DNEKTPOHHbIN XYpHan «TexHn4yeckas akyCcTmka»
http://www.ejta.org

2008, 15

KYCTUKA

B. B. MutaHok

Tonecckui 2ocyoapcmeennwiil ynusepcumem, 2. Ilunck, benapyco.
225710, e. [lunck, yn. /Jnenposckou ¢pnomunuu, 23. e-mail: mitsianok@mail.ru

MeToa annpokcnmauunm gna onpeneneHnd YNCaoBbiX
XapaKTEPUNCTUK HEKOTOPbIX HN3KOYACTOTHbLIX 3BYKOB
4yesioBe4YeCKon peun

Honyuena 15.05.2008, onyoaruxosana 04.08.2008

[IpennoxxeH MeTon pacrno3HaBaHHs 3BYKOBBIX CHTHAJOB, B OCHOBE KOTOpOTO
JCKUT Ujes anmpoKCUMaluu (MOYTH) MEepHOANYECKOH (yHKIUM HAbOpoM MoJ ¢
MEUIEHHO (M0  CpaBHEHUI0 C HECYIIMMH YacTOTaMH)  MEHSIOLUMUCS
aMIIUTYAaMd. MeToa MNpUMEHEeH K aHaiu3y & HHU3KOYaCTOTHBIX 3BYKOB
YeJI0OBEUECKON peuH, MONyudeHHBIX OT § pecnoHaeHToB. Co3maHa 0a3a JaHHBIX 110
aMIUTUTyZaM OTAEJbHBIX MOJ M Ha €€ OCHOBe pa3paboTaHa cHUcTeMa
UACHTU(UKAIIMA TPOU3HECEHHBIX 3BYKOB. TeCTOBBIE WCIBITAHUS CO3/IaHHOU
CHCTEMBI [TOKa3aJli YPOBEHb PAaCIO3HABAEMOCTH 3BYKOB B 85-95 mpo1ieHTOB.

KroueBrlie cioBa: pacino3dHaBaHuEC peUH, alllIpOKCUManuA

BBEJIEHUE

HecMoTpss Ha MHOTOUYMCIIEHHBIE YCWIMA Ha mpoTshkeHuu mnodytu 50 er, 3amada
YBEPEHHOT'O PACIIO3HABaHUs KOMITBIOTEPOM YEJIOBEYECKOM peur 10 cux mop He peuiena. He
peleHa TaKKe 3aJaya paclo3HaBaHUS KOMITBIOTEPOM YeJOBEKa IO €ro ToJIOCY, XOTs
U3BECTHO, YTO XOPOIIO 3HAKOMBbIE MEXIy COOOW JIOIU JIETKO y3HAIOT OJWH JIPYroro mnpu
pasroBope mo TtenedoHy. ToT (axT, yTO K HACTOSIIEMY BPEMEHH YXKe pa3paboTaHbl U
UCIIONB3YIOTCS TaK Ha3bIBAEMbIE IUKTOPO3aBUCHUMBIE MPOTPamMMbl, KOTOpBIE TOCTATOYHO
YBEPEHHO pACHO3HAKOT I0JIOC 3HAKOMOIO JUKTOpPA, a IOJ0C HE3HAKOMOro - IIOYTH HeE
pacmo3HaT, BOBCE HE O3HA4yaeT, YTO HUMEET MECTO paclo3HaBaHUE IUKTOpa. Xopollas
nporpaMMa paclo3HaBaHUS JIOJDKHA  paclo3HaBaTh pedb 00020 UelOoBeKa  Oe3
NpEeIBapUTENbHON TPEHUPOBKH. A eclii HMeITcs o00pas3lbl rojoca JIUKTOpa, TO U
UICHTU(PHUIUPOBATH €TO0.

Xotst B menoMm mpoOjema elle He pelieHa, UMEETCsl psAJl HECOMHEHHBIX JOCTHKEHHUH.
[TomyueHHbIE K HACTOSIIEMY BPEMEHH JOCTHKEHHS U elle HepelleHHbIE MpoOIeMbl BechbMa
nofiHO u3JokeHbl B [1]. B [2] MoxxHO HaliTH OOIIMpHBIA TepedeHb HamlpaBlIeHUM, TeM U
COIyTCTBYIOILIMX BOIPOCOB, MMEIOIIMX OTHOIIEHHWE K MpoOJIeME pacro3HaBaHUs 3BYKOB
YEJI0BEYECKON PeUHu.

B Hacrosimiee BpeMs Uil paclio3HaBaHUs PEUYH Yallle BCETO M3YYaroTCs HAOOPhI pa3IMyHbIX
MPU3HAKOB, XapaKTEPU3YIOIIUX 3BYKH, C HCIOJIB30BAHHWEM CTAaTHCTUYECKOro aHamm3a [3].
Hcnonp3yroTest ypoBHH B CIIEKTPAIBHBIX MOJIOCAX, (pOpMaHTHBIE MPU3HAKH, KOI(D(OUITHECHTHI
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JauHeWHoro mporHo3a [3-5]. B [4] BBIABUHYTO MpeAmnoioxeHHe 00 ompeAensiomei poau
COOTHOILIEHUS] ypPOBHEH MOIIHOCTH B ONPEJCIIEHHBIX CIEKTPAIbHBIX II0JIOCAX PEUEBOIO
curHasia. Ho HU oJiMH 13 BO3MOXHBIX HAOOpPOB MPHU3HAKOB HE MMEET SIBHOTO MPEUMYIIECTBA
1o cpaBHEHHIO ¢ JIpyrumHu [S]. I[loaTromy HekoTOpbIe U3 HAOOPOB MCIOJB3YIOTCS COBMECTHO.
Tak, B [6] ang wuaeHTUUKAMM 3BYKOB HCHOJNB3YIOTCA MapajuledbHO (OpMaHTHBIE WU
MIOJIOCHBIC TIPH3HAKH. 3aMHTEPECOBAHHBIM YMTATENhb MOXKET HAWTH MOJPOOHOE OCBEUICHHE
Bompoca B [7].

