAMEHTANIbHOI YaCTOTH ILISXOM arperarii
3HAYEHb 110 BCbOMY CUTHATY a0o0 o Horo 3Hauyumm ¢pparMeHTam, OTpPUMYIOUH CepeIHE
3HAYEHHS, SKE MPEJCTaBIIsE XapaKTepHy PyHIaMEHTaJIbHY YaCTOTY MOBIISI TPOBOIUTHCSA
Kkiacudikaiis reHaepy: SKIIO CepeHs YaCTOTa HMKYA 32 NIEBHE 3HAUEHHS, HAIIPUKJIIA/
165 T't1, ronoc kinacudiKy€eThCs sIK YOJI0BIUN; SKIIO BUIIA 3a 1HIIIE 3HAYCHHS, HAITPUKJIIA]
180 T'm, Ak >KIHOYMIA; TMEpPEKPUBAIOYMI Mdiama3oH MK IIUMU 3HAYCHHSIMH MOXeE

Kiaacu(ikyBaTUCS SIK HeBU3HAYCHHI a00 BUMAaraTH J0JaTKOBOro aHami3y [57, 58].

2.4.1 3acTtocyBaHHs1 pyHIAMEHTAIbHOI YACTOTH

[Mpukiagu 3acTocyBaHHS BH3HAYeHHS (PyHIAMEHTaJIbHOI YAaCTOTH BKJIIOYAIOThH
aBTOMAaTUYHE BU3HAYEHHS HOT Y My3UYHUX 1HCTPYMEHTaX, 110 BUKOPUCTOBYETHCS MpPU
CTBOPEHHI HOTHOT'O 3amucy ad0 B My3WYHUX J0JAaTKax JUIsl HABYAHHS IpHU. Y CUCTEMax
pO3Mi3HaBaHHS MOBJIEHHS  (PyH/IaMEHTaJbHA 4YacTOTAa BUKOPHCTOBYETbCA  JJIA
ieHTudIkami 0coOMCTOCTI MOBLS Ta pO3MI3HABAHHS EMOUIMHUX CTaHiB. Y
MeaiaiHAycTpii aHam3 (yHIaMEHTaJIbHOI YacCTOTH 3aCTOCOBYETHCS JUJISl peaaryBaHHS

3BYKOBHUX JOPIKOK Ta 3a0€3MEUCHHS TAPMOHIHOTO 3BYyYaHHS KOMITO3UITINA. Y MeIUInHI
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aHaI3 TOJIOCY 3a JOMOMOTOK (yHIAaMEHTAIBHOI YacTOTH JIO3BOJISIE€ J1arHOCTYBaTH
3aXBOPIOBaHHS TOpTaHi a0 1HII MEIWYHI CTaHW, TMOB’s3aHI 3 TOJOCOBUMH
XapaKTEPUCTUKAMHU.

Takum ynHOM, (yHIaMEHTalIbHAa YaCTOTa € OCHOBHUM IapaMeTpoM, II0 BU3HAYAE
BUCOTY 3BYKY Ta BIJIrpa€ BaXJIUBY pOJib Y PI3HUX cdepax, MOB I3aHUX 13 3BYKOBUMU
curHajgamu. ToyHe BH3HAuUEHHS (PYHIAMEHTAIBHOI YacCTOTH JO3BOJISA€ 3I1HCHIOBATH
ehexTUBHUY aHali3, 00pOOKY Ta BIATBOPEHHS 3BYKY, 10 € HEOOX1THUM JJIsl JOCSITHEHHS

BHCOKOI SIKOCTi B MOBHIii 00pOO0IIi, aKyCTHYHHX CUCTEMAaX Ta IHIIMX ramy3sx [54].

BucHoBku 10 po3ainy 2.

Y napyroMy po3auli BUBHAYEHO KIIFOYOBI OCOOJIMBOCTI 00poOKHM ayniodaitmi 13
3amrymJieHHsIM. Po30UTTS curHaimy Ha ¢peiiMu J03BOJIA€ JIOKAII3yBaTH CTalllOHApHI
IHTepBAJIM B ayJIOCHUTHAJI, 3a0e3Medyrodyd ONTHUMaJIbHUNA OajgaHC MIXK 4YacOBOI Ta
YaCTOTHOIO PO3AUTHHOIO 3/IaTHICTIO 3aBJSKH BUOOPY BIJMOBIIHOTO po3Mipy dperimy Ta
NEePEKPUTTS MK HUMU. BUKOpUCTaHHS BIKOHHMX (PYHKIIIM, TaKUX K BikHO ['aHHa abo
XeMMiHTa, CIpHUsS€ 3MEHIICHHIO e(eKTy BUTIKAHHS CIEKTpa, IO MiJBUINYE TOYHICTH
MOAATBIIIOTO aHaJI3Y.

Inentudikaiiss MKIB y CHEKTPl IO3BOJSE BUAUIMTH OCHOBHI €HEPreTHYHI
KOMITOHEHTH CUTHAITY, 110 € KPUTHYHO BXJIMBUM JUIsI aHAIII3y TAPMOHIK Ta OCHOBHHX
TOHIB. AHaii3 (GOpPMAHT CHIPSMOBAaHUN HA BU3HAYCHHS PE30HAHCHHX YaCTOT MOBHOTO
TPaKTy, sIKI (POPMYIOTh aKyCTHUYHI BJIACTUBOCTI T'OJIOCY, IO OCOOJIMBO aKTyaJlbHO JIs
CHUCTEM pO3Ii3HAaBaHHSA MOBJICHHSI. KpiM TOTO, KJIIACWYHI MIAXOAW MO OIIHKHU IIyMY,
BKIIFOYAIOYHM CTATUCTUYHUN aHai3 Ta BHUKOPHUCTAHHS CIEKTPAJbHOI EHTpPOIIi,
JO3BOJISIIOTh €()EKTUBHO BHSIBJISITU Ta yCyBaTH HeOakaHl KOMIIOHEHTH, 110 COPUYHUHEH]
IITYMOM.

AHani3 (QyHIaMEHTANbHOI YacTOTH, SKUW 3A1MCHIOETBCS 3a  JOMOMOIOIO
KOPOTKOYAaCHOTO TMepeTBOpeHHs Dyp’e Ta MIKOBOTO TPEKIHTY, € KIIOYOBUM IS

kiacudikaiii rojiocy, 30KpeMa IpU BU3HAUYCHHI TeHAEPY MOBIA. BijcTexkeHHsS 3MiH
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dbyHIaMEHTaIbHOI YacTOTH B daci 3a0e3leuye TOYHE BH3HAYEHHS OCHOBHOTO TOHY
CUTHAIY.

Takum 9YMHOM, BH3HAYCHO IMAXOIU JI0 OOPOOKH ayMiOCHUTHATIB 13 3alIyMJICHHSM,
IO BKJIOYa€ PO30OUTTS CHTHATy Ha (QpeiMH, 3acTOCYBaHHS BIKOHHHX (YHKIIIH,
iaeHTudiKaIiio mkiB, aHal3 GOPMAHT, OI[IHKY IIyMy Ta BU3SHaYeHHS (yHIaMEHTaIbHOT

YaCTOTH, JO3BOJISIE JOCATTH BUCOKOT SIKOCT1 aHamizy Ta 00poOku ayaioindopmariii.
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3  JEKOJAYBAHHS TEKCTY TA MEPEJAYA JIOJIATKOBOI
IH®OPMAILII METOJOM MEHII 3HAYYIIIOT'O BITA

3.1 ETanu aBTOMAaTHYHOTO PO3Mi3HABAHHS MOBH Ta MPHUKJIAJAN CUCTEM

OCHOBHUH MPHUHIUI POOOTH MPOTPAMHHUX CHCTEM aBTOMATHYHOTO PO3Mi3HABaHHS
MoBHU (Automatic Speech Recognition, ASR) nossirae y nexonyBaHHI ayJ10CUTHAIY,
SAKWA MICTUTh MOBHI JaHi, Ta MEPETBOPEHHI Horo y TekcToBy Qopmy. Ilporec
pO3Mi3HaBaHHSA MOBHM MO>KHA ITOUIMTH Ha KiJibKa erariB [59]:

- 30ip Ta momepenHs oOpoOKa CUTHAIY: HAa IIbOMY €Talll ayaio 3aluCyeThCs Ta
OUYHUIIY€ETHCS Bl (POHOBUX IIYyMiB, MOKPAILLYETHCA SKICTh 3BYKY, & TAKOXK pO30MBA€ETHCA
Ha KOPOTKI cerMeHTH no 15-20 Mc, 5K JieT1Ie aHai3yBaTH.

- BuauieHHs o3Hak (Feature Extraction): aymiocurHan aHami3yeThes I BUIJICHHS
XapaKTepHUX O3HAK, TAKUX K MeN-4acTOTHI KerctpaibHi koedimientn (MFCC), ski
€(eKTUBHO MPEJCTABISAIOTH OCHOBHI XapaKTEPUCTUKU MOBHOT'O CUTHAITY.

- AKyCTUYHE MOJICJIIOBAHHS: BUKOPDUCTOBYIOUM aKyCTUYHI MOJIEl, CHUCTeMa
BHU3HA4Ya€ MMOBIPHICTH TOTO, 1110 TIEBHI O3HAKH BiIIOBIIal0Th KOHKPETHUM (hoHEeMaM abo
3Bykam MoBH. CydacHi ASR cucTemMu 4acTo BUKOPUCTOBYIOTH TTIMOOKI HEHPOHHI MEPEKI
(Deep Neural Networks) abo pexkypenTHi He#iponni Mmepexi (Recurrent Neural Networks)
JUTS TIIBUIIICHHS. TOYHOCT1 PO3Ti3HABAHHS.

- MOBHE MOJEIIOBAaHHS: MOBHI MO/l JIONIOMAararoTh CHCTEeMI Tepea0adnTH
HWMOBIpHI MOCJI1TI0BHOCTI CJIiB HA OCHOBI KOHTEKCTY. BOHM BUKOPHCTOBYIOTH CTATUCTHYHI
MeToau abo Mojen Ha OCHOBI TIMOOKOTO HAaBUaHHSA, Taki K TpaHCHOpMEpH, IS
3a0e3MeyeHHs rpaMaTHYHO KOPEKTHOTO Ta JIOTTYHOTO TEKCTY.

- TOCTOOpOOKa Ta BHBEIEHHS pE3yJbTaTy: HA 3aBEPIIATHLHOMY €Tali CUCTeMa
KOMOiHYy€e 1HGOpMAIlII0 3 aKyCTUYHOTO Ta MOBHOT'O MOJENIOBaHHS, 100 cpopmyBaTh
OCTaTOYHHIA TEKCTOBUH pe3yJIbTaT, SIKUW BiAMOBIAa€ po3mi3HaHii MoBi [59].

Cyuachi TexHosnorii ASR 3Ha4HO MOKpaUIUIUCS 3aBASKH PO3BUTKY MAIIMHHOIO
HaBuyaHHs. Hanmpuknaz, Bukopucranus mojeneit tTuny Transformer, Takux sik BERT a6o

GPT, no3Bosisie 1O0cAraT BACOKOI TOYHOCTI PO3MI3HABAHHS HABITh Y CKJIAIHUX yMOBaXx,
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ne npucyTHi (GOHOBI IyMu abo pi3Hi akieHTH. Kpim Toro, BIPOBaXKEHHS allTOPUTMIB
00pobxu mpupoanoi moBu (Natural Language Processing, NLP) no3Bomsie cucremam
ASR kpaiite po3yMiTi KOHTEKCT Ta 3HAUYEHHS CJIiB, IO MABUIIYE 3araJIbHY €()eKTUBHICTh
PO3ITi3HaBaHHS.

Onniero 3 kmodoBux mnepeBar ASR € #oro yHiBepcalbHICTh Ta aJalNTHUBHICTb.
Hampuknaz, romocoBi acucredTH, Taki sk Siri, Google Assistant abo Amazon Alexa,
BUKOPUCTOBYIOTh ASR g 3a0e3nedeHHs] 1HTYITMBHOI B3a€MOJIl 3 KOPUCTyBadamH,
JI03BOJISIFOYM IM BUKOHYBATH PI3HOMAHITHI 3aBJIaHHS 3a JIOTIOMOT'OI0 TOJIOCOBUX KOMaH]I.

Opnak, He3BaXKarouu Ha 3HAaYHUM nporpec, ASR cTUkaeThes 3 KiTbKOMa BUKIUKAMMU.
OpHuM 13 TOJIOBHUX € 3a0€3ME4YEeHHS] BUCOKOT TOYHOCTI pO3MI3HABAHHA Y PI3HUX YMOBAX,
TaKUX K IIYMHE CepPEJIOBHIIE, Pi3HI aKIleHTH abo mBuaKka MoBa [60].

Vosk € oxui€ro 3 mepeAoBux OIOMIOTEK JJIsi PO3IMI3HABAHHS MOBH 3 BiJIKPUTHM
BUXIJTHUM KOJIOM, sika 3a0e3ledyye BHCOKY TOYHICTh Ta €QEKTHBHICTh Yy pI3HUX
3acTOoCyHKax. Po3pobiiena st poOOTH Ha pi3HMX matgopmax, BkiIrodaroun Windows,
Linux, macOS, a Takoxx MoO1IbHI onieparttiiftdi cuctemu Android ta 10S, Vosk mpononye
IMIUPOKUNA CHEKTP MOMXJIMBOCTEM Jis 1HTErpaiii po3mi3HaBaHHS MOBH B MPOTrpaMHi
IPOAYKTH Ta cepsicu [61].

Binkputuii xom 3abe3neyye BHCOKHI pPIBEHb THYYKOCTI Ta aJanTHUBHOCTI Yy
BukopuctanHi. lle mo3Bossie po3poOHHMKAM BITBHO MOAM(DIKyBaTH Ta PO3IIUPIOBATH
byHKII0HATBHI MOKIUBOCTI Vosk BIAMOBIAHO 10 crienidiYHUX BUMOT CBOIX MPOEKTIB,
110 CTIPUSIE MBUIKOMY BIPOBAKEHHIO HOBUX (PYHKITIH, IHTETpaIlii 3 pi3HUMHU CUCTEMaMHU
Ta TMPUCTPOSIMH, a TAKOXK TMOJIETIITY€E TIPOIEC HAIATOKCHHS Ta ONTHUMI3aIlli aJIrOPUTMIB
po3mi3HaBaHHS MOBU. MOXIHUBICTH po0OOTH B OQIaH-PEKUMI 3HAYHO ITiIBUIIYE
aJanTUBHICTh VOsk y pi3HOMaHITHMX yMOBaX 3aCTOCYBaHHS, Ji¢ AOCTyN 10 IHTepHeTy
MOke OyTH oOMekeHHi abo BIACYTHIM. KpiM Toro, oduailH-pexxuM rapaHtye OUIbIILY
KOH(D1ICHIIHICT, Ta 0e3neKy OOpOOIIOBAHMX JaHUX, OCKUIBKM ayAlo 3allucu He
MepeslaloThCsl Ha 30BHIIIHI CEPBEPH, 10 € BAXKIMUBUM aCIEKTOM JJIsl JOAATKIB, SIKI

00pOOIISIIOTH YyTIUBY iHpopMaIiito [62].
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3.2 KoayBanus tekcrty 3a popmatom ASCII

ASCII (American Standard Code for Information Interchange) € omaum 3
HAWNOLIUPEHIIINX KIACUYHUX METOJIB KOTYyBaHHS TEKCTY B €JIEKTPOHHUX CHCTEMax.
Lle#t cranmapt 6yB po3pobiienHuii me y 1960-x pokax i BHKOPUCTOBYE 7-01TOBE KOTYBaHHS
Ui TipencTaBieHHs 128 CHMBOIIB, IO BKIIIOYAIOTH JITEPU JIATHUHCHKOTO andasiTy,
uudpu, 3HaKK MyHKTYallli Ta creniaibHi kepyrodi cuMBoiu. ASCII 3a0e3neuye KOKHOMY
CUMBOJIY YHIKQJIbHUI YHUCTIOBUI KO, SIKUW JIETKO NEPETBOPIOETHCSA Y ABIMKOBHUI BUTIIA
Hanpuknan, Oyksa 'A' B ASCII koxyetbest sk 01000001, a 6yksa 'a’ sik 01100001 [63].

OcnoBHi npuHiunu ASCII 0a3yroTbcsi Ha OiHapHOMY MPEACTABICHHI JaHHX, A€
KOXXEH CHUMBOJI TEKCTY MPEJCTABICHUN Yy BUIIIAAl yHIKaIbHOTO 7-OiTHOro koxy. lle
J03BOJISIE KOAyBaTU 128 pi3HUX CHUMBOIIB, IO BKJIIOYAIOTH JIITEPU, UUDPHU, 3HAKH
nyHKTyanii Ta cnemiaibHi kepyroui cumBosiv. ASCII MokHa NOAUIMTH Ha KiIbKa
OCHOBHUX Karteropiii: kepyroui cumpoiin (0-31), meuatHi cumBoiu (32-126) Ta cuMBoII
BupaseHHs (127). Kepyrodi cuMBOJIM BUKOPUCTOBYIOTBCS JIJIsl YIIPABJIIHHS TEKCTOBUMHU
IOTOKaMU Ta HPUCTPOSMHU, Hampukiaa, koj 10 BIANOBIAae CUMBOJIY 'NIEpeHECEHHS
psanka" (LF - Line Feed). [leyaTHi ciMBOIM BKIIIOYAIOTH JIITEPU JJATUHCHKOTO andaniTy,
1udpu Ta 3HAKW MyHKTYallli, HaIpUKIIad, Ko 32 BiJIMOBIa€ CUMBOITY TTPOOiTy, a Ko 48
— 1udpi '0". CumBon BuganeHHs (127) BUKOPUCTOBYETHCS ISl TTO3HAYEHHSI CUMBOIY
BuaneHHs [63].

ASCII nuiaeTbcs OCHOBOIO JJIs1 0araThb0X Cy4aCHUX CHCTEM KOJIYBaHHS, TAKUX SIK
UTF-8, sxmit € cymicaum 3 ASCII. Ile o3navae, mo mepmi 128 cumBoniB y UTF-8
36iratotecst 3 ASCII, mo 3abe3nedye 3BOPOTHY CYMICHICTH 1 MOJIETLIY€E MEpeXiJ Bif
crapux cucteM Ha HOBIL. ASCII TakoXX IIHUPOKO BUKOPUCTOBYETHCA Y IMPOTOKOIAX
nepenadl ganux, takux sk HTTP ta FTP, ne BaxxiaumBo MaTu cTaHmapTU30BaHy (opmy
NPEJICTABICHHS TEKCTOBUX JaHuX [63].

HaykoBi pocnipkeHHST NpoAOBKYITh BHBUaTH pi3HI acniekth ASCII Tta itoro
3acrocyBanHda. Hampuknazn, pooora "ASCII Embedding: An Efficient Deep Learning
Method for Web Attacks Detection" onucye Buxopuctanus ASCIl st cTBopeHHs

e(CKTUBHUX MOJeJIel TIMOOKOTO HABYaHHS JUIsl BUSIBICHHS BeO-artak [64]. I
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nocnipkenns, Taki sk "Character-level Chinese-English Translation through ASCII
Encoding", nocmimkyroTs Buxkopuctanus ASCII mgns mepexnagy 3 KUTaNChKOI Ha
aHTJIIChKY HA PIBHI CHUMBOJIIB, IO MiJAKPECIIOE€ THYYKICTh 1 YHIBEPCAIBHICTH IHOTO
METOAy KOoayBaHHs [65].

Hes3Baxkatoun Ha OOMEXEHHS MO0 KIJIBKOCTI MiATpUMyBaHUX cuUMBOIIB, ASCII
3aJUIIAETHCSA HE3aMIHHUM y Cy4acH1H KOMITIOTepHIN Hay1i Ta nuudpoBiit 00poOiii JTaHUX.
HMoro mpocToTa, yHiBepCalbHICTh i CYMICHICTb 3 iHIIMMM CHCTEMaMH KOJYBaHHS

3a0e3Meuyr0Th HOMY KJIFOUOBE MiCIIe B ICTOPIi Ta Cy4acHOCTI ITU(GPOBUX TEXHOJIOTIH [66].

3.3 KonyBanus Tekcty 3a popmarom UTF-8

Konysannus tekcty 3a ¢gopmarom UTF-8 € oguuM 13 HalOUIbII MOMIMPEHUX 1
yVHIBEpCAJIbHUX METOJIB NPEACTABICHHS CHUMBOJIB y wmudpoBux cucremax. UTF-
8 (Unicode Transformation Format — 8-bit) € uwactunow crangapty Unicode, sikuii
NpU3HAYEHUH 17151 3a0€3MeUeHHS YHIKaIbHOTO KOJYBaHHS KOKHOT'O CUMBOJTY HE3aJIEKHO
BiJI MOBH 4H IUIaT(OPMH, Ha SIKIH BIH BUKOPUCTOBYETHCS. OJHIEIO 3 KIIOUYOBHUX MEpeBar
UTF-8 € iioro CyMmiCHICTh 3 ICHYIOUMMH CUCTeMaMHu, siKi miaTpumyroTs Jume ASCII,
ockinbku nepiri 128 cumBomiB UTF-8 36iratorbes 3 ASCII. Le poouts UTF-8 ineanpaum
BUOOPOM JIs1 BEO-TEXHOJIOT1H, €JICKTPOHHOI MOIITH Ta 1HITUX 1HTEPHET-3aCTOCYHKIB, /i€
HeoOXiHA MIITPUMKA 0AraTOMOBHOTO TEKCTY 0€3 3MiHHM ICHYIOUHX MPOTOKOIiB. Kpim
toro, UTF-8 € edekTuBHUM y BHUKOPHCTaHHI MPOCTOPY Mam'siTi I TEKCTIB, IO
CKIIQJAIOThCS TIEPEBAXKHO 3 CUMBOJIIB, SIKI KOJAYIOTHCS OJHUM OalTOM, 10 POOUTH HOTO
ONTUMAIBLHUM JIJIS 30€epiraHHs Ta Tiepe/iadi BeTUKAX 00CSTIB TEKCTOBHX JaHUX [67].

UTF-8 xonye koxxeH cumBonl Unicode y mMOCHiAOBHICTh OaWTiB, KIJIBKICTh SKHX
3aJIEKUTh Bl KOAYOBOI TOYKM CHMBOJY. {7l CMMBOJIIB, 110 3HAXOASATHCA B J1ala3oHl
U+0000 no U+007F, UTF-8 BukopuctoBye oauH OailT, ne nepmuil OIT 3aBXKIu
BcTaHOBJIeHUH y 0, a HacTynHi 7 OITIB MpEACTaBIsAOTh caM cuMBOJ. Lle 3a0e3neuye
noBHy cymicHicTh 3 ASCII, go3Bomsitoun tekcraMm, 3akomoBanuMm y UTF-8, Oytu
yuTabeIbHUMHU y cucTeMax, skl marpumytoth Juie ASCIIL. [l cumMBoIIIB 3 KOJAYOBUMU

toukamu Big U+0080 no U+O07FF BukopucroByroThcs nBa Oaittu. Ilepmmii Gait
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MOYMHAETHCS 3 N1BOX OITiB 1 1 ogHoro Oitom 0 (110xxxxX), a npyruii OalT 3aBXKIH
nounHaeTbes 3 01TiB 10 (10xxxxxx). Takum unHOM, 1Ba 6AUTH MOXYTh MPECTABUTH JIO
11 6ir iudopmarrii, Mo AOCTaTHHO IJS KOJYyBAaHHS CHUMBOJIB KUPWIHWIl, TPEIBHKOI,
apaOChKOI Ta IHITUX MOBHUX rpym [67].

Onniero 3 ocobnuBocteit UTF-8 € BincyTHICTH 3aie€KHOCTI BiA MOPSAKY OaiTiB
(endianess), OCKiIbKM TIOPSJIOK OAWTIB y CHMBOJAX € BU3HAUYCHMM cTaHgapTom. Lle
pooutre UTF-8 caMoCMHXpOHI3yIOUMMCs, TOOTO HaBITh SKIIO YacTHHA TEKCTY
MOMIKO/KEHA a00 BIJCYTHS, 3IMIIOK TEKCTY MOXe OyTH MPaBUJIBLHO MPOYUTAHUH, 1110
NiABUILY€E HalliHICTh nepenaui naHux. Kpim Toro, UTF-8 He BukopucToBye OailT-
3anoBHeHHs (padding), 110 poOUTH WOro OUThII €KOHOMIYHHUM Y MOPIBHSHHI 3 1HITUMHU
dbopmaTamu koayBanHs Unicode, Takumu sik UTF-16 abo UTF-32 [67].

[Ipouec koHBepTalii icHytouux TekctoBux ¢ainiB y ¢opmar UTF-8 moxe Oytu
3/IIMCHEHMH 3a IOMOMOTOI0 PI3HUX 1HCTPYMEHTIB Ta mporpamMHux 3aco0iB. Hampukian,
CydacHi TEKCTOBI penakTopH, Taki sik Visual Studio Code, Notepad++ abo Sublime Text,
miATpUMyI0Th 30epekeHHst ¢ainiB y koayBaHHi UTF-8. Takoxk iCHYIOTH KOMaHJHI
yTHIiTH, Taki sk iconvy UNIX-momiOHuX cucTemax, siKi JI03BOJISIOTh KOHBEPTYBAaTH
daiinm 3 0HOr0 KOAYBaHHS B 1HIIE 3a JOIOMOTOI0 IPOCTUX KoMaH [67].

HesBaxkatounm Ha cBoi umcnenHi nepeBaru, UTF-8 moske 3ITKHYTHCS 3 JIEIKUMU
npoOjemMamMu MmijJg dYac BUKOpucTaHHA. OJHIEI0 3 TakuxX MTpoOseM € HEeOoOXiTHICTh
MPaBUIHLHOT OOPOOKH CUMBOJIIB 13 BACOKUMHU KOJJOBUMHU TOYKAMH, 1[0 MOXYTh BUMAaraTu
OinbIe pecypciB miisi 30epiranHs ta 00poOku. Kpim Toro, nmeski crapi cuctemu abo
nporpamHe 3a0e3nedeHdss MOXXyTh He miaTpumyBatu UTF -8 Hane:)xHUM 9rHOM, 110 MOXKE
NPU3BECTH JO0 HEKOPEKTHOro BIAOOpa)KeHHS TEKCTy. TakoX BapTO BpaxOBYBaTH
HasiBHICTh a00 BifacyTHIcTh BOM (Byte Order Mark), sikuit y UTF-8 He € 000B'13K0BHM,
ale JesKi TporpaMd MOXKYTh BHMAaraTd WOTrO JUIsl TPaBUIBHOTO pO3Mi3HaBaHHS

KoayBaHHs [68].
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3.4 Meton LSB (Least Significant Bit) 115 creranorpadii

Metox LSB (Least Significant Bit), abo mMerox HaiimMeHIn 3Ha4dymoro OiTa, €
MOMYJIIPHUM METOJIOM cTeraHorpadii, SKuil BUKOPHCTOBYETHCS JJISI MPUXOBYBAaHHS
iHpopMarllii B HudPOBUX HOCIAX, TAKUX SIK 300pakeHHs, aynio abo Bimeo. Lleit meTon
noJisirae B 3aMiHl HaMEHI 3HAa4YyIUX OITIB €JIEMEHTIB HOCisi Ha OITH CEeKpEeTHOro
MOBIJJOMJIEHHS, 1110 J03BOJISIE IPUXOBATH IHPOPMALIFO 3 MiHIMAJIbHUM BIJIMBOM Ha SIKICTh
Hocis [69].

Jns peanizanii metony LSB Bubupaetrscst HOC1M, HaNpuKIIaI, 300paskeHHSs, B IKOMY
KOXEH MIKCeIb MPEACTABICHUA Y BUIJIAMl TPhOX KOMIIOHEHTIB (UEPBOHHUM, 3E€JICHUI,
cuHii) y OiHapHii ¢opmi. HaliMeHi 3Hauyii GiTH IIMX KOMIOHEHTIB 3aMIHIOIOTHCS Ha
01TH CEeKpeTHOro MoBioMIICHHS. Hanmpukiaz, SKIo miKkcejlb Ma€ YepPBOHUM KOMIIOHEHT
11001010, 1 moTpi6bHO TpuxoBaTu OiT 'l', TO ocTaHHIN OIT 3MIHIOETHCA Ha 1, 1 HOBUI
mikcens ctae 11001011, Leit nmporiec MOBTOPIOETHCS 71 BC1X OITIB MOBIIOMJICHHS, 1110
notpioHo npuxosaru [70].

Macka HUKHIX 01TIB BUKOPUCTOBYETHCS /I BUOOPY KOHKPETHHUX OITIB y YHCIIOBUX
KoJiax naHux. Y koHTekcTi LSB-cTeranorpadii 111 Mmacka BU3Havae, ki came 01Ta Oy 1yTh
3MIHIOBAaTHCS Ui BOYJIOBYBaHHsI mpuxoBaHoi 1H(opmari. [Jns kpamoro po3ymiHHS,
PO3TIITHEMO TPUKIAA: MPUITYCTUMO, 0 MU MaeMO 8-OITHUN KOM, SKUM MPECTaBIIsIE
3HAYEHHS IMKCENs 300paKeHHs, CEMIIA ay/1i0 ad0 1HIIIOTO YMCI0BOro 3HaYeHHs. KoxkeH
OiT y 1boMy KOJIi MOXe MaTH 3HaueHHs 0 abo 1 [71].

Macka HuXHIX OITIB 3a3BHYail MOAAETHCSA y BHUIJISAL OITOBOI MOCHTIIOBHOCTI, 1€
KOXeH OIT BKa3ye, uu Oy/ie BIAMOBITHUIA OIT OPUTIHATHLHUX JaHUX 3MIHIOBATHCS TiJ] 9ac
BOymoByBaHHs iH(opMarrii. 3a3Bu4ail Taka Macka HaJaIlTOBaHa Tak, IO BCi OITH, KpiM
HallMEHII 3HAYyLIOro, BCTAHOBJIEHI y 3HAY€HHs |, a HallMEeHII 3Hayymud OIT — Yy
3HaueHHs (. Hanpuxmnaz, ns 8-01THOro kKoay Macka HUXKHIX OITIB MOXKE BUTJISIIATH SIK
«11111110». Lle o3Hauae, 1o Bci 61TH, KPIM HAMMEHII 3HAYYILIOT0, MOXKYTh OYTH 3MIHEHI
JU1s1 BOYJOBYBaHHS IaHUX, TO/A1 SIK HAMEHII 3HAUYIIUNA OIT 3 TUIIAETHCS HE3MIHHUM.

3aCTOCOBYIOUH MACKY, O1TH TEKCTOBOT'O MTOBIIOMJICHHS 3aMiHIOIOTHCSI HAa BIITIOBIIH1

MEHIII 3Hauylll OITH TIKCeTIB 300paxkeHHs abo ceMIuiiB ayaio. Takum 4YuHOM,
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3MIHIOIOTHCS TUTBKH Ti O1TH, SIKi HAlTMEHIIIEe BIUTMBAIOThH HA 3arajbHe CIPUUHATTA (aiiiy,
3a0e3Mevuyrour MiHIMaJIbHUI BIUTMB Ha SKicTh ¢parmeHTy [71].

Hampuknan, mo0 mnpuxoBatu OIT iHGopMamii y ceMmruii aymaio 3 8-O0iTHUM
NPEJCTAaBICHHSIM, BHKOPUCTOBYyIouM Macky «11111110», mu 3aMiHIOEMO TUIBKH
OCTaHHIH OIT I[LOTO ceMIIa Ha 61T TEKCTOBOTO MOBIIOMIICHHS. [HIIM O1TH 3aTUIIAIOTHCS
0e3 3MiH, 1110 J03BOJIsIE 30€pErTH SAKICTh ayAlodailily Ha BUCOKOMY P1BHI, HE BUKIMKAIOUN
MOMITHUX CIIOTBOPEHB IS CyXaya.

Meton LSB mae KijbKka BaXJIMBHUX IepeBar 1 HeAoJ1KiB. OCHOBHUMU NEpEBaraMu €
MPOCTOTA peaizallli Ta MiHIMaJIbHUN BIUIUB HA SIKICTh HOCISl. 3MiHA HAWMEHII 3HAYYIIIHUX
0iTIB Ma€ MiHIMaJIbHUM BIUIMB Ha Bi3yallbHe a00 ayaiajibHE CHPUUHATTS HOCIS, IO
poOUTH 3MiHM Maibke HenmomiTHUMH. OJHAK, 1€l MeToa Mae 1 cBoi Hemodiku. Hocii,
MoaudikoBanuii MetooM LSB, Moke OyTH JIeTKO MOIIKOKEHUH 111 yac 0OpoOKu abo
CTUCHEHHS, 1110 MPU3BEAE 0 BTPATU NPHUXOBAHOTO MoBijoMieHHs. KpiM Toro, meron

LSB no3BoJisi€ mpuxoBYyBaTH JUIIIE HEBEIUKUM OOCAT TAHUX MOPIBHAHO 3 PO3MIPOM HOCIS

[72].

BucHoBku 10 po3ainy 3.

HaBeneHo OCHOBHI eTamy pO3Mi3HABaHHS MOBH, $IKI peaji30BaHO B CY4YacCHUX
CHUCTEMax aBTOMATHYHOTO PO3Mi3HABAHHS MOBHUX CHTHAJIB. 3a3HAYEHO OCOOJIMBOCTI
BUKOPUCTAHHS TaKUX CHUCTEM, Ta iX KJIFOYOBI mepeBard. BuaineHO OCHOBHI MPHUHIIUIH
KoayBaHHS TekcTy 3a popmatamu UTF-8 ta ASCII. Bukopucranus popmary UTF-8 mis
KOJIyBaHHS TEKCTY 3a0e3Ieuy€e Moro CyMiCHICTb 13 CYy4aCHUMU CHCTEMaMHU Ta MOKJTUBICTh
nepeaadi TeKCTOBOTO (PparMeHTy yKpaiHCHhKOIO MOBOIO. JIOCHIMKEHHIO MOMKJIUBOCTI
nepeaadl TEKCTOBOI 1HGOpMalii pa3oM 13 MOBHUMHM CHTHajJaMd 3a JONOMOIOIO

cTeraHorpagiyHOro MeToy HaliMeHII 3Hauymoro o6ita (LSB).
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4 HNPAKTUYHA YACTUHA JOCJILIKEHHSA

4.1 Bubip ayniointepdeiicy st ekciepuMEeHTY

Y nmocnipkeHHI Tepen0dadaeThcsi 3alUuC MOBHOTO aydiOCHUTHANY YKPaiHCHKOIO
MOBOIO 3 METOI0 MOJAIBIIOTO aHali3y Ta PO3pOOJECHHS MiAXOIIB MO0 3MEHIICHHS
IIYMOBOTO 3a0py/IHEHHS.

Po3zristHemMo AJ1s NpoBeeHHS 3alIUCy MOBHOIO ay/J110 CUTHAITY 3 Ie(PeKTaMH KIIFOUOBI
xapakTepucTuku ayaiointepdeiicy Scarlett Solo 2nd Gen, sikmii 3a0e3nedye BUCOKY
AKICTh 3alMCy Ta TOYHICTh BIATBOPEHHS 3BYKOBUX cUTHaNIB. OJIHIEI0 3 OCHOBHHUX
XapaKTEPUCTHK € YacTOTa JUCKPETU3allii Ta po3psaHicTh (rmubuHa OiTHOCTI). Scarlett
Solo 2nd Gen niaTpuMye yacToTy auckpetusaiii 10 192 k't Ta rmubuny 6iTHOCTI 24 OIT.
Yactora muckpermsanii 192 Iy 3abe3nedye MOXIJIMBICTH TOYHOI (pikcallli HaBITh
HaWBUIIMX YaCTOTHMX KOMIIOHEHTIB 3BYyKy, IO BiAMoBigae Teopemi HalikBicra-
[llenHoHa, sika CTBEPIKYE, IO YACTOTa JUCKPETH3AIlll MOBMHHA OyTH HIOHAWMEHIIE
BIBIYl BHUIOK 3a HAWBHINY YacTOTY 3BYKOBOI'O CHUTHANY JUIsl YHUKHEHHS e(dexTy
amaciury. Takum YuHOM, ISl JTFOJCHKOTO CIIyXY, SIKU OXOIUTIOE YaCTOTH /10 20
k[, wactota 192 kI'11 mo3BoJIsIE 3a0e3meunTu Oe3nepepBHE Ta TOYHE BIATBOPEHHS 3BYKY
0e3 BTpaTH BaXXJIMBUX jaetajiei [73].

