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MeTto anmpoKCHUMalMU HCIONb3YeTCS JJs Pa3iokKEHUs Pa3IMYHBIX 3BYKOB
peun dYenoBeKa Ha COCTaBislOmME WX Mozbl. llpeacraBieHsl naHHBIE O 5
KOHKPETHBIX 3BYKaX, MOJyuyeHHBIX OT 11 pecnonnaenToB. OmpeneneHa JUHaAMHKa
ammuTya U (a3 paznuuHbix Moa. OOHapykeHOo, 4To (a3bl pa3IUYHBIX MOJ HE
SBIISIIOTCSL HE3aBUCHMBIMH CIyYailHBIMM BEJIMYMHAMH, HA000pOT, MEXIy HHMHU
HUMEIOTCSI 3aBUCMOCTH, IPUUYEM YHUKAJIbHBIE ISl KQXKJIOT0 U3 PECHIOHIEHTOB. DTO
yKa3plBa€T Ha  IEPCIEKTUBY  Pa3pabOTKH  KOMIBIOTEPHOH  MPOrpaMMbl
aBTOMAaTHUYECKOW MAECHTH(UKALUN YEIOBEKa 110 €ro rojiocy Ha ypOBHE, UMEIOIEM
JI0Ka3aTENbHYIO IOPUANUYECKYIO CHITY.

KitoueBble croBa: aBTOMaTudeckoe pacro3HaBaHue peur, nugposas o0paboTka
CHUTHAJIOB, pacliO3HaBaHHUE YEJIOBEKa MO TOJIOCY.

BBEJEHUE

3amauM  aBTOMATMYECKOTO paclo3HaBaHHUs pe4Yd YeJoBeKa U  aBTOMATUYECKOTO
pacno3HaBaHUs TOBOPSAIIETO MO €ro rojocy ¢ OAHOW CTOPOHBI, OJM3KH, TOCKOJBKY Y HHUX
o0uii OOBEKT HCCIeAOBaHUSA, a C JAPYyroil CTOPOHBI B OMNpPENEICHHOM CMBICIE
MPOTUBOIOJIOXKHBI: B MIEPBOM CiIydae TpeOyeTcs pacro3HaTh pedb, HE3aBUCUMO OT TOTO, KO
TOBOPHT, BO BTOPOM Ciy4yae TpeOyeTcsi pacro3HaTh TOBOPAIIETO HE3aBUCUMO OT TOTO, 4o OH
roBoput. HecMoTpst Ha OIM30CTh 33/1a4 yCIIEXH B UX PELIEHUH CYLIECTBEHHO pa3inyHbl. Eciu
K HAaCTOSIILIEMy BPEMEHM yXkKe pa3pabOoTaHbl U HCIOJIB3YIOTCS KOMIIbIOTEPHBIE MPOTPaMMBbl,
MyCTh U JJaJIeKue OT COBEPILIEHCTBA, HO BCE ke Oojiee-MeHee YCIIEITHO Paclo3HAIOUINe peyb,
TO YCHEXHU B PELICHUU 3a7aul PACIIO3HABAHUS TOBOPSIILIET0 HAMHOTO 00Jiee CKPOMHBI.

HcTopust 1 COBpeMEHHOE COCTOSIHHE JIeT MO0 3TOMY BOIIPOCY BEChMa IOJIHO U3JI0KEHBI B
[1]. Tam, B 4aCTHOCTH, Ha CTp. 2 OTMEYEHO, YTO «COIJIACHO PETYJSAPHBIM FOJOBBIM OTYETaAM
Gartner Group Jsmmbe okoio 1% NOTEHIMANBHBIX NOKyNAaTENed  yAOBIETBOPEHO
3¢ (HEeKTUBHOCTHI0O KOMMEPUECKHX CUCTEM PACIO3HABAHUS TUKTOPAY.

OmnpeneneHHbIl UHTEpEC ISl paclio3HaBaHUSl JTUYHOCTH (MU BepU(pHUKALUU €€) MOKET
MPEJACTaBUTh HCIIOJIB30BaHUE OWOMETPUYECKUX JJaHHBIX [2], aub0 3apaHee 3aayMaHHOMN
napojibHOM (ppassl [3]. OgHAKO MOYKHO MPEABUICTH, YTO €CJIM B ATUX HAIIPaBICHUAX U OyIeT
JOCTUTHYT yCIeX, TO OH OyJeT BpPEMEHHbBIM — METOJ [2] OCHOBaH Ha aMIUTUTYIHO-
YaCTOTHBIX XapaKTEepUCTHUKAaX Tejla 4YeJIOBEKa, TO €CTh IMpEeNIoyiaraeT HajJudue He Tele
JTUKTOpa KaKUX-TO JaTUYUKOB, a METO/I [3] mpuBs3aH K KOHTPOJIBHOU (ppaze. Mexy Tem, BceM
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U3BECTHO, YTO 3HAKOMbBIE MEXIy COOOM JIIOJM JIETKO Y3HAIOT JIPYT Apyra IpHU pa3roBOpe 10
tenedoHy. be3 BCIKHUX TaTYNKOB U KOHTPOJIBHBIX (hpas.