Bo MHOrux cucremax pacro3HaBaHMsI peuu TpeOyeTcs pas3/iedbHOe MPOU3HECEHHUE CIIOB, C
nay3oit Mmexxry HuMu He MeHee 150 mc [8]. Hegasno nosiBunuch cucremsl NaturallySpeaking
¢upmer Dragon Systems u ViaVoice ¢pupmbl IBM, He TpeOyronue Takux mays, HO 3TOT yCIex
JOCTUTHYT HE 3a CYeT YJyYIIeHHOW MaTeMaTH4ecKol NpopabOTKU 3adayd, a 3a cyeT
COBEPUICHCTBOBAHUS KOMIIBIOTEPOB. JTU MPOrpaMMbl Ha MEPBOM ATale aHATU3UPYIOT 3BYK,
YTOOBI OTJIMYUTh HU3KOYACTOTHBIE TJIACHBIE OT BBICOKOYACTOTHBIX corylacHbIX. ITocie atoro
pe3ynbTaThl CpaBHUBAIOT C (OHEMaMH, M IO pe3yibTaTaM CpPaBHEHHUS U MPOUCXOAUT
pacno3HaBaHME 3ByKa. OTH MpOrpamMMbl SBISIOTCS JUKTOPO3aBUCHUMBIMHU, TO €CThb IEpEN
IEPBBIM HUCIOJIb30BAHNUEM MPOrpaMMa JI0JKHA «IIPUBBIKHYTBY» K roJI0cy JuKTopa [9].

Hano monarath, 4To MEAIUTENBHOCTh NPOJIBMKEHHUS B 3aJady€ pacllO3HABAHUS 3BYKOB
CBSI3aHA C HEJOCTAaTOYHOW MaTeMaTHYECKON MpOopabdOTKOW 3ajaud, >KeJaHUEeM JOOUTHCS
cKopeiiiero (pMHaHCOBOTO yCIeXa, YTO MPUBOAUT K TOMY, YTO MHOTHUE, CYIIECTBEHHBIC IS
pacro3HaBaHMsl 3BYKOB MaT€MaTHYECKHE OCOOEHHOCTH 3BYKOBBIX KpPHBBIX, 1O CHX IOp
OCTAIOTCsI HEU3yUeHHBIMH. B 3T0i CBsA3M 0COOEHHO MHTPUTYIOIIUM BBITJISIIUT OTMEYCHHOE B
[10] 0OCTOATENBCTBO, YTO «PEUEBOM CHUTHANT JIOCTATOYHO XOPOIIO BOCHPHHUMACTCS
YeJI0OBEKOM JIa)kKe B OYEHBb Y3KOH I0JIOCE YacCTOT, MPUYEM DPACIOJIOKEHHOH B JII0OOOW YacTH
peUeBoro aAuana3zoHa. ITO CBOMCTBO COBEPIIEHHO HE COOTBETCTBYET MEXaHU3MaM 00pabOTKH
peuH, NPUHATHIM B CUCTEMaX aBTOMAaTHMUYECKOIO paclo3HaBaHus». COBEPLIEHHO OYEBM]HO,
yTO0 0€3 OTBETa Ha BOMPOC, NMOYEMY ITO MMEET MECTO (a TakKe Ha Psj APYTUX BOIPOCOB),
JaTbHEHIINI Mporpecc B pelieHuy Ipo0IeMbl pacrio3HaBaHHs 3BYKOB HEBO3MOKEH.

OnpeznenceHHble NEPCHEKTUBBI Ul PACIO3HABAaHUS PEUM UMEET aKTHMBHO pa3BUBAcMbIN B
HocjieHee BpeMs MeToJ BelBieT-aHanu3a (cM., Hanpumep, [l11] m ykasaHHyr Tam
JUTEPATYPYy), KOTOPBHIM IO3BOJIAET HAXOAUTh TOHKHE OCOOCHHOCTH CHTHAJIOB JIHOOOTO
IPOUCXOXKIEHUS, OYMIIATh CUTHAIBl OT IwwymoB [l2]. OpgHako 3TOT METOA HMeEeT
OpPraHMYeCKUi HEeIO0CTaTOK — COOTBETCTBYIOIIME pacyeTbl TPeOyHT HEMOMEPHO OONbIIMX
3aTpaT MalIMHHOrO BpeMeHH. [lo 3Toil mpuuMHE NpeACTaBIAETCS MaJOBEPOATHBIM, YTO
peasbHOe PACHO3HABAHUE PEYM OJHOTO YEIOBEKa IPYTUM MPOUCXOAMUT C IMPUBICUYECHUEM
BEUBJIET-aHAIN3A.

OTH 00CTOATENIBCTBA CTUMYJIMPYIOT NPOBEIEHHE AATbHEUIIMX HMCCIEJOBAHUN C IIEIIbIO
BBISICHEHUSI T€X MamemMamuyeckux 0COOEHHOCTEH 3ByKOBBIX KPUBBIX, KOTOPBIE CYIIECTBEHHBI
JUIS pacliO3HaBaHUS KaK peud, TaKk M TOBOPSAIIEro. 3ajaya HaCTOSIIEH CTaThl — H3JI0KEHHE
METOJIa ONPE/EIICHUs] YUCIIOBbIX XapaKTEPUCTUK 3BYKOB, OCHOBAHHOTO Ha PEIIECHUU 3a/ayu
anmnpoKCUMaIK B IPOTUBOBEC LIMPOKO UCHOIb3yeMoMy MpeodpazoBanuio dypee. OT™METHM,
YTO BO BICUATIISIONIEM IM€PEYHE, MPEJACTABICHHOM B [2], BO3MOXHOCTH MPUMEHEHUS
anmnpoKCUMAaIlMK He YIIOMMHAIOTCS BOOOIIIE.

B. B. MUTAHOK
MeToa annpokcMMauum Ans onpeaeneHnst YNCI0BbIX XapaKTEPUCTUK HEKOTOPbIX HU3KOYACTOTHbIX 3BYKOB
YEN0BEYECKON peyn
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1. TIPEOBPA3OBAHM ®YPLE

BOnBIIMHCTBO CyIIECTBYIOIMX CUCTEM PACIIO3HABAHUS YEJIOBEUECKOW peYd OCHOBAHO HA
pa3oKeHUU 3BYKOB B cHekTp mnpeoOpasoBanuem Dypre [13]. IIlpumenutensHo K
pacro3HaBaHMIO peabHBIX 3BYKOB 37I€Ch MOYKHO BBIJICIIUTH JIBE CEPhE3HbIC MPOOIEMBI.

