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AJITOPUTM CIJIA’KMBAHUS MOCTOPOHHMX LIYMOB B ay/IM03aMUCH /sl yIyYllIeHUsA

Ka4ecTBa BOCHPHUATHA NepelaBaeMol B Hell HHpopMauuu
AHHOTALMSA

Coznanue mporpaMMbl ISl CBEIEHUS K MHUHHMYMY CJBIIIMMOCTH IIIyma,
MEILAIONIET0 BOCIPUATHIO MHPOPMALIMU U 3ByKa B ayauodaiine, sBIseTcS BaKHOU
3agaueil B 001actu udpoBoit 00paboTKH CUTHAJIOB U aynnoTexHukH. Hopmanu3zamus
3ByKa TpeOyeTcsi BO MHOTHUX CHUTYyallMsX: MpH Mepefaue CHelUalbHOTO CHTHajla, B
ayaHo-TIPOU3BOJCTBE, s YAOOCTBA B TPOCIYUIMBAHUU JIMYHBIX TOJOCOBBIX
coobmennii. llenpio AAaHHOTO TMpPOEKTa SIBISAETCS pa3paboTKa MpPOrpamMMbl IS
CHIDKCHUS YPOBHSI JIMILHETO IIyMa B ayJAMO3alHCH, KOTOPBIA MEIIAeT BOCIPHUATHUIO
MHPOpPMALIMU U yXyAIIaeT Ka4eCTBO OCHOBHOTO 3BYKa B ayauoaiiie.

CoznanHas mporpaMma royiydaeT Ha BXOJ 3aIUCh rojioca B popmate .wav (IpH
HEOOXOJIMMOCTH, MOXHO HACTpOUTh 3arpy3ky aitia u apyroro Qopmara) u
NPOM3BOJIUT JajbHENIIee MpeodpazoBaHue ayiuo curnaia B nudposoit Bua. amnee ¢
MOMOIUIBIO CTIELIMAJIHLHOTO AITOPUTMA BBITIOJHAETCS OMPEIeICHIE PEUEBOT0 CUTHAIA U
JanpHeIee NoJaBlIeHue CTOPOHHHUX ITYMOB, OTJIMYAIOIINXCSI CBOUMHU CBOMCTBAMU OT
nepBoro. ['TaBHBIM JOCTHIKEHHEM MPOEKTa SBIISETCS BO3MOXKHOCTH MPOrPAMMHBIM
00pa3oM yCTpaHUTbh, KPOME CTATHYECKOTO IIIyMa, €IIIe U HeCTaIl[HOHAPHBIE IIIyMbI. JTO
HIyMbl 0OJIee CIOKHOW CTPYKTYpPBHI, UMITYJIbCHBIE, MPEPBIBUCTBIC, KOTOpPbIE JUIATCA
KOpPOTKHE TpOoMEeXyTKH BpemeHu. IIporpamma mocie o0paboTku oOecneuuBaet
coxpaHeHue obpaboTanHoro ayauodaiisia B Hy>KHOM (popmare.

Peanuzanus nporpammbl BeIlOJIHEHA Ha si3bike Python B cpeae paspabotku
PyCharm Community Edition 2021.3.2. Ha ocHoBe pa3paboTaHHOTO aJropuTma ObLI
takxe co3nan Telegram-60T 1715 ncnonb3oBaHus (QYHKIIMOHAJIA TT0JIB30BATENISIMU TIPH

pa60Te C HCKA4YCCTBCHHBIMHU I'OJIOCOBBIMHU COO6IH€HI/I$IMI/I.
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BBEJAEHUE

Coznanne mporpaMMbl ISl CBEIEHUS K MHUHHMYMY CJBIIIMMOCTH IIIyma,
MEIIAOIIET0 BOCTIPUATHIO MHPOPMAIIMK U 3ByKa B ayauodaiie, SBISETCS Ba)KHOU
3amaueit B o0mact nupoBoit 00pabOTKM CUTHAIOB U ayIUOTeXHUKU. HopManm3anus
3ByKa TpeOyeTCs BO MHOTHX CHUTYaIlUsX: MPU Tepeaade CIelUaibHOrO CUTHAla, B
ayJIMo-TIPOU3BOJICTBE, Il yYAOOCTBa B TPOCIYIIMBAHUHM JUYHBIX T'OJIOCOBBIX
coobmenuii. B pabote coznana mporpaMma, KOTopasi moJiydaeT Ha BXOJ 3allUCh rojioca
B KakoMm-Oo Qopmare (B MpoekTe IMpejcTaBiieHa pabora ¢ wav-(ailiamu) u
IPOU3BOJUT AajibHEHIIee npeoOpa3zoBaHue ayJuo CUrHajia B LM(POBOM BHI, a Jajee
C MIOMOIIIBIO CIIEIUATBHOTO AJITOPUTMA BBITIOJIHAETCS OIMpeIeJICHHE PEUEeBOT0 CUTHAA
U JalbHEHIIIee MOAaBICHHE CTOPOHHUX IIIYMOB, OTJIMYAIOIINXCS CBOUMHU CBOMCTBAMH
OT nepBoro. [ TaBHBIM TOCTH)KEHUEM MPOEKTA SIBISETCS BO3MOXKHOCTH IPOrPAMMHBIM
00pa3oM yCTpaHUTh, KpOME CTATHYECKOTO IIIyMa, €II€ ¥ HeCTAIIMOHAPHBIC IITYMBL. JTO
nryMbel 00Jiee CIIOKHOM CTPYKTYphI, HMITYJIbCHBIE, TIPEPBIBUCTHIC, KOTOPHIC IATCS
KOpPOTKHE TpoMeXyTKH BpemeHu. IIporpamma mocie o00paboTku oOecneunBaet
coxpaHeHue obpaboTanHorO ayauodaiisia B Hy)KHOM (popmare.