PozpsiaicTs 24 61TH 3a6€3nedye po3MUpeHNid TMHAMIYHIN Alana3oH 10 144 ab, mo
3HAYHO TIEPEBUIIYE CTAaHAAPTHY 16-01THY pO3PAIHICTH, sika 3a0e3eduye JTUHAMIYHHUMA
niana3oH 61u3bko 96 nb. Lle 103BossiE yHUKHYTH CTIOTBOPEHbB MPH 3aIIUC1 TUXUX AUISTHOK
CUTHaJy Ta 3a0e3leuye BHCOKY YyTJIMBICTH 3aIUCY, IIO € OCOOJMBO Ba)XJIMBUM IpU
po0OTI 3 KOHACHCATOPHUMHU MIKpO(OHAMHU, fKI BHUMAaraiOTb BHUCOKOi TOYHOCTI Iis
BIJITBOPEHHS TOHKHMX HIOAHCIB 3BYKY [73].

[lepenmiacumoBaui  Scarlett Solo 2nd Gen xapakTepu3ylTbCcs BHCOKHUM
koedilieHTOM TmocuieHHs A0 56 b, 1o 103BoJiss€e e(EeKTUBHO MpaloBaTh 3
MIKpO(OHAMU 3 HU3BKOIO YyTJIMBICTIO @00 TUMH, 110 PO3TAIIOBAaHI HA 3HAYHIN BIJCTaHI
BIJI JKepesia 3ByKy. Lle 3a0e3neuye He0OXiTHUM pIBEHb CUTHAILY [T TOIAIbIIOI OOPOOKH

0e3 BBEJICHH 3HAYHUX LIyMIB 4M ClIOTBOpeHb. KpiM Toro, cucrema Phantom Power (+48
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B) Hagae MOXIJIMBICTH >KHUBICHHS KOHJEHCATOPHUX MIKPOQOHIB, MO MOTPEOYIOThH
CTaOUTBPHOTO TOCTIHHOTO CTPyMy JJIsi pOOOTH BHYTPINIHIX €NeKTpoHHUX Kin. lle
3a0e3nedye ONTUMalIbHy YYTJIUBICTh, TOYHICTh Ta 30aJTaHCOBAHICTH YaCTOTHOTO
Aiana3oHy, 110 € HeOOX1THUM JISI BHCOKOSIKICHOTO 3amucy [74].

[lepenmincuntoBadi MarOTh PiBEHb FApMOHIYHUX croTBOpeHb Hkue 0.001%, mio
rapaHTye IPUPOJTHE Ta TOYHE BIATBOPEHHS 3BYKY O€3 BHECCHHS HeOaKaHMX apTe(aKTiB.
YacToTHa XapakTepuCTHKa NepeAniACUIOBadiB oXorutoe aiana3oH Bia 20 I'u 1o 20 kI
JI03BOJISIE TOYHO TIEpeAaBaT sIK HU3bKOYACTOTHI, TaK 1 BUCOKOYACTOTHI KOMITOHEHTHU
3BYKOBUX CHTHAIB [74].

InTepdeiic Scarlett Solo 2nd Gen 3abe3neuye criBBigHOMIEHHS curHain/myMm (SNR)
noHan 120 nb Tta auHamiyHui Aianason iHTepdeiicy 106 nb, mo Bigmosizae
MIKHApPOJIHUM CTaHAapTaM sIKOCT1 3ByKy. Bucokwuii piBenb SNR cBi1unTh PO HU3BKUMA
piBeHb IIYMIB Yy 3allMCAHOMY CHTHaIi, IO JIO3BOJISIE OTPUMYBAaTH YUCTHUH Ta
JeTami3oBaHui 3ByK 0e€3 mapasuTHuX IIyMiB. JlMHamMiuHUNA [diama3oH 1HTepdeicy
3abe3reuye TOYHE BIITBOPEHHS K TUXHX, TaK 1 TyYHUX 3BYKiB 0€3 BUHUKHEHHSI KJIITIIHTY
9y KOMIpeECii, 10 JT03BOJISE SKICHO MPOBECTH aHaJi3 Ta MOJAIbITy 00pOOKY MOBHOIO
ayaiocurnany [74, 75].

VY nopiBHsIHHI 3 IHIUMU ayaioiHTepdericamu, Takumu sk Audient iD4 a6o PreSonus
AudioBox, Scarlett Solo 2nd Gen nemoHCTpy€ BUIIlI TOKA3HUKU KOE(III€HTA TOCUICHHS
(56 nb ipotu 50 a1b y Audient iD4) Ta HIKUYMil piIBEHh TAPMOHIYHUX CITIOTBOPEHB (MEHIIIE
0.001% mpotu 10 0.1% y Audient iD4) [76]. Kpim Toro, inTepdeiicu Audient iD4 maroTh
HUKY1 TOKa3HUKHM YaCTOTHOI XapaKTEPUCTUKH Ta TMHAMIYHOTO J1ana3oHy, 0 POOUTH 1X
MEHII TPUIATHUMU TS JOCIIKEHHS XapaKTEPUCTUK CUTHATY Y MOpiBHSIHHI 31 Scarlett
Solo 2nd Gen. Lli BigminHOCTI migkpeciroloTh mnepeBaru Scarlett Solo 2nd Gen y
3a0€3Me4YeHH]1 BUCOKOSIKICHOTO 3alMCy Ta TOYHOCTI BIATBOPEHHS 3ByKOBUX CUTHAJIB, 10
BIJINOBI/Ia€ MI)KHAPOJIHUM CTaHJAPTaM.

Takum uuMHOM, aHamii3 xapakrepuctuk Scarlett Solo 2nd Gen gemoncTpye #oro
3aTHICTh 3a0e3MedyBaTH BUCOKY SIKICTh ayJi03aluCcy Ta TOYHICTh BIATBOPEHHS

3BYKOBHMX CHUTHAJIB 3aBASKH BUCOKIN YaCTOT1 AMCKPETHU3allli, pO3PAAHOCTI, €PEKTUBHUM
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MepeaniICHIIOBaYaM 3 HHU3BKHUM pPIBHEM CIIOTBOPEHb Ta IMIUPOKOMY JUHAMIYHOMY

Jiarma3ony.

4.2 Bubip mikpodony A5l eKciepuMeHTy

Bumoru 10 MikpodoHy nependayaroTh HasBHICTh KOMILIEKCY XapaKTEPUCTHUK, 110
3a0€3Me4yl0Th TOYHHMM, YUCTUA Ta AETAJIbHUM 3amuc 3BYKOBOro curHairy. OpHum 13
KJIFOYOBHUX MapaMEeTPIB € YyTJIHUBICTh, OCKUTLKU MIKpO(GOH IMOBUHEH BJIOBIIIOBATH HABITh
ayke cinabKi 3ByKM 3 pIBHEM He Hikde -36 n1b, 103BONSIOYM pEeecTpyBaTH
HaWJIeIKATHINII HIOAHCU MOBJIEHHS. He MeHIl BaXJIMBOIO BUMOIOK € IIMPOKHUI
gacToTHUM miana3oH: Bij 20 ' mo 20 x['1, mo oxoruitoe Bech YyTHUN CIEKTP Ta J1a€
3MOTY MepeaTH K MIMOOKI HU3bKI YaCTOTH, TaK 1 SCKpaBi BUCOKI o0epToHH [77].

HacTynmHMM acmeKkToM € HajallTyBaHHS HalpaBICHOCTI MiKpodoHa, sKe Jae
MOXKJIMBICTh O0OpaTH ONTUMAJIbHY MOJSPHY JiiarpaMy IiJi KOHKpeTHI yMOBHU 3anucy. Lle
MOXe OyTH CIpSMOBAHICTh Ha JKEpEno 3BYKY (KapaioigHa, cynepKap/IioigHa),
BCcecnpsiMOBaHa a0o0 CIpsSMOBaHa Ha BiJICIKAHHS HEOaKaHMX CHUTHAJIB 3 IHIIMX KYTIB
najiiHAsA 3ByKy. HU3bKUl piBEeHb BJIACHOTO IIYMY MiKpodOHa MiHIMI3Y€ BIUTMB CTOPOHHIX
IIYMOBHUX CKJIAJJOBUX Ta CIIOTBOPEHb, 110 OCOOJUBO KPUTHYHO JJISi 3allUCy MOBHOI'O
CUTHAITy 30epirarouu Horo po30ipiuBICTh Ta HU3BKHU PIBEHb ITYMOBOTO 3a0pyIHEHHS
[78].

Kpim Ttoro, mikpodon mae 3abe3nmedyBaTv BUCOKY JETali3allii0 JJisl aHali3y
cnenu@ivHUX 3BYKIB, 30KpeMa CBHUCTSYHMX 1 MIUIUITYUX MPUTOJIOCHUX Y MOBJIEHHI Ta
XapaKTepHHUX BHINHMX TrapMOHIK. Taka 37aTHICTh BIATBOPIOBATH JAPiOHI HIOAHCH M TOHKI
YaCTOTHI CKJIaJIOB1 JO3BOJISIE TOYHO OLIIHUTH AKICTh Ta MPUPOY JKEpena 3ByKy, a TAKOK
ciopusie €(pEeKTUBHOMY OIPAIIOBAHHIO ayJioMaTeplaly y NOJajJblIIOMy 3BYKOBOMY
JAHIOTY.

Takum 4rHOM, M1J1 Yac BUOOPY MIKpOQOHY HEOOXITHO BpaxyBaTH Takl MapaMeTpu:
YyTJIUBICTb, YACTOTHUW Jlama3oH, CHOPSIMOBAHICTb, THUI  3'€JHAHHS Ta IIYMOBI
oOMexkeHHs. Pi3HI TUMM MIKpOQOHIB MarTh CBOI OCOOJMBOCTI 1 HpHU3HAYEHI MAJis

KOHKPETHUX YMOB eKcrutyararii [79].
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Jlns mpoBeneHHsT AOCIIKEHHS Oyino oOpaHo KoHAeHcaTopHUU Mikpodon Rode
NT2-A, sixuii 3a0e3meuye BUCOKY UyTAUBICTh (-36 nb), mupokuit 4acTOTHUIA Tiama3oH 1
JI03BOJISIE TIPOBOJAMTH aHAMI3 PI3HUX COpsSMOBaHOCTEH MikpodoHa (kapiaioigHa,
CymepKap/ioiqHa, OMHIHAMIpaBieHa). Y MoeaHaHHl 3 mpodeciitnum aymioinTepdeiicom
Scarlett Solo 2nd Gen cTBOPIOETHCA MOKIUBICTD 3aIIMCY 3BYKOBUX CHTHAIB 13 BUCOKOIO
JeTani3all€ro Ta MIHIMAIBHUMH CIIOTBOPEHHSIMMU.

YyTauBicTh MIKpoQOHA Ja€ 3MOry (piKCyBaTH HaBITh HAWTOHILI 3BYKOBI HIOAHCH,
IO BaYKJIMBO JJIS TOCTIDKEHHS (DOHETUYHUX 0COOIMBOCTEH YKpaiHCHKOT MOBH, TAaKHX 5K
CBUCTSY1 Ta IIMIUISIYI MPUTOJIOCHI, 110 BUMAararTh TOYHOI TMepefadl BUCOKUX YacTOT.
[MIupokuit yacroTauii miamazoH Rode NT2-A no3Bossie 3amucyBat sSIK HU3bKi, Tak i
BHUCOKI YaCTOTH 3 MAKCUMAJILHOIO JIeTalli3alll€ro, 3a0e31euyouu MOBHOTY 1H(pOpMaIlii asis
aHamizy.

JocnimkeHHs nepeadadae 3amuc 3ByKoBoro ¢parmMeHTa; “3ura, >KUTTs, HasTHULS,
JOKM1JTb, TaBa, XapkiB”. L{i cmoBa oOpaHo s BpaxyBaHHS (DOHETHUYHHX OCOOJIMBOCTEH
YKpaiHChKOI MOBHM Ta aHaJli3y IMOTEHIINHO MPOOJEeMHUX YacTOT, 5K MOTPeOyIOTh
00pOOKH.

Ha 3ByxkoBi#t kapti Scarlett Solo 2nd Gen HaamToBY€eThCSI PiBEHb I'YYHOCTI TaKUM
YUHOM, 100 HAWTYYHINI 3BYKM HE BUKIMKAIM NEpPEeBaHTAXEHHS 3amucy. MikpodoH
BCTAHOBJIIOETHCS B HEOOXITHUN PEXKUM CIPSIMOBAHOCTI, 3a0€3Medy€eThCsl CTaOlIbHE
MOJIOKEHHS B TIPOCTOPI, BIJICTAHH MOBIIS 10 MIKpOGOHY, TYYHICTh BIITBOPEHHS.

[le#i miaxiy J03BOJIMTH TPOAHANI3yBaTH BIUIMB CHPSMOBAHOCTI MiKpo(doHa,
YaCTOTHUX XapaKTEPUCTUK 1 IIyMOBOTO 3a0pyAHEHHS Ha SIKICTh 3amucy, a TaKOX

JOTIOMOYKE B JIOCITIJDKEHHI METOiB 00poOKH MOBHHX curHaiiB [80].

4.2.1 Mikpo(oH 3 KapAioiIHOI0 HANPABJICHICTIO

Kapaioigauii Mikpo(oH XapakTepU3y€eThCs CIPSIMOBAHOIO JI1arpaMolo, 1110 T03BOJISE
e(EeKTUBHO 130JII0BaTH 3BYK 3 MEPEIHbOI IUIOUIMHU, 3HWKYIOUM TpPHU LbOMY pPIBEHb
3aXOIUICHHS (POHOBUX IIYMiB 3 OOKIB 1 33aay. OHAK, HOTO YYTIUBICTh O aKyCTHYHUX

BIIOUTTIB TIPUMIILICHHS MOXE€ MPHU3BECTH 10 MiABUIIEHHS piBHA mmymy. Kapmioinna
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HaIpaBJICHICTh MIKPO(OHIB 3aCTOCOBYETHCA B YMOBAX 13 MIHIMAJIbHUMH BIIOUTTSIMU Ta
HU3BKUM piBHEM (DOHOBOTO MIyMy, IO JI03BOJISIE MAaKCUMaJIbHO BUKOPHCTOBYBATH iX
3JIATHICTB JI0 130JIAIIIT IIThOBOTO CUTHATY [81].

Crnextporpama (puc. 4.1) mMae 4iTKO BUpaXeH1 IMITYJIbCHI MIJISHKH CUTHAIY, JI€
OCHOBHA C€HEpris 30cepe/keHa B 00JacTi CEpeHiX YacTOT 13 TMOCTYIMOBHM CIaJIOM
aMIUTITYAXM Yy BHCOKOYACTOTHOMY Jiama3oHi. Ha cmekTporpami cCrocTepiraroThes
NeploINYHI SICKPaBl BEPTUKAIbHI CMYTH, K1 CBIIYaTh MPO HASBHICTh YITKUX 3BYKOBHUX
noAid abo IMMOyJbCiB. AMIUNITYHO-4aCTOTHA XapakTtepuctuka (puc. 4.2) 3amnucy
M1ITBEP/IKYE TEHACHIIIIO /10 3HIKEHHS PIBHSI CUTHATY 3 POCTOM YaCTOTH, 0 MOXKe OyTH
3YMOBJIEHO SIK BJIACHOIO YACTOTHOIO XapaKTEPUCTUKOIO MiKpo(OHa, TaK 1 BIACYTHICTIO B

JoKepeni 3BYKY MOTYXXHHUX BHCOKOYaCTOTHUX CKJIQJIOBUX.
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AMNNiITYAHO-4aCcTOTHa XapakTepucTtunka (A4X)
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Pucynok 4.2 — AUX kapaioigHOT HampaBIeHOCTI MIKpOQOHY

PiBens ryunocti RMS: 0.071339.

Binnomenns curnan/mrym (SNR): 81.42 nb.

CepennbokBanipatuunuii piBeHb (RMS) cranoBute 0,071339, mo Bkazye Ha
MOMIPHUI pIBEHb CUTHAITY 0€3 HaJMIPHOTO MiJICUJICHHS, a BIIHOIICHHS] CUTHAJ/IIIYM Ha
piBHi 81,42 nb cBigUUTH NPO QYK€ BUCOKUHN MOKA3HUK YUCTOTHU 3aIKCY 1 BIACYTHICTb
CYTTEBOTO (POHOBO-IIYMOBOTO 3a0pyAHEHHS. 3aBISKU KapAiOiAHINA CIPSIMOBAHOCTI
MIKpooH e(EKTUBHO NPHUAYIIyE 3BYKH, IO HAAXOIATH 13 3aJHBOI TiBCcheEpH,
3a0e3neuyroun (HOKyCyBaHHSI HA OCHOBHOMY JDKEpeJi CHUTHaly Ta 3MEHIIYIOYH BIUIUB
BIIONTOTO 3BYKY YHM CTOPOHHIX 3aBaj. Sk pe3ynbTaT, OTPUMAHO JOCHUTH SKICHHMA
ayI103aIuc 13 YITKO BUAIJICHUMH IMITYJIbCHUMH KOMIIOHEHTAMH, CTa01IbHOIO YaCTOTHOIO
XapaKTEPUCTUKOI0 B CEPEIHHLOMY Jlana3oHi Ta MiHIMaJIbHUM (POHOBHM IIyMOM, IIIO
XapaKTePU3YETHCSA TOPU3OHTATLHIUMH JTIHISIMU Ha criekTporpami (puc. 4.1).

Kapaioigauit mikpodoH Kparie miaxoauTh JUisl HAaPaBJICHUX JHKEPEIT 3BYKY, TAKUX
SIK TOJIOC TIiJ] YaCc MOBJICHHS 200 MOJIKACTIB, 0COOJIMBO SKIIO IMOTPIOHO 3aXUCTUTHUCS BiJI
30BHIIIHIX mIymiB. BiH 103Bosii€e COKyCyBaTHUCS Ha OCHOBHOMY JIKEpENi 3BYKY,

SMCHIIIYIOYM BIIJINB HaBKOJIMITHIX IICPCUIKOI.
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1.2.2 Mikpodon tumy "dirypa-Bicimka"

Mikpodon tumy "dirypa-BiciMka" Mae TBOCTOPOHHIO JiarpaMy CIpSIMOBAHOCTI, 1110
JI03BOJISIE 3aXOIUIIOBATH 3BYK 3 MEPEAHBOI Ta 3aHKOI TUIONIUH, MPU ITbOMY ITHOPYIOUH
0okoBi HanpsMKU. Lle poOuUTh HOTro KOPUCHUM JJIA 3alUCy JianoriB abo cuTyaii, ae
NOTPIOHO OJJHOYACHO 3aXOMHUTH KUJIbKA JKEpell 3ByKYy, PO3TAIIOBAHUX MO 00uBa OOKU
Bl MikpodoHa. BiciMka € onTUMaIbHUM BUOOPOM Yy CTYIISIX 3 TAPHOIO aKyCTUKOIO, JIe
NOTPIOHO 3aXOMUTH 3BYKH 3 JBOX MNPOTHJICKHHUX HAIMpPSAMKIB 0€3 3HAYHOrO BIUIMBY
OokoBux mymis [82].

Ha cnekrporpami (puc. 4.3) Mo>kHa OOAYUTH XapaKTEpHI NEPIOJUYHI IMITYIbCHI
nmoAii, CX0Xi Ha TONepeaHl pe3yJbTaTH, ajie CJiJl BPaXOBYBAaTH OCOOJUBOCTI IIi€l
aiarpamMu cnpsimoBaHocTi. Mikpodonu Tuiy "BiciMKa" MalOTh NMPUOJIHU3HO OJHAKOBY
Yy TJIMUBICTb JO CUTHAJIB, III0 HAJXOSITh CIIEPETy Ta 3331y, Ta MIHIMAJIbHY Yy TJIUBICTH J10
3BYKIB 3 OOKiB. Taka CIHpsSMOBaHICTh cHpusie e(PEeKTUBHOMY IIIJIXOIUICHHIO JKEpel,
pPO3TaIlIOBaHUX IO OCi MiKpodoHa, ajie BOAHOYAC MOXKE MiAKPECIUTH MPHUCYTHICTH
3BYKOBHUX BIJIOUTKIB 200 1HIITUX JIPKEPEJI, pO3TAIlIOBAHUX 110331y Ta BIAOUTTIB OCHOBHOTO
CUTHAITY.

Ha cniektporpami(puc. 4.3) BUIHO YiTKI BEPTUKAIbHI CMYTH MiJABHUIIEHOI €HEPrii,
pO3TaIIOBaHi 3 MEBHUM YacOBHUM iHTepBalioM. LI iMIyJIbCHI MOAIl XapaKTepU3yIOThCs
3HAYHOIO €HEPTI€I0 Y HIDKHHOMY Ta CEPEIHHOMY Jliara30oH1 4aCcTOT 3 MOJAIBIIINUM CIIAJ0M
IHTEHCHUBHOCTI Y BHUCOKOYACTOTHINA 001acTi. AMIUIITYJHO-4aCTOTHA XapaKTEPUCTHUKA
(AYX) (puc. 4.4) cBimuuTH TPO MOCTYIOBE 3HWKEHHS PIBHA CUTHATY TPH 3POCTaHHI
YaCTOTH, IO € TUIIOBUM JIJIsi 0aratbox JPKEpeN 3ByKy Ta YMOB 3aIlUCy, a TaKOXK MOXKE

Bi0OpakaT TOHAJBHY MPUPOIY CAMOTO CUTHATY YH OCOOJIUBOCTI MPUMIIICHHS.
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CepennbokBanpatruunnii piseHb (RMS) y 0,068726 € moniOHUM 10 TOmepeaHix

3HAU€Hb, IO CBIIYUTh TPO CTAOUIBHHUI pPIBEHb TyYHOCTI 3amucy. BigHOIIEHHS
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curHain/mym (SNR) Ha piBai 80,96 nb 3amumaerbcs IOCHTh BHCOKHMM, OJHAK Ha
CIEKTpOTpaMi MOKHA BIJCIIIKYBaTH IMJIBUIIEHUN PiBEHb (POHOBOTO IIYMy Mailke Ha
BCbOMY crniekTpi curHaiy. IIlymoBi ckiiamoBi Ta OHOBa aKycTHKa HE JOMIHYIOTh Hajl
KOPUCHUM CUTHAJIOM, HaBITh MPU TOMY, 110 MIKpOOH “BiCiMKa™ MOXKe “dyTH’ IKeperna
no3amuy.

3actocyBaHHs MiKpo(oHa 31 CIPSIMOBAHICTIO “BiciMKa™ B JaHIi CUTyaIlil MpU3BEIIO
70 OTPUMAaHHSI CTa01IbHOT0, YUCTOTO CUTHAITY 3 MEPIOAUYHUMH IMITYJIbCHUMU MOISIMH
Ta TOCTYNOBMM 3HIDKEHHSM €HEprii Ha BHCOKHMX 4YacTOTax. BHCOKe BiJHOIICHHSA
CUTHAJI/IIYM BKa3zy€ Ha T€, LII0 HAaBITh MPU UYYTJIMBOCTI 3 TUIY BAANOCA €(EKTHBHO
MIHIMI3yBaTH BIUIMB (DOHOBUX IIIYMIB, 30€piralouu NpUPOIHY XapaKTEPUCTUKY JIKepesia

Ta OTOUYCHHA.

4.2.3 BcenanpanJjeHuii MikpodoH

Bcenanpasnenuii MikpoQoH, 3 TPEThOI0 HAMHIKYOI0 BeTnurHO0 1ymy (0.067139),
Ma€ jiarpaMmy CHpsIMOBAHOCTI, SIKa JIO3BOJISIE 3aXOIUIIOBATH 3BYK 3 YCIX HaIPSIMKIB
piBHOMIpHO. lle 3a0e3medye MakcUMalbHE OXOIUIEHHS 3BYKOBOT'O IPOCTOPY, IMPOTE
poOUTH HOT0 OUTBIIT Bpa3aTUBUM /10 OHOBUX IITyMiB Ta BiIOUTTIB 3ByKY. [IpoTe, B ymoBax
3 KOHTPOJBOBAHOI AaKyCTHKOIO, JI€¢ PIBHOMIpHE 3aXOIUIEHHS 3BYKY € I€peBarolo,
BCEHANpaBlieHU  MIKpohOH MOke 3a0e3MedynTH  HAWBUIY  SAKICTH  3aIUCYy.
OwmHiHarnpaBiaeH! MIKpOQOHH TIXOATh JJIs 3aIUCy aHCaMOJIiB, OpKecTpiB, a0 3amucy
(GOHOBUX 3BYKIB, JI€ Ba)KJIMBO 3aXOINUTH IOBHY KapTHHY 3BYKOBOTO IpOCTOpY 0e3
yIepe/HKeHb y HanpsiMkax [83].

3anuc imoctpye (puc. 4.5) aHANOTIUHI 0 MOMEPEIHIX €KCIIEPUMEHTIB IMITYJIbCHI
3BYKOBI MOAIi 13 YITKO BHUPAXECHUMHU BEPTUKAIBHUMH ‘‘CTOBIIAMU’~ Ha CIIEKTPOrpPaMI.
OcHOBHa eHepris 30cepe/KEeHa y HIKHbOMY Ta CEpEAHbOMY YaCTOTHOMY Jlana3oHl1, Mpu
bOMY 3 POCTOM YaCTOTH CHOCTEPITAEThCS IUIAHOMIPHMM Claj piBHA aMIUTITYAH, IO
BIJIOOPAKEHO HA aMIUTITYAHO-YaCTOTHIN Xapakrepuctuil (puc. 4.6). BcecnpsimoBaHuit

MIKpO(OH PIBHOMIPHO CHpPUMMAE 3BYK 3 YCIX HANpsIMKIB, HA BIAMIHY B1J KapAi0iau 4u
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“BICIMKHK’, TOMY BIH MEHII CXWJIbHUN 0 (JOKYCYBaHHS Ha OJTHOMY JIKEPENl Ta Kpalie

(biKCye akyCTUYHE OTOYEHHS, BKIIIOUat0un (DOHOBI IITYMHU Ta BiJIOWTI CUTHAJIH.
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BriM, mompu  4YyTIMBICTE A0  TOBHOTO  3BYKOBOT'O  TOJS, PIBEHb
cepenHbpokBaapaTuaHoTo 3HaueHHs (RMS) curnany cranoButsh 61m3bko 0,067139, mio €
pUOJIM3HO HA TOMY K PiBHI, IO 1 Y TIOTIEPEIHIX €KCIIEPUMEHTAX, 1 CBITUYUTH PO CXOKY
CepeHIO IHTEHCUBHICTh 3aIIMCAHOT0 CUTHaY. BigHomenus curnan/mym (SNR) y 81,80
1b € HaBITh JCIIO BUIIUM 3a MOTNepeH] MOKa3HUKH, 110 BKa3ye Ha JIy>Ke HU3bKHUIl PiBEHb
donoBoro mrymy. OnHak, sIK 1 B IOTIEPEAHBOMY BHIAJKY, TOMITHO HE3HAUHE HIYMOBE
3a0pyJHEHHS] TPOTITOM BCIIT JOBXHHU CHUTHANIy, IO XapakTEepHO s JaHOol
HanpasieHocTi. Takuii Bucokuit SNR o3Hauae, mo HeOaxkaH1 1mryMmu abo iHTepdepeHii
HE ICTOTHO BIUIMHYJIM Ha SIKICTb PE3yJIbTaTy, HABITh MOMNPU 30aJIaHCOBAHY YYTJUBICTb
MIKpo(OHa 10 BCIX HAMPSIMKIB.

BukopuctanHs OMHIHampaBiIE€HOTO MiKpo(doHa y AaHOMY BHUITQJKY 3a0€3MEeUmIio
OTPUMaHHS CTa0lJIbHOTO, YITKOIO 3BYKOBOT'O CHTHANy 3 MEPIOAMYHUMHM IMITYJIbCHUMU
KOMITOHEHTaMH, BIJICYTHICTIO CYTTEBUX apTe(akTiB Ta MIHIMAILHUM PIBHEM IIyMY,
J03BOJISIFOYM  IOCTOBIPHO 3a()IKCYBAaTH HE JIMIIE OCHOBHE JKEPENO, a W aKyCTHUYHY

aTMoc(depy pUMIILICHHS 0€3 BTPATH 3arajibHOi SKOCTI 3aIuCy.

4.3 IlopiBHsinHs MikpodoHiB

[MopiBHIOIOYM pe3yiabTaTh 3anucy (tadmuis 4.1) 3 Tphox MikpodoHIB — i3
Kap/101AHOI0, BICIMKOBOIO (01/1ipeAEeKIIIHOI0) Ta BCECTIPSIMOBAHOIO (OMHIHAIPABJICHOIO)
HAIPaBJICHOCTSIMU — MOXXHA BU3HAUWUTU KIIIOYOBI OCOOJIMBOCTI KOXKHOTO BapilaHTy Ta
3poOMTH BUCHOBOK IIIOAO IX ONTHUMAJIbHOTO 3aCTOCYBaHHsS. B OCHOBI aHasizy JiexaTh
JaHl, OTPUMaHi 31 CHEKTPaJbHOTO aHali3y, aMIUTITYIHO-4aCTOTHOI XapaKTEePHUCTHUKH
(AUX) Ta piBHIB mIymMy KOXHOTO 3 MikpodoHiB. KoxeH 13 nux MikpodoHiB Mae CBOT
0COOJIMBOCTI, II0 BIUIMBAIOTh Ha SKICTh 3alHCy MOBJICHHS, OCOOJMBO BpPaxOBYIOUHU

(oHETHUYH1 0COOIMBOCTI YKPATHCHKOI MOBH.
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Tun MikpopoHa PiBeHb I'yuHOCTI BingHomenHs Onuc OcobmmBocTi
RMS curain/urym SNR
Kapnioinuuii 0.071339 81.42 nb MiHimManbHUH piBeHb EdexTuBHO
(horoBHX 1IyMIB, MIPUIIIYILLYE 3BYKH,
BUPAKCHHH 110 HAAXOJATh 3
TOPH3OHTAIBHIMHU JIHIIMA | 3a711p0i miBChEpPH.
3MeHIIIy€e BIUIUB
BIIOUTKIB Ta
CTOPOHHIX 3aBaj,
3a0e3medyroun
(hoxycyBaHHS Ha
OCHOBHOMY
JDKepelli CUTHAITY
Bicimka 0.068726 80.96 nb Craz iIHTeHCUBHOCTI Y Moxe
BUCOKHX YacTOTaxX, 3HaYHE | IiJKPECIIOBaTH
LIyMOBH 3a0py/IHEHHS MPUCYTHICTb
3BYKOBHUX BiZIOUTKIB
mo3ay Ta IHIIIX
JpKepet
Bcenanpasnenuit 0.067139 81.80 nb [TnanomipHuii criaz piBHS PiBHOMIpHO
aMIUTITYIH TIPH 3pOCTaHHi CIpHiiMae 3BYK 3
YaCTOTH, 3HAYHE ITYMOBU YCiX HaIPsIMKIB.
3a0pyaHEHHS Dikcye aKyCTHIHE
OTOYCHHS,
BKJIIOYaI0YX (POHOBI
IIYMH Ta BiAOHTI
CUTHAJIH

[Tpu 3amuci 3a 1OMOMOT0I0 KapA10iTHOTO MIKPO(OHA CIIOCTEPITaeThCsl HAWHIDKUNT
piBeHb (POHOBUX IIyMIB Ta CTOPOHHIX 3BYKOBHMX BIJIOWTKIB, III0 MOXXHAa TOSCHUTHU
(OKyCOBaHICTIO Takoi Jiarpamu crpsiMoBaHocTi. Kapaioina HalOLIbII 4yTiauBa A0
JoKEepea 3ByKy, PO3TAlllOBAHOIO MEpel HEl0, 1 MEHIII YyTJIUBa JI0 3BYKIB, K1 HAJAXOASATh
3 1HIIMX HampsAMKiB. Taka XapakTepUCTHKa [03BOJSE MIHIMI3yBaTH HeOakaHI
NEPEIIKOIU Ta BIAOUTTS BiJ CTIH, 3HM)KYIOUM 3arajbHUM PIBEHb IIYMY JIEMOHCTPYIOUU

HaWKpami XapakTepUCTUKHU ISl 3amucy MOBIJICHHS. Lle miaTBepmaKyeTbCsl BHUCOKUM

BiIHOIIEHHSAM cuTHaJ/myM (SNR) Ta 4iTKO BUALIEHUMH IMIYJIbCHUMH KOMIIOHEHTaMU
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Ha crnekTporpami. [llupokuii 4acTOTHUN Miama3oH Ta CTa0UTbHA YYTJIHMBICTH Y BCHOMY
CHEKTpl 3a0e3MmeuyioTh TOYHY IMepefady BHXIJHOTO CHUTHANYy, JAl0Yd MOXKJIUBICThH
MOTAJIBINIOT KOPEKTHOT 00poOKHM (eKkBasizallis, (GiabTpalls, aHaii3 TApMOHIK TOIIO).

Y Bumagky 3 MikKpo(OHOM “BICIMKOIO” BIACYTHICTh KOHIIGHTpAIi JIHWIIE Ha
nepeIHbOMY HAIPSAMKY MPU3BOIUTD A0 YJIOBIIOBAHHS CUTHAMIIB SIK CIIEpEeAy, TaK 1 33aiy.
[{e Moxe OyTH KOPUCHUM Y CTEPEOTEXHIYHUX a00 OCOOTUBUX CIICHIYHMX YMOBAX, OJTHAK
He 3a0e3Ieuy€e TaKoro €(peKTUBHOIO MPUTHIYEHHSI CTOPOHHBOIO IIYMY, SIK KaploigHa
HaIpaBJIEHICTh, a TAKOX 3a0e3Meuye ripiry po30ipauBicTh MOBU. MIKpO(OH JEMOHCTPYE
cnalle 3axXOMICHHsS] BUCOKOYACTOTHUX KOMIIOHEHTIB Y MOPIBHSAHHI 3 KapaioinuuM. e
MOK€ TMPU3BECTU A0 BTPATU YITKOCTI IIMIUIAYUX 1 CBUCTSYMX MPUTOJIOCHUX 3BYKIB
YKpPalHCbKOI MOBH.

Bcenanpasnenuid MikpooH, y CBOIO 4epry, CIpUiiMae 3ByKH PIBHOMIPHO 3 YCIX
HanpsMKiB. BiH go0pe mepemae MpUpOIHIO aKyCTHYHY KapTHHY OTOYCHHS, aje 3a
pPaxyHOK IIbOTo Horo mokazHuk SNR 3a3Buuail HMKYMK BiJl Kap/iOiTHOTO aHAaJIOTY.
[TpoTe, y O11bIT 3BUYAHUX YMOBAX BiH BPa3JUBIIIUN 10 (OHOBUX IIyMIB, BIJOUTTIB 1
CTOPOHHIX JIKEepe, 10 He 3aBXIU € OakaHuUM ISl MOJAJIbIIOI 1HKEHEPHOI 00pOoOKH
curHay. Ha cnekrporpami BuaHO, 10 BiH J00pe 3aXOIUIIOE HHU3BKOYACTOTHI
KOMITOHCHTH, aji¢ BHCOKOYACTOTHI JeTajli, SKi € BaXJIWBUMH JUIS YITKOTO 3aIlHCy
YKPaTHChKUX MIUTIISTYUX 3BYKIB, € 3HAYHO CIIA0ITUMU.