3ajauyM  aBTOMATHUYECKOIO pPACIO3HABAHMUS 4YEJIOBEYECKOM peud U aBTOMATUYECKOTO
pacmo3HaBaHHUs 4YeJOBEKa MO €ro rojiocy Ha MEepBBIA B3I MPEICTABIAIOTCS HE OYEHD
CIIOXHBIMU. YacTo OTpE3KH KPUBBIX 3BYKOBOTO JIaBIICHUS SBISIOTCS MEPUOJUYECKUMH (MU
MOYTH TNEPUOIUYECKUMH) (GYHKIUSMU BpeMeHH. B 3THX cilydasX MOXHO HCHOJIb30BaTh
npeoOpa3zoBanusi Dypre. I[lo pesympraramMm dTUX TpeoOpa3oBaHUN MOXKHO HAXOIUTh
JIOBEPUTENbHBIE ~ BEPOSITHOCTH, JOBEPUTEIbHBIE HMHTEpPBajbl  JJII  MaTeMaTHYEeCKHX
XapaKTePUCTHUK PA3TMYHBIX 3BYKOB, IMOJIYICHHBIX OT Pa3JIMIHBIX PECIIOHICHTOB U TEM CaMBbIM
MOKHO TIOTBITAThCSI HAWUTH CIIOCOOBI PA3IMYCHUS OTACITHHBIX 3BYKOB B COCTaBE pPeUd M
UACHTH(DHUKAITIH TOBOPSIIIETO.

OnHako 3TOT, Ka3aj10Ch ObI, OYEBHIHBIN ITyTh, IIPUBEJ JIUIIH K YaCTHYHOMY ycrexy. bornee
TOTO, B MOCJICIHEE BPEMsI IPOTPECC B IAHHOM HAIpaBIIEHUU SBHO 3ame yiiica. Ckopee BCero,
9TO CBS3aHO C TEM, YTO T€ HJCH, KOTOPHIE <JISKAIW HA TOBEPXHOCTH», K HACTOSIIEMY
BpPEMCHH BBIPAOOTAHBI, U JJI JATBHEHIIICTO MPOJIBIKEHUS BIIEPE]] HEOOXOIUMO MPUBIICKATH
HOBBIC. B CBsI3u ¢ 3THM 0OpaTHMcsl K METOIY anmnpOKCUMAIlMd — MPHHIMITAATIFHO UHOMY

crocoQy pelreHrs 0003HaYeHHBIX TTPOOIIeM, peIoKEHHOMY B [4, 5].

1. METOA AIIITPOKCUMALNU

B [4,5] npennoxeH MeTOA anmpoKCHUMAallMW sl Pa3lIoKEeHHUs CHUTHala Jo0oro
MPOUCXOXKACHUSA, TPEJCTABIAIONIET0 COOOM CyMMy MOYTH TapMOHHYECKHX CIIaraeMbIX C
MEIJICHHO MEHSIOUUMUCS MapaMmeTrpamMu (ApedyomuMu  aMIUIMTyAaMHi, YacTOTaMH,
¢dazamu), Ha UCXOHBIE COCTABIAOMIKE. TaM ke ATOT METOJ] MPUMEHEH K aHAIHU3Y OTAEIbHBIX
3BYKOB UY€JIOBEYECKOU peun. MeTo ] ocHOBaH Ha (yHKIIMOHATIE

n—1

S= Zi‘, [y(ti) N (ti)]z + az (Dy, _bo,m)2 + OKZ i(bk,i _bk,m)z

i=1 k=1 i=l
[ n-l1
2
+0(Z Z (ak,i - ak,i+l) s

k=1 i=1

(1)

rae y(t;) — 3aBHcslIas OT BpEMEHU alllpoKcUMUpyeMast (PyHKIUs, ONUCHIBAIOIAs CUTHAI,

l 1
yi(t,)=b,, + Z a,, sin(w,t,) + Zbkﬂi cos(w,t,) )
k=1 k=1

— anmpokcumupyromas ¢yukuus, b,, — npeddyromee Havano orcyera, a,,, b,

nOpeddyomue aMIUIMTYIbl BOJH, 7 — KOJMYECTBO OLU(PPOBAHHBIX TOYEK Ha
anmnpoKCUMUpPyeMOl (YHKLUH, {;, — MOMEHTbI BPEMEHHU, B KOTOPbIE 3a/laHbl (OL[(pPOBaHbI)
3HAYCHUsI aNMPOKCUMUPYEMON (PyHKIUH, / — KOJUYECTBO CKJIAJBIBAEMBIX BOJIH (MOJ) B
annpokcumupytomeil gynkuuu. B [4, 5] mid mpocToTel OpUHATO f, =i, XOTS 3TO U HE
oOsi3atenbHO. [lapamerp a B (1) mo3BOJSET CrylaXkuBaTh M3MEHEHUS! aMIUIUTY] BOJH IpHU

nepexonae OT TOYKH K TOYKE. I[peﬁcb AMIUIMTY W Ha4dajla OTCYCTAa O3HA4dacT, YTO 3OTU
BCIINYHNHBI TAKXKC ABIAIOTCA q)YHKI_II/IHMI/I BPCMCHH.