Peanuzanus nmporpammbl BeIlOIHEHA Ha si3bike Python B cpeae paspabotku
PyCharm Community Edition 2021.3.2. Ha ocHOBe pa3paboTaHHOTO ajaropuTrMa ObLI
Takoke coznan Telegram-60T nist vcronp30BaHus (PYHKIIMOHAA TTOIB30BATEISIME MTPH
paboTe ¢ HeKaueCTBEHHBIMU TOJIOCOBBIMU COOOIICHUSMHU.

[lenpr0 TaHHOTO MPOEKTA SBIISETCS pa3pabdOTKa MPOTPaMMBI ISl CHUKCHHSI
YPOBHS JIMIITHETO IIyMa B ayAM03aMKCH, KOTOPBIN MEIIaeT BOCIIPUATHIO HHPOPMAIIH
U YXYJIIaeT KaueCTBO OCHOBHOTO 3ByKa B aynuodaiiie.

J7is JOCTHKEHUS TTOCTABIICHHOW eI OBLITN BBITTOJIHEHBI CIICIYIOIINE 33 JaUH:

1. u3ydeHue pa3TUYHBIX METOJIOB M AJITOPUTMOB IIOJABIICHUS IlIymMa B
aynuodaiinax, BKIOYas (QUIBTpAlMIO, CIEKTPaJbHOE AaHalu3, aJanTHBHBIC
AJITOPUTMBI U MAIIMHHOE 00YYECHHE;

2. ananu3 ayauodaiina U UASHTHU(PHUKAIUS OCHOBHOTO T0OJIOCAa C TMOMOIIBIO

nporpammbl Audacity;



3. pa3paboTka anroputMa (UIABTPALUKA IIYMOB C YYETOM OCOOEHHOCTEM
YeJI0BEUECKOro rosoca;

4. TeCTUpOBAaHUE AJITOPUTMA HA Pa3IMUYHBIX ayauodailiax ¢ pa3IudHbIMU
TUIIAMU IIIyMOB;

5. peamuszanus aiaroputMa Ha sA3bIke nporpammupoBaHus Python ¢
UCIIOJIb30BaHUEM COOTBETCTBYIOLIUX ONOJINOTEK;

6. obecrnieueHue coxpaHeHusi o0paboTaHHOTO ayauodaiga B HYKHOM
dbopmare;

7. co3manue Telegram-0oTa 1yis MTHOBEHHOTO JOCTYyNa IOJB30BATENs K

(GYHKIIMOHATY alropyuT™Ma U MOJYYSHHUIO pe3yibTara.

OCHOBHASA YACTbD

1  IlpeacraBijieHHe XapaKTepPUCTHK 3alMCH 3BYKA

Bxonubim aitmom st Oyaymied mporpammbl SIBISIETCSl 3alMCh 3ByKa B
dbopmate .wav (Ipu KeJaHuH, MOKHO BBIOpaTh J1H000# apyroi popmar). Paccmorpum
CTPYKTypy cojaepskamierocsi B (paiine 3ByKOBOro curHaia. /[l aHammsa u
BU3yaIM3allMi PA3MYHBIX aCEeKTOB 3BYKa, TaKMX KakK pedb, My3blKa WM IIyM,
UCHIOJB3yeTCs crekTporpamma. CrnekrporpaMma MpeacTaBiseT codoi rpaguyeckoe
IpeCTaBICHUE CIEKTpa 3BYKOBOTO CHTHaja B 3aBHCHUMOCTH OT BpemeHH. OnHa
ABIIAETCS BU3YaJbHBIM CIIOCOOOM TMPEICTABICHUS TOrO, KaK MEHSETCS YaCTOTHBIN
COCTaB ay/IMOCUTHAJIa B TEUEHUE BPEMEHU.