3 oy Ha OTPUMAaHI pe3yibTaTH, KapaioigHui MIKpodoH Oyne onTUMaIbHUM
BapiaHTOM JIJIsl aHaJI13y Ta OI[IHKA OCHOBHOT'O CUTHAITY. BiH Halikpaiiie nmpurHidye (oHOBI
IIYMH, HaJla€ CTaOUIbHY Ta TOYHY Iepeavy 3ByKYy B IIMPOKOMY YaCTOTHOMY JIiara3oHi,
IO JO03BOJIIE MAaKCHUMAaJbHO YITKO BHSBHTHU XapaKTEPUCTHUKU 3BYKOBOTO JDKepena,
BUKOHATH SIKICHUM CHEKTpaJIbHUN aHa i3 Ta MATOTYBATH CHUTHAN JUIsl TIOJMAJIBIINON
npodeciiiHoi 00pOOKH.

Takum yuHOM, JJIs1 MPOBEACHHS MPAKTUYHOTO EKCIIEPUMEHTY O0paHO IS 3amucy
MoBHUX curHaiiB MikpodoH Rode NT2-A. Ileit wmikpodon 3abesneuye BHUCOKY
qyTIuBicTh (-36 nb), mupoxuii yactorHuit aiama3oH (20 'y — 20 k') Ta HU3BKUH pIBEHB
BJIACHUX IIIyMIB, IO J03BoJig€ (PIKCyBaTW HaBITh HAWMEHIIl aKyCTUYHI HIOAHCH

MOBJICHHS. 3aBASKH MIATPUMII TPbOX BAapIaHTIB HaIMpaBieHOCTI (KapaioinaHa, "BiciMka",
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OMHIHAIPaBJIeHA), MIKPOGOH € yHIBEPCAIBHHUM JJIsl PI3HUX YMOB 3amucy, 3abe3nedye
IIUPOKUA YaCTOTHWM Jlala3oH, BUCOKY UYTJIHMBICTh Ta 3JaTHICTh JI€TaJIbHO

BIJITBOPIOBATH 3BYKOBI XapaKTEPUCTHUKH.

4.4 Buoip ob61agnanus

Jlist mepeBipku po3poOJIeHOT0, Y MPAKTUYHIN YaCTUHI JOCHIKEHHS, allfOPUTMY
0o0poOku aymio daiury obpano mpuctpiii Heltec WiFi LoRa 32 V, mo noemnye
MoOKIMBOCTI Oe3aporoBoro 3B’s3ky (Wi-Fi, Bluetooth, LoRa) 3 eneproedekruBHOIO
apxiTeKTyporo. oro ocHoBoio € mikpomnpouecop ESP32, sikuii mparioe Ha uactoti 240
MI'1i mae nosimepuuii mporecop Tensilica LX6, mo m103Bojisie BUKOHYBAaTH CKIIaJIHI
oOuucieHHss B peanbHOoMy dYaci. [Ipuctpiéi ocHamenuii 520 Kb BOymoBanoi SRAM-
nam’sti Ta Mae 8 Mb Flash-nam’sri, mo 3abe3nedye qocraTHii oOcsAT s 30epiraHHs
MIPOIIMBKY Ta JaHuXx [7].

Jlnst 6e3apoTOBOi KOMYHIKaIli MiKpOKOHTposiep miarpumye TtexHosoriro Wi-Fi
802.11 b/g/n, mo no3BoNise mMepemaBaTH JaHI depe3 JIOKaJIbHI MEPEkKi, a TaKoK
texHoJjorio Bluetooth 4.2, sika Moxe OyTH KOPHCHOIO JIJIS MITKIOYCHHS 10 MOOUTBHUX
npuctpoiB. Kpim Toro, 3aBnsku LORa-momymo (SX1276) mpuctpiii 3maTHHA
3a0€3MeUHTH 3B’ 30K Ha 2-5 KM Y MiCbKUX YMOBaX 3 HU3bKUM €HEPTOCIIOKUBAHHSIM, IO
poOUTH HOTO ieaJlbHUM [IJIS 3aCTOCYBaHb SK B JOMAIHIX, TaK 1 TPOMHUCIOBUX
Mmacirabax [7].

IIpucTpiit mae 22 GPIO-BuBix, a Takox miarpumye 3 intepdeiicu UART, 2 125, 2
SPI, mo 5m03BOJIAE€ MiAKIIOYATH PI3HOMAHITHI CEHCOpPH Ta IMepudepiitHl MpucTpoi.
MIKpOKOHTpOJIEp MATpUMYE POOOTY 3 JKHMBJICHHsSM 3.7 B Ha OCHOBI JiTiIEBHX
aKyMyJIITOPiB, @ TAKOK Ma€ BOYIOBaHUM KOHTPOJIEP 3apsiay, IO JO3BOJISIE KUBUTU HOTO
aBTOHOMHO. Y peXuMi CHY CIOKMBaHHA eHeprii ckianae menmie 800 MKA, 1mo poOuTh
HOTO MpUIATHUM JJI 3aCTOCYBaHb, SKI BUMAararoTh TPHUBAJIOTO aBTOHOMHOTO PEXHUMY
poOoTu. 3aBasiku BOsIEpHOMY Tipotiecopy Ha 240 MI'1, mpuCTpiii MOKe BHKOHYBATH

PO3paxyHKH B peaibHOMY Yaci [7].
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Jlnst 3anucy curHamiB oopano mikpodon SPHO645LM4H — e iudposuit MEMS-
MOIYJb, SIKAWA JIO3BOJISIE PEECTPYBATH aKyCTU4YHI KOJHMBAHHS Ta TIEpelaBaTH ix
oesmocepenubo y nudporomy dhopmati uepes iHtepdeiic 12S. Bin npamroe Bijg Hanpyru
1.8-3.3 B. 3pyuHicTh MiAKIIOYEHHS 3a0€3MeUy€eThCsl HasBHICTIO BOYJJOBAHOT'O aHAJIOTO-
U (pPOBOTO MIEPETBOPIOBaYa, TOK HeMae nmotpedu y 3oBHIMHIX ALl un migcumroBayax.
Taka KOHCTPYKILisl Ja€ 3MOry MIHIMI3yBaTH IOYMH, OCKIUJIBKM CHUTHAaJI BIJpazy
o poOBYETHCA, a Iepeiada 10 MIKpOKOHTpoJiepa BiI0yBaeTbes B IiuppoBoMy dhopmari.
Yacroruuii miama3od (6au3pko 100 I'm — 10 xI'm) i chiBBigHOmMEHHsS curHam/myM (SNR
noHagy 60 nab) poOnsTe MiKpodOH MNPUIATHUM ISl 3alKCy TOJIOCY. 3aBHAsKU
cranaapTHoMy iHTepdeiicy 12S, SPHO0645LM4H nerko nia’eqnaru o Heltec WiFi LoRa
32 V, ne notpiOHO nuiie HajamTyBaTy BianoBigHi BuBoau (GPlO) misa 3ab6e3nedyeHHs
CHUHXPOHI3aIlil Ta nepeaayl JaHuX. TakuM 4YUHOM, 1Ied MIKpOo(dOH 11eaibHO TiIXOIUTh
11t BOyaoBaHuX Ta |0T-Mpo€eKTIB, y SIKUX MPIOPUTETOM € YHUCTHH ay110CUTHA, IPOCTOTA

iHTerpaii Ta MiHiMaJbHE €HeprocnoKuBanHus [8].

4.5 Ilepenaua moBHUX curHaJis 3acodamu [oT

Texnosoriss LORaAWAN (Long Range Wide Area Network) mosxxe 3abe3neuntn
pO3p00JICHUI aNropuT™M €PEKTUBHUM KaHAJIOM 3B’SI3KY JJIsl IEpeaBaHHs 00poOIEeHOro
MOBHOI'0O ayJlocurHaily B cepenoBuili |0T, BkiIrOYarouum cuTyalii, KOJU HPUCTPOI 3
MIKpoOHAMU YM JOAATKOBUMHU CEHCOpaMHU pO3TAlllOBaHl HA 3HA4YHIM BIJCTaHI BIJ
IIUTIO3Y, SIKUW BUKOPHUCTOBYETHCSA B paMKax TexHojorii. OcHoBHa nepeBara LORaWAN
MoJIsiTae B ii 3/1aTHOCTI 3a0e3MeuyBaTu CTaOUILHUN Pa/iio3B’A30K HA BEJIMKUX BiJICTAHSIX
(1o KUIbKOX KIJIOMETPiB) 32 YMOB HH3bKOTO PiBHSI eHeprocrnokuBaHHs [9].

JlogaTkOBUM YMHHUKOM Ha KOpUCTh TexHojorii LORaWAN, € ii THy4YKicTh 11070
BIIPOBAKCHHS B IHGpacTpyKTypy. OJIMH MLTI03 MOKEe 00CIyroByBaTH 3HAYHY KIJbKICTh
MPUCTPOIB, 10 POOHMTH PO3rOPTAHHS TAaKOI MEpEeXl MPOCTIMIHM Ta €KOHOMIYHIIIUM
MOPIBHSHO 3 aJlbTepHATMBAMU Ha KIITAIT MEPEX CTIILHUKOBOIO 3B’s13Ky. Kpim Toro,
HasBH1 cnenudikamii LORaAWAN (manpukian, Bepcis 1.1) mepembadaroTh JekijibKa
kiaciB mpuctpoiB (A, B, C), mo BIApI3HAIOTECS pPEKUMaMH CHEPTOCIOKHWBAHHS Ta

MO>KJIMBOCTAMHM NpUiiMaHHs 1 iepenadi. Lle nonomarae agantyBatu anroputrMu 00pooKu
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ayJliOCUTHATY T peaibHI YMOBU BUKOPHCTAaHHS. [[1s1 MpUCTPOiB, IO MPAIIOIOTh BiJl
Oatapei, MO)XHa MIHIMI3yBaTH €HEPro3aTpaTd, BHUKOHABIIM OUIBIYy YaCTHHY
pO3Mi3HAaBaHHS MOBJICHHS JIMIIE 32 HassBHOCTI TpUrepa (HampHKIIaJ, BUSBICHHS TOJI0CY)
[10].

Oxpim 1mporo, Texuosoriss LORaWAN wmoxe 3abesmeuntu 0a30Bi MexaHI3MH
0e3mneKu, OCKUIbKY nependavae JBOCTOPOHHE MU(pyBaHHS JaHUX (SK HA PIBHI MEPExi,
Tak 1 gonarka). [Ipu BiampaBieHHI KPUTUYHO BaXJIMBUX PE3YJbTaTIB PO3Mi3HABAHHS
MOBHHMX KOMaHJ| (Hampukiaa, IJisg KepyBaHHA OOJaJHAHHSM) 1€ CIpHUS€E€ 3aXUCTY Bl
HECAaHKI[IOHOBAHOI'O0  BTpy4yaHHs. BojHouac, skmo noTpiOHe BOyAOBaHE 4H
creraHorpadiuHe mudpyBaHHsS ayAiofaHUX, MOro MOXXHA peaiizyBaTd 10 Tepenadi
yepe3 LORaWAN, nokinagatouuck Ha el IPOTOKOJI JIUIIE SIK Ha TPAHCIIOPTHUI 11ap.

Ha pucynky 4.7 HaBefieHa cxema MiAKIIOUYeHHS MPUIIaJIiB JIJI1 pOOOTH B CEPEIOBUIITI

loT.
30BHILIHIH WIYMOBHH BIJIMB Cepeep ) _
Pamioxsumi
Wi-Fi
Mikpodon Heltec WiFi LoRa 32 [lepenapay
SPHO645LM4H v paniocUrHaiis
Panioxswmi
JanucaHuii MOBHHH
curHan 3 gedexramu
[Imo3 LoRa ITpucrpoi ToT

Pucynok 4.7 — CxeMa kaHaja paaio3B’si3ky Ha ocHOBI TexHouiorii LoRaWAN

[Tpuctpiit Heltec WiFi LoRa 32 V noegnye MOXJIMBOCTI JBOX OCHOBHUX KaHaliB

3B’s3ky: Wi-Fi 1 LoRaWAN. Jlo Hporo miakiatoyaeTbest HUPpoBuil MiKpodoH
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SPH06451L.M4H, sixuii peanizye (pyHKIIiI0 3aXOIUICHHS ay/lIOCUTHAIY Ta TMEpenae JaHi
uepes inrepdeiic 1%S.

[Ticns 3axoruieHHs 3ByKy, Heltec 3acTocoBye 10 curnamy po3poOsieHHid aaropuTM
0OpOOKH 7151 TOCSITHEHHSI IITyMO3arIyIICHHS Ta MiABUIIEHHS PO301pIMBOCTI MOBIICHHS.
3aBASKU I[bOMY BUIAISIOTHCS JHie (OHOBI IIyMU Ta MIHIMI3Y€ThCS BTpaTa KOPUCHOI
iHbopMarlii mia Ai€l0 PI3HOMAHITHHX IIyMiB cepenoBuina. Ha ocHoBI 00pobiieHoro
curHajiay crBoproerbcsi Mel-ciekTporpama, 1o 3a0e3neuye MEHIINWN 00’ €M JTaHUX IS
nepeayi.

CdopmoBany Mel-cniekTporpamy, Heltec Bimmpamise Ha cepBep 3a JOIMOMOTOFO
kaHany mnepenadi Wi-Fi, skuii 3a0e3nedye HOCTaTHIO MPONMYCKHY 3MaTHICTh JUIS
HIBUAKOTO MepecuiIaHHs OlHApHUX CIEKTporpaM abo CTUCHEHUX ayaiodparmenrtiB. Ha
CepBepHiii vacTuHi minkimodeHa Oi0mioreka VOSK, 1 BigOyBaerhcs npuiiom Mel-
CIEKTPOrpaMy Ta BIATBOPEHHA 11 y BUIJSAI TEKCTY, BHKOPHUCTOBYIOUM BHYTPIIITHIO
aKyCTUYHY MOJI€Jb, MICJISI YOr0 3aCTOCOBYETHCS ANTOPUTM IMPUXOBYBAHHS TEKCTOBOI
iHdopMaliii B ay1i0 CHrHaJI METOIOM MeHII 3Hagyioro oita (LSB).

Konu pesynbrar posmizHaBaHHS MOBJIEHHS 3aKiHYEHO, CEpBEp BHM3HAYae€, sKa
KoMaHJa Oyrna o3ByueHa. lle moxe OyTu rosocoBe KepyBaHHS MEBHUM IPUCTPOEM,
BUMOTa OTpUMATH SIKyCh iH(opmarliito adbo Oyab-SKuil 1HIINWNA ClIeHapi, ependaueHmit
CUCTEMOI0. 3TiJIHO 3 BU3HAYCHOI KOMaHJI0I0, CepBep BiAmpanisie BiamoBiasr Ha Heltec
yepe3 Wi-Fi, miciis yoro npucTpiid, OTpUMABIIH PO3MTi3HAHY KOMAHTy, YXBAIIOE€ PiIlICHHS
[0J10 moaanbimux Aid, a miakimodeHd’ss LORAWAN 3abe3nedye nepegady KoMaH; Ha
a1 [oT-mmpucTpoi abo MepekeBi MITI03H, PO3TAIIOBAHI Ha BIICTaHI KUTHKOX KIJIOMETPIB.

CepBep Haja€ MOXIUBICTh 30€piraHHs CUTHAIY [JI1 TPOBEICHHS aHATITHKH,
HaBYAHHS YU MOHITOPUHTY POOOTH MPHUCTPOIO. 3aBASKU TaKiid apXiTEKTypi CTBOPIOETHCS
THy4YKe 1 MacmTaboBaHe pilIEHHS, € MOoYaTKoBa 00pOoOKa 3/11MCHIOETHCS JIOKAIbHO Ha
Heltec, a 3aBganHs 3 po3ni3HaBaHHS MOBJIEHHS, CTeraHorpadii BAKOHYIOThCS Ha CepBepl,

30epiratouu iHm npuctpoi Mmepexi [oT y nenTpanizoBaHiil iIHppacTpyKTypi.
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BucHoBku 10 po3ainy 4.

1. BukoHaHO KOMIUTCKCHUM aHaIi3 00JIalHaAHHS, HEOOX1THOTO JIJIS 3aIMCy MOBHHUX
ayniocurHamB 3 AedeKTaMu, Ta OOTPYHTOBAHO KpUTEPii HOTO BUOOPY ISt JOCATHEHHS
BUCOKOT sIKOCT1 00poOKH Ta mepeaayi curHaiiB y cucreMax [nrepuery peueii (IoT).

1. Bwusnaueno ta oO6rpyHTOBaHO BUOIp aymioinTepdeiicy Scarlett Solo 2nd Gen,
AKUU MATPUMYE YacToTy Auckperusaiii 192 k' 1 rmubuny 6iTHOCTI 24 01T, 1 BIANOBIAa€
MixHapogHoMy crangapty sakocti (ITU-R  BS.1534-1). YactoTHuiél Aiama3oH
NepeniICuiIioBayiB, KoedilieHT nocuieHHsa (o 56 nb) Ta piBeHb TrapMOHIYHUX
cnotBopeHb (<0.001%) 3abe3neumsii TOYHICTh 3aXOIICHHS 3BYKOBHUX CHUTHAIIB 0e€3
BTpaTH 1XHIX TapMOHIYHUX CKJIagoBux. lle J03BOIMIO JIOCATTH  BHCOKOIO
criBBigHOIIEeHHs curHa/myM (SNR > 120 n1b) HeoOxinHOTro a1 3a1ucy MOBJIEHHS.

2. OO6pano MikpodoH JJisi pOOOTH 3 MOBHHUM ayA10CUTHAJIOM - KOHJEHCATOPHUMN
MmikpopoH Rode NT2-A. Ileii mikpodon 3abesneuye BHCOKY 4yTiHBICTH (-36 1b),
mupokui yacTorHU# aianazon (20 'y — 20 k['1) Ta HU3BKUH PiBEHb BIIACHUX IITYyMiB, 110
703BOJIsiE  (PIKCyBaTH HaBITh HAWMMEHI aKyCTUYHI HIOAHCH MOBJICHHS. 3aBJISIKU
MIITPUMIN TPHOX BapiaHTIB HAIMpaBICHOCTI (KapjioigHa, "BiciMKa', OMHIHAIPaBJICHA),
MIKpO(hOH € YHIBEpPCATBHHUM JIJI PI3HUX YMOB 3aUCYy, 3a0e3Ieuy€e MUPOKUN YaCTOTHHUMA
Jiarma3oH, BHCOKY WYYTJMBICTh Ta 3JIaTHICTh JCTAIBHO BIATBOPIOBATH 3BYKOBI
XapaKTEPUCTHUKHU.

3. Excnepumentd 3 TphOMa  BapiaHTaMU  CHOPSIMOBAHOCTI  MiKpodoHa
MPOJIEMOHCTPYBAJIH, IO Kap/i0i/Ha CIIPSMOBAHICTh € HAME(PEKTUBHIIIOW /I aHAII3Y
MOBJICHHS, OCKUTBKH 3a0e31eduy€e MiHIMaabHUN piBeHb (POHOBUX IIyMiB 1 BIIOWUTTIB, 11O
JI03BOJISiE TIPOBECTH SKICHUHM aHali3 3amucaHoro (parMeHty Ta JOCTIAUTH METOAH
00poOKH.

4. BusnaueHo oOnagHaHHS JJ1s1 poOOTH 31 3BykoM B cepenoBuill 10T. Haseneni
OCHOBHI XapaKTEPUCTHUKUA Ta KaHaJIM 3B’S3Ky, CXeMma MIJKIIYEHHs Ta 1HTerpauii

aNnropuTMy 0oOpoOKHM MOBHOTO CUTHAITy B CUCTEMY.
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S) OBPOBKA MOBHOI'O CUT'HAJTY 3AIIMCAHOI'O YKPATHCBKOIO
MOBOIO 3 AE®EKTAMUAU

VYkpaiHcbka MOBa Mae OaraTy (OHETUYHY CTPYKTYpPY, 30KpeMa B Hiil € BeluKa
KUTBKICTh MIMIUIAYUX 1 CBUCTAYUX mpuronocHux ([c], [m], [3], [k]), AKi BimirparoTb
BQXJIMBY POJb Y YITKOCTI MOBIEHHS. Lli 3ByKM HpOSBISIOTECA Y BUCOKOYACTOTHOMY
Jllara3oHi, 1 TOMy BaXJIMBO, 1100 MikpodoH OYB 31aTeH A00pe MmepeiaBaTv 1l YaCTOTH.
BaxxnuBuM Takox € 13075114 BiJ (POHOBUX IIYMIB, OCKUIBKHA YACTOTA 3alIMCy MOBJICHHS
CYTTE€BO BIUIMBAE Ha SAKICTh BiATBOpeHHS [84].

Taxox, ykpaiHChbKa MOBa XapaKTEPU3Y€ETHCsS OaraTCTBOM TOJIOCHUX Ta MPUTOJIOCHUX
3BYKIB, 30KpeMa, 3HAYHOIO KUIbKICTIO U[IIbHUX MPUTOJIOCHUX Ta YITKUMHU F'OJIOCHUMHU, 110
ocobnuBo BupaszHi B mianasoni 1-4 kI'm. Lle BaxiamBO BpaxoByBaTH mpu 0OpoOill
3BYKOBOI'O CHUTHANly Jig 3a0€3MEeUeHHs YITKOCTI AMKIII Ta MPUPOIHOTO 3BYyYaHHS
MOBJICHHS.

[Tepmr 3a Bce, HE0OXiAHO 3acTocyBaTh (umbTparito HrkHIX udactoT (High-Pass
Filter) nns ycynenns mrymiB Hukde 100-150 I'r, siki MOXKYTh BKIIFOYaTH (POHOBHUH IIyM
B1J1 BiOpaIliii abo HU3bKOYACTOTHI Bi10IMCKH. HacTymHUM KpOKOM € 3MEHIIIEHHSI 3aiBUX
PE30HAHCIB y CepeaHbOMY 4YacTOTHOMY aiamaszodi (200-500 I'm), me dacto BHHHKAE
"ryniHHS" 4yepe3 aKyCTUYHI BIIOUTTS Ta HEPIBHOMIPHY aKyCTUKY MPUMIIIECHHS.

JIist migKpeceHHsT YiTKOCT1 TOJOCY BaKJIMBO aKIEHTYBaTH yBary Ha jiama3oHi
1-4 k', me 3HaxXoAATHCS OUTBIIICTh (DOHEM YKpaiHCHKOT MOBH. AJanTHBHA KOMIIPECIS
AMHAMIYHOTO [lanma3oHy, OMHUC AKOi OyJO PO3TJSHYTO B PO3Iiid 2 poOOTH J03BOJISE
MICUIUTH KJIFOYOB1 YaCTOTH Ta 3HU3UTH IMKOBI, 3a0€3MeUyI0YN PIBHOMIPHY MPUPOTHY
CTPYKTYPY CUTHaJy, po30ipJMBICTh Ta BUPA3HICTH MOBJICHHSI.

Bukopuctanuss M'skoro cHiBBiIHOIIEHHS Kowmmpecii (2:1 abo 3:1) mo3Bomsie
BUPIBHATH JUHAMIYHUH Jl1alla30H rojocy, 3a0e3neuyroun cTablIbHUN piBEHb T'YYHOCTI Ta
3ano0iraroyM BUHUKHEHHIO pI3KUX MiKiB. [le 0COOIMBO BaXKJIMBO JiS MOBJICHHS
YKpaiHCBKOIO, JI€ BapiaTUBHICTh T'YYHOCTI MOXeE OyTH 3HAYHOIO Yepe3 1HTOHAlliHI Ta

aKII€HTHI OCOOJIMBOCTI.



66

JlomaTkoBo, 3acTocyBaHHs nrymo3arnymeHHs (Noise Reduction) moxke gqomomortu
3HM3UTH PiBeHb (HOHOBOTO MIyMy, 30epiraroud TpH [bOMY HATYPAIbHICTH TOJIOCY.
BaxxnuBo 3xaiiicHIOBaTH 1110 00pOOKY 3 00EPEKHICTIO, 00 YHUKHYTH CIIOTBOPEHHS 200
BTPaTH BHCOKOYACTOTHUX JCTAJICl, IO € BAXJIMBUMHU [JIs Tepeaadi 4iTKOCTI Ta
BUPa3HOCTI MOBJICHHS [85].

KpiM 11p0ro, MOBHMI1 CHUrHajl YKpaiHChbKOIO MOBOIO O 00OpOOKHM OYB 3alMCaHuM Tak,
1100 B MOT0 CTPYKTYp1 OyJIM HasiBHI TEXHIYH1 1€PEKTH:

- aKyCTHYHI IIyMH;

- KJIallaHHA Ha KJIaBiaTypi;

[Tpu 3anuci curHady OyB BIICYTHIM non (GUILTP 17151 0OpaHOro MIKpO(OHY B paMKax
CKCIIEPUMEHTY.

AKyCTUYHUH 11IyM OyB CTBOPEHUI TAKUM YHHOM, 1[0 B MPUMIILIEHHI TPH 3anucy OyB
HasBHUH IIIyM KOHJUWIIIOHEpa Ta BEHTWJISITOPA, CTBOPIOBABCS CKPHIT IMIJUJIOTH B
MIPUMIIIICHHI.

CamMe mpuMIIIEHHS, /¢ MPOBOJMBCS 3aMUC, HE OYyJ0 aKyCTUYHO O(pOpPMIIEHO Ta
MiJTOTOBJICHO MO0 BHUOOPY 3BYKOIOIVIMHAJIBLHUX MaTepialiB Ta 3a0e3neueHHs
noTpioHOrO yacy pesepOeparitii. ToOTo mpu 3amuci B KiMHATI HasBHI BIAOHUTTS sKi

CTBOPIOIOTH NOAATKOBC Bi,Z[J'IYHHﬂ.

5.1 IHonepeansi 00poOKa MOBHOI0 CUTHAJLY

Ha pucynkax 5.1 Ta 5.2 HaBeJIeHO CUTHAJIOTpaMy Ta CIIEKTPOTPaMy OPUTIHATIBLHOTO

curraiy. [[ns BpaxyBaHHS (GOHETUIHUX OCOOTMBOCTEHN YKpaiHChKOT MOBH Ha 3ByKOBOMY

arMeHTI 3alMCcaHl CjIoBa: “I3Wra, KUTTS, HAJSTHUL, JHKMLUIb, TaBa, XapKiB™.
9 2
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Pucynok 5.1 — CurnanorpaMa OpuriHaJIbHOTO CUTHAITY
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Pucynok 5.2 — Cnexkrporpama opuriHajabHOTO CUTHAIY

Ha Bciit yacoBiii 00J1acTi CUTHATY CIIOCTEPITa€ThCd HEPIBHOMIPHICTH AILIITYAH, 110
CBIIYUTH NP0 PI3KI MEpenaau T'YYHOCTI, [K1 YCKIAJAHIOIOTh CHPUUHSTTS KOPHCHOTO
CUTHAJTy, HasiBHA BEJIMKA KIJIBKICTh LIYyMIB, KJIIKIB, pI3KUX cruieckiB. [ToMiTHO Jekijibka
BUpA3HUX MIKIB 13 BEJMKOI amrulityor (npubiauszno 0,4-0,6), 1m0 TparvisitoThCs B
Mexax Bij 2 10 12 cexkyna. Ll pizki cTpuOKH, BIJMOBIIAIOTh BUILICHUM MPUTOJIOCHUM
3ByKam a00 aKlIEeHTOBaHUM CKJIaJiaM y MOBJICHHI, 30KpeMa TUM, sIK1 [IOB’s13aH1 3 BUPa3HUM
BUIMXOM (TUIO3MBHI Ta (PpUKATHUBHI 3BYKHM Ha 3pa3ok [m], [T], [k], [c], [m] Tomro). Ha
4acOBOMY NPOMDKKY 10 1 CeKyHJIu piBE€Hb CUTHAIY HE3HAUHUM, IO CBIAYUTH MPO
MOYATKOBY THUITy 0€3 KOPUCHOTO CUTHAIY.

Ha cniexktporpawmi (puc. 5.2) MmoxkHa mo0aYUTH HU3KY TTOBTOPIOBAHNX BEPTHUKATHLHUX
JUISTHOK 13 HACHYCHUM €HEPreTHYHUM CIIEKTPOM Y Jiana3oHi 10 3—4 kI, sx1

YEPrylOThCA 3 BIJIHOCHO THXIIIMMH 30HAMH. Taki BEpTHKaIbHI CMYTH BiIIOBITAIOTh
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rOJOCHUM 3ByKaM a00O COHOPHHMM MPUTOJOCHUM, TaK SK B TOJOCHHUX 3a3BUYal
CIIOCTEPITra€eThCs MOTYXKHA eHepris y 30H1 nepmux ¢opmant (F1 ta F2) B mexax no 1-
1,5 k['11, Ta BuIIe. Y BepXHii 4acTuHi ciekTporpamu (moran 5 kI') eHeprist 3oceperKkeHa
NEPEeBAXKHO y BHOYXOBUX Ta (PUKATUBHUX MPHUTOJIOCHUX, 1€ YTBOPIOIOTHCA
BHUCOKOYACTOTHI KOMIIOHEHTH IIIyMOBOTO XapakTepy. TakoX YITKO MNpPOCTEKY€EThCS
HasBHICTh (PyHaameHTanbHOl yacTtotu (FO) y HH3pKOwacToTHOMY niama3zoni (100—200
['l), 3BIAKKM Bropy HOLIMPIOIOTHCS TAPMOHIKH, YTBOPIOIOYM XapaKTEpHI JJi MOBJICHHS

“CXOIMHKHM YaCTOTHUX CKJIAIOBUX.

5.1.1 BugajieHHS NOCTIiMHOI CKJIA0BOI

BunanenHsi mocTiifHOI CKJIa0BOI CHUTHATY MOJSTae y BUPIBHIOBAHHI CEPEIHBOIO
3HAUEHHS aMIUTITYAW CUTHaly 1o HyJs. e BaxiuBo 3poOutu mepen oOpoOKoro, sKi
CIUPAIOTHCSA HA CTATUCTUYHI XapaKTEPUCTUKKU CUTHAITY (HAIIPUKJIIA, TOUHUN pO3PaXyHOK
RMS a60 anaii3 BUCOKHX FapMOHIK). Y BUIIAJIKY 3 KapA10iAHUM MIKpO(OHOM, YCYHEHHS
MOCTIWHOI CKJIQIOBOT JIO3BOJINTh YHUKHYTH BUKPHUBIICHb Y MOJAJIBIIINH 00poOIIl, 30KpemMa
IIPU 3aCTOCYBaHHI JMHAMIYHUX MpoliecopiB Ta ¢iabTpiB. Ilicas BumameHHS MOCTIHHOI
CKJIaJI0OBOi YaCTOTHUN aHami3 Ta poboTa 3 Kommpeciero abo Qinbrpamu OyayTh OLIBII
TOYHHMH, OCKUJIBKH CUTHAJI HE MICTUTUME IITYYHO 3CyHYTOTO PiBHS “HYyJS”, SIKHUM MOXKE
XHOHO BIUTMBATH Ha MaTEMAaTHU4HI MepeTBopeHHs [86].

DinbTp MOCTIHHOT CKIIAIOBOT MOYKHA Pealli3yBaTH 3a JOTIOMOTO0 MTPOCTHUX (PI3UIHUX
KoMnoHeHTiB. [[ns ycyHeHHss DC-KOMIOHEHTH 3 ayAlOCUTHAlly BUKOPHUCTOBYETHCS
KOH/ICHCATOD, SIKUI BUKOHY€E (YHKI[II0 OJIOKYBaHHS MOCTIHHOTO CTPYMY, IPOIYCKAIOUH
JuIIe 3MiHHY CKJIaloBy curHany. lleil KOHIeHcaTop BCTAHOBIIOETHCS MOCIIJOBHO B
JAHLIOT TIepeiadl CUTHAITY, PO3TalllOBYIOYUCH MIXK JIPKEPEJIOM ayA10CUTHAITY (HalpUKIai,
MIKpO()OHOM) 1 HACTyIHUM KackKajJoM, TakUM SK 3ByKoBa Kapra. KirouoBoro
XapaKTEPUCTUKOIO KOHEHCATOPA € HOTO EMHICTh, OCKIJIbKM caMe BOHA BU3HAUA€ HIDKHIO
IPaHUYHY YaCTOTY CUTHaNY, 10 OyJie MPOIyCKaTHUCs yepe3 (puIbTp.

HaitHmk4ya yacTora, IKy MOK€ CTBOPIOBATH I'OJIOCOBUM arapar JIFOAUHU, 3a3BUYa

ctaHoBUTh TIpuOau3HO 80 I'u. Iledt miamazoH XapakTepHUH JJIs YOJIOBIYMX TOJIOCIB 3
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HU3BKUM TeMOPOM, TaKUX K 0acH, a00 B 0COOJIMBUX BOKAIBHUX TeXHIKax. OIHaK, HaBiTh
Opy Takii HU3BKIM YacTOTi, MOXYTh OYTH TPHUCYTHI JOAATKOBI TapMOHIKH, SIKI
BITUBAIOTH HA COPUUHATTS TEMOPY Ta IPUPOTHOTO 3BYHYaHHS TOJOCY. 3BaKAr04YM Ha IIe,
00OMEXKEeHO 9acToTy npornyckanus 1o 50 'y [44].

OTxe, HEOOX1THO pO3paxyBaTH €MHICTh KOHJEHcCATopa, sikuii Oyae (impTpyBaTh

oOpany 4acToTy, TUTST [bOTO 3aCTOCOBYETHCS dopmyna:
c 1
2nfR
ne C— emuicTh KoHJeHcaTopa, f — OakaHa HMXKHS TpaHMYHA 4acTora, R —

BX1JJTHUH OMip HACTYITHOIO KacKajuy.
Omnip 3ByKOBOi KapTH cTaHOBUTH 3 KOM, OGaxanuit 3pi3 — 50I'1, oTpumaemMo HacTyrHe

3HAYCHHS €EMHOCTI KOHICHCATOpAa:

C=—"  ~1.06MKD.
2m-50-3000

Takum ynHOM, 17151 eeKTUBHOTO GinbTpyBaHHS DC-KOMIOHEHTH 3 ay110CUTHATY
CJI1T BAKOPUCTOBYBATH KOHJIEHCATOP €MHICTIO TpuOim3Ho 1 Mx®. Haiikparie miaxoasTsh
MOJTIMPOTIJICHOBUI a00 TOJIIECTEpPHUN KOHACHCATOP, OCKUIBKH Il THIH MalOTh HU3BKI
BTpaTH 1 BUCOKY CTa01IBHICTh MapaMeTpiB B yMOBax poOoTH 3 aymiocurHaiamu. Poboda
HaIpyra KOHJICHCAaTOpa MOBHHHA MTEPEBUIITYBaTH MAaKCUMAJIbHY aMILTITYAy CUTHAIY, 1100
3ano0IrTi MOro MOIIKOI>KEHHIO.

3acTocyBaHHsSI Takoro (uibTpa 3a0e3mnedye OUMUILNEHHS CUTHATY BijJ MOCTIHHOT
CKJIaJ0BOi, sKa Morja O BIUIMBAaTH HAa POOOTYy EIEKTPOHHUX CXEM, TaKuX SK
nepeIiICUIII0BaYl, aHaJoro-1M(PpoB1 NepeTBOPrOBaUl ad0 MiJICUITIOBAY1 MTOTYKHOCTI.

[le mo3BoJislE MIABUINMTH SKICTh 3alUCy Ta MNOAAIBIIOI OOpPOOKH 3BYKY,

3a0e3Mneuyrur TOYHE BIITBOPCHHS KOPUCHOI ayaioiHdopMariii 6e3 ciotBopeHs [87].