[lepBass — omnpezencHue ATUTETBHOCTH OTpPE3Ka 3BYKOBOW KPHUBOM, OTOOPAHHOTO JUIS
u3yueHus. Bropas — HecTporas nepuoaudHOCTb 3BYKOBOM KPUBOM, 1a)Ke IIPHU IIPOU3HECCHUHN
JIOJITUX TJacHBIX 3BYKOB. Tak, M3BECTHO, YTO AK€ HJcalbHAs TI'ApMOHUYECKAs KpuBas

(curnai)

y(t) =sin(awyt), (1)

Oynyun noaBeprHyToil @ypre-npeoOpa3oBaHHIO HAa OIPaHUYEHHOM HHTEpBAJIE HU3MEHEHHS
HE3aBUCHMOM MepeMEeHHOMN (BpeMEHHM) /, MPUBOJIUT K pa3Ma3aHHOMY CHEKTpY, coAepKallieMy
KpOME TJIaBHOTO, TaKXKe M OCCKOHEYHO OOJBIIOE KOJMYECTBO MOOOYHBIX ((aNbIIMBBIX, TO
€CTh HE COOTBETCTBYIOIIMX HAJIMYUIO M3JIYyYEHHUS C COOTBETCTBYIOLIEH YacTOTOMN)
MaKCHMYMOB.

B camom gene, cunyc-mpeoOpaszoBanue ¢(yHKiuu (1) HA CHUMMETPUYHOM MHTEpBaje

BPEMCHH OT —/; 10 +{, B COOTBETCTBUHU C BRIPAXKCHUCM

C(w)= .f y(t)sin(wt)dt (2)

—1

NPUBOJIUT K Pe3yJIbTaTy

sin((@, —w)t,) _sin((®, + ®)t,)

C.(w)= (3)

(a)o - a)) (a)o + a))

(Kocunyc-npeoOpa3oBanue 3/1€Ch JaeT TOKICCTBCHHBIN HYJb). AHATU3UPYs BeIpaxkenue (3),

HETPYAHO 3aMEeTHTh, 4TO 3aBUCUMOCTh C (w) cOmepkHUT OSCKOHEYHOE YUCIIO JIOKATBHBIX
MaKCUMYMOB, TJIaBHBINA MAaKCUMYM HMECECT MECTO IIPpU @ = CUO, OCTAaJIBHBIC XK€ ABJISIOTCS
no6ounsiMu. [lo Mepe yBenuueHMs [UIMTEIBHOCTH CcHUrHana (f,) MOOOYHbIE MAaKCHUMYMBbI

CTYIIAIOTCS K TJIABHOMY, | CTIEKTP (3) CTAHOBHUTCS BCe 0OJIee YETKO BBIPAKEHHBIM.

Takum 00pa3oMm, ¢ MOOOYHBIMHM MAKCHMyMaMH MOXHO OOpPOTHCS IyTEM YBEIMUYCHUS
JUINTEIBHOCTU CHUTHAja, OJHAKO NPUMEHHUTEIBHO K PEaJbHOMY 3BYKY TaKO€ YBEIUYEHHE
NPUBOAWT K YCYyryOJeHuto mpoOiemMbl HECTporo mnepuogudHoct. Jlperd dvacToTsl,
HECTaOMJILHOCTh aMIUIUTYJ] IPAKTUYECKHU HE CKa3bIBAIOTCS HA CHEKTPE KOPOTKUX CHUTHAJIOB,
HO, II0 MEPE POCTa UX JUTUTEILHOCTH, BHOCAT BCE OOJIBbIINE UCKAXKEHUS B CIIEKTP.

[IponmmocTpupyeM 3TO  0OCTOSTENBCTBO rpauyeckl Ha OJHOM YacTHOM, HO
nokasatenbHoM mpumepe. Ilyctb mnpeobOpazoBanuio Dypbe mMoABepraeTcsi CUTHalI C
Kayarolencs: HeCyen 4acToTOM, OMUCHIBAEMbI BBIPAKEHUEM

y. =sin(i(0,1+0,01sin(1+0,0027))). 4)

B. B. MUTAHOK
MeToa annpokcMMauum Ans onpeaeneHnst YNCI0BbIX XapaKTEPUCTUK HEKOTOPbIX HU3KOYACTOTHbIX 3BYKOB
YEN0BEYECKON peyn
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Kavanust 4vactotel curnana (4) mpouCXOIsiT BOKpyr ee cpennero 3HadeHust 0,1 ¢
ammumaryod 0,01 m yvactoroir kadanui, paBHoil 0,002. IlycTh IIWTENBHOCTH CHUTHAJA
coctaBisier 2000 Touek (i =1...2000). IIpeoOpazoBanue Dypbe curHana (4) NMPUBOAUT K
CHEKTPY, TpaduK KOTOPOTO MOKa3aH HUKE
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Puc. 1. IIpeobpazoBanue @yphe (CHEKTP) CUTHAJIA C KaYaroIIENcsl HECYIE 4acToToN

I'nsaps Ha puc. 1, TpyIHO pacrno3HaTh B CUTHAJIe HAJIMYKE BCETO JIMILIb OJHOM, MyCTh Jaxe
U Kayaolleics, yacTOThl. YBEJIUYEHHUE K€ JUINTEIbHOCTU CUrHana (4) NpUBOAUT JMIIbL K
TOMY, YTO KOJHMYECTBO MaKCHMyMOB Ha rpauke CHEKTpalbHOM KpPHBOH BO3pacTaer, OHU
CTaHOBSITCS Bce Oosiee pe3KMMH, M pa300paThCsl B ITOM KapTUHE CTAaHOBUTCS Bce Oosee
3aTPyAHUTEIIbHBIM.

Bce 310, BMecTe B3ATOE, O3HA4aeT, 4TO IPU Pa3lOKEHUU B CIEKTP HpeoOpa3oBaHUEM
®Dypre, 0TPE30K pealibHOM 3BYKOBOW KPHUBOM, MOJUIeKAIeH aHaIU3y, JOKEH ObITh ¢ OJHOMN
CTOPOHBI, HE CIUILKOM KOPOTKUM, & C JAPYroil CTOPOHbI — HE CJIMIIKOM JUIMHHBIM. TO ecTb,
JIOJDKEH OBITh HalJEH KOMIPOMHUCC M0 januTenbHocTH. Ho, kakum Obl HH  ObLIO
KOMIIPOMHUCCHOE pEIICHUE, PAcllO3HABAHUIO 3BYKOB OyayT MeIIaTh C OJHOW CTOPOHBI, Kak
CJIMIIKOM MaJiasi, TaK, C JPyroil CTOPOHBI, CIMIIKOM OOJIbIlasi X JUIMTEIbHOCTb.