Jlis BU3yanbHOM OLIEHKHM XapaKTEpPUCTUK CUTHANA, TaKUX KaK aMIUINTY[a,
JUINTEIBHOCTh, 4YacToTa M (opmMa BOJHBI, OyaeM MOJIb30BaTbCS BOIHO()OPMON.
Bonnodopma (mnu BpemeHHasi 007acTh) MpeacTaBisieT coOOW rpaduK amILTUTYbI
3BYKOBOTO CHTHaJla B 3aBHUCHUMOCTH OT BpPE€MEHH. OTO IMpocToe Tpaduieckoe
IpeICTaBICHUE ayAUOCUTHAIIA, T/Ie€ 110 OCH aOCLUCC OTKJIAaIbIBAETCS BpEMs, a 10 OCU
OpAMHAT — aMIUIMTyJa 3BYKOBOro napieHus. Kaxmas Touka Ha BoiHOGOpME

MPEACTABISAECT COOOM aMIUTUTYly CUTHAJIa B OIIPE/IeNIEHHbII MOMEHT BpeMeHH [ 1].



Ha pucynke 1 mokaxem cHeKTporpaMmy U BOJHO(QOpPMY rojioca 4eloBeKa,

3aIIMCaHHOTO B OTCYTCTBHE LIIyMa.

Moo, 480007y
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] voice_0-12%] | ol e B J
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Mowo, 480007y, -0,5]
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Pucynoxk 1 — Cnekrporpamma u BoJiHOGOpMa royioca 4esoBeKa

Kak BugHO Mo pucyHKyY 1 criekTporpaMmma rojoca 4ejioBeKa COAEPKUT YETKHE
MOJIOCHI YacTOT, COOTBETCTBYIOUIME AaKYyCTHUYECKUM XapaKTEPUCTHUKAM, KOTOpHIE
SIBJISIFOTCSI PE30HAHCHBIMU MMKaMU, CO3/1aBA€MbIMU PEYEBBIMU OpraHaMu. M3MeHeHus
B BBICOTE TOHA, TeMOpa U MHTEHCHUBHOCTU BHU3YaJIbHO BBIJIEJIEHBI B CIIEKTPOrpamMMe.
Bonnodopma romoca yenoBeka COAEpKUT MEPUOJUUECKHE KOJIeOaHUs, CBA3aHHbIE C
BBICOKOYACTOTHBIMHM KOJICOAHHMSIMU TOJIOCOBBIX CKJIAJIOK B TOPTAaHW. AMIUIATYAA
3BYKOBBIX KOJIe0aHMii HA BOJIHO(OPME U3MEHSIETCS B 3aBUCUMOCTH OT HHTEHCUBHOCTH
U TpOoMKOCTH peun. Dopma BOTHBI COICPKHUT HWHPOPMAIUIO O 3BYKOBBIX
XapaKTEepUCTUKAX, TAKUX KAK COTJIACHBIE, TJIACHBIE U May3bl B peuu [2].

PaccmoTpum  Temeph BU3yaJdM3allMI0 ToJIOCA 4YEJIOBEKAa Ha 3alucu ¢

IPUCYTCTBHE LIyma (puc. 2).
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Pucynoxk 2 — Cnexrporpamma 1 BojiHoOpMa royioca 4ejioBeKka ¢ iryMmoM



Ha cnekrporpamMe pucyHka 2 OTYETJIMBO BHJIHBI YAaCTOTHBIE  MOJIOCHI,

COOTBETCTBYIOILIME TOJOCOBBIM XapaKTEPUCTHKAM YEJIOBEKa. JTO MOTyT OBITh
(opMaHTBl  (PE30HAHCHBIE  IIMKH, CO3JaBacMble  PEUYEBBIMU  OpraHaMH),
MHTOHALMOHHBIE 0COOEHHOCTH U Ipyrue 0COOEHHOCTH peur. B ciekTporpamme Taxke
BU/JHBl YaCTOTHbIE KOMIIOHEHTBI, XapakTepHble JUIs myMa. Hampumep, eciu mym
COJICP’)KUT HU3KOUYACTOTHBIE PE3KOCTU WM BBICOKOYACTOTHBIE LIYMbI, OHU OyIyT
BBIPAKEHBI HA CLIEKTPOrpaMMe B BHJIE JOTIOTHUTENIBHBIX MOJOC UK IATEH [2].