B. B. MutgaHok, H. B. KoHoBanoBsa
MNpumeHeHne $Ha30BOro aHanmMsa 3BYKOB peyn A5 pacno3HaBaHUs YyenoBeka no ero rosaocy
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IIpu mnpoBeneHMM pa3IOKEHUs MCIOJIB3YyEeTCs HabOp 4YacToT @,, IO KOTOPBIM

HPOM3BOJUTCS pa3iokKeHne. ITOT HabOp 4acTOT MOXKHO Ha3BaTh JIOBSIICH ceThio. YacTOThI
JOBALICH CETH MOTYT OBITh KAKMMM YTOJHO, HE0Os3aTeNbHO KpaTHBIMH 0a30BOM (HM3IIEHT)
yacrore. OHako u3ydeHue (GopMbl KpUBBIX 3BYKOBOTO JaBiieHUs 3ByKOB A, O ¥V, D, bl u
HEKOTOpBIX JPYIMX IIOKa3bIBAE€T, YTO pEaJbHbI pPEUYEBON CHUTHAJI BO MHOTHX CIIy4dasx
ABIISICTCS TOYTH MIEPUOJINIECKUM, TaK YTO ONPaBAAH BHIOOp TAKOM JIOBSIIEH CETH, B KOTOPOii
4acTOThl IPONOPLMOHAIBHBI HU3LIEH. Takylo JIOBSIIYI0 CETh €CTECTBEHHO Ha3BaTh
IIPONOPLMOHAIBHOM.

Ecnu annpokcumupyemoit GyHKuuel sBisercss GyHKLINsA, COCTOAIIAsS U3 CyMMbI CHHYCOUJL
(MOA) ¢ MPOW3BOJILHBIMU, HO 3apaHee 3aJaHHBIMU MapaMeTpaMu — 4YacToTamH, (azamMu u
aMIUTUTYAaMHU, W €CJIM YMCIIO0 MOJI M UX YaCTOThI U3BECTHBI, TO MpoLeaypa MUHUMHU3auuu (1),
IIPOBEJIEHHas: coracHo [4, 5], BbIBEAET Ha PEIIEHUE, COOTBETCTBYIOIEE MHUHUMAJIbHO
BO3MOYKHOH HEBA3KE, TO €CTh PABHOU HYIIIO.

Bmecre ¢ TeMm, mapaMmeTpsl peanbHblX 3BYKOB HCIBITBIBAIOT HEKOTOPHIE JPOKaHUS,
OTKJIOHEHMS OT IIOCTOSIHHBIX 3HAUYEHUH. OTO, B CBOIO OYEPE/b, O3HAYAET, YTO CAMO IOHATHE
nepuojia yxe He sBIsieTcs CTporo onpeneneHHbM. [loatomy crieyeT ObITh TOTOBBIM K TOMY,
YTO PEUeBOM CHUTHAJl M JIOBSINAS CETh HMMEIOT pas3iuyHble 0a30Bble 4acToThl. K Kakum
HOCIIEACTBUSIM 3TO MOXKET IPUBECTH?

PaccMoTprM cHavana uieanbHbIA TApMOHUYECKUN CUTHAT

y(t) = Asin(wt + @) (3)
uMerImui ammmtyny A4, $asy ¢, u 4acToTy , U TYyCTh JIOBSAIIAS CETh COCTOUT W3
€IMHCTBEHHON 4aCTOTHI, UMEIOIIEH 3HaUueHne 1#w. [IpoBeneM oueBuIHBIC MPeoOpa3oBaHuUs

Asin(wt + @) = Asin(ot + @+ Awt) = Acos(Awt)sin(wt + @) +

Asin(Awt)cos(ayt + @), @)

rie Ao = o - w,, a KOdpPUUUEHTH! nepel sin(w,t + @) u cos(w,t + @) - cyTb Apeidyromue
AMIUTUTY AL

Kak Bugno u3 (4), B ciiydae omuOKu B BbIOOpe 0a30BOM YaCTOTHI, MOXKHO OKHUIATh, YTO
METOJl amnMpOKCUMAIUU JNacT Al ApedyIomMX aMIUIUTYA MepHOoJuYecKre (QyHKIUU C
4acTOTaMH, PaBHBIMH Pa3HOCTH YaCTOT U3y4aeMOTr0 CUTHAJIA U JIOBSIIIEH ceTu.

OnHako MOXHO MpPEABHIIETh, YTO JAPYTHE XapaKTEPUCTUKH JPEeH(PYIOMUX aMIUTUTY],
MOJIy4€HHBIX METOAOM aNMpoKCHUMAaINH, OyAyT BCE K€ HECKOJIBKO OTINYAThCS OT aMILIUTY/I,
npenctaBieHHbix B (4). B camom nene, ecin B (3) u (4) KOHKPETU3HPOBATH MOMEHTHI
BpEMEHH f;, a 3aTeM amnmpokcumupyemyto ¢yHkiuio (3) u apeiidyromme amIUIUTYAbI
npejnonaraeMoi anmnpokcumupymomen Gpynkuuu (4) noacraButs B (1), To mepBoe cnaraemoe
(1) (e comepxkarmiee o) OyIneT paBHO HYJO, a CIEIYIOIINE, OTBETCTBEHHBIE 3a TJIaJIKOCTh
nperdyrommx aMIUIMTY HYJIIO HE pPaBHBI, YTO MPOTUBOPEUUT TJIaBHOW HAEe MeToja
HaUMEHBIIUX KBaJIpaToB, Korjna (hyHKIHMOHA HEBSA3KM COCTaBISETCS KaK CyMMa B3aUMHO-
AHTArOHUCTUYECKUX CIAaraeMbIX, U MUHUMYM (PYHKIIMOHAJA JOCTUTaeTCs JUIIb TOTAa, KOTaa
Kadicooe W3 CIlaraeMbIX «HJIET Ha YCTYHNKW» JIpyroMy. A 3TO HE €CTh paccMaTpHUBaEeMbIi
CiIyvai.