OTMmeueHHbIE BbILIE TPYAHOCTH ABIAIOTCA NPUHLUIMAIBHBIMM JUIsl TIPUMEHEHUS
npeoOpaszoBanuii @ypbe. Ho ux MoxHO n30exaTh HNpU HHOM MOAXOJE K Ipobieme. A
UMEHHO, BMECTO pa3jOXKEHHUsl CUTHaja B CHEKTp nmpeoOpa3oBanuem dypbe cienyer pemarb
3ajady anmpokcumauuu. [Ipu TakoM moaxojie JUIMTENbHOCTh CHTHajla BOOOIIE HE HMEeT
HUKaKOro0 3HA4YEHUs, a HeCTaOWIbHOCTh IapaMETpOB MOJ BHOCHT JIMIIb HEOOJIbLIME
UCKa)XE€HUS B criekTp. PaccMoTpuM 3T10T noaxon nogpooHee.

B. B. MUTAHOK
MeToa annpokcMMauum Ans onpeaeneHnst YNCI0BbIX XapaKTEPUCTUK HEKOTOPbIX HU3KOYACTOTHbIX 3BYKOB
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2. MATEMATUYECKAS MO/IEJIb

[Tlycts Tpebyercs anmpoKCUMHUpPOBaTh (QYHKIMIO ), = ¥(X,), 3aJaHHYI0 CBOUMHU
3HAQUEHUSIMU B M30paHHBIX TOYKAaX X,, C MOMOILbI0 Habopa rapMoHudeckux (yHkuumil. [s
yHOpOLIEeHU MNONOKUM X; =i. C IeNpl0 alnnpoKCUMAalluid CHayaja PacCMOTPUM HEBS3KY

(pyHKIIFIOHAT)

n ll ll
S= Z(yi —b, _zak Sin(a)ki)_zbk cos(@;))”, (5)
i=1 P k=1

rje /, — KOJINYeCTBO ampoOKCHMHUPYIOIIUX FAPMOHUK (MOJ), @, — WX YaCTOTHI (CUUTAIOTCS
M3BECTHBIMH), # — KOJIMYECTBO HCIIOJIB3yEMBIX TOYEK KPHBOW 3BYKOBOT'O JaBICHUS, d,, b,
— COOTBETCTBEHHO aMIUIUTY[bl CHHYC — U KOCHHYC MOJ, b, — Hynb (cpeaHee 3HaucHUe,

HAYaJio OTCYeTa) 3BYKOBOW KpuBOH. VHIEKc i HymepyeT Te 3HaueHUsl apryMEHTa 3BYKOBOI
KPUBOH, JUIsI KOTOPBIX U3BECTHO 3ByKOBOE JABJICHUE.

Munummzanus (5) mo a,,b,,b, , tne k=1..1 , n mocnenyromiee pemeHne NOTydnBIIEHCS
CHCTEMbl JIMHEHHBIX aiIreOpandecKux ypaBHEHUIl OTHOCHTENBHO a,,b,,b, mpuBOIUT K
pEIIEHUIO 3aJauM amnnpoKcuMmanuu. B wacTHocTH, ecnu anmnpokcumupyemas (QYHKLUS Y,

SIBIISICTCSI CYMMOM HECKOJBKMX TapMOHHK C TIOCTOSHHBIMU aMILUIUTYJaMH, 4acTOTaMU H
¢dazamu (IMpUYEM BBICIIAE YAaCTOThI HEOOS3aTEIBHO KPaTHBI HU3IICH), TO, MOCIE PEHICHUS
3aJja4ud almpoOKCUMAIlMM W HAXOXKICHHs aMIUTUTYJ M Hadaja OTCYeTa M I0JCTAaHOBKH
pemieHuss B (5) HEBsA3Ka JOCTUTAET TEOPETHYECKOIO MHHHMYMa, PaBHOTO HYJIIO, IPH
COBIIAJICHUY HAOOPOB YaCTOT AaNIPOKCUMHUPYEMOU U aNIPOKCUMHUPYOIUX GyHKIwiA. [Ipudaem
He3a68UCUMO Om OIUMENbHOCIU CUSHALA.

Takum 00pa3oMm, €Cii U3BECTHBI YaCTOTHI TAPMOHHK, TO METOJIOM aINPOKCUMAIIMHA MOKHO
MPOM3BECTH PA3JIOKEHUE WX CYMMbI Ha MCXOJIHBIC COCTaBJIsIONIMe. Eciu jxe Tpu Takou ke
anMmpOKCUMUPYeMOH  (YHKIIMM YacTOTHl ampOKCUMHUPYIOMNX (QYHKIUI W3BECTHHI C
HEKOTOPOH OMIMOKO#, TO, KOHEUHO, MOCIIE PEIICHHS 3aa4l allPOKCHMAIIUH U MTOJICTAHOBKU
pemieHuss B (5) ocTarouHas HEBS3Ka HYJIO HE paBHa, HO B ATOM cllydae CYIIECTBYET
cJIeytonasi BO3MOKHOCTh. [l pas3iioskeHMsI CUTHAJIa MOKHO BBIOpaTh HECKOJBKO pa3HBIX
HaOOpPOB YACTOT, JUIs KaXKIOTO U3 HUX MPOBECTH ANIPOKCHMAIIUIO, ITOJACYUTATh OCTATOYHBIC
HEeBSI3KM M B KayecTBe «Oojiee MPaBUIBHOTO» BBIOpPATh TOT HAOOP YacTOT, KOTOPBIN
obecrieunBaeT HaMMEHBIIYIO HEBS3KY. OCYIIECTBIISS TOCIEI0BATEIbHBIA 1OAO0D (apeiid)
94acTOT, MOYKHO HAWTH WCTHHHBIE YacCTOTHl KaK YacTOTHI, OOECIEYHMBAIONINE OCTATOYHYIO
HEBSI3KY, MEHBIIYIO TI0 CPABHEHUIO C HEBSI3KOM, COOTBETCTBYIOIIEH JIFOOOMY APYyroMy Habopy
9acTorT.