B BonHOdoOpME ke BHIHBI NEPUOAWYECKUE KOJIEOaHUs, CBA3AHHBIE C
rOJIOCOBBIMM CKJIaAKaMM 4yesioBeka. Ha BomHodopMe MOxkHO HaOIr01aTh 100aBOYHbIE

CJ'Iy‘-IElfIHLIG KOJ'IC6&HI/I$[, KOTOPBIC NPCACTABJIAIOT HIYM B ayAMOCHUTHAJIC.

Crna)kusaHue
wyma

3arpyska
ayauodaiina

Bbisog,
CnNeKTporpammbi
[ONA aHanu3a
4acToTHOro
cofiepXaHua

Bbigenexue
obnactu 6e3
curHana ana
oLeHKu GoHoBoro
wyma

Pacuer
CNeKTpaNbHbIX
XapaKTepuUCTUK

wyma

MpumeHeHune
Bbl6paHHOro
meToaa
dunbTpaumm K
ayavodainy

MpumeHeHne
bunbTpa HU3KUX U
BbICOKMX YacToT

CoxpaHeHue
ayauodaiina c
noAasneHHbIM

LWwymom

YreHue cBoiicTB
ayauodaina

Ysenunyenve
YPOBHA rPOMKOCTU
3BYKa B

ayavodaiine

Pucynok 3 — CtpykTypHas cxema ajiropurma CriakKuBaHUs IIyMa

[lepeuricnennble BbllIe HM300pakeHUs] 3aBUCHMOCTEH IJIsi 3BYyKa SIBISIOTCA
BCIIOMOTATEJIbHBIM HHCTPYMEHTOM NpU aHalu3e pPabOTOCIIOCOOHOCTH CO3AaHHOM
IporpaMMbl, KOTOpas MOAABIAET IIyM B aynuosanucu. Ha pesynbTartsl BbIBOAA
CHEeKTPOrpaMMbl M BOJHO(OPMBI 10 U Tociae OOpabOTKHM aJrOpUTMOM, MBI
OpUEHTHPOBAIHNCH B TMPOILIECCE KOPPEKTHPOBKU alropuTMa. B wurore mnomyuymiu
OBICTPBIIl HHCTPYMEHT, CIIOCOOHBIH YIydIIUTh KauecTBO ayauno3anucu. Ha pucynke 3
NpeCTaBieHa CTPYKTypHas cxema mnporpamMmbl. Ha cxeme BuMIHO, uYTO OBLI

pealin30BaH aBTOPCKHUI MOJAXOJ MO yCTPAaHEHHIO IIyMa u3 ayauodaiiina, B KOTOPOM

IMPHUMCHAIOTCA KaK U3BECTHBIN H8.60p CII0c000B Q)HHBTpaHI/II/I, TaK ¥ TOYCYHbIM aHAIU3
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3ByKa Ha HaJM4Me€ KaK CTaTHYeCcKoro (IIyM Tropoja, IbLIECOca, BETpa), Tak H

HECTAIMOHAPHOTO ITyMa (PE3KUi CUTHAII aBTOMOOWIISI, KPUK ITTHIIHI ).

2 AJropuTM CrJa’KMBaHUS IIyMAa U €ro NporpaMMHasi peaju3anus

B npoekre Takke pazpaboTaHa peaiu3als airoputMa Ha szbike Python c
MOMOIIIBIO CIIEYIONIEr0 Habopa BCIIOMOTraTeIbHbIX OMOINOTEK.

Librosa — »To 6ubnmoreka Python mnst ananw3a My3bIkH ¥ ayiuo, KOTOpas
OMOTaeT pa3paboTyrKaM MPOrpaMMHOTO O0OECIIEUeHHs CO3/1aBaTh MPUIIOKEHUS IS
paboThI ¢ My3bIKATBHBIME (paitiamu. bubnaroreka o4eHs MPOCTa B UCTIOJIH30BAHUU U
MOJKET BBIMOJHATH KaKk 0a30BbIe, TaK W CIOXKHBIC 33Ja4M, CBSA3aHHbIE C 00pPaOOTKOM
aymo M MY3bIKM. buOnmMoreka MMeeT OTKPBITHIA MCXOJIHBIM KOJ U HAXOJIUTCA B
cB0OOAHOM aocTymie no aureH3uu [SC.

Matplotlib — 310 O6uONMOTEKAa Ha s3bIKE TporpamMmmupoBaHusi Python s
co3nanus rpadMKOB M BU3yalu3aluu JaHHBIX. OHa NMPEJOCTABISET IMUPOKUNA CHIEKTP
GYHKIWN A7 CO3AaHMS PA3IMIHBIX TUITOB Tpa(UKOB, BKITIOYAs TUHEHHBIE, TOUCUHBIE,
crosiduaTblie, TUCTOTPAMMbI, KPyroBble auarpaMMmbl M MHOroe japyroe. Matplotlib
YaCTO WCTOJB3YETCS B HAYYHBIX M MHXKCHEPHBIX MPUIOKEHHUAX, a TAKXKE B 001aCTH
aHaJu3a IaHHBIX U MAIIMHHOTO o0y4eHus [3].