5.1.2 HopmaJgizauisi curaajy

[Ticns momepenHbOro aHanizy, e Oyj0 BCTAaHOBIICHO, IO 3alKC, OTPUMAHUN 3a

JIOTIOMOTOF0 Kap/Ai0iIHOTO MiKpO(OHA, Ma€ BUCOKE BITHOIICHHS CUTHA/IIIYM Ta JJOCUTh

PIBHOMIpDHUH YacTOTHUH OallaHC, HOpMaii3allis J03BOJUTH IMIJAKPECIUTH JIeTall
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OCHOBHOTO curHaiy. [licuieHHs curHaidy Tpu HOpMasi3aiii He BUKIWYE 3HAYHOTO
30UIBbIICHHST HeOAKAHUX IIMYMOBHX KOMITOHCHT. TakuM YHHOM, HOpPMAaJTi3alis ITicIs
BUKOPUCTAHHSA KapJioiTHOrO0 Mikpo(oHa HE TIIbKH 30UTBIINTH 3arajlbHU PiBEHb
CUTHAaYy, ajie i 30epeke MpUpOJHY YaCTOTHY CTPYKTYPY, AAI0UU 3MOTY TOYHIIIIE OLIHUTH
AMHAMIKY 1 TeMOpasibHi ocoOauBOCTi 3anwucy [88].

Hopmanizamiss aMIuliTyAu 3BYKOBOI'O CHTHAjly IIOJIATa€ B  IPOLEAYPHOMY
KOPUT'YBaHHI HOro Ty4YHOCTi, OpPIEHTYIOUHCh HAa MAaKCHUMaJlbHY aMIUTITyAy, 00
HaMBUILMHI MK CUTHATY JOCSTaB 3a34aJIerib BUBHAYEHOTO LIJILOBOTO piBHA. /{111 1ib0oTO
CIIOYATKy BHU3HAYAETHCA MaKCHMaJlbHE aOCOIIOTHE 3HAYEHHS aMIUNTYId, a MOTIM
OOUHCITIOETBCA MacIITaOyrouuii KoedilieHT, 1[0 JOPIBHIOE BIJHOIIEHHIO IJILOBOTO
piBHS 10 MakcuMainbHOI amrutityau [89] . KoxxHa BuOipka CHUrHAJy MHOXHTBCS Ha IIeH
Koe(]illieHT, YHACIIIOK YOTO TUHAMIYHUHN Jllaria30H HE CIIOTBOPIOETHCSI, aJie CUTHAJI CTa€E
"marsrHytaMm" g0 3agaHoro  piBHS. Takui  migxiny  3a0e3nedye  YHUKHEHHS
nepeHacuueHHs (KIIIHTY), YHIPIKY€Ee TUHAMIYHUK Jl1ara30H Pi3HUX 3aIUCIB 1 CIIPOIILYE
iXHE TIOPIBHSAHHS Ta aHali3, OCKUIBKM Pi3HI PIBHI T'YYHOCT1 OlJIbIlIE HE BIUIMBAIOTH Ha
pe3ynbTaTi nojanbioi oopooxu [90, 91].

B nanomy Bumasaky, 3actrocoBaHo koedimieHT Hopmamizarii 0.7. Ile o3naudae, 110
micast HopMali3allii HaWBUIUK MK curHainy Oyzae craHoButH 70% BiJl MaKCUMaJIbHO
JOIyCTUMOI'O 3HAUEHHS, CTBOPIOIOYM 3amac TYYHOCTI, IO JIMIIA€ MiCIIe JUJISl OAaJIbIIOl
00poOKu (HATTPUKIIAI, 3aCTOCYBaHHS e(PEeKTIB, €KBaI13aIlii Ui KOMIIpeCii), Ta 3armooiraHHs
MEepPEeBAHTAXXEHHIO Ha HACTYITHUX e€Tarax oOpoOKH ay/Iio.

JIy1st MOBHUX CHUTHAIB, 30KpeMa yKPailHOMOBHOI PO3MOBHOI UM JTHUKTOPCHKOI MOBH,
HOpMaJi3alis Ma€ KijbKa BaXKJIUBUX HacaiakiB. [lo-niepie, skio noyaTkoBuii 3amnuc OyB
3aHaJTO TUXUM, HOpMaJli3allisl JoroMarae 3poOUTH MOBHUI MaTepian OUIbII UyTHUM 0e3
HE0OXI1THOCTI 301JIbLTYyBaTH I'YYHICTh Ha BIATBOPIOBAIIBHOMY MPUCTPOi. THX1 MPUTOJIOCHI,
HIeMIT, Hay3u i IUXaHHS CTal0Th OLIbII TOMITHUMH, a TOJIOCOB1 (JOPMAHTH 1 FaAPMOHIYHI
CKJIaJ0B1 Ha0yBaIOTh YITKIIIOI 3ByKOBO1 (popMu. HopmaiizoBaHuil piBEHb I'YYHOCT1 MOKE
MOKpAIUTH POOOTY aJIrOPUTMIB, MIJBUIIYIOYM TOYHICTh pO3Mi3HABaHHS CIIB 1

3MEHIIIYIOYH BIUTUB Trymy [92].
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[To-mpyre, HOpMaizallisi CTBOPIOE CHPUATINBI YMOBHU JIJIsl MOAAIIBIIOI 0OpOOKH.
Hampuknan, micns HopMamizaimii MOXHa TOYHIINIE 3aCTOCOBYBAaTH KOMIIPECOPH UM
eKBaJlali3epH, aJPK€ BECh CUTHAN 3HAXOJIUTHCS Yy TMepeadadyBaHOMY JIUHAMIYHOMY
niama3oHi. Lle 103Bossie€ KOpEeKTHO Miai0paTH mapaMeTpH e(EeKTiB, HE 3BaYKAI0UH Ha HAJITO

HU3bKHUI a00 HaTO BUCOKUI TIOYaTKOBHH piBeHb [93, 94].

5.1.3 BuznHaueHHs1 GyHIaMeHTAJIbHOI YaCTOTH

BusnadueHHs (yHIaMEHTAILHOI YaCTOTH JIJIS aHAIi3y MOBHOTO CHUTHAITy Ha OCHOBI
aKyCTUIHHUX XapaKTEPUCTHK HOTO TOJIOCY AA€ MOXKIIUBICTh TOJATBIIOI 0OPOOKH CUTHATY
3 BpaxyBaHHSM OCOOJIMBOCTEH rojocy cmikepa. Taka HEOOXiAHICTh OOyMOBJIEHA
3HAYHUMH BIJIMIHHOCTSIMHU T'OJIOCOBOIO amnapary JIOAUHU Ta GOHETUYHUX OCOOIMBOCTEM
yKpaiHCbkoi MOBU. DyHIaMEeHTalIbHA YacTOTa MPEJICTaBIIge€ COO0I0 OCHOBHY YacTOTY, Ha
K1 KOJIMBAETHCS TOJIO0C, 1 € KIIFOYOBUM MTapaMeTpoM, 1110 BIAPI3HSIE YOIOBIY1 TOJIOCH BiJl
xinouux [53]. ¥V mpencraBmeHomy koai B po0OoTi (H0AaTOK A) BHKOPHCTOBYETHCS
oi0mioreka librosa mist anamizy ¢gysaaMeHTaaIbHOI YaCTOTH Ta BU3HAYEHHS I'CHACPY Ha
OCHOBI ILOTO napamerpa. [Ipouec MOYUHAETHCS 3 BUKOPUCTAHHS
dbynkuii librosa.piptrack, sika 31HCHIOE CTIEKTpaIbHUN aHANI3 CUTHAIY, IOBEPTAIOUH JIBA
macuBH: pitches (pyHaameHTanbHi  4yacToTH)  Ta magnitudes(cmyia  CHTHaIy — Ha
BIJMOBIIHUX yacToTax) [95].

Jam, nns KOXKHOTO KaJpy CHUTHAIY BHU3HAYAETHCS YacTOTa 3 MaKCHUMAJIbHOIO
aMILTITY 1010, 110 TOTEHIIIHO BiMOBIAae GyHIaMeHTaNbHIM 9acToTi. OOUPaIOTHCS JTHIIIE
T1 4aCTOTH, 5Kl 3HaXoaaThesA B Aiama3oHi Bijg 50 I'p mo 500 Iy, 1110 0XOIJII0OE TUIOBHI
CHEeKTp (PyHIAMEHTATbHUX YacTOT AJsi O1IBIIOCTI MOBIIIB YOJOBIYOTO Ta >KIHOYOTO
TeH/ICPY, YHUKAIOUN MPU [IHOMY HAJITO HU3BKUX 200 BUCOKUX YaCTOT, sIKi MOXKYTh OyTH
IIYMOBUMH 200 HEXapaKTEPHUMHU JJIS TOJOCY.

[Ticns 300py BajiJHUX 3HAYEHb YACTOTH OOUMCIIOETHCS 1X cepeaHe apudmeTuyHe,
K€ BUKOPUCTOBYETHCS JJIs KiIacu(ikallii reHaepy: aKo cepeane 3HayeHHss mexuie 300
['u, renaep BusHavaeThes sk "Honopiuuit", skmo Ouibiie 350 'y — "XKinouwnit", a sxmio

3HaXOJUTHCS MK ITIUMU Mexamu — "Hesimomo". [1pu iboMy HaBITh K10 TeHAEP HE OyII0
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BHU3HAYCHO, (PyH/IaMEHTaJIbHA YacTOTa 30€piracThCs ISl 3aCTOCYBAaHHS B TOJANBIIIIHA
00po011i 3BykoBOoro (pparmenty. OOpaHi mapaMeTpH Aiana3oHy 4acTOT Ta MOPOTIB JJIs
kinacugikamii 6a3yrOThCS Ha THUIOBIM aKyCTHYHINM XapaKTEPUCTHUINl TOJIOCIB Pi3HUX
TeHJIEPIB, 110 JT03BOJISIE OTPUMYBATH KOPEKTHI pe3ysbTaTh [57].

Bunanenns nocTiitHOi CKJIa10BO1 Iepe] UM MpoLecoM 3ade3neuye OUIbIT TOUHUN
aHani3 QyHIaMEHTAIbHOI YaCTOTH, OCKUIBKH CHUTHAJ KOJMBAETHCA HABKOJO HYJIHOBOT
JiHII, II0 3HMXKYE PHU3UK CIIOTBOPEHHSI PO3paxyHKIB, OCKUIbKM J0JIaTKOBA €HEpris Ha
HU3bKUX YacTOTax He Oyje XMOHO IHTEpIpeToBaHa sIK HU3bKa (pyHJaMeHTajIbHa 4acToTa,
XapakTepHa [JIs YOJOBIYMX TojiociB. TakuM YMHOM, BU3HA4YeHHS (GyHIaMEHTAIbHOI
YacTOTH HE TUIBKM IMOKpAIly€ TOYHICTh aHali3y MOBHOTO CUTHaly, ajle ¥ JO3BOJISIE
edeKTUBHIIIE BUKOPUCTOBYBATH 1H(OpMAII0 MpO TeHIep I MOJaibIIoi 00poOKU

ayJ1io, BKIIFOYAIOYX ONTHMI3AIli0 ITapameTpiB GiIbTpy, KoMmpecii Ta iHmmx egexTin [96].

5.1.4 3actocyBanHsi GiibTPYy BUCOKHX TA HU3LKHUX YaCTOT

[Iporiec inpTpariii MmoynHaeTbCS 3 BUOOPY BIANOBIAHOTO THUMy QIIbTpa Ta
HaJalllTyBaHHS Horo mapameTpiB. B  gaHomy BuUNAAKy  BHUKOPHUCTOBYETHCA
barrepBopToBuii  pinbTp, MmO 3aby3nedye PIBHOMIPHY  aMIUTITyJAHO-4YaCTOTHY
XapaKTEPUCTUKY Ta BIICYTHICTh (ha30BHX CHOTBOPEHb IIPU JIBOCTOPOHHBOMY
3actocyBaHHi. OCHOBHMUMH TIapaMeTpamMu, IO BHU3HAYAIOTHCA TPH HaJAIITyBaHHI
¢binbTpa, € yacToTa 3pizy Ta nopsaok ¢igerpa [47].

Yacrora 3pidy BU3HAYAE MEXKY, 32 SKOK (PUIBTp TOYMHAE TPHUTHIYYBaTH abo
MPOIYCKATH YacTOTH. J[JI1 BHCOKOYACTOTHOTO ()iIbTpa BCTAHOBIIOETHCS HUKHS MEXKa
MPOITYCKAaHHS, TOOTO YacCTOTH HIDKYE 1€l MeXi OyayTh 3HAYHO 3MEHIICHI, TOI SIK JJIS
HU3BKOYACTOTHOTO (PIbTpa BCTAHOBIIOETHCA BEPXHS MeEXa MPOIMYyCKaHHSA, TOOTO
YaCcTOTH BUIIIE Ii€l Mexi OymyTh npuritymeHi [48].

VY HaBejeHOMY NMpUKIaAl HATAIITYBaHHS YacTOT 3pi3y 3ajiekaTh BijJ BU3HAYEHOTO
reHjaepy MoBUs. Ko reHaep BU3HA4YEeHO K "HooBIUMA", HUKHS 4acToTa 3pi3y Ui
BHCOKOYAaCTOTHOTO (IbTpa 00MpaeThes sIK MakcuMalibHe 3HaueHHs Mix 50 I'u ta 60%

BiJI cepeaHboi (PyHIaMEHTaIbHOI YacTOTH Tojocy. Lle mo3Bosise eheKTUBHO BUIAIATH
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HU3bKOYACTOTHI IIYMHU, XapaKTePHI JJIs YOJIIOBIYMX TOJIOCIB, 30epiraroyu mpHu IbOMY
OCHOBHI TapMOHIYHI KOMIIOHEHTU. BepxHs wacToTra 3pi3y Uisl HM3BKOYAaCTOTHOTO
¢binpTpa BcTaHoBmoeThest Ha 5000 I'm, mo 3abe3nedye yCyHEHHS BHCOKOYACTOTHHX
IIyMiB, TAKUX SIK IIUIIHHA 00 MEPEIKOIH, IKl1 MOXKYTh BUHUKATH B 3aIIHCI.

Jna "xiHouMx" TOJOCIB HMXKYa YacTOTa 3pi3y ISl BHCOKOYACTOTHOTO (iibTpa
nigBuiryeThes 10 80 ' abo 10 60% Bix cepeaaboi PyHIaMEHTAaTBLHOT YaCTOTH, 3aJI€KHO
BIJI TOTO, sIKE 3Ha4YeHHA Ounbuie. Lle BpaxoBye BUIly (yH/IaMEHTAJIbHY YaCTOTY JKIHOYMX
roJIOCiB, JO3BOJISIFOUM Kpalle BUIAJIATH BIANOBIAHI HU3bKI 4acTOTH. BepxHsa dactora
3pi3y AJIsl HU3bKOYacTOTHOTO (PinbTpa migBuiyeThes 10 6000 [, mio BianoBigae OUIbIII
BHCOKUM TFapMOHIYHUM KOMIIOHEHTaM >KIHOUUX T'OJIOCIB.

Y BHNAIKy HEBU3HAUEHOTO TEHJIEPY BCTAHOBIIOIOTHCA CTAaHIAAPTHI 3HAYCHHS:
HIDKHSI 4acTOTa 3pi3y i BUcokoudacToTHOro Guibtpa — 70 I'1i, a BepXHs yacTtoTa 3pizy
U1l HU3bKouacToTHOTrO (putbtpa — 6000 I'm. Ile 3a6e3nedye 3aranbpHy QuIbTpalliio, sKa
MIIXOAUTH JUISl HIIUPOKOTO CIEKTPY T'OJIOCIB, MiHIMI3YIOUH BIUTMB HEOaKaHUX IIyMiB 0e3
crienngiyHO1 ajanTalii 10 IeBHOTO TeHAEPY.

[Topsgoxk QinbTpa BU3HAYAE KPYTICTh IMEPEeXOay MK TNPOIMYCKaHHAM Ta
NpUAYHIEHHSM 4acToT. BecraHoBuMO mopsaiok ¢inbTpa Ha 1, 1o 3a0e3neduTbh M’ SIKHid
nepexia 1 MeHII arpecuBHy inbrpaiito. Huzbkuil mopsanok (uibTpa 3MEHIIY€E PU3UK
CIIOTBOPEHHS OCHOBHOTO 3BYKOBOTO CHTHAlly, 30€piraroyv NpPUPOJIHY JIUHAMIKY Ta
TapMOHIYHY CTPYKTYPY TOJIOCY.

3acTocyBaHHS BHCOKOYACTOTHOTO (iabTpa J03BOJISIE €(OEKTUBHO BHIATUTH
HU3bKOYACTOTHI IIYMHU Ta HeOa)kaHl HU3bKI YaCTOTH, II0 MOXYTb OyTH pe3yJbTaToOM
¢doHOBUX HIyMiB 200 TEXHIUYHUX MepemkoA. Lle mokpairye 4ucToTy rojiocy, pooisuu
HOro OUIBII YITKUM 1 3p03yMIUINM ISl TOJANbIIoro aHanizy. HuspkouacToTHUN DUIBTD,
HaBMakW, BUJAJs€ BUCOKOYACTOTHI IIYMOBI CKJIAQJOBi, Takl SIK IMIWMIHHS YU 1HIII
MEPEIIKOAH, 110 MOKYTh CIIOTBOPIOBATH CIIPUHHSATTS FOJIOCY Ta YCKIAIHIOBATH TOYHICTh
anamizy [97].

TakuM 4MHOM, 3aCTOCYBaHHSI BUCOKOYACTOTHOI'O Ta HU3bKOYACTOTHOTO (PIIBTPIB 3
HaJeKHUM  HaJallTyBaHHSAM  MapaMeTpiB  3a0e3neuye  e(pEeKTUBHE  OUMIICHHS

aylloCUTHAJIy BiJ HeOakaHWX YaCTOTHUX KOMIIOHEHTIB (puc. 5.3). 3aBIsIKA
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aJanTUBHOMY HAAIITYBaHHIO YacTOT 3pi3y BIAMNOBIAHO J0 TEHIEPY MOBIS Ta
BUKOPUCTAaHHIO (PUIBTPIB HU3BKOTO TOPSJIKY, 3a0€3MeUyeThCsl OalaHC MikK BUIAIICHHAM
IIyMiB Ta 30€pEeKCHHSIM BAKIMBHX aKyCTUYHHX XapPAaKTEPUCTUK TOJIOCY, 30epiraeThes
MIPUPOHE 3BYIAHHS.

[Tig gac anamizy OyJi0 BUBHAUCHO: cepenHe 3HaueHHs pitch: 265.96 I'm.
Busnauenuii renaep Ha ocHoBi pitch: Yomosiumii.

Yactora 3pi3y high-pass dinsrpa: 50 I'm.

YacTtora 3pi3y low-pass ¢puibrpa: 5000.00 I'm.
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Pucynox 5.3 — AUX ta curnamorpama g0 Ta Iicys 3aCTOCyBaHHST 00pOoOKHu

B xoni 06poOKM MOBHOTO CHTHANIy YKPaiHCHKOK MOBOIO OYJIO 3I1MCHEHO KiJIbKa
€TalliB, 1110 MaJIX Ha METI MOKPAIIUTH HOTO SIKICTh JJIsSl MOJAIBIIOr0 aHalizy. 30Kkpema,
MPOBEJICHO BUJAJICHHS TOCTIHHOI CKJIaJIOBOi, HOpMAaTi3allilo aMIUNTyAd, aHai3

(GbyHIaMEHTaNbHOI YacTOTH JJIi BU3HAUEHHS TEHJIEPY MOBIIS, @ TAKOX 3aCTOCYBaHHS
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GbiTbTparii 3a JOIOMOr0l0 HHU3bKOYACTOTHOTO Ta BHCOKOYACTOTHOTO (iabTpiB. Hinkde
HaBEJICHO JICTAJIbHUI aHaJi3 BIUIMBY KOXKHOTO 3 IIUX €TaliB Ha 00poOJeHU CUTHAIL.

Bunanenns noctiitHoi ckitamoBoi Oyio crpsiMmoBaHe Ha ycyHeHHs] DC-KOMITOHEHTH,
sKa TPU3BOAUTH 1O 3CYBY CHTHAIy BIJHOCHO HynbOBO1 JiHii. [IpucyTHICTH Takoi
KOMIIOHEHTH CTBOPIOE HU3bKOYACTOTHUH IIyM, SIKHH MOXXE HETaTHBHO BIJIMBAaTH Ha
nojajbin eranu oOpoOku Ta aHamizy curHaidy. Ha cmekrporpami micnst ¢impTparii
BUJTHO, 1110 CUTHAJI BUPIBHSIHUM BITHOCHO HYJIBOBOI OCl, 1110 BKa3y€ Ha BIACYTHICTb 3CyBY
Ta Kpalry CUMETPII0 aMILTITYIH.

Hopwmanizaiiss aMIuiiTyiu Cipusie cTaHIapTH3alli piBHSA T'yYHOCTI BCIX CErMEHTIB
CUTHAJy, IO J03BOJIS€ MIABULIUTH pO30IpIMBICTh THXIMIUX YAaCTHUH, 30€pirarouu mnpu
IIbOMY IIUTICHICTHh TOJIOCOBUX XapakTepucTuk. Ha ocruiorpami oOpo06i€HOTO CUTHAITY
aMILTITyJa € OUIbII PIBHOMIPHOIO, IO CHPUSIE TIOKPAIICHHIO CITiBBIHOIICHHS
CUTHaJI/IITyM 1 3a0€e31euye MoCyiI0BHICTh B IHTEHCUBHOCTI 3ByYaHHS.

AHnani3z ¢QyHgaMeHTanbHOT 4YactoTu (pitch) Ta BH3HAUYCGHHS TEHIAEPY JT03BOJIMB
KJacuQikyBaTH MOBIIS SK YOJIOBIKA HA OCHOBI CEpeIHbOI 4acTOTH pitch, sika cTaHOBUTH
265.96 I'u. Xoua 11 3HA4YEHHS € JOBOJI BHUCOKUM JJii TUIIOBOTO YOJIOBIYOTO TOJIOCY,
kiacudikaiisg Oyna 3aiicHeHa 3 oAy Ha crerudiky QpyHIaMeHTaaIbHOI YacTOTH Ta il
Bapiamii. ['ennepHa imeHTU(IKALIS € BaXXJIMBUM €TAalloM, OCKUIBKM BOHA BIUIMBA€E Ha
napameTpu (QuIbTparii, 10, B CBOIO YEpry, JIO3BOJSE MIABUIIUTH SIKICTh CIIPUUHSATTSA
MOBHOTO CUTHAJTy 32 PaXyHOK aJanTaliii 4acCTOTHUX 3Pi3iB.

3actocyBaHHs ¢iabTpamii 13 BUKOpHUCTaHHSIM BucokodactoTHOro (high-pass) ta
HU3bKOYACTOTHOTO (low-pass) (uIbTpiB 1O3BOMMIIO ONTUMI3yBAaTH YAaCTOTHUN CHEKTP
CUTHAITy, 30CEPEIWBINMCh Ha Jiama3oHl, 10 € 3HA4YyIUM sl Tepeaadl MOBHOI
iHpopMmariii. 3okpeMa, (GUIBTP HU3BKUX YacTOT 13 yacTtoToro 3pizy 50 [ BuKIHOYMB
HU3bKOYACTOTHUM IIIyM, XapaKTepHUM Uil OUTBIIOCTI MOBHHMX 3alUCIB, IO J03BOJIUIIO
MOKPAIIUTH YHCTOTY 3BYKY B HHU3bKOYACTOTHIA 30HI. DIUIBTP BUCOKUX YacTOT 13
yacToToto 3pi3y 5000 ['11 0OMeKUB BEPXHIO MEXY YaCTOTHOTO Jl1alla30Hy, 1110 3MEHIITUIIO
KUIBKICTh CHOLISIHTIB Ta 1HIIUX BUCOKOYACTOTHUX apTe(akTiB, sIKI MOXKYTb HETATHUBHO

BIITIMBATH Ha CHprIHHTTS[ MOBIJICHHA.



76
Ha cnektporpami oOpo0I€HOT0 CUTHATY YiTKO BUIHO 3MEHIIIEHHS! €HEPTeTUYHOTO
CIIeKTpa B HHM3bKOYACTOTHIH Ta BHCOKOYACTOTHIM 30HAX IOPIBHAHO 3 BHUXIJTHUM
CUTHAJIOM, IO CBIIYUTH PO YCITIIHE BHUIAJICHHS KOMIIOHEHTIB, SIKI HE CIPHSIOTH
MOKpaIIeHH0 po30ipauBocti. OOpoOJIeHHII CHTHAll CKOHIICHTPOBAHMH Ha JIiamma3oHi
YacTOT, BAXKJIMBOMY JJII MOBHO1 1H()OPMATHUBHOCTI, 110 MiABHUIILYE HOTO SKICTh Ta 3HUKYE
PIBEHb MEPEIIKO/.
3aranpHuil edekr oOpoOKH 3a0e3reuye OYMUIEHHS BlJ 3aliBUX IIYMIB Ta OUIbLI
CTPYKTYpOBaHUN MOBHUM CUTHAN, SIKAA € MPUIATHUM JJIs MOAAIBIIOTO aHamizy abo
BUKOPUCTaHHA, 3a0€3Meuyloyd BHUCOKY WYITKICTh Ta 1H(QPOPMATHUBHICTH MOBIICHHS.
Bukonani eranmu oOpoOKH TO3BOJMIM 3HU3UTH BIUITMB HU3BKO- Ta BHCOKOYACTOTHHUX
IIyMiB, a TaKOXX 3a0e3MeYuTH CTabUIBHICTh aMIUTITYAH, 110, Y CBOIO Yepry, IiJBUIILYE

e(eKTUBHICTh MOAAIBIINX NPOLEAYp aHaNi3y ado nepeiadyi MOBHOTO CUTHAIY.

5.2 3HUKEHHS IIyMOBOT0 320Py/IHEHHSI TA NMOJIINIIEHHs PO30ipJnMBOCTI

MOBH

5.2.1 3HM:KeHHS YMOBOI0 3a0py/AHEHHS

VY mpotieci NOKpaIieHHs SIKOCT1 ay/1I0CUTHAITY 3aCTOCOBAHO TOCIJOBHICTH METO/IIB
00pOOKH, KOXKEH 3 IKUX BUKOHYBE MEBHY (DYHKIIIIO Ta BIUIMBAE HA KIHIICBUN pE3yibTar.
[lopsimok 3acTocyBaHHS IIUX METOMIB OyB OOpaHMii 3 ypaxyBaHHSM iX B3aeMOJil Ta
BILJTMBY HA CUTHAJI, II00 IOCSATTH MaKCUMaTbHOT €()eKTUBHOCTI Ta 30€PETTH SIKICTh 3BYKY.

[Tepmum eTamoM HeoOXiaHO 3acTOCYBAaTH MIyMOBHUH mopir (Noise gate). Llei meTox
BUKOPHUCTOBYETHCS ISl BUJATICHHS HeOakaHUX (DOHOBUX IIYMIB Y May3ax MiX CIIOBaMU
abo (pazamu, 010 MIABUIIYE YITKICTh Ta YUCTOTY 3BYKYy. lllymoBHii mopir mparoe
[UISIXOM 3HIKEHHS TYYHOCTI CUTHAITY, KOJIM HOTO PiBEHb Mala€ HIDKYE MIEBHOTO TIOPOTY.
BukopucTaHHs bOr0 METOAY Ha MOYaTKy OOpOOKH JO3BOJISIE MIATOTYBAaTH CUTHAI AJIS
MOJAJIBILIMX €TallB, yCyHYBIIH (POHOBI ITYMH, SIKI MOTJIM O OyTH MiJicuiieH1 a00 BILTUHYTH

Ha poOOTY HACTYNHUX MPOIIECIB, TAaKUX K KoMmripecis. [IpaBunbHuii BUOip mapamerpis
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MOPOTY Ta CTYTEHs MOCIa0IeHHs 3a0e3meuye epeKTHBHE MPUTHIYEHHS IIyMy 0€3 BILUTUBY
Ha KOPUCHUH cUrHa, 30epiraroun MpupoIHiCTh 3By4anHs [98].

Hacrtymamii kpok - 6ararocmyrosa komipecis. L{eit MeTo 103B0JIsiE KOHTPOIIOBATH
TUHAMIYHUN [1alma30H CUTHAITy, 3MEHIIYIOUM I1HTEHCUBHICTH IIIKIB Ta 30epiraroun
3arajibHy JUHaMiKy 3By4aHHs. Komrmpecisi 3aCTOCOBY€TBHCS MICS IIyMOBOTO MOPOTY,
OCKIJTbKH BUJIQJICHHS IITyMY Ha TMOMEPEAHHOMY €Talll 3aro0irae miACHICHHIO HeOaKaHuX
IIYMOBUX KOMITOHEHTIB IiJl yac kommpecii. bararononocHa komipecis 00po0Jisie pi3Hi
YaCTOTHI J1alla30HU OKPEMO, IO JO03BOJISIE OLIBII TOYHO KOHTPOJIFOBATH JIUHAMIKY
CUTHAJy Ta YHUKaTH CHOTBOpeHb. Lle crpuse oTpuMaHHIO OUIbII PIBHOMIPHOTO Ta
30aJJaHCOBAHOTO 3BYYaHHS, 3MEHIIYIOUM pI3KI Mepenagd Ty4YHOCTI Ta MOKpaUlyH4H
CIIPUMHSTTS MOBJICHHS.

[Ticns komrmpecii HEOOXITHO 3acTOCyBaTH KoMmmpecop Bucokux dactor (De-
Esser) mjist 3MeHIIIeHHSI IHTEHCUBHOCTI CHOUISHTIB, MIUIUITYMX Ta CBUCTSYHUX 3BYKIB Y
BUcokouacToTHOMY piama3oHi (4000-8000 I'm). 11 3BykH MOXYyTh OYyTH OCOOJIHBO
HaB'I3IMBUMHU  IICIS  KOMIIpECii, OCKUIBKM KOMIIPECOp MOXeE  IIJICUIIOBAaTH
BUCOKOYACTOTHI MiKUM. ToMy KOMIpecop Mae MNPUIYyIINTH HeOakaHl 4acTOTH Ta
MNOKPALUTH SIKICTh MOBH. BHKOpHUCTaHHS KOMIIpecopa BHMCOKHMX YacTOT IICIs
OararocMyroBoi Kommpecii 3a0e3nedye OiIbll edeKTUBHE 3HIMKEHHS 1HTEHCHUBHOCTI
CUOIJISHTIB, OCKUJIBKH BOHH CTAlOTh OLIBII BUPAXKEHUMHU ITiCIISI TToTiepeaHiX o0podok. Lle
J103BOJISIE 30€PETTH YITKICTh Ta PO30IpIMBICTE MOBJICHHS 0€3 BTpaTH SIKOCTI.

MeToa CrieKTpabHOTO BiHIMAHHS T03BOJIsIE BUOIPKOBO 3MEHIITUTH 1HTCHCUBHICTh
IIYMOBHUX KOMIIOHEHTIB, BITHIMAIOYH CIIEKTP LIYMY BiJ CIIEKTPY CUTHAIY. 3aCTOCYBaHHS
CHEKTPAJbHOTO BIAHIMAHHS MicCIIs MOMEepeaHIX 00poOOK JomoMarae yCyHyTH 3aJIUIIKOBI
IIYMH, SIKI MOTJIM 3aJUIIUTHCA ab0 cTaTu OUIbII MOMITHUMH Micis 0ararocMyroBoi
KoMmmpecii Ta Komrmpecii BUCOKMX dYacToT. lle cmpusie momanpIioMy MOKpaIIeHHIO
YUCTOTH 3BYKY 0€3 CYyTTEBOIO BIUIMBY Ha KOpUCHUU curHai. [IpaBunbHuil BUOIp 3pa3ka
IIyMy Ta HaJAIITYyBaHHS MMapaMeTpiB J103BOJIsiE€ €(PEKTUBHO 3HU3UTU PIBEHb LIymy O€3
BUHUKHEHHS apTe(aKTiB.

3aBepiIaJbHUM €TaroM € HOpMalli3alis TYYHOCTI I0 MIXKHApOAHOIO CTaHJapTy

ITU-R BS.1770. Ile 103BOIUTHh MPUBECTH CUTHAJ JI0 LJILOBOTO PIBHS T'YYHOCTI -23
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LUFS, mo 3a0e3nedye crabiibHUil Ta KOMGOPTHUN PIBEHb 3BYYaHHS JJIA ClyXada.
Hopwmanizartisi Ty4HOCTI Ba)KJIMBa JJIsl TOTO, 00 YHUKHYTH PI3KUX MEpenasiB ryqHOCTI
P BIATBOPEHHI PI3HUX ayjioMaTepialiiB Ta 3a0€3MEeUUTH BIAMOBIAHICTh MPOodeCiiHHUM
crauaapraMm. lle Takox jgomomarae 3aXMCTUTH CUTHANl BiJ TEPEBAHTAXEHHS Ta
CIIOTBOPEHD, 10 MOKYTh BUHUKATH MPU HAIMIpHIN aMILTITY/I1.

[Topsiok 3acTOCYBaHHS LUX METOAIB OyB BUOpaHUH 3 ypaxyBaHHM iX B3a€EMO/II Ta
BIUIMBY Ha curHaj. [louaTkoBe OjOKyBaHHS mIymy 3abe3medye 4HuCTy OCHOBY IS
nojabIIoi 00poOKy, 3amodiraroyu NiJCUICHHIO IyMy Ha eTani kommpecii. Kommpecis,
3aCTOCOBAHA MICIIs IIyMOBOTO IMOPOTY, KOHTPOJIIOE AUHAMIYHUH Jl1alia30H, pOOJISIYM 3BYK
Oinbin  piBHOMIpHUM. Kommpecis BHCOKHX 4YacTOT BHKOPUCTOBYETHCS — HICIHS
0ararocMyroBoi KOMIpeCii, OCKUJIbKH CHOUISTHTH MOXYTh CTaTH OUIbII BHPAXKEHUMU
nicisi CTUCHEHHS NUHaMiku. CriekTpaibHe BIJHIMAHHS Ta J0AATKOBE TeUTYBAHHS LIyMY
J0TIOMAaraloTh YCYHYTH 3aJIMIIKOBI IIyMH Ta apTe(akTH, 3a0e3Meuyloud MaKCUMaIbHY
YUCTOTY curHainy. Hopmamizamiss T'ydHOCTI 3aBepllye€ IpOLEC, MPHUBOJASYM pPIBEHb

CUTHAITY /IO CTaHAapTy Ta 3a0e3Meuyrodr KOM(POPTHE MPOCTYyXOBYBaHHS.

5.2.2 lllymoBuii mopir

Ha nepiomy etani o6poOKku ay1iocurHairy 0yJio 3acTOCOBaHO ryMoBuit mopir. Llei
eTan J03BoJIsA€ e(PEeKTUBHO 3HU3UTH HU3BKOPIBHEBI IIyMH, SIKI MPUCYTHI B May3aX MK
cioBamu 260 Gpazamu, 10 MiABUIILYE YUCTOTY 3BYYaHHS Ta pO301PIUBICTH MOBU, 3HUKYE
BIUIMB cepeloBHIa B sskomy OyB 3poOienmii 3armmc [99]. [Momepemkye miacuieHHS
HeOakaHUX NIyMIB y HACTYIMHHUX MPOIEcax, Takux sk komrpecis. Ile 3a6e3neuye OinbIr
TOYHY Ta e()eKTUBHY poOOTYy 00p00OK 0€3 pU3NKy BUHUKHEHHS JOJATKOBHUX apTe(aKTiB
[100].