OnucaHHBIN TIOJXO/ HE BIIOJIHE ONPABIAH B TEX CIIyYasx, KOTJa 10 KaKUM-TO NMPHYNHAM
napameTphbl armpoKCUMUPYyeMOr GyHKIIMA MeIjieHHO (M, TeM Oosiee, He MEIJICHHO) 3aBHUCST
OT BPEMEHHU. DTO MOKET CIyYUThCS, HAIPUMED, B 33]]aUaX paclio3HaBaHHs PEATbHBIX 3BYKOB,
MPOM3HECEHHBIX YEIIOBEKOM, XOTSI ObI IOTOMY, YTO B CHJIY (PU3HOJIOTHUECKUX TMPUYHH TOJIOC
YeyoBeKa cierka JpokuT. Kpome Toro, mpu mepexoze oT 3ByKa K 3ByKY MOXHO NPEIBUICTD

B. B. MUTAHOK
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U3MEHEHUE KaK 3HAa4YeHWM YacToT, TaKk M HMX aMIuIuTyl, (a3. Eciau 3ByKOBYI0 KpHUBYIO
oOpabaTpiBaTh IO BBIINICONUCAHHOW METOAMKE, TO CJEAyeT OrpaHUYMBATLCA JIUIIb
¢bparmMeHTaMH 3BYKOBBIX KpUBBIX HEOOJIBIION [JIMHBI, TaK Kak MpH OONbIION AuHE
¢bparMeHTa BBI3BAHHBIE JPOXKAHUSAMHU HMCKAKEHUS HAKAIUIMBAIOTCSI U B MTOTE€ IPUBOIAT K
3HAYUTEJIbHBIM IOTPEIIHOCTSIM B CIIEKTPE 3BYKa.

OnHako MOMKHO TPEIBUIECTb, YTO HMPHU PACIO3HABAHUU YEJIOBEYECKOW pedyu HpUaeTCs
UMETh JIEJI0O U C OCTaTOYHO JJUTENIbHbIMU curHaiamu. [loaTomy mpumeM, 4TO aMIUIUTYAbI

MOA MOIryT MCEIJICHHO (HO CpaBHCHHIKO C YaCTOTaMH a)k) MCHATBHCA CO BPEMCHCEM. (qTO

KacaeTcs MEIJICHHOTO HW3MEHEHHMs 4YacToT W (a3, TO OHM MOTYT IIyTeM TPHUBHAIBHBIX
TPUTOHOMETPHUYECKHX MPeoOpa3oBaHUil TPaHC(HOPMHUPOBATHCS B MEIJICHHBIE U3MEHEHHS TEX
xe ammuTy1). COOTBETCTBEHHO, BMECTO (5) pacCMOTPUM HEBS3KY B BHJIE

n A /) n—1
S = le(yi —b,, _kz_;akiSin(a)ki) _;bkicos(a)ki))z + a;(bo,i _bO,i+1)2 +

11 n—1 11 n—1
2 2
azz(bk,i _bk,i+l) + aZZ(ak,i _ak,i-H) .
k=1 i=1

k=1 i=1

(6)

B otiuume ot (5), B (6) aMIIIUTyJaM U HYJIIO 3ByKOBOW KPHUBOM pa3pelieH0 MEHSATHhCS OT
TOYKH K TOYKE, COOTBETCTBEHHO y HHUX MOSBWICS BTOPOW HWHIEKC (i), yKa3bIBAIOIIMI Ha
HOMEp TOYKH Ha KpWBOH 3Byka. OHAKO 4TOOBI ATH U3MEHEHUSI HEe ObLIN CIUIIKOM PE3KHUMH,
B HEBS3KY BBOJUTCS TPYIINA YWICHOB, YUYUTHIBAIOIIAS CKAYKU aMIUTHTY U Jperyromero Hys
OT TOYKM K Touke. HeoTpumarenbHoe 4YMCIO ¢ TOKa3bIBAET OTHOCUTEIBHYIO Ba)KHOCTh
pa3nmuuHbIX ciaraeMbix. Ecim o =0, TO MOXHO TOOUTHCS WACATBHON aNIpOKCHMALUU
3ByKOBOM KpHBOM, MpaBia, LUEHOW TOro, YTO aMIUIMTYAbl U HYJb anmIpOKCUMHUPYIOUIEH
(YHKLIMU MOTYT OKa3aTbCsi PE3KO MEHSAIOUMMHCA OT TOYKU K Touke. Eciu ke a =, TO
aAMIUTUTYyIaM 3alpelieH0 U3MEHSThCS, YTO (PAKTHUECKHU SKBUBAICHTHO (5) M YTO BO MHOTHX
Cllydasix HE COOTBETCTBYeT (PM3MUECKOMY COJAEp)KaHHIO 3ahauyd. lcThHa, Kak mpaBuIIO,
HaxonuTcs rae-to mocepeauHe. Ilostomy « Oyaem BbIOMpaTh Tak, 4YTOOBI BKJIAJI B
OCTAaTOYHYIO HEBS3KY (6) OT WICHOB COICPXAIIUX, U OT WICHOB HE COACpXKAIMUX « , OBLI
npuMepHO ofuHakoB. Heckonbko 3a0erasi Boepen, OTMETUM, YTO JJIS 3TOrO JIydlle BCEro
BeIOpaTh o = 10, HO BapbupoBanue « B uHTepBase (1...100) mpakTHyecku He CKas3bIBaeTCs
HAa OKOHYATEIbHBIX Pe3yJIbTaTax MCCIeAOBAHUN.

[IpeanonoxuM, 4To HAOOP YACTOT @, W3BECTEH. /|1 HAXOXKICHNUS MUHUMYMa HEBS3KH (6)

TpeOyeTcsl IPUPABHATh HYJIO MPOU3BOAHYIO S MO KaKIOW M3 HE3aBHUCHMBIX MEPEMEHHBIX

a,;,by;, by Toe k=1..1,, i=1...n. Takum obpa3om, obliee YUCIO0 ypaBHEHUI PaBHO

n, =L +n. (7
Hupdepennuposanue (6) mo b, ¥ NPUPAaBHUBAHUE NPOM3BOIHON HYJIO IPUBOJUT K

YPaBHEHUSAM
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I I
by(1+2a)—ab,, , —ab,,, + Y a,sin(w,l)+ > b, cos(wl)=y,, [=1...n. (8)
k=1 k=1
Hubdepeniposanue 1m0 @, ;, — K ypaBHEHUIM
[ h
Z a,, sin(w,l)sin(w, ) + z b, cos(w)sin(w,!)+2aa,, - aa,, —aa,, =y sin(w,l), 9)
k=1 k=1

rnem=1...[,/=1..n.

Hubdepenposanue 110 b, , — K ypaBHEHUIM

[ 4
Z a,, sin(w,l)cos(w, )+ z b, cos(wl)cos(w,l)+2ab, ,—ab, , ,—ab,,, =y cos(w,l), (10)
k=1

k=1

rne m=1..1,l=1.n.