Pydub — »t1o 6Gubnuoreka Ha si3bike Python, mpegnasHauennas aist ynoOHoOU
00paboTku ayauodaitioB. C ee MOMOIIBI0 MOKHO BBITIOJIHATH PA3IMUHBIC ONIEPAIiH
HaJl 3BYKOBBIMHM JIaHHBIMH, TaKM€ KaK UYTEHHWE U 3amuch ayauodaiinioB, Hapeska,
CKJIeHiKa, U3MEHEHNE TPOMKOCTH, TIpeoOpa3oBanue (opMaToB U MHOTOE Apyroe [4].

SciPy — o510 Oubnunoreka Python ¢ OTKpPBITBIM HMCXOIHBIM KOJOM,
npelHa3HAaYeHHasi JJIsl pelIeHUsT Hay4dHbIX W MaTemaTudeckux mpobiem. Ona
noctpoeHa Ha ©Oaze NumPy u mo3BoisieT ympaBisTh MJAHHBIMH, a TaKKe
BU3YaJIM3UPOBATH UX C TTOMOIIBIO Pa3HBIX BHICOKOYPOBHEBBIX KoMaH . [Ipu umnopTte
SciPy otnensHo umnoptupoBaTs NumPy He HYyX HO.

Noisereduce — 310 OMONIMOTEKA aNTOPUTMOB IIyMomnoAaBneHus Ha Python,
KOTOpasi UCIOJIb3yeT METOJbl O0OpaOOTKM CHUTHAJOB, Takue Kak (UIbTPHl U

CTaTUCTUYCCKUC MCTO/bI, I YAAJICHHA IIyMa H3 ayJauo. Ot MCTO/Jbl MOTYT
8



BapbUPOBATHCS B 3aBUCUMOCTH OT peaM3alliy, HO O0IIas uaes 3aKJII0UaeTcs B TOM,
YTOOBI M30JIMPOBATh KOMIIOHEHTHI ayAHO, KOTOpPbIE MPEACTaBISAIOT COOOW IIyMm, H
YMEHBIINTh UX BIMSHUE HA OCTAJIbHON CUTHAJL.

[IporpamMmMHas peanu3aiiys anropuTMa HAUMHAETCS C 3arpy3Ku ayauodaiiia ¢
nomo1neio wave.open(). [lanee npoucxoaut BeIBOA CHEKTPOrpaMMbl U BOJHO(OPMBI
UCXOJIHOTO ayauoaiina

[Ipexxne ueM nocTpouTh rpaduk BOJIHOGOPMBI, HAM HYKHO pacCUYUTAaTh BPEMSI
Kaxaoro camiuia (HeOombIol ounudpoBaHHBIA 3BYKOBOM (parmeHT). Jpyrumu
CJIOBaMH, 3TO MPOCTO oOm@as uHa ayauodaiiia B CeKyHAaX, JCJNEeHHas Ha
KOJIMYECTBO COMILIOB. MBI MOXEM MCIONB30BaTh linspace oT numpy, 4ToObI CO3AaTh
MaccuB BpeMeHHbIX MeTOK. [locTpoeHne rpaduka BBIOTHIETCA C MOMOIIBIO KIacc
pyplot ot matplotlib. /Inst mpocTOTEI MBI CTpOUM rpauK CUTHANIA TOJIBKO C OJHOTO

kaHaina. [Tokaxkem Ha pUCYHKE COOTBETCTBYIOLIUHN (hparMeHT MPOTrpaMMBbI.

Pucynoxk 4 — [Iporpammuoe nocrpoenue rpadukoB

Ha mepBbix sTanax oO0paOOTKU MpUMEHSAETCS (QUIBTP CKOIB3AIIECH CpeaHeu
(puc. 5). MartemaTH4eCKH CKOJB3SIIEEe CpellHee OMpe/eisieT CpeHee 3HAaueHUe
CUTHaJja 3a ONpPE/EICHHbBIN MPOMEKYTOK BPEMEHHU U, TAKUM 00pa3oM, IMPEICTaBIsSIeT
co00Ol MeToJ CIVIaKMBAHHUS CHUTHAJA, HAKOIUIEHHOTO 3a 3TO BpeMs, MO3TOMY €ro
MOKHO paccMaTpuBaTh Kak mpuMep (QUiIbTpa HMKHUX YACTOT, UCIIOJIB3YEMOTO MpH

oOpabotke curHanoB. DuabTp HIWKHHUX YACTOT — 3TO0 GUIBTP, 3HPEKTUBHO



MPOMYCKAIOIINI YaCTOTHBIA CIEKTP CUTHAjla HUXKE HEKOTOPOW YacTOThl (4acTOTHI
cpes3a) U MOAABISIIOIIMNA YaCTOThl CHTHANA BBIIIE 3TOM YacTOTBHl. DTOT (UIBTP CO
CKOJIB3SIIIUM CpPEIHUM SBIsieTCd 0a30BbIM (UIBTPOM, U OH JIOBOJIBHO MPOCT B
UCTIONb30BaHuU. B nanHoMm mporpamme it ¢uiabTpa Obljla YCTaHOBJEHA 4acTOTa

cpesza 350 I' [2].