BusHavaroThcst OCHOBHI Tapamerpu (QyHKIIi: 4ac crpamtoBanHs (attack time)
BcTaHOBIMIOeThe Ha 0.005 cexkyHn (5 MimicekyHa), IO BU3HAYae€, K LIBUAKO MOPIT
MEePEXOIUTh Bl MPUTTYIIEHOTO CTaHy /0 MOBHOI T'YYHOCTI, KOJIM CUTHAJ MJHIMAETHCS
Buille mopory. Yac BigHOBIeHHs (release time) BcraHoBmtoeTbest Ha 0.05 cexynn (50

MIJIICEKYH/T), IO BU3HAYAE, SIK OBUIHHO MOPIT MOBEPTAETHCSA 0 MPUTITYIIEHOTO CTaHy,
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KOJIM CUTHAJI OIyCKaeTbcs Hibkde mopory. Ctyminb npuriaymieHHs (attenuation db)
BCTAHOBJIEHO Ha -15 nb, 1Mo o3Hauae, MO curHam, SKUN Majae HIKYE TOpOTy, Oyre
3sMmeHieHo Ha 15 nb. TpuBanicTs maBHoro niepexony (ramp duration) BCTaHOBITIOETHCSA
Ha 0.05 cexynn (50 mimicexkyHn), o 3a0e3neuye MpUpOaHUN 1 Oe3mepediiHui mepexin
M1X PI3HUMH PiBHSMU TYYHOCTI 06€3 pi3KUX CTPHOKIB.

Jlyia moyaTky HEOOXiHO BU3HAYMUTH OTOJIOBHHM KOHTYp CUTHamy (puc. 5.4), saxuii
BU3HAYa€, K 3MIHIOETbCS amIulTyga 3 yacoM. OroJOBHUI KOHTYp pearye Ha 3MiHU
aMILTITYJIM CUTHAITY 3 YaCaMU aTaK| Ta pesizy, 10 J03BOJIS€ MBUAKO MHIMATH TYYHICTh
CUTHAJIy 10 TIOBHOT'O PIBHS MPOTATrOM 5 MC, KOJIU CUTHAJI EPEBUILLYE MOPIT, 1 HOBIIBHO
3HMKYBAaTH TYYHICTh JI0 33JJaHOTO PIBHS MPUTIYIIEHHS NpoTsAroM 50 Mc, KOJU CUTHAI

najiae HUK4e Mopory.

OronoBHWIA KOHTYP Ta NOpir remTyBaHHs

Envelope (dB)
=25 --- Threshold

=50

-100

PiseHb (dB)

-125

=150

-175

=200

] 2 4 6 ] 10 12
Hac (c)

Pucynox 5.4 — OroyioBHMIA KOHTYp Ta IIYMOBUH TOPIT

[Ticnst BU3HAYEHHS OTOJIOBHOTO KOHTYPY (PYHKIIiSi aBTOMAaTUYHO BH3HAYAE TOPIT
BizcikanHs mymy (threshold db) 3rigHo 3 BUMipssHUM (GparMEeHTOM CUTHAITY JOBXHHOIO
0.5c. Ta maBuiye oro Ha 12 b, MO A03BOJISE MEPEKPUTH KOJIMBAHHS PIBHS ITyMy B
MaitoyTHpOMy. Hampukias, Ko cepeIHbOKBaApaTUIHe 3HAYSHHSI IIIyMy CTaHOBUTSH -50
nb, mopir reiitryBanHs Oyne BctaHOBiIeHO Ha -38 nb. Ile 3a0e3meuye, M0 TUTBKK 3HAYHI
ayJ10CUTHAIIH, SIKi IEPEBUILYIOTH IIEH MOpIr, MPOXOIATh O€3 MPUTITYIIEHHS, TOAl SIK THXI1
YaCTUHU CUTHay, 10 MICTATh (POHOBUH IIyM, NOpuriaymyroTbed. [am dynkuis

3aCTOCOBY€E MacKy (puc. 5.5) 10 curnany.
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Gain Macka

10 — Gain
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Pucynok 5.5 — Macka curnainy

Inimiam3aniss Macku moynHaeTbes 3 1.0, 110 03HaYa€e BiACYTHICTh 3MIHM TYYHOCTI
curHaiy. Ilim yac oOpoOKHM KOXKHOTO CEMIUTYy CHUTHaly (YHKIIS TOPIBHIOE PiBEHb
OT'0JIOBHOTO KOHTYPY 3 MOPOTrOM IIyMy. SIKIIIO piBEeHb CUTHATY MEPEBUIIYE MOPIT, cUila
MPUTHIYEHHSI TIOCTYIIOBO MifgHIMaeThea 10 1.0 mpoTsiroM yacy aTtaku, 3a0e3Nedyyrodu
TJIABHUHM MEePexiJ] 10 MOBHOI T'YYHOCTI. SIKIIIO piBeHb CUTHAITY MaJla€ HIK4YE TOPOTY, CHIIa
NPUTTYIICHHS] TOCTYNOBO 3HIKYETBCS JO 3HAYEHHS, BIJMOBIIHOTO CTYICHIO
npurnymenss (-15 nb) mporsarom uacy BiIHOBIEHHS, 3HOBY X Taku 3a0€3Meuyroyu
IJTABHHUM TIEpeXis.

[e# miaxin mo3BoJisg€ epeKTUBHO MPUTTYITyBaTH (POHOBI IITyMH, HE BITUBAIOYU HA
OCHOBHUI ayaiocurHai. [lnaBHi nepexoan Mix pi3sHUMH PiBHSMU TYYHOCTI 3a1100IraloTh
CTBOPEHHIO apTe(akTiB a00 BIIUYTTS TPICKY B ay/io0, 3a0e3neuyodn OUTbII TPUPOTHUI
1 udctuil 3ByK. Hampukiana, Koiau aMmIuiityja curHaity mnigHiMaetbess 1o -30 nb,
IHTEHCUBHICTh MPOMYCKaHHA IIyMy IIBUAKO MigHIMAEThCS 10 1.0, 703BOJIAIOUYM L[OMY
curHainy mnpoiitu 6e3 mpuriaymieHHs. Konu x ammiityna omyckaerbesi o -40 nb,
IHTEHCUBHICTbh TUIABHO 3HIXKYEThCS 10 -15 1B, eheKTUBHO MPUTITYIITYIOUH TUXI IIIYMHU.

OpHi€ero 3 mepeBar LbOro0 MIAXOAY € MOMKIMBICTH TOYHO KOHTPOJIFOBATU PIBEHb
NPUTIYIICHHS. Ta TOPIT LIYMO3HM)KEHHS, 110 JO03BOJISIE aJaNnTyBaTH (PYHKIIIO Mij
KOHKpPETHI MOoTpeOn Ta XapakTtep curHany. OmHaK, Ba)IJIMBO TMPaBUILHO BU3HAYNTH
IIYMOBUM TaTE€PH, OCKIIBKH SIKIIO ITYMOBHH ITaTepH BKIIFOYA€ KOPUCHUW CHUTHAI,
OOYMCIICHHS BIJHOIICHHS CUTHA/IIYM OyJe HEKOPEKTHHM, IO MOXE€ MPHU3BECTH JI0
HEMpaBWJIBLHOTO HaJAIITyBaHHS mopory reityBaHHs. Ilicist 3acrocyBaHHS (DyHKIIIT

IITyMOBOTO TOPOTY pPE3yJabTaTh OOPOOKH CHUTHATy JEMOHCTPYIOTH IOMITHI 3MIHHM B
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JacoaMIUTITyAHi# oOnacti. OpwuriHaneHuid curHan (puc. 5.6) MICTUTh IIyMOBI
KOMITOHEHTH B THUXUX YaCTUHAX, SKI MOKHA YITKO CIIOCTEpPITaTH y BUTJIAJI HEBEIUKUX
GbayKTyarii aMIoTiTy 1M Ha JIISTHKaX 13 HU3bKOI0 eHepriero. Lle xapakrepHo 11 oHOBUX
myMiB a0o ciaabKuX 3BYKOBUX NEPEUIKOMA, sIKI MOXYTh HETaTWBHO BIUIMBAaTH Ha

MOTANIBIINN aHai3 a00 00pOOKy ayII0CUTHAITY.

OpuriHanbHuii curHan (Yacosa obnacte)

0.6 4

: s

0 15 3 45 6 7.5 9 10 12
Yac (c)

AMnnityna

Pucynok 5.6 — YacoBo amIiiTy1Ha XapaKTepUCTUKA BXiTHOTO CUTHAITY

[Ticns 3acrocyBaHHsI IIyMOBOTO IMOpOry (puc. 5.7) aMIUITyAa CUTHalIy B LUX
HU3bKOCHEPTeTUYHUX [IJITHKAX 3HAYHO 3MEHIIWIACS, HAOIMKalOUUCh 10 HYIIA.
Hanpuknan, y mingakax mix 1.5 ta 3 cekyHaamu, a TakoX MDK 7 Ta 9 cekyHmamH,
IITyMOBUH MOPIT €(pEeKTUBHO 3HWXKYE aMIUNITYyAy N0 piBHA, € (OHOBUM IIIyM CTae
MPaKTUYHO HEBIOBUMUM. Lle CBIIUUTH MO T€, 110 MOPIT TeUTYBaHHS OYB HAJAIITOBAHUMA
Ha pIiBeHb, SKUH J03BOJUB BiAMUILTPYBAaTH THXI YAaCTMHM CHUTHAIY, 3aJIMIIAIOYN

HE3MIHHMMH €HEePreTUYHO 3HAYYIII JUISTHKH.

Curnan nicns Noise Gate
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0.0

AMnniTyaa
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Pucynok 5.7 — YacoBo aMIuIiTy1Ha XapaKTepUCTUKA CUTHAITY MiCIs ITyMOBOI

00pOoOKH

BaxnuBo 3a3HAUNTH, 1110 EHEPreTUYHO 3HAUYIIl JUITHKY CUTHAIY, TaKl K MMiKH, 1110

CIIOCTEPIraloThCsl, HAPUKIAA, MK 3 Ta 4 CEKyHAaMH, 3AJIUIIMINCS HE3MIHHUMM MICIIS
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0o0po6ku. lle miaTBepmXkye, MO MOPIT IIyMy HE BIUIMHYB Ha OCHOBHHM KOHTEHT
ayliOCHTHATY, a JHuIle YCyHyB HeOakaHI HHU3bKOCHEPTeTUYHI KOMITOHEHTH.
OTxe, OCHOBHUUM CHUTHaN 30epir CBOi XapaKTepUCTUKH, TOAlL sIK (OHOBHM mIym OyB
e(eKTUBHO 3HI)KCHUI, 110 MIABUILUIIO 3arajbHy SKICTh ayAlOCUTHAIY 1 3p0OHIIO HOro

OLTBII MPUAATHUM JIJISI TTONATBIIIOTO aHaIi3y Ta 00pOOKH.

5.2.3 baratocmyrosa Kommpecis

Ha papyromy ertami o0poOKM ayaiocMrHaigy OYJIO 3aCTOCOBAHO 0araTOCMYyTOBY
kommpecito (Multi-Band Compression) ajisi KOHTPOJIIO AMHAMIYHOTO PiBHS CHTHAIY B
pI3HUX YAaCTOTHHMX Jiama3oHax. lle m03Bossie 3MEHIIMTH 1HTEHCHBHICTh YaCTOTHHX
MaKCHUMYMiB, 30€epiralouu npu bOMY 3arajibHy AUHAMIYHICT Ta TPUPOAHICT 3ByUYaHHS.
3rigHo po3auny 2.1, Takuil miaxia 3a0e3nedye O1IbII piBHE Ta 30ajlaHCOBAHE 3ByYaHHS,
3MEHILICHHS PI3KUX MepenajiB 'y4HOCT] Ta MiJIBUILIEHHS KOHTPOJILOBAHOCTI CUTHAITY, 110
B CBOIO YEPry MOKpaIlye CIPUHHATTS MOBICHHS Ta KoMmpopT cayxaua [101].

Crioyatky CUTHaJl pO30MBAETHCS HA YACTOTHI CMYTH 3a JOIMOMOIOI0 CMYTOBHUX
¢binbTpiB barTepBopTa, K1 BUAUISIOTH KOHKPETHI YaCTOTHI Jiara30Hu. Y I[bOMY BUMNAAKY
BUKOPHUCTOBYIOTHCS TPU YaCTOTHI cMyTH: HU3bKI yacTotu (20250 I'11), cepenni yactoTu
(2504000 I'm), i Bucoki yactotu (4000-20000 I'ry). Ileii moain 103BOIIsIE MpaIFOBATH 3
KOXXHOIO CMYTOI0 OKpeMo, BpaxoByiouu ix crenudiky. Hampukian, HU3bKI 4acTOTH
3a3BUYail MiCTSATh 0ACOBI 3BYKH, CEPEJIHI — JIFOJICBKUI T0OJIOC, & BUCOKI — CUOLIISTHTH 200
BHCOKOYACTOTHI JIeTal.

[Ticnst BUAUIGHHST 9aCTOTHOT CMYTH BUKOHYETHCS Kommpeciss curHainy. OCHOBHUM
napameTpoM KoMripecopa € mopir kommpecii (threshold db), skuii BctanoBiIeHO Ha piBHI
-20 nb. Ile o3Hauae, 110 CUTHA 13 aMILTITY 1010, 1110 MIEPEBUIILYE LIEH piBEHb, Mi/I1A€ThCS
KoMIIpecii. BukopucTaHHsl Takoro nopory 103BoJisie €()eKTUBHO OOMEKYBaTH TUHAMIKY
B T'yYHUX YaCTHHAX CHUTHaNly, HE BIUIMBAIOYM Ha TUX1 AUISHKU. CHiBBIAHOIICHHS
KoMIIpecii (ratio) BcTaHOBIEHO Ha 4:1, 1110 O3Hauae, 110 MEepEeBUILEHHS opory Ha 4 1b
oyne 3meniieHo jo 1 nb. I{e momipHa kommpecis, sika Jonomarae 3riajuTy TUHaMiKy 0e3

BTPATH MPUPOAHOTO 3ByYAHHS.
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Yac cnpamroBanns (attack) Bcranosineno na 0.01 cexynmu (10 mimicekyHn), 110
JI03BOJISIE KOMITPECOPY MIBUIKO pearyBaTH Ha Pi3Ki 3MIHU aMIUTITYJ¥, HalpUKIIAJ, Ha
KOpOTKi TikoBi 3BykH. Yac BigHoBIeHHsS (release) mopiBHroe 0.1 cekynmu (100
MIJTICeKYHT), TII0 3a0e3leuye IUIaBHUN MepexiJ KOMIIpecopa 10 HOPMAIBHOTO CTaHY
HICJIs CTIaay aMILTITY/ I, 3a1001ralouy panToOBUM 3MiHAM PiBHSI TyYHOCTI.

Onniero 3 ocobnuBocTelt GyHKIIT € BUKOprcTanHsa TexHounorii Soft Knee, sixa nomae
IUIaBHUHM IIepexi] Mk 30HaMu 0e3 KoMIipecii Ta akTUBHOIO kommpeciero. [lupuna nuporo
nepexony (knee db) cranoButs 10 ab, 1110 103BOJISIE YHUKHYTH Pi13KUX 3MiH y AUHAMIII
CUTHAITY, pOOIsT4r 00poOKY OLTBII HEMOMITHOO JJ1s1 ciyxaya. Lle 0oco0amBo BaXIMBO AJis
3BYKIB, aMIUTITya IKMX 3HAXOJUTHCS OJIM3BKO J10 TOPOTY KOMITIPECii.

[Ticns komrmpecii B KOXHIA 4YacTOTHIM CMy31 3aCTOCOBYETHCS KOMIICHCALIIS
nocwieHHs (makeup gain), BcraHoBJeHa Ha piBHI 5 1b. [{e komneHcye BTpaTy ry4HOCTI,
BUKJIMKaHY KOMIIPECI€I0, 1 J103BOJIsiE 30€perTH 3arajibHUi PIBEHb T'yYHOCTI CHUTHAIY.
KomrieHcalisi € BayKJIMBOIO, OCKUIBKH KOMITPECISl 3aBXKAM 3MEHILYE aMILTITYly TYYHUX
YaCTUH CUTHAIY.

[Ticns oOpoOKM BCIX YaCTOTHHUX CMYT OTpPHMaHI CHUTHAJIM JOJAIOTHCS Pa3oM,
dbopmyroun ¢iHaTPHUNA KOMIpEcOBaHMM curHai. Ha 3aBepiianbHOMY eTari CUTHAI
HOPMAJII3Y€TbCSl ISl 3amoO0iraHHs KIMmiHTy. MakcuMmanbHa aMIuliTyJa CHUTHATY
Macmtabyerbess 10 99% Bil MaKCHMaJIBHO JIOIMYCTHMOTO PiBHS, IO 3abe3rnedye
ONTHMAaJIbHE BUKOPUCTAHHS IMHAMIYHOTO Jiana3oHy 0e3 ClIOTBOPEHb.

BukopucTtanHs TakMx HalalTyBaHb 3a0e3Medye ONTUMalbHY poOOTYy KOMIIpecopa
JUTS ITUPOKOTO criekTpa ayaiocurHaniB. Huspki gactotu (20-250 ') oOpoOasitoThest aitst
KOHTPOJII0 0acoBUX 3BYKiB, cepenni yactotu (250—4000 I'iy) — s 9iTKOro ¥ piBHOTO
3BY4YaHHS ToJI0Cy, a BUCOKI yacToT (4000—20000 I'r) — 11t 3MEHIIIeHHST CUOISHTIB Ta
IHIIMX PI3KUX 3BYKIB. Takuil miaxif JO3BOJISE JOCATTH 30aJJaHCOBAHOTO, YITKOIO Ta
HAaCUYEHOr0 3ByYaHHS 3 IPUPOAHOIO JUHAMIKOIO, IO OCOOJIMBO BAXKIIMBO JJIs1 OOPOOKH
MOBHOT'O CUTHAJTy Ta MOKPAILEHHS PO301pJIMBOCTI.

[Ticns 3acTocyBaHHS Kommpecii g0 aymiocurHanmy (puc. 5.8) cmocrepiraeTbcs
BUPIBHIOBAaHHS HOTO JMHAMIYHOTO Jiana3oHy, IO € KIIYOBOK METOH IbOTO eTaIy

00po6ku. Ha rpadiky curnanmy miciisi KOMIpecii BUAHO, IO aMIUTITY AW TYUYHUX JUITHOK
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3MEHIIICHI, a TUX1 YaCTUHHU ITIHST1, 3aBJIIKH YOMY CUTHAJ CTa€ OUTbI 30aTaHCOBAaHUM 1

PIBHOMIpHUM.

CurHan nicns Komnpeci

100
075
0.50
025
-0.25
—-0.50
-0.75
. X 6 75 9 10 12

Yac (c)

AmnaITyaa
o
=)
=1

Pucynok 5.8 — AMILTITYJTHO-4aCcOBa XapaKTEPUCTHUKA CUTHAITY IMiCIIs KOMITpecii

Komrpecis Oyna BUKOHaHA 3 TIOPOTOM KOMIIpecii, BCTaHOBIIEHUM Ha piBHI -20 1b.
Ile o3Hauae, M0 BCl YaCTHMHHM CHUTHANY, aMIUTITyJa SKUX MEpPEBHINyBaja IIeH PIBEHb,
nignanucs komrmpecii. Hampuxman, mik curHamy Mk 9 1 10 cekynaamu, sSKuil 10
komripecii gocsraB 0.6 (HOpMaTi30BaHUX OJWHUIL aMIUTITYIH), TICIS KoMmmpecii OyB
MPONOPIIHO 30UIbIIeHHH 10 10 Omu3pko 0.7. Lle cBimUUTH Ipo Te, MO KOMIIPECOp
3MEHIIIUB PiB€Hh HAUTYUYHINIUX YaCTHH, HE JO3BOJIIOYH 1M TIEPEBUIIYBATH TPUHHITHHMA
JTUHAMIYHUH Jiana3oH, MpU bOMY MiIBUIIHB 3aTIBHUN PIBEHh KOPHUCHOTO CUTHAITY.

Pesynbrar KOMIpecii IeMOHCTPY€E CYTTEBE MOKPAIIEHHS! CIPUMHATHOCTI CUTHAIY.
Tuxi vacTuHM, sKiI paHime Oyiau Maibke HeBlIoBUMHMH (amiutiTyna Hiwkue 0.1
HOPMaJII30BaHUX OAMHUIG), miaHsuica 10 piBHA 0.2—0.3, mo poOutk ix OUIbLI
NOMITHUMU. BojHo4ac TrydyHI TiKM, HE [EpEHAaBaHTAXYIOTh CHUTHaN, 30epirarouu
MPUPOIHICTD 1 AMHAMIKY 3BYYaHHS.

3aranpHui eeKkT KOMIMpecii MOoJsra€ y CTBOPEHHI 30aJJaHCOBAHOTO 3BYKY, SIKHA
30epirae MPUPOJHICTh, ajieé CTAa€ OIbII NPUAATHUM JUIs TOAAJbIIOi 00poOKu abo
BUKOpUCTaHHA. Takuil MiaXiJ J03BOJISE YHUKHYTH KIIITIHTY, BUPIBHIOE JIMHAMIKY Ta

3abe3rneuye po301pJIMBICTh MOBHOTO CUTHATY.
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5.2.4 Kommnpecisi BUCOKHX YaCTOT

Ha TpetbomMy eTami oOpoOKku ayiiocCUrHaAITYy OyJI0 3aCTOCOBAHO KOMIIPECII0 BUCOKHX
gactoT (De-Esser), cnermiamizoBanuii iHCTPYMEHT JUII 3MEHIIEHHS 1HTEHCHUBHOCTI
CUOUTSIHTIB — CBHUCTSYMX Ta MIUIUITYMX 3BYKIB, SIKI BUHUKAIOTH Y BUCOKOYACTOTHOMY
niama3oni, npuoauzno mix 4000 1 8000 I'm. CuOUIAHTH MOXYTh CTBOPIOBaTH
IUCKOM(DOPT MPU MPOCITYyXOBYBaHHI, OCKLJIBKA BOHU YacTO 3By4aTh PI3KO Ta HAB'SI3JIMBO,
0COOJIMBO B YMOBaX BHCOKOI SIKOCTI BIITBOPEHHSI a00 MPU BUKOPUCTAHHI HABYIIHHKIB.
3acTOoCyBaHHs Takoi KOMIIpECii AOMOMara€e MOKpPaUIUTH SIKICTb 3ByYaHHS MOBIICHHS,
poOIIsIUM Horo OiIbII MPUEMHUM Ta JISTKUM JijIs ciipuiiuaTTs [102].

Jlns peamizarili CUrHaa CIOYaTKy aHAMI3YEThCA Yy BU3HAUEHOMY Jlama3oHl 4acToT
JUIS. BUSIBJIGHHS MaKCUMaJIbHUX 3HA4Y€Hb aMIUIITYJId, SKI € O3HaKamMu CHOUISHTIB.
Hiamazon Big 4000 no 8000 'y 6yno moauieno Ha cermeHTH o 1000 1, o mo03BoJIsIE
TOYHIIIE JIOKAJNi3yBaTU YaCTOTHI O0OJACTi, /1€ CUOUISHTH MPOSBIISIIOTHCS HaWOUIbII
IHTEHCUBHO. Y KOXHOMY CETMEHTI 3JI1MCHIOBaBCS MOIIYK HAWBHIIOrO TiKa, aMILIITya
SIKOTO TopiBHIOBaacs 3 moporom peak threshold = 0.1. Skmo HopManizoBaHa aMILTITYy 12
TiKa MepeBUIIlyBaja Mei Mmopir, BiH BUSHAYABCS SK IMOTEHIIIMHO TPOOJIEMHHI CHOLISHT,
akui moTpedyBaB 00poOku. Takuil miaxig 703BOJIAE 1AeHTU(DIKYBATH JUIIE Tl MKH, 110
CYTTEBO BUJUISIOTHCS HAJ 3arajilbHUM PIBHEM CUTHATY, MIJBUIYIOYH €(pEKTUBHICTH Ta
TOYHICTH OOPOOKH.

Jlns  3MCEHIICHHS 1HTEHCHBHOCTI BHUSBJICHMX CHOUISHTIB  3aCTOCOBYBAaBCS
napamerpuannii cmyroBuid ¢inbTp (Notch Filter) i3 mmpunoro emyru bandwidth = 100
['. By3bkuit GpinbTp A03BOJISIE BUOIPKOBO OCIIA0WTH aMILTITYAy YaCTOTHOTO KOMITOHEHTA
B 00OMEXEHOMY Jiama3oHi, e 0yJI0 BUSBJICHO MK CHOUISHTIB, 6€3 ICTOTHOTO BILTUBY Ha
cyciaHi yactoTu. lle BaxiauBo sl 30epexkeHHs] MPUPOJHOCT] 3ByYaHHS Ta YHUKHEHHS
BIUIMBY Ha 1HII Ba)XJIMBI YaCTOTHI KOMIIOHEHTH MOBJICHHS. 3MEHIIICHHS! IHTEHCUBHOCTI
Bi10yBasiocs 3 koedimienrom reduction_factor = 0.5, 1110 BiJIMOB1Aa€ 3HMHKEHHIO TYYHOCTI
B 00po0sieHoMy niana3oHl Ha 50%. Takuii piBeHb ocnabieHHsI e(EeKTUBHO MPUTITYIIYE
CUOUISIHTH, POOJISYM iX MEHII PI3KMMH Ta HaB'S3JIMBUMH, aj€ HE MOBHICTIO iX BUAAJISE,

1110 30epirae NpPUPOIHICTh MOBJICHHS.
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[Tomin miamasony Ha cermeHTd 1o 1000 Iy mo3Bossie TouHimEe 1MeHTU(DIKYBATH
YacTOTH, JI¢ CUOUTSIHTH HANOUIBII BUpPAXKEHI, IO MiABHUINYE €(EeKTUBHICTh (PLIbTpaIllii Ta
3HIDKYE€ PU3HMK BIUMBY Ha iHmi dvactotu. [lopir peak threshold = 0.1 3a6e3neuye
BIJICIFOBaHHSI HE3HAYHHX TIKIB Ta (POKYCYEThCA HAa HAWOIBII TPOOIEMHUX CHUOUISHTAX,
J0TIOMaralouu YHUKHYTH HaJMipHOT 00poOKH Ta 30eperTu npupoAHicTh 3ByKy. llupuna
cmyru bandwidth = 100 I'; € mocTatHBO By3bKOIO, 1100 BUOIPKOBO OCIA0UTH KOHKPETHI
YaCcTOTHI KOMIIOHEHTH, MIHIMI3YIOYHU BILJIB Ha cyciaHi YaCTOTH.
Koedimient reduction factor = 0.5 3a06e3neuye 30amaHcOBaHE 3HUKEHHS IHTEHCUBHOCTI
CUOUISHTIB, pOOISYM IX MEHII PI3KUMH, ajlé HE BUAAIAIOYM MOBHICTIO, 1O 30epirae
MPUPOIHICTH MOBJIEHHS.

[licns 3acTocyBaHHS Jeeccepa CIOCTEPIraloThCs CYTTEBI 3MIHHM aMIUTITYAHO-
94acoBOl xapakTepucTuku (puc. 5.9), a came 3HMIKEHHS aMILTITYIU MIKiB Ha 4acTOTax
4000-80001 11, 110 MATBEPIKYIOTh €PEKTUBHICTH OOPOOKH CUOUISHTIB. Y MOYaTKOBOMY
CUTHAJII BUCOKOYACTOTHI KOMIIOHEHTH XapaKTepU3yBaJIUCs HEPIBHOMIPHOIO aMILTITY 1010
CUTHAJly TO BCiil J0BXuHI 3anucy. lle cTBoproBamo akycTHUHMI JgucOanaHc,
MiJICUIIOIOYM IIYMOBI €JIEMEHTH CHUTHAIly, [0 MOTEHI[IWHO YCKIAIHIOBAIO WOro

MoAaIbITy 00OpPOOKY Ta CIIPUMHSTTSI.

CurHan nicna De-Esser
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Pucynox 5.9 — AMmiiTy1HO YacoBa XapakTepUCTUKA OOPOOJIECHOTO CUTHATTY

AHani3 criekrTporpamu o0pobieHoro curHany (puc. 5.11) ta curnany q10 06poOku
(puc. 5.10) mokazas, M0 BUCOKOYACTOTHI KoMnoHeHTH B miama3oHi 4000—-8000 I’ ctamm
MEHIII IHTEHCUBHUMHU, OCOOJIMBO B TUX CETMEHTAX, A€ paHille CIIOCTEPIraaucs BUPaKeHi
niku. Lle cBimuuTh npo edekTuBHE oOcnabieHHs CHOUIAHTIB 0€3 BTpAaTH OCHOBHOI

iH(popmarlii MoBieHHs. [Ipyu bOMY CTPYKTypa CUTHaly B cepelHboYacTOTHOMY (500—
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4000 T'm) Ta HU3BKOUacTOoTHOMY (10 500 I'r) miama3oHax 3aimuImmIacs MPaKTUIHO Oe3

3MiH, IO IiITBEP/KY€E BUOIPKOBICTh 3aCTOCOBAHOT 0OPOOKH Ta BIICYTHICTh HETaTUBHOTO

BIUIMBY Ha 1HIII KOMIIOHEHTH CUTHAITY.

CnekTporpama opuriHanbHOro curHany
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Pucynox 5.10 — CnexTporpama OpuriHaIbHOTO CUTHATY
CnekTporpama curHany nicna De-Esser
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Pucynok 5.11 — CnekTporpama CUrHaiy miciis 3aCTOCYBaHHs KOMIIpecii
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Bu3HaueHi mikoBi 4acTOTH:

Detected sibilant frequency in 4000-5000 Hz: 4057.18 Hz, Magnitude: 136.75

Detected sibilant frequency in 5000-6000 Hz: 5537.55 Hz, Magnitude: 42.15

Detected sibilant frequency in 6000-7000 Hz: 6700.51 Hz, Magnitude: 38.18

Detected sibilant frequency in 7000-8000 Hz: 7041.23 Hz, Magnitude: 21.80

CnyxoBe TMOpPIBHAHHS OPUIIHAJBHOIO Ta OOpPOOJIEHOr0 CHUTHAY JEMOHCTPYE
3HM)KEHHSI IHTEHCUBHOCTI CUOUISHTIB, 110 pOOUTH 3BYK KOM(OPTHUM ISl CHPUAHSTTSL.
BucokoyacTOTHI WIMIUISYI 3BYKH CTalM MEHII HaB'S3JIMBHUMH, IO JTO3BOJISE CIyXady
Kpauie CrpuiiMaTH 1HIII KOMIOHEHTH MOBJIEHHS, TaKl SIK TOJIOCHI Ta MPUTOJIOCHI 3BYKH,
Kl HECYyTh OCHOBHY 3MiCcTOBY iH(popmaiito. Kommpeciss BUCOKHX 4YacTOT €()EKTUBHO
NPUTIYIIAiIa Pi3Ki BUCOKOYACTOTHI MIKH, HE BIUIMBAIOYM HA 3arajibHy YITKICTh Ta

PO30IpIUBICTH MOBJICHHS.

5.2.5 CnekTpaJjbHe BilHIiMaHHSI

Metoa crnekTpaibHOro BifHIMaHHA (po3ain 2.9) € onHUM 3 HaieheKTUBHIIIMX
Croco01B yCYHEHHS MOCTIMHOTO a00 CTaIllOHAPHOTO IITyMYy 3 ay1103aIluciB, 0 3HAYHO
MOKpallye SKICTh 3BYKY Ta TMiJBUIIYE po30ipiauBicTb MoOBiIeHHsS. I[Iporec oOpoOku
CUTHAIIy BKJIFOYA€ KIJbKa KIFOUOBUX KPOKIB. [lepimumM KpUTUYHO BaXKJIMBUM €TAIOM €
BU3HAYCHHS 3pa3Ka IIyMy, SIKH BUKOPUCTOBYETHCS JIJII MOJICTIOBAHHS Ta MOJAJIBIIIOTO
BUJIQJICHHS IIYMOBHX KOMIIOHEHTIB 3 ychoro curHaiay [103]. ¥V mpomy Bumagky 3
BUXIJTHOTO CUTHATY OyJIO BHIUICHO 3pa30K TpuBATiCTIO 0.5 CEKyHH, IO MICTUTH JIUIIIE
mryM 0e3 KOPHCHOTO MOBHOTO CHTHay; 3a3BHYail 1€ YacTWHA 3amucy, 1€ BIICYTHE
MOBJICHHSI, 1 MPUCYTHIMH Juie GoHOBUH 1TyM. Bubip sIKICHOT0 3pa3ka IIyMy € KIIOYOBUM,
OCKIJIbKM HETOYHOCTI Ha [IbOMY €Tari MOXYTb IPU3BECTH 10 HEE(PEKTUBHOI'O BUIAJICHHS
nryMy abo TMOMIKOPKeHHST KopucHoro curHany [104].

Jamni, ajist BCbOro CUTHaly, BKJIIOYAIOUM OOpaHUi 3pa3ok 1ymy, Oyji0 0OUYHCIIEHO
kopoTkoTepMiHoBe neperBopeHHst Dyp'e (STFT). STFT po3buBae curnan Ha KOpPOTKi
KaJpHu Ta BUKOHYE MepeTBopeHHs] Dyp'e M KOXKHOTO 3 HUX, IO JI03BOJISIE OTPUMATH

4aco-4aCTOTHE TMPEJCTaBICHHS CUTHAIY 3 1H(OpMaliclo Tpo aMmMIuniTyay Ta ¢asy
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YaCTOTHUX KOMIIOHEHTIB y KOXXHOMY Kajipi. CHeKTp IIyMy TakKoX OOUYMCIIOETHCS Ta
30epiraeTbcs SK €TANOH JJIs IOJAJBIIOr0 BigHIMAaHHS, BijgoOpa)xarouw CepeaHi
CHEKTpalIbHI XapaKTePUCTUKU NIyMy, IO jJornomMarae e(OEeKTUBHO WOTO BUIAIUTH 3
curnaiy [105].

Ha nactynmHoMy erami BinOyBae€Tbcs BIJHIMAHHS CHEKTPY IIyMYy BiJl CIEKTPY
KOXKHOTO KaJipy curHaiy. L{g omepartiist 103B0JisiE 3MEHIIIUTH 1HTEHCUBHICTh YaCTOTHUX
KOMIIOHEHTIB, $KI BIANOBIIAIOTh 3a IOyM, 30epiraloud Mpuh LbOMY OCHOBHI
XapaKTEPUCTUKA MOBHOTO CHWTHaNy. BilHIMaHHS BHKOHYETHCS IIUIIXOM 3MEHIICHHS
aMIUTITYTHUX 3HaY€Hb CIIEKTPY CUTHAY Ha BEJIMYMHY CIEKTPY IIyMy. Y peaiizallii 0yJio
BUKOPHCTAaHO QyHKIIit0 Nr.reduce_noise 3 mapamerpom prop decrease = 0.93, mo Bkasye
Ha HaOJIKEHE MO0 MaKCHUMAJIbHOTO 3HI)KEHHSI PIBHS IIyMy O€3 3HAQUHMX CHOTBOPEHb
KOpUCHOro curHaiy. lleil mapamerp KOHTpOJIIO€, HACKIIbKU arpecUBHO Bi0OYyBa€eThCA
3MEHIIICHHS IyMYy; 3Ha4eHHs 1.0 03HaYa€e MOBHE BiIHIMaHHS OI[IHEHOTO CIICKTPY LIyMY.