B. B. MutgaHok, H. B. KoHoBanoBsa
MNpumeHeHne $Ha30BOro aHanmMsa 3BYKOB peyn A5 pacno3HaBaHUs YyenoBeka no ero rosaocy
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Kak mokaszanu 4uCIIEHHBIE DKCIIEPUMEHTHI, IPOBEJICHHBIE aBTOPAMHU C UCKYCCTBEHHBIMU
CUTHAJIaMH, TMPEACTaBISAIOIIMMU COOOM CyMMy HECKOJbKHX MOJ C pa3Iu4YHbIMU, HO
MOCTOSIHHBIMU [TapaMeTpaMu, U B CaMOM JieJie, B ClIy4ae HeOOJIbIIOro HECOBMAIeHUSI Oa30BBIX
YaCTOT CHUTHaJa U MPOIOPIIMOHAILHOMN JIOBAIIECH CETH, HalJIeHHbIE nper(yromue CuHyc- 1
KOCHHYC- aMIUIUTY/Ibl CUTHaJIa MPEACTaBISIIOT coO0i mepuoanyeckue GyHKIUH, UMEOIIne
ompeneNeHHy0 9actoty. [Ipu HeGompmux omuOKax B BbIOOpE 0a30BOM YACTOTHI JOBSIICH
CETH BCSIKUM pa3 MOJIydeHHass METOJOM aIlpPOKCUMAIIUUA YacToTa HaWJIeHHOUN Apeidyromieit
aMIUIUTYIbl OKa3bIBajJaCh pPABHOM pA3HOCTH HCTUHHOM YacTOThl H3Yy4aeMOM MOJBI M
COOTBETCTBYIOILIEH € 10 HOMEPY YacCTOThI JIOBALIEH CETH, KaK Ha 3TO YKa3bIBAET BHIPAKEHUE
(4. A BOT 1O BenMYMHE JApeHQYIOUIMEe aMIUTUTYABl HECKOJIBKO OTJIMUYAJIHCh OT
npeanogaraemMoro 1o (4) pemeHus.

Taxum 00pazom, MOXKHO, H3yYHB TIOBEJICHUE HANHJICHHBIX APEH(PYIONINX aMIUIUTY/], BBIATH
Ha BEpHOE 3HAa4YeHHWE Oa30BOM YacTOTHl HM3Yy4aeMOTO CHTHajla, BHECTH KOPPEKTUBBI B
UCIIOJIb3YEMYIO JIOBSILIYIO CE€Th, BHOBb IPOBECTH MPOLENYPY ANIPOKCUMALUU U TENEPh YiKe
HAWTH TaKKe U BEpHBIC aMILTUTYABI U (ha3bl.

Bce 310 BepHO B TOM cilyyae, KOrja MOJYJM Pa3HOCTEH BCEX 4acTOT JIOBALIEH ceTu U
COOTBETCTBYIOIIUX KM [0 HOMEPY 4YacTOT MOJ H3y4aeMOIo CHUTHaja HE MPEeBOCXOIAT
MOJIOBUHBI KaXK/10l M3 0a30BBIX YacTOT (TO €CTh IOJOBUHBI PACCTOSIHUS MEXJy 4acTOTaMU
coceqaux Mon). Kak mokaszany 4YHCICHHBIE SKCIIEPHUMEHTHI, B TMPOTUBHOM ciydae (akt
HNEPUOAUYHOCTU IPEHPYIOMNX aMIUIUTY]l COXPAHIETCs, HO CKAYKOM MOKET M3MEHHUTBHCS UX
gacrora. ClenoBaTeiabHO, ONpEe/IeHHbBIE OTpaHUYEHUs] Ha MOTPEIIHOCTh BhIOOpa 0a30BOiA
YacTOThI BCE K€ CYIIECTBYIOT.

Kak xopomo u3BECTHO, 3BYKM pEUYd YEJOBEKa MPEICTaBISIIOT COOOM CyMMy MOJ €
pa3IMYHBIMU 4aCcTOTAMH, aMIUIUTyAaMu, ¢a3zamu. Cpeau CHenuanncTOB, 3aHUMAIOUIMXCS
po0JIeMOl aBTOMAaTUYECKOI'0 PacloO3HABaHMsI PEUd, PaclpoOCTPAaHEHO MHEHHME O TOM, 4TO
CIIyXOBOH amrmapar 4eJoBeKa He BOCIPHUHUMAET (ha3y 3ByKOBOTO CHTHaja. JTO, pa3yMeeTcs,
HE O3HAuYaeT, YTO B IPOU3HOCHUMBIX 3BYKaxX HET HHUKAKUX 3aKOHOMEPHOCTEH, CBSI3aHHBIX C
¢azaMu OTHENBHBIX MOJA. B CBS3M C OSTUM BBIIBUHEM TMPEIIOJIOXKEHHE, YTO TaKHe
3aKOHOMEPHOCTH MOTYT CYyLIeCTBOBaTh. B mepBylo ouepeap 53TO JOJKHO KacaThes