t0ffFreauenc

running_mean (X
Q.unsum = No.cul

interpret_wav(raw_bytes

Pucynoxk 5 — Peanuzanus anroputma GuibTpa HIKHUX 4acTOT

B mporpammMe Takke UCHOIBb3yeTCs (PUIBTP BEPXHUX YACTOT U3 OMOIMOTEKH
Pydub (puc. 6). [Hanee »xe ¢ momombio ¢uiabTpa U3 OuOIMOTeKH noisereduce
yOupaetcst octaBumiics myMm. JlaHHbIA (UIBTP MEpBBIE MATh CEKYyHH ayauodaiina
UCTIONB3YeT JUIsl OIEHKH OIyMa. Takoil MOIXOA IMOoJApa3yMeBaeTcsi B alropuTMe

q)HHBTpa IIOTOMY, 4YTO 3a4acCTyI0 B ayaMO3allMCAX B HA4YaJI€ MOXET Ha6J'IIO,Z[aTBC}I
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OTCYTCTBHE PEeUH WIH Ipyrue (OHOBBIE 3BYKH, KOTOPHIE MOKHO CUUTATh ITYMOM. DTOT

IITYM UCIIOJIB3YETCS B JaNMbHEHIIEM JIJIsl CO3AaHus Tpoduiis nryma.

Pucynok 6 — [Ipumenenue puinbTpa BEpXHUX YaCTOT

[Tocne Toro, Kak 1IyM ONpeesieH, OH yMEHbIIAeTCs 0 BceMy ayauodaiimy. U
1ocJie MPUMEHEHUS MePEUYUCICHHbBIX (DUIBTPOB OCHOBHASI UHPOpMaLKs B ayauodaiiie
CTAHOBUTBHCA 3aMETHO Tume. M g ynydlleHus CHBIIIMMOCTH B IPOrpaMMe
HACTPAMBAETCs TPOMKOCTh 3ByKa — yBeNHUMBAETCS Ha 25 nenuben. B duHampHOM
YacTH KOJa B MporpamMme MPeayCMOTPEH BBIBOJ CIIEKTPOrPaMMbl M BOJIHO(POPMBI
OTGUIBTPOBAHHOTO  3ByKa JUId  JallbHEHIIEro  aHaiM3a W TMPOBEPKH

paboTOCIOCOOHOCTH MPOTPAMMBI.
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3  TecrupoBaHue NporpamMmsl

[Toxaxem Ha mpumepax 3¢(HEeKTUBHOCTh paboThl mporpammbl. C MOMOIIBIO
CIIeKTporpaMM U BojHOMOpM ayauodaiiaa a0 00pabOTKM M TMOCie MPOU3BEIAEM
CpaBHEHHE 3TUX (ailioB, BU3yalbHO BBIIBUM OTNIMYMs. Ha pucyHke 7 mpeacTaBlieHbl
BOJIHOGOpMa W CIEKTporpaMma sl HCXOAHOro ayauodaiima, B KOTOPOM

MPUCYTCTBYET MOHOTOHHBIN CTaTUUECKUH 1IyM 0€3 pPe3KHX KOPOTKUX CUTHAJIOB.

v 00 10 20 30 40 50 60 70 80 90 'o,o 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
L i L h L ! h ! ! ! ! N h . h .

142332 2173142332 2)
0

Pucynox 7 — BorHodopMa u ciekTporpamma Jist ay Mo ¢ MOHOTOHHBIM IIIyMOM

[Tocne oOpaboTku gaHHOTO ayauodaiisia mporpaMMa COXpaHseT MOJTy4eHHbIN
¢aiin, B KOTOPOM YK€ IIyM CBEIEH K MHUHUMYMY, U OYEHb OTYETIUBO CIBILIIHO
OCHOBHOI TOJiIOC B ayAuo3amucu 0e3 MOCTOPOHHUX 3BYKOB. Ha cmekrporpamme

BU3YaJIbHO MOKHO TIEPEIaTh Pa3HUIly MeXAy dTUMU (aiinamu (puc. 8).