[Ticns xopuryBaHHS CHEKTPY CHUTHANy ULUIIXOM BIJHIMAHHS CHEKTPY IIyMy
3aCTOCOBYETHCS 3BOPOTHE KOpPOTKOTepMiHOBe mneperBopeHHs: Pyp'e (ISTFT) npnsa
OTpUMaHHs 00pOOJIEHOT0 CUTHAITY Y YacoBii oOiacTi. Lle 103BoJis€ BITHOBUTH CUTHAI 3
OHOBJIEHUMH CTIEKTPATIbHUMU KOMIIOHEHTAMH, JI€ IITyMOB1 KOMIIOHEHTH 0YyJIi €(peKTUBHO
3HIKEHI. Bubip mapaMmerpiB, Takux SK TPHUBATICTh 3pa3ka IMIyMy Ta 3HAYCHHS
napameTpa prop_decrease, Mae BaXXJIMBUW BIUIMB Ha pe3yibTaT. Bubip moctaTHbO
JIOBrOro 3paska ImyMmy 3a0e3medye OUIbIl TOYHY OIIIHKY HWOTO CHEKTpaIbHUX
XapaKTEPUCTHK, 10 MiABUIIYE €(EKTUBHICTh BiJIHIMAHHS, MPU I[bOMY BaXKIUBO, 11100
3pa30K MICTHB JIMIIE IMyM O3 KOPHCHOTO cHUTHay. 3Ha4deHHs Prop_decrease =
0.93 Bu3Havae CTymiHb 3MEHIICHHS IITYMY; V pa3i BAHUKHECHHS apTe(aKTiB 1€ 3HAYCHHS
MOYKHA 3HU3UTH JUIST OUIBII JEIKATHOTO BlTHIMAHHS.

CriekTporpama micisl CIeKTpaIbHOTO BimHIMaHHS (puc. 5.12) neMoHCTpye cyTTEBE
3HMKEHHS 1HTEHCHUBHOCTI HU3bKOYACTOTHMX KOMITOHEHTIB, IO BKazye Ha e(eKTUBHE
BUJIAJICHHA (DOHOBOTO IIyMY.

Oco0MBO TOMITHO 3MEHIIEHHS €HEPTii B Mmay3ax MK clioBamH abo ¢paszamu, je
paHimie nomiHyBaB (GoHOBHH ImymM. EHeprernuHa cTpykTypa MOBHUX (parMeHTIB

30eperiacs 0e3 CyTTEBUX 3MiH; IHTEHCUBHICTh YacTOT, IO BiJMOBIJAIOThH 32 KOPUCHUMN
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CUTHAJI, 3JTUIIAIIACS Ha JOCTAaTHHOMY PiBHI, 110 03HAYAE, III0 METO]T BUOIPKOBO 3MEHIIINB
JUIIe Ti KOMIIOHEHTH, $IKI XapaKTepU3YIOThCS SIK IITyMoBi. BucokouacToTHi Ta
CEpeHhOYACTOTHI 00JACTI, A€ MPUCYTHI OCHOBHI KOMIIOHCHTH MOBJICHHS, HE 3a3HaJU

3HAYHUX 3MiH, [0 CBITYUTH MPO 30€PEKEHHS AKOCTI Ta YITKOCTI MOBJICHHS.

CnekTporpama curHany nicis CnekTpanbHOro BigHIMaHHS
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Pucynox 5.12 — CniekTporpama CUrHaiy miciisi 3aCTOCYBaHHS METOLY

CHEKTPAJIBHOTO BiTHIMAHHS

Ha ammityaHO 9acoBiif xapakrepuctuili (puc. 5.13) mpociKOBYEThCS 3HIKCHHS
3arajlbHO PIBHS IIYMY y Tay3aX MK T'OJIOCOBUMH CHUTHAJIAMH. AMILTITYId OCHOBHHX
MiKiB, K1 BIAMOBIJAIOTH TOJIOCOBUM 3BYKaM, 3aJIUIIAIOTHCS HE3MIHHUMH, IO CBIAYUTH
po 30epeKeHHS MOBHOTO KOHTEHTY Ta MiATBEP/KYE BUCOKY CEJIEKTUBHICTh aJITOPUTMY,

CIpPSIMOBaHY Ha BUJIAJIEHHS IIyMy 0€3 3HAYHOT'O BIUIMBY HA OCHOBHUI CUTHAJL.

CurHan nicns CNekTpanbHOro BigHiMaHHA

0.20

0.15

0.10
0.05
—-0.05
—-0.10

-0.15

AMnAITY A3
o
o
=1

—0.20

0 15 3 45 6 7.5 9 10 12
Yac (¢)

Pucynox 5.13 — AMIITITY IHO YaCOBa XapaKTEPUCTUKA CUTHAIY IMiCIs

3aCTOCYBaHHS METOAY CIIEKTPAIBLHOTO BiIHIMAHHS
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[TpocnyxoByBaHHS ay1i03amucy A0 1 Micis 0OpOOKH MOKa3ye 3HAYHE MOKPAIICHHS
CpUUHATTS 3BYKY. [licis 3acTocyBaHHS CIIEKTPATHHOTO BiAHIMAHHSA 111 HeOaKaH1 ITyMu
Ta apTepakTHd 3HAYHO 3MEHIIMINCS a00 3HHUKIM MOBHICTIO, IO JIO3BOJMIO MOBJIEHHIO
3By4aTH OLIbII YUCTO Ta po30ipinBo. BaximBo 3a3HAYMTH, 110 METOJ] CIEKTPaIHLHOTO
BITHIMAHHSI MOXK€ CIIPUYMHITH BUHUKHEHHS apTe(akTiB, Takux K "My3uuHi" TOHU abo
CIIOTBOPEHHS, AKIIO MapaMeTpu OOpaHO HEKOPEKTHO a00 SIKIO ITYMOBI KOMIIOHEHTH
NEPEKPUBAIOTHCS 3 KOPUCHUM CHUTHAjJoM. Y JaHOMY BUNAQAKY HaJallTyBaHHS
napametpa prop_decrease = 1.0 Ta npaBwibHHW BHOIp 3pa3ka WIyMy JTO3BOJIHIA
3MEHILUTH pIBEHb IIyMy O€3 3HAaYHUX MOOIYHMX e(eKTiB, 30epirarouv NPHUPOIHE
3BYYaHHS T0JIOCY; MPOCIYXOBYBaHHSA OOpOOJICHOTO CUTHATY MIATBEPIKYE BIJICYTHICTDH
NOMITHUX apTeakTiB Ta 30epeKeHHS IHTOHALIMHUX Ta TEMOPOBUX XapaKTEPUCTHUK
MOBJICHHS.

3acToCyBaHHSI METOJly CHEKTPajJbHOTO BIJHIMAHHS Ha IbOMY eTami OOpOoOKHU
ayJliOCUTHAly Ma€ KUIbKa TO3UTUBHUX HaciuiakiB. [lo-mepiie, mokpaieHHs
CITIBBITHOIIIEHHS CUTHAJI/IITYM CIIpHsi€ O1IbII €(heKTUBHIM poOOTI MOAAIbIIUNX OOPOOOK Ta
MOKpallye 3arajibHy SKICTh 3BYKY. llo-mpyre, 3HM»KeHHS (DOHOBOrO mIyMy pOOHTH
MOBJICHHSI OUIBIN YITKHM Ta 3pO3yMUIMM, IO OCOOJHMBO BaXXJIMBO JIsl 3aIlUCIB,
NpU3HAYEHUX ISl HABUAHHS, TPAHCIIALINA a00 aBTOMaTUYHOIrO po3ni3HaBaHHS MoBH. [1o-
TpeTe, 4YMCTUIl 3BYK 0e3 (POHOBOTO IIyMy 3MEHIIYyE HABaHTAXEHHs Ha clyxada,

MOKpaIIyouu KoM(pOpT Mpu MPOCIyXOBYBaHHI, 0COOJIMBO MPOTATOM TPUBAJIOTO Yacy.

5.2.6 Hopmadgi3zanis curnany

Ha 00po0nenuii curHan HEOOXITHO 3aCTOCYBAaTH HOpPMaJli3allil0 TYYHOCTI, IO
JI03BOJIUTH MPUBECTU 3BYK 10 MIXKHAPOAHOrO CTaHAAPTy Ta 3a0e3MeuuTH CTablIbHUN
piBEHb I'YYHOCTI I1J1 Yac MPOCIyXOBYBaHHs. |Ji IbOr0 BUKOPUCTOBYIOTHCS aJTrOPUTMH,
gkl BianosigaioTe crangapry ITU-R BS.1770. Lleit cranpapr BH3HA4Yae€ METOJIUKY

BUMIPIOBaHHSI Ta HOpMalli3alii piBHS TYyYHOCTI, IO € BAXKJIWBHUM JUISl y3TOJKEHHS
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3BYKOBHMX MaTrepiajiB y Pi3HUX CEPEIOBUIIAX, TAKUX K PaJio- Ta TEJIEBI31iHI TPAHCISIIT
ab0 cTBOpeHHs mpodeciitHMX ayai03anuciB.

Mertoto 1i€i 00poOku Oyi10 HOpMaTi3yBaTh Iry4HICTh 00POOJIEHOTO ayI0CUTHATY J10
33IaHOTO IIJILOBOTO PiBHs, MO0 3poOMTH HOT0 BIAMOBIAHUM OO0 MIKHAPOIHHX
cTanaaptis. Lle BaxIIMBO A1 YHUKHEHHS 3HAYHUX MIEPETajiiB T'yYHOCTI IPU BIATBOPEHHI
PI3HMX 3BYKOBMX MATEpIaliB, 0 MOXE€ CHPUYHMHATH AUCKOMQPOPT Ui ciiyxada. Y
npodeciiiHiii 00poOIi aynio 3aralbHONPUHHSATUM CTaHIAPTOM € PiBEHb T'y4HOCTI -23
LUFS (Loudness Units relative to Full Scale), o 3a6e3neduye onTuMaabHui OaiaHC Mk
YiTKICTIO 3By4aHHs Ta KoMpopTom crpuitHaTTs [106].

[Tpouiec HopMai3allii BKIItOYa€e KiJbKa KI0YOBUX eTariB. Crovarky, 3a J0noOMOTror0
¢bynkuii pyln.Meter(), Oyi0 CTBOPEHO BUMIpIOBay I'y4HOCTI, IKUH BIAMOBIIAE BUMOTaM
crangapty ITU-R BS.1770. lle#t BumiptoBau J03BOJISIE TOUYHO OI[IHUTHU IHTETPOBAHY
TYYHICTh CHUTHAITy, BPaXOBYIOYH OCOOJMBOCTI JIFOJCHKOTO CIPHUHHSTTA 3BYKY. llicis
CTBOPEHHsI BHMIpIoBaYa OyJI0 TPOBEIECHO BUMIPIOBAHHS TYYHOCTI CHUTHAIY ILISIXOM
3aCTOCYBaHHS (QyHKIIII:

meter.integrated_loudness(final_signal).

[le 103BONMIIO BU3HAYUTH CEPEIHIO TYYHICTh BChOI'O CHUTHAIY Ta OI[IHUTH,
HACKUIbKY TOTOYHUHN PiBEHB BIJPI3HIETHCS BiJ I[1IIbOBOTO.

Jlami OyJyio BCTaHOBIEHO MITLOBUN pPiBEHb T'ydHOCTI Ha 3HaudeHHi -23 LUFS, mo
BIJINOBIJIa€  MDKHApPOAHOMY  CTaHAApTy JUIi  MOBJEHHA Ta  mpodeciifHOTOo
aymaioBupoOHUIITBA. BuOip 1boro 3HaueHHs] 00YMOBIICHHN HEOOX1THICTIO 3a0€3IICUCHHS
CTaOUIBPHOTO Ta KOM(OPTHOTO 3ByYaHHS ayaioMaTepiay, SKui He CIPUIUHITUME BTOMU
ciryxada Ta OyJie y3ro/KEHUH 3 IHIIIUMHA MaTepiajgamMu 3a PiBHEM T'YYHOCTI.

Jlns  TpuBeACHHS CUTHAy [0 LUJIBOBOIO  piBHA OyJ0  BHUKOPHCTAHO
¢ynkuiro pyln.normalize.loudness(), ska KOpUrye amIulTyqy CHUTHAIYy TAKUM YHHOM,
mo0 #oro iHTerpoBaHa ry4dHicTh Biamnosimana -23 LUFS. lleil nponec HopMamizamii
T'YYHOCTI J103BOJIsi€ 30aJJaHCYBaTH PIBEHb T'YYHOCTI BChOT'O 3aMKCY, YHHKAIOUU PI3KUX
nepenaaiB Ta MATpUMYyroud cralOuibHe 3By4aHHs. Kopekiis BinOyBaeTbCs NLISAXOM
MHO>KEHHSI CUTHAIIy Ha KOe(iI[leHT, po3paXxOBaHMI HAa OCHOBI PI3HUII MK IOTOYHUM Ta

L1JTbOBUM PIBHSMH I'yYHOCTI.
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CurHanu 3 pi3HUMHU PIBHAMH TYYHOCTI MOXYTh CIHPHUYHHITH JTUCKOMQOPT IS
ciyxada, 0COOJIMBO MPHU BIATBOPEHHI JMEKUIHKOX 3alHUCIB MOCIHLIb a00 B PI3HUX Meia.
Hopwmanizartisi 103BoJisi€ 3MEHITUTH a00 MOBHICTIO YCYHYTH I1i BIAMIHHOCTI, IO CIIPHUSIE
KOM(pOPTHOMY Ta IPUEMHOMY MPOCITYXOBYBAHHIO.

Buxonanns Hopmamizamii BiamoBimHo no cramapty [TU-R BS.1770 3abe3neuye
€IMHUI PIBEHb T'YYHOCTI JUIsl TPO(ECITHOr0 BUKOPUCTAHHS ayA10 B MEJl1a, 10 BaXJIHBO
s TenebadeHHs, paaio Ta oujadH-mmatgopm. lle cmpusie  y3roJKeHOCTI
aynioMarepiaiiB Ta NpoeciiHoMy piBHIO BUPOOHUIITBA.

Hopmanizaiiss ry4HOCTI JlOOMara€e YHUKHYTH [E€PEBAHTAKEHHS CUTHAIY
(KimiHrY), iK€ MOXE BHHUKATH MPU HAIMIPHIA aMIUTITYAl 3BYKY Ta IPHU3BOAUTH A0

CIIOTBOPEHbB 1 BTPATH SKOCTI.

5.3  Ilopsaok 06podku Ta piHaJbHI pe3yabTaTH

Ha ocHOBI mpoBefeHOro aHamidy CIEKTporpaMu OOpOOJICHOTO ayaioCHTHAITY
BCTAHOBJICHO  €()EKTHUBHICTh  IOCIIJJOBHOTO  3aCTOCYBaHHA  OOpOOOK: HTyMOBHUU
nopir, 6araTocMyroBa  KOMIIPECisl, KOMIIPECiss ~ BHUCOKHMX  4YacTOT, CHEKTPaIbHOTO
BiJIHIMaHHS Ta HOpMai3allii ryqHoCTi (1071aToK A).

[lepBuHHE BUKOPUCTAaHHS IIYMOBOTO IMOPOTY 3  QJalTUBHUM IOPOrOM
reiityBanHs +15 nb ta crynmenem mocnabnenss -15 nb, gacom araku 5 MC Ta 4acom
pemi3zy 50 Mc J03BOJIMIIO 3HU3UTU PIBEHb (POHOBOTO IIyMy Yy Tay3ax MK CJIOBaMH Ta
bpazamu. Lle cripusiiio migBUIIEHHIO PO30IPAMBOCTI Ta YITKOCTI MOBJICHHS, 30epiratoun
P [IbOMY TPUPOAHICTH 3ByuaHHs. CIEKTpabHUIA aHaJI3 MICIs bOTO eTany IMoKa3aB
CYTT€BE 3HW)KCHHS IHTEHCHUBHOCTI B HHM3bKOYACTOTHOMY Jiama3oHi, OCOOJHMBO B
IUISTHKAX, /1€ paHille TOMIHyBaB (DOHOBUI LIyM.

Ha apyromy erani 0yJi0 3aCTOCOBAaHO 0araTocCMyroBy KOMIIPECIIO, sIKa J103BOJIMIA
BUPIBHATH JTMHAMIYHHUIA J1alla30H CUTHAIY, 3pOOMBILIM 3BYYaHHs O17IbII PIBHOMIPHUM 1
KOoMGbOpPTHUM Tl cipuitHATTA. KoMiipecop mpalitoBaB 3 TpbOMa YaCTOTHUMH CMYTaMHU:
Hu3bKo10 (20-250 I'tr), cepeannoro (250—4000 ') Ta Bucokoro (4000—20000 I'). [Topir

KoMmripecii Oyno BcTaHoBieHO Ha piBHI -20 nb, 3 koedinienTom komrpecii 4:1, yacom
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ataku 20 mc Ta pemizy 300 mc. Takox BHKOpUCTOBYBajacsi IaBHa kommpecis (Soft
Knee) 3 mmpunoro nepexoay 10 nb, mo 103BOIMIO YHUKHYTH Pi3KUX 3MIH Y JTUHAMIIII.
Ile HamamrTyBaHHS 3a0€3MEYMIIO 3HMIKCHHS IIKOBHX aMILIITYJ CEpeIHbOYACTOTHOTO
nianmazony (500-2000 I'm) ma 15-20%, migTBEepmKEeHE CIEKTPaIbHUM aHATI30M, IO
3pOOMIIO 3BYK OLITBIIT 30aTaHCOBAHKM.

BukopucTanHs BHCOKOYAaCTOTHOI Kommpecii 3 moporom BusineHHs mikiB 0,1,
koe(dimieHTOM 3MeHIIeHHsT iHTeHcuBHOCTI 0,7 Ta mmpuHOIO cmyrd  (irerpa 100
['m ehekTUBHO  3HU3WJIO  IHTEHCUBHICTh  CHOUISIHTIB Yy  BHCOKOYAaCTOTHOMY
nianmazoni 4000-8000 TIm. Ile mokpamuiao COPUAHATTS 3BYKY, 3MCHIIHMBIIH
HABAaHTAKECHHS Ha CIyXaya, Ta 30eperiio YiTKICTh MOBJIEHHS. CleKTpalbHUI aHai3 HIiCs
I[bOrO0 eTamy IMPOJAEMOHCTPYBAB CYTTEBE 3HWIKCHHS I1HTEHCHUBHOCTI KOMIIOHEHTIB,
BIJIITOBIJAJILHUX 3a CHOLISTHTH.

MeToJ CieKTpalbHOTO BiAHIMAHHSI, 3aCTOCOBAHHM 3 BUKOPUCTAHHSAM 3pa3Ka IIyMy
TpuBaiictio 0,5 cexyHau tTa napamerpom prop decrease = 0,93, 107aTKOBO 3MEHIIIUB
¢hoHOBHUI 1IyM, OCOOJMBO B HU3BKOYACTOTHINM oOmacti. lle crpusio momanbiioMy
OUMIIECHHIO CHUTHaJTy 0€3 CIOTBOPEHHS KOPUCHUX YaCTOTHUX KOMIIOHEHTIB.
CrekTporpama miciisi IIbOr0 €Tary Mokasaja Mojaibllie 3HIKEHHS yMy B Tay3ax MK
CJIOBaMH, IO MiATBEPIKY€E e(HEKTUBHICTD METOY.

JlonatkoBe reiTyBaHHs miymy 3 moporom -10 nb Ta crynenem mocnabieHHs -35
b yCyHyJI0 3aJMIIKOBI ITyMOBI KOMIIOHEHTH, 3a0€3MEYMBIIN MAaKCHUMAJIbHY YUCTOTY
CUTHAIy. 3aBepliajibHa  HOpMaJi3allisi Ty4YHOCTI JO  I[UIbOBOrO  PiBHA -23
LUFS BignoBigno npo crangapry ITU-R  BS.1770 rapantyBana cralinpbHHI  Ta
KoM(DOPTHHUI piBEHb 3ByYaHHS, CyMICHUN 3 MpodeCiiHNMHA BUMOTaMU Ta 3abe3nednia
y3TOJKEHICTh 3 IHIIUMU ayJioMaTepianiaMu.

@dinanbHa 00poOKa aymiOCUTHALY MPOJEMOHCTpPYBaja CYTTEBI MOKPAICHHS Y
AKOCT1 3BYKY, AKI HIATBEPIKYIOTHCA SIK CIEKTPaJbHUM aHaiizoM (puc. 5.14), Tak 1
KUIbKICHUMHU TTOKa3HUKaMU, 30KpeMa criBBiiHOIIEHHSIM curdHai/iryMm (SNR). TlouaTtkoBe
3HayeHHs: SNR as opuriHaisHOTO cUTHaNMy cTaHoBWiIo 15.66 ab, mo cBimumio mpo

HAsBHICTh 3HAYHOI'O IIYMOBOTO 3a0pyIHEHHS, OCOOJMBO Yy HHU3bKOAMILTITYIHUX
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iHTepBanax Mixk MOBHUMH (pparmentamu. [licis komruiekcHOi 00poOku 3HaueHHS SNR

30uTbmmiIock 10 23.17 nb, mo BigoOpaxkae epeKTUBHICTh YCIX 3aCTOCOBAaHUX METO/IIB.
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Pucynox 5.14 — Cnexrporpama oOpoOIeHOTO CUTHATY

Ha cnekrporpami piHampHOTO CUTHATY MICIA KOMOIHYBaHHS YiTKO BUJHO CYTTEBE
3MEHIIICHHS PIBHS IIyMy y BCiX YaCTOTHHUX Jiama3oHaX, OCOOJMBO B Tay3ax MiX
aKTUBHUMH MOBHUMH CHUTHaiaMd. HaiOimpIl TOMITHO 1€ y HU3bKOYAaCTOTHOMY
niama3oni (1m0 500 I'm) Ta BucokouactotHoMy aiana3oHi (4000-8000 I'i), ne momepeaHi
apreakTu Ta CUOUISHTU OYyJIM MPAKTUYHO YCYHYTI. 3MEHILIEHHS IHTEHCUBHOCTI IIIyMy B
nay3ax MDK CJIOBaMHU CBIIUUTh MPO BUCOKY €(EKTHUBHICTh METOJIB CIEKTPAIbHOIO
BIJIHIMaHHS Ta IIIyMOBOT'O TIOPOTY.

YacoBo-aMIUTITYyIHA XapakTepucTHKa (puc. 9.15) (iHaIbHOrO CUTHAILY IEMOHCTPYE
PIBHOMIPHICTh TMHAMIYHOTO J1alla30Hy Iicis 0araTocMyroBoi KoMIpecii. AMILUTITY/THI
MiKKA OyJIM BUPIBHSHI, 110 3MEHIIUJIO PI3HUITI0 MK T'YYHUMHU Ta TUXHUMH CETMEHTaMH,
30epiraloyu Mpu I[bOMY TMPUPOJHICTh 3ByuyaHHs. lle cTBOpwio komdopTHe ms
CIOPUMHSATTS 3BY4YaHHS 3 ONTHMAaJbHUM OallaHCOM MK IHTEHCHBHICTIO MOBJICHHS Ta

ITYMOBHUMHU CKJIAJJOBHUMH.
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KiHueBuit curHan nicna kombiHyeaHHa Ta Hopmanizauii
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Pucynox 5.15 — YacoBo amIutiTyTHa XapakTepuCTUKa 0OpOOIECHOTO CUTHATY

JonaTkoBe reWtTyBaHHs ILIyMy 31 cTyneHem mnociabienHs -15 nb edextuBHO
YCYHYJIO 3aJUMIIKOBI ()OHOBI apredakTH, 30epiraroyd LIIICHICTh MOBHOI'O CHUTHAIY.
Hopwmanizaris ryqsocrti a0 piBas -23 LUFS 3a0e3neunia y3royxeHicThb 3 NpodeCciitHUMU
crangapramu ay1000po0ku (ITU-R BS.1770), 1110 BaxxJIMBO 1711 BAKOPUCTAHHS CUTHATY
B IIMPOKOMY CIIEKTP1 ME/[1a3aCTOCYHKIB.

Takum 4MHOM, (PiHATBHUN CUTHAJ XapaKTEPHU3Y€EThCSI BUCOKOIO YITKICTIO MOBJIEHHS,
3HaYHUM 3MEHIICHHSIM (OHOBUX IIyMiB, a TaKOX 30aJaHCOBAaHMM YacCTOTHUM i
JUHAMIYHUM CHEKTpoM. [lominmieHHs SKOCTI 3BYKY MIATBEP/XKYETHCS aHaII30M
CHEKTPAIbHUX XapaKTEPUCTUK, & TAKOXK 3HAYHUM 3pOCTaHHIM nokazHuka SNR Ha 7.51
b y mopiBHSAHHI 3 TOYaTKOBUM cUTHajoM. Lle miakpecioe eheKTUBHICTh 3aCTOCOBAHOT
MTOCTIJOBHOCTI METO[IB OOPOOKH JJIsl YCYHEHHSI IIIyMOBOT'O 3a0PYTHCHHS.

B tabnumi 5.1 MokHa mo0ayuTH 3MiHY OCHOBHHMX XapaKTEPUCTUK CUTHAIY MICIS
3aCTOCYBaHHS KOXHOI 00OpoOKH okpemo. Bu3HaueHi mapamMeTpu IJisg aHai3y: CepeaHs
aMIUTITyJla, BIIHOIICHHS  CHUTHAJ/IIyM, MaKCHUMaJbHE

3HAQYCHHS  aMILTITY]IH,

MakcHMalibHe 3Ha4eHHs amIutiTyau 10 RMS, RMS curnany.

Tabnung 5.1 — KinpkicHi napaMeTpu NpaKTUIHOI YaCTHHU JOCT1IKEHHS

O6pobxka Cepennst | Bignomenns | Makcumanbae | Makcumanbae | RMS (JtiH.
aMIUTITy1a | CHTHAJI/IIIyM | 3HaY€HHS 3HAYEHHS / nb)
(nb) aMILTITY U aMILIIyId 10
(min. / nb) RMS  (min. /
nb)
Opurinaneae | 0.009462 | 15.66 0.032035/ 2.645999 /|0.011669/
ayJio -29.89 8.45 -38.66
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[Tonepenus 0.017860 |17.68 0.061571/ 2.740802 0.022140/
00polOKka -24.21 8.76 -33.10
[Topir mymy 0.007646 |18.17 0.026490 / 2.731380 0.009482 /
-31.54 8.73 -40.46
bararocmyros | 0.036496 | 18.28 0.123046 / 2.689670 0.045002 /
a KOMITpecist -18.20 8.59 -26.94
Kommpecis 0.008751 |18.24 0.029441/ 2.685328 0.010788/
CUOLIISHTIB -30.62 8.58 -39.34
Crnextpansue | 0.004294 | 23.16 0.014925/ 2.789580 0.005318/
BITHIMaHHSA -36.52 8.91 -45.48
Hopwmamnizamis | 0.013373 | 23.16 0.046483 / 2.789580 0.016563 /
-26.65 8.91 -35.62
Curnan micng | 0.013344 | 23.17 0.046455 / 2.821777 0.016539/
KOJyBaHHS -26.66 9.01 -35.63
METOI0M
MEHIIT
3HAYYIIOTO
OiTa

OpuriHaqibHUA ayJi0 CUTHAJ JO MONEpeaHbOi OOPOOKH Ma€e HEBEIUKY CEPEIHIO

amrutityy (0.009462) 1 BigHOIIEHHS curHai/myMm Onu3bko 15.66 b, mo miaTBepaxye
HAasBHICTh IIYMYy B CHUTHaml. YcepeaHEHWil MiKOBUM piBeHb ckiagae -29.89 nb, a
BIJTHOIIICHHS MakcuMayibHOI ammutityaqu g0 RMS curnany piBHe 8.45 nb, oTxke
MaKCUMaJIbHUI piBeHb y ¢peiimax yaBiui-BTpuul mnepesuirye RMS (2.645999 y
niHiHOMY MaciuTtadi). 3nauenHss RMS ckianae -38.66 nb, mo Bkazye Ha HU3BKY
T'YYHICTBH (DparMeHry.

[Tonepeaus 06poOka (HopMmasizarlisi, BUAaICHHS MTOCTIMHOI CKI1a10BOi, (DUIbTparlis
BUCOKMX Ta HHU3bKMX YacTOT) MIABUILYE CEPEIHI0 aMIUITyly Maibke B JBa
pazu (0.017860) 3aBasiku HOpMai3alli CUTHaNy. BiHOIIEHHS] CUTHAJ/IITYM 3pOCTaE J10
17.68 nb, amke GUIBTPH BiJICIKAIOTh YACTUHY HEOQKaHUX YaCTOT 1 IITyMY, a HOpMaJTi3allis
MiHIMA€ PIBEHb KOPUCHOTO CHUTHANY. YCepeIHEHWH MiKOBUM piBeHb cTae -24.21 nb
(6inmpmmit y miniMtHOMY MacmTabi), RMS Tex 3pocrae mo -33.10 nb. MakcumanbHa
amrrityga g0 piBHt RMS cranoBute 8.76 nb, mo BigoOpakae He3HayHy 3MiHY B
MOPIBHSHHI 3 OPUTIHAILHUM CUTHAJIOM, TOOTO CIiBBIAHOMIEHHS iKY 10 RMS nmummaerscs

npUOIU3HO TUM CaMHUM, IIPOCTO BUILKM 32 PIBHEM.
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[Ticns 3acToCyaHHS IIYMOBOTO TIOPOTY CEpPEeAHS aMIUTITy/[a 3MEHIIYEThCS [0
0.007646,  OCKUTbKM AUISHKHA  HWDKYE  BU3HAUEHOTO  MOPOTY  BUJAJSIOTHCS.
Bonnouac cepenne 3HaueHHs curHai/mrym 3poctae 10 18.17 nb, Tak sk mpUCYTHICTH
IIyMy B CHUTHAJI CTa€ III€ HIDKYE Ta YACTKOBO MPUOUpPAE IIyM B May3aX MiXK CIOBaMHU.
YcepenHenuii mikoBuid piBeHb CTAaHOBUTH -31.54 nb, TOoOTO curHan crtaB Tuximm, 3a
paxyHOK BHJAJCHHS IIyMy. BigHOIIEHHS MaKCHMMaiabHOI aMILTITYau 10 piBHA RMS
aumuiIock Maixke 6e3 3MiH (8.73 1b), a RMS ymnaB no -40.46 n1b — 4epes mpuriymieHHs
TUXUX (parMeHTIB.

3acTocyBaHHsSI 0araTocMyroBoi Kommpecii 3a0e3Meunsio MiABUILNEHHS PIBHS
cepennapoi ammurityau curtary ao 0.036496, 3aBasku oOpoOIli THAMIYHOTO Jiana3oHy.
Bignomennst curnan/mrym 3pocrae g0 18.28 nb, amxe xomrpecop BojgHOoYac 00po0OIIroe
K KOPUCHHUM CUTHAJ, TaK 1 3aJIMIIKOBUM IIyM. Y CEepeIHEHHM MKOBUM piBEHb CTAHOBUTH
-18.20 nb (0.123046 nin.) 1 RMS -26.94 nb nemMoHCTpYyIOTh MIABUIIEHHS PIBHS I'yYHOCTI
y cermeHTax. PiBeHb MakcumanpHOi ammutityau 10 RMS (8.59 nb) nmemio 3HU3MBCA
MOPIBHAHO 3 TOMEPEAHIMU KPOKAMH, OCKUIBKH KOMIIPECOpP 3MEHIIYE PI3HHIN0 MIXK
MaKCHUMAaJIBHOIO 1 CEPETHBOI0 aMILITITY101O.

[Ticns 3acToCcyBaHHHS KOMIPECii CUOUISIHTIB CepeIHs aMILTITyia 3HOBY 3HUKYEThCS
no 0.008751, ockinbku ¢okyc chOpMOBaHO Ha MOJABICHHS BHCOKOYAaCTOTHOTO
Jiana3oHy curHany. BigHoimeHHs cUrHan/mym Mmaibke He 3MiHIoeTbes - 18.24 nb.
Ycepennennii nikoBuii piBeHb -30.62 nb, BiIHOMIEHHS MaKCUMalbHOI aMILIITyAH 0
piBas RMS 8.58 nb ta RMS -39.34 nb neMOHCTpYIOTh, 110 3arajdbHUNA CHEPTreTUYHUM
PIBEHb 3HU33UBCH.

CriekTpanbHe BiIHIMAHHS JEMOHCTPYE 3HIDKCHHSI CEPETHBOI aMILTITYIU 10 PiBHS
0.004294, ane BigHOWICHHS CHUTHAJ/IIyM pizko 3poctae ao 23.16 nb. Ile o3Hauae,
110 PIBEHb IIyMY 3HAYHO 3HU3UBCS, a CIEKTpPajbHE BiHIMAHHS 3a0€3MEYUIIO SKICHE
BUJIAJICHHS [ITyMOBOI CKJIaI0BOI CUTHAY. Y cepeIHEHUI MKOBUI piBeHb CKiIanae -36.52
nb, BITHOIIIEHHSI MAaKCUMAJIBHOI aMILTiTyiu 10 piBHA RMS Tpoxu 36imbmryerbest 1o 8.91
b, a RMS manmae no -45.48 nb. Ile Hacmigok TOro, mo myM i THXi CKJIaJI0BI CHUTHATY
CUJILHO 3HIDKEHO, TOMY CepelHIM piBeHb Maja€, a MIKU JUIIAIThCI HAa BIJHOCHO

BHCOKOMY PIBHI.
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Hopwmanizariis rygHocti 3abe3neuye piBeHb cepeanboi ammutityau 0.013373, npu
TOMY HE 3MIHIOIOYH BIJIHOIIICHHS CUTHAJI/TITyM (23.16 1b).
YcepenHenuit mkoBuii piBeHb Temep -26.65 nb, BiTHOMIEHHS MaKCUMAJIbHOI aMILTITYIH
1o piBasI RMS ne 3miHpeThes (8.91 nb), a RMS migHimaeTses 10 -35.62 nb. Takum
YHHOM, BiJI0yBa€ThCS MacIITa0yBaHHS CUTHATY JO 33JaHOTO PiBHS TYYHOCTI 0€3 3MiHH
MPOIIOPIIH.

[Ticns 3actocyBaHHs cTera”Horpadii METOJOM MEHII 3HA4ylIOro OiTa, cepelHs
amrutityaa Mmaibke He 3a3Hana 3miH (0.013344), tak camo BIJHOLICHHS CHUTHAJ/IIYM
(23.17 nb), ycepennenuii mikoBuii piBeHb (-26.66 nb), BIAHOMICHHS MaKCHUMAJIbHOT
ammutityau o piBHas RMS (9.01 nb) ta piBerr RMS (-35.63 nb). Lle minrBepmkye,

110 3aCTOCYBAaHHS METOAY NPAKTUYHO HE BILUIMHYJO HA XapAKTEPUCTUKHU CUTHAITY.

5.4  Amnajorosa peaJi3aiisi 00poOKH CUTHATY

Ha pucynky 5.16 mo3HaueHO OCHOBHI eTanu OOpPOOKHM 3BYKOBOT'O CHUTHAIY.
Amnanoropo-tiudpoBe  neperBopeHHs  (AIIIl) peamizyerbcs 3a  JIOMOMOTOIO
CIeliali30BaHOl MIKPOCXEMH, sIKa MICTUTh CXeMy BUOIpKH 1 30epiraHHs, KBaHTYBaJIbHHUI
6110k Ta 1udposwuii iHTepdeiic. Cxema BUOIpKH 1 30epiranHsa 0a3y€eThCs HA BAKOPUCTAHHI
KOHJIEHCATOpa Ta KJIIOYOBOTO €JIEMEHTA, 0 YTPUMY€E 3HAUYCHHSI aHAJIOTOBOT'O CHTHAIY
MPOTATOM MEBHOrO dYacy. KBaHTyBaHHsI 3MIMCHIOETHCA 4Yepe3 TMOPIBHSIHHS BX1JTHOTO
CUTHAITY 13 pe(pepEeHCHOIO0 MIKAJIOI0 HAMPYT, KA TEHEPYETHCA 3a JOTIOMOTOI0 PE3UCTOPIB
Ta JpKepesia Halpyrd, a OTPUMaHI pe3yJbTaTH KOAYIOThCS y NBIHKOBUN (QopMmaT is

moAaIbIIol MUGPOBOT 0OPOOKH.
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Pucynoxk 5.16 — Cxema peai3aiiii 00poOKH CUTHAITY

Bunanennss mnoctiiiHoi ckianoBoi (DC-offset) BuKOHyeTbcsi 3a J1OMOMOTOIO
BHCOKOYACTOTHOTO (inbTpa, IO CKIAAAETHCA 3 KOHACHCATOpa Ta PE3UCTOpA.
KonnencaTop 070Kye MOCTIMHY CKJIQJOBY CUTHAy, JO3BOJISIOYH MPOXOAUTH TUIHKU
3MIHHOMY CHUTHally, TOJll SK PE3UCTOp 3aJa€e 4yactory 3pizy ¢uipTpa. Hopmamizamis
CUTHAJTY 31MCHIOETHCSA 3a JOMOMOIOI0 MiJICUIIIOBAILHOIO Kackaay, Mmo0y/I0BaHOTO Ha
onepanifHOMy TIACWIIOBaYl 3 MIACTPOIOBAJIbHUMHU pe3uctopamu. lle mo3Boisie
3MIiHIOBAaTH KOE(DIIIEHT TOCWJICHHS, BUPIBHIOIOYM aMIUIITYJly CHUTHAJy 10 3aJaHOTO
piBHA. Y 1upoBUX CUCTEMax Jisi IbOIO MOXYTh BHUKOPUCTOBYBATHCH ITM(POBI
MTOTEHIIIOMETPH, KEPOBaHI MIKPOKOHTPOJIEPOM.