3. ITPUMEHEHME K PACIIO3HABAHUIO PEAJIBHBIX 3BYKOB

Cucrema ypaBuenuit (8)—(10) — cyTh cucTeMa JHMHEHHBIX anreOpandyecKux ypaBHEHHIA
OTHOCHUTEIILHO aMIUIUTYl MOJA M ApeiQyIomero Hyjs, U METOJbl PEHICHUN TaKUX CUCTEM
XOpouIo u3BecTHbI. [Ipy MpakTUYECKOM MPUMEHEHUH BBIIICONUCAHHONW METOJIMKHU U3Y4YaluCh
3Byku JI, M, H, A, O, bl, V, D, 00pa3ipl KOTOPBIX ObLTH MOJYYEHBI OT 4-X MYX4YHUH U 4-X
xkeHIUH. OCcOOEHHOCTh HCCIENOBAaHUS COCTOsUIA B TOM, YTO 3BYKH IIPOU3HOCHIIHCH
pecnoHieHTaMH B cocTaBe cioroB. [Ipu 3amucu 0OpasloB pEeCHOHIEHT MPOU3HOCUI CIIOBO,
COCTaBJICHHOE M3 § OJIMHAKOBBIX CIOTOB. KaXKIblil CJIOT COCTOST U3 OJHOTO COTJIaCHOTO 3BYyKa
U OJIHOTO TJIaCHOro — Bcero 15 BapuaHToB cioroB. IlomydeHHbIE 3BYKOBBIE KPUBBIE CJIOB
pacLIEIUISUINCh HA OT/AEJbHBIE MOJbl B COOTBETCTBUU C BBILICONUCAHHON METOAMKOM, 3aTeM
OTJENbHBIE MO/JIbl MPOCMATPUBAINCh M BHU3YaJIIbHO ONPECISUINCh T€ YYaCTKH, A€ HUX
XapakTep NPUHLMIHAIBHO MEHSUICS COOTBETCTBEHHO CMEHE MPOM3HOCUMOTro 3ByKa. Takum
CcrocoO6oM OBLJIO MPOBENIEHO BBIJCIICHUE OTIENBHBIX 3BYKOB M3 CiioBa. He kaxmas U3 mMoj
ObLJ1a MPUTOHA JJIsL OTOW 1IN, OJJHAKO JJIsl PACIISIUICHUS CIIOBAa Ha 3BYKU JOCTATOYHO OBLIO
HAlTH NUIIb OJHY, HauOoliee XapakTepHyto, Moay. CHHCOK Takux MOJ, HauOoliee yJa4HO
MOIXOSIINX AJI pa3fesieHus: CIOB Ha 3ByKU NpuBeneH Huxke B Ta0u. 3. [locne pasmencHus
CJIOBa Ha 3BYKH K&Kl U3 YYaCTKOB BBIJCIIEHHOTO 3BYKa 00pe3alcs ¢ KaXI0i CTOPOHBI Ha
20 MpoIEHTOB CBOEH AJIMHBI C 1IeJIbI0 HUBEJIUPOBAHUS NIEPEXOAHBIX SIBICHUH.

Llenp »TO#l YacTU HCCIEIOBaHUS COCTOSIa B HAXOXKJICHUM HHTESHCHUBHOCTEM MOJ s
KOKJIOTO M3 HU3Y4YaEMbIX 3BYKOB M HAXOXKJICHMM WX CpPEIHUX 3HAYECHUH M CPEIHUX
KBaJIPATHYHBIX OTKJIOHEHHWH. Tak Kak 4eloBeK 00JagaeT CIOCOOHOCTHIO PAcIO3HABATh Pedb
HE3aBUCUMO OT €€ TPOMKOCTH B IIMPOKOM JIMANa30HE UHTEHCUBHOCTEW, TO YCPEIHEHHbIE 110
BCeM oOpa3laM MHTEHCHUBHOCTH MOJ CJIEIyeT HOPMHUPOBATh Ha TPOMKOCThH 3ByKa. MIMEHHO
HOPMHUPOBAHHBIE BEIMYMHBI TIOJIBEPTajIiCcCh MaTeMaTHYeCcKoi 00paboTKe.

PaccmarpuBanuch pazHble BapuaHThl KOJUYECTBA MO — OT 6 110 13 u pa3Hble BapuaHThI

Ha0OpoB uX yacTtoT. Bo Bcex ciydasx 4yacTOTBl @), KaxIOro M3 HAaOOPOB BBIOMPATHUCH
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PaBHOOTCTOSIIIIUMH, paccMaTpuBasioch 11 BapumaHTOB BbIOOpa HIDKHEHW (0a30BOi) YaCTOTHI,
BCE OCTAJIbHBIC YacCTOTHI OBUIM KpaTHBI 0a30BOi. Hmke Bce uUMCIieHHBbIE 3HAYEHHUS YacTOT
192000

27

JAI0TCAd B JOJISX OT 4YacTOThl @, = ~ 30558 ', ycrmoBHO TPHUHATOW 3a EIUHUILY.

bazoBas wacrota TabymupoBanack B uHTepBaie ot 0,0058 mo 0,0068 c¢ marom 0,0001.
Oxkazaznoce, yTo mpu nepedope 60a30BBIX YACTOT B YKAa3aHHOM BBIIIE JMANa30HE PE3yJbTaThl
MEHSUTUCh HE3HAUUTENIbHO, U3MEHEHHs Pe3ysIbTaTOB ObUIM MEHBIIMMH, HEXKEJINU UX CpelHee
KBaJpaTUYHOE OTKJIIOHEHUE B Mpejesax OJHOro JI000ro 3ByKa, MOJYYEHHOTO OT JII0OOro U3
PECIIOH]ICHTOB.

Jlanee, mnpu CMEHE pECNOHIEHTa TMOJy4YEeHHble JaHHblE IO OTHOCHUTEJIbHBIM
MHTEHCUBHOCTSIM MOJI, TNPUBEAEHHBIX B Tabmuue 3 (CM. HIDKE), MEHSUIUCh Ha BEJIMYMHY,
COIIOCTaBUMYIO C MX €CTECTBEHHBIM CPEIHEKBaJApaTU4YHbIM OTKJIOHeHueM. [lostomy, ecnu
CTOMT 3a/laya paclo3HaBaHMUs PEYU HE3aBHCUMO OT TUKTOPA, TO MUMEET CMBICI YCPEIHHUTh
HOJIyYEeHHBIE pe3yJIbTaThl IO BCEM pecroHieHTaM. HanpoTuB, HHTEHCUBHOCTH HEKOTOPBIX U3
MOJl, HE BXOJMIIMX B TaOnuIly 3, MpU CMEHE PECIIOHJEHTa MEHSUIUCh BEChbMa 3aMETHO.
BeposiTHO, M3ydyeHHe MMEHHO TAaKMX MOJI MO3BOJHUT PEIIUTh MpoOjeMy HIACHTU(UKALH
YeJi0BeKa I0 €ro roJyocy.