KOMOMHAIMN (HI)KE — KPUTEPUEB) BUAA
Z= z P — Zk: Ps (5)

Ipu ycCJIoBUH, YTO CyMMa HOMCpPOB MOJ, BXOIALIUX B (5) CO 3HAKOM IUIFOC paBHA CyMMC
HOMEpPOB MO/, BXOAAIIHX B (5) CO 3HAKOM MHUHYC, TO €CTb, €CJIN

=Sk (6)

B (5) i u k — HOMepa Moj 3ByKOBOTO curHaia. Daspl, COCTABISAIONNE KOMOMHAIIMH, MOTYT
BXOAMTh B HUX HEOAHOKpaTHO. BeiOop xomOuHauuii B Buae (5) 000OCHOBaH Te€M, UYTO OHHU
00JIaaloT ABYMS BUJAMH YCTOHYMBOCTH. BO-NEpBBIX, 3TH KOMOHMHAIIMM HE 3aBUCST OT
BBIOOpa Hayaja OTCYETa BPEMEHHU, W, BO-BTOPBIX, OHHM HE 3aBHCAT OT HEOOJBIINX

HOTrpeIIHoCTeN BhIOOpa 6a30BOM YaCTOTHI MPONOPLUOHATIBHOM JIOBSIIEH CETH.

B. B. MutgaHok, H. B. KoHoBanoBsa
MNpumeHeHne $Ha30BOro aHanmMsa 3BYKOB peyn A5 pacno3HaBaHUs YyenoBeka no ero rosaocy
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B camom niene, mycthb anmpokcuMmupyemast pyHKINS UMEET BUJ

y(t)=b, + Zl:ak sin(w, t+@,). (7)

OcymectBuMm B (7) cABHT Hadasa OTcyeTa BpeMeHH mpeoOpasoBanueM t=t'+At. Toraa
(7) npuHUMAET BU]
! I
y(")=b,+ Z a, sin(@,t' + w, At + ¢, ) =b, + z a, sin(@,t' +@;) . (8)
k=1 pa

Kak BuznHO 13 (8), (ha3bl H3MEHMIINCH, HOBBIEC ()a3bl CBSI3aHBI CO CTAPHIMH COOTHOLICHUSIMH
o, =0, +oAt=p +koAt, k=1.1. 9)

3nech @, — 4YacTroTra HepBoil M3 MoA, oHa ke Oa3zoBas uactoTta. [loxcraBuB (9) B (5)

HECJIO’)KHO YOeUTHCS B TOM, UTO B cuily (6) 3HaueHne KOMOMHALUK (5) HE MEHSETCS.
Tenepp paccmoTpuM omuOKy BbiOOpa 0a3oBoit dacToThl. CaBur 0a30BOMl 4YaCTOTHI
®, = @ + A®, 1 IPOTIOPIIMOHATIBHBII CABUT BBICIIUX YaCTOT @, = @, + Aw, = @, +kAw, B (7)

IMPUBOAUT K CIICAYIOIIUM U3MCHCHUAM.

! !
y()=b,+ Zak sin(w t +Aw,t+ ¢, ) =b, + Zak sin(wjt + @]) (10)
k=1 k=1
rae
o, =@, Aot =9, +kAot, k=1..1 (11)

— HoBble apetidyromue ¢aspl. [Toxcrasnsas (11) B (5), HeTpyaHO YOSAHTHCS B TOM, UYTO
Onaronaps ycioBuio (6) 3HaueHne KOMOWHAIIUY TAaK)KE€ HE MEHSIETCSI.

2. OBPABOTKA SKCIIEPUMEHTAJIbHBIX JJAHHBIX

Jns m3ydenus: Gpa3oBbIX KpUTEPUEB OBLIM COOpaHBI 00pa3Ibl 3ByUaHUs 3BYKOB «A», «O»,
«», «¥Y», «bl», nmomydensix or 11 pecnoHAEHTOB: 5 MyXUuMH U 6 >KEHIIMH. 3BYKH,
MOJIyYE€HHBbIE OT KaXXJOTO0 W3 PECIOHICHTOB B HECKOJBKO IPUEMOB TaK, 4YTOOBI oOIIas
IPOJODKUTEIBHOCTh 3BYYaHMsI KaKIoro u3 Hux cocrtasisiia 10...12 cexyHa, BBOAWIUCH B
KOMIIbIOTEp dYepe3 ObiToBOW MukpodoH. Yactota amckpermsamuu coctasisuia 44100 I'm.
[Tocne BBOJa B KOMITBIOTEP 3BYKOBBIC (DYHKIIMU Pa3pe3arch HA OTPE3KH UTHHOM okoso 1000
Touek. Kaxaplil U3 OTPE3KOB MEPEKPHIBAJICA C MOCAEAYIOIUM U IPEIbIIyIIUM OTpEe3KaMu Ha
2 cBoeil mumHBL. Ha KkaX1oMm U3 OTpe3KOB JByMsl pa3iMYHBIMM CIIOCOOAaMU OIpeAaessiiach
0azoBasi 4yacrora. Bo-mepBbIX, 3ByKoBas (yHKIUS TOJBEprajach HHTETPATBHOMY
npeoOpaszoBannio Pypbe, NOJYUEHHBIH CHEKTP aHAJIU3UPOBAJICS HA IPEIMET OINpeAeTICHUS
0a30Boi 4acTOThl. BO-BTOPBIX, Ha 3BYKOBBIX KPUBBIX OCYILIECTBIISUICS OTOOp XapaKTEPHBIX
TOYEK U OIpEAessiach MOBTOPSEMOCTh ITHX TOYEK NpU M3MEHEHUM BpeMeHu. Eciau o0a
METO/a aBaJId OJIM3KHUE PEe3yJIbTaThl, TO 0a30Bast 4aCTOTAa YCPEIHSIIACH TI0 00OUM METOAAM U
CUMTANaCh HaliJIcHHOW, B TNPOTUBHOM Cllyyae OTpe30K 3a0pakoBbiBajica. Ywucio