v ) 00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 1dro 170 180 190 200 210 220 230 240 250 260 270 280 280 300

Sample-16s.

a| Bupers| |10

Pucynok 8 — BomHodopma u ciekrporpaMma 06pab0TaHHOTO ayaro

PaccmoTtpum apyroit BapuaHT aynuodaiina, Koraa Mo X0Ay BOCIIPOU3BEICHUS
IIPUCYTCTBYET HECKOJBKO THIIOB IIYMOB, SIBHO BBIPAKEHHBIE 3BYKHM OH HECKOJIBKHUX

CTOPOHHHUX UCTOYHUKOB (pHucC. 9).
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v 0 10 20 30 40 50 60 70
" s o8 L ! i L h

x| 2173142232

2173142332 (1)
Two | caro | 10

soser_|

Pucynok 9 — Bonnodopma u ciektporpamMmma ayJuo ¢ HECKOJIbKUMH TUTIAaMU IIIyMOB

[IporpamMma BBITIOJIHAET KayeCTBEHHYIO OOpabOTKy M B Takux ciydasx. Ha

pucynke 10 Mo>keM BUIETh XapaKTEPUCTUKU pe3ybTaTa padOThl MPOTPAMMBI.

v 0 10 20 30 40 50 60 70 80 20
e s L ved i i b i L

Sample-155.

Pucynox 10 — BomHodopma u ciekTporpamma mociie yJaaaeHus: HeCKOIbKHUX IITyMOB

B manmHOM mpoekte, Taxke, Obu1 co3aad Telegram-60T, KOTOpbIH paboTaeT Ha

ocHOBe pazpaboranHoro amroputMma (puc. 11). OH mo3BoJsieT OBICTPO MPOU3BECTH

IIYM W3 OTIIPaBJIEHHOrO eMy (pailyia 1 BepHYTh MOJIB30BATENIO TOT ke (aity, HO Oe3

IIyMa, He UCKa)kasi IPH 3TOM OCHOBHOM CHTHaJ ¢ MH(pOpMaLneH.
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"V dunbTpauma ayal 3

February 15

/start )5

' TMpuBeTcTBYIO Bac! { - BaLl IMYHbIA
acCUCTEeHT no dbunbTpauun
ayguodainnoe ot wyma. OTnpaBbTe
MHe ayanodain, KOTopbIH HYXXHO
obpaboTaTb, U A C YAO0BObCTBUEM
nomory Bam u3baBUTbCHA OT HEHYXKHbIX
3ByKOB! 92:18

2173142332.wav  :
5.1 MB WAV

2219w |

Cnacu6o! {1 ycnelwHo o6paéoTan Ball
ayguodain n othunsTpoBan ero ot
Lyma. 22:1

2173142332 (1).wav ¢
5.1 MB WAV
22:19 4

© Message 2 (0
Pucynoxk 11 — Telegram-6oT

Telegram-60T HyXeH, HampuMmep, B CHUTyalldd, KOTJa YEJIOBEKY OBLIO
OTMPABIIEHO TOJOCOBOE COOOIIEHHE B IIYMHOM oOcTaHOBKe. UTOOBI pacmo3HAThH
OCHOBHYIO MH(pOPMAIMIO W3 COOOIIEHUS, HEOOXOAMMO H30aBUTHCS OT MEMIAIONTUX
3TOMY IIyMOB. Toraa rmoib30BaTesib MOXKET MPOCTO MepeciaaTh COOOIIEHHE B ATOT 00T
U cpa3y ke, dyepe3 1—3 cekyHIpl, MOJIYyYUTh OT HETO TO KE CaMOE TO0JIOCOBOE

COOOIIIEHNE C YETKUM T'OJIOCOM TOBOpSIIero. Pe3ynbTaTsl TECTUPOBAHUS TPOTPAMMBI:

https://drive.google.com/drive/folders/1ug82a0-7wSY6T6GXTAzsITTuObUkkKi2?usp=sharing
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3AKIIOYEHUE

B nanHOl paboTe co3maH aiNropuTM YyAAJNeHMs IIyMa W3 ayAMO3aIllUCH C
NPUMEHEHHEM HECKOJBKUX (HIBTPOB: HU3BECTHBIX (QHIBTPOB U3 CIHEIHMAIbHBIX
oubmunorexk Python m wanmcannelie aBTOpoM. PabGoTOCIOCOOHOCTH MPOrpaMMbl MO
yJIQJIeHUIO ITyMa IPOIEMOHCTPUPOBAaHA HAa HECKOJIBKUX NMpUMepax. JlaHHBIH aaropuTm
y10OHO IPUMEHSTH B CUTYAIHsIX, KOTJ]a HET MO PYKOM KOMITBIOTEPA CO CHEeIMaIbHBIM
ayaAMOpeIaKTOPOM, a AOCTaTh HHPOpMaLKIO U3 ayauodaiiia HyxHo. Camas JyacTas U3
NOJOOHBIX CUTYallUi — 3TO PACcIO3HABAHKE PEUH U3 TOJI0COBOTr0 coobeHus. [loatomy
IpEeCTaBICHHBIN alrOpUTM Jier B OCHOBY Telegram-60Ta, KoTOpOoMy Bcerja MOXHO
OBICTPO TIepecyaTh COOOIICHHE U TaKkKe OBICTPO MOJYYUTh OTBET B BUJE ITOTO KE