[TpuBenem TabaMIly OTHOCHTENbHBIX HMHTEHCHUBHOCTEH MOJ, HMEIOIUX MECTO IpH
NPOM3HECEHUH 8§ 3BYKOB, YCPEJAHEHHBIX MO BCeM oOpas3liaM U 0 BCEM PECIOHAEHTaM Ipu
KOJIMYECTBE MO/, paBHOM 13 u mpu 6a30Boii uactore, paBuoit 0,0058.

Tabnuna 1. UatencuBHocTH 13 Moz 17151 8 3ByKOB, HOpPMUPOBAHHBIE HA CYMMY
MHTEHCUBHOCTEH MO/l ¥ YCpEAHEHHBIE TI0 BCeM 00pasliaM U M0 BCEM PECIIOHICHTaM

A O bl y 6] J M H
1 0,207 0,279 0,601 0,664 0,271 0,445 0,808 0,778
2 0,104 0,191 0,174 0,179 0,119 0,347 0,111 0,138
3 0,116 0,197 0,022 0,072 0,208 0,053 0,013 0,020
4 0,224 0,167 0,009 0,039 0,084 0,065 0,019 0,009
5 0,069 0,109 0,007 0,012 0,031 0,042 0,010 0,006
6 0,131 0,020 0,006 0,004 0,026 0,010 0,003 0,005
7 0,082 0,008 0,010 0,003 0,027 0,005 0,004 0,005
8 0,022 0,004 0,010 0,002 0,038 0,003 0,006 0,005
9 0,012 0,004 0,016 0,002 0,068 0,002 0,004 0,003
10 0,009 0,003 0,028 0,002 0,043 0,002 0,003 0,002
11 0,007 0,003 0,041 0,003 0,025 0,003 0,004 0,003
12 0,007 0,005 0,041 0,006 0,025 0,004 0,007 0,005
13 0,010 0,010 0,035 0,013 0,034 0,009 0,009 0,021

[lpuBenemM Takke CpeaHHE KBaJIpAaTUYHbIC OTKIOHCHUS BEIIMYMH, IPEICTABICHHBIX B
Tabimue 1.
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Ta6muma 2. CpegHue KBaJIpaTUYHBIC OTKJIOHEHHS OTHOCUTEIBHBIX MHTEHCUBHOCTEH 13 Moz

U1 8 3BYKOB, YCPEAHEHHBIX 110 BCEM 00pa3liaM M 10 BCEM PECHOHICHTaM

A O bl v 6] J M H
1 0,037 0,043 0,075 0,099 0,039 0,084 0,184 0,156
2 0,025 0,049 0,054 0,043 0,027 0,114 0,025 0,028
3 0,033 0,039 0,015 0,041 0,063 0,025 0,006 0,006
4 0,073 0,072 0,004 0,029 0,030 0,033 0,009 0,005
5 0,022 0,055 0,004 0,009 0,010 0,019 0,003 0,004
6 0,047 0,007 0,004 0,003 0,008 0,004 0,002 0,002
7 0,044 0,002 0,007 0,002 0,012 0,002 0,002 0,003
8 0,010 0,001 0,009 0,001 0,019 0,001 0,003 0,002
9 0,006 0,001 0,012 0,001 0,034 0,001 0,001 0,001
10 0,004 0,001 0,021 0,001 0,022 0,001 0,001 0,001
11 0,003 0,001 0,023 0,001 0,010 0,001 0,002 0,001
12 0,003 0,001 0,021 0,003 0,010 0,001 0,004 0,002
13 0,004 0,003 0,015 0,005 0,011 0,003 0,005 0,009

Crnmcok Mo, HauboJyiee yOa4HO TMOIXOJAIINX MJIsS paslelicHUs CJIOTOB Ha OT/ACIIbHBIC
3BYKH, IPUBEACH B CJICIYIONIEH TaOIHIIe

Ta6mmma 3. Ciucok HOMEPORB MO/JI, HanboJIee yAauHO TOIXOIAIINX
JUUIA pa3neneHH;1 CJIOTOB HA OTACIIBHBIC 3ByKI/I

A O bl v 6]
JI 3,4,6 3,4 10 3 3,5
M 1,3,4 1,3,4,5 10 3.4,5 1,3,4
H 1,3,4 1,3,4,5 10 3,4 3,4

Mcnonb3ys 5TH pe3ysbTaThl MOKHO CO3AaTh CUCTEMY, MO3BOJISIONIYIO HACHTU(DUITUPOBATD
BBILLICTIPUBE/ICHHBIE 3BYKH. bbuta pa3paboTaHa KOMIBIOTEpHas MporpamMma, B KOTOPOH
AQHAJTU3UPOBAINCH KOPOTKHE, JUIMTENBHOCTBIO B 1—2 THICSYHBIX JOJIEH CEKyHIbI, 0Opa3Iibl
3ByKOB. OOpas3ibl B COOTBETCTBUH C BBILICTIPUBEICHHON METOIMKOM pacIeIsuINCh Ha MOJIBI,
OTHOCHUTEIJIbHBIE aMIUIUTYJbl KOTOPBIX CpaBHHBAJIUCH C MNpuBeAeHHbIMH B Tabn. 1. Ilo
pe3ysibTaTaM CpaBHEHMS U MPOBOAMIIACH HACHTUUKAIM. OOHAPYKHUIOCH CIIAYIOLIEe.