BucokouacToTHi Ta HU3bKOYACTOTHI (DUIBTPH PEATi3yIOThCS SIK AKTUBHI 200 MacuBH1
€JICKTPOHHI JIAHIIOTH. AKTUBHI QiabTpu 0a3ylOThCS Ha ONEpariiiHuX MiACHIIOBaYax y
KOMO1HaIIii 3 Pe3ucTOpaMM Ta KOHJIEHCATOpaMH, IO JI03BOJIsiE€ 3a0e3MeuyBaTH BHCOKY
TOYHICTh 1 CTAOUTBHICTH poOoTH. [lacuBHI GiabTPH, K1 CKIATAIOTHCS 3 PE3UCTOPIB,
KOTYIIOK 1HAYKTHBHOCTI Ta KOHJICHCATOPIB, BUKOPUCTOBYIOTHCS JIJISi TIPOCTIMINX 337249
dinpTparii.

“IIIymori Bopora” (Noise (Gate) mpalltor0Th Ha OCHOBI MOPIBHSUIBHOI CXEMH, I
KOMIIapaTop BU3HAYa€ PIBEHb CUTHANY 1 MOPIBHIOE MOro 13 3aJaHUM IMOPOroMm. SAKmio

aMIUTITy/la CUTHAJIy MEHIA 3a MOpIr, TPaH3UCTOPHUIN K04 abo pese OJIOKye CHUTHa,
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TaKUM YHHOM BHJIAJITIOYN HeOaXkaHi mryMu Ha GoHi. Y udpoBUX cCUCTEMax el mporec
BUKOHYETHLCS MTPOTPaMHO Yepe3 JIOTIKY KepyBaHHS CUTHAJIOM. baraTocMyroBa KoMIpecist
peari3yeThCsl Yepe3 MOALT CUTHATY Ha KiJbKa YaCTOTHUX Jiama30HIB 3a JOTIOMOTOI0
cmyroBux ¢inbTpiB. KokHa cmyra oOpoOJISIETBCS KOMIPECOPOM, SKUH JTUHAMIYHO
3HIKY€ aMIUTITyly CUTHANY, 1[0 TIePeBUIIy€ 3aaHuil mopir. Taka cxema 0a3yeThbCs Ha
onepaliiHuX MiJICUIII0BaYax, 110/1aX Ta JOTIYHUX €JIEMEHTaX.

Komripecop BHCOKMX 4YacTOT BHKOHYE YCYHEHHS NIMIUISIYAX 3BYKIB dYepe3
BUKOPHUCTAaHHSA BUCOKOYACTOTHOTO (DUIBbTpPA, AKUM BULIs€ YaCTOTHUM N1ama3oH 4-10 kI,
Ta KOMIpecopa, 0 3HUXKYE aMIUNITyAy 3BYKIB Yy IboMy aAianaszoni. Jng peamizarii
3aCTOCOBYIOThCA ONEpaliiHi MIACUIIOBAYl, TPAaH3UCTOpU abdO0 JIOAHI KacKaju.
CriekTpajibHE BiJHIMAaHHS BUKOHYETHCS MU(PPOBUMHU METOJAMH, A€ MOAYJb IIBUIKOTO
nepetBopeHHst Oyp’e (FFT) anamnizye ciekTp curtaiy, a iiyMOBHA Tpodiib, OTPUMAHUIMA
13 TUXUX AUISTHOK, BIJHIMAETHCS 31 CHEKTPY OCHOBHOTO CUTHalIy. Y pa3l aHaJOTOBOi
peanizalili BAKOPUCTOBYIOThCSI CMYTOB1 (DUIBTPU Ta IHBEPCIHHI ITiACHIIFOBAYI.

[udpo-ananoroBe mneperBoperHs (LIAIl) 3ailicHoeTbes 3a nmoromorow P-2P
PE3UCTOPHOI MATpHIll, SIKa TEHEpye aHaJOroBUM curHain 13 1udpoBoro komay. s
YCYHEHHS BHUCOKOYACTOTHHUX TApMOHIK, IO BHMHHMKAIOTh MiJ Yac JUCKpETHU3allii,
3aCTOCOBYETHCS HU3BKOYACTOTHUN (UIBTP, SKUNW 3MVIAJDKYyE BUXIIHUM CHUTHAI.
3aBepmanbHUM eTarnoM € ¢GopMyBaHHS 00poOseHoro (aiiny, sike 3AIHCHIOEThCSA Yepes
idpoBi mporecopu adbo MIKPOKOHTPOJIEPH, IO 30epiraroTb O0OpOOJEHUH CHTHAI Y
nam’siTi y BUTIIsAA1 ayniodaiinis (Hanpukiag, WAV un MP3). Vcs cxema iHTETpy€eThes B
crieriagizoBani MOAyJl abo MPUCTPOiI (HampuKiaz, ayaioiHTepdeicn), ae KoKeH erarl

00pOOKHM HATAIITOBYETHCS JIJISl JOCATHEHHS HAaWKpaIuX pe3yIbTaTiB.

5.4.1 IlepeBarn un¢ppoBoi 06podKH

BukopuctanHs BIpTyalbHUX MPHUCTPOIB Yy cUCTeMax LUPpPoBOI 0OpPOOKH
ayJlIOCUTHANIIB Ma€ KUIbKAa CYTTEBUX NEpeBar y MOPIBHAHHI 3 TPAJULUIHHUMU (PI3UYHUMU
MikiiepamMu abo amapatHumu DSP-nponecopamu. Ilo-mepiie, BipTyanbHI HPHUCTPOL

HaJal0Tb BHCOKY FHy‘IKiCTB Ta aI[aHTI/IBHiCTB CUCTCMH, IO J03BOJIA€E KOPHUCTYyBadaM
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JIETKO KOH(DIrypyBaTH Ta 3MIHIOBATH IMapaMeTpu OOpOOKHM CHUTHAIIB Oe3 HEeOOXITHOCTI
(Gh13UYHOTO NMepeHanamTyBaHHs o0aaaHaHH. [1{o 1ae MOXIMBICTE 32 IIBUIKO 3MIHIOBATH
HaJAIITYBaHHS Ta TapaMeTpH 10 ayAio00poOKH, Taki AK: aJamnTailis 10 3MiHA TATEPHY
IIyMOBOTO 3a0pyJIHEHHS, TOJOCy CHiKepa, TeMmMOpy, aKyCTHYHHUX OCOOIMBOCTEN
OpUMILIEHHS, 3MiHa Koe(dilieHTy (iapTpalii M0 MPUIIBUIIINTG 00POOKY CHUTHAIIYy Ta
3a0e3MeYnTh ONTUMAIbHE BUKOPUCTAHHS HAsIBHUX PECYPCIB.

BipryanbHi OpUCTpoi € €KOHOMIYHO €(EKTHUBHIII, OCKUIBKUA CYTTEBO 3HMKYIOTh
BUTpATHU Ha NpUAOAHHS Ta 00CITyroByBaHHS (PI3UYHUX KOMIIOHEHTIB MikIiepa abo DSP-
IPOIECOPiB, MOTPEOYIOTh MEHIIIE eIEKTPOCHEPTii Ta He 3aiMal0Th JOJJATKOBUI TPOCTIp.
BipTyainbHi pieHHs peai3yloThCsl Ha MIKpOKOHTpOJIEpax, KOMIT'IoTepax abo cepBepax,
o0 poOuTh iX NOCTYNMHUMH [JIsl 3aCTOCYBaHHSA Ta peanii3alli MPOEeKTIB 3 HU3bKUM
OIO/KETOM Ta MPOCTOPOM. 3aMiCTh TOro, 100 1HBECTYBAaTH 3HA4yHI KOILUTHU B JOPOTI
amapaTHi MPUCTPOI, KOPUCTYBaUYi MOXYTh BUKOPHUCTOBYBATH NIPOTPaMHE 3a0€3MEeUCHHS,
AK€ 4acTO Ma€ MEHIII BUTPATH Ha JIIEH311 Ta OHOBJICHHS

InTerpamiss Ta aBTomaTu3ailis 3a0e3nedye MOXIMBICTH 1HTErpaiii 3 1HIIUMH
1IU(POBUMH CUCTEMaMU Ta MPOrPaMHUM 3a0€3MEUECHHSIM, 1110 J103BOJIsSI€ aBTOMAaTU3yBaTU
mporecu oOpoOKH ayio Ta MiABUIIUTH 3arajibHy €(heKTUBHICTH poOoTu. Hampukian,
nporpamHi inTerpartii uepe3 APl 103BoJIAI0Th CTBOPIOBATH CKJIQ/IHI JIAHIIOKKH 00OPOOKH
CUTHAJIIB, 1[0 MOXYTh OYTH KEpOBaHI aBTOMAaTHMYHO ab0 3a JIOMOMOIOI0 CKPHUITIB Ta
aJanTyBaTHCh 110 3MiHU aynaio ¢parmenty. CydacHi anroputMu IudpoBoi 00poOKu
CUTHAJIIB, PEai30BaHl y BIPTyaIbHUX MPHUCTPOSX, 3a0€3MEeUyI0Th BUCOKY TOUYHICTH Ta
AKICTH 00pOOKH, 4aCTO MEPEBUITYIOUN MOYKJIMBOCTI aHAJIOTOBUX MPUCTPOIB.

BipTyanpHi cHUCTEMH TakKoXX CIPOIIYIOTh MPOIEC OHOBJICHHA Ta PO3MIMPEHHS
dyukiionansHocTi. HoBi pyHKIIIT @00 MOKpaIieHHs MOKYTh OyTH BIPOBAIKEHI IIITXOM
OHOBJIEHHS IPOIPAMHOI0 3a0€3Me4eHHs, 0€3 HEOOX1AHOCTI 3aMiHH arapaTHOI CKJIaJ0BO1.
[le 3a0e3neuye rHy4KICTh Ta aAANTUBHICTh CUCTEMH JI0 HOBUX T€XHOJOTIYHUX BUMOT Ta

CTaHJIapTIB.
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BucHoBku 10 po3ainy 5.

1. VY nporieci monepeHbp0i 00poOKM curHamy OyIio 3A1CHEHO HU3KY BaXKJIMBUX
eTariB, CIIPSIMOBAHUX Ha MOKPAIIEHHS SIKOCT1 3ByKOBOT'O CUTHAIY Ta MIATOTOBKY HOT0 10
nonasnbiioi oOpoOku Ta anamizy. Ilepin 3a Bce, mpoBeaeHa HOpMamizallis aMILTITyAd
J03BOJIMJIa CTAHAAPTH3YBATH PIBEHb T'YYHOCTI CHUTHAIY, IIO 3a0e3Meumio 30epeskeHHs
MPUPOJHOI YACTOTHOI CTPYKTYPH Ta MiABUIIEHHS pO301pIMBOCTI TUXUX YACTUH MOBHOIO
Marepiainy. Bubip koedimienra Hopmani3zaiiii 0.7 3a0e3ne4nB HEOOX1THUM 3armac Ty4YHOCTI
Ul TIOJIaIbIIoi 0OpOoOKHU, 3amo0iraloyu NEPEeHACUYECHHIO Ta 30epirarouyu JUHAMIYHHUMA
Jllara3oH 3ammcy.

2. Bunaneno mocTiiiHy CKJIaloBy CHTHajy Ui 3amoOiraHHs CIOTBOPEHb Y
NOJAJIBIIMX eTanax OoOpoOKH, TakuX SIK AWUHAMIYHI IMpolecopu Ta (GuIbTpu. 3aBAsSKU
BUPIBHIOBAHHIO CEPEHHOI0 3HAYEHHS AaMIUNTyAud JO HyJs Oyno 3abe3nedeHo
KOPEKTHICTh MAaTEeMAaTUYHHUX MEPETBOPEHb Ta TOYHICTh CHEKTPAJIBHOIO aHaji3y, IO €
HEOOX1THUM ISl aJCKBaTHO1 OINHKM EHEPreTUYHOr0 BMICTY CHUTHAJIYy Ha PI3HUX
4acTOTax.

3. BusnauenHss ¢yHmaMeHTaIbHOI YacTOTM MOBHOTO CHUTHATY JO03BOJIMIIO
Kiacu(ikyBaTH TE€HIEpP MOBIIA, 110 B CBOIO YEPry CHPUSUIO ONTHUMI3AIli MapaMeTpiB
binpTpamii. AJanTUBHE HANAINITYBaHHA YacTOT 3pi3y BHCOKOYACTOTHOTO  Ta
HU3bKOYACTOTHOTO (PUIBTPIB BIATOBIIHO JO TEHAEPY MOBIS 3a0e3neumsio eeKTHBHE
BUJIAJICHHST HEOaKaHWX IIyMiB 0€3 CYTTEBOTO BIUIMBY Ha BaXKIMBI aKyCTHYHI
XapaKTEPUCTHUKH Toocy. Bukopucranus barrepBopToBux (GUIBTPIB MEPIIOTO MOPSAKY 3
IUIABHUMH CXWJIAMH TapaHTyBaJlO 30€peKEHHs MPUPOJHOTO 3BYYaHHS MOBICHHS Ta
YHUKHEHHS apTe(daKTiB.

4. Y mpoueci 3HWKEHHS IIyMOBOrO 3a0pyJHEHHS Ta MOJIMNIICHHS
pO30IpaUBOCTI MOBH OYJI0 YCIIIIHO 3aCTOCOBAHO KOMILJIEKCHY MOCIIIOBHICTh I’ STH
METO/A1B 00pOOKHM ay/ioCUTrHaly, 0 3a0€3MeYnsi0 3HAYHE MOKPAIIEHHS WOro SKOCTI.
[TouaTkoBe 3acTOCyBaHHS NIYMOBOI'O TOPOTY JIO3BONIMIO €()EKTHBHO YCYHYTH
HU3bKOPIBHEBI (DOHOBI IIIyMH B May3axX MK CIOBaMH Ta (hpazaMu, M1ABUILLYIOYH YUCTOTY

Ta YITKICTh 3BYKY 0€3 BTpaTH BaXXJIMBHUX MOBHHMX KOMIIOHEHTIB. HacTymHuii eran
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0aratocMyroBOi KOMIMpecii BUPIBHIB MUHAMIYHHUNA Jlala3oH CUTHANY, 3a0e3MeurBIIN
PIBHOMIPHICTh TYYHOCTI Ta 30€peKeHHs MPUPOIHOT AMHAMIKH 3By4aHHs. BukopucranHs
KOMITpeCii BHCOKHMX YacTOT 3HAYHO 3MEHINWJIO I1HTEHCHUBHICTh CHOIISHTIB Yy
BHCOKOYACTOTHOMY Jlama3oHi, M0 MOKPAIIWIO CIHPUUHSTTS MOBJICHHA Ta 3HHU3UIO
HAaBAaHTA)XCHHsS HA ciayxada. MeToJ CHEeKTPaJbHOTO BIJHIMAHHS J03BOJIMB BHOIPKOBO
3MEHILUTHA PIBEHb LIYMOBHUX KOMIIOHEHTIB, 30€piraroud IpH LbOMY OCHOBHI MOBHI
XapakKTepUCTUKU CUTHATY, M0 MIATBEPKYETbCS 30UIBIICHHSM CITiBBIHOIICHHS
curHai/mym (SNR) 3 15.66 ab nmo 23.17 nb. 3aBepinanbHa HOpMasi3amis TYYHOCTI
BianoBiiHO a0 crangapry ITU-R BS.1770 3abe3neumnia crabiabHUN Ta KOMGOPTHHIMA
piBEHb 3BYy4YaHHs, 10 BIANOBIAAE NMpodeciiHUM BUMOraM Ta 3a0e3Neuye y3roJKeHICTh
ayjaiomaTepiaiiB y pi3HUX CEpeOBHUIIaX. 3arajom, 3aCTOCOBaHa MOCTIJOBHICTh METO/1B
00poOkM  e(eKTUBHO 3HM3WIA PIBEHb IIYMOBOTO 3a0pyAHEHHS, MiABUIIMIA
pO30IpIUBICTE MOBJICHHSI Ta 3a0e3leunsia BUCOKY SIKICTh 3BYKOBOIO CHUTHAY, IO €
KPUTUYHO BAXKJIMBUM JUIsl TOJAIBIIOrO aHajlidy Ta BUKOPHUCTaHHS ayJlo0JlaHUuX ¥y

PI3HOMaAHITHUX 3aCTOCYHKaX.



105
6 PO3IIIBHABAHHA MOBU TA KOAYBAHHSA MOBHOI'O CUT'HAJTY

6.1 Po3nizHaBaHHsSI MOBJIEHHA 3 ayaiogaiiny

[lepmum KpoKOM y KOAYBaHHI Ta Mepenadi CymyTHbBOI iH(opmarlii B aymiodaiin
OyJie po3mi3HaBaHHS MOBJICHHS 3 ayaiodaiiry. /[ mboro BUKOPUCTOBYETHCS 010Ti0TEKA
Vosk, sika € iHCTpymMeHTOM yisi odialH-pO3Mi3HABAHHS MOBJICHHSI 3 MIJITPUMKOIO
yKpaiHCbkoi MoBH. Vosk g03Bosisie 3A1HMCHIOBaTH pO3MI3HABAHHS MOBJIEHHS 0e€3
HEOOX1THOCTI MIIKJIFOYEHHS 10 IHTEPHETY, 10 3a0€3MeUy€ MBUAKICTh 1 HE3aJIEKHICTb BT
MepeXeBUX 3'€eqHaHb. TakoXX mporpaMa MICTUTh (ailli-CIOBHUK, IO Ja€ 3MOrY
OHOBJIFOBATH Ta BUIIPABISATH CJIOBa B pa3l HEOOXIMHOCTI. TakoX 1€ Hajgae 3MOTy
ompartoBatu iHbopmalio odaitH, 1o 3ade3neyye KOHPIASHUIMHICT, MaHUX Ta
mBUIKICTh 00poOku. Kpim Toro, Vosk miaTpumye amanrtaiiiro MojeseH, 1o J03BOJIsE
M1 IBUIIIUTH TOYHICTh PO3MI3HABAHHS JJIsI CHICIIU(IYHUX T0JIOCIB 200 YMOB 3aIuCy.

[Tpuniun po6otu Vosk 0a3yeTbcsi Ha BUKOPUCTAHHI aKyCTUYHUX Ta MOBHHUX
MOJIJIEH, iK1 OYyJIM TIOTIepeIHhO HABUCHI Ha BEJIMKOMY 00Cs31 TaHUX. AKYyCTUYHA MOJIEIb
BIJITIOBIIa€ 32 TIEPETBOPEHHS 3BYKOBUX CUTHATIB Y (POHETHYHI O3HAKH, TOJI SIK MOBHA
MOJIe/Ib TPOTHO3Y€E WMOBIPHI TIOCIIIIOBHOCTI CJIIB HA OCHOBI ITUX 03HAK. Pasom 1 Mmojeni
JI03BOJISIIOTh TOYHO PO3Mi3HABATH MOBJICHHS 1 TpaHC(HOPMYBAaTH HOTO y TEKCT.

bibnmioTexka BUKOPUCTOBYE CydacHI HEHMpPOHHI MEpexi Jyuis aHamizy 3ByKy. BoHna
CIIOYATKy BHKOHYE MEPETBOPEHHS 3BYKOBOT'O CHTHAJY B CHEKTpPOrpamy 3a JOIMOMOTOIO
nepeTBopeHHst Dyp'e, M0 AO3BOJIIE OTPUMATH YaCTOTHI XapaKTEPUCTUKU curHay. Jlami
11l TaH1 IePEeTAr0ThCS B aKyCTHYHY MOJIENb, sika Oyiia HaB4YeHA po3Mi3HaBaT (poHeMu —
HaliMeHIN 3BYKOBI OJMHHUIII MOBU. Ha OCHOBI mociioBHOCTI ()OHEM MOBHA MOJEIH
MPOTHO3Yy€ HANO1IbII HMOBIPHI cJI0Ba 1 (Ppa3u, BAKOPUCTOBYIOUM MMOBIPHICHI METOIU Ta
CTaTUCTHYHI 1aHi mpo Moy [107].

Bcei maninyssanii Big0yBatoTecs y popmati WAV, oCcKUIbKY BiH 3a0€311€4y€ BUCOKY
SKICTh 3BYKY 1 € CyMICHUM 3 Oararbma ayaioiHCcTpyMmeHTaMu. [lepeBipsieThes, mo0 daiin

O0yB MoHO(OHIYHUM Ta MaB 16-0iTHe PCM-konyBanHs. Lli napameTpu € KpUTUYHUMU JISI
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KOPEKTHOI poOOTH pO3Mi3HaBaya, OCKIIBKH 1HIN ¢dopMatu abo mapameTpd MOXKYTb
MPU3BECTH JI0 TOMIJIOK 200 HETOYHOCTEH y pO3Ii3HABAHHI.

[Ticnst mboro CTBOPIOETHCS 00'eKT Mojeni Vosk, skuii 3aBaHTaXye aKyCTUUHY Ta
MOBHY MoOJeNb 3 3agaHoro muisixy. CTBOPIOETbCS TakOXXK pO3Mi3HABay, SKAN
BUKOPHUCTOBYE IO MOJIEJTh 1 HANAIITOBAHWN HAa YaCTOTY MUCKpeTH3allii ayniodany.

Aynioani 39UTYIOThCS 3 haiiily YaCTHHAMH, IO JI03BOJISIE 0OPOOIISITH HABITh BEJIUKI
¢daiinm  O0e3 mnepeBaHTaxkeHHs mnam'saTi. KokHa mnopuisg ayaiogaHuX NeperaeThes
po3IMi3HaBayvy, KWW aHa3ye ii Ta HAMaraeTbCcsl Po3Mi3HATU MOBJEHHS. Po3mizHaBaHHs
BIJIOYBA€ETHCS B peajJIbHOMY 4acl, 1 pO3Mi3HAaBaY MOKE MOBEPTATH MPOMIKHI PE3yIbTaTH,
10 0COOJIMBO KOPHUCHO ISl IOBCUX 3aIUCIB.

OTtpumMaHni pe3yJbTaTh PO3Mi3HABAHHS HAKOIMUYYIOTHCA Y TEKCTOBY 3MiHHY. [licms
TOro, SIK Bcl ayaiogaHi Oymu oOpoOJieHl, OTpUMY€TbCs (iHANBHUI pe3ynbTar
pO3Mi3HaBaHHs, KU MICTUTh MOBHHUM TEKCTOBUH TpaHCKpUNT ayaiodainy. el Texcr €
TOYHUM BIJOOPKEHHSIM MOBJICHHS, sIKE MICTHJIOCA B ayaiodaiisi, 1 MOXe MICTUTH SIK

CJIOBa, TakK 1 (ppas3u, 3aJIe’)KHO BiJl BMICTY.

6.2 KoayBanns po3nizHaHoro tekcrty B Oinapuuii ¢gpopmar

BunyuuBmu Teket 3 ayniodaiiny 3a gomnomororo 6i6miorexku Vosk, HaCTymHHM
BOXJIMBUM €TAaIlOM € KOJYBaHHS IIbOI0 TEKCTy B OiHapHMM ¢Gopmar. Lle HeoOXigHO 115
TOTO, OO MIArOTYBaTH TOBIJOMIICHHS JO CTeraHorpadgiqyHoro BOYJAOBYBaHHS B
ayiOCHTHAI 3a JOMOMOTOI0 MeToay Haiimenm 3Hauymoro Oita (LSB). Ilpomec
KOJIyBaHHS TEKCTY B OiHapHUI (hOpMAT MOJIATAE B TIOCIIJOBHOMY TIEPETBOPEHHI KOKHOTO
CHUMBOJIY TEKCTY B HOro ABIHKOBE IpeacTaBiIeHH 3riaHO 3 koayBaHHsIM UTF-8.

Konysanns UTF-8 € crammaproM i OpEACTaBICHHS TEKCTOBUX JAaHHUX Y
KOMIT'FOTEPHUX CHCTEMax 1 MIATPUMY€E IIHUPOKUA CHEKTP CHUMBOJIIB, BKIIIOYAKOYH
yKpaiHCbKuH andasiT. Sk 3a3Ha4eHO B po31ul 3.3, 11e KOJYBaHHS BUKOPUCTOBYE 3MIHHY
KUIBKICTh OalTIB (BiJ OAHOTO JO YOTUPHOX) JJIS MPEACTABICHHS KOXXHOTO CHMBOJY.

CuMBOJIM JTATUHCHKOTO alipaBITy Ta JAESKi CrelliajJbHI CUMBOJIM 3a3BUYail KOAYHOTHCS
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OIHUM OaiTOM, TOMI SIK CHUMBOJIM KHUPWJIMII, 30KpeMa yKpaiHChKi JITEpPH, YacTo
3aiiMaroTh JBa Oaiitu [108].

[Tporiec koayBaHHS PO3MOYHHAETHCS 3 ITEPAIIii 110 KOXKHOMY CUMBOJTY PO3Ii3HAHOTO
TEKCTYy. JIJIsI KO’)KHOTO CHMBOJTY BUKOHYETHCS HACTYITHE:

1. [TeperBopennst cumBony B konoBy Touky Unicode: KoxkeH cumBon mae
yHIKaapHUHN uncnoBuil koA y cranaapti Unicode. Hampuknan, mitepa "A" mae KogoBy
touky U+0410.

2. Konysanns B UTF-8: KomoBa Touka CUMBOJIYy IEPETBOPIOETHCS B OJIHY a00
KiibKka OaiTiB 3riiHO 3 mpaBuiaamMu koayBaHHss UTF-8. Jlns ykpaiHChbKHUX JiTep 1ie
3a3Buyail nBa Oaiitu. Hampuknan, mitepa "II" mneperBoproeTbcss B Oailtu 3
mricTHaaaTkoBuMu 3HadeHHAMHA 0xDO0 ta 0x9F.

3. [lepeTBopennst 6aiTiB y OiHapHy ¢opmy: KokeH OalT mepeBOAUTHCA Y
JIBIMIKOBE TpeJCTaBlIeHHs. balT ckiiamaeTbest 3 8 O1TIB, TOMY KOXHE IIICTHAIISATKOBE
3HAYCHHS MIEPETBOPIOETHCS B TIOCIIIIOBHICTE 3 BochbMU 01TiB. [[s1 Oaiira 0xDO nBifikoBe
npeactasienns oyae "11010000", a s Ox9F — "10011111".

4, OO'ennanHsa OITOBUX IIOCHIZOBHOCTEH: bBITOBI mMOCIITOBHOCTI OaMTiB,
OTpPHMaHI 3 OJTHOI'O CUMBOJTY, 00'€THYIOTbCSI B OJTHY MTOCJI1I0BHICTb, 1110 MPEICTABIISIE 1IeH
cumMBosl 'y OiHapiii dopwmi. [Ipogorxkyroun momepenHii mpukiam, aias jgirepu "T1"
orpuMaeMo OiHapHy nociigoBHicTs "1101000010011111".

5. Hakonmuenus OiHapHux maHux: Llel mpoliec MOBTOPIOETHCS IS BCIX
CUMBOJIIB y TEKCTi. biHapHi MOCTiAOBHOCTI KOKHOTO CHUMBOJY MOCIIOBHO JTOAAIOTHCSA
OJTHA JIO OJTHO1, (DOPMYIOUH JIOBI'Y OiHApHY CTPIUKY, sika mpecTanisie Bech Teker [109].

OcoOnuBy yBary cCiifi TPUAUIATA CHMBOJIaM, sIKI HE € JIITepaMu, HalpUKIaj,
npoOijiaM, po3AIOBHM 3HaKaM abo CHeliaJbHUM CHUMBOJaM. BOHHM TakoX KOIAYHOTHCS
3rigHo 3 UTF-8 1 iX HeoOX1IHO BKIIIOUMTH B OlHApHY MOCIIIOBHICTH, 00 30€pertu
LIJTICHICTh Ta MPABWJIBHICTH BIATBOPEHHS MOBIAOMIICHHS MPU AEKOIYBaHHI.

Hanpuknana, npoOun konyetbest B UTF-8 sk 6aiiT 0x20, mo B 6iHapHi# Gopmi OyJie
"00100000". Po3aimoBuii 3HaK, Takuii sk koMa ",", Mae micTHaaATKoBe 3HaueHHS 0x2C

1 6iHapHe npeacrasiaeHHs "00101100".
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BaxnuBo 3a0e3meunTd TOYHICTHh 1 MOCHIJOBHICTh TPU TMEPETBOPEHHI, OCKUIBKH
OyIb-siKa TOMUJIKAa B OITOBOMY TIPEICTaBICHHI MOXKE MPHU3BECTH JO HEMPABWIHHOTO
JIEKOyBaHHS CUMBOJIIB TIi]] 4aC 3BOPOTHOTO Tpoiiecy. Takox CIiiJl BpaxOBYBaTH MOPSIOK
OiTiB 1 OAHTIB, OCKUIEKH 3MiHa TIOPSIKY MOXKE 3MIHHTH 3HaueHHs cuMBoJIiB [110].
[Ticist Toro, Ik BeChb TEKCT MEPETBOPEHO B OIHApHY MOCIIAOBHICTH, OTPUMYEMO
CYLIUIbHU JIAHLIFOKOK O1T1B, TOTOBHI 10 BOYAOBYBaHHs B ayaiocurtai. KokeH 01T boro
JaHII0KKa Oyzie BIANOBIAATH HAMMEHII 3Ha4yIOMYy 01Ty OJHOTO CEMILTY ayl10daHuX.
HeoOXiTHO TakoX OI[IHUTU 3arajibHy KUIBKICTh OITIB y OTpHMaHii OiHapHii
MOC1JOBHOCTI, 1100 IEpEKOHATHCS, IO ayaiodaiiia Ma€e T0CTaTHIO KIJTbKICTh CEMILTIB JIJIst
BOY/1I0BYBaHHSI BCbOI'O MOB1IOMJIEHHS. SIKI0 KUTBKICTh O1TIB Y MOB1IOMJIEHH] EPEBUIILY €
KUIBKICTh JIOCTYIHUX CEMIUTIB, MpoIleC BOyAOBYBaHHS Oyje HEMOXXIJIHUBUM 0€3 BTpaTH

HJaCTHUHU HOBiI[OMJ'IeHHSI.

6.3 BOynoByBaHHs1 OiHAPHOTO NMOBIIOMJIEHHA B ayaiocurnaua meroaom LSB

Hacrtynnwuii eran 6yae cipsMoBaHui Ha BOY/1IOBYBaHHsI O1HAPHOTO MOB1IOMJICHHS B
00poOJeHn# ay1I0OCUTHAII 32 IOTIOMOT0I0 MeTo1y HaitmeH 3Hauyioro 6ita (LSB). e
METOJ J03BOJIAE€ MPUXOBATH 1HQOpMaIlI0 B ayaiodaisi, 3MIHIOIOYH JIUIIE HAWMEHII
3HauymN OITH CEMIUTiB, IO MIHIMAJIbHO BIUIMBAE HA SKICTh 3BYKYy Ta € MPaKTUYHO
HETMOMITHUM JUTs JIFOJICBKOTO ByXa (po3aiia 3.4).

[Iporiec BOymOByBaHHS OIHApPHOTO IOBIJIOMJICHHS B ayaiocurHan merojgom LSB
PO3MOYMHAETHCS 3 MIATOTOBKU ayaiofgaHuX. OpuriHanbHUNA aydiloCUTHAJ, 3YUTaHHUH 3
baiiny, mpeacTaBIeHUN y BUTIISIII MACUBY YHCEIT 3 TJIaBAI0OYOI0 TOYKOIO B JTiama3oHi Bij
-1.0 mo 1.0, mo BigmoBiae aMruTiTyZamM ceMmInIiB. [l MOKIMBOCTI MaHIITyTIOBAaHHS
OKpeMHMHM OITaMH LIUX 3HAYEHb HEOOX1THO KOHBEPTYBATH iX y LIJIOYMCEIbHUMN opMarT 3
(hi1KCOBAHOIO PO3PSIAHICTIO.

3a3BUyail BUKOPUCTOBYEThHCA 16-01THUI LijoUnCenbHUN (popMaT, A€ KOXKEH CEMILT
ayIloCUTHAIIy MPEJCTaBICHUN UMM YUCIOM Yy Jiama3oHi Bif -32768 mo 32767. lle

JOCSTAEThCS UITXOM MHOKEHHSI 3HaY€Hb CeMIUTIB Ha 32767 1 mepeTBOPEHHs iX y Ll
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yrcia. Takui maxij 703BoIsiE O€3MOCEPETHBO 3MIHIOBATH OKpEMi O1TH KOKHOTO CEMILITY
[111].

[Ticns xoHBepTalii ayaiomaHWxX Yy IUIOYHCENbHUN (opmMaT HEOOXiTHO
MEePEKOHATUCS, M0 JOBXHHA OIHAPHOTO TOBIJOMIICHHS HE TEPEBHINYE KiTbKOCTI
JOCTYITHUX CEMIUTIB y ayaiodaitni. Koxken 6iT moBigomiieHHs Oyae BOyIOBaHUA B OUH
CEMIUI, TOMY KUIbKICTb CEMIUIIB MOBHHHA OyTHM HE MEHUIIOK 3a KUIBKICTh OITIB Y
OlHapHOMY MOB1AOMIICHHI. SIKIIIO MOBIAOMIICHHS 3aHAJITO BEJIMKE, CJIiJi 00paTu AOBIIUI
ayniogaiin abo CKOPOTUTH MOBIJOMIICHHS.

BOynoByBaHHS MOBIJOMIICHHS 31MCHIOETHCS IIUISIXOM MTOCTIJOBHOTO TPOXOIXKEHHS
Mo KOXHOMY OITy OlHapHOro MOBIAOMJIEHHA Ta 3aMiHM HaWMEHII 3HAadymoro Oita
BIJIMIOBIJTHOTO CEMILTY ayA10/IaHuX Ha 1eu O0iT. Lle peanizyeTbcs yepe3 modiTOBI oneparlii
HaJ ceMIuTamMu. /{151 KO)KHOTO CeMIUTY BUKOHYETHCS HACTYITHE:

1. OuwurieHHss HaWMEHIII 3HAYyIIOro OiTa CeMIuly: 3a JOMOMOIroK MOOITOBOI
onepariii "AND" 3 mMackoro, 1e Bci O0iTu piBHI 1, OKpiM HaWMEHII 3HAYYIIOTO, SKHUM
piBHuii 0, BCTAaHOBIIOETHCS HaliMeHIN 3Hauymuid 01T cemmuty B 0. Hanpukman, macka
Moke Matu Burisg 11111110 y naBiiikoBi cuctemi st 8-0iTHOro umcia abo
1111111111111110 st 16-01THOTO.