3a0pakOBaHHBIX OTPE3KOB cOCTaBWiO Okosuo 10 mporentoB oOmero ux yucia. (Beero ot

B. B. MutgaHok, H. B. KoHoBanoBsa
MNpumeHeHne $Ha30BOro aHanmMsa 3BYKOB peyn A5 pacno3HaBaHUs YyenoBeka no ero rosaocy
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Ka)KI0r0 U3 PECIIOHACHTOB ISl KaXKIOr0 U3 3BYKOB TaKUM CIocoOoM Obu1o moiydeHo ot 700
1o 1100 oTpeskos.)

[Tocne storo MeromoM ammpokcumanuu [4, 5] Ha KaXIOM H3 OTPE3KOB MPOBOIMIOCH
BBIYHMCIICHHE Aperd(yommx aMIuiuTya U aperdyromero Hadana otcyeta. Yuciao Mo ObuIo
npuHATO paBHBIM 24. Ilocie 53TOoro, ¢ 1eIbl0 HUBEIUPOBAHHUS KpaeBbIX 3D EKTOB,
MPOU3BOIMIIACH 00pe3Ka BBIYMCIECHHBIX aMIUTUTYJl C KaXJ0ro M3 KpaeB OTpe3Ka Ha Y4 ero
obme nmuHbl. TakuM o0pa3om, JUIMHA TPUHATOM BO BHUMAaHHE YacTH OTPE3Ka COCTaBIIsjIa
okosio 500 Todek. 3aTeM BBIUMCISIIUCH (ha3bl MOJI, COCTABIUINCH MX KoMOWHamu Buaa (5),
(Bcero ObLIO paccMOTpeHO 214 pa3nuuHbIX KOMOMHALUMN), U pe3ysbTaThl KOMOMHUPOBAHUS
YCPEIHSUIUCH 110 BceMy OTpe3Ky. KOHKpeTHbIe UnciIoBble 3HaUEHUS PE3YJIbTaTOB YCPEIHEHUS
HIDKE Oy1eM Ha3bIBaTh (Pa30BBIMH BEITMUYMHAMH.

[TockonbKy Ka)KJ0€ U3 CllaraéMblX, BXOAAIIUX B (5), SIBJISIETCSA NEPUOJUIECKON BETUUMHON
C mepuoaoM 27, TO U caMu (a30oBble KOMOMHAIMU (5) — TaKkKe MEPUOJUYHBI C TEM KE
MEPUOJIOM, COOTBETCTBEHHO, IEPUOANIECKIUMH SBISIIOTCA U (pa30BbIC BETUUNHBI.

Ecnu Obl (ha3oBbIe BeIMUMHBI UMENIM paBHOMEPHOE pacnpenenenue Ha orpeske [0,27], To
UX CpPEeIHEKBAJPATHUECKOE OTKIOHEHHE COCTABIISIIO OBl 77/ /3 =1.81 [6]. OxHaKo OKa3azoCh,
YyTO B OOJBIIMHCTBE CIy4yaeB CpPEIHEKBAJIPaTHYECKOE OTKJIOHEHHWE HAMHOIO MEHbIIIE.
[IpuBenem pe3ynbTaThl MO HauOoJiee KOMIIAKTHBIM JUISl KaXJO0ro U3 PECIOHACHTOB
pacnpezeneHusM (a30BbIX BETUYHH.

Ta6muma 1. Haubomnee ynaunblie 3Byku 1 KoMOMHAIMM a3 st Kaxaoro u3 11
pecnionieHTOB. Yncia B cronbiax 4-6 nanel B paguanax. Yucna B ctonOiie 4 MpuBEACHBI K
uHTepBainy [0,2n]

1 2 3 4 5 6 7
pecros- dazoBas 3BYK cpenHee cpenHe- obmee KOJInJe-
JEHT KOMOHWHAIIHS 3HaYeHWE | KBaJpaTU4Y. | CPEIAHEKB. | CTBO Be-
(hazoBBIX OTKJIOHE- | OTKJIOHCHHME | JIMYWH
BCIIMYNH HHUC
1 20, — @, v 5.56 0.21 1.2 846
2 20, — @, O 3.5 0.2 1.18 973
3 20, — ¢, C) 3.76 0.08 0.94 907
4 20, — ¢, C) 3.51 0.08 0.8 818
5 o, + @, — @, C) 4.77 0.06 0.59 989
6 20, — @, bl 5.86 0.07 0.72 963
7 O+ 0, — @, C) 6.2 0.13 0.79 876
8 @, +20, — @s bl 0.88 0.13 1.0 778
9 o, + @, — ;s C) 0.05 0.07 0.62 1013
10 20, — @, C) 3.67 0.14 1.07 1016
11 0, -2, + ¢, A 5.17 0.22 1.07 962
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B mectom cronlue mnpeactaBieHbl ycpeAHEHHble Mo 214 kputepusiMm u 5 3ByKam
CpeIHEKBaIpaTUYecKre OTKIOHEHUs (a3oBbIX BennuynH. Kak BuaHo, oHu B 1.5-3 paza
MeHbllle 3HaueHus 1.81, xapakTepHOro Ijsi CIy4allHOTO PaBHOMEPHOIO pacHpeeicHUsI.
Cpennue 3HaueHust (a30BbIX BEJIIMYMH, IPECTABICHHBIE B YETBEPTOM CTOJIOIE, TOKA3bIBAIOT
YTO JJISl PA3HBIX PECIIOHIEHTOB OHM - 3aMETHO Pa3iIM4YHbl. ITO MOXKET OBITh MCIIOJIB30BAHO
JUTS peleHus IpoOaeMbl HASHTU()UKALIMY YEIOBEKa 110 €T0 TOJI0CYy.