1. Unentudukanus 3ByKa sBIsSETCS HauOoJiee YCIEHIHOM NpU HCIOJB30BaHUU MO,
NpUBEACHHBIX B TabOin. 3. Mcmomb3oBanue aApyrux mMoa — MeHee sddextuHo. [lpu
COBMECTHOM K€ HCIOJb30BAaHUU MOJA M3 Taba. 3. M UHBIX HaOMIONAeTCsI HEKOTOpOe
yIJIy4IIeHUE HA/ICKHOCTH PACIO3HABaHUs, HO OHO HE3HAYUTENbHO. B OTIENbHBIX ke Cllydasx
IPU COBMECTHOM HCIIOJIb30BAaHUH HECKOJIBKUX MOJI HaJIS)KHOCTh PACIIO3HABAHHS MOKET JTaKe
YXYIIIUTHCS.
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2. Hane)kHOCTh  paclio3HaBaHWsT Majo 3aBHUCUT OT CMEHBI PECIIOHJICHTa, W3MEHEHUE
HAJIC)KHOCTH PACIIO3HABAHHS MOXKET OOBSCHATHCS CTATHCTUYSCKUM Pa30pOCOM JaHHBIX.

3. HanpoTuB, ycpeaHEHHE NAaHHBIX MO HECKOJBKHM OOpa3IiaM 3BYYaHHs TOTO YK€ CaMOro
3ByKa IMPUBOJIUT K CYIIECTBEHHOMY YJIYUIIICHHIO HAJIS)KHOCTH PACIIO3HABAHUS.

JlaHHBIC TTO HAJEKHOCTH pacro3HaBaHUsS (B MPOIEHTaX) MPUBEACM B HUKECIICAYIOIIEH
TabnuIe, KaXIbld CTOJOEI] KOTOPOHW COOTBETCTBYET 3aJlaHHOMY YHCITY OO0pasIloB,
OTOOPAHHBIX JJIS YCPEAHCHHUS.

3BYK 1 10 100

Tabnuna 4. HanexHocTs pacrio3HaBaHus A 62 81 95
OJIHOTO U3 8 3ByKOB B 3aBUCUMOCTH OT O 62 81 91
KOJIMYECTBa 00pa3ioB, OTOOPAHHBIX IS bl 55 70 83
yCpeaHeHus. Y cpeJHEHNs IPOBOINIIICE Yy 48 69 86
o 1,10 u 100 o6pasram. Kaxsrit 9 61 77 94
BAPUAHT YCPEAHCHUS OTPAXKEH B JI 51 66 84
COOTBETCTBYIONIEN KOJIOHKE M 55 64 89
H 40 61 88

4. OBCYXXJEHUE PE3VIJIbTATOB

AHanmu3upys JaHHbIE, TNPUBEJACHHBbIE B Tabn. 4, MOXHO OOpaTHTh BHHMAaHHE Ha
cleayolee:

HaznexxHocTh pacrio3HaBaHMsI YIy4IIAeTCs MPU YBEIWYCHUH YHCIIa 00pa3IoB, B3ATHIX IS
ycpenHeHusi, Ho HuKorjna He pocturaetr 100 mpoueHTOB. DTO HABOAUT HA MBICIb: He
cywecmgyem Kpumepues, no360JI0WUX 0OHOZHAYHO PACNO3HABAMb NPOU3HECEHHble 38VKU.
UenoBek pacno3HaeT 3BYKH no egeposimumocmu. (CKOpee BCEro, B MO3TYy 4YeJlOBeKa
MPOU3BOJUTCSI YCPEAHECHNUE HECKOIBKUX KOPOTKHUX, UTUTEIBLHOCTBIO HE 00Jee HECKOIbKUX
MUJUTUCEKYH, OTPE3KOB 3ByuaHus. M3BecTHO, 4TO peub, MPOU3HECEHHAs] CKOPOTOBOPKOM,
BOCIIPUHUMAETCS XYK€, 4YeM TMPOU3HECEHHAass B HOPMAJbHOM TEMIE, a €CId TeMI
CKOpOroBopkH mpeBbimiaet 20 OyKB B CEKYHIy, TO pedyb HE pacro3HaeTcs BooOiie. BeposTHo,
NPUYUHOW ATOMY CIYXKUT HE HEIOCTATOYHOE OBICTPOJICHCTBUE YEIOBEYECKOTO MO3ra, a
HEJOCTATOK  CTaTUCTHUYECKOro Marepuana. lloaTBepkaeHueM STOMY  CIYXHUT  TO
o0IIen3BEeCTHOE OOCTOSTENLCTBO, YTO YENOBEK CIOCOOEH <«JIOPUCOBBIBATH»  3BYKH,
MPOU3HECEHHBIE B COCTAaBE CJOB B YCIOBHUSX IJIOXOM ciablmmMocTd. Ho ecnu uenoBek
CIOCOOEH «JIOPHCOBBIBAThHY 3BYKH B YCIOBHSIX IUIOXOW CIBIIIMMOCTH TO, HAJO IMOJaraTh, OH
CIOCOOEH JeNaTh 3TO M B YCIIOBUSIX XOPOILIEH CIBIIIMMOCTH, MOJHUMAs TPUBEJICHHBIC B
Tabin. 4. 3HaueHus HaaexHocTu oT 83-95 mpouentoB 10 100 mpoueHTOB. «JlopucoBKay,
BEPOSITHO, MPOUCXOJUT MYTEM JIMHTBUCTHYECKOTO KOHTPOJsA. OmnATh K€, MOATBEPKICHUEM
3TOMY CIYKUT TO OOIIEU3BECTHOE OOCTOSATENBCTBO, YTO MHOTAA, AaKE B YCIOBUAX XOPOIIEH
CIBIIIIMMOCTH YEJIOBEK BOCIIPHHUMAET peYb JAPYToro 4eloBeKa ¢ OMIMOKaMH, HO MPH 3TOM OH
yeéepeH B TOM, UTO BCE PaCCIIbIIajl MPaBUILHO.
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BbIBO/IbI

Takum 00pa3oM, HECMOTpPS Ha TO, YTO BEPOSTHOCTh PACIO3HABAHMs 3ByKa IOKa YTO HE
nocruraetr 100%, npeioKeHHbI METOI MOXHO CUMUTaTh MEPCIEKTUBHBIM, ITOCKOJIbKY, BO-
NEPBBIX, OH JOCTATOYHO IIPOCT B MATEMaTU4YECKOM IIJJaHE, BO-BTOPBIX, HAJEKHOCTh
pacro3HaBaHMs 3BYKOB IIOBBIIIACTCS 110 MEpe YBEIMYEHUS o0ObeMa CTaTHCTUYECKOTO
MaTtepuana. VIMerTcs NepcrneKTUBbl NMPUMEHEHMsST METOJa AaNlpOKCUMAlMU K PELICHHUIO
3aJa4d UICHTH(UKALIMU YeI0BEKa 10 ToJIoCy.
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