2. BcranoBneHHs HaiMEHII 3HaYyIIOTO 01Ta 3TiHO 3 01TOM MOBIIOMIIEHHS: 3a
normoMororo modiToBoi onepaiiii "OR" BCTAaHOBIIOETHCSI HAWMEHII 3HAYYIIUH 01T CEMILTY
B 3HaueHHs Oita moBigomuieHHs (0 a6o 1). fAxmo OiT moBimomieHHS piBHUM 1, TO
HaWMEHII 3HaYyui 01T CEMITTY BCTAaHOBIIOETHCS B 1; skio 0 — 3amurmmaerses 0.

Takum 9HOM, HAWMEHIIT 3HAYYIITUH O1T CEMILTY 3aMIHIOEThCS Ha OIT MOBIIOMJICHHS

(puc. 6.1), a a1 GITH CEMIUTY 3aJIMIIAIOTHCS HE3MIHHUMM.
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LSB

1 I
i1 0 1 1 0 0 110 1 1 0 11 0 0 1 1
1 0 o0 1 1 1 110 1 1 o0 o0 1 1 1 1 1
0O 0 0 O O 1 o0 }0 0 o o0 0 0 0o 1 o0 o0
0 1 1 1 0 1 110 0 o 1 1 1 0 1 1 o0
i1 0 0 0 0 1 1|0 1 1 0 o o 0 1 1 1
i1 0 1 1 0 1 110 1 1 0 1 1 0 1 1 1

Carrier File u Stego File

Message Vector

Pucynok 6.1 — Cxema xoayBanHs MetooM LSB [112]

[le MiHIMI3y€ BIUIMB HA 3arajibHy aMIUIITYJly CEMIULy Ta, BIANOBIAHO, HA SIKICTh
3ByKy [113].

[Iporiec MOBTOPIOETHCA ISl BCiX OITIB O1HApHOTO TOBIJOMJIEHHS. Y pe3ynbTaTi
oTpuUMaEMO MOIUGIKOBAHUM MacCUB CEMILTIB, SIKUM MICTUTh TIPUXOBAHE MOBIJIOMJICHHS B
HaWMEHII 3HauyIuX OiTax.

[Ticns 3aBepiieHHs BOY10ByBaHHSI MOAM(DIKOBAHUI MAaCUB CEMILTIB KOHBEPTY€ETHCS
Hazax y Gopmar 3 miaBaroydo0 TOUYKO, HOpMATI3yI0uu 3HAUYCHHS J10 Aiana3ony Bifg -1.0
o 1.0. Ile HeoOXximHO nysi 30epexeHHsT ayAlocUrHany y ¢dopmari, IpUIaTHOMY MJis
BIJITBOPEHHS Ta 30€peKeHHs Yy (ailsl CTaHAAPTHUMU 3aCO0aMHU.

3aBepmiaabHUM KPOKOM € 30epexeHHsT MOAM(IKOBAHOTO ay/lIOCUTHAITY Yy HOBHUH
daiin. [Tpu oMy BaXIJIMBO 30€pETTH MOYATKOBI MapaMeTpH ayaiodaiiny, Taki ik 4acToTa
JTUCKpEeTH3alii Ta KUIbKICTh KaHAJiB, MO0 3a0e3MeunTH CYMICHICTh 1 TpPaBHIbHE
BiITBOpeHHs ayio [114].

Meton LSB € epekTUBHMM, OCKUIBKM 3MIHM B HAMMEHII 3HaYyIIUX OITaxX CEMILIIB
MIPAKTUYHO HE BIUIMBAIOTh HA COPHUHSATTS 3BYKY JIOIUHOIO. L[e MOSCHIOETRCS THM, IO
CIIyX JIFOIMHU HE € YyTJIMBHUM JI0 TAKUX HE3HAYHUX 3MiH aMIUTITYAu curHany. BogHodac,
naHi, BOyZ0oBaH1 B HAHMEHII 3HavyIl O1TH, MOKYTh OyTH HaJIHHO BUTATHYTI 32 YMOBHU

3HAHHS AJITOPUTMY BOYJIOBYBaHHS Ta MOPSAKY OITIB.
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[Tin wac BOymOBYBaHHS CJijJi BPaxOBYBAaTH MOMJIMBI TMEPEIIKOIU, SKI MOXKYTh
BUHUKHYTH TIPH TIOIAJIBIIIH 00p0o06111i a60 kommpecii ayniodaitny. Hanpuxnan, cTuCHEHHS
aynio 3 BTparamu (sik y Gpopmati MP3) Moke 3MiHUTH 200 3HUIIUTH HAMEHIIT 3HAYYTIII
0iTH, 10 TIpU3BEAE A0 BTpPATH MPUXOBAHOTO TMOBITOMJICHHS. TOMYy PEKOMEHIYETHCS
BUKOPUCTOBYBATH Oe3ckari abo ciiabo cTucHeHi dopMatu aymio s 30epiraHHS Ta
nepenayi (aitinie 3 BOyJOBaHUM MOB1OMIICHHSIM.

VY niacymKky, BOy0ByBaHHS O1HapHOIO IOBIJJOMJICHHS B ayaiocurHai merogom LSB
€ MPOCTUM 1 €(EeKTUBHUM CIOCOOOM MPUXOBYBaHHA 1HQopMalli B ayniodaitnax. Lei
MeTo/ 3a0e3nedye MIHIMAJIbHMA BIUIMB Ha SIKICTb 3BYKY Ta JO3BOJIAE€ HaAliHO
nepeaBaT MPUXOBaHI JIaHI 32 YMOBHM IPAaBUJILHOTO BUKOPUCTAHHS Ta JOTPHUMAHHS
peKkoMeHaaIi moao GopmMaris aymio.

AHaji3  CcHeKkTporpaM Ta CTaTHCTHYHHUX IapaMeTpiB  MOYaTKOBOTO  Ta
MOAM(DIKOBAHOTO CHUTHAIIB TICIsS KOJYBaHHS TEKCTOBOTO TOBIJIOMJIEHHS METOJIOM
HaliMeHI1 3Hauymioro Oita (LSB) memoHcTpye, 1m0 meit Meron € e(PeKTUBHUM st
cTeraHorpagpiyHoro NpuxoByBaHHS JJAHUX B ayJ110CUTHANI 0€3 CyTTE€BOTO BIUIUBY HA OTO
AKICTh. JleTambHUW po3risin 3MiIH y MapaMeTpax CUTHaJIy MiATBEPIKYE, IO
BOy10ByBaHHsI iH(oOpMaIiii BiI0yBa€ThCS MPAKTUYHO HEITOMITHO JIJIS CIyXaya.

PiBeHs ryuHocTi mouatkoBoro curnaity cranoBuB 0.04072302579879761, toxai sk
MoaudikoBanuii curHan Mae piBeHb TydHocTi 0.04071835055947304. 3miHa piBHA
ry4HOoCTi ckinagae npubmusno 6.07x107°, mio € Hag3BUUAKHO MaIUM BigxuneHHsaM. RMS-
PIBEHb TYYHOCTI € MIpOIO CEPEIHbOKBAIPATUIHOI aMIUTITY/IM CUTHAITY 1 BimoOpakae ioro
eHepreTUYHUi 3MicT. Taka He3HAYHA 3MiHA CBITYUTH MPO TE, MO CHEPTeTUIHUI BMICT
CUTHAITy 3aJUIINBCS MPAKTUYHO HE3MIHHUM. 3 TOUYKH 30py (i310JI0Tii CIyXy, JIOJCHKE
ByXO HE 3/1aTHE BHSIBUTH TakKli MiHIMaJbHI 3MiHH TY4HOCTi. [lopir CpudHSTTS 3MiH
TYYHOCTI JIFOAUHOIO CTAaHOBHUTH NpuOan3Ho 1 1b, Toal sik po3paxoBaHa 3MiHa € HabaraTo
MeHior. lle o3Hauae, Mo KoayBaHHS MoBigomiieHHsT MeTojnoM LSB He BiumBae Ha
CyO'€eKTUBHE COPUIHSATTS TYYHOCT1 ayA10CUTHAITY.

Cepenne 3HaueHHS aOCONIOTHOI aMILTITYJU MOYaTKOBOTO CHUTHAITy JOPIBHIOBAJIO
0.0125122657045722, a monudikoBanoro curnany — 0.01249700877815485. Pizauns

MK [MMHU 3HA4eHHSAMHU cKiagae npubmusHo 1.52x107°, mo Takox € AyXKe MaauM
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3HaueHHAM. Lle cBiAUUTh PO Te, 10 aMIUTITYIHA CTPYKTypa CUTHAITY 30€pIra€ThCs MiCIIs
BOY/IOBYBaHHsI TOBiJoMJIeHHS. He3HauHa 3MiHa cepeHLOTO 3HAUCHHS aMILTITyIU BKa3y€e
Ha Te, Mo MeToJ LSB He BHOCUTH CYTTEBUX BUKPHBIICHbB, SKI MOTJIM O BIUTMHYTH Ha
SKICTh 3BYKYy a00 MPU3BECTH JI0 MOSBU apTe(haKTiB IPH BIATBOPEHHI.

AHani3 CHeKTporpaM TakoX MIATBEpIKye eheKTHBHICTH MeTony. CrekTporpama
MOYaTKOBOTO CUTHAITY BiTOOpakae 4aCOBO-4aCTOTHY CTPYKTYPY ayJAlOCUTHAITY 3 SICKPaBO
BUPaXKEHHMH MOBHMMH KOMIIOHEHTaMH B CepeaHbOYacToTHoMy aiamaszoHi (500—4000
['m), mo BIANOBIJAIOTH OCHOBHUM (OpMaHTaM MOBJEHHS Ta 3a0e3MeuyroTh
po30ipiuBicTh MOBU. BucokouactotHuit mianazon (4000-8000 I'm) mictuth ciabi
KOMITOHEHTH, BKJIFOYAI0YX CUOUISIHTH Ta BUCOKOYACTOTHI UIYMHM, BaXKJIMBI JUIs TIepeaadl
TeMOpy Ta 4iTKOCTI 3BYKiB. HuspkouactorHuit mianazon (mo 500 I') mictuth 6a3oBi
TOHAJIbHI YaCcTOTH TOJIOCY Ta TapMOHIKH, 110 BHU3HAYAlOTh 1HTOHAIIO Ta 3arajibHUN
TeMOp.

[Ipu anaini3i cnekTporpamMu MoAM(IKOBAaHOTO CUTHANTY (puc. 6.2) criocTepiraemo, 1o

BOHA MPAKTUYHO 1JICHTUYHA CIIEKTPOTpami Mo4aTkoBoro curuaiy (puc. 6.3).

CnekTp OpuUriHanbHOro curHasny
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Pucynok 6.2 — CriekTporpaMa OpuriHajabHOTO CUTHAITY
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CnekTp MmoaudikoBaHoro curHany
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Pucynox 6.3 — CnektporpamMma CUrHaIIy 3 3aKOJI0BAaHUM TTOB1IOMJICHHSIM

YacToTHHIA pO3MOIiT 3A/IUIIAETHCS HE3MIHHUM Y BCiX Jllara3oHax, 10 03HAYAE, 110
€HEPreTUYHUHN PO3MO/LI [0 YaCTOTaX HE 3a3HAB CYTTEBHX 3MiH. YacoBl XapaKTEPUCTUKU
TaKoX 30epexkeHi 0e3 3MiH, BCl MOBHI 3BYKH Ta iX TPUBAJIICTh 3JIMLIMINCS TAKUMU K,
110 CBIJYUTH MPO BIJICYTHICTh BUKPHUBIIEHb, SIKI MOTJIM O BIUIMHYTH Ha PO30IpIUBICTH
MOBJICHHS.

BincyTtHicte BunuMux aptedakrtiB ado HIymiB HiATBEpAXYe, mo meton LSB He
BIUIMHYB Ha YacOBO-YAaCTOTHY CTPYKTYypy ayaiocurHany (puc. 6.4-6.5). Lle BaxiuBo,
OCKIJIbKM HaBITh HE3HAayHI 3MIHM B YaCTOTHOMY JOMEHI MOXYTh BIUIMHYTH Ha
CIIPUHHATTS 3BYKY, OCOOJIMBO B MOBHUX CHUTHAJIaxX, Jie¢ PO30IPJIMBICTh Ta MPUPOIHICTD €

KPUTUYIHUMMU.
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YacoBo-aMnniTyAHa XapakTepucTuka no4aTkoBOro CUrHany
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Pucynox 6.4 — YacoBo aMIuTiTyJHa XapaKTePUCTUKA OPUTIHAIILHOTO CUTHAITY

Hacoao—aMnniTynHa XapakTepucTtuka MO,ClMdJiKOBaHOFO CcurHany
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Pucynox 6.5 — YacoBo aMIiiiTyHa XapaKTepUCTUKA CUTHATY 3 3aKOJOBAaHUM

[MOB1IOMJICHHSIM

JlonaTkoBuil anani3 BigHomeHHs: curHai-myM (SNR) mokasye, 1o BHECEHU 1ITyM
€ 3HaYHO MEHIIUM 3a KopucHuM curdai. Bucoke 3nauennss SNR cBiguuth nmpo Te, 1o
MoaudiKallii, BHECEHI B CUTHAJI, MAIOTh Jy>KE€ HU3bKUW €HEPreTUYHUI PiBEHb OPIBHIHO
3 CAMHMM CHUTHAJIOM, 1 TAaKUi IIyM € HEMOMITHUM ISl JIFOAUHU, OCKUIBKM HOTO €HEepris
3HAXOAUTHCS HUKYE MOPOTY CIIPUHHSATTS.

Metoa LSB BUKOPUCTOBY€E OCOOIUBOCTI JIFOACHKOTO CIYXY, 30KpeMa HEUyTIUBICTh
70 HE3HAYHUX 3MIH y HaWMEHI 3Hauymux OiTtax aymiocurHany. lle mo3Bossie

npuxoByBaTu iHGoOpMalito 0Oe3 BIUIMBY Ha SKICTb 3By4YaHHS. 3aBIsKH €(QEeKTy
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MacCKyBaHHsI, CHJIbHI 3BYKH MAaCKYIOTh CJIa0Ki, TOMy BHECEHI 3MIHU 3aJUIIAIOTHCA
HenmoMiTHUMU. JIF0AChKe ByX0O MEHII YYTIWBE 70 3MiH a3y Ta aMIUTITYd Ha BUCOKHUX
4acTOTaXx, 10 CIpusie €PEeKTUBHOCTI METOY.

[TincymoByrouM, KOJYBaHHS TEKCTOBOIO TMOBILAOMJIEHHS MeTtogoM LSB €
edekTUBHUM 3acoboM creranorpadii B ayaiocuraanax. MiHiMaiabHI 3MiHU MTapaMeTpiB
CUTHAJy MATBEPAKYIOTh, 10 1H(POpMAIIis MOXKe OyTH MpuXxoBaHa 6€3 MOMITHOTO BIUIUBY
Ha SIKICTb 3BYKY. AyJlI0CUTHAJI Iicisl BOYJOBYBaHHS MOB1IOMJIEHHS 30€pirae BCl BaXKJIMBI
aKyCTHUYHI XapaKTEPUCTHKH, BKIIFOUAIOYH PO301pIMBICTh MOBJIEHHS, TEMOp Ta IHTOHALIO.
SK cTaTUCTUYHUM, TaKk 1 CHEKTPaJbHUN aHaNi3 MOKa3ylOTh, 110 3MIHM B CHTHAJl €
HACTUIbKY MAJIUMHU, 110 X HEMOKJIMBO BUSBUTH O€3 CIeliani3oBaHUX IHCTpYMEHTIB. Lle
pooutsk meToa LSB migxoasimmm 115t CUTyallii, e Heo0X1AHO MPUX0BaTH 1HPOpMAIIito B

ayaiocursaii 0e3 BTpaTH HOro SKOCTI.

6.4 InTerpauis B cepenoBume 10T

Po3poOnenuii anroputM 0OpOOKM MOBHOro aynio (aiy yKpaiHCBKOIO MOBOIO
J03BOJISIE YJIOCKOHAIUTH 1CHYIOY1 MIAX01 10 OOMIHY 1H(popMalietro 3acobamu 10T Ta Mae
HIMPOKUI CIIEKTP 3aCTOCYBAaHHS, 30KpEMa B OCBITHIX Ta MOOYTOBUX MPU3HAYEHHSX.

Po3poOnenuii anroputM Moke OyTH BHUKOPUCTAHHUUA B KOHTEKCTI ‘‘pO3yMHOrO
OyIMHKY” Ta ONTUMI30BaHUU JUIsl YKpATHCBKOI JIOKasi3allii, 30KpemMa B peai3amii y
NPUCTPOSAX 3 OOMEKEHUMHU OOUYMCITIOBAILBHUMU PECypCaMM, HAMPUKIAL, y HEBEIHUKI
MIKPOKOHTPOJIEpU ur MiHiKoMIT toTepu. KiHIleBul 00CAT MPOrpaMHOro KOy CTAaHOBUTh
npu6au3Ho 20Kb, 110 3a0e3meuye MOKIIMBICT 1HTErpaIlii aITOPUTMY B CydacH1 MPUCTPOT
(po3ain 1.2). 3aBasku TexHOJIOTISAM (inbTpariii, 00poOkH, AeTekTyBanH0 rojocy (VAD)
Ta aIaNTUBHOMY IIYMO3HWXEHHIO, CUCTEMa KOPUTY€E CUTHAJHU BIJMOBIAHO 10 aKyCTHKHU
OPUMIIICHHS, TUMOBUX (OHIB, TEMOpY TO0JIOCY Ta MOXKJIUBOCTEH 3amUCyH40ro
obomamnanas [115]. lle mo3Boasie TOYHO ¥ e(EKTHBHO pO3Mi3HABATH KOMaHIN
YKPaiHCHKOI0 MOBOIO, TIEpPEIaBaTH iX IIEHTPATILHOMY BY3J1y KEpPYBaHHS Ta BUKOHYBATH
noTpiOHi aii. Kpim Toro, mporpamMui Moaydi, siki 3a0€3Me4yt0Th KOAYyBaHHS 32 METOJOM

LSB, MOXXyTb BUKOPHUCTOBYBATHUCS IIJIi OOMIHY MPUXOBAHWMH TOBIJOMJICHHSIMH a00
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30epirands KOHGIICHIIINHUX JaHWX y BHTJISAI aymio3alliCiB, IO CYTTEBO IIiJBHIIYE
piBeHb Oe3mekr i KOH(iAeHIIHHOCTI Mepexi [116].

BukopucroByroun npukian rnpoekry “loT Based Home Automation System With
Speech Recognition” i3 mmargopmu Instructables [117], ae peani3oBaHO T'OJOCOBE
KepyBaHHS JTOMAITHIMU TPUCTPOSMH, 3a3BUYAN 3a PAXyHOK PO3Mi3HABAHHS KOMAaH]I
(mepeBa’KHO AHTJIOMOBHHX) Ta MOAAIbIIOI Tepefayl CUrHaly NOpo BMHUKaHHS a0o
BUMHKAHHS IIEBHOTO 00JIaHaHHs. [HTerpalrisi anropuTMy 3 aaanTHBHAM IMPHUTHIYCHHSIM
IIyMY, ONTHUMI3ALIEI0 MiJl YKPATHChKY MOBY Ta CTEraHOrpaiyHUM KOJIYBaHHSAM TEKCTY
MetogoM LSB, m03BonuTH po3mmMpUTH Ta onTUMIi3yBaTH ¢yHKImioHan. [lo-mepine,
ajanTuBHa 0OpoOKa MOBHUX CUTHANIB MiJBUIIUTH TOYHICTH PO3II3HABAHHS, OCKUIBKU
METOAM IIYMO3HUKEHHS, JOIMOMOXYTh BiI(UIBTPYBaTH 3aiiBl 3ByKH ((hOHOBI PO3MOBH,
TeNeBI30p, ByIUyHUM 1mym). [lo-npyre, ontumizaiis alroputMmy mijJi yKpaiHChKY AacThb
3MOTy KOPHUCTYBa4yaM CHIJIKYBaTHUCS P1IHOI0 MOBOIO 0€3 3ay4eHHS 30BHIIIHIX CEPBICIB
(mepeksanayis, TOIIO), 30epirarouu KOH(1ICHIIIHHICTD 1 CTaOUIBHICTH POOOTH HABIThH O€3
aKTUBHOTO  1HTEepHeT-3’eqHaHHA. [lo-Tpere, peamizamis wmerony LSB  nmus
cTeranorpadgigyHoro BOy10ByBaHHs a00 30epiraHHs TEKCTOBUX KOMaH 1 0e31ocepeiHbO B
ayJlIOCUTHANI YMOKJIMBUTH TPUXOBAHE NIEpe/IlaBaHHs Ta ApX1BYBAHHA JaHUX: HATIPUKIIA],
KIJIFOYiB JOCTYMY YH JIOT1B KoMaH . 1le miBHIIKUTEL piBeHb Oe3neku 0e3 HeoOXiTHOCTI B
JI0JIaTKOBOMY TIPOCTOPi JiJisi 30epiraHHs CYNpOBITHUX TEKCTOBUX (aitmiB. Kpim Toro,
Taka CHUCTEMa 3py4yHa JUIs JIOKAJIbHOTO PO3TOPTaHHS Ha MikpokoHTposiepax 1 SBC
(po3pobku Raspberry Pi, Toimo), siki MaroTh 0OMEKEHI OOYHCIIIOBAIbHI PECYPCH, aIKe
QITOPUTM HE TOTpedye HAaaMIPHOT TMOTYXKHOCTI W BOJHOYAC 3abe3ledyye TO4YHE
pO3Mi3HaBaHHs Ta HaAIMHUNA 3axucT JaHuX. OO’€IHAHHS METOMIB 3 YXKE€ HasBHOIO
0a30B0I0 (DYHKI[IOHATBHICTIO J103BOJIMTH 30yayBaTH €(EKTUBHY Ta OE3MEUHY CHUCTEMY
PO3YMHOTO JOMY, 1110 TIIATPUMYE TOJIOCOBI KOMaHIA YKPATHCHKOIO MOBOIO 3 TIOKPAIICHIM
pO3MI3HABaHHSAM KOMaH] y 3alIyMJIEHOMY CEPEIOBHILI Ta MOKJIUBICTIO MPUXOBAHOTO
30epiranHs abo mepenadi TeKCTOBOI iHpOpMaIlii B ayiOMOTOI].

Takoxk, BapTO 3a3HAYUTH, IO PO3POOIIEHA TEXHOJIOTIS IPOMOHYE HOBI PIILICHHS JIJIs
00pOoOKH MOBHOI'O CUTHATYy YKpPaiHCbKOIO MOBOIO B cepenoBuill 10T, Ta Moxe 3HalTH

3aCTOCYBAHHS, HAINPUKIAJ JJIs 3alucy JIeKIIM, SK B ayauTopli Tak 1 OHJAWH, 3
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MOJANBIIO OOpOOKOIO BIJl IIYyMIB pO3IMI3HABAHHSIM MOBH Ta BOYJOBYBaHHSIM
po3m(PpoBaHOro TEKCTY Oe3Mmocepe/IHbO y 3ByKoBHM (aiin. Ilepemada 3akomoBaHOIO
oBiIoMJIeHHsI MeTo1oM LSB 1ae MOXXIuBICTh 3acTOCYBaHHs 1H(popMaIlii 6e3 morpedu B
JI0JTaTKOBOMY TIPOCTOPi JyIs 30epiraHHs Ta HETaTUBHOTO BIUIMBY Ha SKICTh curHamy. Lle
J1a€ 3MOT'Y KOPUCTYBauy BIATBOPIOBATH 3aIUC K 3BUYAHE ay 110 a00 3UUTYyBaTH 3 HHOTO
TEKCT JJIsI CTBOPEHHSI CYOTHTPIB UM MOJANBIIOTO 30epekeHHs B 3pyunuid ppmat. Takwuii
M1X1/1] CIIPOIILY€E NOLIYK NOTPIOHUX (parMeHTiB, pOOUTH MaTepiasl JOCTYITHUM JIIOSM 13
MOPYUIEHHSIMU CIIYXY Ta HE MOTpeOy€e T0AATKOBOIO MPOCTOPY JJisl 30epiraHHs TaHMX.
3aBASKM TOEIHAHHIO PO3MI3HABaHHSA YKpPAiHCbKOI MOBH, CTIHKOCTI [0
PI3HOMaHITHUX IIyMIB Ta YMOB 3alUCy, JAEKOJYBaHHsS Ta BOYJOBYBaHHS J10JaTKOBOL
iH(dopmarlii B ayaiodpparMeHT ajJroOpuTM J03BOJISIE MAcIITa0yBaTHU PILIEHHS Ta JIETKO
1HTErpyBaTu oro B cydacHi 10T-apXiTekTypu — BiJl HEBEJIMKUX OOYTOBUX MPUIIAIIB 1
HOYTOYKIB 10 MPOMHCIIOBHX CEpPBEPIB Ta XMapHUX CXOBHUII, IO POOWUTH OMHCAHY
TEXHOJIOTII0 YHIBEpCAILHUM 1HCTPYMEHTOM JJia 30€peKeHHs, Iepefadl Ta aHalizy

MOBHOI'O KOHTCHTY.

BucnHoBkHu 10 po3aiiay 6.

JleTanbHO PO3IJIAHYTO MpPOLIEC PO3Mi3HABAaHHS MOBJIEHHS, KOJYBaHHS TEKCTY Y
OiHapHHMi (opMar Ta ioro BOYJOBYBaHHS B ayJIOCHTHAJ 3a JOIMOMOTOI0 METOIY
HaiiMeHin 3Hauymoro 6ita (LSB). CnekrpanpHuii aHami3 MiATBEPAUB, 1O YACTOTHHMA
PO3MOi ayAl0CUTHAY Micis BOyIOBYBaHHS MOBIIOMIICHHSI HE 3a3HA€ CYTTEBUX 3MiH,
30KpeMa y CepelHbOYacTOTHOMY Ta BHCOKOYAaCTOTHOMY aiana3oHax. Lle rapantye, mo
AKICTh 3BYKY 3aJUIIAE€THCS BHUCOKOK, a MOBJICHHS — pPO30IpJMBHM 1 TPHUPOIHUM.
JlocniKeHo MOKJIMBICTh mepenadi gaHux 3a nporokojom LORaWAN Tta nogansury
1HTerpauito B cuctemu l0T.

TakuM YMHOM, KOMIUIEKCHHHM MiAXiJ 10 KOJyBaHHS MOBHOTO CHUTHAIIy Ta
3acTocyBaHHA MeTony LSB 1103BOJMB YCHIIIHO MPUXOBATH TEKCTOBY I1H(POpPMALIIO B

ayniodaiini 6e3 NKOIU IS HOro akyCTUYHUX BiIacTuBocTel. Lle BiKkprBae MOXIMBOCTI
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Uil MBUAKOT Ta e(EeKTUBHOI Tepeaadl JaHWX y pPI3SHOMAHITHUX 3aCTOCYHKaX, [I€

HEOOXITHO 30€perTH BUCOKY SIKICTh.
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BUCHOBKH

B nporieci BUKOHaHHS JUCEPTAILIHOTO JOCIIIKEHHS OTPUMAHO TaKl Pe3yIbTaTH.

1. [IpoBeneHo AeTabHUI aHali3 Ta BUOIp OCHOBHOTO 00JIaTHAHHS IS 3aITUCY
MOBHUX ayJiOCUTHAJIB, sfKe OyjJe BIAMOBINATH HEOOXITHUM BHUMOTAM IIOJO PiBHS
BHYTPIIIHIX [IyMiB, pO30IpIHMBOCTI 3amucaHoi iH(opmalii Ta MUPHUHA YaCTOTHOTO
Jlana3oHy JJis MOJAJBIIOr0 aHadi3y Ta oOpoOKH, 3a0€3MeUuBIIM MPU LILOMY BHOOpI
MIHIMaJbHUM BIUIMB OOJIaJlHAHHS HAa caMUi 3amucaHuil ayaio ¢parmeHt. J[ogaTkoBO
oOpaHo 00aiHaHHS JJ1s 3a0€3MeUeHHsI poOOTH B cepeIoBUIII [HTEpHETY peueid, a came:
nporecop Heltec WiFi LoRa 32 V2 nns o6poOku Ta mepejadyi MOBHOI'O CHUTHAIY,
Mmikpohon SPHO645L.M4H nns 3anucy MOBHUX ay/110CUTHAIB.

2. Brepme mpoBeneHO psAA  SKCIIEPUMEHTIB 3 BHKOPHCTAHHSIM MOBH
nporpamyBadHsi Python nns peanizariii Ta moegHaHHs pi3HUX METOJIIB OOPOOKHU 3BYKY,
TaKUX SK. 3HIKEHHSI PIBHS IIyMy, BUJAJICHHS TOCTIHHOI CKJIa/0BOi, OaraTocMyrona
KOMIIpecCisi,  HOpMali3alisi  CUTHaJIy, METOJ  CIHEKTPaJbHOrO  BiJHIMaHHS,
creraHorpadgiuyHuid miaxia nepenadi aymio iHgopmarlii. BecraHoBieHo, M0 3a paXyHOK
BIIPOBA/DKCHHS aJalTHBHOTO CIEKTPAJILHOIO aHalildy (po30OUTTS Ha 4acoBi (peiimu,
imeHTudikaIis mkis, aHami3 (GOpPMaHT, OIIIHKA HU3HKO- Ta BACOKOYACTOTHUX KOMIIOHEHT
Ta BHU3HA4YeHHS (yHAAMEHTAIbHOI YacTOTH) BIANOCh 3a0e3meunTd 30epekeHHS
KITFOUOBUX XapaKTEPUCTUK CUTHATY, MPHU [[bOMY MiABUIIUBIIN PO30IpINBICTh MOBIICHHS
Ta BUJIAJICHHS IIIyMy. Bu3HaueHO OCHOBHI MIX0U POOOTH 3 YKPATHCHKOIO (DOHETUIHOIO
TPYNo0 B yMOBax 3amrymjiaeHHs. [[iATOTOBIIEHO i1 TPOBEACHHS MPAKTUYHOTO
EKCIIEPUMEHTY P MOBHUX CHUTHAJIB, 3aITMCAHUX YKPATHCHKOIO MOBOIO 3 TEXHIYHUMU
naepexTaMu 1 U1 BUIIPABICHHA LMX ACPEKTIB, 30KpeMa, JJIsl 3MEHIICHHS IIyMOBOTO
3a0pyHEHHs, 3alpONOHOBAHO HOBUW MPOrPAMHUNA  aJITOPUTM OOpPOOKH, SKHA
CKJIQJAETHCS 3 TIOCIIJOBHUX €TaIliB 1 Ma€ PUCH HUKIIYHOCTI. OTpUMAaHO MMiIBTEPIKEHHH,
110 TNO€JHAHHSA 3alpPONOHOBAHMX MIAXOAIB J103BOJISI€E €(PEKTUBHO 3MEHIUUTH PIBEHb
IITYMiB Ta TIOKPAIIUATH SKICTh 3BYKY B YMOBaX PEaJIbHOTO BUKOPUCTAHHS 3a0€3MeUyI0UH
M1IBUIICHHS TOKa3HUKA BIIHOIIICHHS curHaj/mym Ha 7.51 n1b. BukopuctanHs mryMoBoro

MOPOTY J03BOJWIO €(PEKTUBHO YCYHYTHM HU3BKOPIBHEBI (POHOBI IIYMH B May3aX MiX
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cioBaMH Ta ¢pazamMu, MiJBUIYIOYN YUCTOTY Ta YITKICTh 3BYKY 0€3 BTPAaTH Ba)KJIMBHX
MOBHHUX KOMITOHEHTIB. 3aB/sSIKA TIOTIepeHIi 00poOIll CUTHATY, a caMe 3aCTOCYBaHHIO
HOpMaJi3alii  piBHS  TYYHOCTI, BHUJAJICHHS TOCTIHHOI  CKJIAJ0BOi, aHaIi3y
byHIaMEHTAIBHOI YaCTOTH Ta 3aCTOCYBaHHIO (IIbTPY BUCOKHUX Ta HU3BKUX YacCTOT,
JOCATHEHO MiJIBUIIICHHS CepeaHbOro mokaszHuka ammuityau Ha 0.017860, BigHOUIICHHS
curnai/mym Ha 2.02 n1b ra RMS curnany na 5.56 gb.

3. Po3po0sieHo anropuT™ A0JaBaHHS CYIMyTHbOI MPUXOBAHOI 1H(OpMalli B
aynio ¢aiin, sSKAi OoTpUMaHO 3a AomoMorow miAkiatoueHHs Oi0mioteku VOSK nms
oQuiaiiH-po3Mi3HABAaHHS MOBJIEHHS Ta MICTUTh 3alKMCaHy pPO3MOBHY KOMIIOHEHTY
yKpaiHChKOI0 MOBOMO. [l peanizanii aJilrOpuTMy BUKOPUCTAHO TMOCTIJOBHO IPOIIEC
KOJyBaHHSl PO3MI3HAHOTO TEKCTy y OiHapHHI (opMaT 3 BUKOPUCTAHHSM CTaHIAPTY
koayBanHs UTF-8 ta meTon Haitmenin 3Hauymioro 6ita (LSB). 3HaiineHo, 1m0 Ha OCHOBI
3aIPONIOHOBAHOTO AJTOPUTMY, MOAU(DIKOBAHWUN pPE3yJbTYIOUMA CHTHAJI Maibke He
BUJIPI3HSAETBCS BiJ OpUTiHAIBbHOTO. Tak, piBeHb TYYHOCTI OPHUTIHAJIBLHOTO CHUTHATY
cknanae 0,040723, a moaudikoBanoro 0,040718 (abcontoTHa pizHUI ckiagae 6,07%10°
%). Cepenne 3HaUEHHS A6COMIOTHOT aMILTITY I JUIsl MOM(IKOBAHOTO CUTHAITY BUSIBUIIOCH
Ha piBHI 0,012494, sixe Bipi3HAETHCS BiJl aHAJIOTTYHOTO 3HAYCHHS JJIi OPUTTHAIBHOTO
CUTHaJIy Ha 1,52x107°, TakuM 4YWHOM, HE3HAYHE 3HIDKECHHS CepeaHbOI aMIUTITYIH Ha
0.000029, miaBuiieHHS piBHA TYYHOCTI Ta 3HAYCHHS MakcuMalibHOI aMrutiTyau Ha 0.01
nb 11 curHay 3 3aK0JIOBaHUM MOBIJOMIICHHSIM CB1TYaTh MPO 30€PEeKEHHS TPUPOTHOT
JUHAMIKH Ta IHTOHAIIIHHUX XapaKTEePUCTUK MOBJICHHS, POOJISTYH TPUXOBaHy 1H(OpMaIrito

HEIMOMITHOIO I ClTyXava.
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)DEL PATH)

zer(model, fs librosa)

rec. AcceptWaveform(audio bytes)
result = rec. Result()
result json = json.loads(result)

result text = result_json.get('text’, ")

print("Posniasuanmi 1
print(result_text.strip(

print(binary text)

volume_original = np.sqrt(np.mean(audio_data ** 2))

mean amplitude original = np.mean(np.abs(audio_data))

noise_duration = 0.5

noise_samples = int(noise_duration * fs_librosa)

if noise_samples > len(audio data):

ple = audio_data[-noise_samples]

snr_original = calculate snr(audio data, noise_sample)

les = (audio_data * 32

num bits = len(binary text)

modified samples = np.copy(samples)

iin range(num_bits):

modified samples[i] = (modified samples[i] & ~1) | int{binary_text[i])

audio modified = modified samy

Lwrite(OUTPUT FIL

volume modified = np.sqrt(np.mean(audio modified loaded ** 2))

mean_amplitude modified = np.mean(np.abs(audio_modified loaded))

snr_modified = calculate snr(audio modified loaded, noise_sample)

sdr after embedding = calculate sdr(audio data, audio modified loaded)
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