K coxainenuto, 00beM cTaThu HE MO3BOJIAET MPEICTABUTh U Apyrue ¢pazoBble KOMOMHAIIUN
U 3BYKH, MYCTh M HE CTOJb YyAauHble, KaK MpeACTaBlIcHHbIE B Tabnuie 1, HO Bce Ke
JIOCTaTOYHO XOPOILKE C TOYKU 3PEHUSI MAJIOCTU CPEIHEKBAIPATUUECKOIO OTKIIOHEHHS.

Tak kak 3ByKH, IPOU3HOCHMBIE PA3IMYHBIMU PECHOHIACHTAMHU, OTJIMYAIOTCS TaKXKe U IO
TOHAJILHOCTH, TO, C IIeJIbI0 HAX0XKIEHUS CIIOCO00B UACHTU(HUKAIIMU YEIOBEKa M0 €ro rojocy
UMEET CMBICI paccMaTpUBaTh ABYMEPHBIE AMAarpaMMbl, IO FOPU30HTAIBHONM OCH KOTOPBIX
OTKJIaJpIBaeTCa 0a3oBas 4acToTa, a MO BEPTUKaIbHON — (pa3oBble BenuuuHbl. [IpencraBum
HEKOTOpPBIC U3 AUarpaMM Ha HWKECIIEAYIOIUX pUCyHKax. /[aHHbIe, MOMydYeHHbIE OT OJIHOTO U
TOTO K€ PECHOHJICHTA MPEACTABICHbl TOUYKAMH, UMEIOIIMMHU OJMH M TOT ke 1BeT. Kaxnas
TOYKa Ha JuarpaMMe COOTBETCTBYET OJIHOMY OTpe3Ky 3BYKOBOW KpHBOW, TO €CThb
MpeJCTaBiIseT OHO 3Ha4deHHe (a30BOi BennunHbl. CTpenouka yKa3bIBaeT Ha TPYHIHPOBKY
JTAHHBIX (TOYEK) MOJYUYEHHBIX OT KOHKPETHOTO pecronaeHTa. [ludpa y moaHoxus CTpernoyku
03HAYaeT MOPSAIKOBBIM HOMEP PECTIOHICHTA.

Kak BugHO U3 pUCYHKOB 1-4, TOUKH, MMOJIYYEHHBIE OT KaXI0TO U3 PECIIOHEHTOB, JIOXKATCS
HA Jquarpammax «0a3oBasi 4acTOTa — KPUTEPUN» «KYYHO», TO €CTh MOXKHO TOBOPUTH O
rpynnupoBkax Touek. [Ipu 3ToM rpynnupoBKU TOUYEK, COOTBETCTBYIOIIUX OAHOMY U TOMY e
3BYKY, OJIHOMY M TOMY >X€ KPUTEPHUIO, HO MOIYUYEHHBIX OT PA3IUYHBIX PECHOHIEHTOB, BO
MHOTHX CIIy4asiX (XOTSI M HE BCEr/Ja) HAaXOAATCS B Pa3HbIX MeECTaX. JTO O3HAYAET, YTO
pasnuuHble KoMOMHaAMK (a3 1 B caMOM Jiefie MOTYT MUCIIOJIb30BaThCS B KAUECTBE KPUTEPHUEB,
MO3BOJIAIOIIMX Pa3IMyaTh YeJIOBEKa MO €ro rojocy.

Paznuuus B pacnonoxeHuu rpynnupoBOK TOYEK, MOJYYEHHBIX OT Pa3HbIX PECIOHICHTOB,
00yCIJIOBJIEHBI, CKOPEE BCETO, Pa3IMYMsIMHU B 3JEMEHTAaX PEUeBOro ammapara. JTo O3HAYaeT,
YTO JJIsi KaXKJIOTO PECHOHJEHTa MOXKHO IOCTPOMTH HAaOOp auarpamm, Ha KOTOPBIX OyIyT
MPEJICTABICHBI 00JIACTH, COOTBETCTBYIOIIUE PA3IUYHBIM 3BYKaM W Pa3IMYHBIM KPUTECPHUSIM.
Jlanneiii Habop auarpamm OyJIeT Kak Obl «TOJIOCOBBIM MOPTPETOMY PECHOHACHTA.