roJIOCOBOTO COOOIIEHUS Oe3 IIyma.
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Ipuioxenue A. OT3bIB

e ———
denepalbHOE rOCYIAPCTBEHHOS
GrODKETHOE 00pa30BaTeNbHOE YUPEIKACHHE
BBICIIETO 00Pa3OBaHUA
«HanoHaNLHbIN HCCIST0BaTENLCKUM
yamsepentet «MOM» (PTBOY «M3H»)
111250, r. Mocksa,

BH.TEp.T. MyRULMIATBHBIT OKpYT JlepopToso,
yn. KpacHokasapmersas, 1. 14, ¢1p. 1
Tem.: (495) 362-75-60, daxc: (495) 362-89-38
E-mail: universe@mpei.ac.ru
http://www.mpei.ac.ru

Ne

«_» 20 r.

-_—

OT3bIB

Ha MPOEKTHYI0 paboTy
(npoexmuyio / ucciedoeamensCKyio)
110 TeMe «AJITOPUTM CIJIAKABAHUA NOCTOPOHHKX IIyMOB B AY/IHO3AMMCH IS YTy I EHHs KagecTBa

BOCTIPHSATHS IIepeXaBaeMoii B Heil "H(pOopMaALIUI
(Haumenosanue pabomut)

yuamerocs ___ 10 Kjacca I'BOY IlIkoaa Nell155

(knacc) (Houmenosanue 0bpa308aAMENsHOT opeanuzayuy)
Pamasanos AGxysa Xaupberosad
(pamunus, wms, omuecmeo (npu HaIUYUY), 3ANOTHAETNCA H Kaoic0020 YUACMHUKA)

B npoeKTHO# paGoTe «ANTOPUTM CTIIaKMBAHMS TOCTOPOHHAX IIyMOB B 2y THO3AIHCH JUTSL Yy UIIeHUs
KauecTBa BOCIPUSITHS TeEpefaBacMOM B Hell ME(opMaluu» aBTOp PEamu30oBal aIrOPHTM, KOTOpbIH
103BOJIAT BHECTH M3MEHEHUS B CBOMCTBa aymuodaiina mus Gonee KaueCTBEHHOTO BOCIPHATHA CIYIIATENCM
HHOPMAIWH, COIEPKAINEHCS B HEM.

PaboToCIOCOBHOCT: HOBOTO AITOPHTMA IIOKa3aHa B IPOEKTe Ha MHOXECTBE IPUMEPOB: MPHBEIICHbL
KauecTBCHHBIE MUIOCTPAIEH C MOAPOOHEIM OOBACHEHMEM HOBOM WIEH IO MHHMMHU3ANMH IMyMa B
FONIOCOBOM COOOMEHHH. ABTOp B pafoTe IPOJEMOHCTPHPOBAN YMEHHE ONPEICIATH mpobieMy B
PACCMOTPEHHON TeMaThKe, BBIOHPATH CHOCOGBL W CpeicTBa €e DEINeHHd, TBOPYECKM HOIXOMUTH K
peaH3aIIY JJAHHOTO PEIIeHHs, a TakKe MoACHpaTh MOIXOISIIH [UIs HTOr0 Habop MPOrpaMMHBIX CPEICTB.
B mpoekTe Takke IOKa3aHO MPEUMYLIECTBO MPE/UIOKCHHOTO METONA Hal HEKOTOPHIMH H3BECTHBEIMH
CTAH/APTHEIMH TPAEMaMM YCTPAaHCHHS IIyMa B ay[AHO3AMHCAX, €TO [O3BOJIAET [JaHHBIA METOX
PEKOMEH/IOBATD K IIPAKTAYECKOMY NPHMEHEHHUIO.

Llens paGOTHl aBTOPOM TOCTHTHYTHI, aKTyalbHOCTH NPEACTABICHHBIX B paboTe TOCTHKECHAN M HX
[pAKTHYECKas 3HAYAMOCTH IONTBEPKICHDL. PaspaGoTannas mpoekTa IporpaMma Haizaer

JOUCHT
(0omicrocmy)

(noonuce)
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