Ha xaxaoM u3 mpelncTaBiICHHBIX PHCYHKOB OTCYTCTBYIOT TPYNIUPOBKH TOYEK JUIS
HEKOTOPBIX M3 PECIOHACHTOB. JTO CBs3aHO JUOO C TEM, YTO M AAHHOTO (ha30BOTO
KpUTepus W [ JaHHOTO 3ByKa IUIOIIA[b, 3aHUMaeMass TOYKaMH OTCYTCTBYIOIIMX
PECIIOHJICHTOB, HEMOMEPHO BeJIHMKA [0 CPAaBHEHUIO IUIOMIA/ISAMM, 3aHSATBIMU TOYKAMH OT
JIPYTUX PECIOHAEHTOB, JTUOO MO MPUYMHE TOro, YTO OOJACTH, 3aHHMaeMble TOYKAMH OT
Pa3IMYHBIX PECHOHJEHTOB, IOJHOCTHIO WM IIOYTH IOJHOCTHIO MEpeKphIBatoTCs. B aTHX
ciydasiX s WACHTHU(PHUKAIUU PECIOHACHTa CIEAYeT MCIOJIb30BaTh APYTUe KPUTEPUH U
Ipyrue 3BykH. Tak, HampuMmep, Ha PUCYHKE 2 OTCYTCTBYIOT TOYKU OT PECIOHAEHTa HoMep 7
110 IPUYHMHE TOTO, YTO OHU HAKJIAJBIBAIOTCS HAa 00J1aCTh TOUYEK OT pecrnoHaeHTa Homep 6. s
TOTO YTOOBI ClIeJIaTh BHIOOP MEXy PECHOHACHTAMH 6 U 7 MOXHO HCIOJIb30BaTh KpUTEPUU
@20, +¢, 1 3ByK «O» (pucyHok 3), nmubo kputepuii 2¢, +@, —@,u 3Byk «bl»

(pucynox 1).
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Bce 310 BepHO U B Apyrux ciaydasX OTCYTCTBHSI Ha KaKOM-TO M3 PUCYHKOB JaHHBIX IO
KOM-TO U3 pecnioHAeHToB. Ho naxke eciu o6actu, 3aHUMaeMble TOYKaMU OT JBYX Pa3IMYHBIX
PECTIOHICHTOB TEPEKPHIBAIOTCS YaCTUYHO (HampuMmep, o0iacTu pecroHaeHToB 6 u 11 Ha
pUCYHKe 4), TO U B 3TOM CIlIy4yae MOXHO TOBOPUTH O PA3IMYEHUH ITHX JIBYX PECIIOHICHTOB C
KaKOW-TO BEpPOSITHOCTHIO, @ OJHOBPEMEHHOE HCIOJIb30BAaHUE HECKOJIBKHUX BEPOSITHOCTHBIX
KPUTEPUEB pPAa3IMyusl TO3BOJUT MOBBICUTH BEPOATHOCTh HACHTU(DUKanuu g0 moutd 100

IIPOLICHTOB.
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B Hacrosiiee Bpems 1715 peleHus 3aad aBTOMaTUYECKOTO paclio3HAaBaHUS PEUN YEJI0BEKA
Y aBTOMAaTHYECKOI'O paclo3HaBaHUS IOBOPSILErO IO €ro rojocy 4Yallle BCEr0 MCIOJb3YETCs
meToA npeodpazoBanmii dypee. B To ke Bpems cpeau CIenruanucTOB XOPOIIO U3BECTHO, UYTO
ATOT METOA O00JafaeT pSIOM OpraHMYECKHX HEIOCTaTKoB (cMm. Hampumep, [4, 5, 7]). Cam
(dakT TOro 4TO, HECMOTPS HA 3HAUMTEIbHBIC YCHIHs, YKa3aHHBIC 3aJauyd 0 CHUX IOp He
pEIlIeHbl, TOBOPUT O TOM, YTO 37eCh MPUMEHEHHe npeodpazoBanmii dypbe — cKopee Bcero,
JIOKHBIH CIIen.

C apyroii CTOpOHBI albTEPHATUBHBIN METOJ alllIPOKCUMALIMH [TO3BOJISIET OJJHOBPEMEHHO C
aMIUTMTYIaMH MOJI HaxXOJWTh Takke M HX (a3bl, 4YTO MOXKET OBITh HCIIOJIB30BAHO Ha
npakTHKe. B HalieM rccneoBaHUU HE OKa3aJIoCh HU OJHOTO cliydas, Korja Obl He HalUIUCh,
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(1 maxke HEOMHOKpATHO), (a30Bble KPUTEPUU TMOMapHOro pazaudeHus 11 ciydaitHo
OTOOpaHHBIX pECHOHJEHTOB.  HekoTopele M3 KpUTEpPHEB MO3BOJISIIOT OJHOBPEMEHHO
paznuyaTth 1o 7-9 pecrnoHIEeHTOB. DTO TOBOPUT O TOM, UYTO HAWJECHHBIC 3aKOHOMEPHOCTHU
HOCSIT CUCTEMaTHYEeCKUI XapaKTep, U 4TO MOXKHO Pa3padoTaTh KOMIbIOTEPHYIO MPOrpaMMy
uACHTU(UKAIIMK YeJOoBeKa II0 €ro TroJIoCy Ha YpOBHE, HUMEIOUIEM JI0Ka3aTelbHYI0
IOPUAMYECKYIO CUITY